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Hucepraniiina poOoOTa TMpPUCBSYEHA BHUPINIEHHIO MpoOsieM 3a0pyaHEHHS
rigpocepu BiAXoAaMU CUCTEM MOM SIKIIEHHS BOAU. ChOTOJHI JAOCTIIKEHO JOCTATHIO
KUTBKICTh TEXHOJIOTTYHUX MPOLECIB, 3JaTHUX 3aI0BIIbHUTH BUMOTH ITIOM’ IKIIICHHS BOIX
B CaMUX pI3HUX yMOBax. B mepeBakHiil O17bIIOCTI BOHU OPIEHTOBAHI HA BUKOPHUCTaHHS
B YMOBaxX IPOMMCIIOBOTO BHUPOOHUIITBA, JI€ BIAXOJU JIOKAII3YIOTHCS B OJTHOMY MICIIl 1
MOXJIMBO MIPOCTO HAJIATOAUTH iX yTHII3allito. [0 OcTaHHROTO Yacy oM’ sIKIIIEHHIO BOJIU
B CHUCTE€MaxX Majoi Ta CepeAHbOI MPOAYKTUBHOCTI MPUAUISLIOCS TOCUTh Majo yBaru, a
3HELIKO/KEHHS BIJIXOJIB TEXHOJIOTIM MNOM’MKIIEHHs B3arajil NpOWIUIM IOB3 YBary
¢daxiBiiB. B Tol ke yac, OCHOBHHUM MPOILIECOM IIOM’SIKIIEHHS BOAU B MOOYTOBUX Ta
opiCHUX yMOBaxX 3allUIIA€TbCS 10HHUM OOMIH, KOTpPUM Ha CBOroJHI J00pe
BiAIpaIibOBaHWM, aBTOMAaTHU30BaHWM Ta KOMIT FOTEPHU30BAaHMI 1 BIAMOBIIHE 00Ia HAHHS
MOXKe TpUBaIui yac 0e3 KBali(pikoBaHOTO 0OCIYyroByBaHHs 3a0e3MeuyBaTH COKUBAYIB
MOMSIKIIEHOI BOAOK. He akieHTyrooud yBary Ha JAEsKMX HEJO0JIIKaX 10HHOro OOiHY,
BAKKO MPOWTHU TMOB3 CHUTYallll0 13 YTBOPEHHSM pEreHepaliifHuX pO3YMHIB Ta iX
3HemKOoHKeHHsIM. [IpoOnemMa nossirae B ToMy, 0 JUIsl pereHepaliii KaTioHITy B CUCTeMax
MOM’SIKITIEHHST BOM 3acTOCOBYIOTh 10%-Bi un 24%-Bi po3unan xmopuay Hatpiro. [Ticms
BUKOPHUCTAHHS B I[UX PO3UYMHAX YaCTHHA 10HIB HATPIIO 3aMIHIOETHCA HA 10HU KaJIBIIIIO Ta
MAarHito 1 1151 CyMiIll CKUJAE€ThCS B KaHATI3aI[IHI CUCTEMH YU MPUPOIHI BoJoMMH. Takum
YUHOM (OPMYETHCS AHTPONMOTCHHUN KPyrooOIir XJIOpUAY HATPi0, KOTPUU CIPUUUHSE
M1IBUIIIEHHS MIHEpaTi3allli MpUpOIHUX BOJ Ta 3HAYHE 3HIKEHHS 1X sKocTi. Ha choromni
KUIbKICTh TAaKMX YCTAaHOBOK JIOCUTHb HE3HAYHA, TOMY MpoOjieMa MPOCTO 3aMOBUYETHCA.
OnHak, 13 30UIBIIEHHSM 3arajbHOi MiHEpadizalli BUKOPHCTAaHHS CHCTEM 3BOPOTHOTO

OCMOCY CYTT€BO 3pOCT€ 1 3pOCT€, BIAMOBIIHO, KIUIBKICTH CHCTEM 10HOOOMIHHOTO



MOM’SIKIIIEHHST BOJM, K MOIMEPEHbOr0 €Tany HiATOTOBKH ii mepen oOpobOkoro. Takum
9UHOM, (DOPMYETHCA 3aMKHYTE KOJO, BUXIJ 3 SIKOTO BXE€ JABHO MOTPIOHO NIyKaTH
(axiBLSAM BIANOBIAHOI rary3i.

MeToro JaHOTO AOCIIIKEHHS € BUOIp Ta MOAU(DiKallisi EKOHOMIYHOT Ta €KOJIOTTYHO
0e3IMeYHOI TEXHOJOTII 1 peareHTiB MOM SIKIIEHHS] BOJU JUIsl CHCTEMH Majiol Ta CepeIHbO1
MPOJYKTUBHOCTI 3 METOIO 3HMKEHHSI HEraTUBHOTO BIUIMBY Ha BOAHI 00’ €kTH. OCHOBHUM
3aBJIaHHSAM € JIOCIIDKCHHS 1 CTBOPEHHS €()EKTUBHUX TEXHOJIOTIM MOM SKIICHHS BOIH,
10 3a0e3nevyroTh 30alaHcOBaHUM MiAX1J 10 3a0€3MeUeHHs SIKOCTI BOJM, pallilOHAIbHE
BUKOPHUCTaHHSI BOJIHUX PECYPCIB Ta MiHIMi3allil0 YTBOPEHHS BIJIXOJIIB, III0 HETaTUBHO
BILUIUBAIOTh HAa BOJIHI PECYPCH.

JInst BUpIIIEHHS] TOCTaBJIEHOTO 3aBJaHHS HaMU BUOPAHO PEAreHTHUM METOon
MOM’SIKIIICHHSI BOJY 3 BUKOHAHHSM yMOB BHUKOPHUCTaHHs Woro B moOyTi Ta odicax.
3Ba)kaloul HAa KOHKPETHI BUMOTH JI0 TEXHOJOTIi MOM’ SIKIIIEHHS, HAMU 3allPOINIOHOBAHO
Moau(ikyBaThu JesKl BIJOMI pEareHTH, 3aCTOCOBYBATH [JIsi pO3AUICHHS (a3
¢binbTpyBaHHS Ta JOAATKOBO 0OpoOssiTH Boay diokynssHTamMu. B pesynbraTi
MPUNMHSAETBCS CKHJA B JOBKUUIS 3HAYHMX O0’€MIB pereHepamiiHuX pPO3YHHIB,
MiHIMI3aIlisl YTBOPEHHS BIAXO/IIB Y BUTJISAI TBEPOi (a3, MPUAATHOI 10 BUKOPUCTAHHS
B SIKOCT1 MiHEpaJIbHUX JNOOPUB, MPUIUHAETHCA BUKOPUCTAHHS BOJU Ha BJIAcHI MOTpeOU
TEXHOJIOTT].

Y  nepwomy pozOini omuUCaHO CydYacHI METOAM TIOM AKIICHHS BOAM 3
BUKOPHUCTAHHSM pEAareHTHUX, 10HOOOMIHHMX, (DI3UYHUX Ta EIEKTPOXIMIUHHUX
TEXHOJIOT1/. 3a3HaUY€HO, 1110 PEareHTHI TEXHOJIOT1i BIIHOCATHCS 10 HAUOLIBII MPOCTUX Ta
MOMIMPEHUX TEXHOJOT1M. BOHM peani3yloThCsi 3 BUKOPUCTAHHSIM MPOCTOTO 00JIaHAHHS,
aje moTpeOyIoTh KUIBKOX €TamiB OOpOOKHM BOJM, BKIIOYAIOYM BIJCTOIOBAHHS Ta
¢bubTpyBaHHsS. 3HAYHA KUIBKICTh JOCHIUKEHUX HA CbOTOJIHI PEAreHTIB J03BOJISIE
00poOJISITH BOJly B IIMPOKOMY Jliania30HI KOPCTKOCTEN Ta XIMIYHOIO CKJiaay. B Toil xe
gyac, B MPOMHUCIOBOMY MacIITadl Il TEXHOJOTIS MOTpedye BUCOKOOO’ €MHUX CIOPY/I,
TPUBAJIOrO BIJICTOIOBaHHS BOJAM Ta YTWJIi3allli YTBOpPEHOi TBepaoi ¢azu. [oHooOMiHHI
TEXHOJIOT1i ChOTOJHI JIOCUTh 4YacTO 3aCTOCOBYIOThCA SIK B IMPOMHUCIOBUX TaK 1 B

no0yToBux ymoBax. Lli TexHOJOril BIAPI3HAIOTHCS KOMIAKTHICTIO 00JlalHaHHS, 100pe
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NIJA0TECA aBTOMAaTu3allli, 3a0e3NedyloTh BHCOKY €(EKTHUBHICTh BHUIAJIECHHS 10HIB
KOPCTKOCTI 3 00poOsieHOi Boau. Pasom 3 TuM, peryiaspHUid CKUA B JIOBKULIS
pereHepamiiHuX PO3YMHIB BUCOKOI KOHIIEHTpAIlli pOOUTH IO TEXHOJOTII0 €KOJIOTIYHO
HeOe3neuHowo. Kpim 1poro, Ha TepUTOpisIX 13 3HAYHUM BMICTOM 1OHIB 3ai3a
CIIOCTEPITa€ThCSl OTPYEHHSI HUMM KATIOHITIB 3 BIJIMOBIAHUM 3HM)KEHHSM OOMIHHO1
eMKOCT1. D13UYHI TEXHOJIOT1I OPIEHTOBAHI Ha CTa0LII3a11il0 BOAM MO HAKUIIOYTBOPEHHIO 1
HE CYIPOBOUKYIOTHCS BHUAAJIEHHSAM 10HIB JKOpCTKOCTi. TOMy BOHM MOXYTh OyTH
3aCTOCOBaHI B JIIHISIX IMITOTOBKW BOJIH JJIs TOOYTOBOI TEXHIKH (IIpaJibHI Ta MTOCYIOMHIHI
MallMHA) 1 HE 3a0e3MeuyloTh BHMOI YHHHUX JIOKYMCHTIB JO TIMTHUX BOJI.
EnextpoximMiuHi METOJU AOCIIJIKEHI Ha ChOTO/IH] 111€ HEJI0CTATHBO, BIJICYTHI JIaHl PO iX
BIIPOBA/X)KEHHSI B IPOMUCIIOBUX MaclTabax 4u mooyTi, TOMy BUKOPUCTAHHS iX B SIKOCTI
eTary oM’ SIKIIIEHHS] BOAU HEMOXKJIUBE.

Y opyeomy po30ini nucepTtamiiHoi poOOTH TpeACTaBICHI BIIOMOCTI MPO 00’ €KTH
Ta METOAM AOCIIJKEHb, MaTepiaju Ta PeareHTH, 110 BUKOPUCTOBYBAJIUCA B MPOIECi
€KCIEPUMEHTIB, METOAUKH MPOBEACHHS JOCIII)KEHb Ta METOJU MaTeMaTUYHO1 0OpOOKHU
EKCIEPUMEHTAIBLHUX PE3YIbTATIB. Y PO3/1Jl TaKOX MPUBEACHI MOCUJIAHHS Ha CydacHI
BIJIOMI METOJM aHali3y pPI3HOMAHITHUX MapaMeTpiB pIIKUX PO3UYMHIB, 3a3HAYCHI
TpaJuliiiHi 3acO0U BUMIPIOBaHHS, SIKI BAKOPUCTOBYBAJIUCA B poOOTI. B mocinimkeHHsIX
BUKOPHUCTOBYBAIU MOJIEIbHI PO3YMHH, 1110 IMITYBaJIM MIPUPOJIHI MOBEPXHEB] Ta MMi3€MHI
BOJM Ta BOJU IEHTPAII30BAaHUX CUCTEM BOJOMOCTAYaHHSI. METOIU CTATUCTUYHOI Ta
MaTeMaTUYHOI 0OPOOKH EKCIIEPUMEHTAIBHUX JAHUX 3aCTOCOBYBAJIM JJIs M1ATBEPKEHHS
JIOCTOBIPHOCTI OTPUMAHUX PE3yJIbTATIB.

Y mpemvomy po3oini poOOTH MNPOBEACHO aHANI3 CTaHy HPUPOJHUX BOJ Ha
Teputopii YkpaiHu. 3a3Ha4eHO 3HIKEHHS SKOCTI MOBEPXHEBUX Ta MIJA3€MHUX BOJ B
pe3ysbTaTl KIIMAaTHYHUX Ta AaHTPONOTEHHUX TPOIIECIB, BIAMIYEHO MIABUIICHHS
KOPCTKOCTI MPUPOJTHUX BOJI SIK B IOBEPXHEBUX BOJIOMMAX Ta apTE31aHCHKUX TOPU30HTAX.
[IpoBeneHo aHami3 CydyacHUMX TEXHOJOTIM MOM’SIKIIEHHS BOJU CHUCTEMaMu Malloi Ta
CepeIHhO1 MPOTYKTUBHOCTI, 3a3HaY€HO OCHOBH1 OCOOJIMBOCTI KOKHO1 3 HUX. PO3rsiHyTO
Oy/lOBYy THUIOBOI CHUCTEMH 10HOOOMIHHOTO TOM’ SKIIIEHHS BOJHM, BHU3HAY€HO OCHOBHI

PUBUKH TIpU 11 eKCILTyaTallii, ONMMCaHO TEXHOJOTIYHUN MPOIeC Ta MOTro OCOOJMBOCTI.



[IpoBeneHo MOPIBHSHHA OCHOBHUX TEXHOJOTIM MOM’SKIIEHHS BOAU B MOOYTOBUX Ta
0(iCHUX yMOBaX 3 TOUKH 30py HETaTUBHOI'O BIUIMBY Ha JIOBKIJUIS,, BATPATH €HEPT1i, BOIU
Ta IHIIHUX PECYPCiB. 3a3HAUEHO, [0 CUCTEMHU 3BOPOTHOTO OCMOCY, HE3BAKAIOUM Ha IXHIO
BHUCOKY €(EKTUBHICTh y BUIAJICHHI JAOMIIIOK 3 BOJY, MalOTh HAaWHWXK4YY EKOJOTIYHY
e(heKTUBHICTh Yepe3 BHCOKE E€HEProCHOKMBAHHS Ta 3HAYHUU ByrieneBuil cuia. Kpim
TOT0, BOHM YTBOPIOIOTh 3HAUYHY KUIBKICTh BIAMPAllbOBAHOI BOIH, 110 301IbIIYE 3arajibHi
BUTPATU BOJHUX pecypciB. Yce 1e poOUTh 3BOPOTHUM OCMOC HE AyXe€ MPUBAOIHBUM
BAapIaHTOM 3 TOYKH 30PY €KOJOTIYHOI CTaJOCTi, OCOOJMBO B PErioHax 3 OOMEKEHUMH
pecypcamu BoAW. [0OHOOOMIHHI CHCTEMHU 3aliMalOTh CEPEAHIO MO3UII0 B PEUTHUHTY
€KOJIOT14HOI e(peKTUBHOCTI. BOHM CMOXMBalOTh BIAHOCHO HEBEIUKY KIIBKICTh €HEprii,
1o 3a0e3rneuye MOPIBHAHO HU3bKUM ByrieueBuil ciif. [IpoTe BUKOpUCTaHHS COJI AJis
pereHepaiiii CMOJM CTBOPIOE TMEBHI EKOJIOTTYHI BUKIHUKH, MOB’S3aHI 3 YTBOPEHHSIM
BI/IMpallbOBAaHUX PO3YMHIB, SIKI HETAaTUBHO BIUIMBAIOTH HA BOJHI pECypcH Ta IpyHTU. B
[IJIOMY 3a3Ha4Y€HO Ha HEOOXIAHOCTI PO3pOOKH HOBUX ud MOAMQIKAII 1CHYIOUHX
TEXHOJIOT1A TMOM SKIIEHHS BOAMW JJIS MiJBUINCHHS 3arajlibHOi €KOJIOTIYHOI Oe3MeKH
MPOIIECY.

VY yemeepmomy po30ini neTaabHO BUBUYCHO €(EKTHUBHICTh TPAAUIIMHOTO METOTY
MOM’ SIKIIIEHHS] BOJIU 3 BUKOPUCTAaHHSIM KapOOHaTy Ta TIPOKCUAY HATpilo. BcTaHoBIeHO,
[0 MPU HU3bKUX TeMIeparypax €(peKTUBHICTb OOPOOKM UM METOJAOM HaA3BHUYANHO
HU3bKA 1 CYIPOBOIKYETHCSI 3HAUHOIO NIEPEBUTPATOIO0 PEAreHTIB, MOTPEOYy€E KOpEeTryBaHHS
pH 1 cknagHoro peryntoBanHs. JloCiIKEHO TaKoX 3aCTOCYBaHHsI cUiikaTy Ta docdarty
HaTpi0. 3a CBOIMHM pe3yJbTaTaMHU CHJIIKAT HATPI0 JOCUTh ONU3bKUN 10 KapOoHaTy
HATpII0, TIOTAHO Mpalloe MIPU HU3bKUX TeMIlepaTypax, norpedye koperyBanus pH micius
00poOKHu BOIHM, yTBOPIOE TBepay a3y, IO BaXKKO BIAILIAETHCA Bif Boau. HaitOinbin
NPUNUHATHUM BapiaHTOM BusiBUBCS ¢ocdar Harpiro. BcraHoBieHO, 110 HaBITH 3a
TemriepaTypu Boau B 5 °C #ioro eheKTUBHICT 3HWKY€EThes e Ha 1 — 2 % B mopiBHSHHI
3 epexruBHicTIO ipu 20 °C. JlocmimKeHHIMU BCTAHOBJICHO, 10 epekTuBHICTh (hocdartiB
BIJTHOCHO 10HIB KaJIBIIFO BUIIA, HI’K BIJHOCHO 10HIB Mardiro. SKIo 3ajJUIIKOBa KaJabll1€Ba
’KOPCTKICTh 3a Bi/MOBIIHUX YMOB Moke OyTH moBeseHa 10 piBHs 0,1 — 0,2 Mr-exs/am?,

TO JIJI1 MarHi€BO1 )KOPCTKOCTI IeH moka3Huk csrae jmme 0,7 — 1,5 Mmr-exB/am°. B mpoiieci



MOM’SIKIIIEHHST JJIsI MIATPUMAaHHS B 0OpoOJieHi BoJi JomycTumoro 3HaueHHs pH
3alpPONIOHOBAHO BHUKOPUCTOBYBAaTHM KOMIUIEKCHUM peareHT 13 cymimi Qocdary Ta
nurigpooprodocdaTy HaATPil0 y BIANOBIAHOMY CHIBBIIHOIIEHHI. JloCHiKeHHIMH
3a(iKCOBAHO JIESIKI TPYAHOILIl MpHU BIIIIEHHI TBepnoi ¢a3u ¢inbTpyBaHHsIM. Tomy B
00’eMi poboTH miAiOpaHO QIOKYJISHT Ta HOTO 103U Il TMOKpAUIEHHS MpoLecy
po3auieHHs (a3. 3ampornoHOBAHO PO3AUIATH MOM SKIIEHY BOAY Ha JiBa MOTOKU — JUIS
MoOyTOBOrO BUKOPUCTAHHS Ta JIJIs CIIOKUBaHHS. BukopuctanHs BoJiU B TOOYTOBIM TEXHIII
(MpajibHI MAIIMHHW, TIOCYJAOMHIKH, IyIlI, BaHHA) Tepea0dadacTbes BiApasy IMiCHs
MOMSIKIIICHHST 0e3 omaTkoBoi 00poOku. Illomo crokuBaHHA BOAM, TO TOMSKIIICHHS
PO3POOIAETHCS K MTOTIEPEIHIM eTar 00poOKHU BOIH ITepe ] 3BOPOTHUM ocMocoM. [ IpuBeaeHo
OLIIHKY €KOHOMIYHOI JIOIIUIBHOCTI 3aCTOCYBAaHHS PEareHTHOI TEXHOJIOTII B CHCTeMax Maoi
Ta CEpEHBOI MPOAYKTUBHOCTI.

Y n’amomy po3odini poOOTH OOTPpYHTOBAHO BHUOIp PEAreHTHOI TEXHOJIOTIi
MOM’SIKIIIEHHSI BOJIM YCTAHOBKAMU MaJioi Ta CEpeAHbOI MPOJYKTUBHOCTI, BHU3HAYEHO
0COOJIMBI yMOBHU 3aCTOCYBaHHS TEXHOJOTiI IOM’SKIIEHHS, AaKIIEHTOBAHO yBary Ha
Moaudikalii BIIOMHUX OCaJ[)KyBauiB 10HIB dKOPCTKOCTI JIJIsl MIATPUMAHHS ONTUMAIbHOTO
BOJITHEBOI'O0 TOKa3HUKA Micias 0O0poOku Boau. Po3paxoBaHO piBHAHHS perpecii ais
3aJIe)KHOCTEH MIXK OCHOBHMMH IMapaMeTpaMu Mpoley MoM siKiieHHs Boau. OTpumani
pe3ysbTaTh TPEJACTAaBICHI Y BHUIJISAI TMOBEPXHOCTEH pIIICHB, IO JO3BOJSE JTOCHUTH
MPOCTO BU3HAYATH PIBEHb OCHOBHUX MapaMETPIB B 3aJIEXKHOCTI BiJl BXIAHUX MapaMeTpiB
Boau. Ha ocHOBI oOTpuMaHuUX pe3yabTaTiB PO3POOJEHO TEXHOJOTIYHY CXEeMY
MOM’SIKIIIEHHSI BOJIM YCTAaHOBKAMH MaJjioi Ta CEPEeIHbOI MPOAYKTUBHOCTI, KOTP1 MOXKYTh
OyTH BUKOPHUCTaH1 B SIKOCTI MIATOTOBYOTO €Tamy 0OpoOKH BOJU CHUCTEMaMU 3BOPOTHOTO
0CMOCY.

KuarouoBi ciioBa: KOpCTKICTh BOJIM, ITOM’ SIKIIICHHS, 10HM KaJIbI[if0, 10HM MarHio,
o0poOKka BOAM, MIArOTOBKA BOJIM, OCAJKEHHS 10HIB >KOPCTKOCTi, peryntoBaHHs pH,

10HOOOMIHHE MTOM’KIIIEHHS BOAY, pereHepaliiiii pO3YMHHU, peareHTH AJIs TOM’ SIKIIICHHS.



SUMMARY

Gordienko K.Yu. Reducing the negative impact of water softening systems on water
bodies. — Qualification scientific work in the form of a manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 101 “Ecology”. —
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”,
Kyiv, 2025.

The dissertation is devoted to solving the problems of pollution of the hydrosphere
by waste from water softening systems. Today, a sufficient number of technological
processes have been studied that can satisfy the requirements of water softening in a
variety of conditions. The vast majority of them are oriented towards use in industrial
production, where waste is localized in one place and it is possible to simply organize
their disposal. Until recently, water softening in low and medium-capacity systems was
given very little attention, and the disposal of waste from softening technologies generally
passed by the attention of specialists. At the same time, the main process of water
softening in household and office conditions remains ion exchange, which is currently
well-developed, automated and computerized, and the corresponding equipment can
provide consumers with softened water for a long time without qualified maintenance.
Without focusing on some of the disadvantages of ion exchange, it is difficult to ignore
the situation with the formation of regeneration solutions and their disposal. The problem
Is that 10% or 24% sodium chloride solutions are used to regenerate cation exchangers in
water softening systems. After use in these solutions, part of the sodium ions are replaced
by calcium and magnesium ions, and this mixture is discharged into sewage systems or
natural reservoirs. In this way, an anthropogenic sodium chloride cycle is formed, which
causes an increase in the mineralization of natural waters and a significant decrease in
their quality. Today, the number of such installations is quite insignificant, so the problem
is simply hushed up. However, with an increase in the overall mineralization, the use of
reverse osmosis systems will increase significantly and, accordingly, the number of ion-

exchange water softening systems will increase as a preliminary stage of its preparation
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before processing. Thus, a closed circle is formed, the way out of which must be sought
by specialists in the relevant field.

The purpose of this study is to select and modify an economical and
environmentally safe water softening technology and reagents for a low and medium-
capacity system in order to reduce the negative impact on water bodies. The main task is
to research and create effective water softening technologies that provide a balanced
approach to ensuring water quality, rational use of water resources and minimizing the
formation of waste that negatively affects water resources.

To solve the problem, we have chosen a reagent method of water softening with
the fulfillment of the conditions for its use in everyday life and offices. Given the specific
requirements for the softening technology, we have proposed to modify some known
reagents, use filtration for phase separation and additionally treat water with flocculants.
As a result, the discharge of significant volumes of regeneration solutions into the
environment is stopped, the formation of waste in the form of a solid phase suitable for
use as mineral fertilizers is minimized, and the use of water for the technology’s own
needs is stopped.

The first section describes modern methods of water softening using reagent, ion-
exchange, physical and electrochemical technologies. It is noted that reagent technologies
are among the simplest and most common technologies. They are implemented using
simple equipment, but require several stages of water treatment, including settling and
filtering. A significant number of reagents studied to date allow water to be treated in a
wide range of hardness and chemical composition. At the same time, on an industrial
scale this technology requires high-volume facilities, long-term settling of water and
disposal of the formed solid phase. lon-exchange technologies are now quite often used
in both industrial and domestic conditions. These technologies are characterized by
compact equipment, lend themselves well to automation, and provide high efficiency in
removing hardness ions from treated water. However, regular discharge of high-
concentration regeneration solutions into the environment makes this technology
environmentally hazardous. In addition, in areas with a significant content of iron ions,

poisoning of cation exchangers with a corresponding decrease in exchange capacity is
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observed. Physical technologies are focused on stabilizing water by scale formation and
are not accompanied by the removal of hardness ions. Therefore, they can be used in
water preparation lines for household appliances (washing machines and dishwashers)
and do not meet the requirements of current documents for drinking water.
Electrochemical methods have not been studied enough to date, there is no data on their
implementation on an industrial scale or in everyday life, so their use as a stage of water
softening is impossible.

The second section of the dissertation presents information about the objects and
methods of research, materials and reagents used in the experiments, research methods
and methods of mathematical processing of experimental results. The section also
provides references to modern known methods of analyzing various parameters of liquid
solutions, and indicates traditional measuring instruments used in the work. The studies
used model solutions that imitated natural surface and groundwater and water from
centralized water supply systems. Methods of statistical and mathematical processing of
experimental data were used to confirm the reliability of the results obtained.

The third section of the work analyzes the state of natural waters in Ukraine. The
decrease in the quality of surface and groundwater as a result of climatic and
anthropogenic processes is noted, and the increase in the hardness of natural waters in
both surface water bodies and artesian horizons is noted. Modern technologies for
softening water with low and medium-performance systems are analyzed, and the main
features of each of them are noted. The structure of a typical ion-exchange water softening
system is considered, the main risks during its operation are identified, and the
technological process and its features are described. The main technologies for softening
water in domestic and office conditions are compared in terms of negative impact on the
environment, energy, water and other resource consumption. It is noted that reverse
osmosis systems, despite their high efficiency in removing impurities from water, have
the lowest environmental efficiency due to high energy consumption and a significant
carbon footprint. In addition, they generate a significant amount of waste water, which
increases the total consumption of water resources. All this makes reverse osmosis not a

very attractive option from the point of view of environmental sustainability, especially
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in regions with limited water resources. lon exchange systems occupy an average position
in the rating of environmental efficiency. They consume a relatively small amount of
energy, which provides a relatively low carbon footprint. However, the use of salt for
resin regeneration creates certain environmental challenges associated with the formation
of spent solutions that negatively affect water resources and soils. In general, the need to
develop new or modify existing water softening technologies to increase the overall
environmental safety of the process is noted.

The fourth section examines in detail the effectiveness of the traditional method of
water softening using carbonate and sodium hydroxide. It was found that at low
temperatures the efficiency of treatment by this method is extremely low and is
accompanied by a significant overconsumption of reagents, requires pH adjustment and
complex regulation. The use of silicate and sodium phosphate was also investigated.
According to its results, sodium silicate is quite close to sodium carbonate, works poorly
at low temperatures, requires pH adjustment after water treatment, forms a solid phase
that is difficult to separate from water. Sodium phosphate turned out to be the most
acceptable option. It was found that even at a water temperature of 5 °C, its efficiency
decreases by only 1-2% compared to the efficiency at 20 °C. Studies have shown that the
efficiency of phosphates with respect to calcium ions is higher than with respect to
magnesium ions. If the residual calcium hardness under appropriate conditions can be
brought to the level of 0.1 - 0.2 mg-eq/dm3, then for magnesium hardness this indicator
reaches only 0.7 - 1.5 mg-eq/dma3. In the softening process, to maintain the permissible
pH value in the treated water, it is proposed to use a complex reagent from a mixture of
phosphate and sodium dihydrogen orthophosphate in the appropriate ratio. Studies have
recorded some difficulties in separating the solid phase by filtration. Therefore, the scope
of the work selected a flocculant and its doses to improve the phase separation process. It
Is proposed to separate the softened water into two streams - for domestic use and for
consumption. The use of water in household appliances (washing machines, dishwashers,
showers, bathtubs) is expected immediately after softening without additional treatment.

As for water consumption, softening is developed as a preliminary stage of water
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treatment before reverse osmosis. An assessment of the economic feasibility of using
reagent technology in low and medium productivity systems is presented.

In the fifth section of the work, the choice of reagent technology for water softening
by low and medium-capacity units is justified, special conditions for the use of softening
technology are determined, and attention is focused on modifications of known hardness
ion precipitators to maintain the optimal hydrogen index after water treatment. The
regression equation for the dependencies between the main parameters of the water
softening process is calculated. The results obtained are presented in the form of solution
surfaces, which allows for a fairly simple determination of the level of the main
parameters depending on the input water parameters. Based on the results obtained, a
technological scheme for water softening by low and medium-capacity units is developed,
which can be used as a preparatory stage for water treatment by reverse osmosis systems.

Key words: water hardness, softening, calcium ions, magnesium ions, water
treatment, water preparation, precipitation of hardness ions, pH regulation, ion-exchange

water softening, regeneration solutions, softening reagents.
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BCTYII

BukopuctanHs cuctem oM SKIIEHHS BOJM € HEOOX1THICTIO B 0arathox cdepax,
BKJIIOYAIOUM TPOMHCIIOBICTh, KOMYHaJIbHE TOCIOJAPCTBO, a TaKOX IPUBATHI
nomorocnogapcTBa. [Ipore, mompu iX KOPUCHICTh, Il CHUCTEMHU MOXYThb CIPaBJIsITU
HETaTUBHUI BIUIMB Ha BOJIHI 00’ €KTH, BKIIIOUAIOUYH 3a0pyTHEHHS Ta EKOCUCTEMHUMN CTpeC
BHACIJIJIOK BUKH/IIB PEAareHTIB Ta YTBOPEHHSI BIJIXO/I1B MiCIsl 0OpOOKH BOJIH.

s mpoOneMa ctae 11e OUTbII BaXIUBOIO, KOJIU MU PO3TIISIaEMO CUCTEMH MaJIol Ta
CepeHbO1 MPOAYKTUBHOCTI, [0 YaCTO BUKOPUCTOBYIOTHCS B MICHAX 3 OOMEXKEHHMU
pecypcamu, 1 Jie €KOJIOT1YHA CTIAKICTh yXe BaXIuBa. TakuM 4YMHOM, MOTPIOHO 3HAUTH
OamaHc MDK TOTPeOOI0 B TIOM’SKIIEHHI BOJAW Ta 3aXHCTI BOJHUX OO’ €KTIB Bif
HETaTUBHOTO BIUIMBY TaKUX cucTteM. Kpim TOro, BaKJIMBUM 3aBJIaHHSIM € OOIPYHTYBaHHS
€KOHOMIYHOI JIOLIJIBHOCTI BIPOBA/PKEHHS TaKWX CHCTEM, OCOOJMBO B yMOBax
obmexeHnx pecypciB. Lle o3Havae, 1m0 MOTPiIOHO HE MPOCTO PO3POOUTH EKOJOTTIHO
0e3IeuHy TEXHOJIOT110, aje 1 3p00UTH 11 JOCTYITHOIO /1711 BUKOPUCTAHHS B PI3HUX YMOBAX.

AKTyaJbHicTh TeMHU. TeMa «3HUKEHHSI HETaTUBHOTO BILJIMBY HA BOJIHI 00’ €KTHU
CUCTEM TNOM’SIKIIIEHHS] BOJIW» 001MMa€e MHUPOKUIM CIIEKTP BAKIUBHUX MPOOJIEM CYy4YaCHOTO
CYCHUIbCTBA, K1 BKJIIIOYAIOTh €KOJIOT10, TEXHOJIOT110, EKOHOMIKY 1 YIIPaBIJIiHHS BOAHUMU
pecypcaMu.

VY cydacHOMY CBITI €KOJIOTIS 3aliMa€e BaKJIMBE MICIIC B HAYKOBHUX 1 COIlaJbHUX
nuckycisix. BomHi 00’€KTH CTUKAIOTHCS 3 PI3HOMAHITHUMHU MpoOJieMaMu, BKIIOYAIOUU
3a0pyAHEHHS XIMIYHUMU PEUYOBMHAMHU B PE3YJbTATI PI3HOMAHITHOIL 1SUIbHOCTI JIFOJUHH.
CuctemMu TOM’SIKIICHHS BOAM, II0 IIMPOKO BUKOPHUCTOBYIOTHCS Ha IMPOMHUCIOBHUX
00’€eKTax, B KOMyHaJIbHOMY rOCIIOAAPCTBI Ta B MPUBATHUX JOMOTOCIIOAAPCTBAX, BHOCSTh
BaroMui BKJIaJ B 1€ 3a0pyaHeHHs. OTxe, po3poOKa Ta BIPOBAIHKEHHSI TEXHOJIOTIH, sIKi
3/1aTH1 3HU3UTH 1€l HETaTUBHUM BIUIUB, € HAJ3BUYANHO aKTyaIbHUMH.

HaykoBuii mporpec Ta IHHOBaIlii CTajdu KIOYOBUMH (PakTopaMu y BHUPIIICHHI
cydyacHUX mpoosieM. HoB1 TEXHOJIOT1, SIK1 MOXXYTh 3MEHIIUTH HETAaTUBHUM BIUIMB CHCTEM

MOM’SIKIIICHHSI BOJM Ha BOJHI OO0’ €KTH, HE TUIBKA MOXYTh MOJIMIIATH E€KOJOTTYHY
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CUTYyaIli10, ajie ¥ BIIKPUIOTh HOB1 MOKJIUBOCTI JJIsl IPOMMCIIOBOCTI 1 MiJIBUIIYIOTH SIKICTh
JKUTTS TIOAEH.

EdexTrBHE BUKOPUCTAHHS BOJHUX PECYPCIB BUMArae He TUIbKU €KOJIOTTYHUX, alie
1 EKOHOMIYHHUX po3p000oK. Po3poOka Ta BpoBa KeHHS OLIbII €KOHOMIYHO €(PEeKTUBHUX
CUCTEM IOM’SIKIIIEHHS BOJIH, SIK1 TAKOK 3HUXKYIOTh HETAaTUBHUH BILJIMB Ha BOJIHI 00’ €KTH,
€ HaraJIbHUM MUTAHHSAM. 3HUKEHHS BUTPAT Ha €KCIUTyaTallito i 00CIyroByBaHHS CUCTEM
MOM’SIKIIIEHHSI BOJY MOXE MPHUBECTH JI0 3HAYHMX EKOHOMIYHHMX IepeBar Ha piBHI
OKpEMUX MHIAMPUEMCTB 1 CyCHIBCTBA B LIoMYy. OHAK MPU BIPOBAIKEHH1 €KOJOTTYHO
0e3MeUYHUX TEXHOJIOT1 HEOoOX1IHO 3Ba)KaTW Ha OalaHC €KOHOMIYHUX Ta €KOJOTIYHUX
(hakTopiB.

JlocTym 10 4KCTOi BOAM € OCHOBHHMM IPpaBoM JitoJIuHu. [IpoTte, B 6aratbox perionax
CBITY II¢ MPaBO MOPYLIYETHCSA 4Yepe3 3a0pyTHEHHS BOAHUX PECYpCiB Ta Hee(PEKTHUBHE
BUKOPHUCTAHHS CUCTEM MOM SKIIEHHS BOJIU. PO3p0o0Ka HOBUX TEXHOJIOT1H, sIK1 3HUKYIOTh
HETaTUBHUI BIUIMB HAa BOJHI 00’ €KTH, MOKE CIIPUATH 3a0€3MEUEHHIO T0CTYITY J0 YUCTOI
BOJM 1 O1IbIIOT KUIBKOCTI JIFOJEH.

TakuMm YMHOM, aKTyaJIbHICTh JIAaHOI TEMHU TOJISITa€ B ii BIUIMBI Ha KJIIOYOBI chepu
KUTTEISTILHOCTI JIIOJUHU - €KOJIOT10, TEXHOJIOTii, €KOHOMIKY 1 COIllajJbHy cdepy.
BpaxoByrouu 1i (akTopu, MOKHA 3pO3YyMITH, YOMY JaHa T€Ma € OCOOJUBO BaXJIUBOIO
JUTSI Cy4aCHUX HAYKOBUX JOCTIKEHD 1 MPAKTUYHUX 3aCTOCYBaHb.

3B’6130K po00TH 3 HAYKOBMMHU po0oTaMu, mjiaHamu, temamu. [{g pobora mae
TICHMI 3B’A30K 3 OaraTbMa Ba)XJIMBUMHU HAYKOBUMHU JOCHIIPKCHHSIMH, IUIAHAMHU Ta
TemMamu. PoOoTa MOMOBHIOE 1 PO3MIMPIOE MOTOYHI HAYKOB1 JIOCHIPKEHHS B ramysi
€KOJIOTii, XiMii, 1HXeHepii Ta TexHoJsorii. BoHa mornuOitoe Haille po3yMiHHS BIUIUBY
CUCTEM IIOM’SIKIIIEHHS BOAM Ha BOJHI OO0 €KTH 1 MOXE CHOPUSTH PO3BUTKY HOBHX,
eDEeKTUBHUX Ta EKOJIOTIYHO O€3MEeYHUX TEeXHOJOTIH IMOM’ SKIIeHHS Boaud. PoboTta
BIJINOBIIa€ OJHOMY 3 HANpPSIMKIB MpUKiIagHUX HaykoBux pociimxeHb KIII im. Irops
Cikopcbkoro «CTBOpEHHSI BHUCOKOC(EKTUBHMX, €KOJOTIYHO YHCTHX, €EHEpro- Ta
pecypco30epirarounx TEXHOJIOTIH 1 00IaHaHHS y MalIMHOOYTyBaHH1, XIMIYHIH, JETKIH,
HadTOonepepoOHiN MPOMUCIOBOCTI, TPOMHCIOBOCTI Oy IIBEILHUX MaTepialiiB, pO3POOKH

00’€KTHOOPIEHTOBHUX CHUCTEM, KOHCTPYKIIHHO-TEXHOJOTIYHOTO MOJICJIIOBAHHS Ta



22

3a0€e3MeueHHsl SIKOCTI ¥ HaAIWHOCTI MPOrpeCUBHOI TEXHIKM»1 BUKOHYBajacsi B pamMKax
IJIaHy HAYKOBOI poOoTH KadeIpu €KOJOTii Ta TEXHOJIOTIi POCIMHHHUX TMOJIIMEPIB
HamionanbHOro TEXHIYHOrO yHiBepcUTeTy YKpaiHun «KUIBCbKMI TOMITEXHIYHUI
iHcTUTyT 1MeH1 Irops Cikopcbhkoro» Ta iHiIIaTuBHOT TeMu «Po3poOka TexHOoJOrid s
3aXUCTy JOBKLUIA BiJ 3a0pyJHEHHS TOKCHYHMMH CKUJaMH Ta Bigxomamm» (HOMep
nepxkpeectparnii 0115U006711).

MeTta i 3agaui gociaixxeHHsi. MeTor JaHOTO JOCHIKEHHA € pPO3poOKa
€KOJIOT1YHO O€3MEeYHOI TEXHOJIOT1i TOM SIKIIICHHS BOJH JJIsI CHCTEMH MaJjioi Ta CepeaHbO1
MPOJAYKTUBHOCTI 3 METOIO 3HMKEHHSI HEraTUBHOTO BIUIMBY Ha BOAHI 00’ €kT. OCHOBHUM
3aBJAaHHAM € CTBOPEHHS 1 BIOPOBA/KEHHS €(QEKTUBHUX METOJIB Ta IIPOIIECIB
MOM’SIKIIIEHHST BOJIM, 110 3a0€3Me4yI0Th 30a1aHCOBAaHUN MIAX1A A0 3a0e3MeUYeHHs SKOCTI
BOJIY Ta MIHIMI3aI[1}0 HETATUBHOTO BIUIMBY Ha BOJHI PECYPCH.

JInst OCATHEHHS TOCTAaBJIEHOI METH JOCHIIKEHHS OyJlo CHpPSIMOBAHO Ha
BUKOHAHHS HACTYMHUX 3a7a4:

1. AHaJi3 1 OI[IHKA CY4YaCHUX METOIB Ta TEXHOJIOT1i MOM’SIKIIEHHS BOJIM, PEareHTIB,
[0 BUKOPHUCTOBYIOTHCSI B IIUX MPOLIECaX, OCHOBHUX IepeBar Ta HEAOJIKIB KOXHOTO 3
METO/IB, iX e()EeKTUBHOCTI Ta BIUIUBY Ha BOJIHI 00’ EKTH.

2. BuzHaueHHs ocoOnMBUX YMOB Ta BHUOIp TEXHOJOTIA 1 PEareHTiB 3 TOYKU 30pYy
MOXJIMBOCTI iX BUKOPUCTAHHS B CUCTEMaX MaJjoi Ta CepeHbOI IPOyKTUBHOCTI.

3. OuiHka mnepeBar Ta HEJOJIKIB BIAIOpaHUX s AOCHIIKEHb TEXHOJOTIA Ta
peareHTiB, MPUJIATHUX [ BUKOPUCTAHHS B CHUCTEeMax Majoi Ta CEpeaHbOl
MPOTYKTUBHOCTI.

4, Po3poOka HOBUX TEXHOJOTIYHUX PIIIEHb Ta MPOIECIB MOM’ SKIICHHS BOJH, IO
3a0€3Meuyl0Th BUCOKY €(EKTHBHICTh Ta 3HM)XEHHS HETaTUBHOIO BIUIMBY Ha BOJIHI
pecypcH, BKIIOYATH BUKOPUCTAHHS HOBHMX peareHTiB, (UIbTPYBaJIbHUX MaTepialiB,
MO U (IKAIII0 TEXHOJOTTYHUX MTPOIIECIB.

5. [IpoBeneHHS €KCIEPUMEHTAIbHUX JOCIIKEHb IJIS OIIHKKM €(QEeKTUBHOCTI Ta
€KOJIOTTYHOCTI BUOPAHUX TEXHOJIOT1H MOM’ IKIIIEHHSI BOAM, MOKJIMBOCTI MacIITaOyBaHHS

TEXHOJIOT1/ 10 peaJIbHUX YMOB Ta OIIHKA iX BIUIMBY Ha BOJIHI 00’ €KTH.
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6. Po3poOka TEXHONIOTIUHOI CXEeMH JJisl BIPOBAKEHHS PO3POOICHUX TEXHOJOT1N B
CHUCTEMaX MaJioi Ta CepeHbOI MPOTYKTUBHOCTI.

1. ExoHoMiuHMi aHami3 po3po0JIeHOI TEXHOJIOTiI Ta BM3HAYEHHS i1 €KOHOMIYHOI
JOIIBLHOCTI Ta AOCTYIHOCTI JIJIsl BOPOBAJI)KEHHS B IPOMUCIIOBUX MaclITadax.

BukoHaHHsS 1uX 3a7a4 JOCHIIKEHHS JT03BOJIUTh JIOCATTU IMOCTaBJICEHOI METHU Ta
BHECTH BaroMuil BHECOK B PO3pPOOKY €(PEKTUBHUX Ta €KOJOTIYHO O€3MEeYHUX TEXHOJIOT1H
MOM’SIKIIIEHHST BOJIU ISl CUCTEM MaJIOi Ta CepeIHbOI MPOAYKTUBHOCTI.

O6’ekm  OocniodcenHss - CHUCTEMH TIOM SIKIIEHHS MOPUPOAHUX BOA IS
BUKOPHUCTAHHS Ta CIIOKUBAHHS iX B HEBEJIMKHUX 00’ €Max.

IIpeomem OocnidxcerHs - MPOIECH Ta TEXHOJOT1I TOM AKIIIEHHS BOJIM B CHCTEMAaX
MaJioi Ta CepeHbO1 MPOTYKTUBHOCTI.

Metoau aocaimxennsa. HeoOxigHi y1abopaTopHi JOCIHIJIKEHHS MPOBOIUINCH 3
BUKOPHUCTAHHSIM PEareHTHUX, KOaryJsiiMHUX, QIOKYJISIIHHUX, COpPOIIHHUX Ta
€JEKTPOXIMIYHUX METOJIB OYMINECHHS BOAU. BMICT PI3HOMAHITHUX KOMIIOHEHTIB Y
BOJHUX  PO3YMHAX  KOHTPOJIIOBAJIM  Ta  BUMIPIOBAIM 3  BUKOPUCTAHHSIM
CHEKTPO(HOTOMETPUYHOTO, TOTCHI[IOMETPUYHOTO Ta TUTPUMETPUYHOTO METOIB aHATI3Y.
JIOCTOBIpHICTh OTPUMAHMUX PE3YIbTATIB €KCIEPUMEHTAIBLHUX JIOCIIKEHb OIIHIOBAIN
IUJITXOM BUKOPHCTaHHS MaTeMaTHYHUX METOIB 00poOku manux. L1 MeToau mo3Boauiu
MPOBECTU KOMIUIEKCHE JOCIIMKEHHS MPOIIECIB Ta TEXHOJIOT1M MOM SIKIIEHHSI BOAM JJIsI
CHUCTEM MaJjoi Ta CepelIHbOI MPOJYKTUBHOCTI, BUBYUTHU iX BIUIUB Ha BOJIHI 00 €KTH Ta
OL[IHUTU €(PEKTUBHICTH PO3POOJCHUX TEXHOJOTIM. Pe3ynbTaTu AOCHIIKEHHS HAyKOBO
OOTPYHTOBaHI 1 CIPHUSAIObL PO3pOOI €(PEKTUBHUX Ta €KOJOTTYHO O€3MEUHUX METOIB
MOM’SIKIIIEHHST BOJIU, CIIPSIMOBAHUX HA 3HM>KEHHSI HETATUBHOIO BIUTMBY Ha BOJHI 00’ €KTU
CUCTEM IOM SKIIECHHS BO/JIH.

HaykoBa HOBU3HA oep:KaHUX pe3yJbTaTiB. B pe3ynbrari mpoBeeHHS 1UKIIIB
KOMIUIEKCHUX JOCHI/PKEHb 3 BHU3HAYEHHS OCHOBHUX 3aKOHOMIPDHOCTEH MPOILIECIB
MOM’ SIKIIIEHHST BOJU OYJIO:

- BIEpIIE JETAIBHO JOCHIIKEHO €PEKTHUBHICTh COJIOBO — HATPIEBOI TEXHOJIOTIi
MOM’SIKIIIEHHSI BOAM B YyMOBax HH3bKUX TEMIEpaTyp, BU3HAYEHO JOILUIbHICTD

BUKOPUCTAHHS ii B CUCTEMAaxX MaJioi Ta CepeAHbOI MPOIYKTUBHOCTI;
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- BIEpIIE 3alpoONOHOBAHO B SIKOCTI OCA/X)KyBaua 10HIB KaJIbI[II0O Ta MAarHiio
3acTocoByBaTu cymiil (ocdaty Ta aurigpooprodocdaTy HATPIO Yy BIAMNOBIIHOMY
CHIBBIIHOIIEHHI, 10 J03BOJIsI€E YHUKHYTH HEOOX11HOCTI KoperyBaHHs pH B oOpoOieHiit
BOJII;

- BOEpIIE pPO3pOOJEHO TEXHOJOTII0 TIOM SKIICHHS BOAA 3 MOXKJIIHBICTIO
BUKOPHUCTaHHS B YMOBAaX HE3HAYHOTO 1ii CIOXKMBaHHS, fKa JO3BOJSE MOBHICTIO
aBTOMATHU3yBaTU BUKOHAHHS BCIX HEOOX1THUX MPOLEAYD;

- OTPUMAJIH MOJATBIINN PO3BUTOK MPOIECU TTOM’ SIKIIIEHHS BOJIU 3 BUKOPUCTAHHSIM
B SIKOCTI OCa/I)KyBayua CHJIIKAaTy HATPIO;

- OTpUMAJIM TOAAIBIIMK PO3BUTOK mMpolecu (HopMyBaHHS TBepAOi ¢a3u mnpu
BUKOPHUCTAHHI B SIKOCTI OcajpkKyBada KapOoHatiB, ¢ocdariB, cUIIKaTIB Ta TiAPOKCUIY
HaTpIIo;

- YAOCKOHAJIEH1 METOAMN PO3PaXyHKY OCHOBHUX MapaMeTPIB CUCTEM MOM’ SIKILICHHS
BOJM 3 BUKOPUCTAHHSAM PIBHSHBL perpecii Ta IUIOHIMH PO3B’A3KIB LUX PIBHSIHB, IO
JI03BOJISIE TOCUTH MTPOCTO MOAU(PIKYBATH TEXHOJIOTIIO A0 BOJI PI3HOTO XIMIYHOTO CKJIAJY.

IlpakTHyHe 3HAYEHHS OJepP:KaHUX pe3yJbTaTiB. B pe3ynbrari nmpoBeacHHS
KOMILIEKCY JOCIHII)KEHb PO3POOJIEHO TEXHOJOT1I0 PEAreHTHOTO MOM’SIKIIICHHS] BOJIU JIJIs
MPOMUCIIOBOCTI Ta CHCTEM MaJlol Ta CepeHhOI MPOAYKTHBHOCTI (MaTeHT YKpaiHu Ha
kopucHy Mozaenb Ne 154768, sunpoOyBanuii B komnanii TOB «IBIK ®opmyna Bogu» Ta
[MpAT «Komnanist EH3uM»). BiTbImicTh IHITUX pe3yiIbTaTiB JOCTIKEHb, KOTPi TOTOBI 10
BIPOBA/PKCHHSI B MPOMUCIOBOMY MaciiTali, mepefaHi Ha BiAmoBigHuUX ymoBax 3AT
«EnBiTek». B 1inomy, opep:kaHi pe3ylbTaTH MalOTh MPAKTUYHE 3HAYEHHS IS
MPOMUCIIOBUX MIANPUEMCTB, KOMYHaJbHHX CHUCTEM BOJIONOCTAYaHHSA Ta MOOYTOBHX
CIO>KMBAY1B, CIPUAIOYHU MOKPAIICHHIO SKOCTI BOAM, 30€PEKEHHIO PECYpPCIB Ta CTAIOCTI
BOJITHUX PECYPCIB.

OcoOucTuii BHecok 3100yBaua. J[ucepraiiiiina podoTa BUKOHaHA Ha Kadeapi
€KOJIOT1i Ta TEXHOJIOT1i POCIMHHUX MOJIMEPIB 1HKEHEpHO-XiMiuHOTO (Pakynbrery KIII
iM. Irops CikopchbKOro i1 € pe3yiabTaTOM K CaMOCTIMHUX JOCTIKEHb aBTOpa, TaK 1
JIOCIII/IPKEHb 3a Y4YacTI0O HAayKOBOIO KepiBHMKa Ta MarictpiB. HaykoBuil kepiBHUK

nvcepTarniiiiHoi poOOTH K.T.H., JoleHT PamoBeHuuk fApocmaB BsdeciaBoBud, 3 SIKMM
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OoOroBOpIOBAJIM BCi OTPUMAaHI pe3yJbTaTH Ta BU3HAYAIM TMPIOPUTETHUN HAMNPSIM
MOAANBIINX JOCHIIKEHb. ABTOPOM JUCEpTaliitHOI poOOTH BHM3HAYEHO METY 1 3ajadyi
MaiOyTHIX JOCIIPKEHb, 311MICHEHO MOIIYK Ta OLIHKY CyYaCHUX TEXHOJIOT1M MOSKILIEHHS
BOJIM, TPOBEJACHO OOIPYHTYBaHHS HAMpPSIMKIB JOCHTII)KEHb Ta BUKOHAHO HEOOX1THI
excnepuMeHTU. OCHOBI pe3yJabTaTH AOCIHIKEHb, 10 MPEJICTABICHI B AHMCEpTAaIlii,
omyOJIIKOBaHO y JKypHajaXx, 10 BXOJATh J0 Mepeniky (axoBUX BUIAHb YKpaiHU Ta J10
MDKHApOJHUX HayKOMETPpUUHMX 0a3 TaHMX, 3aXUILIEHO MAaTeHTOM YKpaiHU Ha KOPUCHY
Mozenb. OCHOBHI pe3ylbTaTH MPOBEJACHUX TEOPETUYHUX Ta EKCIePUMEHTaIbHUX

JOCIIKEHb B1JOOpaXeHO B OMyOJIIKOBAHUX HayKOBUX MpallsX.

Amnpobanis pesyabrartiB aucepramii. HaykoBi pe3ynpTaTd MNpPOBEICHUX
TEOPETUYHUX Ta EKCIEPUMEHTAIbHUX JOCHIKEHb 3a HANpPsIMKOM JHCEpPTAIiiHO1
poOOTH JTOMOBIIATUCH Ta OOTOBOPIOBAIUCH HA HAYKOBUX KOH(EPEHIIIsIX Ta CeMIHapax
pisHux piBHIB, a came: The 2nd International scientific and practical conference
“Scientific research in the modern world” (December 7 - 9, 2022, Toronto, Canada); XL
International scientific and practical conference «Progressive Opportunities and
Solutions of Modern Scientific Potential» (October 2-4, 2024, Toronto, Canada); The
2nd International Scientific and Practical Conference «Modern Scientific Trends and
Standards» (February 16-18, 2022). Santa Rosa, Argentina; The 13th International
scientific and practical conference “Innovations and prospects of world science” (August
17-19, 2022), Vancouver, Canada; Modern science: innovations and prospects.
Proceedings of the 12th International scientific andpractical conference. SSPG Publish.
Stockholm, Sweden, 2022; XXIV MixHapoaHa HayKOBO-TIPAKTHYHA KOH(EPEHIis

«Exkomnoris. Jlroquna. CycniasctBo» (5 uepBus 2024 p., m. Kuis).

IMy6aikamii. 3a marepianamu aucepTamniifHoi poOoTH omyosikoBaHo 19 HaykoBUx
mparpb, y ToMy 9ucii 9 crtaTell y HayKoBUX (paXOBHX BHJIAHHSX, 1 3 SKUX BKIIFOUYCHO 10
MDKHAPOJHUX HAYKOMETPUIHUX 0a3, sIKi IHAEKCYIOThCS Yy SCOPUS, 1 maTeHT YKpaiHu Ha

KOPHUCHY MOJIEINb, 9 Te3 A0omoBiiel y 30ipHUKaX MaTepialiB KOHPEPEHITiH.

CrpykTypa Ta ob0csar aucepraii. J[uceprariiina poOoTa CKIaIa€ThCA 13 BCTY-

1y, T’ STH PO3AUTIB, BUCHOBKIB, CIIUCKY BUKOPUCTAHUX JHKEpen 1 JoaaTKiB. Marepianu
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nucepraiii BukiiageHo Ha 198 cropinkax JpyKoOBaHOTO TEKCTY, 30KpeMa OCHOBHUH TEKCT
— Ha 120 cropinkax, cepen SKHX IUIonia / CTOPIHOK MOBHICTIO 3aiiHATA Ta0- JIMISIMU Ta
pucynkamu DakTUUHUN MaTepiall CUCTEMAaTU30BaHO Y S TaOIUIX Ta UTIOCTPOBAHO 54
pucyakamu. CIUCOK BUKOPUCTAHUX JpKepell MicTUTh 169 Ha- iimeHyBaHb. J{ucepTartiiina

poboTa BKITtOUae 4 momatku, po3MimeHi Ha 19 cTopiHkax.
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PO3/ILI 1
CYUYACHI TEXHOJOT'Ti NIOM’SIKINEHHS BOJIU

OcTaHHI pOKH CIIOCTEPITAETHCSA 3HUKEHHS 00’ €MIB BOJTHUX PECYPCIB Ta iX SIKOCTI.
Crnocrepiraetbcsi MiIBUIIEHHST MiHepami3alli TPUPOJHUX BOJ 332 PaxyHOK CKHUIIB J0
MOBEPXHEBUX BOJHHUX OO’ €KTIB MPOMHUCIOBUX CTOKIB. OCOOJMBO TOCTPO I mpodiemMa
CTOITh Ha CXOJl Ta MiBIHI YKpaiHU Je, 3a paxyHOK CKHUJAHHS IIaXTHUX BO/I,
CIIOCTEPIraeThCsl 3HAYHE MM1IBUIIIEHHS >KOPCTKOCTI Ta MiHEepasli3allii y IPUPOJHUX BOJIHUX
JpKepenax. Y KOMYHaJbHOMY TOCIOAApCTBI Ta MPOMMCIOBOCTI OJHUM 3 Ba)KIUBIIIUX
MOKA3HUKIB SIKOCTI BOJM € 1i )KOPCTKICTh. Bojaa 3 BUCOKUM MOKa3HUKOM >KOPCTKOCTI
MO>K€ HeTaTHBHO BILUTUBATH Ha 3JI0POB’ S JIOAWHH (CYIIUTH MIKIPY, HEUTPAITI3y€ 3aXUCHUMA
KUPOBUU Iap IIKIpH, BUKIMKAE CEUOKaM’ sIHY XBOpOOy, BIUIMBAa€ Ha KICTKOBY Ta
CEepIIEBO-CYJAMHHY CHCTEMY TOIIO), & TaKOX HETaTHBHO BIUIUBAE HA IMPOMHCIIOBICTS,
0COOJMBO Ha eHepreTUKy (30UIbIIye BUTPATH TEIUIA HA OMAJICHHS, OCKIJIbKU HAKHIT Ma€
HU3BKY TEIUIONPOBIAHICTh, MPU3BOAUTH JO HAAMIPHOI BUTPATH MHIOYUX 3acO0iB,
30UIbIIlyE BHTpPATH TeIJIa HAa OMNAJICHHS, CTUMYJIOe Koposito [1]. XKopcTkicte Boaw
3yMOBJICHA 10HaMU TMOJIBAJICHTHUX METANIB, SIKI MICTSThCS B OCaJOBUX MOpPOIaX.
HalinommupeHimumu € ioHM Kaibllito Ta MmarHito. JlupexkruBoro Pamu 98/83/€C Bim 3
mucronana 1998 poky mpo skicTh Boau [2], mpu3HAUeHOT IS CIIOXKHBAHHS JIFOIUHOIO,
BH3HAYE€HO HOPMATHB KOPCTKOCTI, IO cKiagae < 1,2 MT-eKB/IMS, B T. . KOHIIEHTpaIIis
marsito (Mg?") <50 mr/am®, koruenTpauiro kambito (Ca?*) < 100 mr/am®. Bixnosigzo
no JCaunlliH 2.2.4-171-10 [3], HOpMaTHB »KOPCTKOCTI IS MUTHOI BoAM ckiamae < 7,0
Mr-eKB/IM>.

[Tom’sikiieHHsT (3HMDKEHHS KOPCTKOCTI) BOAM — II€ TPOICC BUAAJICHHS 3 Hel
KaTIOHIB KaJbllil0 Ta MarHit0. ICHyIOTh pPI3HOMaHITHI TEXHOJIOT1] 3HUKEHHSI dKOPCTKOCTI
BOJIM, a CaM€: peareHTH1, TepMI4Hi, I0HHOTO0 OOMIHY, Jiaji3y Ta TEXHOJOTIi 0 MOXYTh
MIOETHYBATH BUIIE MepeniueHi meroau [4, 5, 6]. Pi3Hi TexHOJIOTII MarOTh CBOT IepeBaru
Ta HEAOJIKW. SIK TpaBWwiIo, TOW YW IHIIMKA METOJ MOXE IIOKa3yBaTH XOPOIIY
e(eKTUBHICTh B OJHUX YMOBaX, aji¢ B TOM € 4yac OyTH HENPUUHSATHUM JJIsl 1HIIHX.

Takox HE BCl METOJM 3HIKEHHS >KOPCTKOCTI BOJU MAalOTh MO3UTHUBHHUN €KOJOTTYHUM
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edext. Bubip Metony mjis BUKOPUCTAHHS B OKPEMUX BHUPOOHUYUX IUKIIAX MOXKE
CIMpATUCS Ha BHXIAHI BJIACTHBOCTI Ta NapaMeTpu BOAU (KaJIaMyTHICTh, KOJIp,
KOPCTKICTh 1 OakaHWW PIBEHBb KOPCTKOCTI BOAM micis oM’ sikiienHs) [7]. Iporecu
MOM’SIKIIIEHHS BOJAM MAalOTh BaXKJIMBE 3HAYEHHS 1 MOXYTh OYyTH peaii3oBaHl uepes
3aCTOCYBaHHSI pEareHTHHUX, 10HOOOMIHHUX Ta OapomeMmOpanHux MmeToniB. [loegHaHHS
X METOIB € OCHOBOIO PECYpCOe(PEKTUBHUX 1 MAJIOBIAXOAHUX TEXHOJIOT1i 3HECOJIEHHS
Bonu [8].

B Toi1 xe wac, pereHepallisi BOJONOM’ SIKIIIyBauiB MPU3BOAUTH 10 MiJABUIICHHS
KOHIICHTpAIIi1 XJIOPUAY HATPIIO B CTOKAX, I[0 MOKE BIUIMBATU HA €()EKTUBHICTh OUUCHUX
cnopyn 1 cran 1pyHty [9]. Lle migkpecintoe HeoOXiTHICTH 30aTaHCOBAHUX MIIXOMIB Y
METOJlaX MOM AKIIEHHS BOJY, BPaXOBYIOUM SIK iX MEpeBaru y 3MEHILIEHHI KOPCTKOCTI
BOJIY, TaK 1 MOTEHIINHUN BIUIMB Ha HABKOJIMIIHE CEpeAoBUIIE. TaKoX Ay»Ke BaKJIMBO
MIPOBOJIUTH PETYJISIPHI OOCITYTOBYBaHHS Ta MOHITOPUHI CUCTEM BOJONOM’SIKILICHHS JIJIsi
3a0e3nedyeHHs 1X epextuBHOCTI [10].

Pi3H1 TexHOJOrii MOM’AKIIIEHHS BOJHM, BKJIIOYAIOYM 10HHUM OOMIH, MeMOpaHHE
BIIJIVICHHSI Ta OCAJI’)KEHHsI, BIUIMBAIOTh HA 3arajlbHUil MiHEpaJdbHUW CKIJIaJl BOJU Ta ii
XIMI4YHI1 BJACTUBOCTI, BKIIOUAIOUH 3HUKEHHS )KOPCTKOCTI BOAM, alie TAKOXK MOXKYTh MaTH

MOTEHITIHI HETaTUBHI €(PEKTH, TaKi K 30UIbIICHHS KOPO3il a00 BILTUB Ha 310poB’°s [11].

1.1 PeareHTHi TeXHOJIOTII MOM’IKIIIEHHS BOIM

PearentHi TexHo0r1i 0a3yr0ThCS Ha TOMY, IO OaraTo cojei >KOPCTKOCTI MAarOTh
HU3BKY PO3YMHHICTH, TOMY IIPHU JOJaBaHH1 JO PO3UYMHY ACSKUX PEareHTIB 30UTbIIYETHCS
KOHIICHTpAIIisl aHIOHIB, 1110 MOXKYTh YTBOPIOBATH MAJOPO3UMHHI COJ1 3 10HAMHU KaJIbIil0
Ta MarHifo. IcCHye BalHsHE Ta COOBO-BaIlHSIHE MOM’sKiieHs Boau [12]. L{i TexHOMOTIT
CIPSIMOBAHO Ha MOKPaIIEHHI pOOOTH CIIOPY/T JUIsl IOM SIKIIEHHSI BOJM B YMOBaX HU3BKUX
temneparyp [13]. Hacrimre el MeTo 1 € MepIIor0 CXOMHKOFO )11 KOMOIHOBaHOT OYMCTKH
BOJIY Ta HE MIAXOAUTH JJIsi OYHUIIEHHS BOAM JUIsl MUTHOI SIKOCTi. TakoX BEJIHKOIO
poOJIEMOI0 IILOTO METOY € YTBOPEHHS CTIUHHMX BOJ| 3 BEJIMKOIO KOHIIEHTPAIIEIO COJIEH,

SIK1 BUMAraroTh 1€ JOJAaTKOBOTO OYHUIICHHS.
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Banusinuii MeTo1 HOM’SIKIIEHHSI BOJIM € BU3HAHUM METOJI, 1110 BUKOPUCTOBYETHCS
y BogomiaroroBil [14], Tak sk mMae xopoury epeKTUBHICTh NMPH 3HMKEHHI KOPCTKOCTI
BOJIU ITPU HUBBKHUX TEMIIEpaTypax

Y po6oTi [15] po3risHyTO OCOOIMBOCTI TEXHOJIOTII COJOBO-BAITHSIHOTO METOMY
oM’ SIKIIIEHHSI BOAU. BamHsHuii Meton He € eEeKTUBHUM JUIsl MOCTIMHOTO BUIAJICHHS
HekapOOHATIB Yepe3 Mally KUIbKICTh KapOOHAaTHHMX 10HIB, $IKI JOCTYMHI y BOMAl JJIA
ocapkeHHs cojielt marHito Mg(SO4); Ta MgCl, y Burisni CaCOsz 1 Moke J107aTKOBO
CIPUSTU KOPCTKOCTI. METOAMKH MOM’AKIIEHHS BOJIA KAJIBIIMHOBAHOIO Ta KAyCTUYHOIO
comor0 Outbill e(eKTUBHI NIl MOCTIMHOTO BUAAJICHHS HeKapOoHaTiB. BukopuctanHs
KayCTHUYHOI cOfu OUIbIN €(deKTUBHE Yepe3 HAasBHICTh KapOOHATHUX 10HIB y BOAi, IIO
BIJINIOBi/Tae 3a oca/pkeHHs po3unHHUX coner marHito Mg(SOs.), Ta MgCly, a po3zuunnHi
coni kanbiiro CaS04 i CaCl, cnpusitors yrBOopeHHI0 ocaxy CaCOs.

MeTton KOHTPOJIIO MpOIeCy TMOM SKIIEHHS BOJM BalmHOM 3a JOIMOMOIOIO
BUMIPIOBaHHSI €JEKTPOIMPOBITHOCTI MPEACTaBIsi€ COOOI 1HHOBALIMHUN 1 €KOJIOTTYHO
YUCTUU MIAXiJ, [0 3a0e3neuye 3HAYHE MOKpalleHHS €e(EeKTUBHOCTI Ta 3HWKEHHS
BapTocTi 00poOku. lleil Merox 103BOJSE TOYHINIE PETyJNIOBATH J03yBaHHS BalHa,
3MEHILYIOUM OOCSTM YTBOPEHHA oOcaay Ta 3a0e3nedye OUIbII BUCOKY CTYHIHb
MOM’SIKIIIEHO1 BOJIM, II0 POOUTH MOr0 Ba)XXJIMBHUM BHECKOM y cdepy 0OpoOKH BOIH.
[Ipote, HEOOXIIHICTh B TOYHUX BHUMIPIOBAHHSAX EJIEKTPOIPOBITHOCTI MOXKE BUMAaratu
BCTAHOBJICHHSI CIEI1ali30BaHOTO OO0JaJHAaHHSA, 10 MOXE POOUTH METOo] OlIbIll
KOITOBHUM [16].

ABtopu [17] mnpomeMOHCTpyBasiv, IO BUIAJICHHS HPUPOTHUX OPTaHIUHUX
PEYOBUH IIiJ] Yac MPOIECY MOM SIKIIEHHS BOJUM MOXHA MOKPAIIUTH, BUKOPHUCTOBYIOUH
raiieHe BallHO 3 BHCOKMM BMICTOM MarHiio. J[ns 3HMKEHHS JKOPCTKOCTI Yy
CTEX10METPHUYHIH 1031 MpUIaTHI JBa B TallieHOro BarHa 3 BMictom MarHito 0,32 10,45
%. TameHe BamHO 3 BUIIUM BMICTOM MAarHil0 MOKpally€ BUJAJIEHHS MPUPOIHUX
opra"iuanx peuoBuH 10 30 % depe3 OinbIT iHTEHCHBHE criBocapkeHHs. [IpoTe 3pa3ok
JI0JIOMITOBOT'O HETAIIIEHOT'0 BalHa 3 Jy’K€ BUCOKUM BMICTOM MarHito MPU3BIB JO MEHII
e(deKkTUBHOro BUAaNeHHA. O4eBUIHO, MarHii y JOJOMITOBOMY BallHI HE OyB MOBHICTIO

rijpatoBaHui B aTMOC(PEPHUX YMOBaX 1 TOMY HE MOCUJIIIOE CITIBOCAKEHHS.
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BanHo 1 amroMmiHaT HATpil0 TaKOX MOXHA BUKOPUCTOBYBATHU JJisi €(EKTHUBHOIO
OYMIICHHS BOAM Bix cynb(dariB 3 omgHO4acHUM mowm skireHHsM [18]. EdexrtuBHicTh
OUMILIEHHS 3JIKUThH BiJI J03 BallHA Ta AJIFOMIHIEBOTO KOATYJISHTY. 3HUYKEHHS 031 BallHa
Ta KOAryJsiHTy HHUX4YE TMEBHOrO0 MOPOTY € HEAOUUIBHHM, OCKUIbKH 1€ HE JI03BOJISIE
3HU3UTU KOHIIEHTpAIil0 Cyiab(}aTiB A0 NPUUHITHUX PIBHIB 1 €()EKTUBHO MOM SKIIUTH
BOJY.

OHOYACHO 3 peareHTHUM METOJIOM 3HUKEHHSI dKOPCTKOCT1 BOJIM BUKOPUCTOBYIOTh
dnokynsaTr Ta kKoaryysHtH [19]. CydacHi MeTou 00pOOKH MPOMHUCIOBHUX CTIYHHUX BOJI
1 IOM’ IKIIEHHSI BOJIM 30CEPEKYIOThCA HA BUKOPUCTAHHI KOAryJISIHTIB, (PIIOKYJISHTIB Ta
IHIIMX peareHTiB 1 MeTomiB uisg ouumieHHs. Jlocmimkyerbes [20] moreniian
BUPOOHUIITBA KOATYJISIHTIB 13 3all13HOI PYJH, MPOMOHYIOUM PIIICHHS IJI 33JI0BOJICHHS
3pOCTalOYOro MOMUTY HAa YUCTY BOJAY B CLIBCHKOTOCIIOAAPCHKOMY CEKTOPI.

JI7ist mocumneHHs mpoliecy MOM’SIKIIEHHST BOJY 13 3aCTOCYBaHHSM 1HTEHCH(IKAIi
OCAQ/DKCHHSI 3MYJIEHHUX YacTOK, IMPOMOHYETHhCS BKIIOYATH HarpiBaHHSA, OOpOOICHHS
bokynstHTOM  (T1APOJII30BaHUM  TIOJIAKPHIIOHITPHUIIOM), OCBITJICHHS, OOPOOJICHHS
BaITHOM Ta OCBITJICHHS Y IIapi 3MyJieHOTo ocany [21].

3a3HaueHa MOXJIUBICTh 3aCTOCYBAHHS Y SIKOCT1 KOAryJISIHTY 00MajieHo1 allyHITOBO1
MOPOJU JIJISl OCaJKEHHS TBepAoi ¢da3u, siKka YTBOPIOETHCS MPU PEAr€HTHOMY 3HMKEHHI1
’KOPCTKOCTI BOJIH, a TAKOXK (IIOKYISHTY — Bogopo3unHHoro nomimepy KO-3. Buznaueno,
110 I[i peareHTH MAlOTh BUCOKY KOAryJIsAIidHy 31aTHICTh [22].

KoarynsmitHo-Quiokysmiai  qociaiypkeras  [23]  Oyau  mpoBemeHi s
imeHTu(diKamii Ta KUIbKICHOrO BHW3HAYeHHs ¢pakiii opranignoi peuoBuHu (TOC),
BunasieHoi ocapkeHasM Mg (OH)», i ppaxii, Bunanenoi BHacigok ocamkenHss CaCOs
npu oOpoOIll CTIYHUX BOJ| BamHOM. bUIBIIICTh EKCIEPUMEHTIB MPOBOAMIKCS 3
MOOYTOBUMU CTIYHUMHU BOJIaMH, a JIEAKl — 3 PO3UMHOM JyOMJIBHOT KUCIOTH, IO IMITY€
KOAryJisiiif0 OpraHiYHUX PEYOBUH Yy CTIYHMX BOJAaX. EKCIEpMMEHTH MOKa3aiu YiTKUM
3B’SI30K MIX KUIBKICTIO BHJAJEHOT OPraHiuHOi PEYOBUHU 1 KUIBKICTIO YTBOPEHOTO
Mg(OH),. Lle# 38’5130k MiXk BHIAJICHHIM OpraHigHOi pedyoBuHHM i ocaxeHHsM Mg(OH):

MOXHA  BHUpa3uTh uepe3 13orepmy  ajacop6Ouii. KoarynamiitHo-Qrokynsiiiai
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BUNPOOYBAHHS CTIYHUX BOJ 3 BUKOPUCTAHHSIM BallHa SIK KOAryJISIHTY IOKa3alud, 10
0mu3bK0 26 % BUIaICHUX OPTaHIYHUX PEYOBHUH y CTIYHUX Bojax BuaanseTsess Mg(OH),.

Y 3asBui [24] mnpenctaBieHO TIOM’SKIIEHHS BOAM 3 COJSIMH THMYACOBOT
KOPCTKOCTI, a camMe - HarpiB 1 BHCA/UKEHHS BKa3zaHUX cojied. HarpiBanHs Boau
3MIMCHIOETHCS 3MINTYBaHHSM 3 PEIUPKYIISIIINHOI0 Tapsuor0 BOIOIO.

ABtopu [25] mocnmiawivM MOXIIMBICTH BHUKOPHCTAaHHS XIMIYHO aKTHBOBAHOTO
KaouTiHy (IPUPOTHOT0 MiHEpaTy) K aCOPOSHTY JUTsl SMEHIIICHHS KiIJTbKOCTI 10HIB MarHito
M@?" y OpCTKiil BOAI, 1110 JOMOMOKE YHUKHYTH YTBOPEHHSI HAKUITY B IPOMHCIOBOMY
oOaiHaHHI. ABTOpY aKTUBYBaJI KaoiH po3urHoM HCI 3 pi3HUMEU KOHIICHTpaIlisIMH Ta
BUBYAJIM XapaKTEPUCTUKY aJCcOpOeHTy 1H(pauyepBOHUM CHEKTPOYOTOMETPOM Ta
IpaBIMETPUYHUM METOJOM. Y pe3yibTaTi JOCTIKEHHS OYyJI0 BUSIBICHO, 10 KAaOJiH,
aktuBoBanuii 6 M HCI, moxe amcopOyBaru 68,9 % ioHIB MarHiro mpu ONTHMAJIEHOMY
yaci koHTakTy 150 xBwimH. AkTuBarmis kaoniny 6M HCI chnpuse BuBLIBHEHHO
OpPraHIYHHUX JOMIIIOK, 1110 BBAXKAIOTHCS MPUUYUHOIO 30UTBIIIEHHS aJICOPOLIIIHOT 3/[aTHOCTI
KaoJIIHY /10 10HIB MarHio.

ABTopu [26] nmeTaJibHO PO3TJILAAIOTH MPOLEC ITOM’SKIICHHS MUTHOI BOIU 3a
JIOTIOMOT'0I0 TPaHyJl KapOOHATy Kajbllilo, SIKUH € BaXXJIMBUM Y PETIOHAX 3 KOPCTKOIO
BOJIO10, 3a0€3MeUy0Uur HE JIUIIE eCTeTUYHI, aje i COIllaJlbHO-eKOHOMIYHI Ta €KOJIOT1YH1
nepeBaru. Y IIEHTPl yBarW MOCIIDKCHHS - XapaKTEPUCTHUKHU TEJET, 5Kl € MOOIYHUM
MPOAYKTOM IILOTO MPOIIECY, Ta IXH1M MOTEHI[Ia ISl TOBTOPHOTO BUKOPHUCTAHHS. AHAII3
IIeJIeT, OTPUMAaHMX 3 16 pi3HUX THIIB BOAW Ha 8 JATCHKUX CTAHINSAX OYHUIICHHS IMHTHOI
BOJIM, BUSIBUB, IO iX CKJaJ] Ta SKICTh 3HAYHOIO MIPOIO 3a/IeKaTh BiJl CKJIAMy BUXITHOI
BOJYM Ta BUKOPHUCTAHOTO MOCIiBHOro Marepiany. lle BiakpuBae MOXIMBOCTI st
ONTHUMI3allli Mpolecy MoM’ IKIIEHHS, 00 MIABUIIUTH SKICTh MEJET 1 PO3MUPUTH chepu
iX TOBTOPHOTO BUKOPHUCTAHHS, OCOOJIMBO B arpapHOMY CEKTOpI, 10 COPUSTUME O1IbIII
CTaJIOMY BOJIONIOCTaYaHHIO.

[To3uTuBHUI JOCB1T KOMOIHYBaHHS PEAr€HTHOIO MOM’ SKIIEHHS A€ MOXJIUBICTh
OTPUMYBAaTH MAaJIOBIAXOJHI TEXHOJIOTil 3HecoJieHHs Boau. B mponeci 00poOku BonU
MOXE€ BHKOPUCTOBYBaTHUCh BamHo [27], pearenr tunmy PUKC-A Tta coma, mo

3a0e3MmeuyoTh TIuOOKe IMOM AKIIeHHS Boau. lle mo3Bosisie 3HMKYBAaTH 3alMIIKOBY
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KOPCTKICTh BOJU JI0 MPUUHATHUX PIBHIB. TEXHOJOris Tak0oX BKJIIOYA€E 10HOOOMIHHE
OYMIIICHHS BOJIU 3 €JIEKTPOXIMIYHOIO IEPEPOOKOI0 pereHepalliiHiuX pO34YrHIB, 1110 CIPUSIE
OLIbII €(PEKTUBHOMY Ta €KOJOTTUHOMY BUKOPUCTAHHIO BOAHUX PECYPCIB.

Takox BcTaHoBieHO [28], 1m0 00poOKa KOHIIEHTPATIB, IO YTBOPIOIOTHCS IIiJT Yac
3BOPOTHHOOCMOTHUYHOTO OMPICHEHHS BOJIY, BAITHOM Ta COJI00 a00 JIyTOM Ta COJIOK0, BEJe
70 TIOM SIKIIIEHHS BOAW 3 TIOJAJIBIIOI0 MOKIMBICTIO 1i MEPEepOOKH EIEKTPOJi30M 3
OTPUMAaHHSIM JIYTy Ta COJsiHO1 KuciaoTu. Lli mpoiecu epekTUBHO 3HMKYIOTh KOPCTKICTh
Bogu j10 0,25-0,95 mr-eks/mM3, 1o poOUTH iX MIHHUMHU JJIS €KOJOTIYHO €(PEKTHBHOIO

3HCCOJICHHA BOIU

1.2 IonooOMiHHI MeTOM BHAAJEHHS CTIOJIYK KAJbLiI0 TA MAarHil0

[Ipy 10HOOOMIHHOMY METOAl BHUAAJECHHS CIOJYK KaJbLII0 Ta MAarHito
3M1MCHIOETHCS 32 PAXYHOK 3aMIIIEHHS 1HIIMMH 10HAMU, SIKI HE COPUSIIOTH 3a0pyIHEHHIO
BOJIHOTO cepenoBuia. Lleit MeTon MOBO MPOCTUM Ta M03BOJISE €PEKTUBHO BUIAIISTH
HaBITh CJIIIW JOMIIIOK, TOMYJISIPHUM [ MOTPed XapyoBO1 MPOMUCIOBOCTI Ta KUTIOBO-
KOMYHaJIBbHUX CITYkKO.

lonHooOMiHHa piBHOBaxkHAa KapOOHAaTHa 0O0poOKa € e(EeKTUBHUM 1 E€KOJOTTYHO
YUCTUM METOJOM OOpOOKH PEIUPKYISALINHOI 0XOJOMKYBaIbHOT BOAM O€3 J0JaBaHHs
iHribiTopa koposii [29]. KomOiHOBaHMIA METOJ 3HIKCHHS JKOPCTKOCTI BOIHM 3a
JIOTIOMOT' 010 YJIBTPa3BYKY Ta I0HHOTO OOMIHY MiABUIIY€E €PEKTUBHICTh MPOIECY 10HHOTO
OOMIHY, CHpPHSIOYM IIBHJALIOMY BHJIAJEHHIO 10HIB KaJlblil0 Ta MarHiimo, II0
JIEMOHCTpY€EThCsl 3riiHO Mozeni Jlenrmiopa. KiHeTuka mporiecy BHJIaJICHHS 10HIB
BIJIIIOBIJIA€ TICEBAONEPIIOMY MOPSAKY, a KOMOIHALIS YyIbTPa3BYyKy Ta 10HHOIO OOMIHY
3abe3rneuye OuUlbill e()EeKTUBHE BUAAICHHS 10HIB MOPIBHAHO 3 TPATUILIMHUMU METOAaMU
[30].

Meton kaTtioHHOro OOMiHY, 3aCHOBaHUM Ha QUIBTPYBaHHI BOJAM uepe3 IIap

KATIOHITY, €()EKTUBHO 3HUKYE HKOPCTKICTh BOJM, BUIAAISIOYM 10HU KaJbLII0 T4 MarHiro

[31].
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Mertoz 11€01TOBOTO TOM’ SIKIIIEHHST BOJAM BUPI3HAETHCSI BUCOKOIO €(DEKTUBHICTIO Ta
MPOCTOTOI0 Y BUKOPUCTAHHI, MPOIMOHYIOUM 3HAYHE 3HUKEHHSI >KOPCTKOCTI BOJU 0Oe€3
dbopmyBanHs ocany. e poOuts oro ieadTbHUM PIIEHHSIM AJis1 OOPOOKH MUTHOI BOJU B
perioHax 3 BHCOKOIO >KOPCTKICTIO. BogHouac, HeoOXiTHO BpaxOBYBaTH 301IbIICHHS
BMICTY HaTpIEBUX COJEH, M0 MOXXE OOMEXHTH MWOro 3aCTOCYBaHHA Yy JAESIKHUX
MPOMUCIIOBHUX mporiecax [32].

VY po6orti [33] npoBeneHo JOCTIIKEHHS BUAAICHHS KalbI[il0, MAarHiio Ta 3arajabHOl
KOPCTKOCTI 3 MICBKOT'O TUTHOTO BOJIONIOCTAYaHHS 3a JI0MIOMOT'OI0 MPUPOJTHOTO IEOMITY.
JlocniPKeHHsT MPOBOJUJIOCH 32 PaxyHOK TMPOBENEHOI cepli  eKCIEepUMEHTIB.
ExcniepuMeHTanbHmiA pe3ynbraT mokasye, 1mo npu 2M NaCl i remneparypi akruBaiii 60
°C MmoxHa nocartd MakcuMaiabHux 80,2 % BuauieHHs 10HIB Kaibiio, 84,8 % maruiro ta
81,0 % 3arampHOI TBepaOCTI 3a onmTUMaimbHUX yMOB: PH=6,9, mo3a 50 r/m, po3mip
gacTuHOK 1 MM, gac o0poOkm 30 xB i1 ekcnmepuMmeHTasbHAa Temmeparypa 25 °C.
Perenepartis neosity mpu 3M NaCl i 90 °C migxoauts s qocsraenns 80,0 % 3arampHol
tBepaocti, 79,9 % ionis Ca®*, 85,6 % ionis Mg?" npu pH 6,9, po3mipi 1 MM i yacy
pereneparii 15 xB. JlocniDKeHHS TOKa3aldH, IO IIEOJIT € BHUCOKOCHEKTUBHHUM JIJIS
BHUJIAJICHHSI TBEPAOCTI Ta MOXE BUKOPUCTOBYBATHCS Ha CTAHIISIX OYMINEHHS MUTHOI
Bou. ABTOpH [34] moka3zau, 1110 aacopOIiitHa 37aTHICTh IICOTITY 3 I0HAMU KaJIbIIII0 Ma€e
BHUIIY CIIOPIAHEHICTh, HIK 3 10HAMH MarHio.

ABtopu ctarti [35] 30cepemkyroThcs Ha e(QEKTHBHOCTI Ta TEPCIEKTHBAX
BUKOPHUCTaHHS MOHOJIITHUX T€OMOJIIMEPIB, 30arauy€HUX IICOJIITOM, JJISI MOM SAKIICHHS
BOAU. ABTOPH MIATBEPAKYIOTh BUCOKY €(PEKTUBHICTh LIOI'O METOJY Yy BUJAJIEHHI 10HIB
KaJIBLII0 Ta MarHilo, 3HMKEHHI 00’€My Ocajy, SIKHH YTBOPIOETHCS NPH TPATULIAHUX
METOJaX TOM’ SIKIIEHHS BOJU. TaKOXX HArojolIyeEThCSd Ha MOXIHUBOCTI YacTKOBOI
pereHepaiiii Ta MOBTOPHOTO BUKOPUCTAHHS MOHOJITIB, 110 BKa3y€ Ha MOTEHLIAN 1bOTO
METOJIy SIK allbT€PHATUBHOTO PIIIEHHS Y MpoIecax MOM SIKIIEHHS BOJIH.

[lpu BuKOpHUCTaHHI cuHTE30BaHOTO HaHo-Ieomity A (LTA) MeTomom myKHOTO
cruiaBy 0e3 10JJaBaHHsI OPraHIYHOTO 11a0JOHY MPU ONTUMATBHUX 3HAYEHHSX apaMeTpiB
mnporecy, Takux sK pH, KUIBKICTh 1EOdITy, MMOYaTKOBa 3arajibHa KOPCTKICTB,

TemImepaTypa Ta 4ac KOHTAKTy, jis BujaneHHs iowis Ca?* i Mg?* 3 Bogu 6yio
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BCTAHOBJICHO, IO MIBUJKICTh aAcopOlii BIAMOBIa€ KIHETUYHIN MOJIeNl TICEBIOAPYTOT0O
nopsAKy, 3a0e3neuyroun e)eKTUBHE ITOM IKIIICHHS Boau [36].

VY nociimkenni [37] 3anponoHOBaHO JOCTYITHUH 1 MPOCTUH CHOCIO IMTOM’ SIKIIICHHS
BOJIM 3 MICLIEBUX JKEpeN MiI3EMHUX Ta MOPCHKUX BOJ| HUISIXOM CHUHTE3Y ILIEOJITHHUX
MartepialiB 3 BiAXOJIB. BUKOpHUCTaHHS HEBETUKHUX KIIBKOCTEH OTpUMaHUX IICOJITIB
(NaX i NaA) nossonuno sugaautu 90 % ionis Ca?* i Mg?* npotsarom 30 XBuiuH, 110
3a0e3neumto BumaneHHs xopctkocTi Boau moHan 1000 ppm. CuHTE3 1E0IiTIB KOIITYE
14 $/xr, mo ua 70 % meresIie BiJi KOMEPIHiIHHUX aHAJIOTIB, 1 1[e MOXKE CYTTEBO 3HU3UTH
BUTPATH HA TPAIUIIIHHI METOIH TIOM SIKIIICHHSI BOJIH.

VY pob6oti [38] posrnsryTo BuaydeHHs iowis Ca®* Ta Mg?* Mesomopuctum
Matepiaiom SBA-15, dbyHKIIOHATI30BAHUM ETHUJICHIIaMiHTETPAOIITOBOIO KHCIIOTOO, Y
MOPIBHAHHI 3 Or0 4nCTON Matpuilero. Jlanuit aacopOeHT BUIIPOOOBYBaBCA B PO3UMHI
ioniB Ca?* ta Mg?* 3 konuenrpanieio 250 mr/nmm® ta pH=9, Bapitoroun TemnepaTypy Bij
25 °C nmo 50 °C. Me3omopucTti Matepiaal CHHTE30BaHO TiIPOTEPMATHLHIM METOJIOM Ta
OXapaKTepU30BaHO METOAaMU TEpMOTpaBIMETpli Ta TMOXIJHI TepMorpaBiMeTpii,
PEHTIeHIBChKOIO audpakuiero Ta metonom bpynayepa, Emmera, Tennepa. Pe3ynbratu
ancopOuii mokaszanu Bupanenss 10 50 % iowis Ca?* ta Mg@?* 3a KOpPOTKMil MPOMIkKOK
qacy, NpuOIU3HO D XB.

ABtopu [39] mpoBenm MOCTIJKSHHS BHKOPUCTAHHS MPHPOJHUX 1 JIy)KHO-
MOM(IKOBAHUX TEM3 K aJCOPOEHTIB 171 BuaaneHHs kaTionis Ca?" ra Mg?*. Bupueni
a7cOpOEHTH 3 TIEM3U MTOKa3aIu BUILY CEJIEKTUBHICTh 0 aJCOPOIii KaabI[10 MOPIBHSIHO 3
MarHieMm. [Ipu BukopuctanHi 000X aJCOPOEHTIB CIOCTEPIranoch 30UIBIICHHS
€JIEKTPONPOBIAHOCTI Ta MOMYTHIHHS, 110 MOXHA MOSICHUTH YaCTKOBUM PO3UUHEHHSIM
aacopOenry. Ilicis oOpoOKM CUHTETUYHUM BOJIHUM PO3YMHOM, IO IMITYy€ (haKTUUHUN
MOTIK BOJU 3 MEM3010, MOAM(IKOBAHOIO JYroM, 3arajbHa >XOPCTKICTH OOpOOJIEHOro
3pa3Kka BiMOBIJaja CTAHJAPTY JJIsl MUTHOI BOJIH.

Y crarti [40] BukmageHo iH(pOpMAILiO IOJ0 COPOIIHHUX O0COOIHMBOCTEH
NaJIMropehKiTy, mo obpoonenuii Harpiem (Na-Pal) ma cop6uito ionis Ca®" 3 meroro
3HMKEHHS )KOPCTKOCTI BoJiu. Cepist eKCIIEpUMEHTIB Mmokasaia, 1o Na-nmaauropckit Moxe

a2+

edexTuBHO Bunansatu Ca~" Ginmbin Hixk Ha 85 % y miamazoni Big 20 mr/am® 10 200 mr/am3
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3 nomaBanHsM 30 T 3pa3ka, Mo poOUThH MATUTOPCKIT, a Takok Horo Na-momudikariro
3HAUYIUMK (AaKTOPaMH JUIS JOCTaTHLOro BujaneHHs Ca®" i moMipHOro abo ’)OpCTKOro
oM SIKIIEHHs. Boau. Byno Bussieno, mo oomin Na* 3 Ca?* me 3anexuts Bix pH a6o
TEeMIIepaTypH, TOJI K BUCOKI HIBUIKOCTI BUJAJIEHHS OyJu JAOCATHYTI A5 3HaueHb pH
Bim 4 mo 12, axi € HaWOIBII TOMMUPEHUMHU I MPOO BOIM, a TAKOXK 3a BCIX
JOCJII)KYBAaHUX TEMIIEPaTyp.

Cratts [41] oOroBoproe HOBHI METOJ MOM SKIICHHS BOJH, SIKHH BUKOPHCTOBYE
ioHM amoMiHito 11 Buganenss ionis Ca?*. Leil MeTo JonoMarae yHUKHYTH yTBOPEHHS
COJIeH, IKI BUHUKAIOTh MIPU BUKOPUCTAHHI TPAAUIIMHUX CUCTEM MOM’SIKIIIEHHS BOJU Ha
OCHOBI HaTpito. Take pillIeHHS MOKE 3MEHIIUTU K BIUIMB HA UBI OpPraHi3MH, Tak 1
€KOJIOT14HI T0014HI e()eKTU. ABTOPU TMPOBEIU EKCIIEPUMEHTH, Y Pe3yJbTaTl IKUX OyJ0
MPOJAEMOHCTPOBAHO, IO KaJbIlii MOXHa TIOCIIJIOBHO BHUIAIATH MPOTATOM KUIBKOX
[IUKJIiB, BUKOPUCTOBYIOUM cTexiomerpuuHy KinbkicTh AICl3 sik perenepanty. Ilig gac
nporiecy Al-mukiay He BigOyBaeThesi 30imbineHHs KoHmeHtparii Na* 1 wacTkoBe
3HM)KEHHS 3aTaJIbHOTO BMICTY PO3YMHEHHUX TBEPAUX PEYOBUH B OUHUIIICHIN BO/II.

Y crarti [42] po3rasHYTO COpOIliiiHE OYMWINCHHS BOJOWM BiJ JOMIIIOK 32
JOTIOMOTOK0  TIPUPOJHUX HEOpraHiyHMX copOeHTiB. Ha ocHOBI mpoBeaeHUX
€KCIEPUMEHTIB 0YyJI0 BU3HAUEHO, 1110 rIayKOHIT KpaHTayChKOro po/ioBHINA MA€ BUCOKY
CXUIBHICTB 10 cop6uii ioHiB Ca?* Ta M@?*, 110 1a€ MOKITMBICTH BUKOPUCTOBYBATH HOTO
SK IPUPOTHUM MTOM’SKITyBay B MPOIEcax BOAOMIATOTOBKHU.

[IpoBeneHi €KCHEPUMEHTH 3 HOBOK KOMIIO3UTHOIO CMOJIOI0O Ha OCHOBI
OCHTOHITOBOI INIMHU, MATHETUTY Ta MOJIaKPWIOHITPUITY JJIsSI 3HUKEHHS >KOPCTKOCT1 BOJU
MoKa3al, mo kommo3uTHa cMoia fgocsrae 100 % BuganeHHs 10HIB )KOPCTKOCTI BOJIU B
nakeTHoMy mpoiieci 3a 60 xBunuH npu 1031 cmoiu 3 r/mme. KonmoHKOBI JocigKeHHs
MoKa3aJM BUCOKY edekTuBHIcTh BuaaneHHs (88 — 100 %) s npupoaHUX 3pas3KiB BOIH,
JEMOHCTPYIOYM TOTEHI1aJl KOMIIO3UTHOI CMOJH, SK €(QEeKTUBHOI Ta HEA0OpPOroi
JIbTEPHATHBH TPAIUIIIHHAM METOIaM TIOM’ sIKIieHHs Bou [43].

Y crarri [44] aBTOpM mNpeACTaBUIM  JOCHIIKEHHS IIOAO BHKOPUCTAHHS
MOHTMOPWJIOHITOBOI ~ TJMHM  JUIsI  TIOM SIKIIICHHS  BOJM. YV  npochuimkeHH1

BUKOPHUCTOBYBAJacss MpUPOIHA KOPCTKAa BoAga. MOHTMOPHUIIOHIT-CMEKTUTOBA IJIMHA HA
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OCHOBI1 IBOBUMIPHOI1 IJIACTUHYACTOI aTIOMOCHIIIKATHOT CTPYKTYpH 3a0e31euye NpupogHe
BUCOKE CITiBBIIHOIIEHHsI TUTOIIi moBepxHi / 00’emy. Kpim Toro, BoHa MicTuTh Oarato
pPIAMHM Ta 3/aTHA 10 KATIOHHOTO OOMiHY. MOHTMOpPHWIIOHIT BIAHOCHO MOIIMPEHUN Y
JesSIKUX YaCTHUHAX CBITY 1 TOMY BiH Heaoporuil. Pe3yiapTaTu cepiilHUX €KCIEpUMEHTIB
MOKa3ajau, 10 BHUJIAJICHHS 10HIB >KOPCTKOCTI MOHTMOPHWJIOHITOM MoOxuBe. Kanbiii
BUJIAJIABCSL 3 JKOPCTKOI BOJAM 3a JOIMOMOIOK) MEXAaHI3MY I1HTEpKaJslil MPUPOAHUMU
OOMIHHUMHM KaTIOHAMU, TAKUMHU SIK 10HU HATPilO Ta Kajio, PO3TAIIOBAHUMHU MIX [IapaMu
MOHTMOPHWJIOHITY. XapaKTepUCTUKa MOHTMOPWJIOHITY OyJjia 3po0JieHa 3a JIOMOMOTOIO
CHEKTPAJIbHOr0 aHami3y. [oH KadbLi0 B >KOPCTKIM BOJI MOXe OyTH BOyIOBaHMI B
KPUCTAIIYHY CTPYKTYpY. Jlocai ke HHS MOKa3y0Th, 10 NPUCYTHS (PYHKIIOHAJIbHA Tpyna
B CUpOMY 1 00poOiaeHOMYy MOHTMOpUIIOHITI. CyTTEBOI PI3HMII B CHEKTpi Hemae. Aue
MKOB1 3HAYEHHS 3MINIYIOThCs. BIAMOBIIHO 10 HOTO )KOPCTKA BOJIa MOKe MOAN(DIKYBaTH
MOBEPXHIO MOHTMOPHUJIOHITY.

ABTtopamu [45] Oyso BHsIBIIEHO, IO 301IBIIEHHS KOHIICHTPAITT KaJIiio Ta KPEMHII0
Yy PO3YMHHM JJIS OCA/IPKEHHSI 10HIB dKOPCTKOCTI IHTEHCU(IKY€E TpOoLEeC.

Y poboti [46] mpoBemeHO MOpPIBHSIbHE AOCTIIKEHHS BHIAJICHHS KaTHOHIB
KaJIBI[II0 3 BOAHUX PO3YMHIB 3a JOMOMOIOIO JIBOX CHJIbHOKHUCIOTHUX KaTIOHHUX CMOJI
(Purolite C100E Ta Pure Resin PC002). O1irka ABOX CMOJ y MPOIECi iI0HHOTO 0OMiHY
Oyna mpoBezieHa 3a fonomoroto crektpiB FTIR, 3anucanux 10 Ta micias BUKOPUCTaHHS B
nporieci 0OMiHy kaTioHiB KaibIlito. Cmomy Purolite C100E MoxHa BBa)XKaTH €TaJIOHOM,
a cmoiy Pure Resin PC002 moykHa pO3MJIsSAaTd sSK JKHTTE3NATHY ajlbTCPHATUBY IS
MPOIIECIB MOM "SIKIIIEHHS BOJIM, MONEPEIHbO OI[IHUBIIN €KOHOMIYHI BUTPATH.

JlonaBaHHA 110 TMHMTHOI BOAW MAKpOIOPUCTOI aacopOIiiiHoi cmomm abo
BUKOPUCTAHHS I[I€] CMOJU y XpomaTorpadiuHiil KOJoHI A GuIbTpalli TUTHOI BOJIU
npu temnepatypi Bogu B mexax 20-85 °C ta pH Bix 6,5 10 8,5 posrisnyro B [47]. B
pe3yabTaTi A0CATaeThesl ePEKTUBHE BUAAICHHS 10HIB KalbI[lI0 Ta MArHilo, MpU I[bOMY
CTyMiHb iX BumaiaeHHs ckiagae 80 % - 95 %.

Crarrsa [48] 30cepemkeHa Ha MOKpalieHHI e()eKTUBHOCTI 3BOPOTHHOOCMOTHYHOI'O
3HECOJICHHS IJITXOM MOMEPEIHBOT0 MOM SIKIIEHHSI BOJIM Ha CIA0OKUCIOTHOMY KaTIOHITI.

Bussneno, mo crabimizaiiiftHa oOpoOKa BOJAM Ha KaTIOHITI BIIMBA€ HAa CEJIEKTUBHICTH
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3BOPOTHBOOCMOTHYHOI MEMOpaHH, 30KpeMa, MIABUIIYE ii CEJIEKTUBHICTD 0 CyJb(darTax 1
3HMKYE 10 xyopuaax. Po3po0ieni metoan crabinizamiiftHoi 00poOKHU BOJIU Ha KaTIOHITI
MOXYTh MIABUIIUTA €(PEKTUBHICTh MPOIECY 3HECOJEHHS Ta TEPMIH EKCILUTyaTalli
MeMOpaH, 110 € BaXXJIUBUM JJIs1 3a0e3neueHHs e(EeKTUBHOTO Ta €KOHOMIYHOTO MPOIIECY
OUUILEHHS BOJM.

VY pe3ynbTari CHUHTE3y MOJIMEPY SKHM MICTUTh CIPKY, MIIAXOM PpPeakiii
IPaHyJbOBAHOTO MOJIBIHUIXJIOPUY 3 CIPKOIO, SIKMIl OKHUCIIOBABCS a30THOIO KHUCJIOTOIO
JUTs1 yTBOPEHHS CYJIb(POKUCITOTHOTO KaTIOHOOOMIHHOIO MaTepiaiy, OTpUMaHO CMOITY, sIKa
MOKa3aja BUCOKY CTIMKICTh 10 TeIJla Ta CUJIbHUX OKHUCIIIOBAUiB, a TAKOXK 30eperia CBOIo
3MaTHICTH 10 OOMIHY 10HAMH Ca?* ta Mg2+ MICJISI T’ SATH [UKIIIB copOIii-aecopOirii, 1o

poouTH ii eheKTUBHOFO ISl TTOM’ IKIIIeHHsT Botu [49].

1.3. ®@izuuni MeTOH 0OPOOKH BOAN

OcHoBHUMU (DI3UYHMMU METOJaMU OOPOOKU BOAM JUIsl 3HUKEHHS KOPCTKOCTI €
TEPMIYHUM, METOJT J1ajli3y, METOJl MATHITHOI 0OPOOKH BOJH.

OcTaHHI JOCSTHEHHST B TEXHOJIOTlI HaHO(IIbTpAIMHUX MeMOpaH 3HAaYHO
MOKpAlUIN €(PEeKTUBHICTh MPOIECIB IMOM SIKIIEHHS BOJU, BUOIPKOBO BHUIAJSIOUU
JIBOBAJICHTHI 10HH, Taki sSK Kambmid 1 Mardiii [50]. JlomaTkoBo, METOIW MarHiTHOTO
OUMUILIEHHS] BOAM MOKA3aJIM MEPCHEKTUBU B 3HUKEHHI KOPCTKOCTI BOJM LIJISXOM 3MiHU
(bi3MYHUX BIACTHUBOCTEH MiHEpaTiB, 10 BXOASATH 10 CKiiany Boau [51].

Mem6parn DS-5-DK i DS-3-SE MoxyTh €peKTUBHO 3HMKYBATH TBEPIICTh BOIU
70 JOMYCTHUMHUX 3Ha4deHb Jis NHTHOI Boaw. MemOpana DS-5-DK € tumosoro
HaHOQUIBTPALIMHOIO MeMOpaHOwo, w00 3a0e3nedye BHCOKY NPOAYKTHBHICTh Ta
e(eKTHBHICTh TIOM SKIIEHHS BOJIW, y TOpPIBHSAHHI 3 MeMmOpaHoro DS-3-SE, ska €
MeMOpaHO 3BOPOTHOTO ocMmocy. MembOpana DS-5-DK  Bim3HadaeTbess 3AaTHICTIO
e()eKTUBHO BUJAIATU 10HM KAJIBI[II0O Ta MarHito, 30epiraroyu Mmpu I[bOMY BaXKIIUBI JIs
3I0POB’ sl MIKPO- Ta MAKpOEJIEMEHTH, 1[0 POOUTSH ii MPUAATHOIO AJIsi BAPOOHUIITBA MUTHOI

Ta Mo0yToBoi Boau [52].



38

Byno po3pobiieno [53] HOBHIT MeTOT MIATOTOBKM HAHO(LIBTpAIiiHOT MEMOpaHU
HU3BKOTO TUCKY JIJIsi TIOM SIKIIEHHSI BOAM Ha OCHOBI MOBEPXHEBOI peakilii MeMOpaHu 3
noJietwiieniMinoM (PEI). MemOpana, BurotoBiieHa 3 cymirii yibrpadinsrpartiiinoi (UF)
MeMOpaHu Ta QyHKIioHai30BaHoro nomedipcynbdony (C-PES), mokazana BUCOKMIA
sogonponyckuuii notik (10,1 nm®/bar) i 90 % sigropraenns MgCl, (1000 ppm).
Onrtumizailisi yMOB peakili, TaKuX SK KOHIIEHTpaIllis MOJIKaTIOHIB, Yac peakiii ta pH,
J03BOJIMIIA OCATTH BUCOKOI €(DeKTUBHOCTI (DUIbTpallii BOIH.

3BOPOTHHOOCMOTUYHI ~MEMOpaHM MaloTh JOCUTh BUCOKY €(EKTHUBHICTD,
3HIDKYIOYM KOHIIEHTpaIlil cyab(]aTiB, XJIOPHUIIB Ta 10HIB )KOPCTKOCTI A0 MeHm Hix 0,8
MTr-eKB/IM3, 10 MIJKPECIIOE MOTEHIIal IbOr0 METOIy Y 3HECOJIEHHI BOJU, OCOOIUBO Y
NPOMUCIIOBUX PpEriOHax 3 BHCOKMM piBHEM MiHepaiizoBanux Boj [54]. Ilpm
BUKOPUCTAaHHHI JWHAMIYHUX MEMOpaH, CHOCTEPIra€ThCsl MiABHINCHHS €(pEeKTHBHOCTI
3HIDKEHHS JKOPCTKOCTI Boau [55].

Metoq MeMOpaHHOTO EJIEKTPOXIMIYHOTO OCaJKEHHS, SKUI BHKOPHUCTOBYE
MOJISIPU3aLil0 MEMOpaH JJIsl OCaJKEHHS 10HIB JKOPCTKOCTI Ha iX MOBEPXHI, 3HWKYIOUH
BUTpATU Ha OOJIa[HAHHS TOKa3aB BUCOKY €(QEKTHBHICTh, 3MEHIIYIOUM BMICT 10HIB
’KOPCTKOCTI, a 0cajl JETKO BHIAIAETHCS IIUIIXOM 3MIHH MOJISPHOCTI eIeKTpoaiB [56].

[Ipu TpuBamoMy BIUIMBI MAar”HiTHOTO MOJS HAa BOJY CHOCTEPIra€ThCsl 3HMKEHHS
’KOPCTKOCTI BOJIM, MpHU 30UIBIICHH] Yacy BIUIMBY, 30UIbIIYETHCS 1 CTYIIHb BUJAJICHHS
[57]. MarniTHe moNe MOXE 3MIHIOBAaTH TMPOIECH KpUCTami3allii, M0 J03BOJISE
3MCHIITYBaTH YTBOPECHHSI HAKHITy Ta OpcTKocTi. OmHak, aBTopu [58] BkasyioTh Ha
PO30DKHOCTI B JOCTIIHHUIIBKUX TaHUX Ta HEOOXITHICTh MOAANBIINX JOCTIIXEHb IS
MITBEPKEHHS €(PEKTUBHOCTI IILOTO METOAY.

[{a cratTs [59] posrismae moctymHi Meroau (GUIBTpAIlii JUIsl OYUIICHHS MUTHOT
BOJIM, aKLEHTYIOUM yBary Ha TpaJMIIHHUX Ta mepedoBux Merojax. Ha BiaMminy Bia
TPaIUIIMHUX METO/IIB, SIKI BUMAraroTh I0JaTKOBUX BUTPAT, PinbTpallisi uepe3 MeMOopany
BUSIBUJIACh €(EKTUBHOIO, alle CTUKAEThCA 3 MpoOJIeMor0 3a0pyAHEHHS MeMOpaHH.
JIOCNITHUKYA aKTUBHO BUBYAIOTh MPUYUHU 3a0pyJAHEHHS Ta PO3POOJISIIOTH MOAENI ISt

Horo mporHo3yBaHHs Ta 3anobirands. OcoOJMBUN HAroJioc 3p00JIEHO Ha HEOOX1THICTh



39

pO3pOOKM  EKOJIOTTYHUX METOAIB 3amobiranHs 3a0pyAHEHHIO MeMOpaHu 0e3
3aCTOCYBaHHS XIMIYHUX PEUOBUH.

HanodinbTpariss ajisi moM’SKIIEHHS BOJIW PEKOMEHAYETHCS 3aBISKU 3JaTHOCTI
BUJIAJIATH JIOMIIIKH, XiMI4H1 3a0pyAHIOBadl Ta HEOE3MEUHl PEYOBHHHU, TaKl SIK apCEH.
MemOpanu NF MOXyTh 3HAYHO MOKPAILUTU SKICTh BOJAM, OCKUIBKM BOHHU J00Ope
MPOMYCKaOTh MOHOBAJIEHTHI 10HUM Ta 3aTPUMYIOTh JIHUBAJICHTHI 10HU, IO POOUTH iX
17IealbHUMU JJIsl BUJIQJICHHS 10HIB JKOPCTKOCTI BOJU. BoHM 3a0e3reuyioTh BUCOKY
MPOHUKHICTh, HAAIWHICTD 1 TPUBaAJIl UKJIN pOOOTH MPHU 3HIKEHUX BUTpaTax. OHAK, AJis
ITAPOKOTO BIPOBA/KCHHS II1€] TEXHOJOTi 3aJIMIIAIOTBCA TI€BHI BHUKJIWKH, SKI
noTpeOyITh NOJ0JIaHHs y MallOyTHROMY [60].

Y po6orti [61] MOBHOWIHHO TOCITIIKYETHCS SKICTh MUTHOI BOJHM, BUPOOJICHOT 3a
JIOTIOMOT'0I0 HOBOTO TIEPEIOBOTO METOy OOpPOOKH, SIKMM OXOIUTIOE HAaHO(MUIBTPAILIO 3
BUKOPUCTAHHSIM NOpUCTUX BOJIOKOH 1 kJ[a. B gociiizkeHH1 MOPiBHAHO BOAY, OTPUMaHY
B pe3yJibTaTi 010JI0T1YHOI aKTUBOBAHOI BYTUIbHOI (iIbTpallii 3 MOBEPXHEBOI BOAH, 3
BOJIOIO MICJISI TPAAUIIAHOTO MONEPEAHHOr0 BOAOOYHIIEHHS. MeToro o0poOku Oyio
MOKPAIIEHHS SIKOCTI MUTHOI BOJY 3a PaXyHOK 30UIbIIEHHS O10J0T14HOI CTaOIBHOCTI,
3HM)KEHHSI KOHIEHTpAIlll OpraHiuHuX MIKpPOOPTaHI3MIB Ta MOJIMIICHHS 1HIIUX XIMIKO-
(b13uyHUX mapameTpiB, 30epirarouu Mpu LUbOMY JIOCTATHIO TBEPHICTb, 1100 YHUKHYTH
nojanblnoi peMidepanizamii. Ile Moxke o3HauaTu, 10 el METOA €(PEKTUBHO 3HIXKYE
KOPCTKICTh BOIH.

HanodinbTpatiiini meMOpanu e(peKTUBHO 3aTPUMYIOTh Oarato3apsiaHi 10HH, 110
BAXKJIMBO [IJIsl TMPOIECIB OYHUIIEHHS Ta TIOM’ SIKIICHHS BOJU. 30KpeMa, MeMOpaHu
JIEMOHCTPYIOTh BUCOKY e(eKTHBHICTh yTpuMaHHs ioHiB SO, sKi 4acTo BXOAATH 10
ckJany xopctkoi Boau. lle 3poOmino iX 0coONMBO MIAXOAAIMIUMH ISl BUJAJICHHS
HETaTUBHO 3apsDKCHUX 3a0pYIHIOBAYIB, 1110 € KIFOYOBHM JIJIS TIOM SIKIIICHHSI Bo U [62].

CucremMaTHYHO JOCIiKeHO [63] BIUIMB MOMepeIHbOT TIOM’ IKITyBaJIBHOT 00POOKH
Ha TMPOAYKTUBHICTh peEreHeparii BOJM Ta sBUIlEC 3a0pyJHEHHS MeMOpaHH TMpuU
MeMOpaHHIN TUCTUISIIT TPSMOTO KOHTAKTy. Pe3ynbTaTu nokasany, 1o 3a0pyJHEHHS Ha
MeMOpaHi, crnpuunHeHe Kpucrtamizamiero CaSOs, komiuiekcy Mg-Si, komoimy Al Ta

OpraHi4HOI PEYOBHHHU B CTIYHHMX BOAAX JECYJb(yparii AMMOBUX ra3iB, 3SMEHILHJIIO MOTIK
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nepmeaty. [lonepenus o6pobka NaCOsz, NaOH i1 momiakpwiaMmimom y MOeqHaHHI 3
MPOIIecaMy KOAryJIsIlii Ta XiMI9HOTO OCaPKeHHsI mpu3Bena o maibke 100 % BumaneHHs
Ca?" i Mg?" i 3ano6irna 3a6py1HEHHIO MEMOPaHH.

PosrnsinyBiu nonepeAHb0 €(hEKTUBHICTh TEXHOJIOT1I MEMOPAHHOTO MOM’ IKIIIEHHS
BOJIH, IO KEPYETHCS THUCKOM Ta EJICKTPUKOIO [64], mMpoBeeHO eKCIIEPUMEHTH, SIKi JTajIH
MO3UTHBHI pe3yJbTaTH, a caMe, EKOHOMIYHI Ta EKOJOTi4HI IepeBaru, 3py4HICTb
eKCIUTyaTallii Ta CTyliHb aBTOMAaTH3alll1, BIICYTHICTh BTOPUHHOTO 3a0pyHEHHS. AJle € 1
CBO1 HEJOJIKH: BUCOKI OJJHOPA30B1 1HBECTHIIli, JETKe 3aKyIOPIOBAaHHA Ta 3a0pyAHEHHS
MeMOpaHH.

JIns ToM’SKIIEHHS BOJW 3amporioHoBaHa [65] HoBa crparteris MikdasHoOi
MoJiiMepu3allii, peryjiboBaHOI  KOMIUIEKCHOIO  JIMCOILIIAIEI0  JJIsI  OTPUMAaHHS
BHUCOKOITPOHUKHUX MEMOpaH Ha OCHOBI MOiaMify, B AIKUX KOMIUIEKC TyOHIIbHOT KUCIOTH
YTBOPIOBABCS HA MOBEPXHI MIJIKJIAJIKH, a TOTIM JUCOLIIOBABCA IUTPATOM HATPIIO MiCIIs
MiK(a3zHoi noniMepu3sarlii. Pe3ynbratu mokasaiu, mo meMOpaHa MiATPUMYE BUCOKHUIM
piBens BunaieHas Na;SOq (98,5 %) 1 uynoBy BomonpoHHKHICTE. KpiM TOro, MemOpana
JIEMOHCTPYE CIPUSITIUBY CTAOUIBHICTh POOOTH Ta 3AATHICTh MPOTU OOPOCTAHHS.

JIJisi BUKOPUCTAHHS PET€HEPOBAHOT BOAM B MPOMUCIOBUX ILUISAX, i€ HE MOTpiOHA
BOJIa THTHOI SAKOCTI (HampukiIaa Boaa JUIS OXOJIOJDKCHHs) TMOTPIOHO 3HMXKYBAaTH i
KOPCTKICTh. ABTOpamu [66] Oys0 3amponoOHOBAaHO TMOEIHAHHS TIOM SKIICHHS 3
KepaMI4HOI0 MIKPO(UIBTpAII€IO 11 OYUIIIEHHS CTIYHUX BOJ, IO MICTSTh 3a0pyHEHHS,
JUTSI MOKJIMBOTO BUKOPUCTAHHS B TPOMUCIIOBUX CHCTeMaX 0X0Jio/keHHs. EexTuBHICTh
MPOIIECY MOM AKIIEHHS MOJEIbHO OOpPOOJEHUX CTIYHUX BOJ TIIPOKCHUIOM Kalblil0 B
npucyTHocTl (docdaTy Ta anbpriHaTy HaTpito BIepiie Oyia oOlliHEHa 3a JOIMOMOTO0
nabopatopHux TecTiB. TakoX BHBUEHO Tpollec 3a0pyJIHEHHS MeMOpaHU TiJ Yac
¢1apTpamii noM’sKIeHoi BoAu. J{ocmiIKeHHs ToKa3aiy, 1110 KOJIHU y BOJ1 OYyJIM NPUCYTHI
HeopraHiuHi pedoBuHH (docdaT 1 opraHiyHi CIOJYKH), BiAOyBajgocs MPHUTHIYCHHS
BUMAJaHHs KapOOHATy KaybIlito. 3a0pyJHEHHSI MEMOpaH uepe3 ajabriHaT HATPIlo y BOJII
MaJio HEraTUBHUM BIUIMB y MOE€IHAHHI 3 IOM SIKIIEHHSM 1 hochaTom.

Y poborti [67] Oyna mociimkeHa eMHICHA JIeIOHI3aIls I YCYHEHHS KOPCTKOCTI

Boqu. [1[06 mocninutu Ppi3uyHI XapakKTEPUCTUKHU MOP TKAHWHU 3 aKTUBOBAHOTO BYTLILIIS
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Ta KOMIIO3UTHHUX €JEKTPOJIiB, cHoctepiraid MopQOoJOoriyHI Ta eIeKTPOXiMIiuHi
XapaKTepUCTUKHU MoBepxHi. CUIBHO 3MOYyBaHa MOBEPXHsI €JIEKTpOja MokKa3ajaa OUIbII
MIBUJIKY aJIcopOIIito / TecopOIlito i0HIB y cucTeMi Oe3nepepBHOT 00poOku. Kpim Toro, mst
JIOCJIJI)KEHHS] TIEPEBAKHOTO BUJAJIEHHS 10HIB )KOPCTKOCTI OYyJI0 TPOBEAECHO Ofepallii 3i
CTEKOM, a TaKOX EeJIEMEHTapHOK KOMIPKOIO, IO IOKa3ajl0 BHUILY CEJIEKTUBHICTb
JIBOBAJICHTHMX 10HIB, a HE OJHOBaJeHTHUX 10HIB. I[ikaBo, MmO cmocTepiragocs
KOHKYPCHTHE 3aMillleHHsI, TIpH sSKoMy ajacopOoBani ionn Na' Oynm 3amineHi OimbI
CUIBbHO afcopOuiiinumu ionamu Ca?t ta Mg?*. IlepeBakHe BUAANEHHS JBOBAJIEHTHUX
10HIB OYyJIO PO3’SICHEHO 3 TOYKH 30pYy CEJIEKTUBHOCTI 10HIB 1 XapaKTEPUCTUK IMOp B
enexkTpoaax. BuzHaueHo onTUMaIbHUI PO3MIp MOpP 1 CTPYKTYpa BYTIIBHUX €IEKTPOIIB
U1l €PEeKTUBHOTO BUIAJICHHS IBOBAJICHTHUX 10HIB.

Hanodinerpamis (NF) nmpuseprysia ysary aBtopis [68] uepe3 cBoro eheKTHBHICTB,
€KOJIOTIUHICTh 1 HM3bKY BapTiCTh. 3a3Buuail, 3BuuaiiHi NF-memMOpanu 3 oaHuUM
(mo3uTUBHO a00 HETaTHMBHO) 3apsDKEHUM IIIApOM MaloTh HEJIOCTATHIO 3JaTHICTh
MOM’SIKIIIYBaTH BOJy. Y JIOCHIIKEHHI PpO3TJSJAIOThCS JBAa THUIHA JIBOIIAPOBUX
3apsypkeHux  nomiamigaux NF-mMemOpan Janus, mio CKJIanarThCs 3 MPOTUIIEKHO
3apS/IKEHUX BHYTPIIIHBOTO Ta 30BHINIHBOIO IMIapiB. byno JOCHIAXKEHO BILIUB
MIKPOCTPYKTYPH JABO3APAKEHOr0 0ap’epHOro mapy Ha €(h)eKTUBHICTh PO3/ILICHHS 10HIB
IBOBAJICHTHOI  cojl. JleTampHI  MEXaHICTHYHI  JOCIHIDKCHHS  IOKAa3alH, IO
MIKPOCTPYKTYpa 30BHIIIHHOTO Oap’€pHOr0 IIapy BIAICpa€ BUPIMIAIBHY pOJb Y
BIIJIVICHHI 10HIB MeMOpaHu Janus 3aBAsiKM KOHTPOIIO 3BOPOTHOTO TPAHCHOPTY 10HIB.
3apspkena nomiamigHa NF-memOpana Janus 13 mMyXKUM 30BHINIHIM IIapOM IOKa3ala
Kpalli MOKa3HUKH ITOM’sKiieHHs Boau (BumaieHHs 93,6 % TBepaocTi) MOPIBHSAHO 3
OJIHO3apATHUMH NF-mem6panamu 3aBIAKU OJTHOYACHOMY NOABIMHOMY
€JIEKTPOCTATUYHOMY €(EKTy Ta BIJICYTHOCT! YTPUMaHHS 3BOPOTHOTO TPAHCIOPTY 10HIB.
Takox 3apsimxena NF-memOpana Janus masna Xopolil BIaCTUBOCTI MPOTH OOPOCTaHHS,
TOJIOBHUM YWHOM 3aBJISIKA CBOIM HEraTUBHO 3apsiKEHUM 30BHIIIHIM IIapaM.

Y poboTi [69] mpeacTaBieHO HOBHMI METOJ MOM’SKIICHHS BOMIM, SIKMH BKIIIOYa€e
BUKOPHUCTaHHS TMOJIaMIIHUX HAHOPUIBTpAUIMHUX MeMOpaH, MOAH(IKOBAHUX 32

JIOTIOMOTO0 CBITJIOUYTIIMBOTO CHIPOMipaHy uepe3 eIeKTPOHHE TPOMEHEBE ONTPOMIHEHHS.
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Ie#t migxin Takox 3Ha4HO migBuINye edextuBHICTh BumaieHHs MQSO.4, 3abe3neuye
Kpallly CTIHKICTh MeMOpaH [0 XJIOpY Ta MOKpalllye MOTIK BOAM, BIJKPHUBAIOUU HOBI
MEPCIEKTUBU Y c(hepi TEXHOIOT1A OUUIIICHHS BOJIH.

JIisi 3MEHIIIEHHS! €KOJIOTTYHOTO BILJIMBY MPOMUCIOBUX CEKTOPIB MPOMOHYIOTHCS
HOBI1 MIJXOAH, K1 BKJIIOYAIOTh OYMINEHHS CTIYHUX BOJ 1 BIJHOBJICHHS CHUPOBUHU. Y
nociimkerdi [70] mOpiBHIOIOTBCS Ppi3HI  TEXHOJOTIl KOHIICHTpalii Ta CHCTEMU
€HEepronocTayaHHs JIJIs EKOHOMIYHO BUT1IHOTO Ta €KOJIOTTYHOr0 ouHIeHHs Boau. Cepen
TEXHOJIOT1M HahedekTuBHIUMU € OarartoedextHa muctwismiss (MED) i moemnaHHs
3BOPOTHOTO 0cMocy 3 MeMOpanHoto gucTwisAiieo (RO-MD), ski 1eMOHCTPYIOTh HU3bKI
BUTpATHU Ta 3MeHIIeHHs Bukuais CO?,

BukopuctanHs ci1aOOKHUCIOTHUX KaTIOHITIB ISl MONEPEAHBOTO IMOM SIKIIICHHS
BOJM mMepen ii OMpPICHEHHSM Ha 3BOPOTHROOCMOTHYHIN MeMOpaHi J103BOJISIE 3HU3UTH
JTY>KHICTh Ta 3arajbHy >KOPCTKICTh BOJAM, IO MOMEPEIKYy€e YTBOPEHHSI KapOOHATHHUX
BiJIKJIaJICHb Ha MeMOpaHi [71]. ABTOpu IEMOHCTPYIOTh, 10 0OpOOKa BOAM Ha KaTIOHITI
BIJIMBA€ HA CEJEKTUBHICTH MeMOpaHHW, OCOOJMBO MIJBUILYIOYU 1i CEIEKTHUBHICTH IO
cylb(aTax 1 3HUKYIOYM CEJIEKTHUBHICTh IO XJOopuaax. TakoX BCTAaHOBJIEHO, IO
MPOAYKTUBHICTH MEMOpPAHU Maif’ke HE 3MIHIOETHCA ITPU 00pOOIIl BOAM HA KATIOHITI, aje
il CEIEKTUBHICTh 3MIHIOETHCS B 3aJIEKHOCTI Bl KUCIOTHOCTI 0OPOOJIEHOT BOIH.

Jocmimkenns [72] anamizye BIUIMB TEXHOJIOTII 1HIYKOBAaHOI KpHUCTali3amii Ha
MOM’SIKIIIEHHSI BOAM Ta MIATBEPKYIOTh €()EKTUBHICTh METONY B KOHTEKCT1 3HM)KEHHS

KOPCTKOCTI BOJIH.

1.4 EnekTpoxiMiuHi TeXHOJIOTII MOM’IKIIIEHHS BOJT

EnextpoximMiyHe TOM’SIKIIEHHS BOJM €  €KOJIOTIYHOK  alIbTEPHATUBOIO
TpaauIiiHOMYy 10HOOOMIHHOMY MeToy [73].

EnexTpoximMiyHl TEXHOJIOTIT MPEACTaBISIOTh COOOI0 HOBATOPCHKUW MIAXIA Y
BOJIOOUUIIEHHI, [0 BAKOPUCTOBYE MPUHITUIN €IEKTPOXIMIi JJIsI SMEHIIEHHS )KOPCTKOCTI

Bonau. lleit Meron moissirae y 3acTOCYBaHHI €JIEKTPUUHHUX IMOJIB a00 CTPyMIB s
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BHUIAJICHHS 10HIB KaJbIII0 Ta MarHilo, skl € OCHOBHUMH YMHHHKAMH KOPCTKOCT1 BOJIH.
EnexTpoximMiuHl CHCTEMHU BIAPI3HIIOTHCS BUCOKOI €(EKTUBHICTIO Ta MOXKJIUBICTIO
KOHTPOJIIO MPOLIECY, OJTHAK BOHU MOXYTh NOTPEeOyBaTH 3HAUHUX €HEPTETUYHUX BUTPAT
Ta crieniayibHOro o0aagHanHa. OnTumizallis X CUCTEM MOXKe 3a0e3MeYnTH OalaHC MIX
€(hEeKTUBHICTIO TOM’SIKIIIEHHS] Ta EHEPreTUYHOIO €(PEKTUBHICTIO, BIIKPUBAIOUH IUISIX JO
OUIBIII CTAJIOTO YIPABIiIHHS BOAHUMU PECYPCaAMHU.

3acToCcyBaHHS €JIEKTPOXIMIYHUX METOMAIB Yy OUYHMLIEHHI BOJ TAaKOX BKIIIOYAE
MpoIleCu MOM AKIIeHHS BoAu. Ll MeToau MOXyTh BKIIIOYATH TEXHIKH, sIKI €(DEeKTUBHO
3HIKYIOTh KOPCTKICTh BOJM, BUAAJIAIOYM 10HH KaJbI[iI0 Ta MarHito. EQekTuBHICTh 1uX
METO/IIB Y TOM’ SIKIIIEHH1 BOJIU 3aJIEKUTh B1Jl KOHKPETHUX MapaMeTPiB, TAKUX SIK XapaKTep
CTIYHOI BOJM, HASIBHICTh PI3HUX 10HIB 1 KOHPIrypalisi eJIeKTPOXIMIYHOI CUCTEMH .

EnextpoximMiuyHe MOM SKIIEHHS BOAM BBAXKAETHCS MOMXJIMBUM PIIICHHSIM IS
KOHTPOJIIO X)OpcTKocTi. Ll TexHika Oa3yeTbcs Ha €JIEKTPOXIMIYHOMY OCaKEHHI
HEPO3YMHHMX CIIOJIYK 10HIB JKOPCTKOCTI Ha moOBepxHi karona. [locmimkenus [74]
MoKa3ayio, M0 eJeKTPOXIMIYHA TeXHIKa €(PEKTUBHIIIEC BHIAISIE Ca?*, mix Mg2+, 1 110
HasBHICTb AaHTUHAKUITHOTO 3acO0y HE BILUIMBAE Ha pPe3yJIbTaTH.

EnextpoximMiyHe mOM’SIKIIEHHS BOAM Ta MOr0 3aCTOCYBaHHS Ha MPOMHUCIOBOMY
piBHI € €(pEKTUBHUM METOJIOM BUJAJICHHS 10HIB KaJbI[iI0 Ta MOK€ OyTH afanTOBaHE IS
pI3HUX YMOB €KCIUTyaTallii, ajge BuUMarae crnerudiuHoro oOJiaJHaHHS Ta YHPaBIIHHS
napaMmerpamu mporiecy [75]. EnekrpoxiMiuHe oca/KeHHs MPUBEPHYJIO 3HAYHY yBary B
0o0poOI1i  O00OPOTHOI OXOJNOJKYBalbHOI BOAW. Jlyig MiATpUMaHHS €(PEKTUBHOCTI
MOM’SIKIIIEHHST BOJAM HEOOXI1JIHO MEPIOANYHO BUAAISITH HAKUM 3 KaTtoja. BukopucTaHHs
3MIHU MOJISIPHOCTI Y MPOIECT €EKTPOXIMIYHOTO OCA/IKEHHS €(DEeKTUBHO BUAAIISIE HAKUII,
3a0e3reuyoun cTablIbHY BUCOKY €(PEKTHUBHICTh MOM’ SIKIIEHHS BOJAMU Ta MIATPUMYIOUU
CHEeprocroKuBanHsa B Mexax 17,3-23,6 kBt -roa/kr CaCOs3 [76].

HoBuil npucTpiii eleKTpOXiMIYHOTO TIOM SKIIEHHS BOAM 3 aBTOMAaTUYHUM
MOJyJIeM BUAQJICHHS HAKUMY I 0OpOOKH MPOMUCIOBOI 0OOPOTHOT OXOJIOIKYBaIbHOI
BOJIM 3HAYHO MOKpAITy€e MPoyKTUBHICTH (19,95 r/ro/mM?) Ta 3HNKYE EHEProCIIOKHBAHHS
(27,1 xBr'rom/kr CaCOs), mo Mae OYeBHIHI E€KOHOMIYHI Ta EKOJIOTIYHI TepeBaru

MOPIBHSHO 3 XIMIYHUMHU MeToaamHu [77].
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3amponoHOBaHO MPOBEACHHS EICKTPOJITUYHOI OOpOOKHM BOIM 3a JOMOMOIOIO
AKTUBOBAHUX BYTUIBHUX €JEKTPOAiB. Takuil MeToA eNeKTpodizy 3 aKTUBOBAHUM
BYTULISIM €()eKTUBHO BUAJIAE 3AIMIIIKOBUN XJIOp Y BOJII Ta MOM SIKIIY€ BOJlY, TOMY HOT0
MO>KHA BUKOPHCTOBYBATH JJIsl IIOM’ SIKIIICHHSI ITUTHOT BOJW Y JOMAIIHiX ymoBax [78].

CuctemMu TIOM’SIKIIEHHS BOJAM 3 BHUKOPUCTAHHSIM OaraTtonmiapoBUX KaTOJIB
3a0e3reuye 3HAYHO Kpalle BHUAAQJICHHS  BalHSHOIO  HAIbOTy Ta  3HUXKYE
€HEProCIOXUBAaHHS, 3aBASKA OUThII €EKTUBHOMY BUKOPUCTAHHIO MOBEPXHI KaTona 1
PO3IUIEHHIO XIMIYHUX peakuik. OHak, el MeTo] BUMarae CKJIaJIHIIIO0i KOHCTPYKINT Ta
MOTEHITIHHO OLIBIIMX BUTpAT Ha oOciyroByBaHHs [78]. ABropu [80] mocmimwmu, 1o
TPUBHUMIpPHE PO3TAllyBaHHS KaTOJIB MOXE€ 3MEHIIUTH HAKOMHYEHHS Oynbh0aliok, 1o
nokpairye epeKTUBHICTh MPOIECY MOM SIKIIIEHHs BoJIU. [{e Bka3zye Ha MOTEHMIHI IUISIXU
ONTHUMI3alli eJEKTPOXIMIYHOTO MOM’SIKIIEHHS BOJM, 3MEHIIYIOYH 11 )KOPCTKICTh OLIbII
e(EeKTUBHO.

BupnanenHss 10HIB KOPCTKOCTI BOJM 3 BUKOPUCTAHHSIM BHCOKOYACTOTHUX 1
MOCTIMHUX ENEeKTPUYHUX TMOJIB MOKAa3ylOTh, IO BUCOKOYACTOTHI E€JIEKTPUYHI MO
JEMOHCTPYIOTh BUIIY €HEPreTUYHY €PEKTUBHICTh Ta MEHIIY CIIOXKHUBAHY MOTY>KHICTh Y
MOPIBHIHHI 3 CUCTEMaMH Ha MOCTIHHOMY CTPYyMI, ajleé OCTaHH1 €()EeKTUBHIIIE BUIAISIIOTh
ioHHM xopcTKocTi [81].

Y poborti [82] excriepuMEHTaIBHO JOCHTIIKEHO BIUIMB HANPYTH €JICKTPOIII3y Ta
KaTOJIHUX MaTepiajiB Ha e(PEeKTUBHICTb, €HEProCHOKUBAHHSA Ta KPUCTAIIYHY (OpMy
HaKUIy TEXHOJOTIi eNeKTpOXiMiuHOi 00poOku Boau. EkcnepuMeHTanbHiI pe3yJbTaTh
MOKa3yI0Th, IO EJIEKTPOXIMIYHE OUHINCHHS BOJU MOXe €(PEeKTUBHO BUAAMHUTH Oltbie 40
% 3araJibHUX PO3UYMHEHUX peyoBUMH. Hampyra enekTponidzy Mae BEJIMKUN BIUIMB Ha
IIBUJIKICTh BHJIAJICHHS 10HIB KOPCTKOCT. ONTUMAaiIbHa €IEKTPOJIITUYHA Hampyra s
TUTAHOBOTO IJIACTUHYACTOTO KaToaa CTaHOBUTH 25 B. [Ipu it enexTpomiTH4Hii Harpy3i
3/IaTHICTH OOPOOKH THTAHOBOTO IUIACTUHYACTOTO KartoAa Ha 16 % Buima, HiXK Y MiTHOTO
MJTACTHHYACTOTO KaTO/1a, a CIIOKUBaHHS eHeprii Ha 16 % Hik4e, HiX Y MITHOT TJTACTUHU.
TutanoBi muacTuHU e€()EKTUBHINI, HIK MiJHI, 1 CIOXUBAIOTh MEHILE eHeprii. Brmus
€JIEKTPOXIMIYHOI OOpOOKH BOAM HAa KPUCTAIIYHY (POPMY HAKMILy JOCIIKYBalIU 3a

JIOTIOMOTOI0 CKaHYI04O1 €JIEKTPOHHOI MIKPOCKOIi Ta PEHTreHIBChbKOI AU(paKIiii.
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EnextpoximiuyHa ourcTKa BOJU 301IbIIYE MACOBY YaCTKY aparoHITy B HAKUITl KapOOHATY
KaJIBLIIIO Ta 3MIHIOE MIKPOCKOITIYHY CTPYKTYpPY ITOBEPXHI KapOOHATy KaJbIIiIO.

Y mpomy pocmimkeHHi [83] g mom’skmieHHS Boau Oyia  po3poOiieHa
eHeproepekTMBHa Ta Oe3peareHTHa KOMOIHOBaHa CHCTEMa  €JIEKTPOXIMIYHO
MPUCKOPEHOI'0 OCAKEHHS Ta MIKpouIbTpalii. Y TUIIOBOMY poOOOUOMY pEXKUMI
€JIEKTPOJII3HAa KOMIpKa pO3AUIeHa MNOMITETPadTOPETUICHOBOK MIKpO(DUILTPAIIitHOIO
MeMOpaHo0, 10 J03BOJISIE OJTHOYACHO OOPOOJIATH JIy>KHI Ta KUCIOTHI CTOKH. JIy»)Hui
MOTIK TI0/IaBaBCsl O€3MOCEePETHRO B KpUCTATi3aTop st yTBopeHHs kKpuctaniB CaCOs, axi
MEePEXOIUIIOBANIMCA TUTAHOBUM  TpyOuactum  MikpopuibTpoMm. [loTiMm  ¢inbTpar
3MINTYBaIM 3 KUCIUMHU CTIYHUMH BOJAMHU JUIsl MOJAJBIIOTO 3MEHILIEHHS MOTEHIaTy
YTBOPEHHSI HAKHWIy NUISIXOM BHUJAJICHHS 3aJUIIKOBOI JyKHOCTI. 3a0pyJaHEHHS
TpyOdacToi MmemOpaHu OyJlO BHUKIHMKAaHO, B OCHOBHOMY, HakommueHHsM CaCOs Ha i
NOBEpXHI. 3a0pyJHEHYy THUTAaHOBY TpyOdacTy MeMOpaHy MOXXHAa OyJI0 TMOBHICTIO
BITHOBUTH MPOTATOM 5 XBUJIMH JIMIIE 32 JOTIOMOT'OIO TIeP10AMYHOT aHOHOI MOJIIpHU3aLlii
0e3 yTBOpPEHHS BIAMPAIIbOBAHOI'O PO3YMHY JJIsl OUUILICHHS.

EnextpomeMOpaHHI mpoliecH, Taki SIK €JIEKTpOojialli3 Ta eJIeKTPOIOHI3allis, €
e(EeKTUBHUMHU [Jis BUJAJCHHS cOJed 3 BOAM. 3aBASKHM IHHOBALISIM y KOHCTPYKIIi
MOJyYJIIB Ta ONTHUMI3Alil TiIPOAVMHAMIKKA BJIA€ThCS 3HAYHO TMOKPAIIUTH TMPOLEC
oM’ sikimeHHsT Boau, fgocsraroun 90 % 3HIKEHHS KOPCTKOCTI BOJAW B Oe3mepepBHiit
ekcrutyaTariii [84].

ABTopu gociipkeHHs [85] moOkKazaiM  MOMUIMBICTH  €JICKTPOMEMOPAHHOTO
MOM’ SIKIITYBJILHOTO OUHIlleHHs] MepexkeBoi Boau Ha TEC. 3anpornoHyBaiu TEXHOJIOT1IO
BUTOTOBJICHHS 1HEPTHOrO0 aHojaa Oe3 OJaropoJHUX MeTaliB abo iX CHOJNYK.
BunpoOyBaHHs mokaszani, 10 TaKUil aHOJ MOKE€ MPalIOBAaTU B XJOPUIHO-CYIb(HATHUX
pO3uMHAx KIJbKa POKIB NpakTUYHO ©Oe3 3HOocy. EKcrnepuMeHTH mMmokazalid, [0
elleKTpoMeMOpaHHuii MeTo | 3a0e3meuye 3anumkoBy TBepaicts 0,3-0,4 mr-exs/nm®, 1o
Maif’ke B YOTUPHU pa3u HUKYE, HIXK y BOJII IKY 0OpOOJISUIM COOBO-BAITHIHUM METOJIOM.
ExcniepuMeHTH, IpoOBEIeHI HA CTEHAOBIM yCTAaHOBLI, MIATBEPAMIIH, IO 3aCTOCYBaHHS
FeTEPOreHHUX KaTIOHOOOMIHHHUX MeMOpaH [la€ MOKJIUMBICTh JIOCATTH BHUCOKOIO

koe(imienTa BUKOpUCTaHHS cTpyMy moHan 88 %. KapOboHnaTHuI MOKa3HUK BOIH TTICIIS
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€JIEeKTPOMEMOPAHHOTO TOM SKIIEHHSI BIAMOBIAA€ HOPMATHUBHUM BHMOTaM [IJIsi BOJU
MEpPEkK TEIUIONOCTAaYaHHs 3 TeMIepaTyporo Terionocis Hwkde 150 °C (we Bumie 0,4 mr-
exs/nm°). e Hajae MOKITUBICTh BUKOPUCTAHHS OUMILEHOT BOIH 0Jpa3y y TEMIOMEPekKax
0€3 MoaNbUIOro 3aCTOCYBaHH I0HOOOMIHHOT'O MOM SIKILIEHHS.

Y po6oti [86] npexcTaBieHO MOM’IKIIICHHS ITUTHOT BOJU 32 JOTIOMOTOFO TIPOIIECY
€JEKTPOKOAryJIAlii MOCTIHHUM 1 3MIHHUM CTpPyMamu. 3ampoOIllOHOBAHO TaKOXK
IHJIYKTUBHUAN METOJI 3 BUKOpHCTaHHAM Fe Ta Al cTprKHIB 3 pi3HUM PO3TallyBaHHSAM Ta
1HBEPTOPOM MOJIIPHOCTI Ha OCHOBI1 (haKTOPIB, OB’ SI3aHUX 3 €PEKTUBHICTIO MPOLIECY 15
MOM’SIKIIIEHHSI TMUTHOI BOJU. [IUTHY BOJy MIJBHILEHOI KOPCTKOCTI MOM SKIIYBalIu 3a
JIOTIOMOTOI0 TIPOLIECY EJEeKTpOKoarydiii 0e3 mogaBaHHs XiMikariB. PesynbTatu
ITOKa3ajIy, 110 ONTUMAaJIbHI IMMOKa3HUKN e(DEKTUBHOCTI BUaiaeHHs ctaHoBHIH 98,26 % i
87,69 %.

VY crarti [87] HamaroThCs pe3ysNbTaTH BUBYCHHS omnTHMajibHOro pH Ta gacy
BUTPUMKH JJIs1 JOCSITHEHHS MAaKCUMAJIbHOTO 3HMKEHHSI TBEPAOCTI BOAM 32 JOTOMOTOIO
MPOIIECY EJIEKTPOKOATyJIsllli 3 BUKOPUCTAHHSM QJIIOMIHIEBOTO aHOJY Ta 3aJli3HOTO
kaTony. [1oia enexTpoiiB, BIACTaHb MK JBOMA €IEKTPOJaMU Ta PI3HULIS MOTEHITia1B
B MPOLECI ENeKTPOKOoArysuli MIATPUMYBAJIUCA MOCTIMHMUMHM HOPOTATOM  yCiX
excriepuMenTiB i ctanouau 30 cm? , 5 MM, 20 B Bignosiano. KonuenTparis xopcTkoi
Boau, 500 ppm, Oya CHHTETHYHO ITiITOTOBJICHA ISl IMITAIlii KOHIICHTPAIIil )KOPCTKOCTI
B MiJ3eMHUX Bojax. [IpuroroBanuii po3umH 3aduMBaBCsi B KOHTEHHEp 1 IMPOBOJUBCSA
MPOIIEC ENEeKTPOoKoarysmii 31 3miHOI0 movaTkoBoro pH 1 wacy BiactoroBanHs. [lo
3aKIHUCHHIO EKCIIEPUMEHTIB BUMIPIOBAJIA MOPCTKICTh 3pa3KiB BOJAMU 3a JOMOMOTOIO
TUTPUMETPUYHOTO METOay. Pe3ynbTaTu eKCHepHMEHTIB MOKa3ald, M0 MaKCHUMallbHa
e(eKTHBHICTh 3HWKEHHS TBEpAOCTi cTaHOBUTH 84 % mpu mouatkoBomy pH=8,5 Ta gaci
BijicTOtOBaHHS 60 XBUIIHH.

Hocmimkenass [88] edekTHBHOCTI Mpolecy eIeKTPOKOAryJisii s YCyHCHHs
KOPCTKOCTI BOJIM MPHU MPOXOJKEHHI Yepe3 3alli3Hl CTPHIKHEBI EJIEKTPOJIU 3a PIZHHUX
00CTaBUH MOKa3aJiy, 1110 MaKCUMaJiIbHa €()eKTUBHICTb 3HUKEHHSI AKOPCTKOCTI, OTpUMaHa
npu pH=10, nanpy3i 12 B i gaci peakmii 60 xB ctanoBmma 98,2 % i1 97,4 % ns KanpIiro

1 3arainbHOi >KOpPCTKOCTI BiAnoBinHO. Kinnesuit pH 3amuiikoBOro po3uumHy TaKOXK
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301LIBIIMBCS (3pocTae mpu kuciomy pH i 3menmyeTsest npu yskHomy pH). Takum arHOM,
pe3yabTaTu JEMOHCTPYIOTh NpsiMui BIUB pH, pi3HMII MOTEHIANIB 1 Yacy peakxiii Ha
3HU>KEHHS TBEPJIOCTI 3a IOTMIOMOTOI0 TIPOIIECY €JIEKTPOKOAT YIS,

Crarts [89] posrismae enekTpoxiMidHe ITOM’SIKIICHHS BOIU SK CTaldil
aJIbTePHATUBHHUI METOJ JJISI 10HOOOMIHHOTO MOM’ IKIIIEHHS. J{OCIII)KeHO BIUIMB PI3HUX
YUHHUKIB Ha €PEKTUBHICTH €JEKTPOXIMIYHOTO OM’SIKIIIEHHS BOJIU, TAKUX K THUII Ta CTaH
€JIEKTPO/IIB, KOHIEHTpALlisl €JIEeKTPOJITY, Yac €JNEeKTPOJi3y Ta 1HII YMOBH. 30KpeMa,
aBTOPU BKa3ylOTh, 110 EJIEKTPOXIMIYHUM METOJ TOM SKIIEHHS BOAM 3a0e3rnedyBaB
cepeaHio e(peKTUBHICTh 3MECHIIICHHS BMICTY 10HIB KaJIbIIi0 B Mexax 75-86 % Ta marsiio
B Mexax 7-21 %. Ilpu mpoMy, criokWBaHHS eneKTpudHoi eHeprii cranoswio 7,0-10,1
kBT1-ron Ha kinorpam kapoonaty kanbiiro (0,86-1,39 kBr-rog Ha MeTp KyOidHOT BOIH).
Takox mpoBeJEHO AOCIIKEHHS €)EeKTY €JIEKTPOXIMIYHOIO METOIY TTOM’ SIKIIIEHHSI BOJU
Ha piBeHb PH BoaM Ta BCTAHOBIICHO, 110 3a JAesKUX YMOB PH Moxe 3011b11yBaTUCh Mij
gac enekTponizy. Ilig 4ac enekTpomnizy 3 NPOXOMKEHHSM CTPyMy uepe3 BOAY
B110yBa€ThCS peaKilisi po3KIaay BOAU Ha KUCEHb Ta BOJICHB, III0 MOYKE BILUIUBATH HA 3MIHY
pH Bomu. ABTOpH 3a3HAYalOTh, 110 €IEKTPOXIMIYHUN METOJ MOM SKIIEHHS BOJIA MOXKE
3a0e3neuyBaTi €(peKTUBHY OYUCTKY BOJAM B TUX BUIAJKAX, KOJHU JOCTYI J0 XIMIYHHX
peareHTiB a00 yTHIIi3allis BIIXO/1B Bl 0OMIHY 10HAMH € MPOOIEMAaTUYHOIO.

IToM’sikIIeHHST BOAW 3a JIOMOMOTOI0 TEXHOJOTIl eJeKTpOoAiaizy dae 3MOTy
MIITPUMYBAaTH BOAHUN OanaHC, 30KpemMa KajlbI[l€BO-KapOOHATHOI PIBHOBAru, 0 €
KPUTUYHO BAXKJIUBOIO JUIsl BogonpoBigHux mepex [90].

ABtopamu [91] omumcaHo ekcnepHMeHTanIbHE OOJaJHAHHS, IO BHKOPHCTOBY-
BaJIOCS JUISl AOCIIJIKEHHS €pEKTUBHOCTI €IEKTPOXIMIYHOTO METO/ Ty OM SIKIIEHHS BOJIH.
JIist eNeKTPOIITUYHOIO BUIAJICHHS KATIOHIB Kajbllll0 Ta MarHil0o BUKOPHCTOBYBAJIUCH
CHELIAJIbHI E€JIEKTPOAN 3 PIZHUMHU EIEKTPUUYHUMH 3apsa/iaMu, [Ki OyJau TMOMIIIEHI Y
CHelIaJIbHY KaMepy ISl €JIEKTPOXIMIYHOTO BIUIMBY Ha BOJHMM po3uuH. JlochimkeHHs
MOKa3ye, 10 BIAKIAACHHS KaJIbLHUTY Ta OPYKCUTY BiAOYBA€ThCA BHACIIIOK XIMIYHOIO
MpoIIecy, Mo BUHUKAE MICH enekTpoximigHoi reHeparii OH-ioHiB B 001acTi moBepxHi
enexktpoaa. LiNbHICTE €IEKTPUYHOTO CTPYMY CIOYATKY HIJACUIIOE EJIEKTPOXIMIYHE

BIIKJIQJICHHSI KaJbLIUTY, ajleé MPH JOCTATHHO BHUCOKIM IMIUIBHOCTI CTPYMYy IIBHUIKICTH
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BIIKJIQICHHS JOCsiTae CBOro Makcumymy. KpiM TOro, mBUAKICTh BIJKIIAEHHS KAIbIUTY
HE 3alIeXKUTh Bia KoHnenrtpanii Ca?*. Pe3ynpraTi cBiquaTh, 0 0OMEKEHHS B MACOBOMY
tpancnopTi ioHiB HCO3 Bif po3umHy B 00JIaCTh KaTOAy BiAMOBiAa€e 3a OOMEKEHHS B
IIBUJIKOCT1 BIJIKJIAICHHS KalblUTy. HaTOMICTh, €1eKTpOoXiMIUHE BIAKIAIEHHS OPYKCUTY
CUJIBHO 30UIBIIYETHCA 31 30LIBLIEHHSIM HIIIBHOCTI cTpyMy. OOMEXKEHHS B MacOBOMY
TpPaHCIOPTi BiAcyTHi, ockineku ioHn MQ?* posumnHy Oe3nocepenHso pearyioTs 3 OH-
ioHaMH, IO YTBOPIOIOTHCA B OONACTI KaToAy. 3i 30imblIeHHAM KoHLeHTpamii Mg2
KOHCTaHTa IIBUAKOCTI 3MEHIIYEThCs, OCKimbkH ionm M@OH'(ag.) BimmoimaroTs 3a
Kartajniz Opykcuty. Bucoke 3nauenns pH a6o mammii BimsocHuii Bmict (Mg?)/(OH)
crpusifoTh KoHeHTparii ionie MgOH¥(ag.) B 3omi peakmii. Kpim Toro, crerudiune
CHEPrOCINOKMBAHHA [ BuAaneHHs 1 wmmonas/mm® iomiB Ca?" 36inbmyerscs  3i
30UIBIIIEHHSIM HAMPYTH, IO COPUSIE IEPETBOPEHHIO B TEIUIOBY €HEPrit0. 3 1HIIOTO OOKY,
crenuQidHe eHeprocrnokuBaHHs s BufaneHHs 1 mmons/nM® ionie Mg?* maibxke ne
3QJIeKUTh Bl TNpuKiIaaeHoi Hanpyru. lle mociimkeHHs A03BOJISE Kpamie pO3yMITH
€JIEKTPOXIMIYHI IPOLECH BIIKJIAJICHHS KAJIBLUTY Ta OpyKCUTY. Byso A0CIIKEHO BILIHB
omepaliiHuX NmapaMeTpiB, TAKUX SIK MPUKIaJeHa HANpPyra, HIIbHICTh CTPYMY Ta BMICT
10HIB, SIKI YTBOPIOIOTH BiAKiafeHHA. Kpim TOro, eneKkTpoxiMiuHi TEXHOJOTI st
3ano0iraHHs MOKJIA/IB MOXXYTh 3HAUTH 3aCTOCYBaHHS B PI3HUX MPOMUCIIOBUX Mpoliecax
Ta CUCTeMaXxX BOJIONOCTAYaHHS 3 METOIO 3HM)KEHHSI BUTPAT HA OUUIIICHHS BOJIU.
Hocmikenns [92] mpoBoauiaocs 3a JOMOMOIOK CHHTETHYHOTO PO3YHHY 3
KOHIIEHTpAIIIEI0, CXOXOK Ha KOHIIEHTPAIlI0 COJIOHYBaToi BOAW. Y MpoIeci
EKCIEPUMEHTY JOCHIKYBaJIM BIUIMB EJIEKTPUYHOTO TMOTEHIIaNy 1 MOYaTKOBOI
KaJIBI[IEBOT KOPCTKOCTI Ha TMPOIEC €IeKTpoKoarysii. Pe3ynbratu mnokaszanu, w10
CJCKTPUYHUN TOTEHI1a], NPUKIAACHUNA 1O ENEeKTPOKOATYJSIIAHOI KOMIpKH, MaB
HaWOMBIINK BIUIMB Ha €(PEKTUBHICTHh 3HMKEHHS >KOPCTKOCTI. HaliBuina edekTuBHICTh
BUJIQJICHHS 10HIB )XOpCTKOCTI (25,83 %) Oyia mocsarayTa npu eJIeKTpUIHOMY ITOTCHIN AT
9 BonbT i MovaTKOBii koHueHTpanii 7400 Mr/am3. Pe3ynbraTi Takoxk BKa3yIOTh Ha T, LI0
pH po3unMHy mMiABUIIYBABCS NPOTATOM YChOTO TMPOIECY, a CHOXXUBAHHS EHEprii

konmuBanocs Mix 4,43 i 42 xBr.ron/m® B 3anexHocTi Bif ymMoB i dakropi. B mporneci



49

0o0poOKM Ha MOBEPXHI KaToJa YTBOPIOBABCS IIAp LIIJIBHOIO 1 KOMIIAKTHOTO OCany
KapOOHaTy KaJbliio.

BukopucToByoun NOKPUTI KaJdbllii-aIbIIHATOM €JIEKTPOAN B TEXHOJIOT1i EMHICHO1
JeloHi3alli A oM sKIIeHHs BoAu 3a0e3neuyroe Ha 44 % Bunyy eQeKkTUBHICTh
BHUIAJICHHS 10HIB KaJIBII1I0 TOPIBHIHO 3 TPAAUIIIMHOIO TEXHOJIOT1€0 EMHICHOT JIe10H13aI1ii.
Oxpim Ttoro, pocmikeHHs [93] HeMOHCTPYIOTh BHCOKY CEIIGKTHBHICTH MaTepialliB
€JIEKTPO/IIB 10 10HIB KOPCTKOCTI, [0 POOUTH 1X MEPCIEKTUBHUMHU JUIsl 3aCTOCYBAHHS B
MPAKTUII TTOM’ SIKILIEHHS] BOJU.

Bucoki BuMOrn 10 IUIonil KaroAa OOMEXYHTh IPOMHUCIOBE 3aCTOCYBaHHS
TEXHOJIOT1i EJIEKTPOXIMIYHOTO TIOM’ SIKIIEHHS BOJW. JlochimkeHHs mokKa3anu, U0
OararoimapoBa ciTyacTa CTPYKTypa KaToJa 3 HEpP)KaBIIOUOi CTalll 3HAYHO IMiJBUIILYE
e(heKTUBHICTh MPOIIECY, OCKUIBKH PeaKilisi yTBOPEHHS KapOOHATY KalbIlil0 Bi10yBa€eThCH,
MEPEBAKHO, HA 30BHINIHIX IIapax, /€ PI3HHUII B MIUIBHOCTI CTPyMY Ta MOTEHIIal €
HalOUIbIIMMHU. By Ip0aIIKK BOJIHIO JOMIOMAararTh BUJIAIATH BIAKIAACHHS, 1110 TOJIOBXKYE

gyac poboTu karoaa 6e3 ountieHHs [94].

1.5 Tnuri TexHoJ10TIT MOM IKIIIEHHS BOIH

[upokuil CHEKTp TEXHOJOTIA MOM’ SKIIEHHS MUTHOI BOJM, 30KpeMa pPO3BUTOK
MeMOpaHHUX TEXHOJIOT1H Ta KJIaCUYHUX PIllIEHb 10HHOTO 0OMIHY, SIKI BAKOPUCTOBYIOTHCS
B MPOMHMCIJIOBOCTI, BUMArarOTh 3HAaYHUX EKCIUTyaTallliHUX BUTPAT Ta KBaI1(PIKOBAHOTO
oOcimyroByBaHHs. TakoXX € CymyTHI TpoOJieMd 3 YTWII3ali€l CTIYHUX BOJ, IIO
YTBOPIOIOTHCA B pe3yJIbTaTl LIUX MPOLECIB, TOMY OCTAaHHIM YacOM IIUPOKO BUBYAIOTHCS
€KOJIOTIYHO OpPIEHTOBAHI TEXHOJOTIi, sIKa JO3BOJISIIOTH 3HU3UTHU KOPCTKICTh BOAU 0O€3
YTBOPEHHsI CTIYHMX BOJ. Hampukian moM’siKIIEHHS 3a JOMOMOTOK BHKOPHUCTAHHS
3BaKEHOTO MIAPy MICKYy — CYYaCHOTO METOJy pPeareHTHOro oM’ sikieHHs [95].

OcTaHHl POKM 3pOCTa€ IHTEpPEC TO AJIbTEPHATUBHUX METOAUK 3HIDKCHHS
&KOpcTKOCTI Boau. Oco0IUBY yBary NpuBepTalOTh MPUPOAHI MaTEpiadn Ta MaTepialid 110

MarOTh EKOHOMIYHY BUTOJY.
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ExcnepumeHTanbHi JOCTIKEHHS JIO3BOJIMJIA PEKOMEHIYBAaTU allbTepHATUBHI
METOJU TOM AKIIEHHS BOAM, TaKl SK BUKOPUCTAaHHS O10COPOEHTIB, €JIEKTPOXIMIUHE
BUJIAJICHHSI HAKUITY Ta 3aCTOCYBaHHSI IPUPOJTHUX 1 CHHTETUUHUX a7icopOeHTiB. Haitbinbi
e(heKTUBHUMHU METOJaMHU BUSIBUIKCS] METOJT I0HHOT'O OOMIHY Ta METOJ1 3 BUKOPUCTAHHIM
Moxy Leucobryum glaucum. EnektpoxiMigHi METOAM ITOKA3aJIu MIOMipHY e(DeKTHBHICTB,
TOJIi IK BAKOPUCTAHHSI IPUPOJTHKUX aJICOPOSHTIB Maio oOMexeHui ycmix [96].

MeTo1 oM’ SIKIIICHHST YKOPCTKOI BOJIN 3 BUKOpUCTaHHSIM HaciHHs Moringa oleifera.
JIist IbOTO HACIHHS MOMEPEAHHO OOPOOIISIIOTH MIISAXOM MOAPIOHEHHS Ta JOAABaHHS 10
BOJIY MiCJIsI TIpoIlecy KapOoHi3allii, 1110 JoroMarae y BUJajIeHHI 10HIB KalbI[ll0 1 MarHito
yepe3 afcopOlil0 Ta YTBOPEHHS 3B S3KIB MIX 4YacTUHKamu. llpu oOGpoOui Boau 3
I0YaTKOBOIO sKopcTKicTIo 496,5 mr/mv® CaCOs, BukopucTanHs Hacinaa Moringa oleifera
I03BOJIAE 3HU3UTHU KOPCTKicTh 70 232,2 mr/am® CaCOsz npu MakcuManbHii 1031 2400
mr/am3 [97].

BukopuctoBytoun y sikocTi (GUIBTPYIOUOTO areHTy HEAOpOrl Marepiaid, Taki siK
aKTUBOBAHE BYTULJISl, KBAPIOBUM MICOK Ta CMOJIMCTI KYyJbKH, OYJIO JOCSTHYTO BUCOKOI
e(peKTUBHOCTI yCYHEHHs opcTkocTi Ha piBHI 85-90 % [98]. AkTuBOBaHEe BYriuIs 3
IIKapadynu KOKOca Ta Kell' 10 €()eKTUBHO 3HMKYE KOPCTKICTh BOAM, POOJIAUU LIeH METOA
JOCTYITHAM Ta €KOHOMIYHO BUT1IHUM JJIsl PETiOHIB, JIe i MaTepiaau € qoctymHi [99].

Y crarri [100] mnpencraBieHO HOBHE THI peakTopa 3 IHIYKOBaHOIO
KpUcTaizaiieo y Gaoiiu30BaHOMY IIapl, 1€ BUKOPUCTOBYETHCS KBAPLIOBHUM MICOK SIK
KpUCTAIIIYHE SIAPO JJIsl 1HAYKYBaHHsS KpuUcTaiizallli kapOoHaty kaubliito. Lleil mporuec
JI03BOJIUB JIOCATTU €()EKTUBHOIO 3HMKEHHS )KOPCTKOCTI BOJIM, 3HIKYIOUH KOHIIEHTPAIII IO
KanbIiio 10 60 mr/amM® i gocsraroun edeKTUBHOCTI BuAaneHHs 86,6 %. OTpuMana Boja
BIIMIOBIIaJIa CTaHAAPTaM SIKOCTI1 I [IUPKYJISAIIIHHOT 0X0JIOKYBaJIbHOT BOJH, a HU3bKUI
BMICT BOJIOTH B 0CaJll BUKJII0OYaB HEOOX1THICTh MOTO 3HEBOJHEHHS, 110 3HUXKYE 3arajibHI
BUTPATU Ha 0OOPOOKY BOJIH.

Y nmocmimxenni [101] Bmeprie BHKOPUCTAHO ypPEONITUYHHNA TPUOKOBUH IIITaM
Metschnikowia pulcherrima 1 Oakrepianpauii mram Raoultella planticola mms ix
BHJIAJICHHS 3a JOIOMOI0r0 OaratooOirsrouoi TexHiku OiompenumiTarii CaCOs. 3 50

130JI51TIB BUIIIE 3a3HA4Y€H] IITaMU OyJu BiJ1IOpaHi Ha OCHOBI iX HANBHUILOI YPEOTITUYHOT
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aKTUBHOCTI 3 TMOJAJbLIMM aHaJIi30M MIHIMAJIbHOI 1HT1OYIO4Oi KOHIIEHTpalii 3
sukopucTanHam 350 ppm Pb?* ta Hg?*. TIpoTsarom 7 auis inky6auii npu 30 °C i 150 06/x8
3 inokynarom 108 KYO M makcumanbHa akTHBHICTB ypeasu ctanoBuna 884 i 639 OJ1
vl s Metschnikowia pulcherrima i Raoultella planticola uepes 24 i 30 rogun
1HKyOamii BiANOBIIHO. HampukiHIl eKCHEepUMEHTIB OyJi0 JOCATHYTO 3HAYHOTO
supanenss Ca?* (>95 %), 10 103BONUIO BUPIIIMTH IPOOIEMY KOPCTKOCTI B IIpoLecax
OUUILEHHS BOJH.

Astopu [102] cTBepIKYIOTH, IO KOKOCOBY HIKApPATyIy MOKHA BUKOPHUCTOBYBATH
SK MaTepiai sl oM SIKIIEHHS BOJIU. BOHA € IerKO0CTYITHUM JIKEPEIOM aKTUBOBAHOT'O
Byriuisg. TakoX TOBEEHO, IO el Marepiad MoxKe aacopOyBaTH Ba)KKi METald Ta
TOKCHYHI OpPTaHiyHI XIMIYHI1 pEYOBUHH, TaKl SIK MECTUIMIN. TaKoX JOCTIKEHHS aBTOPIB
CIOpSIMOBAaHI HAa YCYHEHHSI >KOPCTKOCTI BOJM 3a JOMOMOTOI MOPOIIKY KOKOCOBOI
mkapanynu. s MakcuManbHOiI €(peKTUBHOCTI 3HUKEHHS KOPCTKOCTI aBTOpaMu Oyio
BU3HAYEHO ONTUMAJIbHE JO3YBaHHS aJCOPOCHTY Ta ONTUMAJIbHHI Yac KOHTAKTY.

OnuuM 3 METOAIB, SIKMM MOKe OYyTH BHKOPUCTaHUWU MJisi BHUAAJIICHHS 10HIB
’KOPCTKOCTI 3 Mia3eMHUX Boj € OiocopOiis. Y po6oti [103] ommcano mocmimkeHHs, 1110
OyJ10 MPOBEIECHO 3 METOO onTuMizalii pH Ta yacy KOHTaKTy HOCIIB AJi BUIaJ€HHS 10HIB
Ca?" Ta Mg?" 3 migsemuux Boa. CepejoBHILE, sIKEé BHKOPUCTOBYBAJIOCS B IbOMY
JOCTIPKEHH] - AaKTUBOBAHE BYTUUISL 3 PUCOBOTO JYLINUHHSA, MICKM Ta LeomT. Jlis
BU3HAYEHHS 3MIH y MOp(]OJOTrii HOCIiB BUKOPUCTOBYBalM PEHTreHO(a30BUIl aHaTI3,
1H(ppauepBOHY CHEKTPOCKOMII0 Ta €IEKTPOHHY MIKPOCKOMit0. JlochimKyBaBcs mpolec
¢binpTpanii, skuii Oya0 TPOBEACHO 3a JOMOMOTOK CEpPIMHOrO AOCHIIKEHHS. byro
BUSIBJICHO, IO JJISI BUIAJICHHS] METAJIIB 3 MIJ36MHUX BOJ ONTUMAJIbHUM NOKa3HUK pH=7
1 9ac KOHTaKTy 3HaXOAThCs Ha piBHI 60 xBrmH. Bei cepenoBuina, siki Oyiim BUKOPUCTaHI
B IIbOMY JOCIIJ)KEHHI, BUSBUIUCS 3JaTHUMHM BUJAISATH METAIM Ta 3a0pyIHIOIOY1
PEYOBUHU 3 MIA3EMHUX BOJ.

[TpoBoaumuck [104] mocmikeHHs 3 MOKIIMBOTO BUKOPUCTAHHS CyCIICH311 HACIHHS
MopuHrd MAaciIsHUCHOI JUIsi TOM SIKIIEHHS JKOPCTKOI BOoAW. BcTaHOBIEHO 110
€(heKTUBHICTh MOM SIKIIIEHHSI YKOPCTKO1 BOJIM HACIHHSM HE 3aJIEKUTh BiJ PH Ta my>KHOCTI,

ajie 3aJIeKUTh BiJl MOCTIMHOT dKOPCTKOCTI BOJH, KA BUKOPUCTOBYBAJIACh MPU MPOBEICHI
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nociikeHHs. Takuid MeTo ] Ma€ MOTEHIIAJ 171 TOOYTOBOr0 BUKOPUCTAHHS B TPOIIUYHHUX
KpaiHax, 110 PO3BUBAIOTHCH.

Y crarti [105] aBTOpHM AOCHIIKYIOTH BHKOPHUCTAHHS CMOJI HH3BKOKHCIOTHOI
KaTIOHHO1 0OMIHHO1 3JJaTHOCTI B Ha()TOra30Biii MPOMUCIOBOCTI [t OOPOOKHU BOJIU KOTJA.
O6poOka BOAM KOTJIa € BAXJIMBOK MPOILEAYPOIO Ui BUAAJICHHS 10HIB KaJBIIO Ta
MarHiro, 10 MOXYTh CIPUYMHUTH HAKHUI y KOTJIAaxXx Ta TpyOax. Y pamkax JaHOro
JOCIIIPKEHHST OyJI0 MOPIBHAHO po0OYy €MHICTh Ta €(PEKTHUBHICTh pereHepamii Tphox
tuniB cmoi (A, B, C). Cmona B BusBmiiacs HaiOLIbII e()eKTHBHOIO, BUAAIAIOUN O1IbIIE
KaJIBITiI0 Ta MarHito Ha Ko>keH MMouTh Bukopuctanoi HCI mix ac perenepartii. Kpim toro,
JIOCJII)KEHHS TI0KAa3aJio, 10 BCl TPU TUIK CMOJU MalOTh OLIbIITY CXWJIBHICTh BUJATSATH
10HM Kajbllito, HDK MarHio. lle mocmijpkeHHs BakKIMBE, OCKUIBKM BOHO BKa3zye Ha
MOTEHIIHI TIepeBaru BUKOPUCTAHHS HOBUX THUINIB CMOJ JUisi OOpOOKH BOAM KOTJIa B
HadTOra30B1i MPOMUCIOBOCTI. 30KpeMa, BUKOPUCTAHHS cMoiiu B 3amicT cmonu A Moxke
30UIBIIUTH Yac poOOTH MIX LMKIaMU pereHepanii Ha 17 %, mo moxke mpuBeCTH 10
3HIKEHHS onepaiiiaux Butpar. OgHakK, aBTOpH BKa3yIOTh, 1110 JOJAATKOBI TOCTIKEHHS
HEOOX1/IH1 ISl OI[IHKY BIJIMBY CMOJIM HA T1APABIIKY 1 TUCK, a TAKOX JJII BUSHAYCHHS
JOBrOTPUBaNIOi €(PEKTUBHOCTI CMOJI Y pEaIbHUX YMOBAaX, 3 ypaXyBaHHSIM MOXJIUBOTO
3a0pyIHeHHS HAa(TOIO, 3a1130M UM 3BaKEHUMH YaCTKAMH.

Y oaHMX 3 OCTaHHIX AociipkeHb aBTopH [106] gociiauau MeToa BUKOPUCTAHHS
HaHOIAIEepPIB 3 ENI0I03HUX HaHOD1OpUIIiB A1 €()EKTUBHOTO BUAAICHHS 10HIB KAJIBIIIO
Ta MarHiro 3 BoAu. OCHOBHUMH IE€peBaraMu € BUCOKA MOPUCTICTh Ta MPOHUKHICTH LIHX
HaHOIAIEepIB, 110 3a0e3euye BUCOKY aJcOopOIiiiHy 3JaTHICTh Ta €KOJIOTIYHY CTaJICTh.
Onnak, 3a3Ha4alOTHCS ¥ HEJOJMIKM, TaKl SIK MOTEHIIAHI CKJIAJIHOCTI Y BUPOOHUIITBI Ta
MUTAaHHS MILHOCTI Ta CTa0OUTBHOCTI MaTepiaty MiJi 4Yac BUKOPUCTAHHS.

BukopucranHs HaHomanepiB (BUKOPUCTAHHS STHJIOBOTO CIUPTY JUIS MiATOTOBKH
HaHOTIATNEPiB 3HAYHO IMIiJBHUIIYE iX IMOPUCTICTH), BUTOTOBJICHUX 3 (hochopriIbOoBaHUX
TEMPO-okucineHnx MenroI03HUX HaHO(IOpWI, MT03BOJSE JOCATTA 3HAYHO BHINOT
MPOHUKHOCTI Ta 3JaTHOCTI A0 afacopOIii ioHiB Kaibiio (10 91 mr/r) Ta maruito (10 69
mr/t). e poOuth nanuii MeTo eHEKTHBHUM JUTS OC3MepEPBHOTO TIOM IKIIICHHS BOIH 3

BHUCOKUMHU IMOKa3HUKaMH TpoayKTuBHOCTI [107].
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Hesixi nocmigauku [108] 3apa3 po3rasgaroTh iIHHOBALIMHME METO/I ITOM’ IKIICHHS
Boau depe3 MiHepamizamito CO,. Bukopucramns mporecy wminepanizamii CO, mis
MEePETBOPEHHS aKTUBOBAHOTO KaJbIII0 B MPOMUCIOBIA BOJAI HA MIKPOHHUH MOPOIIOK
CaCOs. Ile He nuire 3HMKYE KOPCTKICTh BOJH, ajie i cripusie 3MeHienHto Bmicty COo.
[I1rocu 1BOro MeETOAY BKIIOYAIOTh €(EKTUBHE 3HUKEHHS JKOPCTKOCTI BOJIU Ta
MO3WTHUBHUN BIUIMB HA HABKOJIMINHE cepemoBuie depe3 yrumizamnito CO,. OpnHak, mo
MIHYCIB HajleX)aTh MOTpeda y CKJIaJHOMY OOJaJHaHHI Ta YNPaBIIHHI MPOIECOM, IO
MOX€e 30UTBIINTH 3arajibHI BUTPATU Ta CKJIAAHICTh IMIUIEMEHTALI] [IbOTO METOY.

HoBuM minxonoM 10 MOM’SKIIEHHS BOAM € METOJ, 10 0a3yebcs HAa OCHOBI
BUKOPHUCTaHHSI BIJKPUTONOPUCTUX TMOJIYPETAHOBUX MIH 3 HAHECEHUM Ha HHX
rpadeHoBUM okcuoM. Hanecenns rpadenoBoro okcunay (I'O) Ha mosiypeTaHOBI HiHH
3HAQYHO MIJIBUIIY€E iX 3JaTHICTh JO aJcOopOIlii 10HIB KaJbIiI0 1 MarHiio, JOCATal0YH
pesynbratie 10 63 mMr Ca?*/r-exs I'O, 10 € 3HAYHUM MOKPAILEHHSAM y IOPIiBHAHHI 3
icHyrounMH TexHoorismu [109].

INaporenesi kynabku Ha ocHOBI ['ymu TparakanT, Moau(piKoBaHOT 32 JOTIOMOIOIO
2-akpunamifo-2-meTwi-1-mponancynb(OHOBOI KHUCIOTH Ta TMOMIBIHIIOBOTO CIHPTY
T0KA3aJIM BUCOKY 3/1aTHICTh 10 afcopouii ionis Ca?* (114,18 mr/r) ta Mg?* (162,46 mr/r)
BIAMOBIAHO 1O MOJENEH TCEBIO-APYroro MOpsSAKy Ta 130Tepmu JleHrMropa.
EdexTuBHICT, BUIAJICHHSA 3HU3MWIAca Jume Ha 6 % micad YOoTHPHOX IIHKIIIB
agcopomii/aecopomii [110].

€MHICHA JIe10HI3aIlis € TEPCIEKTUBHOIO TEXHOJIOTIEI0 JJIs1 BUOIPKOBOTO BUIAICHHS
10HIB 3 BOAM. B JocCHiIKeHHI MOKa3aHO, IO BUKOPHUCTAHHS MEMOpaHHOI €MHICHOT
JeloH13a1li 3 10HOOOMIHHUMHU MeMOpaHaMU JO3BOJISIE€ HOCATTH BUOIPKOBOTO BUAATICHHS
JBOBAJIEHTHUX KaTioHiB (Hampuknan, Ca?") Hajg OJHOBAJEHTHUMH KaTiOHAMH
(manpukiam, Na*). Pe3ynbTatu OKa3yroTh, 1110 CIiBBIAHOIIECHHS MOJIEKYIIPHUX MOTOKIB
Ta KOHIICHTpAIl 10HIB y KaHalll PO3MIPKU € YHIBEpCaJbHUM, HE3aJEKHO BIJ yMOB
eKCIUTlyaTallli Ta CKJaay mnmojadi, 10 MOKe OyTH 3aCTOCOBAHO /10 MPOIECIB €MHICHOI
Je10HI3alIii 3 TOTOKOM €JICKTPOHIB, sIKi BAKOPUCTOBYIOTh 10HOOOMiHHI MeMOpanu [111].

Ingyctpiss BUpOOHUIITBA €TaHONY 3 I[YKPOBOI TPOCTUHU BHUPOOJISE€ 3HAUYHY

KUTBKICTh OIOBIXOMIB 1 CIOXXHBA€ BEIWKI OOCATH BOAM. Y IBOMY JOCIIIKCHHI
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BUKOPHUCTAHO TOMIN 3 0araccu IyKpOBOI TPOCTHUHHU I BUPOOHMIITBA aKTHUBOBAHOIO
BYT'ULJIS, sIKE€ €(DEKTUBHO 3aCTOCOBYETHCS JJIsI [IOM SIKILIEHHS BOJY B TEXHOJIOT1T EMHICHOT
neloH13ali. BUKOpUCTaHHS TaKOro akTUBOBAaHOTO BYTULIS B €IEKTPOJAX JT03BOJISE
J0CSITaThd BHUCOKOI €MHOCTI azfcopOIii comeit go 22 wr/r, 3okpema 15 wmr/r mpu
BukopuctanHi po3uuHiB CaCly, mo nmemoHcTpye moTeHIian it e(QEeKTHBHOTO
oM’ SIKIIIEHHS BOJIU 3 BUKOPUCTAHHIM HeJoporux OioBiaxomis [112].

TexHosoriss €MHICHOT J€lOHI3allli MpUBEpPTa€E yBary 3aBAsSKM BHUCOKIU
€(heKTUBHOCTI, €KOJIOTIYHOCTI Ta HU3bKOMY €HEPrOCHOKUBAHHIO. Y I[bOMY JOCIIKEHH1
BUKOPUCTAHO MOAM(DIKOBAHE aKTUBOBAHE BYTILIA 3 HOPUCTUM MOPJACHITOM SIK KATOJ AJIS
BuGOipkoBoro BupaneHHs Ca?* ta Mg?" iomi. KaTon neMOHCTpye BHCOKY €MHICTb
azcopOIii 10HIB KOpPCTKOCTI, 30epiraroun 87 % edexktuBHOCTI mmicas 50 IUKIIB Yy
opcTkii Bogi [113].

Y HOBOMY miAXoAl JO TOM’SIKIIEHHS BOJM ILIISXOM  BHKOPHUCTaHHS
(YHKIIIOHATI30BaHUX BYIVICIIEBUX €JIEKTPOMAIB Yy TEXHOJOTrIl €MHICHOI JecopOirii
BUSIBJICHO, 1110 AaCHUMETPUYHE TIOE€HAHHS OKHUCJIEHOTO Ta aMiHOBAaHOTO BYIJICI[IO
3a0e3reuye BHOIPKOBE BHJIAJICHHS JIBOBAJICHTHUX KaTioHIB, Takux sk Ca?" ta Mg?,
3aBJSIKM BUCOKIH JIOKAJIbHIHN €JEeKTPOCTATUYHIN B3a€MO/I1T Mi’K HETaTUBHO 3apsIKEHUMU
KUCHEBUMHU TpylNaMu Ta JBOBAJECHTHUMM KaTioHamu. JlOCHIDKEHHS TOKa3aiu
M1JIBUIICHHS MPOAYKTUBHOCTI €IEKTpOocopOIlii Ta 3MeHIeHHss PH, mo nepemkomkae

YTBOPEHHIO BiJKJIaJICHb Ha elekTpoax [114].

BucHoBku 10 po3ainy 1

[IpoBenenuit B 00’e€Mi pO3AULY KPUTUUHUN aHaN3 pe3yabTaTiB AOCHIIKEHb
3apyO1KHUX Ta BITYM3HSHUX (DaxiBIIB CBIAYUTH MPO TE, 110 HE3BAKAIOYU HA 3HAYHUN
MacHuB pe3yJIbTAaTiB JOCHIKEHb B Trady3l IOM SKIICHHS BOAM, CHOTOAHI III€
CIOCTEpIraeThcsi Oarato MmpooOsieM, KOTpl BUMAararThb TEPMIHOBOTO BHpilleHHS. B
pe3yabTaTi aHali3y JIITEPATYPHUX JHKEPENl BCTAHOBJIEHO!

1. CyyacHi TexHOJIOT1i TOM SKIIEHHS BOJHM OpPIEHTOBaHI, IEpIl 3a BCe, Ha

BUKOPHUCTaHHS B NPOMMCIOBHX yMOBax 1 MependayaroTb MPOILECH BiJICTOIOBAHHS,
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KOaryJiroBaHHS Ta (IOKYJIIOBaHHS, M0 B yMOBaxX HU3BKOIO CIIOKUBAaHHSA BOJHU
peanizyloThCd HAA3BMYAMHO BAXKO Ta MOTPEOYIOTh JIOJATKOBOTO KBami(hiKOBAaHOTO
00CITyroByBaHHS.

2. Haii0Oinpmm mpumaTHUMH 1715 peanizamnii B moOyToBMX Ta O(]iCHHMX yMOBax
MpUIATHI €JIEKTPOXIMIYHI Ta 10HOOOMiHHI MeToau. OHAaK, eIl ChOTOAH1 HEIOCTATHHO
BHUBYEHI, APYT1 XapaKTEPU3YIOThCA 3HAYHUM BTOPUHHUM 3a0pyTHEHHSM JTOBKIJUIS.

3. Konmentpatu xyopuay HaTpilo, M0 CKIAQTAl0Th OCHOBHY TpoOJieMy
eKcIulyaTtaiii 10HOOOMIHHUX YCTAaHOBOK TOM SIKIIEHHS BOAM CEPEAHBOI Ta Maloi
MPOJYKTUBHOCTI, ChOTOJIHI HE YTUII3YIOThCSA, HE 3HEIIKOKYIOThCA 1 0€3 Oyab-sSKoi
00poOKHU CKUAAIOTHCS B KaHAJI3aI[1iHI CUCTEMU YU MOBEPXHEB1 BOJIOMMH, CIIPUUUHSIOUN
3Ha4H1 HeraTuBHI Hachiaku. lle Takoxxk € BaromMuM (akToOpoM pPO3pOOKHU CydaCHHUX
TEXHOJIOT1H MOM’ AKIIIEHHS BOIH.

Buxonsun 3 mnpuBeleHMX BuUllle MpoOieM Tramysi, mOporpama JOCHIIXKEHb
JTUCepTalIiHOI pOOOTH CKIAAAETHCS 3 HACTYITHUX HAIPSIMKIB!

1. BuBueHHs ctaHy rigpocepu Ha TepuTopii YKpaiHU, BU3HAUYCHHS KOPCTKOCT1
BOJIM HA OKPEMHUX TEPUTOPISAX Ta Alana30Hy 3MIHU LIbOTO MOKA3HUKA.

2. JlocmimkeHHS TpaguIliiHUX TEXHOJOTIH ITIOM SKIICHHS BOAU 3 METOO
BU3HAYEHHS MOXJIMBOCTI iX BHUKOPHUCTaHHS B CHCTEMax MaJloi Ta CepeaHbOi
MPOTYKTUBHOCTI.

3. Bubip peareHTiB, MmO A03BOJISIOTH 3a0€3MEUYUTH HAWOLIBII NMPUUHATHI IS
CUCTEM IOM SKIIEHHS BOJIM CEPEAHBOT Ta MaJIOi MPOYKTUBHOCTI MIBUIKOCTI BIAAICHHS
TBep101 (ha3u Ta MOAKIMBICTD 11 yTHIII3AIlI].

4. Moaudikanis BUOpaHOT TEXHOJIOT1I Ta PEareHTiB 10 BUKOPUCTAHHS B CUCTEMAX
MaJioi Ta CepeaHbO1 MPOTYKTUBHOCTI.

5. Po3po0Oka TEXHOJIOTIYHOI CXEMHU YCTAaHOBKHM MOMEpeAHbOI 0OpOOKM BOAM B
CHUCTEMAaX 3BOPOTHOIO0 OCMOCY MaJioi Ta CEPeAHbOI MPOTYKTUBHOCTI.

TakuMm 4yMHOM, JTOCHIIPKEHHSI B rajy3l MOM SIKIIEHHS BOJU CHUCTEMaMU Majoi Ta
CepeHbO1 MPOJYKTUBHOCTI JIO3BOJIUTH 3aXUCTUTU BOJHI pPECYpCH BiJl CKHJIB
KOHIIGHTPATIB XJIOPUAY HATpil0, 3HU3UTH HABAHTAXXEHHS Ha 00’ekTu TiapocdepH,

PO3pOOUTH 3aX0/IU 3 PAIlIOHATBEHOTO BUKOPUCTAHHS MMPUPOJIHUX PECYPCIB.
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PO3/ILI 2
OF’EKTHU TA METOU JOCJIII’KEHD

3 ypaxyBaHHSIM PI3HOMAHITHOCTI BOJIHUX PECYpPCIB Ta IIHUPOKOrO CIEKTPY
TEXHOJIOT1/ TOM’ SIKILIEHHSI, HEOOX1/THO BpaXxOBYBaTH 0araTo (pakTopis, BKIIOYAIOUU TUIH
peareHTiB, METOJIM IX 3aCTOCYBaHHS Ta clieln(piKy BOJAHHX 00’€KTiB. B 1ipomy posaimi
30CEepE/IKEHO yBary Ha JIETAJIbHOMY OMHCI BHOpaHMX MOCHIAHUX BOJ, a TaKOX Ha
pO3MIISIAI PI3HUX MIAXOAIB /10 TOM SKIIEHHS BOJM, IO BKJIOYAIOTh 3aCTOCYBaHHS
PI3HOMAHITHUX peareHTiB 1 TexHiK. lle A03BONMUTH CTBOPUTH MIIHY OCHOBY IS
MOJAJIBIIIOTO aHaJi3y Ta BUCHOBKIB, CIIPSIMOBAHUX Ha 3HUKEHHSI HETAaTUBHOTO BIUIMBY Ha
BOJIH1 00’ €KTH.

[eit po3ain BiAirpae KiIOYOBY pOJib y PO3YMIHHI Ta OILIHII €()EKTUBHOCTI PI3HUX
METOJIMK TIOM SKIICHHS BOJM, IO € HEOOXITHUM I BUPIMICHHS OJHIET 3
HalBaXJIMBIIIKX 3aJ1ay Cy4acHOTO BOJAHOTO FOCIOIapCTBa — 3a0€3MeUeHHS OamaHCcy Mixk
noTpedaMu JIIOJUHU Y BUCOKOSIKICHIMA MUTHIN BOJI Ta 30€pEKEHHSIM IPUPOTHUX BOJIHHUX

CKOCHUCTCM.

2.1 O0’exkTH H0CTiIKEeHHSHA

2.1.1 Boowui pozuunu

VY pamkax mpoBeAEHUX MOCTIKEHb TOTYBAJIMCS Pi3HI MOJEIBHI PO3YMHU, IO
MICTSITh JUCTHIILOBAHY BOAY i3 PI3HUMHU KOHLEHTpauismu ioHiB Ca?" ta Mg?" nnsa
OTPUMAaHHS KOPCTKOI BOJU 3 MOTPIOHUM piBHEM, SIKY B MOJATIBIIOMY OOpOOIISIIN PI3HUMU
J103aMH PEareHTIB MPU PI3HUX CIIBBIIHOUICHHSIX KOMIIOHEHTIB Ta pi3HUX 3HaUeHHsX pH 1
TeMmneparypu. B sKocTi 00’€KTIB Il JOCHIIKEHHS B pOOOTI BUKOPUCTOBYBAJIA BOJU
LEHTpaIi30BaHUX cucTeM BoaonoctadyanHs M. Kuesa ta cmt.MakapiB KuiBcbkoi 0051acTi.
B M. Kuesi 3a0ip Boau JIsl BOJONOCTAYaHHS MMPOBOIUTHCS 3 MOBEPXHEBUX JuKepen (p.
Juinpo), B cMT. Makapie — 3 mig3eMHoro ropu3onty 3 rmbuan 180 m. OcHoBHI

XapaKTepUCTHUKH BOJI TpUBECHI B Ta0. 2.1.



Tabmums 2.1 - XapakTepucTuka BOJTHUX CEPEITOBHII]

IToka3Huk OauH. BUM. KuiBcbka Apre3iaHcbka
BOJIOIIPOBII- BO/1A,
Ha BOJA cMT. MakapiB
pH OJIMHUIb 6,3—7,8 7,2
KamamyTtHicTh mr/mm3 0-3 0,5-14
JIykHICTh MT-€KB/IM° 2—4,7 4.1
YKopcTkicTs MI-eKB/IM° 2,7-4,9 5,8
KoHIIeHTpaIlis i0HiB KalbI[{}0 | MT-€KB/IM° 1,84-3,4 4.4
KoHIleHTpaIlid i0HIB MarHilo | MT-eKB/IM° 0,86—1,5 1,4
Xnopuau mr/am® 10,0-22,0 33,0
Cynbdatu Mr/mm° 20—37 124
Minepamizartis mr/am® 250—350 562
3aiizo 3arajbHe Mr/am° 0,2-0,5 0,4
Hitpatu (3a NO*) mr/mm3 42,0 3,1
Tizpokap6oHatu mr/am® 28,64 85,4

2.1.2 Mamepianu ma peacenmu
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MopenbHl pO3YMHU TOTYBAJIM 3 BUKOPUCTAHHSM PEAarceHTiB, MPUBEACHUX B Ta0I.

2.2. HeoOXximHI €KCTIEpUMEHTAbHI YCTAHOBKYA BUTOTOBIISUIM 13 THIOBHUX €JIEMEHTIB i3

CKJIa, TIOJIIETUJIEHY Ta METaIy.

Tabmuus 2.2 — PearedTn Ta MaTepiaiy, BAKOPUCTAHI B TIPOIEC] JOCIITKEHb

Pearent un marepiaa | Kpaaidikanisi| HopMaTuBHHMH JOKYMEHT
CaCl; X.9. TV 6-09-4711-81
NaCl bapm. JICTY 4886-24:2007
MgCl,*6H,0 X.4. JCTY 4209-77
Na.COg X.4. I'OCT 32802 - 2014
NasPO4*12H,0 X.4. I'OCT 201 - 76
HCI X.d. JCTY 2904 - 94
H,SO,4 TEXH. JCTY I'OCT 2184:2018
Na,HPO4,*12H,0 X.4. I'OCT 245 - 76
NaH,PO,*12H,0 X.4. I'OCT 4172 - 76
NH4H,PO4 X.4. I'OCT 3771-74
NaOH X.4. JCTY 1SO 3196:2001
FeCl;*6H,0 TEXH. JCTYVY 1SO 9507:2003
Magnofloc - 336 TEXH. dipma «Ciba»

Zetag - 7692 TEXH. dipma «Ciba»
[Tomiakpuiamin TEXH. TV 2216-042-07510508-2009
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2.1.3 Cknao ma cman MoOenbHUX pO34UHIB, BUKOPUCTNAHUX 8 eKCNEePUMEHMAX

MogenbHi pO34MHU IJi MPOBEJICHHS CEPi €KCIIEPUMEHTIB OTPUMYBAIH MLIIXOM
PO3YMHEHHS B AUCTUILOBAHIM BOJ1 BIAMOBIAHOL KITBKOCTI CIONYK KaJbI[I0 Ta MarHito.

Po3unnu kapOoHaTy HATPIIO, TIAPOKCUAY HATpito, hocdaTy HATPItO ISl OCAIKEHHS
CIOJIYK KaJbI[IF0 Ta MarHito roTyBaJik 3 BUKOPUCTAHHSM BIANOBIJHUX PEAreHTiB a0bo ix
CyMIIIIl 3 BUBHAUYECHHSM €KBIBAJICHTHUX KOHILICHTPAIIIil aHATITUYHUM METOJIOM.

HeoOxiaHl 3Ha4Y€HHS BOJIHEBOTO IIOKAa3HWKA BCTAHOBIIOBAJIU 3 JOMOMOIOIO

po3unniB HCI Ta NaOH.

2.2 MeTOAUKH NMPOBeAeHHA eKCIIePUMEHTIB

Metoauka OUIBIIOCTI E€KCIEPUMEHTIB TOJiATalla B MPUTOTYBaHHI MOJIETBHUX
po3uMHiB i3 Hamepen 3agaHuM BMictoM ioHiB Ca?" ta M@?" i 00pobui oTpuMaHHUX
CyMmilled pI3HUMHU J03aMH OCAKYIOUMX PEAreHTIB - KapOOHATy HATPiO, T1IPOKCHUIY
HatTpito, (ocdaTy HaTpil0 Ta IHIIMX PEAreHTIB NPU PI3HUX CIHIBBIIHOLIEHHSIX MIXK
KOMIIOHEHTaMU Ta BHU3HaueHUX BenuuumHax pH 1 temmeparypu. [lom’sikiieHHs
MPOBOAWIIM SIK 3 BIJICTOIOBaHHSM, Tak 1 0€3 BIJCTOIOBaHHS aje 3 (PUILTPYBAHHSM.
YTBopenuid ocan BiAQUIBTPOBYBadW Bifpa3dy TICHs 3JMBAaHHS pEarcHTiB Ta
MEepPEMIIIYBaHHS CyMIIl HA «CHHIA CTPIYI» Ta BU3HAYAIU 3QJIMIIKOBY KOPCTKICTh
(biTbTpaTy HUISIXOM TUTPYBAHHS 3 BUKOPUCTAHHSIM epixpomy yopHoro T Ta Tpuiiony B.
[IpoBeneHi MOCHIIKEHHSI MO BUBYEHHIO IHTEHCHUBHOCTI BIJICTOIOBAaHHS OOpOOJIEHHX
PO34YHMHIB B Yaci BUKOPUCTOBYBAJIM JIJIsl OLIIHKU CTYIEHIO C(hOPMOBAHOCTI TBEP 101 (ha3u.

JocniipkeHHs: ePeKTUBHOCTI PI3HUX TUIIB (DIOKYJISHTIB MTPOBOAWINA HACTYITHUM
yuHOM. [lonepeHbO OTpUMaH1 MOJICNIbHI PO3UHUHH 13 BMICTOM 10HIB KabIit0 15 — 17 mr-
exB/mM° Ta 10HIB MarHiro 5 — 7 Mr-eks/nm° 00pOOIAIN BiAMOBIJHO HiiOPAHOO CYMIILIITIO
dochary natpito Ta ¢dnokynsnra. I[Ipu upomy npoza cymimn QocdaTiB HaATpPito
3aJIMIlanacd MOCTIMHOW 1 BIAMOBIZANa CTEXIOMETpii, a /1032 OJHOTO 3 (hJIOKYISHTIB

3

smiHtoBamacss B Mexax 0 — 90 mr/am®. B sKocTi (IOKYJISHTIB BHKOPHUCTOBYBAU

nosiakpmiamin (ITAA) — six Heionorennuii ¢uiokyissat, Magnofloc — 336 ¢ipmu Ciba —
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K (JIOKYJISIHT aHIOHHOTO THITY 3 MOJIEKYJIsIpHOIO Macoro 10 20 miH. B.o., Zetag — 7692
¢bipmu Ciba — sk QIIOKYJISIHT KaTIOHHOTO THITY 3 MOJISKYJISIpHOIO Macoro 1o 20 MITH. B.O.
OO6poOeH1 3a3HAYEHOI CYMIIIIIIO KOPCTKI MOJENbHI PO3YMHU mMicias (popMyBaHHS
TBep/101 (ha3u 3aJIMBAIM B TPalyHOBaHI IIIIHAPH Ta 3HIMAJIA KPUBI1 BIACTOIOBAHHS.

BuBueHHS I1HTEHCUBHOCTI (DUIBTpYBaHHS JOCHIIKYBaJId Ha J1aOOPATOPHOMY
KOMILIEKTI, IO CKJIaJaBcs i3 rpaayiioBaHoro muwiinapa 06’ emom 100 cm® ta miiiku i3 cxia
BIIMOBIAHOTO po3Mipy. TBepay da3y BiAAUIIINA HA MAanepoBUX (QUIbTPAX «CUHS CTpIUKa»
niamerpom 110 mMm. [lnst oTpuMaHHS KOPEKTHUX pe3yJbTaTiB 00poOIeHI MOIeTbHI
PO3YMHM 3aJMBAIM B JIMKY 3 (QUIBTpyBalbHUM HanepoM Ta (pikCcyBaiau 3MIHY B yacl
00’eMy ¢inbTpaty. llpu npoMmy piBeHb CycHeH3ii B JIHUI HIATPUMYBaId B IPOIIEC]
(bUIbTpyBaHs HA MAaKCUMaJIbHOMY 3HAYCHHI.

JIns BU3HAYEHHS 3HAKY 3apsAly JAUCHEPCHUX YAaCTHUHOK (¢ocdary Kalblliio
BUKOPHUCTOBYBAJIM TEXHOJIOTIIO CycHeH3iiHoro edekty. [nas uporo oTpumMaHy B
pe3yabTaTi OCA/KEHHSI CYCIIEH31I0 BIJICTOIOBAJM, OCBITJIICHUI MOJEIbHUNA PO3UUH
3JIUBAJIM B CKIISIHKY 3 eJekTpoiaMu pH-MeTpa Ta mpoBOIWIN BUMIPIOBAHHS BEIUYMHU
BOJAHEBOrO IOKa3HUKA. PemTy po3umHy 3 TBepAow (a3or mnepeMillyBalv Ta
BuMiproBaiu pH yTtBopeHoi mysbsnu. 3Hak pizuuii ApH = (pH po3zuuny — pH nysbmm)

BI/IMOB1AaB 3HAKY 3apsly BUCAJ)KEHUX YaCTUHOK (ochaTy KalbIliIo.

2.3 MeTtoauku aHaJIi3y pO34YMHIiB HA BMIiCT Pi3HOMAHITHUX CHOJIYK

2.3.1 Busnauenus emicmy ionie Kaaibyilo ma MacHiio

JIisi BU3HAYEHHS >KOPCTKOCTI BOJAM Ta PO3YMHIB, a TaKOX BHU3HAYEHHS OKPEMO
KaJIBI[IEBOT Ta MAarHi€BOl >KOPCTKOCTI OyJIM 3aCTOCOBaHI METOAM KOMILJIEKCOMETpii —
METOJ TUTPYBaHHSI, 10 0a3y€ThCs HA PEaKIlii B3a€MO/I1i KOMILJIEKCOHIB 3 10HAMH KaJIbI[110
yn MarHiro [115, 116]. TurpyBaHHs IPOBOAWIN 3 BUKOPUCTAHHSIM 1HIUKATOPY €PiOXPOM
yopuuil T, 711 BU3HAYCHHS JIUILIE BMICTY 10HIB KaJbllil0 BUKOPUCTOBYBAJIU 1HIUKATOP

MYypeKCH/I. 3HAIOUH BMICT KaJbI[110, IO PI3HUII 3HAYEHb BCTAHOBIIOBAIN BMICT MarHito.
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2.3.2 Busnauennsi emicmy ionie 3aniza (I11)

Jlns Bu3HaveHHs 10HiB 3ami3a (I1I) BukoprcTOBYBaNM 31aTHICTh YTBOPEHHS HUMHU
B CJIA0KONy>XKHOMY CEpElIOBHINI 13 CyIb(OCATIIUIOBOI0 KHUCIOTOK TPUCYJIb(]o-
camiuunar-ioHy. g 1i€i cnolyku XapakTepHa JOCTaTHS CTIWKICTh B IIHPOKOMY
iHTepBasIi 3MiHU BoHEeBOTO Nokasuuka (pH 7 — 10) [117].

MakcuMyM TOIJIMHAHHS CBITJIA TPUCYIb(OCATINUIATOM 3aii3a 3HAXOJIUTHCA B
obomacti A = 420 — 430 aM. J{ns iHIIMX CHONYK IBOTO THIy MOTJIMHAHHA CBITJIA Y
BKa3aHOMY Jlafa3oHl He XapakTepHo. B Toii e yac CuibHI BITHOBHHKU 1 OKUCHUKH
3aBakaroTh BusHadeHHO 3amiza (III) i3 cymbdocaminmioBoro kuciaoror. Takox
3aBa)Kal0Th 3a0apBIICHHSIM CBOiX 10HIB MiJib, KOOAJILT Ta HIKEIh. TOMY iX MONEPEIHBO
3B’SI3YIOTh B KOMIUIEKC HUISIXOM OOpoOKu TiocynbdaTom HaTpito. [oHM anroMiHiIO i
MAarHir0 yTBOPIOIOTh 13 CyJIb(HOCATIIUIOBOIO KUCIOTOK 0€30apBHI KOMIUIEKCH, TOMY MPH
iX HAsBHOCTI B PO3YMHI HEOOX1JHO BPaXOBYBaTH J10JIaTKOBY BUTpATy PEarcHTy.

Busnauennio ioniB 3amiza (III) He 3aBakae 100-kpaTHHI HaJJIUIIOK aHIOHIB

dhocdopy 1 HEBEIMKHI BMICT COJIEH aMOHIIO.

2.3.3 Busnauenus emicmy ¢hocghamie

3anuiiKoBl KOHIIEHTpallli HeopraHiuHux (ocdaTiB B MOACIbHUX PO3UMHAX Ta
MPUPOAHUX BOAAX BU3HAYATU (POTOMETPUYHMM METOAOM 3 BUKOPUCTaHHSIM €(EKTiB
BIJTHOBJICHHSI X ackopOiHOBOI kucinororo [118]. BumiproBaHHS ONTHYHOI T'yCTHHH
0o0OpoOJICHMX  PO3YMHIB  MPOBOJUIM  HAa  KOJOPUMETPL  (POTOETEKTPUUYHOMY
koHIeHTparniitHomy KOK-2 npu BUKOpHCTaHHI 4epBOHOTO CBITIOGLIBTPY (MOBXKUHA
xBui1i 690 HM), B KIOBETI 3 TOBIIMHOIO IIAPY JOCIIKYBaHOTO po3yrHy 50 MM.

J1J1s BU3HAYCHHS 1HIIUX MTapaMeTPiB BOJU Ta MOJCIBHIX PO3YMHIB 3aCTOCOBYBAJIH:

— yHiBepcanpHuil ioHoMmip EB — 74, U — 160 — mis peectpaiiii 3MiHU BOJTHEBOTO
MOKA3HUKA,

— TDS/EC/pH-metp - 686 — mist BUMiprOBaHHS BOJHEBOIO MOKAa3HHUKA, MTATOMOI

€JIEKTPOIPOBIAHOCTI Ta 3arajbHOI MiHEepasli3allii BOAHUX PO3YHHIB,;
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— ¢otoenexktpokomopumerp KDK-2 — s BUMIpIOBaHHS ONTHYHOI TyCTHHH
PO3UHHIB;

— Baru aHajitTuuHi enekrpornni DHAUS PA 214C, Radwag AS 110/C ta Barm
texnigni Jadever JKH-1000 — it 3BaskyBaHHS 103 PSYOBUHH;

— MmarHiTHa mimanka MM 5 3 HarpiBauem — JJisl IEpeMILTyBaHHs Ta HarpiBaHHS

BOJIHMX PO3YMHIB.
2.4 MaTtemMaTH4Ha 00po0Ka eKCIePUMEHTAJIbHUX JTaHUX

MaremaTuuHy 0OpOOKYy pe3yJIbTaTiB €KCIIEPUMEHTIB MPOBOAMIM MO TaKik cxemi
[119]:

— 3HAXOJWIH cepeHe apupMeTuune PyHKIIi BIATYKY
X=18x, (2.1)
n

— 3HaXOJWJIN OJUHUYHE BIAXUIICHHS

DX, = X, - X (2.2)
— NIEePEBIPSIIU BIAMOBIAHICTh OTPUMAHUX BIAXUIIEHb YMOBI ('§°1DXi =0
— BUPaxOBYBaJIM KBaJIpaTH BIAXWIEHb (DX;)?

— PO3paxoByBaJU CEPEAHIO KBAAPATUUYHY ITOMUIIKY
(o] 2
a(px;)
S =,—/——— 2.3
=2 23)
— BUABJIAJIIN TAa BUKJIFOUYAIN HpOMaXI/I;

— 3HaXOoAWJIN CCPCAHBbOKBAAPATUYIHY ITIOMUIIKY CCPCIHBOIO

_s, |albx)
S Ty (2.4)

— 3aJ1aBAJIMCH 3HAUYEeHHAM HaaiHocTi o = 0,95;

S

— Haxo Uy 3 Tabnuilb KoedimieHT CThiofieHTa tyn U1 3a1aHUX N Ta o,
— 3HaXOJIMJIU OXUOKY pe3yJbTaTiB BUMIPIOBAHHS

DX =E, =t,,S, (2.5)
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— 3HaXOJIMJIN BIJHOCHY OXUOKY

E, =%x100% (2.6)

Pe3ynbTaTH, OTprMaHi METOIOM BapialliiiHOI CTATUCTUKHU MPU 0OPOOII OTPUMAHUX
JAHUX, IPeACTaBJIEHI B 10JaTKy b.

Marematnudny 00poOKy TpadiuyHUX JIaHMX MPOBOAWIHM, 3aCTOCOBYHOUH
anmpokcumariito Qyskuii. B gomarky B mpuBeneHi maTeMaTU4yHI 3aJI€KHOCTI ISt

Mo0y/I0BAaHNX HAa OCHOB1 OTPUMAaHMX PE3YyJbTaTiB IpadiKiB.
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PO3/LI 3
OLIIHKA HETATUBHOI'O BIUIMBY CUCTEM NMOM’SIKILIEHHS
BOJIU HA I'IPOC®EPY

3.1 Ctan BoaHUX 00’ €KTiB Ha TepUTOPii YKpaiHu

Cran BoJHUX 00’€KTIB Ha TEPUTOPIl YKpaiHU € OAHIEI0 3 HAHOUIBII aKTyalbHUX
€KOJIOT1UHHX MpOoOJieM, sika BUMarae HeraiiHoi yBaru. BonHi pecypcu Ykpainu, A0 sSIKHX
HajexaTh PIYKH, O03€pa, BOJOCXOBMINA Ta IMiJ3€MHI BOJAM, 3a3HAIOTh 3HAYHOIO
AHTPOTIOTEHHOTO0 HABAHTAXEHHsI, 110 NPU3BOAUTH JO TMOTIPIICHHS 1X SKOCTI Ta
3MEHIIEHHS JIOCTYTHUX 3aIaciB BOJIU.

OmHuM 13 TOJOBHUX YMHHHKIB, IO BIUIMBA€ HA CTaH BOJHHUX OO’ €KTIB, €
MPOMUCIIOBE Ta CUILCHKOTOCHOAApPChKE 3a0pyIHEHHS. Baxki Meranu, NeCTUIUAH,
OpraHiuHi 3a0pyAHIOBayl Ta 1HII XIMIYHI PEYOBUHU MOTPAILISIIOTH Y BOJIOMMHU pa3oM 31
CTIYHUMHU BOJAaMH, IO CIHpuUA€ aAerpajauli exocucrteMm. 3a gaHuMu Jlep:kaBHOTO
arcHTCTBa BOAHUX pecypciB Ykpainu, Oumpme 60 % moBepXHEBHX BOJHHX 00’ €KTIB
KpaiHU MalOTh BUCOKUU PIBEHb 3a0PYJHEHHS, 110 CTABUTH IiJl 3arpO3y iX €KOJOTIYHUN
OanmaHc Ta BopomoctadaHHs s HaceneHHs [120]. Okpim 3arampbHOro 3a0pyAHCHHS,
3HAUHY yBary CliJi NPUIUIATA MOKa3HUKAM SKOCTI BOJAM, 30KpeMa MiHepasi3alii Ta
KOPCTKOCTI, SIKI MarOTh MPSIMUM BIUIUB Ha €KOJOTIYHMN CTaH BOJOWM Ta 310POB’S
HACEJICHHS.

Misnepasnizaliis BOJU € OJHUAM 13 KJIIOUOBHX MOKA3HUKIB 11 SIKOCT1, SIKUM BigoOpakae
3arajibHy KUIbKICTh PO3YMHEHUX MIHEpAJIbHUX peuoBUH. B YkpaiHi, 30kpeMa y BEIUKUX
plukoBUX OaceiHax, Takux gk JHinpo, [{nictep Ta CiBepchkuii JIOHEIb, CITIOCTEPIracThCA
3pOCTaHHS pIBHSA MiHepaii3amii BoAM. 3a JaHUMHU Jlep)KaBHOrO areHTCTBa BOIHUX
pecypciB YKpaiHu, Ha JEAKUX JUISHKaX PIiYOK MiHepalli3ailisi MepeBUIlye HOPMATUBHI
MOKa3HUKH, IO MOXXEe OyTH HaCIIAKOM CKHAIB IPOMHMCIOBUX CTIYHHUX BOJI,
CUTBCBKOTOCIIOAAPChKOT0 CTOKY Ta €pO31HHUX MPOIIECIB Y IPYHTAX.

3okpema, MIJBHINEHA MiHEpadi3allisi BOJU YacTO CIOCTEpIraeTbcsi B OaceiiHax

pPIYOK Ha MIBJEHHOMY CXOJll YKpaiHH, Je 3HAaYHy POJib BIAITPaIOTh K MPUPOJIHI, TaK i
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aHTPOINOreHHI YMHHUKHU. Hampukian, B pailoHI TPOMUCIOBUX IIEHTPIB MiHEpamizaiis
Bomu csirae 1,5-2 r/nm3, 1o MEPEBUIIYE HOPMATUBHI MOKA3HUKHU JIJIs1 MUTHOI BOJIH.

JKopcTkicTh BOJIM € 1I€ OJHUM BaKJIMBUM TOKAa3HUKOM, SIKMH XapaKTepU3ye
KOHIIEHTpAIII}0 B HIM 10HIB KaJbIlil0 Ta MarHiro. BHUCOKHN piBEHBb >KOPCTKOCTI MOXKE
MPU3BOJUTH JI0 YTBOPEHHS HAKUITY B CUCTEMaxX BOJOMOCTAYaHHS, a TAKOXK HETaTUBHO
BILUIMBATU Ha 37I0POB’A JIIOJICH, CIPUSIOYM PO3BUTKY 3aXBOPIOBAHb HUPOK Ta CEPIEBO-
CYAVMHHOI CUCTEMMU.

B Vkpaini coctepiraetbcsi 3Ha4YHa BapiaTUBHICTh Y TOKa3HUKAX )KOPCTKOCT1 BOJIU
B 3aJIEXKHOCTI BiJ] reorpadiuHoro po3ramryBanHs. Hanpukmnan, y 6aceiinax pidok JHinpa
Ta JlHicTpa BoJia € IEPEBAKHO M’ AKOI0 200 cepeHbOI KOPCTKOCTI (2-6 Mr-exs/mM°), Toi
SK y MBACHHUX Ta CXITHUX PEriOHaX KpaiHW >KOPCTKICTh BOAM MoOe csratu 7-10 wmr-
ex/mm°. Taka cuTyallis € HACHIIKOM BHCOKOI IIPUPOIHOI MiHepamizalii BOIH, a TAKOXK
BIUIUBY aHTPOINOT'€HHOTO 3a0pyAHEHHS.

Piuauii anami3z sikocti Boaw y OaceitHax piuok Bicma, uimpo, Jnictep, JoH,
Jynait ta [TiBnennwnii Byr 3a Tpu nepiogu (uepers 2023, rpynens 2023, munenn 2024)
[121] noka3ye meBHiI 3MiHM Ta TCHJIEHIIIi, SAKi BapTO PO3IJISIHYTH IS PO3YMIHHS
3arajgbHOr0 €KOJIOTTYHOI'O CTaHy LIMX BOJHUX 00’ €KTIB.

baceiin piuxu Bicna. 3a Bci TpH nepioiy KOHIEHTpAIig a30Ty y Bicii 3anuiiaerbcs
CTaOUIbHO BHUCOKOIO, IO CBIAYUTH MPO I1HTEHCHUBHE 3a0pYyJHEHHS a30TOBMICHUMU
crionykamu. lle moke OyTH MOB’A3aHO 3 CLIBCHKOTOCIIOJAPCHKOIO TISUIBHICTIO Ta
IPOMUCIIOBUMU cKuaaMu. biomoriude crokuBanHs KUCHIO (BCKs) Takoxk 3aiHmaeTbest
BUCOKHUM, 0co0muBO B rpyaHi 2023 poky, mo BKa3dye Ha 3HAYHUN PiBEHb OPTraHIdHOTO
3a0pyAHEHHS, SKUW MTPOIOBKY€E BILUIMBATH HA SIKICTh BOAM. 3aBUCI1 pEUOBUHU Y p. Bicna
TaKO0 MOKa3yIOTh 3pOCTaHHS B IPY/HI, 0 MOXE€ OyTH HACHIIAKOM €pO31MHUX MPOIIECIB
a0o aHTpomoreHHoro BIUIMBY. KoHIeHTpaiisi cyiabdaTiB 1 XJIOPUIIB 3aIHUIIAETHCS
BHCOKOIO, 1[0 BKa3zye Ha CTiiike XiMiuHe 3a0pyaHeHHs piuku. KpiMm TOro, 3pocTaHHS
HITPUTIB Ta ¢ocdartiB y rpy/iHi CBIAYUTH MPO MOTIPIICHHS €KOJIOTIYHOTO CTaHy PIUKH,

10 MOK€ HETaTUBHO BIUIMHYTH Ha 010p13HOMAHITTSI.



Tabmuns 3.1 - 3BeaeHa TaOIUI CEpeTHIX TOKA3HUKIB SKOCT1 BOJU B piukax YKpaiHH B Pi3HI MEPIOIU POKY
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Ne PiukoBmii | A3zor, BbCKs, | 3aBucmni peuo- | Kucens, |Cynbsdaty,| Xnopuau, | AMonii, | Hirparu, |Hitputh, | @ocdaru, | SPAR, | XCK,
Oacelin mr/am® | mr Oz/nv® | BuaM, Mr/mm® | mr/om® mr/am® mr/am® mr/mm® | mr/mm® | mr/am® mr/mm® | mr O2/nm® | mr/am®
3a nepiox 01.06.2023-31.06.2023
1 p. Bicma 6,03 8,4 36,17 7,21 132,67 36,67 3,82 2,92 0,73 0,1 0,02 38,33
2 p. Auimpo 0,54 3,38 4,04 71,22 249,35 127,19 0,42 1,69 0,05 1,91 0,02 32,74
3 p. Auicrep | 0,77 2,58 16,5 8,45 40,15 14,38 0,14 2,55 0,1 0,43 0,02 15,02
4 p. don 0,09 0,6 0,09 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
5 p. JdynHait 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
6 p. IliBg. byr | 0,0 4,01 22,0 8,4 250,75 70,64 0,18 0,82 0,02 0,0 0,0 46,58
3a mepion 01.12.2023-31.12.2023
1 p. Bicna 8,2 7,99 41,67 7,9 99,44 47,67 5,6 5,25 1,67 1,13 0,02 37,11
2 p. duimpo 0,98 2,8 7,31 10,05 144,39 72,95 0,45 2,04 0,04 0,22 0,01 31,18
3 p. duicrep 3,05 8,87 13,44 10,19 248,83 787,67 1,07 4,76 0,11 0,21 0,03 39,96
4 p. don 1,49 3,37 - 7,73 240,05 72,61 0,44 4,07 0,05 0,92 - 18,77
5 p. JyHaii 0,78 2,3 7,94 11,42 13,11 9,6 - - - - 0,01 8,26
6 | p. IliBg. byr - 2,94 8,71 9,05 169,63 78,84 0,22 3,14 0,07 0,44 0,04 30,84
3a nepion 01.07.2024-31.07.2024
1 p. Bicna 6,03 8,4 36,17 7,21 132,67 36,67 3,82 2,92 0,73 1,91 0,02 38,33
2 p. duimpo 0,54 3,38 8,04 7,22 249,35 127,19 0,42 1,69 0,05 0,21 0,0 32,74
3 p. dHicrep 0,77 2,58 16,5 8,45 40,15 14,38 0,14 2,55 0,09 0,1 0,0 15,02
4 p. don 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
5 p. JyHaii 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
6 | p. IliBg. byr - 4,01 22,0 8,4 250,75 70,64 0,18 0,82 0,02 0,29 0,0 46,58
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baceiin piuxu /[ninpo. Y Juinpi BMmict a3oty Tta bCKs 3anuiiaroTecs BiIHOCHO
CTaOUTbHUMH, aJie He3HAYHO 3pocTaroTh y rpyaHi 2023 poky. Lle Moxe OyTH TOB’s13aHO
13 CE30HHMMM 3MiHaMU a00 3O0LIBLIEHHSM AHTPONOT€HHOIO HABAaHTAXKECHHS.
KonmenTpariist 3aBucinux pedoBuH y p. JHinpo aemo 3poctae B aumHi 2024 poky, 110
MOX€ BKa3yBaTH Ha BIUIUB BECHSHOIO IMaBOJKY a00 IHIIOrO CE30HHOro (akTopa.
KonunenTpaiii cynbdatiB 1 XJ0puiiB CTaOUILHO BHUCOKI, 110 TMOB’S3aHO 13 TPUBAIUM
XxiMIYHUM 3a0pyaHeHHsIM. He3Baxkarouu Ha 11e, piIB€Hb PO3UYMHEHOT'0 KHUCHIO 3aJIUIIAETHCS
CTAOUIbHUM, IO € TO3UTUBHUM TOKa3HUKOM JUIsl TIATPUMKH BOJHOI €KOCUCTEMHU.
Hitputu Tta dochatu y [Auinpi 3anumaroTbCsi Ha BITHOCHO HU3BKOMY PiBHI, X0o4a y
rpyani 2023 poky criocTepiraeThes iX He3HAYHE 3pOCTAHHS, 1110 MOXKEe OYTH OB’ sI3aHE 13
3a0pYIHEHHSM BiJ CIJIbCHKOTOCTIOAAPCHKUX CTOKIB.

baceuin piuxu /[nicmep. JIHICTEp AEMOHCTPY€E 3HAYHE 3POCTAHHS KOHIIEHTpAIiH
azoty Ta BCKs y rpyani 2023 poky, 1o Bkazye Ha MOTIpIICHHS SKOCTI Boau. e Moxe
OyTH TMOB’S3aHO 3 I1HTEHCUBHUM 3a0pyJHEHHSM a00 3 CE30HHUMHU (aKTOpaMu.
Konmenparii cynbpdatiB i XJOpUAIB 3HAYHO 3pOCTaroTh a0 rpyaHs 2023 poky, 1o
CBIIYUTHh MpPO 3HAYHE XIMIYHE 3a0pyJIHEHHS, MOXKJHMBO, 4epe3 MPOMUCIOBI abo
CUIBCHKOTOCIIOAAPChKI CKUAM. PiBeHb PO3YMHEHOTO KUCHIO B JIHICTp1 3alUIIAEThCA
CTaOIbHO BUCOKHM, 1110 CBIIYUTH MPO OPUPOJIHY 3/IaTHICTh PIUKHU 0 CAMOBIIHOBJICHHS.
[Ipote, 3pocTanHs BMIcTy HITpUTIB i QocdaTiB qo rpynus 2023 poxy CBITYHTH MPO
M1JIBUIIICHUI PU3HK €BTpOQiKaIlii, 1110 MOKE HEraTUBHO BIUIMHYTH Ha BOJAHY €KOCUCTEMY.

baceiin piuku Jlon. Jani mo piumi JloH mnoka3yroTh HH3bKI a00 HYJbOBI
KOHIIEHTpAIlii OUIbIIOCTI 3a0pyJHIOBadiB, IIO MOXE€ BKa3yBaTH Ha HEAOCTATHIN
MOHITOPUHT 200 Ha BIJCYTHICTh 3HAYHOTO AHTPOIOI€HHOrO BIUIMBY. ONIHAK, y TpYJIHI
2023 poky cmoctepiraeTbcss He3HauHe 3pocTaHHs a30Ty Ta bCKs, mo moxke Oytu
CUTHAJIOM MPO MOYATOK MOTIPIIECHHS SIKOCT1 BOJIH.

baceiin piuku /{ynaii. 1ani no piuii JlyHail Takox nMoka3yroTh HU3bK1 200 HYJIbOB1
KOHIIEHTpaIlli OUIBIIIOCTI TOKA3HHWKIB, IO MOXE CBIAYHUTH TMPO BIJIHOCHO J00puid
€KOJIOTTYHUM cTaH abo Mpo HEJOCTaTHIN PIBEHb MOHITOPHUHTY.

Piuka Iligoennuii bye. Y IliBnennomy by3i crioctepiraeTbCs MOMIpHUI PIBEHB

3a0pyAHEHHS, OCOOJMBO MO0 CyNb(aTIB 1 XJIOPUAIB, AKI 3aIMINAIOTHCA CTaOUIBHO
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BUCOKMMH. Lle Moke OyTH MOB’s13aHO 3 MPOMHUCIOBUM 3a0pyTHEHHIM a00 3 TISJIbHICTIO
y CLIbCbKOMY rocnogapctsi. HiTputu 1 ¢pocdaTtu 3amiaroTbesi Ha HU3bKOMY PiBHI, 1110
€ TIO3UTHUBHUM IOKa3HUKOM. IIpoTe, BHCOKI TOKa3HHMKM 3aBHCIMX PEYOBUH Ta
opraniuHoro 3a0pynHenHs (BCKs) Bka3yioTh Ha HEOOXITHICTH IMIJABHINECHHS PIiBHS
MOHITOPUHTY Ta BXKUTTS 3aX0/I1B JIJISl MOKPAIIEHHS SIKOCTI BOJIH.

[Ie ripma cuTyaris Ha TepUTOpli YKpaiHu 3 KOPCTKICTIO NPUPOAHUX BOJ. SKIIO
pO3rIsIaT OBEepXHEBi Bogoimu (puc. 3.1), To Bomoiimu Oinbmie 2/3 ot Teputopii
Ykpaidu BiIPI3HSAIOTHCS MMiIBHICHOO JXOPCTKICTIO Boau [122]. I mumie YepHiriBchka ta

[TonTaBchbka 00J1aCTI MOXKYTh 3a0€3ME€UyBaTH CHOKUBAYiB BOJOIO0 HU3BKOI JKOPCTKOCTI.

m 0-14 Mr-ekB/ame
m 1,5-2,1mr-eks/am®

> 2,2 mr-eks/om®

Pucynox 3.1 — XKopcTkicTh BOIM MOBEPXHEBUX BOAOHM YKpaiHH

Karactpodiuna curtyanis Ha BCii TepuTopii YKpaiHU 3 apTe31aHCbKUMHU BOAAMH,
K1 3aBXJAM BBAXAJIUCS 3aXUILIEHUMH BI1JI AHTPOMOTEHHOI0 BIUIUBY 1 (opMmyBaiu
MaiOyTHIN 3anmac BoAu JroAcTBa. ChOroJiHI MPUAATHI AJIA CIIOKMBAHHS apTe31aHChKI

TOPU30HTH PO3IMOBCIOJKEHI Tak0X B Mexax YUepHiriBcekoi Ta [lonraBchkoi obmacreit
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(puc. 3.2) [124]. Ha iHmMMX TEpHUTOPISX IO HAATO BUCOKOI JKOPCTKOCTI JOMAETHCS
NIJBULIEHUH BMICT CIIONYK 3aii3a, PTopy Ta IHIIMX MiHepaniB. ToMy o4eBUIHO, 1110 3a
TaKMX yYMOB TEXHOJIOTI] MOM SKIIEHHS BOAM MOTpeOyIOTh YM HE HAMOLIBIIOI yBaru

(haxiBIIiB B ranay3i BOJ10OOPOOKH.

KapTa XXOpPCTKOCTiI BOAM:

ApTtesiaHCbKi Aepena

MopcreicTs 40 2 mr-exa/n
Buict ¢ropugie 4o 4 mrin

MopcreicTy 5o 10 mr-exa/n
Bamicr 3aniza go 1 mr/in

Mopcricts go 20 mr-exa/n
BmicT 3aniza po 15 mr/n

Mopcreicts go 30 mr-exa/n
Conesmict go 6 r/n

MopcTeicTs Ao 30 mr-exa/n
ConesmicT po 6 r/n
Bmicr 3aniza go 15 mr/n

Pucynoxk 3.2 — XKopcTkicTs BOoAM apTe31aHCHKUX TOPU30HTIB HA TEPUTOPii YKpaiHu

AHaJi3 KOCTI BOAM BKa3ye€ Ha 3arajbHy TEHCHIIIIO 10 MOTIPIIEHHS CTaHy BOAHUX
pecypciB, ocobnuBo y Oaceitni pidok Bicna ta JlHicTp. 3HauHe 3a0pyIHEHHS a30TOM,
cyJib(paTaMu, XJOpUJIAMH Ta OPTaHIYHUMHU PEYOBUHAMHU BKa3y€ Ha HEOOXI1JIHICTh BXKUTTS
HEBIJIKJIAJHUX 3aXOJIB HIOJ0 OXOPOHU BOJHHUX pecypciB. CTablIbHO BHUCOKI PpIBHI
3a0pyAHEHHS BKa3ylOTh Ha Te€, 0 ICHYIOYl 3aXOJM HEJOCTAaTHI JJis 3aXUCTy BOJHHUX
€KOCUCTEM 1 MOTPiOHI OLIBII KOPCTKI PEryJIIOBaHHS Ta MOKPAILEHHS MOHITOPUHTY IS
3a0e3MeUeHHs €KoJoriyHoi Oe3neku. OcoOnMBOi TOCTPOTH HAOYyBAaIOTh NHTAHHS

BOJ03a0€3ME€YEeHHs B YMOBAaX BIMCbKOBOT arpecii.
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3.2 Cyuachi 3aco0u 3HHMKEHHSI KOPCTKOCTI Ta MiHepaJizauii Boau B
no0yToBHUX Ta 0(piCHUX YMOBaX

3pocraroya yBara J0 SIKOCTI MUTHOI BOJY CTUMYJIOE€ PO3BUTOK TEXHOJIOTIN NJis
3HMKEHHS 11 )KOPCTKOCTI Ta MiHEpalli3alii, 10 CTa€ Jeaal aKTyaJbHIIIUM MUTAHHIM Y
Cy4acHOMY CYCHUIbCTBi. 3 OTrJISily Ha YMCICHHI JOCHIKEHHS, SKI HIATBEPIKYIOTh
IIKIIJTMBUM BIUTMB KOPCTKOI BOJAM HA 3J0pPOB’S JIIOAWMHU Ta CTaH MOOYTOBOI TEXHIKH,
MONUT Ha e(PEKTUBHI PIIICHHS JJIs ii MOM AKIIEHHS CTPIMKO 3POCTAE.

’KopcTka Boja MICTUTH MIJBHUINEHUN pPiBEHb PO3YMHEHHUX MIHEpPAIB, 30KpeMa
10HIB KajbIlil0 Ta MarHiro. BHCOKHMII BMICT ITMX €JIEMEHTIB MOXKE€ MNPHU3BOJAUTH 0
YTBOPEHHSI HAKUITY HAa BHYTPINIHIX MOBEPXHIX BOJOHATPIBATIbHUX MPHUIIAJIB, TAKUX SK
Ooiisiepu, MpajibHI Ta MOCYJOMUMHI MAaIllMHM, IO 3HAYHO 3HUXKYE iX €(EeKTUBHICTH Ta
CKOpOUy€ TepMIH eKciutyaTaiii. Hakun He nuiiie noripuiye Temionepeaayy, 3MyIyodu
MpUIaau NPaLIOBATH 3 MJBUIIEHOI0 €HEPTOBUTPATOIO, alie M MOYKE BUKIIUKATU CEPIlO3HI
MOJIOMKH, $IKi BUMAraroTh JOPOroro peMOHTY ab0 HaBITh MOBHOI 3aMIHU O0JIaHAHHS.

Kpim Toro, opcTka BOJa HETaTUBHO BIUIMBAE HA 3J0POB’Sl IMIKIPU Ta BOJIOCCH.
PerynsipHe BUKOPUCTAHHS TaKOi BOAM MOKE CIIPUUYUHATU CYyXICTh IIKIPH, TOAPA3ZHEHHS
Ta HaBITh 3arOCTPEHHSI XPOHIYHUX AEPMATOJIOTIYHUX MPOOJieM, TaKUX K eKk3ema abo
ncopia3z. Bosoccs, mig BIUIMBOM >KOPCTKOiI BOJM, CTa€ JIAMKHUM, BTpayae OJHUCK 1
eIacTUYHICTh. Jjis 6araThoX Jr0jACH Il HACTIIKU CTal0Th 3HAYHUM JUCKOM(OpPTOM, 110
CIIOHYKa€ iX J0 MOIIYKY €(EeKTUBHHX PIIIEHb JJis MOM’SIKIIEHHS BOJM B JIOMAIIIHIX
YMOBaXx.

CyuacHi TEXHOJOT1i MPOMOHYIOTh IIUPOKUN CIEKTP PIlIeHb ISl TOM’ SIKIICHHS
BOJIM Ta 3HWKECHHS i1 MiHepasi3ailii, K1 CTalOTh BCE OLIbII JOCTYIMHUMH SK IS
noOyTOBOro, Tak 1 Ay O(pICHOTO BUKOpPUCTAaHHS. [OHHOOOMIHHI (IUIBTPH, CUCTEMHU
3BOPOTHOI'O0 OCMOCY, MarHiTHI Ta €JIEKTPOMArHiTHI CUCTEMU — ycCe€ 1€ JUIIEe YaCcTHUHA
Cy4aCHHUX PIIIeHb, 10 JO3BOJISIIOTh 3HAYHO MIABUIIUTH SKICTh Boau. Bubip TexHomorii
3QJIEKUTh BiJI KOHKPETHHMX YMOB Ta MOTpPEO CMOXKKBaya, a TaKOX BIlJ MOYATKOBHX

XapaKTEPUCTUK BOJIU.
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3acToCyBaHHA TaKUX TEXHOJOTIM Ma€ BaXJIMBE 3HAUYEHHS HE JUIIe s
M1JIBUIIIEHHS KOM(OPTY Ta SIKOCT1 XKUTTS, aje U JJi9 3HUKEHHS eKCIUTyaTal[iiHUX BUTpAT
Ha OOCIyroByBaHHSI MOOYTOBOI TEXHIKW. BUKOpHUCTaHHS MOM’SIKIIIEHOI BOJAU JT03BOJISIE
30UTBIIUTH €(PEKTUBHICTh POOOTHU MPUIAIIB, 3MEHIIUTH BUTPATU HA EJIEKTPOEHEPTiIo,
MPOJIOBXKUTH TEPMIH iX CHY>KOM Ta 3HU3UTU PHU3UK TOJOMOK. Kpim TOro, umcra,
MOM’sIKIIIEHa BOAA CHpPUsSi€ MIATPUMAHHIO 3JI0POB’Sl MIKIPU Ta BOJIOCCS, 3MEHIIYIOUH
noTpedy B I0AATKOBUX KOCMETUYHUX 3ac00ax JUIs X TOTJISIAY.

3arajioM, BIPOBA/KEHHS CYYAaCHUX TEXHOJOTIN NJii 3HUKEHHS MOPCTKOCTI Ta
MiHepai3allii BOJU CTa€ HEB1J €MHOIO YACTHHOIO MOBCSIKICHHOTO KUTTS, 3a0€3MeUyoun
HE Juie KoM$opT, ajie i eKOHOMIYHI Ta €KOJOT19H1 BUTOJIH.

lonHOOOMIHHI (DIIBTPU € OJHUM 13 HAUMOIIUPEHINIUX Ta €PEKTUBHUX METOIB
3HI)KEHHSI JKOPCTKOCTI BOJM, IO 3a0€3MEe4yIOTh i1 KOHAMIIOBAHHSA JUIsl IIUPOKOIO
CIEKTPY 3aCTOCYBaHb, BiJ MOOYTOBUX A0 mIpomucioBux. lleit Meron Oasyerbcsi Ha
mporieci 10HHOTO OOMiHy, Mpu sKoMmy ioHHM Kajiblito Ca?* ta marmito M@?, mo €
OCHOBHUMHU YMHHUKAMU KOPCTKOCTI BOJM, 3aMIHIOIOThCS HAa 10HU HaTpito Na* abo BoHIO
H* [125].

3acTocyBaHHSI I0HHOOOMIHHUX (DUIBTPIB J03BOJISIE YHUKHYTHU TPOOJIEM YyTBOPEHHS
HaKunmy B TpyOONpoBoAax, BOJAOHArpiBadax Ta IHIIMX CHUCTEMAaX BOJIONOCTAYaHHS,
OCKUIBKH MiJ] 4ac MPOXOJKEHHS BOJIU Yepe3 (PUIbTP 10HU KaIbI[II0 Ta MarHito e()eKTUBHO
BWJIY4alOThCS 3 BOJIM, 3aMIHIOIOUMCH HA 10HU HATPit0 a00 BOAHIO.

[Iporiec 1oHHOrO 0OMIHY BiAOYBAa€THCS Yy CHELIATBHOMY 10HHOOOMIHHOMY
CEpEeIOBHIII, 3a3BHYAM 11€ CMOJIH, K1 MalOTh BUCOKY CEJIEKTUBHICTH JO 10HIB KaJbIIIIO Ta
MarHit0. CMOJIH 3aps/I>KeH]1 HETaTUBHO 1, BIIMOBITHO, MPUTSATYIOTh MO3UTUBHO 3apsiIKEHI
10HU 3 BOAW. Y MOMEHT MPOXOJKEHHS >KOPCTKOI BOAM Y€pe3 CMOIY, 10HM KaJblilo Ta
MarHiro 3aTpUMYIOThCS Ha 1 MOBEPXHI, @ HATOMICTb Y BOJIy BUBUIbHIOIOTHCS 10HU HATPIIO
abo BojHtO [126].

3aBIsSKUM 1bOMY MEXaHI3My, 10HHOOOMiHHI (UIbTpU 3AaTHI 3a0e3nevyyBaTh
TpuBanuii mepiosy edeKTUBHOI poOOTH, Mepul HIXK HEOOXiIHO Oyle MNpoBeCTH
pereHepaiio CMOJIH, [0 TaKOX € BAXIMBOIO IepeBaror Iporo meroay [126].

Perenepariisi, 3a3Bu4ail, 3A1MCHIOETHCS MIJISAXOM MPOMHUBKH CMOJM PO3YMHOM XJIOPHUIY
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HaTpiO, IO J[J03BOJIAE BIAHOBUTH i1 10HOOOMIHHI BJIACTHBOCTI IS TOJAJBIIOTO
BUKOpHCTaHHs [127].

Bapto 3a3HaunTtH, 110 10HHOOOMIHHI (PUIBTPHU € HE TUIBKUM €(PEKTUBHUMHM, aje i
€KOJIOT1YHO 0€3MeYHUMU, OCKUTBKU HE JOJAI0Th Y BOJY MOJHUX MIKIJIMBUX PEYOBUH, a
JIMIIE 3MIHIOIOTH 1i XIMIYHUM cKJa. Lle poOuTs iX ieanbHUM PIIIEHHSIM JJIS OUMIICHHS
BOJIM SIK B YMOBaX IMPOMUCIIOBHX ITIITPHEMCTB, Tak 1 y mooyToBux norpedax [128].

3BOPOTHUI OCMOC € OJIHI€I0 3 HAUOUIBIN €(DEKTUBHUX TA MOMYJSPHUX TEXHOJIOT1H
JUISl OYMIIICHHSI BOJM SIK y MOOYTOBHX YMOBAaX, Tak 1 B MPOMUCIOBUX yCTaHOBKax. Lls
TEXHOJIOTis 3MaTHAa BHAATUTH a0 99 % po3umHEHWX MiHEpaliB, COJieH, OpraHIYHHX
CIOJIYK, OakTepiil Ta 1HIMMX 3a0pyAHIOIOYMX PEYOBHH, 3a0€3MeUylourd TaKUM YHUHOM
BUCOKOSIKICHY TUTHY Boay [129]. IlpuHumm poOOTH CHCTEMH 3BOPOTHOTO OCMOCY
MOJISITA€ Y BUKOPUCTAHHI HAMIBIPOHUKHOT MEMOpPaHH, KA MPOMYCKA€E TUIbKU MOJICKYJIH
BOJIM, 3aTPUMYIOUH TPH IIbOMY OUTBIIICTh iHIUX YyacTHHOK [130].

[Ipo1iec 3BOPOTHOTO OCMOCY MOUYHUHAETHCS 3 MOMEPEIHLOIO OUUIIICHHS BOJH, L0
BKJIIOYAE MEXaHIYHy (PUIbTpaIlil0 BEJIUKUX YACTHMHOK, TAaKUX SIK MICOK, MYJ Ta IHIII
cycnensii. [lani Bojia mij TUCKOM MPOXOJUTH Yepe3 HaIIBIPOHUKHY MeMOpaHy, sKa €
KJIFOYOBUM €JIEMEHTOM cucTeMu. MeMOpaHa MponycKkae MOJIEKYJIU BOJH, aje YyTPUMYE
10HM, MOJIEKYJIM Ta YAaCTUHKH, PO3MIp AKUX OUIBIIMI 3a po3Mip Mojekyiau Boau. Lle
J103BOJIsIE €PEKTUBHO BUAAJISITH PO3YMHEHI COJIl, BaXKKI METaJIU, HITPATH, XJIOP, & TAKOXK
MIKpOOpraHi3Mu, Taki sk 6akrepii Ta Bipycu [131].

OpHi€ro 3 TOJOBHUX MEpPeBar 3BOPOTHOIO OCMOCY € MOro 3aTHICTh OUUILATH BOJLY
B1JI MPaKTUYHO BCIX TUMIB 3a0pyAHIoBaviB. Hanpukian, y BUnajkax, KOJu B JpKepesax
BOJM TMPHUCYTHI BUCOKI PiBHI 3a0pyIHEHb, TaKuUX SK HITpaTH ab0 BaXKl METalH,
3BOPOTHUN OCMOC MOX€E 3a0€3MeUUTH TaKy SIKICTh BOAM, III0 BOHA CTaHe OE3MEeYHOIO0 JJIsi
BxxuBaHHs [132]. Lle 0co0MMBO akTya bHO y perioHax 3 BACOKHM PiBHEM IPOMHCIOBOTO
3a0pyaHeHHs a00 B MICIISIX, 1€ BAKOPUCTOBYETHCS BOJIA 3 MIA3EMHUX JIXKEPE, sIKI TAKOXK
MOXYTh OyTH 3a0pyaHeHi [133].

Kpim TOTr0, 3BOPOTHUI OCMOC HIUPOKO BUKOPUCTOBYETHCS B O(hicax Ta >KUTIOBUX
OyJIMHKaxX, Je¢ HEoOXiJHO 3a0e3MeuUeHHs SKICHOIO MUTHOK BOJoi0. CydacHl CHUCTEMU

3BOPOTHOT'O OCMOCY MOKYTh OYTH KOMIAKTHUMU Ta €HEProe(PEeKTUBHUMU, IO POOUTH 1X
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3pyYHUMH JUISI BUKOPHUCTaHHS B JomamHiXx ymoBax [134]. BoHm MOXyTh
BCTAHOBJIIOBATHCS M1 PaKOBHUHY a00 OyTH YacTMHOK OUIBII CKJIAJHOI CHCTEMU
BOJIOTIOCTAYaHHS.

3BOPOTHUII OCMOC TaKOX 3HAMIIOB 3aCTOCYBaHHS y IMPOMHCIOBOCTI, 30KpeMa B
XapyoBii, GapmManeBTHUUHIN Ta KOCMETUYHIN. Y HUX Tally3s1X BUKOPUCTOBYETHCA YMCTA
BOJIa, KA € HEOOXITHOIO JIJII BUPOOHMIITBA MPOIYKI1 BUCOKOI sikocTi [135]. Cuctemu
3BOPOTHOT'O OCMOCY J03BOJISIIOTH OTPUMYBATHU BOJAY 3 HU3BKUM BMICTOM JOMIIIOK, IO
BI/IMOBIa€ BUCOKUM CTaHJapTaM SIKOCTI.

IToripu cBOi YMCIIEHHI MEpeBaru, 3BOPOTHHH OCMOC TaKOXX Ma€ CBOI HEIOJIKH.
[Iporec dinbTpaiiii € JOCUTH MOBUIBHUM, a TAaKOXK MPU3BOAUTH O YTBOPEHHSI 3HAYHOI
KUTBKOCTI CTIYHHUX BOJ, 5IKI MOXKYTb cTaHOBUTH Bia 50 % 1o 80 % Bix 3aranbHOTO 00’ €My
BOJM, 110 HAAXOIUTh 10 cucTeMu. Lle o3Hauae, M0 3HaYHA YaCTUHA BOJU BUTPAYAETHCS
HE €KOHOMHO. Jlo Toro kX, MeMOpaHu 3BOPOTHOTO OCMOCY HOTPEOYIOTh PETYJISPHOTO
00CITyroByBaHHS 1 3aMiHH, 1[0 MOX¢E 30UIBITUTH BapTICTh eKCIUTyaTtaiii cuctemu [136].

Takox ciif 3a3HaYUTH, 1O BOJA, OTPUMaHa 3a JOMOMOI'OI0 3BOPOTHOTO OCMOCY,
MOXke OyTH HAJTO YKMCTOI, MO30aBJICHOIO MPHUPOJHUX MIHEpANiB, SIKI BaXKJIUBI JJIS
3mopoB’st roauan [137]. Lle Moke OyTH 0COOIMBO aKTyaabHUM y BUIIAJKAX TPUBAJIOTO
BUKOPUCTAHHS TaKOi BOAM JUIsl MUTTA. J1J1st BUpIlIeHHS 111€1 TpOOIeMU B IEIKUX CUCTEMaX
3BOPOTHOTO OCMOCY TMepeadayeHo chelialibHl KapTpUIXKi, $KI TOBEPTAIOTh BOJI
HEeoOX1JTHI MiHepaJTi, 30aradyrouu ii KOpucHUMU ejieMeHTamu [138].

3arajioM, CHCTEMH 3BOPOTHOI'O OCMOCY € TIOTY>KHHM 1HCTPYMEHTOM JIJisi
3a0€e3MeUeHHs] BUCOKOSAKICHOI BOJAM B pI3HUX cdepax KuUTTd. BoHu edekTuBHO
BUJIAJIAIOTH IIUPOKUHN CHEKTp 3a0pyIHIOBAYiB, 3a0€3MeUyI0UH SIKICHY 1 YHCTY BOJY, LIO
poOUTH TX HE3aMiIHHUM BHOOPOM JTst Oaratbox kKopuctyBadis [139].

MarHiTHi Ta €IEeKTPOMArHITHI CUCTEMHU [JIsl TOM’ SIKIIEHHS BOJIU HAOUParoTh
MOMYJISIPHOCTI SIK CYYaCHUM Ta €KOJIOTIYHO O€3MEYHUN 11X 1T 10 3MEHIIIEHHS YKOPCTKOCTI
Boau. Lli cuctemu BIIMBAIOTH HA CTPYKTYpPY MIHEpPAIbHUX COJIEH Yy BOJl, 30KpeMa
KaJIBI[II0O 1 MAarHilo, 3MIHIOIYM IXHIO KpUCTaliuHy ¢(opMmy Tak, 100 BOHH HE

0CaDKyBaJIUCh y BUTIISAI HakuImy. Lle mocaraerses 3a TOMMOMOTOI0 MarHiTHUX TOMIB, SK1
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BIJIMBAIOTh HA XIMIYHI 3B’S3KM 10HIB, 3MEHIIYIOUM iX 3JAaTHICTh yTBOPIOBAaTH OCaj Ha
MOBEPXHsIX TPYO 1 modyToBuxX npwianis [140 — 141].

OnHiero 3 TOJIOBHMX TMepeBar IMX CUCTEM € Te, 10 BOHU HE MOTPeOYyHOTh
BUKOPHUCTaHHS XIMIYHHUX pEareHTiB YW 3aMiHU (QUIBTPIB, M0 POOUTH IX MEHII
BUTPAaTHUMH B €KCIUTyaTallli Ta OUIbII JIPY>KHIMH IO AOBKULIA. BOHM Takox 3Ha4HO
MPOCTIII y BUKOPUCTAHHI, OCKUILKH HE TIOTPEOYIOTh CKJIATHOTO 00cyroByBaHHs [142].
BcTaHoBieHHsST MarHiTHMX [OM’SIKIIyBaydiB BOJM, 3a3BUYai, mnependadae mpocTe
KPIIJICHHS] MarHiTiB 10 30BHINIHBOI YaCTUHU TPYO, Yepe3 K1 MPOXOAUTH BOJA.

OnHak iCHYIOTH 1 TIEBHI OOMEXEHHSI Ta BUKJIMKHU, MOB’SI3aHI 3 BUKOPUCTAHHIM
MarHiTHUX cucteMm. Hampukian, epexkTUBHICTh TaKMX MPUCTPOIB YACTO 3aJEKUTh Bij
BJIACTUBOCTEHN BOJH, IO OOPOOIISIETHCS, a TAKOXK Bl KOH(ITypallii Ta CUIM MarHiTHOTO
nosisi. HaykoBa criibHOTa JOC1 HE A1MIIIIA OJHOCTAHHOT TYMKH 11010 €()eKTUBHOCTI IIUX
CUCTEM, OCKUIbKH PE3yJbTaTU AOCHIKEHb MOXYTh OYTH CynepewinBUMH. JlesKki
JOCHIIKEHHS TTOKa3yIOTh 3MEHIIICHHS] YTBOPEHHS HAKHUITY, TOJl SK 1HIIN HE BHUSBISIOTH
3HAYYIIMX BIIMIHHOCTEH y MOPiBHAHHI 3 HEOOpoOIeHOr0 Boot0 [143].

BaxuBo 3a3HaunTH, 1110 MAarHITHI CHCTEMH, X04a 1 €DEKTUBHI B ICTKUX BUIAIKaX,
ajie He MOXYTh MOBHICTIO 3aMIHUTU TPaJAUIIAHI METOJIU MOM’SIKIICHHS BOJM, TaKl SIK
10HHUM OOMIH. BoHM Kpaimie MmAXOAATh [Jis TIOM SKIICHHS BOJIW 3 HEBEIUKOIO
KOHIIEHTPAIIIEIO0 10HIB MarHii0 Ta Kaibllito. [le Hemoporuii 1 eKoJIOTIYHO YUCTHH METOI
O0OpOTHOM 3 HAKUIIOM, aj€ B perioHax 13 JIye >KOPCTKOI BOJOI0 HOro e(eKTUBHICTh
MOX€e OyTH HE1I0CTATHBOIO.

KomrmiekcHi cUCTEMU OYUIIIEHHS BOAM CTAlOTh JAeAail MONMYJISIPHIIINMU HA PUHKY
3aBISKH 1X 3IaTHOCTI MOEAHYBATU PI3HI TEXHOJOTII /Il JOCSITHEHHS HAaWMBUIIOTO PIBHS
OuMIlleHHs Ta Oe3neku. Taki cucteMu 00’ €AHYIOTh AEKUIbKa METOAIB (iabTpalii Ta
OUMUILIEHHS, IO J03BOJIsA€ €(PEKTHUBHO BUIANATU MIUPOKUM CHEKTp 3a0pyAHIOBAUIB.
Hanpuknan, cuctemu, siKi NOEAHYIOTh 10HHOOOMIHHI MPOUECH 13 3BOPOTHUM OCMOCOM,
3a0e3Mmeuy0Th €(PEKTUBHE BUAAJICHHS BaXXKKMX METATIB, COJICH Ta IHIIMX IIKIIJIMBUX
PEYOBHH.

3BOPOTHUIM OCMOC € OJIHIEI0 3 KJIIOYOBUX TEXHOJOTIA y TakuxX cucreMmax. BiH

3abe3neuye BumaneHHs 10 99 % po3unHEeHHX y BOJII PEUOBUH, BKITIOYAIOYH COJi, OakTepii
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Ta Bipycu. [IpoTe, cucremMu 3BOPOTHBOIO OCMOCY MOXYTh 3aJIUIIATH BOAY O1AHOIO Ha
KOPHCHI MiHEpaJI, 110 MOXE BUMAaraTH JIOAaTKOBHX €TaImiB JoMiHepaizaiii [144].

loHHOOOMIHHI CMOJIH, IO YaCTO BUKOPUCTOBYIOTHCS B KOMILUIEKCHUX CHUCTEMaX,
IOIIOMAararTh BUOAISATH 10HM Ba)XKKMX METAJIIB Ta 3aMIHIOIOTH 1X Ha HEMIKIIJINB1 10HH,
TaKl K HaTpi ado Kamii. Lle € BaXTMBUM €TaroM OYMIIEHHS, OCKIJIBKH Ba)KK1 METaJIH,
Taki SIK CBUHEIb a00 PTYyTh, MOXKYTh OyTH HaJI3BUYAWHO HEOE3MEYHUMU IJIsi 370POB’S
[145].

JlonaTKOBI CTyNEHI OYMINEHHS, Taki sk yiabTpadioneroBa (YD) crepumizaris,
JOTIOMAararoTh 3HUIIUTH MIKPOOPTaHi3MHU, Kl MOXKYTb OyTH NpUCYTHI y BoAl. Y D-nammu
JI0Th Ha KJIITUHHOMY piBHI, pyinytoun JIHK Gakrtepiii, BipycCiB 1 IHIIUX HNaTOT€HHUX
MIKpOOpPraHi3MiB, poOJIsTYH BOAY OC3MEUHOIO JUIs CIIOKUBaHHs [146].

ByrinbHi GUIbTpH, 10 BUKOPUCTOBYIOTHCS B IIMX CUCTEMAX, BUJAJISAIOTH OpraHIyH1
3a0py/IHIOBaYi, XIMI4HI CIIOJIYKH Ta HEIPUEMHI 3an1aXu. AKTUBOBAHE BYT'UULJISI MA€ BUCOKY
3IaTHICTh aJcOpOyBaTH 11l PEYOBUHHU, 110 POOUTH BOAY UYHUCTIIIOK Ta MPUEMHIIION Ha
cmak [147].

[{i KOMIUJIEKCHI CUCTEMHU OYMIIEHHS BOAM YaCTO 3aCTOCOBYIOTHCS y MOOYTOBHX
YMOBax, Ha MIJMPUEMCTBAX Xap4yoBOI MPOMHUCIIOBOCTI Ta B 1HIIUX cdepax, 1€ HE0OX1THO
3a0€3MeYNTH BUCOKUN pPIBEHb AKOCTI BOJAU. BOHU JA03BOMNSAIOTH CHIOXKMBAayaM OTpPUMATHU
YUCTY BOJly 3 BUCOKMMH MOKa3HUKAMH SIKOCTI, IO BIJIMOBIA€ Cy4aCHUM CTaHJapTaM

OE3IEeKH.

3.3 byaoBa THIIOBOI iOHHOOOMIHHOI YCTAHOBKH MOM’SIKIIIEHHSI BOJIH CePeIHbOI
MOAYKTHUBHOCTI

Cepen BCix mepepaxOBaHUX BHIIE METOIIB MOM’ SKIIIEHHS BOJM B MOOYTOBUX Ta
o(iCHUX yMOBax HaOLIbIlIe PO3MOBCIOAXKEHHS OTPUMAIM 10HOOOMIHHI YCTaHOBKH.
TumoBa 10HHOOOMIHHA yCTAHOBKA CKJIQJA€ThCS 3 KUIBKOX KIIOYOBHUX KOMIIOHEHTIB,
cepen skux kopnyc (0ak), I0HHOOOMIHHA CMOJIa, pereHepalidiHui O0ak 1 Kepyroduil

kianad. Kopnyc, 3a3Buyail, BUTOTOBIJISIETHCS 3 MIIIHUX MaTepialliB, TAKUX K MOJIIETHIICH
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a00 CKJIOBOJIOKHO, 3/IaTHUX BUTPUMYBATH BHCOKUU THCK 1 arp€CHUBHUM BILUIUB BOJIU.
VYcepenuni boro 0aka 3HaXOAUTHCSA 10HHOOOMIHHA CMOJIa, SIKa € OCHOBHHUM €JIEMEHTOM
ycTtaHOBKU. CMoJa CKIAJa€eThCA 3 MaJEHbKUX C(EpUUHHUX TpaHysl, BUTOTOBJICHHUX 13
CUHTETUYHUX IMOJIMEpPIB, TAKUX SIK MOJICTHPOJ, M0 MOAU(IKOBAHUN CYyIb()OHOBUMU
rpyrnaMH JUisl HaJaHHSI HoMy 10HHOOOMIHHMX BiacTUBOCTeH [148].

[Tpunuun poOOTH 10HHOOOMIHHOI YCTAaHOBKHM 0a3yeThCsi Ha MPOLECT 10HHOTO
oOMiHy, i1 9ac sskoro i0HU KanbIlito Ca?" ta marxiro MQ?" 3aMiHIOIOTHCS Ha 10HU HATPIFO
Na*. Boga mpoxoauts yepe3 map CMOJIH, 1 KaJdbllli Ta Mardiid 3aMIHIOIOThCS Ha HATPINA
3aBISKM BHCOKIA a(iHHOCTI IIMX 10HIB JO aKTHMBHUX LIEHTPIB CMOJM. Taka 3aMiHa
B110yBa€ThCS Yepe3 Te, 110 10HU KaIbI[II0 Ta MarHil0 MalOTh BUINY a(iHHICTH JO CMOJIH,
HDK 10HHM HATPilO, IO J03BOJSE iM €()EKTHBHO BHUTICHITH HATPid 3 aKTMBHUX IIEHTPIB
CMOJIU Ta 3aKpiIUTIoBaThCs Ha Hiit [148].

Perenepartiisi cMONIM € HEBIJ’€MHOIO YAaCTHMHOIO MPOIECY, OCKUIbKK B MpoIeci
eKCILTyaTallii CM0oJIa HOCTYIIOBO HACUYY€EThCSA 10HAMU KaJIbLIIFO T4 MATHIIO 1 BTPAya€ CBOIO
3aTHICTh /10 10HHOrO OOMiHY. /Iy BIJHOBJIEHHS M€l 3JaTHOCTI 4Yepe3 CMOIY
MPOMYCKAIOTh COJBOBUM PO3YMH 3 BHUCOKOI KOHIICHTPAIEIO 10HIB HATPIIO, SKUM
BHUTICHSIE KaJblllil Ta MarHii 31 CMOJIM, 3aMiHIOIOUM iX Ha Hatpid. Ilicas mporo cMmona

MIPOMUBAETHCS YUCTOKO BOJIOKO, 1 YCTAHOBKA IMMOBEPTAETHCS 10 HOPMAIbHOI poOoTH (pHC.

3.3) [148].

Bopa 3 BUCOKMM piBHEM YKOPCTKOCTI
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Pucynoxk 3.3 - [Ipuniun poGoTH i0HHOOOMIHHOT YCTaHOBKH
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IloHHOOOMIHH1 yCTaHOBKHM OYyBalOTh PI3HMX THIMIB 3aJIEKHO BiJ NOTped 1 yMOB
ekcrutyaranii. HalimommupeHimmMu € 0JHOOAKOBI CUCTEMH, SIKI BUKOPUCTOBYIOTHCS B
noOyToBUX yMOBax. BoHU ckiagaroTbes 3 0AHOro Oaka 31 CMOJIOKO 1 pereHepariiHoro
Oaka. Ilix yac perenepamnii cucremMa TUM4YacoBO He 3a0e3nedye mojady oM’ sIKIIEHOI
BOJIY, 1[0 MOK€ OyTH HEJIOJIIKOM y BHUIIAJIKaX, KOJIHM BaXXJIMBO 3a0€3MeUUTH Oe3NepepBHY
nojayy BOAM. Y TMPOMHCIOBUX YMOBAaX YacTO BHKOPUCTOBYIOThCA 0araTo0akoBl
CUCTEMHM, SIKI JO3BOJIAIOTH MPOBOJAMTH pEreHepaliro OoJHOro Oaka, TOAl SK 1HIII
NPOJOBXKYIOTh IMpaLIOBaTH, 3a0e3neuyroun Oe3nepepBHY MoAady NOM SKIIEHOI BOIU
[149]. Cxema BUKOpHCTAHHS Ta OYMILECHHS I0HHOOOMIHHOI CHCTEMHM ITOM’SIKIIIEHHS BOIU

Ha/aeThes Ha puc. 3.4 [150].
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NpoOMHBaHHA
l i } T T T KoHUeHTpoBaHHHA
T Teki po3uunH NacCl _"g"_1
A TR AT O
E‘i‘zi Of-{:;c. rlq?‘zi J‘{.‘?‘-‘ E:c‘* f-&??,
.: t. ‘;‘ f‘.‘. i? M r.: ‘;?. H
soft water S FobATEN Bianpausoeaxa [ L) SRt
..9.4.1.4.9.) .$.9.4.9.9.1.) i .3.9.9.8.0.1.)
BxigHa Boga
4. NosinbHe NDOMMBaHHA 5. llBMakKe npoMMBAaHHA
I
BxigHa L ¢ l
BOAaa ";1 _ﬁ:r‘
AR T
e o e
LA R
i "??Jﬂ‘ fi Ly, ‘Js
BignpauboBaHa . ME AR Bi < o} e T
i SEEEELY R 13988333

Pucynok 3.2 - Cxema ekcruyarailii ioHHOOOMIHHOT CHCTEMH TIOM SIKILIEHHS BOJIU

ABTOMaTH3alisl MOpPoOUECy TIOM SKIIEHHS BOJAM 3a0€3MeUyeThCsl KEPYyHOUUM
KJIaIIaHOM, SIKUW PETyJIO€ MOTIK BOJAM YEPE3 CUCTEMY 1 aBTOMATHUYHO 1HIIIIOE MPOLIEC
pereHepauii cmoiu. 3alexHO Bl KOHQIrypauii CHUCTEMH, KIalmaH Moxe OyTu

MEXaHIYHUM ab0 eNeKTpPOHHUM. EJeKTpOHHI KjamaHu, 3a3BU4ail, 3a0€3Meuyl0Th OUIbII
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TOYHMA KOHTPOJIb 1 MOXYTh OyTH HaJalITOBaHI Mji1 poOOTM B PI3HUX YMOBax
ekcIuryaramnii. BoHu 103BOJSIOTE ONTUMI3yBaTH IPOLEC TOM SIKIIEHHS BOJIU, 3HHKYIOUU
BUTPATU HA EKCILUTyaTaIlll0 Ta MABUIYIOUH €()EeKTUBHICTh POOOTH CUCTEMH.

[TpakTHYHA cXeMa TUIIOBOI 10HOOOMIHHOI YCTaHOBKH MpHUBeAcHA Ha puc. 3.5 [151].

KEPYHOUA TOJTIOBKA  KJTAMAHW PETEHEPALITT

BXI/1 YKOPCTKOT BOIN BUXI[ MOM'AKIEHOT BOAU
e —— — =
IHXKEKTOP /
BAK [17151 COJIIHOIO PO3YMHY ERYEIOEA :BEPXHIN JU®Y30P

, I OPEHAYKHA NIHIA
[ = NOM'SAKIYBAYA

\__/—___-_‘] T
1 CMOJIA

CONAHWIA BUXI/IHWIA KONEKTOP
PO34YMH /
CUIb + CONAHUIA
PO34YMH »
Y. |
B\ -DEBRIS = |

Pucynok 3.5 — [IpakTtuuna cxema TUIIOBOi 10HOOOMIHHOI yCTaHOBKH

3.4 Ouinka HEraTUBHOIO BIUIMBY HA JOBKIJJIA Pi3HUX CHCTEM MOM’SIKIIIEHHS
BOIH

O1iHKa HETaTUBHOTO BIUIMBY Ha JOBKULISA PI3HUX CUCTEM IMOM’SIKIIIEHHS BOJU €
BAXKJIMBOIO CKJIQJIOBOI0 B KOHTEKCTI CTajOr0 PO3BUTKY Ta 30€pEKEHHS MPUPOIHHUX
pecypciB. Bubip BiJMOBIIHOI TEXHOJNOTII BOAOOYHUIICHHS 3aJ€XUTh HE JUINE Bia il
e(EeKTUBHOCTI, aJie ¥ BiJ TOr0, HACKUIPKM BOHA BIUTMBAE€ Ha HABKOJUIITHE CEPEIOBUIIIE.

Po3ristHeMo eKoorivHi aclieKTH poOOTH PI3HUX MOJIENICH CHCTEM TOM’ SKIIIEHHS BOIH,
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BpPaxOBYIOUM 1XHI BIUTUBU Ha €HEProePEeKTUBHICTh, BUKOPUCTAHHS PECYPCIB, YTBOPEHHS
BIJIXO/IIB Ta 3arajibHUI BYTJICLIEBUI CII1J] HA OUHUIIO 00poOJieHoi Boau 006’ emom 1 m3.

loHOOOMIHHI CHCTEMU € OJHIEI0 3 HAUMOMIUPEHIIIUX TEXHOJIOTIA MOM’ SIKIIICHHS
BOoAU. BOHU mpalforoTh HA OCHOB1 OOMiHY 10HIB KaJIBI[IIO Ta MarHito, Mo pooJaTh BOAY
KOPCTKOIO0, HA 10HHM HATP10. X0Ya 11eil Mpouec € JOCUTh €PEKTUBHUM, HOT0 €KOJOTTUHHIA
BILIUB 3aJICKUTD BIJ Py (HaKTOPiB, TAKUX SIK CIIOKMUBAHHS BOAM 1 COJIl, EHEPrOEMHICTh
MPOIIeCy Ta YTBOPEHHS BIJXO/I1B.

OpuH 13 TOJIOBHUX €KOJIOTIYHUX BUKJIMKIB 10HOOOMIHHUX CHUCTEM TOB’s3aHUU 13
BUKOPUCTAHHSM COJI1 JIJIsl perenepaiiii cmoyiv. Ha koxkeH KkyOoMeTp oM’ IKII€HOT BOIU
Moke BukopuctoByBatucs Big 150 no 300 rpamiB comi, B 3aJ€XKHOCTI BiJ )KOPCTKOCTI
BOJIU Ta €(DEKTUBHOCTI KOHKPETHOI cucTeMU. Ls ciyib micisi BUKOPUCTAHHS 37TUBAETHCS B
KaHali3aliiiHi CUCTEMU 4M Oe3MOoCepe/IHhO B MOBEPEXHEBI BOJAOWMHM, IO CIPUUYUHSIE
3aCOJICHHSI TPYHTIB Ta BOJHHUX PECypcCiB, OCOOJIMBO y perioHax i3 ne(iuuToM BOAM.
Perenepaliisi cMOJIM TaKOK BUMAarae J0JaTKOBUX BUTpAT BOAM, 110 MiJBUIIYE 3arajbHe
BOJIOCTIO>KMBAHHSI CUCTEMHU.

Kpim TOro, 10HOOOMIHHI CHUCTEMH MOTPEOYIOTh €JIEKTPOEHEPril JUisi KepyBaHHS
KJIallaHaMU Ta HACOCAMHU, 1110 MOK€ CIPUYHMHSTH TOAATKOBUM BYTJICIIEBUIA CITijl. 3arajibHa
KUTBKICTh €HEprii, CIOXMBAHOI TaKOK CHCTeMOro, Moxe komuBatucs Big 0,1 mo 0,5
kBr-roq Ha 1 M3 06pobnenHoi Bomu, B 3a1€KHOCTI Big KoHQirypauii cucremMu Ta ii
PO3MIpIB.

CuctemMu 3BOPOTHOTO OCMOCY TaKOX IIHPOKO BUKOPUCTOBYIOTHCA IS
MOM SIKIIIEHHST BOJH, X04Ya BOHU MAIOTh JICIIO 1HIIUK MeXaH13M Jii. BoHu mpaifroroTh Ha
OCHOBI MPOITYCKaHHS BOJY I11J1 BACOKMM THCKOM 4epe3 HaIlIBIPOHUKHY MeMOpaHy, 10
3aTpUMy€ MIHEpaM Ta 1HIIl PO3YMHEH] pedoBUHU. B pe3ynbTaTi, cuctema 3abe3mneuye
BUCOKHUHM CTYIIHb OYUIIEHHS, BKIIOUYAIOUYH BUJAJICHHS BaXKKUX METaJiB, MECTUIUIIB Ta
1HIIUX 3a0pyIHIOBAYIB.

OpHak, cuCTeMHU 3BOPOTHOTO OCMOCY MalOTh HU3KY €KOJIOTTYHUX HenomiKiB. [lepi
3a BC€, BOHM € JJOCUTh CHEPrOeEMHUMH. J[J1 3a0e3medeHHs] BUCOKOTO TUCKY, HEOOX1JHOTO
JUI TIPOXO/KEHHS BOAM depe3 MeMOpaHy, MOTpiOHO 61u3bko 3 10 7 kBr-rog Ha 1 M°

00p00JIeHO1 BOJIH, 1110 3HAYHO O1IbIIIE, HIXK Y 10HHOOOMIHHUX cucTeMax. Lle mpu3BoauTh
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JI0 BUILIOT'O BYTJICIIEBOTO CII1Ty, OCOOJIUBO SIKILIO €HEPTis HAJXOIUTh 13 HEB1THOBIFOBAHUX
JDKEPEL.

Kpim Toro, cuctemu 3BOPOTHOTO OCMOCY CTBOPIOIOTh BETUKUI 00CST BIIXOAIB. Y
cepe/IHbOMY Ha KOKEH KyOOMeTp ouMIieHoi Boau BHpoOasgeTses Bim 0,05 mo 0,3 3
BI/IMPaIbOBaHOT BOAM, sIKa MICTUTh KOHIIEHTPOBAaHI COJl Ta iHII 3a0pyaHtoBayi. Lle He
JUIIE CIIPUYUHSE BUTPATH BOAM, aje U moTpedye M0AaTKOBOiI 0OpoOKM abo yTuiizalii
B1JIXO/I1B, III0 MOK€ HETaTUBHO BIJIMHYTH Ha MICIIEB1 BOJIHI PECYPCH.

MarHiTHi Ta €1EeKTPOMAarHiTHI CUCTEMHU € BIJIHOCHO HOBUMHU Ha PUHKY, aji¢ BOHU
IIBUJIKO HAOUPAIOTh MOIMYJSIPHOCTI 3aBASKM CBOIM €KOJOT14HUM nepeBaram. L1 cuctemu
BUKOPHCTOBYIOTh MAarHiTHi a00 €JIEKTPOMArHiTHI MOJS M 3MIHU CTPYKTypHU
MIHEpaJIbHUX COJIEH y BOJI, IO 3amo0irae iXHbOMY OCIJAHHIO y BUIJISAI HAaKUIy Ha
MOBEPXHAX TpyO Ta 00JiaHAHHS.

OCHOBHOIO TIEpPEBArol0 TaKUX CHUCTEM € BIJICYTHICTh MOTPEOM B XIMIYHUX
peareHTax, TakUxX SIK CUIb, 10 3HAYHO 3HIXKYE eKojoriyHuit BrumB. Kpim Toro, mi
CUCTEMHU CIIOKMBAIOTh MiHIMAIIbHY KUTBKICTh €Hepriil — 3a3Buuaii He 6inbme 0,05 kBt rox
Ha 1 M° Boy, 10 pOOUTH TX OHMMY 3 HAiOLIbII eHeproeeKTHBHUX PillleHb HA PHHKY.

OnHak epeKTUBHICTh MArHITHUX CHCTEM 3HAYHOIO MIpPOIO 3aJI€KUTh BIJ SKOCTI
BUXIJIHOI BOJM Ta KOHKPETHUX YMOB eKcCIulyartaiii. Y [AesSKMX BHUIAJKaX iXHs
e(DEKTUBHICTh MOXE OyTH HIKYOIO MOPIBHSIHO 3 TPAAUIIMHUMU METOJIaMH, III0 MOXE
BUMAaraTtv JOJAaTKOBUX 3aXOJIB JJig 3a0e3neueHHs HeoOXiTHOi AkocTi Boau. OpHak,
TOJIOBHUM HEIOJIIKOM TaKHX CHCTEM € Tou (hakT, [0 BOHHU JIHMIIE CTaOUII3yIOTh BOIY
BIJIHOCHO HAKUIIOYTBOPEHHS, ajl€ HE 3HIKYIOTh MMOYATKOBY KOPCTKICTH BOJIH.

Ha puHKy Tako NpUCYTHI KOMIUIEKCHI CUCTEMH OUYHUILEHHS BOJIH, SIKI MOEAHYIOTh
KiJIbKa TEXHOJIOT1H, TaKMX SK 10HHHH OOMIH, 3BOPOTHHH OCMOC Ta yibTpadiojieToBe
3He3apakeHHs. 11 cucremu 3a0e3medyr0Th BUCOKUM PiBEHb OUMIIICHHS BOIH, aje iXHIM
€KOJIOTTYHHUM BIUIMB 3QJICKUTH B1Jl KOHPIrypailii Ta yMOB €KCILTyaTallii.

KommiekcHi cuctemMu MOXYTh OyTH JOCUTh €(EKTUBHUMH IS BUJATICHHS
IIUPOKOTO CIEeKTpa 3a0pyJHIOBadiB, BKJIIOYAIOUM O10JIOT14HI, XiMIYHI Ta (i3uuHi
nomimku. OJHAaK BOHM TaKOX MOXYTh OyTH JOCUTh €HEPrOEMHUMHU, OCOOJIUBO SKIIO

BKJIIOYAIOTh Y ce0e 3BOPOTHUIM OcMOC. Y CepeIHbOMY TaKl CUCTEMU MOXKYTh CIIOKMBATH
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Big 2 10 8 kBr-rog Ha 1 M3 Boju, B 3a/1€5KHOCTI BiJ KiTbKOCTI €TaliB OUUIIEHHS Ta SKOCTI
BUXI1THOI BOJIH.

Kpim TOrOo, KOMIUIEKCHI CUCTEMU YaCTO BUKOPUCTOBYIOTh XIMIYHI PEareHTH s
perenepariii GpiabTpiB 1 MeMOpaH, 10 MOXE CTBOPIOBATH J0JATKOBE HaBaHTAKECHHS Ha
JOBKLUJLJISL Uepe3 YTBOPEHHS BIJIXOMIB Ta HEOOXIIHICTh iX yTuiizaili. Y TOH e 4dac, Taki
CUCTEMH MOXYTh 3HU3UTH MOTPeOy B IHIIMUX JKEepelax BOJAM, TaKUX K OyTHUIhOBaHA
BOJIa, 1[0 MOKE€ KOMIIEHCYBATH YACTUHY €KOJIOTYHOTO BILJIUBY.

IIpy OIIHIN 3arajJibHOTO E€KOJOTIYHOTO BIUTMBY CHCTEM IIOM SKIICHHS BOJU
BAXKJIMBO BpaxOBYBaTH BECh JKUTTEBUM IHUKJI KOXHOI CHCTEMH, BKIIOYAIOUH
BUPOOHUIITBO, €KCIUTyaTallil0, TEXHIYHE OOCIyroByBaHHs Ta yTuiai3aiito. [oHOOOMiHHI
CUCTEMHM, HE3BAXKAIOYM HA BUKOPHUCTAHHS XIMIYHUX PEAreHTIB, MOXYTb OyTH MEHIII
IIKIJIMBUMU JJISI IOBKUIISL 32 PAXyHOK MEHIIIOIO €HEProCHOXMBaHHS Ta OUIBIIOI
MpOoCTOTH eKcrutyaTallii. CuCTeMH 3BOPOTHOTO OCMOCY, 3 1HIIOT0 OOKY, MalOTh OUIbIINMA
BYIJICIICBUM CII1JT YEPE3 BUCOKE EHEPrOCHOKUBAHHS Ta 3HAYH1 BUTPATH BOJIH.

MarsiTHi Ta €IeKTPOMArHiTHI CUCTEMH, 3aBJSIKU HU3bKOMY €HEPrOCIOKHUBAHHIO
Ta BIJICYTHOCTI XIMIYHMX PEAreHTiB, MOXKYTh OyTH HalUO1IbII €KOJIOTTYHO YUCTUMU, ajie
iX epeKTUBHICTh MOE BapilOBATUCS B 3aJI€KHOCTI Bl yMOB ekciutyaTarii. KommiekcHi
CUCTEMH, X04a i 3a0e3MeuyoTh HAMBUIIMNA PIBEHb OYMILECHHS, MOXYTh MAaTU 3HAYHUU
€KOJIOTIYHUM BIUIMB 4Y€pe3 BUCOKE EHEPrOCHOKUBAHHS Ta BUKOPUCTAHHSA XIMIYHHUX
pEeareHTiB.

TakuM 9yuHOM, BHOIp HAMOUIBII €KOJOTTYHO YUCTOI CUCTEMHU TIOM SIKIIICHHS BOJU
3aJICKUTh BIJI KOHKPETHHX YMOB €KCIUTyaTallii, TAKUX K SKICTh BHUX1JTHOI BOAH, 0OCAT
BOJIOCTIO’KMBAHHS Ta JOCTYIHICTh pecypciB. [l 3HMXKEHHS HEraTUBHOIO BIUIMBY Ha
JTOBKLULIIE PEKOMEHY€ETHCSI BAKOPUCTOBYBATH CUCTEMHU 3 HU3bKUM €HEPrOCIOKUBAHHSIM
Ta MIHIMaJbHUM BUKOPHUCTAHUX XIMIYHUX PEArcHTIB, a TAKOX KOMIIJIEKCHI CUCTEMH, SKi
ONTUMAJIBHO MOEAHYIOTh KiJIbKa TEXHOJIOT1N JIJIsi IOCATHEHHS HaWKpalluX pe3yJbTaTiB
MpU MIHIMAJIbHOMY BIUIMBI HAa HABKOJUIIHE CepeoBHUIE. BaxXJIMBOIO CKIIaI0BOIO €
TaKOXX TIPaBUJIbHE TPOCKTYBAaHHS CHUCTEMH, SIKE€ BpaxoBye cHeuu@iuyHi yMOBH
eKCIUTyaTallli Ta MOKJIMBOCT1 YTHIII3aIlli BIIXO/IIB, III0 MOXE 3HAYHO 3HU3UTH 3arajibHUN

HEraTUBHHUU BIUIMB HA I[OBKiJ'IJ'I?I.
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3Be/ieHa TaOJIUIIs BIUIMBY PI3HUX METOJIIB MOM SIKIIEHHS BOJU 3 PO3PaXyHKOM Ha

1 m® Hagaethes HuKue (Tadm. 3.2).

Tabmuus 3.2 - 3BeneHa TaOnWIsl BIUTMBY METOMIB IIOM SKIICHHS BOAH 3
03paxyHKoM Ha 1 M°
Tun Cepeane | CnoxuBaH- | YTBOopeHHs |Byrienesuii| Bukopucran-
CHUCTEMH CIIO:KMBAaH- Hsl coJli  |cTiuHmX Box| cuig (kr HA XiMiYHHX
Hsl eHepril (r/m3) (m3/m3 CO?/md) pe4YoBUH
(xBt-roa/m?) 00p00J1eHO]) (xr/m?3)
lonHoOOMIHKL 59 o5 | 150.300 | 0,02-0,05 | 0,05-0,25 0,15-0,3
CHCTEMU
Cucremn 01-0.2
3BOPOTHOT'O 3-7 Hemae 0,05-0,3 1,5-3,5 o
(aHTUCKATAHTH)
0CMOCY
MarsiTii 0,05 Hemae MiHIMaIBHI 0,01 Hemae
CHCTEMU
Kommuexen 2-8 3MiHHI 3MIHHI 1-4 0,05-0,3
CHCTEMU
Pearentai | 5 g 5 100-250 | 0,05-0,1 0,1-0,3 0,2-1,0
METOIHN

IoHOOOMIHHI CUCTEMH € BIJHOCHO €KOJOIIYHO €(PEKTUBHUMH 3aBISIKH HU3bKOMY
€HEProcroKMBaHHIO 1 MOMIPHOMY BUKOpHUCTaHHIO coii. [Iporte, yTtuimizamis COISTHUX
BIIXO/IB MOK€ CTAHOBUTU €KOJIOTIYHY MPOOJIeMy, OCOOIUBO Yy perioHax 3 AeQiluToM
BOJHUX pecypciB. Hampuknan, mnpoBeneHWil HaMu PO3paxyHOK JUIsi THUIOBOL
10HOOOMIHHOI YCTaHOBKHM TIOM’SIKIIIEHHSI BOJY MPOMHUCIIOBOIO BUTOTOBICHHS Puricom
Denver+ 12 [152] noka3as, mo pu 06’ emi ioniTy 12 M3 BoHa Moske 3a0€3MEYUTH BOJOKO
cim’10 13 3 — 4 oci0. [Ipu oMy pereHeparito nmepeadadacThCs MPOBOJAUTH YePe3 KOXKHI
3 m® 06po6nenoi Boau. Butpara comni Ha 0JIHY pereHepallio 3riHo HaclopTy YCTAHOBKH
— 1,4 xr. IIpu cepenap01000BOMY CITOKMBAHHI BOJM OJHIEIO JIFOAMHOIO Ha piBHI 150
am3/no6y-moauny [153] perenepaniro ioHITYy HE0OXiTHO IPOBOIUTH Yepe3 KOxkHi 5 fib.
Toxi mpoTarom KajaeHIApHOTO POKY HeoOXimHo mpoBectd 365 : 5 = 73 pereneparrii.
Buxonsun 3 BUTpaTd coi HA OAHY pereHepaiiio, JEerko IopaxyBaTH, IO Ha
MPUTOTYBaHHS PETCHEpaIliiHuX pPOo3uMHIB Oynme Bukopuctano 73 X 1,4 = 102,2 xr
xJiopuay HaTpiro. Bes Bkazana maca coui B 102,2 kr Bifgpasy mOTpanuTh B TOBEPXHEBI

BOJIOMMH YH MIA3€MHI TOPHU30HTH, OCKIIBKA HaBITh MPH HASBHOCTI OYMCHUX CHOPY]
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3a0€3MeunTd BUJAJIEHHSA XJIOpPUAY HaTpito HeMmoxunBo. [IpuBeneHi mapameTpu
TOPKAIOTHCA camMOi MaJlONPOJYKTHUBHOI CUCTEMH TMOM’ SIKIIEHHS BOJU 13 MIHIMAJIbHUM
00’eMOM 10HOOOMIHHOI cMOiH. J[Jig OLIbII MOTY>KHHUX CHUCTEM KUIBKICTh BIIXOMIB 1
HETAaTUBHUI BIUIMB Ha JOBKULISA 3POCTAaIOTh MpomnopiiitHo. Tomy ouyeBHAHO, WO
10HOOOMIHH1 TE€XHOJIOT11, HE3BAXKAIOYM HA iX HAWOLIbIIE MOLMIMPEHHS B CUCTEMaxX Maloi
Ta CepPeAHBOI MPOAYKTUBHOCTI, HE MOXKYTh OyTH PEKOMEHI0BaH1 10 BUKOPUCTAHHS Yepe3
HETaTUBHUI BILJIMB HA HABKOJIUIIIHE CEPEIOBUILIE.

CuctemMu 3BOPOTHOTO OCMOCY € MEHIIl €KOJOT1YHO €(PEKTUBHUMH 4Y€pe3 BHCOKE
€HEProcroKMBAaHH Ta 3HAYHI BUTpaTH Boad. LI cuctemMu MOXyThb OyTH €KOHOMIYHO
JOLUIbHUMU B YMOBAaX, KOJU MOTPiOEH Jy’Ke BUCOKHUHN CTYMiHb OUYMILEHHS BOAM, aje
iXHIM BIUIMB Ha JTOBKUUIS 3aJIUIIAETHCA 3HAYHUM. 3riTHO (QyHIAMEHTAIbHUX YSBICHb
IOZ0 3BOPOTHBOTO OCMOCy, TO Bimomo, mo /70 % modaTtkoBoro o0’eMy BOAM
o0pobmnsieThest 1 hopmye mepmiat, a 30 % ckumaeTbcs B KaHAMI3AII0 YU JOBKULIA y
BUTJISITI KOHIIEHTpaTy. OYeBUIHO, IO BMICT COJICH B KOHIIEHTpaTi B 3 pa3i OuIbIIe Bif
MOYaTKOBOI'0, TOMY CKHJI TAKUX BOJ B JOBKLIA TAKOXK Ma€ HEraTUBHI HACIIIIKU.

MarHiTHi CUCTEMH € HaJA3BUYAIHO €KOJOTTYHO €(DEKTUBHUMU 3aBASIKU HU3BKOMY
€HEProCIOXXMBAHHIO Ta BIJACYTHOCTI BUKOPUCTAHHS XIMIYHUX peareHtiB. OjHak ix
e(heKTUBHICTh MOKE 3aJ1eKaTH Bl cnenu(iyHuX YMOB BOJONOCTAYaHHS 1 MPAKTUYHO iX
BUKOPHUCTAHHS B TEXHOJOT1SIX MIATOTOBKU MUTHO1 BOJIM HEMOXKJIUBE.

KomrmekcHi cucteMu MOXKYTh 3a0€3MeUNTH BUCOKUM PIBEHb OUUIIICHHS BOJIH, aJie
iXHS eKoJIoriyHa €(EeKTUBHICTh MOXE 3HAYHO 3MIHIOBATHUCS 3aJIEKHO BiJI KOHKPETHOI
KOH(]irypamii Ta yMOB ekKcrulyararii. BoHM MOxyTh OyTH MEHII €KOJIOT1YHO
e(heKTUBHUMU Yepe3 BUCOKE CHEPTrOCIOKMUBAHHS T4 BUKOPUCTAHHS XIMIYHUX PEarcHTiB,
ajle B OKPEMHX BHMIAJKaX MOXYTh BHUIpaBIOBYyBaTH Iied BrumB. Haliuacrimie
KOMOIHOBaHI CHCTEMH BKJIIOYAIOTh 10HOOOMIHHY TEXHOJIOTII0 B SKOCTI IiJATOTOBYOIi
cTaii mepen oOpoOKOK BOJWM 3BOPOTHIM OCMOCOM, TOMY IO 3BOPOTHO OCMOTHYHI

MeMOpaHH HaJ3BUYAHO YYTIHBI JO 3HAYHOI'O BMICTY Y BO/II 10HIB KaJIbIIiI0 T4 MATHIIO.

BucHoBkmu 10 po3aiay 3

B pe3ynbrari npoBeneHOro aHaiaizy MOXHa CTBEPJIXKYBaTH, I110:
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1. Binpmricte Teputopii YKpaiHU XapaKTEPU3YEThCSI HAIMIPHOIO KOPCTKICTIO SIK
MMOBEPXHEBUX, TAK 1 MA3€MHUX BO/I.

2. HaiiGinpmoro mommpeHHs Ay 3a0e3MedeHHsT MoTped CIoXUBadiB Majoi Ta
CepeAHbOI TMOTYKHOCTI OTpUMaiud 10HOOOMIHHI, OapoMeMOpaHHI, MarHiTHI Ta
KOMILJIEKCHI TEXHOJIOT1i, KO’KHa 3 KOTPUX Ma€ CBOI MepeBaru Ta HeJ0JIKH.

3. TexHomorii 3 BHUKOPUCTaHHSM MAarHITHOTO TIOJIA Tepeadadar0Th YaCTKOBY
cTab1113a11i10 BOJAM BIIHOCHO HAKUIIOYTBOPEHHS 0€3 BUJAJIEHHS COJIeH )KOPCTKOCTL. Tomy
OYEBUHO, IO, HE3BaKAIOUW Ha JIy’)Ke HH3bKe eHeprocmokuBaHHs (O0ymm3pko 0,05
kBr-rog va 1 M3 Boam) Ta maitke Hynwosuii Byrneuesuii cmig (0,01 xr CO, na M),
3aCTOCYBaHHS iX JJIsl HIATOTOBKU MUTHOI BOJIY HEJIOIIBHO.

4. CuctemMu 3BOPOTHOTO OCMOCY, HE3Ba)KAIOUM Ha iXHIO BUCOKY €(PEKTUBHICTH Y
BHJAJICHHI JTOMIIIIOK 3 BOJHM, MalOTh HAWHMKYY €KOJIOT1YHY €(EeKTUBHICTh Y€Pe3 BUCOKE
eHeprocrnoxusanns (3—7 kBr-rog Ha 1 M) Ta 3Haunmii Byrnenesuii caia (1,5-3,5 kr CO;
na M°). KpiM Toro, BOHM YTBOPIOIOTH 3HAUHY KilbKicTh Bignpausosanoi soau (0,4 — 1,0
M° Ha 1 M3 ounmieHot), mo 36iIbLIye 3aranbHi BATPATH BOJHUX pecypciB. Yce 1e poOuTh
3BOPOTHUI OCMOC HE J1y’€ MPUBAOIMBUM Bap1aHTOM 3 TOUKH 30py €KOJIOTTYHO1 CTAJIOCTI,
0COOJIMBO B perioHax 3 00MeXEHUMH pecypcaMu BOJIH.

5. [oHOOOMIHHI CUCTEMH 3aiiMalOTh CEPEHIO MO3UIII0 B PEUTHHTY €KOJIOTTYHOT
epeKkTUBHOCTI. BOHM CHOXHWBalOTh BiTHOCHO HeBeNMKY Kinbkicth eneprii (0,1-0,5
kB1-ron Ha 1 M® Bozu), o 3a0e3meuye NopiBHAHO HU3bKUIA Byrienesuii ciiz (0,05-0,25
kr CO; na m®). IIpoTe BUKOpPUCTaHHS COJi /s pereHepallii CMONU CTBOPIOE MEBHI
€KOJIOT1YH1 BUKJIMKHU, TTOB’s13aH1 3 YTBOPEHHSIM BiAIPaIlbOBAHUX PO3UMHIB, SIKI HETATUBHO
BIUIMBAIOTh HAa BOJIHI PECYpPCHU Ta IPYHTH.

6. KoMrekcHi cucteMu, 10 MOEAHYIOTh Pi3HI TEXHOJIOTii, MOXYTh 3a0€3MeunTH
BHCOKHMM PIBEHb OYMIICHHS BOJHM, ajie¢ iXHSA €KOJIOTi4yHa €(EKTHUBHICTh 3aJICKUTh BIJ
KOHKpETHUX KOH(]irypaiiiii. B 1ioMy, Ha ChOr0oIH1 BIICYTHI TEXHOJIOT1I Ta 00JaHaHHSA,
KOTp1 3/aTHI TapaHTyBaTHU €KOJIOTIYHY Oe3neky ix ekcruryararii. KoxHa 3 cydacHHX
TEXHOJIOT1/ Ma€ CBOI HEJIONIKU 3 €KOJIOTTYHOI TOYKH 30pYy 1 ICHYE rocTpa HEOOXIAHICTD
pPO3pOOKM HOBHX YW MoAMQIKaIli ICHYIOUMX TEXHOJIOTIM TOM SKIIIEHHS BOAM IS

oprasizalii CHCTeM MaJjioi Ta CEpeAHbOI MPOYKTUBHOCTI.
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PO3/ILI 4
JTOCJIJKEHHS MPOLIECIB MOM’SIKIIEHHS BOJAU: MIJAXOJIM TA
E®EKTUBHICTD

OnHuM 13 KITIFOUOBUX KPUTEPIiB SIKOCTI BOAM € i1 )KOPCTKICTh, sIKa BU3HAYAETHCS
KOHIICHTPAIIIE€I0 10H1B KAJIBIIIIO Ta MarHito. BiJlMOB1IHO 10 YMHHUX HOPMATHUBIB Y KpaiHH,
’KOPCTKICTh TUTHOT BOJIM HE MMOBUHHA MepeBuIyBatu 7 mr-eks/mm3 [3]. BokuBanHs Boau
3 MIJIBUIIIEHOIO KOPCTKICTIO HETaTUBHO BIUIMBA€E HA 3JI0POB’S JIOJUHU, TOMY TaKa BOJa
noTpedye MoM’SAKIIEHHS. Y MPOMUCIOBOCTI BUMOTH JO >KOPCTKOCTI BOJU € 1€ OUIBII
CYyBOpUMH. Y XapyoBild TPOMHCIOBOCTI JKOPCTKICTh Boau oomexyeThes 10 0,1-0,2 mr-
eKkB/mM3, a B eHepreTHuHii raimy3i — HaBiTh 10 0,03-0,05 mr-exs/am3 [12].

TpaguiiiHuM METOJIOM 3HIKEHHSI KOPCTKOCTI BOJAU € COJOBO-BAaIlHSHE
nom’sikiieHHs. Lleit mponec Bkiroyae 0OpoOKy >KOPCTKOi BOJU CHOYATKYy KapOOHATOM
HATPIIO JI1 OCAKEHHS 10HIB KaJbIliI0, a TIOTIM BallTHOM - JIJIsI BUAAJICHHS 10HIB MarHio.
[licna BiAcTOOBaHHS 1 BIAJIUICHHS ocaay, oOpoOieHa Boja morpelye kopekuii pH,
OCKITbKH TIPOTIEC 3IHCHIOETHCS TPY 3HaUYCHHI BoHeBoro mokaszuuka 10,0-11,0. Ipore,
HaBITh y IIUX yMOBaxX 3aJIMIIKOBA XOPCTKICTh BOaU CTaHOBUTH 0,5-1,0 Mr-exs/mm3,
HaiteexTuBHime peaxitis BimOyBaeThcs mpu Temneparypi Boau 35-40 °C. et meton
MOM’SIKIIIEHHSI BBAXA€ThCA 0A30BUM JJII IPOMHUCIIOBOTO 3acTocyBaHHs. [lonmpu Benuky
KUIbKICTh MyOmikamiii y wid cdepi, OaraTto acmekTiB MNpPOLECYy 3aJulIUIUCA HE
JOCII1I>KEHUMHU.

OcTaHHIM YacOM 3pOCTaHHS >KOPCTKOCTI MPUPOTHUX BOJ| 3MYIITYE BCTAHOBIIOBATH
CUCTEMH IOM SKIIEHHS B odicax, MpPUBATHUX OyJIMHKAX Ta KBapTupax. HaiiOumbin
MONUPESHUMHU B 11iHi chepi cTamu i0HOOOMIHHI YCTAHOBKH JIJIsl TIOM SIKIIEHHS Bo 1 [154].
JIisi HUX XapakTepHEe MepioJUYHE YTBOPEHHS pereHepaniiHuX pPO3YMHIB, OCHOBHUMHU
CKJIAJIOBUMH SIKUX € XJIOPUJT HATPIIO Ta JOMIIIKY 10HIB KaJlbI[i0 1 MarHito. Takox 3HauHa
YaCTHMHA BOJM BUTPAUAETHCS HA CIYUIYBaHHS Ta MPOMHBAHHS 10HITIB. Y MIACYMKY, A0
20-30 % 00poOIieHOT BOAM BUKOPUCTOBYETRCS I BiracHUX notped [155]. Perenepartis
10HITIB 3a3BWYail 3MIWCHIOETHCS 6-8 % poszumHOM XJopumay HaTpiro. TakuM YWHOM,

BHACJIIJIOK pereHepallii 10 rigpocpepu noBepTatoThCs HE JUIIE BIIIYUYEHI 10HH KaJIbIIiIO
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Ta MarHiro 3 BOJH, aje i 3HaYHO OLIBINI KUTLKOCTI XJopuay HaTpito [156]. ¥V pesynbrati
BUHUKA€ 3aMKHEHE KOJIO, HACIIJKOM SIKOTO B HaWOMMK4YOMYy MailOyTHbOMY CTaHe
HEOOXIJHICTh HE JIMIIE [IOM’SIKIIyBaTH TMPUPOJHY BOAY, aje W 3HWXKYBaTH Ii

MiHepaizaiiio. ToMy BaXXIUBOIO 3a/1a4€to € MOTpeda po3ipBaTH 1€ KOJO.

4.1 OcobguBocTi XiMiYHOIr0 ocaja:KeHHsi IOHIB KaJbIlil0o i3 po30aBiieHHX
BOJHUX PO3YHHIB

3rigHo 3 pe3yibTaTaMu JociikeHb [157], mis edexkTuBHOrO ocaykeHHS 10HIB
KaJIbI[I}0 HEOOX1JJHA 3HAYHA TEpPEeBUTpaTa pPEareHTy MOPIBHSHO 31 CTEXIOMETPUUYHUMHU
po3paxynkamu. Hanpukinan, npu criBBigHomenHi K = [COs?", mr-exB]/[Ca?", mr-ekB] =
1 i HH3BKHX TeMmIepaTypax eQeKTUBHICTH METOAy BKpail Hu3bka (puc.4.1).
BuwmiproBanHa Temmepatypu BOAONPOBiAHOI Boau B KueBi mokazanu, 110 BOHA
3MiHIO€TbCA B Aiana3oni 13-17 °C, a B3uMKky moxke omyckarucsa no 8,5 °C. Tomy s

eKCIEepUMEHTIB OyJI0 00paHO TeMIepaTypy BOJHU B IIMX MEXKaX.

|
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Pucynok 4.1 - 3anexHiCTh 3aJUIIKOBOi >KOPCTKOCTI BOJIU BiJ CHIBBIJHOIICHHS
xomnonenTiB K = [COs%, mr-exs] / [Ca?*, mr-exs] mpu temneparypi 16°C, nouaTkosiii
KOPCTKOCTI Koy = 6,5 Mr-exs/am® Ta pHyoq 6,85

BusiBneno, mo npu goaaBaHHI €KBIBaJGHTHOI KIJIBKOCTI peareHTy, >KOPCTKICTh

BOJIU 3HMKYEThCs Jauiie Ha 4 %, mpoTe micas TOAWHM BIACTOIOBAHHS IEH MOKa3HUK
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30utbIyeThes 10 17 %. Ilpu 11boMy YTBOPEHHSI TBEPJOTO OCaay HE CIIOCTEPIraeThCs
Bi3yaJbHO, XO4Ya 3HIKEHHS KOPCTKOCTI 3 4acoM MOMITHE IpU PiabTpallli 4yepe3 «CHUHIO
ctpiuky» (puc. 4.1). [TinBUIIICHHS KiJTBKOCT1 pEareHTy Ja€ MOXJIUBICTh OTPUMATH TPOXH
Kpailli pe3ysbratid. OgHaK BUTpPATH PEareHTIB HE BIAMOBIIAIOTH JOCATHYTOMY €(EKTY.
Hanpuknan, 3011bII€HHS 103U COAM B I1'SITh pa3iB MPU3BOAUTH JUIIE JO ABOPA30BOIO
3HM)KEHHSI 3arajibHOi KOPCTKOCTI BOJIM, a JECATUKPATHUI HAJJIMIIOK BiAHOCHO
cTexioMeTpii 3abe3medye 3anWImKoBY JKOpCTKicTh Ha piBHI 0,5-0,6 mMr-exs/mm3.
JloJaTkOBE MiABUIIEHHS KUIBKOCTI OCaJKyBada Maikeé HE BIUIMBAE HA 3aJUIIKOBY
KOPCTKICTh BOJIM MiCJIsI OOPOOKHU.

Komm koedimient K>2, nogaBanus kapOoHATy HATPiO MPU3BOIUTH 10 IIOMYTHIHHS
pPO34YMHY Ta MOSIBU TBEpO1 da3u, Ky MOXKHA CIOCTepiraTu BizyasbHO. Crio4aTky, npu
K =3, momyTHiHHS 00po6sIeHOi Boau JyieaBe momMiTHE; Tipu K =5 yTBOproroThcs mobpe
BUIUMI TBepai dacTuHkH, a ipu K= 8+10 micns BBeAeHHS ocamKyBada Bill0OyBa€ThCS
IHTEHCHUBHE OcaJKeHHs. DOpMyBaHHS OCaAy JO03BOJISIE JOCHIAUTH MPOIEC OCBITICHHS
BOJIH, 1110 3a3BUYail BUKOPUCTOBYETHCS JJIs BIAJIICHHS TBepAoi pa3u. BapTo 3a3naunty,
110 33 TAKUX HU3BKUX TEMIIEPATYyp IIeH MpoIiec MPOTIKAa€E JOCUTh HecTaOibHO (puc. 4.2).
Sk yxe 3ramyBanocsi, MPU CTEXIOMETPUYHOMY CITIBBIJHOIIEHHI 10HIB KaJbI[il0 Ta
KapOoHaT-10HIB TBepia (pa3a BizyanbHO HE BUSBIsE€ThCS. [liaBuienns koedimienta K go
3 CympOBOIKYETHCSI YTBOPEHHSIM BUCOKOIUCIIEPCHUX YACTHHOK KapOOHATY KaJIBIIIO, K1
IIBHUJIKO OCIJIaf0Th, 1 micis 60 XBWIMH BiJICTOIOBAaHHS BHUIUMHKA 00’€M TBepnoi (asm
cranoBuTh 40 % Bix moyaTkoBOTO 00’ €MY.

Konu xoedimient K 30inbmryeTbes 10 5, Maca TBEpAUX YaCTUHOK 3pOCTaE, aje
BOHU Jy>K€ MOBLIBHO OC1/1at0Th y BO1. [1icis roquHu BiICTOIOBaHHS CTYMIHb OCBITICHHS
nocsrae nume 12 % Bim mouatkoBoro 06’emy posuuny. [Ipore mpu 3nHauyeHHi K, mo
JOpiBHIOE 8, TIpollec OCBITIEHHS BOAM 3HOBY AaKTHBI3yeTbes, 1 depe3 60 xBummH
BiJICTOIOBaHHS BUAMMUIN 00’ €M TBepaoi (a3u crtaHoButh 30 % Bim 3araabHOTO 00’ €My

PIIUHM.
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Pucynox 4.2 - 3anexHiCTh IHTEHCUBHOCTI OCBITJIEHHSI 0OpOOJICHUX PO3YWHIB BiJl
chiBBigHomenHs kommoHenTiB K = [CO3%, mr-exs]/[Ca%", mr-exs] nmpu Temmneparypi
16°C, moyaTkoBiii xopcTKOCTi Kioe=6,5 Mr-ekB/nm° Ta pHuoq 6,85

TakpuM 4YHHOM, SBHOI 3aJ€XHOCTI MDK I1HTEHCHUBHICTIO BIJICTOIOBAaHHSI Ta
CHiBBITHOIIIEHHSM KOMITOHEHTIB HE CITOCTepiraeThes, amke mpu K=10 ymoBH OCBITICHHS
3HOBY MHOTIpUIYIOThCS. OCKIIBKM YMOBU OCQKEHHSI B yCIX BHUMAJKax MOJIOHI, MOXKHA
IPUIYCTUTU YTBOPEHHS CIIOIYK KapOOHATy KajbLiIO 3 PI3HOIO CTPYKTYPOIO Ta CKIIAJOM.
JI71s1 TOYHOTO MATBEPKSHHS IHOTO MOTP10H1 OUIBII JeTalbHI JOCTIIKEHHS.

Pesynbrati HacTymHHX eKcrepuMeHTIB (puc. 4.3) MOKa3yrTh, 110 TEMIIEpaTypa
BOJIM 3HAYHO BIUJIMBA€ Ha MPOIIEC OCAJKEHHS 10HIB Kajbllio. Yepes Te, 1110 HarpiBaHHS
Bogu moHan /0 °C moTpeOye 3HAYHMX CHEPreTUYHHMX BHUTpAT, TEMIlepaTypa B
nociipkeHHsX BapiroBana Bix 10 mo 70 °C. BoaHeBHii OKa3HUK TaKOXK € BaKIIMBUM
(hakTOpOM y mpolieci ocaKeHHs 10H1B KalbIlit0. 3arajgom, BIuiB pH Ha ocajkeHHs 10H1B
Ca?" xkapOoHATOM HATPiIO BUSIBUBCS MCHIIIUM, HIXK odikyBajiocs. [lixsumenns pH Bix 6,6
10 10,0 3MeHIIye 3aIUIIKOBY KOPCTKICTh po3unHiB ymie 3 2,8 10 1,4 mr-exs/nm3. OTxke,
OUIBIIICTh 10HIB KaJbI[I0 3B’A3YEThCA 3 KapOOHAT-IOHAMU BXE B HEUTPaATIbHOMY
cepesoBuIlll, ToMy HifBUIlEeHHS pH MeHI epekThBHE, HIXK 30UIBIICHHSI TEMIIEPATYypH.
Cnin 3ayBaxkut, 10 GOpMyBaHHS ocaay BiI0OyBaeTbes mo-pizHoMy. Hanpuknan, npu

HarpiBadHi 10 30 °C i mMOYaTKOBIM JKOPCTKOCTI BOJIM B HEHUTPATLHOMY CEpPEIOBUIII B
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pPO34YMHI CHOCTEPIraloThCcs JIMIE TMOOJMHOKI IUIACTIBLI KapOoHATy Kanbiiito. 31
301TBIIICHHSIM TEMIEPaTypH KUTBKICTh ITMX IIAcTiBIiB 3pocTae, 1 mpu 70 °C BoHU
YTBOPIOIOTHCS HaBiTh 0e3 JojmaBaHHs KapOonaty Hatpiro. [limastrs pH mo 8,4
MPU3BOAUTE 10 MOMYTHIHHS po3unHy Bxke npu 40 °C, i mpu qomaBaHHI OcaKyBada 1mo
BCbOMY 00’€My B1JI0YBAa€TbCSI MUTTEBE YTBOPEHHS OLI0T0 JIPIOHOAMCIEPCHOIO OCamdy.
[TixBumenns pH no 10 3menmrye Temnepatypy nomyTHiHHS po3uuny 10 30 °C, i MUTTEBE
YTBOPEHHS YaCTMHOK KapOOHATY KaJIbI[II0 CIOCTEPIraeThCsl BXKE MPU 11l TeMiepaTypi.
[{i 0coOGaMMBOCTI YTBOpPEHHS Ocaay KapOOHaTy Kalbllil0 € OCOOJIMBO BAXKIUBUMU IS
TEXHOJIOTIA BIIIJIEHHS OcCaAy $K MUISXOM BIACTOIOBaHHS, Tak 1 (inbTpamii. Yci
E€KCIIEpPMMEHTH TMPOBOJMIIKMCS TPH CIIBBIAHOIIIEHHI KapOOHAT-10HIB A0 10HIB KaJIBIIIIO

K =10 ans G1bII 9iTKOTO BUSBJIICHHS Bi3yaJbHUX €(EKTIB.
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Pucynok 4.3 - 3anexHiCTh 3aJIMITKOBOI JKOPCTKOCTI BOJM BiJl TEMIIEpATypH MPHU

pI3HMX 3HAYEHHIX BOAHEBOTO MoKa3HUKA (XKoa=8 Mr-exn/nm?, koedirient K=[CO3?, mr-
exs]/[Ca?", mr-exs]=10)

[Tpu moYaTKOBI# KOPCTKOCTI BOJI TpOXH OibItie 8 Mr-exB/mm3, HarpiBanHs 10 30—
40 °C mo3BoJIsiE 3MEHIIUTH JKOPCTKICTh Maibke BABiui. Haitkpamii pesynsraTté Oynu
JOCSATHYTI B JIY’KHOMY CEpPEIOBHIII. Y KOHTEKCTI KJIACHYHOI TEXHOJIOTII TTOM’ SKIICHHS

take 3HadeHHs pH € mimkom mpuitHaTHuM. OnHak HaBiTh mpu Temmepatypi 70 °C
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3aJIMIIKOBA JKOPCTKICTh CTAHOBHUTH 1,4 Mr-ekB/am3, 10 MU NOB’A3y€MO 3 BIJCYTHICTIO
€TaIy BiJICTOIOBaHHS.

3a pe3yiabTaTaMu NPOBEACHUX JOCIIKEHb OYJI0 BCTAHOBIICHO, 1110 MTOM’ SIKIIIEHHS
BOIU € Oulblll €(PEeKTUBHUM IMPU BUCOKIH MOYATKOBIA >KOPCTKOCTI. K BUAHO 3
pucyska 4.4, miIBUIIEHHS MTOYaTKOBOI JKOPCTKOCTI MoHa ] 8 Mr-ekB/ame miciist 00poOKu
€KBIBAJICHTHOIO JIO3010 COJAM JIO3BOJISIE 3HU3UTU KOHIEHTPAIIIIO 10HIB KaJbIIiIO 10 PIBHS
0,6-1,0 mr-exB/mM3. Tlpu bOMY Ba)KJIMBO BiJ3HAYWTH, IO MPOIEC YTBOPEHHS TBEPIOI

(ha3u TakoxkK BiIOYBA€ETHCS JEUIO 1HAKIIIE.
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PucyHok 4.4 - 3aneHiCTh 3aJIUIIKOBOT dKOPCTKOCTI BOJIU B/l BiJ] TEMIIEPATYPU MPHU
pi3HMX MHOYAaTKOBUX 3HaueHHsAX xopcTkocTi (pH=6,85, koediuiear K=[COz*, mr-
exs]/[Ca?",mr-exs]=10)

Otxe, 3a MOYATKOBOi KOPCTKOCTI 4,4 Mr-exkB/AmM3 1 HU3BKUX TeMIeparTyp,
YTBOPEHHS OCaay Maike HEMOKJIMBO BHUSBHUTH, a MOOJMHOKI TUTACTIBIN 3’ SBISIOTHCS
mumie mpu Temneparypax monam 40 °C. 3a mouaTkoBOi KOpCTKOCTI 7,6 Mr-exB/ame
MOMYTHIHHSI PO3YHMHY CTIOCTepiraeThes npu HarpiBanHi 10 40 °C HaBiTh 6€3 momgaBaHHS
OCa/DKyBada, a BBEJCHHS COJHM IPHU3BOAUTH JIO IHTCHCHBHOI'O YTBOPEHHS TBEPIUX
JaCTUHOK. 31 301JIBIICHHSAM ITOYaTKOBOI skopcTKocTi Boau, Bxke mpu 20 °C 1 momaBaHHI
coau, BIIOYyBa€eThCAd aKTUBHE (opmyBaHHS TBepaoi (a3u Ta ii OCigaHHS Ha JHO

MTOCYVHH.
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Sk moka3aJiv HaCcTYIHI pe3yJIbTaTH JOCTiKeHb (puc. 4.5), HaBITh 32 TeMIepaTypu
Boau 13 °C, 10HM KalbLi0 MOXYTh OCAJ)KyBaTUCS TOCUTh aKTUBHO 32 MEBHUX yMOB. Y
[[bOMY BHUIIAJIKy KJIFOYOBUM (DAKTOPOM € CITIBBITHOIIECHHS KOHIIEHTpaIlili KapOOHAT-10H1B
no iomiB kampmiro K=[COs?, mr-exs]/[Ca?’, mr-exB]. lle 0c0O0IHMBO MMOMITHO IpH

3HayeHHsX KoedinienTta K y miamasoni Big 0 mo 15.
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Pucynok 4.5 - EbexkTuBHICTb OCaJPKEHHSI 10HIB KaJblil0 KapOOHATOM HATPIIO MIPU
pPI3HMX 3HAYEHHAX I[MOYAaTKOBOI JKOPCTKOCTI Ta CIIBBIJHOIICHHSX KOMIIOHEHTIB!
Temmneparypa Boau — 13 °C, mouarkose pH mpo6u — 6,64, koedinient K=[CO3%, mr-
exs]/[Ca?", Mr-exs]

[lonanpiue miABUIIEHHS 03U KapOOHAT-10HIB HE 3a0e3Ieuy€e MOMITHOrO e(exTy,
HE3aJICKHO B1Jl TOYATKOBO1 )KOPCTKOCTI BOJIU. 32 HU3bKHX 703 KapOOHAT-10HIB Bi3yaJIbHO
BUSIBUTU YTBOPEHHS TBepAoi (a3u JOCUTh CKIAgHO, Xod4a TMmicis QiibTparii
CIIOCTEPIra€ThCsl 3MEHIIEHHS 3arajibHOi JKOPCTKOCTI 00po0ieHoi Bogu. OTxe, 3a 1HX
yMOB onTuManbHuM € criBBigHomeHHs K y miamazoni 15-20. Crexiomerpuune
CIIBBIJTHOIIIEHHSI M) pEareHTaMHU € HEJOCTaTHIM, OCKIIbKH IMpPHU 3MIHI MOYATKOBOI
xopctkocTi Big 3,7 mo 15,0 mr-exB/mm® 3ammimkoBa KOPCTKICTH OOPOOIEHOI BOIU
BapIIOETHCA B Mekax 2,2—4,9 Mr-ekB/mM3 BiJIIIOB1THO.

Hactynaum BaxxiinBuM (hakTopoM, 1110 CYTTEBO BILUIUBAE HA OCAKEHHS KapOOHATy
KaJIbI[1I0, € BOAHEBHUI MOKa3HUK. OCKUIBKU TpajulliifHa COJAOBO-BallHAHA TEXHOJIOTIS

oM’ SIKIIIEHHS BoiM BKuTrovae miasumenHas pH no 10-11, mu nocmiawnym BruB piBas pH
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Ha TMpoIleC Kpucrtanizaiili kapOOHATy KaybIlif0. YMOBHU NPOBEACHHS EKCIEPUMEHTY

sanmummanucs HeaMiHanMA. OTpUMaHi pe3yIbTaTh MPEACTaBICH]I Ha pUcyHKY 4.6.

[N
N
o]

=
o

oo

(o]

mr-eks/pmd

SN

3anunILIKOBA }KOPCTKICTb BOAM,

N

o

Pucynox 4.6 - EdekTuBHICTD OCa)KEHHSI 10HIB KAJIBIIII0 KApOOHATOM HATPIIO TIPH
pi3HHX 3HaYeHHAX pH Ta mo4aTkoBoi )KOpcTKOCTI: Temneparypa Boau — 13 °C, K =10

Sk 1eMOHCTpy€e PUCYHOK, HABITh IPU HEBUCOKUX TEMIIEpaTypax 3MiHa BOJHEBOTO
MOKA3HUKA ICTOTHO BILJIMBA€E HA €(DEKTUBHICTH MOM SIKILIEHHSI, 0COOJIMBO KOJIM TTIOYAaTKOBA
KOPCTKICTh BOJU € BUCOKOI0. Hampukiia, Ko no4yaTkoBa KOHIIEHTPAIIis 10HIB KaJIbI[i 10
cranoBuTh 11 mr-exB/mM3 mpu pH 11 i K=10, To 3amumikoBa kOpcTKicTh 00poOIeHOT
BoAM jpocsrae 2,3 Mr-eks/aM3 (epexkTuBHICTh oM’ sKieHHS — 79 %). [y mo4aTKoBOro
BMICTy 10HIB Kajibllit0 2,7 Mr-€KB/AM3 1i TOKa3HWKH BIiAMOBIAHO CcKiamaoTh 0,7 mr-
ekxB/mm2 (74 %). Coijx 3a3HAYMTH, IO MPU TAKUX HU3BKUX TEMIIEPATypax y HEUTPAIIbHOMY
cepeaoBUII €PEKTUBHICTh MOM AKIIIEHHS € HAI3BUYAaHO HU3bKOIO. 32 IaHUMU PUCYHKA
4.6, mpu BuxigHii xxopcTrocTti 11 mr-exs/mm? 1 pH 8,5 miciis 06po6ku comoro 3amumkoBa
JKOPCTKICTh CTAHOBUTD OJIM3BKO 6 MI-eKB/IM3.

TakuMm YMHOM, peE3yJabTaTU HOOCIIPKEHb CBiI4YaTh, W0 Uil €PEKTHUBHOTO
MOM’SIKIIIEHHSI BOJM 0OpOOKOI0 KapOOHATOM HATPIlO MPU HUZBKUX TeMmIepaTrypax 0e3
BiJicTOIOBaHHS HeoOXimHe 5-10-kpaTHe TepeBUINCHHS 03W OCaDKyBada HaJ

CTEX1IOMETPUYHUM 3HAYEHHSM. Y IIUX YMOBax MPOIEC OCBITICHHS BOAU B1AOYBa€ThCs
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HECTaOUIbHO, IIBHUJIKICTh OCAJKEHHS TBEPAMX YACTUHOK HHM3bKa, a JUISl BHUJAAJIEHHS
YTBOPEHOTO OCay MOTPiOHI J0/IaTKOBI pEareHTH, Taki K KOaryJistHTU a00 (JIOKYJISTHTH.
3MIHIOIOUM TeMIepaTypy BOAM, MOXHa BIIMBATH Ha €(EKTUBHICTH ii MOM SKIICHHS
00poOKOI0 CcOMOI0, a peryitoBaHHs pH pa3zom 13 KOHTpoJeM TeMmIepaTypH H03BOJIsIE
3HM3UTH 3aJUIIKOBY KOPCTKicTh a0 0,6 mr-exs/am3. BussieHo, mo edeKTHBHICTH
OCQ/IKCHHS 3HAYHO M1ABUILYETHCS 31 30UIBIICHHSIM TOYaTKOBO1 JKOPCTKOCTI Boau. [IpoTte
HaBITh Y LIUX YMOBaX 3aCTOCYBAaHHS METO/Y 3a HU3bKUX Temreparyp 0e3 BiJICTOIOBAHHS
Ma€e HU3bKY €(EKTHBHICTb 1 HABPSA YU MOKE OyTH BUKOPUCTAHO B MOOYTOBUX YMOBAaX
abo g moMm’sKieHHs BoAu B o¢icax. ToMy y mnomaimpmmx JOCHIIKEHHSIX OyJI0
MIPOJIOBXKEHO TOIIYK €(PEKTUBHUX PEAreHTIB JUIsl MOM SIKIIEHHS BOJAU Y MOOYTOBUX Ta
odiCHUX CHCTEMaX, a caMe Ha JOCIKeHH1 e()eKTUBHOCTI BHIAJICHHS 10HIB KaJbIlIIO 3a

J0TIOMOT010 00p0o0KH Boau (ochaToM HATPIIO.

4.2 EdexkTuBHiCTL BHCA/UKEeHHSI iOHIB Kajblil0 3 poO3BeIeHHMX BOIHHUX
po3uuHiB y BUIJIsAl ¢pocdaris

[Ipu mnpoBedeHi MOCHIIKEHb TOTYBAIUCh MOJEIbHI PO3YMHU 3 PI3HOIO
KOHIIeHTpalli€ro 10HiB Ca?* Ta ix 00po0sin pizaumMu go3amu docdary Hatpito (NasPO.)
3a PI3HUX CIIBBIIHOIIEHb KOMIOHEHTIB, pH 1 Temmnepatyp. Oca>KeHHs] TPOBOIUIN O€3
eTaIy BiJICTOIOBaHHs, 0/ipa3y GUILTPYIOUU OCaJl Ha TAanepoBOMY (QUIBTP1 KCUHS CTPIUKa».
3aMIIKOBY >KOPCTKICTh PO3UMHY BH3HA4Yald METOJOM TUTPYBAaHHS 3 BUKOPHCTAHHSIM
epixpomy dopHoro T 1 Tpmiony b. Jlo1aTkoBO IpOBOAMIN TOCTIIKEHHS IHTCHCUBHOCTI
OCBITJICHHS OOpOOJICHUX PO3YMHIB, 100 3HAUTHU ONTUMAaNbHI YMOBHU IJisi yTBOPEHHS
KOMITAKTHOT0 ocany. /s uporo o0pobieHy BOAYy HAMBAIU y TPpaayHOBaHUM TUIIHIP 1
(dikcyBanu KpUBi BIJICTOIOBAHHS CyCHEH311 B Yacl.

JlocmiKeHHST TTOKa3ajiM, 10, Ha BiIMIHY BiJ KapOoHaTy Kanubiliro [157], ioHH
KaJIbI[II0 MOXHa €(EeKTUBHO oca/kyBaTu (ochatoM HaBITH HPHU 033X, MEHIIHUX 32
crexiomerpuyuHi. Hampukiam, komu cmiBBigHOMmeHHS KoMmmoHeHTIiB K =[POs*, wmr-
ekB]/[Ca?", mr-ekB]=1, edeKkTHBHICTL METOAY 3a 3BUYAWHUX TEMIICPATyp € JIOCHTH

BUCOKOIO (puc. 4.7).
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Puc. 4.7 - 3anexHICTh 3aJUIIKOBOI KOPCTKOCTI BOAW BiJ CIIBBIIHOIICHHS
xommoHeHnTiB K=[PO;*, mr-exs]/[Ca?*, mr-exB] npu Temneparypi 20°C, modaTkosiii
KOPCTKOCTI  Kio=10 Mr-exs/mM® Ta pi3HMX MOYATKOBMX 3HAYEHHAX BOJHEBOIO
MOKa3HUKA

Hagite mpu K=0,5 BMicT i0HIB Kalblil0 3MEHIIY€ThCA OUTBII HIX yABIWi. 3a
cTexiomeTpuuHoro criBBigHomeHHs (K=1) 3amumkoBa KOHIEHTpAIlis 10HIB KaJIBIIIO B
OUMUILIEHIM BOA1 3HMXKYETbCS N0 piBHA Hibkue 1 mr-exs/mm3. JIis MUTHOI BOJIM Takui
piBEHb € HaBiTh OaxaHuM s 3a0e3nedeHHs (Pi310JIOTIYHOI  MMOBHOIIHHOCTI
MiHepanbHoro ckiany [3]. JomaTkoBoro mepeBaror € Te, Mo METOHA 30epirae BHCOKY
edexTuBHICTh y mmpokomy aianazoni pH Big 5 go 11. Komu K mepesumrye 1,5,
KOHIIEHTpAIlisl 10HIB KaJbIlif0 B 00poOieHiil Boai cTabimizyerbes Ha piBHI 0,2-0,1 mr-
exkB/aM3. OTxe, Ha BIAMIHY BiJl COAOBO-BAIIHSHOIO METOAY, 110 MOTpedye 3HAYHOI
MEPEBUTPATH PEAreHTIB, 3aCTOCYBaHHS (ocdaTiB y Mpoueci MoM’ SKIICHHS J103BOJISIE
OOMEXHUTHUCS CTEXIOMETPUYHUMHU J03aMH. HalBaKJIMBIIIO NEpeBarol0 OcCaiKeHHS
10HIB KaubIlil0 QocharaMu € MUTTEBE YTBOPEHHS TBepoi (a3u Miciisg 3MIIIyBaHHS
pearenTiB. Ilicns nomaBaHHS peareHTy 1O MOJIEIBHHUX PO3YUHIB CIOCTEPITAETHCA
MUTTEBE TIOMYTHIHHS. IHTCHCUBHO YTBOPIOIOTHCS TBEpJI YACTHHKH, sIKi depe3 3-5
CEKYH/I TIOYMHAIOTh arperyBaTu Ta OC1JJaTh HA IHO EMHOCTI.

[HIIMM BaXXITMBUM MapaMeTpOM Y MPOIIEC] OM SIKIICHHS, SKUW MOK€e BIUIMBATH HA

Horo e(eKTUBHICTh, € TMOYATKOBA MOPCTKICTh BOAM, IO mijisrae oOpoOumi. Harmi
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nocmimpkerds npu  temmepatypi 20 °C y HeWTpaJlbHOMY CcepeloBHINI Ta 31
CTEXIOMETPUYHUM CHIBBIJHOIICHHSIM PEareHTIB MOKa3aiH, 110 3aJIUIIKOBA TBEPHICTh
00po0JIeHOT BOJIM MaliKe HE 3aJIKUTh Bij mo4aTkoBoi (puc. 4.8). Hepennke 301IbIIeHHS
3QJIMIIKOBOT TBEPJOCTI 31 3POCTAHHAM TMOYATKOBOi MU TMOSICHIOEMO HEMOBHOIO
B3a€EMOJIIEI0 PEAreHTIB MiJ] Yac 3MilllyBaHHs, OCKUIBKUA MPOoOU 0OpOOIEHUX MOJIETbHUX
PO3UMHIB Opa3y MiaaaBaiu GUIbTpaIlii. 3arajiomM, MpoBeAeH1 JOCTIHKEHHS CBITYaTh, 110
3acTocyBaHHsl QocdaTiB y Mmporecax MoM sIKIIEHHS BOAW JO3BOJSE OTPUMYBATH AYKE
M’sIKy Boty (KOPCTKICTh MeHIe 1,5 Mr-exB/aM®) y IIMPOKOMY JTiara3oHi KOHIIEHTPAIIii

10HIB KaJIBIIO.
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Puc. 4.8 - 3anexHICTh 3aJUIITKOBOI JKOPCTKOCTI BOJM BiJ] TOYATKOBOI YKOPCTKOCTI
npu chisBigHomeHHi komnoHeHTtisB K=[PO,*, mr-exs]/[Ca?', mr-exs]=1, TemnepaTypi
20°C, pH=6,58

TemnepaTtypa BoaM, fKa MIAAAETBCSI 00poOI, € HaA3BUYAWHO BaXKJIHWBUM
napameTpoM Tporiecy mom’ sikmieHHs. Komu sk ocamkyBad BUKOPUCTOBYIOTH KapOOHAT
HaTpit0, eEeKTUBHICTH TIpoIlecy npu TemrepaTrypax Hmwkde 35-40 °C € qyke HU3BKOIO
[157], mo Bumarae o0OOB’SI3KOBOrO IMiAIirpiBaHHSA BOAM. 3 1HIIOrO OOKYy, BOoJa B
LEHTPATI30BaHUX Mepexax 1 MIA3EMHUX JDKEpelax Yy MEeBHI MEepiojid MOXKE MaTu
temriepatypy 10 °C i Hmkde. Tomy mocimikeHHsT e(DEKTUBHOCTI TPOIIECY TIOM  SIKITICHHS

MIPU HU3BKHUX TEMIEPATYpax € aKTyaJbHUM, OCKIJILKH 1€ J03BOJISIE BCTAHOBUTHU MOTPEOyY
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B MOIEpPeHbOMY MiAIrpiBaHHI BoAMW. Harmnl gocniiikeHHs 3 BUKOpUCTaHHSM ¢ocdarty
HATPIIO K OCaKyBaya MPOJAEMOHCTPYBAJIH, IO AOCTATHS €(PEKTUBHICTD IOCATAETHCS B

IIMPOKOMY Jiara3oHi Temmepatyp (puc. 4.9).
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Pucynox 4.9 - 3anexHICTh 3aJUIIKOBOI JKOPCTKOCTI BOJW BijJ TeMIepaTypu i
chiBBigHomenHs komnoHentis K=[PO;*, wmr-exs]/[Ca?*, mr-exB] mpu moyaTkoBiii
sxopctkocti 10 mr-exs/nm® ta pH = 7,45

3riqHo 3 pesynbTataMu JociimpkeHb (puc.4.9), TemmepaTypa BOAM 3HAYHO HE
BIUIMBA€E Ha MPOLIEC OCAKEHHS 10HIB Kaiblilo ¢docharamu. BimuyTHe 3HMKEHHS
e(eKTHBHOCTI crocTepiraeThes TUThKU Tipu Temmepatypi 5 °C. [IpoTe HaBiTh y 1IbOMY
BUITAJIKY 3HWKEHHS cTaHOBUTH Jime 0,1-1,5 mr-exs/mm3, mo 11t moOyToBUX Ta 0hicCHUX
YMOB € NPUUHSITHUM, OCKIJIbKH JIO3BOJISIE OTPUMYBATH M’ SIKY Ta Iy ke M sKy Boay. OTxe,
CTaOUIBHICTh TMPOLIECY MOM’ SIKIIEHHS B HACTUIBKM LIMPOKOMY J1ala3oHl TeMmmepaTyp
CBIIYUTH MPO MepeBaru BUKOpUCTaHHA PocdaTiB y 1ux mnponecax. BogHodac BaxxIUBO
3’sICyBaTH, HACKUIbKU MOBHO MPU OMUCAHUX YMOBaX B3a€MOJIIOTH KaTIOHU KAJIBI[IO Ta
dbocdaT-aHioHH mijg yac 3MilIyBaHHS PO3YUHIB.

Sk mokazanm momanbmi gociimpkenHs (puc. 4.10), B3aemMojis 10HIB KaJbIlilo 3
dbocharamu BiIOyBa€THCA JOCUTH MOBHO BXKE MPOTSATOM MEPIIUX XBUJIMH KOHTAKTY.
BincToroBaHHS cyMilIeil IpoOTATOM TOJWHHM MIATBEPAMIIO, IO YTBOPEHHS TBEpAoi dha3u

B1I0yBa€ThCSl O/ipa3y IMicCisl 3MINIYBAHHS, 1 3 YacOM 3ajMIIKOBAa >KOPCTKICTh BOJHU



96

MPAaKTUYHO HE 3MiHIOEThCs. lle € Haa3BMUYaiiHO Ba)XJIMBUM MJIsI TEXHOJIOTIH, 1€ eram

B1JICTOIOBAHHS HE Tepe10avdeHuM.
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Pucynox 4.10 - 3anexHICTh 3aJUIIKOBOT >KOPCTKOCTI BOAM BiJl TEPMiHY

BIJICTOIOBaHHsS CYMIIIl TpH Pi3HUX 3HAYCHHSAX M04YaTKOBOi jkopctkocti (OK;) Ta
e = 3 2+
koedimienTi K=[POs*, mr-exs]/[Ca*", mr-eks]

Takum uYMHOM, 3 NOMISIAY €(PEKTUBHOCTI MOM’SKIIEHHs, (ocdar € IMIIKOM
NPUJATHUM PEAreHTOM I BHUJIAJICHHS 10HIB KaJbI[II0 3 >KOPCTKUX MPUPOJIHUX BOJ.
OnHak BaXJIMBUM AaclEKTOM TEXHOJOTIl IMOM SKIIEHHS € MOXIIUBICTh €(EeKTUBHO
B1JIOKPEMHUTH YTBOPEHUI oca BiJ 00p00JI€HOT BOJIU, OCKUIBKU TUIBKU B LILOMY BUIAJKY
JIOCSITAETHCS 3arajibHa BUCOKA €(hEeKTUBHICTh TeXHOJOr1i. pyruit eran qociiikeHs OyB
CIPSIMOBAaHMI Ha BUBYEHHSI YMOB YTBOPEHHS KPUCTAIIYHOTO, HAMO1JIBIII KOMIAKTHOTO Ta
chopmoBanoro ocany. OCBITIEHHS TPOO KOPCTKOT BOAH, 00pobsieHnX pochaToM HATPito
(puc. 4.11-4.13), nokasajo, 110 CyTTEBOI PI3HUIIl B OCAIKEHHI IIPH PI3HHUX MOYATKOBUX
3HaueHHsX pH He BUSBIEHO.

Y cepenoBumii 31 crmabokucaum  pH  (puc. 4.11) iHTEHCHBHE OCBITJICHHS
cnoctepiraerbess smme mpu K=0,5, To0TO 32 HEBenMKOI KOHIICHTpAIlii TBEpIUX
YaCTUHOK. Y 1IbOMY BUIAJKY OCaJP)KEHHSI BiI0OYBAEThCS MPU 3HAYHOMY HA/JIUIIKY 10HIB
KaJibllito, ane 3 aedinurom Qocdar-anioHiB. Uepe3 Kiibka CEKyHJ MICIs 3MINTyBaHHS

pPO34YUHIB BIIOYBA€TbCS YTBOPEHHS TBEpAoi (a3u Ta Koarymsiiss HOBOYTBOPEHHX
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yacTUHOK. OTpUMaHi arperaTd MOYMHAIOTH IMIBUJKO OCIJaTH Y BOJHOMY CEpPEIOBHIIIL.
[Ticis roguHYM BiACTOIOBAaHHS BUIUMUN 00’ €M TBepmoi ¢aszu 3meHmryeTbes 10 30 cmd, 1

MOJIAJIbIIE OCBITJIEHHS PO3YMHY MPAKTHYHO HE BII0YBA€ETHCS.
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Pucynok 4.11 - 3anexxHicTh yIBHOr0 00’ €My yTBOPEHOI TBEp0i (pa3u BiJl TEPMIHY
BiICTOIOBaHHA NpM PI3HUX 3HAUEHHAX CIIiBBiAHOIIEHHs pearenTiB K=[PO,*, wmr-
exB]/[Ca?*, mr-exB] (K,=23 mr-exs/am3, pH=5,2, t = 20,7°C)

[linBumenHss no3u ¢docdaTiB NpU3BOAUTH A0 YTBOPEHHS OUIBIIOI KUIBKOCTI
TBEpJIMX YACTUHOK 1 MOTIPIIEHHS OCBITVIEHHSA. Hampukian, nmpu cTexioMeTpUuyHOMY
cruiBBigHomeHHl (K=1) micis roawHM BiJICTOIOBAaHHS BUAMMHN 00’€M TBepjaoi ¢asu
sMmeHIyeThes Jmmie Ha 20 %. O4eBuaHO, MO Taka MOYaTKOBA JKOPCTKICTh BOJIU € TOCUTH
BHCOKOIO, a TBEp/ll YaCTUHKHU HAJI3BUYAWHO JUCIEPCHI Ta MAlOTh [IEBHUN MOBEPXHEBUU
3apsfl, 10 3aBaXKa€ iX KOaryJssuii.

Cnig 3a3HaunTH, 10 (OPMYBAHHS CIOJAYK KalbIlilo 3 (GocPopoM € T0CUTH
CKJIaJTHUM TiporiecoM. Sk Bkazano y [158], npu 3MimryBaHHI pO3YHHIB XJIOPUAY KAJTBIIIO
ta pochopnoi kucmoTu B mianazoni pH 3-8 yrBoproeTscs kpuctanoriapar rigpodocdary
kanbiiro CaHPO4-2H20. B ymoBax pH > 8 moxxnuBe hopmyBaHHS TiIpOKCHANIATUTY. 3
OTJISiTy HA CKJIQJIHICTh PEAreHTIB, BUKOPUCTAHUX Y HAIIOMY E€KCIIEPUMEHTI, BOJHEBUU
MOKA3HUK TAKOK MOKE CyTTEBO BIUIMBATH Ha (POPMYBaHHS OCaJy, CIIPUSIOYN YTBOPEHHIO

OJIHO-, JIBO3aMIIIEHUX Ta 1HIUX CTPYKTYyp. OAHAK 1€ MUTAaHHS € JOCUTh CKJIAJHUM 1
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BUXOJUTh 33 PAMKH JAHOTO JOCIIJKEHHS, TOMYy MU HE 30Cepe/KyeMocsl Ha HboMy. J[o
TOTO , Ha IIbOMY €Tami Hac OuIbllle HIKaBIATh (I3UKO-XIMIUHI BIACTUBOCTI OCady 3
TOYKHU 30py €(EKTUBHOTO BIJIIJICHHS TBEPAOL (ha3u BiJl POIUUHY.

[Ipu ocamkeHH1 10HIB KaJIbIIiI0 B HEUTPATbHOMY CEPEAOBUIII CUTYAIlisl CyTTEBO HE
3MiHIOETBCs (puc. 4.12). O6’emu TBepmoi (a3u Miciis TOAUHHOTO BiJCTOIOBAHHS JICIIO
3MEHIIYIOThCS, 0COOJMBO MPH HU3bKKX 3HaueHH X koedinienTa K (mpubdmusno Ha 30 %).
[Ipu cHOiBBIAHOIIIEHH] peareHTiB, OJIU3bKOMY JI0 CTEXIOMETPUYHOIrO, PIHUIS Y

BUIMMOMY 00’€Mi TBepaOoi (a3u 3a TUX *KE YMOB 3MEHIIYyeThCs Ha 2—4 %.
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Pucynoxk 4.12 - 3anexHiCTh yABHOTO 00’ €My YTBOpEHOI TBepAOi a3 BiJ TEPMiHY
BiICTOIOBaHHA NpPM PI3HUX 3HAUEHHAX CIiBBiAHOIIEHHs peareHTiB K=[PO,>, wmr-

exB]/[Ca?*, mr-exB] (K,=23 mr-exs/am3, pH=6,78, t =20,7 °C)

[{ikaBo, 110 HaBIThb Y CHJBHO JY>KHOMY CEPEIOBULIl OCAIKEHHS HE CYTTEBO
MOKpAIy€e I1HTCHCHBHICTh OCBiTIeHHs cycnensii (puc.4.13), xoda pi3HHUIS OULIBII
MOMITHA, HIXK MPU OCaKEHHI B KuciaoMy cepenoButi. Hasite 3a K= 0,5 micis roguan
BIJICTOIOBaHHS BUAMMUN 00’e€M ocaay He 3MeHIIyeTbcst Oimpin HiXK Ha 50 % Bix
MOYaTKOBOI0 00’eMy cycrien3ii. OueBUAHO, 10 NPAIIOBATH 3 TAKUM JIPIOHOAUCTIEPCHUM
1 00’€MHHUM 0CaJIOM JOCHUTH CKJIaJHO, TOMY B peajJbHUX YMOBaX HEOOX1HO nependauynuTu
JIOJIATKOBI MPOLECH KOaryJsiiii un (IOKyJsAlii, M0 BUMarae NpoBEACHHS JT0JaTKOBUX

JIOCJIITKEHD.
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Pucynoxk 4.13 - 3anexHiCTh YSIBHOTO 00’ €My yTBOpEHOI TBepAOi (da3u BiJ TEPMiHY
Bi/ICTOIOBAHHA NpM PI3HUX 3HAUEHHAX CIBBiAHOIIEHHs pearenTiB K=[PO;*, wmr-
exB]/[Ca?*, mr-exB] (K, = 23 mr-exs/nm°, pH=10,5, t =20,7°C)

[IpoBeneHi €KCEpUMEHTH MOKa3aliu, 10 €()EKTUBHE MOM’ SIKIICHHS BOAM 3a
nonomororo ¢ocdary HaTpir0 MOKIMBE HABITh MPU HU3bKUX TEMIlepatypax 1 0e3 eramy
BificTOlOBaHHs. [Ipu 1IbOMYy CTEXiOMETpUUYHE CIIBBIIHOLIEHHS pPEareHTiB 3a0e3neuye
JOCTaTHIO €(PEKTUBHICTh JJIsI OTPUMAaHHS M’SIKOi Ta JIy’e M KOl BOJAU. Y Jiama3oHi
temmiepatyp 5—70 °C i mpu pH Bin 5 1o 11 edextuBHICTh PochaTy HATPIO 3ATUIAETHCS
CTabUTBbHO BHCOKOIO, 3MIHIOIOUHCHh Ha 5-25 %. 3aiuImkoBy »XOPCTKICTh BOJAW MOXKHA
3am3utu A0 0,1-0,2 mr-exs/nM3 nuisixom onTuMizalii yMOB OCaI>KEHHS.

3araiioM, 3 TOYKH 30py €(EKTUBHOCTI MOM’SIKIIEHHS, (ocdaT-i0H € IIIKOM
NpUAATHUM PEareHTOM JUIsl BUAAJICHHS 10HIB KaJbI[I0 3 )KOPCTKUX MPUPOJHUX BOJ Y
noOoyToBux Ta odicHUX cucteMax. OIHAK MOXKIUBICTh €(PEKTUBHOTO BlAOKPEMIICHHS
YTBOPEHOTO OCady BijJ 00po0sIeHOT BOAM HE 3a0€3MeUyEThCS YEPE3 BUCOKY JUCIIEPCHICTD
TBepAuX dYacTUHOK. [Iporiec oOCBITIEGHHS 0O0poOJIeHOI BOAM € HECTaOUIbHUM,
IHTEHCUBHICTh OCIJIaHHS TBEPJAMX YACTMHOK HHW3bKA, a 3aJUIIKOBHU BUAUMHUU 00’ €M
ocaay moTpedye 3acTOCyBaHHS JOJIATKOBUX PEAreHTiB, TaKUX SK KOAryJsHTH a0o

(bIOKYJISIHTH.



100

4.3 BUKOPUCTAHHS NOBEPXHEBO-AKTUBHHUX PEYOBHH sl e(EeKTHBHOIO
BU/JAJIEHHS YacTOK (ocdaTy Kajabiilo i3 Boau

[lonepeani AOCHIIKEHHS T[OKa3ald, 1[0 3aCTOCYBaHHS COJIOBO-BAIHSHOI
TEXHOJIOT1i CYHpPOBOJIKYETHCA 3HAYHOK TMEPEBUTPATOID PEAreHTIB, HEOOXIIHICTIO
MiATPUMKHA BUCOKHX TEMIIEpaTyp 1 CHILHO JIy)KHOTO cepenoBuiia [157]. st cuctem i3
MaJiol0 TPOJYKTHBHICTIO Taki yMOBH MAaJONPHUJIATHI, OCKUIBKM BHUMAararoTh
BIPOBAKEHHS 0OaraTOCTaIIMHUX TEXHOJIOTIYHMX MpoleciB. Bimomo, mo dochatu
MOXYTh BUKOPUCTOBYBATUCS SIK OCA/I>)KyBaul 10HIB KaJIbIIil0, 3 SIKUMU BOHU YTBOPIOIOTH
Hepo3uuHHI  crosiyku  [156].  TlomepemHi  AOCHIDKEHHS  MMATBEPAWIN  BHCOKY
€(heKTUBHICTh L[LOTO MPOIIECY, 1, 110 HAWBAXKIIUBIIIIE JJIs1 HOTO 3aCTOCYBAHHS B O(ICHUX 1
MOOYTOBHUX CUCTEMAX - MUTTEBE YTBOPEHHS TBEPAOi (ha3u mpH 3MIITyBaHHI PEareHTIB 3a
TEMIIEPATyp HAaBKOJUIIHLOTO ceperoBuma [159]. Omnak it 3a0e3medeHHS BHCOKOI
3araibHOI €()eKTUBHOCTI MPOIIECYy IOM AKIICHHS HEOOX1MHO AOCATTH €(GEeKTHBHOTO
pO3IUIeHHST TBepaoi Ta piakoi (a3. OueBHIHO, IMIO U1 TaKOi TEXHOJOTil HaNO1IbII
NPUUHATHUMU € BIJACTOIOBaHHS Ta unpTpanis. [lpuyomy @inpTpamis € OuUIbII
JOLIJIBHOIO, OCKUIBKH B1JIOYBA€THCS MIBUAIIE 1 HE BUMArae EMHOCTEH BEIMKOT0o 00’ eMy.
Skio et etan 0OpoOKH HEAOCTATHRO €()EKTUBHUM, YACTUHA OCaAy 3aJUIIATUMETHCS Y
BOJI1, 1[0 HETaTUBHO BILUIMBAaTUME Ha ii XapakTepucTtuku. [Ipobrema BigaineHHs: TBEp0i
($a3u € 0JJHAKOBO BaXKJIMBOIO SIK MPU B1JICTOIOBAHHI, Tak 1 npu PuibTpaiii. Takum 4uHOM,
e(heKTUBHICTh MPOILIECIB PO3LIICHHS PIIKOI Ta TBEP01 Pa3 3aluIlae€ThCsl HEBUPIIICHOIO
HAayKOBOIO MPOOJIEMOI0 B KOHTEKCTI MOM SIKIIEHHS BOJAU 3 BUKOpHCTaHHSAM (docdaty
HaTPIIO.

3amaya HaCTYMHUX JOCTIIHKEHb MOJIsSITajla Y BUBUCHHI OCOOIMBOCTEH BIIIUICHHS
TBep/ioi azu 3 00poOseHOI BOAU TPAAMUIIIHHUMH METOAaMU Ta MOUIYKY MUISXIB
M1JIBUIICHHS €()EKTUBHOCTI IIUX MPOILIECIB.

3aznaneriip MiAroTOBJICHI MOJENbHI PO3UYMHM 3 KOHIICHTPAIEIO 10HIB KaJbLIiIO
15-17 mr-exB/am3 06pobsi a60 po3unHoM ¢ocdaTy HaATpito, a00 CYMIIIIIIO I[HOTO
docdary 3 prokynsHTOM. Y nIpyromy BUNAJKY KUIBKICTH (pocdaTy HATpIO 3anuinaiacs

HE3MIHHOIO 1 BIJAMOBIJAJa CTEXIOMETPUYHOMY CHIBBITHOIICHHIO, TOJ1 SK J103a
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dbraokynsaTa BapitoBanacs Bix 0 7o 50 mr/mM3. Sk momomikHI peareHTH 3aCTOCOBYBAN
noJiakprtamif (ITAA) — ueionorennwmii ¢piokyisat; Magnofloc-336 Bin kommnanii Ciba
— aHIOHHUH QIOKYJISHT 3 MOJIEKYJISIpHOIO Macoro 10 20 MibHOHIB a.0.M.; Ta Zetag-7692
Big Ciba — xaTioHHMI (IOKYJISHT 3 MOJEKYJISpHOK Macor g0 20 MiIbHOHIB a.0.M.
MeTonrka TOCTiIKEHb OMUCcaHa B PO3aii 2.

[loyaTkoBHMII UMK JOCHIIKEHb OyB CHPSMOBAHUN HAa BHUBYEHHS IIPOIIECIB
BIJICTOIOBAHHS CYCIIEH31i, fIKa YTBOPIOETHCS BHACIIAOK pEeaKiii 10HIB KalbIlO 3
docharamMu 1 OCBITIIOETHCSA TOCHTH MOBUILHO. Pe3ynbratu ekcriepumeHTiB (puc. 4.14)
MoKa3zayM, 1Mo MO3UTUBHUM edekT IIAA mnposBISETbCA JHINE TPH KOHIICHTPAIIIX
dbrnokynsara monan 10 mr/mme. 3a HIKYMX KOHIIGHTpAIid IMIBUAKICTH OCBITIICHHS
BUSIBJISIETHCSI HABITh MEHILIOK, HDK 0e3 QuiokynsHTta. KpiM TOro, mpu Takux Mayiux
KOHIICHTPAIISIX YTBOPEHUH TBEPAUN Ocaj Ma€ BUTIIS APIOHOIUCTIEPCHOL CYCIIeH3Ii, sIKa
Bi3yaJlbHO CIPUHUMAETHCS K OJHOpPiAHA Olda Maca. Y LbOMY BHUINAJKY CIIOCTEpIraTu

nporecu QIIoKysALii He BaaeTbes [160].
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Pucynok 4.14 — 3anexHiCTh ySIBHOIO 00’€My YTBOPEHOTO OCaAy BiJl TEPMIHY
BiJICTOIOBAHHS [TPH BUKOPHCTaHHS pi3HuX 103 [TAA (mr/nm®) (cnisBinsomenns K = [POS3,
mr-exB]/[Ca?*, mr-exs] = 1, mouartkoBa xopcTkicth XK, = 16,4 mr-exs/nm?, pH = 6,57, T =
19,7 °C
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Konnenrpariii ¢pmoxynsata 10-20 mr/am® He3Ha4YHO BITMBAIOTH HA CHUTYAINO 1
3MEHINYIOTh BUAUMUN 00’eM TBepmoi (a3u mume Ha 3-15 %. IIpote B 06’emi MOkHa
BUSIBUTH OKPEMI arperatu, a TBepaa (paza npencrapiisie cOO00 MOPUCTY, MYXKY Macy, sika
Maif>ke 3 TOCTIHHOIO MIBUJIKICTIO OC1/1a€ HAa JHO IuiiHApa. [IIBUAKICTE OCiaHHS TBEPAOi
dasu me Oinmpie 30UThITyeThes pU KoHMeHTpamisx ¢uokyiasaTa 30-50 mr/om3. Crig
3a3HAYUTH, 110 TaKi PiBHI (UIOKYJSHTIB € 3aHAATO BUCOKHMMHU [IJIi CUCTEM OYHUIIEHHS
BOJY, TOMY MOJAJIbIIE X MIJBUIICHHS HABPSJ YU JOLUIbHE, X04a MPU KOHIICHTpAIlli
50 mr/mm3 Oy OTpUMaHi JOCUTH XOpoti pe3ynbratu. OcoOIMBO BapPTO BI3HAYUTH, 1110
MPOIIEC OCBITJIICHHS MPHU TakKiil KOHIEHTpallii HalWOUIbII 1HTEHCHUBHO BiOYBa€ThCs B
neprri 10 xpumH. 3a 11e# yac BuauMuit 00’ eM TBepAoi a3y 3MEHITYEThCS BABIUI 1 yepe3
1 ronuHy BimcTorOBaHHS cTaOLTI3yeThes Ha piBHI 35 cm3. Ile Moke MaTh MO3UTHUBHUN
BILIMB SIK HAa TPOLIECH BIJICTOIOBAHHS, TaK 1 Ha mpoiiecu GUIbTpalii.

[Tpu BukopucTaHHI KaTioHHOTO (uokynsHTa Magnofloc-336 (puc. 4.15) Oynu
oTpuMaHi 1iKkaBl pe3ysbTrat. [Ipu KoHUeHTparisax 0au3bko 1 mr/am3 crnoctepiraerbes
3BOpOTHUN edekT. TBepAaa ¢asza ocijae MNOBUIbHINIE, HDKX 0e3 daokynsaTa. 31
30UIBIICHHSIM 11031 (JIOKYJISIHTA MIJBUIIYEThCS W ePeKTUuBHICTH Horo nii. Halikpammi
pesyabTatu gocsarayTo mpu 1031 30 mr/ame. [Ipote momanpie 301IbIICHAS KOHIICHTpAITil
10 50 mr/nM® pu3BOANTH 10 GOPMYBAHHS CTIMKOI CTPYKTYpH, KA 3 4aCOM HE OCiJIae.
3rimao 3 pwuc. 4.15, npu xommentparii daokynsata 30 mr/am® micns 10 xBumwH
BiJICTOIOBaHHS BUAMMHI 00’ eM TBepAoi (a3u 3MeHmyeTrhes 10 30 cM3 i cTabLmi3yeThes
Ha 1boMy piBHI. OTXe, 3a TaKUX YMOB 4Yac BIJICTOIOBAaHHA MOKHa OOMEXHUTH
10 xBuMHAMH, IO JO3BOJISE€ 3HAYHO CKOPOTHUTH TPHUBATICTH MPOIECY Ta PO3MOYATH
binpTparnio.

AnionHu#t QuiokynsHT Zetag-7692 mokaszaB HaliMeHITy €()EeKTHBHICTh y IMPOIIECi
BiJICTOIOBaHHS ocajiB ¢ocdary kanbilito puc.4.16. [lpomec ocBiTneHHs cycneH3il
MPOXOJUTH IOCUTH MOBLIBHO, a 3AJIUIIKOBUN BUAUMUN 00’ €M TBEpAOi (ha3u 3aTUIIAETHCS
3HauHUM. [IIBUIKICTH OCBITIICHHS CyCIieH31i Maii’ke HE 3MIHIOETHCS MPU KOHIEHTPAIIISIX
dbaoxynsaTa 1-10 Mr/om? 1 HaBiTE 63 ¥Horo gogaBaHHs. Tiabku mpu go3ax 30—50 mr/ame
crioctepiraetbesi HeBenmuke (Ha 15-25 % mopiBHSAHO 3 OCBITVICHHSAM 0Oe3 (hJIOKYJISTHTA)

30UIBIIICHHS MIBUIKOCTI OCaJKeHHs TBepAoi ¢asu. lIpoTe mpu Takux KOHIIEHTpAIIIX
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(bnoKynsHTa OCBITJEHHS BiAOYBAa€THCS 3aHAATO MOBUILHO, 1 3MEHILIEHHS BUIUMOIO

00’eMy TBepaoi (a3u CHOCTEPIraeTbCsi MPOTATOM YChOTO TMEPIOY BIJACTOIOBAHHS,

nocsrarodu 35 cMm® uepe3 TOANHY.
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Pucynok 4.15 - 3anexxHicTh yIBHOT0 00’ €My yTBOPEHOI TBEP0i (pa3u BiJl TEPMIHY
BiJICTOIOBAHHS NPH BUKOPHMCTaHHI pizHUX 103 Quokynsaty Magnofloc — 336 (mr/am3),
criBignomenHi K=[ PO, mr-exs]/[Ca?*, mr-exB]=1, nouarkosiii sxopctkocTi X,= 16,9
mr-exs/am°, pH = 6,54, t = 19,8°C
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Pucynoxk 4.16 - 3anexHiCTh yABHOTO 00’ €My yTBOPEHOI TBEpAOi (a3 BiJ TEPMiHY
Bi[ICTOIOBAHHS NpM BUKOPUCTAHHI Pi3HMX 103 (GuokynsHry Zetag — 7692 (mr/mmd),
criBBignomenHi K=[PO,%, mr-exs]/[Ca?*, mr-exs]=1, mouarkosiii xopcrkocti XK, = 17,5
mr-exs/am°, pH = 6,48, t = 19,2°C
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Otxe, oTpuMaHi pe3yJbTaTU JOCIIKEHb Nal0Th MiJCTaBU CTBEPKYBATH, IIO
HalleEeKTUBHIIIMM TP OCBITIEHHI cycneH3iii (QocdaTy Kanblilo METOIOM
BiZicTOIOBaHHs € aHioHHMH (iiokyasHT Magnofloc-336 Bix kommawnii Ciba. Tlpote ciin
3a3HAYUTHU NOTPEOY Y JOCUTH BUCOKUX KOHIEHTpAIIIX (DJIOKYIISIHTA Ta BEIUKOMY 00Cs31
TBEPJIUX YACTUHOK MICJsl TOAWHU BifcTOOBaHHS. KpiM TOro, yMOBU BIACTOIOBaHHSI HE
3aBXKIU TapaHTYIOTh ONTUMAalbHI MmapameTpu mis dinbrpanii. pyruit eran Hammx
JOCIIIJI)KeHb OyB CHPSIMOBAHUN HA BUPIIIEHHS 1IbOTO MTUTAHHS.

Ockinbku TBepaa haza GopMy€eThCS BHACIAOK PEaKIlii IBOX CKIIAJHUX PEareHTIB,
ii OymoBa Ta CTPYKTypa MOXYTh 3HAayHO 3aJIe’KaTW BiJ YMOB Iepediry peakxuii.
3po3yMmino, 110 HAOUIBIINI BIUIMB Y IbOMY BUIAJKy MaTUMYTh TeMIIEpaTypa, piBEHb
pH Ta cmiBBinHOIIEHH KOMIOHEHTIB. L1 dakTopu BU3HAYATUMYTh MOBHOTY PEAKIIIi,
dbopmyBaHHS KpUCTaIi4yHOI a00 aMOp(dHOi CTPYKTypH, pPO3MIp arperariB ToOIO, IO,
CBOE€IO YEProlo, BILIUBATUME Ha €(DEKTUBHICTb BIJIOKPEMIICHHS TBEPAOL Ta P1AKOI (a3 mij
yac (uUIbTpaii.

Sk mokazaHo Ha pucyHky 4.17, Ha MBUAKICTh (PUIBTpAIil 3HAYHO BIUIUBAIOTH
Tinpku Temneparypu, Hwkdi 3a 20 °C. Ie oco6mmBo momiTHO nipu Temmepatypi 5°C. 3a
TakuXx yMOB 00’em ¢inbTpary Binctae Ha 8-20 xBwimH Bim 00’eMy GimbTpary

JIUCTUIBOBAHOI BOJU.
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Pucynok 4.17 - 3anexHicts 00’eMy (QiabTpaTy Bia TepMiHYy (GUILTPYBaHHS MpHU
crieBignomenHi K=[ PO;*, mr-exs]/[Ca?*, mr-exB]=1, nouarkosiii xopctkocti XK, = 10,5
mr-exs/nm°, pH = 6,48 Ta pi3sHUX 3HAYEHHAX TeMIEpaTypH CycHeHsii
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[Tpu 15 °C us pizHUIS MeHIIa, a pu Temneparypax noHan 20 °C kpusi maiike
30iratotbes. lle cBimumTh, mo B miamasoni temmeparyp 20-70 °C yTBOprOIOTHCS
yacTUHKH GocdaTy Kanbllito, HAHOUIBII NPUAATHI AJI JTAHUX YMOB €KCIIEPUMEHTY.

3a pesyabTatamu jgociikerb (puc. 4.18), y mexxax pH 5-9 3HauHOrO BILIMBY Ha
IIBUJIKICTh (PUIBbTpallii He BUSBICHO. JIWille B yMOBaxX CHJIBHO JIYKHOTO CEpEIOBHUIIA
TPUBANICTh (DUIbTpALll 3HAYHO 3POCTAE, IO MU MOSACHIOEMO (POpMyBaHHSIM amMOpPHUX
YaCTUHOK PI3HOrO CKiaay. Y 3B’S3KY 3 IIUM iX JUCIEPCHICTh CTA€ HAJATO BEIUKOIO, 1

bubTpalis BiA0yBa€ThCS 3 YACTKOBUM 3aKyOPIOBAHHIM MOP PIIBTPIB.
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Pucynok 4.18 - 3anexHicTh 00’eMy ¢inbTpary Bia TepMmiHy (UTBTpYBaHHS MpHU
criBBignomenHi K=[PO,%, mr-exs]/[Ca?*, mr-exB]=1, mouarkosiii xopcrtkocti XK, = 10,5
mr-exs/nm°, Temneparypi 20°C Ta pisHuX 3HaueHHsX pH cycnensii

OueBuAHO, IO MPH 3MIHI CIIBBIIHOIICHHS KOMIIOHEHTIB YTBOPIOETHCS TBEpJa
¢aza 3 pizHuM cknaaoM. Lle miaTBepaKy€eThCS TUM, IO MBUAKICTh PIAbTpALl CycnieH31i
MpU CTEXIOMETPUUYHOMY CITIBBIIHOIIEHHI KOMIIOHEHTIB Mailke 301ra€Tbcs 3 KPHUBOIO
MIBUJKOCTI (UIBTpallii JUCTHILOBAHOI BOJH B aHAJIOTIYHUX ymMoBax (puc. 4.19).

31 3MmiHOI0 Koe(imienta K sik y OIK 3MEHIIEHHS, TakK 1 30LIbIIEHHS, YMOBHU
¢bubTpanii cycnensii mnoripmryroTbes. Yum  Ouibiie 3HaueHHs koedimienta K
BIAXWIISIETHCS BIJl CTEX1IOMETPUYIHOTO, TUM O1JIBII PO3BHHEHY CTPYKTYpY HaOyBa€ TBep/a

(daza, 1 TUM cKIaAHIIIe BiIOyBa€ThCs ii BIMOKpeMIICHHS Bija piakoi dazu. OTxe, 1
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npoiieciB (GUIBTPAIIHHOTO BiAJIUICHHS TBepAoi (Pa3u ONTUMAIBHUMHU € TeMIepaTypa

noHax 20 °C, cTrexioMmeTpudHe CIiBBiAHOMCHHS peareHTiB i pH y mexax 5-9.
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Pucynok 4.19 - 3anexHicTh 00’eMmy GinbTpary Bif TepMmiHy (QUTBTpyBaHHS TpU
noyaTkosiil xkopctkocTi XK= 10,5 mr-exs/nm3, Temneparypi 20°C, pi3HHX 3HAYEHHSX
chieeignomenns K=[PO,*, mr-exs]/[Ca?*, mr-exs] ta pH cycnensii 7,0

Sk mokazanu pE3yJIbTaT BU3HAYUCHHA 3HAKAa IMOBCPXHCBOIO 3apsiaay YaCTHHOK

TBepo1 (pa3u, ONTUMATBHHUM Jialla30HOM BOJIHEBOTO Moka3Huka € 7,5-8,5 (puc. 4.20).
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Pucynox 4.20 - 3anexHicTh cycnieH3iiHoro edexry Big pH cycnensii mpu BMicTi
tBepnoi Basu 223 mr/mm° Ta Temneparypi 21°C
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VY npomy inTepBani pH noBepxHeBHii 3apsi YaCTUHOK MiHIMAJIBHUH, 110 COPHUSIE 1X
arperauii. Kpim Toro, 3mina koedimienta K BminBae Ha pH HynbOBOro 3apsny TBEpaAnX
YaCTUHOK. SIKIIO MpU CTEXIOMETPUYHOMY CIIBBIIHOIIEHHI KOMIIOHEHTIB BiH JOPIBHIOE
pH 8,15, To mpu K=0,5 3umxyerscsa no pH 7,41, a mpu K=2 migsumniyerscs no pH 8,64.
SAx BuaHO 3 pucynka 4.20, 3MiHa CITiBBIAHOIIEHHS KOMIIOHCHTIB BIUTMBA€ HE JIMIIE HA
3HaK MOBEPXHEBOrO 3apsiay, aje ¥ Ha MOro BeIMYMHY. MakCHUMaJdbHUU 3apsi] MarTh
YaCTUHKHM, OTPUMaHiI MPU CTEXIOMETPUYHOMY CIIIBBIIHOIIEHHI peareHTiB. Takox
BCTAHOBJIEHO, 110 npu pH<5,5 cnocTepiraerbcsi poO3UMHEHHS CBI)KOOCAIKEHOTO OCamy,
110 MPU3BOJUTH 0 3HUKEHHS TOTEHI[1a]Ty TTOBEPXHEBOIO 3apsiy.

JlonaTkoBl MOCHIKEHHS y LbOMY HANpsIMKY TIOKa3aiM, IO TUMH Ta JI03U
(bnoKkynsaHTIB, €EeKTUBHI IIPU B1JICTOIOBAHHI, HE 3aBXK/IU JAIOTh aHAJOTTUHHUIN pPe3yiabTaT
npu QireTpyBanHi (puc. 4.21). Bymo BUSBICHO, 10 HAWBUINY IIBUAKICTH Ma€
GbuTbTpyBaHHS CycCIieH31d 0e3 Jo/aBaHHsA OyIb-IKUX peareHTiB. BB (uokyisiHTIB

BUBYAIH Npu KoHIeHTpaIigx 10 1 30 mr/mms.
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Pucynok 4.21 - 3anexHicTh 00’eMy inbTpary Bia TepMmiHy (UIBTpYBaHHS MpHU
noyatkoBiii xopctkocTi XK, = 22,3 mr-exs/nm°, Temneparypi 20°C, no3i ITAP 10 Ta 30
mr/mm°, criBBignomenHi K = [PO4%, mr-exs]/[Ca?*, mr-exs] = 1 Ta pH cycnensii 7,0

3rigHo 3 pucynkom 4.21, xoieH 13 (hJIOKYJISHTIB PI3HUX THITIB Ta KOHIICHTpAIIii HEe

COpUSIB MIJABUINEHHIO MIBUAKOCTI (inbTpaiii. MMoBipHO, BHCOKI 103U (IIOKYJISIHTIB



108

MPU3BOJASTH JI0 IIBUIAKOTO 3acMiUu€HHsS mop QUIBTPIB, L0 3HUXKYE HIBUIKICTD
MPOXODKEHHST piakoi ¢asu. 3MeHmieHHs KoHmeHTtparlii ¢mokymsaTie g0 10 mr/mm3
ICTOTHO Ha CUTYyaIlll0 He BIUIMHYI0. He3HauH1 BIAMIHHOCTI B IHTEHCUBHOCTI (pinbTpariii
MDK pi3HUMH (DIOKYJISTHTAMH CIIOCTEPITaloThCs, alie KOJIeH He 3abe3leuye MIBUIKICTb
dbutbTpanii Oubly, HiXk 0€3 BUKOpUCTaHHS peareHTiB. OTxe, GUIbTpyBaHHS, HA BIAMIHY
B1J1 BIZICTOIOBaHHS, Kpallle MPOBOAUTHU 0€3 10JaTKOBOI 00OpOOKH CyCHeH311 peareHTaMu.
CyuacHe TOM’SKIIEHHS NOPUPOAHUX BOJA TNOTpeOye HOBUX JOCHIJKEHb s
CTBOpEHHsI €(DEeKTUBHUX TeXHOJIOriH. 3acTocyBaHHs docdaTiB ajis 0OpOOKH KOPCTKOI
BOJIU J103BOJIsi€ €(DEKTUBHO BUAAISATH 10HU KaibIii0. [IpoTe 3anuiaeThess HEBUPIIIEHOIO
npoOJjieMa BIJIOKpEeMJICHHS piKoi Ta TBepaoi (a3. Ilpu BiACTOIOBaHHI BUKOPHUCTAHHS
anionnoro Quokynsaty Magnofloc-336 Bix kommanii Ciba 3HauHO mHpHUCKOPIOE
OCBITJICHHS CYCIEeH31i 1 3MeHITye 00’ em TBepAoi ¢a3u. Ilix yac BiaauieHHs TBepoi ha3u
(GUIbTpYyBaHHSIM Ha MIBUIKICTH MPOIIECY CYTTEBO BIUIMBAIOTH YMOBU (DOPMYBaHHS OcCay.
KirouoBy posib BifirpatoTh Temneparypa, pH 1 CriiBBiJHOIIEHHS! KOMIIOHEHTIB, OCKUIbKU
BOHU BU3HAYAIOTh CKJIAJ] Ta MOBEPXHEBUU 3aps]l 4yacTHHOK TBepaoi (azu. XKoxpeH 13
JOCIIJIKEHUX (DIIOKYJISTHTIB PI3HUX THUITIB HE MiABUIIUB €()EKTUBHICTH (QIITPYBaHHS, 110
poOUTH iX 3acTOCYBaHHS HeOUUTbHUM. J[11a edexTUBHOrO BiAJIUIEHHS TBEpaoil (azu
GiTpTpyBaHHIM oONTHMAIbHUMH € Temmeparypa moHan 20 °C, crexiomerpudHe
CHiBBIIHOIIEHHS KOMITOHEHTIB Ta pH y miamazoni 5-9. [IpupoaHi BoaM 3aBXKIU MICTSThH
10HM KaJpI[ll0 Ta MarHilo, SKi MOTPIOHO BHAAIMTH IiJ 4ac moM skiieHHs. 1106
MITBEPIUTA OTPUMAaH1 PE3yJIbTAaTH LI0/I0 10HIB KAJIBI[110, AHAIOT1YH1 AOCIIIKEHHS OyI10

MIPOBEICHO ¥ JJIs 10HIB MarHiro.

4.4 EdexTuBHicTh BHAaJeHHsI ioOHIiB MarHio 3 BoOAM B mpouecax ii
NOM’SIKIEHHSA

BianoBigHO O YMHHUX HOPMATUBHUX JOKYMEHTIB YKpaiHH, MOKA3HUK 3arajibHO1
’KOPCTKOCTI NMHUTHOI BOAM HE IMOBHMHEH mepeBuinmyBatu 7 mr-eks/mme [3]. Ilpu mpomy
napaMeTpu (hi310J10T1YHOT TOBHOIIHHOCTI MIHEPAJIbHOTO CKJIATy BOJM BCTaHOBJIIOIOTH

MIHIMaJIbHY 3arajbHy >KOPCTKICTh Ha piBHI 1,5 Mr-exB/Am3, a peKOMEHJIOBaHHI BMICT
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ioHIB MarHito ctaHoBUTH 10-50 mr/mM3. V nmesxux ramy3sx TpPOMHCIOBOCTI BUMOTH JIO
IOT0 TOKa3HUKA BOJU € 1€ cyBopimmMmu. Hampukian, y xap4oBidi MpOMHUCIOBOCTI
BUKOPUCTOBYIOTh BOIy 3 opctkicTio 0,1-0,2 mr-exB/am3, a B eHepreTUIli — HaBITh
0,03-0,05 mr-exB/mm® [12]. Omxe, 6arato mpupoOIHUX BOJ MOTPEOYIOTH IMOM’ SIKIIICHHS,
TOOTO 3MEHIIIEHHS HAJJIMIIKOBOI KIJILKOCT] 10HIB KaJIBI[1}0 Ta MAarHi.

Ha chorojiHi HalMmomupeHiuM METOAOM MOM SKIIEHHS BOJU € COJ0BO-BaITHsIHA
(HaTpieBa) TexHOIOTIs. BoHA moMsrae B ToMy, 10 )KOPCTKY BOJY CIIOYATKy 00pOOIISIOTH
KapOOHATOM HATPil0 IS OCA/DKCHHS 10HIB KaJbIllI0, a IOTIM JO0JAal0Th BamHO IS
BHUJIAJICHHS 10HIB MarHito. lleii MeTon BuMmarae BiJICTOIOBaHHS 1 BUJAJICHHSI ocaay, a
TakoX KopuryBaHHs pH o0po6sienoi Bogu 3 mokasnuka 10,0-11,0 mo HedTpasbHOTO
3HaueHHs. MeToa He € HaaTO e(PeKTUBHUM, OCKUTLKH HABITh IPHU TEMIIEpaTypi Boau 35—
40 °C 3amumkoBa XOpcTKicTh cTtaHoBUTH 0,5-1,0 mr-exs/mM3. Ilompm 1 HemOIiKH,
TEXHOJIOT1s1 BBAXKA€ThCsl 0a30BOIO JIJIs1 IPOMUCIOBOTO 3aCTOCYBAHHS, OCKIIBKH JI03BOJISIE
MOM’SIKIIIYBaTH BOJlY 3 PI3HUMH KOHIICHTpALISIMU 10HIB KaJbllil0 Ta MarHito 1 OyayBaTu
CUCTEMH BUCOKOI MPOAYKTUBHOCTI.

CyuacHe 30UIbIIEHHSI BMICTY 10HIB KaJbI[il0 Ta MarHil0 B IPUPOJHUX BOJIAaX
3MyIIly€ BCTAaHOBIIOBAaTH CHUCTEMH IOM SKIIEHHS B odicaxX, NpUBAaTHUX OyIMHKAX 1
KBapTUpax, 1€ 3aCTOCYBaHHS COJIOBO-BAMHSHOI TEXHOJOTi HeMoxHBe. OCKUIbKH
MOTpiOHA MPOTYKTUBHICTh TAKMX CHUCTEM HEBEIMKA, HAWOUIBIIOrO MOITUPEeHHS HaOyIu
10HOOOMIHHI yCTaHOBKM JuIs moM’sikieHHs Bomu [148]. V mmx ycraHoBKax sK
pereHepaniianii pO3UYNH BUKOPUCTOBYIOTh 6—8 % po3unH XJopuay HATPIirO, KU MiCs
pereHeparlii CKHaIa0Th y KaHam3amio. OTxe, OKpiM 10HIB KaJIbI[1}0 Ta MarHiro, y CTI4HI
BOJM TMOTpAIUISIE 3HAYHO OUIbINA KUTBKICTh Xiopuay Hatpito [147]. Barato Bomu
BUTPAYA€ThCS HA CIyNIyBaHHS Ta TpoMuBaHHS ioHiTiB. 3aramom 20-30% Bomw,
00po0JIeHOT YCTAaHOBKOI, BHKOPUCTOBYEThCS Ha ii oOciyroByBanHs [146]. KinbkicTb
TaKUX MAaJIOMOTY>XKHUX CHCTEM HIOPOKY 30UIBLIYETHCA, 1, BIAMOBIAHO, 3pPOCTA€ iXHIM
HETaTUBHUI BILJIMB HA HABKOJIUIIIHE CEPEIOBUILIE.

Jlotenep MOM’SKIIEHHS BOJM B MOOYTOBUX Ta O(PICHUX yMOBaX 3aJIUIIAETHCS

HEBUPIIICHOIO CKJIaJIOBOI0 HAYKOBOI MPOOJIEMHU 3aXHUCTYy JOBKULISL BiJl 3a0pyHEHHS
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IIKIITMBUMU pedyoBUHAMHU. OUeBUIHO, 1O 1 MpolieMa JaBHO MOTpeOy€e BUPIIICHHS, 1
3 KO’)KHUM POKOM il aKTyaJIbHICTb JIUILIE 3pOCTaTHUME.

[IpoBeneni nocmimkenns [157] mokazanw, 1o 11t ¢heKTHBHOTO BUJAJICHHS 10HIB
KaJIBI[I}0 COJOBO-HATPIEBUM METOJOM MNP HU3bKUX TeMmImepaTypax i 0e3 BiJICTOIOBaHHS
HeoOximHe 5-10-kpaTHe mepeBHINEHHS 03U OCa/pKyBada HAa CTEXIOMETPUIHOIO
KUTBKICTIO. BaXXIMBO TakoX, M0 HEOOXITHHMM MpPOIEC OCBITICHHS 00poOJIeHOI BOIU
B110yBa€ThCSl HECTAOIbHO, 1HTEHCUBHICTh OCAKEHHS TBEPJUX YACTUHOK HU3bKaA, a
3aIMIIKOBUK 00’€M Ocaqy BHMAarae 3acTOCYBaHHS JOJATKOBHUX PEAreHTIB y BHIISAL
KOaryJstHTiB a0o (rokyisHTIB. MiHIMallbHA 3aJUIIKOBA >KOPCTKICTH BOJU B ILIbOMY
Bumaaky ctaHoButh 0,6 mr-exs/mM3. [lpakTuuHO BIACYTHI JETaNbHI JOCTIIHKCHHS
e(heKTUBHOCTI BUJIAJICHHS 10HIB MAarHil0 HUISIXOM iX TiApoidizy. ToMy MU pOIOBXKUIN
MONIYK MPUUHATHUX METOMAIB Ta PEAreHTIB JJIsi MOM’ SIKIICHHS BOJUM B MOOYTOBUX Ta
0oICHUX CHCTEMax.

Hamri mociipkeHHsT BUSIBHIIH, 1110, HA BiIMIHY BiJ KapOoHaTy Kaublito [161], ionu
MarHir0 MOXyTh €(PEKTHUBHO OCa/KyBaTHUCS y (OpMI 1HIIUX HEPOIUYMHHUX CHOJYK.
BinnosigHo g0 [158], HalOmMUpEeHIITUMU MAJIOPO3YMHHUMH 200 HEPO3UMHHUMU Y BOJII
€ (ochopHi cnonyku MarHio. Takux CHONYK ICHye 0araTo 3 IIMPOKUM J1alia30HOM
po3uuHHOCTI. OJHaK HAWUMPOCTIIIUM 1 HAWMOIIUPEHIIIUM € TIAPOKCUA MAar”ipo —
MNPOAYKT TIAPOTI3y 10HIB MarHito. Y COAOBO-BallHSAHOMY METO/l 10HM MarHiio
BUJIAJIAIOTHCS CaM€ y BHIJISAI TIIPOKCUIY, OCKUIBKM KapOOHAT MarHir0 3aHaiTo
PO3YNHHUM.

[Mlpore 3mauenHs pH, npu sikomy mnouuHaeTbes ocamkeHHs MJ(OH): npu
koHIeHTparii ioHiB MarHito 0,01 M, cranoButs 10,4, a 1711 HOBHOTO OCAKEHHS ITOTPIOHO
pH 12,4 [162]. 3a gaHuMu HaAIIMX JOCIIIKEHb, BUJAJICHHS MarHiro y GopMi riapokcumy
Ma€ CYTTEB1 HEJIOMIKH, OCKUIBKA HACTIJIBKY 3HAYHE MiABUILCHHS pH BUMarae moaanbiioi
KOPEKIIIi Micis BIAAUICHHS ocady, 1110 MPU3BOJUTD /10 3HAUHUX BUTPAT PEarcHTIB.

BusBuiocs, mo HaBiTh MPU MOYATKOBIH x)opcTkocTi 19,6 mr-exs/am® 1 pH 10,5
YTBOPEHHS TBEP/I01 (ha3u B MOJICIILHOMY PO3UHWHI Bi3yalibHO He TomiTHE (puc. 4.22). Jlns

JOCSITHEHHS MOMITHOTO edeKTy mom skieHHs pH cnig miarpumyBaty B aiama3oni 11—
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11,5. IIpoTe NO3UTUBHUM MOMEHTOM € T€, 110 3 IUIMHOM 4acy BiJIOyBa€ThCsl OCBITICHHS

00p00JIEHOTO PO3UHHY, IO A03BOJISE PO3AUIMTH TBEPAY 1 PIIIKY (azu.
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Pucynok 4.22 - 3anexHicTh 3aJTUITKOBOT MarHi€BOi JKOPCTKOCTI Boau Bix pH mpu
PI3HHUX 3HaYEHHSX TTOYATKOBOI dKOPCTKOCTI Ta TeMIiepaTypi po3unny 22 °C

OpHak Mg CHCTEM 3 MaJlOl0 Ta CEPEIHBOI0 NPOAYKTUBHICTIO L€ METOJ
HEMIPUUHATHUM, OCKUIBKM BHMAarae Jo0/aTtkoBoi Kopekiii pH o00po6nenHoi Boau 1
OB’ SI3aHUI 3 BEJIUKHUMU BUTPATAMU PEAreHTIB.

[HmMM peareHTOM, SKMA 4YacTO PEKOMEHAYIOTh Y HAayKOBHUX JDKepenax s
OCa/DKCHHS 10HIB MarHito, € ¢gocharu [156]. V mpoMy KOHTEKCTI BBAXKa€ThCs, IO B
pO3uMHI BIAOYBAalOThCA peakilli, fKI 3arajJoM MOXYyTb OyTH IMOAAaHI B TaKOMY

CITPOITIICHOMY BUTJISIAI:
3M92+ + 2(PO43') — Mg3(POa)2] .

VY pe3ynbTaTi 10HM MarHit0 yTBOPIOIOTh HEPO3UMHHY CIIONIYKY Ta MOXYTh OyTH
BIUTYUY€H1 3 00poOroBaHoi Boau. HaBeseHe piBHSIHHS € TOCHTH CIPOIIEHUM, OCKIJIBKH
MiJ 4Yac peakilli MoXe BHHUKATH OaraTto MPOMDKHHMX CIIOJIyK. buIbll JOKIagHy
iH(pOpMaIIito PO HUX MOXKHA 3HAWTH, HanpuKiaz, y [158]. Sk mu Bxe Bigznauamu [161],
3 TOYKA 30py €(GEeKTUBHOCTI Mpouecy oM’ sikiieHHs, ¢dochatu HaTpito € OuIbll

MPUJAaTHUMU OCa/DKyBauyaMH, HDK KapOoHaTth. OCKUIBKH TMPOIECH ITOM SKIICHHS
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nepeadavyaloTb OJHOYACHE BUJIYUYEHHSI 10HIB KaJbllil0 Ta MarHit0, TO OYEBHUIHO, WIO
noAi0H1 JeTaabH1 JOCHIXKeHHS CIiJ] BUKOHATH 1 A1t ocdaTiB MarHio.

Hamrni excriepumentn (puc. 4.23) moka3aiu, 110 3HMKEHHS MarHi€BOl )KOPCTKOCTI
3a 101oMororo gocdatiB BUSBUIOCA MEHII €()EKTUBHUM, HI)K YCYHEHHSI 10HIB KaJIbLIiIO.
Hagits ipu pH 10,07 1 K = 2 miHiManpHa 3aJUIITKOBA )KOPCTKICTh BOJIM HE 3MEHIITyBaIacs
Hwkue 0,75 mr-exs/mme (y Bunanky kaibifito — 0,1-0,2 mr-exs/nm3). [Ipu 3Hmwkenni pH
CIOCTEPIra€eThCsl CTaOUIbHE NaAiHHSA €(PEKTUBHOCTI, Xo4ya W HE OyXe 3HauHe. Takum
YUHOM, IIPU MEPEXOl 3 TY>KHOTO B KHCIJIE CEPEOBUIIE 3AIUIIKOBI KOHIICHTpAIIll 10H1B
MAarHilo 3pOCTaloTh yABIYl HE3aJIEKHO B1Jl 3HaU€HHs KoediuieHTa K.

3 ypaxyBaHHSIM Cy4YacCHUX CyBOPHX BUMOT JI0 BMICTY (pocdaTiB y CTIUHHX BOJAAX,
CJii OPIEHTYBAaTHUCS Ha CTEXIOMETPUYHI CHIBBIJHOIIEHHSI PEareHTIB JJII MAaKCUMaJIbHO
MOBHOTO TPOTIKAHHS peakiii MK KOMIoOHeHTamu. Sk BumgHO 3 puc.4.23, y
HelTpansHOMY cepenoBuiii npu K= 1 3anumnikoBa xopcTKiCTh 00pOOIEHOT BOAN MOXKE
nocsrati 3 Mr-eks/mM3 1 Outbmie. 3a iHIIMX yMOB (TeMIeparypa, BHCOKa ITOYaTKOBA
MarHi€Ba KOPCTKICTh) 3aJIMINKOBA JKOPCTKICTh MOXKE OyTH Ie OULTBIIOI0, MO CYTTEBO

3HMKYE 3aralibHy €(EKTUBHICTH MPOLIECY MTOM SIKIIIEHHS.
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Pucynok 4.23 - 3amexHiCTh 3aJIMITKOBOI dKOPCTKOCTI BOAM Bia koedirienty K =
[PO4*, mr-exs)/[Mg?*, mr-exs] npu pisHux 3HaueHHsX pH Ta Temmeparypi po3uuny 22
°C
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CxO0I1 TEeHICHIIIT CIIOCTEePIralOThCS 1 MPU 3MiHI TOYATKOBOI TBEpAOCTI BoAM (JIUB.

puc. 4.24).
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Pucynok 4.24 - 3anexHiCTh 3aJIUITKOBOI dKOPCTKOCTI BOAM Bia Koedirienty K =
[PO4*, mr-exs]/[Mg?*, mr-exB] npu pizHHMX 3HAYEHHSX 10YATKOBOI )K0pcTKOCTi, pH,; 6,58
Ta Temmeparypi pozunny 21 °C

Haii0inbii BIAMIHHOCTI coCTepiratoThes mpu 3HaueHHs X K <1, mo 3ymoBieHo
HecTauero Gocdar-10HIB 1 HEMOKIIMBICTIO YTBOPEHHS TBEP10i (ha3u 31 CTEX1IOMETPUUYHUM
ckiaagoM. OJHAaK HaBITh 3a CTEXIOMETPUYHOIO CIHiBBimHOIIEHHS peareHTiB (K=1)
3QJTMIITIKOBA KOPCTKICTH IICIISI OOPOOKH BOJM 3aJUIIAETHCSA TOCUTh BUCOKOIO 1 CTAHOBUTH
2,5-3 mr-exB/nmS. JlomaTtkoBe 30UTbIIEHHS KUTBKOCTI hocdaTy HATPIIO Ja€ MOKIUBICTD
JICTIIO 3MEHIIUTH 3aJIUIITKOBY KOPCTKICTh BOU Ticis 00poOku. Hanpuxman, mpu K =2,0
HalMEHIIIa 3aJIUIITKOBA JKOPCTKICTh micyst 00poOku Boau ctaHoBmia 0,7 Mr-exs/am® mpu
MOYaTKOBIi# skopcTKOCTI 22,9 Mr-ekB/mm3. Takoxk 3aikcoBaHO MiABUIIECHHS 3aJTUIITKOBO1
KOPCTKOCTI BOJIU MiCJisi 0OpOOKY TP 3MEHIIEHHI 11 TOYaTKOBO1 >kopcTKocTi. Hanpukinan,
3a WX YMOB TPH IMOYATKOBIA KOPCTKOCTI 8,3 Mr-eKkB/AmM® 3alUIIKOBa KOPCTKICTh
nigsunryetbest 10 0,95 Mr-exB/am3, a mpu mo4YaTKOBiH KOpcTKOCTI 4,5 Mr-ekB/am® BoHa
3poctae nmo 1,0 mr-exs/mm3. Ha Hamry aymKy, Taka CUTyailiss 0OyMOBJICHa 3HAYHHM
30UIbIIEHHSIM Macu TBepAoi ¢a3u Ta miABuieHHSM pH mpu 30UIbIIEHH] KUIBKOCTI

dbocdarty Hatpiro.
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BaxnuBoro mnepeBarorw 3actocyBaHHs (pocdarTy HaTpil0 SIK OCaJKyBada 10HIB
MAarHiio € Te, 10 €(eKTUBHICTh MPOIECY MIPAKTUYHO HE 3aJ€XKUTh BiJl TEMIIEPATypPH BOIU
B IIUPOKOMY Jliara3oHi. Slk mokazano Ha pucyHKky 4.25, mpu Temnepatypax Bing 5 go 70 °C
e(DeKTUBHICTh TOM’ SIKIIEHHSI 3alMIIA€Thbcs cTaOuIbHOIO. KpiM Toro, TBepnma (dasza
YTBOPIOETHCSI OJpa3y MICHsl 3MIIIyBaHHS PO3YMHIB, IO JA€ MOXKJIUBICTh HETAMHO ii
BiAQUIBTPYBATH TNEpe] BUKOPUCTAHHSAM OYHUIIEHOT BoAMW. Lle 0cOOMMBO BaXKJIMBO Mpu
MOM’SIKIIIEHHI TPUPOJHUX BOJ O€3 momepeaHboro miairpiey. Haii BumiproBaHHS
TEMIIEpaTypud BOJM B Pi3HI MOpPU POKY B KHUIBCHKIA MEpexki MOKazajlu, 110 BOHA
KOJIMBAETRCS TiepeBaxkHo Mixk 13117 °C, ane B3uMKy, 0COOJIMBO 32 YMOB HETOCTATHHOTO

OTIaJIeHHs MPUMIIIEHB, MOXKe 3HIKyBatucs 1o 8,5 °C.
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Pucynok 4.25 - 3amexHicTh 3aJIMITKOBOI dKOPCTKOCTI BOAM Bia koedirienty K =
[POs*, wmr-exB])/[Mg,", Mr-eks] mnpu pi3HUX 3HAUEHHAX TEMIIEPATYpH PO3UMHY,
MOYaTKOBi# kopcTKOCTI 21 Mr-exB/mM, pH 6,58

BuityueHHs MarHi€eBUX 10HIB € HEOOXIJHUM €TaroM y TEXHOJOTISIX 3MEHIIEHHS
J)KOPCTKOCTI BOAW. 3BUYAWHI METOAM HE JOCITal0Th MOTPIOHOI ePeKTUBHOCTI 0€3
crnenuGiyHuX yMOB—IIABUILEHHS TEMIIEPATYpH Ta HaNaIITyBaHHA oka3Huka pH. Xoua
nicnsg o0poOku Boau (docdaramu BMICT MarHi€BUX 10HIB 3QJIMIIAETHCS 3HAYHUM, IX
BUKOPUCTAHHS € OLIbII MPUUHSATHUM JUIsI CUCTEM MaJIOi Ta CepeIHbOI MPOAYKTUBHOCTI,

OCKUIBKM JIO3BOJISIE TIPOBOJWUTH IIOM’SIKIIICHHS TIPM HU3BKUX TeMrepaTypax 0e3
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BiJICTOIOBaHHS. Bi13HaueHO MiABUINEHHS 3aJUIIKOBOI KOPCTKOCTI OUUIIEHOT BOAU TIPHU
3MEHILEHHI MMOYaTKOBOTO 3HAYEHHS il JKOPCTKOCTI, II0 MM MOB’A3Y€MO 31 3HAYHUM
30UIBIIEHHSIM MacHu ocaay 1 mifgBuileHHsM pH mpu 30uiblIeHH] KuUTbKOCTI (docdary
HaTPIIO.

[Tonpu 3HaUHY KUIBKICTH MPOMO3UIIINA 11I0/I0 BUKOPUCTAHHS PocdaTiB y mporecax
MOM’SIKIIIEHHSI, OKPEMI1 aClleKTH ¥ 0COOJIMBOCTI 3JIMIIIAIOTHCS HEAOCTATHRO BUBYECHUMHU.
OpHouyacHe BHJIAJICHHS 10HIB KaJbL[i}0 Ta MAarHilo 3 BOJAW NPHU3BEIE 10 3MIH Y MEBHUX
napameTrpax mnpouecy. s BnpoBamxeHHs: GocdaTiB y cUCTEMax MaJioi Ta CepeHbOL
MPOAYKTUBHOCTI HEOOX1THO PETENbHO JOCIIIUTH Mpolecu (iIbTpallii 3a pi3HUX YMOB,
BJIACTUBOCTI OTpUMAaHOI TBEpJOi (a3u, po3Mipu TBEPAUX YACTUHOK TOIIO. MOKIUBE
TaKOX BUKOPUCTAHHS JI0JaTKOBUX PEAreHTIB, TAKUX AK KOAryiasHTU Ta (GraokyiasHTU. 111

HaIpsSMKU CTaJyd OCHOBOIO HAIIUX MaOyTHIX JOCIIIKEHb Y 1iil ramys3i.

4.5 IlinBumeHHs: e(eKTHBHOCTI BHIAJIEHHS CIOJYK MATrHil0 3 BOIM B
npouecax ii moM’siKIeHHs

Y nonepeauix pocaimkennsx [161] Oymo 3’scoBaHo, 10 IS €(PEKTUBHOIO
YCYHEHHS 10HIB MarHit0o METOJOM Tiapodii3y moTpioHOo miaTpumyBatu pH Ha 3HaueHHI
10,5, mo mnpu3BOAUTH A0 3HAYHUX BUTPAT PEAreHTIB 1 HE 3aBXKIAU TEXHOJIOTIYHO
JOLUIBHO. 3 1€l NpUYUHKU OyJIO JOCHIIKEHO e(EeKTUBHICTH 3acTocyBaHHs (ocdaty
HATPIIO SIK peareHTy IS MOM SKIICHHS BOAW B MOOYTOBUX 1 O(piCHUX cHUCTeMaXx, SKUH
MaJI0 3MIHIOE TI0YaTKOBI BJIaCTUBOCTI BoauW. IIpore cepiio3HOI0 TIPOOIEMOIO €
BIJIOKpEMJICHHS PIAKOI 1 TBep0i (a3, Kl yTBOPIOIOTHCS MICIIsl 3MIIIYyBaHHSI PEareHTIB.
Hactynuuit eran ganoi pobotu OyB cOpsIMOBaHMM Ha AOCHIIKEHHS €(QEKTHUBHOCTI
YCYHEHHSI CIIOJTYK MarHiro 13 oM’ KIIIEHOI BOJHY 3a JOMIOMOT'0I0 PI3HUX PEareHTIB.

3araibHUH yCIIX peareHTHUX METO/I1B MOM SIKIIEHHSI MOXKIUBUM JIUIIIE 32 TOBHOTO
BiJOKpeMJICHHSI TBepnoi 1 piakoi ¢da3. I[poro MokHa MOCITTH JBOMA METOJIaMH.
GbinbTpallielo Ta BiACTOIOBaHHAM. DIabTparlis € OUIbII MIAXOIAIIUM METOJI0M JJIs
CUCTEM Majoi MPOAYKTUBHOCTI — NOOYTOBUX, O(PICHUX TOIIO, J€ BCTAHOBJICHHS

BEJIIMKUX pPE3epByapiB HE 3aBXKIU MOXKIWMBE. BiJCTOrOBaHHA Kpale MiIXOAUTh s
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MIPOMUCIIOBUX BHCOKOMPOIYKTUBHUX CHUCTEM 3 BIJICTIMHMKAMH BIJIMOBIAHOTO 00’€My,
ajie TaKOX MOKe BKa3yBaTH HA CTYMiHb C(DOPMOBAHOCTI YACTUHOK TBEP01 ha3u.

Ha nouatkoBoMy eTamni OyiM BUKOHAHI JOCHIIKEHHS 3 OLIHKHM BIUIMBY PI3HHUX
(dakTOopiB HA MIBUAKICTH (QUIBTpalli CyCHeH3li, OTPUMAHOI MICIs MOM’ SKIICHHS.
Pe3ynbTaTi mokaszanu, 1m0 ONTUMaJIbHI pPe3yibTaTU AOCITAIOTHCS MPU CIIBBIIHOIICHHI
peareHTiB, OJIM3bKOMY JI0 CTEXIOMETPUYHOIO, KOJIU yTBOPIOIOTHCS TBEPAl YACTHHKHU 3
HalKpamow cTpykTyporo. HaBiTh y KuCIOMY cepeqoBuIll iX (iIbTpalis BiI0YyBAETHCS
Maibke 3 TI€I0 K IIBHIKICTIO, IO W (UIBTparmis TUCTHILOBaHOI Bomu (puc. 4.26).
BiaxuneHHs CcriBBiIHOMIEHHS BiJl CTEXIOMETPUYHOIO B Oy/b-IKUi OIK MOTIPIIY€E YMOBH
¢binpTpanii TBepaoi ¢asm, a 30uTbmeHHS croiBBigHOmEeHHS K 1m0 2 Maibke BABidi

MOJOBXKY€ 4yac (puUIbTpallii.
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Pucynoe 4.26 - 3anexxHicTh MBUAKOCTI (PUTBTpYBaHHS CYCIIEH311 B 4aci Mpu pi3HUX
sHauenHsx K = [PO4*, mr-exs]/[Mg?*, mr-exs] mpu Temmeparypi poszumny 21°C,
OYaTKoBi# sxopcTrocTi 15,9 mr-exs/nm, pH 3,16 (JIB — auctriboBana Boza)

3 omsiAy Ha CcyBOpl BUMOTHW 110 BMICTy (ocdaTiB y MUTHIM Ta CTiUHIN BO.,
OUYEBUJIHO, 1110 CJI1JI BiJIlaBaTH MepeBary CT€XiOMETPUYHUM CITIBBITHOIICHHSIM PEareHTiB,
Ko (hocaTy MaKCUMaIBHO 3B’ SI3YIOTHCS B HEPO3UMHHI CITOTYKH.

VY HelTpalbHOMY CEpeIOBHII, sIKE HalO1IbIIE BIAMOBIIA€ YMOBAM 3aCTOCYBaHHS

TEXHOJIOT1i MOM SIKIIEHHS, MBUAKICTh (UIbTpallii AJig BCIX 3Ha4YeHb Koedimienta K
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3HaYHO 3MeHmyeThes (puc. 4.27). Yac dimprpanii 100 cm® cycnensii, orpumaHoi micis
00pOOKH MOIEITEHOTO PO3YMHY peareHTOM, 301TbIIyeThCS B 2—3 pa3u. OueBHIHO, IO [
JOCSITHEHHS JIOCTaTHBO1 €(EeKTUBHOCTI MPOIECYy IOM’ SIKIICHHS B I[bOMY BHUIIAJKY
HEOOXI1/IH1 J0JaTKOBI peareHTu a0do OUIbI CHIPHUSTIUBI YMOBHU - HAIMpPUKIAJ, MiAIrPiB
BOJIY YU JI0JIaBaHHS J0JIaTKOBO1 TBep 101 dazu. [IpoTe Taki 3axX0Au 3HAYHO YCKIIAIHIOIOTh
TEXHOJIOT110, 1110 JJIs1 CHCTEM MaJIoi Ta CepeaHbO1 MPOYKTUBHOCTI € MAJIONPUAATHUM.
OntuManbHi YMOBHU (UIBTPAIlii JOCATAIOTHCS B JIy’)KHOMY cepenoButii (puc. 4.28).
Kpusi iHTeHCHUBHOCTI QiiabTpalii ayxe OJU3bKI 10 KPUBUX ISl TUCTUILOBAHOI BOJIHU.
[Ipu K=0,5 cxoxicth KpuBOi (QuIbTparmii 3 KPUBOIO IJIs JUCTUIHLOBAHOI BOIU
MOSICHIOETBCS. YTBOPEHHSIM JIMIIIE TOJIOBUHU MOXJINBOI TBepaoi (aszu. Tomy TBepmi
YAaCTUHKM MEHIIIE MEePEeIIKOIKAI0Th MPOXOJKEHHIO PIAUHU Yepe3 MOpU YTBOPEHOTO

CepEIOBHIIA.
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Pucynox 4.27 - 3anexxHicTh IIBUAKOCTI PLIHTPYyBaHHS CYCIIeH311 B 4aci P pi3HUX
sHauenHsx K = [PO4*, mr-exs]/[Mg?*, mr-exs] mpu Temmeparypi poszumny 21°C,
ovyaTKoBiH sxopctkocti 16,3 mr-exs/nm, pH 6,58 (JIB — auctuinsoBana Bojaa)

He3naynuii BIMB 4YacTUHOK TBepAoi ¢a3su Ha MIBUAKICTH  (PuIbTpalii
CIIOCTEPITa€ThCsl TAKOXK MPHU CTEXIOMETPUUYHOMY CITIBBITHOIIEHHI peareHTiB. OaHaK npu
HauMIIKy QocdariB mix yac yrBopeHHs TBepaoi dasm (K=1,5-2,0) dopmyerbes
aMmopdHe KenemnoaiOHe cepeNoBHIle, 10 3HAYHO BIUIMBAE HA MIBUAKICTH (PLIbTpallii,

30UIBIIYIOUH Yac y KUIbKa pa3iB.
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Pucynox 4.28 - 3anexxHicTh IIBUAKOCTI PLIHTPYyBaHHS CYCIICH311 B 4aci P pi3HUX
sHauenHsx K = [PO4*, mr-exs]/[Mg?*, mr-exs] mpu Temmeparypi poszumny 21°C,
noyaTKoBiH sxopctkocti 16,3 mr-eks/am, pH 10,07 (/IB — nuctmiiboBana Boja)

Kpim Toro, Bomoricts oTpuMaHoi TBep0i (pa3u cranoButh 0au3bK0 99 %. Ile me
pa3 OiATBEPIKY€E MOLIIBHICTh NPOBEACHHS peakili BUAAJICHHS 10HIB MAar”ilo Mpu
CTEXIOMETPUYHOMY CITIBBITHOIIIEHHI KOMIIOHEHTIB. Y TOM € Yac, BUKOPHUCTaHHS
JI0JIATKOBUX PEAreHTIB HABITh 3a IIUX YMOB MO€ OyTH KOPUCHUM.

3acrocyBaHHs nojiiakpritaMigHoro (iaokyisaTta ([TAA) sk 101aTKOBOTO peareHTy
B PI3HUX KOHIIEHTpAIlIsIX IMOKa3ajao, IO IIBUAKICTh (IIbTpalii CycCreH3ii 3Ha4yHO
30LIBITYE€THCS HABITH TP MaJIuX Horo no3ax (puc. 4.29).

ITo3uTHBHUM MOMEHTOM € T€, 1110 O1bIIIa YaCTHHA P1KO1 (ha3u BiADUIBTPOBYETHCS
B mepmri 15-20 xBwnuH, a npu 1031 [IAA 50 mr/mm3 - HaBite y meprmi 10 xBuiauH.
Bonnouac npubiauzao 80 % Bix moyaTkoBOro 00’eMy CyCIEH31l CTAaHOBUTH pijika (a3a.
Pemra 20 % pigkoi ¢da3m sanmmaerbes B ocami. IlopiBHIOIOYM Ii pe3yabTaTH 3
¢bubTpaniero cycrnensii 6e3 (QIOKyJIHTa 3a TUX CaMUX YMOB, MOXHa 3a3HAYUTH, IO
nonaBaHHs (JIOKYJISHTA CHpUsE IIBUAIIOMY 3HEBOJHEHHIO CYCIEH31i, aje 3Ha4HO
MIJIBUIIY€ BOJOTICTh OCaay. 3arajioM, OTpUMaHi pe3yJbTaTH MOXKHA BBAXaTHU JTIOCUTH

MNCPCIICKTUBHUMMU.
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Pucynok 4.29 - 3anexxHicTh MBUAKOCTI GUIBTpYBaHHS cycrensii B waci nmpu K =
[PO43, mr-exs]/[Mg?*, mr-exs]=1, pisnux kxonuenTpauisx [TAA (mr/mm3), Temneparypi
po3unny 21°C, moyatkoBiii sxopctkocti 17,0 mr-exs/am, pH 6,71 (6/¢ — 6e3 dutokyiisHTa)

Bukopucranus anionHoro ¢uokynsara Magnofloc-336 (puc. 4.30) BinpizHseThCs
MEHIIOI0 BousoricTio ocaay. Ilpu mo3i 50 mr/omm3, 80 % 3arampHOro 00’eMy cycreH3ii
BiI(ITETPOBY€ETHCS 3a 5 XBWIHH, a 96 % - 3a 60 xBunuH. 3a 1031 1 Mr/AM® 111 TOKA3HUKU
cranoBisTh 40 % Ta 88 % BinnmosinHo. Ha Binminy Big [TAA, Magnofloc-336 3a6e3neuye
OTPUMAHHS OCaJiB 3 MEHIIOIO BOJOTICTIO T TPOXHU BUILIOIO MIBUAKICTIO 1X 3HEBOIHCHHS.

[Ipote, Haiikpamii pe3yiabTaTd OyJM OTPUMAaHI MPU 3aCTOCYBAHHI KaTIOHHOTO
dnokynsara Zetag-7692 (puc. 4.31). BukopucraHHS [BOTO (IOKYJISHTA JO3BOJISE
orpumatu 96 — 98 % dinsTpary 3a 10 - 15 xBunmuH dinsTparii. Oco61uBO ePEeKTUBHOO
€ koHneHtparis 30 mr/am3, ipu skii porec (imbTpariii 3aBeprryeTbes 3a 15 xBunmuH, 1
nojaybliie 30UIbIIEHHS 00’eMy (QiabTpaTy He crnoctepiraerbes. [linBuiieHHs A03U
(hIOKYJIIHTA MIPU3BOINUTH 0 3HIKEHHS MBUAKOCTI (PiapTparii.

Bucoky edexTuBHICTh (uiokynsiHTa Zetag MiATBEpIKYIOTh TaKOX PE3yIbTaTh
BincToroBanHs  (puc. 4.32).  Cycnensis, o0OpoOieHa 1muM  (IIOKYJISIHTOM,
XapaKTEePU3Y€EThCSl MEBHUM MEPioJIoM (OpMYBaHHS CTPYKTYpU TBepAoi ¢as3u, Mmicis
SKOTO B110YBa€ThCS MIBUJIKE OCITAHHS TBEPJIUX YaCTUHOK. [louaTkoBa ®KOPCTKICTh BOJU
Oyra mocuTh BUCOKOIO - 33 Mr-ekB/am3. I1icst TOMMHHOTO BiJICTOIOBAHHS YSABHHMN 00’ €M

TBepaoi (a3um craHoBUB Onm3bko 23 % Bim moyaTkoBoro o0’emy cycneHsii. Jlns
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MOpiBHSAHHS, 0e3 (oKymsiHTa 1ed Moka3HWK cTaHoBHB mpubam3Ho 96 %, a mpum
BukopuctanHi [TAA Ta dmokynsara Magnofloc — 78 % Ta 51 % BinmosigHo.

Pucynok 4.30 - 3anexxHicTh MBUAKOCTI GUIBTpYBaHHS cycrensii B waci nmpu K =
[PO43, wr-exs]/[Mg?*, wmr-exB]=1, pisHux koHuenTpauisx Magnofloc (mr/gmd),
Temneparypi po3unny 21°C, nouatkosii xopcTrocti 17,0 mr-exs/mm, pH 6,71 (6/¢d — 6e3
GbIIOKyIISIHTA)
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TepmiH pinbTpyBaHHA, XB
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Pucynok 4.31 - 3anexxHicTh MBUAKOCTI (GUIBTpYBaHHS Ccycrensii B waci nmpu K =
[PO43, mr-exs])/[Mg?*, mr-eks]=1, pisHux konuenrtpauisx Zetag (mr/am3), Temmeparypi
po3unny 21°C, moyatkoBiii skopctkocti 17,0 mr-exs/am, pH 6,71 (6/¢ — 6e3 dutokyiisHTa)
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Pucynok 4.32 - 3anexxHicTh NIBUIKOCTI BIJICTOIOBaHHS cycreH3ii B yaci mpu K =
[PO43, mr-exs]/[Mg?* mr-exB]=1, xonuentpauii ¢paoxynsutis 20 mr/mm3, Temmeparypi
po3unny 21°C, movatkoBiii sxopctkocti 33,0 mr-exs/am, pH 6,82 (6/¢ — 6e3 dutokyiisHTa)
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OTxe, MOXXHa 3pOOUTH BHCHOBOK, IO ISl €()EKTUBHOI'O BHIIYYEHHS TBEPIUX
yacTUHOK (ocdary MarHiio 3 piakoi (a3u AOLUIBHO 3aCTOCOBYBATH KaTIOHHUMN
(GIOKYISHT 13 MOJIGKYJsIpHOIO Macoro no 20 MiH a.0.M., Takwii sk Zetag-7692 Bixg

kommnanxii Ciba.

4.6 EdexTuBHicTh QIOKYJISAHTIB IPH 0JTHOYACHOMY BMicTi iOHIB KaIbLil0 Ta
MAarHiro

[TpupoiHi BOU 3aBXKIU MICTATH CyMIlll PI3HUX COJEH TBEPAOCTi, TOMY Ba)KJIMBO
MEePEBIPUTH OTPUMAaHI Pe3yJbTaTH HA MOJEIBHUX PO3UMHAX TAKUX BOJ. SIK MU BKe
3a3Havyanu, s €(PEeKTHUBHOIO IOM SKIICHHS BOJU COJOBO-HATPIEBUM METOJOM 32
HU3BKUX TeMmmepaTyp 1 0e3 cTajii BIJCTOIOBaHHSA MOTpiIOHA 3HAYHA TMEpeBUTpaTa
oca/KyBada. Y TaKOMY BHUIIQJIKy MPOIEC OCBITICHHS BOJAU € HECTAOUILHUM: TBEp/Ii
YaCTUHKHU TMOBUIBHO OCIJIal0Th, 3aliMai04l 3HAYHUN 00’€M, a MiHIMaJdbHa 3aJUIIKOBA
&KopcTKicTh nepeutrye 0,6 Mr-exs/mM3. ToMy 3aCTOCYBaHHS COJIOBO-HATPIEBOTO METOTY
B YCTAaHOBKaX MaJIOi Ta CEpeAHhOI MPOAYKTUBHOCTI BUJIAE€THCS JOCUTH CYMHIBHUM.
Takox paHile JOCHIIAUIA MOKIIUBICTh BUKOPUCTaHHS (pocdaTy HATPIIO sl OCAHKEHHS
i0HIB KaibIlito 1 maruiro [157 - 151]. Bynmo BcTaHOBIEHO, IO TPH JOCUTH BHCOKIiH
e(heKTUBHOCTI CEPHO3HOI0 MPOOJIEMOIO 3aTUIIAETHCS BIAOKPEMIICHHS P1AKO1 Ta TBEPOi
¢da3. Tomy Oyio mpuiHATE PIlICHHS AOCTIUTH BIUIUB Pi3HUX (HAKTOPiB HA (POopMyBaHHS
TBep/10i (pa3u Ta epeKTUBHOCTI BUKOPUCTAHHS PI3HUX TUIIB (PIOKYJSHTIB y Ipoliecax
po3auieHHs (a3 mig 4Yac MOM’SKIIEHHS BOAM TMPU HAABHOCTI B HIM CyMH 10HIB
KOpCTKOCTi. B MonmenbHOMY po3umHi BeicT ioHiB Ca?t ckmamaB 11 mr-exs/mm3, Mg@? -
17 mr-exB/mMm3.

Pe3ynbTaTu JOCHIIKEHb TMOKa3aiu, 110 MPU BIACTOIOBaHHI nojaBaHHs [IAA y
koHIeHTpanisx 1-10 mr/nm3 He nae mo3utuBHOTO edekty (puc. 4.33). Ilicis romuHHOrO
BijicToroBaHHS 00’eM TBepaoi ¢asm Ha 30-40 % Oinmpmmid, HiXK O3 3aCTOCYBaHHS
dbnokynsaTta. [lomiTHuN edekT cmoctepiraerbes ammie mpu go3ax QuokymnsaTa 30—

80 mr/mM3. Y 11bOMY BHITAJIKy OCBITJICHHSI BiZOYBAa€ThCS TOCHTH IIBUIKO: MPOTITOM
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10 xBunuH 00’€M TBepaoi (a3u mocsrae MiHIMyMYy 1 Hajalli Maibke He 3MIHIOETHCS TIPU

BIJCTOIOBAHHI.

100
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TepmiH BigcotoBaHHA, XB

Pucynok 4.33 - 3anexHicTh MIBUIKOCTI BIJICTOIOBAHHS CcycreH3ii B yaci mpu K =
[PO43, wmr-exs])/[Ca**+ Mg?", wmr-exB]=1, pisHux koHuentpauisx ITAA (mr/mm°),
Temneparypi po3unny 21°C, nmoyatkosiit xkopctkocti 27,0 mr-exs/mM, pHy=7,4 (6/¢— 6e3
GbIIOKyIISIHTA)

Ha »anb, mpu ¢inpTpanii yTBOpEeHOro ocaiy uepe3 (uibTp «Oijla CTpluka»
(puc. 4.34) TakuxX MO3UTHBHUX Pe3yJbTaTIiB He oTpuMaHo. Husbka edextuBHicTh [TAA
criocTepirajiacsi Takox Mpy BUAAICHHI OCajy, YTBOPEHOTro okpemMo docharamu KajibIlito
Ta MarHiro. ToMy OYIKyBaTH MO3UTUBHOTO PE3YJIbTATy MPH iX CHUIBHOMY OCAJKEHHI
Oyno 0 mepemyacHo. Bognouac mpu BijacTtoroBaHHI [TAA 1imkoM Moke 3a0e3MeunTH

JIOCTaTHIO €(PEKTUBHICTb.
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[Tin gyac dinbTpaiii nogaBaHHs (IOKYJISIHTA JIMIIE YMOBUIBHIOE BI1IOKPEMIICHHS
TBep/Ioi (a3u 1 3HAYHO 30UIBIIYE Yac OTPUMAHHSA MOM’ SKIICHOI PIAWMHU. 3TiTHO 3
orpuManuMu JaHuMuU (puc. 4.34), nonaBaHHs (DIOKYJISHTA HABITH MPH KOHIICHTpAI|
1 Mr/am® HeraTMBHO BIUIMBa€e Ha mapameTpu ¢uabTpaiii. OTxe, MOXHA OJIHO3HAYHO
CTBEpJUKYBATH, IO I CHCTEM MaJIol Ta CepPeIHBOI MPOIYKTHBHOCTI (JIe TUIAHYEThCS
BUKOPHCTOBYBaTH (Qinbrpariito) [TAA sk iHTeHcH(DiKaTOp TpoIecy pO3MiICHHS Qa3

3aCTOCOBYBATH HEJOIIBHO.
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Pucynok 4.34 - 3anexxHicTh MBUAKOCTI GIIBTpYBaHHS cycrensii B waci nmpu K =
[PO3, wmr-exB])/[Ca?*+Mg?+, wmr-exs]=1, pisHux koHuenrpauisx ITAA (mr/am°),
Temneparypi po3unny 21°C, moyatkosiit xkopctkocti 27,0 mr-exs/nmM, pHp=7,4 (6/¢d— 6e3
GboKyIIsSIHTA, /B — JUCTUIHLOBAHA BOJIA)

Ha mnopanbimioMy etami MU BHBYWIM €(PEKTHUBHICTh AaHIOHHOTO (JIOKYJISIHTA
Magnofloc-336 npu Tux camux ymoBax. 3rigHO 3 pucyHKoM 4.35, epeKTHBHICTH I[HOTO
(bnoxysiHTa MPU BiJICTOIOBAHHI TPOXU nepeBullye nokazHuku [TAA. 3a koHreHTpaii
daoxynsara 30-80 mr/mm®  GinmbmmicTs TBepAoi ¢asw ocimae MPOTATOM S XBHIIWH,

2 3 b b 2
yTBOprotouYr 00’ eM mpubam3Ho 30 cM3. YV BiACyTHOCTI (DIIOKYIISTHTA TTOM’SIKITIEHA BOJIA 3
TaKOI0 K JKOPCTKICTIO OCBITJIFOETHCS HAJA3BUYAMHO MOBUIHLHO. TakUM YHMHOM, SICHO, IO

el (GIOKYISHT MOXKHAa 3aCTOCOBYBAaTHM MPH BIJICTOIOBAHHI 3a YMOBHU IPaBUIIBHOTO

CHIBBIJJHOIICHHS 10HIB KaJbIIiI0 Ta MarHil0 B MOYaTKOBOMY PO3YHHI.
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Pucynox 4.35 - 3anexHicTh MBHIKOCTI BiJICTOIOBAaHHS CyCHEH3ii B dYaci mpwu
K=[PO.% wr-exs]/[Ca?" + Mg?", mr-exs]=1, pisuux xonunenrpauisx Magnofloc-336
(mr/mm), Temneparypi posuuny 21°C, nouatkosiii xopcerkocti 27,0 mr-exs/aM, pH,=7,4
(6/¢— 6e3 duokysiHTA)

JIist Hac BaXKJIMBIIIUM € BIUIMB (PIIOKYJIIHTa Ha mporec (inbTpamii. Sk BugHO 3
puc. 4.36, aHioHHUI (IOKYJISIHT BUSBUBCS edexTuBHIIUM mopiBHIHO 3 [TAA. Bemuki
no3u ¢uiokynsara (30-80 mr/mm®) 3a3Buyail ynmoBiIbHIOOTH Tporec dimpTpamnii. [Tpu
MEHILIUX KOHIEHTpalisix edexkT Ouibll BupaxeHui. Tak, mpu go3ax QuokynsHTta 1-—
10 mr/am® cmiocTepiraeThCs MiABUINCHHS IMBUAKOCTI (PinbTpariii Ta HaOMMXEHHS ii 70
napamMeTpiB QUIbTpalli TUCTUILOBAHOI BOIU.

[le#t pe3ynbTaT MOKHA BBaXKaTH MO3UTUBHUM SIK 3 MO3UIIIT €)eKTUBHOCTI IIPOILIECY,
TaK 1 Yepe3 3MEHIICHHS BUTpaT peareHTiB. [liciist qeTanpHIINUX JOCTIKEHb HA peaIbHIX
BOJIax BIJIOBITHOT )KOPCTKOCTI Ta XiMIYHOTO CKJIany, aHioHHHH ¢uiokynsatT Magnofloc-
336 MOKHa PEKOMEHIYBAaTH JJIi BUKOPHUCTAHHS B CHCTEMaX IIOM’ SKIICHHS Malloi Ta
CepeHbO1 MPOAYKTUBHOCTI, JIe¢ (PUIbTpallisl CIYyX UTh OCHOBHMM €TaroM BiJJUICHHS

TBep/101 (ha3u.
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Pucynok 4.36 - 3anexxHicTh MBUAKOCTI QUIBTpYBaHHS cycrensii B yaci nmpu K =
[PO43, mr-exs]/[Ca?" + Mg?*, mr-exs]=1, pisnux konnentpauisx Magnofloc — 336
(mr/mm%), Temneparypi pozunny 21°C, nouaTtkosiii xopctkocti 27,0 mr-exs/oM, pHy =
7,4 (6/¢d — 6e3 haoKyIsIHTA, 1/B — TUCTHIILOBaHA BOJA)

Karionnuii dnokynsat Zetag-7692 He moka3aB MO3UTHBHOTO €(EKTy T dac
BigcroroBanHs (puc. 4.37). He BUABIECHO YiTKOI 3aJI€KHOCTI IBUAKOCTI OCBITICHHS BiJ
KOHIIGHTpaIlii (JIOKyJsSHTa, a CIOCTEePEXKEHI 3MIHM JIeKAaTh Yy MeXax IMOXUOKU
eKCepUMEHTY. MOXIHUBO, MOpHU JOBIIOMY BIiJACTOIOBAaHHI pI3HMI Oyna O OuIbII
MOMITHOIO, ajie¢ 3 MPAaKTUYHOrO OOKy II€ HE Ma€ BEIMKOro 3HA4YeHHS. ToMy MH
OOMEXWJIUCS TOAMHHUM BIJCTOIOBAaHHSAM. Y TMOPIBHSHHI 3 IHIIUMHU (IOKYJISHTaMHU,
Zetag-7692 He NEMOHCTPYE PI3HHII B IIBUAKOCTSX BIJCTOIOBAHHS TMPU PIi3HUX
KOHIIGHTpAIlisiX. 3arajioM, BIUIMB I[bOro (IOKYJISIHTA Ha yTBOpPEHY TBepay ¢dazy €
HE3HAYHUM.

Te came cToCcyeTbcs BIUIMBY ILOTO (JIOKYJISIHTA Ha IIBHAKICTH (DUIbTpaLil
(puc. 4.38). ¥V nmiamaszoni konmeHtpamiid Big 1 mo 80 mr/mm® Bci Toukm Ha rpadikax
BIJIPI3HAIOTHCS BiJl KPUBOI MIBUAKOCTI (inbTparii 6e3 diokynsara Ha 5—-10% i 3Ha4HO
BiJIJIaJIeH1 B1J1 KpUBOi (PUIbTpallii IUCTHIbOBaHO1 BoU. OTxe, (GJIOKYISIHT LILOTO TUITY HE
Ja€ TIO3UTHMBHOTO e(eKTy B mpolleci pO3AieHHsS piakoi Ta TBepnaoi ¢a3, 1 Horo

BHKOPHCTAHH:A B IIpoHccax IMOM’SIKIIICHHS € MaJIOICPCIICKTHBHUM.
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Pucynox 4.37 - 3anexHicTh MBHIKOCTI BiJICTOIOBAaHHS CyCHEH3ii B dYaci mpwu
K=[PO,3, mr-exs]/[Ca?*+Mg?*, mr-exs]=1, pizHux koHueHrpauisax Zetag-7692 (mr/am3),
Temneparypi po3unny 21°C, nmoyatkosiit xkopctkocti 27,0 mr-exs/nmM, pHy=7,4 (6/¢— 6e3

GbIIoKyIISIHTA)
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Pucynok 4.38 - 3anexHicTh MIBUIKOCTI BIJICTOIOBAHHS cycreH3ii B 9aci mpu K =
[PO43, mr-exs]/[Ca?*+Mg?", mr-exs]=1, pisHux koHuenrpaumisx Zetag-7692 (mr/mmd),
Temmeparypi po3unny 21°C, movyatkoBiit sxopctkocti 27,0 mr-exs/mm, pHy = 7,4 (6/d —
0e3 ¢uroKkyIIsIHTA)

Takum uynMHOM, HaWKpaillli pe3yibTaTH (PUILTPYBaHHS 3a IIUX YMOB 3a0e3nedye

anionnu# ¢uokysssHT Magnofloc-336. Ile miaTBepKYIOTh pe3yyIbTaTH, OTPUMaHI MpH
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3acrtocyBaHHi cymimn ¢uiokynsatiB Magnofloc-336 1 Zetag-7692 (puc. 4.39-4.40). V
JOCJIIIPDKEHHSIX BUKOPUCTOBYBAJIM PO3YMHHU 3 MPUOJIMU3HO OJIHAKOBUM BMICTOM 10HIB
KaJibIito Ta MarHito. Konuenrtpaiiist GpJIOKyISHTIB 3aJIMIIIANIACS HA MOMEPEIHOMY PiBHI,
ajie ckiajanacs 3 cyminr 000X (JIOKYJISHTIB y pIBHUX YacTKaX.

SAx BumHO 3 puc. 4.39, IHTEHCUBHICTH OCBITJICHHS YTBOPEHOI CyCTIeH311 MPaKTUIHO
HE BIIPI3HAETHCA Bia aHanorigHoro mokasuuka it Magnofloc — 336 i1 HaBite TTAA.
[Tpuyomy, ysBHHI 00’eM TBepaoi a3y Micis TOJWHHOTO BiJICTOIOBAHHS MPAKTUYHO
OJIHAKOBUM JIII CyMIllll Ta 3a3HAYEHUX BHUILEC (IIOKYISHTIB TMPU OKPEMOMY

BUKOPHUCTAaHHI.
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Pucynok 4.39 - 3anexHicTh NIBUIKOCTI BiJICTOIOBaHHS cycrneH3ii B 9aci mpu K =
[PO43, mr-exs]/[Ca?*+Mg?*, mr-exB]=1, pisHuX KOHIEHTpaLisIX cymu (GIOKyIAHTIB Zetag
- 7692 Tta Magnofloc — 336 (50%+50%, wmr/nm3), Temneparypi posumny 21°C,
oyaTKoBiH sxopctkocti 27,0 mr-eks/am, pHy=7,4 (6/d — 6e3 dmokynsHTa)

Cxoxa cuTyalis CHOCTEPIraeTbCcsi TaKOXK MPH BIOKPEMIICHHI TBepaoi (a3u 3a
noromMoroo ¢inbTpyBaHHsA. 3rigHo 3 puc. 4.40, koHmeHTpamii cywinr (IOKYJISHTIB
noHaa 50 Mr/nM® 3HAYHO yMOBUTEHIOIOTH Tporiec (GuTbTparlii, T SK J03U B MEXKax S5—
30 Mr/mm® nmaroTh MO3WTHBHUE pe3ynbrar. [Ipm mpomy mBUAKICTH (QimbTpartii memnio
HIDKYA, HDK Y BUNAJKY TUCTHIILOBAHOI BOJIM, aje BHUINA, HDK Mpu PiasTpaliii cycneHsii
0e3 Bukopuctanus GprokyasHTiB. OueBUAHO, 10 €EeKTUBHICTh (DUIbTpAIlil 3aeKaTuMe

B1J1 MPONOPLIIM (PIOKYIJISHTIB y CyMIII Ta BiJi CHIBBIAHOIICHHS 10HIB KaJIBI[II0 Ta MarHito
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B BOJI, IKY TOM’SIKIITYIOTh. KOHKpETH1 mapamMeTpu Mpoiiecy MoM’ IKIIEHHS M1A0UParOThCS
1HUBIyadbHO, 3BaXXKAlOUM HA XAPAKTEPUCTUKHU BUXITHOI BOAM Ta MPOAYKTHUBHICThH

(binbTpariiHoro 00IaHAHHS.
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Pucynok 4.40 - 3anexxHicTh MBUAKOCTI GUIBTpYBaHHS cycrensii B waci nmpu K =
[PO43, mr-exs]/[Ca?*+Mg?*, mr-exB]=1, pisHuX KOHIEHTpaLisIX cymu (GIOKYIIHTIB Zetag
- 7692 Ta Magnofloc-336 (50%+50%, mr/nm®), Temnepatypi po3uuny 21°C, nodyaTkosiii
xopctkocTi 27,0 mr-exs/nM, pHy = 7,4 (06/¢ — 6e3 pmokynsHTa, 1/B — IUCTUILOBAHA BOJIA)

[IpoBeneHi aoCHiIKEHHS 3 BHOOpPY (IOKYJISHTIB JUIsi TOCWICHHS MPOIIECiB
po3aiaeHHs (a3 MiJ1 yac oM’ sIKIIEHHS BOJIM MTOKA3ajy, 1110 HallKpallle BAUKOPUCTOBYBATH
aHIOHH1 (JIOKYJISIHTH 3 MOJIEKYJIIPHOIO Macoto 05m3bko 20 MinbiioHiB a.0.M. KaTioHHi Ta
HEIOHOT€HH1 (DJIOKYJISAHTH BUSBUIUCA MalOCPEKTUBHUMH 1 JHIIE CHOBUIbHIOBAIH
nporiec (uUIbTpaIlii, Xouya B JACIKUX BHUIIAQJKaX MPU BIJICTOIOBAHHI JaBalM 3aJ0BUIbHUMN
pe3yabpTar. Jjisi aHioHHUX (PIOKYJSHTIB 3a IMX yMOB HaWOLIbII OpUAATHUMU OyJIH
koutenTparii 1-10 mr/nm3. 30imbIeHHs 103U (DIOKYJISTHTA TAKOXK CIIOBUTHLHIOE TMPOIIECH

dinpTparii.

4.7 HNocaimxeHHss edeKTUBHOCTI MPoOILeECiB MOM’AKIIEHHA BOAM CHJIIKATOM
HATPIiI0

Hamri gocmimkeHHss BUSBWIM HEAOIMIBHICTh 3aCTOCYBaHHS COJIOBO-HATPIEBOTO

MECTOI MOM’ SIKIIICHHS JJIA YCTAaHOBOK 3 HEBCJIHNKOIO Ta CCPCAHBOIO IIPOL KTUBHICTIO
y
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yepe3 HU3bKY ePeKTUBHICTH 1 3HAYHY IepeBUTpary peareHtiB [161]. [IpoGiemy B moBHiH
Mipl HE BUpIIIy€ 1 BUKOPUCTAHHS TOBEPXHEBO-aKTUBHUX CIHOJYK Ta QocdaTiB sK
ocapkyBadiB [163 - 165]. Takum 4urHOM, Hapa3i MOM SKIIEHHS BOJH B MICISX 3a00py
3QJIMIIAE€THCS HEBUPIIICHUM B IIJIOMY aCMEKTOM 3arajibHOl MPOOJIeMU 3aXUCTy BOJAHHUX
peCypciB Bijl aHTPOIIOT€HHOTO BILIUBY.

OnHuM 13 peareHTiB, PEKOMEHIOBAHMX JJIsI 3MEHIIEHHS >KOPCTKOCTI BOOH, €
cwitikat HaTpiro [166]. Y TeXHOOTisIX OYUIEHHS BOIU aKTHBOBAaHY KPEMHIEBY KUCIIOTY
JABHO 3aCTOCOBYIOTh SIK HEOpraHiyHuil GIOKyIstHT. [l BHUTCOTOBJIEHHS I[bOTO
(GIIOKYIISIHTa BUKOPUCTOBYIOTH CHJIIKAT HATPifO (piKe CKIIO) Ta Pi3HI aKTHBYIOUI areHTH
- KUCJIOTH, XJIOp, CIIOIYKHU altoMiHit0 Tono. DIOKYISHT € aHIOHHUM MOJI1EeJIEKTPOIITOM,
SKUM B3a€EMOJII€ 3 TO3UTHUBHO 3apsHKEHUMH YacTHHKaMH. KpiM TOro, 10HU KajbIIiio
BCTYIAIOTh Y PEAKIIIIO 3 CUIIIKaT-aHIOHAMH, YTBOPIOIOYH HEPO3UMHHI CIIOTYKU. OCKUIbKH
HE BJAJIOCS 3HAWUTH JETaTbHUX AOCIIJDKEHb Yy LI ramy3i B HayKOBiil JiTeparypi, MU
MOCTAaBWJIM 32 METy BHUBUUTU €(QEKTUBHICTh BUKOPUCTAHHS CHJIIKATy HATpPIlO SIK
Ooca/KyBada CoOJied >KOPCTKOCTI Ta MOJKIIMBICTh HOTr0 3aCTOCYBaHHS B CHCTEMax
MOM’SIKIIIEHHST BOJIM MaJjiol Ta CEPeAHbO1 IPOIYKTUBHOCTI.

Ha nouatkoBoMy ertami yBary Oyio 30cepe/lK€HO Ha 10HaX MarHito, OCKIJIbKA BOHU
CKJIQJHIIIE BUAAISIOTHCS 3 BOAM Yy (opMi HEPO3UMHHUX CHOJYK. Bapirooun
CIIBBIHOIICHHS MK CHJIIKaT-aHIOHAaMH Ta MAarHi€BUMH 10HAMH, JOCHTIIKYBaId
e(heKTUBHICTh TOM’SIKILICHHS, IIBUAKICTh OCBITJICHHS] OTPUMAHUX CYCHEH31# 1 IIBUJKICTh
ix 3HeBOJIHEHHS mif yac ¢uibTpauii. Ha xanp, netanbHoi iHPopMaIlii mpo ocoOIUBOCTI
dbopMmyBaHHa TBepaoi (a3u mpu 0O6poOIi BOJAM 3 BHCOKOK MAarHi€BOIO KOPCTKICTIO
CHJIIKATOM HATPil0 HaM 3HAWTH HE Baayocs. TakoXK BIACYTHI JaHl 00 €(pEeKTUBHOCTI
MOM’SIKIIIEHHS BOJM 3a PI3HUX YMOB. ToMy HacTynmHUM eTam JOOCHIKEHb OyIio
MIPUCBSYEHO TIpollecaM BUAJCHHS MarHiEBUX 10HIB 3 BOJW Y BHUTJIS/II CHUJIIKATIB.

[IpoBeneHI eKCrepUMEHTH MOKa3aiu, M0 €()EeKTUBHICTh MOM AKIICHHS PO3UYHMHIB
IUISIXOM OOpOOKM HATPIEBUM CHJIIKATOM TaKOX BUSBWJIACS HEIOCTAaTHHO BHCOKOIO.
BaxnnBoro ocoOnmuBICTIO peakilii GopMyBaHHS TBEpAOi (pa3u MK KaTiOHaMH MAarHiro 1
CHJIIKaT-aHIOHAMH € CYTT€Ba 3aliexkHICTh Bia piBHA pH (puc. 4.41). YV HeWTpaibHOMY

cepenoBuill (popMyBaHHS TBEpHOi (a3 B MOJEIBbHUX PO3UYMHAX BI3yallbHO Mailke



130

HenoMiTHe. OpHak, micas (QinbTpaiii 4epe3 «CHHIO CTPIYKY» CIIOCTEPITa€ThCA TEBHE
3MEHIIEHHS XOpCTKOCTi. [Ipudomy, 31 30unbiieHHsIM pH 1€ 3HMKEHHS cTae OUIbII
BupakxeHuM. [{opiBHIOIOUM 3 yMOBaMH YTBOPEHHS TAPOKCUIY MATHIIO MPU PETYITIOBAHHI
pH, crmin 3a3naunty, mo no pH 9,5 3MeHmenast MarHi€Boi )KOPCTKOCTI B IIbOMY BUIIAIKY
30BCIM He Bif0yBaeThcs. OTxe, MOKHA 3pOOUTH BHUCHOBOK, 10 (pOpMyBaHHS TBEPAOi
($a3u B MOJCIBLHUX PO3YMHAX MpH 00poOIi critikaT-aHioHaMmu 3a pH < 9,5 noB’sa3ane 3
YTBOPEHHSIM CUJIIKaTy MarHito, a He TiApokcuay. [Ipore KiIbKICTh TAKOTO OCaJTy € I0CUTh
MaJIolo, 1 MaKCUMaJibHa e(PEKTHUBHICTh IIOM SIKIIEHHS JocsaraeTbes npu pH monax 10, mo

HE Jy’K€ IPUIHSATHO JJI1 CUCTEM HEBEJIMKOI Ta CEPEHBOT MPOYKTUBHOCTI.
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Pucynok 4.41 - 3anexXHiCTh 3JIMIIIKOBO1 dKOPCTKOCTI Boju Bif pH micis oOpoOku
€KBIBAJICHTHOIO KIJIBKICTIO CUJIIKAT — aHIOHIB Ta KOPETYBaHHS BOJHEBOTO ITOKAa3HUKA MPU
PI3HMX TTOYAaTKOBHX 3HAUYEHHSIX MarHieBoi skopcTkocTi (Mr-exs/mve), (T = 21°C)

[lix yac mochiKEHHs MPOIIECIB BIICTOIOBAHHS Ta (LIbTpallli OTPUMaHOI TBEPIOi
(a3u He BIANIOCs JOCITTH MMO3UTHBHUX pe3ybTaTiB. Ha puc. 4.42 mo kpuBuM Mu 6a4nMmo,
0 TIOM’SIKITIEHI PO3YMHU 3 TIOYATKOBOIO KOPCTKICTIO 28,8 Mr-ekB/mmM3 OCBITIIOIOTHCS
Jy>K€ TMOBIJIBHO 1 MIC/SA TOAWHU BiJCTOIOBAHHS 3aiiMalOTh Maiike BECh 00’ €M BUX1JTHOTO
po3unHy. Jlume wmonmensHud po3umH 3 K=0,5 € BHHATKOM, OCKUTBKH B HBOMY
YTBOPIOETHCSI 3HAYHO MEHIIE TBEPAUX YaCTUHOK. [Ipy 1bOMy 3MiHA CIIBBITHOIICHHS

KOMIIOHEHTIB TMPAaKTUYHO HE BIUIMBAE HA MPOLEC OCBITICHHS. SIKICTh OCBITIEHOIO
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pPO3YMHY JOCUTh BHUCOKa 1 32 CBOIMH XapaKTEpUCTUKaMU OJM3bKa 10 (PUIBTpATiB Ha

(UIBTP1 KCUHSA CTPIYKA».
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Pucynox 4.42 - KpuBi BiICTOIOBaHHS TIOM SKIICHUX MOJCJIBHUX PO3UHHIB TIPU
oYaTKOBill kopcTkocti 28,8 Mr-exs/mm°, pisHuX chiBBigHomenHsx K=[SiO3%, mr-
exs]/[Mg?*, mr-exs], (T = 21°C)

dinpTpallis Takux oOpoOJIEHUX PO3UHMHIB 32 JOMOMOTOI0 (PLIBTpa «CUHS CTPIUKa»
(puc. 4.43) Takox He Jajia Kpalux pe3yabTaTiB. SIK BUIAHO 3 pUCYHKA, KpUBI (QUIbTpAILlii
B Mexkax K= 0,5-1,0 maiike He BIIPi3HAIOTHCSA Mk 00010, IPOTE 3HAYHO BiJTalICHI BiJl
KpUBOi QLIBTpalli TUCTUIIHOBAHOI BOJIH.

OCKIUTBKM TIOYaTKOBAa MarHi€Ba )OpCTKICTh 28,8 Mr-ekB/mmM3 € JOCHTH BHCOKOIO 1
HE THUIIOBOIO JIJIs MPICHUX BOJ[, MU MPOBEIM AHAJIOTIYHI JOCIIJ)KEHHS HAa MOJEJIbHUX
pPO3YMHAX 13 MEHIIIOI0 MOYaTKOBOK *)OpcTKicTio—18,4 Ta 11,5 mr-exs/nm3. Otpumani
pe3ysbTaTy HaBeaeH1 B Ta0u. 4.1.

3rinHo 3 Tabn. 4.1, peareHT BUSBISE JOCTaTHIO €(QEKTUBHICTh MpHU
CTEXIOMETPUYHUX a00 BHUIUX CIIBBIAHOIIEHHSIX KOMMOHEHTIB. OJHAaK CyTTEBUM
HEJI0JIIKOM € 3HA4YHE MiJIBUIICHHS piBHA pH miciist 3MilllyBaHHSI peareHTIB, 110 MOTpedye
JI0OATKOBOTO PETyJIIOBAaHHS KHCIOTHOCTI B oumIleH1d Bol. Ile nomae me oaHy cTajio B

npoiieci 00poOku Boau. Kpim Toro, 3Ha4yHMX BIAMIHHOCTEHN Yy pe3ysibTaTaX OCBITJICHHS Ta



132

¢bubTpanii MOpPIBHAHO 3 paHillle AOCHIPKEHHUMHU CYCIIeH31IMH He BusBieHO. OTxke,

MaJIOMOBIpHO, 1110 3aMiHa ¢ochaTiB HA CUIIIKATH B IIUX yMOBax OyJie BUIIPaBAAHOIO.
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Pucynox 4.43 - KpuBi ¢inbTpyBaHHS MMOM SKIIEHUX MOJEIBLHUX PO3YWHIB MPHU
oYaTKOBill kopcTkocTi 28,8 Mr-exs/mm°, pisHuX chiBBimHomeHHsX K =[SiOz%, mr-
exB]/[Mg?*, mr-exs], (T=21°C, 1/B —AUCTHILOBAHA BOJA)

VY Bunaaxky po3uuHiB i3 )kOpcTKicTio 11,5 mMr-exs/am3 3a 10HaMu Martiro mporec
NOM’SIKIIEHHS B1AOyBaeTbca Ayxe HecTaOuIbHO. [Ipu 103ax HAaTpi€BOTO CHIIIKATY, IO
MEPEBUIIYIOTh CTEX1IOMETPUYHI, YTBOPEHHSI TBEPI01 (pa3u Bi3yalIbHO HE CIIOCTEPITAETHCS,
xo4a (QiabTpallis 4epe3 «CHHIO CTPIUKy» 3HIDKYE KOpPCTKIicTh 3 11,5 mo 0,6 mr-exs/am3.
[Ipu cTexioMeTpUYHOMY CIIBBIIHOIIEHHS KOMIIOHEHTIB Y PO34YHMHI YTBOPIOIOTHCS BEIUKI
arperaTy: 4acTHHa MiJHIMA€ThCS HA MTOBEPXHIO, 1HINIA OCI/Ia€ HA JTHO.

[Ipu noganeiioMy 3MEHIIIEHH] 03U OcaKyBada Bcsl TBepia (asa, 110 yTBopuiacs
i 9ac MOM AKIIEeHHS, MiTHIMAETbCS Ha TOBEPXHIO 1 MOYMHAE OCIAATH JIMIIE MICHs
eHepriitHoro nepemimryBanHs. [Ipy 1bOMy SIKICTh OCBITJICHHSI 3aJIUIIAETHCS HU3BKOIO,
HaBITh BI3yaJIbHO IMOMITHI 3aBUCJI1 Y BOJII OKpemi 4acTUHKU. PesynpTaTu 1i€i cepii
€KCIEPUMEHTIB JIUIIIE MIATBEP/KYIOTH paHiiiie 3po0JeHU BUCHOBOK MPO HEAOUUIBHICTh
3aCTOCYBaHHS CHIIIKATIB y MPOIecax OCaJ)KEHHS 10HIB MarHito, 0COOJIMBO B CUCTEMAX 3

MaJolo Ta CePeHbOI0 MPOAYKTUBHICTIO.
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Tabnuns 4.1 — EdexTuBHICTh Mpoliecy MOM SIKIIEHHSI BOAM CHJIIKATOM HATPIilO
(moyaTKOBa }KOPCTKICTh Boau — 18,4 mr-exs/nm>; Temneparypa — 23°C)

Ne | Mouarkosa | K = [SiOs%, | Tepmin Bin-| O6’em VYsapuuii 00’°em | pH |3amammkoBa
n/m |;KopcTKicTb,| Mr-ekB]/[ | croroBanmus | pinbTparty, | ocamy, %0 Bin | micasi |*KOPCTKicTb,
mr-ekB/qmM° | Mg?*, Mr- |um QinbTpy- cm® I0YATKOBOIO | 0Cal- | MI-eKB/IM®
eKB] BaHH#A, XB 00’emy JKeHHH
1 18,4 1,25 0 0 100 - 18,4
2 10 43 99 10,61 0,6
3 20 73 96
4 30 83 88
5 40 96 82
6 50 98 73
7 60 98 68
8 1,00 0 0 100 10,55 1,5
9 10 34 98
10 20 52 96
11 30 65 91
12 40 75 89
13 50 88 87
14 60 92 86
15 0,75 0 0 100 10,51 6,0
16 10 47 99
17 20 80 95
18 30 93 90
19 40 98 88
20 50 98 86
21 60 98 84
22 0,5 0 0 100 9,95 9,5
23 10 56 96
24 20 87 71
25 30 97 51
26 40 98 43
27 50 98 40
28 60 98 37

[To3uTHUBHUX pPe3ynbTaTIB HE BAANOCS JOCATTU 1 MPHU 3aCTOCYBAHHI T1APOKCHUIY
AJTFOMIHIIO K TPUCKOpPIOBavYa BijcToroBaHHS Ta (impTpamii (puc. 4.44). Sk moka3yoThb
rpadiku, mpu croiBBigHomeHHi K=[Si0:*", mr-ekB] / [Mg?", mr-ekB]=1 1 pi3Hux
KOHIICHTPAI[ISIX 10HIB aJTIOMiHIIO0, 3HAYHOTO MPUCKOPEHHS MPOIECIB BIJCTOIOBAHHS B
mianma3zoni 03 10-70 mr/mM® He cmoctepiraeThesi. binbpie TOro, mMpW KOHIIEHTpAIlisIX
amominiro  meHme 30 Mr/am®  HaBiTh  BIJ3HAYAETHCS  YHOBUIBHEHHS  TIPOIECY

BizmcroroBanHs. 3a 103 50-70 mMr/am® BiaMidaeThcss HE3HAUHE MOMIMIICHHS MPOIECY
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B1JICTOIOBAHHS, 1110 3HAXOJIUTHCS B MEKaX €KCIIEpUMEHTAIbHOI MOXUOKH, €(DEKTUBHICTh

SIKOTO HE BIAMOBIAA€ 3pOCTAHHIO 103U KOAryJIsiHTA.
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Pucynok 4.44 - KpuBi BiJICTOIOBAHHSI MOM’SIKIIEHUX MOJEIBHUX PO3YHMHIB MPHU
0YaTKOBiif sxopcTkocTi 28,8 Mr-exs/nm°, chiBBinnomenni K = [SiO3%, mr-exs]/[Mg?",
mr-exs]=1 Ta pizHuX 103ax ioHiB amominio (Mr/mm), (T = 21 °C)

Curtyaris 3 nporecamu QiIbTPyBaHHS TaKOX He MOKpainyeTbes (auB. puc. 4.45).
3acTocyBaHHs OyAb-SKHX J03 KOAryJsiHTa JIMIIE YIOBUIbHIOE MpoLecH PUIbTPYyBaHHS 1
HE MPU3BOAUTH J0 OaXKaHOTO MO3UTUBHOTO €(PEeKTy, a MBUAKICTH (QIIBTPYBAHHS 3HAYHO
HIKYa, HIK TpH (QUIBTPYBaHHI JUCTUIBOBAHOI BOAU. Y MUJIOMY, MOXHa 3pOOUTH
BHCHOBOK, II0 BUKOPUCTaHHS CWJIIKATy HATPI0 B MpoOIEcax IMOM SKIICHHS BOJ, SKi
MICTSITh 10HM MarHito, € HeJOUUIbHUM. BUHSATKOM MOKe OyTH BapiaHT IPOBEACHHS
MOM’SIKIIIEHHSI TpPH BHUCOKUX 3Ha4YeHHAX pH 3 mojanbliMM KOPUTYBAHHSIM IUISIXOM
J0/1aBaHHS HEOOX1AHOI KUIBKOCTI KucioTU. IIpore 1me MoxkHa 3aidcHUTH 1 0€3
3aCTOCYBaHHSI BKa3aHOTO PEarcHTy.

BonHoyac, OCHOBHUM KOMIIOHEHTOM OUIBIIOCTI MPUPOJHUX BOJA HA TEPUTOPIi
VYkpainu € 10HH KaJIbI[i10, TOMY AOLLIBHO AOCIIIUTH MPOIIECU MIOM AKIIIEHHS 1 TAKUX BO/I.
3rigHo 3 [162], po34uMHHICTH CHJIIKATY KaJbI[il0 MPU OCAJKEHHI y BOJI CTAHOBUTH IO

95 mr/mm3.
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Pucynok 4.45 - Kpusi QinbTpyBaHHSI MOM SIKIIEHUX MOJEJIBHUX PO3UMHIB MPHU
MOYaTKOBIH y)opcTKocTi 28,8 mr-exs/mm3, criBBigHomenHi K = [SI032-, mr-exks]/[Mg2+,
Mmr-ekB] = 1 ta pi3HHX go03ax ioHiB amroMinio (Mr/am3), (T = 21 °C, 1/B —nucTUIb0BaHA
BOJIA)

BusiBneno, 1o, sk 1 npu oOpoOIli MarHi€eBMICHUX PO3YMHIB CHIJIIKATOM HATpiIO,
OCaJKCHHS CHJIIKATy KaJIbI[iI0 3HAYHO 3aJIeXKHUTh Bifl piBHSA pH cepenosuma (puc. 4.46).
Bucoka epeKkTUBHICT JOCATAETHCS JUIIIE B CHIIBHO JTY>KHUX yMOBax. B 1HIIIKUX BUMakax
€(EKTUBHICTh IOM SIKIIEHHS] 3HAYHO 3HUKYETHCS.

[Ipu mom’sIKIlIEHH1 PO3YMHIB Y TAKUX YMOBaX ICTOTHUX 3MiH Yy (h)OpMyBaHHI1 ocaay
CUJIIKATY KaJbIlil0 HE criocTepiraiocs. OIHaK BapTO 3a3HAYUTH, 1110 NMPU HAMJTUIIKY a00
HecTaul ocaJpKyBada YTBOPIOIOTHCS OUIbIII KOMIAKTHI YACTUHKHU, K1 OCIAAI0Th IIBUIIIE.
Bonnowac, mpu crexiomMmeTpuuHOMY a00 OJIM3bKOMY JO HBOTO CIIBBIJHOIICHHI
KOMITOHEHTIB YTBOPIOIOTHCS YACTHUHKHU 3 PO3BUHEHOIO CTPYKTYPOIO, SIK1 OCIIaI0Th YABIY1
TIOBUIBHIIIIE 1 3aiiMarOTh OUTBIIHIA ysIBHUH 00’ eM (puc. 4.47).

Cnin 3BepHYTH yBary, IO OCBITJIEHa pijika (aza MICTUTh 3HAYHY KIJIBKICTb
3aBUCJIMX YaCTUHOK, K1 MOYMHAIOTH OclgaTy Jymmie nicias 1-1,5 rognau BigcToroBaHHS.
OTxe, JIOCSATTH TMOBHOIO OCBITJEHHS 3a IIMX YMOB HEMOXiuBO. Jlo Toro i,

CIIBBIJJHOIIIEHHSI KOMIIOHEHTIB MpU I[bOMY HE BIUIUBAE HAa €(PEKTUBHICTH MPOUECY

OCBITJICHHS.
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Pucynok 4.46 - 3anexHICTh 3aJUIITKOBOI dKOPCTKOCTI Boau Bix pH micis o0poOku
€KBIBAJICHTHOIO KIJIBKICTIO CHUJIIKAT — aHIOHIB Ta KOPETYBaHHS BOJHEBOTO ITOKAa3HUKA MPU
pi3HMX ITOYAaTKOBHX 3HAUEHHAX KalbllieBoi skopcTkocTi (Mr-eks/mv?), (T = 21 °C)
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Pucynok 4.47 - KpuBi BiJICTOIOBaHHSI MOM’SIKIIIEHUX MOJEIBHUX PO3YHUHIB MPHU
noyaTkoBiil xopctkocti 30,8 Mr-exs/mm°, pisHuX chiBBimHomeHHsX K =[SiO3%, mr-
exs]/[Ca?", mr-exs], (T = 21°C)

®inpTpyBaHHS OTPHUMAaHUX YAaCTUHOK CHIIKATy Kaiblliio (puc.4.48) takox He
BCEJISIE 0OCOOJIMBOTO ONTHMI3My. 3a Manioi Kiabkocti TBepaoro ocamy (K=0,5-0,75)
IIBUJIKICTh (IIbTpalii Maii>ke BIJNOBiJAa€ MapaMeTpaMm JUCTUIbLOBaHOi Boau. Komwm
KOMIIOHEHTH 3HAXOJAThCS Y CTEXIOMETPUYHOMY CITIBBIIHOUIEHHI, MIBUAKICTH 3HAYHO

sMmeHmyeThes, a mpu K > 1,0 3a mepmri 10 xBunmuH nopu (ibTpa MOBHICTIO OJIOKYIOThCH,
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1 pyX pIIMHA TpUNUHIETHCA. OCKUIBKM HaBITh MpPU CTEXIOMETPli KOMIIOHEHTIB
3aJIMIIKOBA TBEPAICTh OYHINECHOI BOJW 3aJIMIIAETHCA JOCHTH BHCOKOIO (Taoi. 4.2),
MO3UTHBHI pe3yibTaTU (UIbTpallli 32 YMOB MEHINOI KUIBKOCTI TBepAoi (a3u He €

BUPIIIATEHUMH.
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Pucynox 4.48 - Kpusi ¢inbTpyBaHHS MMOM SKIIEHUX MOJEIHLHUX PO3YUHIB MPU
noyaTkosiit xopctkocti 30,8 Mr-exs/mm°, pisHuX chiBBigHomeHHsX K =[SiOz%, mr-
exs]/[Ca?", mr-exs], (T=21°C)

Tabmumsa 4.2 - EdQexkTuBHICT, NOM’SKIICHHS BOJM CHJIIKATOM HATPilo
(tremmieparypa — 21 °C)

Pearent ITouaTKkoBa 3aMIIKOBA KOPCTKICTH BOAM NpH cniBBigHOomeHHi K = [SiOaz',
“KOPCTKICTD, mr-ekB]/[Ca®", Mr-exs]
Mr-eKB/IM° 1,25 1 0,75 0,5
SiOs* 30,8 0,7 1,5 5,3 10,5
20,0 0,8 2,2 4,6 7,0
10,2 1,8 3,0 49 8,8

3HIKEHHS IEPBUHHOT KOPCTKOCTI 10 20 Mr-eKB/IM3 CYyTTEBO CUTYAIIIFO HE 3MIHIOE.
OcBiTieHHs1 cycneHsli BiAOyBaeTbCd JIMILE YAacTKOBO. Y MAaTOYHOMY PO3YMHI
3aJIMIIAETHCS 3HAYHA KUTBKICTh 3aBUCIMX YACTHHOK. Y IIUX YMOBaX CHOJYKH KPEMHIIO HE
NPOSBISIOTh  (UIOKYIMIOIOYMX BiacTuBocTed. [lim wdac BiacroroBanHs (puc. 4.49)
OCBITJIEHHS CyCIIeH31i B1I0YBa€ThCA MPAKTUYHO 32 OJJHAKOBOIO 3aJI€XKHICTIO, HE3AJIEKHO

BiJI CITIBBiIHOIIEHbh KoMIOHEHTIB. KpuBi ocimanus tBepnoi dha3u mrs K=0,5 ta K=1,25
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30iratotbes, sk 1 kpuBi 1 K=1 ta K=0,75. OTxe, BaXk0 TOBOPUTH MPO BiIMIHHOCTI B
XIMIYHOMY CKJIaJll YaCTUHOK TBepaoi (azu. Ilpu HeoOXiAHOCTI Ciij MpoOBECTH OiIbII
JETaTbHUNA EKCIEPUMEHT 3 aHaJII30M CTPYKTYpH OCaay 3a PI3HUX YMOB OCaJKEHHS

CUJIIKATY KaJIBIIIO.
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Pucynox 4.49 - KpuBi BiICTOIOBaHHS TIOM SKIICHHX MOJCJIBHUX PO3UHHIB TIPU
noyaTkoBiil xkopcTkocti 20 Mr-eks/am®, pisHuMX chiBBigHomeHHsX K =[SiOs*, mr-
exs]/[Ca?", mr-exs], (T=21°C)

®inbTpyBaHHSA YTBOPEHOI cycreHsii npojaeMoncTpyBaio (puc.4.50), mo TBepna
dasza, axa ocigae npu 3HaueHHAX K=0,5-0,75, mpakTHUHO HE BIUIMBAE HA MIBUIKICTH PYXY
BOAM 1 BIANOBIAA€ MIBUAKOCTI IMOTOKY JUCTWIBOBAHOI Boad. IIpore 3amumkosi
KOHIICHTPAIIil 10HIB KaJlbI[iI0 3aJIMIIAIOTHCS JOCUTh BUCOKMMH - 7,0 Ta 4,6 Mr-exs/am3
BiAMOBIAHO. ToMy 3pO3yMisio, IO OpH TaKOMY PiBHI >KOPCTKOCTI BOJaU 0OpoOKa
CHJIIKATOM HATPiI0 MOXKE CIYXKUTH IIJATOTOBYMM €TaroM Iepesl MOJabIINM TIUOITNM
OUUILICHHSIM Ta TOM SIKIICHHSIM 1 BUKOPUCTAHHS HOro 3a JJaHUX YMOB JJI CUCTEM
MOM’SIKIIIEHHSI BOJM Majoi Ta CEpe/lHbOi MPOAYKTUBHOCTI HEOOXIAHO BBa)XaTu

HEIOLLIbHUM.
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Pucynox 4.50 - Kpusi ¢inbTpyBaHHS MMOM’SKIIEHUX MOJEIHLHUX PO3YWHIB MPHU
noyaTkoBiil xkopcTkocti 20 Mr-eks/am®, pisHuMX chiBBigHomeHHsx K =[SiOs*, mr-
exs]/[Ca?", mr-exs], (T=21°C)

[leli BUCHOBOK MiATBEPIKYETHCA THUM, II0 MPU 3MEHIIEHH! KOHIICHTpaIlil 10HIB
kanpiito 1o 10,2 mr-ekB/am3 00poOKa €KBIBaJIGHTHOIO 03010 CHIIIKATy HATPIil0 He
MIPU3BOJIUTH JI0 YTBOPEHHS TBEPO01 a3, sIKy MOKHA MOOAYUTH BizyanbHO. [IpoTe micins
(G1IbTpalil Yepe3 «CUHIO CTPIYKY» >KOPCTKICTh BOJM 3MEHILIYEThCS. BpaxoByrouu 1ie,
HATPIEBUI CUJIIKAT 32 TAaKMX YMOB HE PEKOMEHAYETHCS JUIsl 3aCTOCYBAHHSI B CHCTEMax
MOM’SIKIIIEHHSI BOAM MaJIoi Ta CEPEeAHbOI MPOAYKTUBHOCTI MPU HUBBKUX PIBHSIX
KaJIBII€BOT KOPCTKOCTI.

[IpoBeneHi AOCHIKEHHSI MIATBEPAWIA MOXIUBICTh 3aCTOCYBaHHS CHIIIKATY
HATPIIO ISl 3HUKEHHSI )KOPCTKOCTI BoAu. [Ipu boMy Ba)XKIuBO, 1110 JJII BUKOPUCTAHHS
[IbOTO PEareHTy IMOTPIOHO MIATPUMYBATH BHUCOKUW MOKa3HMK pH, 1100 3aauiikoBa
KOPCTKICTh oummieHoi Bogu Oyna B Mexkax 0,6—-2,5 mr-exs/mM3. JIOCATHEHHS TaKWX
pEe3yAbTAaTIB MOXIJIMBE TMPU CTEXIOMETPUUYHUX ab0 OUIbIIUX CIIBBIAHOIIECHHSIX
KOMMOHEHTIB. OpHak (UIbTpaliiiHi BJIACTUBOCTI YTBOPEHOI TBepAoi ¢a3u majio
BIIPI3HSIOTHCSA BIJ XapakTepUCTUK KapOoHatiB, (ocdaTiB 1 TiAPOKCUAIB, TOMY LieH
peareHT HE PEKOMEHJIYEThCS NJii CUCTEM MaJloi Ta CepeAHbOI MPOAYKTHUBHOCTI, 1€

OCHOBHUM METOAOM po3auieHHs (a3 € ¢iapTpalis. Ko € MOXKIUBICTh 3aCTOCYBaTH
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MIPOIIECH BIJICTOIOBaHHS, peareHT 3a0e3Ieuye BUCOKY AKICTh OUMILIEHOI BOJH, X04a 00’ €M
TBEPA0i (ha3u 3aTUIMIAETHCSI 3HAUHUM.

3 ornsay Ha HU3bKY IIBUAKICTH OCBITJIEHHS O0OpOOJIEHOT BOIM, HEOOX1AHO
JOCIIIKYBaTH B MaWOyTHbOMY €QEKTHUBHICTh I[bOTO pEareHTy MpU OJHOYACHIN
MPUCYTHOCTI B PO3YMHI 10HIB MAar”ilo Ta Kajbllil0, a TAaKOXX BUBUUTU BILUIUB PI3HUX

(IOKYISHTIB HA POLIEC YTBOPEHHS TBEPAOI (Pa3u.

4.8 PeryiioBaHHsI OKpeMHX MapaMeTPiB MpoieciB MoM’IKIeHHs BOIU

BinbiIicTh CydyacHUX peareHTIB JUIsl TOM’ SIKIIEHHS BOJAU MAlOTh JIyKHY PEaKIIio.
He € BukmtoyeHHAM 1 HaHO1IbIT omupeHuit pocdarmicTkuii peareHT - ¢pocdat HATPitO
(NasPOa). SIk Mu Bxke Bigmivaiu, BiH 3a0e3Meuye JOCTaTHLO BUCOKY €(DEKTHBHICTD, alie
1 loMy XapaKTepHI OKpeMl HEraTMBHI BIacTUBOCTI. Tak, caMm OCaIKylOuuid pPO3YUH
docdaTy HaTpio 3aranpHOi KOHIEHTpanii 1 r-eks/mM® Mae BOJHEBUI MOKA3HUK Oiss
12,55. Tomy oueBHIHO, 1110 0OpOOKA BOAM TAKUM PEAreéHTOM CYIIPOBOIKYETHCS 3HAUHUM
nigBuineHHsM pH B mom’sikieHit Boai. Ilpuuomy, BoaHEBUM MOKa3HUK OOPOOJIEHOI
BOJIY 3pOCTAE 13 30UIBIICHHSIM ii TOYAaTKOBOT )KOPCTKOCTI. Tak, Mpu BEIMYHHI MOYATKOBOL
’KOpCTKOCTi 4,3 Mr-exB/am° micyis 06poOky 1i ekBiBaIeHTHEM 06’ eMOM po3urHy (ocdaTy
HaTpito pH 3pocrae mo0 10,6, a mpu moyaTkoBiii xopcTrocTi 13,3 Mr-eks/amM® — 10 piBHS
pH 11,6. OdeBumHOo, MO0 CHOXWBAHHSI YH BUKOPUCTAaHHS TaKUX JY>KHHX BOJI
HenonycTuMme. BukopuctanHs 1HIIUX (PochaTMICTKUX pEareHTIB IbOro THUMY SK,
Hanpukian, NaHPO, unm NaHPO4, BusBmnmcs MamoeeKTHUBHMMH, OCKUIBKH HE
3abe3rneuye HeoOxigHOro s ¢opmyBaHHs (ocdaTiB Kaibllito Ta PocdariB MarHito
piBas pH. Tak, 3nauennss pH ayis po3unHiB 3a3HAYEHUX peareHTIB KOHIeHTpamii 1 r-
exB/aM° cknamae 7,45 ta 5,15 BigmosigHo. HasBHICTB TPHOX THIIIB PEAreHTIB PI3HOTO
CTYNEHIO 3aMillleHHS I03BOJISIE TOTYBATH PO3YMHU TAKOTO CKJIaay, siki 0, 3 0JIHOro OOKy
MICTHJIM JIOCTATHIO KIIBKICTh (pocdaT-aHIOHIB, a 3 IHIIOTO — iX BUKOPUCTAHHS HE
CYyHpOBOJIKYBajoCsi 3HAYHUM POCTOM BOJHEBOro moka3Huka. I[lpoBengeHi Hamu
excriepuMenTd nokasanu (puc. 4.51), mo ans 3a0e3nedyeHHss HEOOX1IHOI ¢(hEeKTHBHOCTI

mponecy 06pO6KI/I BOJM Ta BHKOHAHHA BHUMOI' YHMHHHX HOPMATHUBHHX I(OKYMCHTiB a0



141

BOJAM, L0 CIOKHMBAETHCS JIFOJUHOK a00 MOAAEThCA HAa NMOOYTOBY TEXHIKY, HEOOXITHO
nintpumyBatu pH Ha piBHi 8,5. lle Buknukano tuMm, o npu pH < 6,5 tBepma daza B
pe3ynbTari oOpoOKHM BOAM Bi3yaldbHO HE (DIKCYEThCS 1 3HUIKEHHSI YKOPCTKOCTI HE
BinmOyBaeThcs. B miamazoni 6,5<pH<7,0 TBepma (aza yTBOPIOETHCS JUIIE B MOMEHT
3JIUBaHHS BOJIM Ta OCAJKYIOUOTO PO3YMHY, a Jajdl BOHA PO3UMHSETHCA, X04a HE3HAUHE
3HM)KEHHSI KOPCTKOCTI BOAM MpU (UIBTPYBAHHI UEPE3 «CHUHIO CTPIUKY» (DIKCYETHCS.
Tomy pobounm iana30HOM MPOIECY MOM’ SIKIIIEHHS 3 BUKOPUCTaHHIM (ocdaTiB MOKHA

BBaxkaTH fAiama3oH 8,0 < pH < 8,5.
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Pucynok 4.51 — 3ajexHicTb 3aIUIIKOBOI sk0pcTKocTi po3unny Bix pH npu K = [PO.2,
mr-ekB]/[Ca®" + Mg?", mr-exs] = 1, Temnepatypi po3uuny 21 °C, H04aTKOBii JKOPCTKOCTI:
A - 10,0 mr-exs/mm3, B - 20,0 mr-exs/ame, C - 30,0 Mr-exs/mm®

AHani3 icHyrounx (pocpaTMICTKUX peareHTiB IMOKa3zye, 10 BUKOPUCTOBYIOUU
MOETHAHHS OKPEMHX 13 HUX, MOKJIMBO 3a0€3MEUNTH MATPUMAHHS B TTOM SKIICHIN BOI1
piBHsA pH, mo BiAmoBigae BUMOraM YMHHHX HOPMaTHMBHMX JOKyMeHTIB. Hampukmarn,
Takul pearcHrt, sk rigpooprodocdar Harpiro NagHPOs-12H,0. BoaHeBuii moKa3HUK
HACHYCHOTI'0 PO3YMHY 3a3HAYCHOI'0 pearcHTy ckiagae 9,26. SIKImo TakuM pearceHToM
00pOOISATH BOLY i3 BMICTOM i0HIB %kopcTKOcTi 20 Mr-eKB/IM° B €KBiBaleHTHIH KiTbKOCTI,
TO TigpoopTrodocdar HaTpito 3abe3neuye MiATpUMaHHS B OOpOOJICHIN BOJ1 3HAYCHHS

BOJIHEBOT'O IIOKa3HUKA Ha piBHI 7,22.
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[IpaBna, cyTT€BUM HEAOJIKOM I[bOI'O PEareHTy € HOoro HU3bKa PO3UMHHICTD Y BO/I1
— 63 r/nm® [162]. A ne norpeOye BUKOPUCTAHHs OLIBLIOI KiNBKOCTI OCaIKyHOUOIO
pO3uMHY Ta  3J0pOXYy€  3arajbHl  KamiTallbHI  BUTpaTH Ha  OOJIaJ(HAHHS.
Jurigpooprodocdar Harpiro NaH,PO4-2H,0 konuentpariero 1 r-exs/nm® mae pH Ha
piBHI 5,15. O0poOKa KOPCTKOI BOJAU 13 BMICTOM 10HIB KaJbIlif0 Ta MarHiro Ha piBHi 20
MI-eKB/IM° €KBIBaJEHTHOI KilIbKICTIO TAaKOTO peareHTy 03BOJA€ 3a0e3IEUuTH B
oM ’siKIieHi# Bojii piBeHb pH B 6,02. Aue, sik MU BKe 3a3HAYAIIHA BUIIE, TIPH TAKUX PIBHIX
pH tBepna ¢aza i3 comneit kopcTKOCcTi B3araii He ¢opmyerhes. IlepeBaror 1bOro
peareHry € ioro Bucoka po3zunHHicTh - 1120 r/mm° [162], a 1e 3a6e3medye NpuroTyBaHHs
PO34YHUHIB JOCUTh BUCOKOI KOHIEHTpalii. O4eBUIHO, BUKOPUCTOBYIOUM KOMIIOHYBaHHS
3a3HAYEHUX PEATreHTIB B PI3HUX CHIBBIJHOIIECHHSAX, MOXKJIUBO OTPUMYBATH KOMILIEKCHUN
peareHt, KOTpUil 0JJHOYAaCHO 3a0€e31euyBaTUME 1 BUCOKY €(DEKTUBHICTh BUIATICHHS 10HIB
KOPCTKOCTI 1 ii momyctumuid piBeHb pH. 3posymino, mo pH Takoi KOMIUIEKCHOI
OCaQ/KYI0Uoi cyMilll Oyjae B MOBHIA Mipi Oyjie BHU3HAYaTUCS CIIBBIJIHOUIEHHSIM i

kommoHeHTiB (puc. 4.52. rpadik 1).
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CnissigHoweHHa [Na;PO,]/[NaH,PO,]

Pucynox 4.52 - 3anexnicte pH cyminmn Bif CHiBBiIHOIIEHHS KOHIICHTpAIIN
[NazPO4)/[NaH2PO.] (1) Ta pH MomenbHOr0 po34yrHY MiCIs 0OPOOKH CTEXiIOMETPHUUHOIO
KUTBKICTIO cyMmimi (IT09aTKOBA YKOPCTKICTh po3unHy: 2 - 10 mr-exks/mm°, 3 — 20 Mr-exB/mm?,
4 - 30 mr-exs/nM°) pu Temmneparypi posunny 21 °C
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Ha namy ngymky, kpim pocdaty HaTpito, B SIKOCT1 JPYTrOro KOMIIOHEHTY JIJIsi TAKOTO
OCaQ/KYIOUOr0 peareHTy Kpaie BuOupatu aurigpooprodocdar HaTpito, KOTpU
BUPI3HAETHCSI BUCOKOI PO3YMHHICTIO Y BOJ1 1 J03BOJISIE JOCHUTH MPOCTO PETYIIOBATU
HEOOX1THUI 00’€M OCaJKYIOUOro PO3UMHY JJii OOpOOKHM BOJM PI3HUX MOYATKOBUX
KOPCTKOCTEM.

Ha puc. 4.52 (xkpusi 2,3,4) npuBeneHi rpadiki BOAHEBOr0 MOKa3HUKA MOJEIbHHUX
po3unHiB pizHOi kopctkocTi (10 - 30 mr-exs/am®) micias 0OGpoOKH eKBiBaJEHTHOIO
KUIBKICTIO OCA/IKYIOUOi CyMIIIll 3 PI3HUM CITIBBITHOIIEHHAM coNyK hocdaty. Ak BUaAHO
3 PUCYHKY, 3MiHA OYATKOBOI )KOPCTKOCT1 MPAKTUYHO HE BIUIMBAE HA KIHIIEBE 3HAUCHHS
pH 1npu crexioMeTpuyHOMY CIIBBIIHOIICHHI 1i KOMIOHEHTIB. Bukopucranus
npuBelieHNX rpadikiB J03BOJsSE€ BHOpaTH ONTHUMAalbHE CIIBBIAHOILICHHS MIXK
KOMIIOHEHTaMHU OCaKyruoi cywmimni. OCKUIBKMA 3TiJTHO BUMOI YMHHUX JIOKYMEHTIB
HAWOLIBII TPUHHATHUM nianmazoHoM pH B mom skmeniii Bomi € 8,0 — 8,5, To,
KOPUCTYIOUUCHh MPUBECHUMHU rpadikamMu, MOKINBO BUSHAUYUTH ONTUMAJIbLHUM /T1ana30H
cuiBeignomeHs [NasPO4)/[ NaH2PO4] = 0,75 — 0,85. Came mpu 3a3HaYCHUX BEIMUMHAX
BOJIHEBOT'O MMOKA3HUKA MIOM’SIKIIIEHA BOJIa MA€ HU3bKY 3aJIMIIIKOBY KOPCTKICTH Ta ii pH He
BHUXOJHUTH 3a Mexki 8,5 oqunuis [3].

J1o1aTKOBO 11010 3aJIUIIIKOBOI )KOPCTKOCTI MUTHO1 BOJIM HEOOX1AHO HArajaaTH, 1o
3riHo [3], BMICT 10HIB KajbIlif0 B (pi310JIOT1YHO MOBHOIIHHIH 110 MiHEPAILHOMY CKIIATY
NUTHi} BOJI MOBHHEH KONUBaTHCA B Mexk 25 — 75 mr/am® (1,25 — 3,75 Mr-eks/nm°), MarHiro
— 10 - 50 mr/am® (0,83 — 4,17 mr-exs/nM°) mpu HeoOXiHiH 3aranbHii xopcTKocTi Boau 1,5
— 7,0 mr-exs/nm®. ToMy 3po3yMiso, 0 MOMSKIIYBAaTH BOAY 10 M’SKOi Ui, TUM OiIbIIeE,
oy’ke M’aKoi — HaBiTh miKiamuBo. Illogo moOyToBOi TEXHIKH, TO, SIK TMOKa3y€e IOCBIT ii
0araTopiuHOl eKCIUTyaTallii, JUisl TeXHIYHUX MOTpeOd HaMOUIbII MPUUHATHOIO € Boja 13
3araJbHOI0 YKOPCTKICTIO He Oiiblle 3 Mr-eKB/AMS, OCKIIBKH HPU BUKOPUCTAHHI OLIbLI
KOPCTKHUX BOJ BXKE€ MOXKE CIIOCTEPIraTUCs BIJIKIAJCHHS HAKUITY.

Ha namry nymKy, HAWOLIBII TOIIILHO PO3IUISTH ITOM SKIIEHY BOAY Ha JBA MOTOKU —
Ui TOOYTOBOIO BUKOPHUCTAHHSA Ta JJIsl CHOKMBaHHA. B pe3ynbTaTi MOMSKIIEHHS MOXKE
CIIOCTEpIraTUCsl BTOpUHHE 3a0pyaHeHHs Boau QuiokynsHtamu Ta ¢ocdaramu. Illogo

(JOKYJISHTIB, TO BapTO 3ayBa)KUTH, IO JOCBIJ iX BUKOPUCTaHHS CBIIYWTH, IO TMPHU
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HAsIBHOCTI TBEpAO0i (pa3u iX 3aJMINKOBI KOHIIEHTpAIlll 3HAXOSTHCS HA PIBHI JOITyCTUMHX
3r1IHO YUHHUX HOPMATUBHUX TIOKYMEHTIB. TOMYy BUKOpUCTaHHS BOJIM B IOOYTOBIN TEXHIL
(MpajibHI MAaIIMHHU, TIOCYJAOMHIKH, IyIlI, BaHHA) TepeadadacTbcs BiApasy MiCHs
MOMSIKIIEHHsT 0e3 1oaaTkoBoi 00poOku. Illomo crokuBaHHA BOAM, TO TOMSKIIICHHS
PO3POOIAETHCS SIK TIOTIEPETHINM eTan 00POOKH BOJAHY TIEPE]T 3BOPOTHIUM OCMOCOM. 3BaKAOUH
Ha KUTbKa JOJATKOBUX €TarliB 00pOOKHU BOJIM B CUCTEMAaX 3BOPOTHOIO OCMOCY (iIbTpamMu 3
AKTMBOBAaHUM BYT'ULISIM, HaBITh MIKPOCKOMNIYHI JOMIIIKH (DIOKYJISIHTIB OyAyTh MOTJIMHYTI
MIPU HAJICXKHIN eKCIUTyaTalii 001aJHaHHSI.

BinnocHo ¢docdaTiB HEOOX1THO 3a3HAYUTH HACTyIHE. B 3Ha4HIM Mipi 3aJIMIIKOBUN
BMICT hoc(paTiB BU3HAYAETHCS CIIBBIAHONICHHSIM MK KOMIOHEHTAMU OCaKYI0U0i CyMilln
Ta 10HAMHM >KOPCTKOCTI. HaBiTh mIpH CTEXIOMETPUYHOMY CITIIBBIIHOIICHHI PEarcHTIB
3QIMIIKOBI KOHIIEHTpallii (ocdaTis 3HaXonAThes Ha piBHI ~ 10 Mr/mm°, mo Bixmosinae
BuMmoram [167]. Ilpu HEOOXigHOCTI Iel MOKa3HWK MOYKEe OYyTH 3HIDKCHHH 3a PaxyHOK
3MEHIIIEHHS CITIIBBIHOLIEHHS] MDK KOMIIOHEHTaMH OCaJDKYIOUOi CyMilll Ta 10HaAMHU
xopctkocti (puc. 4.53). 3po3ymisio, M0 Take 3MEHIICHHS Oyae OTPHMAaHO 3a PaxyHOK
30UTBIIIEHHST 3JIMIIKOBOI >KOPCTKOCTI 1 B JIaHI CHUTYyallld HalBa)KIUBIIIE BCTAHOBUTHU
OanmaHC MK MapaMeTpaMy MPOIECY MOMSIKIIEHHI. TakuM YMHOM, TTOM’SIKIIIEHA OMHUCAHOIO

TEXHOJIOTIE€10 BOJIa MOKe OyTu 0€3 Mepeliko]i BUKOpUCTaHa B MOOYTOBUX YMOBAX.
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CniBBigHOLWEHHA MiX KOHUeHTpauiamu ¢ocdaris Ta
iOHiB YXOPCTKOCTI
Pucynox 4.53 — 3MiHa 3aIMIIKOBUX KOHIIEHTpaIliil (hocdariB B MOMSIKIICHIN BOI B
3aJICKHOCT1 BiJl CIIBBIIHOIICHHSI MK KOMIIOHEHTaMH OCA/XKyHO4Oi CyMillll Ta 10HAMH
KOPCTKOCTI HpM DI3HUX 3HAYEHHSX I10YATKOBOi »KopcTkocTi (Mr-exs/mv°); pH 8,46;
Temneparypa pozunty 21 °C
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BinHOCHO CHOXUWBaHHS IOM’SKILIEHOI 3alPONIOHOBAHOI0 TEXHOJIOTIEID BOJHU
MOXHA 3ayBaXUTH, 1[0 YUHHUMHU HOPMAaTUBHUMU JOKYMEHTaMH BMICT ¢ochatiB y Bol,
110 CTIOYKUBAETHCS JIIOIMHOK0, BU3HAUeHo Ha piBHi 3,5 mr/nm® [3]. Sk BugHo 3 puc. 4.54,
JOCSTHYTH TaKUX 3aJUIIKOBUX KOHIIEHTpAII OMUCAHOK TEXHOJIOTIED MPaKTHUYHO
HEMOXJIMBO. ToMy i CHOXMBaHHSA TIOM SKIIEHOI BoAM 11 mependadaeTbes
JOOYMIIYBAaTH Ha CHUCTEMI 3BOPOTHOTO OCMOCY. fIK MOKa3ylOTh MPOBEAECHI HAIIMMHU
Koseramu fociimxenns [168], mpu Bumicti y Buxinniit Boai ¢pocdaris 1o 20 mr/am? micns
MeMOpaHu pOpMy€eThCS BOJIa, KOTPa IIJIKOM BIANOBIJa€ BUMOTaM YHHHUX HOPMaTUBHUX
JIOKYMEHTIB.

TakuMm 4YMHOM, BUKOPUCTAHHS OMKMCAHOI TEXHOJOTIi MOM SKIIEHHS BOJIU B SIKOCTI
HIArOTOBYOrO €Talmy B CHCTEMax 3BOPOTHOIO OCMOCY MOKE LIJIKOM 3a0e3MeYUTH

MOTpeOU CHOKUBAYIB MAJIOi T4 CEPEHbOI TPOAYKTUBHOCTI.

BucHoBku 10 po3ainy 4

[IpoBeneni excriepuMeHTaIbH1 TOCIIIKEHHS T03BOJININ BCTAHOBUTH.

1. Tpanpwuiiiini MeTOaIH, SK-OT COJIOBO-BAITHSHE ITOM’SIKIIICHHS, MAalOTh HHU3BKY
e(heKTUBHICTh IPU HU3bKUX TEMIIEPATYpax, NOTPEOYIOTh 3HAUHUX MEPEBUTPAT PEArcHTIB
1 He MPHUAATHI JJI1 CUCTEM MaJjoi Ta CepeHhOI MPOJYKTUBHOCTI 13-3a OaraToeTarHOCT1
MPOIIECY.

2. ®ocdaTmicTki peareHTH €PEKTHBHO OCAKYIOTh 10HMW KaJbIII0 Ta MAarHiio
HaBITh MpPHU CTEXIOMETPUUYHHUX J03ax peareHTy. IIpoiiec BiiOyBaeThCcs B IMIUPOKOMY
nianaszoni pH 1 Temneparyp, 3a0e3ne4y0uu HU3bKY 3aJUIIKOBY dKOPCTKICTh BOJIM HABITh
npu Temmepatypi 5 °C. Ilo3utuBHUM € Takox ToH (pakT, 1o TBepaa daza GopmMmyerses
BiJIpasy MicJisl 3TMBAHHS PO3YMHIB 1 HE MOTpeOye 1HKyOaliiftHOTO epioay.

3. HeratuBuum ¢akToM 3actocyBanHs GocdaTiB sl BUAAICHHS 10HIB KaJbIliI0 Ta
MarHilo € HaJ3BUYaiHO BUCOKA JUCIEPCHICTh OCAay Ta TPYAHOUIl 3 BIIAUICHHSM HOro
BiJl MaTouyHOro po3uuHy. Lle oOMexye 3acTocyBaHHSI METOJQYy B YMOBaX, Ji¢ BIJICYTHI

BEJIMKI BIJICTIMHUKY a00 HEMOXKJIMBE TPUBAJIC BiJICTOIOBAHHS.
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4. JlonaBaHHA aHIOHHUX (IOKYJSHTIB 13 BHCOKOK MOJEKYJSPHOIO MAacolo
(6m3pko 20 MIIH a.0.M.) TOKpaIly€ TPOIECH BiJCTOIOBAaHHS 1 (UIBTPYBAHHS OCAIIB
¢docdary kanbilito Ta Mariro. ONTUMalIbHI KOHLIEHTpAIlll (PIOKYJISHTIB CTAHOBJISTH 1—
10 mr/am3. Tlpu 1bOMY MIBHIKICTH OCBITICHHS 30UIBIIYETHCS, a 00’€M ocamy Ta
BOJIOTICTh 3MEHILYEThCS.

5. JlocaimKkeHHs ITOKa3aad, MO OCAMKSHHS CHUIIKATOM KalbIlI0 10HIB MarfHiro Ta
KaJIbIliI0 eeKTUBHE JnIie mpu Bucokux 3HaueHHsx pH (>10). [Ipore yTBOpeHuit ocan
BAXKKO BIJOKPEMHTH Yepe3 MOro BUCOKY JMCIEPCHICTH 1 MOBUIbHE ocifanHs. Kpim Toro,
HEOoOX1IHICTh KopuryBaHHsi pH micias oOpoOku poOUTH Led METOJ] HENPUAATHUM IS
CUCTEM MaJIOi Ta CepeIHbOI MPOAYKTUBHOCTI.

6. Jlusg rapaHTOBaHOTO 3a0€3MEYCHHS B IIOM SKIICHIM BOAI PIBHSA BOJHEBOTO
MOKa3HWKa He Bume 8,5 3ampomoHOBaHO B SKOCTI  OCQKYIOUOTO PEareHTy
3acTocoByBaTu cymiil (ocdaty Ta aurigpooprodocdaTy HATPiO Yy BIAMOBIIHOMY
criBBigHOIIEHHS. [Ipy 1bOMY BHCOKa €(DEKTUBHICTH MOM SIKIIIEHHS 30€PIraeThesl.

/. JIns BUKOHAHHS BUMOT HOPMAaTUBHUX JOKYMEHTIB 3allpPOMOHOBAHO 3arajbHUI
MOTIK MOM SKIIEHOT BOAM PO3JUIATH HA JIB1 YaCTUHU — JJIsl TOOYTOBOTO BUKOPHUCTAHHS
Ta MOOYyTOBOTO CIOXHWBaHHS. B OCTaHHbOMY BHUNAJKy IMEpell CHOKUBAHHSAM BOMIY

Mi11aBaTh 00poOIll CHCTEMaMHU 3BOPOTHOT'O OCMOCY.
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PO3/1J 5
TEXHOJIOTTYHA CXEMA NOM’SIKINEHHS BOJM JUIL CUCTEM
MAJIOi TA CEPEJHBOI TPOJIYKTUBHOCTI

5.1 OO0rpyHTYBaHHSI OCHOBHHUX IIapaMeTPiB TEXHOJIOTII

[TomsiKIIEHHS BOAM BCHUCTEMaxX Majioi Ta CEPeHbOI MPOIYKTUBHOCTI BHUMArae
BUKOHAaHHS KUIbKOX ocoOnuBuX yMoB. llepmr 3a Bce — me noctatHs €(QEeKTHBHICTh
MPOIIECY BUJAAJICHHS 10HIB KAJIBI[IIO0 Ta MarHito. 3 0AHOT0 00Ky YHHHUMH HOPMAaTUBHUMHU
JOKYMEHTaMH MaKCUMAJIbHUI PIBEHb KOPCTKOCTI BOAM ISl CIIOKWBAHHS HACEJICHHSIM
0OMEKEHO BEIMUYMHOI0 B 7 Mr-eKB/IM®, a 3 iHIIOro — BOJA MiCNIsl CHCTEM 3BOPOTHOTO
ocMocy a00 IHIIKX TIPOLECIB, B K0T cyxuii 3amumok carae 100 mr/am?® i MeHIue, migsrae
noMmiHepam3zarii. Jlns 3a0e3meueHHs «(di310J0T1YHOT MOBHOIIHHOCTI MiHEPaIbHOTO
CKJIaJly MUTHOT BOJAM» BCTAHOBJICHI HACTYITHI apaMeTpHu:

1. 3aranpHa >KOPCTKICTH - mr-exs/mm° - 1,5 - 7,0.
. 3araybHa Iy KHIcTb - Mr-eks/am° - 0,5 - 6,5.
. Moa mxr/nm® - 20 - 30.
. Kaiit - mr/am® - 2 — 20.
. Kasbuiii - mr/mm® - 25 — 75.
. Marsiit - mr/am® - 10 — 50.

. Hatpiii - mr/mm® - 2 — 20.

co N O O A W DN

. Cyxwuii 3anumoxk - mr/am® - 200 — 500.
9. ®ropuau - mr/om° - 0,7 - 1,2,

ToOTo, HEMae HEOOX1THOCTI HAMAraTUCs JAOCSITHYTH MIHIMAJIbHOI dKOPCTKOCTI, SIK
JUISL €HEPreTMYHHUX YCTAaHOBOK. JlOCTaTHHO MOJAaBaTH CIIOKUBAauyaM M Ky BOIY 3
KOpcTKicTIo 1 — 3 Mr-exs/mve.

HactynHum 0coOIMBUM mapamMeTpoM € TemIepaTypa BXIJHOI BOAH. SIK MU BxKe
3a3HAvaIv paHilie, B IEHTPATI30BaHUX MEpekax BOHA MOKe TpumaTucs Ha piBHi 13,5°C,
3HIDKYIOUUCH B 3UMOBHH miepiox a0 8,5°C. 3a Takux yMOB OKpeMi peareHTH MpaIoiTh
BKpail HeepexTuBHO. Hampukian, no3a kapOoHaTy HaATpitO0 MOBUHHA OyTH Ha MOPSIOK

Ounbllle BiJl CTEXiOMeTpii. 3BUYAHHO, MOXJIMBO BCTAaHOBJIIOBATH MOMEPEIHIN MIIIrPiB
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BoaM 10 Temriepatypu 35 — 40°C, ane 1e TATHE 32 COOO0I0 30ITBINICHHS €HEPTETUIHUX
3aTtpar. Ta i crioKUBaHHS BOJIU TaKOi TeMIepaTypy HaBpsi uu OyJie MpUiHIATHUM. Tomy
Ipy BUOOP1 OCAKYIOUNX PEareHTiB He0OX1JHO 3BEPTATH yBary Ha L0 BUMOTY.

[Ile onHuM oOMexyrouuM (aKTOPOM € HEMOMJIMBICTh BUKOPUCTAHHS MPOLECY
BIJICTOIOBaHHSI, SIK 11€ pOOMTHCA B MPOMHUCIOBHX yCTaHOBKax. B 1boMy BUMAAKy AJis
pO3rIsHYTOT HaMH B po3auti 3 ycranoBku Puricom Denver+ 12 HeoOXigHO 10J1aTKOBO
BCTAHOBJIIOBATH €MKICTh 00’ €MOM, siK MiHiMyM, 100 aMS. A 1ie 101aTKOBI 3aTpaTH, 3Ha4YHI
YKUTIIOBI IUIOI, TPOMI3AKICTh BCI€T cUCTEMHU MOM sikieHHs. KpiM Toro, BiICTOIOBaHHS
HE € KIHIIEBOIO (Pa3010 TEXHOJOTTYHOTO MPOIeCy 1 00OB’SI3KOBO BUMArae J0JIaTKOBOTO
eTary 3HeBOJIHEHHS TBep10i (a3u.

BaxnuBuM (pakTopom € 3HAYEHHS BOJAHEBOI'O MOKa3HUKA MOM’SIKIIEHOI BOJIU Ta
HEOOX1THICTh MOT0 KOperyBaHHs. BIIBIIICTh 0CaIKYIOUUX PEAreHTIB XapaKTePU3YIOThCS
BHCOKUM 3HaueHHAM pH, ToMy BoJia miclisi oM’ SIKIIIEHHS TOTPeOy€ 10JaTKOBOT 00pOOKH.
ConoBo — HaTpieBa TexHojOTisA nependayae miasumenns pH mo pisas 10,5 — 11,5 ms
e(heKTUBHOTO BUAAJIICHHS 10HIB MarHio. ToMy noM’siKilieHy BOAy 00OB’SI3KOBO Mi/I/1aI0Th
00po06111 po3uriHamu kuciioT. GocdaTt HATPiIO TAKOK BIIHOCUTHCS /10 JY>KHUX PEarcHTiB,
aje 3BAXKAIOYM Ha MOXJIIUBICTH OCAQXKEHHS 10HIB >KOPCTKOCTI B HEUTpPaTbHOMY
CEpeIOBUIIl, HAMHU 3alPOINIOHOBAHUIN KOMILIEKCHUN peareHT, aKui He miiBuilye pH npu
30epekeHH1 He0OX1/IHOT €(PEKTUBHOCTI.

3BakarouM Ha BUCOKY JUCIEPCHICTh YAaCTMHOK TBEepHAOi (pa3u, 1mo (GopmMyeThCs B
00’eMi1 piIMHH, 10 00POOIIETHCS, HEOOXITHO B TEXHOJIOTT TOM’ IKIIIEHHS IepeadavyaTu
BUKOPHUCTaHHS JOJATKOBUX PEAreHTIB ISl MiABUIICHHS €(EKTUBHOCTI PO3AUICHHS
pinkoi Ta TBepnaoi ¢a3. Haltbinbin NpuiHITHUMU MOXKHA BBaXaTu (DIOKYISHTH, SKUX
ChOTOJTHI BUPOOJISIETHCS BEJIMKA KUIBKICTh UMIIIB T4 MapoK. 3BUYAHHO, TUI (JIOKYJIsTHA
Ta 103U BUOUPAIOTHCS B KO)KHOMY KOHKPETHOMY BUIIAJIKY BiJl XapaKTEPUCTUK BUXI1JIHOI
BO/JIU.

Buxonsun 13 oTpumaHux B 00’eMi IIi€i poOOTH pe3yJbTaTiB AOCTIIKEHb Ta
BUKJIAJICHUX BUIIE BUMOrax JO0 TEXHOJOTIYHOI CXEMHU MPOIECy MOM IKIIEHHS, B SKOCTI
oca/)KyBaua HaMu BUOpaHO KOMILUIEKCHUN peareHT 13 CIOJIyK HaTpito Ta pocdopy, akuit

MU OINHCAIA paHilie. B sIKOCTI 10JaTKOBOTO pEareHTy 3alpOlOHOBAHO 3aCTOCOBYBATH
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¢dnokynsaT anionnoro tumy Magnofloc — 336 y BiamoBimHMX m03ax. 3acCTOCYBaHHS
TAKOro KOMIUIEKCHOTO peareHTy 3ale3ledye BHCOKY €(EeKTHBHICTh BUAAJICHHS 10HIB
KaJIBI[II0O T4 MarHil0 B IIMPOKOMY Jiama3oHi TeMmepaTryp Ta €PeKTHUBHE PO3AICHHS

TBEpJ101 Ta piaKoi (a3 GUIbTPpyBaHHSIM.
5.2 OCcHOBHI 32JI€KHOCTI Mizk KOMIIOHEHTAMH OCA/KYIOUOI cymini

JUis BU3HAU€HA 3B’ 13Ky MK OKPEMUMU KOMIIOHEHTaMHU 0CaJKY040i CyMillll HaMU
BUKOPUCTAHO METOJ] HOBHOTO (PaKTOPHOTO eKCIIEPUMEHTY THITy 22,

Ha nepmiomy erami Mu BCTaHOBUJIM HEOOX1THUM pPIBEHb BOJIHEBOTO ITOKA3HUKA JIJIS
OTPUMAaHHSI TOM SKIIEHOI BOJ1 3 BIAMOBIAHMUMHU XapaKTEPUCTHKAMH — 3aJIUIIKOBOIO
KOPCTKICTIO. J[J1 TOCHIKeHbh BUKOPUCTOBYBAIM MOJICIbHUI PO3YMH 13 BMICTOM 10HIB
Ca?" - 11 mr-exs/am3, Mg?* - 16 mr-exs/nme. J103y MOJEIBHOTO PO3UHHY 0OPOOIISIN IPH
temriepaTypi 21 °C oca/pKyr4dor0 CyMINIIIO, €KBIBAJCHTHOIO MOYATKOBIM KOPCTKOCTI
npu OiATpUMaHHI B 00poOieHid Boal BiamoBigHoro piBHsA pH. B 3amexxHocTi BiA
BOJITHEBOT'0 TOKa3HUKA PO3YMHY Ta MOYATKOBOI JKOPCTKOCTI 3MiHIOBajacs 3aJIMIIKOBA
AKOPCTKICTh MOM’SIKIIEHOI BoAM. J[Ji1 BU3HAUYEHHS HEOOXIAHOTO 3HAYEHHS BOJHEBOTO
MOKa3HUKa JJisi 3a0€3MeUeHHs BU3HAYEHOTO PIBHS 3alMIIKOBOI JKOPCTKOCTI TpadidHO
MpeACTaBIIEHI BIJIOBIIHI PO3pPaXyHKH, sIK1 3HAYHO CIIPONIYIOTh MiA01p TAKOro mapameTpy

(puc. 5.1). ITnan-matpuns IIOIT 22 Ta pe3ynbTaTH eKCIEpUMEHTY NpHBe/eHi B Taon. 5.1.

Ta6muna 5.1 - IMnan-marpuns IIDIT 22 Ta pe3yasTaTd JOCTIAKEHHS 3MiHU
3aJIUIIIKOBOT )KOPCTKOCTI 0OpOOJIEHOI BOJU Bijl BOAHEBOTO MOKA3HUKA

Ne Konosi 3nauennss | HartypaabHi 3HadeHHs1 pakTopiB | 3HaYeHHs: mapaMeTpa OLIHKH
aoc- ¢paxTopis 3aIuKoBa KOPCTKICTh,
aixy Mr-ekB/am°

X1 X> pH K>, mr-exs/nv®| Y Yo Y3
1 -1 -1 5,0 5,0 3,26 3,21 3,19
2 +1 -1 11,0 5,0 0,93 0,91 0,97
3 +1 +1 11,0 30,0 1,21 1,26 1,25
4 -1 +1 5,0 30,0 5,12 5,16 5,15

*I)K — mo4aTkoBa KOpPCTKICTh
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B pesynbrari BIIOMHUX pO3paxyHKIB Ta TMiCJisl HEOOXIAHOI MEepeBIpKU
MOBTOPIOBAHOCT1 OTPUMAHUX PE3YyJbTATIB JOCHIAIB, BIAMOBIAHOI OLIHKKA 3HAYYIIOCTI
po3paxoBaHUX KOe(]IIIEHTIB Ta MICIS MEPEBIPKHM OTPUMAHOTO PIBHSHHSA perpecii Ha

aJIcKBaTHICTh BOHO MPUKMAa€E HACTYITHUYN KIHIIEBUM BUTJISIA!
K, =2,6350 - 6,1801-X; + 2,2206- X5 - 1,6202-X1-Xo.

Hepexi,u A0 HaATypaJbHUX 3HAUYCHb BHKOHA€MO 3 BHUKOPHCTAHHAM HACTYITHHX

3QJIEKHOCTEH:
X1 =(pH-8)/3; X, = (0K -17,5)/12,5.

B pesynbTaTi 3aMiHM Ta BHUKOHAHHS BCIX MaTEMaTUYHUX OIEpalliil OTPUMYEMO

PIBHSIHHS perpecii B HACTYITHOMY BUTJISIIIL:
K, =9,9577 - 1,3039-pH + 1,2145-XK - 0,0433-pH- K.

I'padiune 300pakeHHs IUIONIMHU PIIIEHh OTPUMAHOTO PIBHSHHA perpecii
npuBelieHO Ha puc. 5.1. Sk BUJIHO 3 pUCYHKa, 3a/al0YMCh HEOOXITHUM 3HAYCHHSIM
3QJIUIIIKOBOT )KOPCTKOCTI TOM’SIKIIIEHO1 BOJIM MOKHA JIJIs1 B1IOMOT OYATKOBOT dKOPCTKOCTI
BOJIM BU3HAYUTH HEOOX1HE 3HAYCHHS BOJHEBOIO MOKa3HUKA. Sk BUAHO, 13 3MiHOKO pH
3JIMIIKOB] KOHIIEHTPAIIil 3MIHIOIOTHCSA 3HAYHO IHTEHCUBHIIIIE, HIXK MPU 3M1HI TOYaTKOBOI

KOPCTKOCTI TTOM’ IKIIIEHOI BOTH.
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Pucynok 5.1 - I'padiune 306paxkenns pesynbraris IIOI tuny 22 npy Bu3HaueHHI
HeoOximHoro pH s 3a7aH01 3aTMIIKOBOT JKOPCTKOCTI
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Ha npyromy erami Mu BCTaHOBMJIM HEOOXIJHUM CKIIaJ OCAKYIOUOi CyMill JJis
nmiaTpuMaHHs B 00poOneHiid Boai pH < 8,5. SIk mm Bke 3a3Havanu, IS MbOTO MU
3aminuiu ¢ocdar Hatpiro cymimiio 13 pocdarty Ta nurigpooprodocdary HaTpiO Mpu
BignoBigHomy criBBigHomeHHI ([NasPO4]/[NaH2PO4]). B 3anexHOCTI Bii MTOYaTKOBOTO
BOJHEBOr'0 MOKAa3HUKA BOAM Ta IMOYATKOBOI JKOPCTKOCTI OyJie 3MIHIOBATUCSA BOJHEBUUN
MOKa3HUK 00poOsieHoi Boau. [l BHU3HAYEGHHS HEOOXIJHOTO  CIIBBITHOIICHHS
KOMITOHEHTIB OCaJKYI0UOi CyMimli Juisi MATpUMaHHSA y o0poOneniit Bomi pH ~ 8,5
rpadgiyHO MpeACTaBICHI BIAMOBIIHI PO3PAaXyHKH, SIK1 3HAYHO CIPONLYIOTh HiAOIp TaKOTro
cuiBigHomenHs (puc. 5.2). ITnan-marpuns IIDIT 22 ta pe3yabTaTd eKCIEPHMEHTY

MIPUBEJICHI B Ta0JI. 5.2.

Ta6muns 5.2 - Inan-matpuns DI 22 ta pesynasTaTu gocigKeHHs 3Minn pH
00po0eHO1 BOM BiJl CHIBBIJHOIIEHHS! KOMIIOHEHTIB OCa[KYI040i CyMiIIi

Ne Koposi 3Hauenns | HarypajbHi 3HaueHHs ¢akTopiB | 3HaueHHA NapaMeTpa OUIHKH
aoc- daxrTopis pH micisi noMsiIKIIeHHS, O]1.
iy X1 Xo K* K*, mr-eks/nm®| ¥ Y2 Ys

1 -1 -1 0,1 5,0 6,17 6,12 6,09
2 +1 -1 1,0 5,0 10,03 | 10,12 10,07
3 +1 +1 1,0 30,0 10,21 | 10,23 10,15

4 -1 +1 0,1 30,0 6,31 6,26 6,25

*K = [NasPO4]/[NaH2PO4]; XX* — mouaTkoBa :KOpCTKIiCTh

B pesynbraTi BIIOMHX PpO3paxXyHKIB Ta MICAS HEOOXITHOT MEpEeBIPKU
MOBTOPIOBAHOCTI OTPUMAHUX PE3yJIbTATIB OCTIAIB, BIAMOBIAHOI OLIIHKHA 3HAYYIIOCTI
pO3paxoBaHUX KOE(IIIEHTIB Ta MICIs MEPEeBIPKA OTPUMAHOIO PIBHSHHS perpecii Ha

aJICcKBaTHICTb BOHO MpUKUMAa€E HACTYITHUMN KIHIIEBUM BUTIISIA!
pH =4,0850 + 1,9675-X; + 0,0675-X; - 0,0025-X1-Xa.

Hepexiz[ A0 HaTypaJbHUX 3HAYCHb BHKOHA€MO 3 BHUKOPHCTAHHAM HACTYITHHX

3aJIEKHOCTEH:

X1 = (K - 0,55)/0,45; Xz = (K — 17,5)/12,5.
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B pe3ynbrari oTpuMyeMO piBHSIHHS perpecii B HACTYITHOMY BUTJISIIL
pH = 1,5859 + 4,3800-K + 0,0542-X - 0,0005-K- XK.

['padiune 300parkeHHs TJIOMIMHY PIlIEHb PIBHSHHS perpecii MpUBEICHO Ha PUC.
5.2. SIx BHIHO 3 pUCYHKA, 3HAJAI0UNCh HEOOX1IHUM 3HAYEHHSIM BOJHEBOTO MOKAa3HUKA
MOM’SIKIIIEHOT BOAM MOXHa JUIsl BIIOMO1 IMOYaTKOBOi >KOPCTKOCTI BOAM BU3HAYUTHU
HE0OX1JJHE CHIBBIJHOIIEHHSI KOMIIOHEHTIB Oca/Kyto4oi cymimmn. Jig miarpumansas pH Ha

piBHi 8,5 cmiBBigHOmEeHHs K HE0OXimHO TpumaTH B Mmexxax 0,83 — 0,86.

9-10

8-9

7-8
m6-7

¥, mr-eks/pmd

K = [NagPO,]/]NaH,PO,]

Pucynok 5.2 - I'padiune 306paxkenns pesynbraris IIOI Tuny 22 npy Bu3sHaYeHHI
CHIBBIIHOIIEHHS! KOMIIOHEHTIB OCA/IKyI040i CyMIIl1

O4eBUIHO, [JIi TEXHOJOTIYHOIO TMPOIIECY JOCUTh BaXXJIUBUM € BHOIp 103U
bnokynsaTy. ToMy Ha TpeTbOMY €Tali MU MpPOBEIM HEOOXITHI PO3PAXYHKH IS
BCTAHOBJICHHS TPUHHATHUX 103 (QIoKyistHTY aHionHoro tumy Magnofloc — 336 mpu
PI3HUX MOYATKOBUX KOPCTKOCTSIX BOAM. SIK MU BXKE 3a3Hayaiu, MO MPUBEIACHUX BHUIIIEC
rpadgikax MO>KHAa BH3HAYUTH TMPUUHITHE 3HAYECHHS BOJHEBOIO TMOKAa3HHWKA JUIs
KOKPETHOTO CKJaJy MPUPOAHOI BOJAM, TMOTIM BHU3HAUUTHU CIIBBIAHOIICHHS MIXK
KOMIIOHEHTaMHU OCA/KyK04Ooi CyMIIIl 1 MICJIsS OO BU3HAYUTU ONTHMAJIbHY 03y
baokynsaty. Ockinbku s nutHOT Bomu pH < 8,5, To mocmiam momo eheKTHBHOCTI
daokynsuTiB poBoamau B aiana3zoHi pH 8,0 — 8,5. /st Bu3HaueHHs HeoOXigHOT 103U

(bnoxynsHTY TpadiuHO MpencTaBieHl BIAMOBIAHI PO3pPaXyHKH, SKI 3HAYHO CHPOIIYIOTh



153

nin6ip Takoro cmiBpigHomenHs (puc. 5.3). ITnan-matpuus IIOII 22 Ta pesynbraTi

EKCIIEPUMEHTY MPUBEICHI B Ta0. 5.3.

Ta6muns 5.3 - [Tnan-marpuns IO 22 ta pe3ynsTaTu J0CiKeHHsS e()eKTHBHOCTI
pi3HUX 10X (IOKYJISIHTY MpU PO3JUICHHI P1AKOT Ta TBEpAo1 (a3

Ne Koposi 3nauennsas | HarypasbHi 3HaueHHs ¢akTopiB | 3HaueHHA NapaMeTpa OLIHKH
aoc- ¢paxTopis HIBuakicTsb piabTpyBaHHA,
Jiay M/TO

X1 X2 JI*, mr/am° K*, mr-exs/am’ Y. Yo NE
1 -1 -1 5,0 5,0 1,11 1,12 1,06
2 +1 -1 50,0 5,0 0,23 0,26 0,22
3 +1 +1 50,0 30,0 0,42 0,43 0,91
4 -1 +1 50 30,0 1,62 1,67 1,59

* 1 — nosa daokyaara; XK* — mouaTtkoBa ;KOpCTKICTh

B pesynbraTi BIIOMHX PpO3paxXyHKIB Ta MICAS HEOOXITHOT MEpeBIPKU
MOBTOPIOBAHOCTI OTPUMAaHUX PE3yJIbTATIB AOCTIAIB, BIAMOBIAHOI OLIHKK 3HAYYILIOCTI
pO3paxoBaHUX KOE(IIIEHTIB Ta MICIs TMEPEeBIPKA OTPUMAHOIO PIBHSHHS perpecii Ha

aJICcKBaTHICTb BOHO MpUKMAa€e HACTYITHUMN KIHIIEBUM BUTIISIA!
V =0,8534 - 2,0334- X1 + 0,7466-X> - 0,3134-X1-X>.

HCpGXiI{ A0 HATypaJbHUX 3HAYCHb BHKOHA€MO 3 BHUKOPHCTAHHAM HACTYITHHX

3AJIEKHOCTEM:
X1= (1 -27,5)/22,5; X, = 0K -17,5)/12,5.
B pe3ynbrari oTpuMy€eMO PiBHSIHHS pErpecii B HACTYITHOMY BUIJISIII:
pH = 1,5859 + 4,3800-K + 0,0542-X - 0,0005-K- XK.

['padiune 300pakeHHs MJIOMIMHYU PillIEHb PIBHAHHS perpecii MpuBeACHO HA PHUC.
53. fx BugHO 3 pHCYHKA, 3aJal0OYNCh MAaKCUMAaJbHUM 3HAYCHHSM IIIBHIKOCTI
GiTbTpyBaHHS MPU 3aJaHIM MOYAaTKOBIM KOPCTKOCTI BOJAM MOXJIMBO TOYHO BU3HAUYWUTU
no3y (GaokynsiHTa. BapTo 3BepHYTH yBary Ha €KCTpEeMalibHy HIBUJKICTb (PLITPYBaHHS

pu 103ax peareHty B 5 — 10 mr/ v,
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Pucynok 5.3 - I'padiune 306paxkenns pesynbraris IIOI tuny 22 npy BusHaueHHI
HEO0OX11HOT1 103U (PJIOKYJISIHTA MPU MOM SIKILIEHH] BOIU

TakuMm 4yMHOM, BUKOPUCTOBYIOUU MPHUBEICHI Tpadiku, MOXIUBO JOCUTH MPOCTO
BU3HAYUTU OCHOBHI MapaMeTpu TEXHOJIOT1YHOro mporuecy. OueBUAHO,I0 MPU 1HIIOMY
XIMIYHOMY CKJIaJli BOAU Ta 1HIIMX CHIBBIJHOIIECHHSAX M 10HAMHU KaJblil0 Ta MarHito

HEO0OX1THO MPOBOAUTH J0JIATKOBI JOCIIIKEHHS 3 MOOYA0BOIO aHATIOTIYHUX T'padiKiB.

5.3 TexHoJi0riYHA cXeMa Npouecy NOoM’siKIIeHHsI BOIM AJIsl CHCTeM MaJiol Ta
cepeaHbOI NPOAYKTUBHOCTI

Pesynbrat TmpoBeACHUX JAOCHIKEHb OyJIUW BHUKOPHUCTaHI JUisi PO3pPOOKHU
TEXHOJIOT1YHOT CXEMHU MOM’ SKIIIEHHS BOAW 3 BUKOpHUCTaHHSIM ¢ocdaTiB. OCoOIUBICTIO
CXEMHU TMOM’ SIKIIIEHHS € BUKOPUCTAHHS OCOOJMBOI OcCaKyrouoi cymimii 13 ¢ocdartis
HaTpito Ta QOKyIAHTIB. KpiM 107aTKOBUX peareHTiB y BUTIISLAL (DIIOKYISHTIB HAMU 0YyJI0
3anpornoHoBaHo  3amiHuTH  ¢ochar Hatpiro (NasPOs), BHKOpPHCTaHHS SKOTO
CYHpPOBOJIKYETHCS POCTOM BOJHEBOIO MOKAa3HHWKA B O0OpOOJEH1M BOJI, €KBIBaJEHTHOIO
cymimmmo [(0,75 + 0,85) NasPO4 + (0,25 + 0,15) NaH,PO,]. Came npu BHKOpHCTaHHI
Takoi CyMIlIl TOM’SIKIIEHAa BOJA Ma€ HU3bKY 3aJIUIIKOBY KOPCTKICTh Ta ii pH He
BUXOJUTH 32 Mexi 8,5 onuuuip. O4eBUAHO, 0 032 (IOKYISHTY Ta CHiBBITHOIICHHS
MDK CKJIAJJOBUMH CYMIIII 3aJIe’KaTh BiJl TOYATKOBOI JKOPCTKOCTI BOJY, CIIBBIAHOIICHHS

10HIB KaJIBI[I0 Ta MarHil, 1HIIMX XapaKTePUCTHK BOJIM, 10 MOM’ SKIIyeTbcs. Tomy
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BIATIOBIIHI JIO3W Ta CIIIBBIJHOIICHHS MK KOMIIOHEHTaMHU MiAOMPAIOThCS JIs1 BOIU
KO>KHOTO KOHKPETHOT'O CKJIany.

TexnomoriyHa cxema nepenbadyae HacTymHI mporiecu (puc. 5.4). Buxigna Bona
HacocoM 1 aig miATpUMAaHHS MOCTIMHUX XapaKTEPUCTUK MOTOKY MOJIA€THCS B CUCTEMY
HOM SIKIIEHHS. 3 JOMOMOror imkekTopa 2! macocom 1! B moTik Boau H03y€ThCA
OCaDKYIOUHH po3uunH 3 Oaky 3. Janmi oTpuMaHa CyMill mMpOXOAUTh OJIOK TIEPEeMIlTyBaHHS
peareHTiB 4 13 neppopoBaHOIO TPYOKOIO JIs1 TOAATKOBOIO MEPEMIITyBaHHS PEareHTIB Ta
J03pIBaHHS YACTUHOK yTBOPEHOT TBep10i dazu. OTpumaHa CycIieH31sa IPOXOAUTh Yepes
MexaHIgHud QiuTsTp 5 3 po3mipom mop 20 MkM Ta MexaHIYHUHN GLIBTP 6 3 pO3MipOM TOP
5 MkMm. OOpoOiieHa Boja MiCisl MPOXOKEHHS 4Yepe3 CHUCTEMY 3BOPOTHOIO OCMOCY
MOJAETHCS CIIOXKUBAYaM UM HAKOMTUYYETHCS Y BIATMOBIAHIN €MKOCTI /.

B mporeci moM’SKIIEHHS BOAM OCAKYIOUM po3unmH HacocoM 1! momaerncs B
rojioBHy Marictpaib. [lpu mpomy yTBOopeHa TBepna aza 3aTpuMyeThbcs B OJOIII
3MinryBaHHs 4 Ta MexaHIdHUX QinbTpax 5 Ta 6. [[nsg 3ab6e3nedeHds epexTuBHOT poOOTH
CHUCTEMHU TIOM SIKIIICHHS TIepen0adeHo MepioAudHe MPOMHUBAHHS OJOKiB 4 — 6 Bif
HakomuueHoi TBepaoi da3u. Jlng 1mporo mepiogMyHO Hacoc momadl Bogu 1
BigKmouaeTses, enekrpoknanann 91 - 9% pinkpusaroThes, a knanan 9% 3akpusaerses. Jani
nacocoM 1° 610ku 4 — 6 IPOMHBAIOTECS 3BOPOTHIM TOKOM BOJH, 4 OTPUMAHa CYCIIEH3is
MepeTikae B €MHICTh 3 pykaBHUM (inbTpom 8. Pimka (aza HakommayeThCs B HIDKHIH
yacTuHi ONOKy 8 i mpW JOCATHEHHI BM3HAYEHOrO PiBHA BimkauyeThcs HacocoMm 12 B
MaricTpajib CUCTEMU MOM AKiIeHHA. OO0’e€M BUKOPUCTAHUX €MKOCTEH BHU3HAYAETHCA
MEPIOANYHICT, Ta TPUBAIICTh TMPOILECY BHUAAICHHS TBEPAOi (a3, IMOYATKOBOIO
YKOPCTKICTIO BX1JTHOI BOJIM, HASBHICTIO 1HIIMX JIOMIIIOK, 3IaTHUX YTBOPIOBATH B MPOIIECI
oM’ SIKIIIEHHST TBepAY a3y, IPOJYKTUBHICTIO CUCTEMH, 00’ €MOM MEXaHIYHUX (PUIBTPIB
1 T. . [HXekTopu 3acTOCOBaHI 3 METOIO 3a0€3MEUEHHS MOXJIMBOCTI BUKOPUCTaHHS
J03yIOYMX HACOCIB HU3bKOTO TUCKY 1 MOKYTb OyTH BUJAJICH] MPU BUKOPUCTAHHI 1HIINX
TUMIB HacociB. B 1iJoMy TeXHOJOriyHa cxeMa He mnependayae BUKOPUCTAHHS
BHCOKOOO €MHHX CHOPYH 1 MOXXe OyTH peanizoBaHa Ha OCHOBI THUIIOBHX €JIEMEHTIB

CUCTEM 3BOPOTHOIO OCMOCY 4YM MOPOTOYHUX (GIIBTPIB MaJloi Ta CepeaHbOI
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NpOAYyKTUBHOCTI. Takox BOHa Moke OyTh BOyJIOBaHa B JIHIKO OYMLIEHHS BOJHM

3BOPOTHUM OCMOCOM a00 BUKOPUCTOBYBATHCS B SIKOCTI OKPEMOTO OJIOKY.

—_—> 21 22 —>
_@ o ) > > - i
1 1! 1 4 5 6

@ 13 7

1 — nacoc; 2 — inscekmop; 3 — 6ax 0cadxncyowo2o posuuny; 4 — 610K smiuty8anus peazenmia; 5—
mexaniunuti ginomp 20 mrm; 6 — mexaniunuii gpinomp 5 mxm; 1 — bax nom sakuenoi 6oou; 8 —
pyKkasuuii pinemp; 9 — erexkmpoxnanan

PucyHnok 5.4 — TexHonoriyna cxeMa oM’ iKIEHHS BOJU 3 BUKOPUCTAHHAM (pocdaTib

ExoHOMI4YHa OIlIHKA PE3yIbTaTIB BUKOPUCTAHHS PeareHTHOI TEXHOJIOT1i Ha OCHOBI1

docdary HaTpito npuBeaeHa B 10AaTKy B.

BucHoBku 10 po3ainy 5

B pesynbrari npoBeieHUX TOCTIIKEHb Ta PO3PaXyHKIB:
1. OOGrpyHTOBaHO OCOOJIMBI BHUMOTH JO TEXHOJOTIA IIOM SKIIEHHS BOJU B
MoOyTOBUX Ta O(ICHUX YMOBAX, BA3BHAUEHO OCHOBHUU MIAX1/ 10 BUOOPY Ta Moaudikarlii

TPaIUIIIHHUX TEXHOJIOT1H.
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2. Ha ocHOBiI MOBHO(GAKTOPHOTO E€KCIEPUMEHTY BH3HAYCHO B3aEMO3B’S3KUA MIXK
OCHOBHUMH IMapaMeTpaMH TEXHOJOT1i MOM SIKIIEHHS, OTPUMAHO PIBHSHHS perpecii Ta
noOy/1oBaHO TpadiyHl MpeACTaBICHHS LMX 3B’SI3KIB, MO JI03BOJILE JTOCUTH MPOCTO
MOAM(IKYBATH TEXHOJOTTUYHY CXEMY J0 KOHKPETUX YMOB il BUKOPUCTAHHS.

3. Po3po0neHo TexXHONMOTiYHy CXeMy IIOM’SKIICHHS BOJH, OpIEHTOBaHy Ha
BUKOPUCTAHHSI B CHCTEMax Majiol Ta CEPeAHbOI MPOJYKTUBHOCTI. TE€XHOJIOrIYHA cXeMa
OpIEHTOBaHa Ha peati3allilo 3 BUKOPUCTAHHSIM TUIIOBUX €JIEMEHTIB CUCTEM 3BOPOTHHOTO

OCMOCY Ta MPOTOYHUX (PUIHTPIB, IO CHPUSITUME HIBUAKOMY i1 BIIPOBAKEHHIO.
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3AT'AJIbHI BUCHOBKH

B pe3ynbTaTi BUKOHAHUX TEOPETHUYHUX Ta E€KCIEPUMEHTAIBHUX IOCIHIIKEHBb
OOTpYHTOBAHO TEXHOJIOTIYHI 3acaJy TIOM SKIIEHHS BOJM B YMOBaX MaJioro Ta
CEepPEeHBOTO CIIOKUBAHHS, MOAM(DIKOBAHO TPAIUIINHI TEXHOJOT1l MOM’ SIKIIEHHS 0

3a3HaYCHHUX YMOB.

1. CyuyacHi TexHOJIOTIl MOM’SKIIEHHS BOAM OPIEHTOBaHI, MepUl 3a Bce, Ha
BUKOPHUCTaHHS B NPOMHCIOBHX yMOBax 1 MependayaroTb MPOIECH BIJICTOIOBAHHS,
KOaryyiroBaHHs Ta (IOKYJIIOBaHHSA, IO B YyMOBaX HU3BKOIO CIOXKHUBAaHHA BOJHU
peanizyloThCid HAA3BMYAHO BaXKO Ta MOTPEOYIOTh JIOJATKOBOTO KBami(hiKOBAaHOTO
00CITyroByBaHHS.

2. Haii0Oinemm mpumaTHUMH 1751 peanizamii B moOyToBHMX Ta O(]icHHMX yMoOBax
MPUIATHI €JIEKTPOXIMIYHI Ta 10HOOOMiHHI MeToau. OHAaK, eIl CbOTOAH1 HEIOCTATHHO
BUBYEHI, APYT1 XapaKTEPU3YIOThCA 3HAYHUM BTOPUHHUM 3a0pyTHEHHSM JTOBKIJUIS.

3. KonmeHtpatu xXJopuay HaTpilo, M0 CKIATAl0Th OCHOBHY TMpoOiieMy
eKcIulyataiii 10HOOOMIHHUX YCTAaHOBOK TOM SIKIIEHHS BOAM CEPEAHBOI Ta Maloi
MPOJAYKTUBHOCTI, ChOTOJIHI HE YTUII3YIOTHCS, HE 3HEIIKOJKYIOThCA 1 0€3 Oyab-sKOoi
00poOKHU CKUAAIOTHCS B KaHAJI3aI[1iHI CUCTEMU YM MOBEPXHEB1 BOJIOMMH, CIIPUUUHSIOUN
3Ha4H1 HeraTuBHI Hachiaku. lle Takoxxk € BaromMuM (akTopoM pO3pOOKHU CydaCHHX
TEXHOJIOT1H MOM’ AKIIIEHHS BOIU.

4. binbliicTh TepuTOpii YKpaiHU XapaKTepU3yeThCs HAAMIPHOKO >KOPCTKICTIO SIK
MOBEPXHEBUX, TaK 1 MIJ36MHUX BOJl, TOMY BHUpIIIEHHS NPOOIEM TEXHOJOTIH
MOM’SIKIIIEHHS] BOJIU € ChOT'0JIHI Ha/I3BUYAIHO aKTyalIbHUMHU..

5. TpaauuiiiHi METOU MOM SIKIIEHHS MalOTh HU3bKY €(EKTUBHICTh MIPU HU3BKUX
TeMIeparypax, NoTpeOyIOTh 3HAYHUX MEPEBUTPAT PEAreHTIB 1 He MPUAATHI JIsi CUCTEM
MaJioi Ta CepeHbO1 MPOYKTUBHOCTI 13-3a2 0araToeTanHOCT] MPOILIECY.

6. ®@ocdarmicTki peareHTH €PEKTHBHO OCAKYIOTh 10HMW KaJbIII0 Ta MAarHiio
HaBITh MpPHU CTEXIOMETPUUYHUX J03ax peareHTy. [Iporec BinOyBaeThCs B IIMPOKOMY

nianazoni pH 1 remneparyp, 3a0e3neuy0un HU3bKY 3aJUIIKOBY dKOPCTKICTh BOJIM HABITh
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npu temrepatypi 5 °C. [lo3uTuBHEM € Takok TOH (akT, mo TBepaa haza GopMyeThCs
BiJIpa3y MicJisl 3TMBAHHS PO3YMUHIB 1 HE MOTpeOye 1HKYyOaliitHOTO epioay.

/. HeratuBHum ¢akTtoM 3actocyBaHHa ¢docdaTiB € HaA3BUYANHO BHCOKa
JTUCIIEPCHICTh OCaAy Ta TPYAHOUIl 3 BIAJUIEHHAM HOro BiJl MaToyHOTO po3uuny. lLle
oOMe)Kye 3acTOCYyBaHHS METOAY B YMOBaXx, /€ BIJACYTHI BEJIMKI BiACTIMHHKH abo
HEMOXJIMBE TpHBaje BiJACTOIOBaHHA. JloJlaBaHHS aHIOHHUX (IIOKYJISIHTIB MOKpaILy€e
MpOIIECH BIJICTOIOBAaHHS 1 (QiabTpyBaHHS ocaaiB ¢docdaTy Kanblil0o Ta Marfiio.
OntumanbHi KOHIEHTparii GIoKymsHTIB cTaHOBIATh 1-10 mr/mM3. Tlpm 1mpomy
IIBUJIKICTh OCBITJICHHS 30UIBIIYETHCS, 2 00’ €M 0Caay Ta BOJOTICTh 3MEHIIIYETHCS.

8. Jlims rapaHTOBaHOTO 3a0e3MCUYCHHS B IIOM SKIICHIH BOAI PIBHSA BOJHEBOTO
MOKa3HWKa He Bume 8,5 3ampomoHOBaHO B SKOCTI  OCQKYIOUOTO PEareHTy
3acTocoByBaTu cymiil (ocdaty Ta aurigpooprodocdaTy HATPiO Yy BIAMNOBIIHOMY
criBBigHOIIEHHS. [Ipy 1bOMY BHCOKA €(DEKTUBHICTD MOM SIKIIEHHS 30€PIraeThesl.

9. Jliist BUKOHAHHS BUMOT HOPMAaTHBHHX JOKYMEHTIB 3alPOTIOHOBAHO 3arajbHUN
MOTIK TTOM’ SKIIIEHOI BOJM PO3AUIATHA HA JIBl YACTUHH — JJIs1 MOOYTOBOTO BUKOPHUCTAHHS
Ta MOOYyTOBOTO CIOXHWBaHHSA. B OCTaHHbOMY BHUINAJKy IMEpell CHOKUBAHHSAM BOIY
Mi1aBaTh 00poOIll CHCTEMaMHU 3BOPOTHOT'O OCMOCY.

10. Ha ocHOBi MOBHO(AKTOPHOTO €KCIIEPUMEHTY BU3HAUEHO B3a€EMO3B’SI3KH MiXk
OCHOBHUMH IMapaMeTpaMH TEXHOJOT1i MOM SIKIIEHHS, OTPUMAHO PIBHAHHS perpecii Ta
noOy/10BaHO TpadiyHl MPEeACTaBICHHA LMX 3B’SI3KIB, LIO JI03BOJILE JOCUTH IPOCTO
MOAM(DIKyBaTU TEXHOJIOTTUYHY CXEMY J0 KOHKPETUX YMOB ii BUKOPUCTAHHS.

11. Po3po0ieHO TEXHOJIOTIYHY CXEMy I[OM SIKIIEHHS BOJW, OPIEHTOBAaHY Ha
BUKOPHUCTAHHSI B CHCTEMax Majiol Ta CEPeAHbOI MPOJYKTUBHOCTI. TE€XHOJOrIYHA cXeMa
OpIEHTOBaHa Ha peati3allito 3 BUKOPUCTAHHSM TUIIOBUX €JIEMEHTIB CUCTEM 3BOPOTHHOTO

OCMOCY Ta MPOTOYHUX (PUIHTPIB, IO CIPUSITUME HIBUAKOMY i1 BIPOBAIKEHHIO.
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PE3VJIbTATU MATEMATUYHOI OGPOGKU PE3VJILTATIB

Tabnuns Al — Pe3ynbratd MaTeMaTH4HOI OOpOOKHU JaHUX METOJOM BapiaTUBHOI

CTaTUCTHUKH

Howmep Benuuuna, mo Onunulll Bu- AX E, %
Ta0I. (puc) BH3HAYAETHCS MIipIOBaHHS
1 2 3 4 5

Puc. 4.1 JKopcTkicTs MI-eKB/IM° 0,190 1,255

Puc. 4.2 O0’em cm3 1,691 2,415
Puc. 4.3 JKopcTkicTs MI-eKB/IM° 0,119 1,132
Puc. 4.4 JKopeTkicTs MI-eKB/IM° 0,223 2,541
Puc. 4.5 YKopcTkicTs MI-eKB/IM° 0,123 3,519
Puc. 4.6 JKopcTkicTs MI-eKB/IM° 0,157 2,015
Puc. 4.7 JKopcTkicTs MI-eKB/IM° 0,174 2,540
Puc. 4.8 JKopcTkicTs MI-eKB/IM° 0,127 3,423
Puc. 4.9 JKopcTkicTs MI-eKB/IM° 0,162 3,012
Puc. 4.10 YKopcTkicTs MI-eKB/IM° 0,188 2,879
Puc. 4.11 O06’em cme 1,459 3,521
Puc. 4.12 O06’em cme 1,923 3,341
Puc. 4.13 O06’em cme 1,633 3,018
Puc. 4.14 O06’em cme 1,365 2,901
Puc. 4.15 O06’em cme 1,876 2,430
Puc. 4.16 O0’em cm3 1,547 1,922
Puc. 4.17 O0’em cm3 1,214 1,725
Puc. 4.18 O0’em cm3 1,423 1,902
Puc. 4.19 O0’em cm3 1,134 2,467
Puc. 4.20 ApH O/I. 0,032 1,354
Puc. 4.21 O0’em cm3 1,153 2,114
Puc. 4.22 JKopcTkicTs MI-eKB/IM° 0,114 1,129
Puc. 4.23 JKopcTkicTs MI-eKB/IM° 0,123 1,341
Puc. 4.24 JKopcTkicTs MI-eKB/IM° 0,023 1,310
Puc. 4.25 JKopcTkicTs MI-eKB/IM° 0,332 1,421
Puc. 4.26 O0’em cm3 1,451 2,673
Puc. 4.27 O0’em cm3 1,245 2,244
Puc. 4.28 O06’em cme 1,753 2,973
Puc. 4.29 O0’em cm3 2,124 3,767
Puc. 4.30 O0’em cm3 2,343 3,345
Puc. 4.31 O06’em cme 1,255 2,798
Puc. 4.32 O0’em cms® 1,762 3,124
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[TponoBxeHus tadm. A.l

1 2 3 4 | 5

Puc. 4.33 OG’em cMm? 2,214 3,997
Puc. 4.34 O06’em cme 1,834 3,563
Puc. 4.35 O0’em cme 1,125 2,981
Puc. 4.36 O0’em cm® 2,534 3,887
Puc. 4.37 O06’em cme 2,013 3,325
Puc. 4.38 O0’em cm® 1,342 3,347
Puc. 4.39 OG’em cMm? 1,212 3,123
Puc. 4.40 O06’em cme 1,781 3,902
Puc. 4.41 YKopeTkicTs MI-eKB/IM° 0,341 1,165
Puc. 4.42 0O0’em cm® 1,231 2,873
Puc. 4.43 OG’em cMm? 2,113 2,932
Tab6n. 4.1 pH O/I. 0,342 0,754
O0’em cme 1,722 3,194

O0’em cme 1,243 3,218

JKopcTkicTs MI-eKB/IM° 0,182 1,434

Puc. 4.44 O06’em cme 1,653 3,143
Puc. 4.45 O0’em cm® 2,212 3,567
Puc. 4.46 KopctkicTh MI-eKB/IM° 0,098 2,893
Puc. 4.47 O06’em cm® 1,545 2,255
Puc. 4.48 O0’em cm® 1,212 3,052
Ta6mn. 4.2 XKopcTkicTh MT-€KB/IM° 0,231 1,011
Puc. 4.49 O0’em cm® 1,815 3,144
Puc. 4.50 O06’em cme 1,828 2,981
Puc. 4.51 KopctkicTh MI-eKB/IM° 0,155 0,756
Puc. 4.52 pH O/I. 0,412 0,975
Puc. 4.53 Bwmict docdaris mr/am® 1,254 2,986
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Pucynok | Kpusa PiBHsIHHS R2
1 2 3 4
4.1 1 y = 0,0357x% - 0,4143x + 6,6 0,9545
3 y = 0,0357x% - 0,4571x + 4,4429 0,9954
) y = -0,25x + 3,6857 0,9676
8 y =-0,0643x + 1,1286 0,9701
10 y = 0,0238x% - 0,2476x + 1,2 0,9359
4.2 3 y =-9,0714x + 105,43 0,9760
) y =-1,8571x + 100,29 0,9389
8 y =-11,143x + 108,86 0,9895
10 y = 0,4286x? - 6,2857x + 103,86 0,9333
4.3 6.6 y = 0,0571x? - 1,3786x + 9,5429 0,9906
8.4 y = 0,0869x% - 1,6417x + 9,6571 0,9915
9.65 y = 0,0988x? - 1,7583x + 9,5571 0,9937
10 y = 0,1274x% - 2,0798x + 9,8286 0,9960
44 44 y = 0,0679x2 - 0,975x + 5,2714 0,9967
7.6 y = 0,3381x? - 3,6262x + 10,086 0,9230
8.7 y =-0,1558x3 + 2,3242x? - 11,052x + 17,32 0,9810
11,8 y =-0,2556x° + 3,7095x2 - 16,949x + 24,743 0,9580
4.5 5 y = 0,0173x? - 0,5655x + 5,7021 0,9856
6.8 y = 0,0233x2 - 0,6376x + 5,9393 0,9526
3.7 y = 4,05440078 0,9560
10.4 y = 0,0401x? - 1,1985x + 10,193 0,9657
15 y = 0,0807x? - 2,1814x + 15,162 0,9716
4.6 2.7 y =-0,839In(x) + 2,7677 0,9774
4.4 y =-1,517In(x) + 4,2968 0,9833
6.8 y = -2,478In(x) + 6,6984 0,9943
7.7 y = 0,0553x? - 1,2405x + 8,7633 0,9965
11 y = 0,0614x? - 1,595x + 12,37 0,9952
4.7 5 y =-0,0449x3 + 1,0061x? - 7,0793x + 15,664 0,9713
7.6 y =-0,0471x3 + 1,0439x? - 7,2363x + 15,63 0,9648
9 y = -0,0486x> + 1,068x? - 7,319x + 15,531 0,9567
11 y =-0,0508x3 + 1,1057x? - 7,4617x + 15,37 0,9336
4.8 1 y = 0,809x°%11Y7 0,9476
4.9 5 y = 0,1921x? - 3,0413x + 11,394 0,9172
15 y =-0,0449x3 + 1,0061x? - 7,0793x + 15,664 0,9713
23 y =-0,0488x> + 1,0165x? - 7,0654x + 15,874 0,9697
35 y = -0,0490x3 + 1,0154x? - 7,1047x + 15,922 0,9634
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ITponosxenns tadn. b-1
1 2 3 4
50 y = -0,0493x3 + 1,0665x? - 7,5204x + 16,234 0,9601
70 y = -0,0495x3 + 1,0962x? - 7,5634x + 16,073 0,9567
410 PKno=17,2|y =-0,0064x° + 0,1583x° - 1,5472x* + 7,55x3 - 0,9997
19,146x2 + 23,492x - 2,5
Kn=8 y = -0,0043x° + 0,1071x° - 1,0493x* + 5,1229x° - 1,000
12,946x2 + 15,77 - 6,6

411 [K=0,5 y = 0,46x? - 11,743x + 109,68 0,9930
K=0,75 |y =-2,2582x + 101,42 0,9968
K=1,25 |y =-1,3882x + 101,24 0,9873
412 [K=0,5 y = 104,25x70674 0,9885
K=0,75 |y =-2,4505x + 101,46 0,9965
K=1 y =-1,7692x + 101,23 0,9965
K=1,25 |y =-15165x + 101,62 0,9871
413 [K=0,5 y = 0,1853x? - 6,7647x + 107,22 0,9972
K=0,75 |y =0,0719x? - 3,1828x + 102,9 0,9958
K=1 y =-1,4396x + 101,46 0,9950
K=1,25 |y =-1,0824x + 100,81 0,9950
414 0 y =-4,2363x + 107,65 0,9844
1 y =-2,6264x + 103,23 0,9982
5 y =-2,5879x + 102,04 0,9951
10 y =-4,5824x + 104,23 0,9891
30 y =0,7363x? - 15,121x + 111,08 0,9838
50 y = -0,1454x3 + 3,861x? - 32,821x + 126,12 0,9758
20 y =-4,6374x + 100,54 0,9744
415 0 y =-4,2363x + 107,65 0,9844
1 y =-4,5165x + 106,46 0,9954
5 y =-2,5604x + 103 0,9985
10 y =0,6134x? - 14,357 + 114,7 0,9990
20 y = -0,1836x3 + 4,8224x? - 39,858x + 131,82 0,9679
30 y = -0,2214x3 + 5,6464x? - 44,455x + 133,29 0,9368
50 y =0,1149x? - 2,1688x + 101,56 0,9599
416 0 y =-4,2363x + 107,65 0,9844
1 y =-4,9341x + 107,85 0,9919
5 y =-3,3132x + 106,58 0,9905
10 y =0,3731x? - 11,328x + 119,71 0,9663
30 y = 0,3657x? - 11,122x + 119,79 0,9673
50 y = 0,3666x° - 11,155x + 116,29 0,9866
417 |IAB y = -0,958x? + 21,824x - 23,873 0,9960
5 y =5,1932x + 5,5211 0,9754
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[Tponosxkenns tadn. b-1
1 2 3 4

15 y = -0,5045x2 + 14,829x - 10,956 0,9940

23 y = -0,9245x2 + 21,078x - 18,989 0,9903

35 y = -0,9425x? + 21,017x - 19,019 0,9870

50 y = -0,9544x? + 21,107x - 18,908 0,9913

70 y = -0,8995x? + 21,210x - 19,120 0,9823

418 pH y = -1,697x2 + 29,261x - 25,612 0,9970
7 y = -1,776x? + 29,123x - 25,921 0,9951

9 y = -1,967x2 + 29,601x - 25,612 0,9903

11 y = -0,5045x? + 14,829x - 10,956 0,9940

J1B y = -1,547x? + 28,896Xx - 25,946 0,9889

419 0,5 y = 46,889In(x) - 0,8182 0,9837
1 y = 47,096In(x) - 1,9856 0,9847

1,5 y = 41,936In(x) - 8,5653 0,9849

2 y = 38,096In(x) - 5,7307 0,9918

3 y =40,52In(x) - 13,863 0,9646

5 y =40,81In(x) - 13,812 0,9614

420 [K=1 y = 8E-06x° - 0,0004x° + 0,0063x* - 0,051x3 + 0,9908

0,1765x2 - 0,1744x + 0,0435

K=0,5 |y =0,0006x3-0,0134x? + 0,0675x - 0,0528 0,9973

K=2 y = 9E-06x* - 0,0002x3 + 0,001x? + 0,0013x + 0,0078 10,9738

4.21 0e3I1AP |y =64,876In(x) + 6,081 0,9578
IMTAA-30 |y =53,811In(x) - 0,9636 0,9939
Zetag-30 |y =51,685In(x) - 5,8873 0,9851
Mag-30 |y =47,742In(x) - 6,5758 0,9843
Zetag-10 |y = 10,867x - 5,2222 0,9880
IMTAA-10 |y =10,117x - 6,6944 0,9961
Mag-10 |y =3,7x - 2,7222 0,9974

422 5.5 y =-0,0194x3 + 0,2389x? - 0,8159x + 6,1985 0,9603
11.6 y = -0,423%? + 3,4419x + 14,541 0,9301

19,6 y =-7,661In(x) + 16,114 0,9600

4.23 3,16 y =-1,2633x + 11,383 0,9563
8,3 y = -2,6983x + 24,936 0,9671

10,07 y = -2,6983x + 24,936 0,9671

4.24 45 y = 0,0312x? - 0,7184x + 5,0381 0,9867
8,3 y = 0,1684x? - 2,5678x + 10,585 0,9969

22,9 y = 38,044 0472 0,9836

425 b y = 31,396 0424 0,9688
21 y = 31,419¢ 0424 0,9768

35 y = 31,523g 0421 0,9887

50 y = 31,4196 0426 0,9734

70 y = 31,778 0424 0,9872
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[Tponosxkenns tadn. b-1
1 3 4
426 0,5 y = -0,1094x2 + 7,7492x - 10,558 0,9950
1 y = -0,2549%2 + 11,292x - 14,525 0,9973
1,5 y = -0,2333x2 + 10,563x - 14,559 0,9967
2 y =-0,1479x? + 8,1131x - 11,37 0,9943
JIB y = 0,0236x* - 0,6148x> + 4,4205x? + 4,1498x - 7,5455 |0,9989
427 0,5 y = 0,0046x° - 0,321x? + 8,9894x - 10,839 0,9986
1 y =-0,0041x3 + 0,0321x? + 5,7735X - 6,9569 0,9985
1,5 y = 0,0014x% - 0,0574x3 + 0,4247x? + 8,2659x - 8,6717 |0,9992
2 y = 0,002x° - 0,2489x? + 9,4939x - 10,77 0,9984
JIB y = 0,0236x* - 0,6148x> + 4,4205x2 + 4,1498x - 7,5455 |0,9989
428 (0,5 y = 0,0037x° - 0,1416x* + 1,8842x> - 10,63x2 + 0,9968
33,767x - 25,194
1 y = 0,0011x° - 0,0504x* + 0,823x° - 5,84x? + 25,098x - |0,9991
20,827
1,5 y = -0,1286x2 + 7,2781x - 9,0357 0,9990
2 y = -0,2007x? + 8,9196x - 6,8348 0,9833
JIB y = 0,0236x* - 0,6148x> + 4,4205x? + 4,1498x - 7,5455 |0,9989
429 6/d y = -0,8497x2 + 20,252x - 24,469 0,9941
1 y = -0,9116x? + 17,482x - 2,5594 0,9040
5 y = 0,1681x° - 4,4082x2 + 37,111x - 26 0,9623
10 y =-0,0618x* + 1,9797x° - 22,171x? + 100,88x - 0,9218
72,979
20 y = -0,0492x* + 1,5997x° - 18,321x? + 86,967x - 0,9494
64,042
30 y =-0,0618x* + 1,9797x° - 22,171x? + 100,88x - 0,9218
72,979
50 y = -0,0651x* + 2,0863x° - 23,342x? + 105,75X - 0,9096
75,916
430 |6/ y = -0,8497x2 + 20,252x - 24,469 0,9941
1 y = -1,0539%2 + 20,7X - 2,2727 0,9228
5 y = 0,1719x3 - 4,4948x? + 38,451x - 25,958 0,9625
10 y = -0,0579x* + 1,8732x° - 21,251x? + 99,412x - 0,9426
72,664
20 y =-0,0672x* + 2,1376x° - 23,778x? + 108,44x - 0,9109
77,273
30 y = -0,0714x* + 2,2472x3 - 24,654x% + 110,64X - 0,9156
79,014
50 y =-0,0711x* + 2,2584x° - 24,912x% + 110,94x - 0,9261
79,143
431 6/ y = -0,8626x%2 + 20,445x - 24,846 0,9934
1 y = 0,2395x° - 6,5452%2 + 56,657x - 58,51 0,9324
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[Tponosxkenns tadn. b-1
1 2 3 4

5 y = 0,201x° - 5,6891x? + 51,544x - 54,469 0,9561

10 y = -1,5005%2 + 27,798x - 24,056 0,9050

20 y =0,2716x° - 7,1873x? + 59,661x - 55,888 0,9358

30 y =0,2823x° - 6,7123x? + 60,546x - 54,362 0,9138

50 y =0,2261x° - 6,2792x2 + 55,53x - 57,916 0,9458

432 6/d y = 0,0152x3 - 0,3047x2 + 1,2036x + 98,965 0,9398

IMAA y =-1,9835x + 102,35 0,9956

Magno |y = 0,4805x? - 10,266x + 105,74 0,9749

Zetag y = 0,2322x° - 4,3992x? + 13,251x + 92,084 0,9357

433 |1 y =-0,7033x + 100,54 0,9884

5 y =-2,0495x + 103,73 0,9837

10 y = 0,0379x* - 1,2409x3 + 14,386x° - 69,989x + 152,38 |0,9657

30 y = -0,1786x3 + 4,5706x? - 36,678x + 121,43 0,9026

50 y =0,0427x% - 1,3797x3 + 15,726x° - 74,448x + 154,87 10,9514

80 y =-0,0132x° + 0,5187x* - 7,6846x3 + 52,904x? - 0,9678
166,61x + 218,16

6/ y = -4,7665x + 113,02 0,9349

434 s y = 25,5x - 14,9 0,9314

6/ y = 12,35x + 2,0278 0,9312

1 y = -0,9146x2 + 20,546x - 16,895 0,9953

5 y = -1,1071x2 + 24,369x - 23,179 0,9972

10 y =-0,7917x% + 19,678x - 17,35 0,9986

30 y =3,6703x + 4,1538 0,9608

80 y = 3,7857x + 6,0385 0,9034

435 o/ y = -1,2473x + 100,96 0,9958

1 y =-3,5055x + 106,77 0,9757

5 y = 0,0411x% - 1,3357x3 + 15,335x? - 73,474x + 154,85 (0,9641

10 y = 0,7188x? - 15,706x + 114,35 0,9963

30 y =-0,0128x° + 0,5018x* - 7,4158x3 + 51,013x? - 0,9574

160,95x + 213,8

50 y = 0,0526x* - 1,69x° + 18,964x? - 86,799x + 162,51 0,9197

80 y =-0,0132x° + 0,5187x* - 7,6846x3 + 52,904x? - 0,9678
166,61x + 218,16

436 |1 y = 54,566In(x) + 1,259 0,9837

5 y = -2,6369x2 + 37,863x - 35,268 0,9987

10 y = -7,7857x% + 72,214x - 66 0,9956

30 y = 20,42In(x) - 2,0402 0,9955

50 y = 2,0275x + 3,5769 0,9372

80 y = -2,2944x2 + 34,977x - 32,119 0,9946

6/ y = 25,5x - 14,9 0,9314

437 |1 y =-0,8956x + 100,81 0,9915
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[Tponosxkenns tadn. b-1
1 3 4

5 y =-0,9396x + 101,42 0,9936

10 y =-1,4725x + 102,62 0,9798

30 y =-0,8352x + 101,04 0,9935

50 y =-1,2582x + 101,96 0,9811

80 y =-0,8352x + 101,04 0,9935

0/d y =-1,1154x + 101,35 0,9964

438 |mB y = 65,402In(x) - 1,0227 0,9898
1 y = -0,8407x? + 19,313x - 12,231 0,9911

5 y =-0,8277x% + 19,131x - 11,699 0,9907

10 y = -0,7652x2% + 17,988x - 11,937 0,9901

30 y = -1,1628x2 + 23,18x - 15,682 0,9845

50 y = -0,4316x2 + 13,372x - 10,797 0,9980

80 y = -0,7433x2 + 18,175x - 12,399 0,9939

o/d y = -0,6923x2 + 16,989x - 9,4615 0,9899

439 Q1 y =-1,4725x + 103,54 0,9665
5 y =-2,1923x + 103,19 0,9832

10 y =-3,7802x + 104,85 0,9870

30 y = -0,162x3 + 4,1988x? - 34,287x + 120,22 0,9113

50 y = 0,0456x* - 1,4615x3 + 16,475x? - 76,714x + 155,6  |0,9334

80 y = 0,0539x* - 1,7216x3 + 19,2031x? - 87,2024x + 0,9037

162,08

0/d y =-1,467x + 103,08 0,9421

440 |oB y =25,5x-14,9 0,9314
1 y = -1,1528x2 + 23,426x - 17,965 0,9901

5 y = -1,2737x?% + 24,524x - 14,58 0,9693

10 y = -1,2882x2 + 24,249x - 10,587 0,9505

30 y = -1,3232x2 + 24,728x - 13,427 0,9467

50 y =7,6374x + 2,9231 0,9712

80 y =5,3462x - 1,4231 0,9954

0/d y = -1,1159%2 + 22,501x - 14,517 0,9855

441 95 y =-1,2633x + 11,383 0,9563
20,1 y =-2,6983x + 24,936 0,9671

28,8 y =-2,6983x + 24,936 0,9671

442 Q1 y =-1,1786x + 100,57 0,9519
0,75 y =-2,8571x + 102,86 0,9302

0,5 y =-9,0357x + 110,86 0,9410

0,25 y = -1,8611x3 + 27,119x? - 124,88x + 195,86 0,9655

443 |oB y = 2,4167x° - 34,774x? + 156,38x - 119 0,9546
1,25 y = -3,631x2 + 44,369x - 39,286 0,9980

1 y = -5,1667x2 + 54,405x - 39,714 0,9427

0,75 y = -5,2857x? + 56X - 44,714 0,9615
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[Tponosxkenns tadn. b-1
1 3 4

0,5 y = -5,4167x? + 57,012x - 43,857 0,9557

444 0 y = -3,4286x + 105,57 0,9381
10 y = 0,2024x? - 2,2976x + 102,29 0,9689

20 y =-2x + 102,71 0,9874

30 y =-1,9286x + 102,29 0,9851

50 y =-3,5x + 103,43 0,9921

70 y =-4,4643x + 104,14 0,9940

445 |nB y = 2,4167x° - 34,774x? + 156,38x - 119 0,9546
10 y = -3,8571x? + 46,643x - 42,857 0,9985

20 y = -5,131x? + 55,726x - 47,143 0,9769

30 y = -5,4167x? + 57,512x - 46,857 0,9657

50 y = -5,2619x2 + 56,738x - 47,143 0,9779

70 y = -3,2976x2 + 42,917x - 40,857 0,9982

446 10,2 y =-1,1697x + 12,973 0,9120
29,8 y = 0,0015x? - 2,5058x% + 24,513 0,9735

30,8 y = -0,0227x? - 3,4645x + 35,48 0,9806

447 (1,25 y = 82,336x7064 0,9033
1 y = 1,7619x? - 22,452x + 119,57 0,9974

0,75 y = 1,619x? - 20,381x + 117,29 0,9946

0,5 y = 85,663x0%8 0,9172

448 (1,25 y = 0,2222x3 - 3,2024x? + 15,075x - 11,571 0,9656
1 y = -4,6429x2 + 51,143x - 43,857 0,9867

0,75 y = 2,2222x3 - 32,143%2 + 145,63x - 111,43 0,9628

0,5 y = 2,3611x° - 33,988x2 + 152,94x - 116,43 0,9553

1B y = 2,6x3 - 35,774x? + 159,58x - 120,71 0,9444

449 1,25 y = -1,6667x3 + 24,31x? - 112,45x + 186 0,9590
0,75 y = -1,56556x3 + 22,655x?2 - 104,29x + 180,14 0,9671

1 y = -1,4756x3 + 22,896x?2 - 104,33x + 180,23 0,9689

0,5 y = -1,6670x3 + 24,54x? - 112,94x + 186,23 0,9605

450 (1,25 y = -2,7262x2 + 36,274x - 30,429 0,9904
1 y = 0,6944x3 - 12,702x% + 77,746X - 66,143 0,9996

0,75 y = 2,4444x3 - 35,107x? + 157,45x - 119,57 0,9513

0,5 y = 2,4871x3 - 35,212x? + 157,95x - 118,12 0,9513

1B y = 2,1323x3 - 36,221x? + 156,23x - 119,67 0,9677

451 |A y = 0,03x3 - 0,5908x? + 2,0624x + 8,486 0,9650
B y = 0,1114x? - 3,6759x + 27,776 0,9839

C y = 0,0887x® - 1,704x2 + 5,3993x + 26,645 0,9631

452 |1 y =0,7169x + 4,5713 0,9924
2 y = 0,346X + 5,3567 0,9074

3 y = 0,3359x + 5,32 0,9452

4 y = 0,0474x? - 0,2067x + 6,4301 0,9826
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[Tponosxkenns tadn. b-1

3

4

4.53

y = 2,9821x° - 27,561x + 60,9

0,9306
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JTOJATOK B

Ouinka eKOHOMIYHOI e(peKTUBHOCTI BUKOPUCTAHHS PeareHTHOI TeXHOJIOTIL
NOM’SIKIIICHHS BOJIU

Sk MU BiIMIYany paHiiie, HaOUIbIIOTO MOMUPEHHS CepeJl CUCTEM MOM’ SIKILIICHHS
BOJIM MaJiol Ta CepeAHBOT MPOIYKTUBHOCTI OTPUMAJU CUCTEMH Ha 0a31 I0HHOTO OOMIHY 1
caMe Ha iX 3aMiHy, 3Ba)Kaloud Ha EKOJOTIYHHWM BILJIMB, OpPIEHTOBaHA peEareHT Ha
texHosoris. Tomy B 0a30BoMy BapiaHTi JJisl MOPIBHAHHS MM 3aCTOCYEMO CaMe€ TaKy
cucteMy. Mu BuOpanu THUNOBY 10HOOOMIHHY YCTAaHOBKHM IIOM SKIIEHHS BOJHU
IIPOMUCIIOBOro BUrotoBiaeHHs Puricom Denver+ 12 [152]. IIpu 06’emi ionity 12 am®
BOHA MOXe 3a0e3meunuTH Bojoi0 ciM'io i3 3 — 4 oci6. Ilpum mpomy pereHeparlito
nepen6avacThes HPOBOAUTH Uepes KoxkHi 3 M° 06pobieHoi Boau. Burpara comni Ha ofHy
pereHepaitito 3riJHo nacnopty yctaHoBku — 1,4 xr. [Ipu ceperHb01000BOMY CIIOKMBaHHI1
BOIM OJIHi€I0 MoauHON0 Ha piBHi 150 am3/no0y-moauny [153] perenepauiro ioHiTYy
HEOOX1THO MPOBOAUTH uepe3 KoxHI 5 A10. Toai mpoTsaroMm KajaeHAApHOTO POKY
HeoOxigHo mpoBectu 365 : 5 = 73 perenepartii. Buxoasun 3 BUTpaTH COJi HA OJHY
pereHepailito, JIeTKO MopaxyBaTH, 10 Ha MPUTOTYBaHHS pereHepaliifHuX pO3UUHIB Oyie
Bukopuctano 73 x 1,4 = 102,2 xr xmopuay HaTpiro. TakuM 4MHOM, CHOTOJTHI KamiTaabH1
3aTpaTd Ha TpUAOAaHHS Takoi ycTaHOBKHM ckimanaioth 37 380 rpH. Excmmyaramiitai
3aTpaTu nependavaroTh.

- BUTpaTa XJIOpUIy HATPilo Ha pereHepaito cmonu — 0,467 kr/m3, 10 pu BapTOCTI
1 xr comi 30 rpH. ckmane 13,73 rpH;

- BUTpaTa BOJY HA CITYIIYBAHHS Ta IPOMUBAHHS Micis perenepaii — 0,233 M, 1m0
IIPH BapTOCTI BOAHW IICHTPaII30BaHOI CUCTEMH BoJionocTadanHs B 35 rpH ckmamae 8,17
TPH.

[Ipu oMy B pO3paxyHKY HE BPaXxOBAHO €KOJOTIYHI HACTIJIKHU — IJIaTa 3a CKUJ B
JOBKULJISL TOHAJHOPMOBHMX KOHIEHTpAllil pPI3HUX pEYOBUH. AJie OCKUIbKA Taka
MpoIeypa CbOroH1 He 3aCTOCOBYETHCS 0 MPUBATHUX 0C10, TO JI0 3arajJbHOi CYMH BOHA

TaKOXX HE JI0JA€ThCSA. TaKUM YMHOM, BapTICTh OM KIIeHHS 1 m° Boau ckiamae 13,73 +

8,17 = 21,90 rp=.
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[Ipu BUrOTOBJIEHHI YCTAHOBKU PEAr€HTHOTO IIOM’SIKIIEHHS BOAM 13 THUIIOBUX
€JIEMEHTIB CHUCTEM 3BOPOTHOTO OCMOCY 1i BapTICTh, 32 HAIIUMH NPUOIUIHUMHU
oOpaxyHkamu, cknaae 9 677 rpH. ExcriyarartiiiHi 3aTpatu nepeadadaroTh:

- 103yBaHHs y Boaly cyMili pocdatiB HaTpit0. OCKIILKY 10HOOOMIHHA YCTaHOBKA
pO3paxoBaHa Ha IIOM’SIKIIIEHHS BOIY II0YaTKOBOI sK0pcTKocTi 15 mr-exs/am3, To BuTapra
peareHTiB TaKOXX pPo3paxoBaHa, BUXOISIYH 13 TaKOi )KOPCTKOCTI. Taku unHOM, 15 Mr-exB
docdaty Harpito cknane 792 mr NagPO,. ITpu BapTocTi pearenty 48,00 rpu/kr Ha 1 M3
MOMSKIIICHOT BOAM HeoOXiHO BuTpatuTH 38,02 rpH;

- no3yBaHHs y Boxy (uoKynsHTa B Kinbkocti 5,0 mr/am® a6o 5,0 r/me. Ilpu
BapTocTi GpuokynsuaTy 979 rpu/kr BapTicTh 1034 Ans 1 M° Boau cknaze 4,89 rpw.

Taxkum uMHOM, BapTicTh noM’skimenHs 1 M° Boau ckiagae 38,02 + 4,89 = 42,91
TPH.

OuiHIOIOYM OTPUMAHI pe3yJbTaTH BapTO 3ayBaXUTH, 110 3J0POXKYAHHS
EKCIUTyaTallifHNX 3aTpaT y Maibke 2 pa3W MUTKOM BUIIPABIOBYETHCS EKOJOTIUHUMMU
HACJIJIKaMU, OCKUIbKU CKHUJ PETeHEepAllIHUX PO3YMHIB B KaHATI3AI[1lHI CUCTEMU 3T1IHO
HalllMX HOPMAaTUBHUX JOKYMEHTIB B3araiai 3a0oponeHuii. Kpim 1poro, TtepMmiH
eKCIUTyaTallli 3aBaHTa)KEHOT'0 KATIOHITY CKJIaJla€ S pOKiB. A 3HAUMTh, YePe3 BKa3aHUU
TepMiH HEOOXimHO momaTkoBo BuTpatuTu 2 112 tpH. llelt dakt He 3a3HAUECHUU B
po3paxyHky. He MoxHa HEe BpaxOoByBaTH 1 OTpyE€HHs KaTioHiTy ioHamu 3amiza (III), B
pe3yabTaTi AKOTO MOro OOMIHHA €MKICTh CYTTEBO Ta IIBUJKO 3HUXKYEThCA. Tak, mpu
eMmkocTi kaTioniTy 1800 — 2000 mr-exB/amM° HaBiTH IpK BMicTi y BuXiaHii Bomi 0,4 mr/nm®
ioniB 3amiza (0,02 mr-exs/nm®) Teopetnuno micns nponyckanus 2000/0,02 = 100 000 gm®
= 100 m® Boam emkicts 1 am® kariomiTy Oyne BTpaueHo. A Il IMIIE MOJOBMHA
CIO>KMBAHOI MPOTSATOM POKY BOAM CIM€IO 13 4 X 4oJIOBIK. TOoMy IIIKOM OYEBUIHO, IO
MIPUBECHI PO3PAXYHKH € JIMIIE OI[IHOYHHUMH, a B pEATbHOCTI CUTYAIIisl 3 BUKOPUCTAHHAM

dhocdaTiB BUSIBUTHCS 3HAYHO KPaIoro.
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JTOJATOK I

AKTH BUIIPOOYBaHb Ta BIPOBAIKEHb



{nenTagirauiitnui
xop 22906924

05.02.2024 p.

AxT
nepeiadi  pesysbTaTiB HayKOBHX JIOCHIJDKEHB IUIS BHKODHUCTaHHS B TIpoueci
ITPOCKTYBAHHS IIPOMUCIOBUX YCTAHOBOK MOM’ SIKILIEHHS IIPHPOJHHUX Ta CTIYHHX BOJ

Kowmicis B cknani npencrasuukip KadeIpH eKomorii Ta TexHoMorii POCITHHHHUX
nonimvepis  HauionansHoro Texmiumoro yHiBepcutery Vkpainm «Kuischkuii
TIOMITEXHIYHHM IHCTUTYT iMeHi Irops Cikopcskoro» 1. T. H., npodecopa Panoserunka
B. M., k. T. H., ouenTa PanoBenunka 5. B. Ta acnipanta I'opaienxo K. 0. 3 ognoro
60Ky Ta npencrasHuka ToBapHCTBA 3 0OMEKEHOI BinnosinansHictio «k EHBITEK» (.
Kuis) x.1.5. Muxaiinoscsxoro BJL. 3 inmoro Goky, ckmamm ueit axt mpo Te, w0
npencrasinkamu KIII im. Irops Cikopcskoro mepenami, a npencrasaukamu TOB
«EHBiTex» npuitHATI 10 BrpoBamKeHHs Ha NPOMHCITOBHX MiANPHEMCTBAX YKpaiHu
PE3YJIbTaTH HAYKOBUX JOCHIAKEHb B Taly3i NOM’AKIIEHHS BOIH peareHTHUM
METOZOM,

Pesyiprati BKIIOYAOTH ONTHMANBHI YMOBH 3aCTOCYBaHHA OCaIKYFOYHX
pearentis (pH, mosu, Temmeparypw, KOHLEHTpauii CTOPOHHIX AOMIIIOK, TepMiHH
peakuii, e(eKTHBHICTh IIOM’SKIICHHS i T.L) y BUrIAAi kapGoHatis, docdaris Ta
CHITIKaTiB HATPIl0, MOCTaTHI s Tonepe/IHB0l OLIHKH MOMIIHBOCTI BHKOPHCTAHHS iX
Ha KOHKPETHOMY IIPOMHCIIOBOMY IiATPHEMCTBI. .

Croponn moromkyrotscs Ha yxnanammi OKPEMOI'0 J0rOBOpY HPOHOBKEHHS
cmiBnpani y pasi BIpOBaIKeHHS TEXHONOLMN Ha KOHKPETHOMY IPOMHUCIOBOMY
1IPHEMCTBI,

Bix TOB «EuBiTexy Bin KITI im. Irops Cixopcrkoro

B.JI. Muxaitnoscskuii ﬁﬂ . M. PajloBenynk
[ g

- 1. B. PagoBenunk

ﬁ& K. 1O. I'opaienko

| nenTHGIKaLIAKIA
ron 22906924

/s
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«3ATBEPJDKVYIO»

IK POPMVYJIA BOJIN»

Bakynoscekuii O. O.

dOPMYJL/

BOJIH, 22.11.2023 p.

JOCJIITHO — IPOMUCIIOBUX BUIIPOOYBaHb
[IPOLIECIB [IOM’SIKIIEHHS BOAM 3 BUKOPUCTAHHAM
¢octaTiB Ta MOBEPXHEBO — AKTHBHUX PEUOBHH

Kowmicig B cknaal npeAacTaBHUKIB KadeApH €KOJIOTii Ta TEXHOJIOrl POCITHHHHX
nomiMepie  HalioHanbHOro  TeXHIYHOTO yHiBepcuTeTy Ykpainu «KuiBchbkwii
HOJITeXHIYHHH 1HCTUTYT iMeHi Irops Cikopcekoro» I. 1. H., mpodecopa 'omeni M. [1.,
K. T. H., goueHta Panosenunka f. B., acnipanta I'opaienko K. FO. 3 ogHoro 6oky Ta
cniBpob6iTHHKIB komnaHii IBIK «®opmyna Boau» K.1.H. IBaHoBoi B. I1. 3 iHmoro 6oky,
CKJIaJM LIeH aKT Mpo Te, 10 KOMICI€I0 MPOBEACHI BUIIPOOYBAHHS OCAKYIO4Ol cyMini
IUTs TOM SIKILIEHHS BOJIM B CUCTEMax Majoi Ta cepeJHbOi NPOAYKTHBHOCTI.

Jns pocnigkeHHs OyJ0 BHKOPHUCTaHO MOJEIBHI PO3YMHH JKOPCTKOI BOAW HA
OCHOBi BOJM 3 KHiBCBKOTO BOJOMPOBOAY, BIIKOPUIOBaHI IIIAXOM J0JaBAHHS CHOIYK
Kalbllil0 Ta MarHiloo. 3arajipHa >KOPCTKICTh BOAM cKiagana 27 Mr-eKs/IM® mpH
OJTHAKOBOMY BMicTi 0o6ox karionis (mo 13,5 wmr-eks/mm®). B skocTi ocamxysaua
3aCTOCOBYBaJIM cyMiml Tpunomidocdary ta auriapooprodocdary narpiro [(0.75 +
0.85) Na;PO4 + (0.25 + 0.15) NaH,PO,], nonarouu BiAMOBiAHI KiTbKOCTI (hIOKYISHTIB.
Ocamxyoyda cyMill 103yBajacsd y CTEXIOMETPUYHOMY CIIBBIAHOILEHHI O 3arajJbHOro
BMICTY COJIe# SKOpCTKOCTi. B sikocTi (PIOKYNSHTIB 3aCTOCOBYBalIM MOJiaKpHIaMin
(TTAA) — six HeioHOoTeHHHU# GuiokynsaT, Magnofloc — 336 ¢ipmu Ciba — sk ¢nokynsHT
aHIOHHOTO THIy 3 MOJIEKYJIIPHOIO Macoro 10 20 MiaH. B.o. Ta Zetag — 7692 ¢dipmu Ciba
— SIK ()IOKYJISHT KaTIOHHOTO THIY 3 MOJIEKYJISIPHOIO Macoro A0 20 MIIH. B.O.

CyTb [ocniykeHHs mojsraga B 00poOLi MOJENBHHX PO3YHHIB CyMIMILIIO
oca/kyBada Ta (DIOKYISHTIB i BIAIUTEHHI OTpUMaHOi TBepAoi (asu BiA MaTtoyHOro
pO34nHy (DITBTPYBAHHAM 4Yepe3 Mamip «CHHS CTPIdYKa» 3 BU3HAYEHHSM IHTEHCHBHOCTI
dinsTpyBaHHs Ta edexTMBHOCTI ToMm skmenHs. Jlng mworo 0,1 am® moaensHOrO
pO3uMHY O00pOOIATM 0Ca/KYHUOH CYMIIIIN 3 JOAaBaHHAM (IIOKYJISHTY B
koHUeHTpauisx 1, 5, 10, 20, 50 wmr/am’. Bigpasy micis 3IMBaHHS PO3YHHIB Ta
IHTeHCHBHOTO MEPEMIlllyBaHHS CYCMEH310 3aJuBalIM y JTilKy aiamerpom 60 MM i
dixcyBanu 00’eM ¢inbTpary Yepes BU3HAUEHI MPOMDKKH dacy. Y (insTpaTi BU3HAYAIH
3aJIMIIKOBY JXKOPCTKICTh HPH PI3HHX 1033aX (IOKynsHTIB. Pesynpratu AOCHIIKEHHS
npejcTaBieHi B TaOIuIi.
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Ne | Jloza dokynsHTy, MT/am> DIOKYIIHT
n/n IMAA Magnofloc — 336 Zetag — 7692
X )Y XK \Y K \Y
1 JlucTunsoBaHa BoJa 1,3 98 1,3 98 15 98
2 1 1,2 63 1,1 93 1,3 63
3 2 1.3 55 1,1 90 1.2 65
- 10 1,4 68 1,2 99 1,1 56
5 20 1,2 63 1,1 56 153 53
6 50 1,1 23 1,0 14 1.2 48
K - 3aIMIIKOBA KOPCTKICTh, Mr-eKB/AM°, V — 06°eM dinbTpary uepes 20 XB (ilbTpyBaHHs, M

B pesynbraTi mocnigkeHHS MIATBEPIKEHO BHCHOBOK PO Te, IO HETATHBHHM
(pakTopom BHKOpHCTaHHS (ocdaTiB € IOCHTh BHCOKAa JHCIEPCHICTH YTBOPEHOI
TBepaoi a3u, MmO CYTTEBO TagbMy€ Tpouec po3aineHHs ¢a3 GiIbTpyBaHHAM.
Bukopucranns ¢nokynsHTiB aHioHHoro Tumy Magnofloc - 336  no3Boise
3a0e3MeYnTH MIBHAKOCTI (inbTpyBaHHS, OMHM3BKI A0 MIBHAKOCTEH (ITBTpyBaHHS
JUCTUIBOBAHOI BOAM MpU MIATPHMAHHI 3aJMIIKOBOI KOPCTKOCTI BOAM Ha 3HAYHO
HIKYUX pPIBHAX Bi MEX BHUMOT HOPMATUBHUX JAOKYMEHTIiB. [lnsf miaATpUMaHHS
BOJHEBOTO IOKAa3HUKA IOM’SKIIEHOI BOAHW B MeXaX, BH3HAYEHHX HOPMAaTHBHHMH
JIOKYMEHTaMH, 3ampOoTOHOBAaHO B SIKOCTI OCAKYFOUOTO peareHTY BHKOPHCTOBYBATH
cymim [(0,75 + 0,85) NazPOs + (0,25 + 0,15) NaH,PO4] 3 nonaBanusmM HeoOXigHOI
KUTBKOCTI QUIOKYJISHTY. B ycix nocmizax BOAHEBHH MOKa3HHUK MOM’SKIIEHOI BOAU HE
nepeBumiyBaB 8,5. OTpuMaHi pe3ynbTaTH MOXYTb CIyTyBaTH Juld pO3pOOKH
TEXHOJIOTI] IMOM’SKIIEHHs BOAM, OpPIEHTOBaHOI HAa BHMKODHCTAHHsS B SKOCTI €Tamy
nonepeHbp0i OOpOOKH BOAM B CHCTEMAX 3BOPOTHOTO OCMOCY MAaJloi Ta CEPeIHBbOI
HOPOAYKTHBHOCTI.

Bin TOB «IBIK ®@opmyna Boau» Bin KIII im. Irops Cikopcbkoro

e ‘% B. I1. IsanoBa m . Comens
I 7 4
- s1. B. PanoBeHuuK

% K. 1O. I'opaienko

Ld
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«3ATBEPIDKYHO»

2 Ve
o

///\é }iépanbﬁuﬁ aupexrop TOB «EnBiTexk»

[ " 1
[ /ff“"{;::;ﬁvr,,_, .

B. MuxaiiioBcbKuii

23.05.2024 p.

AKT

JIOCIiTHO — MPOMHCIIOBUX BUIIPOOYBaHb
IIPOLECIB ITOM’AKIIEHHS CTIYHHX BOJ 3 BUKOPHCTAHHAM
Pi3HOMaHITHHX peareHTiB

Kowmicis B cknaji nmpencTaBHUKIB Kadeapu €KOJIOril Ta TeXHONOTIT POCTUHHUX
nonimepis  HauionansHoro TexHiuHoro yHiBepcurery Vkpainm — «KuiBcbkuii
noJiTexHiYHui iHcTUTYT iMeHi Iropst Cikopeskoro» 1. T. H., npodecopa lomerni M. [1.,
K. T. H., gouenra Pagosenunka . B., acnipanra ['opaienko K. O. 3 ogHoro 6oky Ta
criBpobiTHHKIB KoMmaHil « EHBITEK» Muxaiinorcnkora BJI3 1HIIOro 60Ky, CKIamy Ieit
aKT IMpo Te, IO KOMICi€lo NpoBeaeH! BUNPoOYBaHHS MPOLECiB MOM’ AKIIEHHS CTIYHUX
BO/Jl 3 BUKOPUCTaHHSM Pi3HOMaHITHUX peareHTiB.

Jis  nocnimkeHHss Oyno BHKOPHCTAaHO CTivyHi Boau miampuemcrsa [IpAT
«Komnanist EH3uMy, cKma SKUX npuBeaeHo B Tabm. 1.

Tabmuus 1 — Xapakrepuctrka crivanx Boa IIpAT «Kommnanis Exzum»

Iokasunk Onun. Bum. | Konnentparn| Criuni Boau
0O6’em M3/ 106y 40 - 600 130 — 780
pH OJTMHUIIb 6,34 — 6,59 6,13 — 6,56
Temneparypa . 21-24 21-24
XCK mr O,/nm3 15813 —16250| 15810 — 16030
Bwmict mykpy mr/om? 402 - 526 310 - 624
Jly>xHicTh Mr-eKB/IM> 13,6 — 15,4 12,6 — 16,4
XKoperkicrs (Ca*") | Mr-exs/mv? 20,07 —-22,05| 20,85-2245
Xnopuau mr/nm’ 264 — 284 264 — 268
Cynedaru mr/am’ 942 — 1037 1018-1035
AMoHiit mr/om3 150 =315 142 - 306
®ocharu Mr/am> 0,7 -30,5 0,9-4,5

3BaKalOud Ha pe3yJbTaTH MOIEPeHIX eKCIEePUMEHTIB MNpH I[10M’SKIIEHHI

NPUPOAHHX BOJ Ta po30aBlIEHHX pO34YHHIB, OyJl0 IOCHIIKEeHO e(EeKTUBHICTH
BHJIAJIeHHs 1OHIB Kalbllil0 i3 CTIYHMX BOJ y BUIVISII KapOOHATIB, CHIIKaTIB Ta
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¢ocdartis. Ilpn n1boMy BHUXOAHIHM 13 YMOBH, LIO BMICT iOHIB Kalbliio y BoJax, IIO
MO/IAI0ThCs HA GiOJIOTiYHe OUMINEHHs, He TTOBMHEH repeBaxkat 200 mr/nam’. Buxinna

BOJA Iic/Is aHaIi3y Maia Taki nokasuuku: pH = 6,73, konuenrtpanis ionis Ca?* - 560
mr/am’. CTiYHI BOIM B TEXHOJIOTIYHOMY LHMKJI MaloTh TeMIeparypy 6insa 24 °C, Tomy
came NpH Takill TeMIepaTypl BUKOHaHI 3a3Ha4yeHi jgociiad. OTpHMaHi pe3yjbTaTH
npuBe/eHi B Tabi. 2.

Tabmuus 2 — Pe3ynbTraTH BUIIy4eHHs 10HIB Kaubliio i3 criyHuX Boj IIpAT

«Kommaniss EH3HEM»

Ne | Pearent Ho3a Honarkosuii | pH micas | 3annmkosuii | Burpara | Burpara
n/n peareHrty peareHT | 00poOKHu BMicT OCHOBHOI'0 |/J0JATKO-
BiXHOCHO KaJIb 110, pearenry, BOTO
crexiomerpii, mr/ave’ r/n pearenry,
Mr-eKB/MI- r/a
€KB
1 |Na;COs 1 - 8,26 520 1,48 -
2 1 NaOH 8,92 480 1,48 0,74
3 2 - 8,76 310 2,96 -
4 |NasSiOsx 1 - 8,67 560 2,97 -
5 |SHO 1,5 - 9,64 140 4,46 -
6 |NazPOux 1 - 7,28 320 3.55
7 |12H,0 1 NaOH 8,53 80 390 0,61
8 1,5 - 8,25 120 5,32 -
9 [NazPOyx - NaOH 7 560 - G.1/
10 [12H,O - 8 540 - 0,42
1 - 8,5 310 - 0,75
12 - 9 180 - 1,095
13 - 9,5 120 - 1,44
14 - 10 26 - 1,773
15 0,5 - 6,9 440 1,773 -
16 NaOH 7 420 1,013 0,04
17 8 360 1,713 0,77
18 9 280 1,713 1,07
19 10 60 1,773 2,04
20 1,0 - 7,26 180 3,546 -
21 NaOH 8 120 3,546 0,31
22 9 40 3,546 1,02
23 10 20 3,546 2,0
24 2,0 - 8,57 22 7,092 -
29 NaOH 9 20 7,092 0,22
26 10 16 7,092 1,11

Sk BupHO i3 Tabn. 2, y BHMAAKy BHMKOpPHCTaHHs KapOOHATy KalbLilO IIpH
CTeXiOMETPHYHOMY CITiBBiTHOILIEHHI KOMIIOHEHTIB e(eKTUBHICTH MNpOLECY JJ0CHThb
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Hu3bka. He BraeTbes 1l MiABMIMUTH i MPH JOJATKOBOMY KoperyBaHHI pH po3umHOM
rigpokcuay Harpito. Jlumie 36imbuieHHsM J03M KapOoHaTy HaTpilo B JBa pasH B
HOPIBHAHHI i3 CTEXIOMETPIEI0 BAAETHCS JIOCATTH JEAKOTO pe3ysbTaTy. AJle i B LLOMY
BUIAJIKy BUHUKAIOTH 3HA4YHI TPYIHOIII i3 BiaaineHHsM TBepaoi ¢aszu. OueBHIHO, IO
kapOOHAT HATpil0 — HE Kpalluil BapiaHT AJNA JaHOI TEXHOJOrii, Xo4a MOXKIHBO
MONpPALIOBATH HaJl YAOCKOHAJIEHHIM TEXHOJOTII.

Jlemo Kpauli pe3yJibTaTH II0Ka3aB CHJIKAaT HATPilo, e(QEeKTUBHICTh SAKOrO
3pocrae npu 30iUmbwenHi pH. Sk BuaHo 3 Tabn. 2, NpH CTEXiOMETPHYHOMY
CIIiBBiZHOIIEHHI KOMIIOHEHTIB BHIAJI€HHs iOHIB KalbIlil0 B3araii He CIIOCTEPiraeThCH.
VrBopenns TBepaoi ¢aszu B o6pobiaeHoMy po3uMHi He Qikcyerbes, xoda pH mocuts
BHCOKe — 8,67. 361IbIIeHHs 103K peareHTa B 1,5 pasu B NOPiBHAHHI i3 cTexioMeTpiero
TNIPU3BOIUTE [0 YTBOpeHHs B 06pobieHiii Boji mporarom 10 XB micisi 3/1MBaHHS
peareHTiB KPyITHHUX arperaris, KOTPi HOYMHAIOTH IIBUJIKO OCiaTH.

Haiikpauii pe3y/ibTaTd OTpHMaHi Tpu BuKopHcTaHHI Qocdaris. Bike mpu
CTEXiOMETPHYHOMY CITiBBiJJHOIICHHI KOMIIOHEHTIB 3a0e3Ne4yeThesi JOCHTh 3Ha4dHe
3HIDKEHHS BMICTY 10HIB Kanbuiro. [ToxpamuTtu edekT D03BOJAE NPOBEIEHHS IIPOIIECY
nmpu GiNbII BHCOKMX 3Ha4eHHAX pH, 110 BCTAHOBIIIOBANOCSA 3 JTOTIOMOIOI0 PO3YHHY
rinpokcuny Harpito. Ta jx Tpolemypa, ane 3 BUKOPHUCTaHHSM IIJBHIIEHO! JO3H
peareHTy Mana npuGiuusHO Ty X edexruBHiCTh. 11070 MOXIMBOCTI pO3ZLICHHS
tBepaoi Ta pigkoi a3, To Haifikpamli pe3yNbTaTH OCBiTJIEHHS —CYCIEH3il
3a6€e311euyIoThCs P CTEXIOMETPHYHOMY CIIiBBiHOIIEHHI KOMIIOHEHTIB. [Ipu upomy B
cycrniensii dikcyerses 4iTKa Mexka MiX piJIKolo Ta TBepmowo (aszamu, O J03BOJIE
ebeKTHBHO iX po3/inaTu. B nopiBHsHHI 3 iHIIMME peareHTaMy, came docdar HaTpiro
3a6e3neuye Haiibinbwi wmwBuakocti GinbTpyBaHHs. Sk BuaHO 3 Tabn. 2, mpH
crexiomeTpii 06pobka (ocharoM BCTAaHOBIIOE BOINHEBHH NOKAa3HMK Ha piBHI 7,26 1
3aGe3nedye 3aNMIIKOBHI BMICT iOHIB Kanblito Ha piBai 180 Mr/aM®, 1m0 NpUEHATHO
I78 BHUKOPHCTAHHS B TexHonoriynomy mnpoueci. ITopaneme mnigsumenns pH
CYNpPOBOKYEThCS MOJAIBIIMM 3HIJKEHHSAM 3aIHITKOBOTO BMICTy 1OHIB KasbLIO.
AHanoriudoro eQpekTy MOXXKHA JOCSTHYTH i LUIIXoM 30inblueHHsA 103u (docdaris,
ONHAK IeH IUIAX HEeNPUMHATHUN [PH MOJAIBIIOMY 3HEINKOYKEeHHI CTIYHHUX BOJ
GionoriuHAMH MeTojaMH. TakuM uuHOM, 006poOka criunux Box ¢dochaToM HaTpiro
03BOJIsIE BUPIIIMTH Tpo6ieMy HaaMipHOTO BMICTY iOHIB Kanpliro Ta 3abe3nednty ix
eeKTHBHE 3HELIKOPKEHHS 061010 YHUMH METOJAMH.
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