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Abstract. The problem of stabilizing treatment of water for cooling systems is very relevant for the energy industry.
Increasing water quality will reduce the volume of water discharged during purging of the systems. This, in turn, leads
to a reduction in the contamination of natural water bodies. This publication considers both already available and
synthesized reagents. Oxyethylidenediphosphonic acid was used to compare the efficiency of antiscalants. The known
reagents under study include gipan, carboxymethylcellulose, citric and tartaric acid, and nitriletrimethylphosphonic
acid. The efficiency of reagents has been evaluated as for stabilization of tap water and model solutions with different
mineralization for different temperature conditions. The efficiency of a number of reagents is determined as for the
CaSO, precipitation from concentrated solutions. The possibility of using available and synthesized reagents for water
stabilization at higher temperatures is evaluated. Tartaric and citric acids are quite effective stabilizers in the concen-
trates of the reverse osmosis seawater desalination. A new inhibitor of precipitation of sodium methyldisulfonate is
synthesized on the basis of sodium sulfite and formaldehyde; its efficiency is subject to evaluation.

Keywords: water stabilization; antiscalant; water hardness; stabilizing effect.

AnoTais. [TpoBeneHO HOCTIIHKEHHS OIIHKY e(DEeKTUBHOCTI PEareHTIB 11010 CTabii3amii BOJHUX CEPEeIOBHIIL 3a Pi3-
HHUX TEMIIEPaTypHUX YMOB. SIK cTa0ii3aTopy HAKUIOYTBOPEHHSI BUKOPHCTOBYBAJIM BIIOMI i CHHTE30BaHI pearecHTH.
Jlyis OpiBHSIHHS 3aCTOCOBYBaJM OKCHETHIAeHAN(BOChOoHOBY KucaoTy. Cepen BIZOMHX PEArcHTIB IOCIIIHKYBaIH

rirnad, KapOOKCHMETHIILEIION03Y, IMMOHHY i BUHHY KHCJIOTH, HITpUITPpUMETHI(POC(HOHOBY KHCI0Ty. CHHTE30BaHO
AQHTUCKAJIAHT METHJIIUCYIIb(OHAT HATPIIO, EPEBIPEHO HOro e(hEeKTHBHICTS.

KurouoBi ciioBa: crabinizaliist BOAM; aHTUCKAIAHT; )KOPCTKICTh BOJM; CTa0UII3aiiHUN eeKT.
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AunnoTtanus. [IpoBenena oneHka 3pHEKTUBHOCTH PEareHTOB 110 CTa0MIN3AIUH BOAHBIX PACTBOPOB IIPU Pa3IMYHBIX
TeMIepaTypHBIX yCIoBHAX. Kak cTrabmin3aTopsl HaKHeoOpa3oBaHMs HCIIOIb30BAId U3BECTHBIE U CHHTE3UPOBaHHbBIE
peareHTbl. [y cpaBHEHMS IPUMEHSIIN OKCHATHINACHIU(OCHOHOBYIO KHCIoTy. Cpey H3BECTHBIX peareHTOB HCCe-
JIOBAJIM THIIaH, KapOOKCHMETMIILEIUIONO03Y, IUMOHHYO, BUHHYI0, HUTPWITPUMETIIHOCHOHOBYIO KHCIOTH. CHHTE-
3MPOBAH AHTUCKAJIAHT METIIANCYNb(OHAT HATPHs, TPOBEpeHa ero 3(PpPeKTHBHOCTE.

KuiroueBble ¢J10Ba: CTAOMIN3AIMS BOMIbI, AHTHCKAJIAHT; )KECTKOCTh BOJIbI;, CTAOMITM3aIMOHHBINA dPQEKT.
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INOCTAHOBKA ITPOBJIEMHA

B VkpaiHi miaHoMipHO peaizyloThCs 3aX0AN OO0
OXOpPOHHM BOIHHX PECypciB Bif 3a0pyqHEHHS Ta iX pari-
OHAJILHOTO BHUKOpUCTaHHs. OCTaHHIM 4acoM y IPOMHMC-
JIOBOCTI IIMPOKO CTAJH 3aCTOCOBYBATHCS CHCTEMH 000-
POTHOTO Ta IOBTOPHO-MOCIIJOBHOTO BOAOIOCTA4YaHHS,
SIKI TIOKa3yloTh, HACKUIBKH PalliOHAIBHO W e(EeKTUBHO
MOYKHa BUKOPHCTOBYBATH BONHI pecypceu [1].

OO0opoTHE BOJONOCTaYaHHs — HaWOUIBII Mporpe-
CUBHHIA c110Ci0 30epeKeHHS BOTHUX pecypciB. Buxomsaun
3 HAsBHOTO PIBHS TEXHOJOTIH BOIOIMIArOTOBKH, MOKHA
OLIHUTH MaKCHMAJIbHO JI03BOJICHUH KOE(IiLlIEHT CIIOXH-
BaHHS 00OPOTHOI BOAX. Y XiMIUHIN IMPOMHUCIIOBOCTI, 1€
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6nm3bK0 25% BOJAM BUTpA4Ya€eThCs SIK POSYMHHHK U eKc-
TpareHt, BiH BinmoBigae 3HadeHHIO 0,9-0,92, 3a sxoro
HABITh MOBTOPHE BUKOPUCTAHHS BOJM IPU3BOIUTH 10 BE-
JUKUX BUTPAT CBIKOI BOIU: 'y cepeaHpoMy Ha 1 T mpo-
aykiii 50-130 3. V 1enron03H0-manepoBiii mpoMHUCIIO-
BocTi BOHHM csraioTh 30—200 M°. 3Bigcu BUIIMBAE ogHE
3 TOJIOBHHX 3aBIaHb Yy IMPOMHCIOBOMY BOIOCIIO)KHBAaH-
Hi — 3HIHKECHHSI HOPM CIIOKUBAHHS 1 BiIBEICHHSI BOJIU Ye-
pe3 BIPOBAKCHHS CHCTEM 000POTHOTO BOJOIMOCTAYaHHS
1 MOCIIIOBHOTO BUKOPUCTAHHS BOIH, TIEPEXiT BUPOOHH-
[ITBa Ha BoJ030epiratodi (6e3cTiuni) TexHomorii [2].
[igBumryBaTit C(EKTHBHICTh CIOXHBAaHHS BOIU
B 000POTHHX CHCTeMax MO)KHA SK 32 PaXyHOK ITOM SIK-



IICHHS BOJM, IO MOAAETHCS B CUCTEMHM, TaK 1 LUISIXOM
BUKOPUCTaHHs IHTIOITOpIB HakunoyTBopeHHs. Yepes
€KOHOMIYHY CUTYallil0 B YKpaiHi Ha Jil0YUX MiIIpUEM-
CTBax BBEICHHS B KCILTyaTallif0 TOAATKOBUX JIiHi BOJO-
MATOTOBKHM NPAKTHYHO HEMOXJnBe. ToMy IepcreKTHB-
HUM € HampsiM BKUBAHHS aHTHCKATAHTIB Ta iHTi0iTOPIB
Kopo3ii y Bomi. [omoBHUMEH BUMOTaMu 0 iHTiOITOPIB
HAKHUIIOYTBOPEHHS, SKIIO BpPaxoByBaTH BENMKI 00 €MH
BOJM, 1[0 BUKOPHCTOBYETHCS B OOOPOTHHX CHCTEMaX,
€ 3a0e3MeveHHs] BUCOKOI CTabIIbHOCTI BOAM 32 HEBEIH-
KHX JI03 1HTIOITOpPIB 1 HEBUCOKHUX IIiH. Y 3B’S3KYy 3 IIUM
HOIIYK HEJOPOTHX, ePEeKTUBHUX CTa011i3aTOpPiB HAKUIIO-
YTBOPEHs Y BOJIi € JOCUTh aKTyalbHUM [3].

AHAJII3 OCTAHHIX
JOCJIKEHD I TYBJIIKAIIA

IIpobnema crabimizamiitHol 00pOOKKM BOAM IS
CHCTEM OXOJIOJDKCHHSI B €HEPreTUlll i IPOMHCIOBOCTI
€ BOXJIMBOK. 32 YCIIIIHOTO PO3B’SI3aHHS ITOPYIIEHOTO
NUTaHHS BHUPIIIYETHCS 3aBAaHHs MEPEXOIy JI0 3aMKHe-
HHUX CHUCTEM OXOJIOJPKCHHSI, 3aXHUCTy TPYyOOIPOBOJIB Bijl
KOpO3ii, pecypco30eperkeHHs i parioHaIbHOTO BUKOPHUC-
TaHHSI BOJIM, OXOPOHH MPUPOTHHUX BOJOIM BiJl TEXHOTECH-
HOTO BIUTUBY [4].

[HTiGiTOpH, SKI 3aCTOCOBYIOTHCS B BOZOOOOPOTHHX
CHCTEMaX OXOJIOJDKCHHS, MOBHHHI ICTOTHO 3HUKYBATH
IIBUJKICT BiJIKJIAJICHHS HAKUITy HA IMOBEPXHI TEILIO000-
MIHHOTO OOJIaJlHaHHS ¥ 3a0e3meuyBaTH 3aXUCT METaliB
BiJ Kopo3ii [5]. Haiibinpur mupoko 060poTHE BojionocTa-
YaHHS BUKOPHUCTOBYEThCS B HAHOIIBII BOJOMICTKUX CHC-
TeMax, a caMe CHCTeMax OXOJIO/KEHHsI B TIPOMHCIIOBOCTI
it enepreruui [6].

YV 3aMKHEHOMY IIMKJIi BOJa Bijl IEPBUHHOTO JKEpera
MOMAETHCS TIABKU B KITBKOCTI, HEOOXIIHIH IS IIOIIOBHE-
HHsI 0E3IIOBOPOTHHX BTPAT Y CHCTEMI (Ha BUPOOHMUI HO-
TpeOu, BUIIApOBYBAHHsI, KpalrelbHe BUHECEHHS TOILIO).

O6opoTHa cucTeMa SKHAWIOBHIIIE BiJMOBiAa€ BH-
MOraM BOJIHOTO 3aKOHOJIABCTBA PO PalliOHAIbHE BUKO-
pPHUCTaHHSI BOJAHUX PECYpCiB: 3MEHILICHHS BUTPATH BOJAU
3 JpKepesl, TPaHUYHE 3MEHIIEeHHs abo TOBHE TPHITMHEH-
HS CKHJIIB BiNIPaIlbOBAHUX 1 CTIYHUX BOJ Y BOJOWMHUIIIA.
CyTTeBO MOXKHAa 3MCHIIUTH 00 €MH BOJOCTIOKWBAHHSI
B IIPOMHCIIOBOCTI, 3aCTOCOBYIOUM AHTHCKAJaHTH. [HTi-
0iTOpHM 3MEHIIYIOTh KUIBKICTh BiJKJIAJICHb 32 PaXyHOK
TOTO, 10 B 00’€Mi PO3YMHY YTBOPIOIOTH APiOHI KpHCTa-
JTH, SIK1 3aJIMIIAIOTHCS B MOTOL BOJH ¥ TPAHCHIOPTYIOTHCS
HUM [7], a HE OCiIAIOTh HA MOBEPXHI TertooOMiHy. Ha
CHOTO/IHI BiZIOMI XIMI4YHI CIIOJYKH, 5IKi BUSIBIISIIOTH e(heK-
THBHI BIACTHBOCTI iHTiOITOPIB MIONO COJNEH KOPCTKOCTI
[8, 9]: HeopraniuHi moi- i MmeTadocdaru, edipu pochop-
HOI KMCJIOTH Ta iXHi codi, pochonosi i amiHopochoHOBI
KUCJIOTH, TXHI COJI, MOJIMEpPHI 1HT10ITOpH W KOMIO3HUIIIT
3mMimanoro tumy [10].

HaiiOinpm mommpeHuMH  iHTIOITOpaMu  BiTKITaIeHb
ocaniB € nomidocdarn W pisHOMaHITHI (OCHOHOBI KHC-
notu [3]. Henonikom nomidocdari € TXHs 371aTHICTD 710
Timpomi3y 3a MiABHIEHMX TEeMIIeparyp, CTUMYIIOBaHHS
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npoueciB 6ioodpocranuss. POCHOHOBI KUCIOTH € J0pO-
IMMM peaKkTHBaMH. X BHCOKA IliHa 3yMOBIEHA BHCOKOKO
BapTICTIO TOJIOBHOTO KOMIIOHEHTa iX cHHTE3y — (oc-
topucroi kucnotu. s CHHTE3y IHIIMX KOMIUICKCOHIB,
TUITy ETWJICHANAMIHTETPAOLTOBOT KHCJIOTH, BHUKOPHUCTO-
BYIOTB JIOpOTi MOJMIaIKIICHIONIaMIHA i MOHOXJIOPOLITOBY
KHUCJIOTY.

HeoOxinnicTh y po3po01i HOBHX iHTIOITOPIB HOJISTAE
B TOMY, IIIO BiJIOMi peareHTH Jajeko He 30BCIM BiIOBi-
JIAfOTh YMHHUM BUMOTaM: OJHI 3 HMX Mayloe()eKTHBHI,
IHIIT HECTIHKI, a TPETI HAJTO JOPOTi.

METOIO POBOTM e ominka eheKTHBHOCTI HOBUX
1 BIZIOMHUX peareHTiB y npoliecax cradinizanii Boau 3 pis-
HOFO MiHEpaTi3ami€lo MO0 0CAIKOBITKIAICHD 32 PI3HUX
TEMIICpaTypHUX YMOB.

Jliist TOCSATHEHHS TPOMIOHOBAHOT METH HEOOX1/THO BH-
KOHATH Taki 3aBJaHHs:

— OIIHUTH S(PEKTHBHICTh PSIy PEArcHTIB MIOIO Bil-
KJIaJIaHHs 0Caay Cy/Ib(ary Kaibliito 3 PO3YHHIB;

— JIOCIIINTH TpoLecH cTaburizamii MOAEeIbHUX PO3-
YUHIB, OJM3BbKKUX 33 CKJIAJOM 0 KOHIICHTPATIB 3BOPOT-
HBOOCMOTHYHOTO OMNPICHEHHS MOPCHKOI BOIH, IIOIO
OCaJIKOBIJIKJIaJICHb, BUKOPHCTOBYIOUH PI3HOMAHITHI aH-
TUCKAJIaHTH;

— BHU3HAYATH MOXJIMBICTH 3aCTOCYBaHHS BiJOMHX
1 CHHTE30BaHUX PEarcHTIB IS cTa01i3allii BOMHIX PO3-
YHHIB [IPY MiJABUIICHUX TEMIIEpaTypax.

BUKJIAJL OCHOBHOI'O MATEPIAJTY

JocainkyBaHi peareHTH Ta cepeIoBHINA, 110 BUKO-
pUCTOBYBaJucs B podoTi

VY mporeci aHali3y 3aCTOCOBAHO BiJJOMi i CHHTE30-
BaHi pearcHTH. [1J1s1 MOPIiBHSAHHS 32 ¢()CKTHBHICTIO Opain
BITOMHUI1 aHTHUCKAJIAHT — OKCHETHIiIeHAN(OCHOHOBY
kucnory (OEJI®K). Cepen BitoMux peareHTiB 10CIIiKe-
HO rimaH, kapOokcumMerwinenono3a (KMILI), mumonny
1l BUHHY KUCIIOTH, HITPHIATPUMETHIPOC(HOHOBY KHCIOTY
(HTM®K) i cuHTe30BaHUI HAMU aHTHCKAJIAHT — Me-
tunaucyiabonar Harpiro (MICH-O).

Antuckamaar MJICH-® cunTesyBamm i3 cymapditTy
Harpito it popmanbaeriny. Jis miaKUCICHHS PO3UYNHY 110
HelTpansHoro BukopructoByBaimn OEJIOK.

SIK cepemoBHIIAMU TTOCITYTYBAJIHCS BOIOIIPOBITHOIO
Boforo (OK == 4,2 Mr-eks/am*), MOIETbHUM PO3YHHOM
cynb(haTy KaibIlifo, SKAH OTPUMYBAIH 3MIITyBaHHSIM
PIBHMX YacTHUH PO3YMHIB XJIOPHIY Kajbllil0, 3 KOHIICH-
tpariero 300 Mr-eks/aM>, 1 Cysabdary HaTPIiKO 3 TAKOK K
KOHIIEHTpAIII€I0 (B pe3yibTarTi oJep Kallil PO3YUH 3 KOH-
HeHTpalieo cyibdary kaiplito 150 mr-ex/mm®, mpu
[[bOMY KOHIIGHTpALlis XJOPUAY HATPII0 TaKoXK csrajia
150 mr-exs/am?). Kpim Toro, JIst OIIHKH €(peKTHBHOCTI
AQHTUCKAJIAHTIB TIPH 3BOPOTHHOOCMOTHYHOMY 3HECOJICH-
Hi BOAM 3aCTOCOBYBAJIM MOJENBHUN PO3YUH, OIM3BKUIL
3a CKJIAJIOM JI0 KOHLICHTPATY, 110 YTBOPHUBCS O IIpH 3BO-
POTHBOOCMOTHYHOMY 3HECOJICHI BOAM 13 A30BCHKOIO
MODAL.
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MeToauka BU3HAYEHHST e(peKTHUBHOCTI cTadiiiza-
TOPiB HAKUIIOYTBOPEHHS

BucoxominepanizoBane cepenosuine. /s mpose-
JICHHSA JTOCIIIKEHb 3 OIIIHKH €(PEeKTHBHOCTI cTabdimiza-
TOPiB HaKHUIIOYTBOPEHHSI BUKOPHUCTOBYBABCSI MOJCIBHUI
posuun, skuit mictu Ca*, Na‘, CI, SO,> B KonueH-
tpamii 150 mr-exs/am®. [HTiIOITOpM BHOCHWIM B PO3YHH
CaCl, nepen foro 3minryBanHsam 3 pozanHom Na,SO, Pe-
areHTH 3aCTOCOBYBAIU B KoHIIeHTpanisix: 0, 5, 10, 20, 30,
50 mr/am?. locnia mpoBoaMBCS MPOTATOM 48 roauH 3a
temrieparypu 25 °C. IlocnizoBHICTh MPUTOTYBAHHS MO-
JenbHOT cymimn Oyna Taka: 10 50 cM® po3unHy Jo/1aBaIn
TIEBHY JI03y aHTHUCKaJaHTa, a Micisl MepeMillyBaHHsI —
50 cm® posumny. Ilicist 3akiHYEHHsSI eKCHO3UIT MpoOy
BOAM BiA(DIIBTPOBYBANN il BU3HAYANM B HIM 3aJIMIIKOBY
xopcetkicts. Crabinizauiitnuii edexr (CE) pozpaxopysa-
11 3a (hopMyIoro:
. AX]

AXK

CE = 100, % (1)

ae A)KiT — PI3HUIIL MK BUX1THUM 3HAYCHHSIM JKOPCTKOC-
Ti Boau XK' i BUMIPSHUM 3HAYEHHSIM >KOPCTKOCTI BOJHU
B TIPHCYTHOCTi cTabinizaTopa HaxkumoyTBopeHHs XK ;
AKX, — PI3HHUI MK BHUXIJTHAM 3HAUCHHSM >KOPCTKOC-
Ti Boau JK' i BUMIpPSIHUM 3HAYEHHSIM >KOPCTKOCTI BOIHU
B IIpo0i O6e3 crabinmizaTopa HAKUIIOYTBOPCHHS.

Bonomnposinna Boma. /{11 mpoBeneHHs JTOCIIIKESHB
3 OLIIHKY €(DEeKTHBHOCTI HAKHUITY TBOPSHHS y BOIOIIPOBIIHII
BOJIi BUKOPHCTOBYBaM TepMocTtar. [Ipobu Bomu 06’ emom
100 cm3, 0OpobIIeHi i HeoOpoOIIeHi cTabii3aTopamu, BU-
TpUMyBaIUCh B TepMmocTtari 3a ¢ = 90-95 °C mpotsirom
6 ronuH. [Hri0ITOPH HAKUIIOYTBOPEHHS 3aCTOCOBYBAJINCS
B fo3ax: 0, 0,5, 1,2, 5, 10, 20 mr/mm3. TTicist 0XONMOmKEHHS
npoOu (iIBTPYyBaIK, BU3HAYAIN 3HIIKOBY YKOPCTKICTh
BOJIM ¥ 00UKCIIFOBaIM CTa0LTi3aidHui eeKT.

MonenbHHii pO3YHH KOHIEHTPATY, 1110 YTBOPUBCS O
TIPY 3BOPOTHHOOCMOTHYHOMY 3HECOJICHHI BOAM, MaB TAKHUI
cknan: [Na'] = 684 mr-exs/nm®, [CI'] = 719 mr-exs/mv?,
[Ca*] = 38 mr-exs/mm®, [Mg*] = 76 mr-exs/mm?, [SO,* ] =
= 80 mr-exB/mm°. KoHIIeHTpaIlisi aHTHCKAIAHTIB CTAHOBH-
ma: 0, 5, 10, 20, 30, 50 mr/mv?. J{ociau mpoOBOIMIIHCE 32
temrieparypu 25 °C. TlocmigoBHICTh NPHUTOTYBaHHS MO-
JIETTFHOTO PO3YMHY, 1ICHTHIHOTO KOHIICHTPATY, Oyia Taka:
1o 1 mv® BomorpoBinHOi Boxu moxanu NaCl 3 po3paxyHKy
40 r/om® Ta CaCl2 BignosigHo 35 mr-exs/mM3. Posaus-
M MO0 KOJIOAM PO3YMH, JOJAaBAJIM TEBHY /103y aHTHCKa-
JIaHTa, Micas nepeminryBanis — MgSO, 3 po3paxyHKy
75 mr-exB/nm®. Yac nocniny craHoBuB 48 romuH, micis
4Oro mpoOu BOmM BiAQIIBTPOBYBAIN i BU3HAYAIM B Hill
3aJIMIIKOBY JKOPCTKICTh. CTalimizaIiifHuii ekt po3paxo-
ByBaJId 3a (hopmysnoro (1).

Pe3yabTaTi 10CHiI:KeHb

VY pasi crabinizariiiHoi 00poOKH BUCOKOMIHEPaIi30-
BaHMX PO3YHMHIB, 110 MICTHJIH 10HH KaJIBIIIO i Cyabdar-
10HH, Hafle(PeKTHBHIMIMM CTa011i3aTOPOM HAKHUIIOYTBO-
penns BusiBucss HTM®K (puc. 1).

104

3BIPHNK HAYKOBUX MPALIb HYK

ISSN 2311-3405

Sx BugHOo 3 puc. 1, 3a konmentparii HTM®OK
5 Mr/aM? 3aJIMIIKOBA KOPCTKICTh 3MEHIITyBasacs JIUIIE 31
150 mr-exB/am® mo 143 mr-exs/mm?®. Taka KOHIEHTpAITis
HTM®K € ontuManabHOI, OCKUIBKH 3a IMOJANIBIIOrO 11
301IBIICHHS 3AJIMIIKOBA YKOPCTKICTh TPUMAETHCS MpPaK-
THUYHO HA TIOCTIHHOMY piBHI.

Crix BiI3HAYWTH, MO IHMI iHTIOITOPH 3HAYHO TIO-
crynasmce HTM®K. Kapboxcumerrmenronoza (KMIT)
1l rinaH Besid ce0e 0JJHAKOBO, TOOTO 3 POCTOM iXHBOT KOH-
LEHTpaIlil 301IbIIyBaacs 3aJUIIKOBa YKOPCTKICTh PO3-
4yuHy. Y Jiama3oHi KOHUeHTpalii 5-30 mr/am® 3HauyeH-
HS 3QJIAIIKOBOI JKOPCTKOCTI B pa3i BukopucTanas KMI]
Oymu BUIIi 3a rima, xoya 3a KoHIEHTparii 50 mr/mam?
BOHHU CTaM Maiike ogHakoBuMHu — 139,5 ta 137 mr-eks/
IIM® BIZAIIOBIIHO.

Sk crabimizatop JTUMOHHA KHCJIOTAa 32 MalWX KOH-
nentpargiit (5-10 mr/am?®) npairoe HeeeKTUBHO. Mak-
CHMaJIbHE 3HA4YEHHs 3aJIMIIKOBOI JKOPCTKOCTI PO3YHHY
(105 mr-exB/am*) HOCATHYTO 3a KOHLICHTpALlii peareHTy
20 mr/mM®. 3a momampmIoro 30UMBIICHHS KOHIIEHTpAITil
JIUMOHHO1 KHCJIOTH IIed peareHT BTpadae CcBOi cTabimi-
3aliiiHi BJACTHBOCTI, 3aJHIIKOBA YXOPCTKICTh PO3UUHY
3MEHIIYEThCS 70 88 Mr-ekB/mM® mpu 1031 iHridiTopa
50 mr/mve. Maiike omHAKOBO cebe TPOSBHIIN BiMOMUiA
crabimizarop HakunoytBopeHHs OEJI®K i cuHTe30BaHMit
Hamu iHri0iTop MJICH-®. 1li peareHTH MpaItorOTh JIUIIE
3a BUCOKHMX KOHIIEHTpaliid Ha piBHi 50 mr/am®. Kpim Toro,
BUSIBJICHO, 1110 3aJIMIIKOBA JKOPCTKICTh PO3YHHY B pasi BH-
kopuctaaus OEJI®OK npu Mammx KOHIEHTparisx Oyira Ha-
BITh HI)KYOIO 32 XOJIOCTI MPOOH. 3aIHIIKOBA KOPCTKICTH
PO3YMHY B XOJOCTiI mpoOi cTaHOBUIA 55 Mr-ekB/mm?,
a ipu 3acrocyBanHi OEJI®K B konuenrpanisx 5-30 mr/
IM° BOHA KosmBajacs B Mexkax 50—51,8 mr/omv’.

Jani 3i cra6imizaniitnux edekrie (CE) BxuBaHnx
pearcHTiB HABEJACHO Ha puC. 2. 3arajoM, BEIHYHHU
cTabimizaliiHuX e(eKTiB Pi3HUX peareHTiB MPONOpLiiHi
3HAYCHHSM 3QJIUIIKOBOI KOPCTKOCTI 00pOOICHHX pO3YH-
HiB. ToMy B JaHOMY BUIIaJIKy Kpallli pe3y/IbTaTy OTPHMAaHO
nipu Bukopuctanui HTM®K, crabinizauiinuii edexr skol
csiraB 92% mipu 1031 5 mr/am® 1 100% mpu 1031 10 Mr/am?.

C, Mr/uM3

Puc. 1. 3anexHicTp 3aJMIIKOBOI IKOPCTKOCTI PO3YUHY
([Ca*] = [Na"] = [CI'] = [SO,>] = 150 mr-exn/am?) Bix Tuiy i
103U cTabiizaropa HakUIIOyTBOpeHHs (T = 48 rox., ¢ = 25 °C):
1 — HTM®K, 2 — KMII, 3 — rinan, 4 — JUMOHHA KHCJIOTA,
5 —MJCH-®, 6 — OEJI®K



CuntesoBanuii inriditop MJICH-® mposieuB cebe
B CyNb(aTHUX PO3UMHAX HECPEKTUBHMM 3a KOHIEHTpa-
uiit 1o 10 mMr/nm®. 3a yMOBH 301IbIICHHS KOHIICHTpALT
crabinizamiinuii eexr miasummacs 10 43,2%.

Juist crabinmizarii BOZOPOBITHOT BOIM 3aCTOCOBAHI pe-
areHTH, OKPIM TillaHa, TOCUTh ePeKTUBHI (prc. 3). 3anumi-
KOBa KOPCTKICTh B YCiX Ipo0ax BOIM BXKE 3a KOHIICHTpaIlii
iHTi6iTOPiB 0,5 MI/MM® TIOUaNTa 3pocTary.

3a xonmnentpamii | mr/mm® crabimizatopu OEJIDK,
MJCH-® manu HaliOinbIi 3HAYSHHS 3aJTUIIKOBOI KOP-
crrocti (4,1 mr-exs/nm® 1 3,5 Mr-exs/mm’ BiAIOBIAHO).
Kpim Toro, 31 301IbIICHHSM iX KOHIEHTpALi{ BOHU BEIH
ce0e 0IHAKOBO, TOOTO 3aJIMIIIKOBA JKOPCTKICTh 3HU3UIIACH
JI0 TICBHOT'O PIiBHS i TAKOIO 3aJIMIIIAIACS.

Cra0inizaTop rinaH NposiBUB cede JICIIO MOo-1HIIOMY:
HaMOUIBIIOro 3HAUYCHHS 3AJIUILIKOBOI )KOPCTKOCTI AOCST-
HYTO 3a KOHIEHTpalii iHriditopa 2 Mr/mm?*, micis 4oro
TIOYaBCsl Pi3KUH craj.

[TopiBHAHO HECPEKTHBHUM 3a MaJHX KOHIICHTpALiH
BusBHBCs cradimizarop KMLI, ane Bke 3a KOHIIEHTpAIIii
10 Mr/om® 3anmIIkoBa YKOPCTKICTh BOIU Pi3KO 3pocia 10
piBast HTM®K (4 mr-exs/am?). lomo camoro HTM®K,
TO 31 3pOCTaHHAM HOTO KOHIIEHTpAIIil 301TbITyBaIacs 3a-
JIMTITKOBA JKOPCTKICTh BOJIH, & 3a KOHIICHTpallii iHridiTopa
5 mr/am? gocsirna MakcuMymy (4,2 Mr-exs/amM?) i mogana
HOBUJIBHO CMAJaTH.

Bucoky edekTuBHICTh cTabimizamii BOXOMPOBII-
HOI BOOW J0 OCAMOBIAKIANEHL, K ITOKa3alaH JI0CIIi-
JUKEHHsI, 3a0e3meurn OUIbIIICTh 1HTIOITOpIB (pHc. 3).
SlckpaBo  BHpaXX€HO  3pOCTaHHS  cTalumizaliifHoro
edpexry anruckamanta HTM®K, sikuii 3a KOHIEHTpa-
mii 5 mr/mm® cranoBuB 100%, omHak 3a OUIBIIOT KOH-
meHTpanii iHriditopa crabimi3amiifHuil eQeKT 3HU3UBCS
110 83—89%.

Crabinizarmiitanii epekr Bimomoro inriditopa OEJOK
i cuaTe3oBaHoro MJICH-® maB mopiBHSIHO OIHAKOBHUI
xapaxTep. 3a KoHIleHTpatii | Mr/aM® BiH MaB MakcHMaJb-
e 3HaueHHs: OEJIOK — 94,4% i MJICH-® — 61%.
Hauti, sk BUAHO Ha puC. 3, crabimizamiiiHuii ehekt aHTh-
CKaJIAHTIB CyTTEBO 3HU3UBCSL.

C, mr/am®

Puc. 2. BB Tumy i KOHIEHTpauii aHTHCKAJIaHTIB Ha
crabinpicTh posunnis ([Ca*] = [Na'] = [CI'] = [SO.] =
= 150 mr-exs/mm*):

1 — HTM®K, 2 — KMILI, 3 — rinaH, 4 — JMMOHHA KKCIIOTA,
5 —MJCH-®, 6 — OEJI®K

TEXHOINEHHA BE3IMNEKA R\Ekei F={ok v/

Skmo posmismaru inriditopu riman ta KMILI, TO
BOHHM BEIyTh ceOc HE Tak, sK iHIi. ['iaH MOpiBHSHO J10-
Ope mpallroe JMIIe 3a KOHIEHTpaIii 2 Mr/aM?, Ipu boMy
crabinizamiiftauii eexT cTaHOBUTH 61%. 3 momaIbIIuM
30UTBIICHHSAM KOHIICHTpALii TimaHy cTalimi3amiiHuit
edext He cmocrepiraerbes. [HriGiTop KMI[ BUSBUBCS
e(heKTUBHIM JIMIIIC 32 BETUKUX HOTO KOHIIEHTpAIIii, TOO-
TO 3a KoHmeHTtpamii 10 mr/mm® crabimizamiiauil edekr
ckmanas 89%.

KpiM 115010, IPOBEACHO JOCTIKEHHS 11010 BU3HA-
4YeHHA e(eKTUBHOCTI JIMMOHHOI Ta BHHHOI KHCIIOT SIK
cTabl1i3aTopiB HAKUIIOYTBOPEHHS 3a MiJIBHUILEHUX TEM-
neparyp. OHaK BOHM He [TOKa3aJId MO3UTHBHUX PE3yIib-
TaTiB y IIMX yMOBax.

ono omiHkM epEeKTHBHOCTI aHTHCKAIAHTIB y MO-
JIETIbHOMY PO34MHIi, OJM3bKOMY 32 CKJIAJIOM JI0 KOHIICH-
TpaTiB, IIO YTBOPIOIOTHECS 3a 3BOPOTHHOCMOTHYHOTO
OIIPiCHEHHSI MOPCBHKOT BOJIM, PE3yJIBTaTH OyiIH HEOTHO3-
HayHUMHU. [IpoOlieMor0 cTano Te, MO KOPCTKICTh Y MO-
JIEIIEHOMY PO34MHI 0e3 iHTiOITOpiB MPOTATOM IBOX Hi0
MPaKTUYHO He 3MiHIoBanack. CyMapHEe 3HMKEHHS KOp-
CTKOCTI TIOPIBHSHO 3 TEOPETUYHO PO3PAaXOBaHUM 3Ha-
yeHHAM gocarano 14 mr-exs/mm’, mo He Oimbire 15%
Bil 00paHOTO piBHA JXKOpCTKOCTi. ToMy Ha OTpHMaHi
pe3yabTaTé 3Ha4YHOK MIpOI0 BIUIMBAJIAa TOXHOKa B MPO-
BeJcHHI aHami3iB. OueBUIHO, IS OLITBII TOYHOTO BH-
3HaueHHs1 epeKTUBHOCTI 1HTI0ITOPIB y MogaibiiomMy Oy-
JyTh 00paHi OLIbII )KOPCTKI YMOBH 100 CTaOlIbHOCTI
PO3YHHY.

OcHOBHI
B TaOmmmi 1.

Sk BuaHO 3 Tabnwmi 1, Bigomuii antrckanant OEJJOK
3arajioM XapaKTepU3yBaBCs HEBUCOKHM 3HAYCHHSM CTa-
OimizaniitHoro edekry — mo 50% mpu mozax Bimg 5 1o
50 mr/om3. Tpoxwu BrIa epeKTHBHICTH Oyia iHImoro goc-
tonarroro iHri6iTopa HTM®K. 3a fioro BUKOprCcTaHHS
JOCATHYTO cTabinizaniiiHoro edekry Ha piBHI 28-53%,
Y LbOMY Kpallli pe3yJIbTaTH OTPUMAaHO IPH MEHIIUX J[O-
3ax iHridiropa. 3Ha4HO BHIIOI0 Oysia e(EeKTUBHICTH [IHX
IHT10ITOPIB I CTa0UTI3aiHHOTO e(heKTy 10HIB KaJIBIIIFO.

pe3yibTaT  CKCIICPUMCHTY  HABCIACHO

100 f

80
60

CE, %

40 -
20 A

Puc. 3. BuB THny Ta KOHIEHTpAIii aHTHCKAJIAHTIB Ha CTa-
OinbHicTh BononposiaHoi Bomu (K = 4,2 Mr-exs/am’) 3a Ha-
rpiBanns (t = 90-95°C, 1= 6 roauH):

1 — OEJ®K, 2 — MJICH-®, 3 — HTM®K, 4 — rinan, 5 —
KMIJ
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Taéanus 1. Bruius peareHTiB Ha cTaOUIBHICTh MOJIEIBHOTO PO3YHHY KOHIIEHTPATY 3BOPOTHHOOCMOTHYHOTO ONPiCHEHHSI MOPCHKOT

BOJIU
KQqung atis 3aMIIKOBI KOHIIEHTPALIiT I0HIB JKOPCTKOCTI, MI-€KB/IM> CE, %
iHTi0iTOpA,
mr/am? " Ca Mg K Ca Mg
0 100,0 32,5 67,5 - - -
OEJI®K
5 103,0 34,5 68,5 21,4 36,4 12,3
10 105,0 36,0 69,0 35,7 63,6 20,0
20 107,0 36,5 70,5 50,0 72,7 40,0
30 103,0 35,0 68,0 21,4 45,5 6,7
50 103,0 37,5 65,5 21,4 90,9 -
HTM®K
5 107,5 36,0 71,5 536 63,6 53,3
10 107,0 34,0 72,5 500 36,4 66,7
20 105,0 36,9 68,1 35,7 80,0 8,0
30 105,0 36,7 68,5 35,7 76,4 13,3
50 104,0 36,5 67,5 28,6 72,7 0,0
Tinan
5 104,0 36,5 67,5 28,6 72,7 0,0
10 105,5 36,0 69,5 39,3 63,6 26,7
20 102,5 36,0 66,5 17,9 63,6 -
30 103,0 35,5 67,5 21,4 54,5 0,0
50 101,0 35,5 65,5 7,1 54,5 -
Bunna kucnora
5 109,0 37,5 71,5 64,3 90,9 53,3
10 108,0 37,5 70,5 57,1 90,9 40,0
20 108,5 37,2 71,3 60,7 85,5 50,7
30 107,5 37,5 70,0 53,6 90,9 33,3
50 108,0 37,5 70,5 57,1 90,9 40,0
JInumonHa KUCIOTA
5 109,0 37,5 71,5 64,3 90,9 53,3
10 110,0 37,5 72,5 71,1 90,9 66,7
20 104,0 36,5 67,5 28,6 72,7 0,0
30 104,0 36,5 67,5 28,6 72,7 0,0
50 105,0 36,5 68,5 35,7 72,7 13,1
ITAA
5 106,0 34,5 68,5 42,9 36,4 13,1
10 105,0 34,5 68,5 35,7 36,4 13,1
20 105,0 34,0 68,5 35,7 27,2 13,1
30 103,0 34,5 67,5 21,4 36,4 0,0
50 103,0 34,2 68,0 21,4 30,9 6,7

Came BOHM 3/1aTHI YTBOPIOBAaTH HEPO3UNHHI KapOOHATH 1
cynbgaru. s kanemito cradimizamiitanii epext OEJJOK
cranoBuB 36,4-90,9%, HTM®K — 36-80%, a npu 1031
5 mr/am® — 63,6%.

3a3Bu4yali B 3BOPOTHBOOCMOTHYHOMY OIPiCHEHHI
BOJM BHKOPHCTOBYIOTH AHTHCKAJIAHTH, IO MICTATH SIK
¢dyHKIIOHATIBHI KapOOoKcmIbHI rpynu. Yacrime 3a Bee 11e
OJIrOMEpH aKpHIIOBOT, METAKPHIIOBOT KUCIIOT Ta iHIII HO-
ni0H1 crioyku. ToMy HaMHM BUKOPHCTAHO SIK 1HT10iTOpH
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BUHHA M JIMMOHHA KHCIIOTH, @ TaKoX TinmaH (Tigposizo-
BaHWH TOJIIAKPWIJIOHITPLN) 1 T1IPOJI30BaHUHN TOJiaKpH-
namig (ITAA), KapOOKCHMETWIILEILIION03a, SIKI TaKOXK
€ TTOJTIKapOOKCHIIBHUMH CIOJTyKaMH.

Sk BugHO 3 Tabnmuui 1, i3 PO3NISTHYTHX PEYOBHH
JMIIe BUHHA Il JIMMOHHA KHCJIOTa 3a0e3nevyBaii 3a/10-
BUIbHY e(eKTHBHICTB. J[i1s 3aranbpHOT skopeTKOCTI cTali-
mizaniitauid edekr st Hux ckiaanaB 60—70%, s Kaib-
mito — 91%. 3acrocyBaHHs rinaHy, TiApoNi30BaHHOTO



ITAA it KapOOKCHMETHIIIICIUTIONO03H OYII0 Hee(PeKTUBHUM
B MIPOTIOHOBaHIH cepil TOCIimiB.

BUCHOBKM. [locnimkeHo epeKTUBHICTh pearcH-
TiB 100 cTadii3alii BOIOMPOBITHOT BOAM W MOJIEIb-
HUX PO3YMHIB 32 Pi3HUX TeMIIEpaTypHUX yMOB. Bu3na-
YeHO e()eKTHBHICTh DSy PEarcHTIB IOAO BiJIKIaIaHHS
ocagy CaSO4 3 KOHLEHTPOBaHMX pO34YMHIB. Bucoky
CTa0IMBHICTh PO3UMHIB 3abe3neuye cralimizaTop Ha-
kunoyrBopeHHss HTM®K, skuii epekTUBHO MpaioBas
BXKE€ 32 HU3BKHUX KOHIeHTparii. CtabinizamiitHuii edext
3a koHueHrpauii 10 mr/nm® cranoBuB 100%. IIpsimo-
TIPOTNOPIMIHY 3aJeKHICTh 3aJUITKOBOI KOPCTKOCTI Bif
JIO3M pearcHTy BuUsiBJIeHO B iHTiOiTOpiB KMI] Ta rinasx.
[IpoBeneHO OMIHKY MOMKJIMBOCTI 3aCTOCYBAHHS BIIOMIIX

TEXHONEHHA BE3IMNEKA RSl F={okl/

1 CHHTE30BaHHMX peareHTIB JuIst cTabimizanii Boau 3a min-
BUIIeHUX TeMIiepaTyp. CTabini3aTopu HAKUITOY TBOPEHHS
BUSIBIJIHCSL IOCUTHh ¢(EKTUBHUMH. Bike 3a Maiux KOH-
nenrpanii (0,5 Mr/amM?) 3amikoBa >KOPCTKICTh MPH BH-
KOPHCTaHHI yCixX 1HTi0ITOpiB, 32 BUHSTKOM rimnany, Oyia
Jocuth BHCOKOKO. Kpammmu Oymu inribitopm KMI] ta
HTM®K. 100% crabini3amniiianii epeKT TOCATHYTO IS
crabinizaropa HTM®K 3a kornenTparii 5 mr/mm®. KMI]
3a koHneHTpauii 10 mr/nm® 3abe3nedye cradinizaniitnnit
edext Ha piBHI 89%. [Toka3aHo, MmO BUHHA Ta JIUMOH-
Ha KHCJIOTH € BiTHOCHO €(EKTHBHUMH cTabilizaTopaMu
0CaJIKOBI/IKJIAJICHb y KOHIIEHTPaTax 3BOPOTHLOOCMOTHY-
HOTO OIpiCHEHHsI MOPChKOi Boau. Oco0nuBo eeKkTUBHI
iHT10ITOPH MO0 BiAKIAASHHS OCAiB CIOIYK KaJIbIIiIO.
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