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KuiBCbkM HauioHanbHUKM yHiBepcuTeT iM. Tapaca LLleByeHka

OOCNIOXEHHA KIHETUKN ®EPUTHOI OYUCTKM CTIYHUX BOL,
rAllbBAHIYHUX BUPOBHULITB

[NpedcmasneHo pe3ynibmamu O0CIOXeHb KIHemMUKU ripouecy chepumu3sauji
KOHUeHmMpogaHuUX CmiyHUX 800, SiKi Micmsmb crosnyku Hikemo. [lobydoeaHa
peepeciliHa ModOenib ma 3arnporoHo8aHUl  an2opumm  PO3paxyHKy 3MIiHU
KOHUeHmpauji ioHig8 8a)xKkux memarlie y 4Jaci.

KnroyoBi crnoBa: oyncTka Boawn, KiHeTuka, doepmntusadis, MatematniHa
MOA€enb, HiKenb.

lMpedcmasneHbl  pe3ynbmamsbl  uccriedosaHUl  KUHeMUKU  rpouyecca
eppumu3sayuu KOHUEHMPUPOBAHHLIX CMOYHbIX 800, codepxawux cOeOUHEHUS
Hukens. [TocmpoeHa pezpeccuoHHas Modesnb U npedrioXeH an2opumm pacdema
U3MEeHeHUs1 KOHUeHmMpauuu UOHO8 MsiXerlbiX Memarsisiog 80 8peMEHU.

KniouyeBble cnoBa: ouucTka BoAbl, eppuTU3aums, KUHETUKA,
mMaTemaTmnyeckasi MOLErNb, HUKENb.

Results of kinetic studies for ferritisation process of concentrated
wastewater treatment nickel-containing compounds are presented. Regression
model and algorithm for calculation for changes of heavy metals’ concentrations in
time are proposed.

Key words: wastewater treatment, kinetics, ferritisation, mathematical
model, nickel.

CTiyHi BOAM ranbBaHiYHMX BUPOOHMUTB BIiAHOCATLCA A0 Hanbinbw
PO3MNOBCIOAKEHMUX AaHTPOMOreHHNX 3abpyaHoBaYiB HaBKOMULLHLOMO cepenoBuLla.
Tomy nigBuweHHs ekobesnekn 3a paxyHOK BNpOBaLXEHHA BUCOKOE(EKTMBHOIo
obnagHaHHa  Anss  OYUCTKM  CTIYHMX  BOA,  PO3POOKM  ManoBigXOAHUX
eHeproeeKTBHMX TEXHOSMOrN i3 3aMKHEHUMU CcUCTeMaMun pecypcoobiry €
NPIOPUTETHUM HaNPSMKOM PO3BUTKY CyHaCHOI BITYM3HAHOI ranbBaHOTEXHIKK [1].

Ha Haw nornsag, Hambinbw NepcnekTMBHUM ONsi OYUCTKM CTIYHUX BOA, SAKi
O[HOYaCHO MICTATb CMOMYyKWU Hikentw i 3anisa, € metod deputnsauii. B nitepartypi
HaBedeHi YNCenbHi pe3ynbTaTh AOCNIAKEHDb OYULLEHHA MPOMMUCIIOBUX CTIYHNX BOL
dbepuTnsauicio [2-6]. Ix aHanis Bkasye Ha Te, Wo nopsa 3 6essanepeyHnmu
nepesaraMmm UeW nNpouec Mae i NeBHUM Hedonik: BiH OOCUTb €HEProEMHUN,
OCKiNibkn noTpebye TepmivyHOl 0BpobKM CTiYHMX BoA abo 3rywieHux ocagis npu
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Temnepatypi Buwe 60°C. Hammn pospobneHa TexHosoria i3 3acCToCyBaHHAM B
npoueci epuTrsadii enekTpomMarHiTHUX iMnNynbCHUX po3psaaiB, SKi po3rnsaaarTbes
anbTepHaTUBOK BUCOKOTEMNEpPATYPHIN akTuBauil BOAHWX po34vmHiB. Kpim TOro,
eKcnepumeHTanbHi gaHi 3 BMBYEHHs  nepebiry npouecy deputmsadii npu
€eneKTPOMarHiTHIN iMNynbCHIN akTMBauil BoAM B niTepaTypHUX [Xepenax BKpau
obMexeHi.

3 ornsay Ha Buwe 3a3HadveHe, Hamu Bynu npoBedeHi ekcnepuMeHTarnbHi
AOCNIKEHHA KIHEeTUKM  dhepuTu3alili B Npoueci OYUCTKM  BignpalbOBaHOro
€neKTPosiTy BaHH HiKeNtoBaHHS OAHOrO 3 MOTYXXHUX NPOMUCIOBUX NIANPUEMCTB M.
KveBa 3 BUKOPUCTAHHAM TEPMIYHOI Ta erleKTPOMarHiTHOI iMMynbCHOI akTuBauil
npouecy.

[nsa 3pyqHOCTI iHTepnpeTauii ekcnepuMeHTanbHUX JaHuX oepuTm3aLinHoro
npouecy ixX AouinNbHO NpeacTaBuUTU Yy BUMAAI AeAKOl dOYHKUiT, BUKOPUCTOBYHOUU
perpecinHy moaene.

Tomy, MeTol Ui€l poboTn € maTemaTnuyHa obpobka ekcnepMmeHTanbHUX
AaHUX KIHETUKN OYUCTKM CTIYHUX BOZ, Bif CMOSTYK HIKENO 3 BUKOPUCTAHHAM Pi3HUX
cnocobiB akTMBaUii npouecy geputmnsadii.

Pesynbtatn Hawux gocnigxeHb Npouecy OYUCTKU CTiIYHOI BOAW 3 BUXIQHOM
KOHUeHTpauiamun (Cgux) BaXKnX MeTaniB, aki HaBedeHi B Tabn. 1, BkasyoTb LLUO 3
yacom (T) BigOyBa€eTbLCA MOCTYNOBE 3HWXEHHS Y BOAi 3anMLIKOBOI KOHUEHTpauii
(Csan), HikeNto, a BigNoBigHA ANA 3ani3a Npy UbOMY HaBnaku 36inbLyeTbcs. Hamm
Oynu 3anponoHoBaHi pauioHanbHi YMOBW NpoBeAeHHs npouecy (epUTHOT OYNCTKM
CTIYHOI BOAM, SIKa MICTATb CMONYKM Hikeno, ana 3abe3nevyeHHs HOpMaTUBHUX
BUMOr Ona i ckuay B KaHanisauito. pu uboMy CTi4Hi BOoAM He noTpebyoTb
AonaTtkoBoi 06pobku.

Tabnuys 1
Pe3ynbTatu gocniais 3 hepuUTHOI OYUCTKU BUPOOHUYUNX CTIYHUX BOA

< Caan, Mr/am®
Ne T ¥ E CB"'X-’S Cnocib akTusauii npouecy deputunsauii
nn | xe. | & 2 Mr/Am T EnekTpomarHiTHuM
CPMIHHIR iIMNYNbCHUI
1 5 Fe 14380 0,14 0,11
Ni 7190 0,74 0,55
5 10 Fg 14380 0,21 0,14
Ni 7190 0,59 0,51
3 15 Fe 14380 0,26 0,17
Ni 7190 0,52 0,49
4 20 Fg 14380 0,25 0,16
Ni 7190 0,51 0,48
5 o5 Fe 14380 0,23 0,14
Ni 7190 0,52 0,48
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Onsa maTtematnyHoi 06pobKkM paHux f[ouinbHO nobyayBaTtn perpecinHy
MOAenNb, fKa [MOB'A3YE€ 3anuLWKOBY KOHLUEHTpaUito IOHIB HIKEN 3 4Yacom
NPOXOMKEHHA Npouecy depuTmnsadii npu pisHMx cnocobax akTueaLii CTiYHOI BOAWN.
Bug piBHAHHA perpecii, SkMi HambGinblw agekBaTHO ONUCYE L0 3aneXHICTb,
BMBpaHui 3 knacy apibHo-pauioHanbHuMx yHKUIA [7]:

t
AC, =—
= a+b-t (1)

ne AC,. — 3HayeHHs 3anuLWKOBMX KOHLUEHTpauii iOHiB Hikento, mr/am>;
a, b — koegilieHTn mogeni (Tabn. 2); t — yac NPOXoAKEHHS nNpouecy depuTm3auii,
XB.

[ns 3HaxomkeHHs1 koedilieHTiB a Ta b BUKOPUCTOBYEMO METOA HaMEHLLMX

KBagparis.
BBoanmo 3miHHY y 3a dopmMynoto:
1  a+b-t

3al.

Ta po3rnsgaemMo (pyHKLUito:

!

F(a,b) = Z (”’ t_bt" - ;.rz.)z, 3)

- i
i=1

ae mn — KiNIbKiCTb eKcnepnMmeHTaribHMX ToO4O0K t:';

1

Vi = e (i=1,2,...,1) — 3HayeHHs OTpUMaHe B pe3ynbTaTi
zar-1
eKCNepuMeEHTY.
KoediyieHTn a i b BU3Ha4aoTbCA 3 yMOBU MiHIMyMYy cpyHKLIT (3).
[ns uboro 3HaxoAMMO NOXiaHi z—‘: [ % Ta NPUPIBHIOEMO X 40 HYINS:
dF — fa+ bt; 1 \ a+ bt, — y,t,
_=EZ( —}:’E)—zzz _ =':I_r
da t; t; t; (4)
i=1 i=1
aF_EZ(a+bti )_Ez(a+bti—}=it5)_ﬂ
o “L\y LUy )T (5)

B pesynbTaTti oTpMMyeMO CcUCTEMY PiBHAHDL LWOA40 a i b:

n

“ t2 t, it (6)
i=1 i=1

i=1
n

1
£;
i=1

i=1
Posg’asytoun cuctemy (6), 3Haxogumo a i b:

(7)
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(8)

AHanoriyHa mogenb po3pobreHa HamMKn TakoX i ANst KIHETUKM BUOANEHHS i3
CTIYHMX BOJ, iOHIB 3ani3a.

Mig 4Yac komm’'toTepHOI peanisauii 3anponoHOBaHOI HaMu MaTemMaTUYHOI
MOAENi 3 BUKOPUCTaAHHAM nporpamu niHinHoro nakety “Microsoft Excel 14.0” Ta
nicna npoBefeHHs fiHeapi3ylunx nepeTBopeHb yHKUil (1) 3a meTogoM
HaNMeEHLLUMX KBagpaTiB Oynu po3paxoBaHi koediuieHTn uiei mogeni (tabn. 2) i
nobyaoBaHi rpadikn 3aneXXHOCTi 3anULKOBUX KOHLEHTPALN iOHIB BaXXKMX MeTanis
Big 4acy ob6pobku CTi4HOI BoAM Mpu pi3HUX cnocobax akTusauii epuTHOro
npouecy (puc. 1).

Tabnuys 2
KoediuieHT maTemaTnyHOI Moaeni AnA po3paxyHKy KiHeTUKN
npouecy OYMULLEHHSA CTIYHOI BOAM Bif, BaXXKNX meTaniB

AC,.., mr/gv®
KoediujieHT Cnocib akTuBauii npouecy deputusauii
n mogeni TepmivyHmin EnekrpomarHitTHU iMnynbCcHUM
Ni Fe Ni Fe
a -4,01526 0,02956 -1,71224 0,02077
b 2,14491 -0,00082 2,51367 -0,0062
Caar, 075 Caan, 028
/e \ wr/p? /A"*\
024
07 ’ 1 ™~
\ h iz _\/i/ 2
065 \
\< 0,16 / —
06 A z/ /1/ \
/2— \ 012 /
0’55 i \\N 0’08
0,5 \i.*.)l(—-—;( 0,04
045 I | t . 0
5 10 15 20 25 5 10 15 20 25
a) 0)

Puc. 1. PospaxyHoK 3anuvLIKOBUX KOHLEHTpaLil iOHIB Hikento (a) Ta 3anisa (6) Big
Yyacy npoBefeHHSA npoLlecy depuTusadii npu: 1 — TEPMIYHIN, 2 — enekTPoOMarHiTHIN
iMAYNbCHIM akTnBaUii (A, X — ekcnepuMeHTanbHi JaHi)

121

t, xe.



Ak BugHo 3 puc. 1, po3paxyHKOBi KIHETUYHI KpuBi [OOpe y3romxyoTbca 3
OaHUMKW, SKi OTpUMaHi ekcnepumMmeHTtanbHo. Lle € niaTBepOXeHHsIM KOPEKTHOCTI
3anponoHOBaHOI HaMKU MaTeMaTU4YHOI Moaeni.

BucHoBokK. Po3pobneHi perpecinHi mogeni KiHeTukn npouecy deputuaauii
AOBOAATb, WO 4Yac nepebiry npouecy OYUCTKM BMAMBAE Ha egEeKTUBHICTb
BUNYYEHHS IOHIB BaXXKUX MeTarsniB, a BpaxyBaHHSA pi3HMX cnocobiB aktuBauii
depunTH3aliHOro NpoLecy A03BOMSE CBOEYACHO 34iMCHIOBATU onepaTuBHiI Ail, Wwo
3abe3nevytoTb AKICTb OYMLLEHHS CTIMHUX BO | JOBEAEHHSA NOKa3HUKIB 06pobneHoi
BOOW OO BWUMOr HOPMaATUBHUX [OOKYMEHTIB. 3anpornoHOBaHMK  anropuTm
po3paxyHKy HaJae MOXIMBICTb aBTOMAaTU30BAHOIO  BU3HAYEHHS  OLIHKM
edeKkTnBHOI poboTn depuT-peaktopa, 30Kpema, HeobxigHoro 4vacy nepebiry
npouecy deputnsauii, a omKke CyTTEBO MiABULMUTM EKOHOMIYHICTb  OYULLEHHS
CTi4YHUMX BOA.
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