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Abstract: Despite the variety of existing methods of wastewater treatment, this problem can not be considered solved for the
woodworking industry. Taking into account that the waste water of plywood-board plants includes phenols, formaldehyde and many
other toxic substances, the development of a method for their treatment is an extremely important and actual task. In this regard,
we studied the effectiveness of wastewater treatment of the Ufa plywood-board factory (UPBF) by ozonation in the presence of the
available and most studied heterogeneous catalysts: Fe,0,, applied in the form of nanofilms of 0.5-1.0 mm particles y-AL,O; AL,O,,
applied in the form of nanofilms 2.5-3.0 mm particles of TiO,; MnO,, applied in the form of nanofilms 2.5-3.0 mm particles of TiO,.
Optimal cleaning conditions were determined by the kinetic curves of phenol decomposition. The results of the conducted experi-
ments on catalytic ozonation of wastewater showed a high purification effect. COD decreased 1.7 (ALO,, MnO,) and 3 times (Fe,0,)
compared to non-catalyst ozonation. The obtained results allow us to confidently assert that in order to improve the efficiency of
treatment of UPBF's wastewater needs ozonation to be carried out in the presence of a heterogeneous nanocatalyst Fe,O,, which
is used in a small amount, so there is no need to purify water from iron (lll) ions as in homogeneous catalysis. The concentration of
iron ion (Ill) did not exceed the maximum permissible concentration in drinking water (0.3 mg/dm?3). The effect of treatment of COD
is up to 96%. The paper presents physical and chemical parameters of the quality of the original wastewater and after ozonation
in the presence of the catalyst Fe,O,. The studied method of purification makes it possible to reduce the content of phenol to the

standard quality index (0.01 mg/dm?3). Preliminary ozonation of wastewater increases the efficiency of further biological treatment.

Keywords: oxidative method, catalytic ozonation, heterogeneous nanocatalyst, sewage disposal of enterprises of wood-based
industries.
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Pe3tome: HecMoTps Ha MHOroo6pasue CyLecTByOLWUX CMOCOOOB OUNCTKM CTOUYHBIX BOA 3TY NPO6GSIeMy Helb3sl CUMTaTb PELLEH-
HOW AnsA NpeanpuaTvin JepeBoobpabaTbiBatoLell MPOMbILLIEHHOCTH. YUUTbIBAs, UTO B COCTAB CTOUYHbIX BOJ GpaHepHO-MINTHBIX
KOMOUHATOB BXOAAT GpeHosbl, popManbierng u MHOTrve gpyrue TOKCUYHbIe BELLECTBa, pa3paboTKa crnocoba Nx OUMCTKM ABNSAETCA
KpaliHe BaXKHOW 1 aKTyanbHOW 3afiayueit. B cBA3M ¢ 3TVM HaMu NPOBEAEHO UCCeaoBaHNe 3GPEKTUBHOCTA OUNCTKM CTOUHBIX BOJ,
ybumckoro ¢paHepHo-nnmMTHoro KombuHata (YOIK) 030H1poBaHeM B NPUCYTCTBUM JOCTYMHbIX U Hanbosiee N3yUYeHHbIX reTepo-
reHHbIX KaTann3aTopoB: Fe203, HaHeCeHHOro B BMAe HaHOMNEHKM Ha 0,5-1,0 mm yacTuubl y-Al203; Al203, HaHeceHHoro B BUAe
HAHOMJIEHKM Ha 2,5-3,0 MM yacTuLbl TiOZ, MnOZ, HaHECEHHOro B BUAe HaHOMNEHKM Ha 2,5-3,0 Mm yacTuupl TiOZ. OnTumanbHble
YCNIOBUS OYUCTKIN ONpPEeAENsv No KNHETUYECKNM KPUBBIM Pa3NoXeHusa peHona. Pe3ynbTaTbl NpoBeEHHbIX SKCMEPUMEHTOB MO
KaTannTMyeCcKoMy 0O30HNPOBAHUIO CTOYHBIX BOA MOKa3anu BbICOKU 3ddeKT ounctku. XMK cHrsunocs B 1,7 (AI203, MnOZ) n B 3 pasa
(Fe,0,) no cpaBHeHNIO C 030HMPOBaHNeM 6e3 KaTanusatopa. [oslyyeHHble pe3ynbTaTbl MO3BONAKT yBEPEHHO yTBEPKAATb, UTO ANA
NoBbILWEHUA 3PGEKTUBHOCTM OUMCTKM CTOUHBIX Bo YDITK Heo6X0a1umMo 030HUPOBaHME NPOBOAUTL B MPUCYTCTBUN FETEPOreHHOTO
HaHoKaTann3atopa Fe,O,, KOTOPbIN NCNOMb3yeTcsA B He6ObWOM KOTMYECTBE, MO3TOMY OTCYTCTBYeT HEO6XOANMOCTb OUMLLEHNA
BOAbl OT MOHOB ene3a (lll) B romoreHHOM KaTanm3e. KoHueHTpauua noHa xenesa (lll) He npesbiwana npeaenbHO-4ONYCTUMYHO
KOHLeHTpauuio B nuTbeBoii Bogae (0,3 mr/am®). b dekT ounctkm no XMK gocturaet 96%. B paboTe npriBefieHbl PU3NKO-XMMUYECKE
noKasaTesiy KauecTBa UCXOAHOWM CTOYHON BOAbI U MOC/Ie 030HUPOBaHUs B NPUCYTCTBUN KaTanu3aTtopa Fe203. MiccnenoBaHHbIN
CNocob OUMCTKM NO3BOJIAET CHU3WTb COAePKaHe GpeHona 4o HOPMATMBHOrO nokasaTens Kavectsa (0,01 mr/gm3). MpenBapwu-

TeJIbHOE O30HNPOBaHME CTOYHbIX BOJ NOBbILWaeT 3¢d)eKTI/IBHOCTb ,U,a)'leeI;ILIJeVI 61ONOrNYECKON OUNCTKN.

Knioueeble cnoea: oKNCINTENBbHBIN METOZ, KaTa/IMTUYECKOE 030HMPOBAHNE, FTETEPOreHHbI HAHOKATANM3aToOP, CTOUHbIE BOAb
IepeBoobpabaTbiBaioLLeli MPOMBILLIEHHOCTU.
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INTRODUCTION

he complex physical and chemical composition of

wastewater pollution in the production of fibreboard
causes significant costs for the operation of treatment fa-
cilities that use almost all treatment methods. Despite the
variety of existing methods of wastewater treatment, this
problem can not be considered solved for plywood-plate
plants. One should note that the wastewater of the Ufa
plywood-board plant (UPBF) includes phenols, formal-
dehyde and many other toxic substances, therefore the de-
velopment of a method for their treatment is an extremely
important and urgent task. It is known that the oxidative
method of ozone purification is effective for the destruc-
tion of such substances [1—8]. Ozone has a high standard
redox potential (2.07 V) and therefore practically decom-
poses many organic compounds. During the chemical
transformation of ozone under the action of hydrogen
peroxide, catalysts, activated carbon, ultrasound, hydroxyl
radicals with stronger oxidizing properties (2,70 V) are
formed in the solution [9]. It is known from the litera-
ture that the use of catalysts in the ozonation process can
improve the efficiency of wastewater treatment [10—22].
In this regard, we conducted a study of the effectiveness of
the mentioned above wastewater treatment by ozonation
in the presence of available and most studied heteroge-
neous nanocatalysts (Fe,O,, ALO,, MnO,).

MAIN PART

The procedure of the experiments on ozonation of
wastewater in the presence of heterogeneous nanocatalyst

The composition of the initial investigated water is
given in table.

For the production of ozone the generator OGVK-02K
was used, to provide input of ozone-oxygen mixture in

water and contact with impurities used — a reactor with
volume 1 dm?; the control device of ozone concentration
in the water — photometer «Expert-003». The catalyst
with weight 1 g was loaded into the ozonator tank in the
form of spherical particles. As the catalyst Fe,O, applied
in the form of nanofilms on 0.5—1.0 mm particles y-ALO,;
AlLQ,, applied in the form of nanofilms on 2.5-3.0 mm
particles of TiO,; MnO,, applied in the form of nanofilms
on 2.5-3.0 mm particles of TiO, were used. Ozone was
fed into the treated water with the use of a porous ceramic
disperser. Oxidation was carried out in a non-flowing mode
with intensive mixing of the catalyst on a magnetic stirrer
in the draught cupboard. Ozone concentration in the air
of the working area was controlled by indicator tubes TI-
[03—0.003], it should not exceed 0.0001 mg/dm?. After
5—40 minutes of mixing in the presence of ozone, waste-
water was separated from the catalyst and the COD index
was determined by titrimetric method (ERD F 14.1:2:3.
100-97). pH was measured at the pH-meter ANION 4100.
The concentration of iron (III) ions in wastewater was con-
trolled by the spectrophotometer RV2201.

Results of experiments on the study of wastewater ozo-
nation in the presence of heterogeneous nanocatalyst

Tentatively we have chosen the optimum pH of the
wastewater for carrying out catalytic ozonation. The best
results were obtained at pH = 9.9—10.4 (Fig. 1). There-
fore, before oxidation, wastewater was mechanically pu-
rified and alkalized to pH = 9.9—10.4. The influence of
wastewater temperature (Fig. 2) and ozone doses (Fig. 3)
on the residual concentration of phenol has also been
investigated. The lowest residual phenol concentration
was achieved at 22—24°C and the optimal ozone dose
was 5 g/dm’.

The results of the experiments on catalytic ozona-
tion of wastewater showed high efficiency of this method,
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Table
Wastewater description
Analysis result
Regulatory document on
Ne Water quality indicators Initial Wastewater after the procedure (method) of
T treatment O, measurements
and Fe,O,

1 | Hydrogen index (units pH) 4,440,2 10,040,2 ERD F 14.1:2:3:4. 121-97

2 | COD, mgO,/dm’ 76001140 304+46 ERD F 14.1:2:3. 100-97

3 |BODS5, mgO,/dm’ 3297+396 560+67 ERD F 14.1:2:3:4. 123-97

4 | Suspended solids, mg/dm? 3127£165 45+3 ERD F 14.1:2:4. 254-09

5 | Phenols (volatile with 0,263+0,042 0,008£0,002 | ERD F 14.1:2. 105-97

steam), mg/dm

6 |Oil products, mg/dm? 2612 0,07£0,01 ERD F 14.1:2:4. 5-95

7 |Cl, mg/dm? 302 25+2 ERD F 14.1:2:4. 111-97

8 SO43’, mg/dm? 136£16 111£12 ERD F 14.1:2:3:4.240-2007
9 |NH/, mg/dm? 31+7 48+12 ERD F 14.1:2. 1-95

10 |[NO,, mg/dm? <0,02 <0,04 ERD F 14.1:2:4.3-95

11 [PO} (P), mg/dm? 2,5+0,2 0,3040,02 ERD F 14.1:2:4. 112-97

12 |ASSAS*, mg/dm? 1,10£0,09 0,2440,03 ERD F 14.1:2:4. 15-95

Note: ASSAS* — anionic synthetic surface-active substances

The residual concentration of phenol,
mg/dm3

0,20

0,15

TN I S T Y S Y [ T I N S N
LN I S B R R B S Y R B B N R R

N
m__

10 11

pH of the wastewater

12

13

Fig. 1. Effect of pH on the residual concentration of phenol
in wastewater during catalytic (Fe,O,) ozonation (duration —
35 min, temperature 22—24°C, ozone dose — 5 g/dm?)
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Fig. 2. Effect of wastewater temperature on the residual
concentration of phenol in catalytic (Fe,O,) ozonation
(duration — 35 min, pH = 9.9—10.4, ozone dose —

5 g/dmd)

Fig. 3. Effect of ozone dose on the residual concentration
of phenol in catalytic (Fe,O,) ozonation (duration —
35 min, pH = 9.9—10.4, temperature — 22—24°C)
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Fig. 4. Curves of COD change in wastewater during ozonation: without catalyst (curve 1), in the presence of AL,O,
catalyst (curve 2), in the presence of MnO, catalyst (curve 3), in the presence of Fe,O, catalyst (curve 4)

which makes it possible to reduce COD in 1,7 (ALO,,
MnO,) and 3 times (Fe,0,) compared with conventional
ozonation (Fig. 4).

After ozonation in the presence of the Fe,O, cata-
lyst, the concentration of iron (III) ions in wastewater
was controlled by spectrophotometric method (ERD
F 14.1:2:4.50-96). Concentration of ion did not exceed
MPC in drinking water (0.3 mg/dm?). The physico-chem-
ical characteristics of the treated wastewater are given in
table 1.

SUMMARY

The results obtained allow us to confidently assert
that to improve the efficiency of wastewater treatment of
UPBF it is necessary to carry out ozonation in the pres-
ence of heterogeneous nanocatalyst Fe,O,, which is used
in small quantities. The studied method of purification
makes it possible to reduce the content of phenol to the
standard quality index. The effect of treatment of COD

isup to 96%.
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BBEJEHUE

CHOXHHI‘/’I (PU3UKO-XMMHUUECKUI COCTaB 3arpsi3He-
HUI CTOYHBIX BOJ IIPOM3BOICTBA APEBECHOBOJIOK-
HUCTBIX IUTUT TpeOyeT 3HAUMTEIBHBIX 3aTpaT Ha 2KC-
TUTyaTalldio OYMCTHBIX COOPYXKEHUI ¢ MCITOJIb30BaHN-
€M MPaKTHICCKHN BCeX METOIOB OUYMCTKHM. HecMmoTps
Ha MHOT00O0pa3ne CYIMIEeCTBYIOIMNX CIIOCOOOB OUMCTKHI
CTOYHBIX BOI 3Ty IIPOOJIEMY HEJIb3sT CUMTATh PEIICHHOMN
1711 (paHEepPHO-TITUTHBIX KOMOMHATOB. YUMTHIBAsI, UTO
B COCTaB CTOYHBIX BOJI YPUMCKOTO (paHepHO-TLUIUTHOTO
koMmoOnHata (Y®IIK) BxomaT deHoabI, GopMaTbIeTH
W MHOTHE APYrue TOKCUYHBIC BEIIecTBa, pa3padoTKa
CIToco0a MX OYMCTKU SIBIIICTCS KpaliHe BaXKHOM M aKTy-
anbpHOI 3amadeii. I3BecTHO, YTO IS IECTPYKIINY TAKIX
BellecTB 3(p(PeKTUBEH OKMCIUTEIBHBIN METOI OUMCT-
KM C TTOMOIIBIO 030Ha [ 1—8]. O30H 00J1a7aeT BEICOKUM
CTaHZAPTHBIM OKUCIINTEITEHO-BOCCTAHOBUTEIHHBIM I10-
TeHIHaNIoOM (2,07 B), TO3TOMY MPaKTHIECKH pa3jiaraet
MHOTHE OpTaHMYeCKe coeanHeHU. [1pn XumMmdaeckoit
TpaHCHOpPMaIINK 030HA IO AeHCTBHEM IIEPOKCHIA BO-
IOpoJa, KaTaJu3aTOPOB, aKTUBUPOBAHHOTO YIJISI, YIb-
Tpa3ByKa B pacTBOPE 00pa3yrOTCs THAPOKCHIBHBIC PaIH-
KaJIbl ¢ 00JIee CHITBHBIMUA OKUCIUTEIEHBIMA CBOMICTBAME
(2,70 B) [9]. Y3 muTepaTypHBIX JaHHBIX U3BECTHO, YTO

Tabauuya
XapaKTepuCTHKA CTOYHBIX BOJ

HCIOJIb30BaHKE KAaTaJIM3aTOPOB B IIPOLECCE 030HUPO-
BaHUSI MIO3BOJISIET MMOBBLICUTDH 3(PHEKTUBHOCTH OUMCTKU
CcTOYHBIX Bof [10—22]. B ¢BsI3M ¢ 3TMM HaMM TIpOBeEIE-
HO uccliefoBaHue 3PHEKTUBHOCTU OYMCTKY BhIIIEYKa-
3aHHBIX CTOYHBIX BOJ O30HUPOBAHUEM B IIPUCYTCTBUU
JIOCTYIHBIX ¥ Han0oJjiee N3y4eHHbBIX TeTePOreHHBIX Ha-
Hokaranusaropos (Fe,O,, ALO,, MnO,).

OCHOBHAA YACTb

Metonuka npoBeaeHus] IKCIEPUMEHTOB 1O 030HUPO-
BAHUIO CTOYHBIX BOJI B MPUCYTCTBUY T€TEPOTEHHOTO HA-
HOKATAJIM3aTopa

CocTaB NUCXOOHOU MCCIIeAyeMOI BOIBI IIPUBEICH
B Ta0JI.

71 TIpoU3BOACTBA 030HA MCIIOIH30BAIM 030HOTE-
HepaTtop OI'BK-02K, mig obecriedeHUST BBOJA O30HO-
KHCJIOPOIHOM CMeCH B BOIY M KOHTAKTa C IIPUMECS -
MM — peakTop 00beMOM 1 aM?; IprOOP KOHTPOJIST KOH-
LIEHTpAIluM 030HA B BojJie — hoToMeTp «DKcmepT-003».
Karammsatop maccoii 1 T 3arpyajim B 030HATOPHYIO
€MKOCTh B BUIe cpeprniuecKux JyacTuil. B KadecTBe Ka-
Tanu3aropa ucnoab3obanu Fe,O,, HaHeCeHHbII B BUIE
HaHormieHku Ha 0,5—1,0 mm yactuner y-AlLO,; Al O,,

SR HopmaTuBHbIi JOKYyMEHT
,iji Kg;:;ii?:;]:m Wcxonnas mi?:;":g;‘a';‘(’)fm Ha METOZMKY (MeTo1a)
CTOYHAs BOJA 0, nFe,0, H3MEpEHHH
1 | BogoponHslii mokasatensb (ea.pH) 4,410,2 10,0+0,2 IMHO ® 14.1:2:3:4. 121-97
2 |XIK, MrO,/nm? 7600+1140 304+46 MHA @ 14.1:2:3. 100-97
3 |BIIKS, mrO,/m, 32971396 560167 [MHA @ 14.1:2:3:4. 123-97
4 | B3BellleHHbIE BellleCTBA, MI/aM> 3127165 4513 MHO @ 14.1:2:4. 254-09
5 | ®eHonsl (etyure ¢ mapom), mr/am> | 0,263£0,042 0,008+0,002 IMHO ® 14.1:2. 105-97
6 |Hedrenpoaykrsl, mr/mm? 2612 0,07%0,01 IMHO ® 14.1:2:4. 5-95
7 |Cl, mr/om3 30+2 2542 MHA @ 14.1:2:4. 111-97
8|SO, mr/nm? 136£16 I11£12 MHO @ 14.1:2:3:4.240-2007
9 |NH,", mr/om’ 31x7 48+12 [MHA & 14.1:2. 1-95
10 [NO,", mr/am® <0,02 <0,04 MHA O 14.1:2:4.3-95
11 | PO/ (P), mr/nom* 2,5+0,2 0,30+0,02 MHA & 14.1:2:4. 112-97
12 |ACITIAB¥*, mr/nm? 1,10£0,09 0,24+0,03 MMHA ® 14.1:2:4. 15-95

Ilpumeuanue: ACITAB* — aHMOHHBIC CHUHTETUYECKIE TTOBEPXHOCTHO-AKTUBHEIC BEIIICCTBA.
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HaHECEeHHBIN B BUJIe HAHOIUIEHKW Ha 2,5—3,0 MM 4a-
crubl TiO,, MnO,, HaHECEHHBIA B BUIE HAHOTLIEHKH
Ha 2,5—3,0 mm yactunel TiO,. B obpabaTeiBacmyo Bomy
030H TOIAaBaJIN ¢ IIOMOIIIBIO TIOPHUCTOTO KePaMHIIECKO-
ro mucnepraropa. OKHUCICHNE TPOBOIWINA B HEIIPO-
TOYHOM PEXUME IIPH MHTCHCUBHOM ITepeMeIIMBaHNT
KaTaJim3aTopa Ha MarHUTHOM MeIIaKe B BHITSDKHOM
mkady. KoHeHTpauuio o30Ha B BO3ayxe padoueit
30HBI KOHTPOJHMPOBAIN C ITOMOIIBIO0 MHINKATOPHBIX
Tpyook TU-[03—-0,003], oHa He mOJKHA MTPEBLIIIATD
0,0001 mr/om3. Ilocne 5—40 MUHYT ITepeMelIMBaHUs
B TIPUCYTCTBUM 030HA CTOYHYIO BOIY OTHEJISUIN OT Ka-

Tanu3aropa u onpenesin nokasarenab XITK tutpume-
tpuueckum metogom (ITHI ® 14.1:2:3. 100-97). PH
n3Mepsi Ha pH-metpe AHMOH 4100. KoHlieHTpamuio
noHoB xeje3a (11I) B cTtouHoit Bome KOHTPOJIUPOBAIN
Ha criekTpodoroMmeTpe PB2201.

Pe3yabTaTel 9KCIIEPHMEHTOB MO MCCJIETOBAHUIO 030-
HUPOBAHUS CTOYHBIX BOJ B MPUCYTCTBUH I€TEPOTEHHOTO
HAHOKATAM3AaTOPA

HDCI[Ba]DI/ITCJIbHO HaMMn noz[06paH0 OIITUMAJIbHOC
3HaA4YCHUEC pH CTOYHOM BOIBI IJIST IIPOBCACHUA KaTaIUTU-
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pH crounoli BoAbI

Puc. 1. Biusuaue pH Ha ocTaTO4HYI0 KOHIEHTPAIMIO (DeHOJIa B CTOYHOI BOJie
npu KatajuTndeckom (Fe,0,) 03onupoBanuu (NpoI0KUTEbHOCTD — 35 MUH,
Temneparypa 22—24°C, 103a o3ona — 5 r/am)

0,15
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0,05

OcraroyHas KOHIEHTPALUS]
(benomna, mr/mam3

Temmeparypa ctounoit Bojst, °C

Puc. 2. Bausinue TemnepaTypbl CTOUHO# BOJIbI HA OCTA-
TOYHYI0 KOHIIEHTPAIMIO (heHoJIa Mpu KATATUTHIECKOM
(Fe,0,) o3onupoBannu (NpOI0KHTENbHOCTD — 35 MUH,
pH =9,9-10,4, no3a o30na — 5 r/nm>)
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Jloza o30Ha, T/1M>

Puc. 3. Biausnue 10361 030HA HA 0CTATOYHYIO KOHIIEHTpPA -
o hperosa npu KarasuTnyeckom (Fe,0,) osonnposannu
(npomozkuTebHOCTS — 35 MuH, pH = 9,9—10,4, Temme-
parypa — 22—24°C)
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6000
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2000
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Puc. 4. KpuBbie nsmenenus noka3sareisi XI1K B crounoii Bome npu 030HMpoBaHuu: 0e3 KaTtaau3atopa (kpusas 1),
B npucyTCTBUM KaTaau3atopa Al O, (kpusas 2), B npucyTcTBuM KaTamuszaropa MnO, (kpusad 3), B NpUCYTCTBHH

karammsaropa Fe,O, (kpusad 4).

YeCKOro 030HUpoBaHusl. JIydiime pe3y/abTaThl IOIy4eHb
npu pH =9,9—10,4 (puc. 1). [TosToMy TIepen OKUCTICHN-
€M CTOYHYIO BOMIY ITOABEPraid MEXaHUUECKOI OUMCTKE
u nioamienaynBanu 1o pH = 9,9—10,4. Taxke uccre-
JIOBAHO BJIMSIHUE TEMIIEPATyphl CTOYHO BOIBI (puC. 2)
M J03bI 030HA (pHUC. 3) HA OCTATOYHYIO KOHLIEHTPALIUIO
(enomna. Camasg HU3Kas 0OCTaTOYHAs KOHIIEHTpaus de-
HoJa ObIIa JOCTUTHYTA TIpH 22—24°C, a onTUMaibHas
J103a 030HA cocTaBuia 5 r/oM>.

Pe3ynbTaThl IIpOBEIEHHBIX 9KCIIEPUMEHTOB 110 KaTa-
JINTUYECKOMY O30HMPOBAHUIO CTOYHBIX BOJ ITOKA3aIu
BBICOKYIO 3(h(EeKTUBHOCTh JAHHOI'O METO/a, IIO3BOJISI -
tomero causuth XI1K 8 1,7 (ALO,, MnO,) u B 3 paza
(Fe,0,) mo cpaBHEHHUIO ¢ OOBIYHBIM O30HUPOBAHUEM
(puc. 4).

[Tocie 030HMPOBAHUS B IIPUCYTCTBUM KATAJIM3aTO-
pa Fe,O, KOHTPOIMpPOBAIN KOHLEHTPALMIO MOHOB Xe-

ne3a (III) B ctouHoit Bome cieKTPpO(POTOMETPIICCKIM
metomoM (ITH @ 14.1:2:4.50-96). KoHiieHTpaLiust nOHA
He npesbiiana [JIK B nutbeBoit Bone (0,3 Mr/aMm,).
DU3NKO-XUMHICCKIE XapaKTePUCTUKNA OUYHNIIICHHOMN
CTOYHOI BOIBI TIPUBEICHBI B TA0I.

BbIBO/IbI

[TorygyeHHBIC pe3yIbTAaTH TO3BOJISTIOT YBEPEHHO YT-
Bep:KIaTh, YTO TS TOBBLIIEHUS 3((HEKTUBHOCTH OYMCT-
K1 cTouHBIX Bom Y®PITK HeobxoquMo 030HUpOBaHE
MMPOBOIUTH B MMPUCYTCTBUU TeTEPOreHHOTO HaHOKATa-
nmzaropa Fe,O,, KoTOpbIii MCTIOIB3YeTCA B HEOOIBIIOM
KonnuecTBe. McciemoBaHHBIN CITOCOO OYMCTKY MTO3BO-
JISIET CHU3UTD coliepKaHne (peHosIa 10 HOPMAaTUBHOTO
nmokaszatesisg KadecTBa. Dddext ounctku o XI1K mo-
cruraet 96%.
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