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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kaszakcma+ Pecnybnukacbl Ynmmbik fbinibiM akademusicbl "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsioeusi cepusichl” fbinibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHdekcmernyze KabblnOaHraHbiH xabapnalobl. byn uHOekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday macesneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. XuMmusi XoHe mexHosoausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH eH 63eKmi xoHe 6edendi XUMUSIIIbIK FblribiMOap
bolibIHWa KoHmMeHmke adandbifbiMbi30bi 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosnoaul» 6bi
npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
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2nybuHy koHmeHma 0151 uccriedogamerel, asmopos, usddamersel u yuypexoeHul. BkrirodeHue Nagecmusi
HAH PK e Emerging Sources Citation Index OemoHcmpupyem Hawy MnpueepxeHHoCMb K Hauboriee
akmyasibHOMY U 8/IUSIMesIbHOMY KOHMEHMY Mo XUMUYEeCKUM Haykam O Hauleeo coobuecmea.
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ANALYSIS OF EFFICIENCY OF COLLECTIVE-SELECTIVE
COPPER-LEAD ORE ENRICHMENT BY SODIUM OLEATE
IN THE MAIN FLOTATION

Abstract: The problem of the polymetallic ores enrichment containing of copper, lead, zinc and other non-
ferrous metals minerals’ consists in the disclosure of splices, the separation of small-grained particles of one mineral
from another mineral or waste rock. The purpose of this paper is studying the flotation reagents behavior in the
suspension composition while ore enrichment according to the collectively selective scheme.

The elemental analysis of copper-lead ore samples is carried out. The flotation tests on the FML-1 flotation
machine were carried out, the volume of the working chamber was 0.25 L, and the T-92 was used as the foaming
agent. The decomposition with concentrated nitric and hydrochloric acids mixture’s was applied to carry the ore
samples and enrichment products to the solute state. The results of copper-lead ore enrichment the use of sodium
oleate in the main flotation are presented. The material balance of copper-lead ore flotation process both for the main
and control flotation and for the clean-up operations according to the collectively selective scheme (for the solid
component) was calculated. It is shown that the addition of two clean-up operations to the scheme, with sodium
dibutyl dithiothiophosphate as the main reagent, makes it possible to increase the lead and copper concentration in
selective concentrates by 3 times. Based on the results of the material balance, the separation potentials and
separation capacities of the main, reference and two clean-up flotations were calculated. The negative dynamics of
the change in the separation potential from the initial stage of enrichment to the final one indicates the increase in the
minerals separation complexity. The presence of the separation potential extremes relative to the metal concentration
in the ore indicates a difference in the oxygen-containing and phosphorus-containing collectors reactivity. It has been
established that the value of separating power serves as a quantitative measure of the applied flotation agents
selectivity. Thus, the efficiency of the proposed enrichment scheme was evaluated based on separation criteria.

Key words: collectively-selective scheme, sodium oleate, sodium dibutyldithiophosphate, material balance,
separation potential, separation power.

In contrast to past years, when some ores with a high content of lead, copper or zinc were sent after
enrichment with potassium butyanthate in a collective or collectively selective scheme for metallurgical
smelting, processing of ores of non-ferrous and rare metals mined in recent years is economically
unprofitable without prior complex enrichment [1-5]. The problem of enrichment of sulfide copper-lead
ores has not yet been fully resolved, since, on the one hand, ores are difficult to enrich in terms of
dispersity and in terms of the identity of the flotation properties of the minerals that make up the ore.
Therefore, finding more selectively active collectors [6-10] and more advanced modifiers will lead to
further improvement of the flotation process [11-16]. In connection with this, the goal of the work is to
evaluate the efficiency of copper-lead ore enrichment in a collectively selective scheme using sodium
oleate in the main flotation.

Methods
Foam flotation was carried out on a laboratory flotation machine FML-1 with a chamber volume of
0.5 1 by the following procedure: a sample of ore (75% of a fraction of 0.074 mm) with a mass of 10 g was
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loaded into the flotation chamber and mixed with water. Lime was added to maintain the desired pH.
Then, a solution of the collector of a given concentration, a foaming agent, was added to the chamber, and
stirring was continued for 9 minutes. As the flotation agent, collectors, sodium oleate and sodium dibutyl
dithiophosphate (basic substance w 60%) were used. Foaming agent was T-92, consumption was 15 g/t.
Decomposition of the samples of the initial ore and the resulting concentrates (0.1 g) was carried out with
a mixture of concentrated hydrochloric and nitric acids (3: 1) [17]. Determination of the concentration of
metal ions Cu® ", Pb> " was carried out using the Varian AA140 atomic absorption spectrometer. Elemental
analysis was performed on an X-ray fluorescent analyzer of the Olimpus Delta XRF brand (Table 1).

Table 1 - Element composition of copper-lead ore

Mass c Za,2+o'/\/(n) Mass c Za,2+c/\/(n)
Element fraction, % Element fraction, %
0 50.12 2.14-107 2.96-10° Mn 0.20 2.50-101 3.46-10™"
Na 2.91 3.91:107 5.41-107 Fe 8.83 2.38:107 3.29-107
Mg 5.64 2.25-10° 3.12-10° Ni 0.04 3.06:10"° 4.24-10"°
Al 9.18 5.63-107 7.80-10° Cu 0.99 2.40-10° 3.33-10°
S 3.01 3.18:107 5.38:107 Zn 0.08 1.41-10” 1.95-10°
Si 17.00 2.86:107 3.97-107 Mo 0.39 1.23-10° 1.70-10°
K 0.02 9.00-107'° 1.25-10° cd 0.01 6.25-107'2 8.66107'2
Ca 1.03 225107 3.12:107° Pb 0.05 6.25-10"° 8.66-10"°
Ti 0.48 5.26:107 7.28-10°

The results of elemental analysis show that the useful part of sulfide copper-lead ore (Table 1) is
represented by metals Fe, Pb, Cu, Zn and nonmetals S, difficult to enrich the minerals Mn, Ti, the empty
rock is composed of elements Ca, C, Si, Al, Mg, which allows to judge the presence of iron sulfides, iron
oxides, lead sulfides, copper, zinc, and also silicates, carbonates, calcium and magnesium aluminates in
the samples, the most common are quartz, calcite, orthoclase (K[(Si,Al);Og]), anorthite (CaAl,Si,Oy),
olivine MgFeSiOy, kaolinite (Al [Si4O10](OH)y).

Technological parameters of enrichment were calculated by formulas

Yk = 100(a — 6) /(B — 8)rk = 100(a— 6) /(B — 6) 1)

E.= Yx-B/aE, = vx-p/a @)

where yk-concentrate yield,%, Ek-metal recovery in concentrate,%, f-metal content in concentrate,% [18].
The separation potential ® (B) was calculated from the formula

2(f) =(2x—1) - In - 3)
The separation power was calculated from the formula
AU=P-2(af) 4)

where: P is the amount of product obtained, g/h, @ (a, B) is the separation potential, reckoned from the
concentration of the initial product with the content of a.
The formula for calculating @ (a, B) is given below

P(a,f) = (28 — 1) - In 22y Frali2e) )

el 1—F) i l—a)

Results and Discussion

Based on the modified scheme of collectively-selective flotation of Cu-Pb ore using sodium oleate in
the main flotation, a schematic diagram was drawn up (Fig. 1) and calculations of purification operations
of enrichment were carried out (Tables 2, 3) [19].

— 50 ——



ISSN 2224-5286 Cepus xumuu u mexnonoeuu. Ne 4. 2018

1
Flotation Pb
3 11
Flotation Cu
17

Figure 1 - Schematic diagram of flotation of copper-lead ore

Table 2 - Balance for final products of flotatio

0, 0,
;Ti%?r Product Name Yield,% IA)zsay, % Cu ;lgzcovery, % o
9 Concentrate Pb 13.79 0.25 0.01 68.95 0.14
17 Concentrate Cu 1.60 0.07 39.46 2.24 63.78
20 Tailings 84.61 0.02 0.42 28.81 36.08
1 Ore 100.00 0.05 0.99 100.00 100.00
Table 3 - Balance of Cu-Pb ore products enrichment
Product Products and operations name 0, g/h 7, % b, % & %
Number i i i ”
1 Basic lead flotation
Come in:
1 Classifier drain 375 100 0.05 100
12 Combined industrial product 146.57 39.09 0.02 14.95
2 Total: 521.57 139.09 0.04 114.95
Go out:
3 Concentrate of basic flotation 197.86 52.76 0.08 83.02
4 Main flotation tailings 323.71 86.32 0.02 31.93
Total: 521.57 139.09 0.04 114.95
11 First cleansing flotation
Come in:
3 Concentrate of basic flotation 197.86 52.76 0.08 83.02
8 Second cleansing flotation tailings 37.16 9.91 0.03 5.63
5 Total: 235.03 62.67 0.07 88.65
Go out:
6 Concentrate of first cleansing 88.88 23.70 0.16 74.58
7 First cleansing flotation tailings 146.15 38.97 0.02 14.07
Total: 235.03 62.67 0.07 88.65
111 Second cleansing flotation
Come in:
6 Concentrate of first cleansing 88.88 23.70 0.16 74.58
Total: 88.88 23.70 0.16 74.58
Go out:
9 Concentrate 51.71 13.79 0.25 68.95
8 First cleansing flotation tailings 37.16 9.91 0.03 5.63
Total: 88.88 23.70 0.16 74.58
v Control flotation
Come in:
4 Basic flotation tailings 323.71 86.32 0.02 31.93
Total: 323.71 86.32 0.02 31.93
Go out:
10 Foam product control flotation 0.42 0.11 0.39 0.88
11 Tails of the control flotation 323.29 86.21 0.02 31.05
Total: 323.71 86.32 0.02 31.93
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Calculation of the lead flotation cycle. The calculation of the first flotation cycle is carried out
according to the following scheme (Figure 2) with the previously identified products. Calculation of the
material balance of lead flotation was carried out using the Solver Excel software package. The results of
calculating the qualitative-quantitative scheme of the lead flotation cycle are given in Table 2.
Calculations were carried out according to the cycle of copper flotation (Figure 3).

Thus, to calculate the cycle of copper flotation, the initial indicators are: a) two indicators relating to
the source data (Q, and 0"); b) four indicators of copper recovery in flotation products; (c) Four indicators
of copper content in concentrate operations. The number of initial indicators is 4, the number of stages 4.
The results are given in Table 4.

| 1 | 1
2 13;
Basic flotation Pb Basic flotation Cu
3 a4 14 15
¥ 5 23
| Cleansin Control 1 Cleansing Control
6 16

11 Cleansin 1l Cleansing

Figure 2 - The lead flotation cycle Figure 3 - The cycle of copper flotation

Table 4 - The balance of copper enrichment products

Stage No Name of operations and products 0, glh y, Y% B, % g, %
1 Basic copper flotation
Come in:
11 Basic flotation tailings 323.29 86.21 1.15 99.86
22 Combined industrial product 36.54 9.74 4.00 33.96
13 Total: 359.83 95.95 1.60 133.82
Go out:
14 Concentrate of basic flotation 30.71 8.19 9.51 78.65
15 Basic flotation tailings 329.12 87.76 0.72 55.18
Total: 359.83 95.95 1.60 133.82
11 First cleansing flotation
Come in:
14 Concentrate of basic flotation 30.71 8.19 9.51 78.65
19 Second cleansing flotation tailings 7.34 1.96 2.67 4.56
23 Total: 38.06 10.15 9.40 83.21
Go out:
16 Concentrate of the first cleansing flotation 13.34 3.56 19.01 68.34
17 First clearing tailings 24.71 6.59 2.59 14.87
Total: 38.06 10.15 9.40 83.21
111 Second cleansing flotation
Come in:
16 Concentrate of the first cleansing flotation 13.34 3.56 19.01 68.34
Total: 13.34 3.56 19.01 68.34
Go out:
18 Concentrate 6.00 1.60 39.46 63.78
19 Second cleansing flotation tailings 7.34 1.96 2.67 4.56
Total: 13.34 3.56 19.01 68.34
v Control flotation
Come in:
15 Basic flotation tailings 329.12 87.76 0.72 55.18
Total: 329.12 87.76 0.72 55.18
Go out:
20 Foam product of control flotation 11.83 3.15 5.99 19.10
21 Basic flotation tailings 317.29 84.61 0.42 36.08
Total: 329.12 87.76 0.72 55.18

—— 54
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The results of the circuit experiments confirm that the following concentrates can be obtained
according to the developed technological scheme and the reagent regime: in the intercrack flotation lead
concentrate with a lead content of 0.25%, extraction of 68.95%; in the copper flotation cycle, concentrate
with a copper content of 39.46%, extraction of 63.78%; the use of purge operations makes it possible to
increase the content of the valuable component of Bp, from 0.08 to 0.25%, Bc, from 9.51 to 39.46%.
However, in both cases, the extraction of metal and the amount of concentrate are reduced.

The introduction to the circuit of a cycle for a combined industrial product in lead and copper
flotations is caused by the need to reduce metal losses with tails. Thus, it has been shown that the use of
sodium oleate as the main flotation agent in the lead flotation cycle and at the copper flotation stage of
sodium dibutyldithiophosphate allows the development of selective and circuit regimes. Further, the
efficiency of flotation enrichment was assessed (Table 5) [20].

Table 5 - Results of separation potentials and separation power calculation
for a collectively selective scheme for copper-lead ore enrichment

, O(P) O(ap) AU, g/
Stage No Name of the separation stage
Pb Cu Pb Cu Pb Cu
1 Basic flotation 7.12 1.82 0.13 6.62 25.75 203.15
11 First cleansing flotation 6.42 0.90 1.04 16.06 92.29 214.29
111 Second cleansing flotation 5.96 0.09 2.39 37.59 123.83 225.54
v Control flotation 5.50 242 4.76 3.37 1.99 39.87

Analysis of the data in Table 5 showed that more purification operations are needed to obtain cleaner
products, namely lead concentrate with a high content of the useful component, than for copper
concentrate. On the other hand, the maximum values of the separation potential ® (a, B) for the second
flocculation flotation for copper and lead control flotation serve as an indicator of the completeness of the
ore minerals from the separation gangue, but which, according to the minima @ (f), is complicated by the
proximity of the flotation properties of the components of the mixture. The high value of the separation
power for the second purification flotation, in both lead and copper, confirms the selectivity of the
proposed reagents to the lead and copper minerals and indicates a sufficiently high efficiency of flotation
enrichment in the proposed collective selective scheme.

Thus, as a result of the conducted studies, a qualitative-quantitative scheme for flotation of Cu-Pb ore
was calculated using sodium oleate as the main reagent. It is shown that the scheme should include two
clean-up operations at the Pb flotation stage, one control operation, at the copper flotation stage, two
clean-ups of selective concentrate and closed-loop control flotation are also envisaged. An increase in the
content of Cu and Pb in similar concentrates was established using the use of BPb purge operations from
0.08 to 0.25%, BCu from 9.51 to 39.46%. The results of calculations of the change in separation potentials
and separation power indicate a rather high efficiency of the collectively-selective scheme for the
enrichment of copper-lead ore.
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'JI.H. Tymuses atsinnars Eypasus yiTTsiK yHuBepcuteti, Actana, Kasakcran;
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HET'I3I'T ®JIOTAIIAAIA MbIC-KOPFACBIH/IbI KEH/I HATPAM OJIEATBIMEH
YKBIM/IbI-TAHJIAMAJIBI BAUBITY TUIMILIITTHIH AHAJHA3I

AnHOTanmsi: MpIC, KOpPFAachlH, MBIPBIII JKOHE Oacka TYCTI MeTangap/AblH MHUHEpajJapblHaH TYpaThiH
MOJMMETaNbl KeHAepal OalbiTy Moceseci »aObICKaH OCIHAUIepAl amyaaH, Oip MHUHEpalIbIH Maiija cermre
OenmiekTepin Oacka MUHEpalZiaH Hemece 00C HKbIHBIC 00JyIeH Typaabl. JKyMBICTBIH MaKcaThl OalbITYIbIH Y)KbIM/IbI-
TaHZaMajbl cyI0achl OOMBIHIIA CYCIICH3USHBIH KYpaMbIHAAFBl (GIOTOpeareHTTi 3epTrey Oounbin Tabbutamsl. Meic-
KOpFachIHIBI ~K€H YITICIHIH 3JeMEHTTIK Taijmaysl Okypriziami. ®uorammsnelk  3eprreynep DOMII-1
(hroToMaIMHaCKIHAA SKYPTi3iigi, >KYMbIC KaMmepachiHbIH keieMmi 0,25 1, keOikteHamiprim areHT perinme T-92
KonmaHepuIasl. KeHiHiH yarinepi xoHe OalbITyAbIH OHIMAEP] epireH KYHTre KOCIaHbl KOHIIEHTPJICHIeH a30T KOHE TY3
KBILIKBUIIAPBIHAA €piTy apKbUIBl aybICTHIPBUIBL. JKYMBICTA HETi3ri ¢uoTanysia HATPUH OJNeaThlH KOJJIaHYbIMEH
JKYPETiH MBIC-KOPFACBIHIBI KEHII OaWbITy HOTIDKENepi KenTipireH. Y KbIMIbI-TaHAaManbl cyroa OoWbIHINA (KATTHI
KOMITOHEHT OOWBIHINA) HEri3ri »oHe Oakpuiay (IoTalusChl, KalTa Tazanay onepauusuiapbl YIIiH MaTepUaIbIK
Oananc ecenrenren. Cysbara HaTpuiiaiH quOyTUIANTHOGOChATHIMEH KYPETIH €Ki KaiiTa Ta3ajay onepauusuiapbiH
KOCY CEJICKTHUBTI KOHLEHTpATTapJarbl KOPFACBIH JKOHE MbBIC MeJIIepiH 3 ece apTThIpaThIHBIH KepPCETeli.
Marepuanaplk O0ajaHCc HOTHOKENepl OOMBIHINA Herisri, OaKpUIay JKOHE €Ki KaWTa Tazaiay (GoTalisulapbIHBIH 06y
MOTEHLUAJ 1Pkl )KoHE 061y yakbIThl ecenTeni. ballbITyIbIH OacTanKpl cTaJMsICbIHAH COHFBI CTaqUsAChIHA JeHiH 0oy
MOTEHLUAJIBIHBIH TEPIC AMHAMUKAChl MUHEpaJiap/bl 06y MPOLECiHIH KYPASNUIITIHIH apTybl Typajibl MOJIIMETTEH .
Beny morteHnuanapelHbIH KEHAETT METall MeJIlepiHe KaTBICTBI SKCTPEMyMIAphl OTTEK- KoHe (ochopKypamsl
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JKUHAFBIIITAPIBIH PEaKIMAIBIK KaOLIeTTUTIKTEepiHiH aWbIpMAIIBUIBIFBIH KepceTeni. bedy KyaThIHBIH IIaMachl
KOJNJaHBUIFaH  (IIOTOpPEareHTTepAiH  CENeKTHBTUIIK  KepceTkimi Oombim  TaObutamel.  Ochomaiimia, Oeiry
KpUTEPHIJIepiHiH HeTi31HIe YCHHBUTFaH OalbITy CYI0aCBIHBIH THIMIUTITIH OaFanay »Ypri3uimi.

KinT ce3mep: yXbiMIbl-TaHgaManbl cyji0a, HATpUil ojeaTbl, HATpuil AUOyTHIIUTHOMOChATHI, MaTEPUAIABIK
Gananc, 6ery MOTEHINAN, 06Ty KyaThl

VK 622.765
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AHAJIN3 DO®PEKTUBHOCTH KOJUIEKTUBHO-CEJEKTUBHOT'O OBOT ALLIEHUS
MEJIHO-CBUHLIOBO PY bl OJIEATOM HATPHUSI B OCHOBHOI ®JIOTALIMU

AnHoTanus: [Ipobiema oborameHus MOIMMETAININYECKUX Py /I, COACPIKAIINX MUHEPAJIbl MU, CBUHIIA, [ITHKA
U JPYTHX LBETHBIX METAIOB COCTOUT B PACKPBITHM CPOCTKOB, OTIEICHHH MEIKOBKPAIIEHBIX YaCTHI] OJHOTO
MHUHEpaja OT JAPYroro MHHepana WiId IycTod mopojpl. Llenbo paboThl sBisETCS H3Yy4YEHHE IOBEICHUS
(hioTopeareHTOB B COCTaBe CYyCHEH3MM IIpH OOOralleHWH MO KOJUIEKTHBHO-CEJEKTUBHON cxeme. I[IpoBenen
3JIEMEHTHBIH aHaIM3 00pa3loB METHO-CBUHIIOBON py/ibl. DIIOTAIIMOHHBIE UCIIBITAHMUS BBITIOJIHEHBI Ha (JIOTOMAIIHE
OMJI-1, obbem paboueii kamepsl 0,25 51, B KauecTBe IeHOOOpa3zoBarelnsl MCIoib30BaH T-92. OOpasiusl pynsl u
NPOJXYKTHl ~ OOOTamIeHWs] NEepPEeBOAWINCH B  PAacCTBOPEHHOE  COCTOSHHE IyTEM  PA3JIOKEHHUS  CMECBIO
KOHLICHTPUPOBAHHBIX a30THOM M COJITHOM KuCIOT. B paboTe mpHBEICHBI pe3yibTaThl OOOTAICHHS MEIHO-
CBUHIIOBOH PyIBI C WCIIONB30BAaHHEM OJieaTa HAaTpWsA B OCHOBHOW (uroTanmu. Paccumtan marepwaibHBIN OamaHC
npomnecca (GIoTanuy MEIHO-CBUHIIOBOH PYZABI MO KOJJIEKTHBHO-CEJIEKTHBHONW cxeMe (110 TBEpAOMY KOMIIOHEHTY),
KaK JUIsl OCHOBHOM W KOHTPOJBHOW (JIOTAlMM, TaK W JUIsl IEPEUUCTHBIX omeparuii. [TokazaHo, 4to moOaBieHHe B
CXeMy [IBYX IIEPEYHCTHBIX OIlepaluii, ¢ OCHOBHBIM pPEareHTOM IHOYyTHIAUTHOGOC(HATOM HATPUs, HO3BOJISAET
MOBBICUTH COJEP)KaHWE CBHHIIA U MEIU B CEIEKTHBHBIX KOHIIEHTpaTax B 3 pasa. Ilo pe3ynpTatam MaTepHanbHOTO
OaJyaHca paccUMTaHbl pa3/eaUTeNIbHbIE TIOTEHIMANbBl ¥ Pa3eIuTelIbHas MOITHOCTh OCHOBHOM, KOHTPOJIBHOM M JABYX
NMEPEYNUCTHBIX (l)J'IOTaLIHfI. OTpI/lLIaTeJ'I])Haﬂ JVMHaMHWKa U3MCHCHUSA pPa3ACJIMTC/IbHOIO IMOTCHIIMAaJIa OT HayaJbHOMU
cTaguy o0oramieHus K 3aBeplUarolleil CBUIETENbCTBYET O BO3PAaCTAaHMU CIOXKHOCTH DPa3JlelieHUsi MHHEpaJIOB,
HaJIM4YME SKCTPEMYMOB pa3[eIUTEIbHOIO MOTEHIMAla OTHOCUTENIBHO COAEpXKaHUS MeTallla B PyIe yKa3blBaeT Ha
pasiuuuMe B PEAKUMOHHOM CHOCOOHOCTH —KHCJIOpoJcoaepxkamero M Qocdopcoaepkamero codupareneil.
VYcTaHOBNEHO, YTO BEIMYMHA pPa3AEIUTENbHOM MOIIHOCTU CIIY>)KUT KOJIMYECTBEHHOH MEpOH CEeNeKTUBHOCTU
UCTIONB3YEMBIX (IIOTOpeareHToB. TakuM 00pa3oM, Ha OCHOBAaHMM KPHUTEPHEB pa3[eleHUs IIPOBEICHA OICHKA
3¢} PEKTUBHOCTH MPEUIOKEHHON CXeMBbI 000TaIlCHNSI.

KiroueBble cJIOBa: KOJUIGKTUBHO-CEJICKTHBHAsl CXEMa, oJjieaT HaTpus, AuOytmwigutuodocdar HaTpus,
MaTepualbHbIN OaTaHC, pa3AeIuTeNbHbIN NOTEHINAN, Pa3eIUTENbHAS MOIIHOCTD
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