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The degree of the extraction of gold from ores by direct cyanidation, as well as by the combined method
(flotation of the initial ore and pre-extraction of gold by cyanidation of the received flotation tails). The tech-
nology of enrichment of gold-containing ores under the new flotation-cyanidation method is established. This
work was carried out to determine the leaching of gold from the gold-containing ores of the «Ishtamberdy»
gold deposit by the cyanidation method, with use of sodium cyanide and its substitute reagent «Jinxin» for
the following types of ores: ISH-1 oxidized; ISH-2 sulfide and ISH-3 mixed. The purpose of this work is to de-
termine the degree of gold extraction from these ores by direct cyanidation method, and also by the combined
method (flotation of the initial ore and pre-extraction of gold by cyanidation from the received flotation tails).
Flotation experiments were carried out according to the scheme and regime used at concentrating factory.
The main industrially valuable component of all three samples is gold.
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ntroduction. LLC «Full Gold Mining» is a gold

mining company founded by the Chinese state
corporation «Linbao Gold» in cooperation with the
«China Road and Bridge Corporation», the invest-
ment company «Lin Xi» and and the Ministry of
Transport and Communications of the Kyrgyz Re-
public and the State Committee for Industry, En-
ergy and Mining of the Kyrgyz Republic, conduct
underground development of the «Ishtamberdy»
gold deposit on the basis of a bilateral agreement,
located in Ala-Buka district of Jalal-Abad region
of the Kyrgyz Republic.

«Ishtamberdy» gold deposit is located on the
southern slope of the Chatkal ridge in the upper
part of the Kassan river valley, on the left-hand
board of the Ishtamberdy river in the area of its
confluence in the Kassan river.

Administratively this area belongs to Chatkal dis-
trict of Jalal-Abad region of the Kyrgyz Republic.

The main indicators for the development of the
«Ishtamberdy» gold deposit:

- Useful ore reserves — 2619 th. t;

- Metal reserves (gold) — 19.197 kg;

- The volume of ore after deduction of loss and
dilution — 2.635 th. t;

- Metal reserves (gold) — 16.396 kg;

- Metal reserves taking into account coefficient
of complex extraction — 14.146 kg.

Purpose of the study. This work was carried
out to determine the leaching of gold from the
gold-containing ores of the «Ishtamberdy» gold
deposit by the cyanidation method, with use of
sodium cyanide and its substitute reagent «Jinxin»
for the following types of ores:

Sample ISH-1 — Sulfide ores

Sample ISH-2 — Oxidized ores

Sample ISH-3 — Mixed ores

Samples ISH-1 and ISH-2 were delivered to the
laboratory in a worn-out form, and the ISH-3 sam-

ple was delivered from the Ishtamberdy mine in
a non-crushed state. The maximum grain size of
the mixed ore was 50-70 mm.

* NaCN — Sodium cyanide, — sodium salt of
a cyanhydric acid. NaCN is used for extraction of
precious metals (gold, silver) from ores by selective
leaching.

In industry, sodium cyanide is mainly produced
by neutralizing hydrocyanic acid with sodium hy-
droxide NaOH

NaCN+H20 < HCN+NaOH

* Reagent «Jiansin» as substitute represents the
chemical mixture consisting of: sodium cyanate,
sodium chloride, sodium carbonate, sodium thio-
sulfate, ammonium nitrate and calcium oxide in
a percentage ratio:

NaCNO : NaCl : Na2COs3 : Na2S203 : NH4NO3 :
: CaO = 55:15:15:5:5:5

The main component of the proposed lixivating
agent is sodium cyanate, i.e. sodium cyanate with
a formula NaCNO.

The chemical mixture (NaCNO, Na2S203,
NH4NO3, NaCl, Na2CO3, CaO) contains substances
that support the processes of intramolecular oxi-
dation and reduction (NaCNO, Na2S203), on the
basis of which sodium cyanide is formed, which is
the main leaching reagent in the process of gold
extraction from ores.

The mechanism of reactions on the basis of the
above-stated chemical mix:

NaCNO + Na2S203 + 3NH4NO3 + NaCl +
+Na2C0O3— NaCN + Na2S04 + 3NaNO3 + NH4Cl +
+ 2NH31 + CO21 + H20 + S|,

This equation shows that NaCNO and Na-
25203 undergo internal oxidation and reduction. Ac-
cordingly, products of the following type are formed:
sodium cyanide, sodium sulfates and nitrates, am-
monium chloride, and volatile gaseous substances —
ammonia and carbon dioxide. Sulfur is precipitated.
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Sodium cyanide in aqueous medium undergoes
hydrolysis with the formation of hydrocyanic acid,
respectively, calcium oxide in the chemical mix-
ture plays a role of so-called «protective alkali»,
preventing the hydrolysis of NaCN and the re-
lease into the gas phase of highly toxic hydrogen
cyanide HCN. Taking into account these provi-
sions, the process of leaching gold from ores with
reagent «Jinxin» must be carried out strictly in
an alkaline condition (pH = 10.5-11) using CaO
and/or NaOH.

Chemical composition of the reagent «Jiansin».

Ne Name Chemical Ne CAS % of
formula content

1 | Sodium cyanate | CNNaO | 917-61-3 55%

2 | Sodium chloride NaCI 7647-14-5 15%

3 Soda ash Na 2S03 | 497-19-8 15%
Sodium

4 thiosulfate Na 2S203 | 7772-98-7 5%

5 | Ammonium | \puNG3 | 6484-52-2 | 5%
nitrate

The purpose of this work is to determine the
degree of gold extraction from these ores by di-
rect cyanidation method, and also by the combined
method (flotation of the initial ore and pre-extrac-
tion of gold by cyanidation from the received flo-
tation tails). Flotation experiments were carried
out according to the scheme and regime used at
concentrating factory.

The main industrially valuable component of all
three samples is gold. Based on the results of the
assay of the Central laboratory of the State com-
mittee of Industry, Energy and Mining use of the
Kyrgyz Republic, on flotation products, the con-
tent of gold in the initial ore was: on the ISH-1
ore — 3.6 g/t; on the ISH-2 ore — 2,6 g/t and on the
ISH-3 ore — 4,2 g/t. The content of silver in sam-
ples was determined by atomic absorption analy-
sis: on the ISH-1 ore — 0.5 g/t; on the ISH-2 ore —
0.3 g/t and on the ISH-3 ore — 04 g/t.

Technology of ore enrichment with the use
of sodium cyanide and its substitute reagent —
Jiansin.

1. Cyanidation of ore.

Based on the results of the assay, it was found
that in the initial provided samples, content of
gold was: in the ISH-1 sample — 3.6 g/t; in the
ISH-2 sample — 2.6 g/t and in the ISH-3 sample —
4.2 g/t.

Tests for direct cyanidation of the initial ore
of all samples were carried out at a grain size of
80-82% class — 0.074 mm using a traditional reagent
for leaching — sodium cyanide (NaCN) and its sub-
stitute reagent of the Chinese production, Jinxin.

Cyanidation of the initial samples was carried
out:

A) at a concentration of cyanide solution
NaCN = 0.05; 0.1; and 1.0 g/I;

B) at a concentration of jinxin;

in exactly the same as with sodium cyanide
in the L:S = 3:1 mode (L:S — liquid-solid suspen-
sion). Cyanidation was conducted for duration of
48 hours, while in the intervals of time the kinetics
of gold cyanidation was removed.

In order to make pH equal to 10.5-11.5, lime was
used in the amount of 500-600 g/t. After the aer-

ation process, sodium cyanide and jinxin in the re-
quired amount and activated carbon 15 grams per
liter of pulp were added. Leaching was carried out
by pulp agitation in 1 liter bottles with free air ac-
cess at room temperature of 18 to 20° C for 48 hours.

The concentration of sodium cyanide, jinxin
and pH of the pulp at predetermined levels were
maintained throughout the leaching time.

After leaching, product was neutralized and
washed from cyanide and alkali to the neutral
medium through a filter and was dried. The dry
residue was rubbed until the lumps disappeared,
packed in marked bags, and then analyzed for gold
content.

The results obtained from leaching of sulfide
ore with the help of «Jinxin» reagent are shown
in Figure 1.

20 TE TE 78

25
EZV
4

20
®
=
o 15
y=!
o
bl
=
5 1

5

L]

0,05 01 0,15 0.2

—+= Jinxin concentration of solution, mg/1

Fig. 1. Leaching of sulphide ore

On sulfide and mixed ore, direct leaching does
not yield positive results, as evidenced by the re-
sults of leaching of gold, Figure 1.

At the same time, comparing the results of
leaching of ores with the use of sodium cyanide
and a new reagent — jinxin, it can be noted that
the leaching of gold in the investigated ores is al-
most identical.

Thus, the use of jinxin allowed to obtain cakes
of cyanide by the content of gold: on sulfide ore 2.8,
2.6 and 2.6 g/t; on oxidized ore 0.8, 0.3 and 0.3 g/t;
on mixed ore 1.8, 1.4 and 1.4 g/t. The cyanidation
tails with sodium cyanide were: on the ISH-1 ore —
2.8, 2.6 and 2.6 g/t; on the ISH-2 ore — 0,8, 0,3 and
0,3 g/t; on the ISH-3 ore — 1,8, 1,5 and 1,4 g/t,
depending on the concentration of solutions.

* Cake is solid sediment of concentrate. In this
case, the sediments formed on the tailings of the
Ishtamberdy gold deposit.

Loss of gold in Cakes at a concentration of sodi-
um cyanide and Jinxin, 48 hours.

Samples Loss of NaCN Loss of Jinxin
0,05 0,01 1,0 0,05 | 0,01 1,0
g/l | g/1 | g/1 | g/1 | g/1 | g/1
Ish- | 77,8%| 72,2% | 72,2% | 77,8% | 72,2% | 72,2%
1 sulfide

Ish- 30,7% | 10,6% | 10,6% | 30,7% | 10,6% | 10,6%
2 oxidized

Ish- 42,8% | 38,0% | 33,3% | 42,8% | 33,3% | 33,3%

2 mixed

The gold content in cyanidation solutions when
removing the kinetics of leaching also indicates
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that cyanidation on the oxidized sample gives pos-
itive results on the leaching of gold. It is signifi-
cant that with a small concentration of oxidants,
cyanidation proceeds slowly, but with increasing
cyanidation time, solutions in terms of gold content
become richer. At a high concentration of cyanide
and its substitute-jinxin, the dissolution of gold
into the solution goes quite intensely, and by the
end of the leaching time it slows down.

The maximum extraction of gold (89.4%) in the
solution was obtained on oxidized ore (ISH-2) at
0.5 g/l and 1.0 g/1 sodium cyanide and jinxin con-
centration. At the same time, gold losses with cy-
anide tails amounted to 10.6%, with a content of
0.3 g/t gold.

At the same concentration of sodium cya-
nide and jinxin, gold extraction on sulfide ore —
ISH-1 amounted to only 27.8%, and cakes of cya-
nide contained 2.6 g/t gold, and gold losses with
them amounted to 72.2%.

The maximum gold extraction in direct cyani-
dation of mixed ISH-3 ore was also obtained with
a concentration of oxidants of 1.0 g/1 and amoun-
ted to 66.7% (on sodium cyanide and jinxin). Gold
losses in this case amounted to 33.3% with a gold
content of 1.4 g/t in each cake.

2. Cyanidation of cakes. Pre-extraction of metal.

According to the above-mentioned results of
laboratory studies, tailings obtained during flota-
tion were subjected to cyanidation in order to ex-
tract gold. Cyanidation on tailings of flotation was
carried out with the help of:

1) sodium cyanide;

2) new reagent (cyanide substitute) — Jinxin.

Tailings of flotation were cyanated at the in-
itial size, which were obtained after flotation of
the ore. The pulp density for cyanidation was 50%
for the solid. The leaching was carried out by pulp
agitation in 1 liter bottles with free air access at
room temperature of 18 to 20° C with the addition
of activated carbon (15 grams per liter of pulp) for
24 hours at a pH of 10.5-11.5.
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Cyanidation was carried out:

A) at a concentration of cyanide solution
NaCN 0.05; 0.1; and 1.0%;

B) at a concentration of jinxin, at the same con-
centration as with sodium cyanide.

The concentration of sodium cyanide, jinxin
and the pH of the pulp were maintained at prede-
termined levels throughout the leaching time. At
the same time, the kinetics of gold cyanidation was
continuously removed in the intervals of time.

After leaching products were washed from
cyanide and alkali residues through a filter, and
then were dried and weighed. The dry residue was
rubbed until the lumps disappeared, and then ana-
lyzed by assay method for gold content.

The results of flotation tailings cyanidation are
presented in Table 1.

From the results in Table 1, it can be noted
that cyanidation of flotation tailings gives positive
results on gold leaching. The cyanidation of flota-
tion tailings with a gold content of 1.5 g/t made it
possible to transfer gold into the solution from the
operation: a) using sodium cyanide, 33.4%, 60.0%
and 66.7%; b) with the use of jinxin — 46.6%, 66.7%
and 66.7% or respectively of ore: a) using sodium
cyanide * 9.0%, 16.0% and 17.8%; b) using jinxin —
12.5%, 17.8% and 17.8%, depending on the concen-
tration of oxidants.

According to the assay analysis, the gold con-
tent in cakes after leaching became:

A) with the use of sodium cyanide — 1.0; 0.6 and
05 g/t;

B) with the use of jinxin — 0,8; 0.5 and 0.5 g/t.

It was noted that cyanide cakes with a mini-
mum gold content of 0.5 g/t were obtained at con-
centration of oxidants of 1.0 g/t. In the tailings of
cyanidation, 33.4% of unleached gold or 9.0% of ore
remains from the operation.

The results on the leaching of gold from tail-
ings of flotation show that the dissolution (Ta-
ble 2) of gold with the use of sodium cyanide
and jinxin occurs almost identically. At the same

Table 1
Results of cyanidation of flotation tailings obtained after flotation of mixed ore
Mixed
Concentration NaCN Jinxin
of solutions, | Extraction from (%) Content in Extraction from (%) Content in

g/l . Solution, h/s . Solution, h/s
operation ore cakes hour Mg/l operation ore cakes hour Mg/l

6 0,299 6 0,324

12 0,323 12 0,305

0,05 33,4 9,0 1,0 18 0,365 46,7 12,5 0,8 18 0,300
24 0,628 24 0,421

48 0,655 48 0,466

6 0,456 6 0,412

12 0,396 12 0,400

oo 60,0 16,0 0,6 18 0,278 66,7 17,8 0,5 18 0,352
24 0,200 24 0,201

48 0,198 48 0,188

6 0,412 6 0,456

12 0,400 12 0,396

1,0 66,7 17,8 0,5 18 0,352 66,7 17,8 0,5 18 0,278
24 0,201 24 0,200

48 0,188 48 0,198
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time, cross-cutting extraction of gold on mixed ore
(ISH-3) according to the flotation-cyanidation
scheme was 91.1% (73.3% — by flotation and 17.8%
by cyanidation).

The main indicators of technological tests from
the sample of mixed ore ISH-3.

Flotation technology. Flotation of the ore was
carried out with a content of 80-82% of the class —
0.074 mm in the flotation feed. The flotation was
carried out in one stage, with the use of the main
and control flotation, where the concentrate of
control flotation is returned to the beginning of
the main flotation, and the concentrate of the main
flotation is the final flotation concentrate. The total
flotation time is 31 minutes.

In the flotation, sodium amyl xanthate (SAX)
and aeroflot were used as collectors, turpentine oil
was used as a foaming agent.

1 (53) e ciuens, 2018 p.

* SAX — sodium amylic xantogenate — chemical
formula — CH3CH2CH2CH2CH20OCSSNa. Sodium
xanthate — amyl is a strong collector with a high
selectivity, it is used as a collector reagent for the
flotation of ores of heavy non-ferrous metals, and
also oxide minerals, for example: gold-bearing py-
rites, oxidized sulphides, copper lead ores.

Flotation experiments were carried out on
weights of 1.0 kg in laboratory machines of the
brand FM-1M with a capacity of 3 liters. The re-
agents were fed into the process in the form of
aqueous solutions and emulsions with the consid-
eration of their activity.

Before conducting the flotation tests, exper-
iments were conducted to determine the influ-
ence of the grinding time on the yield of grade —
0.15 mm and — 0.074 mm in flotation.

To achieve grinding (80.0% of the class —
0.074 mm), a grinding time of 60 minutes

Ore 80-81% - 0.15 mm

is required.
Flotation tests were conducted under

3'SAX-80ght
3' Aeroflot - 140 g/t

Main flotation 16 3' Turpentine oil - 80 g/t

Flotation concentrate 3" SAXKA0 g/t

3" Aeroflot - 70 git

Conirol flotation 15'

3" Turpentine oil - 40 g/t

the following conditions:

1. content of the class — 0.074 mm in the
flotation feed — 80-82%;

2. pulp density in flotation feed — 41%j;

The consumption of reagents in the
main and control flotation:

a. collector SAX in the amount of
80-40 g/t;

b. collector aeroflot in the amount of
140-70 g/t;

c. coaming agent — turpentine oil in the
amount of 80-40 g/t.

The scheme and the reagent regime
of flotation experiments are shown in Fi-
gure 2, the results of testing — in Tables 1,
2 and 3.

According to the flotation scheme in

Consentrate of conirol flofation

Tailings of flotation o

a closed loop that contains one basic and
one control flotation, using the provided
reagents (Fig. 2), on a mixed sample ISH-3

Fig. 2. Scheme and reagent flotation regime
of the concentrating factory

with a gold content of 4.2 g/t (according
to assay analysis), the concentrate of the
main flotation is obtained, into which 73.3%

Table 2

L. Units of meas- | Indicators with the use of
Name of test indicators —

urement NaCN Jinxin

Content of gold in the intial ore g/t 42 42
Content of gold in cakes of direct cyanidation of the intial ore g/t 1,4 1,4
Gold extraction in direct cyanidation of the intial ore % 66,7 66,7
Yield of the concentrate % 23,3 23,3
Content of gold in the flotation concentrate g/t 13,7 13,7
Gold extraction during flotation % 73,3 73,3
Content of gold in tailings of flotation g/t 1,5 1,5
Content of gold in the cakes of cyanide tailings flotation g/t 0,5 0,49
Gold extraction during cyanidation of flotation tailings from ore % 17,8 17,8
Cross-cutting extraction of gold from ore according to the flota- 91.1 91.1
tion-cyanidation scheme %0 ’ ’

Table 3

Yield Gold Silver
Name of the products % | Content, g/t | Extraction, % | Content, g/t | Extraction, %

Flotation concentrate of the main flotation 23,3 13,7 73,3
Tailings of flotation 76,7 1,5. 26,7
Ore 100 4,35 100
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of gold is extracted. Concentrate was obtained with
a content of 13.7 g/t gold, and its yield was 23.3%.

Gold losses with flotation tailings amounted to
26.7%, with a gold content of 1.5 g/t (Table 3).

The results of flotation enrichment of mixed
ore of sample ISH-3, according to the scheme and
reagent regime of the concentrating factory In the
concentrate of the main flotation 73.3% of gold was
extracted. Concentrate was obtained with a con-
tent of 13.7 g/t. Flotation tailings were obtained
with a gold content of 1.5 g/t and gold losses with
tailings of 26.7%.

Conclusions. After laboratory studies of the use
of substitute reagent «Jinxin» proposed by Chinese
side LLC «Full Gold Mining» (China), to increase
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gold extraction on Ishtamberdy gold deposit, in lab-
oratory tests, vital signs of gold enrichment tech-
nology of sample mixed ores (ISH-3) and analyz-
ing the results, it can be noted that the sample of
mixed ore ISH-3 of Ishtamberdy gold deposit at the
applied technological scheme flotation-cyanidation
with the use of reagent substitute Jinxin, we got
the results of gold extraction up to 73.3% for ore,
and up to 26.7% in the flotation tails (in cakes).

In connection with the above, reagent «Jinxin»
shows a high degree of production performance
not only for gold extraction, but also it is safe in
the application of industrial safety of the mine and
for the ecological environment of the Ishtamberdy
gold deposit.
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dakysbTeT reoMaTUKy, JIaHBUIKOYCbKIUII TPAHCIIOPTHUI YHIBEPCUTET,
Kwuraii, nposinnia 'asecy, m. Jlaup9ROY

Razarn ¥.T.

IcTuTyT ripENYOi cnpaBy Ta TIPHMYMX TEXHOJOTiN

Kuprusera Pecnybuika, m. Bimkex

TEXHOJIOI'TA SBATAYEHH{A PYJ 3 SACTOCYBAHHAM HIAHICTOT'O HATPIIO
I IOr0 3AMIHHVKA PEATEHTY II3MHbCIHb

Amnorargisa

BusHaueHHA cTyIleHA BUJIYYEeHHA 30J10Ta 3 PYA 32 METOAOM IPAMOTO I[iaHyBaHHA, a TaK caMo 3 KOMOIHOBaHOTO
Merony (mpoBefeHHAM dorallii BuXigHOI pyzam i BUIIyYeHHAM 30J10Ta IiaHYBAaHHA 3 OTPMMAaHUX XBOCTIB
cparorariii). Beranossiena TexHoJ0riA 30araueHHA 30JI0TOBMICHYIX PY/I IIPY HOBOMY MeTOZi (PJIOTaIlifA — IliaHyBaHHS.
Jana pobora mpoBoamacsa 3 METOK BU3HAYEHHA BUJIYTOBYBAaHHA 30JI0Ta 3 IIPEJCTABJIEHMUX 30JO0TOBMICHMX
pyx ponmoBuira «Vmrambepay» MeTONOM I[iaHYBaHHSA, i3 3aCTOCYBaHHAM IIiaHICTOrO HATPilO i Ioro 3aMiHHMKA
pearenty IlamabcuHL» 3a HacTynmHuMM Trnamu pyn: IIT1-1 oxmucmenwnit; IIT1-2 cynbcimgunii i 1111-3 3minrannii.
Meroro nanoi pobOTM € BU3HAYEHHSA CTYIEHd BIJIyYEHHA 30JI0Ta 3 IMX Py METOZOM IIPAMOro IiaHyBaHHS,
a TaKo)K 3 KOMOIHOBaHOrO MeTOny (IpoBefeHHAM oTallii BUXigHOi pyam i BMIydeHHAM 30J10Ta I[iaHYBaHHA
3 OTPUMMAaHMX XBOCTIiB psioTarii). Pioramiiizi Jocaiay MpoBOAMIIICA 38 CXEMOIO 1 PesKUMY, 3aCTOCOBYIOThCA Ha
30arauyBaJbHilt gabpuiyi. OCHOBHMI IPOMMCIIOBO-I[iIHHMII KOMIIOHEHT JJIA BCiX TPbOX IIPOO 30JI0TO.

Kuaro4oBi coBa: BUIyroByBaHHsA, I[iaHyBaHHA, (PJIOTAllifA, OKNUCIIEHA PYyZAa, CyabginHa pya, BUTAT.
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DarynbTeT reomaTniy, JIAHBUKOYCKII TPAHCIIOPTHBIA YHUBEPCUTET
Kwuraii, npoBunnua anbey, r. JJanpwKoy

KRazaros ¥.T.

JIHCTUYT TOPHOrO ZeJia ¥ TOPHBIX TEeXHOJIOTMUIA,

Kbipreizckas Pecniybomka, r. Bulnikex

TEXHOJIOTNA OBOTAIIEHNA PYI C IPUMEHEHVEM NMAHUCTOTO HATPUA
N ETO SAMEHUTEJIA PEATEHTA INS3ITHbCHD

Anboranusa

OrnpenesieHne CTeleHN M3BJEUEeHNA 30JI0Ta M3 Py METOZOM IIPAMOrO LMAHMPOBAHNUA, a TaK sKe II0 KOMOMHI-
POBaHHOMY MeTOny (IIpoBemeHyMeM (PJIOTALMM MCXONHOM PYZBI M IOM3BJIEYEHNVEM 30JI0Ta I[MAaHMPOBAaHMEM U3
IIOJTy4YEeHHBIX XBOCTOB (PJIOTALMM). Y CTAHOBJIEHA TEXHOJIOIMS 00OraleHns 30JI0TOCOMEPIKAIINX Py IIPY HOBOM
metoze dpioranya — HmaHupoBaHue. JanHasa paboTa MPOBOAMIIACH C IIEJIBIO ONPEeseHNs BbIIlesaduBaHye
30JI10Ta M3 MPECTABJIEHHBIX 30JI0TOCOIEPSKAIINX Py MecTopoxkaeHusa «JlmramMbepay» MeTOIOM HIMAaHMPOBa-
HIA, C IPYMEHeHNMeM IMaHMUCTOTO HATPUA M €ro 3aMeHUTess peareHTa «I[3MHBCUMHB» II0 CJIEAYIOIIMM TUIIAM
pyx: VIIII-1 oxkucinennsni; V-2 cynsdunaeni n VIIIT-3 cMmernansenii. Ilesnpio qaHHOM paboThl ABJIAETCA OIpe-
JleJIeHVe CTelleH) M3BJEeYeHNA 30JI0Ta U3 DTUX PYJA METOIOM IIPAMOro IMAaHMPOBAHMA, & TaKKe 110 KOMOMHM-
POBaHHOMY MeTOAy (IIpOBefieHMeM (PJIOTaIyy MCXOAHOV PYAbl M JIOM3BJEYEHNMEM 30JI0Ta I[MaHUPOBaHMEM U3
IIOJIyYeHHBIX XBOCTOB pyioTarym). PIroTalyioHHbIE OIBITEI IIPOBOANIIVCE II0 CXEME VI PEKNIMY, IIPYMEHAEMbIE Ha
oboraturenbHOM (pabpure. OCHOBHO IIPOMBIIIJIEHHO-IIEHHBI KOMIIOHEHT BCEX TPeX IIPod 30JI0TO.

KuroueBble cjioBa: BBIIeJaYVBaHNMe, [[MAHMPOBAHNA, (PJIOTAINA, OKMUCIEHHAA PyLa, CyJb(MUIHAA PyLa, 13-
BJIEYEHIIE.



