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SELECTIVE EXTRACTION OF GOLD (III) BY INERT ORGANIC
SOLVENTS AND DETERMINATION OF ITS METHYLENE BLUE (MB)
DIRECTLY IN THE ORGANIC PHASE

Abstract. A new highly selective, accelerated and simple extraction photometric method for determining gold
with MB directly in the organic phase has been elaborated. The developed method is tested on the analysis of
production solutions of hydrometallurgical plants, concentrates and rocks without separation of accompanying
elements. The developed method of extraction-photometric determination of gold with MB is recommended for the
analysis of industrial solutions, waste water, ores, concentrates, rocks and other materials complex in terms of
chemical composition without separation of the accompanying elements directly in the organic phase.
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Introduction. Existing photometric and extraction-photometric methods for the determination of gold
(IIT) for the use of organic dyes [1,2,3,4] are not very selective. Only a few works we can see investigates
about minerals and receiving concentrates for extraction chloride of metal ions [5]. The results of the
leaching of the tailings from the heap leaching section with the aim of extracting gold associated with
sulfides are presented [6,7].Since the complexation of gold (III) with organic reagents happens during the
water phase, the resulting ions often form complex colored compounds and conflict with the definition of
gold. In the work [8] given general information on the chemical composition of ash and slag wastes and
the content of valuable components of the most developed and used deposits in Kazakhstan and attractive
from the point of view of extracting valuable materials from them.

Recently for increase of selectivity of methods for determination of elements a new method is applied
- selective extraction of colorless complexes of elements by inert organic solvents, with the subsequent
addition to the extract of organic dyes and their complexation directly in the organic phase [9,10].

This paper discusses a new selective, simple method based on selective extraction of gold chloride
complex (III) with inert organic solvents and its complexation with MB directly in the organic phase.

Source solution of gold (III) with a concentration of 1MB/ml was prepared from the salt of chloride
gold. Titer of solution was set by potentiometric titration with Mora salt [11]. Aqueous solution of MB
was used.

The spectra of extracts of gold (III) and reagent complexes were shot on SP-26 spectrophotometer,
£=1 see. Optical density of the solution was measured on the photoelectric colorimeter KPC-2.
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chloroform and shaken the phases 10-15 sec. The resulting painted gold complex (III) with MB was
photometrically photometrical relative to the blank solution prepared in a similar way with the same
amounts of reagent. From the tabular data (Table 4) we made a graph of dependence of (gD on -{g[MB]
(figure 4).

The tangent angle of the straight line on the graph shows that gold (II) in the chloroform interacts in
a molar ratio of 1:1. Considering the mechanism of extraction of gold chloride complex (III) and the
composition of complex compounds with MB, the reaction of complexation of gold (III) with the MB
reagent in the organic phase can be presented in the following scheme: [H (H,0); (DMFA);]" [AuCly] ) +
PCly) 2 PAuCl, + 3DMFA + HCl + H,O. Where the P - is the MB cation.

Methods for determining gold in pure solutions. The dividing funnel is filled with the analyzed
solution containing 1.0-120 pg of gold (III), 1 ml of concentrated hydrochloric acid is added to the
dividing funnel and the volume of the solution is brought to 8 ml with water, 2 ml of DMFA, 10 ml of
chloroform is added and 5-10 s are shaken. The extract is washed with 10 ml of solution containing 1 M
HCI and 20% DMFA, and 5-10 s are shaken. Then add 10 ml of 0.010% aqueous solution of MB to the
extract and shake 10-15 sec. The resulting colored complex is filtered through filter paper into a cuvette
and measured the optical density relative to the blank extract.

In industrial samples and minerals, gold is found in mixtures with many elements. In order to identify
the possibility of determining gold from complex chemical samples was studied the influence of foreign
ions in determining gold with MB. The method for determining gold in the presence of foreign ions is the
same as for determining it in pure solutions, with the only difference being that certain amounts of foreign
ions or compounds are preliminarily added to the determined solution and in some cases, if necessary,
masking agents are added and the extract is washed once with a washing solution containing HCl and
DMFA.

Under conditions of extraction of gold (III) partially extracted thallium ions (III) and antimony (V)
and interfered with the definition. However, thallium (III) in chloroform extract with MB in the medium
of 0.05 - 0.5 M of borax does not form a colored complex compound and its 5000-fold amount does not
interfere with the definition of gold. In the presence of tungsten to prevent the deposition of tungsten acid
and to eliminate the interfering effects of antimony (V) previously added 0.01 - 0.5 g tartaric acid. Data on
the definition of gold in the presence of foreign ions are given in table 5 with a relative error within 2-5%.

Table 5 - Determination of gold (IIT) with MB in the presence
of foreign ions (10 pg gold was taken)

M M/Au M M/Au M M/Au M M/Au
Ag (D) 2000 Mn (1) 100000 Cr (1I) 20000 W (VD) 20002
Ag (D) 15000 Cd (D) 80000 Ti (IV) 15000 Mo (VD) 15000
Pb (1) 2000 Hg I) 10000 Sn V) 50000 Te (VI) 30000
Pb (1) 200007 Bi (Il 20000 Th (IV) 22000 Mn (VII) 1000
Zn (I) 50000 Fe (IIT) 30000 Pt (IV) 2000 Os (VIIT) 200
Ca (1) 20000 Tu (11D 15000 Se (IV) 3000 NaF 5000
Ba (I) 20000 AL 15000 Zr (IV) 15000 NO;y 6000
Cu (I) 20000 Ga (11D 10000 Sb (V) 150 PO, 2000
Ni (IT) 30000 La (IIT) 20000 Sb (V) 30002 tartaric acid 100000
Co (I) 35000 T1 (IID) 10007 As (V) 20000 citric 100000
Pd (1) 2000 T1 (IID) 50007 U (VD) 10000 acid
Be (I 2000 T1 (1D 10000! W (VI) 150 thionalide 10000

Where M - ion or compound; M/Au - allowable ratio to gold by weight; 1 - in the presence of 100 MB
thionalide; 2 - in the presence of 0.5 g of tartaric acid; 3 - after heating the solution with sludge in a water
bath for 2 - 3 minutes; 4 - when shaking the extract with aqueous solution of MB, containing 0.05 - 0.5
borax.

In order to find out the possibility of determining gold in various objects, we carried out the analysis
of production solutions, (Table 6) concentrates and rocks (table 7).

In determining the gold (III) in the production solutions are taken 1 - 2 ml of aliquot part of the
solution and further analysis is carried out as in the analysis of gold from pure solutions. The gold content
is determined from the calibration chart.
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Table 6 - Determination of gold in production solutions (n = 4; p = 0.95)

Content of gold in the Found (¥) Sr Ay +2 100
production solution, MB/1 gold, MB/1 X
1,60 1,55 0,0160 +0,039 +2,50
15,20 15,30 0,0094 +0,220 +1,50
45,00 45,50 0,0056 +0410 + 0,990
101,00 101,60 0,0075 + 1,220 +1,20
142,50 142,30 0,0094 +2,134 +1,50

To determine the gold (ITT) in the concentrates and rocks calcined at 600-650° C for 1.5 hours a
canopy (10 - 20 g) is placed in a conical flask for 250 ml, 30-60 ml of a mixture of hydrochloric (p 1.19)
and nitric (p 1.4) acids (3:1) and evaporated to wet salts. Then add 10 - 20 ml of the same mixture of acids
and again evaporate to wet salts, then pour 30 - 40 ml of 1 M HCI and boil for 5 - 10 minutes. Cool the
solution and filter it into a measuring flask for 50 or 100 ml, then dilute the filtrate 1 M HCI to the mark
and determine the gold content from the aliquot of the solution.

Table 7 - Results of gold (III) determination in concentrates and rocks at chloroform extraction (n = 4; p = 0.95)

Sample Contents, Au gr/t Found Au (3), gr/t Sr Ay + % -100
Concentrate 50,00 51,20 0,034 +2.780 +542
Concentrate 37,50 96,50 0,022 +1277 + 3,50
Concentrate 22.00 21,60 0,028 +0,972 +4.50

Breed 8,30 7,60 0,036 + 0,441 + 4,80
Breed 5,60 5,15 0,041 +0,334 +6,50

Discussion of results. Therefore, our research allows us to conclude that the low selectivity of
metalloids definitions using basic dyes, as well as the use of other organic reagents in the complex
formation in the aqueous phase is the main disadvantage of existing methods.

Our research has focused on ways to increase the selectivity and sensitivity of photometric
definitions, as these analytical characteristics play an important role in the practice of analytical chemistry.
We have investigated the conditions of selective extraction of the gold chloride complex in the presence of
DMFA inert organic solvents and its determination directly in the organic phase without separation of the
accompanying elements.

Researches have shown that gold (III) from a highly acidic environment is selectively extracted by
chloroform in the presence of chloride ions and DMFA. At 5 - 10 second phase shaking gold (III) is
extracted by 99.9% without changes to the ratio of phase volumes 20:1.

Under these optimal conditions, thallium (III), antimony (V) and tungsten (VI) are partially extracted
together with gold and interfere with the definition. However, thallium, antimony, and tungsten interfere
with the extraction by adding masking agents to the extraction mixture.

The research of substance of extracting gold chloride complex (II) in the extract has shown that the
gold chloride complex (III) is extracted by the hydro-solvate mechanism. Gold chloride complexes (I1I) in
the extract are stable for a long time and subject to the Beer's law in a wide concentration range. The
method is valuable also by the fact that after the extraction of gold in the organic phase there is a
possibility of forming complexes with more sensitive organic reagents, which due to low selectivity have
not received wide application.

Conclusions. The research resulted in the development of a new highly selective, accelerated and
quick spectrophotometric extraction method for the determination of gold directly in the organic phase. It
has been established that gold (III) is extracted by chloroform from a highly acidic medium in the
presence of chloride ions and DMFA by the hydro-solvate mechanism. The influence of foreign ions that
do not interfere with the definition of gold in large multiples has been studied. The developed method was
tested on the analysis of production solutions, concentrates and rocks without separation of accompanying
elements. The method is easy to perform, highly selective and rapid.

The developed method of extraction-spectrophotometric determination of gold is therefore suggested
for the analysis of industrial solutions, wastewater, concentrates, ores, rocks and other materials with
complex chemical composition without the separation of the corresponding elements directly in the
organic phase.
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AJITBIHJIBI (111) HHEPTTI OPTAHUKAJIBIK EPITKIIITEPMEH IPIKTEY
IKCTPAKIIUSICHI )KOHE TIKEJTEN OPTAHUKAJIBIK ®A3ATA
METHWJIEHII KOKIIEH (MT') AHBIKTAY

Annotamusi. Opra"uKanblK OOSFBIN KOJTaHy apKeUibl antbiH (III) aHBIKTayABIH (OTOMETPHSUIBIK YKOHE IKC-
TPAKIATBIK-(POTOMETPIAIBIK omiCTepi a3 ipiktenreH. OpraHuKaNBIK pearcHTTepMeH anTteiHHBIH (I11) kemewmi
TY3iyi ¢y (pazachIHAa *KYPEIi, KaHAMA HOHIAP OOSUTFAH KSIICH/I KOCBLIBIC TY3¢ i KOHE aNTHIH/BI AaHBIKTAayFa Oerer
JKACAUIBL

COHFBI YaKbITTA 3JIEMCHT AHBIKTAY OAICTCPIHIH CEICKTUBTIIITIH apTTHIPY YIIIH KAHA TOCLI — HHEPTTI OPraHu-
KaJbIK CPITKIIITEPMEH 3JIEMECHTTEPIIH TYCCI3 KEIICHIH TAHJAIl Ay 3KCTPAKIIICH KOJXJAHBIIAABI, OHAA KE3EKTETl
OPTAHHKAJIBIK OOSFBIITAPABRI TYHABIPFBINIKA KOCY JKOHC OJapAbl TIKCICH OpraHHWKAibIK (pasaga KCMICHII TY3UTici
JKypeai.

JKyMBICTa MHEPTTI OPTraHMKANBIK epiTKimTepi 0ap koHe Tikened opraHukamslk ¢azaga MIT kemeHzi Ty3y
apkpLIbI aNTHHHGIH (I11) XIOpuATI KENICHIHIH TAHAAY bl TYHABIPMACHIHA HETI3/ICJITEH JKaHA CEJICKTUBTI, KaparmaibiM
OMiC TATKBUIAHATBL.

AnremausH (111) 6actankbl epiTiHAICIHIH 1MI/MT KOHICHTPAIMACH! ANTHIH XJOPHII TY3BIHAH TAHBIHIAIAIBL.
Epitinainig Tarpi MOp TY3bIMEH NOTCHUMOMETPHSUIBIK THTPIACY apKbuiel opHathimaael. MIT cy epitiHzici
rkommansrianpl. AnteiH (I1I) kemeHi »XKoHE pearcHTTEP TYHABIPMACBHIHBIH CHEkTpiH C®-26 cmekrpodoromerprae
tycipeni, {=1 cm TteH. EpitinaiHiH onTHKANBIK THEBIABEBI KDOK-2 (OTO3MEKTPOKOIOPHMETPIHAC OIIICHE].
TakipuOe HOTIKECI KOPCETKCHACH, XJIOPHA-HOHAAp koHe amMermidopmamunrin (JM®PA) KaTeiCybl HeTi3iHIE
KYIOTI KBINIKBLULABI epitiHainepacH anteH (I11) xmopodopmmen kakcol TyHAbIpbIIaasl. IM®PA OommaraH Kargaiina
anteie (II1) Tyrbara tycneiimi. CyTeri moHmapsl, Xjaopua HoHAAp koHe MDA KOHICHTPAUHACHHA OAMTAHBICTHI
anrerapl (I111) xmopodopmmer TyHOara Tycipyai 3eprrey ymbIcTapbl KepcerkeHnaeH, anteiH (I1I) TyHABIPYIBIH
OHTAIIBI MapTTaphl: CyTeri moHAaps! OokbHmA 0,50-6,0 r-mow/m;, xmopua woHAaps! OobmHma 0,06-2,5 r-HoH/I
skoHe [IM®DA Ootipama 13 -26 % (xeremi Herizinae), pazanmapas! ciiky y3akTeEsl — 5-10 ¢. Cy jKOHE OpTaHHKAIBIK
(azanapapH Oipach kememinae anreH (I11) 6oy OipperTik TyHABIPYAA 99,9% Kypatias! xoue 20:1 (a3a kemeMiHiH
apaKaThIHACBIHA ACHIH ©3repMeiii.

Kepcerinren oHTalmel >karaaliia TEIe-TCHAIKTI KBUDKBITY OmICIMEH TYHABIphIIaThIH anteiH (II1I) xmopwmari
KEOICH KypaMbl aHbIKTadagsl. bym ymid aarer (I1I) TyHIBIPMACHIHBIH KOHICHTPALAFA TOYEIIUIITL 3epTTEneai:
1) xmopun-uoraapsi (1,0 t - won/n), MDA (20%) TypakTsl KOHICHTPAIACH skoHe NaCl epiTiHAICIH KOCY apKbLIbI
JKacaIaThlH HOH Kyl OaphIChIHAA cyTeri norAaps! (1,0 r-won/n); 2) cyreri moumapsl (1,0 r-uon/m), MDA (20%)
TYPaKThl KOHICHTPALIACH JKOHE MOH Ky OapsichiHma xmopua-uoHaap (0,01-0,34 r-wmow/m); 3) cyrteri moHIAaphI
(1,0 r-won/m), xnopua-uoHAAPEIHGIH (1,0 T-WOH/N) TYpaKTH KOHICHTPAWACH JKOHC HOH Kymm ke3inmeri MDA
(5-13%).

3epTTCY HOTIKCCIHAC TIKCICH OPTaHWKANBIK ()a3aga AanThlH AHBIKTAYJBIH JKAHA >KOFAphl CCJICKTHBTI,
SKBITIAMIATBIIFAH JKOHE KAPaTaibIM TYHIBIPMAIIBI-CIICKTPO(POTOMETPHIBIK d7ici a3ipaeHeni. TaskipnOe OapbIChHAA
anbIkTanFangai, antsiH (III) Xmopwa-moHBI JKOHE THAPAT-COJNLBATTHI MexaHw3M OofibiHma JIM®A KaTbCybIMEH
KYIOTI KBIIIKBLTABI OpTamaH xmopodopMmmeH TyHOara Tycexi. Kemecemik memmepae anTelH aHBIKTayra Oerer
6oMaliTeiH Oacka mOHZAp ocepi 3eprrenexai. Kacanraw o7ic eHAIPICTIK €PiTIHAI, KOHIEHTPAT KOHE JKbIHBICTHI
KOCAJIKBI 3JICMCHTTEPAI OenMel Tammayaa TEKCepiiacai. Omic KapamalblM OPBIHAAY APKBUIBL, >KOFAPHI Ty
OOMBIHINA FKCIIPECCHAMEH CPEKIICICHET].

OchL1aiIna aaTeIHIR TYHABIPY-COCKTPO(POTOMCTPHSIIBIK AHBIKTAY HETi31HAC KACAIFAH dJIC OHIIPICTIK CPITIHAL,
arpIHOBI Cy, KOHICHTPAT, KCH, TIKCNICH OPraHWKANBIK (ha3ama >KaHAMA 3JCMCHTTEPAlI OeMCeH MaTepHaIIapAbIH
XUMHATBIK KYpaMbI OOMBIHINIA SKBIHBIC KOHE 0aCKA KYPACIT TaJamay KacayFa YChIHBLIAIBL.

Tyiiin ce3aep: POTOMCTPHSIIBIK 9IC, ANTHIH, KCIICHAI KOCBIIBICTAP, XI0PO(OPM, TYHIBIPY.
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HN3BUPATEJBHAA SKCTPAKIIUA 30JI0TA (III) THEPTHBIMHU OPTAHUYECKHUMH
PACTBOPUTEJJAMM H ONPEAEJEHHUE EI'O METHJEHOBBIM I'OJIYBBIM (MI')
HENNOCPEACTBEHHO B OPTAHHYECKOU ®A3E

Annotanusa, CymecTByOmue (POTOMCTPHUCCKHC M 3KCTPAKIIMOHHO-(POTOMCTPHICCKHC MCTOIBI OMPCIACIICHIS
3o101a (III) ¢ MPUMCHEHHEM OPTAHWYCCKHX KPACHTCICH MANOH30HpPATSIBHBI. Tak KAk KOMIUICKCOOOpPA30BAHHC
3osota (III) ¢ opraHHYecCKUMH peareHTaMu MPOUCXOJUT B BOAHOIH (pasze, B KOTOPOH COIYTCTBYIOIINE MOHBI TAKKE
00Pa3yIoT OKPAIICHHBIC KOMIUICKCHBIC COSTHHCHHUS M MEIIAIOT OIPEACICHUIO 30710Ta.

B mocrnennee Bpems A HOBBINICHHS CEICKTUBHOCTH METOJOB ONPEACICHHS 3JICMEHTOB IMPHUMCHSIIOT HOBBIH
mpuéM — W30HMpaTenbHAd OSKCTPAKIMSA OCCHBETHBIX KOMIUICKCOB 3JIEMCHTOB HHEPTHBIMH OPTaHHYCCKUMH
PACTBOPHUTEILIMHE, C OCIIEAYIOIIM JO0ABICHAEM K IKCTPAKTY OPTAaHHYECKUX KPACUTENCH U KOMILIICKCOOOPA30BaAHUS
HX HETIOCPEACTBEHHO B OPraHUYECKOH (ase.

B Hacrosamel pabote OOCY»IAcTCsl HOBBIM CEJICKTHBHBIN, MPOCTOH METOA, OCHOBAHHBIH HA M30MPATEIHHOH
SKCTPAKIHMU XJIOpHAHOro Kkomiuiekca 3omotra (III) ¢ HHEPTHBIMH OPraHMYECKHMH  PACTBOPHTEILIMH U
KOMILIIEKCO0OpaszoBanue ero ¢ Ml HemOCPEACTBEHHO B OPraHUIECKOH (ase.

Ucxoansnii pacteop 3om0ta (III) xonmeHTpammed 1Mr/Ma TOTOBHIH W3 CONH XJIOPHIHOTO 30J10Ta. THTp
pacTBOpa yCTaHABIMBAIN MOTCHIHOMETPHUYECKU THTPOBAHUEM C COJIbE0O Mopa. Micnionb3oBaan BogHbIN pacTBOp MI'.

Crexrpsl 3KcTpakToB KOMILIEKCOB 3070Ta (III) m pearenra cammamu Ha cnekrpodoromerpe CP-26, {=1 cm.
OnTH4ecKyIo MIOTHOCTH PAcTBOPa m3Mepsn Ha (otoanekrpororopumerpe KOK-2. OnbIThl MOKA3amm, 4To 30J0TO
(IIl) w3 CHIBHOKHUCIBIX PACTBOPOB B INPHCYTCTBHH XJIOPHI-WOHOB W aumermindopmamuaa (AM®PA) xopomro
skcTparupyerca xnopodopmom. B orcyrereun [IM®A 3omoto (II1) He 3xcTparupyercsa. Mccnenosanne SKCTpakIuu
3os0Ta (II1) XMOpohopMOM B 3aBHCHMOCTH OT KOHICHTPALHH BOAOPOA-HOHOB, XIOopua-HOHOB H JIM®PA mokazano,
YTO ONTHMAJTBHBIMH YCIOBIAMH 3KCTpakuud 3070T1a (III) seasrorcs: 0,50 — 6,0 r-wow/n mo Bogopoa-uoHoB; 0,06 —
2,5 T-HOH/J MO XJIOPHA-HOHOB U 13 — 26 % (1o 066éMy) o JIMPA, mpoA0 DKHTENTLHOCTD BeTpsxuBaHus a3z 5-10 c.
IIpu paBHBIX 00BEMAX BOAHOW W opraHWveckod (a3 m3BredeHme 3omota (III) mpM OXHOKPATHOM 3KCTPaKIMHA
cocTtaBisieT 99,9 % u He H3MEHSIETCS A0 COOTHOIEHM 00BEMOB (ha3 20:1.

B yKka3aHHBIX ONTHMAIBHBIX YCIOBHIX ONMPEACIEH COCTAB SKCTPATHPYIONIECTOCS XJIOPHIHOTO KOMIDIEKCA 30J10Ta
(IIT) meTomom capura paBHOBECHS. I 3TOro M3yucHa 3aBUCUMOCTb SKCTpakumu 3070Ta (III) oT KOHUECHTpaIuu:
1) Bomopox-uoHoB (0,030 - 0,96 T-HOH/T) MPH MOCTOSHHBIX KOHICHTPAIMAX XJIopuI-uoHOB (1,0 r-mon/m), MDA
(20%) u mouHoit cune (4 = 1), co3maBacMmoli gobasmeHneM pacteopa NaCl; 2) xmopua-uonos (0,01 - 0,34 r-won/m),
MPU MOCTOSIHHBIX KOHUCHTPAIHMIX BOXopoA-uoHOB (1,0 r-uon/m), MDA (20%) u nonuoii cune (¢ = 1); 3) MDA
(5 — 13%), pu MOCTOAHHBIX KOHICHTPAUAX BOAOPOA-HOHOB (1,0 r-mon/m), xnopua-uouos (1,0 T-HOH/;T) U HOHHOH
cune (u = 1).

B pesymsrare wmccnemoBaHWS pa3padOTaH HOBBIM  BBICOKOM3OMPATCIBHBIH, YCKOPCHHBIH M IIPOCTOH
JKCTPAKIHOHHO-CIIEKTPO(DOTOMETPHUECCKHIT METO OIPEICIICHHS 30J0Ta HEMOCPEICTBCHHO B OPTAaHHYCCKOH (pase.
YcranosneHo, uro 30010 (II1) skcTparupyercs XmopodopMOM H3 CHIBHOKHCIOH CPSABl B MPHCYTCTBHH XIIOPHI-
noHOB B JIM®A 1m0 rHapaTHO-CONBBATHOMY MEXaHH3My. V3y4eHO BIMAHHE MOCTOPOHHHX HOHOB, KOTOPHIC HE
MEIIA0T OIPEICIICHHIO 3070Ta B OOJNBIIMX KPATHBIX KOMMYCCTBAX. Pa3paboTaHHBIH METOA MPOBEPEH HA AHAIN3C
TIPOM3BOJICTBCHHBIX PACTBOPOB, KOHIICHTPATOB M IOPOJ O€3 OTACICHHS CONMYTCTBYIOHIMX 3JIEMECHTOB. Meron
OTIMYACTCS MPOCTOTOH BHITOTHEHHS, BHICOKOH H30UPATEIBHOCTHIO U SKCIPECCHOCTHEO.

Takum 00pazom, pa3pabOTAaHHBIH METOA SKCTPAKLHMOHHO-CIIEKTPO(OTOMETPHUECKOTO OMPEACICHHI 30J]0Ta
PEKOMEHAYETCS 71 AHAIIM3A MPOM3BOJCTBCHHBIX PACTBOPOB, CTOYHBIX BOJ, KOHIIEHTPATOB, PYX, MOPOA W APYTHX,
CIIOKHBIX TI0 XHMITUCCKOMY COCTaBY MATEpHANOB O€3 OTIACICHUS COIYTCTBYIOIIMX 3JIEMECHTOB HEMOCPEACTBCHHO B
OpraHm4ecKoi (ase.

Kiouennie cioBa: (oTOMETPHYCCKHI METO, 30JI0TO, KOMIITICKCHOE COSAMHEHHE, XI0PO(OPM, IKCTPAKIIHS.
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