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BENEFICIATION OF TUNGSTEN ORES
IN INDIA — PROBLEMS, PROCESSES, APPLICATIONS,
AND DEMANDS IN GENERAL ON A GLOBAL SCENE

For decades, the use of gravity separation technology has been
much neglected to the advancements and interest shown in flota'-
tion, More recently, a greater interest in gravity separation hss
.come up to improve the economies of low grade treatment with the
aid of the preconcentration technology. Tungsten occurances in
India, with the processing applications used, are briefly indica-
ted. Worldwide processing plants with their adopted technology
and problems in processing are summarised., A concise account of
processes available and the latest developments in tungsten cre
beneficiation is also presented, A salient nete on the results
obtained at the laboratory stage of investigations in the Indian
Bureau of Mines, Ajmer is alsc given. It is widely known fact
that the recovery of slimy tungsten is not effective by gravity
methods and the necessary parameters for flotastion of tungsten
ores, especially wolframite, has yet to be established at a
bench scale commercialisation would come at a later date.

Introduction

" The world is not running out of mineral resources, but ocut of the
mineral technology needed for their profitable production and proces-
sing. Processing new kinds of ores and low grade ores will require new
and superior technology and the need is increasing day by day. The
. mineral processing engineer must devise new processes and improve the
older ones to meet present-day demands.

Tungsten is a hard, heavy, durable and heat-resistant metal with
the highest malting peint among the metallic elements. It is commonly

*Superintending Officer(Ore Dressing), Indian Bureau of Mines, Ajmer,
INDIA.
’IDirector,iore Dressing, Indian Bureau of Mines, Nagpur, INDIA.



24 G.M. Rao, N.N, Subrahmanyan

used for lamp filaments and electrical contacts. Its primary use is in
tungsten carbide for tools and as an alloying element for tool and
high temperature steels, including bits, construction and mining
equipment, turbines and structural materia’ in nuclear and space tech-
nology.

Tungsten is one of the important sirategic minerals of India,
Degana is the only producing mine in the country. The tenor of the
Indian ores is much less than the discards of milling plants in other
countries, The depesits are small and the complex nature of the ores
demands complicated process technologies.

The world tungsten resources are assessed to be about 12 million
tons, of which 60% is accounted for by China snd the USSR. Ome third
of the production of tungsten concentraste iz also zccounted for by
China. India produces about 50 tons of tungsten concentrate per aunum,
which is hardly 4% to 5% of the country’s requirement, The present
requirement is on the order of 10.00 to 12,00 TFPY.

Indian scenario deposits and processing

A. Reserves
India’s reserves of tungsten are 1.24 million tons of ores, 88~
saying over 0.1% WOB' About 44 million tons of leaner ors in the assay
ranges of 0,01 to 0.08% WO3 ars also available,
B. Occurances are reported from the following areas
1. Rajasthan State
a. Degana, Nagaur District,
b. Balda, Sirohi Distriet,
¢. Dewa-ka-Bera, Sirohi District,
2, Msharasira State
&. Agargaon, Nagpur District,
b. Kuhiana,
3. West Bengal State
a, Chendapathar, Bankura District,
b. Minor occurances in Darjeeling District and Purilis District
are also reported .,
4. Karnataka and Andhra Pradesh States
a. Kolar and Hutti Gold Fields: Scheelite is associated with
gold mineralisation. The old tailing dumps of Kolar are now
being worked for recovery of tungsten values (Walker dump and
Balaghat dump). Scheelite content waries from 0.01% to 0.53%
WOB'
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b. Tungsien occurances are cited in Khondo-lites of Burugugunda
ares in Andhra Pradesh State,
5. Other Areas: Occurances of tungsten have been reported from
‘Umphyrthg in Meghalaya, Kalimata Gaya in Bihar State, Jhu in
Gujerat State and Dudatoli area of Almora and Chamoli Distrets
in U.P. State.
C. Production
The major production of tungsten has been from Rejasthan, West

Bengal and Karnataka, 'of the order of 45 to 45 tons of concentrate,

D, Process programme

a. The Rajasthan State Tungsten Development Corporation is planning
to have a concentrator of 100 TPD with gravity, flotation and magne-
tic seperation processes. The Atomic Minerals Division is installing
a 20 TFD Gravity Concentrator at Degana,

b, Scheelite from. o0ld dumps: The Walker dumps =smounting to 1.7 lac tons
at 0,18% W03, and Balaghat dumps with 8.1 lac tons at 0.04% WO3 are
processed for the recovery of ascheelite. The amenabilty of these
dumps has been tested by IBM, and IBM has set up a Pilot Flant on
site to produce scheelite concentrate., It has been ascertained that
tabling, flotation and magnetic separation processes combine to
yield & concentrate of 65.0% W03 from a feed of 0.2% WO,

¢. Hutti Gold Mines: The Hutti Gold Mine Company is conducting bene-
ficiation tests on the mined ore of scheelite, Lurgi Chemie,
Frankfurt, is helping them with a process of direct flotetion.

World scene

Production ]

The tungsten trioxide produced in 1983 was only 44,000 tons.
Chine and the USSR together account for about 50% of the world produc-
tion. Other mejor producing countries include Australia, North Korea,
‘Bolivia,Canada, Portugal, South Korea, Brazil and the USA. Most of the
tungsten mines treat ore containing less than 1.0% but above 0.3% W05
China possesses about 47.0% of the world resources in tungsten.
Processing of tungsten ores

General: The important processes adopted for tungsten ore are
gravity separation, where lighter gangue is discarded; magnetic
separation, in which .iron and iron bearing minerals are removed; flo-
tation, in which thefsulphide minerals are removed; and, finally
electrostatic separation, in which less conducting minerals are
removed to yield a richer concentrate of tungsten mineral.
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Few equipents has appeared on the scene for pre-concentration and
fine particle treatment. The preconcentration equipment includes
sorters, heavy media separators and spirals. The fine particle treat~
ment is done with Reichert Cones, Bartles Mozley Tables and Sluices.
The adoption of modern technology in tungsten processing plants
in the world is indicated below:
Mount Carbine Mina

Kingisland Scheelite
Panasquiere, Poriugal

Hemerdon,

U.K.

Climex Molybdenum, USA
Chojilla, Bolivia
Tajishan Deposit, China
Caneda Tungsten, Canada
Yxs joberg, Sweden

China Mount Pleasamrt, Canada -
Sec. Minera Puquio Cochsa,

South Africa

Tungsten Processing Plants in the world and their technology

- Sorters
- Sorters

- Heavy Medie Cyclones and

Bartles~Mozley Separators .

Separation »
The metellurgical resulis of worldwide processing plants with the
processes adopted are givern in Table No. 1.

Dynamic Heavy Media Separator
ReichertCones : ’
Bartles-Mozley Separator
Rocking Shaking Vanners
Plotation of Scheelite
Flotation of Scheelite
Flotation of Wolframite
Table, Flotation and Magnetic

Table 1

Si. . +85 8 Cspacity | Peed | Ore type Process sdopted Results obta.
Eo. : Tade eC,.
1.|Enyamsda, 600 T¥D 0.5 S, Jigging, Tadbling, 68.0
Bolivis i Cross Selt lozley Separator
2.{ount Pleasan Mined,| 6.5 lacs 0.4  |Quartz Flotation, Conc. leached
New Brune Wick, TPY Vein with 52304 ¢ =
Canada .
3.{Canads Tungsten Gravity, Flotationm, 65.0
Yining, Cansds leaching of concenirate
4,}Clinaxr Moybdenum, 45000 TPD Moly tails | Spirals, Flotetieon, Spirsl & 30.0
SA 8 Table. Heg, Sep., Flotation
S.| Panssquiere 2 » Table, Mag. Sep., Tables, | 75.0 70.0
Portugal lode Bartlu Hogley Separator
6.}¥ount Carbine, 0.03 | Schist, a. Sorting, Jigging, Tebling
Queexsland Quartz . gu'al. Jiggi.ns. Tnbug 70.0
Australie reel Flotatien, Mag.
7.}5cheelits, 4,0 lecs 0.80 a. Spirsl, Tablmg.nutablug.
Kingislend TR . Flotation, Magnetic Sep.
b, Pines, Flotation
¢. Roast, Magnetic Sep.
&, =75 micron, Flotatlon,
2 Artificial Scheelite
8. | Yxejoberg, 2.0 lacs | 0.32 |Skarn Flotation 75.0 | 89,00
Sweden TH
9.} Hemerden, 0.17 |Granite HS(IWP), Jip, Tails and
ur inal fines, Table
10. [ ¥iltersily, 3.0 lecs 0.4 |Amphidolic !lotuﬂ.m ¥ 30.0 95.00
Auatria TP ;o Quartz 65.G -
.8
11.|Sang Dong, 7.5 lacs 0.5 |Quarts. rlotnnon of sulphides,
South Eorea TFH to Tails, Scheelite, Flotatioen,
i 0.61 : Tebhle, HCL, Re-Plotstion
12, hium Deposit, 0.25 | Quartsz Sort . Jigging & Tebling, 70.0 86.00
’ vein Flotation leaching
13.{Xihashan, # 3000 &FD Quartz Sorting, Jiggzing & Tabling, 170.0 86,00
Chins ‘vein . Flotation, Yag, Sep., ESS .
14, midms Beoshan, 0.5 |Skarn Fulk Sulphide Tails, 66,0 80.00
(Sksrn) Scheslite, Plotatiom °
15.1S0c. Finers Puquio (15-20 ?FH | 0.18 Serubbing, ieg. Seps, Tabling, |70, -
Cocha, S.A. Flotation, Magnetic Separation
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A general list of milling plants for tungsien ores is as follows:

Tungsten milling plants of the world

S1. Country - Company Process -Capacity
No. ' ¢ TPD
1 2 3 4 5
1. [|Austrelia | Pacific Cepper Ltd Sorting, Jig, 10000
Torrington operations Table
2. |Australia | Peko Wallsend Operation | Table, Flotation 1150
Ltd, Kingisland
scheelite
3., |Austrie Wolfram Berbau and Flotation 1000
' Hutten gesell shaft MBH
4, |Bolivia Ambo Mining and’ - -
Exploration ILtd
5. |Bolivia Churquini Enerprises - -
Inc. Chicole grand
Mine
6. Bolivia Corporacion Minera . FPlotation, Gravi- 1210
De Bolivia Comibol ty, Magnetic
Empress Minersl Uni-
ficada del Cerro de
potesi
Te Bolivie Internationel Mining Gravity, Flota- 1200
Company (T¥CO) 4ien
Chojilla Operations
8. " |Bolivia Enarmada HMS,Jig,Table 600
9. |Brazil Mineraco Acquan - 600
Industrial & Comercio
) Barra Verde ;
10, Brazil ¥ineracc Tomaz Gravity, Mag. -
Salustino S.A. Brsjul Sep.
11, Burma Myanma Tin and Tungsten | Mahnetic Separa- -
Corpn., Hermyingyi Mine tioq
Yetanabon Mine
12, Canada Canada Tungsten Mining | Gravity, -
Corp. Lid, Yukoni &
Rwterritionies
13. Canada Mount Pleasant Mine, Flotation
New Bruswick 650000
14, China "~ Tajishan Deposit Sorting,Jig,Table " TPY
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1 A 3 4 5
15. {China Xihuashan Gravity, Magnetic 3000
Separation
16, |Ching Dangdeng Baoshan Mill Electrostatic -
Skarn Separation, Flota-
tion
17. |England South Crofty Ltd, South |Gravity 10000
Crofty operations
18. |France Societie Minera D* - -
Anglade operations
19, ' |Japan Nettesu Mining Co., Plotation,Tabling 7000
' Idt, Kamaishi Mjine -
20. |Korea Korea Tungsten Mining Flotation,Gravity, 260
' Co. Ltd. Sangdongmine Magnetic Sep.
21. |Korea DK beng Mining Co.Ltd, |Gravity, Flotation 60
By-duck Project, Ok bang '
22, |Mexico. Negocia Ciones Mines Gravity, Tabling 100
de Navarro S.A. de
C.V. Belfram
23, |Namibia (South West Africa) - 125
’ Krantz berg Mining 300
Co. Krantz berg
Tungsten Mine
24. |Nevada National Mining Ltd, Gravity, Flotation 125
Fallan operations
25. | Nevada National Resources - 125
Development Inc,
Nevada operations
26, |Nevada Utah International - -
Inc. Springer Mine
27. | Peru CIA Mineral Tourmalina |Flotation 120
S.A. Tourmalina
28, | Peru Empressa Minera del - 1795
Centro del pern S.A.
Merococha Division,
San Cristobel Divisien
29, | Peru Fermin Malaga Santo- ‘Gravity, Flota- 600
lalla E. Hijos Pasto tion
Bueno
30. | Peru Séc. Mineral Puquio

300
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31, |Portugel | Beralt Tin & Wolfram HS, Gravity, 2400
(Portugal) SARL Flotation
Panasqueira Mine

32, |Portugal |lMinas E, Metallurgia - -
S.A.R.L., Plant,

33, |Sweden A/B Statsgruvor Flotation 720
Vigstrem Operations,

Yxs joberg Mine
34, |[Thailand | Laemnga Tin dreding - =
35. - |Turkey Etibank General - =
' Mudurlgu Volfram
isletmesi M ‘

36. |UsSA Climax Molybdenum Co. Gravity, Magnetic 45000
Div., AMAX Climax Separation, Flotat-
operations, Colorade ion

37. |USA Holding Mine and - -
Development Co. Septem-~
ber Clamis California

38. |USA Teledyne Tungsten,

Straw berry Mine - -

39. |USA Union Carbide Corpn. - -
Metals Div.Bshop Plant

40, | UK Hemerden ms, Jig -

41, | Zaire Kivumines, Bishasha Gravity 150
Mine .

New projects planned for 1986

s1 1

No: Country Location Neme of the Company

1. Canada MacTung, NWT Amax

2. Spains Salemanca, Promotora de Recursos/Shell

Provinve
3. India Degana Rajasthan State Tungsten
) Development Corpn. Ltd.
4. Australia Tasmenia Mclntyre Mines
5. Britain Cornwall SW Consolidated
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Problems in processing

The major problems in processing are:

1. Tungsten ores are disseminated type and need fine grinding for
complete liberation.

2. Since tungsten mineral are fragile, slime production is greater in
comminut ion,

3. In gravity concentration, other associated heavy minerals such as
garnet, topaz, iron oxides and sulphides, etc., Join  {tungsten
minerals and thus dilute the concentrate,

4, The presence of calcite is a problem in scheelite flotation.

5. When tungsten minerals are scheelite and wolframite, the concentra-
tion is a problem as different methods are required for these two
minerals.

6. Recoveryvof the fine and slime tungsten is problematic.

7. An: effective scheme for the flotation of wolframite has to be

" eatablished.
8. In the casses of disseminated ores, the recoveries are far from
satisfactory. ' '
9. The removal of garnet.and tourmaline from wolfremite is not fully
successful,

10, The recovery of wolframite values in the size ranges of 0-20
micrens;is poor by both the gravity and flotation metheds.

Mineral proceassing technology has to change to keep up with chal-
lenges for cheaper processing methods, contend with envircnmental
coenstiraints and reduce energy requirements in order to economlically
treat the lower and poor graded disseminated : ore types.’

A small note on the processes Bvailable &! their epplication

Ore beneficiation is traditionally defined as the physical
treatment of mineral raw materials without altering their indentity in
the course for their convertion to marketable products. Recent techo-
logical advances, the massive demand for effective trestment of new
typee of ores, increasingly rigorous requirements with regard to
product standards, attempts to reduce production costs and improve
process efficiencies, the problems of tackling low-grade ores in large
masses or fine fractiens, and, last but net least, environmental
pressures have all extended activity in beneficistion to its physicel,
chexical end physico-chemical areas,
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The available process are:

A1: Pre-concentration and sorting: Processing. R.D.M. to eleminate
unwanted minerals of coarser sizes leads to promounced savings in cost,
energy and man-?ower in the succeeding unit operations. This technigue
will render the mining of low grade ores economical by rejecting the
major waste at a much cheaper cost and processing the rest by more
costly processes. Fhotomatric serting end electronic sorting with the
aid of various radiations like X-ray, gamma, flourescence, IR, etc.,
for the size ranges of 10 to 200 mm ere being developed.

" A2: Sluices : ' .

A3: (e) Heavy Media Separation )

(b) Dyna Whirl Pool Process
(¢) Tri-flo-Separator

'B: Dry Separation Technology:‘The development of dry processing
technology has not kept pace with that of wet processing, but some
interest is being revived these days. The processes available are:
Jigs, Tables, HMS, Magnetici& Electrostatic separators and Pinch
Sluices.

C1: Gravity Unists:

(1) Jigs A (5) Rocking Sheking Vanner

(2) Tables . (6)-Nelson Concentrator

(3) ms (7) Moving Belt Separator LBS

(4) Denver Buckman Tilting (8) The Bartles Cross Belt
Concentrator . ) Concentrator

D1: Flotation and Shear Flocculetion: To date the processing
plants for tungsten are mostly gravity processes, except for the oneés
of Canada Tungsten Corporation in Caneda, Yxsjoberg, Sweden and
Miitersail of Aurstria. Lately, a lot for research is being carried
out in the flotation of wolframite minerals, and several reagents are
patented, For scheelite, the fiotation process was esteblished long
ago, but new reagent development is still going on. Flotation has become
relevant as the ores are of disseminated and very low grade, and no
other processes can help is this state. The reagents so far sought for
wolframite flotation ars acids of Arsonic, phosphonic, sulphosuccinamic
and hydroxamic end their derivates. :

D2: Shear Flocculation: This process is effective in recovering
f£ine values in the size ranges of 1 to 40 microns by means of floccula-
tion end flotation.

El: Recovery of heavy minerals from fines and slimes: The proces-
sing of fine-grained ores frequently resulis in the production of ultre-
finé-particles, which respond poorly to conventional physical separa-
tion techniques. The ultrafine particlea, commonly called slimes, carry



32 G.M. Rao, N.N. Subrahmanyan

considerable mineral value, but are not revovered in processing by
gravity methods.

One of the major problems in mineral procéssing is the recovery
of values form slimes by gravity processes, Minerals as fine and slimes
are lost on a gigantic scale; for example, one third of the phosphate
mined in Florida, 1/2 of the tin mined in Bolivia and 1/5th of the
tungsten mined in the world, as well as substantial amouts of tin in
Thailand, Malaysia and other places, The various processes available
are:

(a) Buddles, (b) Strakes, .
(¢) Vanners, (d) sullivan deck,
(e) Round frames, and (f) Slime Tables.

There has benn 2 singnificant development in the equipment
designa{for fineﬁparticle gravity concentration in the last two
decades or so,

F1: Development of Gravity Equipments are:

(a) Denver Buckman Tilting Frame
(b) Shaken Hellicoid

(¢) Bartles Mozley Separators

(d) Bartles Cross Belt Separators
(e) Duplex Concentrator

(£) Slime Tables

(g) Rocking Shaking Vanner China
(h) Rotating Tube

(i) Nelson Separator

(3) Centrifugal Jig

(k) Centrifugal Separator: YX-800 China
(1) Circular Shaking Table

(m) IHC - Radial Jig

(n) americen Balanced| Jig

(o) Yuba Jig

Recently, interest has been shown by researchers %o study the
effect of the presence of electirolytes, pH and also viscocity on the
performance of gravitly equipment.

Incidental advances in related auxilliary processes for gravity
separation, for examples, in instrumentation, clagsification, screening
and pumping-will pove an effect on the efficlency of the main proces-
ses,

A summation of the technology for processing tungsten ores with
reference to developments is presented in Table No, 2.
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Table No.

Processes available for concentration of tungsten ores

2

%1. Process Size applicable
o.
1 2 3
I. 01d Technology
a. Conventional Processes
1. Jigs upto 10 mesh
2. Tables 28 to 200 mesh
3. HMS 5% to 10 mesh
4, Spirals 20 to 200 mesh
5. Plotation '35 to 400 mesh
b. Pneumatic Concertration
1. Jigs up-to 10 mesh
2., Tables 28 to 200 mesh
3. HMS 10 to 65 mesh
4, Sluices 10 to 100 mesh
11, New Technology

a. New Processes: ‘
1. Bartles Mozley Concentrator
2. Pre-Conc & Sorting
3. HMS
4, DWP
5. Heavy Media Cyclones
6. Triflo Separator
T. Jigs
8, IHC - Jigs
9. Sluices

10. Moving Belt Separator

11. Retating Cone Concentration

12, Denver Buckman Tiling
Concentrator

13. Rocking Shaking Vanner

14, Bartes Cross Belt Concentrator

15. Reichert Cones

16, Duplex Concentrator

17. Yuba Richards Mineral Jig

18, Flotation

19, Shear Flocculation

100 to 5 microns
10 mm to 20 mm
upto 1/4"

2" to 65 mesh
upto 40 mesh

20 mesh

to still finer sizes
upto send sizes

Pine material

=35 to 100 mesh

20 to 200 mesh

upto 20 microns

minus 20 mesh

5 t0 150 microns
100 to 30 microns
upto 100 microns
1/2 to 200 mesh
upto 20 microns
40 to 1 micron
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2

23.

1. Spirals
2. Tables
3. Jigs

4, HMS

5
6.

20, Rotating Tube

‘21, Helson Separator

22, Centrifugsl Jig
American Balanced Jig
Advanced Technology for specific cases
~ Modyfied versions of earlier models:

Pre Concentration Technology
Flotation Reagents

%In mineral processing, most of the losses of minerals and
metal velues are in the fine size ranges, so considerable
work has been done in recoverin

g these values by modifying
the earlier process models,

The IBM Laboratory at Ajmer has carried out abount 20 investga-
-tion of tungsten ores, of which about 13 are from a single deposit.The
salient data is presented in Table No. 3.

o Table No. 3
Metallurgical Results(Tungsten Samples - Balda, Sirechi)
Orig Concentrate
g%: Mineralogy Assey :ggcigg
wts  |Assay|Dist P
% %
T, [Welframite Quartz Tourmaline [0.08 [0.32 [19.00{50.00 | Table cum
Mag. Sep.
2. " L L 0.20 [0.45 |16.00/40.00 | ~do-
3. " " Mica 0.21 10.23 157.33/50.00 | -do-
4, " " Turmaline (0.10 10.03260.00{23,00 | -do- and ESY
5. " " Mica 0.21 |0.86 [15.80/68.00 | Jig Cum Tabld
’ Conc,
6. N o n 0.21 10,92 {15.30|70.00 | -do=-
Te " L) o 0.21 {0.15 |66.00{45,00 | =do-
8. " " " 0.20 [0.90 {13.00{57.00 | =do-
9. " bl o 0.16 10,14 162.00[53.00 | Tabling
10, L " " 0.95 10,61 1.30[18.00 | =-do-
11. " . 1 0.03 [1.34 | 0.8833.00| =do-
12, " " v 0.44 {0.67 145.33|71.00| -do-
13. n " " 0.03 1,50 | 0.84{304,00 | ~do-
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It can be seen from the resulis that the conventional processes
do- not yield Econcentrates of the desired grade and recovery level,
The losses are iery high in fines and slimes. Several investigations
carried out on samples from Degana Deposit have also indicated poorer
results., The main reason is that the ore is poorer in grade and is
disseminated. Hence, the latest tebhnology for the recovery of fine
values are suggested in addition to the flotation of very fine parti-
cles which will improve the recovery. The concentrate normally
obtained by fine mineral processing is bound to be leaner and is to
be further improved by chemical processing.

Conclusions

Gravity separation methods are amongst the oldest methods in
-mineral dressing, yet new processges are being developed and commer-
cialised lately. For a process %o get developed, tested, confirmed
and commercialised, it usuelly takes a long time, and gravity separa-
tion is no exception to this rule,

Recently, researchers have been attempting improvements in gravity
processes by adding different electrolytes. The advances in the
auxiliary processes will also havelan effect on the efficiency of
gravity proccesses.

A lot of mineral values are lost in the form of fines and glimes,
a in the cases of phosphates, tin and tungsten ores etc., The need for
the development of specialised processes/units to recover values in
the fines and slimes i1s much grater teday, as the ores trated now are
poor in grades, disseminated, with liberation at a very fine size.

This has become very essential in the case of tungsien as the
richer ores are exhausted and the leaner ores are to be processed
economically as a conservation step. Also, substitutes have not -yst
been develeloped for this mineral, making the picture very serious.

The world is notrunningput of mineral resources, but out of the
mineral technology need for the gconomical exploitation of existing
deposits,.
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ze szczegélnym uwzglednieniem frakcji muowej.

CONEPEARVE

T.M.Pao, H.H.CyOpaxuarss, 1986. IepepadoTka BOJBIpaMOBHX PyX B VHiwu.
OuU3HRO-XUMEIECKNe BOOPOCH odorameEEs, 18; 23-37..

B paGoTe mpoBelieH 0030p MHAMECKEX E MEDOBHX Mecwopoinem!ﬁ BOJBGpa-
MOBHX DyX, & Tarke IPOaHANE3XPOBaHH NPEMeHsewHe PEXHOXOIMHM OCOTalieHEA
¢ OCOCeHHHM OpeXyCMOTDeHNEeM mEaMOBHX (fparuafl.
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