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Introduction. Zinc production plays an
important role in the Uzbekistan economy and is
aimed at providing other industries with zinc-
containing  products, including mechanical
engineering, chemical and construction industries,
which together account for more than 60% of the
total amount of zinc consumed.

The process of oxidative roasting of zinc
concentrates in FBR furnaces, being one of the
important production cycles of zinc production,
makes it possible to determine the technical and
economic indicators of subsequent processing and
production in general. According to the type of
source of thermal energy of the kiln, FBRs are
classified as units that operate using the energy of
only sulfide-containing  materials.  Sulfide
materials, consisting mainly of sphalerite minerals
(ZnS - more than 95% of zinc consists of these
minerals), contained in the charge, interacting with
oxygen in the air, are completely or partially
oxidized, and the sulfur found in the charge
concentrates turns into sulfur dioxide into the gas
phase.

As a result, the purpose of the roasting stage
is related to the maximum conversion into metal
oxides in sulfide form. The resulting cinder must
have a large reaction surface with a limited content
of compounds in the resulting product, such as
ferrites and silicates of zinc and lead, and also
provide the possibility of producing roasting gases
with the maximum possible concentration of sulfur
dioxide [1].

Physico-chemical studies of the processes of
roasting zinc concentrate in FBR using classical
firing technology have shown results that determine
the possibility of the formation of metal ferrites.
Ferrite formation is because zinc oxides interact
with hematite (reaction 1) to form the compound
zinc meta ferrite ZnO-Fe,0s [2-3].

Zn0O + Fe, O3 = Zn0O-Fe,0; (1)
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During the firing of zinc concentrates at a
temperature of 650°C, continuous ferrite formation
was observed, and the results of further research
into the firing process by increasing the temperature
to 700-750°C also did not exclude the possibility of
ferrite formation.

It is known that direct losses of zinc are
associated with the fact that a significant amount of
them can be in the residual masses during the
leaching process of zinc cinders because these
compounds cannot dissolve in weak sulfuric acid,
which leads to significant losses of zinc. Preventing
the formation of metal ferrites, including zinc
ferrites, during roasting processes is impossible in
cases where zinc concentrates contain iron [4].

In addition to zinc ferrites, zinc silicates are
also formed during the firing process (reaction 2).

ZnO + Si0; = ZnO-Si0;  (2)

Silicates can be decomposed by sulfuric acid
to produce colloidal silicon dioxide in the pulp
when leaching calcined concentrates. The
formation of silicates is the result of the interaction
of silica-containing non-metallic mineral mass with
oxides of heavy non-ferrous metals obtained during
the roasting of sulfide concentrates. If the firing
temperature of the fluidized bed reaches 950°C,
then the possibility of the formation of roasting
silicates can increase up to 60% [5].

In the processes of the hydrometallurgical
method of zinc production, sufficient attention is
paid to the processes of silicate formation during the
roasting of concentrates. Zinc and lead silicates in
the form of ZnO-Si0O,, and PbO-SiO,, which can
decompose in H>SO4 solutions, can serve as a
source of the formation of colloidal silica, which
prevents the filtration of solutions. The source of the
formation of silicates during the roasting of zinc
concentrates is the process of interaction of waste
rock containing silicon with metal oxides. In
addition, an increase in the degree of silicate
formation by 32% was observed under conditions of
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increasing temperature and a decrease in the
granulometric composition of the substances
entering the reaction [6].

From the above, it follows that ferrite and
silicate formation is inevitable during the roasting
of zinc sulfide concentrate. This may explain the
fact that during leaching, in any case, loss of zinc
will occur. In addition, it can be noted that with an
increase in the iron content in the concentrate, the
likelihood of the formation of zinc ferrite increases,
which is the most harmful [7].

The above compounds are very slightly
soluble in solutions of sulfuric acid and are largely
transferred to cakes. The yield of cakes depends on
the composition of the feedstock and when
processing a concentrate of average quality, it is 40-
45% of the weight of the original charge [8-9].

From these data it is clear that a significant
amount of zinc is lost in technogenic waste and
significantly affects the technical and economic

indicators of the process. In the context of declining
zinc ore reserves and increasing metal prices on the
world market, the issue of improving technology
and significantly reducing losses from industrial
waste is being raised. [10].

In this regard, it is considered important to
improve the technology for processing zinc
concentrates during their roasting using oxygen-
enriched air, as well as the development of the
optimal composition of the charge and technology
to reduce ferrite and silicate formation.

Selection of research objects. The objects of
research were zinc sulfide concentrate with charge
prepared for roasting at the zinc plant of “Almalyk
MMC” JSC. Before conducting the research, 100 kg
of zinc sulfide concentrate, limestone, calcium
oxide, and charge were selected.

The selected samples were subjected to
chemical and phase analysis. The results are shown
in table 1.

Table 1.

Chemical composition of selected samples of zinc concentrate

Sample number Content, %
Zn Fe S Si0, Pb Cu
Nel 38-50 5-8 29-31 0-4 4-4,6 2,2-2,3
No2 45-46 8-9 29-31 1,5-3,0
Ne3 50,8 3,77 31,19 6,08 4,34 0,67
Ne4 47,69 4,46 28,83 7,76 2,29 0,87

To study and study the reasons for reducing
the formation of ferrites and zinc silicates during the
firing process, additional additives of CaO and
CaCOs oxides were introduced into the charge.

Discussion of the research results. The
authors were faced with the question of completely
converting all sulfide-containing compounds into an
oxide or water-soluble form, i.e. into sulfate. At the
same time, the issue of reducing dust removal
should be resolved, because cyclones trap dust
consisting of oxides, i.e. The cinder consists partly
of unburnt concentrate. In the oven, after drying to
a moisture content of W=0.1-1%, small particles of
the concentrate fly into the cyclone in the air stream.

In a laboratory installation of a calcination
furnace, the air in the chamber is enriched with
oxygen from 21% to 28% and mixed, then fed into
the furnace with the charge by a specially prepared
burner. A mixture of air with oxygen or oxygen
separately was purged in an amount of 1.2-1.4 m?
per 1 kg of sulfide concentrate. In this case, the blast
speed was 3-5 m/s [11].

The use of lime as an additional additive to
the firing charge is justified by the fact that at firing
temperatures, calcium carbonate decomposes to
form calcium oxide and carbon dioxide, which are
directly involved in the processes of preventing the
formation of ferrites and zinc silicates [12].

Table 2.
Results of tests of roasting zinc concentrates with the addition of lime
Ne Blend composition Technological Results
process
Initial Lime, | t, burning | T,°C | Sinthe Degree Degree |e, soluble

concentrate, g % hour cinder % | ZnO-Fe;03% | ZnxSi04% | Zn %
1 100 - 0,5 900 6,8 14,4 8,3 56,9
2 100 - 1,0 1000 5,7 13,7 8,7 57,5
3 100 3 1,0 1000 3,1 6,3 6,8 71,3
4 100 3 1,5 950 2,2 7,6 7,2 68,2
5 100 3 2,0 900 1,7 7,2 7,0 69,8
6 100 5 1,0 950 3.4 6,9 6,4 74,3
7 100 5 1,5 950 1,8 6,2 6,1 75,6
8 100 5 2,0 950 0,4 5,7 5,8 78,5
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9 100 7 1,0 950 0,7 7.3 6,2 74,1
10 100 7 1,5 950 03 6,2 54 79,2
11 100 10 1,0 900 2,6 5.8 5,7 76,7
12 100 10 1,5 900 23 5.4 43 78,6
13 100 10 2,0 900 1,7 42 22 85,3
14 100 12 1,0 950 22 2,0 24 86,2
15 100 12 1,5 900 1,4 1,7 1,7 88,9
16 100 12 2,0 900 0,4 1,3 1,2 91,2
17 100 15 1,0 950 22 2,4 2.1 92,6
18 100 15 1,5 900 0,4 0,6 1,2 97,5

During the laboratory study, as can be seen
from Table 2, during the roasting of zinc
concentrates, the best results were obtained by
adding lime to the charge in the amount of 12% and
15% (Table 3. point 16, 18). The firing processes
were carried out at a temperature of 900 °C, but the
firing time was different, that is with 12% lime
added, the firing time extended to 2 hours, and with
the addition of 15% lime, the firing time took 1,5
hours. Comparing these results from the table, we
can say that the minimum degree of ferrite and
silicate formation occurs at point 18 with the use of
15% lime. At the same time, the degree of ferrite
formation decreased to 0,6%, and the degree of
silicate formation decreased to 1,2%.

Table 3 shows the dependence of the
completeness of sulfide oxidation during firing of
concentrates on the amount of air supplied to the
furnace, while the temperature in the main zone of

the fluidized bed increases with increasing oxygen
concentration in the blast from 25% to 28%. At the
same time, the temperature of the exhaust gases
increases.

Blowing in ordinary air, if the temperature is
372°C, with the addition of technical oxygen with
enriched air up to 28%, the temperature of the
exhaust gases in the flue rises to 416°C (Table 3,
point 15). But to ensure the complete and rapid
occurrence of oxidation reactions during firing, an
excess of air is needed compared to the required
amount by 20%. According to practical data at the
zinc plant of “Almalyk MMC” JSC, the excess air
coefficient in the fluidized bed kiln used is o = 1.2-
1.3. In practice, the temperature in the furnace is
adjusted by changing the loading of the charge into
the furnace, i.e. sulfur and sulfur-containing
materials were loaded with the loading of the
charge.

Table 3.
Results of a laboratory study using oxygen in blast for firing zinc concentrates in a FRR

Ne N . . Content in exhaust gases and dusts, %

i o ) & = SO, Ss 0O,

< = st B 5

2 So | 8 | 2= | E 5

g =8 5 | BT | 2 &

5 | 35 2 | 22 |z z

S | 2 - E .

@) = S wn
1 20,0 920 372 2,7 4,9 9,1 2,1 0,20 32,5
2 21,0 920 374 2,7 4,8 9,3 2,0 0,18 31,4
3 22,0 931 376 2,7 4,5 9,8 1,5 0,75 30,6
4 22,0 933 378 2,7 4,2 10,1 1,5 0,74 30,8
5 23,0 963 389 2,9 1,5 11,4 0,7 1,3 28,7
6 23,0 960 390 2,9 1,4 11,6 0,6 1,3 28,9
7 24,0 982 397 3,1 1,2 11,7 0,64 1,7 27,2
8 24,0 986 398 3,2 1,2 11,4 0,59 1,6 27,3
9 25,0 988 398 34 1,0 11,7 0,44 1,8 27,4
10 25,0 990 403 34 0,9 11,8 0,51 2,2 27,3
11 26,0 994 407 3,6 0,4 11,6 0,28 2,7 25,2
12 26,0 994 405 3,6 0,5 12,2 0,27 2,8 26,4
13 27,0 1020 412 3,6 0,6 12,6 0,25 3,1 26,3
14 27,0 1020 412 3,6 0,8 12,7 0,27 3,2 26,5
15 28,0 1034 416 3,8 0,4 12,9 0,26 4,2 25,4
16 28,0 1038 415 3,8 0,3 13,2 0,20 4,1 26,1
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When sulfur burns, the temperature in the
furnace is reduced by water cooling, i.e. cooling
coils. Cooling elements, coils, are installed in the
fluidized bed zone and are determined by the
productivity of the furnace, the firing temperature,
and the cooling system. In laboratory conditions, the
temperature was regulated using a gas burner with a
change in the humidity of the mixture, which ranges
from W from 5 to 8%.

The use of firing with blast enriched with
oxygen up to 28% made it possible to significantly
increase the productivity of the furnace with a
duration of 1.5 hours instead of two hours. The most
important aspects of improving the quality of the
roasted concentrate during roasting is an increase in
the content of sulfur dioxide from 9.1% to 13.9%
(Table 4, paragraph 16) and a decrease in free sulfur
to 0.3%. Adding technical oxygen to the blast will
not lead to an increase in the cost of cinder and zinc
metal in general due to the difference in the price of
ordinary air and oxygen.

If 140-160 m* of air were consumed per 100
kg of concentrate, then when enriched with oxygen,
about 100 m3 is consumed, but at the same time dust

removal decreases from 32.5% to 25.4%. One of the
economic advantages of using oxygen is its
intensifying effect on sulfide compounds. The rate
of the main reaction of sulfide roasting is positively
influenced by the concentration of oxygen in the gas
phase and temperature.

During oxidation, it was revealed that the
firing process depends on the temperature in the KS
furnace, and is determined by the amount of burned
cinder, as well as the amount and temperature of
incoming air. With a small amount of air, the cinder
is not completely burned and, therefore, this leads
to a decrease in the productivity of the process.

Conclusion: Based on the conducted
research, we can conclude that an increase in the
oxygen content in the blast when firing zinc
concentrates in FBR furnaces leads to a reduction in
the formation of undesirable compounds of ferrites
and zinc silicates, increases the degree of
desulfurization, and reduces the firing time. In this
case, it becomes possible to load concentrate with
high humidity into the oven, which will save costs
on drying the starting materials.

Reference:

1. Orlov A.K. The stage of oxidation of sulfides during oxidative calcination of zinc concentrates ./A.K.

Orlov .//Non-ferrous metals. 2003. Nel0. p.25 - 26.

2. Alkatsev V. M., Rutkovsky A. L., Makoeva A. K. Study of the process of roasting zinc concentrates
in a fluidized bed using mathematical modeling. // Ipolytech Jourmal. 2022. T. 26. Ne 4. P. 669—676

3. Munz V.A. Studying the kinetics of oxidation of sulfide zinc concentrate in a fluidized bed
furnace/Munz V.A., Ivakina S.A., Choinzonov D.B.//Bulletin of SUSU. Series "Energy," 2017. T.17. Ne 3. p.

34-42.

4. G. Siwiec Research of zinc concentrate oxidative roasting process. Metalurgija. Volume 61 Issue 2,

2022. p.374-376

5. Matuta T., Siwiec G.: Reduction of lead oxide by fine-grained carbonaceous materials, Arch. Metall.

Mater. 64 (2019), 2, p. 647-652

6. Kazanbaev L.A., Kozlov P.A., Kubasov V.L., Kolesnikov A.V. Zinc hydrometallurgy. - M.: Ore and

metals, 2006. - 326 p.

7. Berdiyarov B.T., Yusupkhodjayev A.A., Khasanov A.S. Improvement of technology of heat treatment
of the zinc concentrate for the purpose of increase in complexity of use of raw materials. International journal
of advanced research in science, engineering and technology. India.Vol. 6, Issue 2, February, 2019.

8. Fabricia Aragjo Sales, Ascendino Pereira de Araujo Neto, Gilvan Wanderley Farias Neto, Romildo
Pereira Brito Intensified heat transfer applied to a zinc roasting process: Economic and environmental factors

Process Safety and Environmental
https://doi.org/10.1016/j.psep.2020.08.030

Protection

Volume 145, January 2021, p. 354-363

9. Ramazanova R.A., Bykov R.A., ShaimardanN. Improvement of decoding process of complex
material composition zinc concentrate//Green economy - the future of humanity: Materials of the International
Scientific and Practical Conference - Ust-Kamenogorsk, 2014. p. 364-376.

10. Yakubov M.M., Abdukadyrov A.A., Mukhametdzhanova Sh.A., Yokubov O.M. Involvement in the
production of man-made formations at the Almalyk MMC JSC enterprise, Non-ferrous metals, No5. 2022. pp.

36-41.

11. Yusupkhodjayev A.A., Berdiyarov B.T., Nosirkhujayev S.Q.U., Technology of deep processing of
copper slags by method of active thermal gravity, (2020) International Journal of Advanced Science and

Technology, 29 (3), pp. 5633 — 5639.

12. Yusupkhodjaev A.A., Khojiev Sh.T., Berdiyarov B.T., Technology for the complex recycling slags
of copper production, Journal of Critical Reviews, 7 (5), 2020 pp. 214 - 220, DOI: 10.31838/jcr.07.05.38.



Kompozitsion materiallar KoMmno3uuuonusie Mmatepuaibl Ne2, 2024

N.I. Boyjanov, Q.P. Serkayev. Yog’-moy sanoati uchun bentonit va opokasimon gillar kompozitsiyasidagi

AASOTDENE OLISH <.ttt ettt ettt e st e bt et e e bt e bt e bt et e embeebeeateemteenteee 76
B.b. lloaaroB, B.M. MejueB. O6ecriedeHre TPOYHOCTH CIETUIEHHUS TOKPBITUS C OCHOBHBIM METAIIIOM TIPH
TA30TIIIAMEHHOM HAITBITIEHHIST - ..t eut et entent et ent et et ete et e et et et e et et e a e e et e et e et e e e et et e e et e e e eneeneen eaenne 80

HU.M. MaxmynoB, P.U. Axguaos, M.I. Anumyxamenos. Pa3paboTka TEXHOIOTHHM TONXyY€HHE BHYTPEHHOTO
CJIOSl TPEXCIOWHBIX KOMIIO3UTHBIX IaHeJIed Ha OCHOBE IMOJMITHIeHa mpowusBonctsa lllypranckoro raso-
XUMHUECKOTO KOMIITEKCA .t et ettt entent et ene et et et e ettt e ete e ae et e et e et e e e e et e e et et et et et et e e aeeneenenaeneee 83
J.F. Ismatov, A.l. Abdullayev. Qishloq xo'jaligi mashinalarida yoqilg'i jihozlarining yeyilgan plunjer juftlarni
tiklash va mustahkamlashning texnologik usullari .......... ... e 86
M.M. Ad6pasoB. OcobeHHOCTH TepMHUYecKoil oOpaboTku mmamineHoro (uroca PI[-18M B cranmroHapHBIX
)] () 0N 0] 42 (10307 Q0 1 () - b 89
B.T. Berdiyarov, S.T. Matkarimov, Sh.A. Mukhametdzhanova, S.K. Nosirkhodjaev, J.B. Ismoilov., K.T.
Ochildiev, U.A. Akramov, H.I. Choriev, F.B. Toxtamurodov. Development of technology for reducing

ferrites and zinc silicates when ringing zinc concentrates in roast furnaces ................cocvoeiiiiiiiiiiinaien.. 92
III.H. Typaxy:kaeBa. TeXHOJIOTHMSI CHIKECHUS COACPXKAHUSA HEMETAUIMYECKUX BKIIOYEHMM IIPU IUIABKE
ATTFOMMHHEBBIX CIITABOB . ... . euttntttententententententeateaeea e et ettt ea e ettt e a e e et e e e e e e e e e eaeean e e eneeaee e eneaas 96

Sh.N. Turakhujaeva, A.N. To‘rayev. Development of a protective flux composition for melting aluminum alloy. 98
4. [IpuknagHbie, IKOHOMHYECKHE U IKOJIOTHYECKHE ACTIEKTHI MPUMEHEHHsI KOMIO3NIHOHHBIX MATEPHAJIOB
M.H. /Kao6opoB, A.A. AOnuna3zapos, C.II. Xa6uoOyinaes, X.1O. PaxumoB. Konnapna okaBa Ba KamiiaMm

9201070507 @ V0 M ENI| 76710 6210703 1703 13 K- 45 1201 1 QN 101
A.A. Makcynoa, K.M. AxblioBa, @.b. Urutos, M.M. HusizoBa. MccnegoBanue mporeccoB JOOUYHUCTKU
CTOYHBIX BOJ OT HOHOB TSIKEITBIX METATIIOB . ...t eutentntententent ettt e etent ettt et e et et ea e et et et e e eteeneeneeenees 104
I. Paxman0epaues, M.U. Kusimoa, O.X. Aoayiiaes, A.LLL. XyceHnoB. UnynuH, KapOOKCUMETHINHYIMHHIUHT
MOJICKYJISIP TY3WIUIIN Ba (PUOPOUHHU CTPYKTYPIIAITHHU YPTAHHIIT . \vvsssenseesensansensensansneaneenansennensensensns 106
II.U. ¥Ymapos. [IepepaboTka pacTBOPOB 00OTAIIEHUS MBITOIO 000KIKEHHOIO (POCKOHIIEHTPATa IIEHTPAIbHBIX
KBI3BUTKYMOB Q30THOM KHCIIOTOM .. ..t uttnttttte ettt et ettt et e et e et et et et et et et et e e et e et eteeaaeeeena 110
A.X. Xampamo, K.I. Aoaxypaxumon, C.A. [lexkanOaea, T.0. Kamosaos, I.U. TypamoB. BriGop
(hoTopeareHTa U pa3pabOTKa ONTUMANILHBIX YCIOBUU MpoIiecca U3BIedeHUs «Hepokor»a u3 TOC ............... 113

B.N. Toau6os, C.M KOagomen, M.C AxmenoB. Metamrypriudeckas nepepadoTKa ¥ O4YMCTKA METHBIX IUIAKOB.. 116
HI.T. Anu3oBa, M.P. AMonoB, H.P. OuniioBa. beHTOHUTITapHY TEPMUK Ba KUMEBHU (DAOIIAMITUPHUII OPKATH

COPOIIMOH XOCCATAPHHHE Y3TAPHIIIH ...\ vvaesaesansensensensensensensaneensensensansensenssensensansesensarsersassesensesen 120
J.K. MycaeBa. CoBepIIEHCTBOBaHHE CHCTEMbl CAaHHUTAPHO-TUTHEHHMYECKOW Oe30MacHOCTH Ha OTKPBHITOM
TEPPUTOPHH TP MTPOBEACHUHN U30JIIIIAOHHBIX PAOOT B IIPEIITPHATHIX .. v .vvnvereneneannennennensensennaneennenneneaans 123
A.X. ITanxues, P. 3usieB, A. AjsianoB. Onucanue NPUHIUIHAIBHON TEXHOJOTHYECKOW CXEMBbl TOTY4YEHHUS
[IUAHAMM/IA KATIBIUS OCCKAPOUITHBIM METOMOM ....vtuseesnsensensensensensaseaneaneasensensansansensensanseneansaseneanens 126
H.X. MaxmynoBa. /J[o6aBKH MOBBIIAIOIINE AKTUBHOCTD IIEMEHTOB M IPOYHOCTh OETOHHBIX W3ACTHH. ... ......... 129
P.®. Pamunos, A.A. TypryHnoB. MeTonb! cXBaTbIBaHUS YACTHULL MTBUIHA PETYIISPHBIMU BCACHIBAIOIIUMU TOTOKAMU
BO3IYIIIHBIX MacC JIJIsl 00€CIICUCHHUS IKOJIOTHUCCKYIO 0€30TTACHOCTD B TIPOU3BOICTBE ...uvvnverrnreneanenrenennnnss 133
3.A. CmanoBa, B.P. Hopmaros, Y.I. Axman:konos, 3.3. fAxmueBa, Y.A. MagaroB. BucMyT y4yH aHaIUTHK
LT ) M 135
T.A. Avezov, M.A. Ismoilov. Elostomer kompozitlar ishlab chiqarsihda vulkanizatsiya vaqtini
optimallashtirishning matematik modelini hisoblash ... 138
M.B. Xox6oeBa, 3.A. CmanoBa, Y.A. Maaaros, M.P. Vpanosa, A.A. Amyposa. Temup(Ill) nouuHH
COPOIIMOH-CITEKTPODOTOMETPIK QHIIKIIAIIT . ... e et et eteeneeneeneeaeeneen e aeeaeeaeaea e e e e e e e et et e e eneeneeneeneeeenas 141
AM. Aammpxanosa, LI.M. AoaycarropoB, A.Y. TyxramymoBa. IloBeimenue 3 PEeKTUBHOCTH
UCIIOJIb30BAaHUS YTOIBHOTO TOIIJIMBA B IPOU3BOICTBE KEPAMUUECKOTO KUPTIHUA .. eveneeneenteneeneeneeneeneeneenenene 144
N.M. Saidmaxamadov, K.X. Abdullayev, N.X. Tadjiyev, I.T. To‘xtaboyev, M.N. G‘aybullayev. Elektr yoy
pechining kimyoviy reaksiyalarini va issiglik effektini tahlil qilish ...............cccoiiiiiii e, 148

5. MeToabl Hcc1e10BAaHIH, TPUOOPOB 1 000PY10BAHMIT KOMIIO3ULIHOHHBIX MaTePHAJIOB
0O.V. Tuyboyov, A.N. Bozorov, A.A. Ismatov, N.F. Raxmonova. Fatigue behavior and structural integrity of

lathe beds constructed from ultra-high-performance concrete (UHPC) .........cooooiiiiiiiiiiii i, 151
0.10. Hcmaunor, A.M. XypmamaroB, /I.H. MHMcamaroBa, P.A. IOcynmoB, M./K. baarab6aena.
WHTeHCH(UKANY TETUIOOTAAYH ITyTEM YAYUIISHUS THIPOAMHAMUKY TEIUIOHOCUTEIIS B TpyOUaToMm amrmapare ..... 155
0.V. Tuyboyov, A.N. Bozorov, A.A. Ismatov, M.I. Dadayev. Housing parts and beds of machine tools casted
from ultra high-performance CONCTELE. ... .....c.uiii ittt et e e e e e te e e eeas 158
M.II. Toupos, B.T. MapaonoB, K.A.KapumoB. OxcmiyaranyoHHblE XapaKTepUCTUKM W 00IacTb
UCIIOJIb30BaHUS M3HOCOCTOMKHUX KOMITO3UTHBIX MOKPBITUH TSI PEXKYIIUX HHCTPYMEHTOB . ...veneveneneenennanenenn. 163

244



