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DEVELOPMENT OF AN EXPERIMENTAL PLANT OF
A NON-NOZZLE POROUS FOAM GENERATOR FOR PRODUCING
WITH FOAM GENERATING AND DEFOAMING STRUCTURES

Abstract. On the basis of studies of heat-mass exchange processes by boiling of pure liquids and with the
addition of surface-active agents, a new class of non-nozzle porous foam generator for producing of air (steam) and
mechanical foam was developed. The results of the experiment are generalized by the criteria equations of heat-mass
exchange with an accuracy of + 20% with respect to the processes of bubbling, foam generation, pseudo-fluidization
and boiling. The combined action of capillary and mass forces for capillary-porous structures of the 3x0,4 type made
it possible to boost the operating mode of the foam generator by 1,5-2 times and reduce the consumption of the foam
generating agent and reduce the hydraulic resistance tenfold. The nozzle-free foam generators of air mechanical foam
were designed along with its case, inlet and outlet nozzles, a set of grids and sprayer. They help to conduct foam
generation processes with high effectiveness under low hydro-and-gas dynamic resistance. For further enhancement
of the combined processes of gas mechanical foam and collecting micro-and-ultramicroscopic dust, a dust collector
along with its case, inlet and outlet nozzles, a set of grids and sprayer was proposed, which is equipped with defo-
aming grid porous structure, whereas foam generating and defoaming structures are installed into in case
consequently as per the dusty gas movement and sludge collector. Besides, each subsequent grid of foam generating
porous structure is made with the increased size of cells following the cleanable gas; ¢.g. made of metal cells for
clearance 0,08*0,14*1, and defoaming made of grids with decreasing size of cells following the cleanable gas, ¢.g
made of metal cells for clearance 0,4*0,14*0,08.

Key words: porous foam generator, foam generation, foaming, defoaming, heat-mass exchange, capillary-
porous structures.

Study of the heat and mass exchange of boiling pure liquids in capillary porous structures, deve-
lopment of control methods for these processes [1] allowed to summarize trials with pure foam and dust-
foam flows and study a single equation for calculation of the heat and mass exchange with an accuracy up
to £20 % [2], whereby boiling processes, bubbling, pseudofluizidation and foam generation were
summarized as well.

A new class of nozzle-free foam generators and foam-dust catchers along with bubbling capillary
porous grids were invented [3], as well as foam generating and defoaming structures located vertically.
Due to the controlling internal characteristics of two-phase flows [4] different types of foam-dust catchers
were designed [5-13]. It is possible to increase effectiveness of dust-gas catching because of controlling
geometry of microchannels of porous material [6], separation of flow into wave energy and gas (stcam)
energy |7, 11], forming generator with the help of power (without incoming flotation) [8], design of
turbulizers as foam generating and defoaming structures using a joint action of gravitation and capillary
forces, pressure and vibration forces.

In accordance with the article No.358012, 1972 a method of electrostatic gas cleanup was described
where electrization of settling elements was produced using a tribo effect. This effect was used earlier,
though during electrization of filter elements they had a conductive layer on their surface, which reduced
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the electrostatic filtration component. The reviewed method describes that an effectiveness of electrostatic
filters will be increased because it is recommended to implement electrization with the help of circulation
of weight fine grained electrified agent in hollow settling elements.

Method of clectrostatic gas cleanup as per the article No.358012, 1972 in terms of dust settling
effectiveness exceeds the known methods. However, in comparison with the known methods, it has a low
dust settling productivity.

Therefore, it is possible to increase the effectiveness of dust electrization in air flow by using a tribo
effect. Though it requires solving a problem of dust cleanup productivity.

In addition to methods of gas cleanup from dust there is a method /article No. 247241, 1969/, where it
is suggested to catch thin acrosol sprays with the help of charging acrosol spray particles when the
clectrostatic sprayed easily evaporating liquids are settled on them, hence a liquid vapor in a form of
condensate will be re-used. Such method has an advantage over the method of dust catching by charging
clectrostatic sprayed water, because a mutual attraction of dust particles and drops of sprayed water leads
to their adhesion and growth of particles along with charge neutralization.

A common disadvantage of electric methods is a minor size and porous structure of formed aggre-
gation of dust particles. Under impaction, they can be casily destroyed. Low effectiveness of dust sup-
pression process could be expected from settling of fine dust. Thus, it is required to develop a dust
suppression method, which would allow significantly increase resistance to destruction of formed dust
aggregation whilst processing an air dust flow by electric field with retention of high productivity of dust
cleanup.

It is interesting to see the air dedusting method using porous blankets /article No. Ne368413, 1973/, In
order to increase an effectiveness of dust catching, a dust flow goes through the parallel blankets that
moist liquid. A moving air flow helps to vibrate blankets due to the irregular speeds. Dust particles located
in air turbulent flow are being moisturized and coagulated. Fiber is moisturized by water supply to pipe
frame where the blankets are fixed.

To achieve a required effectiveness of dust catching, it is necessary to conduct multiple test resear-
ches in various mode parameters, as well as to perform new design studies for forming an acrodynamic
structure of air dust flow.

There is a dust suppression method based on enriched water steam. With a steam condensate, the area
of low pressure is formed where all particles move and could be caught. The disadvantage of such method
is its low effectiveness that is caused by unreasonable use of generated steam for the purposes of dust
suppression. Besides, to achieve a required norm of dust content large steam resources are required, and
that result in unreasonable costs for steam generation.

Similar method to the above-mentioned method is a method (article No.130461), where air dust flow
is mixed with steam spray with further settling of steam-dust flow by the sprayed water.

Under such process, it is expected to obtain a low degree of dust catching. Condensate effect will be
shown in unstable way, takes probabilistic nature depending on random contact of water sprayed drops
with water steam molecules and will be determined by turbulence degree of air dust flow. Dust coagula-
tion effectiveness is expected as minor in conditions of enriching air dust flow by steam. That is why
water stecam and sprayed water are used unreasonably, and there is increased consumption of stecam and
water.

When studying a movement of acrosol particles in the steam diffusion field it was evident that the
acrosol particles are intensively remote from a cold surface. Aerosols with speed 1 m/s were put through
the condenser of 0.5 m long and 5x10” m wide. Metal wall is washed by water with the temperature at
condenser inlet 20°C and outlet about minus 70°C. Particle concentration was 1012 particles/m®. Catching
degree varied in large limits 75-95%. Mechanism of the dust suppression process is based on two
principles: I) condensate enlargement of acrosol particles like condensation nucleus; 2) directed movement
of steam particles mainly towards a cold surface.

Mechanism of the dust suppression process is very complicated, though the main acting factors could
be indicated such as Stefan flow of condensed steam as a driving force of aerosol particles. Also, it is
enforced by the available diffusion, thermophoretic forces and convective flows, large particles are
removed from flow due to the gravitation and centrifugal forces; some particles in air stcam flow are
minimized because of the coagulation process.
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Study of the mechanism of dust suppression in the steam diffusion field requires further development,
in particular, it is related to the enhancement of the steam condensation process, steadiness of liquid film
distribution, development of new devices for feeding air dust flow by the enriched steam.

Some enhancement of the dust suppression processes could be achieved by additional power sources
/article No.1032197, 1983/. It is suggested to charge water steam and dispersed water oppositely, whereas
water should be previously magnetized. Steam is injected to a tank with hot mass, which goes through the
electric field formed at the steam nozzle outlet. Steam-air-dust flow leaving a tank is condensed at sprayed
drops of electrically charged and magnetized water.

Under the weight steam consumption equal to 7x107 kg/f and over, a relative air dust content reaches
up to 3-6% and becomes self-simulated in relation to steam consumption. The increase of process
effectiveness in the described condensate system of dust suppression occurs 1.5-2 times (probably in
relation to condensate system without electric charge of stecam, water and magnetization of water). Also, it
is unclear how it impacts upon the process of water magnetization, and what contribution of electric
charge separately for steam and water is.

The reached effect is explained by the fact that when oppositely electrically charged sprays of water
and steam are injected to the dust source due to electric gravity forces between steam molecules and water
drops it leads to more enhanced and ordered steam condensation at water drops. At condensate surface, a
larger hydrodynamic flotation occurs rather than at non-charged acrosols, which directs to drops that
collects dust particles and tends to their catch by drops. Due to that, massive dust particles are settled.
Capture rate of dust particles by water drops also is increased due to minimizing forces of the surface
tension of ¢lectrically charged drops.

The described method of dust suppression has an additional effect on settling dust particles. However,
it is achieved by huge efforts as it requires the electric charge of steam, water, water magnetization that
significantly complicates a condensate system of dust suppression, and extra costs for establishing electric
fields and ensuring electrical safety of manpower.

Therefore, further theoretical and experimental studies of the dust suppression processes should be
aimed at new design solutions that are based on the reviewed methods using evaporator-condensing
multiphase systems of dust collection and surface-active agents.

Basically, in terms of the existing types of foam generating agents we could hope for the new
acrodynamic diagrams and structures, which will determine a behavior of dust suppression process,
significantly increasing a cleanup degree of dust flow, and become reliable and easy to fabricate and
operate and meet safety requirements whilst operating the equipment [8-13].

Figure 1 demonstrates a new class of nozzle-free foam generator with foam generating capillary
porous structure.
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Figure 1 — Nozzle-free capillary porous foam generator of air (steam) mechanical foam:
1 —cylindrical case; 2 — capillary porous structure; 3 — spray device (feeding artery), 4 — foam generating solution;,
5 — air (steam) — mechanical foam; ma, ml, ms — consumption of air (steam), liquid (foam generating solution), foam;
q — incoming (foam generating) flow energy density
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Figure 2 demonstrates a test facility for research of air (stcam) generation processes - mechanical

foam.
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Figure 2 — Test facility for research of foam generation process:
1 — foam generator; 2 — spray device; 3 — connection of capillary porous structure; 4 — bubble dynamics in structure

The combined use of mass and capillary forces ensures the formation of uniform and stable film for
distribution of the foam generation solution throughout all capillary porous structure 3x0,4 (three layers of
grid where cell width in light is 0.4x10” m). This allows to increase operational mode of foam generator
up to 1,5-2 times, reduce consumption of foam forming agent whilst retaining foam stability, dispersion
and high expansion rate.

Value of hydraulic resistance will be a few times less because of nozzle unavailability rather than in
foam generators GVPV-400 or PGG-4.

Research of heat-mass exchange processes by boiling of pure liquids in capillary porous structures
revealed a behavior of the internal (thermal hydraulic) characteristics, generation of vapor phase, density
of generation centers, discharge of drops from the structure, bubble departure diameter and frequency of
bubble departure, speed of bubble growth [11, 13-16]. The different porous systems were developed ap-
plicable to heat and power units [17] and the relevant calculations were performed to verify trial data with
accuracy £20% in a form of criterial equation for bubbling, injection, suction, pseudo fluidization, foam
generating [18] and focused on highly effective nozzle-free capillary porous dust-and-gas collectors with
foam generating and defoaming structures [3, 6-8, 12].
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Let’s review a new class of nozzle-free dust-and-gas collectors. Invention called “Dust Collector”
[article No.1456608, MKI E21F 5/04, 1989] refer to the different industries of national economy
for highly effective gas (air) cleanup from micro-and ultramicroscopic dust (size of fractions less than
5%¥10° m and 0,25%¥10° m accordingly), for example, in fuel combustion, processing and transportation of
dusty materials, removal of vent emissions.

There is a known device for collecting gases and acrosols [article No.309717, k1.V. Old 47/04, 1971],
which contains inlet and gas removal nozzles, case, fiber attachment located in case, gasket and baffle,
mist separator.

The disadvantage of this device is its low effectiveness for collecting micro-and ultramicroscopic
dust, defined by the size of nozzle pores, that leads to a high material consumption, high hydraulic
resistance as per the liquid movements and gas dynamic resistance whilst flushing gas (air).

A short duration of operations between generations due to pore plugging of fiber attachment causes a
significant problem. Foam is generated outside of porous body and attacks its surface. That reduces the
effectiveness of dust collection and enhancement of the mass transfer process, which increases material
consumption, dimensions and weight of the device.

Gas flow penetrating a fiber attachment overcomes a high gas dynamic resistance. It is due to the
excess energy and its boosting. Duration of operations between generations of such device will be low
because pores in fibers tend to be blocked by dust particles. This leads to the complicated operations of the
device, and minimizes its reliability.

In the suggested capillary porous structures of nozzle-free dust-and-gas collector [3, 6-8, 12] a high
effectiveness for collecting micro-and ultramicroscopic dust could be explained by diffusion mechanism
of dust settling in the foam flow and at the structure surface, when dust particles are under continuous
influence of gas molecules, which are in the Brownian movement, whereas mobility of particles will be
increased with the help of thermophoresis due to difference of temperature between skeleton of porous
structure, foam flow and dust particles on the one hand, and due to diffusiophoresis caused by the gradient
of concentrated components of foam flow, enforced with vapor process of foam forming solution within a
porous structure and partial steam condensate of foam flow on the other hand.

High resistance and stability of liquid film in cells of grid structures is ensured with an equal injection
of the sprayer liquid and allows to reduce a consumption of foam forming solution 1,5 to 2 times retaining
the foam stability, dispersion and multiplicity of foam formed in foam generating structure |3, 6-8, 12].

As shown in trials [7, 12] hydraulic resistance of the grid porous structures in comparison with the
fiber attachment is reduced a few times, as well as a gas dynamic resistance a few times. Since the
suggested porous structures have large cell sizes in comparison with pores of the fiber attachment that tend
to increase a duration of grid regeneration, and thus it simplifies operations and enhances the reliability of
dust collector and its service life.

It is impossible to organize a stable process in multiphase layer with the help of fiber and filter
materials similar to them (metal ceramic, sintered powders) as foam bubbles block nozzle pores and stop
access of fresh portions of foam generating liquid to bubble generating pores at loads 2 to 2,5 times less
than for the grid structures.

Dust collector operates in the following way as below.

Flow contaminated by dust is injected through the nozzle of dusty gas 1 into dust collector case 2
(figure 3). Gas cleanup from microscopic dust is performed in foam generating porous structure 3 of type
0,08%0,14*1. Gas mechanical foam 10 is blown by gas flow from the structure cells, supplied by foam
forming solution 9, for example, 110-12, supplied by sprayer 4.

Porous structure in comparison with isotropic structure helps significantly enhance mass exchange
processes flown in their volume and on the surface because of simplified growth of bubbles 8 from top of
the cone to its base, that increases coagulative feature of foam. Therefore, enhancement of processes leads
to higher effectiveness of catching microscopic dust due to raising rate of catching dust by foam in the
volume of structure and on its surface.

Gas mechanical foam 10 will be destroyed from the surface and in the volume of defoaming porous
structure 5 of type 0,4*0,14*0,08. Foam bubbles 11 start intensively burst in structure due to the growth of
resistance from the cone base to its top. Microscopic dust contained in destructive gas mechanical foam
under influence of gravity and pressure leaking from sprayer along the porous surface moves towards
sludge collector 7.
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Figure 3 — Nozzle-free capillary porous dust collector with foam generating 3 and defoaming 5 structures:
1 — inlet nozzle; 2 — dust collector case; 3 — foam generating porous structure; 4 — sprayer; 5 — defoaming porous structure;
6 — outlet nozzle; 7 — sludge collector; 8 — bubble; 9 — defoaming porous structure; 10 — gas mechanical foam;
11 — foam bubbles, mf, ma, m\, — consumption of foam, air (steam)

Gas will be additionally cleaned up from microscopic dust in defoaming structure where the destruc-
tive process of gas mechanical foam is significantly enhanced because grids are collected with minimized
cell sizes.

This results in increasing effectiveness of collecting microscopic dust on its surface and in volume
due to raising rate of catching dust and increases coagulative feature of the destructive foam flow.

Gas cleaned up from the microscopic dust is removed from the device through the outlet nozzle of
clean gas 6.

Test demonstrated [8, 12] that in comparison with the filtering materials such as metal ceramic and
sintered powders, consumption of form forming solution is reduced 1,5 to 2 times retaining the foam
stability, dispersion and multiplicity of foam, hydraulic resistance for transportation of foam forming
liquid is reduced 10 to 20 times, gas dynamic resistance 1,8 times that minimizes pump and fan (smoke
exhauster) capacity, material consumption and dimensions 2 to 2,5 times, weight of device 3 to 4 times.

Time between regeneration significantly increases, as well as the effectiveness of catching micro-
scopic dust, which could reach values up to 99,6-99.8%, thus it simplifies operations and enhances
reliability of dust collector and its service life, which is proved by relevant acts of Trust Alma-Atalnzh-
stroi and Almaty Heat & Power Plant-2.

Cost of implementing the suggested dust collector will be saved because of reduced consumption of
foam forming solution 1.5 to 2 times, minimized hydraulic resistance for transportation of foam forming
liquid up to 10 to 20 times, gas dynamic resistance for pumping of dusty flow up to 1,8 times, material
consumption and dimensions up to 2 to 2,5 times, weight of device 3 to 4 times. Also the device opera-
tions are getting simplified, duration between regenerations increases, and thus it enhances reliability and
service life of the device, which saves capital and operational costs.
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A, A. T'enoau, K. K. Illoxo1akos
AMaThl SHEPreTHKA YKoHE OalIaHbIC yHUBEpCHTETI, AnMarel, Kazakcran

KOBIK OHJAIPETIH K9HE KOBIK COHAIPETIH K¥PJIBIMJIAPLI BAP
AYA (BY)-MEXAHHUKAJIBIK KOBIKTIH BYPIKKIIICI3 KEYEK KOBIK TEHEPATOPBIHBIH
IKCIIEPUMEHTTIK KOHABIPFBICBIH 93IPJIEY

AnHoTtammsi. Ta3za CyHBIKTHIKTapAbl KAHHATYMCH JKOHE KaOaTTHI-OCICEHAI 3aTTapAbl KOCYMCEH >KBLIY-CAIMAK
aIMACTBIPFBII YACPICTI 3epTTey HeriziHzae aya(0y)-MEXaHHWKANbIK KOMPIKTI OYPIKKINICI3 KaNMAIIIPIbI-O0PKBIIIAK
KOIpiK reHEPaTOPIAPBIHBIH KAHA KIACHI d31PICH L. JDKCICPHMEHT HOTIKEICPIH KBUTBIHY MCH MACCa TACHIMATBIHBIH
KPHTHKAJIBIK TCHACYJICpiHE Ko0iK, MOPOIOH >Kacay, ICEBAOOMKOIAAY KOHE KaHHAY IPOLECTEPiHE KAaThICTBI +20%
JONTIKNCH KOPBITHLIAMEL. Kanmmumapnsl-OypKeUTIaK KypsuibiMaap YioiH 3x0,4 TypiHACTI KAMLIAPIBI JKOHC Call-
MAaKThI OIpbIHFaH SPEKETTEP KOIIPIK TEHEPATOPBIHBIH KYMBIC PEKUMIH 1,5-2 ece Te3neTyre, Komipik KAIBIITAaCThIPY -
IIBIHBIH, MBFBIHAAPHIH KBICKAPTYFA )KOHE THAPABIMKAJIBIK KAKTHIFBICTBI OH €CE a3alTyra MyMKiHZIK Oepai. Kopmyc,
KIpY >KOHE IIBIFY KEITE KYOBIPIaphl, TOPHIAAap TONTAMACKHL, TO3AHJATKBIIITAH TYPATHIH aya-MEXAHUKAIBIK KOOIKKE
apHaFaH OypKirimcis kedik reHepaTopaapsl a3ipacHi. Omap a3 ruapo HKOHE Ta3THHAMHAKAIBIK KAPCHUTBIKTAPAA KO-
FApBbI THIMALTIKIICH K60IK 6HAIpy MPOLECTEPIH KYPTi3yre MyMKIHIIK Oepeni. I'a3-MexXaHHKaIbIK KeOIKTI 6HAIpY MEH
MHKPO JK9HE VIbTPAMHKPOCKONMSUIBIK TO3AHIBI TYTY OIpIECKEH MPOLECTEPIH 3Pl Kapail COMKECTEHAIPY YIIiH KeOik
COH/IIPETIH TOPKO3l KEYEKTI KYPHUIBIMMCH YKOHE KAK SKUHAFBIIIICH KaOIBIKTAIFAaH KOPITYC, Kipy JKOHE HIBIFY KEITe
KYOBIpJIapsl, TOPINAJAP TONTAMACHI, TO3AHJATKBITAH TYPATHIH TO3aH TYTKBII YCHIHBUIEL, OYI perTe KeOik
OHIPETIH OHE KOOIK COHIIPETIH KYPHUIBIMAAP KOPIYCKA TO3AHAATHUIFAH Ta3 KOBFBUIBICHIHBIH OAFBITBIH OOMIaN
opHatbIIasL. bynan e3re, ke0ik 6HIIPETIH TOPKO3Al KEYEKTI KYPHUIBIMHBIH KEHIHT1 TOPIIACH TA3aPTHLIATHIH Ia3IbIH
KO3FaJbIC OarbIThl OOMBIMEH YAMIBIKTAPABIH YIFASTHIH OJIICMIMEH, MBICAJIBI, CAHBLIAYFA YAIIBIKTAPBIHBIH 6JIIEMi:
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0,08%0,14*1 OonmaTeiH METa] TOPJAPAAH, aX KeOIK COHIAIPETIH TOPIIA - TA3aPTHUIATHIH Ta3bIH KO3FAIBIC OAaFbITHI
OOMBIMCH YSIIBIKTAPABIH KIMiPCHETIH OJMICMIMCH, MBICANTBI, CAHBUIAYFA YAMBIKTAPBIHBIH ommemMi: 0,4*0,14*0,08
001aTBIH METAN TOPIAPAAH OPBIHIAIIBL.

Tyiiin ce3aep: OOPKBLIIAK KOMIpiK T€HEPATOPBI, KOMIPIK TEHEPAUMACHI, >KbLIYy CAIMAaK AaJIMACTHIPFBIIL,
KaIMULIPIB-O0PKBUIIAK KYPBLIBIMAAP.

A. A. Ten6a4’, K. K. lokonaxos ™

' ATMATHHCKHI YHHBEPCHTET SHEPTETHKH ¥ CBs3H, Amvarsr, Kaszaxcran,
*AO «Kasaxckuii HHCTHTYT HeyTH ¥ ra3a», Anvarsr, Kazaxcran

PA3PABOTKA DKCIIEPUMEHTAJILHON YCTAHOBKH
BE3®OPCYHOYHOT'O TIOPHCTOI'O MEHOTEHEPATOPA
BO3IYITHO(IIAPO)-MEXAHWYECKOU ITEHBI
C NIEHOTEHEPHUPYIOIINUMM M MEHOTACSIIIAMHA CTPYKTYPAMHA

Annotammsi. Ha ocHOBe mcCiienoBaHUH MPOLECCOB TEIUIO-MACCOOOMEHA KHIICHHEM YHCTHIX, SKHIKOCTEH U C
J00aBKOH MOBEPXHOCTHO-aKTHUBHBIX BEIIECTB Pa3pabOTaH HOBBIH Kiacc 0e3()OPCYHOUHBIX KANMIIIIPHO-TIOPUCTHIX
TICHOTCHEPATOPOB BOZAYITHO(TIAPO)-MEXaHMUECCKOM NMEHBIL. Pe3yIbTaThl IKCTIEPUMEHTA 0000IMAFOTCS KPHTEPUCTHIMHA
YPaBHCHHAMH TCIUIO- H MAaCCOOOMCHA ¢ TOYHOCTHIO +20% NpPHMCHHTCIFHO K MporeccaM 0apOoTaka, TICHOTCHE-
panuy, MBCEBAOOKIKCHIS U KulcHUs. COBMECTHOE NCHCTBHE KANMJIIIPHBIX M MACCOBBIX CHJI JUI1 KAIMLIIPHO-
TMOPHUCTHIX CTPYKTYP BHAA 3x0,4 mo3eommno opcuposats B 1,5-2 pa3a perkuMm pabOTH MCHOTCHEPATOPA, COKPATHTH
pacxoa meHooOpa3oBaTens U B ACCATKH Pa3 YMEHBIINTH THAPABIMYECKOE COMpoTHBIcHHE. Pa3padoTansr 6e3dopey-
HOYHBIC TICHOTCHEPATOPHI BO3AY ITHO-MEXaHMUICCKOH IICHBI, COACPKAINMIT KOPITyC, BXOAHOM M BBIXOJHOHN MATpyOKH,
MAKET CETOK, pacmbumTens. OHH MO3BOJLIOT IMPOBOJUTDH IPOLIECCHI TEHEPALUH TICHBI C BBICOKOH 3()()EKTHBHOCTHIO
TIPH MaJbIX THAPO- M Ta30AMHAMHYCCKUX COMPOTHBICHMIX. [ JanpHEeHIIeH HHTEHCH()DMKAIMU COBMECTHBIX MPO-
LIECCOB TCHEPAIMH TA30MEXaHIICCKOM NICHBI U Y IABIHBAHUS MUKPO- M YIbTPAMUKPOCKOIMICCKON ITBUIH TTPEAIOKEH
TIBIICY IOBUTENb, COJACPKANIMH KOPILYC, BBIXOJZHOW M BBIXOJHON NMATPyOKW, MAKET CETOK, PACIbBLINTEb, KOTOPBIH
CHAOKEH MEHOTACSIICH CETYAaTOH MOPHCTON CTPYKTYPOH, MPUYEM IEHOTCHEPUPYIOMAS U MEHOTACSINAST CTPYKTYPBbI
VCTAHOBJICHBI B KOPIYCE NMOCJIEIAOBATEIBHO IO XOAY IBIKCHMS 3aNBUICHHOTO ras3a, W IaMocOopHHKoM. Kpome
TOTO, KAKAAS MOCICAYIONIAS CETKA IIEHOTCHEPUPYIONICH CETYATOH MOPUCTOM CTPYKTYPHI BHIIIOJIHCHA C YBEIUIUBAO-
IIEMCST PA3MEPOM STUEEK IO XOAy JBIDKCHHS OUHINAEMOTO Ta3a, HAIPUMED, U3 METALIMYECKUX C PA3MEPOM STHEEK HA
mpoceer: 0,08%0,14*1, a meHoracsmas — U3 CETOK C YMCHBINAIOIIUMCS PA3MEPOM STUCCK IO XOAY ABIKCHHSI OUH-
IACMOTO Ta3a, HAPUMEP, U3 MCTALTHICCKHX C Pa3MEPOM sSHeck Ha mpocseT: 0,4*0,14%0,08,

KimoueBbie c/I0Ba: MOPUCTHIH NECHOTCHEPATOP, NMEHOTCHEPALH, MEHOOOPAa30BAHUE, IICHOTAMICHUE, TEILIO-
MacCcOOOMEH, KAMHJULIPHO-TIOPHCTHIC CTPYKTYPBI.
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