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DEVELOPMENT AND JUSTIFICATION OF A HYDRO-IMPULSE
METHOD FOR INCREASING ORE PERMEABILITY
IN CONDITIONS OF URANIUM BOREHOLE PRODUCTION

Abstract. The technology of downhole uranium production used at mining enterprises in Kazakhstan is
described, the factors affecting the decrease in the filtration characteristics of productive formations are studied in
detail, and an effective method is described for increasing the downhole uranium production. The applied methods of
intensification of downhole production at uranium mining enterprises are considered, the positive and negative
aspects of the electroplasma and chemical methods are discussed. Calculations of the working values of the hydro-
wave method of destruction of clogging formations in the well and the parameters of the solution supply during
repair and restoration work are presented. Based on the calculation of the operating parameters, a diagram of the
dependence of the operating cycle of the hydropercussion machine on the flow rate of the water supplied to the
machine is constructed. The developed 3D model of the hydropercussion apparatus for increasing the permeability of
the productive horizon is presented. The advantages of the use of the hydrodynamic method for restoring the
permeability of the productive horizon in the conditions of downhole uranium production in difficult mining and
geological conditions are disclosed. The optimal parameters for intensification of downhole uranium production in
difficult mining and geological conditions are recommended, and a method for using a hydropercussion apparatus in
combination with traditional methods of well regeneration is developed.

Key words: Borewell, filter, clogging, hydraulic impulse, hydraulic machine, shock body.

Introduction. The technology of downhole uranium mining provides for the dissolution of a useful
component at the location of the ore body, followed by the removal of the formed compounds by a moving
stream of solvent from the injection well to the extraction well [1,2]. The practice of operating systems of
geotechnical wells during the operation of uranium deposits by the method of underground drillhole
leaching of uranium (ISL) shows that over time there is a decrease in their productivity. One of the main
reasons for the decrease in the throughput of technological wells is an increase in hydraulic resistance and
a decrease in the filtration characteristics of the reservoir as a result of the formation of clogging, due to
the precipitation of substances dissolved in technological solutions, or mechanical movement of particles
of the ore-bearing horizon, as well as gas release. The experience of operating such wells at the enterprises
of the National Atomic Company (NAC) Kazatomprom JSC shows that the main reason for the decrease
in their productivity and resource is the clogging processes of the rocks in the near-filter zone (NFZ) of the
wells and the filters themselves.

Mechanical clogging is due to the overlap of the water intake openings of the filters with sand, clay,
gravel and the clogging of the pore channels of the formation with mechanical suspensions. Sand and clay
deposited in the well partially or completely overlap the filter. Also, clogging of the filter and the near-
filter zone of the formation with drilling fluids containing clay particles can be attributed to mechanical
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clogging. In this case, the swelling of clay material in the aquatic environment and a change in the
structure of the pore space of the formation [3].

Chemical, ion exchange and gas types of clogging are caused by a change in the chemical
composition of formation waters as a result of the influence of chemical materials used in ISL. The
presence of dissolved calcium, magnesium and iron cation exchangers in water and a violation of carbon
dioxide equilibrium leads to the formation of hardly soluble precipitates. Intensive precipitation of
carbonate sediments occurs in the filter zone, and with distance from them, the intensity of precipitation
decreases [4]. When leaching solutions interact with ore-bearing rocks in the liquid phase, there is an
accumulation (in addition to ore) of a number of elements that make up the main rock-forming minerals.
The amount and kinetics of the transition of these elements into productive solutions depends on the type
of leaching agent, its concentration, redox potential, temperature, solubility of rock-forming minerals, and
the size of the active surface of mineral particles, which largely determines the intensity of mass transfer
in the solution-rock system.

In most cases, sediments, clogging filters and near-filter zones of wells are multicomponent and can
simultaneously contain salts of iron, manganese and their hydroxides, calcium and magnesium carbonates,
silicic acid and sulfides, as well as sand and clay. They are deposited on the surface of the filters and in the
pores of the adjacent aquifers by gravity or adsorbed by surface tension forces. Over time, sludge is
dehydrated and compacted. Deposits have a loose-porous and conglomerate structure and at different
stages of formation and are characterized by different strength and activity to enter into a reaction. The
formation of conglomerate-like sediments is associated with the processes of chemical and mechanical
cementation adjacent to the filter of aquifers or gravel sprinkling with chemical deposits.

The main methods for restoring or increasing the permeability of bottomhole zone rocks during
recovery and restoration work (RRW) are physical, chemical and combined. When choosing the RRW
technology, one should proceed from the possibility of each method of declogging of filters and near-filter
arcas of wells. Also, when choosing a workover method, it is necessary to take into account
hydrogeological conditions, drilling technology, well structure, filter and other characteristic factors of the
field.

Review of literary sources. To restore the flow rate of wells by destroying and dispersing clogging
deposits, which prevent the filtration of solutions in the reservoir in difficult mining and geological
conditions, electrohydrodynamic methods of well regeneration are widely used. Table 1 shows the main
methods used for the regeneration of wells in the conditions of ILS of uranium.

Table 1 — Applied RRW methods at uranium mining enterprises

The nature . .

of the impact Implementation method Main purpose

CoOMmDressor HUmbin Removal of mud, mechanical suspended particles and impurities from
Hydrodynamic P pumping the bottomhole formation zone (BHZ)

Electroplasma Removal of fine dust particles and clay materials from the BHZ
Chemical Sulfuric acid Dissolution of ferrous and aluminum chemical deposits
emica
Clay-acid Dissolution of carbonate and silicon chemical and mechanical deposits
. Removal of sand plugs from the columns and filter section of the well,
: Reagent treatments with . . . . . . . .
Combined ! . dissolution of chemical deposits, intensification by swabbing,
mechanical action . . : .
clarification of solutions by compressor pumping.

Analysis of the effectiveness of the impact of the electrohydroimpact (EH) method on the bridging
deposits from the literature 5, 6, based on the creation of elastic resonant vibrations by electric discharges
affecting the reservoir. Multiple sequential impulse vibrations in a wide range of frequencies are designed
to destroy and disperse bridging formations and deep penetration and create new fractures in terigenic and
carbonate reservoirs of different porosity and permeability. Also, during EH - treatment of a well, a low-
frequency and ultra-low-frequency effect on the formation and its excitation at dominant frequencies at a
considerable distance from the well occurs, which increases the permeability of solutions in the rock. In an
electric explosion, a breakdown occurs between the electrode gap, in which the solution is located, with
the formation of a rupture channel, the pressure in the channel increases, which is accompanied by its
expansion. After the discharge stage, the channel turns into a gas bubble, which initially expands and then
contracts under the pressure of hydrostatic pressure, creating alternating fluid movements. The main
advantage of this method is that wells with filters made of almost any material, including asbestos-cement,
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nylon or vinyl plastic pipes, can be treated with EH-treatment. Processing filters made of various materials
requires changing the parameters of the power and pressure of the shock wave, its duration and the
number of pulses per 1 m of its length, which determine the efficiency of the electric shock treatment of
the filter. The pressure of the shock wave is mainly determined by the discharge voltage of the coaxial
cable and the discharge gap in the downhole discharge device, adjustable up to 80 MPa, with a frequency
of 1-10 Hz. The duration of the shock wave depends mainly on the capacity of the capacitor bank.
However, the increased requirements for safe work practices, due to high voltage, provide for special
training and additional equipment and devices, registration of work permits for maintenance personnel,
which reduces the productivity of work and reduces the productivity of the installation

In articles 7, 8, reagent methods for restoring the productivity of wells are presented, related to
chemical methods of regeneration. Reagent methods of stimulating the formation are based on the reaction
of aqueous solutions of acids with clogging formations, dissolution and removal of the reaction products
outside the well, usually by airlift pumping. The choice of the type and method of reagent regeneration
depends on many factors, which are determined by the composition and condition of the clogging
sediment, the design of the filter and its condition, the structure of the treated surface. Regardless of the
method of supply, hydrochloric acid HCI is widely used for well regeneration, effectively dissolving
ferrous (Fe,0s, Fe(OH);, FeS) and carbonate (CaCQO;, MgCQ;) bridging formations. The optimal working
concentration of the hydrochloric acid solution is selected taking into account the dissolving ability and
the rate of dissolution of the rock and the neutralization of the acid in the composition, corrosiveness and
the magnitude of the formation pressure. In the practice of chemical treatment of wells, the method of
reagent baths and the method of cyclic pressing into the formation are usually used. The reagent bath
method involves pouring an acid solution at the wellhead, which, under the influence of diffusion
processes, penetrates the filter circuit. Application of this method does not require additional equipment
and sealing of the well head. The method of cyclic pushing of an aqueous acid solution into the formation
is more effective than the method of reagent baths, however, it requires the installation of additional
equipment, lowering of pipes and sealing of the well head. The practice of using chemical reagents in the
regeneration of wells showed low efficiency of methods with especially difficult formation conditions
(increased carbonate content of CO,> 2%), sandiness of the well. There is no possibility to regulate the
uniformity of filter cleaning both along the length and along the depth of the near-filter zone, since in the
process of pressing with working solutions the reagent moves along the most permeable sections of the
near-filter zone. In sealed, impermeable cemented formations, reagent methods require additional
intensification of the process by hydrodynamic methods, since this allows to induce deep processes of
acid-rock interaction.

Calculation and justification of operating parameters. The experience of the regeneration of
geotechnical wells in carbonate blocks shows that the main reason for the low efficiency of many
development methods is that each of them is aimed at solving a single problem: clay mud formation, filter
and wellbore zone cleaning. It is necessary for the development to be comprehensive and include
operations to restore the permeability of the near-filter zone and clean the filter from various kinds of
sediment formation. These requirements are met by the pulse-wave method of regeneration, based on the
action on the formation by hydraulic impulses in a solution of chemical reagents.

The generation of hydraulic impulses in a hydroimpact machine involves the use of hydraulic shocks
that occur when the valve closes the fluid flow, produced by a striker on the anvil of the machine
associated with a destructive tool. In this case, the most optimal solution would be to place generators in
the filter zone of the well, i.e. generators must be submerged in the well. When creating a hydraulic
impulse, due to the small gaps between the body of the transmitter and the production string of the well,
due to the high velocity of the ascending flow and the inertial properties of the liquid, a pressure drop is
created and the bridging agents are removed along with the liquid, i.¢. In addition to the transfer of force,
the liquid medium additionally removes destroyed bridging agents from the impact zone, which allows
processing a significant part of the volume of the filter zone.

Based on the above parametric data, the average values of the frequency and energy of impacts, as
well as the developed power of the hydraulic impact machine, were determined. The frequency of blows
was determined by the formula 1. The energy of the blow is calculated by the formula 2.

n=—, (D

where: T — time of cycle, s.
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In one-dimensional motions with hydro-impulse waves, all parameters depend on one single spatial
coordinate and on time. The main sought functions are, in the general case, the stress tensor components,
the density or volumetric deformation of the medium, and the mass velocity of the shock fluid, and the
determining parameters are the constants entering the model equations and the boundary and initial
conditions of the problem. In a medium with bulk viscosity, the result of the impact action will directly
depend on the properties of the medium, the maximum pressure achieved and, in addition, on the
wavelength. In media with bulk viscosity, the energy losses of waves can be different depending on their
duration, respectively, the shorter the wave is, the smaller the losses during its propagation. This is an
important property of viscous media.

From the analysis of wave propagation, it follows that at all considered distances the wave remains
linearly shock, the maximum values of stress, strain and particle velocity are achieved at the front. Behind
the front, all these quantitics decrease, the voltage is distributed according to a linear law, the other
parameters according to nonlinear laws, more slowly than the voltage. The lag of the extreme values of the
deformation and the pulse velocity relative to the stress will not take place, however, a lag and decrease of
these values behind the wave front is possible. The wave parameters at the front (precursor) both with a
further decrease and with an increase in the voltage behind the shock can be obtained analytically without
solving the problem as a whole.

The use of a hydropercussion wave directly, which creates alternating pressures on the inner cavity of
the filter and then near the filter zone from the downhole hydropercussion machine, is the most promising
direction for increasing the efficiency of RRW in technological wells. The use of the hydraulic impulse
method of influencing the sealed formation zone during RRW of geotechnical wells is promising and cost-
effective by reducing the time spent on the technological process and increasing the turnaround cycle.
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YPAHJIBI YHF BIMAJIBIK OHJIPY KAFTANWBIHAA KEHHIH O TKI3TTIITITTH
APTTBIPY/IBIH THAPOUMIYJILCTIK DIICIH J3IPJIEY KOHE HETI3AEY

AnHOTanMsI. ¥HFBIMAHBIH TYII aHMAFbIHBIH CY3TICiHIH IMIKi KyBICHIHIA ayBICAIbl KBICHIM >KACAHTHIH THIPO-
COKKBLIBI MAIIMHAHBIH SCEP €TY OJICIHIH CHIATTaMAChl MCH KYMBIC NPHHIMIN KEITIpinreH, Oy CY3riLIepaiH Ie,
CY3T1 aHMAFBIHBIH 12 KOJIMATANMICHIH TOMCHACTYTE KOMEKTECEII.

KasakcraHHBIH OHIIPYIII KOCIMOPBHIHIAPBIHIA KOJNJAHBUIATHIH YPAHIbl YHFBIMAJNBIK OHAIPY TEXHOJOTHCHI
CHUNIATTAJFAH, OHIMII KabaTTapIslH CY3TIMK CHIATTAMAJNAPHIH TOMCHICTYTE dCEp €TCTiH (PaKTOpIap KAaH-KAKTHI
3EpICICHICH, COHAAN-aK YHFBIMAIBIK YPAHIBl OHAIPYIl apTTHIPYABIH THIMIL S7iCi CHNATTANFaH. YPaH eHAIPyIIi
KOCIMOPBIHAAPAA YHFBIMAIBIK OHIIPYAlI KAPKBIHIATYIBIH KOITAHBLIATBIH OMICTCPI KAPAIABL, 3JCKTP KO3l JKOHC
XUMESIJIBIK QTICTIH OH KOHC TCPIC MKAKTAPHI TATKBUIAHABL ¥HFBIMAJAFH KOJTBMATALMAIBIK TY3UTIMAEpai Oy3yAbIH
THIPO TOJKBIHABIK ONICIHIH KYMBIC MOHICPIHIH JKOHC JKOHICY-KAIMIBIHA KCITIPY >KYMBICTAPBIH JKYPri3y KE3iHIae
epitiHaiiepai Oepy mapaMmeTpIepiHiH ecenTepi KearipiareH. JKympIc mapaMeTpiepiH ecenrtey HEri3iHAe THIPaBIH-
KaJbIK COKKBI MAIIMHACBHIHBIH KYMBIC IHKJIBI KOPCETKIIITEPiHIH MAIIMHAFAa OCPITCTIH CY INBIFBIHBIHA TIYCIIIMri
JUarpaMMachl ykacaiiapl. OHIMIL TOPH30HTTHIH 6TKITIINTITIH apTTHIPY YIIIH THAPOCOKKBLIB MAIIMHAHBIH 3D Moaemi
kexripiaren. Kypaeni Tay-keH TCONOTHSUIBIK JKaFmaiIapia ypaHIbl YHFBIMANBIK OHIAIPY >KaFdaWIapbhlHIa eHIMII
TOPH3OHTTHIH OTKI3TINITITIH KAIIBIHA KENTIPYAiH THIPOCOKKBIIBI SMICIH KOJIAHYAbIH APTHIKIIBIIBIKTAPHI AIIBII/IBL.
Kypzeni Tay-KeH reoNnoTHsUIIbIK JKaFaainapaa ypasasl YHFBIMAIBIK OHAIPY I KAPKBIHAATY IBIH OHTAHIIBl ApaMeTpIIc-
Pl YCBIHBUTIBI ’KOHE YHFBIMANAPABI KAMIIBIHA KEATIPYAIH ASCTYPII 9AICTEPIMEH YilecCiMAE THAPOCOKKBLTHI MAIIHHA-
HBI KOJIJAHY dJICTEMEC] 31pIICH].

Cy3riHiH 6TKi3y KaOiICTiH JKOHE TCXHOIOTHAIBIK YHFBIMATAPIBIH CY3Ti KaHBHAAFE aiMarbiH (JK¥IIT) kamsi-
HA KCNTIPYIiH HETI3ri MiHACTTCPIiHIH Oipi KaOATTHIH THHAMHKACHIH, COHOAW-AK OJAPABIH VACYiH, *KbLIIAMIBIFBIH
JKOHE BIFBICYBIH €CKEPE OTBIPBII, TYHBIKTAIFAH OPTAFa SCEp CTETIH OHTAMIIBI )KYKTEMEJIepal alKpIHAAY OO BIT TaObI-
7a7pl. bapaeIk ockl maManap TeK KaHa TOCKAYBIIFA TYCETIH TOJIKBIHHBIH MAPAMETPIICPIHE FAHA €MEC, COHBIMCH KaTap
KEACPTiHIH MHEPIISUIBIK JKOHE JKUUIK KACHETTEpiHE 1€ OANIAHBICTHL. YPaH KEHIH OHIIPY KOHE IKCIIEPHMCEHTTIK
3epTTEYNICp KE31HAC TEXHOJIOTHIBIK YHFBIMATIAPIBIH CY3TIII aHMAaFblH JACKOJIbMATANMSIIAY YIIH THIPOMMILY IbCTI
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OMICTI MaljamaHy INAPTTAPhIHA KATHICTHI TCOPMSUIBIK EPEXKENICpP KYPri3imai >koHEe Herismenai. I mapormyiscrepaiH
YHFBIMAIIBIK TCHEPATOPHI APKBLIBI ’KY3€T€ aCBIPBIIATHIH THAPOIYIBCTIK 9CEP OPTAHBIH KACHETIHEC OAMIAHBICTHI AFbIH
KBICBIMBIHBIH THAPOITYJIbCI YHFBIMAHBIH OCiHCH (0,3 METpre ACHIHTI KAIOBIKTBIKKA Tapalybl MYMKiH. [ mmpomm-
Ty JIbCTIK aFBIHAAP/IBIH SCEPIHEH KaOATTHIH CY3T1 aMaFbIHbIH KOJIMATAHTHIHBIH OY3bIIYHI aybICIIANBI UKIIIK TepOe-
JICTIH cangapblHAH OONATHIHIBIFBI KOPCETIATeH. | HAPOAMHAMUKAIBIK MOJCHb CY TOJKBIHAAPBIHBIH SCEPIHECH CY3Ti
KAOaTHIHBIH OTKI3TIMTITIHIH €3Tepy MPOUCCIH CHIATTAWARL. | HAPOIMHAMHKAIIBIK MOJCIBIIH KOMCTIMCH CCCNTCPi
MICIIKEH Ke37I¢ YHFBIMAIA JKOHE PE3CPBYAPAbIH KOJIbMATAHTTH AHMAFBIHAA THAPOUMITY IECTI TOIKBIHIAPIBIH TAPATY
CHIIATHIH I'paduKTEp TYPIiHIE 3€PTTEY YIIIH TCHACYJICP AIbIH/IBL.

By THAPOCOKKBLITHI MATIHHAHBIH TATKAHAAY KAO1ICTI TCOPHAIBIK KOHE KOMIBIOTCPIIIK MOICTBACYMCH PaCTal-
oel. Keneci HOTIDKENEP ambIHABL BipiHIIAeH, THAPOCOKKBLIB MANIMHA JCKOJBMATALMSIHEI KOFAPBUIATY IBIH 0acka
KYpalmapblHa KaparaHAa dmacKaiga TuiMai. EKIHINICH, COKKBIHBIH OCEPi COKKBI 3JICMCHTIHIH KBICBIMBI MCH COFY
JKALUTITiHEG OAWIAHBICTHL. Y INIHINACH, HMITY IbCTIK AFBIH HCFYPJBIM YJIKCH 00J1Ca, OHBIH TATKAHAAY KAOiIeTi COFyp-
JBIM SKOFAaphl Oonafpl. TepTiHIIICH, UMIYJIBCTIK aFbIHABI KYPAIABIH CANTAMACHIHBIH JHAMETPIH a3alTy apKbLIbl
KeOeliryre Oomanpl. beciHImineH, THAPABIMKAIBIK COKKBI YKOFAPhl KATTHIIBIKTHIH KOIbMATANMSICHIHBIH >KOHBLTYBIH
TE3ACTYIEC KOMEKTECEl, al a3 LEMEHTTEITCH >KBIHBICTAPIBIH OY3BIIYbl MMITYJIBCTIK AFBIHHBIH >KOFAPBLIAYbIMCH
e1ayip KYHICHTIyl MYMKIH. O3ipICHICH HMITYJIbCTIK THAPOCOKKBUIBI MAINMHA TCPCH KOHE KOIICHCH YHFhIMAIAp-
JIAFbl OYPFBUIAY KbULIAMIBIFBIHBIH TOMEHIITI, IIJIAMABI AJIBIT TACTAY CHSAKTHI MACENenepAl MEITy AiH ’KaHA HACICHIH
YCBIHAABI JCTCH KOPBITHIHIBIFA KEIIIK.

Tyiiin ce3aep: yHFbIMA, CY3Ti, KOIBMATALMS, THAPOUMITYJIEC, THAPO MAIIMHA, COKKBI JCHEC].
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PA3ZPABOTKA H OBOCHOBAHUE ' APOUMITYJIBCHOI'O METOJA IIOBBIINEHUA
MNPOHUIAEMOCTH PY/ B YCJIOBUAX CKBA’KWHHOU JOBbBIYH YPAHA

Annotanust. [IpuBeieHO OMMCAHNE W MIPHUHIMIL ACHCTBHSI METOJA BO3ACHCTBUS THAPOYJAPHOI MAIIHMHBI, CO3-
JAFOIICH 3HAKONCPEMCHHBIC JABJICHUSI HA BHYTPEHHEH MOJOCTH (HIBTPA MPHU3aOOWHOH 30HBI CKBAKHHBI, KOTOPAs
CIOCOOCTBYET CHIDKCHHUIO KOJIBMATAIMA KaK CAaMHX (DHIIbTPOB, TaK B MPUPHIbTPoBOH 30HBI (I1D3).

Ornmcana TEXHOJIOTHI CKBXHHHOM JOOBIMH YpaHa, MPHUMCEHACMAs Ha JOOBMHBIX mpeampmaTmiax Kaszaxcrana,
MOAPOOHO M3YHUCHBI (DAKTOPHI, BIIFONINE HA CHIKCHHUE (DHIIbTPAIHOHHBIX XapaKTCPUCTHUK IPOIYKTHBHBIX ILIACTOB,
a Take ommcaH 3(P(CKTHBHBIA METOJ, MOBBIICHHA CKBAXMHHON JOOBMH ypaHA. PaccMOTpeHBI MpHMEHICMBIC
METObI HHTCHCU(HUKAIINY CKBAKHHHON JOOBIMH HA YPAHOTOOBIBAIOIINX MPEIMPHATHIX, 00CY KACHBI MOJIOKHTEb-
HBIC W OTPHULATEIBHBIC CTOPOHBI 3JICKTPOILIA3MEHHOTO M XHMHYESCKOTO Meroia. [IpmBeaeHBI pacdersl padoumx
3HAYCHHH THAPOBOJHOBOTO METOJA Pa3pyIICHHSA KOIbMATAIMOHHBIX OOpPA30BAHHI B CKBAXMHE H IAPAMETPOB
MOJAaYM PACTBOPOB IPH IPOBEACHHH PEMOHTHO-BOCCTAHOBHTEIBHBIX pPador. Ha ocHOBe pacuera paboumx
TApaMETPOB MOCTPOCHA AUATPAMMA 3aBHCHMOCTH MOKA3aTelIeH padoyero MUKIa THAPOYJAPHON MAIIMHbI OT pacxoaa
MmoJaBacMoil B ManmHy BoAbl. [IpmBeneHa paspaboranHas 3D Mozens ruApOyJApHOTO aNmapara A MOBBIICHUS
MPOHULIACMOCTH MHPOJYKTHBHOTO TOPH30HTA. PACKpHITBI NPEHMYINECTBA NMPHUMEHCHHA THAPOYJAHOTO METOOA
BOCCTAHOBICHUSI TTPOHULACMOCTH MPOJYKTHBHOTO TOPH30HTA B YCIOBHAX CKBAKHHHOHN TOOBIMH YPaHA B CIIOMKHBIX
TOPHO-TEOJIOTHIECKHUX VCIOBHIAX. PEKOMEHIOBAHBI ONTHMAIIBHbIC MTAPAMETPHI HHTCHCU(DHKAIINI CKBAKHHHON T00BI-
YH YPaHA B CIOXKHBIX TOPHO-TCOJIOTHYCCKUX YCIOBHAX U pa3pab0oTaHa METOIUKA MPUMEHEHHS THAPOYJAPHOTO aIma-
para B COYCTAHUM C TPAAHIUOHHBIMU METOJAMH PETCHEPALIMA CKBAKHH.

OmHON W3 OCHOBHBIX 337a4 BOCCTAHOBJICHHS ITPOIYCKHOH CHOCOOHOCTH (puiabTpa M MPH(HUIETPOBOH 30HBI
TEXHOJOTHICCKAX CKBAXHH (IICB) 4BMACTCA OMpPEACICHHC ONTHMATBHBIX HATPY30K, ACHCTBYIOIIMX HA 3aKOJIbMAa-
THPOBAHHYIO CPEAy, C YUETOM JUHAMUKH ILIACTA, 4 TAKKE UX YCKOPEHHH, CKOPOCTEH u cMeleHuil. Bee 3ty Bemmun-
HBI CYIIECTBECHHO 3aBHCAT HE TOJBKO OT MAPAMETPOB BOJIHBI, MAJAOIICH HA KOJIBMATAHTHYHO MpPErpagy, HO U OT
WHEPIHOHHBIX W YACTOTHBIX CBOHCTB CaMoif mperpaasl. brlna mpoeeaeHa 1 000CHOBAHBI TCOPETHUCCKHIE TOTOKEHIS
MPUMCHUTEIBHO YCIOBHAM HCIIOIb30BAHAS THAPOUMITY ICHOTO METOAA /UL ACKOJIbMATALMH MPU(PHIBTPOBOH 30HbI
TEXHOJOTHYECKIX CKBAKHH ITPU JOOBIME YPAHOBBIX PYJ M SKCIICPUMCHTAIBHBIX HCCICAOBAHHH. | maponMITy IbCHOE
BO3ACHCTBHE, OCYIIECTBILIEMOE YEpE3 CKBAKHHHBIM TEHEPATOP THIPOUMITYJIBCOB, B 3aBHCHMOCTH OT CBOHCTBA
Cpeasl, THAPOHMITYIbCA AABICHHA NOTOKA MOKET PACIPOCTPAHATHCA HA paccTosHuE 10 0,3 MEeTpa OT OCH CKBAYKHHBL
[NTokazaHo, 4TO pa3pyIICHHE KOJbMATAHTA MPH()IIBTPOBOH 30HBI IJIACTA MOJ ACHCTBHEM THAPOUMITYBCHBIX CTPYH
TIPOMCXOTUT 3a CUET 3HAKOIIEPEMEHHOTO IUKIMIECKOTO KonecOanus. CocTaBicHa IHAPOIHHAMIIECCKAS MOACTH OITH-
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