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INDUCTION METOD FOR HEATING OIL
IN LOW PRODUCTION WELLS

Abstract. The article discusses the induction method of heating oil in low production wells. To do this, it was
suggested to use induction heater and frequency converter. Shown that at current frequencies of 1 - 1.5 kHz, an
induction heater and inverter frequency converter can be installed at the bottom of oil wells. The inverter will be
made on a JGBT transistor modules that can switch voltages up to a thousand volts, currents of hundreds of amperes
and tens of kilowatts of power.

The goal of the research is to heat the oil to the required temperature, with the most efficient use of the
consumed electricity, without the use of an open flame (furnace, burner), without thermal electric heaters (TENs),
and without the use of heat exchangers, the efficiency of which does not exceed 60-80%. This is possible using the
induction heating method.

Induction heating is used to heat technological equipment (oil pipelines, pipelines, tanks, etc.), heat liquid
media, and dry coatings of materials (for example, wood). The most important parameter of induction heating
settings is frequency.

For each process, there is an optimal frequency range that provides the best technological and economic
indicators. For induction heating, frequencies from 50 Hz to 5 MHz are used. The advantages of induction heating.

The principle of operation of induction heaters is simple. If a metal work piece or parts are placed in an
alternating magnetic field, then, according to the law of electromagnetic induction, an electromotive force is induced
in it, under the influence of which an alternating electric eddy current will flow.

This current will heat the body of this work piece or part to the required temperature.

The general concept of the article is that with the help of an induction heater it is possible to heat oil in oil
wells, and thus, increase oil production in low flow wells, that is, increase the profitability of oil production.

Key words: the induction method, at current frequencies, JGBT transistor modules, voltages, the required
temperature, of this work piece.

Introduction. According to the Committee of the State Duma of Russia on energy, transport and
communications, more than 70 % of the reserves of oil companies are in the range of low rates, that is, on
the verge of profitability [1]. The share of hard-to-recover reserves reached 55-60 % and continues to
increase. If 15 years ago 55 % of wells produced up to 25 tons of oil per day, today only about 10 tons are
produced. Water cut is increasing (the amount of water pumped into the oil reservoir to increase pressure).
The same situation is in Kazakhstan.

To increase oil production, it is necessary to heat the oil. This is a multifaceted and serious problem
for many oil companies. Different heat carriers are used for heating: steam, hot water, hot gases and oil
products, electric energy.
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The greatest application is water vapor, which has the highest heat content and heat transfer, is simply
transportable and does not pose a fire hazard. They use saturated steam with a pressure of 0.3-0.4 MPa,
providing oil heating to 80-100 °C.

To heat the oil, electric heating devices are used, which differ in compactness, ease of maintenance
and benefit when cheap electricity is available.

The goal of the research is to heat the oil to the required temperature, with the most efficient use of
the consumed electricity, without the use of an open flame (furnace, burner), without thermal electric
heaters (TENs), and without the use of heat exchangers, the efficiency of which does not exceed 60-80 %.
This is possible using the induction heating method. Induction heating is used to heat technological
equipment (oil pipelines, pipelines, tanks, etc.), heat liquid media, and dry coatings of materials (for
example, wood). The most important parameter of induction heating settings is frequency [2].

For each process, there is an optimal frequency range that provides the best technological and
economic indicators. For induction heating, frequencies from 50 Hz to 5 MHz are used.

The advantages of induction heating.

Electric energy is transferred directly to the heated body and allows direct heating of materials, with
an increase in the heating rate.

1. The transfer of electrical energy directly to the heated body occurs in a non-contact manner. This is
convenient in conditions of regulating the heating temperature and for automating the heating process.

2. Due to the phenomenon of the surface effect, maximum power is released on the surface layer of
the heated product. Therefore, induction heating provides fast heating of the product and is more
economical than other methods of heating oil.

3. Induction heating in most cases makes it possible to reduce the overall dimensions of the heated
material at high current frequencies [3].

Description of the essence of development and testing methods. This method of heating oil in oil
wells is used in Latin America. As a review and analysis of the literature, as well as technical
documentation shows, the unit cost of existing foreign designs of heaters is very high.

In this regard, the introduction of foreign-made heaters in Kazakhstan is unprofitable, since the
payback period reaches about ten years. Therefore, you should develop your own induction heaters based
on your own developments, which will be cost-effective.

Given that at a low cost of electricity compared to the cost of electricity abroad, as well as a decrease
in the unit cost of the entire installation, the development and implementation of induction heaters is an
urgent problem. The article proposes an induction heater and a frequency converter on JGBT transistor
modules. Moreover, the design is simpler and more technologically advanced for manufacturing, and they
can be manufactured, assembled and tested at enterprises in Kazakhstan [4].

In addition, the developed technology and design methods allow you to create an individual induction
heater for a specific type of oil heating process.

Modern induction heaters are classified according to the range of operating frequencies, which
determine the scope of induction installations.

The principle of operation of induction heaters is simple. If a metal workpiece or parts are placed in
an alternating magnetic field, then, according to the law of electromagnetic induction, an electromotive
force is induced in it, under the influence of which an alternating electric eddy current will flow.

This current will heat the body of this workpiece or part to the required temperature. The general
concept of the article is that with the help of an induction heater it is possible to heat oil in oil wells, and
thus, increase oil production in low flow wells, that is, increase the profitability of oil production.

To do this, it will be necessary to develop various designs of the induction heater and frequency
converter on JGBT transistor modules. The induction heater will be located at the bottom of the oil well
and must be leakproof as well as corrosion resistant. As a rule, a frequency converter consists of a rectifier
and an inverter. The rectifier will be connected to a three-phase AC voltage source and will be located on
the surface of the earth, and the inverter at the bottom of the oil well with an induction heater.

This simplifies the method of supplying electricity to the bottom of the oil well, since the electricity
from the rectifier is supplied by DC voltage. Calculations showed that the overall dimensions of the JGBT
transistors and transistor modules can be placed at the bottom of the oil well with oil pipes with a diameter
of 150-200 mm.
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The design of the induction heater, which will be located at the bottom of the oil well, is a metal pipe.
The main purpose of the induction heater is to create an electromagnetic field of any configuration in
order to create eddy currents in the heater core. In general, an induction heater is an energy converter that
converts electricity to heat [2].

Test results and discussion. If an induction heater is considered as an electric machine converter with
a braked rotor, then it will convert electric energy into thermal energy [3].

In this case, the heater will have basic main dimensions: the outer diameter D1 and the inner diameter

D2, the estimated length L, the base power Pﬁ , frequency f. The sizes D1, D2 and L are related to power,
frequency f and electromagnetic loads — following expression [5]
D’L-f  6,1-10"
P, kA B

(1

where: A- is the linear load of the heater, B- is the induction in the core of the heater, kB = 1.1 is the

coefficient of the shape of the voltage curve, k. = 0.95 is the winding coefficient.
The base power of an induction heater is

Kg
! ncos @
where Pn- is the rated power of the induction heater, kW; k, - the ratio of the EMF of the heater winding

P;=P (2)

to the nominal voltage, which can be approximately determined from = 0.93 - 0.98. [6]. The values of
efficiency 77 = 0.88 and power factor cos @ = 0.85 can be taken according to.

Then the rated current is

I, = P, _ 25000 654 3)
U ,-n-cosp 514-0,88-0,85

where Ul = 514 V is the rated voltage of the induction heater.

The preliminary selection of electromagnetic loads A, Bb, must be carried out very carefully, since
they determine not only the calculated length of the heater, but also, to a large extent, the characteristics of
the heater. When choosing specific values of A and Bb from practice, they are guided by the following
data: A =300 A/ cm and Bb = 8,000 Gs = 0.8 Tc.

Then from the expression (1) for a given value of the outer diameter

D1 = 150 mm can determine the length of the heater

_ 6,1-10"-P,
kyk s A-B-D*- f°

“

For a given rated power Pn = 25 kW and frequencies f = 2000 Hz, also with the above values of
efficiency N = 0.88, power factor cos @ = 0.85 and ki = 0.95, the base power will be equal to

K _ 5 095

P;=P, = =31,78kW .
€0 O 0,88-085
In this case, the length of the heater will be equal to
11
6,1-100 -31,78 —17.17sm.

B 1,1-0,95-300-8000-15% - 2000

Preliminary calculations show that an induction heater with a rated power of Pu =25 kW, an outer
diameter of D1 = 150 mm, a length of L = 171.7 mm at a frequency of f = 2000 Hz can be freely placed at
the bottom of the oil well. Naturally, at other frequencies these sizes will be different.

Table 1 presents the dependence of the length L of the induction heater on the frequency f for a given
outer diameter D1 = 150 mm.
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Table 1
Current Frequency (f), Hz 50 500 1000 1500 2000
Length of induction heater L, cm 686,8 68,68 34,34 22,89 17,17

When designing an induction heater, it is necessary to take into account the quality of heating, i.e.
creating the desired temperature distribution in the heater body and achieving the highest efficiency value,
as well as take into account special technological and other requirements in terms of geometric
dimensions, materials used, etc.

A variety of heating systems, a limited range of weight and size parameters and the specificity of the
oil heating process lead to the fact that the design of the induction heater is very diverse. [6].

Designing a workable induction heater with minimum weight and size parameters that increases the
efficiency and power factor is not an easy task.

The duration of induction heating of the heater is associated with a number of factors. From the point
of view of productivity and installation efficiency, the heating time should be as short as possible.

However, with very fast heating, a significant temperature difference is obtained between the surface
and the center of the heater billet.

The calculation of the induction heater consists in choosing the current frequency, determining the
heating time, calculating the dimensions (diameter and length) of the heater, determining the required
power of the frequency converter and the capacitance of the capacitor.

The initial data are the material and sizes of the heater, as well as the heating time.

The mass of the induction heater is determined as follows

G=p,, 7 (R-R?)-L . (5)

where p =~ =7880kg/ m’ - is the specific gravity of the metal, R1 and R2 are the outer and inner radii of

the heater, in m; L is the length of the heater, in m.
With the above parameters, the mass of the heater will be equal to

G =7880-3,14-(0,15> —0,075%)-0,1717 = 71,69k

At a given heating temperature, in degrees C, the required rated power for heating the induction
heater is determined by the following expression, according to [7].

cazootuazp -G
P =" = W ©6)
Tnaep

where c})m - the average heat capacity of steel is 0.704 kJ / kg. hail.

From the last expressions, it is possible to determine the heating 7 time in seconds at a given

nazp

heating temperature 7

Hazp

c;motnaep -G
Hazp = P . (7)

H

Taking into account the above data and at a given heating temperature tnag = 3000 C, the heating
time 7, will be equal to

nazp

T

S 0,704-300-71,69
nazp 25’0

It turns out the actual heating time of the induction heater is 10.1 minutes.
Table 2 presents the dependence of the heating time of the induction heater on frequency.

= 605,6c =10,1min

Table 2
Induction heater heating time, min. 403,8 40,38 20,2 13,5 10,1
Current Frequency (f), Hz 50 500 1000 1500 2000
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When induction heating of metal billets, the frequency is selected based on the maximum efficiency
[6]. In this case, the current frequency must be selected based on the optimal weight and dimensions of the
induction heater and the heating time. As can be seen from tables 1 and 2, the industrial frequency of
50 Hz is not suitable, since the induction heater will have a length of 6.87 meters and a heating time of
403.8 minutes or 6.73 hours.

The optimal frequency is 1000-1500 Hz, while the length of the induction heater is 34.34-22.89 cm
and the heating time is 20.2-13.5 minutes. Such a frequency is acceptable for switching transistors.

Transistor frequency converters of induction units consist of a rectifier and an inverter [7]. The
technology for creating a rectifier on diodes and thyristors is known and well developed. Of interest is an
inverter that will be implemented on transistor JGBT modules.

In most cases, the frequency converter runs on four transistors. In this case, it can be performed on
two transistors. This idea was patented in the intellectual property committee of the Republic of
Kazakhstan [3]. Two transistors can be successfully placed at the bottom of the oil well. It should be noted
that the main losses of electricity occur in transistors and with a decrease in half, respectively, increases
the efficiency of the frequency converter.

MITSUBISHI's VIPM Series Intelligent Power Modules (IPMs), which are a new stage in the
development of power switches based on IGBT modules, are now a functionally complete product in a
compact, insulated enclosure [8].

Figure shows the IGBT transistor module from MITSUBISHI, in table 3 - operational characteristics.
As can be seen from table 3, these transistors are designed for high voltages, currents and powers. A
frequency converter made on these transistor modules allows heating oil in oil wells.

MITSUBISHI <INTELLIGENT POWER MODULES>

PM200DV1A120

FLAT-BASE TYPE
INSULATED PACKAGE

PMIOODVIAIZO
FEATURE

a) Adopting new 5th generation Full-Gate
CSTBT™ chip

b) The over-temperatune protection which
detects the chip surface temperature of
CSTBT™ is adopted.

¢) Error output signal is possible from all
each protection upper and lower arm of IPM.

——L) CIE

d) Compatible V-senes package

* Monalithic gate drive & protection logic
= Detection, protection & status indication
arcuits for, short-circut, over-temperature

& under-voltage. —T Ei

IGBT module of the MITSUBISHI PM200DV1A120 transistor
with an integrated control driver and a wiring diagram

Table 3
Name Parameters Scheme
Vces(v) IC(A) PO(kW)

PM200DVA120 1200 200 37 D
PM300DVA120 1200 300 55 D
PM400DVA060 600 400 45 D
PM600DVA060 600 600 55 D

PM75CVA120 1200 75 15 C
PM100CVA060 600 100 11 C
PM100CVA120 1200 100 22 C

Designations: V., — supply voltage, Ic — load current,P, — recommended power delivered to the load.
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The overall dimensions of the transistor module are completely located at the bottom of the oil well.
At the same time, the supply voltage is 514 V, the load current is 65 A and the load power of 25 kW is
quite acceptable for the transistor module with a margin.

An inverter made on transistor JGBT modules is controlled by control drivers [7]. The term “driver”
refers to a microcircuit or module on a printed circuit board that controls a semiconductor power module
or a discrete semiconductor device (MOSFET, IGBT, bipolar transistor, thyristor, etc.) that perform
protective and service functions. The main task solved by the control circuit is to match the levels of
pulses generated by the controller (microprocessor) with the control signals of the power key inputs,
which require some power to turn on and off.

There is experience in the development and manufacture of an inverter with microprocessor control
for converting direct current solar energy into alternating voltage energy [8]. In [9], the results of a
developed and manufactured experimental model of a frequency converter with microprocessor control for
induction heating of metal are presented.
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TOMEH OH/IIPY YHFBIMAJIAPBIHJA MYHA/IbI KbI3BIPY IbIH MHAYKIUSLILIK DIICI

AHHOTOIMSI. Makanajna TOMEH OHJIIPICTIK YHFbIMajlapAa MYHAHIbl KbI3IBIPYAbIH WHIYKLUMSUIBIK Sfici
KapacTblpputazpl. O YIIIH WHIYKUWSUIBIK KBI3ABIPFBILITEI KOHE JKUUIIK TYPJACHAIPTilliH TaijanaHy YChIHAJBI.
Kepcerinren TokThiH 1-1,5 k['1 skuinikrepinge MHAYKIHUSIIBIK JKbUIBITKBIII JKOHE MYHall YHFbIMAJApbIHBIH TYOiHIE
WHBEPTOP >KUUIITIH TYpAeHAiprim opHaTeutybl MyMKiH. MuBepTop JGBT TpaH3ucTOphIHAA KEPHEYIl MBIH BOJBTKE
JIeiiH aybICThIpa aJIaThIH MOAYJIBJED, )KY3JEreH aMIlep MEH OH/IaFaH KMJIOBATT KyaT )acaJla/ibl.

MyHalpl KBUIBITY YLIH BIKIIAMIBUIBIK, TEXHHKAJBIK KbI3MET KOPCETY KapanalbIMIBUIBIFBI JKOHE ap3aH
AIIEKTP KyaTbl OOJIFaH Ke3/ie naiiachl OOMBIHILA EPEKIIETICHETIH IEKTP XKbUIBITY KYPBUIFbIIaphl KOJJaHbLIa bl

XKyprizinren 3eprreynepaiH MakcaThl — MyHalbl K&KETTI TeMIeparypara JeliH, »KyMcaJaThlH JIEKTp SHep-
TUSICHIH OapbIHIIA THIMII TMalanaHa OTHIPBIIN, AIIbIK OTThI (HMEIITEP/i, dKaHAPFhIIAPIBI) KOJIIaHOAM, JKbUTY JJICKTP
KbI3AbIpFBII acnantapbiHebi3 (Tauaepai) xxoHe [TOK 60-80 %-aaH acniaiiThiH KbUTYy aIMAaCTBIPFBII KYPBUIFbUIAPIbI
naiaananoai KeI3apIpy. Byst MHIYKIMSIIBIK KBI3BIPY S/ICiH KOJIAaHY apKbUIbI XKY3€re acybl MYMKiH.

WHIyKOMsuTbIK,. KBI3ABIPY TEXHOJIOTHSUIBIK JKaOIBIKTHI (MyHal KyObIpyiapsl, KyObIpiap, pe3epByapiiap aHe T.0.),
KBUTY CYHBIK OPTACBIH jKOHE MaTepUalapiblH KYPFaK jkaObIHAAPBIH (MBICAJIbI, aFalll) )KbUIBITY YIIiH KOJJaHbLIa bl
WHIyKUMSUTBIK, KBI3BIPY/IBIH MaHbI3/IbI IapaMeTpi — KUK, OpOip Ipolece YIIiH eH jKaKChl TEXHOJIOTHSJIBIK KOHE
HKOHOMUKAJIBIK KOPCETKIITEpl KaMTaMachl3 €TETiH OHTAMJIbl KUUIIK auana3oHbl 0ap. MHIYKUUSIIBIK KbI3ABIPY
yuin 50 I'u-ten 5 MI'n-re geiinri »uijgiK KoJJaHbIa bl

MyHaii eHJIpICIH apTThIPy YIIiH Maii/bl KBUIBITY KepeK. byj — kenrTereH MyHail KOMIaHHsIaphl YIIiH JKaH-
KAKThI J)KOHE MaHbI3/1bl IpodiiemMa. JKbUIBITY YIIIH 9PTYpIIl *KbUTY TaChIMAJIAFBIITAP KOJJAHbLIAAbI: Oy, BICTHIK CY,
BICTBIK Ta3/lap MEH MYHail eHiMJepi, JJIeKTp dHeprusickl. EH kem KojnaHyra O0NaThIHBI — Cy OYbI, OJ1 €H KeIl JKbLIy
MeJIIIepi MEH XbUTy OTKI3TIIITIKKE He, jKall FaHa TachIMajaHaJbl KOHE epT KaymiH TymeipMmaimsl. Omap 0,3-
0,4 MIla KpICBIMMEH KaHBIKKaH Oy bl nainananaabl, MmyHaiasl 80-100 °C-ka aeiiiH KbI3IbIpabl.

Makanaga JGBT TpaH3uCTOPIIBIK MOAYJIBAEPIHACTT MHIYKUMSUIBIK JKBUIBITKBIII JKOHE JKUUIIK TYpJACHAIPTimIi
ycoiapuFad. COHbIMEH KaTap JAM3ailH KapanaibiM jKoHe TeXHOJIOTHSUIBIK TYPFBIIaH sxetinipiiren. Oxapasl Kazax-
CTaHHBIH KCIOPBIHAAPBIH/AA JaibIH/IayFa, )KUHAYFa J)KOHE ChIHAKTaH oTKizyre Oonansl. COHbIMEH KaTap 93ipJeHreH
TEXHOJIOTHSI MEH JIM3aliH 9MIiCTepl Mai/Ibl KbI3ABIPY MPOILECiHIH Oenrini Oip TypiHe yKeKe MHAYKIMSUIBIK HKbUIBITKBIII
KypyFa MYMKiHIIK Oepe/i.

MakasaHblH KaJIbl TY)XbIPHIMJIAMAChl: WHIYKIHUSUIBIK JKbUIBITKBILITHIH KOMETiMEH MyHall YHFbIMalapblHIa
Mai bl KBUIBITYFa 00JIa/Ibl, COMTIN TOMEH arbIH/bl YHFBIMAJIap/a MyHail eHIIpiciH KeOelTyre 0onajpl, SIFHU MyHal
OHJIPYiH PEHTA0EbIUIITIH apTThIPAIbI.

Meranapl HTHAYKIHOH/BI KbI3ABIPY YIIIH ap3aH TYPaThIH Maigausl acep KO3 PUIMEHT] )KOFapbl TabapuTi jKoHe
calMarbl a3 JKUUIK TypyieHIiprimrep KojmaHbuiansl. Onap KUUTIK TYpJICHIIPTIIUTEepiH AWala3oHbIH pETTeyre,
KYIITIK TPaH3UCTOPJIApAbIH MUHUMAN/bl CAaHBIH TaHAAY bl )KOHE OPHATHUIFAH MHUHUMAJIIbI KyaTTapsl KAMTaMachI3
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ereni. JKuimik TyprneHaipriil NeH WHIYKTOPIBIH TOXipuOenmik yirici naibiHAanrad. WHIYKIHOHIBI METa bl
KBI3/IBIPY YILIH XHUTIK TYPJICHIIPTILITIH 9KCIEPUMEHTAIBIK 3ePTTEYJIIepl Kypri3iireH.

Tyiiin ce3aep: ocbl xuTIKTEri MHAYKUMs omici, TpansuctopabiH JGBT moaynbaepi, kepHeyiep, KaxeTTi
’KYMBIC TEMIIEPATYPACHL.
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HUHAYKIIAOHHBIA CITIOCOB HATPEBA HE®TH B HU3KOJIEBUTHBIX CKBAKHUHAX

AnHoTonmsi. B crathe paccMmartpuBaercsi HMHAYKIMOHHBIM croco0 HarpeBa HeTH B HHU3KOAEOUTHBIX
CKBaKMHAX. [[JI1 3TOro mpeayararOT KCIOJb30BaTh HWHAYKIIMOHHBIA HArpeBarelib W HpeoOpa3oBaTesib YacCTOTHI
IToxazano, uTo npu gactorax Toka | — 1,5 x['m MHAYKIIMOHHBIN HarpeBaTeNb M WHBEPTOP - Mpeodpa3oBaTeNb yac-
TOTBI MOTYT OBITH YCTAHOBJIEHBI Ha NHE HedreckBakmH. MHBepTop Oyner BhmmonHeH Ha JGBT TpaH3mucTOpHBIX
MOJYJIAX, KOTOPbIE MOTYT KOMMYTHPOBAaTh HAIPSHKEHHS O THICSYH BOJBT, TOKH COTHH aMIlep M JECSITKU KHIOBATT
MOIIHOCTH.

Jnst monorpeBa HepTH HCHONIB3YIOT 3JIEKTPOHAIPEBATENILHBIE YCTPOWCTBA, KOTOPHIE Pa3IMYaloTCsl KOMIIAKT-
HOCTBIO, YZ0OCTBOM B 0OCITY’)KHBaHHH U BBITOJION TIPH HAJIMYHMH JICHIEBON 3JIEKTPOIHEPTUH.

Ilenp NPOBOAMMEBIX HCCIIENOBAaHMII — HarpeB He(®TH [0 HEOOXOIUMOH TeMIepaTyphl, ¢ MAaKCHMAJIbHO
3¢ PEKTUBHBIM HCIOIb30BAaHUEM 3aTPAUMBAEMON AIIEKTPOIHEPTHH, O€3 IPUMEHEHHUS] OTKPBITOTO OTHS (TIEUYH, TOpen-
ki), 03 TEeIIOBEIX JIEKTpOHArpeBaTenbHBIX MproopoB (TOHOB ) 1 6e3 ncmonp30BaHUs TEIUIOOOMEHHBIX YCTPOWCTB,
KII xoropsix He npesbimaer 60-80%. ITo BO3MOXKHO IPH UCIOJIB30BAHINH MHIYKIIHOHHOTO CIIoco0a Harpesa

WHAyKIMOHHBIA HArpeB MNPUMEHSIOT I 00OrpeBa TEXHOJOTHUECKOro o0opymoBaHus (He(TEmpoBoaa,
TpyOOIPOBO/a, EMKOCTU U T. J.), HArpeBa >KUJIKUX CPel, CYLIKH MOKPBITHH MarepuanoB (HanpuMmep, JPeBECHHBbI).
Baxneilimuii napamMerp yCTaHOBOK MHAYKLMOHHOTO HarpeBa — yacroTa. g Ka)aoro mpolecca CyLECTBYET OIl-
TUMAaJIBHBIN IMANa30H 4acTOT, 00ECIEUNBAIOIINI HAMTYUIIINE TEXHOJIOTHYECKHE 1 SKOHOMUYECKHE TIoKa3arenu. [
MHIYKLMOHHOIO HarpeBa UCIoJb3yoT 4acToTel oT S0I'y 1o SMru.

Jns yBenuuenus: 100641 HeTH HEOOXOANMO OCYIIECTBHUTH ITOOTPEB HE(YTH. ITO MHOTOTpaHHAS M Cepbe3Has
npoOiemMa 111 MHOTHX HedTeno0bIBaomuXx KoMIanui. J{is oborpeBa ucnosbp3yOT pa3Hble TEINIOHOCUTENN: BOAS-
HOW map, »*apKylo BOJy, >KapKue Ta3bl M HeTenpomyKThl, 3JeKTpodHepruto. Haubonbliee mprMeHEHHE HMEET
BOJITHOM Tap, 00JIaaronIiii BRICOYANUIIINM TETUIOCOAEPKaHHEM U TEIUIO0TAaueH, IPOCTO TPAHCTIOPTUPYEMBIH U He
MPECTABIIOMNN OKAapHOW Yrpo3bl. YTHOTpeOIsitoT HachimeHHBId map masineHueM 0,3-0,4 MIla, obecneumnBas
HarpeB Hedrenpoaykra go 80-100 °C.

Takoit cnoco6 HarpeBa HedTH B He(TECKBRXMHAX NpUMEHseTcss B cTpaHax JlarmHckoit Amepuku. Kax
IIOKa3bIBACT O630p W aHAJIM3 JIUTEPATYPhbI, a TAKKE TCXHUYCCKUEC NOKYMCHTAIIUHN, YACIbHAasA CTOMMOCTb CYIIECTBYIO-
mUX 3apyOeKHBIX KOHCTPYKIMI HarpeBateliell O4eHb BhICOKA. B CBs3u ¢ 3THM, BHenpeHHe HarpeBatenei B Kazax-
CTaHE MHOCTPAHHOTO MPOU3BOJICTBA HEBBITOJHO, TAK KaK CPOK OKYIIAEMOCTH JOCTHIAET OKOJIO AecsTH jeT. [Toatomy
cienyeT paspabaTbiBaTh CBOM MHAYKIMOHHBIE HarpeBaTelIn Ha OCHOBE COOCTBEHHBIX Pa3pabOTOK, KOTOpBIE OyIyT
SKOHOMHYECKH BBITOIHBI. YUHUTHIBAs, YTO MPU HU3KOW CTOMMOCTH 3JIEKTPOIHEPTUH MO CPABHEHHIO CO CTOMMOCTBIO
JIEKTPOIHEPTHH 32 PyOEKOM, a TaK)Ke CHIDKCHHE yJebHON CTOMMOCTH BCEH YCTAaHOBKH, pa3paboTKa M BHEIAPEHHE
MHIIyKIIMOHHBIX HarpeBaTelieil SBIsIeTCs aKTyalbHOH NpoOJIeMOii.

[Ipu pa3paboTke TEXHUYECKOW NOKYMEHTAI[MH Ui W3rOTOBJICHHs J1abopaTopHOro obOpasua npeodpasoBares
4acTOTHI U BbIOOpe TpaH3ucTopHbIXx JGBT Momynell ocHOBHOE BHUMaHKE OBIIO yIEJIE€HO TONOJIOIUU CHIIOBBIX LIMH
MOJIYJS M cIoco0aM TOIKITIOYEHUS DISKTPHUYECKUX IIeNed W OTBoAa Terua. Jlaske IpM MCIIONBb30BAaHMM CaMbIX
COBPEMEHHBIX YHUIIOB KOHCTPYKIHMSI MOIIHBIX KIIOYEBBIX MOXYyJEH HMMEET Ype3BblYaiiHO OOJbIIOE 3HAUCHHE IS
obecrieueHnst Haie)KHOCTH 1 3 exTBHOCTH. PacnpenesieHHbIe XapaKTepUCTUKN IPOBOANMOCTH M 3HaYEHUS T1apa-
3UTHBIX l/IH[lyKTPIBHOCTeﬁ IOWH CBA3U U BbIBOJAOB AOJLKHBI UMETH MUHHUMAJIbHOC 3HAYCHUE V11 YMCHBIICHUSA ITOTCPh
U CHW)KEHHUS YPOBHS IIEPEXOIHBIX IIEPEHAIIPSKCHUN.
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Kpome Toro, monbupast skCriepuMeHTAIBHBIN IyTeM 3HaueHHe KoHaeHcaTtopa C, MOXKHO HE TOJBKO YIIyUIIUTh
Ka4eCTBO BBIXOJHOTO HAIPSDKEHUs, HO M IOOUTHCS ITOCIIeI0BaTeIbHOrO pe3oHanca. [Ipu pe3oHaHce akTHBHAS MOIII-
HOCTh MHBEPTOpa OyAEeT NepeaaBaThcsi HHAYKTOPY, T.€. 3arOTOBKE JUIsl HarpeBa.

KiroueBble cjioBa: HHAYKIMOHHBIN METOJI, Ha 4acTOTax TOKa, TpaH3ucTopHble Moaynu JGBT, HanpsikeHus,
Tpebyemasi TeMIepaTypa 3To’ JeTanu
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