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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 (TENSs), 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 leakproofas 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 ofthe earth, and the inverter at the bottom ofthe 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 ofthe 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 ofthe induction heater, which will be located at the bottom ofthe 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 P 6, frequency f. The sizes D1, D2 and L are related to power,
frequency f and electromagnetic loads - following expression [5]

DL of 6,1+101
(1)

where: A- is the linear load of the heater, B- is the induction in the core of the heater, k B - bl is the
coefficient ofthe shape ofthe voltage curve, k- 0.95 is the winding coefficient.
The base power of an induction heater is

kr
P5=Ph ---- — 2)
7 cosg
where Pn- is the rated power of the induction heater, kW; kE- the ratio ofthe EMF of the heater winding

to the nominal voltage, which can be approximately determined from - 0.93 - 0.98. [6]. The values of
efficiency 7 - 0.88 and power factor cosd - 0.85 can be taken according to.

Then the rated current is

| H= P 25000 ------ = 65A 3)
U 7-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 ofthe outer diameter

D1 - 150 mm can determine the length of the heater

L= M -1011«P , (4)
KBK” eBeD of ' v

For a given rated power Pn - 25 kW and frequencies f - 2000 Hz, also with the above values of
efficiency 7 - 0.88, power factor cos ¢ - 0.85 and k E = 0.95, the base power will be equal to

P6=Ph kE - 25 0,95 =31,78kW.
Ncos @ 0,88 <085
In this case, the length ofthe heater will be equal to
6,1+1011 31,78 n

r nn
L = =17,17sm.
110,95 +300 »8000 *152 2000

Preliminary calculations show that an induction heater with a rated power of Ph - 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 ofthe oil well. Naturally, at other frequencies these sizes will be different.

Table 1presents the dependence ofthe length L ofthe 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 3434 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 ofthe 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
ofview 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 ofthe 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 ofthe frequency converter and the capacitance ofthe capacitor.

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

The mass ofthe induction heater is determined as follows

G =pMn -R )L , (5)

where p >kt = 7880 kg / m3- is the specific gravity ofthe metal, R1 and R2 are the outer and inner radii of
the heater, in m; L is the length ofthe heater, in m.
With the above parameters, the mass ofthe heater will be equal to
G =7880 3,14 (0,152 - 0,0752)*0,1717 = 71,69Kkg

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].

#1206 G
p = 0 “tHarp KW (6)
r

where c¢” 00- the average heat capacity of steel is 0.704 kJ / kg. hail.
From the last expressions, it is possible to determine the heating t time in seconds at a given

heating temperature t

Harp

€4, 6
Harp = s b (7)
Pu

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

0,704 .300 .71,69 - 605,6C = 10,1min
25,0

Itturns out the actual heating time ofthe induction heater is 10.1 minutes.
Table 2 presents the dependence ofthe heating time ofthe induction heater on frequency.

Charp =

Table 2
Induction heater heating time, min. 4038 40,38 20,2 135 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 ofthe
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. 0 f 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 ofthe 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 ofthe 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.

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

Table 3
Parameters
Name Voes(V) lo(A) Pe(KW) Scheme
PM200DVA120 1200 200 37 D
PM300DVA120 1200 300 5% D
PM400DVAO60 600 400 45 D
PM600DVAOG0 600 600 5 D
PM75CVA120 1200 1G] 15 C
PM100CVA060 600 100 n C
PM100CVA120 1200 100 22 C

Designations: Vas- supply voltage, Ic- load current,P0- 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 OHA1PY YLIFbIMANAPLIHAA MYHARAbI LibI3AbIPY AbLL, MHAYKLMANbL, 341C1

AHHOTOUMA. Makanaga TOMEH eHZIpICTIK “HrbiManapga M/ Haigbl KbI3AbIpyAblH WHAYKUMSMbL, 34ra
KapacTbipbinagpl. On YLLiH WHAYKUMANBIK Kbi3AbIPrbilUThbl YK3HE >XULWIK TYpPreHAIpriwiH naiganaHy ~cblHagpbl.
KepceTinreH TokTbiH 1-1,5 KL, XuinikTepiHAe MHAYKUUABLIK XbIIbITKbIL X3HE MyHail “HrbiManapbiHbIH TY6iHge
VHBEPTOP XWULLMH TYPReHAipril opHaTbllybl MYMKIH. VHBepTOp JGBT TpaH3uCTOpbIHAA KepHeYi MbIH BONbTKe
JeLUH aybICTbIpa anaTtbliH MOAy/bAep, XY3[ereH avnep MeH oHAaraH KWIoBaTT KyaT acanafbl.

MyHaigbl XbibiTy YLWiH bIKWIAMABUIbIK, TEXHUKa/IbIK KbI3MET KOpCEeTYy KapanaliblMAblbirbl YX3He ap3aH
ANeKTP KyaTbl 601raH Ke3ge naiigachl 60MbIHLLA epeKLIeNeHETIH 3NEKTP XbIbITY KYpbIIrbiiapbl KONAaHbIaab!.

XKYprisinreH 3epTTeynepaiH MakcaTbl - MyHalifbl KaXeTn TemnepaTtypara feliiH, XXymcanaTbiH 31eKTp 3Hep-
rMACbIH GapbliHWa TUiMAI NaiganaHa oTbIpbin, allblK OTThl (MewwTepa” aHaprbinapibl) KongaHbai, xbliy anekTp
KbI3AbIproil acnanTapbiHebI3 (TaHaepai) xaHe MK 60-80 %-[aH acnaiTbiH XbITy aiMacTbIPrbill KypbiArbinapas
naiganaH6aii Koiablpy. B MHAYKUUAMBIK Kbi3AbIpY 34ICIH KOMAaHy apKblibl XY3ere acybl MYMKiH.

VIHAYKUMANBIK KbI3AbIPY TEXHOMOTUAMBIK XababIKTbl (MyHall Kybblpnapsl, Kybblpiap, pesepsyapnap XaHe T.6.),
XbIly Cy/bIK OpPTaCbIH XK3He MaTepuaiapablH K¥prak >xabbliHaapbiH (MbICabl, arail) XbibITy YLiH KOfAaHblnagbl.
VIHAYKUMANBIK KbI3AbIPYAbIH MaHbI34bl NapameTpi - uinik. 3p6ip npouecc YLWiH eH XaKCbl TEXHONOTUAMBIK dK3He
3KOHOMMKANbIK KepceTKiluTepai KamTamachl3 eTeTLl OHTainbl XMWinik AuanasoHbl 6ap. HAYKUMAMLIK Kbi3gblpy
YuwiH 50 I'u-TeH 5 MITU-re AeidiHri XNinik KongaHblnagbl.

M”Hali eHgipiciH apTThipy YLUiH Maiifbl XbINbITy Kepek. b - KonTereH M"Hail KomnaHusnapbl YLLiH XKaH-
XaKTbl )X3HE MaHbI3fbl Npobnema. XKbinbITy YLWiH 3pTY i Xblly TacbiMangarbilitap KongaHsinagbl: 6y, bICTbIK CY,
bICTbIK rasgap MeH MyHail eHimaepi, 3nekTp aHepruscbl. EH kon kongaHyra 60naTbiHbl - ¢y Gybl, O €H KON Xblny
Me/iLepi MeH Xblfy ETKITILWTIKKE We, Xail raHa TacbiMangaHagbl XK3He OpT KaylH TyabipMaiigbl. Onap 0,3-
0,4 MTMa KbICbIMMEH KaHbIKKaH 0yabl naiiganaHagpl, M Haigbl 80-100 °C-ka feWiiH Kbi3gblpagbl.

Makanaga JGBT TpaH3uUCTOPbIK MOAYNbAEPIHAErT MHAYKUMANDBIK XbIMbITKbIL YX3HE XUiNiK TYpneHgipriwi
AcblHbINraH. COHbIMEH KaTap Au3aiiH KapanaiiblM X3He TeXHONOMUANbIK TyprblgaH xeTingipinreH. Onapabl Kasak-
CTaHHbIH K3CiMOpbIHAAPbIHAA AalibiHAAYTa, XNHAYTa XX3He CbiHaKTaH oTw3yre 60naabl. COHbIMEH KaTap 33ipfieHreH
TEXHOMOIMA MeH An3aiiH 3ficTepi Maiiabl Kbi3gblpy npouectuw, 6enrini 6ip TypLue Xeke UHAYKUMSAAbIK XbI/bITKbIL
K¥pyra“mMunHAa" Gepegi.

MakanaHbIH Xanmbl TY>XbIpbIMAAMACh!: WHAYKUUAMbIK XbIbITKbILTLIH KeMEriMeH MyHali “HrbiManapbiHaa
Maiigbl XblbITyra 60nagpl, CeMTIN TOMEH arbiHAbl “HrbiMasapga MyHali eHAipiciH KobeliTyre 60nafbl, ArHU MyHait
eHAipyaiH peHTabenbAiniriH apTTbipagbl.

MeTangsl MHAYKUMOHAbI Kbi3ablpy YLUiH ap3aH TypaTbiH naiganbl 3cep KO3hMULMEHTI Xorapbl rabaputi xsHe
cafmarbl a3 XWLWK TYpneHaiprilwutep konfaHblnagbl. Onap Xuinik TYpneHAipriliTepiH AMana3oHbiH PeTTeyre,
KYLWTiK TpaH31CTOpNapAbliH MUHUMaAbI CaHbIH TaHAAy bl X3He OpHATbIIraH MUHUMaAbl KyaTTapAbl KaMTamachI3
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etear XuwkK TYpPReHgipriw neH WHAYKTOPAbIH Taxipubenik Ynrici paibiHganraH. WHAYKUMOHAbI MeTangbl
KbI3bIPY YLLUIH XMWiNiK TY peHAiprilTiH aKCnepuMeHTanblK 3epTreynepi XY prisinrex.

TYViiH cesmep: oCbl XwinikTeri MHAYKUMA 3fra, TpaHsuctopasiH JGBT moaynbaepi, KepHeynep, KaxeTn
XK MbIC TemrepaTypach!.

H. T. NicembepreHosl, A. XK. CarbiHgukoBa2, . [Jackanos3

1Satbayev University, AnmaTtbl, KazakcTaH;
2ANTMaTUHCKWIA YHUBEPCUTET SHEPTETUKM 1 CBA3N UMeHn M'ymap6eka Jaykeesa, Anmartbl, KasakcTaH;
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NHAOYKUMNOHHbBIN CMOCOB HATPEBA HE®TW B HU3KOAEBEUTHbBIX CKBAXUHAX

AHHOTOUMA. B cTaTbe paccmMaTpvBaeTcs MWHAYKLMOHHbIA crnocob HarpeBa HeTW B HU3KOAEOUTHbIX
CKBKMHAX. [1a 3TOro npeffiaraloT UCMO/b30BaTb MHAYKLUMOHHBIA HarpesaTtesb M npeobpa3oBaTefib 4acTOThl.
MokasaHo, 4To Npu YacToTax Toka 1- 1,5 K'Y MHAYKUMOHHbLIA HarpesaTe/lb U MHBEPTOP - NpeobpasoBatenb vac-
TOTbl MOTYT ObITb YCTaHOB/MEHbl Ha AHe HeTecKBaXXWH. WHBepTOp 6yAeT BbiNOMHeH Ha JGBT TpaH3WUCTOPHbIX
MOAYNAX, KOTOPbIE MOTYT KOMMYTUPOBATb HAMPSHKEHUS 40 ThICAYM BO/bT, TOKU COTHW amnep W AeCATKW KUNoBaTT
MOLLHOCTH.

[na nogorpesa HepTU UCMOMb3YIOT 3MEKTPOHArpeBaTe/bHble YCTPOWCTBA, KOTOPbIE Pa3/MuyaloTcsl KOMMaKT-
HOCTbI0, YA06CTBOM B 06CNY>KMBAHUW W BbIFOAO0M NPY HANMYUW AeLLEBOIi 3N1EKTPOIHEPT M.

Llenb npoBoguMbIX WCCNefoBaHW - HarpeB HeTW [0 HeobXoAumoi TemnepaTypbl, C MakCHMaibHO
3(hheKTUBHBIM UCMONBb30BAHMEM 3aTPAUVBAEMON ANEKTPOIHEPTUM, 6€3 NPUMEHEHNS OTKPbLITOTO OFHS (Meywn, ropesn-
Kv1), 6€3 TEMNOBbIX 3/IEKTPOHArpeBaTe/bHbIX NpMéopos (TOHOB ) 1 6e3 NCMoMb30BaHNsA TEMN00OMEHHbIX YCTPONCTB,
KA koTopbix He npeBbiwaeT 60-80%. 3TO BO3MOXHO MpW UCNO/Mb30BaHUU MHAYKLMOHHOTO cnocoba Harpesa

VIHAYKUMOHHBIA Harpes NpUMeHSAOT Ana o6orpeBa TexXHONOrMYeckoro o6opynosaHus (HethTenpoBoza,
Tpy6onpoBoja, eMKOCTU W T. 4.), Harpesa XWAKWX Cped, CYLUKN MOKPbITWIA MaTepuanoB (Hanpumep, LPeBECUHbI).
BaxHeWwmnin napameTp YCTaHOBOK MHAYKLMOHHOIrO Harpesa - yactota. [ns Kaxnoro npouecca CyLecTByeT on-
TUM&/bHbIA AWana3oH YacToT, 06ecrneyunBatoLLMiA HannyyLLIMe TEXHONOMMYECKME N SKOHOMUYECKMe NoKasaTenun. Ans
WHAYKUMOHHOIO Harpesa UCNonb3yT 4acToTbl 0T 50, o SMru,

[nsa yBenuueHns fo6blum HedyTi HEO6X0AMMO OCYLLECTBUTL NMOAOrPEB He(hT. STO MHOFOrPaHHas 1 cepbesHas
npo6nema ans MHOrMX HedTe06bIBAIOLLMX KOMMaHWiA. [ns oborpesa UCMOMb3YHOT pasHble TEMOHOCUTENN: BOAS-
HOI nap, >apKyt BOAY, Xapkue rasbl U HedTENPOAYKTbl, 3NMEKTPO3Hepruto. Hambonbluee nprMeHeHWe vMeeT
BOASAHOW Nap, o6nagaroLnii BeICOYAALLMM TEMOCOAEPKaHWEM 1 TeNnooThaqeld, NPOCTO TPAHCMOPTUPYEMbIA 1 He
MPeLCTaBNAOWNA NOXAPHOM Yrpo3bl. YNOTPebAstoT HacblleHHbIi nap gasneHvem 0,3-0,4 MIMa, obecneumBas
Harpes HedpTenpogykTa o 80-100 °C.

Takoil cnoco6 HarpeBa HePTM B He(hTECKBaXWMHAaX MPUMEHsieTCA B CTpaHax JlaTuHckoin Awepuku. Kak
MoKasblBaeT 0630p 1 aHaN3 IUTepaTypbl, a TaKKe TEXHUYECKUE JOKYMEHTaLWK, yaenbHas CTOMMOCTb CYLLECTBYHO-
LMX 3apy6EXHbIX KOHCTPYKLUMIA HarpesaTesieil O4eHb BbiCOKa. B CBA3M ¢ 3TUM, BHefpeHWe HarpeBaTeneil B Kasax-
CTaHe MHOCTPaHHOr0 NPOU3BOACTBA HEBLIFOAHO, TaK Kak CPOK OKYNaemMOoCTW JOCTUraeT OKOJO AecaTu neT. Moatomy
cnefyeT pa3spabatbiBaTb CBOW MHAYKLUMOHHBIE HAarpeBaTeny Ha OCHOBe COBCTBEHHBIX Pa3paboToK, KoTopble 6yayT
3KOHOMWYECKMN BbIFOAHbI. YUNTbIBasA, YTO MPU HU3KOWA CTOMMOCTU 371EKTPO3HEPTM NO CPaBHEHWIO CO CTOMMOCTbLIO
3MIEKTPO3HEPT N 38 PYOEXOM, a TaKXKE CHUKEHWE YAEeNbHON CTOMMOCTU BCEW YCTaHOBKM, pa3paboTka n BHeApeHue
VHAYKUMOHHbIX HarpeBaTeneil ABNseTcs akTyanbHON Npo6iemMoii.

Mpy pa3paboTke TEXHWUYECKON [OKYMEHTaLuuW A1 M3roTOBMEHMS nabopaTopHOro obpasla npeobpasosaTens
4acToTbl U BbIGOPE TPaH3UCTOPHbLIX JGBT Moayneit 0CHOBHOE BHVMaHWe ObIfo YAeneHo TONOMOrMm CUA0BbIX LUWH
MOAYns 1 Cnocobam MOAK/IIOYEHUS 3NEKTPUYECKMX Lieneil M oTBofa Tenna. [axe npu MCNOMb30BaHWM CaMbiX
COBPEMEHHbIX YMNOB KOHCTPYKLUMS MOLLHBIX K/IHOUYEBbIX MOAYNEA MMeeT Ypes3BblyailHO 60/bLUOe 3HaYeHWe ans
obecneyeHns HaLEeXHOCTU N APHEKTUBHOCTU. PacnpeeneHHble XapakKTepyCTUKM NPOBOAUMOCTY U 3HaYeHWs napa-
3UTHbIX MHAYKTUBHOCTEN LUMH CBA3W U BbIBOAOB AO/MKHbI UMETb MUHUMA/IbHOE 3HAYeHWe 15 YMEeHbLUEHNA NOTepb
1 CHUXKEHWSA YPOBHSA NepexofHbIX NepeHanpsXeHuii.
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Kpome Toro, nof6upas aKcrepuMeHTa/IbHbI NyTeM 3HadeHue KoHgeHcaTopa C, MOXHO He TOMbKO YyuLinTh
KauecTBO BbIXOJHOTO HAMPSHKEHMUs, HO 1 J06UTLCA MOCNeA0BaTeNbHOrO pe3oHaHca. Mpu pe3oHaHce aKTUBHAs MOLL-
HOCTb MHBEpPTOpa BY/AeT NepeaBaThcs UHAYKTOPY, T.6. 3ar0TOBKE /15 HarpeBa.

KntoueBble C/IOBA: MHAYKLMOHHBIA METO/, Ha YacTOTax TOKa, TPAH3UCTOPHble Moaynu JGBT, HamnpsKeHus,
Tpebyemasi TemnepaTypa 3Toli AeTasm
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