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carbon nanotubes im polymer-CNT masterbatchesby a coagulation precipitation method was shown.An effect of
various precipitants on quality of the modifiers and actual nanocarbon content of the nanotubes were researched.
Concentration limits of a creation of the modifiers are based on petroleum resin were substantiated. Identified in this
work, it is necessary to consider a partial solubility of wax in most precipitants, and mainly in a mix of xylene and a
precipitant when predicting an actual concentration of carbon nanotubes in the resulting composite. An influence of
a nature of the different modifiers on a road marking materials resistance to abrasion was studied. It is shown that the
highest wear resistance can be achieved by a direct introduction of carbon nanotubes in a polymer film-forming of the
road marking. The choice of the most technologically and operationally suitable nanocarbon modifier was described.
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Pabora mocpsimeHa pa3pabdoTke MOJETH MOTEHIIMAIBHOTO Oapbepa, MO3BOJIIONICH YYUTHIBATh YIPYroe oTpa-
JKEHHE YaCcTHIl O CTEHKH IIa3MOTpoHa. PaccmarpuBaeTcsi KOaKCHaNbHBIM MarHUTOIIIA3MEHHBIH yCKOPUTEIb, PEaTbHO
UCIIONIb3YEMbIi Ha MpakTHke. B yckopurele ucciae0BaHO U3MEHEHHE CKOPOCTH M MacChl INIa3MEHHOI0 CTyCTKa B 3a-
BHCHMOCTH OT KOOPIMHATHI, OIIPE/IeNIEMOe KaK YHEPIeTHISCKUMH XapaKTepPUCTUKaMH, TaK U Fa30JMHAMUICCKUMH 3a-
KOHOMEPHOCTSIMH THIIEP3BYKOBBIX CTPYHHBIX TEUEHHI B IIMIMHAPHUECKOM KaHane. [Ipencrapien Buj MOTEHIMATbHON
(YHKIUY 1 CHIIOBOTO IOJIS, MOJETHPYIOMNX MPOCTPAHCTBEHHOE OTPAaHWYEHHE Pa3jieTa JacTUI] IIa3Mbl. YCTaHOBIIe-
Ha AWHAMHKA PAacIPOCTPAHEHUS 3apsUKEHHBIX YAaCTHUIl B JIEKTPOMArHUTHOM TI0JIe, Tpadyuueckn mpeAcTaBieH Oananc
SHEPrHU C YUYETOM IPO3HMHU CTEHOK KaHasa. [lokasaHa ajeKBaTHOCTh pa3paboTaHHOI MOJIeNI KOAKCHaJIbHOTO MarHUTO-
TJIA3MEHHOTO YCKOPUTEIS C YI€TOM 9PO3HH, BBI3BAHHOH MPH PACTIPOCTPAHEHUH YACTHIL IT0 HU3KOYACTOTHON CITHPAIH.
HuskoyacToTHOE criupanbHOE JBMKCHHUE MPEICTABICHO KaK CYNEpIO3ULUs IPOJOJIBHOTO U MONEPEYHOr0 ABHKECHUH.
Pemenne nuddepeHnnanbHbIX ypaBHEHHH OCYIECTBIUIOCH MeTooM Pyrre—KyTTa ¢ pMKCHpOBaHHBIM IIaroM.
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Work is devoted to development of model of the potential barrier, allowing considering elastic reflection
of particles about plasmatron walls. The coaxial magneto plasma accelerator which is really used in practice is
considered. In the accelerator change of speed and weight of a plasma clot depending on the coordinate, defined
both power characteristics, and gas dynamic regularities of hypersonic jet currents in the cylindrical channel is
investigated. The type of potential function and the force field, modeling spatial restriction of scattering of particles
of plasma is presented. Dynamics of distribution of the loaded particles in an electromagnetic field is established,
the balance of energy taking into account an erosion of walls of the channel is graphically presented. Adequacy of
the developed model of the coaxial magneto plasma accelerator taking into account an erosion caused at distribution
of particles on a low-frequency spiral is shown. Low-frequency spiral movement is presented as superposition of
longitudinal and cross movements. The solution of the differential equations was carried out by a method Runge-
Kutta with the fixed step.
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[TpuBOIUTCST OPUTHHANBHBIM CHHTE3 MOZAEIN 00MOTOK Tpex(a3HOro JBYyX0OMOTOYHOTrO TpaHcdopmaropa. Mc-
XOIHBII CUI'HAJI BXOAHOTO BO3/IEICTBUS B BUEC MMITYJIbCA KOPOTKOM JUIMTEIBHOCTU PACKIIAIbIBAJICS HA COCTABILAIOILINE
psana @ypee. s KaxI0M COCTaBIAIOLIEN B COOTBETCTBUM C NMPUHLMIIOM CYNEPIO3ULMH PACCUUTBIBAJICS MEPEXO/-
HBII nporiecc. Jyist onpeesieHnst GyHKIUH TOKOB U HAIPSDKCHMI MCHOJIB30BAJICS METOJ] IIPOCTPAHCTBA COCTOSHHHI C
yué€TOM pacnpeneaéHHOCTH MapaMeTPOB CXEMbI 3aMEIEHHs, a Takke BIMSHUS ckuH-3(dexra. B pabore mpusenen
MIpUMep pacueTa WHIYKTHBHOCTH U COIPOTHBIICHNSI BUTKOB OOMOTKH TpaHC(OpMaTopa KPyIJIoro u MpsMOyToJIbHOTO
CEYEHHS C yIeTOM CKHH-3(D(heKTa Ha OCHOBE pacyéra MOJIS PACTIPEAEIeHNs] MAarHUTHOTO MOTEHIINAIA C UCTIONb30BAaHH-
€M METO/Ia KOHCUHBIX JIEMEHTOB. J[Jis peanun3anni MeToia KOHEUHBIX JIEMEHTOB ObLT Hcob3oBad maker COMSOL
Multiphysics. [IprBenens! GyHKINN EpeMEHHBIX COCTOSHMS TIPH BXOJXHOM BO3JCHCTBUH B BHJIE 30HUPYIOIIETO NM-
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Imyjabca KOpOTKOﬁ JUIMTCIIBHOCTHU. ITo JIaHHBIM CPAaBHUTEJIbHOI'O aHaJIM3a, IMOJIYYCHHBIC HAMU XapaKTCPUCTUKU HA OCHO-
BE MOACIMPOBAHUA U XaPAKTEPUCTUKN HATYPHOI'O SKCIICPUMEHTA COBIAAAIOT.
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The synthesis of the model of winding of a three-phase two-winding transformer has been considered. The original
input signal in the form of a short duration pulse into components of the Fourier series has been decomposed. In accordance
with the superposition principle for each component of decomposition the transient process has been calculated. To
determine the transients of currents and voltages the state space method have been used, the distribution of parameters of
the equivalent circuit as well as the influence of the skin effect have been taken in account. The examples of the calculation
of inductance and resistance of the transformer windings with circular and rectangular cross section with the skin effect by
calculating the distribution of the magnetic field potential using the finite element method have been given. To implement
the finite element method the COMSOL Multiphysics soft ware has been used. The functions of the state variables with
input action as a probe pulse of short duration are given. According to a comparative analysis, the modeling characteristics
obtained by us and the characteristics of a natural experiment have been coincided.
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[puBoaUTCS CHHTE3 AJTOPUTMUYUECCKON MOZIENT OOMOTKH TpeX(ha3HOro ABYXOOMOTOUHOTO TpaHchopMaTopa B cpesie
MATLAB Simulink. McXomHbIit cHTHAT BXOJHOTO BO3JCHCTBHS B BUJIE HIMITYJIECAa KOPOTKOH JTATENFHOCTH PACKIIa IBIBAIICS
Ha cocTaBisrolye psia Pypee. PacuéTHblii BXOIHON UMITYJIBC IPEACTABIICH B BUIE CYMMBI JIECSITH KOMIIOHEHT psifa Pypbe
1 JIOTIOJTHATEITBHOTO HCTOYHHKA HATIPSHKEHMS, TIPEJICTABILIIONIETO PA3HOCTh HCXOHOTO UMITYIIECA M IECSTH KOMITOHEHT psijia
®Dypbe, 13-3a OTCYTCTBHUSA B IOCIETHEM BIUSHUSA CKHH-3(dexTa. s kaxaoii cocrasmsomeil paaa @ypbe B COOTBETCTBUH €
TIPHHIUIIOM CYTICPITO3UIIMHY PACCUNTBIBAJICS NEPEXOAHBIN MPOLIECC KaK JUIS SN C paclpeeléHHbIMU TapaMeTpaMi. Tokn
¥ HampsDKEHUS OTHENBHBIX BUTKOB OOMOTKHU TpaHc(hopMaTopa 1 Beceld 0OOMOTKH B IIEIOM TPEACTABILUINCH B BHAE anreOpa-
MYECKON CyMMBI OT/IEIbHBIX KOMITOHEHT. [IprBeieHb! (hyHKIIMN UCCIIELyeMbIX BEJNUMH PH BXOIHOM BO3JCHCTBIN B BHJIE
30H/IUPYIONIET0 UMITYIIbCa KOPOTKOH [UTHTEIBHOCTH. 110 TaHHBIM CpaBHHUTEIIBHOTO aHAJIN3a, TTOTYICHHbIC HAMHU XapaKTepH-
CTHKHU Ha OCHOBE MOJIEJIMPOBAHNUS M XapaKTePUCTUKU HATyPHOTO 3KCIIEPIMEHTA COBIAAOT.

THE SIMULATION OF TRANSFORMER WINDING UNDER THE INFLUINCE OF VOLTAGE
PULS BY MATLAB SIMULINK

Isaev Y.N., Kolchanova V.A., Elgina G.A.

1 National research Tomsk polytechnic university, Tomsk, Russia (634050, Tomsk, Lenin prospect, 30),
e-mail: vasileva.o.v@mail.ru

The synthesis of the algorithmic model of winding of a three-phase two-winding transformer by MATLAB Simulink
has been considered. The original input signal in the form of a short duration pulse into components of the Fourier series has
been decomposed. Calculated input voltage pulse has been presented us a sum of ten Fourier components and additional
voltage supply. Additional voltage supply does not depend on skin effect and is a subtraction of input voltage pulse and ten
Fourier components. In accordance with the superposition principle for each component of decomposition the transient
process has been calculated as for the distributed circuit. Currents and voltages of separate turns and transformer winding
as a hole have presented as algebraic sum of separate components. The functions of the state variables with input action as
a probe pulse of short duration are given. According to a comparative analysis, the modeling characteristics obtained by
us and the characteristics of a natural experiment have been coincided.
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HpI/IBOZ[I/ITCSI PacCMOTPEHUEC IMMPOAOJIBHBIX U MONEPEUHBIX Z[e(l)opMaL[I/Iﬁ MIPOBOAHUKA 00MOTKH Tpchq)opMaTopa,
BBI3BBAHHBIX TOKOM KOPOTKOI'O 3aMBbIKAHMUA. PaCCManI/IBaeTCﬂ BBIBOJI OCHOBHBIX ITOJIC3HBIX COOTHOI.HCHI/IfI, II03BOJISA-
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