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Annomayus: 0CHOGHBIE JNIEMEHMbL MAZHUMHO20 YCUIUMENsL - 6XOOHAss 0OMOMKA, 0OMOMKA YNpaGneHus u
8bIXOOHASL 0OMOMKA, COCMOAWAS U3 MASHUMONPOBOOA C 08YMA U OoNee 0OMOMKAMU.

s ananuza u eviAenenusi Haubonee CYWECMBEHHbIX 3ABUCUMOCTEN, XAPAKMEPUIVIOWUX NPOYECCchl 8
INEKMPOMASHUMHOM YCIMPOUCMEe, UCROIb3YIOM MAMEMAMUYecKyl0 annpoKCUMAYUI0 KPUBLIX HAMASHUYUBAHUSL.
Ilpu ananuze npoyeccos 6 MAHUMMHBIX YCUNUMENSX HaAuboee NPocmoll U IP@OeKmusHol A619emcs KyCoUHo-
JUHEUHAsi annpokcumayusi. B obmomie ynpasnenus masHummno2o ycunumens,, NpUMeHsis 21eKmpope30HaAnCHble
KOHMYPbL, MONCHO NOLYUUMb CMAOUIUZAYUIO MOKA, MO eCb 3apa0H020 YCMPOUCMEdA.

s uccnedosanus ynpasnnemo2o 3J1eKmpoMASHUMHO20 JJIeMEHMA AnnPOKCUMUPYEM KPUBYIO HAMASHUYUBAHUS
cmenennol  (ynxkyuel, 66005 0Oe3pazmepHble U OA3UCHBIE GEAUYUHBL U UCNOAL3YS  OUHOMUATbHBLE
Koahuyuenmol, Ha OCHO8e MemoOd 2aPMOHUHECK020 OANaHCd, NONYYeHAd Oa308bIMU  YPAGHeHUAMU OJis
NOCMPOEHUsL BOILMAMNEPHBIX XAPAKMEPUCIMUK  3apsiOoHo20 ycempoticmeéa. B nayunot cmamve npuseden
meopemuiecKuil AHanu3 3apsoH020 YCmpoucmea Ha 6a3ze MacHUMHO20 ycuiumens. Omo 0aém 803MONCHOCHIb
MeopemuuecKo20 aHaIu3a 3apsiOHo20 ycmpoucmea OJiss moKa Ha base macHumuozo ycuiumens. /s 3apsoku
AKKYMYTAMOPHLIX bamapeti 9KOI02UYECKU YUCMOU COBPEMEHHOU HAO3eMHOU MeXHUKU, 3IleKmpomoouell,
B0CHHOU MEXHUKU, ]IeKMPOo0OOPY006anUsi Heghme2a30601l, 8000X03AUCMEEHHOU U OPY2UX OMPACIell.

Knrouesvie cnoea: pabouas obmomra, obMomKa ynpasieHus, 8bIXOOHAS 0OMOMKA, MASHUMHOU YCUIUMENb,
amMnaumyoa nepemMeHHOl  COCMAGIsIowell MAZHUMHO20 NOMOKA, MASHUMHbLIL NOMOK 68 CcepoeyHuKe,
Koauyuenmol u cmenenb annpoKCUMUpYOWeu QyHKYuU, mMemooa 2apmMoHu4eckoeo bananca, OasucHvle u
be3pasmephbie KOIPPuyuenmol. /[na 3apsoku aKKyMyIAMOPHbIX Oamapeti IKOI02UHEeCKUX YUCHOU COBPEMEHHOL
HAO3EMHbIX — MEXHUKU,  INeKMPOMOoOunell, BOEHHbIX MEXHUKA, 21eKmpoobopyoosanue Hedme2azoeol,
6000X03AlICIBEHHOLL U OPYeUX OMPACIEL.

CHARGER FOR CURRENT BASED ON MAGNETIC AMPLIFIER
Fayziev M.M.}, Abdurasulov A.2, Mamatkulov A.N.%, Karimov I.N.*, Mustaev R.A°,
Toshturdiyev Sh.J.°

1Fayziev Makhmanazar Mansurovich - Candidate of Technical Sciences, Associate Professor,
DEPARTMENT OF ELECTRIC POWER ENGINEERING, FACULTY OF ENERGY;
Abdurasulov Abdihalil - Candidate of Physical and Mathematical Sciences, Associate Professor,
DEPARTMENT OF MATHEMATICS, FACULTY OF OIL-GAS;
3Mamatkulov Asom Norovich - Senior Lecturer;
“Karimov Ilhom Normamatovich - Applicant, Assistant;
SMustaev Ruslan Aktamovich - Applicant, Assistant;
T oshturdiyev Shohislom Juma o’g’li — Student,
DEPARTMENT OF ELECTRIC POWER ENGINEERING, FACULTY OF ENERGY,
KARSHI ENGINEERING ECONOMIC INSTITUTE,
KARSHI, REPUBLIC OF UZBEKISTAN

Abstract: magnetic amplifier - the main element of which are the input winding, control winding and the output
winding consisting of a magnetic circuit with two or more windings.

For the analysis and identification of the most significant dependencies characterizing the processes in an
electromagnetic device, a mathematical approximation of the magnetization curves is used. When analyzing
processes in magnetic amplifiers, the most simple and efficient is the piecewise linear approximation. In the
control winding of a magnetic amplifier, applying electroresonant circuits can be obtained by stabilizing the
current, that is, the charger.



To study a controlled electromagnetic element, we approximate the magnetization curve by a power function,
introducing dimensionless and basic values, and using binomial coefficients, based on the harmonic balance
method, obtained by the basic equations for constructing the current-voltage characteristics of the charger. The
scientific article presents a theoretical analysis of a charger based on a magnetic amplifier. This makes it
possible to theoretically analyze a charger for a current based on a magnetic amplifier. To charge the batteries
of environmentally friendly clean modern elevated technology, electric vehicles, military equipment, electrical
equipment for gas, water, and other industries.

Keywords: working winding, control winding, output winding, magnetic amplifier, amplitude of the variable
component of the magnetic flux, magnetic flux in the core, the coefficients and degree of the approximating
function, the method of harmonic balance, basic and dimensionless coefficients.
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3apsaHbIe YCTPOMCTBA OTHOCSTCS K ODIEKTPOIHEPIeTHKE, a HMMEHHO K JJIEKTPOTEXHHKE. MarHWTHBIH
YCUIINTENb - OCHOBHBIMHM 3JIEMEHTaMH KOTOPOTO SBIISIIOTCS BXOAHAs OOMOTKa, OOMOTKAa YIpaBlIeHHS W,
BBIXOJHAs OOMOTKa, COCTOSIIIAsl U3 MarHUTONPOBOJA ¢ IBYMs Wi Oonee oOMoTkamu [1]. Beixognas ob6moTka
WM pabodast 0OMOTKA, COCTOSILAs U3 MArHUTOIIPOBO/A © OOMOTOK, BKITFOHACTCS OCIESIOBATEIILHO C HArPy3KOH,
OTJINYaeTCs IPOCTOTON KOHCTPYKLMH, BHICOKOH HAaI&KHOCTHIO, IOCTOSHHONW TOTOBHOCTBIO K paboTe, BEICOKUM
K09 HITEHTOM MOJIE3HOTO ACHCTBHS M MPAKTHUECKH HEOTPAHUIECHHBIM CPOKOM CITykOBI (puc. 1).
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Puc. 1. Cxema coedunenus 3apsaonozo ycmpoiicmea

DTO yCTPOUCTBO IMIMPOKO MPUMEHSETCS B aBTOMATUUECKUX YCTPOHUCTBAX B KaYeCTBE YCHIIMTEIEH MOITHOCTH,
a TaKXKe JIMHEWHBIX U HEeTMHEWHBIX Mpeoldpa3oBareneil curuanos. Kpome Toro, B 1eNsx yrnpaBieHUs] MAarHUTHBIX
YCUJIUTENEH CPaBHUTENBHO JIETKO OCYIIECTBIIETCS CyMMHUPOBAaHKE OOJBIIIOTO KOJIMYECTBA CUTHAJIOB.

CepleuHUK MarHUTHOTO YCWJIMTENSI BBITIONHSETCS W3 CIELUAIbHBIX BBICOKOKAYECTBEHHBIX MAaTepUasOB.
[TosTomMy mpu aHanW3e OCHOBHBIX MPOIIECCOB B OOMOTKH IMMOJMATHWYMBAHUS MArHUTHOTO YCHJIMTES B Pse
Clly4aeB JOIMYCTHUMO AaNMpOKCHUMAalMW JEHCTBUTENbHOM MeTNu rucrepe3uca. B MarHuTHOM ycuiHTeNe
CepICYHNKA OJHOBPEMEHHO HAMAarHUYMBACTCA SJICKTPOMATHUTHBIMH TIOJSIMHA IEPEMEHHOTO ¥ TIOCTOSHHOTO
TOKa, TpUYEeM AaMIUIUTyla IIEPEMEHHOW COCTAaBILIIONICH TOJSA, KaK MpPaBWIO, COM3MEpPHMa UM OOIbIIe
MOCTOSIHHOM ~ cocTaBisitomield. J[ins aHanm3a ©  BBIABIEHUST Haubojiee CYIIECTBEHHBIX 3aBHUCHMOCTEH,
XapaKTepU3YIONIMX  MPOIECChl B DJIEKTPOMATHUTHOM  YCTPOWMCTBE, HUCHOJB3YIOT  MaTeMaTHYECKYIO
ANMpPOKCUMAIMI0 KPUBBIX HamMarHuuumBaHus. [Ipu aHamu3e MPOIECCOB B MArHMTHBIX YCHJIMTENSAX HaubOoliee
MPOCTO 1 3PPEKTUBHOI SIBISACTCS KyCOUHO-THMHEHHAS allIPOKCUMAIIHS.

OOMOTKa MOIMArHUYMBaHUS MATHUTHOTO YCHIIUTENSI CIIYKAaT JUIS YIPABICHHS PEXUMa pabovas 0OMOTKa H
MMUTACTCA TMOCTOSHHOro Toka [2]. Jlna wccienoBaHus pexuMa paOOTHl YIPABISIEMOTO 3JICKTPOMATHHUTHOTO
AJIEMEHTAa alIIPOKCHMHUPYEM KPUBYIO HAMATHHYUBAHUS CTCTICHHON (DYHKITUCH.
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K., K, n - koo duumentst u crenens annpokcumupyromeii pyHkuum,

CD - MAarHATHBIN IIOTOK B CCPACUYHUKE DJICKTPOMATHUTHOI'O 3JICMCHTA.
HO,IIKJHO‘I@HHLIC K pa60qef/'1 00MOTKE MarHUTHOIO YCUIIUTCIIA HAUPSPKCHUS TEPEMCHHOI'O0 TOKA U3MCHSCTCA
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(Dm - aMIUIuTyaa HepeMeHHOﬁ COCTABJISIIOIICH MarHUTHOTO IIOTOKa,

Hpuanmas, W, - =W, , .. TPHBEIS K 0a3uCcHBIM U Oe3pa3MepHBIM KO3 (HUIIICHTaM, BRIpaKCHUE 3aIHIIEM

B cieqyroriem Buae [1]:
(i, +hw =K, ®+ K D",

S non
(i, +DHw =K ® x+ K &, X",
Z W Zgiw

—mo 4 00 —x4x",
Klq)ﬁ Kl(D6
Z,+2,=x+x". ©)
31ech,
i D . K, 2,
Zmzr, XZZ, l; = 1 6, @[:n—lﬁ,
6 6 W g K,
X=X, + X, sin
o P ST

rIe T = .

3HadyeHnsT OMHOMHANBHBIX KO3()(UIIMEHTOB MOTYT OBITH OIpenieneHsl u3 TpeyroiabHuka Ilackamsa[2]:.
YuuteiBas, 9To

in2z=L(_
sin 7_2(1 cos 27), )

sin®z = i(3sin r-sin3r),

Tocyie HEKOTOPBIX MaTEMAaTHUECKUX NPe0bpa3oBanuii, ypapuenuii (4) moxcrasum B (3) ans cnydas N = 3.

Ha ocHoBe meTona rapMoHmdYeckoro OanaHca, mpeHeOperas BBICIIUMH TapMOHUKaMu u3 (5) moiryduMm B
cllelytoliee YpaBHEeHUSI:

zo=x0+x03+gxoxm, (6)

Y

Z., =X, +3%,°X,, +%Xm3,

[lomy4yeHHbIE 3aBUCUMOCTH  SIBISIFOTCS ~ 0a30BBIMH  ypaBHEHMSAMH JUIA  I[OCTPOCHUS  OOOOIIEHHBIX
XapakTepucTuK MaruuTHoro ycwimtens[3]. Ha ocHoBe (6, 7) TOCTpPOEHBI XapaKTEpPUCTHKH (pHC. 2),
MIPEICTABIISIONINE CBSI3b MEXKIY aMIUITUTYAAMU Xim U Zim OIS PA3IUYHBIX Xo.
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Ucnons3ys 3aBucHMOCTH (6, 7) TMOCTPOCHBI XapaKTEPUCTUKH Z;, = f(Xm)

Puc. 2. 3asucumocmo Zm =f (Xm) 0151 PA3TUYHBIX X

, KOTOPBIC MPONOPLHHUOHATIbHBI

BOJIbTAMIICPHOI'O0 XAPAKTEPUCTUKA MATrHUTHOTO YCUJIUMTCIIA UIA Pa3IMYHBIX 3HAYCHUM TOKa noagMarHun4muBaHUsA

Zo (puc. 3).

[enb 31€KTPOPE30HAHCHOTO KOHTYPA 3aIIMCHIBAEM B CIIEAYIOLIEE yPABHCHHUE!
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Yunteas (8), (9), (10), (11), (12) um mnpuMeHssT METOJ TapMOHHYECKOro OamaHca W TPYHIUPYS
KO3 GHIMEHTH IMepe]] OJMHAKOBBIMH TPHUTOHOMETPHYECCKHMMH (YHKLUUSAMH M BBOJAS Oa3HCHBIC BEJIMYHHBI,
3alMIIEM BBIPQKCHUS B Oe3pa3MepHOM BHIE:

Yo =8 X 2m + X 2 (BX " =14+ £+ ),

B oOMOTKHM ympaBieHHsT MarHHTHOTO YCHJIUTENS, MPHUMEHSS 3JICKTPOPE30HAHCHBIE KOHTYPBI, MOXHO
MOJYYUTh CTAOMIIM3AIMHA TOKAa, TO €CTh 3apsIIHOTO YCTPOWCTBA. DTO NAa&T BO3MOXHOCTH AJIS TEOPETHYECKOTO
aHaJIM3a 3apsAIHOTO YCTPOMCTBAa TOKa Ha 6a3ze MarHuTHOrO ycuiautens. Co3maTh 3apsAHOEyCTPOUCTBO ISl TOKA
Ha 0a3e MAarHUTHOI'O YCHJIMTENS. OTO INHPOKO NPHUMEHSETCS I 3apsiIkh aKKyMYJSITOPHBIX Oarapeit
9KOJIOTHYECKA YHCTOW COBPEMECHHOW HAI3EMHON TEXHHKH, JJICKTPOMOOMWJICH, BOCHHONH TEXHHKH,
3MEKTPOOOOPYIOBAHUS HE(DTHIA30BOM, BOJIOX03aUCTBCHHOM U IPYTHX OTPACIICH.
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