10y 5dOd dzd?2 Ijodg yded2 &

dz' 9 j tof

csd om! €d2 Ytsdz Isjrdz ydzd?2 ° demisdliskz
[ d Msjtemsots Mo ' Isd ' d&OEC(

1 0OYy"' 5dzOdz' ded?2 Isjodz yded?2 bz o ts
csd om! €d2 fYtsdz Isj ndz ydad 2 dzmisd sz
[ " de Msjtemlseats tsMe ' Isd * dzOESC

spOd W' COY' 20 dzOl
feOyY &O fOoOR tol

[ECOh jo [djCMm' 2 St 28ady

urs 621. 3¢

R T UOAwWC
rdafwrrrwvcdr1tdas¢ frwldrwdric
(fosvtdfolrwosyrrRm Y0l or wuvl i) ¢ rRMm w,
rectefofrR rRIJUULC

171 [dzjShkesdy SO
[ dzj Sstosdz SO 8O Isj dzj S sslzdz ¢

1 sHO' st Mw dzO LHBBEISIEW dzOkzCtsotsets Miskzy

rdmjitlsoy' ¥ & fMisdls! t©jLbkd sOkd o dzOMmc
Cjod 5Ok o ' kjSMls's ‘dhdE Oslsk' 8 &O s

______________ I zCOhjo [ ..

10kStsad?2 Cjte' 0adzdS [ OCOtej deS 5 | tSdzsH d ds
ZOkZSC, HBtsYy,j dzls

s d i 8021



01 JuvdAwc

[ 2C O jor §fpda . HY j dzdzv Bls B uiedslipiladsdze O dzj € Is te &
Lo OH Mmkotstks o Odzedn ' &Y k& dz' fij dgdodgfdz’ WY £ Ok d
fteOy” &O 0o 0Of wkSsfdmk.

rdMmjtelsOy' ¥ dzO L H B brstswls 0y CligDdemsifis Wi st
171 ¢r dzj S stetsdg @Y sd&zOdz dzd 2 Isj 7 da Qtdsf 2 dzdkz dzt ® g
fsdz Isjnde yded?2 ' dellsdlizls ' &j d2 wc i o' Gt

1 OkC o b Hifg tBis@ly ' ° H j d3ts diejle tddar: I9s O lsd@ y Is k2

l.ltcseo jHjdzs HESMAz' HY J dedzgv et deq dslp sty © W@ «

(Y JdzjClstetsdOc dEEsQEddRr L fORtegCu,j Idsotets 0% o Oy O .

2.1ds9 jHjdzs HEsMdz" HY jdzdew o f dzdoz yOmistsisd

YOMmistslsdf PEJ PEEcs 9 OYO, HBHOdGSEES { tihd

L O OH .

3.1 d¢ sdz@dzthydz’ H x j dzdzw otf dzdo Iz Isj n desdztsc '

DC/IDu-f j toj 5o t5tes od W@ Mdescts HY joj 2O X do dz

4. [lsted BOdzts fHOM h sEE Y jidgdkd R o el gk
Ydodzj dgee% sZO ff jtojlsoastes 9Oy L Ctstej Clsts
) C OB dzstso Odzd s MlsOdzH Otels OB [ f & .

5. ulso stoj dets3tsdzfsedzlz  HdzWv  Hisfypdz' HY j dadz? o ff dzd o
DC/IDC jtejlso tstos 9'Odg O dats s dzj dizHdz®E Is tf b eizj fpls 5 j
CsdzH 2C Isd 9,dzd I8 O L DOefEdzQdRtS] dzdzy o f dzd o kz f Of
sfjtcHY dzO to' 9 jdg', Mo tstcs o Odzdjrdz] te3f £ dz
hts dzj O OdOd&scE' s k fked SOy w2 LO

6.1 SLtctsB dzj dets Bgz@BO (¢ 3ts yobzef o sBAd IHddzd @ W «
EtcOR kzo Odzdz d3 o n 'fiH{dptisq) w3d" 34 jdal Quebipld] sfg I8 O B1
flls OdzH Otels Iz .

7.1 6 j od fils Odzets o dzj dets odfjSCtatcRd frHlsd® displs!  to j O dz' dzd
f 5B Iz Hifsfofds j i3 oz’ dz' 2 dets’  fgls @es'sdgda @ BCIDdsdzY
fjtojobmsb@ynmatsds ' i3 sOyY' 2 detsegts d3tsH j dz¥ o



8.1 tetso j HJ dzd Tz0 HOEaD dz'd3ts indedsats diirislzs © Ols d e 6 5 ¢
fMilse tstcj dadzw JWigAROIDECd3 tc] gl BRig" o, 0]
okzLdz' 9 HBY dzt des o dCtstcdMmlssolzo Olsd L d
tf1 M 99"  Hdetsh j dzdzgv tesBBYdr YOMIsls f J

0.1 sL tetsB dzj dzts 1 jsSHsWY BfstOdg) IS tc 2z A 1OfcsOddgfj As tc * o
BsH | dzt 9 Odzdzgy Cslskzh € d ° dzH B lded) dsdztsshipls ‘o Ok C
hts HsLoatsdwis! LOBjLYJydlsd dzO2dzdy yd2 to
10.] f j ohgL tctsB dzj degts teW H toj ¢ 53] gl BYWEE/DC s+
fjEBgtstcs 8 Oyo, f tod daadits figvicd @) 'ls 1©dAga #z® 2 dz
Mo tstcs 9 Odzdr StdzHkzSCIsdodzdr L ©O9 OH .

U HdMjtlsOy' 2 d 2 H Eigdsis) jzisusReRERR |s dzq
"B kdz fded R H Y o] &OL dg sl jodzday 03] dzh j dedzv  to
LO9 OH, IsO Mmlse Bt dzdzv 16 dA s &3 oixlzz @z ‘MAzSIE dRY H )
hts o' HYdeEdg@s | dzj € lstots B3O G dz'h lisdztsi Is stz ds'Isth daty
MY j CBRBHH 2 C ladod@sigS 6] 5O, hitsHES odBBttk It
@Ofteed bk MSd&OH' HYjto] dzOt ] dAdliaei ©digOdi
LOo OHACDCY jojlso Scs 9 OyOs 'L SCttejChssd
9 d L dzO usjf dsdfdzO dz! dats ¢ 5, to 'L 9 disvts yff lef o SariddselZCCdis{dRo dzd
M " o9 " Hdatsh jdedgv ttsBBYdes YOfMmlstsls f jtojlso ste
fslsky dasdgstttelz  Mistolz § Is b teitgd®' daf @ tdaBds] Is tedzrplz € Is ¢
DC/IDCY jtoj so sic®B @Y O d3j dems dztiztc ® w Oelzdgh L O9 OH

1 &' Wi j elsOy' 2 detsets HEsfd HY jdedev o d S dzOH
ftetsH j d3ts dzfislOtc tse O detis dzldais ® Gtz to | Lskdz! s Olsd B s

v ofmilskzy" sB tozdzalstso Odes OCIkzOdz dz' Mls+
By s 2fiWste i3z dzL ® 8 Oadels HisMdz' HY j dzdzv, s d ) Odzts
‘Al steBOY' v fes dzOkSC ek dmsodLdz SO §©OC Lk

V fijths®Bkz ttsL w'cdzZtfls @ Edz'dZDdztf B dz' ¢ Oy ' 2
BjlssH' & L dgjdgh jdedaw o' o dg?" CtsdgHkzSIsdoedadrm L
1 5Ctej BO totsL ¢ dxsdzlalls ) Stiuds ils) ) ,dzdf'S shety HNtls O dzdzW



tesL M dtej dzdzw MIDLCOGHc ztc j Id» stcE 9 OY O~ , odEts
MstcedB S B sH' Bdetsets f j o] 2@ dBbh Istcg Gakdzvdz] 5@ 1 |
HylsOdz dzd = B 1 filpdzd iz ¥ Jlsdigdsdzts dfteflf g e & dzO dzkz 9 L C
ACIDCH jtojlsatster 9 Oyors "L Ctte] CylsOr BZBH gl b g
MisOdzizIls!' H sinjsizifdzdlsfls ‘'z IsOCdr HBMAz HY j dz .

v Hiclz G 53z tesL H' dz' f tel3g dsjisH jzdzstc SH tsiEgig dg'IsHY
"l z2dz Mdzs sz H Y 4 6] dZf N dodzj dzdzv ' L, hCdeMey tEc
"l IsOyt 2 dzse s dfusisitg i@ dpezdzy H Y J 6 dZzO  y d 9 dzf dz
f5C 0L dzadd&eOUIte 530G dz' Is dzets ™ | o iy HAQY T @i s tzts M | dzdz
Yofmstsls fjtojlsotstcs d @O YWIEB BE sl TEg®, c O’ Is
Miso stet 9 Odzd ¢ ts dzHl O IKEoydpdde® LH@soUG igis @izizdghs ¢ to t
My JSlstclz ki te@a dZOdedz S HEk] BBt GWy iy Sdbu
Md e dzO dzlAn IsSlo Bedc® ) Pz B o Stct BB dgO dz’ o ftjL kzd
f sStc' o dzgWedEO dzff Yy dzd dzd e dz® dzl dedfy lslpdtstc® o O dzd - C t
MIsOdzH OelszIsPf v tetsB Oz dets o dMdetso € d N SH B St
ftoslsdL Oo OHdzBe B W' dz stc ©.

LIste jslsRlz tctftcis’s gzH | dzts  Hipeshtpdz' ¢ fisyiziitoiifldzy stc 0 O Y
o' Hdzthfigdetstcs 8 Odzgd -~ L O9 OH .  sfdz' HY j des o f dzd
Gtelzf SO dzj dz' dz' 2 dets’ ' dzH zZC Isd 9 dats'fasd & tzte diififIsde
BsHjdzZ 1 dO0deOyj dzs off dzdo C oy des'e s &B dzfets dzj
hdzw s sd3s Htsfdz HY jdzdzy Issftsdzse' 2 tf L d@g/BC Ml
fjtojlsobBs 9o Oy Sty dz' 2 ctolzff" odL dzOyd dzts dzO:
L Oo OH, IsthifstodzdZtc.€ ®dglp dzH Oy’ ° "W tsHts o dBtStolz
MstczC ktcdzte s Isdfkz Istsf tsdzse ' fjtojlso stes
NYdodzj etz s O 859 Odzets s Isd di3Odz! dzlz, ‘L Istsy¢ d
L OL stelz Clsizh Cd " dzH Z2C Is d o ‘da®ddzls s J Hedg'#s o Jjiai
f stc’ odzVv dz' dzd 2 [OEdj e BBtz Dydej dz' dz' 2 dzts ¥
te' L dzd d3d BOIsj t6' OdzOdi3d sk ds@dr. dzd 2 L da@Y Js i
Mlseo tstet 9 OdaETls jitd' 1Oz IsO MV stedzdz! tso Odets toj €
Clskdsdcd 30 dz" , bk toj L Hpf jiCAddc d HifffrpddzOidy’ jodz! €, t



LOHBo Sdz' dgv ¢ IsH 5§ i ig© dzeckd dgts 1o 8z® tgl dzdz® gdzH 2 € Is
tj cdzOR) dzstso Odzd & Mls OdzH Otels O BJ .

sfdz Hy jdedz" B yjlojtols s dslsts Licds@ HE dir ©  fiy
jWiSkdodasmls' tweetld ftslsdL Oo OHdSEE o n
otcORlzo Odzdz? o d 7 * da'dels ¢Aslzts* B fij it §ts &y s
o0 HdzgsEt %' dz IStcOf BY 655 dzp dzsdtes fizts tezdmfs dyO 5 I ¢
ftoslsdL Oo OH d2RJLR®E jiz ‘B oy § So 'toH de'ddyls ' C sdzH 26 Is
HY J tod dzO 3 do dzj dede" G tgQfdad U elzdzes dzgz® B & UzezplzB G |
ftod $dzOtE" L dzd » dAf tdaf B lslzdtE" ofnd Misy dg¥ Mts OB tzdzn L B
jd&zi SstesBOC dz' s 0z te ts H keists' dafdstEhflds @ dzdz’ st L Of
B lstsHuWCtEte Bz dzo § etz A 6§ Blstod BOddn L Zdz 50O

1 60CIsdydzsj L dzOyj dzdz? tsH jtey Odzdn o H Mt
st &k, s BOdz'  teRis izdz Is Caskdls § o d § 5 te  fflsfO® dz
L o) dzh j dzdzv  tcH ©ded © M dzisGls to s dsGictizly’ I S Lls@roo G
Nydodzj dzdz ‘L Y CtOh jdddid f5COLdd S OR] | dzj

wdz e BBHEEY ' d dasfls’ odCstedmisOdedz” s
HY jtoj &ZOR X do dzj dedgisy j L B LEldsds j SHOpEMS ditfiplS @ diz® dzj
By stss L dgj dgh j dzdzv to' o dzgv flso st & @@ & o @ dsd
ssfsdse’ ® fittjlsoss o0y & bk MC&OH' ' &
jdzi Slstets BOC dzdd®azPT s 'L OakBm &Gozzm©®Isd §° HB ' o
okLdz' ® HYJjtejdzO B dzz h Oy’ tsdzOdz’ dzts

tJLEzd s0OIsd ts deltswptisists{l? ‘Isdz’ y*° Odz@ I Gasts fisdz’ H dzad
esB WAL dz Isj sk 1) @rj Csde®aiz’ &Ects U j o dz YdzsE ts
'sd’ef Cd2 fd Isjnd ydzdpkv a6 ¢ s DO s o5
"B dzdo sils' Wittdkzeo Odzdzy j dzj Cstets BOG dz' Is dzts
Isd -~ dz' ydzd d3d L OfmtsB Oz L Bl LA tceg ey teg § d3ls
0119J102796)

s dzé Yytso ' ipEfemd®: Mdz’  H Y |, € jSiB 2§ ¢ 9 dzjtabxpvis @
YOMmistsls O { j DCIDEEkt  1©a Biet jo Vs , la jCRod@sgs & s L o3
Y 4G istgg teny Csiskzh ¢ d B3t kizh dz6, s daiidpls™ v ff j to



(e Clstste S5 W' Yy ddsPdz § siglky s fi@sOsts RO Is f ©
MdMmilsj 30 k{§ tcOs dz' dadz” .



SUMMARY

Lukashev O.Research and development of methods for reducing electromagne
interference created by switching power supplieQualifying scientific work on the
rights of the manuscript.

The dissertation on competition oEaientific degree of the doctor of philosophy on
a specialty 171 "Electronics": National Technical University of Ukraine "Kyiv
Polytechnic Institute named after Igor Sikorsky", Ministry of Education and Science
Ukraine, Kyiv, 2021.

For the first timehe following scientific results were obtained in the dissertation:

1. For the first time a study dahe influence of DC/D&onverter topology on the
EMF level at constant converter parameters was performed.

2. For the first time, a study of the influence ottfrequency of the power factor
corrects and the frequency of the DC/Bébnverter, added sequentially, on the
level of noise created.

3. The study of the influence of spectrum blur technology in both converters of
switching power supply is performed.

4. For the first time a study of the influence of the parameters of the magnetic core
the level createty pulsed energy converters, EMI

5. For the first time, a simulation of a DC / DC converter with nonlinear inductanc
was performed using different coratarials.

6. A technique has been developed that allows to develop an input filter taking ir
account the input impedance of LISN for the required standard.

7. For the first time, the need to use real components for the construction of LISN
the study of DC DC-converters by simulation.

8. The analysis allowed to formulate recommendations for optimizingrihetsre and
parameters of AQC-converters, namely in which of the nodes it is advisable tc
use spectral blur, and the best in term<EMI ratio of operahg frequencies of

converters.



9. Recommendations for the selection of structural parameters at the staggetihgio
the inductor in the D@C-voltage converter, which will ensure the lowest leviel
interference

10A number of recommendations for the selectainthe optimal topology of the
DC/DC-converter in terms of the conductive interference.

The dissertation is devoted to the study of electromagnetic processes in switch
power supplies, development of methods to reduce the level of conductive intexferer
and creating recommendations for designing a switching power supply that meets
standards of electromagnetic combiity, in particular, in AC/DGconverters with power
factor corrector and determination of optimal, from the point of view of coivducbise,
ratio of operating frequencies of voltage converter and power factor corrector, choice
structural parameters of namkar inductance, as part of DC/RGnverter, to reduce noise
level.

The content of the dissertation research is presentémlimsections, in which the
main results of the work are presented and substantiated.

The introduction substantiates the relevance of the dissertation, formulates
purpose and lists the objectives of the study, describes the research methods, pro
information about the scientific novelty and practical significance of the results.

The first section is devoted to a review of recent publications with research
methods to reduce the level of conductive interference in switching power supplies.
paricular, the works devoted to the study of the use of sp@caxpansion technology in
DC/DC-converters, the use of the method of frequency hopping are considered. The n
for more detailed studies of the influence of spectrum blur technology iflD@C
conwerters with correction of the power factor and the possibilities that will becon
available as a result of such studies is discussed.

In the second section, a study of the method of spectrum blur in a switching pov
supply with a power factor correctory I[simulation. A model of a power supply with
improved electromagnetic compatibility is obtained. The optimal ratio of operatin

frequencies of the converter and the corrector is determined, from the point of view of



created conductive interferences.eTéxpediency of using spectrum blur in the control
unit of the corrector and voltage converter is determined.

In the third section, a study of the structure of voltage converters in terms
interference. The influence of topologies of different functiogidups and nonlinear
inductance in the composition of the voltage converter using the Chan model
investigated. The influence of each component of the topology on the noise level
determined by studying the topologies of different structural group®©f/ DC
converters. In each group the best, from the point of view of created disturbanc
topologies are defined. Recommendations for the choice of both functional and structt
type of topology of the converter at the stage of power supply desigereated. The
optimal, from the point of view of the created noise, width of a backlash of the induct
for various materials of a core is calculated. A comparative analysis of models of DC / |
converters with nonlinear inductance with different core mateis performed. The
optimd, from the point of view of EM material is determined and recommendations or
the design of the coil are formulated. Satisfaction of the obtained sigrcitaspa LISN
with respect to ENMstandards was checked in accordance with the maximum allowab
valuesof the level of conductive interference regulated by the standards.

The fourth section is devoted to the calculation and analysis of the efficiency of t
antrinterference input fier. The necessity of taking into account the output impedance «
LISN when designing the input filter of the power supply is proved. A technique has be
developed to calculate the antise filter, which ensures that the level of conductive
interferenceof the power supply correspds to the limit value of the EMor the required
standard. On the example of different LISN devices, for different standards
electromagnetic compatibility, the effectiveness of the proposed technique
demonstrated. Condions on the obtained results are formuldikd. practical
significance of the results obtained in the dissertation is that the research results ca
used to address the reduction of electromagnetic interference, and to design a pc
supply with improve electromagnetic compatibility.

Possession of information on the feasibility of using the technology of spectrum bl

in power supplies with correction can be used to improve them in order to reduce the le



of conductive interference. Taking into accbuhe influence of the topology of the
converters in the composition of switching power supplies on the level of electromagne
interference will allow the selection of functional units of the power supply mor
efficiently.

The results are included in theport of the initiative research work of the Faculty of
Electronics of the National Technical University of Ukraine "Kyiv Polytechnic Institute
named after Igor Sikorsky" entitled: "Features of the electromagnetic environment
rooms equipped with tecloal means with wireless interface" (0119J102796.

Keywords: switching power supplies, conductive noise, @ier operating
frequency, DC/D&onverter, noise spectrum, spectrum blur technology, inductor core
Chan model, converter topology, power factorrector, noise level, automated control

system.
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312 99.8 97.4 3.76 400 4
220 99.9 93.7 1.8 400 4
170 99.9 87.5 1.0 400 4
128 99.9 74.0 1.0 400 4
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