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MOAEJIMPOBAHUE NEPEXO/JHbIX TPOIECCOB B BBIIIPAMMUTEJIE C
NHAYKTUBHO-EMKOCTHBIM ®UJIBTPOM

CocraBnensl auddepeHanbible YpaBHEHUSI MEPEMEHHBIX COCTOSHUS, MPHUBEIEHHBIE K HOPMaJbHOMN
¢dbopMe, BBIIPAMUTENS C MHIYKTUBHO-€MKOCTHBIM (uibTpoM. Pa3zpaboTaHHas MaremMaTHuecKas MOJENb
BBINIPSMUTENST pean30BaHa B JJIEKTPOHHBIX Tabnmmax Excel ¢ wucnomb3oBanmem Meroma Ditnepa.
Pe3ynbrarel MoOAenupoBaHUSA NPEACTABICHBI BPEMEHHBIMHU JUarpaMMaMH IE€PEMEHHBIX COCTOSHUS B
MIEPEXOTHOM PEXHME.

KaoueBble cjioBa: BBIIPSIMUTENb, HHAYKTUBHO-€MKOCTHON (HIBTpP, METON Jiiepa, MepexoaHbId
Iporecc.

Beenenne

NccnenoBanne nepexoAHbIX MPOLECCOB B BBINIPSAMUTENbHBIX YCTAHOBKAX, SBISETCS
BAXXHOM 3ajaueil mpu UX npoekTtupoBaHuu [1-3]. DiekTpuyeckue CXeMbl BBINIPSIMUTEIbHBIX
YCTAaHOBOK BKJIIOYAIOT B ce0s pPEaKTUBHbIE U HEIMHEHHBIE DJJIEMEHThl — EMKOCTH,
KOH/ICHCATOPBI U CUJIOBBIE TOTYITPOBOAHUKOBEIE IPUOOPHI, MO3TOMY aHATHTUYECKUE PACUETHI
TAKUX CHUCTEM IPAaKTHUYECKH HEBO3MOXKHBl H3-32 BBICOKOIO IOpSAKAa TaKUX CUCTEM U
HEJINHEHHOCTH JIEMEHTOB.

Jliist pacdeTa TakuX CUCTEM HEOOXOIMMO HCIIOb30BaTh YMCIIEHHBIE METO/IBI penicHus [4].
Meton Oiiniepa sBIs€TCA NMPUEMIIEMBIM UYUCJIEHHBIM METOAOM, KOTOPBIA JOBOJBHO IPOCT B
peanu3aluy ¢ UCIOJIb30BAaHUEM COBPEMEHHBIX KOMITBIOTEPHBIX POTPAMM.

Heabio padoTsl

Llenmpto paboThl  sBJISIETCS MOJEIMpPOBAaHHE B DICKTPOHHBIX Tabnmmax Excel
3JIEKTPOMAarHUTHBIX IPOLIECCOB BBINPSAMUTENS C HWHAYKTUBHO-€MKOCTHBIM (UIBTPOM B
NEPEXOJHOM PEXKHUME.

MeTtoauka 3KCIIepUMEHTOB

Ha puc. 1. npencraBneHa 3jieKTpuyecKas CXeMa BbIIPSIMUTENS ¢ MHIYKTUBHO-EMKOCTHBIM
¢bunsrpom [5].

PaccmaTtpuBaemas cxema mpeacTaBiIser r
coboi otHO(a3HBIN BBIIIPSIMUTEIb,
nuTaromuiicss ot ucrounuka JJ1C, amminrtyna Le, To: [
U 4acToTa KOTOPOIO0 COOTBETCTBEHHO DPABHbI

E,, =10B, f =50. BuyTtpennee

Vb
N
P2

Puc. 1-3OnexTpuueckas cxeMa BbIIPSIMUTENS

COTNPOTHUBIICHUE paBHO r=50m,
C MHAYKTUBHO-€MKOCTHBIM (PHIIBTPOM

CONIPOTUBIICHUE HATPY3KU PABHO R=10COw -

ConpotuBneHre 11o/a B OTKPHITOM H 3aKPBITOM COCTOSHHUSX MPUHUMAIOTCS PABHBIMHU
COOTBETCTBEHHO Ryoper0.010M, Ryciose100000Mm. [Insa crmaxkuBaHusa IynbCcalMidi K BBIXOLY
BBIIpAMUTENST NoAKIodeH [1-o0pa3Hblii GUIBTp, COCTOSMMKA W3 WHAYKTUBHOCTH U ABYX
eMKOCTeH, 3HaueHus1 KoTopbix paBHbl C;= C,=0,12 @, L=12/H.

JIns cocTaBieHHMS TOIMOJIOTUYECKUX YpaBHEHHH BOCIOJIB3YeMCS METOJOM IEepEeMEHHBIX
cocTosiHUs. [lepeMeHHBIMU COCTOSHUS B JJIEKTPUUYECKON CHUCTEME MPHUMEM HampsDKeHHs Ha
KOH/ICHCATOPax M TOKW B MHIYKTUBHOCTSIX.

CocraBum Tpad u JAepeBO paccmaTpuBaeMoil cxembl. Pebpa rpada Oymyr

COOTBETCTBOBATh MIEKTPUUECKUM DIIEMEHTAM CXEMBI, a Y3116l rpada — 3a)KuMaM MeX1y
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KOTOPBIMH HAaxOJIATCS COOTBETCTBYIOIIME JJICKTPHUECKHE dyeMeHTH. JlepeBoMm Tpada
HA3BIBACTCS CBA3aHHAsI COBOKYITHOCTH pedep, OXBATHIBAIOIAS BCE y3JIbI M HE 00pa3yrolas HA
OJIHOTO KOHTYpa. PeOpa, KoTopble BOILIU B I€PEBO, HA3BIBAIOTCS BETBSIMU U U300paKatOTCs
CIUIOIIHOM JMHHMEH, pebpa, HE BOLIEAIINE B
JIEPEBO, HA3bIBAIOTCS CBS3SIMU U M300paXKaroTCs
IYHKTUPHOM JIMHUEH.

Hu puc. 2. a) u 0) npeacrasieHsl rpad u
JNEPEBO  pACCMATPUBAEMOM  AJIEKTPUYECKOU
CXEMBI.

CocraBum F-maTpuiry TOIOJIOTUH,
CTONOLBI KOTOPOM COOTBETCTBYIOT BETBSIM, a
CTPOKH— CBisI3siM. [[7151 3TOTO 3aMbIKaeM Kax bl
13 KOHTYpPOB €IMHCTBEHHOM CBsA3bI0. Enu
HaIlpaBJICHUE CBS3M COBMAJAET C HAINpPABJICHHEM BETBU, 3alMCHIBAEM B COOTBETCTBYIOIIYIO
KJIETKY MaTpullspl +1, ecnu HampaBlieHHs] TPOTUBOMOJIOKHBI, BHOCUM -1, eciiu BETBb HE BXOAUT
B PACCMAaTpPUBAEMBIN KOHTYp, 3aHCHIBAEM HOJIb.

Takum oOpa3zoM, MOTYYHUM TOMOJIOTHYECKYIO MAaTPUILY "KOHTYp BETBb':

E C1 C2 Rd
ri-1)+1| 0] +1
F=R|{ 0| 0] -1] O
L| O|-1]+1] O

Jns cocTaBieHUs  TOMOJOTUYECKUX  ypPaBHEHUM  BOCIOJIB3YEMCS  YpaBHEHUSAMH
HANPSKEHUM CBSI3€M U TOKOB BETBEU!

Ve=F V¢ (1)
1°=F"1°.
rae V¢, | © —HanpsukeHUs U TOKU CBSI3EH,

2 r

3

Puc. 2-a) —rpad siekTpudeckoi
cxeMbl; 0) — nepeBo rpada

V°, |° —nanpsokeHUs U TOKH BETBEH,
T
F — tpancnonupoBaHHas MaTpuiia "KOHTYpP-BETBb .
B pesynbrare mosy4um CHCTEMY TOIOJOTHYECKUX YPaBHEHHIA:
Vr :Ve _Vcl _VRd; !e =__|f;_
VR :ch; lep =1 1L (2)
-/ _\/ - I =0 —ig;
VL _Vcl VCZ’ -CZ _-L R
kg =1
[TonydyeHHas cuctemMa He SIBISIETCSl MOJIHOM, €€ HeOoOXOAUMO JOMOJHUTH CHUCTEMOM
KOMITIOHEHTHBIX ~YPaBHEHMH, XapaKTEPHU3YIOMIMX IOBEJEHUE KaXKIOTO0 AIIEKTPUUYECKOTO
AJIEMEHTA, B3SITOTO OTACIIBHO OT CXEMBI.
\V; _C/_I_diC:L; ir =rVr;

cl —

dt
. ip=RVWg;
Vo =g 2, N (3)
dt - dv,
Vrd = RgRrg - dt

[TonyunB monHyw cuctemy ypaBHeHuit (2) — (3), mpuBeseM ypaBHEHUs IEPEMEHHBIX
cocTossHUN K ¢dopme 3amaun Komm, T. €. BIpa3uM MPOU3BOAHYIO OT MEPEMEHHON COCTOSHUS
4yepes3 3aJarolye BEIMYMHBI M CaMH IIEPEMEHHBIE COCTOsIHUA. B pe3ynbrare BBINOJIHEHHBIX
peoOpa3oBaHUM MOJyYUM CHUCTEMY M3 TPEX YPaBHEHUH INEPEeMEHHBIX COCTOSHUH M OIHOIO
YPaBHEHHsI, U1 HAXOKICHHS TOKA AUOJA.
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T gy L Rved) ©)
O:}iT't‘:%(Vm ~Ve2); 6)
Ra= g o (7)

MCTOZ[ 3171Hepa MO3BOJISICT BBIYUCIIATH TCKYIIUC 3HAYCHHA NCPECMCHHBIX 4YCPC3 3HAYCHUA
9TUX TICPCMCHHBIX W HX IMPOU3BOJHBLIX B HpeZ[I:-IZ[YH_II/Iﬁ MOMCHT BPCMCHHU I10 peKyppeHTHoﬁ

dbopmyne:

X, = %y +At d;‘tt-l, ®)

rae X, —3HadeHue QYHKIUH B TEKYLIUH MOMEHT BpEMEHH, X,

X1 _ spavenne byHKIIMN
dt
¥ IPOM3BOIHON B IPEABILYIMIA MOMEHT BpeMenu, Al — miar uarerpuposanus.
3ajaB 3HAYEHUS MAPAMETPOB DJJIEKTPUUYECKOM CXEMbl, HayaJbHbIE HYJIEBBIE YCIIOBHS
MEPEMEHHBIX COCTOSHUS W BOCIOJIb30BABIIUCH (Gopmynoit Ditepa (5) MOXHO MOCTPOUTH
BpPEMEHHBIE TarpaMMbl HCKOMBIX TOKOB U HAIIPSDKEHHUW B 3JICKTPOHHBIX Tabnumax Excel [6].
OO0cy:xaeHune pe3yJibTaTOB
IIepexoaHbIM MyCKOBOM IMPOLIECC B 11

ve2 Vel

BBITIPSMUTEIIC c WHIYKTUBHO- 01

7 4
E€MKOCTHBIM (DUJIBTPOM IPEICTABICHBI 5 |

il
Ha puc. 3. 3
JInss  HAarISOHOCTH — TOK I " AL ~

11 1 0 2 14 6
n3obpaxxen B yBenndeHHoM B 10 pa3 3] i
Mmacmtabe. Hanpsokenne Ha C; umeeT 51 0

7
y4acTKH HapacTaHHs B MHTEPBaJax, IIc ol

IUOJ OTKPBIT, M cllaja — KOTJa JAHOJ 1
3akpbIT. VHTEpBan  NMPOBOAMMOCTH
IUoAa U3MEHsieTcsl OT Iepuoja K
NEepUOY U3-3a U3MEHEHHUs HalpsKEHUs
Ha C;, u 1mOdTOMYy J3Ta CcXema
IPEICTABIIAET COOON TUIMUHYIO CXEMY
npeoOpa3oBaTeis ¢ U3MEHSIOIMMCS MOMEHTOM KommyTauuu [3]. Pacuer mporeccoB B Takux
cxemax u3-3a 3Toro 3arpyiaHeH. Hanpspkenne Ha  C, CYyIIECTBEHHO CIVIA)KEHO 3a CUET
DIIEMEHTOB, BKIIOYeHHBIX mepeq HuM C; m L. Tok i WMeeT TEHICHIUIO H3MEHSThH
HalpaBJeHHUE, YTO OOBACHAETCSI OOMEHOM 5SHEpruell Mekay KOHJIEHCATOPAMU B 3aBUCUMOCTHU
OT TOT0, KaKasi JHEeprus HaKOIUICHa KaX[bIM KOHAEHCaTOpoM. B kpuBo# Toka i HaO0gat0TCs
MUHUMYMBl 1 MakCUMyMbl B MOMEHTBI, KOI/Ia HANpSIKEHUS Ha KOHJIEHCATOpPax pPaBHbI, YTO
cOOTBeTCTBYeT ypaBHeHuto (6). [lapamerpsl 31eMeHTOB B3STHI U3 [5], IPOHOPMUPOBAHEI IO
BpeMeHu [4], HO XapakTep mpolecca coxpaHsercs. B pabGore [5] stu mapameTps
COOTBETCTBYIOT CJIIOKHOMY IIPOLIECCY YCTAHOBJIEHUS, JISALIEMYCS COTHU NIEPUOJOB IMUTAIOIIETO
HaIpsHKEHMS.

BriBoabI

1. CocraBneHa MaTemMaTHyecKass MOJAEIb BBIIPSAMUTENS C HHIYKTHUBHO-€MKOCTHBIM
GuIBTPOM, pean30BaHHas B 3JCKTPOHHBIX Tabnumax Excel.

2. IlocTpoeHsl BpeMEHHbIE JUarpaMMbl IEPEMEHHBIX COCTOSIHUS B IEPEXOTHOM PEKUME.

Puc. 3-BpemenHbie 1uarpaMMbl TUTAIOIIIETO
HaIPSKEHUsI, TOKAa UHAYKTUBHOCTH, TOKa AMO0/A U
HaIpsDKEHUM Ha KOHJIEHCATOpax B MEPEXOIHOM
pexuMe
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3. TlomydeHHBIi pe3ynbTaT CBHUIETENBCTBYET 00 3()()EKTHBHOCTH HCHOIB30BAHUS
MHIYKTUBHO-EMKOCTHOTO (DMIIBTPA B BBEIIPSIMUTEIBHBIX YCTAHOBKAX.
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YK 621.327

MopeaupoBanne TeEPeXOAHBIX TMPOIECCOB B BBINPSAMHUTENE € HHIYKTHBHO-eMKOCTHBIM
¢punbTpom/ E. B. fryn // Bichuk HTY «XIII». Cepis: HoBi pimenss B cydacHux TexHonorisax. —X: HTY
«XTIII», — 2012. Ne 66 (972). -C.158-161. bidmiorp.: 6 Ha3B.

CrxianeHo nudepeHianbHi piBHAHHSA 3MIHHUX CTaHy, IO TNPHUBEACHI 10 HOPMalbHOI (opmwu,
BUIIPSIMIITYA 3 1HIYKTHBHO-EMHICHMUM (iIbTpoM. Po3pobiieHa  MaTeMaTWdHa MOJEIh BHIIPSMIITYA
peanmizoBaHa B eINCKTpOHHUX  Tabmuisx EXxcel i3 3acrocyBannsm Mertony Eitnepa. Pesymbratn
MOJICTIFOBAaHHS TIPE/ICTaBIICHI YaCOBUMH JliarpaMy 3MIHHUX CTaHy B MEPEXiTHOMY PEKHUMI.

Kuro4oBi cjioBa: BUTIPSIMITSY, IHTYKTHBHO-EMHICHHN (ibTp, MeTo ] Elinepa, mepexinHuii mporiec.

Worked out differential equations of state varigbile normalized form of rectifier with inductive-
capacity filter. The mathematical rectifier modselrealized in spreadsheets application Excel Wighuse
of Euler's method. Simulation results are preskrts time diagrams of state variables in transient
conditions.

Keywords: rectifier, inductive-capacity filter, Euler mettharansient processing.
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0. U. CABJIMH, xaH[i. TeXH. HayK, J01l., J[HemponeTpoBCKUi HallMOHAIbHbBIN
YHUBEPCUTET KEJIE3HOJOPOKHOT0 TPAaHCIIOPTAa UMEHU akajgeMmuka B. Jlazapsina

ONPEJEJEHUE COCTABJISIIOIUX MTOJTHOM MOIIHOCTHU _
AJIEKTPOIIOABUKHOI'O COCTABA HA OCHOBE OBLIINX YPABHEHUU
QJIEKTPOMATI'HUTHOT O ITOJIA

PaccmoTpen mporiecc 31eKTponoTpedaeH s 3JEeKTPOTPAHCIIOPTA C IUIABHBIM PETYIMPOBAaHHE MOIIHOCTH Ha
OCHOBE OOIIMX YypPaBHEHUI AIIEKTPOMArHUTHOTO IIOJS, YTO IMO3BOJHJIO 0OOJee TOYHO BBIJICIUTH
COCTABJISIONIHE TTOJTHON MOIIHOCTH TSATOBOW HArpy3KH ¢ y4eToM uX (pu3mueckoit mpuposl. Micnons3oBanue
MIPUBEACHHBIX BRIPAKEHUH U (prU3ndecKiX OOBSICHEHUH SIBIICHHI BOSHUKHOBEHHUSI PEAKTUBHOM MOIIHOCTH U
MOIIHOCTH HMCKa)XEHUS B DJIEKTPUYECKHUX LEMNAX 3JEKTPOTPAHCIOPTA IMPH HECHHYCOMJAIBHBIX PEXMMAX
MO3BOJISAIOT 00JIee TOYHO PacCUUTaTh U KOMIIEHCUPOBATh HEAKTUBHBIE COCTABIISIOLINE MOLTHOCTEH, a TaKkKe
MOHSATH U OOBSICHUTD UX CYILIECTBO U XapakKTep.

KurroueBble cj10Ba: 3JIEKTPOTPAHCHOPT; IJIABHOE PErYJIMPOBAHME; MCKAXKEHHMS; 3JEKTPOMATrHUTHOE
TI0JIE; peaKTUBHAsI MOIIHOCTh; MOITHOCTh UCKa)KEHUsI; KOMIIEHCALIUA.

BBenenue.

Pa3paboTka mepCcrneKTUBHOTO 3JEKTPOTPAHCIIOPTA IS PA3TUYHBIX BUIOB JJICKTPUIECCKOM
TSATH CBA3aHHA B NEPBYIO OUYEPENlb C BHEAPEHHEM HA HEM CHCTEM IUIABHOTO PErYIHPOBAHUS
MomHOCTH. [IpuMeHeHue yKa3aHHBIX CHCTEM, OJHAKO, BBI3BIBAET MCKAXEHUS MUTAFOLIErO
HanpspDKEHUsT W HECHHYCOMJAJIbHBbIE  PEXKUMbl B TATOBOM  C€TH, T.€. yXYILIAET
ANIEKTPOMArHUTHYIO COBMECTUMOCTh, K TOMY K€ caMa I0 ce0e TAToBas Harpyska

© , 2012

161 ISSN 2079-545Ricnux HTY “ XITI». 2012 Ne66(972)



