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KpuBi BUNpsMIIEHOT HAIpyry HEIOBHOBEHTHIIBHUX PEXXUMIB TpH(a3HOI MOCTOBOI CXEMH BUIIPSIMIICHHS MAIOTh Y
CBOEMY CKJaJi HH3KYy HEKAaHOHIYHHX BHIIMX TapMOHIK, IO TPHU3BOAWUTH [0 3HAYHUX MYJIbCANIH CTPyMy
HaBaHTaXXCHHS. 3BiJICH BHHUKAE IpodiieMa BHOOPY ONTHMAIBHOTO CKIIaAy (QiIBTPIB 3 METOIO TOBEICHHS KoedilieHTa
MyJbcaliil CTpyMy HaBaHTaXXSHHS JI0 IOITYCTUMUX 3HaueHb. [IpoBe/ieHo aHalli3 Cy4acHOTro CTaHy HpOOJIEeMHU HIJISIXOM
BUBUECHHS OCTaHHIX IyOmiKaIiii.

OTpyMaHO aHAJITHYHI BUpa3u Ta (GopMH KPUBUX CTPYMY HABaHTa)KCHHS 3a pe3yJbTaTaMH MaTeMaTHYHOTO
MO/ICTIFOBaHHsI BIUIMBY Ha HHOTO PE30HAHCHUX Ta IHAYKTHBHUX (LIBTPIB BUIIUX I'aPMOHIK, YBIMKHEHHUX, BIAMIOBIIHO,
Ha BUBOJAX Ta y BITII HaBaHTa)XECHHs BUIpsMIsI4Ya. Po3paxoBaHo 3Ha4eHHs KoedilieHTa mynbcauii cTpyMy y BiTIi
HAaBaHTAXKCHHS JUI OKPEMHUX BHIAJKIB HEMOBHOBEHTWIBHOIO DEXUMY TpH(Pa3HOrO MOCTOBOTO BHIIPSIMIITYA.
HaBemeni y craTTi KpuBi CTpyMiB chpaBemiamBi Uil THX (OpM BHUIPAMIICHOI HANpYTH, SKa BUHHUKAE Y
HETIOBHOBCHTUJIBHHUX PEXHUMaxX TpU(a3HOI MOCTOBOI CXEMH BHIPSAMIICHHS, Ta MOXYTh OyTH OTPHMaHi 3a YMOBH
BiJIOMOTO CKJaay BHIIUX TapMOHIK BHUXIIHOI HAmpyrd BHOpsMIIT4a. [oka3aHO, IO YCTAHOBJICHHS PE30HAHCHOTO
(hiTpTpY Ha YacTOTI HAMOLIBIIOT 3 TAPMOHIK CYTTEBO 3MCHIITYE KOSQIIIEHT MybCcalliii CTpyMy Y BiTIIi HABAHTA)KCHHS.

VY BUNagKy peanbHOrO PE30HAHCHOTO (GibTpa Ha BUXOAI BUNPSIMIIYA Yy CTPYMi KOJIa HABAHTAXKCHHS 3’ SIBUTHCS
rapMoOHiKa, sika Oyne MPOTIKaTH MiJ Ai€l0 Claiy HANpyrd Ha aKTUBHOMY omopi ¢inprpa. OmHak ii BB Oyze
HE3HAaYHUM, OCKUIbKM aKTUBHHUH omip (GUIBTPIB, K NpaBUIO, Manuid. J[eI1o 3MeHIINTBCSl TaKOXK PIBEHb TapMOHIYHHX
CKJIQJIOBUX Yy CTPyMi HaBaHTa)XCHHsS BHACIIJOK BiArajdy)XKeHHS IE€BHOTO 3HA4YEHHs LUX CTPYMIB 4Yepe3 BITKU
pe30HaHCHUX (BLIBTPIB.

3anpornoHOoBaHa METOJMKA JIO3BOJIAE PO3paxyBaTH CTPYM y KOJI HAaBAHTAXKEHHS BUIPSIMISYA Y
HEMOBHOBEHTHJIBHUX pPEXHMMax 3 BpaxyBaHHSIM I[I€BHOTO CKJaJy pPE30HAaHCHUX NapalielbHUX 1 IHAYKTHBHHX
MOCITITOBHHUX (PITBTPIB AJIST TOCATHEHHS 0a)KaHOTO PiBHS MYJIBCAIIIH CTPYMY.

Kiio4yoBi c10Ba: HENOBHOBEHTWIIBHUII PEXMM, BHIPAMICHA HAmpyra, CTpPyM HaBaHTAXXCHHS, PE3OHAHCHUI
GbinbTp, IHAYKTUBHAUNA (LTBTP, KOS]Ii€HT MyTbCaIii.

KpuBble BBINPSMIICHHOTO HANpsDKEHHS HEIOBHOBEHTWIBHUX PEKUMOB Tpex(a3HOH MOCTOBOW CXEMBI
BBINPSAMIIEHHUS] UIMEIOT B CBOEM COCTaBE PsiJl HEKAHOHMUYECKUX BBICIIUX FAPMOHHMK, YTO IMPHBOAUT K 3HAYUTEIBHBIM
MyJbcaluii Toka Harpy3ku. OTcrofja BO3HHMKaeT mpoOieMa BeIOOpa ONTHMANBHOTO COCTaBa (IIBTPOB C IEIHIO
JoBenieHNs ko3 duitneHTa mynbcayii TOka Harpy3kH A0 JOIYyCTUMBIX 3HaueHHH. [IpoBeneH aHaIN3 COBPEMEHHOTO
COCTOSIHUS IPOOJIEMBI ITyTEM U3YUEHHS TOCIeIHUX MyOInKaIii.

[MonyueHbl aHAIUTHYECKHUE BBIPAXKECHUSI M (OPMBI KPUBBIX TOKA HAIPY3KH IO Pe3yJbTaTaM MaTeMaTHYeCKOTro
MOJICIUPOBAHMS BIUSHUS HAa HErO PE30HAHCHBIX M HHIYKTHBHBIX (DUIBTPOB BBICHIMX TapMOHHK, BKITIOYEHHBIX
COOTBETCTBEHHO Ha BBIBOJIaX W B BETKE Harpy3ku BeIIpsiMuTelsi. PaccuntaHo 3HadeHue koddduimeHTa mynbcanuu
TOKa B BETKE HArpy3KH JUIA OTJCNBHBIX CJIy4aeB HEIOBHOBEHTHJIBHOTO pEXMMa Tpex}asHOro MoCTOBOTO
BBITIpIMUTENS. [IpuBeeHHBIE B CTaThe KPHBBIE TOKOB CHPaBEUIUBBI AL ()OPM BBHIIPSIMICHHOTO HAIPSIKEHUS,
KOTOpPOE BO3HHMKACT B HEIIOBHOBEHTHWJIBHUX PEXHMaX Tpex(azHOH MOCTOBOH CXEMBI BBIIPSIMIICHHS, U MOTYT OBITh
MOIY4YEHbl MPU HM3BECTHOTO COCTaBa BBICHIMX TapMOHHUK BBIXOAHOTO HamlpsbKeHUs BbolIpsmurens. Ilokasano, dro
YCTaHOBJICHHBIE PE30HAHCHOTO (MIbTPa HAa YACTOTE KpYMHEHIeHl W3 T'apMOHHMK CYIIECTBEHHO YMEHBIIACT
K03((UINEHT IyJIbCALUi TOKA B BETKE Harpy3KH.

B cnywgae peanpHOTO pe30HAHCHOTO (IIBTPAa HAa BBIXOAE BBIIPSMHUTEIS B TOKE IIEMH HArPy3KH MOSBHTCS
TapMOHHKA, KoTopasi OyeT mpoTeKaTh Mo ACHCTBHEM MAJCHNS HAIPSIKSHNS HA aKTHBHOM COTIPOTHBIICHUH (DHIBTpA.
OpHako ee BIMAHUE OyJIeT HE3HAUYNUTEIbHBIM, MIOCKOJIBKY aKTHBHOE CONPOTHBIICHNE (QHIBTPOB, KaK MPAaBUIIO, MAJo.
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Heckonbko yMEHBIINTCS TaK)Ke YPOBEHb FapMOHMYECKUX COCTABIIIOIINX B TOKE HArPY3KH BCIIEACTBHE OTBETBIICHHS
OIIpe/IeTICHHOT0 3HAUYEHHs 3TUX TOKOB Yepe3 BETKU PE30HAHCHBIX (DHIBTPOB.

[TpennoxeHHAs: METOMKA MO3BOJISIET PACCUUTATh TOK B LIEIHM HArpy3KH BBIIPSMHTEINS B HEMOBHOBEHTHJIBHUX
peXUMax C y4YeTOM OIPEIEJCHHOIO COCTaBa PE30HAHCHBIX MApaUICNBHBIX M HMHAYKTHBHBIX IOCIEAOBATEIBHBIX
(GUIBTPOB JUTS TOCTHXKEHHUS KEITAeMOTr0 YPOBHS ITyJIbCAIMI TOKA.

KiioueBble c/10Ba: HEOBHOBSHTHJIBHHN PEXHM, BBIIPIMIICHHOES HAIPSDKCHHE, TOK HArpy3KH, pPe30HAHCHBIH
(UIBTp, MHIYKTUBHBINA QUIBTP, KO3 PHUITHEHT MyIbCaIiii.

The curves of the rectified voltage of the non-ventilated modes of the three-phase bridge rectifier circuit have in
their composition a number of non-canonical higher harmonics, which results in significant pulsations of the load
current. Hence the problem of choosing the optimal composition of filters in order to prove the load current pulsation
coefficient to allowable values. The analysis of the current state of the problem is carried out by studying the latest
publications.

The analytical expressions and forms of load current curves are obtained based on the results of mathematical
modeling of the resonant and inductive filters higher harmonics influence  on the outputs and rectifier loads,
respectively, on the leads and in the rectifier load cell. The value of the current ripple coefficient in the load cell for
the individual cases of the non-ventilated mode of the three-phase bridge rectifier is calculated. The curves of the
currents given in this article are valid for those forms of rectified voltage that arises in non-blunt modes of the three-
phase bridge rectifier scheme, and can be obtained under the condition of a known composition of higher harmonics
of the output voltage of the rectifier. It is shown that the establishment of a resonance filter at the frequency of the
largest harmonic significantly reduces the current pulsation coefficient in the load cell.

In the case of a real resonance filter at the output of the rectifier in the current of the load circuit there will be a
harmonic, which will proceed under the action of a voltage drop on the active resistance of the filter. However, its
effect will be negligible, since the active resistance of the filters is usually small. The level of harmonic components in
the load current will also diminish somewhat as a result of the branching of a certain value of these currents through
the branches of the resonant filters.

The proposed method allows to calculate the current in the recirculation load cell in non-ventilated modes, taking
into account a certain composition of resonant parallel and inductive serial filters to achieve the desired level of
current pulsations.

Keywords: non-bloc mode, rectified voltage, load current, resonance filter, inductive filter, pulsation coefficient.

IlocTanoBka NpodJIeMu. KpuBi HaBaHTa)XEHHS Yy TakWX PEKUMAX IOCATAETHCS
BUIIPSIMIIEHOT ~ HAIIpYTH HETIOBHOBEHTHJIbHUX ~ JIMIIE 332 BEJWKWAX 3HAY€Hb CIIBBIIHOIICHHS
pPeKUMIB TpU(a3HOT MOCTOBOI CXEMH BHUIIPSIMIICHHS ~ IHAYKTHBHOTO Ta aKTUBHOI'O  OMNOpPIiB  BITKH
MalOTh Yy CBOEMY CKIaJi HH3KY HEKAaHOHIYHMX  HaBaHTa)KEHH:. ABTtopu MIPOIOHYIOTh

BUIIMX TapMOHIK [1], 110 MPU3BOIUTEL 1O 3HAYHUX
MyJbcalliii CTpyMy HaBaHTa)KEHHS. 3BiJICH BUHHUKAE
mpo0iieMa BUOOPY ONTUMAIBHOTO CKIIATy (iTbTpiB
3 METOK JIOBEJCHHs KoedilieHTa MyJbcalii
CTPYMY HaBaHTAKEHHS JI0 JOMMYCTUMHUX 3HAUCHb.
AHaiiz ocraHHiXx gociaixxeHb. Brius
IHAYKTUBHOTO (iNbTpa Ha CKIaJ 1 KUIbKICHI
3HAYCHHS BUILIUX TaPMOHIK CTPYMY HaBaHTaXKCHHS
Yy HETOBHOBEHTWJIBHUX peXHMax Tpu(asHOTO
MOCTOBOTO BUTpsMJIsia gociimkeni B [2]. Omnak
JIOCSITHEHHS ~ HE3HAYHUX  MyJbCallii  CTPyMy

aNbTEpPHATHBHUI NUISAX 3MCEHIICHHS ITyJbcalliid
BUIIPSIMIIEHOTO CTPyMy O€3 iCTOTHOTO 30iNbIIEHHS
IHAYKTHBHOTO ONOPY BiTKH HABaHTaKCHHS.
Bukaax ocHoBHoOro Marepiany. 3HaHHA
KoediieHTiB po3knany y psau Oyp’e BUnpsmieHol
Hanpyrd HEMOBHOBEHTWJIBHUX PEXUMIB TpudazHOi
MOCTOBOT CXEMHU BHUIIPSIMIICHHS J03BOJISIE CTBOPUTH
PO3paxyHKOBY cxemy (puc.l) Ta JAOCTIIUTH BILIUB
Ha  QopMy CTpyMy Kojla  HaBaHTAXCHHS
PE30HAHCHUX Ta IHIYKTUBHUX (LIBTPIB.
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Pucynok 1 — Po3paxynkoBa cxema (a), KpuBa BUNIPSIMJIEHOI Hanpyr# (0) Ta popmu cTpymy
HABAHTAKEHHSI 32 HASIBHOCTI TUILKHU iHAYKTUBHOTO QijbTpa y BiTHi HaBaHTaxkeHHd (B) i BiicyTHoCTI
pe3oHaHCHOro dinbTpa.

SIkmo momycTuTH, MO pe30HAHCHUN (iIbTp V-
TOI TapMOHIKHM imeanbHHA, TOOTO HOro aKTUBHUI
ormip ry=0, a fioro peakTuBHi onopu piBHiI vwL=1/(
vwC), TO CcTpyM V-TOI TapMOHIKH y CTpyMi
HaBaHTaXeHHs Oyne BiacyTHIM (ig,=0), OCKLIBKH
BiH (i) MIJIKOM 3aMKHEThCSA dYepe3 HYJIbOBHI
pe3oHancHuit omip ¢imeTpa. {06 oTpumaté Ta
OWiHUTH (OpPMY peE3yIbTYIOUOTO CTPYMY BITKH
HAaBaHTAXEHHS,  JIOCTAaTHHO  BHIIYYUTH 3
pospaxynkoBux Qopmymu (1)-(3), mo HaBemeHi y
[2], ckmamoBy V-TOi  TapMOHIKH, PE30HAHCHHIT

GbimeTp  sKOi  yBIMKHEHHU
HaBaHTAXKCHHS.

Huxde mist imoctpaii aii GinkTpiB HaBeACHI
AHANITAYHI BUpPa3W CTPYMy HaBaHTAKEHHS JUIA
HETIOBHOBEHTWIBHOTO PEXKUMY 3 BUIIyYCHHSIM JIBOX
BEHTWIIB PI3HUX IUIeY 1 Tpymn Ajds peKuMmy 0Oe3
¢ineTpiB (1), 3a HasgBHOCTI (iAbTPa TUIBKH MEPIIOT
rapMoHiku (2), 3a HasABHOCTI TLIBKU (iIbTpa APYTOi
rapMoHiku (3) Ta OJHOYACHOTO YBIMKHEHHS (PUTBTpIB
nepuIoi i Apyroi rapMoHik (4).

mapanenbHO 710

i (9)=8=NYa  Un 1005W0=0y) Uny 2 C0SRI-g,) 2 coS(4I-gi)
6 R, 272 Z, 7 1x3 Z, 3x5 Z,
4 cos(69-¢;) , 2 cos@9-g) 2 cos(109-gy) "
5x7 Z, 7%x9 Z, 9x11 Z.
4 cos(129-¢,,)
TR TRt
id(S):HﬁJFU_m{_ 2 C05(2'9—¢’z)+ 2 cos(4.9_(/,4)Jr
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4 cos(68-g;) 2 cos@%-g) 2 cos(L0S-gy,) o
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4 cos(129-¢,,)
S TETE RS
id(9)=wﬁ+u_mlM+U_m 2 cos(4,9_(p4)+
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5x7 Z 7x9 Z, 9x11 Z
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C11x13 7,

Taka MeTomuKa MJOCHTH JIETKO JIO3BOJISE
oTpuMaTH (QOpMy CTpyMy KoOJia HaBaHTaKEHHS Ta
OIIIHWTH BIUIMB Ha Hei fK IHAYKTHBHOTO, TaK 1
PE30HAHCHOTO (DiNBTPIB.

Ha puc. 2 HaBeneHi KpuBi CTpyMmy Kojia
HAaBaHTAKEHHS 3 YPaxyBaHHSAM BIUIUBY TUIbKH
iHaYKTHBHOTO OinbTpy (KpmBa 1) Ta cymicHOI mii
IHAYKTHBHOTO 1 pe30HAHCHOTO ()IBTPIB BiANOBITHO
nIpyroi (kpuBa 2) Ta mepioi (KpuBa 3) TapMOHIK Ta
OJTHOYACHO mepioi i apyroi rapMmoHik (kpuBa 4)
JUIE HETIOBHOBCHTUJILHUX PEKUMIB 3 BHIAICHHIM
JBOX BEHTWIIB pi3HUX Tuied. Kpusi moOynoBaHi 3a
CHIBBITHONIEHHS  PE3YIbTYIOYOTO iHAYKTHBHOTO

Zg

9x11  Zy,

OIOpY KOJIa HAaBAHTAXXCHHS O aKTHBHOTO X/l4=2
Ta Xg/r¢=5. 13 hopMynu CTpyMy BUIIHO, IO Tepiia i
JIpyra TapMOHIKH Ul JaHOTO PEXUMY CIiBMIipHI,
OJTHAK Kpalluii pe3yiabTaT IOCSATAEThCA Iif] 4Yac
YBIMKHEHHSI p€30HaHCHOTO (ibTpa mepuioi 3 psiay
TapMOHIHHOTO PO3KJIALy.

VYV Tabn. 1 HaBemeHi 3HaueHHS KoedillieHTa
nyJbcallii CTpPyMy HaBaHTXEHHS UISI PEKUMY
BIJIy4eHHS OIHOTO BEHTWIA Ta Ui PEKUMY
BUJTYYCHHS JBOX BEHTWJIIB PI3HUX IUIEY 1 TPyH 3a
pizHOrO ckiany (iAbTpiB Ta Pi3HOTO BiAHOIICHHS
omopiB Xd/Rd y xoj1i HaBaHTaXKEHHS.

PucyHnok 2 — ®@opma cTpyMy BiTKH HABaHTa:KeHHS [JISl Pe’KUMY BHAAJIEHHS 1BOX BEeHTHJIIB Pi3HUX
njieu:

a) Xa/R¢=2; 6) Xo/R¢=5; 1 — HasiBHHUIi TUILKH iIHIYKTHBHMIi PLILTP y BiTi HABaHTaXKeHHS; 2 —
IHIYKTUBHUI QiabTp Ta pe3oHaHCHMI PIIBTP 2-1 rapMoHikK; 3 - iHIYKTUBHMIT PIIBLTP Ta
pe3oHaHcHUi QiabTp 1-i rapMoHikK; 4 — IHIYKTHUBHUI PinbTP Ta ogHOYAacHO PuibTpH 1-i Ta 2-1
TapPMOHIK.

Tadmuus 1- 3HaveHHs KoedilieTa myJabcaniii BANPSMJIEHOT0 CTPYMY JIsl pi3HUX 3HaYeHb X¢/Rq Ta
pi3HOrO cKJIaay (piIbTPIiB rapMOHIK CTPyMY.

Bigaomenus Xq/Ryq 2

Bcranosneni ¢ineTpu rapMoHik bes 1
GinpTpiB

2 112 bes 1 2 112

GbinpTpiB

BI/IHy‘-IeHHSI OJJHOT'O BEHTHIJIA

KoedoinienT mynbscariit

| 0,198 | 0,086 0,169 [ 0,032 ] 0,084 [0,035] 0,067 | 0,012

BuitydeHHs 1BOX BEHTHJIIB Pi3HUX IUIEY i TPy

KoedimienT mynbcamii

| 0,396 | 0,086 0,353 ]0,013] 0,169 | 0,035 | 0,154 | 0,005
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HacTynHi BuILi TapMOHIKH y KPHUBHX CTPYMY
KOJIa HaBaHTXEHHA (PUTBTPYIOTHCS 33 JOIIOMOTOIO
iHOYKTHBHOTO (imbTpa (200 IHIYKTUBHOCTI KOJa
HaBaHTAXEHH:). 3ayBaKUMO, 10 Y BHUOAIKY
peasibHOTO pe3oHaHcHOTO Qinmbrpa (ry#0)  v-Toi
TapMOHIKM Ha BUXOJ1 BHIPAMIISIYA y CTPYMI Koja
HaBaHTAKEHHS 3’SIBUTHCS O3HaU€HA TapMOHIKa, IKa
Oyze mpoTikaTH MWix [i€l0 CHagy Hampyrd Ha
akTUBHOMY omopi ¢insTpa. OnmHak ii BrumB Oyme
HE3HAYHUM, OCKUIBKW aKTHBHHM Ommip (QinbTpiB, K
MpaBuIIo, Manui. [lemo 3MeHIIUTBCS TAKOXK PiBEHBb
TapMOHIYHUX CKJIQJOBHX Y CTPYyMi HaBaHTa)KCHHS
BHACIIZIOK BIATATy)KCHHS TEBHOTO 3HAYCHHS ITHX
CTPYMIB 4epe3 BiTKH PE30HAHCHHUX (PUIBTPIB.

BucHoBOK.
3anpornoHoBaHa METOIUKA JI03BOJISIE
po3paxyBaTH CTPyM y KOJi  HaBaHTaKEHHS

BUTIpSAMIISTYa Y HEMOBHOBEHTHWJIBHUX pEXHMax 3
BpaXxyBaHHSIM II€BHOTO CKJIQJy pPE30HAHCHHUX
napajelbHuX 1 iHIyKTHBHUX MOCTITOBHUX (PITBTpIB
JUIsl  JIOCSATHEHHs OaXaHOTO PIiBHSA  IyJIbCalliit

CTpyMy.
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