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Cankr-IleTrepOyprckuii TOPHBIM YHUBEPCHTET

N CCIETOBAHUE FA3OBBIX AJITOPUTMOB MOJYJISIIAA CUCTEMBI YIIPABJIEHUS
JABYXYPOBHEBBIM UHBEPTOPOM

C menpio BBHISIBICHUS HAWTYYIIEro alrOpUTMa yHpaBICHUS BBHITMOMHEHBI MCCIEOBAHMS BIVSIHUS MOTYISIIMOHHBIX allrOPUTMOB
YIIpaBJIeHUs Ha DHEPTeTHIeCKIe XapaKTePUCTUKH JIBYXYPOBHEBOTO aBTOHOMHOTO MHBEpTOpa Mpeobpa3oBatels 4acToThl. VccmenoBanus
BHITIOHSUTACH METOJ[AMU MaTeMAaTHIECKOTO ¥ IMUTAITMOHHOTO Mo ienupoBanusl. COCTaBISUTICH YpaBHEHHS MaTEMaTUIECKOrO OIMCAHUS
C YJeTOM psijia OOMIETIPHHATHIX JommymieHuid. CocTaBIsUIach SKBUBAJICHTHAS CXeMa JIByXypOBHEBOTO aBTOHOMHOTO HHBepTopa. [Ipom3Bo-
JUUTHACH CPaBHEHUS aITOPUTMOB MMUPOTHO-UMITYIIECHOM MOTYISITMH C HECYIIIMU CUTHAIAMH pa3MidHol (GOpMBI U 9acTOTHI. [IpumeHs-
TIICH TPH pa3nudHble (JOPMBI HECYINETO CUTHANA: TPEYroibHasl, MIIoo0pa3Hasl ¢ 3aJHAM (pOHTOM ¥ THI006pa3Has ¢ IepeHIM (GpoH-
ToM. McenenoBanus npopogwmichk Ha gactorax 3000, 6000 u 9000 ', beumm ciienanbl BEIBO/IBI 00 MJICHTUYHOCTH CIEKTPAJIBHOTO CO-
CTaBa TepeIHero 1 3aHero (PpOHTa MAI000PAa3HOr0 CUTHAIA, TAKKe OTMEUEHO, UTO TPH TPEYTOIBHON (popMe CUTHaa 9acTh TApMOHUK,
MIPUCYTCTBOBABINIX P MIIO00pa3HOit popMe, yaaisercs, TO ecTh TpeyroibHas (hopMa obGecreunBaeT JIYIInil pe3yIbTaT paboThl aB-
TOHOMHOT'0 MHBepTOpa. Takxke IpH yBeINUECHUN YaCTOTHI HECYIETO CUTHAMa OBUIO OTMEYEHO, UTO MAaKeThl UMITYTHLCOB TOSIBISIFOTCS Ha
Pa3HBIX HOMEpaX TapMOHUK, CMEIAIOTCS, 4 3HAYCHUS aMIUIATY/IB U KO QUITeHTa UCKaKEHHST YMEHBINAIOTCS, TO eCTh JIyUIie TTOoKa-
3aTeny ObLIM MOMyYeHBI IPU MaKCUMAaJIbHOM HcciieayeMoit qactote. [lpu rccineoBaniy HalpsDKEHUS Ha BBIXOJIE JIpOCCeNiei Py pa3Hoit
YacTOTe HEeCYIero CUrHaia ObIJI0 OTMEUECHO, UTO MPU OOJbIIeM 3HAYCHIH YaCTOTHI MY/IbCAITH BHIXOTHOTO HANPSDKEHUS YMEHBITAIOTCS.
Jlpocceny He yCTpaHSIOT TAapMOHUKH, a JIMIIH YMEHBINAIOT NX aMIIATYMy. Ha ocHOBaHWMM pe3ylbTaToB CeTaHbl BEIBOJIBL, UTO AITOPUTM
C TPEYTOJBFHBIM HECYIIMM CHUTHAJIOM ¥ MaKCHMAJIbHOW YacTOTOH oGecreunBaeT JIyqInii TapMOHITIECKIIA COCTaB BBIXOJJHOIO HaIpsDKe-
HUS IpeoOpa3oBaTeNst 9aCTOTHI.

Knroueevie cnoea: SJICKTPOIIPUBOI, Hpeo6pa30BaTem> YaCTOThl, UMHUTAIIMOHHAd MOJACIIb, ABTOHOMHBII WHBEPTOpP, MHUPOTHO-

HUMITYyJIbCHas MOIYJIAIMA.
BBEJIEHUE

B cOBpEMEHHBIX 3NEKTPOIIPUBOAX IS IUIABHOTO pe-
TYJIHPOBAHUS 3JEKTPOMATHUTHBIX U MEXAHWICCKUX IIepe-
MEHHBIX JJIEKTPOITPUBOA NPUMEHSIIOTCS IPeoOpa3oBaTEnn
gacToThl. CXeMma THIIOBOTO ITPe00pa30BaTENsI HYACTOTHI
npexacTasneHa Ha puc. 1. Ha BeIxome mpeoOpaszoBartens
YACTOTHl YCTAHABIUBACTCA 2-yYPOBHEBBI ABTOHOMHBII
naBepTop (AW). dns ympasnerus 2-ypoBHeBbIM AW mc-
TIONTB3YETCS] MOYJIIMOHHAS CHCTEMAa YIPABICHHUS, KOTO-
past BXOIUT B COCTAB CHUCTEMBI YIPABICHHUS 3JEKTPOIPH-
BOJZIOM, OT QJITOPUTMOB KOTOPOH 3aBHCST 3HEPrEeTHYECKUE
XapaKTEPUCTUKH Tpeodpazosarenst gactoTsl (ITH) n amek-
TporpuBOoza B menoM. Hawbombmnee pacmpocTpaHEHHE
TIOYYHIIH aNTOPUTMBI cuHyconmansHoi LITUM, momudu-
KAl KOTOPBIX MOJKET BBITONHATHCS U3MEHEHHEM (DOPMBI
HECYIIEro CUrHaja. MccnenoBanne NaHHON TEMATHKH 1103~
BOJIICT C()OPMYNHPOBATE PEKOMCHAALINH IO BEIOOPY (op-
MBI ¥ YaCTOTHI HECYIIIETO CHTHAJA.

Jnst yrpaBieHUs TpaH3WCTOpamu 2-ypoBHEBoro AU
cucrema IIIMM ¢opmupyer KOMMyTanuOHHbIE (DYHKIWH,
KOTOpBIC SBILSTFOTCS YHPABIIOIIMMH CHUTHAIAMH. J{71st
(opMHpPOBAHUS KOMMYTALMOHHBIX (DYHKIIMH HCIONB3YeT-
CsI IBA CUTHATA:

— YOpaBJLAIOLIUIA;

— HECYIIHH.

OT (hopMBI ¥ TAPAMETPOB HECYIIECTO CHTHAJIA 3aBUCST
SHEPreTUYECKUE XAPAKTEPUCTHKHA ABTOHOMHOTO HWHBEPTO-
pa, a UIMEHHO:

— (hopma HaTpsHKECHUS;

© Kozspyk A.E., Bacuises b.1O., Illenymuenko EE.,
M6yen K.,2018

— CIEKTPAJbHBIN COCTAB HAPSKCHHS,

— KO3()(UIMEHT UCKAKEHUSL.

Hcnonp3ys TpEeyroabHbIN 1 MAI000PA3HEIA CUTHAITBI 1
M3MCHSSA UX YaCTOTY, MMPOBOIUM HCCIICIOBAHUS C WCIIOJIh-
3oBanreM MatLab Simulink mocpeacTBoM mMHTAIIOHHO-
TO ¥ MATEMATHICCKOTO MOJICITHPOBAHMS.

MATEMATHUYECKA S MOJIEJIH JIBYXYPOBHEBOT'O
ABTOHOMHOI'O MHBEPTOPA

Jis MMATAIIMOHHOTO MOICIHUPOBAHUA PAa0OTHl ABYX-
ypoBHEBOTO AW ¢ BO3MOXKHOCTBEO HCCIICIOBAHUS XapaK-
TCPUCTUK PA3IMYHBIX AITOPUTMOB YIPABICHUSI HEOOXO-
JUMO PEIIUTh CIEAYIOIIME 33aJa4d: NPUHATh JOMYILICHUS;
COCTABUTh 3KBUBAJICHTHYIO CXE€MY; COCTABUTb MAaTE€MATHU-
geckoe ommcaHue AW, BBIIONHUTH CHHTE3 AaTOPUTMA
IINM; cocTaBUTH CTPYKTYPHYIO CXEMY MAaTEMATUIECKOTO
ONMCAHUSA U CUCTEMBI YIPABJICHUS; PEaan30BaTb UMUTA-
LUOHHYK) MOZEIb C HUCHOJAB30BAHUEM HPOrPaMMBbI
MatLab; npoBecTu HWCCleIOBAaHUE M AHAN3 JHEPrETHYC-
CKHX XapPaKTEPUCTHK.

IIpu coctaBieHUN ypaBHEHU MATEMATUYECKOW MOJE-
U OBYXypoBHEBOro AN HCHONB3YIOTCSA OOIIECTIPHUHSTHIC
JOMYyIICHUS 00 WACATBHOCTH MOTYIMPOBOIHUKOBBIX KITFO-
Yeil, a TAKKE BBIIOJHACTCA MEPEXOA K SKBUBAJICHTHOMU
cxeMme. DKBHBAJICHTHAS CXeMa AByXyposHeBoro AU mpen-
craBieHa Ha puc. 2. Ha puc. 2 mpusATH cnexyromue 000-
sHaueHus: Ky, K, Kj, K4, Ks, K¢ — uacanbHpie KIHOYH UH-
BepTopa; U, — SKBUBAJCHTHBIH HCTOYHHMK HAMPSDKCHUS;
S1, 85, S3, Sa, Ss, S¢ — KOMMYTATMOHHBIC ()YHKIUHU KITFOUCH;
Uy, U, Uc — ¢azssie Hanpsokerus; Uyp, Upc, Ucy — ma-
HEHHBIC HATIPSIKEHUS; Z,y; — SKBUBAJICHTHAS HATpPy3Ka.
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Puc. 2. DxBHBa/IeHTHAsI CXeMa JBYXYPOBHEBOI'0
ABTOHOMHOI'0 HHBEPTOpa

MarteMaTHYecKyl0 MOIETb MOTOPHBIX  APOCCENCH
MOJKHO MPEACTABUTH B CIICAYIOLIEM BHUIC:

dU., R,
— -t (y,-U,),
dt Ldr ( iA SA)
dU, R,
sB r U _ U ,
dt Ldr ( iB SB) (1)
dU,. R,
sC r U _ U ,
dt Ldr ( iC S‘C)

rae Ry v L, — CONPOTUBICHNE U HHAYKTHBHOCTH OOMOTKH
JApocCens.

da3Hoe HanpsDKEHHE Ha BBIXOZE 2-ypoBHeBOro AU
BBITJIAIUT CIACIYIOIIAM 00Pa3oM:

2 1 1
U,=U, (J'_ESA _ESB _ESCJ
1 2 1
U/B:Udc(_ESA"'ESB_EScja 2
1 1 2
Ui =U, (_ESA _ESB +§Scj

rae Uy, — HapsHKeHUsI Ha KOHAGHCATOPaX 3BEHA MTOCTOSH-
HOr0 TOKa (BXOAHOC HampsbkeHUe uHBEpTOpa); Uy, Ui,
U;c — HanpspKeHUsI BBIXOAHBIX (Da3 (BBIXOAHOE HAMpPsDKe-
HUC WHBEPTOPA).

VYpaBHEeHUA M1 ONHCAHHUA CTOCK 2-ypoBHEBoro AU
HMEIOT CIEAYIOUIUN BUA:

S,=1 ecm S =1, S,=0,
S,=0, ecm S, =0, §, =1, 3)
Sy =1, ecmu S; =1, §, =0,
=0, ecmm S;=0, S, =1,
=1, ecmn S, =1, §,=0,,
=0, ectm §;, =0, S, =1,

UL ”hh ”n

rae S1, S, Sz, S1, Ss, S¢ — MOOYIIIMOHABIC (VYHKINH TPAH3H-
CTOPOB; Sy, Sz, Sc — MOIYIIIIMOHHBIC (DYHKIHH CTOCK AU,

3aKOH yIpaBICHHUS COCTOSHHEM CTOMKH TPAH3UCTOPOB
AW (3axoH (P OPMHUPOBAHHUA KOMMYTAIIMOHHOM (DyHKIHH)
BEITJISLIUT CACIYIOLIIAM 00Pa3oM:

ecm U, >U,_, = S-1,
ecm U, <U,, = S,0,
ecm U, >U,, = Sz=1, “4)
ecm U, <U_, = Sp=0,
ecm U,.>U,, = Sc=1,
ecm U . <U,, = Sc=0.

VIMUTAITMOHHA I MOJIEJIb 1B YXYPOBHEBOI'O
ABTOHOMHOI'O UHBEPTOPA

WmuranmonHas Moaens AByxyposHeBoro AW, peanu-
3oBaHHas B MatLab Ha ocHOBe ypasHenwuii (1) — (4), npexn-
CTaBleHA Ha puc. 3. Mozens ABYXypOBHEBOTO ABTOHOM-
HOTO HHBEPTOPA C BO3MO)KHOCTBIO MCCIIEIOBAHNS BIMSHUSA
crexyromux (DaKTOpOB, TAKUX Kak "acrora u (hopMma He-
CYIIEro CWTHaja, Pa3lNWYHBIX ANTOPUTMOB M aHANM3a Xa-
PaKTEpUCTUK MHBEpPTOpa BKIro4Yaer B ceds: 11IMM, unBep-
TOP, JPOCCEIH.

Jns ynpasnenust 2-ypoBHeBbIMEH AW MoryT Mcmons-
30BATHCS TPU TUIA CHTHAJIOB:

— TPEYrONbHEIA (puc. 4, a);

— 1000 pa3HEIA ¢ IepenHuM (PpoHTOM (pHC. 4, 0);

— I000Pa3HEIA ¢ 3aaHUM (hpoHTOM (pHC. 4, B).

Ha pmuc. S npeacrasneHs! OCHUIIOrPaMMBI BBIXOAHOTO
HANpPsDKEHUS] ABTOHOMHOTO WHBEPTOPA W MOTOPHBIX JPOC-
ceneld mpu yactote Hecymero curaana 3000 I'o.
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Puc. 3. CTpykTypHasi cxeMa MaTeMaTHYecKOH MojieJid IByXypoBHeBoro AN
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Puc. 5. OciiyuiorpaMMbl HaNIpsizkeHU HA BbIXO/e
ABTOHOMHOTO HHBEPTOPA W MOTOPHBIX JipocceJiei

VICCIEJTOBAHUE XAPAKTEPUCTHK JIBYXYPOBHEBOI'O
ABTOHOMHOI'O MFHBEPTOPA BEICOKOBOJIbTHOI'O
OJIEKTPOIIPUBOJA

ITpu nccnenosarnu anropurmos yrpasnenus T4 pac-
CMAaTPHUBAEM BIHSHHE!

— ()OpMBI HECYILIET0 CUTHANIA Ha XapakrepucTtuku AU;

— 4aCTOTHI HECYIIETO CUTHANA HA XapaKkTepucTuku AU,

— gpoccened Ha TIapMOHMYECKHE COCTaBJLAIOIIUE
Hanpspkerust AY.

[Ipn WMUTAIIMOHHOM MOJENUPOBAHUN BBIOJIHACTCS
HOCTPOEHHE OCLMIIOTpaMM HAaNpsXKEHHA Ha BBIXOJE

ABTOHOMHOT'O HHBEPTOPA U MOTOPHBIX JPOCCENEH, a TAKXKE
HCCIIEAYETCsl MX CHEKTPAIBHBINH COCTAB.

1. Bausinue ghopmul Hecyujeco cueHana Ha xapaxmepu-
CMuKu npeo5pa308ameflﬂ yacmomel.

Ha puc. 6 noka3zaH CIEKTPaIbHBIM COCTaB BBIXOTHOTO
HANPSDKEHMS TP PA3TMIHBIX (JOPMAX CHUTHAIIA: TPEYr OBHOH
(puc. 6, a), mamooOpas3Hoi ¢ 3amHMM (PpoHTOM (pHC. 6, 0)
u ma000pa3Hoi ¢ mepemHuM (PpoHTOM (pHC. 6, B). Hc-
caenoBaHus nNpoBoAWINCh HAa yactote 3000 I'm.

Ha ocHoBanmu TIOJTYYC€HHBIX PE3YIbTATOB ACTIACM BBI-
BOJI, 9TO CHEKTPAJBHBIA COCTAB IepeaHero (hpoHTa COBIIA-
JTAET CO CHEKTPAJIBHBIM COCTABOM 3aaHero (ponra. Ilpm
MHII000pa3HOM (pOpME IIIOTHOCT CIIEKTPANBHOTO COCTABA
BBIILIE, YEM NIPU TPEYTONBHOM.

2. Bnusnue wacmomuwi Hecyujeco cucHalla Ha xapakme-
pucmuxu npeo6pa308amefm qacmomel.

Tak xak B IEPBOM YaCTH MCCIEIOBAHMS OBLIO BBISBIIC-
HO, YTO HAWIYYIIU{ TApPMOHUYECKUI COCTAaB BBIXOAHOTO
HanpspxeHUS AW o0ecnieumBacTCst MPH TPEYTONBHOU (op-
M€ HECYIIET0 CHTHAJa, TO BIMAHHE YaCTOTHI HECYILIETO
curHana OyzeM paccMaTpuBaTh TONBKO HMPH 3TOH (hopme.

Ha puc. 7 nmoka3zaH CHEKTpandbHBIA COCTAB BBIXOAHOTO
HANPSDKEHUS TIPH TPEYTONIBHOM (popMe CHTHANIA HA Pa3HOU
9acTOTe.

U(n)

Uln)

U(n)

30

: i

0 I8 |
0 3000 6000

Puc. 6. Biusiaae (oopMbI Hecymiero CHrHaJIa Ha
TapMOHHYECKHIl COCTAB BBIXOJHOT0 Hanpskenuss AU
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Puc. 7. Biusinue 4acToThl Hecylero CHrHaJjia Ha
TapMOHHYECKHIl COCTAB BHIXOJIHOT0 Hanpsikennsa AU

Ha ocHOBaHMU MOTYYEHHBIX PE3YABTATOB MOXKHO CAE-
JIaTh BBIBOJ O TOM, YTO HAWIYYINEE PEryJIHpOBAHHE 0Oec-
meauBaeTca npu gactore 9 k[ . IakeTsr uMImynbCoB (op-
MHUPYIOTCA HA 9aCTOTE, KPATHOU 4aCTOTE HECYIIErO CUTHA-
A U TIPM yBENMYEHHWH YaCTOTHI CMEIIAIOTCA B 00IacTh
BBICOKHX 4YaCTOT.

3. BausiHue Opocceneii Ha eapMOHUYeCcKUe COCMAeIs-
e HaNps#CeHusl.

Ha pmuc. 8 mpencraBneHsl OCHMIOTPAMMEBI HAMIPSKE-
HUS HA BBIXOAE MOTOPHBIX IPOCCENEH mpu pa3IMYHOU 4a-
CTOTE HECYIIEr0 CUTHAJA.

Ha ocHOBaHMM MONYy4YEHHBIX PE3YIBTATOB MOXKHO CAE-
JIaTh BBIBOJ O TOM, YTO HAWIYYIIEE PEryJIHpOBAHHUE 0Oec-
neqnBaetcd mpu dactore 9 xI'm. Ilpu yBemuueHnH 9acTOTHI
HECYILETO CHTHAJA KOJIMYECTBO TapMOHUYECKUX COCTaB-
JIOIMMX OCTAETCSA MPEKHHUM, YMEHBINAETCA JIUINb UX aM-
IUTATY Q.

Ha puc. 9 npencrasieH rpaQuk 3aBHCUMOCTH KO3(-
(UIMCHTa HEMMHCHHBIX HCKAKCHWN OT OTHOLICHHA CO-
MPOTHUBICHUA K HHAYKTUBHOCTH APOCCENEH.

B Taba. 1 mpuBeacHS! 3HAUCHUA KOd(D(PUIHEHTA HUCKA-
YKEHHSI HATIPSDHKCHUS HA BBIXO0JIE AaBTOHOMHOTO HHBEPTOPA.

A THD
2ua - TP PR [ RN PR P [ P

21

8 9 10 11 12 13 14 15 [pxi0®
Puc. 9. 3apacuMocTh K03 dunueHTa HeTHHEHHBIX

uckaxennii (THD) or oTHOIICHHS] CONPOTHBJICHHS K
HHIYKTHBHOCTH (I00POTHOCTH) Apocceei

Tabmuma 1
3HaveHnst Ko3GPUIMEHTa HCKAKEHHS] HATIPSKCHAS
Ha BbIX0/l¢ ABTOHOMHOI'0 HHBEPTOPA

R/L |18000]/9000{10000|11000(12000{13000| 14000] 15000

THD, | 68,9168,9| 68,9 | 68,9 | 68,9 | 689 | 68,9 | 68,9

THD,,

61|68 76 | 83| 9 | 98 | 105|112
(9 ')

THD,,

11,9134 147 | 16 | 17 | 186 | 198 | 21
(6 ')

B Tadu. 2—4 npuBenCHBI 3HAYCHUS aMIUTATYA TapMO-
HUYECKUX COCTABJIIOIIMX BBIXOAHOTO HAMPSDKEHUS ABTO-
HOMHOTO MHBEPTOpPA NPH PA3HOM YaCTOTE HECYILIETO CHUT-
Hana: 3, 6 u 9 x['11 COOTBETCTBEHHO.

W3 HuX BUIHO, YTO MPU YBEAMYEHUH YACTOTHI HECYILIE-
r0 CHUTHAJIA TAPMOHUYECKUE COCTABJISIOIIME BBIXOAHOTO
HATIPSDKCHUS ABTOMHOHOTO WHBEPTOPA COBUTACKOTCSA B 00-
JIACTh BBICOKHMX YaCTOT, MPHU 3TOM MAKEThI BBICIIUX TapMO-
HUK KOHLEHTPUPYIOTCS OKOJO YAaCTOT, KPATHBIX YaCTOTE
Hecymero curaana. CoCTaB MAaKETOB WMITYbCOB, HAXOIS-
LIUXCSL OKOJIO YaCTOThI, KPATHOM HECYyIIEH, TAaKXKE HU3MEHS-
€TCsl IPU U3MEHEHUH YaCTOThI HECYILLETO CUTHANA U CTAHO-
BHTCS HAMOOJICE ONTArOMPUATHBIM HPH €€ MOBBIIICHUM.

Tabamma 2
AMILUTHTYa TADMOHAYIECKHX COCTABJISIIONIAX BHIXOTHOT O
HANPSIZKeHHs] ABTOHOMHOT0 HHBEPTOPA NPH YACTOTe
Hecymiero curnania 3 kI'n

S Si=3 kI S=6 I’ S=9 K

n T [IOBD n T |[1D3D n T [IIO|3D

200 - | 0 | 60 [—|-|-| o [-[-[=] 10 [-|-|-
PN NN AAALAA A

LAOSENE NN N NN o [0 59061 |~ (g[8 1197121 [18] 7| 7] 179/181 | [ 4]4

L e — ——» = 100] 58/62 [32[31[31] 118/122[ [ 10[10] 178/182] 6|5 | 5

- ) fy e = 150] 57763 || = [= | s |- [ = [=[vmss == |-
HC. O, Hallps’KeHH e Ha BbIX0/1€ IPOCCE/ICH B 3AaBUCHMOCTH

oF paaIGl 40CTOTa beCrers Caaans =200 56/64 | 2 [10]10] 116/124 |- [10[10] 176/184[15] 6 | 6

+250] 55/65 |~ 3 |3 115/125 | 3 [12[12] 175/185 || 3 | 3

= 300] 54/66 |~ | = || 114/126 |~ | — || 1747186 || - |-
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Ta6mmna 3
AMILTHTY/Ia TADMOHMYECKAX COCTABJISIIONINX BHIXOTHOTO
HANPSIZKeHHs] ABTOHOMHOT0 HHBEPTOPA NMPH YaCTOTe
Hecymiero curaajia 6 xkI'n

J fi=3 X't /=6 KI'1[ S3=9 KI'p
n T ([ID|3D n T | 11O [ 3D n T [1D(3D
0 60 |-|—-|-| 120 |- -] -] 180 |—|-|-
+50 [59/61|—|—|—[119/121] — [ 18 | 18 [179/181| || —
+100|58/62|—| — | — [118/12232] 31 | 31 |178/182|—[—| -
+150|57/63|—| — | - [117/123| = | — | = |177/183| - |- -
+200|56/64|—| — | — [116/124 2 | 10 | 10 |176/184| —[—| -
+250|55/65(—| — |- [115/125( — | 3 | 3 |175/185|—[—| -
+300|54/66|—| — | — [114/126 — | — | — |174/186|—|—| -
Taonuma 4

AMILTHTY/Ia TADMOHMYECKAX COCTABJISIIONINX BHIXOTHOTO
HANPSIZKeHHs] ABTOHOMHOT0 HHBEPTOPA NMPH YaCTOTe
Hecymiero curaajia 9 kl'n

f S=3 /=6 xI' f=9 X't

n |T|O0|3®| » T O30 n T [TI® | 3@

0 60 [—|—-|—-| 120 [-|-]|- 180 [—-| - |-

+50 |59/61|—| — | = [119/121| = | = | — |179/181| — | 18 [ 18
+1001(58/62|— | — [ = |118/122| — [ — | — [178/182| 32| 31 | 31
+15057/63|— | — | = |117/123| = [ = | = |177/183| - | — | —
+200(56/64|— | — [ —|116/124| — [ — | — [176/184| 2 | 10 | 10
+250(55/65|—| — [ = |115/125| = [ = | = [175/185| - | 3 | 3
+3001(54/66|— | — | — |114/126| — [ — | — |174/186 — | — | —

3AKJIIOYEHUE

ITpu wccnenoBaHWM BIMSHHUSA YACTOTHI U ()OPMBI He-
CYILET0 CHTHaJIa Ha PadOTy IBYXYPOBHEBOI'O ABTOHOMHOT O
HWHBEPTOpPA MNpPeoOpa3oBaTENsA YACTOTHI MOXKEM CHENaTh
CIICTYOIINE BBIBOIBI:

1. BHe 3aBucHMOCTH OT MOIM(DHKAIMK aNTOPUTMA
IIMPOTHO-UMITYIECHOTO YIIPABJIECHUS (POPMHUpPOBAHME BHI-
XOIHOTO HAIPSHKEHUSA OCYIIECTBIIICTCS B COOTBETCTBHH C
3a1aHUEM.

2. ®opMa HECYIIEr0 CUTHAjJa OKA3bIBAET 3HAYUTENb-
HOE BIHJHHE HA TAPMOHMYECKHH COCTaB BBIXOJHOTO
HANPSDKEHUS] aBTOHOMHOT O HHBEPTOPA.

3. Hecymmii curHan nuinooOpa3Hoi (pOPMBI BHE 3aBH-
CHMOCTH OT (DpOHTA 0OECIIEUMBACT OJMHAKOBBIA TAPMOHH-
YECKUH COCTAB BBIXOAHOTO HANPSDKCHMU.

4. TIpu UCHONB30BAHUU IMHPOTHO-UMIIYIBCHOM MOTY-
JSIIAU TPEYTONIBHOTO HECYMIET0 CHUTHAJNA TapMOHWYICCKUH
COCTaB BBIXOIHOT'O HANPsDKEHUS 00Jiee OIaronpusITeH, YeM
IIPY UCTIOJIB30BAHMY MHJI000PA3HOTO CUTHAMA.

5. YacToTa HECYIEr0 CHrHAjga ONpEnensdeT 4acToTy
KOMMYTAalliid aBTOHOMHOT'O MHBEPTOpA, UTO, B CBOIO OYE-
penb, OmpenenseT MOJOKEHHUE CTAIMOHAPHBIX MAKETOB
HMITYIIBCOB.

6. ITakeTs! UMITYIbCOB HANPSDKEHUS (POPMUPYIOTCS HA
YaCTOTE, KPATHOW YACTOTE HECYILETO CHTHAMA.

7. Ilpn yBENMMYEHUM YACTOTHI TAKETHl HMITYJIbCOB
CMEIMIAOTCS B 00IACTh BBICOKMX YACTOT.

8. JInst cormacoBaHus (POPMBI BBIXOAHOTO HAIpPsDKE-
HUSI aBTOHOMHOTO MHBEPTOpPA M HATPY3KH LEIECOO00PA3HO
1 3((heKTHBHO UCTIOTH30BATh MOTOPHBIEC IPOCCEIIH.

9. Hanuaue apocceneil MPUBOAUT K YMEHBIICHHIO AM-
IUTTYABl TAPMOHWYECKHX COCTABILIIONIMX BBIXOTHOTO
HANPSDKEHUS] TIPH COXPAHEHUH YHCIA TAPMOHUYECKHUX CO-
CTaBJIIIOIINX B CIEKTPE.

Taxum 00pa3oM, BEIOOP CIIOCOO0B MOAM(DUKAIINA ajl-
TOPUTMOB IIHPOTHO-UMITYJIECHOTO YIPABJICHHSI HOIDKCH
OCYIIECTBIATECA KOMIUICKCHO. [Ipm BBIOOpE CmOCOOOB
HEOOXOANMO yIUTHIBATE!

— (opMy HEeCymIero CUTHANA;

— YaCTOTY HECYINEro CUTHAJA;

— HapaMeTpbl APOCCENEH.

Bce 3ti mapaMeTpsl OKa3bIBAIOT 3HAYUTEIBHOE BIIHSA-
HHUE HA 3HEPTEeTHYCCKUE XAaPAKTEPUCTHKH ITpeoOpa3oBate-
JIEH 9aCTOThI U UX COBMECTUMOCTb C HATPY3KOM.

IIpu mpakTHYECKO peanu3auuy CHCTEMBI yIpaBie-
HUSI OT IPABHIJIBHOCTH BBIOOPA 3aBUCAT MaccOTabapUTHBIC
TIOKA3aTENH IPOCCENCH M 3NEKTPONPHUBOAA B LEIOM, KO-
3()(pUIHEHT OIC3HOTO ACHCTBUSA aBTOHOMHOTO HHBEPTO-
pa meurartens u 114 B memom, TpeOOBaHUSA K H3OIALMH
O0OMOTOK ITPUBOAHOTO ABHUTATENS, CKOPOCTh MX CTAPCHUS
1 CPOK CIYXOBI.
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In order to identify the best control algorithm, studies were
made based on the effect of modulation control algorithms on the
energy characteristics of a two-level autonomous inverter of a
frequency converter. The research was carried out using
mathematical and simulation methods. The equations of
mathematical description were formulated taking into account a
number of generally accepted assumptions. An equivalent circuit
of a two-level autonomous inverter, comparisons of the
algorithms of pulse-width modulation with carrier signals of
various shapes and frequencies were made. Three different forms
of the carrier signal were used: triangular, sawtooth with a
trailing edge and sawtooth with a leading edge. The studies were
performed at frequencies of 3000, 6000 and 9000 Hz. The
conclusions were made about the identity of the spectral
composition of the leading and trailing edges of the sawtooth
signal, it was also noted that with the triangular waveform the
part of the harmonics present in the sawtooth form is removed,
that is, the triangular shape provides the best result of the
operation of the autonomous inverter. Also, when the frequency
of the carrier signal was increased, it was noted that the pulse
packets appeared on different harmonic numbers, shifted, and the
magnitude and distortion coefficient decreased, that is, the best
indicators were obtained at the maximum frequency under study.
When examining the voltage at the output of the chokes at a
different frequency of the carrier signal, it was noted that at a
higher value the pulsation frequencies of the output voltage
decrease. Chokes do not eliminate harmonics but only reduce
their amplitude. On the basis on the obtained results, it is
concluded that the algorithm with a triangular carrier signal and
maximum frequency provides the best harmonic composition of
the output voltage of the frequency converter.

Keywords: Electric drive, frequency converter, autonomous
inverter, pulse width modulation.
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