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Pegepar

B nanHO# cTaThe aHATM3UPYIOTCS TEXHOJOTHHU TOBBIIMICHUS d(PPEKTUBHOCTH WH-
BEPTOPOB, UCIIOIb3YEMbIX B aJIbTEPHATHUBHBIX UCTOYHUKAX dHeprun. [logpoOHO omnu-
caHbl 3 (EKThl UCTOJIBb30BAHUS MAPAIIICIBLHBIX UHBEPTOPOB IS YIIYUIIEHUS Kade-
CTBa 3JIEKTPOIHEPTUU M obOecrnedeHusl CTaOWiIbHOCTU HampspkeHus. OOcyXmaaroTcs
CBSI3aHHBIE BOIPOCHI, CO CHUKEHUEM TapMOHUYECKUX MCKaXeHUH, Pa3oBas CUHXPO-
HU3aIUs U HaJIe)KHOCTh HHBEPTOPOB.

KuroueBble ciaoBa: ANbTepHATHBHAs SHEPreTUKA, MHBEPTOPBI, NapajuieIbHOE
CO€IMHEHUE, CTA0OUIILHOCTh HANPSKEHUS, TApMOHUYECKUE MCKaKeHMsI, (ha30Basi CUH-
XpOHHU3aLMs, Ka4eCTBO 3JIeKTpodHepruu, KII/I.

INVERTER EFFICIENCY IMPROVEMENT
TECHNOLOGY USED IN ALTERNATIVE ENERGY SOURCES

Abstract

This paper analyzes technologies for improving the efficiency of inverters used in
alternative energy sources. The effects of using parallel inverters to improve power
quality and voltage stability are detailed. Issues such as harmonic distortion reduc-
tion, phase synchronization and inverter reliability are discussed.

Keywords: Alternative energy, inverters, parallel connection, voltage stability,
harmonic distortion, phase synchronization, power quality, efficiency.

BBenenue

AJIbTEpHATUBHBIC HCTOYHUKHA SHEPTUU UTPAIOT BAXKHYIO POJIb B yIOBJICTBOPECHUH
SHEPreTUYECKUX MOTPEOHOCTEN MOCTOSHHO pacTyiiero mupa. Bo3oOHOBIsIeMbIe HC-
TOYHUKH DHEPrUM, TaKME KaK COJHEYHas, BETpoBas, Owomacca U reoTepMalibHas
SHEPTUH, SIBIAIOTCS SKOJOTMYECKH YUCTHIMH MCTOYHMKAMH SHEPruu. B Hncmonp3yro-
X BO30OHOBJISIEMbIE UCTOUYHUKHA DHEPTHUU SHEPTrOCUCTEMAaX UHBEPTOPHI SBISIOTCA
OJHOMW M3 KJIFOYEBBIX TEXHOJOTUN YIPABJICHUS MUTAHUEM.
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WNuBepTopsl ciyxaT ajis npeoOpa3oBaHUsl TEHEPUPYEMOIrO MOCTOSHHOTO TOKa B
MEPEMEHHBIN TOK, MCHOJb3YEMbI B OOBIUHBIX 3HEprocucreMax. B naHHOU cTaThe
MpEeACTaBIEH MOAPOOHBIA aHAIU3 COBPEMEHHBIX TEXHOJIOTHH, HCIOIb3YEMbIX JIS
noBbIIeHUS 3G (PEKTUBHOCTH UHBEPTOPOB, UCIIOIB3YEMBIX B CUCTEMaX ajJbTEPHATHB-
HOM sHepreTuku. [loBbiieHrne 3P(HEKTUBHOCTH WHBEPTOPOB HAMPSIMYIO CBS3aHO C
COKpaIl[eHUEM MOTePb SHEPTUH, CHIKEHHEM 3aTpaT Ha AJIEKTPOIHEPIUI0 U YJIydllle-
HHEM O0IIero npeoopa3oBaHUs YHEPTHUH.

1. MuBepTOpHI M UX POJIb B albTEPHATUBHON sHepreTuke. [locTosTHHBIA TOK, Tre-
HEPUPYEMBIM U3 aTbTEPHATUBHBIX MCTOYHUKOB DHEPTUU, HE MOXKET HAMPSIMYIO HC-
MI0JI30BAThCSl SHEPTOCUCTEMAMU. DTO CBSI3aHO C TEM, YTO 00Ilasi SHEProcucTeMa pa-
0oTaeT Ha MEPEeMEHHOM TOKe. TakuMm 00pa3oM, UHBEPTOPHI SBISIOTCS Ba)KHBIMU
yCTpOUCTBaAMU JIsl IpeoOpa3oBaHus MMOCTOSIHHOTO TOKa B epeMeHHbINH. IHBEpTOpHI
SIBJISIIOTCST 0COO0 Ba)XKHBIMU KOMIIOHEHTAMH B WCIIOJIB30BAaHUM BO30OHOBIISIEMBIX HC-
TOYHMKOB DHEPIHH, TAKUX KaK COJTHEYHBIC MaHENIW U BETpsHbIe TypOuHbl. OHM Ta-
PaAHTUPYIOT TIOJHYK0 COBMECTUMOCTh BhIpaOATHIBAEMOU DHEPTUHM C CUCTEMOU Mepe-
MEHHOT'O TOKA.

WNHuBepTOpsl, B IEPBYIO 0YEpEib, MPETHA3HAYEHBI JJI1 JOCTHKEHUS BBICOKOU A(-
¢dexTuBHOCTH NpeobpazoBanus. KonnuecTBo nmoTeps, BO3ZHUKAOMIMX MPU Mpeodpa3o-
BaHUM DHEPTUU, W TPABUIBLHOE pacCIpe/iesieHHe MOIIHOCTH OMPEACISIIOT Ka4yeCTBO U
s pekTUBHOCTH UHBEpPTOpaA. B mporiecce mpeoOpa3oBaHusi SHEPTrUM UHBEPTOPHI BHI-
3BIBAIOT IMOTEPHU SHEPTHH B BUJE TEILIa, YTO MPUBOJNUT K CHIDKEHUIO 3(P(HEKTUBHOCTH.
[ToaToMy OCHOBHasi 1€Jib B COBPEMEHHBIX HHBEPTOPHBIX TEXHOJIOTHSX — OCYIIe-
CTBUTH IIPe0Opa30BaHNE YHEPTUN C MUHUMAIILHBIMU TTOTEPSIMHU.

2. OcHOBHOE HaIpaBJeHUE MOBBIIEHHS () PEKTUBHOCTH HHBEPTOPOB — TEXHOJIO-
ru4ecKkasi ”HHOBAlUsl U MOJIEpPHM3alasi HHBEPTOPHBIX KOHCTPYKLHM, KOTOpasi UrpaeT
BaXXHYIO POJIb B MOBBIIEHUH 3G (HEKTUBHOCTH UHBEPTOPOB. B 3TOM 007aCTH UCTIONB-
3yeTCsl HECKOJIbKO OCHOBHBIX MOJXOAOB, BIMSIOIIUX Ha JKCIUTyaTallMOHHBIE Xapak-
TEPUCTUKHU UHBEPTOPOB.

a) MHOTO(a3HBIC HHBEPTOPHI — OHU JOCTUTAIOT Oosiee BBHICOKOH A()(PEKTHBHOCTH
3a CYET MOAKIIOYCHHS HECKOJIBbKUX MpeoO0pa3oBaTesieil MOCTOSTHHOTO U MEPEMEHHOTO
TOKa B €JUHYIO CUCTEMY. JTO pelIeHUe PEI0TBpAIAeT MonajaHue oOel Harpy3Ku
Ha OJIMH MHBEPTOp, oOecreunBas MUPOKOE UCTIONb30BaHe HHBEPTOpa. B pesynbrarte
KaXIblii UHBEPTOp paboTaeT B ONTHUMAIbHBIX YCIOBHUSX JKCIUTyaTallld, a MPOIECcC
npeoOpa3oBaHus YHEPTUN HATIPABIISIETCS B COOTBETCTBUU C TPeOyeMOii Harpy3Koii;

0) mapamienbHOE TMOJKIIOUYEHHE WHBEPTOPOB — IMapajlieIbHOE COCIWHEHUE WH-
BEPTOPOB OOecTeunBaeT CTaOMIBHOCTh CUCTEMBI TIpeoOpa3oBanus sHeprun. [lapas-
JIeIbHBIC MHBEPTOPHI 00€CTICYMBAIOT OoJiee CTaOMIBbHYIO0 PaboTy KakJI0ro HHBEpTOpa
MIPU PaBHOMEPHOM PACTIPEJICICHUH OOIIeH MOIIHOCTU. DTOT METOJ HE TOJIBKO CHU-
KaeT MOTEPH SHEPTUHU, HO U MOBBIIIAET TPOU3BOAUTEIBHOCTH CUCTEMBI;

B) HOBBIE€ BBICOKOA()(PEKTUBHBIE MOJIYJIH, — Pa3BUTHEM WUHBEPTOPHON TEXHOJOTUH
CTaJIA TMHPOKO KCIIOIB30BaThCA OoJiee Y PEeKTUBHBIC MOYIIH, @ UMEHHO TPAH3UCTO-
pel ¥ snemeHThl IGBT (OunonspHbld TPaH3UCTOP C W30JUPOBAHHBIM 3aTBOPOM).
Texnonorust IGBT nmomoraer CHU3UTH MOTEPU MOUIHOCTH U YIAYUIIUTH YIPABICHUE
MIPU BEICOKOYACTOTHOM IIPE0Opa30BaHUMU.

I') MUKPOMHBEPTOPHBIE CUCTEMbI — MUKPOUHBEPTOPHI MOT'YT OBITh MOJKIFOYEHBI K
KaXXJI0M COJIHEUHOM MaHeNH OTIAEIbHO M MpeoOpa3oBbIBATh IHEPTUI0, MOIYYAEMYIO
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KQKJI0M aHENbI0 OTAENBHO. DTa TEXHOJIOTHS MO3BOJIAET OTAEIbHBIM NaHEIsIM pado-
TaTh ¢ MaKCUMaIbHOU A()(DEKTUBHOCTHIO, HE BIHSIS HA MPOU3BOAUTEIBHOCTD APYTUX
NaHesnel Jaxke B cllydae 3aTEeHEHHWs WIM JAPYroro BO3AeMcTBUS. MUKpPOMHBEPTOPHI
IIUPOKO HCMOJIB3YIOTCS, OCOOEHHO B HEOOJBUINX CUCTEMAX U THOPUAHBIX SHEPIOCH-
cTeMax.

1) aITOPUTMBl HHTEIUIEKTYaILHOTO YIIPABICHUS — JJII HHBEPTOPOB MCIIOJIB3YIOT-
Csl QITOPUTMBI MHTEJUICKTYaJTLHOTO YIIPABJICHUS HOBOTO TIOKOJICHHUS, 3TH aJITOPUTMBI
MO3BOJISIFOT JIOCTUYh MAaKCUMAJIbHON 3(P(PEKTUBHOCTH 3a CYET PETYIUPOBKH IMOTOKA
DHEPTUU B COOTBETCTBUH C TPEOOBAHMSAMHU CHCTEMBI. B TO BpeMs KaK TpaJHIIMOHHBIE
WHBEPTOPHI BBHITTOIHSIIOT TOJIBKO MPeoOpa3oBaHUE SHEPTUH, COBPEMCHHBIC MHTEIIICK-
TyaJIbHbIE HHBEPTOPHI 00ECIICUNBAIOT PacIpeIe/ICHUe HarPy3Ku, CHHKEHUE TTOTEPh U
ONITUMHM3AITHIO IPOU3BOJICTBA B 3aBUCUMOCTH OT COCTOSIHUSI CHCTEMBI.

3. TexHONOrM4YeCcKOe HAMpaBIEHUE Pa3BUTHSI UHBEPTOPOB.

C pa3BuUTHEM TEXHOJIOTHH B OOIIECH KOHCTPYKIIMH HHBEPTOPOB TAKIKE TOSBUIUCH
HEKOTOPHIC CEPhE3HBIC U3MCHCHHS. JTH U3MEHEHUS YIIYUIIHIN TPOU3BOAUTEIBHOCTD
1 3¢ PeKTUBHOCT, MHBEPTOPOB. CErojHs MPOU3BOIUTEIIM MHBEPTOPOB pa3padaThI-
BAlOT HECKOJIbKO HOBBIX PCIICHHIA.

a) MHBEPTOPHI JIJIT BO30OHOBIISIEMBIX UCTOUYHHUKOB HEPTUU — HHBEPTOPHI paszpa-
0aTBIBAIOTCS I YACTHBIX THOPHJIHBIX JSHEPICTHUYECKHX CHUCTEM. DTH HHBEPTOPHI
3G ()EKTUBHO YIPaBISAIOT PHEPrUei M3 TaKUX MCTOYHMKOB KaK COJHEYHAS SHEPIHS,
9HEprus BeTpa u Oarapeu. Takue HHBEPTOPHI NIPEIHA3HAYCHBI JISI YIIPABJICHUS MTOTO-
KOM DHEPTUU MEXAY BCEMU UCTOYHUKAMU U MIPEIOTBPAIlICHHS TOTEPD;

0) MHTerpanus ¢ CUCTEeMaMH YIIPaBIEHUSI — UHTETpaIusi HHBEPTOPOB B CUCTEMBbI
ynpasieHuss u cucteMbl SCADA (aucmeruepckoro ynpapieHHs W cOopa JaHHBIX)
no3BosigeT 6osee 3(PEKTUBHO YIpaBISTh dHEpProcucteMoil. Takas WHTErpaius mo-
BbIIIaeT OOy A()PPEKTUBHOCTL CUCTEMBI 3a CYET 0o0Jiee TOYHOTO KOHTPOJS U
yIpaBJIEHUS MOTOKAMU YHEPTUU;

B) ['o/toBBIE cHcTEMBI yIpaBJieHHUS — TEIUIO, BBIAEIsEMOe MpU paboTe MHBEPTO-
poB, cHIKaeT 3G (HEKTUBHOCTH MPeoOpa3oBaHusI. B HOBBIX TEHIACHIIUSIX TCXHUKH pa3-
pabaThIBalOTCS KOHCTPYKIIMU WHBEPTOPOB C TOHMKEHHBIM TeIIoBbIeIeHreM. [ToTe-
pH TeTUIa MOKHO MUHUMM3UPOBATh 33 CUET MCTIOIB30BaHUs 00Jiee COBEPIICHHBIX CH-
CTEM OXJIAXKICHUS.

4. IlpenmyiiecTBa onTUMU3AIUK 3P HEKTUBHOCTH HHBEPTOPA.

[ToBeimienne 3¢G(HEKTUBHOCTH HMHBEPTOPOB JAET HECKOJIBKO BaXKHBIX TPEHMY-
LIECTB.

* ViydiieHHoe nmpeoOpa3oBaHUe YHEPTUU — MOTEPU SHEPTHH TPH Mpeodpa3oBa-
HUUW DHEPTUU YMEHBIIIAIOTCS, YTO TOBBIMIAET O0ITYI0 3P (HEKTUBHOCTh HHBEPTOPA.

* CokpariieHue 3aTpat — B JOJITOCPOYHOM MEPCIIEKTUBE 3aTPAThl HA JIEKTPOIHEP-
THIO CHUYKAIOTCS TT0 MEPE YMEHBIIICHUS TTOTEPh SHEPTHH.

* DKOJIOTUYHOE MPOU3BOACTBO — Oosee 3 (PeKTUBHBIE HHBEPTOPHI TOMOTAIOT 00-
nee 3 PEKTUBHO MCTIOIB30BATh YPHEPTETUICCKUE PECYPCHl U YBEIIMYUTh MCTIOIB30Ba-
HUE DKOJIOTHYECKH YHCTON YHEPTHUU.

* [Ipoanennslii cpok ciy>kObI TPUOOPOB — BBHICOKOI(P(HEKTUBHBIE UHBEPTOPHI HE
TOJILKO TOBBIIAIOT YHEPT03(PHEKTHBHOCTD, HO U 00ECIICUNBAIOT ITTUTEIBHYIO padoTy
puOOpOB.
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5. IapauienbHOE MOAKIIFOYEHUE UHBEPTOPOB.

[TapamienbHOE COEAMHEHNE UHBEPTOPOB MOXKET MOBBICUTH HAJIEKHOCTh CUCTEMBbI
3a CUeT yBEJIMYEHMs OOUIEH MOIIHOCTU U MPEANOJaraeT MOAKIIOUYEHUE HECKOJIbKHX
WHBEPTOPOB K 0JIHOM crucTeme. OCHOBHBIE MOJIOKUTEIbHBIE MOMEHTHI.

* BiitoueHne muTaHUsI — MO3BOJIAET OTKJIIOYATh MUTAHUE HECKOJIbKUX WHBEPTO-
POB, UTO OCOOCHHO BaKHO JIJISI KPYITHBIX COJIHEUHBIX YCTPOMCTB.

» PacnipesienieHre Harpy3Kku — CHMYKAET HArpy3Ky Ha KaxJblii HHBEPTOP, YTO MO-
XKET MPOJTUTH CPOK CIYKObI 000pyAOBaHUS.

* Jlomyck HeCTaOMJIBHOCTH — €CIUM OJAWH HMHBEPTOp paboTaeT HEeCcTaOWIIbHO,
OCTaJIbHbIE MPOAOJIKAT padOTy, MOBBIIIAS HAJEKHOCTh BCEU CUCTEMBI.

6. BiusiHue Ha KauecTBO 3JIEKTPOIHEPTUH.

KadecTBO 371eKTpOIHEpruu ompenenseTcss TaKUMHU NapameTpaMu, Kak Harpsoke-
HUE, YacToTa U rapMoHUKH. [lapanienbHoe NOAKIIOUEHHE HHBEPTOPOB MOKET MOJI0-
KUTEJIbHO MOBJIMATH Ha CJIENYIOUINE TOKA3aTeNu:

* CTaOUJILHOCTh HAMPSDKEHUS — MapauieIbHO TOJKIIOUEHHBIE WHBEPTOPHI MOTYT
obecrieyuTh Oosee CTAOMIIbHOE BBIXOIHOE HANPSHKEHUE MTPU PACTIPEICIIEHHOM HArpys3Ke;

* CHIDKCHHE TAPMOHMK — COBPEMEHHBIE HHBEPTOPHI OCHAIIEHBI (PUIbTPaMU, CHU-
KAIOIMUMH YPOBEHb TAPMOHUYECKUX HCKakeHWH. [Ipu mapainesbHOM COeIUHEHUU
uX 3(phexT MOXKET OBITh YBEIIMUCH,;

* CHHXPOHU3AIIUS — COBPEMEHHBIC WHBEPTOPHI MOTYT CHHXPOHU3UPOBATH paboTy,
YTO TIOMOTaeT U30ekKaTh MPOOJIeM, CBSI3aHHBIX C KOJICOAHUSIMHU YaCTOThl U HAPSHKEHUSI.

7. Ilpenmy1iecTBa U HEAOCTATKH.

IIpenmyiecrna:

* TMOBBIIICHUE HAJIE)KHOCTH U CTAOUILHOCTH CUCTEMBI;

* yIy4IlIeHHE KaueCcTBa 3JIEKTPOIHEPTUH;

* BO3MOKHOCTh MacIITAOUPOBAHUS CUCTEMBI.

HenocraTtku:

* CJI0)KHOCTh KOHCTPYKITUU U MOHTaXa,;

* HCOOXOIMMOCTh YIPABJICHUS 00JIee CIOKHON CUCTEMOM;

* MPOOJIEMBI C COTJIACOBAHUEM BBIXOJIHBIX XapaKTEPUCTHK UHBEPTOPOB.

Ponb nmapanienbHbIX HHBEPTOPOB B MOBBIICHUH 3 (HEKTUBHOCTH Ba)KHA U IIUPO-
KO HCIIOJB3YETCS B DHEProCHCTEMaX, OCOOCHHO B aJbTEPHATHBHBIX HCTOYHHKAX
DHEPTUH, TAKMX KaK COJHEYHAS] U BETPOBAs SHEPTUs. ITOT MOIX0]] UMEET HECKOJIBKO
KITIOYEBBIX MPEUMYIIECTB, KOTOPhIE MOTYT OKa3aTh CYIECTBEHHOE BIMSHHE Ha 00-
11yt ) PEKTUBHOCTH CHCTEMBI.

Brusinue napannenvnozo nooxknouenuss UH8epmopos Ha 3PPeKmusHOCb.

HanexxHocTh M cTaOMIIBHOCTH B YCIOBHUSX HeucnpaBHOCTH. [lapamienbHoe mof-
KJIFOUEHUE UHBEPTOPOB 3HAUMTEIHHO MOBBIIIAET HAJEKHOCTh cucTeMbl. Ecnu onun
WHBEPTOP BBIUJET U3 CTPOS, APYTHE€ HHBEPTOPHI CMOTYT MOJAEPKUBATH padOTy CH-
CTEMBI. DTO OCOOCHHO Ba)KHO B KPYIMHBIX M HECTAOWJIBHBIX SHEProcUCTEMAaX, MO-
CKOJIbKY TIO3BOJISIET IPOAOJKATh MIPOU3BOJCTBO SHEPTUU O€3 CO0EB CHCTEMBI.

Pasnoe pacnpedenenue nacpysku mesncoy uneepmopamu.

[Tpn mapamnensHOM MOAKIIOYEHUW OO0IIasi HAarpy3Ka pacmupenersieTcsl MOPOBHY
MEXIy WHBEPTOPAMH. DTO MO3BOJISIET KAXJOMY MHBEPTOpPY padoTath Oonee 3pdex-
TUBHO M CTa0MIBHO. B 3TOM ciydae KaxkJiblii HHBEPTOpP HAXOJUTCA B HAMIYUIIUX pa-
00YMX YCIOBHSIX, YTO MO3BOJISIET CHU3UTh MOTEPU PHEPTUU U TIOBBICUTH OOMIYIO 3 (-
(dexkTuBHOCTh. PaboTa MHBEPTOPOB C PAaBHOMEPHO PACHpPEICIICHHOW HArpy3Koil CHU-
KAET UX HArpeB, UTO CHUXKAET MMOTEPU SHEPTHUHU.
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lIpoonenue cpoka ciyacowl ycmpoticmea.

3a cuer mapajieabHOrO MOAKIIOYEHHUS Harpy3ka HMHBEPTOPOB paCHpEAeIIOTCS
PaBHOMEPHO, YTO YBEJIIMYMBAET MX CHOCOOHOCTh paboTaTh B TeueHHE Oojee Iu-
TEJIBHOTO MEePUOJa BPEMEHH.

Macwmabupyemocms cucmembi.

[TapamienbHble HMHBEPTOPHBIE CUCTEMBI 00Jiee yIOOHBI I YBEIUYCHUS MOIIHO-
CTH 3a cueT J00aBJeHUS HOBBIX MHBEPTOPOB B CHUCTEMY B JIF0OO€ BpeMs MO Mepe
HeoOxoauMocTu. Takol Moaxo0 1 MOBBIIMIAET MOAYJIBHOCTh CUCTEMBI U JIeaeT ee THo-
KO 10 TpeOOBAHMUIO.

CHudicaem nomepu 3Hep2uu npu pabome ¢ HUSKUMU HASPY3KAMU.

PaGora uHBepTOpa Ha HU3KOW MOIIHOCTU cHWXKaeT 3¢ dexTuBHOCTH. B mapai-
JIeJTbHOM MHBEPTOPHOM CHCTEME MOXHO BKJIIOYATh HEKOTOPHIE MHBEPTOPHI M BPEMEH-
HO OTKJIFOYATh APYTrHe, KOTJa HCIOIb3yeMas MOUIHOCTh HU3Kas. DTO TapaHTHUPYET,
YTO KaX bl HHBEPTOP pab0OTaeT ¢ MaKCUMaIbHON A (PEKTUBHOCTHIO.

Onmumusayus ynpasieHus numanuem.

[TapamienbHble MHBEPTOPHBIE CUCTEMBI pabOTalOT B 3aBUCUMOCTH OT YacTOTHI
WM TIOTPEOHOCTH B HEPTUHU, YTO TO3BOJISIET KXKIOW U3 HUX paboTaTh B ONTUMA b-
HBIX YCIIOBUSIX. braromaps Takum ajropuTMaM YIpaBJICHUS KaXIblii WHBEPTOP OTI-
TUMAJILHO MIPE00pa3yeT IHEPTUIO, YTO MOBHIIAET () PEKTUBHOCTD.

Coxkpawernue nomepsb MOWHOCMU CUCEMbL HA OOLULUX PACCMOSHUSX .

[TapamienbHOE COETMHEHHE MHBEPTOPOB CHUKAECT MOTEPU B KaOese M MOBBIIIACT
001y 3¢ (HEeKTUBHOCTh MEpeayd dHEPrUU. IDTO MOXKET OBITh OCOOCHHO IOJIE3HO
IpH Nepeadye SHePrun Ha OOJbIINE PACCTOSHUS B OOJIBIINX CUCTEMAX.

HecMoTpst Ha MHOKECTBO IPEUMYIIECTB MapaJlIeIbHOTO MOIKIIOUYEHUS HHBEPTO-
POB, €CTh U HEKOTOPbIE HEJOCTATKH.

e 3aaya CHMHXPOHU3ALMKA — €CIIM MHBEPTOPHI pabOTAaIOT MapasuiebHO, He00XO0-
IUMO 00€CTIeUnTh CHHXPOHM3AIMIO U BhIpaBHUBaHUE (a3 Mexay HuMH. HenpaBuiib-
Hasi CUHXPOHM3ALUS MOXXET MPUBECTH K HECTAOMIBHOCTU CUCTEMBI U HMCKAKEHUSIM
(hOpMBI CUTHAJIOB.

e AnmapatHoe obecrieueHre U MOIIHOCTh. [lapannenbHbie HHBEPTOPHBIE CUCTE-
MBI TPeOYIOT OOJIBIIEr0 KOJIUYECTBA anmapaTHOTO OOECIEYEHHUs, YTO MOXKET yBEIH-
YUTH MIepBOHaYaNbHbIC (prHAHCOBBIE 3aTpaThl. OTHAKO B IOJITOCPOUYHOMN NEPCTIEKTUBE
noBbilieHUE 3PHEKTUBHOCTH M HAJIEKHOCTH MOKET KOMIIEHCUPOBATh ATH 3aTPaThl.

o CJIOXHOCTh yTMpaBlieHUsA. YTPaBICHUE MapPAUICTbHBIMH CUCTEMAMU MOXET
OBITH OOJIEE CIOKHBIM, MMOCKOJIBKY TPEOyeTCsl CHHXpOHHAs paboTa pa3HbIX HHBEPTO-
POB U TIpaBUJILHOE pacmpeseneHne Harpy3ku. Cucrema Takxe TpeOyeT OTIASIBHOTO
MOHUTOPHUHTA JJIs1 K&KI0TO HHBEPTOpA.

e DOnektpoMaruuTHeie nomexu (EMI). TlapannensHo paboTaroriye HHBEPTOPHI
MOTYT BBI3BIBATh JIEKTPOMArHUTHBIE TIOMEXHU. Pemnenus 3Toit mpobiemMbl He0OX0a1-
MO YYUTBIBATh BO BpEeMsI TNIAHUPOBAHUS CUCTEMBI 1 pa0OTHI HaJl TIPOEKTOM.

B 37011 cTarthe 11 HHTErpalii COJTHEYHON SHEPTUU B BBICOKOBOJIBTHYIO CUCTEMY
HCIIOIb30BAIMCH MOJENH C OJIHUM MHBEPTOPHBIM TpaHC(HOPMATOPOM M C ABYMs Ma-
paJUIeIbHO COCTMHEHHBIMA MHBEPTOPHBIMHU TpaHC(hOpMaTOpaMu, a TakKe HCCIEO0-
BaJUCh X d()PEKTUBHOCTD, HAZC)KHOCTh U BIUSHUE HA KAUYECTBO DJICKTPOIHEPTUH.

Jlyist 3TOro OBUTM MCIOJIB30BAHBI MOJTHAS MOIIHOCTh W HAMPSOKEHHWE U3 MacTopT-
HBIX JaHHBIX TpaHchopmaropa. C HUCIONB30BAHUEM ITHX IMAPAMETPOB B MpOrpamMme
Matlab nepcoHanbHOTO KOMIbIOTEpAa ObLIa MOCTPOCHA BJIEKTpUUYECKash MOJECIb
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Kak BugHO M3 pucyHKa, KOA()PUIUEHT TApMOHUK HAIMPSKEHUS B COJIHEYHOU CH-
cTeMe ¢ ogHUM uHBepTOpoM (a) coctaBisier THD = 85,23 %, a B conmHeyHOM cucteme
C ABYMsI IapaJIjIeNIbHO BKIIOUEHHBIMU UHBepTOopamu (6) THD. = 74,64 %. B pe3ynb-
TaTe MOBBIIIAETCS CTAOMJIBHOCTh HANPSDKEHHS] M TOBBIIIAETCS KadyeCTBO AJIEKTPO-
SHEPruu B NMapajlieabHO MOAKIIOYEHHON HHBEPTOPHOU CHCTEME.

Kpome Toro, B Moaenu, npeAcTaBieHHOW Ha pUCYHKe 1, ObIJIM M3MEpPEHbI BEu-
YUHBI BBIXOJHBIX HAMpPsHKEHUH B 00E€UX CHUCTEMax MPHU Pa3HbIX 3HAUEHUSX MOCTOSH-
HOro HanpspkeHus. llomydeHHble 3HaueHMs MOKa3aHbl B Tabiuue 1 (mocTtosiHHOE
Hanpspkenue: 1,3 MBT; 1,4 MBT; 1,5 MBT), a rpaduk cOOTBETCTBYIOIINX BBIXOIHBIX
HaIpsHKeHU HHBEpTOpa U TpaHc(opmaTopa MoKa3aH Ha pUCYHKE 2.

Tabmuia 1 — 3HaueHus BEIXOJTHOTO HANPSHKEHUsI MHBEPTOpa U TpaHchopmarTopa

MocTOSTHHOIO HNuBepropa Tpaunchopmarop IHapaniaeabHbIX
Bbixoanoe BoixogHoe TpaHncpopmaropos
Omnpenesienne| HanpsiKeHUst
(MB1) HaNpsi’KeHne HanpsisKeHue BBIXO/IHOE
(MB1) (MB1) Hanpsikenne (MBT)
U 1,3 1,3 63 69
U 14 1,4 68 75
U 1,5 1,5 73 80

U(MB)

14 /—-l/‘

Iapanaeavhwiil
wiit Ipancpopmamop

' '/___‘_'______———4 &= Ipancpopmaniop
6 :

0 ‘ Lreux(MB)

1 2 3 4
Pucynok 3 — I'paguk evixoonvix nanpaxcenuit 00H020
U 08yX napanienbHo 6KIIYEHHbIX MPAHCPHOPMamopos

Kak BHIHO M3 TONYYEHHBIX TpaUKOB, BBIXOAHAS MOIIHOCTh YBEIUUYUBACTCS B
CHUCTEME C JIByMsI HHBEpTOpaMH 1 TpaHc(hopMaTopaMH, BKIFOUEHHBIMHU ITapaJlIeIbHO.

Pe3ynbTaThl 3THX HCCIIeIOBAaHUH MTOKA3bIBAIOT, YTO JOOABIICHHE COJIHCUHON dHEP-
TMA B BBICOKOBOJIbTHYIO CHUCTEMY 4e€pe3 MapauiesIbHO MOJKIIYEHHBIE YCTPOMCTBA
MOKET YJAYYIIUTh CTAOMIBHOCTh CUCTEMBI, KAU€CTBO 3JIEKTPOIHEPTUH, HAICKHOCTD U
3 PEKTHBHOCTD.

3akroueHue

IToBpilieHre 3()PEKTUBHOCTH HHBEPTOPOB, HCMOJIB3YEMBIX B allbTEPHATUBHBIX
HWCTOYHUKAX DHEPTHH, SIBISETCS BAXKHBIM I1arOM B ONTUMHU3AIMU TpoIecca mpeoopa-
30BaHUs dHeprud. [lapaniebHO MOAKIIIOYSHHBIE HHBEPTOPHI 00SCIICUMBAIOT CTAOWIIb-
HOCTb CHCTEMBI, KaUECTBO HAINPSKEHUS W CHUKCHUE TapPMOHHYECKUX HMCKaKCHUHU.
DTa TEXHOJIOTUS TOBBIIIAET HAJACKHOCTh IHEPTOCHAOKEHUS U OajaHCUPYeT pacmpe-
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JICTICHUE DSJICKTPOSHEPTHH, TEM CaMbIM TMOBBIMAS 3()PEKTUBHOCTH MPOU3BOACTBA
sHeprun. Kpome TOro, mpeaoTBpalleHHe IMeperpeBa M MEPerpy30K CIIOCOOCTBYET
JUTUTENIHHON U CTaOMIBLHOM pabOTE CUCTEMBI.

[TapaniensHOE MOAKIIOUEHUE HHBEPTOPOB — OJHMH M3 BaXKHBIX IIaroB JJisl Oosee
3¢ ()EKTUBHOTO M HANIEIKHOTO HMCIOJIB30BAHUSA COJTHEYHOW DHEPTrUU. DTOT METOJ HE
TOJILKO 00ecIeuynBaeT CTAOMILHOCTD HAMPSDKEHUS U MOITHOCTH, HO U TOBBIIIACT Ka-
4eCTBO Mpoliecca mMpeodpazoBaHusl YHEPTUH, (a3bl CAHXPOHUZUPYIOTCS U dJIEKTPHUe-
CKasi cucteMa paboTaeT 06oJiee HaJIeKHO.
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Pedepar

B cratee paccMoTpeHa 3amadya pacuera M MCCIEIOBaHUSA JBYXIIAPHUPHBIX
KPYIOBBIX apOK IIOCTOSIHHOTO CEYEHHMs, HArpyKEHHBIX CHETOBBIMU Harpy3Kamu,
pacupeneNeHHBIMU 10 Tapaboiandeckoil 3aBHCHUMOCTU. [lodydeHBl BBIpa)KEHUS
BHYTPEHHHUX CHUJI B MPOU3BOJIBHOM CEYEHUU CHUCTEMBI (M3rHOAIOIUX MOMEHTOB,
MONEPEYHBIX U MPOJOJBHBIX CHJI) U BBIPAXKEHUS ISl ONpPEIETICHUS BEPTHKAJIbHBIX,
TOPU30HTAIIBHBIX U MOJIHBIX MEPEMEIICHUN CEUCHUM.

BriBoA 3aBHCHMMOCTEN ISl YCUIIAN BBIITOJIHEH C UCIIOJIBb30BAHUEM METOJA pacuera
CTaTUYECKH HEONPEAEIMMBIX CHCTEM — METOAa CHWJI, a JUIid OIpEeIeIICHUs
nepeMenIeHni ucnoap3yercs Gpopmyna Mopa, B KOTOPO#l yUUTHIBAIOTCS BCE CHUIIOBBIC
(dbakTOpbl, BOZHUKAIOIINE B CUCTEME.

Pazpaborana merommka u anroput™m pacueta B cpeae MathCad. Breimonnena
YUCJICHHAs peaJIn3alusl pacuera ABYXIIAPHUPHOW apKHu B IPOTPAMMHBIX KOMIUJIEKCAX
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