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Beryn. IleperBoproBaueM eneKTpUYHOI eHeprii € mpucTpiid, skui TOB'I3ye ABI abo Ouiblue
eNIeKTPUYHI CHCTEMH 3 BIIMIHHUMHU OJWH Bil OZHOTO MapaMerpaMu i TO3BOJSIE MO 3aJAaHOMY 3aKOHY
3MIHIOBATH 1 MapaMeTpH 3a0e3nedylodr OOMiH eIEKTPUYHOIO EHEPTi€l0 MiXK 3B’S3yBaHHUMHU CHCTEMaMH
[1]. HamiBnpoBimHMKOBI HepeTBOPIOBaYi HAMpPYrd - EIEKTPOHHI TpaHCHOpPMATOpH, IO 3B’SA3YHOTh
CHCTEMH 3MIHHOTO 1 MOCTIHHOrO CTpyMy, a camMe MepeTBOpIoBayi MOCTiHHOI Hampyrd B 3MiHHY -
1HBEpPTOPH.

IcropuuHO mepIIMMH BUHUKIIM NIEPETBOPIOBAYi eHeprii, Ha 0a3i eneKTpoMeXaHIYHUX MPUCTPOIB.
EnexTpuuHuii ABUTYH NIEpETBOPIOBAB EIEKTPUYHY EHEPTil0 B MEXaHIUHY, fKa 3a JOMOMOr0OI0 T'eHepaTopa
NEpPETBOPIOBAJIACH B CIEKTPHYHY 3 MOTpiOHMMHU mapamerpamu [2]. CydacHi MpHCTPOI MepeTBOPEHHS
EHeprii He MICTATh PyXOMHUX €IEMEHTIB, TOMY IX Ha3WBaIOTh CTaTUYHHMHU MEPETBOPIOBAYAMH, 30KpEMa
iaBepTopu DC-AC nepeTBoproioTh, nocTiiiHy Hanpyry 12 B y sminny nanpyry 220 B. IuBeprop 3Ha4HO
JICUICBIINI 32 MiHI-eJICKTPOCTaHIII0, € MiHiaTIOpHUM Ta JerkuM [3]. CriabHO 3 oqHMM, 200 JeKiTbKOMa
AKyMyJISITOPaMH BiH MOJKE MPAIIOBATH SIK aBTOHOMHE JDKepeso 0e3mepeOiitHoro »KUBIeHHs Ui OyAUHKY,
KOTENbHOI, MOKEKHUX 1 OXOpOHHUX cucTeM. Skmo € mepexeBa Hampyra 220 Bombr, BiH mpocTo
nporyckae “oro "kpi3p” cebe 1, mpu HeoOXiTHOCTI, 3apsArKae aKyMyJsITOpH. SIKIIO Hampyra B Mepexi
3HUKIIA, IHBEPTOP MHUTTEBO MTOYMHAE TeHepyBaTH 3MiHHYy Hanpyry 220 Bonbt Bin akymymsropis [4]. Yac
ABTOHOMHOI pPOOOTH 3aJIEKHUTH Bifl MOTY>KHOCTI HABAHTa)KEHHA 1 EMHOCTI akyMyJsTopiB. Tak, HanmpuKiaz,
4OTHPHOX akymyinsaTopiB mo 190 A/r Bucraunth mpubIuM3HO Ha 16 roguH aBTOHOMHOI pOOOTH IpH
nocriiHomy HaBanTaxeHHi 0,5 KBt [5]. Ilpm mosBi Mepe:xeBOi Hampyru Npuia] aBTOMATHYHO
MEPEMKHETHCS B IOYATKOBUH CTaH OYiKYBaHHS 1 3apsSAUTH aKyMYJISTOPH.

Mera Ta 3aBaanHs po3podku. Mera nocmimkenns — nocnimkenas DC-AC meperBoproBaua 3
MIKPOKOHTPOJIEPHUM KEpyBaHHIM YacTOTH iHBepTopa. JlaHe JOCIiIKeHHS JA03BOJIUTh aBTOMATU3YBATH 1
YIIOCKOHAJIUTH AESKi eEMEHTH MPUCTPOIO,aTAKOK, POBECTH aHANI3 BXiIHUX Ta BUXITHUX JaHHX.

3aBIaHHs AOCTIHKEHHS 3yMOBIIIOIOTHCS METOI0 POOOTH 1 MOJISITAIOTh Y HACTYITHOMY

— nmpoaHani3yBaTu BXifHi Ta BuxigHi qani DC-AC neperBoproBaua,

— JIOCTIOUTH eeMEeHTHY 0a3y iHBepTOpa,

— BHSIBHUTH Ta CHCTEMAaTH3yBaTH (DaKTOPH IO BIUIMBAIOTH HAa BUXITHI JaHi MPUCTPOIO;

— 3xificautu onrtuMmizamito enementHoi ©6azu DC-AC meperBoproBaya Aisi Kpawioro
(yHKLIOHYBaHHS,

AHani3 icHylounx neperBoproBadiB Hanpyr. HalimomynspHimn TEXHIYHMMH DIlIEHHSIMH ISt
iBepTopie DC-AC cranm kinacM4Hi cXeMH MOCTOBHX iHBepTOpiB Ta ix moaudikauii. Hanmpukian,
¢yHKIIOHATBHY cXeMy iHBepTopa cepii DA, 1m0 mepeTBopioe HecTaOiIbHy HaNpyry MOCTIHHOTO CTPyMY B

© MMominyk M.M., Karantok O.K., Comixyk P.B.



214 Hayxosuii scypran "KoMmm 10TepHO-IHTEIPOBaHi TEXHOJOTI: OCBiTa, HaAyKa, BUPOOHUIITBO"
Jlyyvk, 2017. Bunyck Ne 26

crabiri3oBany (B TOMy YHCII 1 1O 4acTOTi) ogHO(a3Hy Hampyry 3MiHHOTO CTpyMmy, HaBeneHo B [6]. Ha
BXOJIl CHJIOBOTO ABOCTYIEHEBOro (inbTpa, Kackal ¢popMmye OaraTo-iMIoyiabcHI mocnigoBHOCTI. CHIOBHiMA
TpanchopMaTop, 0 BXOIUTH O CKIIaJy IEPETBOPIOBaYa MOCTIMHOI HAPYTH KUBUTHCS BiJ MOCTOBOTO
kackany TpanszucropiB MOSFET. Ilpm Takomy BapiaHTi moOyIOBH 1HBEpTOpa, HE3BaKalO4d Ha
JIOIATKOBE TEPETBOPEHHS SHEprii B iMITyIbcHOMY TeperBopioBaui Hanpyru (440 B), mpu pamionansHOMY
NPOCKTYBaHHI IEPETBOPIOBaYa IOCTIiHOI Hampyrd (B JaHOMY BHIIQJKy poOoda 9acToTa JIOPIiBHIOE
80 k'), mocsATalOThCsl BUCOKI CHEPIeTUYHI i Maco-rabapuTHI XapaKTEPUCTHUKH.

VY npoMHCIOBOMY BHMKOHaHHI HalOLMBLIIOro moummpeHHs HaOyiau ABOTAKTHI MOCTOBI CXEMH
BUKOHAHI Ha MOJBOBHX TpaH3zuctopax ¢ipmu InternationalRectifierlRFP23N50L. MocroBuit kackan i
CHJIOBHH (ITBTp OXOIUIEHI HETaTHBHHUM 3BOPOTHUM 3B’S3KOM, LIO JO3BOJSE 3a0€3MEUUTH BHCOKI
CHEepPreTUYHi XapakTepUCTUKU iHBepTopa. Mns 3abe3nedeHHs HEOOXimHOI (OpMH CHHYCOIHambHOI
BUXITHOI Hampyrd BUKOPUCTOBYETHCS ABONaHKOBHH LC-(QinbTp 3MIHHOTO CTpyMy, SKUH BHKOHYE
¢GyHKUIT Ipocessi BAKOHAHOTO Ha KUIBIEBOMY cepAeuHUKY 3 MO - mepmainoi.

Opnieto i3 cdep 3acTocyBaHb IHBEPTOpPIB € ailbTepHATUBHA eHepreTuka. Hampukiazn,
amepukaHcbka Qipma TexasInstruments npononye pimenas C2000™ Solar DC/AC SinglePhaselnverter
Ha  0a3i  cBoix  HOBHX  MikpokoHTponepis ~ C2000™ F28M35H52C. ¥V  mpuctpoi
KOHCTPYKTHBHOpEasli3oBaHO JuineofqHa ¢(aza 3MiHHOT Hampyrd. B ocHOBi i1HBEpTOPHOro Kackamy
neperBopeHHs nexuth noBHui Mict DC/AC. IudpoBuii KOHTPOIb M03BOJSE peanizyBaTu iHTephercH
BiJIaJICHOTO0 MOHITOPUHTY Ta KOHTpONO MpucTporo. CymapHHi Koe(ilieHT HETiHIHHUX CIIOTBOPEHb
(THD) wmenmmii ik Ha 5 Bifcorki, a moBHuit KKJ| HaBanTaxkeHHs Oimbmmi HiK 96%. €muHum
MiHYCOM/JaHOTOIHBEPTOPHOI0 KacKajy € BUCOKaIliHa, sika nocsirae 450$. [7].

Jlo cBiTOBHX JifiepiB B raiy3i CHJIOBOI €ICKTPOHIKM BXOOUTH TaKOX aMEpUKAHChKa KOMIIaHis
Xantrex [8]. Kommanis Oyna 3acHoBana Outblie 20-TH pOKIB TOMY i B pe3yibTaTi 3IUTTS BHPOOHHKIB
1HBEPTOPIB MEPETBOPUIIACS HA BEMMKUN MPOMHUCIOBUH XonauHr. [Ipoaykuito komnanii Bigpi3HA€ BUCOKa
BiZIMOBOCTIMKICTh, B KOHCTPYKTHBI B)X€ 3aKJIaJeHO TpPO30OBUH 3aXUCT, 3aXUCT Big EKCTPEHUX
NepeBaHTaXeHb, 3aXHCT BiJg HeKOpekTHOI iHcramanii. OcranHi 10-pokiB KOMIaHis aKTUBHO PO3BUBAE
HaNpsSMOK KEpPYIOUMX CHCTEM JMJisl BITPOTEHepaTopiB, COHAYHMX OaTapeil 1 aBTOMarTu3amii cuCTeM
aBTOHOMHOrOo >KuBJeHHS. lliHa Ha mnpomykuiro XantreXmyke BHCOKa, ane B JAEIKHX BHIAAKax
(yHIBepcaslbHI KOHTPOJIEPH TS COHSYHUX Oatapell) KOHKYPEHTHI albTepHATHBH BIICYTHI.

OmanM i3 JigepiB asiatcekoro puHKy € kommanis CyberPowerSystems [9]. Lle TaiiBaHCBKHMit
BupoOHuk BB Ta imBepropiB. Moro mpomykuis Bimpi3HA€ThCA BiANOBITHICTIO 3asBICHMM
XapaKTepuCTUKaM, YUCTHM CHHYCOM Ha BHXOJ1 IHBEPTOPIB Ta BUCOKOIO JJOBIOBIYHICTIO.

Mono enementHoi 0Oa3u, TO Oe3MEepeyHUM JiAEPOM BUPOOHHKOM MIKpPOCXeM OOB’SI3KH
3anumaetsest komnanis MAXIM™, YV katano3inpomyKuii 10 BUMTYCKAETHCS, IUPOKO 3aCTOCOBYIOTHCS
neperBoptoBaui DC-AC nHa 0a3i IIM-perymoBanns (nanmpuknan cepii MAX 1739, 1839) s
peryioBaHHs sickpaBocTi (urroopectenTHHX Jami [10].

Buknan ocHoBHOro Mmartepiagy #W OOIpYHTYBaHHSI OTPHMMAaHHX Ppe3yJbTaTiB
pocaiTxeHHs. HaykoBa HOBU3HA JOCIIDKEHHS MOJSITAE B HACTYITHOMY

— JIOCHIPKEHO BIUTMB F€OMETPUYHMUX MapaMeTpiB BTOPMHHOI 0OMOTKH TpaHchopmaTopa Ha
BUXITHY MOTYKHICTb [IEPETBOPIOBaYa HAIIPYTH.

— TPOBEAEHO JabopaTopHi BUNPOOYBaHHA PO3POOIEHOTO MPHUCTPOIO Ui HEPETBOPEHHS
Hampyru i3 3acCTOCYBaHHSIM MAaTEMaTHYHOTO METOAY IUIaHYBaHHsS EKCIIEPHUMEHTY I10
YOTUPHOX (PaKTOpax HA TPHOX PIBHSX, a caMe CUMETPUYHOTO0 HEKOMIIO3ULIIHOTO TIaHy
peanizauii ekciepumenTy bokca-benkina apyroro nmopsaky.

— JIOCHIJDKEHO BIUTUB BXIiJMHOI HANPYTH, BUXIJHOI YacCTOTH, TOTYXHOCTI TPaH3HUCTOPIB,
TEOMETPUYHHUX TapaMeTpiB BTOPMHHOI OOMOTKM TpaHcdopmaTopa Ha BHUXIAHY
notyxHicte DC-AC inBepTOpa.

Jns nmocsTHEHHS MOCTAaBICHOTO 3aBJaHHs OyJl0 NPOBEOCHO aHali3 BUXIOHMX JOaHUX MpU
pi3HHXIapaMeTpax BXiJHUX HaIpyr, MNOPIBHAJIbHI XapaKTEPUCTUKUA MOXKIUBOCTEH MEpeTBOpIOBaYa
HaNpyrH i3 3MiHEHUMH eJIeMEHTaMHU.

Hocnimxenns DC-AC meperBoproBada MpOBOAWIACHE METOJOM EKCIIEPUMEHTY, OCKUIBKU IIer
METO/ HalOUIbII TOYHILIE MPOJEMOHCTPYE POOOTY IHBEpTOpa 3a PI3HUX YMOB Ta €JIEMEHTIB LBOTO
npucTpolo. Y mporeci JocHifkeHHs OyAyTh OTpUMAaHi [aHi, fKi XapakTepU3yIOTb YMOBH pPOOOTH
1HBEpTOpa B ONTUMAIILHOMY PEKUMI, 110 HAOUHO MiATBEPIKYETHCS TpadiuHIM MaTepialaoM. IpH Pi3HUX
pexuMax pobotu iHBepTopa. Jlnuiie Ha OCHOBI MepeBipKH aAeKBATHOCTI MoAem (GopMyBaBcsl HAHOLIBIIT
ONTUMaNbHa Ta e(EeKTHUBHHH PEKUM POOOTH MPUCTPOIO. 3alpolOHOBaHI 3MiHM Yy MeEpeTBOpIoBaya
Hanpyrd JO3BOJIATH NPUIIBUAMIMTH POOOTY Ta 30UIBLIMTH HOTYXKHICTH JAHOTO NPUCTPOIO, 3aBISIKH
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3aMiHi TapaMeTpiBTpaHCPOpMaTopa, TpaH3HCTOpa Ta MIKPOKOHTpoJepa, LI0 y CBOIO 4epry Jae
MOXJIUBICTh 1HBEPTOPY MiAKIIOYATH OLNbLIE ENEKTPUYHHUX MPUCTPOIB Ta CTa0LIi3ye BUXIAHY HAMpyry, a
came Mo (]iKOBaHY CHHYCOILy.

Pesynprati mocnipKeHHs MOKa3alUIIpane3aTHICTh 1HBEpTOpa 3 pamioHaIbHUMH MapaMeTpaMu
BU3HAYMBIIN NPU [IbOMY HaWONTHMAIIBHINTY Ta Halle) eKTHBHIIIY eleMeHTHY 0a3y s Hporo[11]. Takox
OyB IpoBeIEHUH aHalli3 pOOOTH MPHUCTPOIO IJIS Pi3HUX BXimHMX Hampyr.CTpyKTypHA cXemMa HpUCTPOIO
300pakeHa Ha puc.l.
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Puc. 1. Mogenb nepetBoproBaya y nporpamiProteus

Jxepeno eHeprii MOCTIHHOrO CTpyMy, B HAWIOIIMPEHINIOMY BHIAAKYy akymyistop 12B,
MiAKITIOUaeTbesl 10 TpaHcopmaTopa uepe3 TpUIIO3HLIHHMKA KomyTaTop. Komyrtatop € Habopom
SNEKTPOHHUX KIIOYiB, 10 3a0e3meuye 3 CTaHW: 0 MEePBHHHOI OOMOTKH TpaHc(opMaTopa MigKIFUEHO
JDKEPENO JKUBJICHHS TMO3UTHBHOI MONSPHOCTi, 0 MEPBHUHHOI OOMOTKH TpaHc(hopMaTopa MiAKIIOUEHE
JDKEpENo J>KUBJICHHS HEraTUBHOI TONAPHOCTI Ta CTaH KOJNM TEPBHHHA OOMOTKAa KOpPOTKO3aMKHEHA.
[TocnimoBHO MepeMHUKaroud Il CTaHW, HA TMEPBUHHINA 0OMOTLI (opMyeThCcS 3MiHHA Hampyra 4acTOTOO
50l i ammumitynoro 12B. Ha BTopuHHIN 00MOTLI TpaHcopMaTopa Ipu IbOMY (OPMYETHCS HAIpyra 3
Ti€r0 X YacToToro i opmoto, mpote epexTrBHA Hampyra ckiagae 220B. Buxigna Hampyra 3HIMaeTbes 3
BTOPHHHOI OOMOTKH, TOMY Ma€ aHAJIOTIUHi TapaMeTpH.

Ha puc. 1 300paxkeHo Oyok-cxemy poOOTH MOPUCTPOIO, aJrOPUTM POOOTH SKOTO MOJSIrae B
MOYeproBoMy BMHKaHHI 1 BuUMHKaHHI 17 1 18 miniB mikpokoHTponepa ATmega 328P. Bimnosigmi
CHUTHAIN HAIXOISTh Ha 3aTBOPH IMOJBOBUX TPAaH3UCTOPIB, SIKI B CBOIO HYEPry KEpYIOTb HANpPYrow i
CTpyMOM Ha TpanchopmaTopi, o nigaiMae Hanpyry 3 12 B no 220 B.

Hanpuknazn, iHBepTop, po3paxoBaHMil Ha Hampyry Jpkepena 12B, mpamroe Bin po3psmKeHOro
akymynsitopa 3 Hanpyroro 10B. [Ipu upoMy aMIniiTyia Hanmpyru Ha BUXOZI 3HMXKY€ETBCS MIPOHOPLIHHO 10
259B. Cxema ynpaBiiHHS 3MiHIOE Koe(illi€HT 3amoBHEHHsI BuXigHoi Hampyru o 0.72, mpu mpomy
edexTHBHA Hampyra 3anuimaerbes pisHoto 220B. Ipore dopma Hampyru ta ii ammiiTyna 3MiHIOETbCS, a
1e MOxe OyTH HeOMYCTUMO [T ACSKHX HABAHTAXKEHb. DOTO HPHUCTPOIO MPEICTABICHO HA PHC. 2.

B N—

o e

Puc. 2. 3oBHiwmHii Burnsg pozpodnenoro DC-ACneperBoproBaua
Mertoauka 1a00paTOPHO-BUPOOHMYUXBUNIPOOYBAaHb NMPHUCTPOI0. CKIaIHICT TEXHOJIOTIYHOTO

Mpolecy NepeTBOpIoBaya HAPYTH MPH HOTO CTPYKTYPi HE I03BOJISIE TIOBHICTIO BU3HAYUTH palliOHAJIBHI
KOHCTPYKTHBHI IapaMeTpH Ta ONTHUMaJIbHI PSKUMU POOOTH MPUCTPOIO aHATITHYHUM LUIIXOM. ToMy, st
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BCTaHOBJICHHsI BIIMBY Ha MOTYXHICTh Ta CTaOUIBHICTH POOOTH HPUCTPOIO €IEMEHTIBOYIO MPOBENEHO
nabopaTopHO-BUPOOHHYI BUIPOOYBaHHS PO3POOICHOr0 MPUCTPOIO NPU Pi3HUX CKIIAZOBUX €JIeMEHTax i3
3aCTOCYBaHHSIM MAaTEMaTHYHOI'O METOAY IJIaHYBAaHHS EKCIICPUMEHTY.

Amnainiz pe3ynbpTaTiB TEOPETUYHOTO AOCITiIKEHHS TMpoLecy ONnTHUMi3aliinapaMeTpiB iHBepTOpa,
MOKa3aB 10 3HAYHUI BIUIMB HA BUXIAHY HANpPYTy Ta HOTY)XKHICTh MPUCTPOIO Ma€ BHU3HAYEHAIOTYKHICTh
MOJBOBUX TPAH3MCTOPIB Ta TOBIIMHA MPOBIAHWKAa BTOPMHHOI OOMOTKM TpaHcdopmaropa Ta BXigHa
Hanpyra. Pe3synpratu ekcriepuMeHTaabHUX AOCTIIKEHD TO0Ka3yloTh, 10 HA MOTYXHICTh TAKOX BIUIMBAE
BHUXiHA YacTOTa IMepeTBOproBada. ToMmy, U1 JOCTIDKEHHS pOOOTHM NPUCTPOI0 OYyJIO BHUPILIEHO
MPOBECTUUOTUPHOX-(PAKTOPHUI EKCIIEPUMEHT.

Jns mpoBeAeHHS TOBHO(PAKTOPHOTO EKCIIEPUMEHTY HEOOXiZHO mpoBecTUNIOCTINIB, sKi
BH3HAYAIOTHCS 32 (OPMYJIIOIO:

N=m", (1)

JIe M — KUTBKICTh PiBHIB JTOCIIIKEHHS;

k— KiTBKICTB (hakTOpiB y cepil JOCIiIKEHHS.

[IpoBenenHss MOBHOrO (PAKTOPHOI'O EKCIIEPUMEHTY IO YOTHPHOX (hakTopax Ha TPhOX PIBHIX
BuMarae mnpoBeneHHs 81 mochiniB. BpaxoByioum TpynOMICTKICTH Ta BapTiCTh NMPOBEACHHS TOCTIiMIB,
BaYXJIMBO OyJIO0 3MEHILIMTH X KUIBKICTh O ONTHMAlbHO-HEOoOXimHoro 3HaueHHs. L{io 3amady nosBosnse
PO3B’S13aTH BHKOPUCTAHHS CUMETPUYHOIO HEKOMITO3UIIHHOIO MiIaHy peajizamii ekcrepuMmeHTy boxkca-
Benkina npyroro mopszaky. [ns mpoBeneHHS YOTHPHU-(QAKTOPHOTO EKCHEPUMEHTY, 3TigHO 3
BHIIE3TaJJaHUM IUIAHOM, HEOOX1JTHO MPOBECTH 27 ITOCHTiJiB.

[InanyBaHHS €KCIEPUMEHTAIBHOTO TOCTIIKEHHS BKIIOYAJIO TaKi eTarH:

- KomyBaHHs (pakTOpiB;

- ckiagaHHs Tabnuui (GakTopiB i piBHIB BapilOBaHHS,

- CKJIaJaHHS MaTpPULi IJaHyBaHHS,

- peamizamis IUIaHy eKCIIEPUMEHTY 3TiHO 3 MaTPULEIO UTaHyBaHHS,

- CKJIaIaHH$ PiBHSHHSA perpecii A BU3HAYCHHS KOS(illi€HTiB,

- OILHKa 3HaYyIoCTi KoedilieHTIB perpecii,

- IepeBipKa aJeKBaTHOCTI OTPUMAaHOT MaTEMaTHYHOI MOJIEI.

[Mpu cxnamanni Tabnuui ¢akTopiB i piBHIB BapitoBaHHs (Ta0n.1.1) BpaxoByBaiu pe3yibTaTu
nornepeaHix gochimkenb. [Iman Bokca-bBeHkiHa po3paxoBaHMil Ha BHKOPHUCTaHHS TPHOX DIBHIB MAJIs
KOXXHOTO (pakropa: BepxHboro (+1), HynsoBoro (0) i Hmwxkuboro (-1) [12].

Tabmuus 1.1. dakropu i piBHI BapilOBaHHS

daxTopu
Bxinna Yacrora BuxigHa 'V, [NotyxHicTh ITnoma ciueHHs
wampvralJ - B I MOJILOBUX BTOPUHHOL
PiBHi BapitoBaHHA pyra™=ex TpaH3ucTopiBP 00MOTKH
, Bt Tpanchopmaropa
S, mm?
X1 X2 X3 Xq
BepxHiit (+1) 15 150 300 0,7
Hyneosuii (0) 12 100 200 0,5
Hwoxwiid (-1) 9 50 100 0,3
InTepBan BapitoBaHHS, € 3 50 100 0,2

JocnimKeHHs TPOBOANIH, BUKOPUCTOBYIOUM MATPHUIIO TUIaHYBaHHS .Y PO3KOJIOBAHOMY BUTIISAIL
MAaTpUIIS TJIAHYyBaHHS €KCIIEPUMEHTY 1 MOPSIOK MPOBEACHHS AOCIiiB MPeACTaBIeHH] y Tabnuii. 3B 530K
MK KOJIOBAaHUMH 1 HATYpaJIbHUMH 3HAUEHHSIMHU (PaKTOPiB BCTAHOBIIIOBABCS 3AJICKHOCTSIMHU .
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U -U
— 0. .
Xl_M’XZ_ : XS_ ’ X4—
&1 €y €3 €y

()

neXy, Xy, X3, X,- KOJIOBaH1 3Ha4yeHHs (DaKkTOpiB, BiANOBIMHO, BXiJHA HANpPyra, BUXiIHA YacTOTa,
MOTY>KHICTh TOJIBOBUX TPAH3UCTOPIB Ta TOBIIMHA MPOBITHUKA BTOPUHHOI 0OMOTKH TpaHC(OpMaTopa,
UBX , vV, P , S- HaTypaJbHI 3Ha4eHHs ()aKTOpiB, BIAMIOBIHO, BXiJHA HAmpyra, BUXigHAa 4acToTa,
MOTY>KHICTh OJTBOBUX TPAH3UCTOPIB Ta TOBIIMHA MPOBITHUKA BTOPUHHOI 0OMOTKH TpaHC(OpMaTopa,
U 8x0» Vo P ) SO — HaTypaJibHi 3HaUeHHsI (paKTOpiB Ha HYJILOBOMY PiBHI,

€,,€, &3, €, — IuTEpBaIM BapitloBaHH:A (aKTOPiB.

Heniniiftauii xapaktep o4iKyBaHHS (DYHKIM BiATYKY CTYIEHi JOCHi[KEHHsS iHBepTOpa B 0oOmacTi
(haKkTOPHOTO MPOCTOPY MOAAHUH Y BUTIISAIL PIBHSIHHS perpecii:

y=Db, +b,x; +b,X, +b.X, +b,X, +b,X X, + b XX, +b,X X, +
3)
+b23X2X3 + b24)(2)(4 + b34X3X4 + blle + b22)(5 + b33X§ + b44Xi

Koediuientu perpecii micns peanizauii niaHy eKCIEpUMEHTY BU3HAUEHO 32 TAKUMH (popMynaMu:

n k n
by =0,33333>y, —0,1666722xﬁyj, @)
j=1 i=1 j=1
b; =0,08333)> x;y; . 5)
j=1
n k n n
by = 0,125zlxi2jyj +0,0625> "> "x1y; —0,16667>y;, (6)
i= i=1 j=1 j=1
b, =0,25> x;X,Y;. (7)
j=1

1€ |- HOMep JOCITily B MATPHIL TUIAHYBaHHS;
N - KUTBKICTh JAOCII/IB B MATPUIIi TUIAHYBaHHS;
Yj- 3HaueHHs QYHKIII BIATYKY B j-My JOCIiJi;
k-kinbKicTh hakTopiB;
Xij, Xqj- KOJIOBaHi 3HAYEHH I-T0 4H I-r0 (HaKTopy B j-My AOCIHIAL,
I,r - HoMepH (akTopiB.
[Jucnepcii koedimieHTiB perpecii Ta ix KoBapialii BU3HA4€HO 3a GOpMyJIaMu ;

Sp, =0,33333S], ®
S5, =0,08333S;, 9)
Sp, =0,1875S], (10)
Sh, =0,255], (11)
cov,,, =-0,16667S, (12)
cov,, , =0,0625S; . (13)
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3HaunMICTh KOe(IlieHTIB perpecii mepeBipsuid LUISIXOM MOPiBHIOBaHHS aOCOJIOTHOI BEIWYMHU
nux KoedimieHTiB 3 iX moBipuMMM iHTepBajamu. JIOBipui iHTEpBalIM pO3paxoByBald 3TiTHO 3
¢dbopmynamu:

Aby =t 051, Sp, (14)
AD; =14,05,,Sp, » (15)
AD;. = 14,05, Sp, » (16)
Ab;; = t0,05;f15b” 1 (17)

ne t0,0S;fl - TabnuyHe 3Ha4eHHs kputepiro Ct’roaenTa npu 5%-My piBHI 3HauymocTi ta f; = Ng-1 — uncna

CTyHEHIB BUILHOCTI Aucnepcii BiarBoproBanocTi (N - KiTbKICTh JOCIi/IB y LEHTPi IIIaHy).

KoedirienT perpecii BBaXkaJi CTATUCTUYHO 3HAYYIIUM, KOJTH HOro abCo0THA BeMYMHA OLTbINa
JoBipuoro inTepBany abo piBHa Homy. Hesnauyii koedilieHTH BUAAISIIH 13 MOAEII.
ITepeBipky aaeKBaTHOCTI PIBHSHHSA IPOBOAWIM 3a gomomorow Fg — kpurepito imepa.

AZIEKBaTHICTh OTPUMAHOI MOJIENi MATHME MICII€, SIKIIO PO3PaxyHKOBE 3HAYECHHS KPUTEPilO Ffr;??f' MEHIIIEe
TaOIUYHOTO sl IPUHHATOrO PIBHA 3HAYMMOCTI!
posp. TaOJI.
Ffz;fl S FO,OS,fZ ,f]_ ! (18)
Tabm. . . 0 . ..
e ,05:f,:f, " TabnuuHe 3HaueHHs kputepio Dimepa npu 5%-My piBHI 3HAYYLIOCTI 1 CTyIEHAX

BUTBHOCTI AucHiepcii HeamekBaTHOCTI T, Ta qucmepcii BiaTBOproBaHoCTi f;.
f2 =n—Kk'- uucno CTYIIEHIB BUTBHOCTI JaWcIiepcii HEaJeKBATHOCTI 3 ypaxyBaHHSIM Ypciia

K’ sanummenux xoedimientis perpecii (y Tomy umcii i bg).
Po3spaxynkoBe 3HaueHHA KpuTepito dimepa cTaHOBUTH:

82
RO = —4, (19)
faify g2
y

2 . . . .
ac SHeaIL - AUCIICPCld HCAACKBATHOCT1, IKa BU3HAUCHA 3 f2- YU CJIOM CTYIICHIB BUIBHOCTI,

2 . . . .
Sy - HCIIepCis BiITBOPIOBAHOCTI EKCIIEPUMEHTY, sIKa BU3HAUYEHA 3 fl - YUCJIOM CTYIEHIB BUTBHOCTI.

3rigHo 3 MaTpULEIO TUIAHYBaHHS €KCIIEPUMEHTY, KUIbKICTh JOCIiiB Ha HYJIHOBOMY PiBHI piBHA
TpboM. lle mM03BONMIO BUKOpPHCTATH AJs BU3HAYEHHS AWCIEpCii BiATBOPIOBAHOCTI E€KCIIEPUMEHTY TaKy

bhopmymy:

No

Z(YOU ~Yo)
2 _u=l

S, = :
y fl

(20)
1e U - HoMep JOCHiy B IEHTpI IUIaHy,
Yo, - 3HaueHHs QyHKUII BIAryKy B U-My JOCTiJI B LEHTPI IUIaHY;

u

Yo - cepemne apudmerndne 3HadeHHs GyHKIi BiAryKy oTpumane 3a pesymbratamu N IocmimiB y

LEHTPI [UIaHy;
Jucnepciro HeaaeKBaTHOCTI BU3HAYaJH, KOPUCTYIOUUCH HACTYITHOIO (hopMyIIoIO:
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SS
2 _ Hea[.
Siean. - (21)
2
IIpu pospaxyHky aucmepcii SZ BpaxoByBaJId Ty OOCTaBMHY, IO TP MPOBEICHI

Heaj,
eKCIIEpPUMEHTIB 3 yCiX JOCII/IIB IUIaHy TIOBTOPIOBABCS TUIBKH OIMH (JOCITIJ B IIEHTPI Iu1any). Tomy, cyma

kBazpatis SS JOPIBHIOE:

Heasl.
n—-ng

SSean. = No(Yo Vo) + Z( ;). (22)

ne 90 - 3HaYeHHs QYHKLIT BiATyKy B AOCTiAI i3 HEHTpY IJIaHy, LI0 pO3paxoBaHe 3a PIBHAHHSAM perpecii;
9 j - 3HAUCHHSA GyHKIIi BIATyKY B J-My JOCIii, IO pO3pax0OBaHe 3a PIBHSIHHAM perpecii;
Yy j - 3HAUCHHSA GyHKILIT BIITyKy B j-My IOCIHii, 110 BU3HAYEHE eKCIIepUMEHTaIbHO[12].

BucnoBku. Buxopucrana MeToAMKa TNpOBEACHHS  EKCIEPUMEHTIB  IuiaHoM  bokca-
Benkinano3BoiIHTS:

1. Otpumaru MaTeMaTH4YHy MOJENb MPOIECY ONTHMi3alii mepeTBoploBaya HANPYyru MpH HOro
3MiHi eIeMEHTHOI 0a3u y BUIIIAI piBHSHHS perpecii, pyHKIi€o BIATyKY SIKOTO € TOTYXHICTh
IHBEpPTOPA;

2. IlpoBectn aHami3 BHXITHMX JaHUX 0pPH PI3HUX BXIOHUX HAmpyrax, MNOPIBHIBHI
XapaKTePUCTUKU MOKIIMBOCTEH MepeTBOPIOBayda HAIIPYTHU i3 3MIHEHUMH €JIEMEHTaMH;

3. OtpuMaHi pe3yNbTaTH MPOBENCHUX IOCTIKEHh MOXYTh BKa3aTH Ha TEBHI OCOOJIMBOCTI
3MiHHU BJIACTUBOCTEH iHBepTopa. Tak 3a 30UIBIICHHSIM MOTYXHOCTI MOJBOBUX TPaH3UCTOPIB,
BigOyBa€eThCsl 30UIBIIEHHS MOTYKHOCTI nmepeTBopioBadaKpim 1poro, 3a HassBHOCTI O1IBLIOTO
MPOBiIHUKA BTOPUHHOI 0OMOTKH, 110 HEOOXiJHO BPaxOBYBaTH IpU BUOOpPi TpaHCOpMaTopa,
TEXK 301TBIIYETHCS MOTYKHICTD. Y BHUNAAKYy 30UIbIIEHHS YaCTOTH MPUCTPOI0 MOXKYTH HECTH
HEraTHUBHY [Hil0 Ha eQeKTHBHICTh TPaH3UCTOPIB Ta MIKpPOKOHTpojiepa. Tomy, mpu
KOHCTPYIOBaHHI ONTHMANbHUX CKJIAaJOBUX IPUCTPOI0 HEOOXiAHO B HOro KOHCTPYKLIl
3aCTOCOBYBATH MYJIBTUBIOpATOp.

1. Kporepuc A., Pamesun K., Pyrmanuc JI. u ap. [TomynpoBogHHKOBBIE TpeoOpa3oBaTeni dnekrpudeckoi suepruu / [lox
pen. A. Kporepuca. Pura: 3unarse. 1969.

2. Hpsunr M., T'ortnu6. Vcrounuky nutanus. THBEpTOPHI, KOHBEPTOPSI, JIMHEHHBIC U UMITYJIbCHBIC CTAOMIN3aTOPhI. — 2-¢
u3. — M.: TToctmapker, 2002. — 544 c.

3. TIpeobpa3oBareny HAIPSHKSHKS M aBTOMOOIIIBHBIC HHBEPTOPSI Hanpsvkerust (12-220B, 220-12B, 24-12B) [Enexrponuii
pecypc]. — Pexxum mocrymy: http://auto-line.net/ru/shop/car-electrics/car-voltage-converters.

4. «lomboBHii» NIEPETBOPIOBAYHANIPYTH [Enexrponuii pecypc]. - Pexum JIOCTYILY
http://www.radiosvoboda.org/content/article/26936954.html. ([data 3Beprenns 01.04.17)
5. Cxema npeobpaszoBares 12\220 [Enexrponnii pecypc]. - Pexxum JIOCTYILY:

http://monitor.espec.ws/section44/printview127136.html.

6. Tpamsucropusie DC-AC npeoOpaszoBaTenu HamlpsHKCHUS: XapaKTEPUCTHUKH, CTPYKTYPHBIE CXEMBI, PEKOMEHIALMH IO
npumenennto // "Cunoast anextponuka” Ne 2, 2004.

7. C2000™ Solar DC/AC Single Phase Inverter // http://www.ti.com/tool/TIDM-SOLAR-ONEPHINV#descriptionArea

8. Power inverters [Emexrpomnmii pecypc]. — Pexumm moctymy: http://www.xantrex.com/power-products/power-
inverters/overview.aspx (mara 3sepuens 05.04.17)

9. Productliterature [Enexrpomnmuii pecypc]. — Pexxum moctymy: https://www.cyberpowersystems.com/support/knowledge-
center/general-literature(mara 3sepuenns 05.04.17)/

10. WideBrightnessRangeCCFLBacklightControllers[EnexrpomHuii pecypc]. Pexum
nocrymy:https://datasheets.maximintegrated.com/en/ds/MAX1739-MAX1839.pdf(nara 3BepHeHmHs 12 04.17).

11. 3non6imska H.B. DC-AC meperBoproBad 3 MiKPOKOHTPOJCPHHM KepyBaHHsM dacTotd iHBepropa / H.B. 3monbimpka,
AL 3non6inpkuii, P.B. Comixyk, B.B. Cymnpontok // Haykosuii sxyprai “Komrr TepHo-iHTerpoBaHi TEXHOIOTII: OCBiTa,
Hayka, BUpoOHHUITBO”. — JIyipk: PPB Jlypkoro HTY. — Bum. 23. — 2016. — C. 25-30.

12. Anictpatenko B.O., ®emopos B.I'. /Maremaruune mianyBanns ekcriepumentis B AIIK: Hasu. moci6uuk.-K.Bumamik.,
1993.-375 c.

© MMominyk M.M., Karantok O.K., Comixyk P.B.



