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O0mas xapakrepHcTUKa paGoThl

AKTYyaJIbHOCTS Tembl. B Hacrosmee Bpems coBpeMeHHoe obmecTBo Gombioe
BHUMAgHE YAENSIeT BO300HOBIAEMBIM MCTOUHMKaM sHepruu (BUD), B dacTHOCTH,
npeo0pa3OBaHMIO COJNHEYHOHM JSHeprmy, TaK Kak OJTH MCTOYHHMKH SBILIIOTCA
aNETEPHATUBON  CyIMECTBYIOIIUM ACTOYHMKAM OJHEPTHMH W PpEemalT pAax
9KONOTHHYECKHUX IIPOOIIEM.

KazaxcTad 3aHVMaeT OJHO H3 MOCIHEHHMX MECT B MHPE IO HCIIOIL30BAHHIO
BO300HOBIIAEMEIX HCTOUHHMKOB 3Hepruu. Jlois 3NEKTPOIHEPTHH, IIONydaeMO¥ OT
BO300HOBNIAEMBIX MCTOYHHMKOB OHEpruW, He mnpesbmaer 1% ot oOmei
BEIpabAaTEIBAEMOM JIEKTPOIHEPIHH. ITO 06YCIaBAMBAET TO, YTO NPOOIeMa 0CBOSHHUS
B0300HOBIAEMEIX HCTOYHHUKOB 3HEPTHH CTAHOBUTCS Bee 00Jee aKTyanbHOM.

C BO3pacTaHHEM MOIUHOCTH BO3pacTaeT CTOMMOCTH BCEro 00OpymoBaHwus,
MO3TOMY CHCTEMBI Tpeo0pasoBanys CONHEYHOH DSHEPrHM  JOKHEL  ORITH
sHeprocOeperaroluMy # 00J1afaTh BBICOKHMM 3HAYCHHEM KI1J, uMmers Maikie
MaccorabapyuTHEIE pasMephl B CTOMMOCTh. CHCTEMBl TPeoOpa3soBaHus CONHEYHOH
SHepr¥d JOJDKHB! GBITH IIOCTPOSHH! TakMM 00pasoM, 4ToOBI IpH NPeobpasoBaHuy
[TOCTOSHHOT'O HAIPsKCHHS, HOMyYeHHOr0 OT CONHEUHEIX QoTonpeobpasopareneii, B
epeMeHHOe HaITpsDKeHHe, 00eCe HBanoch BEICOKOE KauecTBO, SHeprocoepexeHue
¥ HU3KAS CTOMMOCTB CHCTEMBI IpeobpasoBanms. [loaToMy aKTyaJabHOM NpoOaeMoi
ABJISIETCH CO3MaHHe sHeprocOeperaromux npeobpasoBaTeaed CONHEYHOH DHEPTHU B
3NEKTPOSHEPTHIO IEPEMEHHOTO HAPSIKEHUS IPOMBINUICHHON JacTOTEL H XOPOIIEro
KauecTBa. | |

Henplo paborel ssisieTcs paspaGoTka CHCTEMBI «COJNHETHas Oarapes—
MHBEPTOp — HArpy3Ka» ¢ MHKPOIPOLECCOPHEIM YNPABICHUEM I NpeobpasoBaHud
JHEepry¥, JIOMYIEHHOH OT cojiHeyHod Oaraped, B 3MEKTPOIHEPTHIO MEPEMEHHOTO
HAIPsDKEHUs] IPOMBIIUICHHOH JaCTOTHL o

B pamxaX NOCTaBJIE€HHON Uend B MHUCCEPTAIMOHHOH paGOTe pelarTes
CIIEAYIOLINE OCHOBHBIE 3aJa4H:

— pa3paboTKa MHOTOCTYNEHYATBIX CHCTEM A TPeobpa3oBaHUs SHEPrHH
CONHEUHOH 6aTaped B 3IEKTPOIHEPTHIO IEPEMEHHOI0 HAMNPSKEHUs TPOMBIIIIEHHOA
YaCTOTRI, 00ECIeUHBAIOIIHE XOPOIINe JHEPreTHYECKHe IOKa3aTely;- |

— MaTeMAaTHJYECKOe W KOMIIBIOTEPHOE MOJETHPOBaHHE IIPOLEcca npeoGpaso—
BaHHA ¥ pabOTEl OHO ¥ Tpex(da3HbIX HHBEPTOPOB,;

— pa3pafoTKa aIrOPUTMOB YTpaBiIeHHWs ORHO(AsHBIM U TpexdasHEIM
MHOTOCTYTIEHYATEIMIA TPaH3UCTOPHEIMH HHBEPTOPaMU, .

— DOKCIIEpMMEHT M HCCIEZOBaHWE MHOrOCTYIEHYaToro 011H0€1)33HOF0
HHBEPTOPA C MUKPOIIPOIIECCOPHEIM YIIPABICHUEM.

MeTtoan! nccaegoBaniM. ITocTapiesysie 8 JUccepTali 3a0a4yl PEIICHEL IIPH
KOMIUTEKCHOM  MCIOJB30BaHMM TEOPHM  JJICKTPOTEXHWKH, DJACKTPOHMKH H
CXEMOTEXHVKY, MUKPONPOLECCOPHOM TEXHHKW, @ TakkKe TEeOPHH MaTpul,
rapMOHMYECKOrO aHAIN3a ¥ MHHOPMAIFOHHBIX TEXHONOTHH,

HayuHasi HOBA3HA paGoThl 3aKII0YALTCA B CIEAYIOMEM: |

— paspaboTaHbl METOHBI pacdeTa W BHIOOpA PALUOHAIBHOIO HCTIOJTB30BAHHS
COJIHEYHBIX MOZYJIEH B CHCTEME «COMHeqHas Oarapes — HHBEPTOP — HarpysKay.



— pa3paGoTaHbl MHOTOCTYIICHIATEIe HHBEPTOPEL JUIA npeoGpa3oBaHus SHEPTUH
CONHeHOM GaTapen B HIEKTPOIHEPIHIO OMHO(ASHOIO ¥ TPEX(Pa3HOTO HATIPSKCHAS,;

— paspaboTaHsl AITOPHTMEL YIIPABICHHS OJHOMASHEIM H Tpex(asHbIM TpaH-
3UCTOPHBLIME MHOTOCTYIIEHIATHIMA HHBEPTOPAMY;

— paspaboTal ONBITHEIA o6pasel] ofHO(a3HOro UHBEPTODA, TIO3BOJIAIONTMH Ha
BBIXOJIE TIONYYHTh GOpMy HAIPSDKEHYS, GIIM3KOH K CHHYCONTATBHOH.

Ha 33Ty BBIHOCATCS CIIENYIOLIHE TTONOXEHAA!

~ [PUHIMI HOCTPOCHHS MHOTOCTYIEHYaTOH coJHEYHOW Oarapen Ha
CONMHEUHBIX MOAYNAX ¥ METOJHKAa pacyeTa PAlMOHANBHOrO HCIOJIE30BAHMA
COTHEYHEIX MOKYeH, MO3BOJIAIOIIHNX 9KOHOMUTE HX KOJIMIECTBO;

— paspaboTansl ofHOGMA3HEM ¥ TpeX(asHEH MHOTOCTYIIEHUATAIC HHBEPTOPE
1 TpeobpazoBaHMs [OCTOSHHOTO —HANPSKEHHS CONHETHOH GaTapeu B
EKTPOIHEPTHIO TIEPEMEHHOTO HAIPAKCHHA,

~ AITOPUTM YIpaBNeHHMs paboTod OZHO(AsHOIO M TPEX(QasHOTO TPAHIHC-
TOPHOr'O MHOI'OCTYIICHIaTOr0 HHBEPTOP4;

~ PpE3yIBTAThl KOMITHIOTEPHOTO MOJENMPOBAHAA M IKCIIEPUMEHTAIBHBIX
gccnenoBanmit ogHOMAasHEIX U Tpex(asHBIX HHBEPTOPOB CHUCTEMBL «CONHEHHAS
GaTapes — HHBEPTOD — Harpy3Ka».

[pakradecKas HEHHOCTb JUCCEPTAIIMOHHON PabOTE! COCTOUT B paspaboTKe 4
HONYYCHWH:

~ NpPUHIMIA TOCTPOEHMS MHOrOCTYHEHYATOH CONHEYHOH Oarapen I
npeoGpasoBanpiis SHEPTHM CONHEUHBIX (OoTONpeoOpasoBaTeNed B IJIEKTPUICCKYIO
SHEPTHIO, 3aLIUIIEHHOrO aBTOPCKUM CBHIETENBCTBOM;

— yeTpoicTBa MHOTOCTYIEHYATOro Tpex(asHOro TpaH3UCTOPHOTO MHBEPTOPA,
3AMHINEHHOr0 aBTOPCKUM CBHIETENBECTBOM;

— yeTpoiicTBa MHOT'OCTYIIEHYATOr0 OFHO(A3HOro TPaH3HCTOPHOIO HHBEPTOPA,
3aM[EIIEHHOr0 aBTOPCKMM CBHETEIBECTBOM.

OCHOBHBIE De3y/ibTaThl M aHANM3El  JHCCEPTAEOHHOH paborsi ObumA
BHeZpeHsl B Ka3axCKOM HAIFOHAIBHOM TEXHHYECKOM yHHBEPCHTETE Ha Katenpe
«ABTOMATHKA K TETEMEXaHUKa» [/ BBIIOJHEHMS KypcOBBIX paboT 1o Kypcey
«OneMeHTsl M YCTPOHCTBA aBTOMATMKH» I HOATOTOBKH OaKalaBpoB IIO
CIENHATPHOCTH «ABTOMATH3aIHUA M yIpasienue». KpoMe TOro, MHBEpTOpa OBLIK
JCTIONE30BAHEL TP pa3paloTKe ¥ BHEPEHMH B IPOMBIILIEHHOCTh Ha maxte Ne55
SamasHo - XKezkasraackoro pyaauka TOO XXI'MK, u TOO benoycosckoro ['OKa.

AnpoGanus  paGorel.  OCHOBHBIE  IOJOXKEHHMA M PE3yJBTaTEHL
IMCCEpTAlUOnHOM paboThl JOKIamsiBaIyuch B obcyxaanuch: Ha MexyHaposHOH
Hay4HO-TexHmYecKkol xomgepeniun «VmxenepHoe obpasoBanre u Hayka B XXI
pexey, mocesmerHol 70-netmro KasHTY wmenu K. M. Catmaesa, (2005r); Ha
MexAyHapOIHOH HayvHO-TexHMYecKol KoH(pepeHuuH AJMATHHCKOTO HHCTHTYTA
SHEPTeTHKH H CBI3H «DHEPreTVKa, TeJeKOMMYHMKAHH H BEICIIEe 00pasoBaHHE B
COBpeMEHHEBIX yenoBusax» (Ammarel 2006,2007rr.); Ha MexyHapoAHOA HaydHO-
mpakTHueckod KoHQepeHmuH Moiopelx | yyeHEIX (Acrama. 2006r.); Ha
Mesx1yHapOIHOM HayTHO-TIPaKTHIECKOA KoH(pepeHuuy «PamuoHansHoe
HCIONB30BAHME HeJIp — BaXHBIH (axTop yCTOWYHMBOTO Pa3BUTHA PETHOHAR,

nocesnerHoi  70-metmro axagemuxa J. Myxkarnoa (Kaparagaei, 2006r), Ha
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MexIyHaponHOH KoH(MepeHUH «ABTOMaTH3alUs H YIpaBneHue. llepCrHeKTUBEL
mpobnemst ® pemenus» (Anmartsi, 2007r.); Ha MexnyHapopHo# KOHQepeHIUHU
«CoBpeMeHHBIE IpOOJIEMBl MaTEeMATHKM, WH(QOPMATHKE X YIPaBICHHSA aKaAeMHH
nayk (AmMaTei, 2007r.); Ha MexIyHapomHO# HAayYHO-NPAKTHIECKON KOH(EPEHLHH
«VHOpMaLOHHO-HHHOBALOHHbIE TEXHONOTHY: HHTEIPAl|s HayKd, 0DpazoBaHus
n 6m3necay (Anmarsl, 2008.); Ha cemuHapax kageapsl « PaMOTEXHHKA, 3JEKTPOHHUKA
1 TEIEKOMMYHHKALIMHY.

Hy6anxanud, 1o pe3yabTaraM BEIIOTHEHHBIX HCCIIENOBAHUA OMyOIHKOBaHE]
17 medaTHhIX paboT Mo TEMe AUCCEPTALAY, U3 HUX 4 B M3MaHUAX, IEPEUCHb KOTOPBIX
pexomennosan KomureToM Mo KoHTpomo B chepe obpasosanus ¥ Hayku MO u H
PK, 8 B MaTepualax MexIyHapoAHOW KoH(epeHIHmH, 3 NaTeHTa Ha H300peTeHWe
Pecry6nuxu Kazaxcras. : -

CrpykTypa B 00beM auccepranmonnoii paborel. JluccepranuonHas paGoTa
COCTOMT M3 BBEJEHHS, MATH pasgenos u 3axmodeHua. O6bem cocrasmser 140
MevyaTHBIX JHcTOB, 71 pucyHkoB, 11 Talmal, KOJMYECTBO HCIIONB30BAHHOU
IUTEPaTyphl COCTaBIAeT 125 HanMEHOBaHUM,

OcnoBHoOe cojep:xranne padoTbl

Bo BBeeHRE 000CHOBANA AKTYATLHOCTE PaboThl, cHOPMYIHPOBaHa €€ IIelh, 4
Tafke T[OKasaHhl HaydHas . HOBH3HA, IIpaKTHYecKasd HEHHOCTE  paboTHL
CthopMyIMpOBaHEl OCHOBHEIE IOJIOXEHMS, BEIHOCHMEIE Ha 3ammty. OrpaxeH
ypoBEHb ampobaly TeMbl JuccepTalud ¥ o0BeM NyOIMKaIlui, MOMYy$eHHBIX
PE3yNbTAaTOB B HAYYHOH me4ard. IIpwBesieHBl NAaHHBIC MO CIPYKTYpe U 00peMy
A¥CCepTaLHH. ‘ | :

B mepsom pa3sjeiie QUCCEPTAlMH JaH KpaTKuM o030p U aHAIH3 COCTOSHHA
Da3BUTHA M TEHAEHIUH BO30OHOBIAEMBIX HCTOYMHUKOB JHEPTHH BO BCEM MHpE.
IIpoBeAen 0630p CYIUECTBYIOITMX METONOB M CXeM NpPeodpas’oBaHMA COMHEYHOH
3HEPTHH, OTMEUCHBI BX cTorMocTh B KI1/I |

Taroke B IIEpBOM pa3jene NpoBelieH 0030p M aHanM3 CYLICCTBYIOMMX CXEM
MHBEPTOPOB, HCHONB3YIOIIMXCA [pKM 1peobpasoBaHWy CONHEYHOH IHEPIUH.
CoracHo aHaIM3y, HaOmoaeTcs pocT HoTpebuTene# HHBEPTOPOB, HCIONB3YIOMIUX
COTTHEUHYIO SHEPTHIO. '

B nepBoM paspene IIPOBEISH aHaM3 aKKyMYIATOPHBIX Oaraped,
 HeOGXOMMMBIX  JUIS  AKKyMyJIHpoBaHus  ColnHedHOH  oHepruu.  CorjiacHo
POBEJACHHOMY AHANM3Y ONPEAeTHNH, YTO [ aKKyMyJIUpOBaHMS CONHETHOH
SHEpTHH aKKYMYJIATOPHbIE GaTaper ZONKHE! COOIIOAaTh P TPEOOBAHUA.

Bo BTopoM pasdgene IpuBefensl  paspaloTadmsile  OfHO(asHbIe
MHOTOCTYIIeHYaThle 1Ipeo0pa3oBaTeld NOCTOAHHOIO HANDKCHHA B NECPEMCHHOE
HANpHKEHHUE IPOMBINIIEHHON JacTOThl, 4 Takke MCCISHOBAHEl HX FAPMOHIIECKHC
COCTABISIOILME.

Pa3paboTauunlii  MHOTOCTYNEHYaThIi  IpeofpasoBarens  COCTOMT M3
HOCJIeIOBATeNbHO COEOUHEHHRIX N HMCTOYHUKOB IIOCTOAHHOI'O HANPIKCHHA H
TPaH3UCTOPHOTO HMHBEPTOPa, K BEIXOJY MHOTOCTYIICHIATOr'0 HHBEPTOPA MOMKTI0HNCHA
obias Harpyska R, (pucyHok la), xoropas paloTaer B pexuMe MHBEPTOpA



HanmpspkeHHA. Ha Harpyske IPOHCXOOWT CTYNEHYaTOS CYMMHMpPOBEHHE BCeX

HCTOYHMKOB HaIIpsDKeHUs U GOpMHUpYETCsS MHOTOCTYTICHYATAs KpHBad HAIPSHKESHHS.
TIpy mapaanenbHOM BKIIOYEHWHM B HCTOYHHMKOB IIPOMCXOIHMT CYMMHMpPOBaHME

TOKOB Ha HAIpy3Ke H HHBEPTOp paloTaeT B peXXHAME TOKa, KOTOPHIHA NPEACTaBICH Ha

pucyHKke 16
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a) — IIPH II0CNEeNOBaTENEHOM COSAMHEHNA HCTOYHNKOB IIOCTOSHHEOTO HANPAKEHHU,
6) — IIpH TapaUIeNbHOM COSOUHEHMH MCTOYHHMKOB IIOCTOSHHOI'O HAMPKCHIA.
Pucynox 1-MHorocTyneH4aTsii cOMHEYHbIH Mpeobpa3oBarelb

Tpn nDapaineqsHOM §H [OCHENOBATENBHOM — COCOWHEHHH — CONHEYHBIX
(oTonpeobGpasoBaTencH 5 aKKyMYJIATOPHEIX Oatapeit pa3paboTtana
MHOTOCTYIIEHdYaTass CucTeMa onHOGasHoro  mpeoOpa3oBares, KOTOpas
IpeacTaBieHa Ha PHCYHKE 2.
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Pracynok 2 — MuorocrynerngaTas ognodazHas cxicreMa IpeodpasoBaHus
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Ha pucyHKe 2 NPEACTaBleHa CHCTEMa, T¢ 3a/6HCTBOBAHEl M H M COMHETHBIX
dhoronpeobpazoBaTenei, KOTOphie pasfeNieHbl Ha HEPABHBIC ILATH CTYHEHEH IO
ypoBHIO HaupskeHud, OHH COCTOAT U3 m=k +k,tkstkstks nocienosarensHO
COeMHEHHBIX COTHEUHBIX SNEMEHTOB ¥ U3 IISTH TPYII MapallelbHO COSTMHEHHEX
0=+ Hs+HjatHjs conHedHsx doronpeobpazoparenci. Kaxas CTyneHb HaNpXSHHA
pofaeTcd K MHBepTOpy. VHBEpTOp, B CBOK OYEpEAs, (OPMUPYET NEPEMEHHOE
HAMPSHKEHAE IIPOMBIILIEHHOM YacToThl. JTO NPOMCXOIWT 33 CHET TOro, H9I0 C
IOMOIIEI0 TPAHSHCTOPOB OIPEACICHHEIE IDYNNEl, CTYNECHIaT0 MPUCOCAUHEHHbIE K
YCTOUHHKY THTAHKA, I00YEpeNHO NOAKIIOIaoTCs K Harpyske. IlocnenosaTensHOCTE
BKIOUEHMS ¥ OTKIIOYEHMS TPAH3HUCTOPOB OCYLISCTBILIETCA TAKUM 00pasoM, -HTO
HanpsHkeHue OyIeT MMeTh MPAKTHYECKH CHHYCOHUIATBHYIO bopMy 0e3 BBICIINX
rapMOHUK.

Jlamnas cucTema Npeo0pasoBaHMs ONEKTPOIHEPrHH MIO3BOIACT MONYIHTE
skoHoMMUecKu#r  3dhdeKT 0T  OKOHOMHMM  JOPOTOCTOANMX  CONHCYHBIX
dorompeobpaszoBaTeneH, Tak KaK OpH TaKOK CHCTEME OYAyT UCTIONB30BAHBI HE BCE M
¥ m CONHEYHEIX ¢otonpeoOpazoparenell. HeHCHONEI0BAHHBIE  CONHCTHBIC
doTompeobpasosaten (0003HAUCHBl Ha PHCYHKE 2 NYHKTHPOM) IPHUBEAYT K
VIEIIEBIEHIIO BCEH CHCTEMBI, 3 TAKXKE 38 CIET HCKIIOICHIL MX U3 CUCTCMEI dunsIpa
YMEHBILAIOTCA MAaccaradapuThl pasMephl.

Taxxe BO BTOpOH IyaBe pa3paboTaH ¥ ONMCAH ANTOPHTM YIPABICHUS AN
onHO(A3HOr0 MHOTOCTYIIEHIATOIO TPAaH3HCTOPHOTO MHBEPTOPA.

MHOTOCTYIIEHUaTyI0 (OpMy HalpsDKeHHdA, KoTopas C(OpMHpOBaHa * H3
OTHENBHBIX N CTYNEHYATBIX HANpKEHWM, HMCIOMYI0 PpasaudHyio BEIMHHHY
amrnutyZ E ¢ ouHaKoBLIM meprofoM 1, Ho © PazIHYHOR CKB)XXHOCTBIO 72 y MOXKHO
PA3NOKATE KaK HEIPEPLIBHYIO IEPHOIUYECKYIO (GYHKIIHIO Ha TapMOHHYECKHE
COCTABIAIOUIKE. o

HanpsXeHue ¢ N-BIM KOJMYECTBOM CTYICHEH PapBHO CyMMe N GyHKIHH ¢
COOTBETCTBYIOITHAMHM MapMOHUKAMH; -

AU yined 3m1 . Sza

L cOS 3a)0 + sin

Ufat) =k M . (sin —=cos ws + sin 1
I 7z 2

cos 5::00 +oie

U,(at) =k, U, - (sin n;-z cos®, + sin 371:;2 cos3 ®, + sin 5‘;2 cosS @, +...),
T

U _(ot) =k, s, (sin—gE]L”—cosml0 + sin S, cos3w, +sin o, cos5@, +...),
i 2 2 2 -
Ulot) =k, U_{ +k,U, € + ... + kU

2 4 B . 2, 3wy, n, . Smg,
U(a)t)=ij E{“‘[ ISIHE%COSQ)“+Z;SIH ?;G"cos3(,)D-f-Zsm—-z—-LcosSo)ﬁ....}

j=l 1=l

1=

n
Tae Zk ; =k,+ ky + k3+....k,; U-HanpsxeHue Ha BRIXOAC HHBCPTOPA;
=
U, - HanpmHKCHHE HA 3aXWMax COJHEIHBIX Oatepeit; K;- KOIMIeCTBO
CONHEYHBIX BaTapeii B Kaxaoif COOTBETICTBYIOINECH CTyHECHH. o
[To BEINIE OHpPENCNCHHBIM BEIPAXKCHHUAM OMPENCICH rapMOHHYECKHH COCTaB
TpeX, YETHIPEX, [IATH CTYIIEHYATON OAHO(asHOH KpUBO¥ HATIPSIKEHUA U YCTaHOBICHO
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COOTBETCTBHE WX 3Havenuil cragmapraM. Pacuer H aHauM3 I[0Kasan, HT0
TPeXCTyTIeHJaTas KpUBas HE COOTBETCTRYET tpeGosanmsm I'OCT.

Jlns Gonee MOJXHOrO aHamusa Obuia HCTIONB30BaHA CHCTEMa MPOCKTHPOBAHMA
“System view”, Ha OCHOBE KOTOpO# OBLiia HPOMOZETHPOBAHa GYHKIHA CTYIEHYaTOro
HATPSDKEGHHS sl OTHOM, Tpex, derhpex ¥ TATH crymemed. Iloctpoemsr M
IIPOMOJIETMPOBAHE! TPadHKK CTyIEeHYaTOH (QYHKIMH U3 PACcIeTa UL IATH CTyTIeHeH,
TZie YPOBHHE CTYTICHH ABIMIOTCS HEPaBHOMEDHBIMH.

CucTeMHOe CpeCTBO IpoekTHpoBaHus “System view” NpenocTaBifeT METOA
6sicTporo npeobpaszoanmsi Pypse (fast fourue transform), KOTOpBIA MO3BOJIAET
[IOMy9HTb BCE CIIEKTPANBHBIE COCTABITIOIIME 10 HanpsOKeHmo. B KkayecTse nprMepa
HA PHCYHKAX 3-5 MPEACTABICHEI CIIEKTPAIBHBIC COCTABILIOINNAE [ULS TPEX, ICTHIPEX U
IIATHCTYIIEHIATOTO HAIIPAKCHIA.
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PucyHOK 4 — CeKTpaibHas XapakTepHCTHKA /s TPEXCTyeHIaToH (YHKITIA
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. Prcynok 5 — CreKTpailbHas XapaKTepHCTHKA UL IATHCTYeHIaTol QyHKIHH



PacueTs!  HOATBepAWIM, YTO  YCIOBHAM  CHHYCOMIAILHOH  KPHBOM
YIOOBIETBOPAET YETHIpEX M IIATH CTyleH4aras KpHBas HaNpPMOKEHH#A, HO IPU IATH
CTYNEHAX TIPHCYTCTBYET €IlE OJHA JOIONHUTENBHA CTYIIeHb, KOTOPYIO COCTABISAIOT
JOPOrOCTOSIIHAE CONHEYHbE IMEeMeHThl. [103ToMy ¢ SKOHOMHYECKOH TOYKY 3pEeHHs
yeTRIpEXCTyNEHYaTas  (GopMa KpMBOH - HampsKeHMs  sBiseTcs  Haubonee
3¢ (heKTUBHOMN, IIATUCTYIIEHYaTas KpHUBas OyneT Hanbonee CHHYCOUIANBHOM.

st OIpeneIeHus KOJIM4ecTBa CIKOHOMIIEHHBIX COJNIHEYHBIX
dboronpeobpazoBarenel (0003HaueHHBIe HA PUCYHKE 2 IYHKTHPOM) B CHCTEMe Ha
Gase TeopuHu MaTpul, ObUIA paspaboTaHa METOOHKA paHHOHaJIBHOPO UCIIONE30BAHKS
colHeyHEBIX oTonpeobpazoBareneii.

Ecmu kaxnmeii CO cxeMmpl paccMaTpuBarh Kak 3J€MEHT OIpejleneHHON
MATPHUIGI, TO MOXKHO IIPOM3BECTH pacdeT BCEX BO3IMOXHO 3a/eHCTBOBAHHBIX
aKTUBHEIX ¥ TIACCHBHEIX COJHEWHBIX oTonpeobpazosareneif. O6mee umcio Aggy
3aJIcHCTBOBAHHBIX  COJIHEUHBIX (QoTonpeobpasoBaTeney, IOCICAOBATENLHO - |
IIApATUIENIBHO COCNMHEHHBIX MEXZy co0oif, MOXHO OIpEAeNHTh H3 CHeyIoIei
MAaTpHIIBI. _ _

a’nl anz an] a’nm
A —
obiy azn a22 a3 a,.
21 812 23 B im _

Ecmu o6uIyio MaTpHily DEKOMIIO3HPOBATH IO CTYHEHSM . M HCKIFOUMTH HE
3afeliCTROBAHHEIC CONHEYHBle (OTOMpeobpasoBaTENH,. TO MOXHO ONPCAENHTH
MaTpHIy aKTHBHBIX (3afieiicTBOBaHHBIX) (oTompeobpasoBareneit. Ilpn aToMm gmHcno
maTpull OyZeT 3aBUCUTH OT YMCIAa CTyneHed HalpsDKEHHS Ha BXOJE MHBEPTOPA,
KOTOpEle  (OPMHPYIOT  HampsDkeHWe  Ha  BRIXojJe — uHBepropa.  Ilpm
YeTRIPEXCTYIIEHYaTOM HalIPSDKEHHM Ha BXOJE MHBEPTOPA MATpPHMIIB], MOJYYEHHEIE B
pe3yNbTaTe JeKOMITO3HIKH, HMEIOT BHA:

- 7 Ay sk l) Bk s(k42) U Bk, m—-l)—'

Akn,l a'kn,2 alm,m " ( 1+0) i (: 1+2) . n (
A1= ] A2= . _

: : : A, sk +1)  Bkyo(lg+2) 7 Bk (m-))

a1 8k2 7t Bkm Bk, +D)  Bky(+2) T Bk (m-D)

Aok +3) Bk o(k+4) 7 Bk, (m-3) Qi s(kg+d) Bk (k+5) 7 Bk a(med)
A3: ’ ' ' - ,A4: -

Ak, o(ky+3)  Bkyok +4) T 8k,,(m-3) Ak, sk +4)  dkyo(ky+5) 77 Bky(m-4)

8,k +3) Bkp(kg+8) T 8k (m-3) | A k) B T Bk (m—4)

[Ipy 3TOM HEOOXOOMMO OTMETHUTH, UTO GHCIO JEKOMIIO3MPOBAHHBIX MAaTPHUIL
6yZeT 3aBHCHTh OT YHCJA CTyIeHel, CTPOKA MAaTpHil MOTYT OBITE PaBHOMEDHBIMHE -



WIH JKeé HepaBHOMEpHHIMH, B 3aBHCUMOCTH OT BEIPa0aTEIBAEMOTO  YPOBHS
HaMpsDKeHUS Ha CTYICHH.

Ecoi CIOXKHTH BCE MATpHMUBI, Pa3NOKEHHEIE [0 CTYNCHAM, TO IOIydHM
CYMMY aKTHBHBIX 3JIEMEHTOB:

AaK=A1+A2+. . ..An.

UroOsl  paccudrarh  9HCI0  NAaCcCHBHBIX 'CONHEYHEIX  37EMEHTOB,
TIPEJICTABNEHHBIX HA DHCYHKE 2 IIYHKTHDPOM, HeoOXoluMMO OT OOILIero 4Yucia
CONHEYHBIX hoTonpeobpasopareeli OTHITh AKTHBHOE YHCIO SJICMEHTOB:

Anac= Acﬁm - Aazc-

Taxum o0pazom, HMEETCS JacTh TIACCHBHBIX COTHEYHBIX
doronpeobpazosateneii, KOTOPYIO MOXKHO HCKIOTUTE B TEM CaMBIM y/ICHICBUTE BCIO
cucreMy TpeobpazoBaHmsi. YUHTEIBas COOTHOIMIEHWS AKIMBHBIX M IACCHBHBIX
5IEMEHTOB B NPONEHTHOM OTHOMIEHHH, MOXHO DPacCiMTATh 3t ¢eKTHBHOCTE
paspaboTaHHoit CXxeMbl IPe0dpasoBasys ¥ IKOHOMHIO CO, T e.: |
Ay ):100%.

b A‘

PacueT ¥ aHATM3 Pe3yIbTATOB, TONYYEHHEIX IO paspabOTaHBOH METOMWKS,
FI0K33aJl, YTO TIP¥ MHOTOCTYTICHYATON OAHOGMA3HON CHCTEME nmpeo0pa3oBaHul MOXKHO
CIKOHOMHTS 38.88% comHeuHsIX (poTompeodpasoBaTeneH.

Ha ocHOBe pa3paboTaHHOM CHCTEMEl MHOIOCTYIIEHYATOrO OHO(A3HOTO
peoGpa3OBaHMd [OCTPOSHE! MOJENH ¢ MCIOJIE30BaHueM NMpOrpaMMHOro IPOYKTa
MATLAB. KoMmsioTepHOoe  MofenupoBapme  OBLIO IIPOBEICHO I
OIHOCTYIIEHYATOM, MBYXCTYNIEHUATOH, HETHIpEX H IATHCTYIEHIATHIX KPHBBIX
HANPSOKEHHS, TIPEACTAaBICHHEIX Ha PUCYHKE 6 .

A =Dwe (4
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PrcyHOK 6 — BEIX0fHOE HaPOKEHHE IATHCTYTIEHIaToro npeobpazoBateis

[fo [DONyYeHHBIM  BBIXOAHEIM  XapaKTCPHCTHKaM  NPOBENH  aHAIH3
rapMOHMYECKOr0 COCTaBa. AHANM3bl MOJYHEHHBIX FapMOHHHECKHX COCTAaBIAIONRX
[IOKA3aTH, UTO KpHUBas HATIPSKEHHsS [PA 9eTHIPEX M IMATHCTYNCHIATOM CHCTEME
npeoSpazoBaHrs MMeeT TakoH )¢ FapMOHMYECKHH COCTaB (pucyskn 7-8), Kak H

g
gt

KpHBas MEOTOCTYNEH4aTol QyHKIHH HalpsKeHus (PUCYHKE 3-5). e e
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Pucyrok 7— 'apMOHHYECKHE COCTAB/LIIOIINE YeTBIPEXCTYNICHIATOH MOIENH
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PricyHOK 8 — I'apMOHHYIECKHE COCTaB/IAIOIIHC [IATHCTYICHYATOH MOIENH

Taxke BO BTOpOM IiaBe  paspaboTaHa METOAWKA pacdcra H BEIOOpa
aKKyMyJSTOPHBIX ~ OaTapei  jmst  aKKyMyIHpOBaHHA COJNHEYHOH  SHEeprHH.
AxxyMmyisTopHsle GaTaper MOryT OBITh COEMMHEHBI Kak NOCICHAOBATENBHO, TaK o
- mapamnensHo. IIpH  IOCTENOBATENbHOM COCJMHEHWH  YPOBHH HAUDAKCHHA
CYMMHPYIOTCS, 8 IIPH NapajllebHO COeJUHeHNH TOKH CKIA/(bIBAIOTCA. O6maa dopMma
COeMMHEHNS aKKYMYJISTOPOB UMeeT CTYNEHIaTyIo popMy.

Kaxayio aKKyMyJSTODHYI0 0aTapeio MOXHO paccMaTphBaTth Kak 3JICMEHT
ompefeieHHOY MaTpuiml. IIpy cryneHIaToM COCAMHCHHH OynmyT 3a7eHCTBOBAHEI
[OCJIENOBATENBEO W TAPANIENBHO COeJWHEHHEIe Oaraped, KOTOpBIE COCTOAT H3

CEAYIOIAX MATPHL, COOTBETCTBYIOIMX KONKIECTBAM CTyTICHEH.
A=A+ At Azt A,

rme Aj, Aj, As ....... Ay — MATPHIB], COOTBETCTBYIOLINC KaK10i CTYIEeHH.
Ofniee HaIPAXEHMA AKKyMyJIITOPOB HA KAXKIOH CTyIICHH PaBHO:
Uarc = Uﬁ Zmi ‘
11



rie  Uj — 6asoBoe HalpxeHue akKyMyJISTOPHOMR GaTapew;

imi — KOMMYECTBO HOCHEA0BATENRHO COSANHEHHBIX aKKYMYIATOPOB B
i=l
CHCTEME aKKyMYJIUPOBAHHA.
EMKOCTH 0JHOTO aKKyMyILITOpPa ONpeNeNseTCs KaK:
C=Ixt
e t— BpeMs paboTel aKKyMyJIATOPHOHI Oatapen.
Torma Tox oaHOM akKyMynaTOpHOH Garapeii paseH:

=<
t

Obomii TOK CTyHeHYarToif aKKyMy/ISTODHOM CHCTEMBEI OIPENENsfeTcs IO
caenyromei dopmye:
I, = —C—E’—zk: 1,
t 5 ,
rie Cy—0a3oBas EMKOCTh aKKyMYJIATOPHOM GaTapem;
N, - KOJTM4ECTBO MapaIeNbHO COSTUHEHHBIX aKKYMYISTOPOB B i-0i CTYIICHH.
Obmas  MOIIHOCTP BCEX  aKKYMYISTODHEIX  OaTapel B  CHCTEME

aKKyMyJIHPOBaHUS paBHa:
P =U_+IL_,

k
Pu= U, %Znimi
i=l

Heo0xomumoe obuiee KOJIHMYECTRO aKKyMY IS TOPHBIX Oatapei
3a[eCTBOBAHHBIX B CHCTEME AKKYMYIHMPOBaHHA OIpeeNndeTcs CIEeYIOMHM

BRIPAKEHHEM:
k
N=»nm = Pt
s C,U,

B Tperbem pasaesie paspaGoTaHa CHOTEMa MHOTOCTYIEHYATOTO Tpex(asHoro
npeobpasoBaHus, KOTopas obecrieynBaeT (OpMy KPHBOH BEIXOJHOTO HAIpPDKEHHS,
OUeH5 ONM3KYIO K CHHYCOM/IC M C MEHUMANLHEIMY 3HAYEHHAMH BHICITAX [APMOHUK,
He TpeOyromux GUILTPOB.

ITO OCYILECTBIAETCA 38 CYET TOT0, YTO UCTOYHUKH OCTOSHHOTO HAIPSKEHUS
Pa3fe/IeHs! Ha I He3aBUCHMBIX HCTOYHHKOB ¥ BMECTE C MOCTOBOM CXeMOM HHBEpTOpa
ROIOJIHATENLHO BKIIOYEHbl N-1 MOJTYMOCTOBBIX - CXEM WHBEPTOpa, KaXnpad wus3
KOTOPEIX COCTOAT K3 TPeX TPaH3MCTOPHBIX KIIOYeH, KOMIEKTOPH KOTOPBIX
NOAKIIOHCHEl K HCTOYHHKAM IIOCTOSHHOIO HANPSXEHUS, 4 3MMMTEDH, BMECTE C
Tpex(asHOH MOCTOBOH CXeMOW MHBEPTOPA, IOAKTIOYEHE! Ha OBIIYIO Tpex(asHy:o
Harpysky. KpoMme Toro, cooTsercTBeHHEIMHA HanpsokeHusMu By, E,, Es,...,. E,, roe
E|-nepBelf  HCTOYHWMK  HIOCTOSHHOIO Hanpsoxerus;  E,-BTOpot  MCTOYHMK
TIOCTOSIHHOTO HANPsDKeHUs; E3—~TpeTuil HCTOMHMK TIOCTOSHHOTrO Hampsokerns; E,— n-
BIA  HMCTOYHHK  IIOCTOSHHOTO * HANPDKEHWSA, COSHMHEHEl MeXIy coboii
NOCIENOBATENBHO M MAPAIETEHO (PUCYHOK 9).

12
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Pucynox 9 — MHorocrynenuaras Tpex(asHas CHCTEMA C AKKYMyIIATOPaMH

Pabota Tpansuctopos HHBEpPTOpa BENETCSA Mo pa3pabOTaHHOMY ANrOPUTMY.
ITeprion BEIXOXHOTO HATIPSKEHMS GELT paszfieNIeH Ha BOCEMHAIUATh HHTEPBaNos 1-18
¥, COOTBETCTBECHHO, B KaXIBIi MOMEHT BpPEMEHH IPOH3BONWICS BKIOYCHHE W
BRIKIOTCHAC TPaH3UCTOPOB HHBepTOpa (pHcyHOK 10), Ha Harpyskax IIPOUCKOTHAT
CTYIIEHYATOE CYMMHPORAHHE BCEX HCTOYHUKOR HalP;UKEHMS Ha BCEX (hasax, IpHdYeM
hopMa KpHBO# HaITpsXeHus GIIM3Ka K CHHYCOHZE. | |

HIOTEPB ALY »
1123|315 ]a T8 191011 (12 (i3 [13Ti5]16 (17118

' 1 174 /4 274 174 .
o 2 3/4 14 ) . 174 14
= 3 149 /4 344 14}
B 4
. 5
] G
A 7
2 8
c 5]
é lﬂ__

11
g 12 I L

13

14

15

14

17 .

13 o

Pucyrok 10 — ITocnenoBarensuocts PaboTHl TPAH3HCTOPOB MHOIOCTYIIGHIATOr0
Tpex(hasHoro HHBEPTOpA ,. :

Ha ocHOBe nOrm4eckux ypaBHeHHH ObL1 OMHCaH paspaboOTaHHEIH aJropHTM
YUPABICHAA TPaH3UCTOPAMH MHOIOCTYIEHYAaToro Tpex(asHoro umsepropa. Ilo
pa3pabOTaHHOMY ArOPUTMY MOXKHO YIPaBIKTE paboTol HHBEpPTOpA M MO KPHBOIL
HaNpSKEHASA IIPOBEPHTh  COCTOSHHUS dhas Tpex(asHOTO MHOTOCTYIIEHYATOro
HHBEPTOPA Ha TPaH3HCTOPAX. | |

B pabore 6511 IpoBeseH rapMOHMYECKHIT AHATH3 Tpex(asHoi Tpex, JeThIpex,
H NATUCTYNEHYATOM KpUBOHM HampsokeHHs. IS 3TOr0 HCHOIB3OBAHEL QOpMYJIBI
TApMOHIIECKOr0  cocTaBa MHoroctynemdatod ¢ymximu. Ilo mposemeHHOMY

TApMOHUYECKOMY aHANK3y ONPENENHM, ITO MPH MHOTOCTyIeHYaTod TpexdasHoit
13



cucTeMe npeobpa3oBaHus TPeX, YETHIPEX M IATHCTYNCHIATHIC KpPUBbIE HAPIKCHIS
COOTBETCTBYIOT CTAHAAPTAM CHHYCOMIANbHOH (hOPMBI KPHBOH HAIIPSKEHHAL.

B Tperveli -riaBe 1o pa3paboTaHHOH METOAHKE  PAlHOHANBHOIO
HCIONE30BAHMSA CONHEYHBIX (oronpeobpasopareneli OBUIH IPOBEACHE! PACIETEI AL
Tpex(asHoOl CHCTEMBI INpeo0pa3oBaHMs IPH Pa3HEIX CXEMax HUHBEPTHPOBAHIMIL.
CornacHo pacderaM OBUIO YCTAaHOBIEHO, YTO IpPH TPEX(asHOH CHCTEME
npeobpasoBaHus MOXHO 3koHomurs oT 18,5% 1o 35,19 % nmoporocToAITHMX
CONTHEYHEIX (OToNnpeodpazoBaTeneH. .

Ha ocHoBe pa3paboTasHOM CHCTEMBI MHOTOCTYIICHIATOro Tpex(a3Horo
npeoGpa3oBaTeNs TOCTPOCHBI MOACHH B CPEAC MOAETMPOBAHIS MATLAB, nns onHo,
TPEX,4eTHIpEX W  IMTHCTYNEHYATHIX  Ipeobpa3oBaTelNcH. Ha  Barpyskax
ASTHCTYNERdaToro  TpexdasHoro  mpeoOpasoBatesis — IIONY9EHO — BBIXOAHOE
HaNpSKEeHHe, IpeicTaBleHHoe Ha pucyrke 11, [lna NONYUeHHOH KpUBOMU
HampsDKeHus 1, C IIEMBIO CpaBHeHys, ObLIa [HOCTPOCHA HACaNbHAS CHHYCOMATbHAL
kpuBas HanpsoxeHus 2. OHa 03BONSET NPOAHATH3APOBATE, HACKOIBXO TIONyYeHHEH
pe3yIBTaT MPUOIIKACTCS K HACNBHOH CHHYCOUNAILHON KPUBOY HAIIPSDKSHAS.

St «**s‘m"q?a 5

1- BHXO,I{H&SI CTyIIeH4aTast KpHBaﬁ Hanpmxeum 2- mleamaﬂaa CHHYCOPIII&J‘IBH&H
- KpHBas -
Pucynok 11 — Belxonsoe HanpsxeHue Tpexq)asﬁon IS THCTYIIEHYaTOH MOJIeNH

B cOOTBETCTBHM ¢ TIpaMueckuM AaHAJIH30M MOXHO YTBEXKHAATh, 4TO IIpH
Tpex(hazHol HArpy3Ke C POCTOM CTYIEHEH MOXHO ITOJIYYUTH KPUBYIO HATDSIKEHI,
IPHOMKEHHYIO K CHHYCOHJIE. -

B uerBepTOM pa3siesie [0 pa3paboTaHHOH CHCTEME MHOTOCTYNEHYATOH
onnoGha3Hoi cHcTeMbl peobpasoBaHus MOCTPOEHA IKCICPUMEHTAIbHAA MOIENDb C
MHKPOIIPOLIECCOPHEBIM yHpaBlIEHHEM. MHEKpOITPOLIECCOPHOE VIIPABICHUE
OCYIeCTBIAETCS C TOMOIBE MukpoxonTpouiepa PIC16F877. Paspaborana
CTPYKTYPHAs CXéMa C MUKPOIIPOLECCOPHEIM YIIpaBieHueM ( PUCYHOK 12). |

14
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Pucynok 12 — CTpyKTypHasd cXxeMa MHOTOCTYTICHIaToro MHBEPTOpa ¢ e
MHKPOIPOIECCOPHEIM YIIPABICHHEM S

PaspaGoTaHa NpUHUHITHATBHAS CXeMa W TIOCTPOSH ONBITHbIM obpazel] Tpex "
yeTHpeXCTynen4aToro npeobpaszoparend. IIpoBefeHb! 3KCIIEPHMEHTHl IPH PasHBIX
BHIaX HAarpy3KH, B YAaCTHOCTH, [UiS aKTUBHOM, MHAYKTHBHOH, aKTHBHO-MHIYKTHBHO-
eMKOCTHO}, aKTHBHO-EMKOCTHOH.

| BeixomHoe — HanpsOKEHUE YETHIPEXCTYIEHIaTOr0  ONHO(A3HOro
3KCIICpPHMEHTANEHOrO ofpasua ¢ aKTHBHOH M HMHAYKTHBHO-aKTHBHOH HAarpy3KOH
‘ 3a(hUKCHPOBAHO Ha OCLIILIOTPAMME M IIPEJICTABIICHO Ha PHCYHKe 13. |

W ae

a) aKTHBHAs Harpyska 0) MHIYKTUBHO- aKTHBHA] Harpy3Ka |
Pucysok 13 — Ocuuorpamma BEIXOHOTO HAPSKEHHIA qe*rmpexcwnemamro
oHo(haszHoro npeobpazopaTelisd SR
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Pucynok 14 — Buemnuit BUA YeTHIPEXCTYIEHYATOTO OAHODA3IHOr0 npeobGpasoparens

B opmamHoi#f TnaBe IIPHMBEAEHBI M PACCYUTAHBI OCHOBHEIC - NAPAMETPHI
pa3paloTaHHOIO  MHOTIOCTYTIEHYAaTOro  ONHO(Aa3sHOTO  HHBEpPTOpa: BBIXOXHOS
panpsoxerue —220B; gacrora —500'; qeHCTBYIOmMAs BBIXOAHAA MOIHOCTE— 2,5 xBT;
hopMa KpHBOM HaIpsDKEHWUS — MHOTOCTYIIEHYaTas; MaccarabapuTsl — 2.8Kr; pasMepEl
~ 430x220x140mmM; KITI{ —98 %.

B nsToM pasjgeje [NpHBEIEHH METOAMKa ¥ pacdeT 3KOHOMHYECKOIo
obocHoBaHE paspaboTaHHOi cucTeMbl «COIHEYHBIE — 3JIEMCHTHI-HHBEPTOD—
garpyska». [IpoBefileHHBIE pacdeTsl H aHAlH3bl [OKasald, 970 B OTIMIHE OT
CYINECTBYIOMMX AHANOTOB, paspaboTaHHEld mHpeoOpasoBaTeNs TpedyeT MEHBIIHX
duHaHCOBEIX 3aTpar. COrNacHO pacyeTaM YCTaHOBIEHO, YTO pa3paboTaHHBIH
npeoBpazoBarTesib COTHEUHOM IHEPTUH PHHOCKT B FoJ SKoHOMHUIO 4981934 Tenre n
pacyeTHBIM CPOK OKYNaeMOCTH COJHEYHOTo mpeobpasoBaTens 3HAYHTENBHO HHEKE
HOPMAaTHBHOTO, COCTaBIA€eT 15 MecsALes.

SAKJIIOYEHHUE

Ha OCHOBaHHH BBIIONHEHHBX B JHCCEPTALMOHHOM PaboTe TEOPETHISCKHX U
JKCITEPIMEHTAIBHEIX HCCIeJOBaHHH MOTYT OBITh COPMYNMPOBAHB! CICHYIOLIHE
pe3yNETAThI:

1) IeecoobpasHo HpPUMEHEeHHe MHOTOCTYIEHYATHX NpeobpaszoBaTenew,
KOTOPBIE ITO3BOJISIOT 3KOHOMHTH KOJMYECTBO CONHEYHEIX (OoTOIpeodpasosaTeneH Ha
38.8% npu oxHOMa3HOH, ¥ mpH TpexdasHo# cucTeMe npeobpasosanud — oT 18,5%
710 35,19 % 1 yMEHBIIUTE MaccorabapyUTHEIE pasMephl CUCTEMEI IPE0OPa3OBaHKA;

2)  [OKa3aHO, 4TO IPH OfHOGA3HOM NpecOdpPasOBaHUH YETHIPEX H IATHCTY-
meHwarsle, a [OpH Tpex(asHoM TpeX, YeThpeX U IATHCTYNEHYATHIC KpHBbIC
HAOpsDKeHust o GopMe OITH3KH K CHHYCORNAIEHOH;

3)  paspabotanHsle M OOcTpoeHmsie Mofenu B cpene MATLAB
MHOTOCTYIIEHYATOro 0AHOGA3HOTo H Tpex(asHoro npeobpasoparenell [OKa3EIBAIOT,
YTO ¢ POCTOM CTyIeHell BEIXONHAS KpHBas HANPMKEHMs Hanbomee CHHyCOH,T.[aJIBHa U
rapMOHHYECKHH COCTaB YIy4llaeTcs; .

4)  paspaboTanHble W ONHCAHHBIE HOBBIC ANIOPHTMEI YHPABJICHUA
MHOTOCTYIIEHIaTHIMA OAHOGDA3HEIM K Tpex(hasHEIM TPaH3UCTOPHEIMU MHBEPTOPAMH
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obecreunBaroT HauGonee 3ddexTHBHYI0 pabOTy TPAH3UCTOPOB H Ha BBIXOZE
II03BOJIAIOT IIONMYYHUTE CHHYCOUJANIBHYIO KPHUBYIO HATIPSDKESHHS,

5)  paspaboTaHuBlf ¥ peanM30BaHHBIA SKCIEPHMEHTAIBHEIN o6pazel
YETLIPEXCTYIEHYATOr0 OAHO(MA3HOro Ipeobpa3oBaTeli C MHKPOIPONECCOPHBIM
YIPaBICHHEM JOKashIBAET, YTO Ha BHIXOZle Npeo0pasOBaTeNss ¢ POCTOM CTYIICHH
MOXHO HOIy4HTE HaHOONEe CHHYCOUTABHYIO KPHBYIO HANPDKEHU.

PesynpTaTsl AUCCEPTAMOHHOHN paboThl OBLTH MCIIOIB30BAHEI IPU paapaﬁome
¥ BHEJPEHHH B IPOMEIIUIEHHOCTh WHBEPTOPOB Ha maxTe NeS5 3amagmo -
XKeskasranckoro pymuuxa TOO XKXTMK u B TOO Benoycorckoro I'OKa. |
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Tyhinaeme

HAcCepTaumANBIK  XYMBICTA KYH SHEPIHACHIH OHIIpICTIK  KHimikreri
AHHBIMAIBl TOK ONEKTPIHEPrHACHHA TYPICHMIPETIH, KemcaThuibl Gip ome ym
(pazanbl TYpIEHAIPTIIUTED XKACATFAH KOHE 3€PTTEIreH.

KYMEICTBIH MakcaTbl KYH 3HEPrHsChIH KyaThl YJIKEH GH,IuplCTlI{ XKULTIKTEr
aUHBIMAJIBl TOK QNIEKTPIHEPIUsAChIHA TYPJICHAIPETiH, MUKpPOIPOLECCOPIAPMEH
GacKapbUIATEIH SHEPIHs YHEeMICYil xylenepai xacay MeH eHIipicke eHrizy 60IsIT
TaOBLIA B -

Kipicriese ®yMBICTBIH ©3€KTiIri Heris[eireH, OHbIH MAKCATHL XOHE FHLTBIME
JKAHAJIBIFBI MEH IPAKTHKAILIK KYHIBUIBIFEI KepceTinreH. Koprayra yCHIHEIIATHIH
HETri3rl Karujanap KypacTHIpsUEaH. JluccepTanmus . TAKBIPHIGBIHEIH  FHUIBIMH
Oacriaceszie JapusUIaHbIM IEHTeHi XoHe XaphIKKa IIBIFAPELTY KojleMi KopceTinres.
HuccepTanms KyphUIBIMBEL JKoHE KOlleMi TYPaIsl MaJiMeTTep KenTipinres.

JuccepTammansy Gipinmi SeniMinne AyHme xy3i OONBIHIIA KATIHIHA KEXETiH
SHEPTrUA Ke3/IepiH NakiamaHy, JaMyBl MEH OHBIH KapKelHAAy NeHTe#i Typaisl
KBICKAINa IOy MSH Tajayiap xacanrad. KyH sHeprusacei Typinesaipy crizbanapsi
MEH SJIICTepi, ONapIelH e3infik Kyrel Men [TOK maniMertep xepcerinres. OchHRIN
HOTHXKECIHIC KYH OSHEPTHACHIH . OHAIPICTIK JKMiNiKTeri SNeKTp 3JHEeprUsACHIHA
TYPIEHMIPETIH  SIICTeP MeH chI30aNapiblH epeKimenikrepi MeH -KeMIILTiKTepi
QHBIKTAFaH, JKOHE KYH SHEPIUsiChIH OHAIPICTIK JKHLNIKTETi 3IeKTp SHEprUsCHHA
TYPAEHAIPETIH 3HEPrH YHEMJIEYINI xyHenepi xKacayAblH KaKETTLUIIM KepceTinres.

Coupafi-ak, Oipinumi OemiMme KyH DHEPrHACHIH OJIEKTP JHEPIHACHIHA
TYPJEHAIPY OapBICBIEIa KOIAAHBUIATEIH HHBEPTOPIapAbIE Ch30anaphina ody MeH
TalAAyJIap XKacajraH.

Exinmi  GeniMAe HHCCETPALMANBLIK JKYMEBICTA KACANFaH TYPAaKTHl TOKTHI
OHJIpICTIK JXKMLNIKTeri aliHBIMalbl TOKKa TypleHAipeTiH Oip ¢aszanbl kel caTsuib
TYPACHAIPTilITIH TIapMOHHKANBIK  KypayHIBIIapbl  3epTTenred.  TONBIKKAHABI
3EPTTEYIEP XKYpPrizy ymiH “System view” xobanay sxykeci KOMJaHBUIFAH XoHE
COHBIH Herisigme Oip, TepT xoHe OeciHim caThUIap YIIIH CATHUIBL KEPHEYHiH
OYHKIUACH MOJIIIACHTEH.,

Mopnengey HoTwXKenepl, CHHYCOMAQNL KHUCHIK Ty HIAPTHIH TOPT koHe Oec
carbuikl TYPAEHAIpY ChI30aiaphld KaHaraTTaHIBIPATHIHBIH KepceTri, Gipak 6Gec
CaThIBl TYPIEHAIPY Ke3iHae KeIMOaT KyH 3IEMEHTTEpiH KaXeT eTeTiH Tarsl 6ip
KOCBIMIIIZ CATBHIHEIH OONATHIHBI aHBIKTabl. COHABIKTaH, SKOHOMHKAIBIK KarbIHAH
bec caThUIEl TYpJHEHAIDY Ke3iHJe KepHeY KHUCHIFRIHBIH (DOPMACE! CHHYCOMIAra
HEeFypJiEIM JKakKbIH Oolcajia, TOPT caTbUIBl KEPHEY KUCHIFRI THIMII OOJNATRIHEI
aHBIKTAJIIBL.

Exinmi OemiMae coHbIMEH KaTap Oip ¢asalsl Kem CaTbUIBl TPAH3HUCTOPIIEL
HHBEPTOD KaCallFaH XKoHE OHEI DacKapy alrOpUTMi CHIATTallFaH. |

XKyiteneri yHemuenreH KyH >I€MEHTTEDIHIH CAHBIH AaHBIKIAY YIIIH, KYH
AIEMEHTTEPIH THIMAI nalimanaHy sxicTemeci xacanabl. (OCH omicTeMe KeMeriMeH
KYPrisiIreH ecelTeynep MeH Tajifaylap HOTHXKeCi Keml caThlibl Oip (a3alsl
TYPIEHAIpY XyHeciH KonmaHy Ke3iHae KYH OieMeHTTepiHiy cadsl 38,88%.
YHEMIENETIHIH KOPCETTI.
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Exinmi GemiMme KYH SHEPIHACHH AKKYMYNHAIIAHTRIH XyHe ©Hmeil.
AKKYMYIIITOpTBIK Oarapesiiap Tis0exredl oHe NapalielbAl KOCHUIAMNE!, JKAIbI
CEI30aHBIH KaImbl KeIl caThlUisl Oomannt. COHBBIMEH Kartap, AKKYMYIATOPIEIK
6a'rapemap,r.mm KOII CATBLIRI ChI30aAa YKaIbl CAaHbIH aHBIKTay aIicTEMEC] OHAENIEH.,

Bip ¢asamel Kem caTHUIEl TYPIEHHIpY Kydeci HerisiHIe MATLAB
OargapiamMajiiay OPTAChIH  KOIJIAHBIN, MOZENJCY  JKacalraH. MATLAB
Gar;:apnamanay OPTACHIHAAFEl MOZENEYIEp 6ip, exi, TepT oHe 6ec CaTBUIE
TYpIeHAIprilTep YIiH Kyprisingi. ANBIHFAaH IIGIFBIC CHIATTaMaNaphl HerisiHze
rapMOHHKANBIK, KypayIlblIapFa Taijayiap sKacanjbl, ONap/bl HOTIKENepl Je TopT
sKoHe Oec caThUIBI TYPJEHOIpy >XyHenepi Ke3iHAE aiblHATHIH KEepHEY KHCBIFBI
CHHYCOMIANEIFA HEFYPILIM YKcac GOTaTEIHEIH KOPCETTL.

YmiHon TapayZa CyarilepAi KaxeT eTHeHTiH, XOFaphl rOpMOHUKaJIaphIHBIH
MoHi JKorapsl OONMAHTHIHBIH K9HEe KHCHIFEl CHHYCOWZJanbFa ©T¢ YKCacC IIBIEIC
KepHeyiH KaMT4MAachl3 eTeTiH, KOICATEUISl YIIhasamel TypReHmpriimn xylec
Kacamray. '

 Jlor¥Kansik TeHAeylep HeETi3iHme KeICcarslibl yuidasaisl TYpAeHmipiriTiy
TPaH3MCTOpNApHH  Oackapy aJropHIMi acajfaH. byin auroputM HeTi3iHzae
WHBEPTOPHLIH JKYMBICHIH Oackapyra Golamsl OHE KEpHEy KHCHIFBl OOMBIHIIA
TPAH3ECTOPNAp APKEUIBI JKacalFaH WHBEPTOPABIH (a3aiblK XaFrnaHnapbi TEKCEpYre
6orasl.

Y1, TepT XoHe 6ec CaThUIE YII (ha3ansl TYPICHAIPriITepAlH TOPMOHHKANIBIK
KypaMBlHa Talfay >Xacanfsl JKoHe YII, TepT JXoHe Oec CaTbUIbl TYPIEHAIPY
Kylienepiniy IIbIFGIC KepHEYNepiHiH KUCHIFbI CHHYCOWJalbl KEPHEY KHMCBHIFBIHA
colixec GONATHIHE] AaHBIKTANR.

YKorapeiaars! oficTeMe GOHBIHINA KYH DIEMEHTTepiH THIMI NaijaiaHy YIniH
Y cpazanm TYPJIEHAIPY Xy#Hecl Y]_T.HH SPTYpNi MHBEpTOpPIAp ChI30acCHIHA ecenTeyiep
KYPTi3lIAi. Ecen'reyﬂep HOTHIKECI apKeuibl  YII (asassl TYpJIeH,Il;lpy KyHecin
KOJNZaHy kesinme 6arachl KeIMGAT GombIn TaGBUTATHIH KYH dnemMeHTTepid 18,5% nen
35,19 % geiiin yHeMAeyTe OONATBIHBIH KOPCETTL

Ymiemi Tapayna coHpaii-ak, jkacalfaH KeICaTsUIbl YII dasanel TYpIeHAIPY
xyitenepinis MATLAB opracemmarst Mozeixfepi xacanrad. KoMIIBIOTepIiK
monengey Oip, eki, TepT #oHe Gec caTBUIEl KepHEY KHCHIKTAphl YIIIH JKacalllbl.
Tanmayaap KOpCeTKEHAEW caThbiiap CaHBl HEFypIbIM KeOeldreH caiblH, MIBIFEIC
KEpHEYiHiH KHCHIFEl CHHYyCOMIaFa COFYpPIIBIM jKaKBIH/(ai TyCe/l.

Teprininl Tapayna skacanrad 'xcyﬁenep YHIiH MHKPOTPOLIECCOPITBIK
GacKapbINaTEH KeIcaTslibl 6ip (asas! TYPICHAIPITiITiH KCIIepUMEHTaNb/ MOACH
wacansl, Mukponponeccopislk 6ackapy PIC16F877 MHMKpOKOHTPOMIEPIHIH
KOMeriMeH aTKapbLIaIbl.

Y oHe TOpT Carthliel  TYpIeHAiprimTiy Toxipmbemix  yirici xoHe
KYPHUTEIMIBIK, IPUHLEIHMANGL cXeManaphl KypacThIpsuimsl. JKykremenep Typi
opTypii Gonras Kesmeri, SFHM KYKTeMe Typi aKTHBTi, MHIYKTHBTI OHE aKTHBTi-
MEOYKTUBTI, CHBIMIBUILIKTEI, AKTHBTi-CHBIM/BLIBIKTEL CHNATTa OONFaHAarbl TOpPT
CcaTHLIEL TYPJICHAIPTIINT] SKCIEPHMEHTTIK 3epTTeyJiep KYPTi3Limi.

Becigmi Tapayaa >KacaqraH «KYH 2J€MEHTTEPL — HMHBEPTOP — XYKTEME»

KYHEeCciH KOHOMMKANBIK HETi3/ley MaxcarblHaa eCentTeyiep MEH Tannay XacaljbL
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JKyprisinres ecenTeyiep MeH Tanaynap YCHIHBUIBI OTEIPFAH TYPICHAIPTill OCHIFaH
yKcac 6acKa TYpJIeHAIpirimrepre KaparaHaa KapKbUTBIK NIKFRHIAPAE aHTapisIKTal
KaXeT eTHeHTIHIH kepcerri. Ecenrteymepre coifkec YCHIHBUIBII OTHIPFaH KYH
SHEPTUACHH TYPJIeHOIpIril xeurtbiHa 4981934 TeHre yHemzeyre MyMKiHIIK Gepeni
KoHe TYPJICHMOIpIriTiH e3iH-e31 akTay Mep3iMi KanbIITHIAH aliTapnbiKTail ToMEH
15 aiinnl Kypalnbl.

llnccep'raumnmg HYMBICTA OPBIHTATFAH TCOPHSIIBIK HOHE 3Kcnepnmem*anbm
3epTTEyNep HerisiHae albIHFaH HOTHKENEPi Kenecieit TYKEIphIMAayFa 60JIapI:

6) KYH dJE€MEHTTepiHiH caHbH Gip asansi XKyie kesinge 38.8%, ym dazams:
TYpREHAIpy XyHecl kezinne 18,5%-35,19 % neitin yHeMumeyre MyMKiHZiK Geperid
XOHE TYPJICHAIPY XYHeCiHiH MaccarabapuTTik emueMAepiH KimipeHTeTiH 3Hepro
YHEMZIEYIII KO CaTHUIBI TYPICHIIPTilITepal KONIaHy THIMII,

7) 6ip dazansl TypreHIpy Ke3iHAe TOpT koHe Oec caThUIEL, an Y dasaist
TYpREHAIPY Ke3iHAe VI, Tepr XoHe Oec  caTBUIBl TYPICHZIpYIEpAe MHIBIFLIC
KEepHEYIHIH KUCBIFBl CHHYCOWIara HeFypJIEIM vKcac Gomamsl;

8) kem careutsl Oip skoHe ym  (asansl TypneHgiprimrepaiy, MATLAB
OpPTaCHIHAArEl XAaCalFaH MOJENIEepl CaThbIapABIH CAaHBl O KOFaphlIaraH cainid
HIBIFBIC KEPHEYiHIH KHCBIFBl CHHycOMmara yKcac >XOHE OHBIH T'apMOHHKAIBIK
KypaMbl XaKcapa TYCeTiHIH Jonenneyre MyMKiHaik Oepei;

9) ken carelnbl OIp oHEe Y (asansl TYpPICHAIPriTepAiH TPaH3HCTOPIEIK
HHBEPTOPJIapbiH Oackapy aJII‘()pHTM,Z[epi TPaH3UCTOPNAPABIH ~ HEFYPIbIM THIMII
KYMBICEIH KaMTaMachi3 eTe/il XOHE CHHYCOMfara YKcac KepHeY KHCHIFBHIH SIyFa
MYMKiBAIK Oepeni;

10) Mmukporponieccopisl  0acKapeuiaThIH  TOPT . caThUlbl  Oip  ¢aszainsl
TYPACHAIPIiINTIH, 3KCIEpPUMEHTANBAI YATICl HEr131HAE TYPACHAIPIrill LILIFERICHIHAA
CATBLIAPABIE, CAHBl HErypibIM KeOelreH caliblH, IMBIFBIC KEPHEYIHIH  KHCBIFBI
CHHYCOHIara )aKbIHAaH TYCeTIHIH Aaleaaemi.

I{Hccep'raummbnq syMbIcTeIH Hotmxenepi AKIC XKI'MK bartsic JKeskasran
kenimiageri NeSS xome XKHIC Benmoycos I'OK eHmplc OpPBIHAaphIHA HHBEPTOP
eHTi3y O0aphIChIHAA KOJIAAHBLIABL.

JIMccepTaMsAIBIK JKYMBICTAFEl HEeTisTi HoTmKenepi 17 KapyslaHFaH XYMBICTa
TYKBIPBIMAANFal, COHBIH imiHae 3-eyi KP enep taby maTeHTI.
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Sammary

In this thesis multistage single-phase and three-phase converters of a solar
energy in the electric power of an alternating voltage of industrial frequency are
investigated and developed.

The work purpose is working out and introduction of power saving up systems
of transformation of a solar energy in the electric power of industrial frequency of the
big capacity with microprocessor management.

In introduction the work urgency is proved, its purpose is formulated, and also
scientific novelty, practical value of work are shown. The substantive provisions
which are taken out on protection are formulated. Level of approbation of a theme of
the dissertation and volume of the publications, the received results in the scientific
press is reflected. The data on structure and dissertation volume is cited.

In the first section of the dissertation the short review and the analysis of a
condition of development and tendencies of renewed energy sources all over the
world is given. It is spent the review of existing methods and schemes of
transformation of a solar energy, their cost and EFFICIENCY are noted. On the basis
of the review and the analysis of existing methods and schemes have defined the
basic merits and demerits of transformation of a solar energy in the electric power of
an alternating voltage of industrial frequency that has confirmed about necessity to
working out of power saving up systems for transformation of a solar energy to the
alternating voltage electric power.

Also in the first section the review and the analysis of existing schemes of the
inverters used at transformation of a solar energy is spent.

In the second chapter the developed single-phase multistage converter of
constant pressure in an alternating voltage of industrial frequency is resulted, and also
their harmonious components are investigated. For fuller analysis the designing
system “System view” on a basis which was simulated function step pressure for one,
three, four and five steps has been used.

Calculations confirmed, to conditions of a sinusoidal curve are satisfied with
four and five step curve of pressure, but at five steps there is one more additional step
which is made by expensive solar elements. Therefore from the economic point of
view four step form of a curve of pressure is the most effective, five step curve will
be the most sinusoidal.

Also in the second chapter the algorithm of management for the single-phase
multistage transistor inverter is developed and described.

For definition of quantity of the saved solar elements in system, the technique
of rational use of solar elements has been developed. Calculation and the analysis of
results received by the developed technique has shown that at multistage single-phase
system of transformation it is possible to save 38,88 % of solar elements.

Methodology of calculation of batteries for storing solar energy are developed.
Batteries can be connected serially in parallel, the General form of the batteries has
step form. Calculations to determine voltage, current, and the numher nf batteries
with some power.
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. On the basis of the developed single-phase system of multistage

transformation, models with use of software product MATLAB are constructed.
Modelling in the environment of MATLAB has been spent for one-stage, two-level,
four and five step converters. Under the received target characteristics have carried
out the analysis of harmonious structure. Analyses of the received harmonious
components have shown that the pressure curve at four and five step system of
transformation is closest to sinusoidal to a curve.

In the third chapter the system of multistage three-phase transformation which
provides the form of a curve of the target pressure, very close to a sinusoid and with
the minimum values of the higher harmonics which are not demanding filters is
developed.

In the third chapter on the basis of the logic g¢quations the algorithm of
management has been developed by transistors of the multistage three-phase inverter.
On the developed algorithm it is possible to operate work of the inverter and on a
pressure curve to check up conditions of phases of the three-phase multistage inverter
on transistors. |

Have carried out the analysis of harmonious structure of three, four and five
step three-phase converters and have defined that at three, four and five-step system
of transformation curve pressure correspond to standards of the sinusoidal form of a
curve of pressure.

By above developed technique of rational use of solar elements calculations
have been carried out, at different schemes of inveriing, for three-phase system of
transformation. According to calculation it has been established that at three-phase
system of transformation it is possible to save from from 18,5 % to 35.19 % of
expensive solar elements. '

In the third chapter, on the basis of the developed systems of multistage three-
phase fransformation, models in the environment of MATLAB are constructed.
Computer modelling has been spent for one-stage, two-level, four and five step curve
pressure. The analysis has shown that the quantity of steps on loading is formed by
growth a pressure curve close to the sinusoidal.

In the fourth chapter of the developed system the expenmental model of the
multistage single-phase converter with microprocessor management is constructed.
‘Microprocessor management is carried out by means of microcontroller PIC16F877.

The structural, basic scheme is developed and the pre-production model of
three and four step converters is constructed. Experiments for the four-stage
converter are made at different kinds of loading, in particular for active, inductive, is
active-inductance-capacitor, is active-capacitor.

In the fifth chapter the technique and calculation of an economic substantiation
of the developed system «Solar elements-inverters-loadings» is resulted. The carried
out calculations and analyses have shown that unlike existing analogues the
developed converter demands smaller financial expenses. According to calculations it
is established the developed converter of a solar energy brings in a year economy
4981934 tenges and a settlement time of recovery of outlay of the solar converter
considerably below standard, makes 15 months.
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On the basis of executed in dissertational work theoretical and experimental
researches results can be formulated the following: |

1) application power saving up mnogostupen-chatyh converters which allow to
save quantity of solar elements on 38.8 % at single-phase and at three-phase system
of transformation from 18,5 %-35,19 % is expedient and to reduce mMaccarabapuTsl
transformation systems;

2) it is proved that at single-phase transformation four and five step, and at
three-phase three, four and five step curve pressure under the form are close to the
sinusoidal.

3) the developed and constructed models in the environment of MATLAB
multistage single-phase and three-phase converters, prove that with growth of steps
the target curve of pressure is most sinusoidal also harmonious structure improves.

4) the developed and described new algorithms of management multistage
single-phase and three-phase transistor inverters, provide the most effective work of
transistors and on an exit allow to receive a sinusoidal curve of pressure;

5) it is developed and realised the experimental sample of the four-stage
single-phase converter with microprocessor management proves that on an exit of the
converter with step growth it is possible to receive the most sinusoidal curve of
pressure.

Results of dissertational work have been used by working out and introduction
in the industry of inverters on mine Ne55 Western - Zhezkazgansky mine of Open
Company ZHGMK and in Open Company Belousovsky I'OKa.

The main results of the thesis work, presented in 17 pubhshed works are 3
patents for invention OF KAZAKHSTAN.
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