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SAryn K.B. [lokpamianusi eHepreTMYHUX IMOKAa3HUKIB €JIEKTPOTEXHIYHUX CHCTEM 13
3aCTOCYBAaHHSIM MOIIYKOBOI ONTHMI3allii HA KOMIT IOTEpHUX Mojensax. - Kpamidikariiina
HAyKOBa Mpallsl Ha [paBax PyKOIUCY.

Hucepraris Ha 3100yTTS HAYKOBOTO CTYNEHS JOKTOpa TEXHIYHMX HayK 3a
cnemianpHicTIO 05.09.03 «EnexkTpoTexHiuHI KOMIUIEKCH Ta CHCTEMH» - XapKiBCHKUH
HAI[lOHAJIBHUM YHIBEpCUTET MichKoro rocmnojapcrBa imeni O. M. bekeroBa MOH
Vkpainu, HamioHanbHUN TEXHIYHMM  YHIBEPCUTET «XapKIBCHbKUW IMOMITEXHIYHUN
iHcTuTy™ MOH VYkpainu, Xapkis, 2017

Huceprariisi npucBsiyeHa po3poOlil 1 JOCHIIKEHHIO METOJIIB ONTHUMI3AIll PEeXKUMIB
CUCTEM €JIEKTPONIOCTAYAHHS €JIEKTPOTEXHIYHUX KOMIUIEKCIB 1 CHCTEM 3 HECUMETPUYHUMHU
1 HETIHIMHMMH HABAaHTAKCHHSMHU 3 METOIO IIJBHINCHHS CHEPreTHYHHMX ITOKA3HUKIB 1
pPO3paxyHKy TapaMeTpiB CHMETPO-KOMIEHCYIOUMX NPHUCTPOiB, IO 3a0e3MeuyroTh
ONTUMAaJbHI PEXHUMH, 32 JOINOMOIO0 MAaTeMAaTHYHMX 1 KOMI'IOTEPHHUX MOJeled  Ta
3aCTOCYBaHHSAM TIONIYKOBOI OMNTHUMI3AIli, peadi30BaHOI 3 BUKOPUCTAHHSAM Cy4YaCHUX
MPOrpaMHUX 3ac001B KOMITFOTEPHOI MAaTEMATHUKH.

B po6oTi gana mocraHOBKa 3aBJaHHS HA OCHOBI aHaJli3y CYy4acHOTO CTaHy MUTaHHS.
OOrpyHTOBaHI HEOOXIHICTh 1 MOXJIMBICTH 3aCTOCYBAaHHSI KOMIT'IOTEPHUX 3aCO01B s
BUpPILIEHHS! [OCTaBJIEHUX 3aBlaHb. Po3po0yieH1 y3arajbHEHI aJrOpuTMHU peanizalli
MOIITYKOBOI OMTUMI3allii 3 BUKOPUCTAHHSM Cy4YaCHUX KOMIT'FOTEPHUX TIPOTPAMHHUX MAKETIB.
[Toka3zaHi MOXKIJIMBOCTI 3aCTOCYBAHHSI PI3HUX KPUTEPIiB ONTUMI3ALIL JIs1 BUPIIIEHHS 3a7a4
M1JBUIICHHS €HEPreTUYHUX MOKa3HUKIB CUCTEM €JIEKTPONOCTaYaHHs 3 HECUMETPUUHUMU 1
HEJIIHIMHUMY HaBaHTaXEHHSIMU. BUSBJIEH1 BIAaCTUBOCTI CUCTEMH TOIIYKOBOI ONTHMI3AIil
3M1MCHIOBATH BUTICHEHHS] HEBIAMOBIAHOTO €JIEMEHTa CUMHTE30BaHOTO MPHUCTPOIO, & TAKOXK
MOKJIMBICTh 3BUIBHEHHS 3MIHHHX ONTHMI3Allll HUISXOM 30UIBIIEHHS X KIJIBKOCTI, IO
J03BOJISIE OOTUTHCS 3HAXOKEHHSIM JIOKATBHOTO MIHIMYMY 3 HACTYIHHM IepepaxyHKOM
napaMeTpiB, BIAMNOBIAHUX Ti00anbHOMY MiHIMyMy. Po3poOnenuii MeToJ MOIIyKOBOI
onTuMizamii 3 BUKOPHCTAHHSM MOJEJNEH CHUCTEM eJEeKTPOIIOCTauYaHHS  YCIHIIIHO
3aCTOCOBAaHUM JJIsl ONTHUMI3AIli PEKUMIB 1 CHHTE3Y CUMETPO-KOMIIEHCYIOUUX MPUCTPOIB B

Tpua3HUX TPUMPOBITHUX 1 YHOTUPHUIIPOBITHUX CHCTEMAX €JIICKTPOMOCTauYaHHS.



PeanizoBaHi mporiecu MOITYKOBOI ONTHUMI3allli 3 BUKOPUCTAHHSIM PI3HUX KPUTEPIiB,
30KpeMa, KOJIM MiIboBa (PYHKITISI HOPMYETHCS 13 3HAUEHb PEAKTUBHOI MOTYXKHOCTI JKEpeT
’KUBJICHHS, 3 CUMETPUYHUX CKIIAJOBHUX JJII HECUMETPUYHOTO PEKHUMY, B TOMY YHUCHI 3
BUKOPHUCTAHHSAM (UIBTPIB CUMETPUYHHUX CKJIQJIOBUX. Y BCIX BUITQJKax s (pOpMyBaHHS
T60BOT (PYHKIIII BUKOPHUCTOBYETHCS KyJIhOBAa METPHKA, B TOMY YHCHi 1 JIJIsl BUMAJAKIB
OaraToKpuTeEpiaJIbHOI ONTHUMI3alli, KOJIA CKJIaJ0B1 y3aralbHEHOT0 KPUTEPIIO MAIOTh Pi3HY
PO3MIPHICTB 1 Pi3HI 32 MOPSAKOM BenuuuHU. [100y10BaH1 MOBEPXHI 1 JIiHIT pIBHOTO PiBHS,
AKl JO3BOJISIIOTh HAOYHO OQuUTH XapakTep MOBEIIHKM ONTHUMI3allIiHOIO MpPOLECy, IO
CBITYUTh TPO MOXKIUBICTh BUHUKHEHHS CHUTYyallli SpiB B TOMOJOTI IOBEPXOHb
ontumizauii. Po3riasiHyTi MOXIJIMBOCTI 3aCTOCYBAaHHSI 3ac00iB ONTHMI3alli MPOrpaMHUX
naketiB MathCAD ta MATLAB, 30kpemMa, 3 BUKOPUCTAaHHSIM TaKUX METOJIIB HYJIbOBOTO
MOPSAAKY, IO HE BHMAararoTb OOUYMCIICHHS MOXIAHUX, TaKi SK METOJ J1e(hOpMOBAHOTO
OararorpaHHMKa ¥ METOJA  CIOJYYEHUX TIPaJI€HTIB. 3alpONOHOBAHO  AJITOPUTM
CKBIBaJICHTYBaHHS HABAaHTAXCHHS, 3a JIONMIOMOTOIO SIKOTO BHUIUISIOTHCS CHMETPUYHA 1
HECUMETpUYHA YacTMHM HaBaHTaxeHHs. [licns 1poro mapameTpu CHMETPYIHOUOTO
MPUCTPOIO IOCUTHh TOYHO BU3HAYAIOThCS 3a nonomorow Gopmyn Llteitnmerna 1 Kenneni.
3anponoHOBaHO MeETOj] OOepTaHHS TMapaMeTpiB EJIEMEHTIB CHUMETPO-KOMIIEHCYIYOTo
MPUCTPOIO, IO J03BOJIAE 3MIHIOBAaTH 1I MapaMmeTpu 31 30€peKeHHSIM CHUMETpPIi 1 TaKUM
YUHOM JIOCSITaTH PEXUM TOBHOI KOMIIEHCAlli peakTUBHOI MOTYyx)HOCTI. IlokazaHo
3aCTOCYBaHHS KPUTEPIIO BUPIBHIOBAHHS KUBWIBHUX CTPYMIB, 1110 JI03BOJISIE CUMETPYBATH
CUCTEMY, a JaJll 3a JOIOMOTOI0 OOEpTaHHS MapameTpiB BUWTHU HA ONTUMAJIbHUN PEXHUM.
JIJIsi 9OTUPUNPOBITHUX CUCTEM B 3B'A3KY 3 HEOJHO3HAYHICTIO BHPIMICHHS IMOKAa3aHO
3aCTOCYBaHHS BJIACTUBOCTI MPOIECY MOIIYKOBOT OMTHMIi3allli BUTICHATH HEBIIMOBIIHUIMA
M0 THUIy €JIEMEHT, a TaKOXX 3acTOCyBaHHS 3alpOTNOHOBAHOTO METOJY 3BUTbHEHHS
napaMeTpiB. 30Kpema, 3alpOlOHOBAaHO BHKOPUCTAHHS Yy3arajbHEHOTO pPEaKTUBHOTO
€JIEMEHTa B CUMETPO-KOMIICHCYIOUOMY MPHUCTPOTI, 3aBISKA YOMY MPUCKOPIOETHCS TPOIIEC
JOCATHEHHSI ONTHUMAJIbHOTO PIIIEHHS HA JIOKAJbHOMY MIHIMYMI 3 MOJAJIBLINM BiJIHOCHO
MPOCTUM TIEpepaxyBaHHSAM JUIA 3HAXODKEHHS MIHIMAJIBHOI KITBKOCTI PEaKTHBHUX
€JIEMEHTIB B CHUMETPO-KOMIICHCYIOUOMY MpHUCTpoi. Po3poOieHo MeTon BHU3HAYCHHS

ONTUMAJIBHOTO PEXUMY, 10 0a3ye€ThCs HA JIEKOMITO3WII CUCTEMHU EJIEKTPOIOCTaYaHHS,
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SAKUW JI03BOJISIE BHU3HAYMTH PEXHMHI MapaMeTpH CUCTEMHU €JIEKTpOIocTauyaHHsa Oe3
MIJKITIOYEHHSI CUMETPO-KOMIIEHCYIOUOTO MPUCTPOr0. Takui miixig J03BOJISIE TOJIMIITUTH
301KHICTh TPOIECIB PIMICHHS 1 MNPUCKOPUTH OTPUMAHHS IMapameTpiB ONTUMAIBHOTO
peXKUMYy 1  CHHTE3y CHUMETPO-KOMIIEHCYIOYOrO0  MPHUCTPOI. 3a  JOMOMOTOIO
3alPONOHOBAHOTO METOAy OyiM OTpMMaHi BCl IMICTh BapiaHTIB 11 SITHEIEMEHTHOTO
CUMETPO-KOMIIEHCYIOUOTO MPUCTPOIO JJisi TpU(PaA3HOI YOTUPHUIIPOBIAHOI HECUMETPUUHOI
CUCTEMU.

Po3riisiHyTI cUCTEMU €EeKTPOINIOCTaYaHHs, 110 MICTSTh B3aEMHO-TIOB'sI3aH1 1HYKTHUBHI
esieMeHTu. [ 1poro BUIAAKy po3poliieHa IMporpamMa, IO JO3BOJISE 3a MACIOPTHUMHU
JaHUMH TpaHchopmaTopa OTpUMATU MapaMeTpu iX mojesned B SimPowerSystem, B ToMmy
YHUCIIl y BUIJISAII MarHiTHO3B'SI3aHUX KOTYUIOK 1IHAYKTUBHOCTEH. [Ipoanaini3zoBaHi cuctemy,
B SKMX KOMIICHCYIOUl KOHJEHCATOPH IIIKIIOYAIOThCS depe3 TpaHcpopMarop Ha HOro
HU3BKOMY Oolli. PO3TisHyTO pO3paxyHOK CHMETPO-KOMIEHCYIOUOTO MPHUCTPOIO s
TATOBOI CUCTEMM 3alliI3HMYHOIO €JEKTPONOCTayaHHs 3MiHHOro crtpymy. lle nosBosse
KOMIICHCYBAaTH PEaKTUBHY MOTYXHICTh B CUCTEMI 1 BUKJIIOYUTH HECUMETPUUYHI PEKUMHU
pobotu TsaroBoro Tpanchopmartopa. [lodynosani rpadiku, 1o J03BOJSIOTH JOCUTH TOYHO
BU3HAYATH MMApaMETPH CUMETPO-KOMITICHCYIOUUX MPUCTPOIB I 3MIHHOTO HAaBAaHTAXEHHS 1
OJTHOYACHOTO HAaBaHTAXKEHHS Ha ABOX (igepax, IO >KHUBIATHCA Bl OJHOTO TATOBOTO
Tpancopmaropa. I[lpoananizoBaHa cxema CUMETPYBaHHsS OJHO(A3HOTO HaBaHTAKECHHS
CLIBCHKOTOCTIOAPCHKOTO TPU3HAYCHHS, sIKA BUKOPHUCTOBYE B SIKOCTI OJTHOTO 3 €JIEMEHTIB
BUIbHY BTOPUHHY 00OMOTKY TpudazHoro tpanchopmaropa. L1 gocnipkeHHs mokasaiu, mo
CUMETPYBAaHHS TaKOi CHUCTEMH MOXe OyTH 3IIHCHEHO B OOMEXEHOMY Jlana3oHi
HABAHTAXKEHb, 1 MPU IIOMY HE JOCSTAETHCS MOBHA KOMIIEHCAIlIS PEAKTUBHOI MOTY>KHOCTI.
JlocipkeHa TakoX YOTUPUIIPOBiIHA CHCTEMA 3 HEHUTpaJIepoM, 3a IOTIOMOTOI0 MOITYKOBOT
onTUMi3allii BU3HAUYCHI MapaMeTPu CUMETPO-KOMIIEHCYIOUOTO MIPUCTPOIO, IO JO3BOJISIOTH
3pIBHOBQKUTHU 1 CUMETPYBATH TaKy CUCTEMY.

JlJis 3HaXOJKEHHSI ONTUMAJIBHUX PEXXKHUMIB CUCTEM 3 JIyTOBUM PO3PSAOM pO3pOOIIeH]
Bi3yaJbHI MOJENI, $KI aJamnToBaHl [JIsi BUKOPUCTAHHA IX CHUIBHO 3 €JeMEHTaMu
610motexkn SimPowerSystem. 3a gomomororw ux MojeNield JOCHIIKEeHI MOXKJIUBOCTI

MIBUIIEHHS CHEPTeTUYHNX MOKA3HUKIB CHUCTEM E€JICKTPOXKHUBJICHHS TyrOBUX PO3PSIIiB, B
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TOMY YHUCJi, OCBITJIIOBAJbHUX MpUJIAAIB BUCOKOro TUCKY. [lokazaHo, 1o onTumizarlis
TUIBKKH KOe(]illleHTa 3CyBYy, pO3paxoBaHa 3a JIOIMOMOIOK 3alpOIIOHOBAHMX METO/IIB,
MIPU3BOIUTH 70 3HMKCHHS CIOKUBAHOTO 1O OCHOBHIN TapMoOHiIi ctpymy B 1,5 — 2 pasm,
110 ICTOTHO 3HM)KY€E BTPATH B JIHIAX elekTponepeaadi. [lokazaHi MOXIMBOCTI ONTUMI3AIIIT
PEXHUMY B CHUCTEMI XUBJICHHS AaCMHXPOHHUX ABUTYHIB, B TOMY YHCII MpPU HECUMETPIi
KUBUJIBHOT Mepexi. KoMIieHcalisi peakTUBHOI MOTYKHOCTI Ao03Bosigte B 1,5 — 1,8 pasu
3MEHIIUTH CIIOKUBAaHI CTPYMH 1 TIJBUIIUTHA KOSHIIIEHT KOPUCHOT Ti1 CUCTEMH.
Po3po0neHi MeToau 1 alrOpuTMH 3HAWNUIM €(EKTHUBHE 3aCTOCYBAaHHS JJI CUCTEM
CJICKTPOIIOCTAYaHHsI, 10 MICTATh CUJIOBI HAMIBNPOBITHUKOBI mpuiaau. TyT 3amada
BUpILIEHA CTOCOBHO JI0 THUPUCTOPHUX KOMIIEHCATOPIB pEaKTUBHOI NOTyxHOCTi. [lpu
bOMY B SKOCTI 3MIHHHMX OINTHUMI3alli BUKOPUCTaHI YacoBl NapaMeTpu KepYHOUHX
IMITyJIbCIB  TUpUCTOPIB. [lokazaHo, 1m0 METOJA TOIIYKOBOi ONTHUMI3allli 3 BHCOKOIO
TOYHICTIO BHU3HAYA€ TMOJIOKEHHS KEPYIOUYUX IMMIYJbCIB, HEOOXIIHI s MiABUIICHHS
CHepreTUYHUX MOKA3HUKIB CHCTEMHU  €JIEKTpONocTadyaHHsA. Jias  TUPUCTOPHOro
KOMIIEHCaTopa 3 OJHOCTYIIHYacCTOI KOMYTAIll€l0 JOBEIE€Ha IepeBara BUKOPUCTAaHHS
CUMETPUYHOIO YMPABIIHHS, $SKE€ ICTOTHO TMOJINIIY€E CHEKTP TapMOHIK KUBUJIBHHUX
ctpyMiB. [Ipu 11bOMY BUKITIOUAIOTHCSI HEKAHOHIYHI TAPMOHIKHY, @ KAHOHIYHI TAPMOHIKH, 110
3AJIMIIWIINCS, JIETKO MOXYTh OyTH MOJaBJ€H1 pe3oHaHCHUMHU (uibTpamu. KapauHaibhe
BUPILIEHHSI MPOOJEMHU CIIOTBOPEHUX MEPEKEBUX CTPYMIB, OOYMOBJIEHUX HETIHIHHUMU
HABAHTAKCHHAMH, 3a0€3MeUy€eThCS 3aCTOCYBaHHSM CHJIOBUX AaKTUBHHUX  (IIBTPIB.
[lokazaHo, 1m0 MeETOA TONIYKOBOI ONTHUMI3AIll MOXe OYyTH BHUKOPUCTAHUN JJIs
3HAXO/KEHHSI ONTUMAJILHOTO PEKUMY 3 MaKCUMaJIbHUM KOE(IIIEHTOM MOTYXHOCTI 0€3
BUKOPUCTAHHSA TPAAMIIIAHUX CKJIQJHUX CHUCTEM VYIOPABIIHHS CHUJIOBHUMH aKTUBHUMH
¢bipTpamMu, B IKUX 3[IIACHIOIOTHCA TOCUTH TPOMI3JIKI MAaTEMAaTUYHI IEPETBOPEHHS CTPYMIB
Harpyr 3a Qopmymnamu Krapka. Y 3amponoHOBaHOMY BapiaHTI B SKOCTI KEPYHOUHMX
BIUIMBIB BUKOPHUCTOBYIOTHCSI €TAJIOHHI CHHYCOIJaJbHI CHUTHAJIM, CHUHXPOHI30BaH1 3
dba3HUMU HampyraMu XUBWJIBHOI CHCTEMH. AMIUIITYJU LUX CUTHAJIB MPUHMAIOTHCS B
AKOCTI 3MIHHMX ONTUMI3allli, a KpUTEPii ONTUMI3allil BUBHAYAETbCA OATaHCOM aKTUBHUX
MoTyXHOCTe B cuctemi. [lokazaHo, 1o 1ei OanaHC XapaKTEPHU3YEThCS CTaO1TI3AIlIEI0

NepioANMYHOT HANpyrd Ha HAKOMWYYyBaJbHOMY KOHJIEHCATOPl KIHIEBOI €MHOCTI, IO
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KUBUTb CHJIOBUM AaKTUBHUNM QUIBTp NapajenbHOTo Tuily. Takuii miaxig J03BOJIHUB
PO3pOOHUTH OpHUTIHAJIBHI AJITOPUTMH TIOIIYKOBOI ONTHMI3allii HA OCHOBI BUKOPHUCTaHHS
JAUCKPETHUX 3HAYCHb HANPYTU KOHJECHCATOPA, BIJAAICHUX OJMH BiJ] OTHOTO HA BEIUYHHY
nepioly HaNpyTH KUBJICHHS.

Po3rnsiHyTO NUTaHHS CHUHTE3y CHMETPO-KOMIIEHCYIOUHMX MPHUCTPOIB A KUIBKOX
HECUMETPUYHMX HABAHTAXKEHb B MapalieTbHOMY 1 KackaJHOMY BkmoueHHI. [locTaBieno
3aBJaHHS BU3HAYECHHS MapaMeTpiB CUMETPO-KOMIEHCYIOUUX MPUCTPOIB LISl KOXKHOTO 3
HABaHTa)XEHb OKPEMO, IPUYOMY TIOBHHEH BPaxOBYBATHCS BHECOK B CTBOP €HHSI HECUMETPIl
1 TeHEepaIliio peaKTHBHOI MOTY)KHOCTI KOKHUM 3 IIJIKITIOYEHNX HaBaHTaeHb. Lle 3aBnanHs
BUPILIYETHCS METOJIOM MOIIYKOBOI ONTUMI3ALll1l, IPUYOMY OKa3aHo, 110 MpH (HOpMYBaHHI
L1JIb0BOI (DYHKIIIT MOBUHHI BPaXOBYBaTUCS CTPyMU B (ijiepax, 110 MiIBOJSATh EHEPIito Bij
TOYKM NpPUEJHAHHS HABAaHTAXEHHA JO MeEpexi J0 3arajbHOi TOYKMU 3'€HAHHSA
HABAaHTAXECHHA 1 CHMETPO-KOMIIEHCYIOUOTO TMpPHUCTPor0. EdDEeKTHBHUM BUSBISETHCS
3aCTOCYBaHHS PO3POOJICHOTO METOJy JEeKOMIIO3MINi, SKUH JO03BOJIIE CIHPOCTHTH 1
OPUCKOPUTH  BU3HAYEHHS  ONTHUMAJIBHOTO  PEXUMY  JOCHIKYBAaHOI CHUCTEMH 3
ypaxyBaHHSM BKJQJy KOXXHOTO HABaHTAKEHHS B 3HWKCHHS CHEPTeTHUYHUX MOKA3HUKIB
cucteMu B 1uiomy. llpoaHanizoBaHO TakoX BHIIQJOK, KOJM JBa HaBaHTAXECHHS, IO
CKJIaJIAlOThCA 1 HECMMETPUYHUX JIHIHHOTO 1 HENIHIMHOTO HaBaHTaXEHb, OJIHOYACHO
MIIKII0YEH] 10 Mepexi. OnTumizalis pexumy 3 TiABULIEHHSAM Koe]ilieHTa NOTYKHOCTI B
TaKOMYy BHIIaJKy JIOCSITA€ThCS 3aCTOCYBaHHSIM IapalebHOTO CHJIOBOTO (uibTpa 3
KEePYBaHHSIM T10 3aIIPONIOHOBAHUM OINTUMI3aLIHHAM aJlTOPUTMAaM.

Po3pobneni Ta mojaHi B auMcepTariiiHii poOOTI METOAM 1 aJTOPUTMH IOIIYKOBOI
onTuUMizamii A IiIed  TIABHMINCHHS ~ €HEePreTUYHMX  IMOKA3HHUKIB  CHCTEM
€JIEKTPOIIOCTAYaHHSI 3 HECUMETPUYHUMHU 1 HENIHIMHUMHU CIOXUBAYaMHU B1JIPI3HIIOTHCSA
BHUCOKOIO TOYHICTIO, MAaKCHUMaJbHO MOXJIMBUM BHKOPUCTAHHSIM KOMI'IOTEPHOI TEXHIKH,
MaJIMMM BUTpPAaTaMH KOMI'IOTEPHOTO dYacy 1 MOXKJIMBICTIO TOBHOI aBTOMaTH3aIlil
NPOEKTHUX 1 JOCHIAHUIBKUX MPOLENyp HpHU BHUPIIMICHHI TEOPETUYHUX 1 MPAKTUIHHX
3a]a4, MOB'I3aHUX 3 MIABUIICHHSM €HEPreTHYHUX MOKA3HHUKIB 1 AKOCTI €JIEKTPOCHEprii B

CUCTEMAaX CICKTPOIIOCTAYaHH:.
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ABSTRACT

Yagup K.V. Enhancement of power indices of electrical engineering systems with the
use of search optimization on computer models. - Qualification research work as a
manuscript.

Thesis for a Doctor of Technical Sciences degree by specialty 05.09.03
"Electrotechnical complexes and systems" Kharkiv National University of Municipal
Economy named after O.M.Beketov Ministry of Education and Science of Ukraine,
National Technical University "Kharkiv Polytechnic Institute"fMinistry of Education and
Science of Ukraine, Kharkiv, 2017.

The thesis is devoted to the development and research of methods for optimizing the
modes of power supply systems for electrotechnical complexes and systems with
asymmetric and nonlinear loads in order to increase energy parameters and calculate the
parameters of symmetric-compensating devices that provide optimal modes by means of
mathematical and computer models and using search optimization implemented using
modern software of computer mathematics.

The task is formulated on the basis of an analysis of the current state of the problem.
The necessity and possibility of the use of computer tools for the solution of the assigned
tasks is grounded. Generalized algorithms for implementing search optimization using
modern computer software packages have been developed. The possibilities of applying
various optimization criteria for solving the problems of increasing the power indicators of
power supply systems with asymmetrical and non-linear loads are shown. The properties
of the search engine optimization system have been found to eliminate the inappropriate
element of the synthesized device, as well as the possibility of releasing variable
optimization by increasing its amount, which allows to find the local minimum and then
recalculate the parameters corresponding to the global minimum. The developed method
of search optimization using models of power supply systems has been successfully
applied to optimize the modes and synthesis of symmetric-compensating devices in three-

phase three-wire and four-wire systems.



2

The processes of search optimization using various criteria are implemented, in
particular, when the objective function is formed from the values of the reactive power of
the power sources, from symmetric components for the asymmetric mode, including using
symmetric component filters. In all cases, a spherical metric is used to form the objective
function, including for cases of multicriteria optimization, when the components of the
generalized criterion have different dimensions and differ in order of magnitude. Are
constructed surfaces and lines of equal level, which allow to visually see the nature of the
behavior of the optimization process and indicates the possibility of occurrence of gully
situations in the topology of optimization surfaces. The possibilities of using the
optimization tools for MathCAD and Matlab software packages are considered, in
particular, using zero-order methods that do not require the calculation of derivatives, such
as the deformed polyhedron method and the conjugate gradient method. The algorithm of
load equivalence is proposed, with the help of which the symmetrical and asymmetric
parts of the load are allocated. After this, the parameters of the balancing device are
determined with sufficient accuracy by means of the Steinmetz and Kennely formulas. A
method for rotating the parameters of a symmetric-compensating device is proposed that
allows one to vary the parameters with conservation of symmetry and to achieve a mode
of full reactive power compensation. The application of the criterion for equalizing the
supply currents is shown, which makes it possible to symmetrize the system and then go
on to the optimal mode by rotating the parameters. For four-wire systems, due to the
ambiguity of the solution, the application of the property of the search optimization
process is shown to displace an element that is inconsistent with the type, and also the
application of the proposed method of parameter releasing. In particular, the use of a
generalized reactive element in a symmetric-compensating device is proposed, thereby
accelerating the process of achieving an optimal solution at a local minimum, followed by
a relatively simple recalculation to find the minimum number of reactive elements in a
symmetric-compensating device. A method for determining the optimum mode based on
the decomposition of the power supply system has been developed, which makes it
possible to determine the regime parameters of the power supply system without

connecting a symmetrical-compensating device. Such an approach makes it possible to
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improve the convergence of the solution processes and to accelerate the obtaining of
parameters of the optimal regime and the synthesis of a symmetric-compensating device.
Using the proposed method, all six variants of a five-element symmetric-compensating
device for a four-wire three-phase asymmetric system were obtained.

Power supply systems containing mutually-coupled inductive elements are
considered. For this case, a program has been developed that allows the parameters of their
models in the SimPowerSystem to be obtained from the transformer's passport data,
including in the form of coupled inductance coils. System is analyzed in which
compensating capacitors are connected through a transformer on its low side. The
calculation of the symmetric-compensating device for the traction system of railway
electric power supply of alternating current is considered. This makes it possible to
compensate for the reactive power in the system and to eliminate the asymmetric modes of
operation of the traction transformer. The graphs are constructed that allow to determinate
the parameters of symmetric-compensating devices with sufficient accuracy for variable
load and simultaneous loading on two feeders fed from one traction transformer. The
scheme of balancing of single-phase load of agricultural purpose is analyzed, which uses
as a one of the elements a free secondary winding of a three-phase transformer. These
studies have shown that balancing of such a system can be carried out in a limited range of
loads, and full compensation of reactive power is not achieved. A four-wire system with a
neutralizer is also investigated, with the help of search optimization, the parameters of a
symmetric-compensating device are determined that allow counterbalancing and balancing
such a system.

To find the optimal modes of systems with an arc discharge, visual models have been
developed that are adapted for use with the SimPowerSystem library elements. With the
help of these models, the possibilities of increasing the power indices of arc discharge
power supply systems, including high-pressure lighting devices, are investigated. It is
shown that the optimization of the shift coefficient alone, calculated with the help of the
proposed methods, leads to a 1.5-2 times decrease in the current consumed by the
fundamental harmonic, which substantially reduces the losses in the transmission lines.

The possibilities of optimization of the regime in the power system of asynchronous
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motors, including the asymmetry of the supply network, are shown. Compensation of
reactive power allows here to reduce the consumed currents by 1.5-1.8 times and increase
the efficiency of the system.

The developed methods and algorithms have found an effective application for power
supply systems containing power semiconductor devices. Here the problem is solved with
reference to thyristor reactive power compensators. In this case, the timing parameters of
the control pulses for thyristors are used as optimization variables. It is shown that the
method of search optimization with high accuracy determines the positions of control
impulses necessary to improve the energy performance of the power supply system. For a
thyristor compensator with a single-step commutation, the advantage of symmetrical
control, which substantially improves the harmonic spectrum of the supply currents, is
proved. In this case, non-canonical harmonics are eliminated, and the remaining canonical
harmonics can easily be suppressed by resonant filters. A cardinal solution to the problem
of distorted network currents caused by non-linear loads is provided by the use of power
active filters. It is shown that the method of search optimization can be used to find the
optimal mode with the maximum power factor without using the traditional complex
control systems for power active filters, in which the cumbersome mathematical
transformations of the voltage currents are carried out according to Clark's formulas. In the
proposed variant, benchmark sinusoidal signals synchronized with the phase voltages of
the supply system are used as control actions. The amplitudes of these signals are accepted
as optimization variables, and the optimization criterion is determined by the balance of
active capacities in the system. It is shown that such balance is characterized by the
stabilization of the periodic voltage on a storage capacitor of finite capacity feeding a
power active filter of a parallel type. This approach allowed the development of original
algorithms for search optimization based on the use of discrete values of the capacitor
voltage, spaced apart by the amount of the supply voltage period.

The problems of synthesis of symmetric-compensating devices for several
asymmetrical loads in parallel and cascade connection are considered. The task is to
determine the parameters of the symmetric-compensating devices for each of the loads

separately, and the contribution to the creation of asymmetry and the generation of
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reactive power of each connected load must be taken into account. This problem is solved
by the method of search optimization, and it is shown that, in forming the objective
function, currents in the feeders , supplying energy from the point of connection of the
load to the network to the common point of connection of the load and the symmetric-
compensating device. It is effective to use the developed decomposition method, which
makes it possible to simplify and accelerate the determination of the optimal regime of the
system under study, taking into account the contribution of each load to the reduction of
the energy parameters of the system as a whole. The case is also analyzed when two loads
consisting of both unbalanced linear and nonlinear loads are simultaneously connected to
the network. Optimization of the regime with increasing power factor is achieved by using
a parallel power filter with control over the proposed optimization algorithm.

Methods and algorithms of search optimization developed for the purposes of
increasing the energy indicators of power supply systems with asymmetric and nonlinear
consumers developed and presented in the thesis work are characterized by high accuracy,
the maximum possible use of computer technology, low computer time and the possibility
of complete automation of design and research procedures in solving theoretical and
practical tasks related to increasing energy indices and quality of electricity roenergii in
power supply systems.

Key words: electrotechnical system, power supply system, asymmetry of currents
and voltages, reactive power, symmetric-compensating device, power active filter,

optimization variables, optimization criterion, power quality, energy indices.
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