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JOKTOPJIUK JUCCEPTALIUSICH AHHOTALIHSICH

JAucceprauma MaB3yCHHHHT RO/3ap6JHTH Ba 3apypHATH. Onexip
SHEPTHACHHH HULIA6 YMKApHIL, Y3aTHIL, TAKCHMIIAII Ba HCTEEMOJ KHJTHII Y3JTyKCH3
kapaéHylapuHM  OolIKapuumga  KeHr  KYJUIAHWIYBYH  TOK  ¥3rapTHpHIO
KypWIMQIApPHHHHT IOKOPH aHHMKJIWTH, SATOHA IUAKira  KEITHPWITAH/IHIH,
MenEpNaHraH ax6opoT OwiaH TaEMHMHJALINAPH Ba HMUIOHTWUIH HINNANIApH MYXHM
axamusTTa ora 6§16, anekTp Heprus Ba KyBBAT/JIapHH XaTONMK OnaH HasopaT Ba
GowiKapyB KaTTa MHKZOpAArd UKTHCOAHH 3apapra onH6 kenanu. DNeKkTp SHeprus ba
KyBBaT MaHOanapuuu camapann, OMp Heva KaTTalMK Ba NapaMeTpiap acocHaa
komOuHauusnaHraH  GowKapys SHeprusi Ba  pECYpPC  TEIKAMKOPJHTHHH
TaLMHHJIAIHKHT KOMIUIEKC EHAANIYBHHH HIUIA0 YHKHIN, 3NEKTP KypHIMaJapHHHD
pasudara OHWI WMKOHHUATIIADHHH KeHralTHpull, OGomKapyB 3JIEMEHTH Ba
KYpPHIMa/IapHHH TY3HNHIUMHY AroHa LIAKITa KEITHPHIN aCOCHAA COARANAUITHPHIL,
OFMPJIHK-YYaM KYpCAaTKH'WIAPUHH KaMalTHPHIL, TEXaMKOp KypH/IManapHH Ba
TEXHOJIOTHANIAPHHH MILIa6 YHKMIL, KOHTAKTCH3 ¥iI9all skapaéHnapHHH TaBMHHNAM,
IOKOPH aHHKJHKHH TABMHMHJIOBYM TOK Y3rapTTHWIapHM K¥JUlall acoCHAa SJIEKTP
KaTTaIMKIapHH GOMKApHII SHEProTH3MMHHMHI Ha3apuii Ba aManuii MyamMonapH
cudaruga Tynanuruua euwimali Konmokma. Hasopar, axGopotr-ymuos Ba
GolKApYBHHHr acocuii Oyruuum OynuG OmpnamMun TOK Y3rapTHprUWIapH
XucobraHagu Ba ynap aManja 3HEPrOTH3MMHMHT TEeXHHK Ba HKTHCOIMH
KYpcaTKHYIapHHK Genrwiaioy.

Tox Y3rapTrHwiapuHH spaTHII Ba Kyyulaml ac6obnap, aBTOMaTnalITHPHII
ymioB, axGopoT BockTanapura Gynran cranaaptiapuuHr (EN-50160, MOK 1000-
3x Ba Wy xymiaaga 61000-2x) Kyiiuparu acocHii Tamoinn Ba Tanabnapn Gunan
H30XnaHaH:

3aMOHaBHi TEXHOJNOTHANAPHH KYJUlall acocHia Kynai, Ky MMKOHHATIH Ba
MHHHMYM TY3WJIHID 3JIEMEHT/IapMHH V3 HYMra ONyBYM TOK Y3rapTHpru<iapHHH
NoHMXANALIHHHT YHUBepcan Glok-MOAYJUIH TaMOKHITHHY TABMHHJIALI,;

Menépiall Ba CTaHAapT/iall acocHza axO0opoT, SHEPreTHK, METpPOJIOTHsA
KJpPCATKAY/IAp, 3/IEMEHT Ba KypHAMalap Ty3uwnumM 6¥iiMya MocnaulyBYaHIMKHH
TabMHHJIOBYH TOK Y3rapTHpruIapiHy Ba MEBEPIOBYH MOLY/UIAPHH APATHII.

X03MpAa TY3MIMIIN Ba YHKHII KATTATHKIapH MebEépaaHraH, Onp Ba yq dazam
9MIEKTP TOKHHHHT 3JICKTPOMarHuT Y3rapTrHiwIapHHH SHEProTH3MMZA KEHI Kyulall
{3rapTUpHNIAETral 3EKTP KaTTANMKIAPHUHT CMEKTPUHHU KeHraHTHPH/IMaraHiHrH,
TOK Y3rapTHPTHWIAPHHHT TapKA/ITaH MarHHT TH3MMIIADHHH XHCOGMAIT Ba TANKAKOT
yCy/UIaDHHM  €TapiH  pUBONUIaHMaraHimru  cababmu  Mawiym  Japaxana
yerapajaHraHAWp. MarHuut §3rapTHpPHID 33aHXHpNapH Ba TH3HMIIADHHHMHT
AHBAHABHM TAAKMKOT ycylapd y4 ¢a3janiH TOK HOCHMMETPHSCHHH 3BTHGopra
OJIMAraHnura  cababnu GenrunaHraH Y3rapTHPHI AaHHKJIHFHHH — TabMHHIal
oNMaiinH, KaTTanMKIap G¥iiuya TAnKMKOT/Iap yMyMUHATHKra 3ra 3Mac, GaKat 3/1exTp
Ba MarHHT TabHaT/IM 3aH>CHPNAPHHUHT KaTTAIMKIADHHHIHHA KampaG oymm 6unan
yerapananrad. TagkukoTnapaa HOYM3HKIM MapameTpiH MArHUT ¥3rapTHPHII
TH3MMNIApH HHFHIIraH napaMeTpan 00BeKT cudarnaa xypuamokaa.

Xo3upaa SHeproTHsMMAa KEHT KymnaHuna€rran 6mp ¢asam  Tok
TpancopMaTop/iapn Mypakka6 MarHWT y3rapTHDHII KMCMHFa 3ra, OFUp Ba KaTTa
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ymuamnu  kypcaTkMdnapn OuinaH XapakTeplaHamW, JioMMXanalu kapa€HdH Ba
GowKapuil TH3MMAApHAA Ky/lawia Mypakkabnuiiap Ba  KMHHHUMIHKIAp
TyFANpagH, MHKPONpOLIECCOP Ba JMEKTPOH KaiiTa HUUIAll TEXHHKANapHHU
MeBEpNaHraH KaTTalnkiap Gunad TasMUHIal onMalignnap. Yiap Tok y3rapTHpHII
¥apagHuJa F3HEProTH3HM 3/IEKTP TAPMOFHHHHT GHp-OHpHAaH KaTTanury Ba gasacu
6y#inua ¢apk KwIyBIM y4 asanu TOXIApHAAH XOCH GYNraH MarHMT OKMMIap Ba
MaliIOHJIApHHHT ¥3ap0 TABCHPHHH Xucobra onmMaiiaunap.

Maskyp Tamkmkor wmmm  ViGekncron Pecrybmuxacu  Basupnap
Maxkamacununr 2009 iiun 22 asrycraard 245-coHnH «JNeKTp Ba HCCHKIHK
SHEpruAcHAaH (olifananmu Kouganapu» Tyrpucuaard sa 2013 #iun 1 HosGpaaru
295-counn  «Y3Gexanepro» IABJIaT-aKUHAZOPAHK KOMIAHMACH  (aONHATHHH
TAKOMH/UIAINTHPHII Ba HMCTEHMOJ KWIHHAETTaH 3JICKTP 3HEPruACH YUyH XMC00-
xtrroﬁnap HHTH30OMMHH MycCTaxkamjamra JOMp KymHM4a Yopa-Tanbupnap»
TYFPHCHJAArH KapopJiapH M)XPOCHHH aMallMii TabMHHJALIrA HYHaNTHPHATAH.

TagxukoTnap 0nu6 GOpHUIIHMHT 3apyP/HIH 3HEPrOTH3MMAA JIEKTP 3HEPrHs
Texall BasndanapHHH euMIA MyKAMMA/LTAraH Ha3lopaT Ba  GOLIKApHII
SNIEMCHTJIAPHHA MOJeN, aNrOpHTM Ba YCYJIapHHH spaTHil acocuaa 6up Ba yu
(asany 3nekTp TApMOKJApAAarM JMEKTP SHEPTHAHMHT aCOCHHM KaTTAJMKIapH
TYTPHCHAAIK  CHTHAUIADHUHT IOKOPH AHMK/JIMTHHA TabMuHiam  6¥iiuua
TagkKMKOTJap YTKasHIDHM TaK030 KHIMOKAA. Yu asamy 3/eKTp TapMOKJIapaark
IOKNaManapHHHT KATTaMNK Ba ¢asa 6¥iinua dapx KuIyBuH TOKNApHHH TYPIHIIHTH
HATH)XacCHAA YJIaPHHHI HOCHMMETPHACH XOCHI GYNHINHHY Y3rapTrHwWiapHHHT GHp
Ba yu (asanu GHpnamuM TOKNApHHH MKKMIAMYM KywWIAHHIOTa Y3rapTHPYBUH,
HINOHYWIH, YHKHAIIHIA MEbEPAHTaH KaTTAIHK Ba I0KOPH aHUKIHKHH TabMHUHJIOBYH
OMp/IaMaH 3NIEMEHT/NIapHHM SpaTHII Ba aMajja KY/UIAUTHUHT JIO3UMITMTH Y6y
Aynanumaa TafKMKOTAap o0 GopHIII HHXOATAA MYXHM axamMHaT kach 3Tanu.

TagkukoTRAHr YiGexucrom PecrmyGnmkacn ¢aH Ba TexHOJNOTHJIAPHH

HBOKNAHTHPHIIHHAT ycTyBop HyHamumuiapara wmocaurd. Jlucceprauus

36exucTon PecryGnukacH ¢aH Ba TEXHONOTHANADHM PHBOX/IAHTHPHILHKHT
MyXuM iijnanuuutapura: UT/I-3 — «DHepreTuka, SHEprHs, pecypc TEXaMKOPIHK,
TPaHCNopT, MaluKHa Ba ac6o6cozmuioy; HUIT-17 — «AX6OpOT TeNeKOMMYHHKALMA
TEXHOJIOTHAIAPHHH KEHr PHBOMNUIAHTHPHII Ba KOPHH STHINHH TabMHHIAiAMraH
3amoHaBHH axGopor TH3MMiIapH, GOLIKapyB Ba YKHTHIUHHHr HHTE/UIEKTyan
BOCHTaNapy,  WIMHHA-TEXHHMKaBMii  MabIyMoTiap OasacH Ba  jgacTypuit
MaxcyNnoT/IapHH HILTA0 YMKUII» MOC X0sAa OaxkapuiraH.

HAucceprauna mas3ycn 6yiinga xankapo wimMHi TaAKAKOT/Iap IWAPXH.

OneKTp JHEpreTHK TH3MMIap y4 (asanu 3JEKTP TapMOKJIapHAar# SJEKTP
TOKNTAPHHHT KATTAINTH Ba OypuarM TYTpHCHAArH CHrHaUIapHM Kabyn Kumm,
. y3aThu, wnor 6epuiu, axGOpPOTNAPHHHT HIIOHWIMJIMTHHH 1OKOPH aHHKINKIA
Ha3opaT KMJIMILI 3JIEMEHT Ba KypU/IMaJapHUHT 3aMOHaBHif Ha3opat, GolIKapyBs —
XHcobnaw, kaliTa MUUIaWl TH3HMApH XyCYCHATNapHHM Xucobra ofiraH Xomaa
Huwiab uynkum Gyiimua Tagkukor mmnapu AKIL (Advantech, General Electric,
SeaTech), Byiox Bputanua (HAWK, Festo, Rockwell Automation), Poccus
(3nqkrpouluT, Onekrpoannapar), 'epmanus (Siemens, GE Fanuc), SInonus (Sony,
Iconics), Xauy6ui Kopes (Mitsubishi), Xuro#i (Chint), Hanuus (MOX, ABB),
lonnangus (Honeywell, Wonderware) Ba Gollka faBnatiaap oMMiaapH TOMOHHIAH
MaBJIyM Aapakanarn wxobuii HaThkanapra SpHLINIraH.
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Onextp Ynuos, GOWIKApYB 3/MeMEHT Ba KypWiIManapHHH MuUab uMkapuimna
TAHHKJIM WIMHH Mapka3NapHHMHr OHpnamMuyu V3rapTHpHII TeXHHKacH OViinda
MaxCyJIOTAAPHHM TAX)IHIK KYPCaTAMKH, SHEPTOTH3HMHHHT 3MIEKTP TapMOKJIapHara
TOKIAPHHHT KaTTanuk, $a3a Ba CHMMETPHSUIApHHH XHcobra ONyBYH 3amMOHaBHit
ynuoB, HasopaT, OOmKapys, pocTiall Ba KaifTa HUUIAll 3JIEMEHTJIAPHHHHT
XaTOMHIJIADUHN 10KOPH Japaxazanurd Tydaiii 2NexTp 3HEprHACHHH HImad
YHKADYBUMJIAD XaM HCTELMON KWIYBMHJIAp XaM KaTTa HKTHCOQHH 3apap
KypMokaanap.

Taxyun KWIMHraH Y408 Ba GOINKapyB KyPHJIMaNapHHHHT KHYHK aHHKJIHKIA2
WIUTAITH Y3rapTHPHII TH3MMHMHMHT KaM4IWIHTH G¥mub, YdoB xoMMIeKcIapHHBHT
XX acpna spaTHIT2H/IMIH, CHTHATHH KaiiTa HIUTam TH3HMIIapH Ba Ky PHIMalapHHH
XO3UPTH KYHZA APaTUIAETraHINTH Ba YAapAaH TETHIUH I0KOPH aHMK/KKAA HILUTam
Ba MELEPNAHTaH YHKHMII KATTATHKIAPHH TAbMHMHIANUIAPHHK Tanal Kuaum GunaH
GOFIMKIMD.

MyaMMOHHHT YpraHWiIralHK AapamacH. DHEProTH3HM PEaKkTHB KyBBaTH
manGanapuHy Haszopar Ba GOWKAPYBHHHT TaxoMmUlamu6 GopHim, 3JeKTp
KaTTATMKIAPHHUHT  KOMOMHauusUtlaraH  GOmIKApYB  SNIEMEHTJIADHHH  Ba
KYPH/IMaNapHHHHT SHEPrus pecypc TEKAMKOP TYPKyMIapHHH SpaTHIHIIH, YJIapHH
HIl XONATAApPHHH SXIWIAHWIIK, KATTAMHKIApDHM §3raptmpumn  ycyn Ba
TEXHONOTHSJIADHHM DHBOMNJIAHMINK, TYPNH KyWIaHMIIra sra 6ynran amexTp
TapMoxJiapAary y4 ¢asany TokapHH Y3rapTHpHLI Ba 3HEPrOTH3NM DEaKTHB KyBBAaT
ManGanapunu Gomkapyeuaa Kysram, Gomkapuin Gopachmarn onu6 Gopmirad
TAOKMKOT/IAp Ba TaXJIM/UIap KYpcaThHKH, ymOy coxXamars Myammonap Xo3upla
TYNHK YpraHwiMarad Ba €4MMHHH TOMMAaraH.

Vmby coxana wer an onumiapugad H.Schaumburg, E.Ritchie, E. Krontiris,
R.Hanitch, ILRampias, B.C.CotrckoB, K.M.I[lommpanos, JI.&.Kynnkosckui,
JI.A.Octposckuili, B.II.Munos3sopos, E.J1.Ocanumui, M.®.3apunos, M.M.Benos,
A A TlpeobpaxceHCKHIA, H.E.KoHi0x0B, E.C.JleBmuHa, I1.B.HosuukHii,
M.A.Ypakcees Ba 60LIKANaPHUHT WIMHil HILTAPHHA KYpcaTHO §THI MyMKHH.

MamnakaTHMH3 onuMIapuaaH H.P.IOcynGexos, T.X.Hacs1pos,
X.3.Mrambepaues, P.K.A31MOB, K.P.Annaes, M.N.HU6oxaynnaes.,
A.A.A6xykaiomos, FO.I' IlIunynun, A.A.Xamxos, C.®. AMHpos, A.M.Ilnaxtres,
I1.M.Matsaky6osa Ba Gomkanap ywmfy coxana KEHI NOHpaza WIMHH TaaKHKOT
uunapuHK onu6 Gopmoknap. JIekMH MIMHI-TaAKMKOT Ba aMalHi HLNAP TaXIHIH
SHEPrOTM3HM pPEaKTHB KyBBaTHHH HasopaT Ba GOLIKapYBH YUYH 3JIEKTp
TapMOKJIapHAarH yd4 ¢asamn GuUpNaMuH  TOKNApHH HKKWIAMYH  Ky4JaHHI
KypHHHILHIATH CHTHANTa Y3rapTHpHIN TaMOHIIHHH aMa/ira OWHPYBYH, Y3rapTruy
YMKHLIMAArH KYWIAHWIIHK GUp/iaM4H TOKra YH3MKIH GOFNMKTMIHHE Ba MebEpaa
GYNMMIWIHHA TABMMHNOBYM, yu ¢asanu TOKNap ¢da3a roknaManapHu TypIMIHTHIA
naiifo GYMyBYM HOCHMMETPUKIMKHH CWrHal KYPHHWIUHTa {3rapTHpa OMyB4H Ba
TapKaiTaH MAarHUT MapaMeTpiiM 3/EKTPOMar{HT y3rapTrHYIapHUHT TEOMETPHK
ynuamnapMHM SAroHa MaTeMaTHK TaNKHKOT arnmapar acoCHAa TaAKHK STHII
MMKOHHHH GepyBuM Moze/Ulap, alroOpHTMIIAp Ba yCYJUIapHH SIpaTHLl Macaianap
eTapnuya YpraHuIMaraHIHrHHHE KypcaTad.

DnekTp OJHEpPrHsAHW Ha3opaT Ba ColuKapuml jkapadHHOa Y3rapTHpHII
XaTONKKIADHHHHT 103ara KeTHIIM, KaTTa TeOMETPHK Yiauamnap Ba OFHPIIHK,
2/EKTPOTEXHHK MaTepHalIapHUHT KYN MHKAOPAA KYNNaHWIHIM Ba YJNApPHHUHF

7



IOKOPH HapXNapd aHBAaHaBUA TOK Y3rapTrHWIapHHHHI  KaMYWINKIapHIaH
xucobmananu.  XosHpaa  amanma  KyanaHwia€rraH  GMpNaMuH  TOK
TPaHCOPMATOPNIaDH — TOK ¥3rapTHpHMIl KypPHIMAnapH - KHPHII TOKHHHHI
TabHaTHra MOC XOJlla Ha30paT Ba GOIIKAPYB TH3MMNApPHOA MHKDOIpPOLECCOP Ba
KOMNBIOTEP TEeXHHKAacH OGunan 6upra uMmnaumapH y4yH KYlDHM42 OpATHK
TpaHCGOPMaTOpH EkM NIy KabH KypuiManapHH KyJUTAlIHH Tanab 3TMokaa. ByHuma
TallKapH, JHEPrOTH3NMAA peakTHB KyBBaT MaHOanapuHe GolKapHIIZa amajga
KY/UIHWIAETTaH  JNEKTPOMArHHT TOK Y3rapTruwaiapn  yu  ¢asaiM  3JIeKTp
TapMOKJIapAark TOKNApHM Y3rapTHpuinna Oup ¢asanm OakapuiraH MarHuT
TH3AMJIap Ba WyiFramilaplaH TallKHA TONTAHJIHMIH, MarHUT ¥3aKiIapHHHAT HOYHM3HK
TacHH(H, TYAWHYBYAHMIA Ba YMKWII KATTAIMKIAPH KYPCATKHYIADHHHHT GHp
Mebépra KeNTHPHIMarawinrd cababmu GolMIKapyB KypHJIIMANapHHH  eTapiu
QHUKJIMKIArHA 3MICKTP KaTTalHKknap OuiaH TasMHHNAl onMMaiiay.

Onu6G OGopwiraH TH3MMIM TaxJWI INYHH KYPCATAHKH, 3JEKTPOMAarHHT
¥3rapTHPrHYIaPHHHT 3HEPTOTHIHM 3JIEKTpP TapMOKIapH HasopaT Ba GOLIKApyBHAa
aHbaHaBHi TOK TpaHcdopmaTOpnapH KypHHMIUMAA Kynnam uyerapanab Kyiunra.
IOxopH aHHKJIHKHH, YH3UK/TH Ba MEBEPNIAHTAH YHKHIU KATTANHKHH TabMHHJIOBYH,
KeHr (YHKIHOHAT HMKOHHAT/IH, Y4 ¢asanu ToknapHu iokiamara GOFJIHK paBHlIga
HOCHMMETPHK OYnHmmMHN Xpcobra omu6 YaraprupyBum, yu dasanu Gupnamumu
TOKHH HKKHJIaM4H Ky4naHWIUra 3feKTPOMAarHUT Y{3rapTrHulapHH Y3rapTHpHII
TaMOMH/UIapHHY WIUIZ0 YMKHIN, amanna TaTOMK 3THII acoCHAAa 3HEPrOTH3HM
peakTHB KyBBAaTHHH Ha30paT Ba GOMIKapHII 3IEMEHT Ba KypHJIMaJapHHH APaTHIL,
aMania OPHH 3THII PEaKTHB KyBBaT GOIIKapYBHHH KENTYCHAAa TAKOMHJUTAITHPHIL
Tanabnapunu 6axkapHin 3apypiaHrHHK Genrunaiiny.

Jduccepranug TaAKHKOTHHMHT HWIMHH-TAAKHMKOT HILIapH pexalapH
6mnan OOFMHMKJIMTH  KyHugard nolimxanapma ¥3 axcuum Tonrad: Espona
utrupokununr TACIS — TEMPUS Xankapo aactypaapu: EC T JEP-10328-97—
«Y3bekHcToH PecryGnukacuzia 3HepreTHka MeHexkMenThra Ykuuiy (1997-2001
fit); EC T JEP-10845-99—«V36exncton Pecny6mukacnna macodaid YKUTHII
TH3UMHHM Tawkun 3tHod  (1999-2003 i4ii) Ba paemat  MAMAA-TEXHMKa
noiiuxanapu: I1-18.17—«Onexrp aHepretka GosopuHuHr nuGepainalA
wapouTnapnaa Y3Oekucron PecrybGnukachn sHepreTMka TH3MMHHHM pPalHOHan
GOLIKAPHILHHUHT MONUABHH TEXHONOTHK MOJENHHH spaTtuiy (2003-2005 #il.); A-
12-073—«¥Y36exncton PecrmyGnukacH aNeKTp 2HepreTMK TH3MMH acochif 3nexTp
TapMOKJIapHHH HIl XONaTHHH Gaxomaml Ba TesjeyM4oB MabIyMOTIApHHH
aHHK/JMIHHY OLUMPHIU aJTOPHTMIIADMHH Ba yCyJUlapuun Hmnab unkuum (2006—
2008 #i); HTHA-3-123—«V36exmucron  pecnyGnmmkach  acocuit  anekTp
TapMOKJ/IapMaH Y3aTHNAETTaH 3JIEKTP SHEPrus MYKONMMIUMHM peaxTHB KyBBaT
manGaslapuiH Ba TpaHC(OPMATOpPAapHHHT TpaHchopMauus ko3(QHLIHEHTIAPHHH
pauHoHaUiam acocHaa kamaTupuum (2012-2014 fiii.); UIOT-2013-2-28 «DHeprus
TeXaMKOp peakTHB KyBBaT MaHOaIapHHH aBTOMaTHK pPOCT/IarHWIapHHH CaHoaT
KOpXOHaJtapHza skopuit 3t (2013-2014 iit.).

TagKnKoTHAAT MaKcaaH 6Hp Ba yu dasanu GUplaMuM TOKIApHH MKKHJIAMYH
KYWIaHHIUra 3JIEKTPOMAarHHT ¥3rapTHpHII Ha3sapHACH Ba fAofiMXaiall YCYnnapu
XaMaa TaMOWMJUIADHHM DPHBONUIAHTHDHII, YJap acoCHAA 3HEProTH3HM PEaKTHB
KyBBaTHHM  KOMOHHauHssiaHraH OoLIKApYBM 3/leMeHT Ba  KypHIManapu
MaXXMyacHHH APaTHII XaMJla aMATHETTa XOpHii 3THIAaH uGopar.



Makcanra SpHuIHI y4yH KyiiHaard TaaKakoT Basadanapa xyinnraH:

SHEprOTH3MMAA 3JIEKTP SHEpTHs Ba KyBBaTHH MIUIA0 YHKAPHIL, Y3aTHOIL,
TaKCHMJIAIll, HCTEbMOJIMHA Ha30paT KWIHIN Ba KOMOHHaumHsnaHrad GomIkapumiaa
3/IEKTPOMArkUT Y3rapTHpHIU yCyJUlapH Ba TEXHOJIOTHAIADHHH TaKOMHJUIAIUITADHII,
6up Ba yu4 (hasanu TOKIapHH KyWIAHHILUTa ACCH YJIYOB YyJIFaMJIM 3/IEKTPOMAarHdT
y3rapTTHWIapHH SpaTHII Ba RoNHMXANAIlll TEXHONOTHANAPHHH PHBOXJIAHTHPHII
HerukbouTapuHn Genruian;

3/IEKTPOMArHUT Y3rapTrUIapHHHT MarHHT TH3HMJIapHIard MarHHT I0PHUTYBYH
KY4 Ba MarHMT OKHMH TapKaIULIWHY TAXKHK STHID HMKOHHHH GepyBuH, Gomnasray
KaTTaNKK Ba MapaMeTp KYpHHHUIIMAArH MabIyMOTap aCOCHAa MarHHT y3rapTHpHII
TH3MMJIAPUHHHT MOJIEJUIAPHHH HIAK/UTAHTHPHIL Ba TaNKHK 3THLI MOJEN, &JITOPHTM
Ba YCYJUIAPHHH {3 Huura oyB4M rpathHk MONEJ 2COCHIArH pallHOHall MaTeMaTHK
annapaTHM SpaTHII,

9HEPTOTH3NM PEeaKTHB KyBBaTH GOMIKApyBHMAA APUM YTKasTHWIH 3JIEMEHTIap
6unaH OMpra MOUIAlJA CTATHK Ba AWHAMHK TaCHH(NapHHHr CcHQaTAHIATHHH,
JOKODH AHMKIHMKIAIH YH3HKAM YHKHII TacHH(NApHH, MKTHCONMH ap3OHJIMKHH,
JOKOpH CE3THPJIMKHH, TEXaMKOP SHEPrHA HCTEBMOJMHH, HHGOPMATHRIMKHH Ba
HUOHWIHANKHY  TAabMHHAOBYM TOK  Y3rapTHprHWIADHHMHT  KaTTanMk Ba
napaMeTpflapHHH  Xucobnall Ba TAAKHK STHIIHWHE pauHOHAI MOLEI, aropHT™M Ba
yCyJUIapHHH SpaTHIL;

6up Ba yu ¢asamr GHpNaM4H TOKNAPHHM MKKHIAMYH KyWIAHHIIra sACCH YaioB
YyNFaMiIM  JJIEKTPOMAarHHT  Y3rapITHWIAapHA XaToMMkK OujaH  HILIanuIapH
cababnapHHn Ypranum, yjapHHM TaOKMK STHII IMOPDHTM/IapH Ba MONELIapHHH
APaTHIL, XaTOJMKNapHH 6axo/au Ba KaMaiTHPHII yCyJUIapHHH HuLTab YAKHI;

3NEKTPOMArHNT  Y3rapTHPrHWIAPHHHT  TY3H/HUWIADHHA CHHTE3  KHJIHII
HMMKOHHMHH 6€pyBUH, YHIUKIH HKKUIAMYHA KYWIAHHIIHHHT MesEPHI MUKIOpIapHHA
TaEMHUHJIOBYH MOAEIUIAP, TAOKHKOT AINOPHTMIIAPH Ba YCYJUIaDHHH APATHII,

SHEPIOTH3MM  peakTHB  KyBBaT  MaHOanapuM  KoMOMHauMsUTaHraH
GOIIKAPYBUHH TABMMHNOBYHM, JHEPrHs Ba PeCYpC TeXaMKOp 3HEProTH3HMIIApHH
paLMOHAN KypHII TAMOMMNApHHH aManra OLIHDYBYH, JJIEKTP TapMOKIap/ard
TOKJIAPHHHT WKKHIAMYH KyWIaHHIUra afeKBaT ¥3rapTHPH/IMIUMHM TabMHHIOBYH
3JIEKTPOMATHHT Y3rapTrHu4iap 3/IEMEHT/IapH Ba KYPH/IMANapH MaKMyaCHHH APATHII
Ba aMIHETTa XKOPHik dTHII.

TagKAKOT 06LEKTH JHEproTH3MM JJIeKTp TApMOFMHH DEaKTHB KYBBaTH
6upnamuy yq dasanu TOKHHH HKKHJIaM4H Ky'4IaHHLIra iCCH ¥n4oB YysFaM acocHaa
{3rapTUpYB4H Ba KOMOHHaUuANaHTad GOLIKAPYBHHH TAEMHMHIIOBYH 3/IEKTPOMArHUT
y3rapTrHWIapAaH Kbopar.

TagKHKOT mnpeaMeTH — TOKHM KyWIAHHINra siCCH YA4OB  JyJIFaMIH
3MIEKTPOMArHUT Y3rapTTHWIAPHHHT 3M1EKTP Ba MarHUT ¥3rapTHpHLl TH3HMIIApH,
TEXHONOTHSIADH, MOJIE/UIapH, alrOPHTMIAPH, YCYANapH Ba TaNKMKOTJIAPHHHT
JlacTypHit MaXMyarnapH. v .

TagKuKOT ycyJnapn. TaaKMKOT/ap dxapatHWla aHANIMTHK Ba Taxpuba
yCy/napH: 9eKTp, MarHHT Ba MCCHK/IHMK 32HXHD/JapH Ba TH3HMIIapH TalKHKOTH,
rpad MozennapH, GowKapHi, A40B Y3rapTruiapH Ha3apHACH, MOZJE/IALITHPHIL,
IXTHMOJUIMKJIAP, XATONMKIAPHH TAAKHK I3THII Ba HMIIOHWIHNHKHH XHcobnam
yCYJUTApH KYJUTaHUNITaH.



Huccepranug TAAKHKOTHHHHT HIMBI SATHIHTH KyHunarunapnad n6opar:

SCCH JIIMOB HyNFamiap Ba MarHHT Y3aKIapHHHT Ty3WHMILIAPHHH TH3UMIH
TN, EHjAllyB Ba acociap HErH3WIAa JHEPIOTHIHMHHHT GMp Ba yu (pasanu
6npramMun  TOKNApHH MKKMNAM4M Ky'UlaHHIIIa 37eKTPOMarHKT ¥3rapTHpHIU
YCYJUIapH Ba TEXHONOTHSIAPH HULTA0 YHKHIraH, S11EKTP SHEPrUACHHHHT MehEpAaH
OPTHK TEXHOJNIOTHK CapQMHH KaMafiTHDYB4YM airopHTM, AacTypHili BOCHTa Ba
KypiiIManapra MXTHPONHK TIaTEHTH ONIMHTaH Ba aMAIMETTa XOPHii STH/ITaH;

6up Ba yu ¢asanmm Gupmamum 3mexTp TOKJIAPDHH MKKWIAaMYH KywWiaHHIIra
SNIEKTPOMArHUT Y3rapTrHWwiap MarHHT TH3MMJIapHAArd MarHuT IOPHTYBYH Kyd Ba
MAariuT OKHMHHHHT TapKANHIIHHK rpad MOAE/IapH acocHaa TANKHK 3THIN YCyJH
INaK/UIaHTHPHIITaH, ¥3rapTHPrid TaCHR(NApHHY TaaKMKOT AITOPHTM, MoZeN Ba
YCYIapHHH ¥3 HHra OJraH rpa) MONENM acOCHAa KAaTTAlHK Ba NapaMeTpiapHH
TaOKHK 3THII HMKOHHHH GCp}’B‘!H MaTE€MaTHK anrnapar SpaTHIATraH;

SHEProTH3AM PEaKTHB KyBBAaTHHH GOMIKAPHILAA spHM TKA3THWIH 3JIEMEHTIAP
Ownan Oupra WIUIOBYM, IOKOPH AHHKIHKHH, UM3HKIH YHKHII TacHudIapHH,
HKTHCOIMH ap3OH/IHKHH, IOKOPH CE3rHPJIMKHH, TXaMKOp 3Hepris HCTEBMONHHH,
HIIOH'WIMIHKHH TabMHHJIOBYH 3fIEKTPOMArHHT ¥3rapTrHWIADHHHT GelrmnoBuH
daxropnapunn, cratuk Ba IMHaMAK TacHKGNApHHK pean BakT YMuaMHAa XHcOGNAL
WMKOHHMHH GepyBYH Ba PalMOHALIOBYH MOJIEJ, ANTOPHTM Ba yCyJUIap APaTHITaH,

TOKHH KyUIaHHIITA SCCH YITYO0B UyNFaMITH dIEKTPOMArHHT Y3rapTrHWIAPHKUHT
XATONHKIapH MaHGaNapuHU TABCHPHHH KNACCH(MKALMACH aMaira OLIMPHWIraH Ba
XaTOMK/Iap TALCHPHHH XMCOGIall MOJIeJUTapH, ANFOPHTM Ba YCYJUIapH APATHIITaH;

Y4 ¢asann MeKTp TapMoKnapaark GHp Ba yu dasanu GupnaMuM TOKMApHH
WKKHIaMIH  KYyWIaHHIMTa  JJICKTPOMArHUT  Y3rapTrH4IapHHHr  MaKCHMasl
CE3rMpJIMTHHH OLIHPYBYH MOZEILIAP, aNfOPHTMIIAP Ba YCYJUIAp APaTHITaH;

JHEProTH3nMaa peaKTHB KyBBaT MaH6a.napunu KOMOMHaLMANaHraH
GomkapyBHHH, 3MIEKTP TOKIApPHM pean BakT Mo6aiinuia y3rapuuapy
CHMMETPHKITHTHHH Ha30PaT KMJIHIOHH, 3/1EKTP TapMOKIap GHpiaMyYy TOKIApHHHUHT
aNeKkBaT acocld HKKHIaMYH Ky4WlaHHINra Y3rapTHPWIMIIMHH TabMHHJIOBYH
3NEKTPOMArHHT ¥3rapIru'iap MaxXMyacCHHH KyPHII TaMOHHILIADH SpaTHJITaH;

SHEProTH3HM  PpeakTHB  KyBBaT  MaHGanapuum  KoMOHHALMsANAaHTaH
GOLIKapYBHHH TabLMHHJIOBYH, JHEPrHs Ba pecypc TEXAMKOP HEProTH3HMIIapHU
pauMoHan KypHII TamMOAW/IapuHM, 6up Ba yu dasanu anekTp KaTTaIMKiIap Ba
NapaMeTpIapuHHUHT CHUMMETPHKJIHTHHH aHMKNall, HazopaT Ba GOLIKapyBHHH
TaBMHHJIOBYH D/IEKTPOMArHHT Y3rapTruyd KypHiManapn spaTHIraH Ba aMmannérra
JKOPHit 3TU/TaH.

TaaxukoTHHHr amanmil HaTHXANAPH Kylinnarunapgan u6opat:

SJIEKTP SHEPTHACHHHHT MEBEPAAH OPTHK TEXHONOTHK caphHHH KaMalTHpPyBUH
ITOPHTM, NacTypHii BOCHTa Ba KypHIMalapra MXTHPONHK NMaTeHTH OJMHMAH Ba
aManuérra :KopHii 3THITaH;

PeakTHB  KyBBAaT  MaHGalapHHH  YpHATMIl Ba yfnapHH aBTOMATHK
GOLIKADHIIHMHT MEBEPHH HOMMHaN 37eKTp KaTTanuknap OwiaH TaBMHHAL
YpHar™a xyBBatH 50 KBT Ba yHmaH kaTTa Ba KyunaHumu 500 kB JaH KaMm 6yaran
MEKTP IHEPTeTHK KYPHIIMANIADHHHT 3HEPTHS Ba PECYPC TEKAMKOPIHTH CTaHAApT
57,5 B kyunanumw ypuura 61,81 B 6unan TabMunnaHrannmry yuyH poCTAaHa&rraH
MEKTp SHEeprus Kyunanumi 4.31 B ra, dasa kyunannm 6yituya 7,5%ra, YH3HKIH
Kywnanum 6¥iinya aca V3 * 7,5 = 12,9%ra TeHr 6YyNHIIN TaLMHHJIAHTaH;
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TOKHM KyWIaHHMIUra 3JICKTPOMArHHT y3raprruunap «V3Geionepro» JAK
Tacappyduaaru 3/eKTp 3HepreTMka TH3MMHIAH TabMHHAaHYBu4M 20 AaH OPTHK
TAIKANOTAA JKOPMHl KWIHHTAaH Ba pEaKkTHB KyBBarHH KOMOHHaumsnaHran
aBTOMaTHK OomKapuIHHHT 1,0 aHMIUIMK JapakacHiaH 0,5 aHHKIHMK JapaxkacHra
omMpuI XucoOura umna® wukwirad 54,7 mnpa. kKBT.coaT 3/€KTp SHEPrUAHHHT
Menépaa OenrunaHral TexHonoruk cappunn 13,29% (7,27 mnpa. kBr.coar) ¥pHHra
11,26% (6,16 mnpa. kBT.coar), abHH 15,26% ra kamaliHilKura 3pHLIHITaH;

JHEProTH3MM peaKkTHB KyBBaTH KOMOHWHaluMsanaHraH OOINKApDYBHHH acOoCHa
3HEpTHs Ba PECYPC TEXKaMKOP SHEPTOTH3HMIIADHH KyPHII TEXHOJOTHANIApHHEH, 6Hp
Ba y4 ¢asaiH 3JIEKTP KaTTamHKiap Ba MNapaMeTpiapHHHHT CHMMETPHKIATHHH
Ha3opaTH XaMAaa OOIUKApYBHHH TabMHHJIOBYH 3JIEKTPOMarHMT ¥3rapTrH4iap
KyPHIMaJIapH Ba 3JIEMEHTIIapH aManHETTa JOPpHH STHATAH.

O/HHraH HATHRAJAPHHAT HIIOH'WIFUTHIH APATHIraH SCCH Y/IM0B Yy NFaMIIK
TOKHH KYWIaHHINTa 3MEKTPOMArHHT ¥3rapTrHaiap, YNapHHHT MOAEJUIapH,
JTKasunraH Hasapuit Ba aMaimil TaJKMKOT/NAp HATH)XXANApH, CTAaTHK Ba JHWHAMMK
TacHupnap yMymxalyn KHAMHra Me30HNap acocHaa YTkaswiraH KHEcHi
Tax)TH/UIap OunaH acocnaura.

DHeproTH3UMHHHT OHp Ba yu ¢asanH dAeKTp TapMOKIapHHHHI OupiaMuH
TOKIapHHH HOMHMHAN MHKIOpNapHAa sicCH ¥MoB HyJAFAaMHMHT YHKHMIDHIA
MeBEpNaHral Ky4WIaHWIOHH TAbMHHJIOBYH O3JIEKTPOMArHMT Y3rapTrHWUIapHHHT
TaOKHKOT HATHXKANapHHH MAaHTHKMH acocnaHHiMHM Gaxonamr y9yH TOKHH
KywlaHHIIra Y3rapTHPHII, TagKMKOT/IAp HaTwkalapH OYiiMua commmmTHpHILIAp
yTkasunraH, Hasapuif Ba amaiWii HaTHXKANAp XATONHKIAp Me3OHJIapH Oyiinua
TaX)IM1 KWIMHIAH Ba HATHXKATAPHWHT MIIOHUIWINTH TAbMHHJIAHTaH.

TaagKHKOT HATHRAJIADHHHAT Ha3apHii Ba aMmanmii aXaMHsTH.

TankMKOTIapAa ONMHHTaH HAaTHXANAPHHHT Ha3apui MOXMATH WIMHH HIA2a
PHBONUIAHTHPHITAH Y4 ¢asanmu TOKHH ScCH Y4OB uyjFamiap acocHfa
9/IeKTPOMArHuT V3rapITHYHH TY3WIMII Ba Y3rapHil TaMOHHJUTADHHH TaHjiaml,
3/1eKTPOMAarHuT KypHIManapHH TaxjiiWi KWIHII HMKOHMHH GepyBuH anropHTMiap,
ycy/nap Ba TAIKHKOT/IAp MaXMyacHHH APaTHNHIIKAAH HGopaT.

Bup Ba yu ¢dasany TOKJIapHH sicCH YI4OB YyJFam Ba TapKanraH napameTpiH
MarHHT Y3rapTHpUI TH3HMIIADUHUHT SNIEKTPOMArHHT Y3rapTHPHII Tamoiwmm, 6up
Ba y4 ¢asamM TOKHM KyWIaHHIOra sCCH V/MOB dYynFamjard ¥3rapTHpHUI
3/IeMEHTIAPHHHHT TAAKMKOT aNropHT/Iap Ba MOJEIA yciry6uATH, MebEpiaHTaH
YMKMII ~ CHTHAJIHM  TABMHHJIOBYM TOKHH  KYWIAHHUINa  3JIEKTPOMArHMT
§3rapTTHWIapHUHT IHEProTH3UM PEaKTHR KyBBar MaHGanapHHHHT
KxoMOHHauHUsNanra GolmKkapys TH3HMIIApH SpaTH/TaH.

JluccepTaumsiHUHr amanuifi aXaMHATH y4 ¢asanmu 3/ekTp TapMOKJIapiard
HOCHMMETDHIJIMK  TYFPUCHAArH CHIHAMIAPHH  ¥3rapTHpyBYM  KypH/IManap
TYPKyMHHH ADAGTHATAHJIMTH Ba SHEPrOTH3MM/ArH PEaKTHB KyBBaT MaHOGanapHHH
xoMOMHauMananran GoLIKApyBH YYYH KEHT (YHKUHOHAN HMMKOHHATIH, TOKHH
KYWI2HHIITa 37eKTPOMAarHHT ¥3rapTrHWIapHH amania KyJUTaHWIraHIHTH Gunan
usoxnanrad. TanKMKOTIap HaTHXKacH#a GMp Ba yu dasain 31eKTp KaTTATHKIAP Ba
napaMeTpNapHHHT §3rapuIIapuHH Ba HOCHMMETPHKIIMIHHH Ha30paT TH3UMH Y4YH
GMpNaMuM  TOKIApHHHT MHAKIOp Ba CH(AT KYpcaTKHWiapuHM HKKHIaM4H
KyWIaHHIOTa afeKBaT Y3rapTHPHIHIIHHH aMaira OWMPYBYH 3JEKTPOMArHHT
y3rapTruunap KypH/IMacH spaTiirad sa aMaJMETTa KEHT XOPHH 3THIraH.



TaaKaKOT HATHKAJIAPAHAHT K0PHH KHIHHANEA. TOKHH Ky“UIaHHILTa ACCH
YIMOB YYJIFAaMITH 3/IEKTPOMATHHT Y3rapTHPHIN TaMOKHIM, MOAE/UIap, arOpHTMIIap,
JacTypHil MakMya, KypwiManap Ba GOWKapyB CHMrHATM OWIaH TabMHHJIALI
3IeMEHT/IapH «?36exanepm2 HAK Ttacappydunaru sneKTp SHepreTHka TH3HMHAA
axopuit sTwiIran 6Ynu6, kywiammmm 04; 6 Ba 10 xB 6ynaran a3nextp
TApMOKJIApHAArH peakTHB KYBBAaTHH KOMOHHALMsNaHraH apTOMATHK GOLIKapHIn
TH3MMJIAPHJIA B2 3JIEKTP TapMOKJIap KY'WIAHHILIApHra MocC paBuIja GenrHnaHrad
PEaKkTHB KyBBaTHH TabMHHJAIl TH3MMIIApHAA KYJUIaHWIraH. PeakTHB KyBBaTHH
KOMOHHAUWANAHTaH 2aBTOMATHK GoWKApHIN KypwiManapuna Muuab uHKapi,
Ys3aTHlll, TaKCHMIIall Ba HCTEEMON KWIHMHII JKapa€Hnapuja IOKOpDH aHHKJIMKHH
TABMHHJIOBYH, TOKHM KATTANIMFH Ba (asacH TYFPUCHAArM CHTHANHH eTKa3ub
OepyBUM OSNEKTPOMArHHT TOKHH Ky'IAHMINITa yarapTrHunapHu KyuUtam 3JEKTp
SHEPrHAHH MaHOAIADIaH HCTEHMOMYMNAPra Y3aTHIIJArH YMyMHH 3HEprus
HYKONMIIMHY SPaTUAraH XypHIMalapHH Kywiawra Kagap GynraH MHKIAOpAAH
15%ra kaMafiTHDHI ~XucOOMra SNEKTP OSHEPrHs TeXaujaH MKTHCOAMH
caMapajiopi¥k 1,7 Miapa CYMHM TAIIKHR STran («flaﬁexauepro» OAKHHHT
17.11.2014 ¥mgarn NeMX-01-21/5413-connn, 27.01.2015 #unnarn NeMX-01-
21/321-COHIIH MaBITyMOTHOMACH). \

Hmauar anpoGamnusca. TakMKOT HaTwKanapn Gunan 40 fan OPTHK, HJIMHii-
amannit awkymaHiap, Wy katopaa 15 Ta xaxoH, XaNkapo koHpepeHuusnap Ba
ceMHHap/apaa, Xycycan: «World Conference on Intelligent Systems for Industrial
Automation» (WCIS) (Baku-2002, Tashkent-2012), «JHeprus Ba pecypc
TexaMKopimx Myammonapiy (Toument, 2003), «Control of power system - 04»
(Cnosakus, (Slovak Rep., High Tatras, Strbske Pleso), 2004), «<MuHoBauwus - 2004»
(TomkenT, 2004), «JHEPreTUKAHHHI' XO3UPIH XONATH Ba TAPAKKMETH HCTHKGOMMY
(Tomxent, 2006), «BOWIKAPYB, TALINM Ba CaHOATAa WHHOBAIMOH TeXHONOrHANap
«ACTHHTEX»  (Poccus, Acrtpaxawb, 2007, 2011), «Due

ProTexamxop
TEXHONOTHAIapHH  Ky/ulam  Taxkpubacw»  (Tomken, 2010), «Dnepreruka:

sHepropecypcnapri - Gowkapumi, cupaT  Ba  camapagopmik»  (Poccus
Bnaropemenck 2003, 2011), «Oueprotexamkopnui MacananapHHu pauuona.x;
€4HMMJIapH, NEKTP XaBQCHIIIHK BA SHEPTHS TALMHHOTH koHuenuusiapu» (Oaproua,
2011), «JHepreTHKaHWHT 3aMOHaBHH Myammonapny» (Tomkent, 2006, 2011)
«3amoHaBHii TEXHMKA Ba TEXHOJIOTHAIADHUHT nonsapb macananapuy» (J'[nneux’
Poccus, 2012-2014), xamaa Pecrry6nuka mHHOBauuon Fosnap, TexxHonorusnap ne;
no#inxanap spmapkacuna (Towxkent 2008-2014) Mabpy3anap Tesucnapu Ba MnMuii
HiuTaHManap 6Mn1aH MIITHPOK THIIMAH.,
HarmAaJapHHHT 3bJ0H KHJIHHTAWINTH,
Ta WIMHH HLIAp HAaWp KMIHHTaH, XyM/lagaH
MHUTHA WiMKi KypHanaa 10 ta mMakona, 1 Ta

WIMHH MaKo/a Halp KHMAMHraH, 4 Ta kawpuér yuyn Vibexucron Pecny6nuxacu

HXTHPOCHTa NaTeHTiap Ba 1 1a anroput™ Xamna RacTypuii Bocuta V3iGexucron

Pecrry6mmkack HuTennextyan Mynk areHTIMrHAa pyHXaTra ONMHraH.
HHccepTAUMAHHAT TY3WIMINH Ba XamkMu, Hucceprauus kupuw, ontuTa 606,

Xynoca, goiinananunran anabuétnap pyiixatu, wiosa sa 200 caxuda maTH, 49 Ta
pacM Ba 12 Ta xansannau n6opar.

Hucceprauus massycu 6¥iinua 84
» 2 Ta Pecny6nmka Mukbécumarn
XOpWXHA unmmii xypuanaa 1 Ta
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JUCCEPTALIUSSHUHT ACOCHIA MASMYHH

Kuprm xHcMHIA OHCCEPTaUMA MaB3yCHHHHT JOJ3apONMIH Ba 3apypHATH
acocnaHraH, TaAKMKOT Makcand Ba Basuganapu, 0GBLeKTH Ba NpeaMeTiapH
aHuKNaHraH, Y36exucron Pecry6nukacH ¢aH Ba TEXHONOTHSIAP TAPAKKMUETHHHHT
YCTyBOp HyHAIHIIUTapHTa MOC/MIH KypcaTuiraH, TalKHKOTHHHI WIMHH SHIWINTH
Ba amanHii HaTHxanapd GaH 3THATAH, ONKHTAH HATHXKANAPHHHT HINOHWIWIATH
acocNiaHraH, yNapHHHT Hasapuii Ba amanuii  axamuatH ounb Gepwran,
TAOKHKOT/IAPHUHI HAaTH)KAIApHHH aMania >KOPHH KWIHW XOJNaTH, HIIHHHT
anpoQalus HATWXXaNapH, IBJIOH KHIHHIGH HIUIAp Ba JHCCEPTAlHAHHHT Ty3HIJIHIOH
6y#uua MabIyMOT/Iap KEITHPHIITaH.

Huccepraunsa HIIHHUHT GHpHAYH Gofnaa SHEProTH3IUMAA TEKTP SHEPrus Ba
peaKTHB KyBBaTHH WIWIA6 YMKapwWil, y3aTHIOI, TaKCHMJIall Ba HCTEHMOJ KHIHIN
KypHIManapuja, peakTHB KyBBaTHH KOMOHHauwsianraH Gowkapysuaa GHpnaMuu
TOKHH fCCH ¥m4oB uynraM EpAaMHia HMKKHIAMYH KaTTAIHMKKA ¥3raprHpHI
MacananapH Kypu6 unkunran. PeakTHB KyBBATHHHT MHKIOPH 3HEProTH3NMAA
3NIEKTp 3HEpPrHd HYKONHIINHM OENTHIOBYH KATTANHKIMD, 3aMOHaBHH TOKHH
KYWIAHHIIFA {3rapTHpHII TaMOHWIMHH SApaTHII Ba aBTOMaTHK GomKapHm
Kypunmanapy Ounad OupranuMkia HOUTAIMHM TabMHHIIAII acOCHIA DEaKTHB
KyBBaTHH aBTOMATHK POCTJIAll TH3HMMHH APaTHIl HIMHH WUIHHHT Ha3apuii Ba
amanuif axaMusTHHM Oenrunaiay pa TagKHKOTIAp aCOCHHH TALIKHII 3TalH.

OHeproTH3UMNIaplia PEaKTHB KyBBaT MaHOalapHHH pakaMIH KypHimasiap
acocu1a KOMGHHALHSUTAHTaH aBTOMATHK GOIIKAPHINHHHT (yHKIHOHRAN YH3MacH 1 —
pacMia KeJITHPHIIraH.

T T | € WP
. B
&
[M][M][A.?J ";E:
I l I [

(xu:]_l[n z}.l[mw.a]_l ':.;’L

TQGM TQKO

SN

Al, A2, A3 — apToMaTnk Kyum6 - y3ruy, KM1. KM2. KM3 — koMmyTauus
yckyHanapu; TK — Toknn komnexcauus 6nokn; Mb — ManTikuii 6110k,
V1,Y2 — kyuaittupruunap; KT1, KT2 — Bakr anementaapu; KL1, KL2 - wxkpo
opraunapy; YO — Gowkapys opratu; MIIBB — peakThB KyBBaT MaHbanapuHu
Mukponpoueccopiu Goukapys 6nokn; CM (I'C, MC) — cHHXPOH MalnHa
(reneparop — I'C Ba MoTop - MC), KC — CHHXPOH KOMIIEHCATOp, KKY - peaxTHB
KyBBaT MaHOacH — KOCHHYC/IH KOHJICHCATOP KYPHIIMa, TKOMY Ba KKOMY - Tok
Ba KyWIAHHIITHAHT SICCH Y/THOB HYJIFAMJIH 3/ICKTPOMAarHUT Y3rapTriwiapu
1-pacm. JHeproTH3EMAA peakTHB KyBBAT MaHOanapHAE KOMOHHAHAIAHTaH
ABTOMATHK GomKkapyBHHHI QYHKUHOHAN THIMACH
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Slccn YmuoB WynFaMsId TOKHH KywWIaHHILIra 3JICKTPOMarHMT ¥3raprriwiapaa
YHMKAI KaTTamurd GOynrad KywiaHMOUIApHH XOCHJI KWIHII TaXJWIH acocHAa
OeNTHNaRAWKY, TANKUKOTIAp OSHEProTH3HM peakTHB KyBBaT MaHOanmapHHH
GomkapyB ydyH XOMQMHaUMANAHraH, KeHr (YHKUMOHaN HMMKOHHATIH, 6Hp
MebEpra KeITHPIITaH YHKALI KaTTaNHK/IHKHH TabMHHIIOBYH, Y4 $a3ain ToknapHu
HOCHMMETPHKJIIHTMHN XHCOOra OyB4H Ba 3JI€KTP TapMOKJIAp TOKJIADHHH IOKOpH
AaHMK/IMKAA KyWIAHAIIra OSJICKTPOMAarHAT Y3rapTTHWIAPHHH APaTHII, Xamaa
TOKJAPHH KyWIaHHWIUra Y3rapTHPHIDHHHT CE3HII 3JIeMEHTH - fcCH  {m4oB
YyJIFaMJIapHH SPaTHIL, TANKHK STHLI Ba aManneTTa KyJulall yCylapHra acociiaHraH
6ynmum no3nM.

Juccepralys HINHAA TOKHH KyWIaHHLITa 31eKTPOMArHUT ¥3rapTruyiapra Moc
KeJTyBUH ACCH ¥IIMOB YyJIFaMJIApHMHI acoCHii I1ak/ulapy Ba Ty3HJHILI TaMoHHIIapH
TaXjTA KWIHHET2H. YHKMID XaTTAIHTHHH TabMHMHIALILa MYXHM axaMHSTra 3ra
OYnran siccH YMHOB UYAFAMHHHT acOCHH TYpJIapH Ba YJNAPHHHT KECHM H03a/lapHHH S
anukiam GopMynanap 1-xagsaiga KeATHPHITaH.

1-xanBan

Sceu YirioB qynraMIapHHHT acoCcHi Typaiapu

Scen yraos Slcen yadoB gyaram
Ne qYJIFaM Kecum 103acn
IHAKIH
TypH

Usumx,

P 1

1. | Vubypuakcamon \:F S, = kab/2
¥

« b )
Tyrpubypaak- Uz, s
2 S = kab
CHMOH P i
— b —
U sux )
3 IOmanox k! S, =kx D14
: T
Usamx ©
4. | CupT™MOKCHMOH - l S, =2ab

fe— , —>|e—p —>
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Hkxnuan 606 6up Ba yu ¢asanu TOKHH KYWIAHHIOTa 3JIEKTPOMArHHT
y3rapTTHWIApDHHHT  MarHUT  Y3rapTHpHII  3alKHp Ba  TH3HMJIADHHHHT
TaKMKOT/IApHra 6aFHIIaHTaH.

Slccn ¥n4oB yynraMiIH TOKHH KyWIaHHUITA IEKTPOMArHuT ¥3rapTruwIapHHHT
KHPHIL KaTTanMkiIapH 6Ynu6 yu ¢dasanu anextp Tapmoksiapunary I nan to 10 000
AMriepraya KaTtanukra sra OynraH Oupnamuu ¥3rapyBuaH TOK MHKROPH lsxip,
3NIEKTP TapMOKJIapHHHT MUKROpH 0,4, 6 Ba /0 kBraya Gyaran 6upraMuH KyunaHHII
Usryp 6Ymu6, umkmmn curiann 3ca @@ MarHNT OKMMHHHMHI TaKCHMJIaHHINHTa
TYFpuAaH TyrpH GOFNMK G¥iraH, MarHMT Y3rapTHpHII TH3WMH HYIM - MarHur
Y3rapTHpHII TH3UMH Y3YHJIMIH, MaTrHHT OKMM Kecu6 yTaérraH 103a Ba sCCH ¥II40B
qyJIFaM I03aCHHUHT P MarHHT OKMM TOMOHHMJAH KecHil Gypuarura Gormuk 6yaraxn
Uswu — SICCH YITHOB YyIFaMHHHT YHKHIL Ky'WIAHHLIHIHP.

Slcen Ym4oB uYNFaMITH TOKHH KYWJIAHHINTa NIEKTPOMArHUT Y3rapTruiIapHAHT
MarHuT Y3rapTHpHIU TH3UMHHHHT rpad Momenu 2 - pacMaa KenTHpHiraH 6ymu6
YHHHT TaZKHK Ba XMCOOH TOMOMOrHK ycy/apra acociiaHTraH. MariuT y3rapTHpHII
TH3UMHHUHT rpad Mopmenu acocHaa sAccH YNYOB YyNFaMJM TOKHH KywiaHHiura
3JIEKTPOMArHHT Y3rapTHPrHWiap MarHHT TH3HMHHHHT TYTYHAapHOarH MAarHuT
IOPUTYBYH Kyunap - F Ba MarHuT Y3rapTHpHII TH3HM {3rapTHpAm GyiakapHHHAHT
6enrwnoBud xuiimarmapu II, 170, IT! — Gyiinama, BepTHxan Ba KyHIamaHr
TlapaMeTpJiap aHHKJIaHaMH.

Lezigna

L=: pirn1 Kip
9
JFatpa

2- pacMm. Slccn ¥a90B 9¥NFaMIIE TOKHH KY'WIAHHINTA 3JIeKTPOMArHHT
y3rapTrHunap MaraHT Y3rapTHPHIN TH3HMARHET rpad MoaeTH
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Slccn ¥MYOB YynFaMiM TOKHH KyWIaHHMINra 3JIEKTPOMAarHWT Y3raprruiiap
TapKairaH NapameTpiid Ba Mypakka® TY3WJIMILIN MarHUT Y3rapTHPHUIN TH3HMHUHUHT
yMymnamran rpad) MOAENTH MariHT TH3HM TYTYHJIApHAArH MarHHT IOPHTYBYH Kyd
Ba MarHMT OKMMJIApHH XMcoOnamt uMkoHMHH Ocpagu Ba OyHIa MarHWT TH3HM
TOKHH KyWIaHWIITa ¥3rapTHPrHYHHHI GeJITHNaHraH aHWKIHK TacHH(QHra GOFIHK
xonga i, j, k 6ynaxnn ymiamnapra 6ynuHraH, spHu 6ynak ynuamnapu i - 1 nad n
rava, j- ] nau mrada Ba k - I nau / raua yrapanu ne6 kaOyn KWiMHras.

Scch  ym¥oB  uynramiM  TOKHM  KYWIaHWIOT2  3ReKTPOMArHuT
y3rapTrH4AapHHHT rpady MOAENH TYTyHJIapH YYYH TYryHJIap MarHHT IOpHTYBYM
Ky'WIapHHA 3HUKJAll YIyH OXHDTH 3JIeMeHTNIap Ba ¢apkiap ycyau alropHTMH
2COCHJIA TeHTJIaManap Ty3HIITaH:

SICCH YITY0B YyJIFaMJIH TOKHH Ky“UIaHHINTa 3/IEKTPOMarHuT y3raprruunap rpag
MoaenHHHHT { =1, j = ] Ba k= ] TyryHn ydyH MarHuT IOpHTYBYHM Ky4HH XMcobnam
Y4yH TeHriama Kyfuaaruaya Ty3unanu:

F ifelk Fl*'.i.l + F,

.4 k41

+
ijelk nol\’l.j.k ml.[ﬁol .
[¥7 Bl 1 1 1 ’
+ +
”I,,‘ou Hohl,j.l- Hll.j.lbl

i=m,j=1Bak= 1Tyryunap yuys:
F,_. F,. F,.
KIFI:lx ik + 71 L2 H;J..d + Lt
- 0i-|./# i j K+l ”l.jol.k .
ijx = 1 1 1 ’
+ +
no:-l.j.k Hl:./.hl ”l.qu,k

i=1,j=1sak=IT1yrynnap yuyn:

F =15k + F, i.jk-1 + F i, j41 K

F - I or‘-l.j,k I ll.[,l’-l "A.m.t .
ijk 1 1 1 ’

+ +
”Oi-l,j.t n ll.j.lnl ”l."l.k

SICCH ¥ITYOB YyJIFaM/IH TOKHH KyWIaHHILFa 3/IeKTPOMArHHT Y3rapTriuniap rpad
MOJENHHHHT i =2 nanmravya-/, j=2pannrava-/ Ba k= 2panl/rava-/
TYTYHAApH Y4YH MarHHUT IOPHTYBYH Kywiap Ky#Haara ndonanaH aHHKIaHIaH:

Kyl sexigjx T
F p—

F

KIFlanl./.t +

K +F‘J—U LI:'J“# " EJ 1 F“JM " Fi—llk N FMJ*
TP iy 4 v v ' i v
F = ! 17:,'—“ Il.i*u lnl'JH m.ibl mi-hk mﬂ{[ﬁ .
ok 1 1 1 1 1 1 ’
e + t —
II'J'U‘ ll‘r’u' IH‘JH mJM m"ll* m“ll*

6y epaa: /,,,- 3HCPro1u3NM yu asanu MEKTpP TapMOKJIapH Y3Ka3rHuapaark
TOKJIap, SABHH ACCH YN40B 4YyAfaMia¥ TOKHH KYWIAHHINra 3JICKTPOMAarHWT
Y3rapTrHwiap Y3rapTHpHII TYTYHHTa TakCUp KMIYBYM Kulimatnap; K -37€KTp Ba
MarHHT 3aHKHpJap KaTTalik Ba napametpnapuHu 6ornaHuw koddduuuenty; 17 —
MAarHuT ¥3rapTHPHII TH3HMHHHHT TapKaITaH NapameTpiapH.
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DHeproTH3UM 3JIEKTP TApMOKJapuaard OHplaMyM TOKIApHH fAcCH YTdoB
YyJFaMJIH  JJIEKTPOMArHWT ¥3rapTrH4nap acoCHAA HKKWIAMYH Ky4/IaHHINra
Y3rapTHPHIIHLIHHAAT JUHAMHK rpad MoAenH 3 - pacMia KexTHpriraH. JIHHaMHK
rpad moaen acocHia ¥3rapTTHUIAPHHHT YHKHIN Ky'UIAHMIIHHHHT ¥3rapHIUHHA
TAOKHK OTHLI MMKOHHHH OepyBuM AMHAMHK TacHH(HHHT MaTeMaTHK HdgozacH
KyiiHgars KypHHHLIA aHUKJIaHAAH:

wa (P) = Kw‘U: T(p)p KBFpT(p)wa U3mx (p) .
6y epna:
pTBm:nawx
1+ pT o 50 T sviema 1T vseme

T(P)am =

pT 0, )
1+pT,0,7,.1,,°

#° pma’’ yama

TP} T(): P . TEIP

~ Kb‘ ~
[ToI0 ] Ko [ Topion] Ko [f6 ) ]
up) WL @ Fp) ) @ UE QW) 1P

3 - pacm. flccH Y08 TyaFaMITH TOKHEHE KY'WIAHHINN 3/1eKTPOMArHAT
y3rapTrawiap AMHaMAK rpad Moaems

I(p), =

I'pac) Mozien acocka TOKHH KywWIaHHIUTa Y3rapTTHYHHHT KHPHIMAArH Loy -
OMpnaMuM TOKHMHr V3rapuiIMga TapKIraH MAarHHT ¥3rapTHPHIN TH3AMH
TyryHnapuard F - MarHuT IOpHTYBYH KyWIapHHHI KMAMATJIapHHH Y3rapHIIn
acocHiia ICCH JMHOB YyNraMHMHT YMKHMIIMAArH KywiaHHI - Usus XOCHJ KHJHIN
ndopgacy aHHKNAHraH.

Maruut okumnap Gyiinama - @, kynraananr - @0 Ba Beprukan - @I —
Kypunnuiapra  Oysmmagn. Slccn  YoioB  WynFaMiik TOKHH  Ky'UIaHHITa
3NEKTPOMATHUT ¥3rapTTHYNapHHHT MarHHT Y3rapTHPHII TH3HMH 6ynaxsapu R, RO,
RI - MarHuT napamMeTp/iapi Ba MarHHT KATTalMK/Iap — MArHHT IOPHTYBYH Ky - F Ba
MarHuT OKMMJIap- ¢ TaKCHMJIAHHIUY TYTYH TEHTJIaManapH acoCHIa aHHIJIAHTaH.

Yuneun  Gobga  JHeproTH3MM  PeakTHB  KyBBat MaH6anapHHAHT
KoMOHHalMANauraH GolKapys 3/eMEHTIapHAAH 6ynraH AcCH Ym4OB YyaraMIH
TOKHH KYWIaHHIUra 3JIeKTPOMATHHT y3rapTry4iapHH TaIKHKOTH HaTDkalapH
kenrrupunrad. MATLAB gpactypnap MaXMYyacHHHHI TaH/aHraH 6{oxnapn acocuaa
PEakTHB KyBBaT MaHGanapuHMHT OGOWKapYB THU3HMHM SCCH yIOB YyJIFAMH
YHUKHIIMAATH KyWIaHHIIHK, GupnaM4d Tokjiap Ba MAarlHT y3rapTHpHII TH3HMH
OKHMHHH XHMCOONaml y4yyH TankMkoT MOzaenu Ty3WAraH Ba y 4 - pacmia
kenTHpHATaH. Peaktus xyssaT MaHOanapHHMHT 6olKapyBH TALKHKOT MOZENH
JTKUHUM KapaéHnapuu cudar TacHunapunn xucobra onraH yIrapTrHTUIApHHHT
KaTTATHKIAPHHH pean BaKT yyaMna TAGKHK STHII MMKOHHHH Gepany.

Toshkent Aﬁbur)‘»t Pexnoiogiysleri Urivorsites {
i i NI NO



4- pacm. MATLAB AacTypJiap MaxMyacH 2COCHAA TY3HITaH
SICCH Y1908 Ty/IFaMJTH TOKHH Ky'WIQHHIINA JICKTPOMAarHuT
y3rapIrawIapHAHT TAIKAKOT MOIETH

MATLAB nactypriap MaxMyacH acOCHAa 3HEPrOTH3HM DEaKTHB KyBBaT
Manbanapn koMOWHalHsnanran GOmIKAPYB TH3MMHHHHT SCCH YYOB JYJIFamMiH
TOKHH KyWIAHHIOra 3/eKTPOMArHMT Y3rapTrUWIApHHHHI KHpHLI B2 4YHKHLI
KaTTATHKIApHHH TaAKHKOT/IAp HaTHmXajiapa 5- pacMaa KECNTHPHIIraH.

PeaktHs  KyBBar MauGanapmHHHr  KoMOWHauMsamaHraH  GOILIKapyBH
MOJECHHHHT TaOKUKH HaTWXKANapHAaH Xynoca KHIHII MYMKHWHKH, SpaTHiraH
MaTeMaTHK MOJie/l peal BakT YiYyaMuAa 3HEproTH3HM Tanabnapuuun Gaxapanwran
SICCH ¥MHOB YYyAFaMJIH TOKHM KyWIaHHIIra 3JCKTPOMAarHHT Y3rapTrU<wIapHHHT
KHCMJIaDHMHH, Y3rapTHpHIl KaTTaIMKJIapH Ba KWHMaT/IapHHH TagKHK 3THII Ba
aHHKJIaM HMKOHHHH Gepann.

’ " o I
RV ,,’\J\,- SAAY

- ] s
AN A"‘\'\-‘Jv LS )\L‘-"; FATE :T(‘l‘ \llll“lT‘r l‘ ‘l“'lll 1 }‘,

PR

UL ST \Tjtr‘ WV

a) 6) B)
a) Mebépuii, 6) HOCNIMMETPHK, B) KHCKA TYTalllyB pexHMapHaa
5 - pacM. JHeproTH3IHM AICCH ¥IM0B Y¥AFAMIIH TOKHH KY'WIAHHIIra
3JIEKTPOMATHHT Y3rapTrHLIAPHHHHT KHpHI (1 — 6upaaman TokK - I, wp),
opaHK (2 — M.10.K. Fy, Ba 3- MaruaT oxuMm - @) Ba YHKHIM (4 — MKKHJIAMTH
kywIaHH U, qux) KATTANHKAADHHE Y3rapumuiapu

MATLAB pactypnap MaxMyacH acoCHAA MOAEINAIUTHPHIL Ba TAOKHKOT/IAp
HaTIKaNapH KYPCAaTAMKH, SCCH ¥A4YOB YYNFaMNH TOKHM  Ky4JAHHMIUra
3/IEKTPOMArHUT ¥3rapTTHYWIAPHHHT XyCYCHSATH acOCHMZa TabMMHIAHYBYM UHKHIL
KYWIaHHIOHHHHT Y3rapHIUIapH 3JIEKTP TapMOK ¥TKasrHunapura 3/ekTp okiamanap
ynanranpas cyur 0,044 cex mobaiinupa TypryHnamanu. Yw6y kuiiMaT MarHut
{3rapTHpHII TH3HMKEHHHT HHEPUHOHIHTHHH JKYIa KHYHK JKaHAUrHHK ncboTnanu.

18



Typraaun 606 AcCH YIYOB UyJIFAMJIM TOKHH KY'WIAHHINra 3JIEKTPOMarHuT
{3rapTrHWIapHUHT acoCcHil TacHH(IapHHH TANKHK KWININTa GarniLIaHTaH.

Bup dazamu (A dasara ypHaThaAran) ACCH YIIOB TyJIFAMIIH TOKHH KyWIAHHIITa
3/IEKTPOMArHUT Y3rapTrHWIapHHHI CTaTHK TacHU(H spatunran rpad Mmozen
acocua Kyiuaarnya ugoganasanu:

Ay By
U =488 W, iccs € 7 D i ).

Bup ¢asanu sicc YAYOB UYNFAMIH TOKHH KyWIAaHMIUra SJICKTPOMArHHT
{3rapTHPrHYNapHUHT CTATHK TaCHH(NIAPHHH TAlKHK HaTwxanapy 6 - 9 - pacmniapaa
KEATHPHATaH.

Vu ¢asanu anextp Tapmoxnapuunr (B Ba C dasanapu) Toknapra Moc
MKKHJIAMYH KYYIaHMULUIADUHHHT Y3rapuililapH CTaTHK TacHHdmapu rpag mozen
aCOCHIIa aHAIIOTHK acOoCHa XOCHI KHITHHAIH:

Ryt Ryt

anm =4:44f”@um:ﬂ € fa t¢xuw8 e-l-_?’

Rugt Ryt
L

U e = 444 P e € 2 20 e 3.

MarteMaTHk Ba (H3nK Moze/nap acochia onuM6G GopunraH TagKHKOTJIAp
HaTHXanapy KYpcaTOMKH, XaBO OpalMK - J KaTTalaliraHga sICCH Ji4oB dyJram
YHUKHI KYWIaHAWHHUHT - Uswuy KMIIMaTH KECKHH KaMasi, 6y xonat 7 — pacmaa
udomananran. Yuxum xywrannmmnuar Mesépuil Kuitmati (Uswy = 20 B) 6 - xaBo
opanuxHuur 0,002 — 0,003 m. Ba AiccH Y/T4OB HyJIFaM Ypamiap COHHHHHT Waga 3 — 4
ra TeHr MHKIOpPNapHAa TasMHHIAHAH. SlccH YTiOB YyJFaM YHKHII KywWiaHHIOH
COHMHH OpTHIUM YHKHMII Ky4IaHHIIH KMIMAaTHHHHC OMp TexMCZa, SbHH 8 - pacMm
KENTHPHAraH XONJa Y3rapHIUMHH TasMHHJIAHAH, SCCH YM4OB Yy/raM KECHM
J1032CHHH Y3TapHIIM 3Ca YHKWII KywWIAHHIIH KHAMATHHHHT YH3MKIH Y3rapHIIHHH
TabMHHNalAY, Gy xonat 9 — pacMaa kenTuphirad rpaduk 6unan acocnaxra.

Uwnn - g g Cann
]
e S U S —— g A(: 10 ‘
- /’:
[} 6;/’ ” l‘
o Y
" x
‘\ , DU EXTIARRID
T~
L] L]
4 s [ 16 E) A Bytvde

a -?0 MM, 2-22 MM, 3~24 um,,4-26 )

6- pacM. J XaBO OpPASIAKHHART 7 - pacM. Useusy, THKHII Ky UTAaHHIIAHART
KHHMAaTIapHIa cTaTHK TacHudnap  JHENT  KHiMATJapnra GoFIHKIMIR
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Hasapui#i Ba amManuii TaOKHKOTAAP Oyqy =50kBAp MHKIOpAArd HOMHHAN
peaxtuB KyBBamW, I, =1l,,3=1,,=76A4 - Mukgopmaru peakTHB TOKHH
TAEMHHJIOBYH, HHIYKTHBJIUTH Ly=L;=L,=10"TI%, CHFUMH
Cu=Cs=C,c=10" &, xyunanumm U, oy =U, g =U, ,,c =380B, 1¥na xapummru
Z,4=2Z,3=2,=02890M G6ymran peaktu KyBBaT MaHGacH - KOCHHYCIH
KOHZEHCATOp KypHJIMaCHHHHr GOLIKapyBuAa KY/IAHH/TYBYH ACCH JI4OB YyJIFamiy
TOKHM Ky4iaHHIra OHp ¢(asanm 3/eKTpPOMArHUT Y3rapTrH4IApHHHT MarHHT

TH3HMHJA KeYYBYH YTKHHYH kapa&HHH Oaxonam WMKOHHHH Gepan. ByHaa MarHut
y3rapTHpHLI TH3HMHArH MaKCHMaJsl MarHHT OKHM KyiiMaarnua aHHKjaHraH:

U, 380
Dot =Dy =P = 2==———=121B6
zxed seaxcl gl "1 o 1.2-7-50 I’ .
c—- T ] A Cemb g
w v Ll ] . l,,x/
”" /, " Y .
[ ] —> - = == . \Ia
— — T wa s & ﬁ‘”l il" l a2 15¥ un'
8 - pacsi. Uswux “tHIKKHIN 9 = pacm, Usvux ITHKHID
wydRaHutuHHHE W a9y §pamiap  KYyWIAHAIIHHEAT S g9y KCCHM 103aHH
counnn xulimaraapura GornMInrR KufiMaTaapHra GoFaHKIHIN

Slccn YmiOB WyNFaMIH TOKHH Ky'WIaHHILUTa JJICKTPOMAarHuT Yaraptrauiapaa
TOKHH Y3rapuinra 6oraux 6¥aran MariuT Y3rapTHpHill TH3UMIATH OKMMIAPHHHT
yarapuuyny  KYpcaTyByH  AHHAMHK tacundu (1-3) dopmynanap acocuaa
AHUKARKHAN, MarHuT Y3rapTHPHLI TH3UMIATH YU (asanu 57eKTp TApMOKIAPUHUHT
TOKABPH XOGHA KWIraH MArHUT OKMMAApHUHT Yarapum rpaduinapu 10 — pacmaa
KeATHPHIITAH,

T'pad monen acocuia ONMHIAH TAAKHUKOT Hatuxanapu rpadminapu snexrp
TapMoKaard y4 cbaaalm TOKJIAP XOCHJ KHW/raH MarHuT OKHMJIApHHHI aMIUIHTYyHa
kubiMaTHHH GMpoaHura OIHG KeTHIH MAarHAT OKMMJIGPHHHC OSHT  KaTTa
Y3rapHmiapura MoC KeJIMULTHMY TYFpUCHAArH Halapui xynocacHiu ucbotnanu.
Sccn YMOB UYNFAMIM TOKHM KYWIAHHMLITR UICKTPOMArHHT Y3rapTHpruuiapHu
3/ICKTP 10K/1amMara ynanuw nalitnaa Oypyaknap v = yn = ym = 0 Ba Prawd, Praros,
DeardC = KONIUK, MAarHHT okumnap 3ca @4, @Dp Ba D¢ - acocuit MarHUT OKMMJIapra
Kapama - Kapiiu 6ynany.

Vu ¢asany TOK XOCHJI KHIraH MArHUT OKMMJIap ¥3rapuuuiapH KyHnnars
udoganap acocHna aHHKJIAHAH:

D,=D .. 4[2—(""'“" — cos( a)t)]:l:¢ e~ Rt a
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D, = d)ms[e"kﬂ"L" — cos( o)t+120°)]:td§,m, g e Ratlla) )
D= et —cos(@t -1200) | B e e Pt (3)

TagkukoTnap acocupja Hasapuii Ba amManuii HCOOTNaHAWKH, 3HEProTH3IAMIA
3NEKTp lOKIamanap yJaHraHgard YTKHHYH skapa€H MaTHAA MarHHT OKUMJIAPHHHT
KHHMaTAapHHH CaKpalICHMOH OLNHIIH SCCH Y/4OB YYJIFaMJTH TOKHH KY'WIaHHINra
3NIEKTPOMArHMT ¥3rapTrHWIapHHHT HKKHJIaM4H TOK/IapHHH KHHMaTHHH XaM KaTTa
MHKZIOpAa OpTHO KeTHIINra ONHG Kenanu.

TamkHKOTNap Tax/IMIH HAaTHXKACHAA DHEPTOTH3HM JJIEKTP TapMOKJapuia
YpHATHAraH ACCH ¥/I4OB  YYNFaMiH TOKHH KyWIAHMIUra 3JIEKTPOMarHMT
Y3rapTrHWIapHUHT TapKAIraH MArHMT Y3rapTHpHII TH3MMMAArH TYPFYH XOJaT
GupnamMun ToKJIap YTkasrM4waapura 1oijiama ynaHraHugaH 0,03 — 0,044 cex. BakT
§Trau TabMHHNAHHIIM aHHKNaHraH. Ymby xynoca MarHuT Y3rapTHpHII
TH3UMHHHHT MHEPUHACH JKyJa KMYHK 3KaHJIHTHHH HcGoTnanu.

-~
& NP

7 >
J‘

10 - pacm. DneproTH3nm yu $a3anm 31eKTp TAPMOFHAS TOKJIAP OKHMHA XCCHII
KHAraH SIccH Y1908 MY/IFAMIH TOKHH KYWIaHHINra 31eKTPOMATHHAT
Y3rapTHpHII MarHuT TH3UMHAATH OKHMAAPHEHT KulimaTinapn

JiccH YIT4OB Yy/IFaMH TOKHH KYUNAQHHIITA 3NIEKTPOMATHHT Y3rapTrHUNapHAHT
Usew; YMKMII KYWIAHMIDMHWHT Khitmatura Tr - aTpod MYXHMT TeMnepaTypacHHHHT
TaLCHPHHU rpad Momen acOCMIard TaOKHKOT/IAp HaTxanapu 11 pa 12 - pacMaa
KEITHPHIITaH.,

T T L)

o m T vown wa vRUTL MOYTITE
LIAR Ao g Ly

e 4 + P

YN AT TINOTA Antiurante

s R

- 1 | 1 |

e aeo a0 ey a

11- pécM. Xaronnk manGanapuHn 12 - pacM. Usuux THKMI KyWIaHHOIHTA
TAAKHKOTH rpad moaens I;wux Ba T IAPHHAT TABCHPH
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Sccn  ymaoB  YyAFaMAM  TOKHH  KyWIQHHIITA  3J€KTPOMArHHT
¥3rapTHpruwIapHHAT HINOHWIH HOUIANI MHKAOP KYpcaTKH4YH XMcoGH Kyiimaaruua
amasTa OMHPHIATIH:

P = Prom Pnap=0,98 x 0,98=0,96,

6y epaa: Pram— (haBKyNOTAA XONATAArH HINOHWIHIHK,
Prgp ~ napaMeTpHK HIIOHWIHIIHK.

XucobnaHraH HIMOH'WIHITHKHHHT MHKIOP KYPCAaTKHYM 3HEPrOTH3HM pEaKTHB
KyBBAaT MaHOanapn GOINKAPYB TH3MMHHHHT 3JIEKTPOMArHHT Y3rapTHprHwiapHHH
MIDOHWIHJIMrHra 6ynran TanaGnapura x%apo6 Gepaau.

SAcca  yauoB  uYynFamiaM  TOKHH — KYWIaHMIUra  3/IEKTPOMarHHT
Y3rapTHprUwWIapHHHT AMFHHIOM YprakBaJpaT XaTOJMIH Kyi#iHparu udgona acocuaa
aHAKIaHaIH:

5z =4/0,02% +0,01° + 0,01 +0,05% =0,055,

6y epaa dus, Oy, Owo, Gucx = KY3FATHIN YYJIFAMH, MarHHT Y3rapTHPHLL TH3UM,
SICCH YJIHOB HyJIFaM Ba J/TYOB CXEMacHHHHI ¥pTa KBalipaTHK XATONHKIAPH: Cos =
0,02; 8u= 0,01; &uo= 0,01; &uex = 0,05. SIccu YIII0B HyNFAMIH TOKHH Ky'WIAHHILTa
3JICKTPOMarHAT Y3rapTHPrHwiap y4YyH OHTPONMA OFHII KHifMaTH Kylumaru
¢dopMyna acocHfia aHHK/IaHaIH: 4 = K,J%, Oy epaa: Jr- XaTONHK OFHII KHHMAaTIapH
HAUFAHAMCH, Ks— SHTPONAA KO3(GHINEHTH (Typ/iH TAKCHMIIAHHII KOHYHAPHAA K»
TypAHu KuiiMaTniapra sra 6¥ynagu: HOpMall TAKCHMJIAHMII KOHYHH YUYH K, = 2,07).
Xucobnapra xypa, sicCH YI4OB HYNFAMIIH TOKHH KYWIAHHIUra 3JIEKTPOMArHUT
y3rapTHPrAWIapHHHT SHTpONUA xaToyuru: 4 = 0,11. Amanuit Tankukotnapaa 4 =
0,2/ ra TEHIJIMIH aHUKJIaHAHN.

Bemmaun 606712 sScCH YII4OB HyNFaMIIM TOKHH KY4Y/IaHHILTa 3JIEKTPOMAarHuT
y3rapTrAYWIapHM NioliMXanall anrOpHTMIApH, KypHIMalap sipaTMil Ba YJIapHM
napaMmeTpAapHHH paloHaN XHcoGalll TANKHKOTIIADH HAaTHXaNapH KEeNTHPHIraH.

Slccn  yauoB  WyNFaMiIl TOKHH Ky4WlaHHUIra  3JIEKTPOMAartuT
y3rapTHprHWIapHH palHOHAN JioHHXanaml HMKkH GockHumaH: Kypuimanap
TY3WIMIIMHY TaHjaul Ba Y3rapTHPHII NapaMeTpiapuHu XucobnaugaH Hoopar.

SAccn YI40B YyJIFaMIIH TOKHH KYWIAHHIITA 3/IEKTPOMArHUT Y3rapTrHuapHHHT
TYSWIHIDHHH TAHNAll YYyH 2acOCHil KypH/IMaJlapHHHT Mopdonorik 3-xxagBaiH
Houa® YMKWIraH, y acocha KypuiManap Taujam 13-pacMaa KenTHpuAraH
anroput™ Gyiinua amanra omupuaand. SIccH Y4OB YynaraMiaH TOKHH Ky4aHHLITA
3/IeKTPOMArHuT  Y3rapTHPrHWIADHHHI NApaMETP/IapHHH  pauHoHan XxucoGnail
anropHTMH 14- pacMaa KeJITTHPHIraH.

Slcen YiraoB dyaraMIIH TOKHH Ky'UTaHHINTA 3JIEKTPOMArHHT Y3rapTrHulapHUHT
KypwiManapuuu MopdoNoruk 3 - KagBaiM acoCMAa TOKHH Ky4JaHWIUra
y3rapTrywiap JJIEMEHTIADUHM “‘Ce3rMpAHK” Me3oHM 6¥iiMua paiMoHan TaHnawm
anropuT™MIIap acocuaa KyAuaaruya amanra ownpunau: 1.2, - 11.3. - 114,
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OaraHan 606  SHeproTH3MM  peakTHB  KyBBaT  MaHGanaphHm
koMOuHaumsnanran GoOWKapyB TH3WMH Y4YYH SCCH YIIYOB UYyJFamiil TOKHH
KYWIaHHIIra  3NMEKTPOMATHHT  y3rapTTHWiap  Herusuga  GomIKapyBHHHT
KypHJIMaJlapHHH Ba TaMOHH/UIaDHHHA APATHII acocNapH KeJTHPHITaH.

3HEProTH3UM PpEakTHB KyBBaTH KoMOMHalMsIaHTaH OCOmKapyBH YHyH
Apatunrad sAccH  YAMOB YyJAFaMIH  TOKHH  KywWIaHHINTa  3NEKTPOMarHuT
y3raprupruanap Ty3winmiapu 15 Ba 16 pacMiapaa KeNTHpHITaH. SHEPrOTHIHM
peaKTHB KyBBaT MaHGanapuHH KoMGHHauKsIaHraH GOIIKAPYBH KyWIaHKII, PEakTHB
KyBBaTHHMHT HYHANHILY, 37€KTp I0KAaMa TOKM Ba KyWIaHHII opacHaary Oypuak ¢
6¥iiMua sccH YJTYOB UyNFAMHWHT YHKHII KywiaHHIH Usws acocHaa Gomkapys
TH3UMHMHH CHIHaJl OWJaH TAaBMHHJIOBYH TOKHH KyWIaHHIITa 3NE€KTPOMarHHUT
y3rapTHpruwiap Ba yNapaa CHTHaI ONYBYM Xamjla TErMUUM Tanabnap acocuza
TAHNAHraH CTaHAapT MMKpONpoleccopiH Onok acocHaa Epnammpga amanra
OLIMPHIITaHAa JMEKTP IHEPrHAHUHI TEXHONOTHK cappHHH 15% ra kamaliHLIMHK
TALMHHJIAHKIOH TAOKAKOT/IAp HaTIOKANapHH aMalHéTra JXOpHH 3THIN acoCHAa
ncboTaaHay.

1,2 Ba 3 — Accu ¥nuos uynram,

4, 5 Ba 6 — H3OMALMOH TLTACTHHKANAP,
7,8 Ba 9 - Kjmnmua y3aknap,
10Ba1l,128a 13, 14 Ba
15 —xy¢T napannen crepxeHnap,
16— marHAT §TKa3ruy acocH,

17, 18 Ba 19- 6upnamun gynramsap

15 - pacM. Y4 Hypan Ba J3akiH
SICCH ¥JT90B 9y AFaMJIH TOKHH
KYyWIAHHIITA 3J1eKTPOMarHHT

y3rapTpruunapnap MaruuT
f’spp‘mpum THIHMJIApH
(¥Y3P natenTn N204185)

1,2, 3 Ba 4 - siccH YHOB HynFaM
5 - H3OJIALIHOH IUTAaCTHHKA,
6,7,8u 9 'Typ'ry:‘map,

10 - ymyMHit ¥3ak acoch,
11 — MarsuT ¥3ak,
12 (¢asa A), 13 (¢asa B) Ba
14 (¢aza C)-6upnamun
qynramuap

16 - pacm. TYpT cTepkRensm Ba -
J3aKJIH ICCH YJI20B TYJIFAMIIH TOKHH

KYWIaHHIDTA 3IeKTPOMAaranT
{3rapTprawiapJjiap MarafT
¥3rapTApHI TH3HMJIApH
(V3P narentn Ne04475)



3 xansan
Scch YII40B Yy NFaMIIM TOKHH KYWIaHHINTA 3JIeKTPOMArHKT Y3rapTruwiap
acocHii KHCMIapHHHHT MOP(ONOIHK >KaBAITH
LKy3rarum ujnram — 6Gupnam4s Tox §TKasrHwiap
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; 3 T
4 [ Hmesrencoxz
s . 0
5038 He 5 H=e= :
OOCO0O F—H e :
— 1= o B
II. MarsuT §TKa3ruy — Y3rapTHpHII TH3HMH
I1.1.FOsury3cumon I1.2. CrepxeHCHMOH | I1.3. AfinanacuMoH
)
= (o
] . 2 [] 0
11.4.Y4bypuax 11.5. Tyrpubypuak Cudar kypcaTkHuiapu
1 i 4 [ Corspas 1
3 2 = 4 2 Hapx :
— = U ’I e :
4 3 3 Hownzrax 3
e O :
3 [ 4 9 o3 9
4 10 3 10 _Onpax 10
I11. Slccn YrdoB vynrammnap
IIL1. Ty rpubypuax 111.2. Yu6ypuax | I1L3. Ajinanacumon
O ; Usesp,
Uner ] Ik =
-, ~ EE=0-
. | —
111.4.Aud. Tyrpubypuak. | 111.5. ud. yubypuak Cudar kypcaTku4iapy
1 ] - o 2 [] 1
4 1 4 1 4 Oyxas 4
1 3 2 E] Hewnaxos 3
— T ?
1 [] 2 [] ]

MyxT mcpods
Taox
Jzaserax
Ormpxx

24



Hasopar Ba
?:rap?m |  Gomxapys T Ma;;yucnmp
Tanaonap Tanab MaKMyacH ‘
i MarsHT I0pHTYBIH Ky'LTap B3
Yarepmm e—| Varaprrim Tyssmemm MAriiT OKHMIBPITHA
TyswMmiH Tawnam (% KypuIManapHGI xpzeofinam (1)
Mopgomorux
Karrannx sa
MaTpHIRCH e
¥ Ommman ANMATITHOHIL
Tanab Y OKIM Hyx
B N
. TYSHITHITHHH
TaHyIAMm xa
Xa
Sccn §raon Tynram pamu'x-mmmml
Vuywuit ycynnapsn xacobn ycyniim Tasmam
_’
Y;Jmpmn xjanaz T
KOMIIOHOBKACH P
‘ MC30HH Ba Maxcan
- $yaxpmcHn
Meép acocuna  [¢ R Hmawi xicobnam
prm dongn Commm
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- nell
4 HyKramm
TaHnam
Qapx i
TasMHHIAH~
an?
xa
Vaaprreammr
HTH
Ty3HHIT
Sxyn

13-pacm. Ty3naAmHA
PannoHaNal AJITOPHTMH
Gnox-un3macH

14-pacm. Paunonan
napaMeTpJIapHHH AaHHK/Iam
AATOPHTMH 6JI0K-9H3MACH
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PeaxTHB KyBBaT MaHOalapuHH ACCH ¥/M4OB WyNFamild TOKHH Ky'WIaHHILra
3/IEKTPOMArHUT Y3rapITHWiap acocHia KoMOHHauusiaHraH GolKapyBHHHUHT
TY3RIHII TAMOHIIH 17 - pacMAa KeITHPHIITAH,

2C
-
LN
Ta Fallq
Cots muitun 1
N Ka0)ya KILTRI
Tupucrop.is xadita nmanm]
pocTaarms a Somwapwm
wa L PRIMACT
PR B Bl B - -—---
L] {1 3 1) :
1
ax A=xpooponee ]
: m;; axown ]
1 !
1 'r, AT IR TR ]
] ]
] 1
)
! H

—— e = ——————— — = —

W2.-V¥YC1. MGG

W3. ¥C2-MBB ¥

7 0 - OPYENNARKRT TOPTHNT KYTH

F 3 - ENmMKIRATI T)IrAUE TAKR YOLRD 0 )™
RCCH YTUOB TR WA
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17 - pacm. PeakTHB KyBBaT MaHOaJIapHHH ficCH ¥/1490B TYJIFAMJIH TOKHH
Ky'WIaHHIIra 3IeKTPOMAarnHT Y3rapTradiap acocnaa KoMOHHanHsLIanran
GoIIKAPYBHHHHI TY3HIHIN TAMOHAIH TH3IMACH

DHEProTH3NM PCaKTHB KyBBaTH GOLNKADYBMHHHT TOKHHM Ky'wIAHHIITa SICCH

$M4OB YyNFaMIH 3MEKTPOMATHAT Y3rapTHPTHWIAPHUHT KMCMJIADHHH YJalll TEXHHK
MaRIyMOT/apH 4- XKaABan/(a KeITHPHITaH.

4 — xagnBan
Toknu Ky4IaHHINra ACCH YTUOB YyJIFaMITH 3JIEKTPOMArHHT Y3rapTruiNapHUHr
KHCMJIApHHH YAl TEXHHK MabIyMOT/IapH

Kn- BapmayamiTox | Yo | Varapmm | Kapmm | Crrvos ¥3rapsm AEMEHTNAP
pam xywiann | xoaddrun | ox L, YHKAMIMHH ~ TRBCHA KAUTHHTRH
TYrys In | L Umn emx. (!:a) (nH) YNaHHILAaPH
wm WA | &
Kapum 5 4 3 2 1
OO0
1 [25]36| 20 [171000 | 03 | 0,023 | youw T°3%5°0°
Kaprm § 4 3 2 l
2 | 1218 19 |21000| 11 | 009 | yoew & BT
Kepum S 4 3 2 1
ad
3 18|12 19 [31000] 25 | 021 | yuoom T ¥ Ora

Kupum 1 i ‘
4 6|9 19 | 4/1000 | 4,4 0,37 =S

Ysncam 6 7 8 910
S 4 3 2 °l
X

Yaxkem 6 7 8 9 10

Kunpam

5 5 7 20 | 5/1000 | 6,3 0,58
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PeaxkTHB KyBBaT AMHAaMHMK MaHOanapMHMHr koMOHHaumusiaHran GollKapyBHAA
KyJNaHHIraH sccH YINOB 4YyNFAMJIH TOKHH KYWIaHHINIrAa 3JIeKTPOMAarHHT
Y3rapTTHWIapHUHT ACCH {IMOB  YyJIFAMJIADHHHHT  YJIAHHII  4YH3MacH Ba
KYPMJIMaHHMHI YHKMIUMAArd KyyIaHMIUHHHT ¥3rapuimn TacHHdu 18 - pacmaa

KEJTHPHIITaH.
L L
V\:\- ——r

18-pacm. PeakTHs KyBBaT AHHAMHK MaRGacHHH ailNaHHII TelTArHHA Ha3opaT
KIMm Ba Gomkapum 9m3MacH (a) Xamaa sicCH Y908 9yJFamilH TOKHH
KYWIAHHIITa 3JIeKTPOMATrHHT Y3rapTrHWIapHHHT SHKHIT Tacuadaapn (0)

Slccu YM4OB WynFaMAM TOKHM KYyWNaHHIOTa 3JICKTPOMArHHT ¥3rapTrawuiap
€pAamMuaa SHEPrOTHINM 3JIEKTP TADMOFHAArH peakTHB KyBBaT NHHAMHK MaHGanapH
pOTOpH aiinaHuIl Teanuru ¢asaraya Hazopat Ba GoLIKapyB IOKOPH (90°) aHHK/IHKO2
Kaln KHIMHAnH.

Hucceprauus xynocacHaa TAAKMKOTNAp AKYHJapd Ba aManiuii TaBCHsIap
KEJITHPHJITaH.

XVJOCA

Huccepraumsga Hasapuil TH3MMIM TaxJHN Ba aMaiMi TaIKWKOT/Iap acoCHIa
SHEPrOTH3HM JIEKTP TApPMOKJIapHAArH PEakTHB KyBBATHHHI kOMGMHalHslaHTaH
GoluKapyBHaa KY/UTaHHIYBYH Y4 (ha3aiy TOKHH Ky4IaHHLIra sScCH YIrMOB Uy FamilH
3/IEKTPOMArHuT {3rapTrHUIapHHUHT TY3WIHII TEXHONOTHAIApH, TalKHKOT Ba
no¥iMXanam anToOpHTMiIapH, MOfeJUIapH, Xuco6naml yCynnapH, 3EKTPOMarHHT
¥3rapTHpruYNapHUHr KypHIManapuHH TySHIHIIHHH SpaTHIl Ba HUUTA6 4MKMLI
acocNapH amaira OMMpH/AM Ba YNapHH MHKPOMPOLECCOPTH Gnok TapkuGhima
GoLIKapYBHH aMaNHETTa KEHT JKOPHIi ITHII HMKOHHSTAAPH APATHIZH.

TanxuxoTnap acocuna Kyitnaarn acocuii HaTHxanapra 3pHINuIaH:

1. DHeproTHiuMaa 3MeKTp FHEPrHAHH HUUIA0 YHKAPHLL, y3aTHIL, TAKCHMIALI
Ba HCTEHMON KHIMIIA SCCH YNOB WHyJNFAMIIM 3NEKTPOMArHHT Y3rapTruwiap,
MOJIeNl, YyCyN Ba TexHonormsanap Gup Ba y4 ¢asanu GupnaMtdM NIEKTP TOKJIAPHHH
TOKOPH aHHK/IHKAA HazopaT Ba GolnKapyBHHH aMalira OLlHpalH.

2. Bup Ba yu dasaim GupnaMuM 3/1eKTPp TOKJIAPHH HKKUNAM4H Ky'llaHHMITa
AICCH ¥40B YyNFamiH 3NEKTPOMArHMT ¥3rapTrHwWIapHHHI MarHuT y3rapTHpHIL
TH3MMJIADHAArH MarHHT IOPUTYBYH Ky4 Ba MarHHT OKHMHHHT TaPKAINIIH KaTTATHK
Ba [IapaMeTpJIapHHH TAAKMK STHII ANTOPHTM, MOJIEN Ba YCYJUIAPHHH ¥3 HIHTa OJiraH
rpad Mozen Ba paloHa MaTEMAaTHK annapar 3JICKTPOMArHMT Y3rapTrHUIapHAHT
caMapaii HITAIHHA TasMHHJIaHaN.
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3. Hasapuii Ba aManuii Taxxpabanap acocHAa ONMHraH CTaTHK, JTHHAMHK Ba
meTpolioruk TacHudIap scch ¥mioB yynramin GHp Ba y4 dasany GupraM4H 1EKTp
TOX/IapHH HMKKHJIAMYH KyWIAHHITA 3NeKTPOMarHHT Y3rapTrHUWIapHH aMaiHérra
KeHT JOpHit STHII HMKOHHMATHHH Gepann.

4. Slcen ymios qynramym Gup Ba yu dasanm OuMpnaM4YH 3JIEKTp TOKIapHH
MKKHJIaMYM KYWIAHMIOra 3]eKTPOMArHHT Y3rapTrHufapHHHr  Uswy YHKHID
Ky'WIAHHIIJIADHHHUHT PaHOHAN KHHMaTnapy & - XaBo opanukHuHr 0,002 — 0,003 m
B2 Wmo - sicch §IT40B uynram ypamnap cOHHHMAT 3 — 4 ra TEHT MHKIOpJIapHIa
XOCHJ KHWIHHHIIH TafgKHKOT/Iap acocuia Hasapuit Ba aManui  JKHMXaTAaH
TacAHKMaHamH. SIpaTwiraH ¥sraprupruunap GOWIKApYB TH3UMHHHHT HINOHWIH
AIUIAM  KYpPCaTKM4H  IOKOpH, sbHH 0,96 MMKOOpra TeHr OyNHLLUIMIHHH
TapMHHNAHAN.

5. Arpod-Myxut Temmepatypacuuuur 10°C ra §srapmuu 0,03 %
MHUKIOPAArd, ACCH Y/IU0B uyjiFam IIAKIMHH HOTYFpH Talépnanumuud 0,07 %
MUKAOPAArd 3/1EKTPOMArHUT TOKHH KyWIAHHIIra ACCH YIII0B YyJIFaM/IH MKKHJIAMU#
YUKHII Ky$IAHHITHHHHT Y3rapHIINHH XOCHIT KHJIAMH.

6. JSccm YnuoB  gynFaMIM  TOKHA  KYWIAHHIOTA  3/1eKTPOMAarHuT
y3rapTHPrAWIapHHHT 3HTPONHA Xatomurn 0,2%n0aH  KWuMK, WHFHHOM YpTa
KBaJpaTHK XaTOJNMKHHHT TKpHOa KuiiMatH 0,2/% ra 3puIIHIIMHH TALMHHIAAIH.

7. TokHM KyWiaHHWIra SCCH YIYOB  YyJFaMIH  JJIEKTPOMATHMT
¥3rapTTHWIADHHHT XaTONMKNApH MaHOGanapWHH TaBCHpH KiIaccH(HKalMsIaHraH
yNapHHHT TAbCHPHHH XMcoOnmall Ba KaMaiiTHpMII anrOpUTM, MOZEN Ba YCyJlapH
Gup Ba yu ¢asain OHpnaMdM 3MEKTP TOKNAPHM MKKWIAMYHM  KywWIAHHINT2
3J/IEKTPOMArHHT Y3rapTrHYIapHH PalOHaN TY3HIIHY TAEMHHIAHAHN.

8. DHeproTMsMMIa peakTHB KyBBaT MaHOalapHHH KOMOGHMHAIMAIAHTaH
Gomrkapysu, 6Hp Ba y4 ¢rasamu aMeKTp TapMOK/IapAar 3MeKTp TOKIAPHH peal BakT
mo0aliHn/a J3rapHIuiapiHi CHMMETPHKITMTHHHA Ha30PAaT, 3/IEKTp TapMoKiap Gup Ba
y4 ¢asam GHpJlaMuM TOKNApHHMHT ajeKBaT acoCha MKKMIAMYH KywIaHHWIIra
§3rapTHPWIHIIHHH =~ TaBMHHJIOBYH  ¥I4OB  YYJIFAMJIM  3JIEKTPOMArHHT
y3rapTTHWIapHHHT MaXMYacHHM SDAaTH/MILM 3HEPTHA Ba pPecypc TEXAMKOp
SHEProTH3HMIIADHH PalMOHAJ KypHIIl yCyJUTapH Ba TaMOMMLIApHHH aMaifia KopHik
3THIMHHE TABMHHIANIH.

9. PeaktB KyBBaT MaHGalapuHM VpHATHIl Ba YJNApHH AaBTOMATHK
GOIWKAPHIIHHHT MEBEPHH HOMHMHAN 3MeKTp KAaTTAIMKIAp GMNaH TabMHHIALI
ypHat™a KyBBaTH 50 kBT Ba yHnan kxarra Ba kywianuumm S00 kB gaH xaMm 6§nran
JJIEKTP SHEPreTHK KYPHIMATapHUHT 3HEPrHs Ba pecypc TEXaMKOPJIMIH CTaHZapT
57,5 B xywnanum Ypuura 61,81 B 6ynranna GomkapunaérraH peakTHB 3JEKTP
sHeprus Kywianuin 431 B ra, dasa kywianmm 6¥itmua 7,5%ra, 4HM3HKIM
KywiaHu 6y#nya V3 * 7,5 = 12,9%ra opTuK 6¥auIuM acocnanmn.

10. ToxkHM KyunaHMWIra SNEKTPOMATHHT Y3rapTruunap >/€KTp SHepreTHKa
TH3MMHJAH TabMHHNaHYBUM 20 JaH OpTHK TAlIKWIOTAA KOpMii KWJIMHraH Ba
peaKTHB KyBBaTHH KoMOMHauusnanran aToMaTvk GomixapyBHHHr 1,0 aHHKIHK
napaxacujan 0,5 aHHKIMK napakacWra OLIMpPHII XMcoOWra MILIA6 YHKMITaH
3JIEKTP JHEPrHAHHHT MebEpAa Genrnnanran TexHonoruk capunn 13,29% §puura
11,26% (1,13 mapa.kBT.coat)ra kamaiTHpany.
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HAYYHBIH COBET ITO NNPUCYKIEHHIO YYEHO!M CTENEHH
JAOKTOPA HAVK 16.07.2013.T/FM.29.01 IIPM TALIKEHTCKOM
YHHUBEPCHTETE HH®OPMAIMOHHLIX TEXHOJIOTHI H
HAIMOHAJIbHOM YHHUBEPCHTETE Y3BEKMCTAHA

TAIIKEHTCKHII YHUBEPCUTET
HHOOPMALIMOHHBIX TEXHOJIOI'HiA

CHIIUKOB WIXOMXOH XAKUMOBHY

SJIEKTPOMATHHUTHBIE IIPEOBPA3OBATEJIA TOKA B
HANPSOKEHHME C ILIOCKUMHU N3MEPHTEJIBHBIMHA OBMOTKAMHA
Vi KOMBMHUPOBAHHOT'O YITPABJIEHHA PEAKTHBHOM
MOIITHOCTBHIO SHEPTOCHCTEM

05.01.06 — InemeHTH H yeTpoicTBa BLIYHCIHTEIbREOH TEXHAKH H CHCTEM yupan.neunn
(TexHAYECCKHE HAYKH)

ABTOPE®EPAT JOKTOPCKOM JUCCEPTALIMH

TamkenT — 2015



Tema aoxTopckofi AHCcCepTAamHH 3aperBcTpHEpoBana 3a Ne 30.09.2014/B2014.5.7T301 B
_Bricmett arTecTannonHoft komaccnd npi Kabunere Mauncrpos Peeny6nukn ViGexneran.

Poxtopckas muccepralpin  BuimonHena B TANKEHTCKOM —TOCYRAPCTBEHHOM — TEXHHMECKOM
yHHBEPCHTETE H TAIKEeHTCXOM YHHBEPCHTETE HRGOPMAITHOHHBIX TEXHONOIKH,

Tonmmft Texct goxTopckoff OHCCEpTanmAH pasMemieH Ha BeG-CTpaHuie HaydHOTO CoBeTa TNO
MPHCYXACHHEI0 Y4eHoH creneun nokropa Hayk 16.07.2013.T/FM.29.01 npa TamkeHTCKOM yHHBEpCHTETE
nH)OPMALHOHHAIX TexHONornH 1 HatonansHoM yrMBepeuTeTe Y36ekHCTaHa Ro agpecy Www.tuit.uz.

Astopedepar auccepraimy Ha Tpex sInxax (y3Gekckufl, pycckufl, aHrnuitckufl) pameleH Ha seG-
CTpaHHIe 1o anpecy www.tuit.uz i Hropmammonro-o6pasosarensiom nopraine «ZIYONET» no agpecy

WWW.ZIyonet.uz,

Hayunuift A3nmos Paxmat KapumoBau
KOHCY/ILTaHT: JIOKTOp TEXHHUECKMX HayK, npodeccop

Odnaaanbanie I'aanes Cannm Kapamosnu
ONNOHCHTHI: JOKTOp TEXHHYECKHX Hayk, npodeccop

AGayxaomoB AGaypamng AbaykaromoBud
JOKTOp TEXHMYECKHX HayK, mpodeccop

MypatoB Xakum MaxmyaoBHY
ROKTOP TEXHHYECKHX HayK, npedeccop
Beaymas TamKeHTCKAN AHCTHTYT HHKEHEPOB
OpragH3anng: KESIEIHOAOPOAKHOr0 TPAHCIOPTA

3ammra AMccepTaums cocroutea « 20 » _Mapra 2015 r. B 10° uacos Ha 3acchaHHH
Hay4Horo cosera 16.07.2013.T/FM.29.01 npn TamkeHTCKOM yHMBepcHTeTe UH(OPMALHMOHHEIX
TexHonornfi H HamponamkoM ynupepcurere ViGexucrana. (Agpec: 100202, TamkeHT, yn.
Awtipa Temypa, 108. Ten.: (99871) 238-64-43; dhaxc: (99871) 238-65-52; e-mail: tuit@tuituz).

C noxropckolt succepramuel MOXHO O3HAKOMHTECS B HMH(OpMalHOHHO-pecyPCHOM LEHTpe
TamxeHTCXOro yHHBepcHTeTa HIGOPMALHOHHEIX TeXHONOrHA (perucTpatmonnsi omep Ne_S7 ). Anpec:
100202, Tamxent, yn. AMupa Temypa, 108. Ten.: (99871) 238-65-44.

AsTopedepar auccepTanmn pasocnan « 17 » _denpana_ 2015 roga.
(npotoxon paccsuikn Ne_02 ot _17_chespans_20151.).

w\\\s\\m"&l D7y X.K.Apunos
\3&““\ 1EX ¥ g, Adpencenarens Hay4HOro COBETa RO MPHCYKICHHIO
{

Qesfid\crenenn nokgepa Hayk, 1.¢.M.H., npodeccop
M- ity 5~ M.C.fAkyGos
'=‘-\, VueHstli cexpeTaps Hay4HOTO COBETA 110

ECYKICHHIO YHEHON CTENEHH JIOKTOPA Hayk,
' A.T.H., npocheccop

M.M.Mycaes

coeete no npulyxacHuIo yuEHo ! cTeneHn AoKTOpa
Hayk, L.T.H., npodeccop



AHHOTALMSI AOKTOPCKOM JUCCEPTALIUH

AKTYa/IbHOCTh H BOCTpeG0BaHHOCTH TemMbl AuccepTanun. [IpH ynpasieHnu
HENpEpEIBHBIMH ~ MIpOLlecCaMH  NPOHW3BOACTBA, MNepelavyH, pacnpefeneHus H
notpeGnenus anexkTpuueckoil 3Heprum Gonbioe 3HauU€HHE HMEIOT TOYHOCTH H
YHAQHLMPOBAHHOCTb 3JIEMEHTOB M YCTPOHCTB CHCTEMBI YTIPABNEHHS C MIHPOKHM
HCMOJNIB30BAHHEM  TIEPBHYHBIX CpeACTB npeoOpasoBaHHs TOKa, TaK Kak
HealleKBaTHbIH KOHTPOML H yNpasJieHHe 3/eKTPO3Heprued M MOIHOCTAMH BEAYT K
3HaYHTENBHOMY 3KOHOMHYeckoMy ymeply. PaspaGoTka KOMILTIEKCHOrO MOAXOJa,
obecneunBalOIIEro BHICOKYI0 TOYHOCT M 9IddeKkTHBHOCTE KOMOMHHPOBAHHOrO
YNpaBJIeHHs HCTOYHHKAMH PEaKTHBHOMN MONHOCTH, paciiHpeHHe $YHKUHOHANBHEIX
BO3MOXHOCTelH, YNpoOLIeHHE KOHCTPYKLUHMH, YMEHBIICHHE BecorabapHTHBIX
nokasateneif,  yJAyulleHHWe  TEXHOJNOTHH  H3TOTOBNEHMs,  ofecneucHHe
6eCKOHTaKTHOCTH M3MEPHMTENBHEIX MpOLECCOoB, NpecGpa3zoBaHHe TOKA Ha OCHOBE
NpHMEHEHHS COBPEMEHHBIX MEpPBMYHBIX H3MEPHTENBHEIX npeobpasopareneii
ABJIAIOTCA aKTYaNbHBIMM 33fadaMH ympaBJlieHHsA SHeprocHcremamu. IlepputHble
H3MEPHTENILHEIE NpeobpasoBaTesii TOKa TNPH 3TOM, SBJAACH OCHOBHEIMH
3NEMEHTaMH  HH(OPMALMOHHO-H3MEPHTENLHBIX W YNPABJSIOMIMX  CHCTEM,
NIpaKTHYECKH MOJIHOCTBIO ONpPEeAEsAIOT TEXHHIECKHE U SKOROMHYIECKHE NOKa3aTelH
IHEPrOCHCTEM.

Ilpu paspaGoTke M NpUMEHEHHH COBPEMEHHBIX Tpeobpasosatenedl TOKa
cleflyeT HCXOAUTE u3 NpHHUHMNOB H TpeGopanuit FOCTos (MOCT CHI" 13109 - 97,
EN-50160, MOK 1000-3x) x cucremam npuGopoB M CpeACTB aBTOMATH3ALWH,
OCHOBHBIMH H3 KOTOPBIX SBJIAIOTCA:

6NOYHO-MOMYNBHSIR  NpPHHUMN  KOHCTPYHpOBaHMsA,  obecneuHBalolWmi
YHHBEPCANIBHOCTL TNpecOpasoBarenell Toka MPH MCNONL30BAHHH PAallHOHANLEHOTO
MHHHMYMa  KOHCTPYKTHBHLIX  3JleMeHTOB,  obierdaiomero  NpHMEHEHHE
COBPEMEHHOH TEXHOJIOIHH;

CO37aHHE MEPBHYHBIX npeoGpasopateseil Toka, HOPMHDYIOLMX MOAYJeH NMpH
ofecnieMeHHH HX HHQOPMAUMOHHOH, 3HEPreTHUEeCcKOi, METPOJIOTHYECKOI,
KOHCTPYKTHBHOM, CTPYKTYpHOH COBMECTHMOCTH Ha OCHOBE MOCNCAOBATENBLHOM
yHuHKaLKMH H CTaHAAPTH3ALMH.

B HacTosiliee BpeMs MNpUMEHEHHE JJIEKTPOMArHWTHBIX npeoGpasoBaTtenei
TpexdasHOr0O TOKAa ¢  BHICOKOH  TOWHOCTBIO, JIMHEHHOCTBIO  BBIXOAHBIX
XapaKTePHCTHK, YHH(HUMPOBAHHELIMH BBIXOAHBIMH BENHYHHAMH, PpacHIHpeHHE
cnexkTpa npeo0pasyeMpiX  JJIEKTPHUECKMX — BENHYMH  OTpaHHYEHO  H3-33
HEIOCTATOYHOTO GOpMHUpOBaHHS MNPHHIMIOB TIOCTPOEHHA, METONOB pacieTa M
TNPOEKTHPOBAHHsS  pacTpefiefieHHBIX MAarHHTHBIX —CHCTeM mpeoGpasopaTenei.
TIpuMeHsieMBle KilaccHYecKHe MeToIBl HCCIEN0BaHHs MarHHTHBIX UeNeH H cHcTeM
npeoGpasoBanus He obecneuMBalOT HEOGXOAHMMYIO TOYHOCTh, OCOGEHHO - MpH
HECHMMETPHH TpexdasHoro nmepBHYHOTO TOKA 3MeKTpUYEeCcKOi CeTH, He obiamaloT
JOCTaTO4HOH OOIIHOCTEIO, OXBATHIBAs TONLKO BENHYHHBI M Mapamerphl HenedH
3MEKTPHYECKOH M MarHHTHOH NpHpoAsl. MarHUTHbIE CHCTEMBI NpeoGpasoBaHus C
HeNMHEeNHEIMH H HEOHOPOAHEIMH TapaMeTpaMH B pacueTax paccMaTpHBAIOTCA Kak
OGBEKTHI C COCPEAOTOUCHHBIMH NIAPaMETPaMH.
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Knaccuuyeckue opHodasHele TPaHC(OpPMATOphl TOKA HMEIOT CIIOXKHYIO
npeolpa3oBaTellbHYI0 YacTh, Gonplne BecorabapHTHEIE NOKAa3aTeNH, TPYAOEMKH
MIpH NPGEKTHPOBAHHH H SKCIUIyaTalluH B CHCTEMaX yNpaBJieHHs, He obecrieunBaloT
yHRHUUHPOBAHHOCTS BEIXOAHOH BEJMYMHBI NPH CcOBMeCTHOH paGote ¢
coppeMeHHo#f TexHHkoH 06pabGoTkn HHGopmanuH. OHH HE YUHTHIBAIOT
B3aHMOBJIMAHHA MAarHUTHEIX MOTOKOB H MOJeEH, CO3JaHHLIX TOKaMH Tpexdasnoii
3JIEKTPHIECKOH CETH SHEPrOCHCTEM.

Jannas uccnegopatenbckas pafota HanpaBieHa Ha MPaKTHYECKYHO
peamusawyno TTocranosnenuii Kabunera Munscrpos Pecny6nuxn V36ekncran
Ne 245 ot 22 cenmaGpsa 2008 roma «IlpaBHiaa TOAB3OBAHHA JJIEKTPHUECKOH W
TerwtoBoif aHeprueii» B Ne 295 ot 1 Hos6ps 2013 roga «O AONONHHTENLHBIX MEpaX
no coBepmeHcTBoBanMio nesTeNbHOCTH ['AK «V3GexsHepro» W yKperUleHHIO
JUCLIMILTHHE! PacyeToB 32 NOTPEOICHHYIO 3/eKTPHYECKYIO SHEPTHION.

BocTpeGOBaHHOCTh HCCNICNOBaHMS OOOCHOBaHa TEM, 4YTO KJIaCCHYECKHE
onnoda3Hblc REPBHYHEIC H3MEPHTENBHBIE NPeobpa3oBaTe/i TOKA M HaNpPsHKEHUs He
No3BONAT ©becnednTs YCTpPOHCTBA KOHTPONS M YMpaBAeHHA NOCTOBEPHOH H
OfIHOBpeMeHHOH HH(pOpMauMeli O BemMYMHAX W TapaMeTpax 3MNeKTPUUEcKoi
3HEprHH OfHO- K Tpex¢asHol 3nexTpudeckoli ceTH. YkasaHHbIE OGCTOATENBCTBA
ofycnaBiHBalOT HeoOXOAMMOCTE Ppa3paGOTKM M BHEOPEHHS  HANEKHBIX,
YHEQHIHPOBAHHEIX, TOYHBIX 3JIEKTPOMArHHUTHBIX npeoOpasoBartenedl Toka B
HanpsOKEHAE, YUNTHIBAIOIIMX HECHMMETPHIO TOKOB Tpex(asHoil 3yeKTpHYecKoi
CETH, OTVIMYAIONHXCA APYT OT Apyra M NO BeAW4HHe, U 1o ¢ase, ueM o6nAcHAeTCA
BOCTpEOOBAHHOCTH JAHHOT'O HCCRENOBAHMS.

CooTBeTCTBHE HCCJICAOBAHHS NPHOPHTETHLIM HANPABJICHAAM Pa3BHTHA
HayKH H Texmojiornii PecmyGnmkn ViGekmucran. Jluccepralius BRINIONHEHa B
COOTBETCTBHH C NMPHOPHTETHEIMH HaNpaBiCHHAMH Pa3BHUTHA HayKH M TEXHOJIOTHH:
IMNHN-3 — «JHepreTHka, 3HEpro- U pecypcocOepexeHne, TPAHCIOPT, MAIKWHO- H
npubopoctpoennen; HTII-17—«Pa3paoTka coBpeMEHHBIX HHGOPMALHOHHBIX
CHCTEM, MHTEJUIEKTYaNLHEIX CPeACTE YNpaBJieHHWs, HAyYHO-TEXHHYECKHX H
OpOrpaMMHEIX NPOAYKTOB, obecrneyHBalolNX IIMPOKOE Pa3sBHTHE M BHEIpPEHHE
HHGOPMAHOHHBIX M TENIEKOMMYHHKALIKOHHEIX TEXHOJIOTHEY .

0630p MexIYHAPOAHBIX HAYIHBIX HCCJICAOBAHUI 110 TeMe AHCCEPTALHH.

Hccnegosanua no pa3paborke 3/EMEHTOB M YCTPOHCTB KOMOMHHPOBaHHOTO
YnpasieHus BeJIHYMHAMM B NTapameTpamH TpeXx$a3HOro Toka NEKTPHYECKHX cereif
¢ yueToM ocobenHocTeli, 3akmoualomMXcs B OT/IMUMHM TIEPBHYHBIX TOKOB Kak IO
BEJIRYHHE, Tak H N0 (ase, MHTEHCHMBHO BENYTCH M AOCTHTHYTHI OMNpEdE/ICHHBIE
ycnexn yueHsMH cTpaH CIIIA (Advantech, General Electric, SeaTech),
BemmxoGpuranun (HAWK, Festo, Rockwell Automation), Poccun (QnexTpowur,
Onexrpoannapar), I'epmannn (Siemens, GE Fanuc), Snonuu (Sony, Iconics),
IOxmoit Kopen (Mitshubishi), Kuras (Chint), Jauuu (MOX,ABB), lonnangun
(Honeywell, Wonderware) u ap.

B ykasaHHBIX  Hay4YHBIX  UEHTpaX  pa3sBUBAIOTCA  TEXHONOTHH
COBEpIIEHCTBOBAHUA H3MEPHTENBHLIX NpeobpasoBaresneii Toka M aNeMeHTHas 6a3a

cHcTeM npeoGpa3oBaHMs YCTPOHCTB KOHTPOJsS M YNpaBNEHHUS 3JIEKTPHUECKHUMH,
MarHUTHLIMH H JIp. BETMYHHAMH U IapaMeTpaMH.
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Bonsluye NOrpemlHOCTH npeoGpazoBaHua nokasareneidl JJIEKTPOIHEPrHH B
YKa3aHHBIX Hay4HBIX LEHTPaX NPHBOLAT K HEPAHOHAILHOMY HCROJL30BaHHIO
HCTOYHHKOB 3JIEKTPOIHEPrHH, NpPOMYCKHON CNOCOGHOCTH TpaHcOPMaTopoB u
JIMHHHA 3J1eKTponepelaty, pe3epBoB MOLHOCTH Ha 3JIEKTPOCTAHIHNAX, 3ATPYNHAIOT
KOHTPOJIb M YNpaBJICHHE pEXHMMaMH paboTEl SHEPTOCHCTEM W NPHBOAAT Kk
(¢HHAHCOBEIM MOTEPSM KaK y MNpPOM3BOAMTENCH M INOCTaBIOMKOB, TaKk H y
noTpeduTenel 31eKTPO3HEPTHH.

Huskad TOYHOCTH aHANM3MPOBaHHEIX YCTPOHCTB oOycioBlieHa pszom
HENOCTaTKOB  CYIIECTBYIOIIMX cucTeM npeobpa3’oBaHHMs TOKa, IOCKOJBKY
HW3MEPHTENBHEIE KOMIUIEKCEI CO3NaBamuch paHee, a Takke cO3NAOTCA H B
HacTosillee BpeMA M0 THNOBBIM NpoeKTaMm, pa3paboTaHHBIM eme B XX Beke, B
KOTOpPBIX He MpEXyCMaTPHBAaNUChH pelueHHA A1 00ecneyeHHs BBICOKOH TOYHOCTH
npeoGpa3oBaTe/iiMH  TOKAa H YHHQHMIUPOBAHHOCTH BBIXOJHOrO CHrHama or
NEpBHYHEIX H3MEPHTEILHBIX NpeoGpa3zosareneii.

Crenenp HM3y4eHHOCTH mpoGaemsl. KOMIUIEKCHBIH aHAMM3 JJEMEHTOB H
CHCTEM YIpaBNCHHA HCTOYHHKAMH pEaKTHBHOH MOIIHOCTH H HX peKHMammy,
NPHHIHNOB KX MOCTPOCHHA CBHAETENLCTBYET O HENOCTATOUHOH W3Y4EHHOCTH
npoGieMs! B 061aCTH 3/1EKTPOMarHUTHOTO NpecGpa3oBaHHs TOKOB B HAPDKEHHE H
KOMOMHHpOBAHHOTO  YTIPaBNEHHA  MCTOYHHKAMHM  PEaKTHBHOH  MOIIHOCTH
3HEProCHCTEM.

Ilo nauHOl TeMaTHKe OCYILECTBJIEHB! M BENYTCA HMCCIENOBAHHA BENYIMMH
3apyGexXHEIMH YYEHBIMH, TakuMu kak H.Schaumburg, E.Ritchie, E. Krontiris,
R.Hanitch, I.Rampias, E.Stathakis, B.C.CotckoB, K.M.ITomBanos,
JL.® Kynukosckuit,  JLA.OctpoBckuit,  B.Il.Munossopos,  E.II.Ocanumii,
M.®.3apunos, M.M.Benos, A.A.Ilpec6paxencknii, H.E.Kontoxos, E.C.JleBmmna,
I1.B.Hosuuknit, M.A.Ypaxcees u ap.

Hccnenosanns B naHHOH o0nacTH Taloke NPOBOIATCA OTEHECTBEHHBIMH
y4yeHrMH, TakuMH Kak H.P.IOcyn6ekos, T.X.Hacripos, X.3.Hrambepames,
P.K.A3umos, K.P.Amnaes, M. H6onymnaes, A.A.A6aykaomos, 10.I".Iumynun,
A.A . Xamukos, C.®. AMHpoB, A M.IInaxtues, [1.M.MatsaxyGosa 1 np.

Onunako ¢opMHPOBaHHE NPHOPHUTETHEIX METOJOB MOCTPOCHHA H HCCIIEIOBAHHA
3NeKTPOMArHUTHEIX  NpeofpasoBateneif mnepBHYHOrO TOKA BO  BTOPHYHOE
Hanpspkenue, 06eCneunBalOLIMX aleKBaTHOCTh BEIMYMHE! BBIXOJHOIO HANPSHKEHHS
K mnepBHYHOMY TOKY, aJrOpUTMOB MOZEJMHPOBARHMA H  HCCICROBaHHA,
OPHEHTHPOBAHHBIX HA PElliEHHE KOMILleKca 3aia4 no ofecrieyeHnio yHHHKarHu
BBIXOAHOH BEJHYMHBI H YUYHTHIBAIOUIMX HECHMMMETPHMIO TpeX(asHBIX TOKOB B
CHCTemax  KOMOMHHDOBAHHOTO  YNpaBleHHs  PEeaKTHBHOH  MOIUHOCTHIO
3HeprocucteM, TpeGylOT mnpoBefenus Gonmee TrAYOOKHX M BCECTPOHHHX
HccnegoBanuii. ITO OOCTOATENBLCTBO CBA3aHO C GONBIIMMH MOTPEITHOCTAMH NpH
npeo6pa3oBaHHy BETHYHH NEPBHYHEIX TOKOB SHEPrOCHCTEM, KOTOPHIE MIPHBOAAT K
HEpaLHOHAIBHOMY HCTIONE30BAHHIO HCTOYHHKOB JMIEKTPOIHEPTHH, 3aTPYAHMOT
KOHTpOJb W YMPaBJICHHE PpEXHMaMHM HX paGoTel, TNpPHUBOAAT K H3IHIIHBEIM
duHancoBLIM TOTEPAM, KaK Yy NpoH3BoAMTENeH, TaK H Yy TNOTpeGHTEnei
anextposneprun. OCHOBHBIMH  daxTopamMu nOABJEHHS MNOTPEMIHOCTEH AsiA
npeo6pasosatesieli TOKA SBIAIOTCA: HECHMMETPHS TOKOB H HanpsokeHui no

33



BeMYHHE M (asaM, KauaHHA YacCTOTHI, H3MEHEHHs TEMIEPaTyphl OKpYXalowleH
Cpenbl, NOABACHHE TFapMOHHK TOKOB H HAaNpsDKEHMil 3JIEKTPHYECKOH  ceTH,
BHOpalHOHHEIE Harpy3KkH npH paboTe npeoGpasosareneii 1 apyrue.

CHcTeMHEI}H aHANH3 3/IeKTPOMarHUTHBIX npecGpa3zoBaresieli NEPBHYHOrO TOKA
NI03BOJTAN TAkOKe YCTaHOBHTH, YTO KIAacCHYECKHE KOHCTPYKLHH npeobpasosatesieii
TOKa CHCTEM YIpPABIEHHA PEAKTHBHOH MOLIHOCTBIO — TpaHcGOpMaTOpsl TOKa -
ofecnedHBaloT Ha BEIXOJE TOK BETHIHHOH 5 A H NPH HOMHHAJILHOCTH MEPBHYHOTO
HMEIOT: OrpaHMYEHHsA IO J[Wana3oHy npeo6pasyemMoro Toka; 3HAYHTENBHbLIE
TOTPEIIHOCTH; CIIOKHEIE M HETEXHOJNIOTHYHbIE KOHCTPYKUHH; Gonbilune rabaputsl,
MacCy; MAaTEepHAICEMKOCTE H CTOHMOCTH. IIpH HOMHMHANBHOCTH BXOZHOrO TOKa
TpeGyIOT cornacyiommii 3NEMEHT — JONMONHUTENbHBIA Tpancdopmartop And
yHHQHKALHA COBMECTHOH paGoTH! C COBPEMEHHOH MHKPOMPOLECCOPHOH TEXHHKOH
H YNIPaBJIISIONIHM NIEpCOHATBHBIM KOMITEIOTEPOM, CyecTrylolpe
3/IEKTPOMarHHTHEIE MpeoGpajoBaTe/id TOKAa MpH YNpaBleHMH HCTOYHHKAMH
PEaKTHBHON MOIIHOCTH SHEProcHCTeM He ofecreyHBaloT HeoGxoAHMOH TOYHOCTH
JaHHEIX O Tokax TpexdasHoOH 3nexTpuyeckoif CeTH u3-3a: OAHodasHoOro
HCIIOJTHEHHA MarHUTHBIX CUCTeM Tipeo6pa3oBaHHs; HECHMMETpuH TIpeobpasyeMoro
Tpex(a3sHOro TOKa; HEIMHEHHOCTH XapaKTepPHCTHK HACHILUEHHs MarHHTHBIX CHCTEM
H HeyHH}HUNPOBaHHOCTH 3HAYCHHH BHIXOJHEIX BEJIHUMH.

BrunenpusefieHHsle GakTOpE! OTrPaHHIHBANH TNpPHMEHEHHE KJIACCHYECKHX
9MIEKTPOMarHMTHBIX TpeofpasoBateneli Toka B COOTBETCTBYIOLUMX CHCTEMax
yNpaBJieHHst BEIMIHH M TapaMeTpoB dMeKTpudeckux ceteii. loaToMy paspaGotka,
HccleNOBAHAE M NPaKTHYECKOe BHEApEHHE 3MIEKTPOMArHHTHEIX npeobpasosatencii
C IUIOCKHMH H3MEPHTENBHEIME 06MOTKaMH NEPBHYHOTO O/IHO- K TPEX(a3HOro ToKa
BO  BTOpPHYHOE HalpsokeHHe C  PaclUHPEHHBIMH  (hyHKUHOHANbHBIMH
BO3MOXHOCTAMH H YHH(HIHPOBaHHEIMH BBIXOAHLIMH BEJIMUHHAMH, YUHTHIBAIOLIKE
HecUMMETpHIO Tpex(dasHOro TOKa M CO3[IaHHE Ha HMX OCHOBE CHCTEM
KOMOHHHMPOBAaHHOTO YNpaB/EHHS PEAKTHBHOH MOIIHOCTBHIO, SBJAIOTCA pelICHHEM
npo6JieMB! COBEPIIEHCTBOBAHHS H Pa3BHTHS CYLUECTBYIOUMX TEXHONOIHH KOHTpONs
7 yTIpaBJieHHs BETMUMHAMH H NIapaMETPaMH DJIEKTPOIHEPTHH 3HEproCHCTEMBI.

CBa3b [AHCCEPTAMOHHOIO HCCNEAOBAHHA C IUIaHAMHM  Hay4YHO-
HCC/IEA0BATEILCKAX paGoT OTpakeHa B CIACAYIOIIMX MENIYHapOAHBIX NMPOEKTaxX
TACIS-TEMPUS Esponefickoro coobmectsa: EC T JEP 10328-97—«O0yuenne
3HepreTHYecKkoMy MeHeIDKMEHTY B Pecny6rnmke Y3bekucran» (1997-2001 rr.), EC
T JEP-10845-99 —«IncranuuoHHoe obyuenue B Pecrybnuke V36ekucran» (1999—
2003 rr.) H B TOCYAapCTBEHHBIX HAayYHO-TEXHMYECKHX mpoekrax: [1-18.17-
«PaspaboTka (HHAHCOBO-TEXHONOrHYECKOH MONEIH pPAUHOHANBLHOTO YNpaBJIeHHA
axeprerudeckoi cHcTemoli PecriyGnamkn Y3bexncTaH B ycnoBusx JnGepaibHOro
pbiHKa 371eKTpodReprun» (2003-2005 rr.); A-12-073 — «Pa3paGoTka anropuTMoB H
METOAMKH MOBLIMIEHHA TOYHOCTH JAHHBIX TeNeH3MEpEHHil U oueHka pabouero
COCTOSHHS OCHOBHEIX JJIEKTPHYECKHX ceTel ONIeKTPOIHEPreTHYECKOH CHCTEMBI
Pecniy6nuxu Y3bexucran» (2006 — 2008 rr.); UTA-3-123-«Munnmusauns notephb
npy mepenade EKTPOIHEPTHH N0 OCHOBHEIM JIEKTPHYECKMM ceTsM Pecny6nukn
VibekucTaH  ONTHMH3aLMEl  pEeaKTHBHBIX  MOIUMHOCTEH  MCTOYHMKOB M
koaduumentoB TpaHcgopMauuu Tpanchopmatopos» (2012-2014 rr.); UOT -
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2013-2-28 «BHenpeHHe B NMPOMBILUIEHHBIX NMPEMANPHATHAX 3Heprocbeperarompmx
aBTOMATHYECKHX PETYJIATOPOB PEaKTHBHOM MowHocTH» (2013-2014 rT.).

eyt HccIeROBAHHS PA3BHTHE TEOPHH H pa3paboTka METOROB H TEXHONOrHK
NPOEKTHPOBAaHMS KOMIUIEKCA YCTPOHCTB 3JEKTPOMArHMTHRIX NpeoOpasosarteneii
ORHO- H Tpex(a3HOro NMepBHYHOrO TOKA BO BTOPHYHOE HANpPKEHHE C IUIOCKMMY
H3MEpHTENLHEIME OOMOTKaMH 1A KOMOMHHPOBAHHOIO YNpaBIEHUS PEAKTHBHOHR
MOILIHOCTH H ofecneueHue Ha MX OCHOBE JHEpro- M pecypcocOepexenue s
3HEPrecHCTEMAX.

Jna  pocTikeHHa  ueau  choOpMYJHpOBaHEI  CNENYIOIHE  3agagm
HCC/ICROBAHHS: .

pa3paGoTka TEXHOJNOTHH npecOpasoBaHHA MNEPBHYHOrO TOKA BO BTOpHYHOE
HanpshkeHHE Ha OCHOBE JNEKTPOMArHHTHBIX NpeoGpasoBaresiell ToKa ¢ miockmmy
H3MEpHTENBHEIMH 06MOTKaMH ¥ YCTPO#CTB Ul pHeMa, 06paboTku M ynpaenenus
U1 KOMOHHHUpPOBAHHOIO YNPABNIEHHs PeaKTHBHOH MOIIHOCTBIO 3HEPIOCHCTEM;

pa3paboTka palHOHANLHOTO MaTeMaTHYECKOro ammapara, BKITIOYAlomero
IFOPHTMEI, MOAENH H MeTOABl OJs HCCNENOBaHHA 3aKOHOB pachpefesieHHs
MArHHTOABHXKYIMXCA CHJI M MAarHMTHBIX TOTOKOB B MAarHHTHBIX CHCTeMmax
3NIEKTPOMarHUTHEIX Npeobpasoparenelf ¢ MIOCKMMH H3MEPHTENILHEIMH 06MOTKaMK
C LE/NbI0 MOMy4YEeHHsA HCXOAHBIX BEJMUMH M TapaMeTpoB A (OPMHpOBaHMA ux
OCHOBHEIX XapaKTEPHCTHK;

pa3paGoTka anropuTMOB, MOAieNiell H METOZIOB pacueTa NapaMeTPOB H BETHYHH
OCHOBHBIX  XapaKTEpPHCTHK: CTaTH4eCKHX H  JAHHaMHYECKHX; TOYHOCTH;
OIHOBPEMEHHOCTH NMpeobpa3oBaHHA CHIHAJIOB O TOKax TpexdasHoli anexTpuaeckoii
CETH; 3KOHOMMYHOCTH; MH(OPMATHBHOCTH; HEprocbepekeHHs. H MHHHMaLHOro
NOTPe6/eHHs NIEKTPOIHEPrHH NPH COBMECTHOH paBoTe C MOMYTIPOBORHHKOBEIMH
3/IEMEHTaMH NpH yNpaBJieHUH PeakTHBHOH MOLIHOCTBIO SHEPTOCHCTEM;

pa3paGoTka anmropuTMOB M MoAeiell pacueTa BIHAHUA HCTOYHHKOB
TNIOTPELIHOCTEH 3JIEKTPOMArHUTHEIX NpeobpasoBaTeniell TOka B HaNpsOKEHHE C
IUIOCKHMH  HM3MEPHTENILHBIMH  OOMOTKaMM, OCYIIECTBICHHE KHacCH(pHKaluu
HCTOYHHKOB NOTpeLTHOCTEH;

paspafoTka aNTOPHTMOB M METOAOB PAlHOHATBHOrO CTPYKTYPHOTO H
NapaMeTpHyecKoro CHHTe3a, palMOHAMH3allHH M IPOCKTHPOBaHHA Ha OCHOBe
KDUTEDHEB: JHHEHHOCTH  CTATHYECKHX  XapaKTCPHCTHK, MAaKCHMANLHOCTH
YYBCTBHTEJILHOCTH U Halle)KHOCTH; ~

paspaGoTka M BHeApeHHE KOMIUIEKCA KOHCTPYKLHH 3INEKTPOMarHHTHBIX
npeobpasoBateneif ogHO- M TpeXx(asHOro Toka B HANMPKEHHE C ILIOCKHMH
MIMEPHTENbHBIMH OOMOTKAMH B CHCTEMaxX KOMOHHHPOBaHHOTO ynpaBleHHA
HCTOYHHKAMH PEaKTHBHON MOLIHOCTH, COOTBETCTBYIOWIMX MPHHUNMAM TIOCTPOCHHS
PaUMOHANLHEIX SHEPro- M  PECYpCOCOEPEralolWinX — CHCTEM,  YUHTHIBAIOLIHE
HECHMMETDHH TIpH KOHTpOJE H YMPABJICHHH MO BENHYHHAM W ¢dazam TOKOB
TpexcasHoli anekTpaYeckoi ceTH IHEProCHCTEM.

O0bexkToM HCCJIeAOBAHHSA ABJIACTCH KxJjacc AJEKTPOMArHHTHBIX
npeoGpagona-reneﬁ TOKa B HanpsHKEHHE € MJIOCKHMH H3MepHTe:l’IBHLIMH o6MOoTKaMHK
115 KOMGHHHUPOBAHHOTO YNpaBJIeHHs HCTOYHHKAMH PEAKTHBHON MOUIHOCTH.
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IlpeameT HecceA0BaHAS — METOABI, AITOPHTMB! H MPOrPaMMHEIE KOMILIEKCHI
HCCNENOBaHHA MAarHHUTHBIX CHUCTEM npeoﬁpasoaamm ANECKTPOMArHHTHLIX
npeoGpaszosareneii Toka B HaNpsDKEHHE C NIOCKHMH H3MEPHTENBHEIMH 0GMOTKaMH.

Mertoast HcclegoBamus. B npotlecce  MccnemOBaHMA — NPHMEHEHBI
aHATHTAYECKHE H SKCHCPAMEHTANBHBIC METOABI H AINOPHTMEBI: METOABl TCOPHH
INEKTPHUECKHUX, MATHATHHIX M TEILIOBBIX LieneH cHCTeM mpeoGpasoBaHHA; METOMALI
rpadoBeIX Mojenieii; TeOPHS aBTOMATHYECKOTO YNPABJICHHUA; TEOPHS MEPBHYHBIX
H3MEpHTENBHEIX TNpeobpasoBaTeneif; MaTeMaTH4YeCKOE MOJIENHPOBAHHE; TEOpHA
MOrpelHOCTeH H HANEXKHOCTH.

Hayynas HOBH3HA JHCCEPTANHOHHOIO HCCIeXOBAHHA 3alUTIOYaETCA B
ClenyIomeM:

paspaboTaHa TEXHOJIOTHSA NpeobpasoBaHHA NEPBHYHOrO ORHO- M TpexdasHoro
ToKa B HanpsKeHHE Ha OCHOBE 3JIEKTPOMarHHMTHLIX npeobpasoBateneil Toka ¢
IUIOCKHMH H3MEpHTeJIbHBIMH OOMOTKaMH M YCTpo#HCTB mpHeMa H obpaGoTkn nis
KOMOMHHpPOBaHHOTO YTIpaBJICHHs PEaKTHBHOH MOLIHOCTBIO SHEPrOCHCTEM;

paspaboTaHb! rpaj)oBbie MOZIE/H, RO3BOJIAIOLINE HATNIAAHO, 3(EKTHBHO H C
BEICOKOH (OpMaNM30BaHHOCTBIO HCCRENOBAaTh 3alaiyH KOMOHHHPOBaHHOTO
YMpaBNEHHS  PEaKTHBHOH  MOLIHOCTBIO  JHEPrOCHCTEM  Ha  OCHOBE
9/IeKTPOMarHUTHEIX  npeoOpasoBaTenedi, a Taloke ONpENENEHb!  MPHHLHIBL
AIOCTPOEHHA MarHHTHOH CHCTEMBI Ipeo6pa3oBanus;

pa3paboTaHBl ~@IrOPHTMBI M METONBI NOCTPOEHHS  XapaKTEPHCTHK
3JIEKTPOMArHUTHBIX NpecGpasopaTeneii ¢ NIGCKHMH H3MEPHTENBHLIMH 0GMOTKaMH:
cTaTHYecKHe NPH HEOOHOPOXHEIX H HeNMHEHHBIX MapaMeTpax MarHUTHBIX CHCTEM;
OMHAMHYECKHE HPH CHMMETPHYHBIX H HECHMMETPHYHBIX 3JIEKTPHYECKHX
Harpyskax;

paspaloTaHBl @IroOpHTMEL M MOACAH pacueTa BAHAHHA HCTOYHHKOB
NOrpelHOCTeHl 3NEKTPOMArHHTHBIX npeobpasopaTeneli TOka B HalpsKEHHE C
IUIOCKEMH ~ M3MEDHTEJILHBIMH  OOMOTK2aMH,  OCYILECTBIeHa  KkiaccHHKauus
HMCTOYHHKOB MOrpelHocTel;

pa3paboTaHBl aNrOPHTMBI H METOAbl PALHOHATBLHOTO CTPYKTYPHOTO H
NapaMeTpHYECKOro NPOCKTHPOBAHHWS HA OCHOBE KDHUTEPHEB: JHHEHHOCTH
CTATHYECKHMX XapaKTEPHCTHK, TOYHOCTH, HyBCTBHTEJIBHOCTH H HaleXXHOCTH;

paspaoTaHBl METORHMKHM MNOCTPOEHHS KOHCTPYKUMH 3/eKTpoMarHHTHEIX
npeoGpasoBatenefi OnHO- M TpPex(a3sHOTO NEPBUYHOTO TOKA BO BTOpHUHOE
HanpsKCHHE  JJIEKTPHYECKOH CETH JHEProcHCTEM TpPH  KOMOHHHPOBAHHOM
ynpaBfeHMH  MCTOYHMKaMM  peaKTHBHOH  MOIWIHOCTH,  COOTBETCTBYIOLUIHE
TpeGOBaHHAM  pPAlMOHANBHBIX JHEPro- M pecypcocGeperalomnx — CHCTEM,
YUHTHIBRIOLIHE HECHMMETDHH MpPH KOHTPONie M YNpaBJCHHH Mo BenuuuHe H dase
ToxoB Tpexda3Hoii 3nexTpuueckod ceTH, obecneyHBalOIMe aAeKBaTHOCTD
nokasareJieif Ka4eCTBa H H3MEHEHHA NEPBHUYMHBIX H BTOPHYHBIX BEAUYHH.,

IIpakTH9ecKHe Pe3yALTATEI HCCIeA0BAHHS 3aIUTIOHAIOTCH B CIIEAYIOLIEM:

BHEJIPEHB! B MIPOU3BOACTBEHHEIX YCOBHAX AITOPHTMBI, NporpaMMa pacuera
CBEPXHOPMATHBHOTO TEXHONOTHYECKOTO PacXofia 3JIEKTPOIHEPTHH H pa3pabGoTaHBbl
npeo6GpasoBaTesiy TOKa B HANPSXEHHE B CHCTEMaX KOMOMHHPOBAHHOrO YNpaBJieHHs
PEakTHBHOH MOILHOCTH 3HEPTOCHCTEM;
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NpHMeHEHHEe aBTOMAaTHYECKH PerylHpyeMBIX HCTOUHHKOB PeaKTHBHOIM
MOLIIHOCTH B 3JICKTPHYECKHX CETAX H 3JIEKTPOYCTAHOBKAaX C YCTaAHOBJCHHOM
MouHocTeio 50 xBT M HanpsxenveM po 500 kB TMO3BONMIM NOBBICHTH
MPOH3BOAHTENIBHOCTD H CpOK cayx6sl  3sexTpooGopynOBaHus H
INEKTPOTIPHEMHHKOB, JHEPro- MW pecypcocOeperalolMii pexmM 3a  cuer
ofecneyeHne 3MEMEHTOB M YCTPO/CTB ynpaBileHHs CTaHAapTHHIM HanpsoKeHHeM
57,5 B Bmecto 61,81 B, npesbimaiommit Ha 4,31 B (7,5%) mo dasuomy
HaNpsHKEHHIO, Ha V3 7,5% = 12,9% 1o nuHeiHOMY HanpsHKEHHIO YNIPaBNeHHS;

3JieKTPOMarHHTHbIE Npeobpa3oBaresH TOKAa B HANpPMKEHHE, BHEAPEHHLIE B
9NIEKTPUYECKHX CETAX CHCTEMB! dMeKTpocHabxkeHHs Gonee 20 npenupuATHii 3a cuer
AIOBBILIEHHS TOYHOCTH ¥ aBTOMATH3aLMH YNpaBlICHHA HCTOYHHKAMH PEeaKTHUBHOHN
MOLLHOCTH MO3BOJIMIIH YMEHBIIHTh TEXHONOTHYECKHH PacXojl 3/IEKTPOIHEPTHH Ha
11,26% npn HopMmaTHBHOM 3HaveHHMH 13,29% (obGecneumn yMeHbmenue
TEXHOJIOTHYECKOr0 pacxofia 3MekTpo3Heprud Ha 1,13 mupa. kBT - uac) 3a cuer
NOBLIIIEHNA KIacca TOYHOCTH JJIEMEHTOB H YCTpOHCTB KOMOHHHPOBaHHOTO
YTIpaBJIeHHs peakTHBHOH MOHIHOCTH 3HepracHcTeM ot 1,0 1o 0,5;

onpefeNieH0 BIHAHHE HMCTOUYHHKOB NOTPEIIHOCTEH 3JIEKTPOMAarHHTHEIX
npeo6pazoBaTeieifl Toka B HAMPsHKEHHE C MIIOCCKAMH H3MEPHTEIEHEIMA OOMOTKaMH,
OCYHIECTB/IEHA KIIaCCH(PHKALIHA OCHOBHBIX HCTOYHHKOB NMOTPEMIHOCTEH;

BHEAPEH KOMIUIEKC KOHCTPYKLMIf 3NMEeKTPOMAarHMTHHIX npeoGpasosareneii
ONHO- M Tpex(a3sHOr0 NEpPBHYHOrO TOKA BO BTOPHYHOE HANpSDKEHHE,
COOTBETCTBYIOI(HIi MpPHHUMNAM TNOCTPOEHHS  pPAlHOHANLHEIX JHEpPro- H
pecypcocGeperalomiX CHCTEM, YUHTHIBAIONMI HECHMMETPHH MNpPH YNIPaBJIeHHH 1O
¢a3am TOKOB 3/1eKTPHHECKOH CETH.

JocToBepHOCTL MOMYYeHHBIX Pe3yJHTATOB OCHOBAHA Ha OOIMENpHHATHIX
KDHTEDHAX CpaBHEHHMsi M TIOKA3pIBACT, 4TO paspabotaHHble rpaoBeie MoOmenH,
TIOATBEp)KAEHHBIE  AHATHTHYECKHMH  (OopMyJiaMH, TMO3BOJHIIH  NPOBOAMTH
CPaBHHTEJILHBIN aHAJIN3 C TEOPETHYECKHMH H SKCIIEPHMEHTANBHBIMH JAHHEIMH.

Jlns oleHKH pe3ynbTaToB HCCJIEAOBaHMi NMpPOBENEH CPaBHUTENBHEI aHATIH3
3pdexTHBHOCTH NO KPHTEPHAM JIHHEHHOCTH BBIXOAHON XADaKTEPHCTHKH M
TOYHoCTH npeofpasyeMOro NMEPBUYHOrO TOka BO BTOPHYHOE HANpDKEHHE Ans
WHpokoro kjacca KOHCTPYKUMH  3/IeKTpOMarHHTHBIX  npeoGpasosateneii
NepBHYHOro OAHO- W TPEX(A3HOTO TOKA BO BTOPHUHOE HAIIPSKEHHE.

Teoperndeckan W  NpaKTHYecKas  3HAYAMOCTL  pe3yJIbTaToB
HCCtenoBamms. TeopeTHdeckas  3HAaYMMOCTh  MONYYEHHBIX  Pe3yNBTATOB
HCClenoBanMs 3aK/IIOHAlOTCt B TOM, YTO pa3paboTaHnl MeTonbl, MOAENH H
aNropuTMBl, NPHHUHMLI NOCTPOCHHA npeoOpasoBarenelf NEPBHYHOrO OZHO- H
TpexgasHoro Toka BO BTOPHYHOC HAaNpsKEHHE, PEIEHH 3alaTM paspaGoTky
YCTpo#icTs koMOMHHPOBAHHOTO YNPAB/ICHHA HCTOYHHKAMH PEaKTHBHOH MOIIHOCTH
Ha OCHOBe HaZeKHBIX MEKTPOMArHHTHBIX npeobpasoBareeif Toka B HalpHKEHHE C
YHUQHUMPOBAHHBIMM  BHIXONHEIMH  CHIHAQN4MH,  HCCIENOBaHbl  OCHOBHBIE
XapakTepucTHKM M HMCTOMHHKH TOrpemHocTeli npeoGpasosateneii, coanana
KOHLENIHA NOBLILEHHs TOUHOCTH U JOCTOBEPHOCTH HHGOPMALIMH O BEJIMYAHAX H

tdasax TpexdasHbIX TOKOB NEKTPHYECKOH CeTH.
37



TlpaxTH4eckad LUEHHOCTh paboThl 3aKUIIOYAcTCA B NPHMEHEHHH KOHCTPYKUHHA
'MarHMTHBIX CHCTEM TMpeo0pa3soBaHHs H DJIEKTPOMArHHTHEIX TpeoGpasoBarereit
NEPBHUYHOTO OFHO M Tpexda3HOro Toka BO BTOPHYHOE HaNpsKEHHE C TUIOCKAMH
H3MEPHTENBHLIME 0OMeTKaMH, ofecneynBalolHX YHHQHIHPOBAHHBIE BBIXOZHEIE
BEJIMYHHEI, COOTBETCTBYIOIIHE NPUHIHIIAM NOCTPOEHHS PAlMOHAJIBHEIX JHEPro- H
pecypcocOeperalomix 3HEProCHCTEM, YUHTRIBAIOITHE HECHMMETPHIO NPH KOHTpOJIE
H ynpaBJieHHH 1o asaM TOKOB TpexdasHoi IneKTpHIeCKO#H CeTH.

BHeapeHHe pe3yJIbTATOB HcCJIeAoBaHHsA. PaspaGoTaHHble METOABI, MOJEH,
aTOPHTMBI,  MPOTpPaMMHBIE  KOMIUIEKCEI,  J/IEMEHTHI H  yCTpo#cTsa
KOMOHHHPOBAHHOTO YTIpaBJIecHHA HCTOYHHKaMH PEaKTHBHOH MOIIHOCTH BHEIPEHBI
B OfHO- H Tpexdasnbix anekTpuueckux cerix FAK «V3bexsnepron, B cHcTeMax
anextpocHabxennn Gonee 20 npennpusThi, HanpskeHuem 0,4 — 6 u 10 xB u
crnocoBCTBYIOT  ofecnedeHHMI0 HOPMHPOBaHHBIX  3HadeHMil  Ko3dduumnenTa
peakTHBHO# MomHocTH. PesynbTaTsl BEIMONHEHHOH paGoTHl crioco6cTBOBATH
YMEHBIUEHHIO MOTEPH 3MEKTPOIHEPrHH Ha 15 % 3a cueT NoBhILIEHHA TOYHOCTH
KOMOHMHHPOBaHHOTO YNpaBJIEHHA PEAKTHBHOH MOUIHOCTH obGecneqnnu 3Hepro-
pecypcocGepexenHe ¢ ronosoi skoHomudeckol a¢dexTusHOCTEIO 1,7 MApa.cyM.,
(cpasku TAK «V3bGeisnepro» o BHeApeHMH pa3paboTaHHEIE YCTpo#cTBA B
cHCTeMax 3MeKTpocHabkenns 3a Ne MX — 01— 21/5413 or 17.11.2014 r., Ne MX —
01-21/321 ot 27.01.2015 1.).

AnpoGamma paGornl. Pesyneratel HccReAoBaHHA anpoGupoBaHel Ha 40
HAYYHO-NIPAKTHIECKHX KOHQEpEHIHAX, B TOM 4YHCIE Ha 15 MexmyHapomHBIX
CHMIIO3HYMaX, KOHIpeccax H CEMHHapaX, B 4YaCTHOCTH, Ha MEXXyHapOJHBIX:
«World Conference on Intelligent Systems for Industrial Automation» (WCIS)
(Baku—2002, Tashkent-2012), «IIpo6nemsl 3Hepro- H pecypcoc6epexxeHHs»
(Tamkent, 2003), “Control of power system-04" (Cnosaxus, (Slovak Rep., High
Tatras, Strbske Pleso), 2004), «MunoBanus - 2004» ( Tamxent, 2004), «I[TpoGnems!
3HEpro- W pecypcocOepeeHus Ha xenesHod popore» (Tamkent, 2005, 2009),
“MIHHOBALlMOHHBIE TEXHOJIOTHH B YNpaBReHHH, 0Opa3OBaHMH, MPOMBILUIEHHOCTH
“ACTUHTEX” (Poccus, Actpaxans, 2007, 2011), UBUIl (Tawxeut, 2009),
«Ouepretnka: VYnpasneHue, kadecTBO H 3(pdeKTHBHOCTE HCMONB3OBaHHA
snepropecypcoB» (Poccus, Bnarosemenck 2003, 2011); um pecny6GnkaHcKHX:
«CoBpemennble npobriemsl snepretuxu» (Tamkent, 2006, 2011), «AkTyanbHbie
BOTIPOCHI COBPEMEHHOH TEXHHKH H TexHonorun» (Jlumenk, Poccusi, 2012-2014) u
Pecny6nukaHckas spMapka HHHOBallHOHHHBIX HIEH, TEXHOJNOTMH M NPOEKTOB
(Tamxent, 2008-2014).

Ony6aukoBaHHOCTh pesyanTaToB. [To TeMe AuccepTanun ony6nukosao 84
Hay4HBIX TpYa, B TOM 4YHciie 2 MororpaduH, 10 - B MEXIYHapOAHBIX XKypHAIAX H
nojyteHo 4 naTeHToB Ha H3o6peTenns PYs.

Crpykrypa H o6bem paborel. J[nccepTauus cOCTOMT H3 BBEIEHMS, LIECTH
rfiaB, 3aKJIIOYEHMs], CIHCKA JINTEPATyphl, NpuioxeHnit n conepxut 200 crpaHMl
TexcTa, BKmouaer 49 pucyHKkoB u 12 tabnun,
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OCHOBHOE COJEPXXAHNE JUCCEPTAIINN

Bo BBegeHHMH OGOCHOBaHa aKTYIBHOCTP H BOCTPeGOBaHHOCTE TEMBI
IuccepTallly, chopMYTHPOBaHB! LEdb H 3aJadH, BHIABIEHB! OOBEKT H NpeAMET
HCCNEIOBaHHs, ONpPENENEH0 COOTBETCTBHE  HCCJEHOBAHHA  NPHOPHTETHBIM
HanpaBjicHHAM pa3BUTHA HaykH H TexHonoruif PecmyGmukn V36exmucran,
H3NIOXKEHBl HayyHasd HOBM3Ha M TIPaKTHYECKHME pe3yJbTaTh, 0GOCHOBaHa
IOOCTOBEPHOCTh  MOJIyYEHHBIX  pe3yJIbTaTOB, PpAacKphiThl TEOpETHYecKas M
NpaKTHYECKasdt 3HAYMMOCTh Ppe3yNIbTaTOB, NPHBEAEHB! MaTEpPHANE aHaIM3a
3/IEMEHTOB M YCTPOHCTB yNpaBJIcHHs BETHYHHAMH H NapaMeTpaMH SHEProCHCTEMEI,
a TaloKe CBEJICHHS 110 Oy OJIMKOBAHHEIM paboTaM H CTPYKTYpe NHCCEpPTaLHH.

B nepnoii raaBe auccepTauMM HCCNEAOBaHE! BONPOCH mpeoGpasoBanus
NIepBHYHOTO OZHO M Tpexda3HOro TOKa INEKTPHYECKOH CEeTH SHeprocucreM mis
KOMOHHHPDOBAHHOTO  yMpaBJieHHsl YCTPOWHCTBaMM IPOM3BOACTBA, HepenadH,
pacnpeneiieins W NOTpeGNEHHsA 3NEKTPOdHepruu. (OyHKIHOHANbHAA cxeMa
KOMOHHHPDOBAaHHOTO  yNpaBlieHHS  HCTOYHHKAMH  PEaKTHBHOH  MONIHOCTH
9HEProcHCTeM, (yHKLHOHHPYIOIIAss HA OCHOBE CHrHala OT 3/EKTPOMarHUTHBIX
npeo6pasoBaTenieli Toka B HanpsokeHHe, paspa6oTannan B naHHOl paboTe Ha
OCHOBE NPOBEJICHHBIX HCCJICAOBaHMi, IpeACTaBleHa Ha prc. 1.

b'NIQ.%

14 v e o

Nealea)ea

Al, A2, A3 — aBTOMaTHYeckue BbIKUIodaTenH, KM1, KM2, KM3 —
KOMMYTaiuoHHEIe anmapatsl; TK — 610k Tokosoii komnencannu; HO —
M3MepHTeNbHELi oprat; V1, V2 — ycunutenu; KT1, KT2 — 3/1eMeHTE BELAEPXKH 110
Bpemenn; KL 1, KL2 — ucnonHATENbHBIE opraibl; YO — ynpasisoniHii opran; IJAP
~ M poBOIi aBTOMATHYECKHH PETYNIATOP HCTOYHHKA peaKTHBHO# MolHocTH; CM
(I'C, MC) — cunxpoHHras MaunHa (reneparop — I'C u MoTop - MC), KC —
koMrieHcaTop cHHXpOHHBIH, KKY — ucTouHnk peakTHBHO#M MolHOCTH —
KOCHHYCHas KoHJieHcaTopHas ycraHoBka, SMITTH c ITHO n SMITH -
3/1eKTPOMarHHTHEIE PE0GPA3OBATENH TOKA H HANpPsHKEHHS

Puc.1. @YRKIHOHANILHASA CXEMA CHCTEMEbI KOMOHHHPOBAHHOIO
ynpasJjieHHAsl HCTOHHKAMH PeaKTHBHOH MOIIHOCTH JHEProcUCTeM
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B pa6oTe NpHMEHHTENILHO K JJIEKTPOMarHUTHLIM Npeobpa3oBartesiaM Toka B
HanpsKEHHE C MJIOCKMMH H3MEDHTENBHEIMH OOMOTKaMH B Tabn. 1 npHBeneHE!
MaTepHaiE! KiaccHdHuauui OCHOBHBIX THNOB TUIOCKHX H3MEPHTENLHEIX OOMOTOK H
BEIpAKEHHA JIS ONPENeEHHSA TIOMAAH HX CEeYeHHs S.

AHamm3 ycroBuif pafoTEl 3J/IeKTPOMarHMTHBIX mNpeoOpasoBateneil Toka M
TpeGoBaHMif moKa3al, YI0O B 3JHEProCHCTEMAaX Lejecoo6pa3sHo TNpHMEHEHHE
JMEKTPOMArHATHEIX npeoGpasoBareneii Toka B HaNpAXEHHE C TIOCKHMH
H3MEPHTENIBHEIME ~ OOMOTKaMH H HeoOxoauma pa3paGoTka NpPHHLMIIOB
OpOCTPOEHHA M KOHCTpykuMii npeoOpasoBaTesieli TOoka B  HampsKeHHeE,
ofecneuuBalOMMX YYeT HECHMMETPHH, YHHQHKALHIO BLIXOAHBIX BENHYHH H
ofnagalompX  pacmMpeHHEIMH  (QYHKIMOHAIBHBIMH  BO3MOXHOCTAMH  JUIA
KOMOWHHDOBAHHOTO  YNpaBleHMsA  HCTOYHHKAMHM  PEaKTHBHON  MOLLHOCTH
SHEPrOCHCTEM.

Tabmmna 1
OCHOBHEIE THIHI TUTIOCKHX H3MEPHTENBHBIX 0OMOTOK
Tan ITHO ®opma ITHO Ilnomanp ceveHns
Tasux
1. Tpeyronsnag T’ _ S, =abl2
«©
2. | Hpamoyroasnas Sep = kab

o
- L
3. Kpyrnas Ussanc \)) S, =knxd’/4
©
S
=2ab
4, IlerneBasn i — c "
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Bo BTOpoOit raBe JHCCEPTALHH HCCICAOBAHBI MAarHMTHBIE LENMH H CHCTEMBI
npecGpa3oBaHHsl 3JIEKTPOMAarHHTHLIX npeoGpasoBateficH TOka B HaNpMKEHHE C
TIOCKHMH HU3MEPHTELHBIMH 0OMOTKAMH.

BxoaHsIMH BEJHYHHAMH 3JIEKTPOMArHMTHEIX MNpeoOpasopareneil Toka B
HanpskeHHe ¢ TUIOCKHMH H3MEPHTElbHBIMH OOMOTKaMM CIIyJKaT: NCpPBHYIHEIH
nepeMeHHBIA Tok TpeX(hasHoM aneKkTpHueckoil ceTH Lo BeMuHHOM OT / 10 1000 A
H NepBUYHOE BXOAHOE HanpskeHHe Ube: BemuuHoOl ot 0,4 — 35 xB, BRIXOOROM
cirian  Usex — BTOPHYHOE BBIXOAHOE JJIEKTPHYECKOE HANPDKEHHE OT IUIOCKHX
H3MepHTENbHBIX OOMOTOK, KOTOpOE NMpPHHUMIHAIBLHO 3aBHCHT OT PaclpeleneHHs
MarHUTHOro NMoToka & BIONB MYTH MarHWTHOH CHCTEME! npecGpasoBaHus, T.€. No
UTHHE MarHHTONIPOBO/A, Yria NepeceyeHuss MarHHTHOTO MOTOKA IUIOIANH IIOCKHX
M3MepHTENLHBIX 0OMOTOK H ApYTHX (akTopos.

Ha ocnose rpadoBoif MonesM MaraHTHOH CHCTEME! 3JIEKTPOMArHHTHEIX
npeo6pa3oBatefieif TOKa B HaNpMKEHHE C NNOCKMMH H3MEPHTETFHEIMH 06MOTKaMH,
NpHBEIeHHOM Ha PHC.2 ONPENEJIOTCA BEJHYHMHEI, XapaKTEPH3YIOmMe y3isl (F -
M.J.C.) H ydacTku npeoSpasosauus (77, 170, I71 — npoRONbHEIE, BEPTHKAIBHEIE H
NOTIepeUHEIe TapaMeTPhI).

Tazip1t

8.3

rd

Puc.2. CpadoBan Moaens MarAuTROIH CHCTeMsI npeoGpa3osanasn
3JIeKTPOMATHHTHLIX Npeobpa3oBaTeieii ToKa B HANPDKEANHE C ILIOCKAMA
HIMEPHTENLHLIMH 06MOTKaMH
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JOna rpadoBoii MomesH  pacnpeleneHHOH  MAarHMTHOH  CHCTEMBI
3MEKTPOMArHWTHBIX npeoOpasoBarteneif Toka B HanmpskeHHE C  [UIOCKHMH
H3MEPHTEILHEIME OOMOTKAaMH KOJIHHECTBO Y3JIOB JUIS pacieTa M.A.C. H MarHHTHBIX
NOTOKOB HMMeeT pasMephl: i j k, T.e. 3aBHCAT OT YCJIOBHii H TOYHOCTH
XapaKTEpHCTHK NpeoOpasosaTeiisi TOKa B HampsDKEHHE, a pa3Mepbl y3/0B i
usMenstoTcA oT 1 jon, jorl gomukorlgol.

Jns oThenbHBIX  y3M0oB  TrpaboBOM  MOAENM  NIEKTPOMarHWTHBIX
npeobpa3oBateeil Toka B RanpsDkeHHE € MUIOCKMMH H3MEPHTENIEHBIME 00MOTKaMH
COCTABJICHB! YPaBHEHHSA YISt ONPEAEIICHAS Y3IOBBIX MarHHTOABHKY ILIHXCSA CHIL:

ana yanoB i =1, j = 1 m k = 1 rpadoBoii Mopmesm 3neKTpPOMarHHTHBIX
npeofpazoBateneif TOKa B HANpAXKEHHE C TUIOCKHMH M3MEpHTEIbHEIMH OOMOTKaMH
COCTaBJIsSeTCs ypaBHEHHE AN onpeleNieHHs Y3/IOBOH MarHUTOABIKYLIEHCA CHIIbL:

FIJ#U + F«»l.j.k + Fu,j,hl

”t.ﬁl.t ”oul.j.t n lu,hl
1 1 1

+ +
” gk ” om,/,i ” l

i j k4l

Ka?]n: ik +

Fl.]*=

may3noB i=m,j=1luk=1:

Kl s+ Fisje + F +
0, M, 7,4,

1 1 1 ?
+ +

7 ol-lJ.t n li./.kol Yy N3

ijA+l Fl.jfl,k

Fin=

wsysnoBi=1,j=1nk=1I

K._I + F =15k + F 4 fx=1 +F ik
P M0y Mgy Moy
x 1 1 + 1
HOI—I./.& H li./,ul ”t,jou

anaysnos i=or2pmom-1, j=or2mon-1mun k=or2po0l-1:

&PIka:F;N'I:’ +EJ J‘_EJMJ;FHJ _=_F“U‘

F Dpw Dy My Mype Moy My

ok T 1 1 1 _ 1 1 ;
By Bpy My My My My,

rae /,,,- TOKH B TMPOBOAHMKaX TpexdasHol snexrpuueckodl cetn IC,
ABIMIOIIMEC]  BEJMYMHAMM  Bo3felcTBHA Ha  ydyacTok  mpeoGpa3oBaHus
3NEKTPOMArHWTHBIX MpeoGpasoBateneli Toka B HaNpMKEHHE C  TIOCKHMH
H3MEpHTENLHBIMH OOMOTKaMH; K- - KO3 HULUMEHT CBA3N MEXIY JEKTPHIECKUMH

H MarHWTHLIMM UENAMH; [T - pacnpelelieHHble MNapaMeTphl MarHMTHOHM uenw
npeoc6pasoBaHua.
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Hunamuveckas rpagoBai MOLCNL NpeoGpasoBanus mepsHuHOTO TOKA
3MEKTPHYECKOH CETH 3IHEProcHCTEM BO BTOPHYHOE HANpsKEHHE Ha OCHOBE
JIEKTPOMATHUTHBIX NpeobpasoBaTesiel Toka B Hampmkenwe ¢  MIOCKHMH
H3MEPHTENBHLIMH 0OMOTKaMH NPEICTaBIeHa Ha pHC.3.

Martemathyeckoe OIHCaHHE AMHAMHYeCcKOH XapaKTepHCTHKH
9NIEKTPOMATHHTHBIX Mpeo0pasoBaTeliell TOKa B HanpmkeHHE C  ILIOCKHMH
H3MEPHTENIBHBIMH 0OMOTKaMH, TOJMY4€HHOE Ha OCHOBE rpadioBoii Mojemu, HMeeT
cleayIolHi BHA:

Uaux(P) = K¢w:T(p)pKBFﬂT(p)ScU3¢(p) '

30ECh:
pTacurH&ux .
’

T(p)Bcur =

pTI, )
1+pT, 1,7,.1,.°

#° pma’ " pma

T(p),=

T(P)II(p) TE)TI(P) T(p)1(p)

I @) I®) | Kisre | T(P) H(P)n Kow'Us .
up) QAUI M Fup) TP TC) u® Q@ 1@

Puc. 3. Inaamaveckas rpa¢oBas Mogesanb 31eKTPOMarHHTHBIX
npecGpazoBaTesieil TOKa B HANPSIRERNE ¢ IUIOCKAMH H3MEPHTEJILHBIMH
ofMoTkamMR

[Ipu npeoGpasoBaHKH NMEPBHYHOrO TOKa Ha BXoAe I, Ha OCHOBE pacdera

BEJIMYHH  pacnpefie/leHHON MarHHTHON CHCTEeMEl, corflacHO paspaGoTaHHOM
rpadoBofi Mozemu yuactkoB mpeo6pasoBaHHA, ONMpeAeNieHBl BEIPOKEHHS s
pacuera HanpsbkeHHs U, Ha BBIXOZIE IUIOCKHX H3MEPHTENLHBIX OGMOTOK C y4eToM
pacnpeneneHuss M.A.C. F, B y3iaXx M MarHHTHBIX MOTOKOB Ha NpPOAONBLHBIX - D,
nonepeuHsix - A0 ¥ BepTHKANBHBIX - @J — yyacTkax. Pacnipenenenne MarHuTHBIX
napametpos R, RO, -R/, MarHMTHBIX BEJTHYHH - M.Q1.C. ' M MArHUTHBIX NOTOKOB P B
y4yacTKax  MarHMTHO#M  CHCTeMB!  Tpeo6pasoBaHMs  3/IeKTPOMArHHTHBIX
npeobpasosateniei Toka B HanpsHKEHHE € IUIOCKMMH H3MEPHTENLHBEIMH 0OMOTKaMH
OTpefieNseTCs Ha OCHOBE Y3/IOBBIX YpaBHEHHH.

B Tperbeit rnaBe JAMCCEPTAUMH  HCCIENOBAHLl  3/IEKTPOMArHHUTHBIE
npeobpa3oBaTeNid TOKa B HAaMPOKCHHE C TUIOCKHMH H3MEPHTENBHBLIMH OGMOTKaMH
KaK 3/1EMEHT CHCTEMBI KOMOWHHPOBAHHOTO YIPABJIEHHSA HCTOYHUKAMH peakTHBHOM
MOIIHOCTH 3HeprocucteM. B kommnekce nporpammM MATLAB  paspa6oTana
Moziefib UCCNIEROBAHHA 3NIEKTPOMArHUTHEIX TipeoGpasoBateneii Toka B HanpsKEHHE
B CHCTeMe KOMOHHMPOBAHHOTO YNPABJICHHA HCTOYHHKAMH PEAKTHBHON MOIIHOCTH,
KoTopasi NpeacTaBiieHa Ha puc.4.
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Vaisusicias

o RYTITD

SAMI T C i8¢ r

WSnIrTanT.

Pruc. 4. Mogess 3JIeKTPOMArHHTHBIX Npeofpa3opaTeeii ToKa B HaNpsUKeRne ¢
IJICCKHMH H3MEPHTEJNLHLIMH 06MOTKaMH B CHCTeMe KOMOHHHPOBAHHOTO
ynpaBlieHHs B KomiLtekce nporpamm MATLAB

CTpyKkTypHas cxeMa MOAEIH KOMOWHHPOBaHHOTO YNpaBleHHs HCTOYHHKAMH
PEAKTHBHON MOIIHOCTH SHEPrOCHCTEM IO3BOAAET ONPEAENHTE KaYeCTBCHHEIE
XapaKTepPHCTHKM IEPEXOIHBIX MPOLECCOB CHCTEM YNpaBlieHHA W paloty
3JIEKTPOMAarHATHEIX npeo0GpasoBateneli Toka B HANPMKEHHE C  IUIOCKHMH
H3MEPHTENBHLIMH OOMOTKaMH B peallbHOM MacinTabe BpeMeHH.

PesynbTaTl MOJENHPOBAHHA M HCCIEZOBaHMA MapaMeTpoB, BXOAHBIX U
BBIXOAHBIX BEJIMYHH 3JIEKTPOMarHHTHHIX nMpeobpasoBateneii Toka B HanpsHKEHHE ©
MACCKMMH H3MEPHTENbHBIMM OOMOTKaMM B CHCTEME KOMOMHHpOBaHHOTO
YNpaBlCHHA HCTOYHHKAMH PEaKkTHBHOH MOILHOCTBIO HA OCHOBE KOMILIEKCa
nporpamM MATLAB npencrassiens! Ha puc.5.

IR RN

[ARREERN]

Puc.S. Himenenns Bxoanoro (1 — nepBHIHbI TOK - I; nr), MPOMeXKYTOTHBIX
(2 - m.a.c. F, 1 3- marHATROTO NOTOKA - @) H BLIX0AHOT0 (4 — BTOpHYHOE
Hanpsoxerre Us »x) BETHIHH JIEKTPOMArHHTHEIX npeoGpasosareneii Toka B
HanpsukeHne ¢ INIOCKAMA H3IMEPHTENLHLIMHA 0GMOTKAMH NMPH: HOPMAJTLHOM
(a), mecummerpnIHoM (6) pexHMAax N B pe’kHME KOPOTKOro 3amMuikanus (B)



B xoze anann3a MOAC/H YNpaBlieHHs HCTOMHMKAMH PEAKTHBHOH MOIIHOCTH
BbLAB/IEHO, YTO Pa3palGoTaHHas MOJENE B peansHOM MaciTaGe BpeMEHH MO3BONSET
OnpelleNiTs  MapaMeTpel M BEMYHHEI  JNIEMEHTOB  3JIEKTPOMATHHTHEIX
npeoSpa3oBaTesiei TOKa B HAMPsDKEHHE C TUIOCKAMH M3MEpHTENBHBIMA OGMOTKaMH,
YHOBJIETBOPSAIOILKE TPeGOBaHHAM SHEPTOCHCTEM.

W3 pesynbTaToB BHAHO, YTO MOJEIHPOBAHHE H HCCICHOBAHHE HA OCHOBE
komiiekca mnporpamM MATLAB, nepexomHbIX mNpOLECCOB, T.6. H3MEHEHHE
BBIXOAHOTO  HANpAKEHHA 3JIEKTPOMarHUTHRIX mpeo6pasosateneli Toka B
HanpsDKeHHE C TUIOCKHMH HM3MEPHTENBHEIME OGMOTKaMH YCTaHaBHBaeTCsi 4epes
0,044 c¢. mocne BKAIOYEHHS JJIEKTPHYECKO HAarpy3KM K TOKONPOBOZAM
9JIEKTPHUECKO# CETH IHEPrOCHCTEM.

B uerBepToii ry1aBe ANCCEPTAUHH MCCIENOBAHEl OCHOBHBIE XapaKTEPHUCTHKH
3MEKTPOMArHUTHEIX  npeoGpasobartesiefi NEPBHYHBIX TOKOB BO BTOPHYHOE
HanpsKEHHE C MIOCKAMH H3MEPHTENLHEIMH OGMOTKaMH.

I'pahukn cTaTHUECKHX XapaKTEPHCTHK ONHO(A3HBIX npeobpasoBaTeneii Toka B
HanpsOKEHHE, ONPEENSIOTCA COrMIaCHO BHIPAXKEHHIO:

R Re
Upr =40, e i 2D e D)

I'padHkn cTaTHHeCKHX XapaKTEPHCTHK ORHO(MA3HLIX 3/EKTPOMArHHUTHBIX
npeofpasoBarteniell Toka B HANPHKEHHE C IIOCKHMH H3MEPHTEILHEIME 0GMOTKaMH
npeicTaB/IeHE! Ha pHC.6 — 9.

CTaTHYECKHE XAapaKTEPHCTHKH AJIA BTOPHYHBIX HanpskeHHil ¢as B u C
Tpexda3noit aNeKTprUuecKoi CETH IHEPIOCHCTEM OMNPENEIIOTCS aHATOTHIHO:

Ry Ry
U,.. =4,44fn16>m,, et e )

Rt Rt
U =484 H® e € = 10 e =)

. : - I
: AN
i = N
o] e LT . \\
. 1= == ot 10N IS B . . g
L] 3 L] = £ - A l -
(1-20Mm.,2-22MM,3-24 M., 4-26m.) : ’ Ly
PHc.6. CraTH9eckne Puc.7. 3aBrCcEMOCTL BHIXOAHOIO
XapaKTePHCTHKH Hanpsxenns Usgsix
(Touxa — IKCIEPHMENT, OT pa3IHdHbIX 3Ha9eHHH

JIMHHA —pacYeTHbIe 3HAYMEHHA) BO3QYIIHOIO 3a30pa &
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e, B I Tannen, D
el
VAR = 1 7

o Pt ” mu\/’/

‘== - N

R .| P

rame , Mat. L] 1 34 [
Puc.8. 3aBHCHMOCTD BLIXOAHOIO PHc.9. 3aBHCHMOCTH BLIXOAHOIO

Hanpsaxkenns U3BLIX oT nanpsxenns UsBbix or
Pa3IHYHBIX 3HAYCHHH Pa3THIHBIX JHAYCHAH
9HCIa BATKOB — Wino IUIomaaH cedenns Saro

Tlpn yBeNHYEHHM BO3AYIIHOTO 3a30pa & Pe3KO YMEHBINAEeTCs BeNMYMHR
BBIXOHOTO HANpPAXKEHUA Useux, H 3TO OOCTOATENBCTBO OOBACHAETCA MaTepHaaMH
TEOPETHYECKHX (CTUIOLIHEIE JINHUH) B 3KCEPHMEHTANBHBIX (TOYKH) HCCIIEROBaHHH,
MPEACTaBNIEHHLIX Ha DHC.7. PaunoHaneHsle 3HAYEHHs BBIXOJHOTO HAaNpAXEHHs
obecneynBaloTCs MpH BEJMYKMHE BO3AYLIHOTO 3a30pa - & pasHo# 0,002 — 0,003 m. n
YHClle BUTKOB MIOCKOH M3MEPUTENEHOH 06MOTKH - Wiso paBHoM 3 — 4, cornacHo
MaTepHaIaM HCCNEf0BaHMUH, MPEICTABNEHHBIX Ha PHC.8. YBeIHYeHNe YHCNa BUTKOB
TUIOCKHX H3MEPHTEJILHEIX 06MoTok crocoberByer Gonee IUTABHOMY HM3MEHEHHIO
BEJTHYHHEI BBIXOJHOrO HANpsIKEHHA, 8 W3MEHEHHE IUIOIAAM CEYEHHA TUIOCKHX
H3IMEPHTENIBHEIX 06MOTOK obGecneuuBaer JIMHEHHOE H3MCHEHME BBIXOAHON
BE/THYKHEI HANPDKEHNS, COTIACHO JaHHBIM pHC.9.

B pa6ote nccnenoBaHE! NpoLeccs KOMGHHHPOBAHHOTO YNPABICHHS HA OCHOBE
9JIEKTPOMArHHTHLIX TmpeobpasoBaTenieli TOka B HANPMKEHHE C  TUIOCKMMH
H3MEPHTENBHEIMH 06MOTKAaMH HCTOYHHKAMH PEAKTHBHOM MOILHOCTH = KOCHHYCHBIX
KOHJICHCAaTOPHBIX YCTaHOBOK C PEaKTHBHOM MOIHOCTBIO Oy =50kBAp, Toxamu

Lot =ls =1, =76 A, mugyxmusroctavu Ly =Ly=Ly=10°T¥, emxoctamu
Ca=Cs=C,c=10" b, nanpsxenusmt U,y =U, ps =U, o =380B u nomurimu

conpotusnenusmMu Z,,=Z ;=7 . =0,2890M, xoTopble CO3AAOT MaKCHMANBHbIE
MAarHUTHEIE TIOTOKH:

U 380
D =(D =¢ = = 21B6,
st = s = vt " gy 1.2.7-50 :

T'paguky M3MeHeHHs MarHHTHBIX MIOTOKOB BO BpEMEHH B MarHWTHOM CHCTeMe,
onpenensemble  Ha ocHose ¢opmyn (1-3), NpeACTaBNMOIHE AUHAMHYECKHe
PEXHMbI 3/ICKTPOMAarHUTHLIX npeobpa3oBateieli Toka B HANPAKEHHE C MIOCKHMH
M3MEPHTENMbHLIMA 0GMOTKaMH Tpex¢asHEIX 3/IEKTPHIECKHX CeTel IHEprocucTeM,
npuseAeHs! Ha puc.10. Kak BuaHO U3 rpadukoB, HanGombIKe GPOCKH MarHHTHBIX
TIOTOKOB, 3HAUUTE/LHO NpPEBHILIAOMHE BMIUTHTYAHEIC 3HAUCHHA YCTAaROBHBIINXCS
TMOTOKOB, HabMONAIOTCS NpPH TAKHX YCIOBUAX BKITIOYEHHs 3JIEKTPOMArHMTHBIX
npeobpasoBaTeneii Toka B HanpsxeHne, koraa ¥ = Y = Wi = 0 ¥ Pocma, Pocms,
Docmc NPOTHBONONOXKHLI 3HAYEHUSM YCTAHOBUBIUMXCS TTIOTOKOB P4, Py Pc.
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Toraa MarHWTHBIE NOTOKH ONpeACIAIOTCA H3 CIICAYIOMX Bblpa)KeHHi:I:

D,=D . le—(R,l/l; — cos( a)t)]i b)) e~ @il )
Bp=® e —cos(0t+120%) |2 B, ettt ()

P =@l @' e —cos(at =120°) |t @ e~ Fatiln) (3)

IlpeBBlLIeHHsT MFHOBEHHBIX 3Ha4EeHHH MarHHTHEIX TOTOKOB B TIEpEXOaHOM
peXMMe IIPH BKJIIOYEHHH D3JIEKTPHYECKMX Harpy30K NPUBONAT K MNOABJIEHHIO
6pocKkoB TOKOB, KOTOphlE MOTYT BO MHOIO Pa3 MpEBLINIATH HoMHHANBHEIE TOKH,
TIPOTEKAlOUIHE Yepe3 NepBHYHBIE 0OMOTKH 3NIeKTPOMArHHUTHRIX npeoGpasoBaTenei
TOKa B HanpsbKeHHE € MIOCKUMH H3MEPHTEJIEHEIMH 0OMOTKamy,

r'y

SN B - K’ -
on JUNemT e ol W Pl B
4 JEd '.‘_v N

o | < - % )

SN [ZZ8~ = N Ty =
. R Ol i G DX £

Prc.10. U3MeHeHHEe MAarHATHLIX MOTOKOB B MATHHTHOj CHCTEMe
3JIEKTPOMATHHTHLIX NpeofpazoBaTeieii TOKa B HANPIKenHe ¢ IWIOCKUMEA

H3MEepPHTeNLHBIMH 06MOTKAMH NPH NPOTeKAHHH TOKOB 1o TpexdasHoii
3JIeKTPHIECKOH CETH 3HEProcHCTEM

. i K

YcraHoBICHO, YTO PpeXHM B PacnpeleleHHOW MaruHTHOM cHcTeMe
3JIEKTPOMarHUTHBIX MNpeo0pa3soBaTelich TOka B HalNpsDHKEHHE C IUIOCKHMH
H3MEpHTENBbHBIME O0MOTKaMK ycTaHaBiuBaerca depes 0,03 — 0,05 c. nocne
BKIMOYEHHS TpeXda3Hoii 3JIeKTpPHYECKOH HArpy3KH K TOKONPOBOJaM 3JIEKTPHYECKOiH
CECTH JHEProCHCTEM.

T'padoBast MOAIs M pe3yNbTaThl HCCNENOBAHHS BIMAHHA TEMIEpPATypEl
oxkpyxatouieii cpeqsl 7r Ha BEJIMYHHY BBIXOAHOTO  HanpshReHHA  Usewr
3/IEKTPOMAarHUTHBIX TpeoGpasoBaTeNieli TOKa B  HaNpsHkeHHE C  IUIOCKHMH
M3MEPHTEIBHBIMH OGMOTKAMH NPHBEAEHEI Ha puc.11. 1 12.

Kak moxasanM pesyNsTaTbl MCCIENOBAHHA, CYMMapHas Haf&XHOCTh
KOHCTPYKLMH 3NIeKTPOMArHMTHBIX TNpeobpasoBateiell TOka B HanpsXKeHHe ¢
TUIOCKAMH W3MEPHUTEILHEIMH OGMOTKAaMH COCTaBNseT: P = Puwm Pnp= 098
0,98=0,96; (Pram — xaTacTpodideckas HAAEXHOCTh W Pugp — NapameTpHdecKas
HAJIEKHOCTB), 4TO BIOJHE COOTBETCTBYeT TpeCOBaHHAM K  CHCTEMaM
KOMOMHHDOBAHHOrO  YNpaBJleHHsi  HCTOYHHKaMH  PEaKTHBHOH  MOIIHOCTH
SHEProCHCTEM.
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Jns anexTpoMarHMTHBIX npeobpa3oBaTtenieil Toka B HaNpPMKEHHE C TUIOCKHMH
H3MepHUTENbHEIMH OOMOTKaMH CyMMapHas MOTPEITHOCTL ONpPEENseTCa Ha OCHOBE
CpeAHEeKBaXpaTHIECKAX ROrpemHocTell 06MOTKH B030YXAeHHs, MarHKUTONpPOBOA,
TI0CKO# M3MEPHTENBHON OOMOTKH H H3MEPHTENBHOMN CXeMBI: 8os = 0,02; 64 = 0,01;
S0 = 0,01; 8ucx = 0,05.

OHTponuiiRoe  3HauYeHHE  MOTPEIIHOCTH IS 3JIEKTPOMAarHHTHBIX
npeoGpasoBateneil Toka B HaNpsDKEHHE C TUIOCKAMH H3MEPHTENBHBIMH 0OMOTKaMH
onpegensercs no ¢gopMmyne Asvmrn =K,05 A oz - CyMMapHoe
cpenHeKBaipaTHYECKOe 3HayeHHE TOrPELIHOCTH 3NEKTPOMArHUTHBIX
npeoGpa3oBaTesnieii Toka B HanpsHKEHHE C NACCKUMH H3MEPHTEJIBHEIMH 0OMOTKaMu
pasHoe 0,11; x, — 3HTPONKHHEIA KO3()()PHUHEHT, HMEIOLIMI pa3fHYHLIE 3HAYEHHA
MpH pa3iIHYHLIX 3aKOHAaX pacnpefeieHns (1 HOpMaILHOrO 3aKOHA pacnpenesieHHs
MOrpemROCTH K, = 2,07).

Pacqeramu YCTaROBJIEHO, 9TO SHTpoNuiiHadA NOrpeLHOCTh
3MEeKTPOMarHHTHEIX MpeoOpasoBaTesieill ToKa B HanmpsykeHHE C  TUJIOCKAMH
H3MEPHTENLHEIMH 0OMOTKaMH coctasiiseT Aamry = 0,2.

OKCIepHMEHTATEHOE NOATBEPKACHHE A0 3HAYEHHE uren = 0,21.

2

r, a. Kot bl . ) - - ——
£ . ==,
Puc.11. 'padoBas moaens aaa Puc.12. Bmuaune lenx 8 T
HCC/IC0BAHAA HCTOYHHKOB Ha BhIX0AHOE HanpsixkeHRe Usux
norpemnocreii

B naToli rnaBe auccepTauMy INpHBEAEHH ANTOPHTMBI CTPYKTYPHOTO H
. mapaMeTpuueckoro mnpoexTHpoBaHus (puc.13 u 14), koTopelie obecneunBaloT
pauMoHasbHbIH BEIGOP KOHCTPYKLIMH 3NEKTPOMarHUTHBIX NpeoGpasoBarteneii Toka B
HallpshXEHHE C MICCKAMHA H3MEPHTENBHEIMH 06MOTKaMH.

Bribop ontumManbHOM CTpYKTYps! npeoGpasosaresieli OCHOBaH Ha paspaboTke
MOpJONOrHYeCKHX TaOMHI OCHOBHLIX 3JIEMEHTOB M BHIOOpa Ha HX OCHOBE
ONTUMAILHBIX 3/IEMEHTOB, H B NOCIEAYIOMEM - MyTeM KOMIOHOBKH ONTHMAaNbLHOH
KOHCTPYKLIMH JNIEKTPOMarHHTHRIX npeobpasoBaTeneli TOka B HanpsXeHHe C
TUIOCKHMH M3MEPHTENLHEIMH 0OMOTKaMH.

TMpn BoiGope 3nexTpoMarHUTHEIX npeoGpa3soBateneii TOka B HanpskeHHe C
TJIOCKHMH  M3MEDHTENTLHEIMH OGMOTKaMH 110 KDHTEPHIO “JYBCTBHUTENBHOCTL” Ha
OCHOBE Da3spaGOTaHHOro anrOpHTMa BEIGHMPAIOTCA CNEAYIOUIHE COCTABNAOUIHE
mopdonorudeckoit Tabmmup 3: 1.2, - I1.3. - 111.4.
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B mecroii riaBe QHCCEpPTALMM NpPHBEEHLH! MaTepHaibl no paspaborke H

NPaKTHYECKOMY
KOMOMHHPOBaHHOTO

BHCAPEHHIO
ynpaBJieHHs

KOHCTPYKTHBHBIX
HCTOYHHKAMH

3IEMEHTOB
peaKTHBHOMH

CHCTEM
MOIIHOCTH

3HeprocucTeM Ha 6ase 3JIeKTPOMArHHTHBIX npeoOpasopaTesiedl Toka B HaNpsHKEHHE
C IICCKHMH H3MEPHTEIbHEIMH OOMOTKaMH.

KOHCTpYKIHH 3/IeKTPOMATHUTHBIX NpeobpasoBareieil TOka B HaNpskeHHE C
TUIOCKMMH HM3MEpHTENLHEIMH OGMOTKaMH JUie KOMOMHHPOB2HHOTO YNpaBICHHA
HCTOYHHKAMH PeaKTHBHOH MOIIHOCTH SHEPTOCHCTEM NPHBEACHDI Ha pHC. 15u 16.

1,2,u3-T1H0,4,5u6—
H30JISLHOHHBIE NAacTHHKH;7,8 1 9-
RONONHHUTENbHBIE cepAeunnkH; 10 1 11,
12 1 13, 14 u 15 — naps! NapaUIeNbHBIX
crepxHeii; 16—ocHoBaHHe
MarauTonposoaa; 17, 18 u 19-
nepBHYHbIE OOMOTKH

Puc.15 JnexTpoMarsHTHBIH
npecGpa3oBaTe/ib TOKA B
HANIPSKERHE € IUIOCKHMH

H3MEPHTEILHBIMA 00MOTKAMH €
TpeXJIy9eBLIM MarHATONPOBOAOM
(IMTaTtenT PY3 N204185)

1,2, 3 u 4 - ITHO; 5 - n30MALHONHAsA
nnacthaka; 6, 7, 8 U 9 - uernIpe
ctepxns; 10-o6mee ocroanne; 11-
cepneunnk; 12 (dasa A), 13 (pasaB) u
14 (¢asa C) ob6moTKH.

Puc.16. DneKTpOMAarHHTHDLIH
npecGpa3oBaTenh TOKA B
HanpsyKeHHe ¢ IUIOCKHMH

H3MepHTeNbHLIME 06MOTKaMH ¢
YeThIpeXCTePRAEBBIM
MarHHTOIIPOBOACM
(Harent PY3 Ne04475)

TIpHHLMNHANGHAA CXeMa KOMOMHMPOBAHHOTO yNpaBleHHd HCTOTHHKaMH

pealcmnuoﬁ MOILIHOCTH

3HEProCHCTEM Ha

OCHOBE  3JIEKTPOMArHHTHBIX

anOGpasoaaTeneﬁ TOKA B HanpsKeHHe C NIIOCKHMH H3MEPHTENIBHBIMH oOMoTKaMH

npuBeAcHa Ha pHc. 17.

Texnnueckne KaHHbIE pa3pabOTAHHBIX 31EKTPOMArHUTHBIX npeoGpasoparenei
TOKa B HaNpsDKEHHE C TUIOCKHMH H3MEPHTENbHBIMH OOMOTKAMH JUIf YTIPABICHHS
PEaKTHBHO#H MOIIHOCTRIO JHEPIOCHCTEM MPUBENEHE! B Tabn.4.
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CxeMBl COEMHEHHA W pe3yabTaTHl MCCICHAOBAHHMA 3JIEKTPOMArHHTHBIX
npeoGpazosaTeneii TOka B HaNpsDKEHHE C MJIOCKHMH H3MEPHTENBHEIMH 0OMOTKAaMH
LN KOHTpONS W YNpaBieHMss IWHAMHYECKHMH HCTOYHMKAMHM peaKTHBROH
MOLLHOCTH SHEproCHCTEMB! IIPHBEAEHE! Ha pHc. 18. a), 6), 1 B).

a) 6)
Pnc.18. CxeMa KOMGHHHPOBAHHOTO YIIPABJICHHA CKOPOCTHIO BpameHHs (a) B
BBLIXOHbIE XapaKkTepHcTHKH (6)

HccnegoBaHMAMH ~ YCTaHOBJICHO, YTO YacTOTa MEPEMEHHOTO  TOKa
3MEKTPHYECKOH CETH IHEPTOCHCTEM H CKOPOCTb BpallleHHS pOTOpa JHHaMHYECKHX
HCTOYHHMKOB  pPEaKTHMBHOH  MOLIHOCTH HAa  OCHOBE  JJIEKTPOMArHHTHBIX
npeo6pasosarenieil TOKa B HaNpsUKEHHE C TUIOCKAMH H3MEDHTENBHEIMH 06MOTKaMH
MOXeT GBITh 3aMKCHpPOBaHa C TOYHOCTEIO Ko a3kt (90°).

B 3akuovMeHHMHM  OWCCEPTaLMHM NOABEACHH! HMTOFH  HCC/ENOBaHHMA,
chopMynMpOBaHB  OCHOBHBIE  BRIBOABI H  NPEMIOKEHEl  NPAKTHYECKHE
PEKOMeHaLHH.

3AK/IIOYEHHE

B aucceprauMH ANA  OCYLIECTBICHHA KOMOMHHDOBAaHHOrO YTIpaBlICHHS
Tpex(a3HEIM TOKOM 3JIEKTPHUYECKHX CeTelf M peakTHBHOH Mommocteio 3C Ha
OCHOBE TEODETHYECKHX M SKCIEPHMMEHTANBHRIX HMCCefoBaHHil paspaGoTaHb!
TIPHHUMNBI TOCTPOCHHS 3/IEKTPOMArHHTHBIX NpeofpasoBaTenei Toka B HaNpMKEHHE
C NMNOCKMMH H3MEPHTENEHBIMH 0OMOTKaMH, COOTBETCTBYIOIIHE MaTeMaTHYeCKHe
MOJIeJH, aNrOPUTMBI HCclleNoBaHUA H NPOEKTHPOBaHH, a TakKe METOANKA pacyeTa,
YTO MO3BOMWIIO PellNTHL NpobneMy pa3paBoTkn M KOHCTPYHpPOBaHHSA 3(EeKTHBHEIX
3NEKTPOMarHMTHBIX TipecGpasosareneif ofHo- # MHOTO()a3HOrO NMEPBHYHOTO TOKa
BO BTOPUYHOE HarpsiKeHHe.

B uTore nomyveHs! ciieAyioKe OCHOBHEIE PE3yNbTaThI:

1. O6ocHoBaHa TeXHOJIOTHS NpHMEHEHHS 9JIEKTPOMArHHTHLIX
npeoGpazoparelieil TOka B HanpsukeHHe C MIOCKHMH M3MEPHTENLHBIME 06MOTKaMH
NpH XOMOMHHUPOBAHHOM YNpaBEHHMH YCTpoHCTBaMH TNPOH3BOACTBA, .NepefayH,
pacnipesie/icHus B NoTpeGNeHus peakTHBHOH MOIHOCTH M 3JIEKTPHYECKOH SHEprun.

2. Pa3paboTan pauHOHATBHBIA MATEMaTHHYECKHH anmapat Ha OCROBE
rpadoBrIX Mozedneii: anropuTMbl, MOAEIH H METOHB! IS MCC/EAOBAHMS 3aKOHOB
pacnpenenenns MarHUTOABHXKYIIMXCA CHI H MarHHTHBIX TMOTOKOB B MarHATHBIX
CHCTeMaxX 3JIEKTPOMAarHHTHHIX rnpeoGpasopateneii ¢ IIOCKMMH H3MEPHTENILHBIMH
O6MOTKAMH C UEeNbI0 MONYUeHHs MCXOAHLIX BEJMYHH H NapaMeTpoB Aas
¢opMHpOBaHUS HX OCHOBHBIX XapaKTEPHCTHK.
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3. BHeIpeH KOMILIEKC KOHCTPYKUMH 3/IeKTPOMAarHHTHLIX npeobpasopaTeieit
C MJIOCKAMH H3MEDHTEJIbHEIMH OOMOTKaMH ONHO- H Tpex¢asHoro TOKa BO
BTOpHYHOE HANpPSDKEHHE, YIUTRIBAIOLIKE HECHMMETPHH TIPH YNIpaBJieHHH no dasam
TOKOB JJICKTPHUECKOH  CETH Ha OCHOBE CTATHUECKHX, JHHAMHMYECKHX H
METPOJIOTHYECKHX XapaKTEPHCTHK NpobpasoaTess.

4. PauMoHaIBHEIE 3HAYEHHA BHLIXOAHOTO HANPMKEHHA Ubex OT MUIOCKOMH
M3MEpHTEJIBHOH 0OMOTKH 0GecrneunBaloTCA NMPH BENHYHHE BO3MYIIHOrO 3a30pa - &
pasHoM — 0,002 — 0,003 m ¥ uuclie BHTKOB IUIOCKOH H3MEPHTENBHOH OOMOTKH -
Wruo paBHOM — 3 — 4. HanexHOCTh 2/1eKTPOMarHHTHeIX npeobpasoBareneii Toka B
HanpsbkeHHe C IUIOCKUMH H3MEpHTENsHEIMH 06MoTKaMH coctaBuna 0,96.

5. OnpeneneHs! BIMAHHAA HCTOYHHMKH MOTPELIHOCTEH 3/1E€KTPOMArHMTHBIX
npeofpa3osatesiell Toka B HaNpsDKEHHE ¢ MVIOCKMMH H3MEPHTENLHBIMH 0OMOTKaMH,
OCYIIECTBJIaHA KJIaCCH(HKALMA HCTOYHHKOB NOTPELHOCTE .

6. Tloka3aHO, YTO NMPH M3MEHEHHH TEMIEPATYpPhl OKpyXaromeid cpeabl Ha
10°C norpemsocTs npeobpa3opanus yBenHuuBacTcs Ha 0,03 %, a IpH HETOYHOCTH
H3TOTOBJIEHH ILIOCKOH H3MepHTeNbHOM 06MOTKH - Ha 0,07 %.

7. OurtponuiiHas morpemHoCTh NpeoGpasopateeli Toka B HanpsDkeHHE He
npespimiaer  0,2%, ~a  3KCHepUMEHTAILHOE  3HadUeHHE  MOTPEITHOCTH
JNEKTPOMArHHTHLIX ~ nNpeoOpasoBareneil TOKa B HANpPKEHHE C IUJIOCKHMH
H3MEPHTENEHBIMH 00MOTKaMH cocTasuno 0,21%.

8. Buenpenkle KOHCTPYKLMH 37IEKTPOMarHHTHEIX NpeoGpa3zoBarenel ofHo-
H TpeX(a3Horo NepBHYHOTO TOKA BO BTOPHYHOE HANpSKEHHE JJIEKTPHYECKOH CeTH
3HEPrOCHCTEM MpH KOMOHHMPOBAaHHOM YNpABICHHH HCTOYHHKAMM PpEaKTHBHOI
MOINHOCTH  COOTBETCTBYIOT  TpeOOBaHHAM  palHOHAIBHBIX  3HEPro- H
pecypcocOeperaloiHX CHCTEM, YUYHTHIBAIOT HECHMMETPHH TNPH KOHTpOJiie H
YUpaBleHHH No BenuunHe W ¢ase TokoB TpexdasHOH IMeKTpPHYECKOH ceTH,
obecrieunBalOT aleKBaTHOCTH MOKa3aTeNieli KauecTBa M W3MEHEHHA TNEPBHYHBIX H
BTOPHYHBIX BETHYHH.

9. [IlpuMeHenne aBTOMATH4YECKH peryJMpyeMbIX HCTOUHHKOB PEaKTHBHOH
MONIHOCTH B JNEKTPHYECKHX CETAX H 3JIeKTPOYCTAaHOBKaX C YCTaHOBJEHHOMH
MomHocTsio 50 KBT #  nanpskeHHeM Ao 500 kB MO3BOJIMNO MOBBICHTH
NIPOH3BOIMTENLHOCTb CPOKa CITyKObI 3/1eKTpOOGOpY AOBaHHA H 3IEKTPONPHEMHHUKOB
H 3Hepro- M pecypcocbeperaiommii pexum 3a cyer obecrnedeHHs CTaHAApTHOro
HanpskeHHs HNEMEHTOB W ycrpoiictB ynmpasnenus 57,5 B Bmecto 61,81 B,
npessilatommii Ha 4,31 B (7,5%) no ¢asHoMy HanpsokeHHIO H Ha 3 - 7,5% =
12,9% no nuueliHOMY HanpsAXEHHIO THTAHUA CHCTEMBI YIIPaBJIEHHA.

10. DnekTpomaruuTHbIe npecGpazoBaTe/H TOKa B HANPsDKEHHE, BHEAPEHHbIE
B JIEKTPHYECKHX CETSX CHCTEMH! 3/ieKTpocHaGkeHnsa Gonee 20 mpeanpusTHi 3a
CYCT MOBLILIEHWA TOYHOCTH M aBTOMAaTH3aUWM YNpaBjieHHd HCTOYHHKaMH
PEaKTHBHOH MOLIHOCTH NO3BONMJIM YMEHBIUWTH TEXHONOrMueckuH pacxon
MICKTPO3HEprun Ha 11,26% npu HopmatueHOM 3HayeHnH 13,29% (obecneuun
YMCHBILIEHHE TEXHOJIOTHYECKOr0 pacxXofia JeKTpo3HepruH Ha 1,13 mapa. kBt -
4aC) 3a CYET TMOBBILEHHS Kiacca TOYHOCTH DJIEMEHTOB M YCTpOHCTB
l(;OSMGHHHpOBaHHOI‘O YTIpaBieH!s peakTHBHO# MOIHOCTH 2HeprocucteM ot 1,0 1o

,5.
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SUMMARY OF THE DOCTORAL DISSERTATION

Topicality and demand of the theme of dissertation. During control of
the processes of production, transmission, distribution and consumption of power
energy determining importance is accuracy, sensitivity, linearity and commonality
parameters of the elements end devices of control systems with primary facilities of
transformationing current, because inaccurasy of the control of power and
paramentrs will accompany with significant negative economical damage. The
development of the complex approach, providing energy and resource saving on
base of efficiently control sources of reactive power, expansion of the functional
possibilities, simplification of designs, reduction of weight and volume factors,
improvement of the technologies of fabrication, provision of the remote measuring
processes, transformation of the current based on the usage of the modern primary
measuring transdusers is actual problem of the control devices and elements of
energy system. Herewith, the primary measuring current transdusers, being the main
section information-measuring and controlling systems, completely define the
technical and economical factors of energy system.

Development and application of the modern current transdusers follows
principle and requirements of the standarts of system instrument and facilities of
automations (GOST CIS 13109-97, EN-50160, MEK 1000-3x 61000-2x and etc.),
the mains from which are follows:

block-module principle of construction, providing versatility of the
transdusers of current, when using the rational minimum of constructive elements
and devices of modern technologies;

a restriction of the primary transdusers of current, norm of modules, when
ensuring their information, energetic, metrological, constructive and structured
compatibility on the base of consequent unifications and standardizations.

At present emploement of the electromagnetic transdusers of three-phase
current with unified output value, expansion of the spectrum converted electric
values is limited, because of the insufficient developement of the methods of
calculation and research of portioned magnetic systems of the transdusers. The
classical methods of research of the magnetic circuits do not provid necessary
accuracy due to the asymmetries of the three-phase primary currents of electric
network, which do not possess the sufficient generality, coverring herewith only
main varieties of the circuits of electric and magnetic nature. The magnetic systems
of the transformation with non linear parameters and features of the primary current
of electric network of energy system during calculations has been taken as a object
with concentrated parameters. '

Besides, classical single-phase transformers of the current to current have
complex transdusing part, weight and volume of the factors labour-consuming when
designing and usages in combined control system, do not provide the commonality
of the output value under joint work with microprocessors and electronics
technology information systems. They do not take into account the nature of
magnetic flow, created by current of the three-phase electric network of energy
system.
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This research work is oriented on practical realization of the Resolutions of
the Cabinet Minister of the Republics of Uzbekistan number 245 from 22 of the
September, 2008 - «Rules of the use of electric and heat energy» and in number 295
from 1 of the November, 2013 «About additional measure on improvement of the
activity GSC «Uzbekenergo» and strengthening of the discipline calculation for
consumed electric energy».

Coming there of decisions of the enumerated problems requires undertaking
the special researchs and developments, in accordance with making the methods and
algorithm, capable to realize checking of validity of information on value and
parameter to electric energy of three-phase electric network ES based on modern
elements and devices of the checking and combined control. Given circumstance
conditions need for the development and introduction of reliable, unified, exact
electromagnetic transdusers of the current to voltage, taking into account
nonsymmetry of current to three-phase electric network, differring from them in size
and on phase, than is explained urgency there are research.

Correspondance of the research with the priority directions of
development of science and technologies of the Republic of Uzbekistan.

The dissertation is carried out according to priority directions of
development of science and technology: PPI-3.<Energy, energy—resourse saving,
transport, machine- and devices», STP-17—«Working out of modern information
systems, means of intellectual control and training, scientific, technical and
software products providing wide development and introduction of
information and telecommunication technologies».

Review of international scientific researches on dissertation topic.

Research on development element and device of the checking and combined
control value three-phase current of the electric networks of the power systems with
provision for particularities, concluding difference and on value and phase intensive
are and reached certain successes scientist countries such as USA (Advantech,
General Electric, SeaTech), Great Britain (HAWK, Festo, Rockwell Automation),
Rossiya (Elektroshit, Elektroapparat), Germany (Siemens, GE Fanuc), Japan (Sony,
Iconics), Koreas (Mitshubishi), Kitay (Chint), Danmark (MOX, ABB), Holland
(Honeywell, Wonderware) and others.

_ In specified scientific centre develop technologies of the improvement of the
primary measuring transdusers of the current, methods of the transformation of the
primary current in secondary signal and element based on the circuits and systems
of the transformation device checking and control. Inaccuracy of the transformation
of the factors to electric powers transdusers specified scientific centre bring about
irrational use the sources to electric powers, reception capacity transformer and line
power transmission, reserve to powers on power station, obstruct checking and
control state of working power systems and bring about financial loss as beside
producers and supplier, so and beside consumers of the electric powers. Poor
accuracy of the analysed device is conditioned beside defect existing systems of the
transformation of the current since measuring complexes were created earlier, as
well as and on type designs at present, designed as far back as XX century, in which
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were not provided decisions for provision of pinpoint accuracy trunsduser current
and commonalities of the output signal from primary measuring transdusers.

Research extent of the issue. The Complex analysis of the elements and
control system of source of reactive power and their mode, principle of their
buildings, is indicative of insufficient research of problems in the field of
electromagnetic transformation current and combined control of source of reactive
power of energy system.

Given topic have been researched by many foregin leading reseach scientists
such as H.Schaumburg, E.Ritchie, E. Krontiris, R.Hanitch, I.Rampias, E.Stathakis,
B.S.Sotskov, K.M.Polivanov, L.F.Kulikovskiy, L.A.Ostrovskiy, V.P.Milovzorov,
E.P.Osadchiy, M.F.Zaripov, M.M.Belov, A.A Preobrazhenskiy, N.E.Konyuhov,
E.S.Levschina, P.V.Novickiy, M.A.Urakseev and others.

The issue is also being studying by domestic scientists such as
N.R.Yusupbekov, T.H.Nasyrov, H.Z.Igamberdiev, RK.Azimov, K.R.Allaev,
A.A.Abdukayumov, M.LIbodullaev, YU.G.Shipulin, A.A KHalikov, S.F. Amirov,
A.M_ Plahtiev, P.M.Matyakubova and others.

However shaping the priority methods of the constraction and studies of the
electromagnetic transdusers of the primary current in secondary voltage, providing
adequacy of the value of the output voltage to primary current, algorithm of of
three-phase current in system of multifunction control reactive power systems
require undertaking comprehensive research. This circumstance is connected with
greater inaccuracy at transformation of the values primary current power systems,
which bring about irrational use the sources to electric powers, obstruct checking
and control mode their work, bring about excessive financial loss, both beside
producers, and consumers of electric powers.

The Main factor of the appearances of inaccuracy of transdusers of the current
are: nonsymmetry of current and voltages in size and phase, swings of the
frequency, change the temperature surrounding ambiences, appearance of the
harmonicas current and voltages of electric network, vibratory loads when
functioning the transdusers and others.

The System analysis of the electromagnetic transdusers of the primary current
has allowed also to install that classical designs of the transdusers of the current
managerial system by reactive power - a transformers of the current provide on
output current by value 5 A under nominaty of primary, have: restriction on range of
the converted current; significant inaccuracy; complex and non-technological to
designs; the greater size; the mass; specific consumption of materials and cost.
Under nominaty of input current, require the matching element - an additional
transformer for unification of the joint work with modern microprocessors and
controlling personal computer.

The Existing electromagnetic transdusers of the current when governing source
to reactive power of the power systems do not provide necessary accuracy given
about current of the three-phase electric network because of: single-phase
performance of the magnetic systems of the transformation; nonsymmetry of
converted three-phase current; nonlinearity of features of the saturation of the
magnetic systems and non-commonality importances of the output values.
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The Fact just cited limited using the classical electromagnetic transdusers of
the current in corresponding to managerial system of the values and parameter of the
electric networks. So development, study and practical introducing the
electromagnetic transdusers with flat measuring winding primary one and three-
phase current in secondary voltage with extended functional possibility and unified
output value, taking into account nonsymmetry of three-phase current and creation
on their base of the systems of multifunction control reactive power is a decision of
the problem of the improvement and developments existing technologies of the
checking and control value and parameter of electric powers is important and actual
problem of the energy system.

Connection of dissertational research with the thematic plan of
scientific-research works is reflected in following projects: International
project TACIS - TEMPUS European community: EC T JEP-10328-97—«Energy
management training in Uzbekistan» (1997-2001 yy.), EC T JEP-10845- 99—«Long
Distanse training in Uzbekistan» (1999 - 2003 yy.) and in state scientific projects: P-
18.17—«Development financial - a technological model of optimum control energy
system Republics Uzbekistan in condition liberal market of electric powers» (2003—
2005 yy.), A-12-073 — «Development algorithm and methods for increasing the
accuracy of the given telemetry and estimation of the working condition of the main
electric networks power systems of the Republic Uzbekistan» (2006 —2008 yy.),
ITD - 3-123-"Minimization of the losses at transmission of the electric powers of
main electric networks of the Republic Uzbekistan optimization of the reactive
powers sources and turn ratio transformer" (2012-2014yy.), 10T - 2013-2-28
«Introduction in industrial enterprise energy saving automatic regulator of
reactive power» (2013-2014yy.).

Purpose of research the development of theories and designing the
electromagnetic transdusers one and multyphases primary current to secondary
voltage with flat measuring windings for multifunction control source of reactive
power and creation of their base of energy and resourse saving in energy systems.

To achieve this goal the following tasks of research is:

development of the technologies transformation of primary current to
secondary voltage on base of the electromagnetic transdusers of the current with flat
measuring winding and device for receiving, processing and control for systems of

multifunction control reactive power of energy systems;

development of the rational mathematical device, including algorithms, models
and methods for rtesearch of the laws of the distribution magnetic field power and
magnetic flow in magnetic system of the electromagnetic transdusers with flat
measuring winding to achieve the source values and parameter for shaping their
main features;

development of the algorithm, models and methods of the calculation
parameter and values of the main features: steady-state and dynamic; accuracy; the
simultaneities of the transformation signal about current of the three-phase electric
network; the economy; the informatics; energy saving and minimum consumption to
electric powers under joint work with semiconductor element when governing the
reactive power of energy systems;
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development of algorithm and models of the calculation of the influence of
the sources of inaccuracy of the electromagnetic transdusers of the current in
voltage with flat measuring winding, realization categorization sources of
inaccuracy;

development of algorithm and methods rational structured and parametric
syntheses, rationalizations and designing on base criterion: linearities of the steady-
state features, maximum sensitivity and reliability; .

development and introducing of the complex design electromagnetic
transdusers one and three-phase current to voltage with flat measuring winding in
system of multifunction control source of reactive power, corresponding of principle
of the building rational energy - and resource saving systems, taking into account of
nonsymmetry during of checking and control on value and phase current of three-
phase electric network of the energy systems.

Objectives of research are class of the electromagnetic transdusers of the
current to voltage with flat measuring winding for combined oor.utrol source of
reactive power energy systems, possessing raised by accuracy, linearity of the
steady-state feature and unified output value. .

Subject of research-a principles of the building of the electromagnetic
transdusers of the current in voltage with flat measuring winding; the mathematical
models and algorithms of the research of the magnetic systems of the
transformation; the main features and new designs of the electromagne.tic
transdusers of the three-phase current in voltage with flat measuring winding wth
extended functional possibility of the transformation current to three-phase electric
network of energy systems. .

Methods of research. In process of the research by aplying analyt:gal a.nd
experimental methods: methods to theories of electric and magnetic circuits,
methods of graph models; the theory of the autocontrol; the theory of the measuring
transdusers; mathematical modeling; the theory of inaccuracy and reliability.

Scientific novelty of dissertational research consists in the
following:

designed of technology of translation of primary current to voltage on base of
the electromagnetic converters of the current with flat measuring winding and
device for acceptance, processing and control of systems of multifunction control
reactive power of energy systems;

designed of graph models, allowing graphically, effectively and with high
formalization of research of problems of multifunction control reactive power of
energy systems on base of the electromagnetic converters with flat measuring
winding, as well as certain principles of their building, magnetic systems of the
transformation, the main features and sources of inaccurasy;

designed of algorithms and methods of the building of the features of the
electromagnetic converters with flat measuring winding: steady-state under lumpy
and nonlinear parameter of the magnetic systems; dynamic under symmetrical and
asymmetrical electric load;

designed of algorithms and models of the calculation of the influence of the
sources of inaccuracy of the electromagnetic converters of the current to voltage
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with flat measuring winding, is realized by categorization of the sources of
inaccuracy;
designed of algorithms and methods rational structured and parametric
designing on base of the criterion: linearities of the steady-state features, accuracy,
sensitivity and reliability;

designed methods of the building design electromagnetic converters one- and
three-phase primary current in secondary voltage of the electric network of the
power systems under multifunction control source to reactive power, being up to
quality rational energo- and resourece saving systems, taking into account
nonsymetricy when checking and control in size and phase current to three-phase
electric network, providing adequacy of the factors quality and change primary and
secondary values.

Practical results of research consist in the following:

applicated development algorithm, program and transdusrs for controle and
calculating of the processes of energy consumption;

using automatically controlled of the sources of reactive power in electric sets
and power devices with installed power 50 kVt and voltage till 500 kV, allowed
increasing of capacitypower ecuipment and 3nexrponpueMnnkoB and energy- and
resource saving rejime of electron elements of control voltage 61,8 V instead 57,5 V
for 4,31 V (7,5%) more voltage of one phases line and on 1,73 * 7,5% = 12,9% on
linear voltage of the electric network of the power supply of control system;

introduced electromagnetic converters of the current to voltage in electric sets
of the systems of power supply more than 20 enterprises shows of accuracy and
automations of control source of reactive power, have allowed to reduce the loss to
electric powers on 11,26% under normative importance 13,29% (have provided the
reduction of the technological consuption to electric powers on 1,13 mird. kVix
hour)of account due to increasing of the class of accuracy of elements controle
system of reactive power of the power systems from 1,0 to 0,5;

realized categorization of the sources of inaccuracy of the electromagnetic
converters of the current in voltage with flat measuring winding;

designed and introduced complex design of electromagnetic converters one
and three-phase primary current in secondary voltage of muitifunction control
source to reactive power, corresponding to principle of the building rational energy
and resource saving systems, taking into account nonsimetry, controle of phase
current if electric network, providing adequacy of the factors quality and change
primary and secondary values.

Reliability of obtained results is proved by mathematical research of offered
models. comparative analysis of the obtained formulas and calculations with real
and experimental data on the basis of the standard criteria. For estimation of result
researchs on their logical noncorrect is tested efficiency of the functioning of the
primary measuring transdusers, is organized benchmark analysis to efficiency of the
electromagnetic transdusers of the current to voltage with flat measuring winding on
criteria as the linearities of the output feature, accuracy, large functional
possibilities.
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Theoretical and practical value of results of the research.

Scientific value result of the research consists in development principle
transformations of the three-phase current to voltage with flat measuring winding,
methodses of modeling for transformation element research of the current in
voltage, decisions of the scientific problems of the creation and introduction high
effective combined control of source of reactive power on the base of reliable, exact
e}ectrrmagnetic transdusers of the three-phase current to voltage with unified output
signal.

Practical value of result work is concluded in development of the
electromagnetic transdusers of the three-phase current in voltage with flat
measuring winding with extended functional possibility for combined control
asymmetrical state of working three-phase electric networks and control
source of reactive power of energy systems.

Realization of results. The Main results of the dissertation, according to the
acts are emploed in more then 20 enterprises of GSK Uzbekenergo. The Total
economical effect from introducing the electromagnetic transdusers of the three-
phase current to voltage with flat measuring winding in combined control system of
source reactive power consist 1,7 mird. sum per year due to energy and resourse
saving end minimization for 15 % of power losses during power trusportation of the
power line (reference of Government Stock Company «Uzbekenergo» about
introduction for Ne MX-01-21/5413 from 17.11.2014, Ne MX-01-21/321 from
27.01.2015 and Ne MX-01-21/474 from 05.02.2015).

Approbation of work. Results of research are approbated in more then
30 scientifically-practical conferences, including 15 international
symposiums, congresses and seminars, as: «World Conference on Intelligent
Systems for Industrial Automation» (WCIS) ( Baku-2002, Tashkent-2012),
«Problems of energy- and resourse saving» (Tashkent, 2003), «Control of
power system—-04» (Slovak Rep., High Tatras, Strbske Pleso), 2004),
International scientific and practical conference «Innovation-2004»
(Tashkent, 2004), «Problems of energy- and resourse saving in railway
transport» (Tashkent, 2005, 2009), «Innovation technology in management,
education and industry “ASINTEX» (Rossiya, Astrakhan, 2007, 2011), IVIP
(Tashkent, 2009), «Energy: Management, quality and and effectivity of ise
of the energy resouses» (Rossiya, Blagoveshensk 2003, 2011), «Activity
problems of energy» (Tashkent, 2606, 2011), «Actually problems of technics
and technologies» (Lipesk, Rossiya, 2012, 2013 and 2014), and also at annual
Republican Fairs of innovation ideas, technologies and projects (Tashkent
2008-2014).

Publication of results. It is published 84 scientific works, including 10
scientific papers in the international journals on a dissertation theme and
received 4 patents for inventions of RUz.

Structure and volume of dissertation. The dissertation consists of

- Introduction, six Chapters, Conclusion, References and appendix, contains
200 pages of the text, 49 figures and 12 tables.
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MAIN CONTENTS of DISSERTATION

In introduction the urgency and demand of the theme of dissertation is
proved, the purpose and problems, and also object and an object of research are
formulated, conformity of research to priority directions of development of science
and technologies in the Republic of Uzbekistan is stated, scientific novelty and
practical results of research are stated, reliability of obtained results is proved, the
theoretical and practical importance of obtained results is reveals, the list of
introductions in practice of research results, data on published works and
dissertation structure are given.

In the first chapter of the dissertation explored questions transformations
primary one and three-phase current of electric network of energy system for
combined autocontrol system of devices of production, transmissions, distribution
and consumptions to reactive electric power (fig.1.). Such systems of
multifunction control are introduced in more than 20 enterprises, being consumer of
electric powers of GSC Uzbekenergo.
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Al, A2, A3 - an automatic breakers, KM1, KM2, KM3 — an commutation devices;
CC - a block of current compensation; LO — logical organ; U1,U2 - an amplifiers;
KT1, KT2 - an elements of the endurance on time; K11, KI2 - an executive organs;
CO - a control organ — BMC — bloc of microprossors ontrol -a digital automatic
regulator of the source of reactive power; EM - a synchronous machine (the
generator,motor and synchronous compensator), KKU - a source of reactive power -
cosinuses capacitors installation, EMTCV with FMW and EMCV - an

electromagnetic transdusers of the current to voltage with flat measuring windings.

Fig.1. Functional scheme of the combined autecontrol
sources of reactive power of energy system
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In dissertation, with reference of electromagnetic trunsduser of the current to
voltage, are classified main forms of the flat measuring windings and motivated
formulas for determination area sections S different flat measuring windings
(tabl.1).

On base of the analysis of the main correlations of the output voltages
electromagnetic trunsduser of the current to voltage with flat measuring windings is
installed that the most further research must be directed on development of new
principle transformations and construction of ning sensitivity transdusers current to
three-phase electric network, providing account nonsymmetry, unification of the
output values and possessing extended functional possibility for combined
autocontrol of sources of reactive power of energy system.

Table 1

Principle of design of flat measuring windings for the current to voltage
electromagnetic transdusers

N Type of flat Area of the section
measuring Form of flat measuring
... windings
windings
Ueout
1. Triangulare ?% S, =abf2
-
B |
2. Square-wave S =kab
S, =kn D14

3. Round

Sp = 2ab

4. Petlevaya




The Analysis of the conditions of the functioning the transdusers of the
current and requirements have shown that in enrgy system it is advisable to use the
electromagnetic transdusers of the current and voltages with flat measuring
windings_and development principle transformations and design electromagnetic
transdusers of the current and voltages with flat measuring windings three-phase
electric network, providing account nonsymmetry, unification of the output values
and possessing extended functional possibility for multifunction control source to
reactive power of energy system.

In the second chapter of the dissertation are explored principles of the
building of the magnetic circuits of the electromagnetic transdusers of the current in
voltage. Analysed and explored principles of the building of the magnetic circuits of
the electromagnetic transdusers of the current to voltage.

The input value of electromagnetic transdusers of the current and voltages
with flat measuring windings serves: primary alternating current to three-phase
electric network /. i value from 1 before /000 A and primary voltage U. in value
from 0,4 - 35 sq, but output signal Ue ou - a secondary output electric voltage from
flat measuring windings, which in principal depends on uniformities of the sharing
the magnetic flow F along way of the magnetic system of the transformation i.e. on
length magnetic core, comner of the crossing the magnetic flow area of flat
measuring windings.

The Portioned magnetic system of the electromagnetic transdusers of the
current to voltage with flat measuring windings is presented in the manner of graph
of the models. On base graph to models (fig.2) of the magnetic system of
transdusers of the current and voltages with flat measuring windings are defined
values, characterizing nodes (F- magnetomoiving power) and area of the
transformation (P, PO, P1 - longitudal, vertical and transverse parameters).
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Fig.2. Ggraphs model of the magnetic system of electromagnetic transdusers
of current to voltage
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For a graph models of the portioned magnetic system (fig-2.) of the
electromagnetic transdusers of the current and voltages with flat measuring
windings, amount of nodes for calculation m.d.s. and magnetic flow has a sizes:ij k
i.e. dependson conditions and accuracy of the features of the trunsduser of current
to voltage, sizes of the nodes i change from 1 till n, j from 1 till m and k to from 1
till .

For points graph models of the electromagnetic transdusers of the current to
voltage with flat measuring windings (fig.2) is formed equations for determination
node of magnetomoiving power:

for points i =1, j = 1 and k = 1 graph models of the electromagnetic transdusers
of the current to voltage with flat measuring windings is formed equation for
determination of magnetomoiving power:
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where: I,, - an current in conductor of the three-phase electric network of energy

system, being value - an influences on area of the transformation of the

electromagnetic transdusers of the current to voltage; K-- a factor relationship

between electric and magnetic circuit; /7 - a portioned parameters magnetic circuit.
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The Mathematical description of the dynamic characteristics of
electromagnetic transdusers of current to voltage got on base of dinamic graphs
model have a following type:

Uoul (P) = KF gT(P)p KlngT(p)ema Umul (P) ’

where:
T(p) out = pT‘tﬂl‘lwalll ;
' l+ p TMIHGWIT!WMHMM
T( p) - p TP”I‘ .
21+ pT 7,1, ’

T(p)ip) T{p).1I(p). T{p)Ip)
Ky ThIp) Kawus |TE) : )
L L

) QW@ Ep o o0  UE Q) I

Fig. 3. The Dinamic graphs model of the electromagnetic transdusers
current to voltage

The dynamic graphs model of the transformation of the primary current in
voltage of the electric network of energy system on base of the electromagnetic
transdusers of the current to voltage is presented in fig.3.

At transformation of the primary current on base of the calculation of the
values of the portioned magnetic system at the input, according to designed graphic
models area transformations, is determined expressions for calculation of the
voltage U. ow on output of flat measurire windings with provision for distribution
m.m.p. F, in nodes and magnetic flow on longitudal - F, transverse - F0 and vertical
- FI - an area. Distribution magnetic parameter R, R0, -R], magnetic values - m.m.p.
F and magnetic flow F in area of the magnetic system of the transformation of the
electromagnetic transdusers of the current to voltage are defined on base of the node
equations.

In the third chapter of the dissertation are explored metods of designs of the
transdusers of the current to voltage as element of combined autocontrol of sources
of reactive power of energy system.

The results of modeling and research parameters, input and output values of
the electromagnetic transdusers of the current to voltage in combined autocontrol
system of sources of reactive power on base of the complex of the programs
MATLARB is presented in fig. 5.
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In the course of analysis of the models of management source to reactive
power was determined that designed model in real scale of time allows to define the
parameters and values element of the electromagnetic transdusers of the current to
voltage, meeting the requirements energy system.

Fig. 4. Model of the research of the electromagnetic transdusers of the current
to voltage with flat measure windings in complex program MATLAB
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Fig.5. Graphics of input (1 - a primary current - Ie in), intermediate
(2 - m.m.p. F1 and 3- magnetic flow - F2) and output (4 - a secondary voltage
Ue out) of the values of the electromagnetic transdusers of the current to
voltage under: normal (a), asymmetrical (b) mode and in mode of the short
circuit (c) in electric networks of energy system
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As can be seen from the results of modeling and research based on the
complex programs MATLAB, connecting processes i.e. change the output voltage
of the electromagnetic transdusers of the current to voltage are fixed through 0,044
s. after enabling the electric load in current wire of the electric network of energy
system.

In the fourth chapter of the dissertation explored main features of the
electromagnetic transdusers primary current in secondary voltage with flat
measuring winding.

The graphs of the steady-state features single-phase of the electromagnetic
transdusers of the current to voltage, got according to equarion are presented on
fig.6-9:
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Similar formulas for building of the steady-state features for secondary
voltages of the phases B and C three-phase electric network:
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Fig.6 Steady-state features of output Fig.7. Dependency of the Uecout
voltage under different FMW under with different importances

importances of the air clearance
( points - an experiment,
line — a design values)
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Fig.8. Dependency of the output Fig.9 Dependency of the output
voltage U, .. under different voltage U. o under different
importances of the number whorl - importances area sections
Wemw.

As can be seen from fig.7, when increase the air clearance , sharply decreases
the value of the output voltage Ueow. The Best values of the output voltage are
provided at value of the air clearance equal 0,002 - 0,003 m. and count whorl Wamw
equal 3 - 4 (fig.8). Increase the number whorl of the electromagnetic transdusers of
the cujrrent to voltage (fig.9) promotes more fluent change the value of the output
voltage, change area sections of flat measure winding provides linear change the
output value of the voltage (fig.9).

In dissertation explored processes of combined zautocontrol on base of the
electromagnetic transdusers of the current to voltage with flat measure windings of
sources of reactive power - an cosinuses of the capacitor installation (CCU) reactive
power QH!W=5MAP, current Icind =] inB =1E=76A, lu=Ien =ltm=10—3FH,
C,=C;=Cc=10"F, voltage Uim =U, 5 =U, . =380B,  impedances

Z,,=Z,=Z.=0,2890m, which create maximum magnetic flows

U, 380

= = =2 =1721B6.
Dot = Py = P Weo 1-2-7-50 b

The graphs model of the change magnetic flow in magnetic system, definied
base molded (1-3), presenting dynamic modes of the electromagnetic transdusers of
the current to voltage with flat measure winding three-phase electric networks of
energy system given in fig.10. As can be seen from the graph, the highest magnetic
flow throw, vastly exceeding amplitude of importance formed flow, exist when
enabling of the electromagnetic transdusers of the current to voltage with flat
measure windings, when I = yIl = yIll =0 and @rema, PrenB, Premc Opposite
instant importances flow formed condition Fa, Fs and Fc.
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The Excess of instant importances magnetic flow in connecting mode when
enabling the electric loads bring about appearance dash current, which can in over
and over again exceed the nominal current, running through primary windings of the
electromagnetic transdusers of the current to voltage with flat measure winding.

It is Installed that mode in portioned magnetic system of the electromagnetic
transdusers of the current to voltage with flat measure winding is fixed through
0,044 s. after enabling the three-phase electric load to currentwire of the electric
network of energy system.
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Fig.10. Grafics of magnetic flows in magnetic system of the electromagnetic
transdusers of the current to voltage with flat measure winding during flow
primary current on three-phases electrical networks of energy systems

The graphic model and results of the researh of the influence of the
temperature surrounding ambiences of current transformer on value of the output
voltage Ueou of the electromagnetic transdusers of the current to voltage with flat
measure winding are presented on fig.11. and 12.

What have shown the results of the researh, total reliability of the design of
electromagnetic transdusers of the current to voltage with flat measure winding
forms: R = Rcat Rpar=0,98 0,98=0,96, where: Rcat - catastrofic reliability, Rpar -
parametric reliability fully corresponds to the requirements of combined
autocontrol systems of source of reactive power of energy systems.
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Fig.11. Graph model for research Fig.12. Graphics of Ieous» and T from
of the sources of inaccuracy output influence Jeour and Tm on
voltage Ueour voltage Ueour

For the electromagnetic transdusers of the current to voltage with flat measure
winding total errors is defined based on fairspuare error windings excitement,
magnitwire, flat measuring windings and measuring scheme: 8 primwin = 0,02; 8m =
0,01; 8 faw — 0,01; 8 source — 0,05.

The entropy importance of inaccuracy for the electromagnetic transdusers of
the current to voltage with flat measure winding is defined on formula for 8 wans = ke
8z, where: 5z - total importance of inaccuracy of the electromagnetic transdusers of
the current to voltage with flat measure winding, equal 0,11; k- - entropy factors,
having different importances under different law of the distribution (for normal law
of the distribution of inaccuracy ke = 2,07). The Calculation is installed that entropy
inaccuracy of the electromagnetic transdusers of the current to voltage with flat
measure winding forms & was = 0,11. The experimental dates of evidence § ep =
0,21.

In the fifth chapter of the dissertation explored bases structured and
parametric designing of the electromagnetic transdusers of the current to voltage
with flat measure winding.

Designing of the electromagnetic transdusers of the current to voltage with
flat measure winding consists of two stages: choice of the optimum structure and
choice optimum parameter trunsduser.

The Choice of the optimum structure of the transdusers is founded on
development of the morphological tables main element and choice on their base
optimum element, and in the following by arrangements to optimum design of the
electromagnetic transdusers of the current to voltage with flat measure winding.

After choice of the optimum design reasonable this design to compare to
several analogues and prototype to achieve the patent for designed design. For
example, at choice of the electromagnetic transdusers of the current to voltage with
flat measure winding on criterion "sensitivity" on base of the designed algorithm are
chosen following forming morphological tabl.3: 1.2. - 11.3. - 111.4.
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Table 3
Morfological matris of main elements of the electromagnetic transdusers of the
current to voltage

I.The forms of primary windings
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III. The form of flat measuring windings
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In the sixth chapter of the dissertation given materials of development and
creation on the base of the electromagnetic transdusers of the current to voltage with
flat measure winding combined autocontrol systems of source of reactive power of
energy system. The Designs of the electromagnetic transdusers of the current to
voltage with flat measure winding for multifunction control of sources of reactive
power of energy system are on fig. 15 and 16. The  technical data  of
electromagnetic transdusers of the current to voltages with flat measuring winding
for reactive power course of energy system given in tabl.4.

Prinsiple schemes of the electromagnetic transdusers of the current to voltage
with flat measure winding for combined autocontrol of source of reactive power of
energy system given in fig. 17. Designs designed schemes of the combined
autocontrol of source of reactive power on base of the electromagnetic transdusers
of the current to voltage with flat measure winding practically notinertion, provide
pinpoint accuracy and unification out signal universal when using in combined
autocontrol system of steady-state and dynamic source of reactive power of energy
system, comsume the small power, have not a rolling parts, differ high reliability.

The results of research is installed that frequency of alternating current of
electric network of energy system and velocity of the rotation of the rotor of the
dynamic sources of reactive power on the base of the electromagnetic transdusers of
the current to voltage with flat measure winding can be fixed accurate phases (900).

If take into account that when turning through zero importance signs cos a0
and § they are changed on opposite, that possible install that signs of the amplitude
out voltages from of the electromagnetic transdusers of the current to voltage with
flat measure winding remain without change.

N

1,2, and 3 — FMW, 4, 5 and 6 —insulation  1,2,3 and 4 -FMW, 5~ insulation
plastins, 7,8 and 9 — additional Cores, 10 and Plastins, 6,7, 8and 9 - four Cores,
11, 12 and 13. 14 and 15 — pairs if parallel ~ maps1 10 —base of core, 11 - core,
cterjens, 16— base of core, 17, 18 and 19- 12 (phaza A), 13 (phaza B) and 14

primary windings (phaza C) — primary windings
Fig.15 The Electromagnetic transdusers of  Fig.16. The Electromagnetic
the current to voltage with flat measure transdusers of the current to
winding with three magnetic cores voltage with flat measure
(Patent RUZ N:04185) winding and four magnetic cores

(Patent RUZ N204475)
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Table 4
The technical data of the electromagnetic transdusers of current to voltages
with flat measuring winding
Num- Primary Output Coeff. Resis- | Inductance Advisable jein conclusion element
ber current voltage of trans- tanse of the transformaticn - FMW
o;o igu;::n [p Irmax mission
U out R L
@ | @) Kt | ol o
M (mQ) | (uH)
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©0=—0—0—0—0
1 25 | 36 25 1/1600 03 0,023 O=mO=—0=—0=0
Out 678910
In S 4 3 21
0—0—0
2 2 | 18 24 21000 | 11 0,09 —N\o—os
Cut 6 78 910
In S 4 321
3 8 12 24 3/1000 25 021 o__°°° \:\,_ou'
Out 6 7 8910
In 3 ldo
4 6 | o 24 4000 | 44 0,37 ° N
Out 6 7 8 910
1o 54 3 21
°
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Fig.18. The Scheme of the combined autocontrol of velocity rotations (a),
scheme of the filter (b) and out values (c) of the electromagnetic transdusers of
the current to voltage with flat measure windings.

In conclusion of the dissertation summary of the research, are worded main
findings and are offered practical recommendations.

CONCLUSION

In dissertation for combined control of values and parameters of three-phase
current of electric networks and reactive power ES, based on theoretical and
experimental research is designed: principles of the building of the electromagnetic
transdusers of the current to voltage with flat measuring winding; the corresponding
to mathematical models; the algorithms of the research and designing; as well as
methods of the calculation that has allowed to solve a problem development and
construction efficient electromagnetic transdusers one- and poliphase primary
current topsecondary voltage.

Are they in total received following main results:

1. Motivated that using flat measuring windings in electromagnetic trunsduser
of the current to voltage as detector element, provides the reception unified out
signal with parameter: voltage - 20 V, current - /00 mA4 and allows develop new in
electromagnetic trunsduser of the current to voltage whith flat measuring windings,
being up to quality combined autocontrol system of reactive power of energy
systems.

2. Installed that value out voltages U.or depends on degree of perpendiculary
and uniformities of the crossing the magnetic flow area flat measuring windings,
optimal resistances and conductivities complex portioned area and structures of the
magnetic system of the transformation of the electromagnetic trunsduser of the
current to voltage.
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3. The Best values out voltages Uecw are provided at value of the air clearance
- & equal - 0,002 - 0,003 m and numbers whorl flat measuring windings - Wamw
equal -3 -4,

4. Designed graphic model, allowing analyse the principles of the building;
distribution magnetic flow in hinge magnitwire; the main features, as well as the
sources of error electromagnetic trunsduser of the current to voltage whith flat
measuring windings.

5. It Is Installed that influence of the secondary current Ieout flat measuring
windings of the current to voltage transdusers of the forms 0,017 % from
normalized importances in primary current Jein. When change a temperature
surrounding ambiences, inaccuracy of the transformation increases 0,03 %, wrong
fabrication form flat measuring windings - 0,07 %

6. Accounting entropy inaccuracy of the transdusers of the current to voltage
does not exceed 0,2%, but experimental importance of inaccuracy electromagnetic
trunsduser of the current to voltage whith flat measuring windings forms 0,21%.

7. The Calculation is installed that total reliability combined autocontrol
system source of reactive power of the power systems on the base of
electromagnetic trunsduser of the current to voltage whith flat measuring windings
forms the best value, equal 0,96.

8. Designed methods of the building design electromagnetic converters one-
and three-phase primary current in secondary voltage of the electric network of the
power systems under multifunction control source to reactive power, being up to
quality rational energo- and resourece saving systems, taking into account
nonsymetricy when checking and control in size and phase current to three-phase
electric network, providing adequacy of the factors quality and change primary and
secondary values.

9. Used automatically controlled of the sources of reactive power in electric
sets and power devices with installed power 50 kVt and voltage till 500 kV, allowed
increasing of capacitypower ecuipment and 3/1eKTpOTIpHEMHHKOB and energy- and
resource saving rejime of electron elements of control voltage 61,8 V instead 57,5 V
for 4,31 V (7,5%) more voltage of one phases line and on 1,73 * 7,5% = 12,9% on
linear voltage of the power supply of control system.

10. Emploed electromagnetic converters of the current to voltage in electric
sets of the systems of power supply more than 20 enterprises shows of accuracy and
automations of control source of reactive power, have allowed to reduce the loss to
electric powers on 11,26% under normative importance 13,29% (have provided the
reduction of the technological consuption to electric powers on 1,13 mird. kVitx
hour)of account due to increasing of the class of accuracy of elements controle
system of reactive power of the power systems from 1,0 to 0,5.
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