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JTOKTOPJIMK TUCCEPTALIMSICU AHHOTALIMSICA

JAuccepranmss MAaB3YCMHMHI [J0JI3apOJIMTM  Ba 3apypHATH. OIEKTP
SHEPTUSICUHU UILIA0 YMKAPUII, Y3aTHIII, TAKCUMIIAII Ba UCTEHMOJ KUJIUII Y3JIYKCHU3
xKapaCHJIapuHu ~ OOlIKapuilga  KEHr  KYJUIAHWIYBYM  TOK  Y3rapTUpHUII
KypWIMaJapuHUHT OKOPU  AHUKJIWTH, SrOHAa IIAKIra  KEITUPWITaHJIUTH,
MebEpIIaHraH axOo0poT OWjiaH TabMUHJIANUIAPK Ba HMIIOHWIMA MILIANUIAPU MYXHM
axamMsATIra 3ra 0ynuo, JIEKTp PHEPrus Ba KyBBaTJIapHHU XaTOJMK OMIIaH Ha3opaT Ba
OomIKapyB KaTTa MUKIOpAAru MKTUCOAMN 3apapra o0 Kenaau. DIeKTp dHeprusl Ba
KyBBaT MaHOaJTapuHHU camapaiy, OWp Heda KaTTaJMK Ba MapaMeTpiiap acocuia
KOMOMHalusAMaHrad  OOIIKapyB  SHEpPruUsi Ba  PeCypC  TEKAMKOPIUTHHU
TabMUHJIAIIHUHT KOMIUIEKC EHIAIYBUHU UIUIA0 YUKHUII, AJIEKTP KypUIMaTapHUHT
Bazudara oOuJ HMMKOHUSTIAPUHU KEHraTUpuil, OOIIKapyB dJIEMEHTH Ba
KypUiIMaJapyuHU TY3WJIUIIMHU STOHA IIAKITAa KEITUPUII acOCHIa COAMANAIlITUPHIIL,
OFUPJUK-YIT4aM KYpPCAaTKUWIAPUHM KaMAWTUPHIL, TEKAMKOP KypHIMAaIapHH Ba
TEXHOJIOTUAJIAPUHY UIIA0 YMKHUIL, KOHTAKTCH3 YIIyall skapaéHIapyuHi TabMHUHJIALL,
IOKOpYA aHUKJIMKHU TAabMHHJIOBYM TOK Y3rapTrHUJIapHH KyJUIall acoCHAA 3JEKTP
KATTAJIMKJIADHU OOUIKAapUIl SHEPrOTU3UMHUHI Ha3apvil Ba aMalluii MyamMMojapu
cudaruga Tylanuruya edumamad  Koiamokna. Hasopar, axOopor-ym4oB Ba
OOILIKAPYBHUHT acocuil OyfuHM OYynmuO OupiamMud TOK  Y3rapTUprudiiapu
XUcoOslaHagu Ba yjap amMajja »SHEProTU3UMHUHI TEXHMK Ba HUKTUCOIUMN
KYpCcaTKUWIApUHU OeNTuiIaiam.

Tok Vy3rapTruwiapuHu sipaTuill Ba Kysuiamr acOo0iiap, aBTOMATIAIITHPHUIIT
¥a4oB, axO00poT BocuTanapura oynran cranaaptiapHuar (EN-50160, MOK 1000-
3x Ba my xymiaaad 61000-2x) Kylugaru acocuil TamMOWKi Ba Tajnabnapu OwWiiaH
M30XJIaHa/IN:

3aMOHABHUM TEXHOJIOTHSIJIAPHU KYJUIAII acocua KyJiad, Kyl UMKOHUSATIN Ba
MUHHMYM TY3WIWII 3JEMEHTIIADUHHM Y3 HWUYWATa OJYBYM TOK Y3rapTUPTUYJIapUHU
JTOMHMXaNATHUHT YHUBEPCAT 0JI0K-MOJIYJIJTM TAMOWMIIMHYA TabMUHJIAI,

MebEpiall Ba CTaHAApTIall acocuaa axOopoT, HHEPreTHK, METPOJIOTHS
KypcaTKuwiap, SJEMEHT Ba KypuiManap TY3WIHMIIA OYyiinya MOCIallyBYaHIUKHU
Ta@bMUHJIOBYH TOK Y3rapTUPrUWIAPUHU Ba MEBEPIIOBYM MOIYJUIAPHU SPATHILL

Xo3upa Ty3WIHILIN Ba YUKW KATTAMKIAPU MEebEPIIaHTaH, Oup Ba y4 (azanu
AJNIEKTP TOKMHUHT 3JEKTPOMATHUT Y3rapTrHYJapUHHU YHEProTU3MM/IAa KEHT KYJUlall
VY3rapTUpUIaETrad AJIEKTP KATTAJIMKIAPHUHT CHEKTPUHU KEHralTUpHIMaraHjiuru,
TOK Y3TapTUPTUWIAPHUHT TapKAJITaH MarHUT TU3UMJIAPUHUA XMCOOJIAIl Ba TAIKUKOT
yCYJUIApUHHM ~ €Tapjidi  pUBOXKJIAHMAraHjurda  cababiaum  MabiayMm  Japaxkasa
yerapaJlaHranaup. MarHutr y3rapTUpUIN  3aHXUPJIapU Ba  THU3UMIIAPUHHUHT
aHbaHABUM TAJKUKOT YCyJylapu yd (a3alid TOK HOCHMMETPUACHHU IbTHOOpra
OJIMaraHjuru cababmu OeNruiaHraH Y3rapTUPUIN AHUKJIUTUHA — TabMUHIIAM
OJIMaliJI1, KaTTaaukiIap OVinda TaIKUKOTJIap YMYMHUIMIIMKTA 3ra 3Mac, (pakaT 3JIeKTp
Ba MarHuT TaOMATIIM 3aHXKUPJIAPHUHT KATTAJUKIAPUHUTMHA KaMpad oJuil OujaH
yerapajaHrad. TaaKuKOTIapJa HOYM3UKIW MapaMeTpid MarHuT Y3rapTUpHUII
TU3UMIIAPU UUFUIITAH apaMeTpiau o0beKT cudaTuia KYypuiaMoKaa.

Xo3upaa DHEProTM3uMIa KeHr KyaHujnaérraH Oup dazaim  TOk
TpaHchopMaTOpIapu MypakKkad MarHUT Y3TapTUPHIN KHCMHTA 3Ta, OFMp Ba KarTa
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ymuamnM  KypcaTkuuigapu OWJIaH XapakTepiliaHaau, JOoWuXalaml kapa€Hu Ba
OomKapuill TH3UMIIApUAA KyJUlalja MypakkaOmukiaap Ba KUWMHYMIMKIAP
TYFIUPAad, MHUKPONPOLECCOP Ba DJJIEKTPOH KaillTa HIUIAl TEXHUKAJIapUHU
MebEPIIAaHTaH KaTTAIUKIap OWIaH TabMUHIAN onmaiamiap. Yiuap TOK Y3rapTHUpHUII
KapaHuga SHEProTU3UM IJIEKTP TAPMOFUHUHT OMp-OMpUIaH KaTTaauru Ba ¢azacu
Oyiinua (apk KuIyBUd y4 (pa3zaau TOKJIApUIAH XOCHJ OYJITaH MarHUT OKMMJIAp Ba
MaNJOHJIAPHUHT ¥3ap0 TabCUPUHU XUCOOTa onMaiauiap.

Ma3kyp  TAamKMKOT MM Y306ekucToH  Pecry6imkacu — Basupiap
Maxkamacuauar 2009 ¥nn 22 aBryctnaru 245-coHiin «DJIEKTP Ba HCCHKJIHK
sHepruscuian poinananui Kouganapuw» tyrpucuaara Ba 2013 iinn 1 HosOpaaru
295-comiin  «Y30€KPHEpPro» JaBiaT-aKUMSAJAOPIUK KOMIAHUSACH  (HAOTUATUHHU
TaKOMUJUTAIITUPUII Ba HUCTEHMOJ KWIMHAETTaH SJEKTP SHEPTUsCH yUyH XHUCOO-
KUTOOJMAp MHTHU30OMHMHM MyCTaxkamjamra JOup KyIIMM4a 4opa-TaaOupiiapy»
TYFPUCHIATHA Kapopapu WKPOCUHHU aMaIuii TAabMUHJIAIITA HYHAITUPHUIITaH.

TankukoTnap onn0 OOPUIIHMHT 3apypJUryd HEPrOTU3UM/JIA DJIEKTP SHEPrHs
TeXall BasH(alapuHU €UYUIIIa MyKamMMaJUlalllaH Ha30par Ba OOLIKApUII
AJIEMEHTJIAPUHU MOJEJI, aJIrOpUTM Ba YCYJUIAPUHM SIPATHUII acocuaa Oup Ba yd
dazanu dIEeKTp TapMOKJIapAard 5JIEKTp DJHEPrUSHUHT acOCUM KaTTalHKJIapu
TYFPUCUIATH  CUTHAJUIADHUHT  IOKOPU  AHUKJIMTUHU  TabMUHJAII  Oyinya
TAaIKUKOTIAp YTKA3WIIHU TaKO30 KWIMOKAA. Y4 (a3aiu 3JIEKTp TapMOKJapjaru
IOKJIAMAJIApHUHT KaTTanuk Ba (aza OVitmya (apk KUIYyBUYM TOKJIAPWUHU TYPIIAIUTH
HATWKacuaa yJIapHUHT HOCUMMETPUACH XOCWJI OYIUINUHU Y3rapTrUujIapHUHT Oup
Ba y4 (azanu OupramMuu TOKJIAPUHM HWKKWJIAMYM KYWIAHMINTa Y3rapTUPYBYH,
MIIOHYIM, YAKUIIN/IA MEbEPIAHTaH KaTTAIMK Ba IOKOPU aHUKJIWKHU TabMUHJIOBYU
OupiaMyu >JIEMEHTIApPUHM SIPATUIl Ba aMajja KYJUIAIIHUHT JIO3UMIIMTU YIIOY
HyHanmuIaa TaIKMKOTIap 0JIn0 OOPHUIIT HUXOATAA MyXUM aXxaMHsT KacO 3Tau.

TagkukoTHHHr Y36exucTon Pecny6imkacu ¢aH Ba TeXHOJIOTHSJIAPHH
PUBOKJIAHTUPHINHUHT  YCTYBOP iyHaauuuiapura wmocauru. Jluccepranus
VY30ekucton Pecnybnukacu (aH Ba TEXHOJOTHSJIAPHU PUBOKIAHTUPHUIITHUHT
myxuM iyHamummapura: UTA-3 — «DHepreTtuka, SHEPTHs, peCypc TEKAMKOPIHK,
TpaHCHOPT, MamuHa Ba acbo6cosznmuky; NIAT-17 — « AXOOpOT TelleKOMMYHUKAIUS
TEXHOJIOTUSJIADUHUA KEHI PUBOXKIIAHTUPHUII Ba MOPHUM ATUIIHU TabMUHJIAWAUTaH
3aMOHaBHIl ax0oOpOT THU3UMIApU, OOMIKAPYB Ba YKUTHIIHUHT HWHTEIIEKTYal
BOCUTAJNApW,  WIMUN-TEXHUKAaBMM  MabiayMoTiiap  0Oazacu  Ba  JacTypui
MaxCyJIOTJIApUHU UIIA0 YUKW MOC X0J1a Oa)kapuiiraH.

JAuccepranmust MaB3ycH Oyiin4a XaJKapo WIMHI TAAKUKOTJIApP IIAPXH.

DNEeKTp HHEPreTUK TU3UMIap y4 (azanu SJeKTp TapMOKJIApUAaru 3JIEKTP
TOKJIQPHUHI KAaTTAJIMTH Ba Oypyaru TYFpUCHUJArH CUTHAJUIAPHU KaOyd KWW,
y3aTull, MIUIOB Oepuil, axOOpOTIAPHUHT MIIOHWIMJIUTUHU IOKOPU AHMKIMKIA
Ha3opaT KWJIMII 3JEMEHT Ba KYypWUJIMAJIAPHUHT 3aMOHABUU Ha3opaT, OOIIKapyB —
xucoOyami, KaiTa WA TU3UMIIAPH XYCYCUATIAPUHM XHUcoOra oJiraH XoJijaa
uiniad yukum Oyiinua tagkukor unuiapw AKII (Advantech, General Electric,
SeaTech), bywok bpuranus (HAWK, Festo, Rockwell Automation), Poccus
(Onextpormut, Dnekrpoanmapar), ['epmanus (Siemens, GE Fanuc), Snonust (Sony,
Iconics), XKanyouit Kopes (Mitsubishi), Xuroit (Chint), Janus (MOX, ABB),
IlNomnmanaus (Honeywell, Wonderware) Ba Ooika gaBiatiap oJidMIapyd TOMOHHIAH
MabJIyM JapakaJard mKoOui HaTHKalapra SPUIIIIITaH.
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DnexTp Ym4oB, OOMKApyB AJEMEHT Ba KypwIMajJapwHU HILIA0 YuKapuiiga
TaHUKIM HWJIMHMH MapKa3JapuHUHI OHpJaMyd Y3rapTHPHUII TEXHHUKAcH Oyinua
MaxCyJIOTIAPUHU TaXJIUIN KYPCATAUKH, SHEPTOTU3UMHUHT 3JIEKTP TapMOKJIApUIaru
TOKJIAPHUHT KAaTTaJWK, (paza Ba CHUMMETpHUSJIAPUHU XHCOOra OJyBUM 3aMOHaBUU
Va4oB, Ha3opaT, OOIIKapyB, POCTJAIl Ba KaWTa uWOUIAll SJIEMEHTIAPUHUHT
XaTOJMUKIAPUHU IOKOPH JapakKagadurd Tyhaliau 3JIEKTp SHEPTHSICHUHU HILIA0
YUKapyBUWJIAp XaM HCTEbMOJ KWJIyBUMJIAD XaM KaTTa HWKTUCOAUM 3apap
KYypMOKajap.

Taxyiu KWIMHTaH YJI40B Ba OOIIKapyB KypWIMAIAPUHUHT KUUYMK aHUKJIHKIA
WA Y3rapTUPUIT TU3UMUHUHT KaMUYUJIUTH OVIMO, YI40B KOMIUIEKCIAPUHUHT
XX acpaa sspaTUITaHJINTH, CATHAIHU KalTa UILIAl TU3UMJIIapU Ba KypUIMaJlapuHA
XO03UPrd KyHJ1a sSipaTIa€TralHIuIy Ba ylaapAad TETUIUIH I0KOPY aHUKJIUK/Ia UIILIALI
Ba MEBHEPJIAHTAH YMKHUII KaTTAIMKIAPHA TAbMUHJIANUIAPUHU Talad KWW OWJiaH
OOFITUKJIHD.

MyaMMOHMHI YPraHWJITaHJIMK Japaskacu. DHEPrOTU3HM PEAKTUB KyBBaTH
MaHOallapyHi Ha3opaT Ba OOMIKAPYBHUHI TaKOMIJLIAIKUO OOpHIIH, DIEKTP
KaTTAIUKJIAPUHUHT ~ KOMOMHAIMsJIaHTaH  OOIIKapyB  JJIEMEHTJIApUHU  Ba
KypUIMAJapUHUHT SHEPTHS PECYPC TEKAMKOP TYPKYMJIAPUHU SPATUIULIN, YIapHU
Ul  XOJATJIapuHU  SXIIWJIAHWINH, KaTTaJIUKIAPHUA  Y3rapTUpUIl  yYCyd Ba
TEXHOJIOTUSJIADUHUA PUBOXKJIAHUILM, TYypJd KydJaHUINra dra OYIaraH 3JeKTp
TapMOKJIapJard y4 (azaiu TOKIapHU Y3rapTHUPHUII Ba SHEPrOTH3UM PEAKTUB KyBBaT
MaHOanapuHu OoIIKapyBHAa KYyJuiami, OolKapuil Oopacujaru oiub Oopuiran
TaIKUKOTIap Ba TaxJIWUIap KYpcaTAuKH, Ym0y coxajard MyamMmojap XO03upja
TYJNHUK YPraHWIMarad Ba €4MMUHH TOIIMAraH.

Ym0y coxama yet a1 onumiapugad H.Schaumburg, E.Ritchie, E. Krontiris,
R.Hanitch, [I.Rampias, b.C.CorckoB, K M.IloauBanos, JI.®.KynmukoBckuii,
JLLA.OctpoBckuii, B.I1.Munos3opos, E.I1.Ocaguuii, M.®.3apunoB, M.M.benos,
A.A.TlpeoOpaxeHcKkui, H.E.Kontoxos, E.C.JIeBmuna, I1.B.HoBuikuii,
M.A.VYpaxkceeB Ba OOMIKaTApHUHT WIMHUI HUILIAPUHU KYpcaTuO YTUIT MyMKHH.

Mamitakatnmus OJINMJIAPHUIAH H.P.FOcyn6ekos, T.X.HaceIpos,
X.3.Urambepaues, P.K.A3umos, K.P.Annaes, M.N.UGonynnaes,
A.A.Ab6nykaromos, FO.I' Ilunymun, A.A.Xamukos, C.®. Amupos, A.M.IlnaxTues,
[I.M.MatsikyboBa Ba Oomikamap ymi0y coxajga KEHT Joupaja WUIMUNA TaJAKUKOT
MUUTApUHU 01MO OOpMOKJIap. JIEKMH WIMHI-TaJKUKOT Ba aMaJMid UILIap TaxJIWId
SHEPrOTH3UM pPEaKTUB KYBBAaTHHM Ha30paT Ba OONIKAPYBU YUYH DIJEKTP
TapMOKiapujgard yd ¢aszand OupiaMud TOKJIAPHU HMKKWJIAMYM — Ky4JaHUII
KYPUHUIIMJArA CUTHAITa Y3rapTUPUIL TAMOWWJIMHY amaira OILIUPYBYH, Y3rapTrud
YUKUIIUAAT KyWIAHUITHU OUpJaMyd TOKra YM3UKJIM OOFJMKJIUTUHHU Ba MeEbEpa
OYMUIIMHU TabMHUHJIOBYHM, y4u (azanu Tokiap ¢asza IOKJIaMalapHU TYpIWIATUAA
naiao OYJIyBUM HOCHUMMETPHUKJIMKHU CUTHAJl KYpUHUIIMra y3rapThpa OJIyBUM Ba
TapKaJIraH MAarHUT MapamMeTpii DJICKTPOMArHUT Y3rapTrUdjIapHUHT TE€OMETPUK
yI4amJIapuHM STOHA MaTeMaTHK TaIKUKOT anmapar acocuja TaAKUK OSTHII
MMKOHMHH O€pyBYM MOJIEUIap, AJITOPUTMIIAD Ba YCYJUIAPHU SPATHUII Macaiajapu
eTapjiya ypraHujiIMaraHJiuruHA KypCaTIu.

OJIeKTp DHEPrusiHM HazopaT Ba OONIKApUIN >KapaéHUla Y3rapTUPHUII
XaTOJIMKJIAPUHUHT 03ara KeJHIIM, KaTTa TEOMETPUK YiIyamjap Ba OFUPIMK,
ANEKTPOTEXHUK MATEPUAIUIAPHUHT KYN MUKIOpAA KYJJIAHWIUIIM Ba YJIAPHUHT
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IOKOpU HapXjapW aHbaHABHA TOK Y3rapTrUWIAPUHUHT  KaMYWIMKIApUIaH
XUCOOIaHaIN. Xo3upaa amania KYJIaHUIaéTran OoupraMuu TOK
TpaHchopMaToOpyIapu — TOK Y3rapTUPHUIL KypwJiMalapyd - KHUPUII TOKUHUHT
TabuaTUra MOC XOJiJa Ha3opaT Ba OOIIKApyB THU3UMIIApUIA MHUKPOIPOIECCOpP Ba
KOMIIBIOTEpD TEXHHMKAacH OwiaH Oupra uHUIANUIAPH YYyH KYIIUM4Ya OpaJIHK
TpaHchopmaTopu EKu 1Ty Kabu KypuiIMallapHU KYJUTalTHU Tajab 3TMoKAa. bynman
TallKapu, SHEProTU3UMJA PEaKTUB KyBBAaT MaHOAJIapuHU OOLIKApUIIa amalija
KYJUTaHUJAETraH  dAJEKTPOMArHUT TOK  y3rapTruwiapu y4  (azanm  3JeKTp
TapMOKJIApJIard TOKJIApHU Y3raptupuiiga Owp ¢dazamm OakapuiraH MarHUAT
TU3UMJIAP Ba YyJFamjaplaH TaIIKWJI TONTaHJIWTH, MarHUT Y3aKIapHUHT HOUYM3HK
TacHU(DIIM, TYUMHYBUAHJIWTH Ba YUKHII KATTAIUKIAPU KYpPCATKUUJIAPUHUHT OUp
MebEpra KEeNTHpUJIIMAaraHiura cababmu OOIIKApyB KypUIMalapuHU eTapiu
AHUKJIMKIATW 3JIEKTP KaTTAIMKIAp OWjlaH TabMUHIANA OIManIN.

Omu6 OopwiraH THU3UMIIM TaxXJWI IIYHU KYPCATAUKH, JIIEKTPOMArHUT
Y3rapTUPTUWIAPHUHT YHEPTOTU3UM DJIEKTP TapMOKJIApH Ha3opaT Ba OOIIKapyBUia
aHbaHAaBUU TOK TpaHCPOPMATOPJIApU KYPUHHINMIA KyJUlall 4yerapanad KyWuiras.
HOxopy aHWKIWKHY, YA3UKIN Ba MEhEPIAHTAH YAKHUII KATTAJTUKHA TahbMHUHJIOBYH,
KEeHI' (DYyHKIIMOHAJ UMKOHUATIHU, Y4 (a3aiu TOKJIApHU IOoKJIamara OOFJIMK paBUIIa
HOCUMMETPUK OYIUIIMHU XucoOra onubd y3rapTupyBuu, yu ¢dazanu Oupiamyu
TOKHA WKKWJIAMYH Ky4WIaHHWINTa >JCKTPOMArHUT Y3TapTIHWIapHU Y3rapTHPHII
TaMOMWJUIApUHU HILIA0 YWKHII, amMajja TaTOMK OTUII acoCHJa JHEProTU3UM
peaKkTUB KyBBaTMHHU HA30paT Ba OOIIKApHIIl 3JIEMEHT Ba KypWJIMaJIapUHU SPATHIII,
amasijia >KOpH STUII PEaKTUB KyBBaT OOLIKAPYBUHM KENTYCHa TAKOMUJUTAIITHPHUII
TanabiaapuHu OakapuIll 3apyPIAUTHHN OeITUIIalIN.

Jucceprauus TAAKUKOTHHUHT MJIMHH-TAIKHKOT HIUIAPU PpexKaIapu
OmwjaH OOFIMKJMIM  KyduJIard Joiluxanapjaa Y3 akcuHd Tomrad: EBpomna
uttudokuHuHr TACIS — TEMPUS Xankapo macrypnapu: EC T JEP-10328-97—
«Y36exucton PecryGmnukacuna JHEpPreTHKa MeHe)MeHTUura ykurunn (1997-2001
nit.); EC T JEP-10845-99—«¥Y30ekucton Pecmybnukacuma macodand YKATHII
TU3UMUHM Tamkwi otum»y  (1999-2003 i) Ba jgaBiaaT WIMHA-TEXHHUKA
novinxanapu:  I1-18.17—«DOnektp  oHepreTnka  OO30pPMHMHI  JIHOEpasIANIMLIT
mapouTiapuaa Y30ekucton PecmyOnmukacu sHepreTuka TH3WMUHHU —palldOHAT
OOIIKAPUIITHUHT MOJUSIBUM TEXHOJIOTUK MojaenuHu spatuiny (2003-2005 iit.); A-
12-073—«V36ekncTon PecryGnuKacH S1EKTp JHEPreTMK TH3MMH AaCOCHH JIEKTp
TapMOKJIApUHUA HII XOJIATUHM Oaxojlall Ba TEJIEYIUOB MabiIyMOTIApUHU
AHUKJIMTUHU OLIUPUII aJTOPUTMIIAPUHU Ba yCyJuiapuHu unuiad gukuin (2006—
2008  ifit.); MTJI-3-123—«Y30eKkHCTOH  peclyOiIMKacH — acocHil  IeKTp
TapMOKJIapUIaH Yy3aTWIAETraH »DJIEKTP DHEPIUs WYKOJMIIMHUA pPEAKTUB KyBBaT
MaHOaTapuHU Ba TpaHCHOPMATOPJIAPHUHT TpaHchopmarus Kod(pUIHUESHTIAPUHU
parmoHayian acocuaa kamatupunn (20122014 iii.); MOT-2013-2-28 «Dneprus
TEKAMKOpP PpEaKTUB KyBBaT MaHOAJapuWHU aBTOMATHUK DPOCTJIATHYJIAPUHU CAHOAT
KOpXoHanapuja xxopui stuiny (2013-2014 iiii.).

TaakuKOTHUHT MaKcaau Oup Ba yd (azanu OUpIaMuu TOKJIAPHU UKKUJIAMYHU
KYWIAHHINTA JJICKTPOMArHUT Y3TapTUPHII HA3apusiCH Ba JIOMHMXAJNall YCyJJiapH
Xamia TaMOWWJUIAPUHU PHUBOXKJIAHTUPHIL, YyJIap acoCHa SHEProTHU3UM PEaKTUB
KyBBaTWUHM  KOMOWHAIMsUIaHTaH  OOINKapyBHM  AJIEMEHT Ba  KypWIMallaph
Ma)XMyaCHHU SIPATHII XaMa aMaIuETTa >KOPUH ITHINIAH HOoparT.
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Makcaara 3puimin yayH Kydiuaard TAAKAKOT Basu@ajapu KyHWITaH:

OHEPTOTU3MM/Ia DJIKTP DHEPrus Ba KyBBaTHU WNUIA0 YHMKAPUI, Y3aTHIIL,
TaKCUMJIAIl, WCTEHhMOJIMHU HAa30paT KWIHII Ba KOMOWHAIMsUIAHTaH OOIIKapHIIIa
AIEKTPOMArHUT Y3rapTUPUI YCYJUIApU Ba TEXHOJOTUSUIAPUHHN TAKOMUJUIAIITUPUIILI,
Oup Ba yu (azanu TOKJIAPHHW Ky4UJIaHHUINTA SICCH YITYOB UYJIFAMIIM 3JIEKTPOMATHHUT
Yy3rapTruwiapHyd SpaTUIl Ba JIOMMXAlAll TEXHOJOTUSJIAPUHU PUBOKIAHTUPHIILL
MCTUKOOJIJIApUHU OeNruIall,

ANEKTPOMArHuT Y3rapTrUWIAPHUHT MAarHUT TU3UMJIAPUAArd MarHuT FOPUTYBYH
Ky4 Ba MarHUT OKUMU TapKATUIIUHUA TAJKUK dTUII UMKOHUHU OepyBYH, OOILIaHFUY
KaTTaJIMK Ba MapameTp KYPUHUIIUIATA MabIyMOTIIap aCOCHIa MAarHUT Y3rapTUPUIILL
TU3UMJIAPUHUHT MOJICJUTAPUHU IAKIJIAHTUPUIN Ba TAAKUK ATHUII MOJIEN, alrOPUTM
Ba YCYJUIAPUHU Y3 WUYUTA OJyBYHM Tpa(uK MOJET aCOCHIArd paIliOHAl MaTEeMaTHK
arrnapaTHU SIPATHILL,

HSHEPrOTU3UM PEAKTHUB KyBBaTH OOIIKApyBHAA SPUM YTKA3TUWIN DJIEMEHTIAP
OwiaH Oupra uIUIalIga CTATUK Ba JUHAMHUK TacHUGMIAPHUHT CU(ATIUIUTHHH,
IOKOpY AaHUKJIMKIATW YM3UKIA YWKUII TacHUGIApHU, HKTUCOAUNA ap30HJIMKHH,
IOKOpY CE3TUPJIMKHHU, TEKaMKOp JHEpPrusi UCTEChbMOJMHU, UHPOPMATHBIMKHU Ba
WIIOHWIMJIMKHA ~ TabMHUHJIOBYM  TOK  Y3rapTUPrUWIAPUHUHT  KaTTaMK  Ba
napaMeTpjapuHu XUcoOJall Ba TaJKUK STUIIHUHT palldoOHal MOJEI, aJrOpUTM Ba
YCYJUTApUHHU SIPATHIIL,

Ooup Ba yu ¢azanu OupiaMyu TOKJIAPHU MKKUJIAMYU KyWJIAHMINTA SICCU YITYOB
YyJFamMJId ~ DJIEKTPOMArHUT  Y3rapTrUWwiapHU  XaTOJMK OWIaH  HIIAluIapu
cababnmapuHu YpraHuii, yJapHU TaJKUK OTHUII aJTOPUTMIIApU Ba MOJCIUIAPUHU
SApaTUII, XaTOJIMKJIAPHU OaxoJall Ba KaMauTUPUII YCYJUTApUHY UILIA0 YUKHIIL,

ANEKTPOMArHUT  Y3rapTUPTUWIAPHUHT  TY3WIMNUIAPUHU  CHUHTE3  KWJIMII
MMKOHUHU OEPYBUM, YU3UKIN UKKUIAMYU KYWIAHUITHUHT MEBEPUN MUKIOPIaApPUHU
TabMHUHJIOBUM MOJIEIUIAp, TAIKUKOT aJrOPUTMIIApU Ba YCYJUIAPUHHU SIPATHIIL,

SHEProTH3UM  pPEaKTHMB  KyBBaT  MaHOalapuHu  KOMOUWHAIIMSIJIAHTaH
OOIIKAapYBUHU TAbMHUHJIOBYM, DHEPTUsI Ba PECypC TEKAMKOP DHEPrOTHU3UMIIAPHU
palMoOHal KypHIl TaMOWWIJIApUHU amaira OIIMPYBYM, 3JIEKTP TapMOKJIapAaru
TOKJIADHUHI MKKWIAMYM Ky4YIaHUIITa aJeKBaT Y3TapTUPWUIIMIIMHA TabMHUHIIOBUU
AJEKTPOMArHUT Y3rapTruuiiap 3JEMEHTIApU Ba KypUiIMalapyu MaXKMYyacUHU SIPATHIILI
Ba aMaJIMETTA JKOPUM STULL.

TagkukKoT 00bEeKTH D>HEPrOTHU3UM DJIEKTP TAPMOFMHU PEAKTUB KyBBaTH
Oupsiamun y4 (pazaau TOKUHU MKKUJIaMYU Ky4YJIaHUIITa SICCHU YIYOB UyJIFaM acocujia
Y3rapTupyBYM Ba KOMOUHAIMSIIAHTaH OOIIKAPYBUHU TAbMUHJIOBYHU JICKTPOMArHUT
y3rapTrudiapjaH noopar.

TagkukoT mnpeaMeTH — TOKHM KyWwIaHUIITa SICCU YIYOB  UYJIFaMIIU
AJEKTPOMArHUT Y3rapTrUWIAPHUHT 3JEKTP Ba MArHUAT Y3rapTUPUII TU3UMIIAPH,
TEXHOJIOTUSJIApU,  MOJIEJUIapH, QJITOPUTMIIAPH, YCYJUIApU Ba TAAKUKOTIAPHUHT
NACTypUM MaXxMyasapH.

Taakukor ycymaapu. TankukoTiap jkapaéHuIa aHaTUTHK Ba TaxpuoOa
yCyJIJIapu: DJIEKTP, MarHUT Ba HMCCHUKJIUK 3aH)XHUpJApU Ba TU3UMJIIAPU TaJIKUKOTH,
rpad mMojaeiiapu, OOIIKAPHUIIL, YIIUOB Y3rapTrudjiapu Ha3apusICcH, MOJSUTAIITUPHIIL,
AXTUMOJUIMKJIAP, XaTOJMKIAPHU TAAKUK OTUII Ba HWIIOHWIMIMKHU XHCOOJAII
yCyJUIapy KYJUTAHUJITAH.



Juccepranus TAAKMKOTUHUHT WIMHI SHIWINTH Kyiuaaruiapiad noopar:

ACCH YIYOB 4YyJFamjap Ba MarHuT Y3aKJIapHUHT TY3WJIUIUIAPUHU TU3UMIIH
TaxJinjia, €HAAITyB Ba acociap HETW3HIa SHEPrOTU3MMHUHT OMp Ba y4 (daszamu
OupramMud TOKJIAPHU MKKWJIAMYM KyWIaHUINITa SJICKTPOMArHUT Y3rapTHPUII
yCyJuIapyu Ba TEXHOJIOTUSTIApU UIIA0 YMKWITAH, JIEKTP SHEPTUSACUHUHT MEbEPIAH
OPTHK TEXHOJOTHK CapQUHH KaMaUTHPyBUYM alNTOPUTM, JacTypHil BocHTa Ba
KypWIMaJlapra UXTUPOJIMK IMATEHTH OJIMHTaH Ba aMaJIMETTa )KOPHl 3TUIITaH;

Oup Ba yu (asasiu OupramMuu 5SJEKTpP TOKIAPHU HMKKUIAMYM Ky4JIAHUIIra
AIIEKTPOMATHUT Y3rapTruwjiap MarHUT TU3UMJIAPHUIArH MarHUT IOPUTYBYM Kyd Ba
MarHuT OKUMHHUHT TapKaJIWIINHKA Tpad MOAEIIapy acocuaa TAIKUK ITHUIN YCYIH
MIAKJIJIAHTUPWITAH, Y3rapTUPrud TacHU(IApUHU TaAKUKOT AJITOPUTM, MOJEN Ba
yCYJUIapUHH ¥3 MuUWra oiraH rpad monenu acocuja KaTTaJuK Ba MapaMeTpiapHU
TaJKUK STUII UMKOHUHHU OepyBUM MaTeMaTHK ammapaT spaTHIraH,

SHEPrOTU3UM PEAKTUB KyBBATHMHU OOLIKAPUIIJIA IPUM YTKA3TUWIN 3JIEMEHTIIap
OwraHn Oupra WUUIOBYM, IOKOPH  aHHUKJIMKHW, YU3MKJIM YHKUAII TacHU)IapHH,
MKTHCOIUN ap30HJIMKHHU, FOKOPH CE3TMPIUKHH, TEXKAMKOP 3HEpPrusi UCTEHMOJIMHHU,
UIIOHWIMJIMKHY TabMHUHJIOBUM AJIEKTPOMArHUT Y3rapTrUYJApHUHT OEJrHIOBYH
(akTOpIIapUHU, CTATUK Ba IMHAMHUK TaCHU(IAPUHU peall BaKT yIyaMuia Xucooanl
MMKOHHMHH O€pYyBYH Ba pallMOHAINIOBYM MOJIEN, AJITOPUTM Ba yCyJulap ApaTUITaH;

TOKHHU KYWIAHHINTA SICCU YIYOB UYJIFAMIIM 3JIEKTPOMArHuT Y3rapTrudIapHUHT
XaTOJUKJIApU MaHOaJapyUHU TabCUPUHU KJIACCU(PUKALMICK aMalira OUIMPHIIraH Ba
XaTOJIMKJIAp TAbCUPUHH XUCOOJAII MOJIEJUIAPH, AITOPUTM Ba YCYJIJIapH SIPATUIITaH;

y4 ¢azanu 3JeKTp TapMoKJjapaard Oup Ba yu (azanu OupiiaMud TOKJIApHU
UKKWJIaM4M ~ KyWIaHMINTa  3JEKTPOMAarHUT  Y3rapTTUWIApHUHT  MaKCHMall
CE3TMPJIMTUHU OLIUPYBYH MOJIEIUIAP, AITOPUTMIIAP Ba YCYJUIap SIpaTUIITaH,

SHEProTU3MMJIa  PEaKTUB  KyBBaT  MaHOajdapuHU  KOMOMHALMsUIAHTaH
OOIIKAPYBUHU, DJEKTp TOKJIApHM peal BakKT MoOailHMAa  Y3rapuiiapu
CUMMETPUKIUTMHU HA30paT KWIKILIHU, 3JIEKTP TapMOKJIap OMpiIaMyu TOKJIAPUHUHT
aJeKBaT Aacocla UKKWIAMYM Ky4WlIaHMIITra Y3rapTUPWIMIIMHU —TabMUHJIOBYH
AJIEKTPOMArHUT Y3rapTrudjiap MaKMyacHUHH KypHIL TaMOWUIUIApH SIpaTUIITaH;

SHEPrOTU3MM  PpPEaKTUB  KyBBaT  MaHOamapuHu  KOMOWHALMSUIAHTaH
OOLIKapyBUHU TabMMHJIOBUM, HHEPrHsl Ba PECYpC TEXKAMKOP SHEPrOTU3UMIIAPHU
palyoHan Kypull TaMOMWIIapuHU, OMp Ba yd4 (aszanu 3JeKTp KaTTaJuKiIap Ba
napamMeTpJIapuHUHT CUMMETPUKJIMIMHUA aHUKJIAIl, Ha3opar Ba OOLIKapyBUHU
TAbMHUHJIOBUM DJIEKTPOMArHUT Y3rapTrud KypujiManapu sipaTHIIraH Ba aMmaiauérra
YKOPHUM STUJITAH.

TagKUKOTHUHT aMaJIMii HATHXKAJIAPH KyHuaruiapaad noopar:

AIIEKTP SHEPTUACUHUHT MEbEPJAH OPTUK TEXHOJOTUK capHUHU KaMalTHUpyBUU
ITOPUTM, JACTypHil BOCHTa Ba KypuJMajapra HUXTHPOJIMK NATEHTU OJMHIaH Ba
aMaJIMETTa KOPUHM ITUJITaH;

peakTUB  KyBBaT MaHOalapuHU  YpHATHII Ba  yJIapHU  aBTOMATHUK
OOLIKApPUIIHUHT MEBEPUA HOMHHAN DJJIEKTp KaTTAJIMKIAp OWIaH TabMHHJIAMI
VpuatMa KyBBatu 50 kBT Ba yHnan karra Ba kyuwnanuimu 500 kB nan xam 6yiran
AJIEKTP PHEPreTUK KypUIMaJapHUHT SHEPTUS Ba PECYpPC TEKAMKOPJIMIM CTaHAApPT
57,5 B kyunanum ypuura 61,81 B Ounan TabMUHIIAHTaHIUTUA YYYH POCTIaHAETraH
anekTp 3Heprus kKywianuim 4.31 B ra, ¢aza kyunanum Oyitnua 7,5%ra, 4u3uKIN

KyWIaHHII OYitida oca V3 * 7,5 = 12,9%ra TeHT GYIINIIN TAbMUHIAHIAH;
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TOKHM Ky4IaHHMIOIa O3JEKTPOMAarHUT y3raprruuwiap «Y36exsuepro» JIAK
Tacappyduaaru SJeKTp SHEpreThka TU3UMUIAH TabMUHJaHyBuUM 20 AaH OpPTUK
TalIKWAJIOT/Ia S>KOpPUM KWUJIMHTaH Ba PEAaKTUB KyBBaTHM KOMOWHAIUsJIAHTaH
aBToMaTuK OomkapuimHUHr 1,0 aHUKIMK mapaxacugaH 0,5 aHUKIWK Japaxacura
OIIUpHUIN XpcoOura unuiad yukwirad 54,7 mupja. kBT.coar 37eKTp 3HEPrUSHUHT
MebEpa Oenruianrad TexHojaoruk cappunu 13,29% (7,27 mupa. kBt.coar) ypuura
11,26% (6,16 mapa. kBt.coar), sbau 15,26% ra kaMaluinura 3puIviray;

HHEPrOTU3UM PEAKTUB KyBBaTH KOMOWHAIMsJIAHTaH OOLIKapYBUHU acOCHAa
SHEPrUs Ba PECypc TE€KAMKOP SHEPrOTU3UMIIAPHU KYpPHUII TEXHOJOTUsIIApUHU, OUp
Ba y4 (azayM DIJIEKTp KaTTAIMKIap Ba MapaMEeTPJIApUHUHT CUMMETPUKIUTUHU
Ha30paTh Xamja OOIIKApyBUHU TabMUHJIOBYM SJICKTPOMArHUT Y3rapTrudiiap
KypUJIMaJIapy Ba DJIEMEHTJIAPY AMAIMETTA )KOPUM ITUIITAH.

OJMHraH HATHKAJIAPHUHT HITOHYIMJIMIH SPATUJITaH SICCH YI4YOB UyJIFAMIH
TOKHHM Kyd4JaHUIIra JJEKTPOMArHUT y3rapTrudjiap, YJIapHUHT MOJEJUIApH,
YTKa3WwIraH Ha3apuil Ba aMaluil TaAKUKOTJIAp HATH)KaJapH, CTaTUK Ba JHHAMHK
TacHU(Iap YMyMKaOyJdl KWIMHTAH ME30HJAp acocuja YTKa3wiraH Kuécui
TaxJujiap OMJIaH acoCIaHTaH.

OHEpProTU3UMHUHT OMp Ba y4 (azainu 3J€KTp TApMOKJIAPUHUHT OHpiIaMyu
TOKJIADUHA HOMHMHAJ MHUKIOpJApHAa SCCH YIYOB YYJFAMHUHI YHKWIIWJA
MEBEPIIAHTaH Ky4WIaHUIIHUM TabMUHJIOBYM JJIEKTPOMArHUT y3rapTTHYIAPHUHT
TAaIKUKOT HATIKAJapUHU MAHTUKHA AaCOCHAaHUIIMHM Oaxoyaml y4yH TOKHH
KyWIaHMINTa Y3rapTUpUII, TAAKUAKOTIAp HaTWKaJapu Oyinya COIUIITHPULLIAD
YTKa3WJIraH, Ha3apuil Ba aMaiaui HaTWKajlap XaTOJMKJIAp ME30HIapu Oyinua
TaxJIWJI KAUJIMHTaH Ba HATH>KAIAPHUHT HIIOHWIWIINTA TAbBMUHIIAHTaH.

TagKUKOT HATHKATAPUHUHT HA3APUIl BAa aMAJIMH aXaMUATH.

TanakukoTIIapia OJIMHTAaH HATHKAJADHUHI HA3apuKd MOXMATH WJIMHMH HIIAA
PUBOXJIAHTUPWITaH Y4 (a3aJd TOKHM SICCHM VYIYOB 4YyJFamijiap acocuia
ANEKTPOMArHUT Y3TapTrUYHU TY3WIHMII Ba Y3rapuil TaMOWWJJIAPUHU TaHJAll,
AJIEKTPOMArHUT KypWIMaJapHU TaxXJIMJ KWIMLII UMKOHUHU OepyBYM airopurmiap,
ycyJuiap Ba TaJKUKOTIAp MaXXKMyacUHH sIpaTHIIMIIUAAH HOoparT.

bup Ba yu (azanu TOKJIapHU sICCH YIUOB UyJIFaM Ba TapKajraH napameTpiiu
MarHuT Y3rapTUPUII TU3UMIAPUHUHT 3JEKTPOMArHuT Y3rapTUPUIL TaMOWMIH, Oup
Ba yuy ¢azanu TOKHM KywWIaHMIITa SCCH YIIYOB 4UylFamard Yy3rapTUPUII
AJIEMEHTJIAPUHUHT TAJAKUKOT aJIrOpUTIAp Ba MOJEall YCIyOusaTH, MebEpiaaHTraH
YUKWAII ~ CHTHAJIHUM  TabMHUHJIOBYM  TOKHM  KYWIAHMINTa  3JIEKTPOMATrHUT
y3rapTru9IapHUHT SHEPTrOTU3UM pEaKTHB KyBBar MaHOaJTapUHUHT
KOMOUWHalMsJIaHTaH OOIIKapyB TU3UMIIAPH SIPATUJITaH.

JluccepTallMsiHUHT aMaluid axaMusTH yd (azajnu 3JIeKTp TapMOKJapaaru
HOCUMMETPUKJIIMK  TYFPUCHJArd CHUTHAJUIAPHU  Y3rapTUPYBYM  KypuiIMaliap
TYPKYMHHH SIPAaTUITAHJIMTH Ba YHEPrOTH3MMIArM PEaKTHB KyBBAT MaHOaJapUHU
KOMOUMHAIUsAJIAHTaH OOIIKAapyBH YYYH KEHI (YHKIMOHAl HWMKOHUSTIH, TOKHH
KyWIQHUIITa 3J€KTPOMArHUT Y3rapTrUWwIapHU amaija KYJUIAaHWITaHJIUTW OuiiaH
u30xJlaHraH. TaJKUKOTIap HaTHKacuaa Oup Ba y4 (azaiu dJIEKTp KaTTaJUKIap Ba
napaMeTpJIApHUHT Y3rapHIlJIapuHA Ba HOCUMMETPUKIUTMHU HA30paT TU3UMH YUyH
OupiamMud TOKJIAPHUHT MHKAOpP Ba cudaT KYpCaTKUWIAPUHU HUKKHIAMYH
KywIlaHuIIra aJeKBaT Y3rapTUPWIMIIMHU aMalira OIIMPYBYM DIJIEKTPOMArHUT
y3rapTrudiap KypuiaMacH sIpaTHIraH Ba aMadueéTra KeHI dKOPHM STUIITaH.
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TagKMKOT HATHXKAJIAPUHUHT KOPUH KUWJIMHUIIK. TOKHUA KyWIAHHINTA SICCH
YI4OB YyJIFaMJIM 3JIEKTPOMArHuT y3rapTUpPUII TAMOWWIIA, MOAEIUIAP, AITOPUTMIIAP,
JaCTypull Makmya, KypuiaMmanap Ba OOIIKapyB CHTHalW OWIaH TabMUHJIAII
anementnapu «Y36exsnepro» JAK Tacappydumars 3MeKTp SHepreTHka TH3MMHIA
xopuid oTwirad Oynm6, kywrammmm 0,4; 6 Ba 10 kB Oymran smektp
TapMOKJIapUJard peakTUB KyBBaTHU KOMOWMHAILMSUIAHTAH aBTOMATHK OOUIKApHUII
TU3UMIIAPUA Ba DJIEKTP TAPMOKJIAp KywWIaHUIIApUTra MOC paBHIlia OeJruiIaHral
pEaKkTUB KyBBAaTHU TabMUHJAIl TU3UMIIApUIA KYJJIaHWITaH. PeakTWB KyBBaTHU
KOMOMHAIMSJIAHTaH aBTOMATUK OOIIKapUIll KypwiMajiapuja UWIUIad YUKapuIl,
y3aTHIll, TAKCUMJIAIl Ba HMCTEHMOJ KUIMII >KapaCHJIapujia IOKOPU aHUKIUKHU
TabMUHJIOBYHM, TOKHM KaTTaquTH Ba (asacu TYFpUCHIATH CUTHAIHU €TKa3uO
OepyBYM DJCKTPOMATHUT TOKHW KYWIAHWINTA Y3rapTTHYIaApHH KYJUIall SJIEKTP
DHEPTUSHH MaHOanmapJaH WCTEhbMOTYWIApPTa y3aTUIIAard YMyMUH OJHEpPrus
UYKOJNMINMHU SpaTWJIraH KypwiIMalapHU KYJjamra Kaaap Oyiaran MHKIOpAaH
15%ra xamaiiTupuin XucoOura DSJEKTP OSHEPrus TeXallJaH UKTHUCOIUN
camapajopnuk 1,7 Mipa cyMHM Tamkma otran  («Y3GexsHepro» JIAKuuHT
17.11.2014 wwmnnarn NeMX-01-21/5413-connu, 27.01.2015 dimnpgarm NeMX-01-
21/321-connu MabIlyMOTHOMACH).

Numaunr anpodamusicu. TaakukoT HaTwkanapu Ounad 40 1aH OPTUK WIMU-
aMaluii aHXKyMaHJiap, 11y Katopjaa 15 Ta kaxoH, Xajikapo KoH(pepeHLusiap Ba
cemuHapiappa, xycycad: «World Conference on Intelligent Systems for Industrial
Automation» (WCIS) (Baku-2002, Tashkent-2012), «Duepruss Ba pecypc
TexaMkopank Myammodapu» (Tomkent, 2003), «Control of power system - 04»
(CnoBaxkus, (Slovak Rep., High Tatras, Strbske Pleso), 2004), « unoBanus - 2004»
(Tomkent, 2004), «DHEPreTUKAHUHT XO3UPTHU XOJaTH Ba TapaKKUETH HUCTHUKOOIIN
(Tomikent, 2006), «bomikapys, TabJUM Ba CaHOAT/a UHHOBAIMOH TEXHOJOTHUSLIIAP
«ACTUHTEX»  (Poccusi, Actpaxans, 2007, 2011), «3DHeprorexxaMmKkop
TeXHOJOTUsIapHu  Kyiutam  Taxpubacu»  (Tomxkxent, 2010), «DOHepreruka:
sHepropecypciapHu  Oomkapuin, cudar Ba  camapagopiauk»  (Poccus,
bnarosemenck 2003, 2011), «DHeprore:kaMKOpJIMK MacajaJlapuHd paluoHal
€UMMIIApH, JJIEKTP XaB()CHU3IMK Ba SHEPTUSI TABMUHOTH KOoHIenusuiapu» (daproHa,
2011), «OuepretukaHuHr 3aMoHaBuii Myammousapu» (Tomkent, 2006, 2011),
«3aMOHaBMIl TEXHUWKA Ba TEXHOJOTHSJIAPHUHT noy3apd macamamapuw» (Jlumernk,
Poccus, 2012-2014), xamaa PecnyOnuka MHHOBAIMOH FOsUIap, TEXHOJIOTHsJIAD Ba
novinxanap spmapkacuaa (Tomkent 2008-2014) mabpy3anap Te3ucIapH Ba HIMHUN
UIIaHMalap OWIaH UIITUPOK ITHUIITaH.

HaTuxajapHUHT YbJ0H KMJIMHIaHJauru. {ucceprauus mMazycu Oyiinua 84
Ta WIMHM WIUIAp HAIIp KWIMHTaH, kymjanaH, 2 Ta PecnyOimka MuKbECHUIAru
MWIIUKA unMuid kypHanga 10 ta makona, 1 Ta xopuwxuid wiMuil KypHanga 1 ta
MIMMI MaKoyia Haulp KWIMHTaH, 4 Ta kampuér yayn Y36ekucTon PecryGmukacy
MXTHPOCHTa TIATeHTNap Ba 1 Ta aArOpHTM XaMaa JacTypHil BOCHTA Y30EKHCTOH
PecniyOnukacu MHTemekTyan MyJK areHTIUruia pyixarra oJMHraH.

JluccepTauMSIHUHT TY3WINIIU Ba Xa:KMU. J(uccepramust Kupui, oiruta 000,
xyJjioca, poinananwiran agabuétinap pyixartu, uinosa Ba 200 caxuda matH, 49 Ta
pacm Ba 12 Ta xaaBanjgaH noopar.
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JTUCCEPTALIMSIHUHT ACOCHU MASMYHH

Kupuimn KucmMuga auccepTanusi MaB3yCHHUHT J0I3apOJIMry Ba 3apypHUsITH
acoclaHraH, TaJKUKOT Makcaau Ba Bazudamapu, OOBEKTH Ba MpeIMETIapU
aHUKJIaHTaH, Y36ekucToH Pecry6nukacy (aH Ba TEXHOJOTHAIAP TAPAKKHETHHHMHT
YCTYBOp WYHAJIMIUIAPUIAa MOCIIMIY KYpCaTUITaH, TaAKUKOTHUHT WIMHN STHIWIATH
Ba aMaJiuil HaTuWxkanapu OaéH STWIraH, OJMHIaH HAaTWKAJIAPHUHI HMIIOHWIMINTH
acocjaHrad, YJapHUHI Ha3apuid Ba amManuil axamusaTd o4u0d Oepuira,
TAaIKAKOTIAPHUHT HATWKAJAPUHU aMajja >KOPUM KWIMII XOJIAaTH, WIIHAHT
anpoOanusl HaTWKajdapH, dbJIOH KWIMHIAH HMILIAp Ba AUCCEPTALMSHUHT TY3WIALIN
Oyiin4ya MabIyMOTIAp KEITUPUIITAH.

Juccepranys MIIMHUHT OMPUHYM 000MIa SHEPrOTU3UM/IA JJIEKTP YHEPrUs Ba
pEakTUB KyBBAaTHU HILIA0 YMKAPHIL, Y3aTHII, TaKCHUMJIAII Ba HMCTEBMOJ KHJIMII
KypUJIMalapyia, peakTUB KyBBaTHU KOMOMHALMsAJIAHTaH OOLIKapyBHUJa OupiaMyu
TOKHH SICCHM YJMOB 4YyjF¥aMm €EpJaMuia HKKWIAMYM KaTTAJIMKKA Y3TapTHUPHILI
Macayiajapy Kypub uukwirad. PeakTuB KyBBaTHMHI MHUKJIOPU 3HEProTHU3UMAA
AJIEKTP DSHEPrusi WYKOJUMIIMHM OEITWIOBUM KATTAJUKAUP, 3aMOHABUN TOKHH
KYWIAHHINTA Y3TapTUPHUII TaMOMWJIMHM SpaTUIl Ba aBTOMATHUK OOIIKApHIL
KypwiMaiapy OuiaH OWpraivkia WIUIAIIMHA TabMUHJAII acCOCHAA PEAKTUB
KyBBaTHM aBTOMATHK pOCTJIall TU3UMHMHH SIPATHII WIMHUA WIIHUHT Ha3apuil Ba
aMaliiii axaMUSITUHU OeITHIIaiIi Ba TAAKUKOTIIAp ACOCUHU TAILIKUI 3TN,

OHeproTuzuMiIapAa peakTUB KyBBaT MaHOAJapuHU pakaMiIM KypuiMaiap
acocujia KOMOMHAlLMsAJIAHTaH aBTOMATHK OOLIKApUILHUHT (PYHKIIMOHAN yn3macu 1 —

pacMa KCITUPUIITaH.
I T < W

i TESMY
Usknp m
1
y772 —
777 S
e Vi KT1 "] |
[ ] [ Az ] [ A3 ] i = f-=] E
o 5 |
KEDNMM | H
[ KT [ A2 [ KM3 e >l |_—|“T‘ |—-|“Tl‘ I_._
/‘\".“'r{ ARG T T T T T T T TTTT oo e
YO l‘
'\/“‘ YOI
TQcmnm TQKC TORKY
+ +

4
C
KT

Al, A2, A3 —aBromatuk Kymu6 - y3ruy, KM1. KM2. KM3 — kommyTanus
yckyHanapu; TK — tokiu kommniencanus 6;10ku; Mb — manTHKHI OJ10K;
V1,Y2 — kyuaiitupruunap; KT1, KT2 — Bakr anementiapu; KL1, KL2 — mwxpo
oprannapu; YO — Oomkapys opranu; MIIbb — peakTuB KyBBaT MaHOanapuHu
Mukponpoueccopsu 6omkapys 6s0ku; CM (I'C, MC) — cuHXpoH ManinHa
(renepatop — I'C Ba motop - MC), KC — cunxpon komnencarop, KKY — peaktus
KyBBaT MaHOACH — KOCUHYCJIM KOHAEHCATOP KypHiMa, TKAMYVY Ba KKOMY — tok
Ba KYWIAHMILHUHT SICCU YIIHOB UYJIFaMJIIU JIEKTPOMArHUT Y3rapTrudjiapu
1-pacm. JHeproTu3nM/Ia peakTUB KyBBaT MAHOAJAPUHU KOMOMHAIIUSAJIAHT aH
ABTOMATHK 0OIIKAPYBHUHI (DYHKIMOHAJ YM3MACH
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Sccn yiIyoB dynFamuM TOKHM KyWIAHMINTA 3JIEKTPOMArHUT y3rapTrudiapiaa
YUKW KaTTAJIMIM OYiraH KywIaHMIUIAPHM XOCWJI KWIMII TaXJIWJIM acoCHja
OeNruwIaHANKY, TAaAKUKOTIap HHEProTU3MM pEaKkTUB KyBBaT MaHOajlapuHU
OomKapyBU y4yH KOMOMHaLUsJIaHTaH, KEHr (YHKIMOHAl WMKOHHUATIH, Oup
MebEpra KeJITUPUITaH YMKUII KAaTTAIMKINKHU TabMUHJIOBYH, Y4 (pa3anu TOKJIapHU
HOCHUMMETPUKJIUTMHU XUCOOra OJIyBUM Ba 3JIEKTP TapMOKJAp TOKJIAPUHU IOKOPHU
AQHUKJIMKIA Ky4JaHUIITa D3JEKTPOMArHuT Y3rapTrUWIApUHU  SpaTHII, XaMJa
TOKJIAPHA KYWIAaHUIITa Y3TapTUPUIIHUHT CE3WII DJJIEMEHTH - SCCU  YIJIYOB
YqyJIFaMJIApHU APATHUIL, TAAKUK dTHII Ba aMaJuéTra KyJulall yCyJUIapura acoCJIaHraH
OYITUIIIN JTO3UM.

Jluccepranys MIIMIa TOKHU KYyYJIAHHINTA 3JIEKTPOMATHUT y3rapTrudjapra Moc
KEJIyBUYH SICCU YIYOB YyJFaMJIAPHUHT aCOCUM IIAKJUIAPU Ba TY3WJIWII TAMONUILIAPU
TaxJuil KWIMHTaH. UMKUII KATTAINTMHA TabMUHJIAIIAA MYyXUM axaMHsITra 3ra
Oyira siccu YII4OB UyJIFAMHUHT aCOCHM TypJjlapH Ba yJIapHUHI KECUM I03aJapUHU S
aHuKam popMynaiapu 1-xaaBanga KeITUPUITaH.

1-xamBai

Slceu yidoB uynraMIIapHUHT aCOCUN TypJapu

HAccu yruos o
Scen yados uysiram
Ne yyJIram Kecum 103acu
AKJIH
TYpH
TTary e
.T.
1. | Yubypuakcumon . S, =kab/2
PR —
> ]
TyrpuOypuak- Uarm. o
2 Yrpuoyp s, = kab
CUMOH o J
¢ b .
3 Omanok o S.,=kz D /4
!
4. | CuUpTMOKCHMOH . 1 S = 2ab
— 1, ||, —
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Nxxnnunm 600 Oup Ba yu (asanu TOKHM KYWIAHHINTA DSJICKTPOMArHUT
Y3rapTTUWIAPHUHT ~ MArHAT  Y3rapTUPHUIN  3aHXKAP  Ba  TU3UMJIAPUHUHT
TaJKUKOTIIapUra OaruIllJIaHTaH.

Sceu YuoB uynFaMiIu TOKHM KyWIQHHUIITA AJIEKTPOMATHUT Y3rapTrudajapHUHT
KUPHUIIl KaTTadukiaapu 0yimub yu dazanu smekTp Tapmokiaapuaaru 1 gan To 10 000
Ammeprada KaTTaluKra sra OyiaraH OMpIIaM4Yd Yy3rapyBu4aH TOK MHKIOPH |y,
9eKTp TapMoKapHuHT Mukaopu 0,4, 6 Ba 10 kBraya 6ynran OupiaaMyu KydJaHUII
U,, OYyIuO, dYumkum curHanm sca @@ MarHuT OKMMHUHMHI TaKCHMIIAHMIINTA
TYFpUAAH TYFpU OOFIMK OYNraH, MarHUT Y3rapTUPUII TU3UMU WYIH - MarHuT
Y3rapTUpHII TU3UMHU Y3yHJIUTH, MATHUT OKUM KecuO YTaéTraH 1o3a Ba SICCH YI4YOB
YyJFaM I03aCMHUHT @ MarHUT OKMM TOMOHHJaH Kecull Oypyarura OOFJIUK Oyiaraxn
U,y — SICCH YITUOB 4yJIFAMHUHT YUKUII Ky4IAHUIIHUP.

Scen yiryoB uynFramii TOKHM Ky4YJIQHHINTA 3JIEKTPOMATHUT y3rapTrUYIAPHUHT
MarHuT Y3rapTUpHUIl TU3UMUHUHT Tpad Monenu 2 - pacMia KeNTUpWIraH Oyiuo
YHUHT TaJKUK Ba XMCOOW TOIMOJIOTHK yCyJlJlapra acocjaHrad. MarauT y3rapTHUpHIL
TU3UMUHUHT Tpad MOJEIM acoCHaa SICCH VYIIUOB UYIFaMJIM TOKHU Ky4WIaHHINTa
AIEKTPOMATHUT Y3rapTUPTUWIAp MArHUT TU3UMUHUHT TYTYHJIapuUJiard MarHuT
IOPUTYBYH Kywiap - F Ba MarHuT y3rapTUpHUIL TU3UM Y3rapTHPHUIL OYIaKIapUHUHT
oenrunmoBun Kuitmatinapu 1, 110, 111 — Oyiinmama, BepTHKal Ba KYHJaJlaHT
napameTpiiap aHUKJIaHaIH.

Lsexij1 1

Loexi 1 %+1 Kir
L1 Kir 0 R Fu'i j+11 Fpi nl  Kif Lexim1
o—>—0 G----------0—e—20
, : Kir A /
Leexi 1 v A .
Lexijwe1  KIF T : T,-' ’
o ra
Laex i x Fuijx
Cr r o
Kir 2 Tuiju”
A
=
s
Lexivljx  Kip O | 7
O—
Fui+1j1<|

bomsx Kiz L /Tials

- {F
Fumix "K1F | Fum Fumnx
Kir
I_IB};III. Lk

2 - pacMm. SlccH YI40B 4YIFaMJIM TOKHH KYyYWIAHUIITA 3J1eKTPOMATHUT
V3rapTru4jiap MarHuT y3rapTupuil TU3BMMHUHHUHT rpad Moaeaun
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Slccn yM4OB 4ynFamiId TOKHM KYWIAHMINTA 3JEKTPOMArHWAT Y3rapTrudiiap
TapKaJraH mapaMeTpid Ba Mypakkad TY3WIMIIUIA MarHUT Y3rapTHPUII TU3UMUHUHT
yMyMJIaIIraH Tpad MOAETH MAarHUT TU3UM TYTYHJIApUAArd MAarHUT IOPUTYBUYH Ky
Ba MarHuT OKUMJIApHU XHCOOIalml MMKOHMHHM Oepaau Ba OyHJa MarHuT TH3UM
TOKHM KyWIaHUIITa Y3rapTUPTUYHUHT OeNTMjaHraH aHUKIUK TacHU(pUra OOFINK
xoana |, j, kK 0ymaxnmu yiauamiapra OyiavHraH, sbHE Oyiaak ymdamapu | - 1 maH n
rada, |- 1 man mrauva Ba K - 1 nau 1 rava y3rapaau ne6 KaOyJ1 KHMJIMHTaH.

Secem yn4oB  WynmFamuM TOKHM  KywlaHUIOra  JJIEKTPOMArHUT
Y3rapTruujiapHUHT Tpad) MOJENIH TYTyHJIApH YYyH TYTyHJIAp MarHuT IOPUTYBUYHU
KyWIapUHM aHMUKJIAIl YYyH OXHUPTH 3JIEMEHTNIap Ba (apKiap yCyjiu alropuTMu
acocujia TeHIJIaManap Ty3WIraH:

ACCU YITYOB UyJIFaMJIM TOKHH Ky4WJIaHHINTa 3JIEKTPOMAarHUT y3rapTrudiiap rpad
monemuHuHT | =1, ] = 1 Ba K = 1 TyryHH yd9yH MarHuT IOpUTYBYM Ky9HU XUCOOJIAII
yUYyH TEHIJIaMa Kyiujaruia Ty3uiaau:

i j+lk . Fi+1,j,k N F,ui,j,k+1
i mo 1

i j+1k i+1,],k ijk+1

Rk 1 1 1 !
+ +
big 0. Jeg®

i, j+1,k i+1,j,k i, j,k+1

IF I’)BX i, j.k

I=m,j=1Bak=1 Tyrynnap yuyH:
F F

i-1,j,k i, j.k+1 F i,j+1,k
+ +

1710, 71, 7

i-1,j.k i, j.k+1 ij+lk

hik 1 1 1 !
+ +

Hoi—l,j,k Hli.j,k+1 Hi.j+1,k

I =1,j=1Bak=Iryrynnap yuayn:
F F F

i-1,j.k ijk-1 i j+1.k
+ +

Hoifl,j.k Hli,j,k—l Hi,j+1,k .
RE 1 1 1 ’
+ +
0. 1. 1

i-1,j.k i jk+1 i, j+1,k

K

IF Ian ij.k

K

IF I')BX ij.k

SICCH YJIYOB YYJIFAMIIM TOKHHM Ky4YJaHHIIra 3JICKTPOMArHuT y3rapTrudaiap rpad
MOJZEIMHMHT | =2 ganMraya-1, =2 maanNraua-1 Ba K= 2 gan | raua - 1
TYTYHJIQpPH YY9yH MarHuT IOPUTYBYH Ky4iap Kyiuaard udo/iaaaH aHuKJIaHTaH:

F ij-1k F ik F ijk-1 F ikl F i-1,j.k F i+1,) .k
. h + + + + +
E B Hi,j—l,k Hi,j+1,k Hli,j.k—l Hli.j,k+1 Hoi—l‘j,k H0i+1,j.k .
ik 1 1 1 1 1 1 '
+ + + + +
Hi‘j—l,k Hi‘j+1,k Hli‘j,k—l Hli,j‘kﬂ Hoi—l,j‘k H0i+1‘j,k
Oy epra: 1, - SHEProTH3UM Y4 (a3ajiu dJIEKTP TAPMOKJIApU y3Ka3ruuiapiaru

TOKJIAp, SbHMA $ICCHM YJI4YOB 4YYyJFaMJIM TOKHM KYyWIAHUIITA J3JEKTPOMATHUT
Y3rapTruwiap y3rapTUpUIL TYT'yHUIa TabCUP KWIYBUYM KHMMaTIap; K ,. -dJEKTp Ba

MarHuT 3aHXUpJiap KaTTaJIUK Ba MapaMeTpiapuHu OoriaHuil kKodpduuuentu; 11 —
MarHuT Y3rapTUPUIL TU3UMUHUHT TapKaJiraH napaMmeTpiiapu.
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DHEProTU3UM HJIEKTP TAPMOKJAPHUAArd OUpJaM4yd TOKJIAPHU SICCH YIYOB
YyJIFAMJIM  DJICKTPOMArHUT Y3rapTrUwiap acoCHUa HUKKWIaM4d Ky4dJaHUIITra
Y3rapTUPUIMIIMHUHT JUHAMUK rpad Momenu 3 - pacmaa KenTupuwirad. [uHamuk
rpad Mojen acocuaa Y3rapTTUWIAPHUHT YHUKHUI KYWIAHUITUHUHT Y3rapuIIuHu
TaIKUK OSTUII WMKOHWHHU O€pyBYM IWHAMHK TacCHHU(GHUHI MaTeMaTuk udogacu
KYWUUJIary KYpUHUILIA aHUKJIAHA]IN

U UK (P) = Kd)ﬂU:T(p)yKIQFyT(p)leK U Duux (p)

Oy epna. |

pT Duuk H Duur
T(p)3uu1< = 1+ T > > ’
p

Duux Duux Duuxma Duuxma

T(p) PLA,
p), = ;
S pT J01,T, I

T(p)T1(p) T(P)uTI(P)u T(p)1I(p)
() _TI(p) TELID): | Kewws [T 1
up) QM I (P Fup) Dulp) @u(p) Up) Q@ 1@

3 - pacMm. SlccH Ya40B UYJIFAMJIM TOKHM Ky4JIAHUIITA 3J1eKTPOMATHUT
y3rapTru4/ap AMHaMuK rpadg mojaesnu

I'pa) Mogen acocua TOKHU Ky4JIAHUIITA Y3rapTTUYHUHT KUPUIMUAATH |y, -
OupjaM4yd TOKHUHT Vy3rapuiliiaa TapKaJraH MarHuT Y3rapTHPUIl  TH3UMHU
TYryHJIapujaard F - MarHUT FOPUTYBYM KyWIAPHUHT KHUMATIAPUHU Y3TapHIld
acocuja sicCU YI4OB UyITaMHMHI UYUKUIIUAArd KydiaaHul - U, XOCHI KHJIUII
udoacu aHUKJIAHTaH.

Maraut oxkumiap OVyitmama - @, kynrgamnanr - @0 Ba Beprukan - @I —
KypuUHUIIUIapra OynuHamu. Slccm  Ym4oB  yynFamiad  TOKHM — KYWIAHHINTA
ANEKTPOMATHUT Y3rapTrUdJIapHUHT MAarHUT Y3rapTupuil tTuzumu Oynaxiapu R, RO,
R1 - maruuT mapaMeTpiiapy Ba MarHUT KaTTaJMKIIAp — MAarHUT IOPUTYBYH Ky4 - F Ba
MarHuT OKUMIIap- @ TaKCUMJIAHUIIM TYTYH TEHIJIaMallapy aCOCHJ1a aHWKJIaHTaH.

Yuunuu  000ga  DHEProTU3UM  PEaKTUB  KyBBaT  MaHOaJapUHUHT
KOMOWHAaIMsATIAHTaH OOIIKapyB dJJEMEHTIApUAaH OYJraH sICCH YIIYOB YyJIFaMIIH
TOKHA KYWIAHHINTA JJICKTPOMArHUT Y3rapTrUwIapHU TaAKUKOTH HaTWKajdapu
kentupwirad. MATLAB nactypnap MakMyacMHUHT TaHJIaHTaH OJIOKJIApU acocuja
peakTHB KyBBaT MaHOAJapWHWHT OOIIKApYB TH3UMH SCCH YIIYOB UYyJIFaMHU
YUKUAIIAAATH KYWIAHHWIIIHA, OWpJjaM4d TOKJIap Ba MAarHUT Y3rapTHPUII TH3UMHU
OKUMHUHHM XHCOOJam ydyH TagKUKOT MOJENTM Ty3WwiaraH Ba y 4 - pacMmaa
KenTupwirad. PeakTuB KyBBaT MaHOaTapUHHUHT OOIIKAPYBU TaIKUKOT MOJCIN
VTkuHYM sxkapaéuiapau cudar TacHUGIAPUHU XHCOOTa OJIraH Y3rapTrU4YIapHUHT
KAaTTAJIMKJIAPUHU Peall BaKT YI9aMuIa TaIKUK YTHIII UIMKOHHHH Oepai.
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4 - pacm. MATLAB gactypJsap MaxxMyacH acoCUAa Ty3HJITaH
SICCH YIYOB YYJIFAMJIM TOKHH KYYWIAHHMIITA 3JIEKTPOMATrHUT
Y3rapTrU4JIapHUHT TAAKHKOT MOJEJIH

TOxnana

MATLAB pactypiap Maxkmyacd acocuja JHEProTHM3UM pEaKkTUB KyBBaT
MaHOanapu KOMOWHAIMSUIAHTAaH OOIIKApYyB THU3UMHUHHUHL SICCH YIIHOB YyJIFaMIId
TOKHM Ky4YJIaHUIIra OJJICKTPOMATHUT Y3rapTTUWIAPUHUHT KHPHUII Ba YUKHII
KATTAJIMKJIAPUHU TAAKUKOTIAp HATWXKAJapu S - pacMia KeITUPUIITaH.

PeaktuB  kyBBaT = MaHOamapUHUHT  KOMOHWHAIMsJIAHTaH  OOIIKAPYBH
MOJCIIMHUHT TAJKUKH HaTIKAJTIapuAaH XyJioca KIWJIAII MYMKHHKH, SpaTHIITaH
MaTeMaTUK MOJIE] peal BAKT YI4aMHaa dHEPTrOTH3UM TajabiapuHu OakapaJauraH
SCCH YITYOB UyJIFaMJId TOKHH KydYJIaHHUINTa 3JICKTPOMArHUT Y3TapTrHYJIapHUHT
KUCMJIAPUHU, Y3TapTUPHIN KATTAIWKIApH Ba KUWMATIAQpWHM TaaKWK OSTHII Ba
aHUKJIalll UMKOHUHU Oepaiu.

R

T
(I i

a) MebEpuid, 0) HOCUMMETPHK, B) KUCKA TyTalllyB peKUMIIapHIa
5 - pacM. DHEpProTU3UM SICCH VI4O0B YyJIFaMJIM TOKHU Ky4JIaHHUIITa
3JIEKTPOMATHHUT Y3rapTrudIapuHuHT Kupul (1 — Gupaamuu 1ok - |, ),
opaiuK (2 — m.10.k. F, Ba 3- maruut okum - ®,) Ba yukul (4 — HKKHJIaMYU
KywiaHuil U, 4,,) KATTAJHKIAPUHHA Y3rapuuiapu

MATLAB nactypnap Maxkmyacu acocuaa MOJAEIIAIITUPUII Ba TaAKUKOTIAp
HaTIKallapu  KYpCaTAMKH, SICCH  YJIYOB  UyJFaMjM TOKHU  KyWIAHHUIIra
AIIEKTPOMATrHUT Y3rapTTUWIAPHUHT XYCYCHSTH acOCHAAa TabMUHJIAHYBYM YUKWII
KYWIQHUIIMHUHT Y3rapuiuiapy 3JIEKTP TapMOK YTKa3TUwiIapura 3JIeKTp IoKjiaMasap
ynanrannan cyHr 0,044 cex moOaiiHuna TypryHiamaad. Ymly KuidMaT MarHut
Y3rapTUPHII TABUMUHUHT WHEPIMOHINTHHY JKy/a KHUWK SKaHJIUTUHU UCOOTIa Iu.
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Typrurum 600 siccu YI4OB YyIFamiid TOKHU KyWIAHHIITa 3JIEKTPOMATHUT
Y3rapTrU4IapHUHT aCOCUM TacHU(IapUHU TaJAKUK KUIUIIra OaruIlIaHTaH.

bup ¢azamu (A ¢dasara ypHaTHIraH) sccu YI40B UyJIFaMIM TOKHU KyWIAHUIITA

AJIEKTPOMArHUT Y3rapTrTUWIApDHUHT CTAaTUK TacHUGU spaTtuiarad rpad Mopaen

acocuja Kyriuaarnya udoanaHaiu:
Rt Rt

U = 4,44 W e "t e -

uuKa nuo maxkc A xono A

bup ¢azamm siccu YIMOB UyiaFaMIId TOKHH KYWIAHHINTA AJIEKTPOMArHHUT
Y3rapTUPrUWIaApHUHT CTATUK TaCHU(JIApUHY TaJKUK HaTxkamnapu 6 - 9 - pacmnapna
KEJITHPHUIITAH.

Yu ¢azamu snextp TapmokigapHuHr (B Ba C (dazamapum) Tokmapra Moc
VUKKHJIAMYY KYWIAHUIDIAPUHUHT Y3rapuluiapu CTaTuk TacHu(piaapu rpad momen
acocujia aHaJIOTUK acoCia XOCUIT KIJIMHAIH

2UUKE Makc B

Rt Ryt
L

= 4,44 W @ e "

makc C ko C

H+
(9}

JYUKC

Marematuk Ba (UMK MoOJAEIJIAp acocuja oJaud OopwiraH TaIKUKOTIIAP
HATWXKAJIapU KYpPCATIUKH, XaBO OPANUK - O KaTTalallraHaa sICCU YIYOB YyJiFam
YUKHUII Ky4IaHUIIUHUHT - U, KUiMaTh KeCKMH Kamasau, Oy xonaTr / — pacmua
ndopananrad. Yukum KywiaHUmuHAHT MebEpuii Kuiimatu (U, = 20 B) 0 - xaBo
opanmukauHr 0,002 — 0,003 m. Ba siccu ym4oB uynram ypamiap coOHUHUHT Wy 3 — 4
ra TeHI MUKJIOpJIapuja TabMHUHJIAHIU. SlccH YIIYOB 4yiFaM YWKMII KyWIaHWIIN
COHMHHM OPTHUIIM YUKHUII KYyYJIaHUIIM KAWUMATUHUHT OUp TEKucaa, sibHU 8 - pacm
KEJITUPWITAaH XOJIIa Y3rapulllMHU TabMUHJIAWIN, $ICCHM YIUOB 4YyJIFaM KECUM
FO3aCMHHU Y3rapuly 3Ca YUKW KyWIAHUIIA KUWMATAHUHT YU3UKJIWA Y3TapUIIUHU
TabMUHIANAM, Oy X0sat 9 — pacmaa KeATUpuiaTad rpaduk OuIaH acocilaHTaH.

U s Vs s
’ \
16 2 16
3
? . \\
12 [~ 12 \ 1
aMATIT! HaTITkATAD ] | sunco6mit manitkanap
’ " s e
XHCOOMI HATILKATap ™~  aMam HaTIGRATap
\ —
4 N —— s
[ _ =
- A : ] L

0 1 8 12 16 20 24 Lz A SHx 107 M.

(1-20mm., 2 -22 MM., 3—24 MMm., 4 — 26 Mm.)
6- pacMm. 0 XaBO OPAJTUKHUHT 7 - pacm. U,,,,,, YMKHII Ky4JIAHHUIIAHUHT
KHMMATJIapuAa CTaTUK TacHuap OHMHI KuiMaTJapura 0OFJINKJIUTH
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Hazapuii Ba amamuii TagKUKOTIAD Q, o = 50 xBdp MUKJOpJAaru HOMHHAI
peaktuB KyBBaTiv, |,,,=1,,,=1,.=7 A - MHKIOpZAaru pEakKTUB TOKHU
TabMHUHJIOBYH, VHIYKTUBIIUTU L,=L,=L, =10 e CUFUMU
C,=C,=C.=10"o, kyunanumu Y ,,, =V, ., =U . =30 B ryra Kapmmwmru
Z,,=2,,=2,,=028 Ou OynraH peakTUB KyBBaT MaHOAcCH - KOCHHYCJIH

KOHJIEHCATOp KYPUJIMACHHUHT OOIIKAPYBUIA KYUITAHWITYBYH SICCH YIIUOB UYyJIFaMIIH
TOKHM KyudJaHumra Oup §a3anu dIEKTPOMArHUT Y3rapTrUYJIapHUHT MAarHuT
TU3UMHIA KEUYBYM YTKUHYU Kapa€HHU Oaxojall MMKOHMHM Oepau. byHaa MarHut
Yy3rapTUpUII TU3UMUJIATH MaKCUMaJl MAarHUT OKUM KyHuJaruya aHuKJIaHTaH:

Uuaxc 380
make A =®MEKC B =®Mach = A = =1’21 B6 .
Wo 1275

Ui B ‘ ‘ e B |
bl I : \X/—___’_ r 16 //
o p! “xmncosint HaTIhRaTap - ,/;f
*1eos Hatii SR ]
8 B ’/’II\,\
L 0// vvv 1 HATHKATa P
8 - pacm. U, YMKHII 9 - pacm. U, YMKHII
KywianumuHuer W gyy ypamuiap KYYJIAHMIIUHUHT S gyy KeCUM I03aHU
COHMHHM KHMMAaTJ/Iapura 00rJIMKJIUTU KHAMATIApUra OOrJIMKJINTH

Slcen Yyn4oB 4dynFaMiiM TOKHU KYWYIAHMIITA 3JIEKTPOMArHUT Y3rapTradiiapaa
TOKHU Yy3rapuiiura OOFJauK OyIraH MarHuT Y3rapTHUPHII TH3UMJIATH OKUMIJIAPHUHT
y3rapumuHu  KypcaryBun jauHamMuk TacHudu (1-3) dopmynamap acocuua
AHUKJIaHAW, MarHUT Y3rapTUPUILI TU3UMJArd y4d (azainu 3JeKTp TapMOKJIAPUHUHT
TOKJIApU XOCUJI KWJITaH MarHuT OKUMJIApPHUHT y3rapuil rpaduxnapu 10 — pacMmaa
KEJITUPUJIITAH.

I'pad momen acocupa oOJIMHraH TAJAKUKOT HaTWXKalapu rpapuKIapu 3JEKTp
TapMOKJard y4 (azanu TOKJIap XOCWUJI KWJITaH MarHUT OKUMJIAPHUHT aMILIATYJa
KUUMaTUHU OupJaHura oOmu0d KETUIIM MArHUT OKUMJIQPHUHT JHT KaTTa
y3rapunuiapura MOC KEJNHIIIUTH TYFPUCHIATH Ha3apuil XyJIOCaCMHU HCOOTIIAJIH.
Scen ynMUOB yynFamiM TOKHHA KYWIAHHUINTA 3JIEKTPOMArHUT Y3rapTUPrU4iIapHU
AJIEKTP IOKJIaMara yjaaHum nantuaa oypyaknap v = v = win = 0 Ba @104, Dronoss
D,p10c — KONOUK MAarHuT okumiap 3ca @4, @gBa D¢ - aCOCUM MAarHuT OKUMIIapra
Kapama - Kapiu Oyiaau.

VY4 (¢azanu TOK XOCWJI KWITaH MarHuUT OKUMJAp VY3rapuiuiapu Kyluaaru
udoaanap acocuaa aHUKJIAH]IN:
TN cos( wt) |+ @ e (It (1)

A makc A [ KonouxA

D =

20



—(R,t/L,

— cos( ot +120 0)]id> e (Rnt/tu) (2)

B CD makc B [ KonOuKB

7(Rlllt/LIII

—cos(wt—120 )]t @ e Rutitu) (3)

P =P [
TaakukoTiIap acocuja Hazapuil Ba aMaiuil UCOOTIAHAMKH, SHEPTOTU3UM]IA
AIIEKTP IOKJIaMaliap yJIaHTaHAAard YTKUHYM KapaéH MmaiTHaa MarHUT OKUMIIQPHUHT
KUIMAaTIapUHU CaKpaIICUMOH OIIWIIN SICCH YITYOB UYJFaMJIM TOKHHM KyWIAHHUIITa
AIEKTPOMATHUT Y3rapTrUWIApHUHT UKKWJIAMYU TOKJIApPUHU KUMMATUHU XaM KaTTa
MUKJIOpJa OPTHO KETUIINTa OO KeNaiu.

TaakuKoTHap TaxJIMIM HATHXKACHA HSHEPrOTH3UM JJIEKTp TapMOKJIapuaa
VpHaTWiIraH sICCM YIYOB YyJdFaMiId TOKHH Ky4WIaHHINTa 3JICKTPOMArHuT
Y3rapTrUdjapHAHT TapKaJlraH MarHuT Y3rapTUPUIN TU3UMUJATU TYPFYyH XOJaT
OupnaMuu TokJIap YTkazruwiapura rokiaama ynanranugad 0,03 — 0,044 cex. Bakr
yTrad TapMUHJAHUIIM aHMKJIAHTaH. YmOy Xyloca MarHuT — Y3rapTUPHIL
TU3WMUHUHT UHEPLUSCH Ky/1a KWUYUK SKAaHIUTUHU UCOOTIAIN.

A @, a
. 86 }———F —— 7 t*ee= » Dun
Dy cyml
Pual
2 B D D L ) R, Ty Bl
Pu cl
Du 1
D, 2
1 e = . s Py 3
-g_ " e 4;9 4.)- - ..
<. - - .
0,5 |- - R T B e e - S
e ‘e 4'- -:q. o
o - e —— = s N/ - - -—
- s - 4 0.p2 BN - t, cer
i Y = SA F] N s ANE T X =
% A - 5 e & < £,
< Sl "% <
-1 E -,-‘ “eea=" ay | v

10 - pacM. DHeproTusum yu ¢aszanu 3JIeKTP TAPMOFUIA TOKJIAP OKMMH X0CHJI
KWITaH SICCH YJIYOB YYJIFAMJIM TOKHH KYWIAHHIITA 3JIEKTPOMATHUT
y3rapTHpPUII MATHUT TU3UMHMIATH OKUMJIAPHUHT KHiiMaT/Iapu

Scen yr4oB 4ynFamiIM TOKHU KYYJIQHHUILNTA 3JIEKTPOMATHUT Y3rapTrU4IApHUHT
U, YMKHUII KYWIAHUIIMHUHT KuiimMatura 7, - aTpod MyXHUT TeMIepaTypacHUHUHT
TabCUPUHU Tpad MOJEN acocHaard TaakuKoTiaap HaTwxkamapu 11 Ba 12 - pacmaa
KEJITUPUJITaH.

16

12

KL F, °

11- pacm. XaTo1uKk MaHOAIAPUHH 12 - pacm. U, YMKHII Ky4JIAHHIIUTA
TAAKUKOTH rpad momenu | ,uux B2 T, JIADHUHI TAbCUPH
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Sccm yiIyoB  dYynFaMiIM  TOKHM — KYWIAHMINTAa  AJIEKTPOMATHUT
Y3rapTUPrUWIAPHUHT MIIOHYIM WIUIAIl MUKAOP KYpPCAaTKHUM XMCOOW KyHluaarmua
amaJra OIMpUIaIn;

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

Oy epna: P, — HaBKyJIOTAa X0NaTAaru UIIOHWIHIINK,
P4y — TapaMETPUK UIIOHWINIIMK.

XucoOMaHraH WIMOHWIMIMKHAHT MHUKJIOP KYpPCATKUYHM SHEPTOTU3UM PEaKTHB
KyBBaT MaHOajapu OOIIKApyB THU3MMHUHHUHT JJICKTPOMATHUT Y3rapTUPTUUIAPUHU
UITOHWIMJIMTUTa OYran Tajnabiapura »,aBo0 Oepaau.

Sccm YmyoB  UymFamiid TOKHM — KYWIAHHINTA  DJIEKTPOMArHUT
Y3rapTUPTUWIAPHUHT WUFHHIN YpTakBaapaT XaTOJMTH KyWumard udoja acocuia
aHWKJTaHATH:

5, = \/o,oz ?4+0,00%+0,002+0,06° =0,055 |,

Oy epaa O, Oy s Owor Ouer - KY3FATHUII UYJIFAMH, MarHUAT Y3TapTHPHUII TH3UM,
siCCU YJIYOB YyJiFaM Ba YITYOB CXEMACHUHUHT YpTa KBAJAPATUK XATOIUKIAPHU: O,; =
0,02; o,= 0,01; 6,.,,= 0,01; 5, = 0,05. Sccu ynuoB UynFamMIIM TOKHU Ky4JaHUIITA
ANEKTPOMArHUT Y3TapTHUPrUWIAp YYyH OJHTPOINHMS OFUII KUWMATH KyHWJaru
dbopmyna acocuna anuKIaHaan: 4 = K,0s,, Oy epaa: Os- XaTOJIUK OFUII KHAMAaTIapH
WUFUHINUCH, K, — SHTPOINUA KOdDPUIIMEHTH (Typiu TaKCUMIIAHUII KOHYHJIApHUaa K,
TYpJId KuHMaTiapra sra Oyiaau: HOpMaa TaKCHUMJIAHHUII KOHYHH yuyH K, = 2,07).
Xucobmapra kypa, sICCH YIYOB YyJAFamJId TOKHM KyWIAHHUINTA JJIEKTPOMAarHUT
y3rapTuprudajaapHuHr dHTponus xatomuru: A4 = 0,11, Amanwmii TagkukoTiaapaa 4 =
0,21 ra TEHIJIMTA aHUKJIAH/IH.

bemma4u 00012 siccy YIIYOB YyJIFaMIIM TOKHU KYWIAHHUIITA JJIEKTPOMArHUT
y3rapTruwiapHyd JIOMUXajanl alropuTMiapd, KypuiaManap SpaTUIl Ba yJapHU
napaMmeTpiIapruH pallioHaI XUCOOJIaI TaIKUKOTIApY HATHKAIAPU KEITUPHUIITaH.

Sccun YI40B yyJIFaMIId TOKHU Ky4IaHUIITa AIEKTPOMArHUT
Y3rapTUprUwiapHd  pallMoOHaAN  JIoMMXalalml MKKM OOCKMYJaH: KypuriMaliap
TY3WIHIIIMHY TaHJIAII Ba Y3rapTUPHII ITapaMeTpiIapuHu XUcoOaliadn noopar.

Slcen Y14oB UynFaMiid TOKHU KyWIAHUIITa JIEKTPOMArHuT y3rapTrudiapHUHT
TY3WIUIIMHA TaHJall Y4yH acoCUi KypuiIMaJdapHUHT MOpPGOJOTHK 3-)KajaBajiv
Unuiad YMKWITaH, y acocia KypuiaMmanap TaHiuam 13-pacMia KeaTUpUIITaH
anroput™ Oyiimya amaiira omdpuiIaad. Slccu Ya4oB yyliFaMid TOKHU KyWIaHUIITa
AJIEKTPOMArHuT Y3rapTUPTUWIAPHUHT [MapaMeTpilapuHd  pallMOHall  XUCOOJIalll
anroputMu 14- pacMia KENTUPUIITAH.

Sccu YI4oB UynFaMIIM TOKHU KY4YJIAHUINTA 3JIEKTPOMArHUT Y3rapTruaIapHUHT
Kypuimagapuau Mopdoioruk 3 - JKaJBalM acocuja TOKHU Ky4JaHUIITa
y3rapTruwiap SJIEMEHTIAPUHU “‘Ce3rHpiuK’ ME30HH OYyinda parioHall TaHJIaIl
aNropuTMIIap acocuia Kyiuaarnda amanra ommpuiau: 1.2, - 11.3. - 111.4.
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OaruHuynm 600  DHEPrOTM3UM  pEaKTUB  KyBBAaT  MaHOaJapuHU
KOMOMHALUAJIAHTaH OOILIKApYB THU3UMH YUYyH SICCHM YI4OB 4YyJFaMid TOKHHU
Ky4JaHUIIra  JIEKTPOMAarHuT  y3rapTruuiap  Herusuga  OOIIKapyBHUHD
KypWIMAJIAPUHU Ba TAMOMWILIAPUHM SIPATHIL ACOCJIAPU KEITUPHUIITaH.

DHEpProTU3uM peakTUB KyBBAaTH KOMOMHAlMsUIAaHTaH OOLIKapyBH Y4YyH
ApaTWITaH $ACCH  yJIYOB 4YyJ¥aMJIM TOKHM Ky4WIaHHUINra 3JIEKTPOMArHUT
y3raprupruwiap Tyswivnuiapu 15 Ba 16 pacmiapna xentupuirad. OHEProTU3UM
pEeaKTUB KyBBaT MaHOAJIapMHU KOMOWHAIMSUTAHTaH OOMIKApYyBU KyWIAHUIII, PEAKTUB
KYBBAaTHUHT MYHAIMIIHM, SJCKTP IOKJIaMa TOKM Ba Ky4JaHHII opacuiard Oypuak ¢
Oyiiuya sccU YI4OB YyJFAMHUHI 4dKUI Kywianumu U, acocuga OOIIKapyB
TU3UMHUHUA CUTHAJ OWIaH TabMUHJIOBYM TOKHM KYyWJIaHHUINTa 3JIEKTPOMATHUT
y3rapTupruwiap Ba yjapjJa CUTHAJI OJIyBYM XaMJa TEeTHIUIM Tanaljap acocuia
TAQHJIAHTaH CTaHAApT MHUKpoIpoleccopau Ol0K acocuaa €praMpyja amanira
OLUMPUJITAHJIA BJIEKTP SHEPTUSHUHI TEXHOJIOTUK cappuHu 15% ra kamailMimHu
TabMHUHJIAHUIIM TAJAKUKOTJIAp HATWKAJIAPHU aMajauérra >KOpUM OSTHUII acoCHIa
UCOOTIAaHIH.

2/10
\_ﬂ

1,2 Ba 3 — siccu y4oB yynFam, 1,2,3 Ba4 - accu yI4oB yysiraM
4, 5 Ba 6 — M30JIAIIMOH JIACTUHKAIAp, 5 - M30JIAIIMOH TJIaCTHHKA,
7,8 Ba 9 - xymumya y3axiap, 6,7,8u9 - 1ypT y3akmnap,
10Ball,12Ba 13, 14 Ba 10 - ymymwii ¥3ak acocw,
15 —xydT napanen crepKeHnap, 11 — MarHuT y3ak,
16— MarHuT YTKa3rud acocu, 12 (dbaza A), 13 (da3a B) Ba
17, 18 Ba 19- Gupnamuu gdynramiap 14 (daza C)-O6upramun
qyJFamiap
15 - pacm. Y4 HypJ/iu Ba y3aKiu 16 - pacm. TYpT cTep:keHn Ba
SICCH YI4O0B 4yJIFAMJIM TOKHH Y3aKJIM SCCH YIYO0B YYyJIFaMJIH TOKHH
KYYWIAHWIITA 3JIeKTPOMATHUT KYYWIAHUIITA 3JIeKTPOMATHUT
y3raprprudjapJ/jap MarHut y3raprpru4japJjiap MarHut
y3rapTupuil TU3UMJIAPH y3rapTupuil TU3UMJIAPU

(V3P narentu Ne04185) (V3P natentu Ne04475)
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3 KaaBall
Slceu YIT4oB UysIFaMIIA TOKHU KY4IaHMIITA JIEKTPOMArHUT Y3rapTrudiap
acoCHil KUCMJIAPUHUHT MOP(OJIOTHK KaIBaIu

[.Ky3rarum uynram — OupiraM4u TOK YTKa3ruajiap
|.1. bup Tonanu 1.2. Ky Tonanu |.3. Tyrpubypuak — mmuHa
YTKa3ru4
5 1 1 1 4 1
1 2 3 2 2 2
5 3 3 3 3 3
1 2 OOO 3 2 2 2
O L5 O R —————— A
5 6 O O 3 6 4 6
1 7 OO 3 7 2 7
5 8 3 8 4 8
5 9 4 9 2 9
1 10 3 10 2 10
1.4. TYpTOypuax I.5. Ky katnammu Cudar xypcarkudiapu
2 1 3 1 Cesrupiik 1
5 2 4 2 Hapx 2
4 3 1 3 VIOHWIINK 3
O O O O 5 4 4 4 Oruum 4
O O O O 5 5 4 5 Houmsukuk 5
4 6 2 6 Kupuur guanason 6
O O O O 4 7 5 7 [Tynar ncpodu 7
2 8 1 8 Tesnux 8
3 9 1 9 JKOJIOTHK 9
4 10 5 10 Orupiuk 10
Il. MarauT yTka3rud — y3rapTUPUIL TUZUMU
11.1.FOnay3cumon I1.2. CrepxkeHcUMOH I1.3. Aittanacumon
3 1 5 1 1 1
1 2 2 2 5 2
4 3 5 3 1 3
1 1 2 7 2 2
1 5 2 5 3 5
1 6 2 6 3 6
5 7 4 7 4 7
1 8 2 8 3 8
1 9 2 9 5 9
1 10 2 10 3 10
11.4.Yubypuak I1.5. Tyrpubypuax Cudar kypcarkuuiapu
2 1 4 1 Cesrupmuk 1
3 2 4 2 Hapx 2
3 3 2 3 VILIOHYITHITIK 3
4 4 '!-._,_J 5 4 Oruiu 4
4 5 5 5 Hounsuknuk 5
5 6 4 6 KHPHII Mana30H 6
5 7 3 7 ITynar ucpodu 7
4 8 5 8 Tesmuk 8
3 9 4 9 DKOJIOTUK 9
4 10 5 10 Orupink 10
I11. Sccu ynuoB wynramiiap
I11.1. Tyrpubypuak [11.2. YuOypuax I11.3. Aiimanacumon
7 1 Ti— 5 1 3 1
3 2 o 1 2 2 2
4 3 5 3 [ 3 3
4 1 r 5 4 3 4
3 5 5 5 U3B]’:.IX 4 5
1 6 : © 3 6 © 2 6
3 7 1 7 o 2 7
4 8 B 5 B 3 B
4 9 5 9 3 9
3 10 5 10 4 10
11.4. Tud. T¥rpubypuak. | 1.5, qud. yubypuak Cudar xypcarkuaiiapu
! I_I I 1 1 ooz 2 1 Ce3rupiuk 1
. ) 5 2 4 2 Hapx : 2
1 3 2 3 WioHwInImMK 3
EI 1 4 2 4 Oruumn 4
1 5 2 5 Houusuknux 5
4 6 5 6 KUPULI JHana3oH 6
5 7 4 7 IIynar ucpopu 7
1 8 2 8 Te3muk 8
1 9 2 9 DKOJIOTHK 9
1 10 2 10 Orupnuk 10




Bomnmanum
3
¥ Hazopar Ba
3rap2r1/mra < OomIKapyB TU3UM
Tanabap Tanabu MakmMyacu
A 4
Y3raptruga ¢ Vsraprray Ty3udnm
TYSWIHIIMHY Tawiam [  KypHIMaJapuHUHT
MOpP(OIIOTHK
MaTpHLACH
Tamab HyK "
VY3raprruu
Oaxkapmi
TY3WINAIINHA
JMH
TaHJIaII

YMymuil ycyiapHu

=¢

®apk
TabMMHJIaH-
IUMHA?

VY3apTruyHUHT
SIHTH
TY3WINIIN
A 4
s N
Sxyn
\ J

Y P N
VY3raptruu KyUTam
TY3WIUIIN
KOMITOHOBKACH
.. Nnmuit
Meép acocuaa <
TaJAKUKOT
COJMIITHPHII >
houau

YK

13-pacm. Ty3nauumnu
PalHOHAIALI AJTTOPUTMH
0J10K-YM3MacH

Bonnranum

v

MabaymoTtiiap
KUNDUTUTIT

v

MarHUT OKUMIIAPUHA
xucobmam O(IT)

MarsuT I0OpUTYBYH KydIap Ba

Ontuman

Karramuk Ba
rnapameTpJlapHu
AnManITUDUTIT

OKHUM

Slcen ynuoB uynram
xucoou

v

Panmonamiuk
ME30HHU Ba MaKcaj
GyHKUHACHHA

XHCOOIaII N

v

Bonulanruy HyKTaHu
TaHJIaII

!

D- xunupys
> 001acTUHA

AHUKJIaII

ITapameTpuk
paLoHaJIIaLT
YCYJIMHHI TaHJIAII

VK

Xa

Varaprruu-
HUHTI
paroHan
napamerpiapu

SAxyn

14-pacm. Panmonan
napaMeTpJapuHU aHUKJIAII
AJIropuTMHM 0JI0K-9YU3MACH



ANEKTPOMATHUT  y3rapTruuiap

PeaktuB KyBBaT MaHOanmapuHU SICCH YIYOB UYJIFaMJIM TOKHU KyWIaHHUIITA

TY3WIHII TaMOMUIN 17 - pacMa KeATUpUIITaH.

A
THPHCTOPJIH
pocT.Iara4

—_———— ——

Xaso

OpaAJIHK §

AvY4d

PeaKkTHB
KYBBAT
MAaHOACH

W

acocuja KOM6I/IHaHI/I$IJIaHFaH 6OHIKap}7BI/IHI/IHF

CHIHaAJIHH
KAaOY. T KHTHIO

kafiTa HOLTAIT
BA OOMKAPHIT
KYPHJIMACH

[Cursax pyuadiTaprayg 2]

MuUKpOOpOUecCcop.IH
JomKapHII 0JI0KH

~

>y

'F; [Cursax kyuaiitapruy 1)

i
1
|
|
|
|
|
1
1
1

- AVY 3aHAKHPH Y3aTHII (PYHKIHSICH.

- ¥C1 - MbDb 3aHAKHPH Y3aTHIO (PyYHKIHACH,
- ¥C2 - MDbDb 3aHAKHPH Y3aTHII QYHKIHACH.
- IPY:RHHAHHHI TOPTHII KYIH

Foa- EO]I[KR])H]]I TyJIradMHa TOKH XOCHJ KHJAIIaH Ky
- SICCH MIY0B TIVJIT aM

17 - pacm. PeakTuB KyBBaT MaHOAJAPUHH SICCH YIYO0B YYJIFaMJIH TOKHH
KYWIAHHIITA 3JIEKTPOMATHUT Y3rapTruwiap acocuaa KOMOMHAIMAJIAHT AH
O0OIIKAPYBUHUHT TY3WJIMII TAMOWMIHN YU3MACH

DHEpProTu3uM peakTUB KyBBaTH OOIIKAPYBUHHHI TOKHU KYWIaHUIITa SICCU
YII4YOB YYJFAMIIM JJICKTPOMATHUT Y3TapTUPTUWIAPHUHT KUCMIIAPUHU YJIAlll TEXHUK
MabJIyMOTJIapy 4- jkajBajjia KeITHPUIITaH.

4 — xxanBai

TOKHM KyWJIaHMIITa CCU YITYOB YyJIFaMJIU AJIEKTPOMArHuT y3rapTrU4IApHUHT
KMCMJIAPUHU YJIAlll TEXHUK MabJIyMOTJIApH

Ku- bupnamuu Tox | Yukum | Y3rapui Kapum | Curum Aavy Y3rapuut 3JeMEHTIIap
puI Kywianu | Ko3¢p¢unu | JuK L, YUKUAIINHA TaBCHS KWINHTaH
TYT'YH |H IMaK UH.II/I GHTI/IK ( RE!) (uH) YIIaHUIUTAPH
paka- SunK 1 " m
w | (A)|A) | @
Knppym 5 4 3 2 1
(- o~ - o~ o -
1 25 | 36 20 |1/1000 | 0.3 0,023 Ynkmm & 7 809 10
Kupuymm 5 4 3 2 1
O—0—0
2 12 | 18 19 2/1000 | 11 0,09 Unkum 6 7. 8 9 10
Kupum 5 4 3 %_%
3 8 | 12 19 3/1000 | 2,5 0,21 Y 6 7 8 9 10
Kupum 5 43 é
4 6 9 19 4/1000 | 4,4 0,37 Yuknm 5 7 8 9%\1;
Kmpuym 5 4 3 2 °1
5 3) 7 20 5/1000 | 6,3 0,58 1E po— :(:’\‘7?\:\5\18
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PeakTuB KyBBaT NMHAMUK MaHOAJapUHUHT KOMOHMHAIMSIIAaHTaH OOIIKapyBHa
KYJUIAHWITAH SICCHM  yJIYOB YYJFaMJIM TOKHM KY4YIAHHUINra JJIEKTPOMArHUT
Y3rapTrUWIapHUHT  ICCHM  YJIYOB  YYyJFaMJIAPUHUHI  YJIAaHUII 4YU3MacH  Ba
KypWIMAHUHT YMKUIIUAArd KyWIAHMIIHUHT Y3rapum TtacHudu 18 - pacmpaa
KEJITUPUJITAH.

A

| ;

[

!
Y1408

uyIraMIapian }

' Mukpompoceccop
G.T0KHra

a) 0)
18-pacm. PeakTuB KyBBAT JHHAMHK MAHOACHHU AWJIAHUII TE3JTUTHHH HA30pPAT
KWIHII Ba OOMIKAPWII Yu3Macu (a) XaMaa sICCH YJI4Y0B UYJIFAMJIN TOKHH
KYYWIAHHMINTA 3JIeKTPOMATHUT Y3rapTrHYIAPHHHT YHKHII TacHUpJIapu (0)

Slcen yi4oB 4WynFamulM TOKHHM KyWwIaHUINTa A3JIEKTPOMArHWAT y3rapTradsiap
€paamMua SHEProTU3UM 3JIEKTP TAPMOFUJIATU PEaKTUB KyBBaT TUHAMUK MaHOalapu
poTOpH aifnaHum Te3nury dasarada Hazopar Ba Gomkapys rokopu (90°) aHuKIMKIA
Kalg KHINHAIH.

Huccepranusi Xyjocacuja TaAKUKOTIap SIKyHJIapud Ba aMmaluil TaBcHsuiap
KEJITUPUJITaH.

XVYJOCA

Juccepranusga Hazapuid TU3UMIIM TaxXJIMJI Ba aMaJMd TaAKUKOTJIAp acOCHIA
DHEPTrOTU3UM DJICKTP TapMOKJIApHJIard PEaKTUB KyBBATHUHI KOMOWHAIIUSJIAHTAH
OolkapyBuIa KYJUTAHWITYBYH Y4 (Pa3aiu TOKHU Ky4JAHUIITA SICCH YIIUYOB UyJIFaMIIU
ANEKTPOMArHUT Y3rapTTUWIAPUHUHT TY3WJUII TEXHOJOTUSUIApU, TAJAKUKOT Ba
JoMuxanam ajJiropuTMiapv, MOJACIUIapU, XUCOOJall YCyJUIapH, SJIEKTPOMarHuT
V3rapTUPrUwWIapHUHT KypWIMAJIAPUHU TY3WIUIIMHU SIPAaTUII Ba HWIIIA0 YUKHII
acociapv amalra OIIMPWIIA Ba YJIapHU MHUKPOIPOIIECCOPSU OJOK TapKuOuaa
OOIIKapyBHU aMaJIUETTa KEHT KOPUN ATUII UMKOHUSTIAPHU SIPATUIIIH.

TankukoTnap acocuaa KyMujaara acoCUuil HaTHXajaapra SpUIIAIIIN:

1. DHeproTuszuma JICKTP PHEPTUSHHU UIUIA0 YUKAPHII, Y3aTHUII, TaKCHUMJIAII
Ba HKCTEHbMOJ KWIHILJA $ICCH YIYOB UYJIFAMIIM SJIEKTPOMATHUT Y3rapTruuiap,
MOJICJI, YCYJI Ba TE€XHOJOTHUsIap Oup Ba y4 (¢azanu OupiaMuu dJEKTP TOKJIAPUHU
IOKOpY aHUKJIMK/A Ha30paT Ba OOMIKAPYBUHM aMalira OIIUPAJIH.

2. bup Ba yu dazanu OupiaMyu SIEKTP TOKJIAPHUA UKKUAJIAMYHM KyWIAHUIITA
SACCU YIIUOB YYyJIFaMJIM BJEKTPOMATHUT Y3TapTTUWIAPHUHT MarHuT Y3rapTUPUII
TU3UMJIAPUAAr MarHuT IOPUTYBYU Kyd Ba MAarHUT OKUMHUHT TapKAJIHIIHA KAaTTAJIUK
Ba MMapaMeTpJIapUHU TAJIKUK 3THIIl AITOPUTM, MOJIE] Ba YCYJUIAPUHU ¥3 UUUTa OJIraH
rpad Mojiesl Ba pallMOHAJ MaTeMaTHK amnmapaTr 3JIEKTPOMAarHuT Y3rapTrudJIapHUHT
caMapaliy UIUIaIIMHU TAbMUHIIANIN.
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3. Hazapuii Ba amanuii Taxxpubayiap acocuja OJMHTaH CTATHK, TWHAMHK Ba
METPOJIOTUK TacHU(JIap SICCU YIIHOB UyJFamiid Oup Ba y4 ¢azanu OupiiaMuu 3JIeKTp
TOKJIAPHU HKKUAJIAMYM Ky4YJIaHUIIra SJIEKTPOMATHUT Y3rapTrudjapHu amanuérra
KEHT KOpPHUH ITUIII UMKOHUSATHUHU Oepajiu.

4. Sccu ymuoB yynramiaud Oup Ba yu dazanu OupiamMdu 3JEKTp TOKJIApHU
UKKAJIAM4YU ~ KyWIaHUINra O3JEKTPOMAarHuT y3raptruwiapHuHr U, —4YuKym
KYWIaHUIIUTAPUHUHT paliioHan Kuimatiapu o - XaBo opaqukHuHr 0,002 — 0,003 m
Ba W, - sccu yI4oB 4ynram ypamiap COHMHUHT 3 — 4 ra TEHT MHKIOpJapuja
XOCWJI KWIMHMIIK TaJKUKOTJIAp acocuja Ha3zapuil Ba aMalluid >KUXaTJaH
TacAUKJIaHAIU. SpaTuiran y3rapTupruwiap OOMIKapyB THU3UMHHHHI HIIOHYIN
unuiam Kypcatkudu — Kopu, sSpHH 0,96 Mukmopra TeHr OYIWIUIMTHHU
TabMUHJIANU/IHN.

5. Atpod-myxur Temmeparypacuuuar 10°C ra  ysrapumm 0,03 %
MUKJIOpJIaTd, SICCH VI4OB YyJFaMm IakiuHu HOTYFpu Tauépnanummuau 0,07 %
MUKJIOP/Iard 3JEKTPOMATHUT TOKHU Ky4YJIaHUIITa SICCH YITYOB UyJIFaMIIM UKKAJIAMYH
YUKAII KYyWIAHAITUHUHT Y3TapUIITMHA XOCUIT KU IH.

6. Sccm  Ya4oB  WynmFaMiM  TOKHM — KYWIAHHINTA  DJIEKTPOMArHUT
Vyaraptupruwiapauar  SHTpormst  xatomurd  0,2%paH  kuuwk, WUFHMHIA & YpTa
KBaJPAaTHUK XaTOJIMKHUHT TakproOa KuiiMatu 0,21% ra spuIimmmH TAbMUHITAHTH.

7. TokHM KywiaHWIIra SCCH  YIYOB  UyJFaMJIM  DJIEKTPOMArHUT
VY3rapTTHYIapHUHT XaTOJWKIIApDH MaHOAJapWHU TabCUPW KiIacCHpUKAIMSIIAHTaH
yIIAPHUHT TabCUPWUHU XHUCOOJAll Ba KaMaWTHUPHUII aJITOPUTM, MOJIEN Ba yCyJUIapu
Oup Ba yu azanu OupjaMyd dJEKTP TOKJIAPHU MKKWIAMYM KYy4WIAHHIITa
AIIEKTPOMATHUT Y3rapTruiiapHU pallMoOHa TY3HUIIHU TabMUHIIANTH.

8. DHeproTu3uMJa peakTHB KyBBAaT MaHOajJapyuHU KOMOWHAIIMSIIAHTaH
OoikapyBu, Oup Ba y4 (hazanu dJIEKTp TapMOKIApJary IEKTP TOKIAPHU peall BaKT
MOOaifHK1a Y3rapuIIapuHI CHMMETPUKIUTUHA HAa30paT, JIEKTP TapMOKIap OUp Ba
yu4 ¢azanu OupiamMuu TOKJIAPUHUHT aJIeKBaT acocla WKKWJIAMYM Ky4WIaHHIITra
V3rapTUPUIUIITHHI TabMUHJIOBYH yaoB qyJIFaMIIA AIEKTPOMArHUT
VY3rapTrTHYIapHUHT MaXKMYACHHH SIPATWIIMIIKA JHEPTUS Ba PeCcypc TEKAMKOP
HHEPTOTU3UMIIAPHH PAllMOHAN KYPHII YCYIJIJIapy Ba TAMOWMJUIAPUHH aMalijia KOpUi
STUIITHU TAbMHUHJIANTH.

9. PeaktuB KyBBaT MaHOAJapMHU YpHATUII Ba YJIapHU aBTOMATUK
OOIIKAPUIITHUHT MEBEPUNM HOMHUHAT DJIEKTp KaTTAIMKIAp OWIaH TabMUHJIAII
ypuatma KyBBaTu 50 kBT Ba yHman karta Ba kywianumu 500 kB gan xam Oynran
AJIEKTP PHEPTeTUK KypUIMAJApPHUHT SHEPTUS Ba PECYPC TEKAMKOPJIMTH CTaHAAPT
57,5 B kyunanaunm Yypuura 61,81 B Oynranma Oomkapuina€TraH peakTUB DIEKTP
sHeprusi Kyuinanuimu 4.31 B ra, ¢aza kywianum OVitnua 7,5%ra, 4u3uKIN
Ky@IaHHmT 6yiinga \3 * 7,5 = 12,9%ra opTHK GYIIHIIN aCOCTAHIH.

10. TokHM KydjgaHHWINTa SJICKTPOMArHUT Y3rapTrudjap dJCKTP SHEPreTHKa
TU3MMHJIAH TabMUHJIAaHYBYM 20 JaH OPTUK TAIIKWIOTAA >KOPWUM KWJIMHTAaH Ba
pEaKkTHB KyBBaTHM KOMOWHAIIMsJIAHTaH aBTOMAaTHUK OOmKapyBHUHT 1,0 aHMKIHK
napaxacunan 0,5 aHUKIMK Japakacura OIIMPHIN XHUCOOWTa WIUIa0 YWUKUITaH
AJIEKTP SHEPTUSIHUHT MehEPAA OenruiaaHran TexHojaoruk capdunu 13,29% YpHura
11,26% (1,13 mapa.kBt.coar)ra kamaiiTupau.
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HAYYHBINA COBET IIO NPUCYKJIEHUIO YYEHOUN CTENIEHU
JOKTOPA HAYK 16.07.2013.T/FM.29.01 ITPU TAINIKEHTCKOM
YHUBEPCUTETE UH®OPMAIMOHHBIX TEXHOJOTUH U
HAIIMOHAJIBHOM YHUBEPCUTETE Y3BEKNCTAHA

TAIIKEHTCKWHA YHUBEPCUTET
UH®OPMAIIMOHHBIX TEXHOJIOI' Ui

CUIJNKOB HIXOM’KOH XAKUMOBHNY

JJIEKTPOMATI'HUTHBIE ITPEOBPA3OBATEJIN TOKA B
HAIIPAXKEHUE C IVIOCKUMHU UBMEPUTEJIBHBIMA OBMOTKAMMU
JIJI1 KOMBUHUPOBAHHOTI'O YIIPABJIEHUSI PEAKTUBHOM
MOIIHOCTBIO SQHEPTOCUCTEM

05.01.06 — Dy1eMeHTHI M YCTPOICTBA BHIYUCIUTENbHONH TEXHUKHU U CUCTEM YIPaBJIEHUS
(TeXHMYeCKHe HAYKH)

ABTOPE®EPAT JJOKTOPCKOM IUCCEPTAIIMA

Tamkent — 2015
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Tema pokTOpckol auccepranum 3aperucrpuposana 3a Ne 30.09.2014/B2014.5.T301 B
Boicmieii arrecraninonHoi komuccun npu Kadbunere Munucrpos Pecny0inmku Y30eKucraH.

Jokropckas auccepTanusi BBIIOJHEHa B TalIKEHTCKOM TOCYJapCTBEHHOM TEXHHYECKOM
yHUBepcHuTeTe U TalKeHTCKOM YHUBEpCUTETe HH()OPMAIIMOHHBIX TEXHOJIOTHH.

[TonHBIA TEKCT MOKTOPCKOM AMCcepTalMy pa3MelleH Ha BeO-CTpaHWIle HAy4YHOTO COBETa MO
MPUCYXKACHUIO yu€HOH cTerneHu aoktopa Hayk 16.07.2013.T/FM.29.01 npu TamkeHTCKOM yHUBEpCUTETE
nH(pOPMAMOHHBIX TeXHOIOTHI 1 HannoHambHOM yHHBEpcUTETe Y30eKHCTaHa 1Mo ajapecy WWW.tuit.uz.

ABTopedepar amccepTalii Ha TpeX sA3bIKax (y30eKCKUH, pyCCKUi, aHTIMACKAN) pa3MeleH Ha BeO-
CTpaHUIIe N0 aapecy WWW.tuit.uz u MadopmanmonHo-odpaszoBarenbuoM noprane «ZI'YONET» mo agpecy
WWW.Ziyonet.uz.

Hayunbliii AszumoB Paxmat KapumoBuu
KOHCYJIbTAHT: JOKTOp TEXHUYECKUX HayK, Ipodeccop
O¢puunanbHblie I'anueB Canum KapumoBu4
OIIOHEHTHI: JIOKTOp TEXHUUYECKUX HayK, Ipodeccop

A0aykawomMoB AGaypamma AOAYKaIOMOBHY
JIOKTOp TEXHUYECKUX HayK, Ipodeccop

MypartoB Xakum MaxmyaoBu4
JIOKTOpP TEXHUYECKUX HayK, Ipodeccop

Benymas TamKkeHTCKUIl HHCTUTYT HHXKEHEPOB
OpraHu3anusi: JKeJIE3HOI0POKHOT0 TPAHCIIOPTA
3anmTa JIUccepTalii COCTOUTCS « » wMapra_ 2015 r. B 10% yacos mHa 3acelaHun

Hay4yHoro coeta 16.07.2013.T/FM.29.01 npu TamkeHTCKOM yHHBEpPCHTETE HH()OPMAIIMOHHBIX
TexHosmoruit u HamuonaneHoM yHuBepcutere Y30ekucrana. (Agpec: 100202, TamkeHT, yi.
Awmmupa Temypa, 108. Temn.: (99871) 238-64-43; dakc: (99871) 238-65-52; e-mail:_tuit@tuit.uz).

C JOKTOpCKOW JuccepTaliieii MOXXHO O3HaKOMHThCS B MH(OpMalMOHHO-pecypcHOM IICHTpE

TamkeHTCKOro yHUBepcuTeTa HHOOPMAIIMOHHBIX TEXHOIOTHH (perucrpannoHHsiii Homep Ne_57 ). Anpec:
100202, TamxkenT, yn. Amupa Temypa, 108. Texn.: (99871) 238-65-44.

ABtopedepar quccepTanuu pa3ociaH « » Qespansa_ 2015 roxa.
(nporokomn pacceuika Ne_02_ ot despans 2015 1.).

X.K.Apunos
[Ipencenatens HAy4HOTO COBETA MO MPUCYKICHUIO
y4EHOU CTETeHH TOKTOPA HayK, 1.¢h.M.H., mpodeccop

M.C.sIky6oB

VYueHslil cekpeTapb HAy4YHOTO COBETA 110
MIPUCYKJICHUIO YYEHOU CTEIIEHU TOKTOPa HAYK,
I.T.H., Ipodeccop

M.M.Mycaes

[Ipencenarens HaydHOTO ceMHuHapa npu HayuHom
COBETE IO MPHUCYKICHUIO YIEHOU CTEIIEHHU TOKTOPA
HayK, JI.T.H., Ipodeccop


http://www.ziyonet.uz/
mailto:666666@tuit.uz/

AHHOTALIUSI JOKTOPCKOM JUCCEPTALIUUA

AKTYaJbHOCTh U BOCTPEOOBAHHOCTH TeMbl Auccepranuu. [Ipu ynpasieHuun
HEMPEPBIBHBIMU ~ MIPOLIECCAMU  NPOU3BOACTBA, IE€pelayu, paclpeiciacHus |
NOTPEOJICHUST DJIEKTPUYECKONM HHEPruu OOJBIIOE 3HAYEHHE HMEIOT TOYHOCTh H
YHU(PULIHUPOBAHHOCTh JIEMEHTOB M YCTPOMCTB CHUCTEMBI YINPABICHUS C IIUPOKUM
UCIIOJIb30BAaHUEM  TIEPBUYHBIX CpPEICTB MpeoOpa3oBaHUs TOKa, TaK Kak
HEaJICKBAaTHBI KOHTPOJIb U YIIPABIICHUE 3JIEKTPOIHEPrUEN U MOUTHOCTSMHU BEIYT K
3HAUYUTEITLHOMY AKOHOMHYECKOMY yiiepOy. Pa3paboTka KOMIUIEKCHOTO MOIXO/a,
00eCreunBaroIer0 BBICOKYI0O TOYHOCTh U 3(PPEKTUBHOCTH KOMOWHUPOBAHHOTO
VIPABJICHUS UCTOYHUKAMHU PEAKTUBHOW MOITHOCTH, pacupeHne GyHKIIMOHATBHBIX
BO3MOXXHOCTEH, yHOpOIIEHWE KOHCTPYKIUH, YMEHBIICHHE BeCOrabapuTHBIX
MOKa3aTeeu, yIIy4IlIEHHE TE€XHOJIOTUU U3TOTOBJICHUA, oOecrieueHue
OECKOHTAaKTHOCTH HM3MEPHUTENBHBIX MPOLECCOB, MPEOOpa30BaHHE TOKA HAa OCHOBE
MPUMEHEHUSI COBPEMEHHBIX TMEPBUYHBIX U3MEPUTENBHBIX IpeoOpazoBaTeieit
SBJISIIOTCSL AKTyaJlbHBIMM 3aJladyaMy  yIIpaBJICHUs] 3Heprocucremamu. [lepBuuHbie
U3MEpUTEIbHBIE TPeoOpa3oBaTeM TOKa TPH ITOM, SBJSISICE  OCHOBHBIMH
plieMEHTaMu  MH(OPMAIMOHHO-U3MEPUTENFHBIX M YIPABISIOMIUX  CHUCTEM,
MPAKTUYECKU TOJHOCTBIO ONPEEISIOT TEXHUUECKUE U SKOHOMUYECKHE TTOKA3aTEIn
YHEPTrOCUCTEM.

[Ipu pa3paboTke W TPUMEHEHWH COBPEMEHHBIX IpeolOpazoBarenell Toka
cienyeT ucxonuth u3 npuHiunoB u tpedosanuit [OCTos (I'OCT CHI 13109 - 97,
EN-50160, MOK 1000-3x) x cuctemam npuOOpOB U CpPEICTB aBTOMATU3ALIMH,
OCHOBHBIMU U3 KOTOPBIX SIBIISIOTCS:

0JIOYHO-MOAYJBHBIA ~ TPUHIUI  KOHCTPYUPOBaHMS,  OOECIICUMBAIOIIMIMA
YHUBEPCAIBHOCTh MpeoOpa3zoBaTeieil ToOKa MpH HCIOJb30BAHUU PALMOHAIBLHOTO
MHUHUMyMa  KOHCTPYKTHUBHBIX  DJIEMEHTOB,  OOJEr4aromero  MpUMEHEHUE
COBPEMEHHOW TEXHOJIOTHUH;

CO37laHNE TIEPBUYHBIX MpeoOpazoBaTesiell TOKa, HOPMHUPYIOIMIMX MOIYJIEH TMPHU
obecrieyeHUM WX  WH(POPMAIIMOHHOM, HSHEPreTUYECKOM, METPOJOTHUECKOM,
KOHCTPYKTUBHOM, CTPYKTYPHOM COBMECTMMOCTH Ha OCHOBE ITIOCJIEAOBATEIBLHOMN
yHU(UKAIMT U CTaHapTU3AIIUU.

B Hactosiee BpeMs NpUMEHEHHE OJJICKTPOMATrHUTHBIX TMpeoOpazoBareneit
Tpex(a3HOro TOKa C BBICOKOW TOYHOCTHIO, JIMHEHHOCTHIO  BBIXOIHBIX
XapaKTEPUCTUK, YHUGUIMPOBAHHBIMH BBIXOJHBIMU BEIUYMHAMH, pPACIIUpPEHUE
CHEKTpa  MpeoOpa3yeMbIX  JJNEKTPUYECKUX  BEJIMYMH  OrPAHUYEHO  HU3-3a
HEJAO0CTaTOYHOro (HOPMHUPOBAHUSI TPHUHIMIIOB MOCTPOEHUS, METOJOB pacuera u
OPOEKTUPOBAHUS  PACIIPEICNICHHBIX MArHUTHBIX CHUCTEM IpeoOpa3oBareseil.
[IpumeHsieMble KIaCCUYECKHE METObl MCCIIeI0BaHUS MAarHUTHBIX LIETIEH U CUCTEM
npeoOpa3oBaHus HE OOECIEeYMBAIOT HEOOXOJUMYI0 TOYHOCTb, OCOOEHHO WIpHU
HECUMMETPHUHU TpeX(Pa3HOro MEPBUYHOIO TOKA AIEKTPUUECKON CETH, HE 00JalaioT
JIOCTaTOYHOW OOIIHOCTHIO, OXBAThIBasi TOJILKO BEIMYMHBI M TIApaMmeTphbl Iernei
AIEKTPUYECKOM W MArHUTHOW MPHUPOJAbl. MarHUTHBIE CHUCTEMBI MPEOOpa3oBaHUS C
HEJIMHEWHBIMU U HEOJTHOPOJHBIMU MapaMeTPaMH B pacyeTax pacCMaTpUBAIOTCS Kak
00BEKTHI C COCPEIOTOYCHHBIMH ITApaMETPaMHu.
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Knaccuueckne opHodasnsle TpaHchopMaTopsl TOKa HUMEIOT CIOXKHYIO
peoOpa3oBaTeIbHYI0 4acTh, OONbIINE BeCcOrabapUTHBIE IOKa3aTeld, TPYIOEMKH
IpU IPOEKTUPOBAHUU M HKCIUTyaTallUM B CUCTEMax YIpaBJIEHUs, HE 00eCeYnBaOT
YHU(PUIMPOBAHHOCTh  BBIXOJHOW BEJIMYMHBI IIPU COBMECTHOW paboTe ¢
COBPEMEHHOM TeXHUKOW oO0paboTku wuHPopmanuu. OHU HE  YUUTHIBAIOT
B3aMMOBJIMSIHUSL MAarHUTHBIX MOTOKOB M IOJIEH, CO3JaHHBIX TOKaMHu TpexdaszHou
AIEKTPUYECKOU CETH YHEPTOCUCTEM.

JlanHass wWcciieqoBaTeNbCcKas pabdoTa HampaBleHAa HA  MPaKTUYECKYIO
peanuzanuio [Toctanosnenuit Kabunera Munuctpos PecyOnnku Y30ekucran
Ne 245 or 22 cenrsa0ps 2008 roma «IlpaBuiia moap30BaHMS 3IEKTPUUYECKON U
teroBoi sHepruei» u Ne 295 ot 1 Hoa0ps 2013 rona «O HONMOIHATENBHBIX MEPAX
[0 COBEPIICHCTBOBaHUIO JeATenbHOCTH ['AK «Y30eksHepro» u yKperieHUro
JOUCIMILTAHBI PACUETOB 32 MOTPEOICHHYIO JIEKTPUUECKYIO SHEPTUION.

BocTtpeboBaHHOCTh HcclenoBaHHsS OOOCHOBaHAa TEM, YTO KIJIACCUYECKHE
oJIHO(a3HbIE MIEPBUYHBIE U3MEPHUTEIILHBIE IPEOOPA30BATENN TOKA U HAPSKEHUS HE
MO3BOJISIIOT OOECHEUNTh YCTPOMCTBA KOHTPOJISI M YNPABICHUS JOCTOBEPHON U
OJTHOBPEMEHHON HH(OpMaIMel O BeIMYMHAX M [apaMmeTpax 3JIEKTPUUYECKOM
SHEPrUM OJHO- U TpeX(a3HOU 3INEKTPUUYECKON ceTH. YKa3aHHbIE OOCTOSTENbCTBA
0o0yClIaBIMBAIOT  HEOOXOAMMOCTh  pa3padOTKM W BHEAPEHUS  HAJIEKHBIX,
YHU(PUIMPOBAHHBIX, TOYHBIX JJIEGKTPOMAarHUTHBIX IpeoOpazoBaTeiel TOKa B
HaIpsSOKEHUE, YYUTHIBAIOUIMX HECHUMMETPUIO TOKOB TpeX(a3zHOU >3JIEeKTPUYECKON
CETH, OTJIMYAIOIIMUXCS APYT OT JIpyra W MO BEJIUMYMHE, U 10 (a3e, yeM OOBbACHSIETCS
BOCTPEOOBAHHOCTh JAHHOT'O MCCIIEIOBAHUS.

CooTBeTcTBHE MCCIEA0BAHUS NPHOPUTETHHIM HANPABJICHUSIM Pa3BUTHS
HAYKu U TexHojoruii PecmyOumku Y30ekucran. Jluccepranus BBINIOJIHEHA B
COOTBETCTBUM C MPUOPUTETHHIMU HAMPABICHUAMH Pa3BUTHUSL HAYKU U TEXHOJIOTHUH:
[MITN-3 — «3OHepreTuka, YHEPro- U pecypcocOepekeHne, TPAHCIOPT, MAIIUHO- U
npubopoctpoenne»; HTII-17—«Pa3paboTtka coBpeMeHHBIX WH(GOPMAIIMOHHBIX
CUCTEM, HHTEJUIEKTyAJIbHBIX CPEACTB YIPABICHUS, HAYYHO-TEXHUYECKHX M
IPOrpaMMHBIX TPOIYKTOB, O0ECIEUYMBAIOIIMX IIMPOKOE Pa3BUTHE U BHEIPEHHE
MH(POPMAIIMOHHBIX U TEIEKOMMYHHUKAI[MOHHBIX TEXHOJIOTUII.

O030p MeKIYHAPOAHBIX HAYYHBIX MCCICAOBAHUM M0 TeMe IMCCePTALUM.

HccnenoBanus mo pa3pabOTKe 3JIEMEHTOB M YCTPOMCTB KOMOMHHPOBAHHOTO
YIOpPaBJICHUS BEIMUMHAMU U TTapaMeTpaMH TpeX(a3zHOro TOKa SJIEKTPUUYECKUX CeTer
C YYETOM OCOOEHHOCTEW, 3aKIHOYAIOUIMXCS B OTIMYUM MEPBUYHBIX TOKOB Kak IO
BEJIMYMHE, TaK U N0 (a3e, UHTEHCHUBHO BEIYTCS W JOCTUTHYTHI OMNpE/IECICHHBIC
ycrexu yuensiMu ctpan CIIA (Advantech, General Electric, SeaTech),
Bemukooputanun (HAWK, Festo, Rockwell Automation), Poccun (DaekTporiur,
Dnektpoanmnapar), I'epmanun (Siemens, GE Fanuc), Smonuu (Sony, Iconics),
IOxwnoii Kopeu (Mitshubishi), Kuras (Chint), Januun (MOX,ABB), T'omtanaun
(Honeywell, Wonderware) u ap.

B yYKa3aHHBIX Hay4YHBIX LEHTpax Pa3BUBAIOTCS TE€XHOJIOTHH
COBEpIICHCTBOBAHUSI U3MEPUTEIBHBIX MpeoOpazoBaTesell Toka U 3JIeMeHTHas 6a3a
CUCTEM NpeoOpa3oBaHUsl YCTPONCTB KOHTPOJS U YNPABICHUS 3JIEKTPUUECKUMH,
MAarHUTHBIMH M JIp. BEJIMYMHAMU U TapaAMETPAMH.

32



Bonpmme morpemHocTH mpeoOpa3oBaHUS TOKa3aTeled SJIEKTPOIHEPTUU B
YKa3aHHBIX HAyYHBIX I[IEHTPAaX NPUBOJAAT K HEPALMOHAIHLHOMY HCIOIb30BAHUIO
HUCTOYHUKOB DJJIEKTPOIHEPTUHU, MPOIYCKHONW CIIOCOOHOCTH TpPaHCPOPMATOPOB H
JUHUN 3JIEKTPONepelad, PE3EPBOB MOIIHOCTH Ha 3JIEKTPOCTAHIUAX, 3aTPYIHSIIOT
KOHTPOJb W YIPAaBICHHE peXKUMaMU pabOThl DHEProCUCTEM U MPHUBOIAT K
(UHAHCOBBIM TMOTEPSIM KaKk Yy TMPOU3BOJUTENEH U TMOCTAaBUIMKOB, TaK H Y
NOTPEOUTENEH PIEKTPOIHEPTUH.

Hu3kas TOYHOCTH aHaTW3UPOBAHHBIX YCTPOHUCTB OOYCIOBJICHA PSAIOM
HEJIOCTATKOB  CYIIECTBYIOIIMX CHCTEM MpeoO0pa3oBaHUsl TOKA, IOCKOJIBbKY
M3MEPUTEIbHBIE KOMIUIEKCHl CO3JaBAIUCh paHee, a TakXkKe CO3[aloTcs U B
HACTOSIIEe BPEMs 1O THUIIOBBIM TPOEKTaM, pa3pabOTaHHBIM eme B XX BEKe, B
KOTOPBIX HE MPEAyCMATPUBAINCH PEIICHHs JJisi 00€CIeueHUsT BHICOKOH TOYHOCTH
nmpeoOpa3oBaTeIsIMAd TOKa UM YHU(DHUIIMPOBAHHOCTH BBIXOAHOTO CHTHajga OT
NEPBUYHBIX U3MEPUTEIBHBIX IPEOOpa30BaATENCH.

CreneHb H3y4YeHHOCTH mpoOJembl. KoMruiekcHbI aHaIW3 AJIEMEHTOB U
CUCTEM YMPABJICHUS HCTOYHUKAMH PEAKTUBHOM MOIIHOCTH U HUX PEKUMAMH,
OPUHIIMIIOB WX TOCTPOEHUSI CBUJETEIBCTBYET O HEJOCTATOYHOW H3YYEHHOCTH
po06sieMbl B 00JIACTH AIEKTPOMATHUTHOTO MPeoOpa3oBaHMs TOKOB B HANIPSHKEHHUE U
KOMOMHUPOBAHHOTO  YIPAaBIEHUS  HUCTOYHHUKAMU  PEAKTUBHOM  MOIIHOCTH
SHEPrOCHUCTEM.

[To nanHOM TeMaTWKe OCYIIECTBICHBI M BEAYTCS HUCCIEAOBAHUS BEIYIIUMU
3apyOeXHBIMM yYeHbIMHU, TakumMu kak H.Schaumburg, E.Ritchie, E. Krontiris,
R.Hanitch, |.Rampias,  E.Stathakis, b.C.CorckoB, K.M.IlonuBaHoB,
JI.®.KynnkoBckui, JLLA.OcTpoBckuid, B.I1.MunoB3opos, E.I1.Ocaguuii,
M.®.3apunos, M.M.benos, A.A.llpeobpaxenckuii, H.E.Kontoxos, E.C.JIeBuiuna,
I1.B.HoBuukwuii, M.A.Ypakcees u ap.

UccnenoBanuss B JaHHOW OOJACTH TakkKe MPOBOASITCS OTEYECTBEHHBIMU
yueHbiMu, Takumu kak H.P.}OcynbekxoB, T.X.HacwipoB, X.3.lrambepaues,
P.K.A3umoB, K.P.Ammaes, M.N.U6onymnnaeB, A.A.A6aykatomoB, FO.I'.IllunynuH,
A.A. XanmukoB, C.®. Amupos, A.M.Ilnaxtues, [1.M.MatsikyboBa u nip.

Onnako hbopMHUpPOBaHUE MPUOPUTETHBIX METOJIOB MTOCTPOEHUS U UCCIEAOBAHUS
AJIEKTPOMATHUTHBIX  TpeoOpa3oBareyieil  MEPBUYHOTO TOKA BO  BTOPUYHOE
HanpsHKeHUE, 00eCeUnBaIONINX aJeKBAaTHOCTh BEIMYMHBI BHIXOIHOTO HAMPSHKCHUS
K TICPBUYHOMY TOKYy, aJTOPUTMOB MOJCIHPOBAHUS W  HCCICIOBAHUS,
OPUEHTUPOBAHHBIX HA pElIEHHE KOMIUIEKCa 3a7ad Mo 00eCHedYeHUI0 YHU(UKAIUU
BBIXOJHOW BEJIMYHMHBI W YYHUTHIBAIOIIMX HECHMMETPHIO TpeX(a3HbIX TOKOB B
cucTeMax  KOMOWHHMPOBAHHOTO  YIPaBJICHMs  PEAKTUBHOM  MOIIHOCTHIO
JHEProcucTeM, TpeOylT TMpoBeaeHUs Oojiee TIIYOOKMX W BCECTPOHHHX
UCCIIEIOBAaHUM. DTO OOCTOSITEILCTBO CBA3aHO C OOJBIIMMM TMOTPEIIHOCTAMH TPHU
npeoOpa30BaHUN BEJIMYWH MEPBUYHBIX TOKOB SHEPTOCHUCTEM, KOTOPHIE MPUBOMST K
HEpaIMOHAILHOMY HCIIOJIb30BAaHUIO HMCTOYHUKOB DJEKTPOIHEPTHH, 3aTPYIHSIIOT
KOHTPOJIb UM YIpaBICHUE peXKUMaMU UX pPabOThl, MPUBOAIT K H3JIUIIHBIM
(UHAHCOBBIM TMOTEPSIM, Kak y TPOW3BOAUTENCH, Tak W Yy TOTpeOuTeNeH
anekTposHeprur. OCHOBHBIMH  (haKTOpaMH  TIOSIBJICHUSI  MOTPENTHOCTEH st
nmpeoOpa3oBareyieil TOKa SIBISIIOTCSA: HECHMMMETPHS TOKOB M HAMPSHKEHUU TI0
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BeIMYMHE U (Pa3am, KayaHHUsA YACTOThI, U3MEHEHMsI TEMIIEpaTypbl OKpYXKarouiei
Cpenbl, TMOSBJICHHE TapMOHMK TOKOB U HaNpsHKEHUH DJIEKTPUYECKOM CeTH,
BUOpAIIMOHHBIE HATPY3KH MpU padboTe mpeoOdpazoBaTeseil u Ipyrue.

CucteMHBIN aHAIU3 AIEKTPOMATHUTHBIX MpeoOpazoBaresieil MEPBUYHOTO TOKA
MO3BOJIMJI TAKKE YCTAHOBHUTH, YTO KJIACCUYECKHE KOHCTPYKIMH IpeoOpazoBaTeie
TOKa CHUCTEM YIIPABJICHUS PEAKTHUBHOW MOIIHOCTHIO — TpaHC(HOpMaTOpbl TOKaA -
00€eCreynBalOT Ha BBIXO/E TOK BEJIMUYMHON 5 A M NMPU HOMUHAIBHOCTH MEPBUYHOTO
UMEIOT: OrpaHWYECHHs] MO JWama3oHy mpeoOpa3yeMoro TOKa, 3HAYUTEIbHBIC
MOTPEIIHOCTH; CIOXKHBbIE U HETEXHOJOTHUYHbIE KOHCTPYKLHUHU; OOJBIINE TabapuThI,
Maccy; MaTepuajJoeMKOCTh U CTOUMOCTh. [IpM HOMHUHAJIBHOCTH BXOJHOTO TOKa
TpeOyIOT COTINIACYIOUIMI 3JIEMEHT — JOMOJHHUTEIbHBIA TpaHchopmaTop Ams
YHU(PHUKAIUA COBMECTHOM pabOThI ¢ COBPEMEHHOM MUKPOIPOIIECCOPHON TEXHUKOMN
u YIPaBISIONUM MEePCOHAIBHBIM KOMITBIOTEPOM. CymecTBytoniue
AJIEKTPOMAarHUTHBIE TpeoOpazoBaTeNM TOKa TMpU YIPABICHUUM HUCTOYHUKAMU
PEaKTUBHOM MOIIHOCTU 3HEPTOCUCTEM HE 00€CHEeUYMBAIOT HEOOXOJUMOW TOYHOCTH
JaHHBIX O TOKax Tpex(a3sHOW JJIEKTPUUYECKOM ceTH u3-3a 0AHO(pA3HOTO
UCTIOJTHEHUSI MAarHUTHBIX CUCTEM IPeoOpa30BaHus; HECUMMETPUN IIPE0Opa3yeMoro
Tpex(a3HOro TOKa; HEMTMHEHHOCTU XapaKTEPUCTUK HACBIIIEHUS MATHUTHBIX CUCTEM
Y HEYHU(UIUPOBAHHOCTH 3HAYEHUI BBIXOJIHBIX BEJIMYHUH.

BrimenpuBenenabie  (akTOpbl OTPAaHUYMBAIM MPUMEHEHHME KIIACCUYECKUX
AIIEKTPOMATrHUTHBIX TpeoOpazoBaTesied TOKa B COOTBETCTBYIOIIMX CHCTEMax
YIOPABJICHUS] BEJIMYMH W MapaMETpoOB AeKTpuueckux ceteil. [loaromy paspabotka,
WCCJIEIOBAaHNE W MPAKTUYECKOE BHEIPEHHE JEKTPOMArHUTHBIX MpeoOpa3oBaTeneit
C TUIOCKUMHU H3MEPUTEITHHBIMA OOMOTKAMHU TIEPBUYHOTO OJHO- M TpeX(pa3HOTO TOKa
BO  BTOPUYHOE HampsOKEHHE € PacHIMpPEeHHBIMH  (YHKIIMOHATHHBIMU
BO3MOKHOCTSIMH M YHU(DHUIIUPOBAHHBIMH BBIXOJAHBIMU BETMYMHAMU, YIUTHIBAIOIINE
HECUMMETpPHUIO Tpex(a3HOro TOKa U CO3JaHME Ha HX OCHOBE CHCTEM
KOMOMHHUPOBAHHOI'O YIPABJICHUS PEAKTUBHOM MOIIHOCTBIO, SBIISIOTCS PELICHUEM
po0JIeMbl COBEPILIEHCTBOBAHUS M PA3BUTHS CYILIECTBYIOIINX TEXHOJIOTHI KOHTPOJIS
Y YIIPaBJICHUS BETUYUHAMU U TapaMeTPaMHU JIEKTPOIHEPTUU SHEPTOCUCTEMBI.

CBsi3b  AUCCEPTALIMOHHOIO0  HCCAEAOBAHMA C IJIAHAMM  HAY4HO-
HCCJIe0BATEIBCKUX PadoT OTpakeHa B CICAYIOLUIMX MEXIYHApOAHBIX MPOEKTax
TACIS-TEMPUS Espormetickoro coob6miecta: EC T JEP 10328-97—«O06yuenue
DHEPTeTUYECKOMY MEHEKMEHTY B Pecnybnuke Y306ekuctan» (1997-2001 rr.), EC
T JEP-10845-99 —«/luctanmmonHoe odydyeHue B Pecnybiauke Y3o6ekuctan» (1999—
2003 r1r.) W B TOCYyJapCTBEHHBIX HAy4YHO-TeXHUUeckux mpoekrtax: [1-18.17-—
«Pa3paboTka (UHAHCOBO-TEXHOJOTUYECKOW MOJIEIH PAIMOHATIBHOTO YIPABICHHUS
SHEpreTuyeckor cucreMoil PecnyOnuku Y30ekucTaH B yCIOBUSX JUOEpPaIbLHOTO
pbIHKa nekTposHeprum» (2003-2005 rr.); A-12-073 — «Pa3paboTka anropuTrMoB u
METOJIMKA TOBBIIICHUS] TOYHOCTH JaHHBIX TEJIEH3MEPEHUH M OIleHKa paboyero
COCTOSTHUSI OCHOBHBIX JJIEKTPUYECKHX CETEeHd HSJIEKTPOIHEPreTHUYECKOW CHCTEMBI
Pecniy6mmuku Y36ekucran» (2006 — 2008 rr.); UTA-3-123-«Munumuzaius notepb
pu mepeaade 3JIEKTPOIHEPTHUH IO OCHOBHBIM 3JIEKTPUUECKUM ceTsM PecmyOnnku
V30ekucTtaH  ONTHUMHU3AlMEW  PEAKTHUBHBIX  MOIIHOCTEH  MCTOYHUKOB |
kod(durmentor tpanchopmaruu Tpanchopmaropo» (2012-2014 rr.); UOT -
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2013-2-28 «BHenpeHue B MPOMBIIUIEHHBIX MPEANPUATHAX SHEProcOeperarmmx
ABTOMATHYECKUX PETYJSATOPOB peakTUBHOM MoItHOCTH» (2013-2014 1T.).

Hean ucciienoBanus pa3BUTHE TEOPUHU U pa3pabOTKa METOAOB U TEXHOJIOTUU
MPOEKTUPOBAHUS KOMILUIEKCA YCTPOMCTB AJIEKTPOMATHUTHBIX MpeoOpa3oBaTeieit
OJIHO- U TpeXx(a3HOTro MEPBHUYHOIO TOKA BO BTOPUYHOE HAMPSIKEHUE C TUIOCKUMHU
U3MEpPUTETBbHBIMU OOMOTKAMHU JJIsi KOMOMHUPOBAHHOTO YIIPABJICHUS PEAKTUBHOM
MOIIIHOCTH U oOecleuyeHrne Ha HUX OCHOBE JHEPro- M pecypcocOepekeHue B
SHEProCUCTEMAX.

Jnsg  pocTikeHus — mend  chopMynHMpoBaHBl  CIEAYIOIIUME  3aJa4H
HCCJIeIOBAHMS:

pa3paboTKa TEXHOJIOTUM MpPeoOpa3oBaHUs MEPBUYHOTO TOKA BO BTOPUYHOE
HanpsDKEHWE Ha OCHOBE 3JIEKTPOMArHUTHBIX MpeoOpazoBaTeell TOKa C IIIOCKUMHU
M3MEPUTEIbHBIMI OOMOTKAMU U YCTPOWCTB Ui MpHeMa, 00pabOTKU U YIpaBJICHUS
JUTsI KOMOMHUPOBAHHOTO YIPABIICHUS PEAKTUBHOM MOITHOCTHIO DHEPTOCUCTEM;

pa3paboTKa palMOHAIBHOTO MaTeMaTHYECKOTO ammapara, BKJIIOYAIOIIETo
aQNrOPUTMBI, MOJEIM W METOAbl ISl HCCIEAOBAaHUS 3aKOHOB pPAaCHpPENCIICHUS
MAarHUTOABWKYIIUXCS CUJI W MArHUTHBIX I[IOTOKOB B MAarHUTHBIX CHCTEMAax
AJIIEKTPOMATHUTHBIX MpeoOpa3zoBaresiell ¢ MIOCKUMU U3MEPUTEITLHBIMU OOMOTKaMHU
C LIENBI0 TOJIYYeHHUS] MCXOJHBIX BEIMYUH U TapameTpoB i (GOPMHUPOBAHMS UX
OCHOBHBIX XapaKTEPUCTHK;

pa3paboTKa aNropuTMOB, MOJIETIEN U METOJOB pacueTa MapaMeTpoB U BEJIMYUH
OCHOBHBIX  XapaKTEPUCTUK: CTATUYECKUX W  JUHAMUYECKUX; TOYHOCTH;
OJIHOBPEMEHHOCTH MPeoOpa30BaHus CUTHAJIOB O TOKax TpeX(a3zHOoil 3NEeKTPUUECKOM
CETH; SKOHOMUYHOCTH; MH(POPMATUBHOCTH; SHEPrOCOEPEKEHUS] U MHUHUMAIBHOTO
MOTPEOJIEHUST ANEKTPOIHEPTUU MIPU COBMECTHOM paboTe C MOITYNPOBOJIHUKOBBIMU
AJIEeMEHTaMU NPH YIIPABICHUHN PEAKTUBHON MOIIHOCTBIO SHEPTOCUCTEM;

pazpaboTka ajIrOpuTMOB U MOJEJel pacueTra BIUSHUS HMCTOYHUKOB
MOTPENIHOCTEH dSJIEKTPOMATHUTHBIX TIpeoOpa3oBaTeiel Toka B HAMNpPSXKEHUE C
IUIOCKUMHU ~ M3MEPUTEIbHBIMH ~ OOMOTKaMH, OCYIIECTBJICHHE KiIacCHU(pUKAINH
VCTOYHUKOB MOTPENTHOCTEN;

pa3paboTka aNrOpUTMOB M METOJOB PAIlMOHAIBHOTO CTPYKTYPHOTO U
napaMeTpUYECKOro CHHTE3a, PALMOHAIM3ALMK W NPOCKTUPOBAHHMS HA OCHOBE
KPUTEPUEB:  JIMHEWHOCTH  CTAaTUYECKHX  XapaKTEPUCTUK, MaKCHUMaJIbHOCTHU
YYBCTBUTEJIILHOCTH U HAJCKHOCTH;

pa3paboTKa M BHEJIPEHUE KOMIUIEKCA KOHCTPYKLMHU 3JIEKTPOMArHUTHBIX
npeoOpazoBaTeieil OJHO- M Tpex(azHOro TOKA B HANPSHKEHUE C TIOCKUMHU
U3MEpPUTETBbHBIMU OOMOTKAMU B CHUCTEMax KOMOWHHPOBAHHOTO YIPABJICHUS
HMCTOYHUKAMHU PEAKTUBHOM MOITHOCTH, COOTBETCTBYIOIIUX MPUHITUIIAM MTOCTPOCHUS
palMOHANBHBIX JHEPro- M PecypcocOEperalwiux CUCTEM, YUYUTHIBAIOIINE
HECMMMETPUU TIpH KOHTPOJIC W YIPaBJICHUU MO BeIWYMHAM H (a3zaM TOKOB
Tpex(azHoil HMIEKTPUIECKON CETH IHEPTOCUCTEM.

O0bexTOM HCCJIENOBAHMS  SIBISIETCST  KJacC  DJIEKTPOMArHUTHBIX
npeoOpa3oBaresieil TOka B HAMPSHKEHNE C TUIOCKUMH U3MEPHUTEIbHBIMA OOMOTKAMH
JUTSI KOMOMHUPOBAHHOTO YIIPABJICHUSI HCTOYHUKAMH PEAKTUBHOW MOITHOCTH.
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IIpeamet uccaeq0BaHus — METO/IbI, AITOPUTMBI U MPOTPAMMHBIE KOMILIEKCHI
UCCJIEIOBAHUSI ~ MArHUTHBIX  CHUCTEM  IpeoO0pa3oBaHus  AJIEKTPOMArHUTHBIX
npeoOpazoBaTeseil Toka B HAMPSKEHUE € TIIOCKUMU U3MEPUTEIbHBIMU OOMOTKAMU.

Metoabl mucciaenoBanusi. B mpomecce  uccienoBaHus — NMPUMEHEHBI
AHATUTUYECKUE U DKCIIEPUMEHTAIbHBIE METOJIbl U AJITOPUTMBI. METOAbl TEOPHUH
AIEKTPUYECKUX, MATHUTHBIX U TEIUIOBBIX LIETIEH CHCTEM MpeoOpa3oBaHUs; METOIbI
rpadoBBIX MOJIENIEH; TEOpUs aBTOMATUYECKOTO YIPABJICHMS, TEOpUS IMEPBUYHBIX
M3MEPUTENbHBIX Mpeo0pa3oBareneil; MaTeMaTHYecKOe MOJICIUPOBAHKE; TEOPHs
ITOIPEIHOCTEN U HAJIEKHOCTH.

Hayynasi HOBHM3HA JHCCEPTALMOHHOIO HCCIAEAOBAHMS 3aKIIIOYACTCAd B
CJIEIYIOLIEM:

pa3paboTaHa TEXHOJIOTHs MpeoOpa3oBaHUs MEPBUYHOTO OAHO- U Tpex(dazHOro
TOKa B HANpsOKEHHE HAa OCHOBE 3JIEKTPOMArHUTHBIX IpeoOpa3oBaresiedl ToKa C
IUIOCKUMHU U3MEPUTETHLHBIMU OOMOTKAMH U yYCTPOWCTB MpueMa M oOpaObOTKH  Jyis
KOMOMHUPOBAHHOTO YIIPABJICHUS PEAKTUBHON MOIIHOCTBHIO SHEPTOCUCTEM;

paspaboTtanbl rpadoBbie MOJIENH, MO3BOJIAIONINE HATISAAHO, 3PHEKTUBHO U C
BBICOKOW  (hOpMalIM30BaHHOCTBIO HUCCJEAOBATh  3aJadyd KOMOWHHPOBaHHOTO
yIpaBJICHUS pEaKTUBHOM MOIIHOCTBIO YHEPTrOCUCTEM Ha OCHOBE
AIIEKTPOMATHUTHBIX —TpeoOpa3oBaresyiell, a TakkKe OMNpENeNCHbl MPUHIUIIBI
MOCTPOCHUSI MATHUTHOM CUCTEMBI TPEOOPa30BaAHUS;

pa3pabOTaHbl  aJTOPUTMBI W METOJbI  MOCTPOCHHUS  XapaKTEPUCTHUK
AJIEKTPOMArHUTHBIX MPeoOpa3oBaTesiel ¢ MIOCKUMU U3MEPUTEIHLHBIMU OOMOTKAMU:
CTaTUYECKUE MPU HEOAHOPOJHBIX U HEIMHEHHBIX MapaMeTpax MAarHUTHBIX CHUCTEM;
TUHAMUYECKAE TPU CHUMMETPUYHBIX W  HECHMMETPUYHBIX  DJIECKTPUUCCKUX
Harpyskax;

pa3paboTaHbl QJITOPUTMBI M MOJIEM pacueTa BIUSHUS HCTOYHUKOB
MOTPENIHOCTEN SJIECKTPOMATHUTHBIX TpeoOpa3oBaTeiel ToKa B HANPSIKEHUE C
IUIOCKUMH ~ U3MEPUTEIIbHBIMA ~ OOMOTKaMM, OCYIIECTBJICHA  KJIacCU(PUKAIIUS
VCTOYHUKOB MOTPENTHOCTEN;

pa3paboTaHbl AJITOPUTMBI W METOJBI PAIMOHAIBLHOTO CTPYKTYPHOTO U
NapaMeTpUYECKOro MPOEKTHUPOBAHUS HA OCHOBE KPUTEPHUEB: JIMHEHHOCTH
CTaTUYECKUX XapaKTEPUCTUK, TOUHOCTH, YyBCTBUTEILHOCTH U HAJIEKHOCTH;

pa3paboTaHbl METOJMKU TIOCTPOCHHUS KOHCTPYKIIMH 3JIEKTPOMArHUTHBIX
npeobpazoBarenieid OAHO- W Tpex(a3HOro MEPBUYHOTO TOKA BO BTOPUYHOE
HamnpspKEHUE  DJIEKTPUYECKONM CETH  DHEProcUcTeM TMpu  KOMOMHUPOBAHHOM
yOpaBJIE€HUU  HUCTOYHUKAMU  PEAKTUBHOW  MOIIHOCTH,  COOTBETCTBYIOIIUE
TpeOOBAHMSIM  PAIlMOHAJIBHBIX  JHEPro- MW  pecypcocOeperaroumx CHUCTEM,
YUYHUTHIBAIOIINE HECUMMETPHUU MPU KOHTPOJIC W YNPABJICHUU MO BeluuuHe U (asze
TOKOB Tpex(a3zHoil >JIEeKTpUYECKOM ceTH, OO0eCleynBaIINe aJIeKBaTHOCTD
MoKa3aTeliel KauecTBa U U3MEHEHUS TIEPBUYHBIX U BTOPUYHBIX BEITUYNH.

IIpakTHyeckue pe3yabTaThl HCCACAOBAHMS 3aKITIOYAIOTCS B CJIECIYIOIIEM:

BHEJIPEHBI B MIPOU3BOJCTBEHHBIX YCJIOBHSIX QJITOPUTMBI, TpOrpaMMa pacdera
CBEPXHOPMATHUBHOTO TEXHOJOTHYECKOTO PACX0jia JIEKTPOIHEPTUU U pa3padOTaHbI
npeoOpa3oBaTey TOKA B HAMPSHKEHUE B CUCTEMAaX KOMOMHUPOBAHHOTO YIIPABICHUS
PEaKTUBHOW MOIIHOCTH SHEPTOCUCTEM;
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NPUMEHEHUE AaBTOMATUYECKH PETrYJIUPYEMBbIX HCTOYHUKOB PEAKTHUBHOMU
MOIIHOCTH B DJJEKTPUUYECKUX CETSIX M DJIEKTPOYCTAHOBKAaX C YCTaHOBJIEHHOMN
MomHocThi0 50 kBT u nHampsskenuem g0 500 kB 1o3BOIWMIM  MOBBICHUTH
IPOU3BOUTEIBHOCTD U CPOK CITY OBl AIEKTPOOOOPYTI0BAHUS u
AJNIEKTPONIPUEMHHUKOB, DJHEPro- U pecypcocOeperalomud  pexuM 3a  CueT
oOecrieueHre HJIEMEHTOB M YCTPOWCTB YIpaBJICHHUS CTAaHAAPTHBIM HaIpsKECHUEM
57,5 B Bmecro 61,81 B, mnpesbimaromuii Ha 4,31 B (7,5%) mo dasHomy
HANpsDKeHNIo, Ha \3 - 7,5% = 12,9% 110 MMHEHHOMY HAIPSDKEHHIO YIIPABICHHS,

AJIEKTPOMArHUTHBIE TMpeoOpa3oBaTeNd TOKa B HAINpsDKEHUE, BHEJIPEHHBIE B
AIEKTPUUECKUX CETSIX CUCTEMBI AJIEKTpOCcHAOKeHHs Ooiiee 20 mpeAnpuaTUii 3a cuer
NOBBIIIEHUSI TOYHOCTH M aBTOMAaTU3allMU YIIPABICHUS MCTOYHHKAMH PEAKTHBHOMN
MOIIHOCTH MO3BOJWIM YMEHBIIUTh TEXHOJIOTMYECKHI pacXo] SJEKTPOSHEPIUU Ha
11,26% npu HopmatuBHOM 3HaueHuu 13,29% (oOecneuymsn yMeEHbBIICHHUE
TEXHOJIOTUYECKOT0 pacxoda aekTposneprun Ha 1,13 mupa. kBTt - 4ac) 3a cuer
MOBBIIICHUA KJAcCa TOYHOCTH DJJIEMEHTOB U YCTPOWCTB KOMOWHHUPOBAHHOTO
YIPaBIICHHS PEAKTUBHOM MOIIHOCTH 3HeprocucteM ot 1,0 no 0,5;

OMPENICICHO BJIUSHUE HWCTOYHUKOB TMOTPEIIHOCTEN 3JIEKTPOMArHUTHBIX
npeodpazoBaresield TOKa B HAMPSHKEHUE € TIIIOCKUMH U3MEPUTEIBHBIMUA OOMOTKaMU,
OCYILIECTBJICHA KJIacCU(UKAIMs OCHOBHBIX HCTOYHUKOB MOTPEUTHOCTEM;

BHEJIPEH KOMIUJIEKC KOHCTPYKIIMI 3JIEKTPOMArHUTHBIX MpeoOpazoBaTeieit
OJHO- H  Tpex(a3HOro TMEPBUYHOTO TOKA BO BTOPUYHOE HAMPSHKCHUE,
COOTBETCTBYIOIIMI  MPUHIMIAM TOCTPOEHHS  PAlMOHAIbHBIX  JHEPro- U
pecypcocOeperaronx CUCTEM, YUUTHIBAIOMIUN HECUMMETPUH TP YIPABICHUU T10
¢dazam TOKOB IEKTPUUYECKOM CETH.

JIoCTOBEPHOCTH TMOJIYYEHHBIX Pe3yJbTATOB OCHOBAHA Ha OOIICTIPUHATHIX
KPUTEPHUSX CPAaBHEHHMS M TOKa3bIBaeT, 4TO pa3paboTaHHble TpadoBbIE MOJEIH,
MOJATBEPXKIACHHBIE  AHATUTUYECKUMU  (PopMyllamMH,  TO3BOJWIM  MPOBOJMTH
CPaBHUTEIIbHBIN aHAIHN3 C TEOPETUUECKUMU U IKCIIEPUMEHTATILHBIMU JAHHBIMH.

JIns OueHKH pe3yJIbTaTOB HCCIEAOBAHWM NMPOBEACH CPABHUTEIIBHBIM AHAJIA3
3()PEKTUBHOCTH MO KPUTEPUSIM JIMHEUHOCTH BBIXOJAHOM XapaKTEPUCTUKU U
TOYHOCTH TMpPeoOpa3yeMoro MEePBUYHOTO TOKA BO BTOPUYHOE HAMPSHKEHUE IS
IIMPOKOTO  Kjlacca  KOHCTPYKUMM  DJIEKTPOMArHUTHBIX  TMpeoOpazoBatesnieit
NEPBUYHOTO OJHO- U TPeX(Ha3HOTO TOKA BO BTOPUYHOE HAIIPSIKEHUE.

Teopernueckast u NMPAKTHYECKAA 3HAYMMOCTh pe3yJibTaToOB
uccaenoBanus.  TeopeTuyeckas  3HAYUMOCTh  MOJIYYEHHBIX  pE3yJIbTaTOB
UCCIIEIOBAHUS 3aKJIIOYAlOTCS B TOM, YTO pa3padOTaHbl METOMAbI, MOJIECIH U
QJITOPUTMBI, TMPUHIMIBI TOCTPOSHUsI TpeoOpa3oBaTeiel MEPBUYHOTO OJHO- U
Tpexda3HOrO0 TOKa BO BTOPUYHOE HANPSDKEHHWE, pEIIeHbl 3aJaud  pa3paboTKu
YCTPOWCTB KOMOMHHPOBAHHOTO YIIPABJICHUS MCTOYHUKAMU PEAKTUBHOW MOIIHOCTH
Ha OCHOBE HAJKHBIX JIEKTPOMATrHUTHBIX MpeoOpazoBaresieil TOKa B HAMPSKEHUE C
VHU(MUIIMPOBAHHBIMU  BBIXOAHBIMH  CHUTHAJIAMH,  HCCIEJOBaHbI  OCHOBHBIC
XapaKTEpUCTUKM W HCTOYHUKUA MOrPEIIHOCTEN mpeoOpa3oBaresneii, co3gaHa
KOHIICTIITUS MMOBBIIIEHUS] TOYHOCTU U JIOCTOBEPHOCTU MHGOPMAIIUUA O BEJIMYMHAX U
¢azax Tpexda3HbIX TOKOB JICKTPUUCCKOU CETH.
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[IpakTrueckas HEHHOCTh PaOOThI 3aKIIOYAETCS B MPUMEHEHUU KOHCTPYKIUH
MarHUTHBIX CHCTEM MpeoOpa3oBaHMsl U AJIEKTPOMATHUTHBIX MpeoOpa3zoBaTeseit
NEPBUYHOTO OJTHO U TpeX(a3zHOTro TOKA BO BTOPUYHOE HANPSIKEHHE C IIOCKUMHU
M3MEPUTEIbHBIMI OOMOTKaMH, 00€CTIeUMBAIONINX YHU(PHUIIUPOBAHHBIC BBIXOIHBIC
BEJIMYMHBI, COOTBETCTBYIOIINE MPHUHIIMIAM IMOCTPOCHHS PAMOHAIBHBIX SHEPIo- U
pecypcocOeperaronmx YJHEProCUCTEM, YUUTHIBAIOIINE HECUMMETPHIO NPU KOHTPOJIE
U YIIpaBJIEHUU 0 Pa3aM TOKOB TpeX(Pa3zHOU dMEKTPUUECKON CETH.

Bueapenne pe3yiabTatoB ucciaenoBanus. PazpaboTtanHbie METO/bI, MOJACIH,
AITOPUTMBI, MporpaMMHbIe KOMILJIEKCHI, JEMEHTHl U YCTpOMCTBa
KOMOMHHPOBAHHOI'O YNPABJICHHUS] UCTOYHUKAMU PEAKTHUBHOW MOIIHOCTH BHEIPEHBI
B 0JIHO- U Tpex(dazubix anmekTpuueckux ceTsix 'AK «Y30exsnepro», B cucremax
anekTpocHaOxeHus: Oonee 20 mpeanpusituii, Hampsbkennem 0,4 — 6 u 10 kB u
CHOCOOCTBYIOT ~ O0O€CIEYEHHIO HOPMHPOBAHHBIX  3HAYCHUH  Kod(uuueHTa
pPEaKTUBHOM MOIIHOCTH. Pe3ynbTaThl BBIOJHEHHOW paboOThl CIOCOOCTBOBAIU
YMEHBUICHUIO TIOTEPU 3JIEKTPO3HEpruu Ha 15 % 3a cyeT MOBBINIEHUS TOYHOCTH
KOMOWHHPOBAHHOI'O YIIPABJIEHUS PEAKTUBHOM MOIIHOCTH OOECHEYWIH 3HEPro- u
pecypcocOepekeHre ¢ ToJ0BOM 3KOHOMHUYECKOW 3(PGEeKTUBHOCTBIO 1,7 MIpI.CyM.,
(cnpaBkm ['AK «Y30ek3Hepro» o BHEAPEHHH pa3pabOTaHHBIC YCTPOWCTBA B
cucTemax daekrpocHadkenus 3a Ne MX — 01— 21/5413 or 17.11.2014 r., Ne MX —
01-21/321 ot 27.01.2015 1.).

AnpobGauust padorbl. Pe3ynbrarhl wuccnenoBaHusi anpooupoBaHbl Ha 40
HAYYHO-TIPAKTUYECKUX KOH(PEPEeHLHUsAX, B TOM YHCIE Ha 15 MexayHapoaHbBIX
CUMIIO3MyMaxX, KOHIpeccaXx M CEMHHapax, B YaCTHOCTH, Ha MEXIYyHApPOJHBIX:
«World Conference on Intelligent Systems for Industrial Automation» (WCIS)
(Baku—2002, Tashkent-2012), «IIpoGmemMbl 3HEpPro- u pecypcocOCPeKEHUN
(Tamkent, 2003), “Control of power system-04” (Cnosakus, (Slovak Rep., High
Tatras, Strbske Pleso), 2004), «MunoBanus - 2004» ( Tamkent, 2004), «IIpoGiiembl
DHEPro- U pecypcocOepexeHus Ha >xene3Hor gopore» (Tamkent, 2005, 2009),
“lHHOBAallMOHHBIE TEXHOJOTMHM B YNpPaBICHUHM, OOpa30BaHUH, MPOMBILIICHHOCTH
“ACTUHTEX” (Poccusa, Actpaxanp, 2007, 2011), MBUII (Tamxent, 2009),
«JHepreTuka: VYmpaBieHHEe, KayecTBO U 3(DQPEKTUBHOCTh  HCIOIb30BAHUS
sHepropecypcoB» (Poccusi, bmarosemenck 2003, 2011); u pecnyOIKaHCKUX:
«CoBpemenHble mpoOaeMbl sHepreTukn» (Tamkent, 2006, 2011), «AxkryanbHble
BOIIPOCHI COBPEMECHHOW TEXHHWKH W TexHosorun» (Jlumenk, Poccus, 2012-2014) u
PecnyOnukaHckasi sjpMapka HWHHOBAIIMOHHHBIX MJI€H, TEXHOJOTMU W MPOEKTOB
(Tamkent, 2008-2014).

Ony0aukoBaHHOCTH pe3yJbTaToB. [lo Teme nuccepTaiuu onyoaukoBaHo 84
HAy4YHBIX TPYJa, B TOM yucie 2 moHorpaduu, 10 - B MexXayHApOIHBIX )KypHAIaX U
NOJIy4€HO 4 MaTeHTOB Ha n3o0peTeHus PY3.

Crpykrypa u 00beM padoThl. Jluccepraius COCTOMT M3 BBEICHHS, IIECTH
IJIaB, 3aKJIIOUYEHHUS], CIIMCKA JUTEPATYpbl, NpuioxeHud u coaepkut 200 crpanun
TeKcTa, BKiIo4YaeT 49 pucyHkoB u 12 Tabiuil.
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OCHOBHOE COIEP KXAHUE IUCCEPTALINU

Bo BBemeHMMm 000OCHOBaHa aKTyallbHOCTh M BOCTPEOOBAHHOCTH TEMBI
JUccepTaliK, CPOPMYIUPOBAHBI 1I€JIb U 33Ja4d, BBISBICHBI OOBEKT U MPEAMET
UCCJICIOBAHUSI,  ONpPENENIEHO COOTBETCTBUE  MCCIEIOBAaHUS  MPUOPUTETHBIM
HalpaBJICHUSIM pa3BUTHS HAyKd U TexHosoruil PecnyOnuku VY30ekucraH,
U3JIOKEHbl HAay4yHass HOBM3HA U MPAKTHYECKUE pe3yjbTaThl, 00OCHOBaHa
JIOCTOBEPHOCTh  IMOJYYEHHBIX  pe3yJbTaTOB, PACKPBITBI ~ TEOpETUYECKas U
IpakTUYecKass 3HAYUMOCTh pPE3yJbTaTOB, MPUBEACHBI MaTepuajabl aHalIMU3a
AJIEMEHTOB M YCTPOMCTB yNpaBJICHUS BEIMUMHAMH U TTapaMeTpaMU SHEPTOCUCTEMBI,
a TaK»Ke CBEJICHUS IO OMYyOJIMKOBAaHHBIM pad0TaM U CTPYKTYpE AUCCEPTALIUH.

B mnepBoii riaBe guccepTranMi HMCCIENOBaHbI BOMPOCHI MPeoOpa3oBaHUs
NEPBUYHOTO OJHO M TpeX(azHOTO TOKa IIEKTPUUYECKON CETH DHEPrOCUCTEM JIsl
KOMOMHUPOBAHHOTO  YIPaBJICHUS  YCTPOMCTBAMHU IMPOU3BOJICTBA, TMEpeaayH,
pacnpeneneHuss W TOTpeOJeHUs dBIeKTpodHepruu. DyHKIHOHAIBHAS —CcXeMma
KOMOMHUPOBAHHOTO  YIpPaBJIEHUS  HUCTOYHUKAMU  PEAKTHUBHOM  MOIIHOCTH
AHEProcUcTeM, (PYHKIIMOHUPYIOIIAsd HAa OCHOBE CUTHAla OT D3JEKTPOMArHUTHBIX
npeoOpa3oBaTesieil Toka B HampsDKeHHe, pa3paboTaHHas B JaHHOM paboTe Ha
OCHOBE MTPOBEJCHHBIX UCCIEAOBAaHUM, ITPEACTABIICHA Ha puUc. 1.
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Al, A2, A3 — apromaTndeckue Beikaouarean, KM1, KM2, KM3 —
KoMMyTalmoHHsle anmnapatsl; TK — 6510k TokoBo#M koMmmieHcanuu; MO —
u3mepuTenbHblil oprad; Y1, Y2 — yeunurenu; KT1, KT2 — sneMeHTbI BBIAEPKKHU 110
Bpemenu; KL1, KL2 — ucnonautensubie opransr, YO — ynpasistomnuii opras; [IAP
— 1IUPOBOI ABTOMATUYECKHUI PETYJISITOP UCTOYHHUKA PEAKTUBHOMN MotmHOCTH; CM
(I'C, MC) — cunxponnas MamurHa (reaepatop — ['C u motop - MC), KC —
KomIteHcaTop CUHXpOHHBIA, KKY — ncTouHHK peakTHBHON MOIIHOCTH —
KOCHHYCHasi KoHJIeHcatopHas ycranoBka, OMIITH ¢ ITMO u OMIIH -
AJIEKTPOMArHUTHBIE TTpeoOpa3oBaTEIn TOKA U HAMPSHKCHUS

Puc.1. ®yHKUMOHAJIBbHASA CXeMA CHCTEeMbl KOMOMHUPOBAHHOI'O
YIPABJIEHUS HCTOYHUKAMU PEAKTUBHOM MOUIHOCTH YHEPrOCUCTEM
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B paboTe nmpuMEHHTENbHO K 3JEKTPOMArHUTHBIM IMpeoOpa3oBaTesiM TOKA B
HanpsDKeHUE € IUIOCKUMHM M3MEpPUTEIbHBIMM OOMOTKamMu B TaOi. 1 mpuBeneHbI
MaTepHalibl KjIacCu(Uali OCHOBHBIX TUIIOB IJIOCKUX MU3MEPUTENIbHBIX OOMOTOK U
BBIPKEHUS JIJIs1 OTIPECIICHUS TUTOIIA/IA UX CEUCHHUS S.

AHanu3 ycioBUH pabOThl SJIEKTPOMATHUTHBIX MpeoOpa3oBareneil Toka H
TpeOOBaHMII TIOKa3ajd, YTO B OHEPrOCUCTEMAx IEJIECO00pa3HO NPUMEHEHUE
AJIEKTPOMATHUTHBIX TpeoOpa3oBaTeieil TOKa B HaNpsHKEHUE C  IUIOCKUMH
U3MEpPUTETBLHBIMU  OOMOTKAMHU U HeoOxoauma pa3paboTka MPHUHIUIIOB
OPOCTPOCHHUSIT U KOHCTPYKIMI  mpeoOpaszoBareneil Toka B HalpsiKEHUE,
00€CreynBaOIINX Y4YeT HECUMMETPHUM, YHU(UKAIUIO BBIXOJHBIX BEJIUYUH H
o0nafaronmMx  paclIMpeHHbIMU  (PYHKIIMOHAJIIBHBIMU  BO3MOKHOCTSIMH  JUISI
KOMOMHUPOBAHHOTO  YINPABJICHUSI  MCTOYHUKAMU  PEAKTUBHOM  MOIIHOCTH
YHEPrOCHUCTEM.

Tabmuma 1
OCHOBHBIE THIIBI INIOCKMX H3MEPUTEIBLHBIX 0OMOTOK
Tun IIMO ®opma I[TNO Ilnomaab ceueHus
Usermx
1. TpeyroabHas 79 s, =ab/2
[}
B
L
2. | IpsimoyrojabHasi Useeee Sy = kab
=]
o
B
c 2
3. Kpyriaas i S =kzd' /4
Py Usermx “
o'
Sr[ =2ab
4, IleTrneBas - o
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Bo BTOpOIi riaBe muccepTanuu WCCIEIOBAHBI MAarHUTHBIE T U CHCTEMBI
npeoOpa3oBaHusl 3JIEKTPOMATHUTHBIX MpeoOpazoBaresiedl TOKa B HAMpsHKEHUE C
IUIOCKUMU U3MEPUTEIBHBIMU OOMOTKAMHU.

BxoaHbIMU BeNMYMHAMHU 3JIEKTPOMATrHUTHBIX MpeoOpa3zoBareieil Toka B
HanpsDKEHUE C TUIOCKUMH HM3MEPUTENbHBIMU OOMOTKaMHU CIYy>KaT: IEPBUYHBIM
NepEMEHHBIN TOK Tpexda3zHoM 3eKTpudecKoi ceTH |, BenumuuHoi ot 1 mo 1000 A
U TepBUYHOE BXOJHOE Hampspbkenue U, BemuuuHoi ot 0,4 — 35 kB, BbIXOJIHOM
curHan U, — BTOPHUYHOE BBIXOJHOE JJICKTPUUYECKOE HANPSDKEHHE OT IUIOCKUX
U3MEPUTEITLHBIX 0OMOTOK, KOTOpPOE MPUHIIUIIAAIBLHO 3aBUCHUT OT PACTIPEICICHUS
MarHuTHOTO TOTOKa @ BIOJb IyTH MAarHUTHOW CHCTEMBI MpeoOpa3oBaHus, T.C. IO
JUTHHE MarHUTOIIPOBO/IA, yTiia MEPECEYCHUS MarHUTHOTO TTOTOKA TUTOIIAIH TUIOCKHX
M3MEPUTEITLHBIX 0OMOTOK U APYTUX (PaKTOpPOB.

Ha ocHOBe rpadoBoifi MOAEIM MAarHUTHOW CHCTEMBI DJIEKTPOMArHUTHBIX
npeoOpazoBaTeseil Toka B HAPsHKEHUE € MIIOCKUMU U3MEPUTEIbHBIME 0OMOTKaMH,
MIPUBEJCHHOW Ha PHUC.2 ONPEACIAIOTCS BEIWYWHBI, XapaKTepusyromue y3ibl (F -
M.J.C.) U ydacTku npeobpaszoBanms (/1, 110, II1 — nmpoaonbHbIE, BEpTUKATbHBIC U
MONEPEYHBIC MapaMeTPhl).

Laxijera
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Puc.2. I'padoBasi Mmoie1b MATHUTHOM CHCTEMbI Pe00OPa30BaHUS
3JIEKTPOMArHUTHBIX Npeodpa3oBaTesieil TOKa B HANPsSIXKEHNeE ¢ MJIOCKUMH
U3MEePHUTEIbLHBIMU 00MOTKAMU
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Hns  rpadoBoii  Momenu — pacmpeieNeHHOW  MarHUTHOM — CHCTEMBbI
AJIEKTPOMATHUTHBIX TpeoOpa3oBareieil TOKa B HaNpsHKEHUE C  IUIOCKUMH
U3MEPUTETBbHBIMU OOMOTKAMHU KOJMYECTBO Y3JIOB IS pacyeTa M.J.C. U MarHUTHBIX
MOTOKOB HMMeeT pasMepbl: 1 ] K, T.e. 3aBHCAT OT YCIOBMA M TOYHOCTH
XapaKTEPUCTHK IpeoOpa3oBaTess TOKa B HANPsHDKCHHE, a pa3Mepbl y3JIoB |
u3MeHsoTes oT 1 o N, jor 1 gomuxkor 1 go .

Jns oTmenbHBIX — y3710B  TpadoBOM  MOJETM  3JIEKTPOMArHUTHBIX
npeoOpa3oBaresieii TOKa B HAMPsHKEHNE C TUIOCKUMH M3MEPUTEIBHBIMA OOMOTKaMHU
COCTABJICHbI YPABHEHUS JJIS ONPEIETCHUS Y3JI0BbIX MAarHUTOABHKYILMXCS CHJT:

mit y3noB 1 =1, J = 1 u k = 1 rpadoBoii Momenn 37IEKTPOMArHUTHBIX
npeoOpazoBareyield TOKa B HANPSHDKEHUE € TUIOCKUMH U3MEPUTEITbHBIMU 0OMOTKAMU
COCTABJISIETCS] YPABHEHHE VIS ONIPEEIICHHS Y3JIOBOM MAarHUTOIBHKYILIEICS CHIIBIL:

K 1 +

i y3aoB i=m,j=1uk=1:
F F F

i-1,j,k i, jk+1 i,j+1,k
KIF Iasx ij.k + + +
F _ Hoi—l,j,k Hli,j,k+l Hi,j+1,k .
bk 1 1 1 ’
+ +
Hoi—l,j,k Hli,j,k+1 Hi,j+1,k
migysaoBi=1,j=1uk=1I:
Fo F.o., F..
K IF I’)BX ij.k + e + St + S
E B Hoi—l.j.k Hli,j‘k—l Hi,j+1.k .
ke 1 1 1 !
+ +
170 1 b4

misy3aoB i=or2mom-1, j=or2mgon-1u k=or2mol-1:

F F F F

i j-1k ijLk ijk-1 ik F i-1,]k F i+1,] k
+ + + + +

-1k Hi‘j+1,k Hli,j,k—l Hli,j‘ku 1 Oifl,j‘k n 0i+1‘j,k .
Lk 1 1 1 1 1 1 !
+ + + + +

11 n1 110 110

i j-1k Hi,j+1,k ijk-1 i jk+1 i-1,j.k i+1, ).k

K

IF l?sx ijk +

rae 1,,,- TOKA B MPOBOAHMKAx TpexdasHoil snextpuueckoin cetu IC,

1]
ABJISIIOIIMECS  BEJIMYMHAMU  BO3ACHCTBMS  HA  y4acTOK  MpeoOpa3oBaHUs
ANIEKTPOMATHUTHBIX TpeoOpa3oBaTeieil TOKa B HaNpsHKEHUE C  TMIIOCKUMH
U3MEPUTETBbHBIMU 0OMOTKaMU; K . - KOA(GOUIIMEHT CBSI3U MEXAY JIEKTPUUECKUMHU

W MarHuTHBIMU [erssMu;, [/ - pachpeneicHHbIE IapaMeTpbl MAarHHUTHOH IIeMH
npeoOpa3oBaHuUs.
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Jlunamuyeckass rpadoBas MoOAENTh TPeoOpa3oBaHUS MEPBUYHOTO TOKA
AJEKTPUYECKON CETH DHEPrOCUCTEM BO BTOPUYHOE HANpPsHKEHUE HAa OCHOBE
ANIEKTPOMATHUTHBIX TpeoOpa3oBaTeieil TOKa B HaNpsHKEHUE C  IUIOCKUMH
U3MEpUTETbHBIMU OOMOTKAaMU MpEACTaBiIeHa Ha puc.3.

MaremaTnueckoe ONMCaHHe JTWHAMUYECKOU XapaKTepUCTUKU
ANIEKTPOMATHUTHBIX TpeoOpa3oBaTeieil TOKa B HaNpsHKEHUE C  IUIOCKUMH
U3MEpPUTEITLHBIMI OOMOTKaMHU, MOJY4YEeHHOE Ha OCHOBE TpadoBOM Mojenu, UMeeT
CIEIYIOIINN BUA:

U (PY =K, T(P), K i T (P, Uy (2)

34€Ch.
T 1T,
T (p ) - — p Debix Dspix :
1 + p T Debix HSebe Depixma Devixma
pT H 11 H
T(p), = ;
1+ pT LJa,7 .10,
T(P)I(p) T(P)u () T(p) I1(p)
T(p) TI(p) T(): T10) IG) )

up) QAP I () Fup) ) @ UR) Qm 1P
Puc. 3. [lunamuyeckast rpagoBasi MoJejb 3JIEKTPOMArHUTHBIX
npeodpa3oBareJieil TOKa B HANPSIZKEHUE C MJIOCKUMH U3MEPUTEIbHbIMHU
00MOTKAMHU

[Ipu mnpeoOpa3oBaHMU MEPBUYHOTO TOKA HA BXOJE |, HAa OCHOBE pacuera

9BX

BEJIMYUH PACHpE/IeICHHOM MAarHUTHOM CHUCTEMBI, COIJacHO pa3paboTaHHOU
rpadoBOii MOJAENM Y4YacTKOB MpPeoOpa3oBaHUs, OINPEACIICHbl BBIPAXKEHUS IS
pacyeTa HaNpsHKEHUS U, Ha BBIXOJE MJIOCKUX U3MEPUTENIbHBIX OOMOTOK C YYETOM

IBBIX

pacnpenenenus M.J.C. F B y3lax M MarHUTHBIX MOTOKOB Ha MPOJOJIBHBIX - @,
nonepeyHbix - @0 u BepTHKaIbHBIX - @] — ydacTtkax. PacnpeneneHue MarHUTHBIX
napametrpoB R, RO, -R1, MarHuTHBIX BEJIMYMH - M.JI.C. F 1 MarHUTHBIX TOTOKOB @ B
y4acTKax MAarHUTHOU CUCTEMBI npeoOpa3zoBaHus AIEKTPOMArHUTHBIX
npeoOpazoBaTesiell Toka B HaMpsDKEHUE C TUIOCKUMU U3MEPUTETbHBIMU 0OMOTKaMU
OTIPEICIISIETCS. HA OCHOBE Y3JIOBBIX YPaBHEHUH.

B Tperbell riaBe JuccepTallMM  MUCCIENOBAHBI  AJIEKTPOMArHUTHBIC
npeoOpa3oBaTeay TOKa B HANPsHKEHUE C IUIOCKUMHU HU3MEPUTEIIBHBIMU OOMOTKaMU
KaK 2JIEMEHT CUCTEMbl KOMOMHHPOBAHHOTO YIIPABJICHUSI HICTOYHUKAMHU PEAKTUBHOMN
MOITHOCTH dHeprocucteM. B kommiekce mnporpamm MATLAB  paspabotana
MOJIENIb UCCJIEAOBaHUs JIEKTPOMArHUTHBIX ITpeoOpa3oBaTesiell Toka B HaMpsHKEHUE
B CUCTEME KOMOMHUPOBAHHOTO YIPABJICHUS] UCTOYHUKAMU PEAKTUBHOW MOIIHOCTH,
KOTOpasi MpeJCTaBlieHa Ha puc.4.
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Puc. 4. Moaenab 3J1eKTPOMarHMTHBIX Npeodpa3oBarelieil TOKA B HANIPSIZKEHHE €
IVIOCKMMHU M3MEPHUTEJIbHBIMHA 00MOTKAMM B CHCTEeMe KOMOMHMPOBAHHOIO
yupasJjieHusi B KoMmIuiekce nporpamm MATLAB

CTpykTypHas cxeMa MOJeIN KOMOWHHPOBAHHOTO YIPABICHUS MCTOYHUKAMU
PEAKTUBHOM MOITHOCTH DJHEPTOCHCTEM TIO3BOJISIET OIPEACIUTh KadeCTBECHHBIC
XapaKTEPUCTHKU TIEPEXOAHBIX TIPOIECCOB CHCTEM YIIpPaBICHUS ©  paboTy
AIIEKTPOMATrHUTHBIX ~TIpeoOpa3oBaTeicii TOKa B HANpsHKEHWE C  TUIOCKUMH
M3MEPUTEILHBIMU OOMOTKaMH B peajbHOM MacliTade BpEMEHHU.

Pe3ynbTaThl MOJEIMPOBAHUS U HWCCIEAOBAHMS  IMAapaMETPOB, BXOIHBIX M
BBIXOJIHBIX BEJIMYMH 3JIEKTPOMArHUTHBIX MpeoOpa3oBaTesiell TOKa B HANPSHKEHUE C
IUIOCKUMU  U3MEPUTEIIbHBIMU ~ OOMOTKAMH B CHUCTEME KOMOWHHUPOBAHHOTO
VOpaBJICHUS HMCTOYHUKAMHM PEAKTUBHOW MOIIHOCTHIO HAa OCHOBE KOMILJIEKCA
nporpamm MATLAB npeacraBieHsl Ha puc.S.

Puc.5. U3meHenusi BXoaHOro (1 — mepBUYHbIH TOK - |, ), MPOMEKYTOUHBIX
(2 —m.a.c. F, 1 3- MarHuTHOrO NMOTOKA - M) M BHIX0AHOTO (4 — BTOPHYHOE
HanpsikeHue U, ;) BeJTHYNH 3JIeKTPOMATHUTHBIX NIpeodpa3oBaresieii TOKa B
HAINPSKEeHNe ¢ MJIOCKUMHU U3MePUTEJIbHBIMH 00MOTKAMHU MPU: HOPMAJIBLHOM
(a), HecMuMMeTPHU4YHOM (0) pe:KUMAaX U B PeKUMeE KOPOTKOI0 3aMbIKAHUA (B)
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B xone aHanmu3a Mojenu yrnpaBieHHs UCTOYHMKAMHU PEaKTUBHOW MOIIHOCTH
BBISIBJICHO, YTO pa3paboTaHHAs MOJIENb B PEalbHOM MacIITade BPEMEHHU MO3BOJSET
ONpENCNTUTh,  TapaMeTpbl W  BEJIMYMHBI  DJIEMEHTOB  DJIGKTPOMArHUTHBIX
npeoOpazoBaTeeil Toka B HAPSDKEHUE ¢ MIIOCKUMH U3MEPUTEILHBIMA OOMOTKaMH,
yIIOBJICTBOPSIONINE TPEOOBAHUSAM YHEPTOCUCTEM.

W3 pe3ynbTaTOB BHUIHO, YTO MOJCIUPOBAHHWE W WCCIEAOBAHHWE HAa OCHOBE
koMmruiekca mporpaMm  MATLAB, mnepexoaHbIX mpoOILECCOB, T.€. HW3MCHEHHE
BBIXOJHOTO  HANpsDKEHHUS  AJIEKTPOMArHUTHBIX — MpeoOpa3zoBaTeneil Toka B
HaANpsDKEHUE C TUIOCKMMHU HM3MEPUTETIHbHBIMA OOMOTKAMH YCTAHABIIMBAETCS 4epe3
0,044 c¢. mocne BKIIOYEHHS DJJIEKTPUUYECKOW HArpy3KH K TOKONIPOBOJAM
AIIEKTPUYECKOMN CETU IHEPTOCUCTEM.

B yerBepToOii ri1aBe AuccepTalMy UCCIEIOBAaHbBl OCHOBHBIE XapaKTEPUCTUKU
AIIEKTPOMArHUTHBIX ~ MpeoOpa3zoBaTesield MEPBUYHBIX TOKOB BO  BTOPHYHOE
HaNpsHKEHUE C MIIOCKUMU U3MEPUTENBHBIMU OOMOTKAMH.

['paduku craTHUeCKMX XapaKTEpUCTHK OJHO(Aa3HbIX Tpeodpa3oBarTeseil Toka B
HanpsHKEHUE, ONPEENISIIOTCS COrNIACHO BBIPAYKEHUIO:

Rt Rt
I'I |‘I

U = 4,44 fW @ e

26bIXA nuo Maxc A - oct A4

I'paduky craTUYECKHX XApAaKTEPUCTUK OJHO(PA3HBIX AIEKTPOMAarHUTHBIX
npeodpazoBareyield TOka B HAMPsDKEHUE € TUIOCKUMH U3MEPUTEITbHBIMU 0OMOTKaMU
npecTaBieHbl Ha puc.6 — 9.

CraTtuueckre XapakTepUCTUKHU ISl BTOPUYHBIX HampsbkeHud a3 B um C
Tpex(azHoil HIEKTPUYECKON CETU IHEPTOCUCTEM ONPEAEISIOTCS aHAJIOTUYHO:

Rt Ryt
Ly Ly

U 26bIX6 = 4’44 fW (D Makc B e - oct B € H
_ Rlllt _ Rlllt
U 26bIXC = 4’44 fW @ makc C € o - oct C € o
¥ . o[
" /444 = \ Iac<ICTHBIC
8 / —
== s o~ PSR
2 ‘ l 12 16 BT ) Tne A ! N.\\“\
(1-20mm.,2-22 MM., 3—24 Mm., 4 —26 Mm.) ‘ ? | < 5% 107 .
Puc.6. Ctaruueckue Puc.7. 3aBUCHMOCTDL BBIXOHOTO
XapPaKTePUCTUKH HanpsixkeHus: Uzegvix
(TOYKA — IKCIIEPUMEHT, 0T Pa3JIMYHbIX 3HAYEHU I
JIMHUS —pacyeTHbIe 3HAYCHHUA) BO3IYIIHOIO 3a30pa &
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Vonrx. B | | Tame, B ‘ ]
- < [~ PacsueTe = //
= s B
s / s %
~ DKCIepHMEHTATbHbIS
Puc.8. 3aBucuMoCThL BHIXOIHOTO Puc.9. 3aBucuMoOCTbL BHIXOTHOTO

Hanpsi:keHust U3BbIX OT HanpsikeHuss UIBbIX 0T
Pa3JIMYHBIX 3HAYCHUH Pa3JIMYHBbIX 3HAYCHU I
yucJa BUTKOB — W0 IJIOIAAM CeYeHUS Stmo

[Ipn yBenwdeHMHM BO3AYIIHOTO 3a30pa O PE3KO YMEHBIIACTCS BEIMYMHA
BBIXOJTHOTO HamnpspkeHus U, U 3TO 00CTOSITEILCTBO OOBSACHSISTCS MaTepralaMu
TEOPETUYECKHX (CIUIONIHBIC JIMHUN) U YKCIIEPUMEHTAIBHBIX (TOYKH) HCCIIETOBAHUH,
MPEJICTAaBICHHBIX Ha pHC.7. PalMoHadbHBIC 3HAYCHHUS BBIXOJHOTO HAMPSKCHUS
oOecreunBarOTCs IPHU BEIMYUHE BO3AYLTHOTO 3a30pa - & paBHoii 0,002 — 0,003 m. u
YHCJIe BUTKOB IJIOCKOW M3MepuTeabHOU 00MOTKH - W70 paBHOM 3 — 4, COTIIacHO
MaTepuagaM UCCIEIOBAaHUN, MPEACTABICHHBIX HA PUC.8. YBEIMUYEHUE YHUCIIAa BUTKOB
IJIOCKUX HM3MEPUTEIBHBIX OOMOTOK CIOCOOCTBYET OoJjiee IUTaBHOMY H3MEHEHHUIO
BEJMYMHBI BBIXOJHOT'O HANPSOKEHUSA, a W3MCHCHHUE IUIOMAAM CCYCHHS IIIOCKHX
U3MEPHUTEILHBIX OOMOTOK OO€CleYMBaeT JIMHEHHOE W3MEHEHHWE BBIXOIHOMN
BEJIMYMHBI HAIPSDKCHHUS, COTJIACHO JIAaHHBIM pucC.9.

B pabote uccienoBaHbl poIiecchl KOMOMHUPOBAHHOTO YITPABJICHUS Ha OCHOBE
AJICKTPOMArHUTHBIX —IpeoOpa3oBaTeiici TOKa B HANPSHKCHHE C  IIOCKUMHU
U3MEPHUTEILHBIMA OOMOTKaMH UCTOYHHKAMHU PEAKTHBHONW MOIITHOCTH - KOCHHYCHBIX
KOHJEHCATOPHBIX YCTAHOBOK C PEAKTUBHOM MOIIHOCTBIO Q, ., =50 xB4p , TOKAMH

l =7 A, wHAyKTUBHOCTSAMM L =L =L =10 I, eMKOCTSMH

3 BxA 3 BxB 2 BxC 51

c,,=C,=C_=10 o Hanpspkeausimu U, , =U ., . =U_ =380 B u monHeMH

COMPOTUBJIECHUAMU Z,, =Z =72 . =0,289 Ou | KOTOpBIE CO3[IAIOT MAKCHUMAJIbHBIC

MAar"HuTHBIC ITOTOKH.

u_ 380
make A =@ make B =@ make C = == = 1121 Bo .
Wo 1.2-7-50

I'padyiky U3MeHeHNss MAarHUTHBIX TTOTOKOB BO BPEMEHU B MarHUTHOM cCHUCTEME,
ompenensieMbie  Ha ocHOBe ¢opmyn (1-3), mpeacTaBisOmAe TUHAMHYECKHE
PEXKUMBI AJIEKTPOMATHUTHBIX MPEeoOpa3oBaTesied TOKA B HAIMPSIKEHUE C TIIOCKUMU
U3MEPUTEITLHBIMU OOMOTKaMU TpeX(as3HBIX AIEKTPHUUECKUX CETeH IHEPTrOCUCTEM,
npuBeneHsl Ha puc.10. Kak BugHO 13 rpadukoB, HAUOONbIINE OPOCKH MAarHUTHBIX
MMOTOKOB, 3HAYUTEILHO MPEBBIIIAIOININE AMIUIUTYHbIE 3HAYEHUSI YCTAHOBUBIIUXCS
MOTOKOB, HAOJIOAAIOTCS TMPU TAKUX YCIOBHUSX BKJIIOUCHHS SJIEKTPOMArHUTHBIX
npeoOpaszoBaTeneil Toka B HanpsikeHue, koraa ¥ = vy = Win = 0 1 @yeun, Docms
D ,enc TPOTUBOTIOJIOKHBI 3HAYEHUSAM YCTAHOBUBIIUXCS MTOTOKOB Dy, Dy De.

46



Torma MarHUTHBIE IOTOKH ONPEIAETISAIOTCS U3 CIEAYIOINX BBIPAKEHNN

D =D A[ “(RET_ cos( a)t)]i > e ) (1)
D, =D B[ “(Ratite _ cos( wt + 120 0)]i > e ThO L (2)
o = | T —cos(wt —120 *)]x @ e Futtw) ()

[IpeBbllIeHHs] MTHOBEHHBIX 3HAYE€HUN MAarHUTHBIX MMOTOKOB B IEPEXOJHOM
peXUME MpPU BKIOYEHUU DBJIEKTPUUYECKUX HArpy30K MPHUBOJIAT K IOSBICHUIO
OpOCKOB TOKOB, KOTOPBIE MOTYT BO MHOIO pa3 MPEBbIIAaTh HOMUHAJIBHBIE TOKH,
MPOTEKAIOIME Yepe3 MEPBUYHBIE OOMOTKHM 3JIEKTPOMAarHUTHBIX MpeoOpa3oBaTeien
TOKa B HaIlPSKEHUE C MNIOCKUMH U3MEPUTEIbHBIMA OOMOTKaMHU.

F 3 @, a
<o, 64— — 4 — — e = Dun
Dy Cyml
2 Ty al
rrrrrrr D sl
Tucl
e §
Dy 2
1 | - . o= - T3
- -® ™ 4_‘7‘" - - -
- = - . - .-
0,5 = - -~ S .
s . P ¥ +
— | - F - - "
o = 4 — -—
- N - j op2 WL o tocex
| & = = & A .y, - SNED X =
L = > g 4 - Rk s | o -
X P - o -
< - = ™~ .
1 4“_',“( - Ay

Puc.10. U3MeHeHHe MAarHUTHBIX IOTOKOB B MAarHUTHOM cHCTEMe
3JIEKTPOMATHUTHBIX Mpeodpa3oBaresied TOKA B HANIPSKEHHE ¢ MJIOCKUMHU
U3MEPHUTETbHBIMHA 00MOTKAMM NMPH NMPOTEKAHUU TOKOB MO Tpex(pasHoi
JIEKTPUYECKOHN CeTH IHEProCUCTEM

YCTaHOBIIEHO, YTO PEXUM B pACIpPEIeICHHOM MAarHUTHOM CHUCTEME
AJIEKTPOMArHUTHBIX MpeoOpa3oBaTesieil ToKka B HaNpsDKEHUE C  TJIOCKUMHU
U3MEpPUTEILHBIMU OoOMOTKamu ycraHaBinuBaeTcs depe3 0,03 — 0,05 ¢. mocrne
BKJIFOUEHMSI Tpex(a3HOU ANEKTPUUECKON HArpy3Ku K TOKOIIPOBOJIaM 3JIEKTPUUECKOM
CETH SHEPIOCUCTEM.

['padoBass Momenbs W pe3yiabTaThbl HUCCIACAOBAHUS BIMSHUS TeMIEpaTypbl
OKpyXaromied cpeapl 1, Ha BEIUYMHY BBIXOJHOTO  HampspkeHUsT U,
ANIEKTPOMATHUTHBIX —TpeoOpa3zoBaTeieii Toka B HANpPSKEHHE C  IUIOCKUMHU
M3MEPUTEITLHBIMU OOMOTKaMH MpuBeeHbl Ha puc.11. u 12.

Kak mokazanum pe3ynbTarhl HCCICIOBAaHUSA, CyMMapHas HaJEKHOCTh
KOHCTPYKITUU DJEKTPOMATHUTHBIX TIpeoOpa3oBaTeiel ToKa B HANPSDKEHHE C
IUIOCKMMU HU3MEPUTEIbHBIMU OOMOTKamu coctasiuser: P = P, P,,= 0,98
0,98=0,96; (P — KaTacTpodpuueckass HameXHOCTb U P,, — NapaMeTpudecKas
HAJEXKHOCTh), YTO BIIOJHE COOTBETCTBYeT TpeOOBaHUSAIM K  CHCTEMaMm
KOMOMHUPOBAHHOTO  YIPABJICHUS  HUCTOYHUKAMU  PEAKTUBHOM  MOITHOCTH
SHEPrOCUCTEM.
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JIJst DeKTPOMAarHUTHRIX MPeoOpa3oBaTesiell TOKa B HANPSDKEHHUE C TNIOCKUMU
MU3MEPUTEILHBIMI OOMOTKAMH CyMMapHasi IMOTPEIIHOCTh ONPEIeIsIeTCs Ha OCHOBE
CPEIHEKBAIPATHUYCCKUX IMOTPEITHOCTEH OOMOTKH BO30YXKICHUS, MarHHTOIIPOBO/IA,
IJIOCKON M3MEPUTEIbHON 0OMOTKH U U3MEpUTENbHOU cxeMbl: J,, = 0,02; o,,= 0,01,
Oo = 0,01; 0, = 0,05.

DHTponHUitHOE 3HAYEHHE TIOTPEITHOCTH TSt 3JICKTPOMArHUTHBIX
npeoOpa3oBaTeicii TOKa B HAMPSHKEHUE C INIOCKUMH M3MEPHTEILHBIMA OOMOTKAMHM
onpenensiercs no popmyne Asyry = K, 05, THE Os - CyMMapHOe
CPEIHEKBaIPaTHICCKOE 3HAYCHHUE TIOTPEITHOCTH AJICKTPOMAarHUTHBIX
npeoOpa3oBaTeiicii TOKa B HANPSDHKEHUE C INIOCKUMH M3MEPHTEILHBIMA OOMOTKAMHM
paBHoe 0,11, x, — SHTPONMUUHBIA KOA(DPHUIIMCHT, UMCIOIIUI pa3IMYHbIC 3HAYCHUS
IIPH Pa3IMYHBIX 3aKOHAX pacmpeIeacHus (JI7I1 HOpMAJIBHOTO 3aKOHA PaCIIPeACIICHHS
HOTPENIHOCTH K, = 2,07).

Pacuerammu YCTaHOBJICHO, 4YTO SHTPONHUIHAS MOTPEIIHOCTh
AJICKTPOMArHWTHHIX TpeoOpa3oBaTeeii TOKa B HaNpsDKEHHE C  IIOCKUMH
U3MEPUTEITLHBIMU OOMOTKAaMH COCTaBIsACT Aoy = 0,2.

DKCIepUMEHTAIBHOE MMOJITBEPKICHHE J1al0 3HaueHue A4,,., = 0,21.

Voo Bl

e yoeron st mio s | A
. renmeparype: exj;xyleimu.[ei‘r cpem,y/
I~
12 C YYeToM BIHAHIE TOKa I'JIIO/
/}63 )Il‘jera BIMAHNE TOKa [THIO
. pd
T
0 g -
Puc.11. I'padgoBass mogesnb A Puc.12. Bausuawue . 1 T,
HCCJIeI0BAHUS HCTOYHUKOB HA BBIXOHOe HanpsiKkeHue U,

NMOrPelIHOCTel

B natoii rnaBe auccepraniud TPUBEACHBI AJNTOPUTMBI CTPYKTYPHOTO U
napamMeTpuyeckoro mpoektupoBanus (puc.13 u 14), xotopsie 00ecrneunBarOT
panMoHaNbHBINA BHIOOP KOHCTPYKIIMU JIEKTPOMArHUTHBIX TIpeoOpa3oBaTeseil Toka B
HaIpPsHKEHUE C TNIOCKUMH U3MEPUTEIILHBIMA 0OMOTKAMH.

Br16op ontuMansHO#M CTPYKTYpHI TIpeoOpa3oBaTeseii OCHOBaH Ha pa3paboTKe
MOpP(hOJIOTHYSCKUX TaOJMII OCHOBHBIX OJJIEMEHTOB M BbhIOOpa Ha HX OCHOBE
ONTUMAJILHBIX JJIEMEHTOB, U B TIOCJICIYIONIEM - ITyTEM KOMIIOHOBKH ONTHUMAaIbHOMN
KOHCTPYKIIMM 3JEKTPOMATHUTHBIX MpeoOpa3oBaTesiel TOKa B HANPSDKEHHE C
MJIOCKUMH U3MEPUTEIIbHBIMU OOMOTKaMHU.

[Ipu BBIOOpE 3JIEKTPOMATHUTHBIX MpeoOpa3oBaTeeil TOKa B HAINpPSKEHUE C
IUIOCKUMHU W3MEPUTEIbHBIMU OOMOTKAMHU IO KPUTEPHUIO ~UYBCTBUTEIBHOCTH Ha
OCHOBE pa3pabOTaHHOTO aJropuTMa BBIOMPAIOTCS CIEAYIOIIME COCTABIISIONINE
Mopdosnornyeckoit Tadmuust 3: 1.2, - 11.3. - 111.4.
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Tabmuma 3
Mopdosornueckast TabauIa YCTPOMCTB 3JIEKTPOMArHUTHOTO MPeoOpa3oBaTelis

|. Dopma 0OMOTKH BO30OYKICHHS
I.1. OgHOXUNbHAS |.2. MHOrOXMIbHAS |.3. IIpssmoyrosibHas -
IMMHOIIPOBOJ
5 1 1 1 4 1
1 2 3 2 2 2
5 3 3 3 3 3
1 4 OOO 3 |4 2 |4
O LI O ENE ————— 2 Is
5 6 O O 3 6 4 6
1 7 OO 3 7 2 7
5 8 3 8 4 8
5 9 4 9 2 9
1 10 3 10 2 10
|.4. [IpsamoyronbHas |.5. MHorocnoiHas ITokazarenu kadecTtBa
2 1 3 1 qyBCTBHTEILHOCTH 1
5 2 4 2 IIeHa 2
4 3 1 3 HaJIe)KHOCTh 3
O O O O 5 4 4 4 THOTPENIHOCTh 4
O O O O 5 5 4 5 HEJIMHEHHOCTh 5
4 6 2 6 JIMAMa3soH 1o iny 6
O O O O 4 7 5 7 TOTEPH B CTATH 7
2 8 1 8 ObIcTpOIEHCTBHE 8
3 9 1 9 9KOJIOTHYHOCTh 9
4 10 5 10 BEC 10
Il. ®opma marauTOonpoBOAA
I1.1.3Be3n000pa3Has I1.2. CrepxxneBas 11.3. Kpyrnas
3 1 5 1 1 1
% 1 2 | 2 2 5 2
4 3 5 3 1 3
1 4 2 4 4 4
1 5 2 5 3 5
1 6 2 6 3 6
5 7 4 7 2 7
1 8 2 8 3 8
1 9 | 2 9 5 9
1 10 2 10 3 10
I1.4. TpeyronapHas I1.5. IIpsmoyronbHas ITokaszaTenu kayecTBa
2 1 4 1 4yBCTBUTEJILHOCTh 1
3 2 4 2 uZua 2
3 3 2 3 HaJIEKHOCTh 3
4 4 5 4 MOTPELIHOCTh 4
4 5 5 5 HEJIMHEHHOCTh 5
5 6 4 6 JManasoH 1o iny 6
5 7 3 7 MOTEepH B CTAIH 7
4 8 5 8 OricTpojeiicTBHE 8
3 9 4 9 9KOJIOTHYHOCTh 9
4 10 5 10 BEC 10
[11. ®opma mI0CcKOM U3MEPUTEIBHON 0OMOTKH
[11.1. IIpsamoyronbHas I11.2. TpeyronbHas 111.3. Kpyrnas
g ; Usesix i ; (o’ g ;
4 3 9 5 3 . 3 3
4 4 r 5 4 Usesix 3 4
3 5 5 5 - 4 5
1 6 @ 3 6 2 6
3 7 1 7 2 7
o 4 8 B 5 8 3 8
4 9 5 9 ' 3 9
3 10 5 10 4 10
111.4.Judd.npsimoyromns- | H1.5. [Tokazarenn kadecTBa
Has Judd.TpeyronsHas
1 1 2 1 YyBCTBUTEIBLHOCTH 1
I 5 2 4 2 1eHa 2
1 3 Uonzix 2 3 HaJIe)KHOCTh 3
v 1 4 2 4 HOTPENHOCTE 4
JJJJJ 1 5 2 5 HEJIMHEHHOCTh 5
4 6 5 6 JIMANa3soH 110 iny 6
1 5 7 4 7 MOTEPH B CTAIH 7
1 8 2 8 ObICTpOCHCTBHE 8
1 9 2 9 3KOJIOTHYHOCTh 9
1 10 2 10 BECh 10
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B mectoii riaBe muccepTanuu TpHUBEACHBI MaTepUaibl MO pa3pabOTKe U
IPAKTUYECKOMY BHEJIPEHUIO KOHCTPYKTUBHBIX DJIEMEHTOB CUCTEM
KOMOMHHMPOBAaHHOI'O  YNpPAaBJICHUS  MCTOYHUKAMM  PEAaKTUBHOM  MOIIHOCTH
HHEProCUCTEM Ha 0aze AIEKTPOMArHUTHBIX MpeoOpa3oBaTesiel TOKAa B HAIPSYKEHUE
C IUJIOCKUMU U3MEPUTETBbHBIMU OOMOTKaMHU.

KoHCTpyKIIMN 31€KTpOMarHuTHBIX MpeoOpa3oBaTeieil TOKa B HANPSKEHUE C
IUIOCKUMU M3MEPUTENbHBIMA OOMOTKAMH JJI1 KOMOMHUPOBAHHOIO YIPABJICHUS
HMCTOYHHKAMU PEAKTUBHON MOIIIHOCTU SHEPrOCUCTEM NPHUBEAECHBI HA puC. 15 1 16.

1,2,u3-11IMO,4,5u6— 1,2,3u4-1110O; 5 - uzonsauuoHHast
W30JISIIUOHHBIC IIJIACTUHKH; 7,8 1 9- MJIacTuHKa; 6, 7, 8 1 9 - yeThIpe
JIOTIOJTHUTEINIbHBIE cepaeuHuky; 10 u 11, crepxxHs; 10-o61mee ocHoBanue; 11-
12 u 13, 14 u 15 — mapel mapauienbHbix — cepaeunuk; 12 (paza A), 13 (paza B) u
cTepkHel; 16—ocHoBaHUE 14 (paza C) oOMOTKH.

MarauTonpoBoza; 17, 18 u 19-
IepBUYHBIE OOMOTKHU

Puc.15 JiaekTrpoMarHuTHbIN Puc.16. D1eKTpoMarHuTHBIN
npeodpasoBaresib TOKA B npeodpasoBare/ib TOKA B
HaINPSKEHHE ¢ MJIOCKUMHU HAINPSKEHNE ¢ MJIOCKUMU

U3MepPUTEeIbLHBIMH 00MOTKAMM € U3MEPHUTEJbHBIMH 00MOTKAMM €
TpeXJly4eBbIM MATHUTONPOBOAOM YyeTbIpexcTep:KHEeBbIM
(ITarent PY3 Ne(04185) MATHUTOINPOBOIOM
(ITatent PY3 Ne(4475)

[IpunnunuanbHas cxemMa KOMOWHUPOBAHHOTO YIPaBICHUS HCTOYHUKAMHU
PEaKTUBHOW  MOIIHOCTH  JHEPrOCUCTEM HA  OCHOBE  JIJIEKTPOMArHUTHBIX
npeoOpa3oBaresieii TOKa B HAMPSHKEHUE C TUIOCKUMH U3MEPHUTEIbHBIMA OOMOTKAMH
npuBeneHa Ha puc. 17.

Texnnueckue MaHHbIE pa3paOOTAHHBIX AJIEKTPOMATHUTHBIX TTpeoOpa3zoBaTeseii
TOKAa B HaIPSHKEHHUE C TJIOCKUMHM U3MEPUTEIBHBIMU OOMOTKAMM JJIS YIIPABJICHUS
PEaKTUBHON MOIITHOCTBIO DPHEPTOCUCTEM MPUBEIEHBI B Ta01.4.
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VeTpoHCcTBO

OpHEeMa.
ﬁ oOpadoTKH H

THpPHCTOPHBIH
peryasaTop

yOpae/JIeHHA
CHIHAJIA

FcuauTeab cHrHaIa 2
™y

Baok
MHKPOOPOLIECCOPHOro [
MVOpABJIEHHHA

-
'F3 |.E’cn:lnre:[b cHrHa Ia 1 |

zazop S

-
- e

' Fn W1 - nepegaTodHana QYHRKIHA Henu ITITO,
—_ W2 - mepegaTodMHaAa PYHRKIHA Henu Y C1 - BMITY,
Wi - mepeadarTodYHas QYHRKIIHA Henu Y C2 - BMITY.
F o - cuJIa NPHTATHEAHHA NIPVEHHBI.
F 3 - JIeRTPOMATHHTHAaHA CH/Ia Toka OV,
IO - IIoOCKAS H3IMEePpHTE IBHAA 0OMOTKA.

HcecToYIHHERK
PeaRTHBHOH
MOIIHOCTH

Puc.17. IlpuHunuagbHas cxeMa KOMOMHUPOBAHHOIO YIIPABJICHUS
HCTOYHUKAMHU PEAKTUBHOM MOIIHOCTH YHEProCcMCTEM HA OCHOBE
3JIEKTPOMArHUTHBIX Npeodpa3oBareiieil TOKA B HANPSIZKEHNE € IVIOCKUMH
U3MEPHUTEIbHBIMU 00MOTKAMU

Tabauua 4

TexHuyeckue JaHHBIC JIEKTPOMArHUTHBIX MPeoOpa3zoBarTeiei Toka B
HaMpsHKEHUE C TUIOCKUMU U3MEPUTENIbHBIMA 0OMOTKAMU

Mep
BX.
y3na

[lepBuuHbIi Brixon- Koag. Con- Unnyk- Pekomennyemeble COEIUHEHHUS
TOK HOE mpeod- POTHBJ | TUBHOCTh L, | BBIBOJIOB 31€eMEHTa NpeoOpazoBaHus
| | Harmp. paso- €Hue (uH) - 1o
11 MaxK
Upux BaHUs R

(A) | (A) (B) K, (mgl)

Bxon 5 4 32 1

(o o o e o)

o0—0—0—0—0

1 25 | 36 25 1/1000 0.3 0,023 Bhixon 5 7 8 9 10
Bxoxa 5 4 3 2 1
o—\o—o—o

2 12 | 18 24 2/1000 | 1,1 0,09 Burxon 6 7.8 9 10
Bxon 5 4 3 2 1

O0—0
8 | 12 | 24 |3/1000 | 255 | 021 o—oN\oN\oo
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CxeMbl COEIMHEHHUS W Pe3yJdbTaThl WCCICIOBAHUSA DJIEKTPOMArHUTHBIX
npeoOpazoBaTeneil Toka B HAMPSDKEHUE C IMIOCKUMH M3MEPUTEIBHBIMU OOMOTKaAMHU
JUIS  KOHTPOJSI W yNpaBlICHUS JUHAMUYCCKUMHU WCTOYHHKAMH PEaKTUBHOM
MOIITHOCTH YHEPTOCHUCTEMBI IPUBEACHBI Ha puc. 18. a), 0), u B).

K ocratsHoit
9ACTH

| Ot mmckper
HBIX
CXEMBI

| IETIEBbIX
" ofMoToK
\

Puc.18. Cxema KOMOMHHPOBAHHOTO YNIPABJIeHHUsI CKOPOCTHIO BpalleHusi (a) u
BBIXO/HbIE XapaKTepucTuku (0)

HccnenoBaHusiMM  yCTaHOBJIEHO, 4YTO  4YacTOTa IEPEMEHHOIO  TOKa
AJIEKTPUYECKON CETU DHEPrOCUCTEM M CKOPOCTb BPALLEHUS POTOpa JUHAMHUYECKHUX
UCTOYHUKOB  PEAKTMBHOM  MOIIHOCTM  Ha  OCHOBE  D3JIEKTPOMArHUTHBIX
npeoOpazoBaTeseil Toka B HAMPSHKEHUE C TUNIOCKUMH U3MEPUTEIbHBIMU OOMOTKaMHU
MOYKET ObITh 3a(HKCHPOBAHA C TOYHOCTBIO 10 (hassr (90°).

B 3akiwouyeHuM uccepTallMd  TOABENEHBI  WTOTU  WCCIIEIOBaHMUS,
chOpMyIMpOBaHBl ~ OCHOBHBIE  BBIBOJABI M TPEAJIOKEHBI  MPAKTUYECKHE
PEKOMEH IAINH.

3AKJIIOYEHUE

B nmuccepranmu  Ans OCYHIECTBICHHS KOMOWHUPOBAHHOTO — YNPAaBJICHHS
Tpex(a3HbIM TOKOM D3JIEKTPUYECKHX CceTell M peakTUBHOM MomHocThio OJC Ha
OCHOBE TEOPETHUECKUX U OJKCIEPUMEHTAIbHBIX MCCIEAOBaHUN pa3paboTaHbl
PUHITUIIBI TOCTPOCHUS DJIEKTPOMArHUTHBIX TIPe0Opa3oBaTesieil Toka B HAIPsHKCHHE
C TUIOCKUMHU HW3MEPUTEITHHBIMH OOMOTKAaMH, COOTBETCTBYIOIME MaTeMAaTHYECKHE
MOJIEJIN, AJITOPUTMBI UCCIICIOBAHUS M IPOSKTUPOBAHUS, & TAK)KE METOIMKA PacueTa,
YTO TMO3BOJIMIIO PEIIUTh POoOIeMy pa3paboTKu U KOHCTpYyUpoBaHUs 3 (PEKTUBHBIX
AJIEKTPOMArHUTHBIX MpeoOpa3oBaTesiedl 0OJHO- U MHOTO(a3zHOro MEPBUYHOIO TOKa
BO BTOPUYHOE HAMpPSIKEHHE.

B uTore nmomy4yeHs! cieayromne OCHOBHBIE PE3YIbTaThI:

1. ObocHoBaHa TEXHOJIOTHS IPUMEHEHUS AIEKTPOMArHUTHBIX
npeoOpaszoBaTeneil Toka B HaIMpsDKEHHUE C MIOCKUMH W3MEPUTENBHBIMH OOMOTKaMHU
npu KOMOWHUPOBAHHOM YIIPABICHUHM YCTPONCTBAMH TIPOM3BOACTBA, IEpeaayH,
pacmpeziesieHus: ¥ MOTPEOICHNUS PEaKTUBHON MOIIHOCTH U AJIEKTPUYECKON SHEPTUH.

2. PazpaboTtan parnuoHaNbHBIA MaTEeMaTHYECKUU ammapar Ha OCHOBE
rpadoBBIX MOJENEH: aaTOPUTMBI, MOJEIN M METOJbI JJII UCCIEJOBAaHUS 3aKOHOB
pactpenenieHrss MarHUTOJBIDKYIIIMXCA CHJI M MArHUTHBIX MOTOKOB B MAarHUTHBIX
CUCTEMaxX SJIEKTPOMArHUTHBIX MpeoOpa3oBaTesiell ¢ IMIOCKUMHU H3MEPUTEITHLHBIMU
OOMOTKaMH C I1I€JIbI0 TOJYYEHUsS WCXOJIHBIX BEJIWYWH U TIApaMeTpoB IS
(dbopMHUpPOBaHUS UX OCHOBHBIX XapaKTEPUCTHK.
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3. Bueapen KoOMIUIEKC KOHCTPYKIUI AJIEKTPOMArHUTHBIX IpeoOpazoBarTene
C IUIOCKUMH M3MEpPUTEIbHBIMH OOMOTKAMU OJHO- W Tpex(a3zHOro TOKa BO
BTOPUYHOE HAMPSIKEHUE, YUYUTHIBAIONIME HECUMMETPHUH TIPU YIIPaBJICHUU 10 ¢azam
TOKOB AJICKTPUYECKOW  CETU Ha OCHOBE CTaTUYECKUX, JIMHAMUYECKUX U
METPOJIOTUYECKHUX XapaKTEPUCTUK POOpa30oBaTENS.

4. PanuoHanbHbIC 3HAYEHHS] BBIXOJHOTO HampsikeHust U, OT TIOCKOH
U3MEpPUTETHLHON OOMOTKM 00ECIIeUMBAIOTCA MPU BEJIMYMHE BO3IYIIHOIO 3a30pa - O
paBaoM — 0,002 — 0,003 m u 9Yucne BUTKOB TUIOCKOW M3MEPUTEIHHOW OOMOTKH -
W.,... paBHOoM — 3 — 4. HaneXHOCTh 3JIeKTPOMAarHUTHBIX IpeoOpa3oBaresield TokKa B
HapsHDKEHHUE C MIIOCKUMU U3MEPUTENbHBIMU 00MOTKamu coctaBuiia 0,96.

5. OmpeneneHsl BIMSAHHUS HUCTOYHHUKHM TOTPEIIHOCTEH 3JIEKTPOMArHUTHBIX
npeoOpazoBaTeneil Toka B HAMPsHKEHUE ¢ MIIOCKUMH U3MEPUTEIBLHBIMU 0OMOTKAMH,
OCYIIECTBJIaHa KiIaccuuKaIusi HCTOYHUKOB MOTPEIIHOCTEH.

6. IlokazaHo, 4yTO MpU U3MEHEHUM TEMIIEPaTyphbl OKpPYKaoIel cpeabl Ha
10°C morpenHocTs mpeobpasosanus yBeamausaetcs Ha 0,03 %, a mpu HETOYHOCTH
M3TOTOBJICHHS TUTOCKOHM M3MepuTeaIpHOM 00MoTKH - Ha 0,07 %.

/.  DHTpOIHUIHAs MOTPEIIHOCTh MPeoOpa3oBaTesiel TOKa B HANPSKEHUE HE
npesbimaer  0,2%, a  OSKCIEPUMEHTANbHOE  3HAYCHHE  MOTPEITHOCTH
AJIIEKTPOMArHUTHBIX  MpeoOpa3zoBaTesiel TOKa B HANpsHKEHHE C TIOCKHUMHU
U3MEpUTEITbHBIMU 00MOTKaMu coctaBmiio 0,21%.

8. Baenpensle KOHCTPYKIIMH 3JIEKTPOMArHUTHBIX MTpeoOpa3oBarteseil o1Ho-
U Tpex(a3zHOro MEpBUYHOTO TOKAa BO BTOPUUYHOE HAIPSKEHUE 3JIEKTPUUECKON CeTH
HSHEProCUCTEM IMpPU KOMOMHHMPOBAHHOM YIPABJIEHUU HMCTOUYHUKAMHU PEAKTUBHOMN
MOIIIHOCTH  COOTBETCTBYIOT  TpeOOBaHUSM  pPALlMOHAIBHBIX  JHEPro- U
pecypcocOeperaronx CHUCTEM, YYUTBIBAIOT HECUMMETPUM NPHU KOHTPOJIE U
yIpaBJIeHUM MO BEIWYMHE M  (a3e TOKOB Tpex(a3HOH HIIEKTPUUYECKOW CeTH,
o0OecneunBarOT a/IeKBaTHOCTh IMOKa3zaTejed KauecTBa U U3MEHEHMs MEPBUYHBIX U
BTOPUYHBIX BEJIUUHH.

9. IlpuMeHEeHME aBTOMATHYECKH PETYJIHPYEMBIX HMCTOYHUKOB DPEAKTHUBHOMN
MOIIIHOCTH B DJEKTPHUUECKHX CETAX U DIEKTPOYCTAHOBKaX C YCTaHOBJICHHOMN
MomHOCTEIO 50 kBT w Hanpsoxkennem no0 500 kB  1o3BOMMIO TMOBBICUTH
MIPOM3BOUTEIIEHOCTh CPOKaA CITY>KOBI DIIEKTPOOOOPYAOBAHUS U DJIEKTPOTIPUEMHUKOB
U DHEpPro- M pecypcocOeperammuii pekuM 3a c4eT O0eCTeueHus CTaHAapTHOTO
HANpsDKEHUsST DJIEMEHTOB M YCTpOMCTB ympaminenus 57,5 B Bmecto 61,81 B,
npesbimaommii Ha 4,31 B (7,5%) mo ¢asHoMy HampspkeHuio u Ha V3 - 7,5% =
12,9% no nuHeHOMY HaIPSKEHUIO MUTAHUSI CUCTEMbI YIIPABJICHHUS.

10. DnexkTpoMarHUTHBIEC MPeoOPa30BATENIN TOKA B HANPSHKEHUE, BHEPEHHBIE
B JJICKTPUUYECKUX CETAX CHUCTEMBI IJIEKTpocHabxeHus 6oinee 20 mpeanpuatuii 3a
CYeT TIOBBIIEHUS TOYHOCTH ¥ AaBTOMATH3allMM YIPAaBICHHUS HMCTOYHUKAMH
PCaKTUBHOW MOIIMHOCTH TO3BOJIMJIM  YMEHBIIUTh TEXHOJIOTHUYECKUHA PACXO
anexkTposHepru Ha 11,26% npu HOpMatuBHOM 3HaueHuu 13,29% (oOecmeun
YMEHBIIIEHUE TEXHOJOTHYECKOTO pacxoja 3JIeKTpodHepruu Ha 1,13 mupa. kBt
yac) 3a CuYeT TMOBBIIIEHUS KJacca TOYHOCTH DJJIEMEHTOB U  YCTpPOMCTB
KOMOWHHPOBAHHOTO YIPABJICHHUS PEaKTUBHON MOIIHOCTH 3HeprocucteMm oT 1,0 1o
0,5.
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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, |.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.lgamberdiev, R.K.Azimov, K.R.Allaev,
A.A.Abdukayumov, M.l.Ibodullaev, 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 control 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 electromagnetic
transdusers of the three-phase current in voltage with flat measuring winding with
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 analytical and
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 snextponpuemuukoB 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. kVtx
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 multifunction 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
electromagnetic 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 mlrd. 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, 2006, 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.

Ueout

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; Kl1, 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 autocontrol
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
L windings
windings
Ue out
1. Triangulare T 9 S, = ab/2
B
o
- S, = kab
2. Square-wave U e out

a

o :
i S =kz D /4
3. Round Ueout
T
_—
Sp=2ab
4, Petlevaya Ueout o
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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 i, value from 1 before 1000 A and primary voltage U i, value
from 0,4 - 35 sq, but output signal U, o - @ 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, corner 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).

Kir

Isexm g+1k

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: i j 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 1.

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:

- = F
K . | ik n Li+1k n 1,j.k L uiy g k+1
Hi.j+1.k H0i+1,j.k Hli,j‘k+l
i = 1 1 1 '
+ +
Hi,j+1.k H0i+1,j,k Hli,j.k+1
for points i=m,j=1and k= 1:
F i-1,j .k Fi‘j‘k+1 i) j+1.k
K IF "oex i,j,k
Hoi—l,j,k Hli‘j,k+1 i, j+lk
P = 1 1 1 :
+ +
70 1 b

forpointsi=1,j=1landk=1:

i-1,j.k i, j.k-1 F i, j+1,k
J ] J
+ +

1710 71

i-1,j,k i k-1 Hi,j+1.k .

170 1 17

-1,k ikl i, j+1.k

for pointsi=from2tillm-1, j=from2tilln-1 and k=from 2 till - 1:

F i,j-1k F i j+lk F ijk-1 F ijk+1 F i-1,j.k F i+1,j.k
IF lanx ijk t + t t t
F ~ Hi,j-l.k Hi,j+1,k Hli‘j,k-l Hli,j‘k»fl Hoi—l‘j,k H0i+1‘j,k .
bk 1 1 1 1 1 1 '
+ + + + +
il 1 1 g o o

ij-Lk ijLk k-1 ik i-1,1,k i+1,.k

where: 1, - 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:

U out (P) = K FyUeT(p),uRIerT(p)eout U eout (p) ;
where:

pT .. 11
T(p)eout — eout eout
1+ pr IT_ T 7

eout eout eoutta eoutta

pTﬂHﬂ

T(p), =
1+ pT 11,T

M uta H Hta

T(p)Ti(p) T(p)TIp), T(p) )
) 11 I
up) QPI  Ep @ o6 U Q) 10

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, o« On output of flat measurire windings with provision for distribution
m.m.p. F, in nodes and magnetic flow on longitudal - F, transverse - FO and vertical
- F1 - an area. Distribution magnetic parameter R, RO, -R1, 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
MATLAB 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.

Amplifier

MTCW with FNWVW

Oscillograph |

v2

Breker

Fig. 4. Model of the research of the electromagnetic transdusers of the current
to voltage with flat measure windings in complex program MATLAB

a) b) c)

Fig.5. Graphics of input (1 - a primary current - le 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:

U = 4,44 fWF e +F e

eout pio max A rem A4

Rt Rt
I‘I I‘I

Similar formulas for building of the steady-state features for secondary
voltages of the phases B and C three-phase electric network:

U eout = 4’44 fWF max B e "+ F rem B € ' '
I‘III I‘III
U eout = 4’44 fWF max C e +F rem C € .
. Usner, B
/1
16 ,/"/,2 16 \
g2
v 5 ./?5/ - ? \\
KCTIEPHMEHTANTBHBIE| | - PacueTHBIE
AT N
. Y7 N
8 M
Fastome lé% .\ JKCTepHMeHTaNbHER
\ Z N P
4 Z ~
4 \'\. *
\\
0 4 8 12 16 20 24 1:,-A ‘T\
0 2 4 6 ?—
(1-20mMm.,2-22 MM., 324 Mm., 4 — 26 Mm.) 5x10” m.
Fig.6 Steady-state features of output Fig.7. Dependency of the Ugqyt
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, o 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 U, The Best values of the output voltage are
provided at value of the air clearance equal 0,002 - 0,003 m. and count whorl Wgyw
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 Vmyxnungpa ! =50 KBAp ) Current IeinA = I = IeinC = 76 A ] Lel = I_e|| = L = 10 -’ FH

einB elll !

7

C,,=C,=C,.=10"F, voltage Uu,,=YU, ,=U, . .=380 B, Impedances

Z,=2,=2,=028 Om  which create maximum magnetic flows

Umax 380
(pmaxA:@maxB:@maxC: = :1,721 B6
W, o 1.2.-7-50

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 yl = wyll = ylll = 0 and ®ema, Prems, Premc OPPOSite
instant importances flow formed condition F,, Fg and Fc.

When
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D5 = Dyaxca [e_(RIULI) - c0s (ot)] £ Drem A e_(leﬁ), (1)
DO = Dpaxs [e_(Rllt/Lll) - cos (ot +120%)] + Drermp e R0, (2)

D¢ = Dnaxc [e_(Rlllt/Llll) - CoS (ot '1200)] * Dremc e_(Rmt/Lm)- (3)

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 Ugo 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 l¢ and T, from
of the sources of inaccuracy output influence l¢u: and Tm on
voltage Ueoy voltage Uy

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: & primwin = 0,02; 6 =
0,01; 8 fmw = 0,01; & 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 & yans = ke
ds, Where: 0y - total importance of inaccuracy of the electromagnetic transdusers of
the current to voltage with flat measure winding, equal 0,11; ke - 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 & yans = 0,11. The experimental dates of evidence & ¢, =
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
1.1. Odnozhilinaya I.2. Mnogozhilinaya I.3. Square-wave - a bus-
duct
5 1 1 1 4 1
1 2 3 2 2 2
5 3 3 3 3 3
O i : OOO s ————— -
— &0 = e
— OO 1 -
5 9 4 9 2 9
1 10 3 10 2 10
|.4. Square-wave I.5. Laminated Factor of quality
2 1 3 1 YyBCTBUTEIBHOCTD 1
5 2 4 2 eHa 2
OOO0O [ T oy :
QOO0 T T5 T amorneiy :
OCOO0O0 T ;
3 9 1 9 9KOJIOTUYHOCTh 9
4 10 5 10 BECh 10
I1. The Form of magnetic core
11.1.Stras form 11.2. Pivotal 11.3. Round
3 1 5 1 1 1
1 2 | 2 2 5 2
4 3 5 3 1 3
\‘I—l‘[ 1 4 2 4 4 4
1 5 2 5 3 5
1 6 2 6 3 6
5 7 4 7 4 7
1 8 2 8 3 8
1 9 2 9 5 9
é/\& 1 10 2 10 3 10
I1.4.Triangular I1.5. Square-wave Factor of quality
; ; 2 ; Z):;TBMTCHLHOCTL ;
3 3 2 3 HaJIEKHOCTh 3
4 4 5 4 MOTPEeLIHOCTD 4
4 5 5 5 HEJINHEHHOCTh 5
5 6 : ‘ 4 6 JIManasoH 1o iny 6
5 7 3 7 TOTEPH B CTAIH 7
4 8 5 8 GricTpoICiiCTBIE 8
3 9 4 9 9KOJIOTHYHOCTh 9
4 10 5 10 BECh 10
I11. The form of flat measuring windings
[11.1. Square-wave [11.2. Triangular I11.3.Round
[« g ; l:;samx i ; (o g ;
Uz ‘ 3 1 1 % BT Usgex T
3 5 ] 5 5 o 4 5
o— 1 6 3 6 2 6
3 7 B 1 7 2 7
B 4 8 5 8 3 8
4 9 5 9 3 9
3 10 5 10 4 10
I11.4. Diff.Square-wave I11.5. Diff.treugolinaya Factor of quality
1 1 2 1 YyBCTBUTEIBHOCTH 1
5 2 4 2 eHa 2
l I ! 1 3 i 2 3 HaJIe)KHOCTh 3
o 1 4 2 4 [OrPELIHOCTh 4
1 5 % 2 5 HEJIMHEHHOCTh 5
I 4 6 5 6 JIMANa3soH 110 iny 6
1 5 7 4 7 MOTEPH B CTAIH 7
1 8 2 8 ObICTpOCHCTBHE 8
1 9 2 9 3KOJIOTUYHOCTh 9
1 10 2 10 BECh 10
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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 o 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.

[§]
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. B }: / 10
\_/j|

12

5

o)
1e=
11
4

1,2,and 3-FMW, 4,5 and 6 —insulation 1, 2, 3and 4 - FMW, 5 — insulation
plastins, 7,8 and 9 — additional Cores, 10 and Plastins, 6, 7, 8 and 9 - four Cores,
11,12 and 13, 14 and 15 — pairs if parallel ~ mapsr 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 Ne(04185) winding and four magnetic cores

(Patent RUZ Ne04475)
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Energy System

Device of the
Thyristor ﬁ ﬂcceptan_.ce.
regulator processing
and control
Wos
- C_ Amplifier 2 | 1
[ = I
: llﬂgnitODI'O\'O(l OBt}Ol'Eli{CI‘Ol)I‘O(‘eSSOI‘ - :
I control ) I
| ‘F; C Aamplifier 1 | |
I Air |
I clearance 3 ———— VW 2 1
1 Spool of control 1
Y jais o) ]
' Fo W 1 -Transmission function circuit FWVIV
W 2z -Transmission function circuit SC1-BMC
Source - Wi - Transmission function circuit SC2-BMC
of reactive F s -Power of spring
power F e - Electromagnetic amperage power of SC
FMW - a flat measuring windings
Fig.17. 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
Table 4
The technical data of the electromagnetic transdusers of current to voltages
with flat measuring winding
Num- Primary Output Coeff. Resis- | Inductance Advisable join conclusion element
ber current voltage of trans- tanse of the transformation - FMW
of input | | mission
point P max U out R L
ou
@ ® | wr | KT o
V) (mQ) | (nH)
In 54 321
o0—0—0—0—0
1 25 36 25 1/1000 0.3 0,023 0—0—0—0—0
Out 6 7 8 9 10
In 54 3 21
0—0—0
2 12 18 24 2/1000 11 0,09 mo
Out 6 7 8 9 10
In 54 3 21
3 8 12 24 3/1000 2,5 0,21 o o\o\o_”
Out 6 7 8 9 10
In 5 4 32 1 °
4 6 9 24 4/1000 44 0,37 NaN\oNe
Out 6 7 8 9 10
In 54 3 21
o
5 5 7 25 5/1000 | 63 0,58 NaN\Ne
Out 6 7 8 9 10
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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 - 100 mA 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 Ueq 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 U, are provided at value of the air clearance
- o equal - 0,002 - 0,003 m and numbers whorl flat measuring windings - Weguw
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 leout flat measuring
windings of the current to voltage transdusers of the forms 0,017 % from
normalized importances in primary current lein. 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 snektponpuemuukoB 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. kVtx
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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