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Annomauusn. IIpeocmasnena 00HONPOBOOHAS PE3OHAHCHASL CUCMeEMA Nepedayu INeKMPUHecKol dHepeuu ¢ uc-
noavzoganuem mparcgopmamopos Tecna. Ipumenenue maxoil cucmembl NO360AUM 3HAYUMENHO COKPAMUMb UCNOIb-
306aHUE YGEMHBIX MEMAIO8 NpU nepeoaye dJIeKMPUUEeCcKOl IHepIuU, maKk KAK 603MOJICHA Nepeoaud Hep2uu no
CMANLHOMY HPOBOOHUKY, NPU OOHOBPEMEHHOM VIYHULEHUU INEKMPOIHEPLEMUYECKUX NAPAMEMPO8 8 CPABHEHUU C MPa-
OUYUOHHBIMU O8YX-MPexX NPOBOOHbIMUL.

Knrwouesvie cnosa: pezonancnuvie cucmemul nepedayu d1eKmpuyeckoll suepeuu, mpancgopmamop Tecna, nabopa-
MOPHASL YCMAHOBKA, IKCNEPUMEHMATbHBLE UCCLE008AHUSL
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EXPERIMENTAL RESEARCH OF PARAMETERS OF RESONANT TRANSFORMERS
IN THE SYSTEM OF SINGLE-WIRE POWER TRANSMISSION

Abstract. The article considers information about single-wire resonance system electric power transmission using
Tesla transformers. Using such a system will significantly reduce the use of non-ferrous metals in the systems transmis-
sion of electric energy with simultaneous improvement of electrical power parameters (efficiency more than 90%) in
comparison with traditional two-three wires.
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EKCIIEPUMEHTAJIBHI JOCJIKEHHA ITAPAMETPIB PE3OHAHCHHUX )
TPAHC®OPMATOPIB Y CUCTEMI OJHOAPOTOBOI ITIEPEJAYI EJIEKTPUYHOI EHEPI'TI

Anomauyin. Ilpedcmasneno 00HOOPOMOBY PE3OHAHCHY CUCHEMY Nepedayi eleKMpPUYHOL eHepaii 3 GUKOPUCIAHHAM
mpancopmamopie Tecra. 3acmocyeanns makoi cucmemy 003601UMb 3HAYHO CKOPOMUMU GUKOPUCAHHS KOTbOPOGUX
Memanie npu nepeoayi enrekmpuyHoi eHepeii, momy Wo MOICIUEA nepeoaia eHepeii no cmaneomy HpOGIOHUKY, NpU
00HOUACHOMY NONINUIEHH] eJIEKMPOEeHEePeMUYHUX NAPAMEMpI6 y NOPIGHAHHI 3 MPAOUYIUHUMU 0BOX-MPLOX OPOMOGUMU.

Kniouoei cnosa: pezonancni cucmemu nepeoayi eiexmpuynoi emepeii, mpancgopmamop Tecna, nabopamopna

VCMAHOBKA, eKCRePUMEHMANbHI O0CTIONCCHHSA

BBenenne. boiee cra ner Hasang Hwukona Tecia
OITyOJTKOBAJ PE3YJIBTATEI CBOUX OIBITOB IO PE3OHAHCHOMY
METOJy Mepeaadu eKTpruueckoi sHepruu [1 — 2]. B Haga-
Jie ABA/IATOTO BeKa HE OBIJIO COBPEMEHHBIX 3JICKTPOHHBIX
KOMIIOHEHTOB, a Tpex(aszHble CeTH, pabOoTaIoIHe C YacTo-
Toit 50 — 60 ', ycrenHo CrpaBiIsuch ¢ 3a1a49aMH TI0 Tie-
penade 3HEPTUH B JUAIa30HE MOIIHOCTH OT COTEH BaTT 10
THICSY MeraBatTT U Ha paccTosHue 10 1000 kM. TexHomoru-
YecKHe TIOTEPH HA aKTUBHBIX U PEAKTUBHBIX COMPOTHBIICHH-
SIX, KOMMYHHKAIIMOHHBIX ¥ IIPEOOpas3yIOIIHX YCTPOHCTBAX
IIPU TAKOM CHOCO0e Tepenadn IEKTPIISCKON SYHEPTHU CO-
craBisoT Gonee 20 %.

IepsbM Ha Tepputopun CHI' ogHONpoBOIHYIO CHC-
TeMy Tepeladd dIICKTPUICCKOW 3Heprum BHempuin «l'az-
npom» (Poccust) 1 CIIOHCHMPOBAJ U3TOTOBJICHUE COOTBETCT-
BYIOIIIEH yCTaHOBKHU MoIHOCTRIO 20 kBT [3].

OKcITyaTanys JaHHON CHCTEMBI IOKa3aia, 4To €€ HC-
TOJIF30BAaHKE TTO3BOJISIET BO MHOTO Pa3 YIydIIUTh SKOHOMH-
yeckue U anekTprdeckue nokasarenu (KII 6oxee 90 %) B
CPaBHEHUU C TPAJUIMOHHBIMHU JBYX-TPEX MPOBOTHBIMHU.

© Canonoit A.B., Anekcees 1.A., 2014

IlocranoBka 3agaun. OCHOBHOHM 3amadedl JaHHOM
paboTHI SIBIIETCS aHAIN3 DIIEKTPUICCKHUX, T€OMETpUYIC-
CKHX, YaCTOTHBIX XapaKTECPUCTHK PE30HAHCHBIX TpPaHC-
(hopMaTOPOB M OCHOBHBIX 3aKOHOMEPHOCTCH MOCTPOCHHUS
Ha UX OCHOBE PE30HAHCHBIX CHJIOBBIX CETEH 3JICKTpO-
CHaOKEHUS.

Pe3yabTaTsl padoThl. Ha 6aze xadeapsl amekTpo-
MEXaHUKH  JHEIPOI3EePKUHCKOTO  TOCYIapCTBEHHOTO
TEXHUYECKOTO YHHUBEPCUTETa B JTAOOPATOPHBIX YCIOBHAX
ObLIa WCCIIEZOBAaHA OMHOIPOBOIHAS PE30HAHCHAS CHCTE-
Ma Tepefadyd SIeKTPHYSCKOW IHEPTHH MOITHOCTBIO [0
100 Br.

B kadecTBe Tmepearomero ¥ - IPUHUMAIOIIETO
TpaHc(hOpMATOPOB B CHCTEME PE30HAHCHOH Mepenadu
3JIEKTPUUYCCKON IHEPTHUH HKCIIOJIB30BAIUCH TpaHchopMa-
TOPBI, U3TOTOBIIEHHBIC HA TUIACTUKOBBIX Kapkacax [4].

Ilocie MPOBENCHHBIX TEOPETHUYCCKUX M DKCICPH-
MEHTAJbHBIX HCCIACIOBAHUN IOJIyYeHA YHHBEPCAIbHAs
cXeMa PEe30HAHCHOTo TpaHchopMaTopa, MOKa3aHHAs Ha
puc. 1. JIns He€ XapakTepHBI CICAYIOIIHAEC MapaMeTpHL:
€MKOCTh W HHAYKTUBHOCTH NepBUYHOHN 00MOTKH (C1, L1);
€MKOCTh U WHAYKTUBHOCTH BTOpUYHOU 0OMOTKH (C,, L,);
aKTUBHBIC CONPOTHUBIICHUS MEPBUYHON W BTOPUYHON 00-

367



Canosoii A.B. Ony6ukoBaHo B )KypHale Onekmpomexnuueckue u komnviomepHole cucmemst Ne 15 (91), 2014

367 -369

OO01mast ANeKTPOTEXHUKA

MOTOK R;, R,; B3anMHast HHIYKTHBHOCTh MEXIy OOMOT-
kamu (M,;); B3aumHas emkocth (C.,). [locnennuit mapa-
METp, KaK MPaBIIO, HE YIYUTHIBACTCS B METOUKAX pacye-
Ta HU3KOYACTOTHBIX W UMITYJIBCHBIX TPaHC(HOPMATOPOB,
HO HEOOXOJMM IPH pacdyeTe Pe30HAHCHOTO TpaHchopma-
TOpa, TaKk KaK yYUTHIBACT XapaKTep PE30HAHCHBIX SBIIE-
HUI MeXIly IEpBUYHON ¥ BTOPUYIHOM 0OMOTKaMU.
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Puc. 1. YHuBepcanbHa reoMmeTpuieckast MOJEINb

CoOCTBeHHBIC WHIYKTHBHOCTH IIEPBHYHONH U BTO-
pUYHOM 0OMOTOK PacCYUTHIBAIHN IO METOIMKE TIPUBCICH-
HOHl B [5], [6]. B3auMHyI0 MHAYKTUBHOCTH MEPBUYHON U
BTOPUYHOW 0OMOTOK PaCCUMTHIBAIN TIO (POPMYIIe

1y, cos gdg
(L= hz(l) _hz(z)
M oy = 1y 2

0

> =
> (1)
X hz(l)kl + hz(z)kz +

= +1" +1] =217, cos ¢

rae vl — paguyc mepBHYHOW OOMOTKH, 12 — pagnyC BTO-
pUYHON OOMOTKH, /] — mMar HAMOTKH IEPBUYIHON 0OMOT-
Kd, h2 — TIar HAMOTKH BTOPUYHON OOMOTKH, // — mimuHa
HAaMOTKH MEPBUYHON KaTyNIKH, /2 — JJIMHA HAMOTKH BTO-
PUYHOHN KaTyILKHU.

CoOcTBeHHbIE €MKOCTH MEPBUYHOM M BTOPHYHON
0OMOTOK, a TaKXe €MKOCThb O0Opa30BaHHYIO COBMECTHO
MIEPBUYHON U BTOPUYHON OOMOTKaAMHM PAaCCUMTHIBAIH IO
METOJIMKE YKa3aHHOH B [7]:

C _4-r-e-5-q

m2 R

; 2

4,
TZIe &) — DNMEKTPHUYECKas MOCTOSIHHAS &€ = | — AMDIIEKTPH-
YyecKasi IPOHUIIAEMOCThb BO3/lyXa, d; — Paluyc IPOBOJIOKU
TIepBUYHON OOMOTKH, @; — paiuyC BTOPHYHOH OOMOTKH.

B pesynpTare Takoro MmoAxoja PE30HAHCHBIN
tpancdopmarop Tecna ObUT MpeicTaBlieH B BUJE CHUCTeE-
MBI NiepenaTouHbix QyHkuuit Wi(p), kaxaas U3 KOTOPBIX
npencTaBisieT co0oi KosebaTesbHOEe 3BEHO C PE30HaHC-
HOW YacTOTOMW, pacCUUTaHHOU 10 popmyie TomcoHa s
BO3MOXKHBIX KomOuHarmii C; u L; mepBu4HO 1 BTOpHY-
HON 00MOTOK. IllMpHHa YacTOTHBIX IOJIOC, KOIHYECTBO
PE30HAHCHBIX YacTOT PACHOJIOKEHHBIX B COOTBETCTBYIO-
IIMX TI0JI0CaX, M MX CYMMAapHbIE SHEPreTHIECKUE TToKa3a-
TEJIN Pa3NUYHBl ATl IEPBUYHONH M BTOPHYHOM OOMOTOK

TpaHcdopmaropa Tecia. OTo sBICHHE OOBIACHAETCS KOH-
CTPYKTHUBHBIMH OCOOEHHOCTSIMH TpaHc(hopMaTopa.

OKCHepUMEHTAIBHBIM ITyTEM YCTaHOBJIEHO, UTO pa-
0oyas YacTOTa KOMILIEKCa COCTOSIIEro U3 IBYX Ppe3o-
HaHCHBIX TpaHcdopmaropoB Tecia v MPOBOAHUKA COEIIH-
HSIOIIETO MepeAaTYNK M MPUEMHHUK 3HEPruH, JEeKHUT B
npenenax 260 — 280 k[ B 3aBUCHUMOCTH OT JUIMHBI TIPO-
BOJHMKA COCAMHSIOIIEIO NEPEeNAIUI U IPUHUMAIOIIUAN
TpaHcdopmaropsl. PaccuntaHHas MO AKCIIEPUMEHTAIIb-
HBIM JJAHHBIM JIOITYCTHMasi OIIMOKa YCTAHOBKM pabodein
4acToTHl KoMmIiekca He Oomee £ 100 ... 150 I'm (A<<I
%). s MOCTIXKEHMS YKa3aHHOW TOYHOCTH YCTaHOBKH
4acTOTHI B pabOTe UCIOIB3YEeTCS METO/ MPSIMOTO IU(pO-
Boro cumHTe3a dvactotel DDS (DDS - direct digital
synthesis). HemocpenctBenno B kagectBe DDS-
reseparopa ucnonb3yercs uun AD9832, mpencrasisto-
it co6oit DDS-cucremy Ha 6aze KMOII anemeHTOB €
TakToBOM yacToToi m0 25 MI'm. CurHan ¢ ero BbIXoja
yepe3 IEMU TajJbBaHUMYECKOW pa3BA3KH IOCTYMaeT Ha
npaiisep MOSFET xmoueil moiry-MOCTOBOTO HHBEpTOpa
(IR2111). B kauecTBe HEHTPAILHOTO KOHTPOJIIEpA CHC-
TEMBI yNpPaBIEHUs KOMIUIEKCOM Hcronb3yeTcs uunm AT
megas B THIIOBOM BKJIIOUECHUH.

Taxum 00pa3oM, BHEIIHE IPOCTOM MO KOHCTPYKIMH
pe30oHaHCHBIM TpaHcdopmaTtop Tecna, HCIONB3yeMBIil B
Ka4yecTBe Iepeaoniero  MPHHUMAIOIIEro YCTPOMCTBa B
CHCTEME DPE30HAHCHOM Mepenadd AJIeKTPUYEecKOd 3Hep-
THH, TIPEICTaBIsIeT cO00H CIOXKHBIA OOBEKT YIpaBIeHUS
C MHOXECTBOM JONIOJTHUTEIbHBIX PE30HAHCHBIX YacToOT,
YTO 3HAUUTENBHO YCIOXKHSET 3a7ady aBTOMAaTHYECKOTO
MOUCKA U MOJIAepKaHus paboyell 4acTOThI KOMILIEKCA.

BoiBoabl

1. Bce MHOXeCTBO pE30HAHCHBIX YacTOT CHCTEMBI
OJTHOIIPOBOJTHOM PE30HAHCHOM Iepenady JIEKTPHIECKON
SHEPTHH MOET OBITH PACCUNTAHO HUCXOIS M3 T€OMETPH-
YEeCKMX IapaMeTpOB NEPBUYHONH M BTOPUYHONH OOMOTOK
TIepearoIIero 1 MPUEeMHOTO TpaHchopmaTopoB Tecna.

2. BuenpeHune KOMIUIEKCOB PE30HAHCHOM OJHOMPO-
BOJIHOH mepeaadn AIIEKTPUUECKOil dSHepTruu Tpedyer pas-
pabOTKU METOAMKU MIECHTU(QHUKALMH U aBTOMAaTHYECKOTO
yIpaBJIeHUs PE30HAHCHBIMHU SBJICHUSMU B CHCTEME.
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