AxkTyaabHble nmpodaembl 3Hepreruku. CHTK-73

BECHIPOBOJHAS ITEPEJAYA JIEKTPUYECTBA
3ybapeB A.A.
Hayunslii pykoBoauTens — A.T.H., ipod. @ypcanos M.U.

BbecripoBogHas mepenaya 3JIeKTpUUECTBA — CIOCO0 Mepeadu AJIEKTPUUYECKONW 3Hepruu 0e3
MCTIOJIb30BAHUS TOKOTIPOBOASIINX JIEMEHTOB B 3JICKTPUUECKOH LIEMH.

JlaHnHbIi croco0 sBisieTcs HIeaNbHONW MOJETBIO Iepeladd 3JIEKTPOIHEPruu, TaK Kak He
NpPUIETCA HUCIOJb30BaTh MPOBOJA, OMOPHI, TpaHCHOPMATOPHI M TaK Jdajee, T.e. BCE DIIEMEHTHI,
KOTOpBbI€ MPHUHATO CUUTATh AKCMOMHBIMH, W TIepelaBaTh 3JCKTPOIHEPTHI0 OT HUCTOYHHUKA K
NOTPeOUTEII0 B HEOTPAHUYCHHBIX pa3Mepax OecrpepbIBHO.

W3 coBpeMeHHBIX CITIOCOOOB OECIIPOBOIHOI Mepeaaun IEKTPUIECTBA MOKHO BBIJICIUTD:

VY IbTpa3ByKOBOI CIOCO0

VYbTpa3ByKoOBO#l CIOCOO TMepefayud dSHEpPruM  M300peTéH  CTyIeHTaMH YHHBEpCUTETa
[lencunpBaHMM W BIIEPBBIE IUPOKOI myOnrke npeacrasieH Ha BeicTaBke «The All Things Digital»
(D9) B 2011 rony. Kak u B apyrux cnoco6ax 0ecripoBOJHOM Iepenadl 4ero-inbo, UCronb30Balcs
npuéMHUK ¥ nepeaaryuk. llepemarymk w3imydan yibpTpa3ByK; NPHUEMHUK, B CBOIO O4Yepelb,
MPeoOpa3OBhIBA CIBIIIUMOE B DJIEKTPUYECTBO. Ha MOMEHT mMpe3eHTaluu pacCcTOSHUE Mepeaadu
nocrurano7-10meTpoB, u OblIa HEOOXOAMMA HpsiMas BUIMMOCTb MPUEMHHMKA M IEepeJaTdHKa.
[lepenaBaeMoe HampspKEHHWE JOCTUTANO 8 BOJIBT; MOJy4YaeMas CHIIa TOKa He cooOIIaercs.
Hcnosnb3yeMble ynbTpa3ByKOBbIE YaCTOThl HUKAK HE JIEUCTBYIOT Ha YeJOBeKa. Takke HET CBeICHUMI
1 00 OTPUIIATEIFHOM BO3JICHCTBUU YIbTPA3BYKOBBIX YaCTOT Ha KUBOTHBIX. [1]

MeToa 3JIeKTpOMarHuTHON HHYKIIUN

DnexTpuueckuid TpaHchopMaTop SBIAETCS MPOCTEUIIUM YCTPOMCTBOM AJisi OECHpOBOAHOMN
nepegayn sHeprud. IlepBuyHas u BTOpHuYHAsh OOMOTKHM TpaHcopmaropa HpsSMO HE CBSI3aHBI
Ilepenaua 3HEprum OCyIIECTBISETCS OCPEICTBOM MPOIECCA, M3BECTHOTO KaK B3aMMHAsi MHTYKIIHSL.
OcHoBHOU (¢yHKIMEH TpaHchopmaTopa SIBISETCS YBETUYEHUE WM YMEHBIICHHE TEPBUYHOTO
HanpsDKeHUs. BecKOHTaKTHbBIE 3apsiiHble YCTPOMCTBA MOOMJIBHBIX TENEe()OHOB M IEKTPUUYECKUX
3yOHBIX MIETOK SBISIFOTCA NpPUMEpPaMU  HCHOJB30BAHUS TPUHIMIA  DJICKTPOJIUHAMHYECKON
UHAYKIUY. VHIYKIMOHHBIE IUTUTHI TaKXXe MCIONB3YIOT 3TOT MeToJ. OCHOBHBIM HEJOCTaTKOM
MeToJla OecrnpoBOJHOM mepedaun SBISETCS KpallHe HEOOJbIIOE pPACCTOSIHUE €ro JAeHCTBHUSL.
[TpuéMHUK AOIKEH HaXOAUTHCA B HEMOCPEICTBEHHOW OJIM30CTU K MEpeNaTyuKy Ul TOro, YTOObI
3¢ PEeKTUBHO C HUM B3aUMOICHCTBOBATD.

Vcnonb30BaHue pe3oHaHCa HECKOJIBKO YBEITMUMBAET NANbHOCTD nepefayuu. [Ipu pezoHancHon
WHAYKIUHN TIepeaTIYiK W MPUEMHHK HACTPOCHBI HA OJHY 4acToTy. [IpoM3BOAMUTENEHOCTE MOXKET
ObITh ynyulleHa emé Oosplie MyTEM H3MEHEHUs (GOpMBlI BOJHBI YIPABISAIOLIETO TOKa OT
CHHYCOUJATBHBIX [0 HECHHYCOMJAIBHBIX TEpPEXOAHBIX (OpMBI BONHBEL. VMmysibcHas mepenada
SHEPIUU MPOUCXOJIUT B TEUEHHE HECKOJIbKMX IHKJIOB. TakuM oOpa3zom, 3HaYUTEIbHAsE MOIIHOCTh
MOXET OBITh TepeaHa MEXAy IBYMsS B3aHMMHO HACTPOCHHBIMH LC-IemsMH ¢ OTHOCHUTEIHHO
HEBBICOKMM Kod3(duuuentom cBszu. Ilepenatomas M mnpuéMHas KaTyIIKM, Kak IPaBHIIO,
MPEJCTaBISIIOT cO0OM  OJHOCIOWHBIE COJEHOMJbl WM IUIOCKYIO CHupaib ¢ Habopom
KOHJ/IGHCAaTOpPOB, KOTOpPbIEe TO3BOJISIIOT HACTPOUTHh MPUHUMAIONIIUN DJIEMEHT Ha 4acToTy
neperaTyrKa.

OOBIUHBIM MPUMEHEHUEM PE30HAHCHOM AJIEKTPOAMHAMUYECKON MHAYKIMH SBJISIETCS 3apsaKa
aKKyMYJIITOPHBIX OaTapeil MOPTATHBHBIX YCTPOWCTB, TaKWX, KaK IMOPTATUBHBIC KOMITBIOTEPHI U
COTOBbIE TeNe(OHBI, METUIIMHCKAE HMIUIAHTAThl U 3JEKTPOMOOMIH. TeXHUKa JIOKaJIM30BaHHOM
3apsAIKUA HCMOJIb3yeT BHIOOP COOTBETCTBYIOLIEH MepeAarolleld KaTylIKd B CTPYKTYpe MaccuBa
MHOTOCJIOMHBIX 0OMOTOK. Pe3oHaHC wucHosib3yeTcss Kak B MaHedd OeCHpOBOJHOW 3apsKu
(mepenaroieM KOHTYpE), TaK U B MOJyJie MpUEMHHUKA (BCTPOSHHOTO B HAarpy3Ky) JJIsI o0ecreueHus
MakCUMalbHOH 3(PPEeKTUBHOCTH Tepenaud »HHEPruu. Takas TEXHHKa Tepelayd MOIXOAUT
YHHUBEpPCaJIbHBIM OECIIPOBOIHBIM 3aPSIIHBIM MAHENSIM AJI HOA3apsAKI MOPTATUBHOM 3JIEKTPOHUKH,
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TaKoOM, Hampumep, Kak MOOMIbHbIE TenedoHbl. TexHUKa MpHUHATA B KauyecTBE YacCTH CTaHIapTa
OecnpoBoHOM 3apsaaku QI.

Pe3oHaHcHas aneKTpoAMHaAMUYecKass WHAYKIMS TakKe MCHOJIb3yeTCcs s  [UTaHUS
YCTPOWCTB, HE UMEIOIINX aKKYMYJISTOPHBIX OaTtapei, Takux, kKak RFID-MeTkun m GecKOHTaKTHBIC
CMapT-KapThl, a TaKkKe I IepeJaud 3JIEKTPUUYECKOM SHEprum OT NEpPBUYHOIO HHIYKTOpa
BUHTOBOMY pe3oHaTopy TpaHchopmaropa Tecnbl, Takke SBISIOLIEMYCS OECIPOBOIHBIM
[epelaTYNKOM IEKTPUUECKON SHEPTUH.

MuKkpoBOJIHOBOE U3TyUYCHHE

PagnoBonmHOBYIO mepenady >HEPTMU MOXKHO CHeNaTh Oojiee HampaBI€HHOW, 3HAYUTEILHO
YBEJIMYUB paccTossHue S()(PEeKTUBHON Mepeaayud SHEPruu MyTEM YMEHBIICHHs JJIUHBI BOJHBI
AJIEKTPOMAarHUTHOTO M3JIy4€HUs, KaK MPaBUiO, A0 MUKPOBOJIHOBOrO Auanas3oHa. J[ins oOpaTHOro
peoOpa3oBaHUs MUKPOBOJIHOBOW SHEPTUU B JIEKTPUUYECTBO MOKET OBITh UCIIOJIb30BaHA PEKTEHHA,
3¢ (HEeKTHBHOCTL MPEOOpPa30BaHUS SHEPTHU, KOTOpou mpeBbimmaeT 95 %. JlaHHbI cmoco® ObLI
MPEJIOKEH ISl Mepeiadyll SHEPruu ¢ OpOUTAIBHBIX COJHEYHBIX 3JEKTPOCTAHIMK Ha 3eMilio U
MUTaHUS KOCMUYECKUX KOpaOJieH, MOKHUIAI0IINX 3EMHYIO OpOUTY.

CHoXXHOCTBIO B CO3JaHHHM YHEPreTUYECKOT0 MHUKPOBOJIHOBOTO Jy4a SIBJISETCS TO, YTO JUIS
UCIOJIb30BaHUS €ro B KOCMMYECKHMX IIporpamMmax H3-3a Judpakiuy, OrpaHUYMBAIOLICH
HaANpaBIIEHHOCTh AaHTEHHBI, HeoOxonuma auadparma Oonblioro pasmepa. Hampumep, corjacHo
uccnenosanno HACA 1978 roga, ans MUKpOBOIHOBOTO jyya yactotoil 2,45 I'T'n nmonanodurcs
nepeAaroniasi aHTEHHa AuamMeTpoM B 1 KM, a MpUEMHON pekTeHHbl nuamerpoMm B 10 km. OTH
pasMepsl MOTYT OBITb CHMKEHBI IMYTEM HKCIIONB30BaHMUS 0Ooyiee KOPOTKHX JUIMH BOJIH, OJHAKO
KOPOTKHE BOJHBI MOTYT IMOTJIOIIATECS aTMOC(epoii, a Takyke OIOKMPOBATHCS JOKAEM WU KaIIsSIMU
BOAbl. M3-3a «IIpOKJISITHSL Y3KOrO IIydKa» HEBO3MOXXHO CY3UTh JIyd, OOBEAMHSAS IIYy4KH OT
HECKOJIbKUX MEHBIIUX CIYTHUKOB 0€3 MPOMOPIMOHATBHON MOTepU B MOITHOCTHU. 1)1 mpuMeHeHus
Ha 3emJie aHTeHHa auamMeTpoM 10 KM MO3BOJMT JOCTHYb 3HAUUTEIBHOTO YPOBHSI MOIIHOCTU MpU
COXPAaHEHMH HU3KOH IIOTHOCTHU MyYKa, YTO BaXKHO MO COOOpaKEHUsIM O€30MacCHOCTH JUIsl YeIOBeKa
U OKpyXKarouien cpenbl. be3onacHslil 1 4eJIOBEKA YPOBEHb INIOTHOCTH MOIIHOCTH COCTaBisieT |
MBT/cM2, uTo Ha miomanu kpyra auamerpoM 10 kM cooTBeTcTBYeT MoIHOCTH B 750 MBT. OTOT
YPOBEHb COOTBETCTBYET MOIIIHOCTH COBPEMEHHBIX AIEKTPOCTAHIIUH.

SInoHckuit uccnenoBarens Xuapuyry SAru uccnegoBan OecpoBOAHYIO Nepeaady SHEPrHH ¢
MIOMOUIBIO CO3/IaHHOW MM HampaBlIEHHOW aHTeHHOW pemérku. B ¢espane 1926 roga um Obuia
orny0nMKoBaHa paboTa 00 ycTpOHCTBe, U3BECTHOM ceiyac Kak aHTeHHa Sru. XoTs oHa okazaiach
Her((EeKTUBHOM JUIsl Tiepefauyn SHEPruu, CEroAHs €€ IMIMPOKO HCHOJIb3YIOT B pPaJHOBELIaHUN U
0ecrpOoBOIHBIX TEIEKOMMYHHUKAIMAX U3-3a €€ MPEBOCXOIHBIX pabounX XapaKTEePUCTHK.

B 1945 rony coserckuil yuénsiii CeméH TerennOaym onyOJMKOBaad CTAaThio, B KOTOPOM
BIIEpBbIE paccMaTpuBall 3((HEeKTUBHOCTh MUKPOBOJIHOBOM JIMHUM JJIs1 OECIpOBOIHON Ieperadyu
anektposHepruu. Ilocie BTtopoli mMupoBOM BOIHBI, KOrja Hadajoch pa3BuThe MoumHbix CBU-
U3Jly4daTesleld, W3BECTHBIX I10J HA3BaHMEM MAarHeTpOH, WJAEs HUCIOJIb30BAaHUS MHUKDPOBOJH JUIA
nepeiauy SHepruu ObuIa pa3BUTA.

B 1964 rony Obl1 mpoAEMOHCTPUPOBAH MUHHMATIOPHBIH BEPTONET, K KOTOPOMY SHEPrus
nepenasaiack ¢ nomonipo CBY-u3nydenus.

becripoBogHas mnepenada SHEPrUM BBICOKOW MOLIHOCTH C MCIOJIb30BAaHHUEM MHUKPOBOJIH
MOJATBEPK/IEHA SKCIEpUMEHTaabHO. OMBITHI MO Nepeaade JEeCcATKOB KHIIOBATT 3JIEKTPOIHEPTUU
npoBomiKch B obcepBaropun I'onacroyn (Goldstone, mrar Kamudopuus) B 1975 rony u B 1997
rony B I'panx baccune (Grand Bassin) Ha ocTtpoBe PetoHpoH. B X0/1€ SKCTIEpUMEHTOB JOCTHTHYTA
repeiaya SHEPTUU Ha pacCTOSHUE TOPAAKA OJHOIO KHWIOMETpa. [2]

JlazepHsiilt MmeToxq

JlazepHas nmepefaya SHEPrUM MO CPAaBHEHUIO C JPYTUMHU METOJaMH OeCIIpOBOIHON Mepenadn
o0aiaeT psaaoM MPeuMyLIECTB:

e TIepesiaya HHEPrUHM Ha OONbIIME PACCTOSHUSA (32 CUET Majol BEIMYUHBI yria
PacXoAMMOCTH MEXIY Y3KMMH ITyYKaMH MOHOXPOMAaTHYECKON CBETOBON BOJIHBI);
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e y100CTBO NpUMEHEHMs sl HeOoybIMx u3fenuil (6maronaps HEOONBIIMM pa3zMepam
TBEPAOTENBHOrO J1a3epa — (HOTOANEKTPUYECKOTO MOTYIPOBOIHUKOBOTO AHOIA);

e OTCYTCTBHE PaJUOYACTOTHBIX MOMEX AJISi CYIIECTBYIOLIMX CPEACTB CBSI3U, TaKUX, KaK
Wi-Fi u cotoBbie TeneoHbl (J1a3ep He CO3MaET TAKUX ITOMEX ),

e BO3MOXKHOCTb ~ KOHTPOJII JIoCTyna (HOJYYUTH DSJICKTPOIHEPTHI0 MOTYT TOJBKO
MPUEMHHKH, OCBEIIEHHBIE JIA3€PHBIM JTY4OM).

VY 1aHHOTO METOJa €CTh U PAJl HEAOCTATKOB:

e ipeoOpa3zoBaHue HU3KOYaCTOTHOTO 3JIEKTPOMArHUTHOTO U3ITyYCHUS B
BBICOKOYACTOTHOE, KOTOPBIM SIBIISIETCS CBET, HEA(PpPekTuBHO. [IpeoOpa3oBanme cBeta 0OpaTHO B
ANEKTpUYECTBO Takke HeapdekTuBHO, Tak kKak KIIJl doTtosnementoB nocruraet 40-50%, xoTs
3¢ GeKTUBHOCTh TpeoOpa3oBaHUs MOHOXPOMATHUECKOTO CBETa 3HAYUTEIBHO BBIIIE, YeM
3(PEKTUBHOCTD COTHEUHBIX MMAHEIICH;

e TIOTEPH B aTMOChEpE;

e HEOOXOUMOCTh MPSAMOI BUTUMOCTU MEXIY MEPEeIaTYNKOM U MPUEMHUKOM (KaK U MpU
MUKpPOBOJIHOBOH IIepeaye).

TexHonorus nepenadyd MOITHOCTH C MOMOIUIBIO Jlazepa paHee, B OCHOBHOM, HCCJIEeI0Banach
npu pa3paboTKe HOBBIX CHCTEM BOOPYXEHHH M B a3pPOKOCMHUYECKOW MPOMBIIIJICHHOCTH, a B
HacTofAllee BpeMs pa3palaThiBaeTcs Uisi KOMMEPUYECKOW W TMOTPEOUTETHCKOM SJIEKTPOHUKU B
MaJIOMOILIHBIX YCTPONUCTBAX. [2]

DAEeKTPONPOBOAHOCTh

OnunomnpoBoaHas 3nekrpudeckas cucrema SWER (anrmn.single wire with earth return)
OCHOBBIBa€TCS Ha TOKE 3eMJIM U OJHOM H30JIMPOBAHHOM IIpoBojAe. B aBapuiiHbIX ciyudasx
BBICOKOBOJIBTHBIE JIMHUW IIOCTOSIHHOTO TOKa MOTYT paborate B pexkume SWER. 3amena
M30JIMPOBAaHHOTO TMPOBOJA Ha aTMOCPEpHYI0 OOpaTHYIO CBsI3b Ui MEpeAayd MOIIHOTO
BBICOKOYACTOTHOTO IEPEMEHHOI0 TOKa CTajlla OJHMM W3 METOAOB OEcCHpoBOJHON mepenaun
anekTposHepruu. Kpome Toro, wuccienoBansach BO3MOXKHOCTH — OECHPOBOJHOW — Iepenadu
ANIEKTPO3HEPTUU TOJIBKO YEPe3 3EMIIIO.

Huzko4acToTHBIA MepeMeHHBI TOK MOKET ObITh Mepe/laH ¢ HU3KUMHU MOTEPSIMU 10 3eMIle,
MMOCKOJIBKY OOIIlee COMPOTHBICHUE 3E€MJIM 3HAYUTEIHHO MeEHbIe, 4eM 1 OM. Dnexrtpuyeckas
MHAYKIUS BO3HUKAET MPEUMYIIECTBEHHO H3-3a AJIEKTPONPOBOJUMOCTH OKEAHOB, METAJUIMYECKHX
PYIOHBIX TET M TMOJOOHBIX TOJ3EMHBIX CTPYKTYp. DIIEKTpHUYECKas MHIYKIHUS TaKXKe BBI3BIBACTCS
JIEKTPOCTATUYECKONM HMHIYKIMEH IUAJIEKTPUYECKHX OO0JacTei, TakuX, KaK 3aJe)KM KBaplLEBOTO
MeCKa W IPOYMX HEMPOBOSAIINX MUHEPAIIOB.

Huxona Tecna oOHapyXuj1, 4yTO 3JIEKTPOIHEPIUsS MOKET INepelaBaThCsl M 4Yepe3 3eMiIo, U
yepe3 armochepy. B xozme cBomx umcciaenoBaHuil OH JOOWIICS BO3TOPAaHMs JaMITbl HA YMEPEHHBIX
paccTosIHUAX U 3a(hUKCUPOBAII IIepeiady SJIEKTPOIHEPTUU Ha OONBIINX AUCTAHLIUAX.

3eMJIsl SIBIISIETCSI €CTECTBEHHBIM IPOBOJHUKOM M 00pa3yeT OIMH MPOBOMISIIMIA KOHTYD.
OOpatTHBIi KOHTYp peau3yercsi uepe3 BEpXHHE CIOM Tporoc(epbl U HIDKHUE CJIOU CTpaToc(epsl
Ha BBICOTE OKOJI0 4,5 MHIIb (7,2 KM).

Eme B nHauane XX Beka Huxona Tecna Hauan pa3paOOTKM MO OJHONPOBOAHON INepenadu
ANEKTPOIHEPIHH, TaK KaK YTBEp)KIall «HEoOsA3aTeIbHO HMCIOIb30BaTh JiBa MPOBOJIA Ui Mepeaadn
AJIEKTPUUYECKONW PHEPruH, 4TO C TAKUM K€ YCIHEXOM MOXKHO HCIIOJIb30BaTh TOJBKO OJWH» TPHU
BBICOKOYACTOTHOM Iepeaaye, OAHAKO 3aTeM OH mpuimen K BeBoAy: «Korma Obuta JokazaHa
BO3MOKHOCTh TIepe/Iadyl 3HEPTrUH MOCPECTBOM OJIMHAPHOTO MPOBOIa 6e3 00paTHOro, MHE MPUIILIO
B TOJIOBY, YTO, BEPOATHO, MOXXHO OOOWTHCH M ©€3 TOro eIWHCTBEHHOro IpOoBOJA, a s
nepeMeIleH s SHEPTHH OT NepeaTyrKa K IPHEMHUKY MOKHO UCIOIb30BATh 3eMITIOY. [3]

Bce BhlmenepeuncieHHble cocoObl SBISIOTCS ManodPdekTuBHbIMU BBUAY Hu3koro KIIJI.
Onnako naxe npu Hu3koMm KII/ TexHOMOrum Bc€ paBHO MOJIE3HBI B HEKOTOPBIX UCKIFOUUTEIBHBIX
CUTyalusiX, TIJIe 4YeJOBeK HE MOXET HaXOAMTbCA  U3-3a  arpecCHUBHOCTU  CpEIbl,
TPYAHOAOCTYIHOCTBIO U T.JI.

374


https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%92%D1%8B%D1%81%D0%BE%D0%BA%D0%BE%D0%B2%D0%BE%D0%BB%D1%8C%D1%82%D0%BD%D0%B0%D1%8F_%D0%BB%D0%B8%D0%BD%D0%B8%D1%8F_%D0%BF%D0%BE%D1%81%D1%82%D0%BE%D1%8F%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE_%D1%82%D0%BE%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B5%D0%BC%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D1%82%D0%BE%D0%BA

AxkTyaabHble nmpodaembl 3Hepreruku. CHTK-73 375

Jluteparypa
1. Caiir: https://www.engadget.com/2011/06/01/ubeam-wireless-power-startup-shows-prototype-at-d9-
video-hands/
2. Muposas cucteMa 6ecripoBoiHO# nepenaun sHeprun/ «Telegraph and Telephone Age», 16 okTs0ps
1927 r.
3. Caiit: https://ru.wikipedia.org/wiki/becnipoBoHasi_nepenava_31eKTpHYECTBa


https://ru.wikipedia.org/wiki/Беспроводная_передача_электричества



