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becnposoonas nepedaua snepeuu — cnocod nepedauu snekmpuyeckol dHepeul
0e3 UCnonb306aHUs MOKONPOBOOAWUX IIIeMEHMO8 8 dlekmpuyeckou yenu. Ocnosnas
paboma  OCHOBamMA  UMEHHO  HA  MAcHemusMe U  9JeKmpomazHemusme.
Ipeumywecmeom 0anHoeo cnocoba AGISAEMcs OmKA3 Om JUHULL d1eKmponepeoat,
CHUDICEHUe 3ampam Ha 00CYHCUBAHUE INEKMPOMEXHUUECKO20 000PYOOBAHUSL.

KitoueBbie cioBa: Oecnposoonas nepedaua sSHepeuu, MacHemu3m, UHOVKYUS,
n1azep, MUKpo8OJIHOBOE U3yUeHle.
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Ural Federal University, Ekaterinburg

OVERVIEW OF WIRELESS POWER TRANSMISSION
METHODS

Wireless power transmission is a method of transmitting electrical energy
without the use of conductive elements in an electrical circuit. The main work is
based precisely on magnetism and electromagnetism. The advantage of this method is
the rejection of power lines, reducing the cost of maintenance of electrical
equipment.

Keywords: wireless energy transmission, magnetism, induction, laser,
microwave radiation.

B 1820 r. Benukuili ¢paniy3ckuid ¢usuk Amiep 1IyTeM
MHOTOYHUCJIEHHBIX ONBITOB MPUIIEN K BEIBOAY O TOM, YTO MAarHUTHOE IOJIE
MOXXET BO30YyXXJaTh B TeJie MeTajla 3JEKTPUUYECKHil TOK. Tak mosBHIICS
ocHoBormonararomuii 3akoH Ammnepa. B 1831 r. Maitkin ®apaneit OTKpbLI
3aKOH MHAYKIMU, KOTOPBIM cTasl 6a30ii 1711 pa3BUTHUS 3JIEKTPOMArHeTu3ma.

© Tl'asmzos H. A., Kynukos /I. B., Toukymma A. C., Bansresa A. U., 2019
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Jxenmc Makcsemnn IIOCJIE TOJITUX DKCIIEPUMEHTOB
CHUCTEMAaTU3UPOBaJ CBOM HAONIOJEHUSA, KBUHTICCEHIIUEH KOTOPHIX B
1864 r. crano ypaBHenne MakcBemta. B 1888 r. Tenpux I'epn
DKCIIEPUMEHTAIBbHO TNOATBEPAWI CYILIECTBOBAHHE AJIECKTPOMATHUTHBIX
BOJIH, IIpelICKa3aHHbIX MakcBesioM. Ero uMCKpoBOM MEpelaTyuK C
npephiBaTesieM Ha OCHOBE KaTyllku Pymkopda Mor mnpou3BOJIUTH
AJIEKTpOMarHuTHBIC BOJIHBI yacToToi j0 0,5 I'T'1, koTOophle MOINIHM OBITH
IIPUHATBl HECKOJIBKMMHM NPUEMHUKAMH, HACTPOCHHBIMH B PE30HAHC C
nepenatuukom. Hwukoma Tecna Ha BcemupHOM BbIcTaBke B 1893 1.,
coctosiBuieiics B Uukaro, mMpoaeMOHCTpUpPOBal cBeYeHUE (POCPOPHBIX
namrmouek 0e3 mpoBonoB. B mepuon ¢ 1891 mo 1894 rr. yueHsiid
MHOTOKpPAaTHO JI€MOHCTPUPYET OECHpPOBOJHYIO Iepe/iadyy, U CBEUYCHHUE
BaKyyMHBIX TPYOOK B BBICOKOYACTOTHOM 3JIEKTpocTaThuueckoM mose. [Ipu
ATOM OTM€Yas, YTO SHEPTUS BJIECKTPOCTATUYECKOTO IMOJA IMOTJIOMAETCS
JaMIIOHN, MpeoOpa3yeTcss B CBET, a JHEPIrHs DJIECKTPOMArHUTHOTO TOJIA,
UCIIOJIb3yeMasl ISl 3JIEKTPOMATHUTHOW WHIYKLUHAHW C LEJNBIO IOJYYEHHUS
AHAJIOTUYHOTO pE3yJibTaTa, B OCHOBHOM OTPAXKAETCS, W JIUIIb MaJiasi €€
noJist mpeoOpaszyercsa B cBeT. Briots g0 1897 r., mapamienbHo ¢ paboToi
Tecna, nccineqoBaHus 3JIEKTPOMArHUTHBIX BOJH BeayT: Jkargum boie B
Nupgun, Anekcanap IlonoB B Poccun u I'ynbenemo Mapkonun B Utanum.
Bcenen 3a nyonuunsimMu nekuusiMu Tecna, [[xarnuin boie BbIcTymaeT B
HOs1I0pe 1894 r. B KanbkyTTe ¢ neMOHCTpanueil OeClpoBOIHON Mepeaadu
DJIEKTPUYECTBA, TAaM OH 3QXWUraeT IIOPOX, IEPEAaB DIIEKTPUUYECKYIO
SHEprur0 Ha paccrosiHue. 25 ampensa 1895 r., Anekcannp Ilomnos,
UCHoNb3ys a30yky Mop3se, nepenan mepBoe paauocoodiienune [1].
PaccMoTpuM MeTOIBI Tiepeiaun Mo ipooHee.

INeKmpomMacHUMHAsE UHOYKYus. DTOT METOJI OCHOBAH Ha SIBJICHHUU
ANEKTPOMArHUTHOTO TmoJA. [nga mnepemaunt OeCpOBOJHOM ASHEPruu
ucrnois3yercss Tpanchopmarop. braromapsi sSIBICHUIO 3JEKTPOMArHUTHOMN
WHIYKIIUY, HA TMPUEMHOW KaTYIIKE YCTPOMCTBA CO3JA€TCSl HABEIACHHBIN
TOK C TIepeHarller Karymkd. J[iIg MEHbIIMX TOTEeph DSHEPIUHU
HEO0O0XO0IMMO, YTOOBI KaTYIIKH HAXOJUIUCH PSIOM.

Muxposoanosoe uziryuenue. MeTo MUKPOBOJIHOBOT'O U3IIyYEHUS, 10
CPaBHEHHUIO C METOJOM 3JIEKTPOMAarHUTHOM WHIYKIWH, IO3BOJIET BO
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MHOT'O pa3 yBEIWYUTh PACCTOSIHUE, HA KOTOPOE OyJeT Mepe/laHa SHEPTHUsl.
MUKpOBOJNIHBI C JJIMHOM BOJIHBI 12 €M, 4YTO COOTBETCTBYET 4YacCTOTE
2,45 T, cmocoOHBI MTPOXOJNUTH Yepe3 3eMHYI0 aTMocdepy (akTuaecku
0e3 morepb. s HMCHoONb30BaHMS JAHHOTO METOAa HEOOXOIWMBI [1Ba
ycrpouctBa: IlepBoe, MarHeTpoH — TEHEPATOP MHUKPOBOIHOBOTO
U3JIyYEHHUs, TIO3BOJISIIOIIUN TpeoOpa3oBaTh AJIEKTPUUECKUM TOK B
MHUKPOBOJIHOBOE W3JIy4YEHUE. Bropoe, MpUEMHAs AHTCHHA,
npeoOpa3oBhIBaIONIasl ~ MUKPOBOJHOBOE  H3JIyuyeHHe  oOpaTHO B
anekTpudeckuii Tok. [lpuemMHass aHTEHHA CIYXKAT IS OOpaTHOTO

npeoOpa3oBaHusi MUKPOBOJIHOBOT'O M3TYUYEHHUSI B DJIIEKTPUUECKUM TOK.
Buinbsim BpoyH ucnbeitTan ycTpoicTBO, ClIOCOOHOE MpeoOpa3oBhIBATh
MHUKPOBOJIHBI B DJIEKTPUYECKUN TOK. JlaHHOE YCTPOMCTBO MOJYYUIIO
Ha3BaHWe pekTeHHa [2]. OHa COCTOMT M3 IOJYBOJIHOBBIX JHUIIOJICH,
KaXX]IbIN U3 KOTOPBIX HarpykeH Ha BbIcOK0dpdexTruBHBIC A1o bl [IloTTKH.
PexTeHHBI 1OCTaTOYHO MUHUATIOPHBI U UMEIOT Bbicoknuil KII[ — no 95 %,
OJIHAKO MX Harpy30o4Hasi CIOCOOHOCTh COCTaBJISIET €JAWHUIIBI BaTT.
[TosToMy myisi mepeaadyu OOJBIIMX MOITHOCTEH W3 PEKTEHH COOUPAIOT
OOJIbIlINE TTPUEMHBIC MaHEIU, PACCUUTAHHBIC Ha Mepeaady OIpeaeIeHHOM
MorrHocTU. IMeHHO ¢ umeHeM Bunbsima bpoyHa u ero mzobpeTeHuem
CBsI3aHa camasi ycrnenrHas OecrpoBOjJHas mepenada 3Hepruu. B 1976 r.
eMmy ynainock nepenars CBU-nmyukom 30 kBT HEnmpeppIBHOM MOITHOCTH HA
paccrosnue 1,6 xkm ¢ KIIJI, cocraBmstomum 82 %. Opnako, mipu
HEOONBIINX TIeperpy3kax IOJTYNPOBOJIHUKOBBIC JUIIOIN CroparoT, MpH
neperpy3ke Ha OJHOM W3 MOJYIPOBOJHUKOB BBIXOJIHWT M3 CTPOS IeJast
npueMHasi TaHenab. HeHane:XKHOCTh W JOPOTrOBU3HA CTajld OCHOBHBIMH
dbakTopamMu, KOTOPHIEC HE TTO3BOJIMIIM HAUTH MIPUMEHEHUS TAHHOMY METOY
S BHE 1a00paTOPHBIX

Boasmos oxiasicHie

0 ucneiTanuii. B CoBeTckom
Coro3e, Takast aHTeHHA ObLIIa
Ha3BaHa «IHAKIIOTPOHHBIN
npeoOpa3zoBaTelb IHEPTUN
(pucyHOK).

[uKIOTpOHHBIN

Jmepdyaop

SaekTponHbil kanan

Tl Inuea Coepxipopoasmmil Marnns Hp606pa30BaTeHB
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On 0611 co3aad B 70-b1x rogax XX Bexka B MI'Y [3]. LluknoTpoHHBIH
npeoOpaszoBaTesib OCHOBaH Ha BO30YXKACHUU OBICTPOMl HHUKIOTPOHHOM
BOJIHBI 3JIEKTPOHHOIO TIOTOKa 3a cueT noasoaumon CBUY-sHeprum u
MOCJIEYIONIEM TPeoOpa3oBaHUM dSTOM HHEPrMM B TOCTYIMATEIbHYIO
DHEPTrUI0 JBMXKEHUSI DJEKTPOHOB. B ero ocHOBE JEXKUT JamIloBas
TEXHOJIOTHUS M 3TO jAenaer ero radaputHbiM. KIIJI mpeoGpazoBanus 10
80 % npu ypoBHe moasoaumor CBUY-momiHoctu nopsaka 10 xkBt, npu
ATOM JOMYCTUMBI 3HAYUTEIbHBIC KoJeOaHus ypoBHs moaBogumonr CBY-
MOIIIHOCTH. JlaHHas XapaKTEepUCTHUKA MO3BOJIIET MPEoOpPa30BaTENIO JIETKO
NEPEHOCUTh MEPEerpy3Ku, OH HE HUMEeT MpoOJeM TNepeusIydeHuss u
JICIIEBIJIC AMEPUKAHCKOTO aHAJIOra.

B 1968 r. amepukanckuii ¢uszuk Ilutep E. I'mdiizep mpenoxun
BBIBECTU CIYTHUK, YKOMIUICKTOBAaHHBIA COJIHEYHBIMU TAHEJISAMH, Ha
reOCTallMOHAPHYI0 OpOUTy 3eMJIM, TaM IpeoOpa3oBaTh COJHEUYHYIO
sHepruto B ny4yok CBY-BOJIH M MyCTUTh €ro Ha 3€MIII0 HA IMPUEMHYIO
anteHHy [4]. Torma sTa wzaes ka3ajiach Hay4YHOH (DaHTACTUKOH, HO B
HACTOSAIIEE BPEMSI O HEW BCIIOMHUIIH.

JlazepHviti  memoo. DHEPrUI0 MOXHO TMepeaaTh MNyTéMm  eé
npeoOpa3oBaHus B JIyY ja3epa, KOTOPHIA 3aTeM MOXKET OBITh HaIpaBJICH
Ha (OTORJIEMEHT NPUEMHHMKA. BIUIOTH 0 HEJAaBHEro BPEMEHM Iepeaaya
SHEPTrUM C IMOMOIIBIO Ja3epoB HE uMmena OoJbmoro cmeicia: ux KIIJ]
cocraBiusmt Bcero 10-20 %. C ywerom mnotepp Ha mnepemady U
npeoOpa3oBaHUE CBETOBOW DHHEPrUU B AJICKTPUYECTBO IOTydaTENs
JOCTUTAN0, B Jy4llleM Cclly4ae, HECKOJbKUX TMPOIEHTOB HCXOIHOMN
morHocTu. Tompko B 2000-x romax curyamusi Hadajga MEHSTHCS:
nosiBIIIMCh, ~ uHGpakpacHbie Jazepel ¢ KIIJI 1o 40-50 % wu
BBICOKO3((heKTUBHBIE (DOTOIIEKTPUUECKHE MOAYJIM HAa OCHOBE apCEHUA
rajuiis, crnocoOHble TpeoOpa3oBeiBaTh B anekTpudectBo 10 40 %, a
uHorna — u 1o /0 % sHeprum uznmydenus. brarogaps aTomy croco0y Mbl
MOXEM TIepeJlaThb HDHEPrui0 Ha OOJIBIIINE PACCTOSHUS, HO €CTh Psij
HepocTaTkoB [4]. CaMblii cyIieCTBEHHBIM U3 HUX — aTMocdepa 3emiu, Tak
KaK OHa TOTJIONIaeT OOJBIIYI0 YacTh JHEPTHH, MEpPeAaHHOW OT Jiasepa.
DHeprue ¢ opOMTHI MOXKHO OBLIO Obl CHaOXaTh BCHO 3emMito. Takue
kommanun kak NASA, EADS, Lasermotive 3aHMMarOTCS TaKUMH
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texHonorusiMu yxke ¢ 2003 r. Yuensie u3 SnoHun noOWIHUCH ycriexa B
npeoOpa3oBaHUU COJIHEYHOTO CBeTa B JlazepHoe manydenue ¢ KIIJ[ 42 %,
HO 9] ¢eKTUBHbIC TEpeAaTYMKU U TMPUEMHUKH HE MOTYT COBMECTHO
OPUMEHATHCS, TOTOMY YTO pabdoTalOT B Pa3HbIX CIHEKTPAIbHBIX
nuarna3zoHax. Bropas BaxkHas mpoOsieMa — HEBO3MOXKHOCTh HUCIOJIb30BaTh
nepejayy B MacMypHyro morojay. Eciu pemuTh 3TH OpoOJieMbl, TO 3Ty
TEXHOJIOTUIO JJIsl KOCMUYECKOW SHEPTreTUKHU KAYT OOJbIINE MEPCIEKTUBbI
[5].

becripoBomHasgs mepemada  J3HEPruM B HAIIM  JTHU  MOXKET
OCYIIECTBIATHCS IIOCPEICTBOM 97IeKMPOMACHUMHOU UHOYKYUU.
[IpumeHsieTcss JaHHBIM METOJ MPEUMYIIECTBEHHO ISl 3apSAJIKU TaJIKETOB.
KIIJI 6ecripoBOiHOM 3apsiaku cocTaBisieT mpumepHo 80 %.

Nner u pa3BUTHE TNEPEAATUYUKOB MUKPOBOJIHOBO20 USIYUEHUS.
Ceityac pa3pabOTKy COJIHEYHOM KOCMHYECKON OJJIEKTPOCTAHIIUH BEIYT
CIIA, ‘nonms wu Kwuran. CrouMocTh IPOEKTa  OLEHUBACTCS
npuOIU3UTENIBHO B 20—25 MIIp/ JOJI.

JlazepHuiii memooO Tiepe/laud SHEPrUr TaK)Ke aKTUBHO Pa3BUBACTCH.
PazpaboTtannbii MBanoM MaiakoM u €ro KoOJUIeTaMHu KOCMHYECKHUI
sKcriepuMeHT «llennkan» MO3BOJUT MCHBITATh HOBBIA MYyTh MEpeaayu
sHepruu ¢ poccuiickoro cermeHta MKC Ha OOpT Tpy30BOro Kopaods
«IIporpeccey.

B nacrosimee Bpemss CIIIA u SnoHust akTUBHO pa3padaThIBAIOT
KocMudeckyio anekrpocTtadiuio (KCOC) ruraBarTHoro yposHs. B CIIIA
TaKWe KPYMHEWINE KOPIIOpAllMd W HAy4dHbIE IIEHTPBI, Kak «JIokxu-
Maptun», «bounr», JPL, «llentp Mapmaiuiay, «Ilentp I'1ieHHay, a Takxke
pPAl YHUBEPCUTETOB, TNIAHUPYIOT co3aath KCOC ruraBaTTHOrO ypOBHA.
['pynmna u3 16 smoHCKuX Koproparuii Bo riaBe ¢ Mitsubishi Corporation
manupyeT noctpoutb KCOC ruraBartHOro ypoBHs Kk 2025 r. B paMKax
npoekta Solarbird. O0mast croumocte KCOC onenuBaercss B 24 Mipj
JOJLIL.

[Ipenmnonaraercs, 9T0O CTOMMOCTb BIPA0ATHIBAEMOTO «KOCMUYECKOTO
AJEKTpUUeCcTBa» OyaeT B 6 pa3 HiKe, 4YeM Ha SMOHCKUX Ha3eMHBIX
AJIEKTPOCTAHIMAX. BO3MOXHO, 4YTO  CYHIECTBEHHOE  YIIPOLICHUE
KOHCTPYKTUBHO-TEXHONIOTHYECKON cxeMbl KCOC B 1enoM, CHMXXEHHE €€
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CTOMMOCTH, TOBBIIIICHUE HAAEKHOCTH U 3(PPEKTUBHOCTU TPHUBEIYT K
peanu3anuy TaHHOTO MPOEKTa.

PoccuiickuMu y4eHbIMH B TIOCJIEIHHME TOJbl 3aMaTEHTOBAHO
HECKOJIbKO M300peTeHuil B 00J1acTh MpeoOpa3oBaHUs COTHEYHOM SHEPIUU
u e€ mepenayd Ha3eMHBIM moTpeoutensm [6, 7]. Ilpeamonaraercs, 4to
sHEprocHabkeHne 3eMJIM W3 KocMoca MoKeT: 1) oOecrneunTh mepenaqy
DHEPTHHM HEIMOCPEJACTBEHHO B pPAaWOHBI €€ TOTPeOJCHUS M, B IEPBYIO
ouepeqb, B TPYIHOAOCTYIIHbIE W BBICOKOIIMPOTHBIE O€3 OpraHu3aluu
Ha3eMHBIX JIMHUI dJIeKTporiepeaadnd OOJIBIIOW TMPOTSHKCHHOCTH, 2)
COKpPaTUTh HCIOJIb30BAHUE YTJIEBOJOPOJAHOTO TOIUIMBA, J00BIYA U
C)KMraHHe KOTOPOT'O OKa3bIBAIOT BPEIHOE BIMSHUE Ha Onocdepy [7].
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