CTATUCTUYECKUUN AHANN3 U OLIEHKA BNMUAHUA
KOHCTPYKTUBHbIX U QNEKTPUYECKUX MAPAMETPOB
NEPEOAIOLLEN NOOACUCTEMbI BECMPOBOOHOW NEPEOAYN
3HEPIMM K TPYOQHOOOCTYNHbLIM OB bEKTAM HA OCHOBE
MHOIMoNo3UMOHHOWN CUCTEMbI U3NTYYATEJNEU C
®OKYCUPOBKOW U3NYYEHUA
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AnHomayus — lNpoBefeH aHanu3 BNVMAHUS SMEKTPUYECKUX
N KOHCTPYKTMBHBIX MapamMeTpoB mnepeaalolen noacucTemsl
6ecnpoBogHoun nepegaym aHeprum (Br3) Kk TpyaAHOAOCTYNHbLIM
Ha3eMHbIM 0ObekTaM Ha OCHOBE MHOFOMO3ULIMOHHON CUCTEMbI
nanyyatenerr (MCW) c npocTpaHCTBEHHO-(ha30BO-4aCTOTHOM
(M®dY) dokycmpoBkon ogHOCTyneHYaTbix amckpeTHeix (OCH) V
—06pa3HbiX MHorovacToTHbiX (MY) paguoumnynbcos. Mo pe-
3ynbTataM mMaTemaTW4eckoro MoAenvpoBaHUsS MOMs 3NEeKTPo-
MarHuTHoro unanyyexust (OMW), cospasaemoro MCW B obnactu
3afjaHHOW B MPOCTPAHCTBE TOYKM (POKYCUPOBKU, NPeAbsiBMEHbI
TpeboBaHNA K 3HAYEHUSIM MaKCMMarbHO AOMYCTUMbIX OLIMGOK
Mo pacnonoXeHnio KOOPANHAT Pa30BbIX LIEHTPOB nanyyaTenen,
OLWKNBOK YCTAHOBKM HayvanbHbIX a3 1 HeCyLmMX 4acToT no 13-
nyyatensm B MCW nepepatoweit nogcuctembl BM3O. Ouenka
3TMx TpeboBaHMI NpoBoAunachk U3 ycnosusi obecneyeHus ne-
pefatoLLeit NOACUCTEMON B TOYKe POKYCUPOBKM (Ha peKkTeHHe
npuemHon nopcuctembl BIN3) He mMeHee 90% MakcumanbHO
OOCTVXXUMOTO B 3TON TOYKE 3HaYeHWs NIOTHOCTM MOTOKa MOLL-
HocTu OMW, nsnyyaemoro ee MCI.

|. BBeneHue

MpenonoxeHHble ona peanusauum B 60-x rogax XX Be-
ka cuctembl B3 cTponnuck Ha OCHOBE MCMONb30BaHMWS
nepefaTynMkoB C OOHOMO3ULMOHHLIMW aHTEHHaMu U ¢o-
KYCMPOBK/ MUKPOBOSHOBOTO Ny4a (419 NONy4YeHns BbICO-
koro KIMM) npu pasmelleHns pekTeHHbl B 30He PpeHensi.
AkTyanbHOCTb paboT no cosgaHuto cuctem bIN3 kak ogHo-
ro 13 NepCrneKkTUBHbLIX HanpaBneHui pa3BuTKS anbTepHa-
TUBHbIX UCTOYHMKOB 3HEPrMU 1 pe3ynbTaTthbl UccrnenoBa-
Hus Takmx cuctem B XHYPO 0606LeHbl B [1]. ABTOpbI Ha
MCW c NdY dokycuposkon SMU OCL, V —obpa3sHbix MY
pagMoVMNynbCOB U PEKTEHHaX MPEeanoXunm nyTm peanu-
3aumm cuctem B3 k TpyaAHOOOCTYNHBIM Ha3eMHbIM 1
ropHolM obbektam [2-4]. B Hux B KayecTBe mnanydatenen
MCW wncnone3aytotca PIIC ¢ ®AP 1 KOrepeHTHbIMU M-
NynbCHBIMU U3nydaembiMU curHanamu. B atux paboTax
o6ocHoBaHbI Tpebyemble 3akoHbl MNPY ynpaBneHus usny-
Yyaembix curHanoB MCW, petanbHO onucaHHble B [5],
CTPyKTypa n ocobeHHoCTM TpeboBaHWi K napameTpam
C(HOKYCUPOBAHHBIX MPOCTPAHCTBEHHO-BPEMEHHBIX UM-
nynscoB (MNBW) nepepatoweri noacnctembl 1 CUCTEMbI
BMN3 B uenomM. OnpeaeneHsl NPOM3BOAUTENBHOCTL U 30-
Hbl Bronormnyeckon 6esonacHocTn aTuX cuctem BIMN3. Oa-
Hako B [2-4] He 6bIn NpoBeAeH CTaTUCTUYECKUIA aHaNNU3 u
OLEHKa BINUSIHUS CryYaliHbIX Y AeTEPMUHUPOBAHHbIX OT-
KMOHEHUI 3afjaHHbIX ANEKTPUYECKNX MapaMeTpoB U3ny-
YaeMbIX CUrHarnoB, KOHCTPYKTMBHbIX napameTpoB MCU
npeanoXeHHbIX nepegarwmx nogeuctem brd.

[I. CTaTnctTuyeckasa oueHka TpeboBaHMM No
TOYHOCTM YCTaHOBKMU KOOpAUHAT (pa3oBbIX
ueHTpoB usny4vareneun MCU, TouyHocTtu
YyCTaHOBKM 3Ha4eHUN HavanbHbIX ¢has,
HeCYLUMX YacTOT U UX AUCKPETHOCTU

MaTematuyeckoe MOAENMPOBaHWE MPOBOAUIOCH
ansa MCU ¢ adhdekTusHon 6a3on (aneptypont) Lagp.=1000

M, cocTosien 3 N =33 UCTOYHUKOB N3NYyYeHUs1 C MOLLL-
HOCTbIO U3MyYeHUss OTAenbHOro ncrodHuka P,=10 kBT ¢
ONUHOM BONHbI B LeHTpanbHoMm wusnydatene A=0,1 m.
Mpu aTtom cuctema koopguHaT pacnonaranacb ¢ Hadva-
noM B UeHTpanbHoMm u3nydatene MCU u ocbio OZ,
HanpaBneHHon no Hopmanu Kk aneptype MCW Bponb
KoTopow ocyulectensinack ¢okycuposka 3MW. [Mpu
nposegeHMn pacyeToB cospgaBaemon MCW nnoTtHocTtu
MoTOKa MOLLHOCTW B 3aJaHHbIX TOYKax (POKYCUPOBKK C
[anbHOCTbIO Z; MO U3BECTHLIM U3 TEOPUN AHTEHH U NpK-
BeAEeHHbIM B [5] COOTHOLLIEHNSIM BHOCUINCb PaBHOMEPHO
pacnpeferneHHble criyqyamHbiM 06pa3oM COOTBETCTBYHO-
Lue owmnbkun

Mo pesynbTatam MaTteMaTU4eckoro MoaenupoBa-
HWS, YacTb KOTOpbIX NpeacTaBneHbl Ha puc. 1, npoeese-
Ha oueHKa MaKcuMaribHbIX 3Ha4YeHui owmnbok pacnono-
XKeHus as3oBbIX UEHTpoB usnydatenen Ax, Ay, Az, u
OWMBOK YCTAHOBKM HayamnbHOW pasbl AQ W Hecyluen
yactoTbl Af B Ka&XOOM MCTOYHUKE W3MYYEHUS MpU KOTO-
pbIX YPOBEHb MaTEMaTU4YECKOro OXWAaHWsi HOPMUPO-
BaHHOWM MMOTHOCTM MOTOKa MOLLHOCTU m3ny4veHus MCU
chokycmnpoBaHHbIX NMBU B OKpeCTHOCTN TOYKM hOKyCU-
poBkM n3meHsieTca He Gornee 4yem Ha10% npu n3meHe-
HWUM OanbHOCTU A0 TOYKM POKYCMPOBKM OT Zf =4Lsg. A0
Zs =241 5.
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Puc. 1. 3asucumocmsb 3HavyeHusi S, usny4aemozo MCU
om owuboK pacrnonoxeHus KOopOuHam ¢ha308bIX
ueHmpos ussnydamenet a)Ax, b)Ay, ¢c)Az u owubok
ycmaHo8KU HavarbHOU gha3sbl Mo usnydamernsm d)Ag
npu uameHeHuu danbHocmu Zs

Fig. 1. Dependencies of S, value for transmitting MSE
on errors of phase emitters centers location co-ordinates
a)Ax, b)Ay, c)Az and on errors of initial phase setting on

emitters d)Ag at Zf distance changing
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Ill. 3akntoyeHue

[MokasaHo, YTO BO3MOXHblE OTKMOHEHWS OT 3afdaH-
HOWN AMCKPETHOCTWN YCTAHOBKMN HECYLLMX YacToT N TOYHO-
CTW YCTaHOBKM HayanbHbIX has m3ny4yaembiX CUrHanos,
koopauHat a3oBbix LieHTpoB nsnyyarenen MCU nepe-
Jawwmx nogcuctem BIO k TpyaHOOOCTYMHBIM Hasem-
HbIM OOBbeKTaMm NpeanoXeHHbiX B [2-4], MOryT cylie-
CTBEHHO MOBMMATb Ha BENUYMHY MNMOTHOCTM MOTOKA
mowHocT OMW B 3apgaHHOW Touke (POKycMpoBKM (Ha
pekTeHHe npuemHon nogcuctemsl Bl13). 310 B CBOMO
oyepeab CyLEeCTBEHHO NOBNUSET Ha BENMUYMHY nepena-
Baemown cuctemon BIN13 B Lenom MOLLHOCTM MO MOCTO-
STHHOMY TOKYy notpebuTento Ha obbekTte. Kpome TOrO,
pacCcMOTpeHHble B paboTe Bbille BO3MOXHbIE 3MEKTpU-
YeCKue W KOHCTPYKTUBHbIE OTKIIOHEHWS MOryT cylie-
CTBEHHO MOBMMATbL Ha Mpoueccbl POPMMPOBaHUA 3a-
OaHHbIX nNapameTpoB nocnegosatensHocten MNBU. To
pesynbTataM MaremaTu4eckoro mogenuposaHusa (Puc.
1) obocHoBaHbI TpeboBaHMSA K MakCUMarbHbIM OLIMGKaM
MpU KOTOPbIX MNIIOTHOCTb MOTOKA MOLLHOCTM CHOKYCUPO-
BaHHbIX [BW namensiotcs He Gonee yem Ha 10%, a
WMEHHO: MO PacronoXeHuto koopauHaT (pasoBbIX LEH-
TPOB m3nydyatenen — n3 ycnosus Ax<1.5A, AysN6, no
yCTaHOBKe HayanbHon a3kl no nanyyarenam MCU — ns
ycnoBust AQSTI/3 U MO TOYHOCTM YCTAHOBKU HECYyLUen
YactoTbl N ee HecTtabunbHocTU — n3 ycrosusa AfT<0,1.
Takum o6pa3om, TexHuYeckas peanusauus nNpeasoxeH-
Hbix B [1-3] cuctem B3 npu ucnomnb3oBaHuM coBpe-
MEHHOW LMEPOBON 3NEMEHTHOW Gasbl BO3MOXHA, HO C
[O0CTaTOYHO XECTKUMKN TpeboBaHMAMK K TOYHOCTM obec-
neyeHns KoopauHaT MEeCTONOMNOXeHus ¢a3oBbIX LiEH-
TpoB u3nydartenen B MCW nepegatowleri nogcuctembl
BIN3 no ocu OZ (Hopmanu k aneptypam AP B MCU).
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Abstract — The analysis of influence of electric and structural
parameters of transmitting subsystem of wireless power trans-
mission (WPT) to remote ground objects on the basis of the mul-
ti-position system of emitters (MSE) with the spatial-phase-
frequency focusing of single-stage discrete (SSD) V-type of mul-
tifrequency radioimpulses is presented. Requirements to the
values of a maximal possible error on the location of emitters’
phase centers co-ordinates in MST, errors on setting of initial
phases and carrier frequencies on emitters for maximal value of
transferrable density power providing in focusing point of recten-
nain WPT receiving subsystem are brought.

|. Introduction

In earlier published papers the ways of realization of the
WET systems for remote ground and mountain objects based
on MSE with space-phase-frequency focusing of electromag-
netic pulses single-stage discrete V —type multifrequency radio
impulses and rectennas were offered by authors. However,
statistical analysis and estimation of influence of casual and
determined deviation of preset electrical parameters of transmit-
ting signals, structural parameters of MSEs of the offered
transmitting WET subsystems were not performed.

Il. Main Part

Mathematical modeling of the field of radiation generated by
such MSE'’s in the surroundings of the set focusing points for the
considering MSE’s were performed. On calculations results (Fig.
1) is carried out the estimation of maximal values of errors of emit-
ters phase centers location Ax, Ay, Az, and errors of initial phase
setting A and carrier frequency Af in every source of transmitting
at which the level of the mathematical expectation of the normal-
ized radiation power density of MSE of focused spatial-time pulses
(STP) in surrounding of the set point is changing no more than
10% at changing distance to the focusing point.

I1l. Conclusion

As per results of the mathematical simulation the require-
ments are created for the maximal errors at which power density of
focused SPT’s is changing no more than 10%, namely: on emitters
phase centers co-ordinates location - from conditions Ax<1.5A,
Ay<MN/B, on initial phase setting on the emitters of MSE — from a
condition A@<1/3 and on accuracy of setting of currier frequency
and its instability — from a condition AfT<0.1. Thus, technical reali-
zation of the proposed WET systems, when using the modern
digital element base, is possible, but with rather strong require-
ments to accuracy of providing of location co-ordinates of emitters
phase centersin MSE onanormal to its aperture.
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