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Jns KOHTPONSA YPOBHEN HAaNPSXKEHHOCTH 3NEKTPHYECKOro MONsi BOKPYF BbICOKO-
BOJNIbTHOrO 3HEpPreTMYeCcKoro o6opyAOBaHMSl, NIMHMM 3MEeKTponepeaayM, NoACTaH-
UMM Heo6XOAMMBI NPOCTbIE M YAOGHbIE B MCMOJNb30OBAaHMM COBPEMEHHbIE [aTuMKM.
Takue pgatumkn obecnevyar TexHMKy 6€30nacHOCTM M OXpPaHy TpyAa o6CnyKuBalo-
Lero nepcoHana 3HepreTMyeckoro obopypoBavnsi. B cBaA3M ¢ 3TMM pa3spaboTtka
AATYMKOB HAMPSHKEHHOCTH INEKTPHUYECKOTO Nons SBASIETCS BAXKHOM M aKTyaslbHOH
3afjayen. B cTatbe nNpepnaraeTcs OAMH M3 BO3MOXKHbIX BAPMAHTOB NMOCTPOEHHS MO-
AO6HLIX AaTYMKOB. [laTuMK NpefcTaBnsieT CoO60M ABYXKOMMNOHEHTHbIN chepHuueCKMi
AAaTYMK caBoeHHoro tvMna. Ha cdepmyeckoi npoBopsiier NMOBEPXHOCTHM AaT4MKA
Pa3MeLLaloTCa M3ONIMPOBAHHO OT HEro ABeHafuaTb ABYYroJibHbIX CepHueCcKMX
NPOBOASLLMX INEKTPOJOB. DNEKTPOAbI CYXAT AN (POPMHMPOBaHUS YYBCTBUTESb-
HbIX 3NIEMEHTOB YeTbIPEX ABOMHbIX AATYMKOB MO [ABAa Ha Ka)K[OM KOOPAMHATHOM
OocH. YCTaHABNMBAETCS, YTO Pa3Mepbl YYBCTBMTENbHbIX 3JIEMEHTOB JaT4YMKa BIMSIOT
Ha ero NOorpewHoCTb, BbI3BaHHYIO HEOQHOPOAHOCTLIO NMonsd. CABOEHHbIM cdepm-
YecKMM AaTuyMK o6najaeTt 3HaKONepPeMEeHHOM MOrpPeLHOCTbIO OT HEOAHOPOJHOCTH
nons, He npesbiwaiouiei + 1,1 % BO BceM NPOCTPaHCTBEHHOM AMana3soHe 0 <a <1,
4YTO COOTBETCTBYET MMHMMANbHOMY PACcCTOSIHMIO A0 MCTOuYHMKa nonsa d = R. Mo-
rpewHoCcTb faTyMKa obecneymBaeTcd 06OCHOBAHHO BbIOPAHHBLIMM YINOBbIMM pPas3-
MepaMM ABEHAALATH ABYYTrOJbHbIX C(hePHUECKMX INIEKTPOAOB AATYMKA OCHOBHbIX
o, = 90 ° u B, = 30 °. [laTuMK MMEET NO KaXK[,0iM KOOPAMHATHOM OCM TPM BbIXOAA,
ABa COOTBETCTBYIOT OfMHAPHbLIM AaT4YMKaM, a OAMH CABOEHHOMY AaTuMKy. Takoe
KOHCTPYKTMBHOE peLleHHe NMO3BOoNSeT PAaClUMPHTb €ro (PYHKLMOHANbHbIE BO3MOM-
HOCTM.

CABOEHHbIN [BYXKOMMOHEHTHbIM AaTYMK MOXKeT ObiThb MCMOMNb30BaH ANsl NOCTPO-
€eHMsl CPeACTB KOHTPONS M M3MEpPEHMs MAapPaMeTPOB 3MEKTPHYECKOro nonsi Npo-
MBILLNIEHHOM YaCTOTbI B 30HaX C MOBbLILEHHOM HANMPSYKEHHOCTHIO.



KnioueBble CnoBa: 3neKTpuuYecKoe none, HanpPsHKEHHOCTb MNons, CABOEHHbIM ce-
PHMUYECKMM AATUMK, JJBOMHOM ChepHUYEeCKMM [ATUYMK, YYBCTBMTENbHbIM 35IeMeHT, cde-
PMYECKMI [BYYrOfbHMK, NOrPELHOCTL OT HEOAHOPOAHOCTH Nons.

Beepenue. O0630p Hay4YHO-TEXHUYECKOW AUTepa-
Typbl IHOKa3blBaeT [1—7], uTo HaubOOABIllee paclpo-
CTpPaHEHMS MOAYUUAN DAEKTPOUHAYKIIMOHHLIE AQTUUKHU
HANPSKEHHOCTU SAeKTpUYecKoro noas (JI1), ocHoBaH-
HBbIE Ha DAEKTPOCTATUUYECKOUW MHAYKIIMH.

Takue AQTUMKU COCTOSAT M3 IMPOBOAAIINX TeA pas-
AUYHBIX TeoMeTpuiyecKux (opM, TaKUX KakK KyO, IIH-
AMHAD U cdepa. M3 Bcex nmpepCTaBA€HHBIX (DOpPM, Ae-
JKAIUX B OCHOBAHUM AQTUYMKA, HauOoOAee MpUueMAeMOMt
aBasdeTcss cdepudeckad dopma. 3-3a oTcyTcTBHA
YTAOB U TAGAKOM IIOBEPXHOCTU cdepa BHocUT B OI1
MHHHUMYM HUCKa’KeHUU, B OOABILIEN YaCTH MOAAAIOIIUX-
Ccd aHAAUTHYECKOMY pacueTy. AAS CHSATUSL CUTHAAOB
C MOpOBOAALIEN c(epruyecKOd ITOBEPXHOCTU WCIOABL-
3YIOTCSI YyBCTBUTEABHBIE 3AeMeHTHl (U3D), mpeacras-
Adrole cOoOOM 4YaCTH TPOBOAAIIEH CcepudecKoun
noBepxHocTu. OObuHO U B chepuueckux paTuMKax
BBIIIOAHSIIOTCS B (popMe moaycdep [1—4], chepuue-
CKUX CEeTrMeHTOB [9, 6] uau ux uacreit [7]. HO AaTIMKOB
MOTYT BKAIOUAThCS B HU3MEPUTEABHYIO Ilellb CHUH(as-
HO u nportuBodaszHo. CuH(pasHoe U IPOTHUBOdA3HOE
BKAIOUeHWEe YD AQTUYMKOB AEASIT AQTUMKU Ha AATIYUKHA
OAMHApHOTO M ABOMHOTO Tuna. OAMHApHBIE AQTYUKU
UMeIOT OAWH, & ABOMHBEIE — ABa AMAMEeTPAAbHO IIPO-
THUBOIOAOKHBEIX HU3D. OAMHaApHBIE AQTUUKU OOAAAQIOT
OOABLION COBOKYIIHOCTBIO IIOTPELIHOCTEN, IPUYUHOMN
KOTOPBIX MOTYT OBITh: DAEKTPUYECKHUE IIOMEeXHU, IIYME,
HABOAKM M HEOAHOPOAHOCTDL IOASL. ABOMHBIE AQTUM-
KM 3@ cYeT IPOTUBOdA3HOTO (AUddpepeHITnarbHOro)
BKAIOUEHHsI B M3MEPUTEABHYIO Iellb YD 3HauUTeABHO
YMeHBIIAIOT yKa3aHHble HCTOUYHUKU IIOTPEIIHOCTeN
OAMHAPHBIX AQTYUKOB, IIO3TOMY OHU IIOAYUYUAU OOAee
mupokoe pacnpocrpaHenue. OAHAKO IOTPENIHOCTD,
BBI3BaHHAsI HEOAHOPOAHOCTLIO TIOASI, YMEHBIIIaeTCs He-
3HAUUTEABHO U CcOcTaBAsgeT nopsgaka 5 —20 %. Caepyer
TaK’Ke OTMEeTHUTh, UTO M3BeCTHBle OAMHApHBIE U ABOMU-
Hble AQTYUMKU MMEIOT OTpaHUYeHHBIM NPOCTPAaHCTBEH-
HBIM AManasoH maMepeHus. OOBIUHO OH He yKasblBa-
eTcsl pa3paboTuMKaMy MIPUOOPOB B UX TEXHUUYECKOU
AOKyMeHTanuu [8—18].

Pemmute mpoOGAeMEl, CBsI3aHHBIE C yCTpaHeHHUeM
HEAOCTAaTKOB OAWHAPHBIX U ABOWHBIX AQTUMUKOB, IIO-
3BOASIET HOBBIM THUII AQTYMKOB — CABOEHHBIE AATUUKU
[19, 20].

CABOEHHBIE AQTUUKM PACIIUPUAN HOMEHKAATYPY
OAMHAPHBIX U ABOMHBIX AQTUUKOB. OHU MPEACTABASIOT
coOOM ABa ABOWHBIX AATYMKa, OOBEAWHEHHBIX B €AM-
HOe Ileroe, IeHTPHl M KOOPAWHATHEIE OCH KOTOPBIX
coBnapaoT. Ilpu 3TOoM 00si3aTeABHBIM TpeOOBaHUEM
K ABOMHBIM AQTUMKAM SIBASETCSI IPOTUBOIIOAOKHOCTD
10 3HAKy UX IOTPEIIHOCTEeY, BBI3BAHHBIX HEOAHOPOA-
HOCTBIO Ol

M3BecTHBIE CABOEHHBIE CdepuuecKrue AaTIUKU
umeroT Y9 B dopme moaycdep m chepudecKux cer-
MeHTOB. Pacmmpsas HOMeHKAATyPy CABOEHHBIX AATUU-
KOB 110 popMe ux UD u yaydlllasg UX BO3MOJKHOCTHU, B
AAHHOU paboTe UCCAEAYETCSI AByXKOMIIOHEHTHBIN ce-
PUYEeCKUN AAQTUUK HanpsKeHHocTH Ol cABOeHHOrO
THUIIA C ABYYyTOABHBIMH UO.

ITocTaHOBKa 3apaum

B 3apaum mccaepOBaHUIN BXOAMT:

1) pazpaboTKa HOBBIX TEOPETUUYECKUX ITOAOKEHUH,
IO B3aWMOAEMCTBHIO AQTUYUKA, UMEIOUIEr0o ABYYTOAL-
Hble cdepuyecKue 3AeKTpPoABl ¢ Ol pasauuHON He-
OAHOPOAHOCTH;

2) pa3paboTKa ABYXKOMIIOHEHTHOI'O C(heprudeckoro
AaTuuKa HanpsokeHHocTu Ol cABOEHHOTO THUIIa C ABe-
HaAAIIATHIO ABYYTOABHBIMU YU3;

3) mop0O0p AydIIMX pa3MepoB ABYYTOABHBIX cCde-
pudeckux YO apaTunka, oOecleuMBAIOIIUX eMy MUHU-
MaAbHO BO3MOJKHYIO IOIPEIIHOCTb OT HEOAHOPOAHOCTH
IIOASI B AONYCTHMOM IIPOCTPAHCTBEHHOM AMala3oHe
U3MepEeHUN.

KpaTkas Teopus. [TorHast Teopust B3aMOAEHUCTBUS
chepudeckux AaTUYUKOB ¢ UO B popme chepudeckux
MHOTOYTOABHUKOB ¢ OIT pasamyHON HEOAHOPOAHOCTH,
TaKUX KaK OAHODOAHOe IIOAe U IIOAe TOUeUHOTO 3a-
psiaa, paccMoTpeHa B pabore [21], a KpaTkasi Teopus
paboThl OAHOKOOPAMHATHOTO C(epuuecKoro AaTIMKa
u3AOKeHa B paborax [22, 23]. [TosaToMy 3pech U3 Kpa-
TKOU TeOpHUH, U3AOKeHHOU B paborax [22, 23], OyayT
NIPUBEACHBI TOABKO OCHOBHBIE (DOPMyABHBIE BBIpa-
KeHUsl, HeOOXOAUMEBIE AASI MOSICHEHUs paboThl ABYX-
KOMIIOHEHTHOTO c(hepHUuecKoro apatduka ¢ U9 B ¢op-
Me cepuuecKuX ABYYTOABHUKOB. YTAOBBIE pa3Mephl
cheprudeCcKUX ABYYTOABHUKOB 3aAAIOTCS NPOAOABHBIM
o = 20, u nonepeuneiM B = 2B, yraamm. Aasi ABY-
YTOABLHMKA YTOA o, = 90 °, a yroa B MoKeT IpUHHUMATh
3HaveHus ot 0 po 90 ° (puc. 1).

B ogropogrom noae [22, 23], HanIpaBAeHHOM
Ha AMaMeTpaAbHO NIPOTHUBOIOAOKHEIE U, MHAYIIUDY-
IOTCA 9AeKTpUUECKUe 3apspbl

200 (t) = F3mee R* sin B, - E, (t), (1)
TA€ 3AeCh U AdAee q, U q, — OJACKTPUYECKHE 3apspbl,
WHAYIMPOBaHHLIE IIOAEM Ha AMaMEeTPaAbHO IIPOTHBO-
noAoKHBIX UD 1 1 UD 2; 3HAK « —» COOTBETCTBYyeT UO
1, B KOTOpPBI BXOAUWT, @ 3HaK «+» coorBeTcTByeT UO
2, 13 KOTOPOT'O BBIXOAWUT BeKTOP HampsiKeHHocTH OIT.

Takum ob6pasoM, npu AUddepeHITNarAbHOM BKAO-
YEeHUU AMAMEeTPAAbHO IIPOTUBOIOAOKHBEIX YO AaTumKa
B HU3MEPUTEABHYIO Ilellb AU PEepeHIIUarbHBIN dAEK-
TpUYeCKUU OyAeT OpeAeAsIThCS KakK

AG s [8) = Gop (E) = Qoo (£) =

= 6neg,R*sin B, - E,(t) ; (2)

B HeogrHopogromM noae moueunoro 3sapaga [21]
Ha Tex Xe YD apaTumka OyAy MHAYLUMPOBATHCS COOT-
BETCTBYIOIIME DAEKTPUYECKUE 3aPSIABI
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Torpa puddepeHIUarbHBIM SAEKTPUYECKUM  3a-
pPSIA C AMaMeTpPaAbHO MPOTHUBOIOAOXKHBIX UD AaTumKa
OIIPEAEAUTCS KaK

Aqnann.(t) = q1ncoAn.(t) - qulcoAn.(t)' (5)

Beipaxenust (1) —(5) 6YAyT HOAOKEHBI B OCHOBY

IIOCTPOEHUS CABOEHHOTO ABYXKOMIIOHEHTHOTO cepu-

™

S20T (€61) L 3N INHLOIE NIGHhAVH UMIDNO

9€K80 N INHIOLO0dOIUdL ‘VIUHOLOD ‘VIUHOLLIAVE




Ly

OMCKWMI HAYYHbIV BECTHUK N2 1 (193) 2025

SAEKTPOHUKA, ®OTOHUKA, NMPUBOPOCTPOEHUE U CBS3b

Puc. 1. Cepa ¢ BbIA€A€HHBIMU T€MHBIM IIBETOM y4aCTKaMu
€€ MoBepxXHOCTH B hopMe chepuyecKux ABYYTOABHUKOB
C yKaszaHHeM HX YIAOBBIX pa3MepoB

=90"

a) 0)

Puc. 2. AByXKOMIIOHEHTHBIII AQTUYMK HalpsbkeHHocTu JI1
C ABEHAAIaThIO ABYYTOABHBIMH C(hEePUYECKUMHU IAEKTPOAAMHU:
a) BUA Ha 0oChb y; 6) BUA Ha 0Ch X

YeCKOTO pAaTurka HamnpsokeHHocTu OIT ¢ UD B hopme
c(hepudecKUx ABYYrOABHUKOB U ITOAycdep.

CABOEHHBI ABYXKOMIIOHEHTHBI  CepuyecKum
AQTYMK. AQTUMK IIPEACTaBAeH Ha puc. 2.

B ocHOBe apaTuMKa AEKUT IPOBOAAINee cdepude-
cKoe ocHOBaHmMe 1 (cM. puc. 2) papuyca R, Ha moBepx-
HOCTHM KOTOPOT'O Yepe3 M3OAAIUOHHBIN CAOU (Ha puc. 2
He IIOKa3aH) U M30AMPOBAHHO APYT OT Apyra paclioAa-
TalOTCsI ABEHAAIIATh IPOBOASIINX ABYYTOABHBIX chepu-
YeCKUX DAEKTPOAOB 2— 13 (puc. 2a).

ToAmMHA W30ASIIMOHHOTO CAOSI M IAEKTPOAOB
2—13 mHoro MeHbllle papuyca R cepuueckoro ocso-
BaHMSA AAQTUMKQE, UYTO IIO3BOASIET CUUTATh ITOBEPXHOCTH
AATUUKA €AWHOM cdepUudyecKor IIOBEpPXHOCThIO. Ecam
MBICA€HHO pa30uTh chepruuecKoe OCHOBAHHE AQATUMUKA
Ha ABe NOAYC(EpEBl, TO Ha BEepXHEN U HUKHEU IIOAY-
chepax GYAYT HaXOAUTHCS IO IIECTH dIAEKTPOAOB: 2 — 7
u 8— 13, KOTOpble MOXKHO OOBEAUHUTH B AlaMeTpaAb-
HO IIPOTUBOIOAOXKHEIE Haphl 2—8, 3—9, 410, 511,
6—12 u 7—13. AAg IOCTPOEHUSI ABYXKOMIIOHEHTHOTO
AATUNKa PACIOAOKMM €T0 KOOPAUHATHBLIE OCU X U Z
B ABYX B3aWMHO IIePIEHAUKYASIPHBIX IIAOCKOCTSX, KaK
IoKa3aHo Ha puc. 2. CoraacHo puc. 2, Ha KOOpAUHAT-
HOM OCH X PACIOAOJKATCA LIeCTb AUaMeTPaAbHO IIPO-
THUBOIIOAOJKHBIX IIap 3AEKTPOAOB 59— 11, 6—12, 713,
852, 953 u 10—»4. Ha KOOPAMHATHON OCU Z PACIIOAO-
KaTcs AMaMeTpPaAbHO ITPOTHUBOIIOAOKHEIE ITaphl dAeK-
TPoAOB 2—8, 3—9, 4510, 5—>11, 6512 u 7—>13.

Bce aAeKTpoABI AaTuvKa, BHIIOAHEHHBIE B (hopMe
cheprudeCcKuX ABYYTOABHUKOB, OTPAHUYEHHBI ABYMs
YTAOBBIMK paszMepamMu o, u B, (cM. puc. 2). Aast ABY-
YTOABHOTO C(PEePUYECKOro 3AEKTPOAA IEPBLIM YIAOBOU
pasmep o, = 90 ° a BTOpOIt B, ompeperdercsa Tpely-
€MOM IOTPENIHOCTBEI0 OT HeopAHOpoAHOCTH OIT.

W3 mpeACTaBAEHHON CHUCTEMBI DAEKTPOAOB AQTIMKA
MOJKHO C(pOpMUPOBATh OAMHAPHBIN, ABOMHOW M CABO-
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Puc. 3. VIamepuTeabHas 1jelib CABOEHHOTO
AaTyuKa HanpsikeHHocTH JIT

eHHBIM ABYXKOMIIOHEHTHBIN AaTuuKu [1—4, 24]. Opu-
HapHble U ABOWHBIE AQTUMKU XOPOIIO M3BecTHHI. OHU
00AQAQIOT PSIAOM AOCTOMHCTB M HEAOCTATKOB. OOIImM
WX HEAOCTATKOM SIBASIETCSI BBICOKAsSI MOTPENTHOCTD IIPU
usMepeHun HeopHOpopHBIX OIl. Ha cmeny um mpun-
AU CABOEHHBIE AQTUMKU [24, 25], cocrogdliue U3 ABYX
ABOWHBIX AQTUYMKOB. ['A@BHBIM HEAOCTATOK CABOEHHBIX
MATUUKOB — CAOKHOCTb MX KOHCTPYKTHMBHOTIO pellle-
HUS, OAHAKO MaAasi IOTPEeNTHOCTb IpU U3MepeHuu He-
0AHOPOAHBIX OIT CBOAMT HAa HET CAOKHOCTH X KOH-
CTPYKTUBHOTO U3TOTOBAE€HUA. B cBA3M ¢ 3TUM B paboTe
OyAeM paccMaTpyUBaTh IOCTPOEHUE CABOEHHOI'O ABYX-
KOMIIOHEHTHOTO AQTUUKA, COCTOLAINEero M3 ABEHaAllaTH
ABYYTOABHBIX C(hepUUYECKUX IAEKTPOAOB.

CdopmupyeM mu3 ABEHAALATU JAEKTPOAOB ABYX-
KOMIIOHEHTHBIM CABOEHHBIN AATUYUK. [1o Ka>kKAOM KO-
OPAMHATHOU OCH OyAyT HCIIOAB30BAThCS IIECTH IIap
SAEKTPOAOB. M3 IIecTm mnap 3AEKTPOAOB, PaCIIOAO-
SKeHHBIX Ha KOOPDAMHATHBIX OCAX X M Z, chopMUpyeM
ABa ABOUHBIX AQTYMKA, BXOAMIIMX B COCTAB CABOEH-
HOI'O AQTYMKA HA COOTBETCTBYIOLIEH KOOPAWHATHOU
ocu. IlepBBI ABOMHOM AQTYMK IIO OCH X OyAeT Co-
CTOSITH W3 AMAMETPAAbHO ITPOTUBOIOAOKHBIX —IIap
O00BbEeAUHEHHBIX JAEKTPoAOB 7+8—2+13. Bropoin
ABOMHOM AAQTYMK IO OCH X c(opMHpyeM H3 AHUaMe-
TPAAbHO ITPOTUBOIIOAOJKHEIX ITap OOBEAMHEHHBIX dAEK-
TPOAOB 5+6+7+8+9+10-52+3+4+11+12+13.
OOBepAUHEHHBIE NApbl 9A€KTPOAOB BTOPOr'O ABOMHOIO
paTyuka popmupyroT U9 B hopMe norycdep (BBIPOK-
AeHHBle cdepruuecKre ABYYIOABHUKU). AHAAOTHYHO
YD mepBOro ABOMHOIO AATYMKa IO OCU Z OYAyT CO-
CTOSITH M3 OOBEAVHEHHBIX 3AeKTpoAOoB 4+5 u 10+ 11,
a BTOPOT'O ABOMHOTI'O AQTYMKa — 13 OO beAMHEHHBIX 9AEK-
TpopoB 2+3+4+5+6+7u 8+9+10+11+12+13.

O6beprHEeHNE OJAEKTPOAOB CABOEHHOTO AAQTIMKA
OCYIIEeCTBASETCS IIOCPEACTBOM H3MEPUTEABHON Iellr
(puc. 3).

WM3mepuTenbHas 1ellb COCTOUT M3 IecTu Audde-
PEHIIUAABHBIX  M3MEPUTEABHBIX IIpeoOpa3oBaTenel
14—19 AUTT1 — AWII6, mectu cymmaropos 20—23
u 26, 27 U AByX MacIITaOHBIX IIpeoOpasoBaTeAreln 24,
25 MIT1 u MIT2. Cymmarops! 20, 22, 26 u 27 uMmeroT
ABa BxoAa (y cymmaTropa 20 oAMH BXOA MHBEPTHDPYIO-
U, 0603HAYEH MUHYCOM « — », & Y CyMMaTopoB 22, 26
u 27 Bce BXOABI HEHHBEPTUPYIOLINe, 0003HaUeHE! IIAIO-
coMm «+»). Cymmaropsl 21, 23 MMeIOT LIECTbh BXOAOB
(y cymmaropa 21 Tpu HHBEPTHUPYIOIIUX, OOO3Haue-
HBl MUHYCOM «—» WU TPU HEUHBEPTUPYIOLIUX BXOAQ,
0003HAYeHHl NIAIOCOM «+»), @ y cymMMaTopa 23 IIecTb
BXOAOB HEHMHBEPTHUPYIOIIUX O0O0O3HAUeHbl IAIOCOM



«+»), MacmTabHble IpeoOpa3zoBaTeAnm 24 u 25 cay-
KaT AASI BBIDABHUBAHUS BBIXOAHBIX CHUTHAAOB II€PBOTO
U BTOPOTO ABOMHOTO AQTYMKA, HAXOAANIMXCS Ha KOOP-
AWHATHBIX OCSX X U Z COOTBETCTBEHHO. BrlpaBHMBaHMe
BBIXOAHBIX CHTHAAOB AAQTYMKA AOAJKHO BBITIOAHSITHCS
B OAHODOAHOM IIOA€.

B KauecTBe H3MepUTEABHBIX IIpeoOpa3zoBaTeAel
14—19 ucnoassylorcst AuddepeHIMarbHbIe WHTErpa-
TOpPBI TOKa. OCOOEHHOCTHIO MHTEIPaTOPOB TOKA SIBASI-
eTcsl OAM3KHUU K HYAIO BXOAHOW UMIIEAQHC M HEe3aBUCHU-
MOCTBb BBIXOAHOTO HANPSIPKEHHSI OT 9aCTOTHI BXOAHOTO
CHUTHAaAAQ.

CyMMaTOpel  OOBEAUHSAIOT — AuddepeHIInarbHEIE
CUTHAABI C 9A€KTPOAOB AQTUMKaA U (POPMUPYIOT BBIXOA-
HOM CHUTHAA CABOEHHOTO AATUHKa.

ABYXKOMIIOHEHTHBIN C()epuYeCKHil CABOEHHBIN
AQTYUK B DAEKTpHUYeCKOM TIoae. laeelt co3paHusa
CABOEHHBIX AQTYMKOB IIOCAYKUA HOBBIN METOA U3Mepe-
HuA HanpsokeHHocTu Ol o cpepHeMy 3HaueHuto [20].
Peaarmszanusa meropa TpeOyeT OAHOBPEMEHHOI'O H3Me-
PEHUA B OAHOU TOUKE IIOAS ABYX 3HAUEHHUU HAlpPS KeH-
woctu E (1) u E,(t). B cBsA3M C yeM BO3HUMKAA HEOOXOAM-
MOCTBb IIOMEIlaTh B AQHHYIO TOYKY IIOAST ABa AQTYMKQ,
UMeIOUINX IIPOTUBOIIOAOKHEIE IO 3HAKY NOTPEIIHOCTH,
pe3yabTaT uaMepeHus E(f) ompepeAsiTb KaK CpepHee
3HaUYeHUEe U3 U3MepeHHbIX 3HaueHun E () u E, (1), T.e.

E(t) =[E (t)+E,(1)]/2. (6)

B oanopopanom moae E (f)=E,(f), a cArepOBaTeAb-
no, E(t)=E (t)=E,(f{). B HEOAHOPOAHOM IIOAE H3-3a
TOTPENIHOCTH, BBI3BAHHOW HEOAHOPOAHOCTBIO IOAS
E (f) # E,(1), Toraa, B aTOM cAydae, E(f) Oyaer paBHO
cpeaneMy 3HaueHuto us E\(f) u E,(f). C yueToMm CKaszaH-
HOTO pacCMOTpPUM PaboTy ABYXKOMIIOHEHTHOTO Ccde-
pHUYEeCKOr0 CABOEHHOIO AATUMKa B IOASIX Pa3AMYHOMN
HEOAHOPOAHOCTU. B KauecTBe TaKUX IOAeM BBbIOepeM
OAHOPOAHOE TIOAe CBOOOAHOTO HNPOCTPAHCTBA U HEOA-
HOPOAHOE TIOAe TOYEeUHOTO MCTOYHUKA.

OAHOpoAHOe moae. B uccaepyeMyro TOYKY OAHO-
poasoro OIT momeratoT paTuyuk. [Toa AeficTBHEM TTOAS
Ha IPOBOAAIIMX 3A€KTPOAAX AATUYMKa 2— 13 MHAyIIU-
pyIOTCa dAeKTpudeckue 3apspbl. O003HAUUM 3apsABL,
UHAYLIIMPOBaHHBIE Ha JAEKTPOAAX AATYMKa HOMepaMu
COOTBETCTBYIOIIUX JAEKTPOAOB U OTU HOMepa IIpuU-
csouMm BxopaMm AUIT 1—AWUIT 6 (cMm. puc. 3). C mo-
mombio AUTT 14—19 3apsaw! ¢ nap 2—8, 3—9, 4—10,
5—11,6—12 u 7— 13 IPOBOAAIINX SAEKTPOAOB IIPe006-
pasytorcsa B Hanpsokenust U, (1), U,(t), U,(t), U,(1), U,(t)
u U(f). DT HaNpPSIKEHUsT NPOMOPIUOHAABHBI Pa3-
HOCTU 3apsiAOB C Iap HPOBOAMAIINX SAEKTPOAOB 2—8,
3—9, 4—10, 5—11, 6—12 u 7—13. OTK HaupsKeHUd
OyAYT COOTBETCTBEHHO PaBHBI

U,(t) = kAq,(t) = K[g,(t) - g, (0)]:

U, (t) = kAq,(t) = kg, (t) - 4,5 (0)];

Us(t) = kAqs(t) = Klq,(t) - g, (1))

U,(t) = kAq, (1) = Klg, () - q,,0)];

Us(t) = kAg,(t) = k[g5 () - g, (0]

Us(t) = kA, (1) = Klgs () - g5 (1),
rae k — KoaddunueHT npeobpaszosanus auddepen-
IMAABHBIX U3MEPUTEABHEIX IIpeoOpa3oBaTeeii 14— 19,

N3 sTux Hanps>KeHUN (HOPMHUPYIOTCA HalpsiKe-
HHSA BBIXOAHBIX CHUT'HAAOB 4HYeThIpeX ABOﬁHLIX AQTUUKOB

ABa II0 KOOPAWHATHOU OCHU X U ABA IO KOOPAMHATHOM
ocH z.

[To KOOPAMHATHON OCHU X U3 IPOBOAAIINUX IAEKTPO-
AOB (QOPMUPYIOTCS ABa ABOUWHBEIX AaTuMKa. [lepBbIi
MATUUK (POPMUPYIOTCA U3 AWAMeTPaAbHO IPOTUBOIIO-
AOJKHBIX IIap 3AeKTpoAOB 7+8—-2+13, a BTOpo —
U3 AaMeTPaAbHO HMPOTUBOIIOAOSKHBIX IIap dAEKTPOAOB
5+6+7+8+9+10->2+3+4+11+12+13. Ilepsomy
¥ BTOPOMY AQTYMKY COOTBETCTBYIOT Hampspkenus U, ()
u Uy(f), chopMupoBaHHBEIE Ha BHIXOAAX CYMMATOPOB
20 u 21:

U,(t) = U,(t) - U,(t) =
= K[q, () - q,s (0] - K[q,(t) - g ()] =
= k{{q,(t) + go()] - [q.(0) + g, 0] =

= 6kneeg,R* sin By, - E,, (t). (7
Uy(t) = U,(t) = U, (t) = Uy (t) + U, (t) + Us(t) = Uy (t) =
Klq, (1) - q,(0)] - kg, (t) — q,5 (0] - Klq, () - g, ()] -
+ k[q,(t) - q,, (0] + klgs(t) — q,, (0] - k[, () — g, (0)] =
:%hmw%m+%m+%m+%m+%m%}:
- [qz(t) + q3(t) +4, (t) + qn(t) + qu(t) + qlB(t)]
= b6knee,R*sin B, - E,,(f) . (8)

W3 BolpakeHus (7) BUAHO, uTo cymmaTtop 20 o0b-
€AUHSET CUT'HAABL C OAEKTPOAOB 7, 8 u 2, 13 u dopmu-
pyeT AMaMeTpParbHO IPOTHUBOIOAOKHBIe HUO mepBoro
AQTUMKa, COCTOSIIUE U3 IAeKTPOAOB 7+8 u 2+ 13. Ta-
KuUM oOpa3oM, YD 1mepBOro ABOMHOI'O AQTYMKA, PacIio-
AOJKeHHBIE IO OCH X, IIPEACTABASIIOT COOON ABYYTOAB-
HUKH C YTAOBBIMHU pasmepamu ¢, = 90 ° u B, = 30 °.
C yuerom yraosoro pa3mepa 3, = 30 ° BEIpakeHue (7)
MOKHO 3aIIlCaTh

U, (t) = 3kneg,R* - E,, (t) - 9)

Beipakenue (8) mokaselBaeT, duTo cymmarop 21
O0BEAUHSIEeT CUTHAABI C IAEKTPOAOB 5, 6, 7, 8, 9,
10 u 2, 3, 4, 11, 12, 13 u dopMuUpyeT AUaAMETPAABHO
MIPOTUBONOAOKHBIE YD BTOPOro ABOWHOTO AATYM-
Ka, COCTOSIINe U3 IAeKTPoAOB 4+6+7+8+9+10
u 2+3+4+11+12+13. Takum oOpa3oM, YyBCTBU-
TeAbHBIE 9AEMEHTHI BTOPOTO ABOMHOTO AQTYMKA 10 OCHU
X HNPEACTaBASAIOT COOOU IOAYC(EpPBI C YIAOBBIMHU pas3-
Mepamu o, = 90 ° u B, = 90 °. Toraa AAS BEIXOAHOTO
HAIPSPKEeHUsT BTOPOTO ABOMHOTO AQTYMKA C YIE€TOM BEI-
paskeHus (8) MOKHO 3alucaTh

U, (t) = 6knee,R* - E,, (1) - (10)

AHaAAOTMYHO pAacCy’>KAasl, TMOAYYHM BBIXOAHBIE Ha-
NIPSIKEHWsT MIePBOTO M BTOPOTO ABOWHBIX AQTYUKOB
110 KOOPAMHATHOM! OCH Z.

BuIxopHOM CUTHAA TEPBOTO ABOMHOrO patdnka U (f)
mo ocu z (OpPMHUpYyeTCs Ha BBIXOAe CyMMaTopa 22.
On Oyaer ompeaeAsiThCsi cymmou Hanpsprenwin U, (1)
u U, (1)

U,(t) = Uy(t) + U, (1) =
= K[g,(t) — q,o ()] + kla5() - q,,(0)] =
= k{lq,() + ;)] - [, (1) + ¢, )]} =
= 6knee, R’ sin B, - E,, (t) = 3knee,R* - E,,(t), (11)

T.K. A1 U 4+ 51 10+ 11 uMeroT yraoBoM pa3Mep, Kak
OyaeT mokaszaHo HmKe, B, = 30 °.

BreixoapHOU cUTHAA BTOPOro ABOMHOrO Aatyuka U, (1)
o ocu z OpPMUPYeETCA Ha BBIXOAE cymMaropa 23. OH
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SAEKTPOHUKA, ®OTOHUKA, NMPUBOPOCTPOEHUE U CBS3b

OyAeT OIPEeAEeAdITbCSI CyMMOW IIeCTH HalpsyKeHUH
U, (1) = U,(t) yuerom ux 3HaKOB

Ui (t) = U1(t) + Uz(t) +U;() + U, [0) + Us(t) + Uglt) =
- { [q,(6) + @4 (6) + q,(t) + 5(t) + go (1) + g5 (0)] - }
- - [qs(t) + qg(t) + (t) + q11(t) + q1z(t) + q13(t)]

= 6knee,R* sin B, - E,, (f) = 6kneg,R* - E,, (t) (12)

TK. M YD 2+3+4+5+6+7 mu 8+9+10+11+
+ 12+ 13 yraosoit pazmep B, = 90 °.

B cBoio ouepepb BBIXOAHBIE Hamnpsbrenus U, (f)
u Ug(t) AAQTYMKOB, PACIIOAOKEHHBIX Ha OCH X, COOTBET-
CTBEHHO IPONOPIMOHAABHEI COCTABASIOIIUM BeKTOpa
HAIPS)KEHHOCTH uaMepsiemoro OIT E| wm E, , a BBIXOA-
uble Hanpsprenwst Uy(f) u U, (f) AQTIMKOB, PACIIOAO-
KeHHBIX Ha OCH Z, COOTBETCTBEHHO IIPOIOPIIMOHAABHEL
HAIPSKeHHOCTSIM U3MepPsIeMOTI0 9AeKTPHUUECKOTO ITOAS
EOlz u EOZZ'

B 0AHOPOAHOM ITOAE AOASKHBI BBIITOAHATECS YCAOBUS
paBeHCTBa HampsKeHHocted E, (f) = E, (f) u E (t)=
=E, (1), a chepoBaTeAbHO, 1 Hanpskenuit U, (1) = Uy(l)
u Uyt) = U,(t). N3-3a pa3HOro 4ucAa IMPOBOASIIIUX
9AEKTPOAOB, YUIACTBYIOIMIUX B (POPMHUPOBAHHUU BLIXOA-
HBIX HaNPSKEHUH IEePBLIX U BTOPBHIX ABOWHEBIX AQTUU-
KOB B OAHOPOAHOM TIOAe Hanpspkenuss U(f) # Uy(t)
u "Hanpskenus Uy (t) # U, (t). CaepoBareasno, E; #E
n E # E,. A IDaBUABHOU PaGOTHI CABOEHHOTO AAT-
4yyKa HEeOOXOAMMO OO0eCHeYuThb B OAHOPOAHOM IIOAE
BeIOAHeHue ycaosuii U, (1) = Uy(l) (E, (1) = E,, (1)
u Uyt) = Uy,(t) (E,,(l) = E,(1). Beimornenue s1ux
yCcAOBHM oOecleunBaeTCs OAMH pa3 B IIpollecce 3KC-
NIAyaTallud  AaTuuKa. AAS 3TOTO AQTUYUK BHOCHUTCS
B opHOpopHoe OI1 M moouepepHO OPUEHTHPYeTCs
IO KOOPAMHATHEIM OcsIM X U z. C IIOMOIIBIO MacIiTab-
HBIX IpeoOpa3oBarenent 24 MIT1 u 25 MII2 (cMm. puc.
3) AOOHMBAIOTCST paBeHCTBA Hanpskenuw E| (t) = E, (t)
u E; (t) = E,, (). Art OTOTO B U3MEPUTEALHOU ICIU
npeaycMoTpensl Beixopsl U, , U, u U, , U, . Ilpu BbI-
TIOAHEHUM 3TUX YCAOBHM AQTUUK IOTOB K paboTe.

W3 Beipakenunt (9), (10) u (11), (12) caepyer, uTo
Uylt) = 20,(0) = U;(t) 1 U,g(t) = 2U,(t) = U, (t), tae U, (1)
u Uy(t) HanpsiXKeHUsT MOCAe MACIITaOHBIX MIPeobpaso-
Bareneli 24 u 25. Torpa manpsokenus U, (t) u Uy(t) Gy-
AYT IIPEACTABAATHL COOOH BBIXOAHBIC Hanpsbkenus U, (f)
u U, (f), mponopuuoHaAbHBIE COCTABASIOIIEN Harpsi-
skeunoctsim OIT E (f) u E, () ¥ COOTBETCTByIOUIHE
TIEePBBIX U BTOPHIX ABOMHBIX AQTUYMKOB, PACIOAO’KEH-
HBIX II0 KOOPAWHATHOM ocu X. B TO >Ke BpeMms U;(t)
u U, () OyAyT IPEACTABAATL COOOM BBIXOAHBLIC HAIIPsi-
xenus U, (f) u U, (f), IpONOPUHMOHAABLHEIE COCTaBAsSI-
fomelt Hanpsbkernoctsam Ol E (f) u E|, (t) cooTBet-
CTBYyIOIIME€ IIePBBIX M BTOPLIX ABOWHBLIX AAQTIMKOB,
PAaCIIONOFKEHHBIX 110 KOOPAMHATHON OCH Z.

Toraa, COTAQCHO METOAY M3MepeHUsI HaIlpSyKeHHO-
ctu Ol mo cpepHeMy 3HaueHUIO [27] U BBIPa’KeHUIO
(6), 3an0KeHHOMY B pabOTy CABOEHHOIO AQTYMKa BBI-
xopHble Hamnpsikenust U (t) u U (f) cCABOGHHBIX AQTUU-
KOB II0 KOOPAMHATHOM OCU X U Z, IPOINOPIHOHAABHEIE
cocrapasitonum E () u E (f) BeKTOpa HANPSIKEHHOCTH
Oll, onpepeAsaTCsa CAeAYIOIUM 00pa3oM

U,t) = u (13)

U} Us® ; Yol _ 6xemse, R sin,, - E,, (0);

U(f) = U, +U,,() (14)

z

= 6knee,R” sin By, - E,, (£).

Hanpsokenust U (t) u U (f) IpONIOPIIMOHAABHBI U3Me-
PsIEMBIM COCTABASIIOIIUM BEKTOPA HaNpsyKeHHOCTH Ol

Ey, () + Ep, (t)

Ey,(t) = kU, (1) = 2

B0V, = kUt = Z2el0 Feell)

Takum 00pa3oM, IMOAYUYEHHOE BBIXOAHOE HallpsiKe-
uwue U (1) u U (1) CABOGHHOTO AQTYMKA IIPOIOPI[UOHAAD-
HO CpepHEMY 3HAQUeHHMIO COCTaBASIONIUX BeKTopa Ha-
npsokennoctu OIT E(t).

HeoapHopoaHoe moae. B oTAuune OT OAHODOA-
HOTO IIOAsl, B HEOAHOpPOAHOM 1oae Uy (t) = Uj.(t)
u Uj,(t) # U,,(t). HepaBeHCTBO BBIXOAHBIX HAIPsS>KEHUN
ABOMHEIX AQTYMKOB II0 KOOPAMHATHBIM OCSIM X U Z 00-
YCAOBAEHO TIOTPEITHOCTSIMU ABOWHBIX AAQTUYUKOB, BHI-
3BaHHBIMU HEOAHOPOAHOCTBIO IIOAS.

[MoasTomy BbIpaskenus (7), (8) u (11), (12) aArs Hanps-
SKeHUM ABOMHBIX AQTYMKOB 110 KOOPAMHATHBIM OCSIM X
U Z HEOOXOAMMO IPEACTABUTH C YYETOM IOTPELIHOCTEN

U )= 6]{7{,880R2 sin B, [1 +3,(a, [301)]' E ()=

=G,[1+3,(aBy)] E,(0); (15)

U,.(t) = 61{"[8‘30}22 sin B, [1 +0,(a Boz)]' Ey,(t) =
=G, [1+38,(aBy)] Eoy(0); (16)

U (t) = 6knee,R? sin Py, [1 + 8, (a, By, )] - Eo, () =
=G,[1+3,(aBy)] Ey, () (17)

Uy, (t) = 6knee R? sin By, [1+8, (@ Byy)]- E, () =
= Gz[l + 62(‘17 Boz)]' EOz(t) ' (18)

TAe MHAEKC «H» y O0O3HaueHHU HAIps’)KeHUU yKa3bl-
BaeT Ha UX IPUHAAAEKHOCTb K HEOAHOPOAHOMY IIOAIO;
8,(a, B,): d,(a PB,) — B3AMMHO TPOTHUBOIIOAOKHEIE
110 3HaKY IIOIPEUIHOCTH OT HEOAHOPOAHOCTH IIOASI ABOM-
HBIX AQTYUKOB; @ = R/d — TpOCTpaHCTBEHHBIN AMATIa-
30H U3MEepeHUs], XapaKTepu3yIoluil CTelleHb HEeOAHO-
POAHOCTH IIOAS; R — papuyc cdheprudecKoro OCHOBaHUSA
AaTuMKa; d — paccTogHUe OT IjeHTpa chepudecKkoro
OCHOBaHHUS AATUYMKA AO HCTOUHHKA IOAS. AHAAOTUY-
HO, BBIXOAHBIE Hamnpsbkenusa UJ(f) u U)(t) cABOeHHO-
TO AQTYMKA II0 COCTABASIONIMM MOAYAS BeKTOpa Ha-
npsokerHoctu Oll, onpepeasieMble BeIpakeHUAMU (13)
u (14) c y4yeTOM HOTPENIHOCTEN OT HEOAHOPOAHOCTH
IIOASI MOJKHO IIDEACTaBUTH B BHAE

U} (t) = 6knee,R* sin By, [1 +5(a, By,)]- Eo, (£); (19)

U (t) = 6knee R” sin By, [1 +8(a, Byy)]- Eo, (1), (20)
rae 6(a,,,) — TOTPeIIHOCTH OT HEOAHOPOAHOCTH TIOAS
COCTaBASIONIUX CABOEHHOI'O AQTYMKA.

[MorpemsocTs 8(a,B,) CABOGHHOTO AAQTUMKA, BEI-
3BaHHYI0O HEOAHOPOAHOCTBIO IIOASI, IIO €rO0 COCTaBASI-
IONIUM MOJKHO HAWTM Ha IpUMepe COCTaBASIIONIeHN
II0 OCH Z. AAS 3TOTO BOCIIOAB3YEMCSI BBIPAKEHUSIMU
(17) u (18) u npoBepeM cAepyIOIIUe IpeoOpa30BaHUs

UL+ UL
2
G,[1+8,(aBy)]- E,(t) +
+ Gz[]' + 8z(avBoz)]' E,,(®) _
2
= Gzll + 8(avBOl)] : EOz(t)v

U, ()

(21)
rAe

8,(aBy) +0,(aBy)

5((1,[30]) = 5

(22)



— Pe3yABTHPYIOIAs HOTPEITHOCTh COCTaBASIOMINX
MOAYAst BeKTOpa HanpsikeHHOCTH Il E () CABOGHHOTO
AATUNKA, BBI3BAHHASI HEOAHOPOAHOCTBIO ITOAS.

IMorpentaocTs § (a,fB,,) mepBOro ABOMHOTO AaTYMKA
c UD B popMe chepuyecKux ABYYTOABHUKOB HaXOAUT-
Cs M3 BEIDa’KeHUS

A 1Po1 —-A oan. \Po1
5,(a,By,) = qﬂw(zj )(B )q (Bo)

<100 %. (23)

rae Aq, ., (B,) u Aq,,,,,(a,B,) onpeaeasioTcs BHIpasKeHH-
aMu (2) u (5) ¢ yuetom BeIpakeHui (1) — (4).

AASL BTOPOTO ABOMHOrO apaTymka ¢ 4O B dopme

noaycdep (B,, = 90 °) morpemnocts 6,(a,B,,) = 6,(a)
OIIPEAEAUTCS BEIpaskeHUeM [26, 27]
3,(@) = - 1—2.(1—1_“2j 1100 %.  (24)
: 3a’ N1+ a® >

[NpepcTaBAeHHAs TeopHs IOAOKeHAa B OCHOBY Ma-
TeMaTUIeCKOM MOAEAU AAS NMPOBEAEHHUS MaTeMaThde-
CKOTO MOAEAUPOBaHUsSI PabOTHl CABOEHHOTO AaTUYMKa
B IIOASX PA3AWYHOM HEOAHOPOAHOCTH ¥ BBISIBACHUS
AYUIIUX YTAOBEIX pazMepos ero YO3.

MareMaTuueckoe MOAEAMPOBaHUE, IIPOBEAEHHOE
B MaTeMaTH4eCKoM pepakTrope Mathcad, 1mo3Boamao
BEIIBUTh AYUIIHME YTAOBBIE PasMepHl B, ABYYTOABHBIX
COCTaBHBIX cepruueckux YO B IIMPOKOM NPOCTPaH-
CTBEHHOM Auana3oHe usMepeHuil 0 < a < 1. Pe3yas-
TaThl MOAEAWPOBAHUS B BHAE TpadrKa IIPeACTaBACHEI
Ha puc. 4.

[lpu MoOpeAMpOBAHMHU AQTUUK IepeMelancsi B Ol
u3 0eckoHeuHOCTHU (d>>R, rae d — paccTosHue OT 1eH-
Tpa AQTYMKA A0 UCTOYHUKA IOAs; R — paauyc paTunka)
K UCTOYHUKY II0AL AO (d £ R) BAOAB OCH X, @ 3aTEM BAOAB
ocu z. M3 puc. 4 crepyeT, 4TO B NPOCTPAHCTBEHHOM
puarnazoHe usMepenuit 0 < a £ 1 NOTPenIHOCTb AQTYMKA
U3MeHsIeTCs OT OTPUIIATEAbHOM, IPUHUMAIOIIEeN MUHU-
MaAabHOe 3HadeHme MuHycC 0,22 %, AO TOAOKUTEABHOH,
[IPUHUMAIOLIEN MaKCUMaAbHOe 3HadeHue matoc 1,1 %.

B cBsA3M c oTMM paccMaTpUBaeMBIM ABYXKOMIIO-
HEHTHBIN chepruueCKuU CABOEHHBIN AQTYUK OyAeT 00-
AQAaTh MOTPelIHOCTHIO 1,1 % BO BCceM IIPOCTPaHCTBEH-
HOM AmanasoHe maMepeHuil 0 < a < 1. Toraa Aydimmum
YTAOBBIM Pa3MepoM ABYYyroAbHOro UO aaTumka OypeT
B,, = 30 °. Takue pasMephl IOMAPHO GYAyT HMeTh O
4, 5—10, 11 u 7, 8—2, 13. OcTarbHBIe UD CABOEHHOTO
AaTurKa GyAyT MMeTh YTAOBbIe pasmepnl B, = 15 °.

BeiBOABI M 3aKAIOUeHHe. [1o pe3yabTaTaM HMCCAEAO-
BaHMSA MOJKHO CAEAATh CAEAYIOIIMEe BBIBOABL:

1. T'lpeprOsKeHO KOHCTPYKTUBHOE pelleHHe ABYX-
KOMIIOHEHTHOTO CABOEHHOTO C(epuIecKoro AaTivKa
HAIPSPKEHHOCTU 3AeKTpudeckoro IO ¢ ABeHaAaThIO
Y3 B hopme chepudecKux ABYYyTOABHUKOB.

2. AaTYUK HMeeT IO KaXAOM KOOPAMHATHOW OCU
TPU BBIXOAQ, ABa COOTBETCTBYIOT OAUHApPHBIM AAT4M-
KaM, a OAUH CABOEHHOMY AATUMKY. Takoe KOHCTPYK-
THUBHOE pellleHre II03BOASIeT PaCIIUpPUTL (PYHKIHO-
HaABHBIE BO3MOJKHOCTH AATYMKaA.

3. CABOEHHBIN AQTUMK OOAAA@eT 3HaKOIepeMeHHOM
MOTPEIIHOCTBI0 OT HEOAHOPOAHOCTHU IIOASL, He IPEBHI-
marorier + 1,1 % BO BceM IPOCTPaHCTBEHHOM AHWalla-
30He 0 < a<1.

4. TlorpenrHocTb AaTdyMKa oOecledynBaeT OOOCHO-
BaHHO BLIOpPAHHLIE YTAOBEIE Pa3Mephl ABEHAAIIATH ABY-
YTOABHBIX C(PEPUUECKUX IAEKTPOAOB AaTumKa 0, = 90 °
uf, =30°.

B 3akAtoueHHMe HeOOXOAUMO CKaszaTh, UYTO IIPeA-
AOJKEHHBIN B paboTe ABYXKOMIIOHEHTHBIN cdepuue-

L1

0,88

0,44

0,22

-0,22
044
-0,66
0,88 a=Rd
a

-1,1

0 01 02 03 04 05 06 07 08 09 1

Puc. 4. I'pacduK NOrpenHoCcTd CABOEHHOIO
AaT4yHKa AAsI YTAOBOro pasmepe ero 4J
B (hopme AByyroapHuka o,, =90 °u B, =30 °

CKUM CABOEHHBIM AQTUUK HamnpsbkeHHocTu OI1 ¢ UD
B (popme cheprudyecKrux ABYYTOABHUKOB HMEET OIpeAe-
AEeHHBIE TIEPCIEKTUBHI AAS MCIIOAB30BaHUS B COCTaBe
CpeACTB u3MepeHus HanpsbkeHHocTu Ol Ha caepy-
FOIIeM 3Tare HeOOXOAWMO PacCMOTPETh BO3MOKHOCTH
MTOCTPOEHUsI TOAOOHBIX CABOEHHBIX TPEXKOMIIOHEHT-
HBIX C(hepUUYECKUX AQTIUKOB.
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TWO-COMPONENT
SPHERICAL DUAL-TYPE ELECTRIC
FIELD STRENGTH SENSOR

Simple and easy-to-use modern sensors are required to monitor the levels of
electric field strength around high-voltage power equipment, power lines,
substations. These sensors ensure safety and labour protection of power equipment
maintenance personnel. Therefore, the development of electric field strength
sensors is an important and urgent task. The article proposes one of the possible
options for constructing such sensors. The sensor is a ftwo-component spherical
dual-type element. Twelve biangular spherical conductive electrodes are placed in
isolation on the spherical conductive surface of the sensor. The electrodes serve
to form the sensitive elements of four dual sensors: two on each coordinate axis.
Moreover, the dimensions of the sensor sensitive elements affect its error caused
by the inhomogeneity of the field. The dual spherical sensor has a variable error:
not exceeding + 1,1 % in the 0 < a < 1 entire spatial range, which corresponds
to the d = R minimum distance to the field source. The error of the sensor is
provided by reasonably selected angular dimensions of twelve bi-angular spherical
electrodes of the o, = 90 ° and 3, = 30 ° sensor basic. The sensor has three outputs
on each coordinate axis, two corresponding to single sensors and one to a dual
sensor. This type allows expanding the sensor's functional features.

The dual spherical sensor is used for control and measurement means of electric
field parameters of industrial frequency in high-intensity zones.

Keywords: electric field, field strength, dual spherical sensor, double spherical

sensor, sensitive element, spherical biconvex, field inhomogeneity error.
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