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Ha ocHOBe IM3JIeKTpUYECKOTO BOJTHOBOIA M3 BLICOKOOMHOI'O KPEMHUS pa3paboTaHbl ONITUYECKH U MexXa-
HUYECKU yIIpaBJisieMble aTTEHIOATOPBI 1 3JIEKTPUUYECKU yIIpaBiIsieMblii (pa3oBpallaresib. B moiaoce yacror
26...37 I'T1 TEOpETUYECKU U DKCIIEPUMEHTAILHO OIpeaeIeHbI XapaKTepUCTUKM BOJTHOBOAA U pa3paboTaH-

HBIX 9JIECMCHTOB Ha €ro OCHOBC.
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[1pu pa3zpaboTke 1 CO3MaHNN YCTPOICTB, IIPUOOPOB,
a TakxKe ITOCTPOEHHBIX Ha UX OCHOBE PaIlOU3MEpPU-
TEJILHBIX CCTEM MUKPOBOJIHOBOTO 11 MIJIIUMETPOBOTO
JINAITA30HOB MCHOJIB3YIOTCS TUAJIEKTPUIECKIIA BOJTHO-
Boz (/1B) u anemeHTHas 6a3a Ha ero ocHoBe [1—4]. B
HacToslIIIee BpeMsI B CBSI3U C MOSBICHUEM MOIIHBIX
BBIYMCJIMTEIIBHBIX IIPOrpaMM pPaCIIMPSIOTCS BO3-
MoxkHocTu JIB. Hampumep, ero MoXXHO HCITOJIb30-
BaTh IIPU CO3MaHUU METOIUK KOHTPOJISI CTEIIEHU O -
HOPOITHOCTHU 3JIEKTPOMAarHUTHBIX IIapaMeTPOB MaTe-
pUaJIoB.

B npencrasnennoit padore B MmuanmnMmeTpoBoTo
JIMarna3oHa BbIMOJIHEH U3 BBICOKOOMHOIO KPEMHUSI.
DTOT MOJYIIPOBOIHUKOBEIM MaTepuall IpuMedaTe-
JIEH TeM, YTO MMEEeT HM3KUI TaHTE€HC yIJa IOTePh, a
Ha 3J1eKTpodU3NUeCKHe mapaMeTpbl MOXHO BO3JIeii-
CTBOBATh BJIEKTPUYECKUM I10JIeM U cBeToM. Bce ato
MO3BOJISIET CO3[aTh JUHUIO Mepeaadym ¢ MaILIMU 1O~
TOHHBIMU TIOTEPSIMU U I((DEKTUBHON 37TEMEHTHOMN
6azoiil. JIuaaeKTpu4ecKiAi BOJTHOBOI, U3 BHICOKOOM-
HOTO KPEMHUSI M €T0 3JIEMEHTHas 0a3a YaCTUIHO HC-
clienoBaiuch paHee [5—8]. OmHaKO MCIOJb30BaHUE
COBPEMEHHOTO 3KCIIEPUMEHTAIBHOTO 000pYIOBAHUS
U 3JIEKTPOIMHAMUYECKIX BEIYMCIUTEIbHBIX IPOrPaMM
MO3BOJISIET TIPOBECTU BTU HCCIEIOBaHUS OoJjiee 1e-
TaJIbHO.

BonanoBongHas cekuust 1B mokazaHa Ha puc. 1, rae
KpeMHueBblil B 7 ¢ moriepedHbIMU pa3MepamMu a =
= 1.4, b = 2.8 MM pa3MmelaeTcs Ha ITOIJIOXKE M3 IO~
pucTtoro ¢Toporuiacta 2 (IusaeKTpudyeckas IIpoOHU-
HaeMoCThb € = 1.4, TaHTeHC yIJla TUAJICKTPUUECKUX
morepb tgd, = 5 x 107%). s BBo#a M BbIBOIA MOIILI-
HOCTH MCIOJIB3YIOTCS BO30yauTeIn 3, COCTOSIINE U3
yyacTtka /IB, comnmngoBaHHOTO OO OCTPHIM YIJIOM U
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BCTaBJICHHOTO B IPSIMOYTOJbHBINA MeTaJUTMYeCKUit
BosiHoBox 4 ceyeHueM 7.11 X 3.56 mMm. Ha pucyHke
TaKXKe ITOKa3aHo MoliepeyHoe ceueHue B, Ha KoTo-
pPOM yKa3zaHBI ero IonepedHble pa3Mepbl, CUCTEMa

KOOpAOAMHAT, a TaKXE BCEKTOP HaIIPpAXKCHHOCTU E

SJICKTPUYICCKOTIO ITOJIA IJIA BOJTHBI Elyl .

B 1B cy1iecTBYyeT AB€E BOJHBI HU3LIErO TUIA — £}

u E;|, KOTOpble HE UMEIOT YaCTOT OTCEYKU CHU3Y.
Kak nokasano panee [3], n1a BoaHoBoga ¢popMara
a/b < 1 BkadecTtBe paboueii MOIBI MCIIOJIL3YETCS BOJI-

Ha E}|, y KOTOpOii BEKTOp E HarmpaslieH BIOJIb OCH y.

Puc. 1. BonrHoBogHast CEKLIMSI TU3JISKTPUIECKOIO BOJTHO-
Bopda: / — kpeMHHUeBHIi JIB, 2 — monmoxka, 3 — Bo30yamn-
TeJb, 4 — METaJLTMYECKUII BOJTHOBOI.
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Puc. 2. sMepuTenbHast CEKIIUS IJIsI ONPENeICHUS T~
HBI BOJIHBI B IURJIEKTpUYECKOM BosiHOBoxe: / — JIB, 2 —
MOIJIOXKA M3 MopucToro ¢groporuiacra, 3 — MeTauInde-
CKMii OTpaxaTesib, 4 — IIOIBUKHOI MeTaJUIMYeCKUit
9KpaH C BbIpe3oM Iof ceyeHue /1B, 5 — BonHOBoO BO30Y-
TIUTEJIS.

DTa BOJIHA 10 CPABHEHUIO ¢ E|| MMEET MEHbIIIKE 110~
TOHHBIE TIOTEPU U JYYIIYIO TOJSIPU3ALAOHHYIO
YCTOMYUBOCTD.

1. IMCITEPCMOHHBIE 3BABUCHMOCTHU
ANSBJIEKTPUYECKOI'O BOJIHOBOJA

DKCIIEpUMEHTAJIBHO TUCIIEPCHUOHHEBIE 3aBUCHUMO-
CTH, T.€. 3aBUCUMOCTH JUIMHBI BOJIHEI OT YacTOThI, B
JIB ormpenenasiiuch ¢ MOMOIIbIO pa3paboTaHHOM Ha-
MU MeToauku [8]. U3MepuTenbHas CeKIlus moKazaHa
Ha puc. 2, tae 1 — ato JIB, 2 — nmomioxka 1n3 mopucToro
dToporuiacTa, 3 — MeTaJJIMYECKU oTpaxKaTeib, 4 —
MOABVKHON METAJUIMYECKUM 3KpaH C BBIPE30OM 10
ceueHue [IB. BonrHoBom Bo30ynuTess 5 cBsA3aH 4epes
M3MEPUTEIBHYIO CEKIIMIO ¢ aHaJIn3aTopoM lierieii. Ha
9KpaHe aHaJM3aTopa lieleil HaOoganach nHTepde-
PEHLIMOHHAS KapTUHA IBYX BOJIH, OJHA M3 KOTOPHIX
oTpaxkajlaCh OT HEITOJBMXXHOIO OoTpaxartens 3, Apy-
ras — OoT nmoABMKHOTO 4. C IIOMOIIbI0 YaCTOTHOM
METKU U3MepUTEst GUKCHUPOBAJICI MUHAMYM CUTHA-
J1a Ha u3Mepsiemoii yactore f. [Ipu nepemerieHumn He-
OTHOPOTHOCTH B CTOPOHY OTpaxkaTest MHTep(hepeH-
UOHHAsA KapTWHA CMeIlajlach OTHOCHUTEIBbHO 4Ya-
CTOTHOM METKM, T.€. Ha MECTC MUHMUMYMAa MOSIBIISIICSI
MaKCHUMyM, 3aTeM ONSITh MUHUMYM H T.n. Ilomcum-
ThiBasgd 4YMCJIO MUHHMMYMOB p IpU NNEPEMECILICHUUN HE-
OIHOPOIHOCTH Ha pacCcTosiHUE [ Y UCITIOJIb3ysl COOT-

HomieHue [ = p%, OTIpeNEeIISUTA OIJINHY BOJHBI A B TN~

QJICKTPUYICCKOM BOJIHOBOAC HaA 3aJaHHOM ‘{aCTOTCf.

PAANOTEXHUKA 1 BJIEKTPOHUKA
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Puc. 3. 3aBUCHUMOCTHU IJTMHBI BOJIHBI A OT YacCTOTHI f ISt

Monsl £} (a) 1 Ef (6): I — TpeXMEPHOE IeKTPONUHAMHU -
4ECKOe MOIEITUPOBaHKE 6e3 MOIIOKKH, 2 — TPEXMEPHOE
3MEKTPOAMHAMIYECKOE MOJIETUPOBAHME C IMOMIOXKOMA,

3 — 9KCIepuMeHT, 4 — MpUOIMKEeHHbIN MeTon MapKaTvin.

9KCHepI/IMCHTaJIBHbIC JUCIIEPCUOHHbBIE 3aBUCHUMO-

CTHU IJISI MOJ, Ely1 u Elx1 MoKa3aHEI Ha puc. 3a u 30.

Pacyer myucmepCHMOHHBIX 3aBUCHUMOCTEN TPOBO-
JIAJICS C TIOMOIIBIO TPUOJIMKEHHOTO MeToa Mapka-
TIIA |8, 9] M 3JEeKTPOIMHAMUYECKOTO MOIETNPOBa-
HUSI METOIOM KOHETHBIX 2JIEMEHTOB.

PC3y.T[I)TaTI)I pacye€ToB JUCIEPCUMOHHLBIX 3aBUCH-
MOCTEN METOAOM MapKaTI/IJII/I TIOKa3aHbI Ha pUC. 3amu

36. Kak BusHO U3 rpadMKOB, ISl BOJIHBI £} pe3yib-
TaTbl pACYETOB COBMNANAIOT C 3KCIIEPUMEHTOM, a ISt

BOJIHBI E;; 3aMETHOE PACXOXIEHUE PE3YIIHTATOB 06-
HapyXuBaeTcs Ha 4yactoTax Huxe 32 I'Tu. Ha atux
K€ pUCYHKaX NPUBOISITCS Pe3yJbTaThl PACUETOB, BbI-
MOJHEHHBIX C TOMOIIBIO IPOIrPAMMHOTIO TPEXMEPHO -
Ne 2
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JOUBJIEKTPUYECKWM BOJIHOBOJ M3 BLICOKOOMHOI'O KPEMHUS

o MOACIMNPOBAHUAI. 3aMCTI/IM, YTO BJIMAHMEC IIOHd-
JIOXKKH N3 MOPHUCTOTO (I)TOpOl'[.HaCTa HE3HAYUTEIIBbHO
CKa3bIBaeTCsl JMINb B 00JaCTM HU3KMX 4YacToT. B
9TOM CJiydyac HaO0JII0JaeTCsI TIOTHOE COBITAACHUEC TCO-

pHH ¢ 9KCTIEPUMEHTOM Kak st E}|, Tak ut st Ej).

OmnpeaenM NOrOHHBIE IMTOTEpU KaK MOTepr O Ha
equHuny WIMHEL [IB. BHavane npencraBuM akciepu-
MEHTaJIbHBIE TaHHBIC 3TUX NoTeph B IB 13 kpemHus

Ha HuU3MMX Monax K| u Ej;. Vi3mepeHust mpoBoau-
JIUCH CJIeyIOlIMM 00pa3oM: BHavasle U3Mepsuiu 00-
1I1€ MOTEPU BOJHOBOAHOM CEKIIMU, MOKA3aHHOU Ha
puc. 1 (c nBymMst Bo3oynuTeassmMu). OHM BKIIIOYAIU B
cebs MmoTepy Ha BO3OyXIIeHUE U COOCTBEHHbIE TTOTE-
pU B BOJTHOBO/IE. 3aTEM B pa3pbiB BOJTHOBOIHOM CEK-
IIUY BCTABJISUIN JOTTOTHUTENBHEIN JI B mmHOIT 26 MM
U3 KPEMHUSI, 1 OTISITh U3MEPSLIU 0b1111e notepu. Boi-
4yuTas U3 BTOPOTO 3HAYEHUS U3MEPEHHBIX OOLIIMX MTO-
TEepb MEPBOE U IEJIsI MOTYYEHHYIO Pa3HOCTh Ha [UTUHY
JIOTIOJTHUTEIIBHOTO BOJTHOBOZA, MBI HAXOIWJIN UCKO-
MbI€ TIOTOHHbIE TTOTEPU Ol. DKCIIEPUMEHTAIbHbBIE 3a-
BUCHUMOCTH TOTOHHBIX TTIOTEPH OT 4acTOTHI 115 [ B 13

KpeMHuUs1 Ha Mozax F)* u E/| npuseneHsl B 1a6. 1
MoKa3aHbI Ha puc. 4.

Jist Boubl E}| B monoce yacrot 29...37 T'Tix mo-
roHHsble motepu cocrapistior 0.09...0.12 nb/cMm, a Ha
OoJiee HUBKMX YacToTax oHU Bo3pacTtaiot 10 0.14 nb/cm.

Ha BosHe Ej| 9T moTepu CyIIECTBEHHO BBIIIE, U B
nuarnasoHe yactoT 30...37 I'Ti oHu HaxomsATCA B TIpe-
nenax 0.26...0.28 n1b/cMm. [IpoBemeHHBIE pacyeThl IS

Monbl E| mokasaHbl Ha puc. 5 (kpusas 2). Pacuer
MIPOBOAWJICS cCJlenylomuM obOpa3oMm. JsT Kaxkmoi
SKCIIEPUMEHTAIBHOM TOYKU C MOMOIIBIO TpexMep-
HOTO 3JIEKTPOAUHAMMUYECKOIO MOAECIUPOBAHUS Ha-

o, 1b/cm
0.30

0.28

\/./\/\‘\‘1

0.26 |-
0.24 |

~

0.14 -
0.12 -

0.10 -

2

0.08 1 1 1 1 1 1 J
26 28 30 32 34 36 38

£ T

Puc. 4. 3aBUCUMOCTHY TOTOHHBIX IMMOTEPH OL OT YACTOTHI f B
X
IU3JIEKTPUYECKOM BOJIHOBOAE M3 KpeMHMs i Ejy

(kpuBas /) u Ely1 (kpuBas 2).
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Taomuna 1. DKcriepuMeHTalbHbIE 3HAYEHUSI MTOTOHHBIX

noTepb ¢, OT 4acToThl £ myist JIB us kpemuus Ha Ejy u Ef

o, nb/cm
S Ty

E}) Ej)
26 — 0.14
27 — 0.14
28 — 0.135
29 - 0.12
30 0.27 0.115
31 0.26 0.11
32 0.27 0.105
33 0.275 0.1
34 0.265 0.1
35 0.28 0.095
36 0.275 0.09
37 0.27 0.09

XOIWJIA 3HAYeHMs TaHTeHca yrja MoTeph KPEeMHUS,
KOTOpBIE 3aTeM WCIOJB30BAIM TP ONpencIeHUN
TIOTOHHBIX TTOTEPh O.. B aTOM cilyyae HabtomaeTcst
JIOCTATOYHO XOpolllee COBMaaeHNe pe3yIbTaTOB pac-
geTa ¢ 9KCIIepUMEHTOM.

2. BO3bYMUTEJIb
ANSBJIEKTPUYECKOI'O BOJIHOBOJA

Bozoynutemn — 3TO yCTpoOIiCTBa, KOTOPHEIE OCY-
LIECTB/ISIIOT B JIMHUSIX IIepeaayl Kak BBOII, TaK Y BbIBOI,
MolHocTh. [lpencraBlieHHBIN 3[eCh BO30YIUTENHb

a, n1b/cm
0.15

0.14 -
0.13
0.12
0.11 |-
0.10 -
0.09 -

0.08 1 1 1 1 1 1
26 28 30 32 34 36

38
/. T

Puc. 5. 3aBUCUMOCTD TTOTOHHBIX TTOTEPH O OT YaCTOTHI f B

IUJIEKTPUYECKOM BOJIHOBOIE JUISI Elylz 1 — aKcnepu-
MEHT, 2 — pacuer.

2023
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Tabmuua 2. DKCIiepuMeHTalIbHbIe 3aBUCUMOCTH OTEepPh L

BO3GyaMTENS OT yacToThl /B JIB u3 kpemuns mis Efy u E}

L, nb
S Ty

Ej) E})
26 - 0.6
27 — 0.55
28 — 0.49
29 — 0.38
30 4.3 0.33
31 3.3 0.38
32 1.9 0.39
33 1.5 0.35
34 1.4 0.35
35 0.85 0.36
36 1.1 0.35
37 0.82 0.36

obecrnieynBaeT nNpeodpa3zoBaHUe BOJHBI H,, MeTaUIU-
YEeCKOro BOJIHOBOJA B pabOyylo BOJHY IUIJICKTpUYE-
ckoro BoyiHOBoda. IlpuHIIMIT mocTpoeHusT BO30yauTe-
JIel 3aKmodaercs B ciaenmyroiieM. [lyremM m3aMeHeHUsI
pa3MepoB KaK METAJJIMYECKOTO, TaK Y JUIJICKTpUYE-
CKOT0 BOJIHOBOAA (TMOO OTHOIO M3 HUX) TpeOyeTcs
MOJIYIUTh pacIpeaesieHre IoJisI (aMIUIMTyTHOe U (pa-
30BO€), OJM3KOEe K paclipedeieHUIO Iojsl padodeii
Monpbl B JIB. B aToM ciyyae moTepu MOIIIHOCTU Ha U3-
JIydeHUEe 1 OTpaxXeHne OyIyT MUHUMAaJIbHBIMHA, a 3 -
(EeKTUBHOCTh BO30YKIEeHMsI, OIIpeaeisieMast Kak OT-
HOIIIEHHE MOIITHOCTE# BO30YKIEHHOM 1 BO30YXKIal0-
el BOJIH, OyJeT MaKCUMaJbHOM. BBITTOJTHEHHBIM

L, b
r's
41 \
A
3,
2r A

X

A

~—A
1+ \*/‘\‘ 7

| -
g

-g—81—8—p—p—N—u—n ?

0 1 1 1 1 1 1 J
26 28 30 32 34 36 38

f, T'Tu

Puc. 6. 3aBUCUMOCTb ITOTEPh L BO30YAUTEISI OT YACTOTHI

/BB u3 xpeMHuUs mist Elxl (kpuBas /) u Elyl (kpuBas 2).

PAANOTEXHUKA 1 BJIEKTPOHUKA

CTPOTUM BJIEKTPOIMHAMWUYECKUN pacyeT IJIsT BO30y-
IUTEIISI, IPEACTaBIEeHHOTO Ha puc. 1 (CKOIIEHHBIMN
JIB BcTaBieH B MeTaJJIMIECKUI BOJTHOBO/), IT0Ka3all,

4TO [UISE BOJIHBI E;| HAWIydIne pe3yibTaThl obecre-
YUBaET BO3OYIUTEIb C CHMMETPUYHBIM YIJIOM CKOCa
9° B muiockocTu E MeTalinyeckoro BoJaHOBoaa (T.e.
M3MEHSIETCSI pa3Mep b TUBJIEKTPUUECKOTO BOJIHOBO-
JIa, a pa3Mep a OCTaeTCd MOCTOSHHBIM). Pe3yabTarhl
SKCIIEpUMEHTA TPeCcTaBlIeHbl B Tab1. 2 U JOCTATOY-
HO XOPOIIIO COIJIACYIOTCSI C pacyeTaMU, BBHITIOJIHEH-
HBIMY C TOMOIIBIO TPEXMEPHOTO SJIEKTPOANHAMUYE -

cKoro MoneaupoBanust. [lst BosiHbl E}| B ojioce ya-
cror 30...37.5 TTu norepu Ha BO3OYXIEHUE HE
npepbimanT 0.4 1b, Mpy yMeHBIIIEHUHU YaCTOTHI 10
26 I'Tu mortepu Bospactator 10 0.6 nb (puc. 6). Ha

BOJIHE E;| MUHUMaJIbHBIE ToTepu cocTanisiioT 0.8 1B
Ha yactote 37 I'Ti1 m Bo3pacratot no 4.3 nb Ha yacTo-
te 30 I'T. YBenuuyeHue moTepb MOIIHOCTU HA BOJIHE

Elx] OOBSICHSIETCS TEM, YTO IIpHU YMCHBIICHNHN 4aCTO-
ThI I10JIA CUJIBHEEC BBIXOOAT 3a rpaHMIIbI HB n METaj-
JINYECKU BOJTHOBOJ, paccenBacT MOIIHOCTDb HAa 9TUX
qacToTax.

,D,ELHHLIC Tabx. 2 ITOKa3bIBAaIOT, YTO IMTOTEPH HA BO3-

Oy>XKIeHUE U151 BOJTHBI Ely1 B mojtoce yactot 29...37 I'Tix
HaxopsaTcs B npeneinax 0.33...0.39 ob u Bo3pacraior

1o 0.61 n1b Ha yactore 26 I'Tu. st BoiHBL E|| OHU
cocrabisitoT 0.82 1b Ha yactote 37 I'T1 1 Bo3pacrator
1o 4.3 n1b na yacrore 30 I'Ti1. YBenuueHnue noreps Ha

BO30YX/ICHME [UIs1 BONHBI E}| OOBSICHSIETCS] TEM, 4TO
MPY YMEHBIIEHUU YaCTOThI MOJL7 CUIbHEE paccenBa-
I0TCS METAJUIMYECKUM BOJTHOBOOM.

3. OIITUYECKU YIIPABJISIEMbI
ATTEHIOATOP

IIpexne yeM 0OpaTUTbCS HEMOCPEACTBEHHO K
KOHCTPYKIIMH 1 ITapaMeTpaM ONTUYECKH YIIPABISIeMO-
My aTTeHI0aToOpy, PacCMOTPUM KpaTKo (U3NYecKre
ey, KOTOPhIe UCIIOJIB3YIOTCS IIpU €ro pa3padboTke. B
OCHOBE €T0 pPabOTHI JIEXKHUT SIBJICHUE BHYTpEHHETO (PO-
Toaddekra. lnprHa 3anpeleHHO 30HbI COOCTBEH-
HOro KpeMHus paBHa Ae = 1.1 3B = 1.8 x 10~ ]Ik, T.e.
KpacHas TpaHula ¢ortoaddekra coctapisieT 1.1 MKM.
I1pu ocBemienuu B 13 KpeMHUSI CBETOM C UIMHOM
BOJIHBI MEHBIIIe KpacHOM IpaHUIbl poTosaddeKkTa B
BOJIHOBOZE OOpas3yloTcsi CBOOOMIHBIE 3JEKTPOHBI, C
KOTOPEIMHA MOXET B3aMMOJCiiCTBOBAaTh BOJHA M-
aeKTpuyeckoro BoiHoBoga. Hampumep, nnsg MK-
cBeTa ¢ JIMHOI BoHBI A = 0.95 Mmkm = 0.95 X 10~ m
OHEPIvd KBaHTa paBHa

3x10°
0.95x10°°

-20 _ ~19
1007 Ox =2.1x10 " JOx,

hE=6.62x10""
A

_6.62x3 %
0.95
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JOUBJIEKTPUYECKWM BOJIHOBOJ M3 BLICOKOOMHOI'O KPEMHUS

T.€. MpPEBbIIIAET IIMPUHY 3amnpelieHHON 30HbI A€
KpeMHUsI, U poToadHeKT uMeeT MecTo.

B ocHOBe KOHCTPYKILIMK ONITUYECKH YIIPABISIEMOIO
aTTeHIOATOpA JIEXKUT BOJHOBOMHASI CEKIIWS, MTOKa3aH-
Hasl Ha puc. 1. YrpasieHue 3aTyxaHUEeM ITPOXOASIICH
0 KPEMHHEBOMY BOJHOBOIY 3J€KTPOMAarHUTHOM
BOJIHBI OCYIIECTBIISIETCS C TIOMOIIBIO IMHEMKN CBETO-
muonos 3J1119, koTtopast pa3zMeliaeTcsl Ha pacCTOSIHUN
3 MM OT BepXHETo Kpasi KpeMHUeBoro BoHoBoa. [1pu
MPONYyCKAaHUM TOKA Yepe3 CBETOAUOAbLI IIPOMCXOIUT
reHepauus MK-usiaydeHus] ¢ IJIMHON BOJHBI A =
= 0.95 MKM, KOTOpO€ magaeT Ha KpeMHUEBBII BOJI-
HoBon. Ilpu ocBelleHMM BBICOKOOMHOIO KPEMHUS
MNK-cBeToM Ha ero IMoBepXHOCTU 00pa3yloTcsl HEpaB-
HOBECHBIC 2JICKTPOHEL. DJIEKTpOMAarHUTHAs BOJIHA,
pAaCIIpOCTpaHSIONIAsICS IO KPEeMHHUEBOMY BOJIHOBOLLY,
B3aMMOJICHCTBYET C ITUMU CBOOOIHBIMU 3JICKTPOHAMMU,
repenaeT MM 9acTh CBOeli sHeprum U 3aTyxaet. [Tpraem
3aTyXxaHHE DJIIEKTPOMArHUTHOM BOJIHBI OIIPEACIIeTCS
KOHILIEHTpalLMeil CBOOOMHBIX 2JEKTPOHOB, KOTOpAas
3aBUCUT OT MolIHoCcTH MK-n3nmydyeHus. B cBoro oue-
peIb MOIITHOCTh M3Iy4eHUS 3aBUCUT OT TOKA CBETOIMO-
JIOB, T.€. BC€ B KOHEYHOM CUETEe ONpeAeIsieTCs] BEINYL -
HOI1 TOKa CBETOIMOIOB. DTy KAPTUHY MOXHO OIIMCaTh
Heckonbko nHave. [Ipu ocBeleHnr BEICOKOOMHOTO
kpeMHust UK-uznydeHrueM ero rnmoBepXHOCTHOE CO-
MIPOTUBJICHUE PE3KO YMEHBIIIAETCS, YTO 1 BbI3bIBACT
3aTyXaHUE PaCIPOCTPAHSIIONICICS B HEM BJIEKTPO-
MarHUTHOI BOJIHBI. B aKkcniepruMeHTe TOK, ITPOXO/Isi-
L1t 9Yepe3 cBeToguoabl, n3MeHsuics ot 0 mo 300 MA.

N3MepeHne xapakTepruCTUK aTTeHI0ATOPA ITPOU3-
BOJMJIOCH C IOMOIIbIO aHAJIM3aTopa Lierei B Iojoce
yacToT 26...37.5 I'Tu. PaGoueit BOJTHOI aTTeHI0ATOpA

sBjsiachk Mona Ej. 3aBUCMMOCTH 3aTyXaHUsI MOILI-
HOCTHU L OT TOKa CBETOAMONOB / perUCTpUPOBAIM HA
pa3Hbix yactoTax. Ha puc. 7 npeacrapiieHbl rpadpuku
3TUX 3aBUCUMOCTEN Ha yacTtoTax 28 u 36 I'Tir.

I1pu ToKe cBeTOMMOA, pABHOM HYJII0, HaYaJIbHbIC
notepu coctapistior 0.6 nb. IIpu MakcuMaabHO JO-
IyCTUMOM TOKe CBeToanoa0B, paBHoM 300 MA, 3aTy-
xadue coctapisaeT 23.5 n1b Ha yactore 28 I'Tx u 21.3
Ha yactore 36 I'Tu. Takum obpasoMm, nuara3oH U3-
MEHEHUSI 3aTyXaHUsI MpeBocXoauT ypoBeHb 20 nb,
4TO U TpeOyeTcs IJIsk OOJIBIIMHCTBA YCTpOUCcTB. OT-
METHM, UTO 3aTyXaHWEe MOXKHO CYIIECTBEHHO yYBEJIN-
YUTh, BKJIIOYWB JOIMOJIHUTEIbHBIE CBETOIMNOIBI.

U ele o6patiM BHUMAaHME HA TOT (paKT, YTO MPU
OIHOM U TOM XK€ TOKE CBETOAMOIO0B 3aTyXaHUM Ha Ya-
crore 36 I'Tu MeHblre, yeM Ha yacrore 28 I'Tu, T.e.
MPY YBEJIMYEHUHN YACTOThI 3aTyXaHUE YMEHBIIIAETCS.
OObBsICHEHME 3TOTO SIBJICHUSI OTHOCUTEIbHO HECTOXK-
HO, €CJIM BCLIOMHUTD, UYTO IIPU YBEJIUUYEHNU YaCTOTHI
MOIITHOCTH 00JIee KOHILIEHTPUPYETCS B CepeIrHE T~
BJIEKTPUYECKOTO BOJTHOBOAA Y BEJIMUMHA ITOJIST HA €TO
IOBEPXHOCTU YMEHBIIAeTcsa. A TaK KakK IIPOBOIM-
MOCTB IIPY OCBEILICHUU MEHSETCS IJIaBHBIM 00pa3oM
Ha IIOBEPXHOCTHU (a HEe B IIyOMHE) BOJHOBOA, I1O-

PAJIMOTEXHUKA U BJIEKTPOHUKA
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Puc. 7. 3aBUCUMOCTH 3aTyXaHUSI MOIITHOCTH L OT TOKa
cBetonuonoB / Ha yactoTe 28 (TpeyroibHuku) 1 36 I'Tix
(KpeCTUKM); CIUIOIIHbIC KpUBbIE / M 2 — aniIIpOKCUMALIMSI.

3TOMY U 3aTyXaHue OyleT ciabdeil Ha 60jiee BBICOKHMX
YacToTax.

4. MEXAHUYECKMU YITPABJISEMbIN
ATTEHIOATOP

B musnmekTprdyecKoM BOJHOBOAE YacTh SHEPIUH
pacripocTpaHsieTcs 3a IpeaejiaMu BOJTHOBEAYLEH Mo-
JIocKU. BBeneHue B 3Ty 00J1aCThb MTONIOIIAOIIETO MaTe-
puaia o0ecIieYnBaeT 3aTyXaHue 3IeKTPOMarHUTHOMN
BOJIHBI, KOTOPOE 3aBUCUT OT PACCTOSIHUS MEXIY BOJI-
HOBEIYIIEH MOJOCKOM 1 MONIOLIAIOIIEH MJTACTUHOM.
B mipakTraeckm peann3oBaHHOM aTTEHIOATOPE TIOITIO-
LIallIasl CTpyKTypa COCTOsIa M3 IJIAaTUHUPOBAHHOM
CJIIOJISTHOM TUIACTUHBI, HAKJIEEHHOI Ha (heppO3ITOKCHI,
B Tabi1. 3 mpuBeneHbI pe3yJIbTaThl 3KCIIEPUMEHTA, T.€.
3aBUCHUMOCTHU 3aTyXaHUs OT PACCTOSIHUS MEXY BOJI-
HOBEIYIIEH MOJOCKOM U MOMIOTUTENIEM HA 4acTOTax
28 1 36 I'T11.

5. OJIEKTPUYECKHA VIIPABJISIEMbIN
®EPPUTOBbBIN ®A3OBPALLIATEJIL

I1pu cozmanum 351eKTpUUECKHA YIIpaBIsieMoro (a3o-
BpalaTessi UCMOJb3yeTcs TOT (PakT, UTO JJIsI BOJTHOBO-
na ¢opmata a/b = (0.5 ITOCTOSTHHBIE PacIIpOCTPaHEHUS
BOJIH HU3IIIETO TUIA pa3HECEHBbl HACTOJIBKO, YTO IPU
MPOJIOJILHOM HaMarHWYMBaHUM (eppuTa OTCYTCTBYET
nmpeo6pa3oBaHUE OOHOM BOJHEI B APYTYIO (YCTpaHSI-
ercsa apdekt Dapamest). B nmpakTuuecku peanmnso-
BaHHOM (ba3oBpalaTeje B pa3pblB KPEMHHEBOTO
BOJIHOBOZA BCTaB/IsIach TaKasl Xe 10 MOINEPEeYHBIM
pazMepam I10JIOCKA U3 HUKEIb-IIMHKOBOIO (heppuTa
mapku 1CY-4. ConeHona mivHOK 20 MM U TMAMET-
poM 12 MM conmepxkai 150 BUTKOB METHOTO IPOBOA.
3aBUCHUMOCTD (ba30BOI0 CIBUIA OT TOKA HAMarHU41-
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Tab6muna 3. DKcriepuMeHTaIbHbIE 3aBUCUMOCTHU 3aTyxa-
HUs L MexaHW4eCcKU yrnpaBJsieMoro aTTeHioaTopa oT pac-
CTOSTHUSI MEXIY TUJIEKTPUYECKUM BOJTHOBOIOM U TTOTJIO-
TUTeIeM Ha yactoTtax 28 u 36 I'Tiy

O6opoThI Ly, 1B Ly, 1B
MUKPOBHUHTA

0 25.7 16.1
0.25 22.8 14.1
0.5 16.7 9.5
0.75 12.1 5.8
1 9.8 4.5
1.25 7.4 3.1
1.5 5.9 2.4
1.75 4.5 1.9
2 4.0 1.65
2.25 3.2 1.55
2.5 2.7 1.35
2.75 2.35 1.3
3 2.1 1.3
4 1.6 1.2
5 1.4 1.2
6 1.3 1.2

Tabsmua 4. 3aBUCHMOCTb (Pa30BOTO CABUTA () OT TOKA Ha-
MarHuumBaHust I mist yactor 28 u 36 I'Tu

¢, Tpajn L, A Ly, A
90 0.39 0.30
180 0.62 0.49
270 0.81 0.63
360 1.33 0.85
450 2.60 1.24

BaHWMs MpuBeneHa B Tao1. 4. Ma3oBblii caBur 180 rpan
JIOCTUTAJICS TIPU TOKE, MPOXOOSIIEM Yepe3 COJICHOM,
0.62 A na yactore 28 I'Tit 1 0.49 A Ha yacrote 36 I'TiI.

SAKJIIIOYEHHWE

B pabote moyrydeHs! clieayioline pe3ybTaThl.

1. C momouipio pa3pabOTaHHOII BOJIHOBOMTHOM
CEeKIIMM B auara3oHe yacTtot 26...37 I'Tu npoussene-

PAANOTEXHUKA 1 BJIEKTPOHUKA

HbI 3KCIICPUMCHTAJIbHBIC MCCICIOBAaHUA NUCIICPCU-
OHHBIX 3aBUCMOCTEM Y MOTOHHBIX MOoTEPb KPEMHMU -

eBoro BoHoBoaa. [loronHbie ITOTCPU IJIAA BOJTHbI Elyl

CyLIECTBEHHO MeHblIIe, yeM [uist E}|, ¥ OHa BeIOpaHa
B KauyecTBe paboyeit MOJIbI.

2. B monoce wactot 28...36 I'Ti1 pa3pabGoTraHa sie-
MeHTHasl 0a3a, KoTopasl BKJIIOYaeT B cebsl BO30yau-
TeJIb C MAKCUMAJIbHBIMU TTOTEPSIMU HA BO3OYXKACHUE
0.5 1B, onTYeCcKM yIIpaBJIsieMbIii aTTEHIOATOP C BHO-
CUMBIM 3aTyxaHueMm oT 1 mo 22 nb, mMexaHW4yeckm
yIIpaBJisieMblii aTTEHI0ATOP C BHOCUMBIM 3aTyXaHUEM
ot 1.2 go 25 nb, sanekTpuyecku ynpasisieMblii ha30-
BpalaTesib, odecrneunBalonmii ¢ga3oseii caur ot 0
10 360 rpan.

ABTOpHI 3asTBJISTIOT 00 OTCYTCTBUM KOHMDIIMKTa
WHTEPECOB.

OUNHAHCHUPOBAHUME PAGOTbI

Pabota BeINo/IHEHA 32 cUET OIOIKETHOTIO (PUHAHCUPO-
BaHUS B paMKaX I'OCyJapCTBEHHOTI'O 3aIaHMusl.
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