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" 3KCMEPUMMEHTAJIbHBIE HCCJELOBAHNS NPEOBPA3OBAHMA
NOBEPXHOCTHBIX BOJIH B OB BEMHBIE
B OTKPBITOM BOJIHOBOJE

A. A. Beprudi, I'. C. Bopobees, H. B. Heat4enko,
A. B. Hecrepenro, H. A. [Tonenko, A. H. L]ablk

DKCOEPHMEHTANLHO B MUIJIHMETPOBOM JHaNd3oHe HCCASAYETCA HOBaA
AJMEKTPOAHHAMHEYECKAA CTPYKTYPA — OTKPHITEE BOAHOBOL (OB), oOpasosan-
MLl ABYM# LUAHBAPHYECKIMH 3€pKalaMy, BAGIL 00pasyiolHX KOTOpHIX pac-
NOMOMEHE OTpaMateblibie AHbpakuHoHHbe peiteTkH. Bosdyxaenne OB npo-
H3BOLHTCA SAEKTPOMATHHTHBIM [OJeM BOJH, PACHPOCTPAHMIOWKXCH H3 AHSJIEKT-
PHYECKHX BOJHOBO/OB, PacnoOIKenNibx BOAH3H AHDPAKUHOHHLIX PelleTOK, Hec-
caesoBaHu KosulHent nepefaun OB, pacnpejeseHie HOJA BHYTPH BOJHO-
poAa ¥ oCOGEHHOCTH NpPOLECCOB B3AHMOAHCTBHA JEKTPOHHOIO NOTOKE C STHM
noJie.

3HAYHTEAbHBIN HHTEpeC A TeXHHKH MHJAJIHEMETPOBBIX H CyOMUJLIN-
METPOBBIX BOJH NPEICTABJSIOT OTKPLITHIE SJIEKTPOAMHAMHYCCKHE CHCTEMBI,
KOTOPble HaXOUAT UIHPOKOE NPAMEHCHHE B BaKyyYMHOH 3JIEKTPOHHKE, TEX-
uuke CBY w adrtenHoii texuuge [*P]. K TakuM cHcTeMaM OTHOCATCSA
orkppTHe pesonatopnt (OP) u oTkpmiThie BoJHOBoAE (ODB), a Takxe cH-
cTeMsl, TpaHCOPMHPYIOLLHE I0BEPXHOCTHDbIE BOJHEL B 00bEMHbIE, HANPHMED,
aupparunonnbie pewerky ([AP), BAOJb MOBEPXHOCTH KOTOPBEIX PACHOJOKEH
AH3aCKTpHYecKuit Boanosod ([B) HaH JBHXKETCH SJIGKTPOHHBUL MOTOK
(311). OanvuM H3 CBOMCTE 3THX CHCTeM ABJIACTCA BO3IMOXKHOCTE 3 (heKTHB-
HOTO YNpPABJEHHS MX AHAarpaMMaMH HamnpaB/AeHHOCTH NyTeM H3MEHEHHH Iid-
pamerpos peuwerxy, B nau II1. 310 ykasuBaeT Ha NEPCHEKTHBHOCTL NMpPH-
MeHenus Takux manyuatedeii aas osbyxienus OP u OB. Oanaxo ecan
sonpochl Bo3byxaennss OP manyuatensamu thna JAP—IB u AP—3I1 uay-
yeHbl JOCTATOMHO Xopomo [2], To Takux HccaeAoBanui Aas OB A0 HACTOS-
UIEro BpeMeHH He MPOBOAHJOCE.

B pannoii pabore SKCIEpPHMEHTANBHO HCCJIEL0BAHO BO3OYMIEHHE ABYX-
sepkaabHoro OB cuctemamu JAP—JB u JAP—D3II. BoauoBox Guin obpaso-
BaH JByM#A NapajuielbHO Pacmo/OxKeHHBIMH LHJIHHADHUCCKHMH SepKajlaMu,
BJ0Jb 00pa3yioOUlHX KOTOPBIX TNOMEIIAJNHCh H3JyYalollHe CHCTEMbl THIA
NP—IB uau AP—3II1. B pesyaprarte npoBelleHHbIX HCCJAELOBAaHKH OnNpe-
Aeners yeaoBHs (GopMHPOBaHHs Oeryuieid o0beMHOH BOJHBL BLOJbL OCH OB,
a TaKe H3yH4eHM (H3IuHeckhe npoueccs B3aumofeHcTsus II1 ¢ 3TOH BOJ-
HOH.

1. Bosdyxaenne OB nyrem mnpeoGpa3oBaHHsi MNOBEPXHOCTHOH BOJHbI
1B B o6bemuyo Boany. Ha pnc. 1 npusejena OJ0K-cxeMa YCTAHOBKH AJs
Hee/eloBaHAA AaHHOI saekTpoinHamudecKofi cuctemsl. OB oGpasoBan ABY-
M$l MeTaJJIHYecKHMH UHJMHAPHYECKHMH 3€pKajaMH, PacloJOIKEHHBIMH Hd
paccTosHHM B Apyr oT apyra. Bhoas ofpasyjomiuX 3epkaj yCTaHOBJEHb
P [, 2. B6n13sn NOBEPXHOCTEN PEIIETOK TOMelleHbl AH3JeKTPHYECKHe BOJI-
HoBOAM &, 4, NOAKJIOYEHHbIE Yepes corjacyiolide nepexoast 5, 6 k CBY
tpakry. Coraacylouide nepexofnpl moAbHpasHCch SKCIEPHMEHTAJBHO ¢ TOUKH
speHus obGecnevedns uX HeOOJBIIHX pasMepoB N0 ANHHE NPH MPHEMJEMELX
snauennsx KCB B tpakte. OnTHMaAbHLIMH B 3TOM IJ1aHe OKa3allHCh corja-
COBATENH, BHINOJHEHHBIE B BHAe MNJaBHHX BOJHOBOJHBIX NEpexolloB C ceue-
HHeM 7,2<3,6 mM2 na ceueHHe cTaHlapTHOTO METAJJHYECKOr0o BOJHOBOAA
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3,6X1,8 mm2. [Tpu 5ToM TOpUBl KBAPLEBOTO BOJHOBOAA OBIIM BHIMTOAHEHE
B BH/Je KOHyca ¢ yraoMm npH Bepwuuae ¢=30° [%]. [aa ayuwero coraaco-
BaHHA BOJHOBHIX HMmneaaHcos [IB u ceoBoanoro mpocTpancTBa B 06JacTH
KOHyca pacnojaraiuch KanHooGpasubie Te(JOHOBbE BCTABKH,
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Bribop napamerpoB cucremul JAP—/B npomspoauacs Ha OCHOBaHMH
BHITOJIHEHHA YCA0BHsA dopMupoBanua Oeryiled ob6beMHoH BoJHel B OB

B COOTBETCTBHH C COOTHOLUeNHeM [7]
o = arccos(l/p—n/=) , (1)

rne o — YroJl H3JAy4YEeHHs, N1 — HOMEpP TapMOHHKH, x = [/A, [ — nepuox
AP, A — 3ajadHas AAHHA BOJIHBI, P — KO3D@HIUKEHT 3aMelJIeHHS BOJHBI
B JB. IlpoBenennsie nccnefgosanna uaayuvawomed cueremnt JJAP—IB no-
Ka3aJH, 4TO A5 XOPOIUO COrJacOBaHHbIX BOJHOBOAOB (Z2a=7,2 MM) nauar-
paMMa HanpaBJeHHOCTH ABJAETCHA OJAHONENECTKOBOH H H3MEHEHHE YacTo-
Thl NPHBOJAHT K «KayaHHIO» MaKCHMyMa auarpaMmbl (pHc. 2, Kpusbie /—3
npuBefdedbl Aas wactor [=2583; 70 u 77 I'l'm coorsercTBenno). B 1o ke
Bpema gnas  OoasliHX 3HavyedHHd KCB yxox no wactore Ha 2—3 I'I'n
OTHOCHTE/JIbHO pACYeTHOTO 3HA4eHHs JAJAH 3aJaHHOTO YIia ¢ NPHBOAHT
K IOsABJEHHI0 MHOIOJENECTKOBOCTH B JHAarpaMMe HANPABJAEHHOCTH (pHC. 2,
Kpupas 4 gna 2a=10mm). [losBienue napasHTHOE MHOTOJENECTKOBOCTH
B AMarpaMme H3JyuYeHHMS CBH3aHO NpelK/e BCero ¢ yBeJHUeHHeM aMIJIHTY I
oTpaxXeHHOH ot Topuoce B nosBepxHocTHOH BOJIHBIL.
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Puc. 2.

BribpanHpie Takum 00pasoM napaMmeTpsl MEPHOAHYECKOH CTPYKTYpPHI H
B oGecneuuan sddextuBHoe TpeolpasOBaHHE MOBEPXHOCTHOH BOJIHBI B

00BEMHYIO AJA IIMPOKOro 4acTOTHOrO JAuanasona. Ha puc. 3 npusegeHbl
3aBHCHMOCTH KO3 duunenta nepeiaun |Apux/Apx|? (CHAOLIHBIE JHHHK)
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i KCB (nyHKTHp) 0T yactoTal As u3oauposaHHoro B ¢ corsacymomumi
yaemenTamn (rpaduku 1) u cuctemul JAP—JIIB (2). Ilpu stom AnHamnue-
“KHH [HANTa30H CHIHAJd4 COCTaBaaJ BeanuuHy nopsiaxa 40 b, a KCB cu-
“TeMbl HECKO/bKO yMeHbliajdcs no cpasHennio ¢ KCB soarosoaa, uro 65140
BRIZSBAHO JAONOJHHTEJAbBHBIM COTJACOBaAHHEM HIJAVHATEAA NPH ONTHMAaJbLHOMH
ReJIHYHHE TPHIEJbHOrO napaMerpa [?].
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Puc. 3,

OnTHMH3aLHA PALHYCOB KPHBH3HLI R LHAHHADHYECKHX 3epKaj mpOBO-
AH/1ach MyTeM ofecnederHusi MHHHMAaJbHEIX N0oTeph Ha Haayuenue us OB npu
BO30YAEHHHE €10 H3YYeHHOH Bhie cucTeMod JLP—/IB, pacnonoxeHHOH Ha
oAHOM M3 3epkan OB. B pesyibraTe anajinsa MOJYYEHHBIX JaHHBIX AJd
cepuu 3epkaJs ¢ pasanyHbiMH R (2R/A = 3—15) OLLIO yCTAaHOBJIEHO, YTO
ONTHMaJbHBE 3Hauenua R Haxonarca B uHreppanae 2K/A = 4—6. 9710
obycaoBaeso TeM, 4to npd 2R/h > 6 (okycHpymollee JAeHCTBHE 3epKand
yMEHblIAeTCsd, B Pe3yJbTaTe 4Hero 4acTh MEPEepaccesHHOrO 3epKaJoM M0Jsd
BLICBEYHBAETCA H3 cHcTeMbl, a npH 2R/A<{4 aneprypa 3sepKana NEPeXBaThi-
BAGT JHIIb YACTh H3NAyUeHHsA cHeTembl BosOyxaeHnda. Jas sepkan ¢ 2R =54
seanynna notepb CBY cursana npu npoxosaenun OB Bo BceM 4acTOTHOM
nuanasone 0JHM3Ka K noTepam AJs H3oampoBanHoro JIB  (puc. 3, rpadHkH
1, 8). 910 obbsicHsercs TeM, yTo 00JiblIAf HACTh - MOLIHOCTH, OTpa)asichb
OT UMJAHHIPHYECKOTO 3epKaja, InpeoOpasyercs B NOBEPXHOCTHYH BOJHY
NB. HOas yraos wusaydesns a<80° m «>100° na cacreme JAB—IP
IPOHCXOJMUT MOC/AefoBaTeNbHOe 1peolpasoBaHie TOBEDXHOCTHOH BOJHLI
B OOBEMHYIO H OTPaKeHHOH OT MOBEpPXHOCTH BTOPOro sSepkaja 00beMHOH
BOJIHE! B NMOBEPXHOCTHYIO. B pesyJbTaTe MHOTOKPAaTHOTO NOBTOPEHHA 3TOTO
npouecca Baoan ocu OB ofpasyercs Gerymas soana. [lpn stom KCB B cH-
CTEME HECKOJBbKO Bo3pacraer (puc. 3, KpuBasi 3 — DYHKTHP).

HMamepenHe npoOCTPaHCTBEHHOIO pAaclpeieNeHdd T0JAs B ONHCAHHOM
peiiie OB ocymecTBas/10Ch NOCPEACTBOM KpPYIVIOrO 3JeMeHTa CBA3H QHa-
metpoMm 0,3A, pacmosioeHHOro B LEHTPe TJIajKOro HHJAHHAPHYECKOTO 3ep-
KaJa, NpH TepeMelleHHH KOTOpPOro CTPOro HapaJJIelbHO H3Jydaloues
aneptype BAoab ocH OB pericTprpoBajicsi CcHTHAaJ, NPONOPLUHOHAJBHBEL
aMIINTY/le NMOJIA Ha NoBepxHocTH 3epkana. [loaydyenHble pacnpeaeneHud
OanKHEX moJaeit £ B OTHOCHTENbHBIX EAMHMUAX NpuBederm Ha puc. 4. P
O6uad  paccuuTanel Agaf 4dacTor [=583 [Tu u [=75 ITu (coorsercTByio-
wue uM JH npusesessl Ha puc. 2). Habmonaemoe cmeumieHne MakcHMyMa
OJA OTHOCHTEJNBHO LenTpa pewetkd / (puc. 1) B cropony CBY reneparopa
(exox I) cBasano co cneundukoii dopmuposanus JIH anTenHol cHcTeMOH
AP—I1B [g Ilpn yraax uasayuenus o>90° CBY noae naasHo cnagaer
Broab oc OB (rpadwmk a)), a ana zmagenwii ¢<<90° sgoas ocu OB ¢op-
‘MHpyeTcs Oerymias sosHa # pacnpeienedne CBY mnoxaeit mmeer 0OoJee
CJA0KHBEIH XapaxkTep (rpaduku 6), B)).

C npaxTtuueckofl TOYKH 3SpeHHA (co3gaHusd MHTEP(EpPOMETpPOB, MoOje-
JIHPOBAHWA BOJHOBBIX MNPOLECCOB B yeTpolcTBax AHGMPAKIHOHHOH 3JEKT-
POHHKH) MNpeAcTaBisieT HHTEpec H3YMeHHE B3aHMOLEHCTBHS OBYX NPOTH-
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MEHHBIX ,H_H{prKl[H'DHHD-EEHSEiHH_LI:{ KOTepPeHTHBIX HCTOYHHKOB H3JIVUEHHS,
pacnosoxenHelx B OB (puc. 1). C 370l measio NpOBOAMIHCEH clelHa/bHBIE
HCCAeLOBaHHA, B KOTODEIX [MOJAH3THAEGHOBLIHE BOJIHOBOJ 4 3/JIHNTHYECKOTrO
CCHEHHHA {FHEEMETFHEHEMDFD B KA4YECTBC 3KBHBAJECHTa Ppeda/lbHOTO 3JeKT-
POHHOTO NMOTOKa B BaKyyMHOM npubope) nomemnajcs BOJH3H NOBEPXHOCTH
AP 2, pacnosokenHolt BAoJb oO0pasyolled UHAHHAPHYECKOTO 3epKana.
Ilepuoawt peuierox /, 2 BHOHpanAUCh H3 YCJAOBUA CcHHOA3HOCTH H3JdyueHHH

cuctem IPI—IIB3 u IP2—-]1B4.
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B kauecTBe mpHMepa NpHBEAEM pe3yJbTaThl, MOJYYEHHbIE HA HacTOTC
=75 I'Tu ana paccuMTaHHBIX 3HauYeHHh [ = 3.5 MM, Lb=4,8 MM U yrIJa
a="70°. Hacrpofika 3JeKTPOAMHAMHYECKOH CTPYKTYPH TIPOH3BOAHJACH
caepytonum o6pazom. Tlpu nepexpriToM aTTeHOATOpPE Ay HA BBHIXOLHOM J€-
tekTOpe (CM. pHC, 1) PerucTpHpoBajcs CHTHAJ, OOYCJAOBJACHHBIH H3Jyue-
HHeM CHCTeMBl BOJHOBOJ 4 — pewerka 2 0 npeobpasoBaHueM 3TOro CHI-
Hasa cucremofi | B MeaneHHyw Boany B, T. e. B JaHHOM CJayuae CHCTEMA
I paGoTana B pexkume npHemHoh anteHHBL. IIpH 3axkpeiTOM aTTeHIOA-
Tope A, chcrema 1 sB/sieTcs NPHEMHO-NepelalOllel aHTEHHOH. [Ipn aTOM
cictema I paGoraer Ha mpHeM MOJ#A, H3JIYHMEHHOTO CHCTEMOH I nox yriom
0,, npeoGpa3oBaHue ero B moJe 1B u nocaenylollee NepeH3jyucHHe ero
B HanpasJenun cuctemsl 1l mog yraom 62, B ciaydae MOA€/BHOTO SKCHEPH-
MEHTa MO B3aUMOAEHCTBHIO AH(PPAKUHOHHO-CBA3AHHBIX BOJHOBEAYLIHX
cTpyKkTyp, oOpasywounx OB, o0a arTenioaTopa Ay u Az otkpuitel,  [las
ofecneueHnsi MaKCHMaabHOol rayOuHE nuTepdepenuun ammintyas CBY no-
neft ¢ MOMOILbIO aTTeHiatopoB Ay 1 Az yCTaHABAHBAIOTCS OAMHAKOBLIMU
(puc. 1). Ilpu nepecrpoiike resepatopa CBY mo uacrore HacTpoOMKa Ha
MaKCHMAaJbHYIO aMIUIMTYAY CHTHAJa Ha BHIXOJe NeTEKTOpa OCYLIECTBJAIACh
¢ noMmowsio kKanuwGposandoro asoppaiarens, INOMEHIEHHOrO B naeqo .
dazouacTOTHAA XapaKTEPHCTHKA JAHHOH CTPYKTYPHI {EHE. 5) Getia mody-
yega mpu nepectpoiike redepatopa CBY ¢ CHEXPOHHOH NoJACTPOHKOH Ka-
AubpoBaHELIM dazoBpamaresem B nieue II1 Ha MakCHMa/abRYIO MOLIHOCTD
cHrHana Ha Bexoge 1V. Kak BuaHo H3 rpaduka, B nojgoce yacror £1,0 [T
(pasoyacToTHAN XapaKTePHCTHKA OCTaeTcsl JIHHEHHOH. 370 00YCJOBJEHO

TeM, UTO NAHHOE H3AMEHEeHHe YacTOTH NPHBOAUT K «kKauanuio» JH B cex-
rope yriaos Aa =~ =£2--3° npryeM 3Ta BeAHYHHA pa3NHuHA JUIA ABYX pac-
cMaTpHBAeMBIX HM3JAydYalolMx aneprTyp. B cBH3H ¢ 3THM NPH pacCTpPoOHKe
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qactotsl  Gonee 2 I'T'n npoucXoAHT GHICTpOE paccoriiacoBaHHE CHCTEM
Mo yrJaM H3JydeHHA H (asodacToTHAT XapaKTepHCTHKA CTaHOBHTCHA He-
JHHEHHOH.

9 Baaumoneficteue saekTporHoro noroka ¢ CBY moaem OTKpPBITOro
posinogona. B paborax [%°] nHceneposan 3JIEKTPOHHO-BOJTHOBOH MeXa-
HHaM BO3OyKaAeHua AHGPAKUHOHHOrO H3MYHEHHHA (1H) npH HOpMaJbHOM
nafeHHH oGbeMBoi Boaus Ha JIP, BAO/B KOTOPOH JIBHIKETCA AI1. Anano-
rHYHBIM 0O6pa30M MOXHO TPOBECTH aHaJH3 (uanyecKnx MPOLECCOB BO3-
6yxaerus AW B HeclelyeMoH cHCTeMe, paccMaTpupasi cayuaift B3aHMO-
nefiereust D11 ¢ Heryweil BOJHOH AH(parnpoBaHHOro Ha nepHoAHYECKOH
CTPYKTYpe 3/IeKTPOMAarHHTHOTO MNOJA. B yacTHOCTH, TaKasi BOJHa ToJs 06-
pasyetcsi TPH MaJeHHH TOJ YIJIOM o Ha TMOBEPXHOCTD IIP-2 nunockoit f-no-
NSPU30BAHHON 3IEKTPOMATHHTHOH BOJIHEI (puc. 1, IIB samenen 3I1). Ecan
nepuon pemerkn [<{A/(14-sin ), TO cnekTp AHGMPaATHPOBANHOTO MOJS CO-
CTOHT W3 06BHEMHON 3JEKTPOMATHHTHON BOJHbI (n=0), u3anyuaeMo#i B Ha-
npasaednn oy = 90°—a (yroa OTpayKeHus), M MOBEPXHOCTHBIX Geryuux
BIOABL PElIeTKY BOJH NPOCTPAHCTBEHHMIX TApMOHHK, KOTOPHIE pacrnpocTpa-
paoTeA ¢ a30BBRIMH CKOPOCTAMH

vy = xc/(n+xsina). (2)

DJeKTPOHHBIN TOTOK B3aHMOJCHCTBYET ¢ E,-cocTapNaolled nojsd Gery-
el BOJHB, KOTOpas HAXOMHTCA H3 PEIICHHA aubpakumoHHoi 3ajnayd. B
npolecce B3aUMOAEHCTBHS B IOTOKE 5/IEKTPOHOB ofpasyeTcs KOHBEKUHOH-
HBEIH TOK BOJH MNpPOCTPaHCTBEHHOro 3apsua, sABHCAUINI OT aMIOJHTYAB H
dassl nanapollero nojs. Boausl npocTpaHCTBEHHOro 3dpitiad (BI13) pac-
OPOCTPAHAIOTCS BAOAbL MOTOKA € PA3JIHHHBIMH (basoBbIMH cKOpocTaMH. Da-
30Basl CKOPOCTH Uy HEBO3MYLIEHHOH BOJHHI paBHA U, 2 CKOPOCTH MenJeH-
Hofi s H GnicTpoil vy BII3 ompegensioTess COOTHOMIEHHAMH

Ug 3 = ﬂﬂf(liﬁ]q!{ﬂ}y {3}

rae ©g — PeAyLHPOBAHHAS MJAa3MeHHas 4acToTa.

[Moncrasasst HafiledHoe sHaAYEHHE KOHBEKIHOHHOTO TOKZ B ypaBHEHHA
Maxkcsenna M pelnas sagauy JAuGpakUHOHHON SJICKTPOHHKH B npubnuxKe-
HUH 33aIaHHOTO TOKA, HAXOAMM 3JEKTPOMAarHHTHOE ToJjie H MAOTHOCTb SHEP-
rpit JIW. W3 pelnesus 3afaud CJAENYeT, uTo BO3OYMIeHHE IOH naGawopaercsd
npH cKOpoeTsx 3nekTpoHEbix BII3

wel (|m| +x) <vs<xe/(|m| — =), (4)
a maoTsocTs sHepruy 1M nanpasieHa NOJ yriaMu
s = arccos({c/o. 4 m/x) , (5)

rae s = 1,2, 3 — HHZEKCHl 3JeKTPOHHHIX BoOaH, m = —I1, —2, ... —HoMep
npocTpaHcTBennoil rapmonukn JIH.

M3 ycaoBuit uaJayueHus (4), (5) caeanyer, 4To B 3aBHCHMOCTH OT Ta-
pAMETPOB 3/ACKTPOHHOTO NMOTOKA W MEPHOAHYECKOH CTPYKTY DI IO Bo3bvVK-
naetcss aubo omHoBpemenHo Heckoabkumu BII3, nnbo oraeasHodt s-i BII3.
[Tpn 5TOM W2 COBMECTHOTO aHajnu3a MOIIHOCTH B3AHMONEHCTBHA 3JEKTPOH-
HBIX BOJIH C ToJieM Gerymiedi Boamul, maoTHoctH dHeprun JIH m ycnosui
(4), (5) BuTexaeT psii (PU3HUECKHX CBONCTB pacCMaTpHBACMbIX TPOLECCOB
B3aUMOJIeHCTBHS.

1) Mennennas BII3 oraaer smeprmio, a Guictpad BIIS orOupaer (no-
rAOLLAET) 3HEPrHio AN pPardHpoBaHHOrO MOJS.

2) JIas 3agaHHOH MNAOTHOCTH TOKA iy (MIA3MEHHON UYACTOTH ®g)
H CKODOCTH SJEKTDOHOB Up=Uy MeljeHHas u OnicTpas BI13 mos3byxunaior
Y B HanpaBJAEHHAX, MPHUMEDHO- CHMMETPHUHBIX HampaB/JeHHIO paclpoct-
paHeHHd OTPAMKEHHOTO OT MOBEPXHOCTH PEUIeTKH Majalomiero nojd.

3) Tlpu onTHMAaNbHOM KBa3HCHHXPOHH3ME MelJ/IeHHas HIH fGricTpan
BII3 mo3byxnaior I B RanpaBAeHUH OTPAKEHHOTO OT PEIIETKH MEKTPO-
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MAreEuTHOrO TOJIA, YTO CJEAYET M3 COBMECTIOrO aHaNH3: VCJAOBHH H3myuc
HHA B CHHXpOHH3MA 3neKkTpouuelx BII3 c Geryuieit Bonnoii Aucdparksposan
HOTO TI0JI4.

Taxum o6pasom, npu BaaumogeiicTsum MCKTPOHHOrO NOTOKA ¢ Gery
ueii BogHOft OB moryr maGniogaTses: kak 3P deKTE noryomen s, TaK u 3
exrsr yennenns CBY suepruu AHPPATHPOBAHHOTO MOAS IEKTPOHHEIM TOTG
KOM. DTHMH TPOLECCAMH MOMKHO VIIPABJIATE MyTEM H3IMEHEHHS yriia H (ast
magaouero CBY nons, napamerpaMu nepHoamueckoii CTPYKTYDEl H 3J€KT
POILIOTO TIOTOKA, 4TO MOATBEPIKAALTCA SKCMEPHMEHTAJNBHLIME HCCTEIOBA
HHAMH,

Ilpm  <ropaynx» usMepenusx wenonb3oBamsacs HP 2 ¢ nepuonos
I=0,4 Mmm 1 3I1 ceyenuem 50,2 Mm%  DuexTpoaHHaMHUecKAas CTPYKTYp:
pacnoJsaranack B BaKyYMHOH ofosouke maxera MEMIY TOJIOCHBIMH HaKo
HEIHHKAMH MartaTa, 4T0 orpaHuumBago aamay OB 1o 30 mu. 3epra
¢ AP 1 u JIB3 cuatxkeno ABTOHOMHBIMH MEXaHH3MaMH NepeMellesdsd, mos
SOJAIOIIAME B WHPOKHX TNpe/ieaX pEryJaHpOBaTh pPAacCTOSHEA d, MENE )
HB u pewetkoit, a Takxe paccroanne h mexay asepxkaanamd OB, Bxox .
u seixon I1 JIB noakaouens: HEPE3 HaTpaBaeHHbIe OTBETBHTENH K KOHTPOJIb-
HO-H3MEPHTEbHLIM NPUHOOPAM, PErHCTPHPYIOUIHM AMIJTHTY AHBIE M YacTOT
HBie xapaxtepucTikn  CBY curmanos. KaanGposanguii mno obpastosom)

arrenoatopy CBY curman nonaercs mHa Bxox I or repeparopa Jaudpak
LHHoHHOTO M3dayuenus ([JIH).
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Piie. 6.

Ha puc. 6 npuBeaenn ocuuanorpammsr CBY CATHAJIOB B IIeyax I,
[1, xapakrepusyioune pexuMbl BO3OYACICHNU, HCCASAYEMOI SACKTPOAHHA-
MHYECKOH CTPYKTYPBHI MPH H3MEHECHHH YCKOPSIOMETO HANPAKEHH Us —ro-
PH3OHTAJbHAA OCh (peXHM MOy SUHH) H 3HaueHHH nmapameTpos d; (pac-
croaune [IP—TIIB), h, i, (nnoTHOCTL TOKa).

Ocnniorpammer puc. 6a, 6, B UAMIOCTPHPYIOT NPOLECCH B3aHMOMEHCT-
BHA (06/s1acTH nmordoienns U vewdenus) I c HPEMDIF] (LT} L oOpaTHOH
(I) Boinamn OB npu 3ajauubix  3uauenusx [=69,3 [T, iy=6 A/cM?
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u usmenennu napamerpa d,. Hanuuwe oGpaTHOH BOMHBL B A2HHOM C/ydae
o6ycJIoBIeHo oTpaxeHusamu oT topuos OB u na coraacylolluX IEPEXOMAX.
M3 ocuuAforpaMm BHIAHO, YTO C H3MEHeHHEM d; BO3MOXKHBI ~DAaS/IHUHDIE
peHMbl B3aHMOMACHCTBUA: SABHOE YCHAEHHE vegneddon  BII3 CBY noas
npsimoit soanst OB (ocu. 6a, 11) wan MOrIOEHHE omerpoii BII3 CBY
sneprun  (ocu. 68, II); B ofwem cay=ae (ocL. 66, 11} ¢ ypeaHueHuem
CKOPOCTH 3JeKTpoHOB (uaH Up) BHayaje MPOHCXOAHT IOTJIOUIEHHE cB4Y
sxepruu Geictpoit BII3, a satem ycuaeHHe vmennentnoit BI13 CBY suepruu.
CunbHasa 3apmcuMocts amminTya CBY curianoB o0yc/oBieHa pPa3IHYHOH
cTenenblo TpaHcdOpMalHd NOBePXHOCTHOH BOJIHEL IB B 00beMHYIO NPH H3-
MeHeHHH npHilenbuoro napamerpa di. Kak Gbiio NOKa3aHO BbIWIE, ONTH-
MANLELIE 3HAUEHHA di B 3ABHCHMOCTH OT UacTOTH npeolGpasyeMoro curiana
paxonatea B npegenax 0,1—0,2 mu.

C yBeJHueHHeM MJIOTHOCTH TOKA [0 3HAUEHHi 7 A/cm? u npu nATHIE-
CSTUNPOLEHTHOM TOKOTPOXOXKACHHH 3JIEKTPOHOB Ha KOJUJIEKTOP B OB moryT
caMOBO30YK/1aTbCs MapasHTHLEIE KONeDAHHA B PEIKHME JIOB (ocu, 6r). Ilpu
5TOM MX Y4CTOTA CYMIECTBEHHO OTJIHYAeTCsl OT YacToThl BXOAHOrO CHrHAJA
(f = 51,9—559 I'Tu). Usayyenne NOBEPXHOCTHOH BOJIHEl peXHMA JIOB
5 06beM OB NMPOMCXOAAT 3a CYeT MepeoTPa)KeHHH HA KOHLAX AH(PAKUHOH-
poil pemerky. Jlannupid pexum He SBASETCA yCTORUMBBEIM H MOMKeET OBITh MO-

JaBJeH NMyTeM YMEFbIICHHA TOKONDPOXOXKAEHHS 3JEKTPOHOB J0 40%.
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¢J59 U400 0240 7280 2320 2360 . 2400 U,D
Pue. 7.

C yBennuenneM 3HauyeHHs d, YMeHbIIAETCS MOUIHOCThH NMaA4loNIero Ha
pemeTky ¢ 3I1 3JeKTPOMAarHWTHOrO NMOJSH, YTO MOJMKET NMPHBECTH K CaMOBOS3-
 OyKJAEHHIO STEKTPOJHHAMHYECKOH CHCTEMBl B pe:KHMe reHepallHH IHdpak-
unonuoro usayuenna (CAHM) (cm. oci. 64, iv=>50 A/cm?). B 3tom cayuae
NMpH HaJWYHH BHEIIKEro CHrHAaJa HabJ/0ZaeTcsl PeXUM CHHXPOHH3AIHA (OCIL.
be). CamoBosbymxcaenne B pexume [JIK obOycaosneno apyms GakTopaMu:
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cinaboit crenennio Tpanchopmannm obveMyol BOJHLI B MOBEPXHOCTHYIO BOJ
Hy OB npu Gomwwux swavenusx d;. uto NMPHBOAHT K MPAMOMY OTpaKeHHH
u3ayqaenua 11 or sepkana ¢ P1 (pue. 1}, a Taxxke YBe/HUeHHEeM A00poT
HOCTH NONEPEYHLIX KoJeGannil nNpH yeeanuenuy k.

[Tpusenenusie Ha puc. 6 OCHH/IOTPAMMEL J210T KAYeCTBEHHO® MpeacTan
IEHHE O pexumax Bosbymaenns OB. Ha pue, 7 nokasano KOJIHYeCTB eHHO!
HSMEHEHHE MOILHOCTH B3aHMONEHACTBHS MeIIeHHON H 6blcTpoii BII3 saex:
POHHOTO MOTOKa ¢ npsmoi (miedo IT) u o6partnoit (neuo I) Bosmamu npo
CTDAHCTBEHHOH JAHMPAKUHOHHON rapMonHKH NPpH PA3JNHYHBIX SHAYCHHS
MAOTHOCTH TOKa (ih=13,5; 6,5; 2 A/cm® —rpaduxu | — 3 COOTBETCTBEHH(
Py — nutencueroers CBU curnana 6Ges II1). U3 rpadukos Buano, uto oc
HoBHAf SHeprusi 1M nocrymaer B wanaa II (y KOJIIEKTOPHOTO KOHUA YT
DOHCTBA) MpH B3aumoneiictsun BII3 ¢ npaMoil  (6eryume#t) sonmoii OB
Maxkcumanehas MowmHocTs BaanMoneficTans (yeuslenue WM moraomenue!
II1 nabmonaercs npu kepasucunxponnsve B3 ¢ CBY nosneM. Ycrananan
Badg /s 3A]aHHOH NMIOTHOCTH TOKAa 3HAYCHHS YCKOPSIOUIEro HATP A eHN
Ug (puc. 7), cooTeercrByomue CKOPOCTAM 3JICKTPOHOBR (3), Beeraa MoK

BLILGMHTD 9TH DEXHMBI B3AHMONEfICTEHA M HANPABHTEH Haayuenue 31 o
JIJIOM, COOTBETCTBYIOWIHM YIJIY H3JIyUeHHS OTPaxeHHOTO oT pemeTku CBU
noas. IIpu stom amnautysa Gerymesi saons ocw OB BomH oyner anudi
MAaKCHMAJELEHO OcMabnaTeest, U0 MakCHMANBEO YCHAHBATHCH.

Ilposenennsie nceenoBanng NO3BONSIOT CreNaTh CHAenVIOIIHEe BHLIBOL

1) Yerarosaeno, uro npu COOTBETCTBYIOLIEM BHIOOPE MapaMeTpos aud
PEKIHOHHEIX pewrerok, B u paGouefi nauebl poaum B pacMaTpHBaeMoi
SMEKTPOANHAMHYECKOH CHCTEME MOXKeT OBITh peanH30BAH DEKHM beryiue;
BOJIHBEL € 3a0aHHBIM aMIJIHTYIHEIM PacnpeleseHHeM Moad.

2) Meronom BoaroBoro wmonesnpoBarns NPOLEccOB HHTephepeHuH:
ABYX KOTE€DEHTHLIX HCTOYHHKOB M3JYVUEHHA MOKA3aHa RO3MOMKHOCTE vipas
JICHHA B3aHMOJCHCTBHEM OJHIKHUX NMOJENl myTeM H3MeHeHUus yrJaa uaayuge:
HUS H (ase onsoro s CBY noaeil, yto OTKPHIBAET HOBLIE MEPCHeKTHBY
PH M3YUEHHH 3(Q(EKTOB MOTJOWEHUA W YCHICHHS SHEPTHH JEKTPOHHBIMY
NyYKaMH.

3) Onpenenenn pemuMer Bo36ykaenns OB npH TpaHchopMauHuu no.
BEPXHOCTHOTO moas III B ofbeMHBIE BOMNLL H YCTAHOBAEHA BO3MOIKHOCTE
BBIACIACHAA MelnenHon n Geietpoit BII3 nyrem npeoGpazosamus nx H3Jy:
YEHHS B MOBEPXHOCTHHIC BOJHH JIB.
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APERIMENTAL INVESTIGATION OF TRANSFORMATION OF SURFACE WAVES
P i INTO VOLUMETRIC ONES IN OPEN WAVEGUIDE

A. A, Vertij, G. 8. Vorob'ev, I. V. Tvanchenko, A. V. Nesterenko,
N. A. Popenko, A. I. Tsvyck

A new electrodynamic structure such as an open waveguide (OW) formed by two
cylindrical metallic mirrors in which reflecting diffraction gratings are placed along
the generatrixes is investigated experimentally in the mllhmetqr range. The D‘:.U is exci-
ted by the eclectromagnetic field of leaky waves of the dielectric waveguide placed
near diffraction gratings. A transier consfant ﬂf. the D’_".‘-U, fle[d dlst}'lhu_tlan inside the
waveguide and features of the electrom [low inferaclion with this field have been

investigated.
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