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AHHOTA.I]1.H 

:viccJie.n;yroTc.H aHM30Tpormhle 8KpaHbi .n;JI.H a.n;re3aTopa Mo.n;eJIJii KOJI

JieKTMBHoro ycKopnTeJIH, o6Jia.n;aromne eMKOCTHQM rrpoBO.IJ;MMOCThiO M o6ecrre-

qnBaiOI.l\Me: 

I) 8KpaHnpoBaHMe CB~-M3JiyqeHMH 8JieKTpOHHoro KOJI:oua .IJ;JIH 

IT0Bhilll8HMH ero ycTofiqMBOC'rM OTHOCMT8JihHO 6aH'lMpOBKM; 

2) rrpOHMKHOB8HM8 KBa3MCTaUMOHapHOrO ('IaCTOTa ITOp.H.n;Ka 

I MIJJ;) MarHMTHoro rroJI.H, C.JI\JJKall\ero ,n.JIH 3axBaTa MHJKeK'r:vipyeMhiX 8JieKT-

poHOB Ha Ha'laJihHYIO op6MTy. 

IIpMBe.n;eHhi pe3yJI:oTaThi aHaJioroBhiX :W3MepeHMM rrpo.n;oJI:oHoro :v.rMrre-

.n;aHca CBH3M 8JI8KTpOHHOrO KOJinUa C TaKMMll 8KpaHaMli, a TaiDK8 :vi3Mepe

HllM rro rrpoHMKHOBeHMID BhiCOKO'laCTOTHHX n MMITYJII>CHHX rroJieil. TeopeTn-. 

'!8CKM paCCMOTpeHa ycTOfiqMBOCT:O rrorrepe'!HhiX KOJie6aHMH 8JI8KTpOHHOrO 

KOJibUa rrpM B036y~eHI!lll IIOBepXHOCTHHX BOJIH B aHM30TpOIIHhiX 8KpaHax. 
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I. BBE,1l;EID1E. 

B KO~~eKTHBHOM YCKOpHTe~e T~e~ HOHOB OMflH /I/ ~pMHpOBaHHe 
H ~THe 8~eRTpOHHHX RO~eu ITpOM3BO~TCH B Y3ROR TOHKOCTeHHOll MeTan~

qecKOH RaMepe,ITO~aBnHIDIUell ROrepeHTHOe CMHXpOTpOHHOe H3~qeHne H CBH-

3aHHyiD c HHM p~naUMOHHyro HeycTO~qMBOCT.b. MeT~nqeoKMM RaMep~1, o~

HaKO, rrpncymn orrpe~e~eHHHe He~ocTaTRM: ncR~eHne BHemHero MarHMTHoro 
llonff TORaMM ~RO He IT03BO~ff8T YM8HbillMT.b BpeMR ROMITpeCCMM M pacno~a

raTn M~eKUMOHHHe ycTpOHCTBa CHapy~ Kru~epH; He06XO~MMO ~~OCTHOe 
OXHa~eHMe RaM8pH npn ITOBb~8HHOH qacTOTe cpa6aTHBaHMH JCROpMTe~ ; . 
~npyeMH8 RO~UOM Ha CT8HRax RaMepH sap~ ORaSHBruOT CH~.bHOe_~e
~KJCMpyromee ~eHCTBMe,qTQ orpaHnqnBaeT qnc~o 8~8RTpOHOB B RO~.bU8. 

)iJm JCTpaH8HJ.ii.fi STMX He.iKe~aTe~.bHHX 3~8RTOB CT8HRH ICa!IJI8pH ~OJiiKHbi 6HTI> 
npospaqHEllim ~~ RBaSMCTauMOHapHbiX 8~8RTpnqecRHX M MarHMTHHX llO~eft, 

HO, ~JIH ITO~aB~8HEH p~MauHOHHOH HeyCTOHqMBOCTM, ~O~~H 8RpaHMpOBaTb 
BbiCORoqacTOTHbie. 8Toro MO.iKHO ~OCTMqb llpll MCllO~.b80BaHMM CT8HOR KaMe
pH C eMROCTHOH ilpOBO~OCTbiD. Ha HM3KMX qacTOTax TaRHe CT8HRH HB~-

1DTC.H HenpOBO,IffiiUMlVIM, B TO BpeMJI RaR Ha BbiCORIDC OHM cm:paHHpYIOT I10.7.LH 
rrpaKTMq8CRM Tai~e,RaR M8Ta~~8CRMe. ilpHMepOM CT8HRM C eMKOCTHOH 

IIpOBO~ID.WCT.biO MO.il\8T C~YJKMT.b ~H8~8K'rp:v.tqec:ECaJI CT8HRa, Ha KOTOpyiO Ha

H8C8H ~OllHOH C~OH M80~llpOBaHHHX ROHU8HTpnqecRMX npOBO~HX ITO~OC 
TaR, qTo no~ocbl o~oro c~oa ano~OBHHY nepeKp1IBaroT rro~ocu·~pyroro 

RaR no ~~nHe (no asMMJTy), TaR :vr no rnnpnHe (rro p~nycy), KaR STO 
ITORa3aHO Ha pnc.I. 

B HacTonmett pa6oTe rrpnBe~eHH pesy~.bTaTbi TeopeTnqecKnx n SRcne

pRMeHTan.bHHX liiCC~e~OBaHMH 8KpaHHpJIDmMX CBOHCTB TaKMX CT8HOK. 

2. IIPOffilliHOBEfillE KBA3MCT.AIJ;JAOHAPHbiX MATilliTHblX ITOJIEVi • 
McK~eHMH MarHMTHOrO ITO~ aHM30TpOITHHMM BKpaHaMM paccMaTpMBae

MOrO THITa CBHSaH~, BO-rrepBbiX, C B086y~eHHeM 8aMKHYTHX TOKOB @yKO 
B ~OM H8 npOBO~HX ITO~OC H,BO-BTOp~X, C ilpOT8KaHMeM aSHMJTan.b
HbiX TOKOB ITO KOHTypaM,o6pa80BaHHW~ ITO~OCaMr~, ITOC~e~OBaTe~HO pacno

~o~eHHEME ITO ORp~HOCTM, lii COITpOTMB~8Hfllmm pa~M~bHbiX paspe30B. 06a 

STHX 8~8KTa MOryT llpliiBO~T.b R 8aMeTH~M HCRa&8HHRmA ~Hm.b B C~yqae 
MarHMTHbiX ITO~eif ,Il;OCTaTO'IHO 60~blllOJii -craCTOT11 (HarrpMMep, ,LtiDI "6HCTporo" 
rro.JI.H B ycTaHOBI{e 121, mvreromero xapaKTepHyro 'IaCTOTY f rv I MI'D;). 

- 3-
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2.I. TeopeTM'i8CKHe ogeHKM. 

3aMKHyT118 TOR~ QzyKO B llOJIOCaX npi~BO,nJIT K MO.IJY.JifllUH~ MarHMTHOro 
nOM no pa,IUilycy ( "pMITIIJIY") 0 IT8pHO.IJ;OM, paBHlliVI IIIMp11H8 ilOJIOC ol. , H 

yMeHbilleHHID cpe~ero ypoBHH rro~. ~ 61IcTpHX noJieH, xapaKTepHoe Bpe

MH M3M8H8HRff KOTOpbiX MaJIO no cpaBH8HHID CO Bp8M8H8M nepeXO.IJ;H1IX rrpo
r(8CCOB ( 'ZL = L I R ) B RruK.IJ:oii ms npoBo,IJ;JimeH noJioc , noJiocu MOJKHo c-cn1-
TaTL H.U8a.JILHO-npOBO,Il;.HIIlRMH ; TaK 't!TO MarHHTHOe ITOJie ilpOHHRaeT TOJ!hiCO 
qepes ~eJIH M8~.IJ;Y ITOJIOCaMM. 

llyCT:O KaMepa OopasoBaHa ,IJ;BYMff aHH30TpOITHbiME 8KpaHamr,paCITOJI01It8H

HRMH Ha paCCTOHHHM h ~yr OT npyra. PaCCMaTpHBaH 06JiaCTL pa
~COB 7/r >> d, /{, , MOJKHO, ,IJ;J!JI Or(8HOR, npeHe6peq:o KpllBllSHOH H 
Ctm:TaTL riOJie. BH8IIIHIDC MCTO'iHHKOB O,I(HOpO.n;HbilVI. Tor,n;a sa,n;a-qa 0 HaxOiiQJ;e
HIDI nOJlli BHyTpM KaM8pbi OBO.n;ETC.li K pemeHMID ypaBH8HMJI Jian.Jiaca 

? 24 + 'd26l:' =- 0 
~-z=2 ');-z (I) 

c rpaHH"t!HHtm ycJioBRHMH 

3 I = 0
0 

cl Z frr-kd} 
-E. 1-?=zh/z « 

Ha BHyTpeHHeM noBepxHocTn 
00 

4 tlf~J-=8 (-1-r-zZ 
0 /c.::/ 

BKpaHOB. CooTBeTCTByro~ee pemeHHe 

drz,;·lc/d} c.os(.?:JT)r/4) j 
ch (/7-j J./c:l) 

(2) 
MM88T Bll,IJ; 

(3) 

TaKHM 06pa30M, aMnJIMTy,IJ;a MO,Il;y~Ullll llOJ!H B M8~llaHHOH ilJIOOROOTH 
KaM8pH He npeBOCXO.IJ;llT B8J!ll'tlllHH / . / 

cf6i'/ ~ ~ 4 e -JT/1/a (4) 

ll M01It8T OHT:O C.IJ;8JiaHa .IJ;OCTaToqHQ MaJIOH COOTB8TCTBYromHM B1IOOpaM illRpllHH 

rrpOBO~MX ITOJIOC ( d .f l£/2 ) • 0r(8Hll'I':O aHa.JIHTM'tl80Rll BJU1fiHll8 8ItpaHOB 
Ha ope,IJ;HHH ypOB8HL ilOJ!R CJIO~ee, COOTB€TCTByromae 8KCll8pMM8HTaJI:OH118 
pesyJILTaThi 6y.IJ;YT npnBe,IJ;eiru B cJie,u;y:rorneM pas,n;eJie. 

PaCCMOTpMM TerrepL BJ!RRHHe a3RMYTaJILHhiX TOROB,rrpOTeRaiDmHX ITO ROH
TypaM M3 ITOJIOC,pacnoJIO.ilteHHNX ITOCJI8.IJ;OBaT8JILHO ITO ORpJEHOCTH. ~eM 

cHa'tla.Jia conpoTHB.JieHne p~IaJILHoro paspesa,pas,n;e~~ero .IJ;Be noc.Jie,n;o
BaTe.JILHo pacnoJioJKeHHHe rro.Jiochi O.IJ;Horo cJioR. ITpH mnpHHe paspesoB,cpaB

HHMOH HJIH npeBOCXO~eH TOJimHHY d~ .IJ;H3~8KTpM'tl8CKOH H30JIRnMll Me~

.IJ;Y c~o.a:MM no~oc,sTo conpoTHBJieHHe, RaR BH~Ho H3 pHc.2, paBHO y~BoeH

HOMY BXO~OMY corrpOTHBJI8HHID paSOMRHYTOH Ha ROHr(e JIMHMM, o6pa30BaHHOH 
rrepeRpHBaiD~HMHCR qaCTRMH DOJIOCH ,n;aHHOrO CJIOR M ITOJIOC .IJ;pyroro CJ!OH *) 

*' ,II,n:8: TOROB, MM8IDUUiX Bp8M8HByro 3aBHCMMOCTL -eyo ( -~ ~ t) 
- 4-
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::z '=z 2.4~ ~ (·,~ U)/) 
L-.st = L ~o ~ I -i.f rc;, c-

~JT r cf41 ,q:_ (! < 5) 
r.rte ~ = c ( S, = I20YT(0M ) B npaRTM'I8CROi1: CMCTeMe 8,IUfiUID;), 

Ein - ~aJieKTpyqecKaH npoH~aeMOCTh MSOJIHnHH, e?~~r~AI- ~JIMHa 
nepeKpliTRH llOJIOC ITO a3MMYTY, /.V - 'IMCJIO pa~MaJihHHX paspesOB 0~0-
ro cJioa (~ = 2 Ha pnc.I), r - cpe~HH paxu1yc paccMaTpMBaeMoH 
ITOJIOCH. 

Ha HMSKMX qacToTax ( co?«c , r.n:e C - pa.n;Hyc RaMepu) 

HMTie,n:aHC {5) 8KBMBruieHT8H COrrpOTMBJI8HMIO COCpe,I(OTO'I8HHO~ ew~OCTE, 
TaK qTQ KaMepa rrpe~CTaBJIEeT COOOH CHCT8MY HH~YKTMBHO-CBE3aHHbcr 
LC - KOHTYPOB. OueHMM 'IacTOTbl co6cTBeHHRX Ro~e6aHMi1: 8Toi cmcTe~AH.' 

ijyCTb RaMepa, o6pa30BaHHaH ~BYMH aH~30TpOITHliMM 8KpaHaMM Ha 
paCCTORHMM .;f ,Iij)yr OT .n:pyra, orpaHH'I8Ha DpM /" = r Cll~OillHOH ~
~~pMqecROH ilpOBO~eH llOBepXHOCThiO (o6eqai1:Koi). OrpaHH\IMMCH CMM

MeTpH'IHHME RO~e6aHHHMM, DPH ROTOpBX TORH Ha 060HX 8KpaHax O~HOHanpaB-. 
JieHU. ECJIM i& t!r) - ITOBepXHOCTHas: D~OTHOCT£ asHMyTaJI:OHbiX TOKOB, Te-
xymKx Ha R~OM H3 8RpaHOB,TO BeRTOpHHH ITOTeH~~ MarHHTHOro llORR 
8THX TOROB ~aeTCH,H~8RpaHax BHp~eHHeM 

~=- c~J 0 fr;r) t~rr)r~r 1 

(6) 
~ 

r~e 0 - WYHKIJ;IDI J:pHHa, BMeromar.r, c yqeTOM rpaHM'IHoro ycJIOBH.a: 

~ I == 0 , BH~ 
'-1 lr=l 

Lj =o -1+ e--__P~h// :;f/ftLr/1):;; 0 r)tJ 
6; fr;-}-= ...? Z · - 7~ "/_--

'A ( ~ i:;( /~ :;;y~J (7) 

r~e ~i - IWpHl~ ypaBHeHllfi ~~)=0 ' :{ r;J} - WXHiq.J;IDI EecceJI.a:. 
IIoJIHM :MH~RD;MOHHa.H a.~. c. d~ =- 21TrE; = .2-";r~ wr 4 

B CJiyqae CBOOO~UX ROJieOBHHH ~OJIEEa fiSJIHOCT£ID ROMn8HCHpOBaT£CH n~e-
HHeM Hanp.a:~eHMH Ha me~ A/ / • 

~e' =- /V' i:?st? · q: · ?,9 (8) . 

ilPMpaBHMBaH (8) K HH~YKUMOHHOH a.~.C. no~aeM HHTerpaJibHOe 
ypaBH8HMe g? 

r; · } , t. 1 I I 
A 1 .::;z / • ~ 1 _ L m t:-U r 6: { .r r) t-a ( r) r d r 

I y I L .sf/ . d . ttl I'/ - /1· I (7 

e2 o (9) 

yCJIOBMe cymeCTBOBaHMH HeTpHBMaJihHHX perneHMH ROTOporo ~aeT CIT8RTp 
qaCTOT C00CTB8HH1cr KOJie6aHMH. ilpMMeHHH Terreph pa3JIO~eHMe illypbe-Eecce-

JlH 

- 5-
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L.~frJ-j£ a.i 0 y~crd) 
(IO) 

CBe~eM (9) K CHCT8M8 anre6panqecKHX ypaBH8HHH ~ K08~8HTOB 

= JT~;, wz_gs £ ~Y-(/2.,;{//} A 1 t2 1 

a, ~ A/24. J:"?-~J , : A , "' I. <rr) 
c ;r u1 o/ e: i=-r /_ 'j; • 

.A 

r~e BBe~eHo o6osHaqeHne 
~i' -j:{ ;~x) .:(__0',;),r~..r (I2) 

. . 

I! B Bb!paJK8HHH )J,Jlff. Cs/ KO'faHreHC SaMeHeH ero rrpHOJIIDKeHHHM 8Haqe

HH8M )J,~ MaJIHX apryMeHTOB (qTo COOTB8TCTByeT npe~IIOJIO~eHHID 0 KBaSH-

CTaiUIOHapHOCTH: w/'/e << .( ) • PJ!aTpnqHbl8 8JI8M8HTbl (I2) HHTerpHpy- ' 

DTCH aHaJIMTMqeCRM 

~i( = 

Jl,;r.rr HM3lli8Lf 

~~I 
/ 2 ?":;: 0) 

_1fl~' :r !/ttL) -Z-7-L) / 
02/7J2 

C00CTB8HHOH qacTOTbl ilpM ~ >) ,Y h 

~rrL' (I3) 

crrpaBe)J,JIHBa on;eH-

Ita 

J. = U/_.,..; ~~c</1"'4;, ·~ tJ. /7/cz/J/~~ 
Jmu, 2YT - q J/ ~ c;h tf?s C:~ /$ (I4) 

McKWKeHM MarHI:I'rHoro rroJIB:, mJieromero qacToTy /- 0 / 2lT, npo

nopn;IWHaJI:&Hbi /~/.m~ I1 npH COOTB8TCTBYJOlil8M BEIOOpe qncJia pa~MaJI:b
HbiX paspesOB /JI M TOJilllHHbi ,IJ;MSJI8KTpMKa .d ~ MOryT O)liT:b c.n;e

JiaHbi :rr.ocTaToqHo MaJibiMH ,n;~e .n;JIH qacToT ~/V IIY~if • 
~ MarHHTHbiX llOJI8H, ocymeCTB~lili:IX KOMnpeCCHIO 8JI8KTpOHHbiX 

KOJI8U 1ti MM8IOI.I.{EX qacTOTY !10pH;JJ;Ka COT8H I1J: , BJIIDIHM8 8RpaHOB npeHed

peUMO MaJIO. 

2. 2. 3:rwnepHMeHTaJI:CHHe pesyJI:oTaThi. 

~ 8KCil8pHM8HTaJI:bHOrO MCCJI8)J.OBaHRH IlpOHMRHOB8HlUI MarHMTHbiX 

noJieH qepes aHI:IsoTponHHe sxpaHH OHJIO nsroTOBJieHo HecxoJI:oKo BapMaH

TOB CT8HOK C pasJII?IqHbiM qJtiCJIOM pa~aJI:OHbiX paspeSOB J1l , pa3JIMqHOH 

nm:pHHOTI IIOJIOC d , TO.JIIUHHOfi )J,M8JI8KTpMKa .d ~ Jti HpOHHD;aeMOCT:CIO 

~~ • CT8HKM npe~cTaBJIH~ C060H IIJIOCRMe IIOBepXHOCTH,p~HaJI:&Hble 

npOBO)J,Bm1ti8 rpaHHUH B H8M8p8HHBX OTCYTCTBOBaJIM. 

- 6 -
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HORa&8HRff,BHOCBMH8 3aMKHYTHME Ha ITO~OORax TORaMH ~yRO,H3y~a

.i.IBC.b .IJ:~ P,8aJioHbiX BHTROB "61ICTporo ITO~" MO,D;8JIH ROJIJI8RTHBHOrO YORO

pHT€~ Z/, 3aiTHTHBa8~lliX OT llMITYJibCEOrO reHepaTOpa (t.f~ 25 + 30 RB, 

.Iv.IHT8JII:.H00Tb IDAnyJI:OOa -1., 300 HOeK). CHrHaJI 0 H3M8pH'l'8JibHOH ICaTyrnim 

~eTpOM 6MM ~epe3 HHTerpnpyromyro U8ITO~Ry 0 ITOOTOJIHHOH ~~ 5 MKC8R 

Ha OCUllJIJIOrpaw. H3M8pJI~ac:o saBllOHMOCTb aMIT~TY.UH OHrHaJia OT p~yoa 

npH pa3JIHqH@X paOOTOJIERHX RaTymRM OT M8.IJ;HaHHOH ITJIOOROCTH. B Ta6JIHU8 

I npnBe.n;eHH Hail.n:eHHHe aRonepHMeHTaJibHO sHaqeHHJI aMITJIHTY.UH MO~~H 

MarHHTHOrO ITOJI.ff B OJIYqae ITOJIOC illHpMHOH ~ = 3 OM, ll 3HaqeHHJI, pao

C~HTaHH1l8 ITO ~OpMyJie (3) llpH k = 8 OM. 

Ta6Jmn;a I. 

PaOOTOJII-m:e .I(O 

M8,IU!a.H. ilJIOCK. ( c ) , OM 

0 

2 

3 

PaooTo.H.Hne .uo 

8l{p8.Ha (h/2- c ) , OM 

4 

2 

I 

( U?z3 \ 
Be )rJK.(.,(I C 

rse) 
sl- }'n.e()r 

ro-3 

6· ro-3 3·ro-2 

2·ro-2 0,25 

HsMepeHHaJI MOAYJI~Ull.ff MarHHTHoro noJI.ff, RaR o~e.n;yeT ns Ta6JIMUa, Ha 

llOPff.I(OR H~e paocqnTaHHOH .U~ C~a.ff TIJIOOROH reOM8TpllH. XOTH R 

8RCIT6pHM8HTaJibH1lM .n;aHHHM CJI8.I(y8T OTHOOHTbO.ff C OCTOpOEHOOTI:.ID BBH.II;Y 

He.I(OOTaTOqHO CTa6MJibHOH pa60TH reHepaTopa ll BHOOROrO ypOBH.ff HaBO.I(OR, 

OHH ITORa3HBaiOT, ~TO npH BH6paHHOH nm:pHH8 llOJlOO "plliiiTJI" MarHHTHOro ITO

~ H80~80TB8H8H. EJTJI OpaBH8HH.ff Ha pno.3 llpllB8.I(8HO paonpe.II;8JI8HH8 

MarHHTHOro ITOJIH ITO pa.n;nycy Ha paCCTO.ffHHll 0,5 OM OT 8RpaHa 0 lliHpllHOH 

ilOJIOO a( = 6 OM, CHRT08 ll3M8pHT8JibHOM RaTyillKOH .I(HaM8TpOM 2 OM. 

llpH ll3M8p8Hllll p830HaHOHHX CBOHCTB CT8HOK Ha Hll3RHX qacTOTax 

(I 7 20 Mrn;) B KaqecTB8 B036~aromero llOITOJib30BaJIC.ff BHTOR pa.n:nyOOM 

3I,5 oM , sarrnTHBaeMHH reHepaTopoM r~-I8A qepes oorJiao~omee oonpoTHB

JieHHe. B I{aqeoTBe rrplleMHHX CJrjJim.Jlll .I(Ba BHTRa - TOrO JK8 pa.n;:eyca H 

.I(lia.MeTpoM 8 eM, onrHaJI c RoTopHX oHHMaJIC.H npneMHHROM SM tl- 8 HJIM 

OCQMJIJIOrpa~M. Me~ BHTRaMll Ha O.II;HHaROBHX paCCTORHHffX OT EX TIJIOOROC

T8H OTaBHJIOH M00~8.I(y8MH~ 8KpaH. llHJIHH.n:plrqeoRaH rrpOBO~aH ITOBepx

HOOTb (o6eqa~Ka) B H3M8p8HHRX OTOYTCTBOBaJia, IT08TO~W MOITOJib30BaTb 

aHaJIHTMqeCRMH pesyJibTaT (14) ~JIR opaBH8HM.ff 0 8RCIT8p~M8HTaJII:.HHMH 

~aHHHMH He~:osa. HeKoTopue ~YH~oHa~bHHe saBHCRMOOTM rrpocJie~HTb 

T8M He M8H88 MO~HO. 

- 7-
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Ec.zm np8,IlJIOJI02KHT.O, 'ITO B OTOyTOTBH8 o6etiaYLKH pa,rraaJI.OHbi8 BOJIHOBbi8 
~C.Jia orrpe.n;e.JI.HIOTO.S: He ypaBH8HI18M ~ ~/:.) =- 0 , a -:;;;j~)::::O, TO IIpH 
~/~ = 0,2 113 T80p8TH"CI80RHX 0006p~8HI1M .IJ;JIH nepBbiX Tpex 0060TB8H

E3X tffi.CTOT oJie,JzyeT OTHO!lleHne ;I; : .lz : /m;., = 2, 57 : I, 9 : I. )lmr 
::.ap:1 cKpaHOB o IV' = 6, cl = 3 OM, ~~ = 3· (JiaBoaH) A~ :::::. O,I5 MM, 

:t -= 42, 5 OM H h -= 8 OM OTHOIII8HH8 H3M8peHH1IX p830HaHOHbiX "CiaO
~ paBHO I9 : II,4 : 6,7 ~!rq = 2,8 : I,7 : I • 

B ueJIOM 8RonepHMeHTaJI.OHHe .n;aHHHe rro.n;TBep~aroT TeopeTHtieoRHe pe
~~TaTH H .IJ;ORa3hiBaiOT B03MO~HOOT.O 003.IJ;aHI1H 8KpaHOB, npoapatiHhiX .IJ;~ 

~X IIOJI8H 0 tiaOTOTOH BITJIOT.O .n;o I ~~U. 

EHJIH orrpe.n;eJieHbl:, B tiaO'l'HOOTH, IWRa.JK8HIDI "6hiCTporo IIO.Jm" B .MO.IJ;8JJJII 
KCXHeKTHBHoro ycRopHTeJIH 121 8KpaHaMH paccMaTpHBaeMoro THna. Ha pHo. 
4 npe,ncTaBJieHo :v.rsMepeHHoe paonpe.n;eJiein:Ie a.MIIJIMTY,n;H.-<5HcTporo no.mr ·~no 
pa.n:KyCY ;f : X - B OTCYTCTBHe aHH30TpOIIHHX 8KpaHOB, d - £~ = 7, 
~;., = I MM ' ;V = 2 ( CT8RJIOT8KCTOJIHT) ' 0 - Ci, = 3' ?1 ~ = 6 MiVl, 
# = 2 ( oproTeRJIO) • YM8Hbill8EI:Ie aMIIJIHTY.IQl, Ka.K BI:I,IJ;HO H3 rpa<f!HIWB, 

Ee rrpeBOOXO.IJ;MT 25% • llOKaJK8HH.H q,opMbi l111J!IIYJibOa (.IJ;JIHT8JI:&HOOT:&IO 
~300 HOeK) H C,n;BHr DO Bp8M8HH B npe.n;eJiaX TO"CIHOCTH I13M8p8HHH ( 
~ IO HOeK) OTCYTCTB~OT. 

0CHOBHbiM rrpe.n;Ha3Ha'I8HH8M paOCMaTpHBa8MbiX 8KpaHOB HB.Jm8TC.8: 8Kpa
~BaHHe BbiCOKOqaoTOTHhcr 8JI8RTpOMarHI1THhiX IIOJI8H,B036y~ae1ruX 8JI8KT
pcHHHM KOJI.OnoM, 0 neJI.OIO IIOBHill8HI1.8: ero KorepeHTHOH YCTOH"CII1BOCTI1. 

Hsyti8HH8 8KpaHHp~~HX CBOHCTB CT8HOK Ha BhiCOKMX tiaOTOTaX npOBO
~OCb no TOR ~e oxeMe,qTo H onpe.n;eJieHMe I1X HI13illHX co6cTB8HHhiX qaoToT. 
B KaqecTB8 B036yJJUJ;aiOI!li1X HCITOJI.030Ba.JII:ICb ,IJ;Ba BHTRa 0 pa.n;Hy'Ca.MM !( = 31, 5 
CM B t;_ = 2! CM. 3a Mepy 8KpaHHpOBaHHH ObiJI npHHRT JiorapH@M OTHOille
HHH aMITJIHTY.IJ; CHrHCW10B 0 I13M8pi1T8JibHOrO BHTKa B OTCYTCTBI18 I1 IIpH Ha
*"""12" aHH30TpOITHUX BRpaHOB. PesyJI:&TaTU I13MepeHI:Ill Dp8)lCTaBJI8Hbi Ha 
pHC. 5 • CUJIOIJIHM RpHBM COOTB8TCTByeT B036y~aiOm81\1;y BHTRJ C r = If , 
IJYHKTHp - r = JZ • Ha pi:ICYHite OTM8"CI8Hhl Ta.IOKe <raCTOTbi, RpaTH1I8 
~2 = c/?7T'~z • CJie.n;yeT o6paTI1Tb BHI:I.MaHI:Ie Ha HHTepecHyiO OC068HHOCTb 

- '/ I 

- C B3M8H8HI:I8M pa.n;¥zyca BI:ITRa OOJiaCTI1 HaH60Jibillero BKpaHI:IpOBaHHR (MaR-
Cmr.a..JlbHHX ;f ) OM8tnaiOTCR Ha tiaOTOT8 TaR, qTQ tiaCTOThl, RpaTHbi8 / = 

=c/2~~ , oKashlBaiOTCH BHYTPH STHX o6JiacTefi. BMecTe c TeM I:IsJio~w 
Ha rpa~Ke CBH.U8T8JThCTBYIOT 0 60JI.OillOM "CII:ICJI8 C060TB8HH1IX MO.IJ; ItOJI868l-IHH 
aHH30TpOllHhiX 8RpaHOB, pe30HaHCHaR CBR3~ C KOTOphThm M0~8T llpi:IB8CTH K 
BeycTOHqHBOCTI:I 8JI8RTpOHHOrO KOJI.O~a. 
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3. :l3.1IM.HiffiE AHI130TPOI1HbiX 8KP AHOB HA A3Ml\tTYTJUlbHYlO YCTOi1.1lliBOCT1 
3JIEKTPOHHOro KO.JibnA,. 

B.Jm8:HHe OKpYJKaiOIQHX CTpyKTyp Ha KOJlbD;O XapaKTep:liiSyeTCJ! npe.n;eJib
BHM HMne,n;aHCOM ~ , CBHSHBaiDmHfA HanpaJKeHHOCTI> aSHMyT~nHOrO (npo
~ORbHOro) s~eKTpnqecKoro noRJI, Bosoy~aeMoro KO~I>noM Ha ~ - x 
rapMOHMRe qaCTOTH OOpameHHH, C aMD~Ty.n;ofi MO~Y~E ero TOKa / 3/: 

i311 = - 27T~ f=&n / J: (I5} 
r.n;e ro - pa.IJ;HJC KO~.E>D;a. ~ yCTO~qHBOCTR RO~.E>na C OO~.billHM TOKOM 
LID.IlY~:& H.Mrre.n;aHca .n;o~JKeH 61I'I'I> M~ /3/. 
Tax, 8~eitTpOHHOe RO~I>D;O C napaMeTpal'lill: qHC~O 8~eKTpOHOB ~ = IOI3 , 
pe.HJITRBHCTCKHH W8-KTOp s~eRTpOHOB / = I40 CM / /;; , OTHocn
TenDHHM 8HepreTHqecKMH pasopoc (no~aff illHp:li!Ha)d~/~ = 6% YCTOMqHBO, 
ec;m /~//.1 ~ 50 (OM). 
HMr!e.IJ;aHC iKe H68KpaHHpOBaHHOrO KO~:&D;a paBeH / 3/ /i?1 /-:::=: 350 (OM). 
KaR C~e.n;yeT HS pHC.5 , aHHSOTpOITHHe 8KpaH1I XOpauo 8RpaHMpyroT liiS~yqe-
HHe xo~ua Ha .n;Byx nepBm rapMOHHRax qacTOTI:>I oopameHIDI, ,n;JIR 6o~ee JKe 
BUCOKHX rapMOHHR BOSMO~a pe30HaHCHaJI CBJIS:b RO~I>lla C COOCTB6HHHMH 
KOHeOaHHRME 8RpaHoB. K co~~eHHID, TeopeT~ecKMfi aH~Hs co6cTBeBBHX . 
MD.TI; KO~e6aHHH aHliiSOTpOITHHX 8RpaHOB lii pe30HaHCHOM CBHSH RO~.E>D;a C "HHME 
~~ecKM H6BOSMOJKeH BBM.IJ;Y OTCYTCTBHH aSRMyT~I>HOH CM~IeTpMH H CHC
re.MH (ITp:UIBO.D;HII\6M R CBJ!SM aSJti.MyTMI>BhiX rapMOHHR), CBHSH £- H /1-
- BO~, aHHSOTpOfUIH ITpOBO,D;MMOCTH :E}TeHOR. l108TOMy CJie,n;yeT IIO~araT.bCJ! 
~on.E>Ko Ba pesy~I>TaTI:>I MSMepeHliiM. HMJKe rrpHBO~TCH HeROToph!e is HHX. 
~MepeHMJI rrpOBO.TI;H~HCI> aHMoroBUM MeTo.n;oM, paspa6oTaHHh!M B 4 I. 

llpH HaJIH~H pesoHaHCHOH CBJ!SH npo~OJibHh!H HMrre.n;aHC MOJK8T Oh!T.b 
npe~CTaB~eH B BM.IJ;e 

/ I' - Z !If' -r- / ;f;, -/;eJ' ~17)- h h/-/;eyft"-c/2tf) (I6) 

r.I(e 2'17

17

:/ - HepeSOH8HCHaJI ( 0~800 3aBHe.ffil{aH OT qacTOTH) qaCTI> MMIT8-
~ca, ~ - R08~HD;H6HT CBHSH C peSOHaHCHOH MO.TI;OH COOCTBeHHHX KO
.xe6am~if CMCTeMH, J/e; - COOCTBeHHM qaCTOTa H !l - .TI;OOpOTHOCTI> 
HeHarpy.meHHOM CHCTeMh!. MMrre.n;aHC MaRCHMaJieH B TOqHOM peSOHaHce0i~~~) 
11 pa.B8H Htf' 

~ = ~ -+ 2!(/0, (I?) 
Be~HqHHH ~;v~ lii ~ MoryT OHTI> rroJIYqeHH H3 co6cTBeH

HHX qaoTOT aHaJIOrOBOH CHCTeMR, B KOTOpOH :a~eK~pdHHOe RO~UO HMHTM
pyeTCJ! SaMKHYT1IM npOBO~HM BllTKOM Toro il\6 pa.n;Hyca ~ • 
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IlyCT:O -J;e, - OJll1.iKaMIIIa.H R lz -M rapMOHI'IRe "qacTOThi IWJI:&I(a" 

-: == c./21T/o COOCTBeHHM qacTOTa CTeHOR. J{OdaBJieHHe 1-!MHTHpYIOmero 

:::c..Th!l;O DpOBO).f.dHKa npHBO.D;HT, Bo-nepBbiX It CMemeHHIO peSOHaHCHOM qacTOTbi 
3a cqeT CBH3H C HHM H, BO-BTOphlX, R DORBJieHHID HOBoro THDa ROJiedaHHH, 

COOTBeTCTBYIOmero TE&1-no,n;o6HOH BO~e,pacnpocTpaHHIDIUeHCR Me~ npOBO~~~ 
E1iXC!tt H 8KpaHa.MH, TaR qTo a.HaJioroBM c:m:cTeMa MMeeT ,n;Be qac•roTH - ft 2 
- B HBTepecyromeH OdJiaCTH. BBe.D;eM 0003HaqeHRff: 

r llf;-fpg b - ~ 
= ~- ; ;-~2- n/o (I8) 

~or.rta BeJIHqHHhl .:z;r H /:; MOjKHO HaHTE: no wopMJJiaM I 41 : 
.h'tfi , ::::;z- I '\ t ' ) 

~ I -= t-11 L-0 L t/1 "'>.L'.? + t9' + 24J 

I / Z 117 t' ) (I9) 
j/ = - 172:.!.. / /-)1'/2 - 11 

{ ;--1- ?,0 l 
(}h o / / 2 _::z /I C--t-7 

hZ::::.O 

~ ( ~ .21 
rAe ~ = I20JT (OM), i. = 2 3}-C(_ - HH.DYRTHBHOCT:O Ha e)ll1HHI(y .D;JIHHH 
ErRRDrOBOH JIHHE:E: B raycCOBOH CE:CTeMe e,n;HHHU, ;f - paCCTOHHHe Me~ 
CYeHRaMH, ~ - p~:m:yc nonepeqHoro ce"t!eHRH HMHTmpyromero rrpoBo,n;HHKa. 

B Ta6JIHIJ;e 2 npHBe.n;eHR pesyJI:& TaTR HsMepeHHR m.me.ua.Hca Ha qeTupex 
Ci:3K!t~YTaJI:OHHX rapMOHHRa.X B CJiyqae 8KpaHOB C rrapaMeTpa.MH ;t/ = 6 , 
d = 3 CM, 4/;, -:::0,!5 Mrvl, E~ 6= 3 , / = 42,5 CM , !/_ = 8 CM H npo

OOln!mero KOJI.bi(a C ~ = 32, 55 CM , t2. = 0, 7 5 CM • 

HsMepeHHHe sHaqeHna cymecTBeHHO rrpeBocxo~T MaKCE:MaJI:&Hoe sHa"t!e

Eae HMTie,n;aHCa KOJI.bi(a, 8KpaHMpOBaHHOrO CITJIOlliHHMH rrpOBO.n;HmiD~ CTeHKa-

WI /5/ I~ /1! 1/Hdx' C=- 15"'& £/r; {OM) 
I (20) 

;.amroe B ,n;aHHOM c.nyqae / Z:, /17 I h-1:u ~ 37 OM • BMecTe c •reM 8TM sHaqeH:rur 

saYeTHO HH%8 RMITe~aHca He8KpaHRpOBaHHOro ROJI:&Ua, a Ta~e KO~bi(a B 

=PXCYTCTBM8 aHR30TpOITHH; 8KpaHOB .~yrRX TMITOB. Eo~ee TOrO, BHCOKOe 

aEaqeHHe HMne~aHCa Ha 4H rapMOHHK8CBR3aHO C He3aMKHYTOCT.biD CHCTer&I 

B ycTaHOBKe .D;JIH HSMepeHHH (OTCYTCTBI18M 008"tiaHKH), a He C peSOHaHCOM 
Ea C06CTB8HHOH qacTOTe CT8HOK. 3TO IT03BOJIReT Ha.D;8flT.bCR ITO~"t!E:T:O B 

~HOH KaMepe ,n;ocTaToqHo HHSKHe sHaqeHE:R HMne~aHca • 
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4. YCTOf11illBOCT1 AKCHAJibHbiX KOJIEEAH11i1 KOJ.[bilA. 
Ha B03MO~HOOTL HeyOTOHqHBOOTH rrorrepeqHliX RO~eOaHHH 8~8RTpOHHO

ro KOJI.bD;a sa oqeT B030yJK,IJ;eH:ru:I BO~H B 8RpaHax 0 asEMyTMLHbllVIM paspe*,· ; 
3&MH BrrepBue 6u~o yRasaao B paooTe 161. O~HaRo pesy~bTaTu, rro~eH
~e B 8TOM paOoTe,HeROppeRTHH,TaR RaR yqHTHBMaOL OBH3L RO~LD;a TO~h
ED C ~YMff 6~H~HMH DO~OOaMH (o O~OH Ha R~OH M3 CT8HOR). HH~e 
67,neT rroRasaao, qTo norrepeR pemeTRH ns rrpoBo~:v.rx rro~oc MoryT pac
rpccTpaHRTLCR o6paTHHe BO~li ( TO 80Th BO~H C llpOTHBODO~O~HO Ha
~eHHli!~ wasoBOH H rpyTITIOBOM CROpOCTHMH),B3aHMO~eiCTBHe C ROTO
~ Be~eT R OH~bHOH HeyoToiqHBOOTH rrorrepeqHliX RO~e6aHHH 8~8RTpOH
Eoro rryqRa. 

4.I. AHa~HTMqecRHe pesy~LTaTH. 
RaR II B pa6oTe 16( MH orpaHMqHM aame pacoMoTpeane o~aeM 

~OCKOH reoMeTpHH, Tpe6yH TO~bRO rrepHO~HqHOCTM TIO~eH B~O~b ITO~OO 
(H nyqxa) c rrepHo~oM 27710 /12. • reoMeTpHH s~aq:v.r rroRasaHa aa pno. 6. 
3 llpOAO~HOM 0r) HarrpaB~8HHH 8RpaHH oqHTaiDTOR ~ea~LHO-ITpOBO~, 
LpH 8TOM Mil rrpeae6peraeM He TO~LRO ROHeqHQH ITpOBO~MOOTLID ilO~OO,HO 
A C0l1pOTHB~8HH8M p~MbHliX paspeSOB (5). Ha ~~HHax BO~H,0~8CTB8H
E:O npeBOCXOMII{IDC IIIHpHHy TIO~OO d , B p~Ha~LHOM ( X ) HallpaB~8Hlii1 
~ o6~a~aroT etmocTHOH npoBo~H110CTLID. HeTpy~o yoe~HTLCH, qTo aa 
'G'.aCTOTe ?c) CBH3b M8.iK.JJY A - ROMl10H8HTaryii1 8~8RTpMqemwro TIOM 
~ II ITOB8pXHOCTHOH ll~OTHOCTH TOKOB ?% Ha 8RpaHe ~aeTCR 

Bd."'OOE8HH8M 
- . /b'.774~ ' ·!:? ' E;'== 1 , /<!. lx =- r.11 tx c!"w-. h) (2I) 
~ ITO~eH C qpOOTpaHOTB8HHO - Bp8M8HHOR SaBHOMMQCTLID 

E /V er (t £,.r + ,'fJ- ( 'cvt) ' BB8M o6osHaqeHM.a: 
/~ = w/e-f I ~~ - fc!r-t-;Pyte;-J/1 ?J ={r ///1J~ 

CHCT8MY rpaHHqHHX yo~OBHH MOJKHO san:v.roaTL B BM~e 

_d·Jtf;=-t§rF(JljJ+ ,·!;,~cJ~7 

A· )0 = j i £ d'J -r/; Jf;_!j)7 
£ tr) r:tfi)- Lf.;-t;:;')~ ~~fce 2d:f 

- II-
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,-

l'E; = 0 I J 1r ==- / .2;, .r- 1::- I = 0 
/( C,r- 1 d ~~--= z h/z 

d(}/f) =0 I 
;;-(Q&)-= 0 

9-c-

r)le rro.n J £ = l: /c ~ /1 2-t-;; E '; 1/z -o rro.npas,VMeBaSTCff CKB'!OK BeJll!- j 
~R ~ npH nepexo~e qepes 8RpaH. I 

ilpH BHqmc~eHHM B03~~eHHHX ITO~efi MH oy~eM cqHTaTb nyqoR 08CKO- : 
Heqao-TOHRHM :ur, ~~ ycTpaHeHn.s: pacxo~HMOCTefi, CBHSaHHHX c RY~~HOBC~~ ~ 

KHM ITO~eM rryqKa,no~o~ paBHOB8CHYID CROpOCTb 8~8RTpOHOB paBHOH CRO
poCTH cBeTa: /o = Vo/e = I. ~) Tor~a ~Jm BOSMJmeHHHX rr~oTuocTeil 
sa~a~- TORa nyqKa MMeeM 

1 
) 

- ') \ r ' {r (-t) 
/ r-t = -c-o i ~ex) o {e) 

1 
v{J:_ = c;o 

.;;tr) = t cfl-1-;f}i) .c;, j drA') J;-c-) (23) 

I'lte ~ t'V e,rjl (/~ef-t 'wi-J - OTRJIOH8HHe IJ.8HTp; Mace ITyqRa OT paBHO
BeCHOro no.tfoJKeH:rur, f, - sap.a:.n; ua e~MHmzy ~~HUH rry~a. 

4. I. I. CJ!yqa.M HeorpaHI.ftleHHHX a:rtpaHoB. 

ITop.a:.n;oK B~~~eHRH onepaqni c~eJQnomHi. CHaqa~a Haxo~TCR npo
~Hoe s~eRTpnqecRoe no~e ~ H orrpe~e~eTc.s: cRaqoR dl~~~~~' 
BXO.w.nni:rt1: B rpaH:urqHue yc~oB:rur ~a 8RpaHe ~J.UI 1:;

1 
~ lii ~ • lloc~e 

3TOro illi~8TCH Cx Ill CKatiOR J (t76; _/;)c) , TaRJKe BXOMU{P.IH B rpaHHq-
HHe yc~oBiti.s: ~ 0 :vr ~ • Pema.s: Terrepb sa,n;aqy .zvm ~ M ~, 
onpe~eJI.fiiOmnx aRCHa~bHyiD COCTaBMromyiO CH.J.[bl JiopeHu.a ~-=-e( ~-r ,0), 
~ C~a.E: HeorpanP.IqeHHhiX 8RpaHOB RM88M 

00 

~=/ 0 (~)d~ 
-=o 

~) lloc~e 8Toro B Bhlp~eHHH ~ no~efi ocTaeTca c~aoa.s: ~orapH~qnqec

xa.s: paCXO~HMOCTb,~8rRO ycTpaHH8MaH oope3aHH8M COOTB8TCTBYIDmHX IllHTer
paJIOB IIplti in t(_ A.-(. 
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c ;.p A 235. 1 _z- :;e e 

- I , I 2 /f- J3 ) -1- !__ ;.::¥ o cl7 'Z:· e - - -
,~ -'~~J= Y- ';r (11;) r-t ;fl 1J . ,;e !,-2 siz-

ce I ( 2 cc:R A'A ~ I -' 
.:t ; 1-r~) -1- T /~,R 0. S/11:"· e (24) 

d 

.1 

<J ... ,. 

_,. 

r 

I 
1 

~ Z:=- t'eei /2 , /= e.f- j ~o • 0000hiMH TO't!Ka.MH ITO,UHHTerpaJThHO-

:."'C ,S5l)ageHrur .HBJD1IOTO.ff TO'IRL:1 BeTBJieHru:r ( ~ = o ) H HYJIH 3Ha.MeHaTeJI.H B 

W->=- .-f- 4z-1 r- e 2 'L)= o 

A- ;yz:?'o 
::::.z:a -/IJ5,/)fy.4 R . llpli ..4 >>I ('ITO :wreeT MecTo rrp11 

,R /.;z ('<'f ' perrreHHe ypaBH8HRH (25) 
"~~ -o '?: = ~ = -f/;/:z;T 

(25) ) 
i. j == !!_ <~( 
?/ 10 

(26) 

Qao COOTB8TCTByeT pacrrpOCTpaH.F.L.TOII\HMC.ff rrorrepeK IIOJIOC BOJIHaM, eCJ.m 

7; > '4...;, , r.n;e Z:frlw, - sHa't!eHHe -z: npH fx = o • Hepa.BeHOTBO · 

~ > z-P>~ CBO,U:viTC.ff K Tpe60BaHHIO 

R > -i~ 
/,t~ 2. (27) 

HccJie~eM ITO,Up06Hee ,UHCIIepCliOHHHe XapaKT8pliOTL:1KH CBOOO.n;HHX BOJIH 

3~ax. 

~OIIIeH:rut (26) B paCKp~TOM Bli,Ue , / ~ 
}4'- fZ( _i,~2 + ~K2 7'- o( 2) -1- dz'$' = 0 (28) 

~ o<'z_ J..:1~ /(&~ ic:l:j" , I,; u;/c , 11 RBJme'l'C.ff ,ru;1cnepcHoHH1IM 

];2Brt8Im8M ,ItJ.tR: TaKMX BOJIH. Pernemur ypaBH8Hli.ff (28) I1M8IOT BHI(, 

~;z = f t' 4 2-f ~ 2+ oe2 -r lr4: lx .?-r-oe) e_ ~o(2~ ~(29) 

-CCADHEKY TIO~'I8HHH8 pesyJibTaTH 6y.n;yT rrpRMeHeHH ~ KOJIDU8BOro rry'IKa, 

~ BO~H B rrpo.n;oJibBOM ~ ) BarrpaBJieHHH cqHTaeTCfl WHKCHpoBaHHoii 

-( 4 ==-IJ /~ ) , H qacToTa paccMaTplmaeTcJI KaK WYHKr:r;rut .ILJIJiiHH BOJIHH B 

=ey~JIRPHOM IIOJIOCaM I1 rry-qey HarrpaBJieHHH (.2/;/ 4). IlpH I i-xl~ ~ 
C.FO H3 perneHHM (22 OOOTB8TOTBY8T 06bl'IHOR IIJIOCKOH BOJIHe ( k .!_> j.x ) , 

;,2 z/2 2. 

~ ( .K ~ ~ £ y /, x ) - M8,IJ;JI8HHOH ITOBepXHOOTHOM BOJIHe. JierRO y6e,TI;HT:O-

=s.~ STa BOJIHa JIB~eTOH ~paTHOH: 

/1.-/;-'"' = i;' ::t < 0 (30) 
t 

~ ~ 06XO,U ITOEIDOOB rrpH HHTerpHpOBaHHH (24) ,UO~~eH ilp0ll3BO.n;HT:OOJI 

D:XO)tH He 113 OOH'IHOro YCJIOBIDI H3JIY'IeHH.ff, TO 8CT:O TpeooBaHM HarrpaB- J 

~~ocTH wasoBOH OROpOOTH BO~ OT HCTO'IHHKa, a Tpe6oBaHHff COOTB8TCT- I 
~~ HanpaBJieHHOCTH noToRa 8HeprHn,To eoT:o rpynrroBom cKopocTH. • 
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?7 :<JUI'jp miTerpHpOBaJH!.ff Ha ITJIOCKOC'I'H KOMil.ii8I\CHO~ nepeM8HHOM 

£_, == i; -t / l: ._l10Ka3aH Ha pHc .. 7 • IIpJii B1IITOJIH8HHbiX ycJrOBRBX A>? I 

Z (2?) HM88M 

I . !1-4 ) .ra 1/ 2 - If j 
-~ / 27/t (' / .f 1L )"t'/zj {rf i-fl ~ - / + _:;,,.f" (31) 

~ J;tJff' - IDITerpaJI no ~aspesy, onpe.n;emnorrum rroJieByro Ii:onpaBKY 

1

1 

3: .m1ece ]r He rrpe.n;cTaBJI.HIOll.lJiiJii ;rvrrr Hac oco6oro HHTepeca. · 

YCHOBHe YCTOHqHBOCTH aKCJii~bH~X ROJiedaHHH nyqRa C JIOpeH~eB~ 

;e~~e~eHJii8M ITO qacTOTaM 06pameHH.ff M0~8T d1ITb 3aiTHCaHO B BJii,I(8 7/ 

tU/ rs: ~ ~11{/24 (32) 
0 

~~e d?U~~ - OTHOCHT8JibH1IH IIOJiypasopoc ITO '1aCTOT~A o6pameHJii.ff, 

~ -"R08(ixl}IDJ;Jii8HT JiaH,IJ;ay", 0 = f7{; - ROrepeHTHM 'IaC'l'OTa 

E"!reliMI>IIHX ROJie6aHY.rH (B e,n:v.m~ax 'l!aCTOT1I 06pameHH.S: W.a ) , ~ -

=r3a3aTeJID crra.n;a BHemHero MarHHTHoro nonff. Koa~HQHeBT ~ orrpe

~TCR COOTHOill8HJii8M 

11{ = ~ ///?jo ~2co 
~ paCCMaTpHBaeMOH sa,n;aqn 

_ __!!_. ~ {1-/fl)!/z ,/~, ;f -( 

Im 11{ - fo h (t' r-/; rJ ~h. /3fz;, 

(33) 

(34) 

~e j)==- eJ/Jne ~ - II~~OHB1IH 8JieKTpOH, h = -/- f& /k- . 

Zm napaMeTpOB ~ = IO , !;, = 32 OM , ;:: = 4 , j_ = 8 eM, 

_y~ = 0, 5 , d = 2 OM, .d W, = 0, I 5 MM , Z ~ = 3 , H3 ( 32) , ( 34) 

;A ll ~ ( oJrep.;yeT 
~ s: >- s·rO/ 
Ulo E ;;--- /o 

Ta:KIDJI o6pasoM, .nM ycToiiqMBOCTJii nyqRa npn S:. = / Tpe6yeTc.s: 

--:m.K pas6poc no qacToTaM o6pameHM rrop.s:,n;:Ka IO% , cooTBeTCTBYIOmMH · 

~epreT~ecRnfi pas6poc ~ 7.5% , '1TO 6JrM3KO K sHaqeHHID, Tpe6ye-

£OUY ~ a3IDff.rT~1bHOH YCTOHYEBOCTH KOJrbUa. 

4.I.2. PesoHaHcHa.s: HeycTOHqHEOCTb. 

B orpaHJiiqeHBOH no P~HYCY CHCTeMe, RaKOH .ffBn.R8TCH peaJibHaff 

~epa ~pMHpOBaH~.ff 8~8KTpOHHHX KOJI8U, B03MO~O pe30HaHCH08 B3a~

UD~8HCTBll8 nyqRa CO CTO.s:'iMMH ITOB8pXHOCTHHMM BO~aMH, rrp~BO~ee 

K 6onee CHJ!bHOH HeyCTQHqHBOCTH,qeM npM B036y~eHHJii 6erymHX BO.iiH B 

EeorpaHnqeHHOH CHCTeMe. Ha qacTOTax, d.iiH3K~X K C06CTB8HHOH qaCTO-

'!re KaM8phi UJ/.e.f , It08qxp:mJ;H8HT rv;; MOJKeT 6hiTb rrpe.u;c•raBJr8H B 

~e 
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to?.e-J 
-w; = r-{- *' t<J _ w~'q r-~-'/ .z ,_p J 

(35) 

~-e jJ - Hepe30HaHCHM T.IaCTb, }( - K08c.pqmiJ:R8HT CBH3H C pe30-

... c.-=CHOH MO.IJ;OH, !( - ee .n;o6pOTHOCTb • 
Yc~oBMe ycToHT.IHBOCTM nyqRa MO~eT 6uT:o sanMcaHo B BM.n;e Tpe6o

EP?ftH Ha ,JJ;06pOTHOCTb /?/ 
Lf Ct) r-1 )1 ~ tPe 

tl .$' ?Vo i)c . 2 r 2 (36) 

-~ ~ - OTHOCHTe~bHHH HHKpeMeHT HeyCTOHqHBOCTM MOH08HepreTJilqec

:::::l."'O JIY'llia npE cP ~ =o : .------?' 
r 1{1?- ~)IKI 

2 r)J~ (37) 

3 ~6R~8HEH D~OCKOH reoMeTpHH C06CTB8HHH8 qacTOTH MO~HO HaHTE H3 
~orneHMH (29), B RoTopux ~x npo6eraeT .n;McKpeTHHH pH.n; sHaqeHHH, • 

~.I(e.IDI8M1Iii 113 ROHKp8THhiX yc~OBMH I:Ia pa;n;HMbH1IX rpal:IMD;ax. B KaqecT

i:e YaimX ycJIOBHH B DJIOCROH sa,n:aqe Bhi6epeM E; h ::::ft!/c! =- 0 • 

~~ £t=.7T-I/tf , f = I,2,... KosqxpMrweH'l'hi pas~o~eHIDI @yp:&e 

~ !opeHD;a,CBH3aHHOH C B03MJm8HH8M,MO~HO onpe,n:eRMT:b H3 (24): 

Fe= ;: /; t£1') . .s?-,/i.f'fA' r-1/z)j (38) 

~ pe30HaHCHOrO K08~HUM8HTa Jf H8Tpy~o no~qHTb BHp~8HH8 
f /:? 2. 

4-11 fo ~.-r!? /f-g) s~ z{;;t (;t;;rl/zJ/ 
J/' . ~; + {r <(/-j?,/)z (39) 

)) 

/(= -r 
1!!:3 ( 36)- ( 39) CJI8,1zy8T, liTO .JJ;~.S: YCTOHqHBOCTH nyqRa C napaMe'rpa.MH, ITpH
~eHHI:Uvll1 B11III8 H :s.; . .LJtv4 = 5% , £ = 50 CM Tpe6yiO'l'CH 3HaqeHH.fi ;n;o6-
;cTHOCTH tP /VI • XoTH perneHa 6hi~a ITROCKM sa.n;a1.1a, Bec:sMa ,n:aJieKa.H 

£~ peaA:&HOrO c~qa.a UHREH~HT.IeCKOH reOM8TpHH,T8M He M8Hee HCHO,qTO 
~ ycTOH"'HBOCTH aRCHaJI:OHHX KO~e6aHHH 8JI8KTpOHHOrO KORbD;a,8KpaHHp0-
B03HOro aHH30TpOITHhiMH CT8HKaMH,He06XO,JJ;HMO ~1160 CH~aTb ,JJ;06pOTHOCrb 

~ o~eH:& HH3KHX 3HaqeHHH,JIH60 C03,JJ;aTb YCJIOBRa, npH KOTOpHX ITOBepx

~e BO~Hbl Ha 8RpaHax B006me He B036~aiDTCH. B TOM,l!TO TaKaH 
~ B08MO~Ha,HeTpy.n;HO y6e~TbCH,p8illHB ypaBH8HK8 (28) OTHOCH-

-reJ!bHO /;r : 42 = (_or!_J"Jt{/-i) 
12 (40) 
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YCJ10BH8 o( <' ,(:',;n~ (oc5paTHOe, RCTaTH t H8paB8HCTBY (27)), 
r~e k~~ - MHHHM~.bHaH qacTOTa aRCHaJI.bHOH np~U8CCMH ROJI.bUa (nepBOM . \ 

a3HMJTa.71bHOH rapMOHMRH aKCMa.JlLHEX KOJ180aHMH), HB~8TCH ~OCTaToq~clM. 
BosMOJKHOCTH yMeHnmeHHH B8.71ll'rn:HE o(~= cfd;., /( Eu, / /

2
) , o~aKo, 

OrpaHnqeHE, TaR KaK 3HaqMT8J1.bHOe: yBeJ1nqeHM8 JJIMpHHhl ilOJIOC o( rrpi!I

Be~eT K noRBJieHHIO "pmmJra" MarHMTHoro noJI.E:, YM8H.bi!I8HHe :IKe TOJIII.iHHhl 

H30.JlffnHH M8Jl\Jzy CJIOHMH ITOJIOC A~ MOiK8T BE3BaT.b rrpOOOH rrpH BRJIIO"CJ:e
mm 11 0I:iiCTporo riOJIH". BM8CT8 iTeM oqeBH~HO, qTo rrpli BI:iiOOpe KOHCTpyK- ~ 
naH CT8HOK CJ18~8T CTpeAmT.bCH K MHHMA~aJI.bHI:iiM 3HaqeHMHM napaMeTpa or . 

0TM8TI!IM nonyTHO,'ITO npn nepexo~e K UMJIHH~nqecKOH reoMeTpnn lx 
(TO ecTb lr- ) , cTaHOBHTCH WYHrtnne:tl p~Hyca, KOTOpHti BXO~HT B ( 40) 

qepes ~ .=::. 17/;- • 113 (40) CJ18~8T, qTO ilOJ38pXHOCTHaJI BOJIHa Ha 
tffiCTOT8 t<)::=- )c;_ MOiK8T pacrrpOCTpaHJITbCH TOJl.bKO ~0 p~nyca /'"-= n/J. , 
Ha KOTopoM nponcxo~nT sannpaHne. 

TaKHM oopasoM p~anMOHHaff HeycToHqHBOCTb aKCHaJI.bHEX KOJ180aHMH 

KOHnU8BOrO nyqRa H8B03M0.1KHa ; ~aiKe B c~ae HeorpaHH"CJ:8HHHX no p~HJ

cy 8KpaHOB H8YCTOM'IMBOCTM HOCHT p830HaHCHHM xapaKTep. 

4.2. HertoTopue srtcnepHMeHTaJibHHe pesyJI.bTaTH • 
.If)IH ITpOBepim: Ca.MOrO lf)a.KTa C~8CTBOBaH:V!H aHOMaJII>HhiX i10B8pXHOCT

HHX BOJIH M HCCJ18~0BaHMH MX ~cnepCHOHHhiX XapaKTepHCTHK OI:ii~ HxrOTOB
~eH MaReT, CO~ep&amHM ~Ba CJIOH M8TaJIJIMqecKHX ITOJIOC ~HHOH t: = 42CM, 
riHpiDIOll d = 3 CM, pa3~8JI8HHhiX CT8KJIOJI8HTO"i ( ~ = 7) TOJIIqHHOH 

~~ = I MM. Ha~e:lKHoe np~aTHe CJI08B ooecneqeHO, O~aKO, Be OhiJIO, 
'faK 'ITO sqxpeKTMBHOe OTHOi!I8HH8 AC:, / CU, sapaHee ae H3B8CTHO H ,II;OJDK

nO onpe~eJIHT.bCH·MS pesyJI.bTaToB MsMepeui!IM. AHMsoTponHHH 8KpaH npoT.a:
xeHHoCT.biO f = 8I OM B X -· HarrpaBJI8HHJii (rronepeR TIOJIOC) pacrroJia
~CH Ha pacCTOHHHI!I 4 CM OT CDJIOiiiHOM npOBO~eH ITOB8pXHOCTH, qTo 

3RBI1BaJI8HTHO ~YM aHH30TpOITH1IM SKpaHaM Ha paCCTOHHHM k = 8 CM 

.;(pyr OT ,n;pyra. Ha O.n;HOM H3 TOpUOB ( _r.::::::-0 ) CHCT8Ma OHJia 3a.MRHyTa, Ha 
APyrOM (~=~) - OTKphiTa, 'I8MY COOTB8TCTBYIDT 3HaqeHHJI BOJIHOBOrO qnc
Ea £=z;rl&-l)ff.{, M = I,2, • . • • MsMep.a:eMJ;re HEsKHe qacToT:OI OTBeqa

JIH ITOJIJBOJIHOBhiM ROJieOaHIDIM B,II;OJI.b ITOJIOC: 1r = 7T / ~ • B Ta0JIHU8 3 
npKBe~eHH J.ii3M8p8HHH8 C06CTB8HHU8 '!aCTOThi B ,II;HarraSOHe 60 7 200 Mfu 
H saacremm:, pacc'IItiTaHHHe no ciJOPMYJie (29) ~JIH o( 

2
= ro-2cM - 2• HeKoTo

pne H3 C00CTB8HHhiX 'IaCTOT onpe~eJIHTn He Y~aJIOCb M3-3a B030yx\~8HHH 

=o~o~mHX RaOeJie~ n ,n;pyrHX oRpYEaromKX cTpyETyp. O,n;HaRo HMeromnec.a: 
~HHHe ~OCTaToqHO yc5e~HT8JI.bHO ITORa3hiBaiOT cymeeTBOBaHM8 ITOBepXHOCTHHX 

- I6-



;; 

i 

I 

) 

B04B c anoM~hHOH ~ncrrepcne~. Hs sHaqeHHH 
2. 

q , COOTB8TCTBYIOill8rO 

~epeHHHM qacTOTa&i, C~e~yeT, qTQ M8~~ C~ORMH ITO~OC cymeCTBOB~ 

303)!JillliH.i sasop TOJIII{MHOM ..J~ ~ 0,8 MM • 

EaHa rrpe~plntaTa T~e ilOITHTKa MCC~e~OBaTn ilOB8pXHOCTHH8 BO~~ 

B u;unm.n;pJtrqecKOH CMCT8M8, o6pa30B8.HHOM aHH30TpOITHHMP.£ BRpaHawi, ,n;JISI 

~ npoHsBo~n~ocn nsMepeHne rrpo~o~nHoro RMne~anca (3fi pas~e~). 
~ ~C~~OB~ C06CTB8HHHe KO~e6aHRH ~ - THITa C qacTOTaMH, 

odpaa~ru noc~e~oBaTe~hHOCTh B HHTepBa~e IOO 7 I46 Mru c maroM 

4 -t 5 MI:'n • MsMepeHHM .n;o6pOTHOCTn t? /\.- roo. l(J:r.R: TOro' qTo6R H36e

~ pesoHaHCHOH HeyCTQHqHBOCTH aKCH~hH:biX KO~e6aHHH B MO.D;8XH KO~

r=,_uouoro ycKOpHT8~ / 2/, MaRCMM~hHaH qaCTOTa C06CTB8HH~X KO~e6a
EZI aKpaBOB Ha nepBofi asm~TallnHoit rapMOHHKe ~o~o 6HTn HH~e HllM 

~ 70 Mru. MsMepeHHoe ~e sHaqeHne B.n;Boe Bhlllie. Crre~eT,o~aRo, 

~Th, qTo .n:nrr oollee TmaTe~nHO nsroTOB~eHH~x BKpaHOB, He m~eiDmHX 

3CSAYffiHOro sasopa, MaKCHM~hHaa qacToTa 6y.n;eT cymecTB8HHO yMeHhmeHa. 

:L ZCCHEnOBAHME 3AEKTP¥riECKOH TIPO~IOCTM A1lli30TPOTIHHX 3KPAJIOB. 
Hs pesy~hTaTOB npe.n;H~ero pas.n;e~a cxe~eT, qTo TOJIII{HHY nso~

:::::0 'M.eEJJY C~OJIMH npOBO,lJf.IIlfiDC ITOJIOC A-~ JKe~aT8JihHO BH6MpaTn ITO 

~OCTH MeHnilleM. MMHHM~HM TO~Ha HSOJIHUMM onpe.n;e~eTCH Tpe

~38HH8M 3~8KTpnqecKOH npoqHOCTH CT8HOK OTHOCHT8~hHO HMITYJihCHhcr 

oo:::pHXemlli - B ycTaHOBKe / 2/ HH.1J.YIJ;HpyeM08 KaTymRa.IVlH n,OHCTporo IIOM" 

~-:pggelille COCT8.B~8T 25 ~ 30 KB. 
BBB.n;Y cKy.n;aocTn ~aHHHX B ~nTepaType rro a~eKTpnqecROH rrpoqHoCTM 

~OCHTeHnHO IDAny~nCHHX Hanp~eHHH, 6HJffi npoBe,n;eHH COOTB8TCTBYIDmM8 

~e.n;oBaHHH npn pas~nqa~x paccTOHHHHX Me~ aJieKTpo~awi n pas~:aq

:=2 T8XHO~OrHH H3rOTOBJI8HHH H30~HH. 

5. I. Te:mnn:a BRCII8PHM8HTa. 

~ HCC~e.n;OBaHHM npHM8HffJIHCh OOpas~, H306p~eHHH8 Ha pHC.8a • 

~ sa.;Ita.Ir.tiOM paccTOHHHH .Me~.n;y BJieKTpo.n;a.Mn - d = I, 2, 3 .MM - no 

30 o6pa3UOB ITOKpHBaJIOCn CTe~o~eHTOM TO~HHOH 0,2 MM, KaK C ~aROM, ~ 

~ H c o_wniM nJIH MOIDIHM c~oeM anoKCH~HOH CMOJill. Bo BpewJSI HCllliTa

~ o6pasup noMe~aJIHCh B Mac~ 6aR. llpo6EBHoe HanpgmeaMe nsMepH- , 

~ no M8TO.D;HK8 TaR HaSRBaeMoro HapacTaromero no MMrryJinCY HCITHTa- .1 
~oro Hanp~eHHH (pHc.86). CHaqaJia llP,OB8pH~OCn C ITOMOmniD rpa~H

~aoro TecTa E~ TecTa no Ko~oropoBy 781, MoryT ~H annpoKcRMMpo

~g rro~qeHHHe pesy~hTaTH no IIpo6HBHO~~ Harrp~eHHID pacrrpe.n;e~eHH

~ raycca. Bo Bcex c~yqaHX BTa rHnoTesa 6H~a no,n;TBep~eHa, no~qeH-
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Hoe pacnpe~e~eHne raycca xapaKTepnsyeTcH c~e~~RMH napaMeTpaMH: 
I. Cpe~ee sHa-qeHHe rrpo6HBHoro HanpmKeHRTI Zio.;- • 
2. Cpe,IUiee 3HaqeHH8 paOCTO.aHHH M8XUf.Y 8~8KTpO,Il;a.MH ~ 
3. Cpe,IJ;Hee sHa'leHHe rrpo6HBHOH HanpmiteHHOOTH E;:;- , MS I H 2 

no Eo.5" = Zlo.> / d 
4. CTaH~apTH08 OT~OH8HH8 npOOHBHOrO HanpHX8HHH 6 

5. 0THOOHTe~:OHOe OTMOH8HH8 V = 6 / t/o.;
(4 H 5 o~~T Mepofi pas6poca pesy~:oTaToB). 

6. IlpOOMBH08 HaiipH..'Ilt8HH8 B:hl,Il;8pJKKM ~. 02 , il0~'18HO HS 

• 

Vo.C?z = tlft).r- 26 
(H~o OTM8THTL, qTo onpe,TI;e~eHM8 ~.oz TORLKO OpH8HTMpOB0'1HO, TaK 

KaK o6~eM BHOOpKH IJV.= IO .n~ onpe~eReHRH Ta.~MX napaMeTpoB He~o
cTaToqea). 

,5. 2. PesyJI:oTaTbl. 

Pesy~TaTH rrpe,IJ;OTaB~eHbi B BM~e TaORM~ (OM.Ta6~.4), M3 KOTOpOll 
BM~HO, qTo CaMOe HMSKOe npOOMBHOe Han~eHMe, CBHSaHHOe C OO~LillHM 

pasOpOCOM, ilO~aeTOH Ha o6pasnax C ~BOHHHM CJI08M 8ITOKOM,Il;HOH CMORb! 
ll CT8KROR8HTOH. llpM 8TOM Ha6RID,IJ;8W~CH npOOOH Me~y nepBHM M BTOp:hlM 

C~OeM,'lTO yKa8:hlB88T Ha H8COB8pill8HCTBO T8XHO~OrMH M3rOT0~8HllH. 
CaMNe BHCOKM8 3HaqeHMH npo6MBHOrO Hanp~8HMH ITO~yqeHH Ha 00-

pasnax 0 O,Il;HMM 0~08M 8ITOKCM~OH CMO~ M CT8K~0~8HTOH, rrpnqeM B 8TOM 
C~ae pas6poc MMHMMaR8H. 3HaqeHMH rrpoOHBHOrO Hanp~8HMH ,Il;~ o6-
pasnoB C ~aKOM H8XO,Il;HTOH M8i~ 8TMMH JJ:BYMH npe,TI;e~aME. KaK M O~H,IJ;a

JIOC:O, sHaqeHme rrpo6HBHofi Harrp~eHHOCTE rroH~aeTcH c yBeJikiqeHHeM 

paCCTOJIHIDI M8JK,II;y 3~8KTpO,Il;a.MM,. TaR HanpitiMep, ~JJJI o6pa3I(OB C O,I(HHM 

C~OeM 3ITORCM,Il;HOH CMORb! OT 65,6 KB/MJ~ rrpM ~~ 0,9 MM ,Il;O 39,5 RB/~1M 
npi1 d = 2, 9 MM. 

Hs ITO~J'18HH:hlX pesy~:&TaTOB MO~O C,IJ;eJiaT:O BHBO,Il; 0 TOM, qTO ,Il;~ 

ITpllM8H8HHH B KaqecTBe MSO~M CT8HOK a,IJ;resaTopa, 8llOKCM,Il;Haff CMO~a 

C O,IUIMM CJI08M CT8KROJI8HTbl HBnH8TCH npe~rroqTMT8~LH8H. llpH nepeHOCe 

no~T~eHHHX c o6pasu:aMH pesyJI:oTaToB Ha peaJI:&HHe ysl.ffir Ha.no yqHTHBaT:o, 
qTO, KaK 0 yBeJIMqeHM8M o6~eMa, TaR H C 3~8KTpMqecRHM CTapeHH8M 

BC~8,Il;CTBM8 ,Il;JIHT8~:0HOH HarpysKM, llpOOMBHOe HanpmKeHHe MOmeT CH~aT:O-

c.s:. 
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Ta6.nHua 3. 

:1m ( Mru) 
m 

pacqeT zsMepeHn:e 

4 I99 200 
i • 
[ . 

5 I69 I69 
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