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1. BBE,[fEHHE 

YCToiqHBOCTL nyqxa OTHOCHTenLHO a3HMyTanLHOH.6au· 
qupOBKH 3aBHCHT OT BnHJIHH.JI nonei WniOKTyaUHH nnOTHOCTH 
qucna t.acTHU ua caMy wmox'l'yanuro. Heycn)iflfHBOCTLIO H:a-
3WBaeTCJI nponecc, npu xoTopoM npocTpaucTBeuuaJI nnoT­
HOCTL qacTHU, CBJI3aHHLIX c wmoKTyanuei, . pacTeT. BMecTe 
c uei pacTyT · H nonJI, qTo npH:so.n;ui x AOnonuuTenLHOMY 
yBenuqeHHIO nnOTHOCTH. . . . 

Do onpe.n;eneHHIO,HMne.n;auc zn CBJI3WBaeT n -ro rapMo­
HHKY :mexTpuqecxoro nonJI B03MYJ.UeHHJI c ·· wnroxTyanuei 
nnoTHOCTH qucna qacTHU u, cne.n;osaTenLuo, onpe.n;enJieT 
YCT<)iqHBOCTL nyqxa. , . . . 

3ne:~<Tpuqecxoe · none· 8 nyqxe 3as:HcuT oT pacnpe.il,ene- · 
HHJI wnroKTyanili nnoTHOCTH~ onpe.n;en~eMor'o HMne.n;aHCOM 
Z

5
,HanuqHJI npOBO.ZJ;JIJ.UHX 3KpaHOB (Z)H COCpe.D;OTOqeHHhlX 

ueo.n;uopo.n;uocTei ( Z L) • B .n;nuuuosonuosoM ·npu6nH)I(eHHH 
o6mui HMne.n;auc z n JIBnJieTCJI CYMMOH 3THX HMne.n;au-. 
COB h/. . 

.l{pyroi Ba:lKHOH xapaKTepHCTHKOH ycToiqHBOCTH nyqxa 
JIBnJieTCJI .n;o6pOTHOCTL 'KaMepLI a.n;re3aTopa • .l{nJI ycneWHOrO 
C:lKaTHJI 3neKTpOHHOrO KOnLna KaMepa .D;On:lKHa HMeTL .D;OCTa-
Toquo HH3KYIO .n;o6pOTHOCTb /2, 3 /. . · . . 

UenLro .n;auuoi 'pa6oTw JIBnJinocL 3KcnepuMeHTanLnoe 
onpe.n;eneuue HMne.n;auca cTeuox, xoppexTopa, a TaK)I(e 
C06CTBeHHWX qacTOT H .n;o6pOTHOCTei KaMepwa.n;re3aTopa. 
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2: HMIIEjfA_HC CB.R3HH- YCTf}RfJHBOCTh. 
-3JIEKTPOHHOTO KOJihl(A B A):(TE3ATOPE - - - . . -

IloBe,AeHil:e CHCTeMLI 3aps)KeHHLIX .. 'laCTH~ OllHCLIBaeTCH 
ypaBHeHHHMH MaKCBe.!IJia H KHHeTH'IeCKHM ypaalieHileM 
. ' ·-"> .-· .. ' ,... . ... ,.'. 
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IlnOTHOCTL TOKa H llllOTHOCTL 3apH,Aa B ypaBHeHHHX 
· · MaKcaenna onpe,AenHIOTCH ~opMynaMH 

-~ .... -i> 

j = :e J v_f dp , .p e f.Edp; 1?-l:. 

npH'IeM 

-. _, ...:,,. 

f£ d p = N ( r, t) , /3/ 

r,Ae f - ciJyliiCiiB:H pacnpe,Aeneuu~. 
. Ypaaueulie /1/, · Bblpa>Keulu /2/. H ypaaueHHH .. MaK~ 

CBenna o6pa3yiOT nonHyiO CHCTeMy .YPaBHeHHH, onHCLIBaiO­
~YIO CornaCOBaHHOe ,ABH)KeHHe 'laCTHU CHCTeMLI c· B03HH:­
·KaiO~HMH npu. 3TOM .ziBH)KeHHH 3lleKTpOMarHHTHLIMH nonHMH. 
B. o611leM au,Ae TaKaH cucTeMa ypaaue:HB:ii'noKa ue peweaa. 

. 3a,Aaqa .pewaeTCH cne,AyiO~M Oopa30M: 3a,A~eTCH llOBe,AeHHe 
n- O.H rapMOHHKH. B03My~eHHH llllOTHOCTH 3apH,Aa .IiyqKa 
B 3aBHCHMOCTH OT BpeMeHH t H a3HMyTa 0 B BH~e 

-> or\ 

p =pl(r) elut-inO. 

HJ ypaaueHHii MaKcaenna H~XO.AHTCH none c yqeToM KOHK-·· 
peTHOH reOMeTpHH, HanH'IHH npOBO,AJIIIlHX 3KpaHOB, B03MO:>K­
HOCTH H3llY'ICHHJI. KOflbUOM :.ineKTpOMarHHTHbiX BOllH .H. peJo­
HaHCOB Ha·COOCTBCHHbiX MO,il;aX I<aMepbi. 

A3HMYTanbHOe .U.BH>Keuue qacTHu y.u.o6Ho onHcbrB;tt b c no-: 
MOlUbiO itJyHI<UHH pacnpe,o;eneHHJl B.IIpOCTpaHCTBe I<aH•JHH'Iec­
I<UX nepeMCHHbiX e H: ;; , r,IJ.e 0.- a:lHMyTafibHaR KOO;':{HHaTa, 
\\ • _o6o6lQeHHbiH I<aHOHH'IeCKHii: HMnynbc. He•so3~~ IUCHHOe 
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cocTOJIHHe nyqKa C'IHTaeTCJI aJHMyTanLHO O.AHOPO.AHLIM _ H ue 
3aBHCH~HM - OT apeMeHH. Il03TOMY npe,ACTaBHM · ciJyHKUHIO 

. pacnpe,AeneHHH a BH.Ae 
. ~ -·· . --. ~ . 
Hw;O,t) =f0 (w) +f1(w,O,t). 

-> 

... OTKnoueuHe £1 BLI3Ba:Ho ao3My~aro~MH nonHMH E H · 
B. JIHueapH3YH ·KHHeTH'IecKoe ypaaueuue /1/ H C'IHTaJI 
f 

1 
, E H B aenH'IH!JaMH nepa_oro nopH,AKa Ma~ocTH, nony'IHM 

a £1· 
---- + 
at 

a £1 
w --

0 ao-
aro . 

+ 2rre RE 0 -­-· . aw 
. / 

0 ,. /4/ 

r.Ae cu 
0 

- ~acToTa o6pau(eBHH qacTHU, R - cpe,AHHii pa.AHYC 
KOnLua, Eo - ~3HMyi"anLHoe 3neKTpuqecKoe n_one, ycpe,A­

ueuuoe no ceqeHHIO KOnLua. PewaH /4/, uaxo.AHM 
'--- a £0 

. f 1 = 2 ." i e R E ~ ·-n -;;;; · . -nw0 

/5/ 

Y'IHTbiBaH /2/, nonyqaeM ,AHcnepcHOHHOe ypaaueuue· B BH.Ae 

i -

- . 2 
2rriRe Eo~ 

a fo 

a .:!f..__ 

f.n·-nwo-~ 
/6/ 

jOn 

2" RE'o BenH'IHHa _____ u = Z n Ha3LIBaeTCH HMne,AaHCOM CBH3H I .. . 
ny'iKa. . _On . . ,.; • 

BLI'IHCHHTL ,AHCnepCHOHHLIH HHTerpan a/6/ MO)KHO ,AnH 

pa3nH'IHLIX ciJyHKUHii pac~pe,AeneHHJI. Hau6onee 6nu3KHM 
K ,ACHCTBHTCllLHOCTH HBllHCTCJI onHcaHHC CHCTCMLI C llOMOIULIO 
ciJyHKUHH pacnpe,AeneHHJI raycca, O,AHaKO auanHTH'IeCKOC 
BLI'IHCneHHe HHTerpana B /6/ npH 3TOM 3aTpy,AHi1TellLHO~~-~ 
Il03TOMY ,AHH OUCHOK BllHJIHHJI 3HepreTH'ICCKOrO pa36poca 
BOCIIOllL3yeMCJI ciJyHKUHCH pacnpe,AeneHHH JlopeHU8; . 

1 . 
f(w) 

rr tl w [ 1 + (-cu-wo) 2)' 
· tlw 

KOTOpaJI npHMCpHO COBna,AaeT C ciJyHKUHCH pacnpe.u.eneHHH 

Taycca a6nH3H .caoero MaKCHMyMa. 
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ypaBHeHHe B BH,I{e /2/. · . :-- -. 
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( p - i a) ~ - 2 i {3 Z ( n , ~~ ~- _ _ _ , ; 1i[ 
11-:--~cu .• -- :L\~0 .- -2-b.y . -z'v • ·-

r ne p = ·- -- 0 - ~a=------ =;_1.1 ---- - {3 = v -:-- .-
..... . .. _ ' cu r· ' ·. . ' . - n cu . - - . o· - . . r . . p r -y -

0 cZn · · · · - · _: 
"'-

4
--, -. vr(n,n}-6e3pa3MepHaSI' 'lilCTOTa 6eTa-
rrn · · 

~-(n, 0) 

·- e 2 · N 
TPOHHI>IX Kone6aaaii, v =- ·mcZ _. 2 rrr _. - noroaawii· 

-· • -. 0 .. 
:meKTpoa, N-..:· nonHoe ·qacno qac'Tau: B Kon~ou:e; y- penx-

-·~ THBHCTCKHH cjla~TOp a3HMyTanLHoto .I{BH)I(eHHX '3neiCTpOHOB. 
3Ha'leHHIO z = 1 . COOTBeTCTByeT. BenH'IHHa· HMDe,I{aHca 
-~z(~.n) . -- ·· .. -- ··:_.- _, ·-
:··. - n. _.=.,377 OM. '_,. _ 

·': llapaMeTp . a yKa3LIBaeT Ha: CTa6HnH3BPYIOID:YIO~ ponL,' 
pa.'36poca no 3aepra~M. ~~on~owoe. tracno 'lacTau: s ':Kon~o~e-: 

.. 'H 6oni.woii HMUe,I{aHC :'yBO.I{XT" · traCTOTy · HeyCTOH'IHBOH 
rapMOHHKH. !l oT n -ii rapM:oHHKH · tracToTw o6paau:eaax 'lac- · 
THU: n w 0. B pe3ynLTaTe· ny'loK c pacnpe.I{eneaaeM rayc,­
coacKoro TBUa_ MO)I(eT ·6WTL HeyCTOH'IHB H3"'3a 3KCDOHeH­
U:HanLHO .Manoro tracna .pe3oaaacawx. qacTHU:, 'ITO ,I{enae-f 
MeXaHH3M 3aTyXaHHX JlaH,I{ay He31}lclleK-iHBHWM. . 

- .. · H.Mne,I{aHC 'nytrKa B KaMepe c npoBO.I{XuUtMH. CTeHKaMH. -
MO>KHO npe.I{cTaBHTL- B BRAe cy.w:.w:w Z = Z0 + L\ Z,. r,I{e 
Z0 - _ a:Mne.I{aHc B cnyqae H.I{eanLHo :O:poBOAXID:HX- cTeHoK, 
6 Z - A06aBKa, CBX3aHHaX C HX KOHe'IHOH UpOBO.I{HMOCTLIO. 

Pacc.w:oTpBM ycnosae ycToii'IHBOCTH 3neKTpoaaoro KOnL-. 
na DpH . 6 Z ~ 0 _- B Hepe3'0HaHCHOH 'o6naCTH HMDe,I{aHC XB· 
nxeTCX 'IBCTO peaKTHBHLIM ('l =· i v) • B cnytrae (3<< l nepsoe 
npa6na)l(eHae .I{ae1-

p ,i(a ± y'2f3IVI),. V<o 
p = ± y2{3 V + i a , · V > 0 • 

Ecna a.w:ne.I{aac &MeeT eMKOCTHLiii xapaKTep ( Z = - i A, A> 0), 
TO B03MO)I(Ha aeycl-oii'IBBOCTL ( :{m p < 0) • Ycnosae ee no­
.I{asneaax HMeeT BBA 

I VI < 2_ a 
2 

2 {3 

6 

1 -2- v -1 6y 2 
=-1.1 (-) (-) 

2 r y - y /9/ 

~·~· 

.. -·· 

(. ,, 
"""" ' 

I 
J 

., 

\ 
'j 

1. 
l 
;l. 

,. J 

v -
~x ycToii'IHBOCTH ny'IKa · c _ napaMeTpaMH Y = 0,007, ' 
~= 3.10-2 , vr = 0,8, cornacao /9/, aeo6xo.I{HMO 

y . I vI ~ 40 OM; 
,lJ;nx pe_3HCTHBHOH .I{06aBKH 3a C';lel KOHe'IHOH DpOBO,I{B­

MOCTH CTeHOK Cylu;eCTByeT_ 4JopMyna f 2
t · 

-2r
0 

· - · 

L\Z=(l+ i)R--­
nh 

/10/ 
.. {} . ~ 

rAe R = ( --. -.) , a· - npoBOABMOCTL cTeHoK, r 0 - pa.I{Hyc 
Sua · . 

KOnLu;a, h - paCT.OXHBe Me)K.I{y CTeHKaMB. B TeX o6naCT.HX, 
rAe B03MO>KHa HeyCTOH'IBBOCTL otpau;aTe.JiLHOH MaCCLI (V<O), 
Manag pe3BCTHBHaX .I{06aBKa K HMUe,I{aHCY HeCylu;eCTBeHHa. 
TaK, aanpaMep, Alix y3Koro pe3oHaTopa (b/h = 5,ab/c,;,s.J06) 
nonyqaeM H3 /10/ 

6Z= 0,2 OM. 
EcnB:· V > 0, TO pe3HCTHBHhie 34>4JeKTLI - e.I{HHCTBeHHhiii 

HCTO'IHHK HeycToiiqHBOCTH, DpH'IeM ycnOBHe ee DO,I{aBneHH.H 
coana.ziaeT c /9/. B 3TOM cnyqae I VI ·cneJiyeT H3MeHHTh 
aa IZ I: · HMne.I{aHc cTeHoK KaMephi a ... KoppeKTopa' 6Lm 
H3MepeH · c noMOII.\hiO aaanoroaor·o MeT<?Aa::, H3JIO>tceaaoro 
B npano>KeHHH. 

3. PE3YJlbTATbl H3MEPEHHH 
3.1. H3MepeHue peaA&iwu t~ac111u u.MneoaHcac111eHoK Ka.Mep&r 

C noMOII.\hiO MeTo~a 6erylu;Hx sonu /c:M.npano>Keaae/ 
6Lina B3Mepeua peanLHaJr qacTL-HMDe.I{aHca 

1

CTeHoK l<aMephi 
R. llony'leHHLie 3Ha'lea:Hx npase.u,eHLi a Ta6n. 1. 3.I{ecL: 
n - . HOMep rapMOHHKH 'laCTOThl o6palu;eHil.H, f - qacTOTa . 

B M rll, I' 0 - pa.I{HYC KOn&u;a B CM. 

CornacHo 4JopMyne /10/ MHHMa.H qacTL HMne.I{auca 
cTeuoK J<aMepLI pauu.HeTc.H ero nelUeCTBeHHoii qacTH. H3 · 
pe3yn~o'iaToB H3Mepeuuii cne.I{yeT, qio BMne.I{aHc cTeHoK 
YAOBneTBopuTen&uo cornacyeTCH c TeopeTH'IeCKHMH pac­
'leTaMH H He npe.U,CTaBn.HeT onaCHOCTH ,I{nX ycTOH'IHBOCTH 
ny'IJ<a. Heycioii'IHBOCTL ue 6y.I{e1: pa3BHBaTLCX, ecna ~>10-2 

. . . y • 
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3.2. H3MepeHue uMneoaHca · KoppeKmopa 

Pe;JyJILTaTLI H3MepeHHJI Ha pa,D;Hyce HH:>KeKUHH HMlle,IJ;aH· 

ca KoppeKTopa ,IJ;BYMJI cnoco6aMH npHBe,IJ;eHLI B Ta6n.·2 • 

· KoppeKTOP npe,IJ;cTaBJiJieT co6oii. Heo,IJ;Hopo~HOCTL 6e3 

noTepL. Ilo,IJ;KJIIOqeHHe'oj( HeMy OKOHeqHoii Harpy:iKH npHBo­

,IJ;HT K llOJIBJieHHIO B HMlle,IJ;aHCe He60JILWOH peaJILHOH qaCTH 

/2-3. 0Ma/; BKJia,IJ;a B MHHMYIO qacTL HMne,IJ;aHcaoKoHeqHaJI 

Harpy3Ka He ,IJ;aeT •· . 
H3 pe3yJILTaTOB. H3MepeHHii cne,IJ;yeT, qTo HMne,IJ;aHc 

KoppeKTopa HOCHT eMKOCTHLiii xapaKTep Ha 2~4-oii rapMo-
-1 .· • 

HHKaX H HMeeT 3HaqHTeJILHYIO BeJIHqHHY. 

3.3. H3MepeHue co6cmeeHHbJX t~acmom u oo6pomHocmeii 
KaMepbl aoze3amopa 

.CorrracHo TeopeTHqecKHM pacqeTaM /Z, 3/;,IJ;rrJI ycToii­

qHBOCTH a3HMyTaJILHLIX KOJie6aHHH nyqi<:a He06XO,IJ;HMa ,IJ;06-:-

pOTHOCTL KaMepLI . 71 - p ~ 
Q < ~ (l - -) ' 

R 1J - - •• 

r,IJ;e 
a2 
-·-, 7]=.2{3 p- - BKJia,IJ; Hepe 30HaHCHLIX MO,IJ; B HMlle,IJ;aHC, 

. R- . BKJia,IJ; · pe3oHaHcHoii MO,IJ;LI. H3MepeHHJI ,IJ;o6poTHOCTH 

npoBO,IJ;HJIHCL B ,IJ;Hall8:30He qacTClT f = n /0,6-1,2/TTij 

TaK K~K HeycToiiqHBOCTL HaqHHaeTC~ C pa,D;HYCOB r O = 
= 8-4.-CM. · ' 

KaMepa a,IJ;re3aTopa B036y:>K,IJ;arracL '.c noMOIULIO neTerrL 

H WTLipeii, c4Ja3HpOBaHHLIX COOTBeTCTBYIOIUHM o6pa30M/CM. 

pHc. 1/. Pe3yJILTaTLI H3MepeHHii co6cTBeHHLIX qacToT 

H ,IJ;06pOTHOCTeii,- a TaK:>Ke HX TeopeTHqecKHe 3HaqeHBJI ,IJ;JIJI 

UHJIHH,D;pHqecKoro pe3oHaTopa c BLICO'roii h = 10· c.M npHBe­

,IJ;eHLI B Ta6JI. 3-7. - . 
rapMOHHKa qaCTOTLI o6paiUeHHJI KOJIL:Ua npH C:>KaTHH 

¥O>KeT COBllaCTL C co6CTBeHHOH qaCTOTOH KaMepLI a,IJ;re3a- -

Tapa. B crryqae 6orrLrnoii ,IJ;o6poTHOCTH KaMepLI 3TO npHBO­

,IJ;HT K HeyCTOHqHBOCTH. 
H3 ycrroBHJI B03pacTaHHJI aMnJIHTY.ziLI B KoHeqHoe qHcrro 

pa3 npH - npoxo>K,IJ;eHHH pe3oHaHca BLITeKaeT orpaHHqeHHe 
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Pac. L ·CxeMa H3Mepeuus pe3ouaucuwx 9acToT li .t\06p~T­
uocTeii KaMepLJ a,l:\re3aTopa. L reuepaTop • .:2. ATTeHJOaTop •. 
3. Jlauas. :4. CornacoBauuas uarpy3Ka. 5. Ua4JpoBoii Bon:bT-. · . · 
MeTp:··-:6. ~eTeKTopuas, ronoBKa. 7_. A.t\re3aTop.' -8. Bo3- ·. 
6y>K.naJOIIUie neTna. 9. llpaeMuas neTns. · , . 

·-1' 

Ha CKOp~_CT~ 'C:>KaTHJI c: / 3/: B pe:JoJ:iaTope c·.f,l:\o6poTiiOCTLIO 
HB>Ke ,noporoBoii ueyCTOH'IHBOCTL pa3BHBaTi.cs ue 6y,l:\eT • 

. . lionLwee :qacno co6cTBeHHLIX ·' qacTOT .B · pe3oHaTope co 
c4Jepli.fecKHMH CTeHKaMH no cpaBHeHHIO c l{HHHH.t\PB'IeCKHM 

. pe30HaTOpOM, B03MO:>KHO, 06bJICHJieTCJI. TeM; tlTO HapJI,I:\y 
~C. OCHOBHLIMH B036y>K,I:\aHHCL H ,1:\pyr&e THllLI BOn:fl. . 

·. : ~o6pOTHOCTH KaMepi.r uaH-MO,I:\a:X OKa:JwcL.HeCKOHLKO 
6onLWHMH, -'leM Tpe6yeTcs ,1:\HJI ycToii'I&Bo·cTH a3&MyTanLuwx 
Kone6auaii KonLtta c qa.cnoM :meKipouoB N==3.I013 /eM 121j, 
. e· . • 

HO ee reoMeTpHJI BLI6paua TaKHM o6pa30M, 'ITO pe30HaHCLI 
ne'pswx, uaa6onee. onacliwx, rapMoHHK~'IaCTOTLI o6pall\eHHJI 
OTCYTCTBYJOT. 3To· 6wno npoBepeuo 3KcnepaMeuTanLHO. 

' ~ ~ . . ~ 

. ~o6poTuocTa KaMepw ua E:- Mo,l:\ax B ocuoBHOM oKa3an&CL 
B npe,l:\ena:X Tpe6yeMLIX .t\HJI ycToii'IHBocTH aKca_aiiLHLIX Kone_-
'6auaii KonLtta c Ne==3.I013• · . · .· ~--
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B 3aKJIIO'IeHHe • cne;:r;yeT. 3aMeTHTL, 'ITO ;:r;o6poTHOCTH 
Ka~epLI aa onacaLix, Mo;:r;ax.Mo,.ffio·.noHH3HTL -c noMoiQLID 
nornoiQaiOIQHX MeTaJmH'IeCKHXI}JOnLr.·H CIIel.UiaJILHLIXUOKpLi--. 
THH • .• 

.-. 

. IIPHJIO)I(EHHE. .. ; . 
~ ' 

4. MET0,4HKA'H3MEPEHHH HMIIE,lfAHCA. 
-, ' 4.1. Memob .CIIOJI'IUX BOAH . • 

Ily'IOK H CTeHKH npe;:r;cTaBnRIOT coGoii nHHHIO, KOTOPYIO 
MO>KHO . CMO~enHpOBaTL, ·. 3aMeHHB IIY'IOK MeTannHqecKH:t.{ . 
rrpOBO.AHHKOM ::c xopomeii rrpOBO.AHMO.CTLID. · Te CBOHCTBa , 
peanLHOH JIHHHH, KOTOpLie orrpe;z:r;enRIOTCR CTeHKaMH jpe­
iHCTHBHaR HeyCTOH'IH~OCTL/, MOryT 6LITL H3y<ieHLI C 
IiOMOII(LID aHanorOBOH -:rmHHH. · 

Bxo;:r;Hoe · conponi~neHHe o;:r;Hopo;:r;Hoii ··nHHHH --.AnHHoii >f 
OIIHCLIB8:eTCa I}JopMynoii:' . . 

ZHChyf +'Z BOJIH Shy! 
ZBX = z BOJIH 

z ch r e:+ z Sh r e 
BOJIH · H 

/11/~ 

r;z:r;e Z H - ~OIIpOTHBneHHe Harpy3KH, Y ==a+ .j {J - IIOCTORHHaR 
.pacrrpocTpalleHHR. KaK .AJIR KopoTKoro.3aMliiKaHHR, TaK H _. . . 
;z:r;ng _ xonocToro. xo;:r;a BXO.AHoe conpoTHBneHHe nHHHH HMeeT · 
OCTpLie. pe30HaHCLI. llo ,A06pOTHOCTRM Q 3TH::C pe30HaHCOB 
MO>KHO .. Orrpe,nenHTL aKTHBHYIO 'laCTL HMIIe,AaHCa, a IIO C,ABHry 
pe30HaHCHLIX.'IaCT.OT !!w - ~ro peaKTHBHYIO 'laCTL •. 

B 3Toii l}lopMyne MO::>KHO yqecTL BnHRHHe cocpe;:r;oio'leH­
Horo HMrre;:r;aHca Z L .AnBHOH f 2 , . H-aXO.ARIQerOCR mt pac­
CTOR~HH ! e 1 OT aaqana JIHHHH. Ero BKna;:r; B Q H f! ~ 6y;:r;eT 
3KBHBaneHTeH BHeCeHHIO HeKOTOpOrO 3cWleKTHBHOrO pacnpe ~ 
.zieiuiHHOrO- HMIIe,AaHca Z~lfl : BXO.AHOe COIIpOTHBneHHe nH­

HHH _C HeO,AHOPO.AHOCTL~ MO>KHOpaCC'IHTaTL., ecnH 3aMeHHTL 
HeO,AHOpO,AHLIH y'laCTOK nHHHeii: C BOJIHOBLIM COIIpOTHBne­
HHeM Z ' BOJIH. H3MepHB · BXO.AHOe COIIpOTHBneHHe JIHHHH 
C HeO,AHOPO.AHOCTLIO, H3 ~ony'leHHOH I}JopMynLI nerKO Haxo-. 
.AHTCR Z' BOJIH. 

17 



,·. 

• 

. • · 4~2. Memo() 6ezy111ux eoAH 
4~2.1. H3Mepeuue aKTHBHoii· qacTH HMne.n;auca 

EcnH C03,D;aTL B JI11HHH pe)KJIM 6erYI~U~X BOJI11, TO, H3· 
Mep.H.H aMnnHTY,D;Y_ CHrHana Ha BLIXO,D;e, MO)KJIO onpe,n;enHTL 
ai<TBBHYIO qacTL. HMne.n;auca · ci-euoK R -. cne,n;yiO~M o6pa-
30M. AMnnHTy,n;a 6eryiu.eii uonHLi 3KcnoueunuanLHO y:MeuL­
waeTc.H u.n;onL nHHHH H3- 3a pacnpe.n;eneuuoro aKTHBHoro 
conpoTHBneHHJI R, - n 

u =· ·u 
0
- e. 2R5 , 

r.n;e R13 - ;oonuoao~ conpoTHBneuue nHHHH. ·cquTa.H conpo-. 
THBneHHe R' ManLIM~ Haii,n;~M H3MeH~HHe aMnnHTy.n;J.i CHr· 
Hana.Ha BLIXO,D;e nHHHH OTHOCHTenLHO. BXO,D;a 

" .~ ~ . ' 

· ·R'z 
~u = u 0 --. 

. 2R
5 

- /12/ 

fipOBO,li;JI H3MepeHHJI ,li;!IJI· CTeHOK H3 'aniOMHHHJI H Hep>KaBeiO· 
au;eii cTanH H y'IHTLIBa.H, 'ITO npoao,n;HMOCTL aniOMHHH.H 3Ha­
'IHTenLuo BLIWe, MO)KHO HaBTH aKTHBHYIO 'laCTL HMUe,D;aHCa 
R :: R' • 2rr r . 0 

4.2.2. H3Mepeuue peaKTHBHOii qa.cTH HMne.n;auca 

H3Meueliue MHHMoii qacTH HMne.n;auca · onpe.n;en.HeT "H3-
MeHeHHe ~3oaoii cKopocTH pacnpocTpaHJIIO~XC.H TEM -
BOnH H HX BOnHOBOrO 'IHCna. HaiiTH H3MeHeHHe. BOnHOBO· 
ro 'IHC.Jia MO)KHO C UOMOIIJ;LIO. ·H3MepHTenLHOB nHHHH / 4/, 
CyTL . MeTo.n;a · 3aKniO'IaeTc.H B 3aMeue aniOMHHHea:wx cTeHOK 
CTeHKaMH_ H3 Hep>KaBeiOau;eii CTaJI11 H H3MepeHHH H3MeHeHHJI 
BOnHOBOrO 'IHCna. 

. IIpuae.n;eM u:wao.n; · cllopMyn:w,- CB.H3:WBaiOau;eii H3Meueu&e 
MHHMOB qacTH HMne.n;auca auanoroaoii nHHHH c H3MeHeHHeM 
uonuoaoro aeKiopa. /I I. 

. 3anHWeM BOnHOB:We ypaBHeHHJI ,n;n.H CK.an.HpHOI'O, H BeK· 
Topuoro noTeunuanou: 

18 

-+ . 

!>.A.-
1 

c2 

a z;. 
at 2 

=-

> ._. 

4rrj 

-C 

. A,~.. . 1 . a 2 ,~, -
4 u 't" -_ -· ..:::....;.z_ = - TT p • 

. c2 a t 2 /13/ 
. . -+ 

BeKTopu:wii noTeHu;Han A H cKan.HpH:wii noTeHu;Han ¢ CB.II3au:w 
KanH6pOBO'IHLIM COOTHOWeHHeM Jlope~a. 

divA + _!_} ¢ c a;: = o. . /14/ 

TaK&:M o6pa30M, .n;oc'raTO'IHO p_ema:TL BOJI1IOBoe ypauueaue 
TonLKo ,n;n.H A. HcnonL3Y.H u;HnHH.n;pa:qecKyiO cucTeMy Koop­
.nuuaT, MO)KH~ uaiiTH 3neKTPH'IecKoe ·none ua npoao,D;HHKe. 

iO c 2 . a2 

EO= - --- ( 1 - -· -_- ) A - E I , . 
c OR ao2 e .. /15/ 

r.ne 2 a 1 a . . aA c / .. z; ) E = - i -- - ( - -- ( r A r ) + -.-.- z = 0 l - 0 R a() R a r· r = R a z · 
PaCCMOTPHM CJ1y'laii, KOr,n;a auanoroaa.H JI11HHJI COCTOHT H3 
caepxnpouo,n.H~x cTeHoK H neHTpanLuoro npoao.n;HBKa. IIpe­
iie6pera.H ero KOHe'IHOii To~uoi, 3anuweM nnoTHOCTL 
TOKa B BB,ll;e 

j = ie= J~_B(r- R)B(z) 

r.ne n OR 

iOt-inO 
e /16/ 

veil 
Pema.H ypauueuue /13/ c TaKoii cllopMoii TOKa B npauoii 

'laCTH H llO,D;CTaBJIJIJI pe3ynLTaT B /15/, Haii,n;eM 3neKTpH• 
'leCKOe none. E e B6nH3H npOBO,li;HHKa. Y'I.HT:WBa.H __ Ar = Az;, 0 
H TO, 'ITO coMHO)KJITenL, cTo.H~ii npu Ae, 

.·:, ::::-;.-;,.,;:..~~~;: :_-.. !' ", -.1---

c 2~ 2 1 
= 1-- = 0 

{32 
1 -

n 2R2 



) '< 

B CHJIY v ¢"" c, Haii:neM Ee =-: 0 Ha noaepXHOCTH npoBO):{· 

HHKa. 

PacCMOTpHM CJiy\mii, KOr):{a CTeHKH HMeiOT KOHe'IHYIO 

npOBO):{HMOCTb'; . 
· Tor:na TOK B :u;eHTpai:IbHOM npoao):{HHKe 

- . iOt-.i~H 
j = je·,;.In o(~- ~) o(z) e 

/18/ 

r:ne = ·. OH "¢ 
n = ---riC: ' {j = -;:-: 

P~weHHe:Mji3/ 6y:neT 

... n ' 'c2-~2' '·-
Eo<-- i '"7- (1- ---~) A0 - E.(~). _1191. 

t·~· :n2R2 -+ ·. . 

IloTpe6yeM E () = 0 B HyJieBoM npH6JIIDKeHHR. BBO.I(H -.. 

L\ n = n.:, ri, llOJIY'IHM H3 /19/ 

L'1n . l < E I (~) _-+ __ _ 
2 iOAe /20/ 

n 

Y'IHTbiBaH Ao=-: L, In H BCllOM.HHaH onpe:neJieHHe HMne:naaca, 

nony'IHM H3_ /2Q/ - ··~-- .. · . . · 
lm··z·';, :lrr.Ri i'i"L' ~. · · · n · /21/ 
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