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1 Bae;a;emie· 

: Yny-,uuemrn KoopAm~aTHor~ pa::ipcwcmrn npmion?~mi,ix geTeKTopoi HeBo:JMo;,t,
Ho 6ea· Il0Hl!Ma!pIJJ 0CH0BHbIX. MCXaHlmMoB, orpaHll'll!BalOll.\lIX l!X BHyTpeHHIOIO 

• . : • . ·. . I 
TO'IHOCTb. I( ·HUM 0TH0CllTCll cpiiyKTya1.1;u11 11omma1.1;noHHbIX Il0Tepb :3Heprm! B 
pa6o'!eM _061>eMe AeTeKTopa, All<p<pymrn KII~CTcpoB uomma1.1;m1 B npon;ecce nx 
Apencpa K c1trHaJibHoi'1 np0Bo110•11cc, ·a TaK;,t(e qmyKTyan;xm ranoBoro ycxmcmiJI B 
npon;ecc~ o6panoBaHUJI GIICKTpoimoii 11aB~m1,1 oKorro npoB0II0'IKn [l, 2]. B AaHHOII. 
:lKe pa6oTe 0illICbIBaeTCll mficpeKT ,· KOTOpbiii :a' HCK0TOpbIX CJIY_'laJIX TaK;,t(e M0;,t(CT 
orpaHU'IIIBaTb K0OPAIIHaTHOe panpei:uem1e. . . . .• ·. . · .. : . . · 
.. ,Il;o CIIX nop C'llITaJIOCb, 'IT~ . ccmr CIIrHaJibHbie HIITii npoiic'irro"IHI,IX ACTeKTO~ . 

poB HaX0AJITCll B 3lleKTp0CTaTII'ICCKOM paBHOBCCmi; TO OHll HenOABi!;,t(Hbl. MbI.:lKe 
CTOJIKHYnI!Cb c· JIBJieHl!CM BII6pa1.1;1111 CllrHaJibHOii Hl!Tl! 13 Apei'1cpoBbIX Tpy6KaX m>A 
AellCTBIIeM o6ny'leHlIJJ. KoncGa.mrn Hl!Tll B0:JHl!Kam! npu ·no/iHecemm K. TpyGKe 
pa~uoaK'Tl!l3IIOro l!CT0'IHl!Ka 11 IlJJCKf><tll.\

0

aJIIICb IlJ>U YAMCHlll! ero:Ai..i:rinnTyAa K~
·ne6aHIIll 13aBI1cena ·KaK oT UHTCHCI;B·uocin 06ny:1emrn,· TaK u ·oT. ripxmo~cuuoro. 
K Tpy6Ke HanpmKCHll!I. Ilpu:noM ACTCKTO}l pauoTan UC:J KaKi1x-rrn60 :JaMCTHbIX 
II:JMeHemu1 n ero pa6o•mx napaMeTJJax; · · · · · .• . . . 

C BII6pan;ueii curHaJibHhIX Hl!Tcii. y,K~ .cn1JIKI1Bam1cb npn cTpcm-rerrbcT~~ 6onh
. umx riponop1.1;1IoHanJ;n1,1x KaMcp, ~orAa caoGogHa11· Amrna c11riianbH~1x uiiTeii npe

•: ·BocxoAima npeAerr G.neKTpocTaT11•1ccK011 CTa.UimhnocTU [3]; ·8ToT_ -rnn·BI16pa1.1;m1 
conpOBO;,t(AaeTCJI oua•mTen:hHblU YJJ0BHCM uiyMoB, OTHOClITeJibHO 6oJibllli!M TOKOM 
B n;er:iix IICT0'IHIIKa_ BhlC.OKoro Hanp11,KeH1IJJ [4, _5] II He naimcl!T o_T Il}JUCYTCTBnJI l!C-
TO'IHl!Ka_ BHelllHeii pag11a.1.1;m1. · . . . , , .. · .: 

. ·Ha6rr~AaBn.;11iicJI HaJ-.m n"cpqicKT npoIICXOAilJI B Ape11cpc>BOll Tpy6Ke, B KOTOpoii 
ycrroBIIe GlleKTpocTaTII'JecK011 cTaUIIJibHOCTII cnrH.anbHOII HUTH 6blrro naBeAqMo Bbl-_ 
Il0lIHeHo. KaK IlOKa:JaJIII pac•IeTbI1 lI:JMeHeH11e Cllllbl :JJieKT!JOCTaTU'leCKOro B:JallMO~ 
AeHcT_BIIJI cl!rHanbnoi'r npoBorro•mu c KaToAdM B: ripon;eccc perl!cTpan;nn nommnpy-

: 101.1..\l!X -qacTHI.~ TU.K:lKe He MmKeT npt!BeCTII K BO::JH.IIKHOBCHl!IO Kone6aH11ii::JaMeTHOl!, 

aMnmI'l'YAbI, Bc'ii:re~ ~oro, B 37'0~1 cnyqae pam.mx Korre6amrn He AOJI;,t(eH :JaBiiceTb 
.. _ OT MecTa o6ny~emrn Tpy6Kn, :ii To BpeM!I KaK MhI na6JI10Aan;1 GT/nanucnMOCTb. 

B OCHOBe paccMaTplrnacMoro l!BJ{eiurn ~C;,t(l!T ·1mal!MHOe OTTaJIKHBaHl!e' norrmKii
TeJiblio :JapJI;,t(CHH0ll cnrmlJiblH)ii HIITII II oGnaKOB lIOH0B, OCTaBllll!XCJI Il0Clle Hell

. Tpannnan;nn ;me.KTpoHnoii •racTu nainm 1m npoB<JJIO'IKe. OAHaKo Bcrri1'luna c1m1,1, . . " . , '" . .. ., 

BbI:JBaHHaJI B:JaJIMHb!M 0T"l'MKIIBamreM IlJHJB0lI0'!KII I! napJIAa llRBIIHbI OT 0TACllb-· 
nox"x 'lac·TIIl.l;bl, IlOPJIAKa 10-9-10-:8 II II HeA0CTaT0'IHa irrJI BO:JUY)KAeHlIJI :JaMeTHblX 
KOJie6aiixiii HUTU, HaTJIIIYTOII c' CI!lIOl! 0,5'~5H. Ilo3TOMY mm6orree BepOJITHOx°! npltc 

.. 'IIIHOII B116pa1.1;nn c1irHanbH01·1 n1wnorro'IK1t JIBlIJI~TCJI qirryKTyan;im cxm· oTTaJIKJtDa
Hl!Jij BbI:JBaHHbIC perncTpal.{JieII MHOriiX ~IaCT;ll.l;. IlpnMep Toro, 'ITO :3<p<peKTbI,·BbJ
:3BaHHb!C cprryKTya1.1;1111MiI lle:JHU.'!lI'tellbHb!X_ no nenll'll!He Cllll, MoryT 6b!Tb HaUlIIO
AaeMbI, JIBlI!ICTciI 6poyHoBcKoe ABmK~Hue Kancn~Kll Macna noA Ae11cTnneM <pnyKTY- · 
a1.1;ui'1 AaBJieHIIJI 0Kpy)l,a10.ll.lei'1 ee· ;imAKOCTII, X0TH caM·O AaBlICHl!e CCTb p~:JYllbTa< .. 
YAapoB Kpollle'!Hb!X MOlICKYll.)KiiAKOCTll 0 Il0I!CPXH0CTb Kanmr. 
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Puc. 1. CxeMaTH'lecxoe u306pruKeHne Apeii:4>onoii Tpy61m 

2 cl>HOH'leCKcUI Moµ;eJib JIBJieHHJI 

PaccMoTplIM l.l;l!l'll!HAPlI'IecKyIO Tpy6Ky paµ;nycoM R, µ;JUIHOH L, c HaTJIHyToii 

BHYTPlI c Cl!JIOM T npoBOJ'IO'JKOM, paµ;IIycoM r n mrneirnoii: Ill'IOTHOCTblO p ( CM. pnc.1). 

IlycTh y(x, t) - npoexnxrn cpopMhI Hl!TlI Ha BbI6prurnoe HanpaBneHne. Torµ;a B npn-

6nn:lKeHIIU MaJlhIX oTKl'IOHeHUll ( ( dy / dx )2 ~ 1) Kone6aHIDI HllTlI noµ; µ;eii:cTBlieM 

BO:JMyma10mnx Clill 6yµ;yT onnci:iBaTbCJl crreµ;yIOIUlIM ypaBHeHUeM: 

a2 ; • a a2 · ,. ·· · · · 

Pat; +7oa~ -Tax~ -'-Ky=-g~+f(x,t), 

rAe. 
10 

- Ko0cpcpn1.1;1IeHT cl!JihI -rpeHl!JI (FTP = ,ijf ), µ;eii:cTBy10meii: Ha eµ;nHnny 

)J;llllH~ Hl!Tl! co CT?J)OHhI_ rana; ,K = (;;~}j;~ -:- K00qJqJl!UlieHT 0rreKTpoc'l'.aTlI'ICCKOM 

ClillhI (Fon = KY), V - HanpJI:lKeHne Ha Tpy6Ke, fo - µ;n3rreK_TplI'Iecim11 npoHl!l.l;ae

M0CTh BaKyyMa. f(x, t) - lllIHellHaJI IllIOTHOCTb BHeumeii: BO:JMyma10w.eii: Cl!llbl, KO-\ .. , 
TopaJI npeµ;cTaBITJieT co6oii: crry'!allHYIO cnny, conµ;aBaeMyIO xaoTu'IeCKllMll TOIT'I-

xaMlI OT crycTKOB norro:lKnTellhHhIX 110110B. Cnrroii:, µ;eii:cTBy10meii Ha HlITb co cTO-

poHhI 0rreKTp0HOB, MO:lKHO npeHe6pe'Ib. . . 
HaII60llblllaJI lllIHellHaJI IllIOTHOCTb cnrr, µ;eIICTBYJOIUUX Ha HlITb co CTOpOHbI OT-

µ;errbHOro uoHa, cocpeµ;oTo'IeHa B o6nacTII lxl ~ R, KOTOpaJI cymecTBeHHO MeHhlllC 

npocTpaHCTBeHHoro nepnoµ;a nepBbIX rapMOHlIK Kone6aHull HUTH: R ~ L. Ilo

BTOMY MO:lKHO naMeHUTh peaJlhHOe pacnpeµ;eneHne µ;ei'1cTBy10mux Ha npoBono'IKy 

cl!ll paBHC>)J;,e~cTBy10me11 BTl!X cxm, npnrro:lKeHHOM B oµ;Hoii TO'IKe: 

J; ~ F;5(x), rµ;e F; = jJ;dx = y}~~~)' 

rµ;e Yi - paCCTOJIHIIe OT HlITlI µ;o lIOHa, Hecymero nap.11µ; q;. 
,I(pyroe np1I6ll1I2KeHlie MOµ;emI OCHOBbIBaeTCJI Ha TOM, 'ITO B µ;eTeKTOpax o_6bI'I-

HbIX panMepoB MaKClIMaJlbHOe BpeMJI µ;peii:cpa lIOHOB ( twu:c < 1 MC) ropanµ;o MeHbllle 

nepuoµ;a nepBbIX rapM0HIIK co6cTBeHHhIX xorre6aHlIM HUTU (> 20 Mc). IloGTOMY 

peaJIIICTll'IHO paccMaTplIBUTb µ;eii:cTBlIC ClillbI O;TaJIKllB~U.!I KUK MrHoBeHHblll yµ;ap 

~-~~ ~- ~ ~') 

·3 f'~.,. ', t' .,\y; 

~.,r:-J' 
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no HUTH: 

J q; J q;R F; = P;8(t), P; = F;dt = µ vdt ::;::;j µ' (1) 

rµ;e µ - noµ;BHJKHOCTb nonoJKHTenbHbIX H0HOB. 
Torµ;a pe3ynbTHpy10uzy10 cuny Bcex IIOHOB B i-M co6hlTHH MO)KHO 3anncaTb B 

cneµ;y10rn;eM Bnµ;e: 

Q;R 
f;(x, t) = ,,/K-8(t - t;)8(x - x;) cos q>;, 

µ 

rµ;e Q; :- nonHblll 3apHµ; B co6bITIIH, q>; - yron Me)K}J;y OCbIO y II nepneHµ;IIKynHpOM K 

' TpaeKTopuII '!aCTllUhl B µ;eTeKTOpe ( CM. puc. l), t; ,, Xi - COOTBeTCTBeHHO BpeMH II 

Koopµ;uHaTa co6bITHH. K - KoacpqmuueHT nponopuuoHanbHOCTlI MeJKµ;y "µ;eIICTBy

IOLU;UM" cpeµ;HUM KBaµ;paTOM 3apHµ;a II II3MepHeMbIM cpeµ;HHM KB~~paTOM 3apHµ;a: 

K = [~ q; cos( ef>; - J)]2 /[~ q;]2 . 
J J 

Ero' BenU'IUHa'3aBUCllT OT. CTeneHU OKpyJKeHIIH o6naKOM nonoJKUTenbHhlX UOHOB 

npoBOnO'IKU.,K MO)KeT npIIHHMaTb ,rna'IeHUH OT 0,npu paBHOMepHOM oKpyJKeHHH 

HUTU UOHaMU, µ;o 1, Korµ;a HOHbl cocpeµ;oTO'IeHhl noKanbHO.C oµ;Hoii CTOpOHbl HUTU. 

,Il;nH nponopuIIoHanbHhlX CIIrHanOB CTeneHb oKpyJKeHHH 3aBUCIIT OT BenII'-IllHbl ra-

30BOro ycuneHUH, OT µ;uaMeTpa npOBOnO'-IKU; a TaKJKe OT COCTaBa ra:JOBOII CMecu 

[6]. IlonHOe OKpyJKeHIIe H~HaMH HIITII pealIH:JyeTCH T~nbKO npu 6onbIIIIIX 3Ha'Ie

HUHX KoacpqmuueHTa l'a:JOBOro ycuneHIIH II TOHKOH HUTH. B OCTanbHblX )Ke cny'IaHX 

naBIIHa pacnonaraeTCH BOKpyr HUTH acJIMMeTpH'IHO. OueHIITb BenII'IIIHY KoacpcpII

UIIeHTa J{ MOJKHO npeµ;nonoJKIIB, 'ITO nonOJKHTenbHbie MOHbl B03Bparn;aIOTCH no 

TpaeKT~PIIHM ~peiiq:ia aneKTpoHoB nepBH'IHOH IIOHH:Jaum1. IlpII ycpeµ;HeHIIII no 

BCeM B03MOJKHhlM TpaeKTOpIIHM '!aCTIIU Heo6xoµ;uMo npoBOl];IITb Bhl'IIIcneHIIH µ;nH 

cpeµ;Hero KBaµ;paTa 3apHµ;a, TaK KaK HMeHHO OH BXOl];HT B OKOH'-IaTenbHhle Bhlpa

JKeHIIH µ;nH aMnnIITYl];hl Kone6aHHii: 

l[·v'f-=-? ]
2 

1[ v'f-=-?.]2 
· K ::;::;j j j ~ dy / j . j dx dy = G - ½ ::;::;j 0.416, 

0 0 +y 0 · 0 

rµ;e 
+oo ( l)k 

G = L ( ; )2 ::;::;j 0.916 - nocTOHHHaH KaTanaHa. 
k=O 2 + 1 

OKOH'IaTenbHO BblpaJKeHIIe µ;nH mrne:i'rnoii nnoTHOCTII B03Myrn;a10rn;eii CHnbI IIMe

eT cneµ;y10rn;IIii BMµ;: 

f(x, t) = ,,/K(R/ µ) L Q; cos q>;8(t - t;)8(x - x;). 

IlpII CUMMeTpH'-IHOM 06nr1eHUII HHTII cos ef> = 0, noaTOMY II cpeµ;Hee 3Ha'-IeHIIe 

CHnhl f(x, t) = 0. Oµ;HaKO aBTOKOppemI~OHHaH <l>YHKUJIH B03Myrn;a10rn;eil: ClillbI 

4 

OTnII'!Ha OT HynH: 

(2) • Q2R2. 
8f(x1,t1)8f(x2,t2) = Id(1-2-J(xi)8(x2 -x1)8(t2-'-- t1), 

µ . 

rµ;e j ( x) - :Jarpy:JKa Ha eµ;1rnuey µ;nIIHhl, a Koa<f>q:iuuneHT K1 = cos
2 

ef> :JaBIICHT OT 

yrnoBoro pacnpeµ;eneHIIH µ;eTeKTUpyeMhlX '!aCTIIU II npIIHIIMaeT :JHa'IeHUH 1/2 µ;nH 
paBHoMepHoro no yrny pacnpeµ;eneHIIH u 1 µ;nH '!aCTHU, nepeceKaioiunx n:nocKOCTb 

Ha6n10µ;eHHH B OCHOBHOM nepneHl];HKynHpHO. . . 
Hae IIHTepecyeT oTKnoHeHIIe npoBono'IKH OT cBoero cpeµ;Hero nonoJKeHUH 

U = 8y = y - y. Bhl'IIITM II3 ypaBHeHHH µ;nH y(x, t) ypaBHeHIIe µ;nH cTaUIIOHapHoii 

q:iopMbl npOBOnO'IKII y( X ), nony'InM: 

a2u au a2u p-
8 2 

+ ,o-
8 

- T-
8 2 

- ,,,u = 8f(x, t) ; U(0, t) = U(L, t) = O. t t X .. ' · .. 

PeIIIeHIIe aToii :Jaµ;a'IH MeToµ;oM <t>ypbe 

. L 2 +oo . . . · .. 
U(x, t) = LL Xn(x) j Xn(x1)[Tn(t) * 8f(x1, t)]dx1 

p n=l 0 

rµ;e Xn(x) = sin ("'t), Tn(t) = ~e--yt sin(wnt), w~ = win - 1
2 = 'L("'J;)2- Ii - 12, n .. p p 

1 
= ,o/(2p) - norapIIq>MII'IeCKIIii µ;eKpeMeHT 3aTyxaHUH. Torµ;a cpeµ;Hnii no µ;nIIHe 

KBaµ;paT OTKnoHeHUH 

L LL 
1 2 +oo L J U2(x, t)dx = 2pL J J Xn(x1)Xn(x2)[Tn(t)*8f(x1, t)][Tn(t)*8f(x2, t)]dx1dX2-

o p n=l O O . 

Y'IIIThlBa!I, 'ITO f(x, t) HBnHeTCH cTaUIIOHapHbIM cny'IaHHhlM npoueccoM, ,TO 

ecTb 8f(x1, t1)8f(x2, t2) 3aBIICIIT TOnbKO OT T = t2 - t1, µ;nH cpeµ;Hero no BpeMeHH 

KBaµ;paTa OTKnoHeHHH nony'IIIM' 

L__ LL . 
l J l +

00 

1 J J L U2(x, t)dx = 2V ~ ~ Xn(x1)Xn(x2)X 
0 P I n-1 On 0 0 

+oo . 
x j e--y-r [cos(wn-r)+; sin(wn-r)),8J(x1,t)8f(x~,t+-r)d-rdx1dx2. 

0 n 

IIoµ;cTaBnHH B µ;aHHOe peweHIIe (2), nony'IaeM 

L____ _ + L 
l J 2( )d KK1 Q2R2 ~ 1 j·( )X2( )d . L U X, t X = 

2 2 L2 --2 - L..J ~ J X n. X X. 
0 P I µ n=l On O 

5 



Bhl"IHCJIHM 

+oo X~(x) pL2 +oo sin2(kt) pL2 7r • 
Z = I:-2- = T 2 L k

2 2 = - 2 -[cota,r(cos2at- l) + sm2at], 
· n=l Won 7r k=l - a T1r 4a 

r;a;e a 2
_ = (t.L2)/('rr_2T),. t = 1rx/ L. Ilpi1 BhlnorrHeHirn ycrroBHH arreKTpocTaTn"IecKoii 

CTa6HJihHOCTll HIITII. a 2 ~ 1, Kor;a;a BJIHHHIIe aJieKTplI"IeCKoro nomr Ha "IaCTOThI 

rapMOHIIK He3Ha"IHTeJibHO, IlOJIJ"IIIM 

L 

J. vpL2 

J(x)Z(x)dx ~ -T K 2 , 
12 . 

0 

r;a;e V - IlOJIHM 3arpy3Ka ;a;eTeKTopa. IlpH paBHOMepHOM o6rry"IeHIIII Tpy6Kn 
2 2 · 

I<2 ~ 1 + ''i: . Ecrr1I )Ke noTOK "IaCTIIIJ; rroKarr1IaoiiaH Ha paccTOHHIIU s OT n;eHTpa 

Tpy6KII, TO K2 ~ H(s) [1 + ";:2 

H(s)], rp;e H(s) = ~[1- (¥)2). 
OKOH"IaTeJibHOe Bbipa)KeHIIe ;D;JIH cpep;HeKBap;paTII"IHoro OTKJIOHeHIIH HUTH HMeeT 

crrep;yIO~IIii: BHp;: 

(U) = (Q)R✓KK1K2 v . (3) 
µ 24 Tp, 

TaKHM o6paaoM, cpep;HHH aMnJIHTyp;a B1I6paIJ;1III HIITII nop; p;eiicTBUeM o6rry"Ie

HIIH 3aBHCHT OT BeJIII"IIIHbI raaoBoro YCIIJieHUH H aarpy3KII ;a;eTeKTOpa. Macn1Ta6 

)Ke KOJie6aHHH onpep;errHeTCH raaoBOH CMeCbIO II napaMeTpaMII ;a;eTeKTopa. EcJIII 

MaKCIIMaJihHOe BpeMH ;a;peii:<f>a IIOHOB MeHbllle nep1Iop;a KOJie6aHIIII nepBoii rapMo

HIIKII, KOHKpeTHaH KOH<f>nrypan;HH arreKTpII"IeCKoro IlOJIH He BJIIIHeT Ha BeJIH"IIIHY 

BH6paIJ;1I1I. B aToM crry"Iae aMnJinTyp;a Korre6aHIIH aaBHCHT TOJihKO OT norrHoro 

nyTH p;peii:<f>a IlOJIO)KIITeJibHbIX IIOHOB, II norry"IeHHYIO <f>opMyrry MO)KHO npHMeHHTh 

;D;JIH ;a;eTeKTOpOB c JII06oii: KOH<f>1Irypan;1Ieii: IlOJIH. Crrep;yeT OTMeTHTh, 'ITO paaMax 

KOJie6aHIIH npHMO He CBH3aH HII C p;mrnoi'r, HII C p;IIaMeTpOM npoBOJIO'I!(II, a mtBIICIIT 

TOJihKO OT HaTH)KeHIIH II IlJIOTHOCTII HIITII. 

Ha pnc.2 np1rne;a;eHhl peayJihTaThI Bhl'IIICJieHnii cpep;Heii aMIIJIHTJl];hI BH6pan;111I 

CIIrHaJihHbIX HHTeii B p;pet'i<f>oBbIX Tpy61mx pap;1IycoM 1 CM B 3aBIICIIMOCTII OT Be

JIH"IIIHbI aarpy3KII ;D;JIH pa3Jill"IHbIX ::rna•reHllll cpep;Hero aapHp;a B co6bITilll. Bep

XHIIe rpaHHIJ;bI KOplip;OpOB l];JIH <f>IIKCIIpOBaHHOro cpep;Hero aapHp;a COOTBeTCTBJIOT 

HaTH)KeHIIIO 50 r, a Hll)KHIIe - 500 r. B pac"!eTaX BeJIII'IIIHa IIOl];BII)KHOCTII IIO

JIO)KHTeJibHbIX IIOHOB 6bIJia B3HTa 1, 7. 10-4 M2 • B-1 . c-1, 'ITO COOTBeTCTByeT 

nop;BIIJKHOC'IjH, HanplIMep, IIOHOB CO2 1m11 1mo6yTaHa B Ar nplI p;aBJieHIIII 1 aTM. 

IIpo1I3Bep;eHIIe JIIIHei'rnoii: IIJIOTHOCTH npoBOJIOKII Ha rrorapH<f>MW'IecKm'i p;eKpeMeHT 

3aTyxaHIIH 6!,IJIO nplIHHTO 3, 5. 10-5c-1 . Kr. M-l. 

Pac"!eThI IIOKa3bIBaIOT, 'ITO BU6paIJ;IIH HIITII MOJKeT CTaTb onpep;eJIHIO~IIM <f>aK

TOpOM l];JIH KOOpp;1rnaTHOro paapeI11eH1IH p;eTeKTOpOB, pa6oTaIO~llX B orpaHII"IeH

HOM CTpHMepHOM pe)KHMe IIplI oarpyaKax ~ 105 'IaCTHIJ;/c Ha HIITh. B crry•me 

nponopn;HoHaJihHoro pe)KIIMa BKrrap; B Koopp;nHaTHoe paapellteHue m16pan;1I11 He-

3Ha"IIITeJieH, II TOJibKO B HeKOTOpbIX CJIJ"IMX ( IIOBhIIlleHHOe p;aBJieHIIe, ran C MaJIOII 
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PHc. 2. O:lKHp;aeMruI cpeµ;H.11.11 aMnJIHTyµ;a nn6pa~HH D oaDHCHM0CTII oT noJIHOH oa

rpy□KH µ;eTeKT0pa 

IIOl];BII)KHOCThIO IIOHOB, TOHKaH IIpOBOJIOKa) :3Ta BCJIII'IIIHa M0JKeT l];0CTIIraTb 

20-30 MKM. 

3 MeTO;rt;HKa HOMepeHHH 

IlpoaepKa npep;cKaaamrfr Mop;emr npoaop;1macb Ha rra6opaTopHOII ycTaHoBKe, 

cxeMa KOTOpoi'r np1rnep;eHa Ha puc.3. llcnoJib3oBarracb n;umrnp;pn"IeCKM Tpy6Ka 

Im HepJKaBeIO~eII CTaITII l];JIIIHOH 2,7 M II BHelllHUM p;naMeTpOM 3 CM. Ilocepep;IIHe 

CBOeII l];JIUHhl Tpy6Ka IIMena p;Ba m~60Jib_IlllIX npoapa"IHbIX OKHa. ~repe3 Ol];HO OKH0 

HlITh 0CBe~arracb, a •repea p;pyroe MOlKH0 6bIJIO Ha6mop;aTh 3a 0TKJIOHCHJieM HUTU 

C _IIOMO~bIO MUKpOCKO~a. B1myarrhHOC Ha6mop;eH11e 3a HIIThIO II03BOJIHJI0 0IJ;CHIITh 

cpep;HIOIO aMIIJIHTyp;y KOJie6aHi1fr B npep;errax OT 5 MKM p;o IIOJIOBlIHhl p;llaMeTpa 

npoBoJI0KII. Korre6amrn 60JibI11e11 aMnnuTJl];hI_npnaop;unu K T0MY, 'ITO npoBoJio"!Ka 

cTaHoB1macb HeBnp;IIMoi'r. Ilm.wpemrn np0Bop;1mnch c BOJih<f>paMOBOII npoBoJIO"IKOII 
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R Mmcpoc1wn 

V 1 MOM Tpy6irn bl Ycnn. 

\\// Ill lH<l> 
Pa,n;HoaxT. • I CBeT 
HCTO'-IHHIC 

Ycxm. ,l];ncKpHMHH. C•IeT<H1K 

CTpo6 
""LS" 

0cna6. 3a,n;ep;K. AUTI 

Pnc. 3. CxeMa annapaTypLI ~ml HOY'leHIUI nn6pau;HH npoDOJIO'IKH 

µ;naMeTpoM 70 MKM, HaTJIHyTon c cxmon 100 n 300 r, a TaK,Ke c npoBono"IKon n3 

6epnnnneBOII 6poH3hI µ;naMeTpoM 80 MKM npII HaTJI)KeHIIlI 100, 230 II 250 r. • 

B 6onhlllIIHCTBe H3MepeHmI Tpy6Ka 06ny<1anach OT /1-IICTO"IHHKa Ru-106 Heµ;a

neKo OT cBoero ueHTpa. Hcnonh30Banacb ra:JoBaJI cMeCh Ar+ 15%CO2+2.5%iC4H10. 

CnrHan c HIITn noµ;aBancJI Ha npeµ;ycnmITenh c :im3cpqmuneHTOM ycnnettnH no 
ToKy 70. YcnneHHhIH cnrHan pa3BeTBnJincJI: nonoBHHa cnrHana nocTynana Ha Bxoµ; 

3apHµ;oBoro uncppoBoro npeo6pa3oBaTenJI (AUII, "LeCroy 2249A"), a µ;pyrrur no
noBnHa noµ;aBanach Ha BTop011 ycnnnTenb c Ko3cp<pnuneHTOM ycnneHHJI 25. Ilopor 

epa6aTbIBaHHH µ;ncKpnMIIHaTopa COCTaBnHn 3 MKA, 'ITO COOTBeTCTBOBMO MHHH

MMbHOMY µ;eTeKTUpyer.I0MY 3apJIµ;y B co6bITIIII OKOno 0,5 nKn . .IJ:nnTenbHOCTb 

cnrHana 3anncn B AUrI 6bma 500 He. 

l1 PeoyJibTa'l'hI H3MepeHHH 

B npouecce 3KcncpnMeHTMhHOH npoBepKn npeµ;cKa:JaHnn uoµ;enn nccneµ;oBa
nocb BITHJIHHe OCHOBHbIX napaMeTpoB, BXO)l;llll.lHX B q>opMyny (3), Ha Benn"IHHY 
au:nnnTyp;bI Kone6aHm

0

r . He KOHTponnpoBannch TOIThKo µ;Ba napaMeTpa - nora

pH<pMH"IeCKnn µ;eKpcMeHT naTyxaHnJI Kone6aHnn n Ko3cpcpnuneHT K, naBncJII11ni'r 

OT CTeneHH OKpy)KeltlIJI HnHaMn npoBOITO"IKH. 

Ha pIIc.4 npxrneµ;e.ibI penynhTaThI xmMepeHIIn cpeµ;Hen aMnnnTyp;hI Korre6aHnn 

B IJeHTpe Tpy6KH n naBHCHMOCTH OT KOopµ;nHaTbI nono:arnHHJI paµ;noaKTHBHOro 

ncTO"IHHKa.· HanpH,KeHIIe Ha Tpy6Ke 6bmo 4,5 KB, a µ;aBneHHe ranoBon cMecH -

3 aTM. Bnµ;Ho, 'ITO aMIIITHTyµ;a Kone6aHIIII nariHCHT OT MeCTa noKanbHoro o6ny"Ie

HUJI µ;eTeKTopa. HerrpepbIBHon Kpxrnon Ha pncyHKe IIOKa3aH pe3ynhTaT <pHTHpo

BaHHJI naBncnMoCThIO Bnµ;a C j1 - 12s/ LI, KoToprur rrpeµ;crrnnhIBaeTcH Moµ;enbro. 

JifoMepeHHaJI nanncnMOCTh cpeµ;He11 aMrrnnTyp;hr Kone6aHnn OT narpy3KH µ;eTeK
Topa npxrneµ;eHa Ha pnc.5. AMrrnnTyµ;a pacTe_T rrpH noBhlllICHHlI 3arpy3KH, npn~reM 

<pHTHpoBaHHe rrony~reHHhIX penynhTaTOB naBHCHMOCTbIO BHµ;a C1v02 µ;ano IIOKa3a

Tenb CTCilCHll 0, 74 ± 0, 25. 
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PHc. 5. AMlllIHTy~a DH6pau;HH n oaDHCHMOCTH OT cxopocTH C'IeTa ~eTeKTopa 
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Ilp1rneµ;eHHble penyrrhTaTbl He npoTirnope'IaT npeµ;cKanaHIUIM Moµ;emr, oµ;HaKo 

60Jihlll1Ie Olll1I6K1I II3MepeHIIII aMnlIIITyp;bl K01Ie6amn'i He no3BOlIHIOT cµ;enaTb 6011ee 

TO'IHble BblBOp;bl. B TO ,Ke BpeMH nyTeM BapbIIpoBaHIIH 3arpy3KII IIlllI HanpH:iKeHIUl 

Ha Tpy6Ke MO:iKHo BocnponnBeCTII HeKoTopyro Ha61110µ;aBiuyrocH paHee aMnmITyµ;y 

Ko11e6aH1IH C TO'IHOCThIO, npeBbllllaro111eii: TO'IHOCTb ee U3MepeHHH. Ilo3TOMY µ;nH 

6011ee µ;eTallbHOH npoBepKII MOµ;e111I ncnollb30BallaCb c11eµ;y10111M npou;eµ;ypa H3Me

peHIIii:: npH q>IIKCHpoBaHHOH 3arpy3Ke µ;eTeKTOpa HanpH:iKeHHe Ha Tpy6Ke ycTa

HaBlllIBalIOCb TaKHM, 'ITO cpeµ;HHH aMnlIHTyµ;a Kone6aHIIH COCTaBlIHlla 10 MKM, u 

II3MepH1ICH aMnnIITJµ;Hblll cneKTp cIIrHanoB. Cpeµ;HeKBaµ;paTII'IHhIH napHµ; B co6bI

TIIII Haxop;IIlICH nyTeM o6pa60TKII nony'IeHHOro cneKTpa. BelllI'IIIHa HanpH:iKeHIIH 

Ha Tpy6Ke COOTBeTCTBOBalla o6bl'IHO pe:iKIIMY pa6oTbI, B KOTopoM npncyTcTBYIOT 

KaK nponopu;IIOHallbHble, TaK II orpaHn'IeHHble CTpnMepHbie pa3pHp;bL Ilpu I):a

Xo:iKµ;eHIIII cpeµ;HeKBaµ;paTII'IHoro napHµ;a 3Ha'IeHIIH napHµ;OB nponopu;IIoHallhHbIX 

CIIrHalI0B nonpaBlIHlllICb Ha. Hep;OCTaTO'IHYIO 1];lllI'I'ellbHOCTh CTpo61Ipy10111ero Cl!-

rHana: 
·. Q ln(l + t/t0 ) 

- = 2ln(R/r) ' Q1o1 
t0 = r2 ln(R/r)/2µVo, 

linMepeHIIH npoB01];1IlIIICb npII p&l.lllI'IHhIX ::mrpynKaX II µ;aBlleHIIHX raDOBOH CMeCII. 

)Ia pnc.6 noK&l~Hbl 3Ha'IeHIIH cpeµ;HeKBaµ;paTII'IHoro 3apgµ;a B co6bITIIII B 3aBII

CIIMOCTH oT IIHTeHCIIBH0CTM 0611y-qeHIIH µ;nH 80-MKM npoBOlIO'IKII nn 6epn1111neBoi'1 

6poH3bl, HaTHHyToii: C CIIlIOH 250 r. Ilony'IeHHble µ;aHHbie q>iITIIpOBalllICb O:iKIIµ;a

eMOH naBHCIIMOCThIO Q = C / ,/v. B npeµ;enax owII6oK II3MepeHn:ii µ;aHHhie xo

polllo q>IITHpyIOTCH 3TOH 3aBIICIIMOCTbIO. Haii:µ;eHHble B penynhTaTe q>IITIIpoBaHIIH 

t3Ha'IeHIIH K03q>q>nu;neHTOB C np1meµ;eHbI Ha pIIc. 7 B 3aBIICIIMOCTII OT µ;aBlleHIIH 

ranoBoii: cMecII. KoGq>q>nu;neHT C npHMO nponopu;IIoHaneH nop;BII:iKHOCTII IIOHOB, 

KOTOpaH, B CBOIO O'Iepeµ;h, o6paTHO nponopu;uoHallhHa µ;aBlleHIIIO. Ilo3TOMY nony

'IeHHble 3Ha'IeHIIH KOaq>q>nu;ueHTOB C q>IITIIpOBalllICb 3aBIICHMOCThIO 1/ P. BIIµ;Ho, 

'ITO aMnlIIITyµ;a K011e6aHIIll o6paTHO nponopu;IIOHallbHa µ;aB11eH1IIO ra30BOH CMeCH. 

B penyrrhTaTe q>IITHpoimHIIH Haiiµ;eHO 3Ha•IeHne npOII3Beµ;eHIIH norapIIqJMII'IeCKOro 

K03q>q>III.J;IIeHTa 3aTyxaHIIH K011e6aHIIH II mrneiiHoii nlIOTHOCTII HHTII. 

B TOM Clly'Iae, eClllI 3aTyXaHIIe onpep;elIHeTCH, rnaBHblM 06p&10M, ClllIOH Tpe

HHH B rane, OCHOBHOH napaMeTp, OT KOToporo 3aBIICIIT npoII3Beµ;eHIIe ,p, - 3TO 

p;lIHaMII'IeCKM BH3KOCTb rana. Mbl npoBelIII H3MepeHIIH µ;eKpeMeHTa 3aTyxaHIIH 

npOBOlIOK B Bonµ;yxe B µ;nan&JOHe aMnlIIITyµ; K011e6am1i'1 OT 5 µ;o 0,5 MM. lknollb-

30Balllich npoBOlIO'IKII TOH :iKe µ;mrnbl, 'ITO II B Tpy6~e. B npeµ;enax OIIIH60K 

II3MepeHIIH penyllhTaTbl He nam1cem1 OT MaTepnana H Cllllbl HaTH:iKeHIIH npoBOlIO

'IeK. Ha pnc.8 npnBeµ;eHa nony'IeHHM 3aBIICUMOCTb ,POT aMnnuTyp;hI K011e6aHIIll 

B Bonµ;yxe. Ha TOM ,Ke pucyHKe noK&laHO Haii:µ;eHHOe B penyllhT.aTe q>lITIIpOBaHIIH 

3KCnepuMeHTallbHbIX µ;aHHbIX no Bn6pau;nII HlITII 3Ha'IeHIIe ,p. 8KcTpano11HI.J;lUl B 

0611aCTb aMnllnTyµ;.MacwTa6a 20 MKM µ;aeT BelIII'IHHY ,P µ;nH BOnµ;yxa ~ 3.10-5 CK:, 
'ITO no nopHµ;Ky BelllI'IlIHbl COBnaµ;aeT C H3MepeHHblM 3Ha'IeHIIeM. Heo6xop;IIMO 3a

MeTUTh, 'ITO µ;IIHaMII'IeCKM BH3KOCTb Ar npn6111I31ITe1IbHO Ha 20% MeHbWe, 'ICM 

BH3KOCTb Bonµ;yxa,' no3TOMY 3Ha~eHIIH / p µ;nH ucnollb30BaBWeii:cH r&JOBOII CMeCH 
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Pnc. 6. Cpep;HHII oap.11µ; n co6LITHH n ORDHCHMOCTH OT CKOpOCTH C"J.eTa Tpy6KH npH 
pam111•1HLIX µ;anneHH.IIX raoa 

1];0JI:iKHO 6blTb HeCKOllbKO 6011bwe, •1eM µ;nH Bonµ;yxa. 

PenynhTaTbl aHanorH'IHhIX 1mMepemu'i µ;m1 npoBolI0'IKU 1m 6epunmreBOJUI 6poH3bl, 

HaTHHyToii: c cnno:ii 100 II 230 r, n c BOllbq>paMoBm'i np0Bo110Km'i npn HaT.liJKe

HHH 100 n 300 r nOK&lbIBaIOT, 'ITO MaTepnan n µ;mrna np0B0lIO'IKU He BlIIUIIOT 

Ha aMnmITyµ;y Ko11e6aHuii. II011r1eHHble B penynhTaTe q>nTnpoBamur 3Ha'IeHirn 1 p 
coBrraµ;aroT B npeµ;enax owu6oK nnMepemri'r. 

5 3aKJuoqeHHe 

OnucaH H o6'bHCHeH 3<p<peKT Bn6pau;m1 cnrmtllhHbIX HIITei°r B np0B0lI0'IHblX µ;e

TeKTOpax noµ; µ;e1ICTBIICM 0611r1emrn. Bn6pau;1rn B03HlIKf\CT B penyllhTaTe <p11yK

Tyau;:i111 CHll OTTalIKIIBamrn MCJKµ;y npoBCilIO'IKoii, Haxoµ;H111eiicH noµ; n0lI0JKIITCllb

HhIM noTeHI.J;HalI0M, n crycTK0B U0H0B, o6pa3yIOll\lIXCH B npou;ecce ra3oBoro yen-
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Pnc. 7. 3aBHCHMO_CTb BeJIH'UIHbl Q.J,i npH <J,nxcnponaHHOH aMilJIHTYAB nn6paQHH 

10 MKM OT
0

AaBJIBHHJl'raoa 

rremrn nepBII'IHOH nommaUIIH p;eTeKTIIpyeMbIX "!aCTIIU, Ilorry"leHa qiopMyrra, no-

3BOJIHIOil\8.lI pacC"IIITaTb MaC1IITa6 HBJieHIIH B pa3lill"IHblX npoBOJIO"IHblX p;eTeK

TOpax. OcHOBHbie naKOHOMepHOCTII, npep;CKa3blBaeMble npep;rro:iKeHHOH MOp;eJibIO, 

nop;TBep:iKp;aIOTClI proyrrbTaTaMII ll3MepeHHH. 

Ilony"leHH8.lI qiopMyrra Il03BOJIHeT ,TO"IHO pacc"JIITaTb cpep;HIOIO aMnmITyp;y KO

rre6aHIIH npII ycnoBIIII, 'ITO 6yp;yT aKcnepIIMeHTaJibHO Hanp;eHbl IIJIII oueHeHbl p;Ba 

napaMeTpa MOp;errII: rrorapIIq>MII"leCKHI°I K03q>q>IIUIIeHT naTyxamrn KOJie6aHIIH HIITII 

n Koaq>q>IIUIIeHT, CBH3aHHbllI co cTeneHbIO oKpy:iKeHIIH norro:iKIITeJibHbIMII IIOHaMH 

npoBoJIO"IKII. Ecrrn rrorapIIq>Mll'IeCKIIH KoaqiqinuIIeHT naTyxaHHH Korre6aHIIII HBJIH

eTCH KOHCTaHTOH )l;JIH p;aHHOH ra30BOH CMeCII, TO CTeneHb OKpy:iKeHHH IIOHaMII 

npoBOJIO"IKH naBIICHT OT MHOrIIX napaMeTpOB H MeHHeTCH npu ll3MeHeHUH K03q>

q>IIUIIeHTa ranoBoro ycIIrreHIIH. 

OueHKll IlOK&'JblBaIOT, 'ITO BII6paUIIH CIIrHaJibHblX HIITeii: MO:iKeT B HeKOTOpbIX 
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Pnc. 8. BeJIH"IHHa rp B oaDHCHMOCTH OT aMilJIHTYAbl BH6paQHH B BOOAYXe. Hena

WTpHXOBaHHblM KPY:lKKOM noxaoana BBJIH'IHHa, nony•1eHHrul HO AaHHblX no n116paQI1H 

B Tpy6Ke 

CJIY"l8.lIX CTaTb onpep;eJIHIOil\IIM q>aKTOpoM, orpaHII'IIIBaIOil\IIM npocTpaHCTBeHH0e 

panpemem1e npoBOJIO'IHhIX p;eTeKTopoB, oco6eHHO npn pa6oTe p;eTeKTopa B pe

:iKHMe orpaHn"leHHoro cTpnMepHoro panp.Hp;a. Ilpn pa6oTc B nponopunoHaJihH0M 

pe:iKUMe aMillIIITyp;a KOJie6am1ii: M0)KCT )l;OCTIIraTb 20-30 MKM TOJibK0 npn 60JibllIIIX 

narpynKaX p;eTeKTOpa H B cny•rne onpep;erreHHblX ycJIOBIIII (noBbIIIICHHOC p;aBJICHIIC, 

ran C MaJIOH nop;BmKiiOCTblO II0H0B, TOHK8.lI npoBOITOKa). 

ToT q>aKT, 'ITO Bn6pau1rn HIITefr ocTaBarracb HenaMe"!eHHOJI p;o cnx nop, o6'b

.HCHHeTcH, IlO-BU)];lIMOMY, HC601IbllIOJI BCJIII'IIIHOI°I aMilJIIITY)];bI KOrre6aHIIII B GKCilP

pHMCHTax, B K0T0pbIX norry,reHbI HaUITJ'IllllIC K00pp;1rnaTHbIC pa3pC1IICHIIH. 
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B116pal\l1ll Cl1rJJaJlbllblX IIHTeH np9B0.10411blX AeTeKTOpOB 
!IOA AeHCTBl1eM o6JJy4eHl1ll . 

. 06napy~e.;o 11 OObllCHeHO llll~eime B116paum1 CllrJJaJlbHblX HHTeH npOB0.104HblX' AeTeKTOpOB 
!JOA AeHCTB11eM 06ny4e1111S1. B OCIIOBe l!B,1(!1111!1 J1e)1uiT B3aHMHOe OTTllJIK11BaI111e c11maJ1h!IOH npOBO

.• JIO'IKl1 11 o6naKa IIOJIOlKl1TeJJbllbIX 110110B, OCTalO!lll1XCll lIOCJJe 11eHTpaJ1113au1111 ,meKTpOHIIOH 4acn1 
JJa~l1llbl, 06pa3y10me11Cll B npo~ecce ra3onoro yc:11ne11~S1; B116pal\Hll 3aMeTHOH aMlIJIHTYAbl MOlKeT 
B03HttKaTb KaK pe3yJJhTaT cjmyKTyau11H AeHcisyIOmnx iia nposoJJ04KY rnn ona,1K11san1111 co crn
po11h1 MIIOrttX cryCTKOD 110110B. flony4e11a cpopMyJJa, 1103B0,1lllO!llall .OL\ellHTb BeJll14HHY KOJ1e6am1~ 
npooono4eK AJJSI scex TH!IOB nposoJJ041ih1x AeTeKropos. Kone6amrn cumaJJbllhIX 1111TeH Moryr 

'11rpaTb 3aMerny10 pOJJb B KOOPAHHaTHOH T04110CTl1 AeTeKTOpa nptt pa6ore B pelKm.ie orpaHl14eHHOro 
CTpttMepIIOr<l pa3pl!Aa llp11 3arpy3KaX 6onee I 05 4aCTHL\/ C mi 1111Tb. B nponOpl[HOHaJJbHOM pe)KttMe 
cpeAHllSI. aMll,1HT)'Aa KOJJe6aHHH. MOlK.eT ;[OCTHraTb BeJJl1411Hbl 20-30 MKM np11 onpe:1e.1eHHblX' 

,napaMerpax 'AeTeKTOpa H 3arpy3Kax sne.rnnero o6JJy4elll1SI' 60,1blll11X 105
• flpoBeAeHHble' 3KC~ 

··nep11Mel}TaJlbllbie 11CC,1eAOBamrn !JOKa3aJJl1, 'ITO npeAJJOlKCHHall MOAe,1b npaBl1Jlbll0 OIIHCbJBaeT 
OCIIOBHble 3aKOIIOMepuocrn llBJJeHHll: · . 

Pa6o'ra Bhmom1e11a n Jla6oparnp1111 S1Aep11~1x npo6neM OlUIH. · 

flpenpttHT O6'heA11He1111oro 11llCTHTy~a llAepnblX HCC.neAOBaHl1H. ,Uy611ai 1995. 

' flepeBOA aBTOpon . 

Boyko LR. et al.- . , . . .. · D 13~95~58 
Vibration of Signal Wires in Wire Detectors under Irradiation.' . •. . . . 

Radiatio~-lnduced vibration .of signal wires· in wire detectors is found a~d explained. The 
phenomenon is based on repulsion of a signal.wire with a positive potentiai'and a clou·d of positive ions 
that remains after neutralization ofthe electron part of the avalanche forme.d in the course of gas 
amplification. Vibration with a noticeable amplitude may arise from fluctuations of repulsive forces, 

: which act on the wire and whose sources are numerous ion dusters. A formula is obtained which allo~s · 
wire oscillations to be estimated for' all types of wire detectors .. Calculation shows that oscillaiions 

. of signal wires can be substantial for the coordinate accuracy of a detector working in the. limited. 
streamer mode at fluxes over 105 particles per second per wire.Jn the proportional Illode an average 
oscillation amplitude can be as large as 20-30,um at some detector parameters and external radiation 
fluxes over I 05

• The experimental investigaiions show that the proposed model ~ell describes the main 
.features of the phenomen·qn. · · · · · 

_ The investigation has been performed at the Laboratory of Nuclear Problems, JINR .. 
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