
Pl3-99-318 

M.,II..lllacppa1-10B,. T.TT.Tonyp1u1 

TTPOEflEMbl3flEKTPOCTATHKH 

MHOfOTTPOBOflOlJHbIX TTPOTTOPUl10HAJibHbIX 

KAMEP C ,II.l13flEKTPHKOM B PAEOlJEM OEbEME 
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CeMb pa3 OmMepb, oou11 pa3 ompeJ/Cb. 
IlOCJIOBllUa 

ITocTaHOBKa 3KCIIepHMeHTOB Ha ycKOpHTemIX BCTPeqHbIX rryqKOB rrpe):(1,IIBIDieT 

Bb!COKHe TPe6oBaHH11 KO BCeM Bll)l;aM ,neTeKTOpOB, BXO)J;IIJUHX B COCTaB 

3KcrrepHMeHTaJibHOH YCTaHOBKH. )KecTKOCTb TPe6oBaHHH orrpe,neJIHeTCII 60JibIIIOH 

MHOJKeCTBeHHOCTb!O lICCJie,nyeMbIX rrpouecCOB, Bb!COKHMH pa.nttaIJHOHHbIMH 

3arpy3KaMH lI Heo6xo,nHMOCTb!O rro.n,neplKaHHII pa6orncrroco6HOCTH BCeil: ycTaHOBKH 

6e3 ll3MeHeHH11 ee 3q>q>eKTHBHOCTH B TeqeHJie )l;JIHTeJibHOro BpeMeHH. ITocne.n;Hee 

Tpe60BaHHe CB113aHO C OTCYTCTBHeM )l;OCTyna K 3JieMeHTaM ycTaHOBKH rrpaKrnqecKH 

Ha Beeb nepno.n 3KCnepHMeHTa, KOTOpbill MOJKeT npo,nOJIJKaTbCII CBbIIIIe ,neCHTH JieT. 

BbICOKHe TPe6oBaHH11 K pa60Tocnoco6nocTH Bcex Bll)l;OB )l;eTeKTOpOB 3acTaBHJIH 

nepecMOTpeTb rro.nxo.n K HX rrpoeKTHpOBaHHIO lI C03)l;aHHIO. HecMOTPH Ha BbICOKYJO 

CTOHMOCTb, ll3fOTOBJieHHIO pa6oqnx ,neTeKTopoB rrpe,nIIIeCTByeT C03,naHHe OIIbITHbIX 

o6pa3IJOB C IIOJIHbIM lICCJie,noBaHHeM HX CBOHCTB B YCJIOBHHX, 6JIH3KHX K ycJIOBHIIM 

3KCIIepttMeHTa. 

O6113aTeJibHb!M 3TaIIOM B rro.nroTOBKe 3KcrrepHMeHTOB 11BJI11eTC11 qncneHHOe 

MO,nenttpOBaHHe KaK q>ll3HqecKHX rrpoueccoB, KOTOpbre 6y.nYT HCCJie,nOBaHbl Ha 

ycTaHOBKe, TaK lI xapaKTepHCTHK BCex ee ,neTeKTOpOB • 

.[vi11 perncTpaunn MIOOHOB B 3KcrrepnMeHTe CMS (The Compact Muon Solenoid) 

na ycKopnTene LHC IJ;EPH co3,naeTc11 cncTeMa CSC ( Cathode Strip Chambers) [1]. 

8 COCTaBe CHCTeMbl csc rrpe,nrronaraeTCII ll3fOTOBJieHIIe MlOOHHbIX KaMep 

ceMH rnrroB: MEl/2, MEl/3, ME2/l, ME3/1, ME4/1, MEl/3, ME234/2. O6mee 

qncno KaMep, rro,no6HbIX no KOHCTPYKIJHH, - 468 . KIDK,naH KaMepa HMeeT q>OpMy 

TparreIJHH. MaKCHMaJibHbie pa.:3Mepbl KaMep: )l;JIHHa - 3,4 M n IIIHpHHa - 1,5 M. 

KaMepbI 061,e,unHeHhI B 6JIOKH no 6 KaMep O)l;HOfO THIIa. 8bICOKOe Harrp11JKe1me 

6y,neT rro,naBaThCII Herrocpe,ncTBeHHO Ha CllfHaJibHbie rrpoBOJioqm, paCIIOJIO)KeHHbie 

rrapaJIJieJibHO OCHOBaHHlO TPaIIeIJHH. O61,eM KaMepbI ,neJIHTCII Ha 5 cerMeHTOB. 

CerMeHTbI OT)l;eJieHbI .npyr OT ,npyra 3aJUHTHOH nnaCTHHOli ll3 ,nH3JieKTpHKa. 



O,n:Hoil: Il3 IIJIOCKOCTeil: KaTo,n:a KaMephI CJIY)KllT <pOJihrttpOBaHHhIH 

CTeKJIOTeKCTOJillT. lfH<popMau:m1 0 rrpoIIIe,n:rrmx qepe3 CllCTeMy .n:eTeKTOpOB qaCTllU: 

cqnThIBaeTC51 C CllrHaJihHhIX, rrpOBOJioqeK, a TaK)Ke C IIOJIOCK()BhIX 3JieKTp0.UOB . 7 

CTJ)llIIOB, o6pa3)'10lll,llX BTOpyro KaTO.UHYIO IIJIOCKOCTh. C'I]Jllllhl rrpe,n:HaJHaqeHhI .L{Jrn 

ll3MepeHll51 KOOp.L{llHaT qacTllU:h~ B)].OJih CllrHaJihHhIX rrpOBOJIOqeK. qaCTh KaMeph! B 

C(;!qeHllll B6Jill3ll .L{ll3Jie~pnqeCKOH Jalll,llTHOH IIJiaCTllHhI cxeMaTttqeCKll IIOKaJaHa Ha 

pttc. la. Ee reoMe'I])ttqecKtte xapaKTepttCT~Kll: pacCT051Hlle.Me)l(.L{y IIOBepXHOCrnMll 

Karn.n:a - 9,525 ,,MM, .UttaMeTp CllrHaJihHhIX rrpOBOJ!OqeK - 50 MKM, paccTmrnm, 

Me)K,n:y rrpOBOJioqKaMll - 3,169 MM, pa3Mephl IIJiaCTllHhI B ceqeHllll - 8x3,175 MM~. 
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Pnc. 1 a) CxeMa yqacTKa nporropu:nonarrhHOil: KaMephr B o6rracTH .un1rreK1])ttqecKoii 

3alll,llTHOH rrrraCTllHhI. )J;ne npOBOJIOqKrr OKOJIO u:eH'I])a IIJiaCTllHhl OTCYTCTBYIOT. 

IlrracTttHa .L{H3JieK1])llKa Il306pa)KeHa np51MoyroJihHllKOM. 

6) CxeMa, II051CH51!0Ill,a51 o6pa30BaHne HOpMaJihHOH COCTaBJrnIOill,eil: 3JieKTpnqecKoro 

IIOJI51 3ap51,n:aMH .unyx rrpoBOJioqeK n II 1 B TOqKe M KaTO.L{HOllIIJ!OCKOCTll, 

HaXO.L{51Ill,eil:c51 rrpOTHB u:eHTpa .UH3JieK1])llqecKOH rrnaCTllHhI. ToqKa p KaTO.L{HOH 

IIJIOCKOCTll HaxO.L{HTC51 Ha paBHOM paCCT051Hllll Me)K,n:y rrponorroqKa'\fll C ll d., 

)];Be rrpoBonoqKH B pattOHe u:eHTJ)aJihHOll qacTH IIJiaCTllHhI KaMepbI OTCYTCTByIOT, KaK 

3TO ll II306pa)KeHO Ha pucyHKe. 

Ka)l(.L{a51 IIJIOCKOCTh aHO.L{HhIX rrpoBonoqeK 6rroKa KaMep coe.n:ttHeHa c OT.L{eJihHhIM 

llCToqHUKOM BhICOKoro HaIIp51)KeHll51. PaJ,n:erreHne rrponorroqeK 0.L{HOH IIJIOCKOCTH Ha 

5 cerMeHTOB .L{OJI)KHO o6eci:ieqllTh OTKJIIOqeHtte JII06oro cerMeHTa OT HCToqunKa B 

crryqae B03HHKHOBeHII51 rrpo6JieMhl uryMOB, IIOCKOJihKY llX II051BJieHlle 3aTPY.UHllT 

KaTO.L{HOe cquThIBaHne Koop,n:uHaTHOH llH<popMaU:Hll. 

3aurnTHhlM .L{H3JieKTpttqecKHM rrnaCTllHaM Me)K.uy cerMeHTaMtt aBTOpaMll TaKoro 

Tttrra KaMephI OTBO.L{UJiaCh orrpe.ueneHHa51 pOJih. QHfi_gc:HOBhIBaJIOCh Ha cne.n:yIOIIIeM 

-~;,; ~~;..: 7 :~: ~- : .. · ~ ,:~!:;~ i 
1't}¾JT~4;1-;ft~ ~ ;;J -

J. 

YTBep)K,n:eHHll aBTOf)OB npoeKTa KaMep: " Kor.ua BKJI!OqeHO BhICOKOe HaIIp51)KeHne, 

3Tll 3aIIIllTHhie nrraCTllHhl ll3 _ll30JI51TOpa 3apflJICWOmCfl noHOJJCUme,7bHO ll, KOHeqHO, 

y.iteHblUWOm 3HeKmpu'leCKOe no.w KpaHHllX npononoqeK. Bo3HHKaIOIIIM npu 3TllX 

npou:eccax Mepmeafl 10Ha He .UOJI)l(Ha npeBhIIIIaTh no IIIttpnHe 25 MM " [2]. 

PacCMOTpHM rrocne.uonaTeJihHO rrpo6neMhI 3JieK1])0CTaTllKH npoeKTttpyeMhIX 

KaMep H COOTBeTCTBlle rrpnne,n:eHHoro YTBep)K.L{eHH51 3aKOHaM 3JieK1])0CTaTllKH. 

1. 3neKTpOCTanIKa KaMep C )].li3JieKTp1IKOM B pa6oqeM 061,eMe 

1. HaqHeM C aHaJill3a 3JieKTpOCTaTHKll KaMephI 6e3 .L{ll3JieKTpttKa C 

peryn51pHhIM pacrroJIO)KeHtteM. rrpoBonoqeK. IlycTh KaTO.L{Hhie IIJ!OCKOCTH KaMephI 

HaXOMTC51 ITO.I{ HyrreBh!M noTeHU:llaJIOM nptt ,n:aHHOM HarrpH)KeHllll ua npononoqKaX 

U 
O

• Bee rrpoBOJIOqKH KaMephl, 3a llCKJIIOqeHtteM KpaiiHHX, HMeIOT paBHhie 3ap51.Uhl 

[3]. Ha OCHOBaHllll 3aKOHOB :rneKTpOCTaTllKll rroTeHll,llaJI JII060H Il3 npononoqeK 

51BJI51eTC51 cyMMOll IIOTeHU:llaITOB OT 3apH,n:a caMOH npOBOJIOqKll, 3ap51.UOB OCTallhHhIX 

npoBOJIOqeK ll pacnpe)].eneHHhIX 3ap51)].0B KaTO)].HOll IIJIOCKOCTll, llMeIOIIIllX 3HaK, 

npOTllBOIIOJIO)KHhlll 3HaKaM 3ap51.UOB npOBOJIOqeK. 

Y6epeM .L{Be rrpOBOJIOqKll cneBa ll cnpaBa OT u:eH'I])a MeCTa pa3MeIIIeHll51 

3aIIIHTHOH )].ll3JieKTpllqecKOll IIJiaCTHHhl. Ilptt 3TOM IIOTeHU:llaJI Ha Bcex OCTaBIIIllXC51 

rrpoBOJIOqKax KaMephI OCTaBHM 6e3 ll3MeHeHll51. Cnena OT rrpoBOJioqKH 1 ll crrpaBa OT 

npoBOJIOqKll II 3ap51)].hI OTCYTCTBYIOT. )J;nH BOCCTaHOBJieHll51 rrepn0Haqan1,ttoro 

3HaqeHtt51 rroTeHu:nana n KaMepe 6e3 3alll,ttTHOH nrracTttHhI Kpail:Htte rrponorroqKu n-1, 

n, 1 tt 2 (pttc. 1 a), a TaK)Ke HeCKOJlhKO 6Jitt)Kaiiurux rrorryqaT .L{OIIOJIHllTeJihHhlH 

3ap51)]. no cpanHeHll!O C 3ap51)].aMll peryrrHpHO pacrrOJIO)KeHHhIX rrpOBOJIOqeK 

u:eHTpanhHOll 30Hhl (pttc. 2). OTcyTCTBHe ,n:Byx rrpOBOJioqeK npttBO)].llT K ll3MeHeHHIO 

H rronepxHOCTHOH IIJIOTHOCTH OTJ)llU:aTeJihHOro 3apH,n:a IIJIOCKOCTll KaTo)].a. 

IlpoMe)KyTOK IIJIOCKOCTh npoBOJIOqeK - KaTO.U MO)KHO paccMaTpttBaTh KaK II0)].06He 

IIJIOCKOro KOH.L{eHcaTopa. l13MeHeHtte IIJIOTH0CTH 3ap51,n:a 0)].HOH ll3 noeepXHOCTeH 

KOil)],eHCaTOpa ne,n:eT K TaK0MY )Ke ll3MeHeHHIO IIJIOTH0CTll 3ap51)].a )].pyrofi 

II0BepxH0CTH. Ilo aHaJI0flllI C KOH.L{eHCaTopoM ynenHqeHtte 3ap51,AOB npononoqeK n-1, 

n, 1 ll 2 )].QJl)KH0 npttBeCTH K yBerrnqeHHIO JIOKallhHOH IIJI0THOCTll 3apH,ua qacTll 

KaTO)].HOH IIJI0CK0CTII, HaX0)].51IIIettC51 Hanp0TIIB MCCTa y6paHHhlX npoBOJI0qcK. Ha 
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Prrc. 2. Pacnpe.ueneHrre 1ap51.UOB aHO.UHhIX npoBonoqeK KaMep1,1 nocne y.uanemrn 

.ZlByx npoBoJioqeK. Hm1mee pacrrpe.ueneiirre - cnyqarl: 6e1 1amrrTHorl: nnacTrrHhI. 

BepxHee pacnpe.ueJieHrre -nJiaCTllHa, )lllJJieKTpll'IeCKa51 npoHm.1aeMOCTb KOTOporl: 

E = 4, pa3Mell.(eHa B 061,eMe KaMepbI. 

caMOM )leJie noBepXHOCTHa51 nJIOTHOCTb 3ap51.Ua KaTO)la yMeHblIIllTC51. JlOKaJihHa51 

noBepXHOCTHa51 nJIOTHOCTb 3ap51)la Ha npOBO)lHllKe If JJiel<TprrqecKoe none Ha_ero 

noBepXHOCTll CB513aHhl COOTHOIIIeHlleM - En = a/Eo. 3.uecb En - npoeKl(ll51 BeKTopa E 

Ha BHeIIIHIOIO HOpMaJib no OTHOIIIeHllIO K npOBO)lHllKY, T.e. HOpMaJibHa51 

COCTaBJU!IOIIUUI, a Eo - .ZlllJJieKTpifqecKa51 nOCT051HHa51. CxeMa, no51CH51IOil(a51 

06pmoBaHrre HOpMaJibHOH COCTaBJI51IOII.(eH En Ha KaTO)lHOH nJIOCKOCTll B TQqKe M 

nprr JHaqeHrrrr X=O Me)K)ly npoBonoqKaMll n rr 1, nprrBe)leHa Ha prrc. l 6. ToqKa M 

HaxO)lllTC51 Ha noBepXHOCTll KaTO)lHOH nJIOCKOCTll, nOJTOMY 3ap51)lbl nJIOCKOCTll He 

BHOC51T BKJia)la B BeJirrqrrHy En (M). 3Ta COCTaBJl51IOII.(a51 noJIHOCTbIO o6513aHa 

3ap51)laM npOBOJioqeK n If 1, a TaK)Ke COCe)lHllX. B KaqecTBe TOqKif Ha6JIIO)leHll51 

B03bMeM TOqKy KaTO)lHOH nJIOCKOCTll p Me)K)ly npoBOJIOqKaMII B parl:oHe IIX 

peryn51pHoro pacnoJIO)KeHII5!. 

B 3TOH TOqKe p B BeJIJiqifHY HOpMaJibHOH COCTaBJI51IOII.(erl: En .uonOJIHJITeJibHO no 

cpaBHeHHIO c TOqKorl: M .ZlaIOT 3ap51.Zlhl npoBonoqeK b II c, CJie)lOBaTeJI1,Ho, En (M) < 

En (P). TaKIIM o6pmoM, y.uaneHJie .ZlByx npoBoJioqeK rrprrBO.ZlllT K YMeHbIIIeHJIIO 

JIOKaJibHOH noBepxHOCTHOH IIJIOTHOCTll 1ap51.ua KaTO)la (pile. 3). 
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Prrc. 3. IloBepXHOCTHa51 nJIOTHOCTb 3ap51)la KaTO)lHOH nJIOCKOCTII B o6JiaCTII 

)lllJJieKTpIIqecKoil: nJiaCTIIHbI. Bepxmrn KpllBa51 - cnyqarl: 6e3 nJiaCTIIHbI, HJI)l(Hee 

pacnpe.ueneHrre -nJiaCTllHa )lllJJieKTpJIKa HaxO)llITC51 B 061,eMe KaM~pbi. IlpIICYTCTBlle 

)lllJJieKTpllKa Be)leT K YMeHhIIIeHIIIO noBepXHOCTHOH nJIOTHOCTII 3ap51)la. 

C yBeJIJiqenrreM paCCT051HII51 OT ueHTpa M BmUIHlle yBeJIJiqifBIIIllXC51 3ap51)l0B 

rrpOBOJIOqeK 6y,neT nocTeneHHO YMeHhIIIaTbC51. IloJTOMy Ha HeKOTOpOM pacCT051HIIll 

OT uenTpa M yMeHhIIIeHrre 3ap51.Zl0B npOBOJIOqeK npllBO.ZlllT B cpe,nHeM K 

yMeHbIIIeHllIO noBepXHOCTHOH nJIOTHOCTII 3ap51.Ua KaTo,na, If Hao6opoT. Ha 3TOT 

o6mrrrl: xapaKTep pacnpe.ueJieHll51 noBepxHOCTHOH nJIOTHOCTll 3ap51)la JaMeTHOe 

BJlll51Hlle OKaJbIBaeT )lllCKpeTHOCTb 3ap51.Zl0B npOBOJioqeK. ToqHO HarrpOTllB Ka)K)lOil: 

npOBOJIOqKif JIOKaJibHa51 noBepXHOCTHa51 nJIOTHOCTb OTplll(aTeJibHOrO 3ap51)la 6y,neT 

BbIIIIe, 'feM noBepXHOCTHa51 nJIOTHOCTb 3ap51)la HanpOTllB uenTpa npoMe)KYTKa Me)K)ly 

npoBOJIOqKaMll (prrc. 4). IlprrBe)leHHhie BbIIIIe paccy)K)leHII51 o61,51CH51IOT 3TO 

nOJIHOCTbIO. 

2. CrrcTeMa KaTO)l - npOBOJIQqKn 51BJ151eTC51 KOH)leHcaTopoM. IlycTb OH 3ap51)KeH 

nepBOHaqaJIJ,HO ,no noTeHl(llaJia U o If OTCOe)lllHeH OT IICTO'IHllKa 3ap51)l0B. BBe)leM 

.Zlll3JieKTpJIK B 061,eM JTOro KOH.ZleHCaTopa, noTeHl(IIaJI Ha o6KJia)lKax 3TOro 

KOH,neHCaTopa YMeHbWIITC51: npII OTKJIIOqeHHOM IICTO'IHllKe Hanp51)KeHll.lI 'fllCJIO 

3ap51)l0B He ll3MeHHeTCH. Ha CTOpOHe )lllJJieKTpllKa, 6JIJI)KaHIIIeil: K KaTO,ny, 

IIOHBJI51IOTC51 noJIO)l(IfTeJibHbie IIH)lyl(HpOBaHHhie 3ap51)lhl. Ha CTOpOHe, 6JIIf)KaHWeil: K 

IIJIOCKOCTII npoBOJIO'feK, Il051BJIHIOTC51 OTpllUaTeJibHhle llH.ZlYI.IIIpOBaHHhle 3ap51)lbl. 
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Pnc. 4. Pacnpe,1:1enem1e noBepxHocrnoil: nnoTHocrn 3apJ1,1:1a Qc ·· KaTo,1:1Hoil: 

IIJJOCKOCTH BHe o6nacTH ,[IH'.JneKTPH'IeCKOH IIJJaCTHHhl H B ee OTC)'TCTBHe B 

yBennqeHHOM Macrrna6e (BepXHHH pHCyttOK). ToqKaMH o603HaqeHo IIOJIO)!(eHHe 

aHO)UIE,JX IIpOBOJJoqei<. CrpyKTypa pacnpe,1:1eneHHJI o6JI3aHa ,[IHCKpeTHoMy 

JJOJJO)J(eHHIO 3apl!,1:1OB rrpOBOJJOqeK. 

B cpe,1:1HeM TeH,1:1emurn pacrrpe,1:1eneHHJ1 cne,1:1yeT pacnpe,1:1eneHHIO 3apJ1,1:1OB Qw 

aHO,[IHbJX IIpOBOJJOqeK B 3TOH o6naC'fH. Pacnpe,1:1eneHHe 3apl!,1:1OB Qw JJOKa3aHo Ha 

HH)!(HeM pHCyttKe. 

ITpn BOCCTaHOBJJeHHH BeJJHqHHbI IIOTeHJJHaJJa ,[IO 3HaqeHHJI U 
O 

yBeJJHqHTCJI 

JIHHeHHM IIJJOTHOCTE, IIOJJO)!(HTeJJbHE,JX 3apll,1:1OB rrpoBonoqeK (pHc.2) H, KaK 

CJie,[ICTBHe 3TOrO, yBennqHTCJI JJOBepXHOCTHa51 JJJIOTHOCTE, OTpIIJJaTeJibHOro 3apllna 

,[III3JieKrpHKa Ha CTopoHe, o6paIJJeHHOH K IIpOBOJJOqKaM. I1HnyunpmiaHHbie 

0TpIIJJaTei11,Hhle· 3apJ1,1:11,1 Ha J:1II3JJeKTPHKe rrpIIBOMT K yMeH1,IIJeHHIO rroBepxHOCTHoil: 

JJJIOTHocm 3apJ1.r(a r<aio,1:1Hoil: i:inocKocm B pail:oHe .[III3ne~TpIIKa (pIIc. 3). 

B Tep~IIiionornII. CIIJJOBhIX JJIIHIIH JJOJJJI yBeJIII'leHIIe JJOJIO)!(IITeJJE,HE,JX 3apl!,1:1OB 

rrpOBOJJoqeK BeneT K yBeJJHqeHIIIO, qIIcna CHJJOBhIX JJHHIIH JJOJJJI, Ha'IIIHaIOIJJHXCJI Ha 
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I. 

;, 

rrpoBOJJOqKe II 3aKaHqIIBa!OIJJIIXCJI Ha ,[III3JJeKTpIIKe. ITocnenHee o6bJICHJ!eTCJI TeM, 

'ITO B paCCMaTpHBaeMOH reoMerpIIH paCCTOJIHIIe OT rrpOBOJJO'leK no JJOBepXHOCTH 

,[III3JJeKTpHKa MeHbIIJe paccTOJIHIIJI Me)!(.[ly JJJIOCKOCTE,IO rrpoBonoqeK II KaTO,[IOM. 

I13MeHeHIIe JJOBepXHOCTHOH JJJJOTHOCTH 3apllna KaTO,[IHOH JJJJOCKOCTII B KaMepe C 

,[III3JJeKrpHKOM rrpII OTC)'TCTBHH nByx rrpoBOJIO'leK rrpOIICXO,[IIIT B OCHOBHOM B 

o6JiaCTII pacrroJJO)!(eHIIJI ,[III3JJeKTPIIKa. B 3TOH o6JiaCTH JJOBepXHOCTHa51 JJJJOTHOCTE, 

3apJina 6yneT JJOJJHOCTb!O orrpe.ueJJJ!TbCJI 3apJI,!laMH rrpoBonoqeK, HaxO,[IJIIJJHXCJI 

B6JJII3II ,l:III3JJeKTpIIKa, II ero JJOBepXHOCTHOH JJJIOTHOCTb!O 3apl!,!la. ITocTerreHHO 

BJJIIJIHIIe 3TIIX qiaKTOpOB Ha qiopMHpOBaHIIe JIOKaJJbHOH JJOBepXHOCTHOH JJJIOTHOCTII 

3apJ1.ua Karnna yMeH1,IIJaeTCJ1 (puc. 5). 
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Pttc. 5. Pacrrpe.ueneHIIe JJOBepXHOCTHOH JJJIOTHOCTH 3apl!,!la KaTO,[IHOH JJJIOCKOCTH 

BHe o6JiaCTH ,!lII3JieKTpIIqecKOH JJJiaCTHHbl Bee OTCYTCTBHe (KpIIBa51 C ToqKaMH) • .IJ:nll 

cpaBHeHIIJI JJOKa3aHO pacrrpe.ueneHHe JJOBepXHOCTHOH JJJIOTHOCTH 3apJina KaTO,!lHOH 

JJJIOCKOCTII B rrpIIC)'TCTBIIII .!lII3JieKTpHqecKoil: JJJiaCTIIHE,J B o6beMe KaMep1,1, 

.IJ:II3JieKTpHK BJIIIJ!eT Ha pacrrpe.ueneHHe JJOBepXHOCTHOH JJJIOTHOCTII 3apJI,l:la KaTO,!la 

BJJJIOTI, no paccTOJIHHJI 50 MM OT JJeHTpa ,[III3JieKTpHKa. 

3. BeJIHqHHa 3apl!,!lOB rrpOBOJIO'leK B6JIII3II ,[III3JieKTpHKa 3aBHCIIT OT ero 

,[IH3JieKrpIIqecKOH rrpoHIIJJaeMOCTH E. M1,1 IIMeeM .ueno C rrpOTJl)!(eHHbIM 

,!lII3JieKrpHKOM C JJJIOCKOH JJOBepxHOCTb!O, B 3TOM cnyqae JIOKaJJbHa51 JJJIOTHOCTI, 

IIH.!lYJJIIpOBaHHE,IX 3apJ1,!lOB cr( E) ~ Eon ( E-1 )/ E. B 3TOM Bblpa)!(eHHII Eo,, JIBJIJ!eTCJI 

rrpoeKJJHeil: 3JieKTpII'IeCKOro JJOJJJI CTOpOHHIIX 3apl!,!lOB Ha BHeIIJH!O!O HOpMaJJE, K 
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II0BepXH0CTH .zw:rneKTpHKa. ITo3TOMY 3HaK 3apl'!.L(0B II0BepxH0CTH .L(H3JieKTpHKa, 

6nm1<aHIIIeH K aH0.L(HhlM IIp0B0JI0'IKaM, IIp0THB0II0JI0JKeH 3HaKy 3apH.L(0B 

rrpOB0JI0'IeK. 113 C00TH0IIIeHHJ:I cr(E) ~Eon(E-1)/ i: CJie.L(yeT, 'ITO c yBeJIH'IeHIIeM 

.L(H3JieKTpH'IeCK0H rrpoHm{aeM0CTH rrpoHCX0.L(HT HaCblll{eHHe II0BepXH0CTHOH 

IIJIOTH0CTH 3apl'I.L(a .L(H3JieKTpHKa. 3TOT qiaKT 0TpaJKaeT xapaKTep pacrrpe.L(eJieHHJ:I 

3apl'!.L(0B rrpoB0JI0tJeK, 'HaX0.L(J:lll{HXCJ:1 B6JIH3H .L(H3JieKTpH'IeCK0H IIJiaCTHHbl KaMepbI, 

KOTOpblH rrpHBe.L(eH Ha pHC. 6. Bbl'IHCJieHHJ:I BhlII0JIHeHbl .L(JIJ:I HHTepBana BeJIH'IHHhl 

.L(H3JieKTpH'IeCKOH rrp0HHI{aeM0CTH E OT i;=l (OTCYTCTBHe .L(H3JieKTPHKa) .[(0 

3Ha'IeHHJ:I i:=6. 
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PHc. 6. Pacrrpe.L(eJieHne 3ap5I.L(0B aH0.L(HhIX IIp0B0JI0'IeK KaMepbI B 3aBHCHM0CTll OT 

.L(ll3JieKTpH1IeCKOH IIp0HHI{aeM0CTll 3all{HTHOH IIJiaCTllHhl. HHJKHee pacrrpe.L(eJieHne -

oTcyTcrnue 3all{HTHOH rrnac-rnH_hl. OcTaJihHhie pacnpe.L(eJieHHH ( cHmy BBepx) 

0TBe'!a!OT cnytJMM C HCII0Jib30BaHHeM 3all{HTH0H IIJiaCTllHhl, .L(ll3JieKTpH'!eCKM 

rrp0HHI{aeM0CTh KOT0poil: paBHa i;=l,5; i:=2; i: = 4 H i:=6 C00TBeTcTBeHH0. 

4. B rrporropl{ll0HaJibHhIX KaMepax C 3KBH.L(llCTaHTHblM pacrr0JI0JKeHneM 

rrp0B0JI0tJeK 30HOll tJYBCTBHTeJibH0CTll B CetJeHHll HBJIHeTCH IIpl'IM0yr0JibHllK. 

Y .L(aJieHHe IIp0B0JI0tJeK ll !IpllCYTCTBlle .L(H3JieKTpHKa MeHHIOT qJOpMy 30Hbl T0JibK0 

.L(JIJ:I Tpex Kpail:HllX rrp0B0JI0tJeK (pnc. 7). C yBeJintJeHHeM .L(ll3JieKTpntJeCKOH 

rrp0HHI{aeM0CTll IIJiaCTllHbl qiopMa 30Hhl .L(eqiopMHpyeTCH. MaKCllMaJibHOe ll3MeHeHlle 

rrp0HCX0.L(HT .L(JIH CJIYtJM yBeJIHtJeHHH .L(ll3JieKTpntJeCKOH IIp0Hlll{aeM0CTll .L(0 

3Ha'!eHHH E ➔ oo, 3T0 C00TBeTCTByeT llCII0Jih30BaHHIO rrp0B0.L(HHKa BMecT0 
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PHc. 7. <l>opMa pa6011nx 51qeeK Tpex rrepBbIX IIp0B0JI0tJeK rrporropl{ll0HaJibHOH 

KaMepbl B pail:0He .L(ll3JieKTpll1IeCKOH 3all{HTHOH IIJiaCTllHbl. ,[(H3JieKTpHK II0Ka3aH B 

JieB0M HHJKHeM yrny pHCYHKa. Pa6otJHe H'IeHKH HMe!OT CTaH.L(apTHYIO 

rrpHM0yroJibHYIO qiopMy, na'IHHM C qernepTOH rrp0B0JI0'IKll 

.L(H3JieKTpHKa. Pa3JilltJlle .L(JIH CJIYtJM .L(ll3JieKTpHKa (E = 4 pnc. 7) ll rrpoB0.L(HllKa 

(pnc.8) He 0tJeHh cymecTBeHH0. CKa3hIBaeTCH HBJieHne HaCbIII{eHHH llH.L(yl{HpyeMhIX 

3apH.L(0B Ha II0BepXH0CTll IIJiaCTllHbl. 0 xapaKTepe pacrrpe.L(eJieHHH II0TeHI{llaJia B 

paifoHe rrepBbIX tJeTbipex rrp0B0JI0tJeK M0JKH0 cy.L(HTb II0 pnc. 9. 

5. 3HaK 3apl'I.L(0B II0BepXH0CTll .L(ll3JieKTpHKa, 6JIHJKaU:IIIeH K aH0.L(HbIM 

rrp0B0JI0tJKaM, rrp0TllB0II0JI0JKeH 3HaKY 3apH.L(0B rrpoB0JI0'ieK. IIoBepXHOCTb 

.L(H3JieKTpHKa 3apHJKeHa 

HH.!I:Yl{llpOBaHH0ro 3apH.L(a 

0TpHI{aTeJibH0 . 

.L(ll3JieKTpHKa 

ITOBepXHOCTHM 

oITpe.L(eMeTCH ero 

ITJI0TH0CTb 

qJOpMOH, 

.L(ll3JieKTplltJeCKOH ITP0Hlll{aeM0CTh!O ll rpanntJHbIMll ycJI0BllHMH Ha IT0BepxHocrnx 

KaT0.L(HhIX ITJIOCKOCTeil: ll ITp0B0JI0tJeK. 

Ha pnc. 10 IT0Ka3aHa Kaprn JIHHllH IT0JIJ:I B pail:oHe .L(H3JieKTpHKa. JlHHHll 

3JieKTpntJeCK0r0 IT0JIJ:I ITp0B0JI0tJeK 1 H 2, 3aKaHtJllBaIOII{HeCH Ha IT0BepXH0CTll 

.L(ll3JieKTpnKa B T0tJKax C II f, C00TBeTCTBYIOT BeKT0paM 3JieKTpll1IeCKoro ITOJIH, 

HarrpaBJieHHbIM ITO JlllHllHM, ITapaJIJieJihHblM OCH op.L(llHaT. OcTaJibHbie JillHlllI IT0JIJ:I 

C00TBeTCTBYIOT IT0B0p0Ty BeKTopa Ha 60°. 

JloKaJihHM IT0BepXH0CTHM ITJI0TH0CTb llH.L(yl{llp0BaHH0ro 3apH.L(a a(i:) ~Eon. 

IT03TOMY Mbl M0JKeM cy.L(llTb O II0BepXH0CTHOll ITJI0TH0CTll 3apH.L(a ITO ITJI0TH0CTH 
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PHC. 8. <l>opMa pa6oqHx gqeeK rrepBhIX rrpOBOJIOqeK rrporropUHOHMhHOH Ka\iepbl B 

pail.oHe 3aII.{HIBOH rrnaCTHHhI H3 rrpOBO,lJ;HHKa. 
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PHC. 9. KapTa 3KBHilOTeHUHaneil. B pail.oHe )];H3JieKTPHqecKOH rrnaCTHHhI rrpH 

HyneBOM rroTeHUHane KaTo.n;a. KpHBhie COOTBeTCTBYIOT IlOTeHUHMaM 500, 1000 , 
1500, 2000 H 2500 B. Ha CHfHMhHhie rrpoBOJioqKH no.n;aHO uanpH)I(eHHe 5 KB. 

CrymeHHe JIHHHH IlOTeHUHana Me)I()];y rrepBhIMH ,n;ByMH npOBOJIOqKaMH H 

,lJ;H3JieKTPHKOM - CBH,n;eTeJihCTBO yBennqeHHH 3neKTpHqeCKoro IIOJIH B 3TOM MeCTe. 

JIHHHH IIOJIH. IlpH 3TOM, KOHeqHo, HeJib3H 3a6hIBaTh, qTO Eon - HOpManhHhIH 

KOMIIOHeHT 3JieKTPHqecKoro TIOJIH. IlnoTHOCTh JIHHHH TIOJIH yBeJIHqHBaeTCH OT 

TOqKH a ,no ToqKH d, .n;anee rrpoHCXO,lJ;HT HeKOTOpoe yMeHhIIIeHHe HX IlJIOTHOCTH .no 

cepe,n;HHhI HHTepBana O - e, rrocne He6oJihIIIOfO yBemiqeHHH OT cepe,n;HHhI HHTepBana 

0 - e .no TOqKH f CHOBa rrpOHCXO,lJ;HT yMeHhIIIeHHe IIJIOTHOCTH JIHHHH rrom1. 
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PHC. 10. Kaprn JIHHHH IIOJIH rrepBhIX .n;Byx npOBOJIOT.JeK B pail.oHe ,lJ;H3JieKTpHKa. 

JlHHHH C H f COOTBeTCTBYIOT nanpaBJieHHIO IlOJIH no HOpManH K KaTO,lJ;HOH 

IIJIOCKOCTH, OCTMhHhie rrpoBe,n;euhI T.Jepe3 60°. JlHHHH IlOJIH rrepBOH npOBOJIOlJKH 6e3 

o603Hat.Jemrn - rpanHua Me)I()];y o6naCTh!O CHJIOBh!X JIHHHH, 3aKaHlJHBaIOl.l\HXCH Ha 

,lJ;H3JieKTpHKe, II o6nacThIO JIHHHH, n.nymnx K KaTo,n;y. 

flpHBe.n;eHHhie paccy)K,n;eHHH nOHCHHIOT pacnpe.n;enenHe IlOBepXHOCTHOH IlJIOTHOCTH 

3apsi.n;a no ,lJ;H3JieKTpttKy, KOTopoe nOKa3aHo Ha pHC. 11. 

6. TTpncyTCTBHe . ,lJ;ll3JieKTpHKa B pa6oT.JeM ofrheMe nponopUHOHMhHOH KaMep1,1 

Be,n;eT K H3MeHeHHIO ero noBepXHOCTHOH nnOTHOCTH 3apsi,n;a 3a CT.JeT aKKYMYJIHUHll 

noJIO)I(llTeJibHhIX HOHOB Ha noBepxHOCTll ,lJ;H3JieKTpHKa. Ilpouecc HaKonneHHH HOCHT 

BpeMeHHOH xapaKTep. Cne.n;oBaTeJihHO, 6y.n;eT ll3MeHHThCH co BpeMeHeM H 

KOJqiqmunenT ra3oBoro ycnnemisi. 

IloJIO)I(HTeJihHhie 3apsi.n;1,1 HOHOB HBJIHIOTCH CTOpOHHllMll 3apH,naMll Ha 

noBepXHOCTH ,lJ;H3JieKTPHKa C noBepXHOCTHOH nJIOTHOCTh!O cr. 8 3TOM cnyqae Ha 

noBepXHOCTll )];ll3JieKTpHKa .n;ettcTByIOT cne.n;y10mHe rpaHHT.JHhie ycnoBHH: 

E 2E2n -E 1E1n =a. ,l(nsi paccMaTpttBaeMOro cnyqasi E 1 - ,lJ;ll3JieKTpHT.JeCKllil 

npoHnuaeMOCTh fa30BOH CMeCH, a E 2 - ,lJ;H3JieKTPHT.JeCKaH np_OHHuaeMOCTI, nnaCTHHhl. 

flpouecc 3apsi,n;Kn noBepxnocrn .n;H:1neKTpHKa n ero pa3psi.n;KH xapaKTeptt3yeTcsi 

nOCTOHHHOH BpeMeHH 'C = I: r ( r - y.n;eJihHOe conpoT_HBJieHHe). flpH 3TOM B03MO)I(ll0 

HacTynneHHe ,lJ;HHaMHT.JecKoro paBHOBeCHH. Pe)I(HM ,lJ;HHaMH'leCKOro paBHOBeCHH 
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PIie. 11. Pacnpe,[(eJieHIIe noaepxHOCTHOll IlJI0TH0CTII 3apll.L(a B,[(QJII, noaepXH0CTII 

,[(II3JICKTpIIKa. ToqKa 1 C00TBCTCTBYCT ero cepe,[(IIHe, TQqKa 2 - Haqany 3aKpyrneHIIJI. 

Ha yqaCTKe Me)K,[(y TQqKaMII 3 11 4 Il0Ka3aH0 pacnpe,[(eJieHIIe noaepxHOCTHOll 

IlJI0TH0CTII 3apll,[(a OCTMbHOll qacTII noaepXH0CTII. 

3aBIICIIT OT ,[(Il3JieKTpIIqecKOll npoHm.(aeM0CTII. pa6oqeif CM CCII ra3a II 

npoHm.(aeM0CTII ,[(Il3JieKTpIIKa, a TaK)l(C OT !IX y.L(CJII,HI,lX conpOTIIBJICHJill. B cnyqae 

paBCHCTBa Il0CT0JIHHhIX apeMeHII 't I 't 2 Ha noaepXH0CTII ,[(Il3JICKTpIIKa 

HaKonneHIIJI II0H0B He npoIICX0,[(IIT. B pe)l(IIMe paBH0BeCIIJI ycTaHaBJIIIBaeTCJI 

TOKOBhIH 6anaHc: E2n I r2 - E1n I r1 = 0 [4] . 

Cne.L(CTBIICM yaen11qeHIIJ1 3apJ1.L(a npoaonoqeK, Haxo.L(JIJUHXCJI a pauoHe 

,[(II3JieKTpHKa, JIBJIJICTCJI yaen11qeHJie K03q>q>IIUJICHTa raJ0B0ro ycHneHIIJI. l13MCHCHile 

K03q>q>IlUilCHTa raJ0Boro yc11neHIIJI M M0)l(H0 0UCHilTI, 113 Bb!pa)l(eHIIJI M=K expQ, B 

K0T0p0M Q - JIIIHCHHM IlJI0TH0CTh 3apll,[(a np0B0JIQqKII, K - Il0CT0JIHHaJI [5]. Tiocne 

.L(IIq>q>epeHu11poBaHIIJ1 nonyqIIM 

K03q>q>IIUIICHTa raJ0B0fO yc11neHIIJI 

,[(II3JICKTpIIqeCKaJI np0HIIuaeM0CTb 

aen11q11Hy 0TH0CIITCJII,H0ro II3MCHCHIIJI 

llM/M=(6.Q/Q)lnM. ,[(nll cnyqM, K0r.L(a 

nnaCTIIHI,J i:=6, yaen11qeH11e nIIHeHHOH 

IlJI0TH0CTll 3apll,[(a 1-0ll np0B0JIQqKII (pIIC la) 6.Q=l30, a JIIIHCHHM IlJI0TH0CTh 

3apll,[(a npoaonoqeK C perynllpHb!M pacnOJI0)l(CHIICM Q=325 (p11c.6). Cne,[(OBaTeJibHO, 

npII K03q>q>HUIICHTe raJoaoro yc11neHIIJ1 M =10 5 
nonyq11M llMIM=4,6. ,[(AA 

raJ0B0ro ycIIJICHIIJI 10 6 llMIM=5,5. TaKIIe II3MeHeHIIJI K03q>q>IIUIICHTa raJ0Boro 
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yc11neHIIJI C00TBeTCTBYIOT yaenJiqeHIIIO. Il0T0Ka qacTIIU, K0T0pb!e pemcTpHpYJOTCJI 

Ilp0B0JIQqKOll. 

7. B [6] Il0Ka3aH0, qTo npll 6om,IIIIIX Il0T0Kax qacTIIU, npIIX0,[(JIJUIIXCJI Ha 

np0B0JIQqKy, ee noaepXH0CTI, Il0KpbIBaeTCJI IlOCT0pOiiimMii 0TJI0)l(CHIIJIMII. 3m 

0TJI0)l(CHilJI Moryr npIIBCCTII K C0KpameHIIIO nnaT0 11 JIBIITI,CJI njmqIIHOll npo6oea. 

DJIH3KO paCilOJIO)l(CHHhlli ,[(Il3JieKTpIIK H3 CTeKnOTCKCTOJIIITa M0)l(CT CTIIM)'JIIIpOBaTb 

npouecc Bb!Ca,[(KII 0TJIO)l(CHIIH Ha noaepxH0CTI, npoaoJioqKH_ 

OcrneTCJI 0TKpb!TI,IM Bonpoc 0 B3am,10.L(CllCTBIIII Il0JI0)l(IITCJibH0 3apll)l(CHHI,JX 

Il0H0B C noaepxH0CTh!O ,[(Il3JICKTpIIKa. l13BCCTHO, qro HCCTa61IJibH0CTh pa60TI,J 

ra30Bh!X ,[(CTCKTOpOB, pa6oTaIOJUIIX B CTpIIMepH0M pe)l(IIMe, JIBilJICTCJI cne,[(CTBHCM 

pe3IICTIIBH0ro Il0KpbITIIJI KaTo,[(a. C yaen11qeHIICM · conp0TIIBJieHIIJI KaT0,[(a 

rrpeKpameHIIe CTafiIIJibHOro pe)l(HMa CBJl3aH0 C II0JIBJICHHeM . rony6oro caeqeHIIJI 

B0Kpyr npoaonoqKII. TaKOll "TneIOIUIIH" pa3pll.L( B03HIIKaeT rrepB0HaqanbH0 B O,[(HOH 

TQqKe rrpoaonoqKII II Il0CTerreHH0 3axBaTbJBaeT ee BCIO .. OH npeKpamaeTCH T0JibK0 

nocne CHJITIIJI Hanpll)l(CHIIJI. TipII conp0TIIBJICHIIII 3 MOM Ha KBa.L(paT B03HIIKH0BCHIIe 

"rneIOmero" pa3pll.L(a HaqnHanoc1, .L(0 pe)l<HMa 3q>q>eKTIIBHOH perncrpaUIIII [7]. 

2. 0 MeTO,IJ,e pernemrn 3a,l),aqII 

BbIIIIe 6b!JIO ,[(aH0 0ilIICaHIIe 3JICKTp0CTaTIIKII KaMepbl C .D;II3JICKTplIK0M B 

pa6oqeM 061,eMe. ,[(nll 061,J1cHeH1IJ1 II 1Inmocrpau1I1I rrpoueccoa HaMII fihmo 

Bb!Il0JIHCH0 qncneHH0e M0,[(ennpoBaHIIe 3JICKTpIIqecKIIX noneu II Il0TCHUIIaJI0B. 

Mo.L(enIIpOBaHIIe npoBe,[(eH0 Ha 0CH0Be MCT0,[(0B peIIICHIIJI 3a,[(aq 3JICKTp0CTaTIIKII, 

pa3pa60TaHHhIX aBT0paMII HaCTOJIIUCH rry6nIIKauIIII ,[(JIJI CIICTCM rrpoB0,[(HIIK0B II 

,[(Il3JieKTpIIK0B [8, 9]. B 3TIIX MCT0,[(ax IICil0Jib3YCTCJI CIICTeMa BCil0M0raTCJII,HI,JX 

3apll.L(0B, pa3MemaeMI,JX BHyTpII np0B0,[(HIIK0B, CHapy)l(II II BHyTpll ,[(Il3JieKTpIIK0B. 

BcnoMOraTeJihHhie 3apJl,[(bI o6ecne~BaIOT Bh!Il0JIHCHIIe rpaHI!qHI,IX ycnOBilll, Hx 

BCJIIl~Hbl II 3HaKII onpe,[(Cnll!OTCJI IITepamBHh!M cnoco6oM IIJIII peIIIeHIIeM CIICTeMbl 

anre6paIIqecKIIX JIIIHeHHh!X ypaaHCHI!ll. fpaHII~I,JM ycnOBIIeM .L(IlJI np0B0,[(HIIK0B 

JIBilJIIOTCJI 3a,[(aBaeMue Il0TeHUIIMbI IIX noaepXH0CTeu. Ha rpaHIIUax ,[(II3JICKTpIIK0B 

,[(0JI)l(HI,I Bb!Il0JIIDIThCH ,[(Ba ycn0BIIH ,[(JIJI TaHrCHUIIMI,Hh!X E ti =E t2 II H0pMMbHh!X 
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E 1 £DI= E2 En2 K0MII0HeHT0B :meKTpH'leCK0ro II0JUI [IO]. ,[(H3JieKTpH'IeCKHe 

IIp0HHIJ;aeM0CTH cpe.n 1 lI 2 o603Ha'leHbl, C00TBeTCTBeHH0, KaK E I lI E 2 . 

PaBeHCTBO TaHreHU:IlaJibHblX C0CTaBJUIIOJUlIX 3JieKTpH'IeCK0ro II0JIJI Ha 

II0BepXH0CTH pa:3,neJia JJ;Il3JieKTplIK0B 03Ha'!aeT He;1pepbIBH0CTb II0TeHIJ;Hana. 

IIpnBe.ne1moe C00TH0Uiem1e JJ;JUI H0pMaJibHblX K0MII0HeHTOB II0JIJI JIBJIJieTCJI 

CJie.D;CTBileM CKa'!Ka H0pManbH0ro K0MII0HeHTa 3JieKTpnqecKoro II0JIJI Ha 

II0BepXH0CTil pa:3,nena. 

IIpn M0JJ;eJIHp0BaHilll BeJinqnHa JJ;Il3JieKTpHqecKOH IIp0HHIJ;aeM0CTil IIplIHHManacb 

paBHOH 'leTI,IpeM, T.e. E 2 = 4. BennqnHa IIp0HHU:aeM0CTil pa6oqeil: fa:30B0H CMeCil 

paBHJIJiaCb IIp0HlIIJ;aeM0CTil BaKy}'Ma i:: 1 = 1. B JJ;aJibHettUieM II0JJ; BeJinqnHOH i:: 

II0HHManacb JJ;Il3JieKTpll'leCKM IIp0HHIJ;aeM0CTb IIJiaCTlIHbl Il30JIJIT0pa. IIpn peUieHilll 

3a.D;a'lll IIpHMeHJIJICJI MeTO.n JIHHeHHbIX anre6panqeCKlIX ypaBHeHHH lI MeTO,n 

mo6pIDKeHnil. Orn6pIDKeHne BCII0M0raTeJibHbIX 3apJI.D;0B IIp0B0JJ;lIJI0Cb 

0TH0CHTeJibH0 KaTOJJ;HOH IIJI0CK0CTil c HyJieBbIM IIOTeHIJ;IlaJIOM, 6JIH)l{ail:Uieil: K 

JJ;Il3JieKTpHKY- 3To II03B0JIHJI0 II0JIH0CTblO IlCKJI}OqlITb Il3 paccMorpeHHJI 3apJI.D;bl 3TOH 

KaTOJJ;HOH IIJI0CK0CTil lI 3apJI.D;bl II0BepXH0CTil JJ;Il3JieKTpHKa, rrpnneraJOIUeil: K KaTo,ny. 

B C00TBeTCTBilll C rpe60BaHlIHMil IIpHMeHJieMoro MeT0JJ;a peUieHHJI Ha IIp0B0JIQqKax 

B Ka'!eCTBe rpaHH'IHbIX ycnoBnil: 3a,naBanCJI II0TeHU:Han U O =5 KB, a Ha nx 

mo6pIDKeHHIDC - II0TeHu;nan o6parnoro 3HaKa. Ha II0BepXH0CTH KaTOJJ;HbIX 

IIJIOCKOCTeil: 3a.D;aBaJICJI HyneBOH II0TeHIJ;IlaJI. .[(irn rpaHil'IH0ro ycJI0BlIJI Ha 

II0BepXH0CTH JJ;Il3JieKTPHKa B C00TH0UieHilll E2n = € Eln M0)KH0 T0JibK0 3a,naTb 

BeJIH'llIHY JJ;Il3JieKrpHqecKOH rrp0HHIJ;aeM0CTil E. KoMIIOHeHTbl 3JieKrpH'IeCK0ro IIOJIJI 

Ha II0BepXH0CTil JJ;Il3JieKrpHKa JIBJIJIIOTCJI Hell3BeCTHb!Mll BennqnHaMil. OHll 3aBlICJIT 

OT cpopMbl lI MecTa HaXo,KJJ;eHHJI JJ;Il3JieKrplIKa B II0Jie rrp0B0JJ;HlIK0B. IIpll peUieHHil 

3a.D;a'lll rrpHHlIMaJI0Cb 3HaqeHHe E = 4. BennqlIHbl lI 3HaKH BCex BCII0M0raTeJibHbIX 

3apJI.!1;0B orrpe,neJIJIJilICb peUieHHeM CHCTeMbl ypaBHeHIIH. 3TH 3apJI.D;bl ,n0JI)l{Hbl 

o6ecrre'IHTb BbIII0JIHeHHe 3a.D;aBaeMbIX rpanllqHbIX ycJIOBlIH Ha II0BepXHOCTll 

rrpoB0.QHlIK0B, a TaK)l{e o6ecrreqHTb BbIII0JIHeHne ycJIOBlIH E2n = € E,n B mo6oil: 

T0qKe II0BepXH0CTH JJ;Il3JieKTpHKa. CxeMa pa:3MeIUeHHJI 0CH0BHb!X BCII0M0raTeJibllbIX 
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3apJI.Q0B Il 3apJI,n0B Il306pa,KeHHJI rrp0B0,QHlIK0B lI ,Qll3JieKTpHKa, KOT0pbie 

Heo6xo,nHMO HaHTil 'JJ;JIJI y.noimeTBopeHHJI' BCeM i-pa111IqHb!M ycJI0BlIJIM peUiaeMOH 

3a,naqn, rrpnBe,nena Ha pnc. 12. 

Ymm 

--------~--------
U=OkV 

U=5kV 

E=4 
Xmm 

) 

• U=-5kV 

U=OkV 

Pnc. 12. CxeMa pa:3Mememrn BCII0M0raTeJihHhIX 3apJI,noB ,nnJI peUiemrn 3a,naqn_ 

B,noJib IIJI0CK0CTII KaTo.na 0llll II0Ka:3aHbl rnTplIX0Bb!Mll JllIHIIJIMil. BcrroMoraTeJibllbie 

3apJI,nb~ BHYTPH Il_ BHe ,Qll3JieKTpHKa II0Ka:3aHbl UITpIIXIIYHKTIIp0M . .[(nJI peUieHIIJI 

3a.D;aJOTCJI K00p,QHHaTbl Bcex BCII0M0raTeJibHblX 3apJI,n0B, 3a,na10TCJI II0TeHIJ;IIaJI 

KaTo.na, II0TeHIJ;IlaJI aH0,QllbIX ripOBOJioqeK II BeJIIIqIIHa ,QII3JieKTpIIqecKoil: 

nponm1aeM0CTII ,QII3JieKTpIIqecKoil: 3aIUHTHOH IIJiaCTIIHbl. TinaCTIIHa II ee 

mo6pmI<eHi°ie Il0I(a:3aHbl B IjeHTpe pIICYHI<a. 

3. BbIBO)],hl 

PaccMorpenne 3JieKTp0CTaTlIKil rrporropIJII0llaJibHbIX KaMep KOHcpIIrypau:,m, 

npe,nJIO)l{eHHOH B [l ], II0Ka:3bIBaeT OUIII6oqnocTb K0HIJeIIIJilll, Jie)Kameil: B 0C!I0Be 

K0HCTPYKIJ!Ill KaMep, Il0CK0JibKY ona IIp0TIIB0peqIIT 3aK0HaM 3JieKTp0CTaTHKH. 

TipIIMeneHne ,QII3JieKTpIIqecKOH IIJiaCTIIHbl ne,neT He K yMeHbWeHll!O 33pJIJ{0B 

np0B0JI0'{eK KaMepu, pacII0JI0)l{eHHbIX 0K0JI0 ,QII3JieKTpIIKa, a, 11ao6opoT, K IIX 

yBeJinqenuJO. CJie.D;CTBileM 3T0ro JIBHTCJI ueycrnil:qunOCTb pe)l{HMa pa6oTbl KaMep B 

rrpou:ecce ,nnuTeJihnoro 3KcrrepnMenrn. HeycrnifqIIBOCTb pe)l{IIMa rrpnee,neT K 

113MeHeHl!IO pa6oq11x xapaKTepl!CTHK ,neTeKT0pa B IJCJI0M. 
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3aKmoqemie 

ABTOpbl 6naro,napHbl 11.M. fpaMeHHUKOMY 3a IlOCTOHHHblH lfHTepec K pa6oTe, 

B.,U. ITernexouoay 3a co.neficrnHe, M.f. lllacppauoaofi 3a uay•rnoe pe,naKrnpoaau11e. 

HaM npHHTHO no6naro.napHTb JI.H. fJIOHTll, lf3 o6cyX<,neHHH C KOTOpbIM B03HlfKJIO 

JKeJiauHe pa3o6paTbCH B 3a_naqe O BJIHHH!flf .!llf3JieKTPlf'leCKlfX 3JieMeHTOB Ha CBOHCTBa 

MHOronpoBOJIO'lHbIX .!leTeKTopoB. 3TO JKeJiaH!fe a KOHe'lHOM HTore npHBeJIO aBTOpOB 

ny6JI11KaUHlf K perneumo 3a_naq11 3JieKTPOCTaTlfKll HaCTOHIUefi pa60Tbl. 
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IllacppattoB M.,ll., TonypnH T.II. P13-99-318 
IIpo6JieMbl 3JieKTpOCTaTHKH l\tHOronpOBOJIOtJHbIX nponopUHOHaJlbHbIX 
KaMep C AH3JieKTpHKOM B pa6oqeM 061,eMe 

IIpHBO.QHTCH pe1yJibTaTbl HCCJie,QOBaHHH 3JieKTpOCTaTHqecKHX CBOHCTB MHOro
npOBOJIOqflblX nponopunoHaJibHhIX KaMep (MIIIIK) c 1amurnou ,nn::iJieKTpuqe
CKOH nJiacmHoH BHYTPH pa6oqero o6beMa. TaKne KaMepbI 6hIJIH npeAJIO)KeHhI B 
KatJeCTBe O.QHOro H3 BapnaHTOB MIOOHHblX CTaHUHH TOpUOBblX ,neTeKTOpOB MH 
ycTaHOBKH CMS ycKopmeJIH LHC UEPH. TI0Ka1aHo, qrn KOHUenUHH, Jie)Kall.(M B 
OCHOBe KOHCTP)'KUHH KaMep, npOTHBOpetJHT 3aKOHaM 3JieKTpOCTaUIKH. KaMepbI C 
3all.(HTHOii nJiaCTHHOH HMeHHO TaKOH KOHCTPYKUHH He MOfYT 06ecneq11Tb MH
TeJihHOro ycTouq11Boro pe)KHMa pa6oThI. 

HccJie,noBamrn npoBe,neHbl MeTO.QOM HaXO)K.!leHHH BCflOMOraTeJibHblX 3apH,nOB, 
o6ecnetJHBaIOll.(HM BblflOJIHeHHe rpaHHtJHblX ycJIOBHH Ha flOBepXHOCTHX npoBO.QHH
KOB H .Ql13JieKTpHKOB. BeJIH'lHHbl BCflOMOraTeJibHblX 3apH,nOB HaXO.QHTCH perneHtteM 
CHCTeMbl JIHHettHbIX ypaBHeHHH. MeTOA npeAJIO)KeH aBTopaMH HaCTOHll.(ett ny6JIH
KaUHH u onucan HMH B 6oJiee paHHHX pa6ornx. 

Pa6orn BhlflOJIHeHa B Jla6oparnpun cpH3HKH qacmu OIDIH. 

ITpenpHHT 06be)llme~moro HHCTUTyra ll.UepHblX HCCJJe.[IOBaHHH. ,Uy6Ha, 1999 

Shafranov M.D., Topuria T.P. 
Electrostatics Problems of Multiwire Proportional Chambers 
with Dielectric in the Operational Volume 

Pl3-99-318 

We describe the results of investigations of electrostatic properties of multi
wire proportional chambers (MWPC) having a guard dielectric strip inside the 
operational volume. These chambers were proposed as one of the versions of 
endcap muon chambers for the SMC set-up of the LHC accelerator at CERN. It 
was shown that the idea, which is in the principles of the chamber construction 
contradicts the laws of electrostatics. The chambers having the guard strip of this 
very construction are not able to provide a timeproof of operation, 

The solution of problem was fulfilled by the auxiliary charge finding method 
which provides the requirements of boundary conditions on the surface of conduc
tors and dielectrics. The charge values are determined by the solution of the linear 
equation system. This method was proposed by the authors of this publication and 
had been described in their previous papers. 

The investigation has been performed at the Laboratory of Particle Physics, 
JINR. 
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