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WHCT~TYT 3KCnepHMeHTanbHO~ $H3HKH CAH, KOWH~e, 4CCP 
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CO~HHCK~H YHHBepC~TeT, HP6 
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M.I1.0MenbRHeHKo 
MOCKOBCKHH HHCTHTYT paA~03neKTpOHHKH ~ aBTOMaTHKH 

I. BBe8eBlle 

Bo MHorn 9RcIIepRMeHTax na YCROPRTeJIHX B c ROCMJI1IeCIOD.m .nyqaMB 

IIpJr IIOBCRe paonaza nporoaoa He06xo;runm Sn8'tIRTeJlI»HHe IIO paSMepy 11 IIpH 

aTaM BeCEM8 TOqa~e Roo~aTHHe ,I[eTeRTopH. TaKHMH ,I(eTeKTOpaMB MOryT 

CJ1YDT:& nmpoxosasopeHe ,Iijlelq,oBHe KaMepH (lIUIK). B IIOCJIe,lJ;Hee BpeWI 110

KBHJICSI BOBHft IrJIaCO IJ.UU{ - oea9JIe,Tr,ltHHe .n;peAillOBHe RBMepH, T. e. KaMepl:l 

6e3 IIoJIelflop.mpyDlll1lX 9JIeK'l'po,I(OB I . Hx OCHOBHHe npeRMymeCTB8: IICKJID

lDITeJ!bH8.JI IIpOCTOT8 KOUCTpyltD;BJI B 06YCJIOBJIeHB8SI 9TO 3Ha'qH'1'eJI])HaJI 9KO

HOWISI TPY,na IIpil HarOTOBJIemm t CYIQecTBeHHo ynpomeBHaJI CBCTeMa BHCOKo

BOJJ:liTHOrO IIHTaHHSI, BOSMOZHOCT:& C03~ ~ep. B 6eS9JIeKTpo.lllUa .npel
(floBHX Tpy60R MODO' ROH~ /2,3,5.7/. 

P~ rp,ynn /1-7 C08~ 11 BCCJIe,I(OBaX 6e39JIeK'l'po~He ~eliIlOBHe Ka

Mepli paSHIiX TmIOB H 183MepoB; B EllBO,IJ;8X aBTOpoB YRas8BHIlX pa60T B '1'01 

ltJD1I moi Mepa co.n;epuL7l0cIJ y68JUtemle. ~o 9TH KaMepH se IIp1II'O.nHll .n;JISI 

Bcn0JI:&80B8HBH B HBTe,c~HX nyqK8X Ha YCKOpRTeJIHX. 

B BameA paoore 8 6WIO, 0,1tH8K0, nORa88Ho. lITO B ,I(eACTBHTeJIDHOC

'1'B 6es 3JieRTpo,llHlle IIUU\ (IIJII c06mmeHu psma YCJIoBd HX HSrOTOBJIeHRJI R 

BCIIOJID30B8llHJl) Moryor 8iIxPeK'rHBHO pa60TaT:b B IIO'l'ORaX ,I(O ~ r05 sacran/o 
aa IIpOBOJIOlJKY'. 

B UaCTORme! CTaTlJe OIIHCHB8eTCSI RonCTpyKUaH H xapexTepBCTHKH He

CROJIlUmX 'l'HIlOB ões 9JIeItTpOmna .npe1qx>BHX R814ep, B TOM 'tIHCJIe KaMep c paa

MepaMB Ix! 'I , RO'1'oplle B '1'elleHHe lJ:BYX JIeT BCCJIe,I(OJ3a.T.rHc:b H& ijytrKe c 

UeJI:b!) BCII0JI:b30B8HJUI B 9RcnepHMenTax na YCTBHOBRe "I'.HllepoH,,/9í'.KaMapl:l 

~ClJOJIL1\OB8JIHC:b 'l'aREe .nJJ,R: BSMepeHHH ROOplUtR8T 3JIeKTpoM8I'HBTHllX aas

_He~IO,II/.KaK 6y.AeT llORa38HO,6e3aneKTpo~He ~e~oBHe RaMepH OÓ~ 
pn;n:OM cue~ecKHX csoãcra, HO IIpH 1Ip8BRJI:bH0M HCnOJI])SOBaBIDI me rJI813

HHe xapaK'l'epHcTmtI!l - 3lW>eXTBBHOCT:b. rrpocrpancraeaaoe paspeneaae 111 J1llI

HelHoCT:b - JIpaRTlAeCKl1I ne OT;nrqamOJl 0'1' xapaRTepHCTHR 06wrnHX UULK. 
IIpe,I(eJIDHaJI BHTeHCHBHOCT:b nyqRa, npH ROTOpoD 6eS9JIexTpo,1UIHe IIIJU\ eae HMel1r 

BHCORYIl (> 95%) s@)eRTHBHOCT:b, 6wra nossaeaa HaMH ,I(O ypoBBJ1 ~ 

(~4)·r05 ~CT~C Ha llpOBOJ!O~Y; 9Ta ~eKTl1IBHOCT:b He R3MeaaeTCH 

IIpB ROJIe6amUIX HHTenCIIBHOC'l'B B IIpe,I(eJI8X Bl:lJ1IeIIpHBe,I(eHHOn BeJ:IPrtmHH. 

O~UBbrteiiHJ.,Jii ~HCTm''YT \
 
QJl\~ftB!-=JX ~1' .'Jf .aOllaim~
 

6: iSJ1'~L (EKA 



2. Jlpeitd>oBue KaMep,g 

B cea MeltTpo,ItHHX .npe!qoBHX RaMerax aneltTp.1!lieCKoe nOJIe (pop.m:pyeT
CH IIOJIODTeJThHmnir ROHaMl!, HaltOm;~CH na BHy"rpeHHeif cropoae CTemm 

RaMep!:l, C;n;eJIeHHo:R HS HSOJISITOpa /1- • PaSJIl!'lliHe MaTepH8JIJ:l 6wm IIC

IIO~soijaHH B RalieCTBe CTeHO~ .6e33J1eKTpo~ KaMep: CTe~IOTeRCTO
r.

JllI~I, 6,8/ ,SllORCH,IUiaJl OMOJIa/3/, llOJillSTWI9a/2{IIOJlli~OIW.1IeH/2,7/ . li 

oprcrezao /2/. IIoI:IHTRa IIpRMeIDIT:D OXOHHoe CTeDO / / 6wm 6esycneUIHoD. 

HaMH BO Bcex K8Mepax HCIIOJIDSOBaHCH CTe~OTeKCTOJIHT TonmHHoit 1,5 MM, 

MeT8.JIJIHsHpOB8HHI:dt c 0,nH0i! CTOpOHH. 
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PHc.I.	 CxeMe. MeKTpo,IUIo:R (a) H 6es8Jlex

Tpo,1tBHX ( b , C) .npellloma KaMep;' 
d .e - MO.nyJID 6eSanelt'1'po,ltH0:R 

JJ;peftiJ)oBoD 1t8MepLl o pasuepaMH 

Ix! M. UA - SHO,IJ;HOe Harrpm!emI~. 

U
D 

- Hanpm!teHHe aa c'1'a6wm:sHPYIO

DtHX 3JIeltTpo,nax. 

MH Bcoxe~oBaXH nxT:D paSHO~OCTea 

IIIHpoKosasopHHX ~peAcI>oBl:JX KBMep (puc.I). 

Hx pasaep (no ~) OOCT8B3IHJI 20 lA! , 

MSROHMa.n:bH8Sl ,IJ,JImla ;r:u:>e:Ucpa MeR'l'poHoB 

100 MM. B RSlIeO'1'Be SHO,nOB 0JJYD.11H npo
BOJI01UUI ,nJtI8MeTpoM 30 MRM. 

PaCOMOTp1?lM OCHomm6 IIapaMeTpH usy
'II8.BIlBXOSI R8Mep. B aneRTpo,lUiol xaMepe 
(Pilo.la) c BHYTpeHHeftl C'fOpoHH CTeMO-

TeXOTOJIH'l'OBOft OTemm II8p8JtJ!e.zr:DHO IIpOBO

JIo1Ute pacnOJIOXeHH Me,ItHHe nOJIOOD illÇHBOA I. 5 MllIJ HS paccTomnm 5 MM 

.npyr OT ,lij'>YI'a. B Im MM 0'1' CHI'H8JThHoD npoBOJI01lIW paaMeIlteHH aneX'1'pooWi 

IIO,n HaIIpJmemIeM - Uo • C IIOMOIIt&BJ ~eJIl!'l'eJIJI c T01lHOCT:DID JJY'mle 0,5% H8 

nOJIOCRaX coanaeeea ,mme:ftHo II8,1taDItd IIOTeHIJ,1!8JI. 

HSyqaJmCb T8Ri1e xapaR'l'epHCTmtH lIeTlipex 'l'BfiOB oeaaJIex'l'poJtHHX ,çel
CílOBHX RaMep; B 'fpex IIS HBX (pPlc.1c, d .e) JllMem'CH ~OIIo.mm:TeJIltHHe an6R

Tpo,lJ;ll, ~e raSOBHM YCHJIeHHeM. Ha plIo.lb noaasaaa QXeMa 6e8

aneKTpo.n;HO~ ~,I(f;oBOI K8Mepu, 8 T8De HJIJII)C'lp:HPYe'1'CH HaBec'fiIHI no ~

60'1'6 .A.1IJmCOH8 11 npmm;1tn q,op.mpoB8HHH IIOJIJ! B Taxmt RaMepax. KaMepa 

H8 pRc.lc DeST cT86wmsHp~e 8JIeKTpoJtli B B1!J];e lSe,IJ;HHX IIOJIOCOlt JIlHP1l
HoA 2 MM, pasMemeHHHX H6rrocpe,ncTBeHHO IIO~ B: Ha.,lJ; CJIl'HSJI&BoD lIpOBOJIOll

Rol. tryBcTBHTe.JI:bHaJI IlJIoma.n:D KaMep tia': 'b" ,'0"2OXaO OM
2 

; B ma Dee'l'CH no 

o,u;HoD Clfi'HBJIllHO! npoaoaosae. CTeHlUl 1t8Mep lISrOTOBJIeBH 118 CTeMOTeRO'l'o

2 

Jm:T8 Mapm ~I co CJIe~ nacnopnnesa IIapaMeTpaMH: o&beMHoe co
2 1 3 

IIpOTnuIemte 9 > 5.Icf QM.M, COIlpOTHBJIeHliIe nOBepxHoCTB 95 > 5.10
OM. v 

~ 

; 

-. 

Fac. 2.	 CXeMa1lS0.l.H6es8JISRTpO.It-

HO! .n;pe1!cI>oBoil RaMeps c 

UJIO~I) IxI '11.2 • 

(tICCp)	 c COIIpOTMB1IemIeM 9 = (I,5,±O,5) .1014 OM.u II 9 = (7,5;±I).v 5 
IoI3 Ou (no Ha1IllnI HSMepeHHm.f) o .ltBe lt8MepH Bem cTa6wmsHPYJI!tRe MaR

TpoJtli B BH,Ite IIpOBOJIOlieR 'l'OJIntHHoft 100 MKM, H8TJmY'1'l:lX na nÓB6pxHOCTH 

C'1'eRJIOTeRCTOJm'l8 Il8paJIJIe.JThHO Ci1I'Ha.1IbHO:R IlpoBOJIO'qRe (pac. I d ). B ~ynrx 

lJ:BYX It8Mepax CT86B:JmsHpym!ItHe 8JIexTpo,llH COs,naHH lIS IISiTH IlpOBOJI01:J:eR 

T~01t 100 MKM, Ha'1'smy1'IlX aa paccroaaaa 0,5 MM ~pyr 0'1' .npyra (pRc.Ie). 

CJIe.nye'1' O'l'J.!e'J.'H'l'b, 1:J:'l'0 XOTSI B KaMepax TmI8 "c: '(j","e" HOIlOJIDsymCSI cTa6H

JmsHPYmtHe aJIeRTpo,Itli, IlOJI9 B HlIX ~PMJIIPYeTcSI rJIaEHHM 06paSOM sa ClieT 

ocezasaa IIOJIODTeJIDHHX HOHOB H8 nosepxaocrz ,IU!MeRTpHK8. KaMepll npo,ny
B8.JIHC:D CMeC:DID 83,6% aproHa H 16,4% Hs06yTElH8. I1CIIht'1'a.HIDI IIpOBO,1J;ItJmC:C 

H8 nyqRaX rr+, e+ H IIpOTOHOB o SHeprHeft 3-12 raB H8 YCKOPHTeJIe ~B3 B 

Cepn:yxoBe. 1bmJI YCRopuTeJISI IIpK aTOM 8 C, ,nmrn8 copoca 0,6 c I ,D;HaMeTp 

nyqxa ~ 5 eM • 

".. 
! 

PIlIc.3.	 BnoK-cxeM8 aneRTpoHHol 

mmapaTypH. l(K - ~el

<lIOBaJi RaMepa. AI, A2 

Y<:mJmTea. 

Bnox-cxeaa K8HaJIa MeRTpomm:H no
RaS8.Ha Ma pzo , 3. Sapsm01JYBCTBIITe.JIDHHe 

YCWI1'I'l"eJIH AI /12/, p8.SMemeHHIle aenoc
pencrseaao H8 RaMepax, HMem RpyT:PISHY 

IIpe06pi30BaHRi ~,4 B/nKJI; YCHJIeHHe B 

YC~Tene A2 I 1 peryJIKPYeTCH 0'1' I ,no 

Ia. CBrHaJI ~me IlocTyDBeT B ",ne'leRTOp 

HyJU[", KOTOp,rR ,naeT BpeMeRHym IIpHBSISRY 

R ero MaKCHMyMy'. BpeMH ,IU>eAlla JiUIMepHe'l'

CSI c nOMOm:DD MHOrOCTOnOBoro ~ ~ TOli

HOCT:DD I HC B Te~eHHe 16 MKC 13. AtJ

3 

HaMR 6HJIH RSrOTOBJIeHH R HCCJIe

~OBaHht 'laDe lieThtpe 6eswreRTpo.D;HHe 

1\JlElllilJoBHe l<8I<ePH c pEl8Mepll>1ll IxI M.' 
RaX;D;aR C 5 CHI'H8J1DHNMI!L npoBoJIO'llRS.MH 

(pltc.2). :3'rII ll8MePH HOMll8R'rIlH no HOH

CTpyxnlm, JIerIm H npollHH. OHH coopa-
HH Ha RB8J11>8THHX paMK8X. HSrOTOBJIeH

HHX MS Me'lpOBHX CTeKJIO'1'eRCTonHTOBHX 

peeR c ce~eHKeM 2Ox30 MM • ITOJIHHfi 

nonepe1!HHl passep RaMepht B coopae 
(BKJJJ1C!8H p&OOl 11 YCJV.[HT~) ae npe
BUlJI8eT 25 MM, B~C OKOJIO 5 RI'. CTeHKH 

KaMep o,neAaHht lIa CTeRJIOTeRCTOJIHTa 

H8pRH Cuprextit SE B -emnrli 



lIJIHTr,na CIIT'HaJIa KSMepaeTC.a: c nOMOllt:DR> ~pasPJIJUioro ÓliCTpo,neAcTByxJIterO 

I1apaJIJIeJThHOrO ~II 7MepTBI:lM BpeMeHeM 64 HC H ,nRaIIaSOHOM HSMepemm 

EpeMeHR 16 MKC 14 • 

3. PesY~TaTH RSMepeHRH 

3.1.	 -rop.mpoBalme 9JIeKT~eCRoro I10JUI B KHTeHCHBH1iX. noroaax 
'tIRCTlIn 

HeKoToplie xapaKTepHcTHKH ÓeS8JIeKTpo~HX ,npeft~BHX KaMep cymecT

BeRRO OTJ:I:lA8lOTCH 0'1' XBpaKTepHCTlm "OÓwmliX" .npeAifx>B1iX KB.Mep. B Mo,ne

JlH, ormc~eft coanaaae 8JIeKTplNeCKoro noJISI B ÓeS9JIeR'1'po,nHoft .npeAqx>

BoA KB.Mepe 1,4,7/, rrpennozaram' HJJ;eaJI!JHl:le YCJIomm: sapsm pacIIOJIOXeH 

na nosepxaocra .IÕl8JIeXTpHRa TaR, tITO ace CHJIOBHe JIIIHJom lOIYT B aanpas
JIeJIlilÍ! 0'1' CHI'H8Jl1IHoif IIpOBOJIOlfitH K MeTaJJ.JJlJqeCRHM RaTO,lXSM 13 xoanax R8

Mepll (PRC • I Q). B YCJIOBH.RX raxoro CT8THtreCKOrO paBHOBeCHH Momo BIl

lBICJIHT:D nOTeHIJ,HaJI B JDD60A r'tIKe KaMepu, a T8.lOIe paOC1ll!T8T:D KO~

eHT raacsoro YCKJIemm / 4 ,7 • 3'ra KapTHH8 cnpaaenzasa IIpH pa.Ó~Te RaMep 

c MaJloft sarpysRoA 'tIRcTHIJ;8MH Dy'tIKa. B mlTeHOHBHIiX nyq:K8X ÓOJIDUIym pon 
HI'pam' TOR YTelJlGI xepea R80JIHPyDIlRe OTeHKH 11 ,nonOJnm'1'e.7l&HOe HaROnJIe

HHe S8pa:1t8. H8 CTeHKaX K8Mephl sa C'tIeT ~3lm HOHOB. 

TOR yTe~ BHSliBaeT YMeH:DmeHKe nnOTHOOTH 88~a Ha rroBepxHoc'1'H 

CTeROR, tITO npHBO.zr;HT R ,ne(floINaIUm "an;e8JI])Horo" e.neRTprAeCRoro IIOJIH B 

RaMepe: aeaoropse canosse .mnnm ÓYl1YT 8BMHKaTllCH aa R30JIHPYJ1ItHe ~eH-

Im KaMepli,H B KaMepe BOSHHK8.e'l' 4JoKYcHpYIJI(ee aJIeR'l'plIlIeCRoe IIOJIe / • 

O.ztHOBpeMeIrnO, B nponecoe raaoaoro YOWIeHJiISl, BÓJ1l1ISR CHrHa.JJJ)Hol IIpOBo

JIOtIKH BOSHHK8.eT óOJI:Dmol IIpOCTpaHCTBeImHI sap.a;I( I10JIODTeJIlJHHX HOHOB;
•BCJIe.n;çTBHe .ztI$PySD ROBOB IIJIOTHOCT:D nOOJIe.wmx Ha rrOBepxuOCTH ,Iij!9JIex

TpHK8 Y'BeJJ:KlD!B8.eTCH li coanaerca ,neqx>KyCHPYlDtee (.ItJIH a.n:eR'1'pOHOB) IIOJIe. 

COBMeCTHoe ,neftoTBHe TORa YTeqKH 11 ~HH HOHOB cos,naeT ~~eCRoe 

paaaoaecae c rrOllTR "H.n;e8JI!JHO" c4JoPMHPOBaHHHM 8JIeKTpH1IeCKmt! nOJIeM c 

HOB1iMH (no opasaeaan CO CT8TlflIeCRHM c.nyqaeM) BeJmtmH8MH IIJIOTHOCTH 

arreRTplIl{eCKoro sapsma Ha I10BepxHOCTR ,ltH8JIeKTpmta, rrOTeHnKBJI8, H raso

BOro YCHJIeHHH; IIOCJle,ItHee óy,neT neC'OjRO M6d:lillIe, HO ae Óy.neT 3aBHCeT:D 

0'1' speaeaa, lITO p.e yrrommaJIOC:D B I . 
Bce CIpRBO.ztHM1ie ,naJIee BaTOM pasneae peSYJIDTa'1'H RCCJIe,noBaHHSI xa

paKTepRCTHK RaMep OTHOCHTC~ R KaMepaM lxI M • 

,IIpH SHO.ztHOM Ha.IIpJDleHHH UI>, HaMH R8Mep&1ICH rrOTeHIJ,HaJI UD ,COS

~HI S8~OM Ha rrOBepxHOCTH .nRaJIeRTpRRa B MeCTe pacnonoxeHHH C'1'aÓH

JlliISHpyxma:x 8JIeRTpo,nOB (CM. pRC. I e). Ha 8TH 3JIeRTpo.D;1i HanpmteHHe ne 

nozasaaocs, K c nouonsn CT8TRjeCI<oro BOJI:DTMeTpa onpeneaaaoa nOTeHD;ll8JI 

U •	 8 cTaTH~ecRo~ MOneJIH /4 . He yqHTHBaIDme~ TOR YTeqR,R, ~SKmD 

-l 

ROBOB II HaROnJIeHHe ,non9JIBHTeJIDHOrO sa~a Ra nOBepxHoCTH R80ARTOpa, 

aanpaseaae t. U = UA- UD Sa.BHCHT' JmHeiffio 0'1' UA • 8Ta samrCRMOCTI:> 

noxasasa na 1»10.4 mTpuxoB8.HHo13 mnme~. B HaIDeM cJij"rae (IIpR sarpysRe 

rv 105 1IaCTmVcõpoo aa npoBOJIO~r) 
cpasy nooae YBeJIlfleHlffi aHO,IJ;Boro Ha. 
np~eHHH raSOBoe YCHJI~HHe paCTeT H B 

• UDID 4 peSYJIDTaTe nOBHillaeTC.a: ~OTHOCT:D ROBOEx 

~ B OÓ'beMe RaMepH. Ha nOBepxHOCTK ,Iij{. 
o o o o o .Q-O-O"- 8JIeKTPHKa B RaMepe HaRanJIKBaeTC.a: sa

__ ----..-..-..-- f:,U 
PH.n .no Tex nop, nORa He ,nOCTHrHyTO 

4 6 10 ROBOe paBROBeCHe, I1pR KOTOpoM .ItH@lr
U

A 
(KB l SHOHHH~ TOR 0'1' nOJIO~'1'eJII:>HHX ROHOB 

ROMIleHCHpy'eTC.a: TOROM YTe1UOl CRBOS!:l 

PKc.4. 3amICRMOCTH UD R !:lU CTeHRH RaMepH. HOD KaR HB.MH oÓHapYJite

0'1' Hanp~emrn na anone BO, BaTOM BOBOM paBHOBeCHOM COCTOH

UA • IDTpmrOBaHH8JI Jl1I mm aanpsseaae t.U I1PQRTHlIeCKH se 
HH.a: - paClIeTHaR 3aBH OTmrqaeTCH 0'1' Toro, soropoe ówro B 

CHMOCT:D su (U
A 

) • K8Mepe BHa~e IIpH õozee HRSROM anon
HOM HaIIpRJJtemm. 

Pesym,TaTIl H3MepeHH~ B RBMepe Tmt8 "e'; IIpHBe,neHHlie aa pKc.4, yRa-

SUBalO'l' na CJIaóyx> 88BKCHMOCT:D t. U 0'1' SHO,nHOrO aarrpsaesaa, cymecTBeH-

BO O'1'J.rH1m.III(V1DCSI 0'1' plClIeTHO~ aasaczaocra, ne IIpmmMaDI(eD BO BHHMmme 

~RJ) ROBOB II TOR Y'l'emm (no Hanm:M IIsMepeHwD.. TOR YTe~ B O,D;HO~ 
ceK'UIDf RaMepI:l pa9MepaMB IxO,2 M IIpH sarpysRe 105 'tJSCTHII/CÓPOC ~ 7 
HA/M, IIp111JeM I1OJ1HId HOHRSanRomn.rl! TOR B RaMepe ~ O,5 MKA). JfHTepec

HO O'l'MeTHT:b, 1IT0 B RaMePe MeRDIIIRX pasaepoa (omn8 "d~, rne nyqOR sacse-

lIRBae'l' cymecTBeHBYD 'tJ8CT:D ee nosepxaocra, saBRCIDAOCT:D t.U (UA) pac-

Te'!' elite Me,wreHHee - MOJmO CRaS8T:D, 1JT0 t. U IIp8KTlPreClGI ne SaBHCl1lT 

0'1' HanpmleHHJI aa aaoze UA • 

IIponeoc HaROJIJIeHHJI saPH.n8 aa rrOBepxHOCTII ,IOiI3JIeRTpHKa easepaeerca 

,nOBOJlJdlO ÓHCTpO. Hanm: HCCJIe,nOBamlJi npoOO,Il;HJlHCI:> OÓH'tffiO B rrOTORSX (5-10)· 
I a4 "lJElCTJm/CÓpOc aa IIpoBOJIO'tffiY, 'tIT0 so BpeMsI copooa COCTB.BJJJleT OROJIO 

(2-4) .104 'tJ8CTHI.T/C H8 I CM ee ,n;.mnm. B TaI-..."lIX YCJIOBH,RX cosnaaae sa-

PR:Jla ane'1' Me,nJIeHHee B OÓJIaC'l'H Ha.rxp.smeHIDl UA = 2...4 :KB, rne ra SOBOe 

YCHJIeHHe etIte HeBliCOKoe R B RaMepe nOSIBJIJie'l'c.a: ,D;OBOJ.rhHO MHoro myMOBliX 

HMnyJI:DOOB. IIp1I ocaee BliCOROM Hanpm!eHlm aa aaoze rrponeocs saPJUUCH no

BeJlXHOCTH II C'1'aÓHJmS~ aMII.1mTy,nli CHI'HaJIOB IIpOHCXO.nHT ÓliCTpo. Ms 
oówmo rrO,IJ;Bm.SaeM HarrpsDlteHHe H8 R8.Mepe c HyJI.a: no 7-8 RB B TelleHHe 15
20 MHHTl', peDM B RaMepe rrOJIHOCT:DJ) c'1'aówmsHpyeTcfl ne rrOSJKe, lIeM se

pes nOJItlB.ca nocae Blt1IIReHRSl Hanp&!KeHHH. 
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HccJIe;u,oBaJIc.a Tmate rrpou.ecc 

yTe'UI! sapsma c nOBepxHOCTH ,ItI1!an8X

Tpmta. Ha pHc.5 1IpBBe].leH8 Bp8Men

aaa 3S.BHCOOCT:b yMeH:DmeHH.R sanpa
ZeHHH UD na cTa6HXHSgpyEmeM 

MeRTpo,IJ;e npa BI:mJIKReHHOM (se S8

SeMJleHHOM) Harrp.fl1temm BEl aBO,IJ;e. 

:1ra S8.BHC&OCT:b onacssaeeos .ItBYMH 

o 50 100 150 200 8xcnOHeHT8MH, nepsaa lIS ma DMeeT 
BPEM$l (11MH.) nocTOJIHHylO Bp8MeHH OROJIO 120 MHHyor. 

3.2. ~RTHBHOCT:DBpeMeHHaJI SB.BHCHMOCT:D
 

yMeRbmemm nOTeHII,HB.JIa UD
 

PPIc.5. 

CnerottpirqHOCT:b 6eS9JIeRTpOJJ,HllX 
Ha nOBepxaocTH ~aneK .n;pelclJOBHX KaMep s8ItJIJR8eTC.a B qp8s
TpHRa ões no,na'llH aanpa-

Bü'll.8lHO CJI860D 8amICmlOCTR ItO~
senaa lia aaon, D,TIIeH'1a raaosoro YCBJIemfJI (M) 0'1 na

lIpJDleRIDI na anone, Ha:MH 6:b1JIH 11I8Me
4/c6poc 

pens rasae S8BHCBMOCTH B lJ.BYX KB.Mepax IIpH nOTORe ~ 5·I0 na 
npoBOJIOqxy. PesYJl.bTa'1H ItI8Mepem, nosaaaanse aa pac. 6, corJIacyme.R c 

nO].l/~ HSMepeHItISOOl rpyn1IH B 3rlIre
ne • He60JIl,mol POCT raaosoro YCH

60 i i I I JleHHSI 06wcHSIeTcSI CJIa601 aasaca
12 MOCT:DJ) !:::. U 0'1' UA (M onpe,lte.JIIreTe.R 

t= 
..r RSBecTHoD aItCnOHe~8JIDHOI SaBKOH

8 ~ MOOT:b1l 0'1 ~ U ). B HTore c'qeTHU xa
;[ 40 

< >< « 
~I paRTepHCTIDta 6esaneRTpo,ItH01 .ItPel <1Jo« 20
 

::<::.
 BoD RaMepli o6Jra,lta.eT O'qeH:b ~ 

o I I I I nJIaTO I ~o nOR8SaHO BEl pRC. 7. 

5 6 7 8 3'l'K cneIJ;l1ItpKqecKliIe oaoãcesa 6e8'" 
U (KB)
A SJIeItTpo,lJ;IUlX ].lpefttpoBHX RBMep onpene

~ cnoc06 KX HCnOJI:DSOB8HRSI B 9KC

PRc.6. Cpe.ItHgjl aMIIJIKTY,na H KO*," neplIMeHTe. BH,z(H0 t 'q'l'0 npaxTHlieCKH 

~eHT rasoaoro ycwremm HeBOSM<m}7') HSMeHSlT:b mmJI11I.TYJJY CHI'

(M) B SaBHCPiMOCTR 0'1 UA HaJIa YBeJnI'qeHHeM SHO;n;HOrO HanpsDte
B JJ.BYX RBMepax pa.sMepm.m HHSI. BoaMOJKHHM cnocoõoa H3MeHemur 

Ix! M • BMII.1lliTY.Itü ~ID'HMa SiBJIJIeTCSI lme,lteHHe 

B KaMepy cTa6wms:KpyD!tKX 8JIeItTpo;U;oB. 

OlUlaKO HamB HSMepeHKJI noRB.38.Jm I lITO IlpIDIeHeHHe O,IJ;Hoft npoBOJIO'tlKiI no 

ItaJlJ];ofi cropoae aaoza (CM. pao, I d ) ae nOSBOJIHeT sqxpeRTBBHO MeRH'f:D ItO

~eHT raSOBoro YCKJIeHHH. Eo~ee ;u;e«cTBeHHo HCnOJl.b30B8HKe MeT~

xeexax nOJIOCOK (CM. pac, Ic ) wm: HecKOJThKl!X llpOBOJIOtleR, iIMKTKPY1W04X 

nO.iIOCItH (pac.Te) no RwmO:Ü cropoae
 
·aHO,na. B Ita'lleOTBe CTa6KJmsRpYnmrx:
 

;I. 100 I---------'--r--'--'--,----
 9JIeRTpo,noB H8MK 6wm BCnOJID80B8HH no

JIOCRH He60JWlloít mHpBHH (2 MM ItaJJt,D;8.f.[) t 

~ 80 ROTOpH6 IlOSB~ M6KffT:D~

:x: 
III TYl1Y CHl'H8JIa B 2-3 pasa t rrpH aTOM 
~ 60 

~RTHBHOCT:D BospaCTaeT TOJIDRO Ha 30+
!
('\ 40 50%. MEl. nonaraaa, irro 60JIee inHpoKHe 

I1OJIOCRH MorYT ,ne{flopnIpoBaT:D 8JIeRTpB
20 I. 

~eCRoe nOJIe t COS~Hoe oce~BHHeM HOBOB 

Ha C'1eHR8X KaMepH. 
6 7 

Boaee Ha;u;emul~ t na Ham Bsr.nn;n; tu" IkBI 
enoc06	 H3MeHeHIDI SMIIJmTY.ztH CHI'HaJIa sa

PRc.7.	 C'lleTHasI xapaxTep1!CTKKa ItJIJJtIB.eTCSI B npPIMeHeHlm (B Te'lleHHe HC

6eS9JIeRTPO,ItHoilt .ItPe~<Po- IIHTamrlt RaMep) nonoaaaremaoro peryJIH-
BO! RaMepH. pyeMoro YCKJ1llITeJISI A2 (pRc.3); 4 TaKHX 

YCHJIHTeJISl pasMeIQeHH B O,IJ;HOM MO,JJy'JIe 

KAMAK. C ero IIOMOI1UlI> MOJllHO MeHJlT:D a\mJIllITY.DY CHI'H8JIB. B Ia paa , l{TO 

BnOJIHe ,ltOCTaTo~o ~ n0RY"leHHH BHCORoA ~RTBBHOCTH B 6eS3JIeRTpo,lt 

Hol ltaMepe no Bcel nJIOIIl8JijI t RaK nORaSaHO na pao , 8 t rne npRBO.ItHTCSI 

Pao•8.	 TpeROBaJI a@>eRTRBHOCT:D. KBR 
~ 100 

~ ,n.IDIHR .npelqs 9JIeRTpoHOB.
.n
 
l 

U
 

fTrqrrI ! 
o 90 
I
 
lD
 TpeROBaJl acIxI>eR'1KBHOCT:D .ztJUI R8Mep IxI M I 
~
 
~ 60
 nOJIY1leHHBJI IIpH peKOHCTpym.J;HH rpesa t......., npoxonamero xepes Tp.H .npeAlllOBlie RBMepH, 70 I I I I I 

-60 -40 O 40 60 H8 ROTOpIlX O.n;H8 - HCCJIe,nyeM8JI; 'B Hefi 
lIAl-Il-lA llPE~~A I nn ) 

Tpe60BMOC:D H8JIRque CJIe~ B HHTepBaRe 

,±3 MP.'! 0'1 BWmCJIeHHOrO '1peza • 

3.3. IIpoCTpaHCTBeKHOe paspeneaae . 

lia pHc.9 IIpKBe;u;eHa SaBHCHMOCT:D H3MéPHeMOrO Bp8MeHH ~eA~ 3JIeK

TponOB 0'1 ROOPJtHHa'1H TpaeRTOpIIH 1JB.CTmJ,J:J B lI:B1X 6es 8JIeRTpo,mmx .npelqx>

B1:lX RaMepax I t 2 pa3Mejmm Ix! M • BimHo t 'tI'l'0 cxopocrs .npeDqe B p8.S

J1lAHHX KaMepax o,mm8.KOBa RI ozaoareaae KOOp.ItKHaTa-BpeMJI .n;pelq:a .mmeIHo. 
Ô'I'O CmmeTeJIbCTB,YeT o TOM, ~TO MeKTpHlIeCROe nOJIe B 6es 3JIeKTpo,ItHHX K8

uepax O;u;maxOBOIJ KOHC'l'pyRD;IDI (lloPMHPyeTCJI OmmaxOBO. Ms rpaqumOB, IIpK

Be,neHHIlX na pltc. 9, rro.nyqaeM He06xo;znIMI:le ROHCT8HTR ,IWI ,na.JlbHe1hne~ 06

pa60'lIGl ,1UUiHHX: CItOPOCT:D .n;peitCíla t sa;u;ep!tK1I B KaX,ItOM R8HaJIe II BsammHe 

C,IUmI'B R8Hep. 

6	 ." 
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1IJI0THOC'l'H 3ap~ Ha HHX. 3T0 BH3HBaeT ]1,OIIOJIHPIT8n:bHOe YMeH:bmemre aM

JIJmTY.IO:l CPImBJIB. ir naneaae 8@)aR'1'HBHocTR KaM9pH.B HamIDC RaMapax 8TH ~ 0.6 ,-·r.--,---...,-----r--, 

~KTH B SHalfiITeJIbHOA Mepe KOMlIeHcHpymCH c IIOMOlli:bIO cTa6wm3RPY'mtKX 

3JIeKTpo~OB H IIyTeM IIPHMeHemUI YCRJUITeJIH c pery~pyeMHM YCHJIemreM.! 0,4 t t. "._+.._~-..·+·n·_J·-
CTaOWllISHpYI!IIt!e 3JIeR'1''PO,IW. Rx, aa aam BSrJI.fI,l(, ae CJIe.nye'l' HCnOJIDlj' 0,2 -» .H.f+- -+ 

aOBaTlJ MJI IIC>JJ:Y'tleHIDI MaKCHMaJI:bHOrO raSOBoro ycwreHIDI; me OCHOBHoe 

.}
 
H8SHatIeHHe B TOM, tITO npa Bbl6paHHOM aaaxeaaa Ud. (IIOC'rOHHHO B rexe

2 4 6 8 10 
MI-1~A APE~~A (eM) HHe 8RqnepRMeH'1'a) 06eCIIeqHBa9TCH cTa6BJIHs~ Ro~eH'1'a raSOBoro 

,n.\.·U·IA .tlPEHtA 1..,1 ycwreHItlI B YCJIOBRRX peSRO MeHJDJJteitCH HHT8HCRBHOCTH nOTORa tffiCTHn. M:I 
o6JItmO IICnOJIDsyeM SHO.n;HOe HaIIpR1leHKe UA = 7,5 KB, HallpsDleHH9 na yn

PHC. 9. I1sMepeHHoe BpeMH ,lij)e~cIa PRc.IO • llpoC'1'p8HCTBeHHoe paapemeaae pa.:BJIJ1IIIt8M MeKTpo,n;8 UD = 5,5 RE, OTKy.na llU == 2 ItR. Taxasr BeJIH'mHa 
R8K lf}yHKD;HSl Roop,mmaTH ~ B 3aBJ!CmJfOC'l'H 0'1' MHHIi lIU COBlIa,na8T c "ecTacTB6HHoft" BeJIItrlDifHOft lIU (CM. pilc.4), COOTBeT
-craCTHIJ; B ]I,BYX KaMepax ,lij)elqa X • JImnm npe~C'l'aB cTnynnel nOTeBlJ,Uany B paBHo,BecHoM COCTOJnmH, 06paaoBaHHoMY oce,naImeM 
TIma "d' pa3Mepmm IxI M. JIJIeT 38BKCHMOC1'lJ o; =~ , HOROB Ra nOB9pmocTH JtH8JIeKTpKKa 6SS3JIeK'rpO,IOIoft .n;peftllloBOft KaMepH. 

r,n;e a = 124 MItM.CM-I/2 , B nezax HSf1IeHHH IIoBe.n;êHHH 6e3aJIeI,tTpo,T.CHHX ~peAg,oBHX RaMep B yc
b = 170 MItM. JIOmtaX PIX pa60TH aa YCKopRTe.ne II IIpaBHJI1>HOrO asoopa SHa'tIelUIM Ud II 

L1U HaMH 6l:lJIB H3MepeHa SaBltCHMOCT:b Ha.npmKeHHH llU 0'1' IDITeHClffiHOCTK 
B nanax .6e38JIeR'l'pomulX .npe~qoBl:lX RaMep8X 6wro ,IJ;OCTHrHyTO xopornee nOTORa 'tIaCTlm' B xaxepe , PSSYJI:bTaTlJI: 8'1'IDC H3MapemItt, npaBe,IJ;8HHbI6 sa 

npocrpaacrseanoe paapeaeaae , Ha pac.IO npaneneao B RatrecTBe I!pHMepa PRc.II, IIOKaSl:lBalD'l', trTO IIpH YBeJ!H'!emm sarpysKK 0'1' <poHOBOt4 no 4.105 

paspeueaae o,IOioB H3 llIleTpoBHX RaMep O; (cpe.u;HeKBa,Iq)aTHq}{af.[ omaoza) B tIaCTPIIJ/c6poc Ha npoBOJIOW Hanpmte

S8BHCKMOC'1'H 0'1' ,ItJIHHI:l ,npettq,a x • Pas:gemeHHe S8BHCHT 0'1' x K8K HHe l'lU rranaer aa 150-170 B. I1s 
2,4 I i .I I , 1~2 ~/2 b 

-80 -60 -40 

(J' = v a x + b ,r.ne 8 = 124 MKM·CM , :: 170 MKM. . 
x 

HSMepnnOClJ TaRXe p8spemeHHe ,IJ;BYX 6nHsKKX TpeROB; ORO OneHHBaeTCH 
2;1. 

BeJIPItrnHoI ~ 8 MM. OroBopHMCH, ~o 3JIeKTpoHHaJI amraparypa ae OII1'Dm3H
::l 

posanacs K Ta.IWM HSMepeHIDIM. HanpzMep, .n;JmHa C:m:'Ha.JI.a 6wra .nOBOJIbHO <3 

2P 
60JffiIDOB (150-200 HC). 

SToro CJIe.n;yeT , 'ITO ,IT,JIJI ocecneseaaa• -- YCKOPMTEAb 
Illa<AKl'lEH 

HeSaBKCKMOCTH ~KTKBHOCTH. pa60TH 
• D KaMe~ 0'1' KHTeHCHBHOCTR nOTORa qaC

~ ,I(OCT8'l'OtlHO lIMeT:D C'tIeTHyJJ xapax
TeJ)RCTmty (no L1 U ) C IIJIa TO ~ol 

1.8" , I ' , 
'V 200 B. 

3.4. apfleRTHBHOC'1':b 6eS3JIeKTpo,ItH1:lX ,Itpe!{floBllIX RBMep B BRTeHCHBHHX 100 200 300 400 
3ArPY3KA (.10'/ c6poc l OTMeTRM, 'tITO ~H B MeCTe pac

nOTOKSX ~CTHIl 
nOJIO~eHHR YC'1'aHOBKPf OTJlliqaeTCH 0'1' 

PaHee MH rrosasaza /8/, llTO 6eSl3JIeRTpo,IJ;HHe ,n;pea~Bae KaMepH Moryrr eC'l'eCTBeHHOrO ~Ha, qTO OTpaxaeTCH 
Pilc.II. SaBllCHMOCT:b L1U 0'1' IDI

pacorars B noTOK8X .no 105 l18.CTmJ;·o-I aa npoBOJIotlKY HJIH ]1,0 2.104 H Ha paBHOBeCHOft BeJIHqHHe HarrpRXa
TeHCKBHOCTH nOTORa ~C HHH lIU B 6eSl3JIeKTpo.Inloft KaMepe.qaCTHIJ;'C-! aa 1 CM rIpOBOJIOtIRH. B HaoTosmte~ CTaT:b8 npm30]J.Srl'CH pesYJI:b
'1'im trepes RaMepy '1'~ "e'! GaMaa. .neBaJI (BepXHAA) rossa aaTaTbl, nORasI:lB8..DItHe, tITO l3TR RaMepH Morywr pat<oTaT:b npa eae 60JIee BHCo I 

pRc.II PI3MepeHa B MOMeHT, Kor~a 1CROa sarpYSRe c COXpaReHHeM BHCOKoB ~RTHBHOCTH. 
ROpHTeJI:b ae pa60TaJI, TOtllta non HeI) - lIpH pa60TallJIteM YCKOpHTeJIe, HOB RRTeHCRBlUll( IIOTOICax tIaCTRU B .npeaqlClBoa sasepe BOsmmaeT 60JI1illI0e 
1I00000CT:bIl SaKpUTOM K().J1J]}1:M8TOpe aaaiero KaHaJIa, zonna trepes KaMepy npo-ROJllPIeCTBO nOJIOJmTeJThHIDC HOHOB; npOCTpaHCTBéHHld sap.a;n; B6JI::H:3H npoBo
JIeTae'1' 100-200 xacran/copoc. ' Pa.SIDma L1 U B 8THX .n;Byx c.nyt!8JDC COCTaB-JIO~, 8 T8KEe B .npe~~BOM 06~eMe IIpKBO,IJ;HT K cymecTBeHHOMY naneHHD aM
JÍHeT ~ 160 B. HymIo rro,IJ;tlepKHYT:b, '11'0 IIpH CSMHX M8Jll:D( HJIH CaMHX OOJI:&WIJlTY.D:H CHI'HaJIa, a BllOCJIe.n;CTBKH , 3CfxI>eKTPIBHOCTR. BeJIKtmHa 8Toro alI>

I 
illHX sarpY3KaX He BOsHKK8eT onaCHOCTH rrpo60sB B KaMepe. MH HCllHTUBaHKêI>eKTa oneaasaerca, HanpKMep, B /4 • JJ.pyroD 8@)eRT, IIpRcymo:l TOJIDKO 6es
KaMeprl B TetreHHe MHorn 'tffi.COB npa epoHOBOa sarpyaxe , a TaKEe IIpH 60JID3JIeKTpo,IJ;HOa ]1,pelip:>Boft KaMepe, SaK1IBJtmeTCH B ocenaaza IIOJIOD'l'eJI:bHHX 
max sarpyszax 6e8 e){HHoro c.nyqaH rrpoõoa,HOHOB Ha nOBepxHocTH HSO~PYKmHX CTeHOK RaMepH, 'tITO Be,n;eT R YBeJIKqeHHID 

8 9 



PeryJmPlerJIH1! YCwmTeJTh. Ilaneaae aMII.JmTy~ CHI'H8JIB. rrp1I YBe.1.llI-qeHIDI 

HHTeHCHBHOCTH rrOTORa ~CTKU MOmHO ROMITeHCHpoBaTb HCrrQHb80BaHHeM ~O

nOJIHHTeJILHOrO perYJIlfpyeMoro YCHJmTeJIJI (A2 H8 PRc. 3). BS8.HMOCBH3b Be

Jm"tIHH 8!W?eRTHBHOCTH, KOa<I$nnreHTa YCWIeHIDI BJIeKTpoHHol 8ITIIapaTYPll K 
H aarpYSKH KaMepH HJ!JIIOCTpRpyeTCJI H8 PRc. 12. ITepBoH81UWbHO Mhl YCT81I0

PHc.I2. ~RTHBHOCTb ltaMepll TmI8 d 
'00 ~ c:;~. I I I " 'I 1 JP'D YClIJIeHRUIX K 4K H 5 5I{. 

_ 60 f :1;-"" , 
;;:. ~	 CROPOCT:D BOCCTSHOB7IeHHJI BqxpeR
:. 50. 

THBHOCTB KaMepll rrOCJIe YMeHbWe
~ 

HHJI 3arpY3KH llpH ycwremDi K.
120000 JOOOO~ 40 

JArpYJKA I c·, I'" 20 

B.Wm HeROTOpoe SH8-qeHHe K, npa ROTOpoM 

3@!eltTHBHOCTb ÓWIa 77% IIpH sarpyaxe-'0 -5 O 10 15	 20 5
BPEMA ( "'~H J	 I , 2.10 'tI8CTH:u/c na npoBOJIOllKY. 

IIoBHIIIeHHe 3H8-qeImJI K B 4 pasa (5,5 paal 
YBeJIJl[~:sa.eT a@JeRTHBHOCTb no 96, 5% 

(99,2.%). Ha BTOM pncyHKe pesYJIDTaTll H8MepeBRJI ~8HH B pe~Ho~ Bp8MeH

HO:R llntaJI8. ITJlH 3TOM nopor .ItHCRpiIMlm8TOpa (20 MB) ene cymecTBeHHo rrpe
BHm8eT ypoBeHb illYMOB H HSMePJIeMHI n~:D nyqK8 He RMeeT "XBOCTOB". 

' YIHepoHHOCTD I<8Mepll. MIl H3MepstJm T8.lOIte CltOPOCT:D BOCCTSHOBJIeHHJI 

~RTHBHOCTR B 6eSMeKTpommx .n;pef.tqX:>BllX RaMepax. HarrOMHHM, 'tITO .n;o MO

MeHT8 t = O (PKc.I2)· RaMepa Tlma "d 11 pa60TaJIa B nyqRe C HHTeHCHB
5 

HOCTbID B c6poce 1,2.10 'tIaCT~C H8 npoBOJI0'tIKY IIpn HeRoTOpoM YCH-

JIeHHB K C ~RTBBHOCT:Dm 7?%. B MOMeHT BpeMeHK t = OKHTeHCHBHOCT:D 

c6pomeHa .n;o 3.10
4 

c-I. ~o, ~o rrPH ~CHpOBSHHOM K ~RTHBHOCTb 
BIDC0.lW1 aa ypoBeH:D 9&-97% MeHee 'leu S8 10 MHHy'1'. 

. BpeMSI BOCCTaHOBJIemUI aqxpeKTRBHOC

204, , , , 'i' , . , 'i' • , TR RaMepH onpe.n;eJIeHO CROPOCTbD BOCCTa
.". I I

l - - ~~ I I HOBJIeHHJI H8.IIp8ltemm fj U nOCJIe CI!JIb
I I ~22[	 I I I 1n ---u aoro o6JIy"qemm. Ha pilc.I3 IIp.HBe.n;eH8

~ I I'~ IQ)PMT~ 3aBHCHMOCTlJ fj U 01' BpeM8HH B RaMepe
I ytIl'OMEA~1I ~AIO'4EH I 

2.0	 I I ro
 
IIYWO'lEH. 0,4 380--+-
 THIIa "e unp1l paSJ.I1I1mHX 3arpy8R8X _ 0'1' 

20r) o I ~'I I DeI
\8 I	 I JArPVJKA (. lu <.6p 

epoHonoD (IDR BI:lRJlDtIeHHOM YCROpPITeJIe) 
5 

20 40 &0 &O 100 120 ~o 3,8,10 qac'mIJ/cCSpoo Ha IIpOBOJIOW. 
BPEl-111 I."" I liI,u,Ho, qoro 6U BOCCT8HaBJIlIBaeTC1l 0'1' 

HOCH'l'eJIDHO 6blCTpo - B TeqeIDIe ~ 10 
Plic.I3. HSMeHeIDIe ~U BO spe ~. TaKaH CROPOCTb R3MeHeRRJI fjU 

MeHH B 38BRCRMOCTR 0'1' COBIIB,ltaeT C H3MepeHHoI HaMH' CROPOCT:DIJ 
Sarpy3RH B· RaMepe TmIa paccaCHB8HRJI aapana	 aa IIOBepxHOCTlII 

, "e'; 
.ItiI9JIeRTpERa (p.Hc.5), r.n;e rrOTeHURaJI U 

D 
B Te'1eHHe lO MmIYT CJUW3,eT HU ~ 300 B. 

io 

afxPeRTlIBHOC'l':D nJ)! rrpe,geJIbIDiX 38I'PySRaX. Ha pRO. 14 mmHO, 'lT0 

aqxpeRTmmOC'l':D B 6eSSJIeRTpo,ItHoA )lK (TIDm "é? co cTa6HJm3HPJDItHMH MeR

Tpo,u.m.m IIPH (pm(CRpoB8HHOM HaITpsDltemm 

~ U = 2 RB OCT8eTCJI BHCOKOf nase IIpH: 

sarpyaRe 5.10
5 

-qacTIDV'c6poc aa ITPO
BOJIO'IKY • .IIa1rbHelmee YB8Jn!tI8mre saE[~ f ~ ~ !: ~ 1 rpySRH B lIUU\ C .It1IHHoft .zq>eliqa 10 CMI 

(.;\ 
I i o . 100 200 300 400 500 (Bp8W1 eõopa aaesrpoaoa ~ 2 MItC) MH 

C'lHTaeM HeneAeco06pasFna~ IIs-sa H8'" JArPV3KA (.10'.ocm./cêpoe HO npOSOJIO'O<Y I 

B03MO~OCTH OTJIB'lKTb TpeRR lIS R3Me

PJIeMOro C06Wl'IDi 0'1' TpeROB, npoaeree
PHc.I4. 3amICmt.lOC'l'b ~RTHBHOe- nmx xepea RaJJlepy ]J,O R1IR IIOMe 3TOrO 

Til pa60TH RaMepH "a" 0'1' C06HTIDI. 

sarpyslOI. HaxoIIJIemre ,nonOJIHKTeJIbHOrO S8

p~a Ba nOBepxnOCTH ~aJIeRTpKKa KM6
eT JIOK8JIbHW! x8paltTep - ORO BOsmntaeT TOJIDKO B MecTe rrpoxOE,IteHHJI IIy'I 

M.	 3TOT cImtT MH Ha6JI1)J:(B.1ll! BKcnepHMeH'l'8JI:hHO, Ror,na 06.!!YtI8.l'lK o.mry MS 
5

npoBOJIOqeIt KaMepll Tmra"e"nytmOM C HHTeHCHBHOCT:Dll) 5'10 tIacTmVc6poc. 

appeRTHBHOOTb B lIIeCTe 06J:IY'1eIDUI ynaJIa .no 93%. B TO Ee BpeMJI Ba ToA JKe 
CaMO! IIpOBOJIO'IKe Ha	 paCC'fOSlHlm 20 CM 0'1' MeCTa C.HJJ::DHOrO o6Jl;ylleHHJI aQ)
IfJeKTHBHOCT:D 6wra 99% (npa mITeHCRBHOCTH 5·104 lIacTm.r/c6poc). 

3!M>eRTKBHOOT:D IIpH pesRo MeHHll!tHJÇCJI sarwsRaX. HaK60JIee cy1I{eCTBeH

HHM .n;OCTIDKeHHeM B npoBe,neHllliX BCCJIe.nOBaIDtRX JIBJIJIeTCR rrOJIY'leHHe peJmM8 

pa60TH CSe38JIeRTpo,t(HHX .llK, IlJlH zoropoa SCWJeltTIIBHOCTb ae S8.BB:CHT 0'1' HS

~eHeHHtt B sarpysxe. Ocnosaoe 3HatteIDIe npa aTOM mleeT B1l60p "IIp8.B.KJIb

ma" BeJIKtnm K 11 lsU • 
PHc.15. BpeMeHHaR samrCHMOCT:D acIxI>eRTHB

-: 100. .. 1 I i I i i 
HOCTR IIpH paaasx 3arpySRaX B;;;. 
RaMepe TmIa"e ~ 

~ 90 
u o 
:I: 
ro 500 50I CKOPoCTb BOCCTaHOBJIemm a<M!eRTlfB
s: 80 .... 
:I<:
 
liJ
 HOCTH B 6e3BJIeRTpo~HX .llK HaMB npoBepa

~ 70' , , ! JIaC:& HeO,I(HORpaTHO B p83J:m"<mID( YCJIOBRSiX. 

3Ar PY3KA 1.1o!l cópoc ) 

o 10 20 Ha pRc.I5 B KaqeCTBe npHMepa npKBe~eHa:	 BPEMSl I MKH) 

I	 KpKB8JI BOCCTaHOBJIeHBJI B~ltTHBHOCTH B 

i
 • KaMepe TIDIa "e"rrpH !lU = 2 RB rrOCJIe pa

l 

60TH IIpH SarpY3lte 5-r05 
'tIaCTHD/c6poc Ha rrpoBOJIO~. 

li

'j )J.aHHHe, npaseneaase aa pRc.5, 12, 13 H 15, CBH,IJ;eTeJIbCTBym o
 

BHYTpeHHe! corJIBCOB8HHOCTH pesYJIDTaTOB no BpeMeHH BOCCTaHOBHeHHR Be


JI:K'I1mH fj U" R BHCOROti BqxpeRTZBHOCTH KaMepl:l rrOCJIe 60JThn:mx 3arpYSOR:
 

aTO BpeMJI ~ 10 MIDi , B RaMepe C ytIpaBJIHDJ.tm. WIeltTpo,naMH IIpH fjU = 2
 

," RB OBO eme MeB:bIIl~ (pnc.I5).
 

I 
II 
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POJIll RO~eHTa YCHJIemrsr K no OTHOmeHIDJ R aqxpeRTlIBHOCTH ItaMep 

npH peSKO Ro~e6JImme~CR aarpySRe ~CTPHpyeTCH pRc.I6. EcnH B Ra

PRc. 16. appe~TRBHOCTll RaK ~ sa
100 - '--2--r-2-W 

le)..... ~ rpySKK H YCHJIeHI!lH. o - RaMepa 

_ 80 .
Idl-~ 
101' 

e C, YClL1IeHHe 5K; • - RaMepa d , 

~ YCHJIeHHe 21\; o - KaMepa a, 
~ 60 
o 30000 c 11 150000 c-, 13000~e-' 

YCHJIemre 2K. 

~ 
~ 40 Mepe TmIa "d" c YCRJIeHHeM 2K H' llU = 2 

~ ItB ~RTHBHOCTD MeHsreTcsr cymecTBeHHO 
'" 20 

npa H3MeHeHHH sarpYSRR B c6poce c 30 

no 150 THew:r 'q8CT~ B ce~, TO B 
10 20 30 40 RaMepe TmIa "c" npa YCHJIemm 5K 11 l,U = 2 

BPEMSI I ",~ ... l 
RB ORa yxte ae SaBHCHT OT sarpySRH. OT-

MeTHM H,D;eHTH'tfilOCTD sarpysolDWX XSpaK

TePHCTKK õesMeRTpo.n;Hoti R8MepH "d" II MeRTpo.n;Hoi! RaMepI:l"a" c o,mmaxo

miM RO~eHTOM YCHJIeHHJI 2K, 'l!TO T8IO!te JIIJL1IIOCTPHPYeTCH pHC • I 6. 

3'1'0 nOSBO.IDleT SaKJIlD'lmTD, 'l!TO IIpH'tIlIIHoD II8,I(eHHH aqxpeXTKBHOCTH B RaMepsx 

"ali H "d" .RBJIHeTcsr npe2!,Ite scero aaxonxenae npoCTp8HCTBeHHoro sapana B 

BX o&heMe, T •e. ,n;onOJ1HHTeJIDHOe H8.KOILJIemre sapg,na na nOBepxHOCTR ,ltH

8JIeKTpuRa B 6esaneRTpo~Oa RaMepe He cymecTBeHHO. 

O'l'MeTIDJI T8lOIte, 'f!T0 6eS8JIeKTpo,ItHH6 ,Ill{ ae ycneool7I' pe8I'HpoOOTD aa 
~ pa60TY YCROpliTeJIiI (mtKJI 8 c , cõpoc je I c), Tax K8K 

XapaRTepRaJI .n;JmTeJI1>HOCTD nepexommx nponeccos B KaMepe ~ Ia MlDIyT. 
STo SH8lDtT, ~o 6esaneRTpo.n;HHe )J;K ~RTHBHO ",n;eftcTBym R B YCJIomurx 

pemD1Jl YCROPHTeJISI c BIme,n;eHHHMH u.y;q:Kmm. 

B HBmefi npe,n;H,IJyn{eA ~60Te /87 6wro no1tB.38HO, 'f!TO ,n;pyrBe X8paKTe

plíICTmGI. 6eSBJIeKTpo,D;HHX ,n;peAlPoBHX saaep, RaIt CROPOCTll ,n;peftqa II IIPQCTpaH

CTBeHHoe rspemeHJ4e, rrpaxT~eCKH Me 3aBKCR'l' OT sarpySRH B copoce BI1JlOTD 

,n;o ~ 2·I O qaCT~ B ceJtYH.Icr. 

IIpKBe,n;eHHUe ,n;amme OCHOBHBalOTCsr as 'pesYJI::óTaTax BCJ:JHT8HRSI 6eSMeK

Tpo.n;HHX ,n;pe~illOBIiX KaMep B Te'tIeIme nOtrTH ,ltByx JIeT B COCTaBe YCTSHOBRR 

"I1mepoH" aa YORopHTeJIe H~B3 B CepnyxoB9. OHm 6wm: RCIIOJIDSOBaBI:t npeane 
soero ,ItJIH BSMepeHIDI ROOPJ.tRH8T an:eRTpo,8I'HB~ JIRBHeft OT rm.wa-RBaR
TOB li aJIeRTPOHoB c saooxoã TOqJIOCT:&J) 10,...-11 • 

4. 3aRJImeHH8 

P8spa60TaHH B cos.n;aHl:l6esaneltTpO,IJ;HI:le ,lij)efi<I>oBlie RaMepa c p8sMepaMB
 

;UO IX! M , liCImTaHWI ROTOpmc na ~e nORa38JIH: RBMepH o6JIa.ttam xopo


nm:M npocT})aHcTBeHHHM paspeueaaea (0,2-0,4 MM), mmeftHoCT:blO li pa60Tam'
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c BélcoRoB a@JeXTHBHOCT:blO <> 95%) BIJJIOTD ,n;o sarpyeon (3-4) .r05 

'l!SCTmVc6poc sa npoBOJI0'tIKY, 'tITO B c6poce cooTBeTcTByeT ;::;;:::5;r0

tIaCT1iIIJ/C . aa r CM .u;mnIhI rrpOBOJI01OOI HJm (2-3) .r03/c .CM2• B HatIIKX 

YCJIOBK.RX aTO OSHa'tIa8T, lJTO BO BpeMH c6poca xepes KaMepy MOJlteT rrpone-
TeTD ,n;o (2-3) .ro? 'l!SCTHIJ/c .M2 (RaMepa. se CTOHT B npJlMOM nyqKe H 

06.ny-qaeTCH paBHOMepHO). IIpH paõore aa ROJIJIa~,n;epe, rne sarpysxa rroc
6TOJmHaH, M01tHO xepea aana KaMepH nponycTHTD ;no 3.r0 llaCTHIJ/M2.C 

Óes nOTepl! a<IxI>eRTBBHOCTH. IIpHBe,n;eHHHe B pa<5oTe peSy.1.tbTaTH HCCJIe,n;OBa

HHH 8TKX XaMep 1l0000000eHIl HaLm npa BmIOJIHeHHH CJIe,IJyl{l.lnD( YCJIOBlf~: 

- conpoeaaneaae MaTepmwra, HS zoroporo .KsrOTaBJIHB8.IOTCH CTeHIm 

KaMephI, npe.rmOtITHTeJIDHO BIlÓHpaTD ae O'tIeHD Bl:lCOlWM - BIlOJIHe nparonea 
06l:llJH~ CTeKJIOT~RCTOJIKT; 

- TOJIIItffiia CTeHOR RaMep, BImOJIHeHHblX HS CTeRJIOTeRCTOJIHTa, 6WIa 

Re60~mo~ li COCTaB~ I~I,5 'lM; 
- ;IJ)IJI cTa6BJlHsa.wm peltHMa pa60TIl KaMep npID4eHHJIHCD cTa6PIJm:3HpyIO

l1UIe 9J!eRTpo,D;E:l no,n; nOCTOSlHHHM nOTeHIJ;KaJIOM; 

- raaosoe ycwremre Bl:lÓllpaJIOCD MmIlIIMaJll)HHM (npH coxpaaeaza BIlCo

RO~ 8~RTHBHOCTR); 

- Roa<l$nJ;KeHT YCWIemur aJIeRTpoHHoiJ arnrapaTypIl 6wr OnTHMH3RpOBSH 

TaR, QTOÓl:l 06eCne'l!HT:b BIlCOxyD ~RTHBHOCTD rrpll 60~rnOM sarpYSRe. 

ABTOpI:t 6JIal'0,n;apHbI B.B.(j}Jri:rrHHY, B.M.KyTDmIY H IO.<I?JIOMaRmIY sa 
nO,l(.Il;eplll'Ky pa60TbI, A. M. BJmRy, r.c.Em.ta.rtse H A. C. COJIOBDeBY sa 
ueHHYro rrOMQIIU) li MHOrO'tIHMemrn:e COBeTl:l IIpH Bh!nOJlliemm ,n;aHHO:Ü pa.60TbI. 
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TEMATWIECKHE KATErOPHH llYBJIHKAUHA 
OB'bE~HHoro HHCIWI'YTA smEPHHX 

HCCJIE.Z.OBAHHA 

HH.lleKC TeMaTIIKa 

1. 3KcnepHMeHTanbH8R ~3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaR ~3HKa BWCOKHX 3HeprHH 

3. 3KCnepHMeHTanbH8R HeHTpQHHaR ~3HKa 

4. TeopeTH4eCKaR ~3HKa HH3KHX 3HeprHH 

5. MaTeMaTHKa 

6. RAepHaR cneKTpocKonHR H paAHOXHMHR 

7. ~3HK8 TR*enwx HOHOB 

8. KpHoreHHKa 

9. YcKOPHTenH 

10. AaTOMaTH3a~HR o6pa6oTKH 3KcnepHMeHTanbHWX 

~ann•" 

11. 8W4HcnHTenbH8R MaTeMaTHKa H TeXHHK8 

12. XHMHR 

13. TeXHHKa ~3H4ecKoro 3KcnepHMeHTa. 

14. HccneAOB8HHR TBePAWX Ten H *HAKOCTeH 
RAePHWMH MeTOA8MH 

15. 3KcnepHMeHT8nbHaR ~3HKa RAepHWX peaK~HH 
npH HH3KHX 3HeprHRX 

16. ~03HMeTpHR H ~3HK8 38~HTW 

17. teopHR K0HAeHCHPOB8HHOrO COCTORHHR 

18. HcnonbaoaaHHe peaynbTaToa H MeTOAOB 
~YHAaMeHTanbHWX ~3H4eCKHX HCCneAOB8HHH 
B CMe*HWX o6naCTRX HayKH H TeXHHKH 

19. bHO$H3HKa 

... ' 

ByAaros m.A. H AP· 
llpHMeHeHHe ~essneKTPOAHNX APenwos~ KaMep 
B 3KCnepHMeHTaX Ha yCKOpHTenRX 

13-86-565 

HeCKOnhKO THOOB WHpOKOSasopHNX 6essneKTPOAHHX APenwos~ 
KaMep, B TOM qecne KaMep C pasMepoM 1x1 M, 6~0 HCcneAOBaHO 
s nyqKax qacTH~ Ha ycKopeTene ~B3 /Cepnyxos/. KaMep~ pa6oTa
mT C B~COKOH s~eKTHBHOCTh~ (> 99%), XOpOWHM npoCTpaHCTBeHl~ 
paspemeHHeM (O· • 0,2-0,4 MM) H nHHeHHOCTh~ B OOTOK&X AO 
2•105 qacT~·c-1 Ha nposonoqKy. lloKasaeo, qTo npe npaBHnhHOM 
B~6ope peEHMa pa6o~~ KaMep~ KOne6aHHR HHTeHCHBHOCTH nyqKa 
B npeAenax AO 4· 10 qacT~/c6poc Ha nposonoqKy ae snes~T aa 
s~eKTHBHOCTh pa60T~ KaMep~. 

fa6oTa B~nonHeHa B naoopaTOpHH HAePHNX npooneM OHHH. 

IlpenpHHT OOJ.~HHeHHoro HHCTJil}'TI QepHI>IX HCCJJ~OBaHHii. lly6Ha 1986 

llepeBOA M.H.lloTanosa 

Budagov Yu.A. et al. 
How to Use Electrodeless Drift Chambers 
in Experiments at Accelerators 

13-86-565 

Several types of wide-gap electrodeless drift chambers, 
including those with dimensions lxl m, have been tested at ac
celerator beams. The chambers work with high efficiency (>99%) 
good spatial resolution (cr a 0.2-0.4 mm) and good linearity at 
flux rates up to 2·1oS particles·s-1 per wire. It is shown 
that at the proper mode of operation beam intensity oscilla
tions within the range of up to 4·1o5 particles) spill per 
wire do not affect the chamber efficiency. 

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

Preprint of the Joint Institute for Nuclear Research. Dubna 1986 


