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Abstract 

Comparison of data on helium and neon shows thctt an e lectrical d is c har ge 
in helium develops with a s peed several times larger than i n neon for g iv e n pa
rameters of the hig h-voltage pulse. For this reason it has not been p ossibl e to 
observe a noncompleted discharge in helium in c ontrast to n e on. The p ulse width 
affects the track brightness only, and has practically no effect on th e a pparent 
discharge pattern (fig.3; E ~ 12,5 kV/cm). There is no sense therefore in terminat
ing the high-voltage pulse to be a pp.lled to a helium-filled streamer chamber. The 
discharge within the chamber i tself shapes the high-voltage pulse, and the pulse 
width therefore is a function o f the pulse height (fig. 5). Figure 2 presents os
ci.l.log rams of high-voltage pulses (a,a) from a Marx g enera tor ( C ~ 385 pf), and 
oscillograms of voltage shaped by the discharge within the chamber ( 6 , r ). 
Fig . 6a shows a photograph of a particle track in a helium-filled cy.llndrlcal c ham
ber (jJ 280 mm, h • 100 mm, E • 22 kV/ em), 

It is well known that various admixtures may strongly influence processes 
taking place in gaseous discharges. These phenomena may be used In order to 
obtain localized bright tracks In a chamber filled with helium. Indeed small ad
mixtures of vapours of polyatomic hydrocarbons change the a pparent picture of 
the discharge in the following way. The total light output of the gas volume Is 
strongly reduced, but at the same time bright luminous dots appear on many 
streamers. The dimensions of such luminous dots along the electrical field a re 
1-2 mm. Fig. 6 presents photographs of tracks obtained in helium \vith admixtu
res of about (1 - 2).10-4 of a -pinene ( 6 ) and of vacuum rubber vapour ( a) · 
The lig ht output of particle tracks c onsisting of s uch bright dots is sufficient for 
photog raphing through an objective with an aperture f/5.6 on a film with a sen-
sitivity s 0 ,84 = 1000 units GOST USSR. 

It must be underlined tha t the discharge spreads throughout all the d is
char g e gap (as is seen in fig. 6 6,a ), and the bright dots are due only to an 
appropriate distribution of luminosity ard have nothing to do with a limitation of 
the discharg e within the chamber. 

The number of dots n T per em inc reases 
plltude (fig. 7). A change of the pulse delay tiene 
10 p. sec does not affect D. T (fig. 8). 

with the high-voltage pulse am-
r 8 within the limits of 

The bright dots' emission spectrum Is analogous to the spectrum of helium 
whereas the g as volume emis sion s p ectrum corresponds to the spectrum of the 
admixtures. The mean energy of electrons in the discharge Is decreased in he
lium b y the presence of admixtures with a great number of l ow-energy levels. 
Therefore helium atoms c a n be excited only In regions of sufficient electron con
centration. Tbe electron density · Is the greatest in the region of the primary elec 
tron avalanche, i.e. in the region of the particle path. 

Admixtures of less complicated hydrocarbons such as benzene ard 
also lead to a localization of particle tracks in helium. Fig. 9a, 96 , 9 a 
photog raphs of particle tracks in helium with 0.1% admixtures of benzene, 
a nd a -pinene • corres pondlngly . 

h exane 
show 
hexane 

Thus by making use of admix tures of complicated hydrocarbons it Is possible 
to obtain brig ht localized particle tracks In a streamer chamber with helium without 
preliminary shaping of the high-voltage pulse. 



Haa6o.rree cepbe3RhiM aenocTaTKOM cTpaMepHbiX KaMep, pa60TaJOmax B pelKliMe 

xopomen .rroKanasanaa cnenoa sa C'leT acxyccTseaaoro o6phrsaaag paspnna s raso

BOM 06beMe, RB.liReTCR 'lp93Bbr<IaiiHO Ma.ITb!l!: CBeTOBOil: Bb!XOJl, KOTQpb!l!: 3aTpyJlH5leT 

tjJOTOI'palj>HpOBaHRe C IIOMO!I{b!O 06br<IHbiX lj>OTorpalj>R'leCKHX 00b9KTHBOB li <!>OTOII.rre

HOK/l,2/. 0co6eHHO 9TO OTHOCHTCR K CTpKMepaol!: KaMepe, Harro.rraeHHOl!: re.rraeM. 

YIHTepec K TaKOMY aanonaeHR!O B03ln!KaeT llpR HCII01Ih30B8HHH KaMepb! B Ka'leCTBe 

l'a30BOl!: MHill9HH/S,
4 /. 

803MOlKHbiM BbiXOJlOM H3 IIQ.liOlK9.Bll5l RB.IT5l9TC5l yca.rrea:ae CBeTa C IIOMO!llh!O 
15 61 . 

sneKTpOHHO-OITTR'lecKRX npeo6pa30B8Te.rrel!: ' , HO 9TO CB5l3aHO C rrpRM9H9HReM 

CJ10lKHOH H JlOpOI'OCTOII!IIel!: JlOIIO.liHHTe.libROH annapaTypb! H .ITHmaeT CTpRMepeyro KaMepy 

ueHHoro Ka'leCTBa - rrpocTOTbi B o6pameHRH. KpoMe Toro, npRMeHeHHe s.rreKTpoaao

OIITR"!eCKHX rrpe·o6pa30B8T9.1I9H BHOCHT pa3J1R'!Hbl9 OIITH'leCKHe RCK8JK9HRS!. 

IJosTOMy 6onee rrpHB.lieKaTeJ1bHOH RBJISUiaCb 6bl B03MOlKHQCTb IIOJIY'laTb xopomo 

.liOK8.1IH30BaHHbie li BMeCTe C TeM 5lpKHe CJI9llbl He C IIOMO!I{b!O OrpaHH'l9.Bll5l CaMOrO 

pa3p5llla, a IIYT9M yrrpaB.ITeaan pacnpeneneHReM RHTeacKBHOCTR cse'!eHHR B pa3pRJle. 

17 8/ 
KaK H3BeCTHO ' , npRMeCR MoryT cymecTsea.ao BnJHITb aa MeXBHR3M pasa:aTJHI 

paspnna B RaepTHhiX rasax, rnaBHbiM o6pa30M, sa C'leT RHRil.HRPOBaHRH pasp5[JlKB: 

MeTacTa6a.1IbiibiX ypoB.aell: aTOMOB aaepTaor.o rasa (alj>lj>exT ITeaHRara) H lj>OTo:aoHR-

3auuu rrpHM9CH. 3TBM, Bep05lTHO, MOlKHO BOCIIOJib3QB8TbC5[ JJ.JU! 8KTHBHOrO B03Ael!:

CTBB·g aa pa3p5[Jl KaK H8 CT8JlHB pa3BHTH5l 3.1I9KTpOHHOl!: JiaBRHbi, TaK H H!i cTPR

Mepaol!: cTaJlRH. B CBH3B c 3THM B aacTo=ell: pa60Te 6bmo o6pameao BHHMa.HRe 

aa pa3BHTBe pa3p5[Jla B reJIHeBOH KaMepe B yCJIOBHRX pa3.1!lP!HOl!: 'lHCTQTbl rasa. 

I1oCKO.libKY pa3p5l)l B CTpHMepaoll: KaMepe C renaeM )lO CHX IIOp npaKTR'leCKH 

He uccnenosaa, B pa6oTe 6hrno npenrrpRHRTO R3y'leHHe pa3p5[Jla B Kt\Mepe, aanon

aeaHol!: renReM IIPH aTMOC<jJepHOM Jl8B.li9HHH, B IDRPOKOM JlH8IIa30He H3M91l9HH5l BenH

'lHHbl aarrp5llKeJIHOCTR sneKTpR"!ecKoro rrong (oT 13 no 25 KslcM). 
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3KCIT9pHM9HT8nbH8H yCT8HOBK8 

YCT8HOBK8 yrrpaBnHeTCH TeneCKOUOM C'l9T'IRKOB fell:repa, KOTOpbill: Bbi,Ilen:HeT 

'laCTHUbi KOCMHtiecKoro sanyqess:~~, rrpoxo.omuse qepea o6'beM cTpHMepaol!: KaMepbi . 

CyMMapaaH aa.oep)KKa BbiCOKOBOnbTHoro HMnyllbCa sa BbiXO.Oe resepaTopa HMUynbc

HbiX H8UpiDKeHHA (fJ1H) OTHOCHT9nhHO MOM9HT8 ITpOXOlKJt9HHH 38piDKell.IIQJ!: 'l8C'I'lLilbl 

COCT8B.I1M8 0,5- 1,5 MKCeK. Ha K8Mepy BbiCOKOBOnbTHbii!: HMUynbC ITO.Il8eT.CH 'lepea 

rrepeJl810IUHJ!: B03JlYIUHbill: rrpOM9JKYTOK. 

KaMepbi rrpencTasnWUI co6oA cKneeHHbie 9ITOKCHJlHOA CMonoA (MapKH Epoxy-1200) 

' 
UHnHH.IlpH'l9CKH9 COCYJlbi JlH8MeTpQM 280 MM H BbiCOTOll: }()() MM. Mbl HCUonb30B81lH 

H9CKOnbKO 0JlHH8KOBbiX K8Mep, KOTOpbl9 ITOO'lepenHO ITOM9IU8nHCb M9lK.IlY BH9IUHHMJI 

::~neKTponaMH. TonmHaa cTeKon, oTnenHBmHx raaosbii!: OO'beM KaMepbi OT ::~neKTponos, 

COCTSBJIHna 3-6 MM. 

ITepen aarronaeHHeM pa60'lHM raaoM KaMepa OTK8'lHBanacb cjlopBBKyyMHbiM .IUI-

-2 
COCOM no nasneHHH 10 MM pT. CT. H rrpOMblBBn8Cb 'lHCTbiM renBeM. KaMepa .118-

rronagnaCb 'lepea aaOTsyiO n~>BYWKY no nasneHHH 740 MM pT. CT. Bo scex 9KCneps

MeHT ax scnonbaosancg renBl!: "oco6ol!: 'lHCTOTbi', B KOTOpOM coneplKHTCH ae 60nbme, 

'19M 0,002 % 0 2 j 0,003% li2 H 0,01 % N2 • 

J1MUynhC C aneKTp0Jl8 K8Mepbl UO)lBBSnCH 'lepea BbiCOKOBOnbTHbill npo6.11HK-Jl9-

mi:Tenb H3 BKTHBHblX COITpOTHBne·HHI!: C K09!j>!j>HUH9HTOM neneHHH 1: 1000 H8 OCUHnnD

rpa!j> C1-10. 3Kpas ocuannorpa!j>a !j>OTorpa!j>aposanc:~~ c rrOMOIUbiO KHHOKaMepbi P<%1K-5 

C 06'beETHBOM llei!.cc, CB9TOCHna KOTOporo COCT8BJIM8 1; 0,75. 

¢OTOrpa!j>HpOB8HH9 KBMepbi rrpOH3BO)lHnOCb 'lepea CeT'lBTbii!. 9neKTpOJt C paCCTOH

HHH 450 MM CTepeoarrrrapaTOM C 06'beKTHB8Mll IOUHTep-12; K8Mepa !j>OTOT'pa!j>HpOB8-

naCb T8KJKe c6oKy B HarrpasneHHH, rreprreHJIHKYngpHOM 9n9KTPH'l9CKOMY UOniO, KH.Ilo

KBMepol!: P<t>K-5 (o6'beKTHB P03-3M). Bo scex cny'la:HX HCITOnb30Banacb nneHK8 

'lYBCTBHT9nbHOCTbiO so, es ~tooo -1200 en. rocT (THIT 15-TT-800 HnH ITasxpoM-lOs). 

B cTaTbe rrpHB~JlHTCH TOnbKO !j>oTorpa!j>sa, rrony'leHHble B aarrpasneHHH, rreprreHJlH-

KyngpHOM aneKTpH'l9CKOMY rroniO. , 

reaepaTop HMITYnbCHbiX aarrpHJKeaHl!: 

J1CTO'lHHKOM BbiCOKOBOnhTHOrO H8ITpHlK9HHH cnylKHn reaepaTOp HMnynbCHbiX 

aarrpH)I{9HKH ApK8Jlb9BB-MapKC8. feHepaTOp COCTOM 113 TpKH8Jlll8Tl!l KOHneHCBTOpHblX 

ceKuali (no nsa KosnescaTopa KOE-3) eMKOCThiO 5000 n!j> K8)KJl8H. 06ruaH BbiXOJlHaH 
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eMKOCTb reaepaTopa C r paaasmaCb 385 n¢. HarrpiDKeaae, AO KOToporo aapiDKaiiB:Cb 

KOHA8HC8TOpbl, KOHTp0i!HpOB8il0Cb ITO KHilOBOilbTMeTpy. llnB IIOJ:t)KIIl'8 rrepBOI'O paa

PIIAHOI'O npoMe~TKa reaepaTopa acnonbaoeancg THPBTPOH TrH1-325/16. 

YcTpOl!CTBO reaepaTOpa HMIIyilbC!IblX HaiipiDKeHI!Jl: II03BOilSinO MeHRTb 8MIIilHTY

AY H8IIpiDK8HIISI liB K8Mept• nyTeM B3M8H8liHS! "!BCila BKil!0'18HHblX CeKnBl! • .[lnsr onpe

A8il8HIISI 38JlHCHMOCTB BMII1IRTYAbl BbJXOJlHOT'O lfMIIY.IlbCa reHepaTOpll. OT '1BCil8 BKil!O-

'1eHHhJX KOHJleHcaTop!IbiX ceKnllll: 6 hm!i npouaaeAeaa xanu5poaKa. Harpyaxol! reae-

paTopa np11 xanu6poaKe cny~una K8Mapa, HanonaeaHaSI soaAyxoM. Boaayx a KaMe

pe npa aToM ae np·o6usanca. 

fpanyBpOB0'1H81I KpBB8SI AilS! 38p!IAH0!'0 aanp·IDKeHI!SI 25 KB npBB8II8H8 Ha pa:c.1. 

KaK BHIIHO, BIIilOTb IIO B8ilii'1HHbl U a 150 KB, 8MIT1IRTyA8 BbiXOIIHOI'O HMITYllhCa reHe

paTopa 1!Rae·l!ao pacTeT c yseni!'18HIIaM '1Bcna sxnro'1eHHbJX ceKnBli. B JJaJibaal!meM 

JIHHSJ!:HOCTb .HapymaaTCSI. 3TO MO~HO 05'b.SICH.I!'.Tb TaM, "'TO lipB Bb!COKHX HaiTpSilK8-

HHSIX aapymaJOTCSI J]H3Ji8KTPH'18CKH8 CBOJ!:CTBB B03.11yXB. 803HBK88T KOpoHa, KOTOpaa 

lliYH'l'apyeT reaepaTop, YM8HblliBSI 8MIIilBTY.I1Y BbiCOKOBOJlbTHOI'O HMIIYilbCa. flpHM8HS!e-

M8SI HBMB KOHC'l'pyJriUHI !'eHepaTOpa C B03IIym.HbiMB pa3pSIAHblMB lipOMe~aMB l:lD-

3BOilS!aT. ITOny"'HTb 8MIIilHTYIIY HMIIYilbCa .110 250 KB. 

Ha pac. 2a a 2 B npnserreHbi ocnunnorpaMMhl BbiXOAilbiX aMnynhCOB reaepaTo-

pa. llnaTeJlbROCTI> nepeaaero tjlpoaTa aMnynbca t "10-15 HC8K OIIp8A8ilSI8TCSI B oc-

HOBHOM 8MKOCTb!O K8M8pbl Ck H BHy'l'peHHHM COITpOTHBil8HH8M reHepaTOpa Rr 

CrraA H8IIpS!lK8HIIll HB KaMepe (npB OTCY TCTBHH pa3pSIAa B Hell:) OIIp8A8ilSI8TCSI pa3pSIA

KOll: eMKOCTeil: C I' B Ck '1epea conpoTaBneHB8 BbiCOKOBOilbTHOI'O npo6HJIK8 R 

= 5 KOM H COITpOTHBneaae KOpOHbl B B03JlyXe R b • 

Oco6eaaocTB pacnpocTpa.HeHIISI paapSIAa B renaesol! CTPBMepaoll: 

KaMepe 

Ha pac. S npaseAeHhl .ItBe ljlOTOrpatjJBa cneAOB aapiDKeH!IbiX '1acTarr, rrony"teHHbie 

B renaB npa pa31lb1X 3H8'18HHSIX AilHTenb.HOCTB BbiCOKOBOlU>THOT'·O HMITyllbca, CtjJOpMH-

pOB8HHOI'O lliYHTapyromaM pa3pSIAHHKOM. AMITnBTynhi aMITynbcos a o6oux CJlY"'aSIX 

paBHbi U "' 125 KB ( E 12,5 KBI CM). Cl>OTorpatjJBpOBaHIIe np·OB3BOAanOCb IIPB (>T--

HOCHT8ilbHOM OTBepC1'HH o6'beKTBB8 1 : 2 ,8. KaK BHIIHO, H3MeHe!U{e .11ilHT8J1bHOCTB 

aMITyllhca, rronaaaeMoro Ha KaMepy, npa aanaa:ao'll: aMrrnBTyAe rrpasonBT nalllb K 

H3M8H8HI!!O S!pKOCTII CB8'18HIISI CileAa. Haa60J!blli8SI S!pKOCTb Cil8A8 APCTaraeTCSI ITpll 
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rrona'le H8 KBMepy Bb!COKOBOIIbTHOrO HM11YIIbC8 6ea o6pb!B8JIHSI, TipH 3TOM BHn psra

pSlllOB, paCIIOIIOlKeHHblX anOIIb cnena, H nnHH8 SlpKO CBeT·SlJlleltCSI '18CTH HX ( .. 10 MM) 

npaKTH'IeCKH He MeHSI9TCSl, TipH H8rrpSllKeHHH 125 KB yMeHbW9HHe nnaTellhHOCTH HM

rryllhC8 no 50 HCeK rrpaaonHT K TOMy, 'ITO SlpKOCTb Cnenoa yMeHbW8eTCSI H8CTOilhKO, 

'ITO !jlOTOrpaqmpOB8HHe HX B 38n8HHbiX YCIIOBHSIX CT8HOBHTCSI BeB03MOlKHb!M, 

TaKHM o6paaoM, a renaa se ynae'tcSI sa6monaTb aeaaaepmeaabiA paapSlll, a TO 

apeMSI KaK a aeoae rrpa Tex JKe napaMeTpax BbiCOKOBOilhTBoro HMnyllhca paapSIJI o6-
x) 

pbiaaeTCSI • OnaaKo, secMOTpSI sa pacrrpocTpaaeaae raaoaoro pa3pSllla sa aecb paa-

PSlllHbiil IIpOMelKyTOK, IIOTepa HH!jlopM81lHH 0 KOOpnHH8T8X Cnena '18CTHUbl BeT, Bcnen

CTBHe KHCTeo6paasoro, aeTaSllllerocSI xapaKTepa paapSllla, pacrrpocTpaHSIIOmerocn OT 

MeCT8 B03HHKBOB9HHSl nepBH'IHOlt li8BHHbl, B p83pSllle Bb!lleiiSleTCSl SlpKO CB9TSllllHACSl 

Y'I8CTOK nnaHOli: ., 10 MM ( 06naCTb M8KCHM81lhBOi! IIIIOTJIOCTH aneKTpOHOB), 

Aa:anorH'IHSSI KBpTaaa sa6nronaeTcn a rrpa BbiCOKHX aarrpSIJKeHHOCTSIX aneKTpaqe-

CKOrO IIOIIH B K8Mepe - CTpYKTypa pa3pSllla COXp81IHeTCSI IIpH H3MeHeBHH napaMeT

pOB aMrrynbca, xOTn npKOCTb cnenoa npa 6ol!hWHX nonsrx cal!hao aoapaCTaeT. Onao

apeMeaao peaKo aoapacTaeT cae'leHHe acero raaoaoro o6'beMB KaMepbi, Ha pac.6a 

rrpaaeneaa !jloTorpaq,an cnena, norryqeaaan npa E ~ 22 KBICM a OTBOCHTellhHOM OT

aepCTHH o6'beKTHBa I :6,6. 

Yaena'leHHe aaneplKKH BbiCOKOBOilhTBOrO HM11YilhC8 no 10 MKCeK, K8K OK838II0Cb, 

He rrpaaonHT K H3MeHeHH10 CTPYKTYPbl pa3pSina; 'IRCIIO pa3pSIJIOB 118 1 CM n T8K

JKe OCTaeTCSl IIpH 3TQM HeR3M9HHb!M (pRC, 8). YaenR'IeHB:e nnRTellhHOCTH nepena:ero 

!jlpOHT8 HMIIyiibC8 B BeCKOIIbKO p83 T8KlKe Be MeBHeT X8p8KTep p83pSI.[la B K8Mepe. 

Pa60Ta KaMepbl 6e3 BBema:ero !jlopMRpOBBHI!:Sl E)biCOKOBOilhTHOrO 
aMnynbca 

EcnR aMnnaTyna aMnyllhca, nonaaaeMoro aa KaMepy, nocTaTO'IBO aenaKa 

( E>10 KBICM), TO aanao, 'ITO ra30Bb!it paapnn B C8MOl!: K8Mepe myBTRpyeT Bb!XOn 

reaepaTopa a RCKaJKaeT !jlopMy RMrryllhca. Ha pRe, 2a R 2a rrpB:aeneBbi ocnRnnorpaM-

x} . 
Corrocraanenae .llBHHbiX o pa3pH.ae a renHH H a neone rroKB3biBaer, 'ITO 

CKOpOCTb pacrrpocrpaneHXH pa3pH.aa B renHH a HeCKOilhKO pa3 6onbme, '!eM a neone 

rrpH I!BHHOM 3JieKTpH'I9CKOM riOne. dTO 3HB'l.HT, 'ITO l!liH riOrry'IeHHH CTpHMepa 38-

.I!BHHOH l!liHHbi HB renHeByiO KB.Mepy He06XOI!HMO riOI!B.Tb HMrrynbC COOTBeTCTBeHHO 

KOpOqe, '19M HB HeOHOBYIO KBMepy, T.e. B KOH9'IHOM C'IeTe HCriOnb30BBTb l!llH p83-

BHTHH p8.3pH.a8. MeHbiiJYIO MOII!HOCTb, fl03TOMy XOPOII!B.H nGK8.nH38.I!HH Cne.aa B reniiH 

MOJKeT riOrry'IHTbCH ripH Hei!pHeMJI9MOif HpKOCTH, 
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Mbl BhlXOJlHb!X IIMIIyllbCOB reaepaTopa C aMIInJfTYJlaMII, paBHblMII 225 KD II 175 KB 

COOTB9TC1'B9liHO, OcrmnnorpaMMbl COOTBeTCTBYIOWIIX IIMIIYflbCOB, c<jlopMIIpOBaJIHblX 

paa pSIJlOM a KaMepe, npBBeJlellhl aa p11c. 2 5 11 2r. KaK Bl!ll,Ro, nepellHBli <jlpoHT liM-

nynbCa npaK Tli"I9CKI! He I!CKalKaeTCSI pa3pS!JlOM B KaMepe, 

J13M9H9H119 lj!OpMbl BblCOKOBOllbTHOI'O IIMIIYl1bCa pa3pS!JlOM B KaMepe MOlKHO no

HS!Tb, ecna o5paTIITbCSI K ee aKaBaaneaTaoA aneKTpll'leCKOli cxeMe (pac. 4). PaapS!Jl-

aaSI neiib BblXOJlHOli 9MKOCTII reaepaTopa HMIIyllbCJiblX HanpS!lK9HHl\ C r COCTOI!T 

aa aayTpeaaero conpOTHBneHHR reaepaTopa R r • eMKOCTII BJiyTpeJiaero o6'heMa 

cTpi!Mepaoi!: KaMepbi C k , conpOTI!aneHIIR raaoaoro pa3pS!Jla B KaMepe R k 11 eM-

KOCTII CTeKOfl, OTJl9flRIOWIIX 05'beM KaMepbl OT aneKTpOJlOB c 
c 

R b - conpoT11ane-

aae yTe'lKII 11 KOpOHhl a aoaayxe, a TaKJKe R COUpOTI!Bfl9HI!e BblCOKOBOllbTHOI'O 

npo5HI!Ka B9fli!KI! I! He OKa3blBa!OT cymeCTBSHHOI'O BllHRHIIR Ha npoueCCbl, llPOI!CXo

llSIWI!S BHYTPI! KaMepb! (Mbl paCCMaTp!IBaeM cnyqaJi, KOI'Jla OTCyTCTByeT myRTIIpy!O

WIIli pa3pS!JlHIIK), 

BenH'li!Ha R r npeacT&BnSieT co5ol\ conpOTBaneHBe BCKpoaoro npo5og paapSIJl-

HbiX npoMeJKyTKOB a reaepaTope ApKaJlbeaa-MapKca II;CYJlR no JlnHTellbaocTI! nepea-

aero ljlpoHTa HMIIyllbca aa KaMepe t.,lQ-15 HCeK, paaao "'300 OM (np11Ck~30nljl). 

flp11 . OTCYTCTBHII pa3BIITOI'O pa3pS!Jla B 05'beMe KaMepbl B9flii~Ha HallpSilKeHIIR aa Ka

Mepe onpeaenSleTCR TOllbKO HallpSilKeHIIeM HB eMKOCTII C k ( TBK KaK C k << C c ~ 200 nljl 

11 C k << C r ) • <l>opMa BMIIyllbca np11 aToM aaaacaT TaKJKe OT aenB'lHH R b a R 

KOTOpbie onpeaenSIIOT ape MeJia paapRJlK.II eMKOCTel\ (pH c. 2a, a). 

BoaHBKHoaeHIIe TOKB a KaMepe, T,e. yMelibmeaae Rk , np.IIBOJliiT K paapRJlKe 

SMKOCTI! Ck II, Cfl9JlOB8T9llbHO, K 1!3M9H9HIIIO H8llp!!lK9HIIR 118 K8M9pe. flpl! aTOM 

CKOpOCTb CIIBJlB Jiallp'RlK9HIIR 5yJl9T OIIp9A9flSITbCR, B OCHOBJIOM, aenB~JIOl\ R k C 1: 

( cyag no ocu11nnorpaMMe R k paaao .. 300 OM, KaK B R r). 0AaoapeMeRJIO c na

qanoM p83BIITIISI pa3pSI)l8 B KBMepe H8'lHH89TCSI 38pRJlKa CT9Kfl8,. CKOpOCTb KOTOpOl\ 

a aaKCHT oT aenll'li!Hhi R C r e (pile. 25,r). 

flp11 50llbWIIX aMIIflBTYJlaX HanpRJKeHIISI, a, CfleJlOBaTeflbHO, II Up!! 50llbWIIX CKOpo

CTSIX pa3BIITIISI pa3p!!Jla B I'a30BOM 06'b9MB KaMepbl C renaeM B03AYWHblil IICKpOaol\ pa3-

p!!A IIpll aTMOC<jlepJIOM JlaBfl9HIIII R9 MOlK9T 5biTb IICIIOJlh30BaH AflR yKOpa'lHBaHHSI 

BhiCOKOBOllbTHoro IIMnynbca. Ecn11 myHTIIpyromali paapS!JlRbii!: npoMeJKyTOK aenKK, TO 

p aapS!Jl a KaMepe aaaepwaeTCSI 11 aanpHJKeHI!e aa aeA naaaeT AO npo5oSI wyaTIIpyrome

ro npoMe JKyTKa. Ecn11 JKe JlnHHa npOMBlKYTKa AOCTaTO'lHO Mana AflH B03JIIIKHOB9HI!R 
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HCKpOBOrO pa3pS!Il8 1 TO HMIIYJlbC o6pb!B89TCSI p8HbW9 1 '!eM CBe'!eHae pa3pSI.Qa B Ka-

Mepe CT8HOBHTCSI BHAHMbiM, 

AMIIJIHTYAB HMIIynhC8 HB K8Mepe u a nnaTenbHOCTb ero T ( H3Mepeaaa51 

a a rronyabiCOTe) oKaSbiBBIOTCSI cagsaHHbiMH cooTaoweHHeM U 2 T = const • B aarueM 

2 • 2 2 
cnyqae E T = 9 1 8 ;t_1 1 0 a ceK I CM nnsr E a HHTepaane OT 13 no 22 KBI CM. 

Ha pac. 5 rrpaaeneHbi rpa<jlaKH saaaCHMOCTH nna-renbHOCTH HMnynbca T H nna-

T9JlbHOCTH rrepenaero <jlpOHTB HMIIYJlbC8 t OT 8MIInHTynhi U • KaK BHnH0 1 B9JIH'IH-

Ha t Ilp8KTH'I9CKH OCT89TCI! liOCTOI!HHOl!: rrpH BCeX 3H8'!9HHSIX H8ITpS!lK9HIU! BIIJIOTb 

no U ~ 225 KB. 

/ 9/ 
KaK 6binO IIOK838HO B.A. nro6HM0Bb!M H np. I MHHHM8nhHOe 3H8'!9Hl!e nna-

T9JlbHOCTll BbiCOKOBOJlbTHOrO l!Mrry1IbC8 H8 pa3pSI.QHOl!: K8Mepe C 60JibWHM IIpOMelKyT-

KOM ll C M9T8J1Jll!'I9CK!!Mll 3Jl9KTponaMl! r min P aeo6xonl!MOe JJ.Jlll B03HHKROB9Hl!SI 

HCKpOBOrO rrpo60SI BnOJib TpeKa B H90He, T8KlKe CBSI38HO C 8MliJll!Tynol!: H8lipS!lK9H-

2 
aocTn nonS! E cooTaomeHHeM E r ~ const • AaanorH'IHOe BbipalKeaae OKa-

mln 

SbmaeTCSI cnpaaennKBbiM nnsr cTpHMepaol!: KaMepbi 1 pa60Taro~el!: 6ea myaTHpyromero 

pa3pHnBHK8 1 IIOTOMy 'ITO nnaTeJibHOCTb HMITynbC8 1 O'I9BHAHO, KBK paS OIIpeJJ.eJI519TCSI 

BpeMeH9M 1 Heo6xonHMblM nnH o6p830B8HHSI 60nbWOrO pa3pSIAHOrO TOK8 BHyTpH 

KaMepbi, 

noKanasanasr cae'!eaasr paspSI.Qa a renal! npa aana'!Ha 

MaJihiX rrpaMecel!: yrneaonoponoa 

npn H8Jlll'lllll B renaeaol!: KaMepe npOJlyKTOB BbineneBHSI B8KYYMHOl!: pe3HHbl Ha 

ypoaae 0 101-0 1 02% aa6monaeTCH naneaae o6mero cne'!eHl!H rasoaoro o6beMa KaMepbi 1 

ao aap11ny c ST!IM Ha Maorax paspSI.Qax IIOHBJISIIOTC51 srpKo caeTSIIIlHeCH neaTpbi 1 rrpa

'!eM HX pa3Mepbl B H8rrp8BJ19HHH 3J19KTPH'I9CKOrO IIOJISI COCT8BJISIIOT 1-2 MM (pac,6a), 

HpKOCTb cnenoB 1 cocTOS!IllBX as a Tl!X 'TO'IeK' 1 rrpl!Mepao a a naa nopSI.QKa BbiWe 1 '!eM 

ynaaanOCb no Cl!X IIOp IIOJlY'Il!Tb B HeQHOBOl!: K8Mepe npa T8KOl!: JKe CTeneHH JlOKBJlH-

/1/ 
38Ul!H cnena H nOCT8TO'IH8 )lJISI tjlOTorpa<jJHpOBBHHSI K8 IIJlGHKy 'IyBCTBHT9nbHOCTbiO 

1000-1200 enl!H, fOCT npa OTHOCl!TeJibfiOM OTBepCTilll 06beKTHB8 1: 5 16, 

0IIHC8HH09 SIBJieHHe IIOJiy'IeHO B K8M9pC 1 pa6QT810Ill9l!: 6es myfiTHpyroiD.el'O pa3-

pHnHUK8; UpH 3TOM BbiCOKOBOJlbTHbiH HI>IIIYJlbC tP OpMapyeTCSI paspSI.QOM B K8Mepe 1 K8K 

CK838HO B npenbinymeM IIaparpa<jle, napaMeTpbl (tjlopMa ll AJIHT9JlbHOCTb) HMIIYnhCOB 1 

c<jlopMHpOB8HHbiX pa3pSIAOM B KllMepe C 'TO'IK8Ml!' H B K8Mepe C 'UICTbiM renneBLIM 
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aanonaeaBeM, npaKTB'leCKH connauaroT. Heo6xouaMo nouqepKHyTh, 'ITO paapan pac

npocTpaaneTCst Ba B6Cb 06'beM KaMepbl (KaK BBUHO H3 pHCYHKa) 1 B CBeTSII.UReCH 

UeHTpbl CBH38Hbl TOnbKO C COOTBeTCTBYIDIUHM pacnpeueneHIIeM IIHT6HCIIBHOCTII CBe'le-

HRSI, a ae c orpaHII'l6HIIeM paapana. 

ti11cno 'To'leK' aa eu11H11ny unaHhi cneaa: n T pacTeT c ynen11<Jea11eM aMnn11-

Ty.llbl BbiCOKOBOnhTHOrO HMnyllbC8, f1pB yMe·HbllleHBH HanpruKeHIIH JlO U = 125 KB 

'TO'IKH' nponaaaroT, Ha pac. 7 npiiBeaeHbi rpa!j>IIKH aaaHCHMOCTH OT nanpH>KeHRSI 

B6llB'l~Hb1 n T , a T8K>Ke n -qacna pa3pRAOB Ha 6ARHHUY AniHibl B.UOllb cnena. 

Hy>Kao OTMeTHTh, 'ITO paaMepbi 'To'leK" npaKTII'leCKR ae 38BHC5!T oT aMnniiTYUbi 

BbiCOKOBOllhTHOrO RMUynhC8 ( BO BCS!KOM CJiy'lae BllllOTh UO 250 KB ), 

' f1p11 H3MeHeHRII aanep>KKII RMnyllhCa B npe)lenax OT 1 JlO 10 MKCeK KOllB'le

CTBO 'TO'leK' HB euiiHRUY UllHHbl cnena He MeHSieTCSI (pac. 8) lfacno "TO'l6K' ; T 

COXp8HSieTCSI T8K>Ke Up II yBellll'leHRH B 1,5- 2 pa3a UllHTenhHOCT.II !jlpOHTa Bb!COKQ-

BOllbTHoro .I!Mnynbca. 

B nenSIX BbiSICHeHIISI npHpOUbl BllHSIHRSI Ha pa3pSIJl npaMeCell, Bbi.Uell9eMbiX Ba

KyyMHOll pe311HOll, 6blll0 npe.lliTPIIH5!TO 113y'leHIIe cneKTp8llbHOrO COCTaBa R3lly'leHHSI 

paapstaa. KaMepa !jlOTorpa!jlaponanacb 'lepea pa3llii'IHbie caeTo!jlanbTpbi, KaK {3Kaaa

nocb, CUeKTp 113lly'leHIISI 'TO'leK" ne>KHT npeHMyiUeCTB6HHO B o6naCTH UllHH BOllH, 

6onbrnax 6500 5\ , TaK >Ke , KaK 11 cneKTP aany'leHIISI renast, I1anyqea.11e >Ke raao

noro 06beMa ne>K.IIT B CIIHell o6naCTII cneKTpa, 'ITO COOTBeTCTByeT CB6'l6H.IIID U0-

6aBKIIj H a6nroaaeMoe pacrrpeuenea11e aany'leHHSI B paapane no cneKTpallhROMY co

CTaay , no-BH.Il.IIMOMY, MO>KHO 06bSICHHTb Clle.llyWlli.IIM o6pa30M. HallR'lll6 B renH.II 

ao6aBOK C 6onbiiiHM 'lHCllOM HH3KBX ypOBHell yM6Hbiii86T cpe.llHIDID 3Hepraro 3ll6K

TpOHOB 11, COOTB6TCTB6HHO, KOllH'l6CTBO 3ll6KTpOHOB C 3Hepr.lleM, 60llbiDeli, 'l6M 

aaepr11S1 no:36y*AeHIISI renaSI , IToaToMy a!jl!jleKTBBHOe noa6y*aeaae aTOMOB renast noa

MO)f{HO TOllbKO B o6naCTH AOCT8TO'lHO 60llbiiiOll KOHU6HTp8UHH 3ll6KTpOHOB, Haa6onb-

wei! DllOTHOCTb 3lleKTpOHOB B paapane 6yaeT B o6naCTH nepBH'lHOll ll8BHHbl, T,6,B o6naCTH 

Cneua 'l8CTHUbl, f103TOMY BMeHHO B o6naCT.II Cll6Jl8 6yneT aa6niDU8TbCSI CB6'l6HH6 

renHSI, B TO Bp6MSI K8K B OCT8llbHOll 'l8CTH 06b6M8 K8M6pb! aa6nro,uaeTCSI npe.ll -

MymecTneaao cBe'leaae npaMeCII. TaKoi! no.llxon cornacyeTCSI c poCTOM qacna 'To-

np.ll yBellB'leHHH 8MllllHTY.Ubl BblCOKOBOllbTHOrO HMnynbCa ( ITOCKOnhKy 

llllOTHOCTb 3lleKTpOHOB B pa3pSIU6 CHllbHO B03p8CT86T C pOCTOM 8MITll.IITY.Ilbl HM

rrynbca) 'j 
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Haa6onee a .eponTHO, 'ITO peaaaa BhiJlenneT paana'!Hhie yrneBOJJ.OPOJJ.hi ( CKopee 

acero, TnlKenhie). JlelkTBaTenhao, JJ.06aaneas:e K rens:ro TRlKenhiX yrneBOJJ.OPOJl.OB 

npHBOJl.HT K pe3KOli JIOK8JIH3BIUIH CJleJJ.OB 'IBCTHil B KBMepe. Ha PHC. 9a. 96, 9a COOT-
-.._ . 

BEITCTBeHHO IIpS:BeJJ.eHhl <jlOTOrpa!jlRR CJleJJ.OB 38pRlKeHHh!X 'l8CTRil B K8Mepe, HBnon-

HeHHOll: renaeM c JJ.06aaKBMH 6eaaona, reKcaaa s: a -naaeaa (cKs:ns:JJ.apa). KoHUea
L 
Tpauan JJ.o6aaKH. ao acex Tpex cny'lanx paaagnaCb 0,1 %. <I>CTorpa!jls:poaaaae npoaa-

BOJJ.Hnoch IIpH OTHOCRTeJlhHOM OTBepCTllll 06'heKTRB8 1 : 2,8, BMllJ!HTYJl.B BhiCOKOBOJlhT

HOI"O HMnynhCa p8BHRJI8Cb 225 KB. 0TMe'l8eTCH pe3KDe IIBJJ.eHHe o6mero CBEI'IEIHHH 

raaoaoro o6'heMa KaMephi no cpaaaeHHIO c 'fRCThiM renaeBhiM aanonaema:eM. 

YMefibmeas:e KoHUeHTpaus:s: 6eaaona H reKcaaa nps:BOJl.H.T K yaens:'leHHJO o6mel! 

CBeTHMOCTH I"830c\OI"O 06'beM8 K8Mepb! H K YJJ.JlllHeHHIO RpKO CBeTmueil:cg o6naCTR 

pa3pS!JJ.a. TJps:MeCb lKe aKHilRJH!pa Ha ypOBHe COThiX JJ.Onell npoueHTa BJIHReT HB KBp

THHY pa3pRJl.8 TBKHM lKe 06pa30M, KBK H npHMeCH, BbiJJ.enneMWe pe3HHOil. Ha MHQ

I"HX pa3pRJJ.ax B0311HK810T TBKOil lKe RpKOCTH CBeTs:maecg llEIHTpbi pa3MepOM ., 2 MM 

(ps:c. 66), aa6nroJJ.aeTCSI aaanors:qaoe pacnpeJJ.eneas:e s:anyqeas:n B paapSIJJ.e no cneK-

TpanbHOMY COCT8By. 

TaKHM o6paaoM, BBeJJ.eas:e B renaeay10 CTpHMepHyiO KSMepy JJ.o6aaoK cnmKHhiX 

yrneBOJJ.OpOJl.OB n03BOJISieT 6e3 cneUH8JlbHOI"O !jlopMHpOB8HHR BhiCOKOBOJlhTHOI"O RM

nynbCB JIOK8JIR30BllTb CJIEIJl. 38piDKeHHOil 'l8CTHilhi. f1o-BHJl.HMOMy, JlOK8JJH381lRR ynyq

W8eTCR, eCJIH B KS'lecTBe npHMeCH BBOJl.SITCSI BCe 6onee CJIO)I{Hbie yrneBOJl.OpOJl.hi. 

Pa3JIH'JHbll!: CIIeKTPBJlhHb!l!: COCT8B R3ny'leHRR pa3Hb!X yqaCTKOB pa3pSIJl.8 R 6onbmag 

RpKOCTb 'TO'leK' Jl.BIOT B03MOlKHOCTb nOBbimeHJ!Il KOHTpBCTHOCTH R3o6palKeJIRSI CJleJlOB 

nyTeM YCTpa.BeHHH 38CBeTKR OT CBe'leHR!I 06'heM8 KSMephi C IIOMOWbiO COOTBeT CTBYJO

WhX caeTo!jls:nbTpoa ( aanps:Mep, KC-15). BoaMoJKHo, 'ITo s:ccneJJ.oBaHHhre no6aaKH ae 

S!BJIHJOTCH HBH6onee onTHM8JlbHhiMH C TO'IKR 3peHRH ynpaaneHHH p83pHJJ.OM. 

3 a K n 10 q e a s: e 

MeToJJ. ynpaaneHRs: raaoahiM pa3p!!Jl.OM c noMomb10 Manwx no6aaoK MOlKeT oKa

aaTh.c-s: BeCbM8 nepcneKTRBHhiM Jl.JIH TeXHRKR I"830p83pRJJ.Hhl.X K8Mep H Tpe6yeT Jl.8Jlfw

HeHmero nayqeHHH ll p83BHTHSI. Oa 3H8'IHTeJJbHO ynpomaeT KOHCTpyKUHJO H 3KCIInya

T8UHIO yCTBHOBKH CO CTpHMepHOJ!: K8Mepol! H JtBeT Ilpll 3TOM XOpOmyiO JIOK8JIK381lHIO 

RpKO oaeTs:maxcg cneJJ.OB. Manwll ypoaeHh npl!IMEICH, aeo6xoJJ.nMwll JJ.nn yJKe 3H8'IH-

TeJlhHOI"O BJ!l!IHHRH H8 pacnpeJJ.eneHl!Ie HHTeHCl!IB)lOCTR CBe'leHH.H pa3pRJJ.a, II03BOJIHeT 
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C'IHT8Th OCHOBHOl! f'a3 •'IHCThiM• llpH cj;H3H"'!eCKHX 3KCnepHMeHTaX, B KOTOpb!X KaMe

pa arpaeT ponh ra3oaol! MHweHH. 

B 3aKniO'!eHHe Mbl 6naronapHM B.H. Eywyeaa, A.r. )l(yKOBa, H.B. ne6eneaa, 

c.n. Maxeeaa, B.YI. Opexoaa, B.<l>. noeHKO, A.r. noTeXHHa 3a f!OMO!Ub B pa6oTe, 

a TaK}I(e E.M. CMHPHOBa H O.E. <l>upcoaa 3a none3Hbie o6cy*JleHJHI, 

n H T e p a T y p a 

1. f.E. 4aKoaaHa, B.H. Pol!RI!IIlBHJIH, B.A. Maxal!noa, A.K • .n*aBpawaanu. 
Me)I(JlyHaponHaH KOH<jlepeHUHH no <jJH3HKe qacTun BbiCOKHX 3HeprHli, .lly6Ha 1964, 

2. E.A • .nonroweHH, E.YI. ny'IKOB, E.Y. PonHOHOB. )1(3T<I>, 1ft, 1953 ( 1964). 

3. M.M. KymOKHH, .n.E. noHTeKopao, YI.B. <l>aJIOMKII, IO.A. lllep6aKOB, ITT3, §., 
70 ( 1965). 

4. M.M. KymoKaH, .U.E. IToHTeKopao, YI.B. <l>anoMKHH, .U.M. Xa31!HC, IO.A. 1Uep6a
KOB. ITpenpHHT OYI.HYI P13-2998, .lly6Ha 1966. 

5. M.M. EyTcnoa, B.YI. KoMapoa, O.B. Caa'!eHKo. ITpenpHHT OYI.H11 P-1619, 
.lly6Ha 1964. 

6. E. Gygi and F. Schneider. Preprint CERN.66-14 

7 • .n)l( . MaK, .n)l(. Kp3rc. 3neKTpl!'!ecKI!l! pa3psut B ra3ax, 1956, l13n-ao HHOCTpaH
Holi JlHTepaTypb!, 

8. c. EpayH. 3neMeHTapHble npoueCCbl B nna3Me f'a30BOf'O pa3pHna, 1961' rocaTOM
H3)laT, 

9. B.A. ni06HMOB, IO.B. ranaKTIIOHOB, <I>.A. ITaBJIOBCKHl!, <I>.A. E'l, YI.B. Cunopoa. 
npenpHHT VI T3cp 269 I !:l64. 

PyKonach nocTynuna a H3JlaTeJlhcKul! OTnen 
18 rumaps 1967 r. 
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Pac. 5. fpaljlau aasaCHMOCTB nnuTenbHOCTH HMnynbca T a nepenHero ljlpoaTa 

HMIJynbCB I OT 8MIJITHTYilbl BbiCOKOBOITbTIJOrO HMnynbC8 U • 
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Pac. 6. 4>oTorpa<!Jaa cneaoa 3apHJKaHHhiX 'IBCTHU a renueaot\ KHMepe: a - 6e3 ao6aaoK, 
6 - C llOfiBBKOli CKHnHaapa (- 0 ,02%), B - C llOf5aBKOII npOilYKTOB Bblll9Jl9HBH 

aa KyyMaoll pe3HHhi na ypoane - 0,01 %. 
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Puc. 7. rpacj>BIUI 38BBCBMOCTII 'liiClUl 'TO'lell' ;T B 'liiCna pa3p!Ul0B ;;- H8 9.1UrJIIIIlY 

Amlllhl C118.[18 OT 8MilnBTYAhl BbiCOKOBOllbTHOro BMJiyiihC8. 
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Puc. 9. ¢IOTorpaq,uu cnenoa a apiDKeBBblX 'I&CTIIl a rellBeaoA J<aMepe c AOIS&IUtAMI ISeB3oJia 
(a), reJ<C8B8 ( 6) B CI<BilBil8p8 (a). KOBil9BTp81liB A068BOI< p8BBbl 0,1%. 
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