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1. BBEAEHWE 

np11 noMOIIIH naaepHoi1_ TeXHHKH, ~aK coo6111anocb a· pa6oTax /1,2/ 
KaJlHMOa~M H COTPYAHHKaMH, MOmHO xopowo perHCTpHpoaaTb TpeKH 
3apRmeHH~X 4aCTH4 a CTPHMepHO~ KaMepe, HanOJlHeHHOH CMeCb~ 
70% He+ JO% CH npH AaaneHH~ 1 aTM •. B pa6oTe 13/ noKaaaHo, 4To 
TaKme YAOaJleTaOpHTeJlbH~e pe3yJ1bTaT~ nOJ1y4a~TCR npH HCnOJ1b3Q
aaHHH CMeCH 89%He+ 10%CH4+1%H20,HO npH cpaaHHTeJlbHO HH3KOH 
HanpRmeHHOCTH 311eKTPH4ecKoro nonR: 10 KB/cM. 

B AaHHOH pa6oTe HccneAyeTcR, HaCKOJlb,Ko MOmHo yMeHbWHTb KoH-
4eHTPa4H~ MeTaHa ·a CTPHMepHOH KaMepe, COXpaHRR npH 3TOM XOpowy~ 
perHCTPaLIH~ TpeKOa 3JleKTpOHOa npH TaKOH me'.caMOH HH3KOH HanpR
meHHOCTH 311eKTPH4ecKoro nonR, KaK a pa6oTe13~ Oco6~H HHTepec 
npeACTaaJlReT C060H a03MOmHOCTb pa6oTaTb C 4HCT~M renHeM HJlH 
reJlHeM, HMe~IIIHM HeCKOJlbKO MeHbWy~ npHMeCb. 3TO BamHO, 
TaK KaK a 3TOM CJ1y4ae TaKOH AeTeKTOp MOmHO npHMeHRTb AI1R l.le
IlOro PRAa HCCileAOBaHHH a RAePH.OH <I>H3HKe. 

KpoMe Toro, B AaHHOH pa6oTe H3y4aeTCR BJlHRHHe 3aAepmKH 
naaepHoro HMnyJlbCa no OTHOWeHH~ K MOMeHTY Ha4aJ1a pa3pRAa 
·a CTpHMepHOH KaMepe_ Ha Ka4eCTBO perHCTpHpyeMbiX TpeKOB Ha <J>o
TOnJleHKe. 

2. 3KcnEPWMEHTAJlbHbiE PE3YJ1b TATpl 

3KcnepHMeHTanbHaR ycTaHOBKa onHcaHa HaMH paHee a pa6o-
Tcfx 13,41. ,ltilR perHCTpaLIHH CTPHMepOB HJlH HCKPOBbiX paapRAOa a 
reJlHH J.1 a03AYXe M~ npHMeHRJlH npRMOH TeHeBOH MeTOA, H <J>OTOrpa
<J>HPOBaHHe npoH3BOAHI10Cb Ha nneHKY THna M3-3M 4YBCTBHTe11bHOCTb~ 
5-7 eA. fOCT c paaMepoM KaApa 55x70 MM 2• 

2.1. BilHRHHe KOHI.IeHTPaLIHH MeTaHa a CTPHMepHOH KaMepe, 
HanOJlHeHHOH renHeM, Ha Ka4eCTaO TpeKoa 3JleKTpOHOB 

HanonHeHHe CTPHMepHoi1 KaMep~: 89%He+10%CH4 +1% H 20 
KaK M~ yme coo6111a11H s pa6oTe 73~ xopowo MOmHo perHcTpHposaTb 
TpeKH 3JleKTPOHOB B CTPHMepHOH KaMepe, HanOJlHeHHOH 3TOH CMeCb~ 
npH AaaneHHH 1 ai"M H HanpRmeHHOCTH 3JleKTPH4eCKOro nOJlR 9-
11 KB/c~ /pHc. la/. 

HanonHeHHe CTPHMepHOH KaMep~: 94%He+5%CH4 +1% lieO 
TaKme H npH 3TOM HanonHeHHH CTPHMepHoi1 KaMep~, 8 · TaKHX me 
yCJlOBHRX, KaK 6biJ10 yKa3aHO BbiWe, H C nOMOIIIb~ TeX me OnTH4eCKHX 
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PHc.I. BnHHHHe KOHQeHTpaQHH MeTaHa, A06aBneHHoro B re~ 
nHeByro CTpHMepHyro KaMepy, Ha perHCTpaQHID TpeKOB 3neKTpo-· 
HOB C nOMO~biD a30THOrO HMnynbCHOrO nasepa. HanpH~eHHOCTb 
3neKTpwzecKoro nonn -I 0 KB/ eM,. saAei>~a nasepHoro HM
nynbca no OTHomeHHID K MOMeHTY Haqana paspHAa B KaMepe -
OKono 500 He; a - I 0% CR.,.. 6 - 5% CH4 ,B - I %CH

4
, r ~ 6es 

MeTaHa. 

MeTOA08 MOmHO XOPOWO perHCTpHp08aTb TpeKH 3neKTpOH08. BH~anb
HO He Ha6ni0Aanocb paanH4H.fl 8 Ka4eci"8e TpeKo8, nony4eHHbiX 8 
AaHHOM cny4ae H 8 CTPHMepHOH KaMepe CO CMeCbiO, COAepma~eH 
10% CH4 /pHc.16/. . 

HanonHeHHe CTPHMepHOH KaMepbl: 98%He+ 1 :t C~ +l%H20 
8 CTPHMepHOH KaMepe_c 3TOH CMeCbiO yme 8H3yanbHO MOmHO Ha6niO
AaTb HeKoTopble ·HaMeHeHH.fl. Becb o6beM KaMepbl c8eTHTC.fl. Ho Tpe
KH 4aCTH4 e~e XOpOWO 8HAHbl. 0HH COCTO.fiT H3 HeKOTOpbiX CHnbHO 
C8eT.fi~HXC.fl H MHOrHX TOHKHX CTPHMepo8. Ha AnHHe 4 CM Mbl perH
CTpHpoeanH 2-3 CTpHMepa, HO HX. TeHb ManoKOHTpaC"fHa . KpoMe 
Toro, Ha TeHerpaMMax no.ABHnOcb MHomecTeo Manblx TeHeH, pacnpe
AeneHHbiX BO BCeM 06beMe KaMepbl /pHC. 1 B/. 

HanonHeHHe CTPHMepHOH Ka.Mepbl: 99%He+1 %H20 
BHayanbHO 6bl.i1H ·xopOWO 8HAHbl TpeKH 4aCTH4. 0HH COCTO.flnH H3 
MHOmeCT8a TOHKHX CTPHMepo8. Ha TeHerpaMMaX TpeKH He 8b1Aen.AnHCb, 
HO 80 BCeM 06beMe KaMepbl cy~eCT808anH OnTH4eCKHe HeOAHOPOAHOC
TH, AaBWHe TeHb Ha nneHKY /pHC. 1r/. 

HanonHeHHe CTPHMepHOH KaMepbl: 1 00% He 
B AaHHOM OnbJTe no cpa8HeHHIO c onHCcl.HHbiMH 8b1We Mbl Ha6niOAanH 6o:
nee .Ap.l<oe KpacHoBaToe cee4eHHe ·eo 8CeH KaMepe npH TaKHX me· Aa8-
neHH.fiX H .ianpr~meHHOCTH 3neKTPH4ecKoro nonr~,KaK H paHbwe.TpeKH 
4aCTH~' Aame 8H3yanbHO He 6blnH 8HAHbl. 
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PHc.2. llasepHble TeHerpaMMhl HCKPOBhlX paspHAOB: a - B qHc
TOM renHH npH aTMOC~epHOM AaBneHHH, 3aAep~a nasepHOrO 
HMnynbca no OTHOWeHHro K MOMeHTY aaqana pa3PHAa - OKOnO 

2 MKC, M~ysneKTPOAHbiH npoMe~TOK ·-22 MM; 6 - B B03Ayxe 
npH AaBneHHH I aTM,. saAep~a nasepHoro HMnynbca - OKono· 

7 MKC, Me~y3neKTPOAHbiH npOM~TOK - 8 MM. 

2.2. flaaepH~e TeHerpaMMbl HCKp08biX pa3p.AAOB 
8 renHH H 803AYXe 

Ha OCH08e peaynbTaT08, nony4eHHbiX npH HCnonb30BaHHH 4HCTOro 
renH.fl H renHR C A06a8neHHeM 1%CH4,803HHK 80npoc, MOmHO nH 8 
npHH4Hne perHCTPWP08aTb TeHerpaMMbl pa3p.AAHOH nna3Mbl 8 .4HCTOM 
renHw. ,lln.A 8bl.fiCHeHHR 3Toro 8onpoca Mbl wccneA08anw wcKpoeoH 
paap.AA · 8 411CTOM ren~11 npw Aa8neHI1W 1 aTM.· Mem3ne.KTPOAHbiH npo
MemyTQK COCTa8nRn 22 MM. XOTR 11CKpa 8113yanbHO XOpOWO 6blna . 
8WAHa, Mbl He nony411nl1 TeHerpaMMbl 11CKPbl, a W3MeHeHWe 3aAepmK11 
naaepHoro wMnynbca no OTHOWeHIIiiO K MOMeHTyHa4ana paapRAa w_· 
no8biWeHI1e MO~HOCTW wany4eHI1.fl naaepa He Aan11 nonomi1TenbHoro 
peaynbTaTa. TonbKO TOrAa, KOrAa Mbl 3Ha4wTenbHO no8blwanl1 noAa-
8aeMoe Ha 3neKTPOAbl Hanp.AmeHHe, HaM YAa8ariocb CHI1MaTb' TeHerpaM
Mbl 11CKp08biX paap.AA08 8 411CTOM renHH /pHc. 2a/. TeHb · «l>POHTa 
YAaPHOH BOnHbl W cna6o npOR8n.fiiO~a.fiCR o6ono4Ka /3TO rpaHH4a 
C8eT.A~eHc.fl o6nacn1 nna3Mbi/8HAHbl Ha ct>oTorpact>HH. BpeMR aaAePmKH 
naaepHciro wany4eHHR 6bmo 6onbwoe: oKono 2 MKC, no3TOMY «l>POHT
YAaPHOH 80nHbl HaXOA11nc.A yme AaneKo oT nnaaMbl. TeHerpaMMbJ· 
HCKp08biX pa3PRA08 8 4HCTOM renHH xyme no KOHTpaCTHOCTH, 4eM 
CHHMK11, CAenaHHble 8 803AYXe /pl1c.26/. 

2.3. BnHRHHe 8peMeHH 3aAepmK11 naaepHoro 11Mnynbca Ha 
peri1CTPa4HIO TpeK08 3neKTPOH08 8 CTPI1MepHOH KaMepe 

B CTPI1MepHOH KaMepe' HanonHeHHOH CMeCbiO 94_% He+ 5% CH 4 + 1 roH20; 
Mbl t-~ccneA08anH 8nHRHHe 3aAepmKI1 naaepHoro WMnynbca. no OTHowe
HI110 K MOMeHTY Ha4ana pa3p.AAa Ha nony4eHHe XOpOWHX TeHerpaMM 
TpeKo8 3neKTPOH08. Mbl npi1MeH.AnH HH3KYIO Hanpr~meHHOCTb 3neKTpH-
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-4] I+- 1 CM :::; l 1+- 1 CM 
PHc.3. BnHRHHe BpeMeHH sagep~H HMnynbca asoTHoro nasepa 
no OTHOIDeHHID K MOMeHTY Haqana paspRp;a·B KaMepe Ha perH
CTpa~HID TpeKOB sneKTpOHOB B CTpHMepHOft KaMepe, HanonHeH
HOH CMeCb!O 94%Her5%CH4+1%H20.BpeMR sap;ep~H: a - 200 HC, 
6-' 250 HC, B- 350 HC, I'- 500 HC, A- 650 HC, e- 850 HC. 

4ecKoro no11R: OHa cocTaBJlRJla 1 0 KB/ eM. Ha p1t1c •. 3 lt1so6pa>KeHbl 
nOI1y4eHHble pesyJlbTaTbl. nplt1 MaJlOH 3aAePlKKe /-.200 HC/ pa3Bit1Tit1e 
CTP1t1Mepoe TOJlbKO Ha41t1HaJ10Cb, KaK Blt1AHO lt13 Plt1C. 3a •. l1x Alt1aMeTp 
OTHOCit1TeJ1bHO MaJleHbKI-IH, n03TOMY 3Tit1 CTplt1Mepbl nJlOXO Ha6J110AaiOTCR 
Ha <IJOHe, Bbi3BaHHOM pacceRHit1eM CBeTa Ha BbiCOKOBOJ1bTHbiX .. 3I1eKTpO
AaX, lt13rOTOBJ1eHHbiX ·113 cTeK!iRHHbiX n11acT1t1HOK c noKpblTit1eM Sn02 • 
/<IJOTorpa<J>It1POBaHit1e npmt3BOA1t1J10Cb l.lepes 3Tit1 3JleKTPOAbl/. C nOBbl.;. 
weHit1eM saAeP>KKit1 pacTyT pasMepbl CTP1t1Mepoe 1t1 11x 41t1CJ1o /p11c. 36,e/. 
nplt1 60J1bWit1X 3aAeP>KKaX, Hanplt1Mep ... 650 HC, KaK Ha plt1CYHKe 3A, 
Ha TeHerpaMMaX Ha6J110AaiOTCR He TOJlbKO CTplt1Mepbl,. HaXOAR~It1eCR Ha 
MeCTe npOXOlKAeHit1R 3JleKTPOHa, a e~e <I>C?HOBble CTplt1Mepbl, 41t1CJ10, 1t1 
pasMep KOTOpbiX TOlKe pacTyT C nOBbiWeHit1eM 3aAeplKKit1 /plt1C. 3e/. 
MecToHaxO>KAeHit1e 3Tit1X HeOAHOPOAHOCTeH pesKo orpaHit14eHo o6J1aCTbiO 
BOKpyr TpeKa 3JleKTpOHa. nplt1Lflt1Ha 3TOro RBJ1eHit1R, no-Bit1AHMOMy, 
APYraR, 4eM B OnbiTax, rAe CTPit1MepHaR KaMepa 6b1Jla HanOJ1HeHa 
CMecbJO 99%He+1%H20 11 rAe· npoRBJlRIOTCR nepelt14Hble 1.1eHTPbl lt10Hit1sa
LIIt11t1. B TOM CJ1y4ae np11 ecex · saAeP>KKax perlt1cTplt1poeaJ11t1Cb. <J>asoBble 
HeOAHOPOAHOCTit1 BO BCeM .06"beMe KaMepbl. 3AeCb nplt141t1HOH 3Tit1X 
onTit14ecKit1x HeOAHOPOAHocTeti, pacno11araJ0~1t1xcR e6n1t1s1t1 TpeKa sJleKT
poHa,RBJlReTcR <IJOT01t10Hit13al.llt1R. 
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KaK Blt1AHO, lt13 p11c. 3e, CTP1t1Mepbl _lt1MeJOT caMblH 6oJ1bWOH Alt1aMeTp 
np1t1 saAeP>KKe 850 He /6o11ee AI11t1TeJ1bHble saAeP>K.Kit1 He lt1CnOJ1bsoea-
Jllt1Cb/, HO KOHTpaCTHOCTb lt1306pa>KeHit1R y>Ke yMeHbWaeTCR. 

3• 06CYlK,QEHI1E PE3YilbTATOB 
KaK noKasaHo Ha p11c. 1, c noMO~bJO JlasepHoro TeHeeoro MeTo

Aa MOlKHO perlt1CTplt1poeaTb TpeKH 3JleKTPOHOB B reJ11t1eBOH CTplt1MepHOH 
KaMepe nplt1 aTMOC<IJepHOM p;aBJ1eHit11t1 1t1 HanpRlKeHHOCTit1·3JleKTplt14eCKOrO 
nOJlR 10 KBtCM, eCJ11t1 A06aBit1Tb_B CTplt1MepHyiO KaMepy 1%H20 1t1 He 
MeHee 1% CH.t •• nplt1 A06aBJ1eHit11t1 MeT aHa B KOJ11t14eCTBe MeHbWe '1% Ha 
JlasepHbiX TeHerpaMMaX BO BCeM o61>eMe _KaMepbl npORBJlRIOTCR TeHit1. · 
<J>asOBbiX . HeOAHOPOAHOCTeH, HO TpeK, KOTOPbiH Blt13yaJ1b HO xopowo' Ha6-
J110AaeTCR, He Bb1AeJ1ReTCR. Ha CHit1MKaX •. B pa6oTe /5/ Hanlt1CaHo, 4TO 
nplt1 A06aBJ1eHit11t1 MeT aHa COKpa~aeTCR epeMR na_MRTit1 . CTplt1MepHOH 
KaMepbl It< 5 MKC/. 3To osHal.laeT, 4TO KOHLieHTPaLIHR ceo6oAHbiX 
HOCit1TeJ1eH sapRAa B Te4eHit1e 3TOrO epeMeHit1 Clt1JlbHO yMeHbWaeTCR. 
nocJle npOXOlKAeHit1R 3JleKTPOHa 4epe3 KaMepy 1t1 noAa41t1 BbiCOKOro 
HanpRlKeHit1R B npoMe>KyTOK epeMeHit1, onpeAeJ1ReMbiH 3TOH naMRTbiO, 
CTplt1Mepbl AOJllKHbl noRBJlRTbCR TOJlbKO B o6J1aCTit1 CJleAa 3JleKTPOHa. 
nplt1 A06aBJ1eHit11t1 MeT aHa B KOJ11t14eCTBe 10% lt1 '5% Mbl MOrJ11t1 Ha6J1JOAaTb 
3TO /plt1C. la, 6/. lies MeTaHa 1t1 nplt1 MaJlOH KOHI.IeHTpal.llt11t1 MeTaHa 
I 5 1%/ 41t1CI10 ceo6oAHbiX HOC1t1Te11et1 sapRAa, HaeepHRKa, AOJllKHO · . 

6b1Tb 60J1bWit1M, lt1-nOCJ1e nOAa41t1 lt1MnYJ1bCa BbiCOKOro HanpRlKeHit1R 
CTplt1Mepbl noRBJlRIOTCR He TOJlbKO TaM, rAe npoXOAit1I1 4epe3 KaMepy 
3JleKTpOH, HO 11 BO BCeM o6i:.eMe, rAe HaXOAit1J11t1Cb CB060AHble HOCit1-
TeJ1H.3apRAa /p11c: le, 'r/. C 3Tit1M corJlacyeTCR Hawe Ha6J1JOAeHit1e, 
4TO B CTplt1MepHOH KaMepe, HanOJlHeHHOH cMeCbiO 99% Hetl %H20, Aa>Ke 
6es lt1CnOJ1b30BaHit1R lt1CT04Hit1KOB 3JleKTPOHOB nocJle nOAa41t1 lt1Mnyribca 
BbiCOKoro .HanpRlKeHit1R B03Hit1KJ11t1 paspRAHble KaHaJlbl BO. seeM ee 
o61>eMe, -·~OTOpble. MOlKHO 6biJ10 perlt1CTplt1pOBaTb Ha JlasepHbiX TeHe

rpaMMaX. ,Qo6ae11eH1t1e MeTaHa lt1MeeT e~e APYroe sHa4eHit1e. <l>asoBble 
HeOAHOPOAHOCTit1, Ha6J1JOAaeMble e6Jllt131t1 Tpe,Ka. nplt1. 60J1bWit1X saAeP>KKaX 
JlasepHoro lt1MnYJ1bca no oTHoweHit110 K MOMeHTY noAa41t1 lt1MnyJ1bca· ebl
coKoro HanpR>KeH11R e cTplt1MePHYJO KaMepy 1 > 650 He/, 6osHit1KaJOT 
lt13 3JleKTPOHOB, nopOlKAeHHbiX <IJOTOit10Hit13al.llt1eH /pwc. 3A, e/. 04eBit1A
HO, 4TO A06aBJ1eHit1e MeT aHa B 60J1bWOM K.OJ11t14eCTBe /5-10%/ cnoco6-
CTByeT TOMy, \.ITO <IJOTOHbl norJlo~aiOTCR y>Ke e6Jllt131t1 TpeKa lt1 lt10Hit13a
LIIt1R He npOit1CXOAit1T BO BCeM o61>eMe. <IJOT01t10Hit13al.llt1R o6yCJ10BJ1HBaeT 
nORBJ1eHit1e sapOAblWeH BTOPit14HbiX CTplt1MepoB, pa~Mep KOTOpbiX. ecTecT
BeHHO HapacTaeT no Mepe yeeJ1H4eHHR saAeP>KKH 11asepHoro lt1Mnyi1bca, 
HO lt1X pa3Bit1Tit1e Ha41t1HaeTCR n03AHee, 4e~ pa3Bit1Tit1e CTplt1MepOB B 

o611aCTH TPeKa 4aCTit11.1. . . . 
HH>Ke AeJlaeTCR nonbiTKa oTeeTit1Tb Ha eon poe. o nplt1pOAe onTH.4ec-

Kit1X <J>asoeblx HeOAHO.POAHOCTeH, <l>1t1KCHpoeai-IHbiX MeTOAOM . 11asepHOH 
perHCTPalllt1H. KaK Blt1AHO Hs plt1c. 3a, nplt1 Hawlt1x ycJlOBHRX onbiTa 
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PHc.4. TeaerpaMMa TpeKa sneKT
poaa B CTpHMepHOH.KaMepe, 
:Hanonaeaao:H cMec~>JO 89%Her!O%CH4f
l% H20.3ageplKKa HMnyn~>ca asoT
aoro nasepa no oTaomeHHW K 
MOMeHTy aaqana pa3pHga B KaMe
pe - oKono 700 ac. 

CTpJ.1Mepbl 4eTKO nony4aJU1Cb B 
Tex cny4aRx,· Kor,qa aa,qepmKa 
naaepi-toro J.1Mnynbca no OTHowe
HI-1~ K MOMeHTY Ha4ana paapR,qa 

. . . . . 
a KaMepe cocTaanRna oKono 
200 HC. AHaMeTp CTPJ.1Mepoa pac
TeT a pa,q1-1anbHOM HanpaaneHHJ.1 
OT 0,3 MM npl-1 200 HC ,qo 1 MM 
np1-1 850 HC. Ha4anbHbiM pa,qHycoM 
CTpHMepoB.C4J.1TanCR B pa6oTe 
naBJ.1HHbiH pa,q1-1yc. npH HaWJ.1X 
ycnoBHRX naBJ.1HHbiH pa,q1-1yc ,qonmeH 

. 6bl 6b1Tb 3Ha4J.1TenbHO MeHbWe 
0,3 MM. Pa,qHanbHOe pacwHpeHHe 
CTpHMepoB npOJ.1CXO,t:IJ.1T C yMeHb
wa~~eHCR BO apeMeHH CKOpOCTb~ 
AO MOMeHTa 850 HC nocne Ha4ana 
paapR,qa.3TO KaK pa3 TO speMR, 
KOTOpoe COOTBeTCTByeT ,qnHTenb-

HOCTJ.1 BbiCOKOBOnbTHOro J.1Mnynbca. PaCWJ.1peHHe CTPHMepHoro KaHana 
npOJ.1CXO,qHT CO caepxasyKOBOH CKOPOCTb~ J.1 coa,qaeT y,qapHy~ BOnHy, 
KaK MOmHO BH,qeTb H3 PHC. 4. . 

B CMeCH 89%He+10%CH4+ 1%H20 <I>POHT y,qapHOH BOnHbl ·HaXO,t:IHTCR 
4epe3 700· HC yme Ha paCCTORHHH OT LleHTpa, COOTBeTCTBY~~eM 
,qao.:iHOMY pa,qHycy Kai-tana. · Hcxo,qR H3 npoi1,qeHHoro paccTORHHR H · · 
BpeMeHH_3a,qepmKH MO>KHO HaHTH cpe,qH~~ CKOPOCTb <J>pOHTa y,qapHOH 

-BOnHbl. 0Ha OKa3biBaeTCR V >J KMIC. . . 
CKopoCTb 3ByKa B STOH CMeCH MeHbWe, 4eM CKOPOCTb 3ByKa 

B 4HCTOM renHH~ H COCTaBnReT C = 880 Mlc, 3TO ,qaeT cpe,qHee 

4Hcno Maxa M= ~ >i3 ,4 ... 4Hcna Maxa 6onbwe 3 MoryT noRs_HTbCR 

TOnbKO TOr,qa, KOr,qa B pa3pR,qHOM KaHane, T.e. B CTPHMepe, 803-
. HHKaeT cKa4oK ,qaaneHHR p1 ;p > 10, r,qe p - Ha4anbHoe ,qaaneHHe · 
. 11 aTMI H p1 - ,qasneHHe B pa3pR,qHOM KaHane nepe,q OTpbiBOM y,qap

HOH aonHbln~ 04eHHM, KaKHM o6paaoM MOmHo nony4aTb TaKo.:i me 
CKa4oK ,qaaneHHR a nnaaMe; B pa6oTax tS •81 6blnH Ol.leHeHbl · TeMnepa
Typa sne)<TPOHoa' T 8 =10 4K 1-1 sB/ H nnOTHOCTb sneKTPOHOB N 8 = 
=1016 .cM-3 B CTpHMepHOM KaHane npH TOM me pemHMe pa60Tbl, 4TO 
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J.1 Y HaC. 3THMH senH_4HHaMH Mbl nonbayeMCR ,tlnR ,qanbHeHWHX Bbl- ' 
4HcneHHi1. 6anatic ,qasneHJ.1R_s nnaaMe onpe,qenReTCR BblpameHJ.1eM 

. p1 = N
8 

;k·T
8 
~+N1 • k.T1 +NA ·k ·TA., 111 

Y4HTbiBaR KBa3HHei1TpanbHOCTb nnaaMbl; · Mbl C4HTaeM 

N
8

;,N1 , N 8 /N_=x, , 

r,qe X - CTeneHb HOHH3ai.IJ.1J.1. 3,qeCb T ~-- TeMnepaTypa. 3neKTpOHOB, 
Ti - TeMnep_aTypa HOHOB, TA- TeMnepaTypa Hei1TpanbHbiX 4aCTH4 
laToMosl, N 8 ,N1 "' NA- 1-1x nnoTHOCTb. 

BHa4ane· Mbl npe,qnonomHnH, 4To T 8 >>T1 =TA• H pacc4HTanJ.1 cKa-
40K ,qasneHHR, KOTOPbiH o6ycnosneH TOnbKO ·BbiCOK03HepreTJ.14HbiMH 
sneKTPOHaMH. YpasHeHHe 111 MomHo aanHcaTb TaKHM o6paaoM: 

.'. . T ." 
P1 =NkTA(1+xT

8
). /21 

. A 
CKa4oK ,qasneHHH p

1
;p paseH 

Pt TA Te 
_,=-(1+ x-). 131 
p T TA 

3,qecb P=NkT. nonaraR, liTO TeMnepaTypa TRmenbiX 4aCTHLI s nnaaMe 
HenoBbiWeHHaR ITA= T=300 °K I, H3 131 nony4HM: 

p Te J • 
.:.1 = 1 +·X"'--. l<tl 
p T . . • 

11cnonb3YR senH4HHbl, ,qaHHble a pa6oTe181, T 8 =10
4K, N

8
=10 16 CM-3• 

Mbl nony4aeM. CKa40K ,qaaneHHR I x .. 5 •.1 o-4 I 
Pt p .. 1,02. 

Aame ecnH Mbl npe,qnonomHM, 4TO TeMnepaTypa sneKTPOHOB T8 =5 sB= 
=5 • 1 04K, HO 3TO HesepORTHO Ha-aa BbiCOKO~ nnOTHOCTH 3neKTPOHOB, 
TO MaKCHManbHbiH cKa4oK ,qasneHHR P1.1> · =1,08. CornacHo TeopHH · 
y,qapHbiX aonH191 no cKa4KY ,qasneHHR MomHo onpe,qenRTb · 4Hcno Maxa 
1-1 Hao6opoT. 0Tc~,qa cne,qyeT, 4TO pacc4HTaHHbiH cKa4oK · ,qasneHHR 
o6ycnosnHsaeT TonbKO 04eHb cna6y~ y,qapHy~ aonHy c 4HcnoM 
Maxa M « 2, Ho. Mbl nony4HnH 4Hcna Maxa 6onbwe 3 •. nosToMy · Mbl 
Tenepb npe,qnonomJ.1M, 4TO TepMH4ecKoe paaHosecHe cy~ecTsyeT a 
CTPHMepe, 3To 3Ha4HT, T 8 =T A =T 1 • B 3TOM cny4a·e /3/ nepexo,qHT 
s cne,qy~~ee BblpameHHe: .. T 

~=(1+X - 1 ). 151 
p T 4 4 -Y4HTb1BaR, 4To T =1 o K "' x =5 ·1 0 • Mbl pacc4HTblaaeM cKa4oK 

,qaaneHHR: p 1;p .. 33. EMy i::ooTseTcTsyeT 4Hcno Ma~a M=5, H 3TO 
3Ha4eHHe HaXO,t:IHTCR B XOPOWeM COOTBeTCTBHJ.1 CO cpe,qHHM 4HCnOM 
Maxa; nony4eHHbiM·a peaynbTaTe HawHx H3MepeHJ.1~. ·noRsnetiHe 
y,qapHOH 'sonHbi c 4HCnOM Haxa M>B noasonReT c,qenaTb cBbiBO,q', .· 4TO 
TeMnepaTypa • scex 4aCTH~ s · cTPHMepe' o,qHHaKoaaR, T

8 
=T A~· ·· 

·no TeOpHH y,qapHbiX BOnH rlnOTHOCTb MaCCbl HMeeT CKa40K KaK Ha 
nosepXHOCTH. paapR,qHoro·KaHana,_ TaK•J.1 s l.leHTpe.cTpJ.1Mepa, nocne 
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OTPbiBa YAaPHOi1 B011Hbl OT KaHana. KpoMe Toro, paAHallbHbli1 rpaAH
eHT TeMnepaTypbl a nnaaMeHHOM KaHane o6ycnosnHsaeT pacnpeAene
HHe nSlOTHOCTH·TaKHM o6pa30M, 4TO OHa pacTeT C cepeAHHbl 
CTPHMepa AO KpaR CTPHMepHoro KaHana. 

PaccMoTpHM Tenepb H3MeHeHHe K03~~H~HeHTa npenoMneHHR, soa
HHKa~~ero no Mepe pa3BHTHR CTPHMepos. Pe~paK~HR nna3Mbl/10/ 
BAallH OT aTOMHbiX 11HHHH norno~eHHR MO>KeT 6b1Tb Bbi4HC11eHa no 
~opMyne. 

B -14 2 
n-1=(A+")7)Na -4,5 .. 10 X·Ne, /6/ 

rAe N a H Ne- aTOMHaR H 311eKTPOHHaR KOH~eHTpa~HH. BKnaA 311eKT
poHHOi1 KOMnOHeHTbl B Be11H4HHY pe~paK~HH B CTPHMepe A11R KOH~eH
Tpa~HH 311eKTPOHOB Ne 5 10 17 CM-S H .\-=337, 1 HM onpeAe11ReTCR 
Be11H4HHOH 5 5 •1 (T"5 • 3TOT BKSlaA npeHe6pe>KHMO Mall. no cpaBHeHH~ 
CO BKSlaAOM TR>KellbiX 4aCTH~, KOTOpOMY COOTBeTCTByeT nSlOTHOCTb 
raaa B CTPHMepe. AnA AallbHei1wei1 O~eHKH Mbl HCn011b3yeM ~OPMY11Y 
KowH111~ 4T06bl C4HTaTb K03~~H~HeHT npenoMneHHR raaa Ha AllHHe 
B011Hbl npOXOAA~ero CBeTa AOCTaT04HO AalleKO OT 11HHHH norno~eHHA 

B1 
n-1= A 1(1+ -), 171 

,\2 
rAe A1 H B 1 - KOHCTaHTbl Ka>KAOro raaa. BocnonbaosaswHcb 3Ha-
4eHHAMH KOHCTaHT A1 H B 1 A11A renHA:A 1 =:~,48·1o-5,B ;=2,3·1o-9 cM

2
, 

H A11A MeTaHa:A1=42,6·10-5 , Bt=14,41•10 CM 2.nony4aeM pec!JpaK
~H~ B CMeCH 90%He+10%CH4 AS1A .\= 337, 1·HM: 

-4 
n-1 =0,8•10 • 

3aBHCHMOCTb noKa3aTe11A npellOMSleHHA OT nllOTHOCTH p B Be~eCTBaX 
onpeA~IlAeTCA CIJOPMYilOH flopeHT~-flopeH~a 

n2 -1 1 _,_ .. k, /8/ 
n2 +2 P 

rAe k- YAellbHaA npenoMilA~~aA cnoco6HOCTb. AnA raaa n 611H3KO 
K eAHHH~e, H no3TOMY Mbl ·Mo>KeM. nono>KHTb n2 +2 =s3. TorAa nony4aeTC.R 
~opMyna Hb~ToHa ~ nannaca: 

n 2-1 · --=3k. /9/ 
p 

nocKOSlbKY n2 -1=(D+1)(n-1) H D+1,.2, H3 /9/ ClleAyeT ~OpMySla 
rnaACTOHa-A3i1na: 

· n-1 3 -=-k. • /10/ 
p 2 

O~eHHM Tenepb H3MeHeHHe noKaaaTellA npenoMneHHA Ha·rpaHH~e. 
CTpHMepa Ha OCHOBe Ha611~AaeMoro CKa4Ka AaBSleHHA HllH nllOTHOCTH. 
BpeMeHHY~ H npocTpaHCTBeH.HYIO 3aBHCHMOCTb H3MeHeHHA noKa3aTe11A 
npeSlOMSleHHA Mbl B Aa11bHei1weM He 6yAeM Y4HTb1BaTb. 06 3TOM noA
po6HO HanHcaHo a pa6oTax~• 121. Pec!Jp~K~HA n 1-1 Ha KpaJO CTPHMepa 
B i<aKoi1-To MOMeHT speMeHH MO>KeT 6b1Tb Bbi4HC11eHa no ~opMyne /10/: 

8 

n1 -1 3 
-c:-k, 

Pl 2 /11/ 
Pt - nSlOTHOCTb Ha KpaiO CTPHMepa, 
Ha /10/ H /11/ ClleAYeT: 

T. e. Ha ~pOHTe B011Hbl C>KaTHA. 

Pt 
n · -1 = -(n-1) 

1 p 

p /12/ H 

~n =n1 -n =(.:J- t)(n-1). 
p 

KaK Bblwe yKa3aHo; Mbl Ha6nJOAa11H 4Hcna Maxa 6onbwe 3, 3To 3Ha
.4HT, 4To ci<opocTb YAapHoi1 sonHbi 6bina e TpH paaa Bblwe cKopocTH 
3ByKa B 3TOM ·raae •. 

TeopHA YAaPHbiX sonH AaeT A11A 3Toro cny4aA OTHOWeHHe nnoT
HOCTH H·a ~POHTe B011Hbl C>KaTHR K nllOTHOCTH B raae 

~> 3. 
p 

TorAa H3 /12/ 
=O ,8 ·1 o-4 • 

Mbl nony4aeM A11A cMecH 90% He-+1 O%CH4 , r-Ae, n-t= 

~n> 1,6·10-4 • 

KaK ABCTByeT H3 Bblpa>KeliHA /12/, . H3MeHeHHe noKa3aTe11A npeJlOM
SleHHA !ia Kpa~ CTPHMepa TeM BbiWe, 4eM BbiWe noKa3aTe11b npeSlOM
SleHHA caMoro ra3a H 4eM BbiWe B03HHKaiO~Hi1 CKa40K nllOTHOCTH 
HllH AaBJleHHA. Ha 3Toro 6yAeT noHATHo, no4eMy c naAeHHeM KoH
~eHTpa~Hi1 MeTaHa B rellHH npH TeX >Ke CaMbiX YC110BHRX Sla3epHaA 
perHCTpa~HA CTDHMeOOB, 3aBHCR~aA OT KOHTpaCTHOCTH H306pa>KeHHH 
cTpHMepoe a TeHerpaMMax, naAaeT. AnA C03AaHHA TaKoi1 ·me·senH4H
Hbl ~ D B 4HCTOM reSlHH Tpe6yeTCA nOBbiWeHHbiH CKa40K nSlOTHOCTH, 
a 3Toro MO>KHO AOCTH4b nOBbiWeHHeM HanpA>KeHHOCTH HMnyllbCa, nOAa
BaeMoro Ha KaMepy. 3ToT BbiBOA cornacyeTCA c peaynbTaTaMH, no-
11Y4eHHbiMH HaMH npH HCCSleAOBaHHH HCKPOBbiX pa3pAAOB B rellHH H 
B03AYXe /pHc. 2/. B renHH 6onbwe 4eM a 4eTblpe paaa HaAO 6bi110 
nOBbiWaT~' 311eKTPH4eCKYIO MO~HOCTb nHTaHHA B HCKpe no OTHOWeHHIO 
K HCKpe B B03AYXe, 4T06bl MOlKHO 6bl110 perHCTPHPOBaTb pa3pAAHbiH 
KaHan H YAaPHYIO sonHy, H sce~TaKH KOHTpacT a Te.HerpaMMax 6bl11 
Xy>Ke, 4eM B TeHerpaMMaX HCKp, noS1y4eHHbiX B B03AY~e. 3TOT 
pe3y11bTaT n03B011AeT CAellaTb BbiBOA, 4TO MO>KHO 6bl110 6bl OCy~ecT
BHTb perHCTpa~HIO CTPHMepos Sla3epHbiM MeTOAOM TaK>Ke H B 4HCTOM 
rellHH. AnA 3TOH ~ellH Tpe6yeTCA nOBbiCHTb HanpAlKeHHOCTb 311eKT
pH4eCKOrO nonA, H 6011ee 6naronpHATHble YC110BHA fiYAYT TaK>Ke np~ 
nOBbiWeHHH nSlOTHOCTH raaa B KaMepe. 

Bee CKa3aHHOe 0 BllHAHHH MeTaHa Ha perHCTpa~H~ TpeKOB 4aCTH~ 
B renHeBOH CTPHMepHOH KaMepe MO>KHO pe3~MHPOBaTb ClleAYIO~HM o6-
pa30M: 

1. C B03pacTaHHeM AOfiaBOK MeTaHa B reSlHeByiO CTPHMepHyiO 
KaMepy yseS1H4HBaeTCA nOKa3aTellb npeSlOMSleHHA CMeCH B KaMepe, 
4TO o6yC110B11HBaeT nOBbiWeHHe Be11H4HH~ ~~·-

9 



2. Ao6asneHHe MeTaHa s renHesy~ cTpHMepHy~ KaMepy yMeHbwaeT 
·4HCno HOCHTeneH 3apRAOB 80 BCeM 06DeMe KaMep~ H BAOnb TpeKa 
4aCTH~, n03TOMY ysenH4HBaeTCR 3neKTpH4eCKaR MO~HOCTb, nHTa~~aR 
CTpHMep~, H B peaynbTaTe 3TOrO ysenH4HBaeTCR CKa40K nnOTHOCTH. 

3. Ao6asneHHe MeTaHa CHHmaeT ~OTOHOHH3a~H~ s cTpHMepHOH 
KaMepe. 
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PyKonHcb nocTynHna s H3AaTenbCKHH OTAen 
13 MaR 1981 roAa. 

YnbMaH rr. H p;p. BnHHHHe MeTaua Ha KaqecTBO TpeKOB npH 13-81-323 
nasepHOH perHCTpaQHH sneKTpOHOB B renneBOH CTpHMepHOH KaMepe 

HsyqeHo BnHHHHe MeTaHa Ha KaqecTso TpeKoB npH nasej;moH >.pern
cTpaQHH sneKTPOHOB B renneBOH CTpHMepHoH KaMepe. 0Kasa
nocb, qTo npH. HanpiDKeHHOCTH sneKTpnqecKoro._,nonH 1 0 KB/cM p;o-
6asneHHe 6onee 1% MeTaHa Heo6xoAHMo AnH Toro, qTo6w Henocpep;
CTBeHHo TeHeBb!M MeTO,IJ;OM perHCTpHpOBaTb' TpeKH. sneKTpOHOB' •. .[{o5as
neHHe MeTaHa npHBO,D;HT K YMeHbiDeHHro BpeMeHH naMHTH, .K llOBbEeHHro 
noKasaTenH npenoMneHHH rasosoH CMecil, , BbiShiB<iH 6onee Bbico
KHH CKaqoK noKasaTenH npenoMneHHH Ha Kparo cTpHMepa, a TaK~e 
nop;asneHHe cPOTOHOHH3aQHH. 3TH TPH clJaKTOpa n~nO~TenbHO BnHHWT 
Ha B03MO~HOCTb noKanHSaQHH TpeKOB. Ifccnep;OBaHHH C HCKpOBbiMH 
pa3pHp;aMH B renHH llOKa3b!BaiDT, qTO npHHQHllHanbHO B03MO~HO TaK~e 
H B qHCTOM renHH perHCTpHpOBaTb Henocpep;CTBeHHO TeHeBb!M MeTO,D;OM 
cllasoBbie Heop;Hopop;HOCTH. lloKasbiBaeTCH TaK~e :BnHHHHe Ha TeHerpaM
Mbi BpeMeHH sap;ep~H nasepHoro HMnynb~a no OTHOIDeHHID K MOMeHTY 
Haqana pa3pHp;a B CTpHMepHOH KaMepe. llpep;npHHHTa llOllblTKa HHTep
npeTaQHH Ha6nrop;aeMb~ scPclJeKTOB. 

llpenpHHT 06-.~HHeHHOro HHCTHTYTa .RAePHwX HCcn~AOBaHHI{ .Qy6Ha 1981 

Uhlmann P. et al. The Effect of Methane on the Quality 13-81-32~ 
of Tracks at Laser Registration of Electrons in_a Helium 
Streamer Chamber 

The effect o~ methane on the quality of tracks at laser regi 
stration of electrons in a helium streamer chamber is investi
gated.It turned out that for the direct shadow-method registra
tion of electron tracks at a field intensity of 10 kV/cm one 
should add more than 1% of methane. The addition of methane.· 
reduces the memory time and increases the refractive index of 
the gli,S mixture - which gives. a higher jump of. the refrac
tive index round the streamer and photoionization sup
pression. These three factors affect favourably the possibility 
of track localization. Investigations using spark discharges 
in helium demonstrate that it is ~ossible, in principle, to 
perform direct shadow-method registering of phase inhomogenei
ties in pure helium either. The influence of the ratio of la.ser 
pulse delay time to the beginning of dischansze in the streamer 
chamber is also demonstrated on the shadowszranhs. An attempt 
has been· made to int.erprete the- observed effect~. ' 

Preprlnt of .the Joint Institute for Nuclear Research. Dubna 1981 
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