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fioKanH38UHli cneaoa 38pHlK8HHhiX qaCTHU B CBMOWYHTHPYIOllleACSI 

renHeaoD cTpHMepHoA KaMepe 

HccneaoBaHhi HeKoTopbie pa6oqae xapaKTepHCTHKH renaeaoA 
CBMOWYHT HPYIOllleiicg CTpHMepHOii KaMepbi IIpH BBe.cteHHH B ee pa6oqHA 06'beM 

pa3nHqHhiX rrpHMec eii ( CH 4 , H 2 , a- IIHHeHa, Xe , N e , H 
2
0). JlaeTc SI KaqecT

BeHHoe 06'bSICH8HHe M8X8HH3Ma noKanH38UHH cneaoB 38pSilK8HHbiX qaCTHU. 

Pa6oTa ,ru,monHeHa B !Ia6opaTOpH H HaepHhiX rrpo6neM OH.HH. 

flpenpHHT 06'be~HHeHHOro HHCTHTY'fa Jl~epHbiX HCCJJe~OBaHHJi 
/.{y6Ha 1975 

Busse L. et al. 
P13 - 9131 

Localization of Charged Particle Tracks 
in a Self-Shunted Helium Streamer Chamber 

A helium filled self-shunted streamer chamber with 
various admixtures (CH4, H2, Xe, a -pinene, :"Je , H20) is 
described. Operating conditions have been investigated. 
An explanation is presented for the mechanism of the track localization. 

The investigation has been performed at the Laborato-
ry of Nuclear Problems, JINR. ' 
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C) 1975 061>eOUHeHHbiU UHCJIUIII,YIII JIOepHMX UCCAe008QHUU ,Jly6Ha 

1. B!eAeHHe 

Ha'IHHaB c 1971 rolla B 06~ellHHeHHOM HHCTHTyTe Bllep

HbiX HCCllellOBaHHA H B $H3H'leCKOM HHCTHTyTe TypHHCKOrO 

yHHBepcHTeTa (MTallHB) llllSI OHCTeMaTH'leCKOrO HCCllellOBa

HHSI npouec7of pacceBHHB nHOHOB aa BApax renHB /1,2/ 

H yrnepOlla 3 ycneWHO HCllOJlb3yiOTCSI CaMOWYHTHPYIOIUHeCSI 

renHeBhie cTpHMepHbie KaNepbi /t, 6/. 

TaKHe KaMepbi xopowo pa6oTaiOT npH nOBbiWeHHOM AaB

neHHH (Ao 6 aTM) aanonHBIOwero raaa 17 - 91, a TaK.>Ke npH 

onpeAeneHHbiX ycnOBHSIX B M8rHHTHOM none /10/, 
KaK nOA'lepKHBaeTCSI B npellblllYIUeA pa6oTe /4/, OCHOBHO. 

oco6eHHOCTbiO pe.>KHMa CaMOWyHTHpOBaHHSI SIBllSieTCSI TO, • 

'ITO noKanuaoaaHHbie cnellbi nony'laiOTCB He nyTeN orpaHH

qeHHB pa3BHTHSI pa3pBAa B KaMepe, a nyTeM ynpaaneHHSI 

pacnpeAeneHHeM HHTeHCHBHOCTH CBe'leHHSI pa3pS1llHbiX KaHa

nOB, pacnono.>KeHHbiX BllOllb TpaeKTOpHA qaCTHU. 3TO llQ

CTHraeTCSI BBelleHHeM B pa60'IHA 06~eM KaMepbi COOTBeT

CTBYIOIUHX npuMeceA. XopowHe peayJlbTaTbi 6htnH nony'leHbl 

C MallbiMH KOHUeHTpaUHSIMH npHMeceA TSI.>KellbiX yrneBOllQ

POllOB/4/, a TaK.>Ke KCeHOHa /'J/, llpaBAa, yrneBOllOpOllbl Mo

ryT yqac T BOBaTb B XHMH'leCKijX pealtUHSIX B pa3pBAe, 

H noaTOMy co ape Me HeM "nox:anuayiOmaB cnoco6aocTb" 

npHMeCH MO.>KeT H3MeHHTbCSio C uenbiO nOny'leHHSI llOKallB-

30BaHHbiX cneAOB HaMH yc neiBHO npHMeHeHbl npHMeCH ( Ha 

ypoaae 0,1 ..0,4%) aaoTa H Kceaoua B renaeaoA KaMepe, 

noMemeuuoA B MarHHTHoe none nopBAKa 5 Kfc/6/, HeopraHH

'leCKHe npHMeCH o6ecne'IHBaiOT 60nbWYIO CTa6HllbHOCTb 

pa6oTbi renueaoA cTpHMepaoA KaMepbi, qeM npHMeCH yrne

BOllOPOllOB. 
B HaCTOBIUeA pa6oTe HCCllellOBaHbl HeKOTOpble pa60'IHe 

XapaKTepHCTHKH renHeBOA CaMOWYHTHpyiOIUeACSI KaMepbl 

npH BBelleHHH B ee pa60'IHA o6~eM pa31lH'IHbiX npHMeCeA 
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(CH, H, Xe.a-naaeaa,Ne,H.,O) H aaeTcsr Ka"'eCTBeHHoe 
4 2 ,. 

06'bSICH8HHe MeX8HH3M8 nOKanH38UHH cne,llOB 38pSI:>KeHHbiX 
"18CTHU. 

2. 3KcnepHMeHT8nbH8SI ycTaHOBK8 

3KcnepHMeHTbi npoaoaunuch co crpaMepaoit KaM epo:H 
llH8M8TpOM 22 CM C pa3pSI,llHbiM llpOMe:>KyTKOM 7 CM. 
BayTpeHHHH o6'beM KaMepbr 6brn oTaenea OT aneKrpoaoa 
CTeKnSJHHblMH nnaCTHHK8MH TOnWHHOH 1 ,2 CM, KOTOpbie 
npuKneuaanach KneeM Silicon Rubber. Ha aneKrpoabr 
KaMepbl Henoc_pe.llCTB8HHO OT reaepaTopa BbiCOKOBOnhTHbiX 
HMnynbcoa/13/( THna reaeparopa ApKa,llbeaa-MapKca) no
aaaancsr aKcnoaeauuanbHbi:H HMnynbc c nepeaHHM ¢poHTOM 
oKono 10 ac, apeMeHeM cnaaa -1,5 MKC a aMnnuTyao:H 
ao 280 KB. 3anycK KaMepbr ocywecTansrncsr c noMOWbiO 
OllHHO"'HOrO CUHHTHnnSJUHOHHOrO C"'eT"'HKa, KOTOpbiH perHCT
pHpoaan npoxoasrwue qepea KaMepy aneKTpOHbr, ucnycKae
Mhre HCTO"'HHKOM 90Sr. MHHHM8nbH8SI annapaTypH8SI 38-
aep:>KK8 BbiCOKOBOnbTHOrO HMnynbca COCTaansrna 0·,4 MKC. 

nnsr ¢oTorpa¢HpOB8HHSI cne,llOB aneKTpOHOB B K8Mepe 
acnonbaoaanacb nneHKa "'YBCTBHTenbHOCThiO 
s 0 ,85 = 2000 ea. rocT. 

Depea HanonaeHHeM pa6oqeu CMeCbJO KaMepa OTKa"'uaa-
-3 nacb qepea aaoTHYJO noaywKy ao aaaneaasr 10 MM pT.cT. 

nnsr TOro, "'T06bi YM8HhWHTb KOHU8HTp8UHIO HeKOHTpona
pyeMbiX npHMece:H, Bbi,llenSJIOWHXCSI CO CTeHOK KaMepbi, 8K
cnepHM8HTbl npoaoaunnch cpaay :>Ke notrne aanonaeausr Ka
Mepbr 38,ll8HHOH CMeCbiO raaoa. ObinO npoaeaeHO T8K:>Ke 
onpeaeneHHe CKOpOCTH H3MeHeHHSI XapaKTepHCTHK K8Mepbi 1 

aanonaeaaou "'HCTbiM renaeM. 11HTepaan apeMeHH, a Teqe-
HH8 KOTOporo npOBO,llHnHCb 8KCll8pHMeHTbl, COOTB8TCTB8HHO 
Bbl6Hpancsr 3H8"1HTenbHO MeHbWHM, '18M Bp8MSI1 qepe3 KO
TOpoe CT8HOBHnOCb 38MeTHblM BnHSIHHe HeKOHTpOnHpyeMbiX 
npaMeceu aa KOH¢arypaua10 paapsraa ( - 3 aasr). 
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Puc. 1. ~oTorpa¢aa cneaoa aneKTpOHOB a renaa c paana"'-
HbiMH npaMeCSIMH: a) "'HCTbiii rena:H, E = 15,7 KBicM, 
D = 5,6; 6) He+ 0 ,4% rn 4• E= 12,9 KBicM, D = 2,5; 
a) He + 0 ,6%H2, E = 22,7 KBicM, D = 5,6; r) He+O, 1%H20; 
E = 22,7 KB/c~,D • 5,6; a) He+ 0 ,3%a-naaeaa, E = 
= 22,7 KB/cM,D"' 5,6; e) He+HeKOHTponapyeMasr npaMecb, 
E = 22,7 KB/cM,D = 5,6. 
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3. 3KcnepuMeHraneHbie peavneraTbi 

Ha pucyHKax la-e npuseaeHbi ~ororpa~HH cneaos 
aneKrpoHOB B renuu c paanuqHbiMH npHMeCHMH (see cne
Dhl c~ororpa~uposaHhl B aanpasneHHH, nepneHn~KynHpHoM 
K aneKrpuqecKoMy noniD; nasneHue raaa P=l arM;Konuqecrao 
npuMecu H senuquaa aneKrpuqecKoro nonH E yKa3aHbi 
B nonnucgx K pucyHKaM). BeceMa HarnHaao BHAHo, KaK 
BnHHIDT npHMeCH Ha KaqeCTBO cneaoB B CTpHMepHOA KBMe
pe, pa60T8ID!lleA B pe:>KHMe CBMOliiYHTHpOBaHHH, Do cymecT
By, KaK CKa3aHO Bblllle, aeACTBHe npHMeCeA CBOAHTCH 
K H3MeHeHHID pacnpeaeneHHH HHTeHCHBHOCTH BHAHMOrO 
( r.e. ~ororpa~upyeMoro) caeqeHHH saone paapHAHbiX Ka
aanos, qro npHBOAHT coorsercraeHHo K paanuqHoA crene
HH noKanuaauuu cneaos B KaMepe. 

DnH nonyqeHHH KOnuqecrseHHOA oueHKH creneHH noKa
nuaauHH cneaos c noMomeiD MHKpo~oroMerpa 6binu nonyqe
Hbi pacnpeaeneHHH snone H3o6pa:>KeHuA pa3pHDHbJX KaHanoa 
HHTeHCHBHOCTH noqepHeHHH ~OTOnneHKH (r.e, ~aKTHqecKH 
HHTeHCHBHOCTH K3nyqeHHOrO pa3pHAOM BHAKMOrO CBeTa), 
3a AnHHy BHAHMOA qaCTK pa3pHDHOro KaHana d Mbl ycnOBHO 
npKHHMaeM CpeDHIDID liiHPKHy Ha nonyBbiCOTe KpHBOA pac
npeneneHHH, 3ra ankHa 6bina onpeneneHa no 30 paanuq
HbJM pacnpeaeneHKHM, COOTBeTCTBYIDillKM OAHKM K TeM :>Ke 
ycnoBKHM nonyqeHHH H ~ororpa~HposaHKH cneaoa B KaMe
pe. <l>aKruqecKu aenuqHHa d KaK paa xapaKrepuayer cre
neae noKanuaauuu cnenoa qacruu B aaaaoA raaosoA cMecu, 

Ha puc. 2 a K 6 npeacrasneHbl pacnpeneneHKH KHTeH
cusaocru caeqeHHH paapgaHoro KaHana B qucroM renuu 
H B CMeCH renHH H 2% BOAOpona. Ka'f BHAHO, liiHpHHa KpH
BOA 3HaqurenhHO MeHhllle (H COOTBeTCTBeHHO nyqme noKa
nu3aUHH gpKo cserHmeAcH qacre paapHnHoro KaHana) npu 
aanuquu npuMecu B renuu. 

3.1. 3aawcuMocre creneau noKanHaauuu 
cnena qaCTHUbl OT KOHUeHTptrUHH npHMeCH 

H a puc. 3 npwaeneHbi rpa~HKH aaaHCHMOCTH senuqHHbi d 
or KoHuewrpauuu npuMecw C nnH B 2, Xe, CH4, a -nwHe
Ha H Ne npu E"' 23 KBicM. DnH Ka:>Knofi npuMecw, KpoMe 
Ne,KaK BHDHO H3 arux rpa~HKOB, cymecrayer onrwManb-
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He+ 2%H2 

a. t 

Puc. 2. PacnpelleneHHe HHTeHCHBHOCTH CBeqeHHH B pa3pHD

HOM KaHane B qucroM renuu H B renuH 
a) BllOnh KaHana, 6) nonepeK KaHana. 

~ 2% BO/lOpOila: 
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Pac. 3. fpa<lJHKH aaaacaMOCTH nnaHhi SipKo caeTSimeiicSI 
qaCTH CTpHMepHOrO KaHana OT KOHUeHTpaUaH llpHMeCii C 
a) - Ne, 6) - Xe, a) - Hz , r) - Cl\ , n) - a-rraHeH. 
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HaSI KOHUeHTpaUaSI, rrpH KOTOpOH cpeAHaH pa3Mep SipKO 
CBeTSI!IleHCSI o6nacTa (ana "roqKa") pa3pSIAHOrO KaHana 
MliHaManeH. TepMaH "roqKa" OTHOCaTCSI K pa3pSIAHOMY 
KaHany xapaKTepHoro aana, Korna a ueHTpe KaHana BliAHa 
gpKO CBeTSI!IlaSICSI qaCTb, nnaHa KOTOpOH He rrpeBhiiDaeT ee 

rnapaHy 6onee qeM B 2+-3 paaa. 
Oco6hiM aHTepec rrpencraanSieT acrronb30BaHHe a KaqecT-

ae no6aaKa aonopona, KOTOpbiM o6paayer c renaeM xoporno 
aayqeHHyro cMeCh DeHHaHra/15/, Dpa Manwx KOHUeHrpa

UiiSIX Hz ( - 0,3%) paapSIAHhiH KaHan aMeeT KHCTeayro 
<tJopMy, KaK a qacTOM renaa, rrpaqeM nnaHa SipKo caeTSI
melicSI o6nacTa d paaHa 7+8 MM, C yaenaqeHaeM KOHUeH

Tpauaa BOAOpOAa d yMeHbiDaeTCSI a AOCTaraeT MaHaManb
HOrO 3HaqeHaSI -1,7 MM rrpa KOHUeHTpaUiiH -1%. llanbHeH

rnee yaenaqeHae KOnaqecraa Hz rrpaaonaT K MenneHHOMY 

pocTy aenaqaHhi d . 
HenaaHo HaMa rroKa3aHa ao3MOMHOCTb coanaHaSI aono-

poAHOM caMOillY H Tapyromelic 51 C TpaMepHOM KaMepbi /ll(D ony
qeHHhle a aroii pa6ore cnenw aneKTpOHOB no crerreHii no
Kanaaauaa HaqeM He ornaqarorcSI or cnenoa, rronyqeHHhlX 
a pa6ore ct>.Pop6axa a np/121. B TO Me apeMSI caeTHMOCTb 

cnenoa a caMornyHTapyromeiicSI KaMepe 3HaqarenbHO 6onh-

rne. 
B cnyqae MoneKynSipHbiX rrpaMeceli HX orrTHManhHaSI 

KOHUeHTpauaSI CMemaeTCSI B CTOpOHY ManhiX 3HaqeHaH. 
MoneKynSipHbie npaMeca ornaqaroTCSI eme a reM, qro rro

rnomaroT <lJOTOHbi a yMeHbillaiDT TeM CaMhiM 4JoroaoHa3a
UHID B pa6oqeM o6'beMe KaMepbr a npo6oa no creHKaM. 
3ro npaaonaT K yMeHbilleHmo o6mero caeqeHaSI pa6oqero 

o6'beMa KaMepbi a K yaenaqeHaiD KOHTpaCTHOCTH cneAOB 

qaCTaU. 
CneAhi xopornero KaqecTaa Ha6nronaroTCSI rrpH Hcrronh-

aoaaHHii no6aaoK BOAhi ( - 0,1 %) H a-mrHeHa (- 0,3%). 
Cnen Ha pac. 1 e nonyqeH a npHCYTCTBHH HeKOHTponapyeMhiX 

rrpaMec eli, 
DpaaeneHHhle AaHHhle OTHOCSITCSI K npaMeCSIM, KOTOphle 

xapaKTepH3YIDTCSI rrpeMAe acero Hli3KaMH ypOBHSIMH B036yM
neHaSI a aoHa3aUHH no cpaaHeHHID c renaeM. KaK rrpaaano, 
B CMeCii renHSI C TaKiiMa npaMeCSIMH Ha6nronaeTCSI a<lJ<lJeKT 

DeHHHHra. Ho, n·o-BiiAHMOMy, 6onee cymecraeHHhiM (KaK 
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llOKa3aHO HH)I{e) anSI SIBneHHSI
1 

noKanH3aUHH cneaOB SIBnSI
eTCSI TO, qro.BepOSITHOCTb coyaapeHH~ 9n9KTpOHOB C aTo
M8MH unu MoneKynaMH npHMecu 3HaqurenhHo 6onbwe, qeM 
B renHH. B COOTB9TCTBHH C 9THM, KCTaTH, B CM9CH renHSI 
H HeoHa He Ha6nroaaeTCSI 9¢¢eKTa noKanuaauuu cneaoB 
(BepoSITHOCTb coyaapeHHH 9ne~rpoHOB c aToMaMH Ne 
MeHhwe ,qeM c aToMaMH He/14 1). 

3.2, 3aBHCHMOCTb KaqeCTBa cneaoB 
o T o T a o w e H H SI F /p 

3aBHCHMOCTb noKanH38UHH cneaOB qaCTHUbl H llnOTHOCTH 
qucna "TO~K" Baonb cneaa OT HAllpSI)I{9HHOCTH 9neKTpH

qecKoro nonst B o6weM cornacyercst c aaHHbiMH, nonyqeH
HbiMH B pa6ore /4/. B KaqecrBe npnMepa Ha puc. 4 npnBe
aea rpa¢HK COOTB9TCTBYIDWeH 3aBHCHMOCTH anSI CM8CH 
renHSI H 0,3% MeTaHa. 

~ 
0.8 
0.7 
0.6 
0.5 

0.1 

0 5 10 15 20 30 25 E kf>, 
I :fCM 

Puc. 4. fpa¢HK aaBHCHMOCTH or rpaaueHTa 9neKrpuqec Koro 
nonSI E OTHoweHHst qucna "roqeK" nT K o6weMy qucny 
paapSiaHhix KaHanoB n 00 anSI cMecu He + 0,3% CH4. 
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KaK OKaaanocb, 9¢¢eKT noKanuaauuu CBeqeHHSI paapSiaa 
HMeeT MeCTO B onpeaeneHHOM aHanaaoHe 3Ha'!eHHH E/p • 
fpa¢HK 3aBHCHMOCTH anHHbl SipKO CBeTSIWe~CSI '!8CTH paa
pSiaHoro KaHana oT oraoweHHSI F/p anSI CMecu He+ l~H2 
npnBeaeH Ha puc. 5. AHanorn'!Hast aaBHCHMOCTb Ha6nroaa
eTCSI anst OTHOW9HHSI qucna "roqeK" nT K qucny BCeX 
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Puc. 5, fpa¢HKH 3aBHCHMOCTH OTHOW9HHSI nT/n00 H d OT 

BenuqnHhi E/p anst cMecu He+ 1,0 "'c H : o - d , • - "/"oo. 
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pa3pSitlHhiX KaHanoB n05 Baonb cneaa. CooTBeTCTBy!Oiiulii: 

rpa¢HK npHBeaeH Ha TOM :>Ke pHc. 5. Ka:>KaaSI aKcnepHMeH

ranbHaSI TOqKa Ha rpa¢HKaX, COOTBeTCTBY!OIUaSI OllHOMy 

3HaqeHH!O E/p, nonyqeHa npH HecKOnbKHX pa3nHqHbiX 3Ha

qeHHSIX E H p. 
KaK BHilHO, HMeeTCSI HeKoropbiH onTHManbHbiH llHana-

30H 3HaqeHHH E/p (anSI CMecH He + 1 "'c H2 E/p = 30 .;-
+ 60 B/cM Top.), npH KOTOpbiX aocrHra!OTCSI onTHManbHhie 

3HaqeHHSI napaMeTpOB d H DT/n 00 . 

4. Qopa30BaHHe cnepa 3apSI:>KeHHOH qaCTHUbl 

B CaMomyHTHpy!OIUeHCSI Cl'pHMepHOH KaMepe 

ITpH paoore crpHMepHoA KaMephl B pe:>KHMe caMomyH

THpOBaHHSI, T.e. oe3 BHelllHero ¢opMHpOBaHHSI BbiCOKOBOnbT

HOrO HMnynbca, H3MeHeHHe aneKTpHqecKoro nonSI B KaMe

pe nocne noaaqH HanpSI:>KeHHSI onpeaenSieTCSI pa3pSIIlOM 

B HeH /4./, 
ITpouecc o6pa30BaHHSI cneaa 3apSI:>KeHHOH qacrHUbi 

B C8MOillyHT Hpy!OJ.UeHCSI CT.RHMepHOH KaMepe npOXOilHT qepe3 

TpH llOBOnbHO qeTKO pa3nHqHMbiX 9Tana: 

1. Pa3BHTHe nepBHqHhlX aneKrpoHHhlX naBHH H3 aneKr

poHoB, pacnono:>KeHHbiX Baonb rpaeKTOpHH 3apSI:>KeHHOH qac

THUhl. BpeMSI pa3BHTHSI naBHH B aKcnoHeHUHanbHo Hapacra!0-
-8 

IUeM BHelllHeM none paBHO- 10 c. ToK naBHH He Mo:>KeT 

OKa3aTb 3aMeTHOrO BnHSIHHSI Ha Q!OpMy HMnynbca HanpSI:>KeHHSI 

B KaMepe. 

2. Pa3BHTHe crpHMepHoro pa3pSiaa H pacnpocrpaHeHHe 

ero Ha Becb pa3pSIIlHbiH npoMe:>KyroK. ITpH aroM/16,17/ 

rpaaueHT aneKTpHqecKoro nonSI BHyrpJ pa3pSitlHoro KaHa

na naaaeT, TOK B uenH HapacTaeT H, COOTBeTCTBeHHO, 

yMeHbJllaeTCSI HanpSI:>KeHHe Ha KaM epe ( BpeMSI pa3BHTHSI 

CTpHMepa Ha pa3pSitlHbiH npoMe:>K'lTOK l)OPSIIlKa 10 CM paB

HO no nopSIIlKY BenHqHHbl - 10-8 C 18- 20,, 

3. Pa3pSitlKa eMKocru reHeparopa BhlCOKOBonbTHhlX 

HMnynbCOB H 3apSIIlK3 eMKOCTH CTeKOn, OTtlenSI!OIUHX 

paooqHii: oo'beM KaMepbi or aneKrpoaoB. ToK 3apSIIlKH eM

KOCTH creKon reqer qepe3 roroBbie pa3pSI/lHhie KaHanbr 
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B KaMepe. BbitlenSieMaSI MOIUH,OCTb onpeaenSieT HHTeHCHB

HOCTb caeqeHHSI cneaoa qacruu. ITpu aToM aneKTpuqecKoe 

none B KaMepe y:>Ke Mano, TaK qro B03HHKHOBeHHe HOBbiX 

pa3pSIIlHbiX KaHanoa HeB03MO:>KHO. 

4.1. He K 0 T 0 p bl e K a q e C T Be H H bl e 0 U e H K H 

pacnpeaeneHHSI HHTeHCHBHOCTH 

CBeqeHHSI BtlOnh pa3pSIIlHbiX KaHanOB 

ITonbiTaeMCSI aarb KaqecrBeHHoe oo'bSJCHeHHe Haon!Oaae

MOH noKanH3aUHH cneaoB B CTpHMepHOH KaMepe npH llO

oaaneHHH B renHH ilpHMeceii: KCeHOHa, BOilOpOtla H HeKOTO

pbiX TSJ:>KenbiX yrnesoJlopoaoB. PaccMoTpHM cHaqana pa3-

PSJil B qacTOM renHH, l13 CTpHMepHOH TeOpHH/21, 22/ .cne
ayeT, qro CTpHMepHbiti: KaHan B MeCTe naBHHOCTpHMepHO

ro nepexoaa HMeer "meii:Ky", r.e. cpaBHHTenbHo y3KOe 

MeCTO, llnSJ OUeHOK MO:>KHO ilpHHSITb, qro 3aBHCHMOCTb 

paJlHyca KaHana CTpHMepa OT· KOOpJlHHaTbl z, BllOnb KOTO

poA: HanpasneHo BHemaee none E0 , HMeer BHJl 

r=ro + C.JziN. (1) 

3aecb r 0 - paJlHYC ronOBKH naBHHbl B MOMeHT naBHHOCTpH

MepHoro nepexoaa; C- HeKoropaSJ nocroSJaHaSJ; Haqano 

KOOPJlHHar BbiopaHo B ueHrpe ronoBKK naBHHhi. 

3HaqeHHe noKa3arenSJ creneHH N HeH3BeCTHO, HO quc

neHHbie pacqeTbi ¢opMbi KaHana cTpHMepa/22/ noKa3biBa!OT, 

qro OH 3HaqHTenbHO oonbme eJlHHHUhl. B CB.513H c 9THM, 

nocne 3aMbiKaHHSI HCKpOBOrO npoMe:>KyTKa CTpHMepHbiM 

KaHanOM, nnOTHOCTb pa3pS1JlHOrO TOKa oyaeT TaK:>Ke 3a

BHC eTb OT Z H MaKCHManbHa B oonaCTH "me~KH". 

CooTBeTCTBeHHO B 9TOH oonaCTH oyaeT MaKCHManbHa 

H KOHU8HTpaUH.51 aneKTpOHOB. lleHCTBHTenbHO, KOHUeHTpa

UH!O aneKTpOHOB MO:>KHO OUeHHTb no ¢opMyne 

Ne 
i 

(2) 
eUr2k 

3aeCb i - pa3p.51JlHbiH TOKi U- Jlpeti:¢oBa.51 CKOpOCTb aneKT

pOHOBi k - qHcno pa3p.51JlHbiX KaHanos; e - 3ap.51Jl aneKT

poHoa. B HalliHX ycnOBHSJX oueHoqHbie 3HaqeHHSJ napaMeT-
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3 6 -1 
poa TaKOBhi: i=- 10 A, U=- 10 ·cMic, r"' 10 eM, 

k "' } 0+1 00. D oaCT8Bn51.SI 9TH 3H8'IeHHSI napa.MeTpOB B (2) 1 

HaxoaHM, 'ITO a o6nacTH "meiiKH" Ne == J016 - to1 7 cM-3 

H aoaonhHO 6biCTpO naaaeT C yaaneHHeM OT 9TOH o6na
CTH. 

CpaBHHM reneph qacroThi coyaapeHHH sneKTPOHOB 

C HOH8MH H C HeiirpanbHbiMH 8TOM8MH renHSI. l..JaCTOTy 

coyaapeHHH sneKTpOHOB C HOHBMH MO~HO OUeHHTh ITO 

cpopMyne /23/ 

4 -
v.-N efnA ,;.!:...... (3) 

e1 e ( 2 m 

3aecb ( - cpeaHSISI sHeprHSI sneKrpoHOB; fn A - Kynoaoa
CKHH norapHcpM, m - Macca sneKrpoaa, M - Macca aT oMa 

renHSI. B HamHX ycnoBHSIX £,} sB, fnA,JO. CneaoaaTenh-
10 -<IN -1 

Ho, vei "' <'c • 

l..JaCTOTa ynpyrHX coyaapeHHH sneKTpOHOB C 8TOM8MH 

renHSI paBHa 

-(- 19 8 -15 12 -1 
!' = N v- a "' 10 • 10 • 10 "" 10 c , ea a m y (4) 

rae ay - ceqeHHe ynpyrHx coyaapeHHH, a Na - nnoTHOCTh 

BTOMOB renHSI. 

TaKHM o6paaoM, npH KOHUeHTpaUHH sneKTpOHOB H HOHOB 

nna3Mbi Ne = 1016 
CM-3 o6e qacTOThi OK83biBaiOTCSI cpaBHH

MbiMH. 0TC!Oll8 cneayeT B8~HbiH BhiBOa, 'ITO B "meiiKe" 1 

rae KOHUeHrpaUHSI sneKTPOHOB Ne >> 1016 cM-3,ocHoBHYIO 

pOnb B yCT8HOBneHHH paBHOBeCHbiX napaMeTpOB nna3Mbl 

6yayT HrpaTb CTOnKHOBeHHSI 38pSI~eHHhlX 'I8CTHU 1 B TO 

apeMSI KaK BHe "meiiKH", rae Ne ~ 10,6 CM-~onpeaenSIIO-
WHMH CT8HOBSITCSI ynpyrHe coyaapeHHSI 9neKTpOHOB C HeHT

panbHbiMH 8TOM8MH renHSI. 

PaccMoTpHM no!lpo6Hee o6nacTh BHe "meiiKH". 3aecb 
CTeneHh HOHH38UHH HeBenHK8 1 HO BCe ~e aOCT8TO'IH8 anSI 
TOrO, 'IT06hi MO~l-10 6hinO I'OBOpHTb 06 sneKTpOHHOH TeM

nepaType. lleHCTBHTenhH0 1 COOTBeTCTBYIOWUH KpHTepHH 

BBeaeHHSI sneKTpOHHOH TeMnepaTypbi /23/ 
-2 m ay £ 13 -3 

N » N - "' 10 CM (5) 
e a M e'~fn A 

14 

aaeCh 38B9ll0MO BhJnOnHSI9TCSI H3-38 ManOCTH MHO~HTenSI 

1r· B 9TOM cnyqae ypaaaeHHe 6anaaca saeprHH HMeeT 

BHa /23/ 

d( 
--=-
dt 

e2E2 
( (:l ) 

mvy 

2m -v £. M y 

J.1a 9Toro ypaaaeHHSI cneayeT, 'ITO apeMSI P)fBKCBUHH saep

rHH sneKTpOHOB HMeeT BenH'IHHY nopSiaKa -- "'10~c. 
IrVy 

CneaoaaTenbHO, MO~Ho C'IHTaTh, 'ITO B aamHx ycnoBHSIX 

penaKCBUHSI aacTynaeT. DpH sToM ypaaHeHHe (6) HMeeT 

pemeHHe: 

( 
Me2 E 2 

2m2 2 vy 
( 7) 

EcnH ao6aBHTh Teneph K renHIO npHMeCh MoneKynSipHoro 

raaa, TO cneayeT npHHSITh so BHHMaHHe aeynpyrHe noTepH 

9HeprHH 1 CBSI38HHhle C B036y~aeHHeM KOne6aTenbHO-Bpawa

TenhHOH CTpyKTypbi MOneKyn, a TaK~e C B036y~aeHHeM 

sneKTpOHHhlX COCTOSIHHH MOneKyn H HX HOHH38UHeH. 0aHaKO 

H3BeCTHO, 'ITO npH cpeaHeH 9Hepi'Hif sneKTpOHOB ,} 38 
OCHOBHYIO ponh 6yayT HI'p8Th HeynpyrHe TIOTepH Ha B03-

6y~aeHH e Kone6aTenhHhiX ypoaaeii. OueHHTh cpeaHIOIO 

9HeprHIO sneKTpOHOB B 9TOM cnyqae MO~HO H3 ypaBHeHHSI 

6anaHC8 9HeprHH, B KOTOpOM ao6aaneH 'IneH, OITHCbiB8IOWHH 

aeynpyrue noTepH. 

d;- e 2E 2 

--= ---
dt mvy 

2m £- _ hwvH · --vy 
M 

( 8) 

3aecb hw - cpeaHSISI sHeprHSI soa6y~aeHHSI Kone6aTenbHhiX 

yposaeii; vH - qacToTa aeynpyrHx cTonKHOBeHHii. PemeHHe 

ypaBHeHHSI (8) HMeeT BHa 

Me 2 E 2 M vH 
£ = - -hw--. 

2m 2v 2 2m 
(9) 

Vy 

HecMOTpSI aa TO, 'ITO vH«vy H hw << 1 sB, aanHtiHe so 

BTopoM cnaraeMoM 6onbmoro MHO~HTenSI M/m · npHBOt:lHT 

K TOMy, 'ITO cpeaHSISI 9HeprHSI sneKTpOHOB 38M eTHO CHH~a

eTC SI. KpoMe roro, HeKOTopoe CHH~eHHe cpeaaeii saeprHH 

MO~eT npOH30HTH 38 C'IeT yBenH'leHHSI 'I8CTOThl ynpyrHX 
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coyaapeHHA, TaK KaK ceqeHHH ynpyrHX CTOnKHOBeHHA 
aneKTpOHOB C MoneKynaMH npHMeRHeMbJX HaMH npHMeceA 
aaaqHTem.ao npeabiWaiOT ceqeHHH anH He. 

OaaoaroMRbiA raa a Kaqecrae npHM ecH MO:lKeT npHae
CTH K T8KOMy :lKe S~eKTy TOnbKO B TOM cnyqae, eCnH 
OH HMeer 6om.wyiO qacrory CTOnKHOBeHHA C aneKTpOHaMH 
(KaK ynpyrHx, TaK H aeynpyrHx), a TaK:lKe RH3KHA norea
UHan B036y:lKaeRHB H HORH3aUHH. Ha aaanHaa CBOACTB 
HHepTRbiX raaoa cneayer, qro nepeqHcneRRbiMH caoAcraa
MH o6naaaer KCeROH. aeACTBHTen&Ho, CeqeRHB ynpyrHX 
H HeynpyrHX CTOnKROBeHHA aneKTpOROB C aTOMaMH KCeRORa 
a 4-5 pa~ npeBbiWaiOT aaanorHqRbie ceqeRHB anB He. 
KpoMe roro, nepabiA noTeRuHan aoa6y:lKaeRHB Kceaoaa -
acero 8,3 aB. Pacqer cpeaaeA aaeprHH aneKrpoaoa a CMe
CH He H Xe rpe6yer peweRHB KHReTHqecKoro ypaaaeRHB, 
TaK KaK npH aeynpyroM cTonKaoaeHHH c aTOMOM XeaneKr
poa TepBeT npaKTHqeCKH BCIO CBOIO SReprHIO, H nOSTOMy 
npeacraaneaHe o aenpepbiBROM H3MeReRHH aaeprHH dE" I dt , 
Hcnom.ayeMoe a (6) H (8), aaec& He onpaaaaao. OaaaKo 
nocKon&Ky aac HRrepecyer nHw& KaqecraeaaaB cropoaa 
aonpoca, ro a aoaon&ao rpy6oM npH6nH:lKeRHH MO:lKHO sanK
car& ypaaaeaHe, noao6aoe (8), c aaMeaoA qneaa aeynpy
rHx norep&, CBB3aRHbiX c aoa6y:lKaeaHeM Kone6aren&HbiX 
ypoaaeA, aa aaanorHqRbiA qnea, onHCbiBaiOIUHA aeynpyrHe 
norepH aa aoa6y:lKaeaHe H HORH3aUHIO Xe .flcao, qro H 
aaec& Mbi nonyqHM yMeR&WeRHe cpeaaeA aaeprHH aneKrpo
aoa. TaKHM o6pa3oM, ao6aaKa paccMorpeRRbiX npHMeceA 
aeaer K yMeR&WeRHIO cpeaaeA aaeprHH aneKrpoaoa a o6-
naCTH aae *weAKH". TaKoe yMea&weaHe, a caoiO oqepea&, 
aeaer K cyzuecraeaaoMy yMeR&WeHHIO caeqeRHB KaHana 
B aroA o6naCTH, TaK KaK HRTeRCHBROCfb cneKTpan&HOA 
nHRHH nponopuH:oaan&aa e -E */E, rae E *- aaeprHB aoa-
6y:lKaeaHB cooraercrayiOI.tlero ypoaaB. B ro :lKe apeMB 
Cpe.QRBB SReprHB aneKT'pOROB B o6naCTH "weAKH" npH ao-
6aaneRHH npHMeCH npaKTHqeCKH He H3MeRHT'CB, T'aK KaK 
aaec& oaa onpeaeJI.HeTCB ypaaaeHHeM 6anaaca aaeprHH, 
a Koropoe, KaK 6omo noKaaaao BbiWe, He axoaBT napaMer
pbi cronKaoaeaHA aneKrpoaoa c aeArpanaMH. OrMeTHM, 
qro noaraep:lK.QeHHeM caenaaabiX KaqecTaeRRbiX oueaoK 
cnylKHT orcyrcraHe noKanH:aauHH cneaoa a He c npHMec&IO 
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' Ne, raK KaK qacrora ynpyrHX H aeynpyrHX coyaapeRHA aneKr-
poaoa c aroMaMH Ne aecKon&Ko MeH&we, qeM y He , a no
reHUHan aoa6ylK.QeRHBNeaocraroqao BbiCOK: =-16,5 aB. 

B aaKniO'IeHHe cneayer aaMeTHT&, 'ITO KaK nonyqeRHbie 
SKCnepHMeHT an&Hble .QaHHbie, TaK H npoae.QeHHbie OUeHKH 
noKa3biBaiOT 6on&wyiO qyacraHren&aocr& npouec ca noKa
nH3BUHH cneaoa a crpHMepaoA KaMepe K napaMerpaM paa
pB.Qa. aeACT'BHTen&HO, KOHUeHTpaUHB aneKTpOHOB B o6naCTH 
"weAKH", MO:lKHO cKaaar&, Ha npeaene yaoaneraopBeT KpH
repHIO vei »vea .He6on&woe orKnoaeHHe napaMerpoa paap.H
aa MO:lKer npHaecrH K aapyweHHIO aroro KpHrepHH, a BMec
re C STHM H K pa3MbiTHIO CBeTBIUHXCB "roqeK" • 
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