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BBE.QEHHE 

B Te4eH~e MHorHX neT AnA nonY4eHHA HOHOB B 3neKTpOMarHHT
HWX Macc-cenapaTopax Hcnonbsy~TcA HOHH~e HCT04HHKH, npHH~Hn 

AeHCTBHA KQTOPWX OCHOBaH Ha AyroBoM pasp~Ae HHSKoro AclBneHHA. 
HeCMOTpA Hcl TO, 4TO C)'uteCTByeT PAA pa60T, nOCBAuteHHI!IX 3TOMY 
THny HCT04BHKOB, np06neMa onTHMHsa~HH ycnoBHH HX pal)oTw AO 
KOH~a He peweHa. npH4HHOH 3Toro ABnAeTCA HanH4He MHorHX npo
~eCCOB, npOHcxoAAutHX B paspAAe, Bsa~MOCBASb KOTOPWX TPYAHO 
onpeAenHTb, KaK npaBHno, npHHHMaeTCA, 4TO rnaBHWM npo~eCCOM, 
BeAYutHM K HOHHsa~HH, RBnAeTCA cOYAapeHHe arOMOB C nepBI14HWMH 
H BTOPH4HWMH 3neKTpOHaMH. TaKlICe BOSMOllCHa H()HHSa~HA aTOMOB B 
Bos6ylICAeHHwx COCTOAHI1AX, oc06eHHO MeTaCTa6HnbHWX, BpeMA lICHSHH 
KOTOPWX B AyrOBOM paspAAe OTHOCHTenbHO Benl1KO 111 • npH paspAAe 
C 60nbwHM aHoAHWM HanpAlICeHHeM BOSMOllCHa MHorosapAAHaA HOHHsa
~HA B npo~ecce OllCe. XOTA Bce YKasaHHwe Bwwe npo~eccw XOPOWO 
HSY4eHW, cOBoKynHocTb HX AeHCTBHH B nnaSMe AyrH He 06DAcHeHa. 
3TO CBAsaHO C OTCYTCTBHeM KonH4eCTBeHHWX 3KcnepHMeHTanbHWX 
AaHHWX 06 OTHOCI1TenbHOM BKnaAe KalKAOrO npo~ecca B paspAA. 
TaK, Hanpl1Mep, 04eHb 4aCTO He onpeAeneHW nOCTOAHHwe OAHOKpaT
HOH 11 MHorOKpaTHOH HOHHSa~I1H, XOTA I1SBeCTHW Ce4eHI1A B ~YHK~HI1 
3HeprHI1 3neKTpOHOB. 3TH TPYAHOCTH BWSBaHW TeM, 4TO, KaK npa
BHno, He AOCTaT04HO I1SY4eHa ~yHK~HA pacnpeAeneHHA CKOPOCTeH 
nepBI14HWX H BTOPH4HWX 3neKTpOHOB, a TaKlKe HOHOB B nnaSMe pas
pAAa • 

.QaHHaA pa60Ta KacaeTCA np06neM, CBAsaHHWX C HOHHSa~l1eH B 
AyroBoM HCT04HI1Ke, H B oc06eHHocTH onpeAeneHI1A BKnaAa BTOPI14
HWX 3neKTpOHoB B 06utHH npo~ecc 06pasoBaHI1A nOnOlKl1TenbHWX HO
HOB • .QnR 3TOH ~enH I1CnOnbSOBaHW pesynbTaTw HSMepeHI1H 110HHWX 
TOKOB, HSBneKaeMWX HS HCT04HI1Ka, B cnY4ae, KorAa paspAA ropHT 
B CMeCI1 ABYX paSHWX raSOB. 

PE3YnbTAT~ 3KCnEPHMEHTA 

Ha pHC. 1 npl1BeAeHa ynpQtJteHHaA cxeMa HOHHoro HCT04HHKa, 
KOTOPWH I1cnonbsyeTCA Ha 3neKTpOMarHI1THWX Macc-cenapaTopax B 
n~n OH~H H H~ YMKC /CPBP ot .06, r.n~6nHH/12-4/. B paspAAHY~ 
KaMepy HCT04HHKa P BBOAATCR ABa rasa: OCHOBHO~ A(Ar,Kr,Xe) H 
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K A PMC. 1. CxeMa MOHHoro MCTO'lHMr Ka. P - paspHAHaH KaMepa; K -
KaToA; A - ll;MJIMHAPM'IeCKMiI: aHOA;r A3 A-~1P,""""""''''WL 
o - OTBepCTMe AflH MSBne'leHMH

1~1 / //~ 	 +
:/~/n"a3Ma;;: ++!::: 	 MOHOB; B - BeKTOp MHAYKll;MM Mar

HMTHoro nonH. 
rA3 5-~/~*1~i~ 

p 

HOC~Tcnb 5 (He). ECnM cYMMapHoe AaBneH~e 06o~x raaOB B paspRA
HOK KaMepe AOC"TaT04HO BblCOKoe, TaM sa)f(.lI1raeTCR paaPRA, 111 06pa
ay~aRcR nnaaMa saHII1MaeT npaKTII14eCKM eeCb 06DeM KaMepbl. nono
mll1TenbHble 1I10HbI B~TRrIl1BaDTCR 1113 II1CTOYHII1Ka 4epea OTBepCTlI1e O. 
H3MepcHII1e 1I10HHI;>IX TOKOB, nOnaAaDlI4HX Ha KonneKTOp cenapaTopa, H 
KOnll14eCTBa nocrYl1aDll4I11X Bpa3p.FIAHYD KaMepy raaos 1l03BonReT on
peAenll1Tb OTHOCMTenbHYD 3¢$eKTII1BHOCTb npo~ecca HX 1I10HH3a~II1H 

71 A /'fI Q' KaK nOKa3aHO B pa60Tax
/5

•61 
, 3TO COOTHOljJeHlI1e HaXOAHTCR 

no q,opMyne 

m- K JI. Q A rnA 	 B )" 1 ] 
71A l71s vi ...:.:.:.A.. [ -....- + ( -- vi ----. + C • 	 111 

rns KS rnQQ s 

rAe rnA 111 rns - MaCCbI ra30B A 111 5; QA 111 {,js - CKOPOCTb nOAa4H ra
aOB A 111 5, nocTynaDlI4l11X B HCT04HHK; B 111 C - nOCTORHHble, xapaK
Tepll1SYDlI4l11e 3q,q,eKT neHHII1Hra; leA 111 K S - nOCTORHHble npo~ecca 1110
H1I13a~1I1111 B 3neKTpOHHblX cOYAapeHII1Rx C aTOMaMH ra30B A 111 6. 

A + e __ A+ + 2 e; K ,
A

121 
s+ e - s++2e; KS' 

Benll14111Ha K onpeAenReTC.FI BblpameHlI1eM 

K f v t( v ) 0'( V ) dv. 131 

rAe f(v) - Q>YHK~II1R pacnpeAeneHHR CKOPOCTH 3neKTpoHoB B nna3Me; 
O'(v) - ce4eHMe HOHlI1aa~II1M aTOMOB 3neKTpoHaMH. 

Ha ypaBHeHII1R Ill, SHaR OTHOWeHII1R 71A/ 71 s. MomHO nonY4HTb 
KA/KS' Ha pHC. 2 la, 6 111 BI KpHBble 1 nOKaablBaDT Bbl4HcneHHble 
Ic T04HOCTbD 5%1 OTHoweHMR KA/KS B aaBII1CMMOCTII1 OT aHOAHoro 
HanpRmeHII1R AnR paapRAa, rOpRlI4erO B CMeCH Ar - He, Kr - He 111 Xe - He. 

AHoAHoe HanpRmeHlI1e, B OCHOBHOM, onpeAenReT KHHeTH4eCKYD 
3Heprll1D nepBH4HblX 3neKTpoHoB, 3MII1TII1PYDlI4111X C KaTOAa. CornacHo 
TeOp1l1111 AyroBoro paapRAa HlI1aKOrO AaBneHHR, nepBII14Hble 3neKTpOHbI 
nonY4aDT BCD CBOD 3HeprMD npH npOXOmAeHII1H 6HnonRpHoro npHKa
TOAHoro cnOR TOnll4l11HOK paAlI1yca Ae6aR, B KOTOPOM npOIl1CXOAII1T na

~A Ar-He "£A Kr- He "XA Xe-He 
Ge6 	 ~E;' Z6 
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PMC. 2. 3aBMCHMOCTh COOTHomelUdl nOCTOHHHblx KA /KS /lCPUBble 1/ 
M Ce'leHMiI: 0A/OS /KPMBble 2/ npM MOHMSall;MU I~TOMOB sneKTpOHaMM 

OT aHOAHoro Hanp~eHMH /sHeprMM sneKTpoHoB/. 

AeHHe npaKTH4eCKH Bcero aHOAHoro HanpRmeHHR. ~a 3Toro CneAYeT, 

4TO ecnll1 6b1 3a npo~ecc 1I10HlI1aa~II1H e nna3Me oTBe4~nll1 TonbKO nep

BII14Hble Man03HepreTII14Hble 3neKTpOHbI, TO OTHoweHHR nOCTORHHblX MO

HII13a~II1H KA/KS 6blnH 6bI paBHbI OTHoweHHRM O'A/OS IKpHBble 1 111 2 Ha 

PII1C. 2a,6,B COBnanll1 6b1/. KaK BII1AHO M3 pHC. 2, CYlI4eCTByeT RB

HaR pa3HII1~a B XOAe 06eHX KPII1BblX, npII14eM OHa YMeHbwaeTCR C po

CTOM aHOAHoro HanpRmeHHR. 3TOT Q>aKT MomHO 06DRCHII1Tb Y4aCTMeM 

B npo~ecce 1I10HH3a~HH BTOPH4HblX 3neKTpOHOB, 06paaYDlI4HXCR npM 

cOYAapeHII1RX nepBH4HblX 3neKTpOHOB C aTOMaMH ra3a. 


Hanll14111e BTOPH4HblX 3neKTpOHOB B nna3Me AyroBoro paapRAa H1I13
Koro AaBneHHR 111 HX Y4aCTII1e B 06114eM npo~ecce 1I10HH3a~1I1111 AO CMX 
nop He Hawno B nll1TepaType AOCTaT04Horo 06DRCHeHII1R. CYll4eCTBYD
lI4He pa60TbI no 3TOK TeMe AaDT TonbKO npll16nH3HTenbHble TeopeTH
4eCKHe paC4eTbl /7 •81 • nonY4eHHble HaMH 3KCnepll1MeHTanbHble AaHHble 
n03BonRDT O~eHII1Tb OTHOCHTenbHYD KOH~eHTpa~II1D BTOPH4HblX 3neKT
POHOB B nna3Me AyrH B Q>YHK~II1H HX TeMnepaTYP. AnR 3Toro BBeAeM 
napaMeTp P: 

ne.:: ne• p 	 141 
ne nen + neil 

rAe ne - 06114aR KOH~eHTpa~HR 3neKTpoHoB B nna3Mej n en • n e• 
KOH~eHTpa~HR nepBH4HblX 111 BTOPH4Hblx'3neKTpOHOB B nna3Me. npo
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PHC. 3. 3HepreTH~ecKoe pacrrpe P[%] PHC. 4. 3aBHCHMOCTb OTHOCHTenb
nep~u'tHble AeneHHe 3neKTpOHOB B nna3Me AY HO~ KOHueHTpa~H BTOPH~HN~N 3neKTpOHOB B nna3Me AyroBororOBoro pa3pRAa.~ pa3pRAa (Ar - He) OT HX 3HeprHH 

npH aHOAHOM HarrpHlKeHHH Us'" 
100 B. ~ecc 3neKTPOHHO~ HOHH3a~HH ra

30B A H 6 MO~HO onHcaTb: 

3JlEKTPOHbi 

+
dnA IAn-::::::-.,-I--\---1- ~kTe L~8] 

nAKAne ; 60]
dt 

+ /5/ H EKdn5 (J ----,.- In F -, 
n5 K 5 n e: E KEH EHdt 

rAe EK - KHHeTH4eCKC)R 3HeprHR 311eKTpoHa; BH - 3Heprlo1R 1II0Hl1aa

aAeCb H n5 .... KOH~eHTpa~H~ aTOMOB r a30B A H 6. npHMeM, 4TO ijl1H aToMoB; H H F - 3KcnepHMeHTallbH~e BellH4HHbI, B3RTbie H3 pa
n A 
nep'H4H~e 3neKTPOH~ MOH03HepreTH4eCKHe, a pacnpeAeneHHe no OOT 19,101 • K03$$H~H~!HT K5 sbl4HcneH no $OPMYfle /3/ AnR TeMne
CKOPOCTH BTOPH4H~X 3neKTpOHOB - MaKCBennOBCKoe /PHC. 3/. paTypbl 3neKTpOHOB T , onpeAeneHHoH H3 BellH4HHbi 3KcnepHMeHTanbe 

TorAa Ha ypaBHeHHH /5/ nonY4aeM HbiX COOTHoweHH~ nOCTORHHblX KAIK5 /pHC. 2/. CorllaCHO /3/, BenH
4HHbI KAB H K51 onpeAenR~TCR TeMnepaTYPoH BTOPH4HblX 3neKTpOHOB,

KAne =nen·aA·Yn +neB'KAB , /6a/ cneAOBaTellbHO, ypaBHeHHe /7/ nOKa3b1BaeT CBR3b Me~AY napaMeT~ 
POM P H 3TOH TeMnepaTYPoH. Ha PI1C. 4 npeACTaSlleH npl1Mep TaKOHK5 n e =nen ,a 5 'Yn +nea '/(5a' /66/ 3aBlllClilMOCTH AJ1R pa3pRAa, ropRUiero B CMeCH Ar -He nplil Ua. "" 1 00 B. 

rAe KAB H K5a - nOCTORHH~e npo~ecca HOHHaa~HH BTOPH4HblMH 3neK KplilBaR Ha pHC. 4 AaeT B03MO~HOCTb OijeHHTb BKllaA eTOpl14HblX 
TpoHaMH raaOB A H 6; vn - CKOPOCTb nepBH4H~X 3neKTpOHOB: 3neKTpOHOB B cYMMapHblH npo~ecc HOHHaaijHI1 B paapRAe, eClll1 H3

eeCTHa IIIX 3HeprHR. CornacH0 /111 , 3HeprHR BTOPH4HblX 311eKTpOHOB 
B cOYAapeHHRX THna nepBI14HblH 3neKTpOH - aTOM B Ayre paeHa

( 2eU) ~ 
Y -- , 6+ 10% 3Heprl1H nepBH4HblX 311eKTpOHoe. TorAa nOllY4aeM, 4TO BKflaAn me 

BTOPl14HblX 3neKTpoHoe e 06UiHH npo~ecc IIIOHH3a~HH ra30e B CMeCH 
Ar-HecOcTaenReT OKono 35% /aawTpHxoBaHHaR 0611aCTb pHC. 4/. 

rAe U .... naAeHHe nOTeH~Hana B 6HnonRpHOM cnoe, npaKTH4ecKH paB KaK BHAHO H3 pHC. 2, 3TOT eKflaA CYUieCTBeHHO paCTeT C YMeHbwe
Hoe aHOAHOMY HanpR~eHH~ Us • HHeM aHOAHoro HanpR~eHHR. npH6nH3HTenbHo TaKHe ~e peaynbTaTbi 

PaaAenHB ypaBHeHHR 6a H 66, Y4HTblsaR /3/ H /4/, nonY4aeM nonY4eHbI AnR pa3pRAOB. rop~UiHX B CMeCRX ra30e: Kr-He H Xe-He • 

nonY4eHHble HaMH AaHHble corllaCY~TCR C TeopeTH4ecKoH o~eHKoH. 


nplilBeAeHHoH B pa60Te /121 , rAe BKflaA BTOPlll4HblX 311eKTpoHoB onpe

vKA a A AeneH B npeAenax 30 ~ 70%.--"--O-P)

KAa K5 K5 
-, /7/

1C 5 • vn a5 )
1 - ---{l - P IlHTEPATYPA 

K5 I 
1. Massey H.S.W., Budhop E.H.S •• Gikbody H.B. Electronic and) Ionic Impact Phenomena. Oxford. Clarendon Press. 1971. 


HcnonbaYR ypaBHeHHe /7/, MO~HO paCC4111TaTb COOTHoweHI1R KAIIKEis 2. Zuk W., Maczka D.• Pomorsky J. - NIM. 1965. 37, p.249. 

B $YHK~HH napaMeTpa P. AnR Bbl4HClleHHR BenH4HH ce4eHHR HOHI13a'" 

~HH aA H a5 Obilla HcnOllb30BaHa $opMyna 6eTe - 60pHa: 


4 5 



3. ACIlaHaCbeB B.n. 1-1 AP. OHlIM. 13-4763. AY6Ha, 1969. 
4. Latuszynski A. et a1. - NIH, 1987, B26, p.240. 
5. Haczka D. et al. - NIM, 1981, 186, p.335. 
6. MOH4Ka A., nRTYWI-1HCKI-1 A.• BacRK A. - nT3, 1983, ~4, c.168. 
7. Fuchs G. IEEE Trans. Nucl. Sci., NS-19/2, 1970, p.160. 
8. 	Darling R.L., Davies R.H. - Rev. Sci. Instr., 1973,44, 

. p.37S. 


9. Bleakney W. - Phys. Rev., 1930, 36, p.1303. 
10. 	Adamczyk 8. Annales UHCS, vol.XXIX/XXV, 21, sec.AA, 1970, 

157, p.70.
11. 	 Bohm D. 'The Characterisrics of Electrical Discharges in 

Magnetic Fi~lds. New York, A.Guthrie and R.K.Wakerl ing, 
1949. 

12. 	 Gautherin G" Lejeune C. Proceed. of the 8th Intern. EMIS 
Conf., Srovde, Sweden, 1973, p.17. 

PYKonl-1Cb nocTynHna B H3AaTenbcKHH OTAen 
11 aBrYCTa 1988 rOAa. 

6 


TEMATHqECKHE KATErOPHH nYBnHKAUHR 

OB~E~EHHOrO HHCTHTYTA ~PHYX 
HCCJIE,lJ;OBAHHR 

Ha,QeKc 	 TeMBTJlKa 

1. 3KcnepMM8HTanbHaR CIlHsHKa BWCOK~X 3Hepr~H 

2. TeopeTH48cKaR CIlMSHKa BWCOKHX 3HeprHH 

3. 3KcnepHM8HTanbHaR H8HTPOHHaR CIlHSHKa 

4. TeopeTH48cKaR CIlHSHKa HHSKHX 3HeprHH 

5. HaTeMaTHKa 

6. RAepHaR cneKTpOCKonHR H paAHOXHMHR 

7. tHsHKa TR*enwx HOHOB 

8. KpHoreHHKa 

9. YCKopHTenH 

10. 	ABToMaTHsa~HR 06pa6oTKH 3KcnepHMeHTanbHWX 
AaHHWX 

11. 	 BW4HcnHTenbHaR MaTeMaTHKa H TeXHHKa 

12. 	XHMHR 

13. 	 TeXHHKa tHsH4eCKoro 3KcnepHMeHTa 

14. 	 MccneAoBaHMR TBepAWx Ten H *HAKOCTeH 
RAepHWMH MeTOAaMH 

15. 	 3KcnepHMeHTanbHaR tHsHKa RAepHWX peaK~HH 
npH HHSKHX 3HeprHRX 

16. 	 AosHMeTpHR H tHsHKa sa~HTW 

17. 	TeopHR KOHAeHCHpOBaHHoro COCTORHHR 

18. 	McnonbSOBaHHe pesynbTaToB H MeTOAOB 
tYHAaMeHTanbHwx tH3H4ecKHx HCCneAOBaHHH 
B CMe*HWX 06nacTRx HaYKH H TeXHHKH 

19. 	 6HotH3HKa 


