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B pa6oTe /1/ onHcaH neTeKTop Ha ocHoBe nayx nocnenoaaTenbHO 

BKnnqeHHUX MHKpOKaHaRbHUX nnaCTHH (MKil), KOTOpu8 HCil0Rb3yeTCR nnR 

perHCTpaUHH HOHOB B cpoKaRbH08 nnoCKOCTH 

_ BUCOKoqyBCTBHTenbHOro Macc-cneKTpOMeTpa JIH)lHA /2/. nonyqeHHUe B 

3T08 pa6oTe xapaKTepHCTHKH OTHOCRTCR K TOKOBOMY peXHMY pa60TU 

neTeKTopa, Ha ypoBHe OTHOCHTeRbH08 

qyBCTBHTeRbHOCTH nyqrne, qeM 1 o- 6aT /aT I nonxHa 6UTb npenycMOTpeHa 

B03MO~HOCTb pa60TU B pe~HMe cqeTa OTnenbHUX HOHOB (COH). 

B pa6oTe 6unH HCilORb30BaHU cepH8HUe MKil-34-10 co cnenyDIUHMH 

napaMeTpaMH: nHaMeTp nnaCTHH 34 MM, nHaMeTp KaHanoB 10 MKM, 

IlROTHOCTb KaHanoa 106 -z CM , conpOTHBReHHe nnaCTHH el 109 OM. 

H3Mepemrn xapaKTepHCTHK MKil B peXHMe COH neTeKTOp, noMeIUeHHU8 B 

Macc-cneKTpOMeTpa JIH.llHA 

6un ycTaHOBReH B ctJOKanbH08 IlROCKOCTH 

PaCCTORHHe Mexny nnaCTHHaMH a c6opKe 

COCTaBRRRO 2 MM. BxonHoe OKHO neTeKTOpa HMeno pa3Mepu 8 · 25 MM. 

HanpR~eHHe Ha 3neKTponu nenHTenR nonaaanoch no cxeMe, H3o6paxeHH08 

Ha pHc.1. CHrHan C KonneKTOpa (K) qepe3 3MHTTepnu8 IlOBTOpHTenb H 

YCHRHTenb CY-l!K /3/ nonaaancR Ha 

ananoro-uHcppoao8 npeo6pa3oBaTenb (AUil) /4/ H cqeTqHK HMnynbcoa 

KC021 /5/. YnpaaneHHe Ha6opoM HHctJOpMaUHH H o6pa60TKa pe3yRbTaTOB 

ocymecTBRRRHCb npH IlOMOIUH nepcoHaRbHoro KOMilbDTepa"TTpaaeu-16". 

BaKyyM B pa6oqeM o6oeMe Macc-cneKTpoMeTpa nonnepxHBancR Ha ypoBHe 

2 · 10-7 Topp. 

C IlOMOUlbD TepMOHOHH3aUHOHHOro HCTOqHHKa C BORbctJpaMOB08 HHTbD 

a TaKxe 

MOReKynRpHUe HOHU B lllHpOKOM nHana30He HHTeHCHBHOCTH. H3MepeHHR 

npoaonHnHcb Ha nyqKax c 3HeprHe8 20, 30 H 40 K3B. KpoMe Toro, B 

pa8oHe npenMeTH08 menH Macc-cneKTpoMeTpa 6un ycTaHoBneH a-HcToqHHK 

c 3HeprHe8 a-qacTHU el 4 M3B H HHTeHCHBHOCTbD Ha nnomanb BXOnHo8 

menH neTeKTopa el 20 c-1
• 

Ha pHC.2(a,6) 
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PHc. 2. AMDJI.HTY nHue pacnpeneneHH.R CHrHaJIOB c MKIT: 

a)Bxon nepBoll DJiaCTHHU H 3KpaH Haxon.RTC.R 

IlOTeHUHaJIOM. 

non onHHaKOBUM 

6)Mexny BXonoM nepaoll DJiaCTHHU H 3KpaHOM npHJIOXeHa pa3HOCTb 

IlOTeHUHaJIOB. 
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nn.11 nsyx BapHaHTOB BKJIIOqeHH.R neTeKTOpa, npH onHOM H TOM EE 

Hanp.11xeHHH Ha nnacTHHax {755 B). o6a aMDJIHTynHux pacnpeneneHH5 

COCTO.RT H3 3KCDOHeHuHaJibHOrO H KBa3HrayccoBoro KOMDOHeHTOB. 

PacnpeneneHHe, noKa3aHHoe Ha pHc. 26, 6uno nonyqeHo npH BKJIIOqeHH~ 

neTeKTopa . no cxeMe, H3o6paxeHHOll Ha pHC .1. PHC. 2a COOTBeTCTBye1 

cxeMe, B KOTOpoll 3KpaH (9) H axon nepBOll DJiaCTHHU HaxonHJIHCb DOZ 

onHHaKOBUM DOTeHuHaJIOM. BHnHo, qTo 3TH pacnpeneneHH.R OT JIHqalQTCJl 

TOJ!bKO HHTeHCHBHOCTblO 3KCDOHeHUHaJibHOll qacTH cneKTpa, B TO B peMJl 

KaK HHTeHCHBHOCTH .KBa3HrayccOBOll qacTH aMDJIHTynHoro 

pacnpeneneHH.R B o60HX cnyqa.RX DOJIHOCTblO COBnanaIOT. Heo6xonHMO 

oTMeTHTb, qTo B cnyq_ae, ecrm 3anHpa101uee Hanp.11xeHHe BO3Bpa1UaeT 

BTOpHqHUe 3JieKTpOHU Ha IlOBepXHOCTb MKIT (pHc.26), HHTeHCHBHOCTb 

o60HX KOMDOHeHTOB aMDJIHTynHoro pacnpeneneHH.R JIHHellHO 3aBHCHT OT 

DOTOKa HOHOB Ha BXone MKIT. KpoMe Toro, non.R HHTeHCHBHOCTH 

KBa3HrayccoBoll qaCTH OT DOJIHOll HHTeHCHBHOCTH aMDJIHTynHoro 

pacnpeneneHH.R B 3TOM cnyqae COCTaBJI.ReT 70%, qTO COOTBeTCTByeT 

BenH4HHe npo3paqHocTH MKn. 9To DO3BOJI.ReT cnenaTb npennonoxeHHe,qTo 

KBa3HrayccoBa qacTb aMnJIHTynHoro pacnpeneneHH.R ¢opMHpyeTc.R 3a cqeT 

HOHOB, nonaBWHX HenocpencTBeHHO B KaHaJI MKIT, B TO BpeM.R KaK 

OCTaJibHUe 30% HMllYJibCOB aMDJIHTynHoro pacnpeneneHH.R o6pa3YIOTC.R IlpH 

B3aHMonellCTBHH HaJieTa101Uero HOHa C noBepXHOCTblO, 06pa3yeMoll 

nepeMuqKaMH Mexny KaHaJiaMH, H naIOT BKJian B 3KCDOHeHUHaJibHYIO qacTb 

aMDJIHTynHoro pacnpeneneHHH. 9KcnoHeHUHaJibHa.R ¢opMa pacnpeneneHH.R 

3THX HMDYJibCOB MOXeT 6UTb CB.R3aHa C TeM, qTO TOJ!bKO qaCTb 

BTOpHqHUX 3JieKTpOHOB, BO3Bpa1UeHHUX 3aDHpaIOIUHM Hanp.11xeHHeM Ha MKIT, 

nonanaeT HenocpencTBeHHO B KaHaJI, BU3UBa.R B HeM 3JieKTpOHHYIO 

JiaBHHy. B OTCYTCTBHe 3anHpa101Uero Hanp.RXeHH.R (pHc.2a) ¢OpMa H 

HHTeHCHBHOCTb 3KCDOHeHUHBilbHOR qacTH aMDJIHTYnHoro pacnpeneneHH.R 

DOJIHOCTblO COBDB.QBIOT c ¢opMoll H HHTeHCHBHOCTblO co6CTBeHHOro wyMa 

MKIT. 
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nnH BU6opa OilTHMaJibHOro peXHMa pa60Tli MKIT B 3aBHCHMOCTH 

OT HanpHxeHHH Ha OllH08 IlJiaCTHHe 6UJIH H3MepeHU: cpel!HHH aMilJIHTy.!la 

(A) CHrHaJia, CHHMaeMoro C ll8T8KTOpa, llJIH HOHOB C 3HeprHe8 40"K3B H 

a-qaCTHU, WHPHHa Ha IlOJIOBHHe BliCOTli aMilJIHTYllHOro pacnpel18Jl8HHH 

(liA/A), lflOH MKIT npH noporax perHCTpaUHH, COOTBSTCTBYKlIUHX 

31flcfl8KTHBHOCTH perHcTpaUHH HOHOB 35% H 60% (c yqeTOM reoMeTpHqecKo8 

3lfllfle.KTHBHOCTH perHCTpaUHH MKIT, COCTaBJIHKlIU88 SE 70%), a TaKxe 

npe.!lSJ!bHUe 3arpy3KH MKIT (fnpe.!l), npH KOTOpux cpel!HHH aMilJIHTy.!la 

CHrHaJia yMeHbWaeTCH B 2 pa3a. H3MepeHHH co6CTB8HHOro wyMa MKIT 

npoBOllHJIHCb IlpH 3aKpliTOM BaKyyMHOM 3aTBOpe, nepeKpuaaaweM HOHHU8 

nyqoK. P83YJibTaTU H3MepeHH8 npHB8ll8Hli B Ta6nttue. 

AMilJIHTYllHUe pacnpe.!leJieHHH HMilYJibCOB ll8T8KTOpa npH ,HanpHXSHHHX 

Ha MKIT, llJIH KOTOpux npoBOllHJIHCb H3MepeHHH, B TOM qffcJie H llilH 

HanpHX8HH8, COOTBSTCTBYDIUHX JIHH88HOMY pexHMY pa60Tli ll8T8KTOpa, llJIH 

HOHOB C 3HeprHe8 6oJibWe 20 K3B, HM8KlT KBa3Hrayccoay lflOpMy. 

3HaqeHHH cpel!HHX aMililHTYll cHrHana, npHB8.!l8HHlie B Taelnttue, 

COOTBSTCTBYKlT l!Hana30HY K031fllflHUH8HTOB YCHJISHHH ll8T8KTOpa OT 107 llO 

3. 10 
9 

llJIH HO HOB 
133

cs·
1

• CTOJ!b 60JibIUHe B8JIHqHHli K031fllflHUH8HTa 

ycHJISHHH MoryT 6UTb 06DHCH8Hli BliCOKHM K031fllflHUH8HTOM BTOpHqHo8 

3JI8KTpOHH08 3MHCCHH npH B3aHMO.!l88CTBHH HOHOB C 3HeprHe8 40 K3B C 

MaTepHaJIOM MKIT. nnH OUSHKH B8JIHqHHli K03~~HUHeHTa BTOpHqHo8 

3Jl8KTpOHH08 3MHCCHH 6UJIH H3MepeHU cpellHHe aMilJIHTYllli CHrHaJia llJIH 

3Jl8KTpOHOB C 3HeprHe8 300 3B H HOHOB OCTaToqHoro ra3a C 3HeprHe8 

:::2.2 K3B. B KaqecTBe HCTOqHHKa HCilOJ!b30BaJiaCb HOHH3aUHOHHaH 

BaKyyMHaH JiaMna, pacnonoxeHHaH Ha paCCTOHHHH 1 MOT ll8T8KTOpa. ITpH 

perHcTpaUHH 3Jl8KTpOHOB Ha ll8JIHT8Jlb IlO.!laBaJIOCb IlOJIOXHTSJ!bHOe 

HanpHXSHHe H 3Jl8KTpOHli ycxopHJIHCb B npoMexyTxe M8XllY 3KpaHOM (3) H 

nepao8 MKIT. H3MepeHHH npoBOllHJIHCb npH HanpHXSHHH Ha MKIT 680 B. 

AMilJIHTYllHlie pacnpe.!leJieHHH HMilYJibCOB Kax llJIH 3JI8KTpOHOB C 3HeprHe8 

300 3B, TaK H llJIH HOHOB C 3HeprHe8 2.2 K3B HM8KlT 3KCilOH8HUHaJibHU8 

BH.!l. B xaqeCTBe cpellH88 aMilJIHTYllli CHrHaJia B 3TOM cnyqae 
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npHHHMaJIOCb cpel!Hee 3HaqeHH8 ll~H COOTB8TCTBYKlIUe8 

3KCilOH8HTU.0THOW8HHe cpel!HHX aMilJIHTYll CHrHaJia ,llJIH HOHOB C 3HeprHe8 

40 K3B H 3JI8KTpOHOB paBHO SE 4, llJIH HOHOB C 3HeprHe8 40 K3B H HOHOB 

C 3Heprtte8 2. 2 K3B 3TO OTHOWSHHe cocTaBJIHeT SE 20. ECJIH 

npel!IlOJIOXHTb, qTo K031fllflHUH8HT BTOpHqHo8 3JI8KTpOHH08 3MHCCHH llJIH 

HOHOB C 3HeprHe8 2.2 K3B V = +, TO llJIH 3JI8KTpOHOB C 3HeprHe8 

300 3B v=4,qTo cornacyeTCH co 3HaqeHHeM, npHB8ll8HHliM B pa6oTe /6/. 

TaKHM o6pa30M, K031fllflHUH8HT BTOpHqHo8 3JI8KTpOHH08 3MHCCHH llJIH HOHOB 

c 3HeprHe8 40 K3B, B3aHMO.!l88CTBYKlIUHX c. IlOBepxHOCTbKl MKIT, paBeH V SE 

:::20. 60J!bWHM K031flcflHUH8HTOM BTOpHqH08 3JI8KTpOHH08 3MHCCHH MOXHO 

06DHCHHTb xax KBa3Hrayccoay cpopMy aMilJIHTYllHOro pacnpe.!leJieHHH 

HMilYJibCOB B JIHH88HOM peXHMe pa60Tli MKIT, Tax H 3HaqHT8JlbHUe 

K031fllflHUHeHTli ycHJISHHH, npHB8.!l8HHUe B Ta6nm-1e. K031flcflHUH8HTli 

ycHJieHHH, HOpMHpOBaHHUe Ha K031flcflHUH8HT BTOpHqHo8 3JI8KTpOHH08 

3MHCCHH v=20, cornacyKlTCH co 3HaqeHHHMH, THnHqHUMH llJIH cepH8HUX 

MKIT. 

B llHana30He 3HeprH8 20-40 K3B 6una Taxxe H3MepeHa 3aBHCHMOCTb 

cpel!H88 aMilJIHTYllli CHrHaJia C MKIT B peXHMe COH OT 3HeprHH 

HaJieTaKlIUero HOHa. B yxa3aHHOM llHana30He 3Ta 3aBHCHMOCTb HBJIHSTCH 

npaKTHqecxH JIHHe8H08 H K031flcflHUH8HTli YCHJISHHH llJIH 3HeprH8 20, 30 H 

40 K3B OTHOCHTCH COOTB8TCTB8HHO xax 1 :1.3:1.6 npH HanpHXSHHH Ha 

OTll8JlbH08 MKIT 680 B. 

3aBHCHMOCTb cpel!H88 aMilJIHTYllli CHrHaJia C MKIT OT Maccu 

HaJieTaKlIUero HOHa B npe.!leJiax norpewHOCTH ±5% OTCYTCTBOBaJia, qTo 

cornacyeTCH C pe3yJibTaTaMH, nonyqeHHliMH B pa6oTe /1/ llJIH TOKOBoro 

peXHMa pa60Tli ll8T8KTOpa. H3MepeHHn 6UJIH Ilp0B8ll8Hli Ha nyqxax 

39K+l 1 
85

•
87Rb+l 1 

133cs·1 H 181Ta +I C 3HeprHe8 40 K3B • BMSCTe C TeM 

HHTepeCHO OTMSTHTb, qTo cpel!HHH aMilJIHTYlla CHrHaJia C MKIT llJIH 

HHTpaTOB H IlOJIHKap6Hll0B w, Rb H Cs c 3HeprHe8 40 K3B B 1.4 pa3a 

BUWe, qeM llJIH aTOMapHUX HOHOB C T08 xe 3HeprHe8 H He 3aBHCHT OT 

Maccu H qffcJia aTOMOB B MOJiexyne. 3TH H3MepeHHH TaKlKe 6UJIH 
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rrpoBeneHU B nHHefiHOM peXHMe pa60TU MKn (HarrpHXeHHe Ha OTnenbHOfi 

MKn COCTaBnHno 680 B) B nHarra30He MoneKynHpHUX Mace OT 97 no 350 

a.e.M. 

Ta6m1ua 

I U(B) I 680 I 755 I 830 I 905 I 980 

I 1cs(40K3B) I 1.6 I 16 I 64 I 160 I 480 
A 

I ( rrK) I a:-qacT. I 3.2 I 32 I 112 I 320 I 640 

l<I>oH MKn 135% 11-10-
3 

11-10-
3 

12-10-
3 12-10-3 13·10-3 

(CM-2 ·c-l) 160% 13·10-3 14·10-3 19· 10-3 I 0.1 I 0.2 

M/A(%) I 93 I 63 I 66 I 64 I 69 

-1 
frrpen<c > I 2-104 I a-10 3 I 3•103 i 10

3 

TaKHM o6pa30M, B pa6oTe H3yl!eHU xapaKTepHCTHKH neTeKTOpa Ha 

OCHOBe MKn, pa6oTa~mero B peXHMe COH. nnH HOHOB c 3HeprHe8 40 K3B 

K03cflcflHUHeHT ycHneHHH COCTaBnHeT 10 7 rrpH HarrpHXeHHH Ha rrnaCTHHe 

680 B (nHHefiHUfi peXHM pa60TU neTeKTOpa) H nocTHraeT 3 • 10 9 rrpH 

HarrpHxeHHH Ha rrnacTHHe 980 B BcnencTBHe 6onhwon BenHl!HHU (v=20) 

K03cpcflHUHeHTa BTOpHl!HOfi 3neKTpOHH08 3MHCCHH. <l>OH MKn B nHHefiHOM 

pexHMe pa60TU (680 B) COCTaBnHeT OT 1 HMrrynbca 3a 100 c rrpH 35% 

3cpcpeKTHBHOCTH perHCTpaUHH (rropor perHCTpaUHH ycTaHaBnHBaeTCH B 

MaKCHMyMe KBa3HrayccoBa KOMITOHeHTa aMrrnHTynHoro pacrrpeneneHHH) no 

1 HMrrynbca 3a 30 C rrpH 3cflcfleKTHBHOCTH perHCTpaUHH 60% • npenenbHaH 

3arpy3Ka MKn B peXHMe COH orrpenenHeTCH HarrpHXeHHeM, rronaBaeMUM Ha 

nenHTenb, H COCTaBnHeT 10 4 

680 B. 

ABTOpU 6naronapHu 

~ ~ 
C ·CM rrpH HarrpHXeHHH Ha rrnaCTHHe 

aKaneMHKY r.H.<I>nepoBy H n-py 

r.M.Tep-AKOilbHHY 3a HHTepec K pa6oTe H rrone3HUe o6cyxneHHH. 
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Bor,a:aHOB ,U.,U. H ,a:p. P13-90,356 
HH3KOq:>OHOBbIH ,a:eTeKTOp ,a:mI Macc-cneKTpOMeTpa 

lfaMepeHhl xapaKTepHCTHKH ,a:eTeKTOpa AJIH perHCTpar.um 
HH3K03HepreTHqHblX HOHOB, H3rOTOBJieHHOro Ha OCHOBe llleapoH
HOH c6opKH H3 ABYX MHKpOKaHaJibHbIX nnacTHH. l13MepeHHH 
npoae,a:eHhl B pe'.lKHMe cqeTa OTAeJihHblX HOHOB. IloKa3aHO, qTO 
BbICOKHH K03q:>q:>m..J,HeHT ycHJieHHH MKn AJIH HOHOB C 3HeprHeH 
,a:eCHTKH K3B CBH3aH C 6oJiblllHM 3HaqeHHeM K03q:>q:>m..J,HeHTa BTO
PH~OH 3JieKTPOHHOH 3MHCCHH. 

Pa6orn BhmonHeHa B Jia6opaTopHH H,a:epHhIX peaKI.J,HH Ol1Hl1. 

IlpenpHHT 06'be.ll,HHeHHOJ:"0 HHCmTyra 11nepm,1x HCCJieAOBaHHH. ,lly6Ha 1990 

Ilepeaon aaTopoa 

Bogdanov D.D. et al. P13-90-356 
Low. Background Detector for a Mass-~pectrometer 

The parameters of low energy ion detector designed as tandem 
type microchannel plates (MCP) are measured. The measurements 
were performed in the mode of the single ions count. It is shown 
that a high amplification coefficient of MCP for the ions with energy 
tens keV is connected with a high magnitude of the secondary 
electron emission coefficient. 

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