


AaHHa~ pa6oTa no coaAaHH~ CHcTeM AHarHOCTHKH HMnynbcH~x no
TOKOB aTOMOB H HCCneAOBaHH~ HeHTpanbHOH KOMnOHeHT~ naaepHOH 
nnaaM~ npoBeAeHa B paMKax paapa6oTKH naaepHoro HCT04HHKa HTHT
panbH~x 4aCTH~ An~ KonneKTHBHoro ycKOPHTen~ T~men~x HoHos 1 1 

nony4eHHble peaynbTaTbl Heo6XOAHMbl An~ nocTpoeHH~ 6onee nonHOH 
'H3H4eCKOH KapTHH~ 'OpMHpOBaHH~ H paaneTa naaepHOH nna3M~ B sa
KYYM, pa3BHTH~ TeXHOnOrHH Han~neHH~ TOHKHX nneHOK/Z/, HHmeK~HH 
aTOMOB B 3neKTpO,H3H4eCKHe YCTaHOBKH/ 3/, npoBeAeHH~ ra30AHHaMH-
4eCKHX HCCneAOBaHHH/ 4/ H T.A. 

WHpoKo HasecTHo, 4TO naaepHa~ nnaaMa /nn/ ~sn~eTc~ Mo~H~M 
HCT04HHKOM 4aCTH~ BCeX BHAOB, B TOM 4HCne H HeHTpanbH~X. 0AHaKO 
WHPOKOMY npHMeHeHH~ nn KaK HCT04HHKa nOTOKOB aTOMOB MewaeT He
AOCTaT04HOe, KaK noKa3~BaeT aHanH3 ny6nHKa~HH no AaHHOH TeMaTH
Ke/4-9/, 3HaHHe xapaKTepHCTHK ee HeHTpanbHOH KOMnoHeHT~. 8~3Ba
HO 3TO B OCHOBHOM TPYAHOCTRMH AHarHOCTHKH HeHTpanbH~X 4aCTH~ 
C 3HeprH~MH B AHana30He OT HeCKOnbKHX AO COTeH 3neKTpoH-BOnbT. 

METOA~ PErHCTPAUHH HE~TPAnbH~X 4ACTHU 

HasecTH~e cnoco6~ HccneAOBaHH~ noToKoB aTOMOB MomHo paa6HTb 
Ha 3 ycnoBH~e rpynn~: 

1 • HccneAOBaHHe npo~eccos norno~eHHR H Hany4eHHR HeRTpanbH~
MH 4aCTH~aMH 3neKTPOMarHHTHOro H3ny4eHHR. 

2. HccneAoBaHHe npo~eccos, npoxoAR~Hx npH saaHMOAeRcTBHH 
aTOMOB C nosepXHOCT~MH TBepA~X Ten. 

3. 30HAHPOBaHHe nOTOKOB aTOMOB ny4KaMH 4aCTH~i HCCneAYDTCR 
nHfiO H3MeHeHHR napaMeTpOB 30HAHPY~~HX ny4KOB, nH60 HOHbl, o6pa-
3y~~HeCR npH 1106AHpKe11 aTOMOB. 

K nepsoH rpynne OTHoc~TcR TaKHe xopowo paapa6oTaHH~e Mero
A~/Jo~KaK peaoHaHcHa~ 'n~opec~eH~HR, aTOMHo-a6cop6~HOHHaR cneKT
pocKonH~ H AP· B~coKa~ 4YBCTBHTenbHOCTb 3THx MeTOAOB, soaMow
HOCTb no CABHry 4aCTOT~ onpeAen~Tb CKOPOCTH HCCneAyeM~X 4aCTH~ 
H OCOfieHHO Man~e B03My~eHHR, BHOCHM~e B AeTeKTHpyeM~e nOTOKH, 
Cnoco6CTBY~T WHPOKOMY HX npHMeHeHHD. 06naCTb HCnOnb30BaHHR 3THX 
MeTOAOB onpeAen~eTCR 4YBCTBHTenbHOCTb~ HMe~~HXCR AeTeKTOPOB 
ynbTpa,HoneTOBOrO H3ny4eHH~ H HHTeHCHBHOCTb~ B036Y~Aa~~HX aTOMbl 
nOTOKOB 4aCTH~. 

CpeAH MeTOAOB BTopoA rpynn~ - onpeAeneHHe xapaKTepHCTHK noTo
KOB HeHTpanbH~X aTOMOB no npo~eccaM HCnycKaHH~ CBeTa npH 6oM-
6apAHPOBKe 4aCTH~aMH C~HHTHnnRTOpos/10/, no B~3~BaeMOA HMH BTO
pH4HOH 3neKTpOHHOH 3MHCCHH/II/. HaH6onee 3''eKTHBH~ 3TH MeTOA~ 
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npH HeeneAOBaHHH aToMOB 6onbWHX 3HeprH~ /~1 K3B/. HaaeeTH~ npo
~eee~ HOHH3a~HH aTOMOB Ha noaepXHOeTH HeKOTOp~X TBepA~X Ten/l 2/, 

OAHaKO paapa60TKe MeTOAOB, OeHOBaHH~X Ha noaepXHOeTHO~ HOHH3a
~HH, MewaeT HeAOeTaT04HOe 3HaHHe ee ee4eHH~ H 3Ha4HTenbHaR aa
BHeHMOeTb HOHH3a~HH OT eoeTORHHR noaepXHOeTH. B/S/ npeAnO*eHa 
MeTOAHKa, no3BOnR~~aH onpeAenHTb eKOpOeTH~e xapaKTepHeTHKH H a6-
eon~TH~e 3Ha4eHHH KOH~eHTpa~H~ aTOMOB no TOn~HHe Han~nReM~X 
Ha nepeMe~a~~y~eH noAnO*KY nneHoK; B 3TOM eny4ae, OAHaKo, Heo6-
XOAHM eTporH~ y4eT peHenapeHH~x H oTpa*eHH~x noToKoB. Cepbea
H~MH HeAOeTaTKaMH MeTOAHKH/S~BnH~TCH HeonepaTHBHOeTb, HH3KaR 
4YBeTBHTenbHOeTb H fionbWHe BenH4HH~ OWHfiOK B onpeAeneHHH eKo
poeTH~X XapaKTepHeTHK. 

HaH6onee 4aeTo npHMeHH~TeH MeTOAbl TpeTbe~ rpynn~. ~oeTaT04HO 
nonH~~ HX o6aop npeAeTaaneH a pa6oTe 113:HaH6onee npoeT~MH B Tex
HH4eeKOM nnaHe npeAeTaBnH~TeH MeTOA~, OeHOBaHH~e Ha 4aeTH4HOM 
npeo6pa30BaHHH aTOMH~X nOTOKOB B HOHH~e e noeneAy~HM HX AeTeK
THPOBaHHeM. 

HaaeeTH~ eneAy~He npo~eee~ HOHH3a~HH He~TpanbH~X 4aeTH~: 

- HOHH3a~HH 3neKTPOHHbiM YAapoM A + e- -+ A+ + 2e-; 
- HOHH3a~HH HOHH~M YAapoM A+B+ -+ A+ + B+ + e-; 
- HOHH3a~HH npH eTonKHoBeHHH e aTOMOM A + B -+ A+ + B + e-; 
- nepeaapHAKa A + B+ -+ A+ + B; 
- peaoHaHeHaH nepeaapHAKa A++ A-+ A+ A+. 
Ha nepe4HeneHH~x npo~eeeoa HaH6onbWHMH ee4eHHHMH B o6naeTH 

3HeprH~ /0~500/ 3B ofinaAa~T pe30HaHeHaH nepeaapHAKa H HOHH3a~HH 
3neKTPOHH~M YAapoMI 13~Ha pHe.1 npeAeTaaneH~ ee4eHHH npo~eeeoa 
peaoHaHeHO~ nepeaapHAKH npoTOHa Ha aTOMe BOAOPOAa /1/ H HOHH3a
~HH aTOMa BOAOPOAa 3neKTPOHH~M YAaPOM /2/. 

PHc.l. CeqeHHfl npo~eccoB pego

HaHCHOH rrepe3aPflAKH IIPOTOHa Ha 
a ToMe aogopoga I I I H HO.HH3a~HH 
aTOMa BOgopoga ::!JleKTpOHHblM yga

pOM 121. 

3KCnEP~1MEHTAJlbHMl YCTAHOBKA H METO~HK~1 HCCJlE~OBAHHtl 

npHH~Hn pafioT~ OnHe~aaeMO~ eHeTeM~ AHarHOeTHKH HMnynbeH~X 
nOTOKOB aTOMOB oeHOBaH Ha Henonb30BaHHH naaepHO~ nna3M~ KaK 
HeT04HHKa 4aeTH~, HOHH3HPY~HX 4aeTb HeeneAyeM~X aTOMOB, e ~enb~ 

noeneAY~~ero aHanH3a o6pa3y~HXeH HOHOB /pHe.2/. AHanH3 HOHOB 
no MaeeaM H eKOpOeTHM BeAeTeH Ha oeHOBe BpeMHnponeTHO~ MeTOAH
KH H MeTOAa 3aAeP*HBa~~ero nOTeH~Hana, AeTeKTOPOM RBnRneH BTO
pH4H~~ 3DeKTpOHH~H YMHO*HTenb. npo~eee BOeeTaHOBneHHH XapaKTe-
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PHc.2. ITpHH~HnHaiThHafl cxeMa 
HCCnegoBaHHfl IIOTOKOB aTOMOB. 

PHC. 3. Jla3epHbiH HCTO'lHHK IIOTo- ~ 
KOB aTOMOB. 
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pHeTHK nOTOKOB aTOMOB no eHrHanaM AeTeKTHpyeM~X HOHOB 6yAeT 
onHeaH HH*e. ~nHHa apeMRnponeTHoro TpaKTa - 130 eM; AnR aHa
nHaa MeTOAOM aaAeP*HBa~ero noTeH~Hana nepeA AeTeKTopoM yeTa
HaBnHaanaeb eHeTeMa H3 ABYX eeTOK. 3KenepHMeHTbl npOBOAHm1eb 
e Henonb30BaHHeM ABYX aapHaHTOB 3KenepHMeHTanbHOH yeTaHoBKH: 
B 113neKTpOHHOM11 AnH HOHH3a~HH HeeneAyeMbiX aTOMOB npHMeHReTCH 
3neKTpOHHaH KOMnOHeHTa naaepHOH nna3Mbl; B 11 HOHHOM11 BapHaHTe 
ADH To~ *e ~enH HenonbayeTeH npo~ecc peaoHaHcHo~ nepeaapHAKH 
aTOMOB Ha HOHaX naaepHOH nna3M~. npH He06XOAHMOCTH B pa3H~e 
T04Kvt VCTdHOBKa...t nOMP.III.:ln&Arh 1-lR.:a!"II_PR'-'IP .n . .:lTULAk"IA M::llrr~l L.l::.nLint:lW~0.-A 

nneHKH. Kaap~ea~e AaT4HKH noaaonHnH nony4aTb o~eHKH a6con~TH~x 
XapaKTepHeT~K nOTOKOB aTOMOB ,o~eHHBaTb npo~eHTHOe COOTHOWeHHe 
3aPH*eHH~X H He~TpanbH~X 4aCTH~ B naaepHOH nna3Me. 

06beKTOM HeeneAOBaHH~ B HaWeM eny4ae CnY*HDH nOTOKH aTOMOB 
na3epHO~ nna3M~, o6pa30BaHHO~ npH B3aHMOAeHCTBHH MO~Horo H3ny-
4eHHH e MHWeHb~. 4aCTb 3KenepHMeHTaDbHOH ycTaHOBKH, npeAHa3Ha-
4eHHaH ADH nony4eHHR H B~AeneHHH nOTOKOB aTOMOB, npeACTaBneHa 
Ha pHe.3. Hany4eHHe naaepa 1 /JlTHn4-8, YAG:Nd 3+, ADHHa sonHbl 
A= 1,06 MKM, 3HeprHH E a HMnynbee AO ~0,06 A*, ADHTenbHOCTb 
tH ~ 10 He/, oena6neHHOe Ha6opoM $HnbTpOB 2 H e$OKyCHpOBaHHOe 
nHH30~ 3, B03Ae~eTBOBano Ha noaepXHOCTb TBePAOTenbHOH CMeHHOH 
MHWeHH 4. 06paaoaaawaHeH npH 3TOM naaepHaH nna3Ma pa3neTanacb 
B BaKyyM. noTeH~Han~ Ha 3KCnaHAepe 5 H Ha6ope AHa$parM 6 CQ-
3AaBanH 3neKTPH4eeKHe nonH, B KOTOp~X AnH yMeHbWeHHR $OHa Ha 
AeTeKTope H noa~weHHR HaAe*HOCTH MeTOAHK H3 noTOKOB YAanHnHcb 
3apH*eHH~e 4aeTH~~. 

AnH HOHH3a~HH aToMoB a 113neKTPOHHoM" aapHaHTe cHcTeMbl Hcnonb
aosanHeb 3neKTPOH~ na3epHoro HCT04HHKa, AHanorH4H~H HCT04HHK 
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PHc.4. HoHHsaTop "::~neKTpoH

Horo" sapHaHTa CHCTeMhJ 
~HarHOCTHKH. 

onHCaH a/14~HOHH3aTOp COCTORn 

H3 Hafiopa CeTOK 1-4, 3KpaHHPOBaH
HOrO npOBOAR~eH Tpy60H 5/pHc.4/. 
Hany4eHHe naaepa 6 /H3-25, 
YAG:Nd3+, A= 1,06 MKM, 
E,Q, 06 A>K, tw "' 1 0 He/ (jloKycHpo
sanocb nHH30H 7 Ha nosepxHOCTb 
BOnb(jlpaMOBOH MHWeHH 8. nnoTHOCTb 
noTOKa H3ny4eHHR Ha MHWeHb AO
CTHrana 1· 10 9 BT"CM-~: 06paaosas
waRCR nn pacnpOCTpaHRnacb H3 
3KcnaHAepa 9. Ee xapaKTepHCTHKH 
MornH MeHRTbCR npH nOMO~H 3neKT-
pH4eCKOrO nonR, C03AaBaeMoro 
Me>KAY 3KCnaHAepOM H AHa(jlparMOH 
10. B npocTpaHcTse Me>KAY ceTKa
MH 1 H 2 3neKTpOH~ B~TRrHsanHCb 
H3 nn H HanpaBnRnHCb 8 ofinaCTb 
HOHH3a~HH Me>KAY CeTKaMH 2 H 3, 
rAe OHH B3aHMOAeHCTBOBanH C HC
~neAyeM~MH aToMaMH. 06paaosas
wHecR 8 HOHH3aTOpe HOH~ YCKOpR
nHCb Me>KAY ceTKaMH 3 H 4 H 8 
AanbHeHweM aHanH3HposanHcb. 
06bi4HO ceTKH 1 "" 4 aaaeMneHbl, ceT-

.... ~ 

1'\.f'l '- rr J naAU""'l'IJin\...D IIVIJ. U.t-\VlHdi'\U-

8biM noTeH~HanoM /+ 1 00 +500/ B. 
CHCTeMa CHHXPOHH3a~HH pa6oT~ ABYX naaepos, HCnOnbayeM~X 8 yc

TaHOBKe, n03BOnRna MeHRTb MOMeHT B3aHMOAeHCTBHR 3neKTPOHOB C aTo
MaMH, 4TO AaBano B03MOlKHOCTb HccneAOBaTb nOTOKH HeHTpanbH~X 
4aCTH~ 80 BCeM HX 3HepreTH4eCKOM AHana30He. 

o. MeTOAHKa BOCCTaHOBneHHR 
3HepreTH4eCKHX XapaKTepHCTHK aTOMOB 

B XOAe 3KcnepHMeHTa npH onpeAeneHHOH aaAeP>KKe Me>KAY aanycKa
MH naaepos AeTeKTHposancR KaK TOK I+ c aHOAa BTOPH4Horo 3neKT
poHHoro YMHOlKHTenR I, TaK H TOK 3neKTpOHOB C ceTKH C, orpaHH4H
Ba~~eH o6nacTb HOHH3a~HH /eM. pHc.S/. Y4aCTKH 3HepreTH4eCKHX 
pacnpeAeneHHH; nony4eHH~e npH paanH4H~x aaAeP>KKax, 11cwHsanHc b 11

• 

npH 06pa60TKe peaynbTaTOB npeAnOnaranOCb, 4TO: 
1/ npoMe>KyTOK AC aTOM~ c onpeAeneHHOH 3HeprHeH nponeTa~T 

C noCTORHHOH CKOpOCTb~ v
0

, npH4eM E=mv~/2, rAe m- Macca aHa
IlH3HpyeM~X aTOMOB. AeHCTBHTenbHO, H3BeCTHo/l5/, 4TO (jlopMHposaHHe 
xapaKTepHCTHK pa3JleTa~~eHCR nna3M~ 3aKaH4HBaeTCR Ha paCCTORHHRX 
f - 10-2 CM OT MHWeHH; Ha AailbHeHWeM y4aCTKe paaneTa 4aCTH~~ 
ABH>KYTCR c nocTORHHOH cKopocTb~. Ha ycTaHOBKe paccTORHHe AC 
MHoro 6onbwe f ; 
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PHC. 5. IlponeTHhlH DYTb a TOMOB A BC DE FGH 
H HOHOB B 11 :3J1eKTpOHHOM11 sapHaHTe: 
A - MecTo o6pa::~osaHHH aToMos, B -
nepsaH ceTKa, C - o6nacTb HOHH::Ja
~HH, DE - ycKOPHID~H npoMe~yToK, 

EF - sper~HnponeTHhlli nyTb, FG -
3a~ep~saiD~H npoMe>KyToK, H -
~HHO~hl B3Y, I - aHo~ B3Y. 

' ' 
I I 
I 

I 
I I I 
I I 

I L 
I ' 

I 
I I I I I I ' I I I 

' I I I 

' ' I I I I I 
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2/ HOHH3a~HR aTOMOB npOHCXOAHT 8 ofinaCTH,KOTOpy~ MOlKHO an
npOKCHMHPOBaTb ~HnHHAPOM C nno~aAbi'J OCHOBaHHR S H AilHHOH L, npH-
4eM nilOTHOCTb HOHH3Hpy~~HX 3neKTpOHOB fie 8 3TOH ofinaCTH nOCTORH
Ha; aa speMR nponeTa aToMos (n0 ) c onpeAeneHHOH 3HeprHeH 4epea 
o6nacTb HOHH3a~HH BeilH4HHbl .1.ne /ne , .1.n 0 /n 0 << 1; 

3/ 3HeprHR 3JleKTpOHOB nonHOCTb~ onpeAenReTCR noTeH~HanOM CeT
KH C, TOrAa Ce4eHHe HOHH3a~HH Uei npHMepHO noCTORHHO AnR aTOMOB 
C 3HeprHRMH B AHanaaoHe AO 500 38; 

4/ nOCKOnbKy AOnR nepeAaHHOH RAPY 3HeprHH npH CTOilKHOBeHHH 
3JleKTpOHOB C aTOMaMH nOPRAKa OTHOWeHHR Mace 3JleKTPOHa H aTOMa, 
To npoMe>KyToK CD nocne HOHH3a~HH 4aCTH~~ nponeTa~T c TOH >Ke 
CKOPOCTb~, 4TO H AC; 

5/ AnHHa ycKopR~~ero npoMe>KyTKa DE MHoro MeHbWe CE, FG MHoro 
MeHbwe EG, npoMe>KyToK Me>KAY ceTKOH G H aHOAOM cHa4ana HOH~, aa
TeM BTOPH4H~e 3neKTPOH~ nponeTa~T CO CKOPOCTb~, KOTOpaR HaMHOrO 
h,-,nLIIIO ,..,_,,-,"""'_,.."T'I-" " ......................... .. ,... ............. ., .. , ........... ' . - --.- _ .. _ ·-...... "DE,FG,GI 
Hefipe>KHMO Man~; 

6/ K03(jl(j)H~HeHT ycHneHHR BTOpH4H0-3neKTPOHHOrO YMHOlKHTenR /BJY/ 
H K03<ll¢H~HeHT noTepb HOHOB 8 npoMe>KyTKe CG He 3aBHCRT OT 3Hep
rHH HOHOB. TorAa RCHO, 4TO TOK C aHOAa B3Y I CBR3aH c TOKOM HO-

+ 
HOB H3 o6nacTH HOHHaa~HH I+D cneAY!OiqHM o6paaoM: I+ (t + t 01 ) = 
= k1 I+D(t), rAe tm - speMR nponeTa HOHOB oT T04KH D AO aHoAa I, 
k 1 He 3aBHCHT OT apeMeHH H 3HeprHH HOHOB. 

HasecTHO, 4TO TOK o6pa3y!OiqHXCR HOHOB MO>KHO CBR3aTb C TOKOM 
aToMos a o6nacTH HOHH3a~HH: I+ 0 (t+tcn)=k2 I 0 c(t)ne(t)oei • 
= k

2
I0 e(t)ne(t). TaK KaK ne(t)=k3 ol_(t)/Svee=k4 I_(t), rAe k3 

3aBHCHT OT reoMeTpHH CHCTeM~, TO 10 c(t) = k • l+(t+ tCI )/I_(t),. 
tel MO>KHO B~pa3HTb 4epe3 t, TaK KaK B MOMeHT apeMeHH t B T~-

2 I J m LAc m Leo 
Ke c 3HeprHR aToMos E 0 = 27-.a tc1 =ten+ tEl. ten= 2T, 
tEL= jm L

2
EI ,rAe u

0
E- ycKOPRJOU4ee HOHbl HanpRIKeHHe Me>KAY D 

2 (Eo+UnE) 
H E. 

KpoMe yaepeHHO AeTeKTHpyeMbiX HOHOB, nORBHBWHXC~ npH HOHH3a~HH 
4aCTH HCCneAyeMbiX aTOMOB, HaMH Ha6n~AanHCb CHrHan~ HOHH30BaHHO
ro 3neKTPOHaMH ocTaT04Horo raaa IAasneHHe a cHcTeMe -
p~1· 10-6 Top/. C OAHOH cTopoH~, 3TO Aasano B03MOIKHOCTb nyTeM 

5 



HanycKa e eaKyyMHY~ KaMepy onpeAeneHHoro ra3a /o6~4HO KceHoHa/ 
npoeoA~Tb Kan~6poeKy no MaccaM epeMHnponeTHoro aHan~3aTopa; 

C APYrO~ - ¢OH ~OHOB OCTaT04HOro ra3a 3aTPYAHHn aHan~3 aTOMOB 
c H~3K~M~ 3Hepr~HM~ /~ 20 38/ . .QnH yeen~4eH~H HaAe>KHOCT~ AeTeK
T~poBaH~H aTOMOB H~3K~X 3Hepr~~ 6bln C03AaH BTOpO~ / 11~0HHbl~ 11/ 
Bap~aHT YCTaHOBK~. 

B. 11 11oHHb1~ 11 eap~aHT cHcTeMbl 

B 11 ~0HHOM11 eap~aHTe no cpaeHeH~~ c "3neKTPOHHbiM 11 ~3MeHeH 
HOHH3aTop. Ha p~c.6 npeAcTaeneHa cxeMa ~oH~3aTopa . .QnH 4acT~4-
Horo npeo6pa30BaH~H ~ccneAyeMbiX aTOMHbiX nOTOKOB B ~OHHble HC
nonb3yeTCH npo4ecc pe3oHaHcHo~ nepe3apHAK~. nocKonbKY 3TOT npo-
4ecc HBnHeTCH ynpyr~M ~ B C~CTeMe OTCyTCTBY~T nonH, ~CKama~~~e 
3HepreT~4eCK~e XapaKTep~CT~K~ 06pa3y~~~XCH ~OHOB, TO np04eAypa 
BOCCTaHOBneH~H napaMeTpOB nOTOKOB aTOMOB no ~OHHbiM C~rHanaM 
ynp~aeTcH. BblcoK~e 3Ha4eH~H /no cpaeHeH~~ c ce4eH~eM npo4ecca 
~oH~3a4~~ 3neKTPOHHbiM YAapoM/ ce4eH~H noeblwa~T 4YBCTB~TenbHOCTb 
c~cTeMbl 6onee 4eM Ha nopHAOK. 

1 

PHc.6. HoHH3aTop 11 HOHHoro" 

HoHbl, Ha KOTOPbiX npo~CXOA~T 
pe3oHaHcHaH nepe3aPHAKa ~ccne
AYeMbiX aTOMOB, BXOAHT B COCTaB 
nn, o6pa3y~e~CH np~ B03Ae~CTBHH 
na3epHoro H3ny4eH~H 1 /113-25/, 
rmn~vr~nnR~~~nrn n~~~nU ? ~~ 

noeepXHOCTb M~WeH~ 3. nepe3apHA
Ka BeAeTCH B KaMepe ~OH~3aTopa 4. 
Cy~ecTeeHHbiM HBnHeTcH To, 4TO 
B COCTaB M~WeH~ 3 BXOAHT aTOM~ 
~ccneAyeMoro 3neMeHTa /e cocTaB 
nn - ~OHbl ~CCneAyeMoro 3neMeHTa/. 

11cnonb30BaH~e npo4ecca pe3o
HaHcHo~ nepe3aPHAK~ oco6eHHo 
npaeoMepHo np~ aHan~3e aTOMOB 
HH3K~x 3Hepr~~. CneAyeT ocTaHo
B~TbCH Ha np04eAype BOCCTaHoene
H~H 3HepreT~4eCK~X cneKTPOB aTo-
MOB. 

CTHKH. 
npeAnonom~M, 4TO TOK ~OHH3~

py~~~X 4acT~4 e o6nacT~ ~OH~3a-
4~~ ~MeeT An~TenbHOCTb ~t. a ero 

nnOTHOCTb He 3aBHCHT OT paCCTOHH~H AO T04K~ B. nycTb np~ onpeAe
neHHO~ 3aAeP>KKe MemAY 3anycKaM~ na3epoe ~OHbl e o6nacTb ~oH~3a-
4~~ nonaAa~T 4epe3 epeMH t 0 nocne o6paaoeaH~H aHanH3HpyeMbiX 
noTOKOB aTOMOB. TorAa 4Hcno ~oHoe, o6pa3oeaewHxcH ~3 aToMoB 

m A
2 

m B2 
c 3Hepr~HM~ --< E < ""1'1" np~ H3MeHeH~~ t0 MomeT 

2 (t~)2 -.:. (t<>+~t)2. 
6 

) 

) 

TonbKO yMeHbWaTbCH I A - paccTOHH~e 'oT T04K~ o6pa3oBaH~H ~ccne
AYeMbiX nOTOKOB AO BXOAHOrO OTBepCTHH ~OH~3aTopa, B- AO BbiXOA
HOrO OTeepCT~H ~OH~3aTopa/. ,Qe~CTB~TenbHO, yKa3aHHble aTOMbl 3a 
epeMH nponeTa 4epe3 ~oH~3aTop e3a~MOAe~cTeoean~ co eceM noToKOM 
~oH~3~PY~~~x 4acT~4. ~. 3Ha4~T, Kon~4ecTeo o6pa3oeaew~xcH ~3 

H~x ~oHoe MaKC~ManbHO. TorAa e~6op MaKc~ManbHbiX 3Ha4eH~~ ~3 
Ha6opa ~oHHbiX c~rHanoe, nony4eHHbiX npH pa3n~4Hb1X 3aAepmKax (~) 
AnH aTOMOB c onpeAeneHH~M epeMeHeM nponeTa AO AeTeKTopa, 3Ke~
eaneHTeH Bbl6opy aTOMOB, B3a~MOAeHCTBOBaBW~X npaKT~4eCK~ CO BCeM 
nOTOKOM ~OH~3~py~~~X 4aCT~4 /ecn~ npeHe6pe4b 3aBHC~MOCTb~ Ce4e
H~H pe30HaHCHO~ nepe3aPHAKH OT 3Hepr~~/. ,Qo 3Hepr~~, KOTOpble 

MeHbwe Kp~T~4ecKo~ (E = m (A- B)
2 

), 11cw~eaH~e11 MaKC~ManbHbiX 3Ha-
2 (~ t)2 

4eH~~ npHBOAHT K nony4eH~~ HeHcKameHHoro 3HepreT~4eCKoro pacnpe-
AeneHHH aTOMOB e ~ccneAyeMOM noTOKe. 

AnHTenbHOCTb ~OHHoro noTOKa B ~OH~3~PY~~e~ nn nerKO onpeAe
nHeTCH B peaynbTaTe KOnneKTOpHbiX H3MepeH~~, An~Ha o6naCT~ ~OH~-
3a4~~ ~3BeCTHa /10 CM/, no3TOMY MOmHO B KamAOM KOHKpeTHOM cny-
4ae onpeAen~Tb Kp~T~4eCKY~ 3Hepr~~, BbiWe KOTOpO~ HymHO BBOA~Tb 
nonpaeo4Hble K03¢¢~4~eHTbl. 

OTHOC~TenbHaH norpewHoCTb ~3MepeH~H 3Hepr~~ np~ Hcnonbaoea
HH~ ecex onHcaHHbiX BbiWe MeTOA~K onpeAenHnacb ow~6Ko~ ~3MepeH~H 
BpeMeH~ nponeTa H COCTaBnHna npHMepHO 10%. norpeWHOCTb ~3Mepe
H~H TOKa aTOMOB B 11 3neKTpOHH0~ 11 MeTOA~Ke onpeAenHnaCb CTaT~CT~-
4eCK~M pa36pocoM 3Ha4eH~~ I ~ I ~ cocTaenHna oKono 10%. 
R IIIAf"\UU,....,~II t.AOTf"\M'"'-'n ""h"""" ... ~-r,..,.. .... ;::r-,....,.....,,,,,...,.....,., ,....,...,,.,...,.,,,,......,.,"',. ...,,,.,,,.... ................. _ 

- --· ··---~····-· ,..,----····-·-·· ··-·.---··--·- -........ _. .......... ~. ----- .. ,... ...... 

4eAYPbl BOCCTaHOBneH~H xapaKTep~CT~K, 4TO yeen~4~BaeT OWH6Ky 8~ 
AO ~20%. 

np~ Bbl4~cneH~~ nnoTHOCT~ noToKa naaepHoro ~any4eH~H q Ha 
M~WeHb ~CT04H~Ka aTOMOB ~CnOnb30Ban~Cb 3Ha4eH~H 3Hepr~~ ~3ny-
4eHHH B ~Mnynbce /3Hepr~H ~3MepHnaCb TBePAOTenbHbiM Kanop~MeTpOM 
11KT-1M, BE= 10%/ ~ ,Qn~TenbHOCT~ ~Mnynbca /Bt" ~ 1%/; o6nacTb~ 
B3a~MOAeHCTB~H ~3ny4eH~H C Be~eCTBOM C4HTanacb o6naCTb 3Ha4~
TenbHO~ 3P03~~ M~weH~, Bd = 20%. TaK~M o6pa3oM, norpewHoCTb 
113MepeH~H q COCTaBnHna npi1MepHO 30%. 

r. Keap4eBbiH AaT4HK MaCCbl Han~neHHoro cnoH 

HeKoTopble a6con~THble ~HTerpanbHble xapaKTep~cT~KH noTOKOB 
aToMOB 6bln~ nony4eHbl c noMo~b~ Keap4eeoro AaT4~Ka Maccbl Hanbl
neHHoro cnoH/I6~pa6oTa AaT4~Ka ocHoeaHa Ha 3¢¢eKTe CAB~ra pe-
3oHaHcHo~ 4aCTOTbl nbe303neKTPHKa /KpHCTanna KBap4a/ np~ HaHe
ceH~11 Ha ero noeepxHOCTb TOHKOH nneHKH HanblneHHoro ~aTep~ana. 
B/16/np~eeAeHa ¢opMyna, no KOTOPO~ MOmHO CBH3aTb yXOA pe30HaHc
HOJ:! 4acTOTbl ~f c Maceo~ nneHK~ M: M=~f/f 2 S3 pK6 N, rAe f- pe-
3oHaHcKaH 4acToTa Kp~cTanna /f = 8 11r4/, 8 3 - nno~aAb 3neKTPOAa 
I s3 = 0,4 cM2/' PKB - nnoTHOCTb KBap4a I PKB = 2,66 r· CM-3 I' 
N- 4acToTHaH nocToHHHaH /N = 1670 Kr4·MM/. 
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3HaA paaMep~ H Macey Han~neHHO~ nneHKH, nerKo Ha~TH 4Hcno 
aTOMOB, Han~neHH~x Ha eAHHHLIY nno~J.~aAH: Na = Mlm·ma.e.M.~ .• rAe 
SH - nno~J.~aAb Han~neHHA ISH = 0, 4 cM2 I, m a - aTOMHaA eAHHHI.Ia · .e. M· 
Mace~. 

npH H3MepeHHAX KBapl.leBbiM AaT4HKOM cneAyeT Y4HT~BaTb npOI.IeCC~ 

oTpa>KeHHA aTOMOB oT ero noeepxHoCTH. YcTaHoeneHo II7 I, 4TO onpe
AenAOIJ.IH~ BKnaA B 0611.1ee 4HCnO BTOPH4H~X 4aCTHI.I, o6pa3Y~IJ.IHXCA npH 
B3aHMOAe~CTBHH naaepHO~ nna3Mbl C noBepXHOCTb~ MeT anna, Aa~T 
aToMbl, ynpyro oTpaaHewHecA oT noeepxHocTH. Ko3W~HLIHeHT oTpa>Ke
HHA He npee~waeT 130+101% e AHanaaoHe q 11·10 ~1·10 91 BT·CM-2

• 

AaT4HKH MornH paaM"e~J.~aTbcA e paanH4HbiX T04Kax 3KcnepHMeHTanb
Ho~ ycTaHOBKH. 06~4HO ~HKCHpoeanOCb H3MeHeHHe pe30HaHCHO~ 4ac
TOT~, npOHCXOAA~J.~ee 3a 100-500 cpa6aT~BaHHH na3epa, AaHH~e 3aTeM 
nepeBOAHnHCb Ha OAHO cpafiaTbiBaHHe. 

npH nOMOIJ.IH AaT4HKa OKa3anOCb B03MOlKH~M onpeAen!Hb npOI.IeHTHOe 
COOTHOWeHHe 3apA>KeHH~X H He~TpanbH~X 4aCTH1.1 B nn: 3aPA>KeHH~e 

4acTHI.Ibl YAanAnHCb H3 noTOKOB naaepHo~ nna3Mbl 3JleKTPH4ecKHMH no
nAMH,C03AaHH~MH MelKAY AHa~parMaMH 6lpHc.31,H H3MepAnOCb 4HCnO 
Han~neHH~x Ha KpHCTann aTOMOB. 3aTeM onpeAenAnOcb nonHoe 4Hcno 
Han~neHH~x 4aCTHLI 6ea YAaneHHA aapAAOB H nony4eHH~e 3Ha4eHHA 
cpaBHHeanHcb. Y4HTbleanHCb TaK>Ke peaynbTaT~ KonneKTOPHbiX H3Mepe
HH~ KOnH4eCTBa HOHOB B nOTOKe. YcTaHoeneHO, 4TO npH q B AHana-
30He 15·106 ~5·109 1 BT•CM-2 AnA 1.1enoro PAAa MaTepHanoe MHWeHH 
4Hcno aTOMOB npee~waeT 95% oT o611.1ero 4Hcna 4aCTHI.I. 

norpewHOCTb H3MepeHH~ KBapl.leB~M AaT4HKOM COCTaBnAeT npHMepHO 
15~. 

BbiBOAbl 

npH nOMOIJ.IH OnHCaHHO~ CHCTeM~ AHarHOCTHKH HMnynbCH~X nOTOKOB 
aTOMOB 6~n npoBeAeH I.IHKn HCCneAOBaHH~ HeHTpailbHOH KOMnoHeHT~ 
Jla3epHOH nna3Mbl. 8biABJleHa AOCTaT04HaR 3~eKTHBHOCTb npHMeHeHHR 
C03AaHHOH CHCTeMbl AnA HCCneAOBaHHA nOTOKOB aTOMOB na3epHOH 
nna3Mbl. 3HepreTH4eCKHe pacnpeAeneHHA, nony4eHHble pa3H~MH MeTo
AHKaMH, B npeAeJlaX OWHfiKH 3KCnepHMeHTa COBnaAa~T. 

PHc.7. 3HepreTH~eCKHe pacnpeAe
neHHH aToMOB Al I d = 0, 5 MMI: 
I - q = I· I 0 9 BT· CM- 2 2 - q = 

8 

9 . ' 1,4·10 BT•CM-2 ' 3- Q= 
1 , 6. 1 o9 BT. cM-2. 4 - q = 
2.109 BT·CM-2• 

I. 12 20 28 l6 1.1. 52 GO E(JIII 
5 7 10 12 15 20 V~10 
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30 
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~4 "' 0 §' 2G 
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.... "' 0 ~ 10 Cl 0 
c-. 

20 IJJ 60 8l m 120 140 160 18J Elnl 

57 10 14 ~7 20 v IC'*)•IO ... 
20 IIJ 50 8l 100 120 1.;Q 160 '50 200 E i>OI 

PHc.8. 3HepreTH~eCKHe pacnpe

AeJieHHH aTOMOB Cu I d = 0, 5 MMI: 
I - q = 2,5 ol0 9BToi~M-2, 2 - q = 

3,5 ·109 BT• CM-2 • 3 - q = 

PHc. 9. 3HepreTH~eCKHe pacrrpe·

AeJieHHH aToMOB Pb I d = 0, 5 M~!/: 

5 •I 0 9 BT• CM-2 • 

I - q = 5, 1-I07BT· CM-2, 2 -
q = I • I OS BT. CM - 2 • 3 - q = 

3 ·108 BT· CM-2• -

Ha pHc.7-9 npeAcTaeneHbl 3HepreTH4ecKHe pacnpeAeneHHA aToMoe 
M , Cu , Pb npH paanH4HbiX nnoTHOCTAX noToKa H3ny4eHHA. 

PeaynbTaTbl HCCJleAOBaHH~ n03BOnHnH Ol.leHHTb 3Ha4eHHA KOHI.IeHTpa
I.IH~ aTOMOB, 4TO HeOfiXOAHMO np~ onpeAeneHHH napaMeTpOB naaepHoro 
HCT04HHKa aTOMOB AnA KOnneKTHBHOrO YCKOpHTenA TA>KenbiX HOHOB. Ha 
paCCTOAHHH 10 CM OT MHWeHH H npH q,., 4·108BT•CM-2 KOHI.IeHTpa
I.IHA CBHHI.Ia COCTaBHna Da ~ 4.10 11 cM-3 , nopor 4YBCTBHTenbHOCTH 
__ ....... n ...... n .., 
'"'"'...,.,...,.,.,u, MYIUI IIV\.ol~l"~' V4t;;ni"'ICCI'I:;;I\...n IIU f\.UM4CMIIJd4YIV1 tj IU ..... 7 IU-~M -.., 

no MHHHManbHO~ 3HeprHH - 1 3B. YHHBepcanbHOCTb AaHHbiX MeTOAHK ' 
AaeT B03MOlKHOCTb HCCneAOBaTb HMnynbCHble nOTOKH aTOMOB n~60~ 
npHpOAbl 06pa30BaHHA. PaapafioTaHHble MeTOAHKH ABnA~TCf' HOBbiM 
nepcneKTHBH~M HHCTPYMeHTOM AnA HCCneAOBaHHA noTOKOB He~TpanbHbiX 
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