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OEmAff XAPAKTEPHCTHKA PA60T~ 

AKryonbHOCTb padoTM. HacToHmOH' padOTO BMnonHeHO B POMKOX nporpoMMY 
ffCHAnn-2 (ffCHAnn - HA8PHOH cneKTPOCKOnMH HO ny4Ke npoTOHOB) AadopaTOPMM 
HA8PHMX npodneM OHffH M nocsHmeHO P03BMTM~ M8TOAMKM M3MepeHMM speMeH fflM3-
HM B03dYfflA8HHMX COCTOHHMM HA8P, YAOneHHYx'oT nonocM deTO-CT06MnbHOCTM. 

HccneAOBOHMe TOKMX HA8P CBH3QHO C PHAOM 3KCnepMM8HTQnbHYX TPYAHOC
TeM, TOK KOK 3TH HAPO MM8~T ~anwe C848HMH o6p030BOHMH B HA8PHMX peaKUMHX 
M MOnMe nepMOAM nonypacnOAO. 8 CBH3M C 3TMM OKTyOnbHYM HBnHeTCH P03BMTMe 
3KcnepMM8HTOnbHOM T8XHMKM, B TOM 4MCne cneKTPOM8TPOB HA8PHOro M3ny48HMH, 
padoTo~mMx B nMHMm (oH-nOMH) C MOCC-cenapaTOPOM HO ny4Ke 40CTMU. 

BepOHTHOCTM aneKTPOMOrHMTHMX nepeXOAOB MnM ·BP8M8HO fflM3HM B036yfflA8H
HYX cocTOHHMM HAep HBnH~TCH MCT04HMKOM AeranbHOM MH~OPMOUMM o CTPYKType 
HAPO MC 3TMM CBH30H~ Tpe60BOHM8 K AOCTOB8PHOCTM nony48HHMX pe3ynbTOTOB, 
KOTOPOH cymecTB8HHYM o6p030M 30BMCMT OT o6ecne48HMH KOppeKTHOM o6pa6oTKM 
pe3ynbTOTOB M3MepeHMM BP8M8H fflM3HM B036YfflA8HHYX BOCTOHHMM. 

He MeHee BOfflHYM acneKTOM npM MCcneAOBOHMHX aneKTPOMOrHMTHMX nepexo
AOB HBnHeTCH 3HOHM8 a~nMPM48CKMX 30KOHOMepHOCTeM, KOTOpwe cnoco6CTBymr 
ueneHanposneHHOM noCTOHOBKe aKcnepMM8HTOB C Y48TOM 803MOfflHOCTeM SKcnepM
M8HTOnbHOM YCTOHOBKM M npasMnbHOM MHTepnpeTOUMM pe3ynbTOTOB _M3MBP8HMM. 

Uenb padoTY. I. MoABPHM30UMH uarHMTHo-nMH30Boro 6eTa-cneKTpoueTpa 
(MAC) TMnO repxonbMO A~H OH-nOMH 3KcnepMM8HTOB. 

2. C03AOHM8 ycTOHOBKM e-J cosnOABHMM AnH OH-nOMH 3KcnepMMBHTOB HO 
6038 MOABPHM3MPOBOHHOro MAC M npMM8HBHM8 YCTOHOBKM B OH-nOMH M3MepeHMHX 

KOMnneKCO ffCHAnn-2. 
3. Pa3pa60TKO MBTOAMKM KoppeKTHOM 06pa60TKM epeMeHHMX cneKTPOB, no

ny48HHYX M8TOAOM 30A8Pffl0HHYX COBnOA8HMM. 
4. HccneAOBOHM8 30BMCMMOCTM aKcnepMM8HTOnbHYX 3HQ48HMM nOPUMOnbHYX 

nepMOAOB nonypacnaAO Tf12 OT SHeprMM M MynbTMnOnbHOCTeM J-nepeXOAOB AnH 
WMPOKOro AMOn030HO HAep. 

MeTOA MccneAOBOHMM M HOV4HOH HOBM3HO pe3ynbTOTOB. npoBBABH KOMnneKC 
MBTOAM48CKMX MCCneAOBQHMM B uenHX MOA8PHM~OUM~ uarHMTHO-nMH30BOro 6era
cneKTPOMeTpa C TpeyronbHOM ~opuoM uarHMTHoro nonH AnH OH-nOMH SKcnepMMBH-
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AeTanbHO 11ccneAOBOHO pacnpeAeneH11e MarH11THoro nonH e 6eTa-cneHTpoMeTpe; 
- 11ccneAOBOHW TpaeHTOPl111 AB11JReHl1H aneHTPOHOB B cneHTPOMeTpe; 
- pa3pa60TaHa 11 113roToeneHa c11cTeMa HOnbqeewx 11 B11HToswx Al1a~parM, o6ec~ 

ne411earo~11x cenapaq11ro aneHTPOHOB 11 n0311TPOHOB 11 onTl1M1130Ql1ID diHOWeH11U 
ceeToc11nw 11 pa3peweH11H (no 11Mnynbcy) cneHTPOMeTpa. 

8 pe3ynbTaTe MOABPHl13QQ1111 6wn11 yny4WBHY aneHTPOHHO-OnTl148CHl18 xapaH
TBP11CTl1Hl1 6eTa-cneHTPOMeTpa. 3HepreTl14eCHOe pa3peweH11e cneHTPOMeTpa: 
ABfl~= 0,4 f 3% np11 ceeToc11ne T = 0,6 f 5% 11 93% TPOHCM11cc1111 40CT11Q 
OAHOro 3HQHQ 11 nonHoro nOAOBneHl1H 40CT11Q APYroro 3HQHQ HBnHroTCH Ha11ny4-
Wl1M pe3ynbTQTOM, nony4eHHYM HQ coneH011AOnbHOM MOrH11THOM 6eTa-cneHTPOMeT~ 
pe C TpeyronbHOU ~OPMOU MarHl1THOro nonH. 

C03AOHQ YCTOHOBHO e-1 COBnOABH11U AnH OH-naUH 3HCnep11MeHTOB no 11ccne
AOBOHl1ID HOpOTHOIRl1Bym11x HABP HQ 6a3e MOABPHl1311POBOHHoro 6eTo-cneHTPOMeT-
po. BpeMBHHWe XOPOHTep11CTl1Hl1 YCTOHOBHl1 2ro= 410 nc np11 HPYTl13He CHno-
HO HPl1BOU MrHOBBHHWX COBnOAeH11U 5r12= 50 nc np11 per11cTpaq1111 COBnOABH11U 
EJ > 900 H38 11 Efl- = 250 H38 HQ 11CT04Hl1He 60co He ycTynaIDT pe3ynbTQTOM,. 
nony4eHHWM HQ 113BeCTHWX OHanorax cneHTPOMeTpOB e~J cosnaAeH11U. 

npoBeAeHW OH-nOUH 3Hcnep11MBHTY B HOMnneHce HCHAnn-2. ~ccneAOBOnl1Cb 
HOPOTHOIRl1Bym11e HyHn11AY A=I5I, 153-160 C BpeMBHOMl1 IRl13Hl1 snnoTb AO ABCHT
HOB CBHYHA c156 Yb (T I/2 = 26 c), 155Tm (TI/2- = 32 c)). bblnl1 113MepeH~ 
cneHTPY 38K 11 J-cneHTpw. ~3MepeHY speMeHa JR113H11 B036YIRABHHYX COCTOHH11U 
c aHepr11en 39 HaB, 136 HaB a 155vy, 74,4 HaB a 158Tm.. nony4eHa oqe1-rna 
speMeH11 lRl13Hl1 YPOBHH C 3Hepr11en 110 H38 B 155Ho. 

Pa3pa60TOHQ MeTOA11HQ HOppeHTHOU o6pa6oTHl1 BPBMeHHYX cneHTPOB, nony-
4eHHYX MeTOAOM 30AePlROHHYX COBnOAeH11U HOH 8 cny4ae pacnaAa OAHOro 11~0Mep
Horo COCTOHHl1H, TOH 11 B cny4ae pacnaAO HeCHOnbHl1X 1130MepHWX COCTOHH11U. 

OpoBeABH Cl1CTeMOTl14eCH11U QHOnl13 3HCnep11MeHTOnbHYX 3H04eH11n napq11-
anbHYX nep110AOB nonypacnOAO Tf12 B036YlRAe~HYX COCJOHH11U ~Aep, P03PHlRQID
m11xcH J-nepexoAaM11 MynbT11nonbHOcT11 MI( Al = 0,2), M2, M4, EI, E3 s He-
4ernwx 11 E2(2j - , op, E3(3i - oj) B 4eTH0-4eTHYX H!pax. 06~&PYJReHO cy
mecTBeHHOe OTHnOHeHl1e CTeneHHon 30B11Cl1MOCTl1 T!12 A = f (E1) OT OAH0-
4QCTl14HWX oqeHOH AnH nepeXOAOB Tl1na E3(3i - 01) 8 4eTH0-4eTHYX, a TOHlRe 
AnH E3-nepeXOAOB B He4eTHYX HAPOX. OOATBePJRAOeTcH· paHee nony48HHQH APY
r11M11 08.TOPOMl1 30811Cl1MOCTb Tf /2 ~ f (E,.4) AnH E2(2j ._ Oj) nepeXOAOB B 
48TH0-4eTHWX HAPOX, 

Hay4HOH 11 nPOHTl148CHQH 3H0411MOCTb po60TY. C03AOHHOH YCTQHOBHQ e-J cosna
A8H11U HQ 6a3e MOAePHl1311POBQHHOro 6eTa-c~eHTPOMeTpa n03BOnHeT npOBOAl1Tb 
113M8PeHl1H cneHTPOB 38K, cneHTPOB e-1 ~osn0Ae~11n, spe~eH·lR113Hl1 B036YlRAeH
HYX COCTOHH11n ~ Al10n030He 10-10 - 10-6 t ~OPOTHOIRl1BY~l1X HABP, YAaneHHYX 
o~ nonocw 6efri-cTa6~nbHocT11, c·nep11oiaM11 ~onypocnaio· ennoTb AO ceHYHA, 
3TH 113MBPBHMft no3sonH•T onpeAenHTb MynbT11nonbHocT11 .J-nepexoAoB, ycroHae-
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n11saTb cxeMy pacnaAa POAl10QHTl1BHYX HYHnl1AOB, onpeAenHTb nPl1B8ABHHY8 se
POHTHOCTl1 1-nepeXOAOB. YcTaHOBHa e-J cosnaAeH11U 11cnonb3yeTCH e HounneH
ce HCHAnn-2. 

YcosepweHCTBOBOHHQH M8TOAl1HO OHan113a HPl1BYX 30A8PIROHHYX coenaAeH11n 
cnoco6cTBYBT np11 Hanl141111- HBCHOnbHl1X 1130MBPHYX COCTOHH11n 8 HAPB 11ABHT11IDl1-
HOQ1111 seTsen naponnenbHoro 11 nocneAoB □ TenbHoro pacnaAOB 1130Mepos. 

nony4BHHY8 HQ OCHOBe 3HCnepl1MBHTOnbHYX jQHHYX nonyaMnl1P1148CHl18 3Q
B11Cl1MOCTl1 napq11anbHWX nepl10AOB nonypo~nOAO TI/2 OT 3Hepr1111 11 MynbTl1nonb
HOCTl1 1-nepeXOAOB HBnHIDTCH B01RHWMl1 HOH C T04Hl1 3peHl1H Teop1111, TOH 11 3HC
nep11MeHTO, TOH HOH OHl1 o6ecne411BQIDT riporH0311pOBQHl1e OlR11AOBMOrO pe3ynbTO
TQ 11 11HTepnpeTOQl1ID nony4BHHYX AOHHYX. 

Ha 3am11Ty BYHOCHTCH cneAyrom11e nonomeH11H 11 pe3ynbTOTY: 

I. MOA8PHl130Q11H 6eTa-cneHTPOM8Tpa 11 pe3ynbTOTY npOBBABHHOro HOMn
neHCQ M8TOA1148CHl1X 11ccneAOBOHl1U np11 MOABPH113QQl111 cneHTPOMBTpa repxonbMO 
AnH OH-naUH 3HCnep11MeHTOB: 
- pe3ynbTOTY POC48TOB pacnpeAeneHl1H MOrHl1THoro nonH 8 6eTa-cneHTPOM8Tpe 

11 CPOBH8Hl18 11X C pe3ynbTQTOMl1 113MepeH11U; 
- pe3ynbTOTY pac4eTOB TpaeHTOP11U AB11JRBHl1H aneHTPOHOB 8 peanbHOM MarH~T

HOM none 6eTa-cneHTPOMeTpo 11 npoBeABHHUX aneHTPOHHO-OnTl148CHl1X 11ccne
AOBOH11U; 

- pa3pa60THQ 11 C03AOHl1e Cl1CT8MY HOnbQ8BYX 11 B11HTOBYX A110IDPOrM, HOTOPY8 
cnoco6cTsoean11 onT11M113oq1111 pa6oTw 6eTa-cneHTPOMeTpa; . 

2. C03AOHl1e YCTQHOBHl1 e-J~cosnaA8Hl1n HQ 6038 MOA8PH11311POBOHHOro 
6eTa-cneHTPOM8Tpa AnH OH-naUH 3HCff8Pl1MBHTOB no 11ccneAOBQHl1ID HOPOTHOIRl1-
Bym11x HyHnl1AOB, 

3. np11MeHeHl18 YCTOHOBHl1 e-J-cosnOA8H11U 8 OH-nanH 113M8P8Hl1HX HOMn
neHco HCHAnn-2 11 pe3ynbTaTw oH-nonH 113MepeH11n. 

4. P03B11Tl18 M8TOAl1Hl1 OHOnl13Q BP8M8HHYX cneHTPOB, cnoco6CTBYID~l1X 
11A8HTl1ID11HOQ1111 B8TBen napannenbHOro 11 nocneAOBOT8nbHOrO pacnOAO np11 Hon11-
41111 HBCHOnbHl1X 1130M8POB 8 HAP8 11 Tew COMYM no3BOnHrom11x nony411Tb AOCT0-
88PHYID 11HIDOPMOQl1ID 113 3HCn8Pl1M8HTOnbHWX pe3ynbTOTOB. 

5. Pe3ynbTOTW OHOn113a napq11anbHWX nep110AOB nonypacnaAO Tf12 B036yJR
A8HHYX COCTO~H11n HAep AnH w11p0Horo A110n030HQ 3Hepr11n 1-nepeXOAOB E111 
MQCCOBOro 411Cno A. 

Anpo6ay11H pa6oTw 11 nv6n11Hay1111 no Teue A11ccepToy1111. OcHOBHWe pe3ynb
TOTW pa6oTW AOHnOAWBOnl1Cb 11 06cyJRAOn11cb HQ XXYII cecc1111 KOMl1T8TQ no CTPYH
TYP8 HAPO ceHq1111 Y4eHoro coseTa O~H~ no IDl1311He H113H11X aHepr11n (Ay6Ho, 
1986 r.), Ha nepeoM 11 BTOPOM Pa60411x cosemoH11Hx no HCHAnn-2 (Ay6tta, 
1987 r.,1990 r.), XXXYII COB8~QHl111 no HA8PHOn cneHTPOCHOn1111 B peOHQl1HX C 
HenTpOHQMl1 (IDpuona, 1987 r.), XXXYITT C088~QHl111 no HABPHOn cneHTPOCHOn1111 
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H CTPYKType IAPO (60KY, 1988 r.;) XL M8MAYHOPOAHOM cosemoHHH no RA8PHOH 
cneKTPOCKOnHH H CTPYKType RAPO (neHHHrPOA, 1990 r.), HO ceMHHOPOX no 

HH3KHM H npoMemyT04HWM 3HeprHRM Hoy4H0-3KCnepHM8HTOnbHOro OTAeno RA8PHOn 

cneKTPOCKOnHH H POAHOXHMHH nHn, K0~8APW RA8PHon ~H3HKH CoMrY, H~~ npHK
nOAHOn ~H3HKH TomrY. 

rnosHwe nonomeHHR AHCcepTOQHH OTPOM8HW B 5 ony6nHKOBOHHWX po6orox. 

06beM H CTOVKTVOO po6orw. nHccepTOQHR COCTOHT H3 BB8A8HHff, 4erwpex 

. rnos H 30KnID48HHR. Po6oro H3nomeHO HO 153 CTPOHHQOX MOWHHOnHCHoro T8KCTO, 

COA8PMHT 13 T06nHQ H 56 PHCYHKOB. CnHCOK Hcnonb30BOHHOn nHreporypw BKnID-

408T 134 HOHM8HOBOHHR. 

conEPmAH~E PA60T~ 

80-BB8A8HHH noA48PKHB08TCR OKTyonbHOCTb HCCneAOBOHHn ffA8P, YAOneH
HWX OT nonocw 6eTO-CT06HnbHOCTH, OopuynHpyeTCff Qenb po6orw H onHCWB08T

CR CTPYKTypo AHCcepTOQHH. 

8 nepson rnose npoBeAeH 063op M8TOAOB H3M8P8HHn speMeH fflH3HH B03-

6YMA8HHWX COCTOffHHn H M8TOAOB o6po60TKH cneKTPOB 30A8PfflOHHWX CQBnOA8HHn. 

nnR H3M8P8HHn BP8M8H mH3HH B036YfflA8HHWX COCTORHHn B HOCTORmee ape
MR Hcnonb3YIDTCff 6onee A8CRTH M8TOAOB, OCHOBOHHWX HO P03nH4HWX npHHQHnox. 

npH HCCneAOBOHHRX YPOBHen, 30Cenff8MWX B pe3ynbTOTe 6ero-pocnoAO, HOH60-

nee YA06HWM M8TOAOM ffBnffeTCff M8TOA 30A8PMOHHWX cosnOA8HHn (M3C). B HOC

TORmee BP8Mff M3C no3BOnReT onpeAenRTb speMeHO fflH3HH COCTOffHHn B AHOn030-

He r □- 12 - 102 c. • 

npoB8A8HHwn OHOnH3 M8TOAOB o6po60TKH speMeHHWX pocnpeAeneHHn noKO~ 
3wsoer, 4To HOH6on~e cnomHon npo6neMon npH o6po6orKe pe3ynbroros H3Mepe

~Hn speMeH fflH3HH yposHen KOPOTKOfflHBYmHX POAHOOKTHBHW~ HyKnHAOB, B KOTO~ 
pwx B03MOfflHO HOnH4H8 H8CKOnbKHX H30M8PHWX COCTOffHHn, ffBnffeTCff BWRBneHHe 

HOnH4Hff npHM8CHon KOMnOHeHTW BO speMeHHWX cneKrpox, T.e. OHOnH3 MHoro

KOMnOH8HTHOCTH BP8M8HHoro cneKrpo. KoppeKTHwn OHOnH3 speMeHHWX cneKTPOB 

np~ HOnH4HH npHM8CHOH KOMnOH8HTW Tpe6yer npHM8H8HHff H8CKOnbKHX M8TOAOB 

o6po6oTKH B KOMnneKCe Hn~ me BB8A8HHff AOnonHHTenbHWX cnoco6oB o6po6oTKH. 

BTOOOff rnoso. 8 nepBOM P03Aene KPOTKO pOCCMOTpHBOIDTCff npHMepw npH

M8H8HHff cneKTPOMeipos e-1 COBnOA8HHU HO 6038 MOrHHTHWX dero-cneKTPOMeT

POB B OH-nonH 3KcnepHM8HTOX. nnR H3M8P8HHn BP8M8H fflH3HH B036YfflA8HHWX 
COCTORHHn B HOHO- H cy6HOHOC8KYHAHOn o6noCTRX HOH6onee nOAXOARmHMH RBnff
IDTCff crieKTpOMeTpw e·-J COBnOA8HHn HO 6038 6ero-cneKTPOM8TPO THno repxonb
MO, KOTopwe orhH40IDTCff BWCOKOU H30XpOHHd~TbID TpoeKTOPHi ABHffl8HHR sneKT
POHOB ·npH xopowen cserocWne H xopomHM sHepreTH48CKHM po3pemeHHeM cneKT

poMerpo. 
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Bropon PO3Aen nocsRmeH MOA8PHH30QHH MOrHHTHO-nHH30Boro 6ero-cneKT

POM8TPO (Mnc) THno repxonbMO· (B.A.Mopo3os, T.M.MyMHHos, 0~8~, PI3-3437, 
1967) AnR OH-nOHH 3KCnepHM8HTOB. 

~ccneAOBOHHR KOPOTKOMHBYmHx RA8P npoBOARTCR B pefflHMe 11 HOKOnneHHe

H3MepeHHe - YAOneHHe" POAHOOKTHBHOro HCT04HHKO AnR o6ecne4BHHR HYfflHOH 

OKTHBHOCTH HCT04HHKO, 0 TOKfflB AnR YCTPOHBHHR BnHRHHR BKnOAO OKTHBHOCTH 

30 C4BT pocnOAO A04BPHHX RABP- nnR 3Toro Hcnonb3YBTCR neHTonpOTRMHOB 

YCTPOHCTBO (nnY). 8 CBR3H C 3THM MOABPHH30QHR MnC 6wno npOBBABHO C QenbID 

BHBCBHHR H3MBHBHHn B KOHCTPYKQHID cneKTPOMBTPO, CBR30HHWX C Hcnonb30BOHH

BM nnY. noMHMO 3TOro pewonocb 30A040 cenopOQHH sneKTPOHOB H n03HTPOHOB 

nyTeM BBBABHHR BHHTOBWX AHO~porM, 0 TOKffle onTHMH30QHH 3nBKTPOHHO-OnTH-

4BCKHX XOPOKTBPHCTHK 6ero-cneKTPOMBTpo. C 3TOH QBnbID 6wnH npoBBA8HW A8-
TOnbHWB POC4BTW H H3MBPBHHR pocnpeAeneHHff MorHHTHoro nonR B 6ero-cneKT

POMBTPB, 4TO no3BOnHno H3Y4HTb BnHRHHB ~OPMW MOrHHTonpoBOAO HO 3neKTpOH
Ho-onTH4BCKHB CBOHCTBO MnC (pHC. I.) 

0 2 4 6 8 101c>,1 

-~IEAEl'.l 

~BOAbaJPAM 

b,:'k'1~ 
~TE<IWJ,i 

PHC. I. Ce4eHHB _J3-CnBKTPOMeTpo: I- HCT04HHK, 2- mene3HWU KOMYX, 3-

06MOTKO, 4- onIDMHHHBBWH KOPKOC, 5- BXOAHOR AHO~porMo, 6 H 7-

BHBWHRR H BHYTPBHHffff BWXOAHWB AHO~porMw, 8- son~~POMOBOff 30mH

TO, 9- nnocTH4BCKHU CQHHTHnnRTOP, ,IO- CBBTOBOA-

➔ 

BeKTOpHwn noTBHQHOn A noCTOffHHoro MOrHHTHoro nonff onpeAenRBTCff 
i ~ ➔ ➔ 

YPOBHBHHBM- 9 (:;, v A) = -0,4-:J"j , rAe j'= f"(IBI) - MOrHHTHOff nPOHH-
QOBMOCTb, J - nnOTHOCTb TOKO. nnR PBWBHHR 3TOrO YPOBHBHHR AnR OKCHOnb
HO-CHMM8TPH4HOrO nonR Hcnonb30BOHW nporpouMw AXMASH H AXTRI H3 cHcreuw 
~porpOMM TRIMA (ID.r.AneHHQKH~, C.6.Bopo1Q0B, OHHH, ll-81-818, 1981). Ho 

.pHC. 2 npHB8A8HW pe3ynbTOTW BW4HCnBHHWX H H3M8P8HHWX 3H048HHM MOrHHTHOM 
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PHC. 2. 3KcnepHMe~TOnbHMe H BM4HCneHHMe 3H04eHHff MOrHHTHO~ HHAYKQHH 
8 cneKTPOMeTpe npH TOKe l = 6,08 A.· 

HHAYHQHH BAOnb OCH cneHTPOMeTpa H BAOnb orpe3KO, napannenbttoro OCH HO 
pacC10ffHHH 7 CM OT Hee (HPHBMe a H 6), a TOKme BAOnb POAHYCO cneHTpo
Merpa HO paCCTOffHHffX 12, 16, 20, 24, 27,5 CM (HPHBMe s,r,A,e,m). 3HC
nepHMeHTOnbHMe T04KH nony4eHM C noMOll\bID AOT4HHO Xonna P03MepOMH 2x2 MM 2• 
3Ha4eHHff M □ rHHTHO~ HHAYHQHH (B re) YH030HM C neso~ CTOPOHM HOmAO~ mttanbl, 
noH03MBOIDllle~ MeCTO H3MepeHHff. 8 qenoM,MOHCHMOnbHOe pacxomAeHHe 3HcnepH
MeHTOnbHMX· H BM4HcneHHblX 3H04eHHL1 MOrHHTHo« HHAYHQHH He npea1o1maeT 3-4%, 
4TO no3BOnHnO Anff pac4eTO rpaeHTOPHLi ABHmeHHff sneHTpOHOB HCnonb3080Tb 
OHOnHTH4eCHH 30AOBOeMble 3H04eHHff MOrHHTHoro nonff B pa3nH4HblX T04HOX 
cnettrpoMerpa. 

Anff BM4HCneHHL1.~paeHTOPHL1 sneHTPOHOB 6wna Hcnonb30BOHO nporpaMMO 
RTYCDC (B.l,I.A603oa, 0.B.Caa4eHHo, OHHl1, 61-13-9782, 1976), c noMOll\bID 

, \ ➔ ➔ ➔ 

HOTOPOL1 pemaeTCff CHCTeMO ypaBHeHH~ ABi1meHHff ( m/e) d/d.t [VJ= [ B" vJ. 
Ha PHC. 3 npeACTOBneHbl yrnw nosopora rpaeHTOPHLi sneHTPOHOB B Mar

HHTHOM none cneHTPOMeTpa H pacCTOffHHff rpaeHTOPHL1 sneHTPOHOB or era OCH, 
noH030HHble B Ce4eHHffX HO paCCTOffHHH l, 3, 5 CM H AOnee 4epe3 l CM BAOnb 
OCH AO 23 CM Anff sneHTPOHOB, BMneTOIDIIIHX H3 HCT04HHHO 8 npeAenax yrnos 
OT 23° AO 37°. 3HcnepHMeHTOnbHOff nposepHa rpae~TOpHL1 ABHmeHHff .3neKTPO
HOB nposeAeHa lororpa~Hpo~aHHeM H3o6pameHHff K-snettrpoHOB or nepex □ Aa 

165 ttaB 139 La. Xopomee cornacHe pe3ynbTOTOB sttcnepHMettra H pac4era no3-
sonHno HCnOnb3080Tb pe3ynbTOTM pac4eTOB Anff onpeAeneHHff npolHnff BHHTO-. 
BMX AHO~parM (pHC. 4), a TOHme pac4eTa lopMbl nHHHH MOH03HepreTH4eCHHX 
sneHTPOHOB. KoHTpOnbHble H3MepeHHff nOH030nH; 4TO BHHTOBOff AHOlparMa npo
nycKaeT He .Mettee 93% sneHTPOHOB, 3MHTHPOBOHHMX ~-HanpasneHHH AeTeKTOPO. 
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PHc. 3. Bw4Hcnettttwe yrnw nosopora rpaettro
PH« sneHTPOHOB H POCCTOffHHff rpaeH
TOPH« sneHTPOHOB OT OCH cnettrpo
MeTpa (BHemHH« Hpyr PHCYHHO COOT
BeTCTBYeT AHOMeTpy BOHYYMHO« HO-

,Mepw cneHTPOMerpa).· 

HccneAOBOHHff cnettrpoMeTpH4eCHHX xa
pattrepHCTHH 6era-cneHTpOMeTpa noH03blBOIDT, 
4TO onTHMH30QHff nonomeHHff loHyCHPYIDll\HX 
AHOlparM 003BOnHna HBCHOnbHO yny4mHTb cse
TOCHny Mnc, He YXYAWHB npH 3TOM era pa3-
pemeHHff. Ha Mnc Mamer 6b1Tb AOCTHrHyTo pa3-

pemeHHe Jj,8p/8..P = 0,4% (T = 0,6%) npH HCT04HHHe 0 I MM H senH4HHe 111enH 
BMXOAHOL1 AHOlparMbl l,25 MM. npH HCT04HHHe 0 5 MM H senH4HHe 111enH 5 MM 
- 11 8,P/8p = 3% H T = 5%. nopor perHCTP~QHH sneHTPOHOB He npes1o1maeT 
4-6 H38. 

PHC. 4. CHCTeMO BblAenffro

ll\HX AHOlparM. 

Ha pHc. 5 npHBeAeHbl 3Ha4eHHff a6conIDTHOL1 awwettTHBHOCTH perHcrpaqHH 
aneHTPOMOrHHTHblX nepeXOAOB C y4eTOM CBeTOCHnbl·cneHTpOMBTPOB (e AOHHOM 
cny4ae CB8TOCHna 6eTa-cn~HTPOMeTpa T ~ I% H eenH4HHO renecttoro yrna 

· AnR cnettrpoMerpoe Ge( Lt ) rattme paeHa I%), a6conrorno« sHeKTHBHOCTH 
perHCTPOQHH H3ny4eHHff H AOnH COOTBeTCTeyro111ero H3ny4eHHff (Ko~sepCHff 
HnH ny~H) ~a ~acnOA- ~HTeHCHBHOCTb nepeXOAO npHHffTO.PriB~o« I~ HecoM
HBHHO '4TO_ 8 o6nacrn 3Heprn« MeHbme 150 K38 •B paCCMOTpeHHOII cny4ae 3W
leHTHBHOCTb perHCTPOQHH nepeXOAOB no HOHBBPCHOHHblM ~n~KTPOHOII 6onee 
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Pi.1c. 5. 3IDID8KTl,1BHOCTb peri.1crPOUMM aneKTPOMarHl-iTHMX nepeXOAOB TMna 
MI, E2 B H30Tonax C z = 70: C noMOlllblO 6era-cneKTPOMerpa 

no I{, L - KOHBepCMOHHMM aneKTPOHOM (l{,L ) M {},e( Li. )-ABTeK

TOPOB no 1-ny40M _(I~- O!JbBM 38 CM 3, 2 - O!JbBM I,3 cM 3). 

BhlCOKOR, 48M no 1-M3flY4BHMIO~ 4TO ABMOHCTPMPYBT npeMMYIIIBCTBO Mcnonb~OBO
HMR cneKTPOMerpoe e-1 coen □ ABHM~ no cpaBHBHHIO co cneKTPOMBTPOMM 1-1 
COBnOA8HM~ B 3TO~ o6nacTM 3HeprM~. 

Ha OCHOBe MOA8PHM3MPOBOHHOro 6era-cneKTPOMerpa M 1-cneKTPOMBTPOB 

C03AOHO yCTOHOBKO e-1 coen □ ABHM~ - PMC. 6 (p □ 3Aen 3) Aflff OH-na~H 3Kcne-'. PMMBHTOB. B OH-nO~H 3KcnepMMBHTOX pa4MOOKTMBHMe HOHM OT"'MOCC-cenaparopa 

MMnnaHTMPYIOTCR B anlOMl-1HM3MPOBOHHYIO MO~napoeyio ne~ry, pacnonomeHHYIO nOA 
yrnoM 45° OTHOCMTenbHO H □ npaeneHMR MOHHOro .ny4KO. HaKonneHHOR OKTMB~ 
HOCTb OAHOBPBMBHHO RBnfleT6ff MCT04HMKOM.AflR 6era-cneKTPOMerpa, r.e. HO

KonneHMe M M3MBPBHMB npoMCXOAHT HO OAHOM M TOM me Mecre. neHTOnPOTffmHoe 

ycrpo~CTBO cneKTPOMeTpa no MCTB48Hl-1M 30AOHHOro epeMeHM HOKOnneHHR M M3-

MepeHMR OTBOAMT POAHOOKTMBHM~ HCT04HHK HO paCCTORHHB 200 MM 30 O,I c. 

BpeMff UHKflO CMBHM HCT04HHKO ~ I C. 
3neKTPOHHOB o6ecne4BHHe cneKTPOM8TPO (pMC. 7) BKfll0408T B CB!JR 6no

Kl,1 IDMPMM ORTEC M 6noKH aHanoroeo~ 1,1 UMIDPOBo~ aneKTPOHMKM, pa3pa6oraHHMe 
B nHn OHHH. OcHoeo~ aneKTPOHHKH HenReTcff Ml,1Kpo3BM KM-OOI, Koropaff 06ec
ne41,1eaer OBTOMOTM4BCKOe ynpaeneHMe neHronporffmHMM YCTPO~CTBOM, pemMMOMH 
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,~ 

) 

) 

l 

PMC. 6. KoHCTPYKUMff 1,1 OCHOBHhle Y3flhl cneKTPOMBTPO e-1 coen □ ABHl,1~! 
I- 6era-cneKTPOMBTP, 2-ABTBKTOP M3flY4BHl,1R, 3- ABTBKTOP 

1-M3flY4BHMff, 4,5- BBPXHffff H HMmHffff KOMBPM nnY, 6- MOrHHTOP03-

PffAHhl~ HOCOC HOP4-250, 7- anlOMMHl,131,1POBOHHOff MO~napoeaR neHTO, 

8- sneKTPOMarHHT nnY, 9- a3orHaw nosywKa, IO- wope □ KYYMHM~ 
Hococ, II- aneKTPOABMraren1,1 K4-25, I2- wnio3 AnR BBBABHMff 

rpaAy1,1poB04HhlX MCT04HMKOB, I3- M3MBPMTBflbHOff K □ Mepa. 
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PMC. 7. 6noK-CXBMO cneKTPO

MBTPO e-1 COBnOABHH~. 



~3MepeH~~ ~ ocymecrBnHeT pem~M rpexMepHoro e-J-t □ H □ nM3 □ coBn □ A □ mm~x 

~3ny4eHMn. 
BpeMeHHUe xaoaKTepMCTMKM cneKTDOMeTDO COBn □ ABHHn 6wnH H3Y4BHhl HO 

~CT04HMKe 60co B pellrn~4e p- -1 COBn □ AeHMn. Pe3ynbTOTbl H3MepeHH11 npeACT □ B
neHU HO PMC. 8, rAe npMBeAeHU 3H04BHHH pa3pewammero BPeMeHM ycT □ HOBKH H 

031 
; /':::::-- ..,,rru- NEIO< 

~ PMC. z. BpeMeHHUe xap □ KTBOMCTMKM 

cneKTP □ MeTpa e-J-coBn □-

AeHH~. 
~ fr>1001c. ......____ 

~ -- E1>1000kJI 

,: 

:~ " ·~~ 

.. /~~ 
U 0.5 fa>1001cJ8 

~ 01 ~ ----- ,,,1000 .. 11 

t05 ~ 
M . ~.-~ 

50 100 150 200 250 f:,--lk• I 

pa3peweHHe 2 'Z:o = 4IO nc M KPYTM3HO 
nooBeAeHHOH HOMH oueHKO BKn □ A □ 

KDYTH3HU CKnoHa KPMBUX 

MrHoBeHHWX COBn □ AeHHR (K~C) 8 
pa3nH4HWX"3HepreTH4eCKMX HHTBP
B □ nax. np~ Mcnonb30BOHMM BJ
cneKTPOMBTPB nnaCTM4BCKoro CUHH: 
THnnHTOPO H BW6ope E1> 900 K3B 
npH E_,,- = 250 K3B 61rnH nony4eHbl 

CK no Ha K,.1c S l/2 = 50 nc. 
HBH30XPOHHOCTH Tp □ eKTOPM~ aneKTpO-

HOB H BPBMBHHUX pa36pOCOB CHCTBMU TP □ HcnopTHPOBKM CBBTQ 6eTa-cneKTPO
MeTpa(cuMHT. + CBeTOBOA + 13Y) B pa3oewammee BpeMH cneKTOOMBTPO cosna
AeHHrJ noK □ 3UB □ eT' 4TO 6t (MflC) = 365 nc npM Ee-= 250 K3B M 6t(MflC) = 
474 nc npH Ee-= 20 K:iB. 

CneKTPOMeTp e-J COBn □ AeHMn 6wn Mcnonb30BOH B OH-na~H M3MepeHMHX 
KoMnneKc □ RCHAnn-2 (p □ 3Aen 4). ~ccneAoBanHcb cneKrpu 3BK, J-cneKTPM, 
a T □ Kme BpeMeHa mH3HM B036ymABHHUX COCTOHHMn KOPOTKOmHBymMX HABP C 
A= 151, 153, l55-I60 B nHHMffi c M □ Cc-cenap □ TOPOM HO ny4KB npoTOHOB ~a-
30TPOHO O~RM. ~3MepeHMH

0

npoBBABHW npH HHTBHCHBHOCT~ npoTdHHoro ny4KO 
0,8 f l,2 MKA. Ha PHC. 9 npMBeABHU cneKTPU 3BK, H3MepeHHUe B MynbTH
CKennepHOM pemHMe _BO ,BpeMH H □ KonneHHH OKTMBHOCTH (oH-na~H) M nocne 

OTKnOHBHHH HOHHoro ny4K □ _(o~~-na~H). 
~3MepeHU BpeMeHa mM3HH B036YmAeHHUX COCTOHHH~ C 3HeprMe~ 39,4;• 

86,7; I36;· 202 K38 B HAPB 155vJ', 61,I H3B B 157 1>3. nony4BHHU8 3H048-
HMH xopowo cornacymTCH C p □ Hee nony4eHHUMH pe3ynbTOTOMM APYrMX QBTOPOB. 
~3MepeHH08 apeMH mH3HH YPOBHH 74' 4 K3B B HAPB 158Tm.. COCT □ BnHno T 112= 
l,74(4) He (pMc. IO). BpeMH mM3HH ypoBHH 110 K3B B 155Ho dueHeHo H □ MH 
KOK TI/2 ~ 0,7 HC. nony4BHH08 3H □ 4eH~e ~OKTOPO 3 □ npera F ~ 130 OOK03U
Baer, 4TO nepeXOA 110 K3B MOfflBT HBnHTbCH l-3 □ npemeHHUM Ml-nepeXOAOM 
TMna 19,,./2, - fl d s/2- ' npoHCXOAHmHM B c~epH48CKOM HAPB' HnH me ne-
PBXOAOM B AB~OPMHPOB □ HHOM HAPB MBfflAY COCTOHHMHMM 7/2+/404/ M 5/2+/402/. 
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PMc. 9. CneKTPM 3BK AnH M3o6ap c A= 155, ~3MepeHHMe_npH HenpepuBHOM 
H □ KonneHHH (OH-n□ "H) H nocne OTKnOHBHHH (o~~-na~H) MOHHoro 

ny4KO. 

TpeTbH rnaB □• B nepBOM P03Aene on~CYBGWTCH nporp □ MMU o6pa6□ TK~ Bpe
MBHHUX cneKTPOB, C03AOHHUB npH Y4GCTM~ OBTOPO B Hay4H0-3Kcnep~MBHT □ nbHOM 

OTAene HABPHO~ cneKTPOCKOOMM M POA~OXMMHH nRn. 
Bo BTOPOM pG3Aene, HQ OCHOBB o6pa6aTKM reHep~pOBGHHUX cneKTPOB 30-

·Aeom □ HHUX COBOOABH~" npoBBABH GH □ nH3 HBKOTOPUX 40CTHUX cny4GBB pacn □AG 

H30MBPHMX COCTOHHM~ HA8P, Kor A □ BPBMBHO fflH3HM COCTOHHH~ 'Ti ?2 'C111 ( ~o-

nonyw~p~HO H □ nonyBucore KMC). • 
H □ MH 6un~ P □ CCMOTPBHU ABO cny4□ H perMCTPOUH~ H30MBPHYX COCTOHHH" 

HABP npH POAHOOKTMBHOM pacn □ Ae: 
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PHC. IO. KpHBUe 3 □ iepm □ HHUX COBn □ AeHH~ npH 
pacn □ Ae YPOBHe~ C 3HeprHRMH 74,4 
K3B B 158Trn., 39 K3B B 155D:,- H 

IIO K3B B 155 Ho H ~parMeHTU cxeM 
pacn □ A □• 

I. Pacn □ A B3 □ HMHO He CBR3 □ HHUX COOTOR
HH~ (napannenbHU~ pacn □ A, pHc. Ila). npeA
nonaraercR, 4To B K □ Hane CTAPT BpeMeHHoro 
cneKTPOMeTp□ perHCTPHPYIDTCff J -ny4H Er H 

I I 1 
Er1 , a B K □ Hone cron - Er.2 H Er.i. • 

2. Pacn □ A COCTORHH~, CBff30HHb!X nocneAOB□ TenbHUMH RAePHUMH nepexo
A □ MH (nocneAOB □ TenbHU~ pacn □A, PHC. Ilg). B 3TOM cny4ae Moryl 6b!Tb AB □ 

B □ PH □ HT□: I) B K □ Hane CTAPT perHcTpHpyeTcR nepexoA E~ , a B K □ H □ n~ 

cron - Er ; 2) npH pernCTPOLtHH Er B K □ H □ ne CT APT, E ,y H E,... 
~ · 1 ,,. ,3 

perHCTPHPYIDTCff B .KOH □ ne crnn. BpeMeHHb!e cneKTPb! reHePHPOB □ nHCb K □ K 

CBepTK □ OAHOro HnH ABYX 3KcnoHeHLtH □ nbHb!X pacnpeAeneHH~ C CHMMeTpH4HO~ 

@ 
~ -r.' 
-l~T, 

I I , T'a 

Ta 1j 

®ir, 
1"1 

fa r
2 

Ta 

PHC. II. BapH □ HTU pacn □ AO B036YfflAeHHUX 
COCTORHH~ RAep: a - napannenbHb!~ 
pacn □ A, 8 - ~ocneAOB □ TenbHb!~ 
pacn □ A• 

12 

annaparypHo~ KP HBO~ B BHAe rayccH □ H □ H B ABYX B □ PH □ Hr □ x o = i::2./r:1 : b < 1 
H D > I. 

06pa60TKO nony4eHHUX cneKTPOB npOH3BOAHn □ Cb C noMomblO nporp□ MMU 

POSITROHFIT ( IC.i"Lte.3a..a.'l.c/ P., E.td?.u.p M.- Co"'f'.P"Js.~1972, v. 3, p.240-
255) H CBOAHn □ Cb K npoLteAype onpeAeneHHff "l: npH B □ PH □ LtHH H □ 40nbHOro K □-

H □ na o6pa60TKH NH.K. B npeAnonomeHHH, 4TO cneKTP RBnReTCff OAHOKOMno
HeHTHUM. Pattee nOA06HU~ nOAXOA AnR o6pp60TKH BpeMeHHUX cneKTPOB Hcnonb-
30B □ nCR AnR OLteHKH Bb!4HT □ eMOfO ~OH □ H □ KOHe4Hb!~ pe3ynbT □ T ( W.R.Nea.l, 
11.8.KUUt-e.~, Phys.Rev.~ 1965, v. 8137, p.1164-1174), a r □ Kme AnR Hccne
AOBOHHR 3 □ BHCHMOCTH nony4eHHOro BPeMeHH fflH3HH AnA D □ 3Hb!X MeTOAOB o6pa-
6oTKH OT HHTepB □ na o6pa6 □ Tb!B □ eMoro Y4 □ CTK □ BpeMeHHoro cneKTP □ (B.OlsLn-, 
L. Bostwni..,1Ju.e,l.I.,-1h . .ue.l:/,,_., 1966, v. 44, p.65-72). Pe3ynbr □ Tb! o6pa6oTKH 
C B □ PH □ LtHe~ N H.K. noK03blB □ IOT, 4TO AnR OAHOKOMnOHeHTHoro cneKTP □ (~=I) 
H □ 6nIDA □ ercR nocTORHHoe nnaro B 3 □ BHCHMocrn 7:: = .J (NH. K.) B TO BpeMR, 
KOfAO AnR ABYX KOMnoHeHTHOro cneKTP □ nony4eHHOe 3H □ 4eHHe ~ B03P □ CTOeT 

no Mepe pocra HOMepa H □ 4 □ nbttoro K □ Hana o6pa6oTKH (pHc. 12). 
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PHC. 12. Pe3ynbT □ Tb! o6pa6oTKH cneK
TPOB 3 □ Aepm □ HHb!X COBn □ Ae

HH~ c B □ PH □ LtHet1 N H.K. AnR 
OAHOKOMnOHeHTHOr O ( ~ =I) H. 
ABYXKOMnOHeHTHoro cneKTPOB 
B cny4 □ e napannenbttoro pac
n □ A □ H30MepHb!X COCTORHH~. 

6onee 06beKTHBHb!t1 B~BOA O HeOA
HOKOMnoHeHTHOCTH apeMeHHoro pacnpe
AeneHHff MOfflHO nony4HTb nOAfOHKOt1 no
ny4eHHO~ 3 □ BHCHMOCTH -c:: =:f(NH.K_) 
nHHHen perpeccHH -z: = a. N11.1e-.. 6. 
H □ KnOH nHHHH xap □ KTepH3yeTCff napa

MeTpOM a. AnR cny4 □ ff napannen~HOrO pacn □ A □ 3 □ BHCHMOCTb 3H □ 4eHHff □ OT r 
npH P03Hb!X COOTHOllleHHffX I,J I1 npHBeAeHb! HO PHC. 13. AH □ nH3 30BHCHMOCTH 
a.= f(I2 /I1 ) noK □ 3b!B □ er, 4To 4YBCTBHTenbHOCTb cnoco6a o6pa6oTKH c B □-

PH □ LtHe~ H □ 4 □ nbHOro K □ Hana o6pa60TKH K H □ nH4HIO npHMeCHOt1 KOMnotteHTb! BO 
BpeMeHHOM pacnpeAeneHHH AOCTHr □ eT MOKCHMYM□ npH OTHOllJ8HHH ~HTeHCHBHOC
Tet1 I,_ II1 ~ 0,5 ¼ I (pHc. 14). 

AnR cneKTPOB, COOTBeTCTBYIDmHx BOPH □ HTY 1) nocneAOB □ TenbHOfO pacna
A □ , noArOHK □ nony4eHHo~ 3 □ BHCHMOCTH -z:-: j( NH. K.) ( PHC. 15) npRMO~ nH
HHe~, H □ 4HH □ ff C 45-65 K □ H □ noB (rAe x2 ~ I,I) noK03b!B □ eT, 4TO nap□ MeTp a 
OTPHLt □ TenbHU~ Hero 3H □ 4eHHe yMeHbWOeTCff K □ K no Mepe yMeHbWeHHff b <I, 
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P1,1c. 15. Pe3ynbTOTM 06pa60TKt,1 
cneKTPO_ 3 □ ABPMOHHMX 

cosn □ AeH1,1t1 np1,1 nocne
AOB □ TenbHOM pacn □ Ae 

( B □ pt,1 □ HT 1). 
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PHC. 16. 3 □ BHCt,1MOCTb nap □ MeTp □ a 

.14 

. ~T b AnR nocneAosarenb
Horo pacn □ AO (I - BOPHOHT 
l, 2- BOPHOHT 2) 

TOK H np1,1 ysenH4BHHH f> l (p~c. 16, KPHBOR l). anR cneKTPOB, COOTBBTCT
Bymm1,1x BOPHOHTY 2) nocneAOB □ TenbHOro pacn □ A □, H06nIDAOBTCR xap □KTBPHOR 
AnR Jrnx cneKTPOB 30Bt,1CHMOCTb O = f ( 0) (p1,1c. 16, KPHBOR 2): np11 ~ < 2 
nap □ MeTp a< 0 1,1 YMBHbW □ eTCR C YMBHbWBHHeM O ; AnR cneKTPOB C O = 2' 
Q.::: 0 t,1 B A □ nbHetlweM no Mepe ysenH4BHHR f ( 0 > 2) - H □ 6nIDA □8TCR pOCT 
nap □ MeTpa o B o6nacTb nonomHTenbHMX 3H □ 4eHHt1. 

OpeAnomeHHMtl cnoco6 o6po60TKH 6Mn np11MeHeH AnR o6po6oTKH speMeHHMX 
cneKTPOB pacn □ A □ YPOBHetl c 3Hepr11RMH 379 1,1 316 K38 B 169Tm.. 3TH YPOBHl1 
pacn □ AOIDTCff nocneAOB □ TenbHMMH nepeXOAOMl1. Opt,1 3TOM 113MepeHHMt1 cneKTP 
1{93-J> IOO K3B cosn □ AOBT C sap11 □ HTOM l 1,1 1{93-J> 50 K38 C BOPl10HTOM 2. 
nony4eHHMe 3H04BHl1ff napaMeTpa a.= 5,6(1) AMI 1{93-J >50 K38 1,1 a..= 
-4, 76(4) AnR 1{93-J > 100 K38 xopowo cornacyIDTCR c YCT □ HOBneHHOtl HOMl1 
30BHCHMOCTbID a..~f(a) AnR nocneAOB □ TenbHOro pacnOAO COCTOffH11t1. 8 3TOM 
cny4ae, □ Han1131,1pyR nony4eHH~e pe3ynbTOTM, MOmHO CAen □ Tb BMBOA 11 06 OT
HOCHTenbHOM pacnonomeHl111 1130MBPHMX COCTORH11t1. 

H3 npOB8A8HHOro OH □ nl130 cneAYBT, 4TO: 
l. nap □ MeTp a..>O MomeT 6MTb KOK np11 napannenbHOM, T □ K 11 np11 noc

neAOB □ TenbHOM ABYXKOMnOHBHTHOM pacnoAe. Opt,1 3TOM, ecn11.pocn □ A nocneAOBO
re n b HM t1 , To '7: 2. > 2 "l: 1 1,1 E * ( 7:1 ) > E * ( -z:2. ) : 

2. nap □ MeTp ll...<O no3BOnReT YCTOHOBl1Tb, 4TO H □ 6nIDAOBTCff nocneAOBO
TenbHMtl ABYXKOMnOHBHTHMtl pacn □ A. 

3. 3H □ 4eHHe nap □ MeTpa a.=O COOTBBTCTBYBT 4t,1CTOMY OAHOKOMnOH8HTHO
MY pacn □ AY 1,1n11 nopannenbHOMY ABYXKOMnoHeHTHOMY pacn □ AY, KOfAO HHTBHCt,1B
HOCTb OAHOtl KOMnOHBHTM HOMHOro 6onbwe HHTeHC11BHOCrn APYfOtl. Ecn1,1 a..:::: 0, 
TO He 11CKnID40BTCff T □ Kme B03MOmHOCTb nocneAOB □ TenbHOro ABYXKOMnOHBHTHOro 
pocn □ AO c O: = 2 ( 'L,i: 2.r1). 

8 40TBBPTOt1 rnase AnR Wl1POKoro AH □ n □ 30HO ffABP npoBeAeH OH □ nl13 nap
QH □ nbHMX nep110AOB nonypacn □ AO rf12 B036YMABHHMX COCTORH11t1 RABP, pa3pR
mamm1,1xcR J-nepexoA□ MH MynbTHnonbHOCTH M4, M2, E3, EI, MI (Al= 0,2) s 
HB4BTHMX RAPOX ~ E2(2i - Oi), E3(3! - Oi) B 4BTH0-4BTHMX. anR BYRBneHHR 
nonysMnt,1pt,148CKOt1 30B11CHMOCTl1 rf12 OT 3Hepr1111 J-nepeXOAOB 6wna npl1HffTQ 

J n -b ;i. 
onnpoKCl1M □ Ql1ff IDYHKQl1t,1 TI/2 A = a.Er B _B11A8 npRMOtl B AB □ MAM norap1,1~-
MH4BCKOM MOCWT□ 6e B COOTBBTCTBHH C npeACT□ BneH11RM11 O POAH □ QHOHHYX nepe
XOAOX B OAH040CTl14HOt1 MOABnH RAP□ , rAe f,:.U-11, 11.= (2/3)l AnR 
sneKTPH4BCKHX 1,1 11. = 2/3 ( L. -I) AnR MOfHHTHMX nepeXOAOB; a. - senH4HHO' 
nocTOffHH □ ff AnR nepeXOAOB KOHKPBTHOtl MynbTHnOnbHOCTH L ~ T □ Kotl nOAXOA 
OT n1,14aeTCff OT nOAXOAO APYfl1X OBTOPOB K 3TOt1 npo6ne.Me ( L. ~u,dai>t.S, 1962, 
PL , v. 2, tr-2, p.88; S.Rama..n. e.a...., !988,PR.C, V. 37, tr-2, p.805; S. Ra..
ma..t1.. e.a, 1989, A DNDT, v. 42, If-I, .P. I), KOTopMe paccM □ TpHB □ IDT 3as1,1c1,1uocrb 
T{/2~ f (Err, , A ~

6
). Haw noAXOA no3BOnffeT 11ccneAOB.□ Tb CTeneHHYID 30B11-

CHMOCTb. rf12~ f (Er ) HCXOAR 113 OP8ACT □ BneHHt1 sneKTPOM □ fHHTHYX nepexo
AOB B OAH040CTH4HOt1 MOAen1,1 ffAP □-
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nnff pOC4BTOB AOBBPHTBnbHUX HHTepsanOB MQCCHBOB £J(T[;2 An-) 6un 
Hcnonb30BQH MBTOA perpeCCHBHoro .QHOnH30. HeCMOTPff HO ycnOBHOCTb npeAno

nomeHHff O HOPMOnbHOM pacnpeAeneHHH 3KCnepHMBHTOnbHUX AOHHUX B ~orapHIMH-

4BCKOM MOCWTa6e noK03QHO, 4TO MOCCHBU 3KCnepHMBHTOnbHUX AOHHMX (KpoMe 

nepeXOAOB C MynbTHnonbHOCTbij EI) npOKTH4BCKH BKnro4oroTCff B AOBepHTBnbHUe 

HHTepsonu c YPOBHBM AOCTOBBPHOCTH 68% H 3TH HHTepsonu B 6onbWHHCTBe cny-

4088 AOBonbHO Y3KH, He 6onee OAHOro - nonyTopo nopRAKOB no po36pocy 3H0-

4BHH~ rf12· 3TO MomeT 03H040Tb, 4TO npHHffTU~ MBTOA onnpOKCHMOUHH OK030n
Cff onpOBAOHHUM. Ho PHC. I7 npHBBABHM MOCCHBU 3KCnepHMBHTOnbHUX T04BK H 
AOBBPHTBnbHUe HHTepsonu Anff E2(2j - Oj) H E3 nepeXOAOB B 48TH0-4BTHMX 
ffAPOX. 
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PHC. I7. MOCCHBU 3KCnep~MBHTOnbHUX AOH-
'· 

HMX H AOBBPHTBnbHUB HHTepsonu 

Anff E2(2j - Oj) H E3(3r -Oi) 
nepeXOAOB. • 

113 PHC. I8 BHAHO, 4TO AOBBPHTBnbHUe HHTepsonu rf12 An..) Anff nepexo

AOB po3nH4HO~ MynbTHnOnbHOCTH AOCTOT04HO YAOnBHU APYr OT Apyro. ToKHM 

o6p030M, 3TOT rpolHK MomeT 6UTb Hcnonb30B0H Anff nporH03HPOBOHHff 3KCne-

PHMBHTO HnH Anff HHTepnpeTOUHH no~y4eHHMX pe3ynbTOToi:i_- _£ 
OueHKo cTeneHHUX nopoMeTpos ts IYHKUHH rf12 ~ = ~E7 , BXOARmHx 

nHHB~HO B onnpoKCHMOUHW H OUBHKH HX norpeWHOCTe~ noK03UBOWT, 4TO Anff 
6onbWHHCTBO MOCCHBOB nepexoAOB p03nH4HO~ MynbTHnOnbHOCTH 3MnHPH4BCKHB 

3H04BHH!l f, cosnOAQijT C OAH040CTH4HMMH ( PHC. 19). 11cKnro4BHHe COCTQBnffWT 

E2 (2i -oj) ( l)a,rn. = 3,98(5)) H E3 C3i -Oi) ( 63Nn= 6,II(37))- nepeXOAU s 
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PHc.I8. nosepHTBnbHMB HHTBPB □ nu 

Anff nepeXOAOB po3nH4HO~ 

MynbTHnonbHOCTH. 
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PHc. I9. RHHHH perpeccHH (cnnowHue 
nHHH~) H OAH040CTH4HUX oue

HOK (nyHKTHpHUB). 

4BTH0-48THMi H E3 nepeXOAU B HB4BTHMX ffAPOX ( &3Mn.=8,5I(0,26)), Anff KO
TOPMX A □ me. npH YPOBHB AOCTOBBPHOCTH 99,99% npeAenbHMe 3H048HHff nopoMeT

POB 8 30MBTHO OTnH40WTCff OT OAH040CTH4HMX. 

B 3 □ KnW4BHl1JL noHBO.llffTCff OCHOBHMB pe3ynbT □ TM, nony4BHHUe B AHCCepTo

UHH: 
I. npoBBABH nonHM~ KOMnneKC MBTOAH4BCKHX HCCflBAOBOHH~ B uenffX MO

ABPHH30UHH MOrHHTHO-nHH30BOro 6eTa-cneKTP~MBTPO repxonbMO Aflff OH-nO~H 

3KcnepHMBHTOB: 
- ABTOflbHO HCCflBAOBOHO pocnpeAeneHHB MOrHHTHoro nonff B 6eTo-cneKTPOMeTpe; 

- HCCflBAOBOHM TpOeKTOPHH ABHfflBHHff aneKTPOHOB B cneKTpOMeTpe; 
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- po3po60TOHO H H3rOTOBneHO CHCT8MO KOnbqesux H BHHTOBUX AHOOporM, o6ec
ne4H,BOIOIJIHX cenopoQHIO aneKTPOHOB H n03HTPOHOB H onrnMH30QHIO OTHOWSHHtl 
CB8TOCHnu H po3pemeHHH (no HMnynbcy) cneKTPOMeTpo. 

8 pe3ynbTOT8 MOA8PHH30QHH yny4W8HU JneKTPOHHO-OnTH48CKH8 XOPOKT8PHCTHKH 
6eTo-cneKTPOM8TPO. 3Heprern48CK08 po3pemeHH8 6ern-cneKTPOM8TP/ Ll/3y/8p= 
0,4 t 3% npH CB8TOCHne T = 0,6 t 5% H 93% TPOHCMHCCHH JneKTPOHOB AnR BM6-
POHHoro OKcenTOHCO BXOAHUX AHOWPOrM npH nonHOM nOAOBneHHH no3HTPOHOB HB
nHeTCH HOHny4WHM pe3ynbTOTOM, nony48HHUM HO nOA06HUX 6eTa-cneKTPOM8TPOX 
c TpeyronbHOtl wopMotl MOrHHTHoro nonH. 

2. C03AOHO YCTOHOBKO e-J cosn □ ASHHtl AnR OH-n □ tlH 3HCnepHM8HTOB no 
HccneAOBOHHIO HOPOTHOfflHBY~HX HASP HO 6038 MOA8PHH3HPOBOHHOro 6eTa-cneKT
POMeTpo. BpeMBHHOB pa3pemeHHB yCTOHOBHH 2 -Z:-0 = 4I0 nc H S I/2= 50 nc npH 
E1 > 900 HJB H Ep- = 250 HJB He ycTynaeT pe3ynbTOTOM, nony4BHHUM HO H3B8CT
HUX OHanorax cneHTPOMBTPOB e-J-cosnOABHHtl. 

3. YcTOHOBHO e-J cosnOABHHtl duna Hcnonb30BOHO B OH-nOtlH JHCnepHMBH
TOX HOMnneHCO HCHAnn-2. 3HcnepHMBHT □ nbHUe pe3ynbTOTM noH03WBOIOT BMCOHYIO 
JWWBHTHBHOCTb HCnonb30BQHHH C03AOHHOtl ycTOHOBHH AnR HCCnBAOBOHHtl RABP 
YA □ neHHUX OT nonocu 6eT□ -CTOdHnbHOCTH. 

4. nony4eHa oqeHHa nepHOA□ nonybocnaA □ cocToRHHR c JHeprHetl IIO HJB 
B 155Ho, B03dYfflAOBMOM npH POAHOOHTHBHOM pacn □ Ae 155Er. M3MBPBHO BPBMR 
fflH3HH YPOBHR 74,4 HJB s 158rm.. 

5. Pa3padOTOHO MSTOAHHO HOPPBHTHOtl o6padOTHH BPBMBHHUX cneHTPOB, 
nony4eHHWX MBTOAOM 30ABPIOHHUX cosn □ ASHHtl. Pa3BHTOH M8TOAHHO OHOnH30 
BPBMBHHUX cneHTPOB cnocodCTBYBT HABHTHWHHOQHH BBTBBtl noponnenbHOro H 
nocneAOB □ TenbHOro pacn □ AO H30MBPOB npH HOnH4HH HBCHOnbHHX H30M8POB B 
RAPB H HOPPBHTHO sudpaTb BHA WYHHQHH csepTHH AnR A □ nbHetlmetl o6pa6oTHH. 

6. npoBBABH CHCTBMOTH48CHHtl OHOnH3 napQHOnbHUX nepHOAOB nonypacna
AO rf12 B036YfflABHHUX COCTORHHtl RABP, P03PRfflOIOIJIHXCR 1-nepeXOAOMH MynbTH
nonbHOCTH MI( al= 0,2), M2, M4, EI, E3 s He4eTHux H E2(2i - Oi), 

' E3(3l -Di) B 48TH0-48THUX RAPOX. 

OdHapymeHO cy111eCTB8HHOe OTHnOHBHH8 CTeneHHOtl 30BHCHMOCTH rf12 Al1. = 
f(E;b) OT OAH040CTH4HUX OQBHOH AnR E3-nepeXOAOB B 48TH0-48THUX H HB-

48THUX RAPOX. noATBBPfflAOBTCR paHee nony48HHOR APYrHMH QBTOPOMH 30BHCH~ 
MOCTb Tf/2~1 (Er4) AnR E2(2i - Oi) nepeXOAOB B 48TH0-48THUX RAPOX. 

nony4eHHWe rpaWHHH sMnHPH4BCHotl 3 □ BHCHMOCTH rf12 An.= f(E;
6

) MoryT 
6WTb Hcnonb30BOHU AnR nporH03HPOBOHHR JHcnepHMBHTO HnH AnR HHTepnpeTOQHH 
nony4eHHUX pe3ynbTOTOB. 
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