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III l1ccnenonamre ueifTpOHHbiX ceqennif srnep cpenuero aToMnoro neca , 

IIpOllOll*eHO Ha li30TOII8X py6Hlll1Sio lfHTepec K STHM li30TOII8M o6~SICHHeTCSI 

TeM, 'ITO srnpo 
87 

Rb nMeeT aanonnenny10 N = 50), a 86 llb - 6mra

KYIO K 38II011HeHHIO HeifTpOHHyiO 060ll0'1KY• 

B peaynbTaTe li3MepeHHH1 OITHC8HHbiX n pa6oTel21, Ha peaKTOpe l1BP 

6binll HaifneHbl napaMeTpbl 10 pe30H8HCOB llBYX _H30TOITOB lib. nocnenyiOtUee 

ynyqwenne paapewennsr cneKTpoMeTpa Ol1Hl1 6naronapsr ncnonbaon_amno pe

aKTopa c nu*eKTopoM noanonnno nepnyTbcsr K nccnenonanuiO naoTonon llb 

n npu aToM nepeKpbiTb no WKane aueprmr neifTponoB naHIIble pa6oTI2,31. 

YcnoBHH H3MepeHHii H MeToaHKa o6pa6oTKH aaHHbiX 

B naMepennstx ncrronbaonanncb o6paaubl o6oraweHHbiX naoTorron py-

6nnnst B nune coennneuust Rb Cl. XapaKTepncTnKn o6paauon npuneneHbi 
B Ta6nuue I. 

l1aMepennSI l!POnycKanusr u pannaunouuoro aaxnaTa npononumrcb 

B YC1IOBHSIX1 OIIHCaf!HblX B pa6oTelll. nponycKaHIIe 6binO H3Mepeuo *llllKOCT

IIblM CUHIITIInllSIUHOHHbiM JleTeKTOpOM C MeTHll60paTOM IIpll IIpOlleTUOM paCCTO

SliiHH 1000 M llllSI HeifTpOHOB C 9Heprueif BbiWe 3QQ SB
0 

napaMeTpbl ypOBfleif 

ua naMepeunii rrponycKaunsr rronyqenbi MeTonoM rrnomaneii c y'leToM nmmniiH 

norrrrneponcKoro ywnpeunsr peaouanc?B n nuTep<jlepeuunn Me*llY peaouaucnbiM 

II IIOTeHUHallbflbiM pacCeSIHIISIMH. npu 9TOM 3fl8'1eHne pallHBUIIOHHOH WHpllllbl 

BaRTo ua uaMepenuii pannauu.onnoro aaxnaTa n <jluKcnponanocb nnst Bcex 
peaouaucos. 
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0CHO:BHOi1 
lil30TOll 

8sRB 
s7R8 

Ta6Jim~a I 

XapaxTepHCT11Im HcnoJi:oao:aamuuxcH o6paa~o:a 
py611]4Hfl 

II30TOnHaa TOJIH~Ima (a;n/6apn) 
tU1CTOTa :a ·naMe:Qemmx 

% nponycKatma PCl.I\H~HOHHoro 
aax:aaTa 

0,992 0,0257 (193) 0,0028 (86,7) 

0,974 O,OII2 (86,4) 0,0053 (86,4) 

B cxo6xax yKa3aH :sec o6paa~a, r. 

I13MepeHIISI· p8JlH8UHOHHOPO 38XBaTa IIpOBOJUWHCb )I{HJlKOCTHb!M CUHHTifn

, nSIUHOHHbiM )leTeKTOpOM p8JlH8UHOHHOPO 38XB8T81 yCT8HOBneHHb!M H8 6aae 

242 M. Ha pHc. 1 B KB'IeCTBe HnmocTpauiiH npnBeJleH y'IacToK cneKTpa paJln

auiioHHoro 38XB8T8 HeliTpOHOB o6pa3UOM 
85

Rb. 

Kanii6poBKa JleTeKTopa palliiBUIIOHHoro aaxaaTa npoBOJlHnacb no cna6biM 

r 85 
. ( g n « ry ) pe30H8HC8M npii 9HepriiH 236,6 9Bj 477 9B ( Rb ) II 

269,5 9B ( 
87 Rb ) , napaMeTpbl KOTOpbiX 6binii nony'leHbl II3 1!3MepeHIIH npo

nyCK8HHSio 3aa'leHIISI g r n ~ JlnSI pe30H8HCOB 236,6 H 269,5 9B B3S!Tbl II3 

pa60Tb/ 2/ • nocTOSIHCTBO acjlcpeKTIIBIIOCTH JleTeKTOpa OT pe301!8l!C8 K pe30H8H-

cy npoaepSinOCh riO OTHOIJJeHHIO 'IIICna OTC'IeTOB B K8Hanax COBIIaJleHI!SI II cyM

MllpOB8HliSI nMnynhcoa OT llBYX 6aKoB JlnSI pSina peaoHancoa. MeTollHKa nony

'leHIISI IIH$OpM8UIIII 0 p8JlH8UliOHHhiX lllllp1IH8X ypOBHel! 113 li3MepeJIIIH panna

UIIOHHOPO 38XB8T8 HeHTpOHOB OITIIC8H8 B pa6oTe/l/. 
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Pe3ynbT8Tbi H o6cy}l(ael1He 

I. napaMeTpbl pe3oHaHCOBo B pe3ynbTaTe npoeeneHHbiX 113MepeHIIii nnS! 

neyx II3aTonoe py6nmm nail:nenbi napaMeTphi 54 pe3oiiaHCOB npii aneprnHx 

ueiiTponoB no "' 20 K9B { Ta6mrua 2). 

0ony'leHHhl9 3Ha'lei!IISI: g f'n CCI'JlaCyiOTCSI B npenenaX 01111160K II3M9-

pel!llii c naHIIbiMII pa6aThl2/ B o6nLi'cTn suepr1m no 1,2 KsB. Opn cpaeneHHII 

nony'leHHhiX 3Ha•mnllfi c pe3ynbTaTaMn pa6oTbi/3/, rne np11eeneHhi neil:Tpon

Hhie Ulllpllllhl nnH 8 pe3allaHCOB1 cornacne o6napy)KeHO TOJlbKO nnH neyx 113 

HIIX llpH 91!9pi'llli 7250 9B ( 85 Rb ) ll 5120 98 ( 87 Rb).0apaMeTphl OCTanb

llhlX pe30llaHCOB 113 'IIICJla IICCnenoBallllhlX B·pa6oTe/3/. naCTOJ1bKO CIIJlbHO 

oTmi'IaiOTCSI no snepr11n n mnpune oT napaMeTpoB, yKa3aHnhiX B Ta6n. 2, 

'ITO nanHhie pa6aThi/3/ rro 1130TonaM Rb cnenyeT c'lnTaTb neeepHhiMH. Ha

rnHnHhiM npnMepoM sToro HBnHeTCSI yKa3aHHbiH B pa6oTe/3/ pe3ouanc rrpH 

:anepi'Hll 6600 8B c g r n = 8,5 :aB. Ha puc. 2 rrpnBenen y'laCTOK nony

qeunoro naMn anrrapaTypuoro crreKTpa, 113 KaToporo mtnno, 'ITO npH yKa-

3aJmoii :aneprnH ne Ma)KeT 6hiTb TaKoro pe3onauca, T.K. na:lKe npn 6onee 
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HJtp<r 
~mmeu:r. 

85RB 

Ta6JIH!la 2 . 

ITapaweTpH ue«TpOBHHX pasoaaacoB HSOTonoB 
py6H.<UfH. 

... ~ Eo Eo . ; ,, A~f -?_a Afl/-'I" 
3B 3B 3B 3B 3B 

I76,ft" 0,3 0,0004 0,00006 
224,7* 0,3 0,00057 0,00008 
236,6* 0,4 (0,0054) (0,0005) 
429. I 0,00!4 0,0002 
466" I,2 0,0008 0,0002 
477 1,2 0,02! 0,003 
530 !,4 2 0,77 O,IO 0,094 O,QI4 
546. 1,4 0,003 o;oor 
598ft 1,6 0,0032 0,0004 
658 2 0,17 0,05 
8o?'f 3 0,008 0,001 

10!2 4 . 0,07 0,02 
1046 '4 0,46 0,07 0,094 0,014 
I2IO 5 0,84 O,I3 O,IIO 0,016 
1414 6 3,2 0,3. 0,100 0,015 
1514 7 0,07 0,02 
1686 IO 0,34 O,IO O,I02 0,0!5 
1943« IO O,OIO 0,005 
1996 I5 0,26 0;09 o,rop ·. 0,015 
2IIO I5 0,25 O,IO 
2I90* 20 O,OIO 0,005 
23!0 .. 20 0,020 0,006 
2420 15 3,8 0,6 
2550 .. 20 0,033 o;oio 
2610 20 0,05. 0,02 
2800"' 25 0,020 0,007 
3020 I5 2,6 0,6 
3235 15 I,4 0,35 
3360 I5 0,3 O,I 
4060 20 I,8 0,4 
4250 I5 ,~,2 0,8 
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I 2 3 4 2 6 7 

4930 30 6 I 
5180 30 2,3 0,8 
5660 25 3,0 0,8 
7250 35 6 I,5 
8430 70 16 3 
9310 70 10 3 
Il030 IOO 8 3 
12880 120 I3 4 
!5030 100 2I 5 
15560 IIO 8 3 
16690 . 120 9 3 
I7I70 120 II 4 

811(8 269,5* I (0,007) (O,OOI) 
378 I,6 2 0,44 0,04 0,088 
.3840 I5 II,6 I,5 
5120 30 . 21,6 3 
7580 35 I 51 7 
8370 40 5 I 
8790 45 2 137 16 
III60 60 23 5 
14980 IOO 20 6 
23470 400 120 30 

' 

• flpeJUJOllarae~me p - :aonnowe peaouaBcu. 
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nhiCoKofi :aueprnn ( 8370 :an) OT'Icnmmo mmeu pe3ouanc c MeHbllleil ueiiTpo 

HOM 11111pHHOH1 OTCYTCTnyiOllJIIH n pa6oTe/3/ • 

Cpanueune tjlopMhi 9KcnepnMeHTanhnoii .Kpnnoii nporrycKaHJJ.Il c pac-q 

TOM, Y'IHThiB810liUIM :atjltjleKT norrrrnepa H pa3pellleUne crreKTpoMeTpa, J103BI 
. 8~ . 

nuno onpenennTh CI1liHhi pe3onaacon rrpn :aueprn.11x 530 :an < Hb l; 378; 75 

If 8790 9B <
87 

Rb ) • npn 9TOM nn.ll pe30H811COB 530 If 378 9B JICJ1(>nb30na 

llOITOnHJJTenbHa.ll HlltPOpMaUlfSI 06 9KcrrepnMeHTBnhiihiX ITnOiliBllSIX A=f (n, r, g r 
nn.11 pSina .Tomuna n , B3SITaSI JJ3 pa6oTh/2/ •. BnaronapSI crrnaonoii nne 

TnljJHKaunn pe3oaancon 530 n 378 :an nnSI HHX uaiinenhi pannaunoHHhie lliiipHJ 

ry . nocKOnhi<y CllllHhl OCTanbHblX pe30H8HCOB HeH3BeCTHhlr n Ta_6nnue 2 np 

nenellhl 9KCIIepnMeHTanbHhJe 3H8'1eHIISI BeniiiJIUlbl g ry ( g -CTBTJICTII'IeCK 

<jlaKTop). 

2. YcpenneHIIhie rrapaMeTphi. KaK cnenyeT ll3 Ta6miUhi 2, 3Ha'lnTenhH' 

'Inc no ( 13 113 30 n IIHTepnane /lO 3,3 K:an) pe3ouaucoB 85 Rb no npnBeJleJ 
o -o 

uoii 111npnue ro 
n I IIOIIaJlaeT B IIHTepnan 0 < rn I I rn < 0 ,02 • B ~ 

npeMSI KBK pacrrpe/leneune · nopTepa-ToMaca rrpencKa3bJBaeT niilllb 11% o6m, 

ro 'IIIC.rta yponueii n :aToM nuTepnane. TaKne cna6bie yponun ( B Ta6nnue 

OHH OTMe'Jellbl 3Be3/l0'1KOH) C 6onblliOH nepOSITHOCTbiO' S!BnSIIOTCSI p- .BOnHOnl 

Mn. 3To 6bmo y'ITeno rrpn nhi'IHCneunn cpe/lHHX rrapa'>ieTpon ( Ta6nnua 3). 
0 87 . 

Cnnona.SI tjlynKUIISI ( S0 = t grn1 I ~ E l Hb B rronTopa pa3a 
85 

6onhllle 3Ha'leHnSI So nmr Hb , O/lHaKo 113-3a Manoro qncna yponne 
81 

IICCne/lOBBHHhiX y Hb , 9TO pa3nll'llle ne:rn:HT B rrpeJlenaX CT8TIICTII'IeCK1 

OllJH60Ko 

Cpe/lHIIe ua6niOJlaeMhie _ paCCTOSIHHSI Ds Me>KilY s -BOnHOBhl"-

pe3onancaMn, rrony'leHHbie H3 rucTorpaMM uapacTamur qncna yponueii B 3t 

nHCHMOCTII OT :aneprnn 1 pa3nii'1810TCSI y JlByX ll30TOI10n B 9 p83o 3Ua'JeUHSI 

( rrapaMeTpa rrnoTUOCTH Ollll0'18CTil'lllbiX COCTOS!Hllii) 1 nbi'IIICneJIJibie ITO tjlopMyJ 

BeTe J:WSI :aueprun no36y>I;neimSI 8,637 M:an ( 86
Rb ) n 6,135 ( 88 

Hb) B npe 

Jlenax ollln6oK conrraJlaiOT, no ne:rn:aT 3aMeTno UJDI<e 3Haqennii a l:tnSI coceJJ 

uu x· Hnep, •rTo o6'hSICJJSieTCH 6nii30CThiO K 3BMKHyToii o6ono'IKe. Pa3nnqne 

n s CBSJ3ano c' 6onbllloil pa3unueiJ n :anepruSix no36y:rn:JleHI!SJ SI/lep. 
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BhiCOKoii :aueprnn ( 8370 :an) OT'IllTnuno BIIneu pe3onanc c MeHbllleJ'f neiiTpon

uoii Ulllp1HIOM1 OTCYTCTBYIOilliiM B pa6oTe/3/ o 

Cpannenue tjlopMhi :aKcrrepiiMeHTanbuoii KPIIBoii rrponycKaHIISI c pac'I~

TOM, y•mThiBaJolllHM :a¢tjleKT llonnnepa 11 pa3pe11Jenne cneKTpoMeTpa, no3DO

n11no onpenennTh cmiHhi pe3onaucon npii :aneprnSix 530 :an <8 ~Hb); 378; 7580 
( 87 ) > 

II 8790 :an Rb • Tipn :aToM nnst pe3onancon 530 II 378 :an ncnt.>nb30Bana 

nononH11T9llbll8SI IIHtPOpM8UliSI 06 :3KC119pl!M9HTanbJlhiX nnOill3ASIX A,f (n, r, g r n ) 

nnst pSina .TOnllliiH n , B3SITaSI 113 pa6oThi/ 2/ •. Bnaronapst cnnnonoii nnen

T11tP11K8U11H pe30H8JICOB 530 II 378 :aB llJISI HHX H8Mil911hl p81l118Ull011Hhl9 lllllpllHhl 

ry . TiocKOJibKY Cllllllhl OCT8Jibllb1X pe30II8HCOB 1!9H3BeCTIIJ.J, B Ta_5mme 2 npn

nenellbl :3KC11epHM9HT8JibHhl9 3ll8'1eJIJISI B9nll'll1Hhl g ry ( g -CT8THCTli'IOCKliM 

tjlaKTOp) o 

2o YcpenneH!Ihie napaMeTphio KaK cnenyeT 113 Ta6nnUhi 2, 3118'1IITenb!IOe 

'II!Cno ( 13 113 30 B IIHTepnane no 3,3 K:aB) pe3o!laHcoB 85 Rb no npiineneH-
o -o 

HOM llliipHHe nonanaeT B HHTepnan 0 < rn I I rn < 0 ,02 • B TO 

npeMSI KaK pacnpenenen11e TiopTepa-ToMaca npencKa3biBaeT milllb ll% o61lle-

ro 'IIIclia yponneii B :aToM HHTepnaneo TaKne cna6bie yponnn ( B Ta6nnue 2 

OHH OTM9'19llbl 3B931l0'1KOM) 

Milo 3TO 6binO y'IT9HO npii 

C 6onblllOM BepOSITHOCTblO' SIBJISIIOTCSI p- .BOnHOBhi

Bhl'I11CneHllll cpemmx napa'v!eTpoB ( Ta6nnua 3) o 
0 ' 

CHnoBaSI tPYHKUIISI (So"'~ grn1 I ~ E ) 
87 

Hb B nonTopa pa3a 
I 

6onhllle 3H8'1911l!SI 85 Rb , onnaKo 113-38 Manoro qucna yponneii, 

llCCneAOB8HHhiX y 

OlllH60Ko 

So 
81 Rb :3TO pa3nH'I119 nex<IIT B npenenaX CT8THCTH'I9CK1IX 

Cpennne na6nronaeMhie. paCCTOSIJIIJSI DB Me)J<AY s -BonHOBhiMII 

pe3onancaMH 1 nony'leHHbiC H3 rncTorpaMM napacTaHIISI 'IHcna yponneii B 38-

BIICHMOCTII OT :aneprHII 1 pa3n!I'I810TCSI y ABYX ll30TOIIOB B 9 p83o 3Jia'I9HHSI a 

( napaMeTpa ITnOTHOCT11 Ollll0'18CTII'Illh1X COCTOSIHIIM) 1 Bhl'IIICJieHHhl9 ITO tjlopMyne 

BeTe nnSI :a11eprun Bo36yxmennSI 8,637 Man ( 86
Rb ) 11 6,135 ( 88 Rb) B npe

nenax Olll1160K COBIT8ll8IOT, HO nemaT 38MeTHO HHX<e 3H3'19JIIIM a AnSI cocen

HH x· Sinep, 'ITO o6'hSICHSJeTcSJ 6nn3oCTbiO K 38MKnyToii o6ono'IK9o Pa3n11'111e B 

n s CBSJ3ano 'c 6onblllOJi pa3mmeii B :anepriiSIX nos6ymneJmSI Sinepo 
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B 38Kn!O'IeHne HaM IlpllHTHO noonaroaapnTb n.s.nnKen&uepa n 3.l1.illa.:. 

· panosa 38 none3Hbie oocy)l{lleH11H 11 11HTepec K paooTe, a TBK)I{e B.C.3onoTa

pesa 11 ero coTpyllH11KOB 3a mooe3HO npeaocTasneHHbie li30TOilbi pyonauH. 
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