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I. BBC,li,emie 

l1cc11e,110Batt11e (j.JOTOfl,llepttb!X peaKJ..(11H B 061ii.J.CTl1 BblCORl1X 3He prnti 

Cl1Jl.bHO 3aTpy,21HSHO BBl1,Z(y OTCYTCTBl1fl ,Z(OCTaTOllHO YlHTSHCYlBHblX 11CT0l{­

Hl1KOB MOHOXpOMaTY!l{SCJ\'1X WOTOHOB . ilpl1MSHSHl1e aMopqlHOI'O crreKTpa c 

HeII;lepbIBHblM pacrrpe,neJiett11eM ciiOTOHOB no 3HepI'l1flU II03B01!fleT 113Mepl1TI> 

T011I>RO HHTerpaJI:bHY!O xapaxrepi1CTl'IRY IIjJO[.\ecca, rrpe,llcTaB11f110li(YKl Bbl­

X0,11 peaRL\Jlli1. OT He ce HHhti1 K 0,llHOMY 3RBf/IBa1!eHTHOMY \IJOTOHy. Cel{ettl1e 

111 Bb!X0,11 peaK!.(1'111 CBfl3aHbl Mea,i.cy co6oti ypaBneH.KCM, 113BeCTHblM B 1JaTe­

MaT1me KaK ypaBHeHJ1e cvpe,11ro11:b1Ja I _- I'O po,11a: 

(Emax 

..) E nop UK ( E ) N ( E, E max ) d E o; (Emax) = (IJ _1_ \Ema~ 
Emax .) EN (E, Emax)clE 

Enop 

r,11e BblpalKeH11e ,CTOfl!Ilee B 3Hru.teHaTe11e,, orrpe,11e11ReT l{l1CJJO 3KBfllBa11eHT-

Hb!X RBaHTOB B cneKTpe c E max , U'CJ- - BblX0.11 peaKL\l11ti Ha 0,1111H 

3RBf/IBa11e HTHblH I\BaHT I ~ - CSl{SHl1e pea1<u11» I OTHCCSHHOe K peaJ!LHO­

MY cj)OTOHy c 3He prneu E • N ( E I Ema>< ) cl E - l{l1C110 !jJOTO!!OB B 

cne1<rpe B atte preT11l{e cxoM l1HTepmrne E , E +cl E. Pewett11fl y paBHeHl1l• 

TaKOI'O Tlma OTHOCflTCfl K l{l1C11Y HeKoppeKTHO IIOCTaB116HHblX 3a,l(al{ 

.ll11fl KOTOpb!X xapaKTe pHa HeycTOlll{HBOCT:b pewett11l1 rrpf! Ha1111l{l1.H ::IKCIIC­

Pl1MCHTaJJLHblX norpe1J11ocTeti ,1111H tl>YHKU.Hl{, BXO.llfllll.11X B ypaBHeH11c. Paa-

111111.{Hble crroco6b1 pewett11n aToro ypaBHeHHfl 06cylK,11a1111c:i, B PH.lie po. -

CloT (I-6) 

Ha.JIU! 6bl11a 11err011})3 OBS Ha 



OTeKH CTaHAapTHblX no.nnporpa.MM (0.13Cil) ESCM-6 A1IH pewettHH HH-

Terpanbttoro ypaBHeHHH ~peAronbMa l-ro poAa MeTOAOM perynHpH­

aaQHH A.H.THXOHOBa (7-8] • B KatiecTBe HCXOAHlilX Aattub!X npH pewe­

HHH ypaBHeHHfl HCll0:1lb30Ba1!HCb 3KcnepHM6HTa11bHble 3HatieHHfl Bb!XOAOB 

l1CC11e ~eMbDC peam.i» ll , COOTB6TCTBYIO!lll16 l\Ba3Hl.IOHOXpOMaTl1t!eCKl1e 

6K Tphl, noJiytieHHble npH TOpMOlKeHHH aneKTpOHOB KpHCTa111111t!6CKO£l 

.11we :1bJO, a TaKl!Ce peaynI>TaTbl 11aMe pea11i1 aa paaop11e HT11poBaHHOM 

KPl1CTanne » pattee nonytieHHble cneKTpbl OT aMOP\IJHOU MHW6HH. BBOA»-

1!11Ch TaK~e COOTBeTCTBYIOUU1e CTaTHCTHt!6CKHe om116KH l13M6peH»£l Bbl­

XO,l!.OB pea.KQl1~ H <l> OTOHHblX cneKTpOB. IlOAPOOHOe on11caa11e npHMeHe­

HHfl aToro MBTOAa pewettHH Anfl pacqeTa ceqea»il ~OTOHAepHb!X 1~aK­

l.lH£l npHBe,l!.el!O B pa6oTe (9] I B KOTOpOll npOBOA»nHCh BblqHcneHHfl 

ceqeHH£l peaKQH" llJ0TopacJI1en11emrn nerKHx MHWetteii .Re , Si. H S 

2. 8Kcnep11MeHTa nI>Hble peaynI>TaTbl 

B HaCTOHJ!le £l paooTe HccneAOBam1cb peaKl.lHH ~0TopacJI1enneHHH 
57 56 56 54 

!.! B.lU! c 06paaoBatt11eM ocTaTo•rnbDC H.ztep NL , Co , Mn, Mn , 
52 44m 43 42 24 . 

Mn, Sc, K , K , Na • OonyqettHe npoBo,Zl,HnocI> KBaaHMOHO-

xpowaTHqecK11M <l> OTOHHblM ny'lliOM EpeBaHCKOrO CHHXpOTpOHa, nonyqea­

HblM npH TOpMOJKeH»H aneKTpOHOB, ycKopeHHblX AO 3,75 raB,B KpHC -

Tann»qecKoi.1 MHWeHH npH paanHql!h!X OpHeHTal.lHHX, a TaKll\e paaopHeH­

THpOBaHHO£l OTHOCHTB11bHO nyq1\a. 

~auepeHHH HaBeAemrn£l aKTl1BHOCTH npoBOA»n»Cb Ha Ge (LL) no­

nynpoBOAHHKOBOM .zteTeKTOpe c qyBCTBHTe11bHbW 06.'beMOM 60 cu3 ' coe­

,lU!HeHHOM c 4000-KaHa11bHblM attanHSaTOpOM CHCTeUbl DIDAC. 

Ilo,l1.p06HO npm.!eHfl6Mafl Me TO,lU!Ka H3MepeHHfl BblXOAOB pea.Kl.!»£! H3JIOlKe­

Ha B pa6oTe [IO] • B KaqecTBe MOHHTOpa nyqKa 11Cll011h30B811Cfl KBaH­

TOMeTp Br1n1cotta. BbDCO,l1.hl peaKl.llrn, HOPMHpoBaHttble aa q»cno 3KBHBa­

nettTHlilX KBaHTOB no noKaaaHHflM KBaHTOM6Tpa,11 3HaqeHHH llHKOBb!X 
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aaeprH£l B COOTB6TCTBYIOUU!X cneKTpax npHB6,l1.eHbl B Ta611.1. B Ka -

qecTBe HCXO,!lHbDC ,l1.8HHblX B pacqeTbl BKn!OqanHCh TaKl!te paaee nony -

qenable peayJI:DTaTbl no <t>oTopacU1en11eHH10 Me,11.H ttenpe pblBHblM cneKTpOM 

OT auop!I)HOii MHW6HH !IpH !AaKCHMa11hHlilX 3He pr»roc 2 ' 3 ' 4 

H 5 raB [II] • 

Peayn:cTaTbl pacqeroB npe.ztcTaBneabl Ha pHc.l-9. Ow»6K~ 06yc110B-

11eabl norpeil!HOCTHMH H3MepeHHH BbDCO,l!.OB (5-I01b), cneKTpOB (5,.0 ), a 

TaKllCe TOqHOCThlO l46TO,l1.a peweHHH ( "'3;~ ) • .11.0CTOBe PH.OCTh Kpu:sou 

B036yliGJ,eHHH CY1i16CTB6HHO 3aBHCHT OT KOnHt!6CTBa 3KcnepHM6HTa11hHlilX 

ToqeK H HX CTaTHCT11qecKOH o6ecneqeHHOCTH, a TaKlle TOqHOCTH pe­

ayn:cTaTOB H3MepeHHH ~OTOHHblX cneKTpOB. 

3. 06cyin:;u.eH»e 

XapaKTepHblM ,l1.1IH ceqeaHU BCBX HCC11e,l1.yeMblX pea.KQHi1 RBJlflBTCH 

oTqeTn»BO Bblpal!CeHHblli MaKCHMYM B oonacTH aaepr»U woTOHOB 

350-420 hlaB. TaKoe noBe,l!.eH»e xapaKTepHO AnH pea.K~HU, HHHl.lHHpy­

eMh!X ~OTOHaMH c 3HeprHe£l BblJUB nopora ~OTOpOX,IUlHHR &&e30HOB, Ta­

KHX KaK: ~oTo~eneHHe [6,12,13] , woTopacqennett»e [9,14,15] , 

nonaoe !I)oTonorno~eaHe Ha HApax [16,17] .no Mepe yBem1qeHHH q11c-

11a Bb1116T6BJUHX HYK110HOB » COOTB6TCTB6HHO pOCTa nopora peaKQH~ B 

nonOJKeHHH llHKa Ha01110,l!.aeTCR H6KOTopoe CM6J!16HHe B CTOpOHY 60nl>ll!HX 

3HeprHU. YKaaaHHafl aaKOHOMBpHOCTh 6blna 3a.MeqeHa Ha.MH pattee B 

[9] npH HccneAOBaHH» qioTopacU1en11eHHH nerKHX H~ep .Ae , St , s 
24 f8 

c 06paaoBaaHe1o1 Na » F • nonol!CeHHe nHKa xopomo corna-

cyeTcH c MO,l!.en:cD woTopo~AeHHH » noc11e,l1.y10~ero peaoHaHcHoro nor­

noDteHHH m' - i.ieaoHOB HAepttoil J.1aTep»ei1 c 06paaoBaH»e1o1 fl - Hao-

6apli (18] • 8TOT MeXaHH3M nepeAaqH atteprHH npHM6Hfl6TCfl B pacqe-
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Tax no KacKaAH0-11cnap11TeJI:bHOtt MO,l\eJI11 MeTOAOM t.!OHTe-KapJio. 

Ony6Jil1KOBaHHble peayJII>TaTbl pacqeTOB ceqeHl1H woropacll!enJieHl1H [!4) 

H.l{ep nplil 3Heprlillil AO 400 MaB AeMOHCTplilpyIOT HaJI11q11e nli!Ka np11 3Hep. 

r1111 ~ 300 !.laB. Kon11qecTBeHttoe lKe corJiac11e c 3Kcnep11MettTaJII>HblMlil 

AaHHblMl1 [8] xylKe, pacqeTH!Xe 3HaqeHVJR ceqeHHH cyU1eCTBeHHO HHlKe. 

B pa6ore (!8] aBTopu yKaabl:aaJilil, qTo yqeT nepepacceHH11H t::.. - 11ao·-

6apbl Ha HyK110Hax HApa :a npouecce paa:aeT:aJieHli!H KacKaAa 1&0JKeT 

06'.bHCHHTD CABHr norJIOIJ1eH11H n11Ka Ha atteprerVJqecuotl rnKaJie :a peaK­

UHHX c 60JIDUU1M qr1cJiou BhlJ1ereBU1HX HYKJiotto:a. Hanr1q1rn mrna :a 06-

11acr11 700-800 l.iaB MOll!HO 06'.bHCHHT:b BKJiaAOM B BblXOA peaKUl'IM npo -

uecco:a MttoroMeaottHoro po~AeHHH. Ha110011ee qeTKO 3Ta stteprerll!qec­

KaH 0611acn npOl1BJIHeTCfl B peaKUl'IRX c BblCOJCl11.411 noporaMl'I. B AaH-
44m 43 42 now pa6ore 3TO KacaeTcH peaKu11tt c 06paao:aatt11eM Sn , K , K 

24Na • C:awue I raB ceqeHHH :acex peaKUl'lii nprutTr1qecKH ae MeHH­

IOTCH. Ilonyqeaaue aaaqettli!H ceqeHl'ltt :a aron odJiacTH xopomo corJia­

cyroTcH c ouettKaMH, paccqr1TaHHhlMH :a I/E npHOJlliliKeHHH :a 06nacrr1 

2-5 I'aB (!9] C yqeTOM CTaTli!CTl'!qecKHX OlllHOOK lil3MepeHHhlX BblXOAOB, 

TaKaH KapT!i!Ha corJiacyeTcH c AaHHblMlil no ~OTOH,l\epHblM npouecca.M :a 

raB-tt OOJiaCTH 3Heprr1tt, B qacTHOCTH, @OTOAeJieHHH [!3] ' !fJOTOpac­

~enJieHHH [!5] 11 noJiaoro aApOHHoro w0Tonor110U1ettli!H [20] • HaJllilqr1e 

qeTKO Bblpa~ettaott CTPYKTYPbl OTJIHqaeT q,yHKUHIO :aoadyJKAeHHH peaKUHH 

(~OTOpac.:tenneHHH OT ceqeHHtt o6pa30BaHli!H attaJIOrHqHblX npO,l\yKTOB B 

pcaKUlilHX no.I{ AettCTBHeM BblCOK03HepreTll!qHblX npOTOHOB [2!] • ~JIH 

nocneAHHX xapa.KTepHo y:aeJir1qear1e Bb!XOAOB B OKOJionoporo:aott o6Jiac­

Tl1 H cna6oe H3MetteH11e nocne AOCTHiKeHHH MaKCHMaJII>HOro 3HaqeHHH. 

CeqeHHH pacmenJieHHH Me AH npOTOHaMH B HHTe p:aa11e 3He pr11H 3-30 I'aB 

r•eHHIOTCH B npe;L\eJJax ""25% [22] • ]lJJH npO,l\yKTOB tlJOTOpacmen11eH11fl, 

no AaHHblM HaCTOHmett pa60Tbl ( ~11c.I-9),ceqett11H npa.KT11qecKH He 

M8HHIOTCH B OOJiaCTl'I 3-5 raB. B Ta611.3 np11Be,l\eHbl OTHOllieHHH ceqe -

6 

HHtt o6pa30BaHl1H HeKOTOpb!X npO.l{yKTOB nOA AeHCTBl1eM npOTOHOB 11 

!fJOTOHOB np11 atte pr11HX ExmQJI = 3 '75 raB 11 Ep = 3. 9 raB [ !9] • 

KaK BHAHO, OTHOCl1T0JlhHble :aepOHTHOCTl1 o6pa30BaHl1H YAOBJieTBO­

pHT0JlhHO cor11acy10TCH. c TOqK11 3peH!i!H KacKaAH0-11cnap11TeJihHOtl 1.;o­

.nen11 3TOT !fiaKT IlOATBeplKAaeT pOJIL 11cnap11reJihHOH CTaAH11 3 npouec­

ce 06paao:aatt11H ocraroqHblX npo.nyKTOB, Ha Koropo~ Hecymecr:aeHHa 

l1pl1pOAa HaJieTalOUUIX qacr11u. TOT lie Bb!BOA cne.nyer ll3 pe3yJihTaTOB 

113MepeHHfl HMnyJILCHblX xapaKT0pl'ICTl1K IlPOAYKTOB !fJOTOpacmen11ett11H 

MeAH (23] • CKOpOCTh, np1106pereaHaf! OCTaToqHblM HAPOM B npouecce 

CTaTl'!CTHqecKoro HCnapeHl1H qaCTl'IU, OKa3blBaeTCfl He3aBHCf!ille~ OT 

THna B3al1MOAettCTBYIOllUIX qacT11u. 

IlpH cpaBHeHHH a6COJIIOTHblX 3HaqeHHtt ceqeHHM [2!] MOlKHO ycJIOB­

HO BblA01ll1TL AB6 rpynm1 npO.l{yKTOB B HCCJie.l{yeMblX pea.Kl.(11HX. K OA­

HOtt rpynne OTHOCf!TCH H,l{pa, o6pa30BaHHble B peayJII>TaTe BhlJleTa He 

6oJiee ABa.nuar11 HYKJIOHOB 11a nep:aoHaqaJII>Horo HApa; orttolllett11H ce­

qett11tt cocraBJIRIOT :ae1111q11Hy (I± 0,3)·!0-2 • Ko BTOpott rpynne uolK­

HO OTHeCTH npO.l{yKTbl, o6pa30BaHHble BblJISTOM OOJlhillOro q11c11a HJKJIO­

HOB ( n °?' 20); OTHOilleHHH ceqea11tt AJIH Hl1X noqT11 BAB OS MeHI>llle. 

~.!OlltHO npeAUOJIOl!G!Th' qTO peaKUHH, npoTeKalOllUf8 npH 60JII>llll1X ne pe,ll,a­

qax 3HeprHH, OTHOCHT8RhHO Mettee :aepOHTHbl B !fJOTOH,l\epHblX B3aHMO­

.nettCTBl1lIX. 

B 3aKJIIOqea11e aBTOPbl cq11ra10T CBOKM AOJirOM noonaro.napHTh nep­

COHaJI ycKop11TeJIH aa 06ecneqettr1e CTa611JII>Hb!X napaMerpoB nyqKa B 

npouecce oc>11yqea11a. 
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o'l- • 60'} <M6> 

) 
54v"!90 724;!,:IOO OO<:Jt.125 2CXXJt50x 30CXJ..t50x 375D:t,50x 4000;t50x500D:t,50 x 440!75 I540!I25 

57N~ 0,22Gt O,I60:!:, O,I2Jt o,09"! 0,059;!; 0,065± 0,0641; 0,066t 0,067;t O,CJ68..t 
o,ooa 0,006 0,006 0,003 0,002 O,OIO o,oro 0,005 0,-0II o,orn 

56co 2,IQ+. o,oo 
l. 9()+. o;w I,I7+ 

o,os-
0,76+ o,o:r 0,72+ 

0,04-
0,77+ o,w 

0,7()+. o,ctr 0,12+ 
o,or 

0,75+ o,ctr o.71+ o,w 
56Mn O,ffl+ o,ar 

0,70+ o,ar 0,43+ 
o,or 

0,33+ 
o,or 

0,30.. 
o,or 

0,30.. o,o:r 0,27+ o,o:r 0,27+ o,ar 0,30.. o,o:r 
54M 4,55+ 3 96+ 3,15+ 2,31+ I,6I+ I,60.. I,66+ I 66+ I,65+ I,64+-

1n o,nr o'rcr o,r<r o,Cfr o,a> · o,rs- o,ro- 0:10- o,IE> o,ro-
' ~,.., l 3Ck I,I3+ o, 9()+. o,66+ 0,46+ o,53+ 0,4?+ 0,47+ o,525+ 0,473+ 

0: 
o~ Mn. o' o.T o,o:r o, 03"' o,ar o,or o,oo- o,os- 0,04- o,oo - o,oo -

' 44mSc o,580+ 0, 54()+. 0 50()+. o, 42()+. o, 27()+. 0,253+ 0,27()+. 0,253+ 0,26()+. 0,240.. 
o, 006"'" o,ow o'or - o,ooo o,oa5- o,0'2s- o,03 - o, ()(lj- 0,005- 0,005-

' 43 K 0 005+ 0,091+ 0,090.. o,CY?2+ 0,045+ 0;0536+ 0,008+ 0,052+ 0,001+ 
o' oo.T' o,oo:r o,ocrr o,oar o,oar 0,000 - o, 006""' o,oo:r o,ore-
' 42K 0,240t- 0 240.- 0,210+- 0 23()+. o. 14()+. O,IIS+ 0 09?+ O,ICY7+ 0 09()+. o,roo.. 

o,01r 0:01r o,or r o; orr o;oar o,orr o;orcr o,OOff" o;or:r o, OICJ 

24No. 0, 062~ 0 053-1- o,o5a+ 0,002+ 0,031+ 0,009+ o,oJ?+ &033+ o,036+ 0,034+-
o,()06"" o'oa5- o,ooo o, oO<r" 0,004- o, 006""' o,oC!r ,oos; o,O<:tr o,cnr 

' 
x Jia1ume OTHocsrrca K B3Mepes:JtRM Ha aJ11opcfiHoM cneKTpe 

Ta6mu~a 2 

DcTaT011a11e IloporH Ea-= 3, 75 raB Ep = 3.9 raB _Qr_ R;l\pa peaKUHlt 
pac!!ler::ie1rnil [2I] (JP 
B MaB -----

57NL 65 0. 005.±0.00I 0,66.:t0.06 {I,30.:t0,26) 10-2 

56co 72 0,074.±0,005 5,60.:t0.30 co.so.:t0.I6) ro-2 

56 67 0. 024.±0,005 2,58.±0,08 co,90.±0,20) 10-2 
Mn 

S4Mn 85 0,135.±0, 033 13 ,80.±0 ,20 {0,98±0,20) ro-2 

52Mn 105 0, 060.:tO. OIO 6,08±0,07 co,98.±0.26) ro-2 

44"' 
Sc 1'74 0,029.±0,0II 5 ,22.±0, II co.50.±0,20) 10-2 

113 K IBO 0,006.±0,002 I,32±0 ,04 (0,50;tO,I5) ro-2 

:+2l<. 190 O,OI3;t0 ,006 3, 59.t0, !7 (0,40+0,20) 10-2 

?!1 
l·fo. 357 0,005.±0,002 3,70.±.0, 09 (O , I4.±0.o7) 10-2 



Ta6mn~a 3 o. o~r 
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'"'[ I I 
0THOu1emte E~= 3,75 raB Ep-= 3,9 I'aB [21] ...... 0.03 t ceqemi~ 

IO 
1' 

56co 3,1 .:!: 0,9 2.2 ± 0,2 ~ :::l 1 I I H I I 56Mn 
I I 

I I I I ~J 
102 10~ 10• 

54Mn 5,6 .:!: 1,9 5,3 .± 0,3 E~ (M•B) 

56Mn 
P»c. l CeqettHe peam.urn C s1N. I.I - ~ 

_54Mn 2,2 ± 0,6 2,3 ± 0,05 

~ 2Mn 
o•a 42 K 2,1 ± 0,6 2 '7 .:!: o, 16 

IJ3K 

'I 
0,40 

0.32 

00 

~0.2T 
II ~ 

0.18 

o~~ I 
Ii I I 

I I I 
10• fOl 

Er (Ill.ii) 
10• 

P»c.2 Cetiett»e peaH~»» 
56 

Cu - Co 

II 
IG 



0.20 

0 .18 

0.16 

'° 0.11+ 
r 
~ 0.12 
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lD 0.10 

\ I 
\ I 

!II t t 

0.08 

0.06 

0.0~ 
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PHc.3 CeqeHHe pea.KUHH 
56 

Cu - Mn 
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0.9 1 
0.8 

.., 07 r 
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ID" 0.5 -

·· ~ 03 -

0.2 

0.1 r i 

I i 11 I I 
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102 
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f05 
Ea ( M•ll) 104 

Pac .4 Ce:<IeHae pea.Krum Cu -
54

Mn 

l" 

I 

!::r I t1 
u) 0.2 I t 

o.1 ~ I tt t1 t 

I ; I I I I I I I •
1 

I 

1. I , _ _ , _J 

!02 10" Ea {M.!8) 

I 

i 
o.1s l 

I 
I 

~ I 
.., a.: r 
~ ; 
~ i 
\6 0.05 I 

i 

;o• 

PHc. 5 CeqeHHe peaKiurn Cu - 52Mn 

I 11 

j l ! l/11 

10..S --' 
E! ( M•8) 

P11c .6 Ce11emrn pea.Krum Cu. - 44'"Sc 

l.S 
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