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BBEilEHI1E 

KoMnneKcHble coeAHHeHHR Hei:1TpOHOAe$HU.J..1-THbiX paAHOHYKJU1AOB 

P€AK03eMeJ1bH~X 3JleM.eHTOB /P33/ C ~-AHKeTO~aMH MOryT nony4aTb

CR B npottecce 06!1y4eHI-!fl_ npOTOHaMJ;r BbiCOF<HX 3HeprHH M.eJ1KOAvtCnepc

HOrO MaTep~-tana MHWeHH, CycneHAHPOBaHHOrO B m~AKOM KOMnJ1eKC006-

pa30BaTeneft/.npoAYKT~ RAePH~x peaKttHH r~y6oKoro pac~enneHHR 
I cnaJ-loreHHbre npOAYKTbl/, Bbii1eTeswHe H3 TsepAblx 4a-cnH~, pean.,
PY~T C KOMnneKC006pa30BaTeneM. H CTa0HJ1H3HPY~TCR B ~HAKOH ¢a3e, 
o6paayR 8-AHKeTOHaTbl. flpH H3y4eHHH 3Toro npou,ecca Ha cycneH-
3HRX OKHCI10B 3p6HR H HTTep6HR B paCTBOpax nHSaJ10HJ1TPH¢TOpaue

TOHa * /flT~A/, o6ny4eHHb1X npoTOHaMH C 3HeprvteH 6 30 MaB, Mbl 

HaWJl\.11,. l4TO AJlfl nerKHX cnanoreHHbiX paAHOHYKJH1AOB P33' OTHOClrt

TCilbHbiC BbiXO,(\bl B (JjOpMe {3 -,qHKCTOHaTOB 3aMeTHO BbiWC, 4eM ,Qllfl 

TflmenbtX/ 1/. nocKOJlbKY ycToi:14~rtsocTb KOMnneKCHbtX coegHHeHHH P33 

803paCTaeT C YBCJ1H4CHHCM HX aTOMHOrO HOMepa, TO Ha6n~,QaBWH~Cfl 

3¢$eKT HC11b3fl 6biJ10 OfhRCHHTb OC06CHHOCTRMH XHMH4CCKOrO B3aHMO

,Qe~CTB~R npO,QYKTOB RACPHbiX peaK~Hi1 C KOMnneKcoof'pa30BSTeneM. 

no3TOMY Mbl npeAn0110>!<HJ1H, 4TO OTBCTCTBCHHbiMH 3a pa3HH~Y B OTHO

C~<o1TeJ1bl'ibiX BbiXOAaX RBJ1fiiOTCR ¢l~3H-4eCKHe npo~eCCbl, CBR3SHHblC C 

R,QepHblMH peaK~HRMH. npoeepKa 3TOrO npe,QnOJ10~CHHR Tpefioeana 

,QOITOJ1HHTCJ1bHbi--X 3KCnepHMCHTaJ1bHbiX ,QSHHbiX ,_ KOTOpble 6bll1111 nony4eHbl 

npH Ofi.Ay-4CHHH OKHCJ108 TaH"rana H P33 1 111-MCIO~JtliiX npaKTH4CCKH OAHH 

cTa6~nbHbli1 H30'fon: Tb , Ho , Tm , Lu. 3TH ASHHbte npHBOARTCR 

B HSCTOA~ei1 pa60Te H CpSBHHBSIOTCR C pe3yJ1bTSTSMH KHHeMSTH4e

CKHX pac4eToB, BbtnonHeHHbtX ,QJlR peaKt..tHtl rny6oKoro pacutenneHH.A. 

3KCnEPHt1EHTAJlbHA~ 4ACTb 

nHBSJ10Hl1TpH~TOpa~eTOH CHHTC3HPOBSJ1H H 04HUJ;SJ1H nO MeTO,QHKe, 

npr.1ee,qeHHOi1 a pa6oTe/2f. 

0KHCJ1bl Tep6H.A, rOJ1bMH.A, TYJ1H.A H J110Te~H.A HMeJlH 4HCTOTY 11Y4We 

99,9%. 0KHCb TSHTSI1S 6biJ1S KBSI1J.II¢HKSLtHH 4. A. a • Pa3Mep 4SCTHU OKHC-

1108 P33 ne~an B HHTepeane 0,2-5 MKM,HO OCHOBHS.A ,QOI1.A 4SCTHU 

HMena pa3Mepbl 0,5-2 MKM.HHKSKOi:1 ,QOn011HHTCJ1bHOi1 o6pa60TKH OKHC-

1108 npH r.13roToeneHHH cycneH3Hi1 He npoeo,QH11J.II.CycneH3HH nony4a-
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n~ nyTeM Ao6aeneH~R 0,4 Mll Hepaa6ae~eHHOro nT<l>A K 1 r oKHcnoe 
P33 HIH1 0, 8 Mil K 1 r Ta20 5 • · CycneH3VU1 of5ny4alll-1 a CTeK.n.AHHbtX 
8Mny.nax 8 Te4eHHe 7-8 48COB BHeWHHM ny4KOM npOTOHOB CHHXpO
~HKJ10TpOH8 O~R~: aHeprH.A npoTOHOB 630 MaB, HHTeHCHBHOCTb 
5 ·1 0 10 - 1 0 11 np. eM - 2 c-1. Cpaay noc.ne OKOH48HH.A o5ny4eHl.-l.A paa
Ae.n.AJU1 >KHAKYIO 1-1 TBePAYIO ¢83bt cycneH3"1i1 Ha CTeKm=tHHOM ¢HllbTpe 
04 J.1 Tt118Te11bHO npOMbi88J11.1 OIU1Cllbl CyX~t~M 8LteTOHOM. np0MbiBHOi1 

paCTBOp o6oeAHH.AllH C $HllbTP8TOM. 
MeTOAHKa KOI1J.14eCTBeHHOro onpeAelleHH.A pacTBOpHMOCTH OKHc

llOB P33 B KOH4eHTpHpOB8HHOM nT<t>A H noArOTOBKa o6pa340B K H3-
Mepe~\.1.AM aKTHBHOCTH nOAP06HO lo13110>KeHbl B H8Wei1 npeAb1AYU\ei1 pa-
6oTe 1/. CneKTpbl raMMa-Hany4eHHR o6pa3LtOB H3MepRnH 4epea 1 , 2, 4, 
38 J.1 190 ,QHeH nocne KOH~a o6n'y4eHvtR c noMo~biO Ge(Li) -,QeTeK
Topa, CBR3aHHOrO C 4096-K8H811bHbiM 8H811J.138TOpOM. Q6pa60TK8 
raMMa-cneKTPOB npoBO,QHJ18Cb H8 38M/3( nnR vt,QeHTH¢HK8~vtvt HyK
I1H,QOB flO 3HeprHH raMMa-nHHI--1'11 HCnOJ1b308811H Ta6J1J.1~bl 3p,QM8-HH8 1-1 
Coi:1KJ.1 141. HecMOTPR Ha cno)f(HbJH taMMa-cneKTp J.13Mep.ReMblx npenapa-· 
TOB, MH010KP8THble J.13MepeHHR 8 Te4eHHe AJ1HTeJ1bHOro epeMeHH no-
3BOI1R.fll.1 ,QOCTOBepHO H.QeHTJ.1$J.1U,J.1pOB8Tb Hy)I{HbJe cnanoreHHble HYK.J1H
,Qbl. 0THOCJ.1Tei1bHble BbiXO,Qbl P8.QHOHYKI1J.1,QOB 8 )I(J.1,QKYIO C!>aay {F) pac
C4HTbiB811J.1, HCXO,QR 1-13 cneKTpOMeTPH4eCKJ.1X ,Q8HHbiX, no ypc3eHeHJ.110 

r,Qe a, - aKTHBHOCTb HYKI1HAa a ¢H11bTpaTe; at - ero aKTHBHOCTb 
a cycneH3J.1J.1. 

PE3YilbTATbl 

0CHOB;.iOCTb OKJ.1CJ10B J18HT8HOH,QOB, Bbl6p8HHbiX -H8MI.1 8 K8l.leCTBe 
MaTep~t~anoe MI-1WeHeH, pacTeT OT 1110Te~HR K Tep61-110: Lu

2
0

3
< Tm 0

3
.< 

<Ho2"0 3 .<Tb
4

0 7 ". B TaKoH )l(e nocne,QoBaTe11bHOCTH yee!11-14HBaeTER 
CKOpOCTb HX p8CT80peHHR 8 Hepaa6aeneHHOM nT~A" no3TOMY OTHo
CJ.1TeJ1bH8R HHTerpaJ1bH8R aKTJ.18HOCTb >!<H,QKOtf 4>83bl ./J.13MepeHH8.R C~J.1H
TH11I1.R~J.10HHbiM raMMa-c4eT4HKOM/ ,Qil.R Tep6He80H cycneH3J.1H 38MeTH0 
BbiWe, 4eM ,Q11R 1110Te~He8otf. 0,QH8KO, eCJll-1 y4eCTb 8KTJ.1BHOCTb, nepe
We,QWY~ 8 paCT80p 38 C4eT paCTSopeHH.R OKJ.1CI108 B nT<t>A 80 8peM.R 
06!1y4eHJ.1R, TO AJ1.R BCeX 4eTblpex CycneH3Htf OTHOCHTei1bH8fl 8KTH8-
HOCTb cnanoreHHbiX HYKI1H,QOB, OK8388WHXCR 8 )l(lti,QKOtf ¢aae 8 pe-
3YI1bT8Te npo~eccoa OTA84H np1-1 .R.QepHbiX npe8pall.leH~t~Rx, 6y.QeT o,QH
HaKoeoH: 24,5+0,4%. 

BbrXOAbl B-AHKeTOHaToe OT.QenbHbrx pa.QHOHYK11HAOB npH8e.QeHbl 
B T86I1. 1 • 80 ecex CI1Y48RX 3H84eHHR 8biXO,Q08 6bi11H TeM BbiWe, 4eM 
60J1bWe 6bl!18 pa3HH~a 8 M8CCOBbiX 4HCI18X 6.A Me)I(,Qy R,QpoM-MJ.1WeHbiO 
J.1 cnanoreHHbiM npo.QYKTOM /p~t~c. 1 I. B norapH$MJ.14eCKJ.1X KOOPAI-1HaTax, 
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Ta6nHu;a I 

BbiXO,ll;bi (F) IIHBanoHnTPH¢Topau;eTHnau;eTOHaTOB 3neMeHTOB IIPH 

o6ny~eHHH cycrreH3HH npoToHaMH /630 M3TI/.B CK06KaX TIOKa-

3aHo ~Hcno onpeAeneHHH 

1 2 r 3 14 r 5 6 r 7 s r 9 10 11 

1S9Tbt.07 165
Ho203 

169
Tm203 

175
Lu203 

181
Ta20s 

HVKn"'JJ AA f I% oA F/% oA F/% •A F/% oA F/% 

t81Ta - - - - - - - - - ' 
t7sHt - - - - - - - - 6 9 :!: 3 (1) 

~ - - - - - 0 3,8 ±0,.( - -
Hf - - - - - - - - 8 14,1 ±0,3(7} 

t73Lu - - - - - 2 16,7:!: 0,2(3) 8 16 ±) {1) 

tnHf - - - - - - - - 9 " ., (2) 

t72Lu - - - - - - 3 18,6 ± ~.((13) 9 16,0 :t: '· 8 {9) 

111Hf - - - - - - - - 10 11,1 ±o,s(2J 

111Lu - - - - - - ' 19,3±0,4{6) 10 16,.( ±0,5{6) 

t:roHf - - - - - 5 16,5 :t: 1,0(2) II 17,1 ±0,3{.() 

17Glu - - - - - - 5 18, s :t: 0,5{1,) " 17,5 .t; 0,.( (!.(} 

t69Lu - - - - - - 6 23,3!0,3( 6 ) 12 20,3!: 0,3( 4) 

~9 Yb - - - - - - 6 24,0 !0,7( 3) 12 19,5 !0,9( 5} 

t€9Tm - - - - 0 6,6 ! 0,8 - - - -
16Bfm - - - - 1 15,1 !O,JCI5) 7 13,1 !0,6(3) '' 11 ' 6 ( l) 
167 Tm _ - - - 2 19,7 :!: 0,3(5) 8 25,.& to,,( I) "'19,3!0,.((1) 

166yb - - - - ' 11,3 ! 0,5(11) 9 26,6 + 0,3(19 )15 22,7 !0,2(13} 
t65Tm _ - - - ' 12,5 :!: ~5(15) 10 26,6 t 0,2( 6 )16 12,5 ! 0,5 ( 5) 
165 Ho _ - 0 3,6 :!: 0,5 - - - - - -
"'E' - - 5 16,0! 0,4(20 9 17, 1 ! 0,2(30) 15 31,3 :!: 0,3(13 ) Z1 15,5 :!: 0,.((18) 

t6o Tb I 15,5!0,1(3) 5 17,2 !1,8(1)- - - - - -
ts9Tb o 10,1 t 0,2 - - - - - - - -
1570y 1 19,1 :!: 0,9(.0 8 29,0 !0,2{4) 12 31,6 :!: 0,3( "' " 33,6:!: 0,4( l 2' 27,2 !0,2(1) 

tss Tb 3 27,6 :!: 0,1 (15) 9 30,0 :!: 0,5 (13) 13 31.6 :!: 2,1( 6) - - - -
155 Oy - - 10 30,1 :!:0,3(2) - - - - - -
tssTb 4 31,6 :!:0,6(2)10 30,3:!: 1,7 (2) 1.( 2!,0:!:~0(2 )2JJ 36,3:!: 1,0(3 ) - -
15L Tb 5 30,3 :!:0,8(24} II 3C,5 :!:0,6(4)- - - - - -
153

Tb 6 32,1 :!:0,3 (5) 12 32,0 !0,4 (8) 16 35,2 :t 0,5(1C )22 36,5:!: 1,0{6) 28 26, I :!: 1,.( (2) 
15) Gd 6 32,0 + 1,2(4) 12 33,7 !0,5(2) 16 19,1 ! 1,8 ( 4 ) 22 35,6 :!: ~0(4 ) 28 38 " (3) 

1Sl Tb 7 32,9 :!: 0,..: ( 7} 13 32,9 ':!: C,, (5) 17 3~.3 :!:0,2(.( ) - - - -
151 Tb 8 33,5 ! 0,4 (13) u J3,1 !0,3 {8) 18 35.3 !Q2(5 ) 2' 3~..::!: Q5(6 )30 29,8 :!:0,9(6) 

151
Gd a 35,7 tl,8(3) 1412,6 tt,OC3J 1a 1a,1 t2,0C3) 24 35,1 t4,6(2)3o 36 t1ocq 

149 Gd 10 36,0 !0,3(7) 16 3H :!:0,3(14) 10 35,9 ':!:0,.((10) 16 36,9:!: 0,5(6) 32 30,7:!: 0,2(3) 

149
Eu 10 35,1 :!: t,o ( 2) 16 1S.o t 0.5(2 20 33,4 :!: 1,4 (2) 26 .&o :!: 5 C2J 32 30 :!: 6 (t) 

148
Eu fl 36,9 :!:0,3(7} 17 3.(,8:!: 0,8(6)21 31,2 :!:3.~ (f) 27 37.3 ~'·-'(I) -

147 Gd 12 37,1 :!: 0.1 (1.() 18 35,6 :!: 0.2(9) 21 36,5 !o,2 (!") 28 37,5 to • .: (5) 34 29,1 :!: 0,5(6) 

"
7

Eu 1138,0 :!:0,2(7Jt8 35,6 +o,-'(9}2135,7 :!:0.5(3) 28 38.8 :!:0,8(7)34 15,9:!: 1,9('} 
146

Gd 13 38,8 :!:0,.( (3} 19 37,1 ':!:0,6(3)23 36,.( !0,9(11}29 37,9 !2,3(.() 35 31,6:!: f,0(4) 

"
6 

Eu 11 33,3 t o,s u..:J 19 36,0 t o,5C2QI 23 J!i,a :!: o,5 (12) 19 38,5 t o,5(11) 35 28,7 t 1,3 (9J 

"
5

Eu !.( 38,9 ! 0,3( 9} 10 35,9 :!: 0.3( 3) 24 36,9 :!: 0,4 (IIi) 30 39,5 ! 0,3 (r) 36 30,7:!: 4,6(1) 
144

Pm15 38 :!:4 (1} 2139 :!:It (t) - - - - -

143
Pm16 "' :!:2 (2)1239 :!: 3(2) - - - - -

139 Nd20.(0,1:!:0,7f'J- - - - - - - -

3 



I 
F 

1 2 3 4 5 6 7 8 9 10 
tJ9Ce 20 1.3,0 + 0,8 (3) 26 39,8 '! 1,0 (l) 30 3J,1 ! 0,!(1) 36 1.2,1:!:1,1(2) <2 tJsce ~ 0,8 :!: 0,5 (20) 30 1.2,5 :!: 0,5 (5 :u 39,0 :!: 1,1 (4) 1.0 31,!:!: 1,0(1) tJLLa 51.6,2 t0,1(2) 31 1.1,., :!: 1,1 (I.) - - - -132La 2 745,6 !1,3(1.) 33 1.3,2 ! 2,0 (2) 37 51 ! 7 (2) - - -131 Ba 28 7.6 ! 0,5 (6) 31. 1.0,1. ! 1,0(1.) - 15,2 ! 0,9(3) - 25 :!: 1,5 (2) -88 zr 
88y - - -

7Be- 69,5 :!:1,1(1)-

.,. 
40 - ··---~---

30 

- - -
- - - - -

12,5 :!:0,9(1}- 73,6 ! 0,9 (1) - 73,1. !1,0(1) 

---~--t- ~~----··-·-- ----
1 

i 

I ······r·-----· 11. Ct Gd Trn 
o LG &. Et 
c Ncl Ttl Yb 
'tf'n'IOyl" 
• HI Ho 

-
-
-

,, 
31.5 :!: 3,1(2) 

-
-
-

24,8:!: ,,3(1) 
21,7 ! 1.,6(1) 

66,0 :!: 0,5 (1) 

lOL---------~----------~--------~3~--------~~__. 10 20 40 

•A-
PHc.I. BbiXOAI>I nHBa.JIOHJITPHJiJTopau;eTHJiau;eTOHaToB 
HhiX naHTaHH~OB rrpH o6ny'tleHHH cycrreH3HH Lu

2
0 

3 rrpoToHaMH c 3HeprHeH 630 M3B. 

cnanoreH
B nT<!>A 

c nonpaeKoH Ha pacTeopeHHe OKHcnoa a KOMnneKcoo6pa3osaTene, 
AnR Ka~AOtl MHWeHH 38B~C~MOCTb F OT ~A OKa3anacb n~He~HO~/p~c.2/, 
cneAo.eaTenbHO, 

log F ~log m + n log/>, A /2/ 

131 
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40 
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" ' 40 
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t 2 0 

• Lv,Ha.Eu,La ·.--:~~ : j:~~fb.~ 
" fr,Gci.Ct 11rr:..::·a,42!0.03ro 

_.~r 
~~ ......... 1Clfl<(•IJ,39!0,01 

/ 

-r•.-; • " 

,Affli"" !-

PHc. 2. KoppenRu;HR MeJK,ll;y ~A H 

BblXO,lJ;aMH IIHBaJIOHJITpHQ,lTopau;enm

au;eToHaTOB H.1J;ep OTp;atiH TIPH o5-

nytteHHH cycneH3HH Ta
2
o

5 
Lu 20 3 ,Tm 2o 3 ,Ho 2o 3 

H 

Tb407 B nT<!>A npoToHaMH c 3Hep

rHerr 630 M3B. 

' ' ov'---~_A~•
OJ7!0,0<: 

Tm 

B Ta6n. 2 np~t~ee,qeHbl aHalleHltiR 

log m. n 1t1 K03¢¢ltiUltleHTa KoppenFI-

1..\ltlltl f, paCCllltiTaHHbl€ HS OCHOBaHltlltl 

3KCnepltiM€HTSI1bHbiX ,QaHHbiX no Me

TO,Qy HaltiMeHbWltiX KBS.QPSTOB. Ko3¢

$ltll..\lti€HTbl KOppeJ1FIL\I-11-1 B 60.DblliltiHCT

Be c.nyllaee 6bi!1Vt Bbtwe 0, 99. ,lln.R 

TpeX OKI-1CI10B Tltlna Ln 20 
3 

OKS3a

I1lt1Cb O.QI-1HaKOBbtMltl B npe,qenax 3Kc

nepltiMeHTSI1bHbiX OWJ..160K log m ltl n: 

0,98+0,02 " 0,38+0,02 COOTBeT

CTBeH'Ho. Bee CKa3aHHOe Bbtllie 

cnpaee.Q!lltiBO TO!lbKO AI1FI cnano

reHHbiX HYKI1lti,QOB !laHTaHlti,QOB. 0T

HOCI-1T€I1bHbl€ BblXO,Qbl ,qpyri-1X Ha-

611~,QaBWltiXC.R B HSWI-1X 3KCnepltiM€H

TSX pa,QltiOHYKI11-1,Q08: 7 Be , 88y , 

S8zr ,131Ba, 8 3Ty CltiCTeMaTitiKY H€ 

;f 
0 •• 9~ 0~ 

0 

~<i-'0,37!0,01 " 0 

0 

.. , . .;1--t"-
0 1- ~o(,Q,J3!0,02 ' 2 

Tb 
0 . J ~ 6 em rs.o ww 5080 

yKnaAbtBatoTCR. 

Ta6mn~a 2 Ko3¢l¢n-:~u;HeHThi ypaBHeHHR /2/ 

MuweHb lgm n r 

Tb4 07 1,09 ± 0,01 0,326±0,0!1 0,990 

Ho2 03 0,97 ± 0.02 0,37 2 ± 0,009 0,995 

Tm2o3 0,98 :!: 0,02 0,372 ± qo11 0,991 

Lu2 03 0,98 ± 0,01 0,385 :!: 0,009 0,995 

Ta2 03 0,83 ± 0,04 0,434:!: 0,026 0,985 

- n =0,378 ± o,ol8 
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06CY\IIIlEHHE 

Ha~.QeHHble aaKOHOM€PHOCn1 yse.nHI.leHHA F c poe ToM ~A xopowo 
cornacyiOTCA c pal-lee c.QenaHHbiMI-1 Ha6mo,QeHHAMI-1 H, no HaweMy MHe
HHIO, nO,QTB€p}f{,QSI'JT npe,QnOJ10)1{€Hlt1€ 0 TOM, 4TO noBbiW€HHbtVi OTHOCIII
T€IlbHb11'1 BbiXO,Q 6onee JlerKHX cnanoreHHbiX npO.QYKTOB J.13 l..ISCn1l~ 
OKI-1CJ10B B >:<H.QKYIO $a3y cycneH3111Vi CBR3aH H€ C XHMHI.I€CKHMV!, a C 
¢H3H4eCKHMH 3¢¢eKTaMH. Ka4ecTBeHHO o6bRCHHTb npo~ecc~, peay.nb
TaTbt KOTOpb!X Om1Cb1BSI')TCA ypaBH€HH€M /3/, MO)I(HO, no-BH,QHMOMY, 
C11€AYIOlJ.IHM o6pa30M. 3HeprHR OT.QS41.1 cna.noreHHOrO HYKIH1.QS 1-1, cne
.QOBST€I1bHO, erO npo6er B MST€PIIIS11€ MHW€HH T€M 60J1bW€, 4€M BbtW€ 
3HeprHA B036Y*A€HHA HCXO,QHOrO R.Qpa, onpe,QeJlRIOlJ.ISA 4HCJ10 HYKJlO
HOB, KOTOPbl€ T€PAIOTCfl nplt1 ero OCTbiBSHI-11-1. no3TOMY \.13 48CTlt11.~ 
OI<I-1CI108 8 >KVI,QKYIO ctJa3y 8b1Il€T8€T OTHOCVIT€IlbHO 60JlbW€ nerKVIX HyK
IlVI,Q08, 4€M T.R}!{€JlbiX, B KOMnJleKC006pa3088T€Jl€ .R,Qpa 0T,Q84VI TOPM0-
3.RTCA VI c8R3bt8aiiJTC.R 8 ,8-,QVIKeToHaTHbre KOMnneKcbr. TaKa.R T04Ka 
3p€Hlti.R He npOTVI80p€4VIT ltiM€101l.!VIMC.R ony6JlVIK088HHbiM ,Q8HHbiM 0 KH
H€TV14€CKltiX 3Hepn1.RX VI npof5erax 8 B€11.!€CT8e npO.QYKT08 .R.Q€PHbiX 
peaKuvtr1. 

np.RM8.R nponOPUltiOH8IlbH8.R 388ltiCltiMOCTb Mem,Qy ,QllltiHO~ npo0era 
H OTHOCVIT€IlbHOH ,QOJ1ei1 A,Qep OT,Q84VI, Bb1Il€T810L1.1HX 1-13 48CTHLI M€JlKO
,QHCnepCHOrO nopOWKa, Ha6~10A8I18Cb npltl ltiCCJ1€,Q088Hltlltl 3M8HHPYIOLLI€~ 
cnoc06HOCTVI TB€P,QbiX T€!1 ;5/. f.ibiilO nOK838HO, 4TO npltl YCilOBH.RX, 
Kor,Qa ,QilVIHbl npo6eroe MHoro M€HbWe cpe,QHero paaMepa 4aCTltlll nopow
Ka, BbiXO,Q Onlt1Cbi88€TC.R yp8BH€HVI€M 

F31/4RS/V 
r,Qe R- CP€AHAR ,QI1VIH8 npo6era .R,Qpa OT,Q84VI 8 TB€p,QOM T€!1€; 
nosepXHOCTb ltl V- 06beM TB€p,QOC1 ¢l83bl, 

/4/ 
s -

04eBH.QHO, ypaeHeHltle /4/ MO~Ho ~t~cnonb30BaTb ,Qil.R p~c4eTa npo-
6eroe cnanoreHHblX npo,QyKTOB. Ho .QilA 3TOro Heo6xo.QVIMO 3HaTb 
n!lOL1.18Ab noeepXHOCTVI M8T€PV18Il8, CM84VIB8€MYIO paCTBOPVI-
T€11€M. 0KVIC1lbl P33 VI TaHTana npe,QcTaBn.RIOT co6oC1 arperaTbr H3 
M€Ilb4aC1w~t~x 4acTltiU c pa3BVITO~ noeepXHOCTbiO, Pea!lbHa.R noeepx
HOCTb OKVICilOB, BepO.RTHO, CYI1.!€CTB€HHO fiOilbW€, 4€M CM84H88€M8A 
KOMnileKcoo6paaoeaTe!leM. EcnH noeepxHOCTb OKVICilOB onpe,QeilltiTb 
no a,QCop6UVIVI 830T8 M€TO,QOM 63T, TO npltl nO,QCT8HOBK€ HaH,QeHHOrO 
3Ha4eHH.R S e ypaeHeHltle /4/ npo6er nony4aeTcn Ha ,QBa nop.R,QKa 
M€HbW€, 4€M MO>KHO 6b1Il0 6bl Q}!{J.1,Q8Tb V13 VIM€1011.!ltiXCA 8 JlVITepaType 
,Q8HHbiX, 

Beillti4HHbl KVIH€TVI4€CKVIX 3HeprVIH VI npo6eroe OT.QeilbHbiX cnano
reHHbiX HyKili-1,QOB, nOllY4€HHbl€ M€TOA.0M TOilCTbiX MHW€HeC1 J.1 nOrJlOTH
T€11€~, Ony6J1HK088Hb1 8 p.R,Q€ pa6oT/6-l8~ 8 3TJ.1X HCC11€,Q088HH.RX 
CTOnKltl $Ollbr o6ny48Illt1Cb J1VI60 nepneH,QltiKYil.RpHO, J1H60 no,Q yr!lOM 
10 ° K npOTOHHOMy ny4Ky, 4TO He n0380Jl.R€T Henocpe,QCTB€HHO cpae
HVIB8Tb C HVIMJ.1 P€3YilbT8Tbl, OTH0C.RLI.IH€C.R K C6opy .R,Q€P OT,Q84J.1 8 
npocTp8HCT8€ 417, ·lJTOfibl nOilY4ltiTb KOJ11-14€CTB€HHOe nO,QTBepm,QeHH€ 
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C,Qe!lSHHOMy BbiWe KalleCTBeHHOMY OfibFlCHeH~f() KOppeJl.Al.ll-1~ Me}!{,QY F 

~ AA, Mbl eocnonbaosam.1Cb pesynbTaTaMH pac4eTOB, Bblno.nHeHHbiX 

no M6TOAY MoHTe-Kapno 1 19•20/. B 3THX pac4eTax npHMeHI ... rfenbHo· 

K cepfiepOBCKOi:1 MO,qe.m1 B3aHMO,Qei:1CTBVIA f.ibiCTpbiX npOTOHOB CO CJlO}I{

HbiMYI AAPSMI-1 /21/ 6biJH1 onpe,Qe.neHbl 4HCJ1a nOcJleKaCKa,QHbiX FI,Qep C 

3Hepr!.1ei:1 soafiy)I{.QeHI-1A U 1-1 Bbt1leTal011\l-1X no.Q yrnoM v K npoTOHHo

MY ny4KY CO CKOPOCTbiO V np~-1 fioM6ap,ql-1pOBKe paam1llHbiX 3IleMeHTOB 

MHLUeHeH npoToH3M~r~ /660 M3B/. Ha ocHoeaH~-1111 .aHaJ11-13a pe3yilbTaTos, 

np~t~ee,QeHHbiX e pa6oTE/ 20 ~ Xet>"M'aHHOM/ 22t{sbiilO nony4eHo npH6J,J.1>KeH

Hoe ypaBHeHI-1e /5/, CBFI_3biBSIO\J.\ee cpe,qHIOIO K~HeTI44eCKYIO 3He·prVH0 

noc.neKacKa,QHoro R,qpa (E R) c ero 3Hepr~Aei:1 soa6y>K,QeHit1.R , (U) 1-1 

41-1CJ10M HYKJ10H08 {A) 8 .R,Qpe-Mit1WeHit1: · 

- (0,42 ±0,05) 
ER~(65/A)U • /5/ 

n-
1
.
75 Lu · 6 

.J.+~Ifl fl,Qpa-Mit1WeHYI 3Mit1CC1t1fl O,QHOrO HYKJ10H8 Tpe yeT 3Hep-

rlt1YI 80a6Y>+<AeHit1.R He MeHee 6, 8 M3B. Ec.nYI npe-,Qno.no>Kit1Tb, 4TO Kam

,Qbll~ 8bl?eTa1011.11-1i1 1-13 fl,Qpa HYKJlOH CHYI>KaeT 3Heprlt1·10 803fiY>K,QeHI-1.A H8 

10 M3B 23< TO 8 coOT8eTCT81-1YI c ypa8HeHit1eM /5/ KY~HeTY~4ecKa.R 3Hep-

rY~R cna.noreHHbiX pa,QHOHYKJ11t1,Q08 c 1 < !J. A < 40 ,QOJl}!(Ha 6b'Tb 

0, B t13B < ER < 5 M3B. B 3TOM lt1HTep8a.ne cor .nacHo Yl38eCTHbiM 

nplt16J11t1}!(eHI-1flM /24-26/ E R npflMO nponop~YIOHaJlbHa if 1r1, c.ne,Qo8a

Te.nbHo, F. nocKOJl.bi<Y TaKa.R >Ke nponop~lt1oHanbHafl 3881-1C:.YIMOCTb cy.

ll.leCT8yeT Me}!(AY U 1-1 flA, TO Yl3 ypa8HeHit1i1 /4/ Y1 /5/ .J10;-It14eCKYI 

8b1TeKaeT, 4TO 

F _ t.A(0,42 ± 0,05) 
!6! 

3a81-1CI-1MOCTir1 OTHOCYITe.nbHbiX 8bi,XOA08 OT !J. A, paCC41t1TaHHble H8 

OCHOB8HI-11-1 COOTHOWeHI-1.R /6/, 8 npe,Qe.nax OWYI60K C08n8A8~T C 3KC

nepHMeHT8JlbHbiM\II 1-1111.1 pac'c4HT8HHbiMH no ypa8HeHY~IO /3/. llnfl. no.n.Y-

4eHHfl C00THOW6Hir1.A /6/ 01<838J10Cb ,QOC.T8T04HbiM nplt18Jle4eHit16 npe,Q

CT88J1CHHi1 TOJlbKO 0 nepaoi1, KaCKa,QHOi1 CT8,QYIIr1 ceP6ep08CKO~ Mo

,QeJll-1 838HMO,Qei1CTBYIA 6biCTPbiX npOTOH08 CQ CJ10}!(Hb1Mit1 fi,QpaM~. ,no3.

TOMY Mbl C4HTaeM, 4TO HeT Heofixo,Q.YIMOCTL-1 npY~8.neKaTb AnA o6b.RCHe

Hit1fl npH41-1Hbl 8biJ1eTa HYKi1HA08 Haaa,Q l-1criap!-1Tef1bHYIO 48.CTb MO,QeilH, 

KaK 3TO C,QenaHo 8 pa6oTax ltz. 16-18/. · 

Bblwe OTMe4anocb ·, 4TO ypa8HeHY~e /3/ He onY~cbl8aeT 8biXO,Qbl Ha6-

Jl~,QaewHxc.R 8 3Kcnep!-1MeHTax 7 B , 8 8 V , 8S Zr , 131 Ba·. 3To 

BnOJlHe nOH.RTHO, T8K 1<81< 6epYIJ1J11-1i1 o6p83Y6TCfl, B OCHOBHOM, 8 

peaKU,H.AX pac11.1en.neH!-1R yr.nepo,Qa 1t1 Klt1c.nopo,Qa, a lt1TTep6~r~i1 1-1 U.1t1PKO

Hit1i:1 - 1.13 He60J1bWHX npHMeCei:1 HYIOfiH.R, acer,Qa CO,Qep}!(a~HXC.R B Ta
2
0

5
• 

4TO KacaeTC.A 131 Ba , TO yCTOi:141-180CTb ero f3-,Qir1KeTOH8T08 3H841t1-

T6JlbHO HH>Ke, 4eM y KOMn.neKCOB P33. no3TOMy, K8K 3TO fibiJlO H8MH 

nOK838H0 3KCnepHMeHT8JlbHO, B pe3yJ1bT8T6 HOH006MeHHOi1 peaKU,Hirl 

6ap1-1i1 1-13 paCTBOpa B nT~A Bbi,QeJl.ReTC.R H8 OKHCJ18X P33 1-1, T8KHM 

06pa30M, pe3KO CHI-1}!(8eTC.A era BbiXO,Q 8 ¢l0pMe {3-,Qit1KeTOHaTa. 

KoHCT8HTbl ycToi:14HBOCTH .B-Ait1KeTOHaToa P33 yMeHbWaiOTC.A oT 
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Lu 1.1 La. :Ho 3To 6nH3-KI-1e seJ1H4HHbl J-- f.1 no3TOMY npOI..Iec;Cbl \IIOH006-
MeHHOH COP51..114\II cn-anoreHHbiX paA140HYK11J.1AOB nerKHX JlaHTaHHAOB 
npH 20-J0°C HAYT CTOJlb M€AJ1€HHO, 4TO Ha ~€J1H4HH€ F npaKTI.14€CKH 
He CKa3biBaiOTCR. 
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