
~
 

... 
~

1l 
IS

: 
.. 

E:: 
• 

X
 

"' 
'\J

g 
IS

: 0 
>

 
Il

l 
.!=

: 
lJ

: 
.....

 
::s::

 
0 

~
 

.....
.... 

:r:
 

. 
~

~ 
01

 . ::
l 

....
. ~
 

tT
l 

:s:: :>:
 ro 

.....
 , E

 
::I

 
tr

 
\ 

::s::
 

=
 

'~
~ 

ro '0
 

:r:
 

X
 

~
g:

 
h 

,
~
o 

:s:: '0
 

~
 
~ 

O:
l 

1
l 

;:;; 
I 

<D
 

b 
~
 

co
 

~
::r:

 
co

 
~

::s:
: 

(!
) 

O
J 

' 
X

 
:s: 

~
E; 

. E
 

~
 

ll:
l 

tT
l 

'0
 

1
l 

a>
 

\-
::

 
::I

 
0 

;-
, 

O
l 

~ 



,. 

; I·'> 

,, 
·' 

..,. 

~I 

.,{ ::: :~.· :·•· 

; ' 
t ,,, I I,•, 

~ 
-. ('(') 
~ '· 

"-

~ 

P-1995 

''Kui.< Xu Cau, n,B.llHB:ellbHaj!, X,CupalKeT, 3,H,lllapanoa 

PAJlHAUHOHHblE lllH}l>HHbl CPEnHHX MEP 

Hanpal!lneao B )1(3T<I> 

~;~~~~=·~;~~=~:~.~~~~-~ ""' ... ' ~ 
• ;,L 

:, ,· ~~.,_:·',,"~·::.J'!:_;.:··.~:::·:z!~ l 
;-;~_·,~·,~ ., l .. t·•"!':. ~ 
-...,.~-- .. -..-.... --



• 

---·~~ -

.~f 
i<!' 

•i 

rl 
'· 

('I 
¥ 

' ..... 

B na6opaTopBB HeiiTpOHHOII cjlB3BKH OlHIH npOB9119Hbl H3Mepe'HH!I p811H8UHOHHblX WHpBH 

yp0BB911, B036ylKJleHBbiX npB 38X88T9 pe30H8HCBbiX HeiiTpOHOB H.Up8MH C M8CCOBbiMH 'IHCna-

MB OT 64 110 100. 

HaMepeus npesOI!HnHCb no MaTOIIY 8peMeHB nponeTa c HMnynbCHbiM peaKTOpoM 116P 
/1/ 

B K8'19CTB9 BCTO'IHHK8 HeiiTpOHOB • B ODHCbi889MOII pa60Te np08011HnHCb H3MepeHHH npo-
12,3/ 

nyCK8HHSI, p8llB8IlBOBBOrO 38XB8T8 BeiiTpOHOB H C8MOHHllBK81lHH • npHM9H9HH9 paanH'IHbiX 

M9TOII08 uaMepeHHll ooasonano nony'I&Tb 3H8'1HTenbHO 6onbwee qacno pai!HBUHOHHbiX wHpHH 

B DOBbiCHTb TO'IBOCTb peaynbTSTOB DO Cp8BH9HBIO C TaM, 'ITO l(89T 06b!'IHO npHM9Hli9M09 

OIIHO npooyCK8HH9o 8 R3M9p9HHliX HCDOnb30B8nHCb o6p831lbl, o6orarueHHbl9 OIIHHM H3 H30TQ

DOB, 8 T8KlK9 eCT9CTB9HHbl9 CM9CH B30TODOB. npH H3M9p9HHliX C UHHKOM 6btnll DpHM9H9Hbl 

o6orarueHHbl9 o6p831lbl BC9X CT86BnbHblX H30TODOB, DpH H3MepeHHH C py6HllH9M - o6p839U, 

85 
o6oraweHHblll Rb • nposonHnBCb T8KlK9 113MepeHHll c HH06BeM H ecTeCTB9HHbiM Monu6ne-

HOM. B nocnenHeM cnyqae uaoTODHSH npuHallnelKHOCTb peaoHaHCOB 6btna aauMcTsosaHa 

/4/ 
H3 

B peaynbTaTe npose11eHHbiX H3Mepea&ll H o6pa6oTKH sKcnepHMeHTanhHbiX IIBHHbiX 

nony'leHbl napaMeTpbl pH.Ua yposaell, co6paHHble a Ta6nune 1. B 9Tf Ta6nauy sownH TODhKO 

Te yp08HH, l(n!l KOTOpb!X onpeneneHbl 3H8'19HHSI p8l(H8UHOHHOII WHpi!Hbl fy 
64 

nnll llHHK8 o6HSpylKeHbl H9H389CTHbl9 paaee pe30H8HCbl npH 9HeprHH 288 9B ( Zn ) 
66 

H 828 98 (Zn ) • 06palll89T H8 ce6l! BHHM8HB9 TOT cjlaKT, 'ITO p8ll!181lHOHH8!1 WHp11H8 peao-

H8HC8 580 as ( Zn68 ) a&a'IHTenbHO M9Hbllle pai!BB!lHOHHbiX wHpHH ypo8ael\ 11pyrux aaoTo-

nos. 

nn11 py6HIIBH, K8K B 11nll llHHKS, p811H81lHOHHbl9 WHpHHbl He 6blnH H3B9CTHbl paHee, H HX 

nonyqe&He npei!CTSBnSIDO HHTepec, oco6eHBO llnB M8rB'19CKOrO H.UP8 Rb
87 

I13M9p9HH9 p8l(H81lHOHHbiX WHpHH HH06HSI 6blnO npennpBBBTO B CBli3H C DOliBneHIISM 

/5/ 
pa60Tbl nlKeKCOHB , 8 KOTopol\ o6HapylK~HO cymeCT89HHOe <:TDH'IH9 B P811H8UHOHHblX 

WHpHHSX & H p -80nH08biX pe30H8HCOB! (Iy )8 =114 MSB H ( r;, )p •230 M9B. _!'IHTb!B8ll 

88lKHOCTb 3THX peaynhT8T08, Mbl npennpBHSIDH l(9T8nbHYIO Dp089pKy senH'IHH f y llnlil 

HH06Hllo nony'I9HHbl9 peaynbT8Tbl DpH88ll9Hbl 8 Ta6nHil9 1. 3H8'19HBH op6HT8nbHOrO MOM9HT8 

/5,6/ 
aa&MCTBOBBHbl ua pa6oT • HalllleHHhle 8enH'IHHbl (fy ) s oKaaanHCb aaMeTHO 6onb-

/5,6/ 
we, '19M a pa6oTax , H s npenenax owu6KH cosna118JIH c (ry )P • TaKHM o6paaoM, 

C00611l9HH9 0 CTOnh 3H8'1HTenbHOM OTnH'IHH f y 

T89P11Hnocb. 

3 

llnH yp08H9l\ p83HOl\ '19THOCTH He 0011-



HaMepeHBSI e Monat5JleHOM npoBOJlHnHeb e nenbJO nonyqeaas P8JlBallBOHHblX mapa& .t~nSI 
95 97 

H30TOUOB, JlnSI JtOTOpblX r y Be 6blnB 113BeeTHhl. KpoMe Toro, )lng B30TOUOB Mo B Mo 

p8llllallliOBHble mBpBBhl 6blnR B3BeeTBbl e nnoxol! TO'IHOeTbJO, llOSTOMY RX llOilonBBTenbRaSI 

nposeplta npeJleTasnsnaeb neneeoot5paaaoa. Bee nony'leHHhle B aaeToRmell pa6oTe aaaqeBBg 

[' y .t~nSI pa3Hb1X R30TOllOB MOI!Bt5Jl9H8 nOlKBT 6nB3JtO Jlpyr It Jlpyry (175-210 MSB). B qaeT-
97 17/ 

HOeTB, )lnH pe30H8Bea 71 SB Mo H3BeeTHOe paHee B3 pat50Tbl 3H8'19HR9 f'y •880 MSB 

OJt838nOCb Cyiii9CTII9RHO 38BbiW9HBhiM. 

TipoBeJl&BBhle B3Mepeuag paJlaanaoHHhiX wapau pHJla HJl&P noasonana JlOeTaTO'IHo TO'IBO 

npoene)lHTb 38BHeRMOeTb r y OT 'IRena ael!TpOHOB B HJlP9 B ot5naeTR, 6nH3KOl! It MarH'I.e

eJtOMY HJlPY e N •50. Ha pae. 1 npaBeJleBbl sJtenepBMeHT8nbBhle TO'IKH, nonyqeaBble B pa-

6oTax asTopos (aaqepaeHBble TO'IJtB), BMeeTe e naTepaTYpHhiMR JlaHBhiMR. PaeeMo-rpeaae 

HX U03BOnHeT eJlenaTh BeltOTOpble 38JtnJO'!eBRH. ilpelKJle Beero, paenpOeTP8H9HHOe MEeHBe 

/8/ 
0 MBKeBMyMe p8JlH81lROBBhiX WBPBH )lnSI MarR'IaeJtHX HJl9p Be llOJlTB&plKJla&TeR • .fiJlpll, neJKa-

N • 50 1 ae yKa3hiB8JOT aa MaJteBMYM WHe B BenocpeAeTBeHHOl! 6nH30eTH It 
87 

qeeKoe HJlpo Rb nelKBT JlalKe aeeKOnbKO HBlKe eoceABBX HJlep. MaJteBMYM 

f'y , a MarB

ry H~6n10-

Jl8eTeSI npa N "'43- 441 a npH N £38- 40 BM99T M9CTO '19TKBll MRBHMYM. Ha npHBeJl&B-

BblX aKenepaMeBTanbBhiX JlHBBhiX BBAH01 'ITO 3H8'1BTenbBhle aaMeBeBBH paJlHHilBOBBhiX n:apaa 

OT HJlPA It HJlPY B STOll ot5naCTH eBR3aBhl C '19TBbiM 'IBenOM HeliTpOBOB1 T,e. eoeTOHBB&M H&liTPOBBOll 

o!Sono'IJtH. TIOJlTB9PlKll9BB8M STOro MoryT enylKBTb BenB'!BHbl r y AnSI H30TOUOB llBBK8 RnB 

eeneaa, y KOTOphiX p8JlB81lROBHhle wapHHhl JlnSI pasahlx aaoTonos e11nbHO paan&'IBIO're.ll. Aaa

noraqaas 1t8pTBHa1 HO 3B8'1HT9nbHO MeHee '19TK8511 npOSIBnHeTeSI )lng UpOTOilBOll o6onO'IKBo 

Jlng HJ19p e '!HenOM npOTOBOB 43 (Tc) H 44 (Ru) Ha6nJO)l89TeH MaKCBMyM 3Ha'leBBll f' 
y 

B aTOll ~08CTH1 npR'19M Onpe)lenSIJOW8H ponb npOTOHBOft o6ono'IKB npoSIBnSieTCH B TOM, 'ITO 

HJlpa e OABHaKOBhiM 'IBenOM HeftTpOHOB B STOii o6naeTB BMe!O'r pa3Hble f'y 1 HO )lnB BCeX 

/9/ 
B30TOUOB pyTeHRR p8AB81lBOBBble WBpRHhl OJlBB8K0Bbl • 0AB8Jt0 TO'IHOeTb B3M9p9BKll f'y 

HeAOCTHTO'IBa JlnR eTpororo yTsepJKAeBHSI aToll aaJtoHoMepaocTB. Heo6XOJlBMO npoBeCTB 6onee 

A9T8nbHoe ll3y'leHR9 ~4llB81lBOHBhiX WBpBH B &TOll o6naeTB 1 8 TaJtlKe B o6naCTB C 'IIICnOM 

npoTOHOB 88-401 r)le MOlKHO OlKBJl8Th MHHRMYM r y ' ecna nose)leBBe paJlB81lBOHBbiX WBPBB 

BMeeT OJlHBHJtOBhlll xap8J!;Tep1 JtaJt s aasaCIIMOCTB OT N 1 TaJt 11 s aasReBMOCTH OT Z • 

B aaJtnJO'IeBBe e'IBTaeM esoaM npBHTHhiM AonroM no6naro)lap11Th H.M. <llpaaJta 

H <ll.n. WaDBpo aa BBBMaHBe 1t pa6oTe a none3Hble o6eyJKAeBBSI1 B.C. 3onoTapesa 11 ero 

eoTpyAHHKOII aa nJO!Seaaoe npe)lOCT8BneBB8 B30TOilOBI K.n. noMOB8 II H.H. WenOHil9B8 38 

yqaeTH9 II 113Mep9BHHX B npOB9A9HHe pae'laTOB H8 Bbi'IHenaTenbHOft M8WIIHe. 
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Ta6JlKY!, I 

-
Eo gf'n 
eV meV 

226.;ti 50U.;t30 
288.;t2 6,;t0,6 
328,;t2 II, 5.;ti, 0 
456,;t3 5400 ,;t400 
53U,;t3 IIOOO,;t600 

378.;t2 450 ,;t50 

528,;t3 660 ,;t30 
12IO,;ti3 600 .;tiOO 

94, O,;tO, 4 O, I67,;t0, Ol 
ll9.;tO, 6 I, 90,;t0, 00 
I94.;tl, 2 20, 5,;t0, 6 
244.;t2 I, OO.;tO, 06 
334,;t3 7,7.;t0,7 
379,;t4 48 ,;t3 

I2, I5,;tO, OJ 0,07,;t0,005 
45, I .;tO, 2 90,;t7 
7 I, 6,;t0, 4 8,5.;t0,6 

I32f6.;t0,6 225.;til 
I6I, O,;tO, 7 9, O,;tO, 6 
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490.;t70 
670,;tiOO 
600,;tiOO 
490,;t80 
I80,;t30 

I45,;t30 
220,;t30 
2IO,;t30 

I85.;t60 
H:l3,;tiO 
I89,;tl2 
228,;t80 
I85,;t20 
2I4,;t35 

2IO,;t25 
I80,;t40 
200,;t30 
I75,;t25 
I80,;t30 
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