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M>D ����������� F���

:gghlZpby

Emdmlph\Z G�I� b ^j� JZ^bZpbhggZy [_ahiZkghklv kljhbl_evguo fZl_jbZeh\ b ijhfure_gguo hloh^h\�

Ij_ijbgl BN<W ���� −28. − Ijhl\bgh� ����� – 6 k�� � jbk�� � lZ[e�� [b[ebh]j�� ��

Ijh\_^_gu bkke_^h\Zgby ih kh^_j`Zgbx _kl_kl\_gguo jZ^bhgmdeb^h\ �?JG� kljhbl_evguo fZl_-
jbZeh\� ijhfure_gguo hloh^h\ b fZl_jbZeh\ gZ bo hkgh\_ ;jygkdh]h j_]bhgZ� Baf_j_gby Zdlb\ghklb

?JG \uiheg_gu gZ ihemijh\h^gbdh\hf ]ZffZ�ki_dljhf_ljbq_kdhf dhfie_dk_� IhdZaZgh� qlh rbjhdbc

deZkk f_klguo kljhbl_evguo fZl_jbZeh\ hlghkblky d � deZkkm jZ^bZpbhggh]h dZq_kl\Z b fh`_l ijbf_-
gylvky \ ]jZ`^Zgkdhf kljhbl_evkl\_ [_a h]jZgbq_gbc�

Abstract

Lukutsova  N.P. et  al. The Radiation Safety of Construction Materials  and Industrial Waste: IHEP Preprint
2000 –28. – Protvino, 2000. – p. 6, fig. 1, tables 2, refs.: 7.

The investigation on natural radioactivity (NR) of construction materials, industrial waste and materials
containing the waste was carried out for the Brjansk region. The NR measurements were made with a semicon-
ductive gamma-spectrometry complex. It was shown that the group of local construction materials belong to the
1st radiation class and can be used in the building industry without any restriction.

                 =hkm^Zjkl\_gguc gZmqguc p_glj
Jhkkbckdhc N_^_jZpbb

Bgklblml nbabdb \ukhdbo wg_j]bc� ����
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H[_ki_q_gb_ jZ^bZpbhgghc [_ahiZkghklb kljhbl_evguo fZl_jbZeh\ y\ey_lky h^ghc ba

hkgh\guo aZ^Zq ijb kljhbl_evkl\_ `bevy� >ey ;jygkdh]h j_]bhgZ� ihkljZ^Z\r_]h ihke_ Z\Zjbb

gZ Q:WK� wlZ ijh[e_fZ y\ey_lky hkh[_ggh ZdlmZevghc� < gZklhys__ \j_fy jZ^bZpbhgguc dhg-
ljhev kljhbl_evguo fZl_jbZeh\ \dexqZ_l \ k_[y g_ [he__ ^_kylb gZbf_gh\Zgbc fZl_jbZeh\ b

ba^_ebc gZ bo hkgh\_� \ lh \j_fy dZd ij_^ijbylby kljhcbg^mkljbb gZkqblu\Zxl bo ]hjZa^h

[hevr_� Ijb ihemq_gbb dhfihabpbhgguo fZl_jbZeh\ �[_lhgh\� jZkl\hjh\ b ^j�� bkihevamxlky

f_klgu_ kljhbl_evgu_ fZl_jbZeu b ijhfure_ggu_ hloh^u� jZ^bZpbhgguc dhgljhev dhlhjuo

ijZdlbq_kdb g_ \_^_lky�

K p_evx jZkrbj_gby [Zau ^Zgguo ih kh^_j`Zgbx _kl_kl\_gguo jZ^bhgmdeb^h\ �?JG� \

fZl_jbZeZo kljhcbg^mkljbb [ueb ijh\_^_gu bkke_^h\Zgby f_klguo kljhbl_evguo fZl_jbZeh\�

ijhfure_gguo hloh^h\ b fZl_jbZeh\ gZ bo hkgh\_�

< khhl\_lkl\bb k =HKL �������� \k_ kljhbl_evgu_ fZl_jbZeu b ba^_eby \ kljhbl_evkl\_

ih^jZa^_eyxlky gZ � deZkkZ ih \_ebqbg_ wnn_dlb\ghc m^_evghc Zdlb\ghklb �:wnn� ?JG \

kljhcfZl_jbZeZo� Ijb kljhbl_evkl\_ `beuo b h[s_kl\_gguo a^Zgbc bkihevamxlky lhevdh fZ-
l_jbZeu � deZkkZ� ^ey dhlhjuo kh^_j`Zgb_ ?JG g_ ^he`gh ij_\urZlv ��� ;d�d] >�@� < ijhp_kk_

ba]hlh\e_gby kljhbl_evguo fZl_jbZeh\ bkoh^gh_ kujv_ ih^\_j]Z_lky h[jZ[hld_� dhlhjZy fh-
`_l baf_gblv :wnn \ lm beb ^jm]mx klhjhgm� >Zgguc \hijhk jZkkfhlj_g gZ ijbf_j_ l_ogheh-
]bb ba]hlh\e_gby dbjibqZ k ^h[Z\dhc \ bkoh^gmx rbolm ahe LWP�

����������

Hl[hj b ih^]hlh\dm ijh[ ijh\h^beb \ khhl\_lkl\bb k =HKL ��������� >ey kuimqbo fZ-
l_jbZeh\ ijh[m� ihemq_ggmx iml_f i_j_f_rb\Zgby b d\Zjlh\Zgby g_ f_g__ �� lhq_qguo ijh[�

hl[bjZeb ba dhgljhevguo lhq_d rlZ[_e_c ih i_jbf_ljZf ]hjbahglZevguo k_q_gbc k bgl_j\Z-
ehf g_ [he__ �� f� gZ dZjlZo gZfu\Z ± \ maeZo ijyfhm]hevghc k_ldb ��o�� f2

� Ijh[m k jZaf_-
jZfb njZdpbc [he__ � ff baf_evqZeb ^h jZaf_jh\ f_g__ � ff�

Ba ]hlh\uo kljhbl_evguo ba^_ebc �dbjibq� [_lhggu_ ieblu b [ehdb� hl[bjZeb ijh[m

fZkkhc hl ��� ^h �� d]� Ijh[m baf_evqZeb� ijhk_b\Zeb q_j_a dhgljhevgh_ kblh k djm]eufb hl-
\_jklbyfb ^bZf_ljhf � ff b \ukmrb\Zeb ^h ihklhygghc fZkku�

H[t_f ijh[ \ ]_hf_ljbb khkm^Z FZjbg_eeb khklZ\eye ���� kf
3
�FZkkZ ijh[ hij_^_eyeZkv

\a\_rb\Zgb_f gZ we_dljhgguo \_kZo k lhqghklvx � � ]� =_jf_lbqgh mdmihj_ggu_ ijh[u \u-
^_j`b\Zebkv \ l_q_gb_ �� kmlhd k p_evx ^hklb`_gby jZ\gh\_kby

226Ra k ^hq_jgbfb ijh^mdlZfb
jZkiZ^Z�
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             Baf_j_gby ijh\_^_gu gZ ]ZffZ�ki_dljhf_ljbq_kdhf dhfie_dk_ ih f_lh^bd_ >�@� < jZ-
[hl_ bkihevah\Zeky ]ZffZ�ki_dljhf_lj k ihemijh\h^gbdh\uf ^_l_dlhjhf lbiZ >=>D��� \

klZevghc aZsbl_� Kh[kl\_gguc nhg ^_l_dlhjZ \ ^bZiZahg_ wg_j]bc ��� ± ���� dw< khklZ\ey_l

��� k
-1
� Wg_j]_lbq_kdh_ jZaj_r_gb_ ki_dljhf_ljZ ± ��� dw< ijb ?� = 1.332 Fw< �

60
Kh�� Ijh-

]jZffgh_ h[_ki_q_gb_ dhfie_dkZ iha\hey_l \u^_eylv ]ZffZ�ebgbb \ ZiiZjZlmjghf ki_dlj_�

ijhba\h^blv bo b^_glbnbdZpbx� jZkq_l m^_evguo Zdlb\ghkl_c ijh[� hij_^_e_gb_ ih]j_rgh-
kl_c >�@�

=jZ^mbjh\dZ ki_dljhf_ljZ ih wg_j]bb \uiheg_gZ k ihfhsvx klZg^Zjlgh]h gZ[hjZ h[-
jZaph\uo ]ZffZ�bklhqgbdh\ �HK=B�� Z wnn_dlb\ghklv j_]bkljZpbb ]ZffZ�d\Zglh\ k wg_j]byfb

186 dw< (226Ra), 583 dw< (208Tl), 609 dw< (214Bi� b ���� dw< (40
D� hij_^_e_gZ k ihfhsvx h[jZaph-

\uo bklhqgbdh\ ki_pbZevgh]h gZagZq_gby �HBKG� jZaebqghc iehlghklb \ ]_hf_ljbb khkm^Z

FZjbg_eeb� kh^_j`Zsbo
226Ra, 232Th (c ^hq_jgbfb ijh^mdlZfb jZkiZ^Z� b

40
D� Wlh iha\hebeh

dhjj_dlgh mq_klv aZ\bkbfhklv wnn_dlb\ghklb j_]bkljZpbb ki_dljhf_ljZ hl iehlghklb \_s_kl-
\Z ijh[u� Ih]j_rghklv Zll_klZpbb HBKG khklZ\ey_l �� ih jZ^b_\hfm b lhjb_\hfm jy^Zf b

�� ih dZebx����

��"#$%�&�'���(�))���&��*

Hkgh\gu_ j_amevlZlu bkke_^h\Zgby jZ^bZpbhggh]h dZq_kl\Z fZl_jbZeh\ ih ^Zgguf

h[kq_lZ ijh[ ijb\_^_gu \ lZ[e� � ^ey jZaebqguo kljhbl_evguo fZl_jbZeh\� \dexqZy aheu

LWP� AgZq_gby :wnn jZkkqblu\Zebkv ih nhjfme_�

                                            :wnn = :Ra  + 1.31.ATh  + 0.085.AK ,                                                           (1)

]^_ :Ra , ATh  ± m^_evgu_ Zdlb\ghklb
226Ra b 232Th� gZoh^ysb_ky \ jZ\gh\_kbb k hklZevgufb qe_-

gZfb mjZgh\h]h b lhjb_\h]h k_f_ckl\Z� AK ± m^_evgZy Zdlb\ghklv
40
D�

Ba\_klgh� qlh gZb[hevr_c jZ^bhZdlb\ghklvx oZjZdl_jbamxlky fZ]fZlbq_kdb_ dbkeu_

ihjh^u ± ]jZgblu� ij_^klZ\eyxsb_ kh[hc ijh^mdl hklZlhqghc djbklZeebaZpbb fZ]fu >�@� K

mf_gvr_gb_f kh^_j`Zgby SiO2� l�_� k m\_ebq_gb_f hkgh\ghklb� kh^_j`Zgb_ ?JG agZqbl_evgh

khdjZsZ_lky� Ihwlhfm m [ZaZevlZ� hlghkys_]hky d hkgh\guf fZ]fZlbq_kdbf ]hjguf ihjh^Zf�

kh^_j`Zgb_ _kl_kl\_gguo jZ^bhgmdeb^h\ gb`_� q_f m ]jZgblgh]h s_[gy� :\lhjZfb >�@ lZd`_

hlf_qZ_lky� qlh jhah\u_ b djZkgu_ ba\_j`_ggu_ ]hjgu_ ihjh^u qZklh hdZau\Zxlky [he__ jZ-
^bhZdlb\gufb� q_f k_ju_�

<ukhdh_ kh^_j`Zgb_ _kl_kl\_gguo jZ^bhgmdeb^h\ \ ]ebgbkluo fZl_jbZeZo k\yaZgh� \

i_j\mx hq_j_^v� k bo ih\ur_gghc Z^khj[pbhgghc kihkh[ghklvx ih hlghr_gbx d dZlbhgZf

mjZgZ� lhjby b dZeby� Ij_bfms_kl\_gghc hkZ`^Z_fhklb mjZgZ \ ]ebgbkluo hkZ^dZo kihkh[kl-
\m_l lZd`_ [ebahklv pH h[jZah\Zgby g_jZkl\hjbfh]h `_elh]h ]b^jhdkb^Z mjZgZ UO2(OH)2 (pH
 ���� d pH h[jZah\Zgbx ]b^jhdkb^Z Zexfbgby Al(OH)3 (pH  ���� >�@� Djhf_ lh]h� kms_kl\_g-
gmx jhev b]jZ_l ^ebl_evghklv ij_[u\Zgby ]ebgbkluo qZklbp \ nhjf_ ]b^jhahe_c� kihkh[kl-
\mxsZy Z^khj[pbb bhgh\ jZ^bhZdlb\guo we_f_glh\�

< ijhp_kk_ h[`b]Z d_jZfbq_kdbo fZl_jbZeh\ ijhbkoh^bl ki_dZgb_ ]ebg� l�_� bo miehlg_-
gb_ b mijhqg_gb_ >�@� Ihwlhfm dhgp_gljZpby jZ^bhZdlb\guo \_s_kl\ ]hlh\uo d_jZfbq_kdbo

ba^_ebc ih kjZ\g_gbx k bkoh^guf kujv_f ih\urZ_lky �d_jZfbq_kdbc b rZfhlguc dbjibqb�

h[ebph\hqgZy ]eZamjh\ZggZy iebldZ� d_jZfablh\uc ]jZ\bc��
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LZ[ebpZ �� JZ^bZpbhggu_ dZq_kl\Z kljhbl_evguo fZl_jbZeh\

:dlb\ghklv� ;d
�

i/i
GZbf_gh\Zgb_ fZl_jbZeZ

226Ra 232Th 40K

M^_evgZy wn-
n_dlb\gZy

Zdlb\ghklv�

;d�d]

DeZkk fZ-
l_jbZeZ

=HKL

30108-94
1 Dbjibq fZ]g_abZevguc 35±14 3±1 0 21±11 1
2 I_khd 12±1 7±1 171±12 22±4 1
3 =Zah[_lhg kbebdZlguc 14±2 3±1 103±8 41±14 1
4 Ba\_kldh\uc jZkl\hj F�� 22±6 11±1 266±19 45±14 1

5
P_f_glgh�i_kqZguc jZkl\hj

F���
29±6 13±2 299±21 52±13 1

6 :j[hebl 17±2 7±2 58±6 54±17 1
7 Dbjibq ^bgZkh\uc 29±12 19±3 148±13 57±26 1
8 ;ZaZevl 22±9 22±2 472±33 59±27 1
9 I_gh[_lhg 35±8 13±1 162±11 69±18 1

10 Lj_i_e 23±5 16±3 228±21 96±29 1
11 =eZmdhgblh\uc i_khd 69±6 41±5 174±16 110±33 1
12 D_jZfablh[_lhg F��� 35±6 27±2 402±28 119±25 1
13 ReZd hl\Zevguc 61±20 43±5 1174±82 128±45 1

14
;_lhg F��� �k ]eZmdhgblh-
\uf i_kdhf�

53±6 59±7 826±66 146±26 1

15
F_edha_jgbkluc ZknZevlh-
[_lhg

33±4 39±5 754±60 160±32 1

16 Dbjibq d_jZfbq_kdbc 55±20 62±7 783±63 182±69 1
17 D_jZfablh\uc ]jZ\bc 34±16 34± 3 565±40 204±98 1
18 S_[_gv 77 ±11 101±8 1913±134 243±41 1

19
D_jZfbq_kdZy iebldZ ]eZam-
jh\ZggZy

85.±10 61±5 1236±87 253±4 3 1

20
We_dljhl_jfhnhknhjguc

reZd
191±25 20±4 106±11 273±71 1

21 Dbjibq rZfhlguc 149±15 194±14 110±9 332±50 1
22 AheZ �;jygkd� 104 ± 21 86 ±9 185 ±17 347 ± 83 1
23 AheZ �K_jimoh\� 679 ± 136 112 ± 11 577 ±60 874 ± 210 3
24 AheZ �DZrbjZ� 102 ± 20 78 ± 8 380 ±34 236 ± 57 1

< aheZo� h[jZamxsboky ijb k`b]Zgbb dZf_ggh]h b [mjh]h m]e_c� lZd`_ gZ[ex^Z_lky ih-
\ur_ggZy dhgp_gljZpby jZ^bhZdlb\guo \_s_kl\ aZ kq_l m\_ebq_gby bo dhgp_gljZpbb \ ijh-
p_kk_ h[`b]Z� Ihfbfh hkgh\guo hdkb^h\� kh^_j`Zsboky h[uqgh \ aheZo� \ bo khklZ\� dZd ijZ-
\beh� \oh^yl qZklbqdb g_k]hj_\r_]h m]ey� dhlhju_ oZjZdl_jbamxlky kh^_j`Zgb_f jZ^bhgmdeb-
^h\ bkoh^gh]h kujvy�

Gbadh_ kh^_j`Zgb_ ?JG hlf_qZ_lky ^ey d\Zjp_\h]h i_kdZ� qlh kh]eZkm_lky k \u\h^Zfb

Z\lhjh\ h gbadhc jZ^bhZdlb\ghklb g_aZ]ebg_abjh\Zgguo i_kdh\ >�@�

:fhjngZy  nhjfZ dj_fg_a_fZ jZkijhkljZg_gZ \ ijbjh^_ ]hjZa^h f_gvr_� q_f djbklZe-
ebq_kdZy�  D   g_c hlghkblky  lj_i_e� h[jZamxsbcky gZ  ^g_ fhj_c ba  SiO2� \oh^ys_]h \  khklZ\
hj]Zgbafh\  ^bZlhfh\uo \h^hjhke_c�  kd_e_lh\ jZ^bheyjbc  b  ]m[hd� : jZklbl_evgu_ hklZldb�
h[ehfdb kd_e_lh\ gZa_fguo iha\hghqguo b ju[ y\eyxlky  hkgh\gufb dhgp_gljZlhjZfb  mjZgZ�
<ebygb_ hj]Zgbdb gZ ijhp_kku dhgp_gljZpbb mjZgZ k\yaZgh g_ lhevdh k __ ih\ur_ggufb

khj[pbhggufb k\hckl\Zfb� gh b k l_f� qlh jZaeh`_gbx hklZldh\ kihkh[kl\mxl \hkklZgh\b-
l_evgu_ ijhp_kku� ijb\h^ysb_ d i_j_oh^m jZkl\hjbfuo kh_^bg_gbc r_klb\Ze_glgh]h mjZgZ \

ljm^ghjZkl\hjbfu_ q_luj_o\Ze_glgu_�

;ebahklv bhgguo jZ^bmkh\ U b Th b jy^Z ^jm]bo we_f_glh\ ijb\h^bl d lhfm� qlh U b Th
qZklh \oh^yl \ djbklZeebq_kdb_ j_r_ldb g_dhlhjuo Zdp_kkhjguo fbg_jZeh\ \ \b^_ bahfhjn-
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ghc ijbf_kb� =eZ\gufb ghkbl_eyfb mjZgZ b lhjby kj_^b Zdp_kkhjh\ y\eyxlky pbjdhg� kn_g� Z

lZd`_ dk_ghlbf� ZiZlbl� fhghpbl� y\eyxsb_ky hkgh\guf kujv_f ^ey ijhba\h^kl\Z nhknhjghc

dbkehlu >�@� Ke_^h\Zl_evgh� b hloh^ wlh]h ijhba\h^kl\Z ± we_dljhl_jfhnhknhjguc reZd ^he-
`_g bf_lv ih\ur_ggmx jZ^bhZdlb\ghklv� qlh b ih^l\_j`^Z_lky ihemq_ggufb ^Zggufb�

M^_evgZy wnn_dlb\gZy Zdlb\ghklv we_dljhl_jfhnhknhjgh]h reZdZ khklZ\ey_l ���±26 ;d�d]� Z
hl\Zevgh]h ± ���±35 ;d�d]�

=eZmdhgblh\u_ i_kdb ;jygkdh]h nhknhjblgh]h aZ\h^Z kh^_j`Zl \ k\h_f khklZ\_ ��%
d\ZjpZ� ihe_\u_ riZlu� ]eZmdhgbl� qZklbpu nlhjZiZlblZ b ^jm]b_ fbg_jZeu� ;he__ \ukhdh_

kh^_j`Zgb_ ?JG h[mkeh\e_gh� \ i_j\mx hq_j_^v� ijbkmlkl\b_f ]eZmdhgblZ b nlhjZiZlblZ�

=eZmdhgbl hlghkblky d fbg_jZeZf ]jmiiu `_e_abkluo ]b^jhkex^ i_j_f_ggh]h khklZ\Z b aZgb-
fZ_l ijhf_`mlhqgh_ iheh`_gb_ f_`^m kex^Zfb b dZhebgblhf �beb fhglfhjbeehgblhf� >�@�

H[jZah\Zgb_ dheehb^h\� lZdbo dZd ]eZmdhgblu� nhknhjblu� ijhbkoh^bl lZd`_ aZ kq_l ijhp_k-
kh\ ih^\h^gh]h jZaeh`_gby fbg_jZevguo qZklbp� < wlbo ijhp_kkZo kms_kl\_ggmx jhev b]jZxl

hj]Zgbq_kdb_ kh_^bg_gby� \ lhf qbke_ b `b\u_ hj]Zgbafu� K dhZ]meypb_c \k_o wlbo \b^h\ dhe-
ehb^guo qZklbp� Z^khj[bjmxsbo jZkl\hj_ggu_ \ \h^_ bhgu� b k\yaZgh ]eZ\guf h[jZahf hkZ`-
^_gb_ mjZgZ� lhjby b dZeby�

;hevrbgkl\h kljhbl_evguo fZl_jbZeh\ hlghkylky d dhfihabpbhgguf fZl_jbZeZf b kh-
klhyl ba \y`ms_]h� aZihegbl_ey b ^h[Z\hd�

Kljhbl_evgu_ jZkl\hju b yq_bklu_ [_lhgu �i_gh[_lhg� ]Zah[_lhg�� kh^_j`Zsb_ \ dZq_-
kl\_ \y`ms_]h p_f_gl b ba\_klv� Z \ dZq_kl\_ aZihegbl_ey d\Zjp_\uc i_khd� oZjZdl_jbamxlky

kjZ\gbl_evgh gbadbf kh^_j`Zgb_f ?JG� >ey d_jZfablh[_lhgZ b ly`_eh]h [_lhgZ� [hevrmx

qZklv dhlhjuo khklZ\ey_l djmiguc aZihegbl_ev� m^_evgZy wnn_dlb\gZy Zdlb\ghklv [m^_l hij_-
^_eylvky kh^_j`Zgb_f b Zdlb\ghklvx d_jZfablh\h]h ]jZ\by b s_[gy�

Bkihevah\Zgb_ \ f_edha_jgbklhf ZknZevlh[_lhg_ ]jZgblguo hlk_\h\� bf_xsbo \ukhdmx

r_jhoh\Zlhklv qZklbp ih kjZ\g_gbx k d\Zjp_\uf i_kdhf� iha\hey_l ihemqblv k^\b]hmklhcqb-
\u_ ihdjulby b \ lh `_ \j_fy ijb\h^bl d \hajZklZgbx m^_evghc wnn_dlb\ghc Zdlb\ghklb _kl_-
kl\_gguo jZ^bhgmdeb^h\ ^h ��� ;d�d]�

Ba \k_o bkke_^m_fuo fZl_jbZeh\ [he__ \ukhdh_ kh^_j`Zgb_ _kl_kl\_gguo jZ^bhgmdeb-
^h\ gZ[ex^Z_lky \ d_jZfbq_kdbo fZl_jbZeZo� ahe_� we_dljhl_jfhnhknhjghf reZd_� ihemqZ_-
fuo iml_f ki_dZgby b m\_ebq_gby dhgp_gljZpbb bkoh^guo kujv_\uo fZl_jbZeh\� gbadh_ ± \

d\Zjp_\hf i_kd_ b fZl_jbZeZo gZ _]h hkgh\_ �^bgZkh\hf dbjibq_� ]hj_ehc a_fe_� p_f_glgh�

i_kqZghf jZkl\hj_��

Ih kh^_j`Zgbx _kl_kl\_gguo jZ^bhgmdeb^h\ hgb hlghkylky d fZl_jbZeZf � deZkkZ b fh-
]ml bkihevah\Zlvky [_a h]jZgbq_gbc�

Ijb ijhba\h^kl\_ dbjibqZ �ijbf_jguc khklZ\ rbolu� ��� ± ]ebgZ� �� ± ^j_\_kgu_

hibedb� �� ± rZfhl� �� ± ]jZgreZd� �� ± m]hev� ijbf_gy_lky lZd`_ l_ogheh]by k bkihevah\Z-
gb_f \ dZq_kl\_ ^h[Z\db \ rbolm ahe LWP� bkdexqb\ ijb wlhf ijhqb_ ^h[Z\db �hibedb� ]jZg-
reZd� m]hev�� LZd dZd aheu LWP oZjZdl_jbamxlky [hevrbfb agZq_gbyfb :wnn �kf� i�i� �� ± ��

lZ[e� ��� lh bo ijhp_glgh_ kh^_j`Zgb_ \ rbol_ ^he`gh [ulv j_]eZf_glbjh\Zgh� Imklv bkoh^-

gh_ kujv_ bf__l wnn_dlb\gmx m^_evgmx Zdlb\ghklv
bko

wnn� � Z ahevgu_ ^h[Z\db ±
^h[

wnn� � >ey

h[_ki_q_gby ijhba\h^kl\Z dbjibqZ� ijb]h^gh]h ^ey ijhfure_ggh]h b ]jZ`^Zgkdh]h kljhb-
l_evkl\Z [_a h]jZgbq_gbc ih jZ^bZpbhgghfm nZdlhjm�   g_h[oh^bfh  \uiheg_gb_  ke_^mxs_]h

mkeh\by� �������������� ^h[

wnn

bko

wnn ≤⋅+⋅− , ]^_  O ± ijhp_gl ahevguo ^h[Z\hd  \   dhg_qghf

ijh^mdl_� Ke_^h\Zl_evgh� ^himklbfh_ fZkkh\h_ kh^_j`Zgb_ ^h[Z\hd \ ijhp_glZo ^he`gh m^h\-
e_l\hjylv mkeh\bx�

                                                             	���
����

������
�

bko

wnn

^h[

wnn

bko

wnn ⋅
−
−

≤ .                                                    (2)
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J_amevlZlu jZkq_lh\ ij_^_evgh ^himklbfhc \_ebqbgu ahevguo ^h[Z\hd \ rbolm ijb\_-

^_gu gZ jbk� � �djb\u_ � ± � khhl\_lkl\mxl jZaebqguf
bko

wnn� �� Z \ lZ[e� � ij_^klZ\e_gu wdki_-

jbf_glZevgu_ ^Zggu_ ih ba]hlh\e_gghc iZjlbb dbjibq_c gZ K_jimoh\kdhf dbjibqghf aZ\h^_

k ^h[Z\dZfb aheu DZrbjkdhc LWP \ dhebq_kl\_ � b � h[t_fguo ijhp_glh\ �kf� i�i� �� lZ[e� ���

LZ[ebpZ �� <ebygb_ ahevguo ^h[Z\hd gZ jZ^bZpbhggu_ dZq_kl\Z ijh^mdpbb

:dlb\ghklv� ;d�

i/i
GZbf_gh\Zgb_

fZl_jbZeZ 226R 232Th 40K

M^_evgZy wnn_d-
lb\gZy Zdlb\ghklv�

;d�d]

DeZkk fZl_jbZeZ

=HKL ��������

1 Dbjibq �O  ��� 46 ± 9 48 ± 5 719 ±65 170 ± 41 1
2 Dbjibq �O  ��� 27 ± 5 45 ± 5 787 ± 71 153 ± 37 1
3 Dbjibq �O  ��� 44 ± 9 51 ± 5 757 ± 68 175 ± 42 1
4 Dbjibq �O  ��� 30 ± 6 56 ± 6 629 ± 57 157 ± 38 1
5 Dbjibq �O  ��� 33 ± 7 58 ± 6 715 ± 64 170 ± 41 1
6 Dbjibq �O  ��� 37 ± 7 58 ± 6 630 ± 57 167 ± 40 1
7 Dbjibq �O  ��� 39 ± 8 55 ± 6 604 ± 54 162 ± 39 1
8 Dbjibq �O  ��� 40 ± 8 52 ± 5 643 ± 58 163 ± 39 1
9 Dbjibq �O  ��� 42 ± 8 56 ± 6 664 ± 60 172 ± 41 1

10 Dbjibq �O  ��� 23 ± 5 55 ± 6 631 ± 57 149 ± 36 1

1
2

3

4

5

6

Jbk �� >himklbfuc ijhp_gl ahevguo ^h[Z\hd \ bkoh^gh_ kujv_�

1 – BKO

WNNA  = 100 ;d�d]� � ±
BKO

WNNA  = 150 ;d�d]� � ±
BKO

WNNA  = 200 ;d�d]�

4 – BKO

WNNA  = 250 ;d�d]� � ±
BKO

WNNA  = 300 ;d�d]� � ±
BKO

WNNA  = 350 ;d�d]�
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JZkkfhlj_ggu_ \b^u kljhbl_evguo fZl_jbZeh\� hloh^h\ b kujvy f_klghc kljhcbg^mkl-
jbb ]� ;jygkdZ hlghkylky d � deZkkm jZ^bZpbhggh]h dZq_kl\Z b fh]ml ijbf_gylvky \ ]jZ`^Zg-
kdhf kljhbl_evkl\_ [_a h]jZgbq_gbc� Ijb g_h[oh^bfhklb fbgbfbabjh\Zlv agZq_gby :wnn ^ey

]hlh\uo kljhbl_evguo ba^_ebc ijb ih^[hj_ bkoh^gh]h kujvy beb ^h[Z\hd fh`gh hjb_glbjh-
\Zlvky gZ khhlghr_gb_ ����

�� �(�$����&�#�'

[1] =HKL ���������FZl_jbZeu b ba^_eby kljhbl_evgu_� Hij_^_e_gb_ m^_evghc wnn_dlb\ghc

Zdlb\ghklb _kl_kl\_gguo jZ^bhgmdeb^h\� ²F�� Ba^�\h klZg^Zjlh\� ����� k� ���

[2] F_lh^bq_kdb_ mdZaZgby� =ZffZ�ki_dljhf_lju k ihemijh\h^gbdh\ufb ^_l_dlhjZfb�F_lh-
^bdZ ih\_jdb FB���� ± ��� GIH <GBBNLJB�Fhkd\Z� �����

[3] Djmiguc =�B�� Kl_p_gdh =�G�� Ygh\bq :�:�F_lh^bq_kdb_ \hijhku bkihevah\Zgby ihjh]h-
\uo Zdlb\Zpbhgguo ^_l_dlhjh\ \ jZ^bZpbhgguo bkke_^h\Zgbyo gZ mkdhjbl_evghf dhfie_d-
k_ BN<W� Ij_ijbgl BN<W �������� Ijhl\bgh� �����

[4] Gh\bdh\ =�N� JZ^bhf_ljbq_kdZy jZa\_^dZ� ± E�� G_^jZ� ����� k� ����

[5] Djbkxd W�F� JZ^bZpbhgguc nhg ihf_s_gbc� ±F�� Wg_j]hZlhfba^Zl� ����� k�����

[6] =hjrdh\ <�K�� KZ\_ev_\ <�=�� N_^hjh\ G�N� Nbabq_kdZy obfby kbebdZlh\ b ^jm]bo lm]h-
ieZ\dbo kh_^bg_gbc� ±F�� <ukr� rd�� ����� k� ����

[7] =hjqZdh\ =�B�� ;Z`_gh\X�F� Kljhbl_evgu_ fZl_jbZeu� ± F�� Kljhcba^Zl� ����� k� ����

Jmdhibkv ihklmibeZ � bxey ���� ]�



G�I� Emdmlph\Z b ^j�

JZ^bZpbhggZy [_ahiZkghklv kljhbl_evguo fZl_jbZeh\ b ijhfure_gguo hloh^h\�

Hjb]bgZe�fZd_l ih^]hlh\e_g k ihfhsvx kbkl_fu Word.

J_^Zdlhj E�N� <Zkbev_\Z� L_ogbq_kdbc j_^Zdlhj G�<�Hjeh\Z�

Ih^ibkZgh d i_qZlb 11.07.2000. NhjfZl �� × 84/8. Hnk_lgZy i_qZlv�

I_q�e� 0, 75.  Mq�− ba^�e� 0,6.      LbjZ` ����    AZdZa ����      Bg^_dk �����
EJ ������� hl ��������.
=GP JN Bgklblml nbabdb \ukhdbo wg_j]bc�

������� Ijhl\bgh Fhkdh\kdhc h[e�



Bg^_dk ����

� � ' � � � � (������������ �����)*�������   2000


