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Khjhd e_l gZaZ^ [ue aZims_g h^bg ba
klZj_crbo bkke_^h\Zl_evkdbo j_Zdlhjh\� Imkd
j_ZdlhjZ <<J�F khklhyeky \ ^_dZ[j_ ���� ]h^Z \
I_l_j[mj]kdhf bgklblml_ y^_jghc nbabdb
�IBYN� bf�;�I�DhgklZglbgh\Z J:G� \
]�=Zlqbg_� Hg ghjfZevgh jZ[hlZ_l ih gZklhys__
\j_fy [_a aZf_gu [ZdZ� AgZq_gb_ wlh]h j_ZdlhjZ
^ey Jhkkbb dZd klZpbhgZjgh]h g_cljhggh]h bk-
lhqgbdZ agZqbl_evgh \hajhkeh k aZdjulb_f fgh-
]bo bkke_^h\Zl_evkdbo imqdh\uo j_Zdlhjh\ ih-
ke_ jZkiZ^Z KKKJ� <k_ [hevr__ qbkeh bgklblm-
lh\ Jhkkbb b kljZg KG= mqZkl\m_l \ bkke_^h\Z-
gbyo gZ j_Zdlhj_ <<J�F� < IBYN \_^_lky
kljhbl_evkl\h gh\h]h \ukhdhihlhqgh]h j_ZdlhjZ
IBD� Ih hp_gdZf wdki_jlh\� m`_ \uiheg_gh
[he__ ��� jZ[hl� h^gZdh wdhghfbq_kdZy kblmZ-
pby \ Jhkkbb g_ iha\hey_l ijh]ghabjh\Zlv kjhd
_]h imkdZ� < k\yab k wlbf bgklblml ijbgye j_r_-
gb_ ijb\_klb \hafh`ghklb j_ZdlhjZ <<J�F \
khhl\_lkl\b_ gh\uf ghjfZlb\guf lj_[h\Zgbyf
[_ahiZkghklb b ijh^eblv _]h jZ[hlm�

J_Zdlhj <<J�F gZoh^blky \ Hl^_e_gbb
g_cljhgguo bkke_^h\Zgbc �HGB� IBYN� Bgklb-
lml jZkiheZ]Z_l kheb^guf f_oZgbq_kdbf p_ohf
^ey ijhba\h^kl\Z wdki_jbf_glZevgh]h h[hjm^h-
\Zgby b jZa\blhc bgnjZkljmdlmjhc� < ��� f hl
j_ZdlhjZ gZoh^blky djbh]_ggZy klZgpby ih ijh-
ba\h^kl\m `b^dh]h ZahlZ b ]_eby� Bgklblml jZk-
iheh`_g \ e_kghf jZchg_ ijbf_jgh \ � df hl
]�=Zlqbgu b \ �� df hl K��I_l_j[mj]Z� bf__l klh-
eh\mx� ]hklbgbpm gZ ��� f_kl� kihjlb\guc dhf-
ie_dk k ieZ\Zl_evguf [Zkk_cghf� Z\lh[mkgh_ b
`_e_agh^hjh`gh_ khh[s_gb_ k K��I_l_j[mj]hf�
Bgklblml ijb\_leb\h hlghkblky d gZmqguf \bab-
l_jZf b \_^_l khljm^gbq_kl\h kh fgh]bfb bgklb-
lmlZfb Jhkkbb b kljZg [eb`g_]h aZjm[_`vy
�KG=� b ^Zevg_]h �\ hkgh\ghf _\jhi_ckdb_ g_c-
ljhggu_ p_glju� aZjm[_`vy�

� �� J_Zdlhj <<J�F

M`_ ijb kljhbl_evkl\_ j_ZdlhjZ i_j\h-
gZqZevguc ijh_dl <<J�K gZ � F<l [ue baf_g_g
b j_Zebah\Zg fh^_jgbabjh\Zgguc ijh_dl <<J�
F gZ �� F<l� < ���� ]� _]h fhsghklv [ueZ ih^-
gylZ ^h �� F<l� gh� dZd ijZ\beh� hg jZ[hlZ_l gZ
����� F<l� <<J�F ± wlh j_Zdlhj [Zkk_cgh]h lb-
iZ k [_jbeeb_\uf hljZ`Zl_e_f� Ihlhd l_ieh\uo
g_cljhgh\ \ hljZ`Zl_e_ ���Â��14 kf-2 k-1.

I_j\hgZqZevguc ijh_dl kh^_j`Ze � ]h-
jbahglZevguo dZgZeh\ b ©l_ieh\mx ]jZnblh\mx
dhehggmª� H^gZdh \kdhj_ ]jZnblh\Zy dhehggZ
[ueZ aZf_g_gZ [_lhgghc \klZ\dhc� b \ wlhf k_d-
lhj_ [ueh hj]Zgbah\Zgh � ^hihegbl_evguo ]hjb-
ahglZevguo dZgZeh\� h[_ki_qb\Zxsbo \u\h^ �
^hihegbl_evguo imqdh\ l_ieh\uo g_cljhgh\ b
kd\haghc dZgZe� ij_^gZagZq_gguc ^ey wdki_jb-
f_glh\ k \lhjbqguf baemq_gb_f� GZ ^hgurdZo
wlbo dZgZeh\ ihlhd l_ieh\uo g_cljhgh\ f_gvr_�
q_f \ hljZ`Zl_e_� hldm^Z [_jml gZqZeh � rlZl-
guo dZgZeh\� b khklZ\ey_l ��������13 g�kfÂk� G_-
kfhljy gZ f_gvrbc ihlhd g_cljhgh\� wlb dZgZeu
mki_rgh wdkiemZlbjmxlky, b gZ gbo \uihegy_lky
agZqbl_evgZy qZklv bkke_^h\Zgbc l\_j^h]h l_eZ�
J_Zdlhj bf__l �� \_jlbdZevguo dZgZeh\ ^ey h[-
emq_gby h[jZaph\ b gbadhl_fi_jZlmjgmx ]_eb_-
\mx i_lex ^ey bkke_^h\Zgby fZl_jbZeh\ \ ijh-
p_kk_ bo h[emq_gby l_ieh\ufb �b�beb [ukljufb�
g_cljhgZfb� < ���� ]h^m gZ djurd_ j_ZdlhjZ
[ueZ kha^ZgZ gZ^j_ZdlhjgZy dZf_jZ k ^bklZgpb-
hggufb fZgbimeylhjZfb� iha\heyxsZy ijh\h-
^blv \bamZevguc hkfhlj b g_keh`gu_ hi_jZpbb
k h[jZapZfb b l_ieh\u^_eyxsbfb we_f_glZfb
�L<W�� ba\e_q_ggufb ba Zdlb\ghc ahgu j_Zdlh-
jZ� < ih^j_Zdlhjghf ijhkljZgkl\_ jZkiheh`_gu
rlZlgu_ ]hjyqb_ dZf_ju� kh_^bg_ggu_ k ojZgb-
ebsZfb h[emq_gguo h[jZaph\ b L<W� bf__lky
\hafh`ghklv \u^Zqb ihlj_[bl_ex dhgl_cg_jh\ k
h[emq_ggufb h[jZapZfb�

< ���� ]� gZ j_Zdlhj_ [ue mklZgh\e_g
mgb\_jkZevguc dZgZe iheyjbah\Zgguo oheh^guo
b mevljZoheh^guo g_cljhgh\� Z \ ���� ]� \ ]hjb-
ahglZevghf dZgZe_ �� [ue mklZgh\e_g l\_j^h-
^_cl_jb_\uc bklhqgbd mevljZoheh^guo g_cljh-
gh\�

DZd ijZ\beh� j_Zdlhj jZ[hlZ_l ^\mog_-
^_evgufb pbdeZfb k hklZgh\dZfb gZ ��� ^gy f_-
`^m gbfb� k ��g_^_evghc hklZgh\dhc q_j_a dZ`-
^u_ � f_k� b e_lg_c hklZgh\dhc gZ � f_k� ^ey
ieZgh\h�ij_^mij_^bl_evgh]h j_fhglZ� Dhgdj_l-
gh_ jZkibkZgb_ jZ[hlu j_ZdlhjZ hij_^_ey_lky
Mq_guf kh\_lhf HGB IBYN�

J_Zdlhj <<J�F [_aZ\Zjbcgh jZ[hlZ_l
m`_ ihqlb �� e_l� Mjh\_gv _]h \u[jhkh\ �gZ ���
wlh 41Ar� fgh]h gb`_ ^himklbfuo agZq_gbc b
ijb\h^bl d ^ha_ ^ey `bl_e_c =Zlqbgu ���
f[wj�]h^� qlh ijbf_jgh \ ���� jZa f_gvr_ _kl_-
kl\_ggh]h nhgZ� AZ \k_ \j_fy kms_kl\h\Zgby j_-



ZdlhjZ g_ [ueh gb h^gh]h kemqZy aZ[he_\Zgby
emq_\hc [he_agvx beb i_j_h[emq_gby i_jkhgZeZ�
< agZqbl_evghc f_j_ wlh aZkem]Z \ukhdhd\Zeb-
nbpbjh\Zggh]h i_jkhgZeZ b _]h [_kkf_ggh]h
jmdh\h^bl_ey J�=�IbdmebdZ�

� �� GZmqgu_ bkke_^h\Zgby ��
o – 70o ]h^h\ ih

y^_jghc nbabd_� nmg^Zf_glZevghc nbabd_ b
nbabd_ dhg^_gkbjh\Zggh]h khklhygby

GZmqgu_ bkke_^h\Zgby gZ j_Zdlhj_ <<J�
F gZqZebkv \ ���� ]h^m ih^ jmdh\h^kl\hf Ev\Z
BevbqZ Jmkbgh\Z� i_j\hhldju\Zl_ey bahf_jbb
Zlhfguo y^_j� mq_gbdZ B�<�DmjqZlh\Z� dhlhjuc
[ue bgbpbZlhjhf b jmdh\h^bl_e_f kljhbl_evkl-
\Z wlh]h bkke_^h\Zl_evkdh]h j_ZdlhjZ� Hg kh[jZe
\hdjm] k_[y fheh^uo lZeZgleb\uo mq_guo� \ih-
ke_^kl\bb \ha]eZ\b\rbo jZaebqgu_ gZijZ\e_gby
^_yl_evghklb gZ j_Zdlhj_� GZijZ\e_gb_ nmg^Z-
f_glZevguo bkke_^h\Zgbc [ueh jZa\blh
<�F�Eh[Zr_\uf� bkke_^h\Zgby ih y^_jghc b
j_gl]_gh\kdhc ki_dljhkdhibb knhjfbjh\Zebkv
ih^ jmdh\h^kl\hf H�B�Kmf[Z_\Z�
B�:�Dhg^mjh\Z� bkke_^h\Zgby ih nbabd_ ^_e_gby
\ha]eZ\be =�:�I_ljh\� Bkke_^h\Zgby ih nbabd_
l\_j^h]h l_eZ [ueb bgbpbbjh\Zgu
=�F�>jZ[dbguf� JZa\blb_f j_Zdlhjghc l_ogheh-
]bb b kljhbl_evkl\hf j_ZdlhjZ IBD jmdh\h^bl
D�:�Dhghie_\� Ijh_dl gh\h]h j_ZdlhjZ [ue ih^-
]hlh\e_g X�<�I_ljh\uf b D�:�Dhghie_\uf�

Ihke_ Ev\Z BevbqZ Jmkbgh\Z eZ[hjZlh-
jbx g_cljhgguo bkke_^h\Zgbc \ha]eZ\eyeb�
ijhn_kkhj >�F�DZfbgd_j� ijhn_kkhj
H�B�Kmf[Z_\� ijhn_kkhj :�I�K_j_[jh\� K ���� ]�
eZ[hjZlhjby g_cljhgguo bkke_^h\Zgbc bf__l
klZlmk Hl^_e_gby� khklhys_]h ba lj_o gZmqguo
hl^_eh\�

• hl^_e g_cljhgghc nbabdb �ijhn_k-
khj :�I�K_j_[jh\��

• hl^_e bkke_^h\Zgby dhg^_gkbjh\Zg-
gh]h khklhygby �ijhn_kkhj
:�B�Hdhjhdh\��

• hl^_e nbabdb b l_ogbdb j_Zdlhjh\
�d�l�g� D�:�Dhghie_\�

b lj_o gZmqgh�l_ogbq_kdbo hl^_eh\�
- hl^_e ihemijh\h^gbdh\uo y^_jguo

^_l_dlhjh\ �d�n��f�g�
:�O�OmkZbgh\��

- hl^_e Z\lhfZlbaZpbb bkke_^h\Zgbc
gZ j_ZdlhjZo �d�l�g�
<�<�FZjq_gdh\��

- hl^_e g_cljhgghc hilbdb �d�n��f�g�
:�N�S_[_lh\��

>bj_dlhj Hl^_e_gby G_cljhgguo Bkke_^h\Zgbc
± hg `_ ^bj_dlhj bgklblmlZ ijhn_kkhj
<�:�GZaZj_gdh�

< jZa\blbb gZmqguo bkke_^h\Zgbc gZ
j_Zdlhj_ <<J�F fh`gh \u^_eblv ljb bklhjbq_-
kdbo wlZiZ� hij_^_ey_fuo dZd \gmlj_ggbfb� lZd
b \g_rgbfb h[klhyl_evkl\Zfb� I_j\uc wlZi ±
wlh wlZi jZa\blby b nhjfbjh\Zgby hkgh\guo gZ-
mqguo gZijZ\e_gbc� ijhbkoh^b\rbc \ l_q_gb_
���o b gZqZeZ ���o ]h^h\� <lhjhc wlZi ± Zdlb\gZy
ih^]hlh\dZ d gZmqguf bkke_^h\Zgbyf gZ j_Zdlh-
j_ IBD� ho\Zlu\ZxsZy dhg_p ���o ]h^h\� ���_
]h^u b gZqZeh ���o ]h^h\� B� gZdhg_p� wlZi kiZ-
k_gby gZmdb� gZqZ\rbcky \ ���_ ]h^u b ijh^he-
`Zxsbcky ^h gZklhys_]h \j_f_gb�

>ey nbabdh\ klZjr_]h ihdhe_gby gZb-
[he__ iZfyl_g gZqZevguc wlZi bkke_^h\Zgbc gZ
j_Zdlhj_� B ke_^m_l hl^Zlv ^he`gh_� qlh bf_ggh
lh]^Z [ueb aZeh`_gu hkgh\u gZmqghc ^_yl_ev-
ghklb b [ueb knhjfbjh\Zgu \Z`g_crb_ ^moh\-
gu_ p_gghklb� wlh� ij_`^_ \k_]h aZbgl_j_kh\Zg-
gh_ b ij_^Zggh_ hlghr_gb_ d gZmd_ b ^_fhdjZ-
lbaf h[s_gby� <k_ wlh ku]jZeh \Z`g_crmx jhev
\ nhjfbjh\Zgbb =Zlqbgkdhc Rdheu g_cljhgguo
bkke_^h\Zgbc�

Y^_jgh�ki_dljhkdhibq_kdb_ bkke_^h\Zgby

I_j\u_ wdki_jbf_glu gZ j_Zdlhj_ [ueb
ihk\ys_gu baf_j_gbx \j_f_gb `bagb y^_jguo
mjh\g_c �B�:�Dhg^mjh\� >�F�DZfbgd_j�
X�?�Eh]bgh\�� <kdhj_ ihke_ imkdZ j_ZdlhjZ aZ-
jZ[hlZe djbklZee�^bnjZdpbhgguc nhdmkbjmx-
sbc ]ZffZ�ki_dljhf_lj� kha^Zgguc
H�B�Kmf[Z_\uf b :�B�Kfbjgh\uf b fh^_jgbab-
jh\Zgguc \ihke_^kl\bb <�E�:e_dk__\uf b
<�E�Jmfygp_\uf� Wlhl ki_dljhf_lj mki_rgh
jZ[hlZ_l \ gZklhys__ \j_fy b iha\hey_l baf_-
jylv wg_j]bx γ�emq_c k lhqghklvx _^bgbp we_d-
ljhg�\hevl \ ^bZiZahg_ hl �� ^h ���� dw<�

M`_ \ h^ghc ba i_j\uo jZ[hl gZ g_f [u-
eb ihemq_gu j_amevlZlu �H�B�Kmf[Z_\�
>�F�DZfbgd_j� :�B�Kfbjgh\� <�:�RZ[mjh\�
���� ]��� dhlhju_ ^h kbo ihj hklZxlky aZ]Z^dhc b
lj_[mxl k\h_]h h[tykg_gby� Wlh jZ[hlZ ih bam-
q_gbx ]ZffZ�ki_dljZ jh^by� \ dhlhjhf \i_j\u_
[ueZ h[gZjm`_gZ g_klZlbklbqghklv \ jZkij_^_-
e_gbyo ]ZffZ�ebgbc ih wg_j]byf� <f_klh ohjh-
rh ba\_klgh]h kemqZcgh]h jZkij_^_e_gby mjh\-
g_c k mq_lhf bo ©hllZedb\Zgbyª [ueh h[gZjm`_-
gh ©ijbly`_gb_ª� l�_� ]jmiibjh\Zgb_ mjh\g_c�
Djhf_ lh]h� jZkklhygby f_`^m ]jmiiZfb hdZaZ-
ebkv djZlgufb� >h kbo ihj \_^mlky ^bkdmkkbb h
ijbjh^_ b ^Z`_ gZebqbb kZfh]h y\e_gby�



Baf_j_gby ki_dljh\ we_dljhgh\ \gml-
j_gg_c dhg\_jkbb ba �Q�γ��j_Zdpbb klZeb \ha-
fh`gufb ihke_ mklZgh\db \ ���� ]h^m gZ dZgZe_
� �� fZ]gblgh]h [_lZ ki_dljhf_ljZ
�;�:�?f_evygh\� <�K�=\ha^_\� X�E�OZah\ b
K�E�KZoZjh\�� <ihke_^kl\bb bkihevah\Zgb_
\gmljbdZgZevgh]h ljZgkihjlgh]h khe_ghb^Z ih-
a\hebeh m\_ebqblv qm\kl\bl_evghklv \ � jZa� qlh
ijb[ebabeh oZjZdl_jbklbdb ki_dljhf_ljZ d iZ-
jZf_ljZf ki_dljhf_ljZ BILL \ ILL. GZebqb_
dhfie_dkZ y^_jgh�ki_dljhkdhibq_kdbo mklZgh-
\hd gZ j_Zdlhj_ <<J�F b \hafh`ghklv jZ[hlZlv
gZ ^jm]bo ki_dljhf_ljZo fbjZ �\ =j_gh[e_� =_c-
^_ev[_j]_� iha\hebeb ihkljhblv ko_fu \ha[m`-
^_gguo khklhygbc [hevrh]h dhebq_kl\Z y^_j
�B�:�Dhg^mjh\� I�:�Kmrdh\� <�<�FZjlugh\�
<�E�:e_dk__\ b ^j��� AgZqbl_evgh_ f_klh \ ^_y-
l_evghklb y^_jgh�ki_dljhf_ljbq_kdh]h gZijZ\-
e_gby eZ[hjZlhjbb aZgbfZeZ jZ[hlZ ih kha^Zgbx
[ZgdZ y^_jguo ^Zgguo �X�<�K_j]__gdh\ b ^j���

Bkke_^h\Zgby keZ[uo \aZbfh^_ckl\bc b W>F
g_cljhgZ

< dhgp_ ���o ]h^h\ [ueh lhevdh qlh ih-
dZaZgh� qlh \ keZ[uo \aZbfh^_ckl\byo gZjmrZ_l-
ky h^bg ba nmg^Zf_glZevguo aZdhgh\ nbabdb ±
aZdhg khojZg_gby ijhkljZgkl\_gghc q_lghklb�
=bihl_aZ h[ mgb\_jkZevghklb keZ[h]h \aZbfh-
^_ckl\by ij_^kdZau\ZeZ wnn_dlu gZjmr_gby J�
q_lghklb \ y^_jguo we_dljhfZ]gblguo i_j_oh-
^Zo� Bkke_^h\Zgb_ lZdbo wnn_dlh\ [ueh gZqZlh
<�F�Eh[Zr_\uf kh\f_klgh k <�:�GZaZj_gdh \
gZqZe_ ���o ]h^h\� Bkihevah\Zgb_ mgbdZevghc
f_lh^bdb� khq_lZxs_c bgl_]jZevguc f_lh^ j_-
]bkljZpbb γ�d\Zglh\ k j_ahgZgkguf \u^_e_gb_f
kb]gZeZ k ihfhsvx dhglmjZ \ukhdhc ^h[jhlgh-
klb �fZylgbd Zkljhghfbq_kdbo qZkh\� iha\hebeh
baf_jylv bkdexqbl_evgh fZeu_ wnn_dlu pbjdm-
eyjghc iheyjbaZpbb γ�d\Zglh\ ± ihjy^dZ
10-5-10-7� < j_amevlZl_ bkke_^h\Zgbc wnn_dlu
g_khojZg_gby q_lghklb [ueb h[gZjm`_gu gZ
p_ehf jy^_ γ�i_j_oh^h\ jZ^bhZdlb\guo y^_j� qlh
\i_j\u_ gZ^_`gh ih^l\_j`^Zeh ]bihl_am h[
mgb\_jkZevghklb keZ[h]h \aZbfh^_ckl\by� Ijbg-
pbibZevgh \Z`guf klZe wdki_jbf_gl ih baf_-
j_gbx pbjdmeyjghc iheyjbaZpbb γ�d\Zglh\ \
j_Zdpbb np→dγ. Wdki_jbf_gl [ue ihklZ\e_g k
bkihevah\Zgb_f \h^ghc ihehklb� knhjfbjh\Zg-
ghc \ p_glj_ Zdlb\ghc ahgu j_ZdlhjZ� :dlb\-
ghklv lZdh]h bklhqgbdZ khklZ\eyeZ ��16 γ�d\Zglh\
\ k_dmg^m ijb h[t_f_ fbr_gb � ebljZ� < wlhf
wdki_jbf_gl_ [ue mklZgh\e_g lhevdh \_jogbc
ij_^_e gZ pbjdmeyjgmx iheyjbaZpbx� Jγ ≤ 5⋅10-7

�<�F�Eh[Zr_\� <�:�GZaZj_gdh� W�:�Dhehf_g�
kdbc� :�G�Ibjh`dh\� :�B�?]hjh\ b ^j��� h^gZdh
hg bf__l [hevrh_ agZq_gb_ ^ey l_hjbb keZ[uo
gmdehg�gmdehgguo \aZbfh^_ckl\bc� < oh^_ ijh-
\h^bfuo bkke_^h\Zgbc ^_lZevgh bamqZebkv k\hc-
kl\Z iheyjbf_ljZ� bkihevam_fh]h \ baf_j_gbyo�
< j_amevlZl_ [ueh hldjulh gh\h_ y\e_gb_ ± \jZ-
s_gb_ iehkdhklb ebg_cghc iheyjbaZpbb γ-
d\Zglh\ \ gZfZ]gbq_gguo n_jjhfZ]g_lbdZo� ZgZ-
eh] wnn_dlZ NZjZ^_y \ hilbd_ �<�F�Eh[Zr_\�
:�I�K_j_[jh\� E�F�Kfhljbpdbc b ^j���

GZb[he__ agZqbfuf dZd ^ey ^_yl_evgh-
klb eZ[hjZlhjbb� lZd b ^ey nmg^Zf_glZevghc
nbabdb klZe wdki_jbf_gl ih ihbkdm we_dljbq_-
kdh]h ^bihevgh]h fhf_glZ g_cljhgZ� dhlhjuc
[ue j_Zebah\Zg gZ j_Zdlhj_ <<J�F <�F�Eh[Z�
r_\uf k dhee_dlb\hf nbabdh\� ijbr_^rbo \
IBYN \ ���u_ ]h^u� <Z`g_cr_c hkh[_gghklvx
wdki_jbf_glZ y\behkv bkihevah\Zgb_ mevljZoh-
eh^guo g_cljhgh\� Ih^]hlh\dZ d wlhfm wdki_jb-
f_glm gZqZeZkv \ ���� ]h^m� ;ueZ jZa\blZ� ih
kmlb� k gmey f_lh^bdZ jZ[hlu k MOG� gZqbgZy hl
bo ihemq_gby� l�_� kha^Zgby bklhqgbdh\ MOG� ^h
kha^Zgby fZ]gblgh�j_ahgZgkgh]h ki_dljhf_ljZ k
wg_j]_lbq_kdbf jZaj_r_gb_f ��-17 w< �kf� jbk����

M`_ \ gZqZe_ ���o ]h^h\ [ue ihemq_g
ijbgpbibZevgh \Z`guc ^ey l_hjbb j_amevlZl ±

\_jogbc ij_^_e gZ \_ebqbgm W>F g_cljhgZ dn≤
3⋅10-25 e⋅kf �<�F�Eh[Zr_\� :�I�K_j_[jh\�
=�>�Ihjk_\� <�N�?`h\� K�G�B\Zgh\� X�<�;hjb�
kh\ b ^j���

Wlhl wdki_jbf_gl y\beky h^gbf ba gZb-
[he__ ijbgpbibZevguo ^ey nbabdb we_f_glZj-
guo qZklbp� Hg k\yaZg k ihbkdhf wnn_dlZ gZjm-
r_gby KJ beb L�q_lghklb� e_`Zs_]h \ hkgh\_
nhjfbjh\Zgby <k_e_gghc� MklZgh\e_gb_ gh\h]h
\_jog_]h ij_^_eZ gZ \_ebqbgm W>F g_cljhgZ
iha\hebeh ijZdlbq_kdb iheghklvx aZdjulv fh-
^_ev KJ�gZjmr_gby <Zcg[_j]Z b ^Zlv mdZaZgby \
ihevam ^jm]bo fh^_e_c KJ�gZjmr_gby� kmi_j-
kbff_ljbqguo� e_\h�ijZ\uo b fh^_eb Dh[Zyrb�
FZkdZ\Z� F_lh^ MOG \ wdki_jbf_gl_ ih ihbkdm
W>F g_cljhgZ� ijh^_fhgkljbjh\Z\rbc k\hb
ij_bfms_kl\Z� [ue lZd`_ j_Zebah\Zg gZ \ukhdh-
ihlhqghf j_Zdlhj_ \ =j_gh[e_� < ihke_^mxsbo
baf_j_gbyo \ dhgp_ ���o ]h^h\ gZ mgb\_jkZevghf
dZgZe_ lhqghklv [ueZ memqr_gZ \ � jZaZ� b lZdZy
`_ lhqghklv [ueZ ihemq_gZ \ wdki_jbf_gl_ \
=j_gh[e_�



Bkke_^h\Zgby ih nbabd_ ^_e_gby

K i_j\uo ^g_c jZ[hlu j_ZdlhjZ [ueZ
gZqZlZ j_ZebaZpby gZmqghc ijh]jZffu ih nbab-
d_ ^_e_gby ly`_euo y^_j k hkgh\guf Zdp_glhf
gZ ^bgZfbq_kdb_ wnn_dlu \ wlhc j_Zdpbb
(=�:�I_ljh\�� AZ i_j\u_ ^_kylv e_l [ueh ^_lZev-
gh bkke_^h\Zgh gh\h_ nbabq_kdh_ y\e_gb_ \ j_-
Zdpbb ^_e_gby ly`_euo Zdlbgb^h\ ± m]eh\Zy
Zgbahljhiby bkimkdZgby γ�d\Zglh\ ijb ^_e_gbb
g_hjb_glbjh\Zgguo dhfiZmg^�y^_j� h[jZah\Z\-
rboky ijb aZo\Zl_ l_ieh\uo g_cljhgh\� ;ueZ
\i_j\u_ h[gZjm`_gZ kbevgZy� yjdh \ujZ`_ggZy
aZ\bkbfhklv dhwnnbpb_glZ Zgbahljhibb hl wg_j-

]bb γ�d\Zglh\ �=�:�I_ljh\� =�<�<Zevkdbc�
X�K�Ie_\Z�� ih ij_^eh`_gbx =�<�<Zevkdh]h
baf_j_gZ ebg_cgZy iheyjbaZpby γ�d\Zglh\ 2358 \
^bZiZahg_ ������� Fw<� ^_lZevgh bkke_^h\ZgZ
aZ\bkbfhklv nbabq_kdh]h wnn_dlZ hl fZkku b
wg_j]bb hkdhedh\�

Wnn_dl Zgbahljhibb bkimkdZgby γ-
d\Zglh\ hlghkbl_evgh hkb jZae_lZ hkdhedh\ [ue
h[tykg_g <�F�Kljmlbgkdbf b hdZaZeky k\yaZg-
guf k \hagbdgh\_gb_f m hkdhedh\ agZqbl_evguo
m]eh\uo fhf_glh\� hjb_glbjh\Zgguo \ iehkdh-
klb� i_ji_g^bdmeyjghc hkb jZae_lZ hkdhedh\�
Wdki_jbf_glu� \uiheg_ggu_ \ =Zlqbg_� iha\h-
ebeb hp_gblv \_ebqbgu wlbo fhf_glh\ �∼5-7 «� b

Jbk��� Ko_fZ fZ]gblh�j_ahgZgkgh]h ki_dljhf_ljZ k
we_dljbq_kdbf ihe_f ^ey ihbkdZ W>F g_cljhgZ� ��

`b^dh\h^hjh^guc bklhqgbd MOG� �� [_jbeeb_\uc
j_ne_dlhj� �� Zdlb\gZy ahgZ j_ZdlhjZ� �� k\bgph\uc
wdjZg� �� g_cljhgh\h^ MOG� �� ]_eb_\u_ djbhijh\h^u,
�� \h^hjh^gu_ ljm[hijh\h^u� �� \Zdmmfgu_ ljm[hijh-
\h^u� �� iheyjbaZlhj� ��� dZf_ju ojZg_gby MOG k
\ukhdh\hevlgufb we_dljh^Zfb� ��� fZ]gblgu_ wdjZ-
gu� ��� khe_ghb^ k hkpbeebjmxsbf fZ]gblguc ihe_f
�\oh^ghc�� ��� dZlmrdZ k ]jZ^b_glhf fZ]gblgh]h ihey
(\uoh^gZy�� ��� dZlmrdb ^ey h^ghjh^gh]h fZ]gblgh]h
ihey� ��� fZ]gblhf_lj kbkl_fu klZ[bebaZpbb \g_rg_-
]h fZ]gblgh]h ihey� ��� fZ]gblhf_lj kbkl_fu klZ[b-
ebaZpbb fZ]gblgh]h ihey \gmljb fZ]gblguo wdjZgh\�
��� dZlmrdb ^ey jZafZ]gbqb\Zgby fZ]gblguo wdjZgh\�
��� ZgZebaZlhju� ��� nebii_j kbkl_fu ^\hcgh]h ZgZ-
ebaZ iheyjbaZpbb� ��� ^_l_dlhju MOG



ij_h[eZ^Zxsmx fmevlbihevghklv γ�d\Zglh\ �?�
\ h[eZklb �������Fw<��

Ijbf_jgh \ l_ `_ ]h^u [ueb ^_lZevgh
bkke_^h\Zgu \uoh^u b hkgh\gu_ k\hckl\Z bah-
f_jgh]h aZiZa^u\Zxs_]h γ�baemq_gby ijb ^_e_-
gbb �E�:�Ihi_dh� =�:�I_ljh\� >�F�DZfbgd_j��

Ih ij_^eh`_gbx :�:�<hjh[v_\Z gZ imq-
d_ �� j_ZdlhjZ <<J�F [ue \uiheg_g pbde wdk-
i_jbf_glZevguo bkke_^h\Zgbc ljhcgh]h ^_e_gby
233.235U, 239Pu, 241,242mAm (<�L�=jZq_\� B�:�Dhg^m�
jh\� >�F�K_eb\_jklh\� G�G�Kfbjgh\ b ^j��� <
j_amevlZl_ ijh\_^_gguo bkke_^h\Zgbc [ueb
\i_j\u_ ij_pbabhggh baf_j_gu \uoh^u b wg_j-
]_lbq_kdb_ ki_dlju e_]dbo y^_j hl bahlhih\ \h-
^hjh^Z ^h dbkehjh^Z�

=em[hdh_ ihgbfZgb_ i_jki_dlb\ghklb
bkke_^h\Zgbc ijhp_kkZ ^_e_gby k j_ahgZgkgufb
g_cljhgZfb \ujZabehkv \ wg_j]bqguo ihiuldZo
kha^Zgby \ =Zlqbg_ bfimevkgh]h g_cljhggh]h
bklhqgbdZ� dhlhju_ mki_rgh aZ\_jrbebkv imk-
dhf \ ���� ]h^m g_cljhggh]h ki_dljhf_ljZ
=G?CK gZ [Za_ kbgojhpbdehljhgZ k wg_j]b_c �
=w<� WlZ mklZgh\dZ� kha^ZggZy ih bgbpbZlb\_
=�:�I_ljh\Z b _]h khljm^gbdh\ ± =�A�;hjmoh\bqZ�
<�B�Xjq_gdh� L�D�A\_a^dbghc� W�G�L_l_j_\Z ±
mki_rgh jZ[hlZ_l ^h gZklhys_]h \j_f_gb� G_-
hp_gbfuc \deZ^ \ ij_\jZs_gb_ ki_dljhf_ljZ
=G?CK \ kh\j_f_gguc nbabq_kdbc ijb[hj \g_k
H�:�S_j[Zdh\� Bf_ggh [eZ]h^Zjy _]h mkbebyf \
dhgp_ ���o b gZqZe_ ���o ]h^h\ gZ wlhf ki_dljh-
f_lj_ [ue \uiheg_g ij_djZkguc pbde jZ[hl ih
bkke_^h\Zgbx �nγI��j_Zdpbb ijb ^_e_gbb 238,235U
b 239Pu.

D wlhfm `_ i_jbh^m hlghkylky ^\_ hjb-
]bgZevguo wdki_jbf_glZevguo jZ[hlu� H^gZ�
k\yaZggZy k hp_gdhc \_jhylghklb bhgbaZpbb
Zlhfghc h[hehqdb ^_eys_]hky ZlhfZ nemdlmZpb-
hgguf we_dljhfZ]gblguf ihe_f ^_eys_]hky
y^jZ �E�:�Ihi_dh, ?�N�Dhqm[_c, =�:�I_ljh\�� Z
\lhjZy ± k bkke_^h\Zgb_f \hafh`ghklb baf_g_-
gby k_q_gby ^_e_gby l_ieh\ufb g_cljhgZfb ijb
ihf_s_gbb ^_eysboky bahlhih\ \ jZaebqgu_
]Zah\u_ fhe_dmeu �:�<�>_j[bg, :�;�EZil_\,
=�:�I_ljh\, X�K�Ie_\Z, F�:�Yfsbdh\).

GZqbgZy k ���� ]h^Z k_dlhj nbabdb ^_-
e_gby y^jZ ihkl_i_ggh baf_gy_l hjb_glZpbx
k\hbo gZmqguo bgl_j_kh\ b gZqbgZ_l j_ZebaZpbx
[hevrh]h pbdeZ gZmqguo bkke_^h\Zgbc lhevdh
qlh hldjulh]h \ BLWN wnn_dlZ gZjmr_gby ijh-
kljZgkl\_gghc q_lghklb \ ijhp_kk_ ^_e_gby ly-
`_euo y^_j l_ieh\ufb b j_ahgZgkgufb iheyjb-
ah\Zggufb g_cljhgZfb� Kh\f_klgh k wlbf wn-
n_dlhf ^_lZevgh bkke_^mxlky b k\yaZggu_ k gbf
ba�aZ hij_^_e_ggh]h koh^kl\Z f_oZgbafh\ \ha-
gbdgh\_gby J�q_lgu_ bgl_jn_j_gpbhggu_ wn-
n_dlu \ m]eh\uo jZkij_^_e_gbyo hkdhedh\ ^_e_-
gby� < j_amevlZl_ \uiheg_gby wlbo dhfie_dkguo
bkke_^h\Zgbc ^ey rbjhdh]h djm]Z ^_eysboky

y^_j hl 2297K ^h 245&P [ueZ kha^ZgZ wdki_jbf_g-
lZevgZy hkgh\Z kh\j_f_gghc l_hjbb J�g_q_lgh]h
b J�q_lguo wnn_dlh\ ijb ^_e_gbb ly`_euo Zd-
lbgb^h\�

NbabdZ l\_j^h]h l_eZ

Bkke_^h\Zgby ih nbabd_ l\_j^h]h l_eZ
gZqZebkv gZ j_Zdlhj_ <<J�F lZd`_ \ ���o ]h^Zo�
KjZam k imkdhf j_ZdlhjZ <<J�F =�F�>jZ[dbguf
b K�<�FZe__\uf [ueb hj]Zgbah\Zgu wdki_jb-
f_glZevgZy b l_hj_lbq_kdZy ]jmiiu ^ey g_c-
ljhggh]h bkke_^h\Zgby nbabdb dhg^_gkbjh\Zg-
gh]h khklhygby �NDK�� Wlhl l_hj_lbdh�
wdki_jbf_glZevguc lZg^_f dhee_dlb\h\ khojZ-
gbeky ^h kbo ihj� h[_ki_qb\Zy \ukhdbc mjh\_gv
bkke_^h\Zgbc� M`_ q_j_a ��� ]h^Z [ueb kha^Zgu
iheyjbamxsb_ a_jdZeZ b ^jm]Zy l_ogbdZ� g_h[-
oh^bfZy ^ey ihklZgh\db wdki_jbf_glh\ ih ^_ih-
eyjbaZpbb b fZehm]eh\hfm jZkk_ygbx� Bf_ggh
lh]^Z hij_^_ebeZkv hkgh\gZy hkh[_gghklv l\_j-
^hl_evkdbo bkke_^h\Zgbc \ =Zlqbg_ ± wlh jZ[hlZ
k iheyjbah\Zggufb g_cljhgZfb� Rbjhdh ba\_k-
l_g f_lh^ g_cljhggh]h ijhkljZgkl\_ggh]h kib-
gh\h]h j_ahgZgkZ� ij_^eh`_gguc b jZa\bluc
=�F�>jZ[dbguf� Ba k_dlhjZ =�F�>jZ[dbgZ \u-
reb Zdlb\gh jZ[hlZxsb_ nbabdb� \ha]eZ\b\rb_
eZ[hjZlhjbb b ]jmiiu� :�B�Hdhjhdh\� <�:�Ljm�
gh\� <�I�IeZolbc� :�N�S_[_lh\�

Bkke_^h\Zgby wlh]h i_jbh^Z gZ imqdZo
iheyjbah\Zgguo g_cljhgh\ oZjZdl_jbamxlky
kha^Zgb_f ijbgpbibZevgh gh\uo f_lh^bd� jh`-
^Z_fuo dZd gZ hkgh\_ ihemqZ_fuo wdki_jbf_g-
lZevguo j_amevlZlh\� lZd b \ j_amevlZl_ jZa\blby
l_hjbb fZ]gblgh]h jZkk_ygby iheyjbah\Zgguo
g_cljhgh\� K_q_gb_ fZ]gblgh]h jZkk_ygby aZ\b-
kbl hl \aZbfgh]h gZijZ\e_gby gZqZevghc ihey-
jbaZpbb J� gZfZ]gbq_gghklb h[jZapZ M �beb m =
M /M), \_dlhjZ jZkk_ygby q (beb e = q/q) b \_dlh-
jZ kdhjhklb g_cljhgh\ �beb \hegh\h]h \_dlhjZ
k). ?keb jZg__ [ue ba\_kl_g lhevdh h^bg ik_\^h-
\_dlhj fZ]gblgh]h \aZbfh^_ckl\by M ⊥ = m–
(em)e (OZei_jg b >`hgkhg)� hibku\Zxsbc
fZ]gblgh�y^_jgmx bgl_jn_j_gpbx� lh m`_ \
���� ]� K�<�FZe__\ hldjue gh\uc� ^ey qbklh
fZ]gblgh]h jZkk_ygby� M // = (em)e, Z \ ���� ]�
[ueh gZc^_gh �:�<�EZamlZ, K�<�FZe__\,
;�I�Lhi_j\_j]), qlh ik_\^h\_dlhj n =
[k’,k ]/[k’,k ]hldju\Z_l \hafh`ghklv bamqZlv ��
o kibgh\u_ �dbjZevgu_� dhjj_eypbb� qlh b [ueh
g_f_^e_ggh ijh\_j_gh \ wdki_jbf_gl_
(:�B�Hdhjhdh\� :�=�=mdZkh\� <�<�Jmgh\��

<k_ mihfygmlu_ ik_\^h\_dlhju b khhl-
ghr_gb_ ^ey iheyjbaZpbb jZkk_ygguo g_cljhgh\
P = - e(ePo) y\bebkv hkgh\hc iheyjbaZpbhgguo
f_lh^bd b bgl_jij_lZpbb wdki_jbf_glZevguo
^Zgguo� H^gZ ba hkgh\guo f_lh^bd ± wlh ��o
f_jguc ZgZeba iheyjbaZpbb� HdZaZehkv� qlh ^ey



fZehm]eh\h]h jZkk_ygby aZ\bkbfhklv P = - e(ePo)
^Z_l \hafh`ghklv baf_j_gb_f lhevdh \_dlhjZ P
magZlv \k_ h ijhp_kk_ fZ]gblgh]h jZkk_ygby�
\dexqZy mijm]mx b g_mijm]mx _]h khklZ\eyx-
sb_� Wlhc f_lh^bdhc ��d ZgZebaZ ijh\_^_g
[hevrhc pbde bkke_^h\Zgbc n_jjhfZ]gblgh]h
nZah\h]h i_j_oh^Z \ )H �Hdhjhdh\ :�B�� Jmgh\
<�<� b ^j�� b PdFe (4 Zl��� �=hj^__\ =�I�� :d-
k_evjh^ E�:� b ^j�� b fZ]gblghc l_dklmju�

Jbk���Kibg�\hegh\h_ Zglbkbff_ljbqgh_ jZk-
k_ygb_ ∆I gZ kieZ\_ )H50Ni22Cr10P18 \ dhhj^bgZlZo
iehkdhklb ^_l_dlhjZ� Z� � wdki_jbf_gl� E� ±
l_hj_lbq_kdbc jZkq_l k iZjZf_ljZfb ba
nblbjh\Zgby wdki_jbf_glZevguo ^Zgguo� kibg�
\hegh\Zy `_kldhklv ' �������� meV Å2,
aZlmoZgb_ =o(kRc) = 25.2(5), ̂ bihevgZy dhgklZglZ
&o<S> = 50(3) meV

IjbgpbibZevgh gh\uf \ bkke_^h\Zgbb
nZah\uo i_j_oh^h\ y\behkv lh� qlh �-d ZgZeba
iha\hebe \hclb \ Zkbfilhlbdb ih i_j_^Zgghc
wg_j]bb ω b ihemrbjbg_ ^bgZfbq_kdh]h nhjf�
nZdlhjZ =� ω��= b ω>>=� l�_� ihemqblv j_amev-
lZlu� Z^_d\Zlgu_ Zkbfilhlbq_kdbf l_hjbyf nZ-
ah\h]h i_j_oh^Z� GZijbf_j� ^bgZfbq_kdb_ oZ-
jZdl_jbklbdb ihemq_gu \ h[eZklb ω  �������=�
]^_� dklZlb� gZc^_gh� qlh ZkbfilhlbdZ ^bgZfbq_-
kdh]h nhjfnZdlhjZ F(q,ω� g_ ehj_gp_\kdZy� dZd
wlh ijbgylh kqblZlv� Z \ ij_^_e_  ω>>= F(q,ω) ∼

ω13/5. LZdh]h jh^Z j_amevlZlu g_\hafh`gh ihem-
qblv ^jm]bfb f_lh^Zfb� GZ hkgh\_ ik_\^h\_dlh-
jZ FZe__\Z  M // jZa\blZ f_lh^bdZ e_\h�ijZ\hc
Zkbff_ljbb jZkk_ygby� dhlhjh_ k\yaZgh k ^bgZ-
fbq_kdbfb dhjj_eypbyfb� hibku\Z_fufb ��o
kibgh\hc nmgdpb_c =jbgZ ImG(3) ijb nbdkbjh-
\Zgbb z ± ijh_dpbb kibgh\ fZ]gblguf ihe_f�
F_lh^bdZ iha\hebeZ \i_j\u_ bamqblv djblbq_-
kdmx ^bgZfbdm ih ljhcguf kibgh\uf dhjj_ey-
pbyf \ ihe_� hl\_lblv gZ jy^ ijbgpbibZevgh
\Z`guo \hijhkh\ l_hjbb b k \ukhdhc lhqghklvx
baf_jylv iZjZf_lju kibgh\uo \heg \ n_jjhfZ]-
gblghc nZa_� >\mf_jgZy dZjlbgZ Zkbff_ljbqgh-
]h jZkk_ygby gZ kibgh\uo \hegZo ihdZaZgZ gZ
Jbk�2.

< h[eZklb g_cljhgh]jZnbb bkke_^h\Z-
gby fZ]gblghc kljmdlmju b h[f_ggh]h \aZbfh-
^_ckl\by klhyeb gZ i_j_^g_f djZ_ gZmdb h fZ]-
gblguo djbklZeeZo �<�I�IeZolbc�
B�<�=hehkh\kdbc� H�I�Kfbjgh\� X�I�Q_j�
g_gdh\�� Ijh\_^_ggu_ bkke_^h\Zgby ih hij_^_-
e_gbx kibgh\uo dhgnb]mjZpbc b h[f_gguo k\y-
a_c \ k_]g_lhfZ]g_lbdZo ± i_jh\kdblZo� fZ]gbl-
gh]h mihjy^hq_gby \ fgh]hih^j_r_lhqguo Zg-
lbn_jjhfZ]gblguo ]jZgZlZo k �d� bhgZfb b \u-
y\e_gb_ \ gbo p_ihq_d Zlhfh\� mqZkl\mxsbo \
h[jZah\Zgbb h[f_gguo k\ya_c� ihkem`beb wdk-
i_jbf_glZevguf fZl_jbZehf ^ey jZajZ[hldb
f_lh^Z kbff_ljbcgh]h ZgZebaZ fZ]gblguo
kljmdlmj �X�:�Baxfh\ b ^j��� D wlhfm `_ i_-
jbh^m hlghkylky bkke_^h\Zgby b [he__ lhgdbo
hkh[_gghkl_c h[f_ggh]h \aZbfh^_ckl\by \ djb-
klZeeZo� Kj_^b gbo h[gZjm`_gb_ keZ[h]h Zglb-
n_jjhfZ]g_lbafZ \ hjlhn_jjbl_ blljby� h[m-
keh\e_ggh]h Zglbkbff_ljbqguf h[f_ghf >ay-
ehrbgkdh]h�Fhjby  HD=Σij Dij[Si x Sj]. Hlghr_-
gb_ keZ[hc Zglbn_jjhfZ]gblghc dhfihg_glu
kibgh\ )_3+  d hkgh\ghc [ueh gZc^_gh jZ\guf
1.93(18)·10-2.

��� Ih^]hlh\dZ d bkke_^h\Zgbyf gZ j_Zdlhj_
IBD

< ���� ]h^m \ IBYN [ueh gZqZlh kljhb-
l_evkl\h gh\h]h j_ZdlhjZ �j_ZdlhjZ IBD�� GZ
wlhf wlZi_ [hevrZy jhev ijbgZ^e_`bl
H�B�Kmf[Z_\m ± lh]^Z ^bj_dlhjm bgklblmlZ b
aZ\_^mxs_fm EZ[hjZlhjb_c G_cljhgguo Bkke_-
^h\Zgbc �EGB�� < dhgp_ ���o ]h^h\ gZ j_Zdlhj_



Jbk��� Ko_fZ jZaf_s_gby ijb[hjh\ gZ j_Zdlhj_ <<J�F

LZ[ebpZ �
Instruments Ch

No
I(sample)
n/cm2s

      Parameters    Purpose

UCN – ultra-cold neutron
PCN – polarized cold neutrons
PD - Powder diffractometer
MRPN – Monochromator of resonance Polarized neutrons

1
1

6 103

6 108

106

5.104

λ = 700Å
λ = 4Å
λ=1.38-2.52Å; ∆d/d=0.01
λ=0.34 Å, ∆λ/λ=0.1

Fundamental physics
Fundamental physics
Structure study
P,T-parity,
fission physics

BSGS GSK–2M± %HQG FU\VWDO ��VSHFWURPHWHU�Cauchois-type) 2 6.1013 E=40-1000 keV,
fwhm=6-120 eV

3UHFLVH ��VSHFWURVFRS\

IN NEUTRON-3  - Three-axis spectrometer 3 106 λ=1-4 Å;  ∆ω =0,5 meV Inelastic scattering

SAPNS-VECTOR - SANS instrument of Polarized neutrons 4 1,7.104 λ=7-12 Å; ∆λ/λ = 0.1-0.3 Spin correlations
SANS-MEMBRANA - small angle diffractometer 5 105 λ=2.2-5 Å; ∆λ/λ =0.1-035 Supra structure
CSPN – correlation spectrometer of polarized neutrons 6105 λ=2.5 Å;   ∆λ/λ = 0.3 Magnetic diffraction,
MRN  – Monochromator of resonance neutrons 7 5.106/eV E=15 eV,  ∆E/E = 0.1 Physics of fission
RCN – radiation neutron capture instrument 8
RTOF Mini-SFINKS  –Time of flight powder diffractometer 9 2.107 λ= 0.9-5 Å;∆d/d = 2.5·10-3 Atomic structure
CD UCNS – Solid deuterium UCN source
MSES - Modified spin-echo spectrometer

10
11

5.102

102
λ= 400 Å
λ= 6.5 Å;  ∆ω = 10-7 eV.

Fundamental physics
L-f - dynamics

RPN - Reflectometer of polarized neutrons (under construction) 12 Surface of liquids
TOFRPN – Time of flight reflectometer of polarized neutrons 13103 λ=1-4 Å; ∆λ/λ= 0.1-0.25 Neutron optics
SCD – Single crystal diffractometer 13a2.105 λ=0.7-1.73 Å  Single crystals
3DAPN – 3-d analyzer of polarized neutrons 143.103 λ = 2.3 Å:  P> 0.95 Magnetic texture
LTHeL - Low-temperature He-loop 7.1013(t)

1.1013(f)
T=20-400K
 ∆T= 0.1K

Radiation physics

GD – Gamma –diffractometer 200 Cu λ = 0.03Å:   ∆λ/λ = 10-6 Perfect crystals



<<J�F gZqZeZkv Zdlb\gZy ih^]hlh\dZ d bkke_^h-
\Zgbyf gZ kljhys_fky j_Zdlhj_� H�B�Kmf[Z_\uf
[ueh j_r_gh ih^dexqblv d jZajZ[hld_ gZmqghc
ijh]jZffu b nbabq_kdh]h h[hjm^h\Zgby nbab-
dh\ ke_^mxs_]h ihdhe_gby� AZ\_^mxsbf EGB
[ue gZagZq_g :�I�K_j_[jh\� \ kljmdlmj_ EGB
[ueh kha^Zgh gh\h_ ih^jZa^_e_gb_ \h ]eZ\_ k
<�:�Ljmgh\uf ^ey jZajZ[hldb wdki_jbf_glZev-
guo mklZgh\hd� Kha^Zgb_ gh\hc wdki_jbf_glZev-
ghc [Zau klZeh lZd`_ aZ^Zq_c \k_o ih^jZa^_e_-
gbc eZ[hjZlhjbb� Lj_[h\Zehkv jZajZ[hlZlv g_
lhevdh gZmqgmx ijh]jZffm bkke_^h\Zgbc� gh b
kha^Zlv wdki_jbf_glZevgu_ mklZgh\db ^ey __
j_ZebaZpbb� ;ueh j_r_gh hkgZklblv imqdb j_Zd-
lhjZ <<J�F gh\ufb mklZgh\dZfb beb ijhlhlb-
iZfb l_o� dhlhju_ ij_^gZagZq_gu ^ey j_ZdlhjZ
IBD b h^gh\j_f_ggh bkihevah\Zlv bo \ l_dmsbo
baf_j_gbyo� LZdZy lZdlbdZ iha\hebeZ Zdlb\bab-
jh\Zlv gZmqgu_ bkke_^h\Zgby� ]hlh\blv jZ[h-
lZxsb_ ijb[hju b j_Zevgmx gZmqgmx ijh]jZf-
fm� < mkeh\byo g_hij_^_e_gguo kjhdh\ imkdZ
gh\h]h j_ZdlhjZ wlZ lZdlbdZ hdZaZeZkv hilbfZev-
ghc� < blh]_ d dhgpm ���o ]h^h\ ijZdlbq_kdb \k_
imqdb [ueb hkgZs_gu gh\ufb wdki_jbf_glZev-
gufb mklZgh\dZfb �kf� jbk���� Z \ p_glj_ Zdlb\-
ghc ahgu j_ZdlhjZ [ue mklZgh\e_g `b^dh\h^h-
jh^guc bklhqgbd oheh^guo b mevljZoheh^guo
g_cljhgh\ �kf�jbk����

Jbk���
@b^dh\h^hjh^guc bklhqgbd oheh^guo b mevljZ-
oheh^guo g_cljhgh\ b dhfie_dk wdki_jbf_g-
lZevguo mklZgh\hd ^ey bamq_gby β�jZkiZ^Z g_c-
ljhgZ� :kbff_ljby β�jZkiZ^Z baf_jyeZkv gZ \_j-
lbdZevghf iheyjbah\Zgghf oheh^ghf imqd_ k
ihfhsvx ^_l_dlhjZ we_dljhgh\ b ^_l_dlhjZ ijh-
lhgh\� jZkiheh`_gguo ih hkb mklZgh\db� dhlhjZy
hjb_glbjh\ZgZ \^hev \_dlhjZ iheyjbaZpbb g_c-
ljhggh]h imqdZ� < baf_j_gbyo \j_f_gb `bagb
g_cljhgZ [ueZ bkihevah\ZgZ hjb]bgZevgZy f_lh-
^bdZ � ojZg_gb_ mevljZoheh^guo g_cljhgh\ \

eh\mrd_ k ]jZ\blZpbhgguf aZl\hjhf� MevljZoh-
eh^gu_ g_cljhgu aZihegyxl kn_jbq_kdmx eh-
\mrdm� dh]^Z hgZ gZoh^blky \ iheh`_gbb hl\_j-
klb_f \gba� ihke_ wlh]h kn_jZ ih\hjZqb\Z_lky \
iheh`_gb_ hl\_jklb_f \\_jo b g_cljhgu k fZehc
dbg_lbq_kdhc wg_j]b_c g_ fh]ml \ukdhqblv ba
g__ ba�aZ ^_ckl\by ]jZ\blZpbhggh]h ihey�

Nmg^Zf_glZevgZy b y^_jgZy nbabdZ

;eZ]h^Zjy hkgZs_gbx gh\uf
nbabq_kdbf h[hjm^h\Zgb_f j_Zdlhj ihemqbe
gh\h_ dZq_kl\h� Hkh[_ggh wnn_dlb\guf hdZaZeky
aZimkd bklhqgbdZ oheh^guo b mevljZoheh^guo
g_cljhgh\ �:�I�K_j_[jh\� B�K�:elZj_\�
;�=�?jhahebfkdbc� B�:�Dmag_ph\� :�N�S_[_lh\�
;�=�I_kdh\� G�<�;hjh\bdh\Z b ^j��� Ihlhd
iheyjbah\Zgguo oheh^guo g_cljhgh\ gZ \uoh^_
\_jlbdZevgh]h g_cljhgh\h^Z khklZ\be �⋅1010

g�kf2⋅k ijb iehlghklb ihlhdZ 6⋅108 g�kf2Âk, qlh
hdZaZehkv \ � jZa [hevr_� q_f gZ j_Zdlhj_ \
=j_gh[e_� Fh`gh kdZaZlv� qlh `b^dh\h^hjh^guc
bklhqgbd oheh^guo b mevljZoheh^guo g_cljhgh\
baf_gbe klZlmk j_ZdlhjZ <<J�F� \h \kydhf
kemqZ_� ijb[ebabe _]h d qbkem kh\j_f_gguo
j_Zdlhjh\� GZ wlhf bklhqgbd_ [ue ihemq_g
p_euc jy^ [e_klysbo j_amevlZlh\ fbjh\h]h
mjh\gy� <_jogbc ij_^_e gZ we_dljbq_kdbc
^bihevguc fhf_gl g_cljhgZ [ue ^h\_^_g ^h
1,1⋅10-25 _⋅kf �<�F�Eh[Zr_\� :�I�K_j_[jh\�
B�K�:elZj_\� X�<�;hjbkh\� G�<�;hjh\bdh\Z�
:�B�?]hjh\� K�G�B\Zgh\� W�:�Dhehf_gkdbc�
F�K�EZkZdh\� <�:�GZaZj_gdh, :�G�Ibjh`dh\�
X�<�Kh[he_\� ?�<�Rmev]bgZ�b ^j���

GZ wlhf bklhqgbd_ [ueb gZqZlu ij_pb-
abhggu_ bkke_^h\Zgby β�jZkiZ^Z g_cljhgZ� ;_lZ�
jZkiZ^ g_cljhgZ ± wlh h^gZ ba aZ^Zq nbabdb we_-
f_glZjguo qZklbp� dhlhjZy ^he`gZ b fh`_l j_-
rZlvky gZ j_ZdlhjZo� >ey l_hjbb wlhl ijhp_kk
bkdexqbl_evgh \Z`_g� Ba β�jZkiZ^Z g_cljhgZ
fh]ml [ulv hij_^_e_gu gZb[he__ kljh]h Zdkb-
ZevgZy b \_dlhjgZy dhgklZglu keZ[h]h \aZbfh-
^_ckl\by� <ukhdZy lhqghklv agZgby iZjZf_ljh\
wlh]h ijhp_kkZ ^Z_l ijh\_jdm mgblZjghklb fZl-
jbpu Dh[Zyrb�FZkdZ\Z� y\ey_lky hq_gv \Z`ghc
^ey dhkfheh]bb b fh^_eb KhegpZ� J_amevlZlu ih
β�jZkiZ^m g_cljhgZ� ihemq_ggu_ gZ j_Zdlhj_
<<J�F� gZoh^ylky gZ fbjh\hf mjh\g_ lhqghklb
b mki_rgh dhgdmjbjmxl k j_amevlZlZfb� ihem-
q_ggufb gZ \ukhdhihlhqghf j_Zdlhj_ BEE� K
gZbemqr_c \ fbj_ lhqghklvx [ueZ baf_j_gZ
Zkbff_ljby \ue_lZ Zglbg_cljbgh hlghkbl_evgh
kibgZ g_cljhgZ \ _]h β�jZkiZ^_ �:�I�K_j_[jh\�
B�:�Dmag_ph\� B�<�Kl_iZg_gdh� :�<�:e^m�
s_gdh\� F�K�EZkZdh\ b ^j��� Baf_j_gZ Zkbff_l-
jby \ue_lZ we_dljhgZ ih hlghr_gbx d kibgm
g_cljhgZ k lhqghklvx ���� �;�=�?jhahebfkdbc�
B�:�Dmag_ph\� B�<�Kl_iZg_gdh� X�:�Fhklh\hc�
H�<�Jh`gh\� G�N�FZkeh\ b ^j�� F_lh^hf ojZg_-



gby mevljZoheh^guo g_cljhgh\ baf_j_gh \j_fy
`bagb g_cljhgZ k lhqghklvx ����
(:�I�K_j_[jh\� :�=�OZjblhgh\� J�J�LZev^Z_\�
<�<�G_k\b`_\kdbc� :�<�Klj_edh\� <�G�R\_ph\�
<�I�:enbf_gdh\ b ^j��� <_jhylghklv ihl_jv ijb
ojZg_gbb MOG khklZ\eyeZ \k_]h �� hl \_jhylgh-
klb β�jZkiZ^Z� ihwlhfm wlh [ueh ihqlb ijyfh_
baf_j_gb_ wdkihg_glu jZkiZ^Z ^ey g_cljhgZ�
Dhfie_dk mklZgh\hd ^ey bamq_gby β�jZkiZ^Z
g_cljhgZ ij_^klZ\e_g gZ jbk���

GZ \_jlbdZevghf imqd_ iheyjbah\Zgguo
oheh^guo g_cljhgh\ k bkihevah\Zgb_f ki_pbZ-
ebabjh\Zgguo mklZgh\hd b bgl_]jZevghc f_lh-
^bdb [ueb bkke_^h\Zgu wnn_dlu g_khojZg_gby
q_lghklb k lhqghklvx� dhlhjZy jZg__ [ueZ g_-
\hafh`gZ� J_amevlZlu wlbo baf_j_gbc k iheyjb-
ah\Zggufb g_cljhgZfb b baf_j_gbc pbjdmeyj-
ghc iheyjbaZpbb γ�d\Zglh\ hl fbr_g_c� jZaf_-
s_gguo \ \h^ghc ihehklb j_ZdlhjZ� ij_^klZ\e_-
gu \ lZ[ebp_ � �<�F�Eh[Zr_\� <�:�<_kgZ�
W�:�Dhehf_gkdbc� <�:�GZaZj_gdh� :�G�Ibjh`�
dh\� B�K�Hdmg_\� E�F�Kfhljbpdbc� ?�<�Rmev�
]bgZ b ^j���

LZ[ebpZ �
J_amevlZlu baf_j_gbc J�g_q_lguo b J�q_lguo
dhjj_eypbc \ j_Zdpbyo k g_cljhgZfb gZ j_Zdlhj_
<<J�F �Jγ � pbjdmeyjgZy iheyjbaZpby γ±d\Zglh\�Æ -
Zkbff_ljby jZae_lZ ijh^mdlh\ j_Zdpbb hlghkbl_evgh
kibgZ g_cljhgZ�

J_Zdpby Dhjj_eypby J_amevlZl
H(n,γ)D Pγ (1.8±1.8) 10-7

3He(n,p)3H Æ -(0.38±0.49) 10-7

6Li(n,α)3H Æ -(0.64±5.5) 10-7

10B(n,α)7Li Æ
o

Æ
1

(3.4±6.7) 10-7

-(2.5±1.6) 10-7
14N(n,p)14C Æ

Ælr

(0.07±1.12) 10-7

(0.66±0.18) 10-4

35Cl(n,p)35S
Æ

Ælr

-(1.51±0.34) 10-4

-(2.4±0.43) 10-4

35Cl(n, γ)35Cl
PγΣ

ÆγΣ

(6.5±0.6) 10-5

-(27.8±4.9) 10-6

39K(n,γ) PγΣ (2.6±2.1) 10-6
45Sc(n,γ) PγΣ -(0.8±0.9) 10-6

56Fe(n,γ)
PγΣ

ÆγΣ

(25.3±4.2) 10-6

(4.0±0.8) 10-6

59Co(n,γ) PγΣ (0±0.12) 10-6

Br(n,γ)
PγΣ

ÆγΣ

(3.0±0.2) 10-5

-(19.5±1.6) 10-6

Cd(n,γ) ÆγΣ -(1.3±1.4) 10-6

Sn(n,γ)
E=6.42 Fw<

PγΣ

ÆγΣ

(1.5±0.45) 10-5

-(37±13) 10-4

133Cs(n,γ) PγΣ -(2.4±0.8) 10-6

139La(n,γ)
PγΣ

ÆγΣ

-(15.4±2.3) 10-5

-(17.8±2.2) 10-6

165Ho(n,γ) PγΣ -(1.5±1.2) 10-6

233U(n,f)
Æ

Ælr

(3.60±0.34) 10-4

-(3.24±0.33) 10-4
235U(n,f) Æ

Ælr

(0.75±0.12) 10-4

(1.65±0.11) 10-4

Bkke_^h\Zgby wnn_dlh\ g_khojZg_gby
q_lghklb \ ^_e_gbb [ueb mki_rgh ijh^\bgmlu
=�:�I_ljh\uf gZ ]hjbahglZevguo imqdZo j_Zd-
lhjZ� Bkke_^h\ZeZkv fZkkh\Zy aZ\bkbfhklv J�
g_q_lguo wnn_dlh\ �jbk��� ^ey jy^Z ^_eysboky
y^_j� bkihevamy imqhd l_ieh\uo iheyjbah\Zg-
guo g_cljhgh\ gZ g_cljhgh\h^_ dZgZeZ ��
(=�:�I_ljh\� :�D�I_lmoh\� =�<�<Zevkdbc�
X�K�Ie_\Z��

Jbk� �� G_khojZgyxsZy ijhkljZgkl\_g-
gmx q_lghklv Zkbff_ljby dZd nmgdpby fZkk hk-
dhedh\

>ey bkke_^h\Zgby wg_j]_lbq_kdhc aZ\b-
kbfhklb [ue bkihevah\Zg djbklZee�
^bnjZdpbhgguc ki_dljhf_lj iheyjbah\Zgguo
]hjyqbo g_cljhgh\ gZ dZgZe_ ��� < wlbo baf_j_-
gbyo [ueh ijh^_fhgkljbjh\Zgh� qlh wnn_dl \ha-
gbdZ_l hl bgl_jn_j_gpbb s b j�\heg b baf_gy_l
agZd gZ j�\hegh\hf j_ahgZgk_ �jbk���
(=�:�I_ljh\� =�<�<Zevkdbc b ^j��� GZ wlhf `_
ki_dljhf_lj_ k bkihevah\Zgb_f ki_pbZevgh]h
iheyjbf_ljZ [ue ijh^_fhgkljbjh\Zg j_ahgZgk-
guc oZjZdl_j ij_p_kkbb kibgZ g_cljhgZ� \u-
a\Zggh]h keZ[uf \aZbfh^_ckl\b_f �jbk���
(:�I�K_j_[jh\. :�D�I_lmoh\, =�:�I_ljh\,
=�<�<Zevkdbc, X�K�Ie_\Z b ^j���



Jbk� 6.  G_khojZgyxsZy b khojZgyxsZy ijh-
kljZgkl\_ggmx q_lghklv Zkbff_ljbb \ aZ\bkbfh-
klb hl wg_j]bb iZ^Zxsbo g_cljhgh\ ijb ^_e_gbb
233U

Jbk��� G_khojZgyxsbc ijhkljZgkl\_g-
gmx q_lghklv g_cljhgghhilbq_kdbc ^bojhbaf b
ij_p_kkby kibgZ g_cljhgZ \ hdj_klghklb j_ah-
gZgkZ ���� w< 139La. KiehrgZy djb\Zy khhl\_lkl-
\m_l j_Zevghfm wg_j]_lbq_kdhfm jZaj_r_gbx� Z
imgdlbjgZy ± b^_Zevghfm

Bkoh^y ba lh]h� qlh j_Zdlhj IBD ^he-
`_g klZlv gZpbhgZevguf p_gljhf g_cljhgguo
bkke_^h\Zgbc� ih^]hlh\dZ gZmqguo bkke_^h\Z-
gbc b wdki_jbf_glZevgh]h h[hjm^h\Zgby ^ey
gh\h]h j_ZdlhjZ \_eZkv kh\f_klgh k ^jm]bfb bg-
klblmlZfb kljZgu� LZd� gZijbf_j� jhlhjguc fh-
ghojhfZlhj� mklZgh\e_gguc gZ dZgZe_ �� [ue
jZajZ[hlZg \ BLWN �X�=�:[h\� K�B�DZe_[bg��
Bkke_^h\Zgby ih β�jZkiZ^m g_cljhgZ [ueb ijh-
\_^_gu kh\f_klgh k HBYB �:�<�Klj_edh\ b ^j��
b DmjqZlh\kdbf bgklblmlhf �X�:�Fhklh\hc��

Kh\k_f g_^Z\gh �������� ]]�� [ueZ ijh-
\_^_gZ gh\Zy fh^_jgbaZpby djbklZee�
^bnjZdpbhggh]h ijb[hjZ �<�E�:e_dk__\�
<�E�Jmfygp_\� kh\f_klgh k eZ[hjZlhjb_c
;�=�LmjmoZgh� <i_j\u_ \ fbj_ ki_dljhf_lj hk-
gZs_g bgl_jn_jhf_ljhf gZ \ukhdhqZklhlguo
]heh]jZnbq_kdbo j_r_ldZo k p_evx ih\ur_gby
lhqghklb hlghkbl_evguo baf_j_gbc m]eh\ ^b-
njZdpbb �wg_j]bc� ]ZffZ�emq_c� GZ ki_dljhf_l-
j_ ihemq_gh m]eh\h_ jZaj_r_gb_ � m]e�k_d hl
iheghc Zi_jlmju b ��� m]e�k_d hl p_gljZevgh]h
mqZkldZ Zi_jlmju djbklZeeZ� Wlh jZaj_r_gb_
y\ey_lky j_dhj^guf ^ey nhdmkbjmxsbo ]ZffZ�
ki_dljhf_ljh\�

MgbdZevgh_ jZaj_r_gb_ ijb[hjZ ^Zeh
\hafh`ghklv \i_j\u_ \ fbj_ ijh\_klb ijyfu_
baf_j_gby γ�ki_dljZ Zdlb\ghc ahgu j_ZdlhjZ b
ihemqblv gh\u_ ^Zggu_ h γ�jZkiZ^_ gmdeb^h\
^_e_gby mjZgZ ba ijyfuo baf_j_gbc ki_dljZ
�hdheh klZ ohjhrh jZaj_r_gguo γ�ebgbc \ ^bZ-
iZahg_ wg_j]bc ������ w< �<�E�:e_dk__\�
<�E�Jmfygp_\� ���� ]��� Klhev \ukhdZy jZaj_-
rZxsZy kihkh[ghklv ki_dljhf_ljZ iha\hebeZ� \
qZklghklb� h[gZjm`blv gh\h_ y\e_gb_� Kmlv _]h \
lhf� qlh fgh]b_ bgl_gkb\gu_ γ�ebgbb y\eyxlky
l_kgufb ^m[e_lZfb �ljbie_lZfb�� ohjhrh jZa-
j_r_ggufb \ wlbo baf_j_gbyo�

;ueh ihdZaZgh �<�E�:e_dk__\�
<�E�Jmfygp_\� <�<�N_^hjh\� ���� ]��� qlh djb-
klZee�^bnjZdpbhgguc f_lh^ bamq_gby γ-
Zdlb\ghklb y^_j�hkdhedh\ ^_e_gby mjZgZ �iemlh-
gby� fh`_l [ulv bkihevah\Zg ijb j_r_gbb ijh-
[e_fu ljZgkfmlZpbb ^ey bkke_^h\Zgby b dhg-
ljhey bahlhigh]h b we_f_glgh]h khklZ\Z \ ijh-
p_kk_ \u`b]Zgby y^_jguo hloh^h\�

GZqbgZy k ���� ]h^Z \ eZ[hjZlhjbb
H�B�Kmf[Z_\Z \_^mlky bgl_gkb\gu_ bkke_^h\Z-
gby ^bgZfbq_kdhc ^bnjZdpbb g_cljhgh\ \ kh-
\_jr_gguo bah]gmluo b iehkdbo djbklZeeZo� Ih
baf_g_gbx ijb ih\hjhl_ mklZgh\db dhgljZklZ
fZylgbdh\hc dZjlbgu ijb ^bnjZdpbb g_cljhgh\
gZ bah]gmlhf djbklZee_ \i_j\u_ baf_j_g ij_^-
kdZaZgguc H�B�Kmf[Z_\uf ]jZ\blZpbhgguc wn-
n_dl gZ h^ghf djbklZee_ �<�E�:e_dk__\�
?�=�EZibg� ?�D�E_mrdbg� <�E�Jmfygp_\�
H�B�Kmf[Z_\� <�<�N_^hjh\� ���� ]���

L_hj_lbq_kdb ij_^kdZaZgh �<�<�N_^h�
jh\� gZebqb_ kbevgh]h �a��8 <�kf� we_dljbq_kdh-



]h ihey� ^_ckl\mxs_]h gZ g_cljhg ijb ^bnjZd-
pbb \ g_p_gljhkbff_ljbqghf djbklZee_� Wlh
ihe_ [ueh h[gZjm`_gh b baf_j_gh \ hiul_ ih
^bgZfbq_kdhc ^bnjZdpbb iheyjbah\Zgguo g_c-
ljhgh\ �<�E�:e_dk__\� <�<�<hjhgbg� ?�=�EZibg�
?�D�E_mrdbg� <�E�Jmfygp_\� H�B�Kmf[Z_\�
<�<�N_^hjh\� ���� ]��� Wdki_jbf_glZevgh ihem-
q_ggZy \_ebqbgZ kh\iZeZ k l_hj_lbq_kdb jZkkqb-
lZgghc�

Ij_^eh`_g b ^_lZevgh jZajZ[hlZg gh\uc
wdki_jbf_gl �<�<�N_^hjh\� <�<�<hjhgbg�
?�=�EZibg� ih ihbkdm W>F g_cljhgZ ijb ^b-
njZdpbb \ g_p_gljhkbff_ljbqghf djbklZee_ gZ
mjh\g_ lhqghklb a��-25 _Âkf�

GZ kha^Zgghf fZd_l_ mklZgh\db� jZaf_-
s_gghc gZ ]hjbahglZevghf dZgZe_ j_ZdlhjZ <<J�
F� [ueZ wdki_jbf_glZevgh h[gZjm`_gZ ij_^kdZ-
aZggZy kms_kl\_ggZy \j_f_ggZy aZ^_j`dZ ^bnjZ-
]bjmxs_]h g_cljhgZ \gmljb djbklZeeZ ijb m]eZo
;jw]]Z� [ebadbo d ��º.

NbabdZ dhg^_gkbjh\Zggh]h khklhygby

>ey nbabdb l\_j^h]h l_eZ [ueh kha^Zgh
�� ijb[hjh\� � ba dhlhjuo hkgZs_gu iheyjb-
amxs_c l_ogbdhc� G_dhlhju_ mklZgh\db b bo
njZ]f_glu y\eyxlky ijhlhlbiZfb bgkljmf_g-
lZevghc [Zau j_ZdlhjZ IBD� Ko_fZ jZaf_s_gby
ijb[hjh\ \ j_Zdlhjghf aZe_ ihdZaZgZ gZ jbk��� Z
g_dhlhju_ oZjZdl_jbklbdb ijb[hjh\ ijb\_^_gu
\ lZ[ebp_ ��

Wdki_jbf_glu ih fZehm]eh\hfm jZkk_y-
gbx iheyjbah\Zgguo g_cljhgh\ �SAPNS)ijh\h-
^bebkv b �ijh\h^ylky� gZ mklZgh\d_ SAPNS-
VECTOR (:�B�Hdhjhdh\� <�<�Jmgh\� K�<�=jb�
]hjv_\� =�I�DhibpZ� K�:�Debfdh�� h[hjm^h\Zg-
ghc ��o f_jguf �\_dlhjguf� ZgZebahf iheyjb-
aZpbb� Imqhd nhjfbjm_lky a_jdZevguf nbevl-
jhf \ dZgZe_ j_ZdlhjZ� iheyjbam_lky hljZ`_gb_f
hl fZeh]Z[Zjblghc k[hjdb ieZklbg Si k gZiue_-
gb_f Fe/Al kmi_ja_jdZehf (:�N�S_[_lh\ b ^j�� b
fhghojhfZlbabjm_lky ijhkljZgkl\_gguf kibgh-
\uf j_ahgZlhjhf k \hafh`ghklvx ieZ\gh baf_-
gylv ^ebgm \hegu g_cljhgh\ hl � ^h �� Å b ba-
f_gylv rbjbgm ki_dljZevghc ebgbb hl �� ^h ��
�� >bZiZahg i_j_^Zgguo bfimevkh\ �Â��-3<q<10-

1Å-1. Bkihevamxlky ^\Z Z^bZ[Zlbq_kdbo jZ^bh-
qZklhlguo nebii_jZ� MklZgh\dZ bf__l ���
dZgZevguc ^_l_dlhj k a_jdZehf�ZgZebaZlhjhf
i_j_^ dZ`^uf kq_lqbdhf�

AgZqbl_evgZy qZklv wdki_jbf_glh\ gZ
mklZgh\d_ SAPNS VECTOR k\yaZgZ k bamq_gb_f
fZ]gblguo nZah\uo i_j_oh^h\� Bgl_j_k d gbf
\hagbd kgZqZeZ k p_evx ijh\_jdb ]bihl_au
ih^h[by� gh ih f_j_ jZa\blby f_lh^Z
iheyjbah\Zgguo g_cljhgh\ djblbq_kdh_
jZkk_ygb_ klZeh h[t_dlhf bkke_^h\Zgby

mgbdZevguo Zki_dlh\ nbabdb fZ]g_lbafZ� ;ueh
bkke_^h\Zgh djblbq_kdh_ jZkk_ygb_ \ Ni, Fe, Pd
Fe (4 Zl� %), Zfhjnguo kieZ\Zo� kibgh\uo kl_d-
eZo� bg\Zjguo kieZ\Zo b l�^� < k`Zluo jZfdZo
^Zggh]h h[ahjZ hlf_lbf \deZ^ iheyjbah\Zgguo
g_cljhgh\ lhevdh \ ihemq_gb_ mgbdZevguo
j_amevlZlh\ k bkihevah\Zgb_f ��o f_jgh]h
ZgZebaZ iheyjbaZpbb�
1. LhqdZ Dxjb Lk ^ey Fe aZnbdkbjh\ZgZ k lhq-
ghklvx τ=(T-Tc)/Tc=10-5, qlh iha\hebeh
bkke_^h\Zlv h[eZklv τ<10-4.
2. Bamq_gh L�ih\_^_gb_ fZ]gblhkljbdpbb \ 3G
Fe(4 Zl��� \ h[eZklb τ = (3÷30)·10-3.
3. K \ukhdhc lhqghklvx ihemq_gu djblbq_kdb_
bg^_dku ^ey Fe: ν = 0.67(1), z = 2.627(4).
4. < bg\Zjguo kieZ\Zo Fe70Ni30 (0,1Zl��K� mk-
lZgh\e_gh khkms_kl\h\Zgb_ ^\mo fZkrlZ[h\
djblbq_kdbo nemdlmZpbc b ]Zmkkh\kdh_ jZkij_-
^_e_gb_ ehdZevguo Lk k ^bki_jkb_c ≈�D
(K�<�=jb]hjv_\ b ^j���

Wlb j_amevlZlu ihemq_gu ijb bkke_^h-
\Zgbb iZjguo kibgh\uo dhjj_eypbc� dhlhju_
h[uqgh b bamqZxlky \ g_cljhgghf jZkk_ygbb� <
���� ]� wdki_jbf_glZevgh �Hdhjhdh\ :�B�� =mdZ-
kh\ :�=�� Jmgh\ <�<� b l_hj_lbq_kdb �EZamlZ :�<��
FZe__\ K�<�� Lhi_j\_j] ;�I�� [ue h[gZjm`_g
wnn_dl e_\h�ijZ\hc Zkbff_ljbb jZkk_ygby ihey-
jbah\Zgguo g_cljhgh\ \ gZfZ]gbq_gghf h[jZa-
p_� Wnn_dl k\yaZg k Zglbkbff_ljbqghc qZklvx
k_q_gby jZkk_ygby� hibku\Z_fhc ��o kibgh\hc
nmgdpb_c =jbgZ G(3)� b \ hij_^_e_gghc �gZdehg-
ghc� ]_hf_ljbb hiulZ iha\hey_l bamqZlv ��o
kibgh\u_ ^bgZfbq_kdb_ dhjj_eypbb� Wlbf f_lh-
^hf ih djblbq_kdhfm jZkk_ygbx \ur_ Lk bkke_-
^h\ZgZ kibgh\Zy ^bgZfbdZ \ Fe \ fZ]gblghf ih-
e_:
1. Hij_^_e_g dhwnnbpb_gl kibgh\hc ^bnnm-

abb \ iZjZfZ]gblghc h[eZklb D = 80±6 meV
Å5/2.

2. GZc^_gh ©aZfhjZ`b\Zgb_ª djblbq_kdhc ^b-
gZfbdb gZ ^bihevghf bfimevk_ qh \ \b^_ Ωd

~ qo
3/2q , ]^_ Ωd – wg_j]by djblbq_kdbo nemd-

lmZpbc� Z qo (Fe) =4·10-2 Å-1.
3. >ey n_jjhfZ]gblghc h[eZklb L<Tk jZa\bl

f_lh^ ij_pbabhggh]h baf_j_gby kibg�
\hegh\uo �SW) iZjZf_ljh\� DZjlbgZ jZkk_y-
gby gZ kibgh\uo \hegZo ihdZaZgZ gZ Jbk� 2
^ey Zfhjngh]h kieZ\Z
Fe(50)Ni(22)Cr(10)P(18) (<�<�>_jb]eZah\,
:�B�Hdhjhdh\, ;�I�Lhi_j\_j]), Z \ lZ[ebp_ �
ijb\_^_gu ihemq_ggu_ iZjZf_lju SW ^ey
Zfhjngh]h kieZ\Z Fe(40)Ni(40)B(20) b bo
baf_g_gb_ ih^ ^_ckl\b_f gZ]jmadb �jZkly-
`_gb_� \ ��� FIZ b hl`b]Z ijb L 300ºC.
IZjZf_lju� '�`_kldhklv SW, =h ±6: aZlm-
oZgb_� ωh � ^bihevgZy dhgklZglZ�



LZ[ebpZ �

Khklhygb_ h[jZapZ I Z j Z f _ l j
D, meV A2 =h (kRc) ωo<Sz>

∗, µeV
Bkoh^gh_ 182.7± 0.2 65± 3 110.3 ±0.9
K gZ]jmadhc 191.0± 0.4 58± 4 121.0 ±1.4
Hl`b] � q 195± 0.3 55± 4 107.7± 1.2
Hl`b] � q� 206.5± 0.2 61± 3 121.4± 0.9
∗ <Sz>– mkj_^g_gguc kibg ZlhfZ

< gZklhys__ \j_fy hkh[uc bgl_j_k nbabdh\
\ h[eZklb fZ]g_lbafZ \uau\Z_l ijh[e_fZ db-
jZevghklb� LZd m` bklhjbq_kdb kemqbehkv� qlh
PNPI y\ey_lky fhghihebklhf \ h[eZklb wdki_jb-
f_glZevgh]h bkke_^h\Zgby dbjZevguo ���o kib-
gh\uo� dhjj_eypbc� <i_j\u_ dbjZevgu_ dhjj_-
eypbb [ueb l_hj_lbq_kdb �:�<�EZamlZ�
K�<�FZe__\� ;�I�Lhi_j\_j]� b wdki_jbf_glZevgh
:�B�Hdhjhdh\, :�=�=mdZkh\ b ^j�� h[gZjm`_gu b
bkke_^h\Zgu \ ���� ]h^m \ djblbq_kdhf jZkk_y-
gbb gZ Fe \ gme_\hf fZ]gblghf ihe_ ijb L�
Lk=4÷55D� Baf_jyeZkv e_\h�ijZ\Zy Zkbff_ljby
jZkk_ygby� ke_^mxsZy ba mihfygmlh]h \ur_
ik_\^h\_dlhjZ n=[k1,k]/[k1,k]. FZdkbfZevguc
wnn_dl Zkbff_ljbb gZ[ex^Zeky gZ mjh\g_ J:=
1,5·10-4, qlh aZljm^gyeh _]h ^Zevg_cr__
bkke_^h\Zgb_� < ���� ]� ijh[e_fZ dbjZevghklb
ihemqbeZ gh\h_� [he__ nmg^Zf_glZevgh_
ijh^he`_gb_ ihke_ b^_b DZ\Zfmju h kms_kl\h-
\Zgbb gh\h]h mgb\_jcZevgh]h deZkkZ nZah\uo
i_j_oh^h\ k dbjZevguf iZjZf_ljhf ihjy^dZ� <
j_amevlZl_ wdki_jbf_glZevguo �<�I�IeZolbc b
^j�� b l_hj_lbq_kdbo �K�<�FZe__\� bkke_^h\Zgbc
[ueh� \h�i_j\uo� h[gZjm`_gh \aZbfh^_ckl\b_
^_nhjfZpbb djmq_gby kh kibgh\hc dbjZevgh-
klvx \ Gh� Z� \h�\lhjuo� ijb bkke_^h\Zgbb lj_-
m]hevguo Zglbn_jjhfZ]g_lbdh\ (CsMnB3) [ue
\i_j\u_ wdki_jbf_glZevgh hij_^_e_g dbjZevguc
djblbq_kdbc bg^_dk� dhlhjuc gZoh^blky \ kh]eZ-
kbb k jZkq_lZfb DZ\Zfmju.

MklZgh\dZ 3DAPN (=�I�=hj^__\�
E�:�:dk_evjh^� <�B�AZ[_gdbg� :�:�<hjh[v_\�
h[hjm^h\ZgZ lj_of_jguf ZgZebahf iheyjbaZpbb
\ ijhr_^r_f imqd_ b iha\hey_l hij_^_eblv gZ-
ijZ\e_gb_ \_dlhjZ J \ ijhkljZgkl\_ k lhqghklvx
�� ih dhfihg_glZf Ji. GZ g_c \_^mlky bkke_^h-
\Zgby fZ]gblghc l_dklmju fZ]g_lbdh\� n_jjh-
`b^dhkl_c� Ih ij_p_kkbb \_dlhjZ iheyjbaZpbb
bamqZ_lky jZkij_^_e_gb_ gZ\_^_ggh]h b aZo\Z-
q_ggh]h fZ]gblgh]h ihlhdZ \ <LKI h[jZapZo� Ba
^Zgguo kdZgbjh\Zgby h[jZaph\ madbf �~0,1–0,5
ff� imqdhf �jbk��� ihemqZ_lky bgnhjfZpby h[
wdjZgbjmxsbo lhdZo \gmljb h[jZapZ b lZdbf
h[jZahf \bamZebabjmxlky ijh^hevgu_ b ihi_-
j_qgu_ djblbq_kdb_ lhdb�

Jbk��� <bamZebaZpby fZ]gblgh]h ihlhdZ \ Y-
Ba-Cu-O d_jZfbd_ ijb \dexq_gghf \g_rg_f
ihe_ �djb\u_ ����� ^ey G  ���� ��� b � W�
khhl\_lkl\_ggh� b \udexq_gghf �aZo\Zq_gguc
ihlhd� ijb jy^_ agZq_gbc ihey G hl ���� ^h ��� W

FZehm]eh\hc g_cljhgguc ^bnjZdlhf_lj
SANS-MEMBRANA  (=�:�?\f_g_gdh� <�E�:e_d�
k__\� ij_^gZagZq_g ^ey bamq_gby gZ^Zlhfghc
kljmdlmju dhg^_gkbjh\Zgguo kj_^ fZkrlZ[Z ���
1000 Å (ihebf_ju� dheehb^gu_ kbkl_fu� fZl_-
jbZeh\_^_gb_�� :gZeh]bqgh mklZgh\d_ SANS-
VECTOR imqhd nhjfbjm_lky iheyjbamxs_c
kbkl_fhc k fZ]gblguf fhghojhfZlhjhf gZ hkgh-
\_ IKJ b ^_l_dlbjm_lky fgh]hkq_lqbdh\hc kbk-
l_fhc ba �� g_cljhggh]h kq_lqbdZ KGF��� ^bZ-
f_ljhf �� ff b jZ[hq_c \ukhlhc �� ff� I_j_^
^_l_dlhjhf bf__lky aZsblgZy fZkdZ ba Cd k \_j-
lbdZevgufb s_eyfb� j_]mebjm_fufb ih rbjbg_�
Bkihevah\Zgb_ fZkdb b kdZgbjh\Zgby _x \ ij_-
^_eZo �� ff iha\heyxl baf_gylv m]eh\h_ jZaj_-
r_gb_ ^_l_dlhjghc qZklb mklZgh\db hl ���Â��-3 ^h
1,5·10-4 jZ^� GZ wlhf ^bnjZdlhf_lj_ [ueZ hdhg-
qZl_evgh mklZgh\e_gZ kljmdlmjZ nZ]Z L7
(F�F�:]ZfZeyg�� < ihke_^gb_ ]h^u ijh\_^_gu
kljmdlmjgu_ bkke_^h\Zgby ihebZdjbeZlguo km-
i_jgZ[moZxsbo ]b^jh]_e_c ijb jZaebqguo kl_-
i_gyo gZ[moZgby b ijhZgZebabjh\ZgZ jhev iheb-
we_dljheblguo \ha^_ckl\bc gZ dhgnhjfZpbx
ihebf_jguo p_i_c \ jZchg_ maeh\ krb\db�



GbadhqZklhlgZy ^bgZfbdZ fZ]gblguo �b g_-
fZ]gblguo� kbkl_f� lZdbo dZd n_jjh`b^dhklb�
k\_joijh\h^gbdb b l�^� bamqZ_lky gZ fh^_jgbab-
jh\Zgghf kibg�woh ki_dljhf_lj_ MSES
(<�L�E_[_^_\�� dhlhjuc y\ey_lky ki_dljhf_ljhf
d\Zabmijm]h]h jZkk_ygby iheyjbah\Zgguo g_c-
ljhgh\ k fh^meypb_c ki_dljZ nZahc ij_p_kkbb
kibgZ g_cljhgZ� < ki_dljhf_lj_ bkihevamxlky
g_cljhgu kh kj_^g_c ^ebghc \hegu λ = 6.5 Å b
iheyjbaZpb_c J > 95%, ̂ bZiZahg mijm]bo i_j_-
^Zgguo bfimevkh\ ���� < q < 0.3 A-1, jZaj_r_gb_
ih wg_j]bb ��-7 w<, jZaf_j imqdZ gZ f_kl_ h[jZa-
pZ ��o�� ff2� ihlhd g_cljhgh\ gZ h[jZap_ ��2

g/kf2k� Ijb[hj fh`_l jZ[hlZlv \ j_`bfZo ©jZk-
k_ygbyª b ©lhfh]jZnbbª ± Nmjv_�ZgZebaZ ijh-
r_^r_]h imqdZ�

GZ dZgZe_ �� ieZgbjm_lky kha^Zgb_ j_ne_d-
lhf_ljZ iheyjbah\Zgguo g_cljhgh\ RPN k hljZ-
`_gb_f \ \_jlbdZevghc iehkdhklb ^ey bamq_gby
k\h[h^ghc ih\_joghklb `b^dhkl_c� < qZklghklb�
ieZgbjmxlky wdki_jbf_glu k bamq_gb_f kljmd-
lmju b ^bgZfbdb n_jjh`b^dhklb ijb ijbeh`_-
gbb \g_rg_]h fZ]gblgh]h ihey� baf_gyxs_]h
mklhcqb\hklv ih\_joghklb� >ey j_ne_dlhf_ljZ
ieZgbjm_lky PG-fhghojhfZlhj� a_jdZevguc ih-
eyjbaZlhj� ���dZgZevgZy ^_l_dlhjgZy kbkl_fZ k
Zi_jlmjhc ��h b m]eh\uf jZaj_r_gb_f ����h.

Ijb[hju PD, CSPN b SCD khklZ\eyxl
dhfie_dk ^ey bamq_gby fZ]gblgh]h
mihjy^hq_gby b kibgh\hc ^bgZfbdb k ZgZebahf
iheyjbaZpbb �eZ[hjZlhjby <�I�IeZolby��

Jbk���FZ]gblgZy kljmdlmjZ Er2BaCuO5

<ukhdhk\_lhkbevguc ihjhrdh\uc ^bn�
jZdlhf_lj PD (B�<�=hehkh\kdbc�� gZ dhlhjhf
\uihegy_lky [hevrbgkl\h g_cljhgh]jZnbq_kdbo
bkke_^h\Zgbc bf__l �� kq_lqbdh\ k khee_jh\-
kdbfb ie_ghqgufb dheebfZlhjZfb i_j_^ gbfb�
Hg h[eZ^Z_l ohjhrbf jZaj_r_gb_f \ h[eZklb
fZeuo b kj_^gbo i_j_^Zgguo bfimevkh\� l�_�
lZf� ]^_ fZ]gblgh_ jZkk_ygb_ fZdkbfZevgh� <
ihke_^gb_ ]h^u gZ ^bnjZdlhf_lj_ \uiheg_g

[hevrhc pbde jZ[hl ih hij_^_e_gbx fZ]gblguo
kljmdlmj \ ^\moih^j_r_lhqguo dmijZlZo� ba-
\_klguo dZd ©a_e_gZyª R2BaCuO5, ©]hem[Zyª
R2Cu2O5 b ©dhjbqg_\Zyª Nd2BaCu2O5 nZau� ]^_
R-j_^dha_f_evgu_ we_f_glu� GZ jbk�� ihdZaZgZ
fZ]gblgZy kljmdlmjZ kh_^bg_gby Er2BaCuO5� ih-
emq_ggZy ba g_cljhgh]jZnbq_kdh]h wdki_jbf_g-
lZ�

Dhjj_eypbhgguc ki_dljhf_lj iheyjbah\Zg-
guo g_cljhgh\ CSPN (H�I�Kfbjgh\� kha^Zg ^ey
bkke_^h\Zgby kibgh\hc ^bgZfbdb b ^ey ^bnjZd-
pbhgguo wdki_jbf_glh\ k ZgZebahf iheyjbaZ-
pbb� Bkihevah\Zgb_ iheyjbamxs_]h g_cljhgh-
\h^Z (:�N�S_[_lh\, :�B�Hdhjhdh\�� \j_fyijh-
e_lghc f_lh^bdb k ik_\^hkemqZcghc fh^meypb_c
iheyjbaZpbb g_cljhggh]h imqdZ b ko_fu h[jZl-
ghc ]_hf_ljbb� ijb dhlhjhc ZgZeba ki_dljZ ijh-
bkoh^bl ihke_ jZkk_ygby gZ h[jZap_� iha\hebeb
ihemqblv iZjZf_lju ijb[hjZ� kjZ\gbfu_ k emq-
rbfb ZgZeh]Zfb gZ \ukhdhihlhqguo j_ZdlhjZo�
bgl_gkb\ghklv g_cljhgh\ \ kemqZ_ djbklZeeZ
=_cke_jZ \ dZq_kl\_ ZgZebaZlhjZ ��5 g/kf2k �λ =
2.5 Å, ∆λ/λ  ������ \ \ZjbZgl_ LH) ZgZebaZ ∆ω =
0,5 fw<� < wdki_jbf_glZo bkihevam_lky f_lh^bdZ
ihegh]h iheyjbaZpbhggh]h ZgZebaZ k baf_j_gb_f
jZkk_ygby k i_j_\hjhlhf kibgZ �SF) b [_a i_j_-
\hjhlZ �NSF) ^ey lj_o gZijZ\e_gbc iheyjbaZpbb
iZ^Zxsbo g_cljhgh\ Px,y,z..

>ey bkke_^h\Zgby fZ]gblghc djbklZeebq_-
kdhc kljmdlmju bkihevam_lky h[uqgh]h lbiZ ��o
djm`guc ^bnjZdlhf_lj SCD (X�I�Q_jg_gdh\� k
fhghojhfZlhjZfb Cu, Ge, PG. >_l_dlhj
^\b`_lky \ \_jlbdZevghc iehkdhklb \ m]eh\hf
^bZiZahg_ ����h.

< dhfie_dk_ k g_cljhggufb ijb[hjZfb
kha^ZgZ j_gl]_gh]jZnbq_kdZy l_ogbdZ� K dhgpZ
���]h^h\ bkke_^h\Zgby ijh\h^ylky \ l_kghf
dhglZdl_ k Bgklblmlhf EZmw�EZg`_\_gZ�
Hkgh\gZy l_fZlbdZ bkke_^h\Zgbc gZ wlhf
dhfie_dk_ ijb[hjh\ k\yaZgZ k bamq_gb_f
fZ]gblghc kljmdlmju b h[f_ggh]h
\aZbfh^_ckl\by� ^\moih^j_r_lhqguo
Zglbn_jjhfZ]gblguo kbkl_f� dmijZlh\ j_^dbo
a_f_ev� dbkehjh^gh]h mihjy^hq_gby \ <LKI
kbkl_fZo�

Hkgh\gu_ j_amevlZlu� ihemq_ggu_ gZ wlhf
dhfie_dk_ ijb[hjh\ �<�I�IeZolbc�
K�<�=Z\jbeh\� B�<�=hehkh\kdbc� :�=�=mdZkh\�
B�:�Ah[dZeh� ?�<�Fhkd\bg� H�I�Kfbjgh\�
<�B�N_^hjh\�X�I�Q_jg_gdh\ b ^j���
1. GZ kbkl_f_ �Ca3Fe2Ge3O12� \ ki_dlj_ kibgh-

\uo \heg h[gZjm`_gZ s_ev� h[mkeh\e_ggZy
^bgZfbq_kdbf \aZbfh^_ckl\b_f ih^j_r_-
lhd �gme_\u_ dhe_[Zgby�� g_ \aZbfh^_ckl-
\mxsbo ^jm] k ^jm]hf \ ijb[eb`_gbb fh-
e_dmeyjgh]h ihey� <_ebqbgZ s_eb khklZ\ey-



_l �������� THz. :gZeh]bqgZy d\Zglh\Zy
s_ev [ueZ baf_j_gZ b gZ bahfhjnghf ]jZ-
gZl_ Ca3 Fe2 Si3 O12.

2. Bkke_^h\Zgu fZ]gblgu_ k\hckl\Z j_^dha_-
f_evguo dmijZlh\ R2CuO4 (R = La, Nd, Pr,
Sm, Eu, Gd, Sr, Ce) cp_evx \uykg_gby jheb
iehkdhkl_c KuO2 \ wnn_dl_ <LKI� Bamq_gu
i_j_hjb_glZpbhggu_ i_j_oh^u b ihdZaZgh�
qlh ^hibjh\Zgb_ p_jb_f ijb\h^bl d ih^Z\-
e_gbx i_j_oh^Z�

3. H[gZjm`_g djhkkh\_j \ djblbq_kdhf ih\_-
^_gbb hjb_glZpbb ih^j_r_lhd Zglbn_jjh-
fZ]g_lbdZ Pr2CuO4 \h \g_rg_f fZ]gblghf
ihe_ \[ebab spin-flop i_j_oh^Z� Wlh y\ey_l-
ky ke_^kl\b_f �b i_j\uf wdki_jbf_glZev-
guf ih^l\_j`^_gb_f� ;ha_�dhg^_gkZpbb
kibgh\uo \heg \ kehyo CuO2� ij_^kdZaZgghc
K�<�FZe__\uf�

4. G_cljhgguf b j_gl]_gh\kdbf kljmdlmjguf
ZgZebahf [ueb hij_^_e_gu ]jZgbpu kms_-
kl\h\Zgby nZa hjlh�II b hjlh�III \ kh_^bg_-
gbb Yba2Cu3O6+x� dhlhju_� dZd [ueh ihdZaZ-
gh� kh\iZ^Zxl k oZjZdl_jgufb mqZkldZfb gZ
aZ\bkbfhklb Lk hl kh^_j`Zgby dbkehjh^Z o.

Kljmdlmjgu_ hkh[_gghklb b bo k\yav k nbab-
q_kdbfb k\hckl\Zfb jZaebqguo kh_^bg_gbc bk-
ke_^mxlky k bkihevah\Zgb_f \j_fyijhe_lgh]h
^bnjZdlhf_ljZ RTOF Mini-SFINKS
(<�:�Ljmgh\� <�:�Dm^jyr_\� >�X�Q_jgur_\� b
]ZffZ�^bnjZdlhf_ljZ GD (:�B�Dmj[Zdh\�
:�?�Khdheh\� W�W�Jm[bgh\Z�� Ihjhrdh\uc ^b-
njZdlhf_lj RTOF Mini-SFINKS kha^Zg \ ����
]� kh\f_klgh k P_gljhf L_ogbq_kdbo Bkke_^h\Z-
gbc VTT Nbgeyg^bb� < g_f bkihevam_lky h[jZl-
guc \j_fyijhe_lguc f_lh^ (RTOF) k Nmjv_�
ij_ju\Zl_e_f� iha\heyxs_f ihemqZlv jZaj_r_-
gb_ ∆d/d = 0,25%.>_l_dlhj h[jZlgh]h jZkk_ygby
bf__l Zi_jlmjm ��� kl_jZ^� b khklhbl ba ��o lhg-
dbo ieZklbg kpbglbeeypbhggh]h kl_deZ �k nhlh-
mfgh`bl_eyfb ^bZf_ljhf ��� ff�� jZkiheh`_g-
guo gZ ih\_joghklb k \j_f_gghc nhdmkbjh\dhc�
Hilbfbabjh\Zgguc ljZdl bklhqgbd�dheebfZlhj�
g_cljhgh\h^u iha\hey_l ihemqblv gZ h[jZap_
ihlhd ���Â��7 g/kf2s^ey ki_dljZ λ=0.9-5 Å.

GZ wlhf ^bnjZdlhf_lj_�
1. Ih ijh[e_f_ <LKI \uiheg_gh �� wdki_jb-

f_glh\� Kj_^b gbo h^gZ ba i_j\uo \ fbj_
jZkrbnjh\dZ kljmdlmju ����� <LKI kh_^b-
g_gby b bkke_^h\Zgb_ nZah\h]h i_j_oh^Z \
kbkl_fZo La1-xSrxCuO4.

2. K bkihevah\Zgb_f bahlhigh]h dhgljZklbjh-
\Zgby mklZgh\e_gZ ihabpby ZlhfZ KZ� dhlh-
juc jZkiheZ]Z_lky gZ f_kl_ Y ijb _]h aZf_-
s_gbb \ kh_^bg_gbb Y0.9Ca0.1Ba2Cu4O8 b bk-
ke_^h\ZgZ l_fi_jZlmjgZy aZ\bkbfhklv iZjZ-
f_ljZ j_r_ldb ©\ª \ wlhf kh_^bg_gbb k h[-

gZjm`_gb_f kljmdlmjgh]h nZah\h]h i_j_oh-
^Z ijb L  ��� D �jbk.10).

3. < ����� <LKI kbkl_fZo� ^hibjh\Zgguo )H�
ihemq_gu ^Zggu_ h jZkij_^_e_gbb Zlhfh\ Fe
\ djbklZeebq_kdhc j_r_ld_�

4. <ukhdb_ \hafh`ghklb RTOF ̂ bnjZdlhf_ljZ
\ hij_^_e_gbb l_fi_jZlmjguo iZjZf_ljh\ ±
>_[Zc�<Zee_jh\kdbo nZdlhjh\ ijh^_fhgkl-
jbjh\Zgu ijb kljmdlmjguo bkke_^h\Zgbyo
]_dkZ[hjb^h\ j_^dbo a_f_ev  ReB6 (Re = La,
Ce, Pr, Nd, Sm, Y).A^_kv mklZgh\e_gh gZeb-
qb_ \ZdZgkbc \ [hjghc ih^j_r_ld_� mf_gv-
r_gb_ oZjZdl_jbklbq_kdhc Wcgrl_cgh\kdhc
qZklhlu k m\_ebq_gb_f Zlhfgh]h ghf_jZ
j_^dha_f_evgh]h we_f_glZ� wnn_dlu ijhf_-
`mlhqghc \Ze_glghklb b jy^ ^jm]bo y\e_gbc�

Jbk���� L_fi_jZlmjgZy aZ\bkbfhklv j_r_lhq-
gh]h iZjZf_ljZ ©bª \  Y0.9Ca0.1Ba2Cu4O8

Bamq_gb_ j_Zevgh]h khklhygby kh\_jr_gguo
fhghdjbklZeeh\� _kl_kl\_gghc b gZ\_^_gghc ^_-
n_dlghklb ijh\h^blky gZ ]ZffZ�^bnjZdlhf_lj_
KD. < dZq_kl\_ bklhqgbdZ ]ZffZ�baemq_gby ����
Cu) bkihevam_lky Zdlb\bjh\ZggZy l_ieh\ufb
g_cljhgZfb ahehlZy ieZklbgdZ jZaf_jhf
���o�o�� ff3� <ukhdZy fhghojhfZlbqghklv imq-
dZ ∆λ/λ = 10-6 ijb λ=0,03 Å b m]eh\h_ jZaj_r_-
gb_ \ � m]eh\uo k_dmg^u h[_ki_qb\Zxl ij_pbab-
hggu_ ^bnjZdlhf_ljbq_kdb_ baf_j_gby� gZijb-
f_j� ijb bkke_^h\Zgbb fhghdjbklZeeh\ d\ZjpZ k
iehlghklvx ^bkehdZpbc hl � ^h ��� ^bke�/kf hdZ-
aZehkv \hafh`guf hij_^_eylv bo iehlghklv k
lhqghklvx ^h g_kdhevdbo rlmd�

G_mijm]h_ jZkk_ygby \ deZkkbq_kdhf ihgb-
fZgbb bkke_^m_lky gZ lj_ohkghf ki_dljhf_lj_
IN NEUTRON-3 �eZ[hjZlhjby G�F�Hdmg_\hc�
Nbabdh�L_ogbq_kdbc bgklblml bf�:�N�Bhnn_�
K�I_l_j[mj]�� Ki_dljhf_lj bf__l k^\h_gguc
fhghojhfZlhj b ZgZebaZlhj ba fhghdjbklZeeh\
Cu(220) c 2d = 2.556 Å, Cu(200) c 2d = 3.608 Åb
ibjh]jZnblZ (002) c 2d = 6.71 Å.>ebgZ \hegu
iZ^Zxsbo g_cljhgh\ hl � ^h � Å� fZdkbfZevguc
ihlhd gZ h[jZap_ ��6 g/kf2� jZaj_r_gb_ ih wg_j-
]bb [hevr_ 0,5 fw<� Ki_dljhf_lj bkihevam_lky



^ey bkke_^h\Zgby g_mijm]h]h b d\Zabmijm]h]h
jZkk_ygby g_cljhgh\ \ jZamihjy^hq_gguo kljmd-
lmjgh g_mklhcqb\uo djbklZeeZo� < ihke_^g__
\j_fy bkke_^h\Zebkv hkh[_gghklb nZah\uo i_j_-
oh^h\ \ k_]g_lhwe_dljbdZo j_eZdkhjZo �relaoor
ferroelectrics – RF) Na5Bi5TiO3, PbMg1/3Nb2/3O3,
(PMN) b ^j�

<j_fyijhe_lguc j_ne_dlhf_lj
TOFRPN (:�N�S_[_lh\� <�:�Mevygh\� <�=�Ku�
jhfylgbdh\� G�D�Ie_rZdh\� <�F�Imk_gdh\ b ^j��
bkihevam_lky ^ey l_klbjh\Zgby g_cljhggh�
hilbq_kdhc l_ogbdb� ijhba\_^_gghc kbeZfb Hl-
^_eZ g_cljhgghc hilbdb �HGH� IBYN� Hkgh\-
gu_ we_f_glu j_ne_dlhf_ljZ� iheyjbaZlhj ±
a_jdZeh k CoFe ihdjulb_f b TiGd-ih^keh_f�
ij_ju\Zl_ev ± Cd-̂ bkd kh s_eyfb� nebii_j� h[-
jZa_p� ZgZebaZlhj� ^_l_dlhj� Bkihevam_lky ^bZiZ-
ahg ^ebg \heg λ = 1-4 Å, jZaj_r_gb_ \j_fyijh-
e_lgh]h ki_dljhf_ljZ ih ^ebg_ \hegu ∆λ/λ - 0,1-
������ m]eh\Zy rbjbgZ iZ^Zxs_]h gZ h[jZa_p
imqdZ ��� fjZ^� ihlhd gZ h[jZap_ ��5 g�kf2k� ih-
eyjbaZpby J>0,98. < HGH jZajZ[Zlu\Zxlky b
ijhba\h^ylky iheyjbamxsb_ b g_iheyjbamxsb_
a_jdZeZ b kmi_ja_jdZeZ� h^gh� b fgh]hs_e_\u_
g_cljhgh\h^u gZ bo hkgh\_� dheebfZlhju� a_j-
dZevgu_ fhghojhfZlhju b ij� ^ey gm`^ bkke_^h-
\Zl_e_c gZ j_Zdlhj_ <<J�F b ^ey ^jm]bo g_c-
ljhgguo p_gljh\�

Djhf_ l_klbjh\Zgby g_cljhgguo we_-
f_glh\� gZ mklZgh\d_ ijh\h^ylky bkke_^h\Zgby
fZ]gblguo b g_fZ]gblguo fgh]hkehcguo kljmd-
lmj k p_evx hij_^_e_gby j_Zevguo iZjZf_ljh\
kljmdlmju b __ kh\_jr_gkl\Z�

J_Zdlhj <<J�F h[hjm^h\Zg gbadhl_fi_-
jZlmjghc ]_eb_\hc i_le_c LTHeL (J�N�Dhgh�
ie_\Z� B�<�GZaZjdbg� <�:�Q_dZgh\�� iha\h�
eyxs_c bamqZlv d\ZabklZpbhgZjgu_ g_mihjy^h-
q_ggu_ khklhygby� ^Z_l \hafh`ghklv bamqZlv
jZaebqgu_ wlZiu ^_n_dlhh[jZah\Zgby b bamqZlv
\ebygb_ g_cljhggh]h h[emq_gby gZ gbadhl_fi_-
jZlmjgu_ ijhp_kku b nZah\u_ i_j_oh^u� bamqZlv
gbadhl_fi_jZlmjgmx jZ^bZpbhggmx klhcdhklv
fZl_jbZeh\� Ijb bkke_^h\Zgbb baf_g_gbc we_d-
ljhnbabq_kdbo k\hckl\ <LKI�fZl_jbZeh\
�<%&X2�d_jZfbdb b ie_ghd� \ ijhp_kk_ gbadh-
l_fi_jZlmjgh]h ���D� g_cljhggh]h h[emq_gby \
h[eZklb nex_gkh\ [ukljuo �?>0,1 Fw<� g_cljh-
gh\ ) ��17-1018 kf-2 h[gZjm`_g ©wnn_dl fZeuo
^haª� k\yaZgguc k ih\ur_gb_f djblbq_kdhc
l_fi_jZlmju Lk hl ���� D ^h ���� D� Ijb bkke_-
^h\Zgbb djblbq_kdh]h lhdZ \ Y-Ba-Cu-O±ie_g-
dZo ihemq_gu _]h l_fi_jZlmjgu_ b ^hah\u_ aZ-
\bkbfhklb� dhlhju_ h[tykgyxlky f_oZgbafhf
ibggbg]Z iehkdhc ]jZgbp_c a_j_g�

� �� Bkke_^h\Zgby [_a bkihevah\Zgby j_ZdlhjZ
<<J�F

DZdbf [u wlh g_ ihdZaZehkv kljZgguf�
gh \ oh^_ ih^]hlh\db d bkke_^h\Zgbyf gZ j_Zd-
lhj_ IBD knhjfbjh\Zebkv b \u^_ebebkv \ih-
ke_^kl\bb dZd kZfhklhyl_evgu_ bkke_^h\Zgby�
nZdlbq_kdb g_ k\yaZggu_ k g_cljhgZfb� Wlh g_c-
ljbggZy nbabdZ �E�:�Ihi_dh� b nbabdZ fhe_dm-
eyjguo imqdh\ �<�N�?`h\�� GZf_j_gb_ jZa\b\Zlv
g_cljbggu_ bkke_^h\Zgby [ueb k\yaZgu k \ha-
fh`ghklvx ijb]hlh\e_gby fhsguo g_cljbgguo
bklhqgbdh\ gZ j_Zdlhj_ IBD b \hafh`ghklvx
kha^Zgby mgbdZevgh]h dj_fgb_\h]h ^_l_dlhjZ
g_cljbgh� bkihevamy l_ogheh]bb ijhba\h^kl\Z
^_l_dlhjh\ IBYN� LZdhc g_cljbgguc ^_l_dlhj
[ue mki_rgh kha^Zg �E�:�Ihi_dh�
=�:�RbrdbgZ� :�<�>_j[bg� K�<�;ZoeZgh\�
:�<�Q_jguc� b bkihevah\Zg \ bkke_^h\Zgbyo \
ih^a_fghc eZ[hjZlhjbb Khehl\bgh� Z lZd`_ \
g_cljbgghc eZ[hjZlhjbb gZ Jh\_gkdhc :WK�

< wlbo bkke_^h\Zgbyo [ue ihemq_g aZ-
f_qZl_evguc j_amevlZl ± \_jogbc ij_^_e gZ fZ]-
gblguc fhf_gl g_cljbgh µν≤ 1,8·10-10 µβ
(E�:�Ihi_dh� :�<�>_j[bg�� Wlhl j_amevlZl bf__l
bkdexqbl_evgh \Z`gh_ agZq_gb_ ^ey g_cljbgghc
nbabdb�

GZijZ\e_gb_ bkke_^h\Zgbc k fhe_dm-
eyjgufb imqdZfb [ueh klbfmebjh\Zgh bgl_j_-
khf d wnn_dlZf KJ�gZjmr_gby� dhlhju_ fh]eb
[u [ulv agZqbl_evgh mkbe_gu \ ZlhfZo b fhe_-
dmeZo� <�N�?`h\uf k khljm^gbdZfb kha^ZgZ
mgbdZevgZy wdki_jbf_glZevgZy [ZaZ� iha\heyx-
sZy ijh\h^blv rbjhdbc djm] bkke_^h\Zgbc k
ZlhfZfb b fhe_dmeZfb� Ij_^klZ\ey_lky� qlh j_-
amevlZlu wlbo bkke_^h\Zgbc ijb\_^ml d \ha-
fh`ghklb gZ[ex^_gby wnn_dlh\ keZ[h]h \aZb-
fh^_ckl\by \ Zlhfghc b fhe_dmeyjghc nbabd_ b
klZgml bgkljmf_glhf ijh\_jdb KlZg^Zjlghc
Fh^_eb�

D qbkem g_j_Zdlhjguo bkke_^h\Zgbc hl-
ghkblky gZijZ\e_gb_ j_gl]_gh\kdhc ki_dljhkdh-
ibb� jZa\blh_ H�B�Kmf[Z_\uf h^gh\j_f_ggh k γ-
ki_dljhkdhibq_kdbfb bkke_^h\Zgbyfb gZ j_Zd-
lhj_ <<J�F� Bkihevamy f_lh^ kf_s_gby j_gl]_-
gh\kdbo ebgbc [ueb ijh\_^_gu mgbdZevgu_ bk-
ke_^h\Zgby we_dljhgghc kljmdlmju j_^dha_-
f_evguo we_f_glh\ b Zdlbgb^h\ \ obfbq_kdbo
kh_^bg_gbyo� djbklZeeZo b <LKI�d_jZfbdZo
(H�B�Kmf[Z_\� ?�<�I_ljh\bq� <�:�RZ[mjh\�
:�K�Juevgbdh\� X�I�Kfbjgh\� :�?�Kh\_klgh\�
:�<�Lxgbk�� bkke_^h\Zgb_ aZjy^h\uo jZ^bmkh\
y^_j b baf_j_gby fmevlbihevguo fhf_glh\ y^_j
(H�B�Kmf[Z_\� :�N�F_a_gp_\� :�K�Juevgbdh\�
:�:�Jh^bhgh\, <�:�RZ[mjh\�� < kl_gZo eZ[hjZ-
lhjbb H�B�Kmf[Z_\Z [ueb aZeh`_gu� gZijZ\e_-
gb_ bkke_^h\Zgby j_gl]_gh\kdbo ki_dljh\ Z^-
jhgguo Zlhfh\� jZa\blu_ :�B�Kfbjgh\uf� gZ-



ijZ\e_gb_ bkke_^h\Zgby dZgZebjh\Zgby we_f_g-
lZjguo qZklbp \ bah]gmluo fhghdjbklZeeZo� jZa-
\blu_ <�F�KZfkhgh\uf b :�B�Kfbjgh\uf�

GZdhg_p� ke_^m_l hlf_lblv ^hklb`_gby
]jmiiu nbabdb b obfbb bahlhih\� \ha]eZ\ey_fhc
:�B�?]hjh\uf� dhlhjZy kihkh[kl\h\ZeZ mki_r-
ghfm ijh\_^_gbx fgh]bo nbabq_kdbo bkke_^h-
\Zgbc� [_jy gZ k_[y obfbq_kdh_ h[_ki_q_gb_ jZ-
[hl� Bklhqgbdb� qbkl_crb_ fbr_ggu_ \_s_kl\Z�
ZgZeblbq_kdb_ klZg^Zjlu� f_lh^bdb obfbq_kdhc
l_ogheh]bb kha^Z\Zebkv [ukljh b dZq_kl\_ggh�
Lhevdh h^bg ijbf_j� \h \j_fy k\_joijh\h^ys_]h
[mfZ [ueh kbgl_abjh\Zgh hdheh ��� h[jZaph\
jZaebqguo <LKI� H^gZdh ]eZ\gh_ ^hklb`_gb_
]jmiiu nbabdb b obfbb bahlhih\ ± wlh gZmqgu_
jZajZ[hldb� jZ^bhobfbq_kdbc pbde g_cljbggh]h
^_l_dlhjZ lbiZ Gallex� ZffbZqgZy ^_ljblbaZpby
e_]dhc \h^u� Za_hljhigZy ^_ljblbaZpby ly`_ehc
\h^u� ijhp_kku jZa^_e_gby pbjdhgby b ]Zngby�
iZjhf_lZeemj]bq_kdZy i_j_jZ[hldZ lhjb_\h]h
]hjxq_]h� ijhp_kku jZa^_e_gby bahlhih\ eblby b
[hjZ� j_]_g_jZpby y^_jgh]h pbjdhgby b l�^�
=eZ\gh_ gZmqgh_ ^hklb`_gb_ �\f_kl_ k
H�B�Kmf[Z_\uf� ± bkke_^h\Zgb_ ZghfZevguo
\Ze_glghkl_c j_^dha_f_evguo we_f_glh\� Wlhl
\Z`g_crbc \hijhk ^h kbo ihj g_ bf__l m^h\e_-
l\hjbl_evgh]h gZmqgh]h h[tykg_gby�

< bkke_^h\Zgbyo nbabdb dhg^_gkbjh-
\Zggh]h khklhygby djhf_ mklZgh\hd gZ g_cljhg-
guo imqdZo wnn_dlb\gh bkihevamxlky dhfieb-
f_glZjgu_ f_lh^u bkke_^h\Zgby� jZ^bhqZklhl-
gu_ baf_j_gby ebg_cghc b g_ebg_cghc ^bgZfb-
q_kdhc bg^mdpbb \ ^bZiZahg_ ��2 – 106 =p k qm\-
kl\bl_evghklvx g_ om`_ ��-5 W �B�>�Emaygbg�
<�I�OZ\jhgbg� b nemdlmZpbhggZy ki_dljhkdhiby
k qm\kl\bl_evghklvx g_ om`_ ��-17 <2�=p gZ qZk-
lhlZo ^h ��� d=p� BamqZxlky djblbq_kdb_ y\e_-
gby \ n_jjhfZ]g_lbdZo� kd_cebg]h\h_ ih\_^_gb_
\hkijbbfqb\hklb \ n_jjhfZ]gblghc nZa_� y\e_-
gb_ nZah\h]h jZa^_e_gby \ fZg]ZgblZo� h[eZ-
^Zxsbo wnn_dlhf dhehkkZevgh]h fZ]gblhkhijh-
lb\e_gby� b ijhgbdgh\_gb_ keZ[h]h fZ]gblgh]h
ihey \ ]jZgmebjh\Zggu_ b ihebdjbklZeebq_kdb_
k\_joijh\h^gbdb �gbadhihe_\Zy we_dljh^bgZfb-
dZ fgh]hk\yaguo k\_joijh\h^gbdh\�� JZ[hlu
\_^mlky kh\f_klgh k l_hj_lbq_kdbf hl^_ehf
(K�<�FZe__\� K�E�=bga[mj]� :�=�Yr_gdbg��

F_lh^hf nemdlmZpbhgghc ki_dljhkdh-
ibb bamqZxlky rmfu \ ]jZgmebjh\Zgguo k\_jo-
ijh\h^gbdZo �H�<�=_jZs_gdh� :�B�Kb[be_\��
y\e_gb_ �k\_joqm\kl\bl_evghklb� �H�<�=_jZ�
s_gdh� F�:�Imklh\hcl� K�E�=bga[mj]�� Z lZd`_
klhoZklbq_kdbc j_ahgZgk \ [bheh]bq_kdbo f_f-
[jZgZo �K�F�;_ajmdh\�� F�:�Imklh\hclhf kh-
\f_klgh k K�E�=bga[mj]hf b G�?�KZ\bpdhc �HLN�
f_lh^hf fZrbggh]h fh^_ebjh\Zgby mki_rgh
bkke_^m_lky kZfhhj]Zgbah\ZggZy djblbqghklv \
^`ha_nkhgh\kdhc kj_^_� Wlbf `_ f_lh^hf ihev-

am_lky b <�B�K[blg_\ ijb l_hj_lbq_kdhf bamq_-
gbb ^_l_jfbgbjh\Zggh]h oZhkZ \ [bheh]bq_kdbo
h[t_dlZo �g_cjhggu_ k_lb b ^j��� H[sbfb aZdh-
ghf_jghklyfb we_dljbq_kdh]h gbadhqZklhlgh]h
rmfZ \ fZl_jbZeZo k gbadhc ijh\h^bfhklvx mk-
i_rgh aZgbfZ_lky ;�B�Ydm[h\bq� J_gl]_gh\kdb-
fb f_lh^Zfb bkke_^m_lky l_dklmjZ b fZ]gblgu_
k\hckl\Z ie_ghd \ khihklZ\e_gbb k bo djbklZeeb-
q_kdhc kljmdlmjhc �:�<�Dh\Ze_\��

EZ[hjZlhjby obfbb b ki_dljhkdhibb fZ-
l_jbZeh\ h^ghc ba i_j\uo \ Jhkkbb kbgl_abjh\Z-
eZ� bahebjh\ZeZ b gZqZeZ bamq_gb_ nmee_j_gh\
(X�K�=jmrdh� F�N�Dh\Ze_\� K�G�Dhe_kgbd��
Ij_iZjZlb\gu_ \hafh`ghklb eZ[hjZlhjbb klZeb
hkgh\hc j_]bhgZevghc bkke_^h\Zl_evkdhc ijh-
]jZffu k_\_jh�aZiZ^Z Jhkkbb ©Nmee_j_gu b
:lhfgu_ deZkl_juª� < gZklhys__ \j_fy eZ[hjZ-
lhjby fh`_l ihemqZlv nmee_j_g K60 qbklhlu
����� \ dhebq_kl\_ khl_g ]jZffh\ b K70 (98%) –
^_kyldh\ ]jZffh\ �<�I�K_^h\� H�G�<Z\beh\Z�
<�<�Dmdhj_gdh��
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>hklb`_gby ihke_^gbo e_l k\yaZgu k bk-
ke_^h\Zgb_f hj]Zgbq_kdbo k\_joijh\h^gbdh\�
kmi_jbhgguo kl_dhe b bgl_jdZeZpbhgguo kh_^b-
g_gbc nmee_j_gh\� <i_j\u_ gZ[ex^Zebkv fzk-
k[Zmwjh\kdb_ ki_dlju gZ y^jZo ehdZebah\Zgguo
\gmljb m]e_jh^gh]h dwc^`Z fhe_dme f_lZeeh-
nmee_j_gh\ �X�K�=jmrdh� <�K�Dhaeh\�
E�B�FhedZgh\�� Bamq_gu '\#&80 b '\#&82 ,
h[gZjm`_gh y\e_gb_ iZjZfZ]gblghc j_eZdkZpbb�
i_j_ghk lj_o we_dljhgh\ k f_lZeeZ gZ m]e_jh^-
guc dwc^` b kbevgZy l_fi_jZlmjgZy aZ\bkbfhklv
nZdlhjZ >_[Zy�<Zee_jZ.

B� gZdhg_p� ke_^m_l hlf_lblv h^gh ba
\Z`guo ^ey wdki_jbf_glZlhjh\ ^hklb`_gbc ±
bah[j_l_gb_ b ijhba\h^kl\h \ gm`guo dhebq_kl-
\Zo weZklbqgh]h b iZklhh[jZagh]h aZsblguo fZ-
l_jbZeh\ �B�F�EZa_[gbd� � iZl_glZ�� Wlh ihqlb
[_a\h^hjh^gu_ �f_g__ �� G� gZ hkgh\_ ieZklbq_-
kdhc kbgl_lbq_kdhc fZkku fZl_jbZeu k rbjhdbf
ki_dljhf \hafh`guo ih]ehsZxsbo gZihegbl_-
e_c kh kl_i_gvx gZiheg_gby hl �� ^h �� fZkkh-
\uo ijhp_glh\ ^ey aZsblu h[t_dlh\ keh`ghc
]_hf_ljbq_kdhc nhjfu� GZihegbl_eb ba ly`_euo
f_lZeeh\ �Pb, U, Bi b ^j�� bkihevamxlky ^ey aZ-
sblu hl γ�baemq_gby� ba we_f_glh\ b bahlhih\ k
[hevrbf k_q_gb_f aZo\ZlZ g_cljhgh\ ± ^ey g_c-



ljhgghc aZsblu� Hkh[uf kijhkhf ihevam_lky
fZl_jbZe k 6Li k [hevrbf k_q_gb_f aZo\ZlZ g_c-
ljhgh\� ijZdlbq_kdb g_ ^Zxsbc \lhjbqgh]h γ-
baemq_gby�

� �� Hkh[_gghklb bkke_^h\Zgbc ihke_^g_]h
^_kylbe_lby

GZdhg_p� ke_^m_l hklZgh\blvky gZ wlZi_
bkke_^h\Zgbc ihke_^g_]h ^_kylbe_lby� hlf_q_g-
gh]h agZqbl_evgufb ljm^ghklyfb \ k\yab k j_a-
dbf mf_gvr_gb_f nbgZgkbjh\Zgby gZmdb \ Jhk-
kbb b� dZd ke_^kl\b_� qZklbqguc hllhd gZmqguo
dZ^jh\�

Hkgh\ghc aZ^Zq_c wlh]h i_jbh^Z y\behkv
h[_ki_q_gb_ \hafh`ghklb ijh\_^_gby bkke_^h-
\Zgbc b khojZg_gb_ l\hjq_kdh]h ihl_gpbZeZ eZ-
[hjZlhjbc� < wlhc [hjv[_ aZ kms_kl\h\Zgb_ gZm-
db hkgh\gufb keZ]Zxsbfb mki_oZ y\bebkv ke_-
^mxsb_� <h�i_j\uo� kbkl_fZlbq_kdb_ mkbeby ih
ih^^_j`Zgbx [x^`_lgh]h nbgZgkbjh\Zgby gZ
ijb_fe_fhf mjh\g_� h[_ki_q_gbx l_iehf b
we_dljhwg_j]b_c� h[_ki_q_gb_ jZ[hlu bgklblmlZ
kh k\h_c bgnjZkljmdlmjhc� <Z`g_crZy jhev \
wlhf ijbgZ^e_`bl ^bj_dlhjm bgklblmlZ qe_gm�
dhjj_kihg^_glm J:G <�:�GZaZj_gdh� <h�\lhjuo�
[hevrh_ agZq_gb_ bf__l \ gZklhys__ \j_fy f_`-
^mgZjh^gh_ khljm^gbq_kl\h� bgl_]jZpby jhkkbc-
kdhc gZmdb \ fbjh\mx� GZebqb_ jZaebqguo nhg-
^h\ �ISF, INTAS b ^j�� hdZau\Z_l aZf_lgh_ \eby-
gb_ gZ khojZg_gb_ l\hjq_kdh]h ihl_gpbZeZ gZm-
db�

Bkdexqbl_evgh [hevrh_ agZq_gb_ ^ey
g_cljhgguo bkke_^h\Zgbc bf_eh \klmie_gb_
Jhkkbb \ f_`^mgZjh^guc p_glj �Bgklblml EZmw�
EZg`_\_gZ� =j_gh[ev� NjZgpby� b nbgZgkh\Zy
ih^^_j`dZ Fbgbkl_jkl\hf gZmdb Jhkkbb b Fb-
gZlhfhf JN wlh]h f_`^mgZjh^gh]h khljm^gbq_-
kl\Z� >hklZlhqgh \ukhdbc mjh\_gv bkke_^h\Zgbc�
^hklb]gmluc \ IBYN� iha\hey_l mki_rgh dhg-
dmjbjh\Zlv b ^hklhcgh ij_^klZ\eylv =Zlqbgkdmx
rdhem \ wlhf f_`^mgZjh^ghf p_glj_� < ���o
]h^Zo khljm^gbdZfb IBYN gZ j_Zdlhj_ BEE
[ueb \uiheg_gu bkke_^h\Zgby ih β�jZkiZ^m
g_cljhgZ b bkke_^h\Zgby k mevljZoheh^gufb
g_cljhgZfb �:�I�K_j_[jh\� :�=�OZjblhgh\�
B�:�Dmag_ph\� B�<�Kl_iZg_gdh�
:�<�:e^ms_gdh\� F�K�EZkZdh\� :�<�<Zkbev_\ b
^j��� bkke_^h\Zgby ih nbabd_ ^_e_gby
(=�:�I_ljh\� :�F�=Z]Zjkdbc b ^j��� bkke_^h\Zgby
g_cljhggh�hilbq_kdbo wnn_dlh\� \ua\Zgguo
keZ[uf \aZbfh^_ckl\b_f �:�I�K_j_[jh\,
:�D�I_lmoh\, =�<�<Zevkdbc, =�:�I_ljh\ b ^j���
bkke_^h\Zgby ih fZ]gblh�djbklZeebq_kdhc
kljmdlmj_ \_s_kl\Z �<�I�IeZolbc, K�<�FZe__\ b
^j��� IBYN bf__l rbjhdh_ khljm^gbq_kl\h k
=Zg�F_clg_j bgklblmlhf \ ;_jebg_� bgklblmlhf
FZdkZ IeZgdZ� k Fxgo_gkdbf mgb\_jkbl_lhf b

jy^hf ^jm]bo f_`^mgZjh^guo bkke_^h\Zl_ev-
kdbo p_gljh\�

Lj_lvbf \Z`g_crbf nZdlhjhf� iha\h-
eyxsbf khojZgylv gZmqgmx Zdlb\ghklv� y\ey_l-
ky ^_yl_evghklv� k\yaZggZy k jZajZ[hldhc b ba]h-
lh\e_gb_f wdki_jbf_glZevgh]h nbabq_kdh]h
h[hjm^h\Zgby ^ey aZjm[_`guo gZmqguo p_gljh\�
AgZqbl_evguc ihl_gpbZe bgl_ee_dlmZevgh]h b
l_ogheh]bq_kdh]h oZjZdl_jZ� gZdhie_gguc \ k\y-
ab k jZajZ[hldhc wdki_jbf_glZevgh]h h[hjm^h-
\Zgby ^ey j_ZdlhjZ IBD� hdZaZeky bkdexqbl_ev-
gh \Z`guf \ kh\j_f_gguo mkeh\byo� < =Zlqbg_
jZajZ[hlZgu b ba]hlh\e_gu iheyjbamxsb_ g_c-
ljhgh\h^gu_ kbkl_fu ^ey EGN HBYB �>m[gZ��
BNF �?dZl_jbg[mj]�� BJB LM >_enl �=heeZg-
^by�� =DKK �=__kloZol� =_jfZgby�� ^ey j_ZdlhjZ
D:?JB �X`gZy Dhj_y� b ^j�� �:�N�S_[_lh\�
<�:�Ljmgh\ b ^j��� ^bnjZdlhf_lju ^ey EGN
HBYB �>m[gZ�� EE; �KZde_� NjZgpby�� =DKK
�=_jfZgby�� j_ZdlhjZ ETRR-2 �DZbj�� KFKI
(<_g]jby� b ^j�� �<�:�Ljmgh\� <�:�Dm^jyr_\�
:�I�;medbg b ^j���

Bklhqgbd oheh^guo g_cljhgh\ [ue jZa-
jZ[hlZg� ba]hlh\e_g b mklZgZ\eb\Z_lky gZ j_Zd-
lhj_ bgklblmlZ KFKI - ;m^Zi_rl� <_g]jby
(:�I�K_j_[jh\� <�:�Fblxoey_\� :�:�AZoZjh\ b
^j��� JZajZ[Zlu\Zxlky b ba]hlZ\eb\Zxlky ihem-
ijh\h^gbdh\u_ ^_l_dlhju ^ey ?\jhiu b :f_jb-
db �:�O�OmkZbgh\ b ^j���

< gZklhys__ \j_fy \_^_lky jZajZ[hldZ
jy^Z ijh_dlh\ ^ey bklhqgbdh\ oheh^guo g_cljh-
gh\� g_cljhgh\h^guo kbkl_f b nbabq_kdh]h h[h-
jm^h\Zgby ^ey j_ZdlhjZ G:NARO (X`gZy Dh-
j_y�� j_ZdlhjZ (755�� \ DZbj_ �?]bi_l�� j_Zdlh-
jZ \ >_enl_ �=heeZg^by� �:�I�K_j_[jh\�
:�N�S_[_lh\� <�:�Fblxoey_\ b ^j���

E_lhf ���� ]h^Z \ PSI [ueZ mklZgh\e_gZ
iheyjbamxsZy g_cljhgh\h^gZy kbkl_fZ b kbkl_-
fZ ZgZebaZ iheyjbaZpbb� dhlhju_ [ueb kha^Zgu
b mklZgh\e_gu khljm^gbdZfb IBYN
(:�N�S_[_lh\� :�I�K_j_[jh\� ;�=�I_kdh\�
F�K�EZkZdh\� <�F�Imk_gdh\� :�<�<Zkbev_\�
?�G�F_^\_^_\ b ^j��� < j_amevlZl_ [ue ihemq_g
imqhd iheyjbah\Zgguo oheh^guo g_cljhgh\ k
iehlghklvx ihlhdZ �Â��8 g�kÂkf2 b iheguf ihlh-
dhf \ur_ ��10 g�k� dhlhjuc ij_^gZagZq_g ^ey
ijh\_^_gby bkke_^h\Zgbc β�jZkiZ^Z g_cljhgZ�
WlZ bgl_gkb\ghklv jZ\gZ bgl_gkb\ghklb iheyjb-
ah\Zgguo oheh^guo g_cljhgh\ imqdZ PF1 gZ
\ukhdhihlhqghf j_Zdlhj_ ,//� >Zgguc
j_amevlZl [ue ihemq_g aZ kq_l \ukhdh]h
dhwnnbpb_glZ \u\h^Z g_cljhgh\h^ghc kbkl_fu�

< ihke_^gb_ ]h^u gZ j_Zdlhj_ <<J�F
[ueb ijh\_^_gu bkke_^h\Zgby l\_j^h^_cl_jb_-
\h]h bklhqgbdZ mevljZoheh^guo g_cljhgh\ b
bklhqgbdZ MOG gZ hkgh\_ ly`_eh]h ev^Z ijb � D
(:�I�K_j_[jh\� <�:�Fblxoey_\� :�:�AZoZjh\�
F�K�EZkZdh\� :�<�<Zkbev_\� :�=�OZjblhgh\�



<�?�<ZjeZfh\� J�J�LZev^Z_\ b ^j��� Wlb bkke_^h-
\Zgby ijh\_^_gu \ jZfdZo f_`^mgZjh^gh]h kh-
ljm^gbq_kl\Z k p_evx jZajZ[hldb lZd gZau\Z_-
fhc nZ[jbdb MOG gZ [Za_ kbevghlhqguo mkdh-
jbl_e_c \ Ehk :eZfhkkdhc gZpbhgZevghc eZ[h-
jZlhjbb �KR:� b PSI �R\_cpZjby�� P_evx wlbo
jZajZ[hlhd \ dhg_qghf kq_l_ y\ey_lky ijh\_^_-
gb_ wdki_jbf_glZ ih ihbkdm W>F g_cljhgZ k
lhqghklvx ��-27 _Âkf�

Hl^_e_gb_f g_cljhgguo bkke_^h\Zgbc
ijh\h^ylky jhkkbckdb_ b f_`^mgZjh^gu_ dhgn_-
j_gpbb�

LZdbf h[jZahf� g_kfhljy gZ keh`ghklb
gZklhys_]h i_jbh^Z� gZmqgu_ bkke_^h\Zgby ijh-
^he`Zxlky� b ohl_ehkv [u gZ^_ylvky� qlh bo mjh-
\_gv [m^_l� ih djZcg_c f_j_� khojZgylvky \ ^Zev-
g_cr_f�

Hl Z\lhjh\

A^_kv fu ihiulZebkv djZldh hk\_lblv hkgh\gu_
\_ob gZr_]h ���e_lg_]h imlb b hlf_lblv g_dhlhju_
ba[jZggu_ j_amevlZlu�

Fu ijhkbf ba\bg_gby m l_o� dlh ³g_ ihiZe \ dZ^j´ b
qvb mki_ob g_khfg_ggh y\eyxlky \deZ^hf \ gZmqgu_
^hklb`_gby Hl^_e_gby g_cljhgguo bkke_^h\Zgbc�

=ZlqbgkdZy RdheZ g_cljhgguo bkke_^h\Zgbc g_
fh]eZ [u khklhylvky [_a ^h[jhkh\_klgh]h b ihjhc
kZfhhl\_j`_ggh]h ljm^Z bg`_g_jgh�l_ogbq_kdh]h b
ijhba\h^kl\_ggh]h i_jkhgZeZ j_ZdlhjZ b bkke_^h\Zl_evkdbo
eZ[hjZlhjbc� Hl ebpZ \k_]h gZmqgh]h dhee_dlb\Z HGB fu
ijbghkbf bf k\hx bkdj_ggxx [eZ]h^Zjghklv�


