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< : >Z\u”h\

BgklbIml nbabdb \ukhdbo *"Z\e gbc bf E N < | sz
Fhkd\Z ] Ljhbpd DZem kdh_ rhkk_

vdavydow@hppi.troitskru

JZa\blb_ f _Ih™*h\ ihemqg_¢gbyglamemgydghzZefZah\ |
Ijbf_kgWwdZgkbhggufb p_gljZfb h[eZ”"Zxsbo aZ*"Zgguf
yley Iky h~rghc ba gZb[he__  ZdImZevguo azZnz
fZl_jbzZeh\_~ gby \ k\yab k ihy\e _gb_f p_eh]h jy~rZ
d\Zglhhthabq_kdbo b [bhf_~bpbglghbkh&vigheZgby wlbc
fZl _jbZeh\ Mqblu\Zy Ih qlh ijZzdlbg_kdb dZ ~uc \ZjbZ
gZghzZefZah\ ij_"tyley | d gbf k\hc gZ[hj Ij_[h\Zgbc it
kIl _i_gb \gmlj_gg_]h gZijy _gby khklhygbx ih\_jo
dhebg_klI\m b aZjy”h\uffkijmkdlhmgguo b ijbf_kguo ~_n_
hilbg_kdbf b ~jm]bf k\hcklI\Zf azZ”"ZqZ ihemq_gbhb
itheghklvx hl\_gZxsbo |j [h\Zgbyf jZaebgguo gZij
bkihevah\Zgby hklZ Iky \h fgh]bozkghtgZyokfdhljy _gZ
ba\_klgh_fgh]hh[jZab_ kofs hkMhinkdgl aZ nemhj kp_¢
gZghZefZah\ < gZklhys ¢ jZ[hl_ jZkkfhlj _gu \hafh ¢
jZaebqguo jZaf _jguo njZdpbc gbadhgZijy gguo ¢
ijbf_kgWwdzZgkbhggufb hilbg_kdbfb p_gljZfb gZ
bg"mpbjm_fuo \ukhdbfb *Z\e gbymgtbbijl \fZsjZdbc
] I _jhhj]l]Zgbg_kdbo jhklh\uo kbkl f g_ kh”™ _j Zsbo
f IZeed¥lZebaZlhjh\ > @ Hkgh\guf h[t_dlhf bkke
gZghzefZSaMahkilbg_kdbfb p_gljZfb

Kbgl_a ZefZah\ hkms_kl\eyeky gZ ZiizZzjzZl_ \ukhdh
©Lhjhb X khevah\Zgb f jhklh\uo kbkl_f gZ hkgh\_ kf_K
KoG nlhjbjh\Zgghlh JjAnbbZ|l KjZzdbk Ijbf_Ibekbebe kt
(CiHzeSis  ijb ~Z\e _gbb =1ZImljZfo_jZ fKHkgh\guf
ijh~Amdlhf ij \jZs_gbc 1Zdh]h jh”Z jhkldyxuloykikbkb f vy
mevljZgzZgihZghkm[fbdjhgghcfbdjhgghtaf jguo njZdpbc
ZefZazhlghkbl _evgh_ kh” _j Zgb_ dhlhjuo \ h[jZapZ
dhgdj_lguf khklz\hf bkoh”ghc jhklh\hc kbkl_fu b
h[jz[hldB@Zaf_jgh_ njZdpbhgghihjegmg_gfbgbah\ ihke_
I _j\bgghc obfbg_kdhc hgbkldb hkms_ kl\eyehkv iml_f



Abki_jlbjh\Zgby \ \h”_ b ihkewlZmxisphgljibnm]bjh\Zgby
ihemqg_gguo \h*guo *"bki_jkbc
GZ hkgh\_ ZgZebaZ |lhgdhc kljmdIimju ki_dljh\ nhlhe:

h"bghqgwo wLlgljh\ ZefZaZo jZaf _jghc njZdpbigb gf
gbadbo D | fi_jZImjZo ij_"eh” _gZ ZgZeblbqg_ ko
dhebqg_kI\ _gghc hp_gdb kI _i_gb \gmlj_ggbo g2Jijy _gbc c
lhdZaZgh glh a gZghZefZah\ ithemg_gguo k Dbki

ij_"eh  _ggfh]MzZkbgl azZ oZzZjzZdl _jbamxlky gbadbfb b hg_g
kl i _gyfb \gmlj _ggbo gZijy _gbc ijbkmsbfb emqrbf
gbadhgZigwguo h[t _fguo ZefZamXeba ki_dljh\
nhlhexfbg kp Silpb gljhhevljZzgZghjzZaf _jghc njZdpbb Ze
kh kj_~gbf jzaf_jhf 73pabiigf ijb dhfgzZlghc | _fi_jZImj_
ijh™ _fhgkljbjh\Z\rbc g_[hevrhc jZa[jhk iheh™ _gbc
[ knhghgghc ebgbb klZe k\b”_ | _evkl\hf kjZ\gbl_evgh ¢
\gmlj_ggbo gZijy _gbc b \ "Zgghc jzaf_jBhc njZdpbb Zef.

ljbgbgZfb gbadh]h mjh\gko g#Zmjly ggbc ihemqgZ_ fuo
gZghzefzah\ y\bdy ¢kl ij_~eh  _gguc f _Ih™ kbgl aZ bkde
IjbkmlklI\b _\ ZefZaZo f 1Zeebq_kdbo \dexqg_gbc \dexq ¢
nhijf mle_ jh™"NZdIhjhf kihkh[klI\mxsbf \ukhdhc KI_i_
djbklZzeebqg_kdh]h kh\_jr_gkl\Zefih&mqgzy \euwLZikyl h
glh fZgghkemqgZ_ h[jZah\Zgb_ ZefZa4-LjmkeKZ&hbb]l h
| jfhA*bgZfbqg_kdhc klZ[bevghklb ijb ~Z\e _gbyo ihjy~d:
"h\hevgh \ukhdbo | _fi_jZImjZo AK h[_ki_qgb\Zxsbo
wnn_dlb\guc hl b] jZaebgguwo XIpmdIhygd j amevlZl
ithemqg_ggu_ ZefZau bf_xI kms_kI\_ggh f_gvrmx kIl _i_qg\
gZijy _gbc qg_f ZefZagu_ fZl _jbZeu ihemg_ggu_ f _|Ih"Z
ihfhsvx ~ IhgZpbhgguo | _ogheh]bc

< kh\hdmighklbzggw_ "“bkke_ "h\Zgby ij_"klZ\eyxl _s_
rZ] @imlb kha"Zgby gZghjZaf_jguo bklhggbdh\ g _hlebqgbft

JZ[hlXuihegZgjb nbgZgkh\hc ih**hkkdbckdh]h nhg~Zz
nmg"Zf _glZevguo bkke yafdZgbcgZmaqgh]h ijh-081Z «<
00936.

[1] < : >Z\u~hk JZofZghgZ EyibbgjilbkviX @ WN 99,
673 (2014).

[2] L.J. Rogerset al.,Phys.Rev. Appl., 11, 024073(2019.

[8] :.B A_e_gb N D\ZglhWweydljhgad 299 (2020)
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? 1 ?2dbfh\

Bdkblml nbabdb \ukhdbo *"Z\e _gbc bf E N < _j sZ]
Fhkd\Z ] Ljhbpd DZem kdh_ rhkk_

ekimov@hppi.troitskru

Kms_ kl\mxsb _ f Ih™u fZkkh\h]h ithemqg_gby
N lhgZpbhggue > @ &9' > @ "jh[e_gby > @ g_ iha\
jZ& ] b kljmdImjgh_ khklhygb_ ihemqZ_fuo gZghZefZa
\ mewvlfiZehf jZzaf_jghf ~"bzZiZzghgglh kms_kI\_ggh k™ _j L
bamqg_gb_ b ihgbfzZzgb_ wnn -aldh\okpZb€t jghjmdIimjgt
i _j_kljhcdb ih\_joghklb b \gmlj_gg_1h yéhz gZz
mklhcqgb\hklb ijbf_kguo » _n_dlh\

H[gZjm _gb_ kbg_ j] Ibg_kdh]h wnn_dlZ kljmdIm
m]e _\h”~hjh~h\ b kihkh[ghklb g _dhlhjuo ]J_I_jhzlhfh\ ki
m]e jh~rguc deZkl_j h[hagZqbeh j \hexpbhgguc ijhj
dhghebjm_fhf kbgghaéZghA kiZlbqg_KEWMIOmkeh\byo

| _j\h_ ijbf_g _gb_ | _ogbdb klZlbg_kdbo \ukhdbo
fZkkh\h]h dhgljhebjm _fh]h ihemqg _gby e ]Jbjh\Zgguo
ZefZajjueh hkms_ kl\gygf kbgl ahf ba bg”*b\b"mZe
] I _jhhjl]Zgbqg_kdh]h kh[hH opbdkh> @ghgzZgz "bf
CiH3oB2[45@ Kbevgh e ]Jbjh\Zggu_[hjhf ZefZau k jZaf _
f g gf [ueb ithemqg_gu ijb =AYb Ighbb jZImjZo hdhe
10001300 zK wpeb ijh”~ _fhgkljbjh\EZafth ghklh[jZah\Zgby
mklhcgb\uo kmki_d&a&ble bkihevahyZghblbjh\Zgguo [hjhf
gZghzefXahiq_ kI\_ Zdlb\guo we f _glh\ \ nhlhl_jfhl_jZ
aZlhe_\Z&bc >

FZkkh\uc +3+7 kbgl a gZghZefZah\ dhgljhebjm
hldju\Zxsbc gh\u_ i_jki_dlb\u \ kha”“Zgbb h~ghjh”*guc
ghkbl e pgljh\ hdjZkdb hkms_ kl\e g ba ]Zeh]_ g
ZNZtZ9gl498)\K~ _eZgh ij _"iheh _@bZalillh"BE[gZy kljmdlIn
fhe _dimeihkh[ghklv ]Zeh]_gh\ gZkusZIv mije ~bhélgu k
ij_bfms_klI\_gguc ©ZefZaguc? kp_gZjbc d z
]Zeh] _gbjh\&g,gBr, Cl, 1) Zz~rZfZglzZ@gjpbh ~Z\e_ _g®b=1Z b
| _fi_jZImjZo \ur_ zK Ijh”~_fhgkljbjh\zZyglZafh gkl
e_]bjh\Zgby gZghzZefzZah\ ]|_jfZgb_f *H-@-Ga [gbkl_f_



k\yab k \thifhk ithemqg_gby dheehb”h\ klZgh\blky djZcg_
"ey nmfgZevguo bkke ~h\Zgbc b ijZdlbq_kdh]h ijbf_g_gb

GZ ijbf_j_ iheb\bgbeoehjleaLCl) Ikl ZaZgh glh
ZefZahih"h[gZy klIjmdImjZ fhe _dme g_ y\ey I|Iky h[yaZl_
"ey gbadhl_fi_jZImjgh]h hj]Zgbqg_kdh]h kbgl_aZ gZghZef.
kK mevljaffZigd jhf [ueb ihemg_gu ba I<O ihebf_ jZ k ebg
kljh_gb_f fhe_dme #jph jgdbhpgbo |_fi_jZIb0p4e ijb
NZ\e _gbyo =1Z 1j_~eh  _g gh\luc f_ozZgbaf ~ ]b”"jhoehjbj
I<O ih~ ~Z\e gb_f k h[jZah\Zgb_ f f_ "tiKe kkma&ygguo K
khojzg _fibp® ]b[jb”"bazZpbb m]e_jh~gh]lh hklh\Z b aZzZjh
gZghzZefZah\

K\ _jofZeu_ gZghZefZau kh kj_"gbf jZaf_jmthdjbklZe
4 gf fhiml [ulv ihermd_buyhm]e \h*hjhrguajkb¥d =fZo
\ZjbZpbl_¢i_jZImpu\j f &ibgl _az \ "bZiZzaH§ fK qlh
hlidju\Zz_| gh\u_ \hafly ghkkwdh \ ijbdeZ”ghc Kreyj_  gh I
bamqg_gby d\Zglh\uo we _dljhgguo b nhghgguo k\hckl\ gZ
hl" evguo djbklZeeZo zZigdobhdiZZ aptZzo

Bkke_ _"h\zZgb_\uiheg_gh aZ kqg_I| ]jZgl4hhinigk'Zckdh]h
ijh _dl <«12-00407).

[1] D< <hedh\ *j NbabdZ ]hj_gby 26, (8a]123@990).
[2] M. Feudisetetal., Adv. Mater. Interfaces 1901408, (2019).

[3] J-P. Boudouet al, Nanotechnolog@0, 235602 (2009).

[4] E. A. EKimoy, et al, Advanced Materials, 27,5518 (2015).

[5] E.A. EKimoy, et al, Phys. Status Solidi £13 2582 (2016).

[6] A. M. Vervald, et al, Laser Phys. Letl4,045702 (2017).

[7] E.A. EKimoy, et al, Carbon 150, 436 (2019).

[8] E.A. Ekimoy, et al, Diam.Relat Mater. 103 107718 (2020).
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;, < 1g”Mjxr_qdbg

Bgklblml h[s_c¢c nbabdb bf : F Ijhohjh\Z J:G
Fhkd\Z me <Z\beh\Z

andrusi@kapellagpi.ru

=Zeh] _gu nhjfbjmxl gZ heMaddeZjZ@ghh[jZab_~\mf_
nZa b gZghh[t_dIh\ \ aZ\bkbfhklb hl kl_i_gb ihdjulby
gZklghklb gZ ih\_joghklb fhlml gZ[ex”*ZIlvky ihjbklu_
djZm”~bhgu “hklggdb deZkl ju d\ZalfhdbdmdmdjZ
Djhf_ IThlh ZptkhjJZeh] _gh\ fh™ | bgbpbbjh\ZIv j _dhgk
nZk Ibjh\Zgb_ ih\ _joghklb Hkh[uc bgl_j_k ijD"klZ\e
ile_gdb ]JZeh]_gb”h\ ZlhfgZy b we_dljhggZy kljmdlIn
hkh[_gghklb ih kjz\g_gbx k h[t _fgufb djbklZeeZfb JZe

< "ZgglZdhl_ bkke "h\ZeZ&WAkbkl fZ khj[pby oehjZ
ijh\h~"bezZkv ijb | _fi_jZImj_ D Z baf_j _gby f_Ih~hf
Imgg_evghc didpbbk KLF ijb hoezZ ~ gbb M™heh
mklZgh\e gh glh 1ijb  Z”~khj[pbb fhe _dmeu o0ehjZz
Z khj[bjmykwvh\g4ogh lAw \ \b”A_ hI™_evguo Zlhfh\
kil _i_gb ihdjulby 8§ FK j_dhgkljmdpby ih\_joghklb al
gZ ih\ _joghklb \hagbdzZ | kbkl fZ mihjy*hg_gguo dhe
Jbk

! ,.‘ g
Jbkmghd - Kal[jZz' _gb_ gZghihjbklhCl/autit) mea
FK K

JZkklhygby f “~m khk_~gbfb jZIhfXfbhkgbhghf
khklzZ\eyxl & qlh khhI\_IkI\m_| iZjZddbm¥ji® f
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gZ[ex™Z _ fhc ijb kIl _i_gb ihdjulbgy mkIRZQ h\e _gby *"\b " ms_«
kbeu gZ[ex"Z _fhc kZfhhjl]ZgbazZpbY gliueluqgbjkheé gby

f Ih"hf nmgdpbhgZeZ iehlghklb dhlhju_ ihdZaZeb qglh |
bljZxl g_ijyfu_\aZbfh” _ckl\by q_j_a mijm]mx *_nhjfZpbx

+0.3 B

-0.1B

} ™ +0858B

’~ .‘.
Jbk Dzgildv aZibkZggu_ijb jZaebgguo gZijy _gbyo kf_

>ey ~Zgghc kbkl _fu g_h[on®¥bflh \dmfZgb_ gZebgb_
ih\_joghklguo we _dljhgguo kAklhygbxe®eiwh\ joghklguo
we dljhgh\ kbkl _fZ mihjy*hg_gguo dhe_p fh | [ulv jZk
kbkl fZ k\yaZgguo d\Zglh\uo yf <gmljb dzZ ~hc d\Z
\hagbdZxl ehdZebah\Zggu_ khdkhyguhjuawgk\d a k
] _hf _Ijb_c dhe_p GZihdBkZgu ki_dljhkdhibg_kdb_ K
bah[jZz _gby dZjlu "bnn_j _gpbZevghc ijh\h*bfhklb dhlh
AN fhgkljbjmxl \hafh ghklv j_]bkljZpbb jZaebgguo fh
©Zlhfgh]lh j_ahgZlhjz®

Bgl j _kghc hkh[xhgdX]Jm _gghc kZfhhj]l]ZgbaZpbb y\e:
\hafh ghklv baf_gylv i_jbh*bgghklv kbkl fu baf_gyy kl_|
\ "bZiZahg_- FK ijb wlhf ijhbkoh”bl mf_gvr_gb_
"bzf ljz dhe_p [1Zd b jZkklhygby f_""m bo p_gljzfb L
\hagbdzZ | ihkvgity \hafh ghklv bkihevalC\VAlv kbRKI_ fm
dzq_kI\_ rzZ[ehgZ "ey | _ogheh]bg_kdbo ijbeh”  _gbc i
mihjy*hq_ggh]h fZkkb\Z gzZghh[t_dIlh\ dhlhju_ fhlml Julv
\gmljb dhe _p

[1] B.V. AndryushechkinT.V. Pavlova K.N. Eltsov, Surf. Sci. Rep, 73, 83
(2018).
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>BG:FBD: GHKBL?E?C A:JY>: < G:GHKLJMDLM
G: HKGH<? HDKB>H< LBL:G: FHEB;>?G:
<HEVNJ:F: B <:G:>BY

? :DhgklZglBéh\Z DulbyzZ: < FZjbdmpZz
< :Dmev[Zgblgkdbc

!Fhkdh\kdbc =hkm~Zjkl\_gguc Mgb\ jEbFhigbkhdh F <
Fhkd\Z E_gbgkdb_ ]hju
2GZpbhgZevguc bkke ~h\ZIl_evkdbc p_glj 3DmjgZlh\
Fhkd\Z iehsz”v :dz”~_fbdZ DmjqZIlh\Zz
SFhkdh\kdbc Abadgihg kdbc bgklblml >helhijm?”
BgklbImlkdbc i_j

liza35@mail.ru

GZghdjbklZeebqg_ _kdbc "bhi®OkbZdbd¥phZ bkihevam Ik
dZg_klI\_ nhlhdZlZebazlhjz aépmdygbkldbhdkibqguo ijbf_
[1, @ igrey _]Jh [_ki_j_[hcghc jZ[hlu Ij_[m_Ilky g_
mevljZnbhe Ih\h_ baemogXgb wg jlhaZljZdyu j > gby
mdZaZgghc ijhf@,fue ]Jbjmxl jZaebggufb we f glZ
dhf[bgbjmx| k *"jm]bfZdlB\gdkib f_|Zeehhdeobs Dih,
Vo05)[23] > _n_dlu [hevrbgkl\h ba dhlhjuo gZoh”blky \
khklhygbb ~zZxI \dez”™ \ ih]Jehs_gb_ Nbo \EBfrtbdh& Hfe:
mqgZkl\mxl \ hdbkébkkéXglh\bl evguo jPZelypwbybZgghc
jZ[hlu y\eyehkv bamqg_gb_ j Zdpbc i_j aZjy~db
nhlh\ha[m ~kgbbkihevah\Zgbkf Wljhkdhibbj_ ~ e gb_ bo
hkgh\guo o0Zjzdl _jbklbd \ Ihf gbke_ Zip ghehc gbg \
gZgh]_ | _jhkljmdIlmj gZ hkgh\_ ~“bhdkb”~Z Ibl4g&v K i
f IhnrZ [ueb kbgl _abjh\Zgu ke "mxsb_ e _]bjh\Zz
g Z g h ] . | _j h k |j mT:i(DFjNIuOg, TiOz/WOg, TiOz/V205, TiOz/MOOg/WOg,
TiOz/MOO3/V205 > @ de]hkﬁQj/MOOg, TiOz/WOg, TiOz/VzOs,
TiOz/MOO3/V205, TiOz/WO3/V205, TiOz/MOOe,/WOg, TIOz/MOOg/WOg/VzOs
[ueb ihemg_gu k ihfhsvx f_|h*"Z ibjhebaBaZwyjlyblye
ki_dljh\ WIJ [ueb \uiheg_ gWKig&ljMWIJj_ nbjfu %UXN
ELEXSYS hkgzyghf jlmlghc eZfihc \ukhdlglhy ~2Z\
L fijZlmjZz baf _j _gbc khklz\ByeKh]eZkgh NZgguf
j_gl] _gh\kdhc “bnjZzdpbb kj ~gbc jZaf j ihemq_gguo
gZghqgzZklbp e_"Ze \ 7NbzZiglah®Z[ex"Z fu_ jZ"bdZeu
br glbnbpbjh\Zgu iml_f kjzZ\g_gby i4g4dbelyhhglkZigy
ihemqg_gguo ba | _hj Ibg_kdbo ki_dljh\ WIJ k ebl _jzZ
[5]. ;ueh mklZgh\e_gh qlh \ fiplkmkk]|\jAkl-jZ*bdZeu
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NOfjZ bdZzemit*, FKR", V¥ p_glju HIf _Ibf glhwWbhfw
gZ[ex*"Zeb |hevdh \ h[jZapZo ijb]h]lhée dfgllo*hahev
Kihfhsvx jZajZ[hlZggh]h gZfb hjb]l]bgZevgh]h f _|Ih*Z gZ
ki_dljhkdhibb \ hkgh\_ dhlhjh]h e_"bl hk\_s gb_ h[jZa
jZaebgghc wg_jlbb g _ihkj_~kI\_ggh \ j _ahgZlhj_ ki_dljhf
hij " e gu \ _ebgbgmgghcijahigu b iheh jgblbgwgdbo
mjh\g_c¢ jZ~bdZeh\ \h \k_»menw[\MgpZogby jheb jZaebqgu
1ZjZfZ]lgblguo p_gljh\ \ nhlhdZlZeblbq_kdhf ijhp_kk_ [tu
h[jZapu gZ ih\_joghklv dhlhjuo ba \h”*gh]h jZklI\hjZ gZgt
djzkbl_ev jh~rzZfbghe®q\ k10® fhev kf >bgzZfbdZ jZ*"bdZeh\
bamqgzZezZkv ijb hk\_s gbb \ \b~Abfhf ~bZiZahg_ ki_dljzZz o
h[fjZapZo 1Zd b \ nhlhdZlZebaZlhjZo k jh*Zfbghf @ ;uct
glh \ bkoh”guo h[jZapZo dhgp _gljZpby mdZaZgguo \ur _
p_gljh\ m\_ebgb\Zdkkvsijgpbb \ Ih \j fy dZd \ kljmdImj
gZg_k _gguf djZkbl e f gZ[ex"Zehkv mf_gvr_gb_mdZaz
Fh gh ij_"~iheh blv glh ijb hk\_s _gbb izZjzfZ]lgblgu_
I _j_oh”yl \ g_iZjZfZ]lgblgh_ khkihygb _ | _jyy W
Nhlh\ha[m * ggu_ k "~Zgguoe @lpip\ mvgZkl\mxIl \
hdbkebl -&vgklZgh\bl_evguo | Zdpbyo gZ ih\_joghklb
ijb\h~*ysbo d "~ _kljmdpbb djZkbl_ey Ihke_ \udexqg_ghbh\
agZq_gb_ dhgp_gljZpbb iZjzfZ]gblguo p_gljh\ \ha\jZsZe
khklhyabhg gv “ebl_evgh_ fjjgyh Vjbg _gb_ “\mo kmlhd A
gZgh]_| _jhkljmdIimj kbgl_abjh\&@yggfudhaimfevo [he_ _ ~\mo
kmlhd ~ey fbdjhkn_j |l  \ bkke_ _~m_fuo h[jZapZo gZ[
gZdhie_gby nhlhad@aom ghkbl e ¢ lzZgpw¥Z h[jZzahf \
ihemqg_gguo jZagufb fgZhghdfhbhkljmdimjZo gZ hkgh\
hdkb" "h®,; MoO;, WO, V.05 k ihfhsvx WIJ ki_dljhkdhibb ijb
hk\_s _gbb ~bZ]ghklbjh\Zgu ijhp_kku i_j_ aZjy~db iZj
p_gljh\ wnn_dlu jZa”_ e _gby b gZdhiezggluy nhlh\t

we dljhgh\ b A"ujhd dhlhju _ h[_ kil gxgh | i
nhlhdzZlZeblbg _kdbo j Zdpbc gZ ih\_joghklb h[jZaph)\
kmlhd b [he ihke \udexq_gby hk\_s lgmy | d¢lh k\b

i_jki_dlb\ghkl_b ihemqg_gguo fZl _jbZeh\ Ney 1jZcC
ijbf_g_gBkke_ _"h\Zgb_ \uiheg_gh ijb nbgZgkhNBc ih™™_j°
\ jZfdZoogBih ijh_dIlZ2923051.

[1] A. Fujishima etal., TiO, PhotocatalysisFundamentalandApplication,
Tokyo, BKC Inc., (1999).

[2] J. Schneideretal., Chem Rev., 114, 9919 (2014).

[3] F. Yangetal., J. Mater. Chem 21, 2288 (2Q.1).

[4] E.A. Konstantinovaet al, Nanotechnol. Russjd4, 190(2019).

[5] A.l. Kokorin, D.W. BahnemannUtrecht Boston VSPBrill Acad Publ.,
(2003).
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<EBYGB? KIBH3;BL:EVGH=H <A:BFH>?CKL<BY
G: NBABQ?KDB? K<HCHBKKH?BG?BC
| 7J?70H>GUO F?L:EEHK<

K <Klj evph? Dhfe }\zz <Mrzdh\> BODhfkdbc

!BgklblIml nbabdb f I1Zeeh\ bf F G Fbo_ _\Z MjH J:G
?2dZl_jbg[mj] me K Dh\Ze \kdhc
2D _evgkdbc mgb\ _jkbl | D_evg Pxevibo_ j rljZzkk_

streltsov@imp.uranru

Bamqg_gb_ \ebydbhypkieggh]h \aZbfh” _ckl\by gZ nbabc
k\hcklI\Z jZaebqgguo fZl_jbZeh\ [_a khfg_gby klZeh h~gt
h[eZkl _¢ nbabdb dhg”_gkbjh\Zggh]h khklhygby \ ihk
Hidjulb_ lhiheh]bg_kdbo baheylhjh\kdbbzd& \kdgddh\
ihemf _[Zeeh)\ \Z ghklv -mjgblZekgihgh \azZbfh” _ ckl\by "e
hibkZgby we dljhgguo b fZ]lgblguo k\hckl\
kbevghdhjj ebjh\Zgguo kh_~bg _gbc i_j oh”guo f _[Ze
hj[blZevgu_  fhllh\kdb_ baheyifjulZewghg azZimlu\Zgb _
yle gbklyaZggu_ k Zgbahljhib_c h[f_ggh]h \azZbfh”_ckl\b)
Dblz_ ‘z\k_ wlb wnn_dlu hdZaZeb \Z gh_ \ebygb_ b Kk
h[h]Zlbeb nbabgq_kdmx gZmdm

< gZklhys f ~hdez”_ [m~_| ij_"~klZ\e _gu ihke ~gb_
bkke_ "h\Zgbc k\yaZgguo_ f k &lbygy &kibggthj[blZevgh]h
\aZbfh”_ckl\by gZ nbabq_kdh_ k\hcklI\Z kh_"bg_gbc i_j_«
< qgZklghk[m™_ | ihdZazZgh dzZdbf h[jZahf hgh \eby
dijbklZeebg_kdmx j r _Idm > @ hj[blZevgu_ > @ beb |
k\h[h*u > @

JZ[hlZ \uiheg_g/Njbd_ GN -62-46047.

[1] S.V. Streltsoy D.lI. Khomskii, Phys Rev. X, 10, 031043 (2020).

[2] A. Revelli, M. Salg G. Monacq P. Becker L. Bohaty, M. Hermanns

T.C. Koethe T. Frohlich, P. WarzanowskiT. Lorenz S.V. Streltsov

P.H.M. vanLoosdretit D.I. Khomskii J. vandenBrink, M. Gruninger Sci.
Adv., 5, eaav1020 (2019)

[3] E.V. Komleva D.I. Khomskii, S.V. Streltsoy arXiv:2007.15230

[4] S.A. Nikolaey, |.V. Solovyev A.N. Ignatenko V.Yu. Irkhin, S.V. Streltsov
Phys Rev. B 98, 2011®(R) (2019

[5] A.V. Ushakov, I. Solovyev, S.V. Streltsawo be published in JETP Lett
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N:A: KIBGH<H:JY>H<H=H KL?DE: < F:=GBLGU!
B G?F:=GBLGUO IHEMIJH<H>GBD:O
F:=GBLGUC N:AH<UC [?J?0H> IH> <EBYGB?I

WE?DLJHKL:LBQ?KDBO NEMDLM:PBC

G :;h]lhkeh\kdibcl Ijh\ G K\_jdb_\

Nbabdhogbq_ _kdbc bgklbIml bf : N Bhnnl_ | _j[ph KZgt
me Ilhebl _ogbqg_kdZy

pavelpetrou@gmail.com

Dhfi_gkbjh\Zggu_ ihemijh\h~gbdb ijb gbadbo
Ij_~klZ\eyxl kh[hc dhfie _dkgmx nbabqg_kdmx
0ZjZdl _jbamxsmxky [hevrbf gbkehf kl i _g _c¢ k\h[h”u
kKl _i_gb dhfi_gkzZpbb ighbjzdbgp_ ijbf_k ¢ f_gvrbo
dhgp_gljZpby i_j _oh&bweldéjdd kbkl _fZ ghkbl_e_c
ehdZebah\Zgguo gZ ijbf_kyo ij_"klzZ\ey_ | kh[hc ki
k\hckI\Z dhlhjh]h h[mkeh\e_gu h[f_gguf \azZbfh”_ ckl
azZjy"Z f_""m kh[hc Ijb kjlhevgbhc dhfi_gkZpbb \ kbk

\hajZklZ | jhev we dljhklZlbg_kdh]h \azZbfh”_ ckl\by
ijbf_k_c¢c b IZzdmx kbkl_fm ijbgylh hfuqgh hibku\zZIlv fh”"
kl _deZ < his f kemqgZ _ Ney hibkZgby dhfi

ihemijh\h~gbdh\ g_h[oh”~bfh [EqbbuXZlhaztbfh”_ckl\by
gZklhys ¢ jZ[hl_ bkke_ _"mxlky fZ]gblgu_ k\hcklI\Z kbkl
k\hcklI\Z dZd azZjy*h\h]h 1Zd b kibgh\h]h kIl _deZ b \a
A\mo ih*"kbkl _f Ajm] gZ *jm]Z Ijb wlhf *ey kemqgZy Zc
\azZbfh”_ckl\by gZKkke ~h\ZeZkv aZ\bkbfhklv fZ
\hkijbbfgb\hklb hl 1 _fi_jZImju lh]~rZ dzZd "ey n_]j
\aZbfh”~_ckl\by jZkkgblu\ZzezZzkv aZ\bkbfhklv gZfZ]
fZ]gblgh]h ihey ”“ey jZaguo k|l _i g _c¢ dhfi_gkZpbb

hfmkeh\e g gZebqb f m Zgdum[ebd®hXmqgghc ebl jZ
wdki_jbf_glZevguo *Zgguo k dhlhjufb fu kjZ\gb\zZ _f j
jZkgzlhM]>< ij_~u”"msbo jZ[hlZo gZfb m _ bkke_"h\Ze
azZjy"h\hlh b kibgh\h]lh kl_dezZ ih hiI~_evghklb Ijb

kil _dhevghlh IbizZz vhdZaklé¢mkilb\guf bkihevah\Zlv khqg_l
ihr"oh”"h\ gbke_ggh]h fh~_ebjh\zZgby k\hcklI\ kbkl_fu '
jZkkfhlj_gby [he__ ijhkluo ZgZeblbqg_kdbo fh*_e_c \
Ij_~ _evguo kemqgZyo k ithke_"mxsbf kjzZ\g_gb_f j_
ith*oh"mM gZklhys_c¢ jZ[hl_ gbke_ggh_ fh~_ebjh\Zgb_
"ey gZoh ~_gby IZdbo k\hckl\ kbkl_fu ijbf_kghc kbkl_
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khklhygbc b iehlghklv jZkij_~ e _gby wg_j]lbb h[f_ggh]h
ijb gme _\hc |_fi_jZImj_ Kms_klI\_gguf y\epgbky Hh qlh
hfugqgh bkihevam_fh]h 7~ey bkke_ _~h\Zgby fZ]gblguo k\
kj_~g_]h ihey mqgblu\Zxlky nemdImZpbb kibgh\hc iehlghlk

=ZfbevlhgbZg ijbf_kghc kbkl_ fu dhfi_gkbjh\.
ihemijh\h~r"gbdZ fh ' gh aZibkzZlv ke_"mxsbf h[jZahf

H= qoefry+ J(ry)SS

A~ kv \ i_j\hc kmff_ kmffbjh\zZgb_ b”zl ih \k_f aZjy _gg
q "ey “hghih\*ey Zdp_ilhjh\ \h \lhjhc kmff_ kmffbjh
brzl ih \k_f g_cljZevguSMmildghipihf dpby kh[kI\_ggh]h fhf_g
bfimevkZ ehdZebah\Zggh]h gZjhiglkf _gB weébdhhevgh_
gZijZ\e_gb_ Bkihevah\ZeZkv \h* hjh*hih*h[gZy nmgdpk
h[f_gghc wg_jlbb hl jXrkkd boy¥leyd-rj/2a) ]17%a- [hjh\kdbc
jZ"bmk we _dljhgZ DzZqg_klI\_ggh ih\_~ gb_ we_dljhgh
| fi_jZImjZzo \ kbkl_ftbfk]daevihgbZghf fh gh hibkZl
ke "mxsbf h[jZahf ljib | _fi_jZIlmjZo fgh]lh \ur_ | _fi_
dmehgh\kdh]h \azbfh”_ckl\by gZ kj_~g_f jZkklhygbb g
kemqgZcguf h[jZahf jZkij_~_ e _qgu ih ijbf_kguf p_gljzZf b
bo fZ]gblghc \hkijbbfgb\hkib jAlmju ZgZeh]bqgZ 1Zdh
aZ\bkbfhklb "ey gme _\hc dhfi_gkZpbb dhlhjZy [ueZ gZf
Ij_~u™ms_c jZ[hl_ ljb gbadbo | fi_jZImjZo Ijhi
I _j_jZkij_~ e _gb_ ghkbl_e _c aZjy™Z ih ijbf_kguf p_gljzZf
dmehgh\kdhc s _eb \ iehlggkkbh BZdhihdZaulZxl gZrb
\ugbke gby ijhkljZzgklI\ _ggh_ i _j jZkij_~ e _gb_ ghkbl _e
|Zdbf h[jZahf glh ghkbl_eb azZjy*zZ kdZieb\Zxlky \
nemdimbjmxs_]h we_dljhklZlbg_kdh]h ihl _gpbZeZ I1Zdb
jZkklhygb ~~h [eb Zcr_]h klhk_ "AZjyykibk mf gvrZ Ilky \
g_kdhevdh jZa WIh ijb\h”Abl d j_adhfm m\_ebqg_gbx wg
\aZbfh”_ckl\by \ kbem _]h wdkihg _gpbZevghc aZ\bkbfhk
< kemqZ_ Zglbn _jjhfZ]gblgh]lh \azZzbfh”_ckl\by 1Zdh_ i _j_
ghkbl _e ¢ azZjy”™Zl igb\dgdbgbl _evghfm mf_gvr_gbx Zfieb
nemdimZpbc h[f_ggh]lh ihey b dzd ke "kl\b_ d jhk
\hkijbbfgb\thklijb ihgb _gbb |_fi_jZIn@u < kemqgqZ_
n_jjhfzZ]lgblgh]lh \azZzbfh”_ckl\by i_j jZkij_~ e _gb_ aZjy”h
nemdImZpbc ihl_gpbZazhijjdhbadgbx k\h_h[jZaguo "hf_gt
dhlhjuo ghkbl_eb azZjy®*Z h[f_ggh \azZbfh”~_ckl\mxl [he_
ijb\h~Abl d m\_ebq_gbx hklZlhgghc gZfZ]l]gbg_gghklb ijb
dhfi_gkZpbb > @ JZ[hlZ ihr" _j°ZgZ-0Zglhf:IJNNB «

[1] A.Zabrodskij A.Veinger, P.Semenikhin Appl.MagnReson, 51, 327 (2020)
[2] A.Zabrodskij A.Veinger, P.SemenikhinPSSB), 257, 1900249 (2020)

[3] ChiXuetal, J. Phys. D: ApplPhys, 52, 355301 (2019)

[4] S.Zhou, L.Li, Y.Yuan, A.Rushforthet al, Phys. RevB, 94, 075205 (2016)
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DHK<?GGH?7F?GGHRXA:BFH>?CKL<B?
H>GHF?JGUDIJBKL:EE:®;?KIHJY>DHF

B< DjZcgHh:.;Zjurgbdh\

Nbabdhogbqg kKdykdblml bf gb : N Bhnn_ J:G - K.
| I j[mj] Ihebl _ogbg_kdZy me

igor.kraynow@mail.ru

GZb[he_ _ jzkijhkljzg _gghafHf ol\aZzbfh”™ _ckl\by f_
fZ]lgblgufb ijbf_kyfb \ f IZeeZo b ihemijh\h*gbdZo y\e
h[f _ggh_\azZbfh”_ckl\b_ \azZbfh”_ckD\bl| &yw'Z kmdg Z
Chkbnrz JADPBJDDB \aZbfh”™ _ckl\b_ ohjhrh bamqg_gh ~
br Zevguf \ujh " *wegufljhgguf ]Zahf jZaebqgghc jZaf_jc
Ney d\zZ”™jZlbqgh]lh ki_dljZz 1Zd b ~ey ebg_cgh]h ki_
m]e jh”guo gZghljm[dZo HgazZ\lkkaggtlzkdfbph jZkk ygl
we dljhgh\ gZ fZ]gblguo p_gljZo b bgl _jn_j gpbb jZ
lhgdZ&@kiheh  _gby ~“jm]bo fZ]gblguo p_gljh\ djbklZee
wlbf \Z ' guf mkeh\b_f gZebgby I1Zdh]Jh \azZbfh”_c
dh]_j _glghklv we_dljhgghc kibgh\hc iehlghklb \
djbklZeeZ <dexq_gb_ [_kihjyrdZ ijb\h~bl d agZqgbl_ e
bgl jn_gpby jZkk _ygguo \heg b baf gy | \ _ebqgbgm dh

Ohjhrh ba\_klgh qglh ~Z°  keZ[uc [_kihjy*hd kms_
we dljhggu_ k\hcklI\Z ' djbklZeeh\ > @ b ke "h\.
agZqbl _evghfm baf_g gbx JDDB \aZbfh® _ckNbyZg®Zfb
\ebygb_[_kihjy*dZ gZ dhk\_ggh_ h[f_ggh_ \aZbfh”™ _c
dijbklZee _ Z 1zd _ ijh”~_fhgkljbjh\Zgh \uqbke_ gb_
aZ\bkysbo hl \ _ebgbgu h[f_ggh]h \azZbfh”® _ckl\by \ |Z
ijbf_j_ | _izdhklb g _mihjy*hqg_gghc flgtbghkerpeb

< kbkl fZo k [he__ \ukhdhc jZaf_jghklvx \ebygb_
dhk\ _ggh_ h[f _ggh_\azZbfh” _ckl\b_ ohjhrh bamqg_gh
bkke "h\Zgbc mqgblu\Zxsbo keHdfukt I _lithjjghf djbklZe
[4, @ kibgh\Zy \hkijbbfgb\hklkv mkj_ fgkedy~dm ql
ijb\h*beh d wdkihg_gpbZevghfm kiZz*m dhgklZglu d
Jf H[S /iU gZ "ebg_ k\h[h*gh]h ijh[_]Z M2Ab\b|
mkj_~g_gb_ d\z”jzIZz \_ebgbgu dhk\_ggh]lh h[tag@Z > (
ihyl\le _gby ©”bnnmabhgghc bé&i kjligloypu® ebgbgu JDDB
mf _gvrZ I|ky wdkihg _gpbZevgh lhwlhfm \ j_Zev
0ZjzZdl_jguf agZq_gb_f hibku\Zxsbf fZ]gblgu_ k\hc
"bki_jkby dhgklZglu dhk\_ggh]lh h[f_ggh]h \azZbfh”_c
"bki_jkby \_ebgbgu JDDB \azZp®hd_g¢kbamyxl olZfi_jZImj
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aZf_jaZgby kibgh\ ijb i_j_oh”_ Kkibiggh¥fZ] gkl bdeh
"h[Z\e_gb_ [_kihjy~rdZ \ IZzdbo kbkl_fZo ijb\h~bl d m\_et
kibgh\h]h kIl _deZ b mf_gvr_gbx n_jjhfZ]gblghc h[eZklb
n_jjhfzZ]gblgh]lh i _j oh”ZIKkyijk} gy ¢ \ _ebgbghc JDDB
nZah\hc ~bz]jzff_ < "\mf_jghf djbkldme jrrg@udadehdh)
ijb mkj_~g_gbb d\zZ~jZIbgghc \ _ebqgbgu ~bki_jkby \ el
hdzazezkv ~Z  _ [hevr_ g_f agZq_gb_ dhgklZglu dhk\
gbklhc Kbkl _f_ ljbgbgZ azwlhgZ_Iky \ mkbe_ gbl
bgl jn_j _gpbhgguo wnn_dlh\ ZgZeh]bgguo keZ[hc
ijb\h~*ys ¢ d kgb _gbx ijh\h*bfhklb LzZdbf h[jZahf Ih o
ijh\h~Abfhklv mkbeb\Zz_ | JDDB \azZbfh”_ckl\b_ I_j_gh
\aZbfh” _ckl\by qgqZs_\ha\jZsZ |kywlbHlgdmkkvIiKIu "ey
ljzof _jguo b "\mf_jguo kbkl_f y\eyxlky ke ~kl\b_f jZkq_|
\hafms_gbc hlghkbl_evgh ihl_gpbZez |[_kihjyrdZz <
djbklZee_  [_kihjy*hd djblbg_g ”“ey bgl_jn_j gpbhggu
ihkdhevdm ijb\h~bl d ehdZebazZpblaz\k"@ githkbllhfen ]h
g _h[oh”~bfh mqgblu\Zlv Ihgqgh LZdbf h[jZzahf \ h~ghf_|
ih"oh”u b j_amevlZliu *ey " b ' kbkl_f g_ fh]lml Julv bk
|1Zd dZd hgb ij _~iheZ]zZxl bagZgZevgh 7~ ehdZebah\Z
nmgdpbb qlh g \ jgh “ey h*"ghk ygdgpghkokjlZ[hl_ ihdZaZzZgl
glh g_ Ihevdh \lhjhc gh b \k_ \ukrb_ fhf_glu ihklhygc
hrghf _jghf djbklZee b]jzZxl kms_klI\_ggmx jhev ijb \
gZ[ex"Z fuo gZ fZkrlZ[Zo ij _\urZxsbo ~ebgm ehdZebaZ
ithdzZau\z _f g_h[oh”bfh bkihmgdphXxZlvjZknj ~ e gby
dhk\_ggh]h h[f _ggh]h \aZb@y*zeakKB byhklZfb

[1] M.A. RudermanC. Kittel, Phys. Rey.96, 99 (1954).

[2] D.J. Thouless, J. Phys. C: Solid State PH§d.49 (1973).

[3] N.F. Mott, W.D. Twose, AdvPhys., 10(38), 107 1961).

[4] P. De Gennes, J. Phygadium 23, 6305636 (1962).

[5] D.C. Mattis, The Theory of Magnetism (New York) (1965).
> @X: AxabgA Kib\zZzd IbkvfZ A3@3%/(1986).
[7] 1.V. Lerner, Phys. Rev. BI8, 9462 (1993)
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KIBGNEMDLM:PBHGGU? I'’H20
K <> fbr_\

BgklbIiml h[s_c nbabRibjbbhjh\Bkkbckdhc ZdZ”, fbb gZ
Fhkd\@e<Z\beh\Z

demigalt.gpi.ru

| j_oh™” \ nZam we _dljhggh]h g_fZlbdZ \ kbevgh
we _dljhgguo kbkl_fZo ij_~klZ\ey_ | kh[hZ]gllgkiR[fuc I
i_j_oh’\Z > @ dhlhjuc fh gh jZkkfzZljb\ZIv dZd qgZkl¢
nemdimZpbhggh]h i_j_ oh”Z KNI > @ < ijhkl_cr_f k
dZjlbgz 1Zdh]h y\e _gby fh | Julv ijhbeexkljbjh\Zg
h[jZahf JZkkfhljbf fZ]g_Ibd \ dhlhjhflbRkklddu ki
Ij_~klZ\e _gu ~\mf_jguf gZ[hjhf fZ]gblguo 1)klj _eh
<iZjzfzZ]lgblghc nZa_ h[_ kj_"gb_ ijhiSdpbbS>kibgz
m~Ah\le _[\hjyxl mk&kr¥kSt b ke_"h\Zl _evgh kj_"gbc |
mae_ jZ\_g gmex HAgh\j _f ggh \ iZjZfZ]lgblghc
nechimpbb [m~Aml bahI§iiges>> D.

Paramagnetic phase
\ / <8, >=< S >={
Magnet/c

transition

Magnetlcally ordered phase
<8, >=0 <§,>20

Paramagnetic phase
<8, >=<8,>=0
2 2
<S8, >=< Sy >

Spin fluctuation
transition

Phase with
<8, >=<8,>=0

2 2
<S8, >#< Sy >

JbkmghdZ]gblgu_ i _j oh”2nemkibgZpbhggu 1 _j oh”u
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< gZr_f gZ]ey~rghf ijbf_j wlhblhagZqZ_ | qglh fZ]gblg
klj _ edb g_ mihjy*hgq_gu b bo iheh  _gby h”bgZdh\h nemd
gZijZ\e_gblyb hfwghf fZ]gblghf i _j oh”_ g dhlhjzZy ijh_
kibgZz klZgh\blky hlebgghcS>el ¢onmly gZ Jbk b
h[jZzam_lky fZ]gblgZy kljmdImjZ gZijbf_j n_jjn)Z]gblgh]h
< wlhc nZa_ kibgh\u_ nemdImZpbb fh]lml [ulv dZd bahl
Zgédhlpigdb gh \ [hevrbgkl\_ kemqZ_\ | _ieh\u_ kit
nemdimZpbb \uf_jagml ijb gme_\hb ImifhjyZhmgj ggh _
hkgh\gh_ khklhygb_ [m”_| \hafmsZlvky bkdexqgbl_ev
d\Zglh\ufb dhe_ [Zgbyfb < hlebgb_ hl jZzkkfhlj_ggh]lh ker
mkeh\bS>=<S! \uihegy |ky \ ex[hc nZa_ h”gZdh m
<S?>=<S2! gZjmrZ_lky \ IhguemidibhgZpbhggh]h i_j_eh”Z b \ k

nemdimZpbhggleé&mwsa!l \ gzZr_f ijbf_j_ Jbk_amevlZIl_
KNI fZ]gblgu_ klj_edb gZqgbgzZxl ©~jh Zlv® Zgbahljhigu:
JZKkIlj _gguc kp_gZjbc KkhhI\_IklI\m_I i_j_oh™”m \ nZam v

g fZlbdz > @ h~”rgzZdh \ h[s_f kemqgZ_ KNI fh gh hij_"_
i _j_oh” ijb dhlhjhf baf_gy |ky o0ZjzZdl_j kibgh\uo nemdI
ijbf _j_  kbevgh dhjj_ebjh\Zgguo we dIljhGeBuuob f [Zeeh
MnixFeSi fh gh ihdzZazZlv qglh kms_klI\mxl KNI g _kdhevdt
Ihfbfh mihfbgZ\r_]Jhky \ur_ KNI \ nZam we_dljhggh]h g_1
h[gZjm  _gu i_j_oh” k\lyaZgguc k baf_g _gb _f kbff _Ijb
nemdlmZpbc ZgZeh] hjb_glZpbhggh]h i[23@h"ZIZdZ]g Ib
KNI hlI\_gZxsb_©aZf _jaZgbx? d\Zglh\uo b deZkkbqg_ kd|
> @ GZ ijbf_j_ MbkFebSu h[km ~Z _ |ky \hafh guc KNI
\gmljb fZ]Jgblhmihjy*hg_gghc nZau

[1] K. Peng A.M. L luchli, in Introductionto Frustratedvlagnetism Springer
Series in SolidState Science§pringerVerlag, Berlin, vol. 1642017).

[2] S.V.Demishev, Applied Magnetic Resonangé, 473 (2020).

[3] S.V.Demisheyet al, Scientific Reports/, 17430 (2017).

[4] S.V. Demisheyet al, JETP Lett98, 829 (2013)

[5] V.V. Glushkov, I.I.Lobanova, V.Yulvanov, V.V.Voronov, V.A.Dyadkin,
N.M. Chubova, S.VGrigoriev,S.V. Demishev, Physical Review Lettefd5,
256601 (2015)
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Kbevgh dhjj _ebjh\Z.
we dljhggu_ kbkl
KljZcih\u_ nZau
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>BG:FBQ?KDB? A:JY>H<U? KLJ:CIU <
J?>DHA?F?EVGUO =?"BDKRH>?D:;HIJB>:0

G ?KemqgZgdh

BgklbIml h[s_c nbabRbjbéhjh\Z Jhkkbckdhc ZdzZ~ fbb gZ
Fhkd\Z me <Z3beh\Z

nesalt.gpi.ru

>bgZfbq_kdb_ azZjy®h\u_ KkljZciu ijb\e_dZxl [hevrh
bkke ~h\Zl e-aZ béao \hafh ghc jheb \ f oZgba
\ukhdhl!l_fi_jZImjghc Kk\_joijh\h~bfhklb > @ Djhf_ Ih]h
we dljhgghc g_mklhcgb\hklb kqblzZ Iky \Z gubylzd _~
nbabdb_%kihg gbché&hklkZevguf fZ]g |hkhijhlb\e _gb_f kbk
ly " _eufb n_jfbhgzZfb b fghpod *MZ\gh \ jZFh@ quxeh
ihdZazZgh glh "bgZfbg_kdb_ aZjy”h\u_ kljZcis¥\hagbdZ)
K f gZijbf_j -Jbk\ke_"kl\pgl _ee_ jh\kdhjondkinjghc

direction . Bz4
transyerse direction along 2
to stripes e stripes

n||[001] n||[110]

. (P)

NIRE
\;3 RN

stripe direction

Jbkmghd Z DjbklZzeebq_kd4y PkPNnNMdbwjZiebBkdhklv
ithdZau\z | jZkij_~ e _gb_ we _dljhgghc iehlghklb gz ie
ithemq_ggh_  f _|h*"hf fZdkbfZevghc wgdphibbhehlkay A ¢
khhi\_ITklI\mx| "bgZfbq_kdbf aZjy*"h\dZ &ZjZwiddijdby
\*hevQ > @ b ihi_j_ d Q > b @NjX]fZglh\
djbklZzeebg_kdhc kljmdImju ~ _fhgkljbjm_| "\ZxykkyaZgguo
\kljh _ggufb \ gbo bhyyzZfbF /XKo_fZlbg_kdh_ bah[jZ  _¢
A\motyfguo ihl _gpbzZeh\ "ey klluk _~gbo bhgh\
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Jbkghd Z We f _glZjgZwdEq_dddghkligu_ dZjlu Nm
jZkij_"~ e _gby hklZlhgghc we_dljhgghc iehlghklb \
djbklZeebq_kdhc j_r_Idb ijb b fi_jZomjZoD i D
Djzkguf ihdZaZgu nhjfbjmxsb _ky ijduaojhlf fimphlgo
"bgZfbgdb_aZjy~h\u_ kljZciu

g_mklhcgb\hklb [hjgh]l]h dh\Ze glgh]l]h dzZjdzZzkz dhl
nemdIimZpbyf kl_i_gb ]b[dBRrpEZplvie dljhgguo khklhy¢
ahgu ijh\h~"bfhklb b dzZd ke_ _"klI\b_ d \hagbdgh\_gb
we _dljhggiehlghkKibgZfbd kd&ljZciu < "hdezZ”_ h[km"™
f oZgbaf nhjfbjh\Zgby "bgZfbg_kdbo azZjy™“h\uo
j_ "dha_f _evguo \ukrbo [hjb”"Zo bo ~_ | dlbjh\Zgb _
j_gl]_ghkljmdIimjguo wdki_jbf _glZo Z 1Zzdi_ whyadZdggu
gZjmgby Kkbff Hjbbii \hagbdgh\_gb_ keh ' guo Zgbah
fZ]gblguo nZah\uo ~bZ]jzff \ ZglbnRBih(RZ Hyp, Ebahd o
Tm).

JZ[hlzZ ih~A™ _j°ZgZ \ jZfdZo ijh-1@{0A426 N <

[1] M. Vojta, Adv. Phys.58, 699 (2009).

[2] N.B. Bolotinaet al, J.Phys.: Condes. Matter 30, 265402 (2018).
[3] N.E. Sluchankeet al, J. Phys.: Condens. Matt@r, 065604 (2019).
[4] A.P. Dudkeet al, Phys. RevB, 100, 205103 (2019).
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F:=GBLHKHIJHLB<E?GB?
LIJ?OF?JGUIB:L?JB:EH< K IJHLY@?GGUFB
>?N?DL:FB <EBYGPHE?LIJB F:=GBGH=H
IHEY B WNN?DUHKYLB

D :;ZjurgbdhD K_gbkh\

Nbabdhogbg kdbc bgklbIml bf : N BhnnKZgdd
| I _j[mj] Ihebl_ogbg_kdZy me

barysh1989@mail.com

FZ]gblgu_ IljZgkihjlgu_ y\e_gby ij_~klZ\eyxl kh[hc
kZfuo “hkimbgtilosguo f _MlhZgZebazZ k\hckl\ ijh\h*ysbo kj_
HluggZy ijh\h*bfhklv f_|Zeeh\ k bahljhiguf b wg_j]lhg_
JZkk _ygb_f ijb\h”*bl d g_azZ\bkbfhklb ijh*hevgh]h khijh
ijbeh” _ggh]lh \g_rg_]h fZ]gblgh]h ihey < _jhydgbc gZb[he
kemqgqZcegdgby hl avdhidbgu khhiI\_IklI\m_1 iheh bl_evgh
d\Z~jZlbgghfmblHEhgjhlb\e g'blkuB?2 Hluggh wlhl Ibi
fz]loplhkhijhlb\e _gby k\yaZg k wg_j] Ibg_kdhc aZ\bkbfhkl
jZkk _ygby ghkbl e ¢ azZjy*"zZ > @ ?szgghufgbf jjhKijhkljZg
kem dA\NZglh\u_ iHWipZ\k\yaZggu_ kh keZ[hc ehdZebaZpb c
azZjy™"Z iha\heyxsb_ hp_gb\Zlv \ f gZ ~ nZabjh\db Z I.
gZebgb_ -kjplmlZzevgh]l]h \azZzbfh”_ckl\by ihkj_"klI\hf gZ[e
I _j_oh~rzZ d ZglbehdZebazZphbhb Hik hfktz\bygkljudkh\
ljZgkihjlgw\le gby azZ\bkysb_g_ Ihevdh hl \ _ebgbgu
gZijZ\e _gby fZ]gblgh]h ihey

< ~"Zgghc jZ[hl_ 1_hj_Ibg_kdb bhklkh&hinnlbkg 0Ob]g
hit_fguo f_|Zeebqg_kdbo kbkl_f \ kemqgqZ_ dh]*Z gZ i_j_g
\eby | jZykckb  we dyjhgphly” gdubabrghf jguo ~ n_dlZo
|1Zdbo dZd \bglh\u_ “"bkehdZpbb beb azZjy*h\u_ kljZciu >
jZaebqgu_ nbabq_kdb_f _oZgbafu ijb\h*ysb_ d aZ\bkbf
we_dljbg_kdh]h khijhlb\e_gby hl gZijz\e_glngihbleh  _ggh
ithey adgbjhibb fZ]ighiljihlb\e _gby < jZ[hl_mlI\_j"~Z 1ky (@
klZlbg_kdh]h ijhkljZzgkl\_ggh]lh jZkij_~ e _gby- ijhly g
hrghf_jguo ~ _n_dlh\ beb qglh Ih ~_ kzZfh_"ey "ebl_e:
dhjj_eypbb bo iheh  _gbc Zgblahkhinby\edZdpy kbevg
mkbeb\Z_ Ikyeurbo fZ]gblguo iHteedyodeakkbg_ kdh]h wnn_d
1Zfylb : bf_ggh \ kemqgqZ_ dh]~Z \g_rg__ fZ]gblgh_ ih
\*hev hkb h~ghf_jghl]h ~ n_dlZ gZklv we _dljhgh\
kibjZevguf IjZ_dlhjbyf dhlhju_ ygXhdjm\]Z xlikbd’Z ng _
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bkiuludy ijb wlhf klhedgh\_gbc k gbf ITh~h[gh ~“\mf_j¢
> @ IjbkmlklI\b_ we _dljhgh\ \jZsZxsboky ih [zZdt
ijb\h~"bl d agZgbl _evghfm hljbpZlh&wgjhflb\efZzdgx \
kbevguo fZ]gblguo iheyo 'hijh _\ ajil jgth fZljbZe _
khojZzgy Iky lIhevdh \ h~ghc dhgdj _Ighc ]_hf_Ijbb b
Aim]bo gZijZ\e _gbyo fZ]gblgh]h ihey

lhkdhevdm wlhl wnn_dl yl\ey_ |ky ijyfuf ke_~kl\b
jZkk _ygby gZh#ddEBbguo ~ n_dlZo hg g_ fh | Julv
Zgbahljhib_rc_ddh\ghc fzgkiu ~Z_ | \hafh ghklv k ihfhs
lhevdh ebrv we dljbg_kdbo baf_j gbc \ ihklhygghf
hij_ ~ eblv gZebgb_ |Zdbo 2fghcdkib\k ) _H[t

JZ[hlZ \uiheg_gZ ijb nbgzZgkh\hc ihA™ _j°d_-JGN
72-10111).

[ @ <;Bggjm \bgq KDZegbdh\ NbabdZ ihemijh\h”*gbdh\
Fhkd\Zz GZmdz

[2] N.E. Sluchankoet al, JETP Lett.107(1), 30 (2018).

[3] A.V. Bobylev, et al, Phys. Rev. Lett5, 197 (1995).

[4] A. Dmitriev, M. Dyakonov, R. Jullien, Phys. Rds, 64, 233321(2001).
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BAMQ?GB? EHD:EVGUO K<?JOLHGDBO
<A:BFH>?CKL<B&®BEBEVH DHJJ?EBJH<:GGUO
WE?DLIJHGGKBKL?F:O FLH>HF
<HAFMS?GGUO M=EH<WDMAHJIJI?EYPBC

. < P\ys _ddh : KZeZ¥ZibakKb~hjh\: <_ebZdh\
. < KZeZfZlbg< GbdheE A DH%MbRBudzinsk

1BgklbIlml nbabdb \ukhdbo ~Z\e gbc J:G Fhkd\Z
DZem kdh__ rhkk_
2H[t _"bg_gguc bgklbIml y» jguo bkke ~h\Zgbc
me@ hedlhxjb
3GZmglgkhke ~h\ZIl_evkdbc bgklblml y» jghc nbabdb F=\

Fhkd\Z E dgbgkhju
4Institute of Physics, M. Curi€klodowska University, 2031 Lublin, Poland

atsvyashchenk@gmail.com

F_IhAhf \hafms_gguo m]eéh\ueypbc gZ ijh[guo y”*jZo
1cd \g_"2gguo \ djbklZeebg_kdmx j_r_ldm bgl_jf 1Zee
kh_"bg _gbdoekghc weglighdhjj eypBe,cUAIl, YDbAI,,

YbGess, YbAg, RhGeijb gbadbo | _fi _jZImjZo b \ukhdbo ~Z\e
[ueh bamg_gh baf_g _gb_ ehdZevguo iZjzf_Ijh\ y* jgh]h
\azZbfh” _ckl\by UGeeyh[gZjm _g Zgbahljhigug¢ bYvZjzdl_
jZkij_~ _bBbfgwe _dljhgh\ b [he_ _ keZ[Zy ]Jb[jb Mo@mZpby f_
we dljhgZfAl,\ >eYbAl, YbGegs, YbAg, bamqg _gh baf g gb_
liZz*b_glh\ we _dljbg_kdh]h ihey =WI b Ybelglghklb
aZ\bkbfhklb hl ~Z\e_¢bAg. heyZjm _ghokMmg@lh_

baf _g _ghZe glghklbgh\bYb >ey g_p_gljhkbff_Iljbggh]h
fZ]lgblgh]lh k\ _joijhRhnGgbdibjh\Z2g#f gZ ijbf_kguo y”*jZo
BTah[gZjm ™ _gh \hagbdgh\_gb_ ~\mo g _wd\b\Ze glguo ma
k m\ _ebqg _gb_ f dhgidf gGZplblbgh\ bafWl dbm amnZo

K\ _jobhgdbo fZ]Jgblguo ihe_c¢ \ ahggihflalgZ Ibid_~ e gZ

\_ ebgbgz fZ]gblgh]hzZrfbfijghZeh  gZ fZ]gblg@yZklpredgl

nZa \ukhdh]h ~"Zédugbybaf_ j gu aZ\bkbfhklb =WI hl ~Z\e
\hagbdZxsb_ gZ ijbf_kgd&dy” PRy-nZau jpy [ue
h[gZjm  _gh d\Z~*jmihevgh_ mihjy*hq_gb_ k\yaZggh _
kbff_ 1jbbFmBm dJ 3.
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D\Zglh\u_fZIl jbZe
k g Ijb\bZevghc Ihih
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LHIHEH=BQ?KD:Y K<?JOIJH<H>BFHKLYV
- KF_evgbdh\

Bgklbiml nbabdb fbdjhkGmdimj Gb gbdh*
= K 4105

melnikov@ipmrasru

< ihke_"*gb_ ]h”u h~”gbf ba \Z guo gZijZ\e _gbc

k\_joijh\h~bfhklb ~klZeb wdki_jbf glZevgu_ b |_hj
bkke ~h\Zgby gh\luo Ibih\ k\ joijh\hAysbo khklhygbc k\h
kms_kI\_ggh _~hgjyxlky wnn_dlXibgj[blZevgh]h

\&Zbfh”_ckl\by Gh\u_ \hafh ghklb *ey jZa\blby bkke_ "h\
gZijZ\e_gbb ihy\bebkv \ k\lyab k mki_oZfb \ kbgl_a
k\_joijln*ysbo KlIjmdImj k kbevghi[blZebgu f
\azZbfh” _ckl\b_f IbiZ JZr[u s \haghdlZig!l jnf ck%o
jZaebqgufb jflzZeZfb beb ih\ _joghklyo keh _\ 1~ gZj
kbff Ijby hlghkbl _evgh ijhkljZgkl\_gghc bg\_jkbb JZ[hlt
N kylbe Iby ih bkke _~h\Zgbx k\hckl\ 1Zdbo kljmdIm]
mgbdZevgu_ \hafh ghklb ih mikzbghgibhx dZdlBelwjghc
kljmdImjdhmi_jh\kdbo izZj | _ iha\lheyxl hkms_kl\eylv wn
bg g jbx g _h[ugguo k\ joijh\h*ysbo khklhygbc LZdb_
\hagbdzxl [eZ]h”Zjy kha”Zgbx kljmdImj \ dhlhjuo h
ijbkmlklI\mxIl \azZbfh”~_ cku\tb_gJArhlhjuc bfafoZgklZlhggh
kbewgh kibgh\h]h jZks _ie_gby Jhev ihke_"g_]h fh _| \u
a_ fzZgh\kdh_ \azZbfh”~ _ckl\b_ mijZ\ey fh_ \g _rgbf fZ]g
|Z d b hif _ggh_ \aZbfh”_ckl\b_ we_dljhgh\ ijh\h"]
mihjy*hq _ggufb kibgZfb\Zglgdde bvadr dljhigglhorgkc \
kemqZebgBy \ kljmdImj_ n_jjhfZ]gblgh]h mihjy*hq_gby
|Zdbo kljmdImj fhlml [ulv \ gZklghklb ihemijh\h*gbdh\u
,Q%V beb ,Q6E ihdjulu_ qZklbggh beb iheghklvx Kk\_
h[hehqgdhc leZgZjgllu k&hjmdImju kkbjdijh\h~gbd
njjhfZ]g_Ibd \dexqZy kehb fZ]gblguo fZl_jbZeh\ k iheg
itheyjbaZpb_c¢ ahg beb k\ -jolihhhhgibg kdbc baheylhj
Dexqg_\uf wnn_dIlhf hi\_IkI\_gguf azZ 1ihy\e _gb_ g _|Ij
k\_joijh\h~*ysbo khklIhygha Rbkl_fXolky\evnn_dl pebahkl
k\yvaZgguc k i_j_oh~hf we _dljhgh\ f_ "~m k\_joijh\h
g_k\ _joijh\h”*ys ¢ ih”kbkl_fzZzfb b \hagbdZxsbfb \ j_
bg"mpbjh\Zggufb k\_joijh\h~ysbfb dhjj_eypbyfb B
\_ebgbgu b hjb_glZpbb fZ]gblghdh _ideelylh id 1Zdbf
kKljmdImjzZf ithia\meiyZ\eylv bg” mpbjh\Zgguf k\_joijh\h”y
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ithjy*dhf baf_gyy wnn_dlb\guc Ibi kiZjb\Zgby <haghbc
hrghf_jgu_ we_dljhggu_ kbkl_fu kh k\_joijh\h”*ysbfb c
Ibiz ~ _fhgkljbjmxl g_Iljb\bZevpoq kdbih&hhckinzkd 2|
h[ijZah\ZkWwaZgguo fZchjZgh\kdbo khklhygbc k gme_\h

=b[jbrgu_ kljmdImju \ dhlhjuo \hafh gu n_jfbhgu
Zdlb\gh bkke_"mxlky \ ihke_~gb_ ]Jh”u \ k\lyab k i
bkihevah\Zgby 7“ey Ilhiheh]bgglkdbdaZglhsuo e\ wdlck
>Zgguc djZlbdpahj g_ fh | ij_ I _g~h\Zlv gZ iheghlm jz
\k_o0 Zki_dlh\ nbabdb Ihiheh]bq_kdhc k\_joijh\h”~bfhk
\\ ~ gby fu h]jZzgbgbfky a”~_kv h[km ~ gb_f ke_ ~m
gZijZ\e_gbc ijh[e_fZ ]_g_jZpbb Kkihldlihgdy b ql hkidi
ljb\bZevguo b g |jb\bZevgpnyoo kihkkhyaZggZy k g _c a.
kihglZgghc | _dklimj_ k\ _joijh\h?*ys ¢ nZau \hagbd:
kbkl_fZo \ebygb_ ] _hf_Iljbb gZ h~ghf_jgmx |
k\_joijh\h~Abfhklv gh\u_ kp_gZjbb Ihiheh]bg_kdb
wdki_jbf_glZevgu_ | _klu gZ bo kms_kl\h\Zgb_ Bgl_j._
f oZgbafZ ] g _jZpbb kihglZgguo Ihdh\ \ Ilhiheh]bq_
khklhygbyo hdzZaulZ Iky \hafh guf m _ \ gZfdZo
fh*bnbdZpbb n_ghf_gheh]bg_kdhc IzBbd"Zamdaiim|]Z
\dexq_gby 2 lgg\ZjbZglZ EbnrbpZz 'gZeba I|hiheh
g _ljb\bZevguo nZa Ij_ [m_| [he__ ~ 1IZevgh]h fbdjhkdh
dhlhjuc fh | Julv \uiheg_g gZ hkgh\_ fh*bnbpbjh\.
;hlhex[h¥2 @ _gZ < wlhc gqZklb "hdez”Z fu 1Zd _ \h:
ijh[e_f_ kihglZzgguo Ihdh\ b g h”ghjh”rguo nZa \ hkgl
gh \ dZg_kI\_ ijbf_jzZ jzkkfzljb\zZ f ijb wlhf bah]Jgml
ijh\h"Z Bkihevah\zZgb_ 1Zdbo kbkl_f \ kiyab kA
"“ha_nkhgh\kdbo dhglZdlZo ihal\hey | gZf ihemgblv i_
dhglzdl kkhglZggjhcaghklvx k\_joijh\h*ysbo nZa \ hk
khklhygbb dhlhjualifMmbkihevah\Zg \ dZg_kI\_ | _klh\h
"ey h[gZjm  _gby I|hiheh]bg_kdh]h zd | ogh\zZic 24bil
k\_joijh\h~*ys Jh ~bh~"Z djblbg_kdbc I|hd dhlhjh]h
gZijZ\e _gby

< dZqg_kI\_ gh\uo \ZjbZglh\ Ihiheh]bg_kdb g_Iljb\l
gZfb bkke_ "~h\Zgu itheghklvx ihdjulu _ K\ _joij
themijh\h~gbdh\u_ ijh\h*"Z gZoh”ysb_ kgblghf\gheg f f
<oh”~ysb_ ijb kjz\gbl _evgh keZ[uo fZ]gblguo iheyo
I _j_\_klb kbkl_fm \ Ilhiheh]bg_kdmx nZam Hkgh\g!
kms_ klI\h\Zgby \ ih~*h[guo ]b[jb?*guo kIjmdImjZo y\e
ihemijh\h~gbdh\hc k_j*p_\bg_ "hklZIhgmtjhkhZewgdhhh |
Kibchj[blZevgh]h \azbfh”~_ckl\by k \_dlhjhf JZr[u gZi
JjZM"bmkm

JZ[hlu ih "Zgghc | _fZIbd_ [ueb ih*"™ _j Zgu ijh_dlh?
gZmqgh]h nhg2Z0Q053.
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1?IJ?GHK >@HA?NKHGH<KDH=H LHD:
IH<?JOGHKLGUFB KHKLHYGBYFB
LHIHEH=BQ?KDBXW KEK?<KDBO IHEMF?L.:EEHK<

W < > \ylh\

BgklbIml nbabdb I\zj3h®Gh [ _&¥ jgh]l]heh\dZ Fhkdh\kdZy h
me :dZ”_fbdZ HkbivygZ * Jhkkby

dev@isspacru

lh~h[gh Aim]bf lhiheh]bqg_kdbf fZl _jbzZeZzf < C
ithemf _|Zeeu 0ZjZdl _jbamxlklyqg kdbihehdZsbszggufb
ih\_jogkligufb khklhygiNyfifbZzjdZfb kh_"~bgyxsbfb ijh_dpbk
\ ce \kdbo Ilhg_d gZ ih\ _joglbkebgwopZ alhgkljZgkl\ > @
< hlebgqb_ hl ] _ebdhb”~Zevguo ih\_joghklguo khklhygbc \
baheylhjZzo > @ ih\_jkdhkgdy \kh_ce_ \kdboZebZmf
yleyxlky dbjZevgufb dzd \ g _jgh\kdhf baheylhj_ | "b:
wnn_dlZ OheeZ > @ G Z&jihgllhu e hN_widki jbf _glZevgh
ijh~_fhgkljbjh\zZgh \ $53(6 baf_j _gbyo gZijbf_j 7~ey Ij
djbklZeMdbile, bWTe; [3,4].

< ~"Zgghc jZ[hl_kifujbwdglZevgh bkke_ "h\Zeb we_ dljf
ljZgkihjl f_"~m ~\mfy k\_joijh\h*ysbfb dhglzZzdlZfb gZ ih
fZ]lgblghl]h < _ce_\kdh]h iheghSlZegZoh&Rsbfbky gZ
jZkklhygbb fdf >ey fZ]gblgh jZamihjy*hqsSe§h]h khklh
fu gZ[ex"Z _f ebrv killgp)__\kdh]h hljZz" _gby \[ebab dz ~*
dhglzdlz qlh h”gZdh hagZqZ_ | \ukhdmx ijhajZqghklv b
CxsSnS, |hke gZfZ]lgbqb\Zgby h[jZapZ \g _rgbf fZ]gblgu
hljza_p ~_fhgkljbjm_I \ujZ _gguc ZghfZevguaovhnhin_dIl O
j_"bf_fu h[wmZpeb ~"ha_nkhgh\kdbc Ihd f_""m fdf jZza”™_
bgr"b _\ufb dhglzdlZfb k g _h[uqgufb aZ\bkbfhklyfb fZdkb/
hl fZ]gblgh]h ihey b |_fi_jZImju Ihkdhevdm ZghfZevguc
\ fZ]gblgldoce_ \kdbo ihemf_|ZeeZy k\ypdidBgbk f kibg
iheygah\Zgguo ih\_joghklguo Ilhdhg_kmsbo khklhygbc fu
glh bf_ggh wlb Ihiheh]bg_kdb aZsbszggu_ khklhygby
\deZ~ \i_j_ghk Ijbie_Igh]l]h " ha_nkhgh\kdh]h Ihdz

>ey g_fZ]lgblgh]h \_ce_\kdh]h ihemi_hZegZpmb7H
glh oZjzdl _)jehgBy Idjpp kdhijddzZ fZ]gblguf ihe f dZq_kI\ _gg
jZaebqZ _|ky ~ey jZaguo hjb_glZpbc ihey ih hlghr_gbx d
I_j_oh~Z \ gZklghklb ijh”~_fhgkljbjh\ZgzZz dZjlbgzZ |
ba\_klgzZzy ”"ey "~ "ha_nkhgh\kdh]h bgl_jmZghf_bzZd WIlh
gZ[ex™_gBjh[guo kimi_g_c RZibjh ih® fbdjh\he§h\uf hfet
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|  keh'gh]h oZjZdEZaj@ghlhdkhhlghr_gby mdZau\Z_|

"“ha_nkhgh\kdh]h ihdZgdoghklgufb khklhygbyfb
ijhib\hiheh guo ]jZgyo h[iEapz\] <yfu g Z[ex"Z _f
bkg agh\ _ghlmywlguo kimi_ g ¢ RZibjh 2~z ijb fzZdkl

fhsghklyo K<Q baemqg_gby glh mdzZaul\Zz | gZ d
] ebdhb”Zevguc dzd \ lhiheh]bg_ kdbo baheyll
ith\_joghklguo khklhygbc

[1] N.P. Armitage E. J. Mele, A. Vishwanath Rev. Mod. Phys, 90, 15001
(2018).

[2] M.Z. HasanC.L. Kane, Rev. Mod. Phys32, 3045 (2010).

[3] Ch.Wang,et al, Phys.Rev. B 94, 241119(R) (2016).

[4] Y. Wu, et al, Phys.Rev. B, 94, 121113R) (2016).
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HKH;?GGHKMBE?DLJHGGH=H LJ:GKIHJL: <
F:=GBLGUO GH=?L?JHKLIJMDLMJ:O
KF:=GBLGUFB KDBJFBHG:FB

D K> gbkhB Jh ZgkHb& K\ _jdbl\

INbabdhogbq _kdbc bgklbIlml bf : N Bhnnal _|_j[mj] KZgdl
me Ihebl _ogbqg_kdZy

denisokonstanti@gmail.com

<Z guf gZijz\e_gb_f dogdup f bkké&Zgbc nbabdb
fZ]lgblguo d\Zglh\uo fZl _jbZeh)\ yley Ilky bamqg_gb.
nhjfbjh\Zgby klzZ[bebaZpbb b ~ | dlbjh\Zgby Ihiheh]bq_
gZfZ]lgbg_gghfZllgblguo kdbjfbhgh\ > @ Ihfbfh agZqgbl_
nmg”"Zf_glZevgh]h bgl_j kZ_ ™"MAggb\y Zlkkd [hevrDbf
ijbdez~guf agzZq \gponf \hafh ghklb ijbf_g _gby fZ]gblg
kdbjfbhgh\ \ eh]bg_kdbo mkljhckl\Zo gh\h]h ihdhe
Kms_ klI\_gguc ijh]j_kk “hklb]Jgmluc \' I _qgq_gb_ ihke_"gbo
Ahklib™ _gbyfb \ h[ezklb f_Ih"Zpbbbamghkbb fZ]gblguo
kj_~ Ijbf_g_gb_ f_Ih*"h\kdEghgbth fbdjhkdhibb >- @ b Kki
aZ\bkbfhc kdZgbjmxs_ ¢ 1Imgg _evghc fbdjhkdhibb > @
h[gZjm _gbx \ Zlhhiggddpo ie_gdZo n_jjhfZ]g _Ibdh\ b fZ]gt
gZgh]_I _jhkljmdIimjZo fZ]gbbduogkglpjfiitih jZzaf_ jZ hl

Ah gf \ "bzZf Ij_ >Zggu_ mki_ob kibfmebjh\Zeb gZi
bkke ~h\Zgbc we dljbg_kdbo k\hcklI\Z ~Zgguo kbkl f ql
hkh[_ggh kms_klI\_gguf ~ey jZajZ[hldb f_Ih~h\ gbklh w
A l_dlibjh\Zgbygadghbhdbpfgh\

Dexq_\uf nbabg_kdbf yl\e_gb_f dhlhjh_ jzZzkkfZljb
dZq_kI\_ f _oZgbafzZz \ebygby fZ]gblguo kdbjfbgh\ gZ v
hldebd kbkl_fu y\ey |ky Ihiheh]bg_kdbc wnn_dl OheeZ
wnn_dl khklhbl \ ihy\le gbb “hihegblhevghadmkieeh\k
ihl _gpbzZeh\ ijb ijhl_dZgbb we dljbg_kdh]h [IhdzZz q_
ijhkljzgkli\Zz kh” _j"Zsmx g_dhlhjh_ gbkeh fZ]gblguo |
Fbdjhkdhibqg_kdb NZggh y\le gb_ h[mkeh\e_ gh
\aZbfh” _ckl\b_f f_ "Am th"\b gufb ghkbl_eyfb azZj
ehdZebah\Zgfgaligblgbf p_gljzZfb nhjfbjmxsbfb fZ]gblguc
kdbjfbhg GZb[he__ agZgbl_evguc Zjlmf_gl \ iheval
A 1l _dlibjh\Zgby kdbjfbhgh\ k ihfhsvx LWO hkgh\u\:
ij_~iheh  _gbb glh kb]JgZe LWO gZ~ "gh jZaebqzZ_ | |
g_wd\b\Ze_glgu_ khklhyghygghiligbgbwlhf hluqgh
ij_"~ithez]Z_Iky qlh khhI\_IklI\mxsbc \dezZz” \ oheeh\kdh_
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ijhihjpbhgZe g h[s_fm gbkem fZ]gblguo kdbjfbhgh\ |
lhiheh]bg_kdbc aZjy® dZ ~"h]Jh ba gbo > @ < FZdhc 1
khijhlb\e _gby hdZguWaZ\lkigygb hl fZl _jbZevguo iZjZf_
kbkl _fu gb hl k\hckl\ fZ]gblguo kdbjfbhgh\ bo jZaf_
dhgnb]lmjzZpbb qglh ij_~klZ\ey |Iky bkdexgbl_evgh m’
lhgghlh hij_~_e_gby qgbkezZ kdbjfbhgh\ \ \u[jZg
Ijhkljzgkl\z

Kh\j_Qgu_ wgkfii_glZevgu_ bkke_~h\Zgby 1jZgk
k\hckl\ fZ]gblguo gZghkljmdIimj k bg”b\b"mZevgufb
fZ]gblgufb kdbjfbhgZfb hrgzZdh bkiulu\zZxl ag
aZljm~g _gby ijb ihiuld_ bgl_jij_Ibjh\Zgby ihemqg_gc¢
jZfdZo "Zgghc dZjlb@u @Zhk *_e_ dZd ijZ\beh gZ[ex:
\_ebgbgZz LWO agZqgbl_evgh hlebgzZ_ Iky hl hp_
bkdexqgbl _evgh gZ mkeh\bb |lhiheh]bg_kdh]h d\Zglh\Z
"hdezZ” [m”~ml jZkkfhlj_gu jZaebqgu_ nbabqg_kdb_f ¢
hi\_Tkl\_gguhldehg gdbfieblm”u kb]JgZeZ LWO hl Ihiheh
ij_~ ezZ Kj_"b ijhg_]h fh'gh \u”_eblv f _oZgbafu
f oZgbdhc nhjfbjh\Zgby Ihiheh]bg_kdh]h wnn_dlZ Oh
gZklghklb ijh~_fhgkljbjh\Zgh qlh \ j_"bf_ keZ[hc k\y
hiff _ggh]hZzbdh”_ckl\by mkeh\b_ IThiheh]bgq_kdh]h d\Zgl
lhevdh i_j klZ _ | \uihegylvky gh [1Zd _ ijhbkoh”Dbl
i _j_kljhcdZ "Zggh]h y\e _gby > @ Ihfbfh gbklh \gmlj
agZqbl _evgmx jhev “ey dhjj_dlghc bgl_jgjlZl&ywdouo wc
"Zgguo fhlml b]jZlv \g_rgb_ ih hlghr_gbx d nbabd_ |
gZklghklb f oZgbdzZ h[jZah\Zgby fZ]gblguo kdbjfbhgl
khihklZ\e _gby bo dhgp_gljZpbb hij_~ ey fhc k ihfh
AN | _dlbjh\Zgby k IZdh\hc \ebyxs cegh\Kiiteln) gnZ2&ZZoh
>Zggu_ \hijhku hdZau\Zxlky hkh[_ggh kms_klI\ _ggufk
ljZgkihjlguo k\hcklI\ gZgh]_ | _jhkljmdIimj bkke_~m_fuo

JZ[hlZ \uiheg_gZ ijb ih”**_j°d_ ]jZ81@111GN <

[1] N. NagaosaY. Tokura, Nat. NanotechnoB, 899 (2013).

[2] A. Fert, N. ReyrenV. Cros , NatRev. Mater,.2, 17031 (2017).
[3] X. Zhang,et al, Sci.Rep, 5, 11369 (2015).

[4] M. Raju, et al, Nat. Commun.10, 696 (2019).

[5] S. Meyer et al, Nat. Commun.10, 3823 (2019).

[6] K.S. Deniov, et al, Phys. Rev. B98, 195439 (2018).

[7] K.S. Denisov, J.Phys.: Condens. Mat&&, 415302 (2020).

[8] K. Zeissler et al, Nat. Nanotechnol.13, 1161(2018).

[9] D. Maccariello,et al, Nat. Nanotechnql13, 233 (2018).
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IHGB@?GB? KBFF?LJBB B F:=GBLGU? N:AH<L
>B:=J:FFU < (W%

DF Djzklbdh\ =erhirkhk > fbr:\< :H]Zq
G XRbp _\Z&h\Z: NbebiK\X =Z\[jBedd§ KemqgZgdh

!BgklbIml h[s_c nbabdb bf : F Ijhohjh\Z Jhkkbckdhc
me<\beh\Z Fhkd\Z Jhkkby

2BgklbIml ijh[e_f fZl _jbzZeh\_~ _gby bf B F NjZgp_\bqg
Zdz”~ _fbb gZmd MdjZbgu me Dj b Zgh\kdh]h

SNbabg_kdbc bgklbIml bf_gb Jh&kklecKdhc\Zdz” fbb gZ
E_gbgkdbc idki Fhkd\Z Jhkkby

krasikokirill@yandexru

FZ]g_Ibdb k njmkljbjh\Zgguf hkgh\guf fZ]gblguf
ijb\e _dZxl kms_klI\ _ggh_ \gbfZgb_\ kbem gZ[hjZ Zgl
ihl _gpbZevgh ijbf _gbfuo gZ ijZdIb#&rB; Kj ™dlzZgey |
hkhlaw Bl _j_k 1Zd dzZd h[ez”Zy ikhk\gbl =éydjdhc
A fhgkljbjm |  keh gmx g _khjZaf _jgmx fZ]gblgmx
Zglbn_jjhfZ]gblguf mihjy*hq D6 ijh G _"~Z\gh \
j_i_jghf g_fZ]gblghf khLuBJueglbbh[gZjm _gu “bgZfbq_l
aZjywu_ kljZzd2u \hagbdZxsb_ \"hev gZijZ\e_gby > @
"bgZfbg_kdh]h dhhi_jZlb\gh]hLwaa jdZgX gdeEikl jZo
Ih~"h[gZy we_ dljhggZyghlhkimklhgghc ih”j r_Idb ~he’
ijbkmlkI\h\ZI&Bg, \ < kl\yab k wilbf hI”~ _evguc bgl_j_ Kk ij
bamqg_gb_ fZ]gblguo nZah\uo *bZzZ]jzZff 1Zdhc kbkl_fu
mihjy~hq_dBi, \jhbkoh”bl aZz kq_| g_ijyfh]l]h JDDB h|[f
we _dljhgu \hijinfhklb dhlhju_ \ k\hx hq_j_"v hd?z
\hle _gq _gu \ "bgzZfbgq_kdb_ azZjy~h\u_ kljZciu

< jZ[hl_ ij_"~klZ\e _gu j_amevlZlu baf j gby
khijhlb\e _gby gZfZ]gbg_gghklb DbErBypiah Mudhikkldohg
| fi_jZImj-10K \ fZ]gblghf ihe_ ~hzZijZ¥w _gghf \"hev
hkgh\guo hk_c \ =PD Hjpelzde > & b> @ Z |lzd
m]eh\uo aZzZ\bkbfhkl_c¢c fZ]g_Ihkhijhlb\e_gby \ wdl
\jZs_gb_f djbklZeez \hdjm] o0 \&_gbc @|1b1].
Baf _j _gb_ m” _evgh]h khijimhN\Relglow gz Z\IhfZlbabjh\Z
hijb]bgZevghc mklZgh\d_ "ey ]Zev\ZghfZ]gblguo bkk
J:G Bkihevah\Zeky klZg~rZddhbglAdllgyc f_Ih” baf_j_
khijhlb\e_gby gZ ihklhygghf Ihd_ k dhffmlZpb_c IhdZ
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lh 0Zjzdl_jguf hkh[_gBhkjlya\h dudd b m]eh\uo
aZ\bkbfhkliy&Hd [ueb \hkklZgh\e gu fZ]gblduT, HiZah\u_
jbk Hb3 ~bZz]jZfEBLy.

H (kOe)
80 -
70
60
50
40 -]
30
20
10 |

0.

0.39
0.27
0.14
0.01

-0.12

Jbkmghd FZ]gblgH#Hy3nbdh\Z§EdB:» "ey gZijZ\e_gbc
fZ]gblgh]h Hhieiehkdhklb ijb | _fiT=pRImj _

H[gZjm  _ggh_ ihgb  _gb_ kbff Ijbb djZcg_ g _Ibibqggh
djbklzeez b fh _I Julv k\yaZgh k 1i_j_ jZkij_~ e _gb_f
ijh\h~"bfhklb dhlhju_i_j oh”yl \ "bgZfbqg_kdb_ aZjy~h\u_
mqgZkl\mxl \ JDDB Iwkyp keegip\hc iehlghklb < j_ amevlZIl_
gZijZ\e _gbc iIZjZeeH evguo@ b i_ji_g”bdHif@xt])guo
azZjy™h\uf kljzZcizf gzZ[ex"Zxlky h[eZklb k ih”"Z\e gb _f
hif gz f_ ""m fZ]gblgufb fhf_ gEffb KWhghA kms_ klI\ _ggZy
i _j_ghjfbjh\dZ bnZgjhfz]gblgh]l]h \azbfh” _ ckl\by ijb\h~bl
keh ghc fZ]Jgblghc nZah\hc ~bz]jzff_ k [hevrbf dh
jZaebqguo fZ]gblguo nZa b nZah\uo i _j _oh”h\

Bkke "h\zZgb_\uiheg_gh ijb ih”™ _j°d_ 1jZglZ JNNB i]
02-01152).

[1] K. Siemensmesr, et al, J Solid StateChem, 179, 2748 (2006).
[2] N.B. Boloting etal., J. Phys: CondensMatter, 30, 265402 (2018).
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H:F?GGHJ3:KS?IE?GB?AHGUJH<H>BFHKLB
<EuBs

< K @mijdBg: :gbkBfh\< ;h]Zg> ;hidh
G X Rbp_\Zel®\ZemqgqZgdkh< > fbr<\< =erhrdh\

!Bgklblml h[s_c¢c nbabdb bf : F Ijhohjh\Z J:G me <:

Fhkd\Z
2Bgkliblml ijh[e _f fZI_jbZeh\ Nj@lyyp bfbgZ G:GM
me Dj'b Zgh\kdh]h Db_\

dok5555@mail.ru

GZebgb_ ~\mo \ihkevfmove dljhggh]hwnijbl6 @ b
fZ]lgblgh]h i hp1l4dD £ nZah\uo i_j oh”h\ b k\yaZgguo
ZghfZebc IljZgkihjlguo b | _ieh\uo k\hckI\ \ n_jj
themf |ZEWs \dexqZy wnn_dl dhehkkZevgh]h fZ]gblhk
DFKtmf _gvr_gb_ mPMh evgjhlb\e gby g4dhe 8&e \
hdj_klghkhhp Ihij_~ ey | \Z ghklv b”_glbnbdzZpbb f
h[f _ggh]h \azZbfh” ckl\by f_ ""m ehdZebah\Zggufb
fhf _glzfbh[hehqgdb kuigb\d-we dljhgzZfb ahgu ijh\h~bfh
[1-6]. Wain_d| DFEuBsijbgylh k\yaulZlv k nhjfbjh\Zgb _f fZ]
itheyjhgh\ \ mkeh\byo h[f_ggh]h \aZbiZlh"e hoka'eowg hgd &
kibgh\h]l]h jZks _ie_gby ahgu ijh\h~bfhklb b iheyjbaZ
aZjy™"Z \ n_jjhfzZ]lgblghc nZa_ ] _dkZ[hjb”*Z _\jhiby H~*
lh glh kl_Kkiggh\hc iheyjbaZpbb ahgu ijlEuB{bhhklib
j_amevlZlZf baf_j gbc Imgg_evguo ki_dIljh\ g_ ij_\
"Zggu_ j_ahgZgkghc g _mijm]hc j_gl]_gh\RiXBc Iki_dlj
jZkdu ahgghc kljmdImju ]_dkZ[hjb*"Z _\jhiby mdZau\Z:
j_ZebbXpkhklhygby k iheghklvx iheyjbah\Zggufb ghkb
(half-metallicstate > @ < |IZdhc kbImZpbb ~hihegbl_evgmx
\_ebgbg_ h[f_ggh]h \azZbfh”~_ckl\by b ozjzdl_j_ kibgh
ahg BuBs fh 'gh ihemgblv ba bkke "~h\Zghbkypbdypdlh\uo
Rm[gbdhRYZ=2ZaZz

< jZ[hl_ \uiheg_gu bkke "h\Zgby ljZgkihjlguo
khijhlb\e _gb_ b wnn_dl OheeZz b fZ]gblgu
fhghdjbklZeebqg_kdbd&uB{jdsgdhy gguo \ *bZiZzahg_ |_fi_
1,8 + D\ fZ]gblguo iheyo ~h Le Bl ktmheBuBs fhg
\ujZs_gu \ BIF G:GM f_|Ih~hf ahgghc iezZ\db \ ZIfhkn_
]1ZaZ k jZaebgguf gbkehf ijhoh”h\ &bEu \wj&ys hdphd b Zk
h~rgbf ijhoh”hf ahgu gZ ihe_\uo aZ\bkbfhklyo m”_evg
\ fZ]gblghf ihe_\uke aZjljbj\Zgu d\Zglh\u_ hkpbee\
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Rm[gbdhrYZ=ZZaZ Ba qZklhlu hkpheelgpbg gu iehsZ”b
k g _gby ih\ _joghklbS |\ 7Bfl8"! k2 b \hegh\h]h \ _dlhjZz
ki | 2,9710° k f! hi\_gqZxsb_ dhgp_gljZpbb ghkbl _e _c
no | 1,3310® kf3 \ ijb[eb blh dhljhighc ih\_joghklb Ndhfb k mq
lj_odjZlgh]lh \ujh "~ _gby ahgu ijh\h"Kfakbw \;jhgexXwgZ

Hp _gdZ wnn_dlIb\gmg |[f{Z¥ku(m, £t fZkkZ we _dljhgZ ohjhrh
khljeZkm _|ky kh agZq_gbyfb jZg__  ihemqg_ggufb /¢
ijh\h~A"bfhklb bajEZImjghc azZ\bkbfhklb dhwnnbpb _glZ | _jfh
ljib wlhf agZq_gb_ ih"\®|'lyAkkB<'k® jZkkgblZggh_ ba
\j f gb j_ezZdkZpbb ghkbl_®&l8GKjy d&hjj_ebjm_1 k
\_ebgbghc oheeh\kdhc ih”\b ' ghklb we_dljhgh\ ijh\h
n_jjhfzZ]gblgl&eEuBs[3,6].

Hp_gdb iZjZf_Ijh\ ghkbl_e_c¢c aZjy”®Z iha\heyxl| ij_"iht
ghkbl _eb azjyn"Zz hij ~ eyxsb_ d\Zglh\u_ hkpbeeyphb
khijhlb\e _gby \ n_jjhfZ]gblgWBs nda _gZxl khklhygbyf
ih*ahgu we_dljhgh\ kh KkibgZfb iheyjbahhBgghufb ijhll
gZijZ\e_gbx fZ]gblgh]mp=ilhey Ba agZq_gby oheeh\kdl
dhgp_glj2pbd®5710° kf® fh gh hp_gblv dhgp_gljZpbx we dljt
kh kibghf iheyjbah\Zgguf mh=nihex| 3,4410" k{3
JZkkgblzZzggZy kl_i_gv kibgh\hc P3(mewnhas|9b%
g_"hklZlhggZ "ey |j_ZebaZpbb -iheghkdtxzZ kdhbigh
metallic khklhygby \ n_jjhfZ]gkughc<nkehx hqg_ j ~v hp_gdZ
wg _jlbb h[f _ggh]h \aZbfh”zlcklalgy q_ |70 fw<
khljeZkmxs__ky k ebl_jZImjgufb ~Zggufb > @

Bk& ~h\Zgb_\uiheg_gh ijb ihA™ | eD2-01DM6R)B <«

[1] J. Etourneau, P. Hagenmuller, Phil. M8g52, 589, (1985)
> @ 6 6et@OMYs.Rev. B, 57, 5860, (1998)

> @ < < =—emitp@ W LLBR, 150, (2006)

[4] U. Yu, B.l. Min, Phys. RevB, 74, 094413, (2006)

[5] J. Kim, et al, Phys. Rev. B87, 155104, (2013)

[6] Z. Xiaohang et al, Phys. Rev. Lett100, 167001, (2008)

[7] V. Glushkov,et al, Phys.Stat. Sol. (b)250, 618, (2013)

[8] V. Glushkoy et al, Phys. Stat. Sol. (b254, 160071, (2016)
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HKLIMDLMEZX?JOIJH<WS?=HKHKLHYGBY
N?JHIGBDLB>H<

. 2 DZjzdWak¥FZ]gbpdZy

Bgklblml nbabdb \ukhdbo ~Z\e _gbc J:18884Qhbpd Jh
] FhkdJZLjhbpBZem kdh_ rhkk_ Kklj

chkara@rambler.ru

D\Ab"\mfuy_ eahkh”_j Zsb_ k\_joijh\h~gbdb- KI k
nemdimZpbhgguf KN \aZbfh”_ckl\b_f we_dljhgguo |
ahg "NZe  "Ney djZldhklb n_jjhigbdlb”™u N | 0 Z
mgbj\kZevghc nZah\hc "bZ]jZffhc N > H[eZklv hil
fZdkbf@ercTc "hib\Zgb¥Yy, ijbf_jgh kh\iz*Z_| k hl[eZk
Zglbn _jjhgBlgh]l]h ENi_j oh”Z b gZb[he [ kdbeygguwom
'NF nemdipmc \aZbfh” _ckl\b_ k dhlhjufb \ g _nhghggh
kgblZ ITkibdgbjmxsbf lehlghklv khikkihygktyaZzggh_k g
\gmljbahgghllyghh KkiZjb\Zgb_ 1Zd" _ ~“hktb]Zzbk£Zdkbf
ithwlhfm jhev nhghggh]h b g nhghggh]h f _oZGbafh\
hklZz Iky g ykghc Ihkljh_gb_[he__ iheghc N> kljmdl
NI @jm~rgy _Iky [hevrbf jZa[jhkhf “"Zgguo \ke_ "kl\b_ |
s ebd \azZb¥ _ckl\mxsbo KI dhg”_gkZlh\ aZihegyxl kj.
g _[hevrhc jbgde wg _j]lJbc khihklZ\bfuc kxihe¢vrolgklyvZ
wdki_jbf gde f Ih~"bd 1I1h gZr _fm fg_gbx “ey ihkljh_
N> ijb]h”rgu lhevdh ~\_ ~Ahklh\_jgh mklZgh\e ¢gu_m
NI oZjzZddkljpbdb I|jZzgkhpbyf we dljhgghc | _iedx tjdhklb
m\_ebqg_gb_  ijb ijhf_"mlhgg@imjzZofib khhlI\_Ikl\mxs
khojZzg_gbx wgljhibb md{xgvr\[g@babih f_j_m~Ze_gby
NF i_j _oHT]zb kbevgh_hldeAgkpgbhkldfligbjmxs_ c¢ KI
sS_eb (Xt hl fh”_eb ;DR \ hilbhbghyhgQuo NIGZ @
ithdZazZgh qlh hif_qg _ggwgumgdhcklZg bf_ x| f_klh \ fh’
2-0 -Kbhg \aZbfh”~_ ckl\mxeshbgphkk g bf_gvr_c ikhvg
khklhygllcihkj ~klI\hf KN \aZbfhye(xkl* @ < withd_ke
dhjj_eypbhggu_ wnn_dlu h[jZlgh ijhihjpbrblydbZXevgu
iehlghkl _c¢ khklhygbc \azZbfh”_ ckixhxbe dd(x)
fZdkbfZevgahg \ke ~kl\b_ g-ajingkdb \ KKkgh\ghf k\yaZ
\gmbahgguf kiZjbADdgbhf g_ghXF dx Z ©gzxg2y? KI \
eahgxt k eX). Ih\_~ gb(x,t) \[1] h[tykgy Iky \ wlhc fh"_
k[eb  _gb-$ _HbJXt k "hfbgbjmx9 hes_ evxuxt baZz
mlibe gba(x \[ebab :NF i _j oh”Z
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lhdZaZggu_ 2 2%k bfhkMpst)>> 's(opst) kKh keZ[uf ijyfuf

f "ahggufazbfh”_ckli@ B kbevg@f | _ ¥&>J g_ fh]lml
[ulv h[tykg _guwo\ ahgghc fh” _eb | d khhighr _gby s_
iehdhkl ¢ khklhygbc \L ah8zZighlbkj_qzZl ~jm] ~jm]m <

jZkkfZljb\Z_fhc gZfb itk B @ "klZ\ey |
©kebirbokyGpt) b 'e(Xopt) S_€_&>'stlXopt). Ijb wlhf
\aZbfh” _ckl\b_b $h-ahgk ¢»>4d
g _h[oh”bfhfm miedx@x LZdbf
ZghfZevgZy azZ\bkikfihtk b "s(Xopst

h[jZahf

kh[hcbdeZkl ]
ijyfh_

ihebklvx kii\_Ikl\m _|

gZZegxANZNI

gZ Jbk[tykgy Iky g_

ijyfuf Z ©dhk\ _gguf2 \aZbfhso cdlj\lbgduo ahg ihkj_ ~kl\hf
KN \amh™ ckl\by k we_dljggghtjbabgu_ j _ameviZlu
ithdZau\Zxl glemaqg_ggZy gZfb gZz hkgh\Zgbb Zc
wdki_jbf_glZevguo NZgguo fh” _eygbyKl k kfhliclkl\Z

Ba(Fe.xCo).As, k "hfbgbjmxsbf \gmljbahggub KiZji@ b djZldh
hibkZzggZy \ur_ \hafh gh ijbf_gbfzZ i@y \k\JZ|hl{4

ihA”" j°ZgZ JNNBuU{jZ&P-01075 Z

< -02-00509 Z

[1] A D. CampaniniZ. Diao, L. Fang W.-K. Kwok, U. Welp, A. Rydh, Phys

Rev. B, 91, 054504 (2015)

[2] S.A. Kuzmichey T.E. KuzmichevaS.N. Tchesnokowtal. J. Supercond
Novel Magn, 29, 1111 (2016)
[3] A.E. Karakozovy M.V. Magnitskayal .S. Kadyrov, B.P. GorshunoyPhys

Rev. B, 99, 054504 (2019)
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12J<HIJBGPBIGU? J:KRU
G?P?GLJHKBFF?LJBQGUO KH?>BG?GBC
Yb(Co,Ni)Cz2 F? L H>H BPMFT

G FS @Zq ¥ < FZ]gbpdzyWa&¥bg: < P\ys gdh

BgklbIml nbabdb \ukhdbo *"Z\e gbc bf E N < | sz
Fhkd\Z Ljhbpd DZem kdh_ rhkk_ klj

n.chtchelkatchev@gmail.com

Kh_~bg_gbyCoM)E, nbabqg_kdb_  k\hckl\Z dhlhju
ithke _~g _Jh \j_f gb [ueb fZeh [bamly lgam gBAIIC,),
hfez"Zxl g _p_gljhkbff_Ijbgghc hjlhjhf[bg_kdhc kljn
CeNi& ijhkljZgkI\ @ y.ZAmm2 Kh\k _f g _~Z\gh *egy <E.
[ueb \uiheg_gqu baf _j gby gZfZ]lgbg_gghklb I
we_dljhkhijhlb\e_gby b "bnjZzdidhdhhgljhigtiXazeb qlt
wlh |y  _ehn_jfbhggh_ kh_"bg _gb_  k Zglbn_jjhfZ]c
mihjy~hqg_gb _f NKbbgh\fi jZImjZz G__ey jZkl_| ijb ih\t
"Z\e_gby b ~hklb]Z_| TZdkbfmdfZdjb =1Z qlh y\ey |
j_dhjrhf  ~ey DblIl_j[b_\uo kbkl_f >f@y \GoEx"Z
ZfiebImMgHhmebjh\ZggZy :NF klijmdIimjz 1zZzd _ \_kvfZ
ihkdhevdm bahkljmdImjguRCdCh(R=b@d+JPy dZd ba\_klgh
yleyxlky n_jjhfzZ]g _IbdZfb Fu \uihegbebYpaN)C, jZkq
f _ ITh "ZOFT bDFT+U k ihfhsvx izvid2k [2] >ey Z~_d\Zlgh]l
mgZ kbevguo we dljhgguo dhjj _eypbc bkihevah\Zeky
ih”"o DMFT iZdeDMFT]I3]).

lhemq _ggu_ | _amevlZlu 1ijZ\bevgh \hkijhba\h”?yl
fZ]l]gblguo fhf _glh\ <E )\ b<b&R&fieblm”~m \ _ebgbgzZz d
dhebqg_ klI\ kingAkmxlky k wdki_jbf _glhf > @ <dOkhdh_
gZoh”bl h[tykg_gb_ \ gZobaohZkjp _ihdZau\Zxl qlh [ez
kbevghc Jb[jb*bakdpkibhydbc <EhkIG/gbyfb-&RB_dljhgu

\' <E&R&Tf_xI ~\hckl\_ggmx ijbjh*m | Ijhy\ey
ehkedbaBggu_ [Zd b dhee_dlb\babjh\Zggu_ kltdhcklI\Z
]b[jbr"bazZpby \[ebab wg_ j]blB- Nagilgz | khg 1Zg

ehdZebah\Zgguo fhf_glh\ bll_j[by b ahdghdhdfgh\be
dh[ZevlZz dhlh\jih*bfhHm b ijb\h”~bl dTNVkhE&ER &
KiXg_gb j_ameviZlh\ YbEyNI)C; AN fhgkljbjm |
kms_ kI\ _ggh_ hlebgb_ we_dljhgguo ki_dljh\ Wlbo ki
ke \Z Hkgh\ghc \deZ” \ thegmx iehlghklv khklhyghb
khklhygby <E jhah\Zylelbkgbhyglhby G j oh”gh]lh f_IZeeZ
glhYCoG \[ebd&b bf__|ky aZfd-Ig@By qlh hagZgZ_1 kbevgm
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Jbkmghd JZkq_ | DMFTh "HKfe \Z ihegZy '26 fb
khklhydbc&eYbNiC, \\ jomYbGoC \gbam Kijz\Z we
ahggZy kljnYoNiGjZ

fe-]b[jb"baZpbx \hywlilk GZijhib\26 \ <ELL&ghkbfZy
[he__ gbadhe_"Zsbfb khklBygbkgklyH\ighf khkj_ _~hlhq_gZ gl
+ w< | 4&d-]b[jb*baZpby \ wlhf kemqZ_ [he__ keZ[Zy "e
\[ebd&b dhlhju_ b hij_ ~ eyxl we _dljhggu_ k\hckI\Z f _|Zee
ljb ghjZevgumke h\by@T a D \ugbke _ggh_ dhebqg_Kkl

4f-we _dljhmgh\ ey <E&R& "ey <EI1UL& Dbhgu <E \
h[hbo kh_"~bg _gbyo gZoh”ylky -\Zghglgmihkggklhygbb Kk
\Ze glghklvx <E jZ\ghc b khhi\_1TkYdb _ggh Ijb

YbCoG, [eb”  d " _ehdZebah\Zgghfm khklhygbx k \Ze glgh
kihkh[kI\m | fZ]gblghfm mihjy*hq_gbx > @

JZIkju YbNIC, ijb k™ ZIbb ihdzZaulzZxl qlh \¥belglghklv
YbNIiC, \hajzklz _| ~hijb =1Z \ke_"kh\\o_ ebq_gby bgl_]jZeh\
i _j_djulby fihj_k[eb _gby ZlIhtiddbf h[jZahf ijb k ZIlbb
\Ze _glgh_ khKbhWwWiNIC, klj_fblkkhklhyg\WwkCoG k [he
\ukhdhda-]b[jb*"baZpb_c AhggZybNI¢gmaoithdaZgZ jbk
kijZ\Z < hlebqgb_ hl [RE&N&IhygbyE\[gbdbms klh gg
Co G h[jZzamxl keh'gmx kljmdImjm WINGLC.>k @ [ h\ KeemqZ _
aZiheg_gghc b ihlhfm gb'd-h¢hehAgdthric I|hevdh ~\_ ohjhr
hij_~ e _ggu_ d\ZabqzZklbggu_ ahgu i_j_k_dzZxl mjh\
KhhI\_IkI\_ggh lhiheh}bly\ _noghkYbNIC, hlighkbdvgh
ijhklZ ih kjZ\g_gbx {ll<EZRR&Z ih~""_j°ZgZ 1jZglh§& JGN <
12-00438.

[1] D.A. Salamatinetal. Phys. Rev. B101, 100406R (2020).

[2] P. Blahaet al. WIEN2k, An Augmented Plane Wave + Local Orbitals
Program for Calculating Crystal Pragies, Vienna, K. Schwarz (2018).

[3] K. Haule http://haulewelrutgersedu
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F:=GBLGU? B F:=GBLHWE?DLJBQ?KDB?
K<HCKL<¥e-E:G=:KBLH<

. X LboZgh\kdbcFmobg XB\Zgh\F Dmavf_gdh

Bgklblml h[s_c nbhabKEblpfohjh\WikkKbckdhc ZdzZ”, fbb gZ
Fhkd\ZneZ\beh\Z

tikhanovski@phystechedu

G _~Z\gh [ue h[gZjm _g bgl _ j kguc deZkk kh_"bg_ ¢
fZ]lgblhwe _dljbg_kdb_ tk\hekBR&Zkh” j"Zsb_  kh_"bg_gl
kljmdimjhc eZg]Zkblz BZNUFeS,L04 d BaTaFeSiO4 b
SrTaFeSi01s DPbklZeebg_ _kdZy kEemeddm]jZzkblh\ hlghkblky
ijhkljZzgkI\_gghc ]jmii_ J b yley |Iky g _p_gljhkbff_

| fi_jZImjZo gb _ 1hqdbTyv@K eyhgb mihjy*hgb\Zxlk
Zglbn_jjhfZ]lgblgh \ KIjmdImjm Kk "\hcghece d
\gmljbietkkdh |j nglhewmihjy*hg_ gbFekilpghsZxsboky

\“hev hkb k > @ Kbff_Iljby djbklZeeh\ ~himkdZ_
fZlgblhwe _dljbg_kdh]h wnn_dlZ h~gzZdh ijh\_~ ggu_
we _dljbg_kdhc ihelyjlZaZelky ijhlib\hj -g@ufdjhfh Ih]
hklZxlky ylggu f _oZgbafu \hagbdgh\ _gby fZ]gblhwe
wnn_dlZ \ kh_~bg _gbyo < jZ[hl_\uiheg_g n_ghf_gh
fZ]l]gblguo b fZ]gblhwe dljbq Hedlog @klelki\ b ij ~eh ™
mijhsggh_ hibkzZgb_ih\_~ gby keh ghc kibgh\gplclkfjmd
ithe  hljZz Zxghkgh\gu_ q_jlu

K bkihevah\Zgb _f Bibgd ICkdtallographicServer ihkljh _gu
[Zabkgu_ nmgdpbb fZ]gblgh]h ij_~klZ\e _gby ijhkljZg
J b ijhba\_" _gZ izZjzZf_ljbaZpby fZ]gblghc kibjZevg
ij_"~ihehgbb ij_hpeZ”h h[f_ggh]lh \azbfh”_ckl\by ih kj:
k Zgbahljhigufb b a_ _fZgh\kdbfb \aZbfh”_ ckl\byfb
ij_"eh _gh Ok#ygjzs® hibkZgb_ kibjZevghc fZ]gblghc k
jZfdZo dhlhjh]lh ijb gbadbo | _fi_jZImjZzo dh]”*Z fZ]g
blwh\Fe* gZkusgu hgZ oZjzdl_jbam_|ky gZijz\e _gb _f
iehkdhklb \jZs_gbwn(KidgHt&+tm]he f_""m ghjfZevx b hl
k3tm]he f_""m ijh_dpb_c ghjfZeb gZ [Zabkgihx iehkdfr

< h[s_f kemqgZ_ ijb gZebgbb fZ]gblkibll _ fihey
oZj@ jbam_lkyy*\Zjzf_IjZfb ithjy*dZ h”bg ba dhlhjuo |
kibjZzevghc fZ]gblghc kljmdImj_ k ]jmiih kosOglhiNh]h \
Z \lhjhc d bg"mpbjh\Zgghc h”ghjh*ghc fZ]gH0ghc k
L _jfh~*bgZfbq_kdbc ihl_gpbzZe hij_"*_ey tky\de@mthjih
hilo Ibih\ iZjZf_Ijh\ ihjyM&LTh ijjbrklZ\ey Iky \ \b"_
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(1)

A xdhgklzZglZ bahljhigh]h h[f_ggh]h KaZlwfmt_ clkdi\dp¥y
dhgklZglz Zgbahljhibb klZ[bebabjmxsZy kibjZev \ [Zabl
D +tn_gthgheh]bqg &khgklzZglZ mgblu\ZxsZy [bd\Z"jZIlbggm X
1 ZjZf_ljh\ ihjy*"dZ FbgbfbazZpby | _jfh*bgZfbqg_kdh]h ihl_
bn(&3 ihal\hebeZ hibkZlv w\hexpbx fZ]gblghc kljmdImj
\uy\blv '\ qgqZklghklb Zgbahljhibx fZ]gblghc \hkijbbfc
[Zakbghc iehkdihkilbji_gr"bdmeyjgh ¢ Z 1Zd _ mklZgh\blv
i _j_hjb_glZpbb kibgh\hc KkibjzZzeb \ az\bkbfhklb hl |
fZ]lgblgh]h ihey

:gZeba fZ]gblhwe dljbgq_kdh]h | _jfh~bgZfbq_kdh]h
lj_m]lhevghc kibjZevghc fZ]Jgblghc kljmda&igmj\b Ivh &\lyabe m
we dljbg_kdhc iheyjbaZpbb k hjbn & ZBpbb dkfilthgedlZfb
\_dlhjz gzZfzZ]gbgMyhljcksd; M;sin3;; M,):

(2)

] ntm]he hldehg_gby fZ]gblgh]h ihey hl [Zahkiflec iehko
f_ ""mjh_dpb_c fZ]gblgh]h ihey gZ [Zabkgmx dehkdhklv
FZ]gblhwe dljbg_kdbc wnn_dlI y\ey |Iky j _amevlZIlhf
\dez~h\ \ f{fZ]gblhwe_dljbg_kdh_ \azZbfh”~_ckl\b_  hl
\aZbfh”~_ckl\by >ayehublgjidh]h b hrghbhgdéZhz \
h[mkehjgh]h kdhkhf fZ]gblguo fhf_glh\ ih”c ~_ ckl\b_f \i
ihey

JZ[hlZ \uiheg_gZ ijb ihA*_j°d_ JGH21089381)d | «

[1] K.J. Marty, et al, Phys. Rev. Lett101,247201, (2008).
[2] H.D. Zhou et al, ChemMater,21, 156159, (2009.
[3 N. Leg etal., Appl. Phys Lett, 104, 072904(2014).
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KI?DLIHKDHIBY DHF;BG:PBHGGH=H J:KK?YG|
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KLIMDLMIDHFIHABLGUO | EHDIG:EF:A
KBGL?ABJM?FUO < K<Q IE:AF?

. DFZjlvydh\ :Ohfdg < K_h\Dm~jy\p_ )\ H K
<=JZevqlgdh

1Bgklblml!l h[s_c¢c nbabdb bf : F hkjkodktihz ZdZ”, fbb gz
Fhkd\Z me <Z\beh\Z

2BgklbIlml jZz~bhl_ogbdb b we _dljhgbdb bf < : Dhl_.
Njyabgh ie <\ _~ gkdh]h

martyanov@nsc.gpi.ru

JZ[hlZ ijb[hyakhdhfhsghc K<Q we dljhglzdbhjBhafh
mkeh\bb wnn_dlb\gh]h h[l#Z HZiehZehf k~*ghdhj
| _iehijh\h~ghklvx y\ey Iy 24defigZadh \\b*m hq_gv gl
dhwnnoopglZ | _fi_jZImjghlh jZkrbj_ogbefZda _]h bgl_]jZ
k dibklZzeehA®mijh\h~*gbdh\ 6L *[kl1 ki&&kI\ _ggh [he_
\ukhdbfl | j aZljm~~g@Zg¥XhbhgbdZxsbo f o0Zgbg _kdbo gZ
[6] < jZ[hhdZaZgZ \hafh ghklv hkZ » gby-@h& ha\lbl’Z Ze
lhgdbo keh_ \ [hevrhc iehsZ”b m dhlhjuo ijb khojZg
\ukhdhc | _iehijh\h~ghklb fh gh ih~kljZb\ZIv \_ebgbgm

Dhfihablgu_ zgd® 6 &fZa h k&b R ¥ gZ -K<Q
ieZafhobfbqg_kdhf j Middhj HHH Hilhkbkl_fu qzZklhlZz

==p \ kf_kyOHs-$iH, gZ ih”*ehSid_ ij_"\Zjbl_evgh
aZk _ygghc keh f gZklbp »~ _IhgZpbhggh]h gZghZefZaZz
j_Zdlhj_ Lhjj |1 _fi_jZImjzZ ih™8&hidbghklv K<Q d<l
dhgp_gljdpbZgZ & dhgp_gljZpsd=y0,8%.+

JbkmghdwWdki_jbf _glZzevgZy ko _fZ K<Q j_Zdlhjz D
baf_j gby Ihesbgu ie_gdb E k b yblgZfhdjZ hgpbhe
eZa_jgh]h baemapgkik \ hkz ~ gby G
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Ki_dlju dhf[bgZpbhggh]h jZkk_ygby k\ _1Z DJ Kk
nhdmkbjh\d_ eZa_jgh]h emqgZ \ iylgh *bZf_Ijhf hdheh fc
lbih\ jbk Z b~ _glbnbpbjmxl ZefBadm[bgkkdbkxi ihebl
dzZj[b”Z dj_fglby && HkfIJZkij_~ e _gb_ djbklZeeblh\ Zefz
6L& gZ ih\_joghklb dhfilZedflZza 6 Li&k [ ithemqg _gh
dZjlbjh\Zzgb _f gz iehsz~B. 1 fdf

z [

Jbkmghd Z Ki_dlju DJ ey a_j_ g 6L& gb gbc ki_dlj
\_pgbc ki_dlj \ dhfihabl_ " [e _@dbkijdjbklZeeblh\ ZefZzs
djZkguf b 6L& a_ezguf gZ ih\ _joghkdbefdlafihablZz
ihemqg_ggh_ dZjlbjh\Zgb _f bgl_gkb\ghJkl ichjyddiir\ @2
1332kf! zZzefza b 1(SiKj.

LZdbf h[jZBkRE ~"_gbKk@QeZaf_ ==p \ kf-kb f_1Zg
kbedAd” hjh® gZ ih*"eh dZo dj_fgby kbgl_abjh\Zgu dhfihab
ZefZdaZj[b™ dj_fgby dm[bg_kdh]h-6h&bIbNZah&uc khklz\
ie_ghd ijhZgZebabjh\zg f _Ih~hf dhf[bgZpbhggh]lh jZkk
H[tzftgZy "“hey dZdjbfgby khklz\bezZz hl h[s_Jim[tzfZ
dhfihablZz Bkke_ ~h\Zgb_\uiheg _gh ijb ih~™ _j°d_ 1]jZglZ
29-11023).
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J:>BD:EH< < A:IJ?76EGHC AHG?
G:GHDJBKL:EEBQ?KDBO HDKB>H< LBL:G:
FHEB;>?G: <:G:>BY <HEVNJ:F: K IHFHSVX
WIiJ KI?DLIJHKDHIBB

? < Dulb@ziZjohf_g@h: GZazZjh\Z

Fhkdh\kdbc =hkm~Zjkl\_gguc Mgb\ jkbl I bf gb F <
Nbabg _kdbc nZdmevl | Fhkd\Z E _gbgkdb _
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< gZklhys__ \gdflydpbklZeebqg_kdb_ hdkb”u f_I|Zee
bkihevakyx|l ~ey kharZgkbgguda mkljhckl\ gZijbf
nhihdZlZeblbg _kdbo nbevljh\ “ey hqbkldb \ha”mo
ijbf_k_c¢c k_gkhjh\ ey fhgblhjbg]Z khklhygby hdjm  Z»
> @ HAgbf ba i _jki_dlb\guo gZijZ\e _gbc y\ey |
nhlhdzZlZebazalimjighdpbhgbjmxXxbthdh\f *bzZiZzahg_ ki3l.dljz >
>ey wlhc p_eb f |IZeehhdkb”u gubgmwle jiZagdHifb
f 1Zeezfb b g f IRBpZfbZ"bdZeu iiZjzZfZ]lgblgu_ " 1
h[_ki_qgb\zxl ijbf_kgh_ ih]Jehs_gb_ mgZkl\mxI|l \ nhlt
j_Zdpbyo jZgkw Ihdkbqgghb kijc gZ ih\_joghklb hdk
f 1Zeeh\ I|hwllefnwx pZgghc jZ[hlu y\leyehkv bamqg_gb
hkgh\guo k\hckI\ ~ n_dlh\ hij_~ e gb_ iheh _gby b
mjh\g_c¢ \ azgighs ahg_-Zdédhxdlguo fZl _jbZeh\ hdkb”h\ |
fhebl gz \ZgZ"byjz¥Ze k bkihevah\Zgb dlIjWkdhibb K
ithfhsvx “\mo f_Ih*"h\ kbg] _a¥ >al@ew ibjhebazZ Zwjhat
[ueb kbgl _abjh\Zgu e _]Jbjh\Zggu_ Zahlhf gZghhdkb”u
\ZgZ”~by b \heViopAMdO; V.05, WOs. Bkke ¥ f ITh~ "hf WIJ
[ueb \uiheg_gu gXki WIJhf Ij_  nbjfu %UXNHU (/M;6<6
jZ[hg_c gZklhlhc ==p b gm\kI\¥lkidwghkklvidk\Us gb_
h[jZaph\ hkms_kl\eyehkv g _ihkj_~klI\_ggh \ j ahgZl
WIJ k\_Ihf jlmlghc eZfiu \ukhdh]%58Z{8_ @l:6<B (

89 <| K_e dlbjh\Zgb_ ih 7~ebgzZf \heg hkm
ithfhsvx HghojhfZlhjz-2641 _fi_jZImjZ baf_jhkdDd'\ce ke Z

b IXh]l]eZkgh ~Zgguf j _gl] _gh\kdhc “bnjZdpbb Kkj
ihemq _gguZehhbdkb”guo gZghqZkhNopb&iZahlg gf K
ihfhsvx f_ h~Z WIJ \h \k_o h[jZapZo [ueb h[gZjm _
jZz"bdZeu ZPtpb glniuTiO, Mo ~ _n_dIMoOs; bV* p_glju \
V205 Dhgp_gljZzpbb 2~ _n_dlh\ khR1P\beb A® %A
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A 17 12 (TiOz, M0oOs, V205 kil\ _TkI\ _ggéyij ~ e gby iheh  _gby
mjh\g_c wg_|j]lbb jZ*"bdZeaghc aahig sbkke_ ~m_fuo gZghhdl
gZfb [ueZ \uiheg _gZ j_]bkljZpby ki_dljh\ WIJ ijb hk
jZaebqgufb wg_j]lbyfb d\Zglh\ h[jZdphdghg Lhkj_ 7K
j_ahgzlhj_ ki_dljhaflggb\Bebqgbgh]lgeXvIiJjZ”bzah\
ijhbkoh”idb *hklb ™ _glih_~ e _gwghcjlbhzgliZr"Zxs _]h
k\_1Zk\h _“ceydZ ~h]lh IbizZz jZ"bdZeh\ WIlh hg_gv \Z gu
hadggZxsbc qlh ijb hk\ijhbklobh*igbf_kghih]Jehs _gb _
k\_ 12 n_dlZfbboi_j_a¥y}dAH[km~" "bf kKhezg j _amevIZlu
wdki_jgth\ ViO, LZdhkN_ebgbgb]gzZz¥widJ®ey Zahlguo
jZ"bdZephtkoh”bijb wg_jlbb d\BE@hiw<l _gZqbgZy k
"Zgghc wg_jlgbameévizilibf _kgh]h ih]Jehs _gby we _dljh
i_j_oh™bImjh\gy jZ"badZg@ph\h*"bfhKi®,, Wlihha\hey |
gZfhp gbilwveh  ghjh\gyggh]® n_d\AaZij_s gahg
TiO,, dZdlklhysfl*gZahgujh\hbfhklbgZ\_ ebqblggnmw <
>Ze ijbhk\_ s ghbOt3,0w<gzZe"Z kiyjhk kb]JgZeZ a1 J
Ti*-p_gljhgyyhfh ghh[tykgblvj lm*"hfwedjhgZ ba \Ze glghc
ahgu gZ i_j\hgZgzZevgh g _izZ{ZtlblgedH gnrgzzalz gkby
p_gljudhlhju h[jZamkhklhygbgbadgZahgujh\h*"bfhklb
TiO,, ba\_kigbaebl jZImgZdo\hkluehlghklkhklhygbc
©8UEWBHIED.VAa Z2h]lbqgjimklbgl gkb\ghlllyz&Ad I ey
p_gljhMo® \ MoO;z ijb hk\_ s gkbo26 w<fh gh h[tykgblv
i _j_oh”hwe _dljhgZ ba \Ze _glghc ahgu hdkb”*Z fhel
i _j\hgZgzZevglzfgZzligblgu_ % OR_glju dhlhjlzd"™
hljZamx| khikylhygibab *"gZ ahgu ijh\h*pfiMKlbeb&2gb
kb]j]gZzezZ WIJNeygQhWV,Os ijb hk\_s gbb k\ _Ihf k wg_j]b_
hot2,lw< \ k\hx hgfh ghh[tykgbilvj oh~twfe dljhgh\
\Ze glgdlegu:0s gZi_j\hgZoydleg iZjZfZ]lgblgikilhygby
V>, ehdBah\Zggu_ \[ebab ~gz &hhdgudbM\h& hdkb” _
\hevnjZfZ iZzjZfiZ]gblguo p_gljh\ fu g_ aZj_]bkljbjh\Zel
LZdbf h[jZahf fu hij_ ~ ebeb ijbjh”~m hkgh\
oZjZdl_jbklbdb b iheh  _gb_ wg_j] Ibg_kdbo mjh\g_c
aZij zZggghc ahgkb/Nhd ZLMoOs b V,0s \' bkkem fuo
h[jZapZohlljhbeb ey gbo fh”_eb ahg®@k&kebh\iZdgb _
\uiheg_gh ijb nbgZgkh\hc ih~™ _j°d_ JNNB \ j29%9dZo ijh_dl
23051.
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