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M s dtsmis: tyjdz 90 dzO HAzW o kOet®ij teso, Is. €. t5dzO
[r e fme tsd n dmmdzi Htse Odzd v n dzOH j ) detsyls Emistets2 M

f stewHCJ:

-fsHE Istse dzj dz 5 BBtOLYse LjtedzO M SwOBUsHis! & |
tcOMftcj Hjdzj dzr fstetsodzgz s HJOY OLtsdzE dL dBjtejdedw. wlsj
sftcjHjdddd fttdojHjddesdz | [evuBd3 dG@ilssHtsd (1Isd L dzO

ytse

R, Hd" Sk’ OBMGd sdkOW fscejh dshls! daj

COYH'? CB®E@IGQjIsMY o fjtoduds 2 JjBSshsds? fkj b
fs 10 ©OL d §sSSOLOddY bkhsts2flsoO BkHEl jddMmstdiss
-sftej Hjdzdlsmy MmtejHdzjJ L dzOUj ded o dzOY detsfilsd;
-sftcjHjdvismw teOL dtsisd d&jyHE MtejHddd L dzOoyj dadj d3
(OB Misde ] §sctejh desfmlsd) o dzOy detsfls d ;
o ygdfdzw j v sldsfdlsj dz dzOY fsctejh desfmls: L k) o] dz
d:’\/vfr]ts_de
hte

CGHWy Wnd toj L Zdz? sOIs dL d3d tej dzdw d MmtejHdzj J L dz2OyJ dedj o dz
tdLlzd O™ dL Bjtedddy d tOMfEddp dpdadpydzst6uddd J de’
ftcj SBOLBo Oljdzj?2 ftjHMlsOodzj dz o lOBdIY] 2.

s OB dZdyo 2 dlsOIsdud MSdd MojHijddw B8 §cted " desfmlsw d
dmMf sdz! L so Odgd j B3 j BEsMisdzsets ftoj sBcOL 59 Olsj dzv e OL dzd Y dz
[ BE sMisdes? ftoj sSBtcOL 59 Olsj dz (M 5@ Sgglp'O) dzj ¢
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d3ts d3j dazls dats 2 sjistedd Ekfttkzetsfisd OHJ C o addrde d B30 IdsjtigeXisidmy
f dzOMmMisddz d BBt YyJ $, GHdsotej &3j dedets fsHyddgws h j2  HJWE
fdzte fn fseotetslstu.

[bBBjIsdds, ybt jMmls: Mkh iMmse j dds] twOLsdlsd] o {ftts
(ddzd HJ H§SStelslsfdddz O dz! dz' =) BSHJ dzj 2 Ho zd3j tedzr =  dzOdzats BOIs
e dzj totsH dats 2 ZOdsIstclzB € d CteOW j dzO) , z0 smdetse | zyy |
Bsij dlsdzscts oL OddsHj2Misedw -8dzj 4 Hdes (ffdzj @ Uizt dgO d3sfls dfj 4s d I
sl Oy Isfiyw OCkzOdz dzr d3 ff tetsB dzj di3O tcOL tcOBtsISC d f SHRAtSH
HdMC toj Isdats g (d dzef ts dzis qiipliaB j b dzts 5§ d Odzd § teg "y IsCd H €
ZOdets BOIs j ted OdzO iy € tsdzRd dzlkz O thzlz dat$ 2 sEttdn BBty ¢
fsmistetsj dzdzts?2 20 tshdesak i B ds? s sted

l tOBtlsjy [9], MdOyodkod {smisttsj O ¢ tsdzsddkz 0dz: dzoOw
G dzj 2 dets? Obtdfzsy § g § tswd j &5 MdzEyO®j jyY HjYsStthkdtse
HdMC ) Isdets?2  jy d3tsHj dzd oL Od d3tsHffRdrpseots(jj (Bl WilzdzlsQdCIsizE Qs
d3ts d3j dzls dzts § . ¢ dMftsd Lo Oded J a3 HiSs RS dds fatzdzts 2M Is G e deldz] dzlis
BsHjdd d LOBjdYY oLOddsH]2Mised] dFPYdEBOL) B @GaB]
Misj oy dzj o9 52 LIsts? BsHJ dz &, ¢ f dzlindedelisQ dizOdzOW d ME dotg Is ddgss H §
Yyomlsdaetsmis d , H dzw GleOW j dzO. 1 O ftod d3d tod Gt OW j dzO, H O
fsmMistetsj dz Ho J Codzlsd dzz ©Odz! dzr J B H j dzd l gt HJ W tste d3C
O tew Yy dzdzsets MsPlsswal ¥ dzixdj @6 s j Wzl ydzese s dL e de O.
Yylsts d&BsHj dz fdzcmMStsets O tew y VY dadetse s MsmMissw dzdw cGtcOW j
dzOff tow 3y dzdetse 5 MsMis-tgY dzgd W O dpdztelsy dzlz s z ¢ 5 2 SEdzC 52 § d&zOMmls:
s jtcj ydesets dL elpfsHQ dzcf tc Q¥EdE@c | W L ¢ d B O-d3 jdsisadig Qizsdiss?
Eftckets? Idl 52 -12dkOfis|d@S Mzt D] MtcOo dzgdo Odedw Mtstslse
OdzOdzts ¢ d ydz' n BB HJ dzg 2, sSftejH] dzvE Ismw amyJ h jmls! gt
sj sted d FPftckzesmisd H dzw BOIjtedOdzZO ctOW j dzO, YydtedL W
MtckzCIskter 1 Istsegts dBOIj ted OdzO.

[BsBM OW MC OL Odzdzts § or h j, By J &3 ¢ Hzldis ®1Odiadas g Ols +
s H j dzd fdzsmME sEts dzOf tow ¥ ¥V dadats G ts mMtsmis sw dzd W d s J te]
f dzOMmisddz (M drLoeojMmlsder B Eftckzeddizd § sfisswdedz" d&3d) , o dzC
CO Ctdzlsd dzz Odz! dz J B HJ dzd H dzw Mstslso j Isflseo zs h dn HJ
l sdgv sdes, Ykt {ldd MOd &5, skt o0slsmw hdqesSdj o
dB3tsH j dzj 2, ) HOdz! dzj 2N j d5 H dzw dL zyd ded w tcOL dzd ydz' = L
Emlss2 ydetsmisd dzdmlsO cttOW j dzO.

110



0SkzOd d j fesBdzj B ftots

Il HOdzdzs2 @B FlEj df Mdeseo dzOW MdMmMlsj BO EkteOo dzj dzd
9 Otcd Oydesdzdz 2 fHteddzydti Isdf O P e @ ezt H dz¥s | sEsdr] dzk
U OMmisddeCd ftod Jvy §fwfjtejydsd dLedsj d d&O tsidzt
Ctodzl toj IsdzOW L OHOYo st Jtc] ydesdz® g L cfifftststds o jddsef fifls DIz ¢
ydmdzj dzdz" &3d tej L zdz' IsOIls Odzd .
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fimorryrpusrr wlfsuwuvl o sffdfyror3IMm [JOUvrtRrROJLL, 1
forrtvde vrtfryrpusds [1to1fus s

) dzd dzso O, [l petsdzBe RN dzvy o [ YBHROM § jewesomEd2 1. 1.
zkter ¢ ddz@ 1. .

'AJuvl G¢cAylRRYjtedljls dd&z. RrR.1. 1 OHddOe, ¢. [ i
A RCU CfRARE, @G. [BMSCo0O, ¢t tmidw
E-mail: blinova_en@rambler.ru
d485L HOdz] J B sOdzdzd yj M< dn BOIsj ted Odzts 9 Msyd sOs h

HeMisOlsydts o MsSdy fGesydesmisder § o § dzOmMsduyd mMcdd -~
tcj OdzdL Oydd StsBftsLdlsde = fMstekzCIskte, f§tojHMIsOodzwe h dga
fsfdzj Hso Olsj dz' detsflsd HO&EBES B IBHEOJYL Cktste’ 7 B dz
ftesydesmils! 6,1 90 MSEESROM &ZOMIsd ydesMi8] ¢ .f eisH g s EAEBEHL J ek o O
oL By desfls MsLHOddY kOSCdR CodRftLdld 7 KOIlsj tod Odzts
) 4 dzj-A testsdfg] € j dz Oz jo tzg dzliptf Is dzts ¢ 5 ts-EBMHBO, o r s s to ts Y dz'
sB ZOMisgPtels j dzmdls dBsy des § sdzz yd Is 9 WjLkzd O] d&jcO
ftoed Cbttets? tjOddLEZjlsMy (v ks GOl diffislsizsg tcj o
ZzOL jtodets?2 Isjtedsdyj MSts?2 tBteOBISSd fHtod Isj B jtcOskztcOR
BOGlszhdlsdzse s ftoj otcOh jdzgdw, © twjLlzd O] (ke S
tcOBtSIsOR BT dzd HJlOdzt des L bEyjdzr dBIirOdduimMédy MmMots2 Ml
CoRf sLdlsdsects @O ted OdzO, O OS] MbtekzSlskte® cteOdzd Yy
LIsts? ffoew L d, dz ylsts Odgdijtf sls j edzsd yj M¢< 52 sBteOBtsISC d zOL |
fsLotsdzd dzts fkh jMlse j dzdets ftsor idls f tetsydztsfls f dzOfls d 1
tcOBBIs] ftosHtsdy jdr dhipdzj Hise Odedw, MowL Odader | ) ML HC
Msujloshdr or MsCdy §toydshs@fiy] tedl M dzOMIs duj et d 3 O figl
stftej HJ dzj dz" Ctedor ji HEWwdmOudd 6 ( 0) HdzZw tBteOL ytse
cOMftcj Hjdzjdzadj a3  dzOMmisd ydzgr = tsB &zOMlsj 2.

rdzv fteso jHjddw dMmMmdzi Hise Oded?2 B ' dz -9 tc BAGAdE dytf dzOo |
fdzj HEs h j e s ils @e<@®02;(-§8132M)9:65; Si-0.3; Mn-0.032; P-0.004;
S0. 006 ;-Fesfml. + ssd3 M zOea j Isj 5 jtceOlsktce® oW Bsects GOl
&ZzOR tsH dIsfmw dzd ¥ § 0Awu, O BBtOlsds BOtels j dzfd Is dats § i
sj i3 j cOlskz¥E) ©6aMSOdydoOjlsmw ftcd ~800 Asdsydzsdzrs 1 sz
BOtels j &zds0 dMftsd Lo OkzOM! ~AdsHdOw § &ofsdyj S ow
CEdRAdOIsdats? Isj B jteOlsztej] Mts Mmisjtfjdawdsd ©BYOlsdw daj o3
Jdzls j dzido desflsd B MY jydoOdz® §OSkdujmsd §tdbsj {§tj
BOtls j dzdls. dgfelew FOC teis®C s d yi MSdr B dEZOMISj 2  dzOfMmls d ydzt
tcOL d&3j etso  d Wsted3' tcOMftoj Hjdzj dzder 7 s tcj Hj dzj dadz" d3 tSE
BOtedyr, ftddj d"dzom: kjttddyjMSow tetOBsESO &OL jtk
Cobstes? B MY jydo 0dz0 f sdepjinedj ds s ROMB s df cOC Is

1ted ftsojHjddd zOL jtedats? kjteduyjMSts?2 ©BOBSIS
ftojHMiSOodW jIs ftsHHjteyOdedj Isj 3 jtcOlskter , dzj 5BABHJ®RS
OkfMmlsjddls® d B M j uyj ded j SHdstetsH dzgtsfplsd dzOctcj 9 © s
ftojHSlSo tOh j dzdey O f@dMpfEdejL 5o Ozlyw  dMistsydzed S + dzj ecd(
SHdstesHdz 5 tOMytcjHjdzjdedj 3 f dzslsdetsfylsd BRsh dshisd .
f OttOd3j IsteT ZOL jtedzgsets otsLHj2Mlsadw. 47 dzd dhidj Hse Odz
2O oL Btsy detsfyls sBJ MY J ud ded v EMmists?2 ydp &if jstc Otg@ e j 0 O
HodY khd2mw M dedL €2 e stetsfyls! & (HB 2 3d3/ ) dfmls
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ftow Bskzetsdz! dg &3 BdzdL S dd3 & BHstesHdsBz oW ddj & d
dzj f sHody dzr 2 diMssydedS M BGHdsSSHADG & oW Bskze tsdz! dzr
) or M t2As! M MBHEPB S5ISCd  (BSAdZjj 1000 KRB/ M) . 1]
dmmdzj Hse Odzd j 5 B dZO f sMmistetsj dzO@ dBtsH j dz@ dzOL jtedzts@ s
Ctsdgj yde' = 1 dzj B dzlsse. 1 0O thdsej f§thmistetsj dedes?2 BSH,
sBteOBBISCd t©OL dzdyds &3 Y Isd wjOESdgdds " inizdhls g GBOHP dzO0
sfmdzOMmisC d, dzj sB A SHJ BBOW Hdzw  fsdzzyd dedw dL tslstetsy dzt
Codalstetsdzy tojLEzdz sOlsse Isjtedsdyud MEs?2 BtcOBSISSCd dMY
RZOBOG dzd Yy dedetsflsd d BIStetslso jtoHsMIsd BELOL EZE M dAaMmw t

1 0 tedf. 1 thEdak H jmBOL ytse , fMsH j oy O dA B dzO
BOtls j dzgmdls©O (Mo jlsdzr §j B d&ZOMIsd) d f§ &zOofmisdydesects Ok
sBl j BAzOW HEGdY OkfisjddlsO B ZO ot ofjn MuzyoOw?:s st

B E s =
B s
[ .

{ qindzdCu T j RO dydzetsj dL SB©OY j dzd j S8 j@rkdyusjon S A HD B i@z
oL jteder 8 dL dzkzyj dzq § ds.

lteso jHjdede § L St Jted d3d dals? fsCOL 0dzd, Ylsts dz0d
sBtOL YO Isj i3ff jtcOlskztclkz Isjtoed3stsBtcOBtsIsCd sy des ff sdziz y
[ HdzOC 5, sBteOBtsISC O MCOdzdtetso Odzed j &5 tsB dzBj @ j thed ® dzd L
Cits@Bilstedd GBcOBOIr 9 0j @32 B &ZOMIsd. 1 it sSHody dzr 2

dzj HOY IS tcOo datsds) toeptl SdzjdEOiCHESjoD dafimls d § sl ddv  §wis
Wodw jlshw BjSEHICO SBLOBSICH Hodykhddhv fEwdske
cBOME de& Hu'dedf's dekOH O dzgdzs e 5 G j S Bj Is 6 q fr]QtsGts oMY &
10 tdfm. 2 Htedoe jHJ ds sBtOL YT 9" B o dzdz Hdzw  df

BOtels j dzdlsdes s ftsMmistsw dzd d (sBtOL j Y 0) , O sO¢C Y j
ftedojHN j2 € ®BLOL o Odeds -4P Iz fif s jnaiaf Is @ O toizts @ dzg™  HzO
BONM d dzj .

& ‘ B
o
0 21

t dindzRG¢ [ BtcOL yr dhMmdzj Hseo Odzdzse s MY ZOo © M teOL dzd ydzr
Okfmisj dzdls©®, §dkzyj ddscts o ©jLbzd O] &OL jtods?2 ] wdd
ttOL to" o dzts?2 RON d dzj .

stedor j O (0B)tc Om dgts o | MsH j ey O da dM& dzt ydlsj dz' dzt
BOtlsj dzmdls d OkMmisj ddls o tOL dzdyder = Mty sOdzedw an f toc

113



0SCkzOd d | ftsBdj & fesydshlsd

 dOG 6 OBRBO dz@ ff 8 sy 3@ad) i v
—[BttOL jg—[ DtcOL jg—[ BltcOL j Yy ~ 2
[ BteOL jJg—[ BteOL jy ~ 4

[10

1600
}g 1400
Z, 1200
=~ 1000
=

5 800
—. 600
© 400
~ 200

0 5 10 15 20
rd#sedgoydy, %

t didz8Sr O ORB G (U) o ©WOLdJUde 7 fMbskSlskted 7 f

R L ftedo j Hj dadz" R ZzO0 todfm. 3 tjLikzd sOktse gL d3j to g
9" BtcOdzdese s M dzOo © Mmdzj HEZj Is, Ylsts f tsweodzj dzd j 9 toj Lk
ZzOL jtodzr &3 dL dzkyj dedJ d@3 5B ZOMis j 2  dzOfmisd ydetsets Ok Misj dzd Is
ZO0 Wtsttkkz Swdera G(U). 1td (b dn WsteddO LOsdfMmdls
Hdzddzj BBtcOMRY@Btc®OSd3, dmf sdz' L so Odzed§ zOL jtedzets?2 Isj te
ColsteOw VYsttddtekzjls HBOCtesMSsy dyuyj Mk MstekSskztelz ¢
fsLeosdzw jIs § sdzZzyOls! t©OLddydy § My lsOddw d ©OL d&3j tef
syd tej H! sBdMfJude Ojls dzj 5B~ wasdstsly’ - Misfuj Y @Gadngs d ufj téy
nOKEOCIsjtedfisdC.

t OBl O 9" f 5dzdzj dzO ftod WddOdemtse 52 f SHHJ
(Gt OdH8-RM591 O) .

JRu[t duULL O

1. dbdzHtcj jo ¢. [., 10kSdd [.1., [dB [. :
Mstcddz ¢. R. ltoddijdaj dedj dzOL jtoedats? Isjtedzdyj MS 52 tsBcOB
ObjtedOdtss &0 Sh@sNi] / gl dr 20143 " 1. . 5

2. Jdzddeso © . 1., [ dBd&Odzf...0.) ddij tsa[fr]Cch ] to
ML HOdG(Y OljtedOdss M fLshscodhlss | dd & GONYte]
BBC??fgfé]lSJ? ) oL ddydy B3d ¥dLdudmMsddd d & ~0ddud s did
g,

3. ] &zd dzs9 O [ . . JdziLjte ¢. [ ., ] dBd®3OGdz [ . ¢ .
fjtjnGHds2 Ls@mmmwguhwmmmmmmg EEC 0k et d &Yk d
BOwElsj dzffdls®. // RrRLOjMmisdw or Mhdn kujsde o il@e jHj ded?2.
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SOHBSMBYj S q.jis.jnisdda G)thRQBhOI,[q oylje ¢.r.
stdztsBtso® 5. 1 .
'AZuvRrR dd3. 6. A. REBWWJ,
40dz9lg Isj teBlztce,  smimdw
‘Rdzmisdlskzls ftotsedzyg &8 fddBdyud MSEts2 WdLdsd
YJjtlodeseBdzZte C O, t smmdWw
Maria.Narykova@mail.ioffe.ru

1 OH Oy 2 tc OB 5ls "d ) f) dzglzn tess @ dzd | MisOB ddz! desmisd Mlist
sdlsOdzO0 |  DdzOdzs@d ) Gwadfecsyj MMy or MsCtslsj B j Ol kztsc
tcOL dz" n Zzof tew y j dzd v A d, mMtsslse j IsMmise j dzdzts, ot d3J
Mtstslso jIsMilsoalze M j2 o jterndsi?2 cteOdzd yd fipdscQis.d dR Lzt jinfipls dztf
Yylsts ftcd MotsBtsHsE ttlyde] MsttkzClskztcO HOdEsEs Isdl
HjMmwisC BB YyOMmtse .

)| tcOB tsls j dmf sdz' L s Odzd ! -Os5Bte®L Y& s5islsdels @dzO dzj
ddzls j dzgfipd @ des? f dzOflsduyd MEts?2 HjWBstedZBOYdd B" &ZO ML H
fisfls s iyl jMtej Hdzd f tOL d3j tetsds L jtedz® 200 nm. RMYT 5O
fsdzL zyjmisd ftesosHddzdm' ftod Isj&fjtcOlskzicj 350Au ¢
dmfr sOdzed j &3 HdzdIsj dz' desfls! or AntsHO dzO Isj B j cOlskztedz :

[BtOLY" IsdlsOdgd diftsf rdls dfifdz dz0  sdzr 2 yd Mils: BT dzd
L dzj CSlstetsdzdets? R SzEi Y JEOMY tcj Hj dzj dzadWY L jtejdz 65 tof
Mstslsdztsh j dzd W o3, Bj ML tej deder 3 tcOL tsted § dzlsOydw o3 d
RfMMdzj Hse Odzdd BjlsHsd 1 [t Y§tese sHJdf med s e il lg
JSM 7001F (JEOL, ctitddw), tdOh jdede' 5§ HjljCIstst
[BOL jy BBdEZYOdNHWw 1 dzj ¢ Istcts dzdie\dsf tf Hz YIE dsdiss df) 72 QA 6@ d gz
lted MCOdzdtetso Odedd HEySsd3 tB dkZOMIsd (o jtendsilsd o
HdWteOC Yy tsd@d@ds Is d dzO, fts twjLikzd OISO Oolsts®BOIsdyj M
sftej HJ dzw dzO ! sted j dzgsOydw CtedMmlsOdzdzO [ 2] . t OL 3§ te
h O MCOddteso Odzdw™w 50 nm.

)| H O dzdzts 2 tcOB tsls j BN dzd ff sdzkz yg dz" COtwlsr tcOMmt
SBwOL Yytse Ti ( 1duf i oshifali dad jdpQ tOMmiswy jddj o tef > dd3j
Hisdze tso j ydatsfyls '  oBj dzv dzOf: o ° s OiQL fdigj HEdNds Ob Oizj ezt jl
HOdzdz" | 85 fMbstckzSCIskztcy B dzd i sdzeyj dz@r dL OdzOdzdL O dL ¢

Vs Odzs o dzj dzts, ylsts o dMASH dzts dp SEa to Oz @1 &) 1
Litcjdz MtsMmisQoadzwes s tsCtsdzts 80%. RMYr lsOdedj Hted Isj iBY
fweoClsduiméd dof ftedotsHdl ¢ dL d&3jdzj dds wOMYte] H ] dz]
BSdzjJ Hdzdljd dscts ‘dHf{f  &Ozaf"H O( BiNr¥0 BKOL 5o Odzd J
Codzdyujfmse® Bodzjj Stbkfdr o Ljtejd d ©OL&Gjter dzj Stsls
2.5 mkm. 1 tid e ptzisdsil,ts Mkh jMise j dedzz¥ yYOMmls: GOl t
cOL d&3j otsdz d3j dzgj § 400 nm.

RLEUYjdd] tOMftjHjdjddy Ljttjd ft OMfjSsdtdk
Btsdzj j% 85itejdz dqBjtsls OMYjSlkdts] Mblsdsh jddj 1 &
or swdzelsOw Wisted3O L jtejdz BB Jls MoadHilj dz Miseo so Ols!
ftesMCOdz L™ 90dedd o 14 Isdlods, Yybsts Hitsdy ks fs
s tesilsdo dzj dzd d Szt k2 y jEmjlsdgr. & I8 teoCiy jARO d fisipddgQits Iz 3 § dzO
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0¢MdOdz dzOW sl Oflsbce s ®1l IsjSCMiskter, ttdj dzlsdtctso Odzdzts?
ftesC OIC (.
¢ dzO dzd L i sdzkz yj dedz’ ~ tejLEdz IsOlstse fsC 0L Odz, Yls ts

dmfr sOdzd 210° )1 0 MstelzCIskttO® BOjtcd OZDd ik OF ¢ v dz A O S Is
otej d3j dzOn dMY ' lsOted 2o BtsEgQL YIOOR dzOBdz* HOj s ©BWOL 59
Csdzdyjmlsets Ctebkfdr 7 Ljtejdz, ybsts, ojteswisdt, ©BLEMds
toj CtedmlsOdzdzd L Oy d (. lted 1l Hdzw eofpjrn dMmimdzj Hise Odzdz
o B dzdffLtsfo j ter dztsMisd tWOL telzh jdedw fJtetsdMmaHdIS ¢cdL d3d dz2 yd ded |
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