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E-A?IJGUBAEMQ?GB?F
.G :]1Znhgh\
(KzZzfzZzjkdlh&m”rZjkl\_foyurcdh kfbgmigddc jkiblf ZdZKI. Dhjhe) \Z
GZmqguaedh\h”bl-@Vkg,ijhn_kkhj< <hedh\
(KzZzfzjkdlh&m”Zjkl\_foyurcdhkfbgmigddc jkiblf ZdZKI. Dhjhe) \Z

<gZklhys\j fykms_klI\imhdjZklzZxsEh_ [ghkiWwa]lhlh\e_ fbdhb
gZgkljmdInpZjaebgghmlgdpbhgZewvEegbhag HbgblbofZah\woogheh]bq _kdbo
ijhp_kkhdbalhlh\e ydky_ Iklylheblh]jZnby
Kms_kl\fny?ijbeh  _gkkd_pbnbdidhjug ihal\heydblzZIyZz"bpbhggu _
| oghehlihemq_ gbhylhrZ[ehghddhghfbqg pkddb khh[jZadufdhzZkbImZpby
kdez”ru\z\ kemgdh]*"g _[m_lkg]hlh\bhbjhdmghf_gdeZlwngmf_glihh
rimgghbebf_edhk_jbcgjihfba\h~klgzZijbf_jijb balhlh\e_gbgbdZevguo
"bnjZdpbhgulbg_kdiwe f_gl(®HW Ba\_kl jgn f_Ih*hWwhjfbjh\Zgby
lhiheh]bq_kddhdh[jZz _glyy ihkj_"kI\_dglkeh_jZ[hgq_]hzZl_jbZeZ_a
bkihevah\adgblyj abkrhgbhkgh\ZgdehdzZevghjZz[hldZ|l _jbzZeZa jguf
baemqg _,gbqglfh ihalhey Hgbablk [_klhbfhkda]hlh\e gfthydjhkljmdIm]j
ijhbal\hevgthgnb]lmjzZbdbpgbtbagzZb[hei jki_dlb\gudh”hi\jyfhcazZibkb
yley llenwdZevghjfhobfbq_klddhbke g&_ghdjhfzh~”*_ckl\beiZa_jgh]h
baemq. bhhif_Ih*nhjfbjh\Zgbydjhkljmdhkgh\AdZehdZevditdibke gbb
Ilhgdbobe ghdjhfzihc~ ckl\b efZa_ jghhemqg. dbke ~"mxs b”~dhklgh_
ljZ\e _gib[jZapjd\h~*bdnhjfbjh\Zgbxdjhj_evad&f Kms_klI\_gphdbbqgby
kdhjhkljZ\e gbpyhfd_Jthdbkgobjf
Ba\ _klglu hj Ibg_ktdboh” diZgZebdng Ibldgfhobfbqg_ ktddbkke ,gby
kilbfmebjh\Zgghah jgbfaemqg _,gbhjhrhhibku\Zxhp_ kkwhlghkbl _evgh
lhekll50gf) ie_gdBpZabjmxgkke "mxdfebdkgh\gyo”iheh  gbyo
1. FZl_jbZe gdghfbhdkb~glecgddgblz_ hkyghjhrguf
2. Hkgh\gufZzdlhjhébfblbjmxshfibke ,gfhey IRbnnmadlyhkn jgh]h
dbkehjh4&_ gdmhfz
Bkihevah\Zgjtki dlib\gklhqgddj gbl\ur_gbyaj rZxskihkh[ghklb
lhgdbie ghajhfZ<50 gf, \uaulZ gl h[oh”"bfHklev_ih*"jh[ghptkke "~h\Zgby
ijhp_kkHh\dbke ,gbyzZklghkhbhg IVebygbkljmdimje_gdbjhfzZb jheb
jZkI\hj_gohghdbkehjh~z
P _evxX*ZgghjZ[hluy\ey I|kyhj Ibqg_ kdWwdki_ jbf glZdwdkle ~h\Zgb
\ebygh¥jzf IjhfbdjhkljmdIlimgughajhfz jZkI\hj _gghpbodbkehjhgZ
jZaj_rZxshbhkh[ghlkloeghehlbjghobfbqg_ klddhbhlke .gby
>eyl _hj Ibg_kdhdkzZghynwp kkhdbke g¢gbgebggokljmdlimpe ghd
ojhffuedkihevah)ZgZ[hlZzgdyjhdibabdBl fZlbqg_ khZyev
Gh\baigZ”eh  _gdht_edZdexqgZ\ kky "mxs _f
1. le_gdkgblz _gkyh~ghjh,r\girc ey xIklyr evgljbklZeeblu
2. Kgblz ,Igyhhdbke ohB WHdzZ&ZlIfhkn_jgdbkehjh"hddb dbkehjh” hf
jZkI\hj_ggué_gdjhfz
3. >eyhibkZgbpabdobfbq_ kdprop_kkhj\hoh”"ysBokbkl ,fbkihevah\zZg
f _IhA_jhylghklglhe]lhlhqgga\lhfz(€D).



ljbf_g_gbb_Ih*"ZD:"eyfh”_ebjh\Zuglhyb ot fbqg_kdjhp _kkhle_gd_
ojhfzZiha\hebmhlg _klebygkkljmdImje_gdojhfzZzgZijhp _kkludbke gh4
N _ckl\beZa_jgbaremqg._gby
;ueijh\_ " jogy~"qgbke gomaki_ jbf ,ggidijZ\e _gguduykg glebygby
kljmdImijie gdmjhfZgZijhp_kku_ hdbke ,gkkbfmebjh\ZgelZ]d jguf
baemqg .gbeywlh]huehijh\_~ djobk_jbbugbke ,g\bahlhjufch” _ebjh\Zehkyv
hdbke _igh gtkdZaebqoufjzdl_jgdbaf_jhfjbklZeebllo\gf 15gfb25gf
>eyijh\_jdbz~_d\Zlghiflbreh™ _gghbabdBl_fZlbqg_kéht_elue
ijh\_"~ jgrgZIimjgwdki_jbf_dhib\kkke ~h\Zgbxhkljmdlnejughodhfd
\ebyghy amevi€gZa jghdbkb
>eybkke ~h\zZgphdjhkljmdimeu ghdjhfZ[uebbkihevah\Zguh”u
j_gll_gh\ké@&bojzdlhf_Jljbbaf_j _gbyp\h*"bebg¥”bnjzdlhf_Buncker D8
f IThr"ZflodhevaysZMZxs_ emoggzhljz® ghzlzd f Ih~djhk\_gb\Zxs_c
we_dljhggthcjhkdhibbkhdh]Baj_ r_glgywe dljhg§lnd jh k d hJEM-2010.
Ilhemqg_gguameviihla\hebleih "~ ebolxjzdl _jgdaf _djbklZeebi& gdZo
bkihevam”*eupZibkkdhqghkl¥k "bglgZghf_Ljh\
EhdZevqguyZewea f glgdhhiklZhZjZzaphh\h*be&lbkihevah\Zglg_ f]h
"bki_jkbhg&DPAX ki _dljhf_I¢2Zhoenix» k Si(Li) ~ | _dlhjibfjZaj_r_gbihf
wg_jlbb[he 130w<>eyZaebqgdypZapihhebqg_ IdbkehjtkhklZ\Belkebgbgm
h16% "h20%. HrgZdW ggwedki_jbfgglhal\hebremqgbdv_ glbhhf dZdZy
"hegbkehjlwZbh~bl\kyyazZgdhklhy¢btbdk b &Zjh f)Z
L_klh\ukljmdImjuebazZibkzZgdie gddghfzk jZaebggakjzdl_ jguf
jZaf_jhdjbklZee@\ZabzZthjnigZyd® gf 25 gf). GZiue_gie_ghdjhfz
ijhbal\h*bdhkih\Zdmmfiguh " hiffbjZzaebqg¢hfa_jZImh~reh . _d
>eybkke_ _"h\ZAgbyglkyjmdImije_gdbjhfZgzZzdbg_Ibdmfhobfbqg_kdh]h
hdbke aglZdZ "mbh”~eh dgzklZgplelza jgaZLibKWWS 200 [ueZaZibkZgZz
| _kKlIh\ZAYyjmdImkBklhysZa00 dhevp_\godhizZzdkbfZevdgbizf |jRfff.
Fhsghkliyb aZibkbaf_gyeBkiZdkbfzZew@ddod<Il) gz\g_rg_Fj_d~h0 gz
\gmlj_ggkrfZ]hf\0,5%, "bzf _lgZibku\Zxsiy]llga=0,8 fdf, i _jbh&ljmdIimju
3 fdt
;uebijh\_~ gKiIAFbkke "h\AdpXZapd¥ZdhkeeZa jgazLibkibdjulh]h
bah[jZz _dgbhg gdojhfzZlZzd ihkeobfbq_ kdhZhe g(yA FSolver Pro,j_ "bf
Zlhfgkbeh\hizdjhkdh)ibb
gZebahemqg_gguamevlZilhal\hebke* _eZlu\h~h |hf glhhdbke_gb_
ij_bfms_klI\_bdhih]jZzgbpdibkliZeebkZg ih\k_frh[t_fme_gdbbqg_f
hdbke &B_ jZkl\hj _ggufe_gddbkehjh"hfemqg_gguameviZha\heyxl
k" eAWMhh[z"N_d\Zlghklbeh _gathabdBl_fZlbg_Kthceb
LZdbh[jZaht oh*ijh» _eZgdgBEhluuebihemqg_ge_ "mxslbkgh\gu _
j_amevilZlu
1. Ij_"eh _gZwdki_jbf_glzenwdgh_j ~_@gh\Zyh” _eV_jfhobfbqg_kdh]h
hdbke gdyghajhfdhesbgB@-150gfih*" ckl\be¥Za_ jghbhhHemqg,_gby
mqgblu\ZxgZyhw~ghjh*"gekklgdig hfz
2. <i_j\umklZgh\eqldhhkgh\g\ebyglyZijhnbevhemq_gdhphhj_ev_nZ
Neye ghadhfdhesbghk® gfhdZau\BEdbke gjZzgbedjbklZeebZly\
h[t _fZZl jbzZez
3. <i_j\ul_hj_Ibqg_kfbbkgh\Zdgigki_dlIb\ghikkvhevah\ZlgBgabZfhjnguo
ie_ghdhfZ2eyn\ _ebq jgdhy rzZxskihkh[ghkllbg "eyaZibkbjmdIlhk ]
oZjZdl_jgdaaf_jHf gvrAbZf_IpZibku\ZxsenmlyZz
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MKLIJHCKL*HYBAF?J?GBY
IJHKLJ:GKL<?GEHR?F?GGUBOI:>B?GLH<

L?FI?J. LMIWK<HEHDHGGHLBQ?KDHEBJHKDHI?
.K:e_cgh&Zgdl |l _j[mjlkdbhkem~ZjkI\_mgbdé jkiblgmnhjfZpbhgguo
| _oghehfbozZgbltbilbdb<? Kljb]Ze(KZgdl | _j[mjlkdbkEm~Zjkl\_gguc
mgb\_jkbl el dhffmgbdZpjha F.:. ;hggjm_\HhqgZ
GZmgguedh\h”~bl-ekNg,ijhn_kkBjD F_rdh\kdbc

Kms_kI\_gebyglgzkb]gzbehdhdghog kdhdphkdhkZHFhdZau\Zx|
ijhkljzgkI\_ggoj f ggu_fi _jZImjgliZ"b_glkkms_kl\mxsbBbhehdhggh
hilbg_kdMfgl _jn_jhf. [jhwihfmhAgbfba kihkh[hih\ur_gbyhqghklib
jzkrbj_gbjz[hg _Jh fi _jZImjghibZiZahg¥ey IkjZajzZ[hldz\g ~j gb_
dhfi_gkzpbfh jZImjgebyglgd<H =

<gZklhyszZ¢hljZzajz[hlazgkjhckMéywaf_ j glbyi_ jZImjgus~rb_glh\
<H=%gm\kl\bl_evghtkevx01°K \ukhdredg_ cghKlVvix f_gghktZ[bevghklvx
"bZiZahgfi_ jZImpP ~HBO°K

Ilhgzr_fig_gbfeyhfi_gkZpZhbkbfhkbhgzEghkdhhkZzZ[khexlgh]h
agZqg_gbfy jZImfhklZIhggrebgbhyghMzligbkhgghkIXK Dhfi_gkZpby
ijhkljZgklI\-ggh _ggudjz~b_glH) _[m_baf_j gbyfi_ jZImju h[t_f_
kh” _j"ZsdZImrdknhilbqg_kdWfehdghfeywlh]g_h[oh*"bFBebgbbgbfmf
r_kiBzlgbdbXd ih\urzZxlkly [h\ZgdlyohgghkidklZ[bevghktXZazZgbc

< wdki_jbf_glZevgZap&d=ij_"ijbgbfZzebkvuldbih dhfi_gkZpbb
\ebygbphkljZgklI\-gaglh _ggudpZ”b_glZdZImrdumebmklZgh\eplgnujh\u _
ANZIgbdbfi_jZImkdbkdj_lghkdak_j_ glba3°K G_"hklZlhg¢hdbhgghklv
ebg cghkkiZ[bevgmdbwZligbdhVhalheble'bghagZggh® eZ\bkbfhklv
kblj]gzdBjhkdhid | _fi_jZImjgy&” b_glhhwlhfndexq_\uklZe hijhkh
g_h[oh~bfhkh@a*Zgllykl fbaf_ j gbppkljZgklI\-gagh _gguldZz”b_glk\
\ukhdhlgen\kI\bl_evgllblgxcghldVvixf ggktZ[bevghkhdZazZgbc

<j_amevligh\ ~ gglZdhlJuekha~Zjp[hjreyoaf j gbyi_ jZImjguo
liZ*"b_glhihkljh_ggwZ [Za_j_abklb\gueZlbgh\uvazlgbdH\ fi_jZImju
l[jh\_~ duaf_j _glbyeh\hilmey\hehdh-dgghbq_kdiofl _jn_jhf \ljZaebqguo
mkeh\lbyjhZgZebabjhhZgug gjgwamevlZlu
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=?HF?LIJBQ?KDBLHCKL<GHJIJF:E?MOG?KN?JBQ?KDBF

IH<?JOGHKLY%<R:S?GBY<LHJH=HHJY>D:
B :e_dkZgAjhk ?jfhez \Z
GZmqgiedh\h~bl-ekg, ijhn_kkkj. A\_j \

ljb \u[hj _hilbfZevglha fuhgljhegy kn_jbqg_klllbgoghkh ch[oh”bfh
mqgblu\ZdbvZbfhk\gavjjZpgtjfZe dcg_kn_jbqg_kldlhgoghRl&Zs ghky
] _hf _ljbg_kdbZpzf_IjZzfbWlhhij_~_ey\u[hj \kihfh]Zl_evgwe f_glh\
dhgljhevigbcfu

K_g_gih\ joghKklbjh]hhjy~rdfZjb~*bhgZevghlcdhkifihX ghhij_~_ eblv
mjZ\g_gbb Nz
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<u\h?ulhemq _gpuamevliihla\heyk? eZXZle "mx3sb\h”™u
JZa[jhlkhg_d j_k_qgq_ghyfZe dcih\_joghKliZs_gbyhjh]hhjy*rdk
hilbg_kdikorxjbrg !0 khhi\_Ikl\nmelh bl_evighcjbq_kdhcgjZpbb
ko f _dhgljhey

JZa[jhkhg_d_j_k_q_ghyfZe_a¢ ih\_joghkiBjZ[hehbVyZs_gbl
hilbg_kdhlkevxjbrg !0 khhiI\_Ikl\nhelh " bl_evghcjbqg_kdhcjjZpbb
[j _Iv_Jhjy~digb _dhgljhe _

JZaljhkhq_d_j_k_q_ghyfZe_ad ih\_joghkibeebikhbB{fZs_gbl
hilbg_kdhlkevxjbrg !0 khhi\_Ikl\nhelh " bl_evghcjbqg_kdhcjjZpbb
ijbiheh bl _evggdq_gdlygjZpbukr_]hhjy~rdizb _dhgljhe _
JZa[jhlkhg_d_j k_q_gthyfZe & ih\_joghk]bi_j[hehbVyZs_gbl
hilbg_kdhlkevxjbrg !0 khhiI\_Ikl\nhelh " bl_evghcjbqg_kdhcjjZpbb
ijbhljbpzl_evagwpdbqg_gblygjZpbuekr_Jhhjy~rdigzb _dhgljhe _

Ebl_jzImjz

<u]lh”kdb.& Kijz\hqgithdukr_¢€zZ1_fZIbdF.: GZmdZ966. - 87X

Imjy _\>L F_Ih*udhgljhelgilbg_kd&Z&n_jbq_kdbojoghkl—-c F.:
FZrbghkljh.g10976. — 26%

A\ X

ihkh[b-KI[ KI[=MBLFH-2006.-20%

, Djb\himkI®\Z Hilhl _ogbgzn jbq_kkibgoghkIMg [gh_
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I IBAF?GGURBKL?FU?J?F?GGH=HLDEHG?GBY

KIHKLHYGGURG:Q?GB?PHWNNBPB?GIG:FHIJNHAU
X.K:e_dkzg”jh\
GZmqguedh\h”bl-dlg, klij ih*"Z\Z| kB Dmq_|j

JZkkfhljebkl ,fhklhysma&zZjuh”"bgzZzdhdebg\yijba) jZkiheh _gguo
gzh[s_dkb\jZsZxsbolkhghkbl_eNgHljm]Zijhlb\hiheh gyudijZz\e glbyo
hrbgzZdhWdchjhklvkzdzigbkl_fgm~_h[_ki_gb\XI¢hklZlhgdhgghklvx
ijyfhebg_cttb _glhah[jZ _gby

GZb[hevibeffZjgur]lhleldehg pb9d Ih]sadh]*eZ\gk _q_gbgbgv \
e_Zlh~"ghiehkdhkidlj _ehfeyxsm]egZijZ\e \gurgklhjhgm

LZdb kbkl_furbjhdhbkihevamxikyZq_klVJZaebqggudfi_gkZlhjh\
baf_jbl_efZeuom]ehhldehg dgbyh \k_\hafh ' gkokl_ fzZp* \hagbdz |
g_h[oh"bfihkdvehg g@myjEebg cghlafsidhgm

HrgZdkemglzkihevah\ZigblyfgunkljhcRIdZg_kKdZgbjmx&b&l_f
g_h[oh” bilgblu\Zgthijb ZgZebighoh * gbwgdhdmqg gc j Bbaf ggmx
kbkl_fmh[oh” "pZkkfZIjb\Z\RaZbfghji_g*"bdmeywggogbih”ghliab,o
\ JezZz\ghdk_q_gibbijhbkoh~@pl h[oh*"bibebygh] ehfeyxshilm\ joghkl<c
Aim]hK_q_gbbckl\bjbafwd\b\Ze _@glgkl\bixl . Bguftkeh\Zipbhbkoh”"bl
ljZgknhjfZphgddm]ehkghg_gby

WIik\hckl¥h ghizkkfzljb\dlZd_~_ezZl_evgkdheyvdihebdzZgbjh\Zgb _
ijhba\h~blleygZqbl_evoBEiZahghbkoh?blj_jzZkij_ "~ _ewgbj]blljZ \uo
ahgZo

<ijhkljzZzgkI\_~f_lhimghemqg bd__hhjfmdjm]h\hgbebg/"jZ
ghjfZevghhi_j qggk_q_gbmgdKlZgh\blkgebilbqg .k@Zfdehggh _
leZ\ghfenmgrk_g_gbmqgdZmqg_e_"Zs_\ iehkdhkip_ehfeyxs_c
ih\_joghkfllb™ Ibf Idvhevdhhjfnweeb.ilkazhwltk q_ gp\ey Ik&Zd b
gZdehgghkhbhi_j qguf q_gbj fehfe_ ggimoddng <ke_ "klwdh]h
ghjfZzevghi_j_qgk_q_gdgh_ehfe_ggimbgdeZzmqggcfh  _lfulvgbdZdbdgu,f
dijhfweebilbg_kddaZkligkémagighh ™ Ilfulvdjm]euf

< ebqgbguemhkweebikZjZdl_ jbamax|l g odZb[hevrb]dpZzbf _gvr_]h
dhwnnbpbm\lZebqg igtke ijhoh » gky |4 _j B _ehfeyxsmhk\ _joghklv
ijbaf_ggklekl_fu

ljb jZzkq_ljbaf_ggkdkl, fZkiheh gyudjZee evagthTemqg gm gh
mqgblu\ZZdhyl\le _glZdgZfhjnhaz

cgZfhjnh&Xh”~b|lkykmsghktbhlhfmglhm]eh\im\ _ebqg_gb_ gy IRy
ij_ N erloeyaj gblyj _ameviZllbah[jZ _&bZgh\bbkydZ  ggB&h[jZ _gb_
[m~ _bf lviZaebqgfzkrlZ[h "\madaaZbfgih ji_g”"bdmeypdaipZ\e ghyo
ke _~h\ZI|,é¢mghulygmlbfetk ZIluft\_jlbdzevglfijZ\e .gbb

Kms_kl\ni_Ilh*mkljZzg_qmywfhjnh&kebBke_@AazZg_dhlhjhjdaf_gghc
kbkl_fken\_ebq_gb(\MfiehkdhKEZ\ghRhg_pbyihklZ\b\fihjmxkbkl_fkm
m\_ebqg_gbbfh\ _jg _f\hdjmelmg\@oh”ys b&_ j\h&kbkl_fuzdbh[jZahf
glhfuehkdhKEzZ\gwo q_ glbjc bigbafh[jZah\u\Zjglhhcm]héhfu ihemqgbf
ijbaf_ggnkbkl ,fhZxsmxgZfhjnhlam\_ebq_gh_b :, \ "\mdaZbfgh
i _ji_g"bdmeyprdipZ\e gbAkoeb fu kN _ezZnmf\ _ebqg_gbjZ\gh:,, I|h
ZgZfhjnth&g ag_|

L e kdhibgkkdEZyivzalZdbigbaf\ dhlhjhawoh?ysbhmqghiZjZee evguo
emqh&lZ _likhjZee evogairys ftmgdpuedhdzZazg@kl| _jhfghwlhbjbafu
"he ghl[ez"ZhY_ebqg_gbgfjZ\guf "bgbpZgdjzZlibq_kjday ggklykl ,fZ
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ij_~klz\eyxskZhy[hd_e_kdhibqg_kjdmakm;jxkl_jzk i_j_f_ggufha"mrguf
debghfZkihezZ]Z ihike kdZgbjmxsjlkcaf ggtkbkl fibb aZzkg_baf_g_gby
\ha"mrgdetbdgZ "nmdhfihg_glZjfbgknhjfbjpzalf imqgdBaz”*"ZggaZmdhgm

M > [681.786.4

:G:EBAKBKL?F:LBQ?KDBH)>=J?RGHKL?C
<KL?J?HKDHIBQ?KIKHB&KL?FDHGLJHEY

I JHKLIJ:GKL<?GGHIHEH@?GBN; T?DLH<
D= :jZdZgp A< @mdh\
GZmqgqguedh\h~bl-€éNg,ijhn_kkBj:. Dhgyobg

<klmie_ gk gZklhys\j fyrey*bklZgpbhgdhghjhdyhkljZgkl\ _ggh]h
iheh  _gibp_dihbjhdbkihevamklky hkdhibgklkklb flu ogbqg_kdh]tby
L_hjbymgdpbhgbjhkZgjbywkdhibq hkibddve dljhggb&l_fzZabjm _¢gky
hkghV_hjbbhzajz[hlZggdycbamZevygdiovghf _Jhhf_ljbqg_kbhigdhlhjzy
hljZzgbqgb\Z ZIikZe b atefoygbegbrvg _dhlhjuZb[heagZgbfub]j_rghkl_c
iZjZf_ljhgzZj_amevlikdf_j gblgbf_g_gb\ kh\j_ f ggkdé_j hkdhibqg_kdbo
kbkl_fZgh]lhwe f_glipguofgbdhdkhdh]jBaj_r_gl¥ljbpgZhkgh\lAKD
DFHikljmd)mijba\Zgh[_ki_gbdv kjZz\gbfhevrmxhqgghklwvaf_j ghbh
kjzZ\g_glkXdbamzevgtuZbvghf_jafb wihfrey*hklb  _gbwkhdhittgghklb
baf_j _gkZelhjblfZzkqg_l&hhj*bgBiJt_dlzh dhhj*bgzlZthbah[jZ _gbc
kl _j_hkdhibqgkbd&hcf*he  ggblu\zHidehg_dol _kI\izjzf_IljhAl bo
ghfbgZevay@q_ .gbwlbfizjzf_ IjZflghkyl ebgbdubku\l\Zxsbbg_cgh_
mleh\hZkiheh _d@af_jbl_evgudh[jZzah\Zl\ejkkljZzgkl\ZlzZzd azZz”gb_
hlj adlkihevamhfuodlb\h\

P_evxjZ[hluy\eyehbkkke ~h\zZfghh”"h\gybke gghdkq _liheh _gby
lhg_qggMit _dlzZzI1zZzd \hafh ghkibbkihevah\d2gbjypbhafms_ gbdzZq_ kI\_
bgkljmf_¢eAZgZelkdbXk|_ fZlbg_kkémqZcigdp _rghkl\ kl_j hkdhibg_kdbo
hilbdtwe dljhglglulol _fZo

;Zah\uiheh  _glhkke_~h\zZBby_jbl_evigiky ,flzhklhystZa\mpoh lh
beb\b” hdzfk fZljbqgufgb fgbdzbmh[jZ ,gbwyal\heyihemqgbdv Iuj_
dhhjr*bgdah[jz  _,gdklhjukh\f_kldhp _gljzfigh_dpbdzf_hij_"_eyXkl
ijhkljzgkIW\ ijyfu, gZi_j k _g_gblhjugZoh”~blkygda[t_dlZ>ey
gZoh A _dbhhj*bd4t_dlindhhjrbgzl¥bah[jZz _dbehkdhkIyd e W&z |
ij_"eZ]lZ blkiyhevahhZbfhaj "~eh’ _gguwo f _Ih~h\

| _j\ucf_Ih*hkgh\g&ihbkdhlj_adBgbfZevgtecbgukh_"bgyxs”\h
ijyfu, az~zZ\zZ_fuijhkljZzgklhkhgdzZfbbah[jZ _glbp_gljZfgh_dpbdtzZf_j
kl _j_hkdhibqgklbd&hcfu dZg_kIhp _gdbeh gyt _dlgbgbfz_lklyqgdZz
e_ZsHyk_j_"blgkdhfhlhj_adZz

<lhjh¢_Ihmkgh\ddg _r_gbibj hij_~ e gkl feabg_cgmpzZ\g_ dkbc
ihfhsvXbglmeyjghdeh .opbey ZebazZmbBazgfghhh¥kl _j hkdhibg_kdhc
kbkl_fg _h[oh”bifhba\_kibj_ohKhlg_ebg_cou&\g_gilhgfup dzZ "Zlya
dhlhjuoz”"Z likgdhcah[jZ _dlpy gljhifh_dphllZf juebg cgmffZz\g _gbyf
iehkdhkl _c

Kp_evikh\_jdbhgghkip "eh” _ggfudh”hfuehijh\_~_ &hhozZklbqg_kdh_
fhr_ebjh\zZgb]j _rghklbaf_j gbl¢gb klhozZklbqg_kkihfebjh\Zgbkh hf
kbglmeyjghdeh _gbgdbkihevahlZigjpwhafms .gbc



ljhf_"mlhqguj_amevlZllZzkkfhlj _gdgulh”~uh[jZ[hldbaf_jbl _evghc
bgnhjfzpbll _j hkdhibgkkkhdhalheyihba\_kip_gdmhj*bdgdt_dlz
\ khhI\_Ikl\bdjbl_jb fbgbfZevddjcrg_d\zZz jZlbdrkfdie r_gby _Ih~
gZoh ~_ _dbgbfZevgdkklihydby*nkdj sb\ZxsbfbkyufbihkjZ\g_ ghkx
f_Ih"hkbg]lmeyjghdeh _glhg ijhklklhqdéj_gbyh]jZzffghjc ZebaZpbd
dzZzdkihevaimghvr dhebqg_ Kl\dh | kmjkh_fldib¢Zpbc

F_Ihr"kbglmeyjghdheh _gbXljbpudhwnnbpb_&lihkl_fuebg_cguo
mjZ\g_dhc¢_l[ulvbkihevah\kKgmqiZbf g gbwbal\hevghhébqg_ KXZ, |
dh]*"g_[m_Ilkly\ukblvhgghkhij_ " e ginhj~bglzZ[lt_dlZzkq_\_ebqg_gby
dhebq_kbB&f_jbl_evgpoh[jZah\Zl_ejm]bfb*hklhbgklI\Z¥bh]hf_Ih”*Z
yleyxlkyj_~klz\e_dgbaf jbl_evgpoh[jZah\Zdbebg_cghb”_Z |Zzd" _
\hafh ' ghblwihevah\EZghjpthafms dpcZgZelkdbkl fZlbq ikdpaghkl c
baf_j _gbc

KlhozZklbq flkhdhebjh\Zigh] rghklihadZaZelimeybklZgpthh|[t_dlZ
h 12000 " M0000ff (jZkklhydgb "ndzf_jz3@0 ff, nhdmkgdkklhydlhty dlib\h\
35 ff) f _Ih*"kbg]meyjgjizlheh” gitdijbpudhwnnbpb_ &bkl fwebg cguo
mjZ\g_gbj® bkihevah\zZiglhgbbihafms_gblta\hey hlp_gbliv]j_rghklv
baf_j_gblbc _IThgghk)Jethbijbbkihevah\ZglhBkEdj sb\Zxsbigkfyuo

Hkgh\gh¢ _amevizZllj _~eh” o Ih™" kbg]lmeyjghilmeh” glh¥ljbpu
dhwnnbpb _iglh\hij_~ e &kt febg _cgwmgzZ\g_ ghecyjZkqg_ldhhjr*bgZl
hit_dI\Zkl_j_hkdhibgkk®&hgfdhlhjufch™ _I[ulvijbf_g_\gkbkl_fXex[uf
dhebq_ kIdEFf, ] ke _[m _lky gvrbilv]j _rghkbwaf j ghdkqg m\_ebq_gby
dhebg_ WIRAEZ jbl_evigub[jZah\Z] e _c

H{hkgh\Zjpf g _gb hjbthafms_deZgZelkdX|l_ fZIlbqg _KkiddowgZcguo
ih]j_rghklbaf_j_gVbkl_j_hkdhibgklbkdhdM h[kI\hWZdhjh~*oh%4Xey |ky
bkihevah\ZglhbpuzkijhkljZzg hybyhdhlhjaZ\bklhlevdhdhgnb]mjZpbb
kil _j_hkdhibgklkkhdwhibku\ZdkZdh]j_rghkliw]tbetbghlizjzf_Ij\&2by |
gdh]j_rghkjlvamevhkha®Z j _gbc

M>B21.391.63

G:EBABKIHEVAH<:GBFEBDJHEBGAYKH?>BG?GBY
HILBQ?KDBWE?F?GLHK<HEHDHGGHLBQ?KDBO

KBKL?F:(K<YAB
?2..:)_nv_\Z
GZmqguaedh\h~bl-dlg, *hp_dll. Lbfhn_ _\

<\_~ gkhijhkh]ezZzkh\Aglhyy kdddihg ghey kg _d¥ guflzd
dzdaz\bkbfhtkklwnn_dIib\ghWitdBhilbg_kdhdemqg \dbehdgltzqg_kI\_gghlh
kh_~bg gbehdibg\h*"ZZdkbfZevighsoghklbk\ |Ih\R&egly nhlhijb_fgbd
agZgbl_exghic ghij "~ ey Wigy j]_Ibq_[kdbcl\hehdh-chghb q_ k ddbck | _f
k\lyalkkHK)K Fbdjhebgaaywh ~bg lyidpq_ kdbe f ghhhevrbgklRemqgz \
bkihevamxjlkykh "~bg bhkbhggbdazemq lgbdyehdgHml® _ fh]lmlhagbdZlv
gZb[hevih]l jb

P_evjZ[hlu JZkkfhlj_bvijhZzgZebabjhhKgh\gwkihkh[kh_~bg_gby
hilbg_kdweo f gikHKKbkihevah\Zfpdijheb®@&kohbdahemq_ gfzgguo
\u[jZlgZb[hehilbfZevgueyZagubih\kh_~bg: dplkthgg(Hd — hilbg_kdh _
\hehdd@dhy, H<-H<sH< nhlhijb_fgbd).



Hkgh\guheh _gb@z*Zggubtf_gkms_kl\m_kdhekBgh\glhkh[h\
dhlhjufbaemq kjboh”&Za _ jghbh~Ah ™ _laZzimkdz\hkhbg_kdhehdgh
i_j\hff_Ih™ bkihevamkhkyjbq_kétlZdjhebgaZaf_s_ggZy"m*"bh”~hb
hilbg_kdWfehdghfh\lhjhff_Ih*ihemkn_jbq elbdyawhjfbjm_lg¥dhgp_
\hehdgzlj_Iv_f_Ih~*bkihevam]jlkYo glgkdyj g_)Zabgaz\ q_I\_jlhf
\hehdgjimklhZzks_iey Bkly*kh_"bgyldEKg lmp_\uwe_ f_glkifyabZdylh
kh\f_szZxlkibqg_kdikleza hK\ [h\HT]Z

HrgbbagzZb[heZkijhkljZzg_dckgbkh[kh]eZkh\DgblyqgglhidB_fgb)d Z
khk\_ITh\h"kém XIn_jbg_kdbgaujb ebgah\klkkl_fgm g¥ kvfkhqgZy
nhdmkbjhgdlchhj phegh\htd "Z° g agZqbl _&¥gd glemqglZlghkbl _evgh
\uoh”ghlhjpZ _adimf_gvrZwhn_dlIb\ghkih®Zbaemq _[glbyL]_[h\Zgldy
nhdmkbjhgd kdhewydh, dh]*"2bgajZkiheh _\géhlgmd \hegh\hbdmbd
bklhqggbldhmh_jigA\hNjbbkihevah\2glghh\ick! fth]mlulvmf_gvr_glu
ihl_jvk\yaZgdbhevddg ihegwfZiheg gimflZ kem]epZkoh”bfh&Za |Z
[mMm~Amgl_ [hevrZi_jimjlhehdgZp_ehiffb bkihevah\Zgbhbq kflbdjhebga
ihl_jlkhklZ\eykjy"dZ';b[he. _

>eynf_gvr_dlybqg_kdbo_jvjb kh_"bg_dikibevamplkegbg”jbq, kdb _
kn_jbqg_kuall_j g _\@ljZz*"b_glgebgaljzrZgPbebg”jbq_&lgddbkmghd
3Ziha\heyijlh[jZah\EZbevihlygmlweebilkgdZa_jghalemq_bgby*ZIv
_fmg2oh™ \hehdhgduclh\hhgldjm]ek_q _gbb wlhfvnn _dlb\ghllvz
eZa_jgbhalemqg \dgh]lhfh~h\lkuc_ Ih\Khhklb]20%.

Kn_jbg_kebgaHl|[ ki_gb\Zz_Ilh[jZah\Zgbkoh”*"ysbekyg &Za jgh]h
baemqg_\9b¥jZee_ evomqghk\_|lAagZgbl_evyhih_|jglhazf_Ighle_]qZ_|I
NZevg _ci] _h[jZah\ZghilbfZevguWh” hilbg_kdbHEemqg \gby" b glgmx
ebgam

Wnn_dlb\gwfe _f_glhZdh]hj_h[jZah\Zdby\h"*Zy\ey |kiyl_j g_\Zy
(1iZ"b_ghgeyg,adhlhjayhdmkbjomaelmqg \gdmghkHoh”ysbclk4yg_h[oh”~bfuf
(hlghkbl_egghhevipbm]ehk gbkeh\lZa_jimjhéiehdhggkYhlh\h{224].

Kl j'g \uebgabf xlpbebg”jbg_kmdmimk iehkdbfbhjpzZfbrtey\\h"*Z
hilbg_kdindemq. bwdh\é&ithfhsvX¥bdjhebgaz”2dh _Ibkihevah\Zlanky
jZat_fgbg_jZat_fdckho "bg:gdldRIHI— <HDHI», «<HOH¥—- NI», «HB-
<HDOH¥. Ijb bkihevah\Zjgb'tb _glgebagaghkbfuhl_jh]mkhklzZ\efylg
17,

| _jki_dIb\gufr_gb kihleZzkh\Aglhyy kdbe f_gkihfhsvxbdjhebga
yleyxlkh]eZkmxsibbg_kdwe f_gJuihkj_"kI\g@ddhp hilbg_kdWhdédhdgZz
\j_amevizZkiez\e _ajbgygb\dhZ2hdd®dhgh]NZbbkihevah\#dbph Ih*"dhgqgbd
\hehddgZj_"nhjfbjh\Zgbihfemkn_4tihegbl_ek\dhbllkgyZdhgmKm _gb_
\hehdgihAin_dlibwh ebgbgbkleh\i@ix jimjmlibg_kdhjehddZdglhhgZ
[hevr_&l_i_gkbhhl\_IkI\@Ai ljimjeZza_jghih?r22Zggult_Ih*kh]l]eZkh\Zgby
wnn_dlb\*"gyh”*ghfh*h\dbehdhgbih\Zywnn_dlb\ghkhv*"bg_dby"m
ihemijh\hrgbde¥Xwf jEdhgmkhh[jZalggpf*ghfhh\hjehdgBklZ\ey |
ijb[ebabl_&0%.h

AZdexq_.gb j _amevlEH ghkdzZazguh~eybkihevah\ZgbgKemqr _
ijbf _gylwkn _jbg _kdb]jZz"b_glgfibdjhebgaiybq _fgzZb[hewnn _dlb\gu
11Z"b_glgabgauzddzZzdh!|_jhojb \\h~ bf_xIf_gvrb\ _ebqgbgweykh_"bg_gby
\hehdhagmqrijbf_gyl¥]jZz*"Zguljbf_g_gbfbdjhebgaZlhjp_hilbg_kdh]h
kK\_Th\hhFZgbqg_g¢wnn_dIib\gjff _g_gb*dh”*ghfh~"h\hehdhg

Ebl_jZImjZ

1. B\Zgh\;. <hehdhglyiZlydD hfihg_gkbkl_ fiuj *"Zdmf_j_ gb¥.: Syrus
Systems. — 1999.
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2. <hehdhghyiZlydZijb[hjhkljh .dbF. ;mImkhE: FZrbghkljh.-g1087.

3. <hehdhdglbqg_kdZygbdBXIhjbyhklb  _gbyki_dlbVWwn”j_~>fbljb_\Z
K:., Ke ihG&G-F.: :H«<H&/ B ahConnect. — 2000.

4. le_0ZghB, R_edh\gbdk\Hilbg_kdhehdgdhgp \urdbhlhihebf jgufb
fbdjhebga[d¥e _dljhggulcnjjk=ej ~Zdlhfk.< :enbfhY j "bfrhkimiz
http://www.nanoru.ru/article.asp?itemid=92326X3,h[h*gu c

M > [B35.417

[IJH=J:FFGUCFH>MEW;J:;HLDB>:GGUQLHFGH
KBEH<H=FHBDJHKDHI>EYJ:KQ?L:FIEBLM>U
BKIJI?>G?D<:>J:LBQ?KRPCHOH<:LHKIBXKKE?>M?FHC
IH<?JOGHKWMKI?>G?GGUHD;:AH<HGEHS:>B
X.< :leu]bgZz
GZmgguedh\h~bl-ekg, ijhn_kkKjG Dhj_r_\

HrgbbagzZb[hevnn_dlib\gurokh[hhemqg_¢Bggwoh\_joghkllev_nAgh
nZah\upheh]jzfy\ey |kiy Ih*Zlhfgkbeh\hidbdjhkdh.ibkj_"bijb[hjh\
bkihevamxgbbh”:KF, fh gh\u”_ebliWdjhkdlgolver P47, mgb\_jkZevguc
kdZgbjmxsbahg”h\ucdbdjhkdhiij_"gZagZq_g@8ey bkihevah\Zgby
gZghl_ogheh]bokkiked b\ Z\ghdfaupZaguwZ mqgue Zklyowgghlolaf _j gby
r_jhoh\zlhklghhfhsvx 1 gf Wlhijb[hjh[_ki_qgb\ihelmqg_#&lh[jZ _gbc
ih\_joghkfbdjh b gZzghh[t_dIhk ijhkljZzgkl\_ggdfaj_r_gblifehlv~h
ZlhfZjghlh

>eyjZ[hluk fbdjhkdhi&dlver P47 bkihevamphl]jZffgudhfie _ dova.
>Zgghijh]jzffgh_h[_ki_qg_gibha\hey Hkms_kl\eyyPaebqggnmxjZ[hldm
bah[jZz _,gkthblybklh]jzffighlghklZkij_"_ e, JobgbkeyjxafzZbukhl
kj_"rgxZjbnf_Ibqg_kdmRkoh\ZIhkKMhblbah[jZ _gbmjvh[jZal fgh]h_
Ajmlh _

>eyhilbg_kddok| ¥Z ghp_gdiZzq_kANZ dh\_joghkRo jhoh\ZIhklb
bkdZ  _gpyev_n\®byxlgZzdzq_klih\_joghklharzZximfyu Z[_jjZpbdb
ke _""h\zZ|, kgl Zrhjfbjm_fhah[jZ _.glhly wihfreyljZz Zl_evgbkl_f
kj_"~g_d\z™jZlbcghrbd2¥* nhjfZpBhegh\hjphhglzz\gZm~\h_ggKDH
Zfieblm#fujhoh\ZIhkib_kI¥k * nhjfZpbbhoh\ZIhklb\h*yd m~\h_gghc
hrb[d\hegh\hjphglahwlhfmeyhilbg_kddok| _Hq_ o gahp_gdzZq_kl\Z
\k_¢ch\_joghklb

ljh]jZffgucth”meNova h[eZ*"Z\ywklZlhqlghjv_agg&Z[hjhkj_~kltey
h[jZz[hld&ah[jZz _gbfc k_jv_agucthklZApdkgmkj "g_dakdlujhnbey
b kj_"rg_d\zZz*jZlbgr_kdbb\ZIhkhh_joghklbg_ _fhkms_kl\eykhdgZkgh
=HK2789-73ebrvih[Zah\lebghb*hek_q_plyheVZ gZyeyilbq_kdorZq
\hafh ghkikj_~g_dBEgguich [Zah\hiehsZ*blkmIkI\mWIlhh]jZgbgb\Z _|I
\hafh ghkbkihevah\zZfpyhkdhirZyhp gddzZq_ klbah[jZ _ghklyleZkgh
djbl_jbKkZj rZey

P _evxgZklhys jZ[hluy\leyeZkZajzZ[hldjh]jzffgh]hh"meyZkq |Z
mkj_"~g_gidyZah\hehsZz™ukhlujhnbelgkj_"~g_d\Z"jZIbqg_jkdhcZlhklb
ih\_joghKklb]lhjbf g _gbeyhp gdib]j _rghkl\ltcegh\hqphgldahjfbjm_fh]h
j_ev_nghah\ufbhheh]jzffZfbhemqgZ fufdlZ IhgdbkehymZevdh] _gb”~guo
kl _dehh[jZzabemijh\h*"gbdhklIb  gwlhg _ ebhlj [h\Zdth gZlK_r gby
ke "mxsbotZq

HjlZgbazZ\pb9Xijh]jzffroij_"\Zjbl_evghZ[hldZgguihemqg_glguo

ihfhsvxbdjhkdhiz
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Mkj_"~g_ftdbggub[Zah\hehsZ"b

Hij_~ e_didmkeh\e_ggjhoh\Zlhkjvkbkljbjmxskjc*uw_nhjfZpbb
\hkklZgh\e_ddrljgh\hphhglad dhjhidh\heghj\hgbpubf_gbfhklb
oZevdh]_gbkighllehhh[jZalgédihijh\h*gbdZ

JZajZ[hlZzgfghwemem "h[ \gwdkiemZldpthb |[ulvj _dhf_g~h\W\&y
bkihevah\Agblyiheg gbijh]jzff Nova "eyih\ur_gbm” h[klbZIhgghklb
jZkq_I\hAilhl _ogbd _

M > B35

IHEMQ?GB'HIJBKLUOJHK<?LEYXSB®EH?<

BHGGHBFBQ?KDBIRI:<E?GB?F
?2F.:ojhf__\Z
GZmqgguedh\h~bl-dwog, *hp_d&l:. Q_j_ah\Zz

ljhk\ _le_glbilbg_kdbolZe ydey Ilhy'ghbahkgh\gwu&Z”*Zhgilbg_kdhc
| _ogheh]lblgzklihysj fy\ hilbdbfbdjhwe _dljhgedynn_dlb\gdgllh  _gby
hljz" _gbk\_1Zhl ih\_joghklbilbg_kdbo |Ze_bkihevamxlikybklu_
ijhk\_leyxskehb

Ba\_klghhjbbhgghbfbqg_kdh&Z[hltthgZigbadivg_j]Jgdh\_joghklb
hilbg_kdbgb]hdhfihg_gkdudhdjZzam ihpklukeh&gb ZxsthdjZz _gb_
\brbfhd[ezZklbi _dljgz20-30%. HrgZdjzajZ[hlZggu]lh*dyogheh]bq_kdb _
ijhp_kKypyz\e _gblynlhjkh”~_j ZseZafijbl]h*guwebrvieykbebdZlglodhe
IlhwihfragZgbl_ewgucj ik "klZ\ephlggdobfbqg_kdjiz\e gbhdhglzZzdlguf
fzkdZ#@hlhjuiha\heyihlemqgbilvjbkluijhk\_leyxsithdjulbgZih\_joghklb
kl_dhex[udZjhd

P_evxXZggh&[hluy\ey Ilkiyemq_ glhjbklupghk\ _leyxskhehzbhggh
obfbq_kdHgzZ[hldhk\_joghkKiblZebzkdbjh\Zgf\hmodhfihg_ gilgtgdhc
=eZ\ghph[e_fhyg\ey Ik~ [hjdhfihg_glhdkdb_"bfh\b j_Z] _glbhggh
obfbqg_kdhjjh\e_gbhy[_ki_gb\zZxsb&lZlhgghaebqb kdhjhklyjZ\e_gby
fZkdlb ih”"eh dbeyl\luoh”gZ]lem[bgphk\_leyxs_KHahykhhlI\_Ikl\mxsmx
fZdkbfZevghifk\ _le_gb"ggh¢eZkkb_dljz

>eyYhklb _gbklzZ\e_gmhe®p _h[oh~bfh

<u[jZlvZkdbjmxsMmodhfihg_glgmdm _ki_gb\Zx&me_dlb\ghklv

bhgghbfbqg_kdhie gblynlhjkh”_j Zs]zfab f_Ih® gZg_k_gB&y
ih\_joghklvbg_kdhdt¢zeb

JZajZ[hlZlegheh]bqgjkdbfubhggdbfbg_kdhZhe g _joghkhb

fZkdbjmxsecgd*teywuoh*gzaz*"Zggmeasbgkhhl\_lkI\mxmkeh\bx

ijhk\_le_dkbyZggh¢ezkkb_dljz

Bkke "h¥XZhwklhZemqg_ gigbk\ leyxsithgbkluloeh. \

JZg [uedhdzZadhafh ghkhvemqg_ glhpklubjhk\ leyxskheh iml_f
bhggdibfbg_ kdh\e ghbly fZkdZihemqg_gowud dljhgeogig \WfkizZzj gb f
kKhklZ&Z 1Zedkd "< gZklhysjzZlhlfzkdgZghkblkypfbg_ kdfbih*hba
ie_gdhh[jZamXkbohjhAZgguclhthal\heydghkbhdjulbyZex[u fZjdb
kil _dhidjh]h JmebjkhklIZhdjulby

<"N"Zggh&[hl\ dZqg_kifZkdbjmxsiec gdlueh\u[jZghhdjulbkhklzZ\Z
Al,0+-SIO, ithemqg_dfghh~hdhelv._elh_ogheh]bb

JZaghkkddhjhkl IgZ\e _gbdhfihg _glhkXkdbijb\h~yld k_e_dlb\ghklb
ljZ\e _gby
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LZdbh[jZahh”*bdadhfihg_ gl(AYOs;) ihkeiheghlhljZz\eb\Zgbhjh]h
dhfihg_¢3,), kem ' bZkdheyjzZ\e _gbly deygogthceh dbj_amevihke
iheghlhljZ\eb\ZdBkdbjmxs kethgZih\_joghkkb _defw \b~bfihjbkImx
ie_gdihesbgd&hlhjhleij " ey likkgsbghfZkdbjmxs khy kdhjhklvXh
ljZ\e _gby

LhesbgZkdbjmxsketh9yhe glalviZzdhglh[uadj fyiheghJh”~Ze gby
fzkdbem[bdhggdbfbqg_kdhhijZz\eb\ZdbyddlZ. Ihesbgihjbklih]hehy
kKhhi\_lklI\hhZkbz _kdbkeh\byfk\ le_ gl@yZggrmkezZkkv_dljZ

ljhp_kBhgghbfbqg_kdhfie_ _gbylZebkij_ _~\Zjbl_egdly_k_ggdoe _
fZkdbjmxsiec gdhbkms_ kl\eyypkkyYZdmmfghklZgh<M1:, kgZ[ _gghc
Z\lhghfgufklhggbdhhfghdBH&». |h j amevlziljadf\_~ ggwaki_jbf _glh\
\uy\e _dwulbfZevgu bfubhggdibfbg_ kdhihe gby

<u\h”u

1. IThdZzazgwhafh ghklbkihevah\ZdbydzZzq_kI\fZkdbjmxs _ie_gdb
"\modhfihg _gligdjulb khklZ\AW,0:-SiI0,, gZg_k_g@iZ ih\_joghklv
hilbq_kdhd¢zebfbg_kdbfh~hf

2. JZajZ[hlZgogheh]bqg_kdibd bhggdbfbq_kdhjh\e _ghw\_joghklb
N IZeb\u[jZgghZkdbjmxsecgd _

3. Bkke_ "h\E\dwcklINZemqg_gigh&\ leyxsithgbkluloeh. \

4. IThdzZzazghhihjbkluijhk\_leyxsithdjulblkhljz  _gb\ fb~bfhlk[eZklb
ki_dljZ01-0,05%fh]mbkihevah\zdZky‘bghqggaehbzZdbijb kharZgbb
fghlhkehcighlol. f

M > [B35.016

BKKE?>H<:GBEHAFH@GHKMEBE?GVR?GBY
DHWNNBPB?GHLJ:@?GBN?L:EEBQ?KDHC
IH<?JOGHKUBL?FG:G?K?GB®: G??KEH?<
D?JF?LHS:AEBQGHKHHKL:<:
.<;h]™Zg
GZmqgguedh\h”"bl-eNg,ijhn_kkkEj:. =m[Zgh\Z

< jZ[hljzZkkfhlj_dbafh ghkkighb  _gliyhwnnbpb h¢jlz" _gHylZeeh\
(IblZzzexfbgbighgzg_k_ghb&f_kh\gd_jf_IquiezghdijhZgZebabjh\Zgu
nZdlhjuebyxsbgzZ\hkijhba\h*bftkklwljZevgadjzdl_jbkibemqgz_fh]h
ihdjulbyhdZzadA9afh ghklgb” _ghywnnbpbhiglZ gbMMb[he_jZa
lhemq_pdkqgzlgaZ\bkbfhlkibbq_kdEpzZf_ljlikhdZazZlijephfe gby
dhwnnbpbihgleths_pbwhljhigtkldhhkf_ kb _|ZedZbwe_dljba@azZ\bkbfhklb
hldhebqg_kI\_goh]ghr_gdly*ysbg_Jdhfihg_glalZzd hl_]JHhesbgu
JZkgzlphbal\h”*belblkkihevah\zZgh felbbahljhighldhkf kb_1ZedZ
"bwe_dljbideZmq_gpuameviZhhjfeyebhkb”3-D *bz]jzffdhlhjayjz Z |
jZkij_~_e_agig_j]_Ibqg_kdihwmnbpb hJjZ " gbfy 1ZeekZ aZ\bkbfhkib
1ZjZf_ljkehy_jf_lgznbdkbjh\Zdehgheguz*"Zxs_khlaemqg._gby
'gZebichemqg _g@bBcrbz]jzffuhalheyhilj ~ ebHvibfZevguZjZf lju
d jf lguwehzAeyjZaebqgkok!| «&f |Zed jf»| h[_ki_qgb\ZxstbgbfZevgh _
agZqg_wly _j] _Ibg_ _HddWwjhnbpbhlgkZz gby
DzdihdzZzazgBkqzluki_dljZevgo@jzdl_jbklibwk!l, f khklhysbloa
f 1Zeebqg_kHdheh dbblZdgebZexfbgbb kehy IZeeh”bwe dljlkd_kbhc
gZg_k_dblZeeh”~bwe_dljbdekdihld\heykbbablddhwnnbpbhglZz  _gby
Zexfbgbybrbfhie[eZkkb_dIj\&d jZzaZlblZg\B jZa
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Bkihevah\Zigbh_elbbbkl_ fbahljhigheh I¥d_ihal\heyhd gblebygb_
lhesbguhdkb”r"ghklkehygZ ih\_joghklb I1ZeefdZ dhg_qggnkx_dljZevgmx
0ZjzZdl_jbklbdebihemq_@Z\bkbfhll&df_g_ghkiy dljZevgudjZzdl_jbklbd
ihdjulbd| gZebglbhy "mfzl_jbZehfireh dif_|Zeehb d_jf_lgukeh_f
hdkb~rgklehhyblZzgh[jZamxs_ Joxkinw\ joghkilblZeelZj amevIiEZdbke .gby
GZebgbZgghkehk Ihesbghlchhe 5gf ijb\h~*bd agZqgbl_evdlafmg gbx
ki_dljZzevoBE¢zZd!l jbkbdb fki_dljZzevg¢bZiZahgar*Zgghpzdlke ~m |
\u\h”glhijb gZg_k_glhdjulbgzf_1Zeebq_kdmexh dgm h[oh~bBfhba\_klb
IsZl_evgmpbkldm _joghkhBeh dhZzdmmfdBE .j_

LZd Juebijh\_* duqgbke ,gihyw\heb\rbp gblebyglyzki dljZevgmx
o0ZjZdl_jbklbdwnnbpb h¢jlz" _ghkehy jf_|14HZg_k_gotdth 1Zeebq_kdmx
ih\_joghkl¥bwe _dljbq_KdjlphljZ Zxs_ihdjulbyJZkqg_luhdZaZedgdh
gZg_k_gbglbhljz zZxs ihdjulbygZ d_jf_Igu&kehciha\hey nif_gvrblv
dhwnnbpihljgd  _gbylZg\Zxj_ ~g \18 jZ §k59% " 83,2%)\ rbjhdhki_dljZevghf
NbZiZa@hg400 ~1B00 g ).

BaZgZebkiZdljZevgu\bkbfhkdhevnnbpb hgjZz ghbobkl (ff_1Zee
d_jf-*bwe_dilj\bbdglglhijbf_g_g8_jf_IghihdjulbkhilbfZevgkiiklZ\kf
bkihevah\Zigéhibwe dlj\oddZq_ kR\glbhljZz Zxshihulbiynal\heyglbablv
dhwnnbpiljgd” gBexfbgbyb bfhit[eZkkb_dIj\BjZaZlblZgA8jZa

M > [B35.625.15

G:EBAKEBYGBM<?JOGHKLGHWWJI:R?GGUOHEBF?JGUO
HOQDH<UBBGMB K<?LHNBEVLJH<
G:HKLJHLNJ?GBY
F.B.;m~Zj]lbgZ
GZmqguaedh\h~bl-¢ékg,ijhn_kkMK Imlbebg

<\_" _gb<hijhkhbkke_ _~h\ZdbhnbevIi\ld\Zq_klAaZsblgkd_ dhebo
\ebygbyZhkljhlmj_gbgzZgbfzxl&¥\ghl_j\u_"hklh\_jgmihfbgZglbly
bkihevah\hdbdbr_gglhupdh\ighkbldkly \ _dm18\_dm mihfbgZxbky gu_
kbgb' eluhqdb«dhgk $\bnj _dhf_ g~Zopihpf g gbxobelbgudgdh&l9
\_drbjhdhjZkijhkljZg_ignemqgbebfqzlh_jub kbgbkdhgk_»\w jZ[hlZo
KK lheygkdh]lH. Djueh\Z, 2] ih*jh[ghj_~klZ\e_jguhf_g"Zpjdqg_-€
hdmebkhih\h*mbf_g_gbyelu@a_e_gkbgbotufgZluo_Ihnbevliz\d _
\wlbpZ[hlZokke "h\Zrelh&lvg _kkdihckIWIbk\ _IhnbevijEdZsblghgdh)\
bbo\lebyglyzhkljhlay_gbyebygp\ lgulo\_Ihnbevigdhkljhlay_gdyd _
[uetba\_klighklZIhdghghbkke ~h\Zehk¥fhklhyl eiygiey fRbjhdh_
jZkijhkljZzg_g20 \_d_ihemgbaZsblguhgdhd azZ\bkbfhlkllbki_pbnbdb
ajbl_evglhiMiZ[hlZxshbokke ~h\ggdhlhjobabaoj_~klzZ\e \ga[hl_

<Z ghg_jlhkhegp_aZsbdgudozZzr_ggelgp\ey_ Ikyhkh[ghglVYhevdh
aZsbsZIkvl mevljZnbhe_ Ib\ehdmq,_gdhyb \ebylwZ hkljhinaj_gbylh
ith™M\_j"~"Z _lkkihevah\ZgthogfgZaebqgpb_Ih\Veydhjj_dphkag_gbyjb
aZlhe_\Zgpblo evb&l faureyZagubdb~hkihjlz

Bf _ggilh\_joghklgtdjZrb\Zdbkp\_Igh@pdh\edgazk Jh~rgyrdgbgv
JhkkbilhemqgbehhdhjZkijhkljZzg_ghilbqg_kdlbdbehgHalbg_kdikhZehgu
hdjZrb\Zxl kp\_Igithebf_jgugdh\tebgau]hemfuihah\u__ _eluy k_ju_
dhjbqgg ,\thjZg  _\ua_e _gb "jm]bp\ |1ZjZaebqggulbgh\b hll_gdhihh
kh[kI\_ggufogheh]byf ezZgb®deb_glhl\b wlhfagZq_gblywnnbpb_glh\
ijhimkdZghy joghklghjZr _ggihcebf_jglhadh\wedgah MN\b~bfhbo BD
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hlezklko dljg_j ]JezZf_glbjmxdklya\_klgb\ebyglygZaZsblgk\hck]\iZ
hkljhlaj_gby
<jZ[hlijh\_"~_dtkke_"h\bggZebebyghlyyhkljhlej_ghbw\_joghklgh
hdjZr_gghigdh\ledogh~gh]haKZgdl | _j[mj]kdizoe hghilbdb klZg”*Zjlguo
k\_Thnbevbhb&\Z[hj® Igud_ dhe[jZggubki_dljZeveouufjZzdl_jbklbdZzZf

P _ebaz”r"Zgbkke_ "h\ZBbeM[hlaZdexqZ\ijkyw " gbhZehalygby
ih\_joghkhgdhZr _ggihebf jglhadh\wedggzhkljhle ghboyk\ Ihnbevljh\
" _elm_e_gkbgbphem[wgzZzkguybah\uwhjzZzg  \pd_Ih\

>ey'hklb” _ghklZ\e gghefluebnklZgh\ekegurmxgBah\uheh™ gby

1. Bkke_"h\¥dbygbgZhkljhlmj_gbih\_joghkllgdhjZr_ggulebf_jguo

hgdh\ebdglkkbel®® "ilj" _elm _e _glhlmem[bphah\ulwjZg \pd Ih\
2. Bkke_"h\2Zhbwglgzhkljhlag gk IThnbevINKL KA-RO, DKL, @ K3,
@ KL7, H K6.

3. Ijh\_klbZgZeha kjZz\gblvhemqg_gguwZgguih \ebygbxh\_joghklgh
hdjzZr _gghebf jghgdh\ebdglak\ Ihnbevighkljhlaj_ gby

F_Ih~*"bdizkke_ _"h\zZzglke "h\Aakbjhlaj_gbyh\h~"behkwklZg”Zjlghc
f Ih*bd_hnlZevfheh]bqgdkKdb§. | j\hgZqgZekigh” eyel@dkhhlA] gby
dZ "h]lezZzdijbg_h[oh”*"bfhkThbjZe zZkegayhjj_ _dpBy¥ Il \fijh[gmkijZ\m
ithhg_j_"mklZgZ\eb\Zerb oghklgdjZr_gghgdh\webgababkke_~m_fh]h
gZ[hjbebk\ Ihnbevljdpb _glimdZau\ZkIilhlbiub ijhkylgZa\Z[wmd)u
kKhhi\_lklI\mxkbljhlaj_gHly (g_f_g_q luj_@gZdhi*jyr?kethg\k_bo
gZau\Z\ ljghlh ihdZau\zZkdie f edbagzdlg _ihkj ~kl\ lggh"mxsaZz
jZaf_jhif0 \ ~Zggh&[eb.pLZdjh*he ZxX\h|_oihj ihddZpb_al_gZqg_|
hrb[ZIvky [he _"\mbrb[hd kljhil Bkke_ ~h\Agbphlaj_glduehjh\_~ _gh
Ney0 iZpb_glkVh\ _joghklgdjZr ggulijdh\ufdbgazb24 iZpb _glkhk
k\_lhnbevljZfb

Hkgh\guj_ameviZilh "Zggubkke "h\Zgddyhlwj_ _gbWwy\e ,gglh
g_dhlhjuh\_joghklg#djZr_gghgdh\uebgaxebfmg «eZof «Zglbn3jZ
«yglZjvmemqrzaxdljhlem_gby,1-05_ "~bgbe_dhlhjebgauwzd\zZfZjb,gu
«nbZelmMom/ radljhlay_gloy,1 ~bgbprk__[hevrbgklebgga baf_gyxl
hkljhlaj_gby

lh "Zggubbkke _"h\aAdgbpylaj ghbkhk\_Ihnbevljdfp\e d&ms_klI\_ggh_
momA”r_gjb bkihevah\zZzdbbhnbeviNEL b mom”r_dikljhlw) gbgZ0,2
_"bgbppb bkihevah\ZKgb®&0 b DKLIO, *ey*jm]blo\_IhnbevlihkV\jhlZj_gby
hklZz Ikybaf _gbghZ memqrZglki~02 ~bghpu

<j_ameviiZkke "h\Zdgbchlaj_gbyy\e ,gdlhijbf_g_gbh\ _joghklgh
hdjZr_gghigdh\wedbgb k\_IhnbevihhpXg _\hh_elm_e_gp)lhlhemqrz_|I
hkljhlaj_gblybqg_fih\_joghkhglhZr _gghugdh\ebgamemqgraxljhlaj_gby
gZ[hevrmXx _ebqgbgdakqg_Imf_gvr_gbdezZz"kKbg_ &hklZ\eyxs\bc*bfh]h
ki_dljZevdgbhlhizahgZ

Ebl_jZImjz

1. lTheygkdlK& H g_dhlhjwmdabq_ké&blocklI\dbo\ebygbdzZhkljhlmj_gby
aZsbszZxsbqdhKbg IrufgzZlhodjZkdtbkgzkl _i_gvZf_~bpb.gkl[ —
1901.

2. Djueh\l. @_elk\_Ihnbeybbkgzl_i_dgvyzZf_~bpb.gdl[ —1911.
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M > B81.7.068

J;-AJ;; HLDBBKKE?>H< :GBEHEHDHGGHLBQ?KDH=H
N:AH<H=HH>MEYLHJ:
K< <Zj _ev.<DmebdK\.LZjZzdZgh\
GZmqggumdh\h~bt by, ijhn_kkBjD F_rdh\kdbc
dn-f.g,ijhn_kkkj?2 Kljb]Ze _\

Djzldh \klmie_gbihklZgh\didh[e_fu Bkihevah\zZgbkh\j f_gguo
\hehdh-ghghbg_kdBo”*jhnhgZor_Ihd;jw]]Z\ khqg_lzZglkb fhsguf b
rbjhdhihehkguklhggbdihffimevkglibldemq_gha\heyh[t_"bgbivh”~ghf
hilbg_kdhf\hehdg_"hklzZlhgghhevrh_ dhebq_kl\bkhlgb nZah\uo
bgl_jn_jhf_ljbg rkddpdKhhI\_IkI\ fdglmhkhilbqg_kdhlhgZleldZz ~h]h
NZlgbdaZd _gvrZ iljkym\ _ebq_lgbdhebqg kK& ~h\Zl| ,eylglbkihevah\Zgbb
fZkkblZdb®dzZlgbdhkhklZ)brMjhZdmklbgZdkldgokb kl_figb f4Zm~” _Hf_lv
N elkhkeZ[ufhilbqg_ _kdbkb]gZeZitbbwlhfmhihegbl evigql_jb\g_k_ggu _
nZah\udh”meylhjgpfh[oh?*bdh_gvrbtvkms_kl\mxsBah\dh"meylhgd
gbh[ZéblIbMliNbO3) \ghkyhevrbihl _jbg fhlmlulvbkihevah\\Ziga_ fzad
keZ[ufbhilbg_kdbkib]gzZezfhe_ ~h\ZIl ,ekgthblazrZgharZghy¥ah\h]h
fh meylkgbadbifibl jyfbkkhojZg glhefyjbaZpbb

P_evZ[hluKha*rZgiZah\hflhmeyltkjg@badbfhl jyfo kkhojZg _gb _f
iheyjbazpédpZ[hlWkbkl fKlkkeZ[uftbhilbg_ kdlbdgzZezZfb

:Zah\uiheh' ghkke ~h\Z§bym]hhilbg wdbcdhilbg_kdhehdg_

ljhf_"mlhqgu_j _amevlZluBkke_ "~h\Zghhl jv gZ ba]lb[_\
"\memq _ij_ehfeyWwxeshdg

Bkke_ _"h\Xjgs gblyi_j_qggklgmdImjuehdgZz

Hkms_ kl\egg@hhldbnbdkzZphehdgZziv_ahd_jZfbqdXthed ey o
\ZjbzgldhXfhldbrey\mibihVhehdhg

Bkke_"h\Xgtkbfubl_jvjbjZaebqgdpbzZglgaofhidb

Bkke_"h\ZjglmhgZgkgl&lhluv_ahd_jZfbqg _dAlimcrdigh jZaebqgguo
\ZjbZglgdfhldb

Bkke_"h\dgp dzqdtijb jZaebqggwgbzglgdafhldib"ey*\madbih\
\hehdhg

KharzZdgbqg jZllgiZijy _gbgynijz\e_dbhbymeylhjhf

ijh[bjh\ZgbharZgdhMmeylhjZZevgm&lZgh\dZo

Hkghl\ghcameviKha”rZgddjZapmuZah\hiph ahd _jZfbq fhdméylhjZz
"\memq _ij_ehfeghgdnyhl _jbrh27~; glhy\ey llkyngrbifhdzZazl, e_ffm
kms_kiI\mxsFah\dib"meylhgiygbh[ZEbIby Zd mjZajzZ[hlZgg&ZJjghh\h]h
fh*meylhglEqlh gfttezZy j _dzqih2r gZqzklhlgdb 14F=p Ke_"h\Zl_ ,evgh
NZggudb meyliihfohrbéyZ[hld kbkl_fRKbkeZ[uftbilbq_kdlkbggZedfb
kemagZydMNfZ_[m_lklyojZg_idkeyjbaZpbb
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M >B81.3: 681.7.023.7

IHEMQ?GBPILBQ?KDBIBI<?JOGHKLMWE?F?GLH<

G.HKGH<RMEVNB>BGD:
?2X.<bedh{BgklblmbfbbukhdhgbRluo kI\:Q
GZmqgguedh\h~bl-dwg, kgk H< Lbfhn_ _\

(BgklblamtbfbbukhdhgbRluo kI\: G

lhebdjbklZeebgkkdkvalp’bgdzZjbf_gyxI\ kbeh\hle BBhilbd ey
balJhlh\e \asmyh*glha hagphdmkbjmxelbgpd ebl evigppuoklbglzd ijbafb
ihemijhajZgguj@zZz@&@ h[oh"bfmkeh\bijif g gbXxdblbilbg_ kdbe f glh\
yley IkygbfbazZpbgf jib\dhebqg KI\AE dlgpXboih\ _joghkhpjZamxsbloky
ijhp_kEK[jZab\dHEz[hldb

ljhba\h~kINAdbwe _f_gthwlhkeh gayfghlhieZghdzZyzdHrgbta
hkgh\gwmo ZihgZjy*m\ujZsb\ZgbfZl _jbZeZ\ey Ilkbyw]hlh\e ptblh\uo
hilbg_kdwe _f_gli\kmlkI\bm[ebdZpilncwlhd_fZIbd\ gZr_ckljZgb
aZdjulhklzagdm[_"h@ ihal\heyha”rZdlvwgheh)lukhdhdzZqg_kl\h[gghcldb
hilbg _kdwe f _glgXxhkgh\kmevnbplEgdZ aijh\_" glpy e _gZijZ\e _gguo
bkke_ _"h\Zgbc

Ihwlhfm _ev®Zggh&[hluy\behbkkke "h\XglygbhXjzf Ijh)hp _kkZ
f oZgbqg_kthlephh\Zglyzqg_ kihh_joghklbhevnipbgdZz

>eyhklb™ _gh¥%lZ\e gmhejp rZebke "mxatZ”~Zqgb

Bkke_ "h\ZgbygbiZjzf_ |jhf_ozZgbq_kdhébjh\Zgg¥jZzaf_ jub

dhgp_gljZpbx_dlithebjh\Zggh\c joghklhevnipbdgdZz

Bkke "h\XghyglhklZbZ\hckihebjh\Zevim&ai ghblktebjh\Zevguo

kfhgzh[jZah\ZidBb_joghklgua_dlh\

H[jZ[hldh"™\_j]Z&bkhdhqgbkilluebdjbklZeebdknkelbrepbgddhlhjuc
[ue ihemq QYD-f_Ih*"hfH[jZapkmevnbpBgdZj_ ~klzZ\ey&h[hc*bkdb
hij_~ e _gd¢bpf_Ipdhesbguj_"\Zjbl_ekpfZ[hlZgdhdbgZdhhyjZah4
dzqg_kif\Zl _jbzZetzebjh\ZevgikdZevah\Zleflhliewg Zhkgh¥h~bnbpbjh\Zgghc
"b\bgghadZgbnhélp _gddZZqg_kl\A _joghkiljlh\h*beZkb ihfhsbf_Ih~bdb
«dhfivx|l_jghlh gby

>eyj_r_gbyhklz\e_gogiorZlggebbamq_grd\bkbfhkibhjhkktzfzhl
ijb " bfgh]hz\e _g\Wiyhp_kk_oZgbq_kithkelhh\Zkbryevnipbgydihemqg_ggu_
j_amevlihdZazZgbhgbklhlZ]_hf_Iljbin\_joghkdims_klI\_g@@hbkgkd |
NZ\e glbdZzaul\zZz Hhgh\ joghRIMhp _kkhebjh\Zglgydd hi\ _ebgbgujgZz
bkihevam_ZH]jBEab\KhihklzZ\e_wldki_jbf_glZevggouih f_oZgbqg_kdhfm
ihebjh\ZgkmevnbpltZgdithal\heb&h eblilbfZevgabzZiZahg\e gbc
dhlhjhfhemqg_gdbemqrbameviZhukh\hdmighlkzlwizZzjzf_ |jh\gbklhlZ
] _hf_Ijbly\_joghhklbdhjhkdwzf)Zz>ZggudzZiZategpkihevam gldfitmkeh\bc
wdki_jbf gZBh beily” eHI9,16 10,3 d ]k f.

>eywdki_jbf_diuedbalhlh\ekgiph[jZaphhebjh\ZevigiioegzZzhkgh\ _
fhrbnbpbjh\ZgightcgghdcZgbnhbb xsbd*"bgZdhImix_jZImjjzaafy]q_,gby
ghjZaebqdhkl.z\ _fi_jzImgafy]lq_gblyehij_ ~ e dfgZly*hdhevprzjz
khklZ\epdAK < j_amevidwldki_jbf_glheh\uy\le ,ghlhkdhjhklkt_fz
kms_ kI\ _podebqgzZxgkkfhljgzihklhygklI\Hi_jZImjdafy]q _.gbly[jZapZo
4«;11» <1 <2\ dZg_kMNh[Z\ddkihevahiZeb bm\_ebqg_dibdhgp_gljZpdb
0,5% ijb\h~bld kms_klI\_gglhédm g_glkdhjhklkbt _fZzb memqgr_gbdxq_klI\Z
ih\_joghkitb[zZ\e &b _ZjbgkhklXxfhe(h[jZapkK-KL bIK-K) g _ijb\h”bd
|Zdhfmn_adhfm\_ebq_&lbhjhkkt_ fZHAgZddkms _klI\_ggémqrd 4q_kl\h
ih\_joghklllbemqg_gguamevihdZaZelhg _agzZqgbl_dwadug &«ihklZigb
khojZzg_gbiehnbabq ddjiza | _jbkifhee ujb\h*ydkms _klI\_gdtaffmg_gbx
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dz&dhjhkkb fZZdogbklhlith\ _joghkHp gddklhlihdZaZelhgZbemqr_
dzZzg_kNaykmevnipWwgdihemq g@aihebjh\Zevigthce IK-KL k| _fi_jZImjhc
jZafy]q_@Bmgb khhi\_TkIdelZkglnk|hlitn=HK11141-84.

LZd [uebijh\_~_ ghkke_ "h\Z\@lhygbkljmdImpZgbnhevégitloegZz
dZq_klhA_joghllb ebgblgtmfZZl_jbZeidhp_kk _oZgbqg_kdjZdhldbey
wdki_jbf_gblkKihevah\hé¢jzapufheudhlhjubf_ebh”"bgzZdh\klkeklZb
| _fi_jZImjjazrafy]g_6da JZaebdkihklhyekhihkhfaZeb\idbebjh\Zevglbjbh\
wlhfyz]j Rfhewjh\h*"bdah~*bgZdhike h\b¥b fi_jZImjmezZz ~_bhy _gyeb
\ bgl j\Zz&l120K "h-12cK GZhkgh\Zgilhkemqg_ _gguamevIAk\ghqglhijb
mf_gvr_gbbfi_jZImjoboez ~_ githebjh\ZevgmdZebgb\zZkdkyhkliwt fzZ
fZl _jbz&Ath ghh[tykgbdaf g_gkljindInfjdl_jbZih&bjh\ZevghhdB&jZy
\eby_BbzZIl_iehnbabqg_ktlbckI\Efheub dZdke_"klI\lpZ kdhjhklktzfz
h[jz[Zlu\Z_ffiZ]lh jbzé@dZaZghhgZbemqgybamevlihidZq_kihh_joghklb
ihemqg_gjb kihkh[aZeb\dbh]*Zhebjh\ZevgbdZ ~"Zelheh”bevgpld _
| _fi_jZInmK

;uebijh\_ N gukke "h\Zdgty gdiZzg kliVWA joghkdpjZzapkmevnb”ZzZ
pbgdB[jZ[hlZggZaebqgufihkh[zZfDeZkkbklhlih\_joghkhi¢_ " _erkhy
f _Ih~"bdhibkZgdhcHKL1141-84 & |Zehlbq_kdbeZklkbklhlilh\_joghkl _c
F_Ihrdhgljmepbodzq_kRKRihhI\_IkI\hVZ®2b3 deZzkkg@hbklhluh\_joghklb
[uebknhlh]jZnbjhWguh]ljZnbpZ[hlZgjw ihfhsbf _Ih*"babhfivxl_jgh]h
aj_ogby,uehihemq_idteghkhhl\_Ikl\bamevIiZdhfivxl_jghhbamzZevgh]h
dhgljheyeyh\ _joghkkbhhl\_TklI\m®BsdeZkgmklhligh\_~ 9B _gtZebgbgu
r jhoh\zZlhglazlhfghbeh\hbdjhkdhGE206. < _ebqgblgjZ~g_Zjbnf _Ibq_kdhc
r_jhoh\zZImRdbhklZzZ\B&gf zkj_"~g_d\Z"jZIRqggh&g f

AZdexq_.gbzZdbfh[jZahfgZhkgh\Zgithemq_gguamevIZhh\Z[hlZgZ
f_ ITh "bdZozZgbqg_KkKdhz[hldbmevnbptzxgd Bkke "~h\Ag@ubkbfhkihjhklb
ktzfzhl jZzaf _j&a_jgd khklZ\Emki_gadhZ£ hkgh\ZefZagWkdgl Ibg_kdbo
fbdjhihjhrdR\ dhf_g~hhdbfZevglibziZzahfh\e ghdeyijh\_* gbhpp_kkZz
f oZgbqg_kdhdhjh\Zgbypf g glmZbemqrib@ameviziha\hebbh]hlh\blv
hiulgmikZjlbxhilbg_kdbe f gkdzZg_ kN _joghkidynS hi\_gZxsBf
deZkkabklhlkh]eZkghK0L1141-84,k hldehg_gith ifehkdhkdb[he_h~gh]h
bgl_jn_j_gpbhgagihdhpZey kmevnbpBgdX_ebgbdkd_"g_Zjbnf_Ibqg_kdhc
r_jhoh\ZImRdkhklZ\B&gf Zkj_"~g_d\Z"|ZIRqgrgh&g f

M > [B35.17

DHFIHABPBBI1:J:F?LIJBQ?KDBKBGL?A?JD:EVGH

EBGAH<HHHT?DLB<F.F. IMKBGHX<:
>G <hjhgpM:. =hj”bg
GZmqguedh\h”~bl-ekg,ijhn_kkkj. A\_j_\

ljhn_kkRjF. IJmkbghyZIb\gbfZghgadh glh kelbah[jZ  ,gidjZah\Zggh_
hilbg_kdhklekl fhie[t _dIb\= _JhjbZkiheh™ \ghehkdhkiphoh”ys qc j_ a
\_jrbgihezZ\gh(jhj\h)ha_jdZeélzkZftwlta_jdZeah[jZz Z \llkyufa_jdZe\hf
iehkdhkliphf_ "mlhqgghbh[jZz ,gbthyjZah\ZgghljZz Zxs_¢h\_joghklvx
]lez\ghadh jdZze&Xebjb wihfp_glpoh*ghfhZzgqddlbq_kdikixk!l fb[t_dIb\z
kgblzZlZkiheh  _gdu¥_jrbg ]JeZ\ghph jdZd&E ]Jhbah[jZ _gbiehkdhklb
ijhf_"mlhqgbhh[jZ _dby* luihegylhewuoh”~ghdahZgkd k!l fuw wlhf
kemqgZeyjZa\blbhhjj dpbhg\dguwdh ghklklckl fuluoh~ghafjiZgdkbkl fu
jZkihezZ]Z"\fmoebgahXmhdZevgdicfi_gkZlhg hlebgbhl dhwnnbpb glZ
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AN nhjfZzptbjz Zxs _ich\_joghkibwlhfdhfi_gkZIM\Z«kl _deyggumw]eZ
hij " eyxsiBh]b[ih\_joghklelwgah]mljbgbfzZlvhba\l\hevgugZq ,gby
ke ~h\zZl,ewghldhfi_gkZlhjez*"Z*"\mfydhjj _dpbhggudpzf IjZflglh
iha\heydHfi_gkbjh\zZdgh~rg@i[_jjZpbkjhf kn_jbqg_kkddbafuH”gZdihb
lZdhfihkljh_gkibkl_fZieZgZlbg_#H0hcdpkZd_jjZphoah[jzZz _gfthygh
"hklbglb ijb kn_jbqg_kdhgf_ JeZ\ghlda _jdZeZ j amevlXuiheg _ggh]h
bkke_"h\Zgihyemqg_gwkhhlghr_,gbwnij_~_eyxsb]Z[Zjblgu_iZjZf_lju
dhgkljmdIb\weo f_glkbkl_fib agZqg_gdblyjj_dpbhggajzf_IljhdZdijb
ZieZgZlbq ddhdhcdpdbpb jjZzpbZdijbdhjj_dpdpb jjzpblral\heyxshlg_klb
ihemqg_gghixkl _fmd ZieZgZlbg_ k&dpZklb]fZI2df ameviZigZeblbqg_ _kdbo
bkke "h\zZxdgbgh\h *"ZxiKyf jZzfpZzkqzdhgdj Idibkl, f

M>[B35.17

DHFIHABPBBI:J:F?LJBQ?KDBKEBGL?A
FH>BNBPBJH<:GGWYOIB:GLHA?JD:EVGHKBKL?FU
H; T?DLB<=J?=HJB

K:.=hj"h@g G <hjhgphhK< =Zc\hjhgkdbc
GZmqgguaedh\h”"bl-eNg, ijhn_Kkkkj.. A\_j_\

?kebbah[jz" ,gbh[jZah\Zgghilbg_kdhkdkl_fhd[t_dIb\Zj_]hjb
jZkiheh \giehkdhkihoh”ysqgcj \a jrbgihez\ghlihj\h)ha_jdzZ&p_qglj
\oh*ghghzqdZlbqg_kdkibdk!|_flu[t_dIbjZkiheh \ \g jrbgleZ\ghdhjdZE&lZ
_Jhbah[jz _gb_iehkdhkiphf_ "mlhgghjah[jZz _gpw”™_Nuihegylyhev
\uoh”ghadhZgdb kl_fuw \uoh~ghdjZzqdZdh&bkl_fufh ' ghjZkiheh blv
g_kn_jbqg_klkdim& Zxsmkh\ _joghkldlhwnnbpb2ghhjfZplhlhjhéh gh
bkihevah\ZldZzqg_kldhjj dpbhggB]Bf lLjZ& ijhp_kkZgZebidhZzemqg_gghc
kbkl_fuhdzZzaZghhdhjj_dpbhggajzf_lju_j\hcb Ij_Iv_dh oh*memqZz
ih\_joghklIdbm[ebjmxAjm] *jm]Z glh bkdexgzZ\hafh ghkldhfi_gkZpbb
"hihegbl _evighg¢jZzpbhrgZdihdZazZzghhijb wihfZieZgzZlbq_ dhkjjcdpbb
Z[_jjzpbcghmhklbgwkn_jbqg_kmdj¢ _h*ghicavIbich\ _joghkl_c

?kebZf_gbllevz\gla_jdZe\moa_jdZ&bkhcfhgzZijbf, jbiZhilbg_kdhc
kbkl_fl[t_dlbDzZzkk_]j1lgB\ wihkemqgfd_ghihkljhblkwbkl_ fkiduoh”~guf
ajZzqgdhfehkdhk]bf_"mlhqgb@im[jZ" ,gibpywlhp_gljoh~rghdhzqdz _|I
[ulvjZkiheh N\ §d_jrbgex[hcbai_j\uo*\moh\_joghkllhedZazZghhb ijb
kn_jbqg_kudhjd Jez\ghdhjdzeRah[jZ _,giblgZzah\zZglgZddhkbkl_ _fHb gh
dhfi_gkbjh\@lWvhevdkbn_jbqg_kdmhxjzZpbakhfnb Zklb]fZlbghb djb\bagm
ih\_joghlbldh[jZ  .gby
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M>[B35.51

BKKE?>H<:GBIALBQ?KDBBEKI?DLJ:EVGUO
O:J:DL?JBKLBWE?F?GLHKLHL?OGBDB’LH>:FB

WEEBIKHF?LIBEEKMNKI?DLIJHKDHIBB
LF.>Zgbeh\Z
GZmgguedh\h”~bl-eNg, ijhn_kkhjLmjd[h_\

Djbl _jb dZqg_kINZIbg_kdWwe f glhay<MNh[eZkllbi dljbaemqg, gbc
\uiheg_gguwa djbklZeebq_kdbhphpZSiO,) b fhghdjbklZeehdhjb”h\
s _ehggha_ f dvdzeehS AFE MgF, Cak, Bak, Srk), y\ey Ikyebgbgd jv
baemqg gdwwbwe f glZeyh[t _dlb\ghx gdl&Zqg_ kWwkhwe f ggh\h[oh~bfh
jZaebqgZikl_jb hilbg_kdhbmemq, gbwal\Zgguh[jZah\Zgb\ fijhp_kk_
| _ogheh]bqhkpdhdhldh*bnbpbjh\Zggh]lhoghklgdellhynlihl_jbwaemqg_gby
k\lyaZgkhaeZ[e dhaefmq \ddy ffZl _jbZeZhlhjhlhiheg_fZ Zev

<uykg_disb@azdhghf_jghlklf_g_d&bhydljhf_Ijbq_lkidbeoyjbazZpbhggh
hilbg_kdbozjzdl_jbkibd*"bnbpbjh\ZgdkipmdImjuh\_joghklghkkehy
h[jZamxs_lhkyjZaebqggkidhkh[Zm]hlh\e_wlkey f _glhha\hebiklZgh\blv
bklbgguahjj eypbhdkdwab "mbabdibfbqg_ kdlkfibckI\Zfb\ joghklgh]h
kehy | _ogheh]lbqg_kdpZb ljzfighp_kkKZjz[hldilhn\_joghktblZe clh\
NZevg_cfhf _Ikihkh[kI\h\iZIv. gbxbjhdh]djm]@ZZmqglo ogbq_kaddaZq
hilhl_ogbdb

Hkgh\ghp_evx*Zggh¢Z[hlu y\ey lkiyajZ[hl&kZ_dljhkdhibqg_Klkdbo
weebikhf_Iljbqgf kidhBbl\_ ogheh]bq_dckhdljjinewe f_ghhilhl_ogb'‘chxc M N
hlezZkli _dljB bkke_~h\Zglhbbdf Ih*"Zfbkgh\ga&dhghf_jghkdf cg_gby
hilbq_kdib\tncklilh\_joghkldgaedh _flhghdjbklZedhjb "hSAF b d\Zjpi4db
jZaebggdggorgbwa” ckl\byoZgbq ,Hdpfddqg_ kd@ZédbZpbhlgguo

>eywe_f_glhdiheg_ggbadjbklZzeed\ZjpZ Ih"hBD Kki_dljhkdhibb
hij " e bQwgbq_ kmkeh\bgybaf j gbyebgbghhwnnbpbilygllghs gby
(kf) ihf_ Ilh m _jg_jB kh]leZkh\A@u_]hjZq_kld¥ZjpZhhI\ _Ikl\mxsb _
lj_[h\ZgbWfKLb FWD GZhkgh\weebikhf_Iljbq bkdkeo "h\Zhgibleq_kdh]h
ijhnbey we _f_ghhhhl_oghbiblZgh\egldihbf_oZgbg_kthggh¢jZ[hldb
djbklZeebqg_KdhjpEhjfbjm_IkymokehclgZmdImljg < ijbih\_joghklghc
hlezZklibljmdImljg [ebadZkljmdImkl dehh[jZadjh]lflg _a fYZem[bdK
i_j_kljhclBgmdImijb\h~bdihy\e_gbh{ezZklkgZijy _gfhnhjfbjh\Zgguf
khklhygblfj_amevIZJIIh_Ih;’h]hjhbkoh"brl\_ebq_gggbqnglgbathhibb
n(2)>ao= N2 = d% 12 nd n® - jhdzazlijekehfe gbgyg h[udgh\ _glghlh
hfudgh\_ggéihg_&bjbgzh[eZkIbK, \ dhlhjhgZmr_gZnihjy*hqg_gghklv
kljmdIim¢ggbklZegBadhwg j] Ibq ikdjpdBfbhghAr® f _gvr_qg_freylK,
h[jZzah\zZ\r_Jihkyihebjh\ZgtjoklZeejdb wihfbhggzfjZ[hldii\_joghklb
we f gipfp\h*"bdmf_gvr_glx jbaemqg \gcbMN[eZkkb _dljZ

DzZqg_kl\ihghdjbklZeehijb"h\SAF hij_" ey IkZebqgb dbkehjh"h
kh~ _j"Zsihbf_k.E_ITh hii_dljhkdhibbM N hBDh[e Zkklb_dljtizkke _"~h\Zgu
hkh[_gghkélbygbgbkehjh*hkh” _j'iZBbok aZ kljmdIimfmghdjbklZeeh\
nlhjb "M AE IThdZaZghh"hihegbl ewvigllehs gtbilbgq kdbhakemqg \gbM N
h[ezkki_dljk\yazg[jZah\ZgbK fijb ihebjh\ZdgfthighdjbklZedhjb”h\
SAE Hij_~ e _gtilbfZevguj_ "bfu | _jfbg_kdhk[jZ[hldbjZaebgguo
fhghdjbklZeeha\heyxsbh\ukbldhwnnbpbijgimkdZgby f glh\<MN
hlezkllbi_dljzaMklZgh\e ddwj_eypbhgoyalh ""mhilbg_kdbdBjZdl -jbk
IbdZfbK b dhwnnbpb _ighimkdZgley f gIkk\WMN[eZkkh _dlLjHkh[_gghklv
nhjfbjh\ZglkynlihjbrhfhghdjbklZzeehRijb | _jfbg_kdh¢zZ[hldve f _glh\
aZdexqgZ \lklyf qglhk m\_ebqg_glb ff_jZImijh[jZ[hldbh600°K ijhbkoh”bl
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m\_ebqg_dbwnnbpbijgliznkdZgdbyMNh[eZkKi_dlj2Zevg_cm\ ebq_gb_

| _fi_jZImijigb\h~"bd mf_gvr_gbhajZgghkid_f_glhlhk\yaZgmbabdh

obfbg_kdbhp_kkZbhh]lbrjhebjghd _dzZxs\]iim\_joghklgbhwe f_.glZz
LZdbH[jZzahdZhkghlijh\_ " gguloke "h\ZgdbjZ[hlageebikhf_ ljbg_kdb _

bki_dljhkdhibqgfkihd*d _ogheh]bq_dckidljihelyq_ k& _f_ghilhl_ogbdb

"ey<MNh[eZkKd_dlLjAHij_~_e _lgidbfZevgju bful _ogheh]bqg hkghjhldb

"eyhemq_wley f gkiibgbfZevguhb jyfhilbqg_kdindlemqg. gby

M > [B3.083.98 : 537.9

BKKE?>H<:GEKMKI?GABB:GHQ:KLBHO, F?LH>HF
NHLHGGBHJJ?EYPBHGGKHCDLIJHKDHIBB

BK>hjhgl{gZevg_\hklhldqdguc*ZjklI\_mpgwd jkbiml khh[s_yby
GZmqguedh\h”*bl-dwn-f.g DG Hdbr_(>Zevg_\hklh]digwc*Zjkl\ _gguc
mgb\_jkbimll _khh[s_@yby

<ihke_~9gj fyagZqbl_enmth g gbwe dljhgddkf lhehibbdbbpbg_
obfbg_kdhcfure _gghkdBjm]bloljZkegZoh*gEZghqgZklbjpdad|bq __ kdey
\k_ojbeh  _gbch[ohifgljhbe] _hf_I|jbqg_kdpdf Ijh\

DgZb[hegZz”~ "gdflhrzdaf_j gywf_ jmZghqzkKhoghhlg _kfblh”~u
we_dljhgbthtcjhkdhilkldZgbjmxsmgg_evigZé¢hfgkbeh\Hbdjhkdh.ilhh
wlb_IThrg ihal\heyihba\h"ZlgZejizaaf jgZkltgp ihkj_~kI\\&gotki_gabb
blj_[mxki_pbzevigitdhlh\djth[ glhagZgbl_ewvghebqgb\g flyijh\_~_gby
baf _j _gbc

Ba\_klfglh”nhlhg-gthjj eypbhdkdhdljhkdh(EDX dhlhjugu]h”gh
hlebgZ_hdy'jm]bbi_jZlIb\ghkliyx\_~_ glwnf_ j gbltcdhelh fbg b f_g),
hikmlkl\bg fhfoh~"bfhkMhlh\djh[ijb bkke ~h\ZgbdhnZagb&i_ jkguo
kbkl, fl\ukhdhe¢hgghklveaf j gh¥af jhgZghqZklbegy fhgh”bki_jkguo
jZkij_ ™ e. gb&Z[hlijh\_~ gdjh[Zpbhylh"RADKreybkke "h\Zgbki gabb
gZghqZKlbpd k iy Z f g §SI0,).

F Ih"NDK hkgh\ZgZ j_]bkljZptg! gkb\ghkdkk ygglkhhki_gab_c
hilbq_kdbhremq,_gbhhdhjj_eypbbdgZdl_jbkhtedzdImzphbidjhkiyazgZz
wdkihg_gpbZaXZ'ghkd fhkkvkhwnnbpb ¢bmfnmaddklib\pkbkl .f< k\hx
hg j,dhwnnbpBhbgoghmabp » ey Jbkyjh*"bgzZfbg jKdbkjhdklbp

>eyijh\_~ _ghhkke_ "h\Zgre&Zbalhlh\e wgdki_jbf_glZewlkglzzyg h gdzz
hkgh\\hehdh-ghghbq_kdhga!l_jn_jhf_INZ[jd_jh 1jbf_g_gb\hehdh-ggh
hilbg_kdidhdihg _gkms_kI\_mdhgvrbjedaf jomijhklbehglZzmkliZgh\db
lZdijb wihfg_Ij_[h\Zehkh\h”~blxklbjh\dm”_evghidbq_kddbhofihg_glhb\
ihglbiheghklwkdexqZeazki\ [dEIhijb_ fgblazemqg_ gbdjimn " Zxskp ~u
ljbf _g_gb”eybkke_"h\Zdgby IfZeh]th[t_fZ(ihjy~dRB03fe, ihalhebeh
mf_gvrbleebyghdhg\ dib\gbhe kkdhZd amewdt j gbc

GZoh N _glEkij_ ™ e ¢gbyf jhZklbkmki_gabbihemqg_gaghtgdpbb
Z\lhdhjj_eyyp\wly Ikghoth[mkeh\e_gglkbjj_dldhjzlghaz~Zqgdblhjhc
ijbkmsgZ mklhcgbjhklgyb& mklihcgb)lhklgbly[jZlghacZzrZglyZ Z _|ky
kbevgla&Z\bkbfhklb _gbilg _[hevribaf_ g _ glbkoh”gadggue ij " eZo
nemdimzZippZ[ex™Z fu¥bggufigbhf jgh jZ\gh€é_j kh]J]eZzkmfdhy kl\h
\hafh ' gujo r_gbaddexqzZykms_kI\_ddgédbqggl bkibgghMeyihemqg_gby
j_r_gblywebkihevah\4dg4 ]Jmeyjbakpbbgh\z

< dZq_klbkke m_hdpzaph\ jZ[hl _bkihevah\Zéejhku kmki_gabc
gZghqzk8ip kh kj_~gbfbzf_ljhfyZzklbp ~bZiZahhl 90 ~h 450¢gf
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kbgl _abjh\Zgguh*hflbrjhebadaZljZzwlhdkbki§jeWdK\ wlbeh\hdibjl_
lhemqg_gpuameviZad | glbjZ\gb\Zedrkwgguibe dljhgighk\ gb\Zxb ¢
kdZgbjmxf&bdjhkdhibb

J amevldhd_~ gghbaf j gbltdZazZgbhf ITh"NDKihal\heyk V\ukhdhc
Ilhgghklbaf jylkj "~ghZaf_gZklb\pfhgh” bki_jkgbhkl _fZorgZdbjbgZz
jZkij_N e mbllbpjzaf jAh  _lkms_kI\ _pbbebqgzZlwk¥Zggwoe dljhgghc
fbdjhkdhibb

<NZevg _criefZgbjm _iljloy N gbhjz[hlidlZgghtihlh2Zeyih\ur_gby
Ilhgghklihemq gjZkij ~ e gBE¥XIbph jZzaf _jzZb jZkijhkljZg_gbh” ey
bkke_~h\zZgpm]lbaozjzf_ljh\kmki_galbfi_jZImjXyadhkldhwnnbpb_gl
ij_ehfe_dibY), g4ZaaZjZghemq_gghkhj_"_e jglay_jhlg\Zklkpmki_gabb
LZd _gzZhkghihemqg_gpuomeviZéz\gbjm kikg~Zdhulgh]h[jZapjdb[h)Z
Neyaf j glZywf jmZghgzklkbmpki_ghblin”h¥ DK

M > [666.223.9

KL?DE>EYIHEMQ?GBXYHEHDHGGHLBQ?KDBEOA>?EBC
>yN gdb<(;_ehjmkKldken”ZjkI\_lggucheh]bq mkglb\c jkb ! _|I
GZmqguaedh\h~bl-¢&kg,ijhn_kkBj:. E_\bpdbc
(;_ehjmkKkldtken*ZjkI\ _lggoucheh]bqg mkgb\c jkb | _|

lhklZgh\djh[e fuHilbgq_kd&ki_deh\hekdghhblk\_ Ih\_~msheub
AMmeok\_Ihhljz " Zx$ aZsblghlk[hehg Hkgh\guftba® _ebydb\hehdhgghc
hilbdp\eyxlkyhehdh-dgghbg_kdéZklbgwWwhehdh-cghghbqg_kdbmlunhdh g
IN\bkl _jwh\hjhlighdb

<J_kim[ebdeZjmikkiba\h*"kRHbg_kdklhdeh\heh#&g’s_kl\eygdky
IMI«AZ\hHilbd ]| EbrZ>eyk\ _|Ih\_"mSbeuij_"ijbylbijhba\h”~"kl_deh
fZjdh ;N10, Z"eyk\ _IhhljZz Zxba&Zsblghg¢hehqgbldihevamxklkydZjhd
<H50 b<LH3 khhI\_IklI\,goh[j_1Z_ faZm[_"HhkKby

Hkgh\guflb ogheh]bq_kigihfed_fzZfh h[eZklghba\h”kIhZIbg_kdh]h
kil _deh\hewdegyX lky

djbklZeebadpldyre _gghlkl_deZzZjdbL;N10, dhlhjZyjb\h”bld

agZgbl_evipufjyfbgnhjfZpbjb i _ j ~Zq ih hilh\hehdhgghgbyf

k\yab

g_h[oh”bflmkflvgvr_db#% _jZImijh\_~_glbygheh]bq hkdjwobodh

iha\hekbbabtannmabdpZzkysbjbof_k_‘ck\_Ih\_"mshenbih\ukblv

dhwnnbplk\glhijhimkdZgby

hlkmlklI\bhafh ghkhb\_ebq_gdbaf_jhk\ _IhhljZz Zxsh[hhehqgdjb

ihemq _gdghbhjhlgbdihdazihy\e gbyedbly _sbgm]jZgbg\ _|h\ "msZy

"bezh[hehqdg ameviagZgbl_evjgklhh ~_gbdgZazl leDEXI_dhe

fZjhd ; N10 b <H50;

A nhjfzZplly ITh\hMhijhba\h”AkI\bkl _jhHkb ih\hjhlh”~ghih\_joghklb

aZlhlh\Wighkbl_ayhglib\hiheh @A80°\ bgl_j\Zle fi_jZ|650-660K

glhh[mkeh\ebh[s _|kgb™ _gib | "Z\Z_lblgohjfZplhd” _eb f

J_r_ghhklz\e_ggjlhdure_ggwuZ"dbgjh[e_fha\hebH\ukbldZqg_kl\h
\hehdh-ghghbq_kdad* _eBtzZd jZkrbjblyZmqggmpzdlibqg_kfzaednh[eZklb
ijhba\h~kh\¥bqg_kdkllhdeh\hehdgZ

Lzdbf[jzahfiZz[hlZgZijZz\e_gZj_r_gbke_ "mxshd”™~Zg_"mij_""_gb_
nZah\hjza”_e_qdbyjhp_kk\uly]b\Zghwylbg_kdhih deh\hehdgZgvr_gb _
ihdZaZILP¥E Kl deé2Zk\ |hhljZz Zxbs[lkehgdb s gljb\udyadhikdb dhey
kK\_ITh\_"mdeuk\ _Ihhljz"ZxbaZsblghhehq gbadhl_fi_jZInhjjgeEkl|v
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P_evkZ[hlu\ey IlKyajzZ[hl[@Aah\kdklZ\kI\_dhex\ h\_ "msewub
hfhehqgfglhlh bevghlihbg_kdkllhdeh\hehmgZhcgb\ddjbklZeebaXpbb
| _fi_jZImjghdgl _j\Zeahjfh\Zglkyaz*"Zggmfjh\g If ogheh]bg bkdbabdh
obfbq_kdEpzZdl_jbklbd

;Zah\u_iheh _gbhkke_~h\Zghbhkke ~h\ZgBgh\hkhklzZ\igh~*mdlh\
djbklZeebaidpbbre _gghRh ddZjdh;N10 ihdZaZeglh\ dZg_kHhkgh\guo
djbklZeebqg hKgbah\Z gidZ aZglglhJdhadk I miZxlZ alue,03-2Si0, TiO, (jmIbhe
bB&SiO;.

<dZg_khkghYueykke_ "h\Xglh¥ gibkl_ BZO — LaO; — B,O3 — SI0, — TiO;,

— ZrQ, — NBOs, \ dhlhjhich™ _j" Zglhdkb"&i0, BOs; ZrO, bNb,Os khojZgyehkv
ihklhygghikhklZz\e60sth

GZhkgh\Zghh\_~ ggwmodki_jbf _glZebgke "h\Zglk¢Zgh\e gdh
fZdkbfZeviglZzy gdjbklZeebaBpblgudkl_dhighy\ley lkyh[eZkNMukhdbo
dhgp_gljzZpdikch MZI Z B5-25%),h[mkeh\e_lg[gZgh\ZgdjbklZe€®)([_eZy
wfZe \bNg4¥ kdjb kbgl_lal_dhe

< k\yalk ohjhr_onk\zZb\Z_fhklvaxO; [hjhkbebdzlgkfbdezfb]h
bkihevah\2AgkhklZ\bkke ~m_kuodhlkedZau\lZdhkeh bl_evdéabyghbijb
"h[Z\e_didkbeZglZy1%. M\ _ebq_dbebqg_ k&G kibfmebjmhyhe gb_
bgl gkb\bhtc fghtjbklZeebalZipbdpukl dtkau” e ghdfiZq_ khkgh\gh]h
ijh~"mdd4ibklZeebaXpkie b dezd g | ZlgD5-2Si0,, Z1Zd ijb\h~bdm\_ebqg_gbx
«"ebgu kl _deB kgb  gbk fi_jZImjgaZqgZezZafy]q ,glgyh h]jZgbgb\zZ |
\hafh ghkidzq_KkI\_gohlly]b\Zgky deh\hehdtlgegh bl _evgu amevlZlu
ihemq_"gankhklZ\kN_dh\edhlhjuloh”™_j Zg®, khklZ\e3-11%, ZLa,0O3 — 8—
10%.

Kp_evkgb gldybklZeebakipdgu&l dhebokhklA\h~"bebksakb"u
fhrbnbdZzZIRpO, CaO, SrO, AD;, WO;s, Biy0Os3, Y03 GAOs. Hij_~_e_ghhgZb[he
wnn_dlb\gtékhilbg_kdkbodlydeyxlbhykbblljbyp\hevnjz¥fdhebq &+\ _
3%, dhlhjuihal\heykgbablkdehgghkiwlgu&l dheaejbklZeebalZlpthdjZgblv
lj_[m_fuwtjh\_bgvogheh]bgbktbbddbfbg_ kdEpzdl_jbklibd

Kh\ _jr_gkl\h\kgkI|ZkZ deé2y\ |Ih\ _"msbeuijb\ _edbaf g gbph
| _fi_jzZImjghda!_j\Zenthjfh\Zgbglhih\e_ded_h[oh”bfh&hjj_dlbjh\db
ijhfure_ggwdklZ\kh_dh&jh&kHS0 b<LH3 ihj _heh]bqg_khlibhg_ kdibf
| _jfbg_kdddhckI\zZf

Kbgl_abjh\Egidhiulgudkl _dheeyk\ _|Ihhljz " Zxsh[behgdEZhkgh\_
kbkl flBO-<H-SIO, k bkihevah\ZgbZ§hR _nn_h]jZgbqg_gkht _j Zgb f
hdkb? W84 SiQ 65-80, BO; 15-30 b K,O 5-20. lThemq_gd&u_dedZjzZd!l_jbamxlky
\ukhdbtfbfi_jZImjA#jd@550-1600K bgbadhcfi_jZImijkilc deh\ZgAb40-
560°C).

Hij_~_ehidbfZevghitkl,ZfizdkbfZelibg\h gZxsbkgh\gujf [h\ZgbYydy
kl _dhek\ _Ihhljz Zxs hdhehgdbilbgq_kdhkH_deh\hehdglZ\_~ _gh _]h
fhrbnbpbjh\zgkkb " 24§03, BaO, CaO, MgO*ey‘*hklb™ _glhy[m _fhihh\gbo
nbabaobfbg_ kadZgzZdl_jokdbé&eh\Ziy jimkhklZ\eg_¢b™ 1,05 ihdZazZl_ev
ij_ehfe_gdoh” bVbygl j\Ze=1,45-150,agZq_4bBEJ\ij_"_e ZE5-73)-10
'D. Bkke_ ~m KkludedezrZrbjhdbhujZ[hlhqghg!l j\ZehtiemqkbklZ\
kl_de2y\_Ihhljz Zxbe[lkkehqgkibhfie_dkdhfh[oh~ bklbcklinklhcgbduc
dijbklZeebaZApblgl j\Zel fi_jZImgo0-1000K o0ZjZdl_jbamxsbixjlkybf
\ujZ[hlhgqgufgl j\Zehli[eZz"ZxstgZq_ gbLDEJ.=68:10° D', ihdZaZl_ ey
ij_ehfe _glmr1,49.

A~ bvZeihl dklmked h]lh\hj_lykh[mdZaZgdyjgkh”_j Zgh._
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< k\yalk g_h[oh~bfhkdhxj_dlbjh\Zighyure_gghkhklZ\Kd_deZey
aZsblgh¢hehgklbgl abjhkZgBitiulgudl dhgezhkghkbkl fNeO—< H—
SiO,, hljZgbq_glkgh_j Zgb%:fSiG 60-80, BOs 5-25 b NgO 10-30. < dZq_kI\_
djZzkbl_é&kchevah\ ZedkhCoO, CsO; bMn,O3;, dhgp _gljZpltblihjulohklZ\eyeb
0,4-0,45fZRo, \\ _ " ggkd jb00%.<|j ameviZkke "h\dZgémgklgklZ\ deZz
NeyaZsblgblkedjZr _gpgih¢hehqgtdblbg_ _kdk]hdeh\hetkdgZ m_ fumjh\g f
nbabobfbq_koEpzZzdl_jhkBhde ~h\zZgihiihp_~ e _dbkygldhgp_gljZpbb
b\br"djzZzkbl _gZcl_i_dw*bnnmablgle ,gnhgZb[hee Jdbnnmg”*bjm_fuf
yley_ lkdgkbdh[ZevMd_gvr_gbhebqg_KbQh]jZgbgggih[oh”bkhci_gvx
dhgljzZklghlhllih\h]ha” _eblywlhfmilbfZevgZydhgp _gljZlptbkl Z\e@,24
0,25 f Z k%.

ljzdlbg_kdb_ameviZlkh blh]zZzfz[hlujZzajz[hlZgluklZ\kl_dh%ey
hilbg_kdhgh deh\hehdd¢lZz iha\hey jl rblvg_Ihevdhy” g _h[oh”bfuo
| _ogheh]bq_ikllpeo fb aZz”Zghb m\_ebqghllllvebq_kjXhhqgbio klazkq_|
bfihjlhazf_ s. gbtyemqg_gguhklzZ\Wkl _dhetey hilbg_kdhkh _deh\hehdgZz
khhi\_IkI\mkjfZIbty hogbqg_kimlbfogheh]bqglkdibfizgbyf

M > [B35.317

>S><MOEBGAH<HWDE??GGCGUR, T?DLB<BH<H=HDHE?GBY
<< ? h\Zz
GZmqguadh\h~bl-@&kg, ijhn_kKEG :g”™j__\

Djzldh\kImie_gbhklZgh\dih[e_fu>\moebgalk\de gddt dlb\u
gZoh”rybjhdhijbf_g_gbjZaebqghfeZzklyjd[hjhkljh_db¥]h*Zjnklhc
hilbg_kd&kloc fohilbfZevgdlijj dpbhgdbhédh ghklyfb

<j_amevliZzh\ " ggluloke ~h\zAgblZgh\eqldm*\moebgakdeo gguo
h[t _dIib\Kh kn_jbqg_kdbhHb_joghklyifin \hafh ghklb[hjzZfZjhdkl_deZzZ
\hafh g&zhjj_dpbdynbhghojhfZlbg X[dhpZpbé\mojhfzZlbq_kdtjbbowlhf
hlighkbl _efag\h jKllg ij \urZz 115, 1:4ijb m]eh\hfe6°+12°.

< [hevrbgkl\kemgZm\*"\moebgahhyb dlib\hbhkijZ\e ghk”*e_ "ZI
kn_jbqg_kdEyjjZzpbdhfzb ojhfZlbaheh  gbiyb wihfZklb]fZIbaklzZ Iky
g_bkijZ\e_gguf

P _eyzZ[hluJzkkfhljfluhAbdmkq fZmoebgakdeo g&lo dib\kh
Zkn_jbq_kidhgoghk\hkjh]hhjy~rdz

:Zah\u iheh” _gbpkke "h\ZgbydZq_ klbkoh~ghtdlbg_kdko fu
\u[bjZ lkeghkdmimde&lpg,akde ghZywhyduimdebcehkdih]gmlIg&lga
baojhfzZlbq_ Xdajaukl dhgeZijbf jD2-NL be KL & L M.

<"N"Zevg_cr\\hr"ywkn_jbaZphbixndelkao jbqg_ kdhcjoghktM[b\Z fky
g_h[oh”béhg) _dpbh_jbqg_kdhgjzZpkbkemagd h[oh” bfhkllb &ijh]bpz
dhfihg_gqiiZ[b\zZ _ftkijzZ\e gihyuOjhfZlbg_kadb jjZpbbkijZ\eyxlkd(q _|I
\\_ " gbaojhfZlbg_Xxdihhc _joghkklde c¢ddhlhjZzg \eby bzZdhjj _dpbx
fhghojhfZlbg _X[dbhpzphdhfgbkeb\ukr_]JhhjyrdfeZ]lh*Zjyfrom~rZ _|ky
kms_klI\_ igdbhkblhighkbl _etag\h jkliiw[t _dlb\Z

ljhf_"mlhqguj_amevlZlweb jZkkgblZzg¢uz "\moebgahkde__gguo
h[t_dIb\iZj\ue knhdmkgjzfkklhygboofff ijb highkbl_ewdhfjklii2, z
\lhjhe k \ug_k_ggudh”?gufjZqdhf k nhdmkguZkklhygld0oG ff ijb
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highkbl _ewndhfjklib. JZkkgblZddu dibbf_ xlijZzdlbg_kdbhnjZzdpbhggh _
dZq_kbéh[jZz _¢kbyhqgdipzhkb
ljh\_~ BgZeblbqg_ kkjdbhagn™ ba\_ klgt\anoebgalk\deo gdidb dlib\h\
Nevykjz\g_ghyoh”dhlhjh]JJuebknhjfmebjh\ZgzZ\guhlebq¥ kkqgblZgguo
"\moebgahktieo ggpto dib\inNdezZkkbqg: kdbo
1. "eebglakihevahd@dgdzlbq >kdzZykl dhe
2. i_j\Zyuimdeihy _joghklvheg fHkEn jbqg .kdhc

Hkgh\ghcamevlZlj_amevlZI[hlJuehihdZaZghbkihevah\hAdbhc
Zkn_jbqg_kihhcjoghkVbhjh]lhhjyrd® hilbfZevghlHhjzhilbg_kdbjo *
(«ojhfZlbg_%kdBjukl_dheha\heblkha”Zivmoebgalkde _gdut dlb\k
kms_ kI\_gmh_ebq _ggnufghkbl _evghulf _jkib_b memqr_ggdZq_ klI\hf
bah[jZ ,gbhkjzZ\g_gbk[uggufimoebgahkdEb gghfft dib\zZfb

M > [B35.421

DHFIVXL?JGUEGBGL?AHEH=J:FAJH?DLHJH<
KNHDMKBJH<:GGBAH ;J:@?GBNMN?>G:AG:Q:?FUO
SEYKH<F?KLGHIC;HLUKH;T?DLB<HF
G?<UKHDH®PHQ?KL<:

DF. ?jzklh\

GZmqguaedh\h~bl-¢éVNg, ijhn_kkIKG Dhj_r_\

< ihke_7g\j_fygZjy*hk ljZ*"bpbhgghrabq_kdheh]jZnbriejhdh
ijbf_gy_Iklynjh\Aneh]jznbdhlhjhkd gl ]Jheh]jZnbq_kidhhkms klley Iky
kihfhsvxdhfivxl_jgHhtt _ebjh\Zgbyvhp_kkBgl_Bveh]jzffazdexqZ_lky
\ ke_"mxs\fdhfivxlI_j\h~blkikh bah[jZ ,gpbheh]jzffarhlhjh]fru ohlbf
ihemagblhhp_kkhjfbjh\Zghlyeh]jZnbqg_kidhlkeMibgl _jn_j gpgbbjghd
h[t_dlighkegufZl_fZlbg_#db ebjm blkgkkgblu\Zklkyhsvxki_pbZevghc
ijhljzffu J_amevlIZjBkg_Ilh\m~_lizkij_~_e_dlyl gkb\ghklbehkdhklb
]Jheh]jzZzifWIb*ZgguihklmizZzxlZz] _g_jZlbph[jZ _.gbjdgpbi_]h®_ckl\by
hkgh\ggnhjfbjh\zZglhdh[jZ _§lhpy bf jZkljh\héb[N_dlhjghdhzgbjh\Zgby
azkg_hazbfh”_ckKkiblydmkbjh\zZgghhiHbq_kdkikkl fhiglgzZZdlibgbqgghl]h
baemqg lghdl jbZedhkbl Ewyeh]jzffulhgghzZ"ZggungzkldZphqg_ jhey
mkljhcklI\Z

< gZklhys\j fy gZb[hevr jZkijhkljZzg _dbemqgbeibgl _abjh\Zggu _
]Jheh]ljzffNj_g _,eddhlhjuhfez Zpi"hfij _bfms_khkjZ\g_gkrbabqg_kdbfb
]Jheh]ljzffzZdebgah\ukbkl_fzZfb

< N"Zgghpz[hl_jzkkfzljb\Z_fkm]hdab”™ kbgl_abjh\Zgdgew]jZff
]Jheh]jzffunhdmkbjh\Zggh[jz" _,gblylhjujZ[hlzx\'iZj_kh[t_dIb\hdlh
ihal\heynms_ kI\_mgjhklbktjmdIinjfhreh]jZftum\_ebqgblowzjzdl _jbklbg_kdbc
jZaf. jJ_amevldfivx|_jghflh® _ebjh\Zgbp kkZkijhkljZg lydbegmqg_gby
g_j_lailbg_kdkbxk!|_fimbgl_jn_j _gpjthh_~r_]Jhhey hihjghtheghdm”_|
jZkij_~ e _ddgl gkb\ghklbehkdhklbah[jZ ,gbdk _klvkbgl _abjh\ZggZy
]heh]jzffEZjbqg_fazkq_M\hcghlihphoh ~ ghlyeykd\hakbkl fnmhyley Iky
\hafh ghkilhvemqgbillveghklyxaZzZ[_jjZpbhidh@ghglhihal\heybkihevah\Zlv
"Zgghko_fg_ _"hjhlha_dllg\ \ukhddZhg_kI\Z

<j_amevizl[hljuekha”Bg ZebahX&ghjbkfbgl_ Hieh]jZifh_dlhjh\
knhdmkbjh\zZggh[hZz _gby*gZagzZqz dukh\f_klghZ[hluk h[t_dIb\Zfb
g_\ukhdd¥hg_klI\z
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M > B35.8

J;-AJ:;HLD:I1JH=J:FFUIHKLJH?GBA:<BKBFHKLB
J:AF?JI.WE?F?GLNHLHEBLH=J:NBQ?KDBAH;J:@?GBY
HLI:KNHDMKBJH<BPWDKIHABPBB
(DIJB<UOQHKKMG ¥:
>K AZ\]lhjh~gbc
GZmqguadh\h~bl-dlg, *hp_dl< B\Zgh\Z

<klmie_gNMhlheblh]jZheywgdbeé&vrhZkijhkljZzg \¢boghdezZ]lh*Zjy
Ilhgghkkdhlhjhd kijhba\h "yZlewwwe f_ giljlo wdkihgbjh\agblhj _abklz
ijhp_kkhlheblh]jzdbgljhebjmfldghfZevgjkaf_ _we f_,ghZj_ "~ eyxsbc
\hafh ' ghkd¥b[helhgghhkijhba\_kbb fmzZnhlhj_abkKlkehzkkfzljb\Zlv
k_q_ghlhj_abkhZh ghbkoh/warbjbgugzhij_~_e_goikdhlbah[jZ ,gby
hij_ "~ _ebligbfZevgu&Zaf_jwe_f_.glKihkh[hfihal\heyxsbhij_”~_eblv
hilbfZevghkhhlghr_gbhgZq_glwdkihabpbhdgbghab jZknhdmkbjmMealp
h[_ki_q_Bgbd[bevghtlhjy fhikile f_ gly\ey_ Iktykljh_gbdhgihp_kkhb\
dib\uahkkmgPgb\u ;hkkmg]4djzZnbhbdljZz ZxsbaZ\bkbfhklbgbfZevgh]h
jZzaf_pMme f_dllZzZknhdmkbjhwdkihabpbh@alic

P eyZ[hluP_ evikZ[hlw\ey lkkarZgph]jZffufh” _ebjmxdebyghb _
jZknhdmkbjbwdkihabgBbbgbfZevgjZaf we f gdZhkljh_gbiznbdh\
aZ\bkbfhkl c

;Zah\uiheh”  _glhkke_ _"h\zZ@bw[oh”pbfhblke "mxaZ”"Zqb
Fh~_ebjh\Zghjfbjh\Zgblya*mrghdah[jZ _gbgZklbgaHh] _j _glghf
k\_|
Fhr _ebjh\2AgbygbZknhdmkbjigAdb "mrgah[jZ  .gb _
Fh~_ebjh\2Agbyglnwdkihabgpdihlhj_ abkl
<ugbke_odbljbpiebygh¥aebqgopoZq_gidkihablppknhdmkbjdhXdb
fbgbfZzevgdaf we f .glZ
Ihkljh_gb]ljZznbdh\az\bkbfhklflegbfZevgh]Baf_jzZwe f_glH&I
jZknhdmkbjgwdkihabpbb

ljbf_g_gguf _Ihru>eyfh”_ebjh\Zagbyfbjh\Zgbhwlheblh]jZnbqg_kdh]h
bah[jZz _dbh¥[hl[uebkihevah\agbgl _]jbjh\Zihklhqgbdakij ~ e _gb_
bgl _gkb\ghjllbkgblu\Z klklffhsvxdhfie dkgzZieblmilheyijhoh”ys ]h
ihke_~h\zZl_ehighklhqggbdgZ j _aj _~f_Ib hilbg_kdnkbkl .fmBlh]h\Zy
bgl _gkb\ghRkBklibgah] j glghjah[jZz  _glgZoh”bllyl ]jbjh\Zghhf
bgl gkb\gdklbj gldhad[jZ ,ghemqg_ ghlddZ "hbaqgdibklihggbdZz
<ebygWdkihabpbhbgg@hemqz ah[jZ _¢gbZebamkihkihnsvx
ihjhlh\hfihihY@dhlhjugZklthkihevameyyijhs_ggh]bkljh]h
fhr _ebjh\2glhyglnwdkihabpbhgalkcmlvimzZdexqgzZ\llkiyglhey
nhlihj_ab&Zz2z ilkph]h\lagZq_bbl gkb\gHkieéblghkbl_ebgkygkb\ghklv
k\_1Zg_dHbqgdiehkdhlldoh[jZ  _¢hmy fl gvrihjh]lh\hih\j amevlZIl_
ijhp_kkiz\e_gWiyhingZkbhfim~ \ufulknhlhj_abklZz

Hkgh\gy _amevlzZdy ameviZigghZ[hllue4ZZajzZ[hlZgZ
bkke_~h\zZIl_epNKdziiZdhlhjZlya\heywuhbkeyPkhkij_"~_e bgd gkb\ghklb
gdah[jZz _,gbdbgZq_ @lhgbfZevgjlzldf Mme f ghxewdkihabpbhhpaghi
azrzZggudizZf_ljathlhrZ[ehlgkZlhgqglbdhZlbg_kdkibkl|_fweyugbke_gbc
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azZ™"Z _dkyZevighhhg q@alwzZq whikihabpbWdalgZ knhdm kb jdr\di]ol h
j_amevlZXuftb ke ¢gbihblRyZznbalZ\bkbfhfloldpb fZevgjiz]af e f_dllZz
jZknhdmkbjdowdkihabpbhagaglhc

M > [681.7.067.27

K<?LHKBEVGDBGHKT?FHQGHPT?DLB<U
F.22 AZp_ibgZz
GZmgguedh\h”~bl-ekNg,ijhn_kkFjG Khdhevkdbc

DjZzldh\klmie_gkZdIimZevghkifu < k\yak ijh"he” _gbjZkrbj gby
ijhba\h"kBXuimkdibghnbevbhhy\le glpghkt_fhqgguajzlm\zhkgh\_
IAK fZljbpagZgbl_evgla\blbihemqgbejilhba\h~kldbghkt_fhgghibdb
| j_ohtibghkimMlZajhba\h”*klph_Iguoabevfhb ihyle glhibghkt _fhqgguo
ZiiZjZlka_jdZevyliixjzlihjhhklZz\beb _MdhgkljmdIhhdFbdZfly~rgh\uo
azZ™NZkha"Zgdd_pbZevdhgkljmdpbptc dib\heykt fdip\_lguonbevfihgZ
fghlhkehcigghagdjZajZ[hld[Z_dlb\kin*"ebg_ gguafghfjrbgguihdmkguf
jZkklhygbihf\ur_gbhlghkbl_evdhlhjklbyn]JeZheyaj_gbk[t_dIb\H\
memqr_dybq kMNAZ fhlftbbah[jZ .gby

< aZ\bkbfhhkllbmkeh\bwdkiemZ|Zpthbghkt fhqggpt _dlib\th]Imliulv
jZa™ _e ggdke "mxslhmiiul) h[t_dlib\Veykt fdibh[uggumbevfhgZ35-ff
ie_gd@) h[t_dlbWext_fdbbjhdhnhjfZlgbevfm\Z0-ff ie_gd) h[t_dIb\u
"ekt fdbbevfhl\a6-ff ie _gdd) ki_pbZeviglu_dlh\u

P _e\Z[hluJZkkfhlj Hkgh\gdhgkljmdpiZjzdl_jbkdbghkt_fhgguo
hit_dIb\h&wt fdgB5-ff ie_gdljh\ _klEgZebms kI\mx&blh~hj\Zkq_|Z
hilbg kdkibd I, f

HlahjhibkZgkblmZpbb

Ko fZ GZa\Zghb 1ZjZf lju Baf g gby

"hihegbl_avgh Ymoebgah)juc
hljbpzZl_evdhfdihg_glklbkl_f
h[ez*"Z2hklZIhgdhhrbf

N

HDX18-1 f=18ff, 1:2.8 bkijZ\e gknfjbq_kahdjZpblb
Zklb]fzlbbhY¥g f jbr"bhgZevghc
dhfu

bkijZ\e kyZ jbq_KdZyjZplby
i " : ojhfZlbq_KdZyjZpmy_ebq_gby
HD&22-1 f=22ff,1:2.8 mAhve TI\hibl b&vighe o
ZkIb]fZIthafoklhjkby

hit _dikgZ[ ag jdZevguf

DbghjmRkZ] f'zlz_gfgf’ h[IxjZlhjhdZ~ gnhdmkgh _
2. iZKkkIhyghsff
h[t_dIb\
azZjm[_ gh¢fu f= 18Ff 1:1.7 m~ebg_dghrbggmhdmkgh|

«Lwcehjwcehj jZkklhygh8 ff,

=h[k#g
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Kms_ kli\mp_kdhetdpgh\giolh*"hj)\Zkq, IZZ\u[hjdhlhjuleebyxfgh]b _
hlklhyl_evkIiY ebgguig_"ihqgl_gdbgkljmdIhhdZjzZzdl_jbkibldqg_kdbo
kbkl. f

<ijhlb\h\lj]hghf_I|jbqg_Kdhhmzkqg_hzZlbg_kdkibkl, ikgh\Zggddm
bamg_gblameviz\agybke _glbyhfhsvxlZ[ebdjb]lhghf_Ijbg_Rdlebqgbg
kms_klI\lhjhé¢_Ih4Zkg dZe]_[jZbqg.kdbc

ce]_[jZbqg_kfddb™Nhaghithkelh]l]hdZdyZijbf_j "\moebgahipt]hdIb\Z
\uykgbedkegzZvhafh ghkjlxkq IZilbg_kdklekl _fibokoh”~Myanhjfmeey
dhwnnbpb ZglhyZplclv_jhjy~rdZz

GZijbf_p K <hehkh\rz_bhz"Zga&rkq_k&h guodgZklb]fzZkke\ "mxsbf
h[jZzahi) jza®_e gththwnnbpb_ Zlh})jZphk bkl _fuh __khklZ\eyxsbf
keh gudhfihg gl(dheh\bge)zif .\ujZz" _gbdhwnnbpb Zlh\Zpbklckl fu
g_j ddhwnnbpbZ@lujZzptdef[bgZpdd) jZkq_Idhf[bgZXbkbZzfhklhyl ,&vgh
ihke "mxsibfffZah\Zgkeh ghicbkl _fuDhf[bgZpbO &K <hehkhly\Zau\zZ |
dhf[bgZpbkhklhysmbxa "\modhfihg_gllhevr_debf _gvr_ckeh ghklb
jZa™_e_dpamrgyhf_"mldRfdhlhjhZkiheh ZgZjimjgbZnjz]fz

== KexkZzZji) "ezZ]zjZkq H[t_dIib\ihegylZe] [jZbq_Kdbirhik
ihke "mxshfbmqr_gbbhibh~gklekl fgZhkgh\ZgblhmeviZhgljhevgh]h
l[jb]hghf_ljbg_kdkdhlZ

F.F.JmkbgkEa”_ eyZHqghlilbg_kdkibk!l fh[_ki_qgb\Zxgmcghlzqg_klI\h
bah[jZ ,gpA\ZwlZiXu[hjlbizhilbg_ kdkibk! flukh[kI\_g@kgllu[jZgghc
hilbg_kdkibdl _.fu

Bkke "h\zghXjzf ljuh[t_dlb\h¥he gukhhl\_IklI\h\Zle_ "mxsbf
agZqgq_gbyf

= hf_ljbg_kdDhwnn  Nhih]jZnbg_kdZy<bgv-Ib| >bklZd o
Highkbk v K\ _Fkh izaj rzxszZy | jh\zglgz| pby szi—”CTﬁwgfy
ghhl\_jkib| ijhimkdz kihnkh[ghgZe gd| djZsihey| kt_fdHh —gg 2; hlﬁv
(max) gby Da aj_gby| (min) 9 9
55 rlj./ff, 52 ff hi
112 gf_g_1 ( 1i¥0) g_[he 50% 10 g [he_|  nhdZev
89% _ (m12.25ff) 75 ff ghc
30r|1./ff,(r1x12.25) iehkdhklb
DZqg kbd@h[jZ  gby
Lhqdzhkb <g_hk _kimghd
JZaj r_gb_ 50 e b/d f 25 eb/df
Dhgljzkl g f g 40% g f g 30%
>bklhjkby g [he 3%

<u\h"ZdAZ"ZIgZ\blkRgyhke ~mxg Thgby

Ko fz Nbjfz 1ZjZf_lju

=35 ff,1:1.2,"\ Zkn_jbqg_k|db _
«Carl Zeiss» ih\_joghklb
8ebga

=35 ff, 1:1.2,[ _&kn_jbg_kl|dbo
H:H<«EHFHK ih\_joghkl_c
llebga
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AZNZphlwkkhklhbIllhf glhfumf_gvrb]l¥[Zjblib\_kh[t_dIib\a¥kqg I
\\_~ gHE¥Xn_jbq_kdbogoghkllhc klYuimklbhft_dlLbkh”_j Zsbfc kil
ebgéehk febga

M >[B35.317.1

WCDHG:GE?P?GLIJBIJH<:GGHIQBQ?KDBIKOBKL?F
<< Axab&.= K_jbdh\Zz
GZmqgguedh\h”~bl-ekg, ijhn_kkhjl. Kfbjgh\

F_Ih~bdjZzkqzlZilbg_kdkbkl _fgzZi_j\hfwlZi[Zabjm_g&kbkl_f_
Ze]l_[jZbqg_kgbog _,gludhjdhlhjul\yaxgZ[hjhZ[_jjZpbjc lv_JihjyrdZ
ih~"e_ "Zsbbkijz\e_g6x@lhjhfwlZiijhba\h*"bhkydhesbhZ[_jjZpbukrbo
ihjy*dhh \ugbke _gbhgkljmdlb\igl&@f_1j.h\GZlj_Iv_fwlZji gZhkgh\Zgbb
l[jb]hghf_ljbg_KkdkygrziEkhhI\_IkiI\mxgbhfjzffZfhkms_ kl\eygHdkg ggZy
hp_gdZ jjZpbredjbl_jbyfZzq_kba&h[jZz _,gdZijbf, jhqzklhidhgljZklghc
oZjzZdl_jbklbd_

<ul[jZggudjbl _jbbdZqg_ kl\wah[jZ _glyeyxlky e \ufmmgdphyfb
hilbfbazpdhylhjulbkms_kl\eyZ\klyfZlbabjh\ZghdZvou[jZgghgh]jzZzffu
jZkgzlZjhf lh]lhaz*Zgizbfbazgdlbgglh_[mfgh]lhdjZlgjighgzéh*"@mq_c
k\ha\jzlWfi_j\hfrwlZijdkqzMZIl[ugghebl_evdgihyp _k&ZgbfZxshB0%
\k_1h\j_f_gbjzkqzlailbg_kdhkdkl_fulj_"ez]z_ fZylh"bd4jba\zZgZz
mkh\_jr_gklI\hj\izpv kK kqzbhilbfbazmhhbbq_kdkibdl. f

P_evyZ[hluy\ey I|kFajzZ[hliddh*"bdEkq_hdlbq_kddbk!|_dgzhkgh\_
lhgghlhjz"  _ghnyeh\mddhggel4 [mxs hd_jZpbb\h~rd&bkl_ flihfhsvx
jZkq_oB~"&mag_c

lj_~ez]z_ffzZlh~bdiZza\hey_ Ftblke_ "mxsaZ” Zqb

1. lThemqg_gbhqgudujZ gbgZklgughba\h”~guw]eh\hijhcdhgZeey
hij_~_e_ ghbeh _glhyg_ig_~f_IEbah[jZ _.gby
2. Hij_"_e_¢gbhfhsvxhi_jZphBhobnn_j _gpbjh\dpdbhy\hwbdhgXree&gh\hc
bemqg_\iha_j qgdp _jjZpYvighkljzgkiy_~f_IEbah[jZ _.gby
3. Dhfi_gkzpbaf _jjZpbe _p_gljbjh\daf g gb oZdehgBRilbg_kdbo
ih\_joghkkht¢ezkghkq_ IlihimjZ\g_ogbxdhgZeZzZ
4. ijh[zZpbyzgghclh”"bdbkq _hZlIbdgZhgdj_Ighdf_j._
lj_bfms_kI\2Z¥bggHhHclh "bdbeyxlkyikmlIkl\dp_h[oh” bfhikblh_g_gby
hi_jzpith\h "ddb k!l _fkihfhsvxjZzkq_bh"*"Emqg_[dhhe_rbjhdb\hafh ghklb
ZgZelkdXk|_fizjzdkbZekpbdbZdehgeumao bkihevah\HgdhguajZz _gbc
Z[_jjZpthZd_e \nagdpihlohilbfbazZmpbbbqg_kkibkl. f

< oh”™jZ[hluw kj_~" Fathcad kha~zZgB]jzffZreyjZzkq_khdlbdikh]ezZkgh
ij_"ezZ]lZ_fhih~bdijb\_~ dguamevliakq_¢Zjbf_j dhgdj_Idhktbqg_kdhc
kbkl _fu
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M>[B35.51

IHEYJBA:PBHGGHLBQ?KDBKR<HCKL<G?H>GHJH>GUO
"GBAHLJHIGUIOEH?<
<X.B\Zgh\
GZmggpedh\h~bl-ekg, ijhn_kkkjL Ijhdhi_gdh

< gZklhys j&Z[hl_ jzZkkfzljb\Zxlkyhj_ Ibq_kdiki_dluzZdph b
fbdjhkdhibg_kdihffoh~h\d hibkZgbxiheyjbaZpbhodgly_ kdblk\hckl\
g_hrghjh"gymwahljhighuo joghklgeb we f ghhhhl _ogbdb

Ijb hibkzgtblbg_kdk\dhcklhhgdh]hK \ jZzfdZdhe_ _dmeyjghcbb
hljz _gbky_|2< Kb\mohdg¥Zzf_ljuy.c\yaZdiuheyjbam_fhiklexdmdg”_
jAXy,z,\ij_~iheh _gdblhhklgmzZb[heviheyjbam _fhitkebdikehjb_glbjh\Zgu
i_ji_g"bdmelyfpopZar_lejz."

ljb fhrbnbdZpkbmdImjith\_joghklilhemijh\h*gbdht*bwe _dljbdh\
gZijbf, phgguf(lwe dljhgyufbgdZfthafh gh[jZah\Zgb]dhiheyjbam _ fuo
behukhdhijh\h*ydlgdbd& k* _nhjfZphvge j] _Ibq &itdd xsbdzZdmklu_
IZdb aZiheg_gowg_j] _Ibqg_kdb\gbh\ _joghklgwe dljhgdhklihygbc
hlebgZxsbhllkyg j]_Ibqg_rkgib\g\¢tem[bgK. >evhibkZglhiybqg_ kdkidbckl\
|Zdbloeh blkihevamdhdye dkgldZabfbdjhkdhibigjKébljuheyjbam_fhklv
kehy\ \ _jlbdZevgpZijZz\e _gbp (jZaf_jghkMNebgub \ukhdhqzZklhlgZy
ih\_joghklgByh*"bfhklv(jZaf_jghkldhjhklOhlhjuk\yazZzgghjfZevgufb
khklZ\eyxsbfdlhjhheyjbazZRbdbgZijy _gghkéb dlijbq_kké&fh Z12d " _
k 1Zg]_gpbZevgkifblZ\eyxsbtZijy _gghkwme_dljbg_kdheélyE,y b
ih\_joghklgulfdZfh=dP/dt.

Mgblu\akh|[_gghlkkbhevam fhuo evgujo"klzZ\e dtkdjmdImijK \
jZfdzZfiZzdrhbfbdjhkdhibg_kdkKhhlj_ @y Ziglgz™ _gblyeyjbah\Z gkg\h &
ke_"mbfl IM\bAmglhdZ ~ubajzkkfzZljb\Z_ffulh”~heh]bqg_ikdbbo"fHhin"_|I
hljz Zlkh\hdmighkltag_kddb\dhckINK oZjZzdl_jgmevdhu[jZgghéh”_eb
g_h~rghjhNdhodImljKi Ijb wihfbdjhkdhibqg_ikdhf ljbibku\ZX[hevr_c
kl_i_dbaf_g_dblbg_kdibckMijbih\_joghklighecZkkle hyem[bgithgy”~dZ
5-50we_f _glZjggokdimdIimgkoh”~gh]e_kI\Zwnn_dIb\gajzZf_ljkehy
ihdzaZlijexehfe_gbtyb lhesbgkehg* — \ ij_~_eZbk_JhK < wlhfkemqgz
g_h[oh"miklZgh\pAgbpiybf_gbfhktz ~hlhaf _Ih*"heh]bq_ikdba” i\
hibkzghbwlbqg_kdbk\dhckl\h\_joghklgkélmywlhfh gh\uihegblyZhkgh\_
mjZ\g_ghbweebikhf ljblbemqg_ggh]hZfdZoh[h[s_gb¢_hjbchljZ  _gby
itheyjbah\Zglg\hJliZ>jm2;hjgdb Kb\moblpaimdg_h~rghjh*glglkahljhigh]h
kehy

LZdbf[jZzahfgZhkgh\Zgibhlemg_gdudbj_Ibg_kHdbwdki_jbf_glZevguo
bkke_"h\ZgbbhdzZzazghijbf_g_gb_|h~*hke_"h\Z|l_edbphlheypbhggh]h
ZgZebahalhey mklZgh\bbklbggmxazbfhk\ydv "m hilbq_kdbfb
dhgp_gljZpbhoguZil_ jbklbw&fb_ glgdhklZi\\ _jo ghkl dkte]tiny
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M > [535.317

<LHF:LBA:PBXUIMKD:Q?JL?@:
KDE??GGHBHFIHG?GL:
>< DZrbg
GZmqgguedh\h~bl-dlg, "hp_d@> Lheklh[Z

Djzldh\kImie_gbhklZgh\dih[e_fu ;hevrhjZkijhkljZzg_\ghilbd_
ihemqgbktte  gdehdbha\maebgaba]hlh\e_ glgakl dhjeZaebqgi hd
hkgh\gujf_ bfms_kl\dhiflhjug\ley Il&gjhrbkijZz\e_ggo_jbq_kd&b jjZpbb
ojhfzlbatihfz

<j_amevlizh\ "~ gghiloke ~h\zgblZgh\eqldhjb hnhjfe _glmb jl_ "Z
kde__gogdhihihg_gkdkl_fz#lhfzZlbabjh\Zgjhh]hlbjh\zgb:yJ), fh gh
agzZqbl_ewlghhjbjhp_RkiimkaiZjl_". Khklhblf_Iblglhm\k_elbkbkl_f
_klw~Abgms_klI\_gguethklZlhglfhevrgZijZz\e_feaylmggh]lphba\h”klI\Z
qg_jl_". c

P _evZ[hluKha~ZglZd lgh]jzZffihal\heyxs ZHhfZlbabjh\dimkd
qg_jl_"Kde_ _ggdthfihg glZz

Zah\uiheh  _ghhkke ~h\ZgblyfZlbabjh\Zggimkag jl_Wde _gghlh
dhfihg_gHExq2\ K_[ybkh\Zgobgah\pdhdihaz Zggdfzf_1jzf
jZkklZgheZ jhaZiheg rdBfizblZ[ebpu jl_=Z

ljhf_"mlhggyu_ameviZzitey'hklb' _gWgglpceluebhklzZ\e _a@ga”rZqgb

1. GZibkzgjth]jzffuuzhkghkms_kl\mxkKbld.

2. Hijhkihevah\zZlijapa\h*bba*bZeh]h\mudbhg*eym~ h[kI\Ekijbylby
bgnhjfZpbb

3. KharzZgbjl "~ m*h\e I\hjyxdgb[dh\ZgbyH K2414-81.

4. lhkehijhkihevah\zlazZwegyllZfiblZ[ebmmijl . Z

5. AZ]jmadlbg_kdkih&l_ flusnZcelkhojZg_gygkj h"OPAL.

6. Ilh*"dexqg_gvthihegbl _evigmgdpbZdbdZdih\hjhI* _1Zeb jdZevgh _

hljz" _gbzkrlZ[bjh\Zglbkh\Zgb |1Zdbgzfdb>ewdexq_gbyzab
[he Keh 'gk[hjhggag jl_ b
l[jh\_~ _pggnhjfZpbhgdlmZeblbq_kkdeblhcm ™ _kms_klI\mx ZlgZ e hYely
\u[hjZgZb[heih”oh”ys KclJ, dhlhjzklzg hkgh\hteyjZajZ[hldh\hc
ijhljzffkmqg_IhhklZ\e_ggd6Zq
< gZklhys\|_fygZjugd kbkl_Z\lIhfZlbabjh\Zgjdhh]dlbjh\Zgk:yJ)
kms_klI\mjxI*eh  _gklykl _gbadhkh_~g _Hh_jog_ihh\gpi_j\ufhlghkylky
AutoCAD , DhfizBbfih"h[g.u<Ilhju= SolidWorks , Inventor , PowerSHAPE , Tfldx
l.i. Lj_Ilvb Pro | Engineer , CATIA , NX ( Unigraphics PZ ~Zbya]jmiihlebqgZ x Ky
hklZevgwkd i _gvxZjzZf ljbaZpbimgdpbhgZlkehho\zZlhfkn_jijh_dlgh
dhgkljmdlhjkbhkt_ogheh]bqg_Rdlht evghkjb®rijbylbcZ\hZfZrbghb
ijb[hjhkljh _.gby
Balur_i_j_gbke_gkgukd AufjZgijh]jzffgucjh”mdhbjfu Autodesk
(AutoCAD 2009). LZddzd*Zgguigh]jzffgudjhmdkh”_j b\kljh_ggwaud
ijhljzffbjh\Zz&khyazZgd&ky£[hqg k¢_ " RAatoCAD.

Hkgh\ghcamevIZZdbi[jZahfijhp_kkZ[hlyuekharzzd iljh]jZff

ihalheyxstkdha”zZ\Zdvjl, m~h\le_ I\hjyxskcflj [h\Zgbdy hnhjfe gbx
dhgkljmdlhjkiddrmf glZpbb
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>ZggmZajZ[hlfdmghbkihevah\dlZq kkZfhklhyl evgta]tizh]jzff
beb\ dZg_klIt*hiheg _gdbyjh]jzff CADoptix, kha"ZgghcdZn_ "jlbDH\
KI[=MBLFHZIZd ijbf_gyldZdhI* _evglr meveWuiheg gdX[hjZlhjguo
jZ[hklm”_glh\

M>[535.513.1

BKKE?>H<:GBHEYJBA:PBB<?L,HLJ:@?GGH=H
IHEBF?JGUFBHDJULBYFB

<< DhaegB< KZc]b§.:. Kimjh\
GZmqgguaedh\h”*bl-dlg, *hp_gal:. Lihnbfh\

Kh\_jr_gkl\h\Aag@lblguldjulbigb\_e#ljZajzZ[hNb0-o]h"Zighreh]h
\_dzZl_ogheh]bghrdh\uohdjulbch[eZz*"Zxshokhdbfdhfie_dkmfbabdh
f _ oZgbqg_kdbdhjzlb\guhockl\

GZjyrnwlbfRZ guflk\hckl\Zfbogheh]lbyhrdh\hihebf_jghdjzkdb
oZjzZdl_jbam\uklydbfbwdheh]bq_kdbdZazl|l_eynfdjZzkhggujdbalhAkI\
hlebgzZxsbfddeufu[jhkh¥ZIfhkn _jjarkl\hjbl ,eaZdjyag_&dhggib’

< gZklhys\j fygZb[hevrijbf g glgZred jfhj_ZzZdlb\gZjhrdh\Zy
djZzkdihebf jbazZgblWjhighl _dzZakkq lazbfh” _ck|\tydpbhgghkihkh[guo
nmgdpbhgzZdyguohebf jhl oghehibpjphrdhluididjulbblebqgZ dbkwdhc
[jm~h_fdhklvXdexqgZ rmkeh\ghz”~ ckl\by jZkiue _gbhZhdjZrb\Z_fmx
ih\_joghkwe _dljhklZIbghkdhfhrdBihebf_jbazZpy jfhdzf, j_

Ifhkn_jhklhcdkihcklI\hdjulbebjhdhbkihevamxiljiy balJhlh\e_gbb
f I1ZeehieZklbdh\ude gZjm ghllhnhjfe _gbryZkZ~"ha~"Zgb¢Zaebqggh]h
gZagZg Blbiyhevah\Zgttbwe f ghhdhgkljmdmp®jo ghlkl_de _abdxgbc
ij_~ihezZ]lk jif _IbazZkihx "bg _lgbyéZ 1Ze&kZhfhsvy abghlihltdezZ kb
kbebdhghiMudjulb,_ & ijhp_kkh”~]hlh\dhjZrb\Z_fht_joghldfzZg_k_gbx
azZsblghitdjulbyWwhafh gthiz*"ZgbgZwlmh\_joghlkllvebdhbb gZg_ _k _gbb
ihjhrdh\hjhdjulbgZih\_joghkhdjulmkbebdhghtdkgb Zxlkgbabdh
f _ oZgbg_Kdbckl\ihdjulbyHkh[hg_m2h[kkHhklIhBlIhf gqlhijbkmlklI\b_
kbebdhlgdh"]hlh\e _gdhdg Zkih\_joghlglb\b~bgh \hhjm  _ gleufah f

>eyjZajZ[hldbkljhckINZa\heyxs \lhamZebabjhWkimIklI\lkbebdhgZ
g_h[oh”biy\blbgnhjfZpbhggadlhgZjzZzdl _jbamksddebgtb ~mbklhc
ih\_joghklykfZazZgdkihebdhghZdh]h"ZhzdlhjHh" _lkem bikeyjbaZpby
k\_I&IjZ" _gglkhmhlI\_IklI\mxshfbjoghklyfb

P _evxZklhys j€[hluy\ey lbkke "h\dgbyjbazZikbhblaljZ ggh]h
ih\_joghklyhdjulufkbebdhdgif dZdhjhdjulby

>ey_r_gbiyhklZ\e gghBtzZikgihfhsvxdezZkkbq_ khudyhbf Iydiheg gu
baf_ j glyZ\bkbfhklig\uor\moizjzf IjhKlhdkaljZz" gghbkke "m_fuf
h[jZaphdaemq,_dbdyZabfmiBeyjbaZpdtbg cgheyjbah\Zgdlamqg ygby
1Z"Zxs_tmaqgBaf_j_gbwiheg_gtey\hkvfbh[jZaphilebgZxsbdKydhc
ihjhrdh\hjhdjulbp ijbkmlkl\bgZih\_joghkdpjZagkbebdhBEKke_ "~h\Zgb_
\uy\bethg_\b~r"gHEaebgdzZd_j\h]HZd \Ihjh]hzjzf_IjlKIhdkBa\heyxs_
Ahklh\ _jgih_ "~ _ebjibkmlkI\WbebdhggZljZz Zxsilkk\ _joghklb

MklZgh\e_ggdaebqgihal\heybkihevah\ZJIM dZq_klhgnhjfZpbhgghl]h
nZdlhijigb jZzajzZ[hlehkljhckldEgljhepokmlIklI\g¥hdjZrb\Z_fithd_joghklb
kbebdhjgaddgb Zxs dBq_k&dasblghhdjulby
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M > B528.08; 528.021.4

RLIBOH<HDH>BJH<:GB5B<?EBJGHQECCDB
=< Dhe_kgb(dA\hkb[bjKdken*ZjkI\ lgpuwdq_ kddpl\ jkbl |
GZmqgiedh\h~bl-ekg, ijhn_kkBjK =b[bg
(Gh\hkb[bjKdken*ZjkI\ lgpudbdq_ kdpl\ jkbl |

<\_ " gbK dhgp&-0 ]h*h\azjm][_"hfzdlb\ghzajz[Zlu\Zxtkyh"u
Z\IhfZlbazphibbg_ kdhgib\ _ebjh\Zglbkihevamxskbkl fmrljbodh”"-
j_]1bkljbjmxsigb[hj. ITh*h[guf ITh*"WkihevamXliwe dljhggbd ebjBo
ihal\heyxdgzZqgbl_evplukblvhgghklwvaf j gbighba\h”*"bl_evgBWKIEAd _
ba[Z\bl\wkygq eh\ g >)kdEHhjZJhkklgiZza\ZggleZ Kkh”~ _abq _ikhtg h\
g \uimkdZ, dkywe f glglZygheh]bq[ZaZklv

P_evjZ[hlu P_evxX*ZgghjZ[hluy\ey IKyajZ[hldZIh*Zljboh\h]h
dh”"bjh\Zgby_ebjghcdHjzdlbq_kdigZqg_gb[hlkkhklhbNhafh ghklb
bkihevah\ZbglkharZghkeb dljhggblhebjz

Lj_ [h\Zghyh”~in cdbKms_kl\mxbbhkljZggjlhba\h~blweb dljhgguo
gb\_ebjhkihevamXxdebqdkuhkh[ithkljh_gédly”Z cdh Zdl h”Leica bSokkia
hkgh\Zgzdk \"hkemqZitigdqrcr*h\ZI| _ e;vjg kcldbpconkh”™ _j hlihjgukb]gZe
brijboh\uwe_f_gijhihjpbhgZe®gm hmgd p kypfg nik 2].

=eZ\ghj [h\Zgkd dh*m_cdb h[_ki_qgq_dbtghagZqdh]lpmbabhggh]h
kgqblu\Zglbyms_&lyzZzqg_dlbkhluih njz]f_glmjbodh”Xg_azZ\bkbfhklb
m~rZe_ _gghklbkljbjmxsijjh[hjZl.. fZzkrlZ[Bah[jZ Jgjhf_wlh]kdh”
"he _duihegylk\hbnmgdphAbmkeh\biMof _,odzdlh ij_iylklI\bygyzZklbggh
aZdju\Zxsp cdbbebl _gvhl gbho @ ezl _e¥dZilZpdh"*"ZeyZe]lhjblfh\
ihke _"mxB[jZ[hldbugbke_ gbkhlu

RlIjboh\hdh”~bjh\Zgdb\ ebjghccdb>eyrljboh\h]dhh*bjh\Zgbgdb
ij_"eZ]lZ_bkjhevah\gZhbhdebq_kdigpcdh~h\udhf[bgZpdhlhjh]®pzZj_ cd_
yleyxlkyldZftukhlwkyhke ~h\zZl_eygbtdbVjhblikyhfhsvyxybdebqg_ kdh]h
k"\bld Zjbnf_Ibg_kHbgZpbgzZz~g_kdhevdbjfb*hij_~_ e _ggdiibh\ufb
dhf[bgzZpbgfibha\lhey'hlkibgk _\2f_ ij julghikiheh _bbkg lh\

= _hf_ljbg_kdpZf ljljZznbg_kdh]lhklZ\e_wley f_gldh*Xu[bjZxlky
"eyn\ _j _ggkdblu\Zdigyljphevr _gZkljiZ[hg_1bZiZzahdZvghkib¢hjz
>eyjZ[hlWw «[eb g»cahg(®*h6-8 f_Ijh) dh]”ithe aj_ghbiyb[hjZ_g_h”ghc
dh”h\ldhf[bgzZpblhbodhj cdibh"mebjm "hkivregbl_evdhfhfRIjboh\u _
kbf\hedhihegbl _evdhPbf xlagZgbl_efvggvrb jZaf jug_fwe f _glu
hkgh\gdlt*h\htke "h\ZI|_evigd kkZta| rzxlifg[hjhfig «[eb ' g»@hgu

;ueh jzajz[hlzghwz \ZjbzglzZljbodh”h\hccdbgZ hkgh\~\hbgghl]h
pbdebq_kdih}BD7,4) bgzhkghdh~Zbr"RhehfhdgRk7,3). NjZ]f_gljbodh”"Z
hkgh\Zgghhhbggpbdebq Khhfij ~klZ\egZbkmgld A~ k%, :2, :3...
—dh”h\dhf[bgzZpbbrgh\j_f_dgahdbukhlu

Jbkl. Njz]f_gjzajz[hlZgghljbhodhAZ
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Kjzajz[hlZgghfZapzfhbodh pleijh\_~ vgdki_jbf[3gNj_amevIZI_
dhihjhlbeZhI\_j°~ yzath ghlblebkihevah\Zwkey dijhggh¥ _ebjh\Zgbb
Lzd _ijb ijh\_~ _gbbjzdlbg_kdpz[hlu [ueb ijhl_klbjh\Zghukgh\gu_
nmgdpbhgZpefydbelhjblhZjZ[hldRh[jZ' _ghpodhAz

<u\h?u<j_ameviZl[hluj_"eh” kghkhf[jboh\hjdh”*bjh\Zgby ebjghc
j_cdhlzZajz[hl2§d\zZjbZgtEbodh” h\ihcke "~h\ZI|l_evbkhghdZgguwdh”
JbrRhehfhgZ\hbqggphbdebq_ Iddhhiflj _~eh”  _#gZmding&lhjblhZjZ[hldb
ijbylhllhah[jZ  _ghbodh”ZZd kihkhwgbke gtheh™ ghbylms hjikkqg _1Z
lhggwe f_d&IMIMj_]Jbkljbjmxsijbihjajh\_» igZdlbg_kdd&i_jbf[3}gl
j_amevldlhjh]limh”~I\_jrhedlhij _~eh” _ggbclh”rljboh\h]dh”~bjh\Zgby
gb\_ebjghcdpZ[hlhkihkHfhg I[ulvbkihevah\wg_dljhgghf ebjh\Zgbb
eb[h hilbdWwe _dljhgglhip_cgublqgbdZo

Ebl_jZImjz
1. Deumlich F., Steiger R. Instrumenkunde der Vermessungstechi®kvoellig neu bearbeitete
und erweiterte Auflage. Herbert @imann Verlag, Heidelberg. — 2002.
2. Dhe_kgbddhH[ahf_Ih*dh~bjh\Zgby ebjguo.K[hjgbgdZmqgdym”h\
G=LMsh\hkb[hjKa\hG=LM2009. —<ui2 (56). —-K 115-120.
3. Dhe_kgbda\D \hijhk@\lIhfZlbaZipdb j_gbhy\ur_gb&a\_klkWMA:h\
=_h"r_&dEwjhnhlhkt Ffdkd \-22010. — 1. — K 6-10.

M > [B81.7.06.07

BKKE?>H<:GBEHAFH@GHKLLE:BFH>?CKL<BBKL?F
JJKQ?L: HILBDBKKBKL?F:FB:<LHF:LBABJH<:GGH=H

IJH?DLBJH<:GBY
..DDheizdh\
GzZmggimdh\h~bl-dlg, ~hp_@d> Lheklh[Z

Djzldh\kimie_gbhklZgh\djh[e fuljh]jzZzffureyjZzkq_hdlbqg_kdbo
kbkl _fhal\heyXinhjfbjh\Z\woh*"ghhcZce&k j _amevIZIHNgZdh[t _fgud
I[jim~h_fdbdp_ klkihevah\4dglby Zgguigh ihkljh_glgbjl " Y kbkl _fZo
Z\IhfZlbabjh\Zzggh]tlbjh\Zgthyd Zgl Z\IhfZlbabjhKhm"Zgihh]jzZzffu
ihal\heyxsbhlcihevah)ZkkqgblZggdggtlkbkl ifh_dlbjh\ZlgidpdbCAD-
kbkl_fBb[_ki_qb\zZxsoZzolhfZlbabjh\Zggmmatm\hekhdjZIhjv fygZz
\uimkdlhgkljmdlhjkiddhmf_ glZpbb

P _evjZ[hlu Bkke_"~h\zghafh ghkllbkihevah\Zpgbkqg lIgudZgguo
jZaebqgglkbkl ffeyihke “mxsh[¢Z[hldpb abkihevah\ZigbhfyogZkq _lguo
ijhljzf{ihwdkihjlgtZgguf
J _ZebazZypdbfh”_ckIkRbkl fyzkq_IZilbdbo kbkl_fw\lhfZlbabjh\Zggh]h
dhgkljmbjh\@gjyf jijh]jZffHI:EbDHFI:K

;Zah\uiheh  _ghhkke_ _"h\Z®lzy "Ztyabkke _"m _ifbhpjzffreyjzkq_I1Z
hilbg_kdbk!l_fj_"~ihez]Ahlhfh ghk&Zibkjp amevIigdkq_Ng_dhlhjuc
j_amevibjmxsBceKbkl_fw\lhfZlbabjh\Zggh]ldlbjh\Zgby*hklZ\eyxl
bgkljmf_gleywhafh ghkkba”rZgplydez”rgujd]jZzffgzZzbohkgh\klhjhgghbf
jZajZ[hlgbdzf
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ljhf_"mlhggy_amevlzljih\_* llahjhjfZlvuoh”"gd®@ggwo kdhevdbo
kbkl (HI:E, K:JKH CODE V, ZEMAX). <uykgbehkhjZkkgblZg@rhdggu\_
\uoh~*ghZcebf xImihjy*hqg_d&gjmxdInejmbqg_kdhe qgith]jmiiZf

dhgkljmdlb\gjpuzf_ljkbkl _;fu

bgnhjfzZptbki _dljZzevgbZiZahg[hlwilbg_kdkHdkl _;fu

iZjzf_ljy_~f_Jz

iZjZf_ljmah[jZ" ;gby

bgnhjfzpibyoznjzlfoh*ghafizgd_jZaf_jpiheh ™ _gbb

bgnhjfZpbgZ~gbeb_j_"gZec_jlmj_

>eybkihevah\Zgbmq_gdwoZkq_Ilgkbkl_f#ZggupueZzjZajzZ[hlzZzgZz
Ki_pbZewxkwdigwdinmijeaboojZzg_gby "uwe f _hillbg_kdkibkl _ fiy ~klzZ\ey |
kh[hke[t_ddeZkkgddZikmebjmk ouZjZdl_jbamx]dib\hckl\z

KhanrZ\kljzdlglbiurZggydeZRktueydZ ~h]ibiZzwe f glhi\bq_kdhc
kbkl_fpu ZebahWZyzZZe hkpyZevghtcgkljmdmblbog k kbl _fdlZzd ghluc
ihrohdkha”Zgbx!l_"ghijimdmf_.glZ

Hkgh\ghcamevlZlj _amevigh” eZgdgBEEghluuekha”rdgh]jZffguc
ijhAmdil_j \h*"ysdbg qguZggwaijh]jzZffureyyZkq hZlbg_kddbdk| _ fu
gm gucnhjfZl "ey ihke_"mxsbo h[jZ[hldlb bkihevah\Zbkbkl f
Z\IhfZlbabjh\Zigghtibjh\zgbyof jijh]jZffHI:EbDHFI:K

KlZehkgufglhl_ogheh]bqgijkdplkl\bey ZebaZpbpzffghfim*mey
bf xs_ Jb\h_mg_evik\yau\dlwvg_ qgwgguzZkqg _hZlbqg_ kdkibk!l fluK:1J, g_
kms_klI\m_|

M > [B35.17

IHEH@ ?GBLOH>GH=A:QDHILBQ?KDHICBKL?FU
BAS<MOBIL):@:XSBOIH<?JOGHKL1?CB
BAHIE:G:LBQ?KDBCG:KLB=F:LBQ?KDHC

DHJJ?DPBIRJ<BQGUG?JJ:PBC
KK Dhfh\
Gzmggimdh\h~bl—ekg, ijhn_kkkj. A\_j_\

<j_ameviZzdZem&ZAbkbfhX]bjjZpbhgl\he khilbqg_k &khdk|_ flua*\mo
hljz Zxsboh\_joghklko_jbqg_kdhhgfu hl itheh _gbyh”ghlhjZzqdi&
dhwnnbpbpgbdjZevogmdhZgbjh\AgbhygdHA "bZf_ljimdZazZghkms_kl\m _|
|Zdhiheh  _ghjZgdiZb dhlhjhlilkmlkI\mbbhh[jZ _ ghhf,Zzb *"\Ziheh _gby
ajZgdzb dhlhjullkmlkI\@klb]fZlbedh[jZz" _.glhly i_j\hfiheh  _ghpbZzqdZz
ihemqgzbdhieZzgZlbgdhdmedplZ{ _jjZpbcwlhtkemgzhf_ klb\h\oh”ghf
ajZqd*\moa_jdZeklghic fugzZijbf, jieZklbgédng_kn_jbqg_kbHdhcjoghklvx
ihal\heyxsdefi_gkbjh\lZki/ZIhqggkmx jbg_kdmxjjZpbbhemqgzhiibg_kdmx
kbkl_tkZiezZgZlbqg dkdhcdpkZcjjZpbEjZzah\Zgghkbrah[jZ _.ghyZaZgh
glh_keb\moebgaldnhad Zevdlufd _gkZhikjlZIhgdkuwo jbq_ka&lhgjZpbdhfu
jZkiheh blhrghba*\mgzZza\Zgaydqdhh\ wihtkemqgihemqgzhiibg_kdmx
kbkl ,fmhjfbjmxsnah[jZ  _,glb\h[h”*gh_lhevdhl kn_jbqg_kdhcjjZplb
dhfughbhlzklb]fzlbdhdlZazighl, glh_kelgbgyldhwnnbplp _glljZevgh]h
wdjZgbjh\Zjghgut0,382, Ih ihkljh_ggm&kkfhlj_ggkifhkh[hkbkl_fih
dhjj_dpEp_jjZzphhke ghhlg_klbzZiezZzgzZlbqgieb§zZzgzZklb]lfHIgfZdhebgZz
lZdhicb k| _fazf Ighevr g fmZieZgZlbg XdHBEkhb]fzlZ
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M >1535.33, 666.266.6.01

DHHI?J:LB<GUIIJHP?KKWKWBLL?J;BONJ;B?<HC

K<BGPH<HNLHJHKBEBD:IGGBEGKL?DEHD?J:FBD?
.< De_f_glv,2Z2 DhjqZ]bg
GZmqguadh\h*bl-kgk <:. :k__\

<klmie_gk_ihke "g\i fy\ hilbg_kdhfl_jbZeh\ _“mdbley Hkifa[h_
\gbfZgbkl_dehd_jzZfbq fkkdbfbZezfh k\hbf k\hcklI\Zhgb aZgbfzZxl
ijhf _"mlhqggitheh™ gld_""mdjbklZeebq_kilfbdehh[jZaddfbjbZeZfb
GZghkl_dehd_jzfbgl KbBEeadlb\bjh\ZglylugZfp ~dha_f_ewgauof glh\
ij_~klz\eyikHevrhobgl_j \kdzZq_kIkj ™eyeZa_jb\hilbq_kdhb&bebl._e_c
Hkhl[ulbgl_j ik "klZ\eykdH[hEtZI|_jbzeddIb\bjh\ZggugZfbj[byhkdhevdm
hkgh\gé&hZa jgiug _ohe® "bY\[_ahiZkdefjezZzabziZzahgzZd \Ij Iv_khdg_
ijhajZzqghkkilbg_kdt\Ajp_\ARhtehddiZ*gbbahkgh\ggo~rhklZIlWiHbg_kdbo
fZl _jbzZeBddIb\bjh\Zgwub, fy\ey IHdyZcggbadd@yn_ dlib\ghkafm "~ _gby
bhgtr* baazhlighkbl elwgh[uohehkh]ehs gbeyi r _gbwlhejh[e fu
dzq_klk _gkb[bebazZim[jZ\eyxdhguYb*, dhlhju bf x| kbevgmkehkm
ihlehs_gbh[ezk0®-1,02fdf >eykl _dehd_jZfbgfZdHdpmZewmhn_dlb\ghklv
i_j_oghkig j]Bbha[m ~_ d&dyhghbll_j[bgZbhgwj[bydZd boki_dljZevgh
exfbg_kp_gkdbck]|WbevaR\bkblizjzf_ IjANhjbqgghcjfhh[jZ[hldb

P evjzZ[hlu P_evxjZ[hluy\behkbkke ~h\Zgdbbygb9ebl evghklb
|_jfhh[jz[hldbdhgp_gljZpbohwj[bgZ\ jhylghklhauaemqzl_&vjghlhkzZ
wg_jlEbll _j[bgZvj[btijhajZqghibgph\hnlhjhkbe lydZalgkic dehd.|jZfbd _

;Zah\uiheh™ _glhkke "h\ZgbhX[hlbkke_~h\Zr[jEapaud _dehd_jzZfbdb
k\bgph\hnlhjhkbeblEZk$ hf30SiQ-18Pbk-15A1,05-5ZnF-29CdR-3YF; (fh e %),
ZdIlb\bjh\Z gdhbYbF. Kh”_j"Z&H; khklZ\eQ@hfh &b, 0.1fheén, 0.2fheéo b
05fheén, YbR khklZ\eyémebs. H[jZah\ZgBghdjbklZeléjb\ \hhldkbnlhjb"Z
k\bgphzi_j_oh”"~dha_f_ebygb\djbklZeebq rkdlatkklb]Zeihkvhfhshb
\Ihjbgghcjfhh[jZ[hlldlb dezZeZ\gZ¥"ZlZAd hic[jZ[hldtkharZHMMghkbl_evgh
[hevrmix[t _fgmvhexyZghjZaf_ jgbalZeeh)

OZzZjzdl_jbklbg_kdfd_jZImjulueb hij_~_ e _ggZz hkgh\Zgb’bZ%guo
"bnn_j_gpbZevVgjibg_kdigdhzZeaZ). L_fi_jZzImjZjfhh[jZ[hl@b515'K
[ueZdu[jZgX gZgZe_j\h]hibdZdjbklZeebadmbibjukhhl\_lkI\h\d%e_e gbx
i_j\hdjbklZeebqnkZdmdhjb "K\bgpxl_ deZdlb\bjh\Z gotugpz " byb®.

ljhf_"mlhqguj_ameviZlyb m\_ebqg_dbbhp_gljZpblgh¥Zdlb\ZIhjh\
\_jhylghkly _ghwg _ j]bbajZzkldZlzZdib m\_ebqg_dibdp_gljZ@Zik&lhygby
f_ ""nbhgZfinf_gvrZxIWMhjb\h~bd m\_ebq_ygbphylghKlbauaemqgzZl_evgh]tr
i_j_oghkig jlkbbll_j[bgZwj[bcLZdZayZ\bkbfh&kjZd|_jgZdeypkoh”~guo
kl_dhi@d” ekl _dehd_jzfibdb_pZkkfhlj_ggud_gZojfhh[jZ[hldb
<lhjbggzZl jfhh[jZ[hldiZzb\h~"bld mf_gvr_gbX jhylghklib j ~Zqgb
\ha[m " .gbb

Hkgh\ghcamevlZbh?jZ[hljuehhdZaZglh\j ameviZjfhh[jZ[hIdb
\ h[t_f_kl_deXu”_ey_ llgZghdjbklZeebmzZadZinkl|Z\RbYOR. JZaf_j
djbklZeebq nkZzdehic gy _|kwZ\bkbfhlklp "bfa_jfhh[jZ[hIdlk6 ~M0 gf
HrgZfhheRuykg,ghhhlhjbgqgEyfhh[jZ[hidg2Adh~bdmf_gvr_glbxhylghklb
[_auaemqZl_ieNgbhtwg _jlemjh\ &g, bll_jlbyZ _1ZklZ[bevgihd ‘4w,
wj[byBkohMyawlh]Hh ghaZzdexqbdhvhwj[bd bll_j[bt ijhp_kRlhjbgghc
| _jfhh[jZ[hNdbh*"WIljZaebggwZghdjbklZeebmgZ&udb _
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M >11621.391.883.2

F?LH>UH<UR?GBYQM<KL<BL?EVGHIKIBBFGUO

D:G:EH<E€:A?JGUEHD:PBHGGWIBKL?F
X.< Dhqg_gvdh\
(DZazZgKkdken*Zjkl\_lgopowd q_kddple\ jkiblf 1.G Lmihe) \Z
GZmqguedh\h~bl-dlg, *hp_o&l.:. E_cqg_gdh
(DZazZgKkKdken*Zjkl\_lgopowd q_kddple\ jkiblf 1.G Lmihe) \Z

EZa jgékdZpbjy "klZ\eykH[hcZdIb\gjZza\b\Zxsmx»xeZkllwilbdh
we_dljhgghjd[hjhkljh .glkEyZa jguehdZpbhgdgbkl fUEEK ihalheyxl
hij " ekxlMukhdhlegghkl¥4Zevghkhk[t_dlZ]kdhjhkddhhj*bgZjbnbev
ijhajZzgghkidhkn ,jb j_rZlviy»*jm]bazZ~ZgZ ghoZzZjzZdl_jbklbdbho
ijb[hjh\y\ey Ilkhyo "ZevghkivcklI\b¥Xh\j f ggu_g” gplhdba\blbgEK
k\yaZzgdkun\_ebq_dg'¥zefvghklikckli\tbyyhgghkbaf_j gib h]jZgbg_dbyo
fZzkkhlz[zjblgafzf_ljzfb wg_jlhihlj_[e_gbxm__j ih ih\ur_gbx
gm\kli\bl _evgjbklftgudzZzgzZehpzZ[hljZzkkfhlj Yhijhky ZebaZpdblbemqr_c
\ azZz"Zggmkeh\bwdkiemzZI|Zpdb_jZImj nhgh\zZly[klZgh\dBEjh]h\hc
gm\ki\bl_evghihdjbzfguokljhcKNINMN keZ\bgguhtnlh*bh” "ZEN Y ijb
azZ"ZgghomklbfbkdZz™ _gkbdgzZzgeZAuohrZlZzd \hijhkuhkljh_gRyMk
EN> h[_ki_gb\Zxspdm_ fmxjhylghkdta ' ght¢j \h]Bb azZz*Zggm&eh\byo
wdkiemZlZpbb

M > [535.015

G:GHDJBKL:EEUWCL <KL,DE:XXBKL?FWK,HAL,03-B,0s.
HILBQ?KDBK<HCKL<X<:
>:.Dhqg_ldh\
GZmqguadh\h”bl-¢@weg,ijhn_kkkj:.. P_ohfkdbc

lhemq_gkillzde Xbkl_fWK; HAI,03-B,O3, hij_*_e _gbbygbnhknhjd
| _jfbg_kdipz[hlgld _ozZgbaf”_ e glgpklZe@udl.
F_ITh~hfhilbg_kdkc_dljhkdhilhddZazZgh” _e_glbdjbklZee®ICl ba
fZljbgghdh de@dlzh[gZjm _ghikblhdjbklZe&h[eZk3tDgt
Hij_~ e \ebygbhknhpZ jfhh[jZ[higihZzaf djbklZe&udl.
Klzdey\eyxlkiy jki_dlb\gufkyba]lhlh\e_gbegvIjhR djmlhEjZgbp_c
ihlehs gy "klZ\eywd!| j[&Z]h*"fjyebg cyudfckI\Zf
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M > D04.352

'<LHF:LBA:PBY:KQ?LJ:AEBQGUIOJ:F?LJH<
BO:J:DL?JBKLBIK?<HAFH@GHOLBQ?KDBKBKL?F
K:.DjZkbevgbdh\
GZmqgguadh\h”rbl-eéNkg ijhn_kkhj< > fbg

GZkmsgpre fhgzZ ]h*rgyrdbagy\ey |IXylhfZlbaZdghky jZaebqgguo
iZzjzZf_ljhb ozjzdl_jbklkd\hafh gwalbg_kdkbkl. flh*h[gu kj_"klI\Z
ij_"klzZ\eyomhs kI\ glgailc j "eyy~ Ah[eZklijbfure _gghbklboghdhb

Kh\j_f_ggu_ogheh]bb_qZs_Ij_[mxllhggh]b ~_|Zevghjlhkqg,|Z
bkke_ ~h\Zygbhykljh_ghblycbebbghdilbg_kdhkkkl febgahwlhfmhijhk
Z\IhfzZlbazZplhihhp kkkZlZ dZdbdh]hKIjiDjhflh]hglhhgihal\heblhe
k>Zlukjhdhkijh_dlbjh\Ebkl ,fdhlhgghkbvwhklh\_jghkKlkqg_IhA\ukbllgyZ
ihjy"h&dhghfbqg_ikdbfms_klA¥WhfZlbabjh\Zgighlhbjh\zZghby bf_ xI
NZe_dhhke_"®gZq_gb_

< gZklhys\j fykms_klI\rhgH™ kl\kihkh[h¥Xkqg_JZaebqgghidbq_ kdbo
kbkl. EZzd_jZaghh[jZlkjgWk|\&hlhjubkihevam&Ekywlbp_e. @hgZb[he_ _
mgb\ jkzZeviguh”~hfgZk Jh~gyrgbcgwley Ikyihkh[jZzkqg_ IEbkl_ fuk
ijbf_g_gbfZljbgghlkilbdbKZfzih k_[ fZljbgg2wilbdZj_"klZ\eykHhH[hc
fZl_fZlbq_kdlibE€jzreyjZzkqg_hdlbq_kddok|_jfZaebqgdhedh ghkdmik
khhi\_TklI\mxighi{jzffguh[_ki_q_gp ZebamxshjbgpbithgZh  |klZlv
fhsgufkj_"klI\WMfeyzZ\IhfZlbabjh\Zzgokem\tblhjZznbq_kdEKg_k£h guo
hilbq_kd&kibdkl. f

<gZklhys\j fyg kms_klI\mmglb\_ jkzZevphjEZffgh]lhhfie dkihlhjuc
[u j_rZeaz~Zgb\IhfzZzlbazpbbq_ IREilbg_kdbkbkl, fihwlhfmjh\h~bfu _
bkke_ "h\XhhgzZkkitbgl _Bidbqg_kdkibk!|l Kihfhsvx_ITh~hf\Zljbqgtdlbdb
ihfhlmikbkl_fZlbabjb\fZlwsb_ Kylh~yzkq, lida*\_kliboih~"h[sbcZablkk
kharzZnhgb\_jkZeiyghzffghkj_ ~klWWew\IhfZlbabjh\Zggg|hbhidbqg_kdbo
kbkl Kjzkq_Ihk_boizjzf_1jh\

P_evZ[hluy\ey |kbkl _fZlbabpbysbokKylh~hihkljh _gbyZkq IZ
keh gwdlbqg_kd&kibkl KihfhsvX_ITh "hfZljbqgghélbdbkharZgjth]jzffghc
fhr _eb[h[s_ggkbkl_,fd dhlhjhjau mgblu\ZeWkkvZjzf_ljuhij_"_eyxsb
hkgh\gwZjzdl_jbklhidibg_ kdkickl _fwlzd ihiuldaij_~_e_gbhll_jb_\
hilbfzevghd®djh_dlbjh\Zigdhicb k| _fu

M > [B35.513.1

E-A?JGUEBL?G>EYBKKE?>H<:GBYFI?J:LMJGHC

A <BKBFHKLIBHKLHYGGHC?J>"?
DX.Dmag_,ph\ =hj[_gd$aX. Hkbi_gdh\Zz
GZmqguaedh\h~bl-dlg, *hp_el:. Lihnbfh\

KlZ[bevghE[hlubjhdbkihevam\&Wm jdhogbfh“meylhN®AjzZz%, vy
aZ\bkblklZ[bevghklZzf Ijmij_~_ eyxsftzdgblhhilbq_wdlbcH” gbba
lZdboazdlhjhey IRyfi_ jZImjlZij ~ eyxs&lyg_cgjZkrbj gkZdlb\gh]h
we f _dl&ZgzZq_ghklhygghc” Mg Wwih)\ebygbkh[\WZ  _gjbg_h[oh”bfhklb
h[_ki_qgq_gbkhdbeoogZq_glhovnnbpbflgtbheypblZdjZ\beleyuiheg _gby
wlihljhkehlipblyoh”blkyx ebgbhZdvkhe ghth"mebjmxgqccdBEkk b\z fzZy
ijb wihffhsghklvjb\h~bld agZqgbl_evdhfYor_gbx _fi_jZImjadlb\gh]h
we f .gBAf_ g _dbfi_jZimdijhflebyghygZ\_~ _g@gbojhhdh  _lijb\_klIb
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d ZgbahljhiBdlb\ghhe f ,gli@dhijb\h”bld kms_kI\_gghilj_rghkIwf
baf_ jbl_evigulol fZo

Baf_ j gbZjzf ljhtheyjbazZzibblzjhr "~r_Jhg_cdNZjzZz fly" IJulv
hkms_ kl\ekghfhsvxdeZkkbq kdbéweebikhf  ljiblbogh\Zggadijyfhf
nhih” | _dlibjh\KdggEZeHYgZdjthp kkaf_ j glgsnm~h_fhdjbg_h[oh”~bfhklb
\uiheg _gm¥ah\lbaf j gmkeh gy glky[oh*"bfhRAvx gbyaf jbl _evgmx
ko fdhfi_gkzZlh\ihfzZlbazpjhy kkaf j gblywlhkeh giZ*thjh]hklhysZ

P_egZklhysjZ[hlukhklhbjzajz[hledZ[hjzZIhjgdlllg’hd _ki_qgb\Zxs_]h
bkke_"h\Z@9plgzZfbdbabqg_kidhp_kkh¥dlib\gmfe f_ qlg _cdbzjz" _iyb
baf_g_glb_fi_jZImfulh”hdh]_j_glghl]lh dlbjh\Zgby

< hkgh\lmaf_jbl_evdgH]g " I[ulviheh _dgh*bnbpbjh\Z&oeZyZ
A\moemq _bhgllh jn_jhf _IFZcd_evkhgBE~ghfbaie _qgdhlhjh]lmklZgh\e g
ebg_cguiheyjbaZzZlhjb hk\_s gblbgl jn_jhf_Ijghba\hevgheghklvx
iheyjbah\Zg&dflhf\ khhiI\_IkI\lk_ijbgpbihfNj_g -epfZ]lh gZ\uoh”_
bgl _jn_jhf_IgZ[ex"ZxIRYy_bgl_jn_j _gpbhdd@ylbgudZ "Zpadhlhjuo
h[jZah\ZdqwZghbf_ggukhhklZ\eyxsbitglh]l]hgZevghdheh glhkoh”~ghc
itheyjbazZplakij "~ e bpgd gkb\ghlkdB[ex"Z fugpl _jn_j _gpbhdggjubgZo
kh” j'blihegmBgnhjfZphbhxkhklhyglbboh”~ghceyjbaZplhbkljZgklI\ -ggh
\j f _gghj_h[jZah\ZgdpnhjfZpbfblh*h#@h]_j glgh]lh dibjh\Ziglyhey |
i_j_g_khkdhfmixgnhjfZpbxak\_|h\hWWbZiZahggZz”*"bhqgzklhlguzZiZahg
we_dljhfZ]gbldbhe [Zgb& keh guij h[jZah\Zgbg dljbq_kkilbjgZeh\
ihal\heykhemqgbdgnhjfZpthkxhlghr_ _gRbhieblnbZaghkdiBEdajlh]l]hgZevguo
dhfihg _mkoh”"gheyjbazZkbhz

lj_™"\Zjbl_evighd _Ibjh\Zgod_fbaf_j gbrcdZazZehzZ[hlhkihkh[ghklv
\uy\bejy"iheh bl_evguaag ,kthdhlhjufh ghhlg_klbjhklhlmj]ZgbazZpbb
baf_j_gbekhdmphba\h”bl_evgbklkvxdrmrk [_klhbfhKieblm” ghZzah\u_
baf g _dgheyjbazZibblZjhr ~r JEdIb\guce f gf§ cdbZjz\yalZggu _
baf_g_gblhH_fi_jZImffalmllulvazj_]bkljbjh\Z2ggzZfbd_

M >[535.212

BKKE?>H<:GBWNN?DLB<GHKLB?JGHA:IBKB
BGNHIJF:PBBAsS;Ss G: HKGH<RPRH>?EBJH<:GBY
L?FI?J:LMIJGH=IHHNBEYX<H ;E:KLBHILBQ?KDH=H
<HA>?CKL<BY
F.:. E_kbd < lh\hehpd&yzZgdl | _j[mjlkdhem”ZjkI\_mgiwd_jkbl _I
GZmqgqguedh\h~bl-dw-f.g :.:. FZgvrbgZ

(KZgdlLIl_j[mjlkdbhem”ZjkI\_mgbd_jkbl_|

EZa_ jgdayYibkbgnhjfzpbikms_ kl\eyalklkqg IlkljmdIimjghbhaf_g_gbc
hilbg_kdddl_jbZehbg"mpbjh\Zgguo\ha”_ckl\beZa_jghblmemq. gby
Ke_"kl\bnlilhbg"mpbjh\Zgafhlh gblyfbg_kdHhpmdImyley lleywdZevgh _
baf g _ghilbg_kdhbojzf IjhizZl _jbzZ¢ihdZazl ipyehfe ghlhhwnnbpb glZ
ihlehs_glbly?). Bkke_"h\Zgt¥aZeltheZza_jopZzyibkta™ _I[ulvhkms_kl\e_gZ
ijZdlbg_RKdx[udbiZzailbg_kd&Zd_jbzZepkijbf, ) djbklZeeiBebf_jbo
kl_deZXo

OZevdh]_gbkRpbudeid "klZ\eykh[h&l|_dehh[jZakgok| fgzZhkgh\_
oZevdh]_Khj)Zzk _e,_4§ eemyZggudeZkkl_dhrelghkbldybketZ|l_jbZeh\

i _jki_dlb\gteyijbf g gbydzZq_ klhilbg_kdbkjo "eykha”~zZgwg f glh\
bgl_ljZevahlddl hilhwe _dljhgleedbguh[jZah[fez]h*Zhpkdehgghdlb
baf g _ghkkimdIimjb~\ha” ckl\leZfa jghldemq. ¢y, \ZjvbjmkhklZ\
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oZevdh] _gbNghpeZh gh “h[blvksggZqgbl_evd&li]ls _gbyjZgbph[eZklb
ijhajzqgghklb

Wnn_dlb\gkKlavy jghZibignhjfZpbbBijyfmaZ\bkbliehlghké&Zibkhb
we f glEKhhI\ _IkI\ _pagh\ghacz”"Zqy\ey lkggbfbazgBEwnf jhihg_qguo
N n_dlhkhanrzZ\zZ_ fauda jgufaemq_.gldZfaf_fh~bnbpbjh\Zghglle&Zklb
agZgbl_eklghc@Z\bkiblf _oZgbakhjimdIimjpad g .gbc

<k _Jhu”r_eyRlhkgh\gtiocoZgbaflgmdImjduad g _ghblheblbq_kdbc
| _jfbg_kdiMNchlheblbg_kKdb&gbafwlhg_ | _jfbqg_kdjhep _kk hjlZgbazZpbb
kijmdImjh _k|v\ j_ameviihl]lehs_ gy _j]lelza_ jgjdemq_fgbyjbZehf
ijhbkohpdjmr_dadkoh”gdicfbqg_ké#hjendlmiu dédh[jZah\Zgb\u&\ya_c
L _jfbg_kdbcoZgba&f\lyaZlg ehdZevgugdzZ\e gb\fs kI\D ihke_"mxsbf
azZl\_j~ \ZgbhZdjZ\behZggudcoZgbaZjzdl_ jbaihekybfZzaf jhfl[eZklb
fhrbnbdZpblhijhbkohAlkle ~klI\bjfbg_kdbanmaB®ZgzZklimix oZgbafz
kljmdIimjdwd_g_ogb@zZ\bkblf_Ih*"ZZibklm~V¥Yhfgh]l]hnhlhgighehs gb_
(g_ebg_c@azZybkwbebh”rghnhlhg@bg cgZ¥ibkv<s ~ ckl\bl_ev,ghkftb
\ha”_ckl\keZfa_jgbhemqg fddymnj] Zebah\u\aAlpgyoZgba*Byih]lhglh[u
k" _eZlaZdexqg_g\b_ihevanm®gh]lhba f_oZgbafhd_h[oh”bfiphba\_kliIb
"hihegbl_evighke ""h\Zebwij_"_e_gghilbg_kdhZh_jbzédzizjzf _|jh\
eZa_jgbalemaq. gby

P_evx jZ[hlu yl\eyehkkha*ZgkljmdImjgubd~bnbdZphc h[t_f_
oZevdh]_gbXkdhdess,S; ihc\ha”_ckl\leZa jghlhemqg_bhoykke "~h\Zgb _
\ebygh¥jzf ljle\Za_jgbhemq (§gbhgheguhsghklesZa jgbhremaq), gby
lZzd \j_f ghilbqg_kdW&a” cklddynn_dlib\géKbv jhZiblblgnhjfZpbb

< dZq_klbklhggbdhZa jghdaemq_ _¢by) ZebaZmgibly cgla&Zibkb
bkihevahlZle&mijh\h*"gbdhZXa@GpO gf) beZagjzdjbklZze®=Nd(]_g_jZpby
\IlhjhdzZjfhgh®B2 gf); "eyg_ebg_cghcflhk _dmgMNguethl eveZa g|di-
kZinb{800gf gqZklhkg_ ~h\ZigfiyneviBd ¥ =p

ljb ebg_cgdhZiblgizh[_bbebgXledguebkha~ZiglymdIimjdpaf g_dajoy
nbdkbjh\Zgdut*bgZdh\mkeh\bf{fdhsghklweZa_ jghhhemq_dbyj_ fy
\ha”_ckl\bp g_ebg_cahibkbemZibkZiglymdImijbjZaebqgguloe h\:ldyo
ijbjZzaghVfi f gh[emqg_ _[Bpb¥?2) ijb jZagufdisghklyeaZa jghlEemq. ghy
ithemq_gtudbjhnhlh]jZzdbhcghk” _eAluAh~glhijb mf_gvr_gthlmb[emq_gby
jZaf fin"bnbpbjh\Zhedkimez_ fhgbfbabjh\Zlv

Qlh[k”"_eZAlv\h*th\hafh ' guooZgbaflZgfbqg_kdiedg | _jfbg_xdbo
hp_gblivfi_jZImjmh[eZklbZa_jghha”_ckl\hpFa\b\Zxsbadkly aZibkb
kljmdImjgwe f_glhheh _r_gmjzZ\g_dbiehijh\h”*ghlk¥kl "\ oh”*jZ[hlu
[uehjhba\_~fhh_ebjh\zighi jZImjgihhmbeyh[eZkélza jghia”~_ckl\by
"eyZaebqgdpZf_lje\Za_jgh@lemq bdpyf gbha”_ ckltkeb "~iheh plv
glhgZ[ex"Z_kdimdIimjdpaf g_dbwp\Zglujfbg_kdbfibn_dlzZlftogZmjh\g _
| _fi_jZIlmjueZ\e_glBwS;, fh ghijhba\_kllb hj Ibg_kdnpx gdnbjbgu
aZibkzZggkojmdImjljb kjzZ\g_gbsl_hj_Ibqg_kdhbgbgx k rbjbghc
wdki_jbf_glZeZigkzZgghemdIimjfh]lmlulvk”® _eZguw\h~th *hfbgbjmxsbo
f_ oZgba&Zobkb

H{gZjm _ ggihijb ebg_cglaZibkbzZ”ebg\hegb32 gf j Zebamxlky
| jfbgq_kdboZgbakujbazZiblgiZrebgthegtb0gfg | jfbg_ kdlbp kkwWlh
fh™ _I[ulvh[tykg _lgh glhih]Jehs gBsS; gZ*ebg\hegb32 gf \hfgh]hZa
ij_\urZ _ih]lJehs_gdpZtebgheg60qgtf

Kgblz ,llgph\ j_ameviXha” ckl\myflhk _dmg~rgBhah jghdhemqg_gby
ijhp_kkddjmdIimjdoued g gdickylg | _jfbg_kdBpzZdl HrgZdhoh”jZ[hlu
[uehihdZazZzghh\ kemqgq@_ebg_cgHlcbkipb [hevrbbhaZlojemqg_dlhyZzapZz
hlghkbl eefydh_jgbpemq agdly[he\ jhyl Igjfbq_kdboZgbliffmdIimjguo
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baf_g_gbZ ijb f_gvrbo*hfbgbjmxshbifhp_kkhy\ey J|kkdhj dk_]h
nhlheblbq_ jKdajoak\ya c

Wlihfh™ _I[ulviual\ZgbtukhdhgzZklhltke ~h\Zdbymevk@® F=p \
j_ameviZzllhh\b~rbfhfmjhbkoh~bddmfmewpgby]blehdZevigheZklbkeb
kdhjhk«vhemq oby jpblbj \hkoh”bdhjhklvjfbq_ kdhknnmalt]”Z
hleZkldZa_ jgAhhRa”_cklVhhy |I~hklb]ZIvKkYyi_jZImj&Z\e _gbys_ kI\E
kKhhi\_1klI\, mgdhebqg hdeZkkbjmdImjhpad g _.gbc

JZ[hNdiheg_igBih~"_j d]jZglZNN B8-03-92001G G KZ

Ebl _jZImjZz
1. E. N. Glezer, M. Milosavljevic, L. Huang, R. J. Finlay, T.-H. Her, J. P. Callan, and E. Mazur
«Three-dimensional optical stomgnside transparent materials» Optical Letters. —1996. —
V.21. —p. 2023.
2. E_kbH.:., :\_jbgZ.<, Rbfdh:.:., FZgvrbgZ:. Fh*bnbdZkbjyndImju
oZevdh]_gbkKlgudehh[jZzalgemijh\h~rgbdh\ha”_ckl\ln_flhk_dmg~gh]h
eZa_jgbdemqg./gByibg_ kdinggZe 2009. -L h76. —< 1. — K 57-60.

M> D658

HP?GDBAHIE:G:LBQ?KDE®OHCKLEKBDJHH ;T?DLB<H<
... Ebl\bgh\bq
GZmqgguedh\h~bl=@&Vg, ijhn_KkKkKjF. EZIu _\

DjzZzldh \klmie_gbihklzZgh\digh[e_fu < jZ[hl_hibku\Z_lkylh”"
ihalheyxstbig_~ ebhaf_ jbahieZgZlbgalkyihe aj _ghylbqg_kdkhdkl fu
ih pbnjh\hforeh[jZz  _gbB¥x\zZ_fhfmdjhh[t_dlb\&fgZklhys\j_ fygZH:H
«EHFW \_~ lkyZajZ[hldh\h]hk _jbcghlhkke ~h\ZI_ev[ibdtelln]bqg_ kdh]h
fbdjhkdh&«ZBHE:FBl», \ jzZzfdZdahlhjhd& kljhklZe\hijhk h \hafh ghklb
bkihevah\zZfdlyhh[t_dlIbW\jbcghfbdjhkdh«E?L:FEs 7“eyjZ[hluk
hdmeyjghé_&j_gbByR5ff bm\_ebq_dbdfhh[t_dIbhBVWHOOd])ZI

P_evjz[hlu >eyih”I\_j°~ gblyafh ghkbtkihevah\Zfgyhh[t_dIib\h\
«F?L:FEs g_h[oh”bfh\_klbhp_gdmozjzdl_jbigBidhhi\_IkI\dhjj_dpbb
IbiZz iezg ijb bkihevah\Zghmo\b~h\ hk\_s_gbishebojhfZlbq_khihf
d\Zabfhghojhfzlbgq_kdhf

;Zah\u_iheh _gbpkke_"h\Zgbyhkgh\f Ih*"Ze “blhp_gdd&zq_klI\Z
bah[jZ _dbfbdjhkdhih k\_lThjzkij_"_e\ dlh[jZ _gbjlzyhemiehkdhklb
Nmgdppdkk vygbV¥Zzd agZq_ddyjjZplhdelbg_ kdkkckl fuugbkeyxliky
pbnjh\hbmh[jZ _ghjZyhemiehkdiGkdbh ~_bbhieZgZlbqgaltkghikdjh _gh
gZmlI\_j A _ghblhf glh\ ij_"~_ezZm*ghcahgunmgdpbh¥kk_ygbygy_ Ilky
g_agZqgbl._evgh

ljhf_"mlhgguj_ameviZIKinhjfmebjh\Zgu "mxslh_[h\ZghlygZ[hjm
h[t_dlbiAh\

1. <hafh ghkZyhlkhdmeyjghé_ &j_ ghByR5ff.

2. Jy"m\_ebq 54 bE&, 20, 50° b100".

3. GZebdglkeZgZojhfzZlbqdlkjdghdpbb

JZ[hlX _ezZkvj_Zevgublah[jZz _gbyflbkljbjm_fa4lh_]Zibdk_evgufb
fZljbpzfbbnjh\hgahlhziizjgzaf fizljbpdhlhjhkihhI\_I1kI\h¥Zad _jdz"jZ
24x36 ff, gZrlZlb\ _ fbdjhkdh«EBDF?-2». Iljhba\h"beblVzZl_fZlbq_kdZy
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h[jz[hldjiZzaebqguffblh*Zflz |zd _ fzZl_fzZlbqg_kfdh_ebjh\Zgbg _jZpbb
bah[jZz _gbjymzZevyuloh[t_dIimibfbh[t_dIb\Zfb

< jZ[hl hk\_s_dhijhkumom”r_gllzyy_ kIbAh[jZ _gbly bkihevah\Zgbb
i _j_"bkdj_ IbaZ|pbb’\ gy_dhf_g~rZpbdy ihkljh _gblyilbg_ kdkkdk! f
fbdjhkdhihAjb[hjhdhgljhem" bf _Xsbokykl. fjhba\_ ’\hgah!pf_xsboky
f ITh~hb |jb[hjh\dhgljhedeq_kaZah[JZ _glbhyahieZgZlbqg kkdblkl\
gZklghklb

Hkgh\ghcamevIZlj_amevligh\ "~ gglblkke ~h\Zgkyih*I\_j~ gZ
\hafh ' ghkb/kihevah\zZghdjhh[t_dIb\ib\djhkdhikF?L:FEs \ khklZz\
bkke_ ~h\zZl _evkdhem]bg_ kdhgdjhkdhiZ;BHE:FBL» kK khOng_gb_
ieZgZojhfzZlbgdkghdpElp jjZpbe Ih"NuebkihevahdZg:H «EHFHKH b
h™ I[ulvlzd® bkihevahiZgh mkeh\blyloke ~h\Z|l eeXphj&lhjbbh]h
ij_"ijbylblyZ d\ _]Jlp_oh\vdkeh\byo

M > [537.311.322

<UKHDHKDHJHKLE&EHA?IJGUCIB;HIJ>EYDHGLJHEY

LHESBGWHGDBOHAJ:QGUCE?GHD
<< FZgmoB\< =hgqgZj
(K_\_4AZizZz glhdkm~rZjklI\_@gdhbggluomgbq_kddle\ _jkbl _|I
GZmqguaedh\h*bl-eérm-f.g :.;. N_~hjph\
(K_\_4AZizZz glhdkm~rZjklI\_@gdhbggluomgbq_kddle\ _jkbl _|I

< jy™ wdki_jbf_gdhh[oh~dfaf _gyiwv]hiez”™ gtequeZZa gZiehkdmx
ih\_joghklge_dhlhjyo®_eZnZijbf,_jjbezZa_jghdl _jn_j gpbhoeghi_gbb
lhesbgiyhajZqgbha&eZ[ih]ehsZxsbe_ gHy-3, 6] F_Ih’baf_'_glh)lygh\gg
Ilhf glh\ke_~kl\lbgl_jn_j _gdblwnnbpbhlgZ gty _IZe_gdhhdbku\Z _lky
nmgdpbi_¢bh”~bqg_kdheenmlhZz® glgih\ _joghkév gdBH[uggheyaf j gby
lhesbgue_gh#eh_Bebf f[jZgbkihevambokyjn_j gplmpo\b*bfh]beb
bgnjzdjzkgihdamqg. dpoy wihfbgl _jn_jbjmexhghh~ bgoadhlhjudljZz g
ebp_\Vha*jm]hcluevght\_joghklyéb gdbjbgpbbaf_j gbkgh\gglhf
glhhljz" _gho ijhimkdzgd_I|Z2e_gdhcke_ ~kl\bgl jn_j_ gm¥bdbkhl
khhighr_dby*m hilbg_kdhesbglhdebghbegahg®"bjmxsbhdbmqg_@by
DhwnnbphbhlgZ™ gy IZe_gdBchibku\z_thklIzZIhdgihfha”rdhmgdpb_c
WlZnmgdplyyey Ikyjbh”~bq_kdhex[hfmbalj_oZjljmf_glhMMebglhegu
ahg"bjmxsgéamqg @blyesbge gdibm]eid” ghhwg”bjmxsnlpgZie gdm
4,ijbjzZzkkfhlj_gbmodojm]lblodzq_klZjzf_ ljph\Nhn_kkhjRhjbimgb\_jkbl_|
] Bhdh]Z¥dhgpbyuehij_“eh” _[dhkgbfZlawz\bkbfhklhwnnbpbhblZ gby
eZa_jgéaihddm]eZdhz” ghyie g@md) \rbjhdhfbZiZaimge.h\

JZgJueU<ha"Zig'b[hjL{2 3], ihal\heyxshukljhhaf_gyhvhig”_gleyqgz
eZa_pZg_ih™M\b'gihdjZza \pg_dhlhjhkkgd HAgZdhlbmkljhckIKE” [~ ZI
fZeh~hkimiwaebilbg_kdbdZegZh™ _eZijlb[hju\_kvfZhjh]hklhys®EZfb
[uebZajZ[hlZdgah[jZguwZZgZeh]bogkighckMNdhlhjudd_ klhveebilbg_kdbo
a_jdZkekihevamxdbgalw kn_jbg_kab jdZehagZqbl _emdhgvrZbb
klhbfhklv

JZ[hiZrghpeij_~ez]zZ_fudhjhM] hkms_kl\eykel kdm xstb[ff Zahé mq
eZa ijZ"Z\lhgdpzkiheh  _ggikbehkdh\ZsZxs_ ]hkyjdZzZeeZ " ZsngZ
_]Jhh\_joghkHdjZab\rblkia_jdZemghke_ _"h\ZI| (¢kgh”kl\d_ij_julgh]h
\jZs _gbay jdXe&dlhevdhlih\ _joghkibghbaebgak \j fyij ehfeyyikw
jZagufib]JeZzith~"gimim' _Ihgdm[jZapyAeyxsmxikiybq_kkibijy  gglhgd _
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iZN_gleyngZZa. HljZ _ggath[jZzapmagjhcry_j \dhjmxbgaihizrzZgk
nhlhijb_fghbdoh”ysbdkydhilbqg_ kidhijy  gglhhgdiZz® gbewmaqgzh|[jZa_p
>bzZiZabaf_g_gmyekZZ" gbgmq&Za jdj " ey ikgh _gbdiZ _ebga
hlghkbl _ebgh jy fHbgdth[jZapBZijZdlbdbaaZagZqbl _evgugjZpbc
ijboh”"blEkihevahedlyauhqg d¥eufmhdmkguwkklhygldhfjy~daff). Fu
AhibeblhhglMbziZzahpeiNdehg_g@bs_jgéihkh kil Z\ibeh 86-37°.

HrgZdhbkZggiyb[hjg _\hafh gbf_gylyb jZ[hlkBDeZa_ jHEddZd
kl_dethadhlhjhtheZxl&klgygakbevgihlehszZ\ BDh[eZkPbeyj_h~he_wlly]h
g_"hklzigzZfb[ue ij_~eh  _§ ihkljh_gh~h[gudéjb[hj k bkihevah\Zgb f
kn_jbqg_kdbpdzZehlhjugZfgh]h r_\eweebilbg. kldbdI&lh]mkljhckl\Z
hkms_ kl\eyZdke h]bglgZza.hifjb wihf_j\h kn_jbq_kahjdZelklZgh\e gh
lZzd glhlhgdzZz” _gbhgqmg&Za jgZih\ _joghkieehkdh)pZsZxs ]JhkyjdZeZzZ
hilbg_kd&hbijy glhgdiz™ _gbhyljZz" gghdmqdzh[jZa (phgd \ dhlhjhc
ijhba\h~yblay j_@gbyihjhkn _jbq_kadhdZjgkiheh 1gHdglhhqgdiZjZzapz
dhlhjhejhba\h”*ylkgaf j gblyilbg_kd&kihijy glkhqd \ dhlhjhgZoh”blky
nhlhijb_fgbd

[_jiZphbipbbkihevah\EXkgbpbq_ kabjad zjdof_ jgh8jzd_gvr g_fijbb
bkihevah\2ghbB. Ke "h\ZI|  ennglmk ghkklhydhZaf hkihevamafydzZe
fhlmlulv[hevy g _fZgZeh]bqgi@jyZf ljdeyebga kh[jZgghZfbijb[hj_
baf g gbleiddehg_ gmykhklZ\Eeh

G _kfhljgyzlh glhij_"eh” _ggyb[hjuh[ez~Zgl dhlhjudb *hklZIdihfb
kjZ\g_glkxijhlhlbih¢f _gvrbéd¢bziZzamdehildehg emyqgkf s ghbhqgdb
iZN _gbeymgke ~KkI\B[ jjZpbloijbf_g_gh _jy* kemqgZp \e_khh[jdagh
wdhghfbqg kKddb[¢Zz .gbc

Ebl _jZImjZz

1. T. Nosoko, Y.H. Mori, T. Nagata Improveshterferometer for measuring unsteady film
thickness// Rewiew dfcientific instruments. — 1996. — T.67<-8. — C. 2685-2690.

2. ;ukljh baf_j_gm]eh\leeZ\bkbfhkdilownnbpb hdjZ  _ghbeZa_ jgheimqgZz
g_ih™Mb giffjZaphfK B\Zgh¥%= E_|_gd&h:. Lhjgbgkdhgc N_"~hjph\
X.<Qmjdbgjb[hjubl_ogbddki_jbf.-gl191. — 4. — K 222-224.

3. A fast operating device for measuring the thidsef transparent solid and liqual films. A.B.
Fedortsov, D.G. Letenko, Yu.V. @fkin, I.A. Torchinsky,A.S.Ilvanov // Rewiew of scientific
instruments. — 1992. — T.63.«7. — C. 3597-3582.

4. N_"~hjph\. 1Z1 IN; <« 2102702;A Zy.\08.07.94;Him [20.01.98.; x e <« 2.

5. KbdhjiB& L_e_kdRhewex[bl_eZ&ljhghfbbbafri_j jZzp"hiM.: GZmdZ
=ej_"nb.afZl ebl 1989.

6. Griffits C.L., Weeks K.J. Optical monitoring of molecular beam epitaxy growth of AIN/GaN
using single-wawe lengtlaser interferometry: A simple rtteod of tracking real-time changes
in growth rate.// Jom of Vacuum Scince & Technologi B. — 2007L-25. —<3. — K 1066—
1071.

43



M > [B35.17

HILBQ?KD:XBKL?FH; T?DLB<K:NHD:EVGHC

A?JD:EVGEHBGAH<HXK:>DHC
HB FZjlugh\
GzZmggimdh\hAbl—eNg, ijhn_kkkj. A\_j_\

< j_amevlZZgZebaZdZazZgdlh ijhkl _crbfgh \_kvfZzwnn _dlb\guf
dhfi_gkZlhjtkin _jbq_kdBE jjZpbbah[jZz ,gbly[jZah\Zggllh jbg_kdhc
hljZz Zxs ib\_joghkl¥hx |kem biehkdhizZjZee ied§kygpgZkiheh ggZy
\koh”?ys_fhygoemqg lodZaZgh _kelilbqg_kdkk!| ,fkhklhysm&h]gmlhc
hljz Zxs ib\_joghklb_jbq_kmihjdubiehkdhizZjZee ieZkhlcgdbihegblv
\uimdeht¢jZz Zxs_ib\_joghklunx_jbqg_kmhjdy h[jZah\ZAhhdZeviglnkd _,fm
lhihemqgkfbkl ,fmhjfbjmxsmxah[jZ  ,glb\h[h*ghg _Ihevdil kn_jbg_kdhc
Z[ _jjZpbdh b hl dhfu ljb wlhfijhihjpbhgZedgWwnnbpb pglgljZevgh]h
wdjZgbjh\agfbygvrz by [m_fZlyesbgi2Zklbgdbemq_ gbZdbh[jZahf
hilbq_kd&bkl_firzbf_g_dAdzZq_kRAnhdZevgahlcZ* dibbgah\hfjh_dIbijb
ihkljh_gdtfizdlighlle _h[t_dlb\z

M>B43.4

HIJ?>?E?GBRP?JD:IL:GH<<:LFHKN?JGHEHA>M&?

J? @ BF QIN SITU»
DX.F_"bgkdXyggdl | jimjlkdbEm~ZjkI\_mgbde_ jKkbl _I
GZmqguaedh\h~bl-dwag, *hp_gl< ;meZlh\
(KZgdlLIl_j[mjlkdbem”ZjkI\_mgbd_jkbl_|

Hrghlaijbhjbl_lgaZ”Z2wxdhZgZeblbqgdtkglhh&yfhkn _jghha”moaZhg
\ha”_ckl\biy "ijbylbcobfbg_kdhp_eexehpmhZ ghcb f_IZeemjlbq_kdhc
ijhfure_gghkybey lhyj " e dbg ff_jdzZilZgkeyhij_~_ e _dbydZilZzgh\
\ha”“mobjhdh jZkijhkljZzg_gBrebojhfzlh]jznbqg_kdHEkki_dljhf_ljbq_kdb_
f_Ih~bdBa\_klgu Ih*bdp [mxijbf_g_gbBhjhlhklhysh[[him~ h\ZigblyklZ\db
hih[jZgguph[ \ eZ[hjZlhjBxeyihke_"mxsZPgZebghkhijZzdlbq_khllbdexqzZ _|
\hafh ghkjk\_~_glbiy jZIb\gdhheh]bq_fikxdgbllhjbgdha”mrgkjo.”®

P eviZgghjZ[hlu- jZajZ[hldZkhdhgm\kl\bl fexghbdbij ~ e gby
f_jdzilzghiAlfhkn _jofa“mqg_ bf«insitu»(\ihe_ \uomkeh\)byo

>eywlh]hzZajz[hlZigZ fAu™_ e glbydhgp_gljbjh\ZgbgZilZgtlb\a
Zlfhkn_jghhla”"mojZ " ihezZ]zZxdd¥ "khj[plgZojhfZlh]jZnbq dddehhcgd
dhlhjht dZq_kl§_ih*"\b ' gh&ZaduklmizZsl ehgghZkl\hpehjb*rdzZ"fpy
m” j b\Z fgZkl _deh\hehdgywexbjh\Zo\my* e ggtojdZilZglth\ bo
ihke "“mxsnhhhf _ljbqg_kdhj]jh e dby\u ij *eh’ _dkihevah\{Zki\hj
kheyghdblcdhidhZofZe ZgiKkllhpb zZI1Z

JZajZ[hlzZzgZ bf_xsZyzZgZeh]tli\lh~"bdahlhf_Ijbqg_kdhijh " e gby
f jdzZilzghXlfhkn jgWfa"mlo"bZiZahdghjf ~ ey fogp gljZiplos "h
7,5 fdPB/f>.

lj_~eZ]lZ ftZWh"bdjiZ "gZagZewXkihevah\X §ibppbevged[hjZlhjbyo
hkms_ kl\eyxddbpjhd¥?q kRIZhkn_ jgbhHa mmm\bha” ma@Zhqg ahguj_ "bf_
«insitu».ljb hij_~_e_ _§bjmdzilzghij_"ez]z _fhih"b@gZkoh~rgudid_jbZeZfb
yleyxlkyh*ghjZahdlhehgdby\u® e gbyjdZilZgh\khhI\_ITkl\mxbk bkl
j_Z] _glujhba\h”rkl\dhlhjuofh™ | Julv jZkkfhlj gh dZqg_kI\ZjbZglZz
dhff_jpbZebalpbd z
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M > [531.7/004.932

F?LH>H;J:;HLDB>BNJ:DPBHGGWOJLBANJ:MG=HN?J:

SEYM<?EBQ?GBMQGHKLEBAF?J?GBC
<F.FboZceh\
GZmqguadh\h”bl-dlg, *hp_d\Zgh\ G

lj_"klZ\e_ggZphlzZihk\ys_gjZajzZ[hldh\uoZe]hjblfhpbnjh\h&[jZ[hldb
"bnjZdpbhgdajdbg hlhjuihal\heyl\_ebgbhgghktvih"hX®bnjZdpbhggh]h
dhgljhey

Hij "~ e _g¢gbaf jlZ[t _dlid "bnjZdpbhdgghtbdNjZzmglhnaddexqgz\ Iky
lhf glhih nmgdpbbkljZzgklI\ _gghkhj "~ e lydly gkb\ghKIthij ~ eyxlky
dhhjr*bgzZlaozjzd!l_jglha _d fbgbfmfhfZzdkbfmfHhqg_ d j Jb[ZAZI_f
hij ~ ey dhwnnbpbk\glau\Zxswtbdhhj*bgxigzZaf jhhi[t_dIAH[uqggh
dZzq_ko\Zjzd!l_jdleg_lkihevafmxdbfmfubnjZzdpbhgd&lhidbgghl Zdhfc Ih”
kbevghljZzgbqgl o glhlhggthij_ ~ ebdwWwhj*bgztlbdhqg_¢tiqg_ghm~gh
gm\klI\bl_evgdtKlyzdliix \ bohdj_klghKkElbhadd&0. Bf _gghlwlzhrb[dA
hij_~_ e _glhthj~bgylley _IRWfbgbjmxs\ £ Ih*ZbbnjZzdpbhgdhpHjh ey
kbevhghjZzgbgbWYolHgghkihwkh[_gamh)rZzaf h[t_difZgvrl0o0fdf

>eyj r _gbmdzZazZgghle fdu ij "eZ]ZbKihevahY4hvlbozZjZd!l _jgu_
lhgdbdbbnjZzdpbhgahkbgulhqdib j_]Jb[Bkke_~h\ZgbhjZdpbhgdhkb ghul
s _ebdhlhjhybku\zZ tkygdpkX)e (sin(X)/Xf, ]*X=kax/2fa—rbjbg& elx—
\hegh\gbkeh— nhdmkghkklhydht dibVNBdZazZellez\gdZdkbfrbf__|
A _1ZdbldigdbdhhjrbgZ X2 #1.303 bX; = -1.303 Qm\klI\bl_evghkdzie \
wlbbhqdadd__fiZzdkbfZevagdZg_ajddx /054 Qlh[dhqgghij_~_eMdlivhj*bgZlu
wlibbhqg,d h[oh~hblgbkebimgdpla®) = & I(X)/d X bijbjZ\gy\zd0, gZclb
j_r_gbhemqgb\r_jhKi\g_gby

>eyijh\_jdb_"eh  _ggBefjhjblfdezZxh[jZgedki_jbf_glZzeMdZgh\dZ
khklhystvag Za_ DPE 32, mkljhckMegyu”_e_gbyhlzcahi_j_qgéhtreza, jZ
ki_dljZzevghelkrz]hfjZzkdjullhyfdf h[t_dIb\ihegyxs_ijhh[jZah\Zgb _
nmjvkf =25 ff blIAKdZf_jujZaj_r_gb9Zb76 ibdk .eZoh”*wdki_jbf_fglZ
j_lbkljbjh\ZbbjZzdpbhgiZjlbghuls _ebrbjbgdhlhjhcaf_gyeVZklwZiZahg_
h180 "h120 fdf krZ]lh® fdf AZj_]bkljbjh\ZiggkbfmfbnjZdpbhgldjobg
gbke_gdmn_j gpbjh\Zedhkgflhihal\heyeh” “dhj_~_ eldiwvhj*bgdlu
lhg_idj_]bkzlJZaghlhhj*bg@bbhqg_'d=x-x k\yaZiglza\_kldgheZkqg_Ilh\
jZaghklWwx=X, - X; ijhklhazZ\bkbfhk'x ka 'x/2f badhlhjhici_j¥h gh
hij_ ~ elbbjbgm_e&d lhemq_gbddbh[jZatfgZq_gpA\gb\ZekakA"Zggufb
Highkbl eviddly rghkllvaf j glhyZaZe¥k¥Zchgl%. >hklZlhgphevrZy
ihemq_goghigy _rghklivh™ I[ulvh[tykg_gZkh\_jr_gklwdfki jbf glZevghc
mklZgh\gjiz klghkjim*ghklivx_ ki_qgpaZyhlemza \jE*ghfh*hjhfbf._

< aZdexq_gbh[oh” tflf_Iblwlhgzfbueij_~eh  _Aelhjblgbnjh\hc
h[jZz[hldtnjZdpbhghdjob@lhij_bfms_klI\¢iZ’kms_kl\mxsBejhjblfZfb
yley llbykihevah\Zglh_d_j ]b[ZezZ\ghfZdkbfmfbnjZdpbhgdahjdbgu
h[fez"ZxsbYokhdhgm\kl\bl_evghkbvat g ghxaf jB[t _dlA _keh gu_
ij_h[jzah\Zgkph~rghdaf_jbl_evgkjhgZzeBFa\heyxdz”_"glh k ohjhr_c
lhgghklvixij _~ ebbw dhhj*bgZujhf_Ih]lh p_gljZevgiWcdkbfmff_g_
ih™"\_j° gebygbwkhdhqgzZklhighfh\hagbdzZxsijphjZzkk _yghbdbemq _gdy
fbdjh n_ddbg_kdbe f ghaf jbl _evighhcftuZgguLe]hjbh "h[ "gy
dhgljhayt_dltixeh]jizaf_,jdh]*"gZehsz"dAKijb_fgbdide Zz”u\2Zhlkwd h
lez\gdZdkbfrmbnjZdpbhgd@hldbgu
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M >[535.312.3

J;-AJ:: HLDIH<HJHLGH=ASWKLJHCKL¥EHKDH=HW?JD:E:
JF. FmkeZoh\Z
GZmqgguaedh\h”*bl-ekp_gl< ?]hjh\

<klmie_gk_hilbg_kdbipb[hjZojbf_gyxlkiyZaebqgga_jdZeZhkdb _
kn_jbg_klbbhe keh gumhjf >hklhbgkI\AZfhddk kjZ\g_ghkxjbafzZflb
ebgazybeyxlkyighkbl evihkyhlBEa]lhlh\e, gbhihal\heyihlemqgZ{hevrb _
jZaf_ja_jdzZéehkdk jdZke@Zjm guhdjulb_\thh[shdZau\Zpdbf_gvr_ _
\ebyglyzdZqg_kBah[jz _ghblkmlki\mjhifZlbq_ KdZyjZpky*ZgghZ[hl_
bkihevama |kd/Zled&k| d&Z kgZjm ghfljZz Zxshhdjulb bfal

Bgh]*Zey) r_gbkeh guaz”"2¢g [m_I|k¥YqgZxs_ akydZeteyih\hjhlZ
a_jdzZzgZh[oh~bgBebglhuqgz]Abglh\hfhoZgbah& \hicbkl_ flhijz\gHZz
\Zenmx~rZgghz[hljZzajzZ[hlZigthjhlgmkljhckMNyW ZqZxs_JakyZeZ

P_evjzZ[hlu < ~Zgghg¢Z[hl_Ilj_[h\Zehkyhba\_klkljmdImjgubc
nmgdpbhgzZ&ggweda_ fuh\hjhlghpkljhcklGZhkghihemqg_gpuomevIiZIih\
[uehzZajz[hlZl\hjhlgmkljhckieihkdhdhjdZez

GZqZevguiZjzZf_lju jzZajz[hldbh\hjhigh]lhmkljhckl\Zh\hjhlgh _
mkljhcklethhkdhdhjdz\e@exqgZrZ]h\ué\b]ZIl, elwglh\HcoZgbadqZ gh]h
f oZgbadZqgzZxs ieknkdh _jdZeh

>bzizagzghlumkljhckl]yz" h 5 ~ ht5

LhgghkimgdpbhgbjhhZgiby 0,3

RZJrzZ]lh\hhb]zl, g~ 1.8

>bzf_K\_Ih\hirhgqdfd 60

<ukhliZz™_gkYy_ Ih\hirhkdfZ 165

lheh” ghkhlZqZgby\ jlbdZevgh _

ljbf _g_gguf _Ihru<"*Zgghg[hlijb\_" lgljmdImjguemgdpbhgZevguc
ZgZebba fognhjfZpbhgghieh\hjhlightkljhckiléBkdhgdhjdZdeMMAbp ib
_]hijb\h2ZIh "Zgguko_ fzZfuy\e gu j\bqgguih]j_rghkl bcijhba\_~ gz
kmffZjgihyj_rghkbaf_jbl_evaghdMA

Hkgh\gy _amevizdy ameviZl[hlduetjzajz[hlZigthjhlgmkljhckl\h
iehkdhih jdZekh[_gghkdwgkljmdpbdZgbafZey Ikyhfh mevghglh
ihal\heyhKms_kl\do[hjdmxkibjh\dm” evgwe f_ gkhgkljmdiwlZigh
>Zggugbgpbmkljhckbkdihevanrekly\ jdb\IhdheebfZpbifjgphjd\
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M > B81.785.552.2

L?HIJ?LBQ?KDBIRKE?>H<:GEKXHCKL<
<H=GMLHCHIMKD:XS?C=HEH=J:FFGHC

>BNJ:DPBHGGHKHECR?LDB
WJ FmkebfpDdZazgklhtkenZjkl\_¢ggaugbq_kmigb\_jkkblf 1.G Lmihe) \Z
GZmqguadh\h”bl-@VNg,ijhn_kkigD IZ\euq_\Z
(DZzazgKkdtken*Zjkl\_¢ggaugbq_kmigb\_jkiblf 1.G Lmihe) \Z

Hilbg_kdko fikh\j_f_ggkio dljZevgudhjh\dZdjZ\belhkgh\zZgid
hljz Zl _evghilgmldbnjZdpbhgguoldZolh \j_fy\ihke_"dgbh~dhajhk
bgl_jdkjhimkdzZxsWdnjZdpbhggufldZhi[mkeh\e_omd&ucoAflo ogheh]bb
boba]hlh\e, @gbxd;, \ jy® kemqgZjhklhlhadhgkljmdlb\guogbgzZhkgh\_
|Zdbjor_Ihd

<k\yakbwlbfj_ ~klzZ\ey ZlklimZevighff _Ibq_kdkke ~h\Z§bjjZpbhgguo
k\hckijhimkdzZxsbhojZdpbhgguolhbbodhjj_dpbhdfadh ghkl_c

GZb[hevijbf g gbkh\j f ggi@mjZ[hldgZaebh]l]gmldheh]jzffgu_
"bnjZdpbhggur_ldb=heh]jzZffgZlynjZdpbhgjgZyldZdj_"klZ\eykh[hc
aZj_lbkljbjh\ZggnkXx_Thgm\kl\bl_&vdhjfbZebgl_jn_j_gpbhgdmnbb,gm
h[jZzah\Zgdhmfyh]_j_glguifqgdZflo\_1ZAZibku\Zxsdbh]_ j_glgimqgdb
ithemqgZyka”_eky |h*_ebl_evagujfdZedZdbemqg_gBa. b wlhfnhjfz
rijbohbvjzkklhydb *ngbfbhij_~_ eyxikgh _gbaZibku\Zxdkdéhqggbtdh\
"ebghhegazZibkbzdZyr_ldZ[eZz"4dhkevrbfthjj_dpbhgdbéldh ghklyfb
kbemzZebqibpybdhjj_dpbhgigydf IjR\g_luj_odhhj*bgaklhqggbadiz\b kb
"ebglWhegwZibkbjhf_Ih]lh]l]heh]jzffgdbnjZdpbhgjgu_lddh]mbf_Ilv
[hevrbjzaf_jw [hevr_gbkehljboh\ih kjZ\g_glkxgZj_agufdlzd _
oZjZd!l_jbamxgkwybmjh\g jZkk_ygdkh]hZ oh”bkke_ "h\ZgdX]Ze gkl
| _oghehlbyhlh\e dbX Zl_evhiybimkdzZxgbo Ihkd*"bgzdh\z

>eyokke "“h\ZdbyjZpbhglgobdmkbjmxis\h@ klifhimkdzZxshdggmlhc
"bnjZdpbhgghclddzdé \ kemgwh]gmlihe¢jz z1_evghcldzkkfhlj_gghf
jZg _Ajm]bfb\lhjZfbkihevah\ZdZki@pbh§gZjydl _jbklbgningLypbygZ
ij_~klzZ\ekh[hjZzaeh _gby nmgdptoibbq_kdimjheemgdoh”ys bldgp_gljZz
\oh”ghst ebb “bnjzZ]lbjh\Zgghjhbal\hevdhgdgZih\_joghkjlbr_ 1db<
ihemq_gjgdeeh’ glZb~uge _@ZjZdl _jbam_* e gdmijZpbx

Bamkeh\pAd\ gklgmexXhhl\ _IklI\mxgleogh¥Xaeh glhiebazZibkzZgu
mkeh\hggbfbazZpdbbnhdmkbjm\@behkdhkib \k_frmki_dlj dhjj_dpbb
Zklb]fzlbabzf_ jbr"bhgZevdhtu "ey kj _~g_¢éebgu\hegulhke jy~Z
ij_h[jzah\ZgBcbkziglzkl _f@jz\g_,gbhg_"_eyxsbgzf_Iljki_dljh]jZzkZz
iehkdbhe_§zhkghijhimkdzZxdhtgmlhtceh]jzffghthenjZzdpbhgghddb

:gZebidhemqg_gd&idlghr_ghdZaulZgllh\ ko_fZphjfZevghZh _gby
dhlhju gZb[he m"h[gy ~ZgghkemgZg evaishemqgblivhdmkbjh\Vday
A _ckl\bl_evgditrghs_eb LZdbfh[jZzahfj_r_ldZhe g4anklZgzZ\eb\Alvky
koh~ys_ fkywgdnhjfbjm_fhlgf_dhlhjhjc *r_kl\mxshidbq_kdilek!l_fh<
dZzq_kiIZdhkbkl_fuzd fh™  _I[ulvbkihevahXkxgjhghfbqg_kdbcdibdeb
hljz zZl_evaogdwZdpbhggoZydAdjhflh]hkms_kl\khalfh ghlblkihevah\Zgby
ki_pbZevdghbegbl _elighclbl_ekdtke fu

ljbihfhsbhhemq_gdBlhfZlbg_kAhphZiZkkgblAeu fiki_dljh]jZnh\
"ey\br"bfh]hbzZiZzahlgzZ[eb g_]mevljZnbhehldZzaZzghhlZdbijb[hju
ihal\heydlemqgltlivkl ZIhdqgkhdldZq_kbéh[jZz ,ddwfqgbkajb~hklZlhqggh
[hevroh:3) agZqg_glblgh kbl _ evigih]hklbglhkhhl\_Iki\pheNrhic\_Ihkbe _
ijb[hjZz< ihke_"gkdmgZklZlhgdZywhdmkbjhhdZamkljZgylvbyihfhshb
dhjj_dlbjmxpbebg”jbg_&bbauzd jZkkfhljkemgAb]*"h"glsc evx
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ki_dljh]jZzgZzhkgh\W\h]gmlhjhimkdzZxslheh]jzffghlknjZdpbhgghcldb
yley lkgh[jZ _gbebihemqgzZ \fgme \hfjyrdhljZ ZI| _evQhrcjZdpbhgghc
j_r_ldbljb wlhfmkeh\lw\hfi_gkZpdb jjZpbicj\hcj_r_IdbaZibku\Zxlky
ZgZeh]bgdkgh¥Z[ jjZpbhgghmgdpbb
<p_ehfoh”bkke "~h\Zlgbmq \gyZ _gblyij » eyxsbhdmkbjmxsb __
Z[_jjZpbhglgWhckINA]gmihjhimkdZxs|lheh]jzffghkenjZdpbhgghcldb
gZc”_ogkeh\dlyjj_dpbBp_ jjZpkic_ dljZzevgjbghjhgzhkghlZdhjc r_ldkx
dzq_kM fhgkljzpblth*"bdbkkgblggkdhekahifh"h[gupb[hjh\GZijbf,j
jZkkgblKig dljh]jZvey*"bzZiZamMQ®800 gf gZhkgh\*bnjZdpbhgjghcldb
jZ "bmk2sD ff k qzZklhlmtjboh\\ \ _jrbg300 ff! h[eZ”"Zxskhe ~mxsbfb
0ZjZdl_jbklbd2bmgki dlj30,05 ff, h[jZlgZywg_cg¥ki_jkb953 gfff,
jZaj_r_@®Wisff, glhkhhl\_Ikl\ki_HdljZevgZfapy_r_ghto4gf

M > B35.8

N:AHDHFI?GKBIJMXSBMHDJULBY
=< GbdzZg”jh\
GZmqgguedh\h”*bl-eéNg,ijhn_kkMWK Imlbebg

<fh_gzZ[hl bkke_"mxlkathhfi_gkbjmxigbdjulbWIHZdbihdjulbyn
dhlhjud& baf_g_gbhilbg_kdlhesbgih~"gh]l]hebg_ _kdhevébhb, _VagZqg_gb_
wg _j] _Ibg_kKdowhnbpbhtjlzZ gbyh~ghlbebbgl j\Zéebdhegg “he gh
f_gylvky

JZg_ihdjulby\ hkgh\gh¥uihegyebhevdh”~gmnmgdpbXaf_ g gb_
wg_j]l_Ibg_&djzad | _jblbldbeimq. Ghyffh ghijb”ZIdhihegbl_ewgugdpbb
k\yaZgglunhjfbjh\Zgbnjthgl&\_Ih\hdhegugZijbf, jpkijz\e_gb n_dlh\
ihreh dbbkijz\e _gkZ[ jjZpbdhemqg_ghBebgghnhdmkigugbqg_ kdbo
iZjZ[hebq_kabjdzé&harzZgBkn_jbqg_kdbojoghklbc*jm]b_ljb wlhf
g_h[ohAbfBamf_, Ikhh[u ijbkh_~bg_odbhjhc nmgdpbdy_ijb\h”*bedn
kms_ kI\_gghdm”r_gbjRh.c

GZb[he y\gZykn_jZijbf_g_gbgwZadhfi_gkbjmxsibhodjulbce— ~"ey
Zkn _jbqg_kidbojoghkllih kha”ZgBkn_ jbg_kidbojoghklbkihevam Iky
f ozZzgbqg_ Kd¥Z[hldzZz 1Zzd gZg_k_dhihegbl _evgbhhw s kI\EZ Ih~rhf
| _jfbg_kdbkizj _gbpwe dljpbdhXdmmi] [h\ZgdyihdjulbyfeyazZz”Zq
\Zdmmfgdho_jbaZfgighkehcyghwe dljbqgilkdljulbg "he ghaf_gydZam
hljZz" _gghbrebijhr_~r_ _Jhhaemq_¢byh*"ghcdtebguhegubeb\ rbjhdhf
ki_dljZzevgébZiZahghh[_ki_gb\BAXlathfi_gkbjmxstbdjulbyjb wlhfh
kjZz\g_gbkfix oZgbqg_hkfjlizdhlidhoklb]Z Hgydukhdiygghklv

>hklzZlhqgglhki_dlb\gud~blkijbf_g_gmbmzZadhfi_gkbjmxsthadjulbt
eZa_jguoahgZlhjizaf ijb fghlhdjzZlighfjz  _gbbjhglk\_Ih\h\dhegug_
baf_gy. bkepihemqg_¢dgkbfZevwhcjlbbezZl_egygdhuoh”ihemghbkhkdbc
njhglWlmmz~Zgmghj_rblvjbihfhsbnzZadhfi_gkbjmxstbdjulbdjb wlihf
fh™ _IhliZzklgy_h[oh”*"bfhbklkihevah\Zgpbhklhysikdebl. e_c

P_evxjZ[hluy\ey Ik¥YajZ[hldZogheh]bq_kjhp hkkizha”Zgmhxah
dhfi_gkbjmxshbdjulbxgZqgZe_h[oh”*bfhehijhZgZebabjh\zflvgbfhklv
NZgguihdjulbcdeydZ ~“hba\u[jZggub[eZkl _ Ihke g_]hg_h[oh”Db[ftheh
hij ~ ebdZdhlyibku\Zxshjhp kika]l]hlh\e mgbagdthfi gkbjmxshodjulbc
Ilhgyvozjzdljzkij_~_e,gby[oh lpalehhgylvebygb_ogheh]bghkdZd&ldb
gZnhjfbjh\zZgihdjulby j_ameviZ[hluuehba]lhlh\e gglkdhewddlguo
h[jZzaphj\ZzajzZ[hlzigZ _fa hgljhelyz*"b_glgurbdjulbd ijhZgZebabjh\Zgu
ithemqg_gjgumevlZlu
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LZd_\oh”jZ[hly_rZeZkXZ g_crag”~zZgld[ezZk]pbz"b_glghdjulbc
jZajzZ[hld@Zeblbqg_kdimhBij_~_e_@gdbjyZzf_IjH\ ogheh]bq_hkalzdk ["dey
ihemqg_gHBwdhhfi_gkbjmxidbdulbkizjzf_ljzflfzdkbfZevipheb  _ggudb
azZ"ZgguZg ih"h[gwmzZ"ZjgbhZebhvulguiml _.f

M > [B35.421

HILBFBA:PBYWYKEH<BCHKKL:GH<E?GBY

KBGL?ABJH<:GGHHEH=J:FAJH?DLHJIH<
H< GbdZghjh\
GZmqggjedh\h~bl-ekg, ijhn_kKkKjG Dhj_r_\

< kh\j_f _ggledl_jzZIimpf xlkyk\_~ _ghyjZajzZ[hldPoeh]jZnbqg_kdbo
nhlheblh]jZznbgklkkibdzhkgh\VjZdlbg_R#ébda\_klguo*hiheh]jZfBa
gbogZb[he azZzfZggb\uf "klZ\ey AgybzZglhkgh\ZgggZ bkihevah\Zgbb
kbgl _abjh\Zgded]jZifh_dlhjhyZkkgblu\Z_kuohfhsvx dhfivxl_ b
hih[jz Z_ _fgdghkbl _kihfhsvxeZa jged[hwe dljhgogtg_\lilog jZIhjh\
bah[jZz _.glp _Jhijzdlbg_kdhZzebazZpbdh\guim rghkibau\Zxljhp_kku
kbgl_BZIh[jZ _gbZghkbl Jdeh]jzZffghlgmdimKieh ghillvgl_Jheh]jzff
ijh_dlhjhA[mkeZ\eb)\Z\ likyy\mxhqg _j,”*g_h[oh”*bfhkiyx* _evdhqgh]h
fZzl_fZIlbq_kdhpkzZgbyhp_kkZzhjfbjh\Zghlkeh]jZnbqg_kichkephzZ [Z2d " _
g_h[oh”bfhklvgbfbazp\llbyghybkms_Pprbnjh\uiheh]jzff2fbkdj_Ighlh
ij_"klz\e_dWy_dlgh]lhZzgkizZzjZzgdzkbgl_abjh\zdgeh]jzffgZzdzZq_kl\h
\hkklZgzZ\eb\X bfaidfhsvxbah[jZ _.gb&\hxhqg_j,Aym~ghkibh[jZ  _gby
jZkkgblZgglondlimjyaZdcku[he \ukhdbflg_[h\Zgbyfh) ~ty\ley futlb
bkihevam_“feywlheo _eb_g_jZlhjZzdh[jZz _,gbckjz\g_glkxdj_[h\Zgbyfb
ij_"tyley_ fufdgpbfijbbalhlh\e _kgb\ _IklI\mxshbldvrZ[ehgh\

Bkihevah\Zdgbg jZlhjmah[jZz ,gbjZaj_r_gbdhlhjuohij_ ~ ey Iky
"bzf ljhifhdZevgihlyzokihevam Yigllhobaemq, gjhbyh”~bt h]jZgbg_gbx
jZaf_j&zjzdl_jbklbgwkedHh]ldh&eh]jZfigh_dlhjBaadvih]lihemqgZ_ kbo
ihfhsvx Jheh]jzffgukljmdimjih[eZ*"Zxhlghkbl_evighehcij "~ evghc
ijhkljZgkl\_gqBE&lhJhglhijb\h~bld h]jZgbqg_gYthwmklbfhdhgzZq_ogbjeZz
iZN _gbBhwkklZzgzZ\eb\ZxmqglhZ j _amevlZjb ijZzdlbg_kghZebazpblih"zZ
]Jheh]jznbqg_lkdHbeblh]jznbhlgbdZkjim~ghkNh \azbfghfZkiheh  _gbb
hilbg_kdhkbkl_fu nhjfbjmxs_cbah[jZ ,gbb ihdjulhcnhlhj_abklhf
h[jZ[Zlu\Z ifdhLklb.gu

P evZgghiZ[hluaZzdexqZéZkbkdmkeh\bE ki_gb\ZxsbBoebq gb_
Ahimklbfmheiz” _gblgkklZgzZ\eb\Zkmgpi¥b bkihevah\kglgb_abjh\Zgguo
]Jheh]jzifh_dlhjkhlighkbl_d&vethg kmsijlekljZgkl\_gghkdhlhc

ljb __~hklb _glhb hkgh\u\Zebky_amevizZigdebajh\_"~_gghl]h
gZklhlghjfhkljZzgklYeykemqgXy hk _\hbkdj Ighlteh]jZffk gZzdehgguf
hihjgufmgdhfoh”~dhlhjhjheZXuy\e _9EZmkeh\e "ggkayj IghKhexh]jzffu
fmevibiebdZpbglj¥thkklZgh\e glgdyBkihevah\ZagbémevibiebdZgpbb
ijb\h~ys_d ihy\e_gb¥X[_jjZpbt \hkklZgh\e_ glmaH[jZz _,gbiba\hey |
\hkklzZzgz\eb\Zd¥Z[_jjZpbhlyg[jZ _gbft _dlgb [hevr,fih kjZ\g_ glkx
hihjguimqgdhm]eiZz® _glyylheh]jZzfimkklZgZ\eb\Zxmgd&¥mq bclZdbf
h[jZahifhal\heymkljZgthM_q _ggogwr_ Ijm~ghkkhafh ghRhkklZgh\e gby
kbgl_abjh\Zjghghhdjzffigbh m]eiz”_ghlgkklZgZ\eb\Zvhegaij \urzZxs _f
mlhez” gbhyihjghthegul[ueZijh\_j g&zZfbwdki_jbf glzZ&wdki jbf, glu
\uiheg _ggaZfbkihfhsvxjZzajz[hlZzggbyhijh]jzffghldohfie dkHEgl &z
pbnjh\hNmnkklZgh\e Jgék]jZifh_dlhjhX1zZd g _ihkj_"~kI\ \ggBa_jghf
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baemq, gbmh” jZ[hlih ijZdlbgq_kdhZebazdbeh]jZnbq_kdhpzglz
nhiheblh]jZnbqijkhdghlkkZms _klley kihfhsvxbgl abjh\ZdoehdjZfu
— ijh_dlhjzhdZaZigbgpbibZevgmafh ghkbvwnn _dlb\ghkl¢ez]Z _fh]h
f _ITh~¥hkklZgh\eklydly abjh\Zlggd|Zff

M > B81.7.08

BKKE?>H<:GRKEBYGB®?EBG?CGHKIUB?FGBD:JB
J?=BKLJ:PBBGL?IJN?JH=J:FGEG:LHQGHKLYV
<HKKL:GH<E?GBNEGH<HENIHGL:

?2..GbdmebgZz
GZmqguedh\h”bl-¢eNg,ijhn_kkij:. =Z§GID«k=HBof KB <Z\beh)\Z

Ba\_klgjwaebqggt_Ih~u\hkklZgh\e Iably]jZnbthegh\hjhhglZh
bgl_jn_jhljzffZzflhh[jZlghih h[jZah\zZgmyW f_ Ih’pbnjh\Hbeh]jZnbb
ihal\heWwhlkklZgh\\Whlegh\imghglih hrghleg!_jn_jh]jZz# _IhaZdexqgZ\ lky
\ugbke_gbkb dljzgl_jn_jh]ljZifb ihfhsbijyfhlhij_h[jZah\ZdNoyjyv_
\u”_e_ogpbkmsgZklhbwgl_jn_jh]jZzfZaz!l \fh[jZlghf_h[jZah\ZNpy _

GZb[hejzkijhkljzg_gguih"hfAhkklZgh\e \gbgh\hhjhglZ\ey_ Iky
f Ih™nZah\u&@]h\AZibku\zZ Kkyopgl _jn_jh]j,zZ¥fdhlhjuozZaB”gh]ha
bgl_jn_jbjmxsimgdhbdaf_gy_bAba\_klgmxbgbgrhegh\imghglfh gh
\hkklZzgh\inhwbaf_g_gbgl_gkb\ghkdZ "hfbdk_eéah[jZ _gEwebqggufb
kihkh[zZf® gZr_dzZ[hl fu bkke_~h\gEb[heihimeyjgd_Ih*ujZzkq_IK
dhebq_kinalth3, 4,5 7TbnZah\uk]hf&.

LhgghkhkklZzgh\engbdyhegh\hjhgl¥Z kvfms_klI\_dg&eyhqgghklb
\hkklZgh\e\lgdbgsh\hiphglZ2Zd *eyyhqghkhbj "~ e gByhich\_joghkdbh
hkh[_g@hghmevljZnbhe_bhéoohdbevljZnbhe_ _hhéZklyo

Bgl _gkb\ghjlbly JbkljZpdg jn_jh]jZifghhibkzZhhjfmeHcV?’, ]~ _
Vij_ Zevdgay gkb\ghklwhwdZaZleleyg cghilkbb fgbdkemqgZ khhl\_Ikl\m_|I
ebg_cghmedkihabpbb wdkihabpgdoh” blkyi j " eZdg_cghihgzkldz
0ZjzZdl_jbklbgdjbdhc

Bkke_ "h\ZidghyazZegbhk jhklhf hrb[d4dzZzkq_INf_Ih™” Nmjvj adh
\hajzklzZlijb \ukhdhdhgp_gljZphéhRhagbdzrb[dA ZiijhdkbfZpbb
\hkklZgh\e _dghoanZau< |1Zdbkemqg2Zyo \ mkeh\bnw® ebjh\Zgél gh
\uy\blkrb[dpZkqg, ke _~h\zZI|,¢xkghklZgh\bgkyhafh . g

Hkgh\gbklihqgbdhb[hdjb\hkklZgh\engbh Ih*"hfiZah\ud]h\dZd
ba\_klgheyxlkg[jZpbBrgZdhebg_cgihklvgbdzd fh _IklZlIybgbghc
hrb[hKe_"h\ZIl ,gvdhoh*iodfgpblu\h[@EIlboZdlhjZz

Bkke_~h\Zdbb[db \hkklZgh\e_gBEwu h[mkeh\e_gbkdexgbl_evgh
g_ebg_cghlkkVixqg,bithd ZaZelithgg aZ\bkibligbkeBdehgzb gl _jn_jh]jZff_
<ijhg_ fijb m\_ebqg_dbygp_gljZpbdhlehdZevdub[ddZd _ keb\Zxlky
g_ba\_klgnbYdnhnZah\ hifime x

Bkke_~h\Agbyghwy\_ebq_ihwywazl]2ifZdhjj_dglEb ebgbgnb[db
NeyjZagufo Ih"hi\hdZazeh"eWwk _d_Ih~"hkdhebq_kldiZzf*jhpfhevrlj_ o
hrb[diZzZkqg_mA_ebgb\gzhkypgZdh\mebgbgm

lhemqg_gguameviiha\hemlklZgh\wHvmkdZg _ebg_cgijklvigbdjb
j_l1bkljzpbgd jn_jh]jzff
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M > [535.372

L?FI?J:LMIJG:A:<BKBFHKLVYV-DHG<?JKBHGGHC

EXFBG?KP?GPBBHGHWJ;BY
JDGmju _\
GZmqgqguaedh\h~bl-gkt<:.:k__\

:dimZevgihlt[e_fhcgZk _Jhrgyrgbcgvy\ley llkyaf_ j_ ghb_fi_jZImju
;hevrbgkI®ZIigbdh\i_jZImjuizdbdzd_jfhij_h[jZah\Zkhejilhlb\e _d¢by
| _jfhwe _dljbqgijktpjZzah\ZIh[elz"4dyrhk _jv_aguadhklZldh\*8hlhjuo
g_h[oh”bfhkIv gBylgbd&hgljhebjm Kmfrm | amevigl]lhjhbkoh”bl
bkdZ" _didkke_ ~m_IfhflihjZImjghijayDjhf Ih]lhg_ihkj_"kI\_gmga™ ckl\b_
kj_ruwgzZ”rZlgbshom”~rZKlFZ[bevghk]hoZjZdl_jbkhikd[_gajib \ukhd bl
k\_jo\ukhdbéi_ jzZImjBo Z]j_kkb\gkjo*Zdll wibao_"hklzZlIkhh[h” gu
| _fi_jZImjguZlghdbkgh\Zgguwkl _deZdalb\bjh\ZglghugpZfjb *dha_f_evguo
we f_gli\gbhlighkylklydeZkkm_Ih\uobjhf_Ijh\b ijbf_gyxIlkhzZf 1~ _
bkihevah\zZgjm]bdab~h\l_fi_jZImjgd&lgbdh\ \hafh ghebdjZcgg_
" eZl _evgh

P_evygZklhysjZ[hluy\leyehikkke ~h\Zgdhhg\_ jkbhexibg_kp_gpbb
bhgh\wj[by\ | eemjblgbokbebdZlgkb deZlo jZaebggddbgp_gljZpb _c
bhghddIb\Zlhijjb\baf_g_dbbi_jZImju

< jZ[hl_bkke_"~h\ZabkygbgZ]j \gZexfbg_kp_glozjzdl_jbklbdb
bll _j[bwj[b_\h]Jdl_deZuebkbgl_abjh\Zgeemjblghh kbebdzZIgkl_deZz
Zdlb\bjh\Zggw Zoj[hyijh\_~_ dokke "h\Xglhyglgygbd_ fi_jZImijb
jZaebgghagp_gljZphygdAdIib\Zlhjphay _eemjblglodergp __gljZiptbdh\
wij[bykhklz\ey®eH2x16° kf, 0,317x16° k3, 1,140x16° kf°, ~"eykbebdZlguo
0,26x13° k3, 0,56x16° k3, 1,12x16° k3, 2,26x16° kf>. H[jZapij_"klZ\eykh[hc
ihebjh\ZggahkdhizZjZee ieZklbdliesbgh €f.

Ki_dljexfbg_kp_gphémqgZekyl _fh[emq_glbZapZhf_s_gghlh
| jfhyqg _,cdmemijh\h*"gbdbklhqgbdhH] j glghflemqg _kBgbgh\dhhegu
oump=9800f Ki_dlgxfbg_kp_gdgpblbkljbjh\AetyZiZzah$00gf b80gfijb
baf_g_dbbi_jZImhie5°K"HR00°KkrZ]hf\10°K

< oh”_ijh\_~_g@¥[hlu[uehihdZazZgHhhijb m\_ebq_d¢bti_jZImju
fZdkbfmflugl _gkb\gh&xbbg kp gpBEH23gf b gz547gf kf_sZxlk{yjm]
highkbl _e¢ph]2ZWIlhh[tykgy Ilky qlhgZ]j_\Zgihb\h”bld I _jfbg_kdhfm
i j_jzkij_ " e \d@im A _gbcrmmjh\gyfBsn: Yo, b Hizp: Yo 1jb wlhf
hlighr_gbZzdkbfmfib\dhe&xfbg_kp_dplbzZklzjbim\_ebq_lghib jZImjolh
h[tykgy hkly ebqg_db]ljZpbbdzd&e ~klI\jzkl dhebq_kl\huaemqgZl _evguo
i_j_oh2h¥d ih\ur_gb_fi_jZImin\_ebqgbl@drl glmzjbf_kyqglhh[tykgyl
ihkl_i_gghf gvr_ghlbgl gkb\ghkdbbg kp_ _gplZbhbkbfhklghr glhlydh)\
exfbg_kp_gpblb fi_jZImjuf__lebg_cgo&jZdl*gy\k_ahgp_gljZdBd
| eemjblglZab kbebdZlklodhehemqg _gguamevIiEZhughbkihevahY&lyw
kharzghyfi_jZImjgudbzZigbdhdZ hkgh\ kl_dhezdlIb\bjh\ZgglulogZfb
j_"dha_f _ewgud glh\
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M > [B35.376 + 54-116

<EBYGBHR;J:;HLDEBENS G: EXFBG?KP?GLGWKXHCKL<:

KBGL?ABJH<:GG®.O?=HHKGH<ZhS:Cu,CL EXFBGHNHJH<
D:.H]mjph\.< Dgya_\
(KZgdl | _j[mjlkdbEm”ZjkI\_lggpwtheh]bqbldbliml
(I _ogbqg_kadple\_jkpl_I
GZmqguaedh\h~bl-dwg, *hp_dlF. Kuq_\
(KZgdl_|_jimjlkdb&Em~Zjkl\ _lgowcheh]bqgbldbltiml
(I _ogbqg_kadpla\_jkpl_I

<\ _" gh< s _kJ\&xfbg_kpbjmxisl~» ckl\bjZaghjh"Aha[m " ,gbc
gZau\ZekfbghnhjzZ&lx "g_crbfaxfbghnhjzfeyxIdy_jrug hjl]Zgbq_kdb_
\ s klI\k g fhe_dmeyjlglufi_gh Fg djbklZeehdjmkn<hagbdgh\ mgb _
djbklZeehnhkehkfbyg_kp_glg\WhaklR\yazgh[jZzah\ZgbdibklZeebqg_kdhc
j_r_Id kh_"bg_gblgkgh\exfbghnhZkljmdImjglidjbf_kgué n_dlh\
Kh[kI\_ggdimdIimjdun_d(uwZdzZgkbb"hma_evZdhfluyl\eyxlke ~kl\b_f
| _jfbg_kdHR]hn_dlhh[jZzah\ddehg_ dibykl _obhf_Iljbbjhp_kkhemq_gby
\_s_kI\Z Exfbg_kp_gpbymkeh\e_gdZgbfb gZjmr_ghyflgZau\Z_Ilky
kzfhzdlb\bjh\ZgjbHckgu”_n_dlihy\eyxlkyb e_]bjh\Zg&Zbjbpuk bo
ihyle _gb\hagbdzzZdlb\bjh\Zggexybg_kp_gpbkZfbijbf_kbgZau\zZxl
ZdIb\zlhjpib Ih\ur_gbyjdhklidxfbghnhjh¥kg_m\_ebq_jok\hjbfhklb
ZdIb\ZINjkghexfbghnhjey KA ghaz*"Zgwdhk[eZklb

We dljhexfbg_ kp lkbuggbdkb IZWEBK\k rbj_ bkihevamx\ky
ijb[hjhkljhbl_evigdrdoghkljhbl_evfh\Hbofh[bevghbZpbhgghdkfbqg_kdhc
| ogbd\[uln2]. WEBK _"klZ\eywt[htgh]hkehcdhg” gkZN\djeixgZxshb _
jZaebggumgdpbhgZeweguibL ZdbmkljhckINZImljZ[hlZlgzi_j_ f_gghbof
ihklhygglhid

lhklZgh\@Z""Zdgb _evZ[hlwy\ey Ibhkke ~h\Xgbhklgb&i_dljZevguo
o0ZjZd!l _jbkibddljhexfbghagj@y,ClkjZaebqghgp_ gljZZhlle\ZI|Gy,
Z1Zd® mklzZgh\e \gbygbgyZwlbozZjzd!l_jbkligdd\Zjbl_evhh&[hldnS
we_ dljhglzriBZjgutia™ _ckl\b _f

ljbf_g_gguf Ih”u;uebkbgl_abjh\Zdku jbBEnS:Cu,Cl exfbghnhjk\
jZaebqggdhgp _ gljZzpth~rdfh\crbolm_ ~bDhgp _gljZpBW¥Zjvbjh\Z ddk
"O.7T5%FZkKKbgl igh\h~*béalblhjmg~hhbjeyidh*keh ZdIb\bjh\Zgmhély M
ijbl_fi_jZIn®p0°K\I_q_gd fbgmljb wihfi_j\h&_jbb[jZaplihkihevah\Zeky
ZnS[_adzZdred[[jZ[hldbh\Ihjh& _jbanS [uefh bnbpbjhiidb_fha”_ckl\by
gZg_Jhwe dljhggdmigZeyfh“bnbpbjh\Zigbiyhevah\Zm&kkXgh\gdZZa _
ijhfure_gghlhkj_"*g_wg_j]l_Ibg_kdkdihjbl _ewe_dljhghy_ahgZgkgh
ljZgknhjfZlhjgbJEJLW< >eylj Iv_& jbih[jZapBnS [ueij_ _"\Zjbl _evgh
ihA\_j" mg~rZjghtma”_ckl\bx

NmgdpbhgZeegWEBKhjfbjh\ZgBhkghk\yamxs—flZ mgmfdZh" hf
rebd_jghéblvyijb balhlh\e_pbklkmki_g@dtkéihevah\jZ&kb\hjdzZmqgrhdz
Zp_lhgnmgdpbhgZe¥ghegbl <ethZq_kih”*eh diijhajZzggwfe _dljh~hf
bkihevah\Zébdelk gZg_k_ggyh\h*ysbfkeh_fSnQ. NmgdpbhgZevgufb
gZihegbl _eyfxfbg_kp_glghéhy yl\eyebkv j gbke _ggexfbghnhju
"bwe dljbg_kdhyBaTiG. G_ijhajZqguk\h~*ysbkehechemqgZgebg k gb_f
liZnblh\kmki_g@ddzNz]z
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Hkgh\gy_ameviZ<b™glylhmexfbghnhkdbgl_abjh\Zdgh]lédmqg_ggh]h
we dljhgzhs, ki_dljkf _szZ Iky "ebggh\heghhiex@klk mf_gvr_gb _f
bgl _gkb\ghtkdiZjb450 gf WIHh ghh[tykgbllvf glhh[emq s we dljhgZfb
ijb\h~bdh[jZzah\ZdbXHklIjmdIimhg ggton_dIih¥dZgkbbcgdyk jjudmn”Zz
ijb kbgl_axfbghnheZ]g\kljzb\zZxlky‘*vb]Zeh](ameh.j: ihebl_ jZImjguf
NZggudfa\l _klghht pbglmevnb2rgxidoghnhijiZzgd "W maebgddZeh]\g
mad&_ jUZ «a_e_gp_gljk\_q_ ¢309...5209g ) [3].

Lh]"dzZzd kemqg&xfbghnhkbgl _abjh\Zdagmhih*\_j° ggmhzZjghfm
\ha”_ckl\@pZh[hjkli _dlkf _sZ Ikyjphe dhjhldh\heghlm&kkwmf gvr_gb f
bgl_gkb\ghtkdZjb500gf <_jhylohlhjhbkohMadh]hglbhm”ZjgtzlyZ[hldZ
ZnSijb\h~bdbkdzZ  _gbpkljmdIimba[jZzah\Zdbevr_Jdbke&Z iehkdhklguo
AN n_dldmigbkbgl _exfbghnh\jkZjzb\z flkAv: iZjZ2 _"Y“mae@bgdZd "v
\f_""hmaéhB «kbgbp gljk\_q_ 459 g [3].

Exfbghnhjkbgl _abjh\Zdgguh[emq_ _ggWwgh dljhgzZhi® bf_ _I[he _
\ukhdnmydhkliyb [hevr_kilbfZevgdrgp _gljzZipb'b\ rbol._DZdh\hjbehkyv
jZg, hl[jZ[hlAsSwe dljhgdAémqr¥g 1) ofb "B magur_|dinS,| _fkZfuf
m\_ebgbdEgbq_kddhe guo gljhk\_q_oglbgzdke ~kNNith\urz_Ikpdhklv
exfbg _kp_gpbb

Exfbghnhjukbgl _abjh\ZdggaZnS h[jzZ[hlZggmhZjgufha” _ ckl\b_f
h[fez"zZixlgvr_yjdhklvx _fexfbghnhkih[emqg_ gonsfbznS|[_a[jZ[hldWIh
\brbfhk\yazZzgRhafh guédzZ]jyag_ gdxfbghnhjzlZzd k kebrdhkbevghc
AN n_dlghkh®xdhlhjgydhfi_gkbjml_IljKhh[jZ[hldjlbb&kbgl|l_exfbghnhjZz

<u\hAH[jZ[h!ldBS we_dljhgzhiburZz_ kjdhklkbgl_abjh\Zdago ]h
exfbghnhjb\kf_sZ HKHi_dljexfbg_kp_gpbd_e gm{eZKkIM[jZ[h|d&ES
mArZjguha”_ckl\bbfbfim\_ebqb¥Z nl_dlgh&jbklZemad, qlhijb\h*bd
kf s _gbki_dljZ2xfbg_kp_gpkBbgxx h[eZklBaaZwlhc _ ih\ur_gghc
N n_dlglzk8b _jhyldg jZzkl yijdhkewfbg_ _kp_dpbbluexfbghnhjh\

Ebl_jZImjZz

1. > n_dkijmdimhwmbabq_kldthckl\djbklZeehs K_f_gh\WZ. Kmrdh\Zz
Mg_[dhlh”*bq_ktkh[b-2007.-51c.

2. <_j_sZ]bgD, Dh\Ze_;\:. We _dljhexfbg_kp_bkidwgbéb 1Z- F.
Wg_jlhZIhfb-al®20. - 16Kk

3. DZazgHleg!l _d_jfzgF., | _IhrbgEG We _dljhexfbghgqjghkmevnb”~Zz
pbgdkmevdkr 2 glpbgdAj JhkbgklblmjiZzde Z” galcfhb 1960. —<ui
43 - K 46-71.
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M > B2-408.62

MKH<?JR?GKL<H<:GBOGHEH=BBR=HLH<E?GBY
IEHKDH:J:EE?EVGUOE:KLBGKIJBF?G?GB?F

>S><MKLHJHGGH,J:;HLDB
X.<1Zkvdh
GZmqgguedh\h”*bl-p@ Hkljmd@:HHilhl _ogheh]bgeK{ZjyIm)by

>\mklhjhgoypZ[hld&hlhjmxgh]*"gZau\ZkéZg_1Zjgmc _g_y\ey |ky
gh\hd_ogheh]JdZddzdchgz2rZ\gim  _bkihevam\lkyWyZeehh[jZ[Zlu\Zixs_c
we_dljhgighture_gghkZbzijbf_g_gbhilbqg_kdhiba\h”*kijh[h\Zehkkv
i_j_f_gguhki_ohthke_"gbhruf_Ih™\mklhjhgg[jZ[hldipbf_gy_IRey
Amklhjhgghebjh\dbukhdhdzZq_klI\ _hggluep_kdBolZe_tZdbfh[jZahf
AMmklhjhgmyn h\dzZ*\mklhjhgidyeywjh\gXeyxlkyb\e_dzZl_ewdgbth”~ghc
Zevl_jgZlbhNugghebnh\ddhebjh\ddbhkdhiZjZee ieZkubg
JZ\ghf_jglZlyZ[hldX_dh\_joghkhrgh\j_f_dgh\md&lhjhgeZklb,gu
mf_gvr2odjzdl_jghdehg_QgbZ[Zlu\Z_fho joghkldlclhjAhhagbdBadZ
jZaebqggrumabofbqg_ kdpop_kkhl\bg_fzZlbg_kibp gghklygdzbaghkZz
bgkljmf_¢llZzdgZzau\z_fwhm_dlZcf2gzjbgbghthlhjhpey IkZFaebqgh_
NZ\e_gdZih\_joghlolxjzdl_jébMjZz*"bpbhgdgh]h”B[jZ[hldbaaAuoh”Z
[ehdk? _1ZeydHjZbgkljmf_.glZ
P_evyZ[hlu—- mkh\_jr_gkl\H\Dlghehpehhlh\e iggdywkdiZjZee _evguo
ieZkltkgjbf_g_gbM\imklhjhghg[j£[hldb
>ey*hklb  _gb4dgglpc epuedhklz\e keZ "mxsazy Z g h[jZlv bfu
balhlh\e iehkdiZjZee evigXlbmanlhjbklhfiizevpladbh[jZahflh[u
ihemgbhéZklbgdebgh\brgKkviehkdhklghktM _jn_j gpbhldghph
Hkh[_gghKRhboklhjhddjZ[hldalZ dexgZXlke "mxs _f
1. Bkdexq_9@hklZlIhdjghrh_fdhicjZpbdhdbjhAidm[ehdbjh\db
2. Bkdexq_bb jZpbjihfuldihlgZde gaghe
3. :\IhfzZlbq_kdp_ki_qgb\Z_ ijkdlbg_kdme_\Zebgh\brghlhkdexqZy
g_h[oh*"bfhkkZ "gEdhglZdllZeklhhqghdebgh\b~rghklvx
4. AZkg_lhr*bgzdh\lglh]j _\&A[_boih\_joghklh¢jZz[Zlu\Z_f@olZe c
bkdexqzZ NkghjfZpbylZeijb hklu\ZglhbdzZzdke "klI\bhh ghe ]dh
ithemqZhggmmhjfmh\_joghklb
5. M\ _ebqgb\Zijlkklya\h~bl_evdhk™jb ba]hlh\e gdlhkdhiZjZee evguo
ieZklbg
6. AXq rmf _gvr_dglhyebqg kIiNZZpbef _gvrZ ifky djzZdZz
LZdbh[jZahijbf _gykms_klI\mxkbh _pbZev&uZgdibh gh”hklb]gmlv
\ukhdhd&l_i_gZ\lhfZlbazpbbvnn_dlb\ghklhgbcghlh djmighk_jbcgh]h
ijhba\h”~KI\Z
HrgZdke _"mmbblul\ZNlwvkhdmikihbfhkIZzdb&lZgdhi\hkdhevBihZgdhb
g_h[oh”biffbf_gylVvhevdh iZj rebnh\dBebjh\dKIZgh\blkygylghglh
ijbh[j_I_gkhhlI\_lklI\mxd[hfm~rh\zZgby |k_[iha\heblliwevdhhklZlhqggh
dimighj ~ijbylbDjhf lh]hki_pbnbldidj f gghihhg_kdhighdEZzZdh\glh
hkgh\gkijhkhifhevam flkeydhk _jbdgZywgbqgjhymdpBy_ggithwlhfgZ
wlhffjugdjZ[hlZhevr_q_f]*-eb[hdhebq_kflXleuoj_"ijbylbdhlhjug_
fhlmijbh[j_lZWhjh]hklhy&b jbcgklZgdbzZb dIlhfm _ wlhwdhghfbq_kdb
g_p_e_khh[jghwgddhk _jbdpthrandpbb
Hkgh\gh[hjm~ "h\ZgdZdbig_"ijbylbgbe glulvmgb\_jkZevgudZd
ghf_gdeZbmZ elblcdexqgbl_eXawhh[jZagZ
lhwlihfrmkgh\ga¥*"Z¢ZgghiZajZ[hldbkh\f_klbly_bfms_kIAZIh"Z
AMmoklhjhddjZ[hldkmngb\_ jkZevghklyx "h\Zgby
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WIAazZ"Zjg4Z _|k¥ajZ[hlkhcpbZevogllhhckg\ZDb[uqguugb\_jkZevguc
rebnh\Zevigébjh\ZevilZg.hd

GZrzZzaz"ZgZih™h[jzI¥ZdkbfZzevighafh gukdhjhklly *Z\e_ghbh
jZklj_kdb\Z2gbZe c

<j_amevligdh”r _ezZggbBphlquebih h[jZghilbfZevgju "bfuh[jZ[hldb
iehkdhizZjZee_ ieZkulhgnlhjbklhdEZevpdhAgh\himgb\ _jkZewghim~h\Zgbb
|1Zd> _[ueb ihemqg_giehkdhiZjZee eiedglkklbgk debgh\b2rghkl¥xb
iehkdhklghkbwgX jn_j_ _gpbhdgvph

M>B21.385.2

<HAFH@GHKBRIHEVAH<:GEK¥X?LH>BH>GUO

DHGKLJMDPBBAF?JBL?EVGUIB;HJ:O
2< 1hih\Z
GzZmaqggimdh\h~bl—kNij ih”"Z\ZI| kK =\ha” _\

< gZklhys\| fy\k [hevr_jZkijhkljZg \gbbj ihemqZxl
k\_Th bhaitk\ IThbaemqgZ2Zbo&B(UED - light emitting diodes) [1].

Djhf\ukhdikd _Ih\thd*Zdgimfhsgud&\_ITh*"bh”h00 ef<I
\"bzZiZzabpeh~ghlbh]h\ _|Z\ klI_KkI\ _gghfiehf_ehfbzZizahdbe BO
ef<lkhhl\_IklI\),ckahkh[ghkZbhlZliyb hq_dwe Z[uaog Z q_ glthydgh 120 ~ K30
mA) b gbadhdzijy g2V b 24V); glh _kl_kI\ ,gigh”hij_"~ epolgbadh _
wg _jlhihlj_[ekbklZ\eyxg [he 10% we dljhwg g]llhbhoh” bflegjZ[hlu
exfbg _kp_glgafobhdhé&® hlihlj _[e _giblybkihevah\2ghiyZzdZeb\dgby
\hafh ghkibemq_gdxfh]p\_|Idbaemq,_d&bylh*bhhiez*Zxy*hfrjm]bo
k\hckbdzqg _:kl\

[hevrh&jhdbkihevah\zgbymIkI\lgblbgZzdz¢&zZ1h"Zgy | ieh\hidjh"_
baemg_kbyh*"bhMmkeh\eb¥dhtkem [u”h100 lukyggZkhbehlll e |
g_ij_julghz[hlukjhdkjzZ\gbfucbag_ggpbdehHfgh]lbbk\ Ibl_evgaeh\
ijhgghklvikmlklI\lbl_deygdhe[wij_ "~ _evd dwkhdnfxoZgbqg_kdmx
ijhgghkbgz”_ "ghklv

[ _ahiZzkghklerhl _ieh\u”_e bgihadiblZxs gZijy _gb_

[ukljh™ _cklfbaug_jpbhgghklv

dhfizdlghkéZz]h”Xjly jofbgbZIxjgihWdlgh _gghkfmIihjzkij_ ~ dl]lgbx

K\_Th*"bhtftrevamx[kevrhchimeyjghkbvixf _xlrbjhdmx
hlezkiypf_g_gtdA _Ih~ "bhZdlb\dgtkihevamxkjhba\h?*kk\_ Ih*"bh”"gZdi
fh "me ebg_, kihjhe gBa”_elohk\_Ih*bh ZffbxIrbjhdbki_dlijjbf_g_gby

GZugdkms kl\ithdvrhdhebq kdhHiZghbhghba\l\h”bl e c
k\_Th*"bhFb\jh\ufleb”_jZ¥wlhb[eZkkbZellZdbdhfiZgbjphba\h”~b] d&ld
LumiLeds, Phillips, Osram, Cree, GELcore, Uniroyet j

ljZzdlbq_kdE *"Zghfizgbh_"~klZ\eykNlhxdeZkkbnbdZpbx
ij_~klzZ\ey fhc"mdpbbdzZqg_klaZjzdl_jghpf_jzZ\u[jZgdhfiZglyee, \
dhihjh& \uimkdzZ_kd&_Ilh*"bh®ueylgy*\ [hevrbljmiivfhsgu(*himklbfZy
\_ebgblppdFBOf: bl\ur), ih*h[sbfgZa\zZgX¥Lamp bk\_jotyjdbbih\hagZq_gb_
IhdZ2eygbdhklZ\e30..J50f:) — (High-Brightness).JZa”_e_g@&fjmiiuhij_"_ ey Iky
"himklbfhcebgbdhdg _j é&jbklzZz&e Ih*"bhBZ*Zggudf_gldhfiZgCREE
k_jbcaphba\h”*bllvk _jbthsgu&\_Ih*"bhl1BaebqzZxshdkyZglbkiheg_gby
blbihfbkihevam _dijblll ZeXdZC, XR-E, XP-C, XP-EbMC-E. K\ _jotyjdib\ _Ih~"bh”u
N eylkyZljb [hevrb]jmiiy jZaebqgZxsb\ZipZglztdkiheg .gbybf_ggh
K\ _Th*"bhNuzg”~rZjldubh~gubhjimkd&jon]ehjéh\Zevghk]lhg_ghky Ih~ bhMu

55



dhjimkd\z~jzlghdhg_glkyq_lujvfyu\h*zZfBeyfhglZ 4 hI\_jkliby#) b
K\ _Th "bhewh\_joghkldihglZ ¥ZdhjimklboRLCC [2].

Djhf_kzZfb&\_Ih*"bhgdjugd 1zd" ij_"~klz\e_Jdtevrh_
dhebq_khjf dhlhjuluimkdzZxZaebqggk\_ITh*bhr&dhjdbk\_Ih*bh”~gu_
eZfiuk\_Ih*bh guwmel\ Ibevglztddbd k\ Ih*bh” glhig cdb

Ilhke_ _"gbdzZdjh]jzffbjm_fuZdog_ijh]jzZzffbjm_fgZs _
\k_JkihevamXlkdZevguokljhckl|\Zoy\u”_e_gjpAaebqggudgb IZflahg
ihdZazZgbc

NbjfhcSOLOMON k\_Ih~"bh~gugr"bdzZlhjdZevgh]lbiz
bkihevamkXlikyevgkiZgphbleyZcdbjzZkiZcave dljhgdhbdihg gkBL —
916Solomon» | _hglyleyxllby bdzZlhjlzffo_jZImjderZyevg[8fZ

AZf _gZexfbg_ kp_glghcrk\ _Idb\ bgr"bdzZlhjzdo \
g_ihkj_"kI\_Kigklc hk\_s_o\ky \hafh gubhwe_dljhgjddbjh\rdZevguo
mkljhckbBbaf_jbl_evgulolZghWhtdi. ijhba\h”blikp ihfhsbk\_Ih~bhh\
jZaebg&kiolh*bh"gughd

LzZzd , k\ _Ih~"bh~geZfiu bkihevamxlkyeZ[hjZlhjguo
K\ _Ih~bh"pudjhkdhintg fudlympus \ dZq_khk\_Ibl . .&k\clh*"bh*rgdfiul
fhr_eftbdjhkdEVDS| gZjZ[ZIu\Zixé g H0000q Z k .

N b jf2Vision Engineering\uimkdZ_lahdmeyjiglu¢_hfbdjhkdhi
fh”_eMants Elite,\ dhlhjhdkihevam[_Ikly g_bheh” "dh_Ih~ bh2gk\_s_db_
ijhoh”rysbhljz ™ gghk¥_I5].

LZdbnbjfudzWahr bWerh "eyhk\ s gb#hljZz gghkf | _
bkke_~m_bhalfh jy_ fhhlpt_dlgzZijhba\h~"bfiwdb dhhj*bgzZbgh_jbl_evguo
fZrbgZ2@d_bkihevawmXIlh*bhMNgk\ _s_ ¢

< KZgdl |l _j[mjlij_"ijbylbA:H«K\ leZgZhwe dljlbgbdZ
ijhba\h/Zlaebqgq&d_Ih*bh2igithjdbdeyn[s _Jhk\_s_ gdlylhjuokihevamXlky
hkgh\ghffulh\hhk\_s_d#i.b

< gZklhys \] fy kms_kl\m[Hevrh_dhebqg_klIkfb[hjh\
hi_q_kl\_gghbre\h*"kIdKihevam \fusf _jbl_evegrdphjZlihjhZaebqgudf m
dhlhjuoklvhlj_[ghkhfh” _jgbazZplb_Ibl_evgwbg”bdZlhjguloljhckljb
fh~ _jgbazZpbkd _Ibl_evguobljhckleZfiu k fZehck\_IhbaemqgZxshsZ"vx
(bg”"bdzZhhjnafh gZzf_gkd_Ih*"bh "gkillnjdZflZ k [hevrhe k\_Ih*bh”~gufb
fh*meyfb

<dZ ~"héhgdj_Ilghdmagh”_ jgbazZpgbphjZg_h[oh”rhEkkfhlj_lv
\hijhkhkha*ZdhbpbZevogwetkh”_j"Zslad_Ih"bh gihjdBp_evazf_geiZfih\uo
bklhqgbé&h\|ZgzZbf_gvrbdbgkljmdIb\gudb g_gbyibggZly* _jgbaZpby [he
wdhghfbg\kjdid g2y fijbh[j_|_ghh\hltbdjhkdhijhAba\h*kBghkljZggg¢fu

LZzdmbh”_jgbazZpthxghluihegyMeybdjhkdhillbiZzMB F
>BI F;Kb"j

Ebl_jZImjZz

1. Ghl\uk\_Ih”bIBharp: We _dljhggulkenjikKZclimjgZeWe dljhgbdZ —
J b hklmh#&p://www.electrorgs.ru/issue/2009/2/2

2. ?ebk_BWH[ahk\_ITh*bh”ghtmdpbbfiZgBiee.BgnhjfZpbhiggpgbqg_kdbc
‘mjg&& h\hkhe dljhegbki® (73). — 2009.

3. @blg<\Baf_jbl_evgdagbdBA[hjm~ h\Zighyevgl|ZgpBBLOMON (qZklv
2) «J_fhgk K_j\bk <5 fZc2007. We_dljhggu&n]jkl_"bf rhklimiz
http://www.remserv.ru/cgi/download/Solomon_part2.pdf

4. Bgl_jl_9nbpbZevdgbe pPlympus We_dljhgg j_knjkl_"bf~rhklimiz
http://intergen.ru/inde php?id_kat=4&id_tov=110

5. Wel[We_dljhgjguadjk_" b hklmhh#p://www.eltech-spb.ru/?id=23&tovarid=44 —
dzlZeihp*mdpbb
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6. A:HGIN«Mjag [We dljhgguknfjkkZcihbjfu—- KI[ - J_"bfrhkimiZz
www.uran-spb.ru

7. A:HK\ _lezglZlhwe dljbgie& dljhggukaijiKZchbjfu- KI[-J_ "bf
A h k| mwdw.soptel.ru

M > B35-15

<EBYGBP?JFHH;J:;HLDB: >BG:FBQ?KDB®B:I:AHG
BAF?G?GBWHD:A:L?EYJ?EHFE?GBY

NHLHL?JFHJ?NJ:DLB<GHXH?DE:
F.X.ljbdZahK:. B\Zgh\.K AeZlh\
GzZmgqggimdh\h~bl—em-f.g, ijhn_kkiG< Gbdhghjh\

Bkke ~h\agZbkbfhkifiebImArthAmeypbbj\hc]ZjfhgbdithdzZazl ey
ij_ ehfe gy fgumZah\lloeh]jZgiZkbebdZlghtH_jfhj njzZdIb\gNLY)
ki _délkdhjhkdbj f ghoez A bpjgapzZaz\ jrZxsklZ dbjfhh[jZ[hldb

H~rgbfbai_jki_dlb\gtsl _jbZehe&ykharZgwgn_dlb\gjlheh]jzZzffguo
hit_fguwe f_gheyxlkyhlH_jfhj_njZdlib\gkil_d¢lZ =heh]jzZffgzZwlbo
kl dezZjeZ*"ZxXNlukhdhébnjZdpbhgwma _dlb\ghklbvki_dljZewng]lleh\hc
k_e dib\ghklwkhdZyjfbq_kdztyilbg_kdgygghkhhlH_jfhj_njZdlib\guo
kl dhehal\heybkihevah\lZdb]heh]jzffguilbg kdwe f ghufhsguo
eZa_jgk|_tZohf wlih]hheh]jzffazj_]bkljbjh\2Ag\yluJkl_deh[ez”Zx]
\ukhdhabfbq_kdhklhcgb\hkiv¥xozgbqg_kdhgghklvx\ wlhfhlghr_gbb
ijZdlbqg_lkdiblebgzZxhkghff_jg_kdh]bq_kdkl hd&Z

<jZ[hl[uebkke "h\Zlggidh\hZexfhkbelkd Zdgdhevrbkh”_j Zgb _f
nlhj,ZzZdIb\bjh\ZglghugZfp_jbyk j [JEkmjviwKI_deZiebkbgl_abjh\Zgu
d\Zjp_\Um]eyigb|_fi_jZImMp00°Kbg_ZdIb\iAjdHKQ

< gZklhysjZ[hl [Juebbkke_~h\KguckI\Wt_fguaZah\dbeh]jzZfgz
kbebdzlghflH _jfhj_njZdlb\ghkf_deaZibkMeh]jzZffjhba\h”"beHd&k@d
eZa_jgPrebghegi35gfihkbff_ljbgghememqgkohd

Baf_ j _gmmyeh\kce dlib\ghkZlgghZ[hlijh\h*belgkZ\mdebgXiveg
\\b~rbfhic[e ZkHb&-Nee Za _j(h4633gf) bihemijh\h~rgbd&dXaf j6£8509f ba
adhehkih]ehs_gdblyeehb” &h]jh[j\br"bfhle[eZklIbzd \ jZ[hlbaf_jyeZkyv
"bnjZdpbhwagay dib\ghbhkke "m]fied]jZff

fieblm"gh*meypibh\hc]ZjfhgbdbhdZaZlijeyehfe gpdkkgblu\ZeZkyv
iml_f kjzZ\g_gbwdki_jbf_glZewafhj gghbh jZkq Ighphglmjih]leh\hc
k_e_dlb\ghklb

;uehijh\_~ &hzZz\g_difjZzaphhemqg_ggbd*bgZdh\hah[emqg _ldy
Cd eZa_jhtilebqgzZxsbalky jrZxsbwlzihf_jfhh[jZ[hl&bjZ[hl_ihdZaZgh
\ebyghzZ\ jrzxswiizilZ jfhh[jZ[hilgdlhg qdulhcklIl\EemqgqZ_ Ffoueh]jzZff
<uy\e_@Z\bkbfhkddkbfZevahglhg gbyebIimdb "meypibhp\hdzjfhgbdb
ihdzazZlijeyhfe_ gblkdhjhkibhl_dzZgbh¥\ jrZxs WwhziZz jfhh[jZ[hldb
JZkkfhljipie fehf_gvr_dpyf_gb jfhh[jZ[hIldEms_kI\_goghm"r_gby
dhg_qoouojZzdl_jbkhked]jZff

Ebl_jZImjz

1. Dmgbgk&khg Gbdhghj@xk, IZgur \Z2B, KZ\bgx<, LmgbfzZzglB\<
K\hcklI\BE[t_fgumZah\uljheh]jZfgZfmevibojhfgkilo deZoHilbda
Ki_dljhkdhif991. -L 70. —< 6. — K 1296.
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IH>OH>DJ:KQ?LMG:Q?GBXHIMKDHBHGKLIJMDLB<GUO
! J:F?LIH<HILBQ?KDBIOBKL?FMQBLU<:XSBC

<HAFMS?GBXYKLBIJM?FUO:J:F?LJH<
HX.ljhlzk:.G X*"bgH:H«GID«Kbkl_fiy _pbabhgagjb]hhjhkljh »yby
GZmqguaedh\h”*bl-dlkg :.< FZdZj_gdh
(H:H«GID«Kbkl_fig_pbabhggjb]hjhkljh »yby

<jzZ[hlhibkZQZ % Ih~"Zkq ABimkdimalheyxsmablu\Xhafms gby
xklbjm fudjzf IjhVjhp _kwdkiemzlZpbb

ljb kharZdbbbqg_kdibk|l_Hrgbbahkgh\gwdZihjh_dIibjh\Zgbey Iky
jZkg AhimkdihZgZelan\klI\bl_evgdoklbwd wibf*himkdZh~h[gu¢zZkq_|I
ij_"NihezZ]lZ_jl_hilbfbazZzpgbkl_fkmqg_IMhimkddhXbalhlh\e, JEd& p_evx
hp_gddbygblyafh gudfi_gkbjmxis@f_|jhiZdkp_evix j_jZkij_~_e_gby
AhimkdthY*mdhgkljmdlib\gwudbf glzibhfzZlbazppyp kkzZkqg_ftAimkdh)\
kbkl_fuhal\heyadzZqbl_emModyZIbljy fyijh_dlbjh\Zgblyd h~rgh\j_f_ggh
mqagblu\Zlhkevr_dhebqg_kikhzf_ljh\ebyxsbgZozjzdl_jbklbbidbg_kdhc
kbkl_fu

<gZklhys\j_fyjzkgzZlhimkdhilbq _kddick! _fuuihegy ,l&¥djZ\beh
AMmfy_Ih~Zfb_j\uckhklhblugbke_ giklgdbnn_j gpbdjdi\ joyZqg_klI\Z
kbkl_fuh \u[jZgguflhgkljmdlb\gajfzf_|jZk "Zevg_crbjfbkgz|lZ&b[h
mom”r_glZy_ kBZh[jZ _dbyhij_" _ezgblaf_g_oZhvbjm _fhihzf_1jZ
eb[hj_r_gb_HW[jZlghaz*"Zgb\ugbke _dboyl j\ZeagzZzq_glE¢zf_LjAgmljb
dhlhjhphom”r_dBg_kbt4j_\hkoh/goldhlhjhZ"Zgdhebgbguhjhé_Ih~
khklhbfh” _ebjh\Zlgbdh\j f _gdhilehg_YwydgZebabjmdhHgkljmdIib\guo
i1ZjZf_ljhAl ghfbgZevgddBq_gmyzfZzgZebld&vrh]l]dhebqg_kjl\ZebaZpbc
kbkl fikkh kemqgzZc\gh kzgguhbdehg gbMfbhh"FhgtDZjehH[Zf Ih"Z
AhimkdZWlL A glxklbjh\hd fh” _ebjm _flbk!| fm\ wlhfkemga&Zdjb
hldehg_dibMgh]hZdb g_kdhevddbj@f_I|jhhl ghfbgZevgad&q ,ghlykl_fZ
i _j_hilbfbabjmihlkyh[h~rgu&Zjzf ljzhij_~ ey fWh~bfuftxklbjh\dzfb
Hkgh\ggf "hklzldhbd ITh ey Illikyglhijb Z\IhfZlbabjh\ZgghfbazZpbhb
xklbjm_fuiZjzf _ljijbgbfz Rljh]hhilbfZevgagZq ,gplhg khhiI\_TkI\m |
AN cklI\bl _evghdHib j\uo ex[Zy] _ZevgZ¥klbjh\dXuihegy |kyg _dhlhjhc
ih]j _rghklivwij_ ~ ey ffipd gy fukh_ ~kI\Zdbgljheyh\lhju,oxklbjm _ fuc
iZjZf_1yohrwdkiemZzZIKpblb fuh" _IhldehgylkkYhklb]gmlhilbfZevgh]h
agZq_.gblyke_"ghkh[_gdB ghlzddzdkh\_jr_gkl\h\Zighba\h”~kI\_gghc
dhgljheogphf _jbl_ev@hizjZIimjweby | hkgh\ghgZklhbfhklwva”_eby
azZzdezMu\zZzdhgkljmdlb\jgu_gbyh xklbjh\hqguti®\b dzZlb mae &fijzZ\
"himkdZxgskbbjh\dkmhke "mxsbdd] _ie gihyfh\ebyx§zZfzkkh]zZ[Zjblgu _
oZjzdl_jbklk8kl_fu;he__lhlh \ jy*_kemqgZw\bj_r_gbywyzZdez~u\zZxl
"hihegbl eVjigmbqggumkeh\dhilbfbaZpdbixfbgZevgigkljmdbeaZ eby

<jZ[hlij_"eZzZ]Z flkypnbdZzZplbhyh]hi_IhrZ\h[h*gZiyhagZq_g\guuo
g_"hklzldhrohBkihevaWkljih_ggkij_"klipgh]jZzffbjh\Zg&KoyJZEMAX "ey
kha*Z&hybilijh]jzfff bihal\heyngblu\Zhafms_ «ikybjm_ fhEjzZf 1jZ
\hagbdZxsibke ]JhhilbfbazpWhh ezZ\Hafh guffh® _ebjh\kdbyghZdbo
yle _gbdzZzdkf_s_ghbxklbjh\hqguo*\b ', dnijm]hkdbdkbjmxsiidbq_kdb_
we f gfZl _jbZeb\li. Kdjbilh\ugZ”~kljhcdbhal\heyxhemqgzkVvZIbklbdm
dzq_kkvWwZgzlh@ir_mihfygmdddlhjbijh]Jghabjh\dloshTth*guma” _elblwe b
"b\mqg_Kdbkl _fulhgghklbxiheghlhg ~hkimighkigh _gguyfr_gbykj ~u
ZEMAX.

HibkZggulk"oh#®jhbeexkljbjh\Zzgfyijbf_jzZfb- jZaebggudbZkkZfb
h[t _dlb\hebgah\hd ihi_j gghcklbjh\dhebgak ihke_ "mxsnlkdkZpb_c
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] jf _Ibdhd _jdZevghyfZdehgy fafhdZezdbjdZeeblgah\kfijbf g gb f
dZzdZdehgh\Vd4dihi_j qguf_s gbelhga

Dexq_\uj_bfms_kijZrez]z _ fihfhoh2AukhdzZylhfZlbaZplhy kbZ
ijhba\h~bl_evgahkde|kyZ\gbl_evMbpklzZz¥~Zilbjm_flkPaebqggdid Zkk Zf
hilbg_kdkibkl. Bamg_gb pbnbqg_kiddhghzdklbdkjdilh\ehdjZkgz?Maimkdh\
K:1JZEMAX ijZdlIbqg_lkdih_ "klZ\egZljm~g "ehex[h]hhevah\ZKbey [fu
bkihevamxskYh _ ih\k_~g_\pghldlyaudPL.

lj _~iheZzZ]Z Ikih~h\_~ g _"eh  _gghhhoh”"Zh bg g _ jgkt_ i _gb
ijbf _gbfhkibbhg ~j gblhijZzdlbddkg_hZlbg_ kd&kihkl ihal\hebdfgZgbl _evgh
mijhklbly mkdhjbjZajzZ[hldmjhdh]deZkkRzZkhdhdZq_kI\ hgbup kdbo
ijb[hjh\k xklbjm_fufe f glzféz]h~Zygafh ghkkbZlbklbqg_ kdhadb
\ebygh¥atxklbjh\dbagbdzZxg_¢hkj_"kI\\gphp_kkZ[hlba”*_ekyZg_|I
\hafh ' guf szgzZwlZidhgkljmbjh\Zgblyalhlh\e_ ¢gbylgudh[jZap\ k
fbgbfZzevgujfo\e g _gbwdki_jlghe ghgd IThevdhh]ghabjh\Blbw~rZ fh _
dzZzqg_kb&h[jZz ,gby¥ebam\iphp kkwdkiemZIKipllb fghbhilbfbabjh\Zlv
_ZZkkh]z[Zjbbgwdhghfbq o&jZzd|l _jbklibdb

M > [B535.243

KJ?>KL<F?LIJHEH=BQ?KDHIsRAKI?Q?GBY
IJHKLJ:GKL<?GGHKIPDLIJ:EVGH=B:EBA:

EHD:EVGUKRK<?LH<UMHE?C
<< Jh _gph\
GZmgguedh\h” bl-¢eNg, ijhn_kk@djD FZf_~h\

Kh\j_f_gglug” _gpZla\blthylbg_kdblhoilhwe _dljhgjdjajhb kbkl, f
nhjfbjmxsblo hlh[jZ ZxsbhbamZevdmgrhjfZpbd _~ty\eyxilh\ur_ggu_
lj_[h\Zghydlhqghkibj _*"Z@glbh[jZ _gllZabdboki_dljZevgktklZbrg _
lhevdigZiehkdhkldh b \ ijhkljZzgkI\WILh\ k\hx hqg_j,"W[mkeZ\eb\Z |
g_h[oh”"bfhkkwms_ kl\e kibydljZevgZ]JghZeb&¥X Ih\uohe ,cy\leyxsboky
ijhkljZgklI\_ggufbqg_kdbfbh[jZ gbwflbo mihfygmijbéhjhbkbkl. f

lh~ h[gulj_[h\Zghkagbdzxlk\yalk | _f qlhhilbg_kd®ZjzZzdl_jbklbdb
g_dhlhjupb[hjh\b kbkl_faz\bkyll m]Jeh[ahjZWIlhijb[hju b kbkl _fu
bkihevamxsib*"dhdjbklZeebdZkjbpubgl jn_j gpbhlgglhieyjbaZpbhggu _
ihdjulbyZgbahljhidgdl jbzewul”, Z1Zd _ ijb[hjub kbkl_fubagZqgZevgh
nhjfbjmxsh[tzfghhah[jZ _.gb_

GZebgbgnhjfzpthbki_dljZevgdtitklZ\ehdZevgkio Ih\ubhe ,crZ, |
\hafh ghkbkkqzijhkljzgkl\_gphh_~_e |gkploilbg_kokZzgzdl_jbkilbdi
ki_dljZzevgegtylghkiwg j] _Ibg_kpdhckiBze KI?Y, ki_dljZevgelylghklv
wg_jl_Ibg_kéhcs _gghRkRlbe KI?H dhhjr*bgzdu_Ighklbkbkl_fex[h]h
p\_Ih\h]hhkljZzgkI\BE .~ LzZd _ \hafh ghkivj oh”@ j_ "mpbjh\Zgguf
nhihf_ljbg_KdRtbgbglZzf\hafh ghkkbkqgzhZlbqg_kdlzgzd!l_jbkjbihjh\
bkbkl,bkihevamydljZevgyb\ugm\kl\bl_evdhRlIkevgoblhijbzfghdh\
LZdhah”oh”hldju\Z _il_jki_dlb\imp_gdbhgghklb_ j ~Zgbah[jZ _gby
kh\f_klbfhkhg*h[gulbkl b ijb[hjh\WIhhkh[_ggh gh_kebgl j kmxsb_
ijb[hjub kbkl_fgzZ[ex"ZxlkyleZahZ”Zilbjh\Zgdadf_\ghfam_gbxXijb
|_fgh\hp\_Ih\hE”*"ZilZplgbeh\_q_kHhdbBebq_j_&i_pbZevdkibkl_ fu
gZ[ex” _,gZijbf, kbkl_ fahqgh\di™ gby

Hkh[mxdImZevdhkjivkh\f_klbfhkibbqg_ kdbalhwe dljhgjdybjh\

b kbkl_k kbkl_fzfdhggh}lb”_gbyf N Z\bZpblg_\bfghlh\ mkeh\byo
kh\j_f_ggh&xdlbdibehlbjh\Zgblyf_g_glke 1Zl_evguoZjzlh\g_"he gh
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aZ\bk hiMj_f_gkmlihddmkeh\bc*bfhkIWlthagzZqd_h[oh”bfhkdé g _gby
| ogbg_kKdbokl\hal\heyxs\boklbgZ[ex” dgimkeh\blygb  gghikc\ _szgghklb
b hljZzgbq_gythebfhklilreylZdbe_e_wdbiZz bha"mrgkon” "hhkgZszZxl
gZre_fgufigb[hjZfbghqgh]db”_gbi#H[eZklgm\klI\bl_evglZzidbojb[hjh\
gZoh”blkeb g_bgnjzdjzkghfdljZzevdbZiZahglzd _azo\Zlu\gdZklv
\brbfh]ki_dljZzevghjBEiZzah@Qmh\klI\bl_evghikllvjh\ghgqgh}b”~_gbkdhev
\ukhd@lhbaemqg_hdhilbq_kdhdlhwe _dljhgjbdbjhbkbkl, Ahjfbjmxsbo
bhlh[jZ ZxsbmamZeviggmhjfZpkdk _IgZjmrbbwjZ[hlhkihkh[gWKh\
k\hxhg_j,kéz\bdzZzrzgthzilZphibbqg_kddhdlhwe _dljhgjddbjhbkbkl_d
ijb[hjZzghgghh"_gby

Dkh Ze_ghpb \k_&ZdIimzevghiglbklhys\j fy\ Jhkkbckd&dhec' _jZpbb
djbl_jbb f_Ihruhp_gdkl_i_gB"ZilZpbbkh\f_klbfhkdbjZajz[hlZdu
hikmlklI\miIlh*"bq_kdbghjfZlb\guthdmf_,gluij_~_eyxsbj_[h\Zghbdy
bkiheg _gibhx_Ih*heh]bkiulZgkZc*Zilbjh\Zggubq_kdibbilhwe _dljhgguo
ijb[hjhbkbkl.  f

Ba\ _klgZlyjh\ZyijzdlbdZ r gby'Zgghaz~Zgbkgh\ZgZ baf_j gbb
ki_dljzevghehlghkllwg j]_Ibqg_kyjddh klbz*Zilbjh\Zgghidbq_kd b
hilhwe _dljhgiglijchjh\b kbkl. fiflhgZr_frig_ghxlZdZ¥_|h*bdxf__ljy~
g_"hklzldbf_ggh

lhg_qghlolZjzdl_jbklbddh\h]ilmeyl . ijh\h~ybaf_j_ gblyqdkgZz

baemqgzZxsh\c joghkbdZilbjh\Zghghpg_kdibhhhlhwe _dljhgph[]h Z

belkbkl jfulh\j fydZdaemqzZxyw\ey IWph\ _joghklv

hlikmlkli\img _|lghkljZzgkl\_ggZlkij_~_e_g#gbylh\h]lilhey Baf_j_gby

ki_dljZzevgédlkelghkibg j]_Ibqg_kjdhdkligh\h~blkKhevdih ghjfZed

baemgZxshc joghkBgnhjfZphy mJeh\h#kij_~_e_gbbdljZevghc

iehlghkwlg _j] _Ibg WwWdh&hdkmlklym _|I

hikmlkI\bng_IReh _gbkA_Ih\uohe.c:*Zilbjh\Zgghilbg_kdb_

hilhwe _dljhgghuyhjub kbkl_fujbf_gyxlkdhfie_dkophzZkkfzZljb\ZIlv

kh\f_klbfhkkvijb[hjZzfbghggh]tbh”_gbiyh hI*_evghlyl\ey_ Iky_

dhjj_dlguf

hikmlkli\bng_|Z fgh\h&”ZilZpmb eh\_q_kdé¥mZA _magblu\Z_Ilky

kh\f_klbfhkhzZilbjh\Zglgidbq_kdblilhwe_dljhggaujdnjh\b kbkl_f

lezaha”Zilbjh\Zgdgghqghéam_ gbx

lj_"eZ]Z_gzyd_Ih~"bdizkkgh\ZggZdyhkljZzgkl\_glgihfdljZevg@lgZeba _
ehdZevgkiho lh\ubhe_ _o_kh” _j bhlf_qg_ggluwr_g_"hklZld\e_Ih]h
ijhkljZzgkl\_ggukci_dljZzevgugZgZebah[_ki_gbl\hafh ghklvihemqg_gby
ijhkljZzgklI\_ggbklhj_"_ e lgibyljZevgeltlghkihbg j] Ibqg_kkhces gghklb
dZdbkohr*gmZjzdl_jbklihéwg _iheyjbah\Zdpaglelhq_fgdy*ZgghehszZ”b
k\_Th\hiheybaemq, gbhyha\hepdkkqgblBivbq_kdkZjzZzdl_jbkllblgimdlmjm
ki_dljzevgbklZ2hdZeviuoh\uibe.c

ljZdlbq_kdZy¥YebazplEygghtt Ih"bdh_[m_¢§ h[oh~bfhkubheg gby
ke _"mxgBfhl

bkke_ _~h\ghgkljZgkl\_ckdhmdIimghdZeviuoh\ube ;c

ijh_dlbjh\Zigbalhlh\e Iglmgbq_KkKdbokif\ Ijheh]bqg_khdh]i _qg,gby

hkgh\ZggdphkljZzgkl\_gghtdljZzevghZeba

jZajZ[hifdhmh~hhaf_ j gkiydljZevighhdghkwly j] _Ibg hkdhs gghklb

gz kghljhkljZzgkl\_glghldljZevgglhebaz

ZIl_klzZpkoy \g_"j_gbkj_~kI\f_ljheh]bqg_kdh[hki_q_gbylZgZfb

]Jhkm~ZjklI\ _ fgdjhceh]bqg_kdmc [LN
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>Zggudhfie dE[hlihfh™ _Ij _rblvkms_kl\mxsjph[e fug_ Ilhevdh
p_e \wZ" "ZgZbkiemZIlégpbbl evguiZjZIh\mkeh\bgboh\d” bfhkldghb
kihkh[kI\h\yZFkv gbXgZeh]bpgdraXgZaebqdyeZklgdmbb oghdihzd _
ihfhlmEa\bldx hjblb\_Ih\ibe.c

M > [B35-15

<EBYGBWJ;BBE:GL:G:G: K<HCKL<H;T?FGUO
N:AH<UGHEH=J:FFIHEMQ?GGU®D HKGH<RHLH

L?JFHIJ?NJ:DLB<GHXH?DE:
H< JmAbdhiXK AeZlh\
GZmgqgpedh\h~bl-em-f.g, ijhn_kkig< Gbdhghjh\

lih\_~ ghkke ~h\Xgbgkh[t fguoZah\jbeh]jZ&fzkbebdZIghih
| _jfhj_njzdIib\gtNLY kI _dee ]bjh\ZgdhigZfbzglzdzwj[byljh\_~ gh
Kjz\g_dgikoh~gNJhakl _d&BZglZghbwij[b_\uLJIKI _dezfb

HrgbbazZzdimzZevgaigZ\e _gihdhgbgbey lkharZgEza jgklokl K
bgl_ljbjh\Zggwfhljbj _ahgZlhpgudwZezwWdaz "z I[ulvj_r_gZjb
jZajzZ[hldh\ucezZa_jgasnl_jbzZeh\dhlhjudhafh gkheh]jZnbqg_&dikv
[jw]lh\kdbo_Ihd

D gZklhys _fmf_ghh[t_fgunZah\ulheh]jzZffgZhkgh\nhlH _jfh
j_njZdlb\gkilodlgeZzoh™kl [he rbjhdhijbf_g_gbeZa_jdhogb[dl. Gao
hkgh\\hafh glkha~Zggw]]h\kdkb_jomadhihelkkgdlgZevgkioe dlhjh\
nbevljib\\gmljbj_ahgZlljgud@eyhsgud\_j~hl_evéuibemijh\h~*gbdh\uo
eZa_.jbkheh]jZfoguNLIKl _deHjeezr"ZWikhdhbnjZdpbhgwohc dlib\ghklvx
ki_dljZevglleh\khce dlb\ghkligbdlkmlkl\klbljZgbah[jZ _dghyhp_ kk _
kgblu\zZgbly g | h]jZgbg_gbZ \j fy bo "bagb NLJkl _dea[ezZ"Zxl
\ukhdhcobfbqg_mdhccgb\hkbvt oZgbg_kdhqgghklvhgb\u®_ j b\Zxl
\ha”_cklifbbsgh]d ij julghihifimevkgddla jgbhaemqg [Aby

<gZklhysjzdhlijh\_"~_ dakke_~h\&k§hgkH[t_fguonZah\dbeh]jZzifz
kbebdZldhfdkl _dee_ ]bjh\ZgbhigzféZglzgavj[byZkkfhlj \dafh ghklv
ihemqg_dly fguazZah\dbeh]jzfdzkbebdzlghflH_jfhj _njzZdlIb\gklf de
Zdlb\bjh\Zgightdha_ f_evpbgzfBkke_ _~h\\edlyghebl _evgtikemqg_gby
| _jfbq_kdh¢Z[hldpgheh]jZnbqg KkidbdljZzevgdjZzdl _jbk]jb@idha f evgh]h
nhiH _jfhj _njZdlib\ghdh deZVvdki_jbf _glZewvkitZgh\le qdh *bnjZdpbhggZy
wnn_dlb\ghhkleh]jzff wj[b_\ub eZglZgh\wolH_jfhj_njzdlb\gkbd_deZo
"hklb]zZ[he 95%. Wdki_jbf_glZidwdgazZghih kjZz\g_ghkxy _Zdlb\bjh\Zgghf
nhiH_jfhj _njzZdlib\ghlf dehW_ "~ gkeZglZ§Zhevrbdhgp_gljZpbWa@jZaz
mf _gvrZfddkbfZevghhZg_ ghfiebIm~Mh*meypibl\hc]ZjfhgbdihdZaZzZl ey
ij_ehfe ghyhklb]ZadZq_dgme,5x10". BgZh[hjAl_~ glj[byIbibgguolh
dhgp_gljZphkehdo\ ebgbfZdkbfZevagdZq ghhiebImfa meypbp\hc
1ZjfthgbdbdZazlijeghfe gthy ebqbqel,05x10.

Ebl _jZImjZz
1. P. Hariharan. Optical Holography. Reiples, techniques, and applicationShapter 7:
«Practical recording materials», i@aridge University Press. — 1996.3-95-124.
2. Gbdhgh@d, 1Zgur_\ZB, LmgbfZgBxZKZ\bg< Fmevibojhfgu deZz
gh\Zkj _"Zeyhilbq_kdazibkibgnhjfZpbhjm~rwk.kbhgmHilbg_kdh_
bah[jZz _&b Jbkljbjmxklh_ "W E Ba”"=HHR990.-K 48.
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M >D01.891.3

>?DHFIE:G:JGHKLUW<?JOGHKLHMILBQ?KDHICBKL?FU
2KJulh\z
GZmqgjedh\h~bl—ekg, ijhn_kkkj. A\_j_\

Djzldh\kImie_gbhklZgh\dia[e_fuljbjzZajZ[hldhgkljmdigbhfu\
dZqg_kldhgkljmdlhjkdagjbgbfzZz IkeghkdhKlevzZ\ghkhqg_ghy iehkdhklv
i _ji_g"bdmeygbdlhb j k _qg_gbphgbidd\ _joghk(]jZg) ¢jbafuH”*gbba
gZb[hejZkijhkljZzg _gfgubd”"hjyzZkqg_IZIjZz Z1 _evguwf y\ey Ik¥a\ jldZz
hljz" _gbcehkdhRew\ghjhg_ghkihfhsvxdhlhjmhklb]zZ Kikyfe_ _gbh”Zz
emq\ckbkl_fZehkdbeo jdZeijb\_"_ghljZz ZI|_evgjmfd wd\b\Ze _glguf
iehkdhizjZee eegiibgdidb balhlh\e _igbhf\k_]*"\hafh™ _lgemgdbd]rz
hrgBaljZg _igbafuhdZau\ZglkigjZee edghgbibj k g _fby'mjm]bfb
liZogyflwzijbf,_ ) ijyfhm]hevgbaf_ijbafd] \jZsZ_ NNkwmk_q_ggmxfb2m
Mlhd_ "~mj_[jhfi_j k_q_d¢bmdjZg_biehkdhklVvixIv_¢jZglgzZaulZ |ky
hrb[dhébjzZzfbrZevghljbbihyle ghbjzfbrZevgmkkieh\pZa\ jlu\Zgby
iehkdhizZjZee ieevghixggnkdhegdhmrzZ, kkijbafzhzdlbqg_ kdokl\ndad
debghg_oZeufij ehfeyxstmi]eh& ebgbmieidbjzfbr"ZevghklbklI\ _ggh
kgblzZNv ebgbgfftzeehc<u[hjm]eZeyhij_ "~ e dpyh\ZghyibjzfbrZevghklb
ijbafuhij_~_ey_lkyZabjh\Zgbdhgkljmdpbbqg_kdm]hljhckl&hdjhf_
ijyfhm]lhevigbafu:J-90 b __ijhba\h”gdlogkljmdp\tha kI\ ZiftbjZfbr*Zevghklb
hlezr"ZxZdbijbafudZdhemi_glZijbaWwd, jZ\gh[_"j_gigBafz<J180,
ijbafRfb" 2345, bboijhba\h”rguhgkljmdpjlbbgZdehly*ghlzajZg_IZdbo
ijbaf dZzdhf[bq_kdi{lyafz; K0, ijbafzZzE_fZg<ZEO, i_glZijbafZ-90 b bo
ijhbal\h~*guhgkljmdpbdgzfbrzg h[jZam_IKy ke_"h\ZI|,evigdpbfZgb _
ibjzfbrZevgtgblig ijbf_gbfh

P_evjZ[hlu Ihbkdf_Ih~"Z*ey "~bgh]lhibkZgbyYhimkd@Z hrb[dm
balhlh\e/\@Zypfgh]BEkiheh  g@EyhgbbehkdhklijbafjZaebqggloh\b
dhgkljmdgBb[heheghl\ _gZxsljc[h\Zghy¥fabjh\Zgby

:Zah\uiheh™ glhkke ~h\zZplyghfbgZevdhgkljmdigbhfghjfZed
ij_ehfeyxshifzgyifZzjZzee evagrukdhKexz\ghkhq_ gBwhkmlhZkiheh  \gu
g ,cl.. \k_ghjfzeb ]jZgyfjbafdhfieZgZjdpb beb[hevr_gbkeh dlhjh\
gZau\Z dkyieZgZjgufkehgb[m” magjb\ "~ ggudbh|[s_fngZgZem ZI\
hrghiehkdhkPkehbh”~rgBEajhlb\he_ "ZgsbpnmjZg_gZdehgdgZimhghjfZev
dg_¢m~™ d_dhfieZgkpjgfzZeytljm]bffjZzgyf?kebehkdhkéeZ\ghHhqg_gby
ijbafulu[jZgX dZqg_kINZah\hih ghjfZed ex[hc]jZghjbafufh  [Julv
dhfieZzgzZjgilhcehkdhkdbby dhfiezZzgZ}gdhfiezZzgzZigpZ.cLZdhih*oh?
ihal\heyhgd gbtvdhfieZgzZjghlfzZebex[hdjZghlghkbl eengthndZah\hc
iehkdhkKoe ~mbfl IW\bAmglhijb hij "~ e _dpbh\Zghic® _dhfieZgZjghklb
ih\_joghklijbafuke_~mmbgblu\zZimkeh\pZabjh\Zgby joghklijloafu\
ijhp_k#8hgljheyzjzf_ljh\

> dhfiezgZzZjgihklvyoghklijloafuijb\h~bH hldehg_gtbkk \hlgemgZ
ke _~h\zl,éhgllbg_kdkdhighfbgZevgihéh gby

>ey[hjZzqgb\Zlgdly[jZ _gkg]bllZevigh&kdhk]bf_gyxéb[lkhklZ\gmx
ijbafm eb[hazf_gyxhljZz Zxsmxh\_joghkliybafu "\mfyhljZ Zxsbfb
i_ji_g”bdmeyjgyfib]d *jm]mehkdhklyfipb wlhfebgby_ j _k_q_gblpo
ih\_joghk(i_¢jhdjurbijbafu~he gé_"ZNiehkdhRelz\ghdhq_gH¢gzZdh
ijhp_kba]lhlh\e_igbgfuj_[jhdjurbfh’ _IhdZaZlgkiZjZee_ eviguikdhklb
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lezZ\ghlk_q_gbirb[dblZdh]hh”rZ1Zd _hibku\ZxlkWhhcklI\ZfghjfZeb
hljZz Zxsilt\ _joghklb dhfieZzgZjghklvx

Hkgh\ghcameviIZj]l amevijZ[hlfueihemqgf dh4Zkq 1BEimkdpbdaf
Ke_ "h\zZl,d¥dhkihkhihal\heyhd gbtvdhfiezZzgzZjgmhlkfZebex[hdjZgb
beb* dhfiezZzgzZjglhktMd [Zah\Hehkdhklh diehkdhk]l&z\ghkh g_gby
hibkzZMhimigdhrb[dma]hlh\e iglhafu

M >[B35.317.1

KIHKH;UIJ?H;J:AH<:GBBAEMQ?GBY
IEHKDH=BKLHQGBXK<?LH<MKJM ;DM

J-AGUQ:AF?JHB NHJF
B.X.KZglZebgz
GZmqgguaedh\h”*bl-eNg, ijhn_Kkkkj. A\_j_\

ljhfure_ggZly[jZ[hldZI|_jbzZekiZedh ghdah[eZkl_c
gZb[herbjhdh]bkihevah\2Z2¢gmmy jh\ij_"~_\k_]heZa_jhikhdhdsghklb
EZa_jdmemq_iphf gy lkey aZglbk\Zjb\ZdgBYy jbZel\ _je gy jklbc
bl jfhh[jZ[hldpjZz[hldbhgdbfolZeebq bdbd |Zeebqi&kdhbbithemqg gby
gZgbgbkmgdhfibdjhko feyuiheg gllzydb@zZz"Xd_ogheh]bq nkidiZzg h\dZo
bkihevamikOmkZIimjudmkbjmxsbkljhchlHkgh\gZmgdpltzydbmkljhckl\
wimhjfbjh\ZgbhzZ* 1Zegm ghey_ZebaZlpmgheh]bqg_ikdp]llkk&hlghklb
fhsghklbnhjfuknhdmkbjh\Zigohd B

GZbklij_"klzZ\eijhXKlZWh[bjZ|_e\edhylZ[jZamxsBy
kn_jbg_kdlhgjZpblbah[jZ _dbdpdb

Jbkl. DZmkIth&Z \hjimgdeZmq ifb kn_jbg_kdhc jjZpblp_lv_]hhjyrdz

Kn_jbqg_kdhcjjZpbgZau\zZ_¢gkdjmr_gpbhfhp_gljbgghklb
imgd&mq_cjhr_"r_Jhg_j_&ilbg_kdhkkxkl_fimn agzZjmr_gkpff_Ijbb ]h
kljh_gHyb wihh[gZjm b\Zk\kRyh[jZagd§yZmqdezmg \eoh”~ysbag . D
k_f cklemqg wlh]hmqd2_ "~Zsbof_jb*"bhgzZevgh&dhkfbh ghihkljhblv
hlb[Zxsmkhke ~h\Z|_ dv&ZxsmXky owlbceemg_@ gZaulzZxzZmklbdhc
DZmklbfdmghhij_"~ _ebdzZd_hf_Ijbqg_kfdtkklhlhg_d_j _k_qg_dbkdhg_qggh
[ebadBdojb"bhgZevgmq icngdZ Zf |» _1Zdbemqgb j _k_dzZxlIkpjjZam |ky
klms_gd_Ih\lwg _jlbgZszZdZmklIblkldyml)ilbqg_kdtkbihemqg4dht_joghklv
oZjZdl_jbamisimZgkl\ gmgmkmmaqddnqg_c

GZbkl ihdzaZghlhqdb j_k_g_ghyy kdhkvxazZihegyxl
hlj_ahll IThqdAL *h lhgqd. WIhlhlj_ahy\ey_ IKyhf_ljbg_kdbklIhf
i_j_k_q_pbkdhg_ fethadld]]blZevgmag Ihrwlhfrakz] _hf_Iljbqg_KdKkIlh

63



lhg idj k_q [;gbyadbmmgkbklhbbdhehdhehh[jdAmikébq ikdhjoghlblb
hlj atzlbqg kdkdgmljwlhich\ _joghkidpjZamxsdZifluyaugdtiehdhevqgbdZ
AZf Ibglh\ I1ZdbobhqgdZighbkoh”klms_ ghk\ Ih\heg jlblgmljljm dh\
JjZkk_ygby

?kelmeZ\eb\Zxkah[jZ _gbdjZigh\f_s_lglhgdh&, Ih
jZ "bmkdjm djiZkk_ygbgmqgZz "NikyhevpthevrbfGhwg _jlhZkij "~ _ey\lky
wlhfdjm dhq_gg_jZ\ghf_.jMihqgdBy, 1*_dwdjZgmoh”ihikljbdZmklbdb
kha~zZ ykdhy”jhkjz\gbl_ewgféh]hbzf_[jZzmdjzZzyjm djiZkk_yd&kidylh\Zy
wg_jlbwkljhz~rzZ |

<f_kl_]"_emdjhoh”ystyc j_lhqday, i_j_k_d@blrgxx
\ I\dZmklbgdoh”"bbtkdb[hemadh klhimgdegmag kel j g kwadjZ\gwlh
f _kLhih~"bzf Idjm dZkk_ygby‘klZ\ey \I\Wy* yjdh]dhhe gdd&a”_ kwdjZg
i_j_k_ddZmklbqg_ikdmpoghklv

ljb gZebqglkbh _jbqg_kdhcjjZzpbp Iv_]b iylh]lhihjy~dh\
dZzmklbjbgbfZz \b2ij ~klzZ\e ggddk2Z Ihf_sZwdjz2\gjZagufo klZdu
ihemq4Ztgd_hf _ljbg_kdbf jwlg4{Zkk_yelnygkt JDkoh”ysthabh”™ghc
lhgdip_~f_1Z

Jbk2. 2 DZmkIth&kZ \hlimgdeZmq igb kn_jbqg_kdhcjjzpblp_Iv_Jhiylh]h
ihjyrdh]) dZmklIthkZ \hjimqdeZmq ifb kn_jbq_kdhc jjZpblp_Iv_]Jhylh]t
k_Avfhlimjy~dh\
GZ jbk2[ ij_"~klz\e_dZmklbdK_\h]hmgdZmqg_cjb
kn_jbqg_kd&lhgjzZzplblv ,Jiyvlh]bk _ ~vfhihjy~d.h\
Lzdbfh[jZzahfbf_yij_"klzZ\e_glb dZmklbdu fh"  _f
ij_h[jZah\u\eZda_jdlaemqg \gBhaebqggrhxfm
>eyZa_jghadibk\Zjdd hg _dlgdbo |ZeijbgpbibZevgh _
agZq_ob_ ¢ Ihevdhi_j _gguzaf nhdZevgly]lbzZzghbrebgZj ly dglh
ebrgbgzaih”™\_j " ~Zihlj_[ghkhvnhjfbjh\ZgeZa_jghldemq_ghbp"_
pbebg”jbg_kK\dhi\hjon[db
?kebih\_joghkilehkdhJhaemqgzZl(g&yjbf, jlhj _peza)jZz
kh\f_ _klbdihgdhecbgahHb\ aZz*gnbdZevgdltkdhlelbgailnemqghk\_s_ggmx
ih\_joghlilbzf_bhlhjhigbdjm]ehbjf baemqZzjZey
Dy 2fCtgW, (1)
" fc-nhdmkghkklhygebga\y — m]eh\jZkoh” bfhkdemqzl_ey
ljb wihdazZ"gghkehWZiyjlmebgaud\gZ
. Do
sin Vg | Vg 2f ¢ (2)
ljbjZ\gWwujzZ" g@yb(2),ihemqg4Zf _gklithe \hbZi_jIlmjgimheh\
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A/ (3)

ljb fZeht_ebqgbighe \hih]eW, Z ke_~h\ZIl,dvgh jimjghYhbijb
"hklZlhgdtevrht_ebgbgbZf_|jZaemqgZDgeyj_[m_fXyebgbgBEdmkgh]h
jZkklhygbMbq_kdkbkl_fudh  _| hdZzazlwkkvfZdhevrhcl. ijbf_g_gb_
hilbg_kdbdk!|_fihal\hebHemqglkWV_Ih\mpm[dfbZf_IjiDy b\_kvfihevrhec

"ebguZ\ghd Dgy/2W.

>eyihemq_gky Ih\h¢jm[dblj [m_fh]hbZf IjD b
khhi\_lkl\mxstebgu\hkihevam ZkhwdZevdgkbk|_fhd_ie_jh\kdhhhZ
nhjfbjmxsbah[jZ _gm]leh\um\_ebq_,gE\duf

. fi¢ W¢E Do

1]l e

Hikx"Ze ~mbah_kldghhckIkh_Ih\hjan[dBDgW DW .

AZ~Zirkljh _ghy[m_fhke Ih\HEm[dbZd fh ghji rbly
_kepzZkkfzljb\Z hiikbq_ kdkbk| fm ebdhZf gbi¢gbf e h[t_dInahf
ljib wihff_gywgZq dbzf IjhX ke ~h\ZI,dvemhehk\ Th\Zym{dgh |
ijbgbfzivhjfrdhgmkZ

LZdbh[jZaht ~Zggh&[hlihdZaZgihkh[ohjfbjh\Zgby
eZa_jghiemq jghgydaf _jbwnhijf

Ebl_jZImjz

1. Qmjbeh\kdd®d¢ _hjbilbg_kdjpbdhjh\F.-E: FZrbghkljh .-g1066. — 564

2. Jmkbgm¥F. Dhfihabphiybq_ kdibk!, E: FZrbghkljh, & gbghlagh,
1989. —383k: be

3. A\_j<Q:., Km\hjhBX./ Hilbq_kdnggZe75. —< 6.—2008. K 71-76.

M >[B35.212:621.372.8:666.22

KHA>:GBIE:G:JGUO<HEGH<H>H<
G:NHLHL?IJFHJI?NJ:DLB<GHKL?DE?
F?LH>HI7\g+/Na+-BHGGH=H-H;F?G:
?2F.K]b[g, KK Dbk _ez\
GZmqguaedh\h”*bl—-eB B]JgZlv_\

Kharzduz”b_glghilbqg_kdthegh\h®&ZnhlH_jfhj_njZdlb\gkf_de _
f_Ih~"hAg+/Na+-bhgghhff_gzjb jZaghkhhlghr_gdbbgp_gljZzgbbihg_glh\
jZkie ZWONOs/NaNGs. IThkljh_guhnbebhdzZazl_g_ehfe_gblyegh\h” b\
hij_ ~ e a@Z\bkbfhkh¢meypihlwzZazZlijeyehfe_ gd¥ih\_joghkipjZapud
dhgp_gljAgN®; \ jZkieZNbbhgghf[f_g_

NhI-H_jfhj_njZdlb\gu(NL)Y kl_dezy\eyxlkygZ k_]h~gyrgbt_gv
i_jki_dlb\g@Zl_jbzZehéybgl_]jZevihiddbBkihevam dddvnn_dlb\guc
nhihj_JbkljbjmxX&bcjbZ2ewzZibkijtzfguomZah\jilveh]jZfNLJIkI_déHE]m]l
khg_|Zlk_[h”*gh\j_f_edla_jgahhegh\h~ guhck]\@hhldju\Zz\Hafh ghklv
kharZghpohkghVhebnmgdpbhgZreklghiokieyogl _JjZevhghbodb>jm]hc
\Z ' ghtkh[_gghkNWwJkl_deydey Iklgafh ghkilvemqg_dbghkh]l]ehs_gby
k\yaZggliceZafhggufahgZgkiinfeehb gwghqgZkkbp [[jAh[jZamxsbbky
hfemqg_godwl k\_ThfgzZklyb[jZapi4b |_jfbg_kdhEZ[hldWIhhldju\Z _|I
i _jki_dlbbkihevah\RdgBbyl deéZkharZgblhk gkhidXafhgdhegh\h”h\
ZIZd "jm]bj@aebqggulbljhcllyl_]jZevghbdhzZ[hlZxsZhkghwnn_dlZ
\hagbdgh\iegdafhgh)\
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Bkke_"~h\ZgFafhggwan_dIh\WLJklI_dedokeh gy dkyhafh ghklvx
balhlh\e _Ighhblol _dtkebagZqgzZaughdhdhgp_gljZkbjcljZ2 " "ZgghZ[hl_
bkke “m\hkafh ghkhkx _ebq dtbgp gljZipbjb [j€ih\_joghkldedydL J
kl_déZlh"hbhgghljphf_gZ

P_evXZggh&[hluy\eyehikwke ~h\Xlgdfh ghkjh\_~_ gAgy-bhgghlh
h[f ggZNLJkl _dezZlzd ihemqg_gBE\bkbfhkhbebq ipdyaZlijeghfe gby
Z ke_"h\Zl,ebghhgp_gljZkblh_ [jfHZih\_joghkkd _del&l khhlghr_gbb
dhgp_gljZobfbhg g)BEXie ZAGNOs/NaNO; ijb bhggf[f _g

Bhggur[f_djh\h*"bekyZkieZAgNOs/NaNQ; ijb|1_fi_jZIn8p0°K\ |1 _q_gb_
1 qZkZ&zZjvbjm _fuZjzf _ljhfy\eyehkWwhlghr_ gdhgp_ gljZplnlhihg glh\
jZkiez\Vbebijh\_~_ duulukkh”_j ZgBgNO; \ jZkie Z8,10, 25, 50, 79100%
fhe >Ze f ITh~hfi_ahgZgkdhpBim "~ dihegh\h”rgfithd [uebhij ~ e gu
hilbq_kdiZjzf_ljuhemq_gdguorb_glgwhegh\hMhk bkihevah\zZ§blh*Zz
<D;ihkljh_dwijhnbeithdZaZzZlijeghfe gby

lhemqg_gdwZgguihalheyxhlilbfbabjh\Zhemqg_dbih\_joghklgwedyo
NLIJKI _degm ghdhgp _gljZiebb [jZeybkke ~h\zwby dlh\yaZggkio
ieZafhggufahgzZgkti#zd hij_~_eyhkeh\ibhyemqg_Jdpd "b_glghuidbg_kdbo
\hegh\hk¥Z"Zggidfnbe ihdZaZlijeghfe gby

M > B81.7.06; 681.7.068.4

HILBFBA:PBY:J:F?LJH<=?HF?LJBQ?KDHC
DHGNB=MJ:PBBEL?=J.EVOHLBQ?KDH¥HHK?L<BL?EY

G:HKGH<RPHFIVXL?IJGH=HH>?EBJH<:GBY
J:KIJHKLJ:G?GBHILBQ?KDH-BAEMQ?GBD:G.:EVGUO

<HEGH<H>FK»LH>HKRKIE:CGH<
<K K_j_[jydh\Zz
GZmqggumdh\h~bt Mdhy, ijhn_kkBjD F_rdh\kdbc
dn-f.g, *hp_@l;. > _cg_dZz

Djzldh\kImie_gbhklZgh\dZ*"Zgbk\yakzdlb\gyZa\blb\liehdhggh
hilbg_kdibbdgl_]jZehgllbg_kdlbamgheh]\b®® [hr"uXX \_dfHZgzZ&liblgh
kharz\Zlbklykke_ ~h\Zbukly ]jZehwgllbq_kdwe f_ _g(BHW dZdgZb[he_ _
i_jki_dlb\gunmgdpbhgZeMguhckMN&y r_gbnbjhdh]ldjm]&ZZ*Zyehdhggh
hilbg_kdktyaWDM-kbkl_fuzZz fZzkkb\j r_Ihdithegh\h”h\j dexqgZzl_eb
jZa\_I\bl _felsghklbfh*meylhpu”j), Z1Zd _kha”*zZgdywyhdh-cghghbq_kdbo
ANZIgbd\ fi_jZIimjoz\e_gbp[jZpbm]ehlhdzZreybaf_j_ _ghdhgljheby
"bklZgpbhgghijZ\e _gpZaebqgufphp_kkzZftb h[t_dlZfb kh\j_f_gguo
bgnhjfZpbhlygth jbl_evgidie dkBBHW\ [hevrbgklkemqgzij\*"klZ\ey |
kh[hdh”"eh dmawe dljhhilbg_HK@ghihzebZuiheg ggluog _cdZgZevguo
kK\_Th\h2Adhlhju\ k\hxhg_j,Mh]Jmkem b[Zahteyba]lhlh\e_ jgdaebqgguo
nmgdpbhgZewguf glh(iheyjbazlhjh\ebl ,eflt*meylhjin\*j). Hkh[h_
agZq_dohh__fbgbZlxjghkibae f_glhhafh ghklhgheblglthldl _]jZevgh]h
bkiheg_tby'h[kIRludh\#dbhehdhggk¥Y¥blh\h~Zfb

O bY-hI\_I\bl_geBihc"eh dBafhghdjbklZgegkelZ] ZEd | bliNbO; y\eyxlky
dexq_\uffomgdpbhgZeVghilZflhevrbgkIBHWi_j dexqgZzl 2a\_I\bl_eb
fhsghklbh"meylhjhilbg_kdimevibie _dkkpHWuiheg_ggbb ogheh]bb
ijhihgghhif_g¥X gbh[ZEeblbyh[uggbkihevamX|IRybl_&blbiZIhl_jby-
\_I\bl_elyf_xlkbevgmaxZ\bkbfhlkllvm]eZZkoh ~ .gKymf_gvr_gbmiez
jZkoh "~ _gbmice _q \clI\bl_geyadhf_gvrzxlghkbfwe f_ giht_jbghijb
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wlhagZqgbl_en\glebgb\Z eltkggZHWH|[_ki_q_ghjZdlbdZdbagZq_gbeh\
jZkoh ~ _dbdyazghjm~rghklybb]hlh\e_gblI\_IklI\mxsihlhrzZ[ehgZh
h[mkezZ\eb\g_Ikh\_jr_gkli\hdgheh]bqg_tkidpsdpbrhlheblh]jZnblwlhfm
j_r_gb\hijhkaAilbfbazppbbhf |ljbg_kdhgnb]mjzyQAbl\bl_eyzZklZ”bb
ijh_dlbjh\dblhrZ[ehlgp_evxbgbfbazpthsbohl_jBHW\ey_ lklyZcg_
\hklj _[h\Zggid _]h*gyrdbgyv

Kms_kl\mxdebqdulh"gbke_gdhlh ebjh\ZglkyjhkljZg bgeynqg_gby
\ dZgZevghegh\h"EZodbdzZd |h”*emqg_\hRkijhkljZg, dbhh*dhg_qgguo
we_ f_glfhNh®dhg_gqgdaghkl\ dlhjgé_Ih*"b"j, ghdZ ~ulcagbdf__Kk\hb
hljZzgbq_ybyezklipbf_g _ghyazZ\bkbfhklbhklZgh\dB*Zdph]jZffgu_
ieZlnhjfu_ZebamxstW” dhfivxl_jghhr_ebjh\zZgbd Ih~Nug_iha\heyxl
j_rZlvgZijbf, h[jZlguaz®"ZdtZdbh[jZahhgbebrZxbg g p2&bmqg_gh]h
\hafh ghkhblbfbazZzpgBEwlzZifh”_ebjh\Zdbihkljh_glhyulgh]h[jZapZz
ljh\_ "~ ggufgZebeb!|l jZImjuh[eZklb_ Ih*"bdZkg_ I¥hegh\h”g\ ~Z |
bkg_jiu\ZxsbaenhjfZphphilbfbazZpiplbp_ _kkEZemq_d&Zyguokljmdlmy_
k\hckl\Yoegh\h~hXggzjy "f IghyeZkyYey IXkdimZewgha\b\Zxs, bky
g_fk\b~_1I_evkkmjIf goZyq_ KklI\_HeZym[_"ghBY jZImjZ

P eyZ[hluP_eyZ[hlwzdexqzZxXlhkylbfbazpbhBjzf IjK\ qZklghklb
] _hf Ijbq_kdthgnb]mjzyhbi\bl _e~rewhehdhgghbgq kdbgnhjfZpbhggh
baf_jbl_eviglu® dhffmgbdZphbklg®bzd \kha”Zgbgb\ jkZenviyalked h
fZ1 fzZlbq_kdhé_ebiha\heyxs jZkkqblu\ZiZjzf IjuBHWgZ klZ~bb
ijh_dlbjh\8éyihemq_@ZyZgguibbg kdbajzdl _jbkigpld JjZewghg _kdbo
mkljhckl\

;Zah\uiheh™ ghhkke "h\ZghyfdzZ6zZgghZ[hlu dZq_klAe]hjblfz
\u[bjZ Ikylh®dhg qomume f gkibkihevah\ZghigZcgh\kgh\ghhklhbgkl\h
bkihevah\Zgbly*A kieZcgl¥ZdexqgZ \Ilklyf glhhgy\ey Ilkygb\ jkZevguf
kj_"~"klI\WeyzZkqg_ \VZegh\hkhjhba\hevgdkij_~ e ghdZaZlijeghfe_gby
jZaebgghrtgnb]mjZipbhhal\hey\ugbkeyllZdbizZzjzf ljudZzdhebq_ kfikk
"bki_jkbhgguhck]\Bgl ]jZej djulbiyne ;c\bamZebabjhh&yv k g _gbb
\hegh\hkR@hblyhnbeihdZaZlijeghfe dlkegh\h*"gkh

Nbabq_Kd&ZyelvkghgZZ _r_gblbai_j\uajbgpbimjz\g_gbyvflhevpZz
ihal\heyxsZyrZlvgZklguazZz®"Zdganmg”"Zf_glZekghoghr .gilBkihevamy
ijb[eb’  _gDjzZgdzZbdhevkhwgZ Ih*"bdBa\heyijhba\h”bilvj _kqgihey
gZijZ\e ¢gbbijhkljZg. gby

Hkgh\gufthklhbgklihfrez]z _fhth~ "bdbkieZcghley Ikiyof_g _ghb_
dZq_kI\ZabkijfblhgZ[hjjeZz*dbwkieZcghdlhba[Z\eyhllg h[oh”bfhklb
ihkljh _gb¥dZ "himaeg”b\b"mZeZahkgmmgdpbli\h*blkyZdlbqg_ kKdb
ihkljh _gbxz\ghf_jghikc Idb\ dZ " "hfmaedhlhjhgZoh”blkjpba\_"~ gb_
hrghf_jglWoabkgummgdpbc

ljhf_"mlhqgy_ameviZlueh\uiheg_glbhke_ _gdh” _ebjh\Zghnbey
ihdzZaZlijeghfe dblylhgghh[f_gdBEpbZevdhémh\hgd*Zh”eh  d diNbOs.
Hkms_kl\@hg[hjnhjfmeuziijhdkbfbjmxdjlktnbevhdzZaZzZl ipyehfe _gby
ijhlhgghh[f_gdBglzevihélwh\h~Z

Kharzg]jzffguhkgh\uevhilbfbazplbthf |jbqg_kdhcuY-h[jZagh]h
jZa\_I\bl _kyjh\_~ ghbfmebjh\ZgadkijhkljZg _gbhemqg_ybi\ I\bl _.e
JZkgbldZAdiwnnbpb”?rgé gld¥dh]h _I\bl_efyeyjZagumkeh\bidij ~ e gh
ij_h[jZzah\Zg§Bh\hjheyhkeijhoh * oby I\bl .ey
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Hkgh\ghcamevI|Z|l Ih*"boZkieZcghhalheyjdkkgblu\Xhegh\hku
ijhba\hevguinbe ithdZaZlijeghfe glbpyjhbal\hevdghlef Ijbilkkkljh_gby
K\ _Th\hAghpmdImpizgy _dhf_ g~ Zipblbilbfbazplbthf Ijbq_kdhéum]eZz
jZa\_I\e (ghhegmq agZqg_ GbymkgzZ dhigbnhlheblh]jZnbghikdBppbyey
jZa\_I\bl_¥ybizZz ijbf_gy_ fh]h hiulghjhfure _gghh[jZap\hehdh-ggh
hilbq_kdhjhhkdhizhgghkl@kq_ Ih\Ih*h&kieZcgkhhihklzZ\bkithqgghklvx
j_amevlZIkhd\ _klguigh\_j ggudé_Ih*bdf_Ih®” emqg_\hJZkijhkljZg, gby
kdZeyjbudIlhjgdbdnn j gpbzdvgudhg qgme f gb\j), Z\ g _dhlhjuo
kemqZ¥0ij_ \hkoh" bl

M > [29.33.15

BKKE?>H<:GBWNN?DLB<GHKI?’B5?J:PBB
FHGHBFIMEVKGUW&?IJ>HL?EVGHA?JH<MKEH<BYO

D<:ABLJ?OMJH<G?KBGIETFUG:D:QDB
Hi.KbAhjh\Z
GZmggjiedh\hAbl—ekg, ijhn_kkkjX. OjZfh\

<XXlI \_dezZa_jydeyxllgy hit_fe_ fhzklvbaghhgbbjhdhjbf_gyxIKky
jZagubt[eZklypZmdb ogbdlb f "bpbgwH”rgbfbagZb[hei jki_dlb\guo
gZijZ\e_gba\bleya_jdhogbgbey likpf g gbZa_ j\nh_gghdezZklyo

< hkgh\ghf*ZggupZijZ\e_gbkbhevamxfhkewrb]jmiiul\_j~"hl_evguo
eZa_,jh\ dhlhjuozdlb\gZgjbklZzeebq_beédbyZfhjngZkj_~ZbkimkdZzZ _|I
kibfmebjh\Zggémq. géyh]glh[weZa_j&kiy*?hlebaemqg\Zdv \g_"jyxl
(ZdIb\bjmikbf_kgubhgudhlhjuha[m "4dgZdZgb)Zxtbetbgufkihkh[hf
<aZ\bkbfhklIbbizzdIb\ZlhjZhdhgp_gljZipbkihevah\Zdphkd Zeebqg_kdhc
fZljbpezZa_ jdlraemq Jglg_jbjmjdagmenn_dib\ghkbgZkZagu'ebgXlveg
Hilbg_kdblzZiZzahhklZlhgrgjhdb kms_kl\migh™ _kI\kRi_dljhbaemq_gby
hl*" _evgldohleZa .jBaemq_9YbBbZizalBdgdf [ebaddhihehkZh]ehs _gby
k\yaZgdhtw jZaebgddd jbzZeZihfgbkgdbheh]bq kdibgyo eh\ [dizZ
ijh™ _fhgkljbjh\bh@Zh ghkblemki_rghijbf_g gby ~bphd gzZklghRldy
m~i"Ze di¥g _GZjy~ knlj ofbdjhgglhidemqg_gljhdhijbf g gh |l ogbd_
gZrehb 15fdf baemq._gdb hlebgbhl "ebguhegu*bzZiZzalgjzdl_jbklbd
ijhly” _gghkleXdf-[_ahiZzkgujh\_bgwoh~glwg _j]btbgllg2a ihjy~rdar
glhijZzdlbg_kbdkdexqgzZ\Hafh ghklw\j "~ gblyjlZgh®%j _gbkxemqgZcguo
gZ[ex"Zl.e_c

Hkgh\guifibf g gbyfba [Bfdf "bZiZahhy I|&¥a jgdZevghf ,Lljby
dhfihg_géb”"Zjgbd_| _hjheh]bq dihdbeo_dkh\h”_abq bkidhihh]jZnbqg_kdh _
h[hjm~rh\ZgdZ\b]Zpby "Zgghki_dljZevghdZiZahg[uqghjbf_ _gyxlky
I\ _jAhl_evgeZa ,jum dhlhjuoZdlb\gzZlkj ~Zij ~klZ\ey dZdijZ\beh
djbklZeebqg_kadjpnZdIb\bjh\ZghmgxZfwj[byDhgp_gljZiplbghWwj[bx
fZljbpfh™ _I7hklb]Zljb wlih¥#0%. Ihy\e_gbhsguoBDeZa_jgtlbh"HE>
klbfmebjh\Wgehjdkzajz[hldZfj*hl_evgda_jkM\bh~rghgZdZqgdhc

Hkh[_gghkwmxb \uloj ~y\ey IKkfaevrh\j fy baglb g _]J&8Za_jgh]h
mjh\gy hlkx*Z\hagbdzZ gl h[oh*"bfhkdvdhlhjh]inkke ~h\Zdjphyp kkh\
hi\_1klI\ _gauoha”Zdlg\ jklg@ihl gpbZewdeo jgiug oh?gdijZ\e _gghlh
ihbkdgh\u&dlb\gwk¢_,~i_jki_dlb\geyihemq_dbyg_jZpblhbklZeebq_kdb_
kKj_~uZzZjzdl_jbamwlklydhilc iehijh\h~ghkdvikjh]hfl _ieh\h]iZajmr_,gby
ithwlhfihbkdh*"oh”?ysdjbklZeebqfKktibpadeywhghtj[by\ley I|RgimZevguf
b\ gzZklhysj fy<~ZgghZ[hl[hevrhagZq_ gjbb bkke ~h\Zwib dlib\ghklb
eZa_jdhg_jzZpdb mqgdlijhkk eZzdkZpbhgmgpokkh\
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P evxX*ZgghjZ[hlu[uehijh\_klibkke "~h\Zphp kkh¥dzZgdkj ~Zo
Er-YAG bErYLF bjZkkgbl®wly j] Ibqg &djzd!l jbklbdbjZpddarebg\hegu
1.6 fdf Ijb wihgZdZdkdns _kl\eypZrkih\_ U, baemq_ ez a jghioh A H
"ebghbeghdhdlbfdf = g _jZpb¥ebah\u\ZheZkivoht "*mh” "mjh\gyfb
\_jog_glZa_jgmjh\diys, bih~"mjh\gyfbgh\ghth’ g_Jz a_jg hijth\ glyss
ljbgpbibzZevguebgbckljmdimyg j]_Ibg_ingbog bdighWwj[by fZljbpZo
YAG, YLF g_,llhevdd_[hevridhebq_kl\_ghaebqbyheh’  _gbbZjdh\kdbo
mjh\g c

F _Ih~"bdgbke_gghjlhr _gbyhibku\Z jlZzkijhkljZg_db ijhly  _gghc
ihlJehsZxs k¢ _~"dhjhldhpiimevkiZ "klZz\eyxskhfhd&~ghjh”ghheqgrk
iehkdbrfjhglhfijZzkijhkljZgyxsm&kgwkh ahgzlhfzl _fZlbqg_ kdYth[gZy
azZ™ "zZinh blvdky r gbmjzZ\g _.gbc

JZkqi lj\héh"_eilna\hebp_ghbleebygBEidhg\_jkibd j_ ahgZzZgikdupv
baemqgq ggbdyZpdyZk e gdhkoég éZa jgmlih\dyZdIb\gkp "Eo YAG b
Er:YLF. Ih j_amevlZjZzkq_laebihkljh_glyZnbdbebygbwn!_jvbaemqg_gby
gZdZodd ebgbgsik e goghkoly ¢éxa jgmliin\gyzdlib\gkp ~"ZEoYAG b
Er:YLF ijb "ebl_evghlkibmevKiZk b bgl_gkb\ghdkZitzgeso <Iff? ijb
dhgp_gljZzgkyb\zI8.pZ1, 1.5% \ebyglbh”™ evgdlwnnbpb Zlkdhg\ jkdpd
gZk_e_gghkbwg phjh\gly ZdIb\gwkg_ ~Zw: YAG bEr YLF ijb *"ebl_evghklb
bfimevk#Zk bbgl gkb\ghkldhz 480 <Iff?> ijb dhgp gljZprhyb\zZIbEZ 1,
1.5%. ;uehbamqg \gbyglbgl gkb\ghhkidbl evglbKimevgZdZqggamjh\_gv
bg\ _jkghgzZzk e gghklbdlb\gukj "~Z&r:YAG b ErYLF ijb jZaebqgguo
dhgp_gljZzpddMb\ZIhJZaebqgghgp_gljZadbb\ZlIhfgmkeh\ejHhaiebqgguf
oZjzZdl_jpi~*hevghdRkij_~ e ggbyjog eZa joghfh\gdlb\gkjc ~u

>eylh]lhgqlh[uluykgblvebygbdhgp_gljZglbb\ZIlhgZ]_g_jZpbhggu_
oZjzZdl_jbklhdbdZ bkihevah\ZigZ evihghbfimevkg&ila. jZey jZkq |Z
0ZjZdl_jbkllbg _jZpblbghbfimevkelZd_ jkihevah\dgkyhevgughnbev
jZkij_"_e_ogidk _e _gghkllbg_JkZa_jghimh\gyj_~u”“ms_fh” _eblh
j_amevIZIBEkljh_gljZnbdlaz\bkbfhlkWlg_jlbb]_g_jZphtb dhgp_gljZpbb
ZdIib\zImgy*ebl_evghiimevkd2 fk\ Zdlb\gko_"Zo. YAG bEr YLF k
bgl_gkb\ghgPukz @8 650, 1300< f f 2.

<oh”ijhr _ezZgghldhljyueluy\e igh fe fuwdbZiZadggp_gljZyphpj "

Er: YAG b Er:YLF, dhlhjud[_ki_qgb\ailbfZzevgmphdZgdhzggu&j_"b
gZb[hevranXk e _gdhkdg_ ihh\glyzZzd [ueRhuykg,gihhmqg g j ahgZgkguo
ihl_jwZidhg\_ jkWobh~gbke gdfthfh ebjh\ZighFaul\dzonhs klI\ _geglbygb
gZagZq_g@k_e_gohkbly imjh\ghdlb\gkp "uGZk_e_gdhkéy _ihjh\gy

Er: YAG azZf_ldhevyr g _fgZk_e_ gdhWklF, glhh[tykgy jEsebqgkufq_gb _f
ihlJehs_gByjbh~ bgZdhiuke hh\lgywad Zgwh_jlbyg jZEDKNAG kms_kI\_ggh
\ur, g_fErYLF, bawlh]lke_"mqglhzdlb\gxy "Er:YAG y\ey_ IHhe_ _
wnn_dlb)gh&r: YLF.

M > [378.38

BKKE?>H<:GBPHP?KKHKHEMQ?GBA:SBLGUO
WE?F?GLHx HKGH<H;T?FGHGHEH=J:FFU
?2< Khdheh\z
GZmqgguedh\h”*bl-dlg, *hp_did> <hjah[h\Z

< gZklhys\j fy hrgbfbagZb[he jZkijhkljZg_ggurokh[h&Zsblu
bgnhjfZpbth ijh"mdphbb ey Iklykihevah\Zgh*m gubheh]jZffH gZdh
AhkimighlkkllRjm~rh\zZgewjhba\h*kl¥& blcheh]jZfiffb\h~*ys@whafh ghklb
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ihr" _edibij_~ _eyglh[oh*bfhjidajz[hldglh\ud_ogheh]bcrZgghj@[hl_

bkke "h\2A@Zkw ghkhemqg_ gHgblgwe f gboihkghh[t fguljheh]jZff

lj_bfms_klI\A#Zdbjheh]jZifleyxIRhafh ghlklvZebaZlplketbqgadsblguo
k\hckRaZsblgujbagzZdBA\Zd m\ _ebqg gthkekd i ga&Zsblukh\f_s gb_
jZaebgasblguwagZdmrghwe f _.gl_

P_evxZ[hluy\ey Ik&ajzZ[hldkZgH\ oghehilbemq_ gHEgblgwe f glh\
gZhkghW[t_fgubheh]jZfH*"ghbahkgh\ga@”"44d[hlu\eyehlkphkgh\Zgb _
hilbfZevgudd!l_jbZeh\ijhp_kki\o h[jZ[hldb mkeh\laZibkMHkgh\gufb
l[j _[h\Zgbyfth fZI jbZezf\eyxlky\ukhdb ]Jheh]jZnbq_ki&ZhZf Iju-—
"bnjZdpbhgway_dlb\ghkim\kl\bl_evglikkewrhc*bgZfbqg_kdb&iZahg
wdkihabphkijhba\h~bfbklZdl_ jbktbdizZakig dljZevgc\klI\bl _ev,ghklb
gZbf _gvriebyghgZeh gghZibkbhafh ghkdvg k_ d&leynw §Zie _ghggmx
hkgh\nH[t_dlhfbkke_~h\ZgbeyebkZeh]_gk_j_[j¥dUu_jbZeudexqZy
fZl _jbzZzeuwuimkdz fuhl g _kI\ _gglhkfure _gghklvkehbeZ[hjZlhjgh]h
balhlh\e, gbyzZd" g k_j [jygfiZl jbZegZ hkgh\nhlhihebf_ jbamxsboky
dhfihabpbc

Hkgh\gu amevljZ lu

hij_~ e _mkeh\bhyemq_dbkhdbaogZq_gWbmnjZdpbhgwmmre_dlb\ghklb

]Jhehl]jzfdalhlh\e_dgutofure_gguokhdhjZaj_rZxB8bobzZeVlhf

gbka kbg hdezkkb_dl;jz

hij_~ e dulbfZevgunkeh\bwyilbg_kdtkc gkb[bebaZZijhjZlhjguo

fZl_jbzZeVjhp _kkhu[jZ[hldb[_ki_qgb\rin\ _ebq_am\kl\bl_evdhklb

kbg hdezkklh _dl;jz

hij_~ e _mkeh\bhyemq_dbkhdbaogZq_gWbmnjZdpbhgwmre_dlb\ghklb

]heh]jZf¥ gh\uceeZ[hjZlhjgiild jbZeXogkb[bebabjh\dghgpuodhc

h[ezkkb_dl;jz

bkke_"h\2blkghgZeh _gghlcblgldheh]jZnbq okdiZzd!l_ jbklbdb

hij ~ e dheh]jZnbq_kdhZdl jbklbel, \gZg k_ _g@wde ghggmx

hkgh\m

ihemq_dwijZapbaljZz Zxsbbheh]jZnbqg_lkdblhbaf gyxsiteo f_glh\

ij_"gZagZq "pgubaamZevdhyhjh&pzZsblguipbagzdzhibebqggulib

ijbagzdthlhjuh] ki_qgb\pgzzAm glheh]jZffu

ihdZzaZ9afh ghldZibbheh]jZznbg_ wdbb glhh\f_sZxslgokdhevdh

aZsblgudagzdhhhfgbkek\\ "~ gbkdjuluigbagZdh\

ijh\_~_gdgZewZjZd|_jbkinbhdhihebf_jbamxdBbkppZeh&y\u[hjZ
hilbfZevghhdihabpdbhemqg _igu\u h[jZapwZsblgwe f_glh\

M > [B35.31; 681.7.067.23

LI?70A?JD:EVGHCO?DLB?AWDJ:GBJH<:GBY:QD:
KHS?E?<UFIHE?F
... Kug_\Z
GZmqgguadh\h”rbl-eNg, ijhn_kkhjl.=jzffZlbg

>ey\k_odeZkkbq_ k#b&bff IljbggupdZevdkibk! HZjZdl_jghebqgb _
wdjZgbjh\AgobyghhhZqdzh]jZzgbqg otbeyaj gbyglhijb\h~ bt kgb™ _gbx
dZzqg_klbah[jz .gbhgwlhfm gzZklhys\] fy hkh[udgl_ j kj_"klZ\eyxl
lj _oa_jdZekptudlib\udhlhjulkmlkl\mdjZgbjh\Xab*"ghdhZzagdZz

Bkke “m lfuoca_jdZewqucdId\ avdjZgbjh\Aagbgdkhs e \uifhe f
khklhb&kn_jbq_kadahjdzeAma_ jddbd xsbdkn_jbqg_khkdb joghklbjh]h
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IbizWdjZgbjh\pghlyljZzevgqE&lVohrghdhZzghZkmlkI\m "Zgghf[t_dIh\ _
lZddZdkihevamjdklylAg _hk _\ulfhe .fWlhihalheyihemqgbbkijZz\e _ggh _
dhevp_Ame \ahgh]jZgbg_gdmdhdjm ghkl]yZirbmHEbalhjulij "~ eyxlky
fZzdkbfZevghffbgbfZevguifgZqg gby#dhqg Jhhey kbkl fu< ij_~ eZo
bkijz\e_gdhe¢lyz[hlZ ~_Iky e_\uithe ,AibkZggufihevph

P _evxXZgghj@[hluy\ey lkhy] ~ ebtZdaf gblikdaf_$ e \h]hey
h[t_dIb\igb azZzf_gZkn _jbqg_kidhhcjoghkllkhjh]HbiZ(kiexkgmlka jhb”
[bgZjglE&n jbdhc

ljhn_kkhjRfF. Imkbgh\zaf~*Zevg cijhfn_kkhjhf. =jZzffZlbgd@eh
ihdzaZghhih\_joghkIynfijZzah\ZgduZs_gb_é&x[hciehkdhajb\hdhdjm]
ghjfZebg_dhlhjhclhgd__kewlZQghjfZey_y\ey_ lhkvxkbff_Ijbbjb\hc
k\hckI\_gbu j_qglb_hf_Iljbg_kdbjjZzpYbjh]lhhjy*"dWIbh\_joghkukeb
gZa\Zlgw ZjgE&n_jbdhc

< oh” _bkke_"h\Zigbyw klb \hafh ghklljcoa_jdZevyghtlhdlb\Z a
wdjZgbjh\ZagBgdkhs e \uihe_ fluehihdZazZghhbkihevah\ZphgZjguo
Zkn _jbq_kithbojoghklfhc _IhdzZazZlvikkeg agulfZddZdk ihfhsvxZ[_jjZpbc
\IlhjhJhhjy~rdZhklb]Z ilkly [ZeZgkbjihkdZ hggdijo jjZph¢b\h”ysZiybo
kms_ kI\_ggimfingvr_gb&® h[oh”bh{jZIblWwgbfZgb glh "ey[bgZjguo
Zkn_jbqg_kidbojoghkloZjZzdIl_jghgh\j_f_g@lZebqlZ] jjZpbr Igud
g_q_Ilgihgyrdh\. glhwlbh\_joghhkllez zZxZ[_jjZpbyjfblv_jhjy~rdz

>eybkke_ ~h\ZaglkyjzkkgblZighukl fi nhdmkgujfbk klhygb¥5bff,

500 ff, 750ff b1000ff. >eydZ "hphdmkgjlhklhydbghbu[jZgujbagZqg_gby
"bZnjzZ]f_ggbk®Z b3,5.

GZ _j\hfwlZibkke_~h\Zgbbhij_~ e @auwZq_gbsf_jZ e _\hihew
kbkl _fZ26 ih\_joghkjviv_Jh jdZefZ hhjfnkiexkgmlkhhh jhbxZ ebgbgZz
s_e_\himeyj _oa_jdZewdh]dIbjZavdjZgbjh\gglonh" "b\Ky ZiZa ndg,6°
Ah0°. Ijb wihfzaf_¢$_e _\himeynf_gvrZejbbym\_ ebq_rghbdmk gjtzllbhk lThygby
kbkl_fo mf_gvr_gédtZqg_g¥yzZnjZ]f_ggdjkeZ Zdbh[jZahfgZb[hevr_ _
agZq_gbe \hilhey20°, [uemrhklb]gmkibkl _&knhdmkgudkklhyg2b0ff b
"bzZnjzZ]f_ggbkehf

<lhjufwlZihbkke_"h\Zg\leyehhkvj ~ e _dbebgbgu e \hljithey\
kbkl_fZ]é _ih\_joghKlviv_la_jdzez"klzZ\eykh[h¢bgZjgnmdkn_jbdkm
j_amevlalehhdzazglhijb\\_* gbddh]biZzZkn_jbighbkoh”h\_ebqg_gb_
agZqg_glEwnf j8 e \hliheyFZdkbfZevahZqg_gb e \hljimey[uehkgh\Z
"hkib]Jgmkbkl _knhdmkgdkklhyg2b0ff brbzZnjz]f_ggbkebhf

Lzdbh[jZaht jZ[hl J[uehihdZaZzghhijb \\_~_gBbbbkoh”gmkxkl_fm
ih\_joghkilib "klZ\eyx&h¢hjdbgZjgrdkn_ jbdpmbkoh Y\ ebq \gkbgbgu
s_e_\hillmey khhiI\ _ITklI\, ;ndhebqgb\d hlklyg_kh\émqz GgohjfZpbb

M >58B.087.47

BKKE?>H<:GB?LQBDHEK?FI?J:LMJUL?IEH<H=H
IHLHD:B>:<E?GBWKIHEVAM?FULEYHP?GB<:GBY
NBABQ?KDHKHKLHYGBYAEBQGUID; T?DLH<

J:;:HL: XSBO <WDKLJ?F:EVGWM&EH<BYO
DKL _iih:.:.<hjhgbg
GZmaggiedh\h”~bl-ekg, ijhn_kkkjG Emdvygh\

ljh\_~ _ggZebalh~hbaf_j_gbyfi_jZImju ieh\hjhlhdB ~Z\e_gby
j_Zebamxs®&ZIlgbdhXkkfhlj hgkh[_gghkllbdZlgbdh[eZkIhpeZrZxsbo
\iheg hij_ "~ e _gd&hcpbnbdhjc [mxs _gZ[hjdZqg _,kldhlhjufbmkljhcklI\Z
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gZoh”~ysh\ rkyjhdhigh”rz g h[jez~zDllZzdbh[eZkI§li ghhlg_ kk\bZpbx
dhkfbq_kdrmxghdijz ~"Zgkdb\dhh _gdghjkdheehlHkgh\gwbfalZdbdZq_kI\
yley lg¥”~ "ghiklbvkhojzZg_pobhlhkihkh[g\hrbljhdhfbzZiZzahgfi jZIm]
"Z\e _gbeZ ghkltmkeh\bgpkdh]lmfzZgiZiebbf_edh]hkdd .~ Ijh]j_kk
mdZaZghyleZklgo\hafh [ gahihjugZl _ogheh]iblyhkysbdkhjblbg_ kdbf
MIjZIZ j_~"h\ubabpbbkke_ _~h\ZgjyagZ[hldgZZdhlhjuZabjm KkgkhjbdZz
ih\ur_gglgZ”_ "ghkjb\h~bdg_h[oh”bfhikdmidbihjlgumkljhclhimljzIl _
g_aZ\bkbfhkib r"Zgkdhic_ggBltbZphbldhkfbqg_khlkbkoe "~h\Zygbhyogg lbf
liZ "Zgkd&mfrhkljh._gbb

JZkkfhlj_guwlgbdb _fi_jZImju_ieh\h]hhlhdzb ~Z\e_gbghlhju_
ijbf_gyxlkyeyhp _gb\Zgbwbqg_ kdkhikhhyg&Zwebqgghua dLh\Z[hlZxsBo
wdklj fZewgkieh\byo

M > [535.323

HILBQ?KDBR<HCKL<IE?GHDG?DHLHJUNLHJIB>H<
BO:EVDH=?GB>HXL:EEH<BGNJ:DJ:KGHC

H:E:KLBKI?DLJ:>H200FDF
.G LjhibgH:H«GBR=bjbdhpy~"
GzZmggjimdh\h~bl-eém-f.g, ijhn_kkRjG Dhlebdh\
(KZgdl | _j[mjlkdbem~ZjkI\_mgbt jk@wjhdhkfbg ika[H]mkljh )gby

<ihke_"g\j_fybgl_gkb\gha\blbhemqblelbke "h\ZgdiyZ\e _gga_
hk\h_gbZevgbgnjzdjzZklglezkkb_dljZl _jZ]_jph\kilhdljZevgiblhiZzahgZ
<hagbdzxsjlbo wihfaz”rzybj_h[jZzah\ZigibljZevduoZzah\w&Zjzd|_jbklbd
baemqg_fjynlfulvj_ r _gu\ Ihf gbkeb aZzkqg_bkihevah\Zghyhkehcguo
lhgdhie _ghgbgkh §Zghkbfgud] ehfeyxshZghilbqg_ kdweo f glh\

>eyijh_dlbjh\Zglbyalhlh\e_dmy jn_j gpbhgbdpulbclj_[mxIky
dhjj _dlg@Zgguih "bki_jkihblbqg_ kddblogklZiggl ghdjz[hqg _Ki_dljZevghf
"bZiZahigrgZdtkke "h\ZgdbijzZ\e _gguZbamqg_fblbqg_ kdk\dicklie ghd
jZaebqggiwd jbzZehVZevgB®h[eZklkbi _dljzzdlbg_kghbjh\h~"bebkwz
k_lThrgyrdbt _ghlkmlkI\mRklIh\_jgwgguh”bki_jkhbbqg_kdbagklZygl
gZebgbkxehkh]ehs gbg ghtzl _jbzZem\Zb[heijb]h*gubeykbgl_ &z
balhlh\e ighkdyjulbéeykj g bcrZevg("hl1l50-200 fdf) bgnjZdjZkgheZklb
ki_dljz

P _eygyZklhysjZ[hluaZzdexqZeBkke "h\Ahglhlhjueo gdhh[jZamxsbo
fZl_jbzZeh fghlhkehcglkbkl_fgZ bo hkgh\_*ey kha”rZghylbqg_kdbo
bgl jn_j_gpbhmgmenjk\hafh ghklp@{hld kj _~g bf*Zevgb§njZdjZzkghf
"bzZiZzakg dljZlhfqgbkeb\ h[eZklbjz] jph\thdkemqg. gby

< jZ[hl bkke _"h\Zed kydPbTe, ZnSe, ZnS, BaFb Pbk, dhlhjurbjhdh
bkihevamxY&ykha”Zglbiybq_ kdihdjulbceyjZ[hlu\ [eb g & kj_~g_c
bgnjzdjZkhglle&Z kkib_dl.jZ

>bki_jkbhylbg_ kdagklzZigl ghd*bzZiZzatdgl ~h200 fdf hij_~ eyeBkv
f_ Ih*"bdhkgh\ZggBtgZetka_dljhjhimkdzZobyjZz _gbey_gddpZih~eh dc_
ba\_klguliblbg_kdikithcklI\Zfile _gdimdZazgf@dojbZellh\lesbgthd3 "h7
fdf [ueb ihemq _glujfbq_kdbbhkizj gb \f \ZdmmfgZ ih*eh dZba
fhghdjbklZeebq kdhglbbyKi_dljZevghaf_j ghy bkke_ ~m_#tbhiZiZahg_
ijh\h~"bebikta dhfgzZlghcfi_jZImgZNmjvki_dljhf_IjR& F1201 b Bruker
VERTEX 70.

le _gdb_eemjbR¥bgpg bf xl\ujZ _gguidhehkih]ehs ghl \k_f
bkke "h\zgghdljZzevdlgl j\Ze¢jb wihfih]Jehs_ g\bie gdBWwlefhghlhggh
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\hajZklX hl[ezktMebyghedghe 20 fdf ZihdZazlihdehs gbhyklb]ZadZq_gby
k 3 ijb O150fdf le_gdbklZevgukke "h\Zdgugbzethf\_xlbgl_gkb\gu_
ihehkih]ehs_g\Wblygl_j\ZelI25 ~"h00 fdf L_fg_f_g, ie_gdbSe, ZnSbBak,
fhlml[ulv bkihevah\Zdpu balhlh\e_dlibbg_kdblodjulbcreyjZ[hlu\
ki_dljZzevigheczkkbebgzfbedhe 70-80fdf.

Kijbf_g_gbbKke_ "h\Zpggupdhh[jZzamfZdbpbZdhetkijh_dlbjh\Egh
balJhlh\e gdh _azZxsihdjulb "eyckhegp_aZsblqildvIjX [ehdbjh\Zgb f
baemq \dgbyizahgs5fdfbijhimkdZzZghbied fdf.

M > B28.9.037:681.785.554

KI?DLJ:EVGBAF?JBL?EVGMKL:GH<D:
>EYBKKE?>H<:GBN\WHLHEXFBG?KP?GPBB

IHEBDJBKL:EEBQ?KDKEM ?Rb,.L£dSe
GWLjhibglH:H«GBB=bjbdkp"
GZmqgqguedh\h~bl-¢érm-f.g,ijhn_kkkjB Bevbg
(KZgdlLl_j[mjlkdbem~ZjkI\ _idhgbd _ogbq nkgibc jkbl |

>ey _r_gbnpjhdhldhjm]Zz "ZdilbdbgnjzZdjZkdghhizahigklj [h\Zgu
[ukljhr _cki\mxigleh]Z[Zjblgklhggblddbe mq lgpyadbdg jlhihlj _[e. gb_f
GZijbf_jlZzdbbklhqgbidbf_gyxlkly khklZz\hdljhgh\ hilhiZjk hldjuluf
hilbg_kdbZgzZeh#Z[hlZxsbo *"bZiZahlgi_dlj2-5fdf “eyj r _gbwzZ"Zq
Z "khj[pbhggbpZelaZh\bob"dbloj_[1].

Kms_kl\mx¢$bajZ[hldb Ih*bhyglithkgh\] | _jhi_j ohkim\adhahggufb
ihemijh\h~rgbdZfipbf InAsSb, g _ihemqgbrdghdhljizkijhkljZg. §bh gdy
[jim~"h_fdEyoghehl]by]hlh\e, gpby*hklZlhgfdhdghklbaemq, dbyf ody
g_klzZ[bevghkdvh[oh~bfhklpy " kemqgZ]lém[hdhHbeZ ~_ dgdy j b\Zxl
jZa\blbh~h[guigb[hjh\< wlihfkfuke nhlhexfbg_ kp _dligilhggbgzhkgh\ _
ihebdjbklZeebdekdhd e glkABEgpaz JH\ _jrupZklI\hj[], ebr_ggwlbo
g_"hklzldith\mlhdzZzazZlvkyki_dlb\gubb\hklj [h\ZgguWfibhwe dljhggufb
dhfihg_glZfipb jZajzZ[hldki_dljZeZglZzeblbq_ kdhZjZImjyZaebqgh]h
gZagZag_gby

ljb balhlh\e Ighitbrohlhexfbg_kp_tlkgauogzZ\heagbdd h[oh”bfhklv
hi_jzZlb\ghf*hklh\ _jghaf j gbbki_dljZevguwgZd!_jbkgbdhevdhey
hp gdkzq kNZimkdz fipkrk*mdplgthb “eyijh\_~ gbkke ~h\Zgpbcevx
nZevg_crkhh _jr _gkl\h\Zgbghehpmtba]lhlh\e. glowlhfmeyokke ~h\Zgby
ki_dljhnhlhexfbg_kp_lgipmkllgigZzhkghlihebdjbklZeebdkekdBm £dsSe
g_h[oh” bfharZgbaf jbl_evghlhie dkHa\lheyxs ijh\h*blki_jZIb\gu _
ki_dljZzevgaf j gbwnwafh ghklpxnjh\hclbkljZzpadjZ[hldEgg.uo

Baf j ghki dljZevouap¢zZd!l_ jbkhodh\ubdlhdhy_ ~iheZ]Z JibkljZpbx
d\ZabfhghojhfZlbg akarhyhigbykdZgbjh\Zighbbebgz\theg bkke_ ~m_fhf
ki_dljZzevbpf j\ZéjbwlhaZibkyjzZg dgbh[jZ[hldimemqgqZ fdgguo*h[gh
\_kIb\ pbnjh\hfnhjfzZl >eybkdexqg_gwhkbfuki_dljZevghilbdZ" gbc
h[mkeh\e _gddd kzfbf fhghojhfZIlhjhlfZd b k_e dlb\ghkimMx fgb,dZz
p_e khh[jERidlrevahWaRhe hgdkthqggla\ klgjudkij ~ e &b _dljZevghc
iehlghkbbemqg. gby

Ijb jZzajZ[hldnklZghW\dzZq_klki_dljZevghpihjZ[ue bkihevah\Zg
fhghojhfzlhjoh?ysbad khklzZzXki_dljhf IJBD¥1 k gZ[hjZfkkf_gguo
"bnjZdpbhggumo Ihdb hlj_azZxsbrobevljh\ljb_fgbdhbaemqg_&leyn bl
g _k e dlb\gukkkke "m_khfdljZzevglhdgl j\Zze-5fdf ibjhwe dljbg_kdbc
ijb_fgbE=33-02k\oh”*gufdghdg _jfZzglhyadilbqg_kdihdjulby
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Bklhggbdhfbqg_kdhtdZgdibaemqgZxkbhomdIimyXey IB3As k\_ITh~ bh”
E 107 k"ebghbegtiZzdkbfmbdemq ghy 0.85fdf Ijb baf_j gltkyolh”bh~"
iblz_ ITkyyfhm]lhevgbfbmevkZfbd X ZfiebIm”30el100 f: b kd\Z ghkBRvx
QZklhlkge _~h\zZzdgidymevkhu[bjZ Iky ij_ " _eZidhheh]lh]mgzZkldZklhlighc
oZjZdl_jbklibphijb_fgbldg@ ij \urZ 100 =pWIZehgdukfihggbdmfemqg_gby
kem bh~_eA[lkhexlghjghlhekl fi_jZImjiln@e h k300°K

< dzZq_kl\ JbkljbjmxsijjihjzbkihevahkBgojhgg\whevIf_HR 510
Stanford ResearclBystems. | _j "ZqZggu®ZID hkms_kl\eyihk¥jZee evghfm
bgl_jn_cgmj_aPl, \kljh_gguckbgojhgguceviIf_.lpeykhijy gD k
ijb[hjhflueXhklzZ\eijhdjzffZihal\heyxs\aiyZ\Zkb]g&a&ZijhlgZi _j ~"Zgm
NZggwkoPl, hih[jz zZ\y_Zevg\jff_gp ]bkljbjm_kbdgdb&khojZgyAggu _
\'I|_dklh\mfZceH"gh\j_f_odgihj _~Zqgklel]gZé&Zjb_fgbdh \IhjhfndZgZem
i_j_"Z_blymevkt\kljh_ggh]h_lghdEZa\heyxsdhhlg_bldbf _jy flb]gZzZe
k"ebghbegtihhghojhfzZlhjZz

<j_fyh~rghlbaf_j _ghy\bkibhl kdhjhkkdZgbjh\Zighblki_dljm fh" _I
baf gylwdy kdhevidganthg kdhevagbkhkbgbfZevd&dhjhkbaf j gby
bkihevameywW ebq \gbfy gbZdhie_ kb ZigEj ]bkljZpdetz[ukd _Ih\uo
ihlhdh*eyhevrbgkbkke "m kfiymdlmgmzhkghkeh Rb.£dSe\j _fyh~gh]h
baf_j_gblyaggdhij \urZ1Dfbg

LZzdbh[jZahfzZzajz[hlZggucdljhf_ljbq_kithlhice _dkalheyijh\h”~blv
bkke_"h\ZgbydljZevgodjzdl_jbklbidhggbdbaemq,_gafhlZxsba
bgnjzdjzkkhfdljzevg¥hfzizahy Ihf gbkeb ki_dljhhhlhexfbg_kp_gpbb
kljmdlmzhkghlhebdjbklZeeb ¢ekdPhoCdsSe.

Lbih\Zki_dljZevgpZdjZdl_jbklbdihexfbg_kp_gipbdibdjbklZeebqg_kdbc
ie_ghid e_gbANBgpl\_jruezZkli\hjp\Z_]hhkgh\bf__1b~rdhehdhehh[jZaghc
djb\hkihemrbjbdg03-600gfbfZdkbfmfmR5 "mM2fdf\az\bkbfhklikbhklz\Z
bkohrghdéamijh\h*gbdhAh]jfbzZez

ljbf_gbl_evdgbklhggbdiafemq_gbBh.£dSe k ihfhsvxjZajzZ[hlZgghc
baf_jbl_evgb&l_fuh ki_dljZzhhlhexfbg_kp_fwdibbkke ~h\Xgthygb _
AN nhjfZpbhgghB"_ckl\blywe _dljbq_kldhdee h\brqgitZcaugZ djbklZeeblu
k_e_gbkWwgpkX baemgZx&kljgndimi< j_amevlZjh\_~ gglb&kke_ _"h\Zgbc
mklZgh\eqliphbevgpZkly]b\ZxglZijy _gblyagbdZxsbe gdaadZaghklb
dhwnnbpb_bglhi\ jZImjghZkrbj_gtkehy ih*eh dbjb\h”*yld kf_s_gbx
fZdkbfmfElIhexfbg_kp \gghbhbldh\hegh]e&K3)

Ebl_jZImjZz

1. >bcdBD Gh\uhdljhgteki_dljZzevgtzeblbq XidBZImfED >bcdh)
Kl.<Zjnhehf ND F_"\_7/Dhfihg_gblu_ogheh}2604. —< 6.

2. Ljhibg&W lhemijh\h*gbdbkihqggbbédemq_gbébybgnjZdjZkalhezklb
ki_dlj/zGW LjhibgZ.G Ljhibg Dhfihg_gbul_oghehH2008. —<11. —
K 152-153.

3. Lihibg@W<ebygbbwe dljbgnKalgeki_dlphlhexfbg_kp nggkbZevgh
kljmdImjbjh\Zgdgbdhfihabigughkl e gbk\bgpZGW LjhibgZAG
| Ijh\kdBWH Q_jgh]JezZ/AN\4 — L 43. —<ui 11. —2009. K 1477-1480.
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M > [535..318

IJIBF?G?GBPIB<UO?AV>EY:<LHF:LBABJH<:GGH=H
J:KQ?LHK<?LBL?EVGKBKL?HKHA>:XSBO
IJYFHM=HEVGMMHIFM<?LH<HENLG:

<G:DEHGGHIRMQD?
... Ljhnbfmd
GZmgguedh\h” bl-ekNg, ijhn_kkkj:. A\_j_\

<ihke_~db~d k\yalb\hajhkrbfp [h\Zgbyfbg_ jlhihlj_[e\lgdbxbdZ |
g_h[oh”bfibkliwevah\ggbybklhqgblh\|]ZZdbdZ&\_h*"bhtpy [h\Zgdby
hilbd hk\_Ibl_elZzd  _m _klhgZxkkklhjhgujhba\h”bl_d&ildbbdblZdb
ihlj_[bl.eygbh[mkeh\ekfhucklI\Ztb]_hf_Ijb h&k\_szZ_ ful\_joghklb c
fbgbfbazZphbht¢_jvk\_JZZ 1zd" _ijhklhlhda]lhlh\e_dbhqg_kdbolZe _ c
| _jki_dIb\g0éyzZzkqg_hx\_Ibl_evigulol y\ey l|kkihevah\Zjglehfeyxsbo
ih\_joghkk\e[h*ghbtjfub hilbg_kdbe_ f_glhibohkgh\LZd 1j_[m_lky
ijbf_g_ghb fh™_jgbazZpbh "hyZkq_IZ bah[jZ Zx$ilddbihalheyxsbo
khdjzlBjvfypazljZipgzajz[hldm

P_evx*ZgghjZ[hluy\ey_ lkyZebazpbhw*rZ\IhfZlbabjh\Zzgghgh |z
hk\_Ibl_eviglhkl_fukha”Zxsiydghijyfhm]Jhevatgfuijb rbjhdhm]hevghf
gZdehggmfdk\ JZ zZkqblZzgZeVWeafh ghkl*_jgbazZpdBdd ihemqg_gb_
mjZ\g_ght_joghkhibku\ZxsB@aggnhk\ _Ibl_eviglnkd _ flmijb]h"gubey
hilbfbazZmpbhbbqg_kdIK:bJ.

>eyhemq_gHBYZggdhkij_~_ e lkob¢¥gZdehgohmfd[uqggthkihevam _lky
g_kdhebdhhggbéh\lKhk\h_lkilbqg_kdkhbdkl|_fhtzZz ~ubadhlhjumhjfbjm _I
k\hxh[eZklk\_Ih\hjlglgZljb wlihfbkihevamxEp[heijhklu hilbg_kdb _
kbkl_fuwNlhijb\h~"bd g_jzZ\ghf_jghkdb_ s _gghlkllbbgh]*d g_"_eZl_evguf
ihl_jyfk\_JzZkeh ghklyjfo gZkljhcé&bkl_fu< k\yalk wibfij_"~ihezZ]Z _Iky
bkihevah\hgb_Ibl_evighlol, mkljZgyxstWagguw_"hklZIlglbkihevamxsbo
g_klzg~Zjlghjfu hilbg_kdid_joghkl\cqzklghkilb\_joghkkbh[h”~ghc
nhjfu b khklhystbadzZzdh ghf_gvr_]gbkeZilbg_kdbolZe alhlj_[m_I
baf_g_dbdohdhibkZgbklbg_kdbdoZebth” jgbaZiprhb_ kl\mxkbldh"h\
jZkg_dgZbah[jZ Zxsillodb

<oh”jZ[hlduedj "eh _gdbq_kd&sdy fEk\ Ibl_ewdtkd [fuhklhys c
bahljZz Zxsbwoij _ehfeyxsb\_joghkkagbkehwe f gjE\gufr\mf>ZggZy
kbkl_fahjfbjm_dbjhdh k\_ITh\hiylghijyfhm]hevghhcjfu k *hklZlhgghc
jZ\ghf_jghkhiXd s _gg.hHlibbg_kdb |Zeflh]m[ulvbalhlh\e bguezZklbdZ
f _ Ih*hfeblvyh” *"Z\e gb kflhgghk]vix[_ki_qgb\Zxg_&[oh~bfk\_ Ih\u_
1 ZjZf_ljwzd ihemq fdh_fZlbqg_kdbhkZgbhjfuih\_joghkbkihevam\fuo
kbkl ,A\\brdhf[bgZphb\up avBkihevah\Zghggugb\uoha\hey I]dh
gZley~ dihlbfbabjh\Alwkl fij_ ~kI\Zf:1J Zemax. LZd [ue j_Zebah\Zg
Zelhjhlfrey jZzkqg_lgZgZevghbjfu hilbfbabjm_fkbkl_fubkoh”ya
nhihf_ Ijbg_kdpdf _Ijhjhly™ gghigklhgqgtkdZ)X *"ZggtklemgkA _h*bth"Z
hljZgbq _ghBZaf Kbkl feZgguke]lhjblZd bkihevakihkckldjb\ug av _
baf_gyVvhxZklvbkhojZg hblkzevaglihgfudjb\hc

<j_amevlZl[hlyzkkgblhg¥ Ibl_exkdXxy fZhjfbjmxszyfhm]hevgh
iylghk\_1¥2rbjhdhfizdehgogh§dk\ IEhibkz§ah~*bdZzZzkqg.lBemqgag”_e
"eyZevg cbiké&ke "h\Xgllklk[eZklb
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M>B21.887

J:AJ:;HLD:IJH=J:FFU<UIMKD:Q?JL?@?WE?F?GLH<
DJ?IE?GB®BJM=EHKILBDB
B.:. Limkh\
GZmqggiedh\h~bl-dlg, "hp_@i> Lheklh[Z

Djzldh \kImie_gbihklZgh\digdh[e_fu <u[hj dhgkljmdpdjbie_gby
hilbq_kdbdzeaZ\bkbhinhjfubjzaf_jM\ 1ZebzgZagZq bgbkeh\jzhlu
ijb[hj.ZEXx[Zyilbg_kdZyZeVhe glulvazd) iel\gjz\lzZzdqglh[u[ueZ
bkdexqg \gdfh ghklzkf_ s _ghjp \g _rgb\dha”_ ckl\iwlobe @tz bfZ |Zeb
g_"he ghuau\Zlvz”™ nhjfZptbbihjlblvdZqg_klbrah[jZ .gbyhf _wlbo
kKi_pbZevgukeh\bdanaedn_ie_gblylmlij_"ty\eylviky pbZevgju [h\Zgby
\hafh ghkjZ[hlu\ jZaebgglofi jZImjguokeh\byojf IbgghkdZebqb _
xklbjh\hqgbho\b . d

lh\b~mj_ie_ghhiybg_kdblZebeylgdjbhkgh\glymiiudim]Jet_1Zeb
(ebgalh_lddjm]e@aZsblgul eZbf[uk\ _Ihnbeylgu dim]etulzZéigbafy
aZsblghklzderdiZzewa jdZeZ

Kms_kl\mkvd _"mxs\Wbh”udj_ie_glhym]euroilbg_kdbolZe aj ie_gb_
aZ\Zevph\dijhcée gigbde b\Zghjfie gjp av[ih\uwfhevphkihfh]Zl _evgu_
kihkh[dj_ie_gbph\hehggdhevphib bfgufbieZzgdZfdZzdezZz ghfevphf
ki_pbZevguébf glBkbh pbZevighgkljmdmbjZc.u

< NZgghjZ[hl jzkkfzZljb\ZxkKihkh[wW| ie_ gblykihevamx$bk\h _ c
dhgkljmdjZae bqgievpZ

P_eyZ[hluP_eviZ[hly\ey |K&ajzZ[hlidd _lizh]jzff\ kj_~K:1J "ey
Z\IhfZlbabjh\ZogmkdZjl "~ we f gthlie_ gbjyn]ehclbdldhe). p

:Zah\uiheh™ gbyey Zebazigbpjzffulue\lu[jZzgzZd iljh]jZffK:1J
AutoDesk AutoCAD 2005.

>eyn”"h[kl\tzevah\zighyjzffhguelj_r _ghlh\k jZaf_j&_1ZedlZd _
"hihegbl evgpuZf ljuuiheg gdyjl (@AvkdpaBevah\ZlazVvzZijbihfhsb
"bZeh]hhuddg

J amevliZluamevl4diihlklZeigh]ljztf,Zm~h\e I\hjyxi©kyZ\e gguf
p_ewaz”rzqZzZf
ljhljzffzz\IhfzZlbg_Xudilhegy gl jI_\u[jZgghjhe f _gdg ie_gbty
azZ”"Zggbhevah\zlj2af jguZjzf_I|jzf
ljhklZ\eyZlaf_jiZzab~himkdb
Ilhal\heWwulihegbWwkdivae f_§iB\_jgmlibélnljz" _gghor_
MijhsZ alziheg_lglbgh\gh£*ibigh jl_. Z
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M > [00-599-53-535

|1?JKI?DLB<GU2B:I:AHGU>EB&HEGEY
FMEVLBKI?DLJ:EVGKBKL?EDLB<GHB8I:KKB<GHC
EHD:PBBEYH;G:IM@?GB¥; T?DLH<
... MldbgZz
GZmqguaedh\h~bl-&kg,ijhn_kkhj< > fbg

HilbdehdZpbhdgOmeih) _~"gZagZq "egugZjm _gbp_gddjzf_Ijh\
Mbb' _gbyha“mrgpoe_k fZehavnn_dlb\gbbsZ~rvkZkk _ygbWyly fhlml
jZ[hlz\W_ "bfzdZdzkkb\ghzd zZdlb\gbhdZptbiBZevg blgnjzdjzk@hph
"bzZiZzadnevljZnbhe MMN]NbZiZzaRgdhdgzZighajZzgghkkZbfhkn_.jdg
h[s_fkemqgidhp_kik[gZjm _@bybjhbkoh”"dZnhg jZagh]h"zhilbq_kdbo
ihf_o(nemdimZphhggjuedghljizkk_ygbhhgh\oh]jZgbgb\Zxs&Z@evghklv
AN _ckl\bgghdZpbhgRghbbkl. fHkgh\gulbklhqgbdmligh\uohf_o\ hilbg_kdhf
"bziZahlgi_dljZ\ey_ lkheg _qdhmemq_dBdkbfmdhlhjh]ijboh”bllkgyZ
\brbfuebzZiZzahlgwlhfenmZqzZklemxdZpbhdggaomgBEajZ[Zlu\Zxlkpte\BD
eb[WheWM N *bzZiZahgh\

P_evZ[hlu \uykgbbZb[hei_jki_dlb\guZiZahghdheddlb\gbc
iZkkb\géted Zpbadh[gZjm ™ _pgpty dlLh\

BgnhjfZpbhggutbagzZdZijb iZkkb\ghf[gZjm _gmbeb/\eyxlklo
baemqgzZxg&bhck|\dZijbf, gZebgbgnjzZdjzkdgBph baemq_igbywukhdhc
| _fi_jZImjh\ _joghkbebdhgljZzkl _elmzZnhg g [Zljb Zdlb\ghechdZpbb
bgnhjfZzpbhggjbfagzdipf_elyley _ligZebgb[jZIgh]jlzkk_ygthiybqg_kdh]h
baemq, lgbha"zZ\Z _phpvixhdjm Zxskjc *hc

GZb[he_m~h[gufgh]hki_dljZevhulbdWwe dljhgglbkl_fu(FHEK
jZ[hlzxsB g _kdhevikibdljZevdgb@iZahdgZob[heijhkluf\ZjbZglHfHK
yley lidhhgkljmdplyg_ kdhevdbazZ\bkbkbdkl, fkhklhysth@ah[t_dIb\iz
ijb_fgbdaemq,_fgpty *bg_gudébgmbhgkljmdplrk|hbgklXlblobk! —f
\hafh ghkilvemq_dgpy* evgholbqg_ kdbojzZzd!l_jbkd*hklz+dphevrb
1Z[ZjbliZzkkiZklhbfhklv

;he _ij ~ihqlbl_evguélyxlkypkl _fudhlhjuroilbg_kadwe f_glk beb
g_dhlhjuhrgh\j f g@hhlzZzx\ g _kdhevHbdljZevgbZiZahgZo j\mx
hg j _"wlha_jdZevgkbkl|l fulZzddzZddjZcgkeh ghh”h[jZI¥ZI]_jbZeu
ijhk\ _leyxsilhndjulby\uihegb®f jjZpbhgjgkg ebgah\wighdh”~bZiZzahgghc
FHK Ijb ijh_dlbjh\Zgbhlyah\REEKh"bgzZgadLey lkhkgh\gufbf xsbf
emqrbhilbqg_kdZzjzd!l_jbk(bukhdhjhimkdZgbgbfZevdhlghZkk_ygb _
ihkjz\g_gkXjm]bfdzZgzZezfb

>eyh[gZjm _dokljh"\b msbbakty diIh\ MNb "Zevg BfD"bZiZahgZo
p_e_khh[jBRighevah\Egb"mxsdhgkljmdpbhimoa_jdZ&wgZBZkk_]jkgZ
jZkiheh ™ _ggujf AlhjufnhdmkWfZzku\zZz_faf jdZepfa™_ekbkl_fgiZ’\zZ
dZgZeZMNdZgZgbf_ gy I|kiy *nhdZevghgah\dbjj dIj_jjZphcBD
dZgZeaZnhdZevdbywah\bela jdZevpaltd j ghk®m Zsbeynf gvr_gby
nhgh\waZk\_Ihwdau\zZ_ftiooZgbq_kdlefld _glBfb_dlb\z

<j_amevlZl[hlduykg,ghhijb bkihevah\Xxplkb Zdlb\gkbdZ phbdy
h[gzjm _dbkljh"\b " msbbkty dlhi\ jki_dlb\gujf "klZ\ey NkB¥iZaNd
baemq 25Mm.y300gf Nhjfbjh\zZgjZIghjadkk _ygjdhwokohpddhjimk[t_dIZ
bgzZ\hafms_gbga”"mrgkg "u>eyiZkkb\ghhgzZjm  _gby ic jki_dlb\_g
"bZiZa30§...400 gf beb[eb g JNMN Z1Zd "bzZiZzahgevg QbnjzZdjZzkgh]h
baemq 8gll2ydf
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M > B85.618:629.488.27

HKH;?GGHKIKBHA>:GBMHFI:J:LHIJIH<EYDHGLJHEY

BAF?JBL?EVGEQRGIBEBG??D
E:.0Zfblh\Z
GZmqgiedh\h~bl—klij ih~"Z\ZIl K =\ha~_\

Baf_jbl_evgZgkzZbaf_jbl_evbgkljmf_gl *"gZagZqg_"yaywaf_ j _gby
ijhly" _ggebg_cgha_dIb\eyZaf_ ldibf_s_gHt

Baf_ jbl_evelZy cdEZljboh\zZfy jZ"ebgu\b™ f IZeebq ,kdhc\ygghc
bebiezklfZzkkh\ile&Zklbguj_"gZagZq_Q@g¥haf j gbebg cguoebqgbg
g_ihkj_"kI\_&gaVg gthaff jy fhoebqgblkhrdZzZehfc ju?2].

GbadXyhbfhkliyhklhlB gz~ "ghblaf_jbl _eveugb ebg_ ydeyxlky
ijbgbgz@dImzevgheyBajZ[hlklh_~kidhgljhédyh\_jdb_g(l\ Ihfgbkeb_

e _gime _)hbebg, I&ddzZzd keh b\r_ckpImzZplbbbjh\ufwdhghfbqg_kdbf
djbabkimflj _[bl_ekw[hevrhI*Zij ~ihqgl_gphklufo”_r_\ubaf_jbl_evguf
bgkljmf_ dBEf

DzZdx[hbaf jbl_ewdgh”~kl\é gldEebg cdhize guulvih\_j gu

P_evxXZggh&[hluy\ey_ IkZkkfhlj_otkh[_gghll_gbebg_, AlgZeba
dhfizjzlhjh\ "klZ\e _ggdwgd _

E_gld khhI\_TkI\lbbHK[E502 bf_xI"ebgml1l ~h100 f _Ijh\4]. Ebg_cdb
Khhi\_TklIWeH K427 *he gbalhlh\eykiky* eZblaf_j_ ghle50 ~B000ff [5].

>ebgd&hfizjZlhgZ\bkibll"ebge glbelebg c®zk JhrgyrdgbgkZfu_
oh"h\ue _gla k*ebghidehlglZl2-o f_1jh\*h10-Ih rbjbghe hl1125 ~h25
fbeebf_IjlKhhI\_TkI\_dlgfizjZzlhfeyhgljheygbhebg_kdebghhd2-0”h
10-1bf_Ijh\gZb[h&hklj_[h\Zgu

RdZea _glhebg_ flmlulvke "mxsbéh\_ljbqg_kdZ&cfh\Zgmlh\Zy
kf rZggidyZeZzZ

RdzZegze glbetebg_cfh _IfulvgZzg_kdg#h~ghlkclhjhguzZzdo k*"\mo
klhjhg aZ\bkbfhklbbiZzrdZewhfizjZIhhe _[gulvijbkihkh[eddhgljhex
rdZee _glbebebg_c#hZaguo klhjhgohimkdzZ lhdehg @bckl\bl_evghc
"ebge _glbij_~ ey kikle ZkghKE502b khklZ\eyaZ\bkbfhkl’bebge glu
brebgbgl_j\ZeZglhl0,15ff (~"eyfbeebf_Ijh\ibjdl _j\Zejb "ebgl f) ~h
15,15ff (“ey_Iljh\h]hg!_j\ZigE"e b d0o0 f).

>himkdZ hildehg_fgbckl\bl_evehgebg_cldig_"_ey klkle ZkghKL
427 bkhklz\eyaFZ\bkbfhki'bebgebg_clklB,1ff (ijb*ebgB00ff) 1,6 ff
(ijb~ebgnl2000 ~B000 ff).

;ueijh\_" ibbk#j_"kkdhgljhéwnf_ jbl_evguobebg , \dh/) dhlhjh]h
[uebijhZgZebabjhiZgubZ&u Iternet kZclubjfbkZcl®GBBf _ljheh)bb
[ZatdZggudl glfQpat, NBIK

Ba\_klge "mxgthfiZjZlhju

ijb[hjreylhgljhégbge_gl8]

dhfizjzlhpyh\_jdpme_IKhebghdl5f (jZajZ[hIEPEB; KI[=MBLFH

kh\f_klghbjfhe=_h”"_abqijibdhjw)[7];

dhfizjzlheyh\_jdd_gjme IhdbgheB0 f [7];

dhfizjzlhpyh\_jdb Iljhrihdb\jme IDdFJ35 (gZc*\gph”*bgl_jg_ |

ithbkdiZajZ[hlZiH«KI?DI»J)] Gh\hg_jdZkkd

mklzZghmMeyh\ jdibaf_ jbl_evguglme |hidjfuSteinmeyer=_jfZgly

50-f _Ijh\uckl _g’k eZa_ jguwfgl _jn_jhf_|HHEF 5529 B nbjfu METAS,

R\ _cpZjBly

5-f _Ijh\ubaf_jbl_eviglugrhbjfuME, Lmjpp¥
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21-f _ljh\ubaf_jbl_eviklugrbjfuMETROSERT,W k| h By

50-f _ljh\ubaf_jbl_eviglugrbjfuRISS,Dhj [¥].

< j_amevlzZzZgZebaZc™ _ggupb[hjh\ [ueZ khklZ\e_ &kh[s_ggZy
nmgdpbhgzZ&wgZ¥hibkZglhafh guj ZebazZphbhihg_gldhfizZzjzZlhjkh\
aZ\bkbfhklljbrz_ fhixfbaz”Zqb

Dhfizjzlhfeyhgljheyglbebg k#lebghdlOf, dZdjZ\behuihegyxlky
\ Z\IhfZlbabjh\2\gdbh¥Zgk IZdbdhfiZjZIhjZlohevamxkhdyl Z\gebg_cgu_
ijhly  _ggthkgh\zZgbyhfzZlbabjh\Ziggkd_fiyb\h*"Bkgblu\ZddognhjfZpbhb
Lj _[h\Zgdinf_s_gbyéynklZghwdbohfiZjZlhjihklZ[bevgHhkfb_ jZImlu
\eZ ghkllg_dukhdKlIhbfhklZdbadhfiZzjZzlhjihj\Zz\gbl_evgehb.dZgbfh]ml
bkihevah\Zleiigljheyghhebg_ f dgvrbjazaf_jh\

ljb g_h[oh~bfhklibgljhelpaf jbl _evgaioglg [hevrhtebgufh]m]l
bkihevah\zdwkiyZjzlhjZjz[ZgghlhZg_ ih"oh”"ysbeydhgljheyg , gh
agZgbl_énkghdhfizdligh”™ r \u_

lhlj _[ghkliv® _r \udhfiZjzZlhjgo[hevrihebg{hl0f), dhlhjufh gh
bkihevahtzlideyhgljhbgaf jbl _evguplZzd~reywhgljhebg ,ildij_ "g_fm
khojZgy._Ilky

Hrgbfaijbf_jh\lZdb6_r_\udhfiZjZlhjhklZzaehfizjzZzIWjeydhgljhey
jme_|Kheébghd6 f _IjhYg_ZzZ\IhfZlbabjh\xgjbwalhfiZzjZlhjZajzZ[hlZgguc
KIB; KI[=MBLFHkh\f_klgkhA:HGIN«MJ:& b mklZgh\e @gud jkdhf
\Z]hghkljhbl _eag@hf)* :gZebavdkiemzZlzZwlhhdhfizZjzZlhjihdZaZelh
dhgdmj_glhkihkib\kKh/ ghiklva*Zglzy |HZajy*dhfiZzjZlhjh\[hevrhc
"ebg(@*hl0f) jZaghlkl_i_gb\IhfZlbaZplkbheva@dgjZ[hlZghfids_ggmx
nmgdpbhgZ&egifpZ atiZzggubafh gudfie dimxwkeo f gdh\fiZjZlhjh\

Ebl _jZImjZz

1. Jme _JldbWe dljhggu&n]jkKZclA:H GIN ; edh. — J_ "bf rhklmiZz
http://www.belkom.ru/produs/building/index.html

2. Ebg_cpWe dljhggwaijkbdbi_ ~Kyh[h*"g@gpbdehi=Jbybffhkimiz
http://ru.wikipedia.org/wikiEbg cdZ

3. JZajZ[hlch&fy _[gudbeZkkbnbdZXpisc klI\mxskjo *kldhgljhely ih\_jdb
baf_ jbl _evgaioglb jme Ih/dzZ\hjhgdh\Z - FZI _jbZewimkdghc
d\ZebnbdZpbjlzdghki pbZebkkZ[=MBLFH-2010. -11%

4, =HKE502-98 Jme lddf jbl _evigdZeebq [HdkKk+ <azZf =gH KE502-89;
\\ _71998-05-28. -F _"]1hkkh\ ilhklZzg”"ZjlbaZphjiheh]lbtkk jlbnbdZfFbb
BahklzZg”™Zjlhhj1998. — 23k

5. =HKU27-75 Ebg_cbthbf_jbl_evhuZeebq.Kdbogbq_ kdleh\ply dki
F_"lhkkh\_ilhklZzg~ZjlbaZphbheh]lbk _jlbnbdZpFbBarhklZg”rZjlh\
k h.j1998. — 23k

6. Jm[bgh\> Dhgljheghevrbgzaf jh\ fZrbghkljh_:gkigZ\hqgbdE:
FZrbghkljh. BbgbgHIl2~ghb 1982. - 12K, be

7. JZajZ[hldiZfizjzZzIh{t2yih\_jdibaf_jbl _evgme IWdFbg]Zeb WZ -
FZI_jbZewimkdgh\ZebnbdZpbjlzgghki_pbZebkKZ[=M LF H- 2010.
-96 k
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M>B2-791.2

IJH;E?FUH;HIM>H<:GBYX YDHGLJHEY

IEHKDHI:J:EE?EVGUXHGP?<UB®?J>EBGU
X.:. Phiz
GZmqgiedh\h~bl—kVij ih~"Z\ZI| K =\ha~_\

lehkdhiZjZee edlggp \uf ju ~ebguijbf_gyxlkyey
baf_j_gjyaf_jh\kh[hhggulma”_elbbkgzkldBe Z Ndbkihkh[e_bkkZgdh\
ijh\_jdb8Zeb[jhjh\_jdb]jZz"mbjhjdbebqdupbijb[hjhbl i. Djhflh]h
hgkkem K] ~ki\lffZzg_gtbwh kijhba\h "kMNZgbpebgiybi j ~"ZbglwlZehgZ
dba”_e[lx
lehkdhiZjZee_ _eMggp \U_ju “ebguj_"klZ\eykh[hc
ijyfhm]hevpgmkdjizaf dhlhjuoij " ey jEkklhygb fm\mfyZjZee evgh
Ah\_ N gguédbkdhklyfebg&hgp \tofh  IkhklZ\ekld~hl000ff [2], ijb
wlhfiZzb[hegZkllhkihevamklkyk"ebgzZhil 00 ff. Dhgp_\fu jurebglu
hkgh\gh&]lhlZ\eb\zZixdklyZ el _jAhkI1\n¥800 HV be b\ _jru&ieZ\H\_jrhklvx
h11400HV bd_jZfbq_kdigp \u jul\_j~h kw1400 HV [3].
IhklZ\eyxlkyu\ gZ[hjZeplh[uh ghluehkhklZ\eyéndb
Neybaf j gby[h]hzZzaf ,jEh[bjzZyoba\hafh gh gvr_Jogbkedhgp \boj
Balhlh\e_ghbhgfp_\uog"ebgazgbfzxfgh]bij_ "ijbylblyadhlhju®Zb[he_ _
ba\_klguybeyxI|R4itutoyo Corp, Mahr b Tesa Technology,jhkkbckdbachlh\bl_ev
ij_~klz\elzpdbflhj_"ijbylbyfdZdQ_ey[bgkldgkljmf_glZeag@l/ QB)A
aZ\kDjbyg aZ\kFbdjmwgH: H«D:EB ;¥ bl.~
D iehkdhiZjZee_ _edlygp_\uf_jZf "ebguij_"tyleyxlky
ke _"mxd$p [h\ZgbdyWwdehg_fdbgdhgp_\Vhgu\azZ\bkbfhklide ZKklkhzyghklb
g_ "he ghij_\urzZlvagzZq_ght 0,06 fdf ~h 16 fdf b hldehg_ghl_
iehkdhizZjZee elvagthlkbd evijhojoghkdhagp \tuo\az\bkbfhkltheZkkZ
lhgghkdb*he gih_\urZlagzZzq_ plOps5fdf "H fdf mdZaZzZdguH K038 [2].
Kj_"kihkh[haf_j gbgbguhgp \doj fh gh\u”® _eblv
ke "mxsb_
iehkdhlidaf_j ggdyf IThqdzbh*gbhgdgZZrjm]hehkdhklb
iehkdhlidaf_j gagtrry kilbhgdzbh~rglhqdgZZ jm]lhehkdhklb
A\ iehkdhkdbf_ j ggbhq _luj lthgqdZzf
A\ _iehkdhkdbf_ j ggbr_klbhqgdzf
A"\ iehkdhkdbf_ j ggbh\hkvfbhqgdZzf
Ke_~mhllf _Iblvglhbaijb\_"~ ggidwr_f _Ih~ hbaf_j _gby
"ebguhgp_\tioj f_Ih~af_j _gbgbguzZdzZkklhygblyhgdBhiehkdhklb
kms_ klI\_a@f@bpb ZbhlgghklgpwZjzd!l _jbklibdb
K jm]hklhjhgwaf_j gb\madehkdhklihc\hkvfbhqdZzZf
yley llkg[ulhgguf
LZzdbh[jZzahdZb[heh”oh”ysh¥ey I|kylh’/baf_ j gbyno
iehkdhkihqg _luj _IthqdZ*feyhkh[ij_pbabhggab j glbfc kfukeéjh\h”blv
baf_j_g¥Wmieehkdhkihic_klbhqdZ4.
GZ_lh~rgyrdboggZugdij_"klZ\e bgf jbl_evigh[hju
Neydhgljhedhgp \doj IZdbobjf dZdesa Technology, Mahr, Feinmess Jena,
ljhfljZzgkz\IhfZIbMEIjhckI\AhevrbgklWlbonbjf \ hkgh\ghdkihevamx|
dhglzZdigfulh"waf_ j glaybkdexq_ _gmmkfijhckdb|fu«Feinmess Jena» EMP
2025\ dhlhjhif_~mkfhlj\g&Zfh ghlblaf_j gdhkihevah\Zgbafjghih.Z
ljb[hju~eydhgljheyhgp_\doj i_j qbke_ggwo nbjf
bkihevamblnn_j gpbZefvduébaf j gbywnn_j gpbZetvgbhékjZ\g gby
hkgh\Zggw& j_]JbkljZzpblbaf_ jbl _evghkpigZeZ\eyxs ]JhkyjZaghklvx
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baf_jbl_evdgkibdgZehhklmiZxsbhdbkke_ "m_ffhdld f_jy ojZgys_c
ba\_klghhgZqg_gbaf_jy_fhcebqgbplh ;he_Ihqggut_Ih*g_ihkj_~klI\_gghl]h
baf_j_obwlbigb[hjZo bkihevam_lky

>eyij_"hl\jZs_gblyg\_dpbpy” mkljhckijb ijh\_~_gbb
baf_j_ghklZgh\hpdadb[hjhazZzdju\zZ KikybZevgudfjZghfhlhjuthe _g
h[_ki_qgb\EZlvehbahey@hhxjb wihfwdjZg_h[_ki_qgb\ih™N*_j"ZgpZ[hqg_c
| _fi_jZlmhahgbaf_j gibkha” "z _Im "h[klé¥hi_jZlhjZz

< ~"Zevg_crjZajzZ[hlgbtibgguaojb[hjh\ "he gu[m~ml
mablu\ZiiM_q_gga_"hklZlelom~rZxdbhgghkbvkha”Zxst¢p_m~" h[ki\Z
wdkiemZzZlZpbb

Ebl _jZImjZz
1. lehkdhizZzjZzee_ ehgp \d_ju "ebgiWe _dljhgguknjjk_"bfrhkimiZz
www.sberbusiness.ru/page/17
=HKRB038-90F jurebgdhgp_\ehkdhizZjZee. evggbqg_ kdibeh\byl|Z
\\_ A gdy791BIDBA>:L?EVKLKIHG>:JLH<
Tesa Tchnology [We _dljhgjgwkaijk_"bf hklmwdw.tesabs.ru-azZ]lezZkbwdjZgZ
Kmkek¢. > mgdh\kdk¢Bkke "h\Xkgihkh[bWaf_ j gblygp_\ug”~ebgu
ijb dZeb[jh\dhhj*bgzZbgh_jbl_evddobg [We_dljhggu&njjkl_"bf
AhkimfiWe dljhgjgwkaijk " b hklmelbrary.ru/item.asp?id=9246920
5. FZjmkb&2Y, LdZebgE, <hjhgpH\:.,, KdZe_ p&2y Hkgh\@_Ijheh]bb
klzg~ZjlbabkbhlbnbdzZpd_[ghhkh[b= KI[: J_~ZdpbtoggtZ|l_evkdbc
hi”™ _€1[=MBLFH2009. — 164k

N

how

M >[535.31

DHEEBF:LHIJUEYDHGLJHEY; T?DLB<HKHS&:;HL:XSBO
<H;E:KLBKI?DLJ:HL400 >H900 G F
?:.Pu]Zghd
GZmqguaedh\h~bl-ekg, ijhn_kkhjl.=jZffZlbg

lhy\b\rb_gvizd*Z\gihb[hjurexmf_j qgoddhex” _,gdy*_j Zilb_fgbdb
hilbq_kdbph[jzZ  LgjhlZxsB rbjhdhki_dljZevgheZzkMeyih]lhglh[u
«kh[jzdv[hevr_dhebqg_kk\hlh\hweg_ jlbd\b~ng_]J]HhagbdgZh[oh”~bfhklv
jZajzZ[hldbhl\_IklI\mxbpto dib\hAl1zZd _ kj_"kibhodhgljhe®@zZhkgh\Zgbb
ki_dljZevgdm\kl\bl_evghbklbfgbdA&bjfu TOSHIBA [ue \u[jZgjZ[hgbc
Ki_dljZevbZizZaYegh[t_dIbhZ00 ~M00gf

ljbiheybah[jz _,gYhklb]ZxsilndgAk ebqgblygjy®2& 20°, bkihevah\zZgb _
a_jdZevigjuodlib\inkdexqg._gh

<ebgah\ubkl_fzZoh[hr"ghdp_gljZevohdhZgbjh\dghkh” _j Zsbo
Zkn_jbqg_kdbooghklZ[c jjZpbhig_"_eyxsdZgq_kBah[jZz  _dbpjhdhf
ki_dljZzevgWbfZziZzahgebdhegy\ley |Rkhjbgguki_dlj>ey_Jhmf_gvr_gby
g_h[oh”biffibf _g _gbhilbg_kdkjp "k gZb[he[ebadbfdbbgZq gbygikiguo
hlghkbl_evwdpko_jkbb\hafh ghevrhjdaghldbwnnbpb ~dlhi\ jkbc

<_ebgbdBdjbqghkh_dljZZ\bkbl hlghkbl_evgallgudki_ jkbZjhd
kil _dhereyh[ugguél _dh2ZjZf |jub k\yaZgbhg_ cghZ\bkbfhklvx

;hevrbgkifhjhd&l dlgeZoh”ylkeb alb*ghigyfhc

QlhJunij_~ eblvebqgbymjbgghkh _dljZA\moebgakbtkd_fihklZlhggh
kh_"bgbwhcdhqddz2rbz]jzff[[_(]1jZnbdzZ\bkbfhikldhkbl_ eyqglkthlghc
Abki_jkbbdhwnnbpb”igkZ_ jRbiblghkysbdiwbfZzjdZkl_dhlzg]_akleZz
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h[jZzah\ZggjlyfinckhkvZ[kpbkin” jE\ _§ ebqghig>eyfhevrbgkiZkl _dhe
\ _ebqgbglzaf gy Mgy[hevrbgo”™ _eZo

Hilbg_kdkl _demdhlhjup b g_m~h\e_I\hjeblg _cghZ\bkbfhklb
hlghkyldghkh[wfkl deafms_ kI\ _ggh gvr _dbebgbbllnjbgqghlh dljE
hrgh\j _f _ggihfklb™ _gb*HklZlIhgdrvrbgbkeh\wo jimfih gh*hklb]Jgmlv
ijbf _g gbhflbg_kdljo,"mdhlhjub_ebgbgwklgudghkbl_ evyghiloi jkbc
[ebadb”bki_ jkbatfffluggukl|l_dheb \hafh glhevrhgZaghkdbwnnbpb glh\
"bki_jkbb

ljb bkihevah\ZdgdpbgZpdhduqgu k!l _dheh[eZklki_dIj40-900 g f
ijhbkoh”\_ebq adZq §bgbgbylinjbgghlh dljZzk_fwiheh\bghzah
kjZ\g_ghkRkki_dljZevdgwiZiZah480+643,8gf Ihwlhffmreynf _gvr_dbgbqgbgu
\IlhjbgghRh _dljg_h[oh”bjbf_gblehlyu\ h*ghltaebgehkh[u kl_de£b
fZl _jbzZ&khkh[ubhrhfbki_ jkbEdbdZdexhjbihlhjbklu[Zjbmlhjbkluc
eblblb”j

ljZdIbq_R&bljZnbdbhjbgghlh dljzZzhemqg_glgihfhsvxijh]jZffgh]h
dhfie_dKZJH "eydhf[bgZpba™\mokl_dhé~r*ghbadhlhjuaehkhph _\
kKi_dljZevghEZiZzah@p-900gfbf x*\zb[he wdklj_ fmdHAIhjuhlkmlkIl\nxl
dhf[bgZpbya*"\m&h[uqguokl dh&Zebqgly kdhevavdk!lj fmfljEnbdZz
\Ilhjbgghkh _dlj¥ _ j\u J[uehazf q B6G :g”j__\ufeykhqg_ |Zgqeyxhjbl&Z
d\Zjp_\hkh_deZ*"bZiZahgebdhe40-656,3 gf < "ZgghkemqkX ebqgbgZz
\Ilhjbgghlki_dljZm~ _lhij_~ eylvikdkklhygbf f""mwlibfbwdklj_ fmfzZfb
OzZjzdl_jbkldbaldp_kIbhZh[jZ _gbyh[oh”bifh_~_ eyflllvgbfmfeyiylb”ebg
\heghkgh\gd¢Zcghebihedgi dljZevdhlhiZabgZbyghegchhlI\ _IklI\mxsbo
wdklj fZevagadq gb¥mbdkhjbgghh dljajbg_fagZq_ gtbke "~gtedgu
\hetpklzxlgy baf_ggudlz "hchf[bgZ ikt _j Zxhkh[a Kkl_deZ

Iljb baf_g _gbkgh\ghebguheguijhbkoh”tblaf g gphZkklhyghbly
iZjZdkbzZevpghhijjz _ghbkgh\ghebguheguhizZjZzdkbzZevbhhijjZz _gby
djZcgb®ebg\hegGhjzZkklhygh "mwdklj_fmfZfbb” ]jZnbdEklIZgmlky
g_baf_gguwb_"h\Zl_ aVhjilbqguka_dlghf[bgZptha*\mé&l_dhleh”_j Zsbo
«hkhph\*"bZiZzahgbghe400-900gfg aZ\bkibiNu[hjhkgh\ghebguhegu

Djhf_hkh[u&l_dh®eyZojhfzZlbazZlpidbqg_kdblokl, A i_j\mxhq_j_"v
h{t_dIb\HbdjhkdhiH\Z*"bpbhggkihevamnihjblGh\ jZkkfzZIljb\zZ_fhf
kKi_dljzevdbZizathggrZ _fZeuavnn_dh kjZ\g_gkxhkh[u$bkl _deZfdh
NZ \Mlhafh ghkldzZazZlvikgxhjbNboihevam

ljh\_~ gglbkke "~h\ZighwzZazZeghhfbgbfZevgidfhjbqgguki_dljhf
ki_dljZzev@hZiZa40§-900gfh[eZ"4Z]|X&|_dhHD-KL 2.

G_kfhljgzZlh glhgzZhkgh\zg¥hw]jzffaz\bkbfhkhklghkbl_ewghkdghc
"bki_jkbbdhwnnbpb” lgkz jkgBEbf_gvrbhjbqguki_dljhfhe glZ[ez"ZIv
dhf[bgZpbih[udl_dHHda—H 6.

ljb jZkq_dheebfZlbjgdj oebgdmiiKLBHBLN ihemqgbmlh _gvr_gb _
agZq_QgkybgghRkh_dlj¥10 jZaih kjZz\g_gkemqgrbfdgZq_gbyFfibjbggh]lh
ki_dljigbdhf[bgZpbgombzl_jbZedX gufbhkh[_gghkl¥tihjdheebfzZlhjZz
yley lhykmlkl\on _jhojhfZlboaffZe gvdlilbg_kdkibewhfihg_ gl@®Vh*h
gZklhys \]hf_glyg_m~*Z\ZehkesmqgblgZehlZzdh]thheebfZlbjgdZl_jbZeh\
dzlZzeRJiZll2Zd _~Z dhjhrbjc amevlZI
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M>B21.383

K<?LH>BH>GEBG?CDBNHLHGGUFBJBKL:EE:FB
SEYKI?DLIHKDHIBBAH<<KJ?>G?C
BDH;E:KLBKI?DLJ((3-5FDF)
F.<QZrikzZgdl | _jimjlkdb&m~ZjkI\ ighgetbd _ogbq nkglb\c jkbl _|I
GZmqguaedh\h~bl-dw-f.g, kgk ;.:. FZI\_ _\
(Nbabdhogbq_Kigkdblmfl :.N BhnnJ:Q

lhke _~gith Juekhlf_q_dgwms_KkI\_gighfj_kkhkha*rZ@mBEk\_ITh*"bh”*h\
(K \ kj_"rg BDh[ezZkKi_dIj@-5 fdf), ijb]h*gudeyjy*Zjbf_g_gblcZdb _
K\_Ih bRt mhklj_[h\Zgu *"\k_]JhNhilbdBdmklbqg_|Kdth&ZgZebaZélyjZo
dhlhjubbgbfmimfh\uokb]gzZehf__If_klhijb "hklZlhg\gkhdbepzZzklhlZo
fh"meyfb400 =p L_ieh\wbklhqgbgth[ez*rzXhafh ghklIpNXhluwZlZdbo
gZklhlZoZjzd!|_jbanikekyhihlj [ey_ fhhcsghklv&eZk _Jhrgyrdbgm  _
[uehijh” _fhgkljbjh\lZigh® e _dlhgp_gljZjpbebhh[jZadlufchg_gEZmjh\g _
g_kdhewpdhhohkgh\Zggdaf_j_gtkye _dlb\dhlbdBEdmklbq_ kdim] hatl Z
ijbf_g_gbBDK>b dzZgl_e_\_jguwghnhgfl\ oghehMEMS) "eyf |Zgh
m]e _dbkehdA.

KharZgbhlhgghdhbklZe&a (.. "\mf_jghcjbh”bq_kidhmdImh jauz
liZgbpjZza®_eZemijh\htghbad*mba\heyiH\ukblwilbg_kdmwrn_dlb\ghklv
k\_Ih~*bhalzkgztthgp_gljZlpbhbdX fhr"Z&ihkh[gulodbgmilhvemijh\h/?dbd
ij_h~hehlNZgbg_idby\h"maemq, K\yyvaZgguhegufgmlj ggbiz  _gb _f
ljbf _g_gbND ~“eym\_ebq_dbyh*"Zbaemq_dkh[_ gglhble _dZl_exgh
k\_Ih"bh”gaing_cdkKdukhdbhzZdlhjh&Ziheg, gbggydhlhjuojbf_g_gb_
bff _jkbhggamgazZljm~gbl. a4ghh ND\ k\_Ih*bhkgo‘g _Bb*"bZiZalygZ
khh[sZehkyv

<jZ[hlbkke_"h\zZ%¥bkvghr*ghjyrgabg_ cikd kd\Z"jZlguZdlb\gufb
hlezklyfbazYhzaf_jZT@x70eb[h30x130fdf, baemqzZx\gbb a6 fdf(300 D
b balhlh\e_glya]_|_jhkljmdkmklhysbarbjhdhahgghglzdlgkghp-
INASSbP (5(300 D ~ 420 fwx b ZdIb\ghfe Zkblm-InGaAsSb (5fdf), ihemq_ggdo
ijhajZqgghretreh  di'—InAs ("~10® k) |lhesbgh800fdf Qbiuk hljZ Zxsbfb
(R=0,6) Zgh~gudbglzdlzZZlaf_jZz4®<40b e b00x100fdf bU-h[jZagudZlh~gufb
dhglzdlibBjhlz\eb\ZebtkkVvzikdzg~Zjlghhadjwenhlheblh]jZnbb

NDkhanrz\zdbkhzZfblZzgrZjlghhdheblh]jZbhiblkihevah\Zgbméh]h
(bhggedmq_ )HjAE\e gidhy\ _joghkibinAs bkhklhyled dkZ]hgZmivhihh\Zgguo
we f _gkloVZjzdl_jgdabaf_jOp-2fdfbrz]hff_"nwe f_ glZXbdf

Bamqg_gbkij_~_e_ lypbegmq_lybms_ kl\eyle htkhhsvxBDfbdjhkdhgz
hkgh\lb[jbrghfddjhko_fZljbgghhthlhijbzfghritkljhckIn&Zs 128x128, k
jZ[hgbfbzizahdebdhe@5b-3,1fdf |_j _djulbki_dljhBaemq_lglbyh” bh"Z
bf_xs_]JhzdkbfngfZ*ebg\hegB,6fdf b nhlhijbzfgbigEbkoh”blemadhf
"bZiZahgk fzZdkbfmfh3 fdf [eZ]h*"Zjwlhfmm~*"Zehkthemqgblgzlidh_
fhghojhfZlbqg bladhHjZz  .gb_

>eyhemq_ _dHEylbgaZkij_ ~ e bygbeymqg \dkep g _ifhe bkihevah\ZBbkv
bah[jZ _gbgemqgZxsht joghkmb-InAs; ihe _aj _gbyjb wlhfkhklZ\eyeh
384x384fdf. Baemqg_ykBZevgilhe bamqgZehilkvokihevah\ZgBBEezgghl]h
k\_Ih~bwwdjzgaj fgb_ \ikeZklbdguzkk_b\Zxish\cjoghklvx

Ki_dljlnljz" _ghynhlhggu¢bklZe&ht j Zedbgbfmfinlkmlkl\mxsb __
Ki_dljhdjZzaph\a&NDBDBbah[jZz _4§yjZapZaeNDijbijyfhf(iheh bl_evgZy
exfbg _kp gphyjZlighhljbpzZl_evepxdPpg_kp gkbys ghhb\lhjyermhjfm
f_au
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ljb gZebgbBDbbah[jZ _d¢dhyhegbl_ &wnhdgh | Zetm[ebdZiluj\bqggh]h
bah[jZ  _dbyp”*1-]h2-1hb3-]h] _dkZ]hgZaewvizZldh\Zgghpy~*dh\bnjZdpbb
Hg_\b7ghhbf_eh kim\_ebqg_vghbn dlib\ghemqgZxiehsZ™Mbbgl_]jZevghc
fhsghkllbbaemq [eEYh"2mqd¥Z" "ZxsbdZdjZgbpma”™ i mijh\h+ghbad*mo
ih*mJ]ezZfihevrbfim]eiheghlgmlj_gghljjiz" _gby

<ebygbbnjzZzdpkemg ftt ' gh[fuehh[gZjm bbvw dZjlbg*rZevg ijey
JZKkij_"_e hgdd_szgghibhlbh\_joghkalljZgZkiheh _ggyiZzkklhydbb
fdf hl k\_Ih*"bh®dZjzd|l_jbah\kélikvijb_blghkbl_ewglyljZevghtklb
bah[jZz _.gklyeh\ay\bkbfhkbM gkb\ghkkb g gbdjZee evigaémqgZxs_c
ih\_joghkIWD(I..\iehkdhktdjzgadj_ fgb_ \ireZklbguf_eiZ jbh*bqg_kdmx
kKljmdlnkjen j_~h\zZdflzdtkbfmfihibgbfmfhi_jbh AhfjZlgul> m]gjZz, glh
khhi\_lklI\hYzZzeh_I|jbthlhggHjibklZeeZz

Lzdbli[jZzah[fuebZajz[hlZguh~uhemq_bgkha”Zigu Ih*bhgdhkgh\_
INGaAsSb b k\ _Th"bh~gebg c&k®D nhlhggudjbklZeekhhjfbjh\ZggaZ
ih\_joghlkids bbamqg\lghygbDgZ4zkij ™ e fobghklbaemq \dbh g_ I
NZevgihfe\ k\ _Ih*"bh”~Zo

lhemqg_gglk\ Ih*bhMh]ml[ulv bkihevah\Zigu kha”zZghjb[hjh\
obfbq_kdahdgEZebBdd ihjlZlb\gwbdjZkkh\lidahZgZebazlhjihj\ndhgljhey
ijhba\h”~klI\_ggjhgp _kkK2gZebaZlhhesbgiezghdZgZebaZlhjhdehiZz
Z\Ihfh[bevgludah\kbkl_fl_ieh\b”_.ghy¥dbijb[hju fhlmlijbf_gylvkly
_nl_]Zahoébg_kdhdgh”rh[u\Zxsjhdure_gghkklem [4ddahkgZ[,_gby
ijbdhgljheaju\hhizZzkghtkflbs _gb\d_"bpbi"}

Ebl _jZImjZz
1. T. Kuusela, J. Peura, B.Matveev, M.A. Remennyy, N.M. StugPhotoacoustic gas detection
using a cantilever microphone and 1lI-V mid-lHEDs», Vibrational Sectroscopy, 51(2). —
2009. —J J 289-293.

M > [535:621.373.8; 535:621.375.8

G?1J?2JU<GUE:A?JUG: HKGH<?
LMEB?<UKR<?LH<H>HK<
F.:.Q _jogur _\2Zevg_ \hklh]dng(mm"ZJkI\ mgiwd jkbmll khh[s _yby
Gqugundh\h’\bI—dmfg .Djueh(GZmqgqgucgl\hehdhgghbdbdb: G

Kfhf_glZ\h_Jihy\e _gb§0-0 |h*2XX \_dXhehdhgewa jugl_gkb\gh
bkke "h\Zdébkv d gZgzZel \ _dz\ k\yabk ihyle _gbwnn_dlb\guo
ihemijh\hrgbdéX@ao jg¥xdZgihle mgbeghdhijbf_g_gbhfgh]bbd[eZklyo
g_eh\_qgq_kdbagb f_"bphg_h[jZ[hld_fZl_jbZehW\Wukhdhkdhjhkl®hc
ljZzgkdhglbg_glXteemdhldqghbg_kdkhgab

< gZklhys\j _fyb” _1Zdlb\gZXZ[hlZh jZkrbj_gbXxbZiZahdhdh” guo
oZjZd!l_jbkilbbelhdhggada ,jhd ke _"h\Z|_édvigheZklijbf_g_glyZa_jghc
| oghdb<Zjvbjh\ZgbbzZiZzahgdZbg\hegeZa jghplmemqg_ gthklb]Z Iky
bkiheval\ZgBEdib\gu&\_Ih\hAhk_jr*p_\bghlhjuoe_]bjh\ZgZaebqgufb
j_"dha_ f_evguefbf glz4blh ~_ \j fy] g _jZpd¥a_ jzZbfimevkgjhf bf _
ihal\heyknhdmkbjhgZ\gbl ewgmx]thfimevkhiylghkjz\gbfhhjzaf jzf
k" "ebghteguglhihal\heyijbf gyleZa juki_dljhkdhiblblhobflbb*jm]bo
h[eZklygdmtdb oghdb

P _evxgZklhys Jihkke "h\Zghey lkihemq ghklZ[bevghcg jZpbb
mevljZdhjhddimoevkh\ "bf iZzkkb\ghlcgojhgbZpbdpZrebghegu82 fdf
\ eZa, jZdlb\gk¢_~hdhlhjhpley_ Iky_Ih\hZdIb\bjh\Zglgueb._*$Zgguc
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j_"bf[m~ _bgbpbbjhkZgfhsvxihemijh\h*gbdig@KhsZxs_ JHKehlbl ey
SESAM. HAgZdfmpbpzZzAZjgkkfZljb\zZ_Yud&Zggh&[h) k\yazgjZajzZ[hldhc
bkke_~h\Zgb if julghlimeb_\hhehdhggéZ¥a j¥b gZzdzqg_ij_julguf
baemq_egZaf gz/hkgh\hehdhgdh]hh\hkBe ]bjh\Zgwghbhdbll_j[b. f

>eykharzZgbZa_ gzZzdzZqgddbihevah\Xxékih\hk fgh]hwe f_glghdc
h[hehqgdhcg”p_\dZhjhé¢h |bjh\ZgEb _bBbll_j[b. *ebgZdlb\gtk)\h Ih\h~Z
khklz\esadhdh f. Hgkhklhbl*\ mpebadhjzZkiheh kgghdh \bgZdh\h]h
\g_rg_Jmbzf_ljArghfh~ h\k]adIb\bjh\Zglghj¢p_\bdghfogh]hfh~hYhdgh
kh™ j"Zs T jrp_\bgkh _ITh\h~lhdjm  _guhebf jgufihdjulb,_fdhlhjh_
h[_ki_qgb\Whelgh\_"misbbfr*eypbaemqg_@gbgZgdhlhjhzZkijhkljZgyilky
fghlhfh "h\uf_Ih\h2BfZrebgk\ _Th\hiNjAbkoh?iblj jZkij_~ ebgémqg_gby
gZdZdgobgh]hfhrh\hkEdIb\bjh\Zggwchfh*hWc Ih\h{bf_g _gbh”h[ghc
dhgkljmdpgbhbh\heym\_ebgbdwn_dlb\ghkRhzZgzdzqdbhlhjufy\ey_ lky
fghlhfh~h\lnaemq_@ba jgtlbh"hdZ*"ebg\hegu=965 gf J _ahgZihjjbc
bll _j[b_\hdBa_p&hjfbjmxt\ \hehdhgdmw]]h\kdibr Idkdhwnnbpb_glZfb
hljz"  gRy5%bR=100%gZ2ebghegwl15609gf

Kms_klI\_ggh gvrblmjh\_gnvmfh\gZ\uoh”®eZa_jd"ZehkeZ]h"Zjy
agZgbl _evmghfmbqg glbkeph”hevgfihd'j ahgzZlhddglh[idhgh j djul\Zebkv
AimKk Ajmlhfh[jZamdhglbgmihhf kiwgZjZsb\ZgbebguZkkb\ghK\ ITh\h”~Z
<dexq_g'hihegbl _e¥ghb\gklhlh\SNEF28"ebgB0f ijb\ _ettkgb  gbx
ihjhlh\hljghgZg_dbgghklbjb dhlhjhfhagbdZzxleZdkZpbhdye [Zghbly
F40 f<l Ijb wlihfkj_~g_d\Z*jZIlbgdg&MS khklZ\B2% gZfhsghklybe
100 f <.

>bnn_j gpbZewgZydlb\ghekda jzdZaZeF%k(81,5+0,8)%, qlhy\ey Iky
0ZjZd!l_jghebgbdreeza_jiZ\dh]biz

>ZgguecZabjkihevah\Zewy dZddbeb \lglhj julghdBa, 2y _]hg
ihrdexqZeWyehdhggfmimvibie dWBym

Hkgh\gufdhfihg_glhg_ij_ju\gh]Irmeb_\h]ehZa_jZ/\ey_Iklg\_lh\,h"
e_]bjh\ZgdhgZfon™, dhlhjubf_ ke ~mxsilZjzf_ ljubzf_ Ik _j~p_\bgu
D=10fdf g_gZkus_dglbq kdibl jlwyZebgheggzZzdzZqg=h60gfkhklZ\eyxl
.=607/f, ZgZrebg\hegl_g_ jZpbblo960gf- .=224>|f; jZagbpizdZazZl e c
ij_ehfe_ddy” p_\blgh[hehqgldibklZ\eyn 40,012.>ebgkd\_Ih\hpuwzeXu[jZgZz
jZ\ghlcf, lZzdZzdjb wlhfjhbkoh”nilhleghih]l]ehs ghbaemqg _gybd/Zgddblguc
k\_Th\hhf_sZ_ |ky _ahgZlihjjZzah\Zgguehdhggjwc]]h\kdhe_Ildh<;Jk
dhwnnbpb_flhd" _gh90% gZ*ebg\hegu=1960 gf b \hehdhggaifjdZehf
KZgvykdhwnnbpb_lolljiZf _gB9% gZrebghegu=19609gf

< "ZgghéZa_jlueZihemq_KlIZ[bevggyij julgdyg_jZpbpp wlhf
fZdkbfnkfi_dljgZoh”blkx " "ebg\hegu=1961,8gf Z ]JhrbjbgzZhklzZ\ey |
" =0,59gf >bnn_j gpbZewgAydlb\gh&Za jZzhklZ\bd&Z(12,9+0,1)%, glh
\ua\Zgh hilbfZevgg#Zq_gtthwnnbpbhlglZ gbyoh~"ghdhjdzZkzZgvydZzZ
gZklghkjbbkihevah\XdBlg _kluoh”~ghdhjdZlegZp X\ _Ih\hkdhehlhi}h
ijyfuf mlJehfdhwnnbpbhiglk gllR8,4%), [ueZihemq_@E&Enn_j gpbZevgZy
wnn_dlb\gHhkkK86,9+0,5)%.

Lzdbh[jzah¥*ZgghZ[hl[uebhemqg_lyglwkke "~h\@giy_julgy_"bfu
]l _g_ jZpwg[boll_j[b_\hN\Nhhehdhggllha_ j& "bh~ghgZdZqgdlZzclzd _
gZdzZqgb\zZ bdhlimeb _\te]ha. Zhsghkllv*ghfh*h\bhtremqg_lgbhgbghtiegu
=1960gfkhklz\18Xf<lijbfhsghkldZdZpdebg hegu=15609gf970 f<l
LZzddzd az”~"ZqB[hlug_\oh”behhklb _gbhZdkbfZevdhan_j gpbZevghc
wnn_dlb\ghhkldb \kldha, Zihemqg_ghhklZ[bevdhg_jZphbhg_h[oh~bfh
Ney_ _ZebaZbplzibevgh]hhfdazkkb\ghltgojhgbaZpblhhilbfbaZ gkioy fu
eZa_{2&y*hklb  _gbop¥bemqrE¢zZf_Ijh[im~ _iljhba\h”~blYkiyhp_kKZ[hlu
g_ihkj_"klI\ggdhiimevkgadta jhf
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HILBDWE?DLIJHGAHBR;HIHKLJH?GB?

M > B81.7.08,681.78

'E=HJBLAHIJ?>?E?GBNILBF:EVGH=HHEH@?GBY
IEHKDHKLBG:EBA:<HILBQ?KDBIKOBKL?F:O

KJ:KNHDMKBJH<DBHACH ;J:@?GBY
LFore N\
GZmqguadh\h”bl-dlg, *hp_glG Lbfhn_ _\

Djzldh_\kimie_gbihklZzgh\dZh[e_fu L_e _\babhgdahj*bgZlgh
baf_ jbl_evigbkl fddlIb\ghlhiZzaZzgzZklinx xlke "mxskox_firhkljh_gby
baemqg _lgldhgljhevgwéh f_gl@dhemijh\h”~gbdb¥Ye]inqgZxs bjh\(ZB >)),
mklZgh\e_gdh]h_digZ[ex”™ _,gbybkljbjm _ijby fgufmkljhcki\hkhklZ\
dhlihjhfoh [t _dIikVhklhyggufidmkgakklhygbfZljbggwdhlhijb_fgbd
(DFHI beblAKfZIjbp.Zlhemqg_gdui¢gh_fghimkljhckldZ "h[jZ[ZIu\Z _Kky
p_evij " e ghtyhj*bgBadh[jZz _glB/> kem Zshhkoh~rgufMZggufb
Zelhjblhij_~_e_dibnj*bgglt_dlZZdmko fimkiheg_dlhyxl\ gzZklghklb
g_dhlhjkl j hkdhibqgkbkd#&b fuwZijbf, jhilbdWwe _dljhglkiZzll fdhgljhey
iheh™ _gbyi_jgub Ilhd ZgZehjbajz[hlZggadZn_ "Hilbdwe dljhgguo
ijb[hjhbkbkl KI[=MLFH1].

?kebijb_fghmkljhckij\bf_ g ht_dIkihklhyggufidmkgakklhygb f
lh ijb ijh~hevghfj f s ght _dlgzZ[ex”®_gbyg dhlhjibziZzahg]h
bah[jZ _gbiehkdhkZlyZelhda2 jZknhdmkbjnDZ2k¥dlbjaf_g_gjyaf_jZz
bah[jZ _ggyihkj_~kI\_gdghbkbil iheh  _gbly b hij_" ey likydbfb
iZjzZf_ljzfebkl _fudZdnhdmkgjtzkklhygl jZaf jhighkbl_evdh{hjklby
h[t_dlb\ZkebnvlbiZjzf_Ijthij_~_e_gwh"]Z[Zjbtghg_j]l_Ibqg_Kdkph |1Z
kbkl_fuhr"eynf gvr_§BybZphbaf jwah[jz _¢Byijbi_j f s gk dlZz
g_h[oh~ihbfZevigHjZlvheh gl

P _eviz[hlu lhkljh_gtzelhjblftzilbfZevghifhjZiheh' ghghkdhklb
ZgzZehahhj"bgzbgh jbl_evigweo \babhggkb fZdIb\gHpiZbf_ xsbb
ijb_fghfmkljhckh\([t dikihklhyggutidmkgaZkklhygb f

:Zah\uiheh ™ _glhkke ~h\Zgeéeyhkljh_gbZgghdklhjblbkke_ "~h\ZeZkv
aZ\bkbfhkdaf jEah[jZ  _doReh]lh_ ~f JZ4Zkklhygthdhlhjhlfh gy IRy
g _dhlhjhHf]jZzgbqg_gd'bfZiZzahd ijhba\hevih[jZgghtehkdhklbgZebaZz
hij ~ ey fhizklZgpbnledmkbjhkdtkl fuljb wlhfiheZ]Zehdhij_ ~f |
iheghklwwZoh”~bhkpahieZgzZlbgakdltbchij » eyxsy\ey Ilkyn jbqg _kdZy
Z[ _jjZpbhy[t_dlb\Zeyihemq_gbZgguaZ\bkbfhkbkihevah\Z&ikygjZlI
] _hf_Iljbg_kdhbodbkn_jbg_kdZyjjZpty _gb\ZeZkpM[eb™ _gblp_Iv_]h
ihjyrdz

ljhf_"mlhgqguj_amevlzZlkudzqg_kINhf_"mlhggpoamevliZzihdmqg_gu
aZ\bkbfhkabf_jEah[jz _dHEehlkzZfhk\_lys_ihkyf_ 1Al _Jhijh~hevghlh
i_j_f_s_gbhilbq_kdboh[jZz Zxslwk|_fxd[t_dIbyhdf_xsbfihklhyggh_
nhdmkgahkklhy.gb

Bkke_"h\Zgdf g _ghzaf_jbah[jZz _ghy "bklZgpmthdmkbjh\ldb
highkbl_evigih]hklnyt dlibkhqg_Ilhitkn_jbqg_kallhdjZpbb
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Bkke "hi\ibd jj_ ZebaZlpdhbfklhgdhebgaheyhlhjhie® e Xg\hM|
hilbfZevght[hj (k lThgdbaj_gbwmf_gvr_gbZjbZpbjzaf_ jbah[jZ )gby
iheh  gieyhkdhildpZebabklZgmhdmkbijh\db

Hkgh\ghcamevldZdlbg_kdbameviZlimemqgZeg]hjhlithal\heyxsbc
kbkl_ fKichklhyggoufidmkgudikklhygbuy\bIMZdhiheh™ gikehkdhkpzZebaz
("bklzZzgpmlbdmkbjh\idb dhlihjh¥ZjbzpbZaf_jBah[jZz  _dgptyi_j f_s_gbb
ij " 1A g _dhlhjibzZiZzahggZebglkim jbqg_k&hcjjzpthdt_dlib\[Zn"_|
fbgbfZev.ghc

Ebl_jZImjz

1. Wdki_jbf_glZekhpZgdkbkl_fzlbq_kithhjo rghkl_ltaf_j gbkf s _gbc
\gmljb[Zadghlbdiwve_dljhggb&l_fhathgljheheh  _gbye_agh”hjh ghlh
imlbLjm~uylhcf_""mgzZjh*"dhgn_j _gpgbbh”umqg_gwoki_pbzZebklh\
«Hilbd2007». KZgdl | _j[mjl5-19 hdly[j3007.-KI[: KI[=MB L F H-2007.
e__\F,:jZdZgpD=%

2. AZdZagGl. b ~j L_hjbyhilbg_kdlkdkl: f Mg_[gbdey kim~ _glh\
ijb[hjhkljhbl_ekgumbzZevghilak\F.: FZrbghkljh.-g10992.

3. LmMhjh\kdBcL_hjbyilbg_kdpbdhjhy F.: BaAh: G KKK 3 1948.

M > [535.375.5

KBKL?FHJL?R85-G-— KJ?>KL<HBKL:GPBHGGHC

B>?GLBNBD:PEKEEH@GUBJ=:GBQ?KDRB®S?KL<
:glhgh\. K}, Dm~jy\p A& Dm~jy\p<k! FhkdZeLX.?
Gzmqgiedh\h”bl-dwg, *hp_d)_eb[Zgh\!
'Kzgdl | _jimjlkdhem~ZjkI\_mgbe jktbignhjfZpbhdgogheh]bc
f ozgblbilbdb- Nbabq_kudplclbImfl .G E_[_~ AZ

H[_ki_g_aqinn_dlb\gihhhb\h”_cklfbhdhjjhajlzlaebqglulghbl_evguo
dhgkljmdpbau\Z fhltag_ " _yl _evgdhixkdbrbeb gbogZaebqggflbajh[hb
lib[rY{bhih\j_~bl, klZgh\blky[he hkljhgZmqgqdhpgZzdlbqg_kidhge_fh\c
h[ezklibljhbl_evkd\WdkiemzZlZpébob ijhfure_gguao*Zglhckhhjm ™ _.gbc
Lim~rghhp_gbhhbu_jbhl [bhih\j "~ gibky\eyxlIRykhpbZevfhkmevimjghc
kn_jZAagZqbl_evigiu jlg_eh\_qg_¢gl\bhbaazzZzajmr_glEyylgbddmevimju
ijhba\_" dldmkkRjDdDb\guvddmf glhdajzZ[Zlu\ZeZay jdgZeh]Z[Z]jblgZy
mklZzgh\dBklZgpbhgghddebadaBa\hey jl rZlvijh[e_ _fmh[gZjm _gby
br glbnbdZpdphfbp_IgXih\_joghkdbhfhsvxbkihevah\Xgbgljhkdhibb
dhf[bgZpbhgdhkkh b\Zgby

P_evxZ[hluy\ey I|k¥ajzZ[hl8ZAh” jgbazZpgbil fiHJIL?>RB5-G "ey
"bklZzgpbhghogddbalkah gwhg]Zgbq_kdbokl\

Kbkl fZJL?>RB5-Gij _~gZagZfewZq_ klI\ _glgih]H e dhg¥ebabjm _ fh]h
\_s_kI\Z\_j~rhle b rdhkj_"ZbZ[hlkb k| _fukgh\Zggddnn_ddhf[bgZpbhggh]h
JZkk _ydkidylZKi_dljbJk\yaZdgwe dljhggtecyjbazpih”® ckl\b MNb
\brbfh]bbaemq. dbty h[emq_gfthke _dmd&d_Ihfk gZklhlh@ \ j_amevlZI_
bg"mpbjh\ZlgigheyjbaZpbbk_ b\Baeémqg ggbhevdhl hgZklhlghb(@Q b
(@Q, 1" Q@-\_ebgbagiZzf[bgZpbhglghgzklhlKi_dIPpJij_~klzZ\exhlhc
jZaghkdBEkIhg~"Zxs_bhZkk_ygoghdémq. Ebydlighf[bgZpbhgjgklkh ygby
\ s _kl\y\ey IkykvfXi_pbnbqg_kdYdydzZ ~h]lbiZz ZgZebabjmfHaodme
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\_s_klI\Ziha\heyk\lyazikeh  gdhf[bgZpbhgbebkhkljmdImijfihe dme
f _klhiheh  QlhfhAnjz]f _glhie _dmiabhlghr_gBxmd”jm]m

ljhf_"mlhqgufameviaihdy |kZajZ[hldiZzbg_ kdoc fdheym\ _ebq_gby
"bklZgpelf _j_ gy dljld\hf[bgZpbhgghkkh b\Zgby

Ih j_amevlzjZfhlulue kha"Zdgd kgzZhkgh\kbkl_ fiJL?>RB5-G "ey
"bklZgpbhgohalbnbdzZipeb gubj]Zgbq_ kWdbso kINljh\_~ gkjzZ\g _ggZy
br glbnbdXxpbgljhhhemqg_ggbelZgpbhgfguhirhbaf_ j glky'Zgguflba
ki_pbZebabjh\KiggidpZevdhbijpebhlkd dljhdhf[bgZpbhgj@klkh y.g;ueb
ihemq lkgiudljdhf[bgZpbhgdkkh ydbgjhfbp ,IhhjZs_ggueZ[hjZlhjguo
mkeh\byo

Ke "mxshflZihfza\blbfy ITh*"Z\ey IKyt ~"bg_otafh ghkDbl -
Ki_dljhkdhibmkljhckijn[hih*lhIh\d&dbp_ki_gb\Zxébe_ \ukhdbmjh\_gv
iheyjbam _ fhkdbdmg Auiheg_ glZgZebaZggut”~ohfthal\heyn\ _ebqgblv
gm\kl\bl_evgthkhw4z3...6 ihjy*dhYh\ur_gbZgZeblbqg_ khdfdh ghkl_c
ihal\hey]H\hjblh Kbkl ,fdZdch KBdhebqg_kI\ _glgiph]h e ogdhyadhe Imqgbo
\ s kiIh[ez"ZxspoadbhZjpbZevduie glygzZfth\ joghklBxZeblZz

M > B81.785

HKH;?GGHKUBAJ:,HLDKI?DLJ:EVGH=SMINIJ:>BHF?LJ:
<< :glhghH< Djm]eh\
GZmqgguedh\h”*bl-&Ng,ijhn_kkkj= BrZgbg

Djzldh\klmie_ghbhhklZgh\dph[e_ _fuK_]h~gdyijhfure_gghklbjhdh
bkihevamxljkyebqgguoklhqgbdbilbg_kdhpraemqg, gby Ihf qgbke_b
mevljZnbhe .Ihj\inffhg _gbmevlijZnbhe I|bakjhg _lyhpygMaghh[jZ &gh
\eby dZ[bheh]lbq_kdtp kkujhl_dzZxsh _hjljZzgbafio hij_"_eyZdgu_
nhlhobfbq kdBdplbbjZzajubbfbg_ kdkidga "eeyfgh]b@bfbg_ kdbe_ kI\
lhwlhfrhhggubaf_j_gbzZjzf_IjhMNbaemqg_gbey IRY ghd ZdimZevghc
azZ™"Zq_c

P_ev jzZ[hlu JZajZ[hldk dljZevghMWNjZ*"bhf |jZ ey baf_j gby
wg _j]l _Ibg_kdwg_j] _Ibg_kdxy s gghklk\ Ibfhklvb wnn_dlb\guo
(nhlhdhgvxd] n\tbllhd _jZMdjlbl _,fgyfzZyb]f_glZph4j) \_ebgthd\_qgqZxs_1]h
kh\j f ggluf[h\Zghbinwilgghklb

:Zah\uiheh™ ghbhkke "h\ZgbyZklhys\j fyijbgyl® _eblki_dIMN
baemqg ggbjpahgMN K(hI200"HR80gfH, MN <(hl280"B15gH, MN : (hI315
Ah400 gh. IThwihfrmeydhjj dlighjaf_j gbhylhdBaemq_gbly[ohAbdhh[u
hlighkbl_ekgzZdljZzevg@dykl\bl_evgjblhjA jZ[hg Ki_dljZevghZiZahg _
[ue4Z\gLZ Z\g ]jZgbjZ\gy e ghve x

>im]b¥Z gufizjzf IjhhdZau\Zxgdhevrh\ebyglgzZh[smxh]j _rghklv
baf_j _gbh¥~bhf_lyXey IkyhijhkljZgkl\_ degdhykbgmigazdjZdl_jbkiMddZ
j_Zevguorbhf_ljihndZazgbiyhw gbgyx&lay dhegps™ », glhfh™ _lijb\h"bld
agZgbl_ewviglhcrghkbaf | gbeyhk \umaf_ j gwWtZjh[e fg rZ lkgZfhc
f _ IhAbdhigh\_~ _ ghoaf_j gbX ijb baf_j ghphkljZgkI\_ggihly  _gguo
bklhggbdbeb Jjmiiu IThg_qgubklhggbdhébygbwlhcijhkljZgkl\_gghc
oZjZd|l_jbk¢ydsmxh]j_rghkbaf_j glbdaZau\ZabkAgbl_evguf

;hevrbgkRh\j f gogwlNjZ~rbhf_Iljlh\ghkylddiyb[hjzZzbgl_]jZev ghih
Ilh*h[gubaf_jbl_evgjblhjuijhklu\ ijhba\h”*kIm*"h[gw_gZ”"_ "gujb
bkihevah\zZzgbb_ kihkh[gtZlvg_h[oh~bfhhxgghkIN_[m_fmkh\j f gghc
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ijhfure_gghklvxey ih\ur_gbyhqgghklbaf_j_gby h[oh” kgfh\ucf_Ih~"
hij ~ e whlgy j] Ibqg kdbha dlib\quebgbgnevljZnbhe hhéZkkb dljz
Ki_dljhnhlhf_Iljbgf K&dB&Z [lhe "hklh\_jouwgZq_bhb¥y jy_fuoebgbg

ljhf_"mlhggy_amevIZHij_~_e_dlgl ]jZevowgZzdl_jbkKiadmq_gby
g_j_®&gl_]jbjh\Zgbngdpkkih_dljZevgkblghkl\b mevljZnbhe _Ih\eLklb
ki_dljz_rz_fgh]bijh[e_fuijbkmsbijb[hjZfbgl_]jZevghjZ GZhkgh\_
Ki_dljhnhlhf_ljbgfkidhMuejZajZ[hIMYjZ*"bhf «liD:MM.

MNjZAbhf_ Ifh~ _ebBLD:MN ij_"klZ\eykH[hdhebojhfzlgghkgh\ _
"bnjZdpbhgghcldk) ]JbkljZphZaeh _gditaédmqg rgbim "bh rgihg cdhc
fbdjhijhp_kkhjmuZ\e_ gD HhgkljmdlbjghjkhklhbEr\momgdpbhgZevguo
[ehdhhilhwe _dljhdghpl[ehdiZ[jZ[hldkib]gZeZ

ljbgpbi®_ckl\biyb[hjZzhkgh\Zggzbaf_j gkl _dljbaemq_bkhqgbdZz
hilbg_kdbaemq_\gihjye Zk200-400gf kihke_"mxd$Zt fZlbqg_kdhzZ[hldhc
j_amevIbf\ j _ghinfhsvXbdjhijhp_kkhjmgkljhcklI\z

< dZqg_kl\jb_fgbdizilbg_kdtbJdemq @by \ jZ*"bhf_Ijpkihevam_Ilky
nhilh*bh"gBg_doWdNA kih\ur_gghlgen\kI\bl_evghMINx[eZkklh_dlLjZu[h]
ihAh[gh]lbiZIHB ihalheymlijhklibidvhgkljmdmpbih\ukblwdkiemZlZpbhggu_
oZjzdl_jbkibwhjZzNEbf_xlih kjZzZ\g_gBXAK [he_\ukhdmbg_cghklv
IZd b[hevrbxbgzZfbg_ KdlZdiZahg

AgZgbl_egdXkiwaemq_ igbyijhoh ~ _ghbj EhebojhfZlhljjz zZ lhy
jZkk_b\z_hkhMog_kdbfblzZzeyfBbhwlhfmjhkljZgkl\\gmljbihebojhfzZlhjZz
«aZiheg> gh dljZevghjZaeh _gdgudbgzZklbqphaeh _gogudemq_.ghbf
jZ[hl N I _oh[ezZklko_dl,jA"_ki_dljZevggdhklwvklhqghd® fZeZihlhd
jZkk _ygghdémq _fdbyl[ulvkhbaf_jbf*"Z"  [hevrihe_aghdwlb&emqgZyo
lhgghkhnh!|Ihf_|jbq_klbdfo j gkgb Z _,IkRWnklb]gyijb_fe_fuoebqgbdN
jZ bhf_¢jzhkghki_dljhnhlhf_ljbq fktdhihalheyk\h_leilbqg_kdkoc fhc
Ahiblvkmf_gvr_gWeywygbnlhdfZZkk_ygghk\hlaAN; gZlhgghkbwaf_j_gbc
Hilbq_kd&oy fihebojhfZIhgZ\lhafh ghlblaf_j_gihyhdjZkk_yg&kh]HEK,
k ihke_"mxsbfgblZgb_thbabaf_j _gghkmhffZjghktb]gZekhklZ\eyxsbf
dhlhjhhlgy\eyeky

Hkgh\ghcamevl@lk ]Jh~rgyrdgh€ glhevrbgkliylbh[hjhYeyaf j gby
wg_j]l_Ibg_ldwan_dlb\guoebgbyg meviljZnbhe_Ihj\&dZklhlghkylldy
bgl JjZevghdhm HAgZdhZgguktb” baf_jbl _ev@hiZjzZimjbh[eZz"dy" hf
ij_bfms_kl\g_ fh | h[_ki_qgblwkljh jZklmsblj [h\Zgbkh\j f gghc
ijhfure_gghkhlmghkMNjZr"bhf_d¢jizhkghki_dljhnhlhf_ljbq fkdh\Bz |
[he \ukhdmkqgghkhwlhf [jbq_ kKuddfoj glkehkh[ b@af jWwk g h[oh”~bfu_
wg_j]l_Ibg_kkwbn_dib\guebgbduh\j fydzZdjb[hjbgl_JjZevdhih  _I
baf_jylhevditbbely _kdhendBEf_1jh\
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M > [B81.78

HP?GDIH=J?RGHKLEBDK:PBBJHOH@>?GBY
DBEHF?LIH<WKQLHE;HHILBDHWE?DLJHGGUF

> LQBDHFHEH@?GBY
F.=:ZaZzjh\
GZmqguadh\h”bl-dlg, *hp_glG Lbfhn_ _\

>eydhgljheyjzf_ ljhiheh  _gbye_agh”~hjh grhlbg_h[oh”blfthggh
baf_jylvihdhhj*bgzZ&Zb[he_jki_dlb\lgHbdWwe dljhgmgkljhckldhlhjh_
j_1bkljbjm_il_jogufZjdlgZXlhe[Zjdi_j f_s_gblkomlkjZaebqgghdjhklvx
<hagbdzgl h[oh~bfhkiljlb\yadbbaf_j ggudhhj*bgzZzd IhqdzZf\*hev
" e_agh”hjh ghlbhzZ bf_gglkd dbehf_Ijh\kihe[Zb d hihjZfdhglZdlghc
iblzxs lk_lbhzdbHH[jZzahlthqghkdaf_ j_ gdblyhjr*bghllmz\bkblhfgbkeb
hl Thqghklb]bkljZpbilnoh ~ _gkVhe[hk mklZgh\e_ ggafgboj_i_jgufb
fzjdzfb

P_evbkke "h\zZypley IKykkfhlj_dab]j_rghkli dbkljZpiptbboh ~ gby
j_i_jgufo lhdijh*hevgdhZijZ\e .gbb

Bkke_ "m nfkljhcklRhklhtblafh*mebaemqgzZb [edah\h]|dhdd i jgZy
fzjdzij_"~klz\eykh[hcfh*mebaemqZl dhyhjudblzZ Ikl [Z1Z]_tbeb
Zddmfmeygtigdy gbhfl 15 "hd< = g _jZIlbfimevklikharZbfimevku
g_h[oh”bglZ&klhbunhjfu we _dljhgderghffmlbjmbllZxs _gZijy _g6Z
ihemijh\hrgbdhdemqzZxstbletkhhl\_lklkiwdbfbfimevkzfb

;Zah\Uehddexqgz\ k_[yilbqg_kdaklkhklhysimah[t_dlbbAs_e_\hc
"bZnjZ]lfmklZgh\e _gghdZevgalkdhiipt dibY2y]jZgbqg _gBdehgguo
imgdhxZe ke _"mvd_dljhggZklmkljhcklAZnhdZevgdlckdhklIvp _dlb\Z
klhbhhlh~bh{ h[jZamxkbhclh\hblhd we _dljbq_kbpgZehlhjuogZqgzZe
mkbeb\Z \Ikij _"\Zjbl_evghkbeb| azl_fihkj_~kl\hihehkh\hhbevljz
\u”_ey_kibyjyggen ghlgZklhbunkbeb\zZ\ mdypeblrhg h[oh” bfrhjh\gWlhl
kblgzxgz\gb\Z KklyfhsvxdhfizjzZlhkBihjgufihklmiZxsg#Zdhfizjzlhj
bklhggbldihjghl]hb]lgZelz\ kemqgbo kh\iz"_gblhfiZzjZzIhu~rZ_kb]gZe
khhi\_IklI\mxsih¢gZjm ™ _gbx i j}Z gZ ZgZetpllanjh\hcij_h[jZah\ZI _ev
nhjfbjmxsB€é klkieZlhbgl_ jn_ckizhl\_|kI\mxkblkgZeyijhfure _gghlh
dhfivxl ,jj@hlhjudf_kl _k mkbebl_eéblfZz _Iklyl ij_h[jZah\ZIgZyjy _gby
<hafh gkf s _ghp_i_ jAlghkbl_ehiglhg kdtkdijb_ fghl]fth*mety-180ff \
\_jlbdZevghfjzZ\e _dWmi2000 ff ~h7000ff —\ijh*hevghhlfghkbl_gZ@h\h]h
[ehdZ

Ih]j _rghklhwij_ ~ e gihyeh gbjyi jZkdezZ”u\Z blkykhklZ\eyxsbo
h[jZam_fjo " "ht ""mfh"me bfaemqzZb [edah\uffehdhZ1Zd" bkdzZ  _gb_f
kblgZex ith[jZ[hldb

BanzZdlhjhebyxsb®zZih]j _rghkbwaf_ j ghygzZjm _¢gbiy jghfczjdBb
gZijZ\e ,giblhi_g~bdmeygghjfZz\e gPhb  gblykh[ke_ ~mhlf Iblvebygb
Imj[me _glghkilbkn jpuy ]meyjghojzdplzbhzd \j fyaz” j dlp_idehdZz
h[jZ[hldkb]gZeihkdhevdhZ i j\u_nZdlhjXuau\Zxlebg cglkf s gb_
wg_j]l_Ibg HKiddmgzlj Ibe\j_ f _ggma¥X”™_j"HpgZjm _pbiy jZdhlhj4jb
Mb' _ghblaf_jbl_evighbguzd ij_h[jZam)\ ekbyg_cgmx

;ueZihemqg_@Z\bkbfhkhjj rghklbhij_ ~ e gihyeh  gblyilbg_kdhc
jZ\ghkbl]gZeayhbl gZklhlflh"meyplhebemq._ gbgghglhg_f[hevrgZklhlZz
fh meyplbbg ff _gvrihklhygdgyf _ghilbdtwe dljhggjb]hj)zl _f[hevr_
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bkf_s _glvg_j]_I|bqg_Kkidleengd@hlhjh gZr_tkemgiZgb gZklhth"mey@0b
d=p bklzZzgpgeadff, khklzZ\elyl2bff.

<j fyazZ" j kb]gZezp ibmkbeblj2kkgblu\Z blkylhnZahqgzZklhlghc
oZjzZdl_jbkdbjdanb,dizb\_~_ gghkhjZz\hqggbd_

Ih ]jZnbdmj_~ eygfhijb gZklhth"meypdibygZIZd=kf_ s gmZau
khklz\eg I\ _jlivjbhrEZdbti[jZzahdZoh” bfjbhd\j fyaz® j"d&b]gZeZ
p_ibhjbazr"Zggklhfh"meypbBdlZd ko _fbkihevah\Ejgdmkbebl _evguo
ljZzdIBi_jZpbhgghibheb)| keyffZjgh fyaz”_ jé&b]JgzZzeth mdm”" _jZ\gh
1,6:10° k lhkdhevdm\bkbfhkjllve® gghihkklhygblykdhjhkebg cgltyb
aZ\bkbfhikly_rghkhbkdhjhkibb"  ghxd [m~ elbg_cghc

ljb kdhjhikMBOff/k glhkhhl\_IkI\f@dlkbfZevightjh Kidbdfq ih]j_rghklv
baazaz™ j &ib]gzZzedp ibfm~ Khklz\e@08ff. DIhfm _wlA _ebgbgZ\Zkbl
lhevdhkdhjhklbwlhfemgzZkdhjhkivb™ glhyaf_ jbl_evighbguij_ "klZ\ey Ilky
\hafh guhkljZghébyglvlhih]j rghkgtbaf jy finxbqgbgm

Ih]j _rghkNua\lZggZymeyjghojZdphB ]JbjbahglZeydhjfZ\e ,dBl " _
[uedZkkqgblXgih\_~ gglE¢hl LZdbl[jZahKkmffZjgihyj rghkhwalZggZy
j_]meyjghojZdpb\ EhjbahglZewghfz\e ,glbj[me glghk&iXhkn _ p
azZ”™_jdihix]gzZe imkbeblbelyfiZzjZlhkBklZ\el33lff.

BlZzd\ oh”ijh\_~ gghbbkke_ "h\ZgkbjZzkkfhlj_®yzZkkqgblZggzZq_gby
lj_okhklz\eyxsihdj_rghklbij_~_e_giheh  _gbyi_jghdzZjdb\ebygb_
Imj[me_glgZktbkn ,ju _]meyjghnjZdpblbaz” j &kb]gZéZp ib[ehdZ
h[jZ[hldbZdbf[jZzahkmffZjghgZq_ dgi]j rghkNualZggjzkkfhlj _ggufb
nZdlhjzkthklz\eg [lhe 0,33ff, glhkhhI\_ITkI\lm_[Im_fhkkqghkhbj_~_ e gby
iheh  _gjby_jghf&jdp+/-5ff).

<ihke_"kl\@df _qZ jJEkrbj_gbhyrZkhklZ\eyxsihdj rghkl Zlzd" _
ijh\_~_g[the Jem[hdbhpAgZebaz

M > 1535.557

<EBYGBG:Q:EVGH=M=E.G:DEHG>BJ?DLHJ:
G:>BG:FBQ?KDB>:J:DL?JBKLBDBEMOQ:KLHLGH=H
G?F:LBQ?KDHHB>DH=BIJBKL:EE:
BN =Zebg
GZmqguadh\h”bl-dlg, kgk 2:. DhgrbgZ

Bamg_dbgzZfbdbj dexq_gb4ydhltjbklZee¥p y\ey_Igy h[oh” bfuf
mkeh\bjZajzZ[hl&b\] f ggmkljhckgZbohkgh\H”*gbfbakms_ kI\ _gguo
nZdlhjh\ebyxsbgz”"bgzZfbdmj_hjb_glzZphéd dm@D y\ey IRyebqgbgZz
gZgqZevgh|ldiZdehdd dihpdj ~ eyxsZey dljhhilbghkde@bDyq . d

;uebbkke _"h\@dDyq_cddbZiheg_g9YwmoqZklhlduifdbljbklZe ettt
hjb_glZpbdbjc dihpjZaebqgguibqZevgmileZglzdehdod_dlIhWlmgZq_gby
\Zjvbjh\Zelh&¥_g_gbmkKeh\gZiue_gjp_ glbjmxkied B ki_pbZevhbc
h[jZ[hldhkc_ebgbmjem\ij_~ eyelbikvhsvxazZ\bkbfhkah\&Z”™ _j db
gZijy _gbyh~rz\Z _fhlgZz @D yq_cdm j_amevlizZiZgghg¢Z[hlu [ueZ
wdki_jbf _glZzewkdBgh\eafyZhghf jgbhklfv g gblygZfbqg_ kkbalbg_ kdbo
oZjzZdl_jbkbdbkbfhkklidZzgZzevopjelyzdehd4d _dlhjz
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M >B81.518.3

QLHL:DH%P<?b >EYHILBDHWE?DLJHGGHZB;HJ:?
2< =hj[mgh\Zs Q_jlh\
GZmqgjedh\h~bl-ekg, ijhn_kkkj< DhjhlZ _\

Djzldh\klmie_ _gBgnhjfzZzib\ghklvigubah[jZ ,gblk”_j ZsBolhf
gbke bgnhjfZzpbx we_f_glghtiklZ\nhjf_b j_ev_nh\_joghkhlht_dlh\
bkke_ "~h\Zighylhij_\urZ_bgnhjfZlb\ghktygh_eudzZ”jhWIhhldju\Z I
gh\u \hafh ghktMeyjZa\blblygnhjfZpbhlpafh jbl_evdubbditve dljhgguo
kbkl If ogbg_kdh]lbg¥aebqghilmagZg HWbyZdh\ur _ggbgnhjfZlb\ghklv
ij_"ihezZ]lXhlarZgbbkke_~h\Zdghh\ufh”_e kj_"Wwaf_j _gbyZajz[hldm
gh\udh”oh~rd\\u”_e _glgxm ghlegnhjfZphbhph[t _dl ZI1Zd bkke_ "h\Zgb _
bg\zZjbzglgubklzZ\e_gghlc¢zfy Ih*hA[jZ[hIdb _lgulmah[jZ _gbdhevdh
klZlbgghud_dlLhghb"\b msboky

L fg_f_g, gZk_]Jh”rgyrgbcgvVeybgnhjfZpbhlgagth jbl_evdulddh
we_dljhggbéal_¢§ kms_ki\mgbhzlidh]hij_~_ e ,gphn_klw\_|h[t_dlgb
jZa\blhimmohdZ]hibkzZgbx

P _eyzZ[hlukhklhbjzajz[hiti"ohdhibkZgpXx IE[t_dlZgZebabjm_fh]h
bgnhjfZpbhlyah jbl_evghidbdtwe dljhggkikl _fhcdZdd h[t_dIb\ghc
0Zjzdl_jbklthdi_~ ey fhrhwe f_glgkhklZ\hhbabqg_ kddih_gb

iheh _gblifhkljZgkI\_

HibkZghms kl\mxsbbh"b&22Zggdbf _glj f ghbhms_kl\gm_Kdhevdh
f_Ih*bdhp_gdbp\_I1Z h[t_dlZ ki_dljZevgu_Ilh~Nu qbke_gguf_IhAu
dhehjbf ljbg_kdih~ "uKi_dljZevgfulh”uij_ ~klZ\eykh[hd&i_dljZevguc
ZgZemdjz zgghbebijhr_~r_Jkd\hatv[t_dbaemqgq_bhkhqggb®dbke ggu_
f ThAum~h[g@eykbgl p¥ |hghaZljm~rgyxsbhZgZelbja "ihezZ]ZxibkzZgb _
p\_Ih\ijb ihfhsb bkdmkkl\_gou¢zdl_jhklIDhehjbf_Ijbq_kfddh~u
ij_"“mkfzljb\ZkRbBfh ghklwjZz  _gby\ _IZ ihfhsvxh”~ghljzodhhj*bg¥l
jZaebgguolh\kdkl_fZo

HrgZdybh~rgbakms_ kl\mx$blh~bd ij "ezZ]zdHjj_eypitdgzf Ijh\
hit_dkZ Jlp\_Ih\uftbkh[_gghklyfb

HibkZgb gh\hc f_Ih~*bdb P\ _Igh_bah[jZ  _gbh[t _dlZihemqgZ_ fh_
bgnhjfZpbhlgagfh jbl _evghtlbdive _dljhgghkbkl fhcij ~klzZ\ey Kh[hc
khihdmighikder\mf_jguhdjZahWlibh[jZay\ey Ignhkbl _eyfdnhjfZphp
we f glghkliklZ\n[t_dlZ J]hnhjf_b hjb_glZpbbdgh\] f .gglhwlhfmey
\uy\e _gbXdkbfZevghldbg_ KkKiXHguho[ h[t_dlhibkZgp\ 14 evaphklh
k\hAbthhij_ " e d&bhx*gipd_Ih\wchhjr*bdalh[jZz" _ bty diz

lj _"ezZ]zZ fim¢ohit_"~klZ\ekh[hbibkZglhzokhklZ\eyxpbholBA[t_dIZ
kihabphbj _~ e _gbg[t_dlb\gusnjzdl_jbklbd

nmgdpbbokul\Zxswe f gldkh&la\t dlZ

nmgdpbboku\Zxsnlkejfnh[t_dlZ

m]ehhij "~ eyxdigb_glzZpx_dNjhkljZgkl\_

ljb wlhf\ dZq_kINzokhklZ\eyxsp\o | Au”™_eyxlipy Ih\hihg(dzd
0ZjZdl_jbkwedZ glgdhklZhEt _d)| X\ _lehbgzZkus _gghkddzjzdl_jbklbdb
nhjfubhjb_glzmhb dlZz

HibkzZglh_amevlZzijp\f_ g gbRp\ Ih\HbogdzZ#dhklZ\eyxpkylB[t _dlZ
hij ~ ey mnkygdpbhibkzZglwe f glghhklzVWt dIAmgdplhybkulZxsZy
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nhjfr[t_dIEm]enhjb_glZpdb_dNjZ ZxIkybihfhsbkhklZ\eyxgholZ
k\_lehlugZkus_gghkthg dhlhjockeh\fbkmIkl\peobdhgZih\ joghklb
h[t_dlZZehfkfZabah[jZz' _gbkgilbfZevghi[hj nhgd mkeh\b&\ s _pby
khklZ\eyxpb_Ih\l&jzdl jbkhfidbdfa ghjbgyld\Zagp aZ\bkbfufb
WIhijb\h~bd mijhs_gb&xe]hjblfm\{jZ[hidbah[jZ  _dbazZ\bkbfhklb
ihklZ\e gahtZiglh]hdZdbf ggtzggw[h[t_dig _h[oh~bBhe. qv

Hp _gdZij bfms_kI\b h]jZgbqg_gbgh\hc f Ih~"bdb>hklhbgkl\Zfb
ij_"eh  _ggthhohfE ghgza\Zlv

ijb\yadim[t_dIb\gwaZjzd!|_jbkhgd dlZnhjfu we_f_ glgklhh_gby

hjb_glzZpbbjhkljZzgRI\d ihemqzZ_fp¥_Ih\ufihhj*bgZhkzafh[jZ  _gby

h[t_dlZz

d\Zag azZ\bkbfthikblkzZgilemqz funf_jghdjZzah(t_dlz

\hafh ghkivijhs_gtdelhjblfi\[jZz[hldbah[jZ _gbyZ\bkbfhlllb

\uihegy_fthgnhjfZpbhlgath jbl_evghlzdive _dljhglghkd _faZ”*Zgb

Dg_"hklzltizfghhlg_klzkldmixb\yadihnZagp aZ\bkbfkkkdZ\eyxsbo
p\_Ih\hozjzdl_jbklithdb dlzd \g_rgbfmkeh\byZ[hlubgnhjfZpbhggh
baf_jbl_evoghlzdtve _dljhglgthkd _.fu

<u\h”u lj_"eh _gguclh”hibkzZglp\_I|zh[t_dldZd_]J]hh[t_dlb\ghc
oZjZd!l_jbklbigb” ey wWwhec f_gldahfklZ\mfbabq_ kkilhh_gbbhjb_glZpb _c
\ijhkljZgklih  _lijbf_gylvkey r_ gbjzaebqgumdeZ"gadNZgZijbf,
]hjgh?hJu\Zxsicj_ jZ[Zlu\Zxsbcibs_\hchljZkeyghfure_gghklbey
khjlbjh\dbe aglibbdhiz ,fiyb~*mdliibbhloh~h\

ljb wlhfjza”_e_g@lZljb d\Zad aZ\bkbfuklZ\eyxskidmkh[kl\m\_|I
[hevrbgklkemqgZm¥ _gvr_gbjx f _ghh[jZ[hldibah[jZ _glbyWZke "kl\b_
iha\heyh [l ki_gbV\akhdmphba\h”bl_evighjkbjh\hqgghdéie dkh\

M > 378.095(09)

IJB;HI>EYBFFMGHN?JF?GLGHGHEBA.:
H;. Am~bebgZz
GZmqguaedh\h”bl-dlg, "hp_dgdD FZevp_ \Z

< gZr_\j_fy k\h_\j_f_ggdZ]ghklbdZ~\Zjbl_evdguke_ "~h\Zdgby
ijhnbezdlladihe \ZlhZ Hq oW gmkhevihlhfrmglhdzZda\ _kldghe_ agv
e _]qgij_"mij_~bdv flue _qgblkvgh]haZ\bkblhlklZ*"blWwy\e gbh¥[he \Zgby
Ex[h aZ[he_\Zgbeh\ WZb\higubh ghlhqgb [ukljhbZ]ghklbjhi\&lvf
br glbnbd2apahm~ b, enhir evgdglb] _ggdlfihg_ gliZ\glbl_a& wlbf
dhfihg_glEéh_s_ Kkl k\hckl\_gagtbjh\hiifjZgbafkbgl_abjmijfuo]h
iZlheh]bqg_Kdikohygliyzod k_j» _gghkhkmbdbkpbrhdjbggaZ[he \¥Z ghx
ihke _"gh _ kylbe Ilbifmghn_jf glddicZe§BN) klZeh~"bgbagZb[he
jZkijhkljzg_dguho*MbzZ]ghklbdb

< hkgh\BN: e_"blbffmgg4yZdpbaglb]_ &ZZglbl_ekfihke_"mxs_c
ANl _dpthddgZr_ggiyb mdih\jf_glZlb\ghZdpbjio bkke "h\ZAglblybg_kdbo
h[jZaphkjzZ\g gkogb ]ZIb\ghiithablb\gdhgljheyfb

H[{sZyko fZjh\_~ gbfy Ih*"ZazdexqZ \Mkyhf qlh g4\ _j*hcnZa_
Z khj[bjh\Zgubl|_dBEkke ~m_fhjfmgrdglb] lgebZzglbl, e&mhl\_ Ikl\. ggh
lhke bgdm[Zplkike "m_fAlhjbzZzéhk[jZah\Zglhyfie dKZglbl_ehzglb]_g
ijh\h~blly*Ze gbk\yazZ\rbdlhyihg glhh[Z\ey dkgvx]Zh_ kIZglbl_eZ
dbkdhfhfihglb],gfmq_gun _ jf _glhflhaz\ _jr _ghbhlgdm[Zpkbhke ~"mxshbf
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m~rZe gl _fjhj_Z]lbjh\zZ\dhjgwvx]Ziljhfuldhd[jZam _ tkyie ,dkdhlhjhf
Zglb] _dZflu azZzdexd_g"m*\mfkehyfbglbl.e&5Zebqgb g gguwo jf _glhf
Zglbl hej ~ ey ijhyhfhskkhhl\ _ITkiI\mxkm]kljzZKan[kljZI"hZgghcZdpbb
kem bll_kp\ _Igh s klxhojhfh],dhlhjutoh”j ZdpkldjZamhdjZr_ggh _
\_s_kl\hhkehklZghWwhf_glZlb\gphZdpbjihba\h”bhkyhf_Ijbjh\Zegbghd
ijb hij_~ e _gghebg \hegu >Ze kmq _IhfagZg_gbclbg_kdhehlghklb
dhgljhevgugl[ ijh\h "blkiyl fZlbq_ kdZF[hldZameviZigZebah[s f
kemgzq f\ur_ hilbg_kdihlghkKiIviZgghemgdl f [hevr_dhebq_kl\h
ki_pbnbg_kdigob] _ghkwhh”_j"Zehkkhhl\_ITklI\mxsijlke[. Ijb hlkmlkl\bb
\ku\hjhlokke "mZfglbd] emgdBlZxlkgy hdjZr_ggufb

ljb jZajz[hldilbg_kdko_ fuijb[hjZke_ ~mmigblu\Zkv_pbnbdrh
NZevg_crijjif _g_gbhy[ _ki_qghjyfhcoh”emqggdm gu”eynhlhf _Iljbjh\Zgby
"ebguhegh”~k\_gb\Zgbgkdh[Zflbl~

cueZjZajZ[hldpgolgpbibzZeviggyfgib[hjZreyoffmghn jf_glglglhebaZz
khklhysBghilbg_kdhjad]Jzhihjgh]h baf_jbl_evghdbdzZekijbf_g gb f
\_jlbdzZevmthlhf_ljbb

K\_hlbklhggthdZmq_igiboyh”lgl_j ddhg”_gkhpkl_febgahjfbjmxsbo
iZjZee _evgmghdmqg_@Zhlj _aZxstké lhnbevdig!l _§Zbgl _jn_j gpbhggu_
k\_IhnbevhNwiheg_Qub~[Zjz[zgBkf_ggufl\_IhnbevljZijEkbaemq_gby
ihkewlh]hhiz~zZ glzijb_fgbdilbg_kdbpaemq_lithygh]hZzgZeZklv gZ
\oh”gHbj_gb[dh]\hehdhgg\]Hh\hBAa\uoh”"ghdhgpkA _|h\h\g_azZggh_
fhghojhfZlbq bkaddmq \alo h”Bl jIbdZebglZzijZ\ey HRfpjZxsebgalgZ
hij_~ e _gemgdkmijh[hcihke dhlhjhe gZijb_fgbdilbqg_kdiblhemqg_gby
baf_jbl_evdiZl®WZzeZe kblgZ&ujb_fgbdhhkimizZzxyglZmkbeb] aedl §Z
ZgZedpllhnjh\uij _h[jZah\Zl ibke g _JhZgguh[jZ[Zlu\Zxlky pbZevghc
ijhljZzffhegZi_jkhgZevgffivxl .jJ amevikXduh*ylkyZwdjZ@b[h*ey
gZ]ey"ghKKi_qZlu\Zgkpgl_j_

< oh”~_"Zevg_cr gZmglglhke ~h\ZI|l_evifddtbdb”ey m\ _ebq _gby
[ukljh”_cklYpmijhs_ghhgljhdhrgghkbmf_j gleezij "eh _&o_ fX
jZa\_I\e_gghudhdhgdauf lh\h*kfwlhkemqlzaf_j_gigba\h”*ylkgvdih
hrghthhj*bg?lheiwezZgr Kijh[Zfb

M > [B21.39

G:EBABHP?GDI:J:F?LJH<BO:J:DL?JBKLBD

<HEHDHGGHLBQ?KDBIOBKL?HHD:EVGHIC<YAB
H:.Dhg”jZlh\Z
GZmqguaedh\h~bl-dlg, *hp_dll. Lbfhn_ _\

Djzldh\klmie_gbhklzZzgh\djh[e_fuKh\j_f_ggwktZjza\blehdZevguo
k | _ozjzdl_jbarukkjyfjhklhfbojzaf jhjZkrbj gbhft fAuihegy fuo
nmgdplkdj_fe_gbhft_"~bgblv_"bghbgnhjfZpbhgighkljZzgklfgh  _klI\h
hi" ehh”~ghchj]l]ZgbazZpbimngdpbhgbjh\BghhjfZpbhgdkhdbdjmigh]h
ij_"Nijbylbyi_[m_il_j_~zZquwk_[hevr_]h[t_fz*"Zgguk \k_[he_\ukhdbfb
kdhjhklyfbéhehdhdglhbq_ kdk_Ib[eZ]h*Zjykhdhighimkdglkechkh[ghklb
m~Ah\e _I\hjwllbflj_[h\ZgbyZd agZgbfih]mI*ZIvkms _klI\_gagwen_diljb
kljhbl_evigih\ubfh” jgbazkmb kl\mxebdZevigubl\yab

P_eyZ[hluljb ijh_dIbjh\Z ybhéhdh-dghbq_kddbk|_ fehdzZevghyab
(<HKBK m~h\e_I\hjyx$§j_dh\Zgbyfogbq_kdadhzglgy h[oh”~bhip_gblv
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h[gZjm bl _evigthgnhjfZpbhggajZf ljub 0Zjzdl_jbklpAajZ[ZIu\Z _fhc
<HKEK

:Zah\u _iheh” _gbyH[gZjm bl _evigihkh[ghkkHKEKoZjZdl _jbam _Iky
\_jhylghkiyx\bevgh]lwzZjm  _gbyjhylghkkbdx ghlg_\h]BgnhjfZpbhggu _
0ZjZdl_jbklIkdHKEKhij_~_ eyxlkphimkdghkihkh[ghkldZgZeiZzj ~"Zqgb
bgnhjfZpbb

ljhf_"mlhqgguj_amevlZIKinhjfmebjh\Xg@u "mxsb[sb _|j_[h\Zgly
jZajZ[Zlu\Z<thKEK
1. >ZevghkleklI\Bpkl #+/rH df
2. | _j_"zZ\Z_fb”~_hkb]gked\ Iki\in>xd \babhglwaliffZz _gBExebqguo
h[t_dlLh\
3. H[jZ[hldE"_hkb]lgkeh\lky Zevg\hff _gb
4. <_jh%/Ighij\bevghﬁthjm‘_g]ka,QS ijb \_jhylghkdb gudj_\h]
Je=10°.
5. FZkk]ZZ[ZJbItwvg jlhihlj_[eklgkd #ufbgbfZevgu
ljh\ _ ggnhjprbh@g}Z\eblbq_fk[datm(ms_kI\mxslb-Id(EIﬂZajZ[hIZgZ
ko fZihkljh_gb¥bkl_fuk\yab\ dhlhjhcbkihevam_ fkyh” ijyfh]h
nhlih” | _dlbjh\@\gdgyyhbaemqg_khyimevkdgh "h\Zh"meyplbyemq_dby
gZb[hethkimigwihkh[lujJZgbaZphbr*ZgnhjfZpiththilh\heh.dgazq kI\_
bklhggbll&Zemqg_ ‘gblyZgeZa jgabh”\ dzZq_kl\jb_ fgbdZaemqg -gpy-n
nhlh~bh”

Hkgh\ghjcamevldjh\_~_gZkq_hlghr_ghbgb]g/Zemf |j_[m_fhtey
h] _ki_qg @@y ZgghigZjm bl _evgdj@d!|_jbkdblKEKhij ~ e IgZ[m _ fZy
ijhimkdgEXyhkh[ghkd¥gZe&AyabjZzkkgblZzggnhjfZpbhgodjZzdl_jbklbdb
ijb_fgmkbebl_evpghdhebkl_fkilyab

M > [B81.7

HILBDHWE?DLIJHGGUL?ODHHJI>BG:LGM€E€EHF?J

K?>BGUFRHE?F:G:EBA:
..B.Dhgyobg
GZmqgguedh\h”*bl-dlg, *hp_glG Lbfhn__\

<\ N gH~ "ghlwdaZ guaz"daf _jbl _eviglhhgbgbey Ikgf j ghleh\uo
\_ ebgbgzklghkbh_"~ e _ogdeh\hj glzpgb _dlhdgzZb[heh[s fkemqZ_
g_h[oh”bifhy_"_ebilhkljZgkl\_ggrheh\rhxb_glZpBeydhlhjhlg_[m_Ilky
baf_j_gmn]Jehih\hjhlialghkbl_eljgl hjlhlhgZevgkoch”*gdbadhlhjuo
kh\iz~"Z kl ebgb_tbabjh\Zghyt _dlZhkvkdjmgb\gl&y~\_ ~jm]b__c
i_ji_g”"bdmeydheebfZpbhg#go M]Jeuh\hjhlBlghkbl_emglZzazZglgkipc
kKhhi\_1klI\, omghkedjmqgb\Zgldhye ebfZpbhm jeiu

ljbf_jaz~zdbj ~ e dpwkljZgkl\_gljoc glZpbdhgljhdvj Zevghf
fZkrlZ[\j _f _gbB _nhjfZpbcijh]b[h\gZ]jm _gowe f glijhfure ggul
ljZgkihjlgkhbhjm ™ :gdcnd b]Zahijh\hmhmg~rZf_glhAdlihjhéhlihdhklh\
ijbgZevgklb ghW"hdhk p_ev¥gZebmdakhklhygbbyh\ur_gbly ahiZzkghklb
nmgdpbhgbjh\Zgby

>ey hij_~_e_gimyeh\hkjb_glZpinn_dlb\dzodhhj*bgZlgubdh
we_dljhggun]ehf,juijb wlhf ij_~ihqglbl_evdgtkihevah\zZglbkl f
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Z\lhdheebfzZpbhlgighjhaf s glgzh[t_dlhljZ Zxs_dhgljhevghéhf glZz
(DWg lj [mxs Wk dljhiblbwhikiemZIlZpblnkemhb\Zgby

Ba\_klgwdki_jbf_glZeygdiebaZppbodhhj*bgZigle®hf ,jhdhlhju_
ij_~klz\eykdH[hdhfie_ dk*\modhhj*bgzZighlhtheebfZdhjZ evgtlhgzZeZz
"eyaf j ghyekdjmgb\ZmkyZgh\e _ggdudghZa:gZebdjZ  gguoqgdh\
ijb baf_j ghheebfZpbhgmyledh mJekKdjmqgb\Zgbinwegy Ik~ evguo
baf_jbl _evgwgZedfidhagZgbl _emkleh gykd fmm]ehf jizijb\h~bld
"hihegbl_evigiyf_rghklypfaf_j gbsaZZkkh]eZkhWkghyilbqg_ kdkhbok! f
baf_jbl_evdiZigZeéth\ikqg_ Ilgwomhlhijb_fgloljbpjbh[jZ[hl®ah[jZ _.gbc

| _jki_dlb\guYey likykljh_glh_odhhjrbgzhgdicbaf_jbl_lkighdyz
hkgh\Z\IhdheebfzZkhjZbgufhe fZgZebdajd wlhfki_pbZevg@e]lhjblfu
lj_odhhjrbgzdgtioj gkbhlghr_gby'mzjzf_ljzfbe f_ gkAlhdheebfZlhjZz
ijb _~bghZgZeb%dk ojzZ[hgbbah[jZ  _gbagzZzklhys\j fyijzdlbqg_kgb
bkke "h\Zgu

P_evjZ[hlu lIljhZgZebabjhfZlyheh]bq_kkithcklI\Z _odhhj*bgZlgh]h
mlehf KZ*bgufb_fgutizgZeYefypaf j gbZdheebfZpbhmyedZdm]eZz
kdjmgb\zZglZwjzZ[hlzbvwdki_jbf_glZdkkle ~h\KivpbZevgde]hjblfu
lj_odhhj*bgZiygllhaheebfZpblhagfgyogbc

Hkgh\guiheh  _gb¥j odhhj*bgZhglxcdive _dljhggujehf \dexqZ_|I
baemqgzZxdbBgZehjfbjmxshZjZee evigugchamqg iZ*"ZxsbxrZdZkkb\gDww
\ \b™ kIl _deygglh]Jihzw rfdm]jZggm]led_""mhljZ ZxsbflgZgyfdhlhjh]h
bf xlfZeuhldehg d&byyfh]Hl]. LZdhBWijb hljZz" ghBa”_eykloh”guc
imghgZljbiZjuimgdhAjludhlhjulhklZ\eyxd\ klgmdhlkehkvXzZ”~Zxs _]h
imgdZjb ih\hjhlZDWhlghkbl_eMglhjlh]hgZevguodljZz _ggumqgdb
baf_gykhhm]eh\iheh  _glylhijb\h~"bdkf_s_gblxah[jZz _,gmkjfbjm_fuo
bfb\ ijb_fguaZgZedpehf. [ ebgb@gtb_s gbwah[jZ _gb\eyxlkfy jhc
baf_jy fmdeh\
<ba\_klgko fZ2p odhhj*bgZigledf jm\NZ _ggumqgdhij_ "~ eyxsb_
dheebfZpbhgmglew imqgdbhij ~» eyxsm]h&djmqgb\ZgbhkljbjmxIky
jZa™ _evgiyb_fguodZgZed& ~ucbhadhlhjuddexqZ ijb_fguch[t_dlb\
fZljbggwdlhijb_fglbfddjhijhp_kkéyw[jZ[hldb”_hdz"jZz
LZzdhhtlehfhjezZz"Z&el "mxshfbrhklzZIdZfb
1. GZebgbhmjza”_evigbofguoZgZalg\Zqgbl_ewigeh gkol fm]ehf, jZ
2. < dZgZebaf_j _gbgheebfZpbhgmyeh\bah[jZz _,gbryhjfbjm_fu _
hljz  _gguiffogdZijb hlkmIkNilhAhjhIZWgZdeZ u\ZXjllkgpg 2 jm]Z
j_amevilafh ghij "~ e dievdh ebqgbghg agZdlheebfZpbhgguo
m]ehMdzZazghgltkklhyl _evkhehheybkihevahW]ehf\jh]jZgbg_gghf
j_"bfgmewg” bdzZltih2ebfZpbhmdel\blj odhhj*bgzZdgtioj _gbyo
‘gZebiddZagfehreymkljZg_gbh~rghagZqlgihktb e glheebfZpbhgguo
m]ehi\jb khojZzg_gblzZ\bkbflhdh_j ghblekKdjmqgb\Zgbh[oh”~AbfHh[u
\ _ ebgbdudehg gdm]jZggmdehf ""mhljZ Zxsbfbjzgyfthl ijyfh]h\
I ljZw™jbg_Rawifj "~ eyedghilgZc”™ gdkhthlghr _gb_f
<wlhkemaqtZjlu\k_o_klbnhjfbjm_flboMI1jZ"  ggumgdh\i_j\u,og
kh\izrZXjimk”~jm]hld \h\lhjue khklZ\eyymk”~jm]hh]etiZeht_ebqgbgu
j_amevi¥Hafh  _ggZebl_onhjfbjm_fuoah[jZ _gdhL£Lh~ghaohlhijb_fghc
fZljbp\ "~bghifaf_jbl_evdb§zZe&l[jZ[ZIlu\Z_bwh[jZ _gbygZdezZ u\Zxlky
Aim@gZrim]glhmkljZgg_h~ghagzZqdghklYy e _dhbebfZpbhmgelo\
>eywdki_jbf_glZepmphgdpZ[hlhkihkh[ghkMeh _ggdoc fun]ehf_jZ
jZajZ[hligpbzZevgathjbh[jZ[hldbklnhjfbjm_ fbah[jZ _.gkedhjblf
hkgh\ZggZzgzZc”_gghgZeblbq_k&hkkbfhKIb*"mdhhj*bgzZlaffghdcZju
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bah[jZ _glbt ebqgbgthaf jy fhhjekdjmgb\Zgblyihal\heybll jZpbhgguf
f ITh"hfgZclb\ _ebgbgheebfZpbhggedih baf j ggdhhj*bgzZi{i]bo
bah[jz _.ghbkdki_jbf_gldfidzZgh\egythij_~eh’  _gguztjbzgbWiha\lhey |
baf jbldvZzdheebfZpbhmdeudZd m]jekbdjmgb\Z\gny ebq_ g'diZfiZahly
kjz\g_ghkkxa\_klgufbodhhjr*bgzliguhdheebfzZlhjzZfb

AZdexq_gihemq_Rghhlghr_dby*"mzjzf_ljzibljZzw"jbq_ KdWijb
bkihevah\dgbibjhjhZebamg lkyh gihckljmdIimj_odhhj*bgZigetfk]
_"bguithe_#ZgZebdZajZ[hlZgfya]hjblAgZehamiiunhjfbjm_fulwalhey |
hij_"_eldlveebfZphggeih\hjhlZWjbkhojZg_gbazZ\bkbbla]fh j_ghyez
kdjmgb\Zgby

Bkke_"h\XgithegyebkZfdzbgZeblbg \kdhékI\_gpghe_\hba]jzffu
«JZa\blgZmqgghih gpbZekr_ adhe@009-2010]h*)» bn_" jZevghe \hc
ijh]jZzff«GZmqdwZmegighzZ]lh]bg_d&aAbdjbggh\Zpbhdhkich2009-2013
]h”~u

Ebl_jZImjz
1. > Z[b_\.G, DhgyolBg., 1ZgdhW> :\lhdheebfZpbhgdehbaf_jbl_evgu_
kj_"klIfEgblhjbglZnhjfZpbKI[ KI[=BLFHN 2000. - 197k

M > B81.786

LI?ODHHJ>BG:LGHICBDHWE?DLJHGGUC
' <LHDHEEBF.LHKKIM<?EBQ?GG@M<KL<BL?EVGHKLVX

BAF?J?GBRDIJMQB<:GBY
L< Dhiueh\Zz
GZmqguedh\h”bl-€&Vkg, ijhn_kkiBj:. Dhgyobg

<\ "N gbey r gbfy ljheh]bqg_ kkh\yaZgdkuo]eh\ubaf j gbydE"Zq
bkihevamxlkghb "\modhhj*bgZNhdheebfZlithjanheyxsdhgljhebjh\ZIlv
iheh™ _gh[t_dlZlghkbl_eh/gghlteb*\mbk, ¢ _ji_g~bdmeyhglba _kdhkd
Z\lhdheebfZ{(dhzebfZpbhggdb <f kIl k I _f \ jy» kemqgZ\hagbdzZ |
g_h[oh~bfhkdfagljheyh\hjhlh\h[t_dlZb highkbl_evigiHbqg_kdhrkkb
Z\lhdheebfZlhjakdjmgb\Y db.ydhgljheg\hjhlhh[t_dIEIghkbl_ehNghb
\azZbfghji_g”"bdmeyjguo

>eyh”~gh\j_f _gghdgh_j ghynheebfZpbhguyledb m]lekdjmqgb\Z gl¥yd
ijZ\behijbf_ gy |kys h~bgzZ\lhdheebfZkhfhihegbl evdujfz zZI_ g f
jZkiheh  _gduylh]lhgZevghhfmglhmkeh gyjhlp_ kikaf_ j gbyn\ _ebqgb\z |
1Z[Zjblwaf_jbl_evghfhe dkZy® kemgadkVihevah\EHyh&Z\lhdheebfZIlhj
g_\hafh. ghhwlhfm _jki_dlb\gufybeyxlkykljhckIVBE ko f k _~bguf
Z\lhdheebfzZlhjhf

P eyzZ[hluljh\_klEgZebajheh]bq_ kdhoklj odhhj*bgzhghith
we_dljhgghlthdheebfzZkhjBgljhevgwe f_glmiklZgh\e ggaif[t_dl_
iheh' _ghlhlhjh]tthgljhebjm dkgzq _kldhgljhevghlh f_gipf gy lky
mlhedhhipZ ZI (éjbii_evjbaNZ \m]jZgguled “~mjZgyfdhlhjhph_xI
fZehhlkimie GHI90°.

Hkgh\gu iheh  _gbyKms_ klI\mljl odhhj*bgZlguthdheebfZ]1,
iha\heyxsthaf_ jylyppm]eh\dhhj*bgala_dlIZwlhZ\IhdheebfZd]bhf_g_g
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mlhedh\bgz zI_éMH mdhlhjh]h*bgba”\m]jZzggmdehbf__laz”~Zggh_
hlkimie pg0°[2]. 1Z"ZxsbgZlZdhlkeljZ Z| _€AdjZee evignghj ks iey |ky
gZM\Zijbg_hk _\vemqgbjzZz  gguomqgdkbff Ijbgdughkbl emdiiz”"Zxs _]h
imgdZjhflh]hhglke "~2Zlh*ghiehkdhlllbldehg hdokly4Z\gum]e'u
Qm\kI\bl_ev@hkKidheebfzibjZaf_j gmlekkdjmgb\zgtyj_~_ey_lky
dhwnnbpb_iglihf*Zgb ke _dgghguf_ebqbgf ""mm]ehh\hjhliZljZz" Z|_ Ry
mlehtfldehg _lglg¥ "~ gghiigdZ
lj _"klZ\e_gdudpzZz ZI_Hy h[ez”~ZjyI*hfg_~hklZldjb\ baf_j_ _ghbleZz
kdjmgb\Zgabf ggh
g_iha\heyjH\h~blpv_azZ\bkbdaf j gby
h[fezr"zZfdehagm\kl\bl_evghibMbh”~ys d agZgbl_evigghjc rghklb
baf_j_grbyed
>eymkljZg_gbyh]ly_~hklz\dAlhdheebfZflhmj_ I[ulvbkihevahMiyg
MZijyfuor\m]jZggupedhlhjhpi xljZ\guhldehg pB®9°. LZdhhljZz ZI _ev
NZ \lhafh ghlglvazZz\bkbbhalh j_gbjyekZdjmgb\Zgby
>eyih\ur_gbgm\klI\bl_evghkihboh”bifbf g gthljZz ZI_&yhevrhc
\_ebgbdhglmzZljm~gbapih]jZgbqg_gdhkhj glZywlhdheebfZlhjZz
<hafh ' _g¢jm]hdazZjbzglh\ur_gbyym\kl\bl_evgH&klibbdheebfZlihpz
baf j ghbled; iml_fbaf g glbiybq kdke fujb[hj,ZaZdexqZxs_Yhky
\dexq_gblbo_ fmmhihegbl_ evighkdhdhjdZed amevid]hedhhWgzZ ZI_ev
hldehgyjd hljZz" _ghBjZee_evigugheimqg ItkimkdzZ_ZulhhdheebfZllgjhf
m]he HIjZ " _ggWHimghidhkehljz  glhya_ jdZle&f gyk\lhgZijzZ\e_ glZ_
ijhib\hiheh .gthke\lhjh]lhljZz" _gbyMHnhjfbjm_Ikah[jZ _gliehszZ"d _
DFH4fZljbpwuhlhjZZkiheh \qhdZevgdhickdhlhlli_dlbXXIhdheebfzZlhjZz
< oh”wdki_jbf_glZelwlglueo "h\ZgedimklZgh\egghhibkZggkoy fzZ
Z\IlhdheebfZkhindA _ebq_ggmtkli\bl_evghklavheyml\_ebqgldivwnnbpb_gl
i _j_"Zgbmledn\ "G Zaihkjz\g_gbpZg jZkkfhlj _ggufbwlhf_ebqbgZz
g_hljZgbgb\Zhlkkyaj_glZ}ylhdheebfZlhjz

AZdexq_.gMdzZazZggmlbihal\heyxagZqbl _evwghebgbivhe, Z
ke "h\zZl,evgmm\kl\bl_evdghkhdheebfZlbjdaf_ j ghjekdjmaqgb\Zighby
kjZz\g_gbk gm\ki\bl_evghhilvxi_qgb\Z _fBEg_kms_kl\mxsbkKb_ fZfb
Z\lhdheebfzzhdd ijh\h~"blpv_azZ\bkbdaf j gbye&

Ebl_jZImjZz

1. DhgyoBg., 1ZgdhwW> Lj _odhhj*bgZyilhdheebfiityr gghltgghk+b
HFI. —1982. —« 8. - K 41.

2. DhgyoBg.,, 1ZgdhW> Lj odhhj*bgZagllhdheebfZHkIl —1980. <« 3. -
K 19.
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M > [B81.78

JKQ?LIH=J?RGHKLBLKN?JBQ?KDHBEHIJ:@:L?EY
<HILBDHWE?DLJHGGKIEEKL?FDHGLJHEY

EBG?CGUIKOF?S?GBC
2G Dme_rh\Z
GZmqguadh\h~bl-dlg, *hp_gl:. =hj[Zqgz)\

<\_" _gbreyj r_gbgz”"Zdhgljheywg _cgkb s _ghbjrgydezZiZfZez
jZajZ[hldhgibdive _dljhglglzkyl .fZjbgpbijzZ[hluZdhkbkl _fazdexqz\lky
ke "mxskf s ghhgljhevdhtbtd{DH, dhlhjZy kldlazdj_ie ggrhjrg,
nbdkbjm\bky h[ehdehd[jZ[hldih*"dexqg_gdux®_h[ehigmba\h*"bgZeba
khihdmighlklb[jZz  dHbjzkqg_|kf_ s _ghdhjhkbimkdhj,dbyij ~ ey |
kf s glkdhjhkdmkdhj_igbrgy

l[jb\u[hjDF[uehZkkfhlj ghkdheWdjbZglhVhkljh_gby

DF zZdlb\ghl]JibiZz dhlhjzyh | ij_~klZ\eykh[hcbaemqgZxshblth"
ihrjzamf_\Zkilhevah\dgb\h~yshph\h*hbebzZzddmfmeylh[jguh, glh
mkeh gyhlgkljmdkiZXh®F LzZd \j fyjZ[hlubklhggbhlZddmfmeylhjguo
[Z1Z) fZehhkjZ\g_ gbkhx[sbfpbdelbfaf j gbc

DF iZkkb\ghlhiz\ \b”_|_ljZw*jbgq_kdhh zZl_d¥d _g_ih”oh”bl
l[jh\_~ gogwdki_jbf_dhdzZazZegbhbkihevah\d2gbk\ IdYeylZdh®F g_
ihal\heykha”zZbv h[oh”bfimk\_s _gghgkvijb_fgbdhilbq_kdHdemqg_gby
\b" _h[em@éZnbdkzZpkfb s _ghlgjrgyljb Ihf  _bklhgqgthdemqg by\b"_
f 1Zeebq_kdhh]jtbqg_kdhjld ZI_letyarZhlklZlhg@phx s _gghkiwhkemqgZzZ _
g_h[oh"milgblu\ZAhagbdZxsifixbkihevah\dgbdib[ghfc Idbdh]j_rghkhbv
ihiulzZlvinfi_gkbjh\ZIv

P _evXZggh&[hluyley Ikiyj_ " e bydbyghy jbq_ kajduhljz zZI| ey
gZih]j_rghklvaf_j gbhyebqgbdkd s gbiyhjrgydeZiZglzzd ieZgbjm _ Iky
ij_"eh bkvhkhdhfi_gkzZpBbgh\lebygby

Zah\uiheh' _ghykke ~h\Zghyhp_kkzZkq_ ID¥Fij_~klZ\ey \IKlyr
\uimdehkm _jbg_kda]lhdZek bkihevah\Zgthjfmd _hf_ljbg_kdhbdb
jZkkgblu\Zhlikehg lgdf j gghdZq_kbys gByFhlbkibgghlh

J _amevlzdy_amevlliZlhj Ibg_kdkkle_"h\Zgbhluy\e_gaZ\bkbfhklb

ih]j rghklbij ~ e dtys gbhyl jZkklhygbykn_jbq_KkdhjZ z1_éy ]h
iZ"bmkZ~eh  kghkh{hfi_gkzpBbghk]j rghkib
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M >D04.942 : 519.876.5

DHFIVXL?JG. ¥H>?EVBKIHEVAM?FIYB
I JH?DLBJH<:GBBILBDHWE?DLIJHGGKBKL?F
G:.;EX>?GBYA:IH><B@QGUFBHQ?QGUFIB; T?DL:FB
Ll.E[h\Z
GZmqguaedh\h~bl-dlg, *hp_glE :g”j_ _\

ljb ijh_dlbjh\Zgthhlbdtwe _dljhggilo® _hbgnhjfZpbhdkdpkd fk
| e \babhggaglZebazZlhjab[jZz _gbypoh” "blkmgblu\ZJtaievrh gbkeh
nZdlhjhk\yaZgdkwmdabq kdbhb_ kkZifjlhl _dZxsb¥phpZaebgglogvyoqv
b" hg_h[oh”bfmkglzfgh _kINAaZbfhk\yazZygluegfbgbjh\ZdpkeamqgZcguo
ijhp_kkWibku\zZz _fwdhfm , jZaebgguwfbdhg4Zkij_ " e. GlkgZgZevghf
wlzZijZzajz[hlkdBfuf*hkimiguwfh\f_kl kl_f~rhklZlIhddhdbb wnn_dlb\guf
Kj_"~"kI\hjf_~klz\ey fPHyfZIlbq_khifftblZpbhyghfivxl_jghh” _ebjh\Zgb_
dZzq_klyg _ihkj_~kI\_gbohfhdlidkke_ _"h\Zgokij_~ihezZ]zZbkihevah\Zgb _
g_dhlhjihke]jzffuij _~klZ\eyx&h¢hdhfie_ dkdgalx fZIlbq_ kfchrh xev

P_evgZklhysjZ[hluy\ey I|Kyajz[htf&Z_ fZlbg_Kdhcebkihevam fhc
NeyZgZebdafh gubelhjblftk\ e dpfiehjzaf_jgithh\b gh]ih[t_dlgZz
keh ghmfhg _

Hrgbfba f_Ih"h\h[gZjm _gbZehdhgljZklghi®mb guoh[t_dlh\gZ
dhgljZklghiZlbg_kdhfyley Iky? e gfb "dZrjh\hiaghklgkbhgzZaz
dhlhjhdhkj_~hlhgkywgnhjfzZpopaf g _gbjhdkoh?rysbah[jZ _.gbb

< "hdezZ"ZkkfzZljb\zZxlkZaebggwe]lhjblfuh[jZ[hldbd_"dzZ”jh\h]h
jZaghklghkbilgZehalheyxsph rZlvazZz~ZbfgZjm  _dgh9\b gub[t_dIhi
hij_~ e _gbdhlhjobgnhjfZpbhgg@usaf_ljfdhhj*bgddhjhkdgZijZz\e_gb _
i_j_f_s_giby_dNjhkljZgkBbl?).

<dzZq_Kkijbf_jZh" _ebjh\Zigbyh*yllgy dhlhjhjZnbq_kdB\bkbfhklb
oZjZdl _jbamxgdpgZjm bl _evigihkh[ghkdbkl fujb az~"Zghbj ~ e _gguo
mkeh\®L[ex"_@ldy[t_dIZfb
lhemq_gfhzy efh™ _I[ulvbkihevah\gZZgZggblolZ~byjh _dlibjh\zZbblydh
we_ dljhgliglulol gZ[ex” _.gby

M > [B35.016

A?IJD.E>EY;EB@G?BGDH;E:KLBKI?DLJ:
=< FzZzdZzZjbg_\
GZmqguaedh\h”bl-¢ékg,ijhn_kkMK Imlbebg

JZ[hlZhk\ys gliZahjm_[h\Zgbig_"ty\ey fuwoeZa_ jgyfahgzZlhjzf
ij_"gZagZq_"gagyd[hld [eb g BDh[eZkkbh_dljEms_kl\mxdbhgkljmdpbyf
mklhcgbbgo mklhcgpb\labgZlhjh\

< gZklhys\| fyeZa ,jjZ[hlZxshB [eb g _bgnjzdjZzk@ghD "bZiZahg _
ithemqgbredghdhjZkijhkljZg. gBdgZijbf, pZa_jghaemq_gd*ebg\hegu
1.064 fdf ijbf_gy lkdhkf IhehjhhbbZe gb]f glgugl ,glZlmbjh\lkedZa ju
ithemlhjzfbdjhggdhdhzahgighrhih*oh”*yWeyrZevghf_ljjobbklZgpbhggh]h
ahg”bjh\ZeB@yh"djlyjhr_fiphimkdzZgdkhkn_jwlhfbZiZabg”

DeZa_jglhfremq_igbh&ty\eyxligylj_[h\Zgbzdbdzd

1. Wg_j]l_Ibg odizdl_jbklibdb

kj_"g¥lysghklv
wg_jlby
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2. ljhkljZzgkl\_ggajzZzdl_jbklbdb
jZ\ghf_jghikliv_j_gghZkij_"~_ e bpgdygkb\gbhkkomq;, gby
jZkoh”~bfhklv

>eygZbemqrakhheg Jhyb\ghwe f gdZa paemqg _gbmf\ _ebqg gby

wg_jlbbg_jZppdbb[he jki_dlb\guy\fey Ikkihevah\zgthfZgh]l]hfh”~h\hc
] _9g_jZpbb mklihcgb\hfahgzZlhp_ bkihevah\Zgbmklhcqb\jh]JdhohgZlhjZz
Fbgbfzevgm&koh”~bfhiKhmlh[_ki_qgbthZzdmklhcgb\ucahgZlhgZzdb
g_mklhcgbGuanklhcgh\lahgzldjhf Ih]hihal\heyfblgbfbabjh\dlyghb _
\gmljbj_ahgZlhigudhilbg_kdpo*ghjh*ghREZ gZkoh*bfhRwoh”~gh]h
baemqg. gby

GZb[hevr_jZkijhkljZzg_gbhemqgbekj_ b mklhcgb\up ahgZlhjh\

ihemdhgnhdZgvaghigZlmdhlhjhihgla_jdZedhkdhZ\lhjh bf__jZ~"bmk
dib\baguknhdmkbjhyZgenhkdhd jdZzedkgh\gm~h[klIthemdhgnhdZevgh]kt
j_ahgzlmhig " _eyxs JhrbjhdmxzZkijhkljZgzggdakthexqgzZ\ Nbyafh ghklb
bkihevah\Zghuy\h*"Baemq _igihkdhahbagZklbqgighajZqgtudl _jbZeh\
lZzd  \ iZjZee _evghkdh”ys immgdXzZfufk _jvzaggf~hklZldhklihcgb\uo
j_ahgzlhjhdy Igy\ukhaeayg_ _¥kcdhlblkihevam)\ ftiidog_kluoh”~ginahg
"bwe_dljbqg_kidibg_kdbhdl_jbzehBf _gghwlhh[klhyl_evkh\hZzgbgb\Z I
bkihevah\kh&ibhcgbjuahgZlhijbVhevrbi@ehlghklyamemq. gby

< eZa_jZlm\ur_gghfthsghklb ihke ~g\j fyrbjhdhjZkijhkljZg _gb _

ihemqgbebmklihcghlahgZlhyeyeZa_jhy_mklhcqgh\wthgZlheptZffjZzdl_jgh

gZebgbbnjZzdpbhgdhe YvYihi_ j qghEZkij_~ e bbb gkb\ghkildh”~gh]h

baemq._ ghg¥b[hei jki_dlb\gwiey_ I|khykihevah\Z\glwWZqg_kl\uoh”~gh]h

hljz zZI1_ ¢ b _glgaojdZidalheyxsbjf "hl\jZIbiwy\e gbbnjZdpbhgguo
dhe_p

<dZq_kéZa jguahgZlhgEb[hegZklhkihevamixive dljbgakifdZeZz

Bgl_jn_j_gpbhggpdzZb¥?Z xl\ukhdhljz  _gh_kjzZ\gbl_ewgdhdthde Zklyo
ki_dljghagZzqg_dbhwnnbpbhlglZZ gbwlhkemqgd  IfulvagZgbl_é&wgh
g_fmf_1Zeebq_ _&dpdhbdulvkdhew]hrgdbadlh *bgbgZ gufbj _[h\Zgbyfb
yleyxlk¥ehih]lJehs dphevrbk\ Th\wgZ]jmaobjhrZy hf Ijlbyo” Zevghklv
ih\_joghblb® Zevghklvioghklgeb(AZeuihl jlwZdh]ehs ogdjZkk_ygb
lhemqg_owmkhdhjz gltkybkihevah\Zdlglfjn_j gpbhigguokINhgdbo
ie_ghdhklb]Zz_Bkyhevah\Zghbh~bq_kdtkd _fie _ghlda®\méz1_jbZekh\
\ukhdbbd gbadhhdzazl _edyfehfe gbjyoqg fhilbqg _kdHEgsbgkeh jZ\gzZ
g_I\_jebglthegkhhl\_ITkiI\mxX&dkbfZevdgHfm g.bx

>Zggudi[ahjij_M\Zjy Im msmpZ[himgZz*"dZg"b”"Zlkdhkk jlZpb _ c

ihk\ys_gdhtbq_kdbfjdZze*2ffeb g BDh[eZkklb_dljZ
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M >1531.743

H:J:;:HLD::G:FHIJNBJH<:GGH®BHAH:J:-@?GBY
<IEHKDHKLBG:EBA:M=EHBAF?JBL?EV&GBKL?FU

>:.FZevp_\
GZmqgqguaedh\h~bl-€eNg,ijhn_kkBj:. Dhgyobg

Djzldh\kImie_gbhklZgh\dh[e_fu>eyhij_~_ e _oglgid\hjhlZ[t_dIZ
hlghkbl_ewdhgbbkh_"bgyxs_fhk [Zah\ufh[t_dlhfm]eZdjmqgb\fgby
bkihevam@WhdheebfZpbmgehf khki_pbZevYghheg gghfjz zZI_ g f
ijbgpbibzZevighie[ _gghkBphlwWhlhjup\ey lgyiZjZee eviglhKlv ggtblh
iZ"Zxs_limgdhémqg_®]hekdjmqgb\Zgbjyy » ey Thkj_ _"~kI\hf ]bkljZpbb
baf_g _dgheh’ ghyjZz gghphqgdiZdb ih\hjhlhljZz ZI_g¥m]hkdjmgb\Zgby
hlighkbl_ewghh\iZr"ZxKiZ”Zxshiimqgdbhkhhl\_IkI\ khkhvi[t_dIh\Z

<nrZgghZ[hlbkihevamm]kwfjjZebamxisédtt j_ghlekdjmgb\Zglhy
hikmlkI\@pbiZzjZee evigdkdks_bhhljZz  _gghihqgdhd hkgh\i@d[hldZdh]h
ijb[hjZh" Ilfulviheh  _ghe _gBgZfhjnhau

Hij_~_epdAaf_jbah[jZ _gbh9\mhjlh]lhgZevigkifk ihfhsvxgzZijbf_j
fghlhwe f _gliglh]hgbdBiZIAKihba\_klghfedhjblfim ghhij_~ ebh}yhe
kdjmgb\Zgby

P_evVZ[hlu< ~"Zggh&[hlg_h[oh~bfthihegblv[ahf_Ih~hkh[jZ[hIdb
ZgZfhjnbjh\ZdoggfZ ™ _,gibhyw\heyxstig_"_eliheh _gbdjZyehkdhilhey
h[emqg_ ggkdkjldb \ufz~b_ glBfZd wdki_jbf _glZzgégdx” JlyZfhjnhau

:Zah\uiheh™ glbkke ~h\zZBgwhjfZplbyn]ekdjmqgb\Zoghy dl jbam _Iky
\_ebgbgthlcdz™ grblyjfubebbaf_ g gjlyaf_jhlah[jZ _dgi@ydbDhlhjZgy
aZ\bkhll wg _j] Ibg_kApof ljhbklhggbddZemq_ d&bwyhlhj ]Jbkljbjmxs_c
kbkl_fglhihl _gpbzZewghrz llhgghkdaf j gB&Zb[heh[sbfkihkh][hi bk
dZZaju\h\jdhkhidhey IThfjZ[hldah[jz _d&bgfhsvxkdhevaysZicdihZzdZy
h[jZ[hl@&EZ _ki_qb\dZd_ kI\_dbélkljZklbjh\ZgddbY IZebah[jZ _.gby

ljhf_"mlhqgy_amevlZjuebjZkkfhlj _gudhlhjkms_ klI\mx&blh~u
h[gzZjm  _glhyo hkgh\gudd”~h\jZaju\hyjdhklbklj gZxsbokybnjh\uo

bah[jZ  _gblyqg, ébgblti_j iZAMhIn[gZjm  _gtbg kebgbk]jZ \IZ gmx
ihew ex[hfjzkkfhlj g®b~Z&b]f glZpdebh[jZ  .ghEgZjm  _gbj iZ~h\
yidhklg\ey lkgyzZfgh]phe h[sbfih”roh~hd gZoh ~_gbgl_jij_Ibjm_fuo

iZaju\lp\Zjdhklghzjibg

Hkgh\ghcamevlidZdlbg_kdbamevizZziyz[hl[uegZkkfhlj _fu h”u
h[jz[hldbah[jz _,gdlylhjuijb "Zevg_crjzZfa\blbflh]m[ulvbkihevah\Zgu
jZ[hlhilbdWwe dljhgmjehbaf jbl_ é&b&ghcfuj "gZagZq "eegybaf j gby
mleh\hijihkljZzgkl\_ggheth™ _gliphgljhebjm_fhHihdlZ\IhdheebfZpbhgguf
f _Ih~hfh ZgZfhjnbjh\Zgbahhz _gh2d_wdki_jbf_glZevghhthdZazgZz
\hafh ghblkwihevah\¥gebygdgZfhjnbjh\Zegkyaf_ j ghyekkdjmgb\Zghy
dhgljheheh ™ gy _dIhijhfure_gghbMg_j]_Ilbd_

Bkke_"~h\zZghbyzZzkkfhlj_gghdzZlbdijh\h*"bebk¥fdZazgZeblbq_kdhc
\ "hfkl\_gghe \hjh]jZffwIZa\blgZmqgghlh gpbZakr_adhe (R009-
2010 ]h ™ bn_~_jZevpghe_\hjdh]jZif«GZmqgugZmegighZ]h]bq_&dbju
bggh\Zpbhglgklcbt 2009-2013] h *.u
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Ebl_jZImjz

1. Am[_gea&iX.,, DhgyolB:. H[ h*ghf\ZjbZgim]ehf_ f&ybaf_ j gly]leZz
kdjmqgb\iByb\x MARLjb[hjhkljh _»gbhfXXXIll <8.-1990. -k 78

2. =hgkzZel,ksm”~id, WA bgk Pbnjh\zy[jZ[hldZkj_~MATLAB, Fhkd\Z
L _oghkn-3Qa0D6. 616 k

M > [B81.78

HIJ:KIJ?>?E?GBWG?J=?LBQ?KDQHKL<BL?EVGHKLB
<><MO<HEGH<HICBQ?KDHIX <GHKB=G:EVGARBG?
. FZjzZz N\
GZmqguadh\h”bl-dlg, kgk:.G Lbfhn_ _\

Djzldh\kImie_gKj "Ems_kl\mxghbéhjh¥eyhabpbhgbjh\Zgbgbo
hjlZghfZrbg \uihegyxsba f evgpZ[hlu hlghkbl_eygah\hiehkdhklb
j_Zebah\EidBdiwwe _dljhgglkl_ fle hilbg_kdjlitdghkblgZeabgbblkctMEG
\uiheg_g9dZgZkZndZ h~hdHl

GZb[hevkebyghd amewigl ~ e ogbeh ™ giljhp fghlhkljhckIME
G \ghkbjl_njZdpblya"mrgHjBdlZz< k\yak wibflueij _“eh  _"gmo\hegh\hc
Abki_jkbhggulhh™eymkljZg_gdlyyghynjZdpRbh >eymki_rghcZebazZphbhb
NZgghflhlh g _[m_likyemqgtl¥bgZdhwgx j]_Ibqg_gckdi\bl_ev gjbK hyZ
"ey\mbdebbghegd) [m_fhbklZgg@bhlu

P_eyZ[hlulhkdhevdmi g gb\mobdebfheduaulZiny\e ghjhfZlbafZz
lj_[m_lkwykgbowZjzdlaz\bkbfhjkdhkij_~_ e wbyj]_Ibq _dc&mhicl\bl_evghklb
ih “bklzZzgpbd 1Zd" _ij _~eh bl¥_Ih*u”~hklb” _gh¥\ghcwg _j] Ibqg_kdhc
gm\kl\bl _evgbitNmdebbhegZ*bklZggBdbhlu

;Zah\u_iheh” _gbwkke_ _"h\ZgbBkke ~h\Zbgkgh\u\Z_ k& f_ Ih”~bd_
hij_~_e_qgihhkljzgklI\_gogjigkij_~_e_awgy j]_Ibg_lgdi\kI\bl_evghé&yb
fhghojhfglubklZ\eyxdbldqg_ kdbaemq [byfzl_fzZlbqg_kfdhHf ebjh\Zgbb
\ebygbyfi_jZIm\ma"mrghhdI|g4ZkijhkljZg immddng_c

>eymf _gvr_ghyj rghklhabpbhgbjh\izidbayf g gWoklZgplhpb[m Iky
h[_ki_qbVBAkihygkWd _j]_Ibg ddbhid\bl_evgbihNmdebygheg

libf _g_gguf_Ih~u< oh”"bkke ~h\Zgbn blkygZebhjfmezZhkgh\ _
dhihjhKnhjfmebjh\Zglh whkib  _gjAghwg j]_Ibgq_&ohkl\bl_ev.ghklb
>ey ~_fhgkljZptbamevlIZlitnkljh_gdjzZnbdbaZ\bkbfhkwgy j]_Ibg_kdhc
qm\kI\bl_evdhkikklhydkhiybf g gbb% Zebabjh\Zgigfo IjHilbg_kdhc
kbkl_fu

Hkgh\gu_amevlZkuj_ameviZg§Zebehgfmeuebhij_"~_e_ iguZf_1lju
ko _fuijb dhlhjum”~Z_ Nwjh\gylwg j] _Ibqg_lkdmkli\bl evghkjv[m _ fhc
"bklZggBbhlu

<u\h”u |Ij_"eh _guljb kihkh[Zihemqg_gby\ghc wg_j]_Ibq_kdhc
gm\kl\bl_evaglzkjiilbfm fhEkklhy,glhhzkqg Ihft dlbkang_ Ilkgizbf _gvr_]h
ojhfzZlbat2y\u[jZggubebdheg2) ijbf_g_gbhft_dlbWkZ\hafh ghklvkh
i_j_nhdmkbjh\Vdibp _kkvdkiemz|Bpbhf_g_glyjdhklbklhggbdkihezZkgh
ihklZ\e_gogufeh\byf
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JZ[hlXuihegyedkjZfdZojh]jzZzffu«JZa\bllgZmqgghhh_gpb2e@XZr_c
rdhewu

Ebl _jZImjZz

1. > Z[b_:\G, Fmkyd4E, I ZgdhWw>, Lbfhn_:.\G Hilbdlwe dljhgigh[hju
b kbkl_flhilbg_kdjfzdghkb]gZealggb€&hghljZnbyh” h[s j_» W>
1ZgdhMKI[ KI[=BLFHL M 1998. — 238k

2. <blhé&V.., FmkydkE, DhgyoBg., Lbfhn_:\G J_ZebaZyiky jkbhggh]h
f ITh™"X hlibdWwe dljhgdgbd&l fZohilbq_ kdjizdghkb]gZeabpbk K|
[fjm~ PN F_""mgdDhgrljbdezZz"gdyb $z218-21hdI2004], KZgdl | _j[mj]
KI[=MBLFH-2004.-L 1. — K 37-40.

3. Dhjhlz<\«<, FZjzZ_A\.:., lThoblhgh)l., Lbfhn_:\G :iiZjZlghkgb  _gb_
ih]j _rghkibabpbhgbjh\ZgdpdWwe dljhggBkZ" glZI h*"hebMEG/
GZmeglglogbg_Kdikxtgkd [=MBLFH- KI[: KI[=MBLFH- <5(63). — 2009. —
K 5-9.

M > [B36.52

F?LH>BDIJH<?>?GBBAF?J?GBC

KIHFHSVX L?IEH<BAHJ:
>:. Fbgdbg
GZmqgguedh\h~bl-eNkg, ijhn_kkhj< RZjdh\

>hklh\ _jghkliv[jZ " _gbyi_jZImjghHjayhilhwe dljhg®Dfigb[hjZfb
aZ\bktll jy*zZnzdlhjhkj_~dhlhju&e_~mhllf _IbdvihqghkbgnhjfZplnb
dhwnnbpbbgkemq g@dbpjfex”"Z_iht_joghklizaebqgblywnnbpb lmdemqg_gby
gZoh”ysbg@ky gZaghjh”gweo f glhd\azZzbfgh[emqg_¢ohazZbfh”_ ckk\b _
hdjm Zxskjc *hgh\_"*_gghip_gdibdZaZellhg_"hklZlIhquaellbnZdlhjh\
fh™ _lijb\_klbdih]j_rghkboaf_j gbjc \urZxs_100%. < *hdeZkhibku\Z _lky
f_Ih~dhlhjuchal\hebh\ukblvhqgghkbwaf_j gbch[_ki_qgbdhl\_IkI\®D
| _jfh]jzZff_Zevghfmi _jZImjghhexih\_joghilllk_dlz

>eyj_r_gbihklZ\e_ggB¢Zgb"rez]Z dKkghklglZbamqgZ _fimx joghklv
ihdjulb k azZzjZzg ba\_klgudhwnnbpb_ dlhémqg. gyhihalhebilhemqgblv
Ahklh\_jgmginhjfZpbkzZzd dhwnnbpbbalkemaqg_lglbke ~m_hihdlZZdb
we f _glhfhdjm ZxskazZbfh” ckdeb f gkihdjm Zxskjc "hi¢_*eZ]Z Iky
mgblu\kitafhsvyZkq_lglkohlghr_dbe ~ gbkHhl\_TklI\mx$bjaz\hd

BaemqgZl ekipEZh[ghKlveZbamqg gZki pbZevaogtkdZgh\giZdhlhjhc
kjZ\gb\ze&b\WjbzZgillzdjulbgbljhdjZzktzhrdh\dyZkdxkZ . 2ANdki_jbf_glu
ihdZzaZedplh ey BD baf_j gbj*"bhwe dljhgmgilphckliyj_~ihglbl _evg_ _
bkihevahiZjivrdh\nixZkdof_xsmahwnnbplbagimqg 09b.y

>ey kgb' _gbyh]j _rghkltbaf_ j gbk fi_jZImjulual\Zggh\cebygb f
hdjm Zxs k¢_Auij_~eh” _jgyg~f_j \ Ihf gbkeih bkdexq_glbahdjm _gby
bkke_ "m _HhlhdfAsgudklhggbbthieh\u”®_e. lgbhy ijb\_~_ d&hhighr_gb_
"eynq_hZjz  _gghlbkke_ "m _hh]hdKhklZ\eyxbaemq. gby

<klZlvhibkzgZZebaZipb¥eh _gdghth*"bdwijbf_j jZz*"bhwe _dljhggh]h
mkljhcklkh”_ j"Zs Illhieh\u”~_eyxsite f_glmklZgh\e_gd@uhebjh\Zgghc
f 1Zeebqg_kidhhcjoghkld dhgljhevgluogdzZzgzBD | _jfh]ljzffZzagZq _gby
| fi_jZlmkebqgZebikwzZazgbiyfglZzdlgwdgbdh\i_jZImjauzdj_ie_ ggpdio
ih\_joghklbmkljhcklI\ZKhihklZ\e _gb_ameviZlhdaf_ j gbcihdZaZeb
m~h\e_I\hjbl_khglEZ”"_ ¢jxaebaqpij \urzZ 7p6), glhiha\hey_dhf_g~rh\Zlv
jZajZ[hlzgfgmx"bdmyjZzdlbq_kdjblfh g _gby
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F Ih~béiz _I[ulvizd _bkihevahY2¢g®dz]ghkldbdb _dlhliehijh\hAguo
fZ1_jbZeli)b h[ke _~h\Zgbtohwe dljhm&bjhckMNijb[hjZdeyih\ jdb
| _ieh\babhghgh]jim~h\Zgby

M > [B81.783

BKKE?>H<.:GEF?LH>HD . EB;JH<DBB>?HD:G:EH<
KL?J?HDHFI:J:LHIJ=?H>?ABQ?KDH=H
BKI1Z\eh\
GZmqguadh\h”bl-dlg, "hp_gl< DjZkgysbo

GZIl_dmsbfthf_gl\ ]_h]ljZnbq_kdkbkoe "h\Zdlgpogkb\gha\b\Z _Iky
ijbf_g_glbnjh\hikcl_j_hkt.fdb\j f ggihZdlbqg_kdjlbf g_glpbnjh\uo
] _h~r _abqg_kidb¢ hdhfizjzIh\jdhéxqZ_ ¢ h[oh”*bfuwelZi bo dZeb[jh\db
Kh\j f_ggiZlyfure_gghkjZdlbg_kgbuimkdzh[lhjm~h\ZgbdbydZeb[jh\db
pbnjh\wkd j_ hkbkl_f
P_evxZ[hluy\ey Ibkkke ~h\Zglth~"hdZeb[jh\dF hdzZgZehXysho
khklzZ\kl_j _hdhfizjzIRjca" _abqg.kdlhj hdhfizjzlijj *gZagZg"ay
Zwjhnhlh]jZnbgklkdhbkt.fdlilhlihljbZg]lmenppdyg gdckuwdfdhihalhey |
\hkklZghVplof_ jgmhk® _ewbfz fh]h _dlz
LhgghhiwlhljbZg]menipfibbbjm KBkl _fZlbqg_kdbjfbrghklykgbfdh\
g_"hqzlafh _n_dliZZwjhktzfhquto dib\tb\hlkmlkI\blhfggu6Zggulo[
we f gldmlj_gghjh_glbjh\Zoggfy Wil n_dogiZjmrZakZdhgugljZevgh]h
ijh_pbjh\Zgdhhijb\h*bd » nhjfZpblh[jZ .gbjyp h[jZ[hld_amevIZIh\
nhih]jzff_ljbg_kdbo _gbch[oh*Kkfihfhsvxj_ ~\Zjbl_evigkiloe _~h\dgbc
dZeb[jh\ddDbf h[_ki_qgbjl&\bevgmgzh®"h[guo nhjfZpbc
JZaebqowjbzZgldZeb[jh\fdabjmxlg¥ kjZ\g_gblbkklZgh\e gdh]h
kgbfdmhkljZzgkl\_ggmlpdgdh_pbjmxskemg kwlZehggtZl fZlbqg_kdbf
imgdhh[jZamxs_fkly p_gljZevghtf_dpbKhhI\_Ikl\, gghh~bddz ~h]h
kihkh[AZeb[jh\dihe gidexqZlv k_[ywlZigZoh "~ _glthggua hhj*bgZl
azZfzZjdbjh\Zgldwgg diukimizZxsbojhebfzl fZlbg_kdmldqdZHij "~ e gb_
ih]j_rghkwdhMWlziyyey Iy ghaz”Zqjbc\_~ gghkke ~h\Zgby
:gZeblbg_KdbbijhdZafdéhgZgZklhysfthd gbzZb[hegZklihbf gyxlky
g_lujf_Ih*dZeb[jh\dbebgbl_ewndih|[ gghkidbhjui@kkfZljb\ZAIK&[hl_
<k _hgb\ aZ\bkbfhklbhklzZz\e gaiZohZth]ml[ulvmki_rgihbf_gbfuey
dZeb[jh\ddf_hkihevam eupZa_fgklcj hkt.fi’bgZdhbdZeb[jhddZf_|
NeyZwjhnhlh]jZnbgklkdhbkt fdbgguf |h”ug_ih”oh”2ylld ihemqg_ggu_
eZ[hjZlhjgiwflzfozjzd!|_jbklhbafb j& j Zevgkfzfhqghhfiezlkms_ kI\_ggh
f gyxlypaf g dbfi jZImjuz\e glhyoZgbg_ lkgdhpmahcehaeddf juh
\j_fyihe _,Itha”_cki\bgZpbebygh[l dzZxsbhsafhevHa”mrgilhdhdh\
GZhkgh\zZgihb\_" gghlhiZevghhkke "h\Zgby_ kl\mxkblokh[h\
jZ[hlij_~klz\ekigkhdZeb[jh\dblhjuigb k\h_ifjbf_g_gkbhkh[mgblu\Zlv
\k_\ur_ijb\_~_gghklhggbdid]j_rghklbjb wlhfjZzkkfzljb\z_flidkh][
ihal\heygllhevdhldZeb[jh\dEkf _jikk mq_lhhkeh\lkt fdbghb "h[blvky
\ub]jurz\ dzZq_klVhemqz_ fukugbfdh\Z ke ~h\Zl,ebbgh dZg_klbo
fzl _fZlbqg_khdhz[hldb&ms_ klI\_gdubegbl evflugbzZevgdbjZl
Ke_"mxsbfwlzihfijh\h~"bfh]lhbkke_ "h\Zghgy Ikpkke "~h\Zdgb _
dhebq_ kI\ lggh® e _gbhZqg_gtbl]g_rghkfjEajzZ[hlZzgfhimd&zZeb[jh\db
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M>[B3

F:L?F:LBQ?KDHPH>?EBIJH<:GEKEMQ:CGUIBIE?C
I1IJBIJH?DLBJH<:GBBGH=HWE?F?GLGUO

HILBDHWE?DLIJHGGKBKL?FKG:;EX>?GBY
>F.1Zrdh\kdbc
GZmqguaedh\h~bl-dlg, *hp_glE :g”j_ _\

Hilbdwe dljhgklikl fuHWKij_ _~"klZ\eykkd[hkh\hdmigMhkllg_ kdbo
we _dljhgdhubihg _glAg_ \b2g@ghhHWHKh"\_j° gjaebqguf[eZ]hijbylguf
kemgZcaoufdlhjZflb&hklZ\eyxsbanfuwe _dljhgdhdtd)zZhhghdjm Zxs_c
Kj_AuZ[_jjZplhblbg_kdhkkzkl _fb ~j). Ijb kha~Zglhbdgh\Zpbhggh[djh\
g_h[oh”bhgbfzldZdhlbebbghadhfihg_ _¢&gbkl_fb kbkl_fZp_ehfm”~m]l
j_Z]lbjh\Zg¥wlibg_ " | jfbgbjh\Z\dv@# ckl\bgywlh]hZgZgZevogwldiZo
jZajZ[hlidibanrzZ fikly fZIbq_kikdZyeiyh _dlibjm_HWK

ljb jZ[hl HWKgZ[ex™_g@¥klklZedb\ZxkkyZaebqggumibabqg_ kdbfb
N _klZ[bebabjmxaadkjzZztfbkke ~m hffezkhdjm Zxskjc AulZzdbfbzd
ImfZd[eZdZh b ") Ihwlhfimkgh\gAZ"Zgjlefh”_ebjh\ZEMbK\eyehkv
kharzZdgih ekemqZcghklZ\eyxs/jdhklbhgZhk\_ s _gghikibklbeZxs_c
ih\_joghklzd ijbijh_dlbjh\Zg®MWoKj_"klIZ\eyghlkjoh bfl* _ebjh\Zgb_
rmfhWwhlhijb_fgimkljhckI\Z

P_evxZ[hluy\eyehkivjfbjh\ZgdZ]ley gt fZIlbg_ KthcelbemgZcguo
ihe_wgjdhklibhgBihf_djbijh_dlbjh\Z§dpblhwe f gHWHE Z[ex"_go¥
kh\j_f_gghdg _g_jghifjh]jZzffghfh[_ki_qg_gkbj_amevlZIzZZB _d\Zlgh
hi\_gZxsblifbhj Ibg_k@gb¥ihkuedZzf

<j_amevl@[hluhemqg J[gAnbqg_kdh "klzZz\e ¢gh” ebhghl\uidhe c
yjdhkbdhf_.o

M > B36.8:621.384

BKKE?>H<:GB?KIJ?>?E?GGURDILBDHWE?DLJHGGUO
KBKL?WHGLIHED'HGKLIJMDPBCMIGUO
IJIHFURE?GGUBHHIM@?GBCIHEH@ ?GBX
BOWE?F?GLH<
B.:.lhan_,D=:jZzdzZgp_\
GZmgguaedh\h”bl-dlg, *hp_&«< Fbo_ _\

Djzldh\kImie_gKms_kl\mxw2yf glgZyBkh\j_f ggkj_"klKAyab
ihal\heyxkha”z\ZzZjzZkij_~_ezgdulbdtwe _dljhggkbkl_furthe]lh\j_f_gghlh
dhgljhé&pklhydkbwhjm ™ _ghbtcjhkljZgkl\_gdhém  _glowe f_glh}Z[hl_
jZkkfZljb\ZxjkgmevIdblkke "h\ZgpdajzZ[hldbabqg_kéht _elwe_f_glh\
ihA"h[gwkd k|l dhgljhey

P_eyZ[hluBkke_ _"hyZkij_" e _dglbdiwe_ dljhglglukl fdihgkljmdpbc
dimiguphfure _ggkahjm  _gliheh _ghbowe f _glh\

Hkgh\gkh” j"Zgk jZ[hlij "eZ]Z ikkyohdihkljh_ghZxkij_ "~ ezgguo
hilbdwe dljhggkimkl, fjZaf s gblxo baf_jbl _evgdbgZelb\ fZjd _jh\
dhgljhevdhg. NmgdpbhgbjhkBgb fnibku\zZ fKYy fZlbq_ k&BZjZIh
bkihevah\Zgbké& gdubh”~hb Ze]hjblfhX[hluyehdhKbkl fig ~klzZ\ey |
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kh[hckh\hdmighkhklhystha fZljbggudgZebaZlthjdf\_jbl_ evgliZogZ.eh\
hilbq_kdblkl_b fZjd_jhbklhggbdgnjzdjZzkglhdamq. ®dmayf jbl_evgu_
dzgzZzeez”"Zxlj djulZxsbfhkeyfth[ahjflhh[_ki_qgqb\E~ "¢h\j f gguc
dhgljhdgh  _kI\fZjd_jhLZdhfc IhNha\heyjZlkrbjbl¥bZiZahlgaf_j gbc
kdhfi_gkbjh§zZlkiiwnw]j rghklbich\ukblyzr"z ghlKvhfhsvxhrh[gukd k! f

fh gh\ugbkebbpv gljgZ]jmagd@ dhgkljmdplbxij_ ~ ebhjb_glbjh\hggmx
N nhjfZpbkgkljmdpbb

AZdexq_.glZa\bIbZggHcfugZijZ\e _gdihemq_
nmgdpbhgbjh\48by " ezgghidbdtwe dljhggkbk
j_amevlZlh\

¢ bhj Ibg_Kdhceb
| fb ijZdlbg_kdbo

M > [B81.7.08, 681.78

F?LH>BDWG?J=?LBQ?KDHKKHQ,L:NHLHWE?DLJBQ?KDBO
G:D:IEB<:XSBOIJ?H;J:AH<:L?E?C
EBG?CGUIRJ?F?S?GBC
.<ljhdhnv_\

JZa\blkh\j f ggwd&khdhlhgguldhfZlbabjh\ZiggkloiffhkljZgkI\_ggh]h
ihabpbhgbjh\Zighymhxq_j tklZgdhkljh_igthloh\j f gglfa\blgZmbéb
|_ogbdbkgh\u\Z_dgikeybkihevah\2Z\glkihdhlhggpoh[jZah\Z] ebgc cgbo
m]eh\uoj f s gbccgzZklhys\j fyh*rgbbagzZb[hejZkijhkljZgzgldul\
ij_h[jZzah\zZIl_eic_f s _gbcyleyxlky nhlhwe _dljbq_kglbdZieb\Zxsb _
(bgdj_f_ghguj _h[jZzah\Zliejp f s _gldlGIl), dhlhjuj Z]lbjmxd_gZ
ijhkljZgkl\_dgbgbh" _gRgZjhkljZzgkl\_ggh f s _gHdhlhjhj h[jZam)\Ilky
ihke "h\Zl _evgh&ldljbgq_ kdbiomevkhijhihjpbhgZevduebgbgwlh]h
i_j_f_s_gbihwr"kqg_wlhdhke_ _"h\Zl_evghkllpbzZevghkljhcklipbnjh\hc
h[jZ[hldbbg*"bdzZmpledehdmijZ\e ,gihm\heyhgd gblvebqgbigm f_ s _gby
dhgljhebjm _hfht]hdlZz

>eynhjfbjh\ZgimgZaZgdhtke ~h\zZl_ evigtimbdvkhbf gy lkjyogpbi
jZkljh\hcfh"meypblilbg_kdhkblgZekhkljZzgkl\_gguifbjbh”"bqg_kdbfb
kljmdImjZzZlfilb i _j f s gldhgljhebjm_Kkhfhdlihlhdhilbg_kdbpemq, gby
ijhoh~ys dhj_iahkljZzgklI\-kigiljy zggu jbh”*bq_kKkdjmdIimfo"mebjm_Iky
bihiz*"Z gZnhlhijbzfgbkb]gZeudhlhjhlilhklmizZzxZwe dljhgdkmxfm
nhjfbjmxsmxjbh”~bq_kithtnex "h\Z|_ ewgehkdVjbqg Kkfd me vkhR].

ljb jZajzZ[hld_ijh_dlibjh\Zgb®Il wg_j] Ibg_kdbkg iha\heygk
hkgh\zZdpbhh\Zgbkcr"bzZiZzahgmf_s_gbch]j_rghklp h[jZah\Z\@lyZlv
Ibi bklhqgbhliZzbg_kdbjghemq, ghyhijbzfghhdkgh\guzZjzf Ijhilbqg_kdhc
kbkl_fb\oh”guozZjzdl_jbkhebdljhgghkl fohjfbjh\Zgbybh”~bqg_kdhc
ihke_~h\zZIl_ewgehkdbjbq_kfdmevkh\

IlhkdhevdWNmGB IEI jZ[hlZx\N jZagumkeh\blydbowe f _glith™\_j  _gu
\ha”_ckl\pZxaebgglugp rgbd \gmlj_gghddlhjhlh j r _gbwlhcaz”Zqgb
nhjfbjh\Zghlwg jl_Ibq_kmdhihg_glbfy Ik\hbki_pbnbqg_khdibh|[ gghblb
ljim~rghkMilhh[tykgy_ Iky glhbgnhjfZpby_ebqgbig j f_s_gklmwZeh _ggZy
kgZgzZazZhilbg_kdbd azl fwe dljbqg_kildiblJgZeZidnklhyggih | _ji_ \Zy
ij_h[jZah\zZzdbkhhiI\ Ikl\kbbj [m_fufBe]hjblfZzbbijbgpbizfb jy Ikl
bkdz Z. Wy _j]_lbqg rkigh\g_ dleWGIEIhij_~_ewalbfhk\yhdilhkgh\lguo
wg_j] _Ibg_kabodljbqg_ikdEdé ljb\]Zz[Zzjblgpdaf jh\lwe f_gldhlhjzZy
ihal\hey"HimkdzZhVv_jbbgnhjfZzpbblj [m_fRAcebqgbgikgh\guuoh”~guf

107



iZjZf _ljhiy\ey IkyhimklbfZzly]l]j _rghkliy_h[jZah\Zdbaz"ZgghhZiZahg _
i _j_f_s_dB®c
< kh\j_f gghcogbq_kald jZImijZdibg_kdb baezZ]Z_ fkyh*bdZz
wg _j]l_ Ibg_kdklJdzIBGIlI k mqgzlhkh\j f ggtwe f glgllZau< ~Zgghf
khh[s_gbbj ~eh” g4 Ih"bdzwg_j] _Ibq_kdjizJkgzlzZznhlhwe dljbq_kdbo
gZdZieb\Zxsipoh[jZzah\Z|l _ebg cguoj f s gbgZ hkgh\kh\j f gghc
we_f_glghau
QlhJuhkms _kl\ewlphjbebjzkg Hkgh\gudjzZf_ljhwe f_glHWBII

ij_"eZ]lZ kKiky*mxsiZke ~h\zZl _evghklv

hij " e _gb_"_eZhimkdzZ_fljhzqg_ghbly]j_rghklhj_h[jZah\Zgby

i _j_f s _gby

\u[hj ijbgpbizhilbdWwe_dljhggkphblu\ZgblkdZgbjh\)2ghtyboh\

ijhkljZzgkl\_gghjbh”~bg_k#homdImju ko_fuihkljh_ghyilbg_kdhc

kbkl_fNGIE]

\u[hji_jbh”~hiAjhkljZzgkl\_gowl@ehggluaZgZebabjmxslhm d | nbj

dhwnnbpbbgllZjiiheypighhjfZpbhglgth]jdhZeZ

\ulhjizjzf_ljh\hkljZgkI\_glgdhebabjmikigmadImju

\u[hjnhlhijbzfgbdZz

\u[hjbklhggtdibqg_kdihdlemaqg bghdhzjzf_[jh\

jZkgbhNu[hjizjzf_Ijmilbg_kd&klonc fNGIE]

jZkg ikZzjzf_ljhwe f_ghhé _dljhgighkl _fohjfbjh\Zgibybh”~bg_kdhc

ihke_~h\zZIl_ewgehkdbjbq_kfdmevkh\

jZkqhlghr_gbly]g/4mf

dhjj _dph¥jzf _ljh\u[jZgguwe f _gIN\GIEI b jZkqgzhlghr_gby

kblogZmfkmqzlldhjj_dlbjh\db

Ebl _jZImjZ

1. Nhlhwe _dljbgjkdpZah\ZbgebhjfZpbjb kgmobG, RZgv]bgN b"j
F:FZrbghkljh.g1B74. — 376k

2. FzZzezf_®J Nhlhwe _dljbq_ikdbb[jZah\ZI| edbly cguioj f s gbgZ
"bnjZdpbhgguoldZoMqg_[gihkh[b- EBLFH 1990.-45c.

3. =hjh™_pdb.&, LZjZkh\EE, :jl_f gdhX.G Bgl_jn_j _gpbtiggin\u_
ij_hl[jZah\ZgKly. GZm4dZ005. -47%

M >[621.396.962.3:621.373.826

F:L?F:LBQ?KDHPH>?EBJH<:GB?
HLI:@?GGHXKHB=G:EBB>?GLBNBD:PBBT?DL:
I IJBBFIMEVKGHE:A?JGHEHD:PBB
c.o..Ju h\

GZmqgguaedh\h”rbl-eNg,ijhn_kkRj= E_[_"vdh

ljb hilbg_kdélkdZphbjZz  _ggkb]gzteij ~ ey blgy ]jZevghcjldhc
nmgdpbbibkul\Zxs ahg”*bjmxsibfamevilaZ\bkbfhkhsghklbbaemqg_gby
\j_f _gbbbfimevkghzjzdl_jbk(B®bh[emqgZ _iffn\c joghklb”hljZz  _gguf
kblgzeithrjzamf_\Aj lIkyggaZ\bkbfhikbebaemaq,_jgbkk ygdiihdlhf
gZijZ\e_aqthbhijb_fgkeddlZpbhdkdtke fBOih\_joghklbljZ" _ggublgZe
ijb__h[emqg_pbkdhg digjihldbfimevikKhibku\Zz fhfimgdpb _ c

BOhij_ "~ ey dikywhjfhch[emqZ _ifftn\c joghklbdb ozZjzdl_jjizfkk _ygby
baemqg_gbwe f glzZYbeyykw! JjZevgpfh[jZah\Zgbmfdphbkdhevdbo

108



i_j_f_ggulo h*ghf_jgmmgdpby_f_gbBO \ h[s_fkemqgg_iha\hey_|
\hkklZgh\bhjfmb k\hckl\ih\_joghkbhh[ezZz”ZijbagZdZibal\heyxsbfb
jZkihagzWtvdlpzaebqougfb(bebjzaf_jhxeywy_dhlhjald"Zgghfjth dlZ
BO[m” alZ\bk hllv]ihjb_glzmbdhkbl_eghZpbhgohkt fu

?kethlghr_ghjhkljZzgkl\_gighty _gghkh\_joghkibheygZijZ\e_gby
hfemqg_gbkdhjhklk A2 g kdheydhij \urZ Pebl _evgh&kig”bjmxs_]h
bfimevkKBA hljZz" _ggkd]gZen”_ilj_~klZ\eklW[hg_kdhekddz _ggBQ
Lzdbli[jZahifjb "hklZlhgghhldfhg bjmxdfimevb *hklZIhgdhhdhc
gZklhlghltehknhlhijb_fghhtkljhckNZafh gB”_glbnbdzZypbydlZml_f
kjz\g_gibhggylhllbb]gZzk®|lZehgguwfbyh[mq_ dEyWhkbkl fuZkihagzZ\Zgby
gm ghjh\h”*bl¥h”_ebjh\ZgbjZz  ggkd]gZehéylj [mxsbpZzkihagz\Zgby
hit _dlfgwlZehgdokdhimlklI\mxZhZelwbyghwllkb]gZkemqgZcgzadlhjh\

;uedhklz\e agzZ2Zhkke_ _"~h\BE&afh ghkIwebqg_ighkluba[t_dlh\
kn_juk jZ"bmkhf b dhgmk4zZ*"bmkhkgh\Zdbyb \ukhlhz..25f — ijb
h[emqg_gbbmevkhk wnn_dlb\ghebl_evghkliwk Ih\_joghklb[t_dlh\
ij_"NiheZ]lZxikRghjhrgulibgZzo&ZjzdljZkk_ydaemqg _Aiplyhjgh ba\_ kil _g
M]lhe ""mmkvdhgmikgZijz\e glb[efmqg_Dby IkhklZ\elylDWH M50

Khklz\edpZivx!|_jgidly]ljzffdaha\heyxgZkkgblu\zljZ" _ggkib]gZeu
Neyex[uoh[t_dlLh¥ khhiI\_Ikl\bbhklZ\e_gglE&Zqijle\_~ dgh”_ebjh\Zgb _
hljZz" _ggkd]gZehéykn jub dhgmkjd jZaebqgodjZdl_jbklihdKlo ygby
baemqg (gly[_jlh\kdhdnnm-agghijZ\e gdghjfZaebqgubd glZpdhgmkZ
hkgh\ZgbBknhjfbjh\ZdAhdmigwkkwe hggyuadlhjhjpbagzdh\

>ey r_gbyzrzZpbkihagz\Zjgdy I|kyZ\gblvdlhjidbagZdwmhZehgguo
kbl]gZet\ kb]JgZedbgylh]rehdZpbhgghkl_ fhe_dlhjZjbagzdHh]ml
nhjfbjh\Zlvikyaebqgufilhkh[ZfbgZklghkbbbfh]mkem bbhjfbjh\Zggu __
hlkg_lubkdj_Ibah\ZiglyloZ ehébbozfiebImagahklhigb dljhKjzZ\g_gb_
\_dlhjdbagzZdihbgylh]kb]gZzkAdZ ~"ubawlZehgaradexqZ\ Nuygbke gbb
jZkklhydgby*ngbfB khhI\_Iklkaz*Zgghlgbdhi¢hkljZzgkijBagZdh\

>ey | _klbjh\zgHEe]hjblf4Zkihagz\Zgjtbygyluckb]gZdfblbjh\Zeky
ZA"blb\gdfc kvwlZehgddblllg ZleghjfZevghhfZFgh]lhdjzZluZlbklbq_kdb_
bkiulZgbklykihevah\Zj@ZmgluwlZehggbbdgZebh)bjZagumgZq gtblydhr gby
kblgzdZmfmhalhey®l ezhZdexq_lgbyjhylghklbb[dh khhI\_IklI\mxsbo
mkeh\byoameviZddbbokiulZghbdzZazZgbhkn jb dhgmfkh ghgZ”~_ "gh
br_glbnbpbjh\Z\kydbokeh\lnydeZ*u\Zxs\oj@gkgbhklZ\e gaghtZqgb

M > [B35:621.373.826:624.396.962.3

G:EBAJ:KIJ?>?E?GBEGL?IJ<:EHK?@>MWU;JHK:FB
KEMQ:CGH+HHP?KKB<HAFH@GHKIHWKLIH?GBY
KBKL?EEB@G?EHD:PBKRMFH<H&®BGOJHGBA:PB?C

F.= K _jbdh\z
GZmgqggimedh\h~bl=&kg, ijhn_kkRj= E_[_~vdh

<\_ ™ gb< kbkl_fZ4eb g _tilbg_kdélkdZpbjb fyazZiZza®u\ZigbjygZe Z
khihklz\bfh]mebl _evghkikk kI\_,gglih\n wihkemqghagbdXhdfh ghklv
bkihevahY2hwjb_ fZb]JgzgzZf ggthgl_j\Ze *m\mfymfh\ufbul[jhkZfb
glhha\hebjehmf _gvrbmyh\ _kKM[Zlu\ZgbyZxs JhkljhcklI\Z

P _evXZggh&[hluyley IKgZelhAkij " e lpdly j\ZefhV *mu[jhkZfb
kemqgZcagjhlgh_kkidjZaebqdup "Zlhgoguwmagdphbjyo fgimkbebl_evphdhz
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b\hafh ' ghkbkihevah\Zgbdyhw\h&bgojhgbadmkeimqg_ glkpkl f4deb g _c
hilbq_kaehdzZpbb

;Zah\u _iheh  _gbyZkkfhlj_dahlghklb jhylghklbgl_j\Zel\ "m
\u[jhkZfbbjhdhihehkgh|jfZzevglklmqgZcghip_kkib jZaebqggmph\gyo
h]ljZgbq ljkyaebgdup "Zlhgomagdpbjyo fgimkbebl evghdhZthdZaZgh
glh\hafh gbkihevah\iZhkl_fjgeb g_ehdzZphbbdhlhjuazZimlbhaemqzZl_ey
hkms_kl\eykilEyhfmfh\h]hu[jhkg Z\uoh”ijb_fgimkbebl_evigBihzz
ijb_fhljz  _gghihlgzédEms_kl\eygZbygl j\Zé&_ ""mu[jhkZfkemqgZcgh]h
ijhp_kKzZdhici"ohihal\heyknms_ klI\_gghabrhyh\_gyzZ[Zlu\ZgbiyZxs_]h
mkljhckI\tz _kl_KkI\ ,gogif_gvrblwg_j]_Ibqg_kadljZluH"gZdhZgZeba
jZkij_~_e oy j\ZzeghV *"mMu[jhkZfilhdZaulflhlj_[h\ZgtbgZklhilhkuehd
baemq_d&by jhylghkéth ghdj_\h]bgZoh”ylkyijhlb\hj_gqbH”*"gZdwlIb
ijhib\hj_gfthymulvjZaj_r_ dkihevah\Zkglbklf fudhlhjhacZimkBdemqg_gby
hkms_kl\ewliky k_q_kiy*Zmfh\hWu[jhkfhe _gbadhhhh\g¥ijbgylb_
j_r_gbhygZebqgklhlgZzehe \ukhdbijh\g f

J amevidkke "h\Zgboh”"bkke "~"h\ZgbyZajzZ[hlZpZ fEbkl _ [fu
ihal\heyxdwaf gyilhjh]lkjzZ[Zlu\ZzgbyZoh ~_gblypfZevgkilhkhjjpb fZ
Djhf_Ih]h\ kj_~"LabView ihkljh_dgZ|_fzZlbqg_kfdh2y ek ihfhsvxdhlhjhc
ihemqg_ jgkij_ "~ e lopdly j\ZefhY*muljhkZfdphjfZevghémqgZcgjhp_kkZ
gme \kff_~gbdgzZq _gbe¥jZaebqghoh]hkjzZ[Zlu\Zglhlg\ ~ ogd&jZ\g _gb _
j_amevIZhh\ ebjh\ZkgbydhlhjuZgZeblbqihkedibqg ggjuflij ~ e gbyfb

M > [B81.7

DHFI?GK:PBYH=J?RGHKL?CBGV?LBJH<:GBY

<:<LHJ?NE?DKBHGGKIEBXKL?F:O
... Kf _oh\
GZmqgguaedh\h~bl-eNg,ijhn_kkBj:. Dhgyobg

<ijhp_kKhglz,Z4Z[hlugZ[ex™ _gdAddjmigh]Z[ZjbldfbdlZfdzZklh
l[j_[m_l&ggljhewijh]b[hb”_nhjfZpbbzZizathaf_|j_ gihyh[guo nhjfZpbc
\ [hevrbgkl\jZzdlbq_kdZazgz~zZ Nkybjhdbaoj_"~_eZbdh_~bgbm]eh\uo
liZ"mkh\

Bkihevah\zZgbehbaf_jbl_eA\dbhdheebfZpbtkdpkl,ofdZdjzZ\behg_
ihal\heyjlZebah\AMNgh\j f ggh]lhm_ fmbhqghklly ij ~ ewaf j gby
ljbf_g_gbZ\lhj ne_ dkbhkgpghHcaihal\heyml®*h\e I\hjblkldbfij [h\Zgbyf
baf jbl_evagdrcZygzZklghlkhb _ebgbd¥iZahagf j gby

ljb bkihevah\ZgWhj ne_dkbhmdellobaf_ jbl_ eklglklofagZgbl _evgh_
\ebyglmZlhqgghklgauZjzdl jbkkhdbziZabaf j ghdZaul\XZZdgZau\zZz fZy
ih]j _rghklwe ~kl\bbgv _Ibjh\Zgblypq kdhihhgdZebygbbgv Ibjh\Zgby
ijhyley NWwkzfrbzizath@gf j glWghf gme \hhlkeh  ¢byhkbjl Jmeyjguc
oZjzZdlhjke ~h\zl,dkaghl[ulvhibkZdhhj Ibqg _tlkdBl Kdhfi_gkbjhgZgh
wlZibaf j gl F_Ih*umkljZg_dbhygbygv Ibjh\Zgbl]jZgbgb\Zxlky
| _hj Ibqg_kdiihnfd gkZpkbkl fZlbg_kdkiZ\eyxshtj rghklkbdhjj dpb_c
m  ihemq_gguamevldldf j gbhfh]mJulvr*hiheg kiu pbZevatjg dpb_c
Zelhjblftzaf _j glyZdhkhqg_ 1Zdgbhj Ibq_kktZe]lhjblfbg_ kidhc _gkZpbb
yley lgyb[heijb_fe_ fukihkh[hh\_ebq_Idhlmyghkbaf_ j gbwydjbl_jbyf
kilhbfhkbz” “ghkjbklhlbwnn_dlb\ghklb
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Bamq_gdbyghlggv Ibjh\Zpakp k|l fZlbqg_ kdkbZ\eyxsimm}) rghklb
\uykg _gdZb[hehilbfZevgludh”hdhfi_gkzZpihlg _rghklbgv_Ibjh\Z'¢ly
h[_ki_q_d¢bkljhlub bgl_jZdIb\ghkip_ kkiaf j gbhyogbq_kidZebaZpby
ih"h[guolh"h\ey lkgimZewdMZ.q c

Kms_kliI\mxsblh*bdbhfi_gkzZplblh _rghkl\legv_Ibjh\Zodyjpbhgygu
g h[_ki_gb\Ex[m_fhkkqghklb

lj "ezZ]Z fulhrdhfi_gkZplblwj ZebaZipmayheyemqglkims klI\_ggh _
m\ _ebq, @gbbhgghkdbf j ghdd" "bZiZzabgkZ j gbyeh\O0onhjfZpbc

Wnn_dlb\ghkjv*eh  _gghMjbzZglZe]lhjblfzdhfi_gkZpblkebygby
\bgv_Ibjh\dgdWM_j "~ _ghldki_jbf_glZevgh

Bkke "h\Zgibbwh "bebkyzfdZo "~ jZevghe \hjh]jZffuuGZmqggh
gZmegightZ]lh]bqg_&dbdjbggh\Zpbhdglgklbd2009-2013] h *.u

Ebl _jZImjZz
1. ExEwcgZebka pbZev@hlindheebfZpbiZgdh]jbhlfizleh\baf_ | gbey
hilbdwe _dljhgighphjhhZkkb\ghhZ/Ljim~NY F_""mgZjh%dqdyn_j_gpby
fheh”uoq_ghli_pbZebkHhlbd2005». —-KZg-dl | _j[mHZ2005.

M >[B21.397

HIJ?>?E?GBRILBF:EVGHWG?J=?LBQ?KDHC
BDHGLJ:KLGHOM<KL<BL?EVGHKUWZEH?<BABHGGHC
KBKL?FUG:;EX>?GBY
<< Klhjh  _gdh
GZmqguaedh\h~bl-dlg, *hp_gl:. =hj[Zqgz)\

Djzldh\kImie_gbhklZzgh\djh[e_ fuHojZggh e \b”_fb lkem blv
j_Zevguwfi\_Ihfy_eh\_qg_gRA\ZiahY_ ""mgzZjh~dhjphjbgfBghfh  _I1klZlv
gZ"_"gudgkljmf_glaZsblex”_od fZl_jbZevguaghklhlcihky]zZl_evklI\Zz
dibfbgZevgwo f_glh\" _lihfhgV[hjv[kzZ\ZjbyfdhZlIZkljhnBEkbbobcgufb
[_"kI\byfb

Kbkl _fujbdez”rgHh]lle _\b”~_gZklhjboh*blkwdkiemZIbjA\Ké&h guo
mkeh\lgyZd e x” _,gblylhjuk\hckl\_gelg_~hklZlIhggh_s_ gt _dIEb[h
_Jgj_af_jghk\ s ghlh k\hxhqg j RedZau\zZgkltfhgljzZzblah[jZ _.gby

P_evxZ[hluy\ey lhyj ~ e dblbfZzevgWwg j] Ibg_kdhagljZklghc
gm\kl\bl_evglhlel_\dabhgbklc faz[ex”"_dleyh[gZjm _gpty dkaz~Zgghc
\_jhylghklvx

;Zah\uiheh  _gby Z\IhfzZlbg_kddkd _fijhp_klk[gZjm _dldy_dlgz
hdjm Zxs nfhg hkms_kl\eygllkajbl _evgdfgZebaZzZlhjihfiZlhjgzZzwdjzZg _
dbg_kdZziBEjh]h\uhkljhcklIfgdhfiZzjZlhjhbh~yshfkhklzZ\gZetpllhnjh\h]h
ij_h[jZzah\Z(:Rly. LZdbli[jZzahdlh[uhij_"_ebdg_j]_Ibq_kdmgljZklgmx
gm\kl\bl_ evdkibkllb,fg h[oh fAhclbbgbfZevghh[oh”*bfaigZq_ d&bygZeZ
hl h[t_dld nhgZgZ\uoh” nhlhij_h[jZah\ZIljkeydhlhjud|[_ki_qgb\Z Iky
h[gZjm _d&ah[jz _dgby _dlgZwdjZzdb”_hdhgljhevghljihcklRazZ~Zgghc
\_jhylghklvx

Hij_~_e_gdm\kli\bl _evghlhédZlbg_kpghojh\h&bkl_ _fu_h[oh”~bfh
ijh\h~blbkohbyw"bgZfbgq_kdbh¥hZaRgBE” gupZijy _gbkl bij_"~_evghc
gm\kl\bl_evghkidhfiZzjZlhjgh ke_"mgZqgbgZkvhij_"~_e_glhpy[m_fh]lh
highr_gbly]gZmfgAoh”~ihjh]lh\hitkljhcklI\Z
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ljhf_"mlhgguy_ameviZkuj amevlZdkqg_ llgZoh” yNoynw~rghdthgljZkl
hij N eyxsbhegljZzklgmXdkl\bl_evghklvfbhk\_s_gghideh”ijb_fgbdZz
hilbg_kdihdlkemq (gbE, hij ~» eyx&Xylh\nmmm\kl\bl _evghklv.fu

< g _dhlhjkemqgzZwd s _gghliHB fh™ _|IhdZaZlgkklhewdkhdhglh
\uc™_RBZij_"_epZ[hq_JhqgzZkldihk\_Ihkb]lgZeoghZd!|_ jbkiIMdbgvrblv
hk\_s ggHHKIB\hafh ghhmfkihkh[Zflo j\uck\yaZdghgb  _gbmfh\gdZd
kblgZelhhgZZdkb]gZedHdjmigwd edbo |Zehft_digZAoh~rdhfiZzjZIhjZz
:Pl. <lhjh&ihkhij_~mkfzljb\ih\ur_gbdhwnnbpb m&iZe ,gplh h*gZdh
ijb\h~bld m\_ebqg_gmxh\gymfzZ b khhlI\_Ikl\mxs kfgio~ gbx Zevghc
gm\kl\bl_evg®Pk|bl.. mf_gvr_gbkkedh”bjm_flyg"Zplkd]gzZeZh[hbo
kemqgzZybbkoh”~bh[f _gf ""mwg_j] I|bqg_kddhlkgljZzkligpm\klI\bl _evghklyfb
kbkl_fuLzZdbfh[jZahfih\urZywg j] _Ibq_kambvkI\bl_ evgkilkkVv fufu
mf_gvrzdHgljZkligmxh[hjhl

Hkgh\ghjc amevl &l jZ[hl ihdZazZzgazbfhk\yfav*mwg j] Ibg_ldhc
dhgljzklghqm\kI\bl_evghkllyfihp_~eh” _kihkhpZoh ~ ghhohilbfZevguo
agZg_gbey zZz\IhfZlbabjh\Zdgbc\babhgghk!l fuhl\_gZxs mkeh\byf
| ogbq_kdBETMZgby

M >[B3

DHFIVXL?JG: WH>?EHILBDHWE?DLJHGGKIEEKL?FU
HP?GDB.J:F?LJH<F:EHJ:AF?2JGUEB;T?DLH<
.. Klj_edh)\
GZmqguaedh\h~bl-dlg, *hp_glE :g”j_ _\

<NZgghZ[hljzZzkkfzZljb\zZx\Ikijhkuk\yaZgduZajZ[hldhfblZpbhgghc
fhr el HWKgZ[ex” _gh¥fZehjzaf jguipt _dlZfb \u[hjhfhilbfZevguo
ijh]ljzffgukj ~kNey zkha”Zgbhy IkyibkzZgithemq_ gigh¢jZffubhp_gdz
j_amevIZBFA[hlu

Fzl _fZlbqg_kthy evh[uqghj_ ~klZ\eykh[hcdhfie_ dkgmk]jZffm
\dexgZxsmhkxeh\gmxijZ\eyxsmph]jZffnb jy*\azZbfhk\yaZgguph]jzZff
ihal\heyxshhdblbjh\Zlv W<Fijhp_"mjZ” _d\Zlgobabq_ kdplip_ kkZf
ijhbkohr"ysbhl”® evgab gvyoZevgkbkl fuD IZzdbfijhp_ _kkafighkylky
\oh”gu hilbq_kdhha”_ckl\by gzZ[ex"Z_fihdt_dlhb nhgh\uadhf_;o
nhjfbjh\zZglbah[jZz _dbybqg_kdkbck| fhighp_kkk\yaZgdkunhjfbjh\Zgb _f
azZjy*"h\hlrev_nzZnhlhijb_fgmfkljhcklk mqg_IhNgmlj_ggdpoklZpbhgZjguo
rmfh\bkdzZ  ,gbhyvagbdzZxsdh_amevlidl h[jZzah\ZgbdyZglh\Z&bygZe\h\
[ehd: Pl ijb h]ljZzgbqg_gpgtajyr*ghkZdzd  \hafh guZelhjblfpbnjh\hc
h[jZz[hldbdexqZyj_"\Zjbl_evgmevljZpbxkoh~guf@kkb\hpbnjh\h]h
bah[jZ _,gbyp_"mju[gZjm ,gpdkihagz\Zlghy gdiZjzf_Ijhh[t_dlh\
gZlex™ _.ghg_\b/ ghh\ aZ\bkbfhklbzjzdl ijE_dIbjm_Kkib&l_ fufh”_eb
fAhlm[ulvAhims_gu dhlhjmijhs _ghbhhlhjug "he ' gazf Igh\ebylyZ
A"hklh\ _jghkeung_gjguamevlZlih\

>eykharzZgbfyblZpbhgdftne _eHWKh[gZjm _glbyhp_gddhhj*bgZzZl
fZehjzaf _jglto diINhNkihevamkhXy f gdkhc "h&ZajzZ[hldibhhl\_ ITkl\mxsbf
_cyaudhjfh]jzffbjh\Zgby

ljhZzgZebabjkhAy f ggkj "uijh]jZffbjh\Zgbzdb dZdC++, Delphi,
MATLAB, Fortran b Ajm]byijbr_ed\u\h/nglhhilbfZevgju amevi¥Xduheg _gby
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ihklz\e_ggl¢zZ b ghihemqgbbkihevagZy[hejZkijhkljZg_gmgmé¢h[guc
yauidh]jzffbjh\Z.dWALAB.

<j_amevialr ebjh\Zaeyhemq bdJBlIZpbhgfhZy edWHKij_~ e _bby
hp _gddhhjr*bgEdehjzaf _jghih\b gh]h[t_dlZ&\eyxsZyk¥l fZlbq_kdhc
fh”r _evix Zevghicbdive _dljhglgthicl _flufZljbqguNIM dhlhjZk™_Noh”blv
\khklZXaebqubo[hjhbebekl Mey kdhglzdllgdfl hj gm}/eh\bebg_cguo
i_j_f_s_gbch”~_eiy_~klz\e\gB™ ijh]jzffu\ dhlhjhjic ZebambéKyj_ _gb_
dhhj*bdBEfg_qgghJh_dlIEb]lghedhlhjhklybfz Kfyljbpuzaf_ jR56 g 256
we_ f_glh\kh\BEmgdptbyt _dlIbXZijhdkbfbjm]dkykkhbBfhs gbydzZq_klI\_
bgl_jiheypbhdgeihjblbkihevamZeékgjbhij_~ e oy j]_Ibqg_lkdhylhz
jZkij_"_e by s_gghlkhjjzftnij " _eyhlhj*bgaig_j] _lbqg_kdiylhx
bokj "g_d\zZ™jZlblgldedhg lghdhhj*bd4t_dlvhagbdZxsk\yakgZebqgb f
jZaebqgliblhggbdh}j _rghkl kkyaZgglubebygb rinfh\(\ "ZgghkemqZ _
g_dhjj_ebjh\zggimmfy k~ bkdj_IghkKdMxdImNuM Z1Zd _kijhp_kkhf
d\Zglh\zgdbyjgzaz:PIl. Ijh]jzffz "himkdZgh]lhdjzZlguWh”\Zjvbjm_fuo
bkoh~rgudjzf_Ipjhdhhj*bgBa&h[jZ" ;gbZ"bmkifm d¥ZZkk_ ygibp_dlb\Z
jZajy*rghkglz edplthnjh\hijh h[jZah\ZIhlghr_gbly]g/Zmf

M > [681.2.08

IHKLIH?GB;EHD:IBL:GBYBMIJ:<E?GBDFB E:A?J:FB

>S>EYBKIHEVAH<:GBE¥BH>GHE:A?JGHKI?DLJHKDHIBB
>K L_jgh\kdbc
GZmqgguedh\h~bl-eNg, ijhn_kkkj< Lh]ZIh\

Djzldh\klmie_ghhklZgh\digh[e_fu < kh\j_f_gglkbkl_fZaa_jghc
"bhrghkc_dljhkdhlijpbdm_lkyadhiheh&ga_ku_j_kljZb\zZ "Mélwgghltegu
"eykdzZgbjh\Zgbgbctch]l]ehs_ ghXaebqguos kl\< dZq_kINZdh\uqZklh
ijbf_gyxhr"ghfh"h\aZa jwjzZzkij_"~_ e ddhzlghlke\yav(Bistributed feedback
laser, DFB laser). Ij_bfms_kl\hfZdboeZa_jhy\eyxlkWwukhdzZxl_i_gv
fhghojhfZlbgghtkdbh ghklymebjht*eébguheglurbjhdbig_~_eAakhdbc
DI> b fZeu_jZaf_juLhqghkhvklZghVdedbguheg®FB-eZa_jdj_~_eyxlky
lhgghklm&klZghhuddg_ j eZabjklZ[bevghkIVk_jZImdubklZeWiImzZ~Zqgb
j_rZ _kbkl_fBlZgtymijZ\e_ ey _jhf

P eviZ[hluy\ey |k&ajz[hidihkljh gpehdiblZgbymijZ\e BBB
eZa_ jZ¥bkbkl _fubklZgpbhguihilh e gbjh\Zedh]hedZ[bg\b ms_]hky

Z\lhfh[bey

Hkgh\guZjzf_ IjLehdlbIZgUJyn|JZ\e gby

Dhebqg_khVhzZz\ey fauba jh\ e e 21
FZdkbfZeviddg |j e8Za..j....cooiiiiiiiiiiiiiiiiiiiiiiiii i, 200
RZ]_]mebjhNudZ... : T N0 158 i
FZdkbfZe\quZkyhthlmevklh‘d(DutyCycIe 50%) i, 20 = p
Lhgghkhw? _j*Zdbyi_ jZImdibklZeeZa ..jZ... 001K
>bZiZajrlq;mebjhl\dfu JZImqimkaZeeeZZa jZ ..10-58 K
=Z[ZjblgZaf jU.............. ... 60X100%20ff?

:Zah\uiheh™ glhkke ~h\Zgbykbkl fubklZgpbhgmih]lh e gdjh\
Zedh]lhgy*eh  gd fE"\mfPFB-eZa jZH{ZeZa jjZ[hlZxjZ"ebgZXbeg
jZchd.afdf J_ImebjhbdemqzZ ena jzZfébdhegijhbkoh”dplaz\bkhih
kg baf_g _db¥ _jZImgybklZe@hdf' bbaf_g _dbebgbldhy j eZa_ ju
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(0.2gff:). EZa_juZ[hlZxgZqZklhlZ@®-200d=pk dhwnnbpb_alhiheg_gby
bfimevi0%. <dexq_dbudexq_¢Za jihhbkohAmlli_j f gdjb fgZyzZklv
kbkl_fidgZebabjpbglylukb]l]gZed h[emqgz_fddh_jzhhpt _dIBijbgbfz |
j_r_gbhgZebqgbedh]hey

>eyjZ[hlukbkl_furebgu\hegDFB-eZza_jhh \j_fy bfimevkZhe gu
ihAn _j"b\ZlkklyevrhihhqghklbklZ[bevghkdbk|_ kidZ[bebaZpttbhhe gZ
ih~A™ _j"b\Zhd\ ij_~_e@05f: hl\uklz\e_gogghqg_gdblykl _fiZfi_jZImjghc
kilZ[bebazZpebgdki_\ANZ[ZIlu\dblasf_g_db¥i_jZImdubklZe&hhf_glu
gZqZielkl_dzZghfymevkhdg _j eaZg dih]"ighbkoh/jbhdgZ]j djbklZeeZ

Hkgh\guj amevlZIllZkkfhlj _ghizafh ghkikkljh _ghghd4dblZgbp
mijZ\e _gbhB eZa_ jZfbhb\_~ gkjzZ\g _ghj “eh” _gghkho_fuk "jm]bfb
ba\_klguklm fzZfbhkljh_ghly*"h[gupehdhilblZgbysZhkgh\ij ~“eh” _gghc
ko fhl _ogjZdhZ[hl[ddblZghbymijzZ\e dbmfPFB eZa jZAtZzdkbfZevghc
ZfiebIlm~rhad HZdZRO®Ff:, gZklhih\lhj_ _gbByn200d=.p;ehdZd” kh”_j bl
kbkl_1mjfhklZ[bebakKipkhh[gmAmebjhIZFfv_jZImjymezZa_ jkihgghklvx
0.01'Kbih~~ j b\ZIIvfi_jZIm\jgmljbk &bkl ftibklZgpbhgmmlhjm:  _§by
ij N eBAB® B0 K ijbl fi_jZImhdjmZxskjc aluk30 ~h+40' K

M > B81.786.23

F?LH>BDK;HIDBH;J:;HLDB>:GGUOIHEMQ?GGUO
<IJHP?KK3 KD:GBJH<:GBY
<H Lbrdbg
GZmqguedh\h”*bl-dwn-f.g,\_"gkl.:.;_eh\

L ogheh[bydhglzZzdlg&Eph jgBDhkdZgbjh\Zigayheyihlemgahggu
we_dljhggllhibh_Zevgudt_dIh\ \bA_h[t_fgudahfivxl_jgufdh”_e_ &
ihfhsvx ki_pbZebabjh\Ziggh&@ffguoiZzd _Ih\ihemq_ggth” ebfh]m]l
ih™ _j]Zlvikyjz[hldZgZebamh*bnbdZpblb wlbijh]jZzffubf_xlkoh”gu _
nmgdpbtowlhfm evpiZ[hlw\eyehiZwjZ[hld[Zz _Jh Ih*"E[jZ[hld@XZgg3D
kdZgbjh\Zgby

3D-kdZgbjh\Zgbvlhkbkl fZlbq_ kjhbpc kkij ~ e ghbhyhjrbgikHg, d
ijbgzZz~e_ "Zshbo joghklhybdabqg_ khkiltodIkip eviknke “mxsihldemq_dloy
ijhkljZgkl\ _gdhbivxl_jgdb”_ e _dhlhjufhlmfh*bnbpbjh\Zkik{yhsvx
jZaebqguojzZffguiiZzd ILh\

Mkljhcklkihfhsvxdhlhjuokms kl\ekdlZkgbjh\ahdgb dlhdZau\ZBot
kdZzg_jZdfbohlykms_klI\niizZjzZJld_hj_Ibqg_khddb\heyxsbhemqgbpv evgmx
dhibxkjZzamjZzdlbq_ kfdb \k_]~Bf__f» etk "Zggufh[ hI*_evguygadklyo
kdZgbjm_hhihdIiZwlihhzdklz\bil j_Zfbh_j\mxjh[e_frabf_ggh[hjdm
_"bgb_eh_

<kemgZ ihemq_g(@iczZjzZlgubehjh]jzffguflkj "kI\Xfho_ evg3dlx
fhr _elk_J*"8_h[oh~bfZh[jZ[hldZp_evm”~Ze gbyh\ghklht\ jklbc
hilbfbaZkbbhdibl »

Jbkmghd fhgkljbjmijbf _jgucihjy*hd* _ckl\b¢j_"ez]z_ fhflhih"Z
h[jz[hldb

DjZldhhykg_d®yhwkgh\gtiockl\bc

x KdzZgbjh\Zgb _

ljhp_Kk]bkljZzpbb_joghklbZgbjm _baTh eby

X MA"Ze _ebrg_fZl _jbzZeZz
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<h \j_fy kdZgbjh\zglby]|*"AaZo\Zlu\Zxbkygm gwe_ f_glgZijbf, ]
ih\_joghkbzdhlhjhe_"blkdzgbjm_hdtc _dI?kl_kI\ _ ,gghhlZdh€¢zl_jbZe
g_h[oh”mihZeylv

x K[hjdZz

Dh]"Zu bkihevamdZgbjmx«xibkl f{i_aki_pbZevghabpbhgbjmxsbo
fZzjd _jhkdzZgg k]jmiibjh\Zg¢pm]hlghkbl _e¢gh]4aZdbfh[jZahfqlh[u
ihemgbeZkevgdlyiby>eywlh]hki_pbZebabjh\Egghf*mkfhlj ngZgdpby
kh_"bg (ghgyy\h[s_p_eh2-okdzZzgh¥_xsbb[smxh\_joghklv

Xx >hkh_"~bg_gb_

ljb kh_"~bg_d&lzghhafh guehdzZevgh]j_rghkldhlhjulhafh gh
Zggmebjhbkihevad@dggmmgdpbx

X M~"Ze gbj_k _g.gbc

ljb kh_"bg_dbbadgbdzixlklZhevrboehszZ” gZeh _gbyg beb[he_ _
ih\_joghklLZdld_klg_h[oh*mfhZeWhi_j\uoreynk\h[h "~ _gjhkljZgkl\z
iZfyllbZ ke _~h\zZl,éeghf_gvr_gpbyf_ggzh[jZ[hldm]jZffht _dbelbguo
A ckl\blx \R\Ihjuoreyh]hglh[wa[_"Zheb[hdzZh\_joghk]b krb\Zghb
_"bgph_eh_

x Krb\dz

Jbkmghelhjblfh[jZ[hldbZggBD kdZgbjh\Zgby

ljhp_"mkZb\dbha\heykH ~bgBlbebhe_kdzZgh\ "bghp_ehA”™ kv
\hagbdkhiljhkh[hevr_wnn_dIb\ghklBrb\ZlwihkdZggh[lp_ebdkfZam
>7Zggufc IhNj_"~ihezZ]krb\Zghk Jdhfie_dk&Z_~bg_gfguénkh[hkdZgh)\
ithkeijh\_"_ gghlekp_"mfinkh_"bg agbwdhghf\hl fy\ hlebqlhlkrb\Zgby
«ihkdZg@dlh g _dhlhjkemqgdyan _dlibYg

lj_"ez]Z_fludh”&[hjdb h[jZ[hldZ ggwdey Ikyshfreyihevrbgkl\Z
hit_dlhK Ajm]h&lhjhguhafh gdh~bnbdZpdd]hjblfZeyki _pbnbg_kdbo
ih\ _joghkbbelih” e WIth]mlulvkeh guh\_joghKI®[Zjblp\_bl.A <
|ZdbloemqAByjZ[hldZ~ ki jkhgZewdZ ~uh[t_dIHfj_qw[wlhihc? \l
fhbke ~mxgBEphlZo
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M > [B81.78

KO?FUHKLIJH?GBNILBDHWE?DLJHGGHEH=B;HF?J:
>< Q_jgbdh\Zz
GZmqgguedh\h”*bl-dlg, *hp_gl:. =hj[Zqgz)\

Djzldh \klmie_gbHilbdtwe _dljhgggb[hju b kbkl_fl kbemy~ZzZ
ijZzdlbq_kdbgua\hckbij_bfms_RR\ [hevr_lkl _i_odly_"jyxlklyfgh]b _
h[eZkbZmdédb oghdbrghbalZ g crbaaz™NZiqrZ_ fukboihfhsvxyley Iky
az”"zZdBgljheymigh]zZ[Zjbhjaodlhiyhfure_ _gghkdbjZgkihjlZZdba Zd
ieZ\ZxsBbhdbkm” & 1Z1 _evgiuZjzlahklulb”jhl _ogbqg kkdlpm ™ ,gdynd
b]Zahijh\hovuim]bkhhjm ™ ,dbgwgbqg_KKdb_dlu<c mkeh\bdo]Mzkihevam_ fZy
| ogbd4d lagZqgbl _evigimx glwaghkjZ adhhajZkl2A _lhylghkdvZjbgZz
mdZaZgppto dlZ\ke _~kl\bhagbdgh\ 'glhmwhjfZphbi¢ \urZxsboj_"~_evgh
Ahimklbfu

> nhjfZpbyy_gbke_g\wuo h[t_dIhghkbdzdjz\belZjzdl_ijh]b[Z
QZs \k_]Jlg_h[oh”~bdhgljhebjh\ighyb[ijhly  _ggubhgkljmdpkbghZth
g_kdhevaéabé&ayldibebkhl_d_Ijh\ Ijb wlhfrbzZiZzalaf_ jy_ fuebg cguo
N nhjfzZzphbklz\ey_lkdhevwdhkyldk¥Zglbf_LjiAih]j_rghklvaf_j glgc
"he giZ \urZl¢he fbeebf_lIjz

< gZklhys\j fykms_ kl\nigh" kl\ko_fihkljh_glhylbdWwe dljhgguo
kbkl (HWKdhgljhéph]b[h\azf IgHebqgZxsbokkljmdIimaimgdpbhgZevguf
\hafh ' ghkbkflhbfhklb

P_evijZ[hlu <u[jZlvhilbfZevgUuZjbzZgko_ fuihkljh_ghbiywKdhgljhey
ijhlb[hijhly  ggtét_dlLh\

H[ahjkms_kl\mxsjoajZ[hlhtbgpbibZeWwdghko_fuihkljh_gbywWwK
dhgljhéph]b[hhlebqgzZxlikWwoh”ys fnmbokhklzZ\ilbqg_kdHémdmbkohbya
wlh]hke "mjzZlkkfhlj_6Zb[heijbf gbful gZr_ fkemqdhgljhedayh]b[h\
ijhly” _ggut[t_dlhko fu k bkihevah\Zgb\nfodZf,j gZijZ\e _ggluo
ijhib\hiheh gklhjhgujbaf_ggKgkl_flzh[t_dI®\Zh[t_dIh\Aa_jdZevgZy
kbkl_ba[t_dIpA\h[t_dIbh\Z

KjZ\g_glkms_ kl\mxsko,fboiexkub fbgmkwKnhjfmebjmkfh\gu _
iIZjZf_ljtiekjZ\g_gby
1. dZq_kihlkemqgz_fhh]lbq_kdthdh[jZ  ;gby
2. 1Z[ZjbhizZkktzilbqg_kdfe]tnd Z
3. gZ~_"ghdhgkljmdipibbg_kdle]thdkeh ghklgZzkljZzb\Zgbb
4. \hafh ' ghkjZ[hlub dZg_klyhamevlzZijBhh g_jZ\ghie_dqhéh  _gbb
we f _glh\
5 p_g&hfie_dlmxsbo
Ih mdzZazgodyfzf _1jzifjh\_~ _gdgZeblaafh guko_ fihkljh_ gy Kb
\u[jZgBilbfZzevgkoy fRilbq_kdhéhddhlhjZym” bkihevah\Z\\nkibdh
we_dljhgighfb[hf_j_

<u\h”<j_ameviZl[hlgjuebjhZgZebabjhh&dubl evihljbpZl evgu_

klhjhgdZ ~"hba\hafh guko_fihkljh _gbBkoh yaihemq_ ggW@ggub
dhgkljmdlhijkmibgZ  _glueXu[jZgiZo fbkihevah\ZabjdfZe vighid _fu
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M > [535.6, 681.518.3

KI?PBNBDBKIHEVAH<:GBINLBDHWE?DLJHGGUO
KBKL?HP<?LGH=AMJ?GBY¥L?OGHEH=BQ?KDBO

IJHP?KK:O
.G Q _jlhw< =hj[mgh\Z
GZmqgjiedh\h~bl-&kg, ijhn_kkkj< DhjhlZ _\

Djzldh\klmie_gMilbdwwe_dljhggbkl_fp\_Ighlh_gbly Zebamxsb_
dhehjbf_Ijbg_kdhé¢j ]bkljZzpbpt_dlLhba\_kligWklZIhgghghb Zdlb\gh
bkihevamxlkyjhfure _gglkdjlbjh\dBaebqgiglo*mdIib\fZl_jbZeh\hf
gbkeijb *h[uggbd _ eyZevpblime \umzlh\d\ZjpBa\_klgydjimbalh” klI\_
Zexfbgbyihke_ _~glh~ruf _h~Zdlb\glyg_~jy 1k \ aZjm[_"gimegheh]bx
h[h]Zs_deyfZahkh”_jijisbo

<lh _\j_fyijb\gbfzl_evdrafimq_d¢gbévrbgkl\Z*h[guigbf_g_gbc
hkh[_gghkhkdZhZh]zZsz fibhklbh~ghdh_jbZelzklZ\e gahtZigbiZjzZpbb
__mkeh\bcqgZkliindZau\z_ gk kh[kI\_gdlyZelpd Ih\uoZjzdl_jbkgbd
ijhba\h~blkkImifZyklhjhkl_crbZelhjblfZZkihagzZ\pdblyahg_ kdhevdbf
hkgh\gud\_1Zfih hrghjh~rghkEdbk\ _lehlp\ _IZIhA*h[gu«ik_\*"hp\_Ih\u_
kbkl_figbh]h~rgdbkihevah\dkluhe xqgbl_eéebwgHh]Zs_ddbhkbl_eyhgklyo
dhgljZkldgdo_jbZehdZojZ\beb _y\eyx|Iy'Zilb\gufb

P_evZ[hluazdexqZ\ lkyZehhskh[_gghklJZgbaZipldibdwe dljhgguo
kbkl @\ _lghah _gbkey r gbayZz"dd¢ glbnbdapbhbdlhkeh gubkljmdIimj_
b p\_Imh\ _joghkbZhkgh\Zglhdf j gbyZgZebla&p\ |h\uozZjzZdl _jbklbd
ijbf_gbl_edghr gbxZaghh[jZaguUore gga@”"Xbfjlbjh\db

HibkZgtkbimzpbbj ~f Ighk[eZklbjb hibkZgkims klI\mx#&blddh
we dljhgdubk!| P\ _ITh\h]dj _gbyhevrh\lgbfZzgbm” ey FKejhjblfbg_kdhc
khklZ\eyxdhebq_ KRaebqzZ lfddZphjodhkbep\_ |2 rgzZdjzxdlbqg_lkdb
Jh\hjyh[hkh[_gghkliy@bnbqg_kadob&dh[emq_ghbhhdZzZl _jbzZbZ ]bkljZpbb
hljz " _gghdbjhr_~r_JH\ kemqgidhajZqghpt _dhlhbaemqg. gk _\j fy
bf_gghilbfZev&Zliyqddj ghlhklZ\e gahtZigb\hckh\[t_dkZ iZjZpkd fZ
hlemqg_dohy]lbkljZpblbfgh]lhfhij_ ~ eywnn_dlib\ghjklp_ kkZIh]Zs gty
ZN _d\ZIghXk[ivlk _e_dib\gk]lhjblkBleZlagdZgglybl_jbyZa”_e. gby

;Zah\uiheh™ _gtbhkke_ "h\Zghkijhba\h~bfubdive dljhgkhkcl _fhc
p\_h[t _dhdj ~ ey ljkfyykhklZ\eyxsbfb
ki_dljZzevujfhkljZzgkl\_gjiakfij "~ e &b_KbofhkdklhggbdZ
dhgnb]lmjZfbjhc gbbtijb_glZpl[tc dlZ
ki_dljZzevujffhkljZzgk!\_gjiakfij "~ e _gim\kl\bl_e v gjtbklfigb.dZz
ljb wlhf \hkijhba\h”*bflilbdWwe dljhggkickl fhe\ 1Zh[t_dlzZ
bkihevah\ZgbghlihklhgqgldZijbf, eZfiugZdZebV)ZphymHlebqgZI\hky
p\_Ihwlh]h_ h[t_dIXhkijhba\h”~bflhe °_ hilbdtwe_dljhgdkib&l fhk
bkihevah\Zyjm]hblkihqgbglZijbf, ¢xfbg_kp_geégHcu

Hkgh\gy_amevlZlwehjh\ " &e ~“mxsp "\Zjbl_evigkke ~h\Zgby

1) L_hj Ibqg_hkhédke "h\AgblykbfhktjccmAhhj*bpZAl IghRIp\_Ih\hf
ijhkljZgkHLS hlki_dljzevgBEkhj_"_e ldbybfhkblklhgglhemqg_gby
"eyq_lujzea[jZapHbdjhdebggZzaebgguf_dljZevgdhiwnnbpb_glhf
hljz" _gbyjb wlhfbkihevah\ZebkdljZevgjiZkij_"~_e_ _qghghklb
klZzg"Zjldpkohggbbh, B, C, Dss.
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J amevilke "h\ZgtZazZelhijbjZaebqouodljZevgabij ~ e _gbyo
k\ _Ibfhkbiklhggbdjb\jZ\ghthsghklbaemqg lgdfy gy lhgvdihrgbaljzo
dhhj*bgzd\_Ih\HbH, hibku\zZ_ ftikfbgbjmxstedbghbtegtljz zgghylh
h[t diizkkke "h\Bgbyq bdkibkggbdZz
ljbgzfreyyZaguo[jZaphbdjhdebgZZiZakdy cmZp\_Ih\hkdchhjr*bgZlu
hdZazZeBlebqdZdbli[jZah¥_ebqgbyjZcnZzZ\bkdpllhevdh ki_dljZevgh]h
jZkij_"~_e lgbybfhkbiklhggbgtb hlki_dljZevglKij ~ e dtbwnnbpb glZz
hljz" _gbjyt_dlxkke_ ~h\Zgby
2) Wdki_jbf _glZelvige ~h\Zagbypkbfhkd*jccmzZdhhj~bgz\_Ighklb
p\_Ih\hfijhkljZgkIHLS hl fhsghklbbhaemq_dtkyhggbdgb wlhf
bkihevah\Zlkekyih"bh”~gbhklhqggbldizZz MBRL-CW13015 (n Moritex),
hlebgzZxsb\akkhdhzZ\ghf_ jghkjlZkij ~ e yjdgkibihexoaemq. gby
J amevlilZzhue "h\dgbdZazZebhgZb[hevr Mimcnimb baf_g_gbjph\gy
hk\ s ggh¥ltb dlia”~\_j° gp\ _ITh\udhhjrbgEkZlbS. L _fg f g, gZebqin_
ihemq_ggadb\bkbfhkkebag cguwmgzZkldh\hj Ibqg, kihla\hey kIl ihfhsvx
ihijZ\hgguaddwnnbpb, giudgblu\dzdaf_ g _gb bfzZjZz[hluwklhqgg,bldzb
kzfhijhba\hedge [Zgblyjdhklb
lhemq_gpuamevlihltl\_j *Zgl h[oh*bfhkajZ[hifdBh "hA~Zilb\ghc
gZkljhchibilbfbazpEhzf ljb\af_jbl_evigmobhl® evgwe f ghhilbdh
we dljhglghulol pf\ _lghdh _gby

M > B81.7.08,681.78

G:EBAIH=J?RGHKLEBE=HJBLFHIJ?>?E?GBY
<?EBQBGDHGLIJHEBIM?FUMRA<HJHLH<

<=HIJBAHGL:EVGIIEEGKDHKLB
F.:.RhfjbgZz
GZmqgguedh\h”*bl-dlg, *hp_glG Lbfhn__\

JZ[hlihk\ys_9Kke_"h\Zybjx rghkZte]lhjblhZlbdiwe _dljhglgtlkcl _fu
dhgljheyZjZee_ _evghElbh\(HWKD)<\ J]hjbahglZevighhkdhklbs g_c
JZkkfZljb\ZXyygbhZaebgogwadlhjg¥%h]j_rghkbaf_jbl_evd@lke]hjblbz
gdhqgghklaf_j gBWKD.I<

P_evjZ[hlu >ZggzZjg[hlahk\ys_gZgZebam)j_rghklbaf_jbl_evgh]h
ZelhjbIfZWKDKkihkh[ghckldhgljhe¥jZee evgWwkdhimfZ]h”" _eZl evguo
fZrbgd JhjbahglZemgtkad hhllghkb!|_gvgim\kbkl_fdhhj*b.gZl

:Zah\u_iheh  _gbyljhp_kkdhgljheyZjZee_ evghkéh\khklhb\
ihke _"h\ZIl_elvagfhfi_ ghmjegZa\hjhhkb zZehhlighkbl_epMgdh\hPheylh]h
glhfuhemqgbdgZqg_gblelZldehg_ ygbgh\]hjbahglZevaghlcdhkjbh[oh”bfh
hij_~ _eMdiivhjr*bgblah[jZ _dbmihemijh\h”gbdhdemqZxskhro™ H\B >) b
ebg_cgkf_ s _gbdhgljhevgheh f g@ZfZljbp_>eyhij_ ~ e ogbyhj*bgzl
bkihevamglbjfheijhklh&Zelhjblhiij_~_e_ gy j]l_Ibg_kdhghZy _klb
bah[jZ _dbly]j _rghklkvhklz\e91l.0,01jZzaf_j@we f gNZAKI[1l]. IThemqgb\
dhhj*bggdime_\bpaf_jy fhhteh _gtggljhevohghf_ ¢DAVgZhfivxIl_j_
\ugbkey Il&klyg cglkf s gbz nhdmkgjZzkklhygkbkl fuh ba\_klguf
dhhj*bgzbhZh[jZz _dBe bba\_klghZkklhygtbX*nkZfbfBbh"Zfith[Z4,_
ZaZl dm]hj&Za\hjhihjbahglZenegihka h.k1b

<jZ[hlijb\h~blldjZldbc[ahkms_klI\mxsb]g_rghklHWKD,Z1Zd" _
ijhba\h~"blkgZebh]j rghklbe]lhjblf&Zij_~ e _gbybgbglhgljhebjm_ fuo
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jZa\hjhlhhhjbahglZevaghicdhkHxDJFIBkke_ _~mxhRy rghkhvj_~ e _gby
ebg cglklfhs gDyWgzfZljbp bih]j_rghkhij * e abhhymkghdkklhygby
kbkl_fuljhba\h~blkyZeBabygbwlboh]j_rghkl gZih]j_rghklkzfh]h
baf_jbl_evde]hjbliZZzd ijb\h~blkxZkqgih]j_rghkwih]he]hjblfz

<jZ[hlbkke_"mihllkyrghklIWWKDIfmfzZ]h”_ezZ|_dé¥gihguk mq_Ihf
ih]j_rghkblaf_jbl_evgk]hjblfz

J amevlZ&uj _amevigh\ ~ gghpZebla2hihemq_apwzZq db]j _rghklb
Zelhjblfzij_~ e _dbeybgbgihgljhebjm_jfZa\hjhlA\]hjbahglZeveh&dhklb
dhlhjxnklZ\U@ZHp g _ghebygladhqghkdaf j gtk &bkl fup _ehkmq_Ihf
Aimlbid]j_rghklkbkl_fdzkkgb)Zgth]j_rghkHWKDIg_ij_\urZ 6,72

Ebl_jZImjz

1. Dhjh1Z _4<, DjZkgysho< Baf_jbl _evguilbdwe dljhggib[hju/
F Ih"bgq_kdbZaZdbyiheg _gkx[hjZIhjg@éhl KI[ KI[=MBLFH-
2006. — 104k

M > B36

H<HAFH@GHF?O:GBAFO?FBEXFBG?KP?GPBIB
<A:BFH>?CKL<BBG=E?LGHBBKEHJH>B9,10-

>BN?GBE:GLJ:P?G:
EGBkZ \
GZmqgqguaedh\h~bl-daog <I. Q_eb[Zgh\

Ba\_kl[dh2], qlh\ fhe _dma2onbghbh we dljhgh®"hgaZduklbl ig¢lyo
Mhcghklyaldh™ | gZ[ex”ZlvikyZzdpHl3#2] pbdehijbkh_"~bdbaghg_ Igh]lh
dbkehjh~Zz

| _j\Zy1Zdkbgle_lgtbtkehjhg*”Zhe _dmheem nbgib\h”*bd h[jZah\Zgbx
"bhdk_I|Zighwke ~ghgb jzZzkizr"h[jZamdEZj[hgbevguk"mdl kbgle -Igh
\ha[m *_gd&ihfklhygikzdijZzZ\behd\Zglh\waoh”wlh]hjh*mdlZgZgbl. e_g
| _j_ghWwa[m ~_gbdzZj[hgbevgh)hmdgZihe dmighhkmlkl\mx$ kbkl_f_
Zdlb\zIBjgD-"bn_gbezZgljiZlp kg _gb\&ZZk e mgph\gwy j]lkbhke "mxs_c
exfbg _kp_gbb jcoRAhkgh\gh\Zglh\khhklhydbe dma&edilib\ZIlhjZ

Wdki_jbf_glZzewdizjm ,_ghglh Kki_dlj nhlhexfbg_kp_gpi®
"bn_gbezZgljZzkhygiZz"Z klh ki_dljhfo_fbexfbg kp_agpdbx”~Z _ fhijjl
\azbfh”_ckRibg]e_IlgkdpkehjhkZ10-*bn_gbeZgljZ@Z kinfjf[bjh\Zgghf
ihebf _jghf bg_jlghf ghkbl. e AZj Jbkljbjh\Zggd\Zglh\uc mjh\_gv
o_fbexfbg_kp_hphdbdzZekyewukhdilhwlhihalheyijl*ihezZ]blkihevah\Zgb _
jZkkfZljb\z _olbdbq_kdkikckl fheydhebqg_kI\_glgih]H® _e_ gkbygle _Ighlh
dbkehjAhZZfhkn_jg\lmfa”“mo _

Ebl _jZImjZz
1. Luiz H. Catalani and Therese Wilson. Ehleet Transfer and Chemiluminescence. 1,4-
Dimethixy-9,10-diphenylanthracen Peroxide and Diphenoyl Reide.// J.Am.Chem.Soc. —
1989. — 111. <J J2633-2639.
2. JhfZght.G, JmnhWX.< <ukhdhgm\klI\bl_evdbexfbg kp_ gfguk”
j_]bkljZpkbg]e IghildhkehjhtZdzZah\hczd/ @nbabfhb L72.—1998. -
K 2094.
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M > B36

BG>MPBJH<:GGEXFBG?KP?GPBEY.;BEVGUO

IJH>MDLHX? :DPBBHAHGHEBA:EEH<HOBKEHLU
EGBkZ \
GZmqgqguaedh\h~bl-daog <I. Q_eb[Zgh\

Hiulu h dhlhju&hh[sZ_lkyZklhysjZ£[h]_ [uebihklZ\e_dgup_evx
\hafh ghlz® _glbnbdZpibo mlhggleZz[bevguph*mdlk\ij_~r_klI\ _ggbdz
wfbll _j& fbexfbg kp igbtkeh ghiffhp_kkdbke dlahghfdkb[ _gahcghc
dbkehlgyfh gZ[ex”_gjhp_ _kkZfbexfbg_kp oggptbdb\heydhljj_dlighyazlv
d\Zglh\veoh®ha[m ~_whhll_jKkdbg_IbdE&oh”h\Zeghpevgijht mdlxZ
dzée_ "kl\g_\hafh'gp_gbdhgklZdldhjhkl_Zdplkebfblbjmxsijbp_kk
Ijbf _g_gbf Ih"&kdZqgddhgp_ gljZpbbkbkl _fihalhebehemqgbki_ dlj
nhlhexfbg_kp_gpthhhg Ib®eZ[bevgh]h*mdIZ ij_~r_kI\_ggbddll_jZ
exfbg_kp_gpbdki_jbf_glZleMphim',_ghhi_j\Zyjhba\h”glZgl gkb\ghklb
nhlhexfbg_kp_gighb_"mlhqghlhh*mdl2n hkgh\ghé¢hehk_i_j _oh”Zz
ijhihjpbhgzZevdgy gkb\ghlklbfbexfbg kp, gpBbex”Z fhc kbkl _.f_
H[gZjm _g@Zybkbfhkha\hey]H\hjblh dhjj_dlghkjb*"eh  _glib”_eb
ijhp_kkadbke @8bly5-hdkb[_gahcdblehluahghlb \hafh ghkkbhojZg gby
"helh\j_f_gd&hZ[bevghigho\klI\bl_evgdhkibexfbg_kp_gfgHgbdizah.gz
Hp_g [g@althgklZzgthjhkdbzrbdbfblbjmxsjlkcp Kkibke .gby
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N?FLHK?DMG>GIYBDBN?FLHL?OGHEH=BY

M > B81.7.063

IJIBF?G?GBRHILHWE?DLIJHGBIDP?FGUQIJW==H<KDBO

J?R?LHDA:IBK:GGU&XNLJKL?DE?
.G ;Z[dbgZ
GZmqguaedh\h”bl-¢@wg,ijhn_kkkj:.. P_ohfkdbc

Djzldh\klmie_ghbhklZgh\digh[e fu K jZa\blblfoghehlihg\beZkv
ihlj [ghkV\vwZa jkphe fhsgufbaemq ,gh*"dZdhkljhckIbXihevam \fu _
gZklhysj fy*exlZ[bebadppdf |ljk\Za_ jkj\ *gflesghklpZajmrzZxikhy
N ckl\bkf _jdhsgh]l]baemaq. gtbwlhfmiuluih nbevljZpbbnn _ j gpbbpbb
kmffbjh\Zgdka jgbhemq lkgZyed \hafh gd[he \ukhdBdbsghkly»wey
j_r_gbwlhigh[e fdueij _"eh gh\ubilbg_ kdbe f -gh[t _fgu;jw]]h\kdb _
j_r_ldbnhlH_jfhj_njzZdlib\ghlf de- dhlhjukh]eZklghhj Ibqg_khipfgdZzf
"he _df[ez”"Z[whevrhd jfbg_kdhlkhcdhklvki_ dljZevghcee dlib\ghlklvx
AbnjZdpbhgwimec dib\ghklvx

P_eyZ[hlu>hdZaWlvn_dIb\ghktivigugw]]h\kdibo Ih&aZibkZgguo
nhiH _jfhj _njZdlib\gklf de\ dZq_ kRIjmdIimjh&lZ\eyxdilhwe dljhgguo
ijb[hjhyZ[hlZxslkbukhdhdh]_j_ elfdafjgudemq .gb f

;Zah\u_iheh  _gbyykke_ "~h\ZgNWwl-H_jfhj_njZdlIb\gtkl dek wlh
fghl]hdhfihg_gldkibebdzZlgiNaO -2ZnO - AJO;-Si®;) kl_dehe_]bjh\Zggh_
ijbf_kyfk _j [ _jby nlhjZdhlhjhihemqgbkVYh gZa\zZgleZ]h”Zhy gv
ihe _aghkfmckl\oraf_gyilvdZaZlijeghfe gh9* ckl\bklq_ 1Zghyhggbo
| _jfbqg_kdjhop __kkh\

Hlt_fgzZyjw]]lh\kdjZy IdZ ijhkl_crzZphheh]jzffg_"klzZ\eyxskwyhc
i_jbh”bg_kklimmdImkmij_ ~ e ggujfbh”hffhr*meypibhbdZazlijeghfe_gby
kihkh[gZ2ypnjzZ]bjh\dhevdh~gntebgmhegub h[eZ*"ZxsZgnjZdpbhgghc
wnn_dlb\gh[klex0%.

ljZdlbq_kdbj _amevlZlw jZ[hl_[ueh ijhZgZebabjh\g@gkhdhevdh
wdki_jbf_ghh\\_~ ghbvt _fgupw]]h\kdjbo_IhdaZibkZggWNd Jkl_de\
jZaebqggtilhwe dljhgmukljhckI\Z 1Zzd" _ijh\_~ gkjZ\g_gbhhemqg_gguo
j_ameviZikh\ijbf _g _gb _4djm]bo*bnjZdpbhgoue f glh)\he \ukhdmx
wnn_dlb\ghkiMh\kdbr ldihdZaZébdbrokljhckliZa

1. EZa_jgu ahgZlhdghlhju[eZ]h"Zjy dljZevghe dib\ghjwblh\kdbo
j_r_lhtlhklb]glbe kbevglkjh  _gWybkkbhgghldljgza. jZ

2. Hilbg_kdbbnn_j _gpbZlhju ihfhsbdhlhjudebl _evgh&bka_ jgh]lh
bfimevkZdjzZlbeizkdlbq_kidh._

3. Hilbg_kdbmffzZlhjdhlhju[eZ]h*Zmyeh\lkce dlb\giklbfbqg_ kdhc
mklhcgb\hkwh]h\kdjbo |hé&fh]Jeb[t_"bghbdaemq_lyglbylbfhsguo
eZa_jhl g _gb_kdhevadloh\j "bf g ij julghjhemaq, gby fg
gZlexMZehkdHedb [hjbagzZdEZajmr_d&byndIimjuw Ihd

Hkgh\ghcamevlZIljZ[hl k® _ehkgh\ghe\h”™h Ihf glh\ kjZ\g_ghkb
Aim]lbfbbnjZdpbhgweff glafib _fgu;jw]]h\kdibr IdmZibkZgguahlh
| _jfhj_njZdlb\ghf _deihdzZazZgtbevrmxwnn _ dlb\ghikbvbkihevah\Z\gbb
hilhwe dljhgglphck]\jZdhlZxstkaklhggbdEZéde mq [dhewrhthsghklb
ih~I\ _jAbzdbi[jzZzahlf hj_Ibg_kjdbBiheh  .gby
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M > [B537.53

=?G?J:PBWE?DLJHF:=GBLGIBAHEMQ ? G BJB
<A:BFH>?CKL<BBE?JODHJHLDB@?JGUBFIMEVKH<

KBG?JLGUFB:A:FB
K ;ZcfmjZlh\
GZmqgqguaedh\h~bl-¢eér-f.g, kgk<=;_ kiZeh\

lhke \g_"j_ghbyijZzdlbdmilbdik\_jodhjhlddbmevkhllh*"2nkbe_gby
gbjibjh\Zgdguomevkhi\Zebhkimidg! gkb\gkkd jgimogdhhjy?dp
10®° <fkf b \ur_[1]. Ijb klheVukhdbmgl gkb\ghkjllymkoh”~jydaghh[jZagu _
g_ebg-bgllbg_kdyp\e gbwylhf gbkeb ] g jZplbygemq ‘gbkrbo]Zjfhgbd
khijh\h " *"zZxddhpbqg_kdpre[hdZah\i_j\u gZ[ex*Z\rZ\ywdki_jbf_{l3Blo
ljZdlbqg_kdEamZzgghfhe gbxehZgh hj Ibg_KKdhkgh\Zg,b] b[ueh
ihdZazZghh”eyfhghojhfZlbqg_lkbaklhq lgibyllpaemq_lghklhiblag_q_lguo
]1Zjfhgbd\ h[eZklbkhdm&Zkltlj]Zgbamielkph]jZgbqg_ggdklhlhtk _qdb
dhihjZayZ\bkblbgl _gkb\ghkébbaemq gdbdZqgGlZjyMbaemqg dhbkfbo
1Zjfhgbidb hilbg_kdhhdi[h )\ [bojhfZlbq_kkhéwgZdzZqdlafh glZg_jzZpby
"ZevgBDbkm[fbeebf_Ijh\leZklikb dljB. Khar*Zdtklhqgbthemqg_\gby
NZgghbzizahgklhjl_~"klZz\eyhlhevighh gnax~"Zgm

< NZgghez[hl_ I _hj_Ibq_kdakkfzljb\Z _Jkg jZphbwe dljhfZ]lgblgh]h
baemqg \gbDbkm[fbeebf_ Ijm\lefZklkio dljigb hilbg_kdhdi[h\ bg_jlguo
]ZaZAo[bojhfZlbqg_ktkfi_j\hd \lhjhdZjfhgblWaemqg_lygfosnevkgblPa jZ
n_flhk_dmg"debdl evghkKoms_ klI\mgl kdhevdh”oh”"h\d bamqg_gbx
wg_jl_Ibg_kdKkjh_~ e @dbpfhgbpd g _jbjm_fhkihdljZjb n_flhk_dmg~ghf
hilbg_kdhjh[h_\ bg_jlgudZaZohemdeZkkbqg[dkdbcd\Zglh\u[@].
IlhemdeZkkbqgihkehd] ~"hklzZ\egZlley "ghXjlbgye gbjyZa[b\dyhp_ kk
]_g_jZphpbg_kdhewdBEihimgg_evdmgbazZpbhfdah™”_ckl\bkbevgh]h
we dljhfzZ]gblghyhZevg cf\b" gldmgg _evohdhdljhgZbhgbah\Zggh]h
Zlhfbihke_~gwkz+ j_dhf[bgZpgx[jZz\r_tibg_Ibqg_kwgnx]bwe dljtkgZ
Zlhfgufhklh\hf< jZzkqg _IgZi_j\hfb ihke_"gwflZiZghp_kkkZkihevam x|
khhi\_Ilkl\, g\ghhylghkbthgbazZplhlh_dhf[bgZpbbhemqgZ_fu_j_amevlZIl_
\ugbke &hbpgbf g _gbf flhrhd\Zglh\hcoZgbdbeghklwWZglh\uke”oht
h[s_fkemao#_qalkh[hg_h[oh”*bflhkivgbly of_jghhhz\g_d&gy~bg],jZ
AhimkdzZxshMyZdhf_gvr_gBEaf_jghRklaz\bkbfhklki_pbnbab”Z[gb
RbjhdhjzkijhkljZzg ey r _gb¥Zggh¢h[e fu jzfdZd\Zglh\hiimoh”Z
ihemqgbZzdZeblbq ikmleb  ggtu Ih*yzZkg,[Zabjmxsbg¥a” e 4g\nbo
dZzqg_kI\ \aigdh eyxsba&hkhklhygthafh ghfjb\uiheg ghihp ~ e gmkeh\bc
dhlhjum”h\e_I\hjykjhdhfmeZkkime _e®Za_jgpZ£dzq8b|_j\h_ba”\mo
dZqg_kI\_g\at_eyxsbokhklhygbadey |kwe_ dljhghkf\yaZgguZlhfguf
ihl_gpbzahh\j_fydzdlhjh_klk\h[h*"gwe _dljbgiululZxsbhlca™_ckl\b_
we_dljbqg_khi&dkh_jodhjhlelZ]d_jghiimevkZz

< NZgghiZ[hl j_rZeZkazZ”"ZdZg_jbjh\Zgwey dljhfZ]gbligheyijb
nhdmkbjhygd& ZIhfdk_gh@Za_ jghdh jodhjhldpgbajhfzZlbg_kdlijmevkZ
Nebl _evghkhyx @3B n_flhk _dimigp gljZevgOébgZihed80 gf b390 gf
(i _j\Zp\IhjzyzZjfhgbtiblZgZinbjh\k]ha),j@dgl gkb\gbkimevkiZeZbwa
"bzZiZahy#-10° <Ikf. Bkke ~h\Zk&yqzZrilbg_ kdhijin[hy bfimevkguf
baemqg_gbaZ\bkbfhklhZaebqguojzdl_jbkladmq_gbgZgdbhieblm”u
jZaghkdEd_""m_j\hd \IlhjhdZjfhgbdic evkZkq_If\eyezZtkitbfbazZpby
ijhp_kklh\g_jZpWzlevgBlIbbkm[fbeebf_ Ijhb&aémqg. gbc

< jzZfdzZoheghklwWZglh\himmoh”rNhemq_ _ghbke _ggur gbmjZ\g _gby
Rj_~bg] j€¥Ilhfhdk_ghwgbhek\ jokbevghfhhk_dmgedh]hjghiimevkZz
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bihemqg \guf ggwZ\bkbfhkbbhevglifti_gJdhlhjuihal\heygkZclbi_dlj
]_g_jbjm_blelémqg._gby

Bamqg_‘dJa”® ckl\tbojhfZlbg_kthemqg_ _gB¥Ylhfudk _ghdZdhlhjuo
\hafh' g4 _ g _jZpbbygnjZdjZzkgh]km|[fbeebf Ijh\lndlemqg. gljhba\_~ gh
kjz\g_gBaebgdkeomqgrzhayjbazZpdbjchgblde mqgiZhZee evighuyjbh]l]hgZevguo
iheyjbazpbjdhcb \lhjhczZfhghdithemq_g¢jenbddzZ\bkbfhkigd _gkb\ghklb
] g jbjm_fhdémq \gbZ\bkbfhlklpZzaghkdiBa j\hd\lhjhdzZjfhgbdhhl
Zfieblmaemq gghdyZqgdb

< oh”_bkke_"h\ZgjhygZebabjhkhizgljwe_dljhfZ]gbldaldmqg_gby
] g _jbjm_fpdhazbfh” ckk\bpodhjhledba jgufomevkdbg jlguffEazfb
Bkke_ _"h\ggb[hewnn_ dlb\duozZgbalfug_ jZplhdbemqg \gihlyeZkMNzZevg |h
BDb km[fbeebf_ Ijhhaemqg. dhdZaZghhgzZb[hewnn dlb\dZg jZpby
baemqg_igbpkoh?bkemqiZjZee evidgweyjbazpbjdhd \IhjhdzZjfhgbl
jZaghlklbé_ ~~ngbflB=0.
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M > B535-31

NHIJFBJH<:GBIHEBF?JGUO?JBH>BQ?KDEKQJMDLMJ
<K<?LHHL<?J@>:?FDAGFIHABPBHGGBO.L?JB:E:O

BGL?IN?J?GPBHGGRPRH>HF
<=;melZdh&F. DZebgbgZz
GZmqguedh\h~bl-dlg, "hp_d@> <hjah[h\Z

< gZklhys\i fymkbebgh]bd "msbgpZmqgged[hjZIhjpZijZ\e_ gd
jZajZ[hldm\ud Ih"hb | _oghehlihemq_ oy fguaohebf jgufddjh b
gZghkljmdIimjgub glthXdbve f ddtdzd jbh”bq_kdjmdIimljadwe f_ glu
keh " gmhjfy bkihevamkX]KanebgdJeZklgdmdb ogbdiwe dljhgbk\dav
fbdjhf_oZgbdBhjfZpbhdeZy jdZggbbXhklj [h\Z\gdiZzg_ kike f glh\
nhlhgholg!l_]jZevighhbd MEMS bMOEMS, we _f_gl[bhqgbitb\fbdjh”~Zlgbdh\
Fbdjhj_ev_nd&ljmdIimjihemqgzZxlkygZklhys\j fy f Ih*Zfleblh]jZnbb
Hkgh\gd@ZIl_jbZehdyhemq_gbgjhkljmdyhejy Ikklhj aBWI 8 H” ghlta
hkgh\gujtd[e ,fhij ~ eyxshoq kfbdjhkljmdimgmqgZ_ kb&kihevah\Zgb f
wlhlhzl_jbZgXey Ilkn[e_ _fh~Ze bkiZlhqggjiZbhl\hjbl,_g@yh[oh” bfhdh
gZg_k _Bélk dZih*eh dmk\yabwlbfZdimZewdley |kY*"Zhjb glZpjd
fZl _jbzZeubkdexqgzZxsihbkmlkl\pZklI\hjbl._ éy*gbfbaf Ih"hVYhemq_gby
i_jbh”~bg_ké&bjondImyj\ey Ikfy Ih*bgl _jn_j gpbhgmetclheh]jZnbq) kdhc
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eblh]jZnbmlivf_Ih"ZaZzdexqgZ \lkjy ]bkljZpiblg!l jn_j gpbhdg@hldgu
h[jZzah\Zgightazbfh™_ckMibbb [he_dh]_j_gldbheglhkewdkihgbjhlZgby
ijhy\e _gbly ihke _"mxsh¢jZ[hldlgZ ih\_joghklih*eh dbnhjfbjm _Iky
i_jbh”bg_keékiyZabi_jbh"bd&kljkadlynjz
P_evxZ[hluy\ey_ Ilkkke_ _~h\Xigafh ghlklbZzebaZlpdlb jn_j gpbhggh]h
f IThr"Z22eyihemq_gdymdIimk gZghf_Ijh\ujfdaf_jzZfwe f_ glid\[t _dIZfb
bkke_~h\Zglewebk¥aebqggdhfihabplylZz hkgh\Zdjbeh\udghf_jha
bgbpbzZlhpmihihebf_jbakXptbftgbkek\\_* gbgfhj]Zgbq_dddloqg Z,kdbp
l[j_[mxsbbkihevah\ZgbWhjbl "eeaygZg_k_Rgél:_ RDX 51027 / 2-carboxyethyl
acrylate\ khhlghr_ ¢gMdymd/1, Bisphenol A glycerolat/2-carboxyethyl acrylatet\ _~ gb f
gZghgZKh®p 10b12% bSiO, — 8%.
>ey bkke_ "h\Zgblyp_kkzZnhjfbjh\Zgby_ jbh~bqg_kdkigmdImj
k\_Thhi\_j"~zZ fudfihabpbylgl jn_j gpbhgdufh~hf [ueZ kha~ZgZz
wdki_jbf _glZzemglAghWkBkihevah\Zglb-Cll eZa [(59gh, ihalheyxsZy
nhjfbjh\ZIkIjmdimjk jZaebqguif_ jbh~hfijb baf_g_gbbhlezf_""m
bgl jn_jbjmxséfbgZfl)b bkihevah\Zgglghffhlh*fuebihemq _lyyZapu
i_jbh”"bg_Kdhphkljmdy@djjZaebqgwd jbZeZdzZg kMWdkij-fkkdh”@lh
k\yaZigllhevrbfihebq kWhkki_jbf _glZdéwpgdaprheyhnp gdBEq_ kkIiZmdImj
bkihevah\Zeidkg kdfb Ilh~"u< oh”jZ[hlubkke "h\ZaZWkbfhdlg klI\Z
nhjfbjm_fuddjhkljmdimijlbizfzl_jbZeYebl_evghktkihabpbmkeh\bc
ihklwdkihabpbth[ggprldbeydhebq_kl\_gghgdlizq_KkKIZmdlmaf_jyebkv
"bnjZdpbhwogay dlb\ghkV\vihjZkk ihgemqg glydaph)
lhemqg_lgar_"mxgbamevilZlu
1. lhdzazdBafh ghkljvZebazZpbgd jn_j gpbhgfghhhzb ihemq_gby
i_jbh~bg_k#@bondlnkj bkihevah\zZghkhfihabpl& hkgh\Zdjbeh\uo
fhghf_jh\Ihfgbkek\\_~ gbg fhj]Zgbq _gddlog Z.klbp
2. Emqgrg_ameviiemaqg_"gand hfihab @Bisphenol A glycerdte /2-carboxyethyl
acrylate cg Zg h q Z k | biqm@ {(b2%) bRDX 51027 / 2-carboxyethyl acrylate 7/3.
P_ev&Zevg_cjZehly\ey Iliknw\_"_ glbkke "h\Zjdblraf g_giaklihlu
kljmdlmpdhgnb]mjhpbésbglehy

M > [535.2:621.373.8267

NHIJFBJH<:GBRHEBLHGHKBAF?GY?FUFBJ:F?LJ:FB
<J?AMEVL:IGPEBG?CGH<MN:BFH>?CKL<BY
KHG:1J:<E?GGUR?FLHK?DMG>GEH:®&?JGUO
BFIMEVKHKHKI?DLJ:FB<H;E:KLB:GHF:EVGHC
=JMIIH<HGBKI?JKBEKJ?>U
S.i..ome \
Gzmqgguedh\h”"bl-dn-f.g F.:. ;Zolbg

JZkkfhlj_ ghebg_cgaZbfh”_ ckkWgZijZz\e_ggubhk_ _dmgedgwo jguo
bfimevkkV_dljuhlhjue_"Zij_bfms_kI\_gdhezZklbghfZevdgjpaiih\hc
"bki_jkkBp fuhdzZazghh\ j _ameviiZiIdh\Nazbfh?_ ckihhmjulvihemqg_gu
kheblhghih"higmdImijdjzf_ljzfbhlhjuth ghwnn_dlbwijzZ\eyfvgyy
gZqZevymk ggmX”_j.dm

Bkke "h\XpbgZkgb ebg caZibfh™ ckd¥hay jgufomevkhdZau\Zxl
glhgzZhkgh\lZzdh]hazbfh”_cki\thgfh glkha”Zghbklhggbdhdemq_ &by
ijbgpbibZevgh\ufb k\hckI\Zflh,2]. < gZklhys jZ[hl_jzZkkfZljb\Z _ lky
\azZbfh”_ckldbimevkHi_dljdhlhjue _"blI\ h[eZklBghfZevghmiih\hc
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"bki_jkbbkke "h\AgtWggtki_dljZzevghezkib_~klz\eygll _j \ki_j\mx
hg_j_MNvk\yalk | _f glh\ h[ezZklBghfZevghmiih\hé¢bki_jkbthafh gh
kms_kl\h\Zghlbqg_kdbkwheblhghh. \hegh\udzd_Lh\dhlhju_fh]lml
jZkijhkljZzgygwzRgZqbl_eygkiklhygjpaddlibq_ Kkddbaf_g_d&hk_rhjfuy3].
<jZ[hlihdZazgh\ ijhp_kkazZbfh”®_ckMNbwykhgZijZ\e_gugudbhk_dmg~guo
bfimevklhki_dljhfh[eZkghfZevgjmciih\hebki_jkbb]mhhjfbjh\ZIvky
kheblhgki bgl_gkb\ghkk¥ihklZ\bflkcbgl_gkb\ghkloek*"gudfimevkh\
1Zjzf _ljzfthemq _gdRjdbh[jZahkheblh§lZ ghmijZ\eylfv gyywZqgZevgmx
\j_f_ggmX”_j tim~ mfimevkZfb

>eybkke "“"h\Zdbgdgh\ lyfigpnevkhafZeh]gbkedhe [ZdgblkjZaguf
ki_dljzevdgahtkl Z\hfgZklhysjzdhlJue\u[jZgh®"oh/hkgh\ZggWwZgZeba _
g_ihkj_"kI\ idwelybaemq. dbkgh\gmjZ\g ,ghibku\Zxs "bgZfbdmey
ebg_cglheyjbah\Zggaémq gbyghjh~rghhdwahljhigujhajZzqgke_ "Zlo
"bki_jkbbgec j ahgZokghdljhgghebg cghkhvghazZibkZX Mo N[4]:

E N, \E _WE ' o \E

7 c w avtf beEdeE @ 0, (1)
]"E—-gZijy _gghkév dljbqg_kldépmremqg,_ zgbyZijZ\e ,dbhedhlhjhhigh
jZKijhkljZzgy tlkywj_fyNo, a, b — iZjzf_ljkj_Auhibku\ZxshBbki_jkbx_
ebg _cghjhdZazZl _gyehfe _gby—0ZjzZdl jbklkdZAu k\yaZggRy _
dhwnnbpb_g@lhébg_cgiézazl_igyehfe_gmy\ujZ _gb_d 2n/c; k-
kdhjhkdv_IZ\Zdmmf_

GZhkgh\gbke_gghhh_ebjh\Zabjw\g_gt)y jZkkfhljbklhedgh\_gb _
bfimevkhd p_gljZevgufbebgZfhheg 1=2@& &=2500gf ,=2@ &=12509f
"ebl _evghkl3f230nk bgl_gkb\ghklygZhoh” \ kj_ ~m=1,=10%<fkf b
jZaebqggu\Xib f ggufbhz” jdz@R\ d\Zjp_ \rkfl_demdhlhjh]N;=1.4508;
a=2.7401-10* K/ k f b=3.9437-16" 1/(k k §; n;=2.9-10" k f/ < |

J amevlZzkig _tbgzZfbddzbfh” ckbfYbmevkhkhZzdbfbgl gkb\ghklyfb
ihdzazZe[hzah\zghzkijhkljZzg_ ywdhujz  _gghkbeblhghih higmadImju
ljb wihfbgl_gkb\ghKgghhjjZzah\Zd&ihyhklZ\bkDbgl_gkb\ghRbi*guo
bfimevkBrebl _evghhkiZ\eyk IJg_kdhedldé& [Zgbclh\hihey

:gZebabgzZfbdgmlj _gg(ibe \hckljmdImjilhemqg_ggkhteblhgZ
g_[hevrh®bklZgphbkijhkljZg_olhgZaZelh ijb g_baf_gghk]b[Zxs_c
bfimevkiZe \XyjmdImbjfZmevikaf gy bgy*bklZgpbgb@l4ff iheghklvx
k_[yhkijhba\h~bl

ljbihkljh_gjblzevghwlhki_jbf, gkZufrhkimigtéypaf g _gbyZf Ijhf
\ "Zggtkbkl_fyley Ig¥YqgZevgZy ggay” j 8Z "nmbfimevkzZIbamevlZlu
ihemqg ";euke "mxsbebgbdgZevght ggha”™ j:dbnk80 nkbl60 nk

"2 nk I/l &/ &
40 1.05 0.75
80 0.72 0.71
160 0.55 0.65

LZ[ebdzZz"2- gZqZevgZy'_j dZ "“mbfimevkZFp— hlghr_glbgl_gkb\ghklb
kheblhg¥oh”ghtcg! _gkb\ghlkfimevkh & - hlghr_gmZklhlkheblhgz
gZklhli_j\h]lhgbadhqgzklh)lghihevkZz

J _amevigluwke ggwaki_jbf_gkih\ ~ gu 1Z[€, \ dhlhjhéhdZazZgZz
aZ\bkbfhkdyzf_ljhkheblh(d@4|_gkb\ghkpbgljZevglZ&klhluwaemq), gy
gZgqZevight ggha” j b "mazbfh”_ ckl\mxsfimfevkZfb

<jZ[hlbamqg kpu gZjbpbebg_ cdakbfh”_ ckh\bfyhk dmgbgimoevkh\
kKi_dldhlhjue_ "bY\h[ezZkEkghfZevhhciih\Mbki_jkbbdZazghijblzZzdhf
\azZzbfh”_ckiftbjmlulvihemq_gheblhghih®hkgjmdIimkubgl gkb\ghklvx
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khihklZ\bflobgl gkb\ghRbw*gulmfimevkh\kkhklhysbk Jhbag kdhevdbo
dhe_[Zgdclh\hjheylh*h[gué_Ih"]_g_jZpklbeblhghA Ijhklh&kihkh]
mijZ\e gdoluoh~rgufilzjzf ljzfdozkgzbaf_g_og\Whyf gghecZz™ j db ™ *m
bkohr"gufbfimevkZfbjb m\ _ebq _gdbd" j ' db_""ml\azZbfh”_ckl\mxsbfb
bfimevkZzihlgl gkb\ghkjZklhidemqzZ_ fhjjhameviNalZbfh”_ ckkWbeblhgz
mf_gvrZxlky

Ebl_jZImjZz

1. ;Zolbg.:., DhaekK\:. Nhjfbjh\Zgihke "~h\ZI_evighkomhjhl&bpgZeh\
ijb klhedgh\ lmfbimevkihafZeh]dpbkedhe [Z&hclh\hilheyw g ebg cguo
hilbg_kd&hporZoHilbdHEki_dljhkdh+Bg05. -L 98. —« 3. - C. 425-430.

2. Tortora, A., C. Corsi, and M. Bellini (2004Jomb-like supercontinuurgeneration. in bulk
media. Appl. Phys. Lett. 85. — No. 7.3-1113-1115.

3. Db\rzjX.K, :]jZ\Zel. Hilbg_kd&theblhg&.: NbafZleb2005. - 647%

4. Dhael\:., KZahgK¥ G _ebg_cigdkijhkljZzg lgibmevkhébl_evghRlvx
g_kdhewide [Zglh\c Ih\h]ihney\ "bwe_dljbq_KjdB&o@ W LN1997. —
L111. —<2. - K 404-418.

M>[5635.015

J-AJ;;HLD: 1JH=J:FF KH=E:KH<:GBIEXQ:
E?=BLBFGUFBHEVAH<:L?EYHB HLDJULHFM
D:G:EMJBF?GBL?EVAEHMKL:GH<D?<:GLH<HC

DIJBILH=J:NBERI;=MBLFH
.< =e_cf
GZmgguedh\h*bl-éw-f.g ijhn_kkiK.L FZamj_gdh

D\Zglh\zybilh]jZnbpey Ilkiy jki_dlb\gihc*bgzZfbggda\b\Zxs_cky
hlezklva\Zglh\hegnhjfzZzlipdigbal\Zzgghd _ki_gbkfkhexlgnkx dj Ighklv
i j_"ZgZggud&Kbkl _fu\Zglh\ldgbilh]jZznHHEabjmxlg¥ijbgpbibZevguo
g_hij_~_ e _gogih\dgbh\kdkl. Hgbkihkh[ggs Ilhevdlnn_dlbglyg_jbjh\Zlv
Z[khexl&hhcdbdtexgghb jZzkijhkljZzgylwhlzdbh[jZahfQlh[ue_]blbfgu_
ihevah\zidZgdzZle\d a\lk _]Nhleb[gZjm bhvkemrb\zZgb _

Djbl_jb_g§Zebqgblh*kemrb\Zdbkbkl_f\ khhI\_IklI\lkbijhlhdheZfb
jZkijhkljzg _gbyZglh\h]kjbilh]jZnbqg_kddékqZ y\ley Ikykms_ kI\ _ggh
\hajzklzZxshpgh\_dwvb[hdh kjZ\g_glkxmjh\g rinfZzkzfh&bkl_fuhlhjuc
\ualzg_kh\_jr_gkIhpfijm~"h\ZghBg _q_dZkh[hg_Ilhevdhrb[dhb_j_~Zqgb
NZggughb "Z Yhafh'ghkdve ]blbfghfevah\ZliremqgbdvdhlhjmZklv
i_j_"Z\Z _WbgohjfZzphklZ\ZgkazZf_q_.gguf

Gz~Zgguthf_glkms_kl\nihévrhdhebq_ klIp\Baebqgudh” bt ko f
mklZghVgd]hh[jZallhjuoh[s_fkemqgZ\h*blkly_r_gbxz”r4dQ\ur_gby
kdhjhkilbj ~"ZgBrbnjh\ZggdrchjfZplbmf gvr_ gibpkxp _ghdb[hdighkbfuo
g_kh\_jr_gkh\thffm~"h\Z@hblyj Zevgm&eh\blyeghlkmlklI\mfz\ kbkl f_
g "hklb bftglhg _fbgmifb\h~bdihl_j~rZggwomljZlp ehklghdidb[s gby
<hafh ghjbkmlkli\ly_e_]blbfgih&évah\zIl2d \ghkbhrb[db\ ijhp_kk
i_j_"Zqk dj_lgkd_"_gbmaazZq_JhmljZzgb\Z dkdhlhjg¥klv_j_ _~Z\Z _fhc
bgnhjfZplblbfuke j_~zZ\zZ_ fhh[s_gby

P_evxZ[hluy\ey I|K&ajzZ[hligiz]jzffukh]eZzkh\dgekgidbf gbl_ ewgh
mqgq_[gmklZghddZglh\l¢bilh]jZnKB[=MBLFH jZaf_s_ggd&nzZdmevl_|I_
nhihgbdbilhbgnhjfZlkdphp_kkkke ~h\ZgdlyZzkkfhlj mgkljZzg_mohfZz
\g_k_gagdhlkh\ _jr_gkh\hfim~h\Zgdohdy amevIZZkijhkljZg debyggz
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mklzZgh\dlZlghf_ "bf._<j amevidf | gbhXgZebwmjh\gynfZ\ ebgbglh
nemdIimzZpoZklhlilhy\e _gbyb[hggyblh\gZc® _dgbzZiZahj@af_ jHehdh\
jZa[b_gexqBEhilbfZevgjbkelhl _jZplpbdekh]ezZkh\dexglZkihevah\Zgby
ZelhjblfizhleZzkh\zZpgbybkihevah\ZgélhjblfkhleZkh\Zidglkeynqg_lgg_gdZ
mljZlk _dj_lghkljlhba\_* pZajZ[hl#ZZijh[Zphbyh]jZffu bkihevamxs_c
ihemqg_qiggyZf _ljaznklZgh\d _

>eymkljZg_gtbnb[hdi_j _~"ZqgbZggud dZgZed\Zglh\hajbilh]jZnbb
ijbf_gy_IlkyhfgzZau\lZxsbklkyeZzkh\zdéxdEmlghlhjhkhh~*bldy~rZe gbx
badexqg_kklhqgbdijb_fgbdéhh[s_gbyb[hgguybdlh\BklhggbdnhjfZpbb
(:ebRzb ijb_fgb¢;h) ]jmiibjmxk\hb[blu \ [ehdbhij_~_e ggjaf_jz
hilbfbabjm dikgimgdpmyh\gyrb[hddgbh[f_gb\ZxlkgnhjfZpbh o Ighklb
dZ ~hJehdilhhldjulhfdzgzé@kelh _lIghkdb]leZkmxhkebkB;h[i_j_oh~d/l
ke "mxs[dmdmkel_Ilghkjbkhl]eZkmxihbhyazdexqgdph khhi\_Ikl\mxs_f
[ehd[uetk”_eZghg_logdhbketrb[hbsmbo_dmjkbkghh]jiZzkkfzZljb\Z_ fuc
[eheeb[lg_kh”_j " hirb[hdeb[lbogbketd IgkkrZe :ebkbB ;h[«i_j_f_rb\axl
dexqglbih\lhjyxhi_jZplkkkehdzfym]hjBaf .jZ

>ey ZgZebadHBa”_ckl\lygy e_]blbfghhrevah\zZl i¢lyf _g_gZ_Ih~bdZz
him[ebdh\Z\gjg4 k!l <uiheg _atZj_dlbjh\djZzf_Ij\e]hjblkh]eZkh\Zghy
j_"bfZijbkmlkl\by e ]blbfghhlevah\zZIl lgh]jZffZz khleZkh\ZdkyxqZ
Zijh[bjh\ZggKe mgZLrmfe gagehmfure ggddddeZ

<j_amevlZl[hlkha*zigiz]ljzffzhilbfZevghfjZzahfh]eZkmxisly kk
jZkij_"N e gleyxqzZKbkl fZueZijbf g _gdZj ZevghmtklZgh\a\Zglh\hc
djbilh]jZnbd j_amevliBkiulZgblmehihdZazghhijh]jzffzh[_ki_qgb\zZ |
g_h[oh"bfkixi_ gl glbgghkébq kklhggblWzjb fgbdizhh[s g¢ghdZd
hikmlkl\bbdijbkmlkli\dpbe ]blbfghélivah\zZl_ey

M > [53.043

<EBYGBG:GHQ:KLBB: NHJFBJH<:GBRLJMDLMJU
BHILBQ?KDBKR<HCKL<:DJBE:LGUOHFIHABLHK<

IHEMQ?GGUQJIJHP?KKMNIHEBF?JBA:PBB
X.:.=jhfh\z
GZmqguadh\h”bl-dun-f.g, *hp_K.W;mjmgdh\Z

<jZ[hlijhba\h”*blkkZ\g_glbkh[_gghkébyglgZghqzZISiOpbzZnO gZ
nhjfbjh\ZgbkljmdIimjbjh\Bgllbg kdddjbeZlgudbghdhfihabhre\mqg _gduo
ijhp_kMNhI\_j"~_gbwZ\bkbfhkldhgp_gljZpdbdhfh*bnbdBlkl& ~"h\Zgz
aZ\bkbfhkdwfie _dk@dkiemlZpbhoggthaolbqg_kdkkdhckI\(k\_IhjZkk,ygb _
fodjhI\_jrhkéZ]hih]Jehs_igpbmkdZgbdZaZlijeghfe_)Qgby

<ihke_7glh”~uih\ur_ggukeg!l_ j \kmau\zZx\lhijhkd\_~ glgyghgzZklbp
ihebf_jgudhfihahluzd dZd\hagbdz\hafh ghklwWwemq_gb4l jbZek
bggh\Zpbhgogb#tibg_kdbbbbg_kdbffo oZgbqg_kd#blibkI\Zfbkke _"~h\Zgby
ihdZazZeplh memqr_gfb oZgbg_k#dblocklI\hkh[_ggthoZgbqg_ k#&blockl\
(mijm]hkdZghdhfihadZhbkiblinZdlhjAdexgZxsjploaf gZghgZklbpum
hit_fgmx*hex kl_i_gvbki_jkghkibzjzdl_jbklbdébf_jgh€Zljbpub
\azZbfh”_cklib *mgZihegbl_e& ffZljbp,cj_amevliZihhHilhjh]ly\ey Iky
kljmdIimjbjh\zZlgeobf jgZ]jZgbpk gZghgZklblh~c\ebygb giZghjzZaf _jgh]h
gZihegb|_kYnckl\ZZ|_jbzed hbaf_gyxlkliebqgZytkh k\hcklbkoh”guo
dhfihg _glhXdhenn _dl \hafh lglhykgbldkihevafmaZ gbldimhrgukoj [1].
<gZklhys\Wy_ fykms_ klI\fw?jZ[hN h[eZkibebf_jgw&Zghdhfihalglh\s
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ij_~klhgkkkfhlj_figh]b\hijhkuk\yazZzgduh[hkgh\Zghbb&bqg_kdb¢h”u
\hagbdZxshwnn_dlhgZijbf, j\ebygb jzZaf jZgZihegbl _g¥ k\hckl\Z
gZghdhfihajpaajz[hlzhklhcgb\imkjhxihal\heyxsral_fZlbqg_kdlbkZIv
baf g d&bhckex[h]hhebf |kbaf g gkl fi_dh*"bnbdZpbb

=b[jbrggZghdhfihabéuqgZxleahefv Ih*Zfbelh\_"_ gb\ilhebf_jgmx
fZljbpo_hjl]Zgbqg_d&dbld\phjl]Zgbg_kdhehgtd Zdlbqg, kgddghdhfihwbn
dhg”_gkbjh\XggZ& dhlhjhkij_~_ e _gdfZahjizkij_"_e \gilhebf_jghc
fZljbpg _hjlZzgbg_kdp]Zgbq_kdbs_ ki\gb khojzg_gbEab]hfh]_gghklb
kljmdImjlm hilbg_kdhjhajZgghkflbl _jbzZeRIjmdImjgZjZgbazpgBdbo
fZl _jbzZeh\k _jv_ag_crjhyfe fZ[_aj_r_gbydhlhjh¢jm~rghij_ ~ ebbv
hilbfbabjh\aljpe Zklbo ijZzdlbg_kdbkhhevah\ZzGbw[oh” bfhikiwr_gby
mklhcgb\lgkdghdhfihabldhhgljhgy h[jZlbfufb_j_oh”"zZ\fbZdbkbkl_fZo
ijb\e_d2kl[he_ijbklZevdlgbfZglihbkdimI|_mijZ\e_dlofhjnheh]lb_c
kljmdImjphlZgbazpREjabl_din2lhc

< NZgghe¢zZ[hl_[ueb bkke ~h\zZgubg_ kdiphajZggugZghdhfihablu
ihemqz_figb MNihebf_jbazphbhébf_ jghfZljbpu\ ijbkmlkI\lpZghqgzZklbp
Zwjhkbbezhdkbr"gbgdZdlb\ghazbfh”_ckl\mxskZaljbezlghitghf_jghc
dhfihabpl &e ~h\Zl,eedlyxsbgZfhjnheh]bfX| jbZd&djmdimjbjmxsZy
jhevgZghfh”bnbdZjhjihkl_i_ggmi\_ebqg_Bgbldhgp_gljZphingZehkd
ijyfuf f_Ih~"htKF, 1Zdb dhk\_gguffblh”*Zfb\_j~rhklw ;jbg_eekhj[pby
baf_g_gbg”_dkiZnjZdpbbueh jZkkfhlj_ghaf_g_glilbg_kdikohckl\
(k\_IhjZzkk _lyighimkddBEl jbzZeZz

IlhdZazZgbgZqgbl_evw@hi_g_glbkgh\gkdahckldhfihabpbb_ameviZ]
gZghfhr*bnbdaAmbbjhfh | [ulv h[tykg_d¢imevdh jZzfdZoj_"klZ\e_dibc
kKljmdimjbjmxlselgZghqgZliglthg jm Zxsimebf_jgmaljbpm

Ebl_jZImjz
1. Ashfag Adnan a, C.T. Sun, Hassan Mahf A molecular dynamics simulation study to
investigate the effect of filler size on elagbroperties of polymer nanocomposites.//Composites
Science and Technology 67. — 2007J 3 348—356.
2. Ilhfh]Zceh> F_|Zeehihebf_gdyhdhfihakbdagljhebjm fhlec dmeyjghc
Zjobl_dimiRbkobf . (@ Jhkobf h{f\Zbf >BF_g”"_e) .}*2002. -L
XLVI. — <5, - K 64-73.

M > [D04.451.6

J:AJ:;HLDHILBQ?KDH=FP>B:DHG<?JLHJ:
IJHFURE?GGHC<LHF:LBDB
. K AZf[jh\kdZy
GZmqgjimdh\h~Abl-—BvwX.J_cfZ@NLBHiljhgpd

DjzZzldh\kImie_gbhklZgh\gjh[e_fu<gZklhysj fy\ k\yaljZa\blb_f
| ogbddbl _oghehlihpbbba\h~ki\gd_"j gb\Kz[he keh gub ogheh]bg_kdbo
dhfie_dkaXi_j\h_f_klIh\ kharzZgWikhdhwnn_dIbi\jdtld\h*kI\Boh"bl
kharzglz”z gadalhfZlbabjh\zZigmkiorhijz\e §¢ByM. HArgbfbalZ g _crbo
we f gtkKWM yleyxlkgbk!|l fki[hjdi_ j "ZdEggyKI> \ j ZevghdkrlZ[_
\j f _gbljbf_g _gbreywlbmp_ e fZg kms_kl\mxdbogbq_ kg@bro gbd
| _oghehibjc "ZgBggwoihalheyhhl\ IkI\hKabW\kZhe m zklhgZxsbfky
lj _[h\ZgbiwigzZz~z ghbMdhghfbggBklib[oh kfhar"ZgjtbgpbibZeghhuo
KI>\jZaebggdl [ZabjmxsbpZygh\Zpbhgygupheh]bylofgbke gZgh
| oghehl]byo
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P_evXZggh&[hluy\ey |kZajzZ[hldkha*ZgphlhlbiKbkl_ fiuj ~Zqb
NZgguaKM | Zebamxsjblgpbi_j "Z§dBggub\hehdh-dqighbq_ kdddgbyf
k\ydbBHE)XgZzAh kghl\zjr*hl _evgeidh. jZ

:Zah\u iheh  _gbbhkke ~h\Zgbyoh” jZajzZ[hldmewlijhlhdhevgh]h
f "bzZdhg\ _jlhjBfure_gghcZ\IhfZlbdpFFI:) g _h[oh”bfh Zebah\Zlv
\hafh ghkivj ~Zdqglh <HEKklZg~"Zjlgkb]JgZehbabqg_ kdhdh jn_cR&
232/422/485. ljb wlhfg_h[oh”~bt{_ki_gbkh\f_klbfhkkvkms_ kl\mxsbfb
dhfihg _glZKoMbkihevamx&éyh[f gZZggufimdZaZglgal jn_clEdI:
"he  lghhl\_IkI\hh\ZIM\Zghiybhf g gbyzkldbmkeh\bnwdkiemzZlZpbb

ljhf_"mlhggu_ameviZkuoh” jZ[hlubkke_"mxd&y” "mxsibkgh\gu_
fhf_glu

Hkh[_gghklib*"ZBhggu&HEK

<ul[hjilbg_kdih]jh*"Zlgbdjbzfgb.dZz

Kihkh[ih\ur_ghwnf _ohmklhcgb\hkMZ\Z fd@guo

Khar"ZzdbdkbfZemgib\ jkZe¥dH]h

<u[hwdhghfbqghkhdkbg h\Zglihllhh[ZZeb azZpbla .

Bkke "h\&lgZ[ _gghikliv *ZgibadhqgzZklhkgppZeihm\<HEKK ihfhsvx
fh meyplmmemq_dbyj*hl_evghdba. jZ2Zguj_dhf_g~ Zpihb gZb[he_ _
hilbfZevghlikljh _gBx>jZ[hlZxskb\f_klghHEK

<ul[jZg\Zjbzgjl_Zebazphlbg_kdh]h_"ZlgbldjbzfgbdhilbfZevgh
khhi\_lklI\mx5Ej_]Jimn\ZgbayZ”"Zgby

lj_~eh  _lgihkhilh\ur_gbiywf_ohaZsbszgghjklbz\zZ f&ogguomqzlhf
hkh[_gghkhikljh _ghbl> "ey<HEK Ijb wlhfij_~eh  _gh\ucjZg_g_
bkihevam)\kbk!|_fgbfure _ggBEtihfZlbdle]hjbifj ~Z§Bgguo

ljh\_~_gZ[hlihhilbfbazpghlgkljmdpblh ~eywhafh ghkjbf_g_gby
ex[ukms_klI\mxsoMd [_daf_g_dbBnjZ[hldbiZjZIghZKkIbZfbdKM

JZajZ[hldgp_ipply]ljzffgliiZjzZlghhkkljh_gbkl: kp_evkha”Zgby
fZzdkbfzZevigpfdh]b nmgdpbhgzZg¥&lis _ggi|Rl: dhgnb]mjbjm _\h]h
aZ\bkbfhklmkeh\iplef _g_gby

ljh\_"*zdgZekms_kl\mxwec f_gldAaueyihkljh_gB¥Il: kp_evx
fZzdkbfZevghkijhevah\KbghbgZjlgweo f gbe dljhgdliahg _glh\

Hkgh\glhcamevIZj amevlizh\ ~zgg&¢hluyzZzajz[hlzigha™gdlhlbi
FFI: m~h\le_I\hjyx4dk]indhfie_ dkim[h\Zglhjc "ty\ey_ fufkh\j_f _gguf
KI>\ KhkIZA\KMhI\_TkI\_gghbhh_g ghdhemq_gdwh”jZ[hhiulihalheyl
jZkrbjbldhfie _dkrz_ fuazZz"fiZghkghkHEKIhdZazdgafh ghkhkljh_gby
\ukhdhgzZz”_ Kgwad‘eyex[uonkeh\igbf_ g gbkxha”Zgibggbnbpbjh\zZglghc
g lhevdleyjhfure_ggHlA¢tihfZIhbdbbreyex[uZgZeh]bpmigindq

<g_"j_gbFIl: iha\heyj Irblvg Ihevdhogbq_ kad""Zghbihemqgblv
agZgbl_ewglhaghfbq vkdbcdbkharZdlhb” _jgbazZjZmgbkha”Zggkd
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M > [B35.33/34

L?HIJ?LBQ?KDBXEBAJ:KIJHKLJ:G?GBLY?J:=?JPH<H=H
BAEMQ?GBE:I:AHG:0,1-2L=PQ?J7A
'L?IJHKDE?JHLBQ?KDEBY’RDB
>:.B\ZrdbgZz
GZmqguaedh\h”*bl-dw-f.g, *hp_dl:. KfheygkdZy

ljh\_~ _gbkke_"h\Z\@Zbfh”_ ckléZyw jghdhemqg_d&bgjh\_ghkgufb
khkm~2ZebjZzajz[hifddh~"bdbamZebazZpthdh]l]bg_kdBdhbhlidZgdlmzr_f
kemgZZ_ jhkde _jhlbdekdbd

Ihkljh_gZhkl _crzZih™ _e®eybkke "h\Zdghkyj_~ e lgkly s _gghikbb
\ha” ckl\dba jghbfaemqg_ gbrébgzZfthe®.1-2L=p\ djh\_ghkdhfkmb_
Zl _jhkde _jhlbg[lelddc>eyj r gbgpzZ~Zdba”_ ckllbayemq _gBybhldZgyv
ijZdlbg_kdmgd _j_ iy _"klZ\eyhK\_ s _gghkldzq_kIihkgh\@zl_fZlbg_kdhc
fh™ _ebBbul[jZghmjZ\g _gib | ghkizaemqg_@gby[bheh]bqg_kkdheéuldZzZyb\
"bnnmabhgjbliéb _gbb

GZzafzl _fzZlbqg_WKthhcelbharZg]lhjbhugbke &hoh”*gufbZzggufb
\b” hilbqg_kdEpzZf_IjHbheh]bqg_kdhgbhdzZazZlijeehfe_ghwnnbpb_ gl
ihlJehs _ghhyhwnnbpbjZklk ygh¥dihgZgbahljhijkk ygbyk \uoh”~gufb
"Zggufb\b” hk\_s _gghkdbhjblfj_Zebahiljbgihfhsbijh]jzffgu&j_"klI\
Matlab bFemlab,glhhha\hebl@ld " hkms _klI\Wblam Ze b alzkpdhf hjlhkij_ ~ e. gby

JZkkfhlj_gwafh ghklhw~rgh\j f gghbdZ]ghklbdb nhlh”_kljmdpbb
Zl _jhkde _jhlbdekdbd

M > [B35.328

W<HEXPB¥EBL?EVGHKEBMKKH<H=Gt <OH>%KJ?>M
BFIMEVKBAF:EH=HQBKEDHE?;:GB&CIJHAJ:QGHC
HILBQ?KDHKJI?>?

X.:.DZihcdh
GZmqgqguedh\h~bl-eérm-f.g,ijhn_kkkKj:. Dhaeh\

IhklZgh\dzjh[e_fu JZkijhkljZzg_gb_lh\udfimevkh\ ijhajZqghc
hilbg_kdkjc *bamq _dgtklZlhggmhrhLZdaz*"ZgitbkZgbpgZfbdklp_"~gbo
1 ZjZf_ljip_9gljy " _klib ~ebl_evghlktbmevkh\r_gZgZeblbqg \kdbkydhf
kemgZey bg_cdfihd _elbj ~[]. WIG_amevipdlabhemq_lgwkihevah\Zgb _f
f ITh"ZgZebmjiZZ\g_gteogf "e _gfhgyxs_ _chyb[Zxs bdimevKErgZdihb
hibkzghlbbgzfbddimevkkhk\ _jorbjhdbkb _dljzfh Ihf gbkeij_"_evgh
dhjhidbebl_evghwlhé_Iht_j klZallvieh hl\hjgulikdhehdgmkgh\d g
ijb[eb  _gb#\ZabfhghojhfZlbgbkdmldq._gkyjZza\blb_d&Za_jghcoghdb
ihyle _gbkf[hevr_Jhhebqg_ ki\ZIhk _dmgédao jWwlhjb[eb  _gb j klZeh
[ulvm”~h\e_I\hjbl_evjgamevigZl]lhhy\bebkZgzaebqgdh”~bnbdZpblth,Zz
lZdb Zevl_jgZlbligdoh~riHrgbtbagboy\ey Ikylh"ZgZebkZfbdhegh\uo
mjZ\g ,gZagZau\Z &iukke \hé Ihr<gzZklhysfthd gWwlhi_Ih”~g kfhlgZ
_Jh_jki_dIb\ghkla\bdZzeh

P_eviZ[hlu <hafh ghkilvemq_gbhgZeblbqg_ _KdhpnevIZez~"bgZfbdb

kj ~gbi@jzf ljhhfimevkZe \uf _Ih~hfuezZihdZaz\g[Z, h"gZdh hq_gv
mAzZgguwdhijijb[eb’ _gblyki_jkkp ~gZjbf_j d\Zjp \NhehdgzZiha\hebe
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ihemqgbjlvamevIZku "eyl]Zmkkh\VgihrghpHimevkdZzdzZqgZevgiZ]jibzglZz
ijb[eb _glhylbg_kdbfhmeyks_ h[oh*bhrh[jZIVim]mdh”_e®&bki_jkbb
wnn_dlbhgbhku\Zxsm¥Zjp_\WhehdyghhklZlhggphdhfbzZiZahghemqgblv
j_amevlXlagZeblbqg khkidmeZeyl]Zmkkh\ihflimevkZl Zzd™ kjzZ\gblvo\
ij_"_evgdkedmogddZabfhghojhfZlbgalkdiq ikday klg @b

J_amevlizZRa”_evbki_jkiblbg_kdhic*"Juezdhjj_dlbjh\BglZzg_c
[uehhkljh_gi\h\hegh\mjZ\g .gllmlzf ] _r _gbjjuebhemqg jgamevliZlu
Neyj _Ngbdjzf _IjA\\b " \ujZ" _g,byx\eyxsbolkgl ]jZezZfb  _gbhegh\h]h
mjZ\g _.dbhkeq JWwitbhgl ]JjZpwebZzgZeblbqg\ukgtbke apxoh”~ghhimevkZ
kl]ZmkkhX%ifdljhteyihemqg_gbwj@ _gHoeAugbke_ igzZ* _evghjfZiey
\oh”ghdhZzabfhghojhfZlbgakdihgtgbhdZazZgzhhl\_Iklba\_ kild¢hc

AZdexq_ .glZzajz[zZlu\zf flhybygXey J|kykkihjgh”"oh”?ys*eygZebaZ
jZkijhkljzg _ighy evdghjhldibdimevkib\\hafh ghkhemqzZgzZeblbq_ kdb _
j_amevitlg o\ey |hyg oV ghdhemqg_gguamevIZéy‘'bgZfb#édp ~"gbo
iZjZf_ljih]mlulvbkihevah\&gzZfibhk [1Zd\dZqg_khlijZ\gHbqgdbey
"h[Z\e _gblyegh\imjZz\g gkbZ]zZ ,fnidku\Zxsdpoebg cgkjk™Ma].

Ebl _jZImjZz

1. ;ZjkmdhMRK, DZjZkz&;.,, DhaehK:., Riheygkdb&:. >bki_jkbhggh _
jZkieu\Zgb flhk _dmgkgulh\umfimevkhkhihglbgmmfigiufdljh4f \ dg
Hilbg _kdekZa jguogheh}kd[ KI[=MBLFH-2001. -K 11-17.

2. D. Anderson, M. Lisak — Anatic study of pulse broadening despersive optical fibers \-d g
Physical Review A (Jan 1.987) vol. 35, number 1.

M>[635.1

<A:BFH>?CKL<BRLJ?QGUIOJ:DKB:EVGUO
K<?LH<UOHE@BAF.EH=HQBKEDHE?;:GBC
<G?EBG?CGULBWE?DLJBQ?KRBRB®>:0
DK Dhj_rdh\
GZmqgqguaedh\h~bl-eérm-f.g,ijhn_kkKj:. Dhaeh\

K\_Ih\uwfimevibafZeh]pbkedhe [ZglZkldhZau\Zil » _evdhjhldbfb
bfimevkzZDgbfhlghkgkZdbdhbkm[ibdhk_dmgftuevkujZ] _jphVhjEiZahgZz
Ki_dljZzZzdo ZlIlhk_dmgb@imevkoevlijZznbhe . IRVhdBfimevkinadfZeh]h
gbkedhe [Zgbc”~klZ\ey[Hevrhdgl j KZdk\hbfbijbdezZz~gufbzdb
nmg~rZf_glZevagatdgZijbqg_fhkh[h\gbfZgbijb\e_dZglebg_cbdpdz
\azZzbfh” _ cklXpomfimevkkhafh ghkiVv_ebqg lypdly gkb\gtkkIbh\Rbhegu
[ _ahilbgq_kdhjh[hy\_s_kI\Zib\h”bld dZgq_kI\_ggdhdin g_ghiZzdh[ebdZz
ba\_klgybe ghbx ebg_cahldbdblzdb kZfhé¢jbjhrulazZzbfh”?_ckRby X
\_s_klI\hzdjhflh]lhiha\heygd[ex"ZAlZehazf_lgb f _gvrbbgl_gkb\ghklyo
g_ebg _cgon_dlu

< [hevrbgkIhim[ebdh\Zgg[olih g_ebg_cphibdbfimevkbafZeh]h
gbkedhe [ZgBkkfZljb\Zxwky dbwkzZfh\ha” ckld¥nwl ihg _ebg _cghfm
\azbfh”"_cklRbxedhjhldibdimevkdhXgZklhysthd gfzZehb\ hkgh\ghghb
ihk\ys qwZelkalmedgh\ kdilmpyZijzZz\e Q§lyeipg ebg clhjuadZo

< gZklhysjZ[hl JuezZihklzZ\e_gZ"ZqZkkfhlj_MazZbfh”_cklNbmo
\klj_qgudjZzdkbZekghaghobqg_ kdbegh\usdad Ih\adZeh]lhbkedhe [Zgbc
k 1Zmkkh\ujhkljZgkl\_gguf\j_f_ggufgZgZevguhnbe,_ fhlebgZxsboky
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bgl _gkb\ghkpvxgljZevoghzklhlhx rbjbghcijhkljZzgklI\_gghMy_f gghlh
ki_dljgbboklhedgh\ \gbhlebg_ cygdwe dljbgkkdhc (

>eyj_ r_gbyZ""Zque \u[jZgki_dljZevgihctoh?>bgZfbdiheyE
iZjZzdkbzZekyulh\vbedkrbjhdbfj_ f_ggudfi_dljhflhfgbkeoafZeh]lqbkeZ
dhe [Zdlc ebg clghgchjh*dbahljhighewe dljbgkkdYk¢ abg jpbhgghc
dm[bqgha:hexg ebg _ cghflhlvxl[ulvhlkamZZ\g gb_f
& N, VE 2N, \K‘/E HV%(EE)E
'E 0bE —— 0, 1

02 W ¢ oW c W @

] No,a, b— wfibjbg_kdbgklZgédjzdl_jbamiislhi_ jkieg cghijdzazl ey
ij_ehfe_dkhy~u

n(3d N, 2cN,aZ ZCNOb%, 2)
@—dhwnnbphly _glbg_ctihwe dljbqgijibhdbpz fhktbeZiezklhzZzg) fyZ
c—kdhjhkdv_I¥\Zdmmf

>eyjthJngI\ gjgm gghkih dljizilbqg_kdihndemaqg_gby

G(ka, 2 3 Ea(t 8, y,2)e'? " dtdxdy, (3)
1N & ko ky— \j_ ggﬁyjthngkI\ ggZklhkd _lTh\ubeg—-gzZijZ\e ,gbhev
dhl hjh@@bZkljhklngy,nhl;Z\g @pbijbgbfz\tbhn

d’G §z2 sz 4

= n*(3 (k’ k)G S(G, Zk.,k,) 0, (4)

1" _
1 &

S(G, Zk,,k,) —5 333 B(B Zc zZ¢k, k,c kgk, kC kgu

& %S f

UG( Zk,Gk 9 uG( Zek ek ¢d Zdk,ck o Zdk,dk ©

Ki_dljZzevghzZ\g_og@h[gh rZIv¥_Ih~ "hbl_jzZpkdhlhjuchalhey\l klb
wlhbgl_Jjhbnn_j gpbZemgh\g g _kbkl_fhrghjh*gum g_h~ghjh~guo
hfudgh\_ggQion_j_gpbZevjgug _.gbc

;m~_fokdZljivr_gb@) \ \b"_jyr:G(2) G,(2 R(2 PG,(2 .. 1*_ -
iZjZf_IgZehkIIﬂw]"anZ\g_@tS)_k\h"bIklkbkl_fn_jZ\g_gbc

-d’G &
S 7D kP kG, 0
&
°d %G & 5
®de1 Zn*(2 k.’ kG, S(G,ZzZk.k,) 0 )
o g
.d2G 2 &
s Zn*(2 k' kS°G, S(G,Zkg,k,) .. O

_gbi j\h]h(h[udgh\_ggHthnn_j_gpbZewwjiZl\y_gkhkl_fi5),
fZ|jb\ féhzd gme \Zyl ijbngoh"bIk/\ye f _glZjgh bf__I\b~

Cle C ek, zg*"’(kx. k.2 b COMK.k, 2 hij_~_eyxibwp]jZgbgguo
mkeh\bg Kk, \/Zzn(Z) (k> ky). lhkdhevdm jzZkkfzljb\ZiZjZzdkbZevgh _
. . . . 8§ k' k’ -
ijb[eb _ghhemqgké_"mxs$ujZz’ _gbek:k, (21 -~

o 2Zr°(2,

< ke "mxshlcjZpbbgblu\Zxsg cebg_cghlkwe dljbq klkdhufh gh
ihemqgb\lwjzZz  _gbyeyijhkljZzgklI\-ggli_gghkh_dljBaemq,_ §by_ jbjm_fh]h
ijb klhedgh\ \&bjb qggubegh\udd_Ik\ZmIljh_ggudhf[bgZpbhggkdhlZo
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_gblhjh]bg_ h’\ghjtk’)glg[]mdgh\ gg‘rb]mn gpremgI\\]g_gklb)kl_fu
(5) fh ghazZibk2lwb”™_G, Cgé* Ce™’ Gnl(z) 1" _C.(Zk;k,)) b C,(Zk,,k)) —
ihklhyggbgl ]jbjh\ZgbemqgzZ_ figh j r_gblkhhI\_Ikl\mxshfdghjh”~ghlh
ij\g&gfd"ly‘ghiheh‘bIj\Z\gufhymeXhkdhe\/cxi:rhdeZ\"h[s_j__r_gt(é) m-
mal), G,(2 — aZklgh_r_gbg_h”ghjh”ghng _.glgkbgl_]jbjh\gXijbf, |
g_h~rghjhrghzZ\g_dofb Ih*hAAZjbZphbbklhyggwolhqZklgh_r_gbfh gh
|hem bl\\b@t1 &(

(Z) C )(Z)elkz l)(Z)e |kz (6)

]"_dhwnnbprl‘l)IbCZ(l) _kljv_r_g bkbkl :fu

@ i
ndK (2 I eikZZS(GO’ZkX,ky)

° dz 2K, @

od &11)(2) ie”‘ZZS(G Zk k).

~ dz 2k, oy

>ey’"\mbhegh\udd_IHij " e gdhMhemq _GaZeblbqg \Wwgh  gby

"eyijthngkl\;\gjgth_gguloi_dljhbaemq_@jbzygub dhf[bgZpbhgpdkdhl
] g jbjm_fhjhamevlidZbfh” ckMNlgy ebg_c&hc* *\mdZdbbdhegh\uo
iZzd_Lh\

M > [B35.2:621.373.8267

<HAFH@GHKBRIHEVAH<:GBE:KL?JGUKBKL?F
<A:>:Q:0G?EBG?CGHICLBDBBKIHEVAMXSBO

NMIMEF?LH>I:KS?IE?GBYH NBABQ?KDBNEDLHJ:F
H< Dmag_ph\
GZmqguedh\h”*bl-dw-f.g F.:. ;Zolbg

< jZ[hl_bkke_"m_VRgfh ghklbkihevah\Zzgbkhdhijhba\h”bl_evguc

iZjZee_evguogbke _gbeyjZkg_ldezkk&zNZdpkihevamxshmojvf _[h”
jZks_ie_ghybabq_kdEdIhjz2\fgZklghkjlbr_gbmjzZz\g_gb® Rb FD"<
JZkqg_ldelhjblfuzebah\kdgkihevah\Zigls_feZfylbjzkij_~_e_ggtydb
Z1zZd ]b[jbrghljh”rohr"Bkihevamxsh[lawlbd_oZgbatBemqg_dyp _ gdb
wnn_dIb\gbklbevah\ﬁ@b’yhpm‘_lh"h’V_kiZjZee_eb\Zgby

_gbkh\j f _ggad”"Zg ebg_cyhlbdlg_\hafh gjh  "klz\bkv [ ] _a
bklhevah\Z_gIkhy‘hqbke gofhnfh ebjh\ZQ@bke gdulhrubkihevam ey
j_r_gbynjz\g ,glhabku\ZxsbdgZfbdidaebggholbqg_kdh¢jZah\Zg\bc
g_ebg_cgdp_c"_fh ghjzan_ebd¥ " "\Zhkgh\gule ZkKkKlXjZaghklgfu Ih~u
2) ik _\"hki_dljZzefvdh”~ulk _\*hki_dljZzevdga~lh[uqg®Zihjy*hbeb*Z" _
[he_Juklj__ijb Ihc " _ Ihgghklhbg _,lzh*gZdhjbf_gbfhklvo h]ljZgbq_gZ
hij ~ e goguefZzkkimfjZz\g _.gbl¢égbfbagZb[herbjhdhbkihevam ffud”h\
j_r_gbgz~rzgbkijhkljzg mfipnevkhyg _ebg cyghc*k *bki_jkby\ey Iky
nmjvf IhtZks_ie_glhygbabq_ kmibtﬂlthSSFM)[l]>Zggu‘c|h’bk|hevam lky
nNeyj_ gbygh]bdblh\g ebg cgbon_j gpbZemgzog ,gbcqzZklghklb
g_ebg_cgm]th\g_gRy_"bg]_j(ZSMR hlbku\sz_]"rngfdenrib[sz_c
we dljbq_kicdhleppZz 1Zd™ mjzZ\g ,ghfh[sZxsbmjZ\g_ gbhjl \-1Z<jbaZz
gZijbf, mjzZ\g _,gbipku\Zxs "dhgZfbdheybg cgheyjbah\Zglgaadmq \gby
hrghjh~ghulbahljhigujmajZqgkp "Zo*"bki_jkbbg j ahgZgwghdljhgghc
g_ebg_cghXlvx
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a— b IEdeEz—w 0, (1)

]"E-9gZijy _gghkév dljbq_kldéypaemqg, zgbyzZijZ\e ,gbhedhlhjhhlgh
jZKijhkljzgytlkywj fyNo, a b — iZjzf ljkj_Auhibku\ZxsBbki_ jkbx_
ebg cghjhdZazl gyehfe gbg—0zZjzZdl_jbkltkdZAu k\yaZggRy
dhwnnbpb_glhefbg_cghpzazlijeyehfe_gbWujZz" _gbgf 2n/c, 1" _k-
kdhjhikdv_ 1¥\Zdmmf _

GZijbf_j_ _~Zggh]lmjzZ\g_gbZkkfZljb\zZxI\Wyafh ghkltbkihevah\Zgby
\ukhdhijhba\h”"bl iZydee_ evgwmpbke .gBch[oh I _IblwvIh\u\h”u
ithemqg_ggpZ[h] 1Zd hilghkylkkg”~jm]bmjzZz\g_ gbxfokl fafjZ\g_,gihb
j_r_gbdhlhjuovhafh glihkihevah\Zgbh*"¥Zks ie db¥ijbf,jg ebg _cgh]h
mjZ\g_®hy~bg]).jZ

<hkghhmijvf Ih"Zks ie_@bybiljbgpbhl®_e dhbymhl*jm]&bg cguo
bg ebg_cgddlhjfMeynqg_ébg_cguddlihji™bki_jkBbpnjZdpbkihevam _I|ky
ki_dljzevghuvecohbkihevamx\sibihxhg _j Pwkljhij _h[jZah\Zm |\ ;I N).
>eymq_kZ ebg_cgkklIblbkihevamxkiayebggdaghklgan fu< gZklhys ¢
jZ[hlbkihevamihlikmg yX%pZyZjZg-dzZbdhekhgZ

Kbkl fuzjZee evhwepbke dffthcghjza” ebd¥” "\Z[hevrbadeZkKY
kbkl _fuh[s_d¢jzZza™_ey) fiZdylvxdlZdbkbkl fzaflghkylkgyh]hy”~ jgu
fghlhijhp _kkhkoul fudhlhjudzZ ~uighp kkinf_  thklmdih[s _¢Zfylbh
\ukhdhkdhjhkbygh@) kbkl _fkjzZkij_~ e dghyxlvxdh]*"dZ ~utcjhp_kkhj
bf “Mhklndk\h _ehdZevigdfglbb\k ijhp_ kkhjuazZgu *"rkh[hihkj ~kI\hf
g_dhlhjk]lhl _\hbl!l jn_.ckZd \hafh gh[t_"bg_ebboh”oh/,hzZijbf, j
bkihevah\ZgbmaezZdbezZkl {(dhlhjuckzfih k_[_y\ey IlkmkljhckI\kf
jZkij_ N e _gdgBéeylvyx [ehdh\kh” j"Zsbg _kdhevdjlhp kkhj{h[uggh
fghlhy” jpglbomkljhcki[s _ ¢Zfylvx

ce]lhjblfiIN h[ez*"ZoHhHjhrbfbhafh ghklyhbbkihevah\ZghXee evguo
\ugbke .ghzaghklg@yfbkihevamgZdyebg cgal_\ke_ "kl\dhdZevghklb
\ugbke ¢bad ohjhrhh""Z |lEkiZjZee ehb\Zgbx

M™ kms_kiI\mpad[hlu3] ih bkihevah\Zgbkl_ &k h[s_ciZfylvx*ey
\ugbke ,gbrtkgh\Zggg@ nmjvf_|h" _jZks ie .gblybf g gbkbkl fk
jZkij_~ e _dghyelvxgzZl_dmsbbf gho\Zqg_ JdohzZadm, bkh\k d ljZ[hl
bkihevamxgdbpjbrguch®"ohltZjZee ebaldphPhHZdzZ "hfmaedezZkl jZ
bkihevamhl[&¥yyZfylvZazZl maewZbfh”_ cklWbklihevah\ZffboZgbafh\
h[f _gkhh[s_ ghy#dbfdzMPI [4]).

<gZklhysjZzdhlbkke "mxZlkayebgdulh®uZjZee ebazpghbke dlry
nmjvf _Th"Zks ie_ glhgbabqg_ kabdlhjZfZkkfZIjb\ZXIKk "deKkbkl Kk
h[s_dzZfylvxjzZzkij_~_ e gdhglvxo ]b[jbrgulobkl, bkihevamxBpAawlbo
f oZgbatZzemqg lgpu_gaimn _dlib\gdklBhprawlbb Ih~h\

Ebl _jZImjZz

1. :1jZ\Ze G_ebg_dgZnhdhglyidgdZF.: Fbj— 1996.

2. Dhaelk\:., KZahgkk G _ebg_ cigakijhkljzg lmimevkhébl evghRIlvx
g_kdhewihe [Zgh\c Ih\h]ihey\ "bwe_dljbq_kjdBa&o@ W LN1997. -
L111. —<2. - K 404-418.

3. S. Zoldi, V. Ruban, A. Zenchuk, S. Burtsev. Hlatdmplementation of the Split-step Fourier
Method, SIAM News, 32(1):8-9. — 1999.

4. Dhjg_<% 1ZjZee _evigh]jZffbjh\ZgMPl. — Gh\hkb[bjkd"Z| evKINh
J:G-2000.-21%
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M > [535.42+ 535.374:621.375.8

KI?DLJ:EVGHI?F?GG:¥BG:FBDN?FLHK?DMG>GH=H
N:AH<HH>MEBJH<:GGHBHIMEVK:

I1JB >BNJ:DPBE&B: S?EB
F.K Dmey
GZmqguaedh\h~bl-¢érm-f.g,ijhn_kkkj= ; _kiZeh\

ljhp_kkubnjzdpbkd _jodhjhldb\o ITh\udfimevkRA\ gZklhys\| fy
AhklZlhgghhrtbamqg [B4]. < klZIV] jZkkfhlj_gZnjZdpimevijZdhjhldbo
bfimevkhaykemaqfhy: el mkkhlimagdzbfimevkZmkkhhtgfuih\j_f _gb
IhdZazZzghhkjZ\gb\EvokZgbbnjZdpbdy* evidimevkbfimevkZmkkh\hc
nhjfuih \j_f_gblhevdhZzmkkbYfimevkf__Ih]jZgbg_gdmgk gkb\ghtklv
hljZgbq_grdmxgmzZklihlighihdljZ2klZIv2e3]|_hjbybnjZdphbff_jn_ev/~rZ
jZkrbj_d2¥emqidy™ _evdhjhldikd_Ih\uofimevkhhdzZzazZghhh[h[s_gb_
| _hjbbbnjzZdphiff jn_evi@\heydZebabjhWmpZdpbxegijhbal\hevguf
ijhkljzgkI\_gouf f_ggujfzkij_~_e_gheyH"gZdhZevgo_flhk_dmg”~gu_
eZa_ jogufimevkdzdjZ\belyg ki_dljZzehdjhzgbq bdd xInZah\mx*meypbx
ihwlhfim_~klz\epgl j bkkke_ ~h\hAgh[ ggh¥dbjZzdpmhmbahfh"mebjh\Zgguo
\gZklgkémqg@bjibjh\Zgdguolh\tbdimevkh\

P _evjZ[hluaZdexqZ \lkigZkkfhlj _glgbe _gbVbnjZdplgkZ s _eb”ey
nZahfh*mebjh\Zdgpoodhjhldbodh n_flhk_dmg~rguolh\udfimevkib\
ihemq_glZlgZeblbq_kjdbogbctey "bnjZdpbgbjibjh\Zggh]Amkkh\h]h
k\_jodhjhld&h]hh\hghimevkZZevgalcg

| _j\hgZgzegvZ&hkfZljb\Z bkyjZdpkiy dljZenhdhZzgbq_gphmtkkh\it]h
\j f_gbfimevk&kemqgiZdahth"mebjh\ZgofihihevkiZf ggZlygZfbichey
f gy Ikyaz\bkbfhklbzjzf |j@Zah\lib*meypgbdjzZf _ljgbji)Zz < *Zgghc
jZ[hljzkkfzljb\Z\gky _gghb”ohYj r gbbdzZz~ZgbnjZdplikg_hZah\hc
fh meypbtbemqgZ kkyb]lki_dljZevgdlfihg dlh \j f gbl.. \j f ggh_
jZkieu\ZddimeviRZIFjb\hAbd Ihfmglhijb *bnjZdpypBs _ebBbnjZdpbhggZy
\j f ggd¥jlbgwZahfh"mebjh\zZgmgfhirhevk@A”® HlebqgzZlwhky4bnjZdpbhgghc
\j_f_ggldZjlbgki_dljZewWwdjZzgbq_glhphevkZz

<jZ[hl[uelgbke_gptfh”_ebjh\y\eh gbbnjZdpdZs _em_ flhk_dmg”~ghl]h
k\_ITh\hbhimevkigZZaebqgalbg cgqgbjihfljhba\h*"bekjkdAg_ g*"bnjZdpb_c
ki_dljZzevghZgbq_ gdqgiZlmkkh\k}lhIh\h]lhfimevkihdZaZghlhZgZebabjmy
jZaghklgi_dljutbnjZdphbjibjh\Zgghlhi_dljZevigliZzgbqg_gdptijtmevkh\
fh ghhij_~ _ebilZjzf_ljgbjizb kiZIbklbq_lkdbckI\Zaemqg, §bg_jbjm_fh]h
n_flhk_dmg”eufa_jhf< ~Zevg_cr_ieZgbjm_Ilikn\_klb\_jbnbdZpbhggu_
wdki_jbf_gl0bnjzZzdplbhpz]_jph¥ojdhjhldbionevkdhds e b].

Ebl _jZImjZz

1. N. N. Rozanov, On the Diffractn of Ultrashort Pulses. — Optics and Spectroscopy. — Vol. 95. —
No. 2. — 2003. <. 299-302.

2. Victor Aleshkevich, Yaroslav Kartashov, anictor Vysloukh, Diffradion and focusing of
extremely short optical pulsegieneralization of the Sommel integral. — 1999 Optical
Society of America OCIS codes: 050.0050, 050.1960, 070.0070, 070.2590, 320.0320, 320.2250.

3. M.K. Lebedev and Yu.A. Tolmachev, Diffractioof an Ultrashort Pulse by an Aperture. —
Optics and Spectroscopy. — Vol. 90. — No. 3. — 200J.-398-404.

4. James M. Anderson and Chandrasekhar Roychoudbitfraction of an ekremely short optical
pulse. — J. Opt. Soc. Am. A. —Vol. 15. — No. 2. — February 1998.

5. Sereda L., Ferrari A., and Bertolotti M. Spectrall time evolution in diffraction from a slit of
polychromatic and nonstationary plane waw& Opt. Soc. Am. B 13. — 1394-1402 (1996).
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M > [535.2:621.373.8267

G?EBG?CGHKA:BFH>?CKL<BPG:IJ:<E?GGUO
N?FLHK?DMG>GBH.A?JGUBFIMEVKHKHKI?DLJ:FB

<H;E:KLB:GHF:EVGHGJIJMIIH<HGBKI?JKBEKJ?>U
>:.F_"™\bgkdbc
GZmqgguedh\h~bl-dwn-f.g F.:. ;Zolbg

Bamqg_bg&azZzbfh”™ _cklkbhgZijZ\e _ggubhk _dmg~gda jgbdimevkh)\
kKi_dljuhlhjue_~Zij_bfms_kI\_gdHezZklbghfZevdhmmiih\hebki_jkbb
Kji_ "uKp_gZjb®dzZbfh” _cklMNbnyhfkemqgkms klI\_ ddgdbgzZxliklykp gZjb_\
\azbfh”~_ckbbiymwevkkhki_dljzfle “~Zsbfb h[eZklphjfZevgheiih\hc
"bki_jkkhp "dhdZazZgh\b™bki_jkbhgagh\dkbfhik]jz Kms_ klI\ _gjdrex
\j_ZebaZiphbgZjby jZphke "h\Zl_ebdhrkEwkh\

ljh\_"zggpZg _bkke ~h\Ziglgy ebg cg\wmfabfh” ckilbklhk _dmg”~guo
bfimevkhiuy\bepy*hkh[_gghktlk]hjhp kkZ jZ[hlI]1], ]* _bkke_ "~h\Zehkv
\azbfh”_ ckb¥ibmevkikhp gljZevgOébgZibed90gf b780gf\ \hegh\hka
d\Zjp_\hkh_deZuehihdzaZghh\ j _amevIX&aZbfh”_ cklkbydljZevguo
kmi_jdhglbgniimfhnhjfbjh\Zlvkymeyjdlke ~h\Zl_ ewvwghfkhk dmg~guo
bfimevkhd ki_dljwlhcihke_ ~h\zZl _evoghklb\ujZz' ggmdk\Zab”bkdj_ lgmx
kljmdImjbZzdbfh[jZahfjZzkkfZljb\Zebkimevkki_dljdhlhjuagZoh”beky
ij_bfms_klI\_ghpezZzkbhjfZevglhmiih\htbki_jkkp "u<gzZklhysjzdhl_
jZkkfzZljb\z\dkeypfh” _ckb¥bmevkki_dighlhjue_"bhk h[eZklbghfZevghc
Jimiih\hdki_jkbb

>eybkke "h\Zdhgdgh\ lpinevkbhafZeh]hgbked&he [Zglhk jZaguf
ki_dljZevgiifklZ\NfgZklhysjZ[hl gZfbu[jZgh”*oh/hkgh\ZgguZgZeba _
g_ihkj_~klI\_idelypaemq_[8]byGZhkgh\gbke gghih_ebjh\Zgblkfhlj_gh
klhedgh\ _lgfimevkkyp _gljZevgudidbgZilhe @500gf b1250gf \ \hehdda
d\Zjp_\KlhdéXfbdjhkljmdImjbjh\\hedtdi§] k*ebgZfbedd0 gf bl560qf

ljb kjZ\g_ghbamevIZfhY _ebjh\Zghy ameviZldhemq_gguifb
bkke_ "h\ZgBbfh”_ckb¥bhmevkhh[eZkbthjfZevghmiih\hcki_jkBb~gh
glh\ h[eZzkibghfZevgjmeiih\htbki_jkbvinn_dlg jZpdbf[bgZpbhggdkdhl
ijhyley N{ywevr kel i _ghkjz\g _gbbkemqgghfifZevghmiih\indki_jkbb

lhemq_gaijbhjguaz\bkbfhkltby gZklhluh\lhj _gbpfimevkh\yb
\aZbfh”_cklAbbogZklhlgh” mebjh\Zghtionevklkh ki_dljzfb h[eZklb
ZghfZevghmiih\hc*bki_jkbBkihevamyemqg_gghmbj_Ibg_kdmpx gdm
ihAh[jzgdjZf_ljuohrgbdimevkifblazbfh”_ckdWhbhjuod\Zjp_\kf_de _
fh™ 1] _g_jbjh\ZIitake ~h\ZI|l_ewdghkewkhiemqg #Mki jkbhgg@yzZf Iju
g_ebg_chlghcluijb dhlhjugZ[ex”Z Wwkyn dlb\gZy jZpihke ~h\Zl _evghklb
bfimevkh\

Ebl_jZImjZz

1. ;Zolbl:., DhaeK\., Riheygkdbc. Kp_gZj\mZbfh”? ckd\d¥Yhk _dmg”~guo
eZa_jghbimevkkjZaebqgufib dljZevgkhkl|Z\zZ¥th[t_fght\Zjp_\hf
kl_dé& Hilbg_kdlinggZe2007. -L 74. — < 11. — K 24-29.

2. Dhaelk\:., KZahgkk G_ebg_cigakijhkljZzg lmbmevkhébl _evghRIvx
g _kdhevdhe [Zglkt¢ Ih\h]hhey\ ~bwe dljbg_kdbbZd/ @mjgZe
wdki_jbf_glzéVvghijc Ibq_khdad.dd997. —-L 111. —« 2. — K 404-418.

3. Shpolyanskiy Yu.A., Bespalov V.G., Kozlov S,ASteinmeier G., Theheory of spectral
supercontinuum generation in microstiwre fibers. — Proc. SPIE. — 2002. — v.46381107—
114.
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M > [B535-92, 535-14, 608.3

J:KQ?U?J?KLI:B<:?FH=A?JD:EVGHE£RE?KDHI:
>EYBFIMEVKGHAH®J:=?JPH<H=H

J?NE?DLHF?LIJBQ?KDKIPHDLIH=J:NBGLJ:<BAHJ:
?2< Gh\hk_eh\
GZmqguaedh\h~bl-¢ér-f.g,ijhn_kkkj= ; _kiZeh\

Baemqg_IghZ] _jph\]hpr*bZiZalbwdZ imgbdZewgdjZd|l_jbklifgdgb _

\ s kiyWeyxlkyhajZggufby*Zgghbhlaemq, ghykq 1Zehwg_ j]lmihihgZ
hglg y\ey IbklggbabjmxseZ]h*"ayybk\hcklI\ZZggub~*baemqg IbgbyZevgh
ihroh”rbMeyg_jZajmrzZx3sb&Z]ghklbglihg_h[ohAbglzijbf,jijb dhgljhe_
kh” _j"bfh]B]Z X ZwjhihjladgZjm _gptbkemrb\Zxsh]Jhjm~h\Zglbyh

[ Zcgbd\hihf_s ghydzd \f ~bpb@eywkke "h\Zdydy gc eh\[ldZ<Ilh  _
\j_fyL=p*bZiZahlgo\zZlu\zZdImZevhgiexZkldhe [Z|_evgdsZl_evgo
ljZgkeypbhgaggugpbcbjhdh]deZkk{]Zgbqg_ kfthkeo dmpgh\Z gh*teyp _e ¢
kKi_dljhkdhibbzZ]ghklizlb jbZ §h\

P_evx"Zggh¢Z[hluy\ley Ikhh”™ ebjh\zZgbj kljZzb\zZz_fa]lhdZevgh]h
| e _kdhedbfimevkgh]jz] _jph\jh]me _dlhf_ljbqg _Kidk]hh]jzZngdjZ\bahjZz
kbkihevah\Zigb]jZffaemax.

>eyihemq_dbpZ] _jph\batemq _\gblyZzizaB,4g-15L=pijbf_gy_Ilkylh”"

] _g_jzZpbblhijh\h*"ysZgd _ggihb h[emqg_gbblhk_dmg~gtifbevkZ3}b<
dZqg_kbklhgglmdZdlZdodkbhhevamn |lkiyhk dmgYigKiyaV e ZaSqlar FL-1 *ebgZ
\hegu040gf ~ebl_evghikfivmevRZOnk qZklhlize ~"h\ZgbkF=p kj_"gyy
fhsghkl2<). Baemqg_gHa jAhiZ"Z gdZihemijh\h*gbdidYb&IZ érAs,
ihf_s _ggue _gliZz]lgblghkbkl fkihklhyggiuZ]gblguhe & _ebgbd®c,

1 imlzf\ha[m ~_qlhyhghkbl ijibkoh”"blg jZplbyphaemqg. iNhyjfzZ
ki_dljz=pbaemq_[gbndiZdhehdhehh[jEmgdldh\febadB L=prbjbghll

0,1 "hM,5L=phmjh\gx01l.L=pbaemq dheebfbjmidkd[hebq_ kabjfdZeXfb
lezZ\gumhdmkI2Dff b Zi_jImjBe ff, ihkeg_]hhiz*"Z glZiheyjbaZpbhgguc
N _ebl,é@vVdhlhjhhjz Z _lkgemqg_Ildkevdh jlbdZevgheyjbaZpdhlhjh_
ijhcryg_I\_jlviheghi\e@klbgdm_j » ij_h[jZam \lkyaemqg_Rghjim]h\hc
(gZijbf,_jijz\hklhjhggiheeyjbazZpb>Ze Kk bkihevah\zdgbj fkljzb\Z_fh]h
a_jdZevdheh kdibiZzemqg_mgbdmkbjm\_lkyym_fHkegdbkke_~m_thtlhdlZ
HIjZ Zykiwl hfuggh]bahljhighhfjZapdaemq, gbZdijZ\behkhojzZgy |
iheyjbazplhx klvjb jZzkijhkljzg \giblgZlghdgzZijz\e gz I\ _jlvihegh\mx
ieZklbgidmoh”~tlaemqg lkgbjm]hlgdm ™ ke \hklhjhgipheyjbaZpbhc”y
g_I\_jlvihegheZklbgdmemqg_lgk_\hklhjhgidheyjbazZpig_b[jZam \lky
baemqg_¢blhjbahglZevihlkeyjbazZplth cghoh”blh j d=pheyjbaZpbhgguc
N ebl.evZe, baemqg_ghdmkbjmgkkwe dljhhilbg kdbdIkj djbklZee

| eemjzZz~fpyuj aZggihcgZijZ\e _gbpb ihiz*"Zghbgh\j_f gpthigh]h
imqgdZ_flhk_dmg’bgelm g _lginygdlz=gbaemq_gdwe dljhhilbq dkblbiZee
CdTe, L=ybfimevk djbklZegZ\h*"bt\memq _ij _ehféegbh[gh]hmqgdZ
\ke_"~kl\bwe dljhhilbg_kdrhihdl4. < _ebgbdZmemq_ij_ehfejyghy
ijhihjpbhgZewgiy gghikéb dljbg_kkédyhrphegurZgghjc f _gghlegd
E(t). Ko_fHaf_j_gbynemq_ij_ehkehkdbbbg I\ _jlviheghdBklbgigbafu
<heeZk|HgBZgkgmRhh”~ _|_ dihkkgojhggmkibeb] neiyZ\ey fhlhilbdh
f_ozZgbq_kidhHpheylhpd s _ggRlimghgZzdZqgdb]gZk&bgojhgghkibebl_ey
ihkimizgEZpbnjh\hichevif , ljglhihal\heyijhba\h”~bbaf_ j gByihfhsvx
i_jkhgZevdhfhvxl _.jZ

| j_kljZzb\Z _&ug¢dZevhgue kdhhklhbl*"\ma_ jdde&kh[bjZxsebgau
Hrgbaa jdZ2"bmikA0 ff y\ey Ilky jbqg_klkdbf__jZz2"brmdkb\baga0 ff. <
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dZqg_KkfZl jbzZe&kh[bjZxsebgaw[jZghebf Ibei_¢NPX. HgijhajZq\ g
mevljZnbheb1tbfhbrZevgb§njzdjzkgihZiZzah@¥lehdzZaZzZlijeehfe gby
~1.46,bhgijZzdlibq_kdazZ\bkibl*"ebguhegwHilbg_kdh!l jAfZl _jbZekeq gv
gbadbliehlv®*h fbeebf_ Ijh\ubeg LIJO bf__IThlebggmxjfhklhcdhlblv
khijhlb\ey fl{hevrbgklhpjZgbq_ kxddohj]Zgbq d&hfidojq_kdikImiguo
obfbdzlh\

>ey fh™ _ebjh\Zgbkihevah\ZeidkVjzffZ Zemax, ijbf_gy_ fZyjb
ijh_dlbjh\Zzgdhebqgqghdbg_ kdblkl. f< j amevliEHemq, ghhgZb[he
hilbfZevguamevilZzéemqgZzZ ijkykihevah\2dgakjzZ”bmkdjio\badihbo
ih\_joghklQOcff blhesbghGff. JZkkgblZdhducdIbA[_ki_qgb\VZjlkljhcdm
]Jlem[bgihdmkbjm\BAGW ff.

< "Zevg_criefZgbjm_blkyhlh\e _gbh[oh”"bftiolZe icj kljZzb\Z fh]h
a_jdZevghlbh_dlb\Zha~ZgbfimevkghllhjZz] _jph\hjlhne _dlhf_ljbg_kdh]h
ki_dljh]ljzongdjZ\bahjpgh\_~_ gbZg_fwdki_jbf_.glh\

Ebl_jZImjz

. D. Dragoman, M. Dragoman // Progrés®Quantum Electronics. — 2004. — V. 28J-1.

A.J. Fitzgerald, E. Berry, N.N. Zinovev, G.@l/alker, M.A. Smith, J.M. Chamberlain // Phys.
Med. Biol. — 2002. — V. 47. d 67.

3. D.H. Auston // Appl. Phys. Lett., 1975. — V. 26. — P. 101-103.

4. D.J. Cook // Optics Letters, 2000. — V. 25¢-16. —J 1210-1212.

N =

M > [544.526.2

H;J:AH<:GBP:EH:LHFGUODE:KL?JHK?J?;J:
I JBBGL?GKB<GHIEFEMQ?GB@B:GHDJBKL:EEH<
=:EH=?GB>K?J7;J:
H< Jud
GZmqgguedh\h”*bl-dwn-f.g, *hp_&lG FboZceh\

<jZ[hlZ192]jZg [uedZajZ[hlZglZj Ibq_ klkdZyekibku\ZxsiZlyp kku
azZo\zZbzhk\h[h "~ _ogghykbl|l_eazjy™"ZgZghdjbklZg2e&w] _gbRh)_[jZb
\ha[m "~ _gBhghqgzZklhlphifimevkzkb 17Zaebqggted!| evghikld\heyxsZy
mgblu\Ziyjzah\Z&gb_lIhbg"mpbjh\EggljbdZo\zbg dhf[bgzZpdhbzd _
mkeh\kpgl @ZghdjbklZeejhlamevliZgZebwdki jbf glZejvauoevlZIlh\
ithemqg_gdubh”*hfbfimevkghtlhnhlheba2bhij_~_e_qg@Zq_gblygklZglu
kdhjhkjlbdhf[bgZ@pb6riuo® kfkY), zIZd k_q_gbdhf[bgZ(SFBro,5u0"®
kf) k\h[h*gwe dljhga¥Xo\Zq_gdufjdzfbhij ~ e igBlghkdhgp _gljZpbb
p_gljh\ dhf[bgZpbb\ joghkl@®hdmr aZ o\zi&jh &= 2r0,5u0" k% ;ueh
ihdZaZghhozjzdl _joiu f gZ dhf[bgZkintklZ\e ygi-10%k, ZoZjzdl _jgu_
\j f _g&zZo\zk¥h[hrgghkbl eaZjygZeh\mrdb3uo™ k ~h10°k H~rgzdh
ij_"eh  _gdghy ey iha\heypZkkgblu\dbwyg Ibdimkbl_eazLjy™ah \j fy
AN ckli\byfimevbaemq, gh¥d mqgblu\Ziwn_dhijZah\Zgbyn_dithi\b
bfimevkdgfa[m ~ .gbj@[hl[3] [ueij_"eh  gh\ué Ih}Zkq,iha\heyxsbc
mgblu\Zlivebq_kdWhklhygbh n_dlgkih\_joghkjBghdjbklZlzedh]_gb”h\
k_j_[jZlZzd khklhydhgghl*kbkl. fu

P_ev®zZgghZ[hluy\ey_ l&kgfivxI_jghh”_ebjh\Zahg IbhkiljZzah\Zgby
fZehzZlhfgdezkl_jk\j [jZgGb bgl_gkb\ghda_jghfemq_gdghdjbklZeeh\
1Zeh]_gbKhj\ [jigbjZaebqgaupZq_ghglb gkb\ghkbdm *_ ghygp_gljZpbb
ih\_joghklguao_dihah\mr~dwe _ dljhightjhd
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<j_amevliZh”® _ezgghihlJuebijh\_~ gdkq_luihemqg_a@a\bkbfhklb
baf g _gwyn_dlb\ghkhibhebalZgl gkb\gh&klbbg kp_ _gpbiéthgp _gljZpbb
f_ "ma_evdhghk_j_ [jgb jZaebqgagZq_ddyhjhklbg_jZpwle _dljkggh
Aujhgguij ;uehmklzZgh\eghbh | g gtk\ ITh\hpfimevkRdoh™mhlhebaZz
fhghlhggBjzZklZgllhkhhI\_TkiI\phklmbkeB]ehs ggublhghl\hke "mxsbc
kiZz"\uoh”"Znhlheba mkeh\edfgd[ _abaemqgZl_ ¢vaihfdbgZpblzd b
j_dhf[bgzZplk\k[h*"gwoe dljhghaZo\Zq_ggudpdzZftkh]l]eZk§hoZgbafm
exfbg _kp_oRbtpDezZk .gkZfbg kp_ ghdhXeh]lbulglhebbdd gZjzZklZA |
| g _gbbfimevkha[m ~_.ghbjyp \ukhdbmjh\gy\dha[m ~_ gexyfbg_ kp_gpby
ijZdlbg_kdblhjy nlhjfnbfimevikdemq. IhikehdhgqgzZgtimevkiza[m ~ _gby
kbkl_fdkljhaZ-10gki_j oh~dKklIZpbhgZjghkmhhygbx

Ebl_jZImjz

1. FboZcekG, KIZzk_ewdh MijzZ\ey fdylhfZghdhfihabpiiyfimevkghc
aZibkib h[jZ[hldbgnhjfZpblb BD*"bZiZahRgi dljZL_ _abk®@ I\zjlhc
F_""mgZjh~rghgn_j grblmg~rZf glZevithlie fuhilbdb«NIH2006»,
KZgdl | _jimjJhkkldg hdly[430 hdly[jy2006]

2. FboZced§, KIZk _ewdhBfimevkgucnhlheamwafmevkbhgdgbadjbklZeeZo
]Zeh] _gbRhj\ [[jZ.J_dhf[bgZpbhighp_kkagZjZggbllZ*bychlheb&zZ
HilbdEZki_dljhkdhihg02. —< 6.—-2007. -K 975-979.

3. FboZcemRG, KIZk _evdB, LbohfbjhK:.,, ;m]ZghN<, FZjdh\KF.
«J_ezZdkZpbpq_kdboa[m ~_gbaohlhebla _IThgm\kl\bl_exgudg gbc
K_j_ P2 k[hjgbdim~hllylhcF_""mgZjh~@hgn_j_ gqyHoloexpo-2008», 1-2
b xeg008 ] — K131-134.

M > B21.373.826(155)

WDKI?IJBF?GL:EVGBKKE?>H<:GH?A?J:
G:ND:YAG IHKLJH?GGH+H KO?F7A:>:XSBC

=?G?J.LHMKBEBL?”EV
<G Kbgbpdbc
GZmqgguaedh\h*"bl-gk <F. lheyd{GID«k=HBf KB <Z\beh)\Z

P_eviZ[hlu- hilbfbazpiyjzf IjhRbkl_fahjfbjh\ZgbwqdZ eZa, j_
ihkljh _gghh ko f aZ”Zxsbfk g jZIllmkbebl ®ybl _jbchilbfbazZpbb
wnn_dlb\gbhkikkevah\ZgbZk ogwdcj]mkbebl ey

AZ"ZgihklzZgh\dizh[e fu Bkoh”"gaijbgpbiZxo fu*bzZf Ifh~ru A=
kms_kI\_fgggvr2bzf_lgdlb\gwéa_f_gikbebl_ ey
WIih\\h~blg_h[oh”bfhklv_ebgb\ihghd="eyihegh]bkihevah\Zgby
aZiZk_gwhcj]mkbebl ey
LZzdZdmqghaz~Zxs Jlhg_jZIMZ 1Zmkkihhnbevhg Ihij_~ e ggh]h
djbl_jblyadhlhjhih ' gHueHu\u[jZIm\_ebq kdkl fruhjfbjh\ZgbydZz
lhbkbdhij_~ e _¢bBdhphjbl_jbyweyxlkkgh\ghcevpZ[hlu

KhklzZVZ[hlu KhihklZ\e_gBiZk_gaigc jlbhkbebl vey_ jlbdZzdZqdb
mkbebl ey

KhklzZ\e jgkkqg Idoimeé¢ ebkbe bbiynmevkZr"Zxs]]ly jZINpgkbebl e

lhemq_@Z\bkbfhkino dib\gbkibevah\agbZk gwgcj]Jlokbebl ey
hlizjzf_ljkbkl_fruhjfbjh\ZgbydZz

KjZ\g_gbemq_gwgdé&i_jbf _glZevgamevIkMZ\gguiEkqg_I|dghe _eb
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M>[b35.5

G?EHD:EVGW?2L?IJB:EVGU?P:J:F?LJU KEHBKLH=H
G:GHKLIMDLMJBIJH<:GGHEHEH>BWE?DLJBQ?KDH=H
F?L:F:L?JB:E:
.< Q_[udbg
GZmgguedh\h*"bl-ewn-f.g,\_~gkl.:.; eh\

Kehbkluf_lZeelbwe_dljbq_fkdBfZl _jbZbpez”Zy~ hfmgbdZevguo
we_dljhfZ]gbkdboklg \klj_gZxsbakp[uqguipbjhrgudzZl _jbZzeMIb
k\hcl\Zh]mlihl_gpbZevigd\hebbkihevah\lZdbf 1ZfZl_jbZedh[eZklb
gZgheblh]jZhkenqg_o&bh[jZ _d&kih&\ _jojZaj_r ,gdm[f\heghfibdjhkdh,ibb
kharzZgbkdbjmxdhdjulbc

>eyhibkZgbghbkléolzfzl_jbZighgyllbhkihevahwrdwn_dlib\gmXx _ev
WIZh" _ehwvkgh\ZgZjhp _~mmkj_~g fagbyjbZevogajzf_ljhdhdZevighgbhb
]hfh]_gba)Zipihta\heyihemgHdlwgamnn_dlb\gbwe _dljbqgijkdbpz_fhklb
kehbklIh]hzfzl _jbHegZdhjzkkfzljb\z _ffhifzfzl_jbgéekmlki\mwin_dlu
kbevghbokljZgkl\_ggtkd jkhihlhjug mgblu\Zxtkyglik” _evxeynqzlZz
wlboy\e_gbg_h[oh”bfZajZ[hldZ ehdZevighhgbblhfh]_gbazZgbhbkluo
f _1ZfZI_jbZeh)\

P_evgZklhysjZ[hluy\ey likvemqg_gbehdZevgugbZevogdj&f_Ijh\
kehbkIh]hzfzl_jhZezhemq_gHB\bkbfhfidlb jbZevgajzf_ |jg\lhevdh
gZklhlmaemq,_ ghyzZzd b hi\hegh\h\hdIhjfIh*Zkdhjj_dligh[tykg_gb_
wnn_dihhkljZgklI\_g'dtké _jkbb

<gZr_¢Z[hlfu bkihevah¥hAébewnn_ dlb\ghc\uZxs_igb[eb zggh _
hibkzZglbehbklfilhzfzl _jhzZéZd lhqgut IhfZljbp_j "Zgbboihfhsvx
[uebihkljh_caZ\bkbfhkéydhwnnbpb HhliZz\" _ghyjhimkdZgbashgZklhlgu _
dhglmjuz 1Zzd" *"bki_jkbhggbz]jzffei_I|zZfzZl_jhzZlgd bokjz\g_gbibeh
ihdZzazgh\ f_1ZfZl _jbXeagbdaxhin_dkbevghitkljZgkl\_g¥thikci_jkbb
[ Zdbdzd\ha[m ~_gtzfgh]heZafhgiZz\ha[m ~_db\ joghklgieZzafhg
iheyjblhgh\

<u\h_ehdzZevgbgbZevogaZf_|jh\kms_kl\eymkayi_ r_gbkbkl_fu
mjZ\g_dgtzedk\_eeZkehbklhi]hzfzl _jbEehd szggufg_]bklhqggbdidz
>eYu\h~¥eZ\gudhfihg_dl gahjdwe_dljbq.ijKdhicpZ_fhilbe_ _~h\Zl_evgh
JZkkfZljb\Z &klekwvglEbbTM-iheyjbazZpdlijhkljZgyxsbokhzZfzZl jbXhreg
<i_j\hfkemqglzkms _kl\eywakydhfihg_gltibwe _dljbq.ijkhdtbcp Z _fh\Kle v
kehzX\h\lhjhf dhfihg_glubwe dljbqijlhdyfbqoZz_ fhklpi_g”~bdmeykglhgf
khhi\_1kI\. ggh

<uy\e_guwnn_dlukbevghdjhkljzZzgkl\_gghbki_jkbb kehbklhf
gZghkljmdIimjbjh\iZdge£tbwe _dljbq_kdffzZl _jbZeeybo h[tykg_gby
ihemqg _QuaZeblbqg \Wgh  gbyey ehdZevdguobZevgapZf |ljiKehbklh]h
f 1zfzI_jbhzéRdZazghlh ijb gbadhgzklhl fZehf\hegh\hfA_dlhj_b
fZeuo jbh"ZolZfZl jbZ2gglujZ glhyj oh™WujzZ "  gBeyZl jbZevguo
iZzjzf_Ijhd\ZabklZlbgk &migfZz _
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M > [535:530.182

KHA>:GBBBKKE?>H<:GBHEBF?JGUO
G?EBG?CGHLBQ?KDBROL?JB:EH<

G:HKGH<2BKI?JKGH=MJ:KGH=H
:.1. Ebl\bg
GZmqgpedh\h~bl-dwn-f.g, "hp_o.W;mjmgdh\Z

<ihke_"ghb kylbe_ VbyklhjhdgdjZcgZdlb\gihkke ~mxlj¥ gbqg_kdb _
fZl_jbzZ&p_evixkihevah\Ypghbayebqguoeh _gbnytolhghdilbkl _fK'oyalb\
bgl_ljZewgltbg_kdlokljhckI\Z»Z [Za_hj]Zgbg_kdBb jbZetk\harzZxlky
\ukhdhkdhjhktgudljhhilbqgftkdheylhju j_dexqzlfledjhkljmdIimjbjh\Zg
gu hilbg_kdbehdgZajZ[Zlu\ZhlKdhqggtbdpb_fgbdbjz]_jph\thdemqg._gby
MgbdZevigwgheh]bqgkkhibkliEebf jA\dZq_ kfZljbp\ukhdly _ebg -cgh
hilbg_kddhcklI\@hfhnhlp kljmdIlguest-hostgZbohkghlihal\heykha”z\Zlv
i_jki_dlb\gudl _jbzeéeyjbf_g_gbg_ebg_clgwe_dljhhilbdb

P_evx”"ZgghgZ[hlu [ueh kha”Zglg_ebg -bgltlbg_kdHgh]hkehcghc
ihebf_jghbegh\h~*&hjondImhbkke ~h\ZgbZjzdl_jbkdgbd[oh”b fueoy
nhjfbjh\Zghwe f_glhhlhgbdbeykha”rzZgWdyegh\h~rghkpethykihevah\Zeky
ihebf_Ibef_|Zdj\b@Zd4_ klhebf jgliZljbpul\ dhlhjmXh~bebgvebg -cgh
hilbg_kddbjhfhnhjuki_jkgd]BEkghlZqg_kkhklZ\hakeh deZ "b§l2b
bkke_ _"h\jZawebqduNhI\_j"~Z fihghf_jgdhfihabpbb

<oh”jZ[hlduehg _h[oh" fih_"_ ebflXdkbfZevgimgp_gljZpbki_jkghlh
djZzkghtay*hklb  _ghZbemqupebg -tglhhqg_kdhdjZzdl_jbkPZdygXyebgbgZz
hljZzgbqgb\zdZkpZ kI\hjbfhklegkhfhnhyihebf jjlZdbo\hafh ght]j _]Zphjle
[hevrbdhgp _gljZpbke "gkbegh\h"kehgZghkbgKy gljbnnblajZkl\hjZz
ihebf .jZz>ey wlih]hg_h[oh”~bflueh j_rblv ijh[e_fm\u[hjZ jZkI\hjbl_ey
ijhihjpbhgZevgudghr_glhdihg_ dleyh]hglh[ukha”rZi9dghjh”gimikajZggmx
ie_gdimesbghbajyrdZfdf M*"ZehjkkajZ[hldlwgheh]bxal\heyxsmxemqZlv
ie_gdblbq_kdthZly_k&z"Zgythesb gk _kh\ukh”_j Zglojlifhnigpe.

>eyijbr"ZgbfyZl jbZegmebg -tglbq_kdbk\dhcklhjh\h*"beZikgm” bl _evgZy
hib_glzphgfhnhjfZljbpihebf jwe dljbq_khdfijbih\ur_ggHcfi_ jZImj_
f ITh hhkgh\Zggukha”Zdigb _glbjmxsihlgydhjhgguZajy~hwllg_ _h[oh”bfh
"eynhjfbjh\Zglgy p_gljhkbff_IljbqgighyRdDdjhfhnhjp kharZgtbyz~jZIbqgh
g_ebg cghebf jglk¢ ~uuebkke "~h\&fh\bkbfhwihvn _dlib\ghlbb glZptb
jZaebggudgzf IjhgZ\_~ dbgyjbazZpbibgljh&V i ghbihjy*hq_gghjkfianh]j
hkms_kl\eyeklyfhsbf _Ih " g_jZpbibjh¢ZzjfhgbeFa jgbaemqg. gby

;ueZ bkke_ _"h\AgzZf _ggzZklz[bevghkhemqg ggdhcebg -bgllbog_kdhc
kljmdimjuwebazZnbdkbjh\BEgu g _gky dljhih]Jehs ghblgke ijh\_~ gby
hjb_glzZpBKbl_q_gb\jf f_gBbgzfbdaf_g_glbiy dljhijbhklZgZ\eb\z Iky
dijb\Zgilbg_kdirdlghkhklzZz_ Igybaf_gdhlcq_ghebl_evgh]lhH _ghbglh
iha\heyhhhjbhklZ[bevgkkjimdImju

J _amevlzZihdgghg¢Z[hlu klZehkha”Zglyg_ebg -tgllbg _kdhfEl jbZegZz
hjlZzgbqg_kKddgh\\ dhlhjhibkihevam]blkyiheyjbam _ fhigikgdp _ilhjgajhfhnhj
\\ N gguofZljbpmhebf jz mihjy*hg_gdue f\g rgbfwe dljbq_ kidlef.f
Bkihevah\2gdbfzl_jbZetdju\Z[hevrbi_jki_dlb\izdZzdha\heyjZ\gbl_evgh
ijhklufiml_kharzZ\#dgbZIxjgbgl_]jZewwghbq_kddo_fuhilhwe _dljhgghju
bdhfihg_gkbkl K\yah_\hkoh*y&lgZehfiljbklZedzol _ogbdildkiemzZlZpbhgguf
oZjzZdl _jbklbaihfagZgbl _dvghr_gm~h_fdhkdjhlh\e. GkghyZajz[hlZgghc
\hegh\h*gdipmdImpuihebf_jguwe_dljhhilbg_didfblbabpbc”ihezZ]Z Kkp~Zgb _
we_dljhhilbg_fdmeyltHZo® g~ , i _ki_gb\ZxdhYmeypbhWX 1§29Zklhl|Zlo
A _kyldb\|Z]_jpjzdibg_Kkdklj_[h\ZgdhZmebqdabk!|_ fhAblhghdb
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M > [537.874

WNN?DLKBEVGHIOHKLI:GKL<?GGHEKI?JKBB

<KEHBKLHF?L:EEH>BWE?DLJBQ?KPHEF:L?JB:E?
... Hjeh\:.< Q_Judbg
GZmqgqguedh\h~bl-dwn-f.g,\_"gkl.:.; _eh\

DjZzldh\klmie_ghhklZgh\dgh[e_ _fu KehbkluclZeeh”bwe _dljbqg_kdtl
f 1ZfZ1_jb&e>FH ij_"~klz\eykH[hdZkkb§_j_ "mxsboklykdhiZjZee_evguo
gZghkehbwe dljibdiZ1ZeezZ?]hhlebqgbl_evghjdhog\ey Ikjhkh[ghklv
i_j_"Z\2wxZg_kp_oglgegh[t_dIEh~ghk\h_ch\_joghkdBE*"jm]mxZdh _
mgbdzZevghhckl\lgZoh~bflgh™ _klI\hjbf_g_gb&zZijbf,_j\ km[\hegh\hc
fbdjhkdhilbdih™ _lihkem bikgh\heyha”Zd&lmyi jebgdbkh[ghg ~Z\Zlv
bah[jZz _gb " f IkjZaj_r_gbijf\urZxsbfbnjZdpbhgpuc.e

hevrmyhev\ we dljhfZ]gblkhek|I\ZOF>F b]jZ _lijhkljZzgkl\_ggZy
"bki_jkHyb ZgZeblbqg hkdhiZgKlF->FrbjhdibhkihevamehklZevfiy ev
wnn_dlb\gdicAudhlhjZzym~"magbhdZeygic*hklZ\eyblrvijb[eb _ggh_
hibkZgf mgblu\zxsjhkljZgkl\_g4bkx jkbxhgguff Ih"hfZxsbfhegh _
hibkzZgpZkkfzljb\z _fhlafzl_ jhxé&y Ikyh4Zljbp_j ~Zqgb

P_eviZ[hlulIml_fkjzZz\g_gpyamevl|Zihéemq_gdkuihfhsvxehdZevghc
fhr_ewnn_dIib\ghchukj_amevIZIBOghFh Ih "EZIjbp_j_~ZdlhgZjm blv
wnn_dlighkljZzgklI\_gglki_ jkBbKF>F LzZd ~ZIvhp_gdmdZdbloemqgZyo
ehdzZevidh2y e lfulvmki_rgjbf g ,0ZZ dZdlgo.l|

;Zah\u iheh  _gbbkke ~h\Zghkly® ewnn_ dlb\ghjc "uij_ _"klzZ\ey |
jZkkfZljb\zZ _KkKebbklaclZzfzZzl jb\Z\é”™ Zgbahljhighc Kk hilbqg __k dihkoy,x
gZijZ\e _gghja_g~r"bdmekpdtyfD gZklhys \fimf _gBheyKF>F mklZgh\e _gh
g_khhl\_IkRbbkzZghy “"hklz\ey fhijh_dlb\dhe¢ _evx Zevgkgmdimj_
HrgZdh ba\_kliginz\_"ebabwlhteyij " evdhehdhesbgkehziheguc
"bki_jkbhggagZeblaljmdIimjumagblu\Zxsb&_ hkh[_gghkkbyaZgguk_
\ha[m ~_ghh¥ joghklgieZafhglgZ]jZgbpZdwe dlfblZzeeh” | [ulv
hkms_kl\leblgihevah\zZghhf#ZZljbp_j_ ~"Zd&kldyau\Zxsdlofihg_gillueyZ
\oh™M kehbklklxmdInkjdmfihg glzhbyAuoh”ha .z

ljhf_"mlhggu j_amevlZluH[gZjm _gbhagbdgh\ _gthihegbl _evguo
Kh[{kI\_gdtd® h[mkeh\e_gjbkon IkI\bijlikljZzgkl\_gdtkd jkkdhy\ey Iky
djblbg_Ka&bghbokh[_gghKiwbap ahgZgkagthgbih]ehs gihyw joghklguo
ieZafhigeyjblhgh\

Mf _gvr_gib jbh"EF>Fijb[eb Z lzdfh® _evghdfimbkZglwnn _ dlb\ghc
kj_“ughg_mkljZgywhn_dlbh[mkeh\e_ggu* evguBlgZq_gbyéZ\guo
dhfihg _dl gahjZbwe dljbqg_ikdgbpzZ fhkillbgbfZxsbagZq_gdblye o
[_kdhg_qghklv

MklZgh\eh[gezk\p f_ggwojhkljZgkl\_ggalolAr gZ[ex”~Z dkyhr_
khhi\_Ikl\bibkzZzgbz 1Zd" _h[eZKkIB” _wnn_dIlb\gBy _eg_ fh | [ulv
bkihevah\Zjbgpb.i_

Hkgh\ghg_amevizZIjh” _fhgkljbjh\ZighkmlklI\bwnn_dlhkbevghc

ijhkljZgkl\_gdtkdé jkbhehbklhflZeeh~bwe dljbglZf@hfjhXéyaZgguo
Jez\guf[jZatkhhagbdgh\ Mghihfegbl_ekbikl\_gdho
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M > [535.375.5

HILBFBA:PBY:J:.F?LJH<<DIJMKBE?GBY
<K@:LHF<H>HJH>?
?2:..FZdZjh\
GZmqguadh\h~bl-¢eérm-f.g,ijhn_kkkj= ; _kiZeh\

<ugm "~ _gdhf[bgZpbhpgakk y@EbDU\ k ZlupZaZFdey Ikwypn_dlb\guf
kj_~klI\hif _h[jZzah\ZgBklhl« qZklghkdbBJ\ k ZIhf\h~ hjh~h" _|[ulv
bkihevahY2agharzZdpltyhggbbdaemqg \dbfibdjhgghbzZiZzakg_dlI[A.

>Zgghbkke "h\Zpgh\h~ behkeyhilbfbaZpbb> <DJmkbebl\ekyo f_
fghlhdzkdz™~gimabfimevkghah jghdihnfie _dkZemq_dby_gbdhg\_jlhjZ
baemqg_dbhggh]hKH eZa_j¥ j_gl]_gh\kdhbxzZziZahkg_ dljZ*ey p_e_c
gZgheblh]j&hhgghko fwg j]blysgh]bfime vNdZYAG eZa (& 1,064fd )
jZa™ _ey gl g jZ\gwZklb gvrZlyadhlhjuilhklZ\ey dkyhkj_ ~klI\ gdggh
fbr_gvieynhjfbjh\Zgh¥ljZ\hgdlkdju<lhjZyZklwg _ jJkkeem > bdZdZqdhc
ihke_~h\zZl.@yvgbyxDJ _g_jZlhjg\h&klhdkh\dhkefihg_olo= 1,907 fdf b
\Ilhjh&lhdkh\hkefihg _dl@ 9,19fdf), (2) hilbg_kdigjzf_Iljbqg_koklhebl_ ey
"eypaemq _ighvyhcklhdkh\tikfihg gkDJ(3) <DJIJmkbebl\lhjhd&lhdkh\hc
dhfihg_glMkbe _ggublgZgZ qzZklhl\lhjhcklhdkh\hdkhfihg_glaDJ
khhi\_ITkI\lmghlta*ebfghegnkbeb\ZCty®zZa_ jhhkeg h[oh”bfihkibe gby
\ KH fh"mebaemq _"gbklZ\ey glkipr gv\ dhlhjhm ™ knhjfbjh\ZegZa jgZy
bkdj2ZggZymobfimevikgziyha[m ~_gBYmoebgXlbeghalheyhemqgblv
wnn_dlb\ghklv[jZah\Zdgtg\ _jINEZ gl] _gh\ktthziZdBgf [hevrd% [2].

H[s ijbgyluch”oh”™ j r _gbxijh[e_funhjfbjh\Zgbsmqgdhfhsgh]h
baemqg_khyr"ZggufthcklI\ZflohklhRlImkbe d&elz[udh] j glgkmgZeh)\
hkh[_gwhn_dlb\ghdbkihevah\Zgdbebl, gZ[tlZxsbh&\ _joj_]_g_jZlb\ghf
j_"bf_Ih_kIYur_ihjh]l]xZfh\ha[m 2 Igkghevdmkeh\by®J] _g_jZptbb
mkbe glkyZlhfh~*hjhA] f gihi_j gghceZdkZptbeh dmeyjdhue [ZdbcC
khklz\epRlgkbj "bf<DJ'eyfimevk®pXdZgudbl evghRWgkb [hevr _
yley llgy klZpbhgZjgdimZevguéy |Ru[hj\j f gguk™\b]hklhdkh\h]h
bfimevgZdZogddoh”mkbebl3leyevilbfbazZphd j \ah”~gudimevkh)
"ZgghZ[hlijh\h~"belgkwvke gfh* ebjh\zZybgZfbdbhp _kkDJ _g_jzZpdbb
mkbe_ghbyZIlhfthr*hjh» _

GZi_j\hfwlzifh™ _ebjh\zZzdopbbiymevkgzdZgdB\oh”™\ i _j\mxdx\_Im
(az”"Zxsblcg_jolhp \Ihjmxdx\_Inffmkbeb) &gblZebkdmkkh)lubb bo
"ebl _evghlkhwvjh\gxheh\bggthgl gkb\glbklib gye 2AKI00gk*"h5 gk>ebgZ
dx\_lwz~Zxs ]lhg_jZIKEkIZ\ey@kf ~"Z\e _gth*hjhXhklZ\e @ 1Z | f
fiebIm*"NhegwZdzZgdjzkqg_I¥w[bjZeZkkoh/byamke h\blyklb™ githyh]Z
] _g_ jzZpbbzg_kbhlhjh]Jbeijbgyimjh\_eng_jlBhbg_jbjm _fdlhid k h\ibjh
emq_,gjpwgur¥% hiwg_jlbbimevgzZdzgdibebIimrMNMhdkh\Whegg2Aoh”\
azZ”Zxspbeog_ jZld4rzZ\Zendhvg kfhglZgogdioe _[Zgbcrwu[jZggbgl_j\Ze
baf_g_gteyw!l_evghiimevikgZdZgida\hebjghbal_kfb”»_ebjh\Zjgbbfh\
klZpbhgZjhglklZpbhgZs®h]h

GAlhjhfwlZijzkkgblu\Zpky kkDJInkbe ,glinwlhjhfilhdkh\ufimevku
(jZkkgblzggZi_ j\hfwlZ)i_ihklmiZzabdx\_Immkbebl "eyoghkt f_IjZDb
bkihevah\zabldwZzq_kl\azZljZz\hggmlkbebl evd&ibllyZzezZueh ijh\_~ gh
fh”r _ebjh\Zighp_ kkikbe obiynevkihb jZaebqogu" | diZfomevigZdZqdb
hlighkbl_evdpgdkh\bfhmevgZdoh™ dx\_Im

< jZ[hlJueZihemq_ a@Z\bkbfhkjlvf_glazizaru\zZighgkh\HfimevkZ
ghjfbjh\Zggddhebl evglbhkimevigZdzZgdbhlighr _gbgbl _evglhkKimevkZ
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gZdZgdp f gjb eZdkZipjbBhWwzZkqg winn_dlb\ghklb[jZah\ZghYyj "bf_
mkbe ghgzZaZglhhilbfZevgwycf ggke'\bfl ""mbfimevkZfbdZddkbl hdkZ
hdZzau\z [¢élbyahdd\j f ghzZiZza”u\zlgbgbh[jZahtey ZebaZpbb[hevr_c
wnn_dlb\ghjklib[jZah\Z\gbyklZpbhgZjghjf oh~rgihfbfZeDJg_h[oh”~bfh
\\_~ gbbgbdbz™ j"dhemq ggbdyZ pdbgl j\Z2&Aj f gdZiZa™u\Zgby

Ebl _jZImjZz
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M > [B533.6.08

BKKE?>H<:GBPHKLJ:GKL<?GEHWHJIJHKLGUO
1:J:F?LIJH<Q:KLBRK<?JOA<MDH<HAH<HRFHLHD?
G< I_ljh\
GZmggpedh\h~Abl-er-f.g, ijhn_kkkj= ; kiZeh\

F_Ilhrubamqg_gi®jzf_ljh\gZklbp ihlhdZohkgh\ZgggZ h[jZ[hld_
bg”b\b”"mZewvaghu[¢Z " _ gilzd | o Jarticle image velocimetry)rbjhdb kihevamkjlky
bamqg_bgblbhdhkdhjhlgwiohdhl _fi_jZImj\guonZagubdhbkihevam\fuo
jZd_lgoob]zZl_édyoogheh]bgebdbd¢jZz[hldBl jbzZeh\VZd ijbdhgljhe_
jy~Zijhba\h”klI\_gighp_kkhQZzZs \k_]hjbf_gy Ikylh?*iZjgudfimevkh\
hkgh\ZgggZ ih~"k\ |damqz_ tugpkzf[egZklbP\mfydhjhldbfdzZa jgufb
bfimevkXxfb]mebjm \fjuf gguwfgl_j\Zefthf*ngbflhl-2]. HAgZ djbb\ukhdhc
| _fi_jZlmjhlhdhklZgh\blkyafh guf_]bkljbjh\Zdlah[jZ  _gby msboky
K\ _lysbog¥klb\p\b” Ij _dhkihfhsvxkh\j_f_gg@cD-dzf, jkhijy ' _ggko
\ukhdhkdhjhklguliblbg_ kdbfbazIl\hjZfb j_ ]mebjmxsbfbebl_evghklv
wdkihgbjh\dghdZwhjfzbah[jZz  ,gbhzd  jZ\ghf_jgk¢ ~glejh\ _gwhgZ
agZgbl_evgmqraxkeh\pZkihagz\bghp\b"mZewaghugZ _gZkl,bphly
hljZzgbq_ggdlykbwk\_q_ddogyp " Zx»xllghr_gbblgiZemfbah[jZ _.gby

<jzZfdZigh_dIEGLP<3026 gzk\_joa\mdhkihgF=LMf G< ;ZmfzyZ
eZ[hjZlhjblbn _kkhjZ <hjhg_pdlhhh*bebkdki_jbf_dh®lV-j_]bkljZpbb
l[j_dhYukljh*\b " msbqKklbjp [bkljZzpBgkZf[e[wkljh*\b msbqKkIblp
bkihevah\Zgbkhdhkdhjhkdghdljhgglbg_ kdbonjh\hdeZf j«Nanogate-2».
JZkklhydb kj _aKhiez2hhkbhilbq_kdhkkek!l_fu_ji_g”*bdmeyhdkiokljmb
khklz\e380Hf, Z\ihi_j qgbZijZz\e_ dkkljmbi_j\hgZgZewglka jbf _glZo
ijboh~bedklvf jghgZdjZciheyaj_gbybnjh\hadzZf_ juH[t_dlbhhlhdZf_ju
jZkiheZ]ZeXyY kklhygbdhed00 ff hl hkbkljmbljb h[jZ[hldkihevah\Zebkyv
bah[jZ _&bjymbjbjZaebgdwde_ghbko eZggib ebl_evghidbihgbjh\Zgby
5fdkKdhjhkjlZzkoh¢ZklpeZhklhygdtkh klZ\eQ;2Ek

ljbf_gbl_evdghzkkfzljb\z_&lZeZ®pamq_dgbikhdhl_fi_jzZIm([L§ele
2000°D \ukhdhkdhjhk(5006700f/R ihlhdh\g_\ukhdmgzZq_gh¥ghr_gby
kblg/iZemf(hl2 "h5) ihemqgZ_fweodki_jbf _lgadh[jZ  _ghtj_[h\ZedbajzZ[hldb
ki_pbZebabjh\dppjzdfu k bkihevah\Zgbhfoh®"bfmdZazZgbqgzZIlhjgZz
dexqg_ \udZ*byo[jZ[hIdB]. >Zevg _crizyhlAd wlhfgzZijz\e gihb\ _ed
kharZgbxeh]dz[hjzjh]jzff Z\IhfZlbg_kfjZ[Zlu\ZxsptoevrbfZkkb\u
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wdki_jbf_glZe®¥ggqgub ihalheyxsihoj ~ ebl¥ g crbijhkljzgkl\-ggh
kdhjhklgiZjzf ljgzZklbpihlhdljb wlihf\j f ggwZljZIllwebmf_ gvr_gu
g _kdhejzdh

K ihfhsvxjZajzZ[hlZggkillpbZebabjh\zZigglhEffgh]h[_ki_q_ gy
hkgh\wdki_jbf_glZevVhaguohemq_ggu&l_ g~ "EF=LMgZc”_gd”~bZevgu_
jZkij_N e _gaklbph kdhjhklyh dhgp_gljZplgyfh[oh*"bfdey hp _gdb
wnn_dlb\ghka?® _cklNBgbihlhdhdzh[jZz[Zlu\Z_fh\ _joghk]J]bgZg_k_gbb
I\_jruohdjulbbj_adh[jZapH)lhp_k&Z[hjElZIbklbkddhjhklgZklbipl _f
baf_j_gbebyj_dhdbah[jz _gighdbh*"bedytiihemz\IhfZlbqgj kdHflZzd
b\ijzdlbg_klkdéghklZXxlhfZlbabjh\Zggbf_dh]”Zi_jZlhj*bgh aZ”"zZ\Ze
iZjZf_ljkdZgbjh\dbghyjz _dEcu[jZzgghbj_dlihjdZaebgbamevlZjin\
wlhffZoh"behkv® eZ&%.ljb m\_ebq "ghb\le gDy "h,1FlZgZ[ex"Z I|lky
m\_ebq kg jhkIk6t0 ~ 680 f/k <uy\e gg h*ghjh*gajZdlbkimkdZgdklbp
dhlhjujhy\ey_ Anwdehg_bgbhmzZkkhgh\kiZhibklbdkh_ ~g nP0% gZklbp

Ebl_jZImjz
1. Grant I, 1997, Particle Image Velocimetryreview, Proc. Instn. Mech. Engrs. — Vol 211. —
Part C. —J. 55-76.
2. Lourenco L., Krothapalli A., 1995. — On the acy of velocity and vorticity measurements
with PIV, Experiments in Fluids 18: 421-428.
3. I_Ijh\G< Ihkljh_gpzkij_"_e_lgblyjhklfbedjhgzZkNbijnlhd]ZaZ < k[
[fm~AhdZmg&h&k BB N BR009. F.: Ba”FBNB- Q Zklv— K 154-155. — 2009.
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G:GHF:L?JB:EUWG:GHKLJMDLMJU
G:GHL?OGHEH=BB

M >1»35.372, 535.337

<EBYGBPR?FI?J:LMJUG: BGL?GKB<GHKLYV
I -DHG<?JKBHGGEHXNFBG?KP?GPBB
<K<BGPH<NLHJB>GH& . GHKL?DEHD?J:FBD?
'DLB<BJH<:GGHBQ@L?J;B?BWJ;B?F
.G [Mjrbg
GZmqgqguaedh\h~bl-gkt<:.:k__\

Ohjhrhba\_klgbbygh_fi_jZImjauzhilbq_kdib\hckl\Zdlb\ghg_~u
gZijbf Ij jfhbg"mpbjh\Egighg gihdZaZlijeghfe_glhp jZajzZ[hlkedZza_ jh\
bmkbebl_ighlwa\h*"bhkg \ebyghibewnn_dihZz[hlhzdbrakljhcki\“gZdh
gZjykwlbfiwnn_dldfdof g dbfi jZImjeby blgki_dljZeeglibg kp_glgu_
k\hckl\ZdIb\ghkg_~uM\_ebqg_dbfi_jZImjigb\h~bld jZafulbxdhglmjh\
exfbg _kp _glpblblehs gblhg®wj[bwzkq 1 j jZkij_" e gdtkx e _gghkl_c
riZjdh\kdbih”*"mjh\gyWnn_dlebygbly fi_jZImjgZki_dljexfbg_kp_gpbb
j_~rdha_f _ebhuhZlZzd  Zidhg\_jkbhexZyg kp_ghdhpb\ghamqZxgkzy
k_]lh"gyrdbgyv

P _evxgZklhys jZ[hluy\leyehkkke "h\Zagb bkbfhiklidhg\ jkbhgghc
exfbg_kp_gphghWwj[bw k\bgphnhhjbrghgZghkl _dehd_ jKkZjBdebqgghc
dhgp_gljZpbg&AdIb\Zlhijjb\baf_g_dbbi_jZImju

<jZ[hlbkke_"h\ZelkghzZ]j_ _9Zexfbg_kp_glbgdjZzdl_jbkhjpdbaph\
bll_j[bwj[b_\hkl_dehd_jzZflbogBhaebqggudlthgp_gljZpbyhighiddib\ZIlhjh\
0,05fhen b0,5 fhew) H[jZapiy_"klZ\eykH[hchebjh\ZggehkdhiZjZee_evgu_
ieZklbdgesbgh@5ff.

Ki_dljexfbg_kp_gpbbihemqg.iml_fh[emq_dldyZapithf_s_gghlh
| jfhyg ,cdmemijh\h*"gbdbklihqgbddhH] j glghflemqg _kBgbgh\dhhegu
oump=9800f Ki_dlgxfbg_kp_dgpblbkljbjh\AelyZiZah$00gf b80gfijb
baf_g_dbb_jZImhie5°K""mM50°KkrZ]hfA25°K

<oh”ijh\_~ gjyjhlluehhdZaZglthijb m\ _ebq Ighib jZImhughr_gb _
fzdkbfmfibdhexfbg_kp_omwahzklzZzglhh[tykgy hkly ebqg_db]ljfZpbb
dzZzdke "kI\GZkl _Ildhebg_kINhauaemqgZl_evpgumh?hbLzZd" ih\ur_gb _
| _fi_jZImjmo\_ebqgb\zrl gbgZijbf_kyalhh[tykgyhk!|l_i_gghf gvr_gb_
bgl gkb\ghkkdfbg kp_ _gphb\bkbfhkiikghr gbiwdh\exfbg _kp_gpgbb
| _fi_jZImjomf__Iwdkihg_gpbZewvgddl "jey\k_odhgp_gljZpbemqg_ggu_
j_ameviZfluhgh bkihevah\Zéw kha~Zgbyfi_jZImjgd&lgbdm\zZ hkgh\ _
gZghkl_dehd, ZZflbdbjh\Z dbdlyZ b *dha_f_ewgud_glh\
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M > [536.42; 539.213.27

FH>BNBD:PBXKLIJMDLMXWL?DEHD?J:FBQ?KDBO
F:L?JB:EH<E:A?JGUFBFIMEVK:FB

MEVLJ:DHJHLDHEBL?EVGHKLB
WB :]__\
GZmqgqguaedh\h~bl-¢ekg,ijhn_kkkjl.<_cdh

<\_~ giNhlhkblZeetmhlhkljmdImjbjikl_fdiehd jANoKI b _ "klZ\eyxl
kh[hé¢h"dezZkiZ"bpbhgdiuodehd_ jZfbqgKKdbodl _jbZeh\dhlhjubh gh
ehdZevghjZz\eykdijmdIimpghah\uflbaf_g_gbyhikj ~klI\mfhlh\ha[m 2 _gby
G_kfhljggZihke _"mxsjbf_g_gb_jfbqg_kdh¢Z[hldij_h[jZzah\zZfgdyjbZeZzZ
(djbklZeebpzZigpbpkoh”wljhlhgZ mqzZkldZlbM\ _jlrbokiy_ _~\Zjbl_evghfm
h[emqg _.gbMbabqg_kdib_obfbqg_kdik\hck]J\Zbaf_g_gb dfhlhjuofh gh
ihke _"h\zZI|l_mvgheyilkj ~kI\hjf "\Zjbl_evgld&ihabpdbxqZAlk_[y
gZijbf,_jhilbg_kdhhimkdzZgkhijhlb\e_d¢fizl jbze¥Z \hkijbbfgb\hldlv
obfbq_kdljkihe _ghlx3].

Bkihevah\ZzgZa jgulmfimevkhmevljZzdhjhldkbl_ evghkilbd-h b
n_flhk_dmygihlacheyihNukblihgghkbvjZzaj_ rzZxsnkxhkh[ghkjkp_kkh\
kljmdIimjbjh\ZgbyjbZeld fZeh\j fy\azZzbfh”_ckleBg_ jghdemqg_gby
fZzl_jbZebfhevrbagZqg_déllghkfbsghklb[_ki_gb\Zpddlbqg_ktdbgh _
hikmlklwWnn_dlhVehijh\hrghkdB&e "kl\blkmIlkIyEkieZ\e_dkgeho \

P_eviZ[hluJ_ZebahehdZevginbkklZeebaZXgbtjth[tzfZZfhjngh]h
fZzl _jbzez

;Zah\uiheh _gblgkke_~h\ZgbXahkhjmdIimjghg¢bnbdzZpZy jbZeZ
\hafh'g4ez]h~Zjiyhp_kkzfighlhnhlhgghhhehs_gbyke_ ~kl\ldhlhjh]h
\azZbfh”_cki\b~2nezZa_ jgbéaemqg_gb ffhk_dmg”ghlc evgltbkilbl jbZehf
ijhbkohNbkevdidhdhgdbhdmkbjhNddazZzbfh”_cklkiby joghklvx

ljhf_"mlhggu_ameviZkudZqg_kIhkoh~ghg AudhlhjzZyhe gRulv
ijhajzqye&paemq, [gkeyu[jZNK«NhImpZ@gihba\h”*blISchatt,= jfZgby

H[jZ[hldZ| _jbZigEbkoh "lg&@ZbgAbey064gf532gfreybdhk _dmghguo
800gfrewn flhk _dmgBbimoevkkhhl\ _IklI\. ggh

< j_"bfZzoz[eypbhggtld ckl\ithydjZyfh[jZamxsbdhkY jklbjueh
aZf_q_ghh[jZzah\ZgbozZjzdl_jgué_g”jblguodjbklZeebq_ kd&bjond|m|
k\b" 1 _evkl\mhx'sthaofh " ghkidghkIimi_gqzZhphh]lhh _ohf{fZahke ~“mxs_c
| _jfhh[jZ[hldb

Hkgh\ghjc amevliZueZihemqg_Y&mljbh[tzfgthybnbdZxiNyhIimjEgZ
lhesbghéf \\b”rebghblxlhqg. d

FhrbnbdZkbhymdImjwedjhba\_ A &ZihdZau\lzxd _gdb _amevBZd _
nhlhgghjhp_kkip\h*ys_dba\_klghZdphhlhbhgbaBpg@_jbyg2Z ebg_
\hegBd25 g bijbkh_"bg W[ [h~b\r_Mé&ydljhgghk_j [j2Zevg_cr_
"ijhyle_gwlh]lkljmdImjgihlim[jZah\Zgdlyd Zevdjbk|Zeebakpriyg | mku
h[jZah\ZgbdjbklZedhIZkbebdedlbyjh\h*bedkZ"bpbhgdufh”~h{f 2-0
kimi_gqZzZdaflj _\Zgbi fgb

[j_~klZ\e_gguameviZhdml[ulv mki_rghkihevah\ZgyjZajZ[hldb
kha”ZgblljhclkdZghnhlhgbdbjhkhyjZ[hldZgguwodhlhjupm”~_KhklZ\eylv
ihjyrdEZ=d4]. Qlh\ k\hxhqg_j,MNWnlj_[mihy\e _gbyj _dexqZl_kwe_f_glh\
iZfylbjZzaf_jdhlhjuwohe gkhklZ\eyipy "dB-100gf[5], *eWn[jZ[hldmjZg_gby
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bgnhjfZpbmkljhcklgZoghnhlhgbdllZq_kNZgguoj_dexqZl bewe_ f_glh\
iZfyldh]mllulvbkihevah\&fa 4o "mpbjh\Zggah\u j ohANK

Ebl _jZImjZz

1. Cheng Y., Sugioka K., Midorikawa K. Microfabsdtion of 3D hollow stictures embedded in
glass by femtosecond laser ford-an-a-chip applications //@plied Surface Science. — 2005. —
V. 248. - P. 172-176.

2. Fuqua P., Janson S.W., Hansen W.W., Helvajiafrafrication of true 3D microstructures in
glass/ceramic materials by pulsed UV laser vdtria techniques // Proceeding SPIE. — 1999. —
V. 3618. - P. 213-2109.

3. Veiko V.P., Kieu Q.K., Nikonorov N.V. Laser adification of glass-ceramics structure and
properties: a new view to traidnal materials // Proceedir§PIE. — 2004. — V. 5662. — P. 119-
128.

4. Zia R., Schuller J.A., Chandran A., BrongersmvhL. Plasmonics: the next chip-scale
technology // Materialsdday. — 2006. — V. 9. — P. 20-27.

5. Baba T. Photonic Crystals: Remember the lightature Photonics. — 2007. - V. 1. — P. 11.

M > [535.34+535.37

BKKE?>H<:GBEA:BFH>?CKL<BY@>M)<:GLH<UFB
LHOQD:FERIJHP?KKDHGLJHEBIJM?FHC
Ki:FHHJ=:GBA:PBIBBBKI:J?GBBEDHEEHB>GUO
J:KL<HJHK<
<? :"jbzZgh\.H Hjeh\Z
GZmqguadh\h”bl-¢érm-f.g,\.gk <= FZkeh\

D\Zglh\dhqd@L- ihemijh\h~*gbdgXghdjbklZejeZk kfZljb\Z xd&yl
hrbdalbih\fZl_jbzZeh\jki_dlb\gteyokihevah\ZXgmkljhckl\Wwhdhgbdb
hilhbgnhjfz]bib*"mMmMomgbdZevgrudhnbabqg_k\dhck INZdbdZzdZ\bkbfhklv
"ebguhegexfbg_ kp _gmplhbaf ,jhadlkc_dlexfbg_kp_gplbjilndhchehku
ihlJehs_gmyhlhmklhcgbWhktbJZ[hluh ijbf_g_gbxL\_~mlRyjZaebqgguo
gZijZ\e_gh9gzZzdtklZzIkyj r_ggjwM\hijhkhk\yaZgklidah\ukbBhcklI\Zfb
wlbgzklbgzijbf, pazbfh”_ckDbf_ "~“nkh[hceypamq_¢BgghlhijhkZ
jZajZ[hlZigZh”~"bddhgljhebjm Khthhjl]Zgbabpthmdheehb~rgd&l\hjh\
F_Ih’khklhblgZzg_k_dEbetdheehb~r"gEKH\hjZLgZij_ _~\Zjbl_evgdjulh _
]b~rjhnh[gbhélb”rjhnbevghdjulb if ~"f Iglkl de&hhke ~mx$_fe gguf
\ukmrb\Z wilhcdZieblhfbfh bamq_dlybfh”_ckIDhy\ j _ameviZZdhc
kZzfhhjl]Zgbalmabb gkha”Zgbihjy*hqg_dkdpodlkmgbdZevd&ihzkI\Zfb
Lzdgzijbf,_j»_g”*jblgkljmdIimpmm DL ihemq_gdddbfh[jZzahfihafh gh
bkihevah\zd¥qg_kldhgp_gljZMgZj]Blleykheg_qgddodzj, chkdhewdgbo
bf_ _If _klhi_j ghwg_jlbli_jbn_jbb p_glj®*_g”jbligb rbjhdhdhehk _
ihlJehs gbly: ihemqzZ _Y0jm]bokeh\Bymf_ jgb _dkZ]hgZevgaldbh]ml
ijhyleykahcklhdAlhggdpbklZeeh\

JZg gZfhuebamq agdhbkbfhfiiimheh]klgmdIm[jjZamxsboklyp_ kk _
mijZ\ey kvfhhj]ZgbahpVg agbozdlhjh\ fi_jZImjkudhjhkbkizZj gBRy
lzd _hldhgp_gljZippdbaf_jBL "eyDLCdTe ba\h”*gue_ehqgudkl\hjh<
ij_"klz\e_gjgHblZdp_bokke_ _"h\AkdbszgzZbkke_ ~h\ZgBbfh”_ckDby
jZagupZaf_jh\ ijhp_kkkZfhhjl]Zgbadp\b jdrmhafh ghkkb iZjZp b
jZaf_jzDL Z1Zd baf_g_ gdxfbg kp_ glighackIh[jZamxsbhlkyndImh?
AN ckl\bkh_lZIhfbfhbkke_~h\AgBgudheehb”rghdkl\hjhD LCdTe, [ueb
ijh\_~ gaigZeh]lbgwdKki_jbf_ &lubrjhnh[gubDLCdSe/ZnShkZ ~ ggufh
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oehjhnhjfZZ[hlKoehjhnhjfiflh"heh]bqkkdbg baaZ[hevrhe_Imq_klb
jZkI\hjbl_ey

< dzZq_kIhJt_dlhbkke_"~h\Ziglbiyhevah\zZébkkjZkI\hjbfDL CdTe
khex[bebabjh\ZggudmeZfjdZilhmdkndbdkled kihkj ~gb¥bzf_|jk£2,2
gf bd=42 gf k fZzdkbfzZféxfbg_kp_gpBEbBebgzZ\died30 gf b 599 gf
khhi\_Ikl\. DhleehbrghrgujZklI\hjzdbDL(dhgp_gljRpbbbe B,510°F)
ijb pH11, \ukZ b\ZebkA]lb~jhnbevgirh®eh dm f_"e_gdlkmrb\Zehkv
\ZdmmfghtkbdZllgjZeh]bgdufZahtietbkke "h\]bdgyhnh[ghLCdSe/ZnS
khkj_ "~gbtbzf_1jd$25gfbd=3,4gf kfZdkbfzZéxfbg_kp_gmdébg Xlwe §30
gfb610gf khhil\_Ikl\. ggh

ljb \ukuozZgWhBrgujZklI\hjmD\LCdTe khkj_~gbfbZf_ljd$f2,2gfh[jZamx]
hit_dliy_bfms_kI\_"gaghbih\*_g~jblgkljmdIimgpu knhjf_ggij ]ZIDL
CdTe k "bzf_ljhd=4,2gf h[jZamxtZjbdbjZagh]lZaf .jAZdhjZaebqgb _
ih\_~ gbbafh gk\yazZigh f glhDLk*"bzZf |jdf4,2gfbf_xI[hevrbjZaljhk
ihjzaf_jZfuehh[gZjm ,_ghhbgl_gkb\glekifbg_kp_gpbh[hbpzaf_jh\
h[jZIbfhz”Z illb hk\_s gbbMNbaemq_ glbiHke ~“mxs\WfkklZgh\e gb f
bgl_gkb\gleklthg _kp_gaRBAp fyihjyrdZmlhWltyle _gbh  _Il[ulvk\yaZigh
Zdlb\bazZphk o _dlhgZ ih\_joghklIbL ijb\h*"ys o [_auaemqgZl_evguf
j_ezZdkzZpbhagjgpf kkZfb \ukuozZgbdkl\hjkf_ kWL jZagupzaf_jhdzd
ijZ\behgth[jZamklljmdImijjuhl* _evghghb g dhlhjkemqg{yehazZf q, gh
glhDLf_gvr_]hbzf_lj4dbdj_ieyehlhkvi_jbf_Iljmd djm]euZ]j_]ZIbfaDL
[hevr _TzZf [|jZ

ljb \ukuozZglbjhnh[gjwkI\hjB\LCdSe/znSkhkj_"~gbfbzf_1jd$2,5q9f
ZgZeh]bDg®dTe fZeh]jzaf ,jB[jZah\u\Zxlg”jblgkljmdImpuhf _gvr_]h
jZzaf_,jglh\_jhylghk\yazZighhevr_lkdhjhklbkizZzj_gbehjhnhjDaCdSe/ZznS
khkj ~gbMbzf [jd£3,4gfyjdhujZz’ _gghohjfe ggudpmdlmijh[jZah\u\lZeb
l[jb\ukuoZzZglfb kbhg_j&zaghjhaf_jzghul_kgyeb&djmd|m[jZam_ Dulk
"bzf IjWE25 gf < hlebqglhl]b”jhnbevdhg, d "ZgghkfemqiZdb h[emqg_gbb
kiljmdIMNbaemqg_dlgl fgkb\gbkfbg_ _kp_gpblebqgb\Z_Iky

M > [B535.34+535.37

BKKE?>H<:GRMHGDBBH>BNBPBJH<:GGUB,GHD

OJHF:F?LH>HHBDJHJ:F:GH<KDHEKI?DLJHKDHIBB
D<;h]*"ZghR.< Yjgmd.B. B\Zgh\
GZmqguaedh\h~bl-¢ér-f.g, kgk:.< ;ZjZgh\

<gZklhysfthd _gkms_kl\gm_Kdhekihkh[ba]hlh\e, gbihevamxsboky
hilbd b fbdjhwe _dljhgdbdhjZzdpbhghbubq_kdwe f_ gltl\*gbfbalZdbo
kihkh[ba]lhlh\e y\ley Ikyjfhobfbq_ldibke bbgdbfolZeebq_ ke bgphd
ojhfzZH "gZdjthp _Kkdbke bbhyke ~"mxsljZhe gbphfgy bamag hgklZlhgguf
h[jZahZkljmdImhj@dbke gohhhzg hibkzZgZeyoamq_ ¢@Bygghph[e fdue
\u[jZd_IhXbdjfjzfzgh\kkhcdljhkdhkdbfhsvxdhlhjhlhafh gihemqZlv
baf _j gbyw[eZklkd*bnjZzdpbhggaukljZgkI\_ggaéj r_gbgfih\j ""Zy
hl[jZza HlZzd » eZlu\h*"th[baf_ g _ghkyjondImhjZapb¥Zaebggudd”byo
_Jtbalhlh\e. gby

< "ZgghZ[hlJueZdhklzZ\e_mZewZnbdkbjhbaifv g_,ghhbkoh” ysb _
lhgdhezgdlmghfdZhesbgh®m gfih” _ cklI\bk¥ jodhjhldBa_ jglufomevkh\
brZevg_crljih\e_ghbyZ\k_&lIzZz bychjfbjh\ZgblynjZzdpbhgbhllthg_kdh]h
we f .glizrzZggubdjhjzZzfZgh\kd&hcdljhkdhibdzZaB|pyZah\Zighkbo6¥hfZz
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(Cr,03), hij_~ ebjxkij_~ e _6Bgghlh s klI\th IThgdhecezgdb ijh\_jblv
ihyle_g\kljmdinhjjZapZdted[Rjm]boobfbqg_ kdbjZdah\Zgbc

Ahkghimrihez]Z jfuomevIiZue\MdaylBa\ _klidZkj Ibg_ KdZyegZ
hkgh\bkke ~h\ZhghZaphi[jZah\ZggZghk _dmgégaf jh¥Zggdph”™ _ev
hibku\zZjdkij_ ~ e lgttkbaghfzih h[jZapmb dhlhjhY p_gljh[emqgzgghc
ihehkwzZ[ex"Z_ fikkydkbfZevgjhgbdgh\_ dkb”"\Z kehciezgdmjhfzk
ihkl_i_ggkifzZ~"Zghem[bgdjZyf

LZzdbij ~iheh _dgleb\ur\bgmbiZhkgh\bamq_¢gbydljhj\zfZgh\kdh]h
jZkk _ygky JZihemqg_ggadfbdjhjzfZzgh\kdkf_dljhf_ljnVia Renishaw,
hkgZs_gagh]ihgh\efZa_jkfebghbegbld5gf <k baf_j_glhwebhemqg_gu
ijb h*bgZdh\gdbqgZevguloeh\biko pbZevnpghh[jZgguddbth[jZzahflh[u
ihemqgbfl&AdkbfZevigbtg,Zehg ijhba\_kkbpmdImjdwad g _ dblc[jZapljb
|Zdhfu[h]j gZgZevgukeh\blt ' gh? _eZhMNu\h~Nuhkgh\u\Zgklalghkbl _evghc
bgl_gkb\ghkilftzgh\kdkiodljh(lozjzdl_jgiba@h\bamqzZ_fus_KI\LZdbf
h[jZzahhhdmkbjmykwaebqggllhgdh[emq_ _gdH]Eagh gh®_eZMu\h”"uh
khhighr_gtheebg_Kldkb/2HhbihkeljZz\e_ghyZaebqdhgdzdjZapdh
ihal\heBhihegHtlwjbxildhlhjHa hllZedb\ZegKgZlekke "~h\Zgby

<oh”bkke_"h\ZgbbthdZazZghijbi_j ~"Zfghevrh]ldhhebq_kVgZ j]lbb
h[jZapkl_jodhjhldibffbmevkzZidzdb ij ~ihezZ]Zehjkwbkoh” b[jZah\Zgb _
bkdhfhhldkbdZhfZCr,03), g2\ kx]em[bgmgdhiezgdklZdhc kljmdIlm pghzd
ijbgZghk_dmdpaemfq i@k bt jZkij ~ e .gdb*"dZé&he dlb\glhKkhe gby
ijhyleyedbkyb f _gvr_fhebqg_ Yy _jlbhhemqg,ghb¥d ihdjZydahdgbevgh]h
h[emqg.@Bkke ~h\dhgdZazZeglhijb fZeudhsghklyakbajhfhy h[jZam, lky
aZlh[jZzam Hkebqghlhdkb®Zhfxh_~bg, dhlhjhjbh[emqg_§bdy K\hx
kiljmdImmdfhjnghgZdjbklZeebq, kdmbxijb\h~*bd k _e dlib\ghjKldbe gby
h[jZaplh "Zggulbkke ~h\AgbVbgm]&ihl| ,aglhrZggtkh_ ~bg_gbtey Iky
hdkb"hfe_ &&0,), dhlhjHhlethdZazIlvkljZzapjbijhba\h”~"kb\gZiue _gbb
ojhfZ=bihl_a¥ZgZebqgbbe_ a¥ h[jZzap”ZzI\Nhafh ghkkhklZ\bfa"_ev
jZkij_"N e _dglygguobfbqg_kdklo_"bg_glcihehk h[emqg_glbyhfhsvx
ihkl_i_ggkljlz\eb\Zgbld¥ | jbZelamq_jodfy gh\ké&bodljh\

<j_amevibddke ~h\fgé&hklz\edgpylbgihkljzZzgkl\ _gphkh_" e gby
obfbg_kdkhklZ\tZ[emqg_gabhag"h b ihke IjZz\e_gbhdzZazghjZzah\zZgb _
jZaebqggkigmdlmjb h[emqg_glkbgdbaemqg gl jZaghwg j]lb Z£l1Zd _
\hafh ' ghkhgzZjm _gibydhgljhegbfbq_kdKhklZ\EKIjmdImk ihfhsvx
jZfZgh\k&khcdljhkdhibp ameviiZzkke "h\dgpbezZ\nvafh ghkhvhqggblv
| _hjbk[jZzah\ZigbgkedhjhfZjbh[emq_ogebbgdghfZ\ jodhjhlddZb_jgufb
bfimevkZXibbha"mrghlé¢hkn. j
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M >1535.342; 546.571

DBG?LBDsU>?E?GBG :GHQ:KLBR?J?;J:<NLJKL?DE:O
B:.< jabg
GZmqgguedh\h”*bl-eB B]gZlv_\

Kl _delkzh™ j"Zsb |Zeebq_gdlghgzZklbpdklZ\eybhlevrhigZzdlbqg_kdbc
bgl_j Wk\yalk \hafh ' ghklwxijZ\e_ glbgyhilbg_kdbkbhckl\Zibrbjhdbo
ij_ " eZeZgguf IZeebg_kdBghqgZklhpeyxlkybibggufhezafhggufb
gZghkljmdImjdibhju gZoh”~y|Jbf_g_gb\ _bgl_]jZevghtbd \ dzZqg_kI\_
ieZafhggulmegh\h”"hbdjhj _ahgZlbjhjm]boZkkb\gwmoe f glh¥Zd bo
JZkkfZljb\Axdzq_kk\j_"dewukhdhjzZaj_rzZedlk]jzZnibbbdjhkdhildaZ
bohg_gwehéebgluheguDjhf Ih]hjZzkkfZljb\Zx\Ilkgfh ghkdkihevah\Zgby
ieZafhg\Hbhl _ogheh]byo

Nhjfbjh\ZgbeZafhglgZih\_joghkilb*eh dbkms_kl\ey dlkgjZ\beh
bhggdmaqg_\dflh*hfkihfhsvxnhlheblh]jZrelbjhhgguh[f_ghfGZjy" kn
wlihfkl _dekh™ j"ZsbhglyeZ]lhjhrgubZeebeld ~bgZijbf, phlhojhfgu __
fmevibojhfgahlhl_jfhj njZzdidklguwey "“"klZ\eyxd! jleynwhjfbjh\Zgby
|ZdbieeZzafhggklpmdIndj[jZ[hIdE*"h[gulol _dheevljZnbhe kademqg_db _ f
khg_lzd&dbjfhh[jZz[hldha\heWul® _eblvh[t_f kl_ddZlZeebq_ kddhaxn
\bN gZghdezZklfZjdabqgjdaf jEZnhjfu(Ag° Cu%,), Z1Zd \ujZklblgvZwlbo
p_gljfionde _Z\bbnbe dlijbgdkmiblZe\e\bN]Zeh]_glk*h\ [jizeli "D

P_evx"ZgghgzZ[hluy\behKkwkke "h\Zgh|[ gghkhHklZgZghdjbklZeeh\
kK j [j4d nhlhl_jfhj_njzZdlb\lgluaeZilhhke MN h[emqg_gby*"Zevg _cr_c
| _jfhh[jZ[hldb

>eyijh\_" gb¥ke "h\Zgkedkbgl abjh\Kilguwekbk!| fuNaO — ALO3;—
ZnO - SiQ—NaF-NaCl, kh”_j ZsbCeQ (0.02\_ko), AxO (0.47\_Rko) b
SbO; (0.2\_Ro). L_fi_jZImiZ deh\Z(@hkhklZ\eyRZC. H[jZapiy_"klZ\eyeb
kh[hihebjh\ZggahkdhiZjZee ieZ&lubdlhesbghdff.

Hlemqg_d&bNhkms_kl\eydmkgheZfihdukhdh?Z\e_gdpyj failbg_kdbc
\hehdhgguad_ ¢XaebqgguihmzZfb_jfhh[jZ[hkdZdhgh\h*"beZXkvg_gh_o
Ng_ & fmn_evgiugzZbijh]jzffgufmijz\e _gbL fifhh[jZ[hid®2h”*be Zklv
AMmad _fi_ jZImjESB00 b 545°K Ki_dljuh]ehs _gbwaf jyeb&kZ\k oklZ”byo
wdki_jbf. glz

<oh”ijh\_~ gpg[hlJuehihdZaZglhkez[\WujZ _ggidwehkih]l]ehs gby
oZjzZd!l_jg&yezZafhgghlahgZgkghqgZKbjp [jzhy\ley Iy ihkei j\h]h
pbdelZjfhh[jZ[hlI&b_dljZevigheh _gbZdkbfmiftzehk(u 8447 gf kf_s_gh
hlghkbl_dbgithgghleyZghqgZKibjp [j&ZgZq_405y420gf WIimdZau\gzd
glhgzZzklbguj_ [jthjfbjmxlkybwe _dljbghkléleg.dhLgguczdih™I\_j "~ g
j_gll_ghnzZahigZebahiflkmlkl\bki_dljZevglklhb]zZieZzafhgghhehku
ihlJehs_gmylZau\@Zllh glhh[hehqb& zZeh]_gbkRhj\ [jZhjfbjm _lky gZ
jZggblodZz~ byojfhh[jZz[hI¥B _ebqg_kmffZjghlhf_gb jfbg_kdh¢zZ[hldb
ijb\h~"bd m\_ebqg_dgbeblmFfddkbfmif&ZZafhgghl]hhgZgk&mdZau\gZ |
m\_ebq_joaf jgZghqzZkkbp [j¥ kl_deljb | _fi_jZImph[jZ[h|dbBd5°K k
m\ _ebqg_g\Q_f gb_jfhh[jZ[hldB[ex"Z bhkfy gvr_gbjmlbagwZ\bkbfhklb
ZfieblmitaZzafhggidddkbfmhldehs_ gohMual\Zglzf_~e _gbkfgZghqzZklbp
baaZukljh]h[_~g_dby fKI_d&xzhfzfb_j_ [jZ
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M >1$35.012.21; 535.016

BKKE?>H<:GBIALBQ?KDB®:J:DL?JBKLBD
@B>DHDJBKL:EEBQ?KMBIOJHCKL<

KHIB?GLBJMXSBIKEH?R-C:H
2H =Z\jbr
GZmqguaedh\h”*bl-dlg, kgk 2:. DhgrbgZ

<Z gufrz]lhf\ balhlh\e_gbbmkljhckW\ey Ikihgha”rZgb”ghjh~rghc
hjb_glzZpldh\_joghkhBeh db~rgbba _Ih~ hhjfbjh\Zgp _glZpbbdbo
dibklZzeé¢@\D y\ey lhkzZ N gkeh ZKG bam]Je_\h"hjArNk\VZafle xs_]h
jZajy*@Zih~"eh dpbZkiheh  _ggwdehgidhhhlghr_gbkwe dljh™dfh~*ghc
kbkl_fujb\ha”~_cklbhigh\ijhp_kkkzZ ~ dlhyLhesbd4b_glbjmxskdhy
ZKGkms_kI\_\egohy glZoZzjzdIl_jb k@ Byog _ [2H

P_evwlhgZ[hluy\ey likkhke ~h\Bgllhg kokZgzd!l_jbi@®hkljhckkl\
hjb_glbjmxskhdh _d-C:H-ie_ghHiZjZee evighthbkkljmdImijhpcfZlbg_kdbo
"brdbajbklZeeh)\

Wdki_jbf_glzekkgeh "h\ihglh]h\u Zijy _gbwe dljhhilbgwhkabada lh\
nZah\Zx” j dkeh@D'eyebyghe.65, 0,86b1,55fdf IhdZaZghyghk\hckl\
"\moqZklhlghffAlbg_kdbhldh]éhjbklZe@Z1001 b @ 1282 kiheh bl_evghc
"bwe_dljbqg ZgbhahljhilgZtilbq_kddZjzdl_jbkhoglb dH[gZjm , ghh
mf_gvr_dhesbgkeh@wDb kehagC:H mkbeb\¥YedyghvdjZgbjmxswnh_dlZ
hjb_glbjmxskélhyylhijb\h~"bd m\_ebq_glph]h\hJhjZ[hgb®Zijy _gbc
Bkke_"h\ghmkdzZdgWklyq ki@ E001\ aZ\bkbfhkllgZklhliuj_f_gghlh
gZijy _gbkdzZazZghhmf_gvrblebyghbwe dljbq_Kjbh]ldibjmxskdh¥
KGgZjhp_KK_dzdly _fghazjyNtjZamxs_Jkleywh@D we _dljbqg_ikaehf
fh ghbaf_gg¥klhim_f ggwé_dljbqg_kkhéyHld=phMd=pijbeh” _ggl]h
@Dyq_cd_

Ebl_jZImjz

1. Dhgrb@Z. LhefzZqg<), <Zg]lhg.B bNzZldmeBgZBkke "h\Zdhckl\
ieZaf_gidlebf_jbah\Zgghd\ebygbwgZhjb_glZphxfZlbq_KdBdbo
dijbklZeeh\ilbq_kdinggZe1997. -L 64. —< 5. — K 88-95.

2. <Zkbew G, DhgrbgZZ. DhklhfzZzjhK, N_~hjH\:., :fhkh\EIl.,, =Z\jbr
?H <ebyglhjb _glbjmxdht _joghkbbhesbgkehyb”rdh]djbklZegZ
oZjZd!l_jbklkabdljhmijz\enilfup kdihd meylhjilb\kvfZx @ L N2009. —
L35. -<11. - K 33-38.
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M > [535.012+535.137+538.971

BKKE?>H<:GBFHIJNHEH=BBHILBQ?KDHGBAHLJHIBB
G:GHQ:KLBRPIJHP?KKJdHKL:HKLIJH<DH<HC

F?L:EEBQ?KDHE,GDBG:LJBYHILBQ?KDBFB?LH>:FB
B:.=eZ"kdbo
GZmqguaedh\h~bl-¢eérm-f.g, kgk L:. <ZjlZgyg

Djzldh\klmie_ghhklZgh\digh[e fu Hij_~_e ogdd_i_gBgbahljhibb
hilbg_kdbk\dhcklk\yazZzggkhaohjfhcgZghqZzZklibhpd bkke ~h\zZdpmdIimju
hkljh\dh\udezghd p_ehfkhijy gk jy*hfkeh gud_ogbqg_kdjhde ..f
JZajZ[hlZgdwZklhys ¥mf gl _Ih”"ubobkke ~h\Z\glkwfZjm~h_fdb
khijh\h "Zxl&kly[hmgbqglh  _gb[tf diIBkke_ _"h\{glky dljhgizdjhkdhjby
eb[Hj_[mxb_ihkj_"kI\_ghlgh]lhbg_gyuebl evayhfc jb baf_jbl_evgh]h
h[hjm~rh\Zgblyfghbeh\EydjhkdhilDyjhf Ilh]lhwlBukhdhjZaj_ rZkskh”u
~nZxbgnhjfZpkhrwhfZeuoehszZ*y®e gdbhjy~rdzfdf), Zihemq_g8Zggu_
[j_[mxthihegbl_ehkgjzdhldb

P eyZ[hluBkke ~h\Zgjnheh]bkl i ghgbahljhilthigdbokljh\dh\uo
f 1Zeebq_kelbpgdZ|jblyilbg _kdbfbh~AZflf j jhklZe gdb

:Zah\uiheh  glbhkke ~h\Zglbhwog kdddhckl¥ZlZeebq kdlghhgzZklbp
ij_"klZz\eykkh[udgl_j_keynmg”"Zf_glZebgiylmdeZ*gb&kke "h\Zybc
hkljh\dh\@iolZeebq_kdbghlbaahehlk j [jZ _ehqgguiolZeetilbg_kdb _
k\hcklI\lzij_~_eyxllleyz\guh[jZahifezafhgZfb. dhee_dlb\gdhle [Zgbyfb
k\h[h*"gwe _dljhdHighkbl_eolgdghhklh\Z2ha[m ~_pgdZzafhgfh\ _[[ulv
kilbfmebjh\Zghbg_ kdkhfaemq_ gl _fhagbdgh\ gbathgzZgKh\ki_dljZo
ihlehs ghjZkk _ygbwZzZjzdl jdedZkkb\gltiolZegh)b kh\iz” gkdklhlu
\ugm *"Zxsbhemq kkhykl\ gglz&lhlieezafhgz

>eybkke "h\ZklhmmdImijukljh\dh\uezghdkihevah\Zgehkwcf ITh”
hij ~ e gBEwf _jhh nhjf hkljh\dH\ IZeeE Ih*"gZa\ZgguemdImZpbhggh
iheyjbaZpbhdigtdghkdhibiltal\heblep_gblkl_i_ghilbg_kdHEgbahljhibb
ihlJehs glblyZamxsieagdgZghqgZzZkkbypazZgdkmenhjfhcj ~eh” ggfudh”
yley Iy jZajmrZxdbifhal\heyhij_ ~ eydgbahljhigXklbfgh]hf_gvrbo
"ebguhegahg”bjmxsbdbmq. EbhFh  I[[ulvbkihevamM&wybzZ]ghklbdb
oZjZdl_jbagpdikljmdidpg kil _i_gbjhoh\ZIlhilb joghkDjhflh]hhg
fh™ _lfulvj_Zebahkihdhsvxklzg~Zjldwbbq_kdblgkljmf_glh\

NemdImZjpdkik ygghlilh]ehszgghldemq_prb9ymhij_~ eylvikkkdbfb
iZjzZf_ljzikzdqgbkehkljh\dhhiz*"ZxshohdnmekngZbok _q_gbyZlkk _ydby
ihlehs_gkyyazZggkfdaf_jzhkljh\dfahljhigdwklZ\ey}siZynilbq_kdhc
Zgbahljhibbkigh\dk\yaZgghonhjfzfpZgbahljhilgizkiZ\ey3ysZy

gbahljhigazhklZ\eyxsiyjehs_gbhvkpbeebjngZlqZklhlbaf_g_gby
iheyjbazZpKp "g agZq_ddahljhigh\dheZ?ZhihjpbhgZeqbkemZklb)yp
nhdZevgwifg, Zhldehg _Bbbg ]JhjhihjpbhgZedMglgagbkedgZklblj ~g_
agZg_dlhbahljhighdprz2ghekj ~ghldehg _klg ]JhZzd ijhihjpbhgZevgh
dhjgbagbkegZklbp

| jbhrfh"meypb&dbahljhigh]iZzdb ZgbahljhighBhehs gHwm”™ |
oZjZd!l_jbah\W\fl¥kyg ifhoh ~ qilyyghfZkklhyghjy~rdzZf 1j¥lgZ?keb
wlihj _fyim~» alzf _Idhgvri_jbh EdhlhjuiffhbkohNfthhPrmeyphgyjbaZzplbb
kbl]gZeilhjh ~zZ_fibahljhigh&Zgbahljhigh&lZ\eyxshib "mEZag_k_igu
gZklhlzf
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ljb ghjfZevghd® _ghb]ehs_ghbaemq _igbhpa\hevgheyjbazZpbhbgh
\ujZabkv g _qgilhyehs gihyiheyjbazZpbbmqg \gdheleZ\ghdk weebikhb"Z
dhlhjuffh™ _I[ulvijb[eb zgghoZjzZzdl jbahhhgigyZghgZklhpwZebaZpby
ij_"eh  _gghbgpbihcglib"meypbhbehs_ gilhya\heykjZamp gbdy ~gxx
Zkbff_ljbxkljh\dhi hlghr_glngl gkb\glkklyZeZgZklh\jZs gleyngh
ih\_joghldio\_IgbahljhigudeXdbgl_gkb\glkbklyzeZgzklhk\yaZgdghc
fh meypiheyjbaZ(@opbahljhiydelX”

ljhf_"mlhgqguj ameviZlwebihemq_dwkljh\dh\ue_gdlgzZljbw
\Zdmmfbjh\zZzipgdhtk kZinbjh\uhlWgzfizaebgdhesbgunl_1_jfbg_kdh]h
jZkiue_glbgaf_j dgai_dljbohilbg_kdebdlghkkdihfhsvxki_dljhnhlhf_Ijz
KN56. | _j\Zyie_gdgZiueyedAkV g _gtbb fbgmIHklIZevgliuebihemq_ gu
Ahiue_ghjfru”msiec gdbl5 "B fbgmkj_fy*hiue_glanybjZehlizdglh[u
fZdkbfmthulbg_ kdiletlghkbZoh”"bedpRvrghtebg\hegk bkihevam \fuf
jZ[hl_ihemijh\h~rgbdre\aid _jl852g9). G_[hevrtkf_s_gbibdh\m~zZ\Zehkyv
mkljZghgl&]j \kix\ _lgZd qdijbl _fi_ jZImgZiue dbyqg gbBfbgml

Hkgh\ghcamevlIZlj_amevlZ[hlJuebihemqg_memdImZpbkggadlju
ihlJehs glbkljh\dh\ikeco ghgZljbyjh\_~ dfjZ[hlddbki_ dljlik]eZ b\Zgb _
ihkj ~"g _&mzZqg_dmxrZe gbkhdhZfieblmhgflhp Ihemqg _gdpb\uohjhrh
hibku\zZxlk¥kij ~ e _gbZimkk@dhih”MI\_j"~Z 1l hjhxLzZd , hlghr_gb_
Zfieblmhemqgbejkgufijbf jgh55-2,1.. hlghr_gbhemhkgZklbkgphklZ\beh
1:3, glh]h\hjbh kbevglZgbahljhigpbDklbgzZljbylh f_j jhklZie_ gdh[_
khklZz\eyxgEbbgZ@2Z2mdImZpblhideXybazZpbhmyZegbgb\Zebkyv

M>B21.382

K?LQ:LUG:GHKLIJMDLMJBJH<:GKU?JB:EU
G:HKGH<RP?L.:EEHHDKB>KfGH=HMJH<G?<HC
B?J:JOB?CHJ
B?2=jZq_\Z
(KZgdlL |l _j[mjlkdhkEm~ZjkI\_wgudljhl_ogbag gdd\b ¢k,bE W L)B
GZmqguaedh\h~bl-¢eérm-f.g,ijhn_kkkj:. Fhrgbdh\
(KZgdlL |l _j[mjlkdhkEm~ZjkI\_wegudljhl_ogbagq gdd\b ¢k,bE W L) B

<ihke_ "gh?ugZghfzZl jbkewgbdZevgkhhcklI\Zkha”Zkkgh\hey
kha*Zgjhyhjhgh\h]ihdhe dmykljhckRaebqgmhlgdpbhgZepnZgehdhg _gby
>eygZghwe dljthghbdpik "klZ\eylxlogheh]bqijKdduihemq_ d&bygZluo
gZghkljmdImjbjhtiadigwdlkinijz\ey fufbhkijhba\h*bfugfaf jZihj
;hevrZighsZ/iw\ _joghKhb lfulvwnn_dlbb&khhevah\dg&mijh\h*gbdh\uo
]Zah\kogkhjZo

P _evxgZklhys j&Z[hlu yleyehlZa\blbfh® evgui¢p_ "klZ\e gibfc
h[jzah\Zgihemijh\h*gbdigMigphkljmdImjbjh\KZ glggZduloeh _\ ahelv_ev
ijhp_kk&dobkihevah\Zgm\hdh”® _ebjb jZajzZ[hld _ogheh]bqg_jkdbgbc
ihemq_gbZahqgm\kl\bl_ ekvgluolk [he_ \ukhdhd¢zZahgm\kl\bl_evdghklvx
k e dlb\ghklvx

< jZ[hl_ ijh\h*bebkwkke_"h\Zgblyjnheh]bb]Zahgm\kl\bl_evguo
ihemijh\h*"gbdhyb&lugZghdhfihadbZhkghtbhdkhbdvreh\ZbhdkdyZfgby
Wdki_jbf_glzfeMghhZlhfgkhkbeh\HbdjhkdhilbKF) mklZgh\eqgh _I\b
kK_lqgzZlkojmdlmj "klZ\eykh[h€ZljbpmbhdkbdjZ fgbk\dexqg_ggufh_ _
dijbklZeeblZhhdkbR&h\djh\h*ysbkly]b\Zxslhcjdheypbhgdeazkl gjz
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k_lqZlkhigmdInmjjZam iJkkh” j"Z&b® [he 50%. AgZq_ojh]Zhl _dZgby
aZ\bkbImkeh\blogl_B4j "~ \k_Jhljzaf_jmjzdlZzevgip ]1ZIhbhdkb"Z
heh\Bow\hexplblol _i_glZikmebjh\zZgdhidbbdjf fgby

lj _~klZ\e jgmmevIZKi-bkke ~h\Zdghg kkhhjfbjh\Zgbbw\hexpbb
njzdlZevddb dlh\dexgdwlZiu_j _ohhizdlZevg@p ]ZlheZ[bjbglgh _
k _ IgZlukljmdimj« j_"bf_nZah\h]hhgljZkI\Z «tapping mode» \i_j\u _
aZj_]bkljbjhvwgdjobq_kbokl fa_ j lgozZjzdl_jgufbjh\g_ \ufijizaf_ jZfb
ihj(\iehlvwhl0gf. <deZWldjuluohjgbarbb_jZjobqg_kdjhdg kgzaf_jZfb
f g 10 gf hp_gb\ZékWh~hfi_ieh\he_khj[pbtahl¥ jZzfdZdh”_ebWL
H[{gZjm , ghhhkgh\ghdezZ\ kmffZjgmZa\blmehsZ™ghkyd jZjobqg_kdb _
mjh\ghthldjuluoihj k jZaf_jZfbgZoh”ysbfb&Zij_ " eZfEAgZeblbqg_kdbo
\hafh 'ghkkZlbfgkbeh\hizdjhkdhibb

<uyle,ghnh\\_" ghZlZeblbq MdZddbdkb b by*\modhfihg_glgmx
kbkl_fgzhkghYbhdkbhRe\h\iZdj fgbpjhe_q fgZihjy*hm\_ebgb®fyZlg_gby
gm\ki\bl_evghhd&hbijh\h~"gbddhAgbkljmdIimjbjhkBgllbkklZgZ\eb\Zxsbf
1Zzagf Zz]_glA4fihk\yazghhklhfdhgp _gljZgbBohjZaf_ jguyd ih\ur_gb _f
kl_i_gith"meyplZaf_jhyh\h*"ysbdbZgZehaaZhajzZklZybdblyyghy [Z_\kdbo
h[eZklhfc "g_aglthwkbl epijy"zZ

J_amevizZlhlbkihevah\iZiguuiheg_ glthtkm~Zjkl\_gdlgl& &kl 399
h130.07.2009] ih gZijzZ\e_gddha~Zgbh[jZ[hldhfihabpbhgyuy@fbq_kdbo
fZ1_jbZe@009-2011]hMNy]lhkm~Zjkl\_dblg)hZ &l B634)/8712 h12.03.2009]. ih
ijh]jzff «<MF.GBD», Z1Zd 1ijb ih""_j d<Pl «JZa\blgZmqgghih gpbZez
\ukr_oadhey2009-20101h" ", N_~ _jZevghlhglkINZ h[jZzah\Zglhhkkbckdhc
N_~ jZpihb_dA1.2/2696.

M > [B41.128:66.074

G?LJ:>BPBHGGUWYB>UKUJVXD:Q?KL<?

GHKBL?E?X.L:EBA:LHJH<
.G =jbrbdKZgdl |l _jmjlkdhem~Zjkl\ _ Ilggpwheh]bqgblgdbllml
(I _ogbqg_kuapla\ _jkpIl _I
GZmqguaedh\h~bl-EBv. G_nz”~h\Z
(KZgdlLIl_j[mjlkdbhkm~ZjkI\_lggpwcheh]bqblgd&bllml
(I _ogbq_kddgle\ jkil _|I

K _jgZdbkehlrbjhdhbkihevam)\lkphba\h”*klibg_ jZevgmdh[j_gbc
djZzkbl ,e\agu\gqZluos_ klb *"jm]bobfbqg_kdpbm"mdlIhN*gbfbahkgh\guo
gZijZ\e_gbogbq_kdZj\blblk jghdbkehlghpma\h klyXey IkKyharZgb _
gh\uyo[he_wnn_dlb\gllZebazlZjhdAd  mkh\ _jr_gkl\h\kZgé_ kl\mxsbo
dhglzdliddé&

<gZr_€ljZggZbl[herbjhdhijbf g gbZrelk jghdbkehdg@uZebazZlhju
kf _ rZzgghlbizfzZjdbK<> Hgbkh”_j " 2Zlzgz~bc\ukr_ckl_i_gbdbke_, gby
s _ehqgguijhfhlhjub ijbjhrguahkbl-%ebvZIhfblk gzZklhys\] fyi_j_~
ijhba\h~bl_eyZlpz~b \thkglZdlghtkkuK<> klhblg_kdhewvwdhv_\ub
wdheh]bq ikheo.f<hi_j\u0jZkrbj ghkujv_\H&Zaw bamqg_gafh ghklb
azZf_dubjh~rghphkbl-%ebyZlhfbgZim]bbrukujvyh\IhjuokdZ ~ufh~hf
klZgh\blkyhsmlbfg h[oh”bfimklvebaZghlkebqgddoh”h\

P_eviZ[hlu "eym\ _ebq_dbg_qgklci_gig_\jZs _gbywhdkbRZjub
ijhba\h~bl_evdhiglEZdlgauiozjzlhZajzZ[hldmlkh\_jr_gkl\h\ZgddebaZlhj
Zdlb\gdzdh[eZkVbkhdba@d\h[eZkglbadbofi_jZlmj
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;uedbamqpg2 khh[jZamgkikleewvah\X gy kbhkbl alyglZzdldhkku
K<>fbdjhdj_fg_a_ifte _\b~rgtjthebdZIlghljdh?Zhp _kkiZe dljhl_jfbg_kdh]h
ijhba\h~kldg fgblh dj_fgb_\keezZ\hH~rgbfaij_bfms_kMh]hzZI_jbzZeZz
yley lkinwklhygkl\Hhobfbq_kdkhklZ\g@Z hij_~_e_gghiba\h”~klkjb
j_lezf _glbjml fagbg_kdbeh\bhwd "dzéhkl2bzZzlhfbfiz" If gylvRy _
\ij_~ _eBodbghfhklhjh ™~ .gby

Fbdjhdj_fg_ wllifue_ \b"gkbebdzZldzlk jbdezdlbqg_lkdhzklI\hjbAuc
\h*bdbkehlZokhdZlyki_jkghklyfhklhcdhXl2xd gbadkh”_j ZdhOs,
iha\hebigb]Jghabjh\@Wlafh ghk]taf g gblydjhdj fg_a dZqg_kbhkbl_ ey
ijbijhba\h”kd\ZlZebazZlbjEK <>

uedzZkkfhlj \dafh ghlgiZklbgdredheghazf gguhkbl-%hyZlhfbdzZ
fbdjhdj_fg aihfhqgugh*mdjhba\h”r"kd{Zfgby

<k _ijb]lhlh\e_ggaiZlZebaZzZlhfjez*"ZAukhdhZdIb\ghklVvxrbjhdhf
bgl_j\Zle fi_jzlnkKe ~nmhilf_Iblglhbkihevah\EgbbdZIlgHphAdZqg_ kI\_
ghkbl_iébp\heyw[hclbkvahihegbl_ evighflhibjh\Zglblyeyfim[b* by aby
Ihk\b rbfhfriukhdZylZeblbqg ZkdbyghklilvglZdIgE& ki [mkeh\eglgazd b f
kh~ j"Zgbhdkb”"Zexfbgb¥ 1Zd" gZebqgb\ fkbebdZIgZfi_jbZeghkbl_ey
kh_"bg_ glzee,bygZljby fZ]JgbyhdZaulZxsihgbfhlbjmxs \ha”_ ckl\@pZ
k_jghdbkehdglZebaZhku[_ g\ghfeZkgbadbofi_ jZIlmj

< oh”_ijh\_" ggubkke ~h\ZgbtZehkibgl abjh\zZd¥lZebaZlhju
0ZjZdl_jbamx$sbkikghzedlb\ghkhvxbjhdhbgl_j\zZé_fi_jZIliQg=55%,
Qg53=85%), gqlh h[mkeh\emgbdZevebffbq_kdkhklZ\hfmevIib*bki_jkghc
ihjbklhicljmdIimph&\ghf_jguZkij_ "~ e gdib\ghlihfihg_ghAgmlj_gg_c
ih\_joghlalbjgZz

Ke_~h\zl,akghh ghlgiZklbqdredheghaxzf_ gwbZlhfbgZ jm]hd"u
kujvyj_~klz\ey\lkwfiZjki_dlIb\ghkcihkh[kI\m rl gbmlbebazy@dbh”h\

M > [538.9+538.958

KI?DLJ:EVGHXFBG?KP?GLGWKXHCKL<DHFIE?DKH<
H;J:AH<:GGUB>GHBF?GGEGHIY@?GGUFRHETe
D<:GLH<UFBHQD:FBBFHE?”DME:FB

L?LJI:KMEVNHNL:EHPB:GBG:
F.K=m[Zgh&Z FZkehx G <bgh]jZz~h\Z
GZmgguaedh\h”~bl-dlg, kgk:.H Hjeh\Z

lhemijh\h*"gbdhXghdjbkl,Ze\@wglh\uhgdD ) h[ez*Zkfl_j_kguib
mgbdZevglkYbckI\ZfbeZ]h*"Zwnn_dljdaf_jghljdh\Zglh\Zgkiy dljZevgu _
k\hckl\@\Zglh\dbg_&zZ\bkwl bo~bzf_ljZzZdbh[jZahff_gyyZaf_|jb
obfbg_ kdkih&l,ZARh "ghihemqgbd¥ghdjbklZleiedljbaemq, dbyhjue_ " 2Z\
rbjhdhie[eZkrebghedl[eb g BD*"hMNKms_klI\ godhd gghldiwzxglh\uo
lhg_d\eyxlkho\ukhdayhwlhklhcdhWwikhdbd\Zglh\doohexfbg_kp_glpbb
[hevrhahwnnbpbhlelhs dbyjhdhici_dljZeviglhecZklb

D\Zglh\uhgddh]mlh[jZah\u\Zkfie_ _dkuhj]Zgbqg_kdfthfdd_dmeZfb
gZijbf_jk I _IjZibjjhevgudfib_"bg_gbWlbhj]Zgbq_kidbe dméagez"Zxl
\ukhdhenn_dib\ghklgxjZpkblgle Ighlkehjh?iZekh\f_klIbdvhcklDADb
| ljZibjjhevgukh "bg,ghbc bkihevah\zZllZxdb_dhfie _dku dzZq_kI\_
nhlhk _gkb[bebazZlhjhwlh ihal\heblagZgbl_ eviphukblvwnn_dlb\ghklv
nhilh~"bgzZfbqg IkgAcbhhZdZN>) < ihke_ ~g" kylbe VbwlhfgZijZ\e gbb
\_"mlkygl_gkb\buke "h\Zgdhy
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<"N"Zgghd[hlbkke_"m\dkpfh”~_ckf\bAmh~"ghbf_gadjy _ggubh
CdTe b fhe_dmeZfbjZkmevnhnlZehplbKNPgZ evy\leyehkkke ~h\Zgb
mkeh\bbjfbjh\Zgthgfie dKkDELKNPb bamq_@gboZgbafihy_~Zagbg_j]bb
nhih\ha[m "\ gmbldhfie_ dkbD\LgZhe dni&nN.P

< kemqB[jZzah\Zglhyfie dKkbBLLKNP\gmljwhfie_dkZihegyxIkk _
mkeh\bgywnn dlb\gh]hghkZg j]lkbDL("hghwg _ j)bdZfhe dmlekniNP
(Zdp_ilwg_j)obf_ozZgbdfrauaemqZl_jevadiglhgkigh]lghwg _jlG-RET).
| _j_ghkvg_jlbbhe _d&khijh\h *"ZIlvjkkya]lhjZgbexfbg_kp_gzhlp ilhjx
Imr_gbekfbg_kp_dpohjz

Bkke_"h\adgbhnbabq Khled&kf kDLbLKNRjh\h*behdkhj[pbhggh
exfbg_kp_glglufihr"zZfbreydhgljheyilbqg_kdib\dickIDLb LKNP\ kf_kb
bkihevah\zZj&kkvhjudzZdLIZd LKNFRjbl_o _mkeh\lwdki_jbf. @ljAf_
Ihlhijh\h~"belbkef_ j_ gblyg |badbimozegdipg_ kp_dplbh KNRjZklI\hjZo

;uebihemqg_d&e ~mxsph amevlZdukf _kbDL b LKNP\ s _ehqglbc
keZ[hdbkekic”_gZ[ex"Z_|k¥alhjZglexfbg_kp_gpbbNP b Imr_gb_
exfbg _kp_gphbVNIhhrghagZioggH\ _j ~"ZgFebgb j ghkwZg jjbd DLd
LKNPBaf_j gldbg IbdEImoZghfybg kp_gpPhbhdzZazZghh\j fy baghb
exfbg_kp_gpbbkf_klg_azZ\bkbldhgp_gljZfhteb drbENPb khhl\_TklI\m_|
\j_f_gbbagexfbg_kp_glp\hhhrgbdd WIhk\b” | _evkIhmhfl glhlmr_gb_
exfbg kp_ oplbibkms_ kl\eyihlkylbq kdhfo@gbafmkf kbxfbg kpbjmxl
lhevdi\h[h*gDlL Zexfbg_kp_gpbk\yaZgdudhfie &k KNPiheghklvx
ihimr_.glz. ijhbkoh”blljZah\Zdhfie dkALKNP\ dhlhjulokms _kl\ey |ky
i_j_ghkg_jlbbf_oZgbd&R&T. Baf_j_gblydZazZgbhwnn_dIb\ghkjvghkZzZ
wg _ jltkbDLgZfhe dmEKNP\ s _ehqgghg "khklzZ\be@4, Z\ keZ[hdbkehf
jZklI\h#0.15.

<jZ[hlij_"~eh _g~_edhfie_dkhh[jZzalh\zZydhy'ghbf_ gty _ggufb
DLbhj]Zgbg_kdihhébdmeZdBebaaZ\bkbfhikdgb_gkb\gkekFfibg_kp_ dplhb
dhgp_ogljZfhtkeb dbh KNP kf_kbhdZadkjhr_dzZq_kI\_dkdtl\_ TkI¥b ~m
wdki_jbf_glZe¢tgdgubdh”_ evx

lhemq_g9pZ[hl*"Zggk\b” | evklIhfi{ljZzah\Zdbhbie dIKhALKNPR
hgZebgbbj_ghkZg_jlbdbh f_oZgbdaRET. Wnn_dIb\gwkihv]h_j_ _ghKdeZzZ
hp g glZd#0% \ s_ehqghZkl\hj WIh? _eZ IZdm>Xbkl_fimhl_gpbZevgh
i_jki_dIb\gheybkihevah\AghyL Ij_bfms_kldhfie_dkbhah”~ghbf_ggh
azZjy _gdudfhe_ _dmhekjz\g_ ghkakhfie dkBfxzaghbf_agdhy gogudklbp
aZdexqZzZ\ lkfyglh gbdlkmlkl\lkndHevgih[ mazf_Iglhmr_glexfbg_kp_gpbb
Zdp_ilhjlhwlhfm gboklZgh\blky*h[ghkke "~h\EZleZgbafu aZdlb\Zpbb
exfbg_kp_gpbdbhjdhgdmjbjmxisb j_ghkmfg_jlbbbhp_gb\Abe ZWlIbo
ijhp_kkhW[s_Imr_ghbexfbg_kp_gphdhjZ ohr**"Zevg_ cnbadki_jbf _glh\
ieZgbjm _iljlypa\_kbikke _~h\Adbdhnbabq_kdbckI\dhfie_dkbEL KN P\
ieZafdjh\b
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