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azZ™Zq

JZ[hluluihegy faZq_hbgZgkbjh\dghjyy "ki\jzglz

111 JZajzZ[hldaAa]hlh\e_¢dbkiulzghjhlhlbizhrghdhhjrbgzigH]WIh]BiZz
MICROMEGAS kdhg\_jl_jHk

< GZmegwtiki_jbf_glfewlg® _edhfie_ _dkz dljhf_IjhGWHDB ;32 EGN
balhlh\ébkiulzighlhlbh~rghdhhj”rbg2lglh]hl Hpd MCROMEGAS kdhg\ _jl_jhf
V<badZj[bfBEjZ«KgZexfbgb_hhev]_
1.1.11> | _dlhfbdjhf_]Zk

> | _dIiFjpdjhf_]J@EKROMEshGAseousStructure b e Micromegas be MM-”~ | _dlhj
ij_~eh  gdauCharpakbl. Giomataris[l], ij _~klZ\ekh[hcetkkdhZjZee evigazlqlxd
\u” e _ggubblhgbaZpbhdgufkbebl evarzéahjzZfjiza”r ezgguigdh& Idhb
ij_"klZ\egA bK.1.1.1

Drift Cathode

Metallic mesh

Pillars

Read-out
electrodes

JbK.1.1.1 Ko _fZ_ | _dIZRbdjhf_]Zk

LbibggZy I|hesbgZ bhgbazZpbhggh]lh azZahjz ijZRkIEYygpxsZAy -
Aj_cnh\uf dzZlbtth Cathod b k _IdMetallic Micromesh khklzZ\ey | - ff ijb ~j_cr
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ihe_ gZijy zgghklvx hdheh < kf Mkbebl_evguc aZahj hluqgl

fdf ij_~klzZ\ey_ | kh[hc jzZkklhygb _MetalicmMidcorhddhc b Zgh~hf
iehkdhklv dhlhjh]lh jzZa”_e_gkljpZu ihellbkdjbjmxsbo we Rebdoodth\
electrodes GZijy zgghklv we_dljbqgq_kdh]h ihey \ mkbebl_evghf aZahj
h[ _ki_gb\Z | \lThjbggmx we _dljhggmx bhfidAZpBkxZkhExsme ih gZijZ'
Zghm >ey ihemq_gby ih \k_c¢c iehsZ”~b ~ | _dlhjZ \ukhdhc h”gh
g _h[oh”bfzZz h~ghjh~rghklv we _dljbg_kdh]h ihey \ mkbebl_evghf
hrbgzdh\uf azahjhf h[_ki_qgqb\zZ_fuf ghimegygj j¥gzZzdh\ufb ih
bahebjmxsbfb klh eiltbedeZZ pZ Phlars).

AY
1 kV/ecm

,‘Mesh

0000000000000 .
B
o

Anode structure

+ V ‘V_J_

JbK.1.1.2.1jbgpbjz[hla | _dIFEdjhf_]Zk

ljbgpbi jZz[hlu ~_| _dlhjZ idpkgy |kyljhoh”ysb_ q_j _a bhgbaZphb
A l_dlhjz \ukhdhwg_j] _IbgukdhgZz ¢gktkibpimlb ijhba\h”yl bhgba.
H[jZah\Z\rb_ky \ j_amevlZl_g_kdhevdbo Zdlh\ bhgbazZpbb bhgu *
ANj_enmxl d k_Id_ ;ezZ]lh”Zjy hq_gv [hevrhc jZagbpu \ gZijy zgghklb
b mkbebl_evguf azZahjzgbklivh&jddb ~ey we_dljhgh\ khklzZ\ey |
mkbebl_evghf aZahj_ azZ kqgzl hqg_gv \ukhdhc gZijy zgghklb il
ijbh[j_1Zxl wg_jl]bx “~hklZlhggmx ”"ey \lhjbgghc bhgbaZpbb fhe ¢
\lhjbggu_ we_dljhgu mkdhjyyjlbhwh~"yZdd bhgbaZpbb WIihl ijhp_
gZjZklZxsmx ih gZijZ\e_gbx d Zgh”m we_dljhggmx eZ\bgm Iheg2Z
A"hklb]zZz | [hewe dljhghazBazjzklZgby we _dljhgghc eZ\bgu ih f_j
Zgh™m [hevrZy gqZklv we_dljhgh\ b bhgh\ h[jZzamxlky \[ebab Zgh
"hklb]zxl Zzgh~Z Z bhgzZf ijboh”blky ijhoh”blv ijZdlbg_kdb \_kv mk
"hklb]lgmlv k_ldb qg_f h[tykgy_Ilky ~hfbgbjmxsbc hdheh \de?Z
kbl]gZez >ey eZ\bgu h[jZzah\Zgghc h~”gbf Zdlhf bhgbazZpbb
hrghwe dljhgguc j_"bf ~ebl_evghklv kb]JgZeZ hij_~_ey |ky \j_f ¢
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hdheh gk < dezZkkbg_kdbo ]Zah\uo *_I|_dIHjZo /brh_dZbl"dZ@hdhl
kbff _Ijbggh jZa”_e_gu fgh]lhijh\hehqguf Zgh”~hf ba hq_gv lhgdbo
Zgh~gmx iehkdhklv eZ\bgZ we_dljhgh\ b bhgh\ h[jZanr htky dheb
klj _fbl_evgh]h m\_ebqg_gby gZijy zgghklb ihey \ke_~kl\b_ \lhjbggh
bhgu "j_cnmy d dZlh*m h[jZamx| h[tzfguc aZjy® dhlhjuc bkdz"
bkdzZablv b hklZzgh\blv jZ[hlm ~_1 _dlhjZz < hl&bgb¥ Ihldinljizoo FFHdghi
jZkklhygb -dzdh”™ a”~_ kv bhgbaZpbhgguc aZahj b \j fy ~j _cnZ bhgh
ithey 1Zdh\Z qlh eZ\bgZ g_ h[jZam _|Iky b bkdexqZ _ Iky \hafh ghklv
bkdZ Zxs_]h ~j_cnh\h_ ihe_ dhlh\acl Zignahggmx kihkh[ghklv *
themq_gby ijhkljZzgkl\_ggh]h jZaj_r_gby Zgh”gZy iehkdhkikljAiar_e
bahebjh\Zggu_ ~jm] hl ~jm]Z dhlhju_ y\eyxlky kqgblu\Zxsbfb we_
balhlz\eb\zZxl k rzZ]hf fdf qglh iha\lhey_| ihemqgblv kh[kI\_ggh_
jZaj_r_gb_ "~ _I_dlhjzZz hdheh fdf
HrgZdh iehkdb_ kgzlgbdb mya\bfu d bkdjh\uf jZajyr"zZf ?keb
ij_~ e Jbll_jz \ azZ\bkbfhklb hl ]Zah\hc kf_kb’aZjwe ftaljhighlv
ijhbkoh”bl jZza\blb_ kljbf_jZ azZ dhlhjuf ke_~m_1I bkdjh\hc jZajy® \
Fbdjhf ]Zk mkbebl _evguc aZahj dhlhjuo ij_"klZ\ey | kh[hc iehkc
bhgbazpby fh _I J[ulv \ualzZgZz gZijbf_j ijhoh ™~ _gb_f d_4%eadg
bhgbazZpbhgguc ijhf_"mlhd ~ _| _dlhjz < j _Zevghc wdkiemZIlZpbb
DZ ~uc bkdjh\hc jZzajy” ijb\h”~bl d g_jZ[hlhkihkh[ghklb ~ | _dlhjzZ FI
fk glh ijb\h~bl d h]jZgbg_gbx fZdkbfZevghc j_]bkljbda ffhre ighl
ijhlhgh\ >ey kfy]l]g_gby wlh]h wnn_dlZ b ih\ur_gby aZ]jmahggh:
kKi_pbZevgmx ~“\mokehcgmx kljmdIimjm kqgblu\Zxsbo welb&ki.h2B\ i
khklhysmx ba #ZightZ]lh we dljh*Z \uiheg _ggh]h bakHdbfjmnzZ% Ze kg
khijhlb\e_gb_f b \lhjh]h we_dIljh*Z ij_"klZ\eyxs_]h kh[hc kgblu
kgblu\Zxsbo kljbih\ hl*_ezgguo hl Zgh~Z baheylhjhf

Mesh support
pillars

Readout strips / Fine mesh
Resistive coating

I Hl Insulator
_D_ .................................... _D_

JbK.1.13.Ko_f@klp\hhdjZajy~Zfl_dIFBEdjhf_]Zk

<ukhdhhfguc fZl _jbZe ZaphNzZkihhog¥gblv \ mkbebl _evghf aZahj_
fZzl _jbZe we _dljbg_kdh_ ihe_ \ukhdhc gZijy zgghklb b bkdexqgbl
bkdjh\h]lh jZzajy”®"Z gZ jZ[hIm \k_]h ~_|_dlhjZz ehdZebamy _]h \eby¢
bkdjh\h]h jZzajy®"Z hllebgb_ hl ijh\h~ys ]h fZIl _jbZez jZajy Z_Ilky e
\ukhdh\hevigh]h we_dljh~Z "~h g_kdhevdbo ff \ ITh \J_fy dzd ih
hklzZzlky Zdlb\ghc Kehc k f_~gufb kgblu\Zxsbfb kljbizfb hl*_ezg hl
b j_"gZagZq_g "ey k[hjZz bg”mpbjh\Zggh]h kb]JgZezZ kljbizfb
h[jZzah\Zgby we_dljhgghc eZ\bgu gZ \ukhdh\hevighf Zgh”~_ Kb]gZi
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gZ khhI\_IklI\mxsbc kljbim mkbebl_ev < gZklhys__ \j_fy [hefvr]Zdk q
\uihegy_Iky ih wihc ko_f_ > | _dlhju Fbdjhf_]Zk oZjZdl_jbamxlky
jZaj_r_gb_f ~h fdf b \ukhdhc aZ]jmahqghc kihkh[ghklvx < dh
Al _dlhj_ h[sbc ihlhd j_]bkljbjm_fuo aZjy _gguo qZKibpklhfhzg
\_jhylghklvx gZeh  _gby kb]JgZeh\ pz\hafhh g kkjllyfb kgblu\Zxs ¢ we _
< wdki_jbf_gl_&203%$6 > @ ~_|_dlhju Fbdjhf_]Zk mki_rgh jZ[hlZxI
gZklbp \ k_dmg”m gZ ifhsZ”b \ kf

G_"hklzldhf Fbdjhf_]1Zk yl\ey Iky fzZezy Zfielalin*q _]Jkb]lgZenn)\
bkihevah\zZgb_ ki_pbZevghc fZehrmfys_c¢ kgqblu\Zxs_c we_dljhgbdhb
yley |ky [he__ \ukhdh_ qg_f \ deZkkbq_kdbo ]Zah\uo ~_1_dlhjZo
dhlihjh_Ij_[m_I [hevr__ dhebqg_kl\h dZgZeh\ kgblu\Zgby gZ h”"bgzd

>ey Ih]lh qglh[u ]Zah\uc ~_1_dlhj Fbdjhf_]Zk fh] bkihevah\Zz
g_cljhgh\ _]h Ij_[m_Ilky ~hihegblv dhg\_jlhjhf g _cljhgh\ \ aZjy
A |l _dlhjZ m~h[gh \uihegblv ba Zexfbgb \h]h ebklZ ihdjdiBuk ke
gZg_kzgghlh gZ \gmlj_ggxx ih\_joghklv dZlh~*Z AZo\ZI% higbpilhjng
jZkiZz™ \ha[m *zggM|® wYZaZjy  _ggu_ qZklbpuZ&dblpan bliZxesd _ ky \
ijhib\hiheh gu_ klhjhgu h”gZ ba dhlhjuo ihiz~Z | \ bhgbaZpbhgt
gZklbpu \ bhgbazZpbhgghf aZahj_ kihkh[gu bhgbah\ZIlv [hevrh_ dhe
"h Swe _dljhgh\ i_j\bgghc bhgbaZpbb
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JbK.11.4.HkghtZ | _dIMWEdjhf_]Zk

lhwlhfm ij_~ihezZ]Z_Iky qlh ey j_]bkljZpbb wlbo gZklbp ~hkl
mkbe_gb_ hdheh b ke_"h\Zl_evgh hlghkbl_evgh g_J[hevrZy
ihey hij ~ ey fzZy gZijy _gb_f \ mkbebl bevghhHf azragdj\u_ Ijijhp_
\azZzbfh” _ckl\b_ nhlhgh\ b aZjy gguo gZklbp dhkfbg_kdh]h baemqg
f gvrmx bhgbazZpbx ij_"~ihez]Z |ky qglh ~“he gu [ulv ih~"Z\e _gu i
we_dljhgbdb Lh _klv “he 'gu hlkmlkl\h\Ziv dhlghdu_ fhgjekbibpu \u:
dhebqg_kl\h we_dljhgh\ i_j\bgghc bhgbaZpbb [hevr_ qg_f gZklbpu
"he 'gZ hlkmlklI\h\zZlv \hafh ghklv \hagbdgh\_gby bkdjh\h]h jzZzajy”®
gZklbpu jzZkitzéBlbc bqzZklbpz "\b]zZylgbazZpbhgghf ijhf_"mlid_ h
ijhkljzgkl\_gguc 1j_d ba we_dljhgh\ i_j\bgghc bhgbaZpbhb m C
hij_ ~ e gby f_klzZ aZo\ZlZ g _cljhgZ beb ijhkljZzgkl\_ggh_ jZaj_r_
A l_dlhjh\ g_cljhgh\ Fbdjhf_]Zk \hafh gub ipthgbfa govbhggh]lh aZahjZ
bkihevah\zZgby fbgbfZevgh]h ~j_cnh\h]h ijhf_"mldZ dhlhjuc fh  _I |

JbK.1.15. > | dIRpdjhf_]kfkgylhigurdhc
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l[jb wihtihebq_kideh dljhgh\bggcbhgbaBpb” algZgbl_enwfglgvrZigky
ex[hfkemq[”™ AhklZIhdqehym\_j ggh¢bkljzpllbljgZevgapulbdtlilbfZevgh _
j_r_gbm” hlij_ "~ ekydhgd) lgufb[h\Zgbyfbh dlihgkgblu\Zxswe dljhgbdb
lj _[mijlhfgubkiulZgbc
1.1.1.2Ba]lhlh\e _ighlhlbiznh*ghdhhjrbgZigh]dlhjzbdjhf_]Zk

DzZd ihdZaZdt gZ hkgh\hc ~ | _dlhjzZz y\ey I|ky f 1Zeebqg_kdZy
"\mokehcgZy kljmdIimjzZz khklhysZy ba \ukhdhhfgh]h Zgh”Z b kqgb
fZehfm fdf jZkklhygbx fc b mgh~idfh dhgkljmdpby A _|_dlhjZ \uihe
ijbf_gy_ fufb \ fbdjhwe dljhgtbkd  GZijb\_~ gZ nhlh]jZnby hkgh\u
Fbdjhf_]1Zk Qlh[u g_ aZiueblv k_Idm kljmdImjZ Fbdjhf_]JzZk jzZaf_s
bf xszZy jZzaf_j hadhehf azZdjulZ ihebbfbrghc iezgdhc Hkgh\zZ ~ | _d
ljzokehcgh]lh kl_dehl_dklheblzZ k ijbf_g_gb_f | _ogheh]bb ba]hlh\
\gmlj_gg_]h kehy khklhys ]Jh ba f_~ghc nhev]b knhjfbjh\Z&hjbihkq

rbjbghc ff k rZ]hf ff GZ \ _jog_f keh_\f_klh f_~ghc nhev]b g
j_abklb\guc kehc ba ZefzZahih”h[gh]h m]e_ _jh”*"Z y\eyxsbcky Zgh?”
jZa™ _e_gu keh_ _f | _dklheblZz ff lnesbghc Gb gbc kehc ba f_~gl

lhdhijh\h~ysbo "hjh" _d kh_"bgyxsbo kgblu\Zxsb_ kljbiu k jZatzfhf
dhglzZdlh\ ij_"gZagZq_ggh]lh 7ey ih”dexq_gby we_dljhgbdZ n
we _dljbg_kdbo kb]JgZeh\ j ]bkljbjmxsbo \hagbdZxsb_ gZ Zgh”gZlh
kljbizo Qbkeh kljbih\ khhI\_IklI\m_1 abkem d&hdhz2dfhnhhlheblh]jZn
ijbf_g_gb_f iezghqggh]h nhlhj_abklZ gZg_kzggh]l]h gZ Zgh”guc Kk
knhjfbjh\Zgu ibeeZju azZ"Zxsb_ j-AkktygdbukBghtbeezZjh\mkHhhe skl
nhlihj_abklZ b khklZ\beZ fdf >_1 _dlhj kh kgylhdb&kjurdhc Djkjinfl
A | _dlhjz \uiheg_g ba Zexfbgby b ij _"klZ\ey | kh[hc dhgkljmdpbx |
k[hjdb kljmdImju Fbdjhf_]Zk Rgmj ba \blhgjdf nijgih dlgjgm&dhkih[_bo
]_jf_Ibabjm_I1 \gmlj_ggbc h[tzf ~"_|I_dlhjz \f_kl_ kh kljmdImjhc Fbd]j
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JbK.116. > | _dIRpdjhf_] ikpbnjh\ gZewgécdljhgbdhc

[

lh "bZ]lhgZeb jZzaf_s_gu [ukljhktzfgue Zikbbhd\NmkhNm[dm ff "ey
jZ[hg_c ]Zah\hc kf_kvx >\Z \ukhdh\hevlguo jZatzfZ 1ij_"gZag.
\ukhdh\hevigh]lh gzZijy  #kbyd&zbhikZigityYr DZIh” ba Zexfbgb_\h]h ebk
jZaf_j o] ff b lTlhesbgm ff ki ihajdig[b”rzZz [hjZ % K ijbdj_i
jZaf _szggu_ ih m]eZf ebklZ bahebjmxsb_ijhdezrdb azZ”"Zxsb_ jZkk
dzlh~rzZ ~h k_Idb kljmdImju Fbdjhf_]JZk Ihdjulb_ ba dzZj[b”Z [hjZ
h[jZs_gh d kljmdIimj_ kbd3&bk]Zz ihdzazg ~_1_dlhj Fbdjhf_]Zk
djurdhc k hdghf o ff gZ klhcd_ \ k[hj_ k pbnjh\hc ihdZgZevghc v
gZ "_j Zl_e_ >ey ijh\_"~_gby bkiulZgbedfdigegZgbd Zy lg@ fZ kgblu\zZghb
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JbK.117. Kbkl _fdgzfbq_kkf]h ghgah\

>eyho\ZIghevr_gm\kl\bl _evghsZ"b h*bgZgzZet "bg_phu~\Zjy~hf
jZkiheh _gd&kujiZzLZdbh[jZzahtZ] j_]bkljZpkbzgh\blky ff b ho\Zlu\zZ_|
gm\kl\bl_ewgen&KI8/8ff GZbkl.1l.1.7ihdZaXxpkl_fbgzZfbqg_kkih]h gh¥ah)\
bkihevameZkharZgEyhq kf_kBZaMDO%Ar KOz jZ[hlZxsA¥Zijh"mYey
Al _dimFEdjhf_1KRbkl_hkgh\gdgZZ\mmijZ\ey fubmeylhjjzzko h’ZadJ=1jb
ihrzZdqz\e_ddifgAoh®Zz " *hPpRll=gAuohNhemqgZzZ kifkykkhhl\_TkI\mx>&szZfif
ijhlihd]Zah\ _j_ JJ=
1.1.13BkiulzgbhphlhlbizhrghdhhjrbgzZigh]dlhjZzbdjhf_]Zk

Bkiulzgighlhlbd®" | _dlhjfbdjhf_Jdk\h*"belmkdZaEGNHBYB ihf_s_gbyo
119 dhjimkiZ _"gZagZq gapyd[hlkjZ "bhzZdlb\gukbhggbddfluihegyebley
A | _dIhFBdjhf_JRR\mfyZjbZglzZtbesbwgkehghg\ jl 9% K 200 gf b1000 gf k
bkihevah\zgb[HjZIhjghkRbhqgd Z1jh ?Cf \uoh®W’ g gz ] dhlhjuc
mklzZzgzZ\ebyZeklyj ~kl\igjghaf_ j _gbyfbZklbdha¥d_"ebl_ev

>ey kgylby kqgzlghc ozZjzdl_jbklbdb hij_~_e_gby jZ[hg_]h ¢
Zfieblm~guo ki_dljh\ kh[bjZeky baf_jbl_evguc 1jzdl khklihysbZkb
kblJgZeu kh kljbih\ dhlhjh]h kh_~bg_gu \ h"bg kb]JgZevguc dZgZe b
"7 (0 &3$(1 azjy*hgm\kl\bl_evghihhpikjhe Bl _ey -#Xrh&kikh\kdhc nh
jZajZ[hlZg \ GWHDEKGB;J pbnjh\h]h fgh]l]hdZgZevgMQCQA-ZgZebadDlhjZ
< dzq_kI\_ jZ[hg_]lh ]ZaZ bkihevah\ZeRkv ki_khlhqgghf
j_"bf_kh kdhjhklvx ih~Zgb ]JZah\hc kf_kb kf fbg < I1_q_gb_ qZk
\uihegyezZkv ijh~m\dz ~_1_dlhjz k wlhc ~_ kdhjhklvx

> | _dilRbdjhf JEKesbghitg\ jl @ Zj[b[AjZB4K200gf <u[hjZ[hg c
lhgdB ZbK.1.18 ij _~klZ\e ZguebIm~d&u_dljuaz\bkbfhkldzijy  _giby Z g thy
kqzlgd¥jzdl_jbkibddh_gagzyohkghhjbwdkihal8pbk ,dhklZIhgyewyZ[hjZ
gzldhkh_dlj2eywlk_q_gmydbkihevah\ihghygZmjh\@0 f< GAk_dfieblm”guo

20

IH 'SD&$




ki_dljXorgubdbkhhlI\_TkiI\mxsd jlbyZklbpjZamxkhijb\azbfh”_ck[IhpDb
10kg_cljhgzWwdleblb(6,84 Fw<b.-qZklb(p47 Fw<
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Jbk1.1.18. > | _dIhfbdjhf_]Jxkihesbghthg\ jl_jZgf :fieblmAguki_dlju
aZ\bkbfhikiidhzZijy gty Zghnkqzlg@gjzdl_jbklbdz

| hki_dljAb~rghlglhijbmklZgh\e ihhghf20 f<\dezZil]zZffZnhgx\yaZggkh]h
bklhggbdhfcljhgPtCf, gZqbgZjhy\leylvkjp gZijy _ghiblZgbjhe <
M\_ebq _@dijy _glbywe _ <~Zzjl _adbhbkkqgzligbZjzdl_jbkkdghZgkiukklhf
]ZffzZnhgdzZaf_s_gbbgph\wlhjzbhzesbghéef i _j_ A | _dlhjihffh]Zmf _gvrz |
]ZffzZnhgohlyjbwlhfZzd mf _gvrZ ikkhwd cljhgh)\
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JbK.1.19. :fiebImArgki_dIjke55\ az\bkbfhikipZijy  githyZgby
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JbK.1.110. :fiebImAgki_dlijjbgZijy’ _ghdZgh50 < Wdkihal5pangk d
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Jbk1.1.111 > | _dItHbdjhf_]ZKhesbghihg\ jl 14 gf :fiebIimrgki_dlju
aZ\bkbfhikigpzZijy  gihyZglykqzlg@gjzdl _jbklbdz

>eydZeb[jh\dwg _j]_Ibg_kahihhgki_dljZevgoudjZzdl_jbkbtkdhevah\Ze
bklhqgghdfzbaemqg hghhyrdw<bahlke55 | jbf gyeh\vfywdkihahpbhk dh
JbK.1.19\b rglylhjbgZijy _o8db<]zffzbaemqg hdgde559g j_ ]Jbkljbjm _AKYy Igh
ijhyley MMbaemq_igbgZijy _ghmlphe 665 < WlihagzZgglhijbgZijy _gbb
iblzg®$0 < j_]bkljZpdycljhgg¥XgbgzZ kikyg_jllhbe 10 dwL Zdbli[jZzaHlueZ
\u[jZgZ[hqZlyqd\B50 < >eyihemq_¢heg qgzldhZfiebIm~ghilhdljgZdhie_gb
j_1bkljZpgpbcljhghlbkltpgb &ZLf \uihegyeklndkihabp&0sk .dG Z)bK.1.1.10
ijb\_"zihemq_gdtdiceblm~gkicdljihdhlhjhf\brghglhreyhlk_q_dByfznhgz
fh ghul[jZlmjh\_¢gbkdjbfbgzZih4ZzZfieblmrgtdZmgZghikhhl\_IkI3®0 dw<

> |_dIRpdjhf ]Klbhesbgltg\ jl bj@Zj[bfhAj2BsK1000gf <u[hjZ[hqg_c
lhgdie ZbK.1.111ij _~klZ\e ZguebIm~d&u_dljuazZ\bkbfhkldzijy gibyZgby
bkgzlgd¥jzd!l_jbkib&gh_ggZyohkghlijbwdkihalB3bk .dc>eyhlk_q_gmyZz
|Zd  bkihevah\ZgkygZmjh\@0 f< G2Ak_&fieblm~gaodljZeZ[\brgubdb
khhi\_IklI\mxwsh_ jlbygZklbgblp(0,84 Fw<b .-qZkl§p47 Fw< ;hevrZhheshsy
dhg\_jl_kdzakegznhjf_zZfiebIm~rgkihdljZx dhlhjhWwg_j]_Ibq_ikddbklZeb
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jZafuluftke _~klv\ ebqg ~dlewzZklibpue |Zxsbahg\_jl\jZ[hgdZahlhju_
[hevrmgZklwg_j]bbjyxN lhesbgkehghg\_jl_@Z fm]hjezaez[[Ze_hkljud_f
[hevrbemliwzZklbpjhoh”~Blkehdhg\ _jl_pa ff gvrZzgzZzklwg_jlJAhb” _ey \ky
jZ[hg JZaHKkh[_gghn_dH]ehs_gwg_j]bbhesbgkehghg\_jl k&Zau\Z"Eky
gZklbjpzae |Zxsbodfgm[bgithg\_jl_if*hkljufbm]ezZfbih\_joghkdbg\_jl_jZ
dhlhjukon\_ebq_¢ibedbgkiZgh\blkgvr Wlhjb\h~ bdlhfmglhwg_j] _Ibqg ikdb _
jZaful\ZxIKy klhjhgfZeuowg j]lble gZdezZ”u\ZxdKy}Zffznhg GZqZklhlghc
oZjZdl_jbkgbdZ[ex"Z illkkgdZkawlthkeh gWwulhjjZ[hqg lbgqdbhgzZijy _gbx
iblzgtyhbkhdilbfZevgm]lih\gywkdjbfbgzZihgdieblm~gaif dljzf

> | ditFfbdjhf JZKhesbghdchg\ jl HAdZj[b NAH]jZB,K200 gf Ijh\ jdZ
ihabpbhgagimtkl\bl evgh&XlibK.1.1.12ihdZadgdhf_s_ghb ebmklZgh\e_igght
Al _dlhjBf ebalhlh\eba@agdbklZz "fdhesbgd &f

JbK.1.112 JZaf_s_gbe \hWwWjzgz ~ |

Bkihevah\Zk2kv ggizygkljmdhklhystzas e cbjbgh& ff kjzkklhygb 1
f “AmgbflR0 ff IhkdhevgmkIi\bl_ewdZgklv 64 ff, Ih\ p_glgm\kl\bl_evgt
ihdZgZewde@kPB,8ff \hafh ghklZgh\@dvwhrgsm evhnhlh]jZnbibk.1.1.12
\bAghlylnp_ghivlhk[eZkibklZgh\éjZgZy ev
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- x?/ ndf 5.375/ 11
B Prob 0.9117
50 B Constant 34.93+£255
I~ Mean 15.94 £ 0.55
B Sigma 6.379 + 1.007
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JbK.1.113 Thabpbhgghdhie ighlhlbihf | dIHEdjhf_]g@kcljhghbklhggbd?z
Cf\ihebwlbe gdmif o ff ff s _eb8ff dzZ fby

GZJbkllli13ihdZafgamevliBdZgZevgtdhie_&igglyZ Jbkljbjm_frulo
bklhgqgddCf g_cljhgh\ey hij_~ e gibhyabpbhggdqm\ki\bl_evghjkllthlbiz
hr"ghdhhj*bgztgh]dlhFbdjhf_]Zkey] ]JbkljZpbbkihevah\ZjZak¥[hlZg\gZy
GWHDK 32 EGNKbkl_83ZdzZgZevghjBee_ evigihZgZdhie kblygZedirZ]hf
09 ff \k_ ]88 ff BaJbk1l.1.1.13 \b~rghglhg_cljhgujhr_~rb _kd\haw_ev
j_1bkljbjmxhky "3 dZgZle&@2 dZgzZeW\_J1I2 dZgZehXkij_~_eglhie_gby
dzZgzelzff HhehdhgZagmhjfm[ebadnmxZmkkh\kiingbke dlbjy ~ ebgbh
p_glijboh”blgA6 dZgZBhemrbjbjdZAg&4 dZgZgkhkhhl\_|klI\m_b ff
rbjbg s_ebRbjhdhhkgh\ZgbdhehdheZBEkmlkl\ihedh \_jog_aZklk\yazZgu
\_jhylgk[hevrbfbzaf_jzfdbzf_ "eblijey'klZ\eyxskhiihcjhly zgguklhqggbd
azZf_"e_gdhd_ieh\usadhjhklgc cljhghjZkiheh  _ggu¢ _"s_evx;eZ]lh"Zjy
ijhly zggykZzaf_jdbfklhqgbg g sa evjhgbdzgl cljhgh™m]ezflebadbdb f
g_fbh[tykgy_nhlhyfzZgZdhie_gbkegZ]bkljbjm_fguaeljhgle_[hevrZkbff_ljby
©dhehdhkéeyazZiggZebqghllHjhs _eljZzkiheh _glghc\G@Zebgb”eh dbhlhjZly
dhebqg_ KlI\wkljZpfblgvr\2 jZak\yaZgbkihevah\zZgtdZ§ kidjZgHls evx
dz~rfbpz~fbg y\ey |Efjkhexlgobevljhzaz” j b\BbltvZkly cljhgb\jhf_
lh]hkdZau\Zbkkhevah\yglbk b\Zxg_cljhgid_dehl_dklheblg¥HghezZlu
dZqg_khkghVekljmdIimFbdjhf_]Zk
1.1.14<u\h”u

J_ameviZdike _"h\ZgjhdhlbiZzh~ghdhhj*bgzZIghllhdlhjEbdjhf_]Zk
dhg\_jl_fR&Kih~I\_jrbébafh ghkdalhlh\e _gfhwkghdhgkljmdpbojhf_]Zk
ANl _dlihgZcljhgh)
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GWHDIBKJI2 EGN jZfdZmkke _~h\zZI_eMKdAtfuijh_dlihl_f_3JZajzZ[hddZz
kharzdgdh\j f _ggwdki_jbf_glZewl@yplhklhqggbdlikmevkgbkehihklhyggh]h
Ibiz"\ khhI\_lklI\bbbmgdIHfl.l leZzgZnbd@ Zajz[hldZ]hlh\e_lgbkiulZgb _
ijhihlbih~rghdhhjrbgzZtgh]dIhjZiZMICROMEGAS k dhg\_jl_jH& \uiheg_gu
ke "mxgB[hlu

l.JZajzZ[hladghkljmdlhjkReéAy,nf_glzZighyhlbizhrghdhhj*bgzfgh]klhjz
| ieh\u@_cljhghBiZMICROMEGAS k dhg\_jl_jA¢ < khklz\g _jlzh[s_]hb~Z
1Z[Zjblgacjlzk[hjhggqcjlzihykgbl ewa@ZlykdZz

2. Balhlh\e_ighlhlbi h~rghdhhj*bgzZIghlhdlhjEZ ieh\uog_cljhgh\biZz
MICROMEGAS kdhg\_jl_jlhd Zj[bTEjZ <K

3.<uiheg_Bbuliulzghhwlhlbah~*ghdhhj*bg2Zigh]hlhHjdeh\ugp cljhglb\iz
MICROMEGAS kdhg\_jl_jlhdZj[bfBEjZ<Klhesbghcgfbl0 f

Ihj amevIdlKkulzgbhe gk _eZZle_ "mxdb\h”u

ihM\_j "~ _gkXhafh ghkllkalhlh\e _githyabpbhgghklI\bl_evgud_dlhjh\
g_cljhghzhkghX | _dInEdjhf_]Zk

gZihemqg_g@ticebImA~rgkiodljZodhg\_jl_jh&adZj[bNhjZ°<xK lhesbghc

gf \bArguibdbkhhI\_IlklI\mxgbdkbfZevowd jlbyfZklbpeblby ] _ebijb

gZijy _gbb<\]Zah\kc "80%CF4/2 KaH1g;

mjh\_gbkdjbfbgZtejjkehz\hg\ jl i@ Zj[b1BjZ2<K[he 500gfke_~m _|
hklZz\eybkwdbf_dzd”"ekehy gf Witke_"nbglZzkkfhlj_dbgmq_ggdliebim~guo
ki_dh\kdhg\_jl_jlhfesbgh@ gf Gzi_dljAbrghglhijbgZijy _gbb<b <
ibdbkhh!I\_IkI\mxsbdkbfZevaigc j]bdZzklbeblby Fw<b ] _ebl-gzZkhbp

Fw<kf_sZxIRyjZzZ\hb\uoh”*wldj_~_ eu jogh&fiebIim” glizogZeljb wih@yZ
gZklhlgmzjzd!l_jbkiMedkehghg\_jl_jZ gf ohlyp g _gZ[ex"Z _ilkkgdgh\b”™_g
i _j_]bfjhklzozjzdl_jbklipblyZijy _gbb< WIh _gZijy _gbzZjzdl_jghjb
jZkkfhlj_gdpbklhlgbZjzdl_jbklbekehy gf dhlhjh\u[jZgldZddilbfZevgh_
gZijy _gbeyzZ[hl& _|_dInHEdjhf_]Dk_xsbdzlhkdhg\_jl_jilnfesbghcgf

ijbf_g_gbkl _dehl_dklhebhhk\ditt\ujZzkk _b\Zxsgccljhgu\ klIjmdIimj_
Fbdjhf_ ]Jy\ley Ikyghxdjbgbbukhdigccljhgghé¢eh ddzZ[ex”Z YhredZgZevgh
j_]bkljZpphbcljhghfhoh”"yskd\havev

"eymemqr_oE¥dl_jbkiIbd _dlhgZcljhghgZhkgh\Ebdjhf_]J@gk h[oh”~bfh
azZf _gblpZ"bpbhgogihevam KhmdImkmdjhf 4k hkgh\i_gZlgheZluba
kl_dehl_dklhgegNjan]bdhgkljmdpdbhjurhe guugZqbl_efvghvr jZkk_b\Zlv
g_cljhgu

kha"Zdgbl dlhgZcljhgg¥hkghWVbdjhf_JXkkhdhenn_dib\gkkyaZgh
ihkljh_gbfgh]l]hkehcgb&l_ fbag_kdhevidike "h\ZI|_pAlgiheh _gdiymlaZz
Aimlh4t _|_dlihjRbdjhf_JEKZIh~hithdjulutkeh _dhg\_jl AdZj[bNA|jZ2' <K
lhesbgihdheh gf <hafh 'ghkha”*"zZgbghTh I_dlimzbjz_Myha”*Z &bjmdImju
Fbdjhf_JkkzZbf_gvA_ebgbgBkk_b\Zgboljhgh\

Ilhemqg_gguamevitaghklihhl\_TkI\mxXl1.1 leZzgZjZnbdZ[hN\ jZfdZo
bkiheg bbyazl emMkKkh]eZr gbQ7510-2025153 hi05 b x g 2025 ]
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112 JZajZ[hldza]lhlh\e_dbbkiulZgb\ukhdhhlhgghlthgblhjgh]khgzlgbdZz
| ieh\ug_cljhgk\Wdhg\ jl jHkgZZexfbgb_ \hhev]bhdgZfbaZzexfbgb_ \hc
nhev]b

< GZmagglki_jbf_glZevghf hi*_e_  dhfie_dkzZ ki_dljhf-1jJI BRGNSV
bal]hlhl\e_g b bkiulZzg \ukhdhihlhgguc fhgblhjguc kqgzlgbd | _ieh\uo
V< gz Zexfbgb \hc nhev]_2ehithgib\lba nhev]b

Ex[hc bklhggbd g _cljhgh\ h[ez”~Z | ihklhyggufb nemdIimZpbyf
g_cljhgh\ ~zZ" '\ hlghkbl_evgh g [hevrbo \] f gguo ~bZiZahgZo
baf_j_gbc gZ klzZgpbyo g_cljhggh]h jZkk_ygby g_h[oA"bé&md\mZpl
bgl _gkb\ghklb bklhggbdzZ g_cljhgh\ gzZ ijhly" _gbb \k_]h wdki_|
ijbf _gyxlky imqgdh\u_ fkgblglhdb g _cljhggh]lh imgdz

<ukhdh ihlhglggbllgpy  kqgzlgbdb I _ieh\uo g_cljhgh\ mklZgZ\eb\Zxl
imgdZ | _ieh\wdjhgh\ bkoh”"ysbo hl | _ZdlhjZz ij_"gZagZqg_gu 7
bkke ~h\Zl _evkdbo kbkl_fZo k \ukhdhc iehlghklvx ihlhdZ g°®adjkgg
Lkf? Bhe gu khhI\_IkI\h\Zlv ke_~mxsbf Ij_[h\Zgbyf

1) fZdkbfZevgh_ ijhimkdKlgBhhe'lgh Imu ih]lJehs_gh beb j#kdkbfiZgdvgh _
dhebqg_kjhroh*ysbo kd\hav ghgblhgh\

2) hilbfZevgéZnyn _dlb\ghkldv_klv kehc dhg\ _jl _jZ g _cljhgh\ "he” _g [t
"ey h[_ki_g_gby \ukhdhc ijhajZgghklb fhgblmjzk &l gqqg cfl jihg hi e glhg
gZ”z ghc j_]bkljZpbb ihlhdZ g_cljhgh\

3)gbadZy gm\kl\bl_ewnglgkivodlhgqgbdZ b nhgm hdjm Zxs_c¢ kj_"u

4\ _jogbc mjhtbgwZfbghlhdbzizaZhghgblhjgh]l]h kqgzlgbdZ "“he’ _g |
fzdkbfzZevigdlc gkb\ghklb imqdZz

5 \ukhdhj_f _ggh_ jZaj_rklgbl\ IklI\mxs__ ihlhdm g_cFfoghkfihe
1.1.21Dhgkljmdpby fhgblhjgh]h kqzlgbdZ

Fhgblhjguc kqgzlgbd ij_"gZagZq_g "ey hij_~_e _gby ihlhdz
hij_ ~ e gb_f ~ebgu \hegu ih \j_f gb ijhezlZ2ZKly_ dhpd[lthglb kljiZpby
g_cljhgh\ hkgh\ZgzZ gZ j _Zdpbb \azbfh” _ckl\by ¢BcljhgZ k bahlhihf
JES%\ ®%U\ ®xA:svyiasE . EzuriaEOQ:vzriasOAEONAOPROARA

5580\ SxA:syyiasE . Esrsra; OAEONaODPRGORa o0&

< j_amevlZIZIAaZo\cljhgZ Y<jhfjZzam _|ky'ty~ph\ha[m ~zgghf khklh
J _amevlZlhf \ha[m *_gby y\ey Iky jZkizZ"» y"jZ'lgdHdeZ jyZagqguZxg B kKl
\ukhdhc wg_j]b_c b dw< beb b dw< jZ\gh\_jhylgh \ i
\ mlhe & QZklbpu ihizrZxsb_\ ]JZah\uc ijhf_"mlhd dzZf _ju bhghb
m\ _ebqg _gb f gZijy zgghklb ihey \[ebathqdbh/gkbc ijh\d<e kf ijhb
eZ\bghh[jZagZy bhgbazZpby jZ[hg_]h ]ZazZz |I_i_jv m _ mkdhj_ggufb
mkbe _gb_  J_]bkljZpby mkbe _ggh]lh JZah\uf mkbe_gb_f we _dljbg
Zgh~guo ijh\hehq_d kb]JgZebabfmgbwa&dIcijhgd kd\hav dzZf_jm

Fhgblhjguc kgzlgbd k dhg\_jl_{hf gRitewarh | IThgdhiezghggh |
dZj[b”Z [®Bu&R lhesbght gf b ij_~klZ\ey_ | kh[hc ]Zah\mx fgh]hijh\h
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khklhysmx ba ~\mo iehkdbo iZjZeggavmghdZiikihehjzZa” _ezggufb
jZkiheh  _gguo \ jy®» lThgdbo Zgh”~guo ijh\hehq_d

€ " [ 1 _L/2=8.0mm, S=2.0mm, d=0.02mm
ot 2 — Ly/2=1.5mm, $=1.0mm, d=0.02mm
= 00 13— 1,/2=2.0mm, $=2.0mm, d=0.02mm
0.03 AN
0.02 / N\
| ' \\‘ a)
0.01 EINN
o : I ,xjjl.f\’- ";J:jf'b RSSAEANNN ‘ |
-0.04 -0.02 0 0.02 0.04
X, cm
Jbk HleZklv eZ\bghh[jZzah\Zgby \hdjm] Zgh~ghc ijh\hehdb I

ihey d< kf "ey dzf_j k jZagufb ]_hf_Iljbqg_kdbdkliZgZZjlghfcbdZf ju
+"ey madhaZahjguo dzZf_j

AnoMunuebos gonkza AT 0,05x500 MOCT 618-73
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Jbk Dhgkljmdpby fhgblhjg-h g tkegtzdibtgZy k[hjdZijhnbev

[hdh\hctijhnbev \ jeglhagbc +dj iz guc m]lheehdmj miehlgbl _evgtc
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wdjZg+twdjZg ijbghc k hdghf +dj iz gu_ \bglwieZlZ mkbebl_
nhjfbjh\Zl_ewnblbg] \\h~Z b \u\h”Z jZ[hq_]h ]Zaz

JZkklhygb_f_"m Zgh”~hf b dzZlh~hf b \_ebqgbgZ gZijy _gby h
we_dljbg_kdh]h ihey \ dzZf_j_ [Ijb fmijZgvjh\dleh bz f_gvr_ ff \[e
\hajzklz_| gZijy zgghklv we_dljbg_kdh]h ihey dhlhjzZzy ~hklb]z_I »
\uaul\Z | ihyle _gb_ \lhjbgghc bhgbazZpbb ]ZaZz Mf_gvr_gb_ jZkklh)
aZahjz f_gvr_ fh aZkrbgy | h[eZklv gZijy zgghklb ihey [_e_ _
0ZjZd!l_jbklbdZ h[eZklb eZ\bghh[jZah\Zgby ijb gZijy _gbb < "Ney
ff ijbf_gy_fhc ijb mf_gvr_gbb aZahJBkihdZazgDg#Z ju k jZkklhygt
dZIh” gfvr _ ff gZaulZxlky madhaZahjgufb WIh k\yaZgh k ihy\e_
JZKij_~ e _gb_ we _dljbg_kdh]h ihey k~\b]Z_| h[eZklv eZ\bghh[jZah
hl Zgh~ghc ijh\hehdb aZzZ kqzl q_]h mf_gvrZ |Iky dhebq_kHRbhheakdn
jZ"bdZeh\ dhlhju_ m~Zeyxlky ijh*m\hf jZ[hg_]h ]ZaZ qlh iha\hey
A l_dlhjz

Wlh \Z gh ijb klj_fe_gbb ih\ukblv [ukljh”_ckl\b_ aZ kqgzl bkihev
gZijbf Gk b ~h[Z\e_gby ]ZaZ ba fgh]hf_jogkohfhlefndm&adn dhlhjt
dbg_Ibg_kdmx kdhjhklv we_dljhgh\ b bhghYGg.Zijbf_j bah[mlZg K

GZ Jbk ihndzazg q_jlz° fhgblhjghlh kqzlgbdz jzaf_jt

gm\kl\bl_evghc h[eZklvx 0 ff jZajzZ[hlZggh]lh gZ hkghDhjmald
fhgblhjZz \uiheg_g ba Zexfbgb_\h]h "\mlz\jz jzaf_jhf \ k_q_gbb o
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Jbk Dhgkljmdpd¥|ogtrgtk[hjdb fhgblhjgh]lhtRghhgzdZiez4d Z

dZlh” £nbdkZlhju

< dhjimk_ ihizZzjgh azZdj_ie_gu klZevgujh\Xkggjhpth ""hzZgbl|jz
gZly]lb\Zxsb_ Zgh”~gu_ ijh\hehgdb b dZlh”u ba nhev]b ijhlb\hihe
ijbdj _ie_gu d kl_j gyf >ey \uiheg _gby gZly gby kl_j gb jZkihe
dhlhju_ iha\lheyxl hkms_kl\eylv kf_s_gb_ kl_j g_cbigh_g¥yynbdgllkijh
ijb bo balhlh\e_gbb jZkkbaigpb J&Kh" ijb\_" gZlhdglgZy dhgkljm
:gh” knhjfbjh\Zg ba Zgh”guo ijh\hehqg_d ba \hevnjZfh\hc ahehqzgh
fdf jzZaf_szgghc k rzZ]hf \ ff \ 6&_mpddifeu gbyo h[jZah\Zgguo g.
kl _j°_gv f_"~ghc ijh\hehdb ~bzf I|jhf ff k ihdjulb_f ba baheyp
ijh\hehdZ bahebjh\ZgZ hl kl_j gy ihebbfb”rghc iezgdhc Dhgpu Zgh
iZcdb aZnbdkbjh\Zgu gZ ij_"ddgbl eggbd dj kl j gx Zgh”guo ieZldZo
nhev]b lhesbghc fdf ijbde__gu g_ihkj_~kI\_ggh gZ kl_j _gv lzd
dzf_jm \gmljb dhlhjhc gZ h”bgzZdh\hf jZkklhygbb ff hl dzZlh
30



ijh\hehgdb h[jZamxsb_ ZdghidmxGIEh fh gh \b"_Ilv Zgh”gu_ ij
Ijbdjulu_ dZlh”*ghc nhev]hc Nhev]Z h”gh]h ba dzZlh”h\ bf__1| Ihg
dZj[b"Z MBRR <oh”gu_ hdgZ fhgblhjZ balhlh\e_gu ba Zexfbgb_\hc r
ijbde__gghc d ijofnbfgvdjZzgm k \oh~guf hdghf o ff >\Z ijb’l
azZdju\zZxl \gmlj_ggbc h[tzf fhgblhjgh]h kgqzlgbdZ k h[_bo klhjhg =_
fhgblhjgh]h kgzlgbdZ hkms_kl\e _gZ k ihfhsvx \blhgh\h]h rgn
jZaf_szggh]h f_""m uffovidgZzghf b dhjimkhf Kb]JgZeu k dZ "hc Zgt
\u\h?ylky kd\hav "\mlZ\jh\uc dhjimk dnilejZbZh\rdAkbeo[]_¢fy Ibggh az”_
ijh\hehgdzfb >ey mf_gvr_gby we_dljhfZ]gblghc gzZz\h~db kem ZI
lhesbghc ff

OmBod 2za3oBou cmecu

fTodava zazebod cmecy

Yeuaumens-gpoprupobamens

Jbk Ko fZIbg_kdh_ bah[jZz  _gb_ fhgblhjgh]h kqzlgbdz I
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1.1.2.2Kbkl_fZ "bgZfbqg_kdh]h kf_r_gby ]JZah\

GZbk ihdZazgz kbkl_fZ ~"bgZfbg_kdh]h kf_r_gby ]JZah\
jZ[hg_c kf_kb ]zZz@h\ KiHip b jZ[hlZxsZy gZ ijh~m\ ~ey fhgblhjgh
Kbkl_fz \dexqzZ_I \ k_[y "\Z we_dljhgguo j_]meylhjZRZ kol Z:H#H)aZ
b "\Z ]Zah\uo j_"mdlhjZ Ijb ih~Zgq_ h”bgzZdh\h]lh ~Z\e_gby ZIf I
\uoh”~_ ihemqZ_Ilky kf_kv k h[sbf ijhlhdhf khhlI\_Ikl\mxsbf kmff_ ijl
dZ ~hf JP=y ijh~m\Z fhgblhjgh]h kqzlgbdZ ZegKkvmkd Ej&K\ex\ih~Zqgb
kf_kb ~h3® fbf
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Jbk Mkljhcki\h AbgZfbq_kdh]h kf_r_gby ]Zah\

1.1.231h"[hj khklZ\Z ]1Zah\@f: KAk b

>ey memqgr_gby kqgzlguo oZjzdl_jbklbd fhgblhjgh]h kgqzlgbdzZ [u
khklz\Z 1€4gZ[hq_c ]Zah\hCrRkEHkbbhgbam_fuf JZahf @keyZIiy]Zkys _
"h[Z\dhc ihgb Zxs_c | ieh\mx wg_j]bx we dljhgh\ ij_iyll
we_dljhhljbpzZl_evgWk |Zy\tefy |ky bahHnlZgiNgZdh _]1h baJulhd mi
dhgp_gljZzemax Ih _klv bhgbazZpbx Ih”[hj khklzZz\Z ]Zah\hc kf_kb \u
ihemrbjbgu ebgbb Zfieblm~gh]h-tkaeadl p2§dfi&g jlb_c dwk GZ
ijb\_~ gu Zfieblm~rgu_ ki_dlju ebgbbbaendwFeyihiZ2magq_ggu_ ijb jzZ
khhighr_gbyo khkCEVBi]ZBAf j gby \uihegyebkv ijb jZaf_ s>gbbhzZbk
ih\_joghklb \oh”gh]h hdgzZ fhgblhjgh]lh kgzlgbdZ b gZijy _gbb iblZ
gzldhc j_]bkljZpbb nhjfu ebglelmdZéflzy k wg_j]lb_c ddmv <@ Z 1 b k]g #Zmk
highr_gby ihemrbjbgu d ibdh\hc ZfieblmrFe ¢ejbdkbZ\e dwdbk gZ
\brgh qlh gZbf_gvr__ agZq_gb_ ~hklb]Z Ik gZ Kifp kbGZBahdgvr
agZq_gb_ wlhc \_ebqgbgu ihdzau\z_| qlh ijbZzahhfOokhkygBEy2ghh
gZbemqrbf h[jZzahf mf_gvrZ_ | dbg_Ibg_kdmx wg_j]Jbx we_dljhgh'
\ha[m ™~ _gHy K\uk\_gb\Zgb_f nhlhgZfb
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Charge Distribution
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Jbk Ko_fZ hij_~_e_gby \j_f_ggh]lh jZaj_r_gby fhgblhj

ljbgpbi hij_~ e _gby \j] _f _ggh]h jZaj_r_gby aZdexqZ _ |ky \ baf_j.
f_""m ijhoh"~_gb_f aZjy _gghc qgZklbpu kd\hav fhgblhjguc kqzlq
khfulby Ih _klv jZa[jhkzZ \j_f_gb f_""m bhgbazZpb_c jZ[hqg_lhjfzZlaZz
we dljbg_kdbf kb]JgZehf ihy\b\rbfky dzZd | _amevlZIl jZa\blby
\hagbdgh\ _gby gZ Zgh”guo ijh\hehqdZo azZjy~Zz j_]bkljbjm _fh
j_]bkljZpbb ijhoh ™ _gby aZjy _gghc gZklbpu

Baf _j gb_ \j_f ggh]lh jZaj_r_gbw fgpgdbjdB] hij ~ eyehkv i
bah[jZ zgghdbgZz Kh[jZgguc ih wlhc ko_f_ klJgR ijb\_"zd
Ij_"gZagZq_g ”"ey bkiulZzgby jZaebggh]lh 1IbizZz ]Zah\uo ~_I_dlhjl
dhg\_jl_jhf ba dzj[¥aK[hjZ
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Jbk Kl _g» ~ey bkiulZgby ~ | _dlhjh\ g_cljhghl<kkdhg\ _jl_jl

ljb ijh\_~ _gbb baf_j gbc bklhqgg®8r waeZdlépozo\guc \ aZsblguc c
[jhgau kh”_j"Ze dheebfzZlhj k "bzZf_Ijhf hI\_jklby ff b mklzZzgz\e
j_]Imebjm_fhcba _kWgph\uo ieZklbg Ilhesbghc ff bf_xs_c rbjbgm
bklhggbd¥®f [ueZ ihglb \iehlgmx ijbklZ\e _gZ d k_j_"bg_ \oh~gh]t
kgzlgbdz K ijhlb\hiheh ' ghc klhjhgu [ue jZaf_szg kpbglbeeypbhgg
iehkdh]hgkpbéeylhjZz b "\mo NWM ijb Zluo d Ihjpzf k\_Ih\h~h\ dhl
ijhlb\hiheh guo klhjhg kpbglbeeylhjZz >ey hlk_qg_gby jZkk_yg
kpbglbeeylhjhf [JueZ mklZgh\le_gZ j_ IJmebjm_fZy s _ev ba k\bgph\t
kh\f _szgd&«Ziy j\hc s_evx >ey ho\ZlZ \k_]h imgdZ we _dljhgh\ kb]gZe
\hkvfb h[t_~bgzgguo \f_kl_ Zgh~guo ijh\hehqg_d Kpbglbeeypbhgi
lhevdh | _ we _dljhgu h¥Ikidhggpwd Z kfhleb ijhclb kd\hav fhgblbhpagdt k
bhgbazZpbx \ ]Zah\hc dzf_j_ fhgblhjZz b ijhgbdgmlv \ kpbglbeeyl
ihke_"mxsbf \uk\_qgb\Zgb_f \ kpbgtikeeyZhjj_ ]bjlelhbjmxs_c we_dljh
hij_~ e _gby \j_f _gghlh jZaj_r_gbylbikb\_~ gZ gX ]bkljbwexsdAyhgbd
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\uiheg _gZ k ijbf_g_gb GAEN(WDE5,YX129(N, V792,N840,N1145N93B b kh” j bl
"N\Z g_aZ\bkbfuo dzZgZeZ mkbe_gby b nhjfbjh\Zgby bfimevkh\ ~¢
kh\iz» _gby NWM bkdexqZ_| eh ' gu_ nhgh\u_ kjZ[Zlul\Zgby J_]m
h[_ki_qgb\Z_| ihklmie_gb_ gZ \oh” baf_jbl_ey GAEN igg uwf Kigllg 4 'eZZe in
NWM Ihkdhevdm [ukljh”_ckl\b_ gZ ekpdd beeklitith KloktZ2yey | hdhel
'k _d lbibaf_j gbyo ij _~ihezZ]Zehkv qlh [ukljh® _ckl\b_ kpbglbeeypl
ij_\urZ_| Jukljh~_ckl\b_ ]ZahjzZzajy~gh]lh fhgblhjgh]h kqzlgbdz
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Jbk =bklh]jzffz \j_f_gghc g_klZ[bevghklb k'dbalgk kdhc
G Z2lb k ij_"klz\e_ g j_amevlZI|l baf_j gby nemdIimZpbb \j_°

hl fhgblhjgh]lh kgzlqbdZ ihemrbjbgZ dhlhjh]lh khklZ\ey | hdheh
"ebl _evghklb \j f ggh]h dZgZeZ [ueZ "“h[Z\e_ gZkablamd elbdZ\g @Ay .
Bkihevah\Zeky dZ[_ev k baf_j gghc &aBR_j dhc gkb\G¥ gZ ]bklh]
ihemq_ggZy k ijbf_g gb_f ebgbb az” _j 'db \ \b~_ dZ[_ey =bklh]jZz
Khhi\_IkI\_ggh \j_f ggh_ jZaj_r_gb zl§bglz Kjlykl]d\ ke h gk
Baf_jcftzjl\h]lh \j_f fggblhjgh]h kgqzlgbdZz

>ey baf_j gby ©fzjl\h]lh \j_f _gb? fhgblhjgh]l]h kqgzldbdZ ’bey!
bkiulzgby ~ | _dlhjh\ g_cljhgh\ k dhgk_ ijl_1kfZbea ggudblyZz k
we_dljhgbdh-ko[efzddhlhjhc ij_"klZb&k _gZ gZ
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Jbk WjZggZy aZibkv k aZihfbgZxs ]h hk@gbs£h@Zeruf DBdZa:z

kb]gZe k Zgh~Z gZ \oh”_ mkbebl_ey zlklehglhe kb \djazkygd cmikibebl
"ebl_evphkl*m kh[ulbyfb j ]bkljZpbb WS & jihgk hl+ gk

Fhgblhjguc kqzlgbd h[emqgZek$Srbkihikg@lydhhé gguf i_jodhfkjdpzlq
jZkdjulbb s_eff Kb]JgZeu kgbfZebkv k \dexqzgguo iZjZee_evgh Zg

Jb k ij_"klzZz\e_gZ wdjZggZy aZibkv k aZihfbgZxs_]h kik]mlZzeel
gZ \oh”_ “zeluf b \uoh”_ Jhem[hc b djZkibkc mkbelrgiMh Bfb
"ebl_evghklb [he__ gk mkbebl_ev jZa”_ey_| kb]JgZeu Kqzlguc

nhjfbjm _Iky dhfizjzlhjhf ih i_j_~g_fm njhglm kb]JgZeZ k mkbebl_e:
\j fya fhgblhjghlh kqzlgbdZ khklZ\eW_IlkI\gk | qlh]jkhatg tk K.

1.1.26 Baf_j _gb_ kqgzlghc oZjzdl_jbklbdb b \u[h]j jZ[hg_]h gZijy _gby

>ey \u[hjZ hilbfZevgh]h gZijy _gby iblZgby fhgblhjgh]h kqzlqgbd
gbkeZ hlkgzlh\ az k _ dmg” ijb baf_g _gbb gZijy _gby iblZgby
mklZgh\le _ggh]lh gZ jZkklhygbb kf hl ihebwlbe_gh\h]h din g hkhl]h]
jZaf_sZeky eZ[hjZlhjguc bklhqgd®t QuatHiphghk gz
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