o7/ /A8 |

inscrumants

H"ghwe f glgu_ ~*

KHE bgkljmf_glk ij_"ezZ]Z_1 ihegh_ k_f_ckl\h h*ghwe_f_glguo ~_|_dlhj
N h fdf <k_ ~ | dlhju Z 1Zzd " _ Zdk_kkmZju "ey bo ih”"dexqg_ghb)
hilbfbabjh\Zgu "ey ihemqg_gby fZdkbfZevgh]h kb]JgZeZ \ ki_dljhkdhibqg _
Fu ij_nez]z_f ~ | dlhju gZ [Za_ nhlhmfgh bl_e_c¢c b I\_j~hl _evguo nhl
hoez ~_gby k I|I_jfhwe_dljbg_kdbf hoez » ~glgbf b "'bhédBf Zahlhf "
\uiheg_gby kZfuo Ij_[h\Z]l_evguo ki_dljhkdhibg_kdbo ijbeh” _gbc ih *hk
ljb bkihevah\Zgbb h~ghwe_ f _glguo ~ _|_dlhjh\ \kZ ghaemlqh[gb_ k \uc
fhghojhfZlhjz ihiz*"Zeh gZ ijb_fgmx iehsZ”~dm nhlhijb_fgbdZ Fu ij_"eZ
b ebgah\u_ Z~Zil _ju bkihevah\Zgb_ dhlhjuo iha\hey | gZijZ\blv [_a i
baemqg_gb_fhghojhfZlhjZz gZ ijb_fgmx iehszZ”~dm ijb_fgbdZz
<k " | _dlhju bf_xI klzZzg”Zjlguc ijbkh_"bgbl_evguc neZg_p "ey dj_ie
s_eb ki_dljzevguo ijb[hjh\ ijhba\h”?"klI\Z ©KHE bgkljmf_glk?
>ey fZdkbfZevghc wnn_dlb\ghklb j ]bkljZpbb kb]JgZeh\ \ BD ~bZzZiZal

fhghojhfZlhju k k_j_[jyguf b ahehluf ihdjulb_f a_jdzZze Z Ilzd _ j_r_
ithdjulb_f
KHE bgkljmf_glk 1Zd _ ihklz\ey_| |Ij_odZgZevgubklkBrISSiH FVEB D

A"\modZgZevgu_ kbgojhggu_6B8KFMY Bb im]Imx we_dljhgbdm bkiheval
j_1bkljZpbb kb]JgZeh\ k hrghwe_f_glguo ~_1_dlhjh\

DjzZldh_ hibkZgb | ogbqg kdbo o0Z]

| Ki dlj ljb_fgz \
Fha_ev | >_I_dlIhj leglzjizzeavhgguCijeh_sZg’\dyZ HoeZ A gb_
N W 18 \
L +DPDPDWYV X gi L1 FRERLICICA Sl
N'W M | _jfhwe dljbq_Kdh_
G +DPDPDWVX gf [ T | horz A gew =
N W 8 \
JL A
$ +DPDPDWV X gf [ ff | [_ahoez " _gby
JL3 NWM \j “bf_
Iéq_IZ nhlhgh\ gf ‘ ff [_a hoez‘/\_gby
+DPDPDWV X
. dj_fgb_\uc ‘ ‘
6'$ njh—lthb;‘,\ gf ff | [_a hoeZ '~ _gby
* ,Q*D3$V . | _jfhwe _dljbq_kdh_
*$'87  7(] QDSV fdf it (ioas nab | B
. L Q$V6E , | _jfhwe _dljbqg_Kdh_
$6°S7 7(1 (hihAbha fdf ff I horz A gb. ~"| 2
. +J&GT7H 0&7 [ ff ho”rzZ ~ gb_ "b~dbf
0&T S, I T in e Zahihf Ah & 7
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> | _dlhj gZ [Za_ dj_fgb_\h]h nh6H%$bh" =L/ & ‘

instruments

Hlebgbl _evgu_hkh[_gghklb

X hilbfbabjh\Zg Ney JZ[hlu \
ki _dljZevghf ~bZiZahg_
ih\ur_ggZy klhcdhklv d MN baemq

X [hevrZy iehsZ”v nhlhijb_fgbdZ

x wdklj_fZevgh gbadh _ agZz
| fgh\h]h IhdZz

x \kljh_gguc ij_"mkbebl_ev
| j_dexgqZ fuf mkbe gb f

X rbjhdbc ~“bZiZahg j_]Jmebjh
gm\kli\bl _evghklb

x klzZzg”~Zjlguc ijbkh_"~bgbl_evguc
neZg p “ey dj_ie_gby d \uoh”ghc s _eb
ki _dljZzevguo ijb[hjh\ ijhba\h~klI\Z
©KHE bgkljmf_glk?2

6'$ + wlh dj_fgb _\uc 6L ~ | _dlhj k ij_"mkbebl_e f k i_
mkbe gb_f \ dhjimk_  [_a hoez » ~gby Q _luj_oihabpbhg
I _j_dexqZl_ev iha\hey | |hevah\ZI_ex baf gylv dhwnnbpb _

A h k rZ]hf < dZqg_kI\_ nhlhj_]bkljbxs_]h we_f _glZ
bkihevam _ |ky dj_fgb_\uc nhlh"bh?” N>MD ML JZajZ[hlZggl
| ogheh]bb nhlh?*bh” N>MD ML bf_ | wdkdh_ fZegHd gl

_fgh\h]h IThdzZ qlh ihalhey | bkihevaheZiv ~ iljbddhjfgZIlighc
| fi_jZIlmj_[_a hoeZ ™~ _gby

IbIZgb _]bkljZpby kb]JgZeh\ ~ | _dlhjZ ijhba\h”*blky k ih
]kaijBISHFWBDJhba\h"kI\Z ©KHE bgkljmf glk2a ihwlhfm
’\hlhegbl_evgh]h h[hjm~h\Zgby "ey jZ[hlu k 6'$ g_lj_[m_

62/ LQVWUXPHQWY /WG WHO ID][ VDOHV#VROLQVWU




50 |

instruments

> | _dlhj gZ [Za_ dj_fgb_\h]h nh6H$bh~

L ogbg_kdb_ 0Zjzdl jbkibdb

Lbi k_gkhjZz dj _fgb _ _\uc nhlh?blh?
k ih\ur_gghc gm\klI\bl_evghklvx
\ MN *bZiZahg_

Ki_dljZevguc jZ[hgbc "bZiZahg gf

>ebgZ \hegu fZdkbfmfZ ki_dljZegvghcgf
gm\kl\bl evghklb

JZaf_j nhlhgm\kl\bl_evghc iehsZ~db ff

Lbih\zZzy ki_dljZevgZy gm\kl\bl_elvghldv igh <I
iheh” _gbb i_j dexqzZl_ey gm\kl\pl_evghklb
© 2 "ebgZ \hegu gf

<uoh”gh_ gZijy _gb_SHDA SHDN f<
<uoh”rgh_ gZijy _gb_ k™\b]Jz \ I|fghlf< Ibi
FZdkbfZevguc \uoh~ghc kb]gZzZe <

lhehkz A: ijb iheh  _gbb i_j dexdZp ey
gm\kI\bl_evghklb © 2

J Imebjh\dZ dhwnnbpb_glZ mkbje gby
HoeZ ™~ _gb_

[ a hoez » gby

Lbih\Zy djb\Zy ki_dljZevghc gm\kI\bl

nhih*bh*"R>MDML

0.7 |
T

0.6
B ] !

05
< ///
]
504 g
% |
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;U.Z //
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0.1 // \\
00! -
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501 |

instruments

| dlhju gZ [Za_ NWM
a hoezZz » gby JL:JL:

>_
|

Hlebgbl _evgu_ hkh[ _gghklb

x ™M\_ fh~r_eb ~_I_dlhjh\ h[_ki_qb\Zxs
j_]bkljZpbx hilbg_kdh]h baemq_gby |
\b~rbfhf [eb ' g_f BD b \b”bfhf [eb g_f B
"bZiZahgZo

X j_]bkljZpby ij_~ evgh keZ[uo k\_I
ihlhdh\ [eZ]h”~Zjy ijbf_g _gbx \ dZqg_ &
nhlhijbzfgbdZ \ukhdhgm\klI\bl_evgh]h N
x dhjimk h[_ki_qb\Zxsbc hilbg_kd
we dljhfZ]gblgmx aZsbim NWM

X \kljh_gguc \ukhdh\heviguc bklhqg:¢
iblZgby NWM h[_ki_qgqb\Zxsbc [_ahiz
wdkiemzZlzZpbx »_|_dlhjh\

x \kljh_gguc ij_~“mkbebl_ev
x klzg”~Zjlguc ijbkh_~bgbl_evguc neZg_p
"ey dj_ie_gby d \uoh”ghc s _eb ki_dljZevguo
ijb[hjh\ ijhba\h”*"klI\Z ©KHE bgkljmf_ glk?

KHE bgkljmf_glk ij_"*eZ]z | "\_ fh”_eb g_hoezZ *"Z fuo "™_I|_
NWM k ZgZeh]h\uf \wWBomMB*hf *ey j _JbkljZpbb hilbg_kdh]h bat
\ ki_dljZevghf "bZiZahg _ gf bArEly: j _JbkljZpbb hilbg_k
baemqg _gby \ ki_dljZevghf *"bZizalgg H[_fh” _eb \uiheg gu
hA"bgZdh\hf dhjimk_ b bf_xI klZg”~Zjlguc ijbkh_"bgbl_evgl
dj _ie_gby d \uoh”ghc s_eb ki_dljZevguo bighihkh\Z i @KHE
bgkljmf_glk?2

>ey h[_bo fh”_e c iblZgb_ b j_]mebjh\dZ gm\kl\bl_evghk
i 1bkljzpby kb]gZeh\ ~ T _dlhjh\ ijhba\h~gViky kb kilh fh

i ]bkljZpBSHFWBDjhba\h"kI\Z OKHE bgkljmf_glk2 ihwlhfm
"hihegbl _evghlh h[hjmAh\Zgby ~ey jZ[hlu k ~ | _dlhjZfb g_ |

62/ LQVWUXPHQWY /WG WHO ID][ VDOHV#VROLQVWU




_dlhju gZ [Za_ NWM

N
a hoeZ ™ gby

HoezZ ™~ gb_

L ogbg _kdb_o0Zjzdl jbklbdb
Fh~r_ev ~ | _dlhjz JL: JL:
Fhr_ev NWM 5 +DPDPDWYVX 5 +DPDPDWYVX
Dhgnb]mjZpby NWM k [hdh\uf jZkiheh  |gk_[fhdh\uf jZkiheh" |
nhlhdzZlh~Z nhihdzlh~Zz
FZl_jbZe nhlhdzlh~Zz OXOWLDONDOL $J 2 &V
Ki_dljZevguc jZ[hgbc “bZiZahg# gf i gf
>ebgZ \hegu fZdkbfmfz f f
ki_dljzevghc gm\kl\bl_evghlklb N%M 9
JZaf_j nhihgm\kl\bl _evghc iehs[Zz~dtf [ ff
Lbih\Zy k\_Ih\Zy gm\kl\bl_eyghklay < Ef ijb o < Efijb
gZijy _gbb gZ NWM gZijy _gbb gZ NWM
L_fgh\h_ gZijy _gb_ f< fzZdk f< fzZzdk
FzdkbfzZevgh_ \uoh”~gh_ gZjjy _gb_ <
IlhehkZ ijhimkdZgby d=p d=p

[ _a hoez ™~ _gby

cnekTpanbHas YyBCTBUTENLHOCTL (hoTokaroaa, MA/BT
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instruments

LT




> | _dlhj gZ [Za_ NWM k |_jfhwe dii L
hoeZ ~ gb3f70

Hlebgbl evgu_ hkh[ _gghklb

X ki_dljZevguc "bZiZahg gqm\kl\bl_evghklb

X j_1bkljzpby ij_~_evgh keZ[uo k\_lh\uo ihl
[ez]lh”rZjy ijbf_g_gbx \ dzZg_kI\_ nhlhijbz
\ukhdhgm\kl\bl_evgh]h NWM

X wdklj_fZevgh gbadbc rmf [eZ]h*Zjy I}
hoezZ " _gbx nhlhdZlh"Z NWM

X dhjimk h[_ki_qgb\Zxsbc hilbg _kd
we _dljhfZ]gblgmx aZsblm NWM

X \kljh_gguc \ukhdh\hevliguc bklhggbd iblZg
h[_ki_qgqb\Zxsbc [_ahiZkgmx wdkiemZlZpbx "~ _|_
X \kljh_gguc ij_"mkbebl_ev

X klzg~Zjlguc ijbkh_"bgbl_evguc neZzZg_p
dj ie_gby d \uoh”~ghc s_eb ki_dljZevguo ijb
ijhba\h~"kI\Z ©KHE bgkljmf_glk?2

JLF + wlh ~ | _dlhj gZ [Za_ NWM k |_jfhwe_dljbg_kdbf hoez ~_gb_f
dhjimk _

<dzZq_kI\_nhlhgm\kI\bl_evgh]h we_f_glZ \ ~_| _dlhj_ bkihevam_Ilky nhlhj
+ ijhba\h”"kI\Z nbjfu +DPDPDWVX \dexqZxsbc \ukhdhgm\kl\bl_evguc

mfgh bl_ev NWM k [hdh\uf jZkiheh  _gb_f nhlhdzZlh”~"Z \kljh_gguc \ukhc
iblzgby b |_jfhwe_dljbg_kdbc hoez”bl_ev ¢§Z |[Zavlvwekfijbgm”*bl_ev
\ha“mrguf hoezZz ~ _gb_f Ih kjzZ\g_gbx k [|jZ/bphdfduftboez » _gby df
hoez ~Z_lky \_kv NWM \ G | _jfhwe BBfblkdwe ghtojyfmx kh_"bg.
nhlhdzZlh*hf NWM LZdhc kihkh[ hoeZ ~_gby y\ey |Iky [he__ wnn_dlb\guf
dhjhldh_ \j_fy hoez ~_gby b gbadh_ wg_jlhihlj_[e_gb_ Z 1Zd _ iheghkl\
dhg”_gkzlZ \h \j_fy hoezZz ~_gby HoeZ ~_gb_ nhlhdZlh*"Z NWM 1zZd" _ j_
rmf |_ieh\u_ we_dljhgu nhlhdzZlh~Z qlh ihal\hey_|I ijhba\h?blv IThggu_ b
highr_gb_f kb]JgZe rmf ~Z " _ ijb hg_gv gbadbo mjh\gyo hk\_s _gghklb < j
| _fgh\hc Ihd mf_gvrZ_ lky \ jZa hlghkbl_evgh |_fgh\h]h IhdZ ijb dhfgzZlgl
fogml hoezZz ~ _gby

>ey iblzgby 1_evlv_ we_ f _glz ~_1 _dlhjZz btkghjdneaemj lkyjfdwe dljbqg_kc
hoeZ”bl_ey

IblZgb_ b j_]mebjh\dZ gm\kl\bl_evghklb NWMIjZpb¥dkb]lgZeh\ ~_1|_d
ijhba\h”rylky k ihfhsvx kbkl_fu j_J6lSIHAPD®BEDjhba\h "klI\Z ©KHE bgkljmf_
GG TUNY k@K1 © 20105 i BhBruru Lo bpyniuse his ghs Bdoo bie Pivitia Moo ve' rpebyeich. ' 0 g_

100-230V AC 50 / 60 Hz

PMT

Dhgljhee j | jfthwe dljbg _kdh]h ho
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> | _dlhj gZ [Za_ NWM k |_jfhwe diEaA2 s
hoeZ ~ gb3f70

L ogbg _kdb_ o0zjzdlbjbklbdb

Al _dlbjmxs _]h fh*mey

nhlhj_]bkljbjmxsbc fh*mev K

Fhr"_ev NWM |_jfhwe _dljbg_kdbf hoezZz ~_gb_f

+ +DPDPDWYVX
Dhgnb]mjZpby NWM k [hdh\uf jZkiheh  _gb_f nhifjdzlh~Zz
FZl _jbZe nhlhdzlh~Zz OXOWLDONDOL

Ki_dljZevguc jZ[hgbc *bZiZahg * gf

>ebgZ \hjegu fZdkbfmfz f
ki_dljZzevghc gm\klI\bl_evghklb NW%/I

JZaf_j nhlhgm\kl\bl_evghc iehszZ”db ff
Lbih\Zy k\_Th\Zy gm\kl\bl_evghkly

iib gZijy' _gbb gZ NWM d S 5]
Lbih\zZy ki_dljZzevgZy gm\klI\b|l_evghklv

ijb gZijy ' _gbb gZ NWM < 0 < <|
"ebgZ \hegu gf

L_fgh\h_ gZijy _gb_ fzdk “ f<
FzZdkbfZevgh_ \uoh”gh_ gZijy _gb=<

lhehkZ ijhimkdZgby + d=p
HoeZ ~ gb_

Kihkh[ hoezZ ~_gby k ihfhsvx we_f_glZ I_evlv_
L fi_jZImjZ hoeZ ~awhby zK
FzdkbfZevgzy | fi_jZImjZ hoeZ "ZKby
<j_fy mklZgh\e_gghc fbgml

az”"zZgghc | fi jZImju

Djb\Zy ki_dljZevghc gm\klI\bl _evghklb n

1000

ik
[=]
o

™

-
o

_!J_______---“", T

|t

0.1

CreKkTpanbHaa 4yBCTBUTENbHOCTL (hoTokaroaa, MA/BT
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e

> | _dlhj gZ [Za_ NWM Kk | _jfhwe _ diEbmchd
hoeZ ~ gb3f70

L ogbg _kdb_ 0Zjzdl jbkibdb dhgl

| jfhwe _dljbg_kdh]h hoeZ bl _ey

GZbf_gh\Zgb_ 0Zjzdl _jbklibdb AgZq_gb_
GZijy' _gb_ k_I_\h]h iblZgby . 9%$& - +]

lhlj _[ey_ _fZy fhsghklv g_[he_ _ <|

GZijy' _gb_ iblzgby \_glbeyllhjz <

IblZgb_ | _evlv_ hoeZ”"bl_ey

fZzdkbfZevgh_ gZijy _gb_ <

fZdkbfZevguc Ihd

> | _dlhj gZ [Za_ NWM \ j _“bf_

kq 1Z nhlhgh\ JLJ

Hlebgbl evgu hkh[_gghklb

X ki_dljzevguc "bzZiZzahg gqm\kl\bl_evghklb
gf

X hilbfbabjh\Zg ey j_]bkljZzpbb wdklj_f

gbadbo k\_Ih\uo ihlhdh\ \iehlv ~h _~"t

nhlhgh\

X wdklj_fZevgh \ukhdh_ hlghr_gb_ kb]¢

[ez]h~Zjy bkihevah\Zgbx f_Ih”*"Z kq_IlZ nhlt

X dhjimk h[_ki_gqb\Zxsbc hilbg_kd

we _dljhfZ]gblgmx aZsblm NWM

X \kljh_gguc \ukhdh\hevlguc bklhggbd i

NWM h[_ki_gb\Zxsbc [_ahiZkgmx wdKkie

Al _dlhjz

X klzg”~Zjlguc ijbkh_~bgbl_evguc neZg_

djnie _gby d \uoh”ghc s_eb ki_dljZevguo

ij hrklI\Zz ©OKHE bgkljmf_glk?2
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>

kg 1Z nhlhgh\ JLJ

JLJ
< dzq_kI\_
+

\ukhdh\hevlguf

+

nhlhgm\kl\bl _evgh]lh w

bklhggbdhf

| _dlhj gZ [Za_ NWM \ j_"bf_

wlh bgl_]jbjh\ZggZy kbkl_

iblZgby

instrume

fZ j ]bkljZpbb nhlhgh\ \ dhjimk_
e f glz \ ~ I _dlhj_
Z

lzd"_ ko_fm

nts

50 |

bkihevam |ky nhlhj ]
ijhba\h?"kI\Z nbjmDPDPDWWMMXxqZxsbc nhlhwe dljhgguc mfgh bl _ev
\ukhdhkdhjhklgh]lh kq_

\ukhdh]h gZijy'_gby NWM b mjh\_gv ~bkdjbfbgZpbb nhlhj_]bkljbjmxs_]h fh?

hilbfZevgu_ agZg_gby qlh

nhlhgh\ [_a “hihegbl_evguo gZkljh _

Djhf_ Ih]h
kbevguf k\_Ih\uf baemqg_gb_f
bgl_gkb\ghklb iz*"Zxs_1h k\_1Z b [e
gj_af_jghlh hk\_s _gby *

ihal\hey |

nhlhj ]Jbkljbjmxsbc +fh"mev bf |

l_dlhj ]_9

d ijhklh ihrdexqgDb\ iblZgb_

badh d agZqg_gbx
_jbjm_1 kb]gZe 2YHU /LJKW

6SHFWBDey Z\Zjbcgh]h ﬁldexq_gby iblZgby NWM b hklZgh\db baf_j gbc

IblZgb_ b j_]bkljZpby kb]gZeh\ ~_
ijhba\h~"kI\Z ©KHE bgkljmf_glka
g_lj_[m_lky

L_ogbg_kdb_ oZjzZdl_jbklbdb

Fh _ev NWM

Dhgnb]mjZpby NWM

FZI_jbZe nhlhdZlh”Z
Ki_dljZevguc jZ[hgbc *"bZiZ

>ebgZ \hegu fZzdkbfmfz
ki_dljzevghc gm\kl\bl_evgh

JZaf_j nhlhgm\kl\bl_evghc i

Lbih\Zy gm\kI\bl _evghklv
"ebgZ \hegu gf

L _ fgh\u_ bfimevku IDbi

>bZiZahg ebg_cghklb

JZaj_r_gb_iZju bfimevkh\

:fieblm”~Z \uoh”~gh]h bfimev

gZ]jmadZz Hf Ibi

Kb]l]gZe aZsblu hl azxkYHUdb/L
<
<

>ebl _evghklv \uoh”guo bfimevklgk

nhihj ]Jbkljbjmxsbc fh*mev "e
kg_1Z nhlhgh\ +DPDPDW\

k [hdh\uf jZkiheh" _gb _f
nhihdZlhAZ

OXOWLDONDOL

+

ahg gf

klb NWM
eh'sZfdb

o bfi k i<l
bfi k
h o bfi k

gk

kZz
<

LJKW
ghjfZevgZy jZ[hlZ

kjZ[Zlu\Zgb_ aZsblu
[ ahoezZ " _gby

62/ LQVWUXPHQWY /WG WHO

ID [

ijhba\h~blv j_]bkljZpbx k\_Ih\uo kb]gz

nmgdpbx h[gZjm  _gby aZzZk\_Id
ijb dhlhjhf dhebq_kl\h \uoh”guo bfimevkh\ a.
dhlihjh_ fh™ _I ih\j_~blv 1|
ihklmiZxsbc

|_dlhjZ ijhba\h”blky k ihfhsvx G®KIFWED ]b!
ihwlhfm gbdZdh]h ~hihegbl_evgh]h h[hjm~Ah\

VDOHV#VROLQVWU



50 |

instruments

> | dlhjy gZ [Za_ NWM \ j_ "bf_

kg 1Z nhlhgh\ JLJ

Djb\Zy gm\kI\bl_evghklb nhihj_]bkljb]j

fhmey G

10°

105 / AN

10* \

cnekTpanbHas YyBcTBUTENbHOCTY (C ™ » NBT™)

L0 g \
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50 |

instruments

> | _dlhj gZ [Z@&*D$V nhih~"bk"Z

| jfhwe _dljbg_kdbf hoeZ ~, ugd $f7

Hlebgbl _evgu_ hkh[ _gghklb

X ki_dljZevguc ~bZiZahg gm\kl\bl_evghklb
fdf

X hoez ~_gb_ nhlhijb_fgbdzZ *h f & kh

klZz[bebazpb_c |_fi_jZlmju h[_ki_qgb\zZ_|I

\ukhdmx gm\kl\bl_evghklv b gbadbc mjh\_gv rmfz

Z 1zZzd _ fbgbfbabjm_1I kf_s_gb_ \uoh”gdhslh

gZijy _gby
X jZaf_j nhlhgm\kl\bl_evghc iehsz”
ff

X bkihevah\Zgb_ nhdmkbjmxs_ c SN

h[_ki_qb\Z_I| fZzdkbfZevguc k[hj kb]gZ ¥

X mkbebl_ev k i_j_f _gguf mkbe_gb_f

d< : ~h d<

X i_j_f ggZy ihehkZ ijhimkdzZgby hl =p *h
F=p

X klZg”~Zjlguc ijbkh_"~bgbl_evguc neZg_p

"ey dj_ie_gby d \uoh”ghc s_eb ki_dljZevguo

ijb[hjh\ ijhba\h~klI\Z ©KHE bgkljmf_glk?2

,*$'$7 7( = wlh ~_I_dlhj gZ [Za_ ,Q*D$V knhlhfrtbweéezZzdljbqg_kdl
hoez ~ _gb_f k ij_"mkbebl_e_f k i_j dexqzZ_fuf mkbe_gb_f k i_j_d
ijhimkdzZgby nbevljZ gb " gbo gzZklhl \ dhjimk _

> | _dlhj ,*$'$7 7( \dexqgZ_1| ljzgkbfi_~Zgkguc mkbebl_ev k gbadb
kf s gb_f b \ukhdbf mkbe _gb_f >\Z \hkvfbihabpbhgguo ih\hjhlgu
ihal\heyxl| baf_gylv dhwnnbpb_gl mkbe_gby hl ~h Nk rZlht A
ijhimkdZgby nbevljZz gbadbo qZklhl hl p =pht*h*bhPFP=mklZgh\e ¢
| jfhwe _dljbqg_kdhf hoezZz”bl_e_ dhlhjuc gZkljh_g *ey _]1h hoezZ ~ _gby
\kljh_gghlh |_jfbklhjzZ h[_ki_qgb\Z_I|ky h[jZlgzZzyh*k\yja¥gbegyihklhyggt
| fi_jZIlmju HoeZ ~ _gb_ nhlh”"bh”~Z kh klZ[bebazZpb_c | _fi_jZImju hJ[
\ukhdmx gm\kl\bl _evghklv mf _gvrZ | kf_s gb_ gZ \uoh”_ b kgb Z_
Dhjimk \uihegy | nmgdpbx | _iehhl\h”"Z b AMNdexidhd fely gn\_ebqg _g
hoezZz ~Zxs_c¢ kihkh[ghklb

> |_dihj*$'$7 7(\dexgZ_| ki_pbZevguc ebgah\ud EKhEKiE\] dhlhjh]
bf _Iky klzg”~Zjlguc ijbkh_~bgbl_evguc neZe_ _pmbyey dpoh”ghc s_
ki_dljZevguo ijb[hjh\ ijhba\h”*kI\Z ©KHE bgkljmf_glk?2

>ey j_]bkljzpbb ki_dljh\ k ihfhsvx ~_|_dlhjZz7(*$]$[m_I|ky kbkl_f.
j_lbkljZpbaoSHFWB Dijhba\l\h*"klI\Z ©KHE bgkljmf_glk?2 GbdzZdh]hlh"hitl
h[hjm~h\Zgby *ey jZ[hlu k ~_| _dlhjhf [hevr_g_Ij_[m_IKky

J g”"m_Ilky bkihevah\Zlv kbgojhg &®d mReED Fhémeylhjhf ijhbalh”k
© gkljmf_glk2 "ey ihemqg_gby [he__\ukhdh]h highr_gby kb]JgZe
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> | _dlhj gZ [Z@&*D$V nhih~"bk"Z

instruments

: : - .

| jfhwe _dljbg_kdbf hoez 7, uyb $f7

L ogbg kdb_ o0Zjzdl jbkibdb

. hoez ~Z fuc bg”bc ]Zeebc|Zjk_gb?*
Nhlhijb_fgbd ,Q*D$V nhlh~bh~
Ki_dljZzevguc jZ[hgbc “bZiZahg + fdf
>ebgZ \hegu fZdkbfmfz ki_dljZevghc fdf
gm\kI\bl_evghklb
JZaf_j nhlhgm\klI\bl_evghc iehszZ”~db ‘ ff
Lbih\Zy ki_dljZzevgZy gm\kl\bl_evghk]lv
ijb iheh™ _gbb i _j dexqZl_ey gm\klI\bll _evghklb < <I
G% "ebgZ \hegu fdf
<uoh”~gh_ gZijy _gb_ k”~\b]lz \ I _fghl| = f< Ibi
<uoh”~gh_ gZijy _gb_ rmfz SHDN SH|DN
iheh™ _gb_ i_j dexqZl_ey gm\kl\bl_eyvghklbfd<
G% iheh _gb_ i_j_dexqgZl_ey ihehKu 3 =p°

JZ[hgbc "bzZiZzahg \uoh”gh]h kb]gzeZ hl  ~h <
J Imebjh\dZ dhwnnbpb_glZ mkbe_ _gby hl G%h G %
RZ] j_Imebjh\db dhwnnbpb_glZ mkbel gbyo G%
Dhebqg_klI\h klmi_g_c \u[hjZ ihehku
nbevljZ gb gbo qZklhl
AgZq_gb_ az”rz\zZ_fhc ihehku
ijhimkdZgby nbevljZz gb gbo gzklhl d=p
HoeZ ~ gb_ f & kh klZ[bebaZpb_c

Lbih\Zy djb\Zy ki_dljZevghc gm\kI\bl

dlhjzc$'$7

o
)

o
=)
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o
n
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o
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instruments

~dlhj gZ [Z@$V6EENIhADhAZ

"ifhwe dljbg_kdbf hoeZ AS$GBST

Hlebgbl _evgu_hkh[_gghklb

X ki_dljZevguc “"bzZizZahg

gm\kl\bl_evghklb fdf
X hoez ~_gb_ nhlhijb_fgbdz ~h
kh klzZ[bebazpb_c I_fi_jzI

h[_ki_gb\Z | \ukhdmx qgm\kl\bl_e
gbadbc mjh\_gv rmfz Z |lzd _ fbg
kf s gb_\uoh”gh]lh gZijy _gby

X jZaf_j nhlhgm\kl\bl_evghc ieh
‘ ff

X bkihevah\Zgb_ nhdmkbjmxs_c
h[ _ki_gb\zZ | fZzdkbfZevguc k[hj kb

X mkbebl_ev ki_j f gguf mkbe _

< : ”"h <
X i_j_f_ggzZy ihehkZzZ ijhimkdzZgby hl
d=p ~h d=p

X klzg~Zjlguc ijbkh_~bgbl_evguc
neZg_p "ey dj_ie_gby d \uoh”ghc s_eb
ki_dljZzevguo ijb[hjh\ ijhba\h*klI\Z ©KHE
bgkljmf_glk?

,$6'$7 7& wlih A1 _dlhj gZQ¥W6E ,QGLXP $UVHQLGH HQWLAP RkC
I _jfhwe _dljbq_ kdbf hoeZz A _gb_f k ij_"mkbebl_e_f k i_j_dexqzZ_f
i_j dexqZ_ th|hehth|jh|mdegby nbevljZ gb- gbo gZklhl \ dhjimlk

> |_dlhj ,$6'$7 7(\dexqZ_Il ljZzgkbfi_~Zgkguc mkbebl_ev k gbad|
kf s ~gb_f b \ukhdbf mkbe_gb_f >\Z \hkvfbihabpbhgguo ih\hjhlgu
iha\heyx!| baf_gylv dhwnnbpb_gl mkbe_gby hl ~h NookrZlht A

ijhimkdZgby nbevljZz gbadbo qzZklhl hl d=p ~h F=p Nhlh~?
| _jfhwe_dljbq_kdhf her"bI e_ dh|hJUC gZkljh_g ~ey _]lh hoez'”
ithfhsvx \kljh_ggh]h jfbk|hjZ h[_ki_gb\Z_lky h[jZlgZy k\yav "ey

ihklhygghc I_fi_jZImJu HoeZzZ" ’\_gb_ nhih~bh”Zpkkhc kil Zflib ¢ blanzj u
hl _ki_gb\Z | [he__ \ukhdmx gm\kl\bl _evghklv mf_gvrZ | kf_s ¢

kgb Z | | _jfbg_kdbc rmf Dhjimk \uihegy lemmiddpBxbl \dexqgZ _
\ glbeylhj ey m\_ebq_gby hoezZz ~Zxs_c kihkh[ghklb

> |_dlhj ,$6'$7 7( \dexgZ_| ki_pbZevguc ebgahkbh&lZ®Zidhjlhjh]t
bf Iky klzZzg”~Zjlguc ijbkh_"~bgbl_evguc neZg_p “ey dj_ie_gby d
Ki_dljZzevguo ijb[hjh\ ijhba\h*"kI\Z ©KHE bgkljmf_glk?

Nhlhijb_fgbd ~_|_dlhjZz gm\klI\m_I| lhevdh baf_g_gb_ bgl_gkb\ghkl

baemg _gby Z g_ Z[khexlgmx bgl_gkb\ghklv IThwlhfm ”~ey j_]b}

ihfhsvx ~ | _dlhjz ,$6'$7 7( lj_[m_lky kbgojHggu&S hhkkyebCk
eylhjhf b kbkl_fz j_]bBISHFrD®EDjhba\h~kiI\Z ©KHE bgkljmf ¢

<

Zdh]h ~“hihegbl_evgh]h h[hjmAh\Zgby ~ey jZ[hlu k ~_|_dlhjhf [h
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1 _dlhj gZ [Z@$V6ENIhAbhAZ

50

instruments

"ifhwe dljbg_kdbf hoeZ AS$GBST

L _ogbqg_kdb_ 0Zjzdl _jbkibdb

Nhilhijb_fgbd

hoez ~Z_fuc 6@&YIh~ "bh"

Ki_dljZzevguc jZ[hgbc “bZiZahg + fdf
>ebgZ \hegu fZzdkbfmfz ki_dljZevghc fdf
gm\kI\bl_evghklb
JZaf_j nhlhgm\kI\bl_evghc iehsz”~db ff
Lbih\Zy ki_dljZzevgZy gm\klI\bl_evghk]lv
ijb iheh™ _gbb i_j dexqZl_ey gm\klI\bll _evghklb < <l
G% "ebgZ \hegu fdf
<uoh”gh_ gZijy _gb_ k”~\b]Jz \ I_fghl| = f< Ibi
<uoh”gh_ gZijy '_gb_ rmfz SHDN SHDN
iheh™_gb_ i_j dexqzZl_ey gm\kl\bl_evdhklb f<
G% iheh _gb_ i_j_dexqZl_ey ihehku P d=p°’
JZ[hgbc "bZiZzahg \uoh”gh]h kb]gzeZ hl  ~h <

Dhebq_ klI\h klmi_g _c¢c j_]mebjh\db
dhwnnbpb glZ mkbe gby

AgZg_gb_ dhwnnbpb_glh\ mkbe _gby

G%

Dhebqg_kI\h kImi_g_c \u[hjZ ihehku
nbevljZ gb gbo gqZklihl

AgZq_gb_ az”rz\zZ_fhc ihehku

ijhimkdZgby nbevljZz gb gbo gzklhl d=p

HoeZ ~ gb_

f & kh klZ[bebaZpb_ c

Lbih\Zy djb\Zy ki_dljZevghc gm\kI\bl_evghklb

N

1 _dlhjz$6'$7 7(1_fi_jZImjZz nhlhijb_fgbdZ
§1.2
5 N\
10 7
B '//' \
§° [ | i _
%o.e = / ! \
0.4 \
\
0.2 \
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instruments

> | dlhj gZ [Za_ +J&G7H 0&7 nhlh

k djbh] _gguf hoezZz ~ _gB7fS$, /1

Hlebgbl _evgu_hkh[_gghklb

X ki _dljZevguc ~“bZiZahg
gm\kl\bl_evghklb f atf

X f 1Zeebg _kdbcxZj k [hdh\uf 5 +
jZkiheh  _gb_f \oh”~gh]h hd (.

\j f g _f jZ[hlu [he__ gZkh\ == ,
ithiheg_gby Zahlhf ! : Y =
X jZaf_j nhlhgm\kl\bl _ evgp el ) : -
iehsz~db o ff

X \kljh_gguc ij_"mkbebl_ev
X bkihevah\Zgb_a_jdZeZ k a
ihdjulb_f ~ey fZdkbfZevgh]h |
kblJ]gZeZz

X klzZzg”~Zjlguc ijbkh_~bgbl_evyuc
neZg_p “ey dj_ie_gby d \uoh”ghc s_eb
ki_dljZevguo ijb[hjh\ ijhba\h~klI\Z
©OKHE bgkljmf_glk?

0&7'9$, /1 whh |l dlhj gz [2d&G7H O0&hlhijb_fgbdzZ k
djbh] _gguf hoez ~ gb_f kij “mkbebl_e f

> | _dlhj \dexqgzZ_I ~_| _dlbjmxsbc fh*"mev WclZ«&lpq kkc
ij_"mkbebl_e f ih”klZ\dm "ey dj_ie_gby 71hl_fd M ewsb
ki_pbZevguc a_jdZevguc Z~Zil_j ihdjulb ahehlhZeZeyw
fZdkbfZevgh]h k[hjZ kb]gzZez :~Zil_j bf__I| klZg”~Zjlguc ijbkt
neZg_p “ey dj_ie_gby d \uoh”ghc s_eb ki_dljZevguo ijb[hjh
©OKHE bgkljmf_glk?

Nhlhijbzfgbd ~_I| _dlhjzZz gm\kl\m_I| Ihevdh gdagkd)\
J_1bkljbjm_fh]l]h baemq_gby Z g_ Z[khexlgmx Ihgvlhd kb \gek

j_1bkljzpbb ki_dljh\ k ihfhsvx ~_0&dI'jZ I11j_[m_lky
kbgojhgguc mkbe®SHRW® Dk fh meylhjhf b kbkl_fzZ j_]bkl
6SHFWBDjhba\h*klI\Z ©KHE bgkljmf_glk? IblZzgb_ " | _dlbjmx

ijhba\h~blky hl \kljh _g§B8HmFW® DZehrmfys ]h bklhgqgbdZ ibl.
ithwlhfm gbdZdh]h ~hihegbl_evgh]lh h[hjrAfhAZgly® Meydlhjhf
0&7'9%, /dJhevr_g_|lj_[m_Iky

Hoez " _gb_ nhlhijb_fighhkaZ\h~blky “b~rdbf Zahlhf ~h |_fi_jZI
ZzK qlh h[_ki_qgb\Z_| wdklj_fZevgh gbadbc | _jfbg_kdbc
gm\kl\bl_evghklv
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> | dlhj gZ [Za_ +J&G7H 0&7 nhlh

k djbh] _gguf hoez ~ QRBR7f$, /1

L ogbg kdb_ o0Zjzdl jbklbdb

+J&G7B&7 nhlhijb_fgbld

Lbi k_gkhjz k dibh] gguf hoez A glb_f

Ki_dljZzevguc jZ[hgbc "bZiZahg # fdf

>ebgZ \hegu fZdkbfmfz fdf
ki_dljzevghc gm\kl\bl_evghklp

JZaf_j nhlhgm\klI\bl_evghc iehsZNdbff

Lbih\Zy ki_dljZevgZy gm\ki\b|_eyghklv _,
"ebgZ \hegu fdf

H[gZjm bl_evgZy kihkh[ghklv o] kf =p<lI

IhklhyggZy \j_f_gb fk

HoeZ ~ _gb_ f & “b~rdbf Zahlhf

Lbih\Zy djb\Zy h[gZjm  _gghc kihkh[ghkldIhjZ

0&7'$, /1 | fi jZImjdhlhijb_fgbdz X

10

D* (cMeTu1/2+B7-1)
2

100

1 4 8 12 16 20 24
ANVHa BOIMHbI, HM )
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instruments

6SHFWWBD LJ?OD:G:EVG:Y KBKL

J?=BKLJ:PBB >EY KI?DLIKH.KNDHIH

6 SHFWWD?2 wlh \ukhdhijhba\h”bl_e
lj_odzZzgzZevgZy kbkl_fz j_]lbkljzZp
ki_dljhkdhibb dhlhjZy bkihevam_
j _]bkljZpbb \uoh”~guo kb]JgZeh\ \k
bgl _]jZevguo ~ | _dlhjh\ dzZd ijhba\h
bgkljmf_glk lzd b ~_ 1 _dlhjh\ -
ijhba\h”bl_e_c¢ hkgZszgguo ij_"mkbel
lzd”_ ~_1 _dlhjh\' \ ' j_"bf_kqgzlZ nhlhgh\

Kbkl_fz j_1bkljzeBBFWBDjZajzZ[hlZzgZz "~ey bgl_]ljbjh\Zgghc jZ[hlu Kk
ijhljzffguf h[_ki_q gBSHHF&®3UD] ~"gZagZg_gguf ~ey k[hjZ b ZgZeba
6SHF®Df_ | iheguc gZ[hj j_"bfh\ mijzZ\e _gby g _"hdphitbiiybo _gby
azdhgg_gguo ki_dljhkdhibg_kdbo kbkl_f gz [Za_ ijb[hjh\ b ijbgz~e_ "
dhfizgbb KHE bgkljmf_glk
6SHFWBDdexgZ | "\Z g_aZ\bkbfuo ZgZeh]lh\uo baf_jbl _evguo dZgZe
P11 \dzZ ~"hf dZgZe_ b h”"bg pbnjh\hc baf_jbl _evguc dZgZe ey kq_|Z L
j_1bkljzpbb \ j_"bf_kqg_IZ nhlhgh\
DZ ~"uc ZgZeh]lh\uc baf_jbl _evges8HdFAgdpbbaf jy | gZijy _gb_ k \uo
ij_"mkbebl_ey bgl_ ]jZevgh]h N |l _dlhjz \ "bYhZahg iheh bl _evghc |
hljbpZl_evghc iheyjghklb \u[bjZ Iky ijh]jzffgh \ ihehk_ gzklhl hl A}
dZgZe_ bkihevam_lky Ib jZajy~guc :PIl ihalheyxsbc ihemqZlv ~Z¢
baf_j_gbc \ k_ dmg m
Baf jbl _evguc \oh” dZ "h]h ZgZeh]h\h]h dZgZeZ bf_ | aZsblm hl i_j
gZijy _gb_f ijh]jzffgmx dhjj_dlbjh\dm \oh”~gh]h kf s gby \ "bZlZahg
ijh]jzffgh i1_j dexqZ fuc fZkrlZ[bjmxsbc mkbebIZ_eI\Zd _ ijhba\h”
hi_jZlb\guc dhgljhev \uoh”gh]lh IThdZ NWM k ZiiZjzZlguf hldexq_gb _f
NWM ijb \hagbdgh\_gbb hiZzkguo *ey jZ[hlu NWM mjh\g_c azZk\_Ildb nhl
Pbnjh\hc baf_jbl_evguc6dbHgF2a80 Djhba\h~bl kqzl \uoh”guo bfimevkh\ *_
\ j_"bf_ kqzlZ nhlhgh\ |Zdbo dZd NWM beb ezZ\bggu_ nhlh?"bh”u L
bkihevam |ky "ey h[_ki_g_gby \ukhdhc gm\klI\bl _evghklb b IThgghklb ki
Kgq_ | nhlhgh\ y\ey Iky hrgbf ba wnn_dlb\guo kihkh[h\ bkihevah\Zgby |
baf_j _gby hg_gv gbadh]h mjh\gy hk\_s gghklb
Bkihevam_ fu_"ey ih"dexq_gby d pbnjh\hfm dZzgZem ~_ | _dlhju “"he gu
mkbebl_ev “"bkdjbfbgzZlhj b h[_ki_qgb\ZIlv ZfiebIm”~m \uoh"g<t1]Q12bg‘er]116rn/dxd
Hf Pbnjh\hc dZgZe h[_ki_qb\Z_|I| jZaj_r_gb_ iZju bfimevkh\ ~h gk
gZklhlguc \oh” ~h F=p Djhf_1Ih]h pbnjh\hc baf_jbl_evguc dZgZe bf
NWM hl azk\_Idb Ijb hiZzkghf k\_Ih\hf6 BHEMP HbDZjZlgh hldexqZ
gZijy _gb_iblZgby NWM

¢
f

6SHFWBEDf | [mn_j *"ey 0jZg_gby j_amevlZIh\ ~h baf _j _gbc
6SHFWBDbf_ | "\Z g_aZ\bkbfuo jZajy®*guo P : ijyh[}EghhidljZée gb
gZijy' _gb iblZgby NWM \ ~ | _dlhjZo ijhba\h”"kI\Z KHE bgkljmf_glk 1Z
JL beb JLF ljb bklhevah\Zgbb wlbo fh” _e ¢ bf__Iky \hafh gt
_Imebjh\ZIv gm\kI\bl_evghklv ~_|_dlhjz \ rbjhdhf "bZiZahg_ iml_f ba
|bIZgby NWM Djhf 6$Ph-I]HE|V$6Dbf 1 Mz gbadh\hevlguo bklhngdZ Ne
A | _dlhjh\ gZ [Za_ NWM beb Abh~gh]h ~ | _dlhjz 6'$ ijhba\h”~"klI\Z KH

6SHFVSBE Db f __|I h~*bg 77/ \oh®” b h~"bg 77/ \uoh" kbgojhgbazZpbb dhlhju
kbgojhgbazpbb fhghojhfZlhjh\ KHE bgkljmf_gbkSK PWkD{bykd Zgbjh\Zgh
ki pdljh\ <oh” b \uoh” kbgojhgbazZpbbhZlkeebZiy\wog uktdbwe déhtb®BH D
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6SHFEWBD LJ?0D:G:EVG:Y KBKL Wt
J?=BKLJ:PBB >EY KI?DLJHKDH |

OzZjzdl _jbklbdb AgZqgq_gby
Dhebq_kI\h baf_jbl_evguo dZgZeh\ MZ g _aZ\bkbfuo Zgzetihgupbnijh
:gZeh]lh\u_ dZgZeu

JZajy*ghklv :PI [bl

>pZiZahg \oh”*guo gZijy  _gbc hl ~h < beb hI"h <
lheyjghklv \ohAguo gZijy _gbc T e o
<oh”gh_ khijhlb\e_gb_ dHf

AZsblZ \oh”Z hl i_j_]ljmadb _klv zdlb\gzy

lhehkZ gzZklhl \oh”ghlh kb]gZeZz hl ~h d=p

>pbziZzahg \oh~gh]h kf_s_gby hl ~h* <

Dhwnnbpb_gl mkbe_gby fZkrlZ[bjmxs_]h mkbepi]je&yffgh i_j dexqz_fuc
AZsblZ NWM hl i_j_]jmadb _klv Ziizjzlgzy

FbgbfZzevgZy ~ebl_evghklv bfimevkZ gk

JZaj_r_gb_ iZju bfimevkh)\ gk

<oh”~gh_ khijhlb\e_gb_ Hf

Mjh\_gv gZijy  _gby eh]Bq_kdhc <

Mjh\_gv gZijy  _gby eh]by _kdh]h <

QzZklhlZ kgq_lguo bfimevkh\ g_ f_g__ F=p

AZsblz NWM hl i_j_]jmadb _klv Ziizjzlgzy

f_gb baf_j_gby
:gZeh]lh\uc \uoh” "ey mijZ\e_gby \ukhdbf gZijy ' _gb_f NWM
Dhebqg_kl\h \uoh”h\ g_aZ\bkbfuo

JZaj r _gb_ P :ij_h[jZahWZl _ ey [bl

aZ\bkbl hl hihjghlh gZijy _gby NWM
0 e < __|

< ebgbgZ mijz\eyxs_]h gZijy  _gby
IblZzgb_ \g_rg_]h ~_1_dlhjZz

Dhebqg_kl\h ihrdexqZ_fuo ~_1_dlhjh\

GZijy _gb_ <frey dZ ~hlh ~_| _dlhjz

FZdkbfzZzevguc ihlj_[ey_fuc Ihd g_ [he__ $ey dZz ~h]h ~_1_dlhjZz
Bgl_jn_ck k\yab k ID 86 %

ljh]ljzffgh_ h[_ki_qg_gb 6SHF®BURY h~gh\j_f_ggh]lh mijZ\e
- - kbkl_fh&SHFWBD ki_dljZzevguf ijb]

GZijy  _gb_ iblZgby : < =p
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J?=BKLJ:PBB >EY KI?DLIJHKDHI

libf_j ih~Adexq_gby h[hjm~h\Zgby

Ney j 1bkljzpbb ki_dljh\

COJl UHCTpyMeHTC

KoHTpornnep TepMO3MeKTpUIecKoro
oxnagmTens

MOHOXpoMmaTop

ETHERNET

BJOK MUTAHUA

TE oxnaxpaaembIn | :
InGaAs getektop
IGADAT-010TE

Signal

use

TpéxkaHanbHasa cuctema

peructpauum SpectraDAS

Power

-l

Si getekTop
[]J SDA-010

Power

| Signal
-

TE oxnaxpnaembin ®JY
PTM-14768

DY Ge3 oxnaxaeHns
g PTA-928 / PTA-5108 CuyéTuuk ¢doToHOB
PTP-12386
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KBGOJHGGWME&EBEBL?EV

6SHFW®bPwlh "\modZgZevguc h”ghnZaguc
ZgZeh]lh\uc kbgojhgguc mkoORIENe v
DPSOL¢MdBIhjuc kh\f_klgh k fh"mevlhihf
hilbg_kdh]h baemqg_gby fh  _|I
i_jbh~bg_kdb_ ihe_agu_ kb]gZe
ba\_klghc qZklhlhc gZ nhg_ hq
ihf_o \_ebgbgZ dhlhjuo fh™_I ij_\
AN _kyldb b khlgb jZza Zfieblm”~n
kb]J]gZeZ Ijbf_g gb_ kbgojhggh]
ihalhey | agZqgbl_evgh memqrbl
kblgZe rmf ijb j_]bkljZpbb wd
gbadbo kb]JgZeh\ = gZijbf_j "ey
kb]J]gZeh\ k h”"ghwe f glguo bg ) -
A | _dlhjh\ bf_xsbo dzd |JZ\beh gbadmx
gm\kl\bl_evghklv b fZemx \_ebgbgm \uoh”~gh]h
kblJ]gZeZz

>\modZgZevguc kbgojhggucBﬁkltFMbSUi[ba!\hey_l ijhba\h”~blv g_aZzZ\b
gZkljhcdb izjzf_Ijh\ j_]bkljZpbb kb]JgZeRZ\adlbqg@uowo hj*ghwe f_ g
AN I _dlhjh\ h~gh\j_f_ ggh mklZgh\e_gguo gZ \uoh”guo ihjlZo ki_d
ijhba\h"kI\Z HHH ©KHE bgkljmf_glk?

6SHFW® bkihevam_| nZahgm\kl\bl_evguc f_Ih™ ~_ | _dlIbBjhe\ Zglhy
kbJgZez hl bklhggbdh\ rmfz H[gZjm  _gb_ ~hklb]Z_lky aZ kq_I| bk
kblJgZez gZz hlj N e _gghc gzZklhl_ b kjzZ\g_gby _]Jh k ~_ | _dlbjn
nmgdpbb mfgh  _gby _keb hihjgu_ b kb]JgZevgu_ qgZklhlu g_ y\«
\uoh"ghc kb]gZe jZ\_g gmex NZahgm\kI\bH| ey&'uc\dihlegy |
mfgh  _gb_ hihjghlh b ~_|I dlbjm_fh]h kb]JgZeh\ k\h”y rmf d gme
kb]J]gZezZz <uoh”ghc kb]JgZe ijhoh”bl g _j_a nbevlj gb gbo qZklh
kb]J]gZeu i_j_f _gghlh IhdZ hklzZ\eyy kb]lgZzdhdhklhylgidtjpbhgZev
gZgZevghc Zfieblm”™_ kb]JgZeZ

6SHFW®PBhkIhbl ba "\mo g _aZ\bkbfuo b _glbgqguo kbgojhgguo m
hilbg_kdh]h fh*meylhjZ dhlhjuc nhjfbjm_I| hihjguc kb]gZe ey m
kbgojhggufb mkbebl _eyfb Fh”meylhj h*ghagZggh mklZgZ\eb\Z _
gZ \oh”*gmx s_ev ki_dljZevguo ijb[hjh\ ijhba\h*kI\Z HHH ©OKHE Lk
lj [m_I ~hihegbl_evghc gZkljhcdb

Hlpbthev@ﬁHFWEDh | ihklZ\eylvky k ~hihegbl_evguf fZehr
bklhggbdhf iblZgby ~ | _dlhjh\ A"jm]bo ijhba\h”bl_e _c

62/ LQVWUXPHQWY /WG WHO ID][ VDOHV#VROLQVWU




6SHFW®D <MOD:G:EVGUC

50 |

instruments
KBGOJHGGMEBBEBL?EV
ehd ko fZSHFW®D
CurHanbHbIi yCUnuTens — YeunuTtens
ManoLuyMALLIWA DUNbTP HU3KMX HYacToT NOCTOAHHOrO TOKa
nuhdepeHUWansHbli yoUnuTens
Bxopg . !
Bsixoa
P 1.10, Daao- LPF
HYBCTBUTENEHBIN
100, 1000 aerekTop
|
negem}oanEﬂb ﬁepemmqa-}*enb ﬂepemi-O'-!aTenb
:;mo;jm @ BbIGOpa gl
¥ cuneHwna
Kanan 1 O NOCTOAHHOW Yy
) BpEMeH!
@
Mogynatop S
=
| KoHTponnep
MogynsaTopa
@
Kanan 2 = MepekntoyaTens
MepeknioyaTens g Bbibopa o e
Bi6opa 2 NOCTOSHHOI Bbibopa
Bxop, yeuneHus = BpemleHn Ve,
Boixog
Tii | Paao- LPF
YBCT&HTEﬂhNhIﬁ
S5 1,2,4, 8
ASTEKTOp ] 1 1
— | PSD
ManowLyMALARA ®UNLTP HU3KUX YacToT Yecunutens
audhdepeHumansHblii yCUnuTenb NOCTOAHHOMO TOKA
CurHansHelid yeunurens

6SHFW®DbdexqZ_|I

Kb]JgZevguc mkbebl _ev
NZahgm\kl\bl_evguc ~_
Nbevlj gb ' gbo qzZklhl

| dl

hj

Mkbebl ev ihklhygghlh IhdZ

Fhmeylhj
Dhgljhee_j fh*meylhjZ
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KBGOJHGGWME&EBEBL?EV

Baf_jy_fuc kblJgZe ih"Z_lky gZ \oh” kb]lJgZevgh]h mkbebl_ey GZijy _gb_

ihklhyggh]lh IhdZ ijhihjpbhgZevgh baf_jy fhfm gZijy _gbx b ihklmiZ_ |1 gZ \uoh”
Kb]JgZevguc mkbebl _ev ij_~klzZ\ey | kh[hc mkbebl_ev gZijy _gby i _j_f _gghlh |
bgkljmf_glZevguc “bnn_j gpbZevguc mkbebl_ev k gbadbf mjh\g _f rmfzZ ij_ p!
i j_dexgzZ_ fuf mkbe _gb_f ~ey h[_ki_qgq_gby ZehghA]lmjhhgic \oh~gh]lh kb]g

ihehkh\hc nbevlj lhehkh\hc nbevlj hlk_dZ_I| kb]JgZeu k gzZklhlZfb gb _ =p
Mhcecgmx gZklhim k_I_\h]h gZijy _gby Z 1Zd _ kb]JgZeu k qZklhlZfb \ur_ =p
\ baf_jy_ _fhf kb]JgZe_  Dhwnnbpb_gl mkbe_gby b azZ™Zzlky \ji

g _lujzoihabpbhggh]lh i _j dexqZl ey

NZahgm\kl\bl_evguc ~_| _dlhj wlh ko _fZ mfgh ™ _gby \uoh”~guf kb]JgZehf dhll
jZ\guc ijhba\_~_gbx gZijy _gby ~_|I_dlbjm_fh]h kb]J]gZeZ b gZijy _gbx hihjgh
Q9UHIHUHQFH

< dZq_kI\_ nbevljzZz gb gbo gzZklhl bkihevam _|ky Zdlb\guc nbevlj gb gbo qZk
i_j_dexqZ_fhc ihklhygghc \j_f _gb IhklhyggzZy \j_f _gb b fk az
ihfhsvx iylbihabpbhggh]lh i j dexqgZl_ey

Mkbebl _ev ihklhyggh]lh Ihdz ij_"klZ\ey_| kh[@pecgm&bedZkdv k i_j dexqZ.
mkbe_gb_f k ihehkhc hl gmey ~h d=p Dhwnnbpb_gl mkbe_gby azn
g_lujzoihabpbhggh]lh i_j dexqZl_ey

Fh meylhj ij_~gZagZq_g “ey i_jbh~bqg_kdh]h ij_julZgby fh”meypbb hilbqg_Kk
ki_dljzevgh]h ijb[hjZ Dhgljhee j fh meylhjzZ azZz~Zz|l qZklhlm fh"meypbb b ih"
Ihqghklvx bkihevamy hilbq_kdbc "Zlqbd Dhgljhee_j fh*meylhjz 1Zd" _ ]J_g_jb
h[hbo kbgojhgguo mkbebl_e_c

L _ogbq_kdb_ 0Zjzdl_jbklbdb

0zjzdl_jbkibdb AgZq_gby
Kb]lgZevguc dZgZe

<oh”~ghc dzZgZzZe gZijy _gb_ i_j_f_gghlh Ihdz

<oh~ghc bfi_"~Zgk dHf iN

>bZiZahg \oh”guo kb]gZeh\ hl  fd\~h <

Rmf g<¥pgZ qZklhl_=p lbi

Dhwnnbpb_gl mkbe_gby

Kb]lgZevguc mkbebl_ev
Mkbebl_ev ihklhygghlh Ihd2Z
> fh "meylhj b \uoh”~ghc kb]gZe

L_fi_jZImjguc ~j_cn SSP f&
IlhklhyggzZy \j_f_gb fk
>bgZfbg_kdbc "bZiZahg ! Gubi
Hlghr_gb_ kb]gZe rmf ! GUbi
Lhgghklv baf_j_gby =p
FZdkbfzZevgh_ \uoh~gh_ gZiljlyd_gb_< f:

Fh meylhj
>bzf_lj "bkdZz ff
K\_Ih\Zy Zi_jlmjz ff
>bZiZahg az”~Z\Z_fuo qZklhl =p
>\b]zl_ev Mb]Zl_ev ihklhygghlh IhdZ

k hilbg_kdbf ~ZIgbdhf \ h[jZlghc k\yab

Dj_ie_gb_ mklZgZ\eb\Z_lky g_ihkj_~kI\_ggh gZ \oh”"gmx 5_ev

ki_dljZevguo ijb[hjh\ ijhba\h"kI\Z HHH ©KHE bgkljmf_glka

H{sb_ 0zjzdl jbklbdb

<oh”ghc b \uoh”~ghc jZat_fu %1&
GZijy _gb_ iblZgby hi “ 2h . < =p
Ihlj_[ey_fZy fhsghklv g_[he__ <I
JZaf_ju > [ R [ < ff
>hihegbl evguc fZehrmfysbc bklhggbd iblZgby ~ | dlhjh\
<uoh”gh_ gZijy _gb_ “ <
<uoh”ghc Ihd “ f: fZdk

KlZ[bevghklv \uoh~gh]h gZijy  _gby k_lv bgZ]jmadZz
ImevkZpbb \uoh”ghlh gZijy _gby f< jZzafZo fZdk
<uoh”ghcjzat_f SLQ '% 6RFNHW &RQQHFWRU
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<ZjbZglu ih*dxqg_gby hipbhgZevg
mkljhckl\ d fh*meylhjm

] mklZgh\e g gZ

nbevljh\h_ dhe

dhg” _gkhj PDWFKHkUevlijh\uf dhe
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KBGOJHGGME&EBEBL?EV

Baf jbl _evguc dhfie dk

ljbf_J th*dexg_gby h[hjm”~h\Zgby
"ey j_]JbkljZpbb ki _dljh\

TpéxkaHanbHas cuctema
peructpaumnn SpectraDAS

MCTDAI-020LN
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