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SDR, hts oadStstedMmistsolz’ Is! ¥ dzO HOdzd?2 Bsds3j dal
Misd?2 kE odSttcdMmlsOdzdz’ o {§tstc” oadgwdadz L ' dzgh d
Hztclz dz2OdzOM Islz 9 O dzdzw . SDREtIHRZO" Bik@®6 @ldds dzizts ©O®E
dz' = totsL totsBAd)d455]). 0 (ted .

E SDR# v1.0.0.1383 - HackRF

—3 K- XD | 2.449 .900.000 o NESIEY.

Squelch

>
>
>
>
(S
>
>
>
>
>
>

t dm. 4 . 4 . | sdzso dzj o' Cdzs SDR#

GORX' BjLSBhssoddds ftesmisdds & odCstedilso
ys ‘ [ddGnuxMac. 1 " dz MAasyd?2 dzO0 SDR# L bktsy¢d L
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o dC stod MPAQORIXd. sflsOo cdzv * Is' MW L' flsOdzH Otsls dzg

HsMf OHE ' ©WHBA L OcOdz dzd.5). dzOdzOh Iskzeo Odz W
Gqrx 2.8 - hackrf=6e4b0f © o o]
File Tools View Help
mEQ V@38,

Receiver Options BE

8.9 9 0 kHz

Hardware freq: 2449.891010 MHz

2.449.900.000

-40
= Frequency 2449900.000 7| kHz
Filter width | Normal

-80 A i
b e s i Filter shape | Normal

Mode | WFM (mono)

AGC | Medium
Squelch | -147.0 dB 2 A R
Noise blanker NB1 NB2

Input controls | Receiver Options | FFT Settings

Audio (2]

-20
-40

tdfm. 4.5. | Bddtseodzy o' Cdzs GQR]

GNURadioo dS sdzz® oM BB Sl MdedzOdz' 9. W
fdmkz HBHOISEC " & H MV fHEdS-Ad3EZL SO HY" jEdedd JHIOIW J ¢
fsods Mis¥ L OMdzeseo Odzd s dz0 BaEeiegg@zs o W 'daiiz' Is tf do,s5
&zOdz' 9, Jjdzj B3 dzlsd Mddemtetsdz L Oy' ', J o002
BOGCOIts ‘'dzhdrm Isdf' e BdztsC' &, & CtsB tetOR D YiPC
1 dz2h a0y dkzdets, hts o' dz o Cdzt yO o MmisJd M
ez Iddz, w¢ fjtejHOBIs! MW HOd L WRadizk®@t
Ctsy HBMdIs: ftsMmilsj,; wehts od L&O2HjII (]
h o dHiflse stcedilsd SO HBHOIsSH.

17 H&vRaddWis yeizIlsd dg@BdsnG@H® dBses ' fiosccOd
zO dB@koh o Ists?2 Yyofm w¢ Ctedlsdyded?2 hdzw s B
LO HBYftBtetst ttsL h dtej dz L § d&zOe OF ytss Istsy
dZd Sk ttg@aOd ©WOH sMdMmlsj &3d oadmMtsC s’ ftotst
cts yomkz £ ftsmMls' 2 k odStsttdMmlsOdzdz Mmjtcj HE
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4131 jtoj ns{ dzifa@iEvj I8 LeE

[dzv L ORGdj dzdz" BLE yOmbstldscs fisteds$ 5
' & $O, CthtsCOL Odzds dz0 tedfy. 4. 6.

» Kagam: 1FFFFFFFFF — noBHa KapTta
OTpuMaHHA (Bc1 37 KaHANIE 3 JaHEMH 3a/Ti7HI)
sloundegdel| - [lcpion saxomnennn: 0x18 x 1.25 = 30 mc
LRIV | - Ilcpexin: 30LIBIIEHHA Ha 6 KAHAIIB 33 KPOK
B ADV-rkanam [ ITpocTyXOByBaHHA

NEaenEte| * acoBa MiTka mouaTKy
MEpIIoro = IIpociryxoByBaHHA BCIX MAKETIB Ha 6-My KaHAI

BIURSL Y| - CHHXpoHI3anisa 3 OTPHMAHHMH AKETAMH
Ha 6-My KaHam1

» ITouaToKk OPOCIYXOBYBAHHA BCiX MAKETIiB
ISR EREY  Ha 12-My KaHAam
GERPR: e - CHHXPOHI3AMIA 3 OTPHMAHHMH NAKCTAME

it dm. 4O0pbd HzvW MstedB S SH Bdese s L 9 0

dlsostcd s f OP IO dAOBZE a 8 (  jtojHOMBY 2 561

0. | tjLizd O’ tslted®BO' ©3s 9"  Hf o " H! ff CC
163342us Pkt192 Ch37 AA: 8e89bed6 A DV._PDUARY NONCONN_IND T1 RO
PloadL25 AdvA: 41e0302e6669

[ Odz' : 0303aafeO0Oel6baafelObb0074616a646F¢
BLE YOMmls d dzts Bluefpdth(oydea))S Oy O BkdzO odif Lz
2010 sy’ . l s5dz0 o d Npfi& WiAWibreeg 20 @&p iwtsip'drn o t

ts B 6 ‘daOdB@®etooth Aj " degh d2 dz0B ‘" to { tctsIBwétdstliz’ 9Q C
fticdMmlstes™ dgkds Mzl dziflsy 4, © ~tH' fteso
dzls* 9 By 20 MEsedmMisOlsdmw ISste! sdBO Isdf Odzd {
Bluetooth( f ' HIsted d&3z* Is® dzt € d ¢ C dzOMmMdydzed2e tcj
BluetoothSmartReady( §f " HIsted &3z w € BL EzOfgg ydzdg ; SO
BluetoothSmart( f “ HIsted d3gz® BLE)z' € d tJ y d
18" ' Md3OlsW sdzd, deskzlss z¢ d, Blieumindz" DIs d ,,
tslsySYmartReady 1 " &g ses BECE, HBOWEd ' HIstced 3z ¢
Jdgic" '8 (s HEtSL OtV T3 Oyt 9 OIsd dzO BSHO
yomkz) °, slisBlyetoothBrga® dz' uLlskrds @ f ted mMistets™ , IsOC
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Mlistets”™, Oolssdise " dz dz2 MdMisy B IsO MlsO’ Is
ydzd 2 f tBhbstieth s dz

L YJ dzlste” oOcd © BLE, LoadyO2dzs, dzdL * &
BOWEd dBsykzls! fJti HOotOESH o Jdz@zORKO I4f Gotdsjls'™ G st
sOtcj ", WwWC ftwcOo ddzts, dzgf L O3 dg¢ & Is! mw, od,
fitdmMsOdzlzIs*. fulc Eyei@lsydyd 2, ° BLE odGtstedm
(2,40002,48351 | 4y) . Y teslssSCtsdz BLE &O° B' dz' h dzd I
SHd&ZOS yJ do ftedL dzOyj dzs Hdzv fslstsClz o J dzd
dzj dzdzv ' fHtesfMmilstsets L o byle'C,z2.w § Bsish,C JIBALKHS tc'z
toothifd e dzOdz dBBsy j HBMWEOIld HBB 100 d&jlste’ 9.

BLES sd3szdz' SOy v ME&ZOHO' Is! mMw L Hetta BMdz
ddztsizigy By mOdz' L A3 SHdzsMiststetsdzdz! se s o W o dzj
fOCJilsd HOdzdr L 20 dzls BAOA3@AzO dzdf dzo CHstetsish d 2
3y dzh d2 yofm twetslsd OBz Iststc®, 0Odzj ydd
Cilsd dy k! d@OId Htd 3z Hige 0H ®BOFIgY (ter

ftcj OBZBEd&ZO (1 BO2AIS) ;

OHtej MO HEtsMiskfkz (4 BO2Isd) ;

tcj C dzOdzdzd 2 Ci0 &OKEORDU ( 2

CRC (3 BO2Isd) .

1 Gant 4 6anTK 2-39 Bait 3 6anTn
MNpeambyna | Agpeca PDU kaHany CRC
2 6aitn | 6 Bawnt Ao 31 6aiita
3aronosok | MAC JaHi
9 baut 16 Gait | 2 BaiTun | 2 bainTn 1 6ant
iBeacon uuID Major Minor | PiBeHb curHany

tdm. 4.7. ABtdzO f0O0CjIs'" ® BL

[ dzw tej ¢ dzO d3dzd ~ COdzOdz' o LoOwWL Clz OH to
OT BEB9BED6. [ d%¥ COdzOdz © HOdzdR o' dz 9  Hi'

PDU o Mmets yYjteck &O' Mo ' 2 o dzOMdzd@e Qdd¢
SOy j dedz? Tyd stEsHisfd sz HtodMmiste® 2 L 6 H dzO dadz
dgls Oy jdzdzv (HB 37 BO2I). 10tjhl’, {§jth’
OHtej Mtss HtodMmlstess , * WOSIdyudzO ' daW stedzOy " v

ltedmlstes” BLE sydedst 6 'fdpd@dydsts OHsdfw otc j € dzO
CdW sted3OYy W 3" Misdlst Mw 8 o S dzOd3' ), Odzj o
LOLoadyoO?2 tsBdzwlIls: ). 1" mMdzw o dwWedzj dedzv 1 tod
Bsy 20 fosydlsOlsd §smdzzed, w¢' dy 'tcsft)dbdakgs d
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TOKLOClsj eddts&E S OLOSlkjtedmisdSO dzOHO' HjWE
ydlsOdzj, &OfdMOdsj OBt Isj 2 '"dg"j. 1 0ftedC d
fMlsO@odzvIsd BHdE §shmdkelk HbY Glsttd BgOddzy § slst
(ve rOE8Edd y' ' f(smizked) ° " d" s’ Mmdzkzy B
" BOYOdts’ Isj Bl jteOlskted. [HdOS, &MS' d& ¢d

414) jtoj mn St dzj dfdDC jZIs ‘'geB e e

[ dzv  f j o] ~ S dZigBedAf O GsjHiss gas M S zdzh 2 L ° mls
OBz oy OHSCE C¢cFFEEFGEEeRQROZz2del 49PC stcd M)
PololuWixel W ZigBeeRX/Tx.

CS LGEGOHERZO Odzsmw ZAgBdgls jSCrH tdf tadRigReERMECARBDICO‘ Is '
L LOGsdzsEa ¢ O MAC, C(Btedmdzsets dzO9o Odzls Oy j dzdzv
N4 dBGeOdz dzgd?2 Wsted3Ols §C OHtkz MAIGBeeddOs dic?' davdls d 2M
AV yOmlsddzO SOCtsy d2OL do O s mMw MPDU OBB B

10 HEfBd@setss Of OtcOlsdzsets  JteJ HO9 O®- ( O
HJ @loluWixelL OLED (tedfm. 4] t8j)) tcodsfis yddEH ipideOIs d Is
fOCJdIsd L HftwdedzdLdts 7% § sd3d dztsC .

B~ o
& D
::“ 4 Tx 3 '?: ,- 9 R
'é?\:mah:ﬁiq 2.4§§ e i '\ | , 3 g
: ,' - '42% %'%Hz
:
tdfMm. 4.8. 0fO0wOd]2 fjttjn0soy (0) ° {ftd

) v S jh ko Odadz ydi& HpckRFQ@MD o Bs® dzD s § 5 e
sd fsolttds, w¢ Cdsdd §0Cjk o. [d&v Y ¢
yji (SCOLOds dz0 MrRpdpH v dfjh 24 O%dzY o MG N dz0 dz
'T k He ' 2Ccotdkz WO2d .
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osmocom Source
Sample Rate (sps): 5M
Chi: Frequency (Hz): 2.44995
Ch: Freq. Corr. (ppm): 0
Cho: DC Offset Mode: Off
Cho: 1Q Balance Mode: Automatic
ChO: Gain Mode: Automatic
ChO: RF Gain (dB): 0
Cho: IF Gain (dB): 16
ChO: BB Gain (dB): 16

gnd &30 f ted 22 dz@asz”
LOCJh B Odz o

dz0O dzd ,

H Decimation: 4

Rational Resampler
Interpelation: 1

Taps:
Fractional BW: 0

[

dfm. 4.9.

W QfiplstshEas L 9 5 dzd Is ¢
Ho  2Cte sdkz

File: /root
Repeat: Yes

File Source

recl

Multiply Const
Constant: 10

zts € . A J
HackRFOne'

f tcso jJ HJ dadzW

tdm. 4.

tdLkzd SO jJSMfjtedd3j dzlskz MisOdzs tslsted A
SLEB YOOy ' A sdiE Oy tsO igzdzd = -
9 ' HI tc O9 dijBizdzts
10 tojLizdz OIsOda g EHndeg tcd 3 dzls d € sted Mis O dz
d ¢y jteddsj dals™ o L

Sample Rate: 5M
H Cutoff Freq: 20k

Low Pass Filter
Decimation: 1
Gain: 1

Transition Width: 200
Window: Rectangular
Beta: 6.76

4D BO ©BOH' Bftd2 RO

File Sink
File: jroot) . . J'recl
Unbuffered: Off
Append file: Overwrite

QT GUI Sink
FFT Size: 1.024k
Center Frequency (Hz): 0
Bandwidth (Hz): M
Update Rate: 10

QT GUI Frequency Sink
FFT Size: 1.024k

Center Frequency (Hz): 0
Bandwidth (Hz): 5M

QT GUI Time Sink
Number of Points: 1.024k
Sample Rate: 5M
Autoscale: No

w02 d

osmocom Sink
Sample Rate (sps): 5M

10.

—" Ch0: Freq. Corr. (ppm): 0

Ch0: RF Gain (dB): 0
ChO: IF Gain (dB): 47
ChO: BB Gain (dB): 16

Ch0: Fregquency (Hz): 2.44%3G

d4nd BO t6OH' S jtjHO

Pz pdzs 43 % B

BOYYgtcj HOo OY' 9 9BLEVZIgBaR[E]Is 5§ s dz°

42.t J Odz' L Oy' w

421) eddzydtf d BedOdz L OY'

1 0 t@dfm.l
3d fded ¢
06 j dzls(d .
C Ot s

L ZOn sHdlss
[ Oh d ded ,
ftodntso Odzed 2

dz0

Ok OS¢ d

b 6z ) tizdz Is '
wedn
¢ OdzO dz

Co9 HABBo O

H ozw

Ol0OC O®Rd dzO

o ©BMAEZCE
Btslsdzj IsO

LsBtOY jJdz2O Isdftso O Maj 30 tce O
okL L G StBISO’
o MlsOdzts o dzj dz |
L o0V IS8 IBtsB dzdf

9" HIY

fd®d-
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Ctsds, wCd2 SCwdistetsds ' L dzso gdfdd &y } Oy @Q I 4
CskOdzHlk L GBsBddSC' & BkOd, ' difstkzClsky yc
I syddz0s yd L LOHOdets yofmkz O0OIsOCd, Bislsd ¢

dzj dzdzv OLOCd [ 8] .

méaéfé (

(¢
3noBMmucHUK  KoHTponep Mepexa MepTsa

A»)

tdfm. 4.11. vdfises0® Mnj B3O Mtk ISk

422) st Od3ds’ s s Bdzg etcd sz tetsB sIsd B 5l dzj

Il fescteOdids 2 yYyOmisddz dzOkztwdetsets j MY j toc
HisYy' dz' des o dCtstedmisAKnOEBP38 266 EBR8B®6, W
Mstclzdzj dzlsd 1 jesEMc SBSR8266. 1 tod Y! sz SDK H(
d3J dzls © rddWinoAPIT L tczydzj ISO BJjLf jydzy odStstedmlsO

ESP8266 SDKdoftwaredevelopmenkits) i Mz ¢ ¢ dz' mls " dzfMmis te Iz d3,
tcesBCd HBHOISC' ' oEspresdifSystemns L & dzelzy O o Mjsj B
odnrn WEZdY 2 OEOCHISEGZJAgs'O fucsctcORRdd di3 L OB
ftedC dzOHd ftetsj ClIls' o, hts By O tj Odz" L 9 Ols(
stsets, L OMmdzse Odz otsdzd O s jteOy' 2dz 2 MmdMm
Ho O Isd#ofs: SNDKn s©O RTOS SDK.

NonrOS SDK ddgjo Odfdm dzO0@ ff jteOyYy"  2dz' 2 MmdMmlsj &3
ldStstedmlstsolz® O2dk@jtcd IsO CtsdzBj Cd, Wi tsfMda
9 C d&ZOH jdzgdr HYBBH' 2, WEdSCYy 2, s odCdzdC O Iss f
tcjyJod?2 ' dsjteWj2Mm espcontn tcEeadvdlds zfigodry © dif
o' Hftso ' HdzsMils' L O ftcOoddzOd3d o d¢ tsted Mils O dzdzw

RTOS SDK L OFrpdfSOB@] ds®@O o' HC ted Isd 2Githuls s G t6 C
FreeRTOSS DK L O dztFoe€RIZOY w6 OlstsL OHOydz' 2 [a. 1d
oo Olsd MmMisPdaw QR IBdz Hdzizls tcj Odz' L Oy' E{ tceOo dz' c
ZOdzdzy, i yftesyjmdzz f jtejHOYZ oL O BSH"' ¥
2 d2O0 odSCdzOdedzr ff jodzedr LOoHOd . RTOS SDK
BSDSocketAP I . ststcd Mmiskz df &) tegte ik ks' o godsatidPfi) Is t5add o
tesLtcsBCd ftosdtcOd3dedr HBSHOISC 9; fjtoj desmdlIsd
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Istso Z8okketAP1 dz0 ESP8266, Lddylze yd odlstcOlsd
tejL Ld3 dzz f dzOlsW stcdsd. RT QSONSDKE d&zE 9z g0O‘ it
Els! tBtsBSCEkZ JSON f OCj-BSeoSDRTOS ' Wkjstcl) girdh
Misj dddzf g e j 2 MOR, Odzff cdgOdH'dH Isted Bz AT
ArduinoAPl Hd&zW ESP8266 BEkzdzO ttsL totsB dzj dzO d
stsolzt yd LetHEZ hMtsHts  d@dz dslO G SO lialzs  Waet
duino AW APl MCd&ZOHO' ' Is! Mqw L HJjC dz ¢ts°” B' B
sd tsltge&? PESP8266, ds¢' yds B0 Hdlz'  dac
ud dz8rdgincAPI Hd&zv ESP8266 L dzOydsts MY &l dzt |
ESP8266, tBO  Hdzz® yd o MmMtsB® dzdL ! S Bstc’ 9 dzj ¢
I tslsdzjls BEZH] ®&BOIsd MstezSClskztclkz Isdf csd4.ME s
O tsHdadd3 o d§ dzelz@Qlj tedglt BB sIsdzj Is* BEHj] o fM! Gt
LO' di3sH' wisd L kM &30 BBISOAR].
slzB0' SIsd, hMtsLBlz&fdy GHz VY @BsO8§d dzO 9 ' H d3t
5B e Edefifdzs o dgd 2 j-dgj W) dzls, BB d2 BEHj MS
vl sO dzZOHO9 Olsd OHMB dz MIstcOIststelz sy dzd 9 * Mls
LH' 2fMdz 9 Olsd OlOCkE, O IsOCtY B kzHgdzVL OO g
WistedzOy ‘vl psfGctdf jtoj HO9 OIsd =~ B sls Od3;
BtskftcdmMiste® 2, hts BEZHJ] LH' 2fMdzes 9 0OIsd OO
sBtetsBdzgd C O, o'  dz2 BO' ' HeslskzoaOlsd COHted H
sOC sy f° HtcBeacdp NCtOeH toffftcd Mtz " H § ko gls d v
BOs Qo ddz! dets’vi'ydaW stedkOYy* ° ftots
OH 3" dz' MisdetCHssds®, hts Cjtkz’ tBttsB ABPUBAER |
tcOlsd dBBjtejybk, dO wWC¢k BEHJ LH'2fMds dets Ols OF
Cdz' Tfetsdmiste 2, hts i1 pwCdpRypdediy mwstistod iz o
f' HicGE®HlAcd HjOolsjdzsfW 1 SOy " o' H ' d3j dg
vslp ftesyjfm' telsd Btslsdzj sz dzj Bjtoj k1
l LOCOd desdBgz o e dz" H' Odzetstedlsdy tesB tsls g
L dzOR SHY A dzday s5dz' HEtsMw y detsfils’ weBetse dzd € O;
odBsItg dz2O wWCE BEHj LH'2fdzj 20 0Ol OS O]
odweodzj dgdzv fftodMmlstets’ o, By q " HE dz¥ yj dz2@ H
fjtej HOYUO ' d sfisd®OY" " S dzls' 9, O I[s0OC 5
B 5ls Od3;
Wistcdzz o Odzdz? BBISORBd COHt' @8 HJjOolsjdalsdW
AqCdz' ydzagj o HftcOodzj dede"  OC jIs® © Begc@o ls j c

o -
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423.0f OtcOlsdz Stiftsdzj dzlsd ' Odketstedlsd s

] wetsmis' Of OtcOls dzts’ f dzOIsW tstcd3sd Espdedsif B s s
SystemESP826dESRO) ( Hdo . tdm. 4. 12) .

tdm. 4.12. 0OESP8266 ESP

ESP8266 ESP1i Wi-Fi d&sHbzd , odCstdmissolk’ 5! mw
hodHC MO BjLikBOBHEO O §jtoj HOYUO HOMIE o
ZOfted S &ZOH, & ¥ Ctdstesd tsd ' HOYdSsd,

CoHBMlslz dztsdzlz d3'ofig§ ‘s tolg[ thistis.o Zfo sy v o MdMmisj
® HHOdz] dese s € tsdzls tots dzs | mMdMmMisj &30~ HBABROM dz'
ESRO 1 tsB dzp z@p@p@@dglsy dzts® |, HOdz dz' Mmls! ftod 2 tsd3z
4000d3. vsO¢, wC dzjsBR ' HUD, HiWl wHs®zdzY dzQyoOd Hedzi
dc3ts H Iz dz! od2H] L d&OHLE. U tsd3lz, Hdzw o S tsted Mmlis
ydilsd dz' dz' 2dzd?2 MmilsOBS IdAd 1 70 l$ds@ H3¢ D dzf dgdzw 4 A M 3 )
— ) —

EIE l;j.:'l

) W Y
tdm. 4.13. AMS1117 dz©O 3, 31

-

D jBO ' HC GO L Wiz ABSPL17 fSCOLOARO o IsC
v CRg YW 4. 2
4R j BO §° HC Oy iz AESPL 17

ESR0O1 AMS1117
GND GND

CH_PD Vout
Ve Vout

l wCtsimis' BtsBdd O BEZzd&ZO tBHtORO  dZOLW s
sfdsoFi WRtsHEzdzvW ESPBR66 NGO ESMCA. 1(4H)d ad30O ‘tc d'find
9 Odz' ' dZERBIGWWNR,H1Wi re, ADC. 1 tdfimizisdAR?, ¢ tsd
hts HESLOoBSdEY' fscteOikzoOld § &ZOkk L O HBGY st
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NodeMCU

4241 JOdzZ" LOYy' v OIsOSd co " HBBs9 O o GBMAZEZG

[ &z Ist6 s, hsB toLftsyOlsd OOSCBOMpER Y
Ndodzj dzdzv . uvte]jBO LOEZoOYdIsd, h s dBsy d20 9 € ¢
YJ dedzgw BEZHEIS! Yy SkZoOIsd LO" HdzZOdzdzg" L sSB st

1 MOdisets syl lzu sptcisB d2f C s Mish B dz YO
sste SO BBISg, W L G s H tsteids esdedetd@R 0O 8 Us' i) dzWO 9
LOf EME O  figudmplsidi?, o9jdes sted Mistso zs yd wed2 C
vl HEZY OIOSd. rdvw Ctydtsets LOfdlkkz, wed2
HOIsd tCtej BBz WEkdzC y' ¥ .

PHAB dz' MistcOIsstc syl [ ' fplLodistdq)fstafz) Ftts dgts ( L (
YJ dzdgedgp_ap) IsO fijtej2sd © BtOkzL jtc dz0 1
tcOlsste fsBOyYdls: Msste’ dzgSkz, tH'  Bdzz tdm. 4

tdim. 4.15. uwbme[Tdi® w&t sd&mgok ' 2 0dz

[ dzv Istsets, htsB vu OO Uaztkts dz j &8 o j MiIsd
Ndd3 diBsdz' sstckz. (tesBdlsd yYyj dBsydzdets L O HBY






























