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Vseobecnv popis

BK67FS5 je syntézovand UHF radiostanica pre aplikécie s bezdrotovym prenosom dat.
Rédiostanica pracuje v ISM pasme vo frekven¢nom rozsahu 433,05 - 434,79 MHz a je
konstruovana tak, aby vyhovovala Eurépskemu Standardu podla EN 300-220-3 a

EN 301-489-3 v zhode s odporac¢anim CEPT-ERC-REC 70-03.

Radiostanica pouziva presny, krystalom riadeny nizkoSumovy fazovy zaves. Prijima¢ ma
vysokau citlivost’ (-105 dBm) a vysiela¢ vel’ky vystupny vykon (20 mW). Vel’ky RF vystupny
vykon dovol'uje pouzitie antény s malym ziskom (cievka - helical, provizorna, loop,
navrhnuta na DPS) pre zachovanie obmedzenia 10 mW ERP (maximalny vyZiareny vykon).

BK67FS5 je konStruovana pre priame pripojenie mikrokontroléra (MCU) na monitorovanie

a nastavenie prijimacieho a vysielacicho modu a programovanie (cez 3-drotovy sériovy
interface) RX a TX frekvencii. V beZnej aplikacii MCU ovlada tiez komunika¢ny protokol t.j.
prepinanie medzi vysielacim a prijimacim moédom, preambulu, Startovaci byt, kddovaci

a dekddovaci bit a iné dolezité operacie.

Rozsirujuci modul nastavovanie kanalov

K radiostanici je mozné ako prislusenstvo objednat’ maly mikroprocesorom riadeny modul,
ktory pripojime priamo na radiostanicu na konektor J1. Modul odstrafiuje potrebu externého
programovania TX a RX frekvencii. Pomocou 4-miestneho dip-prepinaca si mézeme I'ahko
vybrat’ ktorykol'vek zo 16 vyrobcom predprogramovanych RF kandlov, alebo nami
preprogramovanych kanalov.
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Obr. 1 Funk¢na blokova schéma
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BK67F5  Specifikacia
Vseobecné
Frekvenény rozsah 432,000 436,000 MHz (1)
Sirka kanala 150 200 kHz
Frekvenény programovatelny krok 25 50 100 kHz
Frekvenéna stabilita +4 +7 kHz (2)
Datova rychlost 7,2 64 kBaud
Impedancia antény 50 Ohm
Napajacie napatie 4,75 5 5,25 Vv
Odber prudu — spanok 1 10 uA
Odber pradu — RX méd 21 24 mA
Odber pradu — TX mod 30 35 mA
Pracovna teplota -20 + 60 °C
Vysielaé
RF vystupny vykon 15 20 mwW (3)
Rusivé vyzarovanie -50 dBc
Modulovana frekvencia 3,5 32 kHz (4)
FM zdvih 30 kHz 4)
R/T prepinaci ¢as 2 ms (5)
Cas prepnutia kanalu 1 ms (5)
Prijimac
Citlivost -102 - 106 dBm
Selektivita 40 30 dB (6)
Potlagenie harmonickych frekvencii 50 dB
Dynamicky rozsah 100 dB
Rozsah nastavenia Sumovej brany -115 -110 -70 dBm
T/R prepinaci ¢as 1,5 ms (5)
Cas prepnutia kanalu 500 us (5)
Rozmery 57 x 24 x 4,5 mm
Hmotnost 10g
Poznamky:
1 — CEPT obmedzenie ISM pasma 433,05 — 434,79 MHz
2 — Mimo teplotny pracovny rozsah
3 - Vykon do 50 Ohm. CEPT max. ERP = 10mW
4 — Obdiznikovy signal urovne 0-5 Vdc
5 — Cas zachytenia PLL
6 — Pri Fo £200 kHz
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Obr. 3 Sériovy interface, Casovy diagram
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Obr. 4 Zapojenie konektoru J1 bez DPS nastavovania kanalov
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Obr. 5 Zapojenie konektoru J1 s DPS nastavovania kanalov
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Pracovny mod

BK67F5 ma 3 zakladné pracovné mody, ktoré sa nastavujii pomocou vstupnych signalov
TXE a RXE. Moznosti st zobrazené v nasledovnej tabul’ke.

Mod TXE RXE Popis
Spanok 1 1 Kludovy prad <luA
Prijem 1 0 PLL a prijimac Icc=22mA
Vysielanie 0 1 PLL a vysiela¢ Icc=40mA

Ak prepneme z jedného operacného modu do druhého, radiostanica potrebuje prijat’ cez 3-
drotovy sériovy interface prislusné nastavenie programovacich bitov frekvencie.

Programovanie frekvencii

1) PLL frekvencny syntetizator

Frekvencie st generované lokalnym oscilatorom (L.O.) vysielaca a prijimaca od nizko
Sumového fazového VCO.
Obrazok €. 1 znazornuje blokova schému radiostanice.
IC3 Fujitsu MB15EO3SL

2) Popis sériového ovladacieho interface-u.

3-drotovy ovladaci interface (hodiny, data a aktivacia registra) je pouzity na programovanie
PLL obvodu. Pozri obrazok €. 6. Data su zapisané do 19-bitového registra na vzostupnu

hranu signalu z ,,CL* (hodiny) (MSB prvé¢).
Data su prepisované do prislusného 18-bitového registra na vzostupnu hranu impulzu z LE
(aktivécia registra) zavislé na hodnote CNT (ovladaci bit). Register ,,R* je nacitany ak

,CNT* bit je nastaveny na 1, ,,N* register je nacitany s ,,CNT*
Na programovanie RX a TX frekvencie musia byt’ dve ovladacie slova 19-bitové zapisané do
posuvného registra: slovo ,,R*“ a ,,N*.
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Obr. 6 Interny register PLL a registre
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3) Parametre frekvencného syntetizéra PLL

PLL IC : Fujitsu MB15EO3SL
Referencna frekvencia . 16,8 MHz
Programovanie frekven¢ného kroku : 50kHz (doporucend)

25-75-100 kHz  (voliteI'nd)

»OSW* bit ( bit 1-16 z ,,R* slova)
»FC*“ Dbit (bit 17 z ,,R* slova)

,LDS“bit ( bit 18 z,,R* slova) =
»CS“ Dbit ( bit 19 z ,,R* slova)
,CS*“ bit (bit 19 z,,R* slova)

Deli¢ deliaci pomer = 64/65

Féazovy komparator pozitivny vystup
Pouzitie signalu zistenie uzamknutia
Dobijacia pumpa prad = 6 mA
Dobijacia pumpa prad = 1,5 mA

O = O =

4) Slovo ,.R*

Bit 1 (CNT) musi byt’ nastaveny na ,,1%.
Bity 2 - 15 st ,,R* Cislo.
Bity 16 — 19 su ,,SW*, [ FC*, ,LDS* a,,CS*.

,»R* je hodnota, ktord je vypocitana do PLL referen¢nej deli¢ky a je vypocitand podelenim
referencnej frekvencie (16800 kHz) a pozadovanym minimalnym programovacim
frekvenénym krokom.

Priklad pre 50kHz frekvenény krok:
R =16800/50=336 (150H)

,»CS* bit je odliSny pre mdd vysielania a prijmu.

V prijimacom mode je ,,CS* bit vzdy ,,1%.

Vo vysielacom mdéde musi byt’ ,,CS* najprv nastavené na ,,1* ( slovo ,,R1* rychly PLL
zablokovaci Cas) a potom, po zablokovacom ¢ase musi byt’ zmeneny na ,,0 ( slovo ,,R2%).
Pre viacej informacii je tu ¢asovy diagram na stranach 10 a 11.
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R -WORD Examples

I Freq. step =50 KHz (*R”=150H)
“CS” =1 ( PLL charge/pump curr. = 6 mA )
MSB <«——— SHIFT LSB
a ofisfi7jte]isfa]iafiafijofo]s|7]e 321
R1 (50 KHz)
Ljojrfrfojofojojofrjofrjoft 001
CS LDS FC SW™ R # CNT
2 Freq. step =50 KHz ( “R”=150H)
“CS” =0 (PLL charge — pump curr. = 1.5 mA )
MSB «—— SHIFT LSB
olislizfielisfafiaf2fufjiofols]z]e 3
R2 S0KHz) (o foft|1|[ofofojofo|t|{o|t|oftfo]o]ofo]r
CS LDS FC SW R “CNT
3 Freq. step =25 KHz (“R”=2A0H)
“CS” =1 (PLL charge — pump curr. = 6 mA )
MSB €«——— SHIFT LSB
of1s]i7]efisfafiafiz]ifiofo]s 6 EIEE
RI (25KHz) | q1|of1|[1]o]o|ojof1]|of1]0 0 0(0]0
CS LDS FC SW R 7 CNT
4
Freq. step =25 KHz ( “R”=2A0H )
“CS” =0 (PLL charge — pump curr. = 1.5 mA )
MSB *——— SHIFT LSB
s fi7)e]isfafaffi]w|o|sf7 SR E |
R2 (25 KHz) - -
ojofr{rjojojojojtrfojr|ojflt 0foj0f0]1
R “ CNT

CS LDS FC SwW™

VH ELECTRONICS
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5) Slovo ,,N*

Bit 1 (CNT) musi byt’,,0%.
Bity 2 — 19 st ¢islo ,,N*.

,N“ je hodnota, ktora je vypocitand podelenim VCO frekvencie frekvenénym krokom.
Vo vysielacom mode je vysielacia frekvencia VCO frekvencia. V prijimacom mode VCO
frekvencia je prijimacia frekvencia minus prijimacova IF (medzifrekvencia = 10700kHz).

N-WORD Examples

1 Transmit and receive freq. = 433,150 MHz
Freq. step = 50 KHz

] MSB #——— SHIFT (%) LSB
NT (TX MODE) el sl]ulwlo[sT7les[a]3]2]1
N=433150/50=8663 (21D7H)
ofojojrjojojofoltfjtrjrjojojtrjofrjr|jnrjo
» N Y CN'T
NR (RX MODE) MSB €————— SHIFT (%) LSB
N=,33]5”_]“?”;}__.5“=N44\.}{2“}[H} tofisf7frefis|afiz]izfifwolelst7lelslalalz]l
ojojofjrjofojofjojrjojojojojofojojoftryjo
0 N 7 CNT
2 Transmit and receive freq. = 433.175 MHz
Freg. step = 25 KHz
MSB «——— SHIFT (%) LSB
sl ufwlols)7lels]a]3]2]

NT (TX MODE)
N=433175/25=17327 (43AFH) ofojrjofojofofrjrjrf{ojojrjojt]jtr]jrf{1]o

MSB £——— SHIFT (%) LSB
NR (RX MODE) o 1s 17 f1efisfajiz)izfinfojos7loalsl4]3]2]1
N=433175-10700/25=16899 (4203H) o |lol1lolololol1lololololo]lololol1]l1]0

Poznambka (#) : Bit § je pevine nasiaveny na 0" a ignorovany.
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Casové diagramy

Prepinanie medzi odliSnymi pracovnymi modmi

Prepinanie zo spanku do prijimacieho médu

SLEEP

P 4 RECEIVE

h INVALID X

VALID

5 ms

Prepinanie zo spanku do vysielacieho médu

SLEEP

X TRANSMIT

~ PREAMBL

X Dar

5ms
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Prepinanie z prijmacieho médu na vysielacim moéd

RECEVE X TRANSMIT
S5-50 us
TXE
RXE
cL
DA
LE
1] T 1
TXD e PREAMBL X TXD
R¥D )4
PLL LOCK UP PREAMBLE
2ms 2:4ms

Prepinanie z vysielacieho médu na prijimaci méd

TRANSMIT X RECEIVE

S50 us

o X X X

PLL LOCK UP PREAMBLE
1.5 ms 1:2 ms
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Vstupné data vysielaca (TXD — J1 pin €. 4)

Vstup TXD (negativna logicka tiroveii) akceptuje sériové digitalne data s troviiou OV — 5V (
pre plntt TX modulécia). Tvarovanie modulécie je vykonavané Gaussianovym tzko
pasmovym filtrom pre minimalizovanie Sirky spektra. Pozri obrazok ¢. 1.

Bitova rychlost’ je hore limitovana medznym kmitoctom od tzko pasmového filtra.
Minimalna bitova rychlost’ zavisi na ¢asovej konstante kruhového filtra PLL a hodnote ,,CS*
bitu ( R slova). Minimalna akceptovatel'na frekvencia modulacie obdiznikového tvaru je 3
kHz (kde ,,CS*=0), DC trovne, alebo datové toky s DC vychylenim su zakazané.
Dvojfazova ,,RZ* kodovacia schéma (dvojfazové diferencialne, alebo Menchester kddovanie)
je odporucana na odstranenie nejakych DC zloziek, je zavisla od bitového tvaru.

Kodovacia spriava

Cade maodification , Manchester stvle . means combining a clock with the data to give two
hits of output data for any single input bit.
Recommended clock frequency is 4,8 KHz to 19,2 KHz ( maximum clock frequency is 38,4

KHz).
HRZ BINARY DATA, | 1] | 1] ‘ a 1 1 a 1
W I [ I I I I
1 PERIOD PER DATA BT
] 1 1 a 1
MAHCHESTER ENCODED | | | |
RE DATA —_——

MRZ BINARY DATA
MANCHESTER ENCODED DATA
CLOCK

Vvstupné data prijimac¢a (RXD — J1 pin ¢. 6)

RXD ( negativna logicka Girovert) je vystup s otvorenym kolektorom ( tranzistor Q5 — obr. 1)
s posilnenim rezistorom na Vcc.

Tok prijimanych dat je demodulovany do IC1 rozliSovaca, d’alej st odoslané na detekciu
uzko pasmovym filtrom (Q3-Q4), ktory obmedzuje Sirku frekvenéného pasma signalu

a zabezpeci Cisty postup na d’al$i samostatny datovy odrezavac ( IC2B).

Umlcovaci obvod blokuje vystup RXD ked’ prijimany signal neprekro¢i stanovent hodnotu
(nastavenu na RV1).

The squelch level is factory preset with te approx. 6 dB under max. sensitivity. RV can be
adjusted 1o increase the squelch level threshold.

This adjusiement is best performed in laboratory with a calibrated RF generator.

It is also possible to adjust RV observing the received R signal level on “RSST™ oulput
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MESSAGE DECODING

On the receiver side, trasmiited (bi-iphase encoded) datas, must be extracied from noise,
interference and multipath propagation distortions.

It is very instructive, before any decode attempt, to examine the received datas as appear on
the “"MON " analog outpui.

A good systent is to employ as a beacon a transceiver module in transmit mode, modulated by
a square-wave (clock frequency) and to simulate all the steady and transitory situations of a
real message exchange.

Suppose transmitted data are Manchester encoded , as described in the previous example. It
will be necessary to send a preamble, a syncronization frame and then the message .

The preamble is only fo allow Tx and Rx lo stabilize on the frequency and to ceatre
modulation and data slicer.

The syncronisation frame is 1o be used to define stavt poini for following bits decoding.

PREAMBLE START FRAME MESSAGE DATA

r
3
h 4
F 3
|
1

Or0 70701 17011707 1701170007010 1

sl L .
s UL LT LT

t
COMPUTATION OF START FRAME MEAN TIME
e e
'Y'
3 At B
BIT SAMPLE
Vit )
A =TRANSMITTED MESSAGE t=CLOCK PERIOD t
B=TYPICAL RECEIVED MESSAGE START FRAME (101010107 =81 BIT SAMPLE

{ RXD output , -106 dBm RF level )

In the above example , if “ 1 " is the clock period. the total length of the eight bits start frame
(10101010 Jis =81~

The start frame must be extracted from a noisy reception detecting the rising and falling edge
of the received message.

Once extracted from the received noisy signal , the & biis of the start frame can be averaged on
the fotal frame time to permit to define the data message start poini. The following message
data bits are best decoded sampling two times every bit.

Note: - Obviously any tolerance in the Rx and Tx clock frequency must be taken in
consideration and related to the total message bit number.
- Control and validation of the message fogether with error correction algorithins,
message retry request, eic. is a task to be performed by the * packet” protocol.
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Intenzitu prijimaného signalu zobrazuje vystup (RSSI — J1 pin €. 7)

RSSI je uroveii prijimaného signdlu s viac ako 90 dB dynamickym rozsahom (obr. 7)

DBm to RF Volt conversion
v Zo=500 0dBm=1mV
16
- 44 dBm RF mV dBm RF uVv
e
é 12 T
I 20dBm | 224 mV [ -80 dBm | 224 uV
<l
§ EE P 30dBm | 7,07 mV [ -90dBm | 7,07 uV
2 0'4 e 40 dBm | 2,24 mV }J-100 dBm | 2,24 uV
=4 : -" ;
0.2 -50dBm | 0,70 mV f-110dBm | 0.7 Vv
-110 4100 90 80 70 -60 50 4D 30 20 -0 GByy -60dBm | 022 mV [-120 dBm | 0,22 uV
RX - RF INPUT LEVEL - R o
ST0dBm | 0,07 mV l1-130 dBm | 0,07 uV

Obr. 7 Vystup RSSI

The accurate  "RSSI™ output can be used to test and evaluate antenna performances and to
Th ! RSSI™ output can be wsed to test and evaluate antenna performan 1d
measure radio waves propagation and atfenuation.

Monitorovanie analégového vystupu Rx (MON — J1 pin &. 8)

Toto je priamy vystup analégového signalu z demodulétora.

Je pouzivany pocas testovania prijimaca, ale je tiezZ vel'mi uzito¢ny pocas systémového testu
na pozorovanie (pred tvarovanim) prijimaného signalu. Toto vel'mi pomdze na vyhodnotenie
signalu na Uroven Sumu a skreslenie signalu az na vzorovu ukazku Sirenia vinovych anomalii
(vSesmerové odrazy).

The monitor output can also be of great help to detect and observe noise and interference sowrces
{ for example from micros | fast logic [C, noisy diodes or zeners eic.). A small loop at the end of
a coaxial 30 2 cable and connecied to anienna input can help fo measure and locate suspect

NOIse Sources.
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Vvstup kontroly zachyvtenia (LD — J1 pin ¢. 9)

Pocas normalnej ¢innosti, v prijimacom alebo vysielacom mdde, PLL je zachytené na
spravnej naprogramovanej frekvencii a LD vystup je v trovni Hi ( + 3V).

J1

J1

LD

3V - LOCK
0% - UNLOCK

MCU

9 ¢

MCU

0V - LOCK
5V - UNLCCK

Obr. 8 Vystup kontroly zachytenia pripojeny na MCU

Pocas normalnej ¢innosti s kratkymi vysielacimi a prijimacimi periddami toto nieje potrebné

na kontrolu stavu ,,UNLOCK*.

Stav ,,UNLOCK* je mozné v priebehu dlhych peridd s priebeznym vysielanim (obycajne
zakazan¢) alebo prijimanim : v tomto pripade MCU detekuje stav ,,UNLOCK* a poskytuje
odpoved’ primeranll programovému nastaveniu.

Note : Avoid to sample the “LD 7 status immediately after the programming sequence. A
time of 100 ms or more , also between subsequent “LD " controls , is recommended.
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Mikropicovy modul

Nepovinny Mikropicovy modul moze byt priamo namontovany na BK67, BK68 a BK69
datovu radiostanicu.

Na doske je mikrokontrolér (PIC 16C505) pomocou ktorého mézeme programovat
radiostanicu, cez sériovy interface mézeme nastavit’ 16 moznych radiovych kandlov ktoré
vyberieme pomocou S1 (dip-prepinac so 4 kontaktmi).

Mikrokontrolér tiez vzorkuje kazdych 100ms LD vystup (kontrola zachytenia) na
monitorovanie stavu PLL, preprogramovanie radiostanice je mozné podl'a stavu ,,UNLOCK".

=
s

& o o -]

TR |
CHANNEL .
SELECT 1 | o LE
IS g
III N %

v | 12 CL —Frogn CLOCK

™

Strana 16 z 17 www.kenwood.sk VH ELECTRONICS




TABLE | A: MICROPIC MODULE - SUBASS. N" 015916

BRGTFS 433,05 - 43470 MHz [SM BAND
cH. | oiP-swircH | FREauency || STE | cHamneL | FRequency NT WORD OFIXE NR WORD  ofixen
CH. | SEPARATION | PROGR. STEP ik ik

WT| DCBA - MRz fICODE) kiz || 19 18|17 |1efts|ta|saliz| 11 [ 10| 0| 8|7 [s|5|4|3|2| 1||1a|s|refis|is1frafizfte| 10| a |& 7 |6]5] 4|2

11 0000 (433150 (M1} 200 50 0(0[{0({1]0(0(0[0]1]1|1]0[0(10{1{1|1(0f(0]0{0{1]0]0[{0)0|1|0{0}0J0|0|0(0(0[1|0
21 0001 433,350 (| M2 . _ 0(0[{0({1]0(0(0[0]1]1{1]0[0{1{1{0(1|1(0(0]010{1]0]0[{010|1|0{0}0JO|00(1(0[1|0
31 0010 433,550 || M3 _ _ 0(0[{0({1]0(0(0[0]1]1|1]0[0|1{1{1{1|1[0|(0]0[0O[{1]0]0[0)0|1|0{0J0JO|0|1(0(0[1|0
41 0011 1433750 || M4 .\ 0(0[{0{1]0(0(0[0]1]1|1]0[1{0|0{0(1|1(0f(0]0(0{1]0]0[{0)0|1|0{0J0JO|0[1(1|0[1|0
51 0100 1433950 || M5 . 0(0[{0({1]0(0(0[0]1]1|1]0[1{0|0{1{1|1(0f(0]0(0{1]0]0[0)0|1|0{0}0J0|1|0(0(0[1|0
61 0101 1434150 || M& . _ 0(0[{0{1]0(0(0[0]1]1|1]0[1{0|1{0(1|1(0(0]010{1]0]0[{010|1|0{0J0JO|1|0(1(0[1|0
71 0110 434,350 || M7 . _ 0(0[{0({1]0(0(0[0]1]1|1]0[1|0|1{1{1|1(0f(0]0O|O[{1]0]0[0)0|1|0{0JO0JO|1|1{0(0[1]|0
81 0111 434,550 || M8 _ 0(0[{0({1]0(0(0|0]1]1|1]0[1|1,0{0(1|1(0f(0]0O|O{1]0]0[0)0|1|0{0JO0JO|1|1(1|0[1]|0
91 1000 434,750 M3 _ 0(0[{0{1]0(0(0[0]1]1|1]0[1{10{1{1|1(0f(0]0{0{1]0]0[0)0|1|0{0}0}1|0|0(D(0[1|0
10{ 1001 4331751 G1| 250 25 0(0{1{0]0(0(0[1]1]1[0J0[1{0|1{1{1|1(0f(0]0|1{0]0]0[0)1|0|0{0}0J0|000(1[1]0
1M 1010 [433,425]| G2 _ 0(0[{1|0]0(0(0[1]1]1|0J0[1|1/1/00|1(0f(0|O|1{0]0J0[0)1|0(0{0J0JO|0[1(1(0[1]|0
12| 1011 433675 G3 . 0({0{1|{0]0(0(0[1]1]1|1]0[0|0|0{0(1|1(0(0]0O(1{0]0[0[0)1|0(0({0J0JO|1|0(1(1[1|0
13 100 [433,925]| G4 . 0(0{1{0]0(0(0[1]1]1{1]0[0{0|1{10j1(0(0]0{1{0]0]0[{0)1|0|0{0}0}1|0|00(0[1|0
14 1101 [434,175]| G5 _ _ 0({0{1|0]0(0(0[1]1]1|1]0[0|10{1{1|1(0f(0|0O|1{0]0J0[0)1|0|0({0JO|1|0[1(01[1|0
15 1110 [434,425]| G6 _ 0(0[{1{0]0(0(0[1]1]1|1]0]1|0000|1(0f(0|O|1{0]0J0[0)1|0(0{0JO|1|1|0(1|0[1|0
16 1111 434675 G7 . 0(0{1{0]0(0(0[1]1]1|1]0[1{0|1{0(1|1(0f(0]0(1{0j0[0[{0)1|0(0(0JOY1|1|{1{1|1[1|0
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