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v OB Ay dL dzOyJ dzdzv tesL A3 tclz Mdzso © H Odzd n

UCSZ2 (UCSZn2UCSZ1 (UCSZnljUCZ0 (UCSZn0jf sL d3' 6 Mg

0 0 0 5 L YWH

6 tetsL tGWH'

7 tetsL W H'

8 LYW H

1 Otej L J too t
1 Otej L J too t
1 Otej L J too t
9 ftotsL tGWH"

R R R R O O ©
R R O O r| R ©
R o »r| O k| O] ,

) od B s0Q 1, 2 yd 3.

r dzw ZOh sets st § OzOHIY to ST BEZE1QIsJUCS Z (
UCSZ2=0( {f Jtcj HOB Is+ MW 8 tetsLtGWH"  9) .

t L oW H 8 OPOLdzr to ts tizglzis d3t3" dz4 odCtsted Mmists
LOf dMmkz" dkstizglz elz! dz' SG

1 "URSEL=1 Istsdsz, hts LOfdm WCHRAsdzkz‘ Is+ mw o

vl jegpdzseo s s wa2dzWdgO©“ o d



34

7 16 6 tc 5 te 4 to
UCSRC 1 ] 0] 1 1] 0] 1] 1] 0]su=m6
1 € Hdzty  2AOBEURIREH &z L O H Qulds casd td: j$HPL0.
UEH' @ flscE@B® GO od

LDI R17, $86; R1AN $B6,

LDI R29, $00; R®N $00,

LDI R28, $40; R28\N $C2 R29, RZ3 (Y) N $0040,
STY ,R17; UCSRO4 N R17=g5 ¢ 2 $B6.

234) 65 ¢ tc O B § © ARRSREO

AStdOl ) ¢ MlsicO® UCSRRA4 dzG jsifjdibs 2 e d
508 2By

7

6

5

4

3

2

1

0

RXCIEn | TXCIEn |UDRIEEn] RXENn | TXENn {UCSZn2 | RXB8n | TXB8n
3unryBanma(R)/3amuc(W) R R/W R/W R/W R/W R/W R R/W
IlogaTkoOBe 3HAYEHHT 0 0 0 0 0 0 1 0
{ {Mz2AE & StedBOl toj ¢ fMiste' © UCSRB ( UC

s OB d2B8yY f dgL e} 6 ° MIstc' ®© UCSRB (UCSRNB)
[sLl 1 0L® {7dMm

[ SLe " dz fjtejtedo Odadzy ' Mdzw L (

RXCIE cShts HOdzd?2 tsLteWH o c¢le, IS

7 (RXCIEN) RXC (RXCn) tjc¢' fmste® UCSRA
fitcjtcdo OdzdzvL Opff tiedf Jtak&s  cOf

tejc' MstcO® SREG o MlsOdztso dzj dats ¢

TXCIE [ SLe " dz fjtejtedo Odadzy ' Mdzw L (

6 (TXCIEN) Cc¢hs HOdd?2 tWBLWGWH © ¢1le, IS
U M4 (vmen) tcjJ " Mste® UCSRA
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fdtejtedo Odzdz" ¢ j g0z §Lc@d,
tej 6" Mistc® SREG 9o MlsOdztso dzj dzts ¢
[sLe " d&z fitejtedo Odzedzy ftod tsydh
UDRIE CShts HOdzd?2 totsL teWH o flsOdztse dz]
(UDRIEN) ftcOf stey" UDRE Bk tjcé' Miste" U
f4tejtede Odzde? cHelf figls MmBdsts H PwPE
tcj 6" Mstc® SREG o MmMlsOdetso dzj dzts ¢
[ sLe ' dz ftod?2 sd3lz
cCh s H Odzd 2 tetsL toW H o Mls Odzts ¢
RXEN | HBLoO®BdV ' s fmw tcsB t5lIs O ftcd?2d
(RXENN) WideS y' sdzzo Odzdz?d o9 dotsHlz RXD
RXEN (RXENN)tcsB ts5ls©® ftod2 5OY® L O
BkzWjte tydhiz' s v, 1 dzO0yJ dzdz
DOR/OR,FEFEN) ftd vyY' sdkkz MmlsO s
FrsLeo dz §jtejHOY'
lted oMlsOdztse dzj dgdz' yY! seB8 tetsSL ¢
TXEN fjtcjHOO OYO UART/ USART 0O &
(TXENn)WIzszu‘lsdzlzaOdzde odotHE TXD
mMEdHO s Mw 9o ¢0eé ' H yom
9 HBEHJjIs! Mw s &z €d ' fmdzw 4
L zZOrsHWIs! v E tje' Mlste" L Mkze
CHR9 /\_tsted3®Is fOCjIs' o
(CHRgn)ﬂJ@BL.tGV‘TH odSCtcdmlssoalz’ Is! qw H
hts fjtejHOs s Mw L O fMmdz Hise d
9" &z adStstedmlstsolz’ Is' Mw tOL 53
UCSZ2 [t j ¢ Mlste® UCSRC (UCSRNnC). v
(UCSZn2]CHR9 ( CHR9Nn) 9 flsO&mazaiz] ds My
ftocd2#d3LIYHAZdr HOd]A SttBEL GKHI
82 wWBLKWH HOd~, Mt ftod?2 3OE
RXBS lted od¢ stedfis®Owadalzd ® Modz' © H Oz
(RXBBn)Ldz(DquZdZW MlsOtch segts teL W HE
USART o9& Mls yYy! st wBLIGVWHLE
tcj @ Miste® HOdzd~ UDR
TXBS 82 wWBLWWH HOd~, Mt fjtcjHOSE
(UMJ:]'th 9 (¢ tstceoftple dzdr'dzd ® Mdz' o H
tetsL teWHLE ‘ MsOteh dd3 tefsL oW H g
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1 4 S5BR " Hdzj L dzOyy @Gedey MikD B EZY
LOo Odzls Oy j dzgdz?" B O2IsO HOdzdr Ik

led B0 1, 2 OB 3.

r dzw zOh 56 ts fted ¢ dzOH Iz dzi sB R ' H
RXCIE = TXCIE = UDRIE = 0; UCSZ02=0 ( Is © B &d )y *TXEN>= RXEN = 1.
wdzh ° B'Isd dzg odSEsstedmlstsolze s mMw, sz §dh

vl jlcfdzso s s we3dzvdgO* o d

7t 6t 4 tc S te 1®tc 0ts 2 to

UCSRI 0 0 0 1 1 0 0 0 S ¢ 3518

1 G Hdzts L 244QBCdAIQGER B B3O $ 0OH2Ach .M Iz :
UsH' flosee@BO® &EO° o

LDIR19, $18;R1¥ s 843 =%$18,

LDI R29, $00; R2Y $00,

LDI R28,N®LHR29,RR(YW$002 ¢,

ST Y, R19NR1QUCSRJu3= $18.

235) tetsG tc O3tz p © dzs WdIDR H O dzd ~

1 G' Hdzts L 2.9 OB g yHUDR dzo O dzf Ac @50 O$0@G.M Lz

UsH' flotee@BO® B3O od

LDI R31, $00; R3% $00;

LDI R30,N$Ow; RBDN $060080 ( Z)

STZ,R22; UDRR R22 (L O9 OdzlsOy j dzdzg? B O2I5O H dzv

1" mdzv L O9 OdAL O yig jdpdev IsBteIR ISR2 2 9o t6j ¢' Mists
AW B B0y Y b f sfdz H o dzsidsis fHips dfzS 8 asteddio IsC
420 dz' dz'(sH @R v nmiePPBH. 8515
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HOdzd » BB H
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ubr | $0C | A| A tje Mt HO
($C6) A
UDRo | $0C A A {jc Mt nO
($C6) A A Al A |USARTO
UoRL $03 A tjic Mt HA
($9C) A USART1
($CE) Al A
UDR2 | ($D6) A t 46 Miste HO
UDR3 | ($136) A t 6 Miste HO

40 j Bz O dze sled sikd fpksts s

2400 jB@C sl toeslsd ftdmlsts:s

OO 25H j dzs dz@ ted |



38

a
5

! Y

Hanrauimyeannsn
Lo . nopmy A na npuiiom
Teliananis v ﬁ—:'ﬂ h'HOﬂtfR
YALLT
6 l
2 ¥
Humanns cmany
Hanawmysannn KHOROK y pezicmp
nopmy C Ha RI16
nepedauy
3 7 ¥
Bueeodennsn
Omprumanisn OMPUMANOZO GI0
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[ MeABEE - j BO Odcstedlsdz woelsd {1

25s5] W PEEELOBO dEBso sy ¢ fj & dj
251 ' flsd deey g tektc O dBso 5% ¢ Mj di3B dzj to

nolist; Hdtej SIsdoa © o' HC dzt s Misd dirf tOyY' ¢ G SH
stsBlsts HOdZ £k WO2d' *. 1l ss dzgg BEZH]
include "m8515def.incif " H € dz¥ yJ dzdz?v MIsOdzH Otclsdzisc 5 I

W Q2 dzz H dzW515A T me g a 8
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list ;Hdtej SIsdo O o Cdzt yotz' lpdegze Oy ¢ CtsHEz
ssBlss HOdkZ' E WO2d *.Ilss BEHj W'C

.equ £k = 8000000 Yyomlssls® 9 6 JjteyOn

equBAUD=9600 ;hodHC  Mils! HdAdW vedll [ BEHI

.equ UBRR value = (k/(BAUD*16))-1 ; totsL tcOn zdetsC L dzOyj dz
tcjc' Mlse® UBRR

.cseg c Hdtoj SIsdo O odL dzOyj dagdzgv , D ts
.org 0 c Hdtoj SIsdo O odL dzOyJ dagdzgv , D ts
L O d MELASH-fLOdMds @ ZH | tisL 3" " jdets L dezdz ts
odor JfevdIvdw Yt fLtofR

Start: ;. (BdzsES 0)
tdg y" oz LOYy' L 3 Is€d init USART
rcall init. USART (BdzsC 1) o' Hdetsded 2 dzd d)§¢ @dL |

, 2O zOh Islzo Odzdzy f stelslz & dzO § jtoj HOYL

LDI R16, OxFF . (B dzsE OXEF R16

OUT DDRC, R16 . (BdztsCaR6e DDRC

Blstcd BOdzdz" Issets, NNt o' HY(BOEES P) tolskzOc

rcall USART recieve ;(B dzts® " H)dzsmdzd 2 oS dzd & ' H{ te
; USART recieve

(BdzsS 4) odojH]Jddzw Blsted dzOdzsets o H s

OUT PORTC, R16 ; (B dzts SPORTA R16

(BdZ5C 5) dzOZOh lskzo Odzdzy f stelsk ¢ dz0 { tod
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LDI R16, Ox00 ; (B dzts GR16& Dx00

OUT DDRA, R16 . (B dzts D DR R16

(BdzsC 6) yYydbsodetzy c MgPWz RL Gztsy ¢

in R16, PINA . (B dzts)dR168 PINA

(B¢ 7) odojHJddw ltedBZBOdsets o' H §d

OUT PORTC, R16 ; (B 2BXPORTG& R16

(Bdzs¢ 8) 9 d 9 J HigCdzdE M Yiploisdzgizc GWdzEsyCs Cls § to o3’

(" HfteSGteOBRBO L d3 sCts8 USART send)

rcall USART_send (B dzs® "H)dzsmdzd 2 o S dzd € ' H{ fe
; USART _ send

(BdzsS 1) Jwrlgf1t¢ef¢ w wAwe] wy ¢hwy |

ftosctcORRlzo Odzdz? h o dBREESMIS' B A dz2lz 96 00 E

Idi R16, high(UBRR value); ( B dzs ¢ afnlsORsh (2 B ©O21I1s UBRF

out UBRRH, R16 (B¢ 1 ARIGBRRH

Idi R16, low(UBRR_ value) (B dzts¢ alRsdisHB d2 B O2Is UB

out UBRRL, R16 (B¢ 1aARIBBRRL

CHESL 0" dz totsB Hfflsidic jfHE@2@REAQ ORBtsH 2 dzv USART

Idi R16, (1<<RXEN)|(1<<TXEN){I<<RXCIE)|(0<<TXCIE)|(0<<UDRIE)

out UCSRB, R16 (B¢ 13RIBCSRB

et Odiz o Odzdzy ff jLte jiHJO@ o CxifisOe edidlp®: " |Is

;00Md dzr tots dzts 3z dedi M fefsitslytsd3. tsH dz

Idi R16, (1<< URSEL)|(1<<UPM1)|(1<<UPM0)|(1<< UCSZ1)|(1<< UCSZ0)
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out UCSRC, R16 (B¢ 13 RWBCSRC
ret (BdZsS 1) (e jtedzj dedzw L
fJteJHOYO yYyJtejL BsHIEZ USART
USART _send:
out UDR, R16 (BdzsC 8) tojca RIStc H Odzd n
sending:
' Ud S Odzdzy L Qo jteh jdzdzw f jted HOY'
shis UCSRA, TXC (Bd&zs¢ 8) wghts B'Is TXC = 1,

ftesf z2mMs O

rimp sending ,(BdZBS 8)
ret (BdzSC 8)
USART _recieve:

shis UCSRA, RXC ;B dzts"% ¢ N33

;. Bltedd3Odzd?2 B O21Is)
;L dzOGh
rjmp USART recieve ;( B dzs¢ 3)

; USART recieve

in R16, UDR

e 6 Miste
ret (Bd&zBE 3)
END Start (Bd&EE 9)

Is ¥ O Mis z dz@Oh § 5 &30 dzH
BJ L zdgs'olslfid2 sfejnedjinn
ftso jtodzj dzdzw L ' Ht
B'Is RXC = 1 (9o Bt

ks fesfkzMS 0O 5! fw

ZOMs Y dzO € s B3O dzH O

BiLEdssodzd? fjtej R

,(Bdzs$¢ A3 DRRY G Oo Odels Oy j deda™ o

R16 tlttd BOBSEE B (

ftso jtedsj dzdz L ' Ht
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2.5.2 s &vy' v s cheE QftcsE cOdRd s C

dzv fosctcOBkzo Odedz" B CtesCtsdalstetsdzj tg' o
dz0 § tec d Midz€hip Studio 7;Atmel Studio 7i * dzls j Gtctseo Odzgj Mjtej HE
HdzY ftosctcOdkzo Odzdaf tcts @tc ® iiH Hz(@X® s e § Wzl ts dzls tc ts
o tfjtOy 2dedr MdMlsj 3G Wi ndows. 1 fpdzw b
we ot R AWRE sdzlstetsdz) o O dzd Is 0@ter  Isij Suis(dftpls
o  fOdetf sfydz’ Hiso dz' Mls! M e tslic§ dzdzy y Midstzrs s dfté
Csdizf ' dzv y' ¥, Mif 66 HE AdAAzHANhG x 2Ls@asO dzls Oy j dzdzv o
B St sdstetsdzj 6 O.

26] SHj dz¥ 0 Odzdz? o PRBTELS* o § OC s
2.6.11 OkzON Is oo QO dz' detsc 5 Is j tod3' dzO cziz

[ dzv dzOdzOh Iskzo Odzdzy o ' Eemin@)ds ' todps Otsz0ls j thdizl &
2O dz' sEts 2 ot Cdatsf Cts¥ Bh ', O LtetsBdlsd
tc fflzCA6 dzOo jHj dzs §todC d&zOH Hd&W odf OHS Iz,
fslstc' Bdes § jtojHO0 Olsd dzOMbslzy dez ' deW-BlEOy'
f4tcd o’ e clsiazGn

I Edit Component

Part Beference : Hidden: []
Part Value: Hidden: []

Baud Rate: 5600 Hide All

Data Bits: 8 Hide All
Parity: oDD

Stop Bits: 1

Hide Al
Hide All

(€] €€
(€] €[] €

Send XONKOFF: No Hide All

Advanced Properties:
R/ TX Polarity w || Mormal w | | Hide All W

t dmMzdzs § O2ZOB Iskzo Odzdz? 9 ' ISz Oz dzsG s
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[ 2w OZOh sfpzh) Odam®d GO  Otds fidste j B O
o d C 5 te qEflsyPrcy.

2.6.20 OdzOh Is HrpoO dediH ' SH ' © O yYydWtetsed?2 toj

[ 20 &zOh sk o Olsd Mo ' dsH ' s joB GG oy flY tc Sady
&' ot Cdzs'f Cls® w2 OId dzj 5B R H 2RIy dY teso

I Edit Component 7 >
FanSererence: = | rweoen ]
PartiMalue: [LED-vELLOW ] Hidden: [ ] pr—
Element e

[mcdel Type: Diigital — | Hiae Aan s
Forward Woltage: 1w Hide All ~
Full drive current T0mA Hide All ~—

PCB Package: (Mot Specified) — |[[#&] | Hide an ~
Advance d Properties:
Breakdown Woltage — | [ | Hide An [

Other Properties:

[[] Exclude from Simulation [ ] Aattach hierarchy module
[] Exclude from PCB Layout Hide common pins
Exclude from Current Wariant [] Edit 2l properties as text

t Mz dis§ ORON skzo Odzdz” zBo Y BB G2 B )

2631 Of £EMS fsyj Mk &sHj & o Odadg”

v LOfbkMSEk fsyj Mz EsHj dv o ODERYu dsdsij e
( o] dgt2 8).

File Edit View Tool Design Graph |[DeBig] Library
[ ES bell S0 | (0} B o5k 4 G2 (@) 1B Starevs = (| B @, [T M ERD R
ic Capture L

& Schematic Gapiure 3 | @ecoy ||
k| C = # | Ru
ool B S iy . ®
e 3 - Ru
W ! o ®
J; T @@ oevces 4‘
I & e
= : L 3
> AE e
e R = e
[} R B
@ * c D
ra Ens -
@ !
A g
=
@ i
e e
® o
b -
=]
+

tdmizdes§ OF MC sy Mk d&sHj dz
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2641 MsOdzso dzj dzdzg" HO BBm ISYsS L efddsd °

[ dzw o Mils Odzts 9 dzj dadaW Ho tSn syt ¢ L 24 d dz&
ZOIsdmMs¢ @'dsfi§v® ¢ Pause VIM oBedbOHgygi ng 8o ui
oMlsOdzgso dzs 6 Is' MW Hoe' IssySd LEzfddSd. 7 dv
CdzOydzgzlsd L dz' o5’ Mistctdadp daipe®BE ¢ tsBOdzH,

® UAPP - Proteus & Professional - Source Code - X
File Project Build Edit Debug System Help

DEEHY A t4WRABER-R @ % B ®| ¥
“1Source Code ¢ | Schematic Capture X

AVR Source Code - UL

main.asm

-1

A

rcall init_USART
LDI R1E, OXFF;
OUT DDRC, R16 ;YCTaHABNWBAEM POrTC KaK MEPERATHMK
rcall USART_recieve ;npuriMaem TO, 4TO OTAPAsWAN Yepe3 Tepwunan

OUT PORTC, R16  ;yCTaHaBAMBAeM NPUHATOE 3HAYEHWE HA Namnodxax
LDI R16, OXO00
OUT DDRA, R16 ;ycTaHasnueaewm POrtA Kax NDUEMHMK
in R16, PINA JCUMTHISAEM SHAUSHUA © KHOMOK
OUT PORTC, R16;
_reall USART_send ;OTCHNAEM TO, MTO 3AKOAMPOBAHHD KHOMKauM

; NOANPOTPAMMA MHALMANM3ALMKM USART MOAYIA
init_L USART: T—— Channel C |
1di R16, h1ghtUERR value) ;YCTaHABNMBAEM CKOPOCTb 14400 f|
out  UBRRH Level . Postion Position
1di Rlﬁ‘ 'IO\A(UBRR value)
out  UBRRL, R1 Lol Lek) oo
1di  Ri6, u <RXEN) | (1<<TXEN) | (0<<RXCIE) | (0<<TXCIE)|(0<<UDRIE) ;paspewasw pabq GND ©ND
out  UCSRB, R16 J- OFF |5 i OFF
1di  RiG, (1 < URSEL)HL < UCsza) | (1<< UPML)I(L <UPMD]) | (1<< UCSZ0) =
out UCSRC, YCTaHaBAMBAEM DEXUM 8 GHT aanHux, Ge3 invent ] invert ]
USART 5end - ,(:”!‘ M’J
ut  UDR, R16  ;nocsnaew GaiT no UART, KNajew AawHHe B PerucTp UDR sty p p
= sendmg One-Sha t‘ 1
sbis  UCSRA, 'rxc ;waem noka BuT TXC perwcTpa UCSRA He ByaeT nycT Cur m‘ 2 Al
inp_ sendin 1 J 19 4 J
Source 0y !
USART recieve: BCD a 2
is  UCSRA, RXC ;xaem noka GuT RXC perncTpa UCSRA ne ByaeT mycr [—m— CE v

r;mp USART_recieve ;
R16, UDR  jnonyyaeM GaidiT Mo UART, KNaAeM AaHHWE B PErucTp R16

ret Channel B Channel D

AVR Variables -U1

Name Address

P I Il B | @ 3Vessageld | PAUSED 000004 350000

jel Mowwyk

tdmkzdes e MBEOdztse dzj dzdz? Hoftsm Issys$

2651 9 j Hj dzdzy ) JAEED HSEEAZO WIS IdRY o' H o ' ISk O

L OL 99 JjHJ dedals Z D dzealzas dzbs &) o d3'o RzO dzlz  {
dzOMmis 24 dzj

DNke' Cdz' c¢Virtual Terminal e dzOIsdm¢ Odad

cHex Display Modeée IsO ¢cEd® 0Ny pe KhdiEsh

Virtual TerminalL ©0¢ tcd Is 5, st 2tets dccPheld® o HC tc
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Virtual Terminal E

Clear Screen

Pause

Copy

Paste

Echo Typed Characters
Hex Display Mode
Set Font

t d iz diBC) figls Odztso dzj dzdzw s y' 2 o' telskz Odz
2)od C 5dzOls  dzOzONM sz o Odzdz” Z &M BBEZEC COW O L

Digital Oscilloscope E

| v

PRy .

t d Mz dis$y @QdzOh Iszo Odzdzg? tsMyd dzscteOW O

ydDIsd Mdzz Isfi nguRuant ).one ( F12

NfjtcjH 99 jHjdzdzv &3 MdBoatsdzz E o' Cdg' Isj toc

5 9 j Misd Mmd dze tsdz, wed?2 dzZOH M dzO* Is* fMmw
B Cslsdstesdj t®@ yYjtejL vdll. wddotsd, W
Isjted3" d&z2Odz f jtcj-GBIBcE 6§ B RZOSEOB dzd Y '

1 O tod C dzOH, 9 ® VW ( ISCASBHE | WS tcOBLY 01 1 ltbin)p ) k2=
OB A Mb dH"' dzj dets Sy olsdd S td Btetsd

v OB dIjvs sH ASCI |

DEC | HEX CHAR | DEC | HEX | CHAR |DEC | HEX | CHAR | DEC | HEX | CHAR
0 0 53 35 5 106 6A ] 159 oF
1 1 54 36 6 107 6B k 160 A0 |7

2 2 55 37 7 108 6C I 161 Al |7
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35 SLiGSB SO Ctej BIR WKOcdjdzs' 9 foBEtOC
351 27 s Dd3j tc O
[dzv LefddeSd KkO2dkBjtc® ItejBO L OfdmOlks(
(tcd MBS OH ))&t L ' HASB.2H o lsddGR4E] y gz®o j H |
dedy Ui Sjteks yj Mdkzsets sl = 00000000B =
7 fto 6 tc. 5te. 4 tc . 3 tc. 2 . 1tc. 0ts.
ICNC1| ICES1 T WGM13 | WGM12 | CS12 | CS11 CS10
0 0 0 0 0 0 0 0O(%$00 =
7 6 5 4 3 2 1 0
ICNC1 | ICEST| — |WGM13|WGM12{ CS12 | CS11 | CS10 | Beemopenu
YuTanHa (R)/3anmc (W) RW  RW R RW RW RW RW RW
MoyaTkoBe 3HaAYEHHA 0 0 0 0 0 0 0 0
a)
7 6 5 4 3 2 1 0 ATmegabax/128x
_ ATmega162x
ICNC3 | ICES3 WGM33[WGM32| CS32 | CS31 | CS30 ATmega40x/1280x/1281x
HuraHHs (R)/3anmec (W) R/W  RMW R RW RW RW RMW RW  ATmega2560x/2561x
MoyaTKoBE 3HaYEHHA 0 0 0 0 0 0 0 0
6)
7 6 5 4 3 2 1 0
_ ATmegab40x/1280x/1281x
ICNC4 | ICES4 WGM43|WGM42| CS42 | CS41 | CS40 ATmega2560x/256 1x
YuTaHHsa (R)/3anmc (W) R/W  R/W R RW RW RW RW RW
MoyaTKoBE 3HaYEHHA 0 0 0 0 0 0 0 0
B)
7 6 5 4 3 2 1 0
_ ATmegab40x/1280x/1281x
ICNC5 | ICESS WGM53|WGM52| CS52 | CS51 | CS50 ATmega2560x/2561x
YutaHHsa (R)/3anuc (W) RW  RW R RW RW RW RW RW
Mo4aTkoBE 3HAYEHHS 0 0 0 0 0 0 0 0
r)
i dMEzIMBEA Stcdgjlss ' HTEERaAB (a), TCCR3B (8B)
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j G tcj MO )
td O Htd M - g £x| X
O = N L0 %8
3| (& 23| g9
5 sl (81818] (2«83 x33
D13 «|3FSSIESI8STID
® B R BRI BBV IBT|ISSETT S
o)) oo DD Ol DD
(¢D) O O O[O |DOD| DO | O E E O O O
€ |E|E|E|E|E|E|E|E|E E|E E E
E |ElEIE|IEIEIE|IE|IE| <|EEE
< |l |a |||« < < <
TCCR1A$2F($4F) AlAl Al Al A A
($80) A Al Al A A
TCCRIB$ 2 ($4r) A|AAAlA A
($81) A Al Al A A
TCCR14( $7 ¢) A
($82) A AlAl A A
TCNT1 ($2D:$2C AlAIAAlA A
($4D:$4C)
($85:$84) A Al Al A A
OCRIA$21] :%$2¢ AlTAIAAlA A
($4):%4¢)
($89:$88) A Al Al A A
OCR1B ($29:$28 ($49:348)] A | A| A| Al A | A
($81:%$8¢) A Al Al A A
OCRI1C |($79:$78) A
($8D:$8C) A
ICR1  [$27:$26 ($47:$46) AT AT Al A
$25:$24 ($45:$44)] A A
($87:$86) A Al Al A A
TCCR3A( $81) A A
($90) A
TCCR3B( $8 ¢) A A
($91) A
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tdc

H] MO

ATmega8515¢

ATmega8535

ATmegax
ATmegal 6x/32x
ATmegab4x/128x
ATmegal8x/88x/168«

ATmegal 62
ATmegal 64x/324x/644x

ATmegal65x
ATmega325x/3250x,

ATmegab45x/6450x

ATmega640x,
ATmegal280x/1281x,

ATmega2560x/2561x

TCCR3(C

($84)

($92)

TCNT3

($89:$88)

($95:$94)

OCRSA

($87:386)

($99:$98)

OCR3B

($85:$84)

($91:3%9¢

OCR3C

($83:$82)

($9D:$9C)

ICR3

($81:$80)

Do [ [ [ > [ >

($97:3$96)

TCCR4A

($¢0)

TCCR4B

($¢1)

TCCRA4Q

($¢2)

TCNT4

($065: $¢4

OCRA4A

($069: $¢8

OCR4B

($¢01:3%¢9¢

OCRA4C

($AD:$AC)

ICR4

($d7: $¢6

TCCR5A

($120)

TCCR5B

($121)

TCCR5(C

($122)

TCNT5

($125:$124)

OCR5A

($129:$128)

OCR5B

($121]: %1

OCRS5C

($12D:$12C)

ICR5

($127:$126)

ool Tof To| Dol Do Dol Dol Dol T Dol Dol Dol Dol Do Dof Dol x| [ Dol [ D [ [ [ >
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UBH' fScORBO LEzfddSd O2d&jted KO od
LDIR18,$00;R18 su41 = $00;
, 8 cIxATM2 ¢ x At
, $IclpAt M2 ¢ 9 AT %
STX,R18; TCCR1Bc R18 = $00, LEZfddS O Is0O2 d3,

s 2¢R ¢ @ AtTN%

35.2) Oo Odzls By Fdzdglstc©® TCCR1A

A0l tj ¢ Misc® TCCR1IA dzOo jHj des dzO 1o

Ld 3 = 4 S 2 ATmegaBs15x/8535x
com1m|commo][com1s1lcommol FOC1A I FOC1B [wamn]mmm ATmegaBx/16x/32x
) W

Uutanua (RY/3anuc (W) AW AW AW AW W ATmega162x
MovarkoBe sHa4eHHsA o] o] 0 0 o] [+) 0 0

2 2 1 9 ATmegatax/128x
Icownm Icommoicomrm I coumo[co:«wﬂcommo] WGM11 | wc.mwl ATmega640x/1280x/1281x
R, w w

Unranus (RY3anuc (W) R/W ATMege2560x/2561x

MouvuaTkoBe aHadYeHHA (o] o [+] (4] [+] o] o] o]
7 6 5 4 3 2 1 o] ATmegad4Bx/88x/168x
comial|comiao | comie lcovmaol = ] — ] WGM11|wGM10| ATMega164x/324x/644x
ATmegal165x
UnTtanua (R)/3annc (W) R/W R/W R/W R/W R/W R/W R/W R/W  ATmega325x/3250x/645x/6450x
MouyaTkoBe 3HaAYEeHHS [¢] 0 [¢] [¢] o o o o
a)
7 [} 5 4 3 2 1
COM3A1| COM3AD | COM3B1 COMSBOi FOC3A ‘ FOC3B , WGM31 ImMsO' ATmegal62x
HurTanna (RY/Bannc (W) R/AW R/W R/W R/W w w R/W R/W
MouarTkoBe aHaAYEeHHRA o o o o 4] 4] o o
6
z 8 3 2 1 0 ATmegabax,/128x
|coM3A1 ] comM3a0 [ com3e1 I COM3B0 l com3c1 I COM3Co ! WGM31 I wGM30| ATmega640x,/1280x/1281x
Uuranns (Ry/3anuc (W) AW AW AW /W AW Gh AW W ATmega2560x/2561x
Movarkose sHaYeHHRA (o] o o] (o] (] (] 0 o
6)

7 6 s 2 o
cOMaa1 | comaao I COM4B1 l comaso | comact |COM400I WGM41 ] WGM40

ATmegab40x/1280x/1281x

ATmegal2560x/256 1x
YuTanHa (RY/3annc (W) AW R/W AW AW AW RIW R/W AW
MoudaTkoBe aHaYeHH:A o o o o a5 4] [+] [+] [+]
6 5 4 3 2 o
ATmegat40x/1280x/1281x
|comsai| comsao | comsar | comseo| comsci|comsco] wams1]wamso bty s oy
YurTaHna (RY/Bannc (VW) R/W R/W R/W R/W R/W R/W R/W R/W
MouaTkoBe sHadvYeHHsA (4] (4] (4] (4] [+] o] ] o
)

t Iz dzs€A BedO®ls ] ¢ A)ls(ts®)s, TTCRR3I A (B) ,
TCCR5A (&)

r dzw  dzOh ts° L OH Oy ' ' deadgvic Isists O digisfa:@irenarim fi dzts
sOB dzdy® 3. 3 dzj 5B~ COMiSL = CONle®diso dIsd B ' Isd

[ dzw f otsc tc B3l af @3dzdz" tc tsLBGES IsHdzts8 s OB dzd Y ° 3
L Off tots G tc O dzANGEIKLE 0;BNGBIT0:= 0

wdzh B'Isd w®©jce Mstc® TCCR1A E dOh ik
stz L O dh j d&d3s o dedrm dzkz dz
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v OB dzd yv BI.JH " dz§ O nip /d ois/H [lret [ou  te PhasfadgiFrequency

CorrectPWM
gl fnyael] n) {§dfm
0 0 vO02di3j e/ d&z yddzr dzgd ¢ wn 9" H
Jando¢/ [unl/ Jund

WGMn3 = ¢0e: 1O0O2dj te/ d&z' yd dz

0 1 Jano¢/ [unl/ Juny; WGMNn3 = ¢
L3 dg& " Ist mw dzO feslsd

L 0 4CdHO' Is! MW ey A3 @" dAf tma )
ftcd LoBsIsdz 2 dz' ys -Mmd(cdigOd

7 7 l MlsOdetso dz¢ * Is! mqw o " 1" fJtod {
fted L otstsisdz P tcldds ay@mpgdcddzdn
lteddz'.is£1Q 3, 4 OBt 5; x= A, B OBt d.

Cjtoks
o d

BHME dEC W S B0l ©j ¢ fsco
b ©Pcdblsfc] JOCRLS (RO

1 G Hdzts
L Oo Odzls O z* Is+ Mmw

0ts.

7

tc |

6 tc.

S5t..

4t .

3.

2 1c.

1tc.

COM1A1

COM1A0

COB1B1

COM1BO

COM1C1

COM1CO

WGM11

WGM10

1

1

0

0

0

0

0

0B=$CO0

KC2

$004F
©jc' Mseo

1G¢' Hdzs OB ZEMO' HHlsBEO TCCR1IA
"' fiesEOBO L O Odzls Oy j dadz”
LDI R17, «3$#w@; =RB&O0;

, $I AT 2 ¢ x AT T
, $9 chiAr &AC & AT &
STY, R17; TCCR1A R17 = $CO.

U SH

92 chdc Y ATTtN&

3531 tlotsc tc O Blz 92 @BEAPBL, BBOIO o d o j H j dzdaw
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9 d o gzH 5 BlzEZY H dzts

9 Ml

52,12 IsctOL ¢ jHe ' Mistc©O DDRBdzD ' swyudadwys d tcj ¢ °
BJL 1 d3 Hzdzs 3€lOB ZENO MistcO: $0037
v OB dzd yW H3c.jANd toj e  Miste'" 9  stcls' © 98 j HJ dadaV
© X|oloeg & |&| 4
_ x x — % - |49 X X| © R
l s jG'| @ | & s | § X3 | X | © |ad B |8 ©
R B8 & |2 & |39|¥ | =208 &§ (Y| =2
S| S| & &[5 S| |28y & & ¢S
O O O e O O O 0] e E o O 1) E o
EIE|E|C|E|EEIE|c|cg E |E|CE
< || < |« | « |« <« |« |49 <« < | < <
PORTA ($?$B] Ji] s1l (s $02 ($22)
o DDRA ($;A] d | $1¢ (3|7 $01 ($21)
PINA [$19 ($39) i $19 ($39) | $00 ($20)
PORTB $18 ($38) $05 ($25)
| |DDRB $17 ($37) $04 ($24)
PINB $16 ($36) $03($23)
PORTC $15 ($35) $08 ($28)
o DDRC $14 ($34) $07 ($27)
PINC $13 ($33) $06 ($26)
PORTD $12 ($32) $0] ($2B)
D |DDRD $11 ($31) $00 ($2¢)
PIND $10 ($30) $09 ($29)
... | $07 | $03 | . .
PORTE| $07 ($27) 1 | ($27)| ($23) | | $OE ($2E)
. . | $06 | $02 | . .
( |DDRE |[$06 ($26) i | ($26)| ($22) | | $0D ($2D)
. . | $05 | $01 | . .
PINE |$05 ($25) i |1 ($25)| ($21) i i $0C ($2C)
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& ; |:|:‘ X x |:|; 3
Cc g < (0 x Tp) © o ©
© | ool & |4 <4
N s x| €0 0% & |3 ¢3
IBYUt J G| o | @ © | J [X®©| X | ® |®b O ©| ©®
8 |8 | & |2 3 |39/ | 2|28 &§ (9| =29
@ @ @ o © C © | © o |lo 8 © S| ¢ ®
(@] (@] (@] (@) (@) e)) (@] (@ (@] (@] (@]
@ @ @ e Q Q0| @ E |E @ Q 0| E O
E | E|E || E |EE|E | |mE E |E|LE
E | E | E E |EE|E El E | E =
< | < | < | Q] € [ | |« |k € |« <«
PORTF|$03 ($23) 1 |1 T T ($)62 T T
DDRF |$02 ($22) 1 |17 T T ($)61 T T
$00
PINF |$01 ($21) 1 |7 T T |($20 T T
)
PORTG| 1 |1 | T |17 i |($65) T | i $14 ($34)
DDRG | i | [ To($64) T | i $13 ($33)
PING | | [ T|($63) T | i $12 ($32)
PORTH| i | [ | | [ i | ($DA) | T |($102)
DDRH | | T T T T T T T | ($D9) | T |($101)
PINH | | [ i i P T T [ ($D8) |1 |($100)
PORTJ| i | [ i i P |7 | T [($DD)| 1 |($105)
DDRJ T T T T T T T T i [ ($DC)| T |($104)
PINJ | | T T T | | T i | ($DB)| T |($103)
PORTK]| i | | | | T T T T T i |($108)
DDRK | | I I | T T T T | i | ($107)
PINK | | I I | T T T T | i | ($106)
PORTL| 1 | | | | T T T T T I [($10B)
DDRL | | | | T T T T T T I [($10A)
PINL | | I I | T T T T | I | ($109)
U BH ' teEOcdO0 ds@or BRBEPBL, PB0OdzO o d 9 j H j dadzW

LDI R31, $00;

, $2 oo {12 0 @ Ao ¥
, R plwnN2 paws $2 "
ORI R19, $38; R19% 0010001B UR19;R19.5 1, R191« 1, R190« 1,

dzh

B'Isd

W2 ol o ATTTO X

BJL

L 3" de;
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STZ, R19% $ 2<'R19P $ 28« 1,$ $ 2P« 1,$ $ 281« 1.

3.5.4 1 OosteQ)dzls Gysjtad@izv CR 1

1 G Hdzts s OBedsdue W HIzd2R CIBG) ¢ Bt OH 8 Mk
$0047 (w1) : $0046 (fa).
l ICR1Istcj B O L OauQ[delsA0= 0P1€IPOA = SWHORsLI).. 3.
USH' ftoScttORBO L O OdzlsOy J dzdzy toj ¢ Mistc O
LDI R23, $00; R2& $00;
, $I (AT TR ¢ x AT
, $9chpr YR ¢ @ AT X
ST X, R2 3«;R2%=1$00wd¢ R 1
LDI R24, $8B; R24« $28
, $Y AT T2 ¢ w AT Tt
, $IChA P2y AT @
STY,R24f 1 w« R28 =$3.

s 2¢HR ¢ o« AT TN

92 cdc¢ P« ATTTTG

355) O Odzls Oy j dgdz? tej ¢ flste® OCR1A

1 G' Hdzs 3RABtEE LYY Hdzd DCR ] &' ROt OH I Mz
$004B (uwl)3) $004A ({1
] OCRIAIsStc j] BO L O OdzlsOy diIsd:
20 = 000101(0H0d e .= gPhojlr)4.
UBH' ftoBettORRO L O Odzls Oyojdieg?Y Hej 6 ° MiIstc O
LDI R24, $00; R24 3$00;

, $J o2 op ATA
, $dor M2 owm AT "

ST Z, R24;«R24=%$00¢ R1 A
LDI R25, $14; R25¢ $14;

2 ofg 0 e« At Tt U)"
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. 2 ofg o e ATt !

R25; « R25=0HR1 A

3.5.6] tots G tc O BBlz,o= ditlzv= s8 ,

v/

Idhyg

rodzv

o dCsdfmisto ks Is!

g1

fd
WGN10=0/ 5 ©OL tsd3

Cjuhfdss &3

tcj ) d i3z tcts BISYAS2JA3 j AEC

L Oo O dzSTOGRLAZ dztis | 1€ ON@EIMA@dzs= O
L WEMLEEEOS®D' MBS ¢= TFEERBO

fetctcOlly s (o tslOd &zt).ys
foCtc @Bl 08 B 5 )Y L BPE M £ dsER sy 1
©j ¢ MBW2)TCCRLYS (Aed iyl ges

$12:

7

tc .

6 tc.

5tc.

4 tc.

3tc.

2 1. ltc. 0tc.

ICNC1

ICES1

WGM13

WGM12

CS12 | CSs11 CS10

0

0

1

0

0 1

O(su3

v OB dzd 4y d3." S¢

(

Gddd3 8 () sH' dz =

HY jtoj &ZO IsOCktsotsct fdc dzOdz |

CSn2 | CSnl | CSnO [ Jte dzs ISsOCIstseotse s
53 o BATMEgEI6X wdzh
0 0 0 502 ®) e/ & 1602 & &/ & udd
0 0 1 fewio fewio
0 1 0 feiio/8 feikio/8
0 1 1 foio/64 fowio/64
1 0 0 fekio/256 fekio/256
1 0 1 fokio/1024 fokio/1024
1 1 0 ool 16 Ide'w wn, & ui
LO My OH O ydadz
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lde " H uvn, d yi
LO dzOtetsMmis O yd ¢

1 1 1 feiio/32

) o d5'.8€1Q 3, 4 OB 5.

bHEcje @ " MistcOL ECE MBI IsOB dzd §U004E3 . 2 HEsSt6' o d
UBH' fJloSEtetORO ftescttOBkzo Odedz? sH' d&z = N
IsO2 i3 t@OL/ & d ¢ dzv H:
LDI R17, $12; R1& $12;
LDI R29, $00; R2¢ $00;
LDI R28, «$%$4r; R28
STY, R17; TCCR1B« R17 =$12.

3.6s] WhyPtcts cOQBARE s o
36ls jtcuP tesctcOBR@®, B3O B 9"  Hftso ' HO L O9 HC

#include <inttypes.h>
#include <avr/io.h>
#include <avr/interrupt.h>
#include <avr/sleep.h>
#include <util/delay.h>
#define F_CPU 16000000L
int main(void) // 0

{

// 1: Init port B

DDRB = 0b00100011;
PORTB = 0b00000000;

// 2: Init 16 bit timer 1 values
OCRI1A = 20;

ICR1 =40,
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intdelay=1/ / L 3" dzdz® del ay, wCO odSCtstedMmls
hf Otckzo OlstsMis*

/Il Init Phase and frequency correct PWM

TCCR1B =_BV(WGM13); // 3

TCCR1A=0;/14

TCCRI1A |= _BV(COM1AO0); // 4

TCCR1A |=_BV(COM1Al);

TCCR1B |= _BV(CS11); // 5

/| | 5B OW 9 dzj dpdevO { usdg' ydzdzed n

char flag_start_stop=0,flag_reverse=0,flag_speedup=0,flag_speeddown=0;
while(1) // 6

{

/[ 7: Start Stop button action

if(/(PINB&4))

{ flag_start_stop =1; delay _ms(10); }

If(( flag_start_stop==1 )&&(PINB&4))

{PORTB"=1, flag_start_stop =0; }// 8

/Il 9: Reverse button action

if ({(PINB&S8))

{ flag_reverse = 1; delay _ms(10); }

If(( flag_reverse==1 )&&(PINB&S))

{PORTB"=3; flag_reverse 0; } /110

// 11: Speed button action

if {(PINB&64))

{ flag_speeddown=1; delay ms(10); }

If(( flag_speeddown==1 )&&(PINB&4))

{ if (OCR1A!=40) OCR1A+=delay; flag_speeddown =0; } // 12
// 13: Speed + button action

if {(PINB&16))
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{ flag_speedup 4; delay ms(10); }
If(( flag_speedup==1 )&&(PINB&6))
{

if (OCR1A!=0)OCR1A =delay; // 14
flag_speedup = 0;

}

} /1 6: End while

} /1 15: End of proram

3.6.2 std®f" &zvy' v tctss thaxh Qziy tclis@ tc0ERL s s
L O9 Odzls Oy joddsizy &zts gyt 63

VBl dMOds §sMd Hse d M ek B G\t data &
Codf ' dvy' ¢ fsdnoWRPkis0 fMiso st dzdz? h e x

v [3] bLOGEYMOds §sfd HEso d-i@zzls Chls @ st
LOo Odzls Oy j dzdz" o §OROWIE! 5 CesStdstesd) 0.

3.6.3 [fte bz sfdEs ©OkEteE * Hfse ' HO o dnQ
9 S sdzOdadzY totsBBIsSd LG  Hdzgs L 9 Hf s9 " H dad

1 Oted Mk &I7z dzOo j H & et diig StcthisdisIsd ff, tc d G2
9 Hftso HO' L Q84.0dzdz (" HtetSL H
l L OoHOdel"fRr 9 Ote’ Odzls' & ' Mdzkz¥ s+ MmEklsils® o
s dzdo sMmMis' odSCsdzOdzdzy ttsB BIs(:
iLORBSRBj O T/ Cl odSticfHdBssolz’ Is! mw |
TzwfMdecdzOdz L dzg' BO‘ Is' Mw dzgj L odetsHEz L
PE3 {ftstlskz [ ;
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TLOd3'tellsij'ddsz Phase and Frequency Corr
Yyofmlsslsdeée) odStstdmfsBbi&s &' Qor tcg o g 3P W
WoOL)dJeOBts Fast PWM (¢czodHGEGBH' ¥ yd2 z
[Cte' &3 bses ' o' HAZ dedetsfls . ydmdztse d -

stcj BB teOLHtsd £k Cjtekr y 2 ftecetcOW
[ d2y! Bets dgdy Yy dwOO jHjdes HjWE' HBHOICT

3631 jy¥dd3 Fast PWM (¢czodHSESBH' ¥ yd2 2z wf

it dXdds Fastcz oRf\WM tsH(" ¥ yd)?2 HZBuW[ o ts dzw ° G J
o d MBS syYOmistsisdzd 2 -MAtc iz din dzts ¥ h dfteHsbsdizgtsy © “ & .

[ " yddzt dzd?2 tje Mste k yY! sz iy ddz' Wk d
"deCtej d3j dzls wWEC et LH'2Mdzs ‘st Mmw ¢t fead o3
#lsOdz dz' ygdz' dgd ¢ O L d3 dzg " Is: mw o' H $0000 ¢+
dz' y ofitf 2 tej e Mste MEqHO' Is! fMmyw ' yqdqedz ftseo
&z' yddzr dzd € 0 (tetsL H ‘-igr 2RO dzH)OIs'dz’ @yasts W ‘W Ms o |
odL dzOy0O*‘ Is+ Mw o d3 Mistsdz tsCtcj BZdm tSLWGWH' o
(s @aydz).

t 4 $tsd3j dzi z° ldsd Mt j Yspdf WA F dzistselz” ysd ( TOP)
tej e Mtesds | CR1, OBt | CR3 (LOdzjxdl! 9o'H

Yy Ofmtse H' OctcOd3d H dzv odf OHC Iz, Ctsdzd
tcj 6 IO B&EC OL OddisdzBD. tcd

v v J v v vviv,
(COMNx1:0=3)

4
ocnX t 4 L__._rm 1 (G OMITHE: (e )
nnnnnn e mbe g oba e oo 7o ge]

{ izt € 13 S20EL oz0WEigY ¢ ZOdE o tjiydd Fa
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YOMlsslsO MdedzOdzz, Istedo Odz' MiIs! ' B zdz' Mk
odL dzOy0Oe Is+ Mw 9 dtOL OA( :
focnx = frk/o/NI(1+TOP), (3.6)
t o Trwio IN(OCRNX+1), dz dzo j to s 5 o GhplgdedzCrdn(d.7)
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