Lecture 1
1. ToonnsIH cucTEM Jleki 1

11 Toonnwin cucmem. Too Toomonm r3mAT Oon OWmdHA OaiHTa XOAPITIATIAT YyXal XIPATIRTIIXYYH
oM. Too, TOONOATYWr»3p XYHHMHA aMpApaibll Teceejex apraryd oM. buaHuil ampapan XaMIMiH OWp TOOJUIBIH
cucteM 001 apasmuln MOOANbLIH cucmeM IOM. ApaBTBIH TOOJUIBIH CHCTEMI3C TaJHa XOEpMulH, HAUMMBIH,
apean 3ypeaamel  T3X MAT OPreH X3P3TIATAJIAT TOOJUIBIH CHCTEMYYZ Oaimar. DAr3sp Hb TOOH TEXHOJOTHA
©PTOH XIPATIIT AT CUCTEMYY/I FOM.

TOOMIIBIH CUCTEMYYA XOOPOHAOO sIMap suraaTail Oaiiraar COHHMPXOX y3b€. APaBTHIH TOOJUIBIH CHCTEMHWH
XYBBJI TOOT TAMIPTI3X3a opomytor 0,1,2,3,4,5,6,7,8,9 racon 10 mupxsr taMmarTait (1udp), opoH O6yp Hb apaB TOOJI00/]
JlapaaruiiH OpOH/ LIMJDKAST 33PradC Hb Y39X3] slaraall apasmbli TK HAPIdX OOJICOH Hb TOJOPXOH OaiiHa. DHIPIC yr
TOOJUIBIH CUCTEMHIH YHA3C Oy10y cyypb Too Hb 10 60J10X Hb Xaparjax 0aifHa. YT cyypb TOOT dcuHUtin KoI(hpuyuenm
3K HAPIRIAT. TOONIIBIH CUCTEMYYANIH IO SUIraraax 3y Hb 9HIXYY JHCUHSULH KOdpduyuenm 1oM.

12 Apaémein moonnwvin cucmem. ApPaBTBIH TOOJUIBIH CUCTEMHUHH JKHHIMHH Kod(p¢uuuentr up 10,
Toor T™OMINBX3A 0-C 9 xypranx 10 mmpxsr nudpuiir ammriaagar. TOOJUIBIH CUCTEMHUHH JypbIH TOOT >KUHTHIHH
ko3 durueHT, udp OOJOH OPOHTrOOpP Hb WIPPXUUIIH 3amiaax O0oaHOo. JKummd Hb 476 I3C3H TOOT JOOPXH

Oaiimaap 3a11a OOJHO.

476 = 4x10%2 + 7x10' + 6x10°

Haspxaac xapaxan 10 racoH KUHTHEH KO3(D(UIMEHTHIT YT TOOOHBI TyXailH OPOHTHIH Jyraapaap 33par A3BIIYYJIID,
rapcaH Yp AYHT?3p TyXaiH OpPOHI OpIINX HUMDPHUUT YPXKYYIHD. DHY YHIIIMAT OpOH OYPT XUHr331 XOOpPOHI Hb
HA3MO31 yT TOO rapy OaifHa. DHIPIC XapaxaJl TOOJUIBIH CHCTEMHMH YHJICOH MapaMeTPYYA Hb JHCUHUNH KOIPDuyuenm,

opoH, yugp 6ok OaitHa.

3yyTbIH OPOH ApaBTblH OpOH HamkuitH opoH

476 = 4x105% + 7x10" + 6x 10°

OpoHruitH gyraap
HKUHMAH

KoahdUUUeHT

OpoHruiiH yTra 6apyyHaac 3yYH THHII HIMJDKHAX TycaM HAT33P HAIMATIX OyI0y 3YYH TalblH OpOH OYpPHIH >KUHTHITH
KO3 PHUIUEHTIDP WIBPXUIIATIAIX YPKUTYUH yTra O0apyyH Tanbiaxaacaa 10 maxun minyy Oaitra. Dcparasp OapyyH
TaJILIHX Hb 3YYH TajbiHxaacaa 10 naxun Oara GaitHa. XapuH HIIKHITH OPOHT0OC Laal OyTapxaid OpOHTYYIBIT allluTIax

Oaiiraa yeln OpOHTHITH Jlyraap xacax TOMASITIUrI3p TOLOpOMaoraoHo. XKumma He 957,28 racau Toor 3amias

957,28 = 9x102 + 5x 10" + 7x10%° + 2" 10" + 7*102

1.3 Xoépmuin moonnstn cucmem. Xo€pPThIH TOOJUIBIH CHCTEMHIH XYBbJl XKHHTUIH K03 unreHT Hp 2 6ereen
TOOT TAMABTIIIXAA opoaiaor Hudpyys v epaee a 0 6omon 1 rom. Kumsd s 10110 Too HE apaBTBHIH TOOJIBIH
CUCTEM/JI apBaH MSHIa 3yyH apaB IICO3H YTIbII HIDPXUIIHY. XapuH XOEPTHIH TOOJUIBIH CUCTEMHUIH YTTHIT Hb apaBThIH

TOOJUIBIH CHCTEMJI XOPBYYJIBAIT 22 TICIH yTra rapyu OaiiHa.

101102 = 22 (10



X0o&PTHIH TOOJUIBIH CUCTEMHUIH HAT OPOHT Oum TIXK HAIPIAIHD. TyXalH TOOHBI 3YYH TAJIBIHXBIT axjax OWT,
0apyyH TadBIHXBHIT 0ara OWT rIH?. XOEPTHIH TOOJIBIH CHCTEMUNHH TOOHBI apaBTHIH TOOJUIBIH CHCTEM X yTra Hb

Iapaaxp Oaimaap TOJOPXOMIOTIOHO.

10110(2 = 1x2* + 0x2* + 1x22 + 1x2' + 0x 2" =

= 16+0+4+2+0 = 22(10

OH? HB 133 apaBTHIH TOOJUIBGIH CHCTEM/] TyXaiH TOOT OPOHTHIH JKHH, )KUHTHHH KOA(PPHUIHNCHTISP WIDPXUIIDK OaiicaHTal
TOCT? GaifHa. XOEPTHIH TOOJIIBIH CHCTEMHHH KUHIHAH KO3()OUIMEHTHHAT (2-MiT) TyXailH OWTHIH Xyraapaap 39par
JBLIYYJIIR]L TapcaH yp IYHII3p yr OUTHHTr YypKYY/DK OaiiHa. DHd YWIUIMHT OUT Tyc OYpA XUHII31 YPKBIPYYIHHT
XOOpOHA Hb HOMIX3J apaBThIH TOOJIJIBIH CUCTEM 39X yTTa rap4 6aﬁHa.

1.4 Haiummuein moonnvin cucmem. HailMTBIH TOOJUIBIH CHUCTEMHUUWH XYBBJ TOOT TOOJOXOJ OPOJIJIOT
uuppyya ve 0,1,2,3,4,5,6,7 racon 8 mupxsr nudp Oaiixaac rajgHa yr TOOJUJIBIH CUCTEMHHH J>XUHTUHH
Koa(pdunueHT Hb 8 Oaitna. HaltMTBIH TOOJUIBIH cUcTeM Oaliraa TOOT J33p OTYYJICIH Oaiiinaap apaBThIH TOOJUIBIH

CHCTEM PYY XOPBYYJIK OOJIHO.

472, = 4x8 + Tx8' + 2x8 = 256 + 56 + 2 = 314,

Hai#tmTeH TOOMIBIH cuctemM 472 rax Omauradxk Oaliraa TOO Hb apaBTHIH TOOJUIBIH cuctemn 314 racaH yrrartaid
OaiiHa.
1.5 Apean 3ypzaametn moonnsin cucnmem. ApBaH-3ypraaTblH TOOJUTBIH cUCTEM/T 16 mupxar 1udp almrian Toor

mmmrmE: 0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F . YT TOOIUIBIH CHCTEMHUIAH XUHTHITH K03 hurmeHT Hb 16 OaifHa.



13Fs = 1x16% + 3x16' + 15x16° = 256 + 48 + 15 = 319,

ApBaH 3ypraathlH TOOJUIBIH cucTemMa 13F TOOHBI apaBTBIH TOOJUIBIH CHCTEM I9X OWYHUIIIRI Hb 319 6ok OaiiHa.

1.6 Toonnvin cucmemyyoro apugpmemux yinodizn xuix. ApPaBTBIH TOOJUIBIH CHCTEMIAC Oycaa TOOJUIBIH

CHCTEMYY/A3I apu(METHK YHIASI XUHX Hb 3aPUMBIH XYBB/J apaBTHIH TOOJUIBIH CHCTEM]] apHU(pMETHK YHILADI XUNUXTIH anui.

ApudMeTHK YHIUHHAT Xuik 0aix yea X3l OpoH NIMIDKUX BY MIATUUI aHXaapax X3parTdi. HaMax yinmnuiir aBd y3sne.

XO0EPTHIH TOOJUIBIH CUCTEMHUWH XYBBJ HOIM3X YHIIHAT XYCHATTIDH Y3YYI03:

X Y X+Y

0 0 0 Xycwort 1.

0 ! XycCHATTI3C Xapaxaja Xo€p HITUUT X0OpOHA Hb HAMAX31 10 rapu Oaiina.
Yuup : :J 1; Hb XOEPTHIH TOOJUIBIH CUCTEMUHH TOOJIOXOJI OPOJILJIOT XaMIHHH UX nU(p
Hp 1 0ereej TYYH IP3p HATHHAT HAMAX31 yr opoH 0 0ok mapaaruiiH OpoH

HIHUJIKUHD.

1.7 Toonnein cucmemyyoUin xapunyan xyeupzaam. bun >XHuH X3C3TT Oycaa TOOJIBIH CHCTEMYYA33C

apaBTBIH TOOJUIBIH CHCTEM pYY XyBUpPraiaTt xuik Oaidican. Hoarsut xo€pr, HaliMT, apBaH 3ypraaTblH TOOJIIBIH

CUCTEMYYZAD3C apaBTbIH TOOJUIBIH CHUCTEMJ XYBUPIaJIT XHHX aprbeil’ M3A3K Oaiiraa TYJ 3HD yAaaAd apaBTbIH TOOJIJIBIH

cucTeMddc 0ycal TOOJUIBIH CUCTEMT XyBUPTAIT XUHXUHT aBd y3be. ApaBTHIH

TOOJIJIBIH CUCTEMIIC TyxaﬁH TOOJUIJIBIH CUCTEM PYY XYBHUPIaJT XHﬁX,HI)S JA0O0pXH Aapaauibir 6apI/IMTJ'IaHa:

<
1

TyxallH TOOr INWDKYYJIDX TK Oaiiraa TOOJUIBIH CHCTEMUHH JKUHTUHH KOA(MPHUIUCHTON
YILIBTIRIITHHN XyBaaHa.

I"apcaH HOOT/IBOPHIT aXWH XHUHTUITH KO3 (GHUIMEHTO]] XyBaaHa.

OH3 MATYMIH Hoor/iBophIT 0 GoJITON XyBaaHa XyBaaHa.

OusecT HP XaMTHWH CYYAMHH XyBaaX YIUIIMHH YIASTOI33C HOXIRH  YIJBTUIYYAUNT IyByyJaH

OnunH. Yp OYHI Hb TyXaiH TOOJUIBIH CUCTEMJI XyBHpPTrarjicaH TOO rapHa.

JKumrss 001rox apaBTHIH TOOJUIBIH CUCTEMUIH 23-T X0EPTSY TOOJUIBIH CUCTEM PYY, 375-T HAIMTHIH TOOJUTBIH CHCTEM pYY, 436-

T apBaH 3ypraaTblH TOOJUIBIH CHCTEM PYY XyBHpTas.



2% 2! 22 22 = 101M1,= 1x28 + 0x2° + 1x22 + 1x2' + 1x2° = 23,
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2° 2! 22 =>1B4;g= 1x16% + 12x 16" + 4x 16° = 436

XyBupranT OYpHiH Japaa 3pryys33] apaBTbIH TOOJUIBIH CHCTEM PYY XYBHPraK MIajraxaj aHXHBl TOO rapd,
XYBHPTAIT 30B XUUTICOHUUAT OaTiaxk OaifHa. DHY Hb 30BXOH OYX3J TOOHBI XYBB] XUUTIAX YHIIANI oM. XapuH OyTapxait
TOOHBI XyBB/ slax B3? DHA Ye[ Japaaxb aprbIl OapuMTanHa.

1 bByrapxaii TOOr TyXallH IIWJDKYYIPX TK Oaiiraa TOOJIIBIH CHUCTEMUHH SKHHTHHH KOA(QUIIUCHTIIP

YPXKYYJTH3.
2. Tapcan ypxBopuitH OyTrapxail XdICTHHT M6H JKHHTHHH KO3QOUIUEHTIdP YPXKYYIdIX TI3X MITIIP
YPIOIDKITYYIIHD.
J123p eryyacoH YUIAIUAT YpikBIpuidH yTra "O" G0JITON YPTaJDKIYYITHD.
YpXBIpUHH yTra "O" OoJyicoHBI napaa YPXKBIPYYAUNH OYXd31 XOCTHHTI HB CalraH aB4, XaMTHHH
SXHHUH YPKBIPUUH OYX2JT XICTIAC IXJIIH IyBYYJIaH OUUMHD.
ApaBTbiH TOOJUIBIH cucTeMuiiH 0,6875 Toor poépThiH TOOMIBIH cucTeM pyy, 0.546875 Toor HaiiMT 60JIOH apBaH 3ypraaTblH
TOOJUIBIH CUCTEM PYY XOPBYYJII3 apaa Hb 3PTYYJDK XyBUPraH IIaNrax y3be.
3YYH THHIII HOT OPOH MIMDKAXK OatiHa (apaBThIH TOOJIBIH CHCTEMUITH XaMIHiH uX Hdp 9 193p MOH 1-HHAT HIMIX3 YT OPOH
0 6ok yparur H3r OPOH IIHDKIAITHIAT CaHa).

Xoéptera ToommsH cucteM 11101 Toon m33p 1010 Toor HAIMBE.

24 23 22 21 20
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Homoax yilanuiie siBIa rypaBayraap OUT 133p X0€p HAITHIUT XO0O0pOH[ Hb HAMXK OaiiHa. 1 + 1 = 10 Tyx HAr OpoH
IIMUDKUHD . YD OYHI Hb OOPOBAYr33p OUT a33p axuH HAT 1 Hamarmaxk 1+1=10 Gosconoop 11101 + 1010 = 100111
O6omk3. DHd VHMUIMIT YH?H 3B XWUTACOH  OCOXUHMT  apaBTBIH  TOOJUIBIH  CHCTEMJ  XapbIyyJDK
y3be! 11101 =290 ; 1010 = 1010 ;1001112 = 390 ; 390 + 10¢10 = 3910



HaiMTBIH TOOJIITBIH CHCTEMUNH XYBBJ] HAMAX YHIIANMIH JKUIIAS aBbs.
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Hoarayrasp opoua 5 60510H 6 X0EpHIT X0OPOH Hb HIMIX3J OPOH MHIKUHI: 5 + 6 = 13. ApaBTBIH TOOJJIBIH CHCTEM]T
XapLyysoK Y3Bau: 452¢ = 29810 ; 163 =115(10 ; 635¢ = 41310

cucteMuitl xyBp1 2A + E3 yinmimir aBd y3be.

; 2980 + 115¢10 = 41310 ApBaH 3ypraaTbhlH TOOJUIBIH
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Yp AYHT apaBThIH TOOJUIBIH CHCTEM]T IaNTax y3BaL: 2Axs = 4210 ; E3(16 - 22710 ; 10D(16 = 26910 ; 42010 + 22710
= 269(10

XapuH xacax YHIOJIUHH XyBbJ YpJA TajldblH Xacard TOOHBI TyXalH OpOH Xacarjard TOOHBI TyXaiH

OPOHT00C UX OaliBas 3yYH TaJbIH OPOHTOOC HATUNT 333JTHD.
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J23pxu YHIUIHIT apaBTBIH TOOJUTBIH CUCTEM mranrax y3Bur: 111002 =28(10 ; 1010(2 = 10(10 ; 100102 = 18(10 ;
28(10 + 10(10 = 28(10

DH? MATYWIIFH Oycaj TOOJUIBIH CHCTEMYY/AR XacaX YIIUIMHT XUk O0HO. Y PKUX OOJIOH XyBaax YHIIIYYAUHT apaBTHIH

TOOJUIBIH CUCTEMJT XUITISTHHH aunaap Oycaa TOOJUIBIH CUCTEMYYAR] XUMX OOIOMIKTOM.



Axnax bur
2 x0,6875 = 1,375

2x0,375 = 0,780
2x0,750 = 1,500

2x0,500 = 1,000 Bara 6uT

0,68754, = 0,1011, = 1x2" + 0x22 + 1x2% + 1x2* = 0,5+ 0+ 0,125 + 0,0625 = 0.6875,,

8 x 0.546875
8 x 0,375000

4,375
3,000

0,546875,, = 0,435 = 4x8' + 3x82 = 0,5 + 0,046875 = 0,546875,
16 x 0,546875

16 x 0,750000

8,75
12,0

0,546875,, = 0,8C.s = 8x 167 + 12x162 = 05 + 0.046875 = 0,546875,

J23p 6ux ApaBTBIH TOOJUIBIH CUCTEMHIT XOEPT OOJIOH HAIMT, apBaH 3ypraaTblH TOOJUIBIH CUCTEMYYATIH
X3PXOH XapUIILaH XepBeX Tajlaap aBy y3JI9d.

XapuH XO0E€PTHIH TOOJJIBIH CUCTEM, HAMMT OOJIOH apBaH 3ypraaTblH TOOJUIBIH CUCTEMYYIUHH TOOI XOOPOHA Hb
XapWILaH XepBYYIdX TOXUOIAON] fax B3? Jloop 3Ar33p I'ypBaH TOOJUIBIH CUCTEMYYIUITH HaTypall TOOH JapaauIblH

XapraJ3yyJcaH XYCHITTHHT Y3YYIDK33.

2-ThIH TOONNbIH 8-TbiH TOONNBIH 16-TbiH TOONNLIH cHCTEM XyCHorT 2.
cHcTem cucTeM
0 0 0 XYCHAIT33C apBaH
1 1 1 3ypraaTblH TOOJUIBIH CUCTEM,
1? g g HaIﬁMTHH TOOJUIBIH  CHCTEMYYZ Hb
100 " T XOEPTBIH TOOJUIBIH CHCTEMTIH sIMap
101 5 5 ysuigaa X0JI000TOH 600X
110 6 6 OHIIJIOTHHT Xapx 6omxHO.
111 7 7 HaiMTBIH TOOJUIBIH CUCTEMHUIH HAT
1000 10 8 OpoHJ XOEPTHIH TOOIIBIH
::8?(1) ?I; 2 CUCTEMUIH rypBaH OpOH
1011 13 B xapram3axk Oaitma. MeH apBaH
1100 13 C 3ypraaTblH TOOJIJIBIH CUCTEMUNH HAT
1101 15 D OpOHJI XOEPTBIH TOOJUIBIH
1110 16 E CUCTEMUIH NOPBOH OpOH
1111 17 F xaprajgsaHa. DH3  OHIUIOT  Hb
010 000 20 10 HallMTBIH  TOOJUIBIH  CUCTEMHIH
i L Ll TOOT XOEPTHIH TOOJIIBIH
""""""""""""""""""""" CUCTEMHMIH TOOTOH, 3CB3J1 apBaH
~111110 B 7 e — 3E 3ypraatelH  CHCTEMHHH  TOOT
111111 77 3F XOEPTHIH TOOJIJIBIH CUCTEMUNH
001 000 000 100 40 TOOTOM XapUIILaH XOPBYYJIIXdA Malll
001 000 001 101 41 xsnbap 6onrox ermger. XapuH
"""""""""""""""""" apaBTBIH TOOJUIBIH CHCTEMHUUH
e —_——— s - xyBba XOEDTHIH I
1111 1111 377 FF CUCTEMTOU XapWwJillaH XOPBYYJIDJIT
0001 0000 0000 400 100 XHHX3 HUIIA3 1 TOBOTTIH Oaliqruiir
0001 0000 0001 401 101 O6u M3I1AX OWITO.




JKumas He XYCHAITTI9C HAHMTBIH TOOJUIBIH CHCTEMHUHH 76 TOOT XOEPTHIH TOOJUIBIH CHCTEM PYY XyBHpTas.
TyyHzx xapraigsax X0o€pThIH TOOUIBIH cucTeMuiiH yrra Hb 111 110 Gomox Hb XYCHIITIIC Xaparmax Oaiina. HaiMmTeiH
TOOJUJIBIH CHUCTeMHIH 76 Too Hb 7 OosoH 6 nudparsc torrox OaitHa. Tareanm 3ar’9p UMAPYYA XOEPTHIH TOOJUIBIH
CUCTEMUIH siMap yTraTtail xapransax Oaiiraar xycHarraasc xapsai 111 6onon 110 racan yTryynan xapranszax OaiHa.
Wiima 5ar23p yTIryyasir 0aiplIuIbIH XyBbJ] ©6PUIeITYH COJIBK TaBcaHaap XOPBYYJRIT Mall Xsuibap Xuiradx OaiiHa.

/X
111 110
MeH »H> muHX YaHapaap Hb X0€pTeH TOOJUIEH cucTeMuiiH 10001101 Toor HAMTBIH TOOJUIBIH CHUCTEM PYY

XOpBYYJbe. YYHHI TYJI YT TOOT XaMTHifH Oara OMT33C Hb AXJIPH T'ypaB TypBaH OWT3p TacmaHa. [lapaa Hp TacjaracaH

X3CTYYA3A Xaprain3ax HalMTBIH TOOJUIBIH CHCTEMUIH IU(PUAT HOXOK TaBbCaHAap XOPBYYJIAIT AyyCHA.
010 001 101
~T.

2154

J129pXu XepBYYJIITUIT apBaH 3ypraaThliH TOOJUIBIH CUCTEM 0OJIOH XOEPTHIH TOOJUTBIH CUCTEMHUITH XOMPOHT XUIK

60HO. ['011 sinraa Hb HARMTBIH TOOJUIBIH CHCTEMHUMH HAT OPOH XOEPTHIH TOOJUTHH CUCTEMUITH TypBaH OPOHTOMN Xaprais3ax
Gailican 0ox apBaH 3ypraaTblH CUCTEMHUHH HAT OPOH XOEPTHIH TOOJUIHH CUCTEMMHH JOPBOH OPOHTOH Xaprams3aHa.

XoépThiH TOOJIBIH cucTeMd3¢ 10110110110001010 Toor apBaH 3ypraaThiH TOOJIIBIH CUCTEM PYY XOPBYYJIbE.

0001 0110 1101 1000 1010

~=T =

16D 8 Ay



ApBaH 3ypraarbslH TOOJUIBIH CUCTEM?3C XOEPTHIH TooUTsIH cucteM pyy EF3C Toor xepByyise.

7K

1110 1111 0011 1100

TOOH TEeXHOJIOTHHH YH/ICOH TOOJUIBIH CHCTEM 00JIOX XOEPTHIH TOOJUIBIH CHCTEM Hb YPT OMYMIIIDNTOIH, apaBThIH TOOJUIBIH
CUCTEMTIH XOPBOXOJ TOBOITIH Oaijar 33praacsd 005001 XyH LIyy[ alluriaxaj HUIA XYHAPIITIH Oaitnar. Xapux
apaBTHIH TOOJUIBIH CHCTEMHUHT OO/IBOJ apBaH 3ypraaThlH TOOJUIBIH CUCTEM Hb XOEPTHIH TOOJIIBIH CHCTEMTIH XapuilnaH
XOpBEXAOC aMapxaH, MOH XOEPTHIH TOOJUIBIH CHCTEMUIT OOABOM XYHUH yXamcap XYJI33H aBd OOJIOBCPYYIANT XHHXI
apait mexyy Oaiimar Ty epreH ammriaraax 0oJicoH OaifHa.
1.8 Toonnvin cucmemyyouiin 2yiiy?anmyyo.x>ux KOMIBIOTEPUWH CHCTEMYY/A3] XacaX YHIIIHHAT HAIMAX YILAI33p
OPIYYIDK TYHIDTrAAAT. JKumas #e: X - Y yiumuir ryRudTrIXuiH TyJIA Xacard 00ox Y-UiH eyiiy2aamuiie OIK
TyyHEHAT? X 1m9p HAMHS. [opesn HminO3p ®e X - Y yiuumiH @ siraBapTail  TOHOK - Oaiix
&croif. Uitma OMIdHL DHIXYY 2yuys21m XdIMAIATIA Oaiiraa yTITHIT X3pXIH TapTrax aBaxX B3? TICIH acyyaal rapd UPH).
19 Apasmuvin moonnwvin cucmemuitn 2yuy’IAmyyo.Npagmein TOOJUIBIH CHUCTEIAMI 2yuydsnmuiic X3PXdH OJDK
amuriak Oalraar aBu y3be. ApaBTHIH TOOJUIBIH cHcTeM[ 9-u eyuyssamutic epreH ammrianar. Tyxail TooHsl 9-H
TYHLPAITHIT 0J0XT00 YT TOOHBI OpoH Oypwmiir 9-C xacHa: JKumad #b 147 TooHH 9-H rydmsnTHiir onsé. 999 - 147 =
852 . Tohraxoaop 147 rtoomer 9-w rydmsar ®e 852 Oomk OaitHa. 9-H TYHIDPIATHHHT  OJCOH
ydpaac T'YHIPIITI? Xacax Y3IIHHT HOMIX YHIIAIT O0NTroX0o XApX3H alluriajgar Tajaap COHUPXOE.
X — V aneasapoin ymevie HaM3X Yiin0sn auuian 010x000 000pxXu 0apaaiisie 6apumoana.

1 Y-u (xacaeuuiin) 9-u eytiysomuiie 0iHo.

2. 9-u eyiuysonmuiie X (xacazoazy) 033p HIMHO.

3. Tapcan Huiinbapuiin ypazuw WuiINceIH XamMeuii axaax opor 60a0x opoH wuaicean 1-Uie* dapua.

4. Tapcan yp Oyneutin xameuiin 6aza opor 033p 1-Uiie HomH).

JlapaasuibiH garyy 3apuM Xacax YHIUTY YU HOMIX YIAIUTAP OrbE (TYHIDPAIT aluriian).

a) 762-143=619 6) 501-85=416 B) 38516-72,9=231226

a) 143-u 9-u ryitmantuitr onHo. 999 - 143 = 856 . 9-u ryiipant He 856 6ok Oaitna. Xacaraard a33p 9-H rydpRInTHIAT
HAMHD. Ypari MWDKCOH XaMTUiH axiiaX OpoHruiiH 1-r papra. Yp IYHI Hb rapcaH 3 OPOHTON TOOHBI XaMI'HiiH Oara

OpOH /193p 1-T HIMH?.
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0) Xacaru 85 - H 9-u rydpanTHiir oaHo. Xacard GOJIOH Xacarjard Xo€yJl WKW TOOHBI OPOHTOM Gaiix €écroi. Mitmu
xacaryuitn oponr 085 Oyroy 3 oponroii 6omrono. 999 - 085 = 914. 9-H ryHIPIATHHT Xacargard I93p HIMH?.
Huiin63puiiH XaMTHifH ax1ax opoH 00J10X OpOH HIMIDKCIH 1-mapHa. OHd YHIAIUIAH AYH] TapcaH TOOHBI XaMTUifH Oara

(XaMruiiH ap TaablH) OpPOH J33p 1-r HOMHD.

+

© o
o

415
1
416

s =

E

B) xacar4 72,9-uiin 9-u rydipanruiir oano. 999,99 - 72,9 = 927,09. Xacarpard m139p 9-H ryHIPAITHAT HOMHY. XaMIUiH
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axsax opoH 1-r napua. Xamruiin 6ara opoH a33p 1-r HOMH?.
38516 +312,25
* 927,09 ——
‘@m 37228
Jeap XUUTACOH OYX YIIIUIYYIDC Xapaxax HIMIX YHIJUIMAH Yp AYHA TapcaH aijaar 3acax OaifHa (mapaa Hb
XaMTHiH 6ara OpoH 133p 1-r HOMIX 3aMaap). DHd Gaifraac rapaxsif Ty 9-H IYHIPAITHIHH XaMIHiAH 6ara opoH 133p
ypbaumnaan 1-r #ama3a erd 6ommor. Yyuir 10-# eyiuysoam raaar. XKumds 00arok T0OpXU YILAIYYIUUT apasmolh

2yuiys9um aIUIIIaH HAMAIX YHILIIp 60aBE.
a)73-34=39 6) 105,2 - 28,96 = 76,24

a) DXJII9/ Xacardyaac apaBThIH TYWIRIATHHT onHo. 99 - 34 = 65 => 65 + 1 = 66. Xacargard J33p OJICOH apaBThIH
IYHIP2ATI? HAMHI. ['apcaH HUINOIpUITH XaMTuitH axiiax opoH Oyl0y OpOH IIHIDKCOH 1-r napHa.
+

1

b3

6) Xacar4aac apaBTbIH ryHIpIITHIT 01HO. 999,99 - 28,96 = 971,03 => 971,03 + 0.01 = 971,04 . Xacarmary a33p apaBThIH

W ~
w|;m w

TYHIPAIT? H3MHS. OpoH IIDKC H 1 6010X XaMIHifH axlax OpOHT JapHa.

~o
-

oN
sO



1.1 Xoépmuin moonnvin cucmemuiin 2yuydzimyyo. Xoépmoit TOOJIIBIH CUCTEM]T aPaBTHIH TOOJIIBIH CUCTEMUMH HATOH
aquiiaap XaMTUHH X XOMKIITIH MHPPIIPID HIPIITAIX TYUIIIIT Ouit. DHD Hb 1-H TYHIPIAT 'oM. XOEPTHIH TOOJUTBIH
CHUCTEMUITH XaMruifH ux 1udp Hb 1 yapaac 1-H ryddaar rax 6oiacoH. MeH apaBTHIH TOOJUIBIH CUCTEMUIH HATIH aanuiaap
omHo. JXXums #e 101101,10 Toonsr 1-1 ry#maaraidr orsé. 111111,11-101101,10 =010010,01
OH/1P3C Xapaxa] X0EPThIH TOOJUIBIH CUCTEMJ TYHIPAIT 010X YHIIRI Hb Mall Xsy10ap, TyXaiH OMTHIH udpuiir
ypByyraap Hb Onunxa 1 xaHranrtraii 6aiina. 1011101 Toons! 1-H ry#maar #e 0100010 6omox He myyn xapargax OaifHa.
XO0EPTHIH TOOJUIBIH CUCTEMJI TYHLPIITHHT alIMINIaH XacaxX YHIMHr XWX Hb apaBTBIH TOOJUIBIH CHCTEM]I

XUAIATTN AT K. JKuUIms 00Iroxk napaaxp sraBphIr HITHIH TYHIIIT allluTIaH Obe.

alao
oo =
alao
+

+
Of= =

-

-
o O = =
e = =N =

(=]
-
-

oo =
Y ey
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OHmac 1-H ryHupaaTIdce 2-1 TYHIPIIT raprax aBdy 00JI0X Hb Xaparaax OaifHa. ApaBTBIH TOOJUIBIH CUCTEMJI XHUHIATHITH
aawnaap 1-H ryHIPATHHH XaMIHiH 0ara OpoH J33p HATHUHT HAIMXK 2-1f TYHLPAITHHT Taprax aBd 001HO. MeH X0EpThIH
TOOJUTBIH CHCTEM]T 1-H T'YHISATHHAT 010X0x Xs1bap OaiicaH IUT 2-H TYWIPAITHAT 0JI0X Xsu1bap apra Oanmar.

XOEPTHIH TOOJUIBIH CHUCTEM] 2-H TYHIIIATHHAT OJOXBIH TYJI TyXaliH TOOT XaMTIHITH 6ara OpoOHT0O0C Hb dXII3M
nryyn Oyynrax 9xiX (1-H YR ITHAT OIOTHIAH aiaap ypBYyT Hb OYYJITax SXJDXTYH) O6a XaMruiie sxuuii 1 mudpuiir
OyycHaac XOHII ypBYYT Hb OyynTaxk 3X1H3. YYHHH AYHA 2-H TYHIpT Mam xsuidapxad ongono. 10011,10 toons 1-u
rywmeait #6 01100,01. Xapun 2-1 ryitmsaraiir on6on 01100,01 + 0,01 = 01100,10. Omoo m3p eryyicaH xsmbap apraap

2-H TYWIDAATHATH aXWH OJDK TYJITas.

XaMruiH
¥ 2

10011,10 il

01100,10

—
_/ ‘l_—
Ypsyyraap Wyyn 6yycaH
6yycaH xacar Xacar

2-H IYHUIPOITHNT alllIIaH sJIraBpbIl HAMXK OJIOX YeJl yparil IIHIDKCOH 1 00710X XaMruifH axiaax OuT 1-T ycTrax >KHHX9H?

XapuyT raprax aBHa. JKumm»s Hb:

1100110,11 N :10011&11
001110110 —>
1001001,01 )@1001001,01

1.11 Haitmm 6onon apean 3ypeaamsin moOAIbIH CUCHEMUIH 2YTHYIIAMYY0. DD TOOJUIBIH CUCTEMYY XOEPTHIH
TOOJUIBIH CHUCTEMTAH XapIILaH XepBeX 106 Xsdap Oaimar. XapiH X0EPTHIH TOOJUIBIH CHCTEMJT TYHIPAITYY AT 0JI0X0x
amMapxaH Oaigar. DArasp IOUMHXK YaHApyyZIbIT Xaprajui3aH Y33K HaiMT OOJIOH apBaH3ypraaTblH CHCTEMHIH
TYHAIPINTYYAUAT OJOXT00 XOEPTHIH TOOJUIBIH CHCTEM PYY XOPBYYJN?9[, IYHIDIITHHT Hb OJCOHBI Japaa 3pryyidd[
TyXailH TOOJUIBIH CHCTEMJI XyBUPrax 00JI0X oM. MOH 6MHe eryyYJICOH apraap 40K 00sHO. HaliMTBIH TOOJIBIH CHCTEM
7-H 00JIOH 8-H T'YHIANT rapd updx Oereej XapuH apBaH 3ypraatelH cucteMa 15-H 6010H 16-H ryHIpanTyyn rapd upH».
DAraspuiir TycnamKTairaap HIMAIX YHIIRJIMUT allUrjaH sUIraBphil 0JIOX apra Hb ©MHO OIYYJICOH apaBTBIH OOJIOH

XOEPTHIH TOOJUIBIH CUCTEMYYIUHHXTAH YK Oaiix 6oHO.

1.12 Tomorem moo. Bun ryiumsaryya TycnaMkrairaap HIMAIX YOI allIMTIIaH sUITABPBIT OJIOX/I00 YPTAJDK Xacard Hb
Xacarjardaac MoJIyiuapaa 0ara yTraTtail )KAIIIAT aBu OaiicaH. ©epeep X303 SUIraBphIH YTra YPraunK 3epar Too Oaiix
KHIIHYYIUNAT aBd OaiiB. TArean xacard Hb Xxacarjardaac ux Oyroy suraBap Hb COPer TOO Tapax TOXHOJIZOJ sfax B3? DHD
acyyUIBIT OIMAIPX3 TyJarapd Oaifraa roj 03pXIIda Hb HAIMIX TAIMIAT (3epar TOOT WIPPXUIMIIX) OOJOH Xacax TIMTTHIAT
(ceper TOOT WIIPXUIAIIX) XIPXIH HIIPXUMIIXK BI? IIJIIT OpUIK OaliHa. YYHUUr MIMHAAIXID TyXallH TOOHBI XaMTHUH
axJax OUTIIP TOTTOOXK eraer*. Oepeep X303 XaMruiiH axiax out "O" 60 TyXaifH TOO Hb HOMAX TIMAIITIH OYI0Y 3epar
TOO, XapHH XaMI'HHH axjiax out "1" 601 TyXaifH TOO Xacax TIMIATTIH Oyr0y ceper Too 601aHO. MHI3K TAOMIATIIX Hb
TOOI[00JIOX TEXHHUKT apu(METHK OOTOJIT XHUX 3aMBIT XSJI0APUYUIIK Or16T. 8 OUTHITH KOMITBIOTEPY Y9 HXIBUIIH 8 OUTIIP
ererjieN 6OJOBCPYyIAar Tysl 8 GUTHIH OTOrUIHIH XyBbI 7-P OUT (XaMTHIH axjiax OWUT) TOMIATHHAT WIDPXUIIDK, Oyca
Gara 7 OUT Hb OTOTUIHIH YTTBIT WIBPXUMIH. 7-P OUT Oyr0y TOMISTT OuThir Sigm Dit rask ToMmdTIdIeT. ApaBThiH

TOOJUIBIH CUCTEMUITH +75 TOOT XOEPTBIH TOOJUIBIH CHCTEM/I MIIDPXUIIIOAN TIMAITT OUT Oytoy 7-p OuT Hb O OaiiHa.

+75;10= 01001011,
Tamaart but (+)

Heree Tanmaac xacax TOOT WIDPXHHIIXIP? 7-p OuT HH 1 Galix 6a yniacoH 7 OMT Hb WIBPXUIUIIX I3k Oailiraa TOOHBI

MOAYIHIAH TYHIPAAT OaitHa (1-ryHumanT oM yy, 2-H TYHIPIIT 6aiiHa). -52 Toor 1-H ryHudanT aluriad WidpXUAIbe.

-52,5 = 11001011
B v TamaarT 6uT (-)

11



J193p GuuunracaH Toonsl 6ara 7 6ut 1001011 2 Hb 52(10 (0110100(2) ToOHBI 1-H TYHIPANT OM. [[339pXH TOOHYY Hb 3€par
00JIOH COPOreep TIMAIIBNICIH TOOHYYA. XapUH dAr3dP TOOHYYIBIT TAIMAATIILAIATYH Too rax y3ean 11001011(2 =
203(10 ™coH eep yrtra rapu Oaiina. KOMIIBIOTEpWIH TEXHHKT TyXaiH KOMIbIOTEp 1-H TIyHIPenTT™ i apudMeTukT
Tynryypaacad 6aiiHa yy, 3CB3 2-H TYHIPANTTIN apuMeTHK 133p TyaryypiacaH OaifHa yy r3Arasc XxaMmaapd ceper TOoT
1-H 1oM yy 2-H TYHIDAAT aluriad WHRpXIAIT. OpurH YeHiH HX9HX KOMITBIOTEPYYX 2-H TYHIPANIT aluriacad Oanaar.
XapuH 3epaT TOO Hb ajb 9 apUYMETHKT WKIIXIH IDPXAAIATAAAST: '+ TOMATHAT WIISPXUAICIH XaMTHITH axirax OuT
Hb 0, Apaac b Oycan OuTYyx O0quT yTraapaa gapaajicaH OaiiHa.

XapuH HOMIX VHIADI  XMHTIDX  yex TOMIRIT Omr Hp Oycam OWTYYOWilH ammmaap  YHIIRIO

opouoro. X Kumms ue: (+87) + (-26) = +61 yitmmmmiir 8 GuTHitH 2-H TYHIPIIIT allnTIaH TYHIDTIIE.

Tamparr
But
01010111 =+87
* 11100110 = -26
@50?51111351 = +61
T Hamax
TaMA3ITan

Bupnuii cas aB4 y3CoH XKUIII3HA Xacard Hb Xacaraardaac Oara Oyroy suraBap Hb 3epar Too OaiicaH. XapuH suraBapblH
yTra ceper Too 0aiix Toxmonmon rapiar. Jlapaaxp TOXHOJIONA XacaxX YHIAIUIH X34 X313H XUIAT 1-H 6onoH 2-H

TYHIIAT ammuriad 001coH OaliHa.

a) (+95)+(-63) B) (+42)+(-87) 1) (-13)+(-59) n) (+38) +(-38) e) (-105) + (-120)

Bopoart:
+95,0 = 01011111, XaMruiiH axyaax OUT Hb 9epa3r TOOT MIIPXUHIDK
6300= 0111111, OaitHa. 63-H 7 OuTHiiH yTTa.
6330 = 11000000, -63 - r 1-H TYHIPIATISP WIDPXUAICIH
-63;1p = 11000001, Oadigan. -63 - r© 2-H TYHIPIITIIP

WIPXUAIICOH Oaiaa.

J(93pX¥ XOPBYYIIITYYIIIC Xapaxaa TyXaiH ceper TOOT WIIPXHIIIXIID TYHLIPINTYYIUHH eMHe (rydusnryyn He 7
OUTIIP WIBPXUAIBTAPHI) =" TIMIOTHNAT WIIPXUAIIX 1-T TaBbK 6rceHeep muiadradud. 0100 apaBTeiH apudmeTrk, 1-0

TYHIPAITTIH apuOMETHK, 2-H TYHIPAITTIH apupMETHK Tye OYpIdp YHIIIHAT TYHIDTIIE.
+95 0 11
-63 1
+32 0 11

oO|l= =
oo o
=0 =
Y o Y
o= o
O|=
e = =]
oo =

1111
0001
0000 = +32

- o =

6)
+42,,0 = 00101010, XaMruiiH axyiax OUT Hb 3€paT TOOT MIIBPXUHIDK
8740= 1010111, Gaitna. 87-H 7 OuTHIiH yTTa.
-87(40 = 10101000, -87 - r 1-H TYHIPOATIOP WIBPXUHICIH
-8710 = 10101001, Oaviman. -87 - T© 2-H TYHAIDRIATIIP
+42 WIBPXUHIICIH Oaiina.
=8I 00101010 00101010
. 10101000 10101001
11010010 = -45 11010011 = -45

0101101=45 —H 0101101=45 ~H
1-H rylyaanT 2-H ryauaanT
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OH» JKUIIIGH] Xacard Hb xacarjardaac Moayiuapaa ux Oaifna. Mitmz suiraBap xacax Too rapusd. Toamuarr Our
0010TOH OpOJILIOK Oaifraaraac rajgHa sUIraBpbIH yTraja Oalpiaxjaa MOH TOMITUHI WIBPXUHIDK OaitHa. [9X193 smraBpbeiH
ytra (7 OUTIIp HIBPXUIIAIACIH XICAT Hb) XIMUUAH TYHIPNTTIH apudMETUKy YIUIIdn TYWIPTrIcoH GailHa BY IArIAC
HIajTraajaH T'YHIRATIdP WIBPXUIIAIAdX yTra rapy Oaiina. ©epeep x3:1001, SnraBap ceper Too rapcat 60 TYyHHH TOOH

yTra Hb TYHIPAITISPID WIBPXUIIATACIH OaiiHa.

8)

13..= 0001101 13-u 7 Ourniin yTra.

(10 = (2 “ v
A3 = 11110010, ;;;—ﬂ ail 1-H TYHIDRIATIIP WIIPXUHICIH
-13;50 = 11110011 '

(1o * -13- v 2-H TYHIPAATISD WIDPXHUNAICHH
59,,= 0111011, Gaitzan
59,40 = 11000100, '

59-u 7 6uTHiiH yTTa.

-59,,, = 11000101
e @ -59 - 1 1-H TYHIPYATIIP MIDPXHUIICIH

Oaiimai.
-13 -59 - r 2-H TYHIPANTIOP WIDPXHAICHIH
% Oaimai.
11110010
11000101
10110111 = -72
[
1001000=72 —H
2-H ryiuzant
11110010
110001
01101

1001000=72 ~H
1-H ryduaant
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DHY KUIMIIIHJ X0EP COPOT TOOT XOOPOHI HAIMCOH OaifHa. fAmmaBap Hb MeH 1 cepel Too. J[33p eryncoHuit

aanuiaap TOMASIT OUT MeH 0OONTOHA OPOJIIOXK Oaiiraaraac rajiHa TOOH YTTa Hb TYHIIITIIPID WIIPXUIIATACIH OaifHa.

n

+38,, = 00100110, + 13-H 7 6urwnitH yrra ("+" T™oMIrTi).
-38,4, = 11011001, -13- r 1-H TYHIDAINTIIP WIBPXUHICIH
384, = 11011010, Oarigan.

38 -13- 1 2-H TYHIPAITIdP WIBPXUNHICIH
38 Oaiima.

00100110

B 1101101
00000000 = +0

00000000=0 —H
2-H ryAyaant

- O
—o
N
o

RN QY
sl o
Y Y -]
Y o N

—

2

'y
-

00000000=0 —H
1-H ryfyasnt
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DH3 JKUIIIHIIC Xapaxan 1-H TYHRIPAITToH apudMeTukuiid yp ayun ceper "O" (xacax) rapu 6aiiHa. Xapux
2-H IYHIPOIITTIiH apuMETHK allMTiIacal TOOIIOOHB! Yp AyH separ "O" (#oMax) rapu Gaiirna. Mamax "O"-H XyBb1

TAMJIAT XAPITTYH Hb OSUITOM>KTOM.

1.12 JIoruk TOXMOHBI XYYIIHIH TOBIIHH.

Jloruk X31X33 Hb OpOJIT rapaitei “eHmep” (1) 6a “mam™ (0) racaH X0EPXOH JOXHOTOM Gaiixaap 30XHOH OYTIITIUIAT.
T2xK35UiH YYCTYYPHUITH OYTIH XY4JII “OHIep* TOJIBHHT XapHH TAT XY4I3J “HaM’ TOJIBUIT WIDPXUIIHI. X2paB Ouj
TOrC epTOHIO aMbapaarcal 6o Aradp JOTUK TOJBYYANNH XYUUTHHH TOBIIMH X33334 eepwiernexryi (“enmep
TOJIOB Hb X9333 U THKIUHH YYCryypIsc Oyyxryi, “Ham” TOBIIMH HB X333 U TArIIC XITPIXTYH) Oaiixcam.
XapaMmcantaif Hb OuJ OOIHWT epTOHIeI ambIapy Oairaa ydmpaac 3Ar33p JIOTHK TOJBUIH XYYIDIHIH TOBIIWH Hb
XOJIX39HUN TKIMHH YHAIT 33p3r33c 00K XOBOPXOH TOXHONJIOJN TOrc yrraa asaar. THHM 00J0X00p JIOTHK
TOBIIMHTYYA Hb TOJOPXOH XYY UIMHH XsA3raapaap MWI3PXUHIST AT,

TTJI noruk 37eMeHTHITH T:k3371 Hb 5B, +/-0.25B 6Gaiinar. Uaunan nexueng TTJI “ennep” noxuo ue sar 5B, TTJI “Ham”
noxuo Hb sr 0.00B Gaiix €croit. [HBu Gomutr TTJI X51x33 THilM eHIep HapWHBWIANTAl HOMAT JTOXHUOT Taprax
yaanarry. WiMpa Toarsspuiir uaman  “engep”, “HaM”’  JOXMOHOOC TONOPXOM XA3MXKIOHHUM eepuiienTTen
“3eBIIOOPOTIOX ’AOXHUOH] XOBUHH aXXWJUTaXaap 30XHOH OYTI3I3T. “30BIIOeperaex OpOITHIH TOXHOHBI XYUIDIHIH
xyp33 Hp “Ham” noruk TemeBT 0-0.8 BompT, “eHmep” NOTHK TONOBT 2-5 BONBTHIH XOOPOHI Oaifmar Oomn
“30BIIEOPOIIOX  rapaNITHIH JOXUOHBI XYUYIAIIHIH XYP33 Hb “Ham” joruk TeneBT 0-0.5 BoibT, “eHaep” JOrHK TOJIOBT

2.7-5 BOJNBTBIH XOOPOH T 02X ECTOH.

Accepiable TTL gate Accepitable TTL gate
input signal levels output signal levels
AW T 3V
-1 A% =5V I —4
ng h cc ng h
1 —1— 27V
2w A
4 08V — -1
Low - =922V
—[ oV Low —{_ 1 _ oV

XoapaB TTJI anementuita oponrors 0.8-2 BonbThIH X00poH XY4131 ereaBen TTJI aneMeHT siMap HATDH TOIOPXOH Yp
JYH Y3YYJRXTYH. MM I0XHO Hb 3IIEMEHTYYANIH XyBBJ M000pX0U Oyc NOXUO0 yIUpaac YHIIBIPIATYH sMap Yp AYH
rapax Tyxai Oatanraa ernerryu.

3ypraac xapaxaz 3JIeMeHTYYIUHH OpPOJIT, TapalThIH JOXHOHBI 30BIIOOPOTI6X XYP33 Hb eep eep OaitHa. DH? Hb

As you can see, the tolerable ranges for output signal levels are narrower than for input signal levels, to ensure that
any TTL gate outputting a digital signal into the input of another TTL gate will transmit voltages acceptable to the
receiving gate. The difference between the tolerable output and input ranges is called the noise margin of the gate. For
TTL gates, the low-level noise margin is the difference between 0.8 volts and 0.5 volts (0.3 volts), while the high-
level noise margin is the difference between 2.7 volts and 2 volts (0.7 volts). Simply put, the noise margin is the peak
amount of spurious or "noise" voltage that may be superimposed on a weak gate output voltage signal before the
receiving gate might interpret it wrongly:
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Acceptable TTL gate Acceptable TTL gate

input signal levels output signal levels
B av sV
High— | high-level noise margin  High +

ST T T T T
XA M A S M
R M S M S M

-
()
L (e ¥,

*
W

low-level noise margin

CMOS gate circuits have input and output signal specifications that are quite different from TTL. For a CMOS gate
operating at a power supply voltage of 5 volts, the acceptable input signal voltages range from 0 volts to 1.5 volts for
a "low" logic state, and 3.5 volts to 5 volts for a "high" logic state. "Acceptable" output signal voltages (voltage levels
guaranteed by the gate manufacturer over a specified range of load conditions) range from 0 volts to 0.05 volts for a
"low" logic state, and 4.95 volts to 5 volts for a "high" logic state:

Acceptable CMOS gate Acceptable CMOS gate
input signal levels output signal levels
: Y
. TV High — = o5 v
High— | Va=5V +
1 35V 1
415V 1
Low { i N | oosv
oV Low —==7y

It should be obvious from these figures that CMOS gate circuits have far greater noise margins than TTL: 1.45 volts
for CMOS low-level and high-level margins, versus a maximum of 0.7 volts for TTL. In other words, CMOS circuits
can tolerate over twice the amount of superimposed "noise" voltage on their input lines before signal interpretation
errors will result.

CMOS noise margins widen even further with higher operating voltages. Unlike TTL, which is restricted to a power
supply voltage of 5 volts, CMOS may be powered by voltages as high as 15 volts (some CMQOS circuits as high as 18
volts). Shown here are the acceptable "high™ and "low" states, for both input and output, of CMOS integrated circuits
operating at 10 volts and 15 volts, respectively:
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Acceptable CMOS gate Acceptable CMOS gate

input signal levels output signal levels
10V High — —— 10V
1 1 095V
High
7V V=10V T
3V N T
Low 1 1
Low 005V

oV - 0V
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Acceptable CMOS gate Acceptable CMOS gate

input signal levels output signal levels
. High — —— 13V
15V J 1495 V
High {4 4 1
-1 11V 1
1 V=15V 1
PE— . 4V —
Low { 4 4
| 005V
A Y Low —==7Y

The margins for acceptable "high" and "low" signals may be greater than what is shown in the previous illustrations.
What is shown represents "worst-case" input signal performance, based on manufacturer's specifications. In practice,
it may be found that a gate circuit will tolerate "high" signals of considerably less voltage and "low" signals of

considerably greater voltage than those specified here.

Conversely, the extremely small output margins shown -- guaranteeing output states for "high" and "low" signals to
within 0.05 volts of the power supply "rails" -- are optimistic. Such "solid" output voltage levels will be true only for
conditions of minimum loading. If the gate is sourcing or sinking substantial current to a load, the output voltage will
not be able to maintain these optimum levels, due to internal channel resistance of the gate's final output MOSFETS.

Within the "uncertain” range for any gate input, there will be some point of demarcation dividing the gate's actual

"low" input signal range from its actual "high" input signal range. That is,

somewhere between the lowest "high"

signal voltage level and the highest "low" signal voltage level guaranteed by the gate manufacturer, there is a threshold
voltage at which the gate will actually switch its interpretation of a signal from "low" or "high" or vice versa. For most

gate circuits, this unspecified voltage is a single point:
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Typical response of a logic gate
to a variable (analog) input voltage

5V = V=5V
4 AN
threshold |- \ ;.é:( - | > v
", T
oV : — - =
Time —

In the presence of AC "noise" voltage superimposed on the DC input signal, a single threshold point at which the gate
alters its interpretation of logic level will result in an erratic output:

Slowly-changing DC signal with
AC noise superimposed

5V % — V=5V
threshold |- A t %é . | > v
Y W in
Y = = = =
Time —

If this scenario looks familiar to you, its because you remember a similar problem with (analog) voltage comparator
op-amp circuits. With a single threshold point at which an input causes the output to switch between "high" and "low"
states, the presence of significant noise will cause erratic changes in the output:
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|
T3

- |
v

Square wave
output voltage

& b P o

AC in put

voltage

The solution to this problem is a bit of positive feedback introduced into the amplifier circuit. With an op-amp, this is
done by connecting the output back around to the noninverting (+) input through a resistor. In a gate circuit, this entails
redesigning the internal gate circuitry, establishing the feedback inside the gate package rather than through external
connections. A gate so designed is called a Schmitt trigger. Schmitt triggers interpret varying input voltages according
to two threshold voltages: a positive-going threshold (V++), and a negative-going threshold (V.):

Schmitt trigger response to a
"noisy” input signal

oV : - -
Time —

Schmitt trigger gates are distinguished in schematic diagrams by the small "hysteresis" symbol drawn within them,
reminiscent of the B-H curve for a ferromagnetic material. Hysteresis engendered by positive feedback within the gate
circuitry adds an additional level of noise immunity to the gate's performance. Schmitt trigger gates are frequently
used in applications where noise is expected on the input signal line(s), and/or where an erratic output would be very
detrimental to system performance.
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The differing voltage level requirements of TTL and CMOS technology present problems when the two types of gates
are used in the same system. Although operating CMOS gates on the same 5.00 volt power supply voltage required
by the TTL gates is no problem, TTL output voltage levels will not be compatible with CMOS input voltage
requirements.

Take for instance a TTL NAND gate outputting a signal into the input of a CMOS inverter gate. Both gates are
powered by the same 5.00 volt supply (V). If the TTL gate outputs a "low" signal (guaranteed to be between 0 volts
and 0.5 volts), it will be properly interpreted by the CMOS gate's input as a "low" (expecting a voltage between 0
volts and 1.5 volts):

¥ ucc I Vdd
—_— e b — HDW“
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' TTIL  CMOS
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TTL | 1 CMOS
output input
1 1 15v
05V b T
oV = - 4 _ov

TTL output falls within

acceptable limits for
MOS input

However, if the TTL gate outputs a "high" signal (guaranteed to be between 5 volts and 2.7 volts), it might not be
properly interpreted by the CMOS gate's input as a "high" (expecting a voltage between 5 volts and 3.5 volts):
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Given this mismatch, it is entirely possible for the TTL gate to output a valid "high" signal (valid, that is, according
to the standards for TTL) that lies within the "uncertain" range for the CMOS input, and may be (falsely) interpreted
as a "low" by the receiving gate. An easy "fix" for this problem is to augment the TTL gate's "high" signal voltage
level by means of a pullup resistor:
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Something more than this, though, is required to interface a TTL output with a CMOS input, if the receiving CMOS
gate is powered by a greater power supply voltage:
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The TTL "high” signal will
definitely not fall within the
CMOS gate’s acceptable limits
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There will be no problem with the CMOS gate interpreting the TTL gate's "low" output, of course, but a "high" signal
from the TTL gate is another matter entirely. The guaranteed output voltage range of 2.7 volts to 5 volts from the TTL
gate output is nowhere near the CMOS gate's acceptable range of 7 volts to 10 volts for a "high" signal. If we use
an open-collector TTL gate instead of a totem-pole output gate, though, a pullup resistor to the 10 volt Vg supply rail
will raise the TTL gate's "high" output voltage to the full power supply voltage supplying the CMQOS gate. Since an
open-collector gate can only sink current, not source current, the "high" state voltage level is entirely determined by
the power supply to which the pullup resistor is attached, thus neatly solving the mismatch problem:
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Now, both "low” and "high”
TTL signals are acceptable
to the CMOS gate input

Due to the excellent output voltage characteristics of CMOS gates, there is typically no problem connecting a CMOS
output to a TTL input. The only significant issue is the current loading presented by the TTL inputs, since the CMOS
output must sink current for each of the TTL inputs while in the "low" state.

When the CMOS gate in question is powered by a voltage source in excess of 5 volts (Vc), though, a problem will
result. The "high" output state of the CMOS gate, being greater than 5 volts, will exceed the TTL gate's acceptable
input limits for a "high" signal. A solution to this problem is to create an "open-collector" inverter circuit using a
discrete NPN transistor, and use it to interface the two gates together:
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The "Rpunyp™ resistor is optional, since TTL inputs automatically assume a "high" state when left floating, which is
what will happen when the CMOS gate output is "low™ and the transistor cuts off. Of course, one very important
consequence of implementing this solution is the logical inversion created by the transistor: when the CMOS gate
outputs a "low" signal, the TTL gate sees a "high” input; and when the CMOS gate outputs a "high" signal, the
transistor saturates and the TTL gate sees a "low" input. So long as this inversion is accounted for in the logical scheme

of the system, all will be well.
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