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I'IEPEﬂMOIA

HURSENRN

B HaBuansHOMY nociGHHKY: BHKIaxeHi indopmaniiini, apudmernd-
Hi, JIOrigHi, ABTOMATHI Ta CXEMOTEXHITHI OCHOBY KOMIT YOTEPHOI CXEMO-
TexHixy. Po3rmsHyTi eneMentH, cxemu i THOBi GyHKUiOHANEHI BY3IIH
KOMIT'IOTEPIB 3riHO 3 BUMOraMM HABYANBHHX NPOTPaM BLMIOBITHO IO
YKpaiHCBKHMX CTAHAAPTIB.

Hapuansauit mocibuuk 03HAHOMMOE YHTaqa 3 TEOPETUUHHMH METO-
JaM¥ aHANi3y i CHHTE3y PisHMX TPHCTPOIB KOMIT I0TEPHOL CXCMOTEXHIKH,
a Ha 1X OCHOBI i 3 OrikoI0 MOOYAOBH KOMIT'IOTEPHHX CXEM. 3HaYHA yBara
OPHIISETHCS NPABUIBHOMY 3aCTOCYBAHHIO TOYHHMX BHM3HAYEHb IO3HA-
YeHb, i aIropuT™Mam oGy A0BH PI3HOMAHITHHX KOMIT IOTEPHUX CXEM.

YacTuHa NHTAHP i3 POIVISHYTHX y IOCIOHHMKY HEZIOCTaTHHO BHCBIT-
neHa B cyuacHifl HaBuambHil miTeparypi. 30kpema, L€ CTOCYEThCA H0-
CIiKEHHs: METOHIB CTPYKTYPHOTO CHHTE3y KOMIT' IOTEPHUX CXEM Ta JIo-
riKH o6YA0BH KOMIT IOTEPHUX CXEMO-TEXHIYHHX IPUCTPOIB,

Vi BU3HAYEHHA CYNPOBOIKEHO 1MIOCTPOBAaHAMH MPUKIanaMH. Kox-
uuii naparpad aGo po3zin 3aKkiHUyeThCs HaGOPOM PETENhHO Minibpanux
KOHTPOJIBHUX 3aIMTaHb Ta 3a4a4 [T CAMOCTIHHOTO PO3B’A3yBaHHA.
IpaxkTHaHUA MaTepial € 3HagHMM 33 006CATOM i CTAHOBHTH OIH3BKO
30% 3aramsHOro Marepiany nociGHuka. B HbOMY MICTATHCH OPHUKITALH 3
pillleHHSMM, KOHTPOIBHI 3allMTAHHA IJIA 3aKpiIIeHHS i nornubneHHs
PO3yMIHHA TEOPETHYHUX MOIOXKEHB, 3a1adi I CaMOCTIHHOIO pPo3B’f-
3yBaHHS, 3314 IX MPaKTHYHOTO 3aCTOCYBAHHSA, O Ja€ MOMIIMNBICTS I1O-
JIMMUHTH OPraHisaiiio caMoCTiHHOI pobOTH CTYAEHTIB.

V HaBYaEHOMY TOCIGHUKY 3i6paHO fK 3araiIbHOBINOMHI Matepial,
TaK i po3pobieHnii OCTAHHIMEA POKAMH, a8 TAKOXK HOJAHO JaCTKOBO 1 HO-
BHii Marepian. Hasuamesmif mociOHUK po3paxoBaHMil, y IEpIIy Hepry,
HA CTYJEHTIB, a TAKOX UHTA4YiB, AKi 6aaloTh BHBUHUTH imbopmauiﬁui

apudMeTHuRi, TOriuHi, aBTOMATHI Ta CXEMOTEXHiUHI OCHOBH KOMII'IO-
TepHOI CXEMOTEXHIKH i Ha iX OCHOBi GyZyBaTH KOMII'IOTEPHi CXEMH Ta
CXEMH aBTOMATHKW i ynpasnmiHHA. Bix uuraua BHMaracrscs 3HaHHA B
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obcs3i cepetHRO] MIKOIIH, 4 BCi HOAAIBINI 3HAHHA 3R06YBAIOTHCA B IIPO-
Heci poboTH 3 KHUIOr Ta 3aMPONOHOBAHHMH B Hill BIIpaBaMH, 1[0 HAJA8€
HaBYAJBPHOMY TNOCiOHUKY TpuBa0IMBOrO Bnrnsmy biusv npaxcmqnnx 3a-
CTOCYBaHb.

CIpyKkrypa KHHIH, [0 CKIAAAEThCA i3 8 po3ainis, iX nepenik Ta Ha-
TOBHEHHA JIETKO IPOYHTYIOTHCA i3 3MicTy. Bubip Ta BHKIaganas po3zi-
NiB KOMII'IOTEPHOI CXEMOTEXHIKHM BHKOHAHO, BPaXOBYIOUH BUMOTH GyH-
JIAMECHTABHOI OCBITH 3 KOMI'IOTCPHHX JUCIHILIIH.

Haguanbanii nociOHMK NMPU3HAYEHO I CTYIEHTIB ClieLialbHOCTEH
BUIIMX HaBuansHux 3aknaaiB -1V piBHiB akpeawranii 6a30BHX Ha-
npsamisB «Komm’rorepHa imxeHepia», «KoMiT' ©0TepHi CHCTEMH, aBTOMa-
TuKa i ynpasimias», «Komm'otepri Haykw». OKpemi po3minm Taxox
MOXKyTh OyTH BMKODHCTaHi CTyICHTaMH BiIMOBLIHAX CepeaHiX TeXHiy-
HHUX HaBYANLHHX 3aKJIa](iB Ta KOJELKIB.



Po3ain 1

OCHOBN TEOPII
KOMITIOTEPHOI
CXEMOTEXI‘IIKI‘I

1.1. Indopmaniiini ocHoBH KOMII’IOTEPHOT CXeMOTEXHIKH
Ingopmanin Ta eranu i npeacraBieHus

Indopmarris € Biga3epkaneHHAM PEanbHOrO CBIiTY i €AMHUM He3ane-
PEYHHM pecypcoM skuTTe3abesredeHHs. BilbLI TOro, KiIbKICTE iH(Op-
Manii KoxeH piK HOXBOIETHCA, a i 00poOxa Maiixke CTOBiICOTKOBO BH-
KOHY€ThCH KOMIT' oTepaMu. Koxken indopmaliifiHuit nponec BKIIOYaE B
ceCe HACTYIHI eTany:

1. 36ip indopmanii i npexcTaBIeHHA I A7 BBOAY B KOMII IOTED;

2. Ilepepavy imdopmarii Bix [kepena A0 npuiiMaua;

3. 30epexenns indopmanii B qaci;

4. O6pobky iadopmanii B gaci;

5. Hpe;{craBneHHx indopmarii cioxusagy.

Ha scix, i’ 411 eTalax, SK MPaBHIIO, BUKOPHCTOBYIOTH 3aco6n KOMIT 10~
TepHOi cxemorexHiku., o Gyap-axoi indopmanii 3aBXKAK 3aCTOCOBY-
FOTBCS HACTYITHI BUMOTH!

‘a) Tadpopmanis 3aBx a4 OBHHHE Gy TH KOPEKTHOIO;

6) Indopmantis mOBMHEA OYTH AK KOPHCHOIO, TaK i aKTyaJ'II:HOIO

B) IndopManis noBuHHA 6yTH TOYHOI, ZOCTOBIPHOIO i cTilfKkoro 10
Oy Ap-SIKMX TIPOSBIB;

r) Indopmaniia moBuHHA OyTH OBHOM Ui IPUIHATTA IPABUILHOIO
pimesHs.

JIepenioM Ta npHiiMadeM indopManii MoxyTh OyTH 4K JIIOIHM, TaK i
TexHigHi 3ac00H, HAMPHKIAN: KOMIT I0TEPH, JaTUUKY, IHAUKATOPH T. iH.
TudopMartio i nepesadi Bif Jxepena 10 MpUHMada MEPeTBOPIOIOTE B
CHIHAJH, K1 IIOTIM BUKOPHCTORYIOTE 1714 il nepeaaui. B Teopii indopmanii
BBAKAIOTH, 110 CHTHAN — 1€ MATEPiabHO CHEPreTHIHE BTIICHHS IOBiA-
omstenns. To0TO, 38 paxyHOK CYKyITHOCTi CHTHATIIB MOMUIMBO IIPEICTABHTH
Oyap-siKe cKIagHe NoBinoMneHns. CHIHAII MOXe TIepeTBOpIoBaTHCA Ge3
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" 3MinM 3micTy iH(opManii i3 oxmiel disnunoi BenMuHAM B iEmTy, Giabm

3py4Hy A nepeaadi i o6po6GKku B kOMIT IOTEPHUX MPHCTPOAX.

3mina napamerpiB ¢Gi3HIHOI BEIMUMHK CHIHATY 3a 3aKOHOM TIOBij-
OMIICHHS, HIO NMIEPEAACTHCA, HA3HBAIOTH MOAYJMNICIO, a 3MIHAL MapaMe-
TpH — indopmaTnsanmna. IIpyn nepenayi curnanis Big mxepena ingo-
pManii mo nppuiiMaua QiswuHi BemmumeM i cmocoOM iX MODyAIT
MOXCYTh 6araTOKpaTHO 3MIHIOBATHCA, AJIE 3MICT NOBIAOMICHHS 3AJTHINA-
€THCS CTAIHM, OCKUILKH BOHO BU3HAYAETHCS TUIHKH 3aKOHOM MO yJIAIii.

Jma indopmManifiHoro o6MiHy MixK JKEpEToM i DpHiiMaueM BHKOPH-
CTOBYIOTh CHMBOJM, ajipasiTn Ta cnopa. ITin cuMBOIOM PO3YMIOTH
eNeMEHTapHy OAMHHMIUI0 HOBLJOMJICHHA, SKy HasuBaiOTh GiToM. SIKmO
YHCIIO Pi3HMX CHMBOINIB OOMEXKEHO, TO IX CYKYNHICTh HA3MBAIOTh anda-
BITOM, HAPUKNIAN, GYKBH JATHHCHKOro andasity aGo ABiKkOBI CHMBO-
M «0» i «1» y KOMITIOTCPHHX TEXHIYHUX TpacTposix. CloBa — ne rpy-
1M CHMBOIIB, i3 sxux Oynyors (pas3u i Bupasy.

3arasiom cnoci6 ¢GhopmanizoBaHOTO OMHCY PISHHX CHTHANIB, a BiAMNO-
BUTHO i OBINOMIICHs HA3WBAIOTH MpexcTanjieHHsM ingopmamii. B teo-
pii indopManii posrasaators He GisHuHe, 2 MATEMATHYHE MIPE/ICTABICHHA
CHTHaNIB, TO6TO iX OmuC 33 AONOMOrOI0 Pi3HHX Gyrkuiid. Haibinem po3-
TIOBCIOJKEHMM CHOCO60M MPENCTABICHHA CHIHATIB € “ACOBHIA, B AKOMY
PO3Pi3HAIOTE HACTYIHI Pi3HOBHAH CHTHAMIB, IO OMHCYIOTHCS YACOBOKO
dyHKIIEI0: HemepepBHi, ANCKpeTHO-Henepepnui; auckperui. CrineHe
3aCTOCOBYBAHHA MMCKpeTH3ailil i KBAHTYBaHHS J03BOJAE MEPCTBOPUTH
HenepepBHy QyHKIiIO B cyTo muckperny. To6To, HemepepBHMi CHIHAT
MOHA NePEAaBaTH OKPEMHAMH MHTTEBHMH 3HAYCHHAMH, AKi Bigpaxosy-
IOTBCst Hepe3 KiHleBHH iHTepBal yacy. 3a MMH 3HAYEHHAMM KOMIT JOTEp
TIOBHICTIO BiATBOPIOE IIEPBUHHIMA HEMIEPEPBHKIA CHTHAIL

B xoMI"I0TepHil CXeMOTEXHIIli BUKOPHCTOBYIOTh PO3PSAHO-HH(POBE
KOJAYB4aHHs, B IKOMY ITEPBUHHHH CHTHAI HMPCACTABIAIOTH FPYHOI0 CHMBO-
J1B, AKi BimoOpaxkatoTs 3HaveHHA mHudp «0» i «1» ABiKOBOL cHCTEMH uMC-
JICHHA ENEKTPHUHMMHE CUTHAIAMU, HAOPUIUIAJ, iMnyiascamy. Hanexwicrs
iMoynecy Bianoeinae «1», a fioro Bigcyrricts — «O». Po3psaau asitikosoro
9HCIIA XapaKTEPU3YIOTHCSA BArOi0, KPaTHO cTeneHi Ak — 0, 1,2, 4, ...

Hudporuii Koz nepeaacTsCs NOCHIZOBHO B YaCi 32 TOMOMOIOI0 Of-
HOI'O KaHally fepefadi abo OXHOYACHO, BUKOPHCTOBYIOUH GararokaHa-
JbHHH CIIOCi0 KaHaTy nepeaadi.

Ha npaxTumi nociifnoBawid K071 BHKOPUCTOBYIOTH MpPU nepejadi id-
dopmauii Ha BeIMKI BiACTaHi, HANPHKIAA, MiX Komn’loTepaMH a napa-
MenbHHA — npH nepenaql mq)opmauu Ha HEBENHKi BiACTaHi, HAIPH-
KJTaj, BCEpeNuHi KOMII'I0Tepa.



Hinpaxynox kiabkocri ingopmanii

Jlns miapaxyHKy KinbKOCTi mepefaHoi 9M mpuiHAToi indopmanii B
Teopii imdopmanii BcranoBleHi pizHi iHpopMauifiHi mipu. Ha#bimem
pommpena € ajurusHa Mipa. Cyts ii nonsrae B HacTynmaomy. Hexai
N — KinbkicTs piBHOMMOBIpPHHX ITOBIHOMIICHb, # — X JOBXHHA, § —
qucio 6yxs andasity, 0 BUKOPUCTOBYETHCS [T Hepenadi inpopmartii.
Toni kinpKicTs MOKIMBAX HOBIAOMIEHD JOBKHHH # XOPIiBHIOE HHCITY
posmiiens i3 mosroperHsM , 1o Mipy HaAUIAIOTE BIACTHBICTIO alUTH-
BHOCT], 06 BOHA Gyra MPONOPIHHA TOBXHMHI TOBIIOMIEHHS i {03BO-
moa foJaBaTH KiTbKicTh indopmanii paay mxepen. J{nd wsoro B4eHHH
XapTii 3anpononyeas sorapudMivey QyHKIi0, 9K Mipy Kitskocti iH-
dopmarnii

I=logN =n-logg. (1.1.1)

Sxmo vt andasity BPIKOpPIC’rOByIOTB ABitikoBi amcen «0» i «1», 10 32
OCHOBy aorapuMy TpuiiMarTe ¢ =2, B pe3yibTaTti 90r0 [ = n- log,2=n.
Ipu posxuui n = 1, orpuMaemo [ = 1, mo xinbkicTs indopmarii Hazu-
BaroTh 6iToM. Ilepeaua HOBiTOMIIEHHS JOBXHMHOIO 1 = 1 exBiBaTeHTHA

BUGOPY ONHOTO i3 JBOX MOXNMBHX DPiBHOHMOBIPHHMX HOBIHOMICHB —

onne i3 Axmx nopiBHIOE «1», a apyre — «0». B 3aranbHOMY BHOAAKY
HOBIZOMIEHHS 3 SBISIOTHCA 3 PisHOW HmoBipHicTo. Hexaif ‘mosimom-
JICHHA YTBOPIOETHCS IOCIIOBHOK Iepenaucio OykB neaxoro andasity

X5 er X;5 00 X, 13 iMOBIDHICTIO HOSBH KOXHOI OykBH p(x)=p;, ...

p(x,)=p,, TIpH UBOMY TIOBMHHA BHKOHYBATHCh YMOB2 p +..+p, +..+p, =1.
.Tomi, 3a Hlennonom, kimbkicTs iHGopMaiii, ska € B HOBIXOMIEHHI X,
po3paxoByercs 3a GOpMyTIO0

I(x)=log~. (1.12)
P

. Jlns aGcomoTHO AOCTOBIPHUX MOBIZOMIIEHE p; =1; KigbkicTh indo-
pmanii /(x,)=0. Ilpu 3MeHmeHH] 3HadeHHa p,; Kinpkicrs iHMopmarii
36inpmyerses. SIkmo B amcam6ni moBimomnens yci Gyxeu andasitTy

. .. 1
x, — PIBHOMIpHi, TO p, = p, =...= p, =— € CTATHCTUYHO

Xpy ooy X, "

79 eees
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aesanexHi. Toxi ximbkicTh iH(OpMAIT B NMOBIOMICHHI AOBXHHOIO A
Oyks 3 ypaxysanasM 1.1.2 Oyae nqopiBHIOBATH

1= il(x,.) = ilog—;—l- =10g-;7+...+ log--=n-logg,
i=1 i=1 "

- IO CHiBIAAAE 3 Mipo1o XapTii y BiAmoBinHOCTI 3 BUpasom 1.1.1.

B xomn’roTepi HaliMEHINOK MOXKIMBOK OJHHHUICIO KiIBKOCTI iH-
q)opmauu € 6it. /Ina 3pyyHOCTi BHKOPHCTAHHA BBEACHI TaKOXK ONH-
HHI KiTBKOCTi mq)opmauu ki nepesumytork 6ir. Tak, apilikoee
¢JI0BO i3 BoChMH CHMBOJIIB Mae 1 Gaiit indopmanii, 1024 Gajit cxia-
nae kinobaiit (K6aiit), 1024 Kb6aiit — Merabaiit i 1024 Moaiit — ri-
rabaitt (I'6aiir).

1.2. ApudrMeTHYHI OCHOBH KOMIF OTEPHOI CXEeMOTeXHIKH
IpuHHnu noGyA0BH CHCTEM YHCICHHS

Osnauennsn 1.2.1, CucTeMoI0 YHCIEHHA HA3HBAIOTH CUCTEMY Bif00-
paxeHHs OyIb-sSKHX YUCEN 33 JOIOMOI'0I0 OOMEKEHOT O YHCIIA 3HAKIB.

B sanexHocTi BiZ criocoGiB BimoOpaskenns wacen mudpamu, cucre-
MM 9HUCJICHHA AUTATHCA HA NOSHMIHHNI i HOTIOHIIiHHI.

O3snavenna 1.2.2. Heno3uuiiiHOI0 CHCTEMOI0 YMCIEHHS HA3UBA-
I0Tb CHCTEMY, B AKIH KiIbKiCHE 3HAY€HHS KOXHOI HH(PH HE 3aT€KHTh
BiJl MicIIa Y BioOpakeHH] YHCIIA, @ BUSHATAECTHCA JIHILIE CAMHM CHMBO-
oM uucna. Tak, Hanpuknaj, ynucio 30 AecaTKOBOT CHCTEMM YHCIIEHHS B
PHMCBKiH HEHO3MILIHIA cHCTeMi O3HAYAIOTH AK YHCa0 XXX, ske mac
Y BCiX po3psAnax oauH i TOM ke cuMBOa X, W0 o3Ha4ac 10 oxuHHLb He-
3aJIeXHO BiJ HOro mo3nuii y BixoGpaxkeHHi qucna.

O3znauenns 1.2.3. To3uuiiinoi0 CHCTEMOI WMCAEHMHSt HAZHBAIOTH
CHCTEMY, B Kill KUIbKiCHe 3HAYEHHS KOXXHOT LndpH 3a1exuTh BiJ ii Mi-
cug y BinoOpaxxeHHi uucrna. Hampuxsian, uncno 575, npeacrtaeieHe B
ACCATKOBiH CHCTEMi UHMCIICHHA, MAaE B HaiiCTapIIOMy i HAUMOMOALIOMY
pospani uudpy 5. Lindpa 5 y crapmomy pospsiai mae Bary B 100 pas 6i-
Jbly, HiK Y MONOAILIOMY PO3PSIA.

B nosuuiiniii cucreMi uucneHHs Oyab-ke 4HCIIO, AKE MA€ Bino6-
paxeHHS

A, =0 o, -0l O O

Moxe OyTH HpeACTaBleHe Y BUIIA/L TAKOI CyMH
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_— t-1 -2
O 0Ly " Oy Oy "0, =0 ¢ + 0L, g " +

t-k+l - k

0y g H o, g oy g

ne k — kiHIneBa KUTBKICTh po3psiB y BinoOpaeHHi yucna; a; — uHbpa
i-r0 PO3psmy; g — OCHOBA CHCTEMH HCIEHHS; t — bikcopane “THCII0,
AXEe BUSHAYAE POSMIIICHHS KOMH; [ — MOPAIKOBUI HOMEP PO3pAny; g

- Bara i-ro pospsaxy. LudpH @; MOBUHHI 3aJOBUIBHATH HEpiBHOCTI
0<aq,<qg-1.

Osnauennsn 1,2.4. OcHoBo10 ¢HCTEMH YHCIEHHS ¢ HA3WBAKOTH Ki-
JBKICTh CHMBOJTIB, AKi BUKOPUCTOBYIOTh 1A BinOOpaXeHHs qucia B Aa-
Hilf MO3MIiHHIN cHCTeMI UnCITeHHs.

3a OCHOBY CHCTEMH YHCICHHS ¢ MalOTh OYyIb-fKe YMCIO, AKE 3a40-
BOTBHAE YMOBi g 2 2. V nBilikoBii cucTemi gHcneHns g = 2, a 17 300-

paXXeHHs YMCEN BUKOPHCTOBYIOTH cumBomu (1,0), y BiciMkoBiit ¢ = 8, i
It 306paXeHHA YHCeN BUKOPHCTOBYIOTH cmmBom (0, 1,2, 3, 4, 5, 6, 7),
a y micTHaUIATKOBIM ¢ = 16 i ams 300paxeHHa qucen BUKOPUCTOBYIOTh
cumpon (0,1, 2,3,4,5,6,7,8,9,4,B,C, D, E, F), ie A=10; B=11;
C=12;D=13;E=14; F=15.

JIBifiKOBA CHCTEMA YMCIIEHHS € OCHOBHOIO CHCTEMOK) UHCICHHA, B
AKii BUKOHYIOTH apH(METHYHI i NOTiuHi onepanii B KOMIT I0Tepax, TOMY
mo s ii Texuignol peasnizanii MIMPOKe 3aCTOCYBaHHS 3HAMIUIH ABOX-
TIO3HILiHHI ENEKTPOHHI eJIEMEHTH.

Tlepesenenus ancen i3 oaHi€l cHCTEeMH YNCIEHHSA B iHIIY

CyTTeBe 3HAYEHHA TPH BUKOHAHHI apupMeTHIHHX i JNOTidHMX

onepaniii B KOMI'FOTEPaX Mae MHTAHHS MEePEeBeIeHHs Tncen i3 onniel
~CHCTEMH YHMCIEHHA B iHmy. J[7s nepeBedeHHs Kinnx 4duces Haifvac-

Tillle BUKOPHCTOBYIOTH AJTOPHTM AiJeHHA 331aHOTO 4HCIAa HA OC-
HOBY 4HMCNa, 0 CHCTEMHM SKOI Horo nmepeBoiATh. JlaHuil anropurm
nepeneIeHHs YHCET 13 CHCTEMH YHCIEHHA 3 OCHOBOIO ¢ € yHiBepca-
JABHMM i HaWGineIl MMPOKO 3aCTOCOBYEThCH Ha npaxtuni. Bin mic-
THTE TaKi KPOKH.

1. Po3nimury 9uCno, sxe NePeBOAATh, Y CHCTEMI YHCIEHHS 3 OCHO-
BOIO ¢ HA OCHOBY p 3a IPABHIIOM CHCTEMHM YHCIICHHS 3 OCHOBOIO .

2. TlepeBipuTH, UM He TOPIBHIOE YACTKA HYIO. KO He XOPiBHIOE,
TO NpUHHATH 11 33 HOBe uHCHO H MOBEPHYTHCA O KPOKY 1.

3. SKmo yacTKa DOPIBHIOE HYIIIO, TO BHIIHCATH BCi OTPUMAaHi 3aimi-
LUKH BiJl AiJIEHHS B MOPSAIKY, SBOPOTHOMY iX OTPHMAHHIO.

12

(1.2.1)

4. OTpuMaHHi 3aMHC € 3aIMCOM YKCIIA B CHCTEMI YHCTIeHHS 3 OCHO-
BOIO P :
At mepeBellenHsl XPOOOBHX YHCE/l BUKOPHCTOBYIOTH AITOPHTM
MHOKEHHA A2HOTO YHCa HA OCHOBY 9YHMCI4, IO CHCTEMH SKOT HOIo me-
peBOIATE. J[aHnit anropUTM MICTHTB TaKi KPOKH.

1. ITomHOXUTH Apo6OBE YMCHO, 3 OCHOBOIO ¢ H4 OCHOBY CHCTEMH
YHCIIEHHA P, y AKY HOTO TIEPEBOATS.

2. B xoxHOMY 100y TKY BHAUINTH Lidi YACTHHH, AKIIO TaKi €.

3. Buaineni uwini gactunn n06yrky i € uudpamu ApoOOROL YaCTUHH
YHCIIa. ’

‘Peasizariis qaHUX aNTOPHUTMIB IPH NMEPEBEACHHI IMINHX YHCEN 1 ApO-

. . —4 -
60Bux umcen i3 TouHicTio 10T 3 AECATKOBOI CHCTEMH YMCIECHHA y
JBIHKOBY, BiCIMKOBY Ta LICTHAILUATKOBY NpHBENeHO B Tabim. 1.2.1.

Tabauyn 1.2.1
] Tun i a 60Bi
nepeTBOPCHAS YHCIX JIpo6oBi aucna

HecaTkose 125 : 2 =ocraga 1 oy

Ha JBilikoBe 62 :2=ocraua 0 0,45 2 = nepexocutsed 0 i
31:2=ocraua 1 0,90 - 2 = nepedocutres 1 (1,80)

Ty 0,80 - 2 = nepenocurscs 1 (1,60)

15:2=ocraga 1 0.60 2= N p
72 =ocraua | X = epeHocHTheA 1 (1,20)
3:2=ocrawa 1 ‘| IlepepuBaunus 0,45 = 0,0111 2
1:2=o0crava 1 T
125, = 1111101 )

Aecarkose 125: 8= octaua 5 0,45 - 8 = mepenocutscs 3 (3,60) 4

Ha BICIMKOB® 15:8=ocrawa 7 T | 060-8= nepesocuTses 4 (4,80)
0,80 - 8 = nepenocurrcs 6 (6,40)

125000 = 75® | 0.40- 8 = neperocamees 3 (3.20)
lepepuanans 0,45 (10) = 03463 )
Hecarxose 125:16=7 0,45 - 16 = nepenocurscs 7 (7,20) d
HA INCTHAMMATKOBS | (3. 16 13 T 0,20 - 16 = nepenocutscs 3 (3,20)
125 .= D7 0,20 - 16 = neperocutsed 3 (3,20)
10 16) 0,20 - 16 = mepenocurses 3 (3,20)

TlepepuBanuus 0,45 a0y = 0,7333 (16)
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B tab6n. 1.2.1. ¢cTpinkoo MOKa3aHO HAMPIM 3a0HCY MEPEBEACHHUX
4¥ceN i3 MECATKOBOI B IBiHKOBY, BICIMKOBY Ta LHCTHALATKOBY CHC-
TEMM YHUCIIEHHS.

TlepeBeneH s WiNOrO YHCHA ABIAKOBOI CHCTEMH THCIICHHS B AecAT-
KOBY BiftGyBaeTsCs 3riiHO 3 (HopMyII010

2" va 2" a2 va2%=4,,  (122)
a apo6GOBOTrO — 3TifHO 3 (bopMynoro
a2V +a 22+ o tay 270D hg 0 =4, (123)

e dg, di, Az, ..., Gy - 1, G — TMGPHA ABLIKOBOTO UHCHE, SKi MPUIAMAIOTH

3HageHna «0» 260 «1»; 4} — 11ine AecATKOBE YuClIo; A, — apobose fe-
CATKOBE YHCNO.

TlepeBemeHHs LHOT0O 4HCIIA BICIMKOBOI CHCTEMH UHCIICHHA B XECAT-
KOBY Big6yBaeThca 3rizno 3 hopmynon

By 8" + b 871+ . +b 81 + 5,080 =B, (1.24)
4 IPOGOBOTO — 3TiAHO 3 GOPMYIIOI ‘
by 8L +0,-82 4. +b,_ -8 "D 4p .87 =B, (125)

ne by, by, b, ..., by _ 1, by — EdPH BICIMKOBOTO HHCNA; B1 — e ge-

CATKOBE UHCIO0; B — ApoBGoBe AecATKOBE TUCIO..
TlepepeteHHS HiNIOTO GUCIA WIICTHANIATKOBOI CHCTCMH UHMCIICHHS B
JecATKOBY Bi0yBaeThcs 3a HOpMyII0I0

Cn 167 +¢py 1671 + . +ep - 161 +¢0- 169 =), (1.2.6)
a 1po0oBOro — 3a GopMyI0k0
1671+ 0 1672 + .ten—y 167D 40,167 = Cy, (1.2.7)

ZI€ Cp, C1, C2, «-er Cu— 1, Cn — LHGPH MicTHaRUATKOBOTO uHCHa; C; — mi-
ne pecarkose uucio; Cy — npoO6oBe NECATKOBE THCIIO.

3po6uTH IepeBipKy MPaBWIHOCTI NepeBeqeH s 1inoi i xpo6osoi da-
CTHH JECATKOBHX YHCEN Y ABIFKOBE, BiCIMKOBE Ta MIiCTHAAUATKOBE YH-
€110, AKke puKkoHaHO B Ta0n. 1.2.1., BuKoprcTOBYI0O9HM dopMmymn 1.2.2,
1.2.7, nponoHyeThCa IUTa4YeBi 3poOHUTH ITe caMocCTiitHO.
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IHpwu nepepeneHni 3MiMIaHHX YMCEN i3 XECATKOBOI CHCTEMH YHCICH-
HA B iHI HeOOXi)(HO BHKOHATH MEPEBEACHHA IIIOI i ApoGOBOI YacTHH
OKPEMO 3riiHO 3 IX aIrOPHTMAaMH, 4 OTPHMaHI pe3yabTard 06’ €THATH.

Jlyxe 9acTo IpH nepeBeleHHi NeCATKOBHX YHCEN Yy ABilKOBi BHKO-
PHCTOBYIOTE IIPOMDKHE II€peBEACHHA iX Y BiCIMKOBY a0o miiCTHaauAaT-
KOBY CHCTEMHM YMCHEHHA 3 NOJAIBINAM 3aIIHCOM KOXKHOI iX Hdpu y BU-
FIAl TPhOX 260 YOTHPHOX3HAYHOTO ABIFIKOBOrO YHCIA.

Npuknan 1.2.1. Tlepepectn uncno 257,36 @) BiciMKOBOT CHCTEMH
9HCICHHS Y ABIHKOBY.

Po36’azanmsn. 3anucyoud KOKHY mudpy BiCIMKOBOrO 4Mcia y BA-
FIAL Tpiaj ABIHKOBOrO 4mcna, oTpumaeMo 257,36 @ = 010101 111,

011110 ,,.

Npuknap 1.2.2. Tlepesectu wucno A7FD, BSC s, WiCTHAAUATKOBOT

CHCTEMH YHCICHHS y JBIHKOBY.
Po36¢ s3anns. 3anmucyroun KoxHY undpy WiCTHAAUATKOBOT CHCTEMH
YHCIICHHA Y BUITIAI TETPaX ABHIKOBOrO YHCA, OTPHMAEMO

ATFD, B5C 5, = 10100111 1111 1101, 1011 0101 1100 ,

HCpCBGILeHHﬂ IOBIHKOBHX YHCEN Y BiciMKOBy CHCTEMY MHCIICHHS Big-
OyBaeThes cmzrylquM YMHOM. 3aJaHe ABIHKOBE YMCIO PO3NIOALIAIOTH HA
Tpiaju cIipaBa HaIiBO — I8 LUIMX yuMcen i 3iisa HANPABO — A1 APO-
60BuUX umcen, a 1711 3MINIAHUX —— BLX KOMM, K BITIBO TaK i BIIPABO.

IlepeBeneHna ABIHKOBHX YHCENI Y HIICTHAAIITKOBY CUCTEMY YHCIIEH-
HA Bi0yBacThCA aHAIOTIUHO, 5K 1 U1 BICIMKOBOT CHCTEMHM UHCIIEHHA, ane
po3moAin ABIMKOBOTO YKucIa BinGyBacThCH HE HA TPiaH, A HA TETPAIH.

IlepepenecHns ABIMKOBUX YHCEN Y ABIHKOBO-ACCATKOBI BiAGyBaeThCS
HUIAXOM TOATy ABIMKOBOTO YHCIA HA TETPAid CUpaBa HATIBO Jyis Ili-
X 9UCEN, a JUTA 3MIIIAHUX BiZ KOMH SK YIHBO, TaK i BIPABO,

Apudmernysi onepauii van ABilikoBumMu yncraMu

€ yorupH apudmernuni onepauii B ABIHKOBIM CHCTEMI UHCIEHHS
(nonaBaHH#, BiHIMAHHA, MHOXKEHHS 1 AiNeHHA).

Jonasanns. Ilpy ronaBanHi ABiHKkOBHX anCen HEOGXiHO KOPUCTY-
BATUCh HACTYIIHHMH [IPABHIIAMH:

)0+0=0; 6)0+1=1;8)1+0=1; r1+1=10. (1.2.8)
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I[Bogna'ma Cyma JO/aBaHHs B 1.2.8 2 o3ragae, HI0 npH AOAABAHHI
ABitikosux uudp, 2ki AOPIBHIOIOTE 1, BUHHKaE niepeHoC 1 1o cycinHporo
crapmioro pospany. Ileit mepeHoc noBmuen OyTH moganuii 10 CyMH
1udp, AKi yTBOPIOIOTHCS B CYCiTHEOMY PO3PSAL 3TiBa.

Mpuxnag 1.2.3. BUKOHATH KOAaBAHHA ABOX MBIMKOBHUX umced 4 =
=110110114,=1001111. .

Po36’s3anng. 'Y BianosigHocTi 3 1.2.8, BHKOHYEMO IOpO3PSIHE 1O~
IaBaHus ABIAKOBHX uncell 4114,

1101101 —4

1001111 —4

0100010 — mopospsmma cyma 6e3 ypaxyBaHHst [IEPEHOCIB
+
1 1 111 — mepeHocu
10111100 —A4;+4,

Besnocepeanso mifg ABOMA [NOTAHKAME 3aIMCAaHMH pe3ymbTar IO-
PO3PSINHOrO JOXABAaHHA 0e3 ypaxyBaHHS NEpeHociB. Y THX po3pgiax, B
Akux 00WIBa NONAHKM AOPIBHIOIOTH «1», MOPO3PARHA CyMa AOPIBHIOE
«0», i B MX pO3pAAAX YTBOPUIIOCS ITCPEHECEHHA B CYCINHIM CTapImmi
po3psa, Mo BigMmigenwii y HacTymHiH crpivuni «1». B pesymsraTi nonxa-
BaHHA CTPIUKY MOPO3PIAHHX CyM 3i CTPiUKOIO HEPEHOCIB, OTPHMAEMO
KiHIIEBY CYMY.

Bionimanus. Ilpu BixHiMaHHI ABIHKOBHX YHcen HEOOXinHO KOpHC-
TYBATHCh TAKUMH NPABHIIaMH:

2)0-0=0; 6)1-0=1; 8)1-1=0; 1) 10-1=1. (1.2.9)

SIKIIO TIpH MOPO3PSAHOMY BiAHIMAHHI HEOOXIIHO BiAHATM i3 Hy7s
ORWHHIIIO, TO OepeTheA MO3KUIKA B CYCITHBOMY PO3psAAi, T0O6TO OAHHHIIA
CTapIIOTO PO3PSAY MPEACTABIAECTHCA AK ABI OJMHUIN AAHOTO PO3PARY.
BigriMaHHs B IbOMY BHIIAAKY BHKOHYETHCA Y BifmosimHocTi 3 1.2.9 2.
SO B CyCIIHBOMY CTapIIOMy po3psAi ab0 HEKIIBKOX CTapIIMX po3-
pszax MICTATECA Hyni, TO IO3HUKa Oeperbes y HAHOMDKIOMY CTapIno-
My PO3pali 3 oxuHuIE. I8 OJUHWIM MPEeACTABIAETECH Y BHITIANI CyMH
YHCIa, AKE CKIANAETHCA i3 ONMHMIE Y BCIX IPOMDKHMX DO3pAAax, B
SIKMX MICTHITHCH Hy/i i BOX OMHHHIT y JaHOMY po3psai. BigHiMaHHA ¥y
HaHOMY PO3PAAL BHKOHYEThCA y BinosigHocTi 3 1.2.9 2, a y BCiX mpo-
MDKHUX po3psaax — 3rigo 3 1.29a4, ..., 1.29 6.

Mpuknag 1.2.4. BUKOHATH BifHIMAaHHS ABOX ABIHKOBHX wmcen A, =
=11000011i4,=10100110.
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Po3e’azanna. Y signosigrocti 3 1.2.9, BHKOHAEMO MOPO3psIIHE Bif-
HiManHA ABIHKOBUX uncel 4; 1 A»

11000011 — 4
10100110 — A
00011101 — A, —4,.

VY ABOX MOIOAIIKX po3psiiax He 6ymo HeoOxizHOCTI POOHTH HO3HUKY.
Jng TpeThoro po3psay Ho3uUKa 3pobieHa i3 ceoMoro pospsany (Hak-

. Gmxaa oauHMs). B mpomianx pospazax BiHIMAHHS BIAOYBAETHCA i3

OZMHHII.

Mmuoncenns. MHOXKEHHS OBOX ABIHKOBHX HHCEN BHKOHYETHCH TaK
camo, AK i MHOXXEHHS ABOX AECATKOBHX. TOOTO, MHOXEHE HOCIiZOB-
HO MHOXHTBCS Ha KOXKHY HUQPY MHOXHUKA, POIMOUHHAIOUM 3 MO-
nomauroi abo 3i crapmoi. J[na BpaxyBaHHA Baru Bigmosignoi nudpn
MHOXHHKA Pe3ynbTaT pyxaeTscs a0 BHiBO, KO MHOXEHHS Binby-
BAETRCS, MOUMHAIOUH 3 MOJIOJIIOrO PO2pALy MHOXKHEKA, aG0 BIpaBoO,
AKI0 MHOXEHHS Bif0YBAETHCS, MOYMHAKYH i3 CTApMIOro po3psay
MuOXHMKA. IIpy 1boMy pyX BinOyBacTbCs HA TaKe YUCIO PO3PSAIB,
Ha AK€ BiIMOBiXHMH pO3psaA MHOMXHHMKA 3CYHYTHH BiIHOCHO MOJNOX-
woro abo cTapmoro Horo po3pany. OTpuMaHi B pe3yibTaTi MHOKEH-
Hs i 3CyBY 4acTkOBi ROOYTKH Iiciis JOAABAaHHs JalOTh IMOBHUH pe-
3YNBTAT MHOXKCHHS.

Mpuknap 1.2.5. BukoHarn MHOXEHHS ABOX IBiAIKOBHX uncen A, =
=101011i4,=1011 3cyBom BiiBO i BIPaBO.

Posg’szannn. Y BIUOBIZHOCTI 3 BHKIIQICHAMM BUILE MPAaBHAAMHU
MHOXCHHS, BOHO MaTUME HACTYITHUI BHIIISAA YIS 3CyBY

Baiso Bupaso
10101 10101
X X
101] 1011
10101 10101
10101 10101
10101 10101
11100111 11100111

Slxmo MHOMEHE a00 MHOXHHUK, 200 pa3om, MaioTh uidy i Apo6o-
BY Y4CTHHM, TO MHOREHHA Tarcux “wicen Bm6y13ae‘u,ca AK MHOXEHHS
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uimux wncen, 6€3 ypaxyBaHHA KOM, a MOTIM Biji OTpUMAaHOTO BOGYTKY
CIIpaBa BiggingeTbes KOMOIO (m + n) po3psaiis, e m —— KiAbKicTH
IpoGOBHX PO3pALiB MHOXEHOTO, a 1 — KiIpKicTh Ipo0OBHX PO3psA-
IiB MHOXKHHKA.

Hinennn. JlineHHs 1Box ABiHKOBHUX THCEN BiAOYBAETHCS GHANOTIMHO
IiEHHIO BOX NECATKOBHX. 3 [IOYATKY POSIASHEMO MiACHHSA IIOTO Ji-
JIEHOTO HA LMK UIHHHK. [{iNeHHs pOo3NOYMHAETRCS 3 TOTO, IO Bif rii-
JI0ro AiMEHOrO 37iBa BiAALTACTBCH MIHIMANBHO MOMJIMBA TPyIa Po3ps-
B, sika HOPiBHIOE 200 IIEPEBHUINYE THCENBHO AUIBHUK HA OZHH POSPAL.
SIkmio BUAINEHHS Takoi IPyUH MOXIIMBO, TO B.CTApIIHH PO3PAT YACTKH
3aMUCyIOTh «1», AKImo Hi, TO — «0».

Sxmo BHABMIIOCH, INO ALNEHE Ma€ LTy YaCTHHY, TO YTBOPIOETHCS
HOBa TpyIa NUIEXOM BifHiMaHHS i3 BUALNEHOT rpynH AiTBEMKA i Ipunm-
CyBaHHs 10 pisHuHi dyepropoi nudpHu aideHOro. SAKIO IpH HBOMY
OTPUMATH 9IHCAO, IO MEPEBHINYE AITBHHUK, TO A0 YACTKU 3aIHCYIOThH
HAcTYnHY Hpy, piBHy «1», a gKimo Hi, To — «O».

VY nozansnioMy BEKOHYIOTE PSZI OMHAKOBHX HMKMTIB. SKito ocranHs
mudpa AiTeHoro NOpiBHIOBANA «1», TO HOBA rpyna YTBOPIOETHCS s~
XOM BiJHIMAHHS [iibHMKA 31 cTapoi rpynM # JONMCYBAHHS. HACTYIHOI
mudpH AineHoro. SAKINO B pe3ybTaTi OTPUMATH YUCIO, SKE IIePEBHIIy€E
JiTBHHK, TO A0 AIMEHOTO 3aIMCYIOTh HACTYIIHY HH(PY, SKa JOPiBHIOE
«1», a saxmo ui, 70 — «0O».

Sxmo ocrasus mudpa YaCTKH AOPIBHIOE «1», TO HOBA Ipyma yTBO-
PIOEThCS HIAAXOM BiZHIMaHHA IiTbHHUKA 31 CTapol IpyNH i IPUIHMCYBAH-
HA HacTynHoi mudpu ALTEHOTO. ANle SKIOIO OCTAHHS HU(pA 9acTKU H0-
pisHIOE «0», TO A7 YTBOPEHHA HOBOI I'PYIH JAOCTaTHBO IIPUIMCATH 10
cTapoi rpynM HacTynHy nudpy IimeHoro.

Ocrasarp nudpy 1inoi YaCTMHY 4ACTKH OTPHMAEMO TOJi, KOLM mic-
18 Bu3Ha4eHHs deprosol mudpu gactku («1» abo «0») B AieHOMY He
samumunocs Oineme mudp ans Toro, mwod npunucyBaty X 40 pisauni
MDX -cTaporo Ipymoto i AineHMKOM abo o camoi crapoi rpymu. ITicas
HBOTO PO3IIOYMHAETHCS OOUHCIEHHA APOoOOBHX WIEHIB 9aCTKH., BoHO
BIAPISHAETHCA Bij OOUMCICHHA ULMX WISHIB TUIBKH THM, MIO 3aMiCTh
geproBux HdOp AiIBHUKA A0 CTAPUX TPYIE IPUITHCYIOTH HyI,

Mpuknaa 1.2.6. BukoHaTy AUICHHA ABOX ABIMKOBHX YHCEN 4, =
=1101111i4,=10010 npu ymoBi, mo B OJHOMY BUIAIKY IiICHHM €
Ay, a BIIBHAIKOM A7, a B IHIIOMY —— HaBIIaKH.
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110111]10010 10010 110111
- 11

0,0101
10010 1001000
10011 -~
- 110111
10010 01000100
1 — 3aaMInI0K -
110111

1101 — 3aymmox

Ilpeacrasienns aABilikoBUX yHcea y npsiMOMY,
AOJATKOBOMY, 00epHeHOoMY Ta MOAH(pIKOBAHOMY KOAAX

TIpu BukonaHHi apudMeTAYHMX onepaniii HA KOMILIOTEpPax 4HCHa
KOAYIOTHCA CHEMiaTbHUMH MAaluMHHUMH KOZAaMH. i IbOro BHKOPHC-
TOBYIOTH IpAMUH, NoAaTKOBKH, o0epHennil i MoaudikoBani KOaH, AKi
IO3BONAIOTH 3aMiHHTH ONEpalilo BifHIMAHHA OIEPAIi€cIo MONAaBaHH,
nIo crpornye apuhMeTHKO-IOriYHNi NpHCTPiil KoM IOTepa.

HpaMuii KO IPYHTYETHCA HA MPEACTABIEHHI YHCEN Y BHMIAAL iX
abCoMOTHOrO 3HAYEHHA 3 KOAOM 3Haka ronoc abo Minyc. dopmyna /ns
3HAXOMKEHH TPAMOTo Koxy ABifikoBoro udcna 4, = 0, a; a» ... a, Mae
HACTYIHHH BHIIIAA:

4, = {A’ st 420, (1.2.10)

1-A4, axmo 4<0.

Npuknag 1.2.7. 3anvcaty asilikosi wkcna 4, = + 0,10110 i4, =
=-0,10110 B npsMoMy KOxi.

Poze¢’szannn, Y signosianocti 3 Gopmynoro 1.2.10, xani uHcna ma-
THMYTh HacTymHUH BUrTIAL: Aip = 0,10110, A% =1-(-0,10110) =
=1,10110.

Joaatkosuii kox. Gopmyna [uist 300paxeHHs N0AATKOBOTO KOAY
IBilikoBoro uncia 4 Mae BUTIAN:

A, axmo 420 |
={7 ’ 1.2.11

4, {10+A, sxmo A <0. | ( )
Npuknap 1.2.8. 3anucatu aBidikosi uucia 4, =+ 0,110101 4, =

=—(,11010 y 1omaTKOBOMY KOZI. ,
Posa’szanna. Y BimmosimHocti 3 gopmyioro 1.2.11, fani qucna Matu-
MyTb HacTymmuit BUran 4, = 0,11010, 4,, =10+ (-0,11010) = 1,00110.

15



3 dopmynu 1.2.11 1 npuknaxy BWIUIMBAE, MO AOAATKOBHH KO HO-
JATHOIO 9YMCIa CHiBNAgac 3 300paXCHHAM JOJATHOTO 9HCIA HPAMOTO
KOy, a Ansd 300pa>keHHd BiJ’€MHOTO YMCIA B JOAATKOBOMY KOAi He00-
XiIHO y 3HAKOBOMY PO3pAJi 3aMMCATH OJAWHMINO, & Y BCiX UHCIOBHX
po3paaax HyNi 3amMiHATH HAa OAMHHLI, 8 OAMHHUI — HYJHMH i 10 OTpH-
MAaHOTO Pe3yabTaTy AOAATH OJUHHIYO IO MOJIOAIIOTO PO3PLY.

B nomarkoBoMy KoAi Bix’eMHuUI HyIth BiICYTHIiH.

Obepuennii xox. ®opmyna 11 300paskeHHs 00EPHEHOIO KOMY ABiH-
"KOBOTO 9HCIIA 4 Ma€ TaKHii BUIIIAM;

' >
, = {A’ ko 420, (1.2.12)

10+ 4 - 10", axmo 4 <O0.

Mpuknap 1.2.9. 3anucaru apifikosi uncna 4, =+0,101101 4, =
=—0,10110 y obepreromy xoxi.

Po3se szanns. Y BimmosigaocTi 3 dopmynoro 1.2.12, naxi msilikosi uncna
MATHMYTh Takuh BUrmin: 4, = 0,10110, 4,, =10 - 0,10110 — 0,00001 =
=1,01001.

I3 popmymu 1.2.12 i npruxutaxy BUILTHBAE, O 0OepHEHUH KO A0MA-
THOTO YMC/A CMIBMANAE i3 306pAKEHHAM AOJATHOrO YMCIIA HPSMOTro KO-
Iy, a 118 300pakeHHs Bi’ €MHOrO 9Hcia B 00epHEHOMY KOAl HEOOXimIHO
Yy 3HAKOBOMY PO3psjli 3aIIHCATH OJUHHUITO, i ¥ BCIX YMCHOBHX PO3pAAAX
HyJi 3aMiHWTH Ha OMHUIU, & OJUHUIN — HYJISMHA.

Monungixosani xoau. Li KoxH BUKOPHUCTOBYIOTH /sl BUABICHHS T1g-
PEHNOBHEHHS PO3PANHOI CiTKH, SIKe MOXE CTATHUCA NpH JOAABAHHI ABIHKO-
BHX 4ducesl. MoaudikoBasi KOIU BIAPI3HAIOTECA Bill IPOCTHX MAIIMHHHX
KOZIB THM, 110 Ha BiJOOPHKECHHA 3HAKA B HUX BiABONMUTHCS 1BA PO3PAIH.
Ilmoc Bifo6pakaeThes TBOMA HyIISIME, a MiHYC — ABOMA OXHMHHIVIMH.

_ Ilepesenenns ABIMKOBUX umces y MOANGIKOBAHI TPsMi, JOXATKOBI
Ta 00EpHEHI KO/ BifOyBaeThCA 3a IPABHIIAMH, HABEJCHHMH B HopMy-
max 1.2.10,1.2.111 1.2.12.

Mpuknap 1.2.10. 3amicaty ABikkoBi uucna 4, = +0,110101 4, =
=~ 0,11010 B upsamomy, nogatkosomy i oGepHeHOMY MOAHGDIKOBAHHX
KOJaXx.

Po3¢’azanna. Y BiAOBIAHOCTI 3 BU3HAYECHHAM MOAH(IKOBAHOrO
KOy, 4 TAKOXK BHKOPUCTOBY10uH dopmymu 1.2.10, 1.2.11 i 1.2.12, nani
KOAM MATUMYTH TAKWUH BUTIIAL:
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A" =00,11010, 47 =00,11010, 4" = 00,11010,
A7 =11,11010, 47, =11,00110, 47 =11,00101.

Joxasanns i BiguiManusa ABiHKOBUX Uncen

JHonasanus axcen y moaudixosanomy noxarkoBomy Koni 3 qik-
COBAHOIO KOMOO Bi0yBa€ThCs 3a MPaBHIIAMH NBifikOBoi apudMeTHKH,
HABEAEHOT BUie. ONHHHIA TIEPESHOCY, KA BUHUKAE y CTApHIOMY 3HAKO-
BOMY pozp;mi CYMH, BiIKHIA€ThCA. 3HAKOBAM PO3PANOM HMCHA € Apy-
rMif 301Ba BiJ KOMH pO3pAXN, a DepIuui BPH(OpHCTOByeTLCﬂ JUTS aHaTi3y
MIEPENOBHEHHS PO3PAIHOI CITKH.

Mpuknaa 1.2.11. B moandikoBaHOMy HOXATKOBOMY KOi AOAATH
ABiHKOBI uHCTa 4 i A, 33 yMOBH:

a) 4, >0; 4, >0; 4, + 4, >0; 4 =+0,1101; 4, =+ 0,0001.
47 =00,1101
+
A7 =00,0001
4 + 4, =00,1110; (4, + A,)™ =00,1110.

6) 4 >0; A <0; 4 + 4,>0; 4 =+0,1101; 4, =—0,0001.
' A7 =00,1101
+
An =11,1111
(4 + 4)n=00,1100; (4 + 4,)7 =00,1100.

Oj¥MHHUA EPEHOCY 31 CTAPIIOro 3HAKOBOTO PO3PARY HE BPaxoBy-
€TBCA.
B) 4 <0; 4, >0; 4 + A4, <0, 4 =-0,1101; 4, =+0,0001.
45 =11,0011
..i..
4;, =00,0001
(4 + 4,)7 =11,0100; (4 + 4)r=11,1100.
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r) 4 <0; 4, <0; 4 + 4,<0; 4 =-0,1101; 4, =—0,0001.
A7 =11,0011
+
oA =11,1111
(4 + 4,)r =11,0010; (4 + 4,)7 =11,1110.

OuHMIA NEPEHOCY 3i CTAPHIOTO 3HAKOBOTO PO3PANY HE BPAXOBY-
€TBCSL.

Jonasanus Yucena y monudixosanomy obepuenomy xoxi 3 ¢ik-
COBAHOIO KOMOIO BUKOHYETECS TaK, SK i B AONATKOBOMY KOJi. PizHmus
NONATAE TUIBKM B TOMY, HIO OAHHHINO IEPEHOCY 3i CTAPIIOro 3HAKOBOIO
pO3pALy (AKIIO BOHA €) HeOOXiTHO AOKATH 0 MOJIOAIOTO PO3PANLY CYMH.

Npuxknag 1.2.12. B moandikosanomy oGepaeHomy KOAI AOAATH
ABikikoBi uncna 4, i A4, 3a yMoBu: :
a) 4 >0, 4, >0, 4 +4,>0, 4 =+0,1101; 4, =+0,0001.
47 =00,1101 :
+
47, =00,0001
(4 + 4,)=00,1110; (4 + 4)r=00,1110.

6) 4 >0, 4, <0; 4 + 4,>0; 4 =+0,1101; 4, =—0,0001.
47 =00,1101
-+ ,
A =11,1110
(4 + 4,)) =100,1011;
+ 1 1uKmgHAH epeHoc
(4 + 4,)5 = 00,1100, (4 + 4,)7 =00,1100.

B) 4,<0; 4,>0; A+4,<0; 4=-0,1101; 4,=+0,0001.
A7 =11,0010
+
A7 =00,0001

(A4+4,); =11,0011; (4, +4,)7=11,1100.
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r) 4 <0; 4, <0; 4 + 4,<0; 4 =-0,1101; 4,=-0,0001.
A7 =11,0010
+
4, =11,i110
(4 + 4)y =111,0000;
+ 1 muxmiuHER nepeHoc
(4 + 4)7 = 11,0001, (4 +4,)y =11,1110.

IlepenoBrennst po3psaHOT CiTKH NPK A0AABAHAL B NPOCTHX KOXAX.
Tlpu nomaBaHHi JBOX ABIWKOBHX 4HCel, AGCOMOTHOI BETHIMHOIO MEHINI
OJIMHHIN, KOJ{ CYMH 33 aGCOMIOTHOIO BETHUMHOK MOXe OyTH OimsnmiM 3a
onuuuio abo MOpiBHIOBATH ill. Y mpoMy BUNaAKy OyAe NEPEIOBHCHHSA
PO3PANHOT CiTKK, IO NpHBEE 10 CIIOTBOPEHHA PE3yNBTaTy NOJaBaHHs,

Npuxnaa 1.2.13. YV 10AaTKOBOMY KOAi J0AATH ABiHKOBI yncnma 4, i
4, 3a ymOBH:

a) 4>0; 4,>0; 4+4,>0; 4=+0,1101; 4,=+0,011L

45=0,1101
+
47, =0,0111
(4 + 4), =1,0100; (4 +4)r=1,1100.
6) 4,<0; 4,<0; 4 + 4,<0; 4=-0,1101; 4,=-0,0111.
4,=1,0011
+
4,, =1,1001
(4,+4,),=10,1100; (4+4,),=0,1100.

Buxonsagu 3 npukiaany 1.2.13, nogasanHs B 10AaTKOBOMY ABiHKO-
BOMY MPOCTOMY KOZi IPHBEIO O IIOBHOTO CTMIOTBOPCHHS PE3YNbTaTy K
33 3HAKOM, T4K i 33 3HAYECHHAM THCNA Yepe3 NEPEnOBHEHH PO3PAAHOT
citkn. B nepmomy sunanky (1.2.13 @) nepenoBHeHHR po3pARHOL CITKH
Bin6yI0Ca MUISIXOM [EPEHOCY B 3HAKOBHHA PO3PAJ 32 BiICYTHOCTI mepe-
HOCY 3 PO3pAy 3Haka, a B Apyromy Bumnanxy (1.2.13 6) nepenosneHHs
BiZI0yJ0CA B 3HAKOBOMY PO3PAXi 3a BIACYTHOCTI HOTO B PO3pAAL HHCITA.
Jinsi yHMKHEHHA TaKMX CTIOTBOPEHB i BHKOPHCTOBYIOTh MORH(]IKOBaHi
MATIMHHI KOIH.
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Tlepenoenenna Po3pPsAANOL cirku NMpu Joxasanui B MogudikoBanux
MaIHHHHX KOAAX BUABIMAIOTE NUIAXOM MOPiBHAHHA 3HAKOBHX PO3PARIB
OTPHMAaHOI CyMH. JaHe TBEpIKEHHs TOKAXKEMO Ha TAKOMY TIPUKIALI.

Npwknag 1.2.14. BUKOHATH 101aBaHHA ABIAKOBHX 4HCEN A1 4,,
3afaHuX B yMOBi mpuknagy 1.2.16, BHKOPHCTOBYIOYM MOAHQDIKOBAHMI
MAIIYHHUI KOJ.

Po3e’sazanna. Buxopucrosyoun yMoBH npukiany 1.2.13, a Takox
MIPEACTABICHHA ABIHKOBUX YHCEN y NORATKOBOMY KOMi, OTPHMAEMO:

a) - 47=00,1101 6) An = 11,0011
+ +
A%=00,0111 A% = 11,1001
An+ A7 =01,0100; "+ 4% =110,1100;
. — 3HHKAE

Buxonsuu 3 npuknany 1.2.14, y 3HaKOBHX po3psiax OTPUMAEHOI Cy-

MH JIOAATHUX XOJAHKIB MacMO KoMOinaiio «01», a Big eMaux — «10»,
IO € O3HAKOIO TIEPEITIOBHEHHSA PO3PSAIHOT CITKH.

Joxasanusi i BigHiManua ABiliKoBHX 4nces i3 MIABANY00 KO-
MOK Bifi0yBaeTses 3a TpM Kpoku. Ha nepmomy xpoui HeoGXifHo BHKO-
HATH BHPIBHIOBaHHSA MOPAAKIB uncen. Y 6Gyns-AkoMy 4mcii 3 miapa-
FOHO0I0 KOMOIO Bara N; OHHHUI i-TO PO3PARY MAHTHCH BH3HAYAETHCA HE
TUIBKH TO3MUIEI0 JaHOTO PO3pAMy, ale i MOpAIKOM p umcla, To6TO

N;=27" nei— HOMEp HO3HMIII, Paxyrodd BIPABO Bif KOMH.

Ilpu noxaBanHi MaHTHC HEOOXiAHO, THOO Bara OAHWHHIG ONHOMMEH-
HUX PO3PAMIB MaHTUCH uMcen Gyna oaHaxoBow. J{Id UBOrO MAaHTUCH
IEPEMIITYIOTHCSA BITHOCHO OJIHA 0AHOT Tak, mo0 IX HOPAAKK CTAIM PiB-
HuMu. [Ipy BHPIBHIOBaHHI MOPAAKIB OTPHMYBATH MAHTHCH Olsiblie O1H-
HHUI He AO03BOJAETBCA i ToAi iX HeoOximpo pyxaru y Gik Gimbmioro
NOpAAKY. MaHTHCH 3 MEHIIUM IOPAAKOM PyXalOThCs BIIPABO HA Killb-
KiCTh PO3pAAIB, sKe AOPIBHIOE Pi3HHUIII MOPAIKIB.

Ha npyromy kporti BinfyBaeTbcsa NoxaBaHHA MAHTHC i3 BHPiBHA-
HUMH HOPAAKAMH, SKe BifOyBa€ThCA aHANOIi4HO JOAABAHHIO YHcerT i3
tixcoBaHO0 KOMOW. [/ OMABAHHSA Bl €eMHHX MAHTHC BHKOPHCTOBY-
10Tk AOZaTKOBHIT ab0 obepHeHmii MoaudixoBani nBilikoBi koau. Cyma
MAaHTHC € CyMOIO uucen. IIopsaxok cyMu ducen JOPiBHIOE CHiIbHOMY
HOPSAJKY NOHAHKIB, TOOTO MOPAAKY OiNbINIOro 4ucia.
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Ha tpersoMy kpouli Biz0yBacThCs HOpPMAaNi3alis 0OTPHMAHOTO pe-
syaerary. Ipy momasanHi ManTHC 332 a0CONMOTHOIO BEJIMYMHOK MCEH-
OUX ONMHHI MOXIMBI BHIAAKH TEPETIOBHEHHSA PO3PANHOI CITKH —
MOPYIICHHS HOPMAaITi3allii 37iBa BiJf KOMH. O3HAaKOIO TAKOTO MOPYIIEHHA
HOpMATi3aiii € MosBa B 3HAKOBUX po3psaxax MoxudikoBaHOro KOOy Cy-
mu pisaax mudp (manpuxnaa, 01,101... abo 10,101...). Ana BcraHos-
JICHHS HOPMATTi3aI[ii MAHTHCA CYMH PYXa€ThCA HA OJMH PO3PSA BIBO, a
mopAROK Cymu 30inbmIyerbcsa Ha ofuHHIo. [Ipm jmomaBaHHI MaHTHC
MOXUIMBi BHIIAKA OTPHMAHHS pe3ynsTary, meHmoro 0,1 (xBifikoBe am-
€110), TOOTO MOPYHICHHA HOPMAT3aLi cnipapa Bill kKOMA. O3HAKOIO TAKOTO
OPYMICHHS € 3HAYEHHA B MaHTHCI CYMH OZHOFO a00 MiApaA AeKirbKkox
HymB crpasa Bix xomu. Ilpp HOpMmamisanii BTiBO MaHTHCA PyXaeTbes
BIIPABO Ha TAKy KiNBKIiCTH PO3pARIB, 00 crapma mudpa MadTHCH Oyna
BiaMiHHA Bix Hynsa. ITopAaoK cymMH 3MEHIIYETHCA HA KiMBKICTh OXH-
HHITb, PiBHIH 9¥CTy pyxiB MAaHTHUCH IIpH HOpMai3amii. ko Bei posps-
JTH MaHTHCH CYMH JIOPiBHIOIOTb HYJIO, TO HOpMaii3altis He BillOyBaeTsb-
¢4, a TOPANOK CyMH JOPIBHIOE HYJIIO.

Mpuxnaa 1.2.15. BAKOPHCTOBYIOUM IIIABAlO4y KOMY, NONATH J[BA
JIBIMKOBI 1HCIIA '
A =+0,10100-10""i 4,=-0,10110- 10",

Po3s’sa3anns. Po3s’a3aHHAs BUKOHAEMO 33 TpH Kpokd. Ha mepmomy
Kpoui Uit BHPIBHIOBAHHA MNOPAAKIB JMOJAHKIB HeoOXiaHO i3 mopamky
4ucna 4, BiTHATH MOPANOK umcla A, BinnimanHs 3aMiHioeMo noja-
BaHHAM NOPANKIB y MOAN(IKOBAHOMY JOXATKOBOMY KOIi

Py =00,101
+
r =11,100

(P, +P, )T =00,001.

Tak sx P, pa opunumo Ginsmwe P, , TO pyxaemo ManTACY 4Yucia
A, BIIpaBO Ha OUH po3pss, To6TO M;"m =1,10110 — 1,01011.

Ha npyromy xpoui nozaemMo MaHTHCH wicen 4, i A4, B Moaudiko-
BaHOMY AONATKOBOMY KOXi
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M7 = 00,10100
+
M7, =11,10101

(M, +M, )3 =00,01001.

Ha TpeThoMy Kpolli HOpMamisyemo pesynsrtar 0,01001 - 107

A meoTO pyXxaeMo MAaHTHCY CYMH Ha OJIMH PO3ps/ BIiBO Ta 3i 3HaUYEH-
HA TIOPAAKY CYMH BifHiMaeMo oauHuIio0. B pe3yprati msoro orpuMaemMo
HOPMATTi30BAHUH Pe3yIbTAT AOAABAHHSA qucen 4 + A4,=0,1001 - 107%,

Mpuknan 1.2.16. BHKOPHCTOBYIOUM IITABAIOTy KOMY, JAOJATH ABa
mBi¥iKoBEX wHcna 4 =+ 0,10100 - 10§ 4, =+0,11100 - 10",
Po3z6 ’sa3annn. BUpiBHIOEMO MOPSAKY TOAHKIB

" =00,011
+
Py o= 11,111

(P, +P,)Y =00,010; (P, + P, )1 =00,010.

Sk i B momepexHROMY DPHKIANI, /UIS BiAHIMAHHS BHKOPHCTAEMO
mozudikopasui kox. Tak sk P, wa 1Bi opnHuui MeHme P, , TO pyxa-

€MO BIIPaBO MAHTUCY MAMP_ =0,10100 — 0,00101. Tenep noxaemo

MAHTHCH 9ucel 4, i A4, Ta oTpuMaemo
M7 =00,00101

+
M7, =00,11100

(M, +MA2)§=01,00001.

Hopmanizyemo oTpuMariit pesynbTaT JOAABAaHHAM uncen A + 4, =

+101
=1,00001 - 10, Ans 9Oro pyxaeMo MaHTHCY HA OJUH PO3p:J BIPABO
i 36inpIy€EMO TIOPSAOK YHCNA HA OAMHHINO. B pesyabrari mboro orpu-

MaHu# pe3ynbTaT MaTUME Takuil BUIIIAA: 4, + 4, = 0,100001 - 10 o
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1.3. JloriuHi ocHOBHM KOMII’IOTEPHOT CXEMOTEXHIKH

OcHOBHi BU3HAYEHH SN

Osnauennn 1.3.1. Oyuxuio fx,, x,, ..., X, ) HA3UBAIOTH JIOFiYHOIO
(0y/1eBO10), AKIIO BOHA TAKOX, AK i ii 3MiHHi <x, x,, ..., X,>, IIPH-
¥imae jume nsa 3HaueHHs 0 i 1, Sxi Ha3UBAIOTH JOrTYHMMH KOHCTAH-
TAMH.

Osnauennsn 1.3.2. JIBi noriumi ¢yskuii fi(x, x,, ..., x,) 1
f(x,, X,, ..., X,) HA3UBAKOTh PiBHMMA, SKUIO BOBH IPHIIMAIOTh OXHA-
KOBi 3HAYEHHH HA BCIX MONKIMBHX HabOpax ix 3MiHHHX.

Osnauenns 1,3.3. 3minany -x; y noriusiit dynkiii HasusaoTs icToT-

HOIO, SIKIIO ANs HEl BUKOHYEThCs yMOBA f{X,, ..., X, O X X)) #
1-i I+
£ Ax, ..o x s 1, X s e x,).
Osnauenna 1.3.4. 3miady x, y noriudiii ¢yHKuii Ha3uBaOTH Heic-
ToTHOIO (PixTHBHOW), AKkulO f (X, ..., X 0, X, s e x,)=f(x,
= 1
s X Lix oo x,) Ha Oynp-sxoMy HabOpi He 3MiHKOE 3HAYCHHA
Pynxaii.

Enementapsi soriuni pyHxuii

Jlo enemenTapHuX NOriuHMX GYHKUIH HaekaTh ABAHANIATE QyHK-
mifi. Oyukmio fo( x, y) =0 HA3UBAIOTL KOHCTAHTOIO HYdb.

Oyskwie fi(x, y) = x& y Ha3MBaIOTh KOH’oHKNiCW 200 Jjioriy-
HHM MHOKEHHSM i HO3HAYAIOTh CUMBONAMH <&, A, - >, Ilg Pynxnis
npHUiAMac 3HaYeHns «1» ToAl i TUIBKK Toxi, Konu noriumi 3Minmi x i y

TIpUHEMAIOTE 3HAYEHHS «1)» OTHOYACHO.

Qyuxnio f, (x, ¥)= xAy Ha3uBaioTh 3a60poHa 32 y abo 3ame-
pedenns immuikanii. JlorigHa dyHkuis 3a0opoda 33 y npuiiMac Jori-
YyHe 3HaYeHHd «1» ToAi i TiMbKM TOAl, KOIM JToriyHa 3MiHHA X TpHIiMAc

3HA4EHHsA «1», a JoriuHa 3MiHHA y — «O». [1ns Ti mO3HAYEHHS BHKOPHC-
TOBYIOTH CHMBOJIH < A, ¢— >,
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Oyrruio f3(x, y)=x HA3HBAIOTh IOBTOPEHHAM LIepIIOro apry-
MEHTY. ‘ .
Qynxniio f,(x, y)= x © y Ha3MBAIOTH BUK/I0YAK0490I0 «450»,

CYMOI0 32 MOayJdeM ABa a0 dyukuicio HepiBHosHaunocTi. 1a dyux-
nis npuiiMae 3Ha4eHHS «1» Tozi 1 TiNeKH TOXI, KOM 3HAUECHHAS TOTiUHOL

3MiHHOI x AOpiBHIOE «1», 3 ¥ = «0» i HaBmaxu. Jlyia ii mO3HAUEHHS 34~

CTOCOBYIOTE CHMBOIH <@, 7>,
Oynxuiro f5(x, y)= xV y HasusawoTh M3’ 10uKuicw aGo aori-
YHMM gonasaHuaM. 111 ¢ynxuis npuiimae 3pauenus «1» tomi i Tinbku

TOHi, KONM xo4a 6 oana 3MikHa mpHiiMac 3Ha4eHHd «1». Jlng Ti mosHa-
YECHHS 32CTOCOBYIOTH CHMBOIH <V |, +>,

Oysxuio £, (x, y)= x{ y nasuBarors crpinkoro Iipca ao 3a-
nepevennam an3’oHKEdl. 1lg byrxnia npuiimac 3magensa «1» Toai i
TUIBKH TOAI, Ko/ Joriuni 3MiHHI x i y mpuiiMaroTs 3HaueHHs «0» OX-
HO9acHo. {74 i O3HAYEHHA BUKOPHCTOBYIOTh CHMBON < >,

@yukmio f,(x, y)= x~y Ha3uBaOTh eKBiBajieHTHicTIO 260 pi-
pro3naunicTo. I byHxuisa npuitmae sHageHHa «1» Toxi i Tinsku TOA,
KOIH JIoriupi 3MiHHi x i y HabyBawoTh 3HaueHHA «O» abo «1» omHoua-
cHo. Jlns ii no3HaYeHHs BHKOPHCTOBYIOTH CHMBOIH <~, &5, =>,

Oyuxuio f;(x, »)= X HasusawoTh 3anepeyenHsM abo insepci-
€10 TIEPIIOTO eneMeHTa. Jina 11 nmo3HausHHA BHKOPHUCTOBYHOTh CHMBQIIH

S B
@ynxuio f,(x, ¥)= x —> y HasusBaoTh iMrutikamierw. g pyHk-

i mpuiiMae 3HaveHHA «0» TOAI i TIMBKM TOXI, KOAM JOriYHA 3MiHHA X
HaOyrae 3HadeHHS «1», a 3MiHHa y — «0». [la ii MOZHAUEHHS BUKO-
PHCTOBYIOTH CHMBOIIH << —>, =» >,

Oyuxnito fi,(x, ¥)= x|y HazusaTh dynuxuicio Hleppepa, abo
3ariepedeHHaAM KoH ‘toRkufi. 1[1 ¢ymxiis mpuiiMae JIoriuHe 3HaYeHHS
«0» Tozi i Timbku TOAI, KOs MoriuAi 3MinHI x i y HaGyBaIOTH 3HAYCHHS
«l» ogrouacuo. [{n4 if no3HavYeHHs BUKOPHCTOBYIOTH 3HAK < | >,

Qysxuio fi; (x, y)= 1 HA3HBAIOTH KOHCTAHTOIO «1».

Hageneni npaHamuaTe QyHKIiHA, 1x mo3HAYeHHd, Ha3sa | IpoUMTAH-
H4 OpencrasieHi B Tabmumi 1.3.1.
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Tabruys 1.3.1

OyHKisA Tlo3nauenHs Hassa - ITpounranus
fulx, %) 0 KoucranTa 0 Koucranta 0
h (x ) x&y = Kow’ronkris (noriune «i») xiy
1 » Y SXAP=XY
3abopona abo 3anepeueHHs :
/ (x’ y) X8y ivrrmiamii * 1Hey
[Nosropenns nepuoro

X, X Ax x

fi(x7) aprymesry
| 1Ifo Bukmouae «450»
AL @y (cyma 32 Moxyem 2) * HeAK y
_ Ju3’rouxuis
£5(x ) xUy=x+y (noriune «450») x abo y
Crpinxka Iipca - ,
Jo(%) < y (3anepeycHHs 3 IOHKILii) He x inc )
F(x¥) x~y ExsiBanenthicrs X Ky
— 3anepeuetna neEPIIOTo ene-

fé (x, ¥y ) X MeHTa He x
fo(xy) x>y IMmnikauis He x a6o y

‘ Oynxuis Uleddepa H 6
f{o(X, y) *ly (3amepedeH s KOH FOHKLT) ¢ x abowe y
fl{(x, y) 1 Koncranra 1 Koncranra 1

OcHOBHI 3aKOHH aJre0pH JOTiKH

B anre6pi norixu Heo6XiAHO BUAITATH HACTYHHI OCHOBHI 3aKOHH:
KOMYTATHBHICTE; acCOMiaTMBHiCTh; ANCTPHOYTHBHICTDL; 3aKOHH 15
3anepedeHHs ; Hy i Ta oxMHHII

1. KoMyTaTUBHICTh KOH IOHKIIIT T2 AU3 IOHKIIIT

X Y=Yy X;XVy=yvx.

2. ACOmiaTUBHICTS KOH IOHKINT T Mu3 oK

x (y 2=(x"py)zxv(yvz)=(xvy)vz.
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3. JuctpubyTHBHICTH KOH IOHKILI Ta U3 TOHKIIT BIZHOCHO O/THA OHOT
X GVD=(x - NV(x -2 xV(yD=(xVy- (x V2.
4. IReMDOTEHTHICT KOH IOHKITII Ta (U3’ FOHRKUIT
| X" X=X; XV X=X.

5. 3aK0H BHKIIOYEHOTO TPETHLOTO

xvx =1.
6. 3axOH POTHPIYIA

x-x =0.
7. 3aKOH TOTOXHOCT] 3 KOHCTAHTAMH

x-0=0;x-1=x; xv0=x; xvl=1.
8. 3akon eniminanii
x - (xvy)=x;xV(x -y)=x.

9. 3akoH NOABIHHOTO 3aepedeHHA

bl |

=X.

10. 3akon ae Moprana

X y=Xv

iy XVy=X-J.

<l

Cnoco6u 3aganns jJoriunnx Pyuxuiii Ta ix BUKoOpucTAHHS
HJIS1 CHHTe3y KOMII’IOTEPHHX CXeM

Jna onucy GyHxuiil anreOpH NOrikd BUKOPHCTOBYIOTH Pi3Hi CHOCO-
6u. OcHOBHMMH 3 HHX € onmc QyHKIil y cnoBecHid ¢hopmi, y BurIsmi
tabmuus icTuHHOCTI, anre0paiuHMX BHPA3iB T4 NOCHIZOBHOCTEH HECAT-
KOBHX YHCEL -

Cnosecunii onnc pynxuiii anreGpu Jorikm Haliwacrimre 3acToco-
BYIOTB AJ111 IIOYATKOBOT'O OMHKCY MOBEAIHKH KOMII IOTEpPHOI0 NPHCTPOIO.

- Onuc ¢pynxuiit anre6pn goriku y surasxsi ra6auni icraanocti

Osnauennn 1.3.5. Tabauuero icTuHHOCTI HA3MBAIOTH TAOAMIIO, B
AKi#l KOXHY igTepmperTaiilo goridroi ¢yHKUil HOCTAaBICHO Y BiAWOBiN-
HicTh 11 3Hagenss, puc, 1.3.1.
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X x2 X .f(xla X3, axn)
0 0 0
1 o i .
0 1 0 B
1 I 1 1 1
Puc. 1.3.1

B Tabnuui icturmocTi, puc. 1.3.1, KoXHil 3MiHHIA Ta 3HAYEHHIO CaMoi
¢yHkuii BiAMOBiAaE O OXHOMY CTOBIYHKY, a KOXHiH iHTepnperamii —
110 OTHOMY PAIKY.

Kinpkicts pankis Tabnuili BiANOBigac KiNbKOCTI Pi3HUX iHTEpIpeTa-
i HorigHoi GyHKuii. 3aranom Tabimus iCTHHHOCTI MicTHTD 2" pAIKiB.

NMpuxknaa 1.3.1. Yknacru Ttabmuuio icTHHHOCTI AnA yHKIin, sxi
JMOPIiBHIOKTH «1», AKINO ABa il ApIyMEHTH TeX JOPIBHIOIOTH « .

Poz¢’szanns. Y BipnosinHocti 3 o3Havendsam 1.3.7. i puc. 1.3.1,
TaGIHIA ICTHHHOCTI MaTUME BHITIAA, HaBeAeHHH y Tabn. 1.3.2.

Tabauys 1.3.2

X) X Xy f(x) X2 Xy Xo j1€9)
0 0 0 0 | 0 0 0
0 0 1 0 1 0 i 1
0 1 0 0 1 1 0 1
0 1 1 1 1 1 1 1

Onuc dbyuxuiii anreGpu norikn y Burasiai asrebpaiunoro supasy

EjemenTapha KOH’IOHKIIsE YTBOPHOETHCH KOH JOHKIIEK CKiHUCH-
HOI MHOHHH JIOIMHMX 3MIiHHHMX i iX 3ariepeuens, HanpuknamL: f(x, v, z)
=x:yrz.

EjleMeHTapHA IM3’IOKHKUIA YTBOPIOETLCA U3 IOHKUIEK CKIHYSH-

‘HO1 MHOXHHH TIOTIYHHX 3MIHHEX i IX 3amepedeHs, nanpukiax: f(x, y, z)

=XV Yy VLI

31



KinbkicTe 3MIHHHX B elleMEHTapHiH KOH YOHKII (M3’ FOHKI|T) HA3H-
BalOTh Ii JOBXUHOIO, SKa BH3Ra4ac 11 paar. Hanpuxaax, f(x, ¥, z, £) =

X VYV Z Vte a3’ I0HKIIEI0 YeTBEpTOro Panry.
Hus’sonkuicto 6y/b-AKOT0 9HCIa eneMEHTAPHNX KOH IOHKINIA Ha3H-
BAIOTh N3’ IOHKTHBHO HOPMAIBLHOI0 (hopmoro (JH®D), HanpuKIan;

XVY-ZVX-y-zZVX-y-z.

Kon’oHK1i€to Oyb-AKOTO YHCAa CIEMEHTAPHMUX M3 OHKILIH HA3H-
BAIOTh KOH’IOHKTHBHOI0 HOPMa1bHOI0 (opmoro (KH®), Hanmprkian:

x-(xVy)-(yv;)-(xv;vz).

Jloriuny ¢ysKiiro, 3amany Gynb-aKUM aHATITHYHUM BHPA3OM, MO-
’KHa 0e31ocepeIHbO TICPETBOPHTH HA HOPMAJIBHY AW3 IOHKTHBHY a60
KOH’IOHKTHBRY (opMy. Jl1a nsoro notpibuo:

1. Bupasuru Bei omepanii yepes omepaitii KOH FOHKINT, TH3 TOHKIII
Ta 3aICPeUEHH;

2. TTo36yTucs 3amepedeHHs HaA LUTMMH BHPAa3aMH, IEpeRIIOBIH 10
(opmu, B AKill € 3amepeteHHs TUIBKM OKPEMUX 3MiHHHX,

3. Po3KpuTH Iy’KKH, 3aCTOCYBABIIN 32KOH JHCTPUGYTHBHOCTI,

4. 3BecTH KOH IOHKINI (1413” FOHKIIIT) 10 €7IeMEHTAPHUX OIEPaliii.

Sxmo 10 cxnany soriuao! dyHKuil BX0asSTh HAGOPH eNeMEeHTAPHIX
KOH’IOHKIIIH OHAKOBOI'O PaHTY, OB’ A3aHi U3 IOHKILEIO, TO TaKy GopMy
HofaHHsA JOriyHOl GyHKIIl HA3KBAIOTE JOCKOHAICK TH3’IHKTHBHON
HopmaaepHow dopmoro (JIJH®D), llpasnia yreopeuns JIHD —
¢dyHKIT J71 72 apryMeHTiB € Taki:

1. 3a xoxHUM HaOOPOM ABIMKOBHX 3MiHHHX, 3@ AKHX QYHKIid Ha-
OyBac 3HaYEHHs 1, CKIACTH €NeMEHTAPHI KOH IOHKIII.

2. B eneMeHTapHy KOH IOHKILIO 3aHCATH HEIHBEPTOBaHHMH 3MiHHi,
IO 33/1aBi OJHHHIICIO B TaONMHII iCTUHHOCTI, 4 IHBEPTOBAHAME — Ti
3MiHHI, fKi B Tabnmui icTHHHOCTI 3a4aHi HyneM. 3000YTHI pe3ymsTaT
Ha3MBAIOTH KOHCTHTYEHTAMM OAHHHMILL.

3. EneMeHTapHi KOH IOHKIHT 00 €AHATH 3HAKOM JIH3 FOHKIII1,

Jl0CKOHAI010 KOH IOKTHBHOKW HOpMaabHOoo dopmoio (AKHD)
Jorignol Gynkuii Ha3HBAIOTE TaKHil i BHpAs3, KU MICTHTE €lEMEHTApHI
AM3’IOHKIII OBOTO PaHry, NoB’s13ani koH weKLic0. lipaBuaa yrso-
penun JKH® 14 # aprymeHTiB € Taki:

1. 3a xoxHHM Ha0OPOM ABIMKOBHX 3MIHHHX, 32 SKHX GOYHKUiA Ha-
Oysac 3naueHHs 0, CKJIACTH eneMeHTapHi An3 IOHKIIT (KOHCTUTYEHTH
HYyTIA).
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2. B enemenTapHi a3’ FOHKIIT 3aIIHCATH HEiHBEPTOBAHUMY 3MiHHI,
1o 3a4aHi HyneM B TabiHdi iCTHHHOCT], a iHBEepTOBaHHMY — Ti 3MiHHI,
AKi B TaOMIl iCTHHHOCTI 33JaHi OAMHALEIO. 3100yTi CyMH Ha3HBalOTh
KOHCTHTYEHTaMH HYIIA.

3. EneMeHTapHi AW3 10HKIIT 00’ €1HaTH 3HAKOM KOH FOHKII.

Mpuknap 1.3.2. Tabmuuero ictunHOCTI, Tabn. 1.3.2, 3azana dynkuis
f(x, ¥, z). Kopucryouuch 3a7aHo0 Tabnuiero, noTpidHO yTBOpUTA il
JUTH® i JIKH®.

Pose’s3anns. BUKOpUCTOBYIOYH 03Ha4YeHHs 1.3.5, a Takox npasuia
yreopenra JJJH® i JKH®, otpaMaemMo BiANMOBiAHI KOHCTHTYEHTH «1»
1 koHCTHTYeHTH «0», IO HaBexeHi B Tabmmi 1.3.3.

Tabruyn 1.3.3

3HavyeHHS apryMesTy 3;;‘;i§ﬁﬂ AH JKHO

x y z f& 2 Koucturyents «1» Koucturyentn «0»
0 0 0 0 — xXVyvz

0 0 1 1 xy-z —

0 1 0 1 xyz —

0 1 1 0 — xXVyvz

1 0 0 1 %y-z —_

1 0 1 0 — xvyvz

1 1 0 0 — Ivyvz

1 1 1 x-y-z —

DyHKIi1 KOHCTHTYEHT «1» MaTHMe BULIAL;

fx,y.2) = ;;z \ ;y; v x;; V X:y-Z,a QyHKII KOH-
cTutyeHt «0» o L

fa,y,o)=(xvyvz)(xvyvz)(xvyvz)(xvyvz).

Bix Gyap-axoi JH® mMoxna nepeiitn no JJIH® dyskuii 3a aono-

. MOT010 PiBHO3HAYHHUX IIEPETBOPEHb. Takuil mepexix Ha3KUBalOTh PoO3rop-

TanHaMm. Jlns nporo noTpibuo:
1. BeecTH BiACYTHI 3MiHHI B KOXHY KOH IOHKIHIO MHOXEHHSIM 11 Ha

piBHO3HAUHICTH BHpA3y xV x =1, ne x — BixcyTHa 3MiHHAa,
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2. PO3KPHTH ITyKKH, 33CTOCYBABUIA KOMYTATHBHHH 3aKOH X -y =3 -X

3. [To36yTHCA KOHIOHKMIH, [0 MOBTOPIOKIOTHCA, BHKOPHCTOBYIOUYH
34KOH IBAEMIIOTEHTHOCTI X- YV X y=X-Y.

NMpuknan 1.3.3. g 3axasoi JTHO dyuxuii f(x, ¥, 2) =x ;z vx -;,
sHaird i JJHO.
Pose’azanna. BUKOpUCTOBYIOUH npaBpmo mepexony no AOHD,
OTPUMAEMO, .
fx ¥ 2) =x-y-zvx-?-(yvy)=x~y'zvx'y-;vx-;-;.

Iepexia Bix KH® no IKH® 3aificHIOIOTh aHAIOTIMHO IEPEXOLY
Big JHO® mo AJH®. lna msoro Heo6XigHO!

1. Beectu BincyTHi 3MiHHI B KOKHY AU3’IOHKIII0, BHKOPHCTABIIA
3aKOH IpOoTUpiuasa x-X =0, ge x — BiXCYTHs 3MiHHA.

2. 3UiNCHNTH HEPETBOPEHHS, 3aCTOCYBABIIN 3aKOH AHCTPHOYTHBHO-
cri xv y-z=(xVvy)-(xVz) i KOMyTaTHBHHII 38KOH XV y =y V X.

3. Ho36yTrea n¥3 IOHKILIM, 0 ITOBTOPIOKTHCH, HA OCHOBI 3aKOHY
imeMIIOTEeHTHOCTI.

Mpuknaa 1.3.4. Jima sagasoi KHO dyakil f(x, v, z) = (xv y)-

( yvz). (x v z) snatitu i1 JKHO.

Po38 ’s3anHs. BUKOPHCTOBYIOUH IPaBHNO mepexody o JIKH®, OTpH-
MaEMO:

fay2=(xvyv z-;)~(:v-v zZv x-;)~(;v zv y -;)3
=(xvyvz)-(xvyv;)-(xv;vz)-(;v;vzy
-(xvyv;)-(;v;vg)
Onuc ¢pynkniii anrebpu noriku y Burasagi
NOCIiI0BHOCTI XECATKOBHX YHCET

Inoxmi ana CKOPOUEHHA 3aIHCy tdhyHKUif0 anrebpu noriky ii 3o6pa-
JKYIOTh Y BUTTIS] IOCTIAOBHOCTI JECATKOBHX UHCEN, IIPH IBOMY IOCI-
JOBHO 3aNMCYIOTh JECATKOBi €KBIBAICHTH ABIMKOBHX KOXIB BIINOBiz-
HHUX KOHCTHTYEHT «1» abo «O».

Mpuxnag 1.3.5. 3amucaTy y BUITIAAI MOCHIXOBHOCTI unCen (yHKITIO
f(x, v, 2) 3 npuknany 1.3.3 ta mpuknany 1.3.4.
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Pose’szanns. Y JIJIHO® nepiua xoHCTHTYEHTA «1» BiADOBinae Apifi-
xoBoMy koxy 101, apyra — nsidikosomy koxy 110, a Tpers — aBiiiko-
Bomy koxy 100. JlecaTkoBuil €KBiBaeHT IMX KOMIB BiAMOBiAHO AOpiB-
Hio€: 5, 6, 4. Ananoriuno ama JKH® xoHcruTyeHTH «0» MaTHMYTh Ha-
crynHi gecaTkosi exsisanents: 0, 1, 2, 5, 6, 7. Buxoaa4u i3 nboro, AaHi
dyHKLii MOMHa 3amUcaTy B HacTynHOoMy Burmaai ans JJIH® f(x, y, z) =
=v(4,5,6) imsa JKHO f(x, 5, 2)=1(0,1,2,5,6, 7).

Minimizauis Jorivnux GyHKHii

3apaanHsa MiHimizanii Joriuanx QyHKuil nonsrae y nomyky Hai-
npocrimoi Gopmyim goriusoi GpyHkuii 3a o6paHuM kputepieM. B axocti
KPWTEPiX0 MOXE BUCTYIATH KUILKICTH 3MiHHMX y QopMymi, KilbKicth
3HAKiB KOH IOHKINI Ta am3’ wHKHi] a0o xoMOinaris moaibHUX KpUTEpiiB.
MinimaneHi GopMH, Aki orpumaHi B mpoueci MiHIMI3amil Ha3MBAarOTh
miriMansiumMu JTH® i KHO.

Osnauenna 1.3.6. ImiikanToo Aeskoi norigHoi ¢ydkiil f Ha3u-
BAIOTH TaKy OYHKIiIO ¢, IO HA BCiX IHTEpUpHTAIifX, HA SAKHX BOHA
JOPIBHIOE ORWHMLY, f; Tex AopiBHIOE omuumii. EnemenTapni KOH IOHK-
i, mo Bxoaats a0 ckiranxy JTH® dbynkmii, Takox € ii iMitikanTaMu.

Osnauenns 1.3.7. TIpocroro iMnaikanToso norianoi QyHKLUIT [ Ha-
3MBAIOTh TAKy IMIUIKAHTY, IO HifKa il BIACHA YaCTHHA HE € iIMIUIKAH-
TOIO AaHoi PyHKIII.

Osnauenna 1.3.8. Cxopouenorw JTH®P Ha3zusaioTh Iu3 FOHKIHIO
BCiX MPOCTHX IMIUTIKAAT JOrigHO1 QYHKII].

Osnauennsn 1.3.9. Tynuxosorw JH® nasusarors JIH® nawoi no-
riguof GyHKLil, AKa CKIAAAETHCH TiNbKH 3 IPOCTHX IMILTIKAHT.

Ha siaMiny Big ckopouenoi JJTH®, tynuxosa JIH® Moxke He mic-
THTH JAesiKi 3 TIpocTuX iMmutikant ¢yHkiii. Koxkna soriuna dynkuis Mae
enuny ckopouery JJH® i moke MaTH AcKinbka TynukoBux JHD.

Osnauenna 1.3.10. MinimaasHor TH® (MIH®) noriunoi GyHk-
uil HasuBarOTh OAHy 3 Tynmukosux JH®, aAxiii Bianosinae maliMcHme
3HAYEHHs KPUTEPito miniMizarii JTHO.

Sximo noriyna ¢yHkuia 3axada JHO, To A 3HaxomxkeHHs ii npoc-
THX IMILTIKAHT BHKOPUCTOBYIOTh HACTYIIHI onepanii Ais nepeTBOPeHHS
dhopMyI anreOpH JIOTIKH.
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Onepauiﬂ HENOBHOIO I[H3’IOHKTHBHOI‘0 CKICIOBAHNA .
A xvAdx=4AvA-xv A X.

Onepailis Au3’OHKTHBHOTO HOorJMHanua: A v 4 -x = 4.

Onepauis NMOBHOTO AM3’IOHKTHBHOTO CKIew0BaHuu#: A4-x V.

vV A-X=A4, ne A — pesxa eleMEHTapHa KOH IOHKIlig 3MIiHHHX, 3
X — JOri9Ha 3MiHHA.

Mpuknag 1.3.6. BUKOHATH omepallil HOBHOTO CKJICIOBAHHS JOTHHOT
bynxuii 3aganoi 8 JJJTH® pisaumu cocobamu:

j(x,y,z) Xy zvx yezvx-y- Zvx- y-z.

Pose’a3anun, BukoHaEMO omepariii MOBHOTO CKICIOBAHHA MEPITHM
cnocobom:

f(xy,z) x-y: zvxe y: Zvx- y zvx-y-z=(x- y: zvx ¥ zZ)v
v(x y: zZvx- y z)v(x y Zvx- y z) y: IVX-ZVX- y

Terep BUKOHAEMO OTIepalii CKICIOBAHHA QPYTUM CIIOcO60M, iHaKINE
KOMITIOHYFOUH iMIUTIKaHTH:

f 3, )=y 2V y V(@Y zvEy-0)=y-zvy

B pesymprari cKIeiOBaHHA OTpHMaHi ABi pisHi TynukoBi JHO
norigroi byuxuii f (x, y, z). Apyra tynuxora JJH® nipocrima 3a nepury,
OCKiJIBKH MICTHTH MEHINY KibKiCTh CHMBOJIB 3MIHHHX 1 3HAKIB oIe-
pariii,

Osnauenna 1.3.11. Imnninenroro nesxoi noriunoi GyHKUi f HazH-
BAaIOTh TaKy QYHKILIO @, K4 Ha BCiX iHTepIperamiax, ji¢ BOHA JOPIBHIOE
Hymo, byHkiia f Tex NopiBHIoE Hymo. EneMeHTapHi Iu3 I0HKLIL, U0
BXOAATH 10 cknany KH® ¢ynxuii, Takox e ii imoinenramu.

Osnavenns 1.3.12. llpocrorw iMnninenTolo goriauoi GyHKUIi f Ha-
3HBAIOTh TAKY IMIUHLEHTY, IO HiAKka il BIACHA YACTHHA HE € IMILTINEH-
TOIO AaHO1 (hyHKLLI.

O3nauenns 1.3.13. Cxopouenow KH® Ha3HBaIOTH KOH IOHKIIIO
BCiX MPOCTHX iMIUTILEHT AOriaHOl (pyHKIil.

Osuauennsn 1.3.14. Tynnxosoto KH® nazusarors KH® nawoi no-
riunoi GyHKuil, O CKIaAaeThC TUIBKH 3 IPOCTUX IMIUTIEHT,
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Osnauenns 1.3.15. Minimaabnow KH® (MKH®) noriyHoi GyHK-
nii Ha3WBAIOTH OAHY i3 TymukoBHX KHO®, skii BianoBigac HaiiMeHiue
3Ha4YeHHA KpuTepiio MiHimizanii KHO. :

s minimizanii KH® BEKOpHCTOBYIOTE TaKi onepauii CKIelOBaHHS.

Omnepallis HeHOBHOTO KOH IOKTMBHOI0 CKIICIOBARHS:

(Av %) -(Avx)=A4-(4V x)-(4V 1)

Omnepailif KOH’ IWKTHBHOro norjauuanusa A-(Avx)=A4.
Onepalisi NOBHOro KOH’IOKTHBHOr0 NOIJHHAaHHA (4vx)-

-(Av x)=A, ne A — nesKa eIeMEHTapHA JH3 IOHKIA, 4 x — JIOTiYHA
3MiHHA.

IIpu miniMizanil noriunux GyHKOiH BEKOPHCTOBYIOTH MeToau Kap-
no i Kpaiita, mo #abGynu naiibineioro nommpenss. Merog Kapho mae
CTPYKTYpy TaliHIb, KA mpuBeneHa Ha puc. 1.3.2.

W0 Y 00 o1t 11 10
0 0
1
a) 0)
Xy
2t 00 o 11 10
00
01
1
10
8)
Puc. 1.3.2

Ha puc 1.3.2a naseaena Tabmmisg Kapho MTs ABOX 3MiHHUX, HAa pHC.
1.3.26. — nnis TpHOX, a Ha puc. 1.3.26 — 1114 YOTHPLOX 3MiHHKX. 3Ha-
yeHHA 3MIHHHX 'y Tabmumsax KapHo po3TalloBaHi y 3aronoBKax psjakis i
cropnunkis. Koxnii xoucturyedti opuauui abo Hynsa Gyuxnii Biamosi-
7ac oxHa KnituHka Tabamui. Hyias ab0 OaMHMUA B KIITHHOI BA3HAYAE
3HaueHHA QyHKOil Ha AaHifi iHTepnperanii. 3HaueHHA 3MIHHMX PO3Ta-
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MIOBAHI TaK, MO0 CYCixHl PAAKH i CTOBIMMKK TAOIMII BIAPI3HAIMCA 3HA-
9eHHSM TUIBKH oaHi€l 3minHol. Crieosanns KiTHHOK v Tabmuni Kapro i
orpuMaHis MiHiMaTbHOI JIH® BinOyBacThCa 332 HACTYITHAM TIPABHIIOM.

1. KniTeHKH 06’€{HYIOTBCS V TPYHIH, IO IIO3HAYAIOTH onepaui'i
ckieroBantA. B 06’eananni 6epyTs y4acTs TUIbKH Ti CYCiARI KIiITHHKH,
B AKHX PO3MIILCHI OJMHHMII. 7

2. B rpyny N03BONSETECA OO0 €NHYBaTH KIMBKICTh KITHHOK 2,

=1, 2, 3... Ilpu mpoMy Tpyna MOKe MaTH JIHOIC MPAMOKYTHY a6o
KBaApaTHY (popmy.

3. Hpu cwieroBanHi HeOOXiNHO 3HATH HaGip MaKCUMaNBHHX Ypyil
kmirrHOK. IliJi MaKCHMABHOIO TPYHOI0 PO3YMIIOTH IpPyHy, SIKa He
BXOJIMTD IJIKOM Y XKOJHY iHITy rpymy i BigmoBiziae mpocTiit iMmmikaHTi
ynaxkuii. Kinzskicts rpyn y TakoMy Habopi noBreHA 0y TH MiHIMATHEHOIO,
OCKIIbKM TaKa Tpyna BinoBijae MiHiMaibHii Tymukosiii [TH®. Koxua
oauHuI Tabmmni Kapwo nosunAa BXxoanTH X049a 6 10 oxHiel rpymm, mo
3abe3neuye MOKPUTTA PYHKIIL OTPUMAHHM HAOOPOM IMIUTIKAHT.

4. Koxxna rpyna KIiTHHOK, IO OTPHMAHA HICTs CKICIOBAHHSA, BiaNO-
Bigae Tiii immurixapTi QyHKUIl, peansHi 3MiHHi SKOI MAIOTH ONHAKOBE
3HAYEHHN 4 BCiX KJIITHHOK IPYIIH.

5. JIu3’fOBKUiA BCiX OTPAMAHMX TIPOCTHX IMILTIKAHT 300paxye pe-
3ynbTaT MiniMizanil Gopmysu i € MinimMasroo JTHO.

Ockinbky mpu MiHiMizaril Ha Maoxusi JJTH® y cxieoBadni 6epyTsb
YYacTh TUIGKH KIITHHKH, MO0 MICTSTh OQHHUIN, TO Hy/i B TaGmuii KapHo
AK IPABHIIO, HE BKa3yIOTh, a MAalOTh Ha yBa31 IO IOPOXKHI KIITHHKH
MICTATH HYIIL.

Mpwknag 1.3.7. 3uaiitu MJAH® ans pymkii

fx,y 2= xyévxyzvxyzvxyzvxyz

Po3e’azanus. Y sigmosigHoCTi 3 purc. 1.3.26, Oyayemo rabmio Ka-
PHO, 10 AKOI 3a8HOCHMO OJMHMLI 3TiHO i3 38JaHOX0 JIOTigHOK @ymcm—
€10, puc. 1.3. 3

X 00 . 01 11 10

Puc. 1.3.3
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BHKOHYEMO CKJICIOBAHHS KIiITHHOK TabmMIi y BiAMOBiAHOCTI 3 PO3-
[ISHYTUMH BHINE npaBunaMiu. IIpi ckierBaHHI 00 €XHAEMO YOTHPH
KJATHHKHE, ¢ MICTATBCA YOTHPH ONMHHUI NEpmOi CTPidky, sSKi HAKpH-
BAIOTHCA 3MIHHOK Z, 4 ONHHMIVI, AKA 3aNHINMIACH B OCTAHHHOMY CTOB-
MYHKY, CKICIOETHCA 3 OJHHHIICIO OCTAHHLOI'O CTOBITIMKA NIEPHIO] CTPIYKH.
V pesyiwrari nsoro orpumaemo MJIH® norianoi pyukuii fx, y, z) =
=zv x-y. 3aaxomxendass MKH® BHKOHYIOTH aHAJIOTi4HO ONHCAHOMY
BHINE, A7I€ TUILKH 3aMiCTh OJIMHHIG Y KNITHHKAX TaONHLli 3aIIUCYIOTH HyJIi.

Mertox Knaiina

Meron minimizanii Ksaiina peanizye mepexia Big JJAH® (AKH®D)
a0 TH® (KH®) i3 BUKOpUCTAHHAM ONEpallifi CKIICIOBaHHS Ta TOMIH-
HAHHSL.

OcHoBy airopurma Ksaiina CKNTafaroTh Taki KpOKH.

1. Bamucaru JJJTH® (JIKH®) 3ananoi dyHxuil.

2. BUKOHATH BCI MONUIMBI omepallii HEMOBHOIO JH3’ IOHKTHBHOTO
(koW ©OKTHBHOTO) cKkiueioBanHsA. OTpuMana GopMya € 1u3’ FOHKII€0
(KON’ IOHKIII€10) BCIX MOMKJIHBHX IMIUTIKAHT (iMILTIUEHT) NaHoi GyHKLIT.

3. BHKOHATH BCi MONIIMBI Oniepartii M3 IOBKTHBHOrO (KOH’ IOHKTHB-
poro) nornuuanms. Ilizcymxosa dopmyna € ckopoucnow JTHO (KHD)
ZaHoi GyHxwii.

4. Cxnacty immnikaurHy (IMIIIIEHTHY) TaONHIFO i HUIAXOM 11 TIOX-
PHUTTA 332 PaXYHOK MiHIMANEHOI KIIBKOCTi MPOCTHX IMIUTIKAHT (imMmumi-
nexT) 3paiTy sei Tymkosi JJH® (KH®) nanoi goriaHoi ¢yuxiii.

5. Cepen tynukosux JJHO® (KH®) 3uaiitn Minimanedy JJHO (KH®)
noriuHoT GyHKIii.

Npuknan 1.3.8. 3uaittu Metonom Ksaiina MIH® Gysxuii

f(x,y )= xygvxyavxyzvxvavxyxvxyz

Po3e¢’szannsn. BukoHaEMO BCi MOXKIMBI oneparii Ju3’FOHKTHBHOTO
CKTICHOBAaHHS i IOTJIUHAHHSA

XY IV Y ZEXP Xy Zvx- yz=y-z
Xy zvx ViI=xz Xy Zvx- yrz=x-z
x-y-zvx-y-z=x~y; xX-y- Zvx y-z=y-z
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B pesyimprati nboro orpuMacMo popmyty
FGLY,X)=X-Y ZVX-PZVE- Y- XVX-PZVX-YP-ZVX-Y-2=
=X PVY-ZVX-ZVE-ZIVI-YVy-z.

I3 amanizy ¢opMynH BHIUIABAE, MIO OTPUMAHI iHDII eleMeHTapHi
KOB’IOHKIIT HE MiIraioTs NOJanbIIOMy CKJICKOBAHHIO i TOMY JH3 FOHKITiA
BCiX MOXJIMBHUX iMILIIKAHT XaHOT (DyHKII] MaTHME BHITIALY

f(x, », z)=x~yvy-zvx-;v;'zv;';vyoz.

Otpumana popMmyna € ckopouernoio JH® sananoi ¢ysknii. [Ans
3HaxomkeHHad MTH® cknamemo iMmutikantey Tabmuino, Taén. 1.3.4.

Tabauys 1.3.4

xyz | xyz | Fyz | xyz | xyz | xyz
x-y * *‘
y-z * *®
Xz * *
x-y * *
xy * *
;; * *

Pagxm 3apaHoi Tabnuui € MPOCTHMM iMIUTIKAHTAMM, a CTOBITYHKH-
KOHCTHTYCHTH OAMHHUIUIMH HociimkyBanol dymkmii. 3ipouxowo B Tab-
TMI BigMidaeThes KOXKHA KIITHHKA, AIA AKOI IMIDIIKAHTa PSIKA € BIac-
HOIO0 YaCTHHOK) KOHCTHTYEHTH 3i CTOBITUMKA. KOPHCTYIOUHCH KPOKOM
JOTHPH AITOPHTMY, IUISIXOM HOKPUTTA 33 PaXyHOK MiHIMATFHOI KiNb-
KOCTi IPOCTHX iMILTIKAHT, 3HaX0auMo ABi Tynukosi JIH®, mo MawoTe
HACTYIHW#’ BHTIIA]

JHOL: f(x,y,z)=xyVx-zVvy-z;
JH®2: f(x,y,z)=y-zVx-ZVX-).
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Bxkasani [JH® micTats o 6 CHMBONIB 3MiHHHMX, a TAKOX OTHAKOBY
KUIBKICTh 3HAKiB omepariit au3’tonknii (2), kow orkuii (3) i 3anepe-
genns (3). B axocti M/ITH® moxxsa Bubpatu TH®1 a6o {HD2. 3naxo-
Jukeaas MKH® BUKOHYIOTH aHATIOTIYHO OHCAHOMY BHIIE.

1.4. ABromaTii 0CHOBH KOMII’I0TePHOI CXEMOTEXHIKH
OcHOBHi BH3HAYICHHSNA

Teopis aBTOMATIiB Ma€ CIpPaBy 3 MaTCMATHIHHMH MOJACISAMH, AKi
BHKODHCTOBYIOTH, HAPHKIIAN, A1 PO3pOOKH BY3TiB, CXEM Ta HPHUCTPOIB
KOMII IOTEPHOI CXCMOTCXHIKH.

Osnauennsn 1.4.1. ABTOMATOM HA3UBAIOTH IIEBHY CHCTEMY, KA Ma€
n — BXOJiB i m — BHXOAIB i AKa POOMTH BiAIOBiIAHE MEPCTBOPEHHA
MHOKUHM BXifHUX cursaniB A = {ai, as,..., G,} B MHOXHHY BHXiXHHX
curHamis B = {6y, 6,..., 8,}, puc. 1.4.1a.

@ 61

ay 6)
LREI S - — —————e - e
az [:73 az 8y

> —_——
a3 .
G
) k a, G 6m
a, 8 m 3> e e
— | o . 3 »
——]
r
a) - 6)
Puc. 1.4.1

SIxuro xapakrep IepeTBOpeHb BCEPEAHHI aBTOMATa B JUCKPETHI MO~
MeHTH 9acy £ = 0, 1, 2, ... 3aIeXKUTH TifbKK Bijg koMOinauii curna-
IB, AKi MOCTYNAKTh HAa HOrO0 BXOAH, TO Taki aBTOMATH HA3HMBAIOTh
KomOinanifinumu. Y Takux aBTOMAarax BMXilHi CHrHAIM € dyHKIHE
BXiJIHHX CHTHAJB, TOOTO B, =G(a,).
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SIKIHO XapakTep HEPETBOPEHD BCEPENMHI aBTOMATA B AHCKPETHI MO-
menta dacy ¢=0,1, 2,... 3aJEKUTh HE TiNbKH Bif BXiJJHHX CUTHAIB,
aie 1 Bix cHrHANB, IO IPHHMOITH 10 aBTOMATa PaHilie, TO TaKHii aBTo-
MaT Ha3HBAIOTh ABTOMATOM 3 HAM’SATTIO (B IIOJANBIIOMY IIPOCTO aB-
Tomar), puc. 1.4.16. '

B Takux aBrOoMaTax BHXIiIHI CHTHAJM 3a7€KATH HE TINBKH Bij
MHOXWHY BXinaux curHams 4 = {a,, a,,..., a,}, ane i B MHOKHEHN
BHyTpimHiX cTauiB aBTromara Q = {qo, g1, 42,---, §s}- B HHUX BHXimmH}
CHTHATH Ta BHYTPINIHI CTAaHM ¢ QyHKOiAMM CTaHIB aBTOMAaTa i MHO-
JUHM BXiZHUX CHTHaJTiB., BizoGpaxeHHs, mo iHAYKYETHCSA TAKHM aB-
TOMATOM, OZHO3HAYHO BH3HAYAETHCS 3aJaHHAM Y HHOMY HBOX (yHK-
1ifl, AKi HA3HBAJOTS: )

1. ®ymkuicro nepexonis 3(q(t), a(z)), Aka Bu3naYac BHYTPIIMHI CTAHH
aBTOMATA 3rifHO i3 3HAYEHHS BXiJHWX CHrHAniB a(f) i nomepemHLoro
crany asromara g(¢ —1); _

2. ®ynxuiero BuxoniB A(q(1), a(t)), mo BU3HAYAEC BHXiAHI CHTHATHA
Z(t)=Mq(?), a(t)) B 3aMeXKHOCTI Bill BHYTPIIHBOIO CTAHy aBTOMATA
q(t) iBxigaux curHaiis a(?).

To6To, TaKHii aBTOMAT MOXHA 331aTH [HECTHKOMIOHEHTHHM BEKTO-
pom W = {4, B, Q, 5, A, g0}, B fKOTO!

1.4 = {ay, a3, ..., @,} — MHOKHHA BXIIHHMX CUTHAIIIB;

2. B = {a, 6y, ..., 8} — MHOXXUHA BUXITHAX CUTHAJIB;

3.0 = {40, 91, q2, ..., §s} — MHOKUHA BHYTPIIIHIX CTAHIB;

4. § — bYHKITIA TEPEXONiB;

5. A — dyHKIIis BHXOLIB;

6. go € Q — 1IO9ATKOBHIf CTAH.

Sxkmo ximeKicTh BXiAHMX, BUXiAHUX i BHYTPimHix craHie (y mopa-
ILIIOMY CTaHIB) aBTOMATa € KiHeuHa BEJIMYMHA, TO TaKi aBTOMATH Ha3H-
BAIOTH CKiHYeHHuMM. B 1anoMy pos3jiiti po3riismarOThCs TUIBKH CKiH-
YCHHi aBTOMATH.

Osnauenns 1.4.2. AGCTPAKTHMM aBTOMATOM Ha3UBAIOTH MaTEMa-
THYHY MOJENb AUCKPETHOTO TIPHCTPOIO 33J[aHy MIECTUKOMHOHEHTHUM
BekTopoM W = {4, B, 3, 8, A, go}, sAxa abcTparyeTbes Bijl Horo 3MicTy B
YACTHHI BUSHAYEHHSA NMPUPOIH BHYTPIMIHBOI CTPYKTYpPH, BXiIHHX i BH-
XimHuX CHrHAMIB,

Osnavuennn 1.4.3. CTpYKTYpHHM aBTOMATOM Ha3WBAtOTh MaTeMa-
THYHY MOJEIb AUCKPETHOrO MPUCTPOIO 3a1aHy IIECTUKOMIOHEHTHUM
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BexTOpoM W = {4, B, O, 3, A, qo}, B AKOI BU3HAUCHI NPHPOAA i CTPYKTY-
pa no6ynoBA BHYTPILIHIX CTaHiB, BXilHHX Ta BUXifHUX CHTHAIB.

O3nauenns 1.4.4. IllopHICTIO BH3HAYMCHUM ABTOMATOM HA3HBAIOTh
aBTOMAT, Y AKOTO IiIMHKH BU3HaueHHs nepexonis 8(q(t), a(t))i suxo-
nis Mg(?), a(?)) cnisnazaiots 3 MHOXHHOW AXB ycix map suny (4, b,),
nc i€n, jeEm.

O3nauennn 1.4.5. YacTKoBO BU3HAYECHMM aBTOMATOM HA3UBAIOTH
aBTOMAT, y SIKOTO TUIIHKH BH3Ha4yeHHs Gyukari nepexonis 8(q(¢), a(t)) i
Buxofiie A(q(?), a(t)) BusHadeni ve ana Beix map (a;, b)) € AXB, ne
i€n, a jem.

O3nauenns 1.4.6. CHHXpOHHHM aBTOMATOM HA3MBAIOTh ABTOMAT,
pobota skoro, T06T0 BUKOHaHHa Qymknii nepexonis d(q(z), a(?)) i
suxoniB Aq(t), a(t)), BinGyBaerncs uepes piBmi iHTepBanu wacy
t=0,12, ... '

Osnauennn 1.4.7. ACRHXPOHHMM ABTOMATOM HA3UBAIOTH ABTOMAT,
BHKOHaHHA GyHkiil nepexonis 8(g(r), a(?)) i smxonis A(q(?), a(f)) B
AKOTO BiiOyBa€eTsCA TiIbKKM TPH 3MiHI BEKTOpaA BXiaHOro curuany a(r).

AsTtomatu Mini, Mypa, C-aBroMaTn

3 NpaxKTHIHOI TOUKH 30pY HAHOINbIE PO3MOBCIOIHKEHHA (34CTOCY-
BaHHA) MAfOTh aBTOMATH Mini i Mypa, Aki oTpuMany Ha3By Ha uecTh iX
NEpHINX JOCTIAHUKIB, aMepHKaHcbknX yueHux G.H. Mealy i E.F. Moore.

Osnauennsn 1.4.8. Apromarom Miai HazWBalOTe MaTeMaTHUILY MO-
Jenb JTMCKPETHOrO TIPUCTPOIO, 3aaHy IWECTHKOMIOHCHTHHM BEKTOPOM
W = {4, B, Q, 8, A, go}, B AKOI 3aKOH (DYHKLIOHYBAHHA ONHCYIOTh Ha-
CTYIHOX CHCTEMOIO PiBHIHD

gt +1)=8(q @), a (t));} (1.4.1)

2(1) = My (0, a (1),

ae d (g (1), a (t)) — dbyHKIis Hepexouin;
A (g (), a ()) — bynkiis BAXOAIB;
g (t + 1) — cran cucTeMH, B AKuil BOHA IIEPEXOANTH 31 cTany ¢ (f)

i A€o BXinHUX carvanis a(t);
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6 () — BHXiTHMIT CUTHAN, AKUH CHCTEMa BUAAE NP mepexony ii i3
cTany ¢ (f) B cTad g (¢ + 1) HmiA Ai€ro BXiAHUX CUTHATIB a ().

Osnavennn 1.4.9. ABToMarom Mypa Ha3UBalOTh MaTEeMaTHUHY MO-
ZENTs AUCKPETHOIO IPHCTPOIO 33JaHy IIECTHKOMIIOHEHTHHM BEKTOPOM
W = {4, B, Q, 8, A, ¢}, B K01 3aK0H QYHKIIOHYBaHHA OIMCYIOTH Ha-
CTYIHOIO CHCTEMOIO PiBHAHb! ‘

q0+D=6w0Lawﬂ
Z(t)=A(q @),

e Z(t) — BHXigHMit cHrHAaN, SKull cucTeMa BHIAE IPU 3HaXOKeHH] 11
B cTafi g(t).

(1.4.2)

Osnauenns 1.4.10. C-aBTOMATOM HA3UBAIOTH MaTEMAaTHUHY MO-
Jenb AMCKPETHOIO MPHUCTPOO 3aJaHy BOCBMHKOMITOHEHTHAM BEKTOPOM
W={A4, B, Z, O, A, s, 6, go}, B AKOI 3aK0H QYHKITIOHYBaHHSA ONUCYIOTh
HACTYITHOIO CHCTEMOIO PiBHAHB

gt +1) =38 (g (1), a ®));
b(t) = A (q (t), a (1)), (1.4.3)
Z(t) =y (q ()

ne B = {61, 6, ..., 8} — MHOXXHMHA BHXiJTHUX CHIHAJIIB THOY 1;
Z = {z\, 3, ..., Z,} — MHOXHHA BUXITHHX CHTHAIIB THIY 2;
(g O, a (1)) — dbyHKUig Buxoxis, AKY peanisye aBromar Mini;
. Ma(g () — dyHKmia BUXOAiB, M0 pearnizye apromMat Mypa.

I3 zakony QyHKIioHyBaHHA aBTomMara Mini (cucrema pisusss 1.4.1)
BMILTHBAE, 0 Horo BUXiHMI curHai ¢ (f) = A (g (1), a (f)) Bupacrses B
gac aii BxigHoro curnany a (f) i nepeGysausi aBromara B crani ¢ (¢), a
aBroMara Mypa (cucrema pieHsnus 1.4.2), Buxiznumii curnan Z (f) = A,
(g (9)) Bunaerbca Bech yac, IMOKM asToMar nepeGyBae B craHl g (7). B
MONANBIIOMY AJf KPamoro po3yMiHHS 1 HepeTBOpeHHS aBTOMaTiB Oyne
BUKOPHCTOBYBATHCH TAKOXX CHIHAI 8 (f) B AKOCTi BHXIXHOTO curHaiy Z (f).

Cnocobu 3agauns aBTOMATIB

~Jng 3a7aHHg aBTOMATIB 3aCTOCOBYIOTE TPH CIIOCOOH: TabauuHuit,
rpadiuamnii i 33 [orroMorow mMarpuui nepexogis. Cepen HuUX HaHOLIbIIE
IpaKTHIHE BUKOPUCTAHHS 3HAWNIM Tabnuarui i rpathiunmii cocobu.
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Omic po6OTH HOBHICTIO BH3HAYEHOTO aBTOMara Mimi TabaM4HHM
¢nocoGoM 33 HOIOMOroI0 TafIHilh MEPEXOAiB i BUXOMIB IMIOCTPYETBCH
Ha IMpUKJIaji aBTomata W, nasegeso B tabm. 1.4.11itabn. 1.4.2.

Tabnuysa 1.4.1 Tabnuys 1.4.2
NI a B NI % a ®
@ 92 .92 q: a3 8) 8, 63
a 91 91 9o a 2] 63 62

Crpiuxy pux TaGiHip BIATOBIAAIOTH BXiJHMM CHIHAJAM, a CTOBII-
yhgk — cradam. Kpaifniif 37iBa CTOBIMHK NO3HAYEHHMH MOYATKOBHM
cTaHoM ¢o. Ha nepeciueHHi CTOBIIYMKA ¢; i CTPiukH @; B 1abuui iepe-
XOAiB CTAaBUTBCH CTaH ¢, = & (a; ¢;), B AKUH ABTOMAaT NEPEXOAUTH i3
CTaHy ¢; ¥ CTaH ¢, a B Tab/nHLli BUXOAIB — BiATOBIAHHH HHOMY NEpexo-
Iy BUXioHWI curHan 6, = A (a;, ¢;). Ockinbky B aBToMari Mypa BuXiz-
HUI1 CUIHAN 3aJIeKUTH TUILKH Bifl CTamy, TO 1l aBTOMAT 334a€ThCs OJ-
HOIO BiIMiu€HOI0 TaOIMICIO IEPEXOIiB, B AKil KOXHOMY ii CTOBIYHKY
NpUIAcanui, KpiM CTaHy gj, e i BUXixBuuii CHrBan 6, = A(g;), BiANOBi-
IHMi naHoMy crady. Ipuwaax TabnHIHOTO 3aJaHHSA TTOBHICTH) BH3HA-
4eHoro asromara Mypa W,, npuseaeHuil y BiaMidedii Tabauui nepe-
xoxiB, Tabi. 1.4.3.

Tabnuysn 1.4.3
q; & 6¢ 8) 73 [:53 64
qi
a 40 q 92 q qa
ay q1 4o 493 41 q3
a 9> 93 qa 4o q>2

Jliis 9acTKOBOTO BH3HAYEHOrO aBTOMara Misi, B sxoro QyHKILI e-
pexouiB O (a; (t), ¢; () 1 BuxomiB A (a; (¢), ¢; (£)) BU3HAYCHI HE AT BCIX
miap (a;, 6) A X B, 1e i € n, aj€ m, T0 Ha MiCHAX HEBH3HAUCHMX CTAHIB i
BHXITHUX CHTHAJIB CTaBIATH NPOYECPK. AHATIONIYHO TAOMHYHHM CHOCO-
OOM 3a/1a10Th i YaCTKOBO BU3HAYEHI ABTOMATH Mypa. '

T'padiunuii cioci6 3axanHa apTomariB Misli nonsrae B HACTYNHOMY.
Crann aBTOMAaTiB 300pakylOThb RepuiMHamMu rpada, mo 3°’€ARYI0Th dy-
ramu. J[Bi Bepumnu rpada aBToMarTa o i g, (IIOUATKOBH# CTaH i CTaH
MEPEXO0AyY) 3 €NHYIOTh Ayrol0, HAMPABIECHOKO Bi o 0 ¢y, AKIIO B aBTO-
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MATi € mepexin BiX go A0 gy, TOOTO KO ¢x = & (go (), a; (H)), npH He-
axomy a; € A. Ty3i (qo, ¢x) Tpada aBTOMATA NPUNVCYIOTh BUXiAHNH CH-
rEad 8; = A (go(?), aff)), A0 BiH BH3HAYCHHH, i pobIATH MpOUEpPK —
Y OPOTHNEKHOMY BHIAIKY. SKIIO mepexia aBToMara 3i CTaHy go AO CTa-
HY ¢, BiAOYBA€TBCA i HI€X0 ACKINBKOX BXIAHHX CHTHAMIB, TO TOMI My3i
(qo, q,() Ui apromata Mimi ApUIHCYIOTh yci i BXizgHi i BIAMOBiAHI BH-
xigmi curuamm, puc. 1.4.2a.

Puc. 1.4.2

IIpu 3axammi aBromara Mypa 3a zonmomoroio rpada BHUXizHMEH
CHUTHAN 8, = A () 38MUCYIOTH, AK MPABHIO, MOPYY 3 HOTO CTAHOM,
puc. 1.4.26.

KanoHiYHMH MeTOI CTPYKTYPHOIO |
CHMHTE3y aBTOMAaTIiB

KanoniuHull METOA CTPYKTYPHOrO CHHTE3Y PO3rIsHeMO mia C —
aBTOMATA, OCKLIBKH I MOJAETS € 00’ eqHanuaM mMozaemi Mini T2 Mypa,
puc. 1.4.3.

CrpyxrypHa cxeMa C — aBTOMATa CKAAAAETHCH 3 TPHOX YACTHH:
Ham’sti i gBox xoMmOinanilinux cxem KC; ta KC,. SAxumo HeoOxigHo cu-
HTe3yBaTH aBToMar Mini, To B C — apToMari QYHKIO A; HE 331310Th i
6yne Biacyrus komGiHanilina cxema KC,. ¥V sunaaxy Moneni Mypa me-
3ajaHon Oyae GyHkUig Ay 1 B xomGinamiiuaii cxemi KC; 6yxyts Bigcy-
THi BUXi/(HI CHIHAIH 6 ... 8.

Kombinauiiina cxema KC, ciyrye (popMyBaHH}o BUXITHUX CHI'HANiB
THIy 1 i BXigHmX CHrHATiB Ang aBTOMATIB HaM’ATi, 4 KCz dopmy-
BAHHIO CHTHAJTIB TUIIY 2.
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Vr hd X

Puc. 143

Ilam’siTh ABTOMATA CKIAKAECTHCA 3 BUOPAHHX aBTOMATIB nam’ati —
€leMEHTapHuX aBToMatiB Mypa 11, ..., I1. Hicna BubOpy enemeHTiB
mam’ATi KOKHHH cran aGcrpaktaoro C -— aBTOMATa KOAYETHCA B CTPY-
KTypHOMY aBTOoMarti. SIkimo Bci asromaru 1y, ..., I1, onwakosi, To ix 9u-
crno 6y e AopiBHIOBATH

n=1loge M|, (1.4.4)

Jie¢ © — YKCII0 CTaHIB €MEMEHTAPHOrO ABTOMATA Nam’ATi;
M — uncio cranis abcrpakTHoro C — aBTOMATA;

] [ — 3Hak Toro, mo 6eperscs HaHbiTbIIE Hisle YHCIIO Bij pe3ybTa-
Ty norapubmy.

Ipn aBifikoBil cucremi ynciaenus © = 2, TakuM unHOM, mic/s BH-
Gopy eneMeHTIB mam’ATi i KOZYBaHHS CTaHIB CHHTE3 CTPYKTYPHOIO aB-
TOMAaTa 3BONUTHCA JI0 CUHTE3Y KoMOiHaritinoi cxemu, sxa peanisye dy-
HKIIT:

81 =61(A1, <oy Ay Y1y oees Yi)y eovs 6m = 61y <oy @y Y1, <o0y V1),
1 = (Pl(al; reey am J"l, reay .‘Vr)y ey (Pr = (Pr(ala ey am .yh ooy )’r),
Zl = Zl 0)15 vy _Vr)1 revy ZK = Zﬂ\‘(yla "~ayr)7
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ey =, ..., ¥) — QyHkuii 3B0poTHOrO 38°A3KY BiJ IIaM’ATi aBTOMAaTa
1o xombinariitHoi cxemu KCy; ¢ = (0, ..., ¢») — OYHEKUil 30y/KeHHS
ram’gTi aBTOMATa.

To6t10, KaHOHIYHUI METOA CTPYKTYPHOTO CHHTE3Yy aBTOMATIB KO-
3BOIISE 3BECTH 3aBAAHHA CTPYKTYPHOTO CHHTE3Y 3aHOBibHHX aBTOMATIB
IO 3aBIaHHs CHHTE3y KOMOIHAIIHHMX CXeM.

Ipadiunnii MeTOJ CTPYKTYPHOr0O CHHTE3Y aBTOMATIB

Ilpu rpadiunomy MeToAi cuuresy cTpykrypsuii C-aBroMar (aBTO-
mat Mini, Mypa) npeacraBnsiors y sarizi rpada. J{yram rpada apro-
Mata Mypa NpUIHCYIOTh KOH IOHKINT (M3 IOHKIIT) 3MIHHUX, SKi Iepe-
BOIATH ABTOMAT i3 OQHOTO CTAHY B JAPYIHii, a CTAaHAM — BHXiJHi 3MiHHI,
IO aBTOMAT iHIYKY€E B IIbOMY CTasi. SIKIO pO3rITyBaTH arTOMAaT Mi-
ai, TO #Oro AyraM NPHIHCYIOTh HE TiNBKH KOH IOHKUT (W3’ I0BKNii)
3MIHHHX, AKi HEPEBOAITH HOro 3 OQHOIO CTaHy B iHINHIA, ane mie i BUXi-
nHM CHTHAN, SKHH BiH Ipu EOMY IHIYKYE.

Koskes cTal CTPYKTYPHOIO aBTOMATa KOAYETHCH BiAMOBIMHHM KO-
oM. Po3mip xoJy 3aIexHTh Bif KiIbKOCTi CTaHiB aGCTPaKTHOrO aBTO-
MaTa i Bu3HauaeThea Gopmystoro 1.4.4. Jiing aBToMatis, 10 32 YMOBOIO HE €
CaMOKOPETYIOUHMH, SK IIPABHIIO, BUKOPHCTOBYIOTh 3BUUaiHuil ABiliKo-
BU# KOLI.

Npuknag 1.4.1. Po3poOHTH cXeMy YHPaBIiHHS KOMII'IOTEPHHM IIPH-
CTPOEM, AJITOPHUTM pOOOTH AKOTO 3aJaHUN a0CTPAKTHUM aBTOMATOM,

qrFelzg |z 2

00| 011 10

oty - o1

- f00 -

- 10| -

i

a) 6) - 8)
 Puc. 1.44,

xe ai, ..., 4,— BXimHi 3MiHHI IPHCTPOIO; Z, ...., Z; — CHTHAIH, 5Ki BH-
Iae NPUCTPi#k IpH yIpaBAiHHI; ¢, ...., §; — a0CTPAKTHI MO3HAYEHHS

CTaHiB, B AKUX HepeGyBae MpUCTpill mpy yIpaBIriHHi.
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Po3zé’azannn. JIng 3abe3nedueHss peanizallii Tppox craHis abcTpakt-
HOTO aBTOMATA ¢, q,, ¢, HEOOXiAHO B CTPYKTYPHOMY aBTOMATI 3rifHO 3
dbopmyioro n= ]log2 3[ =2 MaTH JBa €JIeMEHTH IaM’ATi, AKi MOXYTh
3aI0BITPHATH peartisaitirto 4oTpbox crauis: 00; 01; 10; 11. [na xoxy-
BaHHS TPBOX CTaHIB a0CTPAKTHOTO ABTOMATA BHKOPHCTAEMO KOIOBI KOM-
6inauii: ¢, — 00; g,= 01; g,= 10. B pe3ynpTaTi 1HOro CTPYKTYpHHI
aBTOMAT MaTHME BHIUUIZ, HaBeleHUH Ha puc. 1.4.46. BukopucroByoun
BiIMiYeHY Jpif apToMaTa Mypa Tabnuio nepexoxis, puc. 1.4.46, otpu-
MaEeMO KAaHOHIYHI PiBHAHHA POOOTH CXEMH YHPABIIHHA KOMI IOTEPHHM
NIPHCTPOEM

L=V Vs 2=V Vs Z3 =)0 Yos
1 _ . 0 _ =.
G =a;; ¢, =aq,vVa, -y,
1 - — - e
(pz=al'J’1va1"al'(J’1V])‘ap

0~ pe—
¢,=a,- N Va,

ne @, @) i @), @ — yuKUil BIUTIOYEnNAs | BUKMIOUEHHS BilNOBiMHO
NEPHIOro i APYTOro EIEMEHTIB J1aM’ATi CTPYKTypHOro aBromara Mypa;

Yi» ¥, 1 ¥, ¥, — CHTHAIM Ha BUXOAAX NEPUIOTO i APYTOTO €IEMEH-
TiB NaM’sti, AKi BIANOBINAIOTH JOrTYHUM CHTHAIAM «1» i «0».

DyHKUiA ¢, BiANOBIAAE CTAHY KOAY pO3pALY, PO3IMILIECHOrO 311iBa, a
¢2¥ crpaBa. PiBHAHHA BKIIOYEHHS NMEPLIOTO eNeMeHTa nam’ati @)
OTPUMYIOTH TAKUM YMHOM. Y BiIMiueHiit Tabnuni nepexoxnis posrisna-
IOTh YCi TIEPEXOAN KOMOBHX CTaHiB Hiel pyukuii 3 «0» 1o «1» nia aiero
BXIAHHX 3MIiHHHMX. B KOH IOHKIIIO BXITHHX 3MIHHHX TAKO 33TMUCYIOTH i
3MiHHY ApYyroro ejJeMeHTa TaM’ AT, SKILO BOHA He MiHse€ CBiil 3HAK TpH
upoMy mepexoni. SIkmo uelt nepexin as Gymkuii @ BinGyBacTbes He
OAMH pas, a, HANPHKIIAL, /B4, TO 3HAWAEHI KOH HOHKIIT 3MIHHKUX 00’ €1-
HYIOTb 3HAKOM U3’ YOHKIII.

PiBHAHHS BHKTIOUEHHS TIEPIIOTO €NEMEHTA HaM STi @] OTPUMYIOTH
AHANOTIYHO OIMCAHOMY 3 TIi€I) JIMILE PI3HHUIIEID, IO MPH IbOMY PO3IIIs-
Iat0Th JHIIE MEpeXxom i3 crany «1» xo crany «0». PiBHgHHS 11g QyH-
KIii ¢, OTpUMYIOTh aHAJIOTiYHO ONHMCaHOMY ANA QyHKUIl @,.

Cxema yIipaBIiHHS KOMIT'IOTEPHHUM TIPHCTPOEM, KA pealrisye KaHo-
HivHi piBHAHHA PoGOTH CTPYKTYpHOro asTomara Mypa, mpuBeAeHa Ha
puc. 1.4.5.
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Puc. 1.4.5
— & . - - 5 .
ae —— — (YHKIIOHATHHHI eTeMeHT, O pearisye KOH IOHKIIO,
~— 1 . ‘ -~ a . ’ .
— — (PyHKUIOHAMbHYI eTIEMEHT, AKUH peatisye U3’ IOHKIIIO;
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—- GYHKIHOHATBHUI €TEMEHT, 0 pealizye eIeMeHT
—Ar S

nam’ati (RS — Tpurep).

Konmponsni 3anumanHs

1. o posymitoTe mix iHOpMaLiiHMMH OCHOBAMH KOMII'IOTEPHOT
TEXHIKH?

2. B aKux OMHHNIAX BUMIPIOETECA KiMbKiCTE iHbOpManii?

3, SIxi cHCTEMH YHCIICHHS 33CTOCOBYIOTE Y KOMIT I0Tepax?

4, Sy CHCTEMY UHCIICHHS HA3MBAKOTH JBIHKOBOIO, BICIMKOBOIO, IIiCT-
HaIUATKOBOKO?

5. Sx nepeBoasTs wini i Apo6OBi umcna i3 JECATKOBOI CHCTEMH YHC-
JIeHHs y ABIHKOBY, BICIMKOBY T4 HIICTHA/IATKOBY i HapIaku?

6. 1o Take mpsiMuii, OAATKOBHI Ta o6epHerHH konu?
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7. Aas sxux LiRei 3aCTOCOBYIOTH JOATKOBHHE 1 0GepHEHHI KOIM?
8. I1lo Take MomudixoBaHMi KO Ta IS SKUX Lided H0ro 3acToco-
BYIOTB? : .
9. lllo Ha3MBaIOTH MAHTHUCOIO i MOPSAIKOM y ABIHKOBOMY YHCIIi?

10. 1o Ha3MBAIOTH HOPMATI3ALUEIO YHCIA Y IBifikoBOMY Koai i /s
SIKMX 1inei i1 3acTOCOBYIOTH?

11. Jattre BU3HAYESHHA JIOTi9HOT 3MiHHOT Ta M0Tiyn0l dyHKIiH?

12. ITosicHITH ceHC MOHATTS iCTOTHOT i HEICTOTHOI 3MIHHOT,

13. I1lo Ha3uBaOTH TAONUIICIO ICTUHHOCTI i A1 MOr0 BOHA 33CTOCO-
By€eTHCA?

14. o take omuc dyHKuii anreOpu noriky y Burnani anreGpaiaso-
IO BHpa3y, MOCIiXOBHOCT] HecsaTkoBux gncen? Jie iX BUKOPHCTOBYIOTH?

15, SIxy dynxuio anrebpu noriku Hasusawts JHO, JIJTHO, KHD,
AKHD?

16. 114 9OT0 3aCTOCOBYEThHCA MiHIMI3AIisl TOriYHHX QyHKIiH?

17. l1lo nasuBaroTh 8BTOMAaTOM ? SIKi 6yBaroTs aBTOMaTH?

18. UuM Bimpi3HSIOTHCS TPHBialbHI aBTOMATH BiJl aBTOMATIB i3
maMm'aTTio?

19, 1lo po3ymiroTh it aGCTPAKTHHM i CIPYKTYPHHM aBTOMATOM?

20. I1lo Taxe cCMHXPOHHMIA i aCHHXpOHHMIT aBTOMAT?

21. SIka pisunug Mix aBroMaroM Mini, Mypa, C-asromatom?

22. Jle MoxyTs OyTH 3acTocoBaHi aBroMatn Mini, Mypa ta C-aBTO-
Matu? ‘

23. CxinmpxoMa cnocofaMi MOXKHA 3371aBaTH aBTOMATH?

24, SIx BU3HAYAOTH KUIBKICTh €JIEMEHTIB IIaM’ATi CTPYKTYPHOTO aB-
TOMATa, SKIO BiJoMa KUIBKICT CTaHiB aGCTPAKTHOTO aBTOMATa?

25. Onymits rpadigauii MeTox CTPYKTYPHOTO CUHTE3Y 4BTOMATA.

3adayi dns camocmiliHo20 po3e’asyeaHHs

1. ITepepectu uucna 127 i 0,127 3 aecaTkoBoi y ABIHKOBY, BiCiMKO-
By i IICTHAAIATKOBY CHCTEMM YHCICHHS 3 TounicTio 107 3 BukOHATH
HepeBipKy.

2. ITepesecty uncito 30,256 3 xecaTkoBOI y ABIMKOBY, BiCIMKOBY i
IICTHAAUATKOBY CUCTEMHU YHCIEHHS 3 TouricTio 107 it BukoHaTH mepe-
BipKy.

3. BukoHaTtH JOoAaBaHHA ABOX ABIHKOBHX amcen 4 = 101001, 4, =
= 111001.
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4. BuxoHatu BigHiMaHHA ABOX ABilikoBuX wacen 4, = 110010, 4, =
=101101.

5. BukoHaTH MHOXKEHH i IUTEHHS ABOX ABifikopux uncen 4, = 11010,
4, =10101.

6. IlpeacraBuTH ABiiikoBi uncina 4, = + 0,100111 4,=-0,01100
Y OpSMOMY, TOAATKOBOMY 1 00EpHEHOMY KONax.

7. BuxoHaru JofaBaHH ABiikoBHX wicen 4, = 0,011011 4, =0,10111
y MOIH}IKOBAHOMY 1OJATKOBOMY KO 38 yMOBH:

a) 4>0; 4,>0; 4+ 4,>0;6) 4>0; 4,<0; 4 +4,<0;

B) 4<0; 4,>0; 4+ 4,>0;1) 4<0; 4,<0; 4 +4,<0.

8. Buxosarn nojaBaHHs IBIMKOBHX UHCENl, HABEASHUX B 3a1ayi 7, y
MoudikosanoMy 0O0epHEHOMY KOIi.

9. BUKOPHCTOBYIOYH IUIABAIOUY KOMY, BHKOHATH JOJaBaHHSA i HOpMa-
misauiio gpiiikosux uncen 4, = + 0,010101 - 107 i 4, = - 0,101101 x
X 1 0+100

10. Cximbkyr noriuaix QyHKIif Bij #-3MIHHHUX TpHAMAIOTh OOHAKO-
Bi 3HaYeHHs Ha MPOTHISKHUX Habopax? [IpoTunexHuMH Habopamy,
HapUKIaA, U JBOX 3MiHHHX BBaxarH Habopu: <0,0> — <1,1>; <1,0> -
-<0,1>.

11. ITo6ynysatu tabmmio KapHo Ta MiHIMI3yBaTH 33 HCI0 HACTyIHi
norigHi QyHKIIl

a) f(x,y,z)=x" y v x- y- v y- zv;;
6) f(x,yaz)=x'y'zvx-y~zvx-y-ZVx —y-

NI

z
Yoo
'

N

VX
\N

l‘*‘\cl

B) f(x,¥y,z,0)= xyztvxy AVX-YZUAVX-YZAVX-Y-Z-l;

12. 3a nomomoroo apromara Mim, Mypa aGo C-aBTOMaTa omucaTH
CHCTEMH;

a) ynpaBniHHS BAHTOKHUM Ji(h)TOM TPHOXTIOBEPXOBOIO KOMILIEKCY,
[0 Ma€ KHOIIKY BUKIHKY Ha KOXKHOMY NMOBEPCi i IpaIioe TaKuM YHHOM,
IO: SKOIO HATHCHYTA O/{HA KHOIKA, TO mi)T PyXacThCs IO NOBEPKY, 1€
BOHA HATHCHYTA, AKILO HATHCHYTH ABi 400 TPH KHOIKH, TO BiH PyXa€Th-
¢ JIO HAMHIKYOr0 MOBEPXY, JI€ HATHCHYTA KHOIIKA.

6) HaKONWYCHHS YHCIIa ONUHHIDL MOAYNA 2, MO HOCTyNAIOTh A0 Hel
y BUrIAL ABiHKoBHX curHaniB 0i 1.
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13. BukopucTosyroud rpadyiunmii METOA CTPYKTYPHOTO CHHTE3Y aB-
TOMATIB PO3pOOHTH:

a) cxeMy cyMyBaHHA MOXYJs 3 aBilikoBHX curHamiB «0» i «1»;

B) CXEMY YNPAaBIiHHSA KOMII'IOTEPHEM MPUCTPOEM, 3aRaHOK Y BH-
Il a0CTPaKTHOTO aBTOMATa:

Zy

4 5 a;
1y (£2 \
Z3 .(/ \ Vs
a3 03 g2)°
iy

Komenmapi. Y panomy po3aini indopmaniini OCHOBH KOMII 10~
TEPHOI CXEMOTEXHik¥ BUKIaaeno 3riguo [14], apudmernuni
OCHOBH KOMII'KOTEPHOT CXeMOTeXxHikH — [18], noriuni ocHOBHU
KOMIT'IOTEPHOI CXEMOTEXHIKH B3aTi 3 — [5, 7, 20], a apToMaTHi
OCHOBHM KOMII’IOTEPHOI CXeMOoTexuiku — i3 [4, 17].



Po3ain 2

OCHOBN NOBYa0oBN
NONYHNX EMEMEHTIB
KOMI'I’IOTEPHOI CXEMOTEXHIKI’I

2.1. Mjoaui noriumi eneMenTyn

B xon’torepHiil cxeMOTEXHilll, B OCHOBHOMY, BHKOPHCTOBYIOTb I10-
TeHIUHHY cucteMy enementiB. IloTeHIiiiti eeMeHTH PO3PI3HAIOTH 33
CXEMOTEXHITHOK O3HAKOK — ¢HOco0OM 00’ €¢1HAHHA TiOAIB, TPaH3HUC-
TOPIB i Pe3UCTOPIB MiXk COO0K0 B TPaHMIIAX OZHIET CXeMH THTIOBOIO Ga-
30BOTO eneMeHTa. JIpHHHATO BRAXKATH, O CYKYNHICTH €JIEMEHTIB 3i
CHiABHOIO 03HAKOM IOGYTOBH CTBOPIOIOTH BHJI CXCMHOI JIOTiKH abo
mpocto noriky. OCHOBHHMHM BH/IAMH TaKoi JIOTIKH €:

1. Aioana norika (JJ1);

2. Tpanszuctopua norixa (TJI);

3. HiogHo-Tpan3ucTopHa Jorika (JTJI);

4. TpaH3ucTOpHO-TPaH3HCTOPHA norika (TTJI);

5. MOI1 — tpamzucropHa norika (p-MOII, n-MOII, KMOII).

Jionni moriusi eleMeHTH € HAHNPOCTINIMMH CXeMaMH, sKi peamisy-
10Th Joriuni ¢yHKuil «450», «I», «I-ABO», «ABO-I». Jionxi noriusxi
€TIEMEHTH HE IHJCHITIOIOTH BXITHHX CUI'HAIIB i HE BUKOHYIOTH JIOTiUHY
onepauiio «Hly. Jlorika poboru enemenTa «450» Ha iBa BXOIH X, ix,

npexcrasieHa B Tabm. 2.1.1, mobyaoBanuii joriuduil exeMenT 11 pea-
nisardi ¢ymxuil «A5O0» ua xsox miomax VD1 i VD2 — mapuc. 2.1.14a, a
4acora niarpaMa foro poGoru — Ha puc. 2:1.16,
. Jloriuna «1» Ba Buxozxi aiogHOro eneMenra «450» BCTAHOBIIOETH-
¢4 IIpy noxadi Ha oxmH aGo gBa Horo BXxoau NorigHol «1», npu AKHX
BinKkpuBaoTHCH Bianmosinni miogu VD1 abo VD2 abo oxnouacHo VDI i
VD2. Slxnio ogHOYACHO HA ABAa MIOAM MOJATH CHTHAI JOTIgHOro «O»,
Tabn. 2.1.1, to VD1 i VD2 GyayTts 3akpurTi i cTpyM y pesucTopi Ru He
HPOTIKATHME, a TOMY HAa BHXOXI TiOAHOIO JIOTiMHOTO emeMeHTa «A50»
6yne curnan «O». To6To xana noriuea xiogHa cxeMa peamizye QYHKIIO

fx)=xvx,.
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Tabauys 2.1.1

X x | fx) x1 YD1 X1 _I-—-I——'_L

—P— t
0 0 0 o I~ f(x):xlvxzo s
0 1 1 X2 \l//Dlz X2 I I
1 0 1 _IU_RH =3
1 1 1 ) | | |

a) 6)
Puc.2.1.1

Jlorika pobotu aiogHoro eiaementa «I» Ha J[Ba BXOAHM X i X, Npel-
crapiena B Ta0i. 2.1.2. TToOynoBaumii JIoriunmil enemMeHT mis peatizatii
dynxuii «J» ga gox miogax VD1 i VD2 npencrasienwii Ha puc. 2.1.2aq,
a yacoBa Jiiarpama iioro po6ota — Ha puc. 2.1.26.

+Ex

Tabnuysa 2.2.2 [HR

X x | A9 X1 vD1 X1_|-—-I_r—'|—
e t

ol oo _ .
o | 1t ] o o—j—pLB=0 0, xz___l—-L
1 0 0 X2 vD2 . . ¢
11 ] x)
. 1
\ a) 6)
Prc.2.1.2

Jloriuna «1» Ha BUXOIi AIOAHOrO eleMeHTa «/» BCTAHOBIIOETHCS
TiMBKM TOMI, KOJIM OXHOYACHO OyAyTh MPUCYTHI HOTigHI «1» Ha ABOX
Bxonax mioais VD1 i VD2. B nanomy sunazky miogu VD1 i VD2 3akpu-
BaIOTHLCH, 1 CTpyM mige B pesucrtop R,, mo Oyae Biamosinaty noriumii
«1» Ha BHXOHi AiomHOTO JOTiyHOro eaemenTa «J», puc. 2.1.26. TobTo
JaHa AioAHa joridna cxema peanizye GyHKIIO fx) = x; - x;.
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TloGynosa noriunoro aiognoro enementa « — ABO» BinfypaeTnes
HUIAXOM THAKCTIOUSHHS, HANPHKNAN, HA BXix enementa «450», puc. 2.1.1q,
IBOX JUOJHMX eneMeHTiB «UI», puc. 2.1.2a. Cxema Taxoro enemMenta Mae
BUTIAN, NpHUBEACHUM Ha puc. 2.1.3.

R ExXx3 VD3 R Ex| VD5

o \l<l‘ Dlr f(x)=x]‘xz'vx3-x40
X2 vp2 X4 VD4 . VD6 .
H H
Puc.2.13

Janma Aioyma noriusa cxeMa peanizye GyHKmio fix) =x; - XV X3+ x4
1 IpAIOE AHATIOTTYHO ONWCAHWM BMIIE CXEMaM NpH pealizauii norignoi
Qyrxuii «4B0», «I». TloOynory HiomHOro noriaHoro enementa «A50 — b
TIPOTIOHYETHCA YMTAUCBI BHKOHATH CAMOCTIHHO.

2.2, Tpau3ucropui Roriuni eeMenTH

34 1OTOMOTOI0 TPAHMCTOPHOT NOTiKY peanizyoTs dyukuii « Hl»,
«ABO — HI», «ABO». Jlorixa poGoty noriunoro enementa «HIy npen-
crasnena B Tadm. 2.2.1, cxema enemenra «HI» — ua puc. 2.2.1a, a ya-
coBa jilarpama podotu — wa puc. 2.2.16.

Tabnuys 2.2.1

a) 6)
Puc. 2.2.1
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Cxema esiementa «HI» Bkmiouae: tpansuacrop VIl n-p-n tamy, pe-
3UCTOPM KOIEKTOPHOTQ HABAHTaXEHHA Rk, 6asu RO, 3Mimenns R3um,
JoKepeno sxuBieHHA Eoc. Taky ¢xeMy YacTo Ha3HBAIOTh TPAHZHCTOPHHM

KIHOYEM.

Cxema enemenTa «HI» npamoe TakuMm yuHOM. [IpH mogavi Ha BXin
6a3m curHamy yoriusoi «1» Tpansucrop V71 BigxprBaerscs i mepexo-
JUTh Y CTaH wacuueHns. Ha xonexropi Tpan3ucropa V71 B nei wac
3’ sBngeThCA curvan «0», skuif MicTuTheA B inteprati Uxe = 0...0,48.
Sxmo wa BXiy 0a3u momaerbed noriunuii curHan «0», TO TPaH3HUCTOP
VT1 3akpuBacThCs Mif AI€I0 pe3HCTOpa Ram i HA HOTO KONEKTOPHOMY
BUXOAI 3’ABJISETHCA CHTHAI JIOTIYHOI «1», MO BiAIIOBIZAa€ BHKOHAHHIO
noriunoi dyuki « Hlp.

Joa peamnizauii noriunoi dynkuii «4A50-HI» B eneMenTax TpaH3uC-
Topuoi noriku «HI» 3’exHy0TH X KonekTopu. CXeMa TpaH3HCTOPHOT
noriku, Aka peanizye noriuny Qyskunito «4A50-HI» npuBenena Ha
puc. 2.2.2a, yacoBa Jiarpama ii poGot — Ha puc. 2.2.26, a hynxuioHaTs-

HA cXema —- Ha pHc. 2.2.2¢.

-_+E)K

Rk
fx)=xvx,

T x1f '_I l——l
VT1 VT2 - {
X2 —'—'l
R6 R3m| R6 Ram

fix)

X1 X2 t
—————
a) 6)

X1} 1 —

‘ f(x)=xvx,
x2|

8)
Puc. 2.2.2
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I3 gacomoi giarpamu BUIIMBAE, IO CHIHAI JOriuHOl «1» Ha BH-
XOJi CXEeMH 3 SBISETHCA TOAL 1 TiNBKM TOAI, KOJNH CHIHaJIH HAa BXOHaX
6az Tpansucropis V71 i VT2 GynyTs 0JHOMACHO AOPIBHIOBATH JIOTid-
HoMy «0». Ha Buxoai TpaH3uCTOpHOI cXemyu OyNe CHIHAJI NOTi4HOro
«0» 3a masBHOCTI cUrHaty «1» xo4a 6 Ha ogHOMYy i3 ii BXoAiB. ToOTO
JaHa CXeMa TPaH3MCTOPHOI Joriku peanizye dyHkmio fx) = x v x,
(ctpinka [lipca).

T peamizanii noriusol Gyukuii «ABO» Ha eIeMEeHTaX TPaH3HCTOPHOI
JoTiKy Heobxinuo Ha Buxin cxemu enementa «AB50-HD, puc. 2.2.2a, nix-
KIIOUHTH CXeMy, sKa peanizye enemeHT «HIy», puc. 2.2.1a. Hakpecnutn
TaKy CXeMy MPONOHYETHCA IUTAUEBI.

2.3. /liogno-Tpan3ucTopui JOTiYHi eJleMeHTH

Ha eneMenTax RiOXHO-TPAH3UCTOPHOL JIOTIKH PeatizyioTh omepaiil
IH3’10HKLIT 1 KOH FOHKINT 32 0ITOMOTOIC HiOMHHX €XEM, a ONepamilo 3a-
IIepeveH s BUKOHYE IHBEpPTOP HA OCHOBi TPaH3HCTOPHOrO KiItoua. Jlorika
poboty aBOX-BXimHOTO enementa «A5Q-HI» npuseneda B Tabm. 2.3.1, na
OCHOBI AKOT OTPHMYIOTH BHpa3 A origHoi byHknii fx).

Cxema IIOAHO-TPaH3UCTOPHOTO €TIEMEHTA, SKa Peaidye JIOTIYHYy Ore-
partito «ABO-Hb> nia ABOX 3MIHHHX i Ti wacoBa aiarpama poGOTH, TipHBe-
neni Ha puc. 2.3.1. i 6yayors numaxom nixkmodesHs BUXOAy QioAiB Aion-
uoro enemenra «450», puc. 2.1.1a, 1o Bxoxy iBepropa, puc. 2.2.1a.

Tabauya 2.3.1

* x | fx)
0 0 1
0 1 0 X1 VD1
1 0 0
1 1 0

X2 vp2

a) ’ 6)
Puc. 2.3.1

Cxema RiOZHO-TPaH3UCTOPHOTO eneMenta «A50-HI» npaloe Ta-
KuM auHOM. ITpu nogadi roriunoi «1» ra Gyap-skuit BXix x; 4H x, a6o
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O{HOTACHO Ha O6HABA BXOMH, Tpan3uctop V71 BigkpuBacrscs i popmye
curHaz moriaaoro «0» Ha cBoeMy BHXOJi (KoJekTopi). SKINO Ha BXOHaX
X1 TA X CXEMH OJHOYACHO MICTATRCS JIOT1UHI CHTHAIH «0», TO Mij i€l
pesuctopa Ram tpamsucrop VT1 3akpuBaeThest i Ha HOro Koiexropi
3’ABIAETHCA CUTHAJ JIOFYHOI «1», HAa HIO BKa3zye 4yacoBa Aiarpama ioro
poboth, puc. 2.3.16.

Jlorixa pobotr mBOX BXimHHUX eneMeHTiB «/-Hb npuBefeHa B Tabm. 2.3.2,
HA OCHOBi AKOI OTPHMYIOTH BHPA3 I JOTi4HOT dyHKLiT flx) = X X, .

CxeMa IiOAHO-TPAH3UCTOPHOTO €NEMEHTA, AKa peani3ye JOTidHy oIe-
pauito «/-HI» ma aAByx 3MiHHHX i Ti 9acoBa Jiarpama poSoTH, mpuBeae-
Hi Ha puc. 2.3.2. Ii 6yayoTs MIAXOM MiAKIIOYEHH BUXOLY JiOXHOTO
enementa «I», puc. 2.1.2a, 1o Bxony ineepropa, puc. 2.2.1a.

Ta6nuys 2.3.2
X
X x; | fx) tl
R Rx X1
g (1) i ro-nm 4 LI Lo
VD1
X1 X2
1 0 1 —j]— vT1 I I !
VD2 >
1 1 0 >22__1€_J Ram ) —Lr-
t

a) . 6)
Puc.2.3.2

CxeMa AiOAHO-TPAH3UCTOPHOTO enemenTa «/-HI» npaumroe Takum
gunoM. IIpu noaayi curramy norivaoro «0» Ha Oyab-sKHi BXig x| UM X,
abo omHOYacHO Ha o6a BxoaM TpaH3ucTop V'l 3akpmBacThed i hopmye
TOTI4HHI «1» Ha CBOEMY BUXOM1, Tak 8K y HeH Jac o 0a3m tpaH3ucTopa
VTl poxnanaerses noriunuii curaan «0» yepes giogn VD1, VD2, Sikmo
Ha BXOJaX X| T4 X; CXEMH OJHOYACHO MICTATHCS CHTHAJIH JOTT4HOI «1»,
TO TpaH3HuCTOp V711 BiAKPUBAETHCA, OCKINBKU A0 #ioro 6asu uepes pesuc-
TOP R NiAKITIOYAETHCA IKEPETIO XKHUBICHHA +Ex%e, | Ha HOro BUXOAi 3°4B-
JIAETBCA CHTHAI HoriyHOTo «0», Ha M0 BKa3ye 4acoBa miarpaMa poGoTH,
puc. 2.3.26.
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2.4. TpaH3KCTOPHO-TPAHIUCTOPHI J10OriYHi esieMeHTH

Enementu TTJI 3’aBrmich y pesynsrati po3sutky cxem T y na-
IOPSMKY CKOPOUEHHS KiThbKOCTi KOMIIOHEHTIB, SMEHIIICHHA €MHOCTI me-
pexofiB i ypaxyBaHHA CHEITHQIKG iHTErpamsHol TexHOIori . ['0I0BHOI0
BIACTUBICTIO eneMenTiB TTJI Gyi0 BUKOPUCTAHHA HA BXOAI Oararoemi-
Tepuoro tpamsucropa (BET) s peanizamii omepariii «/», KO BXigHi
'CHTHAITH MOCTYNATh Y BHTAAL JoTigHuX «1» i omepauii «450» y BH-
s morigaoro «O». ¥ TTJI norimi koxuuit emitep BET Buxopucro-
BYIOTH K JOTISHHH BXII.

Cxema TTJI — eneMenTa' 3 MpOCTHM iHBEHTOPOM Ha ABI BXiJHi
3MibHi X1 1 x, npuBenena ua puc. 2.4.1q, a #oro GpyHKIiOHATHHE TTO3HA-
ueHHs — Ha puc. 2.4.16.

+EX
<

fx)=x-x,

a) 6)
Pric. 2.4.1

Hana cxema ckmagaerscs 3 BET, kolekTop AKOro HiAKIIOYEHHMH IO
6as; iEBepryouoro rtpausucropa V7T2. BararoemitepHuii TpaH3HCTOD
VT1 BUKOHYE JIOTiUHY onepauiio «», a tpaHsucrop V12 — omepalito
«HI», Tomy npusenenuit Ha puc. 2.4.1a enemenr TTJ1 y ninomy peami-

3ye QyBKOIO fxi, x2) = X, - X, =x1|x2 (bynxnid Heddepa).
TTJI-eneMeHT npairoe TaxuM YHHOM. IIpH moxadi CHrHANIB JIOTiv-
HOI «1» Ha BXOAHM X| Ta X, eMiTepHi epexonu TpaHsucropa F71 3axkpu-
BAIOTHCA, & CTPYM #Horo Ga3 KoMyTyeThes y 6a3y TpausucropHa V712. B
pe3ymbTaTi BOTO Tpan3ucTopHa VT2 mix Ai€r 1HbOro CTPyMy BiakpuBa-
€ThCA 1 HAa BUXOAI Tpauzucropa V712 3’ ABIAeThCs CHIHA JIOTiYHOIo «O0».
Ane sxio Ha OyIs-AKOMY BXOAi x; ab0 x; 3 SABHUTHCA JIOTIUHUHA CUTrHAT
«0», To cTpyM 6asu Tpausucropa V11 KOMyTYEThCS B OIMH i3 HOTO BXO-
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JiB, IO MpPH3BEAE N0 3aKpUTTA TpaH3ucTopa V72 uepes BIACYTHICTD V
Horo 6asi ctpymy. Ha Buxoni noriunoro enemerta TTJI 3’ABHTECS CHI-
Haa JorigHoi «». )

Jiis 30inbIIeHHs IIBUAKOCTI i HaBaHTaXyBambHOI 3patHocti TTJI-
€1IEMEHTA BUKOPHUCTOBYIOTh CKJaJiHi iHBepTOpH. CXeMa Takoro 6azoBo-
ro eJeMeHTa IpusezieHa Ha puc. 2.4.2a, a #ioro ¢yHKIioHATHHE TIO3HA~
YeHHs — Ha pHc. 2.4.26. '

+Ex
R1 R2 R4

X1 VTt vis
> L VT2
[
& oo

X)=X; X

e _511‘ P J—

w1V Y vp2 R3 VT4 - [ =% %,

a) 0)
Puc. 2.4.2

Cxema TTJI 3i cknagauM IHBEPTOPOM CKIIAZAETHCA 3 TPHOX OCHOB-
HHX KaCKaliB.

1. Bxignnii kackan, sxuii peanizye onepauito «I» (6araroemirep-
Hui tpaasucrop VT, pesuctop R1). Jlo scix Bxoxais BET nigxmoueni
aiomu VD1 i VD2, sxi nepewkoKaoTh BIUIMBY iMIYJIBCHHUX 3aBaj
BiJI’ €MHOI NOISIPHOCTI.

2. ®azoinsepcHui Kackan (rpansuctop V712, pesucropu R2 i R3),
SKHH yOpaBise BEXiTHUMH TPAH3HCTOPaMH 32 AOLIOMOroH Nporudas-
HUX 3MiH HAIpyT Ha KOJIEKTOpi i emiTepi Tpansucropa V712,

3. Buxignuii ABoxaHabLHMI mincnaoBay (Tpamsucropu V73, VT4,
sMimytounit niox VD3, pesucrop R4). Cknanuuii iHBEpTOP YTBOPIOETE-
41 CIIITBHOI0 po60TO0 (ha30iHBEPCHOTO i BUXiZHOIO KacKauis.

Sxnio Ha eMiTepHi BXOAW BXiIHOTO KacKaly MOJATH CUIHAIM JIOTi4-
HOi «1», TO YacTHHA eMiTepHOrO CTpyMy TpaH3ucropa VT2 mine B 6a3y
TpansucTopa V714 i Binkpre foro, y 38°43Ky 3 9aM Ha iforo Buxoni 6yne
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curgan noriunoro «0O». Ilpu meoMy Tpamsuctop V713 Oyae 3akpuTHid,

TakK 4K HaNpyr#, AKa OPUHKIANACTBCA 10 HOCJIiI(OBHOT 0 BKJIXOUYCHHX IIC-

pexoziB 6a3u i xioza VD3 HemoCTaTHBO VT4 Oro BiAKPHTTA.

IIpu mozayi #a Gyap-aKAH i3 BXOIIB BXIZHOTO KaCKaJXy CHIHAIY JIO-
rivHOro «0», CTpyM Yy Koiekropi Tpanzucropa V71 Gyxe mopiBHIOBATH
HYIIIO, IO MpHBEAS X0 3aKPUTTA TpaHsuctopiB V12 i VT4 i migkpurrs
tpausucTopa VT3. Ilpu gpomy tpansacrop VI3 npaimoe B pexxyMi eMi-
TEPHOTO MOBTOPIOBAMA, TAK K Ha HOTO BXiX MOCTYIAE BHCOKUI PIBEHb
HATIPYTH 3 KOIEKTOPA 3aKPUTOTO TPaH3HCTOpa VT2, a HABAHTAKCHHAM
€ OIIip 3aKPHTOTO TpaH3ucTOopa V714,

Posrisinyra cxema enementa TTJI i3 cknagpmuM iBBepTOpOM € 6aso-
soro wia TTJI cepii mixpocxem K131, K133, K155 1a in

Jlna po6oTr Ha HECTAHAAPTHE 3aBAaHTKCHHA, HANPHKIA, pene abo
NaMIIM PO3XAPIOBAHHA 3aCTOCOBYIOTH cxemu enemeHTiB TTJI i3 Bigkpu-
THM KOJEKTOPOM, CX€Ma SKOi mpHBesiena Ha puc. 2.4.3a, a #oro ¢yHk-
HiOHATHHE TO3HAYEHHA — Ha puc. 2.4.36.

a) 0)
+HEx
.
X1 —_—
o S =55V,
X2 ; °
e o
X4
8) Puc. 2.4.3
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Cxema TTJ] i3 BiEKPUTHM KOIIEKTOPOM, SIKa TIpHBEAEHa Ha puc. 2.4.3q,
Hpamoe Takum uanoMm. 1lpu noxadi curaany ngorignoi «1» Ha Bxoan x i
X, CXEMH BiIKPHBaIOTBCH i‘paﬂsucropn VT2 i VT3, wo Bene A0 3acBi-
YeHHsA JIaMIM po3kapioBaHHs JIH. Ane sxmo Oyne CHTHAT IOTIYHOrO
«0» na OyB-aKoMy i3 BXOAiB x, abo x, , To Tpamsucropu V12 i V13 3a-

KpPHUBAIOTHCA, i Tamna [PO3KAPIOBAHHS TYXHE.
Buxonu enemenTiB 3 BiZKpHTHM KONECKTOPOM MOXHA 00’ €HHyBaTH
MDK ¢00010, TAKITIOYHBINY IIe 00 €XHAHHA Yepe3 CHiTbHHN KOIeKTOp-
HHMH DPE3UCTOp /0 JDKEpelia KUBICHHSA. CDyHIcuiona.m,Ha cXeMa TaKoro
BHKOPHMCTaHHS J{BOX €JIEMEHTIB, KOXHHUIT i3 AKHX Ma€ TeX MO xBa BXOZIH,
npUBeAcHa Ha puc. 2.4.36. :

Omxe, 3a nomoMoror enementis TTJI 3 BiOKPHTHM KONEKTOPOM
MOXHA peatisyBatu joriani Qynakuii «I-4A50-HIy.

B cxemax TTJI 3’€¢RHaHHA BUXOAIB AEKINBKOX eleMeHTiB (L€ HE
CTOCYETBCA CJEMEHTIB 3 BiIKPUTHM KOJEKTOPOM) € HEAOMYCTHMMM,
OCKiZIBKH II€ MOXKE MPHU3BECTH IO BHXOIY i3 Hajy LMX enemedrin. 3a He-
00XiAHOCTI TAKOTO 3’€AHAHHSA 3aCTOCOBYIOTH eneMentu TTJI, sxi MaroTs
TPH cTaHd. Enexkrpyuna cxema Takoro eleMeHTa NMpHUBEACHA Ha PHC.
2.4.4q, a tioro dyrkmionaneua — Ha pHc. 2.4.46.

5

X1 2 v
vT1 X2
X1 —{71
X2 X3
> Ll P
| X 9
VD1
Z _J72
g
a) 6) 6)

Puc.2.4.4
ABa crapm Buxoxis 3BHuaiigoi TTJI — ne 3Buuaiiva BUEaya 3HA-

YeHb JIOTiYHMX CHTHAMiB «1» abo «O». Tperilt cran TTJI xapakrepusy-
€Thcs 6€3MENKHO BEITMKHM BHXiIHMM OIOPOM, KOJTH EJIEMEHT NPAKTHYHO
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TMOBHICTIO BUIKTIOYAETHCA Biji HABAHTAKEHHS, TOOTO HE CIIOXKHMBAE 1 HE
BujIae cTpymy. L4 BracTHBICTh enemeHTa MOxe 3a0esnevyBaTHcs pa-
IOM CXEMHHUX DillleHs, OJHE i3 SKHX IpHBedeHO Ha puc. 2.4.4a. 114 cxe-
Ma TpAaIoE TakuM upHOM. IIpy mozadi RorigHOro curaainy «1» Ha
ympasnsoumii BXin Z cxema TTJI nparoe sk 3pudaiinuii enement «/-Hly,
poGora skoro Oyina ommMcaHa BMINE VIS CKIATAHOIO iHBEPTOpPA, PHC.
2.4.2a. SIkmo Ha yupaeiasiounii BXig Z TOAAETHCS CHIHAN JIOT1UHOTO
«0», To emitep Tpamsucropa VT1, xoiekrop TpaH3ucropa VT2 i Oasza
TpaH3ucTOpa V73 MAKTIOUAIOTECA Yepe3 BIKPUTHHA Xiox A0 JTOTiTHOTO
curHany «0». B TakoMy Bunajaky BCi TPaH3WCTOpH OyAyTh 3aKpHTi, i
SIEMEHT TIEPEXORUTH Y TpeTiii cTad. [lpu 06’ eaAHaHAI BUXOAIB eneMeH-
TiB 3 TppOMa craHamu, puc. 2.4.4B, Ha ynpasisodi Bxoxu Z1, Z2 cur-
HAIM NOBHHHI HAJIXOMHTH TUTHBKH TOCIiZOBHO.

2.5. Jioriuni enementn na MOH-Tpan3sucropax

MOH-Tpan3icTOpE MMOTH CTPYKTYPY MeTad — JAieeKTPHK —
HANiBOPOBITHUK i B CIIiINbHOMY BHIIAAKY HazuBaiothcs MJIH — Tpan-
3UCTOPaMH. AJIe 9epe3 Te, 10 B AKOCTi JieTeKTPHKa B HUX BUKOPHCTO-
BYIOTb OCHOBY OKcHay SiO;, To ix HazuBaroTh MOH-Tpansucropamu.

Bei cxemn Ha MOH-TpaH3UCTOpax XapaKTEPU3YIOTHCS BiTHOCHOO
[POCTOTOI0 BUTOTOBICHHS, KOMIAKTHICTIO, AyKe€ MANOI0 CIOXHBAHOIO
IOTYKHICTIO, BEMMKOIO 3aBaJOCTIAKICTIO 10 3MiHM HANPYTH KUABICHHS.

MOH-TpaH3uCcTOp CKIaAAETHCA i3 3aTBOPa (3). BUTOKY (/) i CTOKY
(C). MOH-Tpansuctopu 0ysaioTs aBox sumis: p — MOH i n — MOH.
Jins p-kasany NONAPHICTH CTOKY Bift'€MHA, a I #-KaHATY — AONATHA. |
Ymosde nosznaueHnss MOH-1paH3pcTopiB IpuBeAeHO HA pHC. 2.5.1.

C c

a) 6)
Prc. 2.5.1
Ha puc. 2.5.1a noxa3ano Tpausuctop i3 p-MOH kaHamoM, a Ha

pHc. 2.5.16 -— i3 n-MOH xananom. ITij kaHATIOM PO3YMIIOTh TIPOBIAHH-
KOBHIi TIPONIAPOK M)k BUTOKOM i CTOKOM, BENHYMHA CTPYMY B SKOMY
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BH3HAYAETHCA 38 JOMOMOIOK €ICKTPHYHOro nois. LIpH HyasoBOMY
3HaYEeHH1 YNPaBJIAI090i HAPYTH KAHAN y TPaH3KCTOpi Gyze BincyTHiM, i
CTpYM y TpaH3uCTOpi He mpoTikatumMe. Kanan, SKHi yTBOPOETHCA I
TI€K0 30BHIIIHBLOI YMPABIAOYO! HANPYTH, HA3HBAKOTH IHAYKOBAHHM.
Hanpyry, nipu sixii yTopioeTbes KaHaI, Ha3HBaOTh noporosoro Un. s
n-MOH Un =+ (1, 5,..., 2)B, a 1a p-MOH Un =~ (5, ..., 7)B.

Ieuakonis n-MOH Tpansucropis y 5~8 pasie Gineina mBsHAKO] p-
MOH Tpan3uCcTOpiB, TaK AK PYXOMICTH NEKTPOHIB 3HAYHO Ginpmia py-
xomocTi Aipok. ¥ MOH-cxeMax MOBHICTIO BHICTIOUEHI PE3HCTOPH, 1 iX
poas BukOHYI0TE MOH-1pan3ucropH. Lle nae MOXmmBicTs 10A4ATKOBO
CIPOCTHTH TEXHOMOTIIO BUTOTOBIICHHS IHTErpallbHUX MIKPOCXEM 32 pa-
XYHOK BHIy4Y€HHS BCiX IACHBHHX E€IEMEHTIB (PE3HCTOPIB).

Cxemu noriynux enemenris «Hl» na MOH-TpausucTopax Juis pis-
HUX KaHajiB MpUBECHI Ha puc. 2.5.2.

-g)x +§)k
vT1 vT1

vz pRsy, viz p=%

a) 6)
Puc.2.5.2

Ha puc. 2.5.2a npuBeneHa cxema JoriuHoro ememenra «Hl» pna
p-Kapaly, a Ha pHc. 2.5.26 — 1514 n-KaHaiy. B 00ox cxeMax TpaH3mC-
TOp V11 BHKOPMCTOBYETHCA B SKOCTI HaBaHTAKYBAILHOTO, A% TOTO
mo6 curHan norigagoro «0» 6y meHmmM 0,1B, HeoOxigHO w6 omip
Tpansucropa V71 Oym 3HauHO GUNBIMMM 3a onip Tpauswctopa V72. B
cxemax Ha p-MOH rpanwsucropax ormip kanany tpansucropa V11 B 25
pasiB Oinpiumii oropy xaHany tpamsuctropa F72, a cxemax Ha n-MOH-
TPaH3UCTOPAX 1€ CHIBBIAHOMEHHS OIH3bKO YOTUPHOX.

CxeMH Jioriygoro enemendta «Hi» mpaiorOTh TakuM 4ugoMm. Ko
Ha BXiJl CXeMH HAJXOAUTH HANPYTa, AKa MEHINA, HDK TOPOTOBA HAINPYTa
TPAaH3HCTOPA, TO TPAH3UCTOP VT2 3akpHTHH, a TpaH3uctop V71 Biakpu-
THH, i Ha BUXOAi cxemu Oyne Hanpyra 6mM3bka o 3HaveHHs Eoc, To6To
CHrHay JoriaHol «1». TIpu moxadi Ha BXi cxeMu Haupyrd 6inbirof 3a
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TIOpOTOBY HAIPYTY (cnrHaJl sorigHoi «1»), To TPAH3HCTOP VT2 Binkpu-
BaE€THCA i Ha HOTO BHXOM1 3’ ABIMETHCA CHIHAI JIOTIYHOro «0».

Enementn «ABO-HI» B cxemax MOH yTBOpIOIOTECS HapasieIbHEM
3’€XHAHHAM BXiAHHX TpaH3HCTOpIB, puc. 2.5.34a, a enemenrd «/-Hl» —
NOCIiAOBHUM, pHC. 2.5.30.

Ex
Ex VT
VT |
I S(x)=x- xi‘)
S@) =xvx o VT2
viz | vi3 ’51_@:
X1 x2 VT3
ol
a) 6)
Prc.2.5.3

Ha suxogi enemenra « 450 — HIy» noriunmit curnan «0» 6ynae Toxi i
TINBKE TOXI, KO Ha OyAb-IKOMY i3 BXOXIB x; a6o x, Oyme npucytHii
CHIHAJ JOrigHOI «1», a curram «1» Oyae Ha Buxoxni enementa «AB0 — HIy
332 yMOBH, Koiu Ha 000X BXOomax x; i x; 6yne npucyTHiil curaam «0»,
puc. 2.5.3a. Ha Buxoxni ememenra «/ — HI» moriynmii currain «0» Gyne
TOJi i TUILKH TOAi, KONH oxHO4acHo Oyzne npucyTHil curHan «1» Ha
BXOHax x, ixy, puc. 2.5.36. To6To B 1eH 9ac OJHOYACHO BIIKPUBAIOTHCS

Tpausucropu V12 i V'T3. Curnan «1» Ha Buxoxi enemenra «[ — Hl» 6y-
e TIPUCYTHIMN y BANaaKy, kony Ha Gyab-gKkoMy i3 HOro BXouis x; aGo x;
6yne mpucyTHi#i curnan «0», e 3acBigUye, M0 OAMH i3 TPAHIUCTOPIB
VT2 abo VT3 3aIHImmThCs 3aKPHTHM.

VY xommnemertapriiit MOH-cTpyKTypi B cXxemax OfHOYACHO BHKO-
PHUCTOBYIOTBCA ¥ i p-kaHaNbHi TPaH3UCTOPH. TOMY TaKy NOriky Ha3HBa-
01 KMOH. Cxemu enementis «HIp, «ABO — Hl», «I — HI» Taxoi mori-
KU TIpHBeZeHi Ha pHC. 2.5.4 BiATOBiAHO.

Enement «HIy, puc. 2.5.4a, noOyxoBaHMii Ha ABOX TPAH3UCTOPAX 3
iHIyKOBaHMME KaHalaMHM. Bxiguuit xanan noOynoBanuii Ha TPAH3NUCTO-
pi VT2 3 xaHAIOM M-THUILY, 4 3aBaHTAXYBATBHHI — Ha TPaH3HCTOPi
V'T1, NigKTOYEHOT0 10 IKepesia KUBIEHHA +Eoc.
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+Ex
vT1
Vv
VT | f(xX)=xvx,
X1 | ' VT4
c y
o |
X2
a) 6)
+E)K
2%
S@) =5 %
X1
X2
[lo SR
c)
Puc.2.5.4

Enement «Hl» npamioe takum unaoM. TIpu nogadi Ha #oro BXxig j1o-
rigeoro curnany «1» rpansucrop V72 BiakpuBaerscs, 71 — 3akpusa-
€ThCA i Ha BHXOZI eNlemMeHTa «HI» BCTAHOBIIIOETHCS CHTHA JIOTTYHOTO
«O». Skmo Ha BXix Tpausucropa VT2 mopaTu curHas Joriusoro «0», To
B eneMeHTi «HIy BinGyBaeThca Bce HaBIIaky, ToOTO Ha HOTO BHUXOJi
BCTAHOBUTHCH CHTHAI NOTIUHOT « 1».

Ha puc. 2.5.46 nmpuseacna cxema KMOH enemenra «450 — Hly,
AKa TPAIIOe TAKUM YHHOM. SIKIMO Ha OyAb-4KOMY 3 BXOJiB x; 260 x;
[IOSABHTHCA CHrHan noriyaol «1», To Tpansuctopyu V713 abo V714 Bigkpu-
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BaIOTHhCA | Ha BUXOi €JIEeMEHTa HOABATECA cCHrHan «0», Tak sk B el gac Tabnuys 2.6.1
Oyze 3akpuTHIT OAHH i3 Tpam3ucTopis V711 ab6o V12. Anme SKHIO Ha BXO-

Jax xp i X, OMHOYACHO 3’ ABJIMIOTHCA JOTiHUHi CHrHAIH «0», TO TpaH3uc- Hajimenypanns HaiimeHyBaHHA ' Pynsuionansne
topu VT3 i VT4 3axkpusarotbes, a Tpansucropu VI i VT2 Bimkpusa- onepany cemen® kb
IOTHCH, | Ha BUXO/i eJIEMEHTa 3° ABJAETHCH CHIHAM JIOTIYHOT «1». ' 1 B
Ha puc. 2.5.4¢ npusenena cxema KMOH enementa «l — Hi», sxa 3anepedeHns «HIy ] e
npamoe TaxkuM urHoM. TIpH ogHovacHiil moaadi JIOriYHOTO CHrHATYy «1» ’
HA BXOIM X; 1 Xz, Tpausuctop VT3 i VT4 BiakpusBaroThCA i HA BUXOII €i1e-
MEHTA 3’ ABJSETHCA JIOTTuHMMA cHrHan «0», Tak sk Tpansuctopu V111 V12 B ' % Fa X%
mei yac OyayTh 3axkpHri. K0 HA OJHOMY i3 BXOHIB X1 a60 X, 3’BHTHCA " Kon 1ouKist «I» *, —
CHIHAI JIOTIYHOTO «0», TO OIMH i3 MOCTiZOBHO 3°€IHAHMX TPAH3UCTOPIB - ]
VT3 abo V74 3akpuBactThes, a ORUH i3 Tpau3ucTopis V71 abo V12 Bigkpu- .
BAETHCH, i HA BUXOJ] e1eMeHTa 3’ ABISETHCA CUTHAI JOTTUHOT « 1. ' —= 11 x VX,
TakuMm ynHOM, B ereMenrax cxeM KMOH y cratuuHOMY pexxumi Hu3’ronKitis «AB50» X2 - -
MpOTiKae OyXKe MaJeHbKuM pobounit cTpyM, Tak SK IPU BiIKPUTUX BXi- T
AHMX TPAH3UCTOPaX 3aKPHTI HABAHTAKYBANbHI i HABIAKH. ‘ P
Termep 3Haiiuum 3acrocyBamus Taki cepil Mikpocxem KMOH cryk- - Banepedenms —— s FR oY
Typu: 176, 561, 564, KP1554 i KP1561. KOHIOHKILii «l-Hl» Xz S
(byuxuis Mledppepay | | ——r
2.6. (I)ymcuionam:ﬂi TO3HAYEHHS J]Ol“i‘?lﬂlx €1eMeHTIB Samepescins o\ 1 | o
KOMIF'FOTEPHOI CX€MOTEXHIKH A3 oHKIg «ABO-HI» X [ 7t 772
) (crpinka Hipca) — —
Jloriani ¢yukmii, IX 03HaUEHHA, IIO3HAYCHHS 1 BIIACTHBOCTI IIpHBE-
neri B § 1.3. Cxemy, sixa peanisye eIeMEHTAPHY TOTIYHY OIIEPaIliio, Ha- N
3HBAIOTH €JeMEHTOM. ‘ Hepinaosnaumicrs «Buxmouaioue R T ®x
HaiimenyBaHHs i GyHKIIOHATEHI NO3HAYEHHSN OCHOBHHX JIOiIHHX ABO» -
€JIEMEHTIB 3TrifiHO 3 HOPMATUBHO-TEXHIYHOK TOKYMEHTAINCIO, HABEAEH]
BTabn. 2.6.1. SRS vy p—
Hageneni B Ta611. 2.6.1 JOTiuHi eJIeMEHTH € 6a30BMMH HpH HO6Y0Bi ExBiBaieHTHICTD «Exeieanesnm- X | ¥ Dx;
Pi3HO-MaHITHHX CXeM KOMIT OTEPHOI cxeMoTexHiku. s nobynosu jo- womer e =
TiYHHX EJIEMEHTIB, NPEACTaBIIEHHX y Tabl, 2.6.1, BUKOPUCTOBYIOTH pis- .
HOMAHiTHI CHCTEMH €/I€MEHTIB, AKi OyIH po3riaHyTi B IIONEpENHix ma- G % v
parpadax {aHoro posuiiny. , Tmmrixanis «HHxugo, mo» x L
JlorigHi eneMeHTH HaBeneHi B Ta0I. 2.6.1 mpauwolOTh HACTYIIHAM —
YyKHOM. SIKmno Ha BXix enemeHTa «HI» monaru noriuamii curHan x = 1,
TO Ha Horo BEXOJi Oyze norignmit curaax «0» i pasnaku. Ilpu nopawi __xi__r:&_ | -
Ha Joriunmit enemenT «/» curHamis x; = 1 ix; = 1, Ha ¥oro Buxoxi 6yae 3a6opona «3a6oponar % G
CUTHAN X - Xz = 1, a y BCIX iHOMX BHOAAKAX — cHrHal «0». ' S
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Buxonarns onepauil au3’10HKIII Ha enemenTi «4BO» Bigbysaerbes
HacTyrnHauM gyuHoM. IIpu nogaui curHanie x; = lix; =0abox; =0,x, =1
abo x, = 1, x, = 1 »a ¥oro Buxoxi 6yae curran x; Vv x; = 1, To0TO Ha BH-
xozi eneMenTa «4A5O» B €XHHOMY BHIIAAKY OyAe curaan «0», SKmo Ha
#oro BXoxax x; i x, 6yze ogHOYACHO TIPHCYTHIM CHIrHAT «0%.

ITpu noxaqi Ha BXix enemenra «I-Hl» curmanmis x, =1 i x, =1 Ha

#oro suxoxi Oyne curHan x, -x, =0, a y BCiX iHIIMX BANANKAX —— CHT-
Han «l». Enement «I-HI» peanizye ¢yukuiro 1lleddepa. Bin mmapoko
3aCTOCOBYETHCSA NpH MOOYROBI iHTErpabHEX MiKpocxeMm.

Enement «ABO-HIy npaiioe HacTynmHuM d9mHOM. IIpw nojadi na
HBOrO xoua O oxHOrO curaama «l» Ha #Horo Buxoiai Oyme curHan

x, v x, =0. Cursan «1» Ha Buxoai enemernTa «450-HI» Gyzne B exuno-

MY BHUI3IKY, KO Ha HOro BXoxmax x; i x, Oyae 0HOYACHO MPHCYTHiM
cursai «0». Jlanuii eneMeHT peanizye Gynkuito «cmpiaka Ilipca.

Enemeur «Buxiovaroue ABO» Bukouy€e PYHKIIIO HEPIBHO3HATHOC-
Ti # npamoe HacTynHAM YyrHOM. Ha BUXOM1 AaHOrO e€NeMeHTa BHHHKAE
CcHUrHan «1» TUIBKH TOMI, KOmu Xoua 6 Ha 0gHOMY BXOAL X; a00 x; € CHI-
Han «1». Y BCiX IHIMX BHIAAKaxX HAa BHXOXL eleMmeHTra «Burmouaroue
ABO» npucytHiil curaan «0».

EnemeHT «EKgigaacHmuicmpy» € eIeMEHTOM 3anepeteHHs «Buiowo-
uqrowozo AEO» 1 Ha HOTO BUXOJI 3’ ABIIAETHCA CHIHAN «1» TOZI, KOJIH HA
HOro BXojax x; Ta X, OMHOYACHO IIPHCYTHI curHAmy «0» abo «1». ¥V Bcix
iHMX BUMAAKaX Ha HOTO BUXOAI PUCYTHIM CHrHAT «0».

Enement «Jxwo, moy» peanisye noriuny QyHkiino iMutikanii i mpa-
IIO€ HACTYTTHUM urHOM. Ha BHXOZi JaHOro ememenra cUrHa Gyne Bi-
CyTHi# TiNbKY B €IHHOMY BHIIQIKY, KOITH Ha Horo Bxozi x; Oyzae curaan
«1», a Ha BXOZi X, — curHAN «0». V BCIX iHIIHX BHNAAKax CIEMEHT
«Hrwo, mo» BANAE cHrHAT «1».

EnemenT «3a6opora» npauioe HaCTYITHHUM YHHOM. SIKIIO Ha BXO-
Ii maHOro eneMeHTa Xx; Oyne mpHCYTHIiM curHanm «1», T0, HE3AIEKHO
Bij 3HAuUeHHs CHIHANY Ha BXOXi X;, Ha Horo Buxoxi 3aBxau Oyxe
npucyTHili curnanr «0». Tobro, BXin x; emeMeHnTa «3abopona» € Ho-
3BOIAIOUHM a00 3a60pOHAIOUNM B 3AI€KHOCTI Bifl 3HAUEHHS CHTHATTY
Ha AZHOMY BXOJI.

PosrianyTi MOriuHi €MeMEHTH IHNUPOKO 3aCTOCOBYIOTHCH Iist mOGY-
J0BH JNOriuEHX KOMOiHanifHUX cxeM y KOMII'IOTepax, TaKuX, 9K JElId-
dparopy, mMubpaTOpH, MyILTHILIEKCOPH, AEMYJIBTHILIEKCOPH, CyMaTo-
PH Ta KOMITapaTOpH.
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KoHnmponbhi 3anumanis

1. Sxi noriuni ¢pyHKmii MOXHa peani3yBaTH Ha AIOZHHX i TpaH3HC-
TOPHHX €ICMEHTax?

2. SIki noriuni QyHKuii MOXKHA peamizyBaTd Ha mozmo—rpamnc'rop-
HUX i Ipanmcmpno-rpauaucmpnnx eneMeHTax?

3. Sxa pisHHUA Mik eneMeHTaMH, nobynosaryMu Ha MOH i KMOH-
TpaH34ucTOpax?

4. Sk i3 enemedTiB, noﬁynosa}mx Ha MOH i KMOH, 6insure 3a-
CTOCOBYIOTBCS B npomncnoaocn i yomy?

5. Yum BiapisaseTsca TTJI-norika Big KMOH-nonKH‘? Sxa 3 mux
JIoTiK € OLIBIN MEPCHEKTHBHOKO i YoMy?

6. Hakpecrnite ¢yHKUioOHaILHI HO3HAYCHHA eJIeMenTiB: «HI»; «ABO»,;
«I»; «ABO — HI»; «I — Hly; cyma 3a mod 2; iMIutikanis; 3a6opoHa.

3adayi dns camocmiiino20 po3e’sa3yeaHHs

1. 3asanaaumu Oyaxuiamu flx, ¥) =x-yvx-y; fix, y)= x-yvx-y
no0yayBaTH JIOTiYHI €leMEHTH, BUKOPHCTOBYIOUM TiOAHY i aioaHo-
TPaH3UCTOPHY JIOTIKY.

2. 3a napumu dyaxuisvu fx, y) = x- yVv ;;f(x, y)=yv x ooy~

JIyBaTH JIOTi4HI €NEeMEHTH, BHKOPHCTOBYIOUM TPAH3UCTOPHO-TPAH3HC-
TOPHY JIOTIKY.

3. 3a zaganumu dyHkmismu flix, y) = x v; ;e y)=x-yvx-y
noOyaysatw Joriusi enemextd Ha MOH-TpansucTopax.

4. 3a 3axanpmMu QYHKLOiSSMH NPHKIAAY 3 noOyayBaTH JOTidHI ene-
menTH Ha KMOH-Tpan3ucTopax.

Komernmapi. B 1anoMy po3nini koMn’i0TepHOT CXeMOTEXHIKH
o0y 10Ba JIOTIYHKX €NEMEHTIB i3 BUKOPHCTAHHIM Ni0AiB i Tpan-
sucTopiB B3sTa 3 [3, 18], TTJI-enementin Bumueac 3 [10, 24],
a enementiB MOH i KMOH — 3 [13, 18].
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Po3ain 3

CXEMOTEXHIKA NOByQoOBN
KOMBIHAUIAHNX CXE

3.1. Cxemorexsika no6y10BH
nemugparopis Ta mudparopis

Osnauenna 3.1.1. lemundparopoM Ha3uBaIOTh (PYHKIiOHANEHUIL
TPHCTPIif KOMIT I0Tepa, IPU3HAYCHUI LA IIEPETBOPEHHA KOXHOI KOM-

Gimanii BXiHOrO ABIMKOBOTO KOAY B VIPABISIOUMM CHIHAN TiTbKH HA

OIOHOMY i3 CBOIX BHXOIB.
OYHKIIOHYBaHHS MOBHOI'O NemHGPATOPa OMHUCYETHCA TAKOIO CHC-
TEMOIO JIOTIYHHX QYHKITiiH

f=% % X E, G.11)

€ X, X,, ..., X, — BXi[Hi ABiiikoBi 3MiHHI Aemmdparopa;

JSo» fis s frny — BUXiAHI HOTivHI QyHKNIT Zemmdparopa.

Buxig penmdparopa, Ha AKOMy 3’ SBIAETbCA YOPABIAIOYMH CHIHA,
HA3UBAIOTH AKTHBHUM. SIKMIO 3HAYEHHS CHTHANA HA aKTHBHOMY BHXOIi

- IOPIiBHIOE «1», TO Ha BCiX iHIINX NACABHMX BUXoJax Aeumdparopa cH-
FHAIM JOPiBHIOIOTH «(.

AxruBHMi BHXiN Aenmdparopa B iHTErpAIEHOMY BHKOHAHHI YacTO
BizoOpaxacTscsa 3HAYESHHsIM NOTiYHOro «0», a Ha PellTi NaCHBHMX BH-
xonax BiH nopisHOE «1». Toai GyHKIiOHYBaHHS TOBHOTO Aemudparo-
pa 3 IHBEPCHHMH BHMXONAMM OIIMCYETHCA TAKOK CHCTEMOKO JOTIUHMX
$ynkui
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Qg =Xn VEn-1V..VX2VX,

9, :xnvxn_lv...vzzvxl, (3.1.2)

Qs =X, VX, V..V X VX,

e 9,. 9, ..., 9, — BHXinai noriuni Gyskuii gemudparopa.

Ans moGyxosu aemmndparopa BHKOPHUCTOBYIOTh HACTYIIHI KPOKH.
Ha niepiromy xpori i3 cucremu goriganx dyukmiit 3.1.1 a6o 3.1.2 ofwn-
parotp QyHxuil, AKi HeOGXiTHO BUKOPUCTATH JUISA NPOEKTYBAHHS 33/1aHO0-
ro zemmdparopa. Ha apyromy kpoui 3a BuGpaHuM piBHSHHSIM y HeoO-
Ximmiit enemenTHiit 6a3i 6yxyioTh moTpiOuuit aemmdparop. Tak, HaIPHK-
nax, HeoOximHo mobyysary nemmdparop i3 JOTHPMa aKTHBHUMH BHXIA-
HHMMH CUTHATaMH «1» i aemmgparop i3 JoTHpMA aKTHBHHMH BUXiTHHMH
curHanamu «0». 11 IbOro Ha mepIIoMy Kpotli iX moOyoBH CKiafaoTh
piBHAHHEA X po0OTH, AKi MAIOTh HACTYNHHMIA BUTTISI BiAMOBIAHO:

fo=x2-xy fi=x2:%5 f=%x; fi=x,-X. (3.1.3)
Qo=x2Vxi, Q=x1vx, Q,=x,Vvx; ¢,=x,vx. (3.1.4)

Ha npyromy kponi s nodynoBr acmiudpaTopiB BUKOPUCTOBYEMO
Joriuni eneMenTH, ski Hasenaeni B Tabn. 2.6.1. Cxemu xeumdparopis,

nobyaoraHi 3a noriunumy pisasHHamu 3.1.3 i 3.1 4, siamosinyo, npu-
BeAeHi Ha puc. 3.1.1a i puc. 3.1.16.

&1 s 0 Gt N
& 1]
i1 n 1 R
X
&1 4 i S
a) 6)

Puc. 3.1.1
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Ha puc. 3.1.1a npuBenena cxeMa nemm@paropa 3 aKTHBHHM BHXiJ(-
HHAM CHTHAIOM «1», a Ha puc. 3.1.16 — 3 aKTHBHMM BHUXIIHHM CHrHA-
noMm «0p». Hani gemmdparopu € ainitamvm. Jorika ix poGory Ha xBa

. BXOMH X, i X,, YOTHPH TPSAMHX BHXOIH (ﬁ,,ﬁ,fz,fs) i HYoTHpH iHBEpPT-
HEX BEXOZH (@, @, @,, ¢;) npuBesena B tabm. 3.1.1 i Tabm. 3.1.2 sig-
TIOBiAHO. ' '

Tabnuys 3.1.1 - Tabnuys 3.1.2
X, x Jo A £ b X3 X 9, ¢, @ 1 0
0 0 1 0 0 00 0 1 1 1
0 1 0 1 0 0 0 1 1 0 1 1
1 0 0 0 1 0 1 0 1 1 0 1
1 1 0 0 0 I 1 1 1 1 110

SAx BuaHO i3 Tabn. 3.1.1 i rabn. 3.1.2, norika QyHKIiOHYBaHHA 1€-

nmdparopis Bixnopixae pispsaaaM 3.1.3 1 3.1.4, 3a sxumu Gyaysamucs

nani aemupaTopH.
YMOBHO rpadiune To3HadeHHA AeuMdparopa HA ENEKTPHYHHX
cxeMax IPUBCAEHO Ha pue. 3.1.2,

ESENEA o
| RER
|, DC e a DC
bc X2 f: x
] : ‘ ] 2 2 SR, 2
I lfz ifl £ £
v 3
a) 6) 6)
Puc. 3.1.2

Ha pnc. 3.1.2q npusenero dyHKiioHanpHe O3HAYEHHA Aenmbpa-
TOpa Ha cXemax, a Ha puc. 3.1.26 i puc. 3.1.2¢ -— Ha IPUHHMITIATEHHX
cxeMax. Jlorigny dynkmio aemmdparopa nosHauaiots Oykeamu DC
(decoder). MiTku 1iBOTO J0OAAaTKOBOIO TOJIS B YMOBHOMY IO3HAYEHHI
Zemudparopa Ha NPUHOMILATBHUX CXeMaX BIATBOPIOIOTEL HECSTKOBY
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Bary BXiZHHUX 3MiHHMX, @ MITKH TIPaBOTO HOAATKOBOTO MO BiTIOBiAAIOTH
IEeCATKOBHM €KBiBameHTaM BXixHux koMOimaniii IBIIKOBHX 3MiHHHX.

- B xoMmr’orepax meIunppaTopH BHKOPUCTOBYIOTE /i1 BUKOHAHHA
TAKUX OTIepalliii:

a) memmdpauii Koxy onepaliii, 3aHCaHOTO B PETiCTp KOMAHI Ipo-
necopa, mo 3abesneuye Bubip HeOOXiTHOI MiKpOTIPOrpamy;

6) mepeTBOPEHHs KOLY aApecH OmNepanid KOMAHIH B yIPABIAOU
CHTHAIHM BUOOPY 3aAaHol KOMIpKM HaM’4Ti B IIpoueci 3anucy abo 4m-
TaHHA iHpOpMaIil;

B) 3a0e3meucHHs Bi3yaii3arii Ha 30BHIIHIX IPUCTPOSIX;

r) peamizamii MOTiYHUX omepaliif, mo6ya0BH MyJbTHIIIEKCODIB i
JNEMYIIbTHILIEKCOPIB.

Osnavennsn 3.1.2. Mlngparopom Ha3zuparoTh QYHKIOHATEHUH NPH-
CTpifi KOMIT'10Tepa, MpH3HAYEHUH IUIA NICPETBOPEHHS BXiAHOIO m-po3-
PANHOrO YHITAPHOTO MO3KIIAHOIO KOAY Y BUXITHHI n-po3psAnHuil ABiH-
KOBHI MO3MINITHHHA KOJI. v

IsiiikoBi mmudpaTopy BUKOHYIOTE QyHKIiI0, 06epHeHY yHKIT ae-
wndparopa. Ilpu axrusizanii ogHoro i3 BXOAiB mmgparopa Ha HOro
BHXOMaX POpMYETHCA KOA, AKUii BiZoOpakac HOMEP AKTHBHOTO BXOAY.
Tosuwuii qBiiikoBHii LmdpaTop Mac m =2" BXONIB i #-BUXOAIB.

Jlna mo6ymor nmmdpaTopiB BEKOPHCTOBYIOTH TPH KpokH. Ha miep-
LIOMY KpOIIi 32 TOTIOMOTOK T20nu1i GyHKIIOHYBaHHS OITUCYIOTE pobo-
Ty HeobxinHoro mudparopa. Ha apyroMy kpolli, KOPUCTYIOUHCH Tab-
JIMIEI0, 3HAXOAATH JIOTiuHi piBHAHHA poboTH mubparTopa, 32 AKAMH Ha
TpeTbOMY Kpoui Oymyrors cam mudparop, Bubpasiiu HeoOXifHy eje-
MeHTHY Gasy. Tak, Hanpukiaan, HeoOXiaHO MoOyayBaTH ABiKOBUH 1M-
dparop 3 m = 8 in = 3. Toxi, BUKOHYIOUH KPOK Nepiumii, Oyxyemo 1ab-
oMo QYHKIOHYBaHHS Takoro nmdparopa, ska ais m = 8 i n = 3
naseqena B Tabmn. 3.1.3.

Tabnuys 3.1.3

. Buxiy Buxin
Bxix Bxix
x; X, x X3 X, X
@ 0 0 0 [0 1 0 0
¢, 0 0 1 @5 1 0 1
®, 0 1 0 Ps 1 1 0
05 0 1 1 @, 1 1 1
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Ha napyromy xpoili, KOpHCTYIOUHCh TabmHuner0 GyHKIiOHyBaHHA
mudparopa, 3HAXOXMMO JIOTiUHi piBHAHHAA HOro poboTH:

=G VO, VO, VP, X, =0, VPV VP
X3 =@, Vs V(p(,v_(pr (3.1.5)

Jna peanisanii piBuses 3.1.5 Ha enemenrHilt 6asi «/-Hly, sxa mu-
POKO 3aCTOCOBY€THCA B MEpUDEPifHUX NMPUCTPOSX KOMIT IOTEPIB, Hepe-
TBOPIOEMO X 33 3aKOHAMHM anreOpy JOTiKY HA TaKHH BHI:

x1=¢1'¢3'65'—(2;z§ _icz i@z_'__s'@s'@ﬁ ’
X3 =Q, Qs - Qg - Q. (3.1'.6)

Ha tpersomy xpomni, BukopucToByHO9H piBHAHEA 3.1.6, 6yayemo
cam mmgparop, HaBeJieHHH Ha puc. 3.1.3.

PP PPy Py P39y
! |
s I

Xy

Xz

Puc.3.1.3

YmoBHO rpatidae o3HaueHHa wudparopis Ha cxeMax HaBe/eHi Ha
puc. 3.1.4.

Ha puc.-3.1.4a npuseneno q)yHKmoHa.nLHe no3HaYeHHA mudparo-
pa, a Ha puc. 3.1.46 — npusnpmiansHe. Jloriuny Qynknio mudparopa
mo3HauaTh 6ykBaMu CD (coder). Bxonu mudpaTropa HyMepyoOTh
madpamu (0, 1, 2, ..., m—1), a MiTKH BHXOAIB BiATBOPIOIOTH Bary BH-
xiymnax apilikoBuX 3minmmx (1,2, 4, ..., 2" ).
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6)
Puc. 3.1.4

B koM’ 1orepax mupaTtopu BUKOPUCTOBYIOTh I BUKOHAHHA Ha-
CTYNHUX QyHKIH:

1) TepeTBOPEHHs YHITAPHOTO BXiTHOTO KOLYy Y BUXiAHHH ABilKO-
BWH TTO3HINHIA KO

6) BBO@Y AECATKOBHX A3HHX 3 KJIABiaTypH KOMI IOTEPa;

B) TIOKa3y CTapImoi OJKHUIIL B CIIOBi;

r) mepenadi iHdopMaLii MK PI3HHMH MPUCTPOSIMH NPH OOMEKEHHI
Ha KUIBKICTB TNiHiH 3B’ 3Ky .

3.2. CxeMoTexHika noSynoBH MY/ 1bTHILIEKCODIB
i AeMyJIbTHRIIEKCOPIB

Osnauenns 3.2.1. MyabTHILUIEKCOPOM HAa3HBAIOTH (yHKUIOHATE-
HEH IIPHCTPi# KOMI 10TEpa, TPH3HAYEHHI U IOCHIZOBHOI KOMyTawLii
trdopmanii Bizt 0HOTO i3 7 BXOAIB Ha #Oro CIiIbHUH BAXIL.

Bxoan MyIsTHIVIEKCOPA MOALUIAIOTL HA iHdopMaNliiiHi i Kepyroui
(anpecni). Konxpernuii Bxin MynpTHIUIEKCOPA, WO MiAKIIOYAEETLCA A0
HOro BUXOJY, BU3HAYACTHCS AAPECHUM KOAOM Aq, 4y, ..., A, .. 1. 3B’A30K
MiX gHcnoM iH(OpMAaiHHX # | AAPECHUX M XOAIB BHILTMBAE i3 COIB-
BiHOImeHust n = 2",

Hst n06y1103u MYJIBTHILIEKCOPIB BHKOPHCTOBYIOTh TP kpoku. Ha
nepiomMy Kpoui 3a JONnoMorow tabmuii q)ynmuonynannﬂ ONUCYIOTh
noriky poboru mynbTHILIEKCOpa. Ha apyromy xpoii, KOpHCTYIOUHCH
tabnuneo QyHKIIOHYBaHHs, BH3HAYAIOTh BUXIAHY QyHKuUio0 poboTn
MYJIBTHILIEKCOPA, 3a AKOK Ha TPETbOMY KpOWi, BHOPaBIIHM €eMEHTHY
6a3y, Oyay1oTh HEOOXiJHUIH MYNbTHIUICKCOD.

Tax, Hanpukazx, HeoOXiaHo moGynyBaTH MyIbTHILIEKCOD, AKWI Mae
JOTHPH BXOAH. TOZi, 3riXHO 3 MEpILHM KPOKOM NOOYHOBH, KOPHCTYIO-
YHCH JIOTKOI0 pOOOTH MYIBTHILIEKCOPA, Oynyemo Tabmunio Horo GyHk-
wioHyBanH#, Ta0a. 3.2.1.

77



Tabauysn 3.2.1

4, 4o Fo F F, F, D
0 0 1 0 0 0 Fy - x,
0 1 0 1 0 0 Fx
1 0 0 0 1 0 F,-x,
1 1 0 0 0 1 F, . x,

B rabnuui npuitHsti taki nosHadeHHs: 4, 4, — anpecHi BXOAH
MyJIbTHIUIEKCOPa; Fo, Fi, F2 i F3 — BUXOOM BHYTpilHboro aewmndpa-
TOPA; Xo, X1, Xz, X3 — BXifHa iHGOpMALis MyIbTHIUIEKCOPE; L) — CHilk-
HHH inbopMani¥Hui BHXia MyJIBTHILIEKCODA.

Ha apyromy kpolli, KOpHCTYIOUHCHh Tabmumnero QyHKIioHyBaHHS
MYJBTHILIEKCOPA, BU3HAUYNMO Horo BuxinHy dyHknito D.

D=F x,vF - xVF-x,vFE- x,. 3.2.1)

Y dopmyni 3.2.1 suxopucrani Buxonu Fy...F; BHyTpilIRBEOTO ZIe-
mmdparopa MyasTHIIIEkcopa. Buxopucropyroun tabn. 3.2.1, dopmyiy
3.2.1 MOKHa TAKOXK 3amucaTy Horo BUXinHy dyskuio D i3 3acTtocyBan-
HSAM 3MiHHHX aJpEeCHOT0 BXOXY

D=Z1'Zo'xoVZl'Ao'xlVAl'Zo'szAl'Ao'x3- (3.2.2)

Ha TpeTsOMy KpoOLU, BHKOPHCTOBYIOUH JIOTiuHi piBramHA 3.2.1 1 3.2.2,
6yuyemo HeoOXifHi MYIBTHIVIEKCOPH HA €IeMEHTax «l», «Hly, «ABO»,
puc. 3.2.1.

% I
e Iy ; E— ol 1
Ac 0
Aoty e b
! - b —
X
A ] 2 ¢ —
2
t;___&_ Ao
- 4,
3 —_— —_— —— —
a) 6)

Puc. 3.2.1
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VYMoBHO rpadidHe HO3HAYECHHA MYIbTHIUIEKCOPIB IPUBENEHO HA
puc. 3.2.2.

Xg
. 0 MUX
Xy
} 11
,A3 ‘,\'3 Xy Ay !xe 'xz_ 2 -_D—_
SUILICICRIN
T MUX s
pu— . AL
A
D A
a) 6)
© Puc.3.2.2

Ha puc. 3.2.2¢ npuBeneHo MO3HAYECHHA MYNIbTHIUIEKCOpa HA (PYHK-
IIOHATBPHMX, 4 Ha puc. 3.2.26 — UPHHUHIIAIBHUX cxeMax. DyHKIio
MYJIBTHIIEKCOpa Mo3HauaTh OykBamu MUX (multiplexor).

MyIbTHIIOKCOPH B KOMI IOTEPaX BHKOPHUCTOBYIOTH JJIS BHKOHAHHA
HACTYMHHUX OMEpAaIiii:

a) KOMYTaWil 9K OKpeMHX JiHi#, TaK i MK nepenadi iHGopmarii;

) mepeTBOpEHHA MapanenbHOTO KOAY B MOCIITOBHNI;

B) peamizauii Jjoriuanx GyHKUii.

Osznauennn 3.2.2. JleMyNbTHILIEKCOPOM HA3HBAIOThH (YHKIIOHA-
JBHHA NPECTPiil KOMI10Tepa, MpH3HAYCHUH A7 KOMYyTalii curuany 3
oaHoro indopmauiitHoro Bxony D Ha ofH i3 n iHpopMaLiiHNX BUXOXIB.

Bxoiu feMyIbTHIVIEKCOPA, TAKOXK, SK 1 B MYySJBTHILUIEKCOPI, MOXI-
Js110Th Ha iH(OpManiiei Ta kepyrodi. Homep BHXOIY, HA SKHIL y KOX-
HUIT MOMEHT 4acCy OEPEAacTbCs 3HAYCHHS BXIAHOrO CHTrHajly, BH3HaYa-
€TBCA aapecunM xojaom Ag, Ay, ..., A, 1. AXpecHi BXORH m Ta iHGPOp-
MaltifiHi BUXOAH # NOB’ S3aHi CINBBIAHOMEHHAM n =2".

Jlnisa nmo6yaoBu JAeMyNbTHIUIEKCOPIB BHKOPHCTOBYIOTh TaKOX TPH
kpokid. Ha mepmoMy xpoui 3a AOROMOrom TaGiauik (yHKUiOHyBaHHA
ONMHCYIOTH JIOTIKY poboTu nemynsrHiiekcopa. Ha apyromy, kxopucryro-
quch Tabnuuero QyHKIIOHyBaHHs, BHIHAYAKOTH BUXiAHL QyHKLUiT poboTh
JEMYIBTHILICKCOPA, 32 SKUM HA TPETHOMY Kpolli, BHODaBIH €l1EMEHTHY
6a3y, OyayioTh BReoOXimHMIi AeMYTIBTHILIEKCOD.

Tak, Hanpuxia, HeoOXiaHo MOOYAYBaTH IEMYIbTUILIEKCOP, AKHI Mae
q4oTHpH BXxoAH. TOi, 3riAHO 3 MEPIIUM KPOKOM, KOPUCTYIOUHCH JIOFi-
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KO0 po60TH IeMynbTHILIEKCOpa, OyayeMo Tabmuuio Horo dyHkuio-
HyBaHHA, Tab1. 3.2.2.

-Tabnuys 3.2.2
Ay Ao F, Fy F, F3 Xp x) X2 X3
0 0 1 0 0 0 Fo-D — — —
0 1 0 1 0 0 — F-D — —_
1 0 0 0 1 0 — | — |RD| —
1 i 1 0 0 1 — — — F-D |

B rtabmmii mpuitesTi Taki mosHadenHs: Fo, Fy, Fy, F3 — BUXOmH
BHyTpimHboro nemmpparopa; D — indopmaniiinuii Bxixn; xg, x, X2,
x3 — indopMartiiini BUXOIHM AEMYILTHIIIEKCODA.

Ha apyromy Kporli, KOpHCTYIOUHCh TabmHIero GyHKIiOHyBaHHsA Je-
MYJBTHILIEKCOPA, BU3HATHUMO HOro BEXiAHI GyHKIUI Xg, X1, X2, X3

Xo=Fy D=4 4 D;x=F-D=4-4,D;
x,=F, D=4 A4, D;x;=F,-D=A4"4,-D. 3.2.3)
Ha tpersomy kponi Ha 6a3i piBHAED 3.2.3 GyAYEMO CXEMH AEMYIib-

THILIEKCOPIB i3 BHyTpimuiM Aemudparopom puc. 3.2.3q i 3 anpecHumMy
BXOHAMH 3MIHHUX Ha TPHOX BXiJIHUX elemeHTax «/», puc. 3.2.36.

D .
D
"‘—T Xa & | Yo
DS 1
0 A .
—1 &\, & | ©
1
o} & % & ¥s
2 4 |1
An ——
—1 1 — & X3 & X3
4 CRT B S B A S D
2 3
a) 6)
Puc. 3.2.3
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VMoBHO rpadigne 300pakeHHs IEMYIBTHIUIEKCOPIB MPUBEAEHO HA
puc. 3.2.4.

KL
_D1plomx

=] 4, 2=

=14 ]

Puc.3.24

Ha puc 3.2.4a nipuBefieHO NIO3HAYCHHSA AEMYIIBTHILIEKCOpPA Ha QyH-
KIIIOHAJIBHUX, a Ha puc. 3.2.46 — OpHHUUMIATBHUX cxeMaX. OYHKIi0
JeMYJIBTHIUIEKCOpA TTO3HA9AI0Th OykBamu DMX (demultiplexor).

JeMy b TUILIEKCOP BUKOPHCTOBYIOTH AJ151 BAKOHAHHS TAKHX ONEPALlif:

a) KOMyTalii AK OKpeMHX NiHil, TaK i WwuH nepexadi indgopmanii B
KOMIT’ FOTEpax;

0) mepeTBOPEHHS NOCHIIOBHOrO KOAY B MapajIeaIbHHUN,

B) pearnizarii Joriyuux QyBKIiig.

3.3. CxemoTexnika nobyaosu cymaropis

Osnauennsn 3.3.1. Cymaropom Ha3HBAIOTH KOMOMaNiAHUHA noriaHuit
HpUCTPilt KOMIT'FOTEpa, NPU3HAYEHMH I BUKOHAHHA onepauiii apud-
METHYHOTO AOIABAHHS THCE, TOJAHMUX Y BUIIIAI ABIHKOBHX KOJIB.

Omnepattiss BifHIMaHHS B CyMarTopi 3aMiHAETBHCH OTEPALHEID JOa-
BaHHS JBIHKOBHX 4YMCENT y AOAATKOBoMYy ab6o obepuenomy koxi, §1.2.
Omnepariis MHOXKEHHs 1 HiNEHHA 3BOAMTHCS A0 OaratokparHOro jJoja-
BaHHs 1 3cyBy. ToMy cymMarop € Ba)JIMBOIO YaCTMHOIO apU(PMETHUHO-
JIOTIYHOr0 HPUCTPOI0 KoMa rorepa. OyHKUIIO CyMaTOpa MO3HAYa0Thb
Oyksamu SM a6o 2.

Cymarop CKIIAAcThCA 3 OKPEMHX CXeM, AKi HA3UBAIOTHCA OAHOPO3-
paxunMu cymatopamu. I{i cxemu BUKOHYIOTH yci Hii 3 XoJaBaHHs
3HAYEHb OTHONMEHHMX pPO3psiAiB ABifkoBHX uucen. CymaropH Kiacu-
(GIKYIOTB 32 TAKMMH O3HAKAMMU:

a) cmocobOM AOzaBaMHA — NAPATENbHi, TOCITIIOBHI, TapaebHO-
MOCHIAOBHI;
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6) 4MCIOM BXOHIB — HAMIBCYMATOPH, OMHOPO3PAAHI 1 6araTop03-
psiai CyMaTopu;

B) opraxizauiero nepeHoCy 30epiraHss pe3yiabTaTy AOJaBaHHS —
xoMOiHanitini, HaKOIHMYyBaIbHi, KOMOIHOBaHi;

r) OpraHizamicio mepeHocy MidK po3psaaaMH — 3 TOCIHOBHHM, Ia-

pajienbHIUM a60 KOMOIHOBaHUM ITEPEHOCOM;

1) cnoco0oM TpeICTaBIeHHA Bif’€MHMX YHCEN — Y J0JaTKOBOMY
a00 o6epHEHOMY KOAAX, a TAKOXK B IX MoAH(iKaIiax;

~ €) 9acoM AOaBaHHSI — CHHXPOHHI, aCHHXPOHHI.

B napanenpnux CyMaTOpax 3HaYCHHS BCIX PO3pANIB onepaHz[iB HaJ-
XOAATH OXHOYACHO HA BIINOBiNHI BXOXH OTHOPO3PANHHX mncyMOBaan
cxeM. B mocinosaux cyMaTOpax 3HaYEHHS posp;mn; OTIEpaH/iB 1 mepe-
HOC, SIKHH 3aI1aM’ ITaBCA B TIONEPEAHBROMY TaKTi, HAAXOIUTH NOCHiJOBHO
B HAIIPAMKY BiJl MOJOIMX PO3PALIB A0 CTAPLIMX Ha BXOAH OXHOTO OJ-
HOPO3PAHOTO cyMaropa. B mapanenpHO-IOCIiTOBHUX CyMaTopax 4dHuc-
712 ApOOIATHCS HA YACTHHY, HAIPHKIAX, GaiiTy, pospsaau GaiTiB HATXO-
JATh Ha BXOAHM BOCHBMHPO3PAAHOIO CYMaTopa HapanensHo (OHOYACHO),
a caMi 6afiTH — 1TOCAiNOBHO, B HAIPAMKY BiZ MOMOAMIKX JO CTAPIINX 3
ypaxyBaHHAM 3aIlaM’ STOBYIOUOr'0O IICPEHOCY.

B komGiHaniifHix cymaTopax pe3ynbTaT Omepatlil JOAABAHHA 3a-
TIaM’ SITOBYETHCS B PericTpi pesymsTary. B HaKONHIyBATBHHX CyMaTo-
pax upouec HojaBaHHA 00 €aHyeThCA 3i 30epiraHHAM pe3ynbTary, 1o
NIOSICHIOETECSE BUKOPHCTaHHAM T-TpUrepiB AK OXHOPO3PSHHUX CXEM AO-
ABAHHA. '

Opranizaiiis Hepesocy B CyMaropi HPaKTHIHO BH3HAYAE YAC BHKO-
HaHHA onepanii ogaBanHs. TIociiZIoBHI IEPEHOCH CXEMHO YTBOPIOIOTHCSA
MpOCTO, aJi¢ BOHH HE € MBHAKOAIHHI. TlapanenbHi TEPEHOCH CXEMHO
3HAYHO CKJIAHIHI, a)I€ 3HAYHO IMBHAKOIIMHIIIL.

CymaropH, sKi MalOTh MOCTIHHHN iHTEpRAN Yacy JUIs AOAABaHHS Ha-

SﬁBaIOTL CHHXPDOHHHMH, a CYMATOPH, B AKUX XOAaBAHHA BH3HAYA€THCA .

MOMEHTOM (DaKTHYHOIO 3aKiHYCHHS Onepallii, — aCMHXPOHHUMH,

Osnayenns 3.3.2. OnHOPO3IPAHAM CyMATOPOM HA3HBAIOTH JIOTiY-
Hy CXeMy, SKa BUKOHYE AOJABAHHS 3HAYCHD { — X PO3IPAMIB X; 1 y; ABiH-
KOBUX YHCEN 3 YPaxXyBaHHSAM NEPEHOCY z; 13 MOJONMIOIO CYCiIHBOTO
po3spsany i mae Ha BUXOAAX GyHKIGi pesyibTaT S; i nepenoc P; B crapiunit
CyCiaHii po3paa.

Ha ocHOBI OAHOPO3PAMHUX CXeM NOAABAHHSA HA TPH BXOAM i IBa
BUX0MH OynyroThes Garatopospanui cymaropu Oyaps-saxoro tmy. Jlo-
rika moOymoBM CyMaTOpiB aBajoriuxa Jorili moGyxzoBH KoMOiHaiii-
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HHX CX€M, siKa PO3INIAHYTa y momepeaHix poszirax. Tobro, cnodarky
BH3HAYAIOTh anropuUTM PYHKUIORYBAHHA, AKUM 3BHYANHO, MOJAIOTH
Tablmneo, a MOTiM 32 NOMOMOTOI0 PiBHAHHA (CHCTEMH PiBHSHB), SKi
OTPUMYIOTH i3 Tabmuui dyHKUioHyBauHsa, GYAYIOTs HEOOXinHmil 32
YMOBOIO CyMaTop.

Tak, HANPHUKIAZA, AITOPATM POOOTH OAHOPO3PAAHOTO CyMaropa Bi-
noGpaxkaeTbes Tabimmero icTHHROo T, Tabn. 3.3.1.

Tabauys 3.3.1

X; Vi Z; S; P;
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 i 1 0 i
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

I3 Tabmumi 3.3.1 BUmMBaE cucTeMa NOrTYHHMX GYHKUIH 1A pe3YIb-
tary S; i nepenocy B P; B JIJJIH®D.

S =X Y VX Y L VX VL VX z 0y, (3.3.1)

B=X 2,V XY, 2,V X Y, VX Y02, (3.32)

Minimizania dysxmii 3.3.1 i 3.3.2 3a gonomoroio kapr KapHo mpu-
BejeHa Ha pHc. 3.3.1a i puc. 3.3.16, Binnosigno

\NX Yy . Ky ¥
AN_00 01 11 10 (110

0010{1 of o (;mo
1101i D D

Puc. 3.3.1
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Sx BumiBae 13 xapT Kapro, Qyukuis S; He MiHiMi3yeTbed, 8 QYHK-
uis P; MiHiMi3yeThCs 31 SMEHINEHHSM PAaHTy KOH IOHKIUI i BHKOPHCTOBYE
TUILKY IPSMI 3HAYEHHA 3MIHEHX

P=x-y.vx-z;Vy z;=x-yVv(x,Vvy)z. (3.3.3)

TIpu npoexrysansi koMOiHALIHUX OQHOPO3PAMHHX CYMATOpPIB He-
00XimHO BpaxoBYyBATH Taki QaKkTopH:

a) cxema IOBHHHA MATH OJHAKOBICTH CTPYKTYPH i MiHIMaTbHY Bap-
TicTh, TOGTO MAaTH IO MOKIUBOCTI MiHIMATBHY KIIBKICTH BXOAIB y BCIiX
€IICMEHTIB;

0) s mBAAKOAIT 6araToOpO3PANHOIO Cymaropa HeoOXimHHH MiHi-
manbhuit "ac orpumanus Qymkuii mepenocy £, =k-f,, Ae k — Kimb-
KiCTh MOCHIZOBHO BKTIOUEHUX €IEMEHTIB Bil BXOAIB A0 Buxomis P; abo
P, t, — cepenHs 3aTPHMKA PO3MOBCIODKCHHA CHIHATY OIHMM JIOTiY-
HHUM €IIEMEHTOM;

B) LT CXEM OHOPO3PSIHUX CyMaTopiB Ha OCHOBI piBHAHB 3.3.1 i
3.3.2 neo6xinmHo mpoekTyBaTH K UpsiMi P;, Tak iHBepcHi P 3HAYCHHA
¢dyHKLii nepeHocy.

Jinst mo6ynoBM cXeMH OFHOPO3PAAHOTO CyMaTOpa Ha JOTiYHHX efe-
menrax «I-HIy, piBusuuas 3.3.1 1 3.3.3, 3 BUKOpUCTaHHAM TTOABIHHOI iH-
Bepcil 1 mpasui ne-MopraHa, HEpeTBOPIOEMO HA TaKuUil BHITIA

S =X Vit 2 XY T X Vi X2 Y

B=Xy%202 (3.3.4)

it

CxemMa OFHOPO3PAAHOTO cyMaropa, no0yaoBaHa Ha eneMeHTax <«J-H»
y BigmoBigHOCTI 3 piBHsAuHsMH 3.3.4, mpuBeneHa Ha puc. 3.3.2a.

Piususs 3.3.1 1 3.3.2 MoxyTs OyTd TaKOXK BUpaKeHi yepe3 QyHK-
uito «Burmouarone ABO»

S$;=(x,®y,)Ev(x®y)I=x0y®z, (3.3.5)

P=x -y v(X -y vx 3 )z=xyv(x®y)z (33.6)
CxeMa OTHOPOSPATHOTO CyMartopa Ha eneMeHTax «Bukmouaroue ABOy,
3riggo i3 piBrAnHaMu 3.3.5 1 3.3.6, npuBexeHa Ha puc. 3.3.26, a #Horo

dyHKIioHaNEHA cXeMa Ha puc. 3.3.2 6.
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Osnauennn 3.3.3. HaniBcymMaTopoM HA3HMBAXOTH JOTIYHY CXEMY,
AK2 BUKOHY€ JOHaBAHHS 3HAYCHB [-X PO3PAMIB X; i ); ABIAKOBHX qHCEN X,
¥, 1 peanizye Ha BAXO/i 3HaUEHHs pe3ynsTary M, i mepeHoc B cTapuivid

cycimgii po3pan R,
M, =%y vx ¥, =@y, R =x"Y,. (3.3.7)

Takum YMHOM, HANMIBCYMATOP BHKOHYE YACTHHY 3aBJAHHS IIACYMO-
BYBAHHS B [-MY PO3PSAi, OCKIIBKH He BPaxOBY€ MEPEHOC i3 CYCLIHBOrO
MOTOmuoro pospsaxy. Cxema Hamiscymatopa, noOylOBaHA Ha OCHOBI
pismsus 3.3.7, npuBeneHa Ha puc. 3.3.3 a, a #oro QyHKUIOHAILHA CXEMa
Ha puc. 3.3.3 6.

;—J &
: 14
Xy & | |
Yoo
e
T
! “ | He ful M
— & R,‘ Fi R;
| L _ R
a) 6)
Pric. 3.3.3

3.4, CxeMoTexnika no0yA0BH KOMNAPATOPIB

Osnauenns 3.4.1. KomnapaTopoM (cxeMo10 NOPIBHAHHA) HA3H-
BaroTh KOMOiHANIHHUA NOrigHni IPHCTPil 1A TTOPIBHAHHEA YHCEIL, MO-
JaHHX y ABIHKOBOMY KOJi.

OCHOBHHMH BiIHOIICHHSMHE [IPH TOPIBHAHHI CIIJ YBKATH «O0Pi6-
Hioer, «binbwey i emenwer. 11i BITHOMIEHHA MHUPOKO BHKOPHUCTOBYIOTH
y MIKpOIpOIECOpax, a TAKOK Y MPHCTPOAX KOHTPOMIO Ta JAiarHOCTHKH
koMICroTepis. ITicns BUKOHAHHS KOHKPETHOI KOMAHIW B KOMIT IOTEpi
ABTOMATHYHO QOPMYIIOIOTECA O3HAKH pe3ynsTatiB onepauti. I1i o3HakH
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HA3MBAIOTh NPANOPHA i X PO3MILYIOTh ¥ ClIEHiaNbHMiA PETICTP 1Ipamo-
pi. Jlo npanopuis, HAUPHKIIAZ, BIIHOCATE O3HAKH HYITLOBOTO PE3yNLTATY,
HEPENOBHEHHS PO3PAAHOL CITKY, 3HAK PE3ydbTATy OHEpaNii, HAABHICTH
IIEPEHOCY i3 CTAPHIOTO PO3PALY CYMATopa, HapHe i HemapHe YHCIIo OIH-
HHIb Y PEe3ynbTaTi i Take iHLIe.

Jlorika noOyn0BY KOMIIapPaTOPiB AHANOTIYHA JOrini HOOGYAOBH KOM-
6iHamiifHuX cXxeM, PO3TIBIHYTHX Y HOTepe Hix naparpadax. Tobro, cmo-
9aTKy BH3HAYAIOTHh ATOPHTM (PYHKIIOHYBaHHS, AKHI MOxe GyTH 3313~
BAK 200 crosecHo, a6o TabMMIECIO, a TOTIM 3a JOTIOMOrOI0 PiBHAHHS
(cucTemu piBHAHE) OyAyIOTE HEOOXimHMI 32 yMOBOIO KOMNaparop. Po3-
TIIHEMO HPHHIHMI N00YJ0BH KOMIAPATOPiE Ha IPHKIAZAX.

NMpuxnad 3.4.1. TloGynysati cxemy IOPIiBHSAHHA ABIHKOBOTO CIIOBA
A=A, 4 4, 13 TaKUMH 33JAaHUMH KOHCTAHTAMMU

F :=(4=001); F, =(4<001).

Poseé’sizanns. Byayemo tabnupo icrunnocTi, Tabn. 3.4.1, mis 3azga-
HOTO BX1HOTO CIIOBA, BHXOIAYH 3 YMOBH 3aJa4i 1 Tabnmuui iCTHHHOCTI,
¢ BiXHOIICHHA Oy/Ie MaTH TaKHif BHTIIAN:

ﬁ;:ZZZIAO; F,=4, (3.4.1)
Tabnuya 3.4.1

A4, A4y Ao Fy F,

0 0 0 0 1

0 0 1 1 1

0 1 0 0 1

0 1 1 0 1

1 0 0 0 0

1 0 1 0 0

1 1 0 0 0

; ] ) P o Puc. 3.4.1

CxeMa NOPiBHAHHA CJI0BA 3 KOHCTAHTOIO, BIANOBIAHO i3 piBHAHHAM
3.4.1, mpuBeneHa Ha puc. 3.4.1.

NMpuinad 3.4.2. ITobynysary cxeMy MOPIBHAHHA JABOX i-x PO3PANiB
A; = B,. Jlna nopiusuuas OymyemMo TabIumio icTHHHOCT, Tabn. 3.4.2.
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Tabnuys 3.4.2

A,' B,' ¥; A; 1L & ]
0 0 1 — M,
0 1 -0 — #ooa —
1 0 ] s e ey
B, 1 & B, M,
1 1 1 Sl
a) ' 6)

Puc.3.4.2

I3 Tabnmuni iCTHHHOCTI, SKa 3a1a€ YMOBY PiBHOCTi M; MBOX i-X po3-
pAxiB A;i B; oTpEMaeMO

r=4-BN4-B=4®B =M, (3.42)

e M; — yHkmia goxasauHs 3a MOZYyIeM nBa (mod2 — «Buxmovaioue
ABOp»).

TIpununnianeHa cxema, sika peamizye I QyHKUio, noKa3aHa Ha
puc. 3.4.2¢, a 1l pyHxmioHambHa cxeMa NPUBEICHA Ha puc. 3.4.26.

MNMpuknad 3.4.3. [To6yxyeaTn cxeMy TOPIBHAHHS JBOX YOTHPHOXPO-
3psaHUX ABilikoBUX cmiB 4 Ta B.

Posg’azaunn. O3naxa piBHOCTI IBOX YOTHPHEOXPO3PATHHX CIIiB 4 Ta
B BusnavaeTscst 00YTKOM HOPO3PAIHUX YMOB #;

N oy Fap =hon Bon = g 40
B, =M, M, -M, M,
A I M, CxeMa MOpIBHAHHA ABOX 4O-
B, =1 & THPHOXPO3PATHHAX CIiB 4 Ta B
] Fi=s srigao Bupasy 3.4.3 mpuseicHa
4; | My [~  Bapuc.3.43.
; =1 i_,___,_, Ilpu Ginbmii pospsamocti
j [IOPIBHAHHSA BHKOPUCTOBYIOTH Pi-
Ay My ' 3Hi rpyTOBi piBHi, HA AKMX peajti-
; =1 . 3YIOTh CIiJIBHI TOTiYHI MHOXKCHHSA
g IPYTIOBHX O3HAK.

Puc.3.4.3

38

Konmponbni 3anumanHs

. ItTo nasuBarots zemmudparopomM?

. 1o nasuBarots mmdpatopom?

. SIxa pizaung Mix renrdparopom i mindparopom?

. e BUKOpHCTOBYIOTH Aemndparop i umdparop?

. STk mo3Wa4aroTh Ha cxeMax Jemudparopu i mmdparopu?

. Haxpecnits ¢pyHKIiOHATbHY i MIPHHIMIHANEHY CXEMH Aemmudpa-

Topa i mudparopa.

. lllo Ha3HBAIOTH MYILTHIUIEKCOPOM?

. IIlo Ha3WBarOTH NEMYIHTHIUIEKCOPOM?

. Sxa pi3HUNA M MyIBTUILIEKCOPOM 1 JeMyNbTUTLIEKCOPOM?

. SIk TO3HAYAIOTH HA CXEMAX JEMYJIBTHIDIEKCOP | MyIbTHIUIEKCOP?

. Haxpecnite QyHxuioHampHy i DPpUHIMITIATBHY CXEMH AESMYITb-
THUIIIEKCOPA i MyJIbTHILIEKCOPA.

. Jie BUKOPHCTOBRYIOTh JEMYNBTHIDIEKCOD i MyIbTHILICKCOP?

. IIlo Ha3zuBarTH CyMaTopoM?

. SIxi omepanii BUKOHY€E cymMarop?

. SIx I03HA9alOTh CyMAaTOpH Ha cxeMax?

. SIki 6yBawoTh cymaropu?

. 3a sxums 03HaKaMH K1acHPikyIOTh cyMaTopn?

. IITo Ha3uBaOTH HAMIBCYMAaTOPOM i YUM BiH BiAPI3HAETHCA Bii
cymaropa?

. SIk MO3HAYAIOTh HAMIBCYMaTop Ha cxemax?

. ITo HasHBarOTE KOMIAPATOPOM i K HOro NMO3HAYAOTH?

. JAns axux uine#l BUKOPUCTOBYIOTh KoMmapaTop?

KomeHmapi. B nauomy po3iisli /sl JOrikd HOOYHOBH €Nk~
dparopis, muPpaTopiB, MyJBTHILIEKCOPIB, AEMYIbTHILIEKCO-
piB BHKOpHCTaHi MaTepianu Jiteparypu [25, 27], a norika mo-
OyZoBH CyMaTopiB i KOMITAPaTOPiB BUILIUBAE 3 [3, 17, 27].
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Po3ain 4

CXEMOTEXHIKA NTOBY0BN
KOMBIHAUIAHNX CXEM

HA NPOIrPAMOBAHNX MOIYHNX
MATPNUSIX

4.1. lIpu3nagenns i AIAHKH 3aCTOCYBaAHESA

IIporpamosani noriuni marpuui (IIJIM) sBisaroth c06010 JIOrivHy
CXEMY Ui IEPETBOPEHHSA MHOXHHHM BXiTHHX 3HAYCHB X = {X1, X2, ..., X}
Y BIJIIOBIIHY MHOXHHY BHXIAHHX KaHUX Y = {yi, V2, ..., Vm} B ABiiKO-
oMy Kkogi. [IpaBumo meperBOpeHHA BXiIHHX 3MIiHHUX Y QYHKIIAX 33]a-
erbea Tabmuriero icruduocTi. TIJIM peanisye cucremy OyneBux GyHKINi,
npexncrapnenux y- JJHD® abo MIH®, abo B JH.

IIporpaMosani noriusi MaTpuui 3HANNIIN WMPOKE 3aCTOCYBAHHA
B jgoriuaux inrerpanpaux cxemax (IUIIC). Hampukman, IIJIC i3 nnas-
KuMH 3an00ikxaukamu 3a rexaonoriero TTIIH, gki BHTOTOB/IAIOTECS B
HAYME, m. 3enenorpan, Pocis. B ix ckmaxai yxe masHo Bigomi IIJIM
K556PT1, KP556PT2, KP556PT21.

3aBxaH BUHUKAE TATAHES, e MOKIMBO 3acTocoBysatu [LJIIC?

Ilo-niepnie, npu po3poOLi OPHUriHABHUX i HECTAHIAPTHHX IPUCTPOIB Y
KOMIT' FOTEpaX Ta CHCTEMaX YHPABNIHHS, a TAKOXK VIS 3aMiHH 3BHYAHHHX
iHTerpaTBHIX MIKPOCXEM MATOro i cepenHporo crymnems inrterpanil. Iipu
[bOMY 3HAYHO 3MEHIIYIOTHCA PO3MIPH, HOTYKHICTh CIIOMKMBAHHA i 30116~
LIyE€THhCs HAAIMHICTh MIPUCTPOIB i CHCTEM, 1€ BOHM BHKOPHCTOBYIOTBCS.

Ilo-mpyre, suxopucranns IIJIIC nae MOoxTHBICTH 3HAYHO 3MEHIIUTH
9ac Ta 3aTPaTy Ha IPOCKTYBAHHA CXEM, PO3IIMPHTH MOXITHBOCTI PO3poOKi
MOAHbIKaIiii KOMIT'IOTepiB, HATArO/KEHHSN KOMII IOTEPHHX NPHCTPOIB, [0
0COONMBO CYTTEBO B CTEHAOBOMY OONaJHAHHI, Ha €Tamax po3poOKu i BU-
pOOHHULITBA JOCHIIHUX MaPTiit HOBUX BHPOOIB, a TAKOXK eMYJIALIl CXeM.

Ilo-TperTe, npu NpoekTyBauHi Ha ocHOBi I1JTIC npuCTpoiB Al 3aXu-

cTy uporpaMHoro 3afesmedeHrs BUPOOIB BiJ HECAHKIIIOHOBAHOTO J10-
ctymy i xomiroBanHs I1JIIC mae Taky TexHOIOridHy ocoGIHBICTB, SIK
«OiT CexpeTHOCTI», MIC/A MPOrpaAMYBAHHS SIKOTO CXE€Ma CTac HEAOCTYII-
HOIO 171 YHTaHHA.
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Ane naitbinsm mrigpoxo TUIIC BHKODHCTOBYIOTH y MIKpOLIpOLIeCOop-
Hifi i ofuncmoBanbHii TexHini. Ha ix ocHOBI pospoGisioTs KoHTpOIIe-
PH, ajpecHi ZendpaTopH, JOriKy oGNa{HaHHs MIKPONPOLECOpa Ta iH.
Ha ocHogi IITIC yacTo BUTOTOBIAIOTE MiKPOIIPOTPAMHI aBTOMATH, CITe~
niani3oBaHi OPUCTPoi, cXeMH 00poOKM CHTHAJIB 1 BiZOOpakKeHHs, Mpo-
IECOPH WIBHAKOTO TiepeTBOpeHHs GyHkmin Dyp’eiT. u.

SAxmo 3a xopaoroM ITJIIC yxe 3aiiHAIH HAYEKHE Miclle a apceHa
po3po6HuKa, TO B kpaiHax komumHEB0ro CPCP 1 TexHOIOTIT TUIbKH 110-
YHHAIOTEH NO-CHPABKHEOMY PO3BMBATHCA. BiiCTaBABHS NOSCHIOCTHCS
psimoM upuauH. Ilo-nepme, ayke 3Byxena Homenkinatypa [UIIC Ha
HAIIOMY PHHKY eneMeHTHOI 0a3u. ITo-Apyre, MpakTHYHA BIACYTHICTH ¥
HAmIMX CIIEM{aTicTIB CYy9acHHX CHCTEM npoektysanus. Ilo-Tpere, Heso-
cratHicTh indopmanii B TexHiuHiil miteparypi npo IUIIC, ii sacrocy-
BAHHA i METOAHM MPOrpaMyBaHHA.

4.2. IIpunnunu noSyxosn 6230801 RPOrpaMyemoi
Jgoriuynoi maTpuui

BurorosmoBani efaexrponHoo npomucnosictio TUIIC marors y cobi
6a30By CTPYKTYpYy IPOIPaMOBAROT JIOTIYHOT MATPHIL, SKa BKIIOYAE Ma-
TPUIIO KOH IOHKTOPIiB (MaTpuus «/») i MaTpHIIO AU3 IOHKTOPIB (MaT-
pHa «A50»). 1Ipuaumn noGyaosu takux IHIM posrmsaemo na IJIIC
cepii KS56PT1. Crpyxrypna cxema manoi [UTIC npusenena ua puc. 4.2.1.
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Hama TUIIC BriIrowae Marpuio KOH IOHKTOPIB (MaTpuIo «J/») Mar-
PHIEO AK3’ IOHKTOPiB (MaTpula «A4H0»), 610K BXIZHHX HiJCHITIOBAYIB
(BII), 6ok Buxigaux xackagiB (BK), cxemy mo3poiry BHOIpKH KpPHCTaITy
(AB), mporpamoraHui ;(enm(bpa'rop, nporpaMOBaHi agpecHi q)opMyBam,
Huku (ADI, A(DZ) Bxigui nimcumosadi dopmyiors IIpiIMl iHBepcHi
3HAUEHHS BXiIHHX 3MIHHHX 3 yCiX mictHammaTy sxonis (Al...Al6).

TIporpamosauunii remudparop (DC) i nporpamosani aapecsi dop-
MyBambHUKH (AD1, AD2) BHKOPHCTOBYIOTH TiIbKH B PEXHMAaX IpPO-
rpaMyBaHHA i KOHTPOITIO [IJTIC, Opraniszaitis ux pexuMiB 1OCTaTHEO
CKJIagHA i B JaHoMY nmpqum(y HE POIITAYETHCA.

J1a HaouHOCTI 1 O1nbII IOBHOFO PO3YyMiHHS NPUHITHIA noﬁynonn
IIJIM posrmaremo 6azoBy dyukuionaipry cxemy IUIC cepii KS56PTI,
AK2 BKIIFO4AE B ce6¢ MUINEC OCHOBHI BY3NTM CXeMu MaTpuui «I», «ABO»,
BXifIHI i BUXigHi Kackany, puc. 4.2.2.

Bxigni miacumoBagi (BII1...BII16) dopmyrors mpsMi # iHBepcHi
3HAUEHHS BXiTHKX 3MiHHHUX, SIKi HaAXOAATH Y MaTpuilto «J/». Jlna ynpae-
TiHHA BXiZHUMH MiICHITIOBaYaMH € WicTHAAUSTS BXOAiB (Al...A16).
Bxiani mixcmmosadi mo0yI0BaHi HA OCHOBI ABOX BKIIOUECHHX ITOCIiNO-
BHO Oydeparx norignux cxem «/-H».

OcnoBuumu Byznamu Mikpocxemu K556PT1 e matpai «» i «4B0»,
AKi peaizyloTh ABOXpiBHeBi noriwni ¢yukuii. [lepmmii piens I1VIM
CKIIATacTheA 13 48 KOH IOHKTOPIB (Matpurs «J»), AKi 3°€AHani 3a J0M0-
MOTOI0 MIABKAX HiXPOMOBHX mepeMHYOK i3 6yap-AKuM i3 micTHAAIATH
CIIUTbHMX BXOIiB depe3 Oydepui cxemu. B marpumi «J» peamisyrors
KOH IOHKIi1 BXifHWX 3MIiHHUX, NMPHIOMY KOKHA BXiJHA 3MiHHAa MOXE
BXOIUTH B KOH’IOHKIHKO npsMuM a0 iHBEpCHMM 3HadYeHHAM, abo He
BXOIMTH 30BCiM. BXiami cHTHATH, SKi HOSBIAIOTHECA HA BXiIHUX WHHAX
MaTpuili «I», BBOAATECA B MATPUItO «45O», sika yTBOPIOE JIPYTHH JIOTi-
qHHi piBeHB 1 peawmizye Iu3’tOHKIN 3a/aHMX KOH IOHKMOiHA. MarpHug
«AFO» yrmoproc BiciM au3’roHKTOpIB (10 OxHOMY «ABO» Ha BHXOXi
TUIIC), xosxkawit i3 Axux Moxe Oyru BHOIPKOBO 3’ €¢THAHUH i3 Oy Ab-AKMM
i3 COPOKAa BOCBMH KOH’IOHKTODIB.

1Tymn, axi 3°€aHYFOTH L IBi MATpPHI{, HA3HBAIOTH [IMHAMM KOH FOHK-
miit i mo3uayarots Pl...P48, a mwmaw, sAki 3’ eauyioTh Matpuuio «4A50»
3 BHXIZHHMH KaCKaJaMH, Ha3HMBAIOTh IHMHAMH JIM3 IOHKINIH Ta 1103HaYa-
fots S1...88.

IIporpamoBaHuM exeMEHTOM MaTpHill «/» € giog HloTku 3 maBkoio
HIXPOMOBOI MEPEMHUYKOI0;, a MaTpuui «AF0» BKIIOUEHI 38 CXEMOI
€MITEpHOro IIOBTOPIOBAYA, N-p-1 TPAHZUCTOP i3 IUIABKOK HIXPOMOBOIO
MIEPEMHUKOIO B eMiTepi.
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Puc. 4.2.2,

ne BITL...BI116 — exiani nizcumonadi;

K1...K48 — xoH’IOHKTOpH MaTpHi «/»;
... I8 — mm310’HKTOpH MaTpuLi «450»;

BK1... BK8 -— BuxiaHi xackajiu;
P1...P48 — mIuHH KOH’ FOHKILii;
S1...S8 — nmuu 193’ IOHKII;
F1...F1928 — maBki HiXpOMOBI IlepeMHKaui;
VDI1...VD1536 - gioan IlloTkw;
VT1...VT384 — Tpan3sucTopH;
R1...R56 — pesucropu.
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Buxizai xackagu BK1...BK§ Bxmouatots Joriuli cxeMu «Buxnio-
yaoye ABO» 1 miacunioBayi 3unryBanusi., HasgBHICTS Ha BXOZ Kackamy
norignoi cxemu «Buxmouaioue ABO» n03BOISE IHBEPTYBATH PiBEHD BH-
XiHOTO CHTHAIY B 3a/€XKHOCTI Bifi CHTHATY Ha BXOXi, TO6TO A03BOMISE
nporpamysaru ab0 akTHBHUI BUCOKHH, a60 akTHBHMIT HH3LKHI piBEHD
BHXIJTHOTO CHIHAY. 3a3eMiIeHHA (IIIKTIOUEHHs 10 CHrHauy «0») omgHo-
ro i3 ABOX BXOXIB TOTiYHOI cxemHu «Buritouaiode ABO» yepes IUIaBKy
MEPEMHMUKY BeAe OO TOFO, IO AKTHBHHM PIBHEM BHXOJY CTa€ BHXiHA
Hanpyra BUCOKOTO PiBHA, 4 BUILIABICHHA Li€i IEPEMUUKH BENE O TOIO,
IO AKTHBHHM PiBHEM CTA€ BUXiiHA HANPYTa HA3BKOTO PiBHAL

IligcumoBaui 39uTyBaHHA nOOYAOBaHI HA JIOTIYHUX CXEMax, HIO
VIPABIAIOTh CHTHAJIAMH, AKI HaAXOMATh Big marpuui «450» i Bix cxe-
MH J03BOITY BUGIpKH.

TUTIC sx Ga3oBa mporpaMoBaHa JIOriyHa MaTpuLs B pexsMi 06po0-
K indopManil mpanioe HacTynHUM YHHOM, BXiani sminni Al...A16
depe3 GIOK BXiZHMX IHACWIIOBAYIB B IPAMOMY i iHBEpCHOMY 3HAYCH-
HSX MOCTYIAKTh Ha MarpHie «I», ae 33 gomomoroio jgioais Hlorku
i TUTABKUX HiXPOMOBHX MEPEMHMUYOK YTBOPIOIOTH HOTPiOHI KOH FOHKLIT

1...P48, axi 10riuHo miACyMOBYIOTBCS MarTphneo «450», yTBopio-
roun pomixkei oriuni ¢oymkunii S1...S8.

1 Jani Gyuknii mocTynawTh Y BUXiIHI Ka-
9 il Q CKaJ| JUIA TIOMANBINOrO iX TIEPETBOPEHHS 1
s | nnm Braadi Ha euxoau B1l...BS TINIM.
7 A2 VYMoBHe rpadivne Mo3HaYCHHA MIKpO-
P Ea 81 |2 cxemu K556PT1 upuBeneno na puc. 4.2.3,
5 | g2 |17 Zie BROAM i BUXO/M MIKPOCXEMH BU3HAYAIOTS:
p) 25 16 1 — pxix nporpamysanus PIL;,
. B3 15 2...9 — BXOAM MAKIIOUCHHS BXIAHHX
2 |%7 B4 = 3minmux Al...AS8;
27178 es P2 N 10...13 — BHXOJM OTPHMAHHX QYHK-
262 12 il BS...BS;
25 A0 B8 _1'1' 14 — cuinsumii BEXix (BHXix noxavi
24 I 87— «O» B);
23 212 gs 10 N 15...18 — puxonu oTpuMaHuX QyHK-
22],.. niii B4...B1;
21 Ajs _ 19 — Bxin nossony pobotu (BHOODY)
20}, MiKpPOCXEMH;
19 16 20...27 — BXOJM UITKTIOYECHHS BXil-
—CS HMX 3MigaEx Al6...A9;
, 28 — mxin noxadi pKepena JKUBIEHHA
Puc. 4.2.3, (+5B).
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4.3. Pexomenganii 3 nporpamyBanHsa
6a3oBoi noriunoi MaTpuui

IIporpamyBanHs i KOHTPOIL 6230801 TOTTYHOT MATPHII POITIIAHEMO
ma [UTIC cepii K556PT1. Tana IJIIC BUroTOBIAETHCA Ta MOCTABIAETE-
Cf CIIOKWBAYy HE 3aMpPOrpaMOBAHON0, TOOTO B TAKOMY CTaHi, IO KOXK-
HHH KOH IOHKTOP OTPHUMYE SIK MPAMi, TaK 1 iHBepCHI 3HAYECHHS BiJ KOX-
HO1 BXigHOI 3MiHHOI 4;, KOXHHiIl ITM3 IOHKTOpP Maec BCi COPOK Bicim
KOH’IOHKIi, a VI KO)XXKHOTO BUXOAY aKTHBHHM piBHEM € BHCOKHIA i Ha
BCiX BHXOZaxX HMPHCYTHA HANPYTa HU3BKOTO PiBHA OpH HANPY3i HAa BXOMI
CS (0B).

Koxnuii mporpamoBaruii kon 1oHKTOp P, (hopMye HEOOXimHY KOH IOHK-
IO Bil BXiAHMX 3MIiHHMX, MPHIOMY KOXHA 3MiHHA MOWE BXOAUTH B
KOH'IOHKIIiI0 MPSAMHM 3HAYEHHAM, iHBEPCHMM 3HAYeHHIM abo He BXO-
Iuty 30BciM. Li cranm peamisyroTs 3a JOHNOMOrOK BiATOBiZHHX IJIaB-
KHX TIepeMHYOK y MaTpuii «D». SIkmo xoH 10HKTOp P, Mac B cobi BXiany
3MiHHY A;, TO IEPEMUYKA, 10 3’ €AHYE UEH KOH IOHKTOP 3 MHHOK BXiJl-
HOi 3MIHHOI ;1:., nosuHHa OyTH po3miasieHa, i Hasmaky. Skupo 3minna
A; He mae E BXOJMTH B KOH’TOHKTOp P,, TO ABi IEPEMHYKH BXigHMX 3MiH-
HMX A;i A MOBHHHI GyTH PO3MITABICHI.

Ao uMCO BHKOPHCTAHHX BXITHHX SMIiHHMX A; MeHIle WMiCTHA-
IUATH, TO HEBHKOPHCTaHi 3MiHHI NMOBUHHI OyTH BUKMIOYeHi y BCiX BH-
KOPHCTaHMX KOH I0HKTOpax, TOOTO BiMIIOBiAHI IM ILTABKI HEPEMHUYKH B
Matpui «I» ropuHHI 6yTH pO3NaBieHi B mPoIeci NporpaMyBaHHs.

TIporpamMyBaHAs U3 IOHKTOPIB BUKOHYETHCA TLIBKM AV THX BHITA-
JKiB, KOAM KOH IOHKIIA He BKIIIOYAETHCH Y BXIAHY QYHKIO. SIKIIO KiThb-
KiCTb BUKOpHCTaHHX (YHKOiH MEHIIE BOCKMH, TO BCi TUIABKI NEPEMMUKH
B Matpuii «450», Mo 3’€aHye HEBHKOPHCTaHi AU3 IOHKTOPH i BUKOpHC-
TaHi 360 HEBHKOPHCTaHI KOH IOHKTOPH NIEPEIUIABNATH HE MOTPIGHO.

4.4. IlporpamyBanns 6a3080i soriunol MaTpuui

IlporpamyBaHHsa 6a30B0i JIOTi9HOT MaTPHIL PO3IIITHEMO OKPEMO AJIA
Matpuii «/», MaTpuni «450» i aKTHBHOTO PiBHA BHXOAY MIKpOCXEMH
K556PT1.

IIporpaMyBaHHs aKTHBHOIO piBHﬂ Buxoaie B1...B8 BinGysacts-
Cl TIepez TIPOTPaMyBaHBAM Matpui «» i ManHlIl «AB0». B no4yarko-
BOMY CTaHi BCi HIXpOMOBi TEPEMHYKH BHXIIHHX KacCKaiiB Liti, NpH

IOMY PiBEHb BEXIZHOTO CHTHAITY Y BUXiJIHOMY KacKalli HE IHBEpPTYETh-
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cs, i ToMy piBeHp aKTHBHOCTI BHX0xiB B1l...B8 — Bucoxkuii. [lepennas-

JICHHS OJTHOI IepeMUtKH BinOyBacThCs P ITOAAYi Ha BiANOBiAHUIA BH-

Xig HaIPYTH Upyy ip. TIpH HBOMY CHIPAI{hoBYE CXeMa MPOrpaMyBaHHA TIe-

PEMHYKH Y BHXITHOMY KacKafi i depe3 IMmepelamioBaHy NEpeMHYKY
. TIPOXOAMTE PyHHyouMi ii iMuynsc crpymy.

Ilpr nanoMy nporpamyBaHHi HeoOxinHo:

— BuBoau 14,1 mixpocxemu migkmounTth 1o 0B, a 1o BuBOAy 28 1mo-
IJarm "Hanpyry 0...0,4B;

— suBogm 10...13, 15...18, KpiM HPOrpaMOBaHOTO, HUEPE3 PEIHUCTOP
10xOM migxoumTy 10 JKepena xupiaenns 5B + 10%,;

— po BuBOAiB 2...9, 19...27 niaxmounTn HampyTy 2,4...4,5B,;

— Ha TPOTPaMOBaHHi BUBIA noxatw Hanpyry 17 + 1B i yrpumysaru
iil...5Mmc o

— yepe3 10...15MKc micid 3HATTA HAOPYTH 3 IPOrpaMOBaHOIO BH-
BOJY, HATIPYTy Ha BHBOAI 28 30insmmuru x0 9,0 + 0,5B;

— gepes 10...15Mkc micisa 36iAbIIEHHES HaNpyrd HAa BUBOALI 28 Ha-
npyry Ha BuBOAi 19 3menmuru xo 0...0,4B, Ha suBomax 2, 3, 20...27
ycranosutH Hanpyry 0...0,4B, Ha BuBonax 4...9 — nanpyry 2,4...4,5B, a
Ha TIPOrpaMOBAHOMY BHBOJi BHKOHATH KOHTPONb HAIPYTH, BEIMUMHA
AKOT IPH IIO3UTUBHOMY pe3ybTaTi noBHHHA OyTH 2.4...4,5B.

V BUNaJKy HEraTHBHOI'O Pe3yibTaTy IIPOTrpaMyBaHHA, TOOTO TpH

Ui =0...0,4B, HeoOXiZHO mie pa3s BHKOHATH IPOTPAMYBAHHA 4epes
t 210 Mc micnd 3aKiHYEHHS KOHTPOJIIO.

IIporpamyBanns Marpuui «I» Bin6yBacThCa HACTYIHHM YHHOM.
Jima BuGopy notpibHOi mepeMmukH B MikpocxeMi e npemrngparop DC,
puc. 4.2.1, axuit migkaogae 10 oKeperna IPOTPaMOBAHOTO CTPYMY Bin-
MOBixHY 361p1<y matputi «». [{ns yupasiiHas ):[enm(bpaTopOM BHKOPH-
CTOBYIOTh LLIICThH a/pecHux d)opmyBaHLHuxlB AQD2, agpecanis sSKHX Big-
6yBaeT1>c;1 i3 BUXigHHX BuBomB B1...B6. A 11e B cBOIO 4epry norpedye,
o6 yc1 BHMBOAH rxporpaMOBaHm Mikpocxemu nepefyBaiTd B 3aKPUTOMY
craHi, And poro Ha BXix CS HeoOXizHO momaTtu HATpyry Usxpp, 1O
Ipu3BeAe A0 3aKPUTTS TPAaH3HCTOPIB yCiX TMiACHIIOBAYIB 3UMTYBAHASA i
Ha BuBOoAM Bl...B8 MoXHa momagary aapecHHi KOA, HIO BiAMOBigac
HOMepY NPOrPaMOBAHOTO AOAHOTO CKIaAaHHS,

Jns 3a0e3neueHss po3MIiaBieHHs TiINBKY IOTPiOHOT HepeMHuKH i3
gucaa MepeMiuok BuOpanoi AemuppaTopoM AiOZHOTO CKIANAHHS He-
00xinHO 3a0e3neunTy 3aKPHUTTA BCIX BHXOMAIB BXiAHHX ITiJICUIIIOBAYiB
(K mpAMUX, Tak i IHBEpCHUX), KpiM mporpaMoBaHoro. lle 3abesmeuy-
€TBCA TIOJAYEI0 HAIPYTH Ha BXOMH BCiX BXiAHMX IiACHIIOBAUiB, KpiM
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oxgoro. Ha Bxozi BrfpaHoro BXigHoro nijcunopaua HoZa0Th HANPYTY
BHCOKOTO pirHA U, AKIIO HeOOXiTHO NEpEIIaBUTH MEPEMHUKY, 3'€l-

HaHO! 3 iHBEPCHUM BHXOAOM, 260 HANPYTy HU3BKOTO piBHA UL — M1

TPAMOTO BHXOTY.

3a xOXHMI WK OPOTpPaMyBaHHA NEPETIIABIAETHCA TUIBKH OJHA
nepeMHYKa. IMITyIsC MporpaMoBaHOro CTPYMY (JOPMYETHCA IpPH HOxadi
Ha rporpaMoBanuii P11 Hanpyrut Usy pa.

IIpu xasOMY nporpamyBaHHi HeOOXiqHO:

— BuBig 14 Mikpocxemu nigkmounty 1o 0B, a a suBix 28 nojaru
Hanpyry 5B 1+ 5%; _

— Ha BHBOJI 19 ycrasoButH Hanpyry 2,4...4,5B, a va BuBoai 1 —
0...0,4B;

— BUBOAH 2...9, 2...27, KpiM HOpOrpaMOBaHOTO, MJKIIOUHTH AO
mxepena 10B £ 5%;

— Ha KoxHHWit BuBix 12, 13, 15...18 (18 — MONOALLIHI po3psj) HOo-
AaTy Hampyry 0...0,4B a6o 2,4...4,5B y BiIHOBIAHOCTi 3 KOAOM aJpecH
KOH FOHKIT;

— KOH’IOHKIIi€10 BKITIOUAETHCSA NMpAMeE 3HAYEHHS BXiZXHOI 3MiHHOT
a6o nanpyra 0...0,4B, sxmo B KOH IOHKIIIO BKIIOYAETHCA iHBEPCHE 3HA-
YeHHs BXiAHOT 3MIiHHOT;

— uepe3 10...15 Mxc Hampyra Ha Buxoai | 30utsmyersca ao 17+ 1B
{ YTPHMY€TECS B IPOLECi BCHOTO HACTYMHOTO MEPEXOAY;

— uepes 10...15 mkc Hanpyra Ha BuUBoxi 19 306inburyerscsa ao
10B t+ 5% i yrpumyethed 1...5 mc;

— gepe3 10...15 Mkc micas 3HATTS Hanpyrd Ha BHBOAL 19 wanpyra
Ha BuBOJAi 1 3amKyeThCa 10 0...0,4B;

— uepe3 10...15 mkc Hanpyra Ha BHBOZiI 19 36iabuIyeThes KO
10B + 5% i na BuBozi 10 Bia0yBaeThCA KOHTPOMS HAIIPYTH, BEIIHMHHA AKOI
TPH DO3UTHBHOMY Pe3y./IbTaTi IporpaMyBaHHs 1oBuHHA 6y 2,4...4,5B,

V BUDaAKY HEraTMBHOIrO pe3yibprary nporpamysanus (0...0,4B) xe-
00XiTHO BHKOHATH MOBTOPHE MPOrPaMyBaHHA NUIIXOM HOro oHo-, ABOX-
KPaTHOTO OBTOPEHH:A uepes £ > 10 Mc nicns 3aKiH4eHHS KOHTPOIIO.

SIkio BXijHA 3MiHHA i IPH HBOMY HE BKJIIOYAETHCH B KOH IOHKILIO,
TO Tl HeOOXiAHO BUKJIIOUYHTH i3 KOH FOHKI1 HIIAXOM TI0/1a4i Ha TpOorpa-
MOBaHHUH BXia Hanpyru 2,4...4,5B, a notiM 0...0,4B i BXiZHUX 3HaUEHb
3CiAHO 3 OMMCAHHM BHILE.

IIporpamypannsa Marpuni «A50» BifOyBacThCs HACTYIIHHM TH-
HOM. B mO4aTKOBOMY CTaHi BCi HIXpOMOBi NepeMUYKU Matpuli «450»
uimi. s hopmysanas moTpibHUX QyHKLiH HeoOXinHO B KOKHMHA i3 HAX
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BKJTIOYMTH Ti KOH IOHKII, #Ki HE TOBUHHI BXOJUTH Y BiANOBinHY BDyHK-
{0, TOOTO PO3IUIABUTH ACAKI IEPEMUIKY MaTPHIL.

Jus mporpamysauis Marputli «450» BYKOPHCTOBYIOTh TOH xke Jlie-
mrdparop DC, puc. 4.2.1, mo i npu nporpamMyBasHi MaTpHI «I», ane
YIPaBIiHHS HAM BixOyBacThed depes APYri IPYIH HPOrpaMOBAHUX ajl-
pecuux ¢opmyBamsrukis AD] 3i cTOpOHH BXifHMX BuBOAIB Al...A6.
Hizxmouenus AD] 10 mKepena )UBICHHA i YCTAHOBKA BXiHHUX MiACH-
moBadiB B HeoOXiAHuMi cran BinGysaeThes HpH mojadi Ha MIKPOCXeMy
36impienoi Hanpyry. Ha susonu Al...A6 nmomaethes KOJ, BiATIOBINHHIHA
HOMEDY JIOTTUHOro HOGYTKY, KM HEOOXiTHO BUKIIOUNTH i3 faHoi QyH-
Kuii, a Ha Bxig «CS» (DB) — nanpyry 2,4...4,5B, sxa BCTAHOBIIOE BH-
XO7M BCIX HifCHIIIOBAYiB 3udTYyBaHHN B 3aKpuTHii cTaH. Ha BuXin Bin-
HOBiAHOI QYHKIHI i3 sK0I BHKITOUAETHCS BUOpaHa KOH TOHKIILA, ITOJACTHCA
Hanpyra Uy . IMIYTsC IPOrpaMOBAHOrO CTPYMy, SKHMH NPOTiKae 3a
BHOPAHOIO NepeMHIKOI0, GOpMyeThCA ITPU NOAAYi HA IPOrPaMOBAHMH
BXiz PIT HanpyTH Ugs np., @ Ha BXiZl CS (DB) — Ugyr.pp. 32 KOKHIN LWHKIL
[POTPaM TIPOrPAMYETHCS TLTBKE OAHA NIEPEMHUKA.

ITpw FaHOMY HPOrpaMyBaHHI HEOOXiNHO:

— BuBia 14 nigxmounty 10 0 B, Busix 28 — 10 9,0B £ 0,5 B, BuBia
19— n02,4...4,5B,asuBogu 1...3,20...27 — 10 0...0,4 B;

— ua BuBOxH 4...9 rionary Hanpyry 0...0,4 Bi2,4...4,5 B y Bigno-
BIIHOCTI 3 KOZIOM aIpecH KOH IOHKIII, AKY He BKIIOYAIOTh y BXinHY dy-
HKIL{10;

— suBomu 10...13, 15...18, xpimM TIporpaMoBaHOTO, HiXKITIOMHTH HO
mkepena nocritiaol HanpyTH 4,5 B £ 10 %;

— Ha TPOTPaMOBAHOMY BHBOII BUCTaBIAEThCH Hanpyra 4,5 B £ 5 %;

— uepes 10...15 Mxc micis mopadi HATIPYTH Ha HPOTPaMOBAHUN BH-
BiA Harpyra #a BUBOAI 1 30imbmyernes 2010 B 5 % i yTpuMyeThes 1o
HACTYITHOTO IEPEXOAY;

— gepe3 10...15 Mxc micna 30iIbLIEHHS Hanpyry Ha BHBOAI 1 Ha-
npyra ua BuBoAi 19 30imsuryersesa go 10B £ 5 % i yrpumyerses 1...5 mc,
HicHs 90ro 3MeHInyeThes 1o 2,4...4,5 B; -

— yepes 10...15 MKC micns 3HATTS HANPYTH HA BUBOML 19 Hampyra
Ha BuBOJi 1 3mmkyeThes 50 0...0,4 B

— uepes 10...15 MKc, miC/IA SHWKEHHS HATIPYTH Ha BUBOZI 1 Hampy-
ra 30BHimHEbOr0 Mxepena 10 B £ 5 % Bin mporpamMoBaHOro BHBOY Bij-
KNIOUAETHCH, a Ha BuBi 19 BucTaBnseThs Hanpyra 0...0,4 B, micis woro
Ha TIPOrPamMOBAHOMY BHBOJi BiZOYBacThCs KOHTPOIb HANPYTH, BETHYH-
Ha AKOI 1IPH 3aH0BUIFHOMY Pe3yJbraTi IMPOTPaMyBaHHs MOBHHHA OYTH
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2,4...4,5 B 114 BUBOXY 3 aKTHBHEM HU3BKHUM piBHeM a60 0...0,4 B s
BHBOZY 3 aKTUBHUM BHCOKHM piBHEM.

Y BHNaiKy HETaTMBHOIO pe3ylIbTaTy MporpamyBaHH:, TOOTO mpu
0...0,4 B 1119 BuBOAY 3 aKTUBHHM pPiBHEM, HEOOXiTHO MOBTOPUTH HOro
gepes ¢ = 10Mce micna KOHTPOIIIO 3riAHO 3 HABEJECHOIO BHIIE POrpaMoio.

4.5. CxeMoTexHika mo0ynosu KomMOiHaniliHnx
¢XeM Ha POrpaMOBaHMUX JOTIYHHX MATPHINAX

Ha II'TM 3pyuno 6yZyBaTH fAK OXHOBHXiAHi, Tak i ocobnuBo Gara-
TOBHXiAHI KOMIT'I0TepHi koMOinaKiiiai cxeMH.

CxemotexHika no0ynoBH KOMOIHAMIHHUX CXeM HA IPOrpaMOBAHHX
JIOTIYHHX MATPHUAX Mae Takui anropur™m. Ha mepmomy kpoui aaropu-
TMY BH3HAYAIOTH KIMBKICTh BXiAHMX i BHXIZHMX 3MIiHHHX, a TaKOX
KOH'TOHKIiH, sKi HeoOXiaHO peanizyBaru Ha IIJIM. Ha apyromy kpoti,
BUKOPHCTOBYIOUH HaHi JNOTiYHMX QYHKLIH Mepmoro Kpoky ajJropuTMy,
BHM3Ha4a10Th Aany ITJIM (ix cykymHicTs) amst peanizauii 3ananux QyHk-
uifi. Ha TpersoMy kpoui, 3rifHO 3 anropurMoM poOGOTH CHCTEMH, BH-
3HAYAIOTh, SKY KUTBKICTh JOTIYHHX (GYyHKIIH HEOOXiNHO OTPHMATH 3 BH-
COKHM piBHEM aKTHBHOCTI, a AKy — 3 HM3bKHM. Ha gerBeproMy Kpoiu
anropuTMy 3aJaHUM JOri9HUM QYHKIIAM OPHCBOIOIOTh HOMEPH iX
KOH IOHKTOpiB. Ha m’sAToMy Kpolli, BHKOPUCTOBYIOUM peKOMEHAANii i3
nporpamysasns — §4.3 i xani — §4.4, IporpamyIoTh YTBOpEHi HA YET-
BEPTOMY KPOLi KOH FOHKTOPH JIOTTUHUX QYHKIIH, a Takox i cami dymHk-
uii. Hepukopucrani xigui Bxomu [IJIM mosuuni 6yTH BHKnOYeHi y
BCiX BHKOPHCTAaHHMX KOH IOHKTOPaX LIISAXOM PO3IUIABACHHS TX HiXpOMO-
BHMX MTEPEMHYOK Y MaTpHIli «/» B mpoueci nporpamysaHnsi. Ha miocromy
KpOI{l alITOPHTMY KOHTPOTIOIOTH NPABHIIBHICTE porpaMysanus [LJIM, i
AKIIO BOHO BiOYyIOCA MPAaBUIBHO, TO 3aHPOrPAMOBAHY MIKPOCXEMY BH-
KOPHCTOBYIOTh I peamizallil 3a1aHuX JOTiYHHX QYHKUil, a AKWo Hi,
TO HEOOXITHO IIOBEPHYTHUCH A0 I’SITOTO KPOKY ANTOPHTMY.

Mpuknad 4.5.1. MoGyaysarn (peamizysaru) Ha [1JIM K556PT1 Ta-
KY CHCTEMY AOTiuHmX GYHKIIT
S Xy X X VR Xy Xy Xy VX X Xy Xy VX X X
L =X X Xy VX, X Xy X VX Xy Xyt X
Jo =X X X VX, XV Xy Xy XV Xy Xyt X
Jo =X X X VX X X VX X Xy VX X X X

99



3 BUCOKHM DPIiBHEM aKTHBHOCTI UIf mEPIIMX ABOX (HYHKUiH 1 HU3LKHM
UL TBOX OCTAHHIX.

Pose’szanns. Jins peanizanil miei cucremu morigaux GYHKIiN Ha
TIJIM 3rigHo 3 IepnrEM KpOKOM BH3HAYAEMO HeoOXinHy KUTbKICTh BXOAIB,
BHXOZIB i KOHIOHKIiH a1t TiporpamMyBaHHA 1X y mikpocxemi KS56PT1.
KinbxicTs BX0MiB AOPIBHIOE 5, BUXOMIB — 4, 8 KOH FOHKILH — 15. Tax ax
3anana [TJIM mae 16 BxoziB, 8 BUxomiB i Moxe peamizyBaru 48 KoH 10H-
Kui#, §4.2, To poOUMO BHCHOBOK, HI0 HA Hilf MOXITHBO 3allpOTPaMyBaTH
33aHy CHCTEMY JOTiYHHX PiBHAHB, IO BIANOBIAE APYTOMY KPOKY.

3rigHo i3 3ananmMu QyHKHiAMH f...f, IPHCBOIEMO HOMEPH iX

KOHIOHKTOPIB:

ki =x, %, x5 ky =x,Xg;

ky =% %) %%y ko =x, X, - Xs;

ky =X %) X0 X, by = x5 x, - X5
ky=x % X5 ki =%, %, Xs;

ks =% %, - X3; ky=x %%

kg =%, %, X, Xs; ki =X X, X5}

ky =X, 0 X, Xs; k=% %, X, Xs.
ks =3 X, - x5

BuxopucroByiouu pekOMeHAamil i3 nporpaMyBaHHs, HaBeeHi B §4.3
i nani §4.4, nporpamyemMo 3agani GyHxil i ix xaui 3as0cHMO B Tabl. 4.5.1.

Tabnuys 4.5.1

KoH’10HKTOpH Pisens akrusHOCTI
Bxinna 3minuna 1 | 1 | 0 I 0
Homep x ‘ Xy l X3 \ X4 ] Xs Buxinsa Qyrknis

KOH IOHKTOpa N . R
‘ Howmep nporpamMoBaHoro BXoay A J 5 14

Al | A2 | A3 | A4 A5 | Bl | B2 | B3 | B4

I 2 3 4 | 51 6 70 8 1 9|10

b =x, %, X * 1 * 10 | N T I L
k=% -x-%-x, 0 1 0|t s LA x|
k=% x % x 1 0 1 0 * A * * *

100

3axinuenns mabn. 4.5.1

KoH’roHKTOpH ‘ PiBens akTuBHOCTI
Bxinna 3Minna 1 I 1 I 0 T 0
Konlflgngopa X [ X I X3 l X4 l X5 Buxinna ¢pynkuis
Howmep nporpamosarorosxony | fi | L | £ | fa
Al A2 | A3 1 A4 | A5 | Bl | B2 | B3 | B4
1 2 3 4 5 6 7 8 9 10
ky=x-%-% 1 * 0.7 * 0 A * * *
ks =x X, x i 0 1 * * * A * *
ke =23, -Xy - X * 1o jof 1 x| A ]+
k7 = )?1 Xy X, 355 0 1 * 1 0 - A * *
by = fl X, X5 0 * * 0 1 * * A *
k9 =x,- )‘5'5 * * * 1 0 * * A *
ko=x,-%, %, * 1 * 0 0 * * A *
k“ =X, X, 3{( * * 1 1 0 * * A *
ki =% %, Xy * * 1 0 0 * * * A
kl3 =x 3?2 X, 1 0 1 * * * * * A
kM =x, 354 X5 1 * * 0 0 * * # A
by =x %X, - X, 1 0 * 0 1 * * * A

ITpu mporpaMyBaHHi KOH’IOHKTOPIiB 3MiHHY X; SIKa BXOAHTD B
KOH'IOHKI[{}0 OpAMHM 3HAYCHHIM, HPOrpaMyoTs «1», Ko iHBepCHUM
TO — «0», 3 AKIUO HS BXOOUTH 30BCIM, TO — «*», [0 03HAYAE TICpenia-
BIICHHS TIEPCMHUYKH. |

Ilpu nporpaMyBanHi M3’ FOHKTOPIB HATIEXKHICTB &; 10 naHOi QyHKIIT
NOMiYatoTh y Tabmuili 3HAKOM «A», a HOro BiACyTHICTE NO3HAYAIOTH
3HAKOM «™», III0 03HAYAE EPEIANIOBAHHSA TEPEMHUYKH.

Bucoxuii piBeHb aKTUBHOCTI BHXOXY IPOTPAMYEThCA «1», a HHM3b-
Kub — «0». '

Ha Bcix meukopHcTanux sxomax A6...Al6 i Buxomax B5...BS IIJIM
i3 HomMepamu koH 1oHKTOPIB K1...K15 nmepeMHuKH NepenaiiorThCs.
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Cxema, K4 peatisye CHCTeMY piBHSHE yMOBH npukaany 4.5.1, npu-
BeneHa Ha puc. 4.5.1.

+5B l-le 1
X 9
Xi___ 8
X3 7
X___ 6
X 5

—4 ]
3
2]
_27]
_26]
_25|
24
23]
_22]
_21]
_ 20|
0B 19

+5B

ae R1...R5 — pesncrop 1 xOm.
Sk BurumBac i3 Tabm. 4.5.1 i puc. 4.5.1, peanizauisa 6yab-AKHX JI0OTiY-

wux GyHKLiH xyxe 3pyyna Ha ILJIM.

il Q R2 |R3 |R4 RS
Al M
A2
A3 Bt |18 fi
| A4 " 17 f
A5 .
A6 83 |16 s
A7 54 112 fi
" as [13
A10 ss P12
A11 g7 1L
A12 ;
A13 B8
At4
A15
A16
CS

Puc. 4.5.1

KoHmpoinbHi 3anumanHst

1. SIke npy3HAYEHHA MA€ MPOrpaMOBaHa JIOriYHa MaTpULA?
2. SIxi qinAHKM 33CTOCYBAHHA HPOrpaMoOBaHoT Jioriudo] Marpuni?
3. JIng Axux 1ijeil 3aCTOCOBYIOTH IporpamMoadi jorivai MaTpuii?
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. 3 axux OJIOKIB CKI3RAETHCS IPOTPaMOBAHA JIOTiYHA MATPHIIA?
. SIxa MaKCHUMaJTbHa KiTbKiCTh KOH JOHKTOPIiB MOke 6yTH 3ampor-
pamoBana B [LJTIC K556PT1?
6. SIxa mMakcUManbHA KiNbKiCTh NOTIYHHX QYHKUII MOke OyTH 3a-
nporpamoBasa B IIIIC K556PT17?
7. Shxwmii nporec BifOyBaernea npu nporpaMyBanHi B IUTIC K556PT1?
8. Sxi xBi marpHni € 06oB’A3k0BEUMHE y 6a30Bii mporpaMoBamniit
MATpPHI, Ha3BiTh iX?
9. B axkiif hpopmi MOkHA peanmi3OBYBaTH JOTiURI PyHKIT y GasoBii
[porpaMoBaHii JIOriuHii MaTpuLi i 9omy?
10. Ha3Bith nmepepar# moOynoBH kOMOIHAIIHHX CXEM HA mpOrpa-
MOBAHHX JIOTiYHHX MAaTpHIBIX repen mo6yAoBo0 KoMOiHamiHHAX JIOTi-
YHHX CXEM HA eJICMEHTaX eNeMEeHTapHuX OyneBmx dyHKUii.

wn oA

Komenmapi. B nanoMy po3zini BUKOpPUCTaHHi Marepial B3s-
T0 3 [17, 19].
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Po3ain 5

CXEMOTEXHIKA NOBYAOBN
TNNOBNX CXEM I3 NAM'SITTIO

5.1. Cxemortexnika noGynosu RS-Tpurepis

Osnauennun 5.1.1. RS-TpurepoM Ha3WBAIOThH 3ariam’ATOBYIOUHI IIpH-
CTpiit i3 gBOMA CTiHiKMMM cTaHaMH i 3 pi3HHMH iHGOpMaNiliHUMU BXO-
XaMH JUis YCTAHOBKM ¥#oro B ctaH «0» (R — Bxim) i crad «I» (§ —
Bxixn). Hassy RS-Tpurepa yrBopeHoO Bix nmepmmx OYKB cIOB aHDIiHCHKOT
MOBH Reset (BHKIIOUUTH) i Set (BIITIOUHTH).

Anroput 1o0yaoBu RS-Tpurepa BHKOHYIOTH 3a IT'ATh KpokiB. Ha
HEPIOMY KPOL, ZOCIHDKYIOTH JIOTiKY pobora RS-tpurepa, 6yayrors Tab-
o Horo nepexonis. Ha apyroMy Kpori, BHKOPHCTOBYIOUH TaOIMIIO
nepexois, Oyayiors kaptu Kapro, a Ha TpersOMy, 3a JIOIOMOFOKO Kapt
Kapno, otpuMytoTs J10Ti4Hi piBHAHEHS pobot RS-TpUrepa, sKi Ha YeTBep-
TOMY KpOIll aIrOpUTIMY 33 JOTIOMOTOI0 3aKOHIB anrebpH JIOTiKM IIepeTBo-
PIOIOTE IO BHIVISAY, HA AKOMY KOPMCHO HOTO peani3yBati, 32CTOCYBABILIU
OJMH i3 BHAIE OCHOBHHMX JIOTIYHUX €JIEMEHTIB, HaBeAeHuXx y §2.6. Ha
I’ ATOMY KpPOIli aJIrOPHTMY, 38 OTPHMAHUM Ha YETBEPTOMY KPOI JIOTiYHMM
pisasHEaM, Oyayrorh RS-Tpurep Ha BHOpaHii eneMenTHiN Gazi.

3rigHO 3 mepuIMM KPOKOM ANTOPUTMY, JOCTIIKYIOUH JIOTiKY po6oTh
RS-Tpurepa, 6yayemo tabuwitio #Horo mepexozis, tabm 5.1.1.

Tabruys 5.1.1

Rt Sl QY QH—!

0 0 0 0

0 0 1 1

0 1 0 1

0 1 1 1

1 0 0 0

1 0 1 0

1 1 0 K

1 1 1 K,
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B Tabmuui nepexoxis mpuiHATI HACTYNHI NO3HadeHHs: R, S;, O, —
3HAYEHHA JOTIYHHX 3MiHHHX B MOMEHT 4acy ! Ha BXojax R, S i Buxoai
Q rpurepa; Q;+1 — Crad Tpdrepa micia nepekmouenns; K;, K; — ne-
BH3HAUCHI koedimieHTH Ha THX Habopax, e BXimHi curHand R,i S, oxn-
HOYACHO NPHMITMAIOTH 3HaYEHHA OJUWHHULI (3a00poHeHa KOoMOiHawis chr-
HaiB). ‘ '

Ha apyromy xpoui, KOpHCTYIOTHCEH TablIHIIEI0 NepexoniB RS-rpu-
repa 6ynyemo kapri Kapro, siki npuseaeHi Ha puc. 5.1.1a

&S0 o 1 10 &S00 o1 1 0 &S00 00 1 10
O (o} - O L

ool 1 lx]o ol o /7| N o ol o m ol o

lrlrleloe ! Q DK ! Q D olo
a) 6) 6)

Puc. 5.1.1

Ipumycrumo, mo kombimanii BXimEuX curamiB RS, = 11 He Mae,
toxi orpuMaemo kapta Kapro mma K; = K; = 1, puc. 5.1.16, i K; = K, =0,
puc. 5.1.1s.

Ha tperbomy kpori anropurmy nobyaosu RS-tpurepa i3 xapt Kap-
Ho, puc. 5.1.1a i puc. 5.1.16, oTpHMaeMoO JIOTiuHi PIBHAHHA ACHHXPOH-
HOrO RS-TpHTEpa

Q0 =S, VR -Q mpu Ki=K; = 1, (.1.1)
0. =R (S,vQ) mpuK =K, =0. (5.1.2)

Joriuni pipusmas 5.1.1 i 5.1.2 BM3HA4AIOTH HOBMIf CTaH TpHrepa
(O, + 1 B 3QJISKHOCTI Bix cTaporo crany Q, i BXiZHUX CHIHaNB R, i S,

Ha yerBeproMy Kpomui anropurmy rnodynoBu RS-tpurepa meperso-
proeMo Joriute piBHAHHA 5.1.1 70 BUIiAmy, HA SKOMY KOPHCHOro Horo
peanizysaTi Ha enemenrax «l-Hb»:

Q.=SVvR-Q=8VvR-0=5-R-Q. (5.1.3)
BukopHCTOBYIOUH JOTidHi 3B’A3KM piBHAHHA 5.1.3, Ha m’ATOMY

Kpoui aroputMy OyIayemMo cxeMy CHHXPOHHOTO RS-Tpurepa Ha elaeMe-
Hrax «I-HI», sxa matume BUrIax, HaBeAcHuI Ha puc. 5.1.2a.
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1

ta}
| R
©
©
=

]

|

L5

©
©l

a) 6) 6)
Puc. 5.1.2

Oco6muBicTIO JaHOro RS-TpHrepa € iHBepCHE yHpaBHiHHA Ha HOro
indopmanifinux BXoAax, IO NOKa3aHO HA uacoBift miarpami poGoTH,
puc. 5.1.26. Ha puc. 5.1.26 npusenena GyHKIioHaIbHA cxeMa RS-Tpurepa.

s mobynosu RS-Tpurepa Ha eneMmeHTax «4b50-HDy HeobxinBoO,
3TiAHO 3 KPOKOM 4E€TBEPTHM ANTOPHTMY, IIEPETBOPHTH JIOTIYHE DiBHAHHS
5.1.2 10 Taxoro BULASTY

Qt+1:RI'(StVQ1)=§1‘(S,VQI):R.tV(StVQt)- (514)

Toni, BHKOPHCTOBYIOUH JOTiUHi 38°13KH PiBHAHHA 5.1.4, Ha I’ ATOMY
KpOIi a/TTOPHIMY OYyZYEMO CXeMy aCHHXPOHHOro RS-Tpurepa Ha -ene-
MeHTax «4B0-HI», naBeneny Ha puc. 5.1.3a. ’

R, >
LT e or —a Il
S 2, — 3, ~1
R a1 A [ A S e T
a) 6) 6)
Puc. 5:1.3
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Yacosa miarpamMa po6oTH JaHOTO TpUrepa IpHBecHa Ha puc. 5.1.3,
a 300paxceHHA (PyHKIIOHANHEHOI CXeMH —— Ha pHC. 5.1.36.

Hna nobynoBH CHHXpOHHOTO. RS-TpHrepa HeoOXinHo B piBHAHHI
5.1.3 BBeCTH 3MiHHY CHTHATY CHHXpOHi3auii C,.

VY noriuHoMy piBHAHHI 5.1.3 3Minui S; i R, CKOMNOHYEMO i3 CHTHa-
noM cuexpoiMuyiscy C,ractynauM qudom: C, - S;i C, * R,, B pesyasrari
40T0 OTPUMAEMO JIOTIYHE PiBHAHHSA

Q(t+l) =C-§,-CR-Q. (5.1.5)
BukopucTopytoun piBHAHEA 5.1.5, 6yayemo cxemy 3 JOTiUHUMH

3B’ A3KaMH CHHXPOHHOIO RS-TpHrepa Ha emeMenTax «l-HD», SKa IpHBe-
JicHa Ha puc. 5.1.4a.

¢ S5 Is T
N o
G
a) 6)
ct
UL
s, _t
§ [ S E—
R
s, L] -t
U U,
CR
Q L t
QJ Ll o
B )
6)
Puc. 5.1.4
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Yacopa giarpaMa poOOTH CHHXpOHHOTO RS-TpHrepa mpHuBezcHa Ha
puc. 5.1.48, a pysxuionansHa cxema — Ha puc. 5.1.40. 13 qacosoi xiar-
paMH BHIUIMBAE, 10 KomGinauis curdamB C, = §,= R, = | Ha BXoal TpH-
repa 3a00pOHEHA, TaK fK Bele A0 HEBM3HAYEHOCTI HOro craHis.

Jng noOynoBn cUHXpOHHOTO RS-TpUrepa Ha enmementax «ABO-HI»
Heo6xixHO B MoridHOMy piBHsHHI 5.1.4 3aminutu 3Mmiuui S, 1 R, Ha

C,-S, i C,-R. B pesynsrati bOro OTpHMAEMO JIOTI9HE PIBHAHHSA PO-
6011 cHEXPOHHOrO RS-TpHrepa Ha eneMeHTax «450-Hy.

0.,=C-RVv(C,-RvQ)=C,vRV(C,VR VQ). (5.1.6)

Cxema CHHXpOHHOTO RS-Tpurepa Ha enemenrax «ABO-HI» 3 noriu-
HHMHM 3B’43KaMH Ha OCHOBIi JIOridHOro piBHgHHs 5.1.6 HaBedcHA Ha

puc. 5.1.5a.
D 1 9
1]¢s s| 7 g
1 CR 1 o

&

0

[

|
T

a) 6)

Ko

j
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Yacosa xiarpamMa pofoTH CHHXPOHHOI'O RS-Tpurepa OpHBEICHa Ha
puc. 5.1.58, a dyskmiosansHa cxema Ha pHc. 5.1.56. I3 yacoroi miarpa-
MU BAIUTHBAE, INO KoMOinanis curnanis C, = §,= R, = 0 Ha BXozai Tpure-
pa 3a60poHeHa, Tak AK BEIE A0 HEBH3HATEHOCTI HOro CTaHiB.

5.2. CxemorexHika nobynosu D-TpHrepa

O3navenns 5.2.1. D-TpurepoM Ha3MBaOTh CHHXPOHHMH 3anam’s-
TOBYIOUM IIPUCTPIH i3 ABOMA CTIHKHMMH CTaHAMH i OTHHM iHdopMartiii-
HUM D-BXOO0M.

Sk BHILTHBaE i3 o3HaueHHA 5.2.1, jorika GyHKUIOHYBaHHs D-TpH-
repa Moxe OyTH B3sTa 3 JOTikH QYHKUiOHYBaHHA CHHXPOHHOro RS-TpH-
repa, AKIIO B HBOMY BXia S 3amiBMTH Ha BXix D, a Bxix R — na D,
To6ro, cuaxporHui RS-TpUrep MOXKHA 3pOOHTH TPUIEPOM 3 OJHHM
BxoaoM D. JIns uporo B pisHsHHI 5.1.5 3amMiaumo 3MiaHi S Ha D 1 R Ha

D, B pe3ynbTari 4oro OTPHMAEMO

Q.=C,-D,-C,-D-Q,. (5.2.1)

3BiAcu BULIUBAE, IHO CXEMOTEXHika nobynosn D-Tpurepa Moxe
6yTu B3siTa i3 cxeMoTexHikyM nMoOyxoBu RS-Tpurepa, y 3B A3KYy 3 4um
BUKOPHCTOBYIOYHM PiBHAHHS 5.2.1 OyAyeMo cXeMy 3 NOTIiUHHMH 3B’ A3-
kamu D-Tpurepa Ha enemeHrax «J-Hb», axa npuseneHa Ha puc. 5.2.1a.

i T,
Q 3
T e
) -t
-»f
a) 6) 6)
Puc. 5.2.1
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Yacosa aiarpama poGors D-Tpurepa OpHBefeHa Ha puC. 5.2.16, a
dyRknioHambHa cxema -— Ha puc. 5.2.16. 13 yacosoi miarpamu BUILTH-
Ba€, 0 D-Tprrep CIifiKye 3a 3MiHHOK cHrHaily Ha D-BXoxi B uac aii
cHrHamy cuaxposizanii C, i 3bepirae Ty imdopmanito, sxa 6yna. B Mo-
MEHT HOT0 KiHms.

3 norikm ¢ysxuwionyBanHs D-rpurepa, piBHAHHA 5.2.1 Takox
BUIUIHBAE Apyra cxema D-Tpurepa, sika moly0BaHa 3 BUKOPUCTaH-
HAM QYHKIIOHATBHOI CXEMH CHHXPOHHOrO RS-rpurepa # imBEpTOpA,
puc. 5.2.2.

D, 9

St 7T —
[
C
o R 4‘,2!;
Puc.5.2.2

UYacosa aiarpama poOOTH IH€ET CXxeMH aHamoriuHa 4acoBii xiarpami,
mpuBeneHiil Ha puc. 5.2.16.

5.3. Cxemorexnika moGygosu 7-rpurepa

Osnauennn 5.3.1. T-TpurepoM HA3UBAIOTh 3anaM’ATOBYROUH
OpHCTPiil i3 ABOMA CTIHKUMH CcTaHaMH, SIKi MiHAIOTBCA Ha IPOTHIEK-
Hi Ticas KOXHOTO HAIXOMXKEHHs CHTHANY Ha foro imdopmamiitnmit
Bxin 7. ‘

CxemorexHiky nobyxosn 7-Tpurepa BUKOHYIOTh 38 HOTHPH KPOKH
agroputmy. Ha mepiioMy Kpolii alropHTMY, JOCHDKyrour #ioro pobo-
Ty, 6ynyrots Tabnmmo nepexozis. Ha apyromy, i3 Tabmurli nepexonis,
OTPHMYIOTH JIOTiuHi piBHAHEA po6oTy T-TpHrepa, AKi HA TPETHOMY KPO-
IIi AITOPHTMY 34 JOIIOMOTOK 33aKOHIB alreOpH JIOTIKHM IEPETBOPIOIOTH
HA BUITIA, B SKOMY KOPHCHO HOTO peani3yBary, 3aCTOCOBYIOUH ONMH i3
BH/{iB OCHOBHMX JIOTTYHHX €JIEMEHTIB, HaBeAcuux y §2.6. Ha uyerrepro-
My KpOIli aITOPUTMY, 32 OTPUMAHKM JIOTiYHHM DiBHSIHHSM, OyxyroTh T-
TpUTep Ha BHOpaHil eneMeHTHiH 6a3i.

3rifHo 3 MEepHIMM KPOKOM AITOPHTIMY, HOCHIKYIOUM JNOTiKy dyHK-
wionysauus T-tpurepa 6yxyemo Tabmmilo oro nepexoais, Tadn. 5.3.1.
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Tabauyn 5.3.1

Ui o O
0 0 0
0 1 1
1 0 1
1 1 0

I3 Tabimni mepexolis BANIMBAE JIOTIYHE PiBHAHHA po6oTH 7-TpH-
repa, AK€ Mae BULIIAK: :

0n=1,-0vT-Q. (5.3.1)

Ha tpersoMy kpowi mo6ynosu 7-Tpurepa, BAKOPHCTOBYIOUH 3aKOHH
anrebpu noriky (HoABiHHOTO 3anepeuenns i 3ak0OH ne-Moprasa), epe-
TBOPIOEMO PiBHAHEA 5.3.1 Ha BUrIAA:

0n=T-OvT,-0=T,-0,-T-Q, (53.2)

B pisasnHI 5.3.2 ana BaxmovenHs ivBepcii curnamy 7, BUKOPHCTO-
BYEMO HacTynHy noriuny toroxsicts 7, -Q, =(7,-Q,)-Q,. Ilincrapus-
mH ii B piBHgEES 5.3.2, oTpUMaEMO

0.=1,-0-0-T,-Q. (53.3)

. Ha uetBepromy xpomi Gyayemo cxeMmy 7-Tpurepa Ha €IEMEHTaX
«[-HI» 3 BUKOpUCTaHHAM piBusaHHA 5.3.3, puc. 5.3.1a.

e
L=

a) 6)

Puc. 5.3.1
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I3 amanisy poboru cxemu T-tpurepa (pHc. 5.3.1a) cuixye, mo cHr-
HaigH 0GepHEHOro 3B 43Ky B TPHIepi MiHAIOThCA B uyac xil curHany 7.
To6ro pobora erementa nam’sti T-TpHTEpa € He CTIHKOI0 (MOXE BHHH-
KHYTH KONHBAIbHUH pexuM). YHHKHYTH I[LOTO ABHINA MOXKHA J[BOMa
mnaxamu. Tlepomif X 1onsTac y 3aTpUMITi CHTHAIIEB, SKi HAXOAATh
HAa enemenT nam’ ATl T-rpurepa, Ha 9ac Ail cHrHaNy 7, BAKOPHCTOBYIOUH
Ing NEOro diHio 3arpuMku (J13), a IpH ApYroMy HeoOXixHO 3aCTOCOBY-
BATH NOIATKOBHI acuHxpoHumid RS-Tpurep. Cxema T-Tpurepa, siKa peasi-
3y€ TEPUIMI NUISIX MpHBENeHa Ha PHC.5.3.16, a npyruit — Ha puc. 5.3.2a.

e
I ! » —‘C B
R

5

6)
Puc. 5.3.2

Cxemy, mpuBelieHy Ha puc. 5.3.24, HA3MBAIOTH CXEMOIO JBOXCTYMi-
HYATOTO ACKHXPOHHOro 7-TpHrepa Ha enemenrax «/-Hl» 3 noriyaumu
38 A3KaMu, BianosinHo no pisasHHA 5.3.3. Ha puc. 5.3.26 mpuBeaeHa
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gacoBa ZiarpaMa poOOTH NaHOi cxemH, SKa € CTIHKOK B po6oTi i BH-
KIIFOU3€ Pi3HI «2omKuU» B CXEMi 33 PaXyHOK 3aTPMMKH CHIHANB Ha 1i
€IEMEHTaX.

5.4. Cxemorexnixa no0yaosu JK-tpurepa

Osnauennn 5.4.1. JK-TpurepomM Ha3HBAKOTH 3aMaM’ ATOBYIOYHi TIPH-

- cTpiii i3 ;BOMA CTIMKHMH CTaHAMM i1 iH(OpMaitinumMu Bxoxamu .J (aHasmor

S), K (amamor R), sxi 3a6e3ledyloTh HE3AICKHY YCTAHOBRKY CTaHIiB «1» i
«0», a mpu criBmananHi curdanis JK = {1, 0} BiH mepexinovacrbcs B Ipo-
THIICHKHI CTaHH, TOOTO peanizye ZOJaBaHHs CUTHATIB 33 MOAYICM IIBA.

Cxemorexniky no0yxosu JK-Tpurepa BUKOHYIOTB 33 YOTHPY KPOKU Al
roput™My. Ha riepmoMy xpoi anropuTMy, TOCTBKyI04H JI0Tiky JK-Tpurepa,
Oyayrors Tabmamo Horo nepexonis. Ha apyroMy xpoui 3a Tabuuiero rnepe-
XOJIB OTPUMYIOTH KapTi KapHO, 32 SKMM Ha TPETEOMY OTPHMYFOTh JIOTidHe
piBHsEHA pobot JK-TpHTEpa, a Ha YSTBEPTOMY 33 OTPHMAHUM JIOTiHHHM
pisusHESIM OynytoTs JK-TpHrep ua Bubpasii eneMenTHii 6asi.

3riaHo 3 MepIIUM KPOKOM aITOPUTMY, HOCTLDKYIOUH ITOTiKy pobotn
JK-rpurepa, 6yayemo tabnuiio Horo nepexonis, Tabm. 5.4.1.

Tabauys 5.4.1

=
~
©
©

—_l~l—]—~lololeo|leo
—~l~lolol—~|~jc|e
= = =R il K= =
IR i e =)

B TaGnuni nepexonis npuiHATI Taki mo3HA- g
genns: K, J, O, — 3HaYCHHS JIOTIYHHX 3MIiHHHX oN\-%¢ 0L 1l 10
y MOMeHT uacy { Ha sxomax K, J; i puxoni @; o| o ( D 0
Q-1 —— CTaH TPATePA MCIA ICPCKIIOUEHHS.

Ha apyromy kpolii, KOPHCTYIO9HCH TabIHIIE0 Q D
nepexonis JK-rpurepa, Oyayemo xapty Kapuo,
puc. 5.4.1.

Puc. 54.1
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I3 xapte KapHo oTpumaemo noriute pisaaras pobotu JK-Tpurepa
0.=K-QvJ,-Q; (5.4.1)

SKe 3a 3aKOHaMH anre6pH yoriku (3aKOH MOABIHOro 3amepedeHHs i 3a-
KOH fe-Moprana) IepeTBOpHMO B TAKMIT BATIISL;

0.,=K -QVvJ,-0=K,-QVJ, 0. (5.4.2)

Jia BHKMIOUEHHA 3allepeucHHs curHany K, B piBHAHHI 5.4.2 BUKO-
PHCTOBYEMO JIOTiqHY TOTOXHiCTE K,-Q, = (K, -Q,)-Q,. ITixcTaBnBIIH

11 B piBHsHHS 5.4.2, OTPHMAEMO
Qt+1 =(Kt'Qt)'Qt'Jt'Q:' (543)
s noGynosu CHHXPOHHOTO JK-TpHUrepa Ha eneMeHTax «I—HI);H&-—

o6xixHo 3aminwTe B piBmsaHHL 5.4.3 3miawi K, i J,ua C,- K, i C; - J, Big-
TOBINHO. B pe3ymsraTi 150Tr0 OTpUMaeMo

0.=(C,-K,-0)0,-C,-J,- 0, (5.4.4)

Ha gerBepromy xpoili, BHKOPHCTOBYIOYH TTOrT9Hi 3B’ A3KH PIBHAHHS
5.4.4, 6yayemMo OAHOCTYIiHUaTHI acHHXpOoHHuM JK-TpUrep, AKHil TpH-
BeJIcHHI Ha puc. 5.4.2a

L & &) 0
- e J,
_ T S/ P g oA
X & &1 12 G
K, 0
a) 6)
Puc. 54.2
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Ha prc. 5.4.26 npusenena QyHKIUiOHATFHA CXeMa ORHOCTYIIHYATO-
ro JK-tpurepa. Jlana cxema Mpalffoe HAZINHO B PEXUMI PO3’€IHAHUX
gxofiB J i K, To06T0 B pexxnmi RS-Tpurepa, a 1pu 1x 06’ exHansi, To6TO B
pexumi T-rpurepa HEOOXIAHO BHKOPUCTATH OIMH i3 IBOX IIIAXIB, JMiK-
Bifanii «eonor» CUrHAMB, gKi Oyiu po3risnyri B §5.3. Ha npaktuni, Ak
NPaBHIIO, 3aCTOCOBYIOTh JBOXCTYIiH4YATi cuuxponki JK-rpurepu. Cxe-
Ma TAKOTO TPHIEpPa i3 3aCTOCYBAHHAM piBHsHHS 5.4.4 B KOXKHil CTyneHi,
mpHBeAcHa Ha pHC. 5.4.3¢, #oro dyHKiionansHa cxema Ha puc. 5.4.36, a
yacoBa miarpama po6otu B pexxumi RS-Tpurepa — Ha puc. 5.4.4.
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Puc. 5.4.3
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Ha puc. 5.4.46 npuBeneHa gacoBa Aiarpama poborH ABOXCTYIIHYA-
toro JK-Tpurepa npd yMoBi, kond Bxom J, i K, — 06’enHaHi, T00TO
JK-Tprep yxmouenuil y Ti9UnBHOMY PEKUMI.

5.5. CxemoTexnixka no6ya0BH JiYnAbHAKIB

Osnauennn 5.5.1, JlivmubHAKOM HA3HBAOTH QYHKITiOHATBHAH
MPHCTPiN KOMIT r0TEpa, MPU3HAYEHUH 1A NiIpaxyHKy BXigHUX iM-
MYJBCIB,

JiYuIBHEKH ABIAIOTE COOOI0 3B’ SI3aHMH TaHIIOT T-TPHUTEpiB, YTBO-
PIOIOTH IaM’ ATh i3 3a/1aHO0 KiTBKICTIO CTaNHX CTaHiB, puc. 5.5.1

S 0

Q, rl 7 On

T\ T

L—x kﬁrR i L e

Puc. 5.5.1

PozpsagHicTs siuunsHHUKA 1 KopiBHIOE Kinbkocri T-tpurepis. Kox-
HUH BXimHA IMITYIhC 3MIHIOE CTaH MUIbHHKA, AKU 30epiracToca 10
HAJXOMKEHHA HACTYNHOTO CHrHAlNy. 3Ha4€HHA BHXOMAIB TpUrepiB Jidu-
weauKa Oy, O 1. -.., O BioOpaxkaloTh pe3ynbTar NiipaxyHKy B IPHIH-
atii crcTeMi yucneHHs. Jloriuny ¢yHKUi0 TYHTBHHKA TO3HATAIOTH
6ykBamu CT (counter). Jlo Mikpoonmepaliii JiyniasHUKA BKIIOYAIOTH HO-
NMEPEIHI0 YCTAHOBKY B IIOYATKOBHUI CTaH, iHKPHMEHT a60 IEKPEMEHT
CJIOBA, 10 30€piracThCs, BUAAUY CIOBA HAPAJICIBHAM KOJOM Ta iH.

Bxinani iMIyibCH MOXYTE HaJXOAHTH HA JHYHIBLHHK AK MEPiOHIHO,
TaK i 33A0BLTHHO PO3MIILIEHI B JaCi.

JliuMABbHMK € OIHMM i3 OCHOBHHX (DYHKUIOHANLHUX NPHCTPOIB KOM-
II’I0Tepa i 33CTOCOBYETHCA B YTBOPECHHI TOCIIiIOBHOCTL alpeCH KOMaHA
OporpaMi, TiAPAXyHKY YHCNA THKIIB TPH BHKOHAHHI OIepamii Xi-
JICHHS, MBOXEHHS, 3CYBY, 2 TAKOX OTPHMAHHS CHTHAJIIB MiKpooneparii
1 CHHXPOHI3aIi.

JiaunsHAKA XapakTEPHIYIOTECA MOJAYJIEM T4 €MHICTIO JIYEeHHS.
Mozyns nideHHs K, BH3HAYa€ KiNbKICTh CTaHiB NiuMnbHUKA. Moayns
IBIHKOBOTO A-POSPAMHOTO JIYHILHHKA BH3HAYAETHCA LLUTHM CTETICHEM
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Asidikd M = 2", B niqiiibHUKaX iHIOMX THILB CHIpaBeaNHMBa HEPIBHICTH
K., < M. Iicna miapaxyHKy KimbKOCTi iMItynsCiB N, = K., MiuiIsHAK
MOBEPTAETHCA B MOYATKOBHH CTaH. TakuMm UHHOM, MONYIh JiUEHH,
AKHI 9aCTO HA3HMBAIOTH KOe(DIMiEHTOM HepepaxyHKY, BHU3HAUa€ LUK
pOOOTH TUHIBHMKA, MiCAA SKOro HOro cTaH IOBTOPIOEThes. ToMy Kinb-
KicTh BXiHMX IMIyNBCIB i CTaH MiYHIBHHKA OAHO3HAYHO BM3HAUEHI
TLABKH JI8 TIEPIIOFO LUKAY. '

" €MHICT NiYEHHA N,,, BU3HAYACTHCH MAKCHMAIBHOI KibKicTIO
BXiTHHX IMIYIBCIB, AKi MOxE 3adQiKCyBaTH JTIYHIBHHUK TIDH OAHOMY LH-
KiIi poboTH.

B niunIbHHKAX BHKOPHCTOBYIOTHCS TPH PEKHMH pobGOTH: yIIpaB-
NiHAs, HakonMueHus i ainenns. [Ipu ynpasninui 3uuTyBanss indopma-
uii BigOyBaeThCs THCAS KOKHOIO BXiZHOIO 3ITYEHOTO iMITynsCy. B pe-

. KHMMi HAKOIAYECHHSA ONIOBHNM € TiIPaXyHOK 3a{aHOT0 YHCHA IMITYIIbCIB,

a B peXHMI JiNeHHS — 3MEHIICHHS YaCTOTH HaAXOJDKEHHS iMIynbCiB,
Hanpukiag, y K., pas.

JIiHIIBHHKH 32 JIOTIKO0 NOOYIOBH KacH(PIKyIOTh 32 TAKHMH O3Ha-
KAMH:

a) crioco6OM KOIYBaHHA —- TIO3HUIHHI i HEMO3UIIIHI;

6) MOAyNeM JliueHHsA — IBIWKOBi, JECATKOBI, i3 33J0BUIbHMM IIO-
criiinuM a60 3MiHHMM MOJYJIEM;

B) HAPAMKOM JIiYeHHs — OPOCTi (HiACyMoOByIodi, BifHiMaoui) Ta
peBEPCHBHI;

r) cocoO60oM opraizamnii MiXKPO3PAAHAX 3B’ A3KiB — 13 MOCIHIAOB-
HUM, HACKPI3HUM, HapATEIbHUM | KOMOIHOBAHHM HEPEHOCAMH;

1) THIIOM BHKOpHCTaHux tpurepis — T, JK, D B niunnbiomy pe-
WIM.

B migunbHHKAX 3 MO3HUIHHUM KO/yBaHHAM YHCIIOBE 3HAYEHHS TO-
TOYHOT'O CTaHy MYMIBHUKA BU3HATAETHCA 32 GopMynon

N=>70-0=a,-0Q,%+a,,-0,  +..+a,-0,

Ie a; — Bara i-ro po3psny; (J; — 3Ha4€HHA BUXOAY I-TO po3psaay; n —
YHCIIO PO3PAAIB. '

MpocTi TiTUIBPHAKKA 32 BHAOM NMEPEXOAiB PO3AINAOTBCA Ha MiACY-
MOBYIO4i 1 BinimMatoui. I'pad) mepexoniB miacyMOBYIOHOTO TiUMIIbHUKA
MpHBECHHI Ha puc. 5.5.2a, BiaHiMalouoro — Ha puc. 5.5.26, a peBep-
CHBHOTO — Ha pHc. 5.5.28.

117



Puc. 5.5.2

PeBepCHBHI ITWILHIKY MAlOTh NIEPEXOAM B MPAMOMY i 06epHEHO-
My HaOpAMKaX, 110 J03BOTSE PaXyBaTH JONABAEMI i BigHiMaeMi imMITy ib-
CH, 10 JOJAOTHCA i BiIHIMAIOThCA pHC. 5.5.26. ¥V nponeci givenns no-
BMHHa BHKOHYBATHCh yMoBa » U+ N, 2> U", ne N, — monepenHso
3AMHCAHE WHCNO. 34 MOTOYHKM CTAHOM BHXOMAIB JiUmIbHMKA BH3HAYA-
IOTB Pe3y/IbTAT PEBEPCUBHOTO JTIYMIBLHUKA

AN=YU*+N,~SU".

Buxopucrosyrodn pHc. 5.5.2, posrisineMo Ho0yJOBY aCHHXPOHHHX
IBIMKOBHX NiJCYMOBYIOUHX, BIIHIMAOUMX i PEBEPCHBHUX JHUMILHUKIB
i3 BUKOpHCTAHHAM T-TpHIrepiB. '

ACHHXPOHHI HiICYMOBYOYi NiMHIPHHKA HA ABOXCTYIHYATHX T-TpH-
repax GyayoTh TaKuM YHHOM, 06 BXigmi imoynscn UT Haaxoaumm
TUTPKA HA JHTWISHUN BXiJ Hepmoro pospany. CHrHANH mepeHocy B -
YHIBHAKY HEPEAAIOTHCA ACHHXPOHHO 3 MPAMHX BHXOMIB MOTOANIMX PO3-
paxiB Ha T-BxoaM cycigHix crapmmx. CxeMa Takoro JiUMIBHHKA HA TPH
po3psNu mpuBeJeHa Ha pUc. 5.5.34, a yacora xiarpama ioro poboru —
Ha puc. 5.5.36.
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ACHHXPOHHI BimHIMaroui JiUMIGHAKH Ha ABOXCTYIiHYaTHX T-TpH-
repax OyAyIOTh aHAJNOTIYHO I ACYMOBYIOUHM, alie 3 TICI0 PI3HUIEIO, IO
CHTHAM TIEPEHOCY B JIUMIBHHKY MEPEalOThCs aCHHXPOMHO 3 iHBepC-
HEX BHXONIB MOJIOAWIMX po3paAAiB Ha T-Bxomy cycimuix crapmmx. Cxe-
Ma TaKoro JiYibHHKA Ha TPHU PO3PSAH HpuBeNeHA Ha puC. 5.5.4a, a ua-.
copa Jiarpama iioro po6ot — Ha puc. 5.5.40.

PeBepcuBHMI JTIYHIBHHMK [IOBUHEH CyMillaTH NMPHHIUIH 000y XO-
BH IiACYMOBYIOYOro i BiHIMal04oTO JiunnbHukiB. CxeMa HOro 1mo-
BUNHH2 33XOBONBHATH IIEPEKITIOUEHHS 13 PEXKHMY NOIABAHHA B PEKUM
BiJHIMaHHA i MATH OKpEMi YCTAHOBKM NiyniabHHKA B «0» 1 «1». Cxe-
Ma Ha TPH PO3IPAIHM, KA BiANOBiZA€ MM NPHHIUNAM, NIPUBEICHA HA
puc. 5.5.5.

VY Aaniii cxeMi MiKPO3pAIHI 3B’ A3KH KOMYTYIOTBCS 33 ZOTIOMOTOIO
JIOTi9HMX elNeMeHTIiB «21 — ABO». Ha suxo4i I#X JOTIYHHX €NeMEHTIB
BHpOONAETECA curHan 7, Juis MYuibsEUX BXOAIB CTAPIIHX PO3PSAIB.

T=Y.-OvY -0,i=123,..,n
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Tobro, sikmo ynpasisgiounii RS-tpurep nepebysae y crani «1», TO
THYHIBHAK Peami3ye PeknuM HipaxyHKy BXiTHHX IMITYJIBCIE (XoAaBadHs),
a Y MpOTHBHOMY pa3i — 3abe3nedye pexuM BinuiManuaa. B 000X pexu-
Max pobotu 7-TpHrepu NepeKFOYarOThCsi aCHHXPOHHO, a iX podoTa onu-
_CYEThCs YaCOBUMM NiarPaMaMH, IPHBEICHUMHE Ha pUC. 5.5.36 i puc. 5.5.46.

5.6. Cxemotexnika no0ynoBu pericTpis

O3nauennn 5.6.1 PerichOM Ha3UBaIOTh GYHKIIOHATEHUNA TpHC-
Tpill KOMII'IOTEPa, UPU3HAYCHHH UL HpHHMaHHﬂ THMYAcOBOI'O 30¢pi-
raHHs, ICPEeTBOPEHH i BHAadi n-pO3PANHOTO ABifKOBOTO KOAY.

Perictp BIOYae perynapuuii HaGip ONHOTHITHHX TPUIEPIB, Y KOX-
HOMY i3 sxux 30epiraeTecs ouH OiT iHopmanii. s perw'rpm Haifua-
crime BHKOPHCTOBYIOTh RS, D i JK-TpurepH.

Perictp, axuit npH3HAYCHMIT TIMBKH I8 MPHIIMaHHS, 36ep1ramm i me-
penaui ingopmanii, Ha3HBAIOTh eleMeHTapHUM. Pericrp, B sikomy 36epi-
TaHHS JaHUX CyMIIAEThCA 3 MIKPOONEPAisMH 3CYBY, HA3MBAKOTH 3CYBO-
BuM. Perictpu nosHagarors Oyksamu RG (register). [ToGynosa enemenrap-
HHX pericTpiB 3 ogHoda3smM i mapada3sauM crnocobamu 3ammcy iHGOp-
Mallii Ha RS-Tpurepax mpuBefeHa Ha puc. 5.6.1a 1 5.6.16 siamosiaso.
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Sx BumuBae i3 pHc. 5.6.1a, npu oxpodassomy 3anmucy iHopmanii
3HAYCHHA KOXHOTO ¢l108a A,...4;...A| MORAcThCA IO ONHIM JIiHii 38°A3Ky
Ha Bxig S RS-Tpurepa, a micia sumryBaHHsA 3anncaHol iHdopmauii pe-
riCTp NOBHHEH OOHYNHTHCA 33 JOINOMOrOK CIIBHOIO R -xoxy. Ilpu
napadasHOMY CrIoco0i 3aMICy 3HAYEHHS KOXHOTO PO3PsLy CIOBA MEpe-
JAEThCsA 32 JBOMA NiHIAMH 3B’S3KYy: NpsAME 3HAYCHHS A; MOCTYyNAac HA
BXin S, a iuBepcHe 4; — Ha BXix R, puc. 5.6.16. B bOMy BUNAIKY HE
moTpibHa nonepeaHs YCTaHOBKA pericTpa B c¢rad «0», mo Aac MOXIIH-
BiCTh 30LTBIUMTH IUBHAKICTE pOGOTH pericTpa.

3cyBOBi pericTpy BHKOPHCTOBYIOTH Y TPONECi BUKOHAHHS KOMAHJ .

MHOXEHHA, TUICHHA, HOPMATi3aLil Tucell, IEPETBOPCHHSA NMapaIeIIBHOTO
KOAY B MOCTiJOBHHI i HaBmaku. 3CyBOBi pericrpu MpoOEKTYIOTh Ha
Jeoxcryninyatux RS, JK a6o D-rpurepax. Ha pmc. 5.6.2 npuBeaeHa
nobymoBa pericTpa 3CyBy, 110 CKIAAETHCSA 3 M MOCTIJIOBHO 3’ €/IHAHHX
D-tpurepis, Qynxkuii 30yIkeHAN IKUX MAKOTH BHIIULA

D.=A4,D,=Q. ,,i=2,3,..,m. ' (5.6.1)
pra RSN p~ peea I
rz [—C L—E‘
Puc.5.6.2 |

I3 cniBBigHOmMEHHS 5.6.1 BuMBaE, w0 indgopmaria aka 30epira-
€THCA B IEAKOMY TakTi B Tpurepi O;, HiA Ji€K IMOYIBCY CHHXpOHI3aL]
TIEPENACTHCA B HACTYHOMY TakTi B Tpurep J;, T00T0 Bii0yBaeTHCA 3CYB
indopmarii iy Tpurepa Ao TpHrepa.

Tpvxmag no6ymoBH PEBEPCHBHOTO TPBOXPO3PSAHOTO PETICTPY 3CYBY
Ha D-Tpurepax i3 JMHAMIYHHM YIIPaBliHHAM NPHBEICHA Ha PHC. 5.6.3.

PeBepcHBHMIL pETiCTp 3CYBY NIpamioe TakuM umEOM. IIpH 3HAYEHHI
cur"any Y,, = 1 B pericTp 3anMcyeThes iHQOpMAIIS NapaneibHUM OJi-
Ho(hasHuM KooM (A3 4, A;). Ilpu 3uavenni curnany R, = 1 indopma-
I1is, o 30epiraeThcs OJHOYACHO PYXAEThCH ¥ GiK MOIOAILIOrO po3pany,
IpH LBOMY DPO3pad Tpurepa (3 o6uynserscsa. llpu 3HaUeHHI CHrHATLY

122

L, = 1 indpopmaniis B pericTpi 0HOYACHO pyXaeThed Y Gik cTapmiMx pos-
panie, mpu mpoMy pospsax @) obHynserbes. 3amuc i 3cys indopmartii
BinOyBaeTbCa 3a MmepenHiM GpoHTOM iMmy:mbcy (aunamivamii Bxin CD-
TPHIEpa).

R,
L o) L Qz‘—l_ 0,
& 1 T | T Th=
p— o |4l & B | O

A, cl ﬁz cl_ 1 3 cl |

4,

v [ [ — &

L

Puc. 5.6.3

Konmponbhi 3anumanns

. llTo HasuBaroTh RS-TpHrEepomM?
. CKilIBKH €TalliB Ma€ CXeMOoTexHika moGyaosu RS-rpurepa?
. ChopmymroliTe eTanH cxeMOTeXHiKH o6y 10BN RS-TpHrepa.
. SIka pi3HHULIA MiXK CHHXPOHHHM i aCHHXPOHHMM RS-TpHrepoM?
. e 3acTocoByroTh RS-TpHIrepu?
. Illo nasmBaro1h D-TpHrepom?
. SIxa pizuwmis Mix RS i D-tpurepom?
. Ckinpky eramiB Mac cxeMoTexHika moGymosu D-rpurepa? Ha-
3BITH iX.
9. e 3actocoByloTs D-tpurepu?
10. 1o nazuBaroTh 7-TpHrepomM?
11. B yomy nossrae pisanis mik RS, D i T-tpurepom?
12. B yoMy mossirae cxeMOTeXHika nobyaosu T-Tpurepa?
13. e sactocoByrote T-Tpurep?
14. SIxi 6yBarots T-Tpurepu?
15. o nasusarots JK-TpHTEpom?
16. ChopmyiroiiTe eTany cXeMOTEXHIKH 1100y zoBu JK-rpHrepa.
17. Slki Oysarors JK-Tpurepu?
18. Uomy meoxcryninuatwit JK-TpHrep 3uaiiiios Oiiblie 3aCTOCY-
BaHHA, HiX OAHOCTYTHYATHIH?

OB W
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19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.

30.

1o Ha3HBAIOTH MUMILHHKOM?

Ha sxux Tpurepax npoeKTyOTh JIYHIPHAKH?

Sxi € MYUTBHUKY 1 9MM BOHHU XapaKTEPH3YIOTHCHA?

3a sKUMH O3HAKAMH KIACHDIKYIOTE JHIHIBHHKH?

ITo po3yMiroTh i MOAYIIEM i EMHICTIO TIYMIBHUKA?

Sxuit NiYUIBPHHK HA3UBAKOTH PEBEPCHBHUM?

Sxwit TiYMIBHEK HASMBAIOTD HiACYMOBYFOUMM 1 BigHiMaroumm?
[1To Ha3uBAIOTH pPEricTpoM?

Sxi € pericrpu?

Jlna axux 1inedt 3acTOCOBYIOTE perictpu?

SIka pizHuIs Mix oxaobha3HOW0 i mapadaznoo GopMaMu 3amucy
indopmanii B perictpi? '

IIpu sxiit opmi 3arnmey indopmauii B perictpi #oro meuaKicTs
30UTBIITY€TBCA?

Komenmapi. B nanoMy poszini mia soriku mobynoeu RS, D,
T i JK-Tpurepis puxopuctaHi Matepiama nitepatypu [8, 11, 14],
a norika no0Oy10BH IUWIBHHUKIB i pericTpis Bummmsae 3 [1, 2,
22, 23]

Po3ain 6

CXEMOTEXHIKA NOBYA0BN
KOMITIOTEPHNX NPNCTPOIB

6.1. CxemoTexHika no6y10BH OXHOBHXIZHHX
xoMOiHaRiHHEX NPUCTPOIB HA JIOTIYHHEX ejleMeHTax

Osnaguenns 6.1.1. KomGinauilinnM Ha3HBaIOTH NMPUCTPIM, BHXII-
HUH CUTHAJI AKOTO BU3HAYAETHCS BXIZHUM HabOpOM Ooro 3MiHHHX Y 13-

HUIt MOMEHT 94acy.

Taki cxemu He «nanm ‘smaioms» 3HAUCHHA BXiHuUX Habopis y mnone-
penHi MOMEHTH Yacy, a TOMY iX YacTO Ha3MBalOTh OPUCTPOsME Oe3
mam’saTi ab0 OMHOTAKTHHMH cXeMaMH. IIpH HafgBHOCTI OAHOTO BHXOIY
KOMOiHaifiHi CXEMH ONUCYIOTHCA OJHUM DIBHAHUSM ((PYHKIICIO) BULY

y=f(x1, xz,...,xn), (6.1.1

A€ X, Ta ¥ MOXYTh NPHHHATH IIMINE 3HAYEHHA norigHoro «0» abo yo-

TiYHOT «1».

PipasHHS 6.1.1 OTPHMYIOTH, K TIPABUIIO, 33 JOMOMOrOK TAONHIL ic-
THHHOCTI, a Gopmy uporo pismsaus mazusaiors JAJIH®, § 1.3. lakonu
TaKe PiBHAHHSS MOXHA OTPUMATH Ha OCHOBI JIoriku poboTH 00’ €KTa.

3a OTpUMaHEM THM 4H {HIOTHM CHOCOOOM piBHAHHAM HeOoOXiaHO
po3pobuUTH cxeMy, AKka O pealtisyBana njanui anroparm. Metoau npoek-
TYBAHHA 3aI€XaTh BiJ TOro, Ha AKiii eqeMeuTapHiii 6asi Gyae peanizo-
BaHa AaHa cxema. ToMy Jorika po3poOku koMOiHAUIMHKX cxeM Ha ene-
MEHTaxX A0Tikw By Ma€ Taki KPokm.

1. 3a nomomoroto Tabmuui icruaHoCTi a60 Tabnuui QyHKUIOHYBaH-
HA, a60 iHIMMM CIOcO00M ONMMCYIOTH AITOPHTM POOOTH Heo6Xianol
CXEMH YTIPABITiHHASA.

2.3a Tabnuncro dyHKNioHyBagHA a00 TaOIHLIEIO ICTUHHOCTI BH3HA-
Ya0Th JIOTIYHE PIBHAHES JUTS CXEMH YIPABITiHHA.

3. BUKOHYIOTH MIHIMI3AIlIIO JIOTTYHOTO PIBHAHHS OJHHUM i3 METOXIB.
HaBeIleHUX y po3aiii 3.
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4. [Ipu BeOOXiMHOCTI NEPETBOPIOIOTE MIHIMi30BAHE NOTiYHE PiBHAH-
HA X0 NeBHOTo Ga3mcy eNeMEeHTIB, Ha SIKOMY BiZOyBaTHMEThCS 100yno-
Ba CXCMH.

5. BubuparoTs JOTiYHI eJeMenTH i OYAyIOTh HPHHITMIIALBEHY CXeMY,
SKa BIATBOPIOE OTPUMAHE JIOTiuHe PiBHAHHA.

Jloriky moOyI0BH OJHOBHXIAHOT KOMOIHAIIIHOI CXeMH PO3TIIAHEMO
Ha KOHKPETHUX TIPHKIATAX.

Mpuxnad 6.1.1. Y 6azuci eddepa nmobymyBaTi OTHOBHXINHY KOM-
GiHariiay cxeMy, poGoTa SKOI ONUCYETHCS TAKOI TabIIE) 1CTHHHOCTI,
Tabn. 6.1.1.

Tabnuyn 6.1.1
X X, x, y X, x, X y
0 0 0 0 1 0 0 0
0 0 1 0 1 0 1 1
0 1 0 1 1 1 0 1
0 1 1 1 1 1 1 1

Po3se sizanns. BrukopucroBytoun Talm. 6.1.1, 3Haxoaumo noriube pi-
BHAHHA poGoTHh cxemu B JIJIH®, kpok 2:

VEX Xy Xy VX Xy Xy VX 1 Xy Xy VX Xy Xy VX 0 Xyt Xy

Ha tpeThoMy KpOLli BHKOHYEMO MiHIMi3allil0 OTPUMAHOTO JIOTiUHO-
ro pisusiaHsg MetonoMm KapHo:

\?CZ‘.CS

BN _00 01 11 10

0 117

1 1IN L

V=X, VX X (6.1.2)

Orpumane pisnsHus 6.1.2 neperoproemo y Gasuc lllebdepa, kpok 4.

V=X, VX Ky =Xy Xy Xy (6.1.3)
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Kopuctyrouncs piBHaHHAM 6.1.3, a Takox emementamu «J-Hib», axi
BignoBigatore Gazucy [eddepa, Gyayemo oxHoRMxigHY KOMOIHAIHHY
cxeMy, puc. 6.1.1, xpok 5.

Puc. 6.1.1

TMpumimka. BuGip noriyHUX eleMEHTIB 03Hadac, Tepil 3a BCE, BH-
6ip cepii MikpocxeM. ICHYIOTH IBa OCHOBHMX KiacH Mixpocxem. Ile
MiKpOCXeM# Ha OCHOBI TPaH3HCTOPHO—Tpan3ucToproi goriky (TTJI) i
Mikpocxemu Ha ocHOBI MOII-cTpyxTYypH,

Peansai enemenTH 000X KIaciB MalOTh TAKOXK OOMEXKEHY KiIBKICTH
BXOIiB, YaCOBY 3aTPHMKY i BiANOBInHI Koe(ilicHTH PO3raly>KeHHs.
Tlpm npoexTyBaHHI cXeM KOHKPETHi apaMeTpH €IEeMEHTIB Y JAHOMY
HABUATBHOMY HOCIOHUKY HE PO3IIANAIOTHCA.

Npuknad 6.1.2. Y 6a3uci ITipca noGynyBaTH ONHOBHXIAHY KOMOI-
HaniifiHy cxemy aBToMara, JIOrika poGOTH SIKOTO ONHCYEThCS TAKOI (y-
HKIL€IO

V=X X VX X VX Xt Xy (6.1.4)

Po36’sa3auna. Minimizanito 3agaHoi GyHKIii BUKOHATH HEMONIIMBO,
TaK SK TOJI JIBA i3 TPHOX MIHTEPMH (eJIeMEHTapHI KOH IOHKIIiT) He Biapi-
3HSIOTHCA OJWH BiJl OMHOIO TUIBKH OXHIEI0 3MiHHOI0, TOOTO TIpH BHHE-
CEHi 3a {y’KKH 3arailbHuX 3MIHAHX HEMONUTHBO OTPUMATH BUpa3 x Vv x =1,
ToMy, KOPHCTYIOUHCH KPOKOM HOTHPH, NEPETBOPUMO piHsHHA 6.1.4 y
6a3uc Ilipca, B pe3yJibTaTi YOro OTPUMAEMO

Y=L VX, VR VI, VX VX, VX, (6.1.5)

Bubip rrorigaux eneMeHTiB HeOOXiAHO POOUTH Tak caMo, AK iy
opukmani 6.1.1. Ina nobyrosu cxemu y 6asuci Ilipca suxopucraemo
piBHAHHA 6.1.5, MOriudi 3B’ A3KH AKOT'O peasli3yeMO Ha CIECMEHTax
«ABO-HIy, puc. 6.1.2.
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%, 11 f__.

Puc.6.1.2

MNMpuknad 6.1.3. YV Gasuci enemenris «», «450», «HD» noGynysatu
OIHOBHXIMHY KoMOGiHamiliny cxeMy, po0oTa AKOI OIMCYETHCH TAKOIO
TabmHIIEIO ICTHHHOCTI, Tab. 6.1.2.

Tabnuys 6.1.2

X, X, X, Yy X X, X, Yy
0 0 0 1 1 0 0 0
0 0 1 1 1 0 1 1
0 1 0 0 1 1 0 0
0 1 1 1 1 1 1 0

Pose szanna. BuxopuceroByioun tadi. 6.1.2, 3HaX0quMO JOTiYHE Pi-
BHAHHA pobGoti cxemu B [J/IHO

YEX X X VX X X VX Xy Xy VX Xyt X

BukonaemMo MiHiMI3aIIit0 OTPUMAHOTO JIOTIYHOTO PiBHARHA METOIOM
Kapwo, '
\{‘fz X3
X\ 00 01 11 10
naon
0|1 (1) D

1\ |
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B Pe3YIBTATI YOI'O OTPHMAEMO
VEX X,V XV, X, (6.1.6)

Bubip moriuHuX eneMeHTiB HeoOXinHO poOUTH TaK Xe, K 1 y mpH-
kmazgi 6.1.1. JIasa no6ymoBu cXemM# BHKOPHCTAEMO piBHAHHA 6.1.6, nori-
yHi 3B°A3KHM SAKOTO PEANi3yeMO 3a AOIOMOTON eleMeHTIB «I», «ABO»,
«HI», puc. 6.1.3.

Xy 1 I
T &
| 1

3 1] [

1 & K
,X3

I

Puc. 6.1.3

6.2. CxemortexHika no6ynoBu onHOBHXiTHHMX
KoMOiHaNifiuuX cxeM Ha MyJAbTHILIEKCOPAX

B § 3.3 6ym0 nokazaHo, mo B MYJBTHIUICKCOpi HOMepP Habopy Ha
YHPaBIsIOI0MY BXOZi MOPiBHIOE HOMEPY iHGOPManiiHOrO BXOXY X,
sikui migonouennid 10 suxony D. Toai 3aranbHe piBHAHHA pOGOTH MY-

JIBTHITNIEKCOPpA MAaTHME TaKuil BUTTIAL

-
D=VA, 'bn
i=0

ae A4, — HoMep BXimHOro HabOpy Ha YNMPABIAOYHX BXOAAX;
b, — 3minHa Ha i-My indopmaniiHOMy BXoi;
D — puxinge 3Ha9eHds QyHKIIT MyIbTHILIEKCOpA.

¥V nogaiboMy BUXizHe 3HaueHHA QyHKUil MynsTannekcopa D 6y-
JeMO IO3HAYaTH 4epes y.
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I3 piBugHHA 6.2.1 BHINHBAE, 110 MYJIBTUIUIEKCOP PO3KIIAAac JIOTid-
"y (ynxiito 3a # 3mimedmu. [Toxi6Hi BIacTHBOCTI MYyIBTHITHEKCOPIB i
BHKOPHCTOBYIOTH IIPH CHHTE3i KOMOiHAIHHX CXeM.

Jlorika modynoBu KOMDiHAIIMAMX CXEM Ha MYJIBTHIDIEKCOPAX 3ane-
JKUTH BiJl KITBKOCTI 3SMIHHUX Yy (YHKIII Ta BiJ{ KUTBKOCTI yIpaBIsIOIuX
BXOiiB MynbTHIDIEKCOpa. TOMY € Jekinpka BapiaHTiB JOTiKH HO0YIOBH
KoMOiBanifHUX cXeM Ha MyJIbTHINICKCOPAX.

BapianT mepmnii. Y nasomy BapiaHTi KibKiCTh 3MiHHHX YV QyHK-
aii m gopiBHIOE KiTBKOCTI YIPaBIAOYHX BXOAIB #. IIpu UbOMY pO3KIaj
GbysIii 3 m 3MIHEUMY 33 7 3MIHHUMH Ja€ MiHTEpMH, Ki MOXYTh OYyTH
HYJIFOBHMH 300 OXMHOYHWUMH, 3BiICH BHIUTUBAE, 11O HA BXOAH MYJbTH-
eKcopa HeoOXinHo moaatu abo noriunuil Hynb, a0o, TOTIYHY OJUHE-
0. OCKinbkH po3risayBana noriuaa QyHKIA € CyMOK OIUHUYHUX Mi-
HTEpPMIB, TO YHCiIa B Hilf € HOMepamu THX iHQopmaniifHux BxoxiB b, Ha
AKi HeoOXiZHO MOKATH JOTIYHY OJIMHUINO, & PEITY BXOMAIB 3’ €IHATH 3
JOriYHMM HyleM. Y TakoMy BHIIAAKY BXimHi 3MiHHI X, HeoOXiIHO mo-

ZIaTH Ha YIIPABIA0Y] BXOIH MYIBTHILTIEKCOPA.
NMpuxnad 6.2.1. Peanisysatu noriuny QyHKmio
VEX X XV X Xy VI Xy X

Ha MyJIBTHILIEKCOP].

Posg’azaunn. V nanift GyHkuii KUIbKIiCTs 3MIHHHMX m = 3, TOMY He-
00xiaHO 3aCTOCYBATH MYyJIBTHITIEKCOP I 11 peamizanii 3 KIMBKICTIO
YIPABIIOYUX BXOAIB 1 = 3.

I3 moriyHOro piBHAHHS TPHK-
Jany 3HAXOXHMO JECATKOBI 9HMCIA,

u1n

MUX

dyskuii y=v (1, 2, 4). Tobro, ua
indopMaltiiini Bxomu 1, 2, 4 MmynsTH-
WIEKCopa HEOOX1AHO MONATH JIOTiui
. ONWHHII, 3 HA PEIITY — HYJI.

Toni cxema peanizanii 3aganoi
¢byHKHil Ha MyNBTUILIEKCOpi MpH
MOAaYi Ha WOTrO yHpaBndodi BXOAH
Py 3MIHHMX X, X,, X, MarHMe BHITEL,

xy A Ay nmpHBeeHuit Ha puc. 6.2.1.
BapianT apyruii. Y naHomy Ba-
Prc. 6.2.1 piaHTi KiNBKICTE 3MIHHHX m=hn+1.

g

N b WN 2O
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SAKUM BiAMOBiZAIOTH MIHTEPMH B’

Lle 3acBiguye Te, WO KiNBbKICTH 3MinHUX y (yHxnii Ginsma 3a Kixs-
KIiCTh YIPaBiAYHX BXOAIB MyJbTHIUIEKCOpa. B TaHOMy BHOAIKY 3343~
Hy GYHKLIO MOXHA PO3KIACTH 32 Gy/b-AKOI0 3MIHHOIO, ajle HAOLTBII
JOLUTBPHO 3pOo6HUTH 11e a60 3a cTapmo, a60 32 MOJIOANIOH 3MIHHOIO.
Sximo QyHKIi0 pO3KIACTH 32 CTAPHIOI0 3MIHHOIO, TO 6yAEMO MaTH

L, X o % ) =% £1(0, Xgs s X )V 3 - fo (L Xy s X )

Sxino ¢yukuii f; i f, MalOTh OAHAKOBI MiHTEPMH, TO L€ O3HAYAE,
110 Ha BiANOBIAHUA b, BXiJ MyJIBTHIUIEKCOpA HEOOXiNHO NOAATH JOriY-
HY OXHHMLIO.

Pemra minrepMis y Gynknii f, € Homepamu iHpopManiffHuX BXO-
niB, Ha sKi moxaoTh X,. lHmi minTepMu B QYHKUII f, € HOMEpaMH iH-
dopmauiiiaux Bxoxis, Ha siki moAaloTs X,. Ha pemry sxonis MyibTH-
IUIEKCOpa MOAAIOTH JIOT1YHMit HyNb, 4 Ha YNPaBIAOdi BXOXH MYNbTH-
mIeKcopa — 3MiHHI X,, ..., X,,.

Mpuknad 6.2.2. PeanizysatH noriuny GyHKIHO

YEX X Xy Xy VX Xy Xy XV E Xy Xy KV
XXy Xy Xy VX Xy Xy Xy VX K Xy X,V
XXy Xy Xy VX Xy Ky X
Ha MYJBTHIUIEKCOPI, AKAM Ma€ TPH YIIPaB/A0Ui BXOIM.

Po3ze’azanns. Tak sk MyIbTHIUIEKCOP Ma€ TPH YNpPapjsl4i BXoaM,

T06T0 N =3, a m =4, TO AN pO3B’A3KY NPUKIAXY HEOOXiTHO BUKOPHC-

TaTH ApyTuii Bapiant. J[ng HAOUHOCTI i CHPOIIEHHS PiIUCHHSA IEPETBO-
pHMO MiHTepMH 3axaHol QyHKILT y ZeCATKOBI “YHCIa

y=v(l,3,5,6,9,11,12,15).

PosknaxeMo (yHkiio 32 CTapIIOD 3MIHHOIO, B PE3YNIBTATi WOTO pi-
BHSHHS MaTUME BUITIAN ¥ = X, ~|:v(1, 3,5, 6)] VX -[v(l, 3,4, 7)]
B 060X yacTHHAX PO3KI3AaHHA € CHilbHi ykcna 1 Ta 3, Tomy:

b=b =1 b=b=x;b, =_b7 =X-.

Ha pemry BXOAiB MyJbTHIUIEKCOPAa HEOOXiHO IOJATH NOTiYHHH
HYIIb, 4 Ha HOrO YIIpaBIIOYi BXOAM 3MiHHI X,, X,, X,. Buxo/saH i3 uporo,
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peanizanisa 3agaHoi NOTiYHOI PyHKIIT HA MYJIFTHOAEKCOPi 3 TPHOMa
VIPaBIIOYMMH BXOIaMH MATHME BUTTISN, NPHBEICHAIH Ha pHC. 6.2.2,

. ”Hoﬂ 0
1 . ]
]
: 2 MUX
“ 3
A y
12 B
6
X
! 7
X5 An
X3 — 144
Puc. 6.2.2

TIpu nopanemoMy 36inpileHi KiAbKOCTi 3MiHHHX y noriudiil Qymx-
fii HeobxigHO 3pobUTH ii po3KIagaHHs 3a ABOMA i T.JI. 3MiHHHMH, i3 Ha-
CTYIHNHM BHKOPHUCTAHHSM PO3TNISIHYTOI BHINE JIOTIKH ITOOYIOBH OXHO-
BHXiZHHX KOMOiHAHHUX CXéM Ha MyIbTHILICKCOPAaX.

6.3. CxemoTexHika no6ynosn 6araToBUXigHIX
KOMOIHANIMHEX CX€M HA JIOrivHHX e1eMeHTax

O3nauenna 6.3.1. BaratoBuxigHol0 KOMOIHAIHOK CXEMOIO HA3H-
BAIOTh CXEMY, KA yIIPABISE ASKiIbKOMA elIeMeHTaMu (MEeXaHi3MaMH)
OXHOYACHO.

Bona 3anaerbea cucreMoro OyieBux GyHKii

R ACTE A
V2 :f2(x1= Xys ey x,,),

Oco0muBicTIO WX PiBHAHG € T€, 10 BOHU PCali3yIOTh Pi3Hi QyHKilil
BiJ OZHHX i THX K€ 3MIiHHHX.
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TlogaTkoBMiA cTaH TPOEKTYBaHHA OAraTOBHXiTHHMX CXeM TaKHi xKe,
AK i MPU OPOEKTYBaHHI OAHOBHXiAHMX (32 JOHOMOTOI0 TAOIHMIi iCTHH-
HOCTI 200 1HIIAM IITAXOM OTPHMYIOTh KOHKpPETHI PyHKIT A KOXKHOro
BHXOIY).

Koxna ¢ysKiis, AE3aTCKHO OXHA BiJi OXHOI, HMOBIpHO peari3yeTh-
¢4 OKpeMO SK OHOBHXigHa (yHKLiA. Ale Taka cHCTeMa Moxke OyTH He
ONITHMATBLHOIO Tepe3 Te, IO OKpeMi piBHAHHA MOXYTh MaTH AESKY Ki-
IBKICTh OIHAKOBAX MIiHTEPMIB, AKi ZOMINBHO peanisyBaTH Ha CHLIBHHX
enemenTax. ToMy momyk cnijibHEX iMIUTIKaHT i CTAHOBHTH CYTh METOXY
IIPOSKTYBAHHS MOAIOHUX CXEM.

JlaHmii METOA OCHOBAHMIA HA MOIIYKY CIIITBHMX iIMILTIKAHT 3aJaHuXx
dyHKii nmsxoM ix crineHoil MiniMizarii. JIorika mocHiOBHOCTI 1HOTO
METOZy Ma€ TaKi KPOKH.

1. 3uaiiTi NpocTi iMILTIKAHTH KOXKHOT 13 (PYHKILii.

2. 3HaifTi opocTi iMILTIKaRTH O0YTKY BCiX MOMKIIHBHX Nap 33JaHMX
Qymuii

B fo S fo foi foo foi o it oo S o o

3. 3ualité OpocTi iMIIiKaHTH J00YTKY BCIX MOXIIMBHUX TIO€IHAHB
TPBOX, YOTUPBOX i T.M. QyHKUiH. OcranniM Oyae 3HaliAeHO NPOCTi iM-
torikanTH qo0yTKy Beix dynwaifi. ITix 1o6yTkom ¢yHKUiH po3yMitoTh ix
CILTLHI MIHTEPMHU. :

4. 3anHInATH Cepei OTPUMaHHX OJHAKOBHX IMIUTIKAHT TUIbKM OAHI i
MO3HAYUTH OyKBAMH.

5. Cepexn orpumanux iMIDTiIKaHTIB MeTo oM KBaiiHa BrTyuHTH 3aiiBi.

6. Po3moginuTH OTpUMaHi IMIUTIKAHTH 33 (QYHKIIAMH TAKHM YHHOM,
106 xoxHa GyHKiis Oyia CyMOIO IIEBHOI KiTbKOCTI iMIITiKaHT.

VY moaanbmioMy TpoexTyBaHHs OaraToBuXinHoi koMOiHaLIfHOT cXxe-
MH BHKOHYIOTh aHalIOriyHo0 MPOCKTYBAHHIO OJHOBHXINHMX KOMOiHamil-
HHX CXEM.

Mpuknad 6.3.1. [To6ynysaTu JBOXBUXigHY koMOiHauifHy cxemy,
AKa 3a1aHa CHCTEMOIO GYHKIIH y BUNIAL] NECATKOBHX UMCEI

y,=v(6,7,8,9,10, 11, 13, 14, 15),
y,=v(1,3,6,7,8,9,10, 11). 6.3.1)

Posze szanns. 3a gonomoroto kapt KapHo, puc. 6.3.1, 3Haiinemo
NpocCTi iMIUTIKAaHTH KOXHOI i3 GYHKIIHN, BigMiuaroun MiHTEpMH, 3 IKUX
BOHY OTPHUMaHI.
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F2 Xy X3Xg
N

X;1¥_00 01 11 10 XX 00 01 11 10
o o Tl
o1 R 01 17 1)
11 1\ 11

J<a 1:’? ;7\12 70@;@ NS
a) 6)
Puc. 6.3.1

I3 puc. 6.3.1a¢ maemo
¥ =%-%,(8,9,10,11)vx, -x, (6, 7, 14, 15) vx, - X, -x, (9, 13);
yl =x1 'f2(85 99 10’ 11)\”72 .x4(19 33 97 11) v'?l .x2 .x3 (6= 7)' .
Kopucryrouues puc. 6.3.1, suaiinemo cminbai imMmikaETH noOyTKY

GyHxuii y, ta y,. Birnosizna kapra KapHo ans no6yTky uux dyHKrii
TIpuBeIeHA Ha puc. 6.3.2.

\{3%
% xpy 00 01 11 10
00
01| 1 \1\;
11!
10111, D
Puc. 6.3.2

I3 puc. 6.3.2 Maemo ‘
Y =X%:%(8,9,10, 11) vx - x, - x, (6, 7).

[Mo3Haunmo KOXHUH iMIUTIKAaHT JATHHCBKMMH OyKBaMH, TIPOMycKa-
FOUH Ti 3 HUX, AKi BXKe 3yCTPiYaiCh paHiie

A=x-%,(8,9,10, 11);
B=x,.x,(6,7,14, 15);
C=x-%,-x,(9, 13);
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D=%,-x,(1,3,9,11);
E=% x,%(6,7).

Bynyemo tabmumo Ksaiina, B sKiif CTOBIYMKM BiAIIOBiAiOTH MiH-
tepMmam QYHKIIIH, a psaakd — immikanraM, 1abm. 6.3.1.

Tabnuys 6.3.1
Miurepmu dyHxuiit
IMrutikanT! o » »2

617|819 (10[11{13]14115(1{3}6|7 |89 }10(11
A * * ] * * *
B * | # * *
C %* *
D * %* * *
E * *

3anoBueHHA TabaMNi 3A1MCHIOIOTL TAXHMM 9HHOM. [[If KOXHOTO Bi-
nibpaHoro iIMIUIIKAHTA 3ipOYKY CTABAATH Y CTOBIUUKY, HOMEP AKOrO € B
CITMCKY MIHTEpMiIB (yHKIi#H Hporo immixaara. Tak, Ranpuknan, iMmii-
KaHT 4 Hanexurb QyHKUii y, i y,, TOMy 3ipOYKy TPOCTABIAIOTH Y CTO-
Brymkax 8, 9, 10, 11 nepwoi i apyroi GyHxuii. AHaNOriYHO 3aIOBHIO-
K0Th 3ipodkamu TA0IHIIO i s PSIITH iMIUTIKAHT.

Y 1abaunui Kpaiina, B nepury 4epry, po3rjisHeMO CTOBIIYMKH,
cyMa 3ipo4oK B SKHX AopiBHioe oxmnnui. Tak, HanpukmIax, AMIs iM-
IUTiKaHTH 4 NEPIIHM PO3ITIATAEMO CTOBNMYHK 8 dyHKMii y,, Tak Ak BiH
3naTHUi 3a0€30CIMTH ONMAHYHUA CHTHAI AA Aanoi GyHKuil.

PeiuTy CTOBIMMKIB JaHOI iMILTIKAHTH BHKPECIHOEMO K /s dyHKuii
¥;» Tak 1 ana Gysxnii y,. IMmiikasra B y X0O)KHOMY CTOBIUHKY TEX
Ma€ OHYy 3ipPOUKy, TOMY MOKHA PO3TTIHYTH CTOBITIHMK 6, a peluTy BH-
kpecmutd. [ns imintikadtH C nepmuM HEOOXiXHO PO3IIsSHYTH CTOBI-
gmk 13, Tak 4K BiH Ma€ OJHY 3ipOYKy, a PEINTY BHKDECIHTH, a JId iM-
mmikaur D i £ — croBouuku 1 i 6 ¢ysknil y, BiAmoBisHO, a pemTy
BHUKPECITHTH.

Takum YMHOM I71s peasizanii cxeMy HEOOXiTHO BUKOPHCTATH IT ATh
imMrutikant — A, B, C, D, E. 3aiBux iMImikadaT npu Minimizanii He BU-
aBneHo. Tenep HeoOXiAHO 3amami iMIUTiKaHTH PO3MOAUTHTH Mik GyHK-
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nisvu. [3 1abn. 6.3.1 BunnuBac, Mo IMIUTHKART A HAISKHTE 000M DYyHK-
uisM, iMonikagra B i C rineku dyukaii y,, a D i E — nmuaure $ywukil
¥, . OyHkHil, 9K cCyMa BiRNOBiNHUX IMITIKAHT, MATAMYThH BHTJIS/
WEAVBVC =X X, VX, X VX X Xy
V=AVDVE=x-%VX X, VX X, X%
Tlo6yaoBa xkoMOiHANIMHOI CXeMH 3 BHKOPHCTaHHAM piBHAHB 6.3.2

BifGyBaeThCA aHaNoriuno omucanomy B § 6.1. Jlana cxema Ha eneMen-
Tax xoriku bymns mae Bunia, puc. 6.3.3. :

S

Xy

1

Puc. 6.33

6.4. CxemoTexnika nof0yxoBH faraToBuXinHux
KomOinaniifHux cxem Ha AeumdpaTopax

3HauyHa KUIbKICTh KPOKIiB ¥ mOOYAOBRI cxeM pOOHTH KNaCHUHHUIA Me-
TOI TPOCKTYBAHHA OaraTOBHXiJHHMX KOMOIHAIIHHMX CXEM iHKOIH He-
3py4HUM As 3actocyBanHsa. OOMUHYTH HEH METOX MOXHA LUIAXOM 3a-
crocyBanHg Jemudparopis. I3 § 3.1 BummBac, mO KOXHUN BHXiX
nemmdparopa BiANOBiNac meBHOMY BXixHOMY HaOOpy 3MIHHHX, TOOTO
neBHOMy MiHTepMy. OCKimbkH KokHA (QYHKIIA € CyMOK OXHHOYHHX
MIHTEPMIB, TO 1A il peanizamii ZocTaTaRO 00’ €IHATH eEMEHTOM «ABO»
Ti BUX0AM gemmbpaTopa, sKi BiANOBITAOTH OJWHOYHUM MiHTEPMAM.
HeBuxopucrani-HabopH, AKINO BOHM €, CIi/ BIHECTH 10 HYJIHOBHX.
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Mpuxnad 6.4.1 ToGyaysarn 90THPEOXBEXIAHY KOMOIHaIIHHY cXe-
My, 4Ka 3a/aHa CUCTEMOI0 GYHKIIH Y BATTIAAI ASCATKOBHX YHCEN

yl =V (07 1: 3747 5);
y2 =V (17 25 4’ 57 6);
¥3=v(0,2,3,6);

y.=v(0,1,3,5,6).

Po36’a3anns. BuxopucroByioun § 3.1, Oymyemo mBifixosuit nemmd-
parop, sxui 3a0e3nedye Ha CBOIX BUXOJaxX peami3auilno Y0THPLOX (yHK-
Iiff y BHrIsAL JecATKOBHX yucen B 0 mo 6. To6To aemmdparop noBu-
HEH MaTH CciM BuXoxiB. 3riano 3 nasumu § 3.1, xemmdpatop 3a Kims-
KiCTIO BXOZIB i BUXOIIB 3B’43aHMH CHiBBiIHOIICHHEIM m=2", ne n —
KUIbKICTh BXOZiB, @ m — KiIbKiCTh BHXOZIB. Y TakOMy BHNAAKY IUIA
no0yoBH ABiiKOBOrO AcmmdpaTopa Ha ciM BUXOAIB HEOOXiZHO MaTH
n=Jlog, 7[ =12,807] =3.

Buxoas4M 3 IBOro, 4 TAKOXK BUKOPHCTOBYIOUH Aani § 3.1, Gyayemo
YOTHPBOXBHXiIHY KOMOinaniiiHy cxemy peaiisamiii QyHkuii y,, ¥,, 31,
¥, Ha penmbparopi i enemenrax «450», puc. 6.4.1.

1

- S »
Xy 0f—- !—“
- 411 BC {1 __J
Xz ) Se—
i 5] 3—— —
Xz 4 i o 1
Pl B Al 3
7 -
i
1

¥3

-]

L ¥

Puc. 6.4.1
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I3 puc. 6.4.1 BUnDIHBAE, IO HEBUKOPHCTAHUM HAO0OPOM € CHOMHH
BHXiZi Aemm(paTopa, skui He 6epe yuacTi B )KOIHIN i3 3aJ1aHVX 33 YMO-

BOIO (DYHKIIIH.
Tlpu 36inpLIeHH] KUTBKOCTI 3MiHHUX ¥ GYHKIIAX 36LBIIYIOTE Killb-

KicTh Jemudparopis, MO NPUBOXHTH O YTBOPEHHA JemH(paropHOro
Jepesa. ’

6.5. CxeMoTexHiKa NOOYIOBK 9aCOBHX JIOriTHHX CXeM

Pobora gacoBoi noriunoi GpyHKIii B 3aransHOMY BHDISAL OUMCYETH-
cs1 piBHAHEAM BULY ¥ =Q(X,, X,,..5%,, 1), 1 =12, . k.

SAxmo MaeMo pisHi moriusi (I)ymcuu B Pi3Hi MOMEHTH 4acy, TO X
MO’KHA 3aIHCATH Y TAKOMY BHUTIIAII:

V=@ -5V Q- t, V..V, 1. (6.5.1)

e ¢, — 3HadeHHA j-i QYHKIIL, fKe BU3HAYAE i-y KOMIIOHEHTY B HEOO-
XigHi# OCIIAOBHOCTI B MOMEHT 94cy £

Crpykrypra cxema 4acoBoi noriqxoi QyHKii, 1ka peanisye piBHAH-
HA 6.5.1, naBenena Ha puc. 6.5.1.

e
- 17 223
X3 &
M . ]
n ‘
]
— L
X
oL @y & ¥
_..xz -
-‘Y‘H_ L— '__-
H |
— !
"xl‘ @ & |
_XZ.. i
%, .
S ] [ntet
Puc. 6.5.1
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Baoku @, @,, ..., ¢, peanizyiors GyHKUii @, @,, .., §;, NIPUIOMY
KOXHY 3 HHX peani3yloTh 3BHIaAWHOI0 BHXiIHOO koMOiHauifiHOIO cxe-
moio. Buxoan 610kiB HOAaOTHCA Ha KIIOY, AKi peaTizoBaHi HA elIEMEH-
Tax «». SK1o Ha BHXOAI AATIHKA 4yacy Oyxe OpraHi3oBaHa ITOCIiZOBHA
BHZIAYa CHTHANB {,1,,...,¢,, TO Ha BHXOHax cxeM «» OynyTs 3’iB-

JIATHCA NOCIIIOBHO B 4aci CHIHAMM QyHKIIH @, @,, ..., ¢, . [Ipu ynpas-

JIiHHI OJIHAM MEeXaHi3MOM I1i CHTHaH HeOoOXiHO 00’ €/IHATH eIeMEHTOM
«ABO», ane axuo HeoOXifHO 3AIHCHIOBATH ynpaBiliHHA }.IeKlJIbKOMa
MEXaHi3MaMU, TO [el eNeMEHT € 3aliBHM.

JlaTynk gacy Moke GyTH peanizoBaHuii Ha JemudpaTopi Ta IiTib-
HHKY, 0 SKOTO MIKNIOYaTh reseparop G. CxeMa Takoro AaTIdKa
4acy Ha BiCiM 3aTpHMOK IpHBEeHa Ha puc. 6.5.2,

0
oc |, pk
2, 2 |
- . cr ) i A 3 b
. S 4l
g1- 5
B
7
Puc. 6.5.2

B Takpx cxemax JUCKPETHICTh HaCy !, ... /s BH3HAYAETHCK YACTOTOIO
poboTh rereparopa G. Yacoa giarpama poOOTH JaTdiKa 9acy JUId PHC.
6.5.2 HaBezeHna Ha puc. 6.5.3.

I3 BHmieCKa3aHOro BHIUIMBAE, IO JOTiKA MOOYAOBH YaCOBHX JIOTi4-
HHX CXeM Bin0yBaeThCs B JeKinbka kpokis. Ha nepimomy kpouni Heo6-
XiaHO o6y nyBaTH 3BHYAlHi KOMOIHALIAHI CXeMH 33 NMPAaBUIAMY, HABE-
JleHuMu B § 6.1, ..., § 6.4. Ha gpyromy kpoui 6yxyioTs maTduk 9acy, Ha
TPETHOMY — K/II0Ui, 2 Ha YETBEPTOMY — YacOBY JIOTI9HY CXEMY, BUKO-
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PHCTOBYIOUH TEPHIMA, APYruii i TpeTiii KPOKH, 3 TAKOXK eNeMeHTH Oye-
pux Qyukuiil, Hapenemux y § 2.6.

A, N | .
& r_l » 1 _,
I

r3_ [ 1 —
ts | 1 _
& 1 :t
| — _,

& 1 .
ts 1

P———————— o- ——

/

!

Puc. 6.5.3

NMpuknad 6.5.1. Tlo6ymyBaTH 4acOBY JIOTIUHY cXeMy i GyHKITT
YV EX X VX Xy L VX VX,

Po3g’azanua. [Ina peanizanii 3axasoro piBHAHHS Ha NEPIIOMY KPOITi
6yayemo 3BHYaiini komOiHamiiiHi cxemu MiHTepMiB X, -X, i X, 'X, Ha
enementax «», «H» Ha APYromMy — NaT9HK YaCy HA YOTHPH 3aTPUMKH,
Ha TPETHOMY — KIHOUi 3 BHKODHCTAHHIM elleMeHTiB «/», a Ha YerBep-
TOMY — caMy YacOBY JIOTi9HY CXeMy, HaseieHy Ha puc. 6.5.4.

Bararosuxiaxi 9acosi Horiuni cxeMd OYAYIOTHCH aHATOTIYHO OJHO-
BHXIIHEM, ane TiUIEKH Oe3 enementa «4A50».
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Puc. 6.54

6.6. CxemoTexHixa noOyA0BH PEKYPEHTHHX
JIOTTYHUX CXeM APYIroro poay

Pexypentni noriuni Qyskuii npyroro poay MarTh BUTLAL

y= (P<x1z= KXaps enes Xugs X1 (r-1)2 Koge=1ys oos Xn-1y> Fhe-r)y X2g-r) 200> Xnr-r) )

He dynxmii, y AKux Mix 3MiHHMMH, Hanpuknag, x, i x ., € 9a-

COBHUH 3CYB.

Taki Gynkuii He MiHIMI3YIOTh, TOMY 100 3HaUeHHA OHiel i Tiel x
3MIHHOT 3aJieXXHTh Bifl yacy.

Jlorika no0yZOBH PEKYPECHTHHX NOTiYHMX CXEM JpPYroro popy Mae
Taki Kpokd. Ha mepmioMy kpori 6yIyIOTH PEKYpeHTHY JIOTiuHY (QyHK-
Hir0, AKa ommcye podOTY TOro UM iHIIOTO HNPHCTPOIO, 4 Ha APYTOMY —
peanisyrors ii, BukopucToByiouH § 6.1, ..., § 6.4, 6e3 ypaxyBaHHs 4aco-
BUX 3aTpHMOK. T106yN0Ba peKypPEHTHOI JIOTiYHOI GyHKUIT 3aKiHIy€eThCR
BBEACHHAM MiX 3MIHHMMH YaCOBHX 3aTPHMOK Ha TperboMy Kpoui. Ya-
COBI 3aTPHMKHM MOXKHA PeasTi3yBaTH Ha ManorabapuTHUX JiHIsAX 3aTPHM-
ku (MJ13), a6o D-Tpurepax, podota sAxux onmucada s § 5.2.
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NMpuknad 6.6.1. 3a peKypeHTHOIO TOTTYHOK GYHKITIEH
V=X VX X, VX gy
OOYRYBATH CXeMy, BHKOPHCTOBYIOUH MII3.

Pozg’szanns. B paniit pexypentHi#i moriwmid Qymkuii gacosi 3a-
TPUMKH BBEJICHI MDK 3MIHHUMHA X,,, X gy 1 X5, Xp(.9,- 1OMY, BUKO-

pricTOBY10uH § 6.1, a TAKO KpOKU 11Ba i TPH JorikH 1mobyaoBY, OTpuMa-
€MO PEKYPEHTHY JIOTiYHY CXeMy, HaBeneHy Ha puc. 6.6.1.

Puc. 6.6.1

MNMpuknad 6.6.2. 3a peKypEeHTHOW JOTIYHOK (YHKUIEI NPHKIALY
6.6.1 mo6ynyBaru cxeMy, BHKOPHCTOBYIOUH B SIKOCTi €JIEMEHTIB 4aCOBO1
3aTpUMKH D-TpHTep.

Pose azanns. IloGynoBa cxemu Bii0yBAeThCS aHATOTIUYHO TIPUKIAXY
6.6.1 3 Tiero e pisHALEO, MO 3aMicTs MJI3 BBOAMMO CHHXpOHHI D-
Tpurepy, § 5.2. Toai oTpuMaeMo cxeMy, SiKa pealizye peKypeHTHY JIori-
4qHy byHKUio mpukiaagy 6.6.1, puc. 6.6.2.

Xit ‘ T .
i Lo —
: e c
Xor ‘ T
. 7
C
e ,
) |
i 1 i :
Puc. 6.6.2

142

6.7. CxemoTexHika MOOYAOBH KOMII'IOTEPHHX
'¢xeM i3 3acTocyBaHHAM Teopii aBToMAaTiB

Jlorixa mo6GyaoBu KOMIT"IOTEPHHX CXEM i3 3aCTOCYBAaHHSM Teopii aB-
TOMATIB Mac Taxi kpoku. Ha mepiioMy Kponi Ha OCHOBi 8IIrOpHTMY PO-
ot npuctpor Oyayiors abeTpakTHHIH aBTOMAT, AKHH KOIYIOTh Ha
JIPYroMy Kpoli JABIHKOBMM HOpPMaibHHM KOIOM, OTPHMYIOUM IIPH IBO-
MYy CTPYKTYpHHI aBTOMaT. Ha TpEThOMY KpOIli, BAKOPHCTOBYIOUH CTPY-
KTypHUii aBToMaT, 6yayroTs Talauii nepexoxis i Buxogis a6o BinMive-
HY Tabauio MEPEeXOXiB, 3a AOMOMOIOI0 SKMX (SIKOI) Ha YETBEPTOMY
KpOoIl 3HAXOMATh KAHOHIUHI piBHSHHA POOOTH MPHCTPOIO, AKi Ha I’ ATO-
My Kpolli MiHIMi3yIOTh, 4 Ha IFOCTOMY 32 AaHUM PiBHAHHAM OyAYyIOTH
CXEMY IPUCTPOIO.

lNpurnad 6.7.1. 3rigHo 3 amopmmom poGOTH IPHCTPOIO, SAKUM 3a-
npanuii abcrpakTHHM aBTOMATOM, pHC. 6.7.1a.

z 153

o A sz\ N
23@( X3 \7® > 23@ X3 o1 72

6)
Puc. 6.7.1

n00YXyBaTH ONMH i3 BY3ITiB KOMII FOTEPHOI CXEMH YIIPaBIIiHHA.
Po36’nzanns. [Ina 3a6e3neyenns peanisaiii TphOX CTaHiB abCTpakT-
HOTO aBTOMAaTa ¢, ¢,,J, HEOOXiZIHO B CTPYKTYPHOMY aBTOMATI MaTH
3rigHo 3 dopmynoro n=]log,3[=]1,807[ =2 aBa enementu mam’sri,
AKi MOXKYTH 33Z0BUIPHHTH peanisaiiilo 9oTupbox crauis: 00, 01, 10, 11.
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VY HAMOMY BHIAAKY AJIA KOAYBAHHS CTaHIB a0CTPAKTHOIO aBTOMATA BH-
KOPHCTaEMO KOJOBi cTaHM ¢, — 00, ¢,— 01, g,— 10. V pesynprari

0bOro CTPYKTYPHMI aBTOMAT MAarTuMe BHIUIAA, puc. 6.7.16. Bukopucro-
BYIOUH BifMideHy 171 aBromMata Mypa Tabnuino nepexonis, puc.6.7.1s,
OTPUMAEMO KaHOHITHI PiBHAHHA POGOTH CXeMH MPHCTPOIO, AKi MAaTH-
MYTb TaKHil BUTITIAA:

5=) 35 =Y Y 5 =0 s

A S ey S
P =X Q) =X Vs P =X " Vs P = X5

ae ¢}, @, i@, @) — dyBKUil BKMIOUeHHs | BUKTIOYEHHS BiANOBinHO
J0 TEePIIOro i APYroro eNeMeHTIiB IaM’ ATi CTPYKTYPHOTO aBTOMATa;

% ¥, 1 ¥, ¥, — CHIHAIH Ha BUXOJAX IEPILOTO i APYroro eneMeH-
TiB mam’ATi, AKi € JorigauMu curHanaMu «1» 1 «0» BigmoriaHo;

Zy, Z,, Z, — CUTHAJM YIIPABILHHA OIPUCTPOIO.

DyHKUis @, BinmoBimae eneMeHTy KOAa, PO3MIIIEHOTO 31iBa, 4 ¢, —
crpaBa. PiBHAHHS BKIIOUEHHS TEPHIOrO eNEMEHTa IaM’ATi (¢ OTpHMY-
OTb TAKMM YHHOM. ‘

V Bigmiueniit TabiuuIi EPeX0OHiB POITIKAYIOTH YCi HEPEXOIU KOTO-
BuX crauis uiel gyaxuii 3 «0» no «1» mix Atero BxigHuX 3MiHHHX. Jlo
KOH' FOHKIIIT BXiTHHX 3MiHHHX TaKOX 3aIHMCYIOTH i 3MiHHY IPYroro eme-
MEHTA faM’sTi, SKIO BOHA HE MIHAE CBil 3HAK IPH IEOMY MEPEXOIi.
SIxmo neit mepexin ans dyuxuii @) BinGysacTbes HE ONMH pas3, a, Ha-
MPHKIA, ABa, TO 3HAMICHI KOH IOHKHii 3MIiHHHMX 00 €IHYtOTh 3HAKOM
JUiA3° FOHKITI.

PiBHSHHES BHKITFOUCHHSA TIEPIOTO EIEMERTA NaM’STi @) OTPUMYIOTH
AHANOTI9HO ONHCAHOMY 3 TI€K JHMIE PI3HALECIO, O IPH 1TbOMY PO3LIIf-
LYIOTB JIMLIE TIEPEXONH i3 cTany «I» 70 cramy «O». PiBHanna qma dyH-
KIii () OTPUMYIOTh aHATOTITHO OMHUCAHOMY A1 yHKIi (pf.

SIK BHAHO i3 OTPHMAaHHUX PiBHAHB, iX MiHiMi3alis He HOTPIGHA, TOMY
MEPEXOAUMO [0 LIOCTOrO KPOKY, Ae OyayeMo cxemy mpuctporo. IlpH
no6yHoBi cxeMH BukopucroByeMo § 5.1, § 6.3. Hapenena cxema komir'1o-
TEPHOrO MPUCTPOO MA€ BUIILAA, puc. 6.7.2.
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Puc. 6.7.2

6.8. CxemoTexnika no6yxoBn KoMn’OTEPHHX CXeM
i3 3acTocyBannsiM Teopii aBTOMATIB i IporpamMoBannx
NOTriYHHX MATPHIL

CxemoTexHika noGynoBd KOMOIHAIIAHHUX CX€M i3 3aCTOCYBAaHHIM
nporpaMoBanux origaux marpuax (TJIM) 6yna posrimsayta B § 5.5, a
CXeMOTEXHiKka No0yIOBH KOMIT FOTEPHHX CXEM 13 BUKOPUCTAHHSIM Teopii
aBToMatiB B § 6.7. O6’eHABIIM IIi ABi CXEMOTEXHIKH, MH OTPUMAEMO
TAaKy CXEMOTEXHiKy HOOyA0BH KOMII'IOTEPHHX CXEM 13 33CTOCYBAHHSIM
Teopii asromaris i IIJIM. Bona ckianaerscs i3 cemu kpokis. Ha nep-
HIOMY KPOIi Ha OCHOBI 3a1aHOTO ANrOpHIMY POOOTH OYNyiOTH abCTpaKk-
THHH aBTOMAT, AKHIA HA APYroMy KpOUi KOJXYIOTh ABIHKOBUM HOPMAIh-
HuM kopoM. Ha TperhoMy KpOLU, BUKODHCTOBYIOYH CTPYKTYPHMA
aBTOMAT, OTPHMAHNIL Ha IPYroMy Kpoil, OyayioTh TaGmuni nmepexomis i
BHXO/(iB, 32 JOMOMOIOK AKMX (AKOI) Ha YETBEPTOMY KpOIl 3HAXOIATH
kagoHiuHi pisusHHs poGoTu. MiHiMisanis ix BizGyBaeThes Ha ' ATOMY
Kpori, a Ha mocroMy — Bubip Heobximmoi IIJIM i ii nporpamysaHus.
Ha cbomoMy kporri 32 BUOPaHOIO 1 3anporpamosanoro I1JIM, a takox 3a
OTPMMaHUMM HA JIPYTOMY KpOI €l1¢MEHTaMHM faM’aTi OymyoTs Heo-
XiJHY CXeMy.

fIpuknad 6.8.1. 3a anroputMoM poOOTH NPUCTPOIO, AKUI 3a1aHmi
abCTpaKTHHM aBTOMAaTOM, pHc. 6.8.1a.
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a) 6)
Puc. 6.8.1

IMo6ymyBaTi KOMITIOTEPHY CXEMY YIOPABIIHHA 3 HU3HKHM PiBHEM
AKTHBHOCTI U PYHKIIT Z i BUCOKMM — Juist peITH QyHKuii.

Po3e szanns. 11106 3abe3neuntn peanizaliio meCTH CTaHiB abCTpak-
THOI'O aBTOMATA ¢, ..., §;, HCOOXiHO B CTPYKTYpPHOMY aBTOMATi MAaTH

3rinmo 3 dopmynowo 7 = Jlog, 6] =]2,'807[:3 TPH €TICMEHTH TNaM’sTi,
SKi MOXYTh 3aIOBLIBHHTH peanizaiiio Bocemu cramis: 000, 001, 010,
011, 100, 101, 111. Y pamoMy BHIAJKY JiId KOAYBaHHA a0CTPaKTHOTO
aBTOMATa BHKOPHCTaEMO KOAOBi cTaHu: g, — 000; ¢, — 001; g,— 010;
q,— 011; g,— 110; g,— 101. V pesymeTati 0pOro CTpyKTypHHI aB-

TOMAT MaTHMe Takui Buriax, puc. 6.8.16. Bukopucrosyrwoun BiaMigeny
I aBToMata Mypa tabimimo repexonis, tabi. 6.8.1. '

Tabnuys 6.8.1

3axinuennn maban. 6.8.1

2
g z z, z z, z, z
4;
% 000 001 010 011 110 101
* - - 011 ~ - —
XXy X, - - 110 - - -
XXX - - - o0 | -
x5 - - - 110 - -
X6 - - - - 110
X - - - - 110
Xy = - | - - o11
Xo - - - - 000
g - - - 000 - -

Z;

z z z, z, z z

g, 1 2 | 2 2 1
4q;

X ’ 000 001 010 011 110 101

i /

x ;2- 001 - - - - -

o "o [ - | - [ -

X - 010 - - - -~

X, - - 000 - - -
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OTPHMAEMO KAHOHIYHI piBHAHHA pOOOTH CXEMHU, SKi MATUMYTh TAKHH
BUIIISA;

L=V TV Y VY Yy
=YV ViV Y sVt s
. (P{:i'x,z'f{yz‘)—’svxs'yz;
O =%y X, X Yy V2V E ¥y VX s
O =X YV X YV XNV Xyt i
Q0 =X,y YV g W
O =X XV Ty VI By
o =X X Y Y VX MV X VX eV VX Y Y X Yy Y Xyt Yy
ne @), 05, ) i Q), ), 07 — DYHKLUIT BKIIOUEHHS i BUKTIOUEHHS Bimo-
BIZIHO NEPILOTO, APYTOTO i TPETHOTO E€TIEMEHTIB NaM’ATi CTPYKTYPHOTO

ABTOMATA,
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Yi» V2, Y3 1 ¥, ¥, ¥, — CUTHaIM HA BHXOJaX IEPILOTO, APYToro i
TPETHOrO eJEMEHTIB HaM’ATi, AKi BIATIOBIMAIOTH JIOTIYHHM CHIHATAM
«1» 1 «O» BigmoBigHO; ’

z,, Z, — CUTHAIH YIPaBIiHHsA HPHCTPOIO.

OyHKIA ¢, BiAIOBiZaE ENEMEHTY KOJA PO3MIIIEHOrO 3TiBa, 4 @, —-
crnpasa.

PiBHSHHA BIIIOYCHHS 1 BHKTIOUCHHS CIICMEHTIB [1aM’ ATi OTPUMYIOTh
3TiAHO 13 MPUHIMIIOM, OHCAHMM Y § 6.7, mpuknax 6.7.1.

SIX BUHO i3 OTpHMaHMX PiBHAHB, iX MiHiMi3amis He MOTPiGHa, TOMY
IIepex0AUMO 10 HIOCTOTO KPOKY, A¢ HeoOximHo BHOpaTH BianoBinHy
TUIM.

Buxoasuu 3 xaHOHIYHHX piBHAHB poGotH, IIV/IM noBuHHA BiAmORBIi-
JaTH TakuM AaHuM. KinbKiCTh XOH’IOHKTOpPIB y Hil moBMHHA OyTh HE
MeHIe 26, TU3’IOHKTOPIiB — He MeHIe 8, BXiIHHX 3MiHHHX — HE
menire 13, Taxum BaactuBocTaM Bianmosigae ITJIM, Mixpocxema cepii
K556PT1, axa mMae Bxomu A4 16 3MiHHUX, 8 BUXOAIR A8 peanizauii Bo-
cemu GYHKIIHN i 48 KOH IHKTOPIB.

3rigHo 3 oTpuMaHuME QyHKHiaMH z,,Z,, @}, Q) 9), O7, @}, ¢°,
MPHCBOKEMO HOMEDA IX KOH IOHKTOpaM:

k=3 YV k=33 Pl =y ik =3V s

ks =3 3,-¥:5 ks =Ny Vi k=X Xy, P ks =Xy

ky =X, XX ¥, Vas ko =% - Vo3 by =205 Vs by = X Vs bs =% 5
k=% y3i ks =%, Y-y kg = 30 Vs by = %%, 31 Vo5

kg =%,V Yo kg =X %, Vi Vos g =% Vs Ky = X5 ¥y ki =g W13

by =%, 3; k24:x9-_§2_; kys = x5 - Va3 Ky = X0 <y

Buxoprcrosyroun pexomeHpanii § 4.3 i gami § 6.8, nporpamyemo
orpumaHi Qyskii i X pesyabrary 3aH0cHMMO B Tabir. 6.8.2.

Ha HeBukopucrasux Bxogax Al4, ..., A16 3 HOMepaMu KOH IOHK-
TOPIB &, ..., K, IIEPEMUYKH TIEPEIATIOIOTHCS.

Ha cromomy xponi 6yayeMo cxemy 3 sukopuctanssM ILIM, mikpo-
cxema cepii K556PT 1. Tlpu no6ynosi cxemu BUKOpHUCTOBYEeMO §4.4, § 4.5.
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6v1

Tabnuysn 6.8.2

Koun’rouxropn

PiBens akTuBHOCTI

Bxira switma o [ o 1t ] 1] IR

k| x I X, Lx; l Xy ] X ’ X I X, I X l Xy lxlol Wi ’ V2 | Vs Buxiita Qysxiis
Howmep nporpamMoBaHOT0 BXOLY z, Z, (p} (p? (p‘2 (pg (p‘3 (pg
Al A3} A4 | AS| A6 | A7 | A8 | A9 |AIOjALTI|A12]1AI3| Bl B2 B3 B4 B35 B6 B7 B8
112 4 617181910111 ]12]13 14| 15 16 17 18 19 20 21 22
k1 * * * 0 0 0 A * * * * * * *
k2 * * * * * * * * ES 0 1 0 A * * * * * * *
k3 * * * * * * * * * 1 0 1 A * * * * * * *
k4 * * * * * * * * * 0 0 1 * A * * * * * *
k‘ * * * * * * * * * 0 1 1 * A ® * * * * *
k6 * * * ¢ * * * * * 1 1 1 * A * * *® * * *
k, 0 1 0 * * * * * * * * * * % A * * * * *
kg * * * 1 * * * * * * 1 * * * A * * * * #*
k9 * 0 1 * 0 * * * * * 1 0 * * * * * * *
](10 * * * * * * * 1 * * 0 * * * * A *® * * *
k| * 1 ® | % | o= | % | % | % g |+ ] = * * * * A % * %
k17 * * * * 1 * * * * * 1 * * * * * A * * *




0¢1

3axinuenus maon. 6.8.2

i 1011112113114} 15 16 17 18 19 20 21 22
ks * x| ] o= | % * * * * A * * *
k., * Lo | o fox [ * * * * A * * *
ks C 0 I A T B * * * * ® A * *
kg ® 110 | = =* * * * * ® A * *
Ky CI I N A * * * * * * A *
kg x|« g f 1| * * * * * * * A *
kyo * |+« 1o lo]* * * * * * * * A
ks O N I I * * * * * * * A
ky, * ] 0% | = 11 =* * * * * * * * A
ky, * % [ ] | = | % * * * * * * * A
ky x | * L4 * | = * * * * * * * A
ko IHEREREEE * * * * * ¥ * A
ko * | & | x| %] q * * * A * * * *
kg = | 10| * * * * * * * * A




Hagenena cxema mae Burisig, puc. 6.8.2.

"
— PN —-9——7—0——»' U
S 8lasl Prm Q R1|R2 | R3 | R4
‘XZ__LL A2 []
')‘_3*7’7 A3 a1 |18 " I 2t
4k4—w_“£ Ad 17 ’ z,
*s 5las| B2 —, —t =
- ‘)0‘1
e 41 a6 ps 16 Y 4 sl T
= &
‘il — pe 187 R -
(g 2
g [ 15,93
Xg 27 B5 slT
- " A9 ({10
L] P ge{12.1¥2, R -
)Ly 1 V3T o f11195 ST
4 A
P . _24] Ai2 56 110 @3 _ r
Y3 23ﬁ A13 l T r
22
e rs | re | /7 | A8 |
N —— YT [P | [P |
- 200are o ! ;
i Qg 19 — [S— _.._L__‘____A, U | i
] : H
‘ '—iPB : .
{ -

Puc. 6.8.2

ae Ri, ..., R& — pesucropu Benmuanoio 2 kOm; Uxe — IDKepeno Kus-

JIEHHS MIKPOCXEMH.

I3 puic. 6.8.3 BurmmBae, Mo cxeMa peaisatlii IPUCTPOIO i3 33CTOCY-
BagasaM [1JIM Barasgae 3uavdo IPOCTIIIOI0, HiX i3 3aCTOCYBaHHAM
3Buuaiigux enemenris norikw byma. Taki cxeMu JOIITBHO BHKOPHCTO-
BYBATH NPH 3HATHIH KiNbKOCTi KAHOHIYHHX PiBHAHb.

peasisie

1. Chopmymnioiire noriky moGya0BH OJHOBHXiIHHX KOMGiHALGAHMX
CX€EM Ha eleMeHTax Jorikv Byms.

Konmponeni 3anumanms
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. Ha3pits 6asucH no0yAoBH OZHOBUXIAHHX KOMOIHAMIMHKX cXEM.
. UYnm Binpizaserscs 6asuc leddepa Bix Gasuca Ilipca?
. B saxomy 6azuci nonineHO OyXyBaTH OOHOBUXiZHI KOMOIHAINHHI
cxemu?
S. Chopmymroiire noriky mobyaoBH ozmonnximmx KoMOinaniii-
HHX CXEM Ha MYJTbTHIVICKCOPaX.
6. UM BmplsHﬂerbcx Jiorika noﬁynonn OTHOBHXIMHHX KOMOiHaniii-
HHMX CX€M Ha MYJIBTUTUIEKCOPAX BiJ JIOTIKH HA EIEMEHTAX Eynx"
7. o BeoOXiaHo 3p0OHTH B MYNBTHIDIEKCOPI, SKITIO KUTBKICTh HOTO
YIPABIAIOMHAX BXOAIB MEHIIA 33 KiNbKiCTh 3MiHHUX Y GOYHKILI?
8. UuM BixpisHAETHCS NOTiKa D00y 0BH GaraToBHXiaHKX KOMOiHa-
uifiHHX cxeM Ha eneMeHTax joriku Byms Big morike moGyn0BH
Ha aenmdparopax?
9. Sxa i3 mOTiK, HABENCHHX Yy 1. 8, NPHBOAKTE A0 OLIBII NPOCTHX
cxem?
10. ChopmymoiiTe nocmifoBHICTh MOOGYHOBH YacOBHX OYIEBHX CXEM.
11, Sxwit npuctpiii y gacoBux OyneBnx cxeMax HEOOXimHO aoaat-
KOBO BHKOPHCTOBYBATH?
12, Chopmymoiite riocninoBHiCTs MOOYZOBH PeKypeHTHHX OyIeBHX
CXE€M APYroro pofy.
-13. B oMy mondrae CyTHiCTH joriku moCynoBu cxeMm i3 3ac*rocy—
BaHHAM Teopil aBToMaTin?
14. ln4a goro 3aCTOCOBYIOT KOLYBAHHS abCTpaKkTHHX aBTOMATiB?
15. 11lo Ha3UBAOTh KAHOHIYHKMMHM PIBHAHHAMH poOOTH aBTOMATa?
16. lle i B AKMX BHNaAxax JOLINHHO 3aCTOCOBYBATH IPOTPAMOBAHI
_JIOTiYHI MaTpHLi IpH MOOYAOBI KOMIT IOTEPHUX CXem?

S LN

3adavi dna camocmiiiHo20 po3e’si3yeaHHs

1. Jina norignoi ¢ysxmii y=x X, - x, VX X, vV X, * X, noGyayBaru
ORHOBHXifHY KOMOiHAUiHHY CXeMy Ha eleMeHTax JIoTikH byss.

2. BukopucroByoun ymoBy 3anaqi 1, moSyaysati ORHOBHXIIHY
xoMOinanuiliny cxemy B 6asuci llleddepa i [ipca.

3. BUKOPHCTORYIOUH YMOBY 3a7a4i 1, moOyayBaTH OXHOBHXIAHY
KOMOiHallifHy CXeMy Ha MyJIBTHILIEKCODI.

4. JIna noriunoi dyHKIi, 3a71aH01 B A€CATKOBIH CHCTEMI YMCHEHHS
y=v(0,1,3,4,5,7), nobyxysari oqHOBHXiAHY KOMOIHAIIMHY cxeMy
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Ha ejieMeHTax norikd byns, y 6asuci lleddepa i Ha MynbTHIIIEKCOPI.
OTpyMaHi CXeMH MOPIBHATH 33 CKIAIHICTIO i 3pO0OATH BUCHOBKH.

5. s 3amanAoi cucTeMH JOoriuHux QyHKmil y mecaTkoBiilt cucremi
gucnenss y, =v (0,2,4,5,7,9,10,12,13); »,=v(0,1,3,5,6,8,9,
11, 12, 14) nobyayBaty 6araToBUXiaHy KOMOiRAIiHY cXeMy Ha erneme-
HTax JMoriku Byns.

6. BukopucTOBYIOYH yMOBY 3aJadi S, moGyxyBaTH GararOBHXiIHY
xomOinauiiiay cxemy Ha aemidpaTopi.

7. s wacosoi OyneBoi GyHKUII y, =X X, VX X, 5V
VX, * X, + X, -1, TOOYIyBaTH CXEMY.

8. Jlma pexypeHTHOI OyneBoi ¢yHkuii apyroro poxy y, =Xy Y
V Xy “ X "X V Xy V Xy ) TIOBYRYBATH CXEMY i3.3aCTOCYBAHHAM

D-tpurepis.
9. Anroput™ poGoTH €NEKTPOHHOTO IPHCTPOIO 3ajaHHif abCTpakT-
HHM ABTOMATOM.

Zy ”
P O

Heol6xiano moOynyBaTH CXeMy 3 BHKOPHCTAHHAM €IIEMEHTIB JIOTIKH
Byn4 i mporpamoBasoi morigsoi MarTpuui, Mikpocxemu cepii KS56PT1.
OrprMaHi cxemH ITOPiBHATH 32 CKIANHICTIO, 3pOGHTH BUCHOBKH.

Komernmapi. OcHOBHi BitoMocCTi, sKi BUKJIAAEH] B IbOMY PO3-
JITL 3 JIOTiKH MOOYAOBH OJHOBHXIAHHUX 1 0araTOBHXiZHUX KOM-
Oinaniifuux cxem, B3sTi 3 [6, 16, 17], norika o6y 108K 4aco-
BHX peKypeHTHUX OyJieBrx cxem Burutusac 3 [17, 20], a norika
MOOYIOBH CX€M i3 3aCTOCYBaHHAM TEODil ABTOMATIB, B TOMY
gHCH i3 33CTOCYBAHHAM HPOTPaMOBAHUX JIOTIHHUX MATPHLb, —
3[4, 12,17, 21].
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Po3ain 7

CXEMOTEXHIKA
nosyaoBn AHANOIroBnNxX
BYy3niB

R

7.1. EneMeHTH ¢XeMOTeXHIiKH aHaJIOTOBUX BY3JHB

OCHOBHMMH €TEeMEHTAMH aHATOTOBHX iHTETPAaIbHUX MiKpPOCXeM €
TPaH3UCTOPH Ta pe3ucTopu. XapakrepHow ocobmuBicTio iHTerpansHoi
aHAJIOTOBOI CXEMOTEXHIKY € HAABHICTH B3a€MHUX KoMIoHeHTiB. [1ix gac
BUTOTOBIICHHA IHTErPANBHMX MIKPOCXEM XapaKTEPUCTHKH IX elTeMEHTIB
DOCHUTH OIM3bKi Ta B32aEMO3ANekKHI Y pasi 3Minu 30BHIHIX ymoB. Tak,
HampHkiIan, Ha puc. 7.1.1q HaBeneHa cxemMa MiACHIIOBAIBHOIO KacKauy,
A€ pe3sHcTopH R1 i R2 € B3a€MHUMH KOMIIOHEHTAMH, TOMY Y pasi 3MiH#
30BHINHIX ¢akTopiB KoedilieHT MiACHICHHS CXEMH TIPAKTHIHO HE 3Mi-

moarumercs, K, = — R2/R3.

o+Ek

Uex
-Ex, +Eg

A

a) 6)
Puc. 7.1.1

Tunopuii audepeHmiinmii xackax IHTErpaIbHOI MIKpOCXEMY, Ae
B33€MHHMMH KOMIIOHEHTaMH, KpiM pe3HcTopiB, € mie i Tpausucropu V71
i VT2, nogano Ha puc. 7.1.16. Marouw 6/m3bKi Ta ifCHTHYHI Xapakrepuc-
THKH, BOHM iCTOTHO 3MEHIIYIOTh TEMIEpaTypHWH apeid, apeiid sin ne-
CTabinbHOCTI ZAXKepert KUBJICHHS Ta CIPOITYIOTh GaaHCYBAHHS KacKazy.
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Hpeiid migcumosaya 31e6i1s010T0 BH3HAYAECTHCH BXITHUM Kacka-
JIOM — TeMHEpaTYPHHUM JpeidoM Ta 4acoBOK HECTAGLIBHICTIO eneMe-
uris. [peiid mudepenniinoro kackaxy Ha NOPAAOK MEHIIMH Bia O/M-
HOYHOro. AJte, SKIIO BUTOTOBHTH qud)epeHiiHamii nigcmnosad B inrer-
paIbHOMY BHKOHAHHI, TO ioro apeiid Oyze mie Ba MOPIHOK-Ba MCHIIHH,
HiX y ZHGEPEHIIHHOMY BHKOHAHHI 3 AUCKPETHAMH TPaH3HCTOPAMH.

Ha Bxozi onepaniifHOTO ImiICHIOBaYa, AK IPABHIO, BCTAHOBIIOKTh
AudepeHiiiyil OifcHmoBad, mo6 ocna0WTH HABEACHHSA i MiJCHIHTH
U,,. Tunosa cxema MuQ)EPERIiHOrO BXiMHOTO KACKAAY B iHTErpaih-
HOMY BHKOHAHHI HaBejena na puc. 7.1.2.

0 +Em

R3

+£,

‘E)x, +En( ."E 7

Puc. 7.1.2

Tpanzucrop V72 mpalroe B pexuMi jpxepera CTpyMy, Mac BEITHKHIA

" BHyTpimHili omip Ta NOMINIIye XapaKTepUCTHKK Kackaay. 3acTOCYBaHHS

erremenTiB TepMokoMrieHcanii (VD1, R4 i RS) nae 3Mory ictoTao mo-
JINIUATH TEMIIEPATYPHI XapaKTEPUCTHKH BCHOFO KACKay.

7.2. OcHOBHI BU3BHAYCHHA Ta XapaKTEPHCTHKH
onepauifiHux nmicHJII0BaviB

Ounepauiiini mincuwmosaui (OIT) noctifiHoro cTtpymy € nocurts 1o-
mupeHuM 0a30BUM ENEMEHTOM AaHANOrOBOI CXEMOTEXHIKH, HA SKOMY
MOXyTh OyTH CTBOpeHi JdiHiiiHi Ta HemiHilHI QyHKIUIOHABHI NEPETBO-
PIOBat.



Osnauennn 7.2.1. Onepaniiinum HiXCHNI0OBAYEM HAZUBAKIOTH ITil-

- CHIIoBaY nocridHoro crpymy (IIFIC), axmit Mae BHCOKHiT KoeditieHT
TACWICHHSI, ABA BXOAY (TaK 3Banmii mudepeHIiarbuuii Bxin) i ogua Buxia,
3aspnuaii, OI1 6ynyrors sk IITIC i3 GesnocepenHiMu 38" S3KaMH MiXK
KackafamH, 3 TuQepeHIifHIM BXOnoM | GimoIgpHuM BiXHOCHO aMIuti-
TYAH NiACUAIOBAHOTO CHTHANY Buxonom. Ile 3abe3nedye Hyap0Bi HOTe-
HIiam Ha Bxomi i Buxoxi OIT 3a BigcyTHOCTI BXiAHOTO cHrHady. Tomy
Taki TiACHIFOBAY] JerKo 3’ €IHYBaTH NOCIIZOBHO, & TAKOXK OXOILTIOBATH

3BOPOTHHMMH 3B’ A3KAMH.

3a cBoeio cTpykryporo Ol Oysarots Tpu- a60 ABOKackanHi. 3a Tpu-
KacKagHo0 cxemor0 Gynysamucs OI B iHTerpalsHOMY BHKOHAHHI mEp-
moro mokoxdinHsd. [Mepmimii mudepenuifinnil kackan y HUX IPAIOE B
pexuMi MIKPOCTpYMiB, 3a6e3Meuyrouy THM CaMUM BUCOKUM BXiaHHiH
omip. Jpyruit mudepenuiiinnii xackay 3abesneuye MICUICHHS HAIpy-
ru. TpeTiii kackan BUXigHMI{, BUKOHYETHCA AK ABOTAKTHHIH 3 CITUTBHHAM
KoIekTopoM. BiH 3afe3neuye mACHICHHS TIOTYKHOCTI, 8 TAKOXK HH3b-
Kyl BUXiHHH Omip.

OIl apyroro noxoiinusa OyIyIOThCA 33 ABOXKACKaAHOIO cxemoro. 1le
CTAJI0 MOMKIHMBHM 3i 3pOCTaHHAM piBHA iHTerpanpHoi TexHonorii. Ilpu
HBOMY IlepInmi Kackan 3abe3nedye i BUCOKUHM BXiAHMHA OMip, 1 BEIHKMIA
KoeQilieHT NiICHIeHHs Hanpyru. [pyruit kackax € miaCHIIoBaYeM MO~
TYXKHOCTI:

3 po3BHTKOM iHTEerpanbHol TexHikd Bukopucrauas OIl 3uagno

posmmprinocsk. HuHI BOHM BHKOPHCTOBYIOTHCS, B OCHOBHOMY, SIK BHCO--

KOSKICHI TiACHTIOBaYi HANIPYTH B KOHCTPYIOBAHHI OYyAb-KHX €JIEKTPO-
HHHX NPUCTPOIB.

HNomupernomy 3actocyBaHo Ol cpuAIOTh iX BHCOKI HapaMeTpH.
Iie Benukmit KOe(iMiEHT MIZICHIEHHS 3a HANPYI0I0, MO CTAHOBHTL K, =
=(10"... 10°);, BucOKuit BXimHHI OMip ¥ KOXHOMY i3 BXOREB —R_ > 400 KOM;
HH3bKuH BuxigHui omip R, <100 OM; nocuTh IMMPOKHH JacTOTHHIMA
Iianma3oH — BiJ HyJId IO OOUHHMIN Merarepi. 3a uuMH mokasaukamu OI1
1 6araThoX 3aCTOCYBaHb HAOMMXAIOTECA /IO iIeanbHOTO MiACHITIOBA-
4a, AKHH Mae:

1) K, »o0;

2) /IBa CUMETPUMHUX BXOIU 3 R —roo;

3) R, —0;

4) Beakineunuii iana30H MiACUITIOBAHOTO CUIHAIY.
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OyHKI{IOHAIBHA CXEMA TAKOFO MACHIII0BAYA HaBeNeHd Ha puc. 7.2.1.

U .
D Uﬂ ux

Puc. 7.2.1

Bxix, Ha sAxuil nogano U,, wasupalors iHBepTyioumMm, a U, — He-
iHBEPTYIOUMM.

. SIK11f0 CHrHaI IOAATH HAa HEIHBEPTYIOUMIA BXiA, TO 3MiHH BHXiXHOIrO
CHI'HATY CHiBIajaroTs 3a 3HakoM ((}a3oro) 3i smimamu BxigHoro. o
CHTHAJI HOAATH HA iHBEPTYIOUHit BXijl, TO 3MiHM BHXIZHOTO CHI'HAIY Ma-
THMYTb HNPOTWICKHUI 3HAK ((a3y) MOXO 3MiHH BXiJHOTO.

HaipaxxmuBimpmu xapakrepuctukamu Ol € BXigHi aMwtitymmi (ne-
penapanbHi) xapakrepuctuxn U, . = f(U_), 306paxeni Ha puc. 7.2.2.

+Usun, B
__________________________ [
IHBepTYyIOUEe

BMUKaHHA E;

Uauxm
-Us,, MB +Uoy. MB

< XK ———>

Heinseptyioue U e &

BMUKaHHS
__________________________ N
v Ve B
Puc. 7.2.2

3HiMaKOTh Hi XapakTEPHCTHKH, NTOAAIOYHW CHIHAIM HA OJMH i3 BXOAIB
i 3’€AHYIOUH iHNIHE 3 HYIHOBOIO TOYKOIO.

KoxHa BXiftHa XapakTepUCTHKA MAaE€ TOPH3OHTANLHY TA CKiCHY Ni-
JIAHKH, AKi BiANOBLAAIOTh PEKHMY NOBHICTIO BIAKPUTOrO UM 3aKPHUTOrO
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TPAH3HCTOPA BHXiZHOTO Kackaxy (pexuM HacHdeHHs). 3i 3MiHOK Ha-
TIPYTH BXiZHOTO CHTHANY HA UUX MiIIHKAX BHXiZHA Hanpyra MiACKITIO-

Baya 3ATHINAETHCA HE3MIHHOK i BU3HAYaeThCs Hampyramu U”,. . a6o
U’ » OTM3BKHMH IO HATIPYTH JKEpENa XKUBAeHHA E, - E, .

KoediuieHT miacHieHHs B TAKHX MiACHIIOBAYAX BH3HAYACTHCA 32
CKiCHMMH AUTTHKAMH i AOPIBHIOE:

K, =2Vum
AU

BX

Cran, 3a sxoro U, =0 npu U, =0, HasuBaroTe Gamancom OIL

Ognnak, jug peansuux OIT ymosH GamaHCy He BHKOHYIOTHCA (€ po30a-
JIZHC).

Hampyra U _,,, 3a axoi U, =0, Mae Ha3By BXiaHOI Hampyru 3mi-

IICHHA Hyns. BOHa BH3HAUae Hanmpyry, AKy HeOOXiAHO MOAATH HA BXij
HiACITIOBaYa A8 cTBOpeHHA GaymaHcy. IlepenaBanbHi XapakTepHCTHRH
OI1 3a HasBHOCTI po3banaHCy HaBexeHi Ha puc. 7.2.3.

+U,,

4

.E1

- U:Mo /7 - f
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Kopeknis po36banancy BinOyBaeTbCa jIaHIOraMH, abo 3a BIJICYTHOC-
1i Takux y OIl mesikux THINB, HUSAXOM HOXadwi HA HOTO BXij HAIpPyTH,

mo jopisaoe U, , 1 NpoTHAEKHOT 32 3HaKoM. BxiaHuii onip, BXigumit

24
CTPYM 3MIHICHHS, MAKCHMANhHI BXiqHi, qudepenuiitna ta candasna ua-
Mpyry € OCHOBHUMK BxixHumu napamerpamu OIL 3a neoGxignocTi 3a-
XUCTY Bif mepeHanpyr Mix BxogamH OIl BMHKaIOTH 3yCTpiuHO-mIapa-
JeTBHO BRITIOUEHi fBa pioaw abo crabimitponn. BuXigHuMme napamer-
pamu OII e Buxifuuii onip, MaKCHMaIbHa BHXiHA HATIPYTa Ta CTPYM.
IImpoxe mpaxTHaHe BUKOpucTanHa OIl B aHAIOrOBHX CXeMax 3y-
MOBJIEHE, TONIOBHHM YHHOM, 33CTOCYBAHHAM y X cXeMax pi3HOTO POAy
Bifi’€MHHX 30BHIMIHIX 3B’A3KiB, UOMY CHIpHAC BEJHKe 3HAYEHHs Koedi-
micHTa migcuneHns K, BUCOKHMI BXiTHWHA Ta Mamuii BUXIIHHA OLNODH.

Bucoka sikicts mapamerpis cyuacuux OI1 no3Bonse, 30kpema, 6e3 BHe-
ceHna roMiTHO! moxulku npu pospaxyHky cxem ua OIl, mpuiimaTtu
K, o, R —e, R, —0, aomxe BBaXATH OIP 32 i€ THHUIH.

7.3. CxemoTexniKka iHBepTyI040T0 MACHII0Ba4a

Osnauenna 7.3.1. Inpepryrounm HiICHAIOBAYEM HA3HBAIOTh CXE-
MO- TEXHIYHHH NPHCTPiH, AKHii 3MIHIOE 3HAK BUXIXHOrO CUTHAMY BifHO-
CHO BxizHoro. Bin Oyayerscst Ha ocHoBi OI 3 yBelleHHIM HapaIenbHO-
ro Bif’€EMHOIO 3BOPOTHOIO 3B A3KY, SKHI NMOAAECTHCA Oe3MOCEPENHEO HA
Horo Bxix. CxeMa Takoro niiCHiIoBavYa Hapexeua Ha puc. 7.3.1.

R
]| Da
R Iy, S
Us  Ud o
el
Puc.7.3.1

Heinpeptyroumii BXiJ| 3’€THYETHCSH 31 CAUIHHOI TOYKOIO CXEMH (TO-
YKOK 3 HYJIBOBMM IOTCHUIaNOM). BXinHuii curHam depe3 pesucrop R
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NofIaeTheA Ha inBepryrounit BXin OI1. Kona XUBIEHHS i TAHIOTH KOpe-
Kuii TyT i Hajalli He MOKa3aHo.

Buxoaaun 3 HaBeaeHOro BHIe, a came: pBaxkatoun Ol 3a imeans-
HUH, ipu aHani3i cxeM 3 Ol ciifx BUXOAUTH 3 TAKHUX TI0JI0KEHB!

1) xoedinient niacunenns OIl HecKiHUCHHANIH;

2) Bxomu OII cTpyMy He CIOXUBAIOTE ( R '=o0);

3) y euxigaux xonmax OIl naxinasa Hanpyrw BincytHe (R =0);

4) axmo OII OXOIUIEHO Bif’€MHMAM 3BOPOTHHM 3B’SM3KOM, BiH Hpa-
INOE B PEXHMi IiICWICHHA, 2 HC HACHUCHHS, 4 Pi3HMI NOTCHIIAIB
Mix Horo Bxogamu U, =U,=0. -

JI0BEAEMO OCTAHHE MOIOMKEHHS.

Upe ==K, Uq
ng = _Uéux
K

u

Sxmio K, =<0, To U, = 0.

Peansno U, =U, Hymo He JOpiBHIOE. AJle Ile HACTUIPKE He3HaIHA
BeTMuMHA, o 114 Oimbuiocti cxem Ha Ol Helo MOXHA 3HEXTYBATH.
Hiiicro, sixmo U, =10B (ue maike BiAmoBifae BAacCHYECHHIO), a
K, =100000, to U, =100 MxB.

Ockineky Ha HeiHBepTyIOUMii BXin nofana nanpyra U, =0 (BiH 3’en-
HaHU i3 HyMHOBOIO TOUK0K), a U, =0, To i HOTEHMian iHBEPTYIOYOTO
BXOLY TakOX NOPIBHIOE HYIIO (BIpTyansHHH HyNb). Y pe3ynbTaTi ke-
Peno BXiXHOTO CHTHATY IPHUCTPOEM crpuitmaersca sik R1 — BHXinaui

onip nincumoBaya IOpiBHIOE BenHUUHI pesucTopa R1.
3 mepuroro 3axkony Kiproda mis By3ina a MaeMo:

L =1,
U

8x

R1 e
OI1, 3a6e3neuyroun piBHicTs U, =0, cTBOPIOE HA BUXO/i TaKy HATIpyTy,
mob BixsecTH CTpyM I, depe3 pe3UCTOP Bif’€MHOrO 3BOPOTHOrO

TO6TO

U R
3B8°a3Ky R,,;. Toni K, = —-Zjﬂ =—R?T3'

ex
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Orxe, K, 3anexuth NALIE Bifl CHiBBIZHOIIECHHS ONOPIB PE3UCTOPIB
NiNSHKHA Bii' EMHOTO 3BOPOTHOTO 3B°A3Ky. 3mak ((—)) BKa3ye Ha iHBep-
Cil0 BXiHOTO CHUTHAITY.

Bximamnii omip cxeMu AOpiBHIOE BeAaMHI R1.

-R . N

Slkmo R > R1, 10 U, = R_133 =U,, — Ma€eMO iHBEPTYIOUHH MacmI-
TabHMil migcumoBay (i3 MaciTabHUM koedimiearom K, =—R1).

Ipu Rl, K, =-1 — cxema HaGyBac BIaCTHBOCTEH IHBEPTYIOUOTO

MOBTOPIOBada BXifHOT HanmpyrH (iHBepTOpa CHIHAILY).

7.4. CxemMoTexHIKAa HEiHBEPTYIOY0r0 MiACH/IIOBA4YA

Osnaueninn 7.4.1. HeinBepTyo9anmM niZcHII0Ba4YeM Ha3HBAIOTH
CXEMO- TEXHIYHMI NPHCTPIH, KU He 3MIHIOE 3HAK BHXIZHOIO CATHAIY
BiJTHOCHO BXiZHOTO.

Bin 6yayerses Ha ocHoBi OIl 3 yBeREHHAM MOCTITOBHOIO Bill’€M-
HOTO 3B’13KY, AKMI IOAAIOTH HA IHBEPTYIOUHIA BXi/l, 4 BUXiIHMIT CUTHAIL —
Ha HeiaBepTyroumi Bxia OI1. Cxema Takoro mixCHIIOBauYa HaBENCHA HA
puc. 74.1a.

DA
>
Ua}
fjﬂ—“ Uoun
1
a) 6)

Puc. 7.4.1

Tyr U, =U,,, asxigsmii crpym I =0, 60 R, =oo,
Ockinbkn U, =0, 1o Uy, =U,, a U, /RI=1,,.
3 inmoro Goky

U

BHX

I, =——m
®  RI+R,
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Orxe,
Ue _ Uy
Rl RI+R,
3Bigcu

U, =U, [1+5§3—j.
Rl

Tomi koediricHT MiACHITeHH HeiHBEPTYIOHIOro MiACHITIOBaYa

K = %"’i =1+RIl.
8x

SIkmo Rl — oo, To oTpUMAEMO HEIHBEPTYIOUHI TOBTOPIOBAY, CXe-
Ma gKOro HaBeJeHa Ha puc. 7.4.16.

Heiupepryrounii Ta iHBepTYIOUMH MACHIIOBAYI IGHPOKO BHKOPHC-
TOBYIOTBCA $K BHCOKOCTAOUIBHI IiACHIIOBAYi PIZHOTO TIPH3HAYCHHA,
IIpuuomy, HEIHBEPTYIOUHI Ma€ BETHKHI BXiTHUI OTip (TEOPEeTHIHO —
HeCKiHUeHHH) 1 BUKOPHCTOBYEThCS A MiACHIICHHS CHIHAJIB JpKepen
i3 BHCOKHM BUXiJHHM OIIOPOM.

7.5. Cxemorexnika nobyroBu cymaTopis
HA onepauiifHuxX nixcHI0BavaX

InBepTyroumii cymaTop

Osnauennn 7.5.1. CyMaTopoM Ha3HBAIOThL €HEKTPOHHMI MPUCTPIi,
AKAM IPH3HAYEHWA IId MIACHIIOBAHHA BXiJHMX CHTHAIIB, SKi TOja-
FOTBCA HA HOrd BXOMM.

Cxema IHBEPTYIOUOrO cyMaropa HaselcHa Ha puc. 7.5.1a. Bin Bu-
KOHAHUMN 3@ THIIOM iHBEPTYHOYOro MiACHIIOBAYA 3 KIIBKICTIO Hapanenb-
HHX TITOK Ha BXOHi, II0 AOPIBHIOE GHCIy CHTHAIIB. SIKImO omopH Beix
Pe3UCTOPiB CXEMH OXHAKOBI, TO

R,=Rl=R2=..=R,<<R_.
tonpu [, =0 Maemo
I,=1+1,+..+1,

abo
o =—(U, +U, +..+U,).
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Uy
U Jor-E
, I"R'i DA
ho- 2T >
' ‘ U, 4 U
o ordy o1 o=
a) ’ 6)
Puc. 7.5.1

OcranBe CIIBBIZIHOMEHHA TIOKA3y€ PIBHOMPABHY BaroBY y4acTh JO-
AaHkiB y 1x cymi. IlizcymoByBaHHS MOXe BHKOHYBATHCE TAKOXK i3 p13-
HHMH BAaTOBHMH Koe(illieHTaMH I KOXKHOTO 3 TOJaHKIB.

Hocsaraerscs e BUKOPHUCTAHHAM Pi3HHX 3HA4eHb OTIOPiB PE3UCTOPIB
y BXITHHX TIIKAX

U,,.= | R 2y, ) U2+...+~I-aéé—Un .
Rl ' R2 R,

HeinpepTytoamii cymarop

HeinBepTy1ounii cyMaTop MOXHA OTPHMATH LUIIXOM IOCIZOBHOTO
3’eHaHBA cyMaTopa puc. 7.5.1 a Ta iHBepTOpa, puc. 7.3.1. Ane Ha oc-
HOBI HEIHBEPTYIOUOro miACHMOBaYa, puc. 7.4.1, Horo MoxHa CTBOPHTH
3HAYHO NPOCTillle — fK I1¢ TI0Ka3aHo Ha puc. 7.5.16.

IIpu U, =0 Hanpyra Ha 060x Bxosax OII onHakoBa i CTAHOBHTE
_U,.-Rl
" R,+Rl
OCKiNbKM CTPYM HEiHBEPTYIOUOTO BXOAY AODPiBHIOE HYIIO (TOMY IO

R — o), TO MaemMo

Ul-—Uu +U2~Un+ +Un—Uu __0
R R .- R
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abo

U +U, +..+U, = pimmm—me Rl U,
Ri+R,

3BigcH
R1 +R

e 33(U+U+ +U)
n-Rl

R1+R,
n-R1

=1

iromi
U, =U+U,+..+U,.

7.6. CxemoTexnixa no0yxoBu inrerparopis,
nudepenniaropis i koMnaparTopis
HA onepaniifHuX nixcHiIIOBaYax

Interparop

Osnauennsn 7.6.1. InTerparopom Ha3WBAIOTh ENEKTPOHHAH TIPUCT-
piif, mpU3HAYEHMI A4 iHTETPYBaHHA BXiTHOTO CUIHATY.

Cxema iHTerpaTopa HaBeneHa Ha puc. 7.6.1. BoHa cTBOproeThes 3a-
MIHOI0 B cXeMi iHBEpPTYIOHWOTO TiACHIIOBa4a, puc.7.3.1, pesucropa 3Bo-

poTHOro 38’a3Ky R,; kornencaropom C.

C
1| DA
>
Uex IR ‘ Ueux
R
Puc. 7.6.1

Ockinbku R,, =<0, T0 MaEMO

du

qUx

dt

<

=1 i Y=o_c
R
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abo

sux

1 .
U, = ——l—j'u;xdt +U 0
RC%
SIx mpasuio, pu ¢ = 0

TOMY
U, = ————j'u dt

ae — RC =1 — nocriiina gacy. PeansHoMy MaciuTaly vacy BiAmosizae

1=1c.

Ipu mozadi Ha BXia nocTiHO HANPYTH, CTPYM, IO 3apA/KAE KOH-
ZeHcaTop, Mac nocTiliHy BemmuuHy U, /R (He 3anexXuTh Bil CTYICHA
3apsRy KOHIACHCATOPa), i KOHAEHCATOp 3apAMKAETHCH PIBHOMIPHO, a
BHXiZIHa HAaIpyra 3poCcTa€ NiHiiHO.

ToMy IHTErpaTop 4acTo 3aCTOCOBYIOTH SK OCHOBY I€HEpaTopiB Ii-
HIfHUX HaNpyr.

Ha puc. 7.6.2 3006paxeni 9acoBi AiarpaMu poOoTH iHTErpaTOpa IpH
nogadi Ha oro BXix HOCTIHHOI HaNPYrH.

Uex A

A 2

~

T

UBUX m

Uex ¥

Puc.7.6.2. U,

Ilpu 1, — mapamerpu cxemu BuOpaHi HenpasmibHO, 60 He 3a0e3-

NEYYEThCA BUKOHAHHS iHTErpyBaHHA 3a BECh Yac Ail BXiXHOIO CHrHATY
(OIT BxoauTh ¥ pEKUM HACHICHH).
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Audepenniatop
Rss O3nauennn 7.6.2. JdudepeHuiaropom
i1 DA Ha3MBAKOTH ENEKTPOHHMI IPKUCTPIH, NpH3HA-
c > yeHui mis AuQeEpeHiiloBaHHI BXiXHOTO CH-
° I rHATY
_ Uux Cxema audepesniiiaTopa HaBeAeHa HA
i l [ puc. 7.6.3. Bix cxeMu iHTerparopa BOHA Bill-
Ppi3HACTBCS 3aMIHOIO MICIIMK PE3UCTOPa i KOH-
Puc. 7.6.3 JeHcaTopa.
B miit cxemi inTerparopa
I =1;;
L
dt
I Uswc ;
33 R
33
_C duewr — Uaux .
dt R,
du
U,,=—-CR,;—=;
dt
du
R%SC = T’ Ueux = —T_—ix_ N
; dt

IToctiliny yacy T Heo0XinHO BUOMpATH Tak, w06 y npoueci nude-
penItitoBanus gorpuMyBanack Hepisaicts U, (U, .

Komnaparopn

Osnauenns 7.6.3. KomnapaTropom Ha3HBAXOTH €ICKTPOHHHU NpH-

CTpiif, mpu3HaueHMi 1719 NOPiBHAHEA HAPYT.

CxemMa HalpocTimoro KkoMnaparopa 3o0paxena Ha puc. 7.6.4. Bin

BUKOHYE MOPiBHSAHHSA BXifHOTO curHaty U, 3 ONOPHOKIO HANpPYToio

U,,

. Cvrnan wa Buxozi OIT 3sMminroe TONspHiCTh, KO 111 HAIPYTH 3piB-

HIOIOTHCSA, SK ITOKA3aHO HA JacOBWX Aiarpamax poboTu KomnapaTopa
HaBeJeHHX Ha pHc. 7.6.36.
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T -
1
DA 1 |Ues
R H !
N1 N Uus i >
o

Uex Ugur U am £

101 U
a) 6)

Puc. 7.64

KonmponpHi 3anumauis

. 1o Taxe apeiid Hyna mACHIIOBAYA NOCTIHHOIO CIpyMy?
. IIlo Take andepenniiinmii kxackaa OiACUIIOBAYA MOCTiIHHOrO

crpymy? Hakpecsits iforo ¢xemy i NOsSCHITH IPUMHIAN i1 Aii?

. o Take onepauiiiHui MiACHIIOBaY, AK BiH moOyxoBanuil i Aki

fioro B1acTHBOCTI?
Hagenite OCHOBHI IIapaMeTPH i XapaKTEPHCTHKH ONEepauiiHOro
niacumopaga?

. [Tlo Take iHBEepPTYIOUHH IiZCHMIOBaY?
. HaBegiTh cxeMy iHBEPTYIOUWOro MiZICHTIOBAYA i IOACHITH MPHH-

nHny ioro podotu?

. I{o Taxe HeinBepTYIOUHH IMiACHTIOBAY?
. Hakpecnmits cxeMy HEIHBEPTYIOUOTO TiACHIIOBAYA i MOSACHITH

IIPHHIIAIH ¥oro poboru?

. SIxa pizHuIg MiX iHBEPTYIOUMM i HEIHBEPTYIOUHM MiACHIOBaYeM?
. o taxe iHBepTyOuYMi i HeiHBepTYIOUHii cymarop? Slka pizHn-

119 MiX HUMH?

. Io Take inrerparop, nudepeHniarop, kommnaparop? /le Boan 3a—

CTOCOBYIOTBCH?

Komenmapi. EneMeHTH CXeMOTEXHIKH aHAJIOrOBHMX BV3IiB
B3aTi 3 [9, 15, 26], OCHOBHI BM3HAYEHHS T4 XaPAKTEPHUCTHKHA
BUINIMBAIOTH i3 [15], a cXeMOTEeXHIKA IHBEPTYIOUOIO i HEIHBEp-
TYIOYOro HiICHIIOBaYa, CXeMOTEXHIKa 00YI0BH CyMaTOPiB,
inTerparopis, mudepeHIiaTOPIB Ta KoMIaparopis — i3 [15, 23],
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Po3ain 8

CXEMOTEXHIKA NOBYAOBN
OBCﬂVI‘ OBYIO“ HX Eﬂ EM EI'ITIB

3HayHy 4YacTHHY B CyYaCHHX KOMII'I0T€paX CTaHOBIATH OIOKH
YUpaBliHHS, iHIUKAIi Ta KOHTPO/O, Y 1mxX G/I0KaX BHKOPHCTOBYIOTH
CXEMM, AKi BUKOHYIOTh Pi3Hi creniainbsHi GyHKII, HANpUKIaa, IepeTBO-
peHHS PiBHIB, reHepyBaHHA CHTHANIB, (JOPMYBAHHA Pi3HMX KEPYHOUHX
cHrHANiB, CHrHAMIB i3 mapaMeTpamu. Bumoru zo moGymosu obcmyro-
BYIOUMX €IIEMEHTIB JyXK€ Pi3HOMAHITHI, ToMy iX piBens iHTerpamnii i Ho-
MEHKJIaTypa 3HAYHO HIDKYi, HDK aHAJIOriYHi NapaMeTpH IUIA JTOTiuHMX
€IIEMEHTIB.

BasJIHBOIO YMOBOIO I 4ac po3polIieHHs cheliabHUX 06CIyroByO-
YHX EJIEMEHTIB € CYMICHICTB IX 33 BXOZAMHM 1 BHXOAAMHM 3 JIOTIYHUMH elie-
MEHTaMH¥, MikponpouecopaMH Ha OCHOBI AKHX TPOEKTYIOTh KOMn’mTep—
HUJ [PUCTPifi. V' 38’A3KY 3 LM OCOOIHMBY yBAry OpHIIIAIOTS peamsaun
o6CnyToBYIOUKX eleMEeHTIB Ha 6a3i CTaHIapTHHX ITOTiUHIIX eJIEMEHTIB,

8.1. CxemorTexHika neperBopiopadis piBuin

Osnavuennn 8.1.1. TlepersoproBauamu piBHIB HA3HBAIOTH CIeIia-
TBHi eJIeMEHTH Imcbpoanx npncrpo'l'B AKi npnsnatleﬂi s 3afe3rnedeH-
HA cymcnocn JOT{YHAX PIBHIB PisHUX TUIIB TUPPOBUX EITEMCHTIB.

Huni noriuni pisai TTJI-enementiB Ta X HaBaHTaXyBaJIbHI Xapak-
TEPUCTUKH € CTAHJAPTHUMH 1% IHUGPOBHX IPHCTPOIB, MIKpOIpOLECo-
piB, Mikpo-EOM roImi0, He3anexkHO Bif IX TEXHONOrIl i cXeMOTEXHIKM
eneMeHTHOI 0asu.

BinpmicTs iHTErpadbHHX CXEM 13 BHCOKHM DiBHEM iHTerpanii BH-
KOHAHO Ha OCHOBi p,n a6o KMOH-rexHOIOTii, TOAI AK CXEMH MaJIOro
i CEPERHBOrO piBHiB inrerpauii suxonani Ha ocrHosi TTJI i KMOH-
TEXHOMOTIL.. € TakoX 3HAYHE MHCJIO CXeM IHINHX THIIIB, TOMY po3IiLs-
HYTH BCi BapiaHTH NEepPeTBOPIOBAUIB PiBHA HEMOXIHBO. Y 3B’A3KYy 3
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M C(bOpManOeMO Jeski 3arampHi npaBuna ix no6ynopu ans Ginb-
IIOCTi BUTAJKIB:

1. lepetBoproBadi - piBHiB npoeKTyfoTL LA KOHKDETHHX CXEM 3
000B’A3KOBHM ypaxyBaHHAM BMXITHHX XapaKTEPHCTHK i IapamerpiB
KePYIOUoro €JIEMEHTa Ta BXITHUX XapaKTePUCTHK i mapaMeTpiB KepoBa-
HOT'O eJIeMEHTA;

2. Hlepenax noriyeux piBHIB KEPYOUOro eIeMeHTa Mac OyTH A0CTa-
THIM 11 HagifHoTO QYHKIIOHYBAHHA TIEPETBOPIOBAYIB PiBHIB;

3. ITepeTBopioBay piBHIB Mae 3a0e3nedyBaTn MOTPiOHI AMHAMIUHI
[IapaMeTpH 3 yPaxyBaHHAM €MHICHHX i AaKTHBHHX HaBaHTAKEHb.

VY cknaxai cxem Manoro i cepennboro crynens inrerpaiuii TTJT i
KMOH-THny € cnenianpsno po3pobneni neperopioBadi pieHiB. Tak, Ha-
npukiag, nepersopiosadi KMOH-TTII ue: 176I1V1; 17611Y2; 176I1Y3;
56411V 4; 564JIH2; nepersoproBadi TTJI-KMOH: 133JIH3, 133JIHS 1a in.,
dparmenTy QyHKIIOHATBHIX CXEM OJTHHX i3 SKHX HasezeHi Ha puc. 8.1.1.

DD1 DD2
314 &2 344 42
514984 -5
811382 2114 58
lof 4 K13 143 4 &35
21 4 313 R Py ()

K176f1Y1 e
K1761Y3
Prc. 8.1.1.

Ha puc. 8.1.2. nasegeHo mpukian cruxysanHa KMOH-cxem, mo
NPaHIOIOTh Ha BHCOKOMY piBHI Hampyru i3 KMOH-cxemamu, 1o mpa-
HIOKOTh 3 HW3bKHM DIBHEM HaNpYTH DKepesl xHBJIE€HHA. Pesuctopu R1
i R2 MoxHa pekoMeHAyBaTH TYT piaumu R1 = R2 =20 xOm. Ha
puc. 8.1.3 HaBemeHo cxeMy nepersoproBada pisHA KMOH-TTIL

Y mii cxemi HaBEACHO NPHKIA] JEPETBOPECHHS BHCOKOTO PiBHA JIO-
rigaux curnanis KMOH-cTpykTypH 3 Hampyroro xwusinesss 15B — B
curHamu joriudoro pisaa TTJI-nmoriku 3 Hanpyroio 5B, Ilapamerpu pe-
3UCTOPIB i€l cXeMH MalOTh Taki 3HageHHd: R1= 51 xOm; R2 = 10 xOwm;
R3 =4 xOMm; R4=1,6 kOM; R5 =1 xOm; R6 = 150 Om.
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DD1 DD2
. 1 R1 1 .
Bxig Buxia
R2
Ux=158 Ux=58B
Puc. 8.1.2

Bxia
fenlll

Ux=158B

Puc. 8.1.3

Cxema mpartroe TakaM unHoM. I1pu mogawi smoriysoro curaary «0»
Ha BXia noriunoro emementa DD1 KMOH crpykTypr Ha Horo BHXOZi
3’ ABIACTCA NOTIUHWH CUrHal «1», 0 NPUBOIMTE 0 BiIKPUTTA TPAH3U-
cTopiB V72 i VTS, tobro Ha Buxoai TTJI-moriku QopMyeTsCsa CHIHAI
noriusoro «0». IIpu noxaui curHamy «1» Ha BXif JIOTTYHOrO €JIEMEHTa
DD1 KMOH-cTpyKTYpH Ha HOro BHXOZi 3’4BIS€ThCA -CUrHAT «O», 110
OPHBOAWTE 1O 3aKPHUTTH TpaHsucTopiB VT2, VTS i mosBM HA BHXOMI
TTJI-n0riKM JIOTIMHOIO CHIHATY «1».

AKTHBHUM €I€MEHTOM MEPETBOPIOBaYa PiBHIB y pO3IIIAHYTIH cxemi
€ 6ymp-axa TTJI-cxema, sika Ma€ BUXOXH posmuperHs «450». Toxi iH-
dopmartiitei sxogu TTII-cxeM He0OXiZHO 3a3€MIIUTH, ¥ PE3yAbTaTi 4O-
ro- tpansuctop V71 Gyse 3aBxmu 3axputHil. 30BHIIIHIA TpaH3MCTOD
VT2, nanpuxnax KT315A, npueanyercs 10 PO3MAPIOBAIGHAX BXOIIB
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TTJI-cxemu. Kepypanns TpansucTopom V712 3pifichioe noaimsHEK R,
R2, migxinouennit 1o puxony kepyrwouoi KMOH-cxemu.

SIKmo HeoOXiXHO Y3rOAWTH pi3Hi JOTIYHI CXeMH, HaNpPYTH B SKHX -
pisHOro 3Haka, a0 B pasi 3HAYHOrO JOI{MHOTO Iepeiaxy B KOXHIH 3i
CXeM, TO JUTA IIMX BHUNAJIKIB BUKOPHCTOBYIOTh TPAH3UCTOPHI IEPEMHKA-
TBbHI CXeMH, 9K IICpPeTBOpIoBaui piBHIB. OjHa 3i CXeM TAaKHX NEPETBO-
pioBauiB piBHIB, B sKkux 3a momoMorown enementis TTJI-tuiy, Hanph-
Knas, MikpocxeMmu cepii K155, ynpasisaroTh BUKOHABUMM HPHCTPOEM,
IO CIIPAaNBOBYE Bij Hampyru 27B 3 BxigauM omopom R1 = 1xOM, HaBe-
IeHa Ha puc. 8.1.4,

Uxc=+27B

Bxia 3

Puc. 8.14

Ile mepeMHKaibHA CXEMA 3 TPAH3UCTOPAMH A-p-A-THITY [PAIIOE Ta-
kuM unHOoM. TIpu pisai «1» HA BXORI Kepylodoro eixeMenta TT. JI-THimy
Tpausuctopu V12 i VT2 3aKkpurti i Ha BXOAL BAKOHABIOrO Opuctpoio 6y-
Ae noriyHui cUrHan «0», TaK K KOICKTOPHHI CTPyM Tpausucropa VT2
npaktuaHo gopisaioe «O». IIpu piBHi «O» Ha BXOAI KEPYIOYorg enemeH-
ta TTJI-tuny Tpansucropu V711
i VT2 Binkpuri i HacuueHi, a Ha
pesucropi R5 Gyne nanpyra 6m-

3pK010 10 U, = 27 B, mo signo-  Bxi
BiZIa€ CHTHATY JOTI19HOT « 1». l

Axto HenoTpibHO NPHB’A3Y-
BarH BHXiI BHKOHABUOLO MpH-
CTpOXO O 3eMJIi, TO IICPETBOPIO-
Bay piBHA MOXKHAa BHKOHATH Ha
OAHOMY TPaH3UCTOPI, puc. 8.1.5. Puc. 8.1.5
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Cxema nipaiioe TaxuM uraOM. [IpH moaadi soriusol «1» Ha BXi Ke-
pytodoro enemenra TTJI-tumy, Tpamsucrop V71 sakputwii i Ha Horo
BHXOJi QOPMYETECS CHIHAI JIOTigHOI «1», 6rmuspxuii 1o 27B. SIkuio Ha
BXin enementa TTJI-THiTy mOAaTH CHTHAT JOTIYHOTO «0», TO TPaH3UC-
top V71 BMEKHETECs 1 HA HOro KomekTopi POPMYeTbCA CHIHAT JIOTid-
HOTO «0».

8.2. CxemorexdaiKa reHepaTopis cHraasip
APAMOKYTHOI hopMH

O3nauennn 8.2.1, T'enepaTopoM CHUTHANIB NpsAMOKYTHOI Gopmu
Ha3MBAKOTH MPPOBHI MPHCTPLH, npr3Hadenui 11d GopMyBaHHA TOCTI-
JOBHOCTI €TEKTPHUHMX CHTHANIB BPAMOKYTHOT hopmu.

TocminoBRicTs CHrHANIB MOXXe OyTH PEryIApHOI0 afo 3 repepUBaH-
HAM, 200 3i 3MiHOK mapaMerpiB i (POpMH eNeKTpHUHHX curraiis. ['ene-
patop 3abesneuye poSory nupoBOro MpHCTPOIO B Haci 3a 33KOHOM,
3YMOBIECHHM BHYTDIIlIHIM CTPYKTYPHEM npucTpoeM. KoxHui regepa-
TOD XAPaKTEPH3YETCA YACTOTOIO CHTHANY, CTabiAbHICTIO ¥acTOTH, MOX-
JIUBICTIO KEPYBAHHA YACTOTOIO, WITIOPYBATICTIO, BHAOM MOCTiXOBHOCTI
CHTHANIB 1 T. IT.

Ha puc 8.2.1¢ HaBefigHO CXEMY I'€HEPATOpa, B AKOMY KOHACHCATOP
C 3abesneuye wac 3aTPUMKH, HEOOXigHMEH 1UT8 CTBOPEHHS. TIO3SHTHBHOIO
3BOPOTHOTO 3B’ 513Ky, i BiZ{ HOI0 €MHOCTI 3aI€XUThH YaCTOTA reHepail.

Ua-Ub, B . MXC_
TG Tt
lii 1%
Ucy Aty Aty
. : 4 -
IS 2
L t
DD1.1 DD1.2 DD1.3 DD1.4 ——
a 6 c Udp © 10 0 % 4 50 o0 gl
& &l | & &l , 1
: B
.

(= [ =
1 2 °3 7

Puc. 8.2.1
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Jlana cxeMa reseparopa BHKOHaHa Ha MmikpocxeMi K155JIA3 mpu
C = 0,47 mx®. CaM reneparop BUKOHAHHI Ha TPHOX eleMeHTax «2I-HI»,
DD1.1, ..., DD1.3. Yerseptuii enemMeHT «2/-HI» BUKOPHCTOBYIOTh IS
noximments Gopmu BuxigHOTO cHrHamy. [Ipm pobori reHepartopa Ha
sxomu 1 i 2 moTpiGHo moaaTy Jgoridamii curan «1» (3a mojaBaHHA Ha I
BXOJH JIOTiuYHOTO curHANY «0» I'eHepallis 3puBacThes i Ha Bxoni 0 dik-
cyerses mocTiiinuii noriunuil pisers. SKmo Ha BXiX 2 nozaerbes Aoriv-
HHit curaan «0», TO Ha BHXOAL 0 YCTAHOBIIOETHCS NOTiyHKH piBeHB «0»
3a HAABHOCTI JIOTiYHOro CHrHATYy «1» Ha Bxozi 3 noriyHoro enementa
DD1.4.

Tereparop Moxe yupasnsaThCsa BXOAOM 3. 3a ropadi JOrigHOTO CHT-
Hay «0» Ha BXiJ 3 Ha BHXOZI 0 BCTAHOBIFOETHCS JOTI9HMM CUrHAN «1».
B neii yac reHepaTop npoAORXKY€ HpamoBaTd. 3a mMoAaqi JOTiYHOTO CH-
rHany | Ha BXiz 3 Ha BHXOZI O 3’ ABIIOTECA CUTHANHM I'eHEpaTopa.

Ha puc 8.2.16 HaBeneHO NPOLECH PO3PAIAKY i 3apAdKH KOHAEHCATO-
pa C 1a 9acoBi miarpamm poGOTH IeHepaTopa.

Ileperaroio cxemu reHepaTopa, HaBeAeHoro Ha puc 8.2.1, € 1f mpoc-
TOTA, TOMY HIO TOTPi0eH JIHINE OfMH 30BHINIHIH €NEMEHT — KOHIEHCa-
top C.

Jlo HenomikiB AaHOi CXeMH FeHepaTopa CiiJl BilHECTH:

1. HInapyBaricTh 1[5OTO TEHEPATOPA HE JOPIBHIOE 2.

2. Jloriuni enementa DD1.1, DD1.2 npamoOTs Y KPHTHYHOMY PEXKH-
Mi, [0 € iCTOTHHM HEAOJIKOM, 3 SKOro 3a00pOHSEThCA BHKOPHCTOBYBAaTH
IO CXEMY B allapaTypi, o IPANIoE Y CKAAJHAX YMOBAX €KCILTyaTamii.

3. V xoxuiit Toumi cxeMH, 3a BHHATKOM Togku C, Hemae qobpe
c()OpMOBAHOr'0 CHTHAITY. ,

VYci 3a3HaUeHi HeTOMKH MOKHA YCYHYTH IUIAXOM BMHUKAHHA Ha
BXiA KpHTHYHHX JOTigaux eneMeHtiB DD1.1 i DD1.2, pesucropiB R1 i
R2 (ne 060B’s3k0BO oxHAKOBHX). Cxema Takoro reHeparopa HaBene-
Ha Ha pac. 8.2.2.

1%
DD1.1 sl po12 T ] bp13 | D14
& R1 & R2 & &

2 S R

1 ©2 °3
Puc. 8.2.2

173



Jns 3a6e3neueHAs YMOB TeHeparii cxeMu HapejieHOI Ha puc 8.2.2,
pesrcropu R cnix BHOpaTH Takol Benwumum, mo0 ANA i30;I50BAHOTO
. eneMeHTa «2I-HI» npw 3a3eMIIEHOMY PE3HCTODi Ha Horo Bxoai 3aGesre-
qyBaBCs piBeHb, MEHIWMI Hik U,,p,. A1 HAWTIPIIMX YMOB EKCITyaTamil.
Yacosa aiarpaMa poOOTH CXEMH TAKOTO FEHEPATOPa HaBeAEHS Ha puc. 8.2.3.
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Pic. 8.2.3

Topiemtoroun gacosi giarpamu pofoTu reseparopiB Ha puc 8.2,16 i
8.2.36, MmoxHa 3pOoOKTH BECHOBOK, M0 TiZ00pOM Pe3HCTOPIB R HEBaXKO
3abe3nednTH MIAapyBAaTicTs ix poborn Bervmumum 2. Yacosi piarpamu
pobotu reHepaTopa B MOJETTHEHOMY PEXMMI BiANOBIZAIOTH TAKKMM. €lle-
MeHTaM cxemu R1 = R2= 300 Om; C = 0,47 mx®; enementu DD1.1, ...,
DD1.4 — mixpocxemaM cepii K155JIA3, TIpu mux 3HaUCHHS PE3UCTO-
piB y cxemi cTpyMH 3apaxy 1 pospany kouaeHcatopa C 3HHXKEHI Hpu-
6JiM3HO B I’ ATh Pa3iB, i TOMy ¢XeMa TAKOro reHepaTropa € BUCOKOHAiH-
HOIO s poOOTH B Pi3HHX CEpeROBHINAX.

CrabinsHicTh YaCTOTH BHXiZHMX KONMMBAHE IS PO3TISHYTHX THIIB
reHepaTopiB KOCHTh HH3bKA. 11 MOACHIOETECA AK 3HAYHMUM TEXHOJIOriu-
HHM PO3KH/IOM, TaK i BEIHKOIO 3aleXKHICTIO Bix 30BHiMHIX aecrabimizy-
BaMbHUX (DaKTOPIB, 30KPEMA TEMIIEPATYPH, MApaMETPIB YCiX eJIEMEHTIB,
1O 33JaK0Th 94C. 3 HMX MPHYMH CyMapHE BiIXWICHHS YacTOTH Bil He-
06XiAHOro 3HaYeHHA MOXE focarati 10%.

Inkomu jng cHHXpOHi3auil poboTH cxmaaHux MEudpPOBHX IPHCTPOIB
notpibHa Xyxe BHCOKAa CTabiMBHICTh 9aCTOTH TEHEPATOPa, HANPHKIAM,
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0,001% i menme. Ha mpaxTuui icaye 6araro cnocoGis crabinizamii gac-
TOTH BHXiZHOI HAOPYTH reHepaTopiB. Ale HaHOpocTimuM i HalleeKkTH-
BHIIHMM 3 HHX € 3aCTOCYBaHHS KBapIoBoi crabimisanii. CyTHICTh 11HOr0
croco0y mOJArac B TOMy, HIO B SIKOCTi €JIeMEHTa, KU 3a7ac 9ac y re-
HEPATOPi, BUKOPHCTOBYIOTH KBApUOBHI pe3oHaTop. Tumosi cxemH Ta-
KHX FeHeparopis HaBemeHi Ha puc. 8.2.4.

¢  c o

— po1
R1

—

DD1.1
L] & — B"'Xiﬂo

DD1.2 DD1.3

Puc. 824

Yactora BUXiIHOI HAMPYTH B TAKOMY T€HEPATOPi BU3HAYACTHCA Ma-
pamerpamu KBapuoBoro pesonaropa G. Pesonarop G Bubuparorh 3
YMOBH HajiiiHOr0 BHHHKHEHHA KONHUBAHHB. 3MiHOK €MHOCTI KOHICHCA-
topa C MOXHA B HE3HAUHiH Mipi MICTPOIOBATH YaCTOTY BHXiAHHUX KO-
nuBaHb Tenepatopa. Jloriunuit enement DD1.3 TTJI-tuny € GydepHuM
1 IpU3HAYCHMIA A% TTOMAMIIEHHA (POPMH BUXIIHHX KOIMBaHb [€HEPATOpa.

SIX mpaBmiIo, A4S TeHEepPaToOpiB 3aCTOCOBYIOTHCS MANIOIIOTYXKHI erre-
mentd TTJI-THITy, 1m0 Aa€ 3MOTY OTPUMYBATH BHXIiNHI iMITYJIBCH 3 1ac-
TOTO0 HE Ginbime Hixk 1, ..., 10 mI'm.

Jlnst orpuManHs Giibin BUCOKOT cTabiIbHOCT] i 4aCTOTH BHKOPHCTO-
BywTh reaeparopu Ha KMOH-crpyxTypax. OnHa i3 Takux cxem HaBe-
JeHa Ha puc. 8.2.46. CxeMa Mae TaKi aHi 3a eIeMEHTAMH: PE3UCTOD
R1 =10, ..., 30 MOM; R2 = 510 xOm; C1 =36, ..., 62 01®D; C2 =35, ...,
62 n®; G — xeapuoBuii reseparop i3 gacrorow 32 768 I'u; aoriuxwmi
enemenT cepii K561JTA7 (KMOH-ctpykrypn). Takuii Bapiant cxemu
3a0eareuye He TibKM BUCOKY CTabinbHicTh, ajie i BUKMOYaE HEOOXi-
HIiCTb y min3abyAoBaHMX €IEMEHTAX LUILXOM IIOAiny Ha Oimbin BUCOKY
4acTOTY reHeparopa A0 HEOOXiTHOro 3HAYUEHHA 33 JONOMOTOK JHUHIIE-
HHKIB.
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8.3. Cxemorexnika ognosiéparopis

Osznauvennn 8.3.1. OnnosBiépaTopoM Ha3HBAIOTh EIEKTPOHHUH NPH-
cTpiii, mo Bupobisie BUXiAHHH iMITYJIBC 33 OAMHAYHAM MEPENaaoM BXi-
NHOTO CHrHANY. TpHBANICTH BUXIJHOTO IMIIYIBCY BW3HAYACTHCA IIO-
crifinoro yacy R-C B6yzoBaHux abo0 30BHIMHIX KomoneHTiB. OAHieo i3
MOJIMBHX CXEM OIHOBIOparopiB Ha OoCHOBi Joriunux eneMenTiB TTJI-
tuny i RC-janmiora € cxeMy, ki HaBeneHi Ha puc. 8.3.1.

Usux
—0

Usux
L

Puc. 8.3.1

Oumip pe3ucropa R y cxemi Ha puc 8.3.1a BubupatoTs TakuMm, mob
B YCTaHOBIIEHOMY pPEXHMi Ha BHXOZI reHepatopa cxemu DD1.2 6ys
curaan noridaol «1». Ane OCKUTBKM PESHCTOp R € HaBaHTaXXyBalb-
HuM Ans eneMmenrta DD1.1, To ¥oro onip He MOoxe OyTH MEHIIHM 3a
BeJieunHY, 3a AKOi pieHs noridnoi «1» enementa DD1.1 sHMXyeThCH
D0 ZOHMYCTHMOI MiHiManbHOI BenwuyWHM, Hanpukinan, 2,4B nns ene-
menTiB TTJI-tumy. Jlna cepii Mikpocxem K155 omip nanoro pesucropa
nopisaroe R = 1,2 xOm.

Omip pesucropa R2 B cxemi ogHOBiOpaTopa HaBeACHUH Ha puC.
8.3.16, Ha BimMiHy Bix NoOmepenHBOI CXeMH NMOBUHEH OyTH TakuMm,
wob soriunmit emement DD1.2 B yCTaHOBICHOMY pPEXHMi MaB Ha
cBOEMy BHXOZXi curHan jnoriuporo «0», To6To mOTeHNian HA BHXOAI
pesucropa. R2 nosunen 6ytu 2,4B miroc HOporoBe 3Ha4eHHA JOTid-
goro «0» enemenry DD1.2. Buxoxsqn 3 IHX YMOB, pe3ucTropu R1 i
R2 nosunui maty Beauuusd 2 kKOMm 1 2,8 kOwM Bignosiguo ams TTJI-
THIYy MikpocxeM cepil K155.

Yacosi giarpamu poGoTH JaHHX CXEM TIpUBENEHI Ha puc. 8.3.2.
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I3 puc. 8.3.2 Buxozuth, MO Ha OOMABI CXeMH, HaBEICHI HA DHC.
8.3.2, HeoOXiHO [1OaBAaTH KOPOTKOYACHI CHIHAMM jorignHoro «0» mis
ix 3amycky. CxeMa, sika HaBeficHa Ha puc. 8.3.1aq BMIae Ha CBOEMY BH-
XOAi CHrHaj 3aTPUMKH T 'y BHIIsAI origHoro «0», puc. 8.3.24, a cxema
puc. 8.3.16 — curHain 1Ty BurAi aorigHoi «1» puc. 8.3.26.

VY cxnazi neskux cepiif CyduacHMX iHTEIPABHUX MIKPOCXEM € OJHO —
BifpaTtopu aBoX THHIB: 63 MOBTOPHOIO i 3 MoBTOpHUM 3amyckom. Le
Mikpocxemu K155AI'1 i KI155AT'3 BimroBinso mis mikpocxem TTII-
Ty, Ha puc. 8.3.3 moka3ani BapiaHTH BBIMKHEHHsS OZHOBiIOpaTopa B
po6ory ma Gasi mikpocxemu K155AT1,

DD1
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a) 6)
Puc. 8.3.3

Ha puc. 8.3.2a noka3aHuil BapiaHT BBIMKHEHHs 30BHIIIHFOTO KOH-
nexcaropa C 3a BHYTpIIEBOTO pe3ucTopa R =2 kOM (BHYTpimHiH pe-
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aucrop mikpocxemu K155AT'1), a Ha puc 8.3.26 — BapiaHT BBIMKHEHHA
~ 30BHimMHBOro konaeHcaropa C i pesucropa R. Ilpu 1upOMy BBIMKHEHHI
Heo6XiZHO TpH po3paxyHKy OXHOBiGpaTopa A0 3HaueHHst pesucropa R
JAOAABATH 3HAUCHHS BHYTPILHBOTO omopy 2. kKOM.
Yacopa miarpama poOOTH Takoro OAHOBIOpaTOpa HaBeICHA HA
puc. 8.3.3a, a BapianT 3anycky — B Tabmuui, puc. 8.3.36.

Us, B
Bxoau Buxoan
i 3{a|5]|6/l1
2]
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Puc. 8.3.3

I3 Tabummi, prac. 8.3.36, Bumusae, mo 33 Oyab-sxuX KomOiHamii cra-
THYHHX CUrHATIB Ha BXoAax 3, 4 i 5 omHOBiOpatop mepelysac y crabiis-
HOMY CTaHi, 33 AKOT0 Ha HOro BUXOAi | BUXOAUTH CHIHAJ JIOTIYHOTO «O».

3riiHO TEXHITHHX YMOB Ha MIKPOCXEMY Rpin= 1,4 KOM, a Ry = 30 xOm.
E€mnuicts xormencaropa C mae 6yt Menme abo nopisHioBatH 1000 Mr®,
[PHIOMY JIOITYyCKA€TECA 3aCTOCYBAHHS €IEKTPOITHHX KOHIEHCATOPIB.
HonspuicTs BBIMKHEHHsS OCTaHHIX € Taka: «+» — 0 KoHrakty 11, a
BHBIZ «» 10 KOHTakTy 10 mikpocxemn. 3HaueHHs konaencaropy C =
=10, ..., 1000 Mx® cI1i1 3aCTOCYBATH TLTEKM Y BHNAAKAX, KOIH 0 CTa-
GinpHOCTI BUXITHUX IMITyNBCIB HeMae OCOOIMBHUX BUMOT.

OxHoBiOpaTOp 3 MOBTOPHHM 3aMyCKOM, HANIPUKIal MiKpocxema
K155A@3, Bigpi3HAOTHCA BiJ pO3MIAHYTOrO PaHille THM, O Pearye Ha
Hepenaay 3amycky, HaBiTh nix yac GopMyBaHHSA BHXiZIHOTO IMIIYJIbCY.
Y upOMy BHIAJIKy Ha NMPAMOMY BMXOZi 3aIMILAETHCA CUTHAI BHCOKOTO

piBHA SK 33BrOAHO IOBTO, SKIIO Yac MbK TepenanamH 3amycky Oyme
MEHINMM, HiK TPHUBANCTh BUXIAHOrO CHTHANY, peani3oBaHOTO Bill OJH-
. HHYHOIO Niepenaay 3aIycKy, 3 YpaxyBaHHAM 4acy BiJHOBJICHHA OJHOBI-
Gparopa. HIIOK0 BiAMIBHICTIO € Te, IO He# OAHOBIOPATOp MOXNHA HO-
BEPHYTH y BEPXHilt cTaH y OyIb-AKHi MOMEHT YacCy CHI'HAIOM CKH/AHHS.
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DyHKUIOHAIBbHA CXEMA OAHOBIOPaTOpa 3 MOBTOPHAM 3AITYCKOM 3 3a-
cTocyBaHHAM Mikpocxemu K155A13 i riaknoueHHAM [0 HEl KOMIOHE-
HTiB R C, HaBeneHa Ha puc. 8.3.4a. Bapiantu 3anycky onmosiGparopa
HaseneHi B Tabmuii, puc. 8.3.42, a yacosi aiarpamu po6otu — Ha
puc. 8.3.46 i puc. 8.3 4s.
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3anyck OFHOBiOpaTopa 3AINCHIOETHCA HETATUBHMM uepenazoM D
npu D =«1», 1 R = «1», 260 MO3UTHBHMM NEepenasoM Ha Bxoxi D mpu

D = «0», 1R = «1», 260 no3uTHBHIM TiepenazioM Ha BXo R mpu D = «0»
1D = «l», puc. 8.3.4 2. 32 Gyab-akux KoMOiHauiil CTATHIHUX CHTHANIB

Ha Bxogax D, D iR oano sibpatop nepeGysae y crabumpHoMy cTaHi, 33
kM Q = «@», Q= «1». 30BHiHI KOMNOHEHTH R 1 C BH3HATAIOTH TPH-

BANICTh BHXIAHOrO iMiynbCy. Y TOMY BMNAAKy, KOMM HOTPIOHO OTpH-
MaTH iMITyJTBC BETHKOT TPUBAOCTI, a A0 crabimeHoCT Ti HE BHCYBAIOTH
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JKOPCTKHMX BHUMOT, CJiJI BUKOPHCTOBYBAaTH CIEKTPOMITHYHI KOHASHCATO-
pu "epe3 Mani rabapuTH, ae 3 HaIpyrow He Hebkde 1B, 3a uporo mosu-
TUBHHUH BMBiZ KOHACHCATOpa 3" €AHYIOTH 3 KOHTAKTOM 15 oxHoOBiGparo-
pa, & HEraTWBHUN — 3 KOHTaKTOM 14. 3TiZHO TEXHIYHHX YMOB Ha
MikpocxeMy Ru, = 5 KOM, a Rygy = 25 xOM, OOMexkeHs HA BEIMUHHY
€MHOCTi KOHAeHcaTopa C He HAKIAAAE€ThCSI.

PotGota oszomﬁpaTopa 31 3amycKy BGauaeThes i3 Tabma, puc. 8.3.4e,
a 3i mepenany curHasis -— Ha puc. 8.3.46 i puc. 8.3.4¢. I3 puc. 8.3.46
BUXOJMTP, SKIIO HA NPAMOMY BHMXOMi 3aJHHIAETBCA CUIHAI BHCOKOTO
PiBHS i SK 3aBrOZHO JORTO, 4 4aC MiX nepemagamu 3amycky Oyie MeH-
IIAM, HDK TPUBAJIICTh BHXITHOTO CHTHANY, TO TPHBALICTH BUXiTHOTO CH-
THATY AOPiBHIOBATHME PO3PAXYHKOBOMY 3HAYEHHYO, Tey. LIOBEPHEHHSA
oxHOBiOpaTopa y BHXiNHHH cTad y 6y)11:—511<y1171 MOMEHT Yacy MOXHa
3pobuTy 3a paxyHOK TOAadi Ha Horo BXig R KOPOTKOYACHOTO CHTHATY
«0», puc. 8.3 .4s.

HasgsricTs aBox omHOBiOpaTopiB B Kopiryci Mikpocxemu K155AT3

A€ MOMKIIMBICTH BAKOPHCTAHHS PEXMMY ITOBTOPHOTO 3aIyCKY i BXOXy.

CKUNAHH, siKi 3a0e3MeuyroTh 1if 3HauHi QYHKUIOHATHHI MOXIHBOCTI,
MOPIiBHSAHO 3 MikpocxeMow K155AT°1,

8.4, Cxemorexnika Taiimepis

Osnauennn 8.4.1. Talimepom Ba3UBAIOTH e‘IeKTpOHHm‘/’I NIpUCTPIN
npnsﬂaqennu a8 GopMyBaHHS i IMHYJIBCHI/IX CHUTHAIIB 3 Pery;IbOBaHHMH
TpHBamcm i mmapysaTticTIo.

Vi icHyioai Ha chOTOAHI TaltMePH MOXHA TORINUTH HA ABA KIACH:
OHOTAKTHI Ta (araToTaxkTHi 3 BOYZOBaHNMH JIIMIILHUKAMH.

Osnauenna 8.4.2, QOIHOTAKTHUM TaiiMepoM HAa3UBAIOTh TaiiMep,
SKHI npu3HaueHui s GOpMyBaHHS 4acOBUX IHTEPBANiB TPHBATICTIO
BiJl ONMMHHIB MIKPOCEKYHAN 0 ONVHHIL TOAHHU.

OpHOTaKTHI TaliMepH ABIAIOTH OGO KOMOIHAMLIK aHATOroBOl Yac-
TUHE (KOMIICpaTopa) 3 UH(POBOIO IOCTINOBHOIO cxeMor0. OauH i3 Ba-
piaHTiB CTPYKTYpHOI CXEMH TAKOTO IPUCTPOIO HaBeneHO Ha puc. 8.4.1,

Tpusagicts HOPMOBAHOTO TAKUM MPHCTPOEM YACOBOrO iHTEPBATY
BU3HAYAETHCA [apaMETPaMy 30BHIMHBOro RC-Ko7ma. 32 aKTHBHUM 3Ha-
yeHHAM curgany U, RS-Tpurep yCTaHOBHIOETHCS B OAMHHYHHMH CTaH,
HIO IPHBOAMTL 0 po3mukanusa mepemuxada Sl. TlounHaETBCA 3apaX
KoHAeHcaTopa C 30BHILMIHBOTO KOJIA, SKUH 3a4a€ yac., Y MOMEHT, KOJM
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HaIpyra Ha KOHAEHCATOPI JOocATAE pisHA onopHoi Ranpyru U,,, Binby-
Ba€ThCA CHpaIoBaHHA KoMmapaTopa DAl 1 Horo BUXiaHUK CHIIAN CKH-
nae RS-tpurep. Ilepemikad S1 npH HEOMY 3aMHKAETLCA 1 KOHACHCATOP
C po3pamKacThea.

' R OpHOTaKTHUIA
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Puc. 8.4.1

Jasuii ogHOTaKTHHI TaliMep, NOOYZOBaHMI 33 ONMCAHOIO CXEMOIO,
MOxXe (hOpMYBaTH HA BHXOJI TillbKH ONMHUYHI iMiTynbeH. [lns 3a0esme-
YeHHS MOKITMBOCTI (JOPMYBAHHSA MOCIIAOBHOCTI iMITYJIBCIB CXeMy TIPH-~
CTPOIO NOTPIOHO AOMOBHHTH iHIIHM KOMIAPATOPOM.

O3nauennn 8.4.3. baraToTakTHEM TaiMepoM HAa3HBAIOTH TalMep
3 yOynosaHuM Ni4WIBHEKOM, PO3poOneHnM Ia GOpMyBaHHA iM-
OYJIBCIB HRJHU3BKOI HaCTOTH 3 TPMBAIICTIO IMITYbCY 0 KiNbKOX Je-
CATKIB roJTHH.

Jani TafiMepy MOXXHA DOIIIMTH HA ABL MIATPyYITH:

1. MporpamyBadsHi TaliMepu, B SKUX HaCOBHI iHTEPB 381a€Th-
¢s1 TIporpaMEEM criocobom. Y HalimpocTiliomy BMIAZKy e 3AiHCHIO-
€THCS BCTAHOBJICHHSM Ha BUBOJAX NIUWIBHUKA 30BHIILHIX NEPEMHUOK;

2. CneniasizoBani TaliMepH, TiTUIEHHK SKHX MAE XKOPCTKO 3a1a-
HUH koe(illieHT nepepaxyBaHH1.

CrpykrypHa cXema 6araToakTHOTO TaiiMepa HaBeneHa Ha puc. 8.4.2.

I3 puc. 8.4.2 surmmBae, nio 6araroakTHHH TafiMEp Y CBOI# CTPYKTY-
pi Miciure oxHoTakTHMI TaliMep i NBIMKOBHI JHUHMABHMK, CIUIBHY PO-
6oty sixkux popMye noriuaunit Gnok. ¥V GararorakTHOMY Talimepi (GakTu-
gH0 BiabyBacTbcs MHOXKEHHS HOCTiliHOT Yacy 30BHImIEROTO RC-KONA HA
MOxynh miumteHAKA CT.
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Puc. 8.4.2.

Pob6ora OararotakrHoro TaiiMepa BinOysBaeThcsi TakuMm umHOM. ITix
qac HAAXOMKEHHS curnaiy 3amycky Us,, BMHKa€TbCA MYyIbTHBIOpATOp,
- BUTOTOBIIEHHH HA OAHOTAKTHOMY Taiimepi, Mloro BuximHi iMmynscu
HAJIXOAATH HA BXiJ MiYHIBHUKA, HA BUXOAAX IKOT0 GOPMYEThCA KillbKa
HOCTiZOBHOCTEH iMITYIIBCIB i3 mepiogoM Bin 7; no QN — 1) - T, me Ti —
nepion iMnysbeiB, MO 3HIMAKOTRCA 3 BUXOIY OJHOTAKTHOro Taimepa,
N — KinpkicTh Tpurepis y mivunsauxy C7.
Cxema, 10 BHKOPHCTOBYE OFHOTAKTHHI TaliMep TOKIA/ieHa B OCHO-
BY pO3p00KH i BUNYCKY IPOMHUCIOBICTIO IHTETPATBHOT MIKPOCXEMH
Ty 1006BH1, byskinionaibHa cxeMa x0i HaBeaeHa Ha puc. 8.4.3.
TaiiMep, HapeieHui Ha puc. 8.4.3, MicTHTE ABa Komriapatopu (DAl —
KOMIIApPaTop BEPXHBOIO PiBHA i DA2 ~— KOMIIAPATOP HIKHBOIO PiBHS) 3
(bikcoBaHUMH 3a XOMOMOTOI0 MOALIBHHKA HAmpyrW Ha pezucropax R1,
R2 i R3 nmoporamu cnpamoBagds. OCKUTBKH BUKOMY€EThCA yMoBa R1 =
~ R2 = R3, TO MOPOrH CHpAIfOBaHHSI KOMOApaTopiB BEPXHBOTO Up.e
1 HKEBOTO Uy, PiBHIB BU3HAUYAIOTBCA BUPAsaMH Upe = 2 Unc/3,
Usopn=3 Uoic/3.

Buxoau xoMImaparopiB ympapifiOTh CTAHOM AaCHHXPOHHOTO RS-
Tpurepa (DD1), sixuit popMye kepyiodi HAIPYTH HA BXOAL ABOTAKTHOTO
HiICHITIOBada MOTY/KHOCTI Ha Tpanszucropax V71 i VT2. Kpim mporo,
RS-tpurep mozatkoBo oOnannaHuii iHmMM IHBEPCHUM ACHHXPOHHHMM
BXOZOM cKumaHHs, CHTHAJ i3 iHBEpCHOrO BHXOXY TPHUIepa BUKOPHCTO-
BY€THCA IS yNPaBIiHHA POSPAAHUM TpaHzucropoM VI3, 3anexHicTh
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BHXiJIHOTO CHTHANY TaliMepa Bijl KoMGiHawii HOro BXiHMX CHTHANIB Ha-
BeneHa B Tabm. 8.4.1.
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Puc.8.4.3
Tabauysn 8.4.1
Ucxk. Unop.u Unop.e Usux VT3
0 : X X 0 BUIKPHTHIT
<Uxc/3 <2 Unc/3 1 3aKpHTHI
1 > Uxc/3 >2 Unc/3 0 BiAKpUTHH
1 SUne/3 <2Uncl3 Buxiguuii curuan anaoriyHnii noe-
penHEOMy 3HAYEHHIO Uy T2 Upgp e

Ha 6a3i nporo taiiMepa 6yayroTh pi3Hi eNeKTPOHHI NMPUCTPOI, Ha-
NPUKIAJ, MyJbTHILJIEKCOPH, epeTBOP0OBayi Hanpyru. OnHa i3 aBTO-
KOJIHBANBHUX CXEM MYJIbTHBIOpaTOpa, BHKOHAHA HA OCHOBI Taiimepa
1006BH 1, naBenena Ha puc. 8.4.4a, a yacosa xpiarpaMa #oro poSoTH —
Ba puc 8.4.46.

Ipusuun po6otu mMymsTHBIOpaTOopa 3acHoBaHMIT HA BIACTHBOCTI
TaifiMepa 30epiraTi 3HAYEHHS CBOrO BHXIHOT0 CHTHAMY, AKINO HAampyra
Ha 00’€AHaHUX BXiIHMX BBO/IaX HOro KOMNApaToOpiB BEPXHBLOIO i HHMXK-
HBOTO PiBHIB JEXHTHh MK moporamu cnpamosanns: U,. /3 < U, (f) <

<2Uf3.
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PoGora raiimMepa B pemmvu MynsTHBIOparopa BlI[6yBa€TBCH TaKIM
auHOM. IIprnycTHMo, 1o BUXizHa HAUpyTa Ha BUXizAHI Talimepu Haly-
BaTHME TUIBKH ABOX 3HAUEHD Uy = Ui Uy = 0, @ TakoX, IO B 110YaT-
KOBHIT MOMEHT 4acy fo U, (foy< U, /3 i Ha Buxozi (BuBizx 3) ycranoBmiacs
BHCOKA Harpyra, ska nopismoe U, Hanpyra Ha xoHxeHcatopi nin Aiero
niei Hanpyra nodde 30inpmyBatHch # y MOMEHT 4acy f#;, puc. 8.4.40,
nocsarae 3HageHHs 2U,. /3. Ilpu upoMy BinOyBa€ThCS CHpalFOBaHHSA
KOMIIapaTopa BepXHsoro piBHA DAl Tatimepa, puc.8.4.3, mo cBo€ BH-

XiIHO¥O Hanpyroio ckuue Tpurep DD1. Buxinxa Hampyra Taiimepa 3Me- -

HUMTECA 10 [, = 0, i KOHAGHCATOP TOYHE PO3PALKATHCA. Y MOMEHT
4acy f; loro Hanpyra sSMeHIITUTRCA X0 3HaueHus U, (i) = U, /3 i nponec
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oBTOpuThes. Hacosi aiarpamu, poGoTH MynsTHBIOpaTOpa HaBeAeH] Ha
puc. 8.4.46.

CxeMa TIepeTBOpPIOBAYA «HANPY2A-4ACMOm@», TPUBEIEHA HA PHC.
8.4.5a, a yacosi giarpamu iioro po6otu — Ha puc. 8.4.56.

Taimep
100681

Cnon .
NWAVVWW

tpos.

0)
Puc. 84.5

V uiii cxemi onepauifami mizcnmosad DAl pa3oM i3 TpaH3HCTOPOM

VT2 i pesuctopoM R1 yTBOPIOIOTH CXEMy NEPETBOPIOBANA «HANDY2a-
cmpymy». Lleft cTpyM YTBODIOETBCS CXEMOIO CTPYMOBOIO J3€pKana Ha
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TpansucTopax VT, VT3 i VT4 y xoni 3apsany kouzaeHcaropa Cl. Hepes
Te, WO Ha iHTepBani 3apsaxy koHaeHcaropa C1 CTPyM 3aNMNIAETHCA TO-
CTiHHHM, TO HOro Hanpyra 3MIHIOETHCS 3a AiHiMHRM 3akoHOM U, = I, (f)/
C1 = U, (tY/ R1- C1, Buznauaroun U, (0) = 0 i 3Baxkarouam Ha Te, IO 3a-
P KOHACHCATOpa 3aKkinuyeThes npu U, = 2 U, /3, AicTanemo

t=2U, " R1-C1/3 U, (8.4.1)

SIKIIO £; >> t,0,, TO MOXKHA BBAXATH, 1[0 Bupa3 8.4.1 crpaBeaTuBuil
i mna mepiony MOBTOpPEHHS BHMXiZHOI Hampyrd mnpucTpolo. HaBeaeHa
¢XeMa Ma€ AOCHTh BENWKY JiHiHHicTh XapakTepucTuk. OCHOBHI HOXH-
Ok, N0 BUHHKAIOTh HA KPasX Aiana3ody 3MiH BHXiZHOI 4aCTOTH, 3yMO-
BICHI:

1. Ha #u3pKiif yacToTi — BIUIHBOM BXiZHOTO CTPYMY KOMIiaparopa
TaiiMepa 3a yMOBH, IO J,, HOplBHIO€M0 3 Ixyra, o€ Ixyra — CTPYM KONEK-
TOpa TPAH3UCTOpa VT4,

2. Ha Bucokili gacToTi - BIUTMBOM iHTepBATY pO3psigy KOHAEHCA-
TOpa, TPHBAIICTH AKOTO TOCTiHHA 1 He 3aMexuTh BiJl aMIUIITY I8 BXixHO1
HalpyrH.

KonmponeHri sanumavns

1. SIki emeMeHTH KOMIT'IOTEPHOT CXEMOTEXHIKH HAIEKATh 4O CIIC-
mianpHux?

2. o Take HeperBopioBadi piBHiB?

3. ki cxeMu BHKOPHCTOBYIOTH WiJ 9ac rro0YHOBH HEPETBOPIOBA-
4iB piBHIB?

4. Hagsenits TIPUKIIA M reHepaTopu; peani3oBaHMX HA TUCKPETHUX
iHTerpampEUX Mikpocxemax.,

5. Jlna sxux ninedi y redepaTopax NpAMOKYTHUX IMITyIBCIB BMU-
KalOTh Ha BXiX KPUTHYHUX JOTIYHHMX €IeMEHTIB PE3UCTOPH 7

6. 1Ifo reobximHO BBECTH B IeHEPATOp; MO0 4ACTOTa CTAana BHCO-
KocTabimpHOWO?

7. Hlo Taxe ogHOBiOparop?

8. Sxi € ogHOBiOpaTopH ?

9. SIxi mepeBarn Mae OnHOBIOPATOP 3 iIHBEPTOPHUM 3aMyCKOM?

0. Sk zmiticHIoeThCs cTabimizalis 9acTOTH BXiXHOI HAampyrd aBToO-
reHeparopa?

11. Olo Take taiimep?

12. Sxi € Tafimepu? »

13. SIki nmpu3HaYeHHA Ta CTPYKIypHa CXeMa OIHO- Ta 6araToOTaKTHOIO
taiimepa?

14. Jle B eneKTPOHHHX CXE€MaX MOKYTh BHKOPHCTOBYBATHUCh TaiiMepu?

3adayi Onsi caMocmiliHo20 po3e’ssayeaHHs

1. Haxpecnits cxemy mepersoprosaga pisas TTJI — KMOH - Ty
3 ganpyramu sxusnenns U, = 5B i U,.= 15B.

2. Hakpecnits cxemy TepeTBOpPIOBaYa pieas KMOH — KMOH -
THUITy 3 Hanpyramu xusinesss U, = 15B i U, = 5B.

3. Haxpecmits cxemy nepersoprosada pisaa KMOH - TTJI pisra 3
Hanpyramu xusnenss U, = 15B i U,.= 5B.

4. HapeniTs npuKiagy reHepaTopiB peani3oBaHUX Ha JUCKPETHHX
inTerpampaux cxemax TTJL

5. Mo6yayiiTe cxemMy HIBMAKICHOrO reHepaTopa cTabimbHOI 4acTOTH.

6. Tlo6yayiire cxeMy OXHOBIOpPATOpA 3 MOYATKOBUM JOTiYHMM CHT-
HasioM «0» Ha BUXOJi.

7. Haxpecnith cxeMy 0;H0Bi6paTopa 3 BUAAYEIO Ha HOro BUXOMI iM-
nyIbCy AoTigHo « 1» KoBXHHOIO 3 ¢ Ha Mikpocxemi K155AT'].

8. Hakpecnith cxeMy MynbTHBIOpaTopa 3 BHKODHUCTAHHAM MiKpO-
cxemu 1006BA1.

Komenmapi. B nanoMy po3iini 1 cxeMoTexHiku IOOYI0BH
IIEpeTBOPIOIOYMX PiBHIB BHKOPHCTaHI MaTepiaim iiTeparypu
[8], a cxemoTexHika no0ynOBH reHepaTopiB, OAHOBIOpATOPIB i
TafimepiB BUIIIMBAE 3 [9)].
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