MiHiCTepCTBO OCBITH 1 HAYKH YKpaiHu
[nxenepHUii HABYATbHO-HAYKOBUM 1HCTUTYT
3anopi3pbKOro HaIlIOHAIBHOTO YHIBEPCUTETY

JI.JI. BeproBkin, M.B. CBitanbko, T.B. Kpurcbka

HUPPOBA CXEMOTEXHIKA

MeroanuHi pekoMeHaIli 0 1ab0opaTOpHUX pOOIT AJist 3100yBadiB BUIIOI OCBITU
MepIoro 6akalaBpChbKOro piBHSA 3a cnerianbHICTIo 153 «Mikpo- Ta HaHOCUCTEMHA
TEXHIKa» OCBITHbO-TIpodeciitHoi mporpamu «Mikpo- Ta HAHOCUCTEMHA TEXHIKa



MiHicTepcTBO OCBITH 1 HAYKH Y KpaiHu
[HxeHnepHuii HABYAIbHO-HAYKOBUN 1HCTUTYT
3anopi3pbKOro HaIlIOHAIBHOTO YHIBEPCUTETY

JI.JI. BeproBkin, M.B. Ceitanbsko, T.B. Kpurceka

HUPPOBA CXEMOTEXHIKA

MeroanuHi peKkoMeHaIli 0 1abopaTOpHUX poOIT AJIs 3100yBadiB BUIIOI OCBITH
MepIIoro 0akalaBpChbKOro PiBHS 3a cnemianbHIcTIo 153 «Mikpo- Ta HaHOCUCTEMHA
TEXHIKa» OCBITHBO-NPO(eCiiHOI Tporpamu «MIKpo- Ta HAHOCHCTEMHA TEXHIKa»

3aTBEpIKEHO
BU€HOIO pajoro 3HY
ITpoTokon Ne 11
Bix 23.06.2021

3anopixxs
2021



VJIK 621.38 (075)
B

BeproBkin JIJI., Citanbko M.B., T.B. Kpurcbka LludpoBa cxemorexHika:
MetoanuHi pekoMeHallli 10 J1adopaTOpHUX PoOIT /I 3100yBayiB BUILIOT OCBITH O0a-
KaJlaBpa cremiaibHOCTI «MIKpo- Ta HAaHOCHCTEMHa TeXHI1Ka» OCBITHBO-NPOdeciitHOT
nporpamu «Mikpo- Ta HaHOCHCTEMHaA TexHikay. 3anopixoks : 3HY, 2021. 80 c.

MeTtoauuni pexkoMeHaamii 10 Jadboparopuux poOit 3 aucuuruiiau «Ludposa
CXEMOTEXHIKa» PO3pOOJICHO ISl CTYACHTIB ACHHOI Ta 3a04HOT1 ()OpM HAaBYAHHS CIIe-
iagbHOCTI « MiKpO- Ta HAHOCHCTEMHA TEXHIKa». 3arporoHOBaH1 MPAKTUYHI 3aBaH-
HSl TIpU3HAYCHHI 1T OCBOEHHS TEOPETUYHOTO MaTepially, OaHyBaHHS HaBHUYOK BU-
pileHHs 3a7a4 HUGPOBUX MPUCTPOIB 00poOKHU 1HOpMaIii.

Penensenr
Koanienko B.JI., moktop TexHIYHMX HayK, mpodecop kadeapu eIeKTPOTEXHIKUA Ta
eHeproe(peKTUBHOCTI

BianosinaneHuii 3a BUIyCK
T.B. Kpurcbka, 10KTOp TEXHIYHUX HayK, npodecop, 3aBiayBau kadeapu MiKpoeIek-
TPOHHMX Ta €JIEKTPOHHUX 1H(HOPMAILIITHUX CUCTEM.



5 o 7 1
JlabopatopHa po6ota Nel Jloriunuii cuHTe3 1UGPOBUX MPUCTPOIB KOMOiIHA-
10070 (0 0T ¥ %03 2
JIaboparopHa pobota No2 JlocmimkeHHs CTATHYHUX Ta AWHAMIYHHUX TapaMeT-
P1B HUGBPOBUX THTETPATBHUX MIKPOCKEM ...unnrrteenrreeenneeenneeeaneeeeanneeannnns

JIaboparopua po6oTa Ne3 JlocmikeHHs Ta CUHTE3 apu(PMEeTUIHUX TUPPOBUX
[0 €2 ) 031 S
JlabopaTtopHua po6ota Ne4 JlocmimkenHs nupoBux aemmdparopis ..............
JIaGopatopna pobGota NeS5 JlocmixeHHsT HU(POBUX CENEKTOPIB Ta MYJIbTHII-
R 53270 011 T

JlabopaTtopna po6ota Ne6 JlociimkeHHs TUPPOBUX MTHUPPATOPIB ....vvvennnennnn.
JlabopaTtopHa po6ota Ne7 JlociimxkeHHs] HUPPOBUX CXEM MOPIBHAHHS KOIB ....
JlabopaTtopHna po6ota Ne8 JlochimpkeHHs IUPPOBUX CXEM MEPETBOPIOBAYIB KO-
1§D P
JlaGoparopua pob6ora Ne9 JlocaimKeHHSI CXeM TMOCIIIOBHICTHUX ITHU(PPOBUX
015 1 (o 11 -
JlaGoparopua pob6ora NelO JlocmipKeHHsT cXeM IOCTIIOBHICTHUX HH(PPOBUX
B 10109207029 1 : 2
JIabopaTtopHa pobota Nell JlocnmimkeHHs: cxeM Hu(ppPOBUX 3araM’ ITOBYIOUUX
00 (0 N 010 ) 1 J PP
Jlaboparopna po6ota Nel2 [{udpoBi aBTOMaTH Ha JOTIYHUX €JIEMEHTaX 1 TPU-
IS 0
DA TQ )1 £: 4 b N S P

15

20
28

32
37
43
48
52
56
62

66
68



4
Beryn

Mertoro Buknaganus nucuuiutia «L{ugpoBa cxeMoTexHika» € HaJaHHS CTYyJICH-
TaM MOBHOI ySIBU MPO €JIEMEHTHY 0a3y, MPUHIMNU (YHKI[IOHYBaHHS, XapaKTepUCTHU-
KU 1 CXeMOTEXHIKY Cy4YaCHUX HAaHO- Ta MIKPOETIEKTPOHHUX MPHIIAIIB 1 MIKPOCXEM.

OcHoBHMMHM 3aBAAHHSIMU BUBUYeHHS nucuuruiiau «l{udpoBa cxemoTexHika» €:
O3HAMOMJICHHSI CTY/CHTIB 3 MPUHIIUIIAMH BUKOPUCTAHHS anreOpH JIOTIKH MPH Mo0Y-
JIOB1 €JICKTPOHHUX CXEM, PO3PaXyHKOM Ta 3aCTOCYBaHHSM IIPHIIAIiB KOMOIHAIIIMHOTO
Ta MOCJIIOBHICTHOTO THIIIB; 3HAHHS OCOOJMBOCTEH 3aCTOCYBaHHS JIOTTUHHUX LHGPO-
BUX MPOrPaMHUX aBTOMATIB; BMIHHS MPAaKTUYHO 3aCTOCOBYBATH €JIEMEHTU IaM’ SITi
pi3HUX (YHKIIIOHAIBHUX O3HAaK.

VY pe3ynbTari BUBYECHHS! HABYAIBHOI JUCHUIUIIHU CTY/IEHT TOBUHEH

3HATH:

- TOT14H1 Ta apruMETHYHI OCHOBH ITU(POBOI CXEMOTEXHIKH;

- €JIEMEHTHY 0a3y CTaTUYHUX LHUPPOBUX MIKPOCXEM;

- IPUHUUIIY TOOYA0BH NPUCTPOIB KOMOIHALIMHOTO TUITY;

- IPUHUUIIY TOOY0BU NPUCTPOIB NOCIIIIOBHICTHOTO TUITY;

- OpraHi3amilo CXeMOTEXHIKH 3araM’ITOBYIOUUX MPUCTPOIB.

BMITH:

- BUKOHYBATH JIOT1YHUI CUHTE3 HU(PPOBUX MPUCTPOIB;

- PO3paxoBYyBaTH CXEMOTEXHIKY MPUCTPOIiB KOMOIHAIIIITHOTO THITY;

- PO3paxoOBYBaTH CXEMOTEXHIKY IPUCTPOIB MOCIIIJOBHICTHOTO THILY;

- BUKOHYBATH aHAJII3 CXEM 3 METOIO iX CIIPOILLIEHHS Ta YIOCKOHAJICHHS.

3riJIHO 3 BUMOTaMHU OCBITHBO-TIPO(ECiitHOI MporpaMu CTYyACHTH MOBUHHI J0CAT-
TH TaKUX KOMIIETEHTHOCTEIA:

- IK1. 3paTHicTh po3B’sA3yBaTH CKJIQJHI CHEIiali30BaHl 3ajiadi Ta IMPaKTHYHI
MpoOJIeMu, 0 XapaKTePU3YIOThCsl KOMIUIEKCHICTIO Ta HEBU3HAUYEHICTIO YMOB, Mij
yac npodeciiiHoi JISIbHOCTI y Tally31 MIKpO- Ta HAHOCUCTEMHOT TEXHIKH, ab0 y mpo-
1lecl HaBYaHHS, 110 Nepeadavae 3acTOCyBaHHSI TEOpid Ta METOJIB aBTOMAaTH3allli Ta
€JIEKTPOHIKH.

- 3K1. 3naTHicTh 10 aOCTPAKTHOTO MUCIICHHS, aHAII3y Ta CUHTE3Y.

- 3K5. 3natHicTh BUKOPUCTOBYBATH 1HO3EMHY MOBY /IS 3[1HCHEHHSI HAyKOBO-
TEXHIYHOI JISIbHOCTI.

- 3K7. 3aaTHicTh 10 MONIyKy, 00pOo0OJIeHHs Ta aHai3y 1HGOpMaIlii 3 pI3HUX JHKe-
peuL.

- 3K11. 3gaTHICTh MpaIroBaTH aBTOHOMHO Ta B KOMaH/I1.

- 3K12. BusHaueHicTh 1 HAIIOJETIUBICT IIOA0 MOCTABJIEHUX 3aBJaHb 1 B3STHX
000B’SI3KIB.

- CKl1. 3gaTHiCTh BUKOPUCTOBYBAaTHM 3HAHHS 1 PO3YMIHHS HAyKOBHX (DaKTiB,
KOHIICTIIIIi, TeOPii, MPUHITUIIIB 1 METOIB JIJIsl MPOSKTYBAHHS Ta 3aCTOCYBAHHS MIKpPO-
Ta HAHOCUCTEMHOT TEXHIKH.

- CK2. 3gaTHICTh 3aCTOCOBYBATH ICHYIOUI Ta pO3pOOJIATA HOBI METOJIU, METOA M-
KM, TEXHOJIOT1i Ta MPOILEAYPH ISl BUPIIICHHS 1HXEHEPHUX 3aB/IaHb MIKpO- Ta HaHO-
CHUCTEMHOI TEXHIKH.
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- CK4. 3patHicTh 3aCTOCOBYBATH BIJNOBIIHI HAYKOBI Ta 1H)KEHEPHI METOH, CYy-
yacHI 1H(OpMaliifHI TeXHOJOT1i 1 KOMI'FOTEpHE IporpaMHe 3a0e3NedyeHHs, KOMII'0-
TEepHI Mepexi, 0a3u naHuX Ta [HTEpHET-pecypcu i po3B’si3aHHs MpodeciiiHuX 3a-
74 B TaTy31 MIKpO- Ta HAHOCHCTEMHOT TEXHIKH.

- CK6. 31aTHicTh 3aCTOCOBYBATH TBOPUMM Ta IHHOBAI[IMHUKI MOTEHIIIAJ B CUHTE-
31 IHKEHEPHHUX PIIICHBb 1 B PO3pOO0Il KOHCTPYKTHUBHUX €JIEMEHTIB T'€JIIOCHEPTeTHKH,
npuiaaiB Gi3UYHOTO Ta 010MEIUYHOTO MPU3HAYEHHS.

- CK9. 3gaTHicTh 3aCTOCOBYBATH Ha MPAKTHI Taly3eBl CTAaHAAPTH Ta CTaHAAPTH
AKOCTI IIOZI0 MIKPO- Ta HAHOCUCTEMHOI TEXHIKH.

- CK12. 3gaTHIiCTh BUKOPUCTOBYBATH 3HAHHS 3 ONTUYHOI aHAJIOTOBOI Ta IUdpo-
BOT CXEMOTEXHIKH, ONITOEIIEKTPOHIKH, POTOBOJBTAIKU Ta TeII0ECTEKTPOHIKH.

- CK13. 31aTHicTh 3aCTOCOBYBATH 3HAHHS 3 MOJCIIOBAHHS (DYHKIIIOHATHHHUX BY-
3711B MIKPOEJIEKTPOHIKH Ta KOHCTPYIOBAHHS MPUJIAJIIB HA IX OCHOBI.

MetoauuHi pekoMmeHaallli MICTITh JlabopatopHi poboTu 3 kypey «lludpora
CXEMOTEXHIKa», BIJIMOBITHO O KOXKHOT TEMH, SIKI BUKOHYIOThCSI Ha CTEHJI0BOMY 00-
JaJHaHHI Ta 3a JOTMOMOIOK0 BIJMOBIIHOTO MPOTPAMHOTO 3acTocyBaHHs. [[ns migro-
TOBKH JI0 JICKI[i{, TAOOPATOPHUX 3aHATh Ta CAMOCTIMHOTO 3aCBOEHHS MaTepialy CTy-
JICHTH MOKYTh BUKOPUCTATH TEOPETUYHI BIJOMOCTI 3 KypCYy.

BukonaHHs KOXKHOI 1a00paTOpHOT pOOOTH CKIIAJIA€THCA 3 IBOX €TaIliB.

1. ITinroToBka 10 J1abopaTopHOi POOOTH, BUBUYEHHS TEOPETHUHOTO Marepialy,
BUKOHAHHS yCIX pO3paxyHKIB, CKJIQAaHHSI IJIaHY JOCIIIKEHb.

2. CxyagaHHs 3 po3paxoBaHuX 1 MIIIOpaHUX €JIEeMEHTIB poOOUYO0i CXeMH 1 A0CII-
JOKEHHSI 11 BIANOBIAHOCTI 31 CKJIQJICHUM IJIAHOM, O(OPMIICHHS] TEOPETUYHHUX 1 TPAKTH-
YHUX PE3yJIbTATIB 1 iXHIM aHa3, 0(OPMIIEHHS 3BITY 3 JIAOOPATOPHOT pOOOTH.

VY mporeci maroToBKy A0 J1a00paTOpHOi poOOTH CTYJEHT MOBUHEH YITKO YCBI-
JOMHUTH COO1 KIHIEBY METY J1abOpaTOPHOro IOCIIHKEHHs, (OpMy 1 XapakTep 3MIHU
BXIJTHUX 1 BUXIJHHUX IMapaMeTpiB JOCIIKYBaHOI CXeMH 1 BUKOHATH HEOOXITHI po3pa-
XYHKH.

3BIT, MATOTOBIIEHUI 710 JTa0OpaTOpHOI POOOTH, MOBUHHUN MICTUTH Ha3BY 1 Me-
Ty pOoOOTH, PO3paXyHKH, HOCITIKYBaH1 CXEMH 1 4acOBI Jiarpam, 0 MOSICHIOIOTh 1X-
HIO pOo0OOTY, IJIaH JOCTiHKCHb.

Yacosi giarpaMu BUKOHYIOTHCSI HA MacCIITa0HO-KOOPJAMHATHOMY KPECISIPChKO-
My Tanepy, po3MIideHOMY Ha KIITKU (MUIIMETPOBIN), OOOB'SI3KOBO CKJIAJAIOTHCS Ta-
KUM YHMHOM, 11100 BOHHU 3HaXOAWINCh CIHXPOHI30BAHO OJIHA MiJ 1HIIOI 1 OyJIM LTIOCT-
pari€ero pi3UYHUX MPOIECIB, IO MPOTIKAIOTh Y CXEMI.

OdopmieHHsT TPOTOKOJIIB BUKOHYEThCS BiNoBiIHO A0 BuMor ECKJI mo Tekc-
TOBUX JJOKYMEHTIB.

[Topsimok, BUKOHAHHSI TOCTIKEHB Y JIabopaTopii:

1. CTy#eHT AomycKaeThesl A0 BUKOHAHHS 4eproBoi JabopaTtopHoi poOOTH MpH
HAsSIBHOCTI MATOTOBJIEHOTO, BIAMOBIIHO /10 IPUBEICHUX BUIIC BUMOT 3BITY.

2. 3BIT TIONIEPEIHBOT POOOTH MIAMKUCYETHCA BUKJIAJaueM IO HOTo Mpe.'sBIICH-
HIO Ha HACTYITHOMY J1a0OpaTOPHOMY 3aHSITTI MICTs 3aHECEHHS B HHOTO BCIX MaTepia-
JIB JOCIIIKEHB 1 IXHHOTO aHAIIi3Yy.

3. 3BITH yciX poOiIT 30epiraloTbcs y CTyJEHTA 10 BUKOHAHHS OCTaHHbOI POOOTH
y 3araJbHOMY >KYpHAJIi 3 BiJIMTOBITHOIO KUTBKICTIO CTOPIHOK.
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4. Tlicnst 703BOJTy BUKOHYBATH JOCIHIKEHHS CTYJICHT 30Upae cXeMy 1 caMOCTii-
HO HACTPOIOE€ ii. Y BHUMAJIKY, SIKIIO CXeMa He Mpaitoe ado Mpaioe HENpaBUIbLHO, BIH
Mae€ 3HAWTH MIPUIMHY HECIIPABHOCTI ¥ YCYHYTH ii.

5. HacTpoiBmm cxemy 1 MepeBIpUBIIM BIAMOBIIHICT il BUXITHUX CUTHAIB PO3-
pPaxyHKOBUM JaHUM, CTYJEHT 3apollye BUKIa1a4ya JIJIsl OTJISY 1 HEPEBIPKH.

6. Ilicas pOro BUKOHYIOTHCS HaMiu€HI1 JOCTIKEHHS, 110 3aKIHYCHHIO SIKUX pe-
3yAbTaTH MPEA'SIBISIIOTHCS BUKIJIAJA4yeBl 1 32 MOro JO3BOJIOM CXema po30upaeThes 1
poOoue MicIiie MPUONPAETHCS.

7. Jlo HacTyIHOI 1abopaTopHOi POOOTH OCTATOYHO O(DOPMITIOETHCS 3BIT 1 TIpe-
T'SIBIISIETHCS BUKJIAAUCBI.

[lepen BUKOHAHHSM KOXHOI JIAOOPATOPHOT pOOOTH BHKJIAad, OMUTYE CTYICHTIB
K TI0 3MICTYy caMoOi poOOTH, TaK 1 32 METOAMKOIO 1i BUKOHAaHHS. HemiaroTosneHi cTy-
JICHTH HE JOITyCKAIOTHCS 10 BUKOHAHHS J1a00paTopHOi poOOTH, a BUBYAIOTH B JIabopa-
TOPIi HE 3aCBOEHUIN HUMU MaTepiall 1o JIITepaTypi, 0 PeKOMEHTY€EThCS.



.
JlabopaTtopna podota Nel
Jloriynmii cuHTe3 HUGPOBUX MPUCTPOIB KOMOIHANIIHOTO THITY

MeTor BHKOHAHHS POOOTH € 3aKpiIUICHHS TCOPETHYHUX 3HAHb 1 MPUAOaHHS
NPaKTUYHUX HaBUKIB JIOTTYHOTO cUHTE3y HudpoBux IC, BKiIoyaroun moOyAoBy cxeM
3a pe3yJabTaTaMH JIOTIYHOTO CHHTE3Y 1 aHaJI3y 1X XapaKTepPUCTHK.

Kiro4oBi TepMiHU Ta MOHATTS: aprudMETHUHI Oomeparlii, JJOT14H1 omnepariii, Jori-
yHa (yHKINSA, MiHIMI3aIlisg, MIHTEPM, MaKkCTEepM, CTPYKTypHa (opmysia, yHIBEpcaib-
HUH Oa3uc.

[11aH TEOPETUYHOTO ONPAIFOBAHHS TEMHU.

1. 3acBOiTH METOM MPEACTABIICHS YHCEN Y ABIMKOBINA CUCTEM1 YUCIICHHS.

2. 3acBoiTy apupMETUIHI Ta JIOTIUHI omepairii OyneBoi areopu.

3. 3acBoiTu hopMHu MPEACTABICHHS JIOTTYHUX (DYHKITIH.

4. 3acBOiTH OCHOBM CHHTE3Y HU(PPOBUX MPUCTPOIB KOMOIHAIIHHOTO THUITY.

MeToauyH1 BKa3iBKU 10 BUBYEHHSI MUTaHb Td BUKOHAHHS 3aBJ/IaHb.

VY ocHoBi anrebpu joriku (OysneBoi anreOpu) jexaTh JIOTIYHI BETMYUHU, SK1
no3Havarotbest A, B, C 1 tak gami. JIoriuHi BEIMYMHU XapaKTEPU3YIOTh JBa B3a€EMO-
BUKJIFOYHI ITIOHATTS: TaK — Hi, BKJIIOYEHO — BUMKHEHO. SIKIIIO oJHE 13 3HA4YCHB JIOT14-
HOI1 BEJIMYMHHU MO3HAYEHE 4epe3 A, Te JApyre 3HaueHHs (IPOTWIEIKHE) MO3HAYAETHCS

A

OCHOBHUMH JIOTITYHUMHU (DYHKITISIMU € 3aliepeyueHHs, JOTIYHE CKJIAJaHHs 1 JIo-
r'1YHE MHOXKEHHSI.
IuBepcis (3anepeuenns, ¢pynkiyis HI) me npocra noriuna QyHKIis:
F=A.
Cxemy, 110 3a0e3neuye BUKOHAHHS Takoi (PyHKIII1, HA3UBAIOTh IHBEPTOPOM 200
cxemoro HI, mo3HaueHHs cXxemu:

A F

Jloriune cknamanHs, nu3'toHKI (V, +) ado ¢pyakiis ABO
F=A+B
BHU3HAYAETHCS TAKUM YHHOM:
byukiigs F =1, akmo A=1aboB=1,a601 A=11B=1;
ITo3HayeHHS CXeMU:

A—11
B —

JloriyHe MHOXEHHSI, KOH'TOHKIIISA (A, X, -) abo ¢pyHkiis [
F=A-B,
BU3HAYAETHCS TAKUM YHHOM:
dbynkuis F =1 nume sxmo ogHouachoiA=11B=1;
[lo3HauyeHHs CXEMU:



A—1 &

—F
B —

[Toeqnanus ¢pynkiii ABO 3 iHBepCi€0 HABOAUTH 10 KOMOIHOBAHO1 (DYHKITIT
ABO — HI:

10 IMO3HA4YAa€THCA TAKMM YHMHOM

o—F
B

[Toemnanus ¢yHkii | 3 iHBepcielo HaBOAUTH 10 KoMOiHOBaHOT QyHKii [ — HI:

F=A-B
10 MMO3HAYa€ThCA TAKUM YHHOM:

A—] &

o—F
B —

®Oyukiii ABO — HI 1 [ — HI naitnommpeHninni, oCKiJIbKM Ha 1X OCHOBI MOKHA
peanizyBaTd OyAb-sKy 1HIINY JIOTI4HY (YHKIIIO. 3p03yMii0, KUIBKICTh apryMEHTIB
¢GbyHKLIT 1, OT)KEe, BXOMIB y BIAMOBIIHUX CXEM MOXE OyTHU pIBHE TPbOM, YOTHPHOM 1
OlbIIIE.

VY BHU3HAUYEHHI OCHOBHUX JIOTTYHHMX (DYHKIIIF BUKOPHUCTAaHI1 Oreparii:

- CKJIQJaHHA — IU3'TOHKIIIS, ““+7;

[TREL

- MHOJKCHHS — KOH'FOHKIIISA X’}
- 3amiepeyueHHs — iHBepcisa “ — 7;
a Tak caMoO BIJHOIIEHHS €KBIBaJIEHTHOCTI ="
THICTD
AnreOpa joriku 0a3yeThcsl Ha JEKIILKOX aKCiOMax, 3 SIKMX BHBOJSTH OCHOBHI

3aKOHHM JIJIsl IEPETBOPEHD 3 JIOTTYUHUMH 3MIHHUMU.

(HE PIBHICTB, a JIUIIIE eKBIBAJICH-

0+0=0 (1.1) 0-0=0 (1.5) 0=1 (1.9)
1+0=1 (1.2 0-1=0 (1.6) 1=0 (1.10)
0+1=1 (1.3) 1.0=0 (1.7)

1+1=1  (1.4) 1.1=1 (1.8)

[IpuBeneHi akcioMu crpaBeIuBl Takox i OyneBux 3miHHUX A, B 1 C. Bax-
JUBI BJIACTUBOCTI LHUX JIOTIYHUX 3MIHHUX UIIOCTPYIOTbCSI HACTYNHHMMH TMOIMAapHO
00’ €THAaHUMHU 3aKOHAMU:
1. 3akoH TaBTOJIOTI1 (11€MIIOTEHTHOCT):
A-A=A (1.11)
{A+A:A 1.12)

2. 3aKOH HYJOBOi MHOXKHUHHU:



A-0=0 (1.13)
{A+ 0=A (1.14)
3. 3aK0H yHIBEpCaJIbHOI MHOKHHHU:
A1=A  (L.15)
{A+1:1 (2.16)
4. 3aK0H JOIaTKOBOCTI:
A-A=0 (117)
{A +A=1 (1- 18)
5. 3aKoH NOJIBIHOT 1HBEpCii (MOABIMHOTO 3arepeyeHHs):
A=A (1.19)
6. 3akoH 00epTaHHS:
skmo A=B, 10 A=B (1.20)
7. 3aKOH KOMYTaTUBHOCTI (MEPEMIIICHHS):
A-B=B-A (121
{A+ B=B+A (1.22)
8. 3aKOH acoIIaTUBHOCTI (CIIOJTYYHUN):
A-B-C=A-@-C_ (1.23)
{A+ B+C=A+@+C_ (1.24)
9. 3akoH AUCTPUOYTUBHOCTI (PO3MOAUTEHUN):
A-@+C =@ B}@ -C (1.25)
{A+ 6 C=¢+B_€@+C_(1.26)
10. 3akoHn nyanbHOCTI (Teopema Jle Moprana):
A-B=A+B (1.27)
{A+ B=A-B (1.28)
11. 3ak0H CKJICIOBaHHS:
¢+B €@+ E} A (1.29)
{A B>€-B=A (1.30)
12. 3aKOH NOTIMHAHHSA:
A-@+B=A (131
{A+ @ B=A (132
13. 3aK0H TOTOKHOCTI:
A=A 2.33)
VY nmpaBWIBHOCTI 3aTBEP/KEHHS TOTO 200 1HIIIOTO 3aKOHY JIETKO MEPEKOHATHCS
3a JOTIOMOTOI0 LTIOCTpAIlli y BUTIJISAL KIIFOYOBOI CXEMH, TPUIMAIOUH, M0 SKIIO PO3i-

MKHEHHUM KJIIOY Mae€ Mmo3HayeHHd A, To A mo3HayaThUMe 3aMKHYTHH KII04, a TaKOXK,
110 PO3IMKHYTE KOJIO 03Hayae jJoriyHuil 0, Toal K 3aMKHYTE KOJIO — JIOTIYHY 1.
B>kuBaHHS TOTOXHOCTI 1 3aKOHIB JIO3BOJISIE 3AIMCHUTHU CIPOIICHHS JIOTTYHUX

GyHKITIH.
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[Tepemukarodor (GyHKINIEIO HA3UBAETHCS ABilikoBa 3MmiHHa (F). [Tpu ipomy Bu-
xomuth 2% = 16 nmoriynux GbyHKIIIH, 110 MO3HAYa0Th Omnepallii HaJl JBOMa apryMeH-
Tamu. Bu3naueHHs 1ux (yHKIN yepes ornepaliii KOH'FOHKIIIT, TU3'TOHKIIII 1 1HBepCii, a
TaKoX HaliMeHyBaHHs (QYHKIIIT peacTaBpieHe B Taomuin 1.1.

Tabmun 1.1 - IloBawuit HaOlp QyHKIINA ABOX apryMEHTIB

4 0011 Bupaxenns uepes onepauii «I», Haiimerysanis

B 0101 «ABO», «HI» ¢byHKIiT
Fo 0000 Fo=0 KoHcTaHTa 0
F, 0001 Fi=AB KOH'FOHKIIIA
F, 0010 F,= AB 360poHa
F;, 0011 F= TOTOKHICTH
F, 0100 F= AB 3a60poHa
Fs 0101 F==B TOTOXHICTb
Fe 0110 Fe= Al_g + ZB BUKJIFOYHA U3 FOHKIIIS
F, 0111 F~=A+B A3 FOHKIIIS
F¢ 1000 Fe=A+ B ABO-H]I, ctpinka Ilipcy
Fo, 1001 Fo= AB + ZE €KBIBaJICHTHICTH
Fo 1010 Fio= E iHBEpCist
Fn 1011 Fu=A+ E iMInTiKamis Big A mo B
F, 1100 Fu,=A iHBepcis
F; 1101 Fia= Z +B iMrurikamis Big B mo A
Fu 1110 Fu= A_B [-HI, mrpux eddepa
Fs 1111 Fis=1 KOHCTaHTa 1

Ha miacraBi Tabnuiil MOXKHA CKJIACTH HaOlp ABIMKOBUX (DYHKIIIN, IKUN 3a0€3-

Mevye MpeIcTaBlIeHHs Oy/Ib-sKiil 1HIINA (YHKIIT 32 JOMOMOTOIO CyTnepro3uiii (3ami-
HU apryMeHTiB (PyHKIN1 iHmuMH GyHKIIsIME) GYHKIIT 11boTO Habopy. Takuii HaOip
npocTux (PyHKIIIH, 32 TOMOMOTO0 SIKOTO MOKHA BUPA3UTH OYy/b-SK1 1HII CKITBKU 3a-
BIOJIHO CKJIQ/IHI JOT14YH1 (PyHKIIi1, Ha3uBaeThcs GyHKIioHaasHO oBHUM (PITH). Ha-
o6op ¢yukmii ABO, I, HI € ocHoBHuii ¢ynkmionansHo moBauii Ha6ip (ODIIH). Ha
WX OTepalisiXx OyAylOThCS OCHOBHI JIOTIYHI €IEMEHTH, SIKI BUKOPUCTOBYIOTHCS IS
MPOEKTYBaHHS JOTTYHUX MPUCTPOiB. [IIUpOKO BUKOPHCTOBYIOTHCS TAKOXK €IEMEHTH,
1o He BxoaiaTh B OPIIH: enement eddepa I - HI 1 cTpinka Ilipca ABO - HI.

[TocninoBHICTH omepaliii CHHTE3y UU(PPOBUX MPUCTPOIB KOMOIHALIHHOIO TH-
mny:
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- CKJIaJiaHHs TaOJIUIll ICTHHHOCTI KOMOIHAIIIHHOTO U(PPOBOTO MPUCTPOFO 3Ti-
HO MO0 BU3HAYEHHS, MPU3HAUYECHHS, CIOBECHOTO OMKCY MPUHIUIY POOOTH;

- CKJIaJaHHs JIOT1YHOI (POPMYJIH 3T1THO TAOIHIT ICTUHHOCTI;

- CTIPOIIEHHS JIOTTYHOT (hopMYyJIH;

- aHaJli3 OTpuMaHoi (GOPMYJIM 3 METOI MOOYJAOBH PI3HUX BapiaHTIB 1 3HAXO-
JLKEHHST HAllKpamioro 3 HUX MO THX a00 1HIIUX KPUTEPIsX;

- CKJIaJlaHHsI (DYHKI[IOHAJIBHOI CXeMH KOMOIHAIIIMHOTO IIU(PPOBOro MPUCTPOIO 3
enemenTiB I, ABO, HI.

AHamITHYHUN 3amuc JOTIYHOT (QOopMyiIH KOMOIHAIIMHOTO IH(PPOBOTO MpU-
CTpOIO.

1.3anuc y popmi JAHD.

Y JJIH® noriuna dopmysa € JOTIIHOIO CYMOIO AEKUTHKOX JIOTTYHHX JOOYTKIB,
B KOKEH 3 SKUX BXOJATh BCI HE3aJIC)KHI 3MiHHI 13 iHBEpciero abo 6e3 Hei.

dopmyia 311HCHIOETHCS B JIBa €TAIIH.

a) 3alUCYETHCS JIOTIYHA cyMa JOOYTKIB, B KOXKEH 3 SIKUX BXOJSTh BC1 HE3aJIEXK-
Hi 3MmiHHI. KiIBKICTh JOAaHKIB JOPIBHIOE YHMCITY HAOOpiB TaOMWIN iICTUHHOCTI, Ha
AKUX JIOT14HA (DYHKIIIS JOPIBHIOE «1».

0) cTaBUTHCS 3HAK 1HBEPCIi Ha/J TUMU HE3QJIC)KHUMH 3MIHHUMHU, SIK1 IOPIBHIO-
10Tb«0» B TaHOMY HA0ODI.

2. 3anuc y hopmi IKHO.

Y AKH® ¢opmyna € 1oriyHuM J00YTKOM JEKIIBKOX JIOTTYHUX CYyM, B KOXKHY 3
SKUX BXOJSAThH BC1 HE3aJIC)KHI 3MIHHI 13 1HBEpCi€0 abo 0e3 Hel.

Sk 1y nonepeaAHbOMY BUIAJIKY, (hOpMyJia 31MCHIOETHCS B IBA €TAIIH.

a) 3aMHUCYETHCSA JIOTIUHUNA T0OYTOK BCIX CIIBMHOKHUKIB. KibKICTh CITIBMHOX-
HUKIB JJOPIBHIOE YUCITY HA0OPIB TAOJIHIIl ICTUHHOCTI, Ha SIKUX JIOT14HA PYHKIIS J0pi-
BHIOE «O».

0) cTaBUTHCS 3HAK 1HBEPCIl HA/J TUMU HE3AJIC)KHUMH 3MIHHUMU, SIK1 IOPIBHIO-
10Th «1» B JTaHOMYy HaOOpi.

CrpykrypHi popmynu y surisaa JJIHD 1 IKH® eksiBaneHTHI 1, 32 0MIOMO-
rOI0 3aKOHIB aJIreOpH, JIOTIKU MOXYTh OyTH MIEPETBOPEH1 OJIHA B IHIITY.

3aNexKHICTh CKJIAHOCTI JIOTTYHOT (POpMYIIH 1 PYHKITIOHATBHOI CXEMH JIOTTYHO-
ro MPUCTPOIO HABOAATH /10 BUBOAY MPO HEOOXIAHICTH MiHIMI3AIl CTPYKTYpHOI (op-
MYJIA JIOTTYHOTO TMPUCTPOr0. MiHiMi3allis 3A1CHIOETCS 3 BUKOPUCTAHHSIM OCHOBHUX
CIIBBIJTHOIIIEHb, 3aKOHIB 1 TEOPEM aJreOpH JIOTIKH.

[Tpu BigHOCHO HeBeaMKOMY 4uCT 3MiHHUX (K <6) BenbMH 3py4HUM 1 HA0Y-
HUM € TpadiyHe MpeACTaBICHHS JOTTYHUX (DYHKIIIN y BUIJISII TaK 3BAaHUX KapT MiH-
TepMiB. Haitbiibi po3noBcromkeHow ix gopmoro € kaptu Kapno. Ha pucynky 1.1
nokasaHi kaptu Kapno nis dynkuid k =2, 3,4, 51 6 3MIHHHX.

Kapra KapHo MicTuts N =2 KIITHHOK, IPUYOMY KOKHIM KINTUHLI BimoBimae
OJIMH 3 n MiHTepMiB. [l UmrocTpaiii boro Ha pucynky 1.1, a, 6 y KiITHHKax Kapt
Kapno 3anucani BiiMOBiAHI iM MIHTEPMHU.

Koopaunatu psiiiB 1 CTOBIIIIB CHIAYIOTh HE B IPUPOJHOMY TOPSIKY 3pOCTaH-
HS JBIMKOBUX KOJiB, a B mopsaky 00, 01, 11, 10. Ile xox I'pes. 3mina mopsnaky no-
TpUMaHHs Ha0OPiB 3pobIIeHa JIsl TOTO, 100 CyciiHI HAbOpH (110 BiIPI3HIIOTHCA MIX
co0oto0 JutIe MUQPOr0 OJHOTO PO3PsLYy) OYIU CyCITHIMU B TEOMETPUIHOMY CEHCI.
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Pucynok 1.1 — Kaptu Kapno nns ¢yukiii apox (a), Tppox (6), 40TupboXx (B) 1
n'atH (T) 3MIHHUX

[IpaBuna rpymyBaHHsI MIHTEPMIB.

1. I'pynytoTecs IB1 KAITKH, OO0 CTOSATH MOPYY, B CTOBML, a00 psaay. KoxHa 3
IpyNOBaHUX KIITOK BIAPIZHAETHCA B OyIb-AKOi CYCIIHBOI JIMIIE OJHOK 3MIHHOIO,
AKa TPHU LbOMY 1 BUKIIOYAETHCSA; YUCIO T'PYNOBAaHUX KIITHHOK Mae OyTH MapHUM,;
MO>KHA IPYIyBaTH KpaiHi KIITUHKHA MK COO00, OCKUTBKH KapTa — IO CYTI TOpP.

2. I'pynytoThCs KIITHHKH, 1110 € IOBHUMH KBajipaTamu 3 4, 16 KIITOK.

3. I'pynytoTbcsl KIITUHKH, IO € IOBHUMHU TOPU30HTAJIBHUMU psijaMu, ado Bep-
TUKAJIbHUMU CTOBIILISIMU.

4. I'pynytoTbCsl KIITUHKH, 1110 TPEICTaBISIIOTh ABa MOPYY PO3TAILIOBAaHUX CTOB-
M1, abo psIKa.

5. KiniTuHKa MOKe BXOJUTH B JE€KUIbKA 00'€ THAHb.

[TOCHIIOBHICTD 1 HOPSJIOK MPOBEACHHS POOOTH.

ExcriepuMenTansHa cxema I MpUA0aHHS TPAKTUYHHX HABUKIB JIOTIYHOTO
CUHTE3y IU(GPOBUX IHTETPAIBHUX CXEM PO3PAXOBYETHCA CTYACHTAMH 1 30MPAETHCS
Ha HabopHOMY KoMmyTariitHoMy no:ni jaboparopuoro creHay LOGIC (omatok A) Ta
BIpTyaJIbHO Ha CTEH/1 B IporpaMHomMy 3actocyBanHi Electronics Workbench.

baza manmx Bkiarouae KOMIUIEKT IC, 110 MICTHUTB JIOT1YHI €J1€MEHTH OCHOBHOT'O
®ITH (I, ABO, HI), a Takox enementu | — HE 1 ABO-HI. Crennu obnagnani mnpu-
CTPOSIMH, $IK1 3aJal0Th CTATUYHI 1 JMHAMIYHI BXiJIHI CUTHAJIM, HANpPYTy >KUBJICHHS,
KOHTPOJIIOIOTh (DYHKIIIOHYBAaHHS €JIEKTPOHHUX CXEM.

CrenpoBe o0nagHaHHS J03BOJISIE peali3yBaTh OyIb-SKy 13 3aJaHUX JJIs Ja-
OOpaTOPHOTO OCHIJIKEHHS JIOTTYHUX (yHKIIA. Peanizanis soriunux QyHKIIN 3a1iic-
HIOETHCS MOJIa4Yer0 BXIJHUX cUTHaMIB (apryMmeHTiB) A, B, C, D Ha BXxoau BUOpaHUX
JIOTTYHUX €JIEMEHTIB 1 MOJAJIbIINM 3'€JHAHHAM BUXOIB IIMX JOTIYHHUX E€JIEMEHTIB 3
IHIIMMU €JIEMEHTaMHU BIATOBIHO J0 CXE€MHU, OTPUMAHOI B Pe3yJIbTaTl CTPYKTYPHOTO
CUHTE3Y.

1. BianmoBimHo 10 HOMepa miarpynu BuOpaTu 3aaany Qyskirito F.
1) F=A-B-C+A-B-C-D+B-C-D+A-B-C-D+A-B-D+A-B-C-D+A-B-D
2) F=A-B-C-D+A-B-C-D+A-B-C+A-B-C+A-B-C-D

3) F=A-B-C+A-B-C-D+B-C-D+A-B-C-D+A-B-D+A-B-C-D+A-B-

ol
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4) F=A.-B-C-D+A-B-C-D+A-B-C+A-B-D+A-B-C-D+A-B-C-D

5) F=A-B-C-D+A-B-C-D+A-B-C+A-B-D+A-B-C-D+A-B-C-D

6) F=A-B-C-D+A-B-C+A-B-C-D+B-C-D+A-B-C-D+A-B-C+A-C-D

2. Cxmactu TabmuI0 (PyHKLIIOHYBaHHS TPUCTPOIO JJII YOTHPHOX 3MIHHHX
(ABCD).

3. Hanectu ¢ynkiiro Ha kapty KapHo 1 cipocTuTH ii, BAKOPUCTOBYIOUH BIJIOMI
METO/IH.

4. IlpuBecTu CTPYKTYpHY CXEMYy, III0 peajizye OTpUMaHy B pe3yjIbTaTi MiHIMI-
3arii PyHKIIIIO A0 €1uHOrO0 JoriaHoro 6asicy I-HI..

5. 310patu oTpUMaHy cCXeMy Ha HaOOpHOMY KOMYTalllifHOMY MoJii 1abopaTtop-
Horo crenay LOGIC (donmatok A).

6. Jlis mpoBefeHHS aHaIi3y PYHKIIIOHYBaHHS MIIKIIOYUTH 10 CXEMHU JHKEPEIIo
BXI1JTHOTO CUTHAJTY - KHOTIKH “Fix

7. BKIIIOUNTH KUBIICHHS 1 TPOBECTH aHAI3 CXEMHU Ha BIIMOBITHICTH TAOIHIT
(yHKILI1IOHYBaHHS.

8. Iy 3HATTS AMHAMIYHOI XapaKTEPUCTUKU HEOOX1THO MEPEKOMYTYBATH CTEH/
TUTSI THIKJTFOUCHHSI TeHepaTopa 0 BXOJIIB eKCIICPUMEHTAIBHOI cXeMH. BKirrounth Te-
HEpaTop NPSIMOKYTHHX IMITYJIbCIB. TPMBAJIMM HATUCHEHHSM Ha KHONKY “Select”

9. [IpoBecTu anaini3 GyHKIIOHYBAHHS PO3POOJICHI CXEMHU.

10. 3iOpatu oTpumaHy cXxemMy B TMporpamHoMmy 3actocyBaHHl Electronics
Workbench.

11. [ligkiouuTu 10 CXEMU HACTYIHI MPUJIAAN IJisl IPOBEJCHHS aHali3y QPyHK-
1ioHyBaHHs (puc. 1.2): reHepaTop ABIHKOBIX cIiB (a), JoriyHui ananizatop (0), mpo-
MDKHY 1HAMKAIIIIO B YCIX JOTIYHUX BY3JIaX BiJl BXOJY /10 BUXOJly CXeMH (B).

s e i S .

T e

&
et g AT P

_OL

[eoozzooceooooooozooa)

IEEEESGE

SO000 CoOC0000 -
a

@]
)
o]

e

PucyHok 1.2 — [HCTpyMeHTH IpOrpaMHOTO 3aCTOCYBaHHS

12. BxiItounTH KUBJICHHS 1 IPOBECTH aHAJI3 CXEMHU Ha BIAMOBIIHICTH TAOJIHII
(GYHKIIIOHYBaHHS.

13. [IpoBecTu 3amiHy €JIEeMEHTIB €IEMEHTApHOI JIOTIKA Ha peasibHi 010110TeUH]
eneMeHTH mporpamHoro 3abesneueHHs Electronics Workbench (puc. 1.3). Iligkito-
YUTH JHKEPENIO )KUBIICHHS Ta €IEMEHTH KOHTPOJIIO (PyHKITIOHYBaHHSI.

14. IIpoBecTu aHani3 PyHKIIOHYBaHHS pO3pOOJIEHI CXEMU.

10. V 3BiTI npuBecTu: Tabauul (yHKIIOHYBaHHS, PO3PAXyHKH, poOOUl Ta eKc-
MEepUMEHTANIbHI CXeMH, AlarpaMu (QYHKIIOHYBaHHS; 3pOOMTH PO3TOPHYTHUH BUCHO-
BOK.
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Pucynox 1.3 — [Ipukinaj 3aMiHM €JIEMEHTIB €JI€MEHTapHOI JIOTIKH (a) Ha peasb-
Hi 616;110TeYH1 enemMeHTH (0)

KoHTpoabHI NUTAHHSL.

1. Ha3BiTh OCHOBHI JIOT14HI (PYHKIII].

2. IIpuBenite akciomMu OyseBoi anredpu

3. Po3kpuiiTe ceHC OCHOBHUX 3aKOHIB OyJIeBO1 alnreOpu.

4. 1o Take nepemukaroya QyHKILisA?

5. lllo Take HOpMalibHA (popMa MpeICTaBIECHHS ABIMKOBIN (QyHKILIIT ?
6. [Ipencrasnenns OyneBuX QPyHKIN y BUTTISII MIHTEPMIB 1 MaKCTEPMIB.
7

8

9

1

. Minimizaris OyneBux QyHKIIii.

. [IpuBeniTh TUTIOBUI TOPSAIOK JOTTYHOTO MPOEKTYBAHHS.

. CknaiTh CTPYKTYpHY CXEMY, 110 PEali30BY€ 3a/1aHy JIOTTYHY (DYHKIIIIO.
0. [IpuBeneHHs JOTTYHUX (PYHKITIH 10 3aIaHOTO €JIEMEHTHOTO 0a3ucCy.

Jlitepatypa
1. Beprogkin JI.JI., Ceitanpko M.B., KicenroB €.M., Xpunko C.JI. ludpora

CXeMOTexHiKa: miapydyHuK. 3amopixoks : 3[IA, 2016. 214 c.

2. boiixo B.I., I'ypxiit A.M., KyiikoB B.fI. OcHOBU CXEMOTEXHIKH €JIEKTPOH-
Hux cucteM: niapyunuk. K. : Buma mk., 2004. 527 ¢

3. I'enbxuncekuit 11, INomska P.JL., T'orpa 3.10., MapycenkoBa T.A. Mikpoc-
xeMmoTexHika: miapyuyHuk. JIbBiB : Jlira-IIpec, 2015. 492 c.
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JlabopaTopna po6ota No2

JlocaiiaxeHH CTATHYHUX TAa JUHAMIYHUX apaMeTpiB HH(POBHUX IHTErpaabHUX
MiKpocxeM

MeToro BHKOHaHHS POOOTH € BUBUCHHS OCHOBHHX ITapaMETPIB 1 XapaKTepuc-
TUK joriyaux enemeHTiB (JIE), mocmimkeHHs: TaOauIh BiAMOBIAHOCTI JOTIYHUX (DyH-
KIIi# Ta iX peaisallii 3a JOMOMOT0I0 JIOTTYHHUX €JIEMEHTIB.

Ki1t04oB1 TepMiHU Ta HOHATTS: apuMETHYHI omnepartii, JJOTi4Hi onepartii, JIori-
yHa (QYyHKIIISA, MIHIMI3AIlisg, MIHTEPM, MakCTepM, CTPYKTypHa GhopMmylia, YHIBepcasb-
HUM 6a3uc.

[11aH TEOPETUYHOTO OMPAIIOBAHHS TEMH.

1. 3acBOITH METO/IM MIPEICTABIICHS YUCEN Y ABIMKOBIN CUCTEM] YHCIICHHS.

2. 3acBoiTy apupMETUYHI Ta JIOT14HI omepailii OyneBoi aJreopu.

3. 3acBoit (popMH MpeICTABICHHS JOTTUHUX PYHKIIIH.

4. 3acBOiTH OCHOBHM CHHTE3Y LIM(PPOBHUX MPUCTPOIiB KOMOIHAIIHHOTO THUITY.

MeTonuuHi BKa3iBKH /10 BABYECHHSI ITaHb TA BUKOHAHHS 3aBJIaHb.

[TapameTrpu 1ndpoBUX €IEMEHTIB OAUISAIOTh HA EKCILTyaTalliiiHi, eKOHOMIYHI,
TexHI4yH1. Excrimyaraiiiitai napameTpu BijoOpakaroTh Takl SKOCTI €JIEMEHTIB, SIK TPHU-
BaJIICTh O€3B1JIMOBHOI POOOTH, 3pYYHICTh BCTAHOBJICHHSI Ta JEMOHTAXY, ra0apuTH,
Maca Ta iH.. EKOHOMIUHI mapaMeTpu XapakTEPU3YIOTh BapTICTh €JIEMEHTA, EHEPrOEM-
HICTb, BMICT JOPOTUX 1 PIAKICHUX MaTepiaiiB. EKOHOMIYHI Ta eKCIuTyaTalliiiHl napa-
METPU BUKOPHUCTOBYIOTHCS JJIsl OMKCY BXkKE peaii3oBaHuX BHUpoOiB. Ha moyaTtkoBomy
eTani MpPOEKTYBaHHS PO3POOHMK OPIEHTYETHCS 3arajioM Ha TEXHIYHI NapaMmeTpu ce-
piiiHKuX a00 €JIEeMEHTIB, SIKI PO3POOIISIIOTHCSA, OCKUIBKYA caMe€ TEXHIYHI MapaMeTpu BU-
3HAYa0Th MOXJIMBICTh peajizallii CIPOEKTOBAHOTO MPUCTPOIO B 0OPAHOMY €JIEMEHT-
HOMY Oasuci.

Jlo mapameTpiB, IO XapaKTepU3YyIOTh JIOTIUHI 1 CXEMOTEXHIUYHI MOKIUBOCTI
JIOTIYHUX €JIEMEHTIB MIKPOCXEM 1 BEJMKHUX IHTErPAIbHUX CXEM, BIIHOCATHCA: (PYHK-
[[IOHAJIBHI TIapaMeTpu, CTAaTUYHI MapamMeTpyu IUHAMIYHI MapaMeTpy Ta IHTETPasibHi
napameTpH.

@OyHKITIOHAIBHI TapaMeTpHu:

- joriyHa (QYHKIIIS, SIKa Peai3y€eThCs;

- 3JJaTHICTh HABAHTAXKEHHS N, [0 XapaKTEPU3yE MOKIIMBICTb MIAKIIOYEHHS I1e-
BHOTO ymcia igeHTnunnx JIE;

- koedilleHT 00'eTHaHHA MO BXOoAY m (m; — AJid peanizaiii JoriyHoi gyHkuii [;
Mago — VT peanizarii joriunoi GyHkiii AbO);

- cepefHd 3aTPHMKa Iepeladl CUTHANYy Te, (HamiBCyma 4acy 3aTpPUMOK IIe-
penaui curHaiiB 1 1 0 3 Bxoay JIE Ha fioro Buxin);

- TpaHW4HA poOoYa yacToTa f, (4acToTa MepeMUKaHHs TPUTEPa, CKIALEHOIO 3
JIE, 110 po3risiaatoThes);

- CIIO’KMBaHAa MOTY>KHICTb.

CratuuHi mapameTpu:

- BXIJIHI 1 BUX1JH1 Hanpyru Jorigroro 01 1 (UOBHX, U, U%,, Ulsx);
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. .. . . . . 0 1 0
- BX17H1 1 BuxigaHa noporosi Hanpyru JOrT9HOTO0 0 1 1(U gy nopr U sux. nopy U .

nop Ule. HOp);
- BX1AH1 1 BUX1JIH1 cTpyMU JorigHoro 01 1 (IOBHX, [u— IOBX, IlBX);
- crpymu crioxuBanHs B crafi JorigHoro 0 1 1(P o Menox);
- IOTYXHICTb, 1[0 criokuBaeThes JIE Bi mxepen sKuBICHHS

Pcnox( :iuili !
i=1

ne U; — Hampyra 1-ro JKepesia KUBJICHHS; [ — CTpyM y BIJIIOBITHOMY KOJI1 5KH-

BJICHHSI.
3aBafIOCTIMKICTh JIOTTYHUX eJieMEeHTIB. OCHOBHOIO CTAaTUYHOIO XapaKTEepPUCTH-

koto JIE e nmepenaBanpaa xapaktepuctuka U,y = f(Uyy): 3a1eKHICTh MOTEHITIATY Ha
BUXOJI1 BIJl OTEHIIay Ha OJHOMY 3 BXO/IIB, MPU MOCTIMHUX 3HAYCHHSX MOTCHITIATY
(U® a6o U") Ha ocTanHiX BXoaax. 3a THIIOM IIepeIaBaIbHOI XapaKTEPHCTHKH eIEMCH-
TH IUISATHCS Ha: 1) 1HBEPTYIOUl - HA BUXOJ1 SKHX YTBOPIOETHCS 1HBEPCIA BX1IHUX CHU-
THaJIB; 2) HEIHBEPTYIOYI.

[lepenaBanbHa xapakTepucTuka (puc. 2.1) Mae Tpu SBHO BUPAXKEHI JISHKU.

| —ctan U, = U’

Il - cran U, = U

Il — npoMi>kHuUI cTaH.

3HaveHHs noteHiany U,,, siKe BIJNOBi€Aa KOPAOHAM JIJISHOK, HA3UBAIOTh IO-
poramu nepemukans U, u U,'. O61acTs MiXk OPOraMi — 30HOK HEBH3HAYCHOCTI.
[Tpu mocmnitoBHOMY 3'€ THaHHI ACKIJIBKOX JIOTIYHUX €JIEMEHTIB iX 3arajpbHa repeaaBa-
JbHA XapaKTepUCTHUKa MaTUME pi3Kiiie po3aiieHHs aiasHok I 1 11.

1

U, i I I

U!

u

T-T BX

Pucynok 2.1 - IlepenaBanbHa XapakTepUCTUKa 1HBEPTYIOUOTO JIOTTYHOTO eJie-
MEHTa

Ski1o Ha BXoAaxX €JIEMEHTIB MOCIIJOBHOTO KOJia BCTAHOBJIEHI JIOT1YHI P1BHI U°
1 Ul, TO Mijl Yac BCTYIy HO3MTHBHOI NepelKoay BenundnHo U, > UH0 — U%i mera-
TUBHOI niepemkoan U, > ut-u,l B1I0yBa€ThCs MEPEMHUKaHHs, IKe HE TiepedadeHe
HOPMAaJIbHUM JIOTTYHUM (DYHKIIIOHYBAHHSIM.

OxkpiM KOpUCHUX (YyHpaBisIOYMX) CUTHANIB Ha JIOTIYHI €JIEMEHTU 3aBXKIH
BIUTMBAIOTh CUTHAJIM Tapa3uTHI, 3yMOBJICHI 30BHIIIHIMU €JIEKTPOMATrHITHUMH Tiepe-
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HIKOJIaMHU (HaBeIEHHSAMH), a0 BHYTPILIHIMU MpoliecaMu (3B'A3KaMu 4epe3 3arajibHe
JOKEPEIIo KUBJIeHH: ). TomMy, poOo4l CUTHAIM TTOBUHHI MIEPEBUIIYBATH PIBEHB TEpPeIl-
KO, a 0 MaJIMX Mapa3uTHUX CUTHAIIB JIOT1YHI €IEMEHTH MatOTh OYTH MO MOXJIMBO-
CTl HEUYTIUBIi. 3JATHICTh JIOTIYHUX E€JIEMEHTIB MPOTUCTOSATH MAPA3UTHUM CUTHAJIAM
HA3MBAIOTh 3aBaJOCTIMKICTIO. MaKCUMalbHO JOMYCTHMA BEJIMYMHA MOTEHIIIHOI me-
PENIKO/IH, IO HE BUKJIMKAE 3001B B IU(PPOBINA CXEM1 BU3HAYAETHCS BUPAZOM:
U, =u,-U% U, =U"-U}
U™+ Uy = Uy = U + (U - Uy) =
=U-U+U -U,t =
= (U= U9 - (U, - U =
=U,-AU,,

ne U, = Ut — U° — noriunuii nepenayn; AU, = ul-u,’- IMpUHA 30HU HEBU-
3HAYEHOCTI.

TakuMm yrHOM, JJIs TIJIBMIICHHS 3aBaJOCTIHKOCTI ciij 30uibmryBatu U, 1 3Me-
HiryBatu AU,

[Buakonist JIE mpu nepeMuKaHHI BU3HAYAETHCS EICKTPUUYHOIO CXEMOIO, TeX-
HOJIOT1€I0 BUTOTOBJICHHS 1 XapaKTEPOM HABAHTAKECHHS.

JluHaM14H1 TapaMeTpHu.

J10 OCHOBHUX MHAMIYHUX HapaMeTplB JIOTYHOTO CIEMEHTY BiZHOCSTBHCS: t° <b
— (prHT dopMyBaHHS piBHS JOriuHOI 1; tH o — PpoHT q)opMyBaHH;I PIBHSI JIOTIYHOTO
0; t'° wrp — 3ATPUMKA IIEPEMHUKAHHS 13 crany 1 B cran 0; % — 3aTpUMKa [EPEMHU-
KkaHHs 13 ctany O B ctaH 1; tj — TpuBayicTh IMIYJIbCY; I[I/IHaMl‘{Ha 3aBa/IOCTIHKICTb;
JAUHAMiuHa MOTY)KHICTh; IMITyJIbCHA 3aBaJOCTilKicTh; f, — poboua uactora. BusHa-
YEHHS [IMX NapaMeTpiB 3a0e3MeUy€eThCs P MOPIBHAHHI CUTHAIIB HA BXOJI1 1 BUXO/I
JIE, To06TO mpu po3risal mpouecy nepeaadi iHpopMaiii yepes JIE. Ha pucynky 2.2
MPUBEIEHI XapaKTEepPUCTUKU CUTHAJIIB HA BXO1 1 BUXO/Il IHBEPTOpA 1 OKA3aH1 pIBHI
iKY (0,1 1 0,9 Bix moriunoro nepenany U,), BITHOCHO SKHUX BU3HAYAIOTHCS JUHA-
MmiuH1 napametpu JIE.

PiBusimu Bimtiky auHamigyHuX mnapametpiB JIE € (posrisgaeTbess mMO3WTHBHA
JIOT1Ka) MaKCHUMaJIbHi plBeHb joriygoro 0 (UBanop, UanHnop) 1 MiHIMaJIbHUN PIBEHb
JIoriyuoi 1 (UBX nops Ul nop)- 3ATPUMKA IIEPEKIIIOYECHHS t 557, BA3BHAYAETHCA K YaCO-
BUI 1HTEpBa] MK piBHeM | (pPOHTY HAPOCTAHHS BXITHOTO IMITYJIbCY (TIO3UTUBHUN
iMITyJibe) 1 piBHeM 0 GpoHTY cniagy BUXIAHOTO IMITYJIbCY (HETaTUBHUM IMITYJIbC). 3a-
TPUMKA TIEPEKIIIOYEHHS T 45, BA3HAYAECTHCS K YaCOBUH 1HTEpBan Mk piBHEM 0 dpo-
HTY CHaJy BXIJHOTO IMIYJbCY 1 piBHEM 1 PPOHTY HAPOCTAHHS BUXIJHOTO IMITYJILCY.
@pOHTH IMIYJBCY, U0 BU3HAYAOTHCA MK piBHAMM 1 1 0 cnagy iMmylbcy, Mo3Hada-
I0ThCA t ¢, MK piBHAMH 01 1 HaPOCTaHHH iMITysbCy — t b

3anI/IMKI/I PO3TOBCIOIYKEHHS (t t013an p) BUMIDIOIOTBCS, AK IIPABHJIO, IO
piBHI'O 075(UBI/IX nop UBI/IXHl'IOp .

Cepenniii yac 3aTpUMKHU TIEpEMUKAHHS BU3HAYa€ MaKCUMaJbHY TaKTOBY 4Yac-
TOTY U(POBOi MiKpocxeMu. JlmHaMigHa 3aBaIOCTIAKICTh 3aJICKUTh BiJl TPUBAJIOCTI
aMILTITYIM Ta (OpMHU CUTHAITy 3aBaj, a TAKOX BIJ] CTATUYHOI 3aBaJOCTIMKOCTI Ta
JaCTOTH MEepEeMHUKaHHSI MiKpocxeMmu. OIHIOBaHHS JUHAMIYHOI 3aBaIOCTIMKOCTI 311~
CHIOETBHCS 10 aMIUTITYI0-4aCOBIN XapaKTEPUCTHIII.

3atp pr
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Pucynok 2.2 — JIluHaMiuH1 napaMeTpH JIOTITYHOTO €JIeMEHTa

Cepelz([)Hﬂ 3ATPHMKA tsarp. p. cep JTOTTYHOTO €JIEMEHTY BH3HAYAETBCA SIK g?nchyMa
3aTPUMOK {541 p 1 £ 54rp p TA CIYXKHTB YCEPEAHEHUM [1APaMETPOM IMIBUAKO/IL, IO BU-
KOPUCTOBY€ETHCS NPHU PO3PAXYHKY YACOBHX XapaKTEPUCTHK OaraTOEIEMEHTHHUX IOC-
JIJTOBHO BKJTFOUEHUX JIOTTYHUX MIKPOCXEM.

t3an. p. cep. = (t103anp + t013an p) / 2

[TapameTp tiarp. p. cep. HABOAUTHCS B TEXHIYHUX YMOBaX a00 B 1HCTPYKIIIi IO BH-
KOPUCTAHHIO 1HTErpajibHUX MIKpocxeM. JlJis CrpolleHHs IpoLecy po3paxyHKy 4aco-
BHUX XapaKTEPUCTUK CKJIQJHUX JOTTUHUX KIJ1 4aCTO BBAXKAKOTH CUTHAIU MPSIMOKYTHHU-
MH, TOOTO tloq) = tmq) =0.

BaxnuBuMm mapametrpom, sikuii 00’€IHy€ NHWHAMIYHI Ta CTaTU4YHI MapameTpu
1M poBOT MIKPOCXEMH, € POOOTA TEPEMUKAHHS.

[HTEerpanpHi NapameTpu.

Bonu BimoOpaxaroTh piBEHb PO3BUTKY TEXHOJIOT1i, CXEMOTEXHIKH 1 SKOCTI IU-
¢dpoBux IC. OcHoBHUMU iHTETpanbHUME NTapameTpamu IC € enepris nepemukanHs Py
1 piBeHb iHTerparii N.

Enepris nepeMukadss: Pt = P crox cep. X T sarp. p. cep.

[To uboMy mapameTpy B AaHHWI yac 3A1HCHIOIOTH OLIHKY PiBHS PO3BUTKY LM (-
POBOI MIKPOEJIEKTPOHIKH 1 MOPIBHAHHS pi3HUX THUIB [C.

Mipa inrerpartiii N joriynux [C BHU3Ha4ae€TbCsl YMCIOM MPOCTUX EKBIBAJICHT-
Hux JIE (3a3Bu4ail TBOXBXOJIOBMX BEHTHJIB) Ha KpucTail. DYyHKI[IOHAIBHO CKJIa/I-
HicTh [C npuCTpoOiB, SKi € 3aMaM'ITOBYIOUUMH 1 MAIOTh PO3MIPHY CTPYKTYpPY, MOXKHA
OIIHIOBATH YUCJIOM OIT maM'sTi Ha KpUCTaJIl.
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[ToCiIOBHICTH 1 MOPSAOK IPOBEICHHS POOOTH.

BuBunTy npuHIMI poOOTH, TapaMeTpH, XapaKTEPUCTHKH, CXEMH BKITIOYCHHS 1
MO>KJIMBOCTI 3acTocyBaHHs iHTerpanbHuX Mikpocxem (IMC) JIE. BuBuutu Tabnuii
BIJIMOBIAHOCTI IS JIOTTYHUX (PYHKITIH.

JlochiKeHHsT CTATHYHUX XapaKTePUCTHK JIOTTYHUX €JICMCHTIB.

1. 3a momoMororw JpKeMNepiB MiAKIIOUYUTH BXOIU JIOTIYHUX €JIEMEHTIB Pi3HUX
cepiii 10 BHYTPIIIHKOTO MOTEHIIIOMETpa Ja00paTOPHOTO MAKETY.

2. IlimkmrounTH BUXiA TEPIIOTO JIOTIYHOTO €JIEMEHTY JO BHYTPIIIHHOTO
BOJIbTMETpA.

3. ObGepranHsM pOTOpa MOTEHILIOMETPA, 3MIHIOBATH BX1JIHY HAIpPYTy JIOT14HO-
ro enemeHty 3 KkpokoM 0,1 B. Konrposns 3ailicHIOBaTH 3a JOMOMOTOI0 BOJIBTMETPA.
3anucaty y TaOIHIIO 3HAYCHHs BUX11HOT Hanpyru. [loOynyBaTu nepexiaHy xapakre-
PHUCTHKY JIOT1YHOTO €JIEMEHTY, BUSHAUNTH CTAaTUYHI MapaMeTpH.

4. TloBTopuTH M.11.2-3 JJIs1 JIOTIYHUX €JIEMEHTIB 1HIIUX CEPIH.

JlocnmiKeHHsl AMHAMIYHUX [TapaMeTpiB JOTTYHUX €JIEMEHTIB.

1. 3a 1omOMOroro 30BHIIIHIX PO3HATTIB, MOAATH HA BXIiJ MEPUIOTO JIOTTYHOTO
€IEMEHTY CUTHAJI TIPSIMOKYTHOI ()OpMH 3 TEHEpaTopa CHUTHATIB HU3BKOI YacTOTH, a
TaKOXX TMOJATH LW CUTHAJ Ha MepIiuil kaHan ocuuiorpada. Buxin noriyHoro ene-
MEHTY MIAKIIOYUTH JI0 APYTOro KaHary ocmmiorpada.

2. [InaBHO 3MIHIOIOYHM YaCTOTY BXIJHOTO CUTHAILy, 3HAUTH YacCTOTy MPH SIKIH
Ha BUXO/I1 JIOTIYHOTO €JIEMEHTY Ha Oy/Ie CIOCTepIraTUCh CUTHAIIB.

3. Ha uactori Hmxku4ii 3a 3HaiaeHy Ha 10 %, BUMIpSTH OCHOBHI JWHAMIUYHI
XapaKTEPUCTUKH JIOTTYHOTO €JIEMEHTY. 3apUCyBaTH BIAMOBIIHI YaCOBI JiarpaMHu.

4. TloBropuTH 1.11.1-3 JUIs 1HITUX JIOTTYHUX €JIEMEHTIB.

JocmmkeHHs Ta0IUIb BIAIOBIAHOCTI JIOTTYHUX €JICMCHTIB.

1. BuznauuTu posramryBanHs ycix jgoriynux enementiB 21-HI, 2ABO-HI ta 21,
2ABO.

2. JlocmiauTy Ta 3amMcaTy y TaOJIMIN IS KOKHOTO JIOTIYHOTO €JIEMEHTY Tal-
JINI BIJIIIOBITHOCTI.

KOHTpOJIbHI IUTAHHS.

1. Yum BiAPI3HAIOTHCS MikK COOOI0 CTAaTUYHI 1 TUHAMIYHI MTapaMeTPH JIOTTYHUX
€JIEMEHTIB?

SAxi noriuHi QyHKIIT BU 3HaeTe?

Ilo Take TabmuIs BIATOBIAHOCTI?

3anuunth TadauIo BianoBiaHocT A Gyukmii 31-HI ta 3ABO-HI.

Sk B po3ymi€eTe NOHSITTS (PYyHKIIOHATBHOI TOBHOTHU?

abrwn

Jlitepatypa
1. Beprogkin JI.JI., Ceitanpko M.B., KicenroB €.M., Xpunko C.JI. ludpora

CXeMOTexHiKa: miapyJHuk. 3amopixoks : 3IA, 2016. 214 c.
2. I'enbxxuncekuit 11, lNomsaka P.JL., Torpa 3.10., MapycenkoBa T.A. Mikpoc-
XxeMoTexHika: miapyyHuk. JIbBiB : Jlira-Ilpec, 2015. 492 c.
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JlaGopaTtopHa poboTa Ne3
JlocaigxeHHs Ta CHHTe3 apu(MeTHYHUX HM(PPOBUX CyMATOPIB

MeTo10 BUKOHaHHS pOOOTH € 3aCBOEHHS MPUHIIMIIB MOOYI0BU apu(PMETUUHUX
CyMaTopiB, BUBYEHHSI OCHOBHUX MPUHIUNAMH (PYHKIIOHATLHOTO KOHTPOIIIO CyMaTo-
pIB Ta HaIIBCYMAaTOPIB Ha JIOTIYHUX €JIEMEHTaX Pi3HUX THUITIB.

Ki1r04oB1 TepMiHM Ta MOHATTS: apuMeTHyH1 onepartii, JIOriyHi1 onepartii, Hari-
BCyMaTop, IEPeHECEHHs, CyMa, JOJaHKH, CKJIaJaHHs TI0 MOIYIIIO JIBA.

[11aH TEOPETUYHOTO ONPAIFOBAHHS TEMHU.

1. 3acBoiTi apudmMeTHIHI ornepartii 3 IBIMKOBUM KOJOM YHCEI.

2. 3acBoiTH 0COOIMBOCTI apU(METUIHUX TPUCTPOIB.

3. 3acBOiTH CXE€MHI PillIEHHs HAIBCyMaTOPIB Ta OJAHOPO3PSAIHUX CyMaTOPIB.

4. 3acBOiTH NPUHIUIHN TOO0YI0BH 0araTopo3psAIHUX apu(PMETHIHUX CyMaTOPiB
KOMOIHAI[IHHOTO THITY.

MeToanyH1 BKa3iBKU 10 BABYEHHS MUTAHb TA BUKOHAHHS 3aBJaHb.

JIuckpeTHa TeXHIKa Omepye KJIacoM IPUCTPOIB, MPU3HAUEHHS SIKUX TOJISTae y
BUKOHAHHI apuPMETUUHUX T 3 IBIMKOBUMHU yuciaamMu. OcoOIMBICTh apu(METUUHUX
IPUCTPOIB MOJISATa€ B TOMY, III0 CUTHAJaM IPUIHUCYIOThCS HE JIOT14YHI, a apupMeTu-
yH1 3Ha4eHHA 1 1 0 1 a1i Hax HUMU TIKOPSIOTHCS 3aKOHAM JBIMKOBOI apu(pMETHKH.
Jlist onmcy iX poOOTH TaKOXK 3pYYHO KOPUCTYBATHCS TaOIMILSIMU ICTUHHOCTI. HaliBa-
KIMBIIIA 3 apu(METUYHUX Olepaliid — CKiaJaHHs (macymMoByBaHHs). OKpiM mpsiMo-
ro MPU3HAYEHHS BOHA BUKOPUCTOBYETHCS 1 NPH IHIIKUX ONEpallifx: BiIHIMAHHS — 1€
CKJIaJIaHHS, B IKOMY BiI'€MHUK MIEPETBOPHUTHCS B 3BOPOTHUH, a MOTIM B JJOJJATKOBHIA
KOJI, @ MHOXXEHHS 1 JIJICHHS — II€ MOCJIIJIOBHE CKJIaJaHHs 1 BinHiMaHHs. [{o apudme-
TUYHUX TPHUCTPOIB BIAHOCATH TAKOX BY3JM, 1[0 BUKOHYIOTH CIELlialbHI OMeparii:
MOPIBHSHHSA JIBOX YHUCEN 1 BUSIBJICHHS MAPHOCTI 3a/IaHUX Yuces (BU3HAUYCHHS TTapuUTe-

Ty).

CyMartopu 3a IPUHIUIIOM i1 MiIPO3IIISIOTHECS Ha KOMOIHAITIHHI 1 3 HAKOTTMYCH-
HsM iHpopMarlii. Po3pi3Hs0Th cymMaTopu mapaiesbHoi Jii 1 OCIIIOBHOT 1ii.
[TpoananizyeMo TaOJIUIIO ICTHHHOCTI OJTHOPO3PSIHOTO cymaTopa (Tabdmurs. 3.1)
1 3aMMUIIIEMO JIOT1YH1 BUPA3H ISl BUXITHUX BEITUYHH.
S=ABP: + ABP: + ABP. + ABP;
P.,=ABP: + ABP. + ABP. + ABP.
CymaTtopu npu3HadeHi 11 apu(PMETHIHOTO CKIaAaHHS IBOX YUCEN. 3 IPUHITU-
My CKJIaJaHHs 0aratopo3psaHUX JABIWKOBUX YHCET BUXOJUTH, 110 B KOXHOMY i-
paspsl 3HaXOUTHCS CyMma S; TPhOX YHCEN M0 MOJYJII0 JBa: J0JaHKIB Aj, Bj 1 mepe-
HECEHHS 1110 MOCTYIUIO 3 MOJIOAIIOTo po3psiay Pj i hopmyeThes curHai nepeHeceHHs!
B cTapmui po3pan Pi.;.
VY mudpoBiit 00UKCTIOBABHIN TEXHIII BUKOPUCTOBYIOTHCSI OJTHOPO3PSIHI CXe-
MU TIJICYMOBYBaHHS 3 JIBOMa 1 TpboMa BXojaMu. [Ipuuomy, mepiii Ha3WBarOTHCS Ha-
MBCYMaToOpamHu, a Jpyri — MOBHUMHU OJTHOPO3PAIHUMHU cyMaTtopamu. HamiBcymaropu
MOXYTh BUKOPHCTOBYBATHCS JIUIIIC JIJIS TT1ICYMOBYBAHHS MOJIOAIINX PO3PSIiB YUCE.
Ta6muis 3.1 — Tabnuis GyHKIIOHYBAHHS OJTHOPO3PSIHOTO cyMaTopa
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Bxin Buxin

Jomanku Ilepenecenns Cyma Ilepenecenns
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[ToBHI OJTHOPO3PSIHI CyMAaTOPH MalOTh JOJATKOBUM TPETIH BXIJ, HA KU MO-
JAETHCS MIEPEHECEHHS 3 TOMEePETHHOTO PO3PSAY IPH MIJCYMOBYBAaHHI Oaratopo3psi-
HUX yucen. Y Tabnuil 3.2 nmpuBeieHa TaOauld ICTUHHOCTI HalliBCyMaTopa, Ha TiJic-
TaBl SIKO1 CKJIaZieHa oro cTpykTypHa popmyna y surisal JJJTHO.

Tabnuis 3.2 — Tabnuils ICTUHHOCTI HaliBCyMaTopa

A B S | Py

0 0 0 0

0 1 1 0

1 0 1 0

1 1 0 1
S=AB+AB
Pi+l = AB

@DyHKIIOHAIbHA CXeMa, CKJIaJIeHa Ha €JIEMEHTaX OCHOBHOTO 0a3ucy, BIAMOBII-
HO 10 II€1 CTPYKTYpHOi OopMyJin, IPUBEEHA HA PUCYHKY 3.1.

&
1 L
A 1
— s
& e
o L] [
& Pi+1

Pucynok 3.1 — ®yHkirioHanpHa cxeMa HalliBCyMaTopa Ha €JIeMEHTaX OCHOBHO-
ro 6asucy

[IpuBeneHa Buie cxema MICTUTh 6 ejeMeHTIB 1 Mae 10 BxopaiB (Y4MCIIO MO
Kgaiiny nopisHtoe 10).

Henomnikom cxemu (puc. 3.1) € Te, 110 Ha ii BX0Jau HEOOX1HO MOJaBaTH 1 Mpsi-
Mi, 1 IHBEPCHI 3HAYEHHS OINEpaH/iB. 3aCTOCOBYIOYM 3aKOHU alreOpu JIOTIKH, CXEMY
MOJKHA ITEPETBOPUTH, BUKITIOUHBIIH 1HBEPCIT HaJl OKpEeMHUMH oriepanaamu (puc. 3.2):
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S=AB+AB=AB+AB=AB-AB=(A+B)(A+B)=AA+AB+BA+BB=
~0+AB+AB+0=AB+AB=AB-AB=AB-(A+B);
P . =AB.

>
& —A| SM — 5

—B — Pi+1

1 Pi+1

a

Pucynok 3.2 — MiniMizoBaHa cxema (a) 1 ymoBHe rpadiuHe no3HadeHHs (0)
HaIiBCyMaTopa Ha eJIeMEHTaX OCHOBHOTO 0a3ucy

MiHiMi30BaHa cXeMa € O1IbII IIBUIKOIIOY0I0, OCKUIBKH 3aMICTh 6, MICTUTH 4
eIeMeHTH, a ynciio 1o Keaitny 3menmmnocs 3 10 go 7.

Jloriunmii eneMeHT ““ BUkitoOuHa 113 IOHKIIS ~ 3aCTOCOBYETHCS SIK CyMaTOp IO
moaymo 2. Ha pucynky 3.3 npuBeaeHuii CUMBOII eleMeHTy 0e3 iHBepcii 1 Horo tal-
JULS BIAMOBITHOCTI. BuxigHuii curuan eJeMeHTy BIJINMOBIAA€E JIOTTYHOMY PIBHSHHIO!

F=A®B=AB+AB

Tyt “@” — cuMBOJI CKJIaJlaHHs 0 MO0 2. HYKkH1i 1 BepXHil psaku Tabau-
11 B1I0Opa)KaloTh €KBIBAJICHTHICTh BX1IHUX PiBHIB, TOOTO A = B = 0 (Y BepxHbOMY
psanky) 1 A =B =1 (y HikaboMy). Y Bunaaky A = B = 0 Buxijgauit curtan F =0 (ue
npupoHUN) TpuBiaibHU HyNb. Ko A = B = 1 Buxignuit curnan F takox qopiBs-
HIOE HYJII0, X04a Ha ABOX BXojax A 1 B npucyTHi oguHwMII.

B Buxin | Buxin
A B F F A =1
0 0 0 1 — F
0 1 1 0 5 —
1 0 1 0
1 1 0 1

Pucynox 3.3 — Enement ““ Bukmrouna nu3’roHKINS 7 1 Horo Tabmuis QyHKINO-
HYBaHHS

Axmo mo enementy “ BukimtouHa au3’TOHKINS ~ JOIaTH €JIEMEHT, sikuid € (op-
MyBa4eM OJIMHHUII CTAPIIOTO po3psiay (TeHepaTop MepEeHeCeHHs, SKU CTBOPIOE BUXI]T
P), To oTpumMaeMo oHOPO3PSAHUI HamiBcyMaTop (puc. 3.4)
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A ———— =1

B &

Pucynok 3.4 — Cxema HamiBCcyMaTopa Ha eieMeHT] “Bukitouna 1u3 1oHKIs

CxeMy MOBHOTO OJHOPO3PSIHOTO CyMaTopa MOKHA OTPUMATH Ha OCHOBI JIBOX
CXeM HamiBcymaTopiB 1 cxeMu «AbOy, sik MoKa3aHo Ha PUCYHKY 3.5.

Pi Al SM S
A —A| sM B 1

—— Pi+1
B —B

Pucynok 3.5 — CxeMa oBHOTO OJTHOPO3PSTHOTO cyMaropa

ApudmMeTnuHi cyMaTopH SBISIOTHCS CKJIAJOBOI0 YAaCTHHOK apHU(PMETUUYHUX
noriyHux npuctpoiB (AJIIT) mikponpouecopis (MII). Bonu BUKOpHUCTOBYIOThCS Ta-
KOX 1111 popMyBaHHA (13UUHOI agpecu eneMeHTiB nam'sti B MII 3 cermeHTHOO Op-
raHi3ali€ero nam'sTi.

Meroau miacyMOBYBaHHS 0araTopo3psIHUX YHCE:

- MIOCIIIJIOBHE IT1JICYMOBYBAaHHS;

- apaJjie’bHe MiJCYMOBYBaHHS 3 IOCIIJOBHUM IE€PEHECEHHSM;

- apajie’bHe MiJCYMOBYBaHHS 3 IMapalieIbHUM IEPEHECEHHSIM.

[Ipu mocCHiIOBHOMY TiJICYMOBYBaHHI BHUKOPHUCTOBYETHCS OJIMH CyMaTop,
3arajibHU#M U1 BCiX po3psaiB (puc. 3.6).

t

Pi | SM | s g
ai — a
bi — b Pi+1 —

Pucynok 3.6 — IlociniioBHE miACyMOBYBaHHsI 0araTopo3psiiHUX YHCEN

Onepanau MOBUHHI BBOJAUTHUCS B CyMaTOp Yepe3 BXOMHU a; 1 bj CHHXPOHHO, MO-
YUHAIOYW 3 MoJoamux po3psaaiB. Komo 3atpumku 3abe3nedye 30epiraHHs IMITYJIbCy
nepeHeceHHs Pj,; Ha yac OJHOrO TakTy, TOOTO A0 MPHUXOAY Mapu AOJAHKIB HACTYTI-
HOTO pO3psiny, 3 IKUMU BiH OyJe miicyMoBaHHUM. Pe3ynbTaTh 1miIcyMOBYBaHHS TaKOX
MPOYHUTYIOTHCS TTOCIIOBHO, MOYMHAIOYH 3 MOJIOIINX PO3PSI/IIB.
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CxeMa mapaJieTbHOTO CyMaTopa 3 TMOCIiJOBHUM MEPEHECEHHSIM NPHUBEACHA Ha
pucyHky 3.7.

L P SM| s —— 8,
a;,— 4
b,— b F'i+'1—\
Pi | SM | 8i —— 3,
4, — 4
b-— b Pi+1
e — |
L— pi | SM | si —3s,
a, — 2
b,—— b Pi+1 [ P nus

Pucynox 3.7 — [lapanenbHe mijicyMOBYBaHHS 0araTopo3psHUX YUCEI 3 TIOCHI-
JIOBHUM TEPEHECEHHSIM

KinbkicTh cymMaTOpIiB TOPIBHIOE YUCILY PO3PAIIB YHACET.

[Ipu noOynoBi MapaneabHUX CyMaTopiB 3 NapajeIbHUM IEPEHECEHHIM 3aCcTO-
COBYIOTBCS CIIeliaibHI BY31H — OJOKH NMPUCKOPEHOTO NMEPEHECEHHS, SKi BUITyCKa-
IOTHCS B IHTETPAJIbHOMY BUKOHAHHI y BUTJIAJII OKPEMUX MIKpOCXeM, abo Oe3mnocepe/-
HBO 3 CXEMOIO CyMaTopa, ado apu(PMETHYHOTO JIOTTYHOTO MPUCTPOIO B OJIHIN MiKpOC-
XeMI.

[TocmiToBHICTE 1 HOPSAIOK MIPOBEIECHHS POOOTH.

PoGota BUKOHYEThCS HAa HAOOPHOMY KOMYTAI[IHHOMY TOJII JIaDOPAaTOPHOIrO
creuny LOGIC ([lomaTox A) Ta BipTyaJbHO Ha CT€H]II B TPOTpaMHOMY 3a0e3MeUeHH1
Electronics Workbench.

1. CrennoBe obnagnanus LOGIC no3Bonsie peanizyBaTH CXeMy JABOXPO3PSI-
HOTO CyMaTopa 1 IpOBECTU aHaji3 HOro (GyHKIIIOHYBAHHS Y CTATUYHOMY PEKHMI.

CymyroTbes Ba nBoxpo3psanuux urcia A2A1 1 B2B1. [lepenoc 13 Moo aimoro
po3psay BincyTHiH. Dopmyerbes cyma S2S1 1 mepeHoc 10 cTapmoro pospsay P.
Cxema CKJIaIa€Thes 13 TpbX HamiBcymaropis (puc. 3.2) i cxemu ABO (puc. 3.8).
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Pucynok 3.8 — CTpykrypHa cxema JBOXpO3PSIHONITO CyMaTopa
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2. Komyramiiina cxema Ha maboparopuomy cterai LOGIC nmotpebye neskux

(puc. 3.9).

CXCMHHX PIIICHb

Pucynox 3.10 - ExcriepumenTanbHa cXxema JBOXPO3PSIHOTO cCymMaTopa Ha Jia-
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4. Ilpoectu pocmiKeHHs (GYHKIIOHTYBaHHS CXEMHU JTBOXPO3PSIHOTO CyMaTo-
pa y CTaTHYHOMY PEXKUMI 3TiAHO 3 TaOJUIECIO ICTUHHOCTI (Tadu. 3.3).

Ta6muis 3.3 — Tabnuis GyHKIIIOHYBAHHS IBOXPO3PSATHOTO CyMaTopa

B2 Bl A2 Al S2 S1 P
0 0 0 0 0 0 0
0 0 0 1 0 1 0
0 0 1 0 1 0 0
0 0 1 1 1 1 0
0 1 0 0 0 1 0
0 1 0 1 1 0 0
0 1 1 0 1 1 0
0 1 1 1 0 0 1
1 0 0 0 1 0 0
1 0 0 1 1 1 0
1 0 1 0 0 0 1
1 0 1 1 0 1 1
1 1 0 0 1 1 0
1 1 0 1 0 0 1
1 1 1 0 0 1 1
1 1 1 1 1 0 1

5. Ha tepminam nporpamuoro 3abesneduenHst Electronics Workbench ¢opmy-
€THCSI CXEMa €JIEKTPUYHA YOTUPHOX PO3PSIHOTO MapaesIbHOr0 CyMaTopa.

Cymatop mae 8 TyMOJepiB, Uil CKIaAaHHs JBOX YOTUPBOXPO3PSAHUX (Y JIBOi-
yHOMY Kozi) uncen (puc. 3.11). BkimtoueHe mosioskeHHs TyMOJiepa BiJIOBiIa€ CUTHA-
ay “noriyHa OAMHMI, BAMKHEHE - CUTHAILY “NOT14HUNA HyJb”. TymMOnepu MOXKIUBO
3aMIHUTH [UISIXOM IMITYBaHHS YHCEN, SIKI CyMYIOThbCs, 3a pgomomororo Word
Generator.

(D e H’

Pucynok 3.11 — KnaBiarypa BBesnieHHs iHpopmarlii B cymaTop

6. s 3abe3nedeHHs JOCIPKeHHS (QYHKIIOHYBaHHS cyMaTopa HeOOX1Hi:
- JUKEepeo KUBJICHHS TIOCTIHHOTO CTPYMY;
- HaIliBCyMaTOp Ha €JIEMEHTax eJIeMEHTapHOT JIOTiKH (puc. 3.2);
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- YOTUPBOXPO3PSAHUN MapaieinbHuii cymaTop (puc. 3.12);
- MaHeNb BiI0OpakeHHs 1HPOopMaIlii;
- IPUJIaJAN KOHTPOITIO (PYHKIIOHYBAHHS.
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Pucynok 3.12 - CuHTE30BaHa cxeMa YOTHPHOX PO3PSIHOTO MapajieIbHOTO CY-
maropa

7. locmimoBHo 3’eqHatu 3anporpamoBanuii Word Generator 3 cymaropom.

8. CkyacTi TaOJIUII0 ICTUHHOCTI YOTOPHOXPO3PSIIHOTO MapajaeabHOTO CyMaTo-
pa.

9. 3a momomoror MNpuiaaiB mnporpamHoro 3abesmeueHHs (Logic Analyzer)
MIPOBECTH KOHTPOJIb QYHKIIIOHYBAHHS CXEMH Ta 3HSATH BIAMOBIAHI qiarpamMu QyHKIII-
OHYBaHHS.

10. V 3BiTI npuBecTH: Tabnuill GyHKIIOHYBAHHS, PO3PAXyHKH, poOOUl Ta €KC-
MEepUMEHTAIbHI CXeMH, AlarpaMu (QYHKIIIOHYBaHHS; 3pOOUTH PO3TOPHYTHUHA BUCHO-
BOK.

KoOHTpoJIbHI IUTaHHS

1. ApudmeTnysi onepartii 3 I1BIHKOBUM KOJIOM YHCEI.

2. IIpuHuun poOoTH N-PO3PSIIHOTO CymMaTopa.

3. OCHOBHI XapaKTEPUCTUKUA CyMaTOPIB.

4. HaniBcymaTopu: NPUHLMUIT POOOTH, OCHOBHI XapaKTEPUCTUKH.
5. [lpunuunu noOya0BH 0araTopo3psAHUX CyMaTOpIB.

Jliteparypa
1. Beprogkin JI.JI., Ceitanpko M.B., KicenroB €.M., Xpunko C.JI. ludpora

CXeMOTexHiKa: miapy4yHuk. 3anopixoks : 3AIA, 2016. 214 c.
2. boiiko B.I., I'ypxiit A.M., KyiikoB B.fl. OcHOBU CXEMOTEXHIKH €JIEKTPOH-
Hux cuctem: niapyunuk. K. : Buma mik., 2004. 527 ¢
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JlabopaTtopna po6ota Ned
Jocaigxenns nudpoBux nemudparopis

MeTo10 BUKOHAHHS POOOTH € O3HAHOMJICHHS 3 MPHHLIUIAMH MOOYJIOBH CXEM
nemudparopiB KOMOIHAIIMHOTO THITY.

Kiro4oBi TepMiHM Ta HOHATTS: AemU(paTop, iHBEPTOp, ACKOAEP, alpecHUi
BXI1/l, OJTHOTIO3UIIIMHUN KO, JIHIMHUN aemudpaTop, Kackaj, KOOpAIHATHUN Aemmd-
patop.

[11aH TEOPETUYHOTO ONPAIFOBAHHS TEMHU.

1. 3acBoiTu mpuHIUI (YHKIIOHYBaHHS JiHIHHOTO AemudpaTopa.

2. 3acBoiTy mpUHUHUI (HYHKI[IOHYBaHHS MipaMiTanbHMi Temudpartop.

3. 3acBoiTu mpuHLMI MOOYyAOBH Aemudparopa Ha 6araTo BUXOAIB 3 MIKpOC-
XeM Jemu(paTopiB 3 MEHIITUM YHCIOM BUXO/IIB.

4. 3acBoiTy IpUHLIKI TOOYI0BU MaTPUYHOTO Jemudparopa.

MeTonu4Hi BKa3iBKH JI0 BABYCHHSI MMTAHb Ta BUKOHAHHS 3aBJ/IaHb.

Hemmdparop (L) — npucTpiii KOMOIHAIIHHOTO TUITY, SIKHI JO3BOJISIE BU3HA-
YUTH KOJ BXIJTHOTO YKCJIa [0 OJJUHOYHOMY CUTHAITy Ha OJHOMY 3 BUXO/IB.

Jemmdparopy MUPOKO 3aCTOCOBYIOTHCA B MPHUCTPOSX YIPABIIHHSA, B CUCTE-
Max nudpoBoi IHAMKALIL, 1711 TOOYJOBU PO3NOAIIILHUKIB IMITYJIBCIB IO PI3HUX KOJaX
i 1. 1. Jlemmdparop, B AKOro 4uciao BUXoAiB 2", e N - YKMCIO BXOJiB, HA3UBACTHCS
MOBHUM.

[HTerpanpHi MIKpocXeMHu Aemu@paTopiB BUTOTOBISIOTHCA 3 JI0AATKOBUMHU
BXOJIaMH, HaIlpUKJad, 3 BXOJOM J03Boiy (cTpoOyBaHHs) .CTpoOyBaHHS [103BOJISIE
BUKJIIIOUUTH TOSABY Ha BXoAax JAemudparopa MOMWIKOBUX CHUTHAJiB, 3a00pOHS-
04l HOTo poOOTYy B 1HTEpBaAJl 4Yacy MEPEXITHOTO MpOIEeCy Mpu 3MiHI IUGPOBO-
ro KOJy Ha BXO/Il.

JliniliHa cTpyKTypa aemudparopa

3 tabnuui cradiB (Tabu. 4.1) BUIUIMBaE, 110 HA KOXXKHOMY BXOJ1 Jemudparopa
MOBUHEH CTOATU 1HBepTOp. PiBHSAHHA (yHKILIOHYBaHHA Aemndparopa Mo KOKHOMY
BHUXOJIy BHU3HAYA€ThCS MEBHOIO KOMOIHAIIEI BXIJHUX curHaiiB. Hampuknaa: Ha F3
joriuna 1, sikio Ha Bxozal koMmOinaris ABC.

BianosinHo 10 piBHSIHB (DYHKIIOHYBaHHS OyAYy€TbCA CXEMa JIIHIMHOTO JIEeHIn-

dbparopa (puc. 4.1).
Ta6muis 4.1 — Tabnuis craHiB JiHIAHOTO Aemudparopa
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Pucynox 4.1 — Cxema mniHiifHOTO nmemudpaTtopa

KoxxHOoMy BXiTHOMY JBIHKOBOMY KOJY BIJIIIOBIIa€ HU3BbKWW PIBEHb JIMIIE Ha
OJIHOMY BHMXO/I1, @ Ha BCiX 1HIIMX 30€pIiracTbcsi BUCOKUHN PIBEHb.

Y TTJI nemmdpaTopu O1IbII HIXK HA 4 ... 5 BXOJIIB IO 3IaTHOCT1 HAaBaHTaKEH-
Hs TOOYyBaTH HE MOYKJIUBO.

ITipamifanbHa CTPYKTYpa Aemudparopa.

Yucno piBHIB MipaMiJaibHOro Aemudparopa n-1, ne n - yucno sxoxais. Yucno
BMXOJIB piBHA 2", 1€ N-HOMED PiBHS.

[TipaminanpHa cTpyKTypa Aemmudparopa (puc. 4.2) KOMMAKTHIIIE JIHIKHHO].
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Pucynox 4.2 — [lipamiznansHa cTpyKTypa aemudparopa

MartpuyHna cTpyKTypa aemudparopa.

Ha pucynky 4.3 noka3anuii ABoxkackagHui aemudparop «4 B 16», npyruit
KackaJl KOro 310paHuii 3a CXeMOI KOOPJAMHATHOTO a00 MaTpU4YHOro Jenudparopa.
Pospsiau anpecu po30uTI Ha ABI TPYMH, KOKHA 3 SKUX HE3aJEKHO BiJ 1HIIOI PO3IIHU-
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bpoByeThCs cBOIM nemudparopom mnepmoro kackaxy DD1 1 DD2. Ilpu Oyab-skiii
KOMOIHAIllT 3Ha4eHb BX1JHUX 3MIHHUX BHUSBIISIOTHCS BUOPAHUMU OJIMH PSAIOK 1 OJUH
CTOBIICIIb CiTKH, Y By3JlaX SIKOi po3TalioBaHi eneMeHTH 21 apyroro piBHA. B pe3ynb-
TaTi KOXKEH agpecHui Habip 30y/Kye BUXIJl €IMHOTO BIAMOBIJIHOIO HOMY €JIeMEHTa
21. Ilpu BuKopucTaHHi B JpyroMy piBHi enemeHTiB 2I-HI Buxonu nemmdparopa 0y-
JyTh IHBEPCHUMH. [X MOXKHA 3pOOUTH NPAMUMM, HOOYAyBaBIIM KOOPAHHATHY CITKY
Ha enemeHTax 2ABO-HI; Tomi iHBepcHMMH MaiOTh OyTH BHXOIW JAemU(paTopiB
nepmroro kackany. Posrmstaemo /I 3 n = 2 i m = 4, 110 Ha3UBAETHCS TAaKOXK ACTIHA (-
patopoMm "2 B 4" 1 monoBHUMO #oro Bxos1oM 103Boiny BuxoaiB OE (Output Enable).

DD3 DDT DDt DD1E

—& [0 & | s /& | 8 /& | 12
DDt "l_ Do4 'l_ DO J_ DDz ,_ DD
— A Aaw 34 ll—& _1 u—&‘_5 lr—&‘_g n—&-_-]g
—® g i_ DDs l_ ) J_ ooz - DD17
oDz -— & _2 -— & _5 — & _10 -— & _14
A 3 i DO l_ DD J_ DO4 ,_ DO
—B g L _3 - _;f -—| _-1-1 — _-15
W o e o O

Pucynox 4.3 — Marpudna cTpyKkTypa aemmdparopa

[1oci/I0BHICTD 1 MOPSAOK IPOBEJICHHS POOOTH.

PoGota BUKOHYEThCS HA HAOOPHOMY KOMYTAIIHHOMY TIOJII JIaOOPaTOPHOTO
crenay LOGIC ([lonatok A) Ta BIpTyaJIbHO Ha CTEH1 B IPOrpaMHOMY 3a0€3M€4EHHI
Electronics Workbench.

1. CrennoBe obnaananus LOGIC no3Bosisie peanizyBaTu cxemy Aemudparopa
1 IPOBECTH aHaJI13 MOTr0 (PYHKIIIOHYBAHHS Y CTATUYHOMY PEKUMI.

bynyetncs cxema nemudpatopa «3 B 8» Ha eleMEHTaxX eJIeMEHTapHO1 JIOT1KH.

2. [TpoBectu mocmimxeHHs] PYHKIIIOHTYBaHHSA CXeMH Jemmudparopa «3 B 8» y
CTaTUYHOMY PEXHUMI 3TiHO 3 TaOIHIICI0 iICTUHHOCTI (Tadu. 4.1).

3. Ha tepminani nporpamuoro 3abe3neuenns Electronics Workbench ¢opmy-
ETHCS CXeMa eJIeKTpuuHa aemmdparopa «4 B 16». Jlemmdparop mae 4 tym6nepa, st
BBEJICHHS YOTHUPBHOX JBOXPO3psnHux (y ABiiiKoBOMY Koji) uucen (puc. 4.4). Bxiro-
YeHe TI0JIOKEHHS TyMOJIepa BIANOBIAa€ CUTHATY “TIOT1YHA OJMHHUIIS, BAMKHEHE - CH-
rHany “noriyHuil Hynp’. TymOiepu MOXIMBO 3aMIHUTH HUISIXOM IMITYBaHHS BBe-
AeHHs Koy 3a nonoMoror Word Generator.

T L”.? u .
T

Pucynox 4.4 — Knasiatypa BBenenss iHdopmaiiii B gemmudparop
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4. Jlnsa 3a0e3neueHHs AOCTIKEHHS (yHKIIOHyBaHHS AemudpaTtopa «4 B 16»
HEOOX1/H1:

- JUKEePEJo KUBJICHHS TIOCTIHHOTO CTPYMY;

- nemmdpaTopa «4 B 16» Ha eneMeHTax eJIeMEHTapHOI JIOTIKH;

- MaHeb BII0OpakeHHs 1HpOopMaIlii;

- IPWJIAJN KOHTPOJTIO (DYHKITIOHYBaHHSI.

5. IMocnigoBHo 3’exHaTu 3anporpamoBanuii Word Generator 3 gemudpaTopom.

6. 3a momomoror mpwiIaniB mporpamHoro 3adesmnedeHHs (Logic Analyzer)
MIPOBECTU KOHTPOJb (DYHKIIOHYBAHHS CXEMHM Ta 3HATU BIAMOBIIHI JiarpaMu (QyHKIII-
OHYBaHHSI.

7. IlpoBectu aHamni3 moOya0BU Jemmu@paropa Ha 6arato BUXOJIB 3 MIKpPOCXEM
nemudpaTopiB 3 MEHIIAM YHCIOM BuXoiiB. Ha mikpocxemax 74138 (memmdparop
«3 B 8») mobyxaysartu aemudparop «4 B 16» (puc. 4.5).

0o ]
74138 T&128
T -~ -
O D‘-f_ Fo o Y Fz
[ 1 D_ 1] £ F1 E 1 Do 1 Fa
C 7 v 2? F2 [ 2 2 FA0
& A F3 = 2 F11
4 4{5 Fa 4 4 Fi2
OE #— 2 54 FE 5 5 F13
B OE B F" OE 6 FM
e ! |- FT - ! F1%

Pucynok 4.5 — Jemmdpatop «4 B 16»

[Tpn macuBHoMy 3HaueHHi OE=1 Ha Bcix Buxojax Fi Oyxae "1", He3anexHO Bij
3HaueHb BXigHUX curHaiiB. SAkmo OE=0 (akTuBHUI piBEHb), TO KUK 3 nemudparTo-
piB Mparitoe, 3a1exuTth e Bia curHany A. Komo6inanii curnanis A i BCD yrtBo-
PIOIOTH MociIoBHICTh ABlKoBoro koay 0000...0111 (0...7) nns nemmdparopa (DD1)
1 mocaigoBHicTs 1000...1111 (8...15) qns gemmdparopa (DD2). Tomy Hymepatiisi Bu-
xon1B Fi, nemmdpartopa "4 B 16" xpi3na Big 0 go 15.

8. Y 3BiTi mpuBecTu: Tabnui GyHKIIOHYBaHHS, PO3paxyHKU, poOodi Ta eKciie-
PUMEHTaJIbHI CXEMH, JlarpaMu (PyHKIIOHYBaHHS; 3p0OUTH PO3TOPHYTHII BUCHOBOK.

KoHTpOJIbHI TUTAHHS

1. [Ipusnauenns nemmdparopa.

2. Bukopucranss aemudparopa.

3. Tabnuiist ICTHHHOCTI Ta PIBHAHHS (PYHKI[IOHYBaHHS 3aJIaHOTO Aemudparopa.

4. AnroputMm poboTtu 1 cxema aemmdparopa Ha 6araTo BUXO/IB 3 MIKPOCXEM
nemudpaTopiB 3 MEHIITUM YHCIIOM BUXO/IB.

Jlitepatypa
1. Beprogkin JI.JI., Citanbko M.B., KicenroB €.M., Xpunko C.JI. Hudpora

CXeMOTexHiKa: miapy4yHuk. 3anopixoks : 3AIA, 2016. 214 c.
2. 3yb6uyk B.W., Curopckuii B.IIl., Hlkypo A.H. CnpaBounuk no uudpoBoii
cxemoTrexuuke. K. : Beicm. mik., 1989. 424c.
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JlabopaTtopua pob6oTa Neb
JocaixxeHHs HM(PPOBUX CXeM CeJICKTOPIB Ta MyJbTHILIEKCOPIB

MeTo10 BUKOHaHHA POOOTH € O3HAHOMIIEHHS 3 MPUHIUIAMU NOOYAOBH MpHU-
CTPOiB KOMOIHAIIIMHOTO TUITY NMPU3HAYEHUX ISl KOMYyTallii Iu(POBUX CUTHATIIB.

Ki1r040B1 TepMiHM Ta HOHATTSA: AEMYJIbTHILUIEKCOD, aapeca, iHhopMaIliifHui cr-
rHaJI, KOMyTallis, BUKJIIOYHA 13 IOHKIIISA, MepeMUKaIbHa (QYHKITIS.

[11aH TEOPETUIHOTO OMPAIFOBAHHS TEMH.

1. 3acBoiTi npuHIHN PYHKITIOHYBaHHS AEMYJIbTUILIIEKCOPA.

2. 3acBOITH TIPUHIIMI 301TBIIICHHS PO3PSATHOCTI IEMYIBTHILICKCOPA.

3. 3acBoiTH NpUHIHIH (YHKI[IOHYBaHHS MYJIBTUILIEKCOPA.

4. 3acBOiTH IPUHLKUII 30UTBIIICHHS Yncia 1HPOPMAIIHHUX BXOAIB MYJIbTUILICK-
copa.

MeToanyH1 BKa3iBKH 10 BABYEHHS MUTAaHb Ta BUKOHAHHS 3aBJaHb.

OnHOOITOBUM CEIEKTOPOM (JIEMYJIbTHILIEKCOPOM) B IU(MPOBINA TEXHIIll HA3U-
BaIOTh KOMOIHALIIMHUKI BY30J1 3 aIpECHOIO Mepeaveto JaHUX 3 OJJHOTO BXOJY B OJIUH
3 0aratbox BUXOIB. J[Jis cenekTopa, 10 BUKOHYETHCS SIK JIOTIYHHM BY30J]1, ajapeca
3a/1a€ThCS IBIMKOBUM KOJIOM.

Sk eMynbTUIUIEKCOp MOKE€ BHUKOPHCTOBYBATHUCS ACMIUPpPATOp, Y SIKOTO 3a-
MICTh CUTHATY JJO3BOJIY BUXIIB IMOJa€ThCs 1HGopMaliiauit curaan D.

VY cxemi ctpobyemoro nemupparopa «2 B 4» 3 akTUBHUM HyJIEM BUXOAY 1H(O-
pMaiiitnuii curnan D nogaeThes Ha cTpoOyeMuid BXij, ABOXpo3psiaHa aapeca AB on-
HOTO 3 YOTHPHOX BUIXIJHUX HAIPsAMIB KOMYTY€ BXOAM Aemmrdparopa, a BUXOIU Je-
mudpaTopa € BUXOJaMU CEJIEKTOpa, IPUUOMY 1HJIEKC aKTUBHOTO a0 BUOpPaHOro BU-
X011y 301raeThcsi 3 HOMepoM Habopy aapecu. Ha HeBuOpanux Buxomax ¢popmyBaTu-
MyThCs piBHI 1 (y nemmdpaTopax 3 aKTUBHOIO OAMHUIICIO BUXOY - BIANOBIAHO PiBHI
0). ®yHKIIOHYBaHHS JIEMYJIBTUILIEKCOPA 3MIMCHIOETHCS BiAMOBITHO 0 TaOJMII ic-
TUHHOCTI (Tabm. 5.1).

Tabmurg 5.1 — Tabnwuisd ICTUHHOCTI IeMyJbTUILIeKcopa “1 B 47

Inpopmaniitnuii Agpeca Buxonu
CHUTHAJI A B FO F1 F2 F3
D 0 0 D 1 1 1
D 0 1 1 D 1 1
D 1 0 1 1 D 1
D 1 1 1 1 1 D

[3 TabnuIll ICTUHHOCTI 3alUCYEMO XapaKTEPUCTHYHI PIBHSIHHS JIEMYJIbTHUILICK-
copa:
FO=DAB; F1=DAB; F2=DAB; F3=DAB.
OyHKIIOHAJIbHA CXeMa JAEMYJIbTUIUIEKCOpa, sSKa BIJMOBIIAE IIUM PIBHIHHSM,

MpUBEJeHAa HA PUCYHKY 9.1. BoHa Mae B cBoeMy CKJIaji ABa IHBEPTOPH 1 HOTUPH ele-
MeHTa «I».
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Pucynok 5.1 — ®yHKIIOHaIbHA cxeMa JeMyibTuIiekcopa “1 B 4” (a) Ta oro

cxeMHui aHaior (0)

Axmo iHpopmamis D = 1 nocTiiiHa, TO JEMYJBTUILIEKCOP BUKOHYE (PYHKIII
nemudparopa. 3 1HIIOro OOKy, KO B Aemn@paropi 3amicts curHany OFE nmopaers-
cs iHdopmaniiiHuii curnan D, To BIH BUKOHY€E QYHKIIIi JEMYJIbTHILIEKCOPA.

BpaxoByroun cX0xXicTh (yHKIIH, IKI BUKOHYIOTh MIKPOCXEMH JIeIIU(PaATOPIB 1
JAeMYJIbTHILUIEKCOPIB, BOHH MalOTh OJHAKOBE YMOBHE IMO3HAYEHHS 1 HA3WBAIOTHCS
«/demmppaTop — 1eMyIbTUILIEKCOP.

MynbTUILUIEKCOP — MPUCTPIA KOMOIHALIMHOTO THUITY, SKMA Mae N-aJpecHUux
BxoziB, N = 2" inpopManiiiHux BXOIiB, OAUH BUXi[ 1 3AiCHIOC KEPOBAHY KOMYTALIiI0
iH(dopMmarii, sika nmoctymnae 1mo N BXiJJHUM JiHISM, Ha OJIHY BUX1AHY JiHit0. KomyTaris
MEBHOI BX1JIHOI JIHIi BiI0YBa€ThCS BIAMOBIIHO 0 ABIMKOBOTO aIpecHOro komay. Sk-
1[0 aJPECHUM KOJ Ma€ N — po3psaiB, To MoxkHa 3aiiicautu N = 2" komOGiHamii agpec-
HMX CHTHAaJIB, KOJKHA 3 SKMX 3a0€3IeUYnTh MIIKII0YCHHS oH1€l 3 N BXIJITHUX JIHINA 10
BUX1HOI miHii. Takuii MyJIbTHIUIEKCOP Ha3uBarOTh «N B OJMH». 3a HasSBHOCTI Haj-
JUIIKOBUX KOMOIHAIIN aJpeCHUX CUTHAIIB MOXKHA CIPOCKTYBAaTH MYJIbTUILIEKCOD 3
OyIb-KAM Y4UCIIOM BXigHUX JiHii N < 2"

Posrasinemo mynbrumiekcop "4 B 1", mo mae 4 iHdpopmaniiaux Bxoza 1 log,4
= 2 anpecHux Bxoja. ko € Bxia go3Boay Buxoay OE, To "0" Ha nboMy BX0/i MO-
BUHCH TIEPEBECTH BUXiJ B MACUBHUH CTaH. ANTOpUTM (YHKIIOHYBAaHHS TaKOTO MY-

JBTUIIEKCOpA MPUBEACHUN B Tabmuii 5.2. BenmnunHa X Moke HaOyBaTtu OyIb-sSKUX
3HaYeHb.

Tabnuusg 5.2 — Tabauus ICTUHHOCTI MyJIbTUILIEKCOpa “4 B 17

DEC Bxonu B Jloriuna
qucio | A B OE | OE | DO D1 D2 D3 a byHKITISA
0 0 0 DO 0 0 0 DO | Q=DOAB
1 0 1 1 0 0 D1 0 0 D1 | Q=D1AB
2 1 0 0 0 D2 0 D2 | Q=D2AB
3 1 1 0 0 0 D3 D3 | Q=D3AB
X X X X X X X 0 Q=0
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3aranbHe PIBHSHHS MaTUME BUTJTISA:
Q=0OE-(DO0-A-B+D1-A-B+D2-A-B+D3-A-B)

3acTOCOBYIOUYHM aKCIOMU TOJIBIMHOTO 3allepeueHHs 1 MOABIMHOCTI 10 MpaBoi va-
CTHHH PIBHSHHS, OTPUMAEMO:

Q=(OE-D0-A-B)-(OE-D1-A-B)-(OE-D2-A-B)-(OE-D3-A-B)
PiBHsAHHIO BiAMOBia€ cXeMa, IpPUBEIeHAa Ha PUCYHKY 5.2.

D0 » &

Dle—mm

D2 &
s T s] . —{oFMU
D DO

ooz & | x3 — 103
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a ]

Pucynok 5.2 — ®dyHkiioHanpHa cxeMa MyJbTUILiekcopa “4 B 17 (a) ta iforo
cxeMHui aHaior (0)

[1oCiI0BHICTH 1 MOPSAOK OPOBEJIEHHS POOOTH.

PoGoTa BUKOHY€TbCS Ha HAOOpPHOMY KOMYyTalllfHOMY TMOJi J1aOOpaTOPHOTO
crenny LOGIC ([lomaTok A) Ta BipTyaJbHO Ha CT€H]II B TPOTPpaMHOMY 3a0€3MeUeHH1
Electronics Workbench.

1. Crennose obnannands LOGIC no3Bossie peanizyBaTu CXeMH JEeMYJIbTHUILIC-
KCOpPIB 1 MYJIbTUILJIEKCOPIB Ta MPOBECTU aHami3 iX (DYHKI[IOHYBaHHS y CTATHYHOMY
pexKUMI.

2. bynyetbcsa cxema aemynbTuriekcopa «1 B 8» Ha eneMeHTax eleMeHTapHO1
JIOTIKH.

[TpoBecTn mocnixeHHsT GYHKIIOHTYBaHHS CXeMU JeMyJbTuriekcopa «1 B 8»
Yy CTATUHYHOMY PEIKUMI.

3. Bynyetbcst cxema mysnbTuIiekcopa «8 B 1» Ha eneMeHTax eleMeHTapHOT JI0-
T1KH.

[IpoBecTn nocmiakeHHs (YHKIIIOHTYBaHHSI CXEeMH MYJIbTHIUIEKCOpa «8 B 1» y
CTaTUYHOMY PEKUMI.

4. Ha tepminam nporpamuoro 3abesneueHHst Electronics Workbench dopmy-
€THCSI CXEMa eJIEKTpUYHa JeMynbTuiiekcopa «1 B 16». JlemynpTumiekcop mae 4 Ty-
MOJIepa, JUIs BBEACHHS aapecHUX BXoiB (puc. 5.3) i TymOnep BBeneHHs iH(opMa-
IIMHOTO cuUTHany. BriroueHe mojokeHHsT TyMOJjepa BiANOBiAa€ CUTHANY ‘‘JIOriyHa
OJIMHHULIS’, BAMKHEHE - CUTHajy “JOTiyHUUA Hynb . TymOnepu MOXKIMBO 3aMIHUTH
HUIIXOM IMITYBaHHS BBEJEHHs Koy 3a foriomororo Word Generator.
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Pucynok 5.3 — KnaBiatypa BBeneHHS aipeCHUX Ta iHPOPMAIIITHOTO KOIIB

5. Jlns 3a0e3nedeHHs ToCiKeHHsS (PYHKIIIOHYBaHHS JeMYJIbTHIUIEKcopa «1 B
16» HeoOXiaHi:

- JUKEpEo )KUBJICHHS TIOCTIHHOTO CTPYMY;

- TeMmyJabTUIuiekcop «1 B 16» Ha eneMeHTax eIeMEeHTapHO1 JIOT1KH;

- MaHEeJb B110OpaKeHHA 1H(POpMallii;

- IpUJIaJAN KOHTPOJIIO (PYHKIIOHYBAHHS.

6. [TocimoBHO 3’eaHarn 3amporpamoBanuii Word Generator 3 nemyabTHILICK-
COPOM.

7. 3a momomMororw mpwiaaiB mporpamHoro 3abesneudeHHs (Logic Analyzer)
MIPOBECTH KOHTPOJIb QYHKIIOHYBAHHS CXEMH Ta 3HATU BIAMOBIIHI IiarpamMu (PyHKITI-
OHYBaHHS.

8. Ha tepminani nporpamuoro 3ade3neuenns Electronics Workbench ¢opmy-
€THCSI CXEMa eJIEKTPUYHA MYJIbTUIUIEKCOpa «16 B 1». Mynbtumiekcop Mae 4 TymOIe-
pa, [JIs BBEICHHS aIpECHUX BXO1B 1 4 TymOJiepa BBeJIEHHS IHPOPMaLIiHUX CUTHAIIB
(puc. 5.4). BkiroueHe moJioKeHHs TyMOJIepiB BIJIMOBIAA€ CUTHATY “JIOT1YHA OJUHU-
15", BAMKHEHE - CUTHay “JOT1YHUHN HyJb . TymMOJepu MOXKIMBO 3aMIHUTHU IIJIAXOM
IMITYBaHHS BBeZEHHS Koy 3a nonomororo Word Generator.
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Pucynok 5.4 — KnaBiaTypa BBeJICHHSI aJIpECHUX Ta IHPOPMaLIMHUX KOJIB
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9. [Insa 3abe3nedeHHs TOCHIKeHHs (PYHKIIIOHYBaHHS MyJbTUILIEKcopa «16 B
1» HeoOX1aH1:

- JUKEePEJo KUBJICHHS TIOCTIHHOTO CTPYMY;

- -MyJbTHILIEKCOp «16 B 1» Ha eneMeHTax eJIeMEeHTapHOI JIOTIKY;

- MaHeb BII0OpakeHHs 1HpOopMaIlii;

- IPWJIAU KOHTPOJTIO (DYHKIIIOHYBAaHHS.

10. ITocaimoBHo 3’emHatu 3amporpamoBanuii Word Generator 3 MyJIbTHILICK-
COPOM.

11. 3a pmomomororo mpuiaaniB mporpamHoro 3adesmeueHHs (Logic Analyzer)
MIPOBECTU KOHTPOJb (DYHKIIOHYBAHHS CXEMHU Ta 3HATH BIAMOBIIHI AlarpaMu (QyHKIIi-
OHYBaHHSI.

12. TlpoBecTH DOCHIIKEHHSI CXEMHU 30UIBIICHHS PO3PSATHOCTI IEMYJIbTUILICK-
copa. Ha mikpocxemax 74138 (memmdpatop- 1eMyabTUIIEKCOp «3 B 8») moOyayBa-
TH AeMyjbTHILIEKCcop «1 B 16» (puc. 5.5).

74128 74138
nc| 09— Fo oc| 09— Fa
SO D Lo (P S b A =
= 3 = ke
I 10— F3 | : 39— F11
4 40— F4 4 F12
o —t % 50— F5 2 50— F13
B TE 6 Fj =3 b FN
. oe 7 |- F7 | aE 7 F15

Pucynok 5.5 — Jlemynbrumiekcop «1 B 16»

[Tpu macuBHoMy 3HaueHHi OE=1 Ha Bcix Buxomax Fi Oyae "1", He3alle:)KHO Bif
3HaueHb BXigHUX curHaiiB. SAkmo OE=0 (akTuBHUI piBEHb), TO SIKUU 3 AemudpaTo-
piB mparoe, 3a1exuTh Juie Bia curiany A. Kom6Ginauii curnanis A 1 BCD yTtBo-
PIOIOTH MocioBHICTh ABlKoBoro koay 0000...0111 (0...7) nns nemudparopa (DD1)
1 mocaigoBHicTh 1000...1111 (8...15) s nemmdparopa (DD2). Tomy Hymepaliisi Bu-
xoniB Fi nemynpTumiekcopa "'1 B 16" kpi3na Big 0 g0 15.

8. Y 3BITI npuBecTU: TaOIMI (PYHKIIIOHYBaHHS, pO3paxyHKH, poOoyl Ta eKcre-
PUMEHTaJIbHI CXEMH, JlarpaMu (PyHKIIOHYBaHHS; 3p0OUTH PO3TOPHYTHI BUCHOBOK.

KoOHTpoJIbHI IUTaHHS

1. [Ipu3HaueHHs 1EeMyJIbTHILIEKCOPIB.

2. Bukopucranus aemu@patopiB st 301UIbIIEHHS PO3PATHOCTI 1EMYJIbTUILIIEC-
KCOPIB.

3. [IpuzHaueHHs MyJIbTUILIEKCOPIB.

4. Anroputm pobOTH 1 cXeMa MYJIbTHUIUIEKCOPIB HA Oarato BXOJiB 3 MIKpPOCXEM
MYJIBTUIIEKCOPIB 3 MEHIIIMM YHUCIIOM BXOJIIB.

Jlitepatypa
1. BeproBkin JI.JI., Citansko M.B., KicenboB €.M., Xpunko C.JI. I[ludpposa

CXeMOTexHiKa: miapy4yHuk. 3anopixoks : 3AIA, 2016. 214 c.
2. 3ybouyk B.U., Curopckuii B.II., Hlkypo A.H. CnpaBouHuk no uudpoBoii
cxemotrexuuke. K. : Boicmi. mik., 1989. 424¢
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JlabopaTopHa po6oTa Ne6
Hocaigxenns nudposux mmpparopis

MeTor BHUKOHAHHS POOOTH € O3HAMOMJICHHSI 3 TIPUHIIMIIAMHU MOOYIOBH CXEM
mudpaTopiB KOMOIHAIIIHHOTO THITY.

Kilf0o4oBi TEpMIiHU Ta TOHATTS. HENPIOPUTETHHN MmUdpaTop, KHOMKOBHI
MyJIBT, KOMOIHAIISl CUTHAIIB, IPIOPUTETHUH MU(paTOp, aKTUBHUN CUTHAJ.

[11aH TEOPETUYHOTO ONPAIFOBAHHS TEMHU.

1. 3acBoiTu mpuHIUT (YHKITIOHYBAaHHS HEMPIOPUTETHOTO MU paTopa.

2. 3aCcBOITH MPUHIUI TO0YTOBU CXEMHU BUIUICHHS CTapIIOTO CUTHAITY.

3. 3acBOiTH NPUHIUT (PYHKIIIOHYBAaHHS MPIOPUTETHOTO MKdpaTopa.

4. 3acBOiTH MPHUHIIMIT HAPOLTYBAHHS PO3PSIHOCTI MPIOPUTETHOTO MK ppaTopa.

MeToanyH1 BKa3iBKU 1O BUBYCHHS] TUTaHb Ta BAKOHAHHS 3aBJaHb.

[udparop (koaep) — NpUCTpiii KOMOIHALIMHOTO TUITY, IPU3HAYECHUN IS T1e-
PETBOPEHHS YIPABJISIIOYUX CUTHATIB (KOMaH/), [0 MOCTYMNalTh Ha 1Or0 BXOAH, B N —
PO3pSAIHUNM IBIMKOBHUM KOJ. 30KpeMa, TAKUMH CUTHaJlaMH a00 KOMaHJaMH MOXYTh
OyTH JECATKOBI UMCIIa, HATPUKJIIA], HOMEpP KOMaH/I1, sIKUM 32 JOTMIOMOTo0 mudpaTo-
pa nmepeTBOPUTHCS B ABIMKOBUM KOA. SIKIIO KIIBKICTh BXO/1B HACTUIHKU BEJIUKA, 1110 B
g paTopl BUKOPUCTOBYIOTHCS YC1 MOKJIMBI KOMOIHALlli CUTHAIIB Ha BUXO/Il, TO Ta-
KUl mmgpaTop Ha3UBAETHCA MOBHUM, SIKIIIO HE BCl, TO HEMOBHUM. YHCIO BXOIIB 1
BHMXOJIiB B NOBHOMY HIM(paTopi 3B'A3aHe cHiBBigHOMmEHHAM n = 2™, e n — 4mciIo0
BXOJIIB, M — YKUCJIO BUXOMAIB. JIJisi mepeTBOPEHHS KOAY KHOMKOBOTO IyJIbTa B YOTH-
PHOXPO3pSAHE ABIMKOBE YHCIIO JOCUTh BUKOPUCTOBYBATH Jjuie 10 BXOAIB, TOMAL 5K
TIOBHE YHCII0O MOXIIMBHX BXOAiB HopiBHIOE 16 (n =2* = 16), Tomy mmdparop "10 B 4"
OyJle HETIOBHUM.

[Mudparop Moxke OyTH HEMPIOPUTETHHUM, SKIIO JOMYCKAETHCS TMOjava JHUIIIe
OJIHOTO aKTUBHOTO CUTHAJTY 1 MOXke OYTHU MPIOPUTETHUM, SIKIIO JOMYCKAETHCS Mo1aua
OJIHOYACHO JIEKUIbKOX aKTMBHMX CHUTHaJiB Ha BXoau. HempiopurtertHuid mmudparop
3M1MCHIOE TIEPETBOPEHHS JIECSITKOBOIO HOMEpAa aKTUBHOT'O BXOAY B JBIMKOBHM €KBi-
BAJICHT 11bOTO HOMepa. JJjist HenpiopuTeTHOTO mudpaTopa kiaasiatypu "10 B 4" anro-
puTM (QYHKILIOHYBAaHHA MPEACTaBICHUI B Tabaui 6.1.

PiBHsiHHA (yHKIIOHYBaHHS mKdparopa Ha enementax AbBO Ta [-HI:

F1=X1+ X3+ X5+ X7 +X9=X1L+X3+X5+ X7 +X9=X1-X3-X5-X7-X9
F2=X2+X3+X6+X7T=X2+X3+X6+X7T=X2-X3-X6-X7:
F3=X4+X5+ X6+ XT7T=X4+ X5+ X6 +X7=X4-X5-X6-X7:

F4 =X8 + X9 =X8 + X9=2X8 - X9.

Cxewma (puc. 6.1) peanizoBana Ha enementax ABO.

VY posrasnyTiid cxemi BuxigHui koq «0000» nmpucyTHIM Ha BUXOJ1 NP Mojiavl
curnaiy Ha BxiJ X0, a TakoX B pasl, AKII0 BXIJHUNA CUTHAJ B3araji HE MOJAEThCS Hi
Ha OJIMH 3 BXO1B. JlJig olHO3HA4YHOI 11eHTUdiKalii curHany X0 B IHTerpajIbHUX CXe-
Max (OpMYeThCS 1€ OJWH BUXIJHUW CUTHAJ — O3HAKa IMOJayl BXIJTHOTO CUTHAIY,
KWW BUKOPUCTOBYETHCS 1 ISl THIIUX LILJIEH.
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Tabmuns 6.1 — Tabmautsg ICTHHHOCTI YOTUPHOXPO3PSIIHOTO M paTopa

Bxomu Buxomu
X F4 F3 F2 Fl
0 0 0 0 0
1 0 0 0 L
2 0 0 1 0
3 0 0 1 L
4 0 1 0 0
5 0 1 0 -
6 0 1 1 0
7 0 1 1 L
8 1 0 0 0
9 1 0 0 L
WO W1 M2 W3 M4 HAE HE HT HWE O oot
1
— F1 (1}
1
— FZ (N
1
— F2 (4
T i

Pucynok 6.1 — ®dyHKIioHaIBEHA CXeMa YOTHPHOXPO3PSTHOTO b paTopa

VY mmdpaTopi npiopureTHOMY mUppaTopl 3AINCHIOETECA NEPETBOPEHHS MaK-
CUMAaJIbHOT'O JIECSITKOBOTO HOMEpPA aKTMBHOT'O BXOJly B JBIMKOBHUI €KBIBAJIEHT LIbOTO
HOMepa. Y Takux ImmdpaTropax KOJ JBIHKOBOrO 4yuciia BIAMOBIIa€ HAWBUIIIOMY HO-
Mepy BXOJy, Ha SIKMI MOAaHUI aKTUBHUN cUTHaJ. ToOTO, Ha MPIOPUTETHUN KU Ppa-
TOpP JOMYCKAETHCS MOJAaBaTH CUTHAJIW Ha JEKIJIbKAa BXOAIB, a BIH (popMye Ha BUXO/I
KOJI YKCJIa, BIAMOBIIHOTO CTapiioMy Bxoy. Jlist Takoro mudparopa BXiHI CUTHAIH,
K1 3HAXOJATHCA 3HMU3Y BiJl OJUHUYHOI JlaroHaii, 3a BU3HAYeHHSM, HE Bigomi ("x"
Moske 0yt 0 abo 1). Kombinawist — yci HyJi Ha BXOJaX He BU3HAYCHA.

Posrnsaemo npioputetHuit mmdpatop, sikuit Mmae 9 inBepcHUX BxoiB X1..X9,
Ta yoTupu 1HBepcHUX Buxoau FL..F4. I{udpu 611 BUXOMIB BU3HAYAIOTH 3HAUYCHHS
aKTUBHOTO PiBHS (HYJIS) Y BIAMOBIIHOMY pO3psii ABIMKOBOTO 4Hcia. K0 Ha BCIX
BXO0JlaX — JIOT1YHA OJMHUILA, TO HAa BCIX BUXO0JaX TaKOXK JIOT1YHA OJWHUIIS, 110 BIIIIO-
Bijae ynciy 0;9 B inBepcHOMY Kol (1111),. Skmio xou Ou Ha OAHOMY BXOJ1 € JIOT14-
HUW HYJIb, TO CTaH BUXIJIHUX CUTHAJIIB BU3HAYAETHCSA HAWOUIBIIIMM HOMEPOM BXOIY,
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Ha SIKOMY € JIOTIYHUW HYJIb, 1 HE 3aJICKUThH BiJl CHTHAJIIB Ha BXO/aX, 110 MAalOTh MEH-
mui Homep. 3rigHo 3 Tabnuiero (6.2) pyHKIIOHYBaHHS MPIOPUTETHOTO IUdparopa
JUTS BUXO/I1IB ﬁ., F_2, F_3, F4:

F1=X9 + X7X8X9 + X5X6XTX8X9 + X3IX4X5X6XTXS X9 +

+ XIX2X3X4X5X6 XTX8X9;

F2 = X7X8X9 + XBXTX8X9 + XIXAXEXEXTXE X9 + X2XIXAXEXEXT X8X9;

F3=X7X8X9 + XB6X7X8X9 + X5X6X7X8X9 + X4X5X6X7X8X9;

F4 = X9+ X8X9.
Tabmur 6.2 - TaGnuist icTUHHOCTI piopuTeTHOTO mHdpatopa «10 B 4»
Bxoaun Buxonu
XL | X2 | X3 | X4 | X5 | X6 | X7 | X8 | X9 | F4 | F3 | F2 | F1

1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1 1 1 1 1 0
X 0 1 1 1 1 1 1 1 1 1 0 1
X X 0 1 1 1 1 1 1 1 1 0 0
X X X 0 1 1 1 1 1 1 0 1 1
X X X X 0 1 1 1 1 1 0 1 0
X X X X X 0 1 1 1 1 0 0 1
X X X X X X 0 1 1 1 0 0 0
X X X X X X X 0 1 0 1 1 1
X X X X X X X X 0 0 1 1 0

[ToBTOpHUM 3acTOCYBaHHSIM /10 KOKHOI (QyHKIIi F; criBBiIHOIIEHHS anreOpu
norikn: A+FA=(A+F)(A+A)=(A+F)-1=A+F, moxna CIIPOCTHUTH iX 1 OTpH-
MaTy BUpa3H, SKI BU3HAYAIOTh BHYTPIIIHIO CTPYKTYpPY HPIOPUTETHOrO mKdparopa B
HOT0 OCHOBHIM YaCTHHI:

FL= X9 + X7X8 + X5X6X8 + X3X4X6X8 + XIX2X4X6X8;

F2 = X7X8X9 + X6X8X9 + X3X4X5X8X9 + X2X4X5X8XO;

F3=X7X8X9 + X6X8X9 + X5X8X9 + X4X8XO;

F4=X9+ X8.

Cxema mipioputetHoro mmdparopa «10 B 4» npeacraBieHa Ha pUCYHKY 6.2.

JIJ1st KOHCTpYIOBaHHS MH(PPATOPIB 3 OLIBIITUM YUCIOM BXO/IiB, TOOTO HAPOIILY-
BaHHs pO3psAAHOCTI mudpaTopa, 00'€IHYIOTh MIKpOcXeMH MupaTopiB 3 ITOAATKO-
BUMH BUBOJIAMH.

SIkmo Ha BxoO.l X1— noriunmii HYyJIb, @ Ha BCIX OCTaHHIX BXOJaxX — JIOT1YHA
OJIMHUIIS, TO HAa BUXOJIaX MPUCYTHI HACTYITHI CUTHAJIU: F1= 0, F2 = 1, F3 = 1, F4 =
1, uro Bignosigae yuciy 149 B inBepcHOMY Kol (1110),. Axkiro Ha Bxoa1 X9 noriyHuii
HYJIb, TO HE3aJIEKHO BiJ 1HIIMX BXIJHUX CUTHAIIB Ha BUXOJAaX MPUCYTHI HACTYIHI
curnamm: F1 = 0, F2 = 1, F3 = 1, F4 = 0, mo BiAMOBIA€ YUCTY 919 B IHBEPCHOMY
koi (0110)s.
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Pucynok 6.2 — Cxema nipiopuretnoro mudpatopa «10 B 4» (K5551B3)

[1ociI0BHICTD 1 MOPSAOK IPOBEJIEHHS POOOTH.

PoGota BUKOHYETHCS HAa HAOOPHOMY KOMYTAIIHHOMY TIOJII JIaOOpaTOPHOTO
creuay LOGIC ([Jomatok A) Ta BIpTyalibHO Ha CTEH]II B MPOrPaMHOMY 3a0€3MEUCHHI
Electronics Workbench.

1. Crennose obnagnannsa LOGIC no3Bosisie peanizyBaTi cXeMy HEMpPIOPUTET-
HOTO MH(paTopa i NpOBECTU aHaTI3 HOT0 (PYHKLIOHYBAHHSA Y CTATUYHOMY PEXKHUMI.

bynyetncs cxema mmdpatopa «4 B 2» Ha €JI€MEHTax eIeMEHTapHOT JIOTIKH.

2. IIpoBectu mocmimkeHHs (DYHKIIOHTYBaHHS cxemu mudparopa «4 B 2» y
CTaTUYHOMY PEKHMI 3T1IHO 3 TAOJIMIICIO ICTUHHOCTI.

3. Ha tepminam nporpamuoro 3ade3nedenHsi Electronics Workbench ¢gopmy-
ETHCS CXEMa EJICKTPUYHA MPIOPUTETHOTO IHdpaTopa «3 B 8» 3 N0JaTKOBUMH BHUBO-
JaMH, JIe aKTUBHUM pIBHEM Ha BXOJaX 1 BUXOAaX, € JioridyHa “1” (puc. 6.3). Cxema
Mae 8 mpsMUX BXOMIB 1 3 mpsimux Buxoau. Bona mae Bxin noszsony El, Buxin nepe-
HecenHsa EO 1 Buxin CS, sikuil BU3Ha4a€ 03HaKy BX1JHOTO 1H(QOPMAIIHHOTO CUTHAIY.
SAxmo Ha BCix iHGOpMaIIHHUX BXoAax jJoriuauit “0”, To mpu nomadi Ha Bxing E1 mo-
riuroi “1”, na Buxonax FO ... F3 1 G Oyayts snoriuni “0”, a Ha BUXO/1 MTEPEHECEHHS
EO — noriyna “1”. SIkmio akTuBi3yBaTH OAMH 3 1H(GOpPMAIIHUX BXOJIB (TIOJaTH HA
HBOTO JIOT14HY “1”’), TO Ha BUXOJaXx 3'SBUTHCS KOJ, SIKUW BIJMOBIJA€ HOMEPY aKTHBI-
30BaHOTO BXOJy, Ha Bxoi CS — yoriunHa “1”, sika € 03HaKOO 1MOjia4yl BX1IHOTO CUTHA-
ny, a Ha BuxoJii EQ — moriunuit “0”. SIkmio x cxema He aKTHBI30BaHa, TOOTO Ha BXIJ
no3Boity E1 momanwuii noriunuii “0”, TO Ha BCIX BUXOJaX CXEMH TaKOX Oyje Jorid-
Hui “0” He3aJIeXKHO BiJ] TOTO, 1110 Oyje nojane Ha iHdopMaliiiHi Bxoau (Tadi. 6.3).
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Pucynox 6.3 — ExcriepumeHTanpHa cxema npiopuretHoro mudpartopa "8 B 3" 3
J0JTaTKOBUMH BUBOJAMHU

Tabmuus 6.3 — Tabnuus QyHKIIOHYBaHHS MpiopuTeTHOro mmdparopa "8 B 3"
3 0AATKOBUMHU BUBOJIaMU

Bxonau Buxonn
El | X0 | X1 | X2 | X3 | X4 | X5 X6 | X7 | F2 | F1|F0|CS|EO
1 1 0 0 0 0 0 0 0 0 0 0 1 0
1 X 1 0 0 0 0 0 0 0 0 1 1 0
1 X X 1 0 0 0 0 0 0 1 0 1 0
1 X X X 1 0 0 0 0 0 1 1 1 0
1 X X X X 1 0 0 0 1 0 0 1 0
1 X X X X X 1 0 0 1 0 1 1 0
1 X X X X X X 1 0 1 1 0 1 0
1 X X X X X X X 1 1 1 1 1 0
1 0 0 0 0 0 0 0 0 0 0 0 0 1
0 X X X X X X X X 0 0 0 0 0

3rizHo Tabsumil (GYHKIIOHYBAHHS NPIOpUTETHOTO IudpaTopa it BuxoaiB F2,
F1, FO, CS, EO: o - -

F2 = (X7 + X6X7 + X5X6X7 + X4X5X6X7)EL;

FL= (X7 + X6X7 + X3X4X5X6X7 + X2X3X4X5X6X7)EL;

FO = (X7 + X5X6X7 + X3X4X5X6X7 + XIX2X3X4X5X6X7)EL;

CS=(X7+ X6+ X5+ X4+ X3+ X2+ X1+ X0)EL;

EO=X7-X6-X5-X4-X3-X2-X1-X0-El.

Cnpoctumo (PyHKIIIT TOBTOPHUM 3aCTOCYBAHHSIM CITIBBIIHOIIEHb anreOpu Jio-
IiKA 1 OTPUMAEMO BUPA3M, SIKI BU3HAYAIOTh BHYTPIIIHIO CTPYKTYPY NMPIOPUTETHOIO
mudpartopa "8 B 3" 3 104aTKOBUMHU BUBOJIaMHU B OTO OCHOBHII YaCTHHI:

F2 = (X7 + X6 + X5+ X4)E1;
FL= (X7 + X6 + X3X4X5 + X2X4X5)EL;
FO = (X7 + X5X6 + X3X4X6 + XIX2X4X6)EL.

Cxema mpiopuretHoro mudparopa "8 B 3" 3 m07aTKOBUMH BHUBOJAMU 3T1THO
PIBHSHHSAM (DYHKI1OHYBaHHS MIpeICTaBIeHa Ha PUCYHKY 6.4.
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Pucynok 6.4 - Cxema npiopuretHoro mudparopa "8 B 3" 3 101aTKOBUMU BU-
BOJaMU

4. Jlns 3a0e3nedeHHs NOCTIKeHHsT (PYHKIIOHYBaHHS femundparopa «4 B 16»
HEOOX1/1H1:

- JUKEpEo )KUBJICHHS TIOCTIHHOTO CTPYMY;

- mpiopuTeTHOro mudpartopa "8 B 3" 3 70JATKOBUMH BUBOJIAMU Ha €JIEMEHTaxX
€JIEeMEHTApPHOI JIOTIKH;

- MaHEeJb B110OpaXkeHHs 1HQopMaIlii;

- IPUJIaJAN KOHTPOITIIO (PYHKIIOHYBAHHS.

- KJIaBlaTypa BBe/IeHHs yHiTapHOro koay XO0...X8.

6. 3a momomMororw mpwianaiB mporpamHoro 3abesneudeHHs (Logic Analyzer)
MIPOBECTH KOHTPOJIb QYHKIIIOHYBAHHS CXEMH Ta 3HSATH BIAMOBIAHI qiarpamMu (QyHKIII-
OHYBaHHS.

7. Y 3BiTi npuBecTU: TaOIUI (PYHKITIOHYBAHHS, pO3paXyHKH, poOOUl Ta eKcre-
pPUMEHTaJIbHI CXeMH, JlarpaMu (PyHKI[IOHYBaHHS; 3p0OUTH PO3TOPHYTHUII BUCHOBOK.

KOHTpoJIbHI IUTaHHS

1. [Ipusnauenns mudparopa.

2. ®ynkuioHyBaHHs npiopuTeTHoro mudparopa KSS5MUB3.
3. @ynkuionyBaHHs npioputeTHoro mudparopa KS55MUBI.
4. HapouryBaHHs po3psAHOCTI MPIOPUTETHOTO K paTopa.

Jlitepatypa
1. BeproBkin JI.JI., Citansko M.B., KicenboB €. M., Xpunko C.JI. Iludpposa

CXeMOTexHiKa: miapydHuK. 3amopixoks : 3IA, 2016. 214 c.
2. 3yb6uyk B.U., Curopckuit B.I1., llkypo A.H. CnpaBounuk mo nudpoBoit
cxemorexuuke. K. : Beicm. mik., 1989. 424c.
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JlabopaTtopna po6ota No7/
JocaigxeHHs nnppoBux cxeM NOPIBHIHHSA KOAIB

MeTor BUKOHAHHS POOOTH € O3HAMOMIICHHS 3 TIPUHITUTIAMHU MTOOYIOBH Pi3HUX
CXEM MOPIBHSIHHS KOJ[IB KOMOIHAIIIITHOTO THUITY.

Ki1r040B1 TepMiHM Ta MOHSATTS: KOMITApATOP, MOPIBHSHHS, CKBIBAJICHTHICTD, 0a-
raToOpO3PsIIHI YKMCIIa, BUKIIIOYHA W3 IOHKIIIS, TMepeMUuKaIbHa (QyHKITIS.

[11aH TEOPETUYHOTO ONPAIFOBAHHS TEMHU.

1. 3acBoiTi mpUHIUT (PYHKIIIOHYBAHHS OJHOPA3PSAHOTO KOMIIApaTopa.

2. 3acBoiTy mpUHLKI (HYHKI[IOHYBaHHS OaraTopa3psaIHOro KOMIapaTopa.

3. 3acBOITH NPUHIUIH 30UTBIICHHS PO3PSIAHOCTI KOJIIB, K1 MOPIBHIOIOTHCA.

4. 3acBOiTH MOXKITUBICTH BUKOPUCTAHHS MIKPOCXEM KOMIapaTopiB.

MCTOI[I/I‘-IHi BKa31BKHU J0 BUBYCHHS ITMTAaHb Tda BHMKOHAHHS 3aBJdHb.

[MudpoBuMu mnpuctposMu KOMOIHAIIHHOTO TUMa a00 IUGPOBUMHU aBTOMa-
TamMu 0e3 mam'sTi Ha3uBalOThCS IUGPOBI MPUCTPOI, JIOTIUHI 3HAYEHHS HAa BHUXOI
AKUX OJHO3HAYHO BHU3HAUYAIOTHCS CYKYIHICTIO a00 KOMOIHAIl€l0 CUTHAIIB Ha
BXOJ/IaX B JaHU MOMEHT dacy.

CxeMu TOpIBHSHHSI KOJIB TMPHU3HAYEH1 JUIsl Opraxizaiii po0oTu unudpoBuUx
kommapatopis. [{udposi komnapaTopu (Bl aHTIIACEKOrO compare — MOpiBHIOBATH)
BUKOHYIOTh MOPIBHSHHS JBOX 4Mcell A, B 01HaKOBOI1 po3psaHOCTI, 3aJaHUX B JBIHi-
KOBOMY a00 JBIMKOBO-JECATKOBOMY KOJi. 3aJIEKHO BiJI CXeMHOTO BUKOHAHHSI KOM-
napaTopu MOXXYyThb BU3HayaTH piBHICTb A=B a0o HepiBHOCTI A<B, A>B. Pe3ynbrar
MOPIBHSHHSA B1IOOPAXKYETHCS Yy BUIJISL JOTYHOTO CUTHATY HAa OJHOWMEHHHX BHXO-
Jax.

@DyHKITIOHYBaHHS KOMIIapaTopa OMHUCYETHCS HACTYITHUMU PIBHSIHHSIMH:

lopu A=B
F.(A,B)=

Ompu A #B

1 A>B
F(AB)={ "

Ompu A <B

1 A<B
F(AB)={ ™"

Ompu A >B

3riJIHO 3 PIBHHSAHHAMM 1 TAOJIUIEIO BIAMOBIAHOCTI (Tabn 7.1) oTpumaemo pyH-
ki F1, F2, F3.

Ta6nuus 7.1- TaGauis BiATOBITHOCTI CXEMU KOMIIapaTopa

F.(A=B) F.(A>B) Fs(A<B)

1 0 0

L =l{=1p>
S == v

0 0
0 1
1 0

o o




FI=A-B+A-B;
F2=A-B;
F3=A-B.

Oynkuis F1 Hocuth Ha3By «(pyHKINS €KBIBAJCHTHOCTH» (PIBHO3HAYHOCTH).
Oynkiii F2 1 F3 HOoCcATh Ha3BY «pyHKIIS 3a00pOHaY.

[ToOynyeMo cxemy OIHOPO3PSIIHOTO KOMIapaTopa Ha JIOTIYHHX EJIEMEHTaX
(puc. 7.1).

A B

F3

Pucynok 7.1 — JloriuHa cxema 0JTHOpO3pSATHOTO KOMIIapaTopa

Haifuacrimie 3aBaaHHs MoJiArae y BU3HaU€HHI PIBHOZHAYHOCTI JBOX OaraTopo-
3psiiHuX KoAiB. JIBa koma X 1Y BBaxarOThCs PIBHUMHU, SKIIO MOMAPHO PiBHI iX OJI-
HoitmeHH1 po3psau. Oyukiis F(X=Y) aopiBHioe 1, k1o X; = Y; AJid BCIX 1, 1HAaKIIE i1
3HAYEHHS JOPIBHIOE HYJO. SIK MPUKIIA Bi3bMeMO JBa AB0x01ToBUX uncia X(AB) i
Y(CD). IlpaktuyHi cxemu J0NOBHIOIOTHCs GyHKIisiMA F(X>Y) 1 F(X<Y) (tabun. 7.2).

Tabmuus 7.2 — Tabnuug QyHKIIIOHYBaHHS CXEMHU MMOPIBHSHHS KOJIIB

Yucmoo X Yucmo Y
A B c D F(X=Y) FOX>Y) | F(X<Y)
0 0 0 0 1 0 0
0 0 0 1 0 0 1
0 0 1 0 0 0 1
0 0 1 1 0 0 1
0 1 0 0 0 1 0
0 1 0 1 1 0 0
0 1 1 0 0 0 1
0 1 1 1 0 0 1
1 0 0 0 0 1 0
1 0 0 1 0 1 0
1 0 1 0 1 0 0
1 0 1 1 0 0 1
1 1 0 0 0 1 0
1 1 0 1 0 1 0
1 1 1 0 0 1 0
1 1 1 1 1 0 0
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Cxnanemo kaptu KapHo cxemu mopiBHSHHS KOJiB (puc. 7.2).

FIX=Y) . AB A FIX>Y) AR A F(X<Y) _AB A

1
cDN_00_01 11 10 cpN_00 01 11 1 co™N_00 01 11 10
00| 1 00 E 00
01 1 01 [ 4 01|[1)
D D ] LD
1 1 1 . M_l‘;} M af
“ o 1 “l o 1 10l [ 4
-
B B B

Pucynok 7.2 - Kaptu KapHo cxemu mopiBHSHHSI KOJ1B

PiBHsIHHS (DYHKII1IOHYBaHHS IPUCTPOIO TOPIBHSAHHS KOMIB:

F(X =Y)=ABCD + ABCD + ABCD + ABCD=BD(AC + AC) + BD(AC + AC) =
=(AC+AC)-(BD+BD)=(A®C)-(B®D)=(A®C) + (B® D);
F(X>Y)=ABCD + ABCD +ABCD + ABCD + ABCD + ABCD = AC+BCD + ABD;
F(X<Y)=ABCD + ABCD + ABCD + ABCD + ABCD + ABCD = AC + BCD + ABD.
Cxema MOpiBHSIHHS ABOXPO3PSAHUX KOJIIB MPEICTaBICHA Ha PUCYHKY 7.3.
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Pucynox 7.3 — Cxema npucTporo NOPIBHIHHS ABOXPO3PSITHUX KOJIIB

[Ipu mopiBHAHHI 6AaraTopo3psIAHUX YHUCEN AITOPUTM TaKUi — CIIOYaTKy MOPiB-
HIOIOTh 3HAYEHHS CTapIIMX PO3PSIiB; SKIIO BOHU Pi3HI, TO Il PO3PSAIU 1 BUBHAYAIOTH
pe3ynbTaT MOPiBHSAHHS. SIKIIO kK BOHU PiBHI, TO HEOOX1HO MOPIBHIOBATH HACTYIIHI 3a
HUMHM O1JIBIII MOJIOJIII PO3PS/IU 1 TaK JaIi.

[MudpoBi KOMIapaTopy 3aCTOCOBYIOTHCS JJI BHSIBICHHS TMOTPIOHOTO YHCiIa
(xomy) B 1iu(pOBUX MOCIIIOBHOCTSIX, JJI BIAMITKH 4acy B TOJUHHUX MPHIIAJIAX, IJIs
BUKOHAHHS YMOBHHUX IEPEXOJIiB B 00UMCITIOBAILHUX MPUCTPosx, B AJIIT mikpompo-
IIECOPIB, a TAKOXK B aJIPECHUX CEJIEKTOPAX.
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[ToCmiIOBHICTH 1 MOPSAOK IPOBEICHHS POOOTH.

PoGoTa BUKOHYEThCS Ha HAOOPHOMY KOMYTAIlIMHOMY TOJII J1aOOpaTOpPHOTO
creuay LOGIC ([Jonatok A) Ta BIpTyalibHO Ha CTEH/II B MPOrpaMHOMY 3a0€3MEUEHHI
Electronics Workbench.

1. CrennoBe obmagnanus LOGIC no3Bosisie peamizyBaTu CXeMy JIBOXPO3PSiI-
HOTO KOMIapaTopa 1 MPOBECTH aHaIi3 HOro (PyHKIIOHYBaHHS y CTATUYHOMY PEKUMI.

[TopiBHIOIOTBCS N1Ba nBOXpo3psiaHux yucia X(AB) 1 Y(CD). ®opmyroTscst Tpu
Buxojya F(X=Y), F(X>Y) i F(X<Y) (puc. 6.3).

2. Cxema ¢yHkii piBHO3HaYHICTH HA JTabopatopraoMy cteHai LOGIC motpe-
Oye NesIKUX CXEeMHUX PIllICHb.

3. IIpoBectu mocmiKeHHs] PYHKIIIOHTYBaHHSA CXEMH JBOXPO3PSIHOTO KOMIIa-
paTopa y CTAaTHYHOMY PEXHUMI 3T1IHO 3 TaOJIUIICIO ICTHHHOCTI (Tadu. 6.2).

4. Ha tepminani nporpamuoro 3adesneueHHst Electronics Workbench ¢gopmy-
€THCSI CXEMa JIEKTPUYHA JIBOXPO3PSITHOTO KOMITapaTopa.

KommapaTtop mae 4 tymOuepa, st BBEJIEHHS JABOX JBOXPO3PSIHUX (Y JIBIMKO-
BOMY Koji) uucen (puc. 7.4). BkitoueHe monoxeHHs TymOJiepa BIINOBIAE CUTHAITY
“JIoriyHa OJIUHUILIS”, BAMKHEHE - CUTHAITY “JoriyHui Hynb . TymMOnepu MOXKIUBO 3a-
MIHUTH [UISIXOM IMITYBaHHSI YHCETI, sIKI CyMYIOThCS, 3a qoriomororo Word Generator.

Q O O

X

J S

3
A
~3
A

Pucynok 7.4 — KnaBiarypa BBeneHHs iHGOpMAaIIil y ABOXPO3PSIIHUIM KOMITapa-
TOp

5. Jlns 3a6e3neueHHs TOCHiKeHH QYyHKIIOHYBAaHHS JTBOXPO3PSIHOTO KOMIIa-
paTopa HEOOX1HI:

- JUKEpEeJo KUBJIEHHS IOCTIHHOTO CTPYMY;

- IBOXPO3PSAIHUIN KOMIIApaTOp Ha €JIEMEHTAX €JIeMEHTapHOI JOTIKH;

- MaHEeJb B11I0OpaXkeHHs 1HQOopMalii;

- IPUJIaJAN KOHTPOJTIO (PYHKIIOHYBAHHS.

6. [TocmimoBHo 3’eqHatu 3anporpamoBanuii Word Generator 3 koMmapaTtopom.

7. 3a pomoMoror mnpuiaaiB mporpamHoro 3abesneueHHst (Logic Analyzer)
MIPOBECTH KOHTPOJIb (YHKIIOHYBAHHS CXEMH Ta 3HATH BIANOBIAHI Alarpamu QyHKIII-
OHYBaHHSI.

8. Po3paxyBatu Ta moOynyBaTH cXeMy HOPIBHAHHSA JABOX YOTUPBXPO3PSIHUX
YHCeN Ha €JIEMEHTaX BUKIIOYHA I3 IOHKIIS (puc. 7.5) BIAMOBIAHO A0 Tadmui (QyH-
KIIIOHYBaHHS Ta PO3paxyHKY, 3T1IHO HACTYITHOTO aJrOpUTMa.
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F(A=B)=(AlBl+ AlB1)- (A2B2+ A2B2) - (A3B3+ A3B3) - (A4B4 + A4B4)
BukoHaeMo mepeTBOpeHHS B PIBHSHHI 3 ypaxyBaHHSAM TOToO, IO
FI(x,y) =F6(X,y), 1 naBnaku (Tabm. 1.1).

F(A =B) = (A1BL+ A1B1) + (A2B2 + A2B2) + (A3B3 + A3B3) + (A4B4 + A4B4)

A4 A3 AZ AT g4 B3 B2 B1

o —xx | OO0 OOO®

Ascll [ ] .
J Binary [0000000010100000

OV CHOTEAM Y

\Word Generator \ 2
MA

BEEE | -
642 :l Bt [o00% | Cycle]
Current [3003 Burst
oass Initial  [0000 Step
gggg Final [000% Breakpoint |
@a11 X Pattern...
sog e
gagn RN Eeemal | B 2| &
BEEGE ~ Frequency =
BEEE a
nans ready (%
BEEE
BEEE
BEGE

Il [ og
1

O

&

@

&

O

&

&

i

...

...

...

&
stop E oo = @ _CIOCkclocks per division |4T—ﬁgger|2|

Set... Set...

[eser]| T External (ﬁ.lalifier % | Dualifier (%

Pucynok 7.5 - Cxema NOpiBHSIHHS ABOX YOTUPBXPO3PATHUX YHACET

8. Y 3BITI npuBecTU: TaOIMI (PYHKIIIOHYBaHHS, pO3paxyHKH, poOoyl Ta eKcre-
PUMEHTaJIbHI CXEMH, J1arpaMu GyHKIIOHYBaHHS; 3p0OUTH PO3rOPHYTHI BUCHOBOK.

KoHTpOJIbHI TUTAHHS

1. ITpuzHaueHHss komMOaparopa.

2. BukopuctanHs KkoMmaparopa.

3. Tabnuiist ICTHHHOCTI OHOPO3PSAHOTO KOMIIapaTopa.

4. Anroputm poboTH 1 cxema, sika peasizye (PyHKIIII0 pIBHOCTI IBOX Oaratopo-
3pSATHAX YHUCEIL.

Jliteparypa

1. Beproskin JIJI. [ludpora cxemotexnika: ITiapyunuk [Tekcr] / JI.JI. Bepwo-
BKiH, M.B. Ceitanbko, €.M. Kicenson, C.JI. Xpunko. 3anopixoks : 3/11A, 2016. 214
C.

2. Kopunnckuii A.I1., OcHoBBI I pOBOI cxeMOoTeXHUKH: YueOH. mocooue. K.:
KMVTA, 2000. 276c¢.
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JlabopaTtopna po6ota Ne§
JocainxeHHss uM(PPOBUX CXeM NepPeTBOPIOBAaYiB KOAIB

MeTor BUKOHAHHS POOOTH € O3HAMOMIICHHS 3 TIPUHITUTIAMHU MTOOYIOBH Pi3HUX
CXEM IepeTBOPIOBAYIB KOJI1B KOMOIHAIIIHHOTO THITY.

KiIr04oBi TEpMiHU Ta MOHATTS. BaroBl NMEPETBOPIOBAYi, HEBAroBi MEPETBOPIO-
Bayl, CUCTeMa YHUCJICHHS, KOJIU YUCeJ, Oreparlii 3MiHU KOJIy YK CEel, BiJOOpaKeHHS.

[11aH TEOPETUIHOTO OMPAIFOBAHHS TEMH.

1. 3acBoitu mpuHLUI MOOYA0BU 1 (DYHKIIOHYBaHHS BaroBUX MEPETBOPIOBAYIB

KOAY.
2. 3acBoiTy mpUHLHUI OOYI0BU 1 (GYHKI[IOHYBAaHHSI HEBAarOBUX IEPETBOPIOBA-
9iB KOTY.
3. 3acBOITH NPUHIUIH 30UTBIICHHS PO3PSIAHOCTI KOJIIB, K1 MOPIBHIOIOTHCA.
4. 3acBOiTH MOKJIUBICTh BUKOPUCTAaHHS MIKPOCXEM KOMIIapaTOpiB.

MeTonu4Hi BKa3iBKH /10 BABYCHHS MMTAaHb T BUKOHAHHS 3aBJIaHb.

Omnepariisi 3MiHM KOJly YMCJIa HA3UBAETHCS MOTO MEPEKOyBaHHSAM. [HTEerpalibHi
MIKPOCXEMHU, [0 BUKOHYIOThH IIi OIepallli, Ha3uBaIOThCS MEPETBOPIOBAYAMH KOIY.
[lepeTBoproBaui Koy OyBaroTh MPOCTI 1 CKIaaHI. /o MpOCTUX BIAHOCATHCS MEPETBO-
pIoBadl, SIKi BUKOHYIOTh CTaHJAPTHI ONEpallii 3MIHU KOy YMCEJl, HAlPUKJIIa, epeT-
BOPEHb JBIMKOBOTO KOJy B JAECSITKOBHI a00 3BOpOTHY omnepauito. CKiagHl nepeTBo-
pIOBayl KOy BUKOHYIOTh HECTaHAAPTHI NMEPETBOPEHHS KOAY 1 X CXEMHU JOBOJAUTHCA
PO3pOOJIATH KOKEH pa3 3a JOMOMOIOI0 aNre0pH JIOTIKH.

[To cBoili cTpyKTypl MepeTBOPIOBaul KOy SIBIISIIOTHCS JemmdpaTopamu, TUIBKH
BOHHU MEPETBOPIOIOTH BIMKOBUIN KOJ| B CUTHAJIM HE JIMIIE HAa OJJHOMY, ajle 1 Ha JEKLUIb-
Kox Buxojax. [leperBoproBadi Koy MarOTh N BXO/I1B 1 m BUX0/iB. CITIBBIIHOIIEHHS MK
n 1 m MOXYTh OyTH OyAb-aKHUMH: N = M, N < M i n > M. [Ipu nepeTBOpeHHI KOIIB YH-
ceJl 3 HUMU MOXYTh BUKOHYBATHUCA P13HI JOJATKOBI onepariii, HanpyuKiaa, MHOXKEHHS
Ha BaroBi KOE(ILIEHTH.

[lepeTBOproBayi Koy MOXKYTh OyTH BaroBUMH 1 HeBaroBuMH. Barosi neperBo-
proBadi KOy MEepPEeTBOPIOIOTH 1H(POPMAILIIIO 3 OJIHIET CUCTEMU YUCIEeHHS B iHIIY. Oc-
HOBHE NPU3HAYEHHS! HEBArOBUX — MEPETBOPEHHA 1HPOpMaLii 11 il MOJaIbIIoro Bi-
noOpaxeHHs. Po3ristHemMo BaroBuil mepeTBOprOBad JBIMKOBOIO KONy B LIMKJIIYHHUMA
kon ['pes. HeoOximHo moOymyBaTu Tabnuit0 (QyHKI[IOHYBaHHS TEpETBOPIOBaYa
(tabm. 8.1). CxmaneMo piBHSHHS (YHKIIOHYBAHHS MPUCTPOIO 1 CIPOCTUMO iX 3a J0-
noMororo kapt Kapso.

Al=YA4Y3Y2Y1+ Y4Y3Y2Y1+ YAY3Y2Y1+ YAY3Y2Y1+ Y4Y3Y2Y1+

+YAY3Y2Y1+Y4AY3Y2Y1+ YAY3Y2Y1=Y1IY2+ YIY2=Y2® Y],

A2=Y4Y3Y2Y1+ YAY3Y2Y1+YAY3Y2Y1+ YAY3Y2Y1+YAY3Y2Y 1+

+YAY3Y2Y1+ YAY3Y2Y1+YAY3Y2Y1=Y3Y2+Y3Y2Y =Y3D Y2;

A3=YAY3Y2Y1+YAY3Y2Y1+ Y4Y3Y2Y1+ YAY3Y2Y1+ YAY3Y2Y1+

+YAY3Y2Y1+Y4AY3Y2Y1+ Y4Y3Y3Y1=YAY3+YAY3=Y4D Y3,

A4=YAY3Y2Y1+Y4AY3Y2Y1+YAY3Y2Y1+ YAY3Y2Y1+YAY3Y2Y1+
+Y4Y3Y2Y1+ YAY3Y2Y1+ Y4Y3Y3Y1=Y4,
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Tabnung 8.1 - Tabnuus QyHKIIIOHYBaHHS MEPETBOPIOBayYa JABIIKOBOTO KOIY B
UKTIYHUN Kof ['pes

JIBIAKOBUM KO Huxmigauii kox ['pest
Y4 Y3 Y2 Y1 A4 A3 A2 Al
0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 1
0 0 1 0 0 0 1 1
0 0 1 1 0 0 1 0
0 1 0 0 0 1 1 0
0 1 0 1 0 1 1 1
0 1 1 0 0 1 0 1
0 1 1 1 0 1 0 0
1 0 0 0 1 1 0 0
1 0 0 1 1 1 0 1
1 0 1 0 1 1 1 1
1 0 1 1 1 1 1 0
1 1 0 0 1 0 1 0
1 1 0 1 1 0 1 1
1 1 1 0 1 0 0 1
1 1 1 1 1 0 0 0

3rilHO 3 OTPUMAHUMHU DPIBHAHHIMHU (YHKIIIOHAJIbHA CXEMa IepeTBOPIOBaya
JIBINKOBOTO KOy B IIMKIIIYHUHN KOJ ['pest mpenicraBiieHa Ha pUCYHKY 8.1.

o

e =1
g {——————— A
Y3 oo
R, =1
—{ Az
ooz
=1
—{ A3
O a4

Pucynok 8.1 - dyHkiioHanpHa cxeMa nepeTBoproBaya JBIMKOBOTO KOJY B IU-
KINYHAHN Kox ['pes

[1oCiI0BHICTH 1 MOPSAOK IPOBEICHHS POOOTH.

Po6ota BHUKOHYyeTbCA Ha HAOOPHOMY KOMYTalIHOMY MOJi J1a00paTOpHOTO
creaay LOGIC ([lomatok A) Ta BIpTyalibHO Ha CTEH/II B IPOrPaMHOMY 3a0€3TEUCHHI
Electronics Workbench.
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1. Crennose obmagnanus LOGIC no3Bossie peani3yBaTu CXeMy BaroBOro Ie-
pPETBOpIOBaUa IBIMKOBOTO KOy B JIBIHKOBO-JECATKOBUI KO 1 MPOBECTH aHAi3 HOTO
(hYHKIIIOHYBAHHS Y CTATUYHOMY PEXKHMI.

[ToOymyBaTu cxeMy BaroBOro IMEpPEeTBOpIOBada Ha EJIEMEHTaxX eJIeMEHTapHOi
JIOT1KHY 3T1THO 3 TaOJIUIICIO ICTUHHOCTI (Tabi1. 8.2).

Tabmug 8.2 — Anroput™m GyHKIIIOHYBaHHS MEepEeTBOpPIOBaya JABIMKOBOTO KOy
B JIBIKOBO-IECITKOBUI KO

Dec| A4 | A3 | A2 | A1 | F8 | F7T | F6 | F5 | F4 | F3 | F2 | F1
0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 0 1 0 0 0 0 0 0 0 1
2 0 0 1 0 0 0 0 0 0 0 1 0
3 0 0 1 1 0 0 0 0 0 0 1 1
4 0 1 0 0 0 0 0 0 0 1 0 0
3 0 1 0 1 0 0 0 0 0 1 0 1
6 0 1 1 0 0 0 0 0 0 1 1 0
7 0 1 1 1 0 0 0 0 0 1 1 1
8 1 0 0 0 0 0 0 0 1 0 0 0
9 1 0 0 1 0 0 0 0 1 0 0 1

10 1 0 1 0 0 0 0 1 0 0 0 0
11 1 0 1 1 0 0 0 1 0 0 0 1
12 1 1 0 0 0 0 0 1 0 0 1 0
13 1 1 0 1 0 0 0 1 0 0 1 1
14 1 1 1 0 0 0 0 1 0 1 0 0
15 1 1 1 1 0 0 0 1 0 1 0 1

2. IlpoBectu nociiKeHHsT (PYHKI[IOHTYBaHHS CXEMH BaroBOIO NMEPETBOPIOBAYA
Yy CTATUYHOMY PEKUMI.

3. Ha tepminani nporpamuoro 3abe3sneuenns Electronics Workbench dbopmy-
€ThCSI CXeMa HEBAaroBOT'O MEPETBOPIOBaYa JBIHKOBOTO KOJIY B KOJl CEMHCETMEHTHOTO
inaukatopa. [lepeTBoproBau mae 4 TymOiepa, JUisl BBEACHHS YOTHPBHOXPO3PSAHOTO
KOy YHCell, OCKUIBKH JJIsl KOAYBaHHs JecaTKOBUX nudp Big 0 10 9 BucTavae 4oTupu
JBIKOBHUX PO3PSIH, i CIM BUXOJIB, IOOJMHII HAa KOXKEH cerMeHT (puc. 8.2). Bkio-
YeHe TI0JI0KEHHS TyMOJIepa BIANOBIIa€ CUTHATY “TIOT1YHA OJMHHUIIS, BAMKHEHE - CH-
rHay “noriyHuil Hynp’. TymOiepu MOXKIMBO 3aMIHUTH IUISIXOM IMITYBaHHS BBe-
AeHHs Koy 3a fonoMororo Word Generator.

3 anroputMy (DyHKITIOHYBaHHS TIEPETBOPIOBaYa KOy 3p03yMisio 1o B mudpi 0
MOBUHHI CBITUTHUCS BC1 CETMEHTHU 3a BUHATKOM CETMEHTY g, B Lu(pi 1 cBITATHCS JH-
1€ J1Ba CETMEHTU b 1 C 1 T. 1. Y 3B’SI3KY 3 TUM IIIO 1HIAUKATOP MOXKE BiIOOpA3UTH JTH-
e 1udpu Bia 0 1o 9, B 1orivHOMYy HaOOp1 ISl YHOTUPHOX 3MIHHUX - A1 uudp Big 10
10 15 - cTaHu BUXIIHUX CUTHAJIIB € HEAKTUBOBAaHUMU. ToMy, mpu MiHiMizamii QyHK-

1 BUXOJIIB, IX MOKHA JIOBU3HAYUTH (BBa)XKaTH 10 MO3HA4YKa X — joriyHa “1”), mo
CIIPOIIIY€E CXEMY MEPETBOPIOBaYA KOY.
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Pucynok 8.2 - [lepeTBoproBay ABIHKOBOTO KOy B KOJI CEMUCETMEHTHOT'O 1H]IU-
Karopa

4. Ins 3a0e3rneyeHHs JOCTIHKeHHsT (PYHKIIIOHYBaHHS TIEPETBOPIOBava JBIMKO-
BOT'0 KOAY B KOJl CEMUCETMEHTHOTO 1HMKaTOpa HEOOX1/THI:

- JDKEPEIIO KUBJICHHSI IIOCTIHHOTO CTPYMY;

- MepeTBOpIOBaYa JIBIMKOBOTO KOAY B KOJI CEMHUCETMEHTHOTO iHIMKAaTopa Ha
€JIEMEHTaX €JIEMEHTAPHOT JIOTIKH;

- CEMHCETMEHTHHI 1HIUKATOp B1I0OOpaxkeHHs 1H(popMaii;

- IpUJIaJAN KOHTPOJIIO (PYHKI[1OHYBaHHS.

5. IMocmimoBHo 3’eqHath 3amporpamoBanuii Word Generator 3 HeBaroBum Iie-
PETBOPIOBAYEM.

6. 3a momomMororw mpwianaiB mporpamHoro 3abesneueHHs (Logic Analyzer)
MIPOBECTH KOHTPOJIb QYHKIIIOHYBAHHS CXEMH Ta 3HSATH BIAMOBIAHI qiarpamMu (QyHKIII-
OHYBaHHS.

7. Y 3BiTi npuBecTH: TaOIUIl (PYHKIIIOHYBAaHHSI, pO3paXyHKH, poO0OUl Ta eKcre-
pPUMEHTaJIbHI CXeMH, JlarpamMu (PyHKI[IOHYBaHHS; 3p0OUTH PO3TOPHYTHUI BUCHOBOK.

KoHTpOJIbHI TUTAHHS

1. [Ipu3HaueHHs MepeTBOPIOBAYIB KOIIB.

2. [Tpunnunm noOy1I0BU MIEPETBOPIOBAUIB KO/IiB.

3. [lepeTBoproBay ABIHKOBOTO KOy B KO 3 HATUIITKOM 3.
4. TlepeTBOptoBay JIBIKOBOTO KOAY B 10JJATKOBUM KO/I.

5. IlepeTBOproBay ABIMKOBOTO KOAY B KOJ 3 HAJJIUIIIKOM 4.

Jliteparypa
1. BeproBkin JI.JI., Ceitansko M.B., KicenvoB €.M., Xpunko C.JI. Iludpposa

CXeMOTexHika: miapydnuk. 3amopixoks : 31A, 2016. 214 c.
2. boiiko B.1., T'ypxiit A.M., XKyiikoB B.Sl. OCHOBH CXeMOTEXHIKH €JIEKTPOH-
Hux cucteM: [ligpyunuk . K. : Buma mk., 2004. 527 c.
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JlabopaTtopHua po6ota Ne9
JlocaigaxeHHs cXeM MOCJiIOBHICTHUX IM(POBHUX pericTpis

MeTo10 BUKOHAHHS pOOOTH € 03HAHOMJICHHS 3 MPUHLIUIIAMH TOOYJOBH Pi3HUX
cXxeM 30epeKeHHS 1 MepeTBOpeHHs 0araTopo3psaIHUX ABIMKOBUX YUCEI.

Ki1r04oB1 TepMiHU Ta TOHATTS: TPUTEP, PETICTpP, MapaeibHa iHdopMallis, 1moc-
J110BHA 1H(pOpMAaITis, TaM'sITh, TAKTOBUH IMITYJIbC.

[11aH TEOPETUYHOTO ONPAIFOBAHHS TEMHU.

1. 3acBoitu npunnun nodynosu nudposux tpurepis RS, RST, JK, T, D Tumnis.

2. 3acBOiTH IPUHLIKI TOOYI0BU MapajeIbHUX PEriCTpiB.

3. 3acBOiTH NPUHIUIHN TOO0YIOBH MOCTIIOBHUX PETICTPIB.

4. 3acBOiTH IPUHLIUIK TOOYI0BU MapajeibHO-TIOCIIOBHUX PETICTPIB.

MeToanyHi BKa3iBKH 10 BUBYCHHS MUTAHb TA BUKOHAHHS 3aBIaHb.

[Mudposi pericTpu — 1ie MPUCTPOI, MPU3HAUECHI JIJIs1 30epiraHHs 1 IepEeTBOPEHHS
0aratopo3psAIHUX JBIMKOBUX 4HuceNl. Tpurepu — 3amam’siTOBYIOYl €JI€MEHTH PericT-
piB. IX KilbKicTh OpiBHIOE PO3PAAHOCTI YMcen, Mo 30epiraroThes. OKpiM TpUTEPiB
pericTpu MICTATh TaKOX KOMOIHAIlIHI CXEMH, PU3HAYCHI JIs BBEJICHHS 1 BUBEJCH-
HS YuCe, 10 30epiraroThCs, MEPETBOPEHHS X KOJIIB, 3CYyBaHHS KOJIIB Ha T€ a00 1HIIIE
yucio po3psaaiB. [Hdopmarlisi B perictpax 30epiraerbes, sIK MPaBUIIO, MPOTATOM Jie-
AKOT KIJTbKOCTI TaKTiB.

3asie’kHO BiJ crocoOy mpuiiomy 1 Buaadi iH(opmalli perictpu IUIsATbCA Ha
rpynu: 3 napajieJbHUM MPUIAOMOM 1 BUaayero iHdopmarlii (perictpu nam’sri); 3 moc-
J1JOBHUM MPUHOMOM 1 BHIauero 1H(GopMallii; 3 MOCIIIOBHUM IPUIOMOM 1 Hapajelib-
HOIO BUJauero iHdopMallii; 3 mapajieIbHUM MPUAOMOM 1 MOCIIIIOBHOKO BHIAU€HO 1H-
dbopmariii 1 KOMOIHOBaHI (PETICTPHU 3CYBY).

[TapanenbHi pericTpu - e MPUCTPOi, MPU3HAYEHI JIJIS 3aIUCYy, 30epiraHHs 1 Ha-
naHHs 1H(OpMAaIlli, MpeaCTaBIeHO] Y BUTIISIL JBIMKOBOTO Koay. Jist 30epiranHs Ko-
’KHOTO JIBINKOBOTO PO3PSy B PETICTPl BUKOPUCTOBYETHCS OJHA TPUTE€pPHA KOMIipKa.
Jlns 3amaM'siTOByBaHHS 0araTOpPO3PSIHUX CIIIB HEOOXIJTHE YHMCIIO TpUrepiB 00'€THY-
I0Th Pa30M 1 PO3TJISAAIOTH K €AMHUN (yHKIIOHATBLHUMN By301 — perictp. [lpu mogaui
ynpasisitoyoro curnany C = 1, indopmaris mo Bxogax D1 — D4 3anucyerbcs 01HO-
yacHO (MapajieIbHUM KOJIOM) Y BIJINMOBIIHI PO3psiiK 4OTHUPbhox D—Tpurepis (puc. 9.1).
IIpu C = R = 0 indopmartisi 30epiraerbcst B perictpi nam'siti, a npu R = 1 BigOyBa-
€ThCS NapaJieIbHE 3YMTYBaHHS 1H(OpMaIii.

VY pericTpi 3 NOCTIAOBHUM BBEJACHHIM BHUKOHY€ETHCS MOCIIIOBHUI 3CYB 1H(OP-
Mailii, 0 HaJXOJUTh Ha BX1Jl, HA OJIMH PO3Ps BIPABO B KOXKHOMY TaKTi CUHXPOCHT-
HaiB. [licis mpOXOo/KEHHSI M CHHXPOIMITYJIbCIB BECh PETICTP BUSBISETHCS 3alIOBHE-
HUM po3psaamu uncia D, 1 nepumii po3psan uucna (Dg) 3'sBaseTscst Ha Buxoai Qq pe-
rictpa. [IpoTsaroM noganbiux m CUHXPOIMITYJIbCIB BUKOHY€ETHCS OCIIJOBHUIN MTOPO-
3pAIHUN BUBIJA 3 PEricTpa 3alMCcaHOr0 YMCia, MICHS YOTO PETiCTP BUSBISETHCS MOB-
HICTIO ounileHnM. Cxema 4OTUPhOXPO3PSATHOTO PETICTpa 3CyBY MPHUBECHA HA PUCY-
HKY 9.2. 3aBasku TOMy, IO BUXIJ MOMEPEAHHOTO PO3PSALY CIIOTYUYEHUU 3 BXOJOM
«D» moaanpioro, KOXeH TaKTOBUH IMITYJIbC BCTAHOBITIOE TIOJIAJIBIIIMI TPUTEDP B CTaH,
B SIKOMY JI0 IIhOTO 3HAXOMBCS MOTIEPETHIN.
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Pucynok 9.1 — ITapanenbuuii perictp Ha TakToBaHuX D—Tpurepax

a1 Q2

Q3 Q4
DD DDz DD3 J D4

= TT =] - TT =] = TT

Pucynok 9.2 — HoTupboXpo3psgHUil peETiCTp 3CyBY

KOXHUM TakTOBUM IMITYJILCOM B PEricTpl BiIOYBa€ThCA 3CYB 4YMCIIa HAa OOUH
po3psa BipaBo. YoTUPOXPO3PsIAHE YUCITO Oy/1e MOBHICTIO 3alTUCAHO B PETICTP MICHs
YEeTBEPTOr0 TAKTOBOTO IMITYNbCy. [0 MpUXOay HACTYIMHOTO TAaKTOBOTO IMITYJBCY I1€
YHCIIO 30€epiraeThCs B PETiCTpl y BUIIIAI NapaienbHoro koay Ha BuBogax Ql ... Q4.
SAxmo HeoOXigHO oTpUMaTH 1H(GOpPMAIIiI0 B TTOCTIJOBHOMY KO/I1, TO ii 3HIMAIOTh 3 BH-
xoty Q4 B MOMEHTH MPUXOy HACTYIMHUX TPhOX TAKTOBUX IMITYJLCIB. Takui pexxum
HA3UBAETHCS PEKUMOM IOCIIIOBHOTO 3UUTYBAHHS.

VY mapanenbHO-TIOCIIIOBHOMY pericTpl 3amuc iHdopmarllii BiI0yBa€ThCS B Ta-
pajieTbHOMY KO/, a 3UMTyBaHHS B nociiioBHoMy. Ha pucynky 9.3 nokazanuil npux-
naja mo0yioBU Takoro perictpa Ha JK—tpurepax.

D1
D2
D3

&l Buxig

| Qj'm
| r;|r7
T

L DDe
R

Januc

34MTYBAHHA

Pucynox 9.3 — IlapanenbHO-TIOCTITIOBHUIMA PETICTP
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3anuc yncia B PEricTp B MapaneabHOMY KOJI1 BiAOYBa€eThCs MPH Mojadi yucia
Ha Bxoau D1, D2, D3 1 curnany «1» Ha BX11 «3amucy.

Jli1g moOy0BH MOCIIIOBHO — MapaJIeJIbHOIO PEricTpa JOCTaTHbO B MOCIIJOB-
HOMY PETICTpl OpraHi3yBaTH NapajiesibHE 3UMTYBAaHHS, BUKOPUCTOBYIOUYM JOJATKOBI

enemenTu I — HI, sik 11e mokazaHo Ha pUCyHKY 9.4.
Q1 Q2 Q3

ooz CC4 (M)
& &

D1 Ch2

D o I K= = T L=

3anuc J__Ti___!TL_ [_Ati___:r;_

SUUTYBAHHA

Pucynox 9.4 — IlocnigoBHO-TTapaieIbHANR PETICTP

[Ipu momaui curHainy «1» Ha BXiJ «34UTyBaHHS» 3HAUCHHS pO3pAIiB uncia D
3 IHBEPCHUX BUXOJIB TPUTepiB MOCTynawTh Ha Buxoau Ql, Q2, Q3 yepes enemeH-
™ [ — HI.

[1ociI0BHICTD 1 MOPSAOK IPOBEJICHHS POOOTH.

PoGota BUKOHYEThCS HA HAOOPHOMY KOMYTAIIHHOMY TIOJI JIaOOpaTOPHOTO
creuay TRIGGER ([omarok B) Ta BipTyanbHO Ha CTEH[II B IporpaMHOMY 3abe3re-
yeHH1 Electronics Workbench.

1. CrennoBe obnanHanns TRIGGER no3Bosisie peanizyBaTu CXeMHU PETICTPIB
Ta MPOBECTH aHAII3 X (PYHKI[IOHYBAHHS Y CTATUYHOMY Ta JUHAMIYHOMY PEXUMAaX.

2. [ToOynyBaTu cxeMy mapanenbHoro perictpa Ha D-tpurepax (puc. 9.1).

[IpoBecTn nocimikeHHs PYHKIIOHYBaHHS CXE€MHU PEricTpa mam’siTi y CTaTuy-
HOMY Ta JUHAUIYHOMY PEKHMaX.

3. [TobynyBaTu cxemy mocCiIOBHOTO perictpa Ha D-Tpurepax (puc. 9.2).

[TpoBecTu gocmimxeHHsT PYHKITIOHTYBAaHHS CXEMH PETIiCTpa 3CyBY y CTAaTUYHO-
My Ta TUHAUIYHOMY PEKUMAaX.

4. Ha Tepminam nporpamuoro 3abesneueHusi Electronics Workbench dopmy-
€THCSI CXEMa eJIEKTPUYHA MapayiesIbHO—TIOCiJOBHOTO perictpa Ha JK—Trpurepax (puc.
9.3). Y npuBeneHiii cxemi JK—tpurepu nsiui neperBopeni B D—rpurepu. OaHe nepe-
TBOPEHHS 3/1MCHEHE ISl OpraHi3allii 3amucy 3 BUKOPUCTaHHSIM JIOMOMDKHHUX 1HBEpC-
Hux BxoAiB S 1 R 1, nonaBanuam nBox enementiB [-HI (puc. 9.5).

c

o |B
ol

Pucynox 9.5 — D—tpurep na ocHoBi RS—tpurepa
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5. Jns 3abe3nedeHHs AOCHIKEHHS  (QYHKIIOHYBaHHS  MapajesibHO—
MOCJTIIOBHOTO PETicTpa HEOOXI/THI:

- JKEPEJIO KUBJICHHSI IOCTIMHOTO CTPYMY;

- THapajeIbHO-TIOCHIIOBHUNM PETICTp Ha eJIeMEHTaxX eJIEMEHTapHOI JIOTIKU Ta
JK—tpurepax;

- MaHeb BII0OpakeHHs 1H(pOopMaIlii;

- IPUJIaJN KOHTPOITIO (PYHKIIOHYBAHHS.

6. [TocmimoBHo 3’eqHaru 3anporpamoBanuii Word Generator 3 perictpom.

7. 3a momoMororw mpwiIagiB mporpamHoro 3abesmedeHHs (Logic Analyzer)
MIPOBECTU KOHTPOJb (DYHKIIOHYBAHHS CXEMH Ta 3HATU BIAMOBIIHI JIilarpaMu (PyHKIIi-
OHYBaHHSI.

8. Ha Tepminani nporpamuoro 3a6e3neuenns Electronics Workbench ¢opmy-
ETHCSI CXEMa EJICKTPUYHA TIOCIIOBHO — MapayiesHoTo perictpa (puc. 9.4). Iocmimgo-
BHa 1HH(pOpMaIlisl BBOAUTHCS 3a fonomororo Word Generator.

9. ns 3a0e3mnedeHHs JOCHIKEHHS  (PYHKIIOHYBaHHS  IOCJIJOBHO—
napajieJIbHOTO pericTpa HeoOXiaHi:

- JUKEpEeJo KUBJIEHHS IOCTIHHOTO CTPYMY;

- MOCII0BHO—TIapaJIeIbHUM PEricTp Ha €JIEeMEHTax €JIEMEHTapHOl JIOTIKU Ta
D—tpurepax;

- MaHeJb B11I00paKeHH 1H(pOopMaIlii;

- IpUJIaJAN KOHTPOJIIO (PYHKIIOHYBaHHS.

10. [MocnigoBHo 3’€exHaTH 3anporpamoanuii WWord Generator 3 perictpom.

11. 3a gomomororo mpwiaaiB nporpamHoro 3adesnedeHHs (Logic Analyzer)
IIPOBECTH KOHTPOJIb (YHKIIOHYBAHHS CXEMHM Ta 3HATH BIANOBIAHI Alarpamu (pyHKIII-
OHYBaHHSI.

KoOHTpoIbHI IUTAHHS

1. Iludposi Tpurepmu.

2. [TocninoBHICTHI MPUCTPOT IUPPOBOT CXEMOTEXHIKH.
3. Perictpu mam’sri.

4. TTociioBHI PETICTPH.

5. [NapanenbHO—TIOCIITOBHUHN PETICTP.

6. ITocmitoBHO—TIapaieIbHUN PETICT.

Jliteparypa
1. BeproBkin JI.JI., Ceitansko M.B., KicenvoB €.M., Xpunko C.JI. lludposa

CXeMOTexXHiKa: miapy4Huk. 3anopixoks : 3IA, 2016. 214 c.

2. botiko B.1., T'ypxiii A.M., KyiikoB B.Sl. OcHOBU CXEMOTEXHIKH €JIEKTPOH-
HuX cucteM: niapyynuk. K. : Buma k., 2004. 527 c.

3. I'enbxxuncekuit 11, TNonmska P.JI., T'otrpa 3.10., Mapycenkosa T.A. Mikpoc-
xemoTtexHika: miapyunuk. JIbBiB : Jlira-IIpec, 2015. 492 c.

4. 3youyk B.M., Curopckuii B.IL., lllkypo A.H. CnpaBounuk no uudpoBoi
cxemoTrexuuke. K. : Bricmi. mik., 1989. 424c.
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JlabopaTtopua po6ota NelQ
JlocaigxeHHs cXeM MOCJiIOBHICTHUX HM(PPOBUX JiYNJIbHUKIB

MeTo10 BUKOHAHHS pOOOTH € 03HAHOMJICHHS 3 MIPUHLIUIIAMH TOOYIO0BU Pi3HUX
cxeM IU(PPOBUX JTYNUILHUKIB.

Kiro4oBi TepMiHU Ta MOHATTA: TPUTEp, JIYMIBHUK, PO3ps, BXiJl CKUIAHHS,
MOJyJIb PaXyHKKY, TAKTOBHI IMITYJIbC.

[11aH TEOPETUYHOTO ONPAIFOBAHHS TEMHU.

1. 3acBoitu mpuHIMO MOOYIOBU NBIMKOBHUX MiJICYMOBYIOUUX JIYUIBHHUKIB 3
MOCIIJOBHUM MTEPEHECEHHSIM.

2. 3acBOITH MPUHIUIH MOOYAOBH IBIMKOBUX JIIYMIBHUKIB 3 MapaielbHUM IIe-
PEHECEHHSIM.

3. 3acBOiTH MPUHIUIHN MOOYAOBH HEIBIMKOBHX JIIYWIBHUKIB 3 MapajelbHUM
HIepPEHECEHHSIM.

4. 3acBOITH IPUHIIUIH MOO0YI0BU JBIMKOBO-/1€CATKOBUX JIYMIBHHUKIB.

5. 3acBOITH MPUHIIUIU TOOYTOBU KUIBLIEBUX JIYHIIbHUKIB.

MeToan4Hi BKa3iBKH 10 BUBYCHHS MUTAaHb Ta BUKOHAHHS 3aBJAaHb.

JIIYMIIBHUKOM HA3MBAETHCS MPUCTPIM MOCIITOBHICTHOTO THUITY, TPU3HAYEHUIN
IUTSL TAPAXyHKY YKCIIa IMIYJbCIB, 110 MOCTYMAOTh HA HOro BXif, 1 (ikcamli [boro
YKCIa y BUTJISAIL KO, 10 30€piraeThcs B TPUTEPaXx.

3a MpU3HAYCHHAM JHYWIBHUKUA MOXYTh OyTH MiJCYMOBYIOUMMH, BiJTHIMAIOYH-
MU 1 peBEpCUBHUMH. 3a CIIOCOOOM OpTraHi3allli BHYTPIMIHIX 3B'A3KIB JIYWIBHUKA MO-
KyTb OyTH: 3 TIOCIIJOBHUM IIEPEHECEHHSM, 3 NapajleIbHUM IEPEHECEHHIM, 3 KOMOi-
HOBaHUM TIEPEHECEHHSM, KibleBl. JIiunmibHUKN OyBalOTh CHHXPOHHUMH, TOOTO, KO-
JIM PaXyHKOBI1 IMITYJIbCH TTO/IAIOTHCSL HA PAXyHKOBI BXOJIM BCIX TPUTEPIB, 1 ACHHXPOH-
HUMH - KOJIM CUTHAJ HA PaXyHKOBHUH BX1Jl SIKOTO-HEOYIb TPUTepa MOJAETHCS 3 BUXO-
Iy OAHOTO 3 TPUTEPiB MOJIOAIIMX PO3PSIIIB.

OcHOBHa XapaKTepUCTUKA JIIYUIbHUKA — MOJIYJIb PAXyHKY, a00 €MHICTb JIIYHU-
nbHUKA K. Ile KUIBKICTh BXIIHUX CHTHAJIB, AKi IIOBEPTAIOTH JIYMIBHHUK y BHXI1J-
HUH cTaH. JIYMIBHYK, 110 HE Ma€ JTOJATKOBUX 3B'SA3KIB, MAa€ MOIYJIb PaxyHKy K.« =
2". JliYMIBHMKY, IO MAIOTh MOILYJIb PaxyHKy 2", HA3MBarOTHCH ABIMKOBMMHM. SIKIIO
Kpax. # 2" TO MYUIBHUK Ha3UBAETHCA HEIBIITKOBHUM.

JIBIiKOBUI aCHHXPOHHUH MM1ICYMOBYIOYHI JIYMJIBHUK 3 TIOCIIJJOBHUM TE€pPEHe-
CeHHsIM OyayeTbest HAa m = 10g,8 Tpurepax, 0 BIAMOBIIAE KUIBKOCTI PO3PSIIB JB1ii-
KOBOTO ymcia. YacToTa mepeMUKaHHs KOKHOTO HACTYITHOTO TPUTEpPa 3MEHIIYEThCS
BJIB14l. JITYMIIBHUK MOKHA MOOYTyBaTH SIK KOJIO MOCIIJOBHO BKIOYEHUX PAXYHKOBUX
Tpurepis (puc. 10.1).
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Pucynok 10.1 — Cxema ABIHKOBOTO MMiJICYyMOBYIOYOIO JIYUIBHUKA 3 MOCIIIOB-
HUM TepEHECEHHIM
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JItst ABUIIICHHS TIIBUKO11 JTIYMJIBHUKY BUKOHYIOTHCSI CHHXPOHHUMU 3 TIapa-
JNIeTbHUM TIepeHeceHHsAM (abo mapanensHi). IX 0coOIMBICTh MOATaE B TOMY, IO BH-
XOJIM BCiX MOTEPEHIX PO3PAIiB 3'€HYIOTHCS 3 BXOAAMH TpHUTEpa MOAAIBIIOrO PO3-
psiy, TOMY TPUBAJIICTh TIEPEXiAHOTO MPOIIECY BU3HAYAETHCS JIUIIIE TPUBATICTIO Tepe-
X1JTHOTO TMPOIIECY OJHOTO O3PSy 1 HE 3aJeKHUTh BiJ KUIbKOCTI TpurepiB. Cxema
CJIEKTPUYHA JIYMILHUKA Pealli3yeThCs BIAMOBIAHO 10 pyHKIiHi BxoaiB (puc. 10.2).
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Pucynox 10.2 — IlincymoBytouunii 1BIIKOBUIA JTIUMUIBHUK 3 TIapaJieIbHUM Iepe-
HECEHHAM

Ha npaktuii moTpiGHi JiYMIBHUKA 3 KOe(IIICHTOM paxyHKy He piBHMM 2,
Hamnpukian, 3, 6, 10, 12, 24 ta iH. BOHM BUKOHYIOTBCSI Ha OCHOB1 JIBINKOBUX J1YMJIb-
HMKIB NUISXOM BHMKJIIOYEHHS B JIYMIBHUKH 3 Ko = 2" BiAMOBIMHOTO YHMCTA «HAIIIH-
mikoBux» craniB N: N = 2" — K. Crann (2" — K, ) BUKIIOUAIOTHCS yeepeauHi Jii-
YWJIbHHUKA 32 JOMIOMOI'OI0 3BOPOTHHX 3B'SI3KiB. 3aBJaHHS CUHTE3Yy TAKUX JIYHIIbHHUKIB
qrcha.

J{BIMKOBO-I€CATKOBI JIYMIBHUKU MatoTh K, = 10. Ix cuHTe3yI0TH HA OCHOBI
YOTUPHOXPO3PSAAHOTO JiuMIbHKKa, BuKodatoun N = 2" — K, = 16 — 10 = 6 Hax-
JUIIKOBUX CTaHIB. Bukimount MoxHa Oyb-siki 6 3 16 craHiB. Y pi3HHX BaplaHTax
CXEM OJHOMY 1 TOMY * JIECATKOBOMY YMCIy MOXKYTh BIATOBIAATH Pi3HI KOJOBI KOM-
OiHarlii, TOOTO pi3HI BapiaHTU JIYWIGHUKIB TMPAIIOIOTh B PI3HUX JBIWKOBO-
JIECATKOBHUX KOJaX.

[TotmmupenuM pi3HOBUAOM TapajeilbHUX JIYUIBHUKIB € KIJIbLEB1 JIIUUIbHUKY,
BHKOHaHI1 Ha 0a31 PericTpiB 3CYBY.

3a NpU3HAYEHHAM JIHYWIBHUKUA MOXKYTh OYTH M1JCYMOBYIOUHMMH, BiIHIMAIOYH-
MU 1 peBepcuBHUMHU. [liicyMOBYIOY1 JIYMIBHUKK BUKOHYIOTh CKJIaJIaHHS YHCIIa 1M-
MyJIbCIB, 110 MOCTYMAIOTh HAa BX1J, 3 TUM YHUCJOM, sIKe 30epirajgocst B HboMy. BinHi-
Maroui JIIYMJIbHUKY BUKOHYIOTH BIJTHIMAHHS YHCJIa IMITYJIbCY, 110 MOCTYyMAE, 3 novart-
KOBOI'0 YHCJIA, 3alMCAaHOT0 B HHOMY 3a3jalierifib. PeBepCUBHI JIIUUIBHUKH MOXKYTb
BUKOHYBATH $IK JIOJIaBaHHS, TaK 1 BIJHIMAHHS IMITYJIbCIB, IO MOCTYIMAIOTh HA BXIJ,
3aJIeKHO B1J] YIIPABIISIOUUX CUTHAIB, 1110 3MIHIOIOTh PEKUM POOOTH JIUHMIIbHUKA. Ta-
K1 JIIYUJIBHUKA MOXKYTh OyTH peaizoBaHi 3a CXeMOIO JIIYUIbHUKA 3 IemudpaTopom.

CxeMma miumibHHKA 3 AemmudparopoM MIicTuTh JiumibHuk DDI1, nenmdparop
DD2, nonomixui cxemu DD3, DD4 (puc. 10.3).
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Pucynox 10.3 — [Ipuaiunosa cxema JIYUIbHUKA 3 TeMTH(PATOPOM

Jlivmnpauk DD1 (KS55UE6 a6o 74192) — cUHXpOHHUN PEBEPCUBHUN YOTH-
PHOXPO3PSTHUHN JIBINKOBO-/IECSITKOBHM JTUMIBHUK. JITYMIBHUK TIpaltoe B kol 1-2-4-
8. Jlo BUX1AHOTO HYJHLOBOTO CTaHY JIUMUIBHUK HABOAUTHCS MPH 10/1a4ul HA ACUHXPOH-
Hu# BXig R piBHA noriyHoi 1, mpu 11bOMy OHOYACHO 3a00POHSETHCS PaXyHOK IMITY-
JIbCIB.

Bxomu C1, C2 — paxyHKOBiI BXOAM JJIs BUKOHAHHS OTEpaIliil miJCyMOBYBaHHs
a00 BiJIHIMaHHS B1ANMOBIIHO. [IpyyoMy 3a BIACYTHOCTI SIKOTO-HEOYIb 3 YIPABISIIOUMX
CUTHAJIIB Ha BX1J Ma€ OyTH NMOJAaHUI BUCOKHM piBeHb Hanpyru. [lpu momayi Ha BXiJ
C1 TakToBUX iMITy/IbCiB Ha BuXoAax JiumibHUKA Q1, Q2, Q3, Q4 yTBOPIOETHCS IBIMA-
KoBHi kKoj 1-2-4-8. 3a 10 TakTOBUX IMIYJILCIB TIYMJIBHUK MTPUXOIUTH B cTaH Big 0 —
0000 10 9 — 1001. Konu BCi Tpurepu 3HaXoAAThCsl B OJMHUYHOMY CTaH1, TO YEPrOBUMI
JIECSATUN TaKTOBUH IMITYJIbC (HU3BKUN PIBEHb CUTHATY) MPOXOIUTH HA BUXI1J] IEpEHe-
cenns CR.

k1o JYMIBHUK TIpaIioe Ha BigHiManHs (Bxig C2), To mpu mepexoi i3 cra-
Hy 0000 B cran 1001 BuHMKae mo3uKa i3 cTapimoro pospsay. Lle BimoOpaxyeThcs
MOSIBOIO CUTHATY HU3BKOTO PiBHS Ha Buxoji BR.

Bxoau D1, D2, D4, D8 npusHayeHi Jj1s 3alUCY B JIUYUIBHUK YIPABISIOYOTO
napaneabHOr0 YOTUPHOXPO3PSAHOTO KOTY. 3aIUC KOAY BEAETHCS Mij Yac Mo aBaHHS
Ha BX1J1 cMHXpoHi3alli C curHaidy HU3bKOTO PiBHSA. Y JIYMIBHUKY Peai3yeThCsl MIK-
pooriepaiiisi TpUBJIaCHECHHS.

[Ipu BUKOHaHHI Mikpoormnepalii yctaHoBkH, Ha Bxojgax Cl, C2 matore Oytu
BCTAHOBJIEH1 BUCOKI1 PI1BHI CUTHAJIB.

Hemmudparop DD2 (K555M1]/13 a6o 74154) — ne komOiHaliitHa cxema JJis Iie-
PETBOPEHHS YOTUPHOXPO3PSATHOTO ABIMKOBOTO KOAY (TIOJAEThCS HA BXOoau 1-2-4-8) B
HICTHAAUATAPIYHUE YHITAPHHUI ABIHKOBHI KO (3HIMa€eThCs 3 Buxomis 0 — 15).
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Jlia BKJIIOYEHHA Jemudparopa B poOOTy HEOOXiAHO, abW Ha YIPaBISIIOUMX
Bxoaax WO, W1 Oynu BCTaHOBJIEHI CUTHAIM HU3bKOTO piBHA. KOXKHIM KOJIOB1M KOM-
Oinarii Ha Bxogax 1-2-4-8 BiamoBijae cBii akTUBHUM BUX1] Y, IPUIOMY 30y IPKCHUIN
BUX1Jl HA0yBa€ HU3bKOTO 3HAUYCHHS PIBHS CUTHAITY.

Jlivuneauk DD1, okpiM paxyHKy, BUKOHYE I1I€ OJIHY (DYHKIIIFO — IJIbHUKA BXi-
JTHOT YaCTOTH, KOJIM SIK BUXIJIHUM BUKOPHCTOBYETHCS CUTHAN MEpPEHECEHHS (ITO3UKH)
a00 BUXIJHUN CUTHAN YyeTBepToro Tpurepa. I1o BiAHOIIEHHIO 10 BX11HOI yacToTu FBX
(ra Bxomax Cl abo C2) wactora Ha Buxoxi Q1 mae 3HadenHs FBx/2, Ha Buxomi Q2 —
FBx/4 1 tak nani JliuniapHUK MOXke OyTH BUKOPUCTAHUH 11 MOOYJOBH AUTFHUKIB Ya-
CTOTH 3 KOeiIliEHTaMHU JTiJICHHS, BIIMIHHUMH BiJl BUIIE TIEPEITIUYCHUX.

BynyBatu AiIbHUKIB 4aCTOTH MOKHA PI3HUMH CIIOCOOAMHU.

1. Sxmo BuxigauMm curaamom «CRy 3ammcatu B JIYHIBHUK SIKe-HEOYIb JBii-
koBe uncio N <9 (mo Bxogax D1, D2, D3, D4) i momatu TakToBi iMITyJIbCH 3 T€HEPa-
topa Ha Bxig Cl, To 10 mepenoBHIOBAaHHS JIYMIBHUKA HEOOX1AHO moaaTH «9 — Ny
IMITYyJIbCIB. SIKIO TpU BUPOOJICHHI KOXXHOTO IMIYJILCY IEpPENOBHIOBAHHS (BUXi]
«CR») B NYUJIBHUK 3HOB 3alIUCYBAaTH 1€ YUCJIO, TO JIYMJIBHUK 3aBXKU BECTUME pa-
XyHOK Big N 10 9. Takum ynHOM, KOC(IIEHT JIJICHHS JIIYUIbHUKA BUSIBUTHCS PiB-
HUM «9 — N».

SIKI0 MYMIIPHUK 3aBaHTAXKYBATH IO MapajieIbHUX BXOJaX CUTHAJIOM MO3UKH
«BR» (ipu po6OTI JIYMIIBHUKA B PEXKUMI BITHIMAHHS), TO KOe(DIlIEHT AUICHHS Oye
piBHHMIT N.

2. HeoOximuuit koe(imieHT AUIEHHS JIYMIbHUKA MOKHA OTPUMATH, SIKIIO TPU
JOCSITHEHH1 JIYUJIBHUKOM 3aJaHoro yuciaa N Horo ckujaatu B HyJlIboBUH cTaH. Koe-
GbimieHT aineHHsa BUABUTHCS piBHUM N. BuainenHs asifikoBoi komOiHalii N BUpoO-
JSIETHCS 32 ToroMororo noromixkHoi cxemu «I-HI» (DD3 na pucynky 10.3).

3. Tperiit cnoci6 3MiHM KoedillieHTa AiNEHHS 3aCHOBAaHWI Ha BUKOPHCTAHHI
nemudparopa, BUXITHANA CUTHAJ SKOTO HEOOXIJAHO IMOJaTH Ha BXia R miumnbpHUKa
yepes poaarkoBuil inBepTop (DD4 Ha pucynky 10.3).

ITocni0BHICTD 1 NOPSAOK NPOBEACHHS POOOTH.

PoGota BUKOHYETHCS Ha HAOOPHOMY KOMYTAIIHHOMY TIOJII JIaOOPaTOPHOTO
creuay TRIGGER ([omarok b) Ta BipTyanbHO Ha CTEH[1 B IpOrpaMHOMY 3abe3re-
yenHi Electronics Workbench.

1. CrennoBe obnagnanHss TRIGGER no3Bosisie peanizyBaTu CXeMH JIIUMIIbHU-
KiB Ta MPOBECTH aHaNI3 iX (PYHKI[IOHYBAHHS y CTaTUYHOMY Ta AUHAMIYHOMY PEXKH-
Max.

2. [ToOynyBaTi cxeMy ABIMKOBOTO JIUMIBHHKA 3 TIApajeIbHUM TIEPEHECEHHSIM.

[IpoBecT cUHTE3 ABIMKOBOTO MiJCYMOBYHYOTO JiYWJIBHUKA 3 MapalieIbHUM
nepeHeceHHAM K, = 16 (BH3Ha4MTH HEOOXI1JHY KUIBKICTH PO3PAIIB, MOOYyIyBaTH
TaOIHINI0 CTaHIB JIUYMIbHUKA, CKJIacT KapTu KapHo juist yHKIIiH nepexomiB Tpure-
PiB KOXKHOTO PO3psiAy, BUOMPATH THI TPUTEPa, MPOBECTU MIHIMI3AIlIIO JOTIYHUX (Dy-
HKI[IM BXOJIB, OTpUMAaTH (PYHKIIii BXOJ/IB TPUTEPIB JIUUIbHUKA. Y PE3yNbTaTi OTPH-
Matu cxemy JiumibHuKA (puc. 10.4).
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Pucynok 10.4 - ITincymoByrOUHiA TBIMKOBUM JIYHUIBHUK 3 TapaIeIbHUM TIepe-
HECEHHSIM

3. Ha Tepminam nporpamuoro 3abe3nedyeHHs Electronics Workbench ¢opmy-
€THCSI CXEMa eJIEKTpUYHA JiUWibHUKa 3 Aemudparopom. [Ipunnunosa cxema nocii-
JKYBAHOTO MPUCTPOIO MpUBEIeHa Ha pUCYHKY 10.3.

4. 1ns 3a0e3ne4eHHs JOCIKEHHSI (YHKIIOHYBaHHS JIUMUIbHUKA 3 AemH(ppa-
TOPOM HEOOXIJIHI:

- JUKEpEo )KUBJICHHS TIOCTIHHOTO CTPYMY;

- cXema JIYWIbHHKA 3 Jemu@paTtopoM Ha Mikpocxemax 74192 1 74154 ta ene-
MEHTax €JIEMEHTAPHO] JIOT1KH;

- MaHEeJb B110OpaKeHHA 1H(POpMallii;

- IPUJIAJN KOHTPOJTIO (PYHKITIOHYBAHHS.

5. 3’eanaru 3amporpamoBanuii Word Generator 3 indopMaiiitHuMu BX0J1aMH
JTYWIbHKKA 1 Aemudparopa.

6. 3a momomororw mpwiaaiB nporpamHoro 3abesneudeHHs (Logic Analyzer)
MIPOBECTH KOHTPOJIb GYHKIIIOHYBAHHS CXEMH Ta 3HSATH BIAMOBIAHI qiarpamu (QyHKIII-
OHYBaHHS.

7. 3i0paTt cxemy MiJCyMOBYIOUOTO JIIUMIbHUKA 3 Aemmdparopom (puc. 10.4).
OTpuMaTu OCHMJIOTPAMH HAMPYTH Ha yNPABIAIOUMX BXOAaX JIYMILHUKA, HA BCIX HO-
ro BUXOJax 1 Ha OyJb-SKHX TPhOX CYCIIHIX BUBOJax aemudparopa Bix 0 1o 9.
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Pucynok 10.4 - Cxema miicyMOBYIOUYOTO JITYMIIbHUKA



61

8. 3a momomoror mpwianiB mporpamHoro 3adesmnedeHHs (Logic Analyzer)
IIPOBECTH KOHTPOJIb (DYHKI[IOHYBAHHSI CXEMH Ta 3HATH BIJAMOBIJIHI JiarpamMu GyHKIII-
OHYBaHHSI.

9. Ha tepminaini nporpamuoro 3abesnedenssi Electronics Workbench ¢gopmy-
€THhCSI CXeMa JIIYMIbHUKA, SIKA MPAIIOI0Th Y JIBIKKOBOMY KOJIi 3 3a/1aHOI0 Baror po-
3psiaiB. [IpoBecTH CMHTE3 CHHXPOHHOTO JIYMJIBHUKA 3 Barow po3psiaiB 5-2-1-1 (Bu-
3HAYUTU HEOOXITHY KIJIBKICTh PO3psAiB, MOOYAyBaTH TAOJMIIO CTaHIB JIIYMJIBLHUKA,
ckiactu kKaptu KapHo anst QpyHKIIH nepexo/iB TpUrepiB KOXXKHOTO po3psiay, BUOupa-
TH TUIl TPUTEPA, TPOBECTU MIHIMI3AIlIO JIOTTYHUX (YHKIIII BXOJIB, OTPUMATU (PYHK-
11 BXO/IB TPUTEPIB JIYMIbHUKA. Y Pe3yibTaTi OTPUMATH CXEMY JIUMIIbHUKA.

10. Jlns 3abe3neueHHst HOCHIKEHHS (DYHKIIOHYBAHHS CHHXPOHHOTO JIYHIIb-
HUKa 3 Baroro po3psais 5-2-1-1 neoOxiaHi:

- JUKEpeo )KUBJICHHS TOCTIHHOTO CTPYMY;

- CX€Ma CMHXPOHHOTO JIIYMJIbHUKA 3 Baroto po3psaiB 5-2-1-1 na JK-tpurepax;

- MaHeJb B11I00paKeHH 1H(pOopMaIlii;

- IPUJIAJN KOHTPOJTIO (PYHKITIOHYBAHHS.

11. 3a momomoror mpuiaaiB mporpamHoro 3abesnedenHs (Logic Analyzer)
MIPOBECTH KOHTPOJIb GYHKIIIOHYBAHHS CXEMH Ta 3HSATH BIAMOBIAHI qiarpamu (QyHKIII-
OHYBaHHS.

KOHTpOJIbHI TUTaHHS

1. Hudposi Tpurepmu.

2. udposi nhpunabHUKH.

3. JIBIMKOBI M1ACYMOBYIOU1 JIYMJIBHUKY 3 TTOCIIIJIOBHUM MTEPEHECEHHSIM.
4. JIBi1iIKOBI MIACYMOBYIOU1 JIIYMUIBHUKH 3 MMApaeIbHUM EPEHECEHHSM.
5
6
7

. HenBiiikoB1 TYMJIBHUKY 3 TIapajieIbHUM MEPEHECCHHSIM.
. JIBIAIKOBO-1€CATKOBI JTIYUILHUKH.
. Kisp1ieB1 myniIsHUKHA.

Jlitepatypa
1. BeproBkin JI.JI., Citansko M.B., KicensoB €.M., Xpunko C.JI. [fudpposa

CXeMOTEeXHIKa: miapy4yHuk. 3anopixoks : 3AIA, 2016. 214 c.

2. boiiko B.I., I'ypxiit A.M., KyiikoB B.fI. OcCHOBU CXEMOTEXHIKH €JIEKTPOH-
HUX cuctem: niapyunuk. K. : Buma k., 2004. 527 c.

3. I'enwxuncekuit 11, Tomska P.JI., T'otpa 3.}O., MapycenkoBa T.A. Mikpoc-
xemoTtexHika: miapyunuk. JIpBiB : Jlira-IIpec, 2015. 492 c.

4. 3youyk B.W., Curopckuii B.IL., lllxkypo A.H. CnpaBounuk no uudpoBoit
cxemotrexuuke. K. : Beicm. mik., 1989. 424c.
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JlabopaTtopua po6ota Nel 1
JocaigxenHs cxeM nu(poBUX 3anmaM’ATOBYIOYHUX PUCTPOIB

MeToro BUKOHaHHS POOOTH € O3HAMOMIIEHHS 3 IPUHIMIIAMHU [TOOYA0BU P13HUX
cxeM IU(pPOBHX 3amaM’ ITOBYIOUUX IIPUCTPOIB.

Kiro4oBi TepMiHM Ta MOHSATTA: 34MTyBaHHs 1H(opMali, 3amuc 1H(opMmariii,
nam’siTh, PETICTP, MAaTPHULIs, CTATUYHUHN €JIIEMEHT, TMHAMIYHUN €JIEMEHT.

[11aH TEOPETUYHOTO ONPAIFOBAHHS TEMHU.

1. 3acBoiTH MPUHLIUI TOOYOBH 1 PYHKIIIOHYBaHHS MOCTIMHUX 3amam'siTOBYIO-
YuUX IIPUCTPOIB.

2. 3acBoiTH MPUHLHUI MOOYI0BH 1 (DYHKIIOHYBaHHS OMEPATUBHUX 3aIraM'sTo-
BYIOYUX IIPUCTPOIB.

3. 3acBOiTH NPUHIMOU TOOYIOBU 1 (PYHKIIIOHYBaHHS MEPEpPOrpaMOBYBaHUX
MOCTIMHUX 3amaM'aTOBYHOYHX MpUCTpoiB Ta Flash- mam’sTi.

4. 3acBoiTu cxeMOTexHIKy KoMipok ram’siti O3I1.

MeToan4Hi BKa3iBKH 10 BUBYCHHS MUTAaHb Ta BUKOHAHHS 3aBJaHb.

3anam’stoByroul pucTpoi (3I1) uudpoBoi CXEeMOTEXHIKM MOKHA PO3PI3HUTHU
10 (PyHKI10HATBHUX O3HAKAX.

HanonepatusHi 3anam'stoBytoui npuctpoi (HO3II) — 3ailicHIOIOTH 3YNTYBaHHS
1 3anuc iHopmMarlii (perictpoBa nam'sith).

OnepatuBHi 3anam'sToByrodi mpuctpoi (O3I1) — 31iCHIOIOTh 3UNTYBaHHS 1 3a-
nuc iHdopmari.

[TocTiitHi 3anam'stoByroui nipuctpoi (I13I1) — 3A1iCHIOTH JHIle 3YUTYBaHHS
iH(dOopMmaIrii.

[lepenporpamoByBani mocTiiiH1 3anam'atoBytoul npuctpoi (IMII3I1) — 3miiic-
HIOIOTh JIMIIIE 3UUTYBAaHHS 1H(POpPMAIIii MOCTIAHO 1 3aMKC PIAKO.

HaliBaxxnuBiiil mapameTpu 3amnam’ iITOBYHOYiX MPUCTPOIB.

1) Tudopmariiiina eMHICT — MaKCUMAJIbHO MOKJIUBUHN 00'eM iHOpMaIlii, 110
30epiraetbes. [lapameTp, 110 XapakTepusye Mipy 1HTErpailii eJIeMEHTIB Ha KPUCTaJI.
Bupaxaetbcs B OiTax abo cioBax B Oaiftax. BiT 30epiraerbcsi 3anmaM'sTOByIOUUM
enementoM (3E), a cioBo — 3amam’sitoByroua komipka (3K), To6to rpynoro 3E, 1o
SKO1 MOXKITUBO JIUIIIE OJTHOYACHE 3BEPHEHHSI.

2) [lutoma MOTYKHICTh — 3arajbHa MOTYXKHICTb, 5IKA CIIO)KUBAETHCS B PEIKUMI
30epiraHHs, BiJHECEHA 10 OJHOTO OiTa iHhopMarIii.

3) llIBuakomiss — Yac 3amuCy, 34YMTYBaHHS 1 TPUBAJIOCTI LHUKJIIB 3aIlH-
Cy/34UTyBaHHS.

4) nmuTomMa BapTiCTh OJHOTO OiTa iH(oOpMaIlii — 3arajibHa BapTICTh KpHUCTaJa,
Mo/IiJIeHa Ha iH(OopMaIliiHy EMHICTb.

3anuc iHGoOpMaIllii B MOCTIHHI 3amaM'aTOBYIOYl MPUCTPOi BUKOHYETHCS abo
OJIMH pa3 1 Ha3aBXKIu, a00 € CHeliaIbHOI, PIIKO BUKOPUCTOBYBAHOIO OIEpalli€lo.
Tomy II3I1 nonyckaroTh JUIlIe TPOUYUTYBAHHS 3aHECEHOT 10 HUX iH(dopmaii. Y noc-
TIHHOMY 3aram'siTOBYIOYOMY MPHUCTPOI, 332 KOKHOIO N-pa3psaHOI0 aApecoro 3alrucaHo
OJIHE 3a3/JIeTi/Ib BCTAaHOBJIEHE M-po3psaHe ciaoBo. Takum unHoM, [13I1 € kombOiHa-
IIHHOIO CXEMOTO, IO EPETBOPIOE KO apect B KOJ CIIOBA.
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3anam'stoByroua matpuils 1311 npencrapise co6or0 cucteMy B3a€EMHO TepIie-
HIUKYJSPHUX IIHWH, B IEPECIUYeHHSIX sIKUX abo CTOiTh (JioriyHa «1»), abo BiICYTHIM
(toriunuit «0») eJIeMEHT, 110 3B'A3y€ MK COOOIO BIJAMOBIIHI TOPU3OHTAIIbHY 1 BEPTHU-
KaJIbHY ITMHUA. BUOipKa cIliB BUKOHYETHCS 3a JIONMOMOTOI0 JAeiudparTopa.

[Tpu ctBopenni O3II manoi emuocTi (Hanpukiang HO3II), 3actocoByeThbest op-
ra”izailisi namM'siTi y BUIJISA1 OKpeMuX perictpiB. Tunosuit npukiaa tpurepaoro O3I1
— pericTp 3 napajeabHUM IIPUHOMOM 1 MapajeabHO0 BUAA4YCHO 1H(pOopMaIlii.

[Tpu 36inpmenni emuocti O3I1 BuHMKae mpobiieMa JOCTYIy 0 KOKHOTO eie-
MEHTa Iam'siTi Ipu 0OMEXEHOMY YMCIT BUBOAIB Kopiycy. Lle 3aBgaHHs BUpIiLIyeThCS
3a TIOMOMOToI0 aapecHoi opranizaiii 311 3 Bukopuctanasam aemmdpaTopa KOay aape-
cu. Tomy O3II cknamaeTscs 3 TBOX OCHOBHHUX YaCTHUH — HAKOMHUYYBaya 1 CXeM yIpaB-
minHsa. HakormmuyBau — me ocHoBHa wactuHa O3II, ne 30epiratotecs gani. Cxemu
YOpaBITIHHS MPU3HAYCHI IJI BBEICHHS 1 BUBEJACHHS ITUX JMaHUX. Y HUX BXOJATH J€-
mudpaTopu, MiACHUITIOBAYl, PETICTPH, PI3HOTO POAY KJIIOUl, KOMYyTaTOPH 1 1HIIT CXEMH
3arajbHOTO PU3HAYCHHSI.

[1oCiI0BHICTD 1 MOPSAOK IPOBEJIEHHS POOOTH.

PoGota BUKOHYEThCS HA HAOOPHOMY KOMYTAIIHHOMY TIOJII JIaOOpaTOPHOTO
creuay TRIGGER ([Jomarok b) Ta BipTyanabHO Ha CTEH[1 B IpOrpaMHOMY 3abe3re-
yeHHi Electronics Workbench.

1. CrennoBe obnagnanas TRIGGER no3pomse peanizyBatu cxemu O3I1 mamoi
€MHOCTI Ta IPOBECTH aHami3 iX (DYHKIIOHYBaHHS y CTaTUYHOMY Ta JUHAMIYHOMY
pexuMax.

2. IToOyayBatu cxemy HaJONEPaTUBHOIO 3allaM’STOBYIOUOrO MPUCTPOIO Ha 4
oita iHpopmariii (puc. 11.1) Ha OCHOBI 4-pO3PSATHOTO HMAPAIECILHOTO PETICTpa, MO0Y-
noaHoro Ha D-tpurepax DDS5...DDS.
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Pucynok 11.1 — @ynkuionansHa cxema HO3Y Ha 4 Gita iHpopmaii
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Enementu DD1...DD4 yTBOpIOIOTH KOJIO YIpPaBIiHHS 3allUCOM, a €JIEMEHTU
DD9...DD12 — xono ynpasiniHHas 3udtyBaHHsAM. [lepen 3anvcoM iHdopmarili BCl TpU-
repU pericTpa BCTAHOBIIOIOTH B cTaH «0» MUIIXOM mojadyl iMimyibcy «1» Ha ix R —
BXOJM. 3amucyBaHa iH(popmarllis noaaerbcs Ha Bxoau DDI1...DD4. Jlng 3anucy iH-
dbopmartiii mojgaeTbesl IMIYJIbC «3amucy», MO BiAKpuBae BXiaHI enemeHTH «I». Koj
BX1JTHOTO YHCJIA 3aMUCYEThCsl B perictp. Ilicns 3akiHUEHHS IMITYJIbCY «3amucy ene-
mentu DD1...DD4 3akpuBaroThcs, a iHpopMmarlisi, 3armucada B perictp, 30epiraerbcs,
HE JUBJISTYNCH Ha T, M0 BXiAHA iHGOpMAaIIis MoKe 3MiHIOBaTUCS. J[JI1 MpounTyBaHHS
iHpopMarlii mogaroTe curHan «1» Ha Bxig «3untyBaHHsm». [lo IbOMy curHany Ha BH-
X1/IHI IIUHYU pericTpa Ha yac il CUTHATY MepelaeThCcsl KOJ 4YHuclia, 3allMcaHuil B pe-
rictp. [1o 3akiH4eHHIO omeparlii 3UNTyBaHHs BUX1IHI KIIIOYl 3aKpUBAIOTHCS, a 1HDOP-
Mallisi, 3alrcana B pericTp, 30epiraetbes. ToOTO, MOXKIIMBE OaraToKpaTHE 3UYUTyBaH-
Hs 1H(pOpMAIlii.

3. Ha Tepminam mporpamuoro 3abe3nedyeHHs Electronics Workbench dhopmy-
€THCSI CXeMa TMOCTIMHOro 3amaM’siTOBYI0YOro MpucTporo Ha 16 6iT iHdopmari (puc.
11.2). Indopmartiiiny IpoIIMBKY BUKOHATH 3TiHO 3 3aBJaHHIM BHUKJIa1a4a.
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Pucynok 11.2 - ®ynkuionansHa cxema [13I1 Ha 16 OiT indopmartii

4. Jlns 3a6e3nedyends gocnimpkerds ¢pynkmionyBanus [1311 va 16 6it indgopma-
1111 HEeOOX1/THi:

- JUKEepeJo KUBJICHHS TIOCTIHHOTO CTPYMY;
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- cxema [I3I1 Ha 16 GiT iHdopMarlii;

- MaHeNb BIIOOpaKeHHS 1HpOopMaIlii;

- IPWJIAJN KOHTPOJTIO (DYHKITIOHYBaHHS.

5. Ha Tepminam mporpamuoro 3abe3nedyeHHs Electronics Workbench dhopmy-
etbest cxema O3I1 Ha 16 Oit inpopmarii (puc. 11.3).
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Pucynok 11.3 - Cxema O3II na 16 61T indopmarrii

4. Jlns 3a6e3nedeHns gocnipkers ¢pynkuionyBanns O311 va 16 6it inpopma-
1111 HEOOX1/THi:

- JUKEpeJo KUBJIEHHS IOCTIHHOTO CTPYMY;

- cxema O3I1 Ha 16 6it iHGOpMaITii;

- MaHEeJIb B110OpaKeHH 1HPOopMallii;

- IPUJIaJAN KOHTPOITIIO (PYHKIIOHYBAHHS.

KoOHTpoJIbHI IUTaHHS

1. [Mosichutu mpunIMn ¢pyukiionysanus [1311.

2.Tloscautu npunnun ¢yukiionyBanns O3I1.

3. Iosicuuty (HyHKIIOHYBAaHHS CTATUYHUX €JIEMEHTIB MaM'sTi.
4 .TlosicHuTH (PyHKIIIOHYBaHHS TMHAMIYHUX €JIEMEHTIB MaM'sTi.

Jliteparypa
1. BeproBkin JI.JI., Ceitansko M.B., KicensoB €.M., Xpunko C.JI. Iludpposa

CXeMOTexHiKa: miapyJHuK. 3amopixoks : 3[AIA, 2016. 214 c.
2. boiiko B.I., T'ypxiit A.M., KyiikoB B.SI. OcHOBU CXEeMOTEXHIKH €IEKTPOH-
Hux cucteM: miapyyHuk. K. : Buma mk., 2004. 527 c.
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JlabopaTtopua pobota Nel2
Hudgposi aBTOMaTH HA JOTIYHHMX eJIeMEHTaX I Tpurepax

MeTo10 BUKOHAHHS pOOOTH € O3HAHOMJICHHS 3 MPUHLIUIIAMH TOOYJOBH Pi3HUX
cxeM IUu(ppoBUX aBTOMATIB.

Ki1t04oBi TepMiHU Ta MOHATTSA: KOMOIHAIIIWHUM aBTOMAT, IIporpama, rmam’siTh,
rpa¢ aBTOMaTa, KOMaH/a, aIrOPUTM, TPUTEDP.

[11aH TEOPETUYHOTO ONPAIFOBAHHS TEMHU.

1. 3acBoitu nmpuHIMI NOO0Y10BY 1 PyHKIIOHYBaHHS KOMOIHAIIIMHUX HU(POBUX
aBTOMATIB.

2. 3acBOiTH NMPUHIMUI TOO0YI0BH 1 (PYHKIIOHYBaHHS OJHONPOTPaMHUX LU(pO-
BHUX aBTOMATIB.

3. 3acBOiTH NPUHILUITK CKJIa/IaHHs aNrOPUTMIB (YHKI[IOHYBaHHS aBTOMATIB.

MeToan4Hi BKa3iBKH 10 BUBYCHHS MUTAHb Ta BUKOHAHHS 3aBJAaHb.

Hudposuii aBTOMAT — NPUCTPIH, IO XaPAKTEPU3YEThCI HAOOPOM BHYTPIIIHIX
CTaHIB B SIK1 BIH MOMNAJE i/l BIULTMBOM KOMaH/I, 3aKJIaJICHOI B HbOTO Tiporpamu. llepe-
X171 aBTOMATa 3 OJIHOTO CTaHy B 1HIIUHN 3/IIMCHIOETHCS B IEBHUN MOMEHT 4acy.

B neskux BuUmajakax npu 3aBlaHHI aBToMaTa HEe BU3HAUYEHI BC1 MOXJIMBI Tiepe-
XOJIM 3 OKPEMHX CTaHIB JII1 KOHKPETHUX BXIJHUX CHTHATIB. Y TaKWX BUITQJKaX aB-
TOMAT HA3WBAETHCS YACTKOBO BU3HAaYE€HUM. O3HAKOIO YaCTKOBOi BU3HAYEHOCTI aBTO-
MaTa € HasSBHICTh HE3allOBHCHUX KIITOK B TaOJuIll IepexojiB 1 BuxoxAiB. Ha rpadi
aBTOMaTa B I[bOMY BUMAJKY 3 JACSKUX BEPUINH BUXOISATH HE BCl IyTd, BIAMOBIIHI TO-
BHOMY HaOOpy KOMOIHAIIil BX1IHUX CUTHAJIIB.

OpHomporpaMHi aBTOMAaTH Ha JIOTTYHUX €JIEMEHTax, MPU3HAUYEHI /I aHali3y
ICTUHHOCT1 200 TOMHJIKOBOCTI PI13HUX BUCIIOBIB. AJITOPUTM CHHTE3Y TaKUX aBTOMATIB
MOHa C(OPMYITFOBATH HACTYITHUM YHHOM:

- 3aJIA€THCS CIIOBECHUI OoMUC pOOOTH aBTOMATA;

- aBTOMAT MPEACTABISIETHCS Y BUTIISIAL CTPYKTYPHOI CXEMU 1 BKa3yIOThCsI BC1
WOTO BXOJIM 1 BUXOJIH;

- CKJ1aJIa€ThCs TaOJIMIIS ICTUHHOCTI,

- 3aITUCYIOTHCS CTPYKTYPHI PIBHSHHS JIJIs1 KOYKHOTO BUXO/Y;

- PIBHSIHHS TIO MOXJIMBOCTI CIIPOIIYIOThCS;

- CKJIaJa€eThes (PYHKITIOHAJIbHA CXeMa aBToMaTa.

[TocniI0BHICTD 1 MOPSAOK OPOBEJIEHHS POOOTH.

Po6oTa BUKOHYETBCS Ha BIpTyaJIbHOMY Ha CTEHJI B MpPOrpaMHOMY 3abe3rme-
yeHHi Electronics Workbench.

1. ABTOMAT Mpalio€e MO aIrOPUTMY: MEPEBI3ZHUKY HEOOX1THO MEPEBE3TU 3 O/JI-
HOTO Oepera piuku Ha IPyrui KO3y, BOBKA Ta KalmycTy. Y MOBH:

- C MEPEBI3HUKOM Y JOI MOXe 3HAXOJUTHUCS JIMIIEe HI0Ch OJHE abo Ko3a abo
BOBK a00 KOITyCTa;

- 3a00pOHEH1 cUTyallili 3HaX0PKeHHS HAOJIMHIIl: KO3a-BOBK, KO3a-KaIlycTa.

2. Bu3HauuTH BapiaHTH MPaBUWJIBHOTO CHpAallbBaHHS OJHONPOTPAMHOIO aBTO-

Mara.
3. [IpeacraBuTu aBTOMAT Y BUTJISIII CTPYKTYpPHOI cxemu (puc. 12.1).
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Pucynoxk 12.1 — CTpykTypHa cXeMa aBTOMAarta 3TUIHO 3 BU3HAYEHUM aJITOPUT-
MOM

4. Cxyactu TaOJIMLIO ICTUHOCTI, 3alIUCH CTPYKTYPHI PIBHSHHS AJII KOYKHOTO
BHUXO/JY KOMYTaTOpIB IAriB NporpaMu. PiIBHSHHS 110 MOKIIMBOCTI CLIPOCTHUTH.

5. Cknactu QyHKIIOHAIBHY CXEMYy aBTOMAaTa Ha eJieMeTax €JIeMEHTAPHOI JIOT1-
KM Ta TpUTepax.

6. Ins 3abe3nedeHHss MOCTiIKEHHS (PYHKIIOHYBaHHS OJHOMPOTPAMHOTO aB-
TOMaTa HEOOX1aHI:

- JUKEpEeJo KUBJIEHHS IOCTIHHOTO CTPYMY;

- (pyHKITIOHAIBPHA CXE€Ma OJIHOIIPOTPAMHOTO aBTOMATAa,

- MIaHEeJb B11I0OpaKeHH 1H(popMaIlii;

- IPUJIAJN KOHTPOJTIO (PYyHKITIOHYBAHHS.

KOHTpOJIbHI IUTaHHS

1. [Mosichutu mpunIun ¢pyukiionysanus [1311.

2.IosicanTu npuHun Gyskuionysanss O3I1.

3. Iosicuuty (HPyHKIIOHYBAaHHS CTATUYHUX €JIEMEHTIB Mam'sTi.
4.TlosicHUTH (PYHKIIOHYBaHHS AUHAMIYHUX €JIEMEHTIB IaM'faTi.

Jlitepatypa
1. BeproBkin JI.JI., Citansko M.B., KicensoB €. M., Xpunko C.JI. I[ludpposa

CXeMOTexHiKa: miapyJHuK. 3amopixoks : 3IA, 2016. 214 c.
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Honmatox A

MeToan4Hi BKa3iBKM 10 BUKOPUCTaHHA JadopaTopHoro crenaa “LOGIC”

HapuanbHo-nabopatopuuii crenn “LOGIC”- mporpamHo-anapaTHUN KOM-
IUIEKC, OPIEHTOBAHUM JJIi BUKOPUCTAHHS Y JIAOOPATOPHOMY MPAKTUKYMI MO KypCy
ugpoBa cxemorexHika. CTEH 103BOJISE€ HA MPAKTUILIl 3aKPIMUTH TEOPETUYHI 3HAHHS
CTYJICHTIB MO JAHOMY KYPCY, a TaKOX JIa€ TIOBHE MPEJICTABJICHHS PO MPUHIIHUI PO-
00TH JIOTIYHUX EJIEMEHTIB 1 KOMOIHAIIMHUX CXEM Ha OCHOBI IMX JIOTIYHUX €JIEMCH-
TiB.

HaBuanbnuii ctenn no kypey uudpona cxemorexnika “Digital Logic Stand”
BUKOHAHUH y BUTIIAI HabipHOTO oS (pHc.1).
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Pucynok 1 - 3oBHimHIM Burisia gadopatopHoro crenay LOGIC

CTeH BKITIOYAE:

- Ha0Oop JIOTIYHUX €JIEMEHTIB peaizoBaHui Ha MikpocxeMmax cepii 74HC**;

- IUHAMIYHY 1HAUKAII0 Y BUTJISAAl 2-X YOTUPHOXPO3PSIHUX CEMUCEIrMEHTHUX
1HMKATOPIB;
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- 1Ba BOyAOBaHI BOJBTMETPH; (HOpMyBad OJAMHOYHUX IMITYJbCIB (OIHOBIOpa-
TOp), KEpoBaHU KHOMKOIO “Select”;

- YOTUPH TPUTEPHU, KepoBaHi KHoMKaMu “Fix’;

- TEHepaTop MNPSIMOKYTHUX IMITYJIbCiB, KEPOBAHHH 3MIHHUM pPE3UCTOPOM
“Generator’’;

- Jokepesno mocTiiHoi Hampyru 0...5B, kepoBaHMI 3MIHHHM PE3UCTOPOM
“Voltage In”;

- YOTUPBHOXPO3PSAHUMA TUUIFHUK IMITYJIBCIB;

- p03'iM MIIKIIIOYEHHS 10 ociuiiorpada;

- IHIUKATOPH JIOT1YHUX PIBHIB, IPECTABICHUX Y BUTJIAI CBITIOIIOIIB.

Yci BHYTpILIHI KOHTPOJIbHO-BUMIpIOBaibHI mpuctpoi creHay LOGIC po3sra-
IIIOBAHO B JIiB1i yacTHHA J1a00paTOpHOTO CTeHay. Jl0 iX CKiIaay BXOMATS:

- IBa BOJIETMETPA;

- KHOTIKM 3aJlaBaHHs BX1JIHUX PIBHIB;

- KHOTIKa BUOOPY PEKUMIB;

- TEHEPaTOp CUTHAJIB MPSAMOKYTHOI (pOpMHU;

- miaeHUKHM yactoT F/2, F/4, F/8, F/16;

- 3MIHHHMH PE3UCTOP, L0 33/1a€ YACTOTY T'eHepaTopa,

- 3MIHHUH PE3UCTOP, IO 33/1a€ HAMIPYTY BX1AHUX JOTIYHUX €JIEMEHTIB.

Jyist opranizaniii BHyTPIIIHIX 3B’ A3KIB M1 OKPEMHUMU OJIOKaMH J1a0OpaTOpPHOTO
CTEHAY BUKOPUCTAHO 12 BHYTpIIIHIX JIIHIA 3B’S13Ky, KOHCTPYKTUBHO $IKI BUKOHAHO
JBAHAAUATbMA IPYKOBAaHUMH MPOBITHUKAMU. 3a IOTIOMOTOIO IEPEMHUOK OYIb-SKY 13
JHIA MOHA 3’€JHATU 3 BXOJOM a00 BUXOJOM Oyab-sKOi (PYHKLIOHAJIBHOI CXEMH,
BHYTPIIIHIM KOHTPOJIbHO-BUMIPIOBAIbHUM IPUCTPOEM, po3’eMOM. KOHCTpyKTHBHE
BUKOHAHHS MEPEMUYOK HACTyIMHE. Biis KoXHOTo BXOIy ab0 BHXOIY pPO3TAIIOBAHO
rpyna ITUPHOBUX KOHTAKTIB PO3MILIEHUX B TpU panu. CepenHiil psii KOHTAKTIB, 5B-
JISETHCS 3araJibHUM, 3 €IHAHUH MK COOOIO0 Ta BXOJIOM a00 BHUXOJOM BIJITOBIJIHOTO
0JIOKy MakeTy. Y 4OTHPbOXPSITHUX KOMYTAllIMHUX TOJISX 3arajibkHUMU € CEpPE/IHI J1Ba
psaau. KoHTakTu po3MmileHl B KpaiHIX psiax 3’€IHaHl KOXHUW 13 CBOEKO JIHIEIO
3B’s13ky. Hymepartiss miHil npoBOAUTHCS B MEPIIOi O IIOCTOI Ta B CHOMOI JI0
JBaHAAMATOT JIiHIT, OIS SAKUX PO3MIIIEHI BIAMOBIAHI U(POBI MO3HAYKHK. J[ms 1miak-
JIOYEHHS BXOAY a00 BUXOJY JI0 BIAMOBIAHOI JIiHII MOTPIOHO, HANATHYTH Ha OJIUH 13
[EHTPAJIbHUX MITUPKIB Ta MTUPOK 13 BIAMOBIIHUM HOMEPOM Ha KpaiHIX psnax, me-
peMuuky (puc. 2).

Mepemudka
SazanbHul
900000
7 12

Pucynok 2 - Komyraniiine nose (3aA1iiCHEHO KOHTAKT 3 BXOJ0M a00 BHUXO0JIOM
TpeThOi 1HPOPMALIIIHOT JTiHIT)
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Jnia 3'emHaHHS BXOJY/BHXOAY OJHOTO €JIEMEHTY 3 BXOJOM/BHXOJOM IHIIOTO
HEOOX1JIHO Ha KOMYTAIIMHUX TIOJISIX, PO3TAllOBaHUX O BIJAMOBIIHOTO BXO-
Ty/BHXOJY, IEPEMHUYKOIO 3aMKHYTH JiHIl 3 OJHAKOBUMH HOMEPaMH.

Ipukaaa. HeoOxiHO BCTAaHOBUTH HA OJHOMY 3 BXOJIIB JIOTIYHOTO €JIEMEHTY
BUCOKMI piBeHb curHainy. CurHan nepenaBaTy 1o nepiii indopmariinii minii. s
IIOT'0 Ha KOoMyTaliiHoMy 1ol “X” (BX1IHMM CUTHAJI HE 1HBEPTYEThCS) (puUC. 2), 10
3HAXOJUThCS 0111 O/IHIET 3 4-X KHOMOK “FiX”, BUCTaBUTH MEPEMUYKY Ha MEPIINN MiH
po3'eMy, 3aMKHYBIIIM HOTO 3 cepeAHiM MUHOM. Tex came 3poOuTH 1 Ha Po3'eMi, KU
3HAXOAUTHCS OISl TOTPIOHOTO BXOTY JIOTIYHOTO €JIeMEeHTY. HaTHCHEHHSIM KHOTIKH Ha
BXO/I1 BUCTABUTHUCS JIOTTYHUH piBeHb (KHOMKA HATUCHYTA — JIOT1YHA OJUHUIIS, KHOIKA
BJIpyTe HATHCHYTA — JIOTTYHUIA HOJIb). CBIUYEHHS CBITJIO/II0Aa BKaXKe Ha BUCOKUU BXi-
THUH piBeHb (puc 3).

Mepemuyku

0/1 6 4 6 DD1
Hamucﬁyma _ X X X N I..... 1
KHOMKa 0000 290000 1
* ooooee XX XY XINREE . o 00e0®
7 12 7 12 ® o000 O
. 1 6 1 6 O— @ 00000
RO XXX XX XXX 7
X|leooeooe T NE
2900000 29009000
_/—U 7 12 7 12
_:/,/’

Pucynok 3 — [lepenaya curHaity JOT14HOI OJMHUII Ha BX1] enementy DD1

BJIoK JOTIYHUX eJIeMeHTIB Ta 0JIOK VIIPABJIHHA.

biiok j10TiYHMX €JeMEHTIB Ta OJIOK YHPABIIHHS € CYKYMHICTIO €I€eMEHTapHUX
JIOTIYHUX €JIEMEHTIB, KOMYTAI[IHHUX TOJIIB, €JIEMEHTIB YNPaBIiHHI. 32 JOTOMOTO0
KOMYTAI[IHHUX TIOJIIB BUKOHYETHCS CHHTE3 KOMOIHAIIMHUX CXeM. 3a JOMOMOTO0
€JICMEHTIB YMPABIIHHSA HA BXOJH JIOTTYHUX €JIEMEHTIB 1 KOMOIHAIIIMHUX CXEeM Ioja-
€THCSI TMOTPIOHA TOCIIIOBHICTH JIOTIYHUX PiBHIB. CTPYKTypHA CXe€Ma JaHOTO OJIOKY
MpEJCTaBIICHA HA PUCYHKY 4.

Po3’em 1 mpusnauenuit myis BuOopy iHBEepcHOro (1mo3.2) abo npsiMoro (1mo3.1)
BUXIJTHOTO CUTHAJTY JIOTTYHOTO €JIEMEHTY.

Kuonku “Fix” 3MiHIOIOTH CTaH (JIOT1YHUN PiBE€HB) HA MPOTUIICKHUI MPU KO K-
HOMY HaTHUCHEHHI KHOMKH (32 IPUHIIUIIOM TPUTEpa).

Knonku “Var” ne 30epiratoth Joriunuid piseHb. Ha Buxozi “1” npu HaTuCHY-
TIA KHOMIII 1 HAaBIAaKH.

Knomnka “Impulse” ynpapisie onHoBIOpaTOpoM, sIKUi (hOpMye IMITyJIbC TpUBA-
aictio npubsmzHo 20Mc. IMmynbc MOKHA TMOJATH Ha BXiJ OyJb-IKOTO JIOTIYHOIO
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€JIeMEHTY, 3a JOTOMOTO KOMYTAIlIHHOTO ToJisA, ab0 Ha JYMIBLHUK-IUTBHUAKA
(Counter output).

y
) ROMyTIELidRS %
Enow Fozem 1 none
NOiAUY
o wr 218 1L . 1 =
ROMYMELIURES womymayidne| enrsmenmis Menspamop RoMymayidne
I none ~ Y ;
R nons 4 nons
KHomiy .y noz 1 P—— = 7
FI 2 7oz 2 - [ ]
[l ' ""'5"1‘-".-'|".".‘E|'_.;.:|'.;'l".'9 g nos = none Z E:; r'\-'C"I-‘"r'l'T'-’L;.:i;'i-'ﬂ'
- = oL i H = L 15
nons 2 = R ! 3 nones
i
=
KHonkw KOMYyMmaLyilHs ﬁ - 1 o mELiHS
AR 2 . iuneHUR- I
VAR s b ) I
Counter z SineHUK e
Impulse |_output | komymauidne ] OV TEUILRE F\2 R
) : Z nons 5 oz 1 Fa H RoAmaLins
I none £ & —fo| | somymsuidas g ) none
- E oz 2|2 none 2 FE M
FOMyMaLiLRE s ROMymaLiRE
none -
none

KOMymEaUioHe

nons

ROMYMELilHe

aone

Pucynokx 4 - CrtpykTypHa cxeMa OJIOKY JIOTIYHMX €JIEMEHTIB 1 €JIEMEHTIB
yIpaBJIiHHS

3a nonomoroto pesucropa ““ Frequency” MO)XHa 3MIHIOBaTH 4acTOTY r'€HepaTo-
pa.

3a pomomororo pesuctopa “Supply Voltage” 3MIHIOETHCS HaINpyra >KUBJICHHS
MIKPOCXEM.

3a nonomoroto pe3ucropa “Voltage In” 3MiHATHCS BX1HA HANpyTa.

I'enepaTtop (opMye TpsSMOKYTHI IMIYJIbCH, SIKI TOJAIOTHCS Ha JIIYMIBHUK
“Counter output”. Ha xomyrarniiinux nonsx F/2, F/4, F/8, F/16 BuctraBiastoThCs me-
PEMUYKH ISl BAKOPUCTAHHS MOTPIOHUX 1HPOpMALIMHUX JIHIN AJ Nepeaadl CurHa-
Ty.

[Ipyn HaTucHeHH1 KHONKHM “‘Select” MOXHA NMEpPEeMHKATH MIXK B1JIOOPaKEHHAM
HaIPYTH KUBJICHHS MIKPOCXEM 1 BX1JIHOIO a00 BUX1JIHOIO HAIPYTOIO.

[Ipu TpuBasioMy HaTHCHEHHI KHONKH ‘“‘Select” BKIIIOUA€TbCS TreHEpaTop Mpsi-
MOKYTHUX IMITYJIbCIB.

Jlyist mepexoly B pyYHUH PEXUM JIYMIIBHUKA HEOOXITHO HATUCHYTH IIE pa3
KHOIIKY.

JIJist BUXOy 3 peXKUMY TeHepaTopa HeoOX1JHO TPUBAJIO HATHUCKYBATH KHOIIKY
“Select”. Ilicnsa upboro cTeH ] Nepeie B pexkuM reHepaTopa BUCOKOI YaCTOTH..

Jlist Toro mo0 3a7aTy 4acToTy reHepaTopa HEoOXiJHO MOKPYTHTH PE3UCTOP
“Frequency”.

Jlst Toro mo0 BCTAHOBUTH YacCTOTY HEOOXIJTHO HATHUCKYBAaTH KHOMKY ‘“‘Select”.

BuxiJ BUCOKOYAaCTOTHOTO FeHEpaTOpa 3HaXOAUThCs Ha po3'emi “Impuls™.

JIist BUXOy 3 peXUMY reHepaTopa HEOoOX1JHO TPUBAJIO HATHUCKYBAaTH KHOIKY
“Select”.
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PoGoTa 3 cTeHaom.

Posrisaemo npukitan nodyaosu y 6a3ici ABO-HI cxemu 3aganoi piBHIHHSIM:
F= (A+§+C+ D)(A+(_3+II_))(Z\+ B+C+E_))(K\+C_Z+E_))(A+§+E)(Z\+§+ D)(A+§+ D)
BukoHaemo cripoteHHs J0Ti9HOT QYHKITII.
[TepeTBoprMO (YHKINIIO 3 TOOCKOHAIOI KOHIOHKTHBHOI HOPMAaJIBHOI (hopmu
(IKH®) y nockoHany qu3lOHKTUBHY HOpMaibHy popmy (JIJHD), nns Buxkopucrtan-
HS KapT MIHTEPMIB.

l_:=(A+§+C+ D)(A+6+5)(Z+ B+C+5)(Z\+6+5)(A+§+6)(K+§+D)(A+§+ D) =

=(A+§+C+D)+(A+6+5)+(Z\+B+C+5)+(K+6+5)+(A+§+6)+(Z\+§+D)+(A+§+D)=

— ABCD + ACD + ABCD + ACD + ABC + ABD + ABD.

Bukonaemo HanecenHs PpyHkIiii Ha kapTy KapHo 4oTUpBX apryMeHTiB (puc. 5).
F A

R
H :

sy
_n.‘
_n.‘
—
A

—_—
‘ —

Pucynok 5 — Kapra Kapuo ¢pynxuii
Crnpomiena QyHKIIis:
F=CD +BC+BD+ABD.

BukoHnaeMo 3BOpOTHE nepeTBOPEeHHS (DYHKIIIT O MIHIMI30BaHO1 KOHIOHKTHBHOT
bopmu:
F=CD+BC+BD+ABD.=CD-BC-BD-ABD = (C+D)(B+C)(B+D)(A+B+D).

[TpuBenemo piBHsIHHS cxemu 10 6a3icy AbO-HI:

F=(C+D)B+C)B+D)A+B+D)=(C+D)(B+C)B+D)A+B+D)=.
—(C+D)+(B+C)+(B+D)+(A+B+D).

[ToOynyemo (yHKIIOHANBHY cxemy (puc. 6).

[Ticnst BuUOOPY MOCTiHKYBaHOT CXeMH, JUISI YHUKHEHHS TMOMWJIOK B CKJIaJaHHs
CXEMH Ha CTeH]1, HeoOX1JHO UU(POI0 MO3HAYUTH HOMEPH 1H(HOPMALIHHUX JHIN, 110
AKUX B1JOYBAaTUMETHCSI KOMYTAallisl €JIEMEHTIB cXeMH (puc. 7).

JlxepenoM BXI1IHOTO CUTHalIy MOXyTh OyTu: kHomku “Fix”, omHOBiOpaTop,
KepoBaHui kHoMKo “Impuls”, myneTuBiOpaTop (reaeparop). OO0B'I3KOBO Ma€ OyTH
JIMILIE OJIMH 3 BKa3aHUX BUIIE JDKEPET BXITHOTO CUTHAIY.
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Pucynok 6 — @yHKIIOHAIbHA JOCTIIKYBaHa cXeMa
DD1
4
1 7
LUEX s F
A
LA ~ DD2
: i 4 - ’
: - 8
: o5 o DDS
B 4 !
E | 1. 2 g 1
| 0 4 ~ DD3 g —OF
T o 10
5 1 1 ; g
: D' 3 5
: L 16 DD4
_______________ 1
2 10
2 | 1 .
3

Pucynok 7 — KomyrariiitHa cxema (pkepesio BXiIHOTO CUTHaIy KHOMKH “Fix’)

Ha ctenn BiACYTHI TPhOXBXOJOBUH 1 4OTHPHhOXBX00BUl enementn AbO-HI.
BukopucroBytoun MaTeMaTHYHHM anapaT ajareOpu JIOTIKM BUKOHAEMO HEOOX1H1 me-
PETBOPIOBAHHSA Y PIBHSHHI.

Enement DD4: (A+B+D)=ABD.

Enement DD5: X7 + X8+ X9 + X10 = X7 - X8- X9 - X10

PoGoua kxomyrariiiina cxema mictuth eneMedTH [-HI (puc. 8).

30BHIIIHIA BUIJIA EKCIEPUMEHTAIbHOI CXEMHU Ha JIabOpaTOPHOMY CTEHII
LOGIC npexncraBieHo Ha pUCYHKY 9.

[To nBanamuaTiii miHil 3 enementy DDS Buximawmii indopmariiinuii curnan F
BHUBEJICHO Ha Po3’eM ocruiorpady.

JIist 3HATTS AMHAMIYHOI XapaKTEPUCTHKU HEOOXITHO MEPEKOMYTYBAaTH CTEH]I
JUTSI T IKJTFOYEHHS TeHepaTopa JI0 BXOIB eKCIIepUMEHTaNbHO1 cxemH (puc. 10).

BxomtounTi reHepatop MpSMOKYTHUX IMITYJIbCIB. TPUBAJIMM HATHUCHEHHSM Ha
KHOIKY “Select”
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Pucynok 9 - ExciepuMenTtansia cxema Ha aboparopaomy crerni LOGIC

THUK
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Pucynok 10 - ExcriepuMeHTanbHa cxema JUisl 3HITTS AMHAMIYHUX XapaKTepuc-
biiok BUMIpy nepexiHUX XapaKTEPUCTHK PI3HUX CEepiid MIKPOCXEM CKIIAAETh-
JIJist BUMIpY HampyTu CHparbOBYBaHHS OAHIET 3 M'ATU MIKPOCXEM B JAHOMY

BJok BUM

csl 3: JUKepela HallpyTH, K€ 3MIHIOETbCS B Mekax Bia 0 10 Harpyru >KUBJIEHHS; BOY-
JOBaHUX BOJIbTMETPIB; M'ATH 1HBEPTOPIB, CBITIOAIOAHUX 1HAMKATOpPIB, IO BigoOpa-

KYIOTh 3HaY€HHS HaNpyru (BX1AHOI 1 BUXIJIHOI).
TOM, 110 3HAXOJIUTKLCS CIIpaBa — BUX1J 1HBEpTOpa 3 BodbTMeTpoM (puc. 11). BxigHa

HaIpyra BUMIPIOEThCS 0€3M0oCepeIHRO BiJl JKEpEIa HAPYTH 1 HE 3aJIe)KUTh BiJl TOTO
Bi1HO. CBITJIOA10/IM, PO3TAIIOBaH1 0111 KOXKHOI 3 5-1 TOCHIKYBAaHUX MIKPOCXEM, TTO-

MpyTH BiAOOpaxKyroThcs Ha iHAUKaTopax “Voltage Input” 1 “Voltage Output” Biamo-
Ka3yl0Th MOMEHT CIIpallbOBYBaHHS (II€PEMHUKAHHS JIOTIYHUX PIBHIB).

JHKYBAHOI MIKPOCXEMHU KOMYTYE BX1J] IHBEpTOpa 3 BUXOJIOM JKEpEIIa HallpyTH, PO3'eM
3aMKHYTa NepeMUYKa, po3TallloBaHa 3/1Ba, Yd Hi. 3HAYEHHsS BXiJHOI 1 BUX1JHOI Ha-

OJ0111 criepiry HEOOXiAHO MEPEMUYKOIO0 3aMKHYTH PO3'€MH, IO 3HAXOJATHCA 3 000X
CTOpIH BiJl AOCTIKYBaHOI MiKpocxeMu. Po3'em, 110 3HaXOMUTHCS 3J1iBa BiA JOCII-

THUK
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Pucynox 11 — ITigkmtoueHHs 610Ky BUMIpY TEPEXITHUX XapaKTEPUCTUK PI3HUX
cepiil MiKpocxeM

|B8:88]86:88]

Voltag Input  Woltag Cutpoat

oo [TAHCOS |=oee

=

[Ipy BKIIIOYEHHI CTEHAY B MEpEXKy Ha 1HAMKATOP1 BIOOOPa)KyeThbCS HAMpyTa
KUBJICHHS MiKpocxeMm. [lepen moyaTkom JOCHTIIKEHHSI HEOOX1JTHO BUCTABUTH HaIlpy-
ry xuByieHHs. [licas 1iporo 3a gonomororw kKHOnkH “Select” BuOpatH, 1mo6 BigoOpa-
’KyBajacs BXIJIHA 1 BHXIJIHA Hampyra. 3a gomomororo pesuctopa “Supply Voltage”
BHCTABUTH HAIPYTy XKUBJICHHS MiKpocxeM. BXijgHa Hampyra perymroeThCs 3MIHHAM
pesuctopoM “Voltage In”. 3miHIO04YM BXiJHY Hampyry (pikcyeMo piBeHb BUXIIHOI
HaIpyru 1 0y IyeMo MepexiiHi XapaKTepUCTUKU PI3HUX cepiil MikpocxeM (puc. 12).

BuxinHa
Upnx |  HAOpiTa
iHEEpTOpa
Pipenr
mHepena
'\__ Harpyru
0 Uex

Pucynok 12 - IlepexigHa XxapakTepucTuKa iIHBEpTOpa
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Jlonatok b
MeToan4Hi BKa3iBKH 10 BUKOPUCTaHHA JadopaTopHoro creHaa “TRIGGER”

Hapuansno-naboparopuuii crenn “TRIGGER”- nporpamHo-anapatauii Kom-
IUIEKC, OPIEHTOBAHUM JJIi BUKOPUCTAHHS Y JIAOOPATOPHOMY MPAKTUKYMI MO KypCy
ugpoBa cxemorexHika. CTEH/ 103BOJIA€ HA MPAKTUILIl 3aKPIMUTH TEOPETUYHI 3HAHHS
CTYJICHTIB MO JAHOMY KYPCY, a TaKOX JIa€ TIOBHE MPEJICTABJICHHS PO MPUHIIHUI PO-
00TH TpUTepiB 1 MOCIIJOBHICTHUX CXEM Ha iX OCHOBI.

Hapuansuuii ctena “TRIGGER” Bukonanwii y BUTIIAI HAOIpHOTO OIS (pHC.
1).
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Pucynox 1 - 3oBHimHi# Burisan sadoparopHoro crenay TRIGGER

CreH BKIIOYAE:

- Ha0Op eNeMEHTIB peani3oBaHuill Ha Mikpocxemax cepii 74HC**;

- TMHAMIYHY 1HAUKAIII0 Y BUTIISIL 2-X YOTHPHOXPO3PATHUX CEMUCETMEHTHHIX
1HJIUKATOPIB;

- (opMyBay OJMHOYHUX IMITYJIBCIB (OJTHOBIOPATOP), KEPOBAHUI KHOITKOIO
“Impuls/Generator”;

- YOTHPHU TpUTEPH, KepoBaHi kHonkamu “Fix”’;
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- TeHepaTop NPAMOKYTHHX IMITyJIbCIB, KepoBaHH kHOTIKamu F+, F-.

- YOTUPBOXPO3PSAHUHN JTIYMIIBHUK IMITYJIbCIB.

- IBa po3'eMa MiAKITIOYCHHS JI0 OCIIIIOrpady;

- IHAMKATOPH JIOTIYHUX PIBHIB, IPEACTABICHUX Y BUTJIS/I1 CBITJIO10IB.

Opranizailisi BHyTPIIIHIX 3B’SI3KIB MK OKPEMUMU OJIOKaMH J1TaO0PaTOPHOTO
CTCH]Iy aHAJIOTIYHa OMHUCaHIN y ToAaTKy A.

BJIoK JOTIYHHUX eJIeMeHTIB Ta 0JI0OK VIIPABJIHHA.

biok nipecTaBiisie CyKyImHICTh €JIEMEHTAPHUX JIOTIYHUX €JIEMEHTIB, KOMYTalliii-
HI 1OJIs1, €JIEMEHTHU YIIPaBIIIHHA. 3a IOMIOMOTOI0 KOMYTAIlIMHUX TTOJI1B BUKOHYETHCS
CHUHTE3 KOMOIHAIIHHUX CXeM. 3a JIOTIOMOTOI0 €JIEMEHTIB YIPaBJIIHHS Ha BXOH JIOT1-
YHUX €JIEMEHTIB 1 KOMOIHAIIHUX CXEeM IOJIA€ThCs MTOTPiOHA MOCIIIIOBHICTD JIOT14-
HUX piBHIB. CTpyKTypHa cxeMa JJaHOTo OJIOKY MpeICcTaBieHa Ha PUCYHKY 2.
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Pucynok 2 - CtpykrypHa
yIpaBJIiHHS

cxema OJIOKY JIOTIYHUX €JIEMEHTIB 1 €JIEMEHTIB

Pos'em 1 mpusHauenuii ayis BuOopy iHBepcHOTO (1103.2) abo npsiMoro (1mo3.1)
BUXIJTHOTO CUTHAJTY JIOTTYHOTO €JIEMEHTY.

Knonku “Fix” 3MiHIOIOTH CTaH (JIOT1YHUN PiBE€HB) HA MIPOTUIICKHUM MPU KO K-
HOMY HaTHUCHEHHI KHOTKH (3a IPUHITUIIOM TPUTEPA).

Knomnka “Impulse” ynpanse omHoBiOpaTOpoM, sIKUi (HOpPMYE IMITYIHC TPHUBA-
aictio npubsuzHo 20Mc. IMmynbc MOXKHA TMOJATH Ha BXiJ OyIb-IKOTO JIOTIYHOIO
€JIEMEHTY, 3a JIONMIOMOT' 00 KOMYTaIlliTHOTO 1011, 200 Ha TIYWIbHUK-IUTbHUK (Counter
output).

3a nonomororo KHONok F+, F- Mo)kHa MIHSITH 4acTOTYy TeHeparopa.

I'enepaTtop (popMye TpSAMOKYTHI IMITYyJIbCH, SIKI TOAAIOTHCS Ha JIYHJIBHUK
“Counter output”. Ha xomyrariitnux nonsx F/2, F/4, F/8, F/16 BucraBistoThCs me-
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PEMHUUKH ISl BAKOPUCTAHHS MOTPIOHUX 1H()OpMALIMHUX JIIHIA A epenavl curHa-

Ty.

[Ipu TpuBasiomy HaTtHcHeHHI KHONKH “Impulse/Gemerator” MokHa mepeMuUKa-
TH PEXKUM MK TEHEPAaTOPOM NPSIMOKYTHUX IMITYJIBCIB 1 JTIYMJIBHUKOM IMITYJIbCIB.

PoGoTa 3 cTeHaom.

PosrisaemMo npukitag moOya0BH JIBIHKOBO-IECSITKOBOTO JIIUMIBLHUKA.
JIBIMKOBO-AECATKOBI JIYMIBHUKHA MarOTh K, = 10. [X cuHTe3yI0Th Ha OCHOBI
YOTHPHOXPO3PSIHOTO JiunIbHUKa, BukIoyaoad N = 2" — K. = 16 — 10 = 6 Han-
JIMIIKOBUX cTaHIB. CHHTE3 IBIMKOBO-AECSITKOBOIO JIYMJIBHUKA MOJKIIMBO 3I1HMCHUTH
BIJIMOBIAHO J10 TAOIMIN cTaHIB (Tabi. 1).

Taomung 1 — Tabnung cradiB ABIMKOBO-AECATKOBOIO JIIUNJIHLHUKA

n Q4n Q3n Q2n an Q4n+1 Q3n+1 Q2n+1 Q1n+1
0 0 0 0 0 0 0 0 1
1 0 0 0 1 0 0 1 0
2 0 0 1 0 0 0 1 1
3 0 0 1 1 0 1 0 0
4 0 1 0 0 0 1 0 1
5 0 1 0 1 0 1 1 0
6 0 1 1 0 0 1 1 1
7 0 1 1 1 1 0 0 0
8 1 0 0 0 1 0 0 1
9 1 0 0 1 0 0 0 0

3rigHo 3 kaptamu KapHo as GyHKINA mepexo/iiB TPUTepiB KOXKHOTO PO3pPsIY,
kaptamu KapHO 711 KOKHOTO BXOAY TPHUTEPIB (BUKOPHCTOBYIOUM CIIOBHUK MEPEXO-
niB JK — tpurepa) GpyHKIIIi BXOIIB JIIUAILHUKA MAIOTh BUTJISI:
J=1 J2= C_24Q1; J3=02QL J4=0Q30Q20Q1
Kl=1 K2=Q4QlL K3=0Q20QL K4=Q1
Cxema JBiiiKOBO-fiecaATKOBOro miumibHuKa 3 Kp,x = 10 ma JK — Tpurepax
MPEJICTABIICHA HA PUCYHKY 3.
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Pucynox 3 - Cxema 1BIMKOBO-/I€CATKOBOTO JIIYUIHHUKA
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Pucynok 4 - ExcnepuMeHTaabHa cxema JiB
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naboparopuomy cteHai TRIGGER
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HatlaJ'II)HO-MGTOI[I/I‘IHe BUIaHHA

(vkpaincokorw mosoio)
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