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BCTYN

MetoanuHi BKa31BKY /10 BUKOHAHHS JJAOOPATOPHUX POOIT 3 JUCIUTLIIH
"Hudposi mpuctpoi''ta"CxeMOTEeXHIKA PaaiOCIeKTPOHHUX  amapaTiB"
OpU3HAYEHl U1 CTYAEHTIB paaioTexHiyHoro ¢akyiasrery HTYY "KII"
04HOI Ta 3a049HO1 (hopM HaBuaHHs HanpsaMmKiB 6.050901 «PamioTexHika» Ta
6.050902 «PamioenekTpoHHI amapaTm.

MeToan4uH1 BKa31BKH MICTITh

- ONIUC CTEIIali30BAaHOT0 O00JIaIHaHHS, Ha 0a3l SIKOTO BHKOHYETHCS
IIPaKTUYHA YaCTHHA KOKHOI pOOOTH;

- IpOTpaMy BUKOHAHHS poOiT;

- 0COONMBOCTI MPAKTUYHOI peaizaiii Ta JagHaHHS IU(PPOBUX
IIPUCTPOIB;

- IEpeJIIK TEOPETUYHOI0 MaTepiaiy, SIKUd Mae OyTH 3aCBOEHUM JIJIS
YCHIITHOTO BUKOHAHHS POOIT, HABOAUTHCS O€3MOCepeHbO MPH OIHUCI
KOXHOT JabopaTopHOi poOOTH, HABOAITHCA 0a30Bl BIAOMOCTI 3 TOTO YH
IHIIIOTO THUTAHHSA, 0 MAa€ CIOPUATH IUIECTIPIMOBAaHOMY BHWBYCHHIO Ta
norIM0JIEHOMY 3aCBOEHHIO HEOOX1JHOTO MaTepiany;

- BKa31BKM 3 BUKOHAHHSI POOIT;

- IPOTOKOJIM JJO BUKOHAHHS JJaOOpaTOPHUX POOIT;

- HEOOX1IH1 JIOBIIKOBI JIaHI.



META TA OCHOBHI SABOAHHA NABOPATOPHUX POBIT

Mera mabopaTopHux poOIT - HAOYTTS CTYJEHTaMH HAaBUYOK 3
PO3pOOKH TPHUHIIUIIOBUX EIEKTPUUYHUX CXeM MUGPOBUX MPUCTPOIB, iX
MPaKTUYHOI peai3auii 1 JJaJHaHHS.

Kosxna 3 1abopatopHux poOIT BKIIOYAE €TAIH:

- moOy0Ba (hYHKIIIOHAJIBHOI CXEMHU, SIKa peasizye 3a1ani PyHKITi;

- po3po0Ka €NEKTPUYHOI MPHUHIIMIOBOI CXeMHU IU(POBOTO MPUCTPOIO
(LLIT) 3 BUKOpUCTAHHSAM MIKPOCXEM, 3aJJaHUX THIIIB,;

- 30upanHs Ta nagHanHa makeTy L1 naGazoBomy mraci,

- MATBEPKEHH npaBuwibHOCTI PpyHkionyBanHs LI Ta ohopmnenns
pe3yabTaTiB poOOTH.

[Ipu odopmieHHi 3BiTYy 3a pe3ylbTaTamu Ja0OpaTOpHOi POOOTH,
3T1IHO BCTAHOBJIEHOI (popmu (IMB. 10/1aTOK 1 — 5), MaroTh OyTH HaBEJEH1

- Me€Ta poOOTH Ta MOCTAaHOBKA 3a/1aui;

- MaTepianu cuHTe3y QyHKIioHANbHOI cxemu LII1;

- MPUHIIAIIOBA eNleKTpudHa cxema L[], BukoHaHa Ha MiKpocxeMax, sIKi
OyJIM BUKOPHCTaH1 IPU BUKOHAHHI pOOOTH;

- BUCHOBKH, B SKUX CJiJ HaBecTH pe3ynbTaTu BunpoOyBaHHs LII1 Ha
MpeaMeT MOro BIMOBIAHOCTI TEXHIYHOMY 3aB/IaHHIO.

Jlns  yCHIIIHOTO BHUKOHAHHS J1abOpaTOpHUX POOIT HEOOX1THO
3aCBO€HHS CTYJEHTOM BIJIOBIAHOTO TEOPETHYHOTO Matepiany. OO0csar
HEOOXIJTHOTO TEOPETUYHOI0 Marepiajgy BKa3yeTbCA IMPU OMHUCI KOXKHOI
nabopaTopHOoi  poOOTHU.  Y3arajJlbHEHWM  TEepeslik  PEeKOMEHI0OBaHO1
JiTepaTypu HaBEIEHO Y BIJMOBIIHOMY pO3IUII B KIHIII METOJAMYHUX
BKa31BOK). JlJiss mOOYy0BU €JIEKTPUYHOI MPHUHIIMIIOBOT CXEMHU Ha IMiJICTaBi
dynkmionansHoi cxemu IIII, HeoOXimHO MaTW BIANOBIAHI JIOBIAKOBI
BITOMOCTI MPO MIKPOCXEMH, SIK1 TJIAHYETHhCSI BUKOPUCTATH NMPYU BUKOHAHHI
1a0opaTopHOi PoOOTH (TUIU MIKPOCXEM 3a/Ial0ThCsl BUKIanaudem). JlaHi
JUISL MIKpOCXEM, $IKI BUKOPHUCTOBYIOTHCS TNPU BUKOHAHHI JIa0OPATOPHUX

po0OiT, HaBeIeHI B 10JaTKy 6 Ta B TEKCTI JabopaTopHOi poOoTH Neb.



NMPABUJIA TEXHIKU BE3MNEKWU NPU BUKOHAHHI
NABOPATOPHUX POBIT

B y40OoBiii maGopaTopii mHpW BHUKOHAHHI JA0OPATOPHUX POOIT
BUKOPUCTOBYEThCA poOodYa Hampyra HeOesmeuHa il KuTTa (£5 B s
JKUBJICHHS J1aboparopHUX MakeTiB Ta 24 B 3MiHHOTO CTpymy st
JKUBJICHHS TasIbHUKIB). AJie HasBHICTH BHCOKOi (220 B) mampyrm Ha
PO3MOAUTHPHUX  €JIEKTPOIIMTAX, BUKOPUCTAHHS TMasJIbHUKIB, poOoua
temreparypa skux nepesuinye 200 °C, 00yMOBIIOE HEOOXiTHICTH
BUKOHAHHSI IEBHUX IMPaBWJI TEXHIKKW OE3MEeKU Ta BUPOOHWYOI caHiTapii 3
METOI0 3aIlo0ITaHHsS HEIIAaCHUX BHUIAIKIB, HAJAHHS IIKOJH 3J0POB'IO (SIK
BJIACHOMY TaK 1 OTOUYIOUHX).

1. 3a00pOHSETBCSA CTYJIEHTaM CaMOCTIMHO BHUKOHYBaTH OY/b-sKi
BMUKAHHS Ha PO3MOAUTHHUX €EKTPOIIUTAaX a00 3aMiHY 3ar001KHUKIB.

2. BMukanHs 71a0opaTOpHOTO MakeTa Iiciig 30UpaHHS CXeMU
MO>KJIMBO JIMIIIE B MMPUCYTHOCTI K€PIBHUKA POOIT.

3.30upaHHS CXEMH, BHECCHHS Oyab-iKHX 3MIH JO Hel CIija

BUKOHYBATH JIMIIC IIpU BUMKHECHOMY CHCKTpO)KI/IBJ'IeHHi. BHKOHYBaTI/I

OyIb-AKl TEPEeMUKAHHS B CXeMaxX, IO 3HaXOMSIThCA I HAIpPYyror

3200POHACTHCS.

4. Poboue Mmiclie B Mpolieci BUKOHAHHS poOIT Ma€e OyTH OpraHi30BaHE -
BUIbHE BIJL CTOPOHHIX TMpeaMeTiB  (KHWI, KOHCHEKTIB  T.IH.),
HEBUKOPUCTAHUX MOHTAXKHUX MPOBIIHHUKIB TOIIO.

5.Ha poGodyomy Micill Mae 3HAXOJUTHCh HE MEHIIE ABOX OCIO.
Bukonysartu 1abopaTtopHi poOOTH MOOMHII 3a00pPOHEHO.

6. [Ipu 30upanHi mpUCTPOIO HAa 0a30BOMY ITaci HEOOXITHO YHHKATH
B3a€EMHOTO TOPKAHHS MOHTQXHMX HPOBIAHMUKIB, 100 HE JAOMYCKAaTH
PEXKUMIB KOPOTKOTO 3aMHKaHHSA, SIKI MOXYTh MPHU3BECTH JI0 aBapiiHOIO
CTaHy MPUCTPOIO, BIAMOBH KOMILJIEKTYIOUHUX e€JEeMEHTIB abo 0a3oBOro

aci.



7. HemonmycTMO BMUKATH B PO3ETKHU €IEKTPOMEPEKI Oyab-sIKi
POBIAHUKKOE3 IITENCETbHUX BUJIOK.

8. [Ipu 3amyxyBaHHI KIHIIIB MOHTXHUX TMPOBIJHUKIB Ta iX
MIPUIIAIOBaHHI 0 KOHTAKTHUX €JIEMEHTIB 0a30BOro Iaci He0OXiTHO OyTU
0COOJIMBO 00EpEeKHUM, 00 3amo0IrTH POo30PU3KYBAHHIO PO3ILIABIEHOTO
MIPUTIOIO.

9. Ilig yac nmastHHA BiAOYBA€THCA BUIAICHHS MIKIIJIMBUX JJIS 370POB's
PEYOBHMH, TOMY HEOOXIJIHO CIIJIKyBaTH, 1100 TPUMIIICHHS, €

B1J1I0yBalOTHCs JTa0OpPaTOPHI pOOOTH, TPOBITPIOBATIOCH.

onunc obJ1IAOHAHHA, WO BUKOPUCTOBYETBLCA NPU
BUKOHAHHI IABOPATOPHUX POBIT

[Ipaktuuna peanizarisi po3poosienoro LI1 3aiticHIOETBCS HA Oa30680My
waci.

bazose waci - ocCHOBHUI TEXHIYHUU 3aci0, SKUM BUKOPHUCTOBYETHCS
Ipu BUKOHAHHI KOXHOI JaboparopHoi poOotu. Bin 3a0e3mneuye
MO>KJIMBICTh 30WMpaHHs Ta HamarokeHHs 11, emekTpwdHa mpUHIHMIIOBA
cXeMma SKOTo Mae OyTH OTpHMaHa CTYJAEHTOM Ha eTaml MiATOTOBKH J10
BUKOHAHHS pOOOTH.

bazose maci (BI) sBasie coOO NPUCTPid, MPU3HAYEHHS SKOTO
MOJISITA€E B TOMY, 11100 3a0€3MeUnTH:

- KPIIUIEHHS MIKPOCXEM,

- 3'€/ITHAHHS BUBO/IIB MIKPOCXEM MK COOOIO Ta 3 JKEPEIOM KUBJICHHS
3T1IHO NpUHIMIOBOI cxemu L1,

- MOXKJIMBICTB HastaroikeHHs LI,

- KOHTpoJb pyHKIIOHYyBaHHs LII1.

3arayibHUH BUTJISAT 0A30BOTO I1AaCi HABEJEHO Ha puc. 1.

bazose mraci cknamaerbest 3 kopmycy | (puc. 1); morTtaxknoro moms 11

(puc. 2); KJIEMHOI Tpynu i MIJIKIIOYEHHS [kepena skuBiieHHs [lI



(puc. 3); HabipHoro nonst IV (puc. 4); enemMeHTIB KepyBaHHS TaKTOBUM

reneparopom V (puc. 5).
II 11

Puc. 1. 3aranbHuii BUrisa 6a30Boro maci.

Kopmyc BIII BukOHaHuil 3 MeTaly 1 € HECy4Ool OCHOBOIO YCHOTO
npucTpor. Bcepenuni Kopiycy po3MIIIEHO TE€HEpaTop IMITYJIbCIB Ta
3/1licHeHO HeoOXiaH1 3'efHaHHs okpeMmux eneMeHTiB BII, mo 3abe3neuye
MO>KJIUBICTh MOro 0araTopa3oBOTO BUKOPHUCTAHHS Ta peani3aiiio Oyib-
sskoro L{I1 3 yncna 3ampornoHoBaHUX ISl BAKOHAHHS 1a00paTOpHUX POOIT.
MoHTaxxkHe moJie 3a0e3nedye MOXKJIMBICTh BUKOHAHHS BCIX OIeparliil 3
MOHTAaXy, HaJIaroJ»XeHHs Ta tectyBanHs L1

Ha MoHTa)XxHOMY 110J11 pO3MIIIYIOThCS (TUB. pUC. 2):

-manemi 1 (4 mT.) Ta 2 (2 WT.) I BCTAHOBJIEHHS MIKPOCXEM,
IPUYOMY PpI3HOBUJI TIaHENeW 3abe3neuye MOKJIMBICTh BCTAaHOBJICHHS
MIKpOCXEM, 110 PO3MIIIEH] Y pi3HUX Kopmycax, a came: bIP-14 ta BIP-16,
BIIMOBIHO (HASBHICTP HAa MOHTAXHOMY IIOJI1 JOJAATKOBOI1 TaHEII,
obyMoBieHa BukopucTaHHsM naHoro BIII B nmaGoparoprHux poGotax 3
IHIINX KYpCIB);

- ceiTioaioau 3 (4 mr.) ta 7 (1 wmt.);

- KOHTaKTH1 eJleMeHTH 4, 5, 6, 8; Npu bOMY: KOHTaKTHI €JeMeHTH 4

MpUETHAHI 10 BUBOJIIB CBITJIOJIO/NIB 3 Ta MalOTh BIAMOBIJHE MMO3HAYECHHS,



KOHTaKTHI €JIEMEHTU 5 MpHUEIHAHI J0 BIAMOBIIHUX BUBOJIB maHesed 1 Ta
2; KOHTaKTHI €JIEMEHTH 6 TIpUEHAHI JI0 TIEPpEMUKaYiB 3aJJaBaHHs JIOTTYHUX

piBHIB (pO3MillleHUX Ha HaOIpHOMY TIOJ1); KOHTAKTHUW €JEeMEHT §

MpUETHAHUM 10 BUX0y BMOHTOBaHOTO B BIII reneparopa iMmnysnbcis.
2 3 4
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Puc. 2. MoHTa)XXHE TOJIE.

KonraktHi enemeHtH 5 posmimyrotrscss Ha bBII rpynamu B
OesmocepeniHiii  OMM3BKOCTI 10 BIAMOBIAHUX maHened. Ciija 3BEpHYTH
yBary, 1o KUIbKICTh IIUX KOHTAKTHUX €JIEMEHTIB B KOXXHIN TPy Ha JIBa
MEHIIIE€ KIJIbKOCTI BUBOJIIB BIAMOBIAHUX NaHenel. [le o0yMoBiieHO THM, 1110
BHBOJIM, Ha SK1 MOJAETHCSI HAMpyTa BIJ JHKepesia )KUBJICHHS, IPUETHAH] 10
kiemHoi rpymnu III 6e3nocepennno Bcepenuni kopmycy bIL. Knemua rpyma
IIT po3mimniena Ha oaHid 3 OokoBux mnoBepxoHb BIII, i mpu3HaueHHs 1
MOPSIOK BUKOPUCTAHHS 3p0O3YMLIIL 3 PHC. 3.

CeiTnomionn 3 (3arajJibHOIO KUIBKICTIO 4 INT.) NpPH3HAYCHI JIA
KoHTpoJto curHainy (0 yu 1) Ha Bxojax ab0 BUXO0/aX JOTITUHUX €JIEMEHTIB
(ckmamoBux) 3i0panoro IIII Ta BUKOPHUCTOBYIOTHCS TIpH  HOTO

HaJIaro/HKeHH1 1 TECTyBaHHI.
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Puc. 3. Kinemna rpyna st iAKIFOUCHHS JHPKEepPeTa )KUBJICHHS.

KoHTakTHi eneMeHTH 6 TIpuUeaHaHI A0 TIEPEMUKAYiB 3aJ1aBaHHS
JIOTIYHUX PIBHIB, AKI BXOJATH JI0 CKIagay HaOipHOTO oSt [V 1 po3mimieHi
Ha OJHIM 3 OokoBux TmoBepxoHb bIII. Po3mimenHs Ta mopsmaok

BUKOPHCTaHHS MEPEeMHUKaviB HaOIpHOTO MOJIsS 3p03yMii 3 puc.4.

Puc.4. Habipue none.

[lepemukaui HaOIpHOrO TMOJS HANAIOTh MOXKJIMBICTh HE3AJIEKHO
BCTAHOBUTH HAa KO)KHOMY KOHTAaKTHOMY €JEMEHTI, 110 BXOJUTh A0 IPylu
KOHTaKTHUX €JIEMEHTIB 6, Hampyry HHU3bKOro a00 BHCOKOTO pIBHS, IO
BIMOBIae JjoriyHuM piBHsM  "0" abo "1", TOOTO BHCTYyHarwTh SK
CBOEPITHUM T€HEpaTOp ABIMKOBOTO KOy, HEOOXITHUM, SIK MPH JaJHAHHI,
Tak 1 Mpu TecTyBaHHi 3i0panoro LI1.

Ho ckmany BIII Bxoaute reHepaTop IMIYJbCIB, BHXIJ SKOTO
IPUETHAHO JI0 KOHTAaKTHOTO €JIeMEHTy & Ta cBiTioniony 7. Enementu
KEepyBaHHS I[LOTO T€HepaTopa PO3MIIIEHI Ha ONHIM 3 OOKOBHX MaHENIeH
BII (nuB. puc. 5).

o
| S

Puc. 5. EnemenTr kepyBaHHs T€HEpATOPOM IMITYIIBCIB.

11



Jlo ckiagy €JeMEHTIB KEpyBaHHS I€HEpaTOpOM IMIYJIbCIB BXOJSATH
nepemMukay [, mpusHaueHU s BUOOPY pEeXUMy poOOTH (TeHeparris
MOCJIIOBHOCTI IMITYJIbCIB YH TOOJUWHOKUX IMIYIJBCIB TPU PYyYHOMY
3amycKy) Ta kHomka II, mpu3HaueHa aJjigs pydyHOro 3amycKy reHepaTopa B
peXUMI TeHepallii TOOJMHOKHUX IMITYJIbCIB.

Momntax LII monsrae B 3’€1HaHHI BUBOJIIB MIKPOCXEM MIXK COOO0IO Ta
3 1HIIMMHU CKJIAQJIOBUMH, 3TITHO PO3POOJIEHOI MPUHIMUIIOBOI CXEMHU Ta
3MIMCHIOEThCS TEPEeMUYKAMH, KIHI[l SKHAX IIJMAI0Th 0 BIIMOBIIHUX

KOHTAKTHHUX E€JIEMEHTIB.

TUNOBI CUTYALII, LLO BUHUKAIOTb MPU PEANI3AUII
LNDPOBUX MPUCTPOIB HA CTAHOAPTHUX
IHTEFPAJIbHUX CXEMAX

Po3pobniena  (QyukiioHanbHoO-moriuna cxema LI  mae Oyrtum
peanizoBaHa Ha 0a31 HaOopy cTaHaapTHUX 1HTerpanbHuX cxem (IC) Toi umn
1HII01 cepli, abo Ha 0a3l HaOopy 010J10TEYHUX €JIEMEHTIB Ti€i YU 1HIIOI
Benukoi (HamBenuwkoi) iHTerpamspHoi cxemu (BIC abo HBIC) 3
IIPOrpaMoOBaHOIO CTPYKTYpOr0. B 000X BUMaiKax MOKIIMBA CUTYallisl, KOJIH
HasBHI €JIEMEHTH 1 €JIeMEHTH TOTPIOHI I peami3aiii CXeMu He
CIIBIIAJAIOTh, SK 3a KIJBKICTIO, TaK 1 3a MOJKJIMBOCTSAMU BHKOHAHHS
HEOOXITHUX (YHKIIIH.

TunoBuMH CHUTyaIisIMA € HasBHICTh B Koprmycax craHmapTHux IC
"3aiiBux" (TOOTO TakuX, 10 HE BUKOPUCTOBYIOTHCS B JAHOMY BHUIIAJKY)
JIOTIYHHUX €JEMEHTIB, BXOJIB, 200, HaBNAaKW, KIIBKICTh BXOJIB Maja, ixX
HaBaHTa)XyBaJlbHa CIPOMOXHICTh HenocTaTHs. JletanpHa iHGOpMaIIis,
1010 BHPIIICHHS BKa3aHMX MpoOsieM HaBeaeHa B [2, ¢. 64-72]. Hwxkue
HaBOJISITHCS JIMIIIE Ti BIJIOMOCTI, 3HAHHS SIKUX HEOOXIJHE JJI YCIIIIHOTO

BUKOHAHHS JIA0OpaTOPHUX POOIT.

12



Pe:xuMH HeBUKOPHMCTAHUX BXO/iB.

[TutanHs po pexumu "3alBUX" BXOJIB BUPIIIYETHCS 3 YpaxyBaHHIM
KOHKPETHOT'O TUITY CX€MOTEXHOJIOT11, 1[0 BUKOPUCTOBYETHCH.

Hampuknan, HeoOX1THO OTpUMATH KOH'IOHKIIO (200 ii 1HBEpPCIIO)
'TH 3MIHHUX. B cTaHIapTHUX cepisix HE Ma€ BIAMOBIIHUX €JIEMEHTIB, 110
MaroTh 5 BXOiB. B 11b0My BUTIAAKY JOBOJIUTHCS BUKOPUCTATH €JIEMEHT IO
Ma€ BICIM BXO/IiB, B SIKOMY BUSIBIIIEThCS TpHU "3aiiBi" BX0oau. [IpuHIMIIOBO
MOXJTUBO:

-He 3BepTaTh yBaru Ha "3aiB1" BXOoau (TOOTO BAIMUIINATH iX
PO3IMKHEHUMH );

- IpU€eTHATH "3alB1" BXOIU 110 3a/115THUX;

- ogaTy Ha "'3aiB1" BXOOU SKICh KOHCTAHTH.

3 TOYKM 30py JIOTIYHHUX Olepauiid BCl TPpU BKa3aHI MOMXJIUBOCTI
mpaBOMIpHI. AJie, SKIIO B3SITH JO yBarm OCOOJMBOCTI Ti€l YM 1HIIOT
CXEMOTEXHOJIOT1i, TO BUOIp BapiaHTy CTa€ BUSHAYCHUM.

Jl1s eneMeHTiB, SIKI BUTOTOBISIOTHCA 3a TexHojorismu KMOH a6o
TTJI(LLI), HeBUKOpUCTAaHI BXOAU PO3IMKHEHUMH HE 3alHINaoTh. s
esieMeHTiB, BurotosieHux 3a KMOH-TexHomori€eto, 11e cyBopa 3ab0poHa,
00 B IIMX €JIEMEHTaX BEJIMKI 3HAYEHHS BXIJHUX OIOPIB 1, BIAMOBIIHO, HA
PO3IMKHEHUX BXOJIaX JIETKO HAaBOJATHCS TMapa3uTHI TOTEHIANU, Kl
MOXYTh 3MIHHTH pOOOTy cXemu. /[l eleMeHTIB, BUTOTOBJICHHUX 3a
TTJI(LL)-rexHoJIOTi€I0 CYBOPOi 3a00POHU 3aTUIIATH BXOIU PO3IMKHEHUMHU
HEMae, aje poOUTH 1€ HebakaHo, TaK SK MPU IbOMY MOTIPIIYIOTHCS
napamMeTpu MmBUAKOMII enemeHTa. llpuennanns "3aiiBux" BXOIIB 0
saaissaux Ayt KMOH u TTJI(I) eneMeHTIB OpUHIMIIOBO MOXJIUBE, aje
HeOaxaHe, 00 MPHU3BOJUTH JO MIABUIICHHS HABAHTAKECHHS Ha JIKEpeEso
CUTHAITY, 1110, B CBOIO UEPTy, BEJIE A0 3HMKEHHS HOTO MIBUIAKOIII.

TakuMm dYWHOM, IS €JIEMEHTIB, BUTOTOBJICHHX 3a TEXHOJOTISIMH
KMOH a6o TTJI(III) mpob6yiiema HEBUKOPUCTAHUX BXOJIB BUPIIIYETHCS
[UIIXOM TPHUETHAHHS 1X 10 KOHCTaHT (JIOT1YHHM OJWHHULISAM a00 HYJISIM)

TaKUM YMHOM, 11100 3amo0irTy 3MiHM pOOOTH CXEMU IS 3aJiTHUX BXO/IIB.
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[Ipu upomy piBHiI Hampyru JjoriyHoi "1" ta noriynoro "0" mns KMOH
€JIEMEHTIB CHIBNAJAal0Th 3 PIBHAMH HANpYrd JpKepena >KUBJICHHSA Ta
3aranpHO1 mmHA ("3eMii"), 40 SAKUX 1 TPUENHYIOTh HEBUKOPUCTAHI BXOJH.
Jlia TTJI(IO) enementiB piBens "1" Ha 1,5 - 2 B Huwkumil 3a piBeHb
HaMpyru JHKepesa >KUBJEHHS, TOMY IS 3arno0iranHs MpoOor0 He3aisH1
BXOJIM MPUEAHYIOTh A0 JDKEpEJia KUBJIEHHS 4YEpe3 PE3UCTOp, BEIMYHMHA
omopy sikoro (3BMYailHa pEKOMEHJallisl) MOoBUMHHA ckiaagatu 1 kOw,

MIPUYOMY JI0 OJHOTO PE3UCTOPY J03BOJIAETHCS MpUeaHATH 10 20 BXO/IIB.
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NNTABOPATOPHA POBOTA Ne1

BuB4yeHHA ocobnuBocTen pob6oTn 6a30BUX JNTOTIYHUX
erieMeHTIiB

Meta podoTn.

BuBueHHsi ocobiMBOCTE pOOOTH Ta MOPIBHSUIBHUM aHami3 0a30BHX

JIOTIYHHUX €JIEMEHTIB PI3HUX CEPIH.
IHocTanoBka 3agaui.

B cepenoBuill KOMIT'IOTEPHOTO MOJIENIOBAHHS BUBYUTU POOOTY
0a30BUX JIOTIYHHUX €JIEMEHTIB. 3HITH OCHOBHI XapakTepucTuku. [IpoBectu

MOPIBHSUIbHUM aHAI3.

1.1. KopoTKi TeopeTU4Hi BiAOMOCTi

Bu3HauyeHHsI BUCOKOI0 Ta HU3bKOI0 PIBHIB CUTHAJLY.

Bucokuit piBeHp BXigHoi Hanpyru (V;y)— MiHIMaIbHUN piBEHb
Hampyrd Ha BXOJi, IO sBIsie coOoro JoriuHy 1. Bynp-ske 3HaueHHS
HaIllpyTy HIKYE JAHOTO PIBHS HE BXOJUTH B J1alla30H BHUCOKOTO PIBHS
CUTHAJY JIJIS JIaHO1 JIOTTYHO1 CXEMHU.

Huspkuii piBens BxigHoi Hampyru (V) )— MakcHMMalbHHUN piBEHb
Halpyru Ha BXO/, 10 sBisie coOoro Jyoriynuii 0. Byab-sike 3HaAYEHHS
HAIpyryd BHWINE JaHOTO PIBHSA HE BXOJIUTH B Jiama30H HU3BKOTO PIBHSA
CUTHAJy JIJIS JIaHO1 JIOT1YHO1 CXEMHU.

Bucokunii piBenb BuxigHoi Hanpyru (Vpy)— MiHIMaIbHHIA piBEHb
HAIpyrd Ha BUXOJ1 JIOTIYHOI CXEMH, IO SBJsS€ cOOOI JIOTiuHYy | mpu
3aJTaHOMY HaBaHTaKCHHIO.

Husbkuii piBerb BuxinHoi Hampyru (V,)— MakcUMajdbHHIA DPIBCHb
HAIpyrd Ha BUXO/Il JIOTIYHOI CXEMH, IO SBJIAE€ cO00r0 Joriunmid 0 mpu

3a1aHOMY HaBaHTA)KCHHI.
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3aBa0CTIHKICTbD.

A [T T I T\
NoriyHa 1
VoH(min) NoriyHa 1
A
2
>¢
-—_— 1 — ©
© . [
% 3abopoHeHn Vir(min [ianasoH 2
= AianasoH HEeBM3HAYeHOCTi %
g VIL(max) I
=
>
VoL(max) JNoriynunin 0
NoriyHnii 0
L L _
Jliama3zonu Bumorn no
BUX1IHOI HamlpyTu BX1IHO1 HanpyTru

Puc.1.1.1. 3aBagocCTifKICTh JTOTIYHOI CXEMHU.

Ha puc.1.1.1 npourtocTpoBaHO Miana3oH 3HAY€Hb HAIpPYT, M0 MOXKE
MpUHAMATH CUTHAJI Ha BUXO/I1 JIOT1YHOI cXeMH. bynb-sike 3HaueHHs O1bIIIe,
HIK Vo p(min), PO3MIIANAETHCSA SIK JIOTTUHA 1, 3HAUCHHS HIKYE Vo (mayx) — AK
noriyauid 0. B HOpManbHOMY pekuMi poOOTH Ha BUXO/1 JIOTIYHOI CXEMH
HE TIOBUHHI 3 SBJISITUCA HAMPYTH 3 HEBU3HAYEHOTO J1ama3oHy. Takox Ha
JaHOMY PHUCYHKY 300pa)K€HO BHMOTH J0 3HA4eHb HANpyr Ha BXO/II
jgoriudoi cxemu. JloriyHa cxema Ha Oyjb-sSK€ 3HAUEHHS HAIMPYTH, IO
nepeBUILYE Viymin) PEATYE K HA JIOTTYHY 1|, a Ha Oylb-AKE 3HAUCHHS, 1O
HUKYE Vi (max)— AK Ha JOriuHKi 0. 3HAYEHHS HANPYTH B HEBU3HAYEHOMY
Jiara3oH1 MpU3BEyTh A0 HEMepe0auyBaHO1 PEaKilii CXEMHU.

IcHye TOHATTA 3aBaJIOCTIMKOCTI CXE€MHW — 3HAYEHHS Hampyry,
BUKJINKAHE EJIEKTPUYHUM IIIYMOM, SIKE CXeMa MOXKE€ BUTpUMAaTH 0e3
MOTIPIIEHHS MPaIe3/]aTHOCTI.

3anac 3aBaJOCTINKOCTI JUIsl OIMHUYHOTO CTaHY:

Vv = Vormin) — Viagminy-
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3anac 3aBaJIOCTIMKOCTI JIsl HYJIbOBOT'O CTaHY:

Vni = VIL(max) - VOL(max)-
B naniii maGoparopHiii poOOTI pO3MIITHEMO 0a30BUM JOTIYHUIN

enemeHT (JIE) TTJI ta JIE, mo Burotosneni 3a KMOH TtexHosori€ro.

EjeMeHTH TPaH3MCTOPHO-TPAH3UCTOPHOI Joriku TTJL.

Puc. 1.1.2. Bazosuii enement TTJI — I-HE.

bazoBuit enement noriuanx cxem TTJI — enement I-HE,300paxenuit
Ha puc.l.1.2. Xapakrepuctuku BxoiB TTJI oOymMoBIeH! BHYTPIITHBOIO
CTpYKTyporo OaraTtoemitepHoro TpaH3uctopa VTI1. Jlanuii TpaH3uCTOp
CKBIBAJICHTHUN TpyIl AIOAIB, KOXKEH 3 SKHUX 3aMiHIOE Tiepexin Oa3za-
emitepoM. [Ipu mogadi mpssMoro 3MIMIEHHS HAa OJWH ab0 oO0uaBa emiTepa
BIIOYBa€eThCs BiAnupaHHs Tpanzucrtopa VTI1. | HaBmaku, TpaH3UCTOp
BUSBUTHCS 3aKPUTUM, SIKIIO TOJATH HA BCl EMITEPU OJHOYACHO 3BOPOTHE
3MmimieHHs. baraToemiTepHi TPaH3UCTOPU MOXYTh MAaTH 110 8 eMiTepiB, a
JIE — BIIMOBIAHO TaKy >k KUIbKICTh BXO/IIB.

Jlis mosicHeHHs pobGotu cxemu OazoBoro enementy TTJI I-HE
3aMIHUMO B cxeMi (puc.l.1.2) 6araroemiTepHuUid TPaH3UCTOP MOTO 110 THUM
ekBiBajieHTOM (puc.1.1.3). OTpumMaeMO €KBIBaJIEHTHY CXEMY €JEMEHTY
I-HE Hna puc.1.1.4.
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VD1
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- VT1
VD2

Puc. 1.1.3. JliogHwuii eKBIBaJCHT TPAH3UCTOPA

VT3
VD2
X1 p Ay '/
o i = VT2 VD1
4
VD3 VT4

Sl e

Puc. 1.1.4. bazoBuii enement TTJI — I-HE 3 nionnum exBiBanenTom tpansucropy VT1.

Posrnsaemo npuknana, ko Ha oouasa Bxoau X1 ta X2 nomartu +5B
(ToOTo noriuni oamaMI). Takuit piBeHb HanpyTH Ha Katonax gioaiB VD2 i
VD3 BumkHe o00OuaBa 1104, TOMY BOHM MPaKTUYHO HE OyayTh
nmponyckatu uepe3 cebe crpym. Hampyra sxuBnenns (+5B) npusBeae no
nosisu crpymy depe3 omip R1 ta mion VD4 na 6a3i Tpanzucropa VT2,
AKUH TIpU 1pOMY BIAKpUEThCA. CTpyM 3 emiTepa LbOr0 TpaH3UCTOpPa
noteue Ha 0Oazy VT4 1 Takox BBIMKHE MHoro. CTpyM 3 KOJIEKTOpa
Tpausuctopa VT2 mpusBene 1m0 MaaiHHA Hanmpyrd Ha omopi R2, mio
3MEHIIUTh HANPYTy Ha KojekTopi VT2 10 HeJoCcTaTHhOTO 3HAYEHHS JJIs
BKJIFOUEHHS TpaH3ucTopa VT3.

Hampyra na xonexktopi VT2 mnpubmmsuno piHa 0.8 B. Bona
cknagaetbes 3 noteHuiany 0.7 B Ha emitepi Tpansucropa VT2 BiIHOCHO
3emil (BUKJIMKaHUW MpsIMAM 3MIIIEHHAM Ha nepexoji E-b tpansuctopy
VT4) 1 norenuiany 0.1 B xonexropy VT2 BigHOCHO #oOro emitepa

(Buxymkanuit Hanpyroto K-E). Ils wanpyra 0.8 B Oyme 1 Ha 0a3si
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Tpansuctopa VT3. Moro HemocTaTHbO JUIS MPSMOTO 3MIIEHHS TEPeXOmy
E-b tpan3ucropa VT3 ta gioga VD1. Cam niox VD1 3ano6iratu npsamomy
smimieHHio Ha nepexoni E-b tpamsuctopy VT3. fkmo wa Buxomi Y
HU3BKUW PIBEHb HaNpyru, TpaHzuctop VT4 BinkpuBaeTbcs 1 (HAKTHUHO
3aMHKA€ TOYKY Y Ha 3EMIIIO.

Skmo >k, HampuKiIaa, HAa OJWH 3 BXOAIB X1 IMOgaTh HaMpyry
KUBJIEHHS, a Ipyruil X2 npuegHatu A0 3emil. HynboBHil piBeHb HA HBOMY
npu3Beae J0 MpsMoro 3mimieHHs gioga VD3, a me, B CBOIWO uepry, 0
IPOTIKaHHA CTpyMy Bia mkepena +5B uepes omip R1, gion VD3 Ta BUBiA
X2 na 3emmo. [laminns wampyru Ha pgioal VD3 3a0e3neuye piBeHb
Hanpyru BeaumunHoro 0.7B B toumi A. Iliei Hanpyru HemOCTaTHBO MJis
npsMoro 3mimends miony VD4 1 mepexony E-b VT2, 106TO BOHH
3QIAIIAIOTHCS 3aKPUTHUMHU.

Ockinbku Tpanzuctop VT2 3akputuii, To Ha 0a3y Tpansucropa VT4
CTPYM HE TOCTYTIA€ 1 BiH TakoX Oynae 3akputum. Ha xonexropi VT2 ctpym
TAaKOK HE NPOTIKae, TOMy Ha 0a3i TpaHzuctopa VT3 3HaueHHs HaNpyru
BUSIBUTBCS JIOCTaTHBO BEIIMKUM JUJISL TIPSIMOTO 3MIIIEHHS TpaH3ucTopa VT3
ta mioxy VDI 1 VT3 — Bigkputuii. OCKIIBKH MiX TOYKOKO Y Ta 3eMJICIO
HAaBaHTAXECHHs HE MifKitoueHe (Tpan3ucrop VT4 3akputuii), TO 3HaYEHHS
Hampyra Oyze po3paxOBYBAaTHUCh SIK PI3HHI MiX HANpPYror >KUBICHHS
+5B Ta maminasmu Hanpyru no 0.7 B Ha miomi VD1 Tta mepexoxai E-b
tpan3uctopa VI3 ( ~3.6 B). MaeMo BHCOKMIT piBE€Hb HAlPyryd HA BUXOI
CXEMHU.

Ileit piBeHb curHanmy OyAe 3MEHIIyBaTUCS TIPU  MIJAKIOYEHHI
HaBaHTaXEHHSI, OCKIJILKKM BOHO Oyjie 3MEHIITyBaTH CTpyM emitepa VT3, mo
npu3Bene 10 MOsABU CTpyMmMy 0Oas3u, mo Tede yepe3 omip R2, Ha skomy
NaJ{IHHS HAIIPYTH 301IbITYEThCS.

PosrnsiHemMo BUMamok, SIKIIO Xo4ya O Ha OauH BXiJ TpaHizuctopa VTl
HE MOJaTH cUrHai («3alnuiuuTH y noBiTpi»). Hanpyra xusnenns (+5B)
npu3Beqe J0 TosBU cTpymy dyepe3 omip R1 Tta mion VD4 Ha 6asi

Tpan3uctopa VT2, skuit npu mboMy BIAKpPHETHCS. [lami cxema mparroe Tak
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camo, SIK 1 y BUIAJIKy, KOJIM Ha 00MUIBa BXOJH MOJAJIM HAMPYTY KUBICHHS
+5B. OTxe, 3 1IbOro MOXHa 3pOOMTH BHUCHOBOK, IO <GAIHIICHUN Y
noBiTp1» BXia cxemu TTJI ekBiBaJEHTHHII BUCOKOMY PIBHIO Halpyrd Ha
HbOMY, TOOTO 3HAYEHHIO JIOT1YHOI OJIMHHUII].

Bcei wmikpocxemu TTJI matore Hanpyry skuBieHHs SB. Hampyra
HU3BKOTO PiBHA (JIOT14HUMN HYJB) 11 BCix MikpocxeM TTJI ckimamae 0.4B,
HaIpyra BUCOKOTo piBHs (JioriyHa oguHuus) 2.4B.

Kommeke cepiit mikpocxem TTJI Brirouae cepii 130, K131 (immopthi
ananoru — cepii S4H, 74H), cepii 133, K155 (54, 74), cepii K134, KP134
(54L, 74L).

Ha 3miny mikpocxemam TTJI mpuiinumum mikpocxemu TTIIII cepii
530, K531 (54S, 74S), 533, 555 (54LS, 74LS), K1531 (74F), K1533
(74ALS). Ocrtanni aBi cepil BIAPI3HAIOTBCS 3HAYHO  MEHIIINM

CHCPIOCIIOKNBAHHAM.

EnemMeHTH TPaH3MCTOPHO-TPAH3MCTOPHOI JIOTIKHU Ha Oa3si

Tpan3ucropiB llorku TTJIILI.

Bigminnicte enementy TTJI Bim TTJIII monsrae B TOMy, 1m0 B
TpaH3ucTOpax jpyroro npucytHi miogu IloTku, siki BBIMKHEHI B
TPAaH3UCTOP MK 0a3010 Ta KOJEKTOPOM, OOMEKYIOUM HACHUYEHHS

TpaH3uCTOpa, M0 3a0e3reuye  BUILY IMIBUAKOJIIO Ta  MEHIIE

% 4

Puc.1.1.5. Tpanzucrop [oTku

CHCPIOCIIOKNBAHH.
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Puc.1.1.6. baszosuii enement TTJII — [-HE.

Bci mikpocxemu TTJI matore Hampyry >kuBieHHs SB. Hampyra
HU3BKOTO DPiBHA (oriyHuN Hynb) nns Bcix mikpocxem TTJIII cknamae

0.5B, Hanpyra BUCOKOTO piBHSA (JIoT14HA ouHMUIIs) 2.7B.

Enementn Ha KMOH-Tpan3sucropax (KMOH — kommiiemeHnTapaa

MeTAJT-OKCH/I-HANIBIPOBIAHUK TEXHOJIOTIis).
bazosum soriuaum enemeatoM Ha KMOH € enementr ABO-HE.

i MikpocxeMu  BUAUISIOTBCS  cepell  IHIIUX  HAWHWKYUM
CHOKMBAaHHAM TOTYKHOCTI BIJ Jpkepena >KuBlieHHS. OCHOBY TaKHX
MIKpOCXEM CKJIaJa€ KIFOUOBUHM KacKa/l.

KepyBaHHS TOJILOBUM TPaH3UCTOPOM BiJOYyBa€eThbCAd 3a JOMOMOTOIO
Hanpyru 3aciaiH-BuTik. Hanpyra 3acmin-sutik U,; — BXigHaA Hampyra, 110
KEpYy€e OMOPOM MIK CTOKOM Ta BUTOKOM (TOOTO OMOpOM KaHamy). SKIio
U,; = 0, To Tpan3uctop — 3akputuid. Akmo U,; = 5 B, To6TO 3HaYEHHIO
HANpPYTH KUBJICHHS, TO TpaH3ucTop — BiakpuTuil. (Iloporose 3HaueHHs
s BIAKpUTTS TpaH3uctopa 1.5 B). Omke, KMOH TpaH3uctop mokHa
PO3MIISIIATH K CKBIBAJICHTHUHN KIIIOY, IO KEPYETHCS HAMPYrowo 3aciiH-
BUTIK.

B cxemax KMOH BUKOpPHUCTOBYIOTHCSI MOJIbOBI TPAH3UCTOPU N-THUITY

Tta p-tTuny. OyHKIIIOHYBaHHS 1MX JBOX THIIIB TPaH3UCTOPIB €
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aQHAJIOTIYHUM, 3a BHUKIIOYCHHSM TOTO, IO p-KaHAIBHUM TIOJIbOBHIA
TPAH3UCTOP BUKOPUCTOBYE JIJIsi POOOTH HANIPYTY BiJ €MHOT MOJIIPHOCTI.

Sxmo Ha o0uABa BXOAW JIOTIYHOTO €JIEMEHTA TOJaTH CHUTHAI
Hu3bKoro piBHs (y1or.0), To Tpansucropu VT1, VT4 (3 kaHasioM n -TuIty)
Oynyts B 3akpuromy craHi (U,; = 0), a tpamsuctopu VT3, VT2 (3
kKaHajoMm P-tumny) — y Bigkputomy (Usz = U,ys,). Ha BuUXOmi enemeHTy
BCTAHOBUTHCS HaIpyra BUCOKOTO piBHSA (J1oT.1).

Axmo xouya 6 Ha OJHOMY 3 BXOJIIB €lIeMeHTa, Hampukiag X1, Oyme
MPUCYTHS Hampyra BHCOKOrO piBHSA, To Tpausuctop VTl Oyme y
BIAKpUTOMY cTaHi, a VT2— y 3akputomy. Ilpu npomy nHampyra nHa X2
BIJINOBIJIa€ PIBHIO JIOTIYHOTO Hymsl, ToAl VT4 — 3akpuTuii, Hampyra
3aTBOP-BUTIK Ma€ 3HAYEHHsI BUCOKOro piBHs, Toal VT3 — Biankpuruii. Ha
BHUXO/Il BCTAHOBUTHLCS HAMPYyTa HU3bKOTO PiBHS.

B nmaniii cxemi JIOTIYHOTO €JIEMEHTY JjIi BCTAHOBJICHHS Ha BUXO/II
3HAQYEHHs HANPYrd BUCOKOrO PIBHS € HEOOXIAHUM MPOTIKAHHS CTPYyMY
yepe3 Tpanzuctopu VT2 ta VT3, ToOTO BOHU MatOTh OyTH BIAKPpUTHUMU. Y
BUIAJIKYy, SIKII0O Xo4ya O OAWMH 3 HUX € 3aKpUTHM — Ha BUXOJl CXEMH
BCTAHOBJTIOETHCS 3HAUYCHHS HAMPYTH HU3HKOTO PiBHS.

s cxem JIE, BurotoBnenux 3a Texnosoriero KMOH, 3aboponeHo
3QJIMIIIATH HEBUKOPHUCTaHI BXoau JIE HEmIKIIOUeHUMH, TaK SIK TTOBEIIHKA

IC, B nanomMy BUIIAJKY, € HETepe10auyBaHOIo.

g
Um:ﬂ:.
VT2
}—:u
VT3 =
7
VT1 | .
}J = ¥
31 x2 V14
4 o
T T Sar.
» - i)

Puc.1.1.7. bazosuii enement ABO-HE sa KMOH.
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Enementn na KMOH-kim04ax XapakTepu3yHOThCS —MiABUILEHOIO
3aBaJIOCTIMKICTIO: JOMYCTHUMA HAmlpyra CTaTUYHOI 3aBaJy PiBHA MOJIOBUHI
Hanpyru kuBjieHHS. OpHak Taki IMC BHUPIBHSIOTBCS MIABUIIIEHOIO
YYTJIUBICTIO 10 CTaTUYHOI HAINpYTW, 4yepe3 BUCOKUWM BXiAHUHN omip. s
3aXMCTy BIJl BIUIUBY CTaTHMYHOI Hampyru B cTpykTypy IMC BBoasThCA
TIOMHO-pe3uCTHBHI Kojia. OcHOBHa 00JacTh 3aCTOCYBaHHS MIKPOCXEM
KMOH Tuny - e uudpoBi npucTpoi HEBUCOKOI MIBUAKOAIT 3 OOMEKEHUM
enepropecypcom. IBuakoaiss KMOH MikpocxeM XapaKTepus3yeTbes
4acTOTOMO NepemMukanHs 10 3MI 1.

3a KMOH texHonorieto BurotoBieHi Mikpocxemu cepii K176, 164
(4000), K561, 564 (4000A), KP1561 (4000B) (B ayxKkax BKa3aHl IMIIOPTHI
aHaJIOTH).

MikpocxeMu BKa3zaHHUX cepiil mpare3faTHl Ipu Hampyrax >KUBIJICHHS
Bix 3 no 15B. g oco6muBicTh BkazaHux IMC 1103BoJIsi€ CYTTEBO 3HU3UTHU
BUMOTU JI0 JDKEpEd KUBJIICHHA MO BIJHOLIEHHIO 0 iX MOTYXHOCTI Ta
AKOCT1 (UIBTpallii 1 32 paXyHOK LIbOTO OTPUMATH 3HAYHUN BUTpall B Macl
Ta po3mipax 1udpoBux mpuctpoiB. [eski cepii, Hampukian, K176,
BUMAaraioThb HANpyru S>KUBIEHHS 9B, ajle BOHM TakoX CIPOMOXHI
IpAaIlOBATH MPU 3MiHI HAIIPYTU KUBJIEHHS B 3HAYHUX MEXaX.

Ha croromuimuii neHp € TeHacHmiss ButecHeHHS T 1JI Joriyamx

CJICMEHTIB JIOTIYHHMHU  eJeMeHTaMH, BuroToBieHnmu 3a KMOH
TEXHOJIOTI€10.
Taoua.1.1.1. loBigkoBi 1aHi JesiKMX MIKpoCcXeM BiTYU3HSIHOTO BUPOOHUIITBA.
Tun sioriku Cepist IMC Uy B, Hapyra | U, B, U%,xB
JKHUBJICHHA B1AIIOB1JAa€ B1AIIOB1OA€
JoriuHii 1 Ha JorivHin 1 Ha
BUXO0I1 BHUXO0O1
TTJILI K1531, K531, 2.7 0.5
K1533, K555
TTJI K131, K155, 2.4 0.4
K134
KMOH K176 7.7 0.5
K561 4.99 0.01
K564 4.99 0.01
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1.2. NMopsaaok BUKOHAHHA pob6oTun

BapianTu 3aB1aHb.
BapianTu 3aBanbs Ha BUKOHAaHHS JJabopaTopHoi po6oTu Nel HaBeneHi
B Ta0n.1.2.1.

Tadouuusa 1.2.1. BapianTu 3aB1anb 10 1adopaTopHoi poooTu Nel

No 3a crimckom No 3aBaaHHs
BapiaHTy I 11
1;4;7:10; 13; 16 1 TTIT TTJIUL
2:5:8:11; 14; 17 2 TTJT* KMOH
3:6;9; 12; 15; 18 3 TTJILI KMOH

- TPaH3HCTOPHO-TPAH3MCTOPHA JIOTIKa;

*%

-TPaH3UCTOPHO-TPAH3UCTOPHA JIoTiKa Ha 0a3i Tpan3uctopi LlloTkwu;

*kk

~“KOMIUICMCHTApHa MCTaJ'I-OKCI/II[-HaHiBHpOBiI[HI/IK TGXHOJ'IOl“iSI;
IHopsinoxk BUKOHAHHS J1a00PaTOPHOI POOOTH.

[I.o.1-2 BukoHaTh I8 000X 0a30BUX JIOTIYHUX €JIEMEHTIB 3a

Bap1aHTOM 3aBJaHHS.

1. 300pa3utu enextpuuHi npuHiMnoBi cxemu JIE 3a Bapiantom s
KOKHOTO 3 JIBOX cTaHiB BXigHux curHaiis (TTJI, TTJILI — X; X, —» 11; 10
KMOH —-X;X, — 00; 10) 3 HeoOX1IHMMHU ITO3HAYCHHSMH Ha CXEMI: CTaHIB
poOOTH TpaH3UCTOPIB (BIAKPUTUM, 3aKpUTHUM), MUIAXH MPOTIKAHHS
CTpyMiB, 3Hau€HHS Kepyrodux Hampyr. [lokasaTtm Ha cxemi 3HAYEHHS
BXITHUX Ta BUX1JIHUX CUTHAJIIB.

2. B cepenoBumii mnporpamHoro wmojemoBanns (Multisim a6o B
aHAJIOTIYHOMY 32 MOJKJIMBOCTSIMU CEpPE/IOBMII) 3a BapiaHTOM 3aBJaHHS
300pasutu enektpuuHi cxemu JIE 3a Bapiantom. IIpoBectu TecTyBaHHs
pobotu JIE mns pi3HUX JIOTIYHMX PIBHIB HA BXOMAl JIs OTPUMAaHHS
BHUCOKHX Ta HU3bKUX PIBHIB CUTHAITY Ha BUXO/II.

3. Ilopiusitu JIE Mixk co00r0 (3a IMIBUIKOII€10, 3aBAOCTIHKICTIO)

6. 3poOUTH BHUCHOBKMUIIO 3aBEpIIEHHI JA0OpaTOpHOi podoTH Ta

odopmutu 3BiT. DOpMy NPOTOKOJY HABEICHO B I0JIATKY 1.
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3micT nmporoko.ry.

v'MeTra poboTH;
v'IIOCTAaHOBKA 3a7aui;
v'BapiaHT 3aBJIaHHS;
venektpuuni cxemuJIE 3a BapiaHTOM 3aBHaHHS JUIS JBOX Pi3HHX
CTaHIB BX1THUX CUTHAJIIB;
v pesynbrat MojemoBanus poootu JIE Ha koM’ roTepi 3a BapiaHTOM
(PrintScreen nmporpammu):
e wMojemoBaHHS poOotu JIE 3 BHCOKMM piBHEM HaNpyru Ha
BUXO/II;
e wMojemoBaHHS poOotu JIE 3 HH3BKMM piBHEM HAmpyra Ha
BUXO/II;
® [IOpPOroB€ 3HAYEHHS Hampyr s nepekitoueHHs JIE 3 ogHoOro
JIOTIYHOTO CTaHY JIO 1HIIOTO (TEOPETHYHO);
v'BUCHOBKH 110 po0oti (mopiBusHHs JIE 3a pi3sHMMH TEXHOJIOTiIMH

BUTOTOBJICHHS 32 IIBUIKO/I€I0, 3aBaJOCTIMKICTIO).

KoHTposbHI NMTaHHS.

1. Ipunuun podotu 6azoBoro JIE TTJI mpu pi3HUX 3HAYEHHAX
BX1JHUX HAMPYT.

2. punuun podotu 6azoBoro JIE TTJIII npu pi3HUX 3HAUYECHHSX
BX1JTHUX HaIpyT.

2. Ilpuamun poGotu 6azoBoro JIE ma KMOII npu pizHux
3HAQUYEHHSX BXIJTHUX HaIpyr.

3. Copuiimanna JIE  pi3HMX  TEXHOJIOTIH  BUTOTOBJICHHS
HEIIKITFOUYEHNX BXO/IIB.

4. OcHogHi napametrpu podotu JIE (mBuaKomdisi, 3aBagoCTIHKICTb,
HaBaHTa)XyBaJIbHA 3JJaTHICTb).

5. Bigminaicts TTJI ta TTJIII texuosnoriii Burorosieuus JIE.
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JIABOPATOPHA POBOTA Ne2

CnpouweHHs noriyHux pyHKUin Ta nobyaoBa uncgppoBux
KOMOIHaUiMHUX cXxemMm Ha 6a30BUX NOriYHUX enemMeHTax

Meta poboTn.

3akpiryieHHs! 3HaHb OCHOBHUX 3aKOHIB alreOpu Jioriku. OBOJOIIHHS
HaBUYKaMU PO3POOKH €IEKTPUYHUX NMpUHIMNOBUX cxeM LI, ix 30upanus

1 HaJIaroKECHHS.
ITocTanoBka 3aaaui.

PeanizyBatun 3amaHy KOMOIHAIIiHY CXeMy Ha 3alpOIOHOBAaHIM
Mikpocxemi. IliaTBepAMTH mpale3gaTHICTh peaai3oBaHOl KOMOIHAIIMHOT

CXCMU.

2.1. KopoTki TeopeTn4Hi BigOMOCTi

ETanu npoexkryBanns uudposoro npucrporo (LII).

Ha croromuimniit gens, npoektyBadHs LI1 gominsHo mpoBoauTH B 4
eTarnu.
1. CunTes Ta MiHIMI3aMis oridHol QyHKIiT JID.
2. Peanizamis JI® y Burisal (QyHKIIOHAIBHOI Ta €IEKTPUYHOI
IIPUHLIUIIOBOI CXEM.
3. [IlepeBipka mNpaBUIABLHOCTI (PYHKIIOHYBAaHHS CXEMH B TMaKeTl
KOMIT FOTEPHOT0 MOJICTTFOBAHHS.

4. BurotoBneHHs Ta HajarokeHHs (izuyunoi peanizarii JID.

dopmu 3anuCy JOTIYHUX QPYyHKIIH.
Jloriuni ¢pynkuii JI® moxyTs OyTH 3aaaHi:
— CJIOBaMu
— y BUTJISA/I1 TaOJUIIl ICTUHHOCTI
— B apudmeTnuHiil popmi (y BUTIISIAL BUPA3Y).
JI® w™oxe Oyt 3amaHa OyIb-SIKUM 3 IIUX CIIOCOOIB, BOHU €

PIBHO3HAYHUMHU M1K CO0OI0.
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Po3zriistHeMo 11 Ha npuKIaii:

1.CaoBecHuit OIINC. [ToBHICTIO BU3HAYEHA JIO

y Tpbox aprymeHTiB A, B, C npuiimae 3HaueHHs «1», Ko xoya O JiBa
aprymeHnTH piBHi 1. B ycix iHmmx Bunankax JI® npuitmae 3naueHHs «0».

2. Y Burnani Tabauili ICTUHHOCTI — Tepeik BCIX MOXIUBUX

KOMO1HAI[I/ BX1JTHUX apTyYMEHTIB Ta BIJMOBIJIHI IM BUX1JIHI 3HaueHHs JID.

Taoauna 2.1.1. Tadaunga icruaHocti JID

A B C y

\lCﬁU‘I#C&JNHO%

PP RPRPRPOOOOo

PP OOoOR kLo O

P OO IO O
PR P OPRKRPOOOo

3. Apudbmernuna dopma 3anucy JID. JIO moxHA 3ammcard 3a

OJIMHUIIIMH Ta 32 HYJISIMH.

[Ipu 3anuci JI® 3a OOMHULAMH OTPUMAEMO Ou3 1okmugHy GHopmy
3amucCy, JIe KOKEH 3 JIOJIAaHKIB € JIOTTYHUM JJOOYTKOM BCiX apryMEHTIB.

MoxxeMo mepeiTu Bia TaOJUIll ICTUHHOCTI A0 J13 IOKTUBHOI (hopMu
3anucy JI®. B tabnumi ictuaHOCTI JID 3anumiaioThes TUIBKH T1 PSAJIKH, B
akux JI®O npuitmae 3naueHHs 1. B pe3ynbprari joriyHy (QyHKIII0 MOXXHA
OTpUMATH y BUIJIIAI CyMU JOOYTKIB BXIIHUX apryMeHTiB. KiIbKiCTh
JOJIaHKIB JIOPIBHIOE KUIBKOCTI PpsAkiB 31 3HadueHHsM JID piBHum 1.
JlomaHku CKJIanaroThes 3 JOOYTKIB BXIJHUX apryMEHTIB: 31 3HAYCHHSIM
piBHEUM | aprymMeHTH BXOIATh JO BUpa3zy 0Oe3 1HBepCii, 31 3HAYEHHAM

piBHUM 0 — 3 IHBEPCIEIO.

Taoauus 2.1.2. in3’rokTuBHa popma 3anucy JID

Ne A B C y

3 0 1 1 1 NEPUINA JOJaHOK ABC
5 1 0 1 1 OpYTuid JOJaHOK ABC
6 1 1 0 1 TPETiH JO/TaHOK ABC
7 1 1 1 1 YETBEPTHH T0JJaHOK ABC

y = ABC + ABC + ABC + ABC
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[Ipu 3anuci JI® 3a HyIIMU OTPUMAEMO KOH toKkmusHy GopMy 3amucy,
JIe KOYKEH CITIBMHOXKHHK € JIOTTYHOI CyMOIO BCiX apT'yMEHTIB.

Moskemo TiepelTH BiJ TaOJHIl ICTUHHOCTI 0 KOH IOKTHBHOI (popMu
3anucy JI®. B tabnui ictuHHOCTI JID 3anumnaloThes TUIBKUA T1 PSAJIKH, B
axux JI® npuitmae 3nauenHs 0. B pe3ynbrari JoriyHy QyHKIIIO MOKHA
OTPUMATH Yy BUIJIANI JNOOYTKIB CyM BXITHUX aprymMeHTiB. KimbKicTh
NOOYTKIB JIOPIBHIOE KUIBKOCTI psijiKiB 31 3HaueHHsM JID piBHum 0.
JIoOyTKH CKIaatoThCs 3 CyM BXIJHUX apTyMEHTIB: 31 3HAUEHHSM piBHUM 0

apryMeHTH BXOJSATh J0 BUpasy Oe3 iHBepcii, 31 3HAaUeHHSIM piBHUM 1 — 3

1HBEPCIEIO.
Taoauus 2.1.3. Kon’roktuBHa ¢popma 3anucy JID
No A B C y
0 0 0 0 0 TEPIITUIA MHOKHUK (A+B+0)
1 0 0 1 0 JIPYTHii MHOXKHUK ( A+ B+ E)
2 0 1 0 0 TPEeTi MHOKHHUK A+B+C
4 1 0 0 0 4EeTBEPTUI MHOKHUK A+B+C

y=@A+B+CO)(A+B+C)(A+B+C)(A+B+C)
O6uaBi (opMu 3amucy € pPIBHOZHAYHUMHU, OCKUIBKH BIJIOBIAAIOTH

OJIHI¥M TabmuIl icTUHHOCTI (Tadm.2.1.1.).

Koxna noriuyHa omepariisi peami3yeTbCs 3a JOMOMOIOI0 JIOTIYHOTO
eleMeHTy BianoBigHoro Tumy. CkiaaHicTe cxemu, 1o peanmizye JID, ii
rabapuTH, CHEPrOCIOXXUBAHHS, BapTICTh 3aJIeKaTh Bl  KUIBKOCTI
MIKPOCXEM, a HE JIOTIYHUX eJIeMeHTIB. J[0 CKilamy MIKpOCXeMH BXOJUTh, SIK
MpaBUJIO, TIILKU OJWH THII JIOTIYHUX €JIeMEHTIB. ToMy mpu mpoeKTyBaHHI
OCHOBHOIO 3a/1a4€l0 € MiHIMI3allisl KUIBKOCTI BUKOPHUCTAHUX MIKPOCXEM.
Tomy onHMM 3 OCHOBHUX 3aBJaHb IPHU MPOEKTYBaHHI CXeMHU IU(POBOTO

npucTporo € miHimMizaiis JI® ta 3BeeHHs ii 10 €uHOTO 0a3uCy.

Miunimizauia JI®D.
Minimizaniss JI® — 3MeHIIEHHS KIIbKOCTI JIOTIYHHUX OIepalii B
joriuHomy Bupasi JID. Ile BiamoBijae 3MEHIICHHIO KUIBKOCTI JIOTTYHHX
€JIEMEHTIB, IO peai3ye 3aany JOTTYHY (DYHKIIIIO.

Minimizauis JI® 0a3yeTbea Ha TeOpeMax Ta akciomax ajnreOpu JOTIKH.
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Tabimus 2.1.4. Teopemu Ta akcioMu ajaredOpu JIOriku

1. A-0=0 8. A-1=A4
2. A-A=A 9. A-A=0
3. A+0=A4A 10. A+1=1
4, A+A=1 11. A+B=B+A
5. A-B=B-A 12. A+(B+C)=A+B)+C
=A+B+C
6. A(BC) = (AB)C = ABC 13.| (A+B)(C+D)
= AC + AD + BC + BD
/. A+AB=A+B 14. A+AB=A+B
15.4A=(A)=A
Teopema ge Moprana
16. A-B=A+B 17. (A+B)=4A-B
ITpuknany.

1.y = ABC + ABC + BCD

BuneceMocniipbHUUMHOXKXHUKB C

D)(ta6:1.2.1.4. (6)).

3a Ty)KKHY = BE(Z + A+

BHKOpHCTaEMO TOTOXHICTh(Tabm.2.1.4. (4)), maemo y = BC(1 + D).
Ockimsku 1 + D = 1, 70y = BC+- 1 = BC. (tabu.1.4. (9), (11))
2y=(A+B)(A+C)(B+C)

Po3kpuemo nyxku (tadm.2.1.4. (14)):

y=AA-B+AA-C+ ACB + ACC + ABB + ABC + BCB + BCC.

Ockinbknd A = 0 ta A - 0 = 0(ta6m.2.1.4. (1), (10)), o y = ACB +

ABC.

3.y=(A+B)({A+B)

CkopucraeMoch Teopemoro e Moprana(tadi.2.1.4. (16),(17)):

y=(A+B)(A+B)=(A+B)+(A+B)=A-B+A4-B.

Ockinbkud = A (15), 0 y = AB + AB.

3aBnanns. CunrezyBatu cxemy LIII, mo peamizye JI® y = AB -

ABC + ABC.
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Minimizyemo JI®.BuHeceMo CHITBHUM MHOMXHUK JUIsl MEPIIUX JIBOX
nomankis: y = AB(C + C) + ABC. Ockinbku C +C =1, Toy = AB-1 +
ABC = AB + ABC Bunecemo MHOXHHK A 3a nyxku y = A(B + BC).A +
AB = A + B(1a61.2.1.4. (14)) Mmaemoy = A(B + C) = AB + AC.

Cmixg 3ayBaxkutu, 1o JI® He 3aBKId MOXHA MIHIMI3YBaTH.
Hamnpuknan, cxema JIOTi4HOI pPIBHO3HAYHOCTI (HEPIBHO3ZHAYHOCTI) HE
MIIIA€ThCS MiHIMI3AIlT, OCKUTBKH 11 (hopMa € BiKe MiHIMAIHBHO MO>KJIMBOIO.

Minimizalio 3a JOMOMOIOI0 TEOpPEM Ta aKCcioM ajreOpu JIOTiKU
JOIIJILHO MPOBOJIUTH, SIKIIO KUIBKICTh BXIJTHUX apTYMEHTIB HE MEPEBUIILYE
TPHOX. 3arajgom, OUTBIN AOIUIBHO MiHIMI3yBaTu JID 3a gomomorow kapt
Kapno abo pgiarpam Beitua, mo [103BOJIAIOTh (opMali3yBaTH TMOIIYK
CHIIbHUX MHOXHHUKIB Ta CIIPOCTUTH BUKOPUCTAHHS TEOPEM Ta aKCioM

anreOpu JIOTIKH.

ba3oBi Joriuni eJeMeHTH.
Koxniit joriuniii omepartiii BiamoBigae joriuauii enement. s JID
y = AB + AC maemo 2 enementu «I» (AB, AC), 1 enemenT «ABO» (+).

Enement 2 «I» (Ha 2 Bxoau)

Tabmuig iICTHHHOCTI
— & eneMeHTy 2«I»
] [ B

IMMO3HAYCHHA 3a CTAaHJAPTOM

TpaauLliiHe TTO3HAYEHHS
ANSI paauIliitHe Mo3HaYe

i l=l(=] S

R O O

R OO OKR

Enemenr 2 «I-HE» (na 2 Bxoam)

_ Ta0nums iICTHHHOCTI
— & enementy 2«I-HE»
N —

MO3HAYCHHA 3a CTAHAAPTOM

ANSI TpaauIliiHe TO3HAYCHHS

==
=l =)
Ol |ik|kKR

Enemenrt 2 «ABO» (Ha 2 Bx01n)
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| Talnums iICTHHHOCTI
eneMeHty 2«AbBO»
B

MO3HAYEHHS 3a CTaH/IapTOM
ANSI TpaaulliiiHe TO3HAYEHHS

i l=] (=]
E =1=]
=

Enement 2 «ABO-HE» (na 2 Bxoamn)

Tabnuus iCTHHHOCTI

—_ 1 enementy 2«ABO-
T HE»

B

MO3HAYEHHS 3a CTaH/IapTOM
aquIHe MO3HAYCHHS
ANSI Tpaiul

Ll l=1E=1ES

RO IO
O OOk

Criuaganns GyHKUIOHAIBHOI CXEMHU.
JI®y = AB + AC.
1. ITo3HauuTH MIWHK BX1IHUX apryMeHTiB(puc.2.1.1).
3 BxiiHUX aprymenTu 4, B, C.

Il

Puc.2.1.1. Ilunu BXiIHUX apryMEHTIB

2. Buznauutu KiIbKICTh 0a30BUX JIOTITUHHUX OMEPAIliil Ta X MOPSAOK.
JIB1 noriuni onepariii «I», ogua onepairist «ABO».
3. Jma KOKHOI JOT14HO1 omepallii 300pa3uT BIAMOBIIHUM JIOTTYHHUI

enemeHT(puc.2.1.2) Ta 3'enHatH iX B TOPSAKY BHUKOHAHHS JIOTTYHMX

onepaitiit (puc.2.1.3).
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AC ABC

> @ [»>

AB
Higy i

11— J Y=AB+AC
AC

>
O
S

Puc.2.1.2. JloriuHi eneMeHTH Puc.2.1.3. ®ynkmionanbHa cxeMa nudpoBoro
TIPHCTPOIO

Jlana cxeMa peai3yeTbcsl Ha JBOX MIKpPOCXEMax —HaIMpHUKIIA,

K155JIM1 (noriuni emementu «I») Ta KI155JIJI1 (moriudi enemMeHTH

«ABOy).

3BenenHs 10 €auHOro 6asucy. Teopema ne Moprana.

Hnst 3Bemenns go oxpHoro Oasucy (I, I-HE, ABO, ABO-HE)
3aCTOCOBYIOTh TeopemH jie Moprana (ta6:1.2.1.4. (16),(17)).

3Begemo JI® y = AB + AC no 6a3ucy «I-HE».

y =AB + AC = AB - AC. [dana JI® mictuth 3 JIOTiUHI eleMeHTH I-
HE. Jlna peam3amii cxemu, Hampukiaaa Ha Mmikpocxemi K155JIA3, mio
CKIIaJla€Thcs 3 4oTUphoX eneMeHTiB [-HE Ha 2 Bxomm (muB. momaTtok 1),
HeoOxigHa 1 Mikpocxema.

Takum ymHOM MOXe OyTH 3MEHIIIEHA CKJIQJHICTh peaiizailii, 3HIKeHa
BApTICTh Ta rabapuTU CXEMU NpPHU 3aCTOCYBAHHI OJIHIET MIKPOCXEMH B

6aszuci «I-HE» 3amicTh ABOX MikpocxeM 0a3uciB «I» ta «ABO».

IHo0ynoBa e1eKTPUYHOI NIPUHIIUIIOBOI CXEMHU.

EnekTtpuuna  mpuHmWmoBa ~ cxema  OyAyeTbcss  Ha  OCHOBI
¢yHKIIOHATBHOT cXxeMmH. JIoriuyHi eleMeHTH Ha eNeKTPUUYHIA CcXeMi
HYMEPYIOTh BIJIOBIAHO A0 JIOTIYHUX €JIEMEHTIB, 110 BXOJATh J0 CKJIATy
MikpocxeM HacTymHuM YrnHOM DDI.j. (I — mopsaKoBuil HOMEp MiKPOCXEMH,

] — TOPSIIKOBUI HOMEP JIOTIYHOTO SJIEMEHTY B MIKPOCXEMi).
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[loOynyemMo eneKTpUuHy CXemy MJis peani3aiii JIOTIYHOrO BHpa3y

y = AB - AC ua mixpocxemi K155JIA3 (puc.2.1.4.):
ABC bp11

e

DD1.3

v N =
(<)) w
) L

DD1.2

Puc.2.1.4. EnekTpuyHa NpuHIMIIOBA cXeMa ITU(POBOTO MPUCTPOIO

IlepeBipka mnpaBuIBLHOCTI (GYHKIIOHYBAaHHA CXeMHM B IaKeTi
KOMIT’IOTEPHOT0 MOJEJIIOBAHHS.

Icaye 6e3niu KOMIT FOTEePHHX TMAKETIB JUIsl MOJICTIOBaHHS POOOTH CXEM.
Hampukmnan, Quartus, Electronic Workbench, Simulink Matlab, Multisim.

Hanpuxnan, nis BxigHux aprymeHtiB ABC — 001 maemo Ha BUXO.1
HU3BKUH piBeHb curHany y = 0 (puc.2.1.5a). Ta ayis BXiaHOI KOMOiHAaIIi1
ABC — 101 MaeMo Ha BHUXOJl BHCOKMH piBeHb curHary y =1
(puc.2.1.5.0).

vee _vee
5V 5V
>z DDL.1 sz DD1.1
0. O . Y O 0. .
Key=A @ DD1.3 j) Key=A @ DD1.3 *g
s1 s1
-_o/ | )o:lI:':)D ,_0/ —:DbJ
Key=8 DD1.2 Key=B DD1.2
) S0
Key=C Key=C
Puc.2.1.5.a. ABC - 001,y =0 Puc.2.1.5.6. ABC - 101,y =1

Jlns Bcix KOMOiHAIM BXIJHUX apryMEHTIB 3a TaOJIUIICI0 1CTUHHOCTI

nepeBipsIEMO POOOTY CHHTE30BaHOI CXEMH.
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Oco0IMBOCTI CKJIAJaHHS CXeMH TA HAJIATO/ZKEHHS i po0oTH

CknamaHHsi CXeMH Ta 11 HaJIaroJPKEHHS MOXE MPOBOJUTUCH 3a JBOMA
ITOPUTMaMHU:

1. TloBHa 30ipka CXe€MHU 3TIAHO EIEKTPUYHOI MPHUHIIMIOBOI CXEMU 1
nepeBipKa BUKOHYETHCS 3 BUXOAY Ha BXI]I.

CroyaTKy NpOBOJUTHCA MEpPEBIpKa CUTHAIB Ha BUXOA1 cXeMH. SKIo
poboTa cxeMH BIJINOBIIA€ TAOMUIIl ICTUHHOCTI, TO ii poOOTa BBa)KAETHCS
NPaBWIBHOIO. Y MPOTUJICKHOMY BHUMNAAKy Tpeda 3MICTUTUCH Ha KpOK
OJM>K4€e 70 BXOJy CXEMH 1 MEpPEeBIPUTU MPABWIBHICTH POOOTH JaHOTO
erany. (Skmo Ha ©bOMY eTami cxema I[paire 0e3 MNOMHIOK, TO
HECIIPAaBHUM € OCTaHHIM JIOTTYHHMM eJIeMEeHT.) SIKIo X 3MillleHa Ha KPOK
OJ>K4Ye 70 BXOJy CXEMa IMpallo€e HEMpaBWIbHO, TO HEOOXITHO pyXaTUCh
e Ha KPOK Ha3aJl 1 MOBTOPIOBATHU MPOIIEAYPY.

Takuit Meron 30MpaHHS 1 HAJArOHKEHHS BHUKOPHCTOBYIOTH Ha
BUPOOHUIITBI [IPY BUTOTOBJICHHI CXEMHU Ha JPYKOBaHIMN IJ1aTI.

2. IloeranHa 30ipka Ta HAJIAroI>KEHHS CXEMHU.

B manomy BHMaAKy BHUKOHYETHCS IOETANlHE CKJIAJIaHHS CXEMH 31
BXOJly Ha BHXIJl Ta MeEpeBipka poOOTH KOKHOIO HACTYMHOTO JIOT1YHOI'O
CJIEMEHTY.

[Ipy  BukoHaHHI  JabopaTtopHOi  poOOTH  PEKOMEHIYETHCS
BUKOPUCTOBYBATU JIPYTUi METOJ], X04a BIH 3aiiMa€e OLIblIe Yacy, ajie Mnpu
IOMY JI03BOJISI€ Bi/Ipa3y BUIMPABIISTH MOKJIUBI IOMUJIKH.

Jlisa 3pydHOCTI 30MpaHHA Ta HAJNArOJKEHHS CXeMH PEKOMEHIYETHCS

Ha BUXO/Il KOXKHOTO JIOTIYHOTO €JIEMEHTY MIANUCYBAaTH 3HAYEHHS JIOTTYHOL

¢ynkuii (puc.2.1.6).
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puc.2.1.6. Cxema LI st 3pydHOCTI HaAroKEeHHsI Ta IEPEBIpKH POOOTH
2.2. MNopanok BUKOHAHHA poboTH

BapianTu 3aB1aHb.
BapianTu 3aB1aHp Ha BUKOHaHHS JJabopaTopHoi po6oTu No2 HaBeeH1

B Ta01.2.2.1 (A, B, C - 0oqHOPO3psIHI ABIHKOBI YKCIIa ).

Tabiauus 2.2.1. BapianTu 3aB1aHb 10 J1a00paTopHOi podoTH Ne2

Ne 3a Ne 3aBgaHHA

CIIMCKOM Bap1aHTy
1,8;15 1 PeanizyBatu cxemy soriuHoi piBHOcTI (A#B)
2;9;16 2 PeanizyBatu cxemy soriunoi HepiBHOCTI (A=B)
3:10:17 3 PeanizyBatu Bupaz A<B
4;11;18 CrpocTHTH Ta peasizyBaTi BHUpa3

! y = A+ 7B + (BT +BC)(CA + CA + BC)
5;12;19 CrpocTuTH Ta peasizyBaTH BUpa3

> y = (A+B)(A+B + )T +BC
6;13;20 CrpocTuTH Ta peajizyBaTu BUpa3

° Y= (A+B)(A+B)(A+E) +BAA + B + AB)
7;14;21 CrnpoctuTH Ta peaizyBaTu BUpa3

! y =(C+ABC)(B + BA) - ABC

IHinroroBka 10 BUKOHAHHS J1a00PaTOPHOI POOOTH.

1. 3niiicautn MiHiMi3aniio JI®, BUKOPUCTOBYIOUM OCHOBHI 3aKOHU
anreOpu  JIOTiKK, NOOyAyBaTH TaOJMUII0 ICTUHHOCTI JAHOI JIOT14HOI
¢dbynK1ii, mpuBecTH ii A0 3amaHoro Oasucy. (3a 3aMoBUyBaHHAM Oasuc I-
HE).
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2. TloOynyBatu (pyHKLIOHAJbHY Ta E€JIEKTPUYHY MPUHLHUIIOBY CXEMY
[II1, o3HallOMUBIIMCH 3 JAOBIJIKOBUMH JaHUMH 3a/JaHOi MiKpocxemu (3a
samoBuyBaHHIM K155JIA3 a60 7400N) (muB. nomatok 1).

3. IlepeBipuTy NMpaBUIIBHICTh CUHTE3Y CXEMH, IO peanizye nany JID,
MPOBIBILIM KOMIT FOTEPHE MOJIETIOBaHHS CXeMHU B TMakeTi, Hamp. Quartus
abo Multisim.

Buxkonanusi 1a6opaTopHoi podoTH.

1. 3i0paTu MakeT Ta 3A1UCHUTH HOTO HAJIaro>KEHHS.

2. 3MIHIOOYM 3HA4YEHHsS BXIIHUX aprymeHtiB A, B, C, ckiactu
TaOJMIIO ICTUHHOCTI JIOT1YHOI (YHKILII 7Y, peai3oBaHOI Ha MAakKeTi.
[TepekoHaTucs B TPaBUILHOCTI pOOOTH CXEMHU.

3. 3poOuTHM BHUCHOBKM TIO 3aBepIICHHI JabopaTopHOi poOOTH Ta

odopmutu 3BiT. DOpMYy NPOTOKOJY HABEICHO B 0JIATKY 2.

3micT nmporoko.y.

v'MeTa poOoTH;
v/ II0CTaHOBKa 3a/1a4i;
v'BapiaHT 3aBJIaHHS:
e3anuc JI® 3a BapiaHTOM 3aBJaHHS;
emMiHIMIzalsa JID;
® 3aMuC B €JMHOMY 0a3uCi;
e(dynkirionanbHa cxema LI, o peamizye 3anany JIO;
e Ta0JIMIIS 1ICTUHHOCTI 3aaHoi JID;
v enextpuyna cxema LI, mo peanizye 3amany JID;
v'pe3yabTaTH MOJENIOBaHHS cxemu Ha Komir'rorepi (PrintScreen
MPOTPaMM);

v'TabNuI iICTHHHOCTI peati3oBaHol Ha MaKeTi CXEMH;

36



v'IIOpIBHSAHHA TaOOMIl iCTUHHOCTI CHUHTE30BAHOIO BHMpa3y Ta
peaizoBaHOi CXeMH, MepeBipKa MPaBUILHOCTI POOOTH CXEMU;

v'BICHOBKH 110 pOOOTI.

CTpyKTypa BUCHOBKIB.

1. MeTta nipoBeaenHs miHiMizarii JIO.

2. OCHOBHI 3aKOHU anreOpU JIOTIKH, [0 BUKOPHUCTOBYIOTHCS IS
MIHIMI13a1].

3. 3aKoHH, 3a SIKUMU 3IIMCHIOETHCS TIEpeXija BiJ OJHOro 0a3ucy 110
1HIIIOTO.

4. JlouinbHicTb 3BesieHHs JID 10 ogHOrO Oasucy.

5. SlkuM YuMHOM MNPOBOAMIIACH TEPEBIPKa MPABHIBHOCTI POOOTH

CXEMHU.
KoHTposbHI NMTaHHS.
1. OcHOBHI 3aK0HU anreOpu JOTiKU. 3aCTOCYBaHHS.

2. CrporieHHs JIOT1YHUX BUPa3iB.
3. Teopema e Moprana. II 3acTocyBanHs.

4.Etanu npoekryBanHs LII1.
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JIABOPATOPHA POBOTA Ne3

HNocnigxeHHA uncppoBUX KOMOGIHaLiIMHMX cxemM Ha Ga3i
MynbTUNsIeKcopa

Meta poboTn.

OBOoJIOIIHHS HABUYKAMH PO3POOKH EJIECKTPUIHUX MPHHIIUIIOBUX CXEM
KOMOIHAIIMHOT JIOTIKM Ha 0a31 MyJIbTHIUIEKCOpa; iX 30upaHHA Ta

HaJIarOJKEHHS.
ITocTanoBka 3aaaui.

PeanmizyBatu 3amaHi KOMOIHAIIiHI CXeMHM Ha 3allpONOHOBaHIN
Mikpocxemi. IlinTBepauTH mpare3 aTHICTh peali30BaHUX KOMOIHAIIMHUX

CXCM.

3.1. KopoTki TeopeTUUYHi BiAOMOCTI

OcHOBHI M0J10KeHHsA. BU3HAaYeHHS.

MynbTuiekcop — nudpoBa IHTErpajibHa MiKpocxeMa KOMOiHaIHOT
JIOT1KH, IIIO Ma€ JeKiIbKa BXO/IIB PI3HOTO MPU3HAYEHHS Ta OJUH BUXia. Bes
CYKyMHICTh BXOJIB MYJbTUIUIEKCOpPA PO3MOAUIAETHCS HA OBl TPYNUd —
iH(opmarriiini Bxoau (a00 BXOAM JJaHUX) Ta aJipecHi BXxoau. [IpusHaueHHs
MYJIBTUIUIEKCOpA — 3IIACHUTA KOMYTAIlll0 1HGOPMAIIHHUX BXOJIB i
BIUTMBOM CHUTHAJIIB Ha aJIpeCHUX BX0JaX, TOOTO B 3aJIE)KHOCTI BiJl CUTHAJIIB
Ha aJPEeCHHX BXOJaX, Ha BHUXIJ TMEpPEJAEThCI CHUTHAI OJHOTO 3
1H(OpMaIITHIX BXO/IB.

Takum YUHOM, MYJIBTHIUIEKCOP — IMpoBa Mikpocxema, sika mae N
aJ]peCHUX BXOJIB Ta 2N 1H(popMaIiiHUX BXOIIB.

B sikocTi mpukiany po3ristHeMo Mynbtuiiekcop8 — 1. B mikpocxemi
BicimM 1H(popmartiiiaux BxoaiB D0 — D7, tpu agpecaux Bxogu A0 — A2 i

onuH BuxinY (puc. 3.1.1).
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DO MX

D2
D3
D4

D6
D7

Puc.3.1.1. MynapTumnexkcop 8 — 1

Tabmuig 1CTUHHOCTI poOOTH JAHOTO MYJBTUILIEKCOpA HaBEACHA B
Ttabn.3.1.1.

Taoauus 3.1.1. Tabauus icTHHHOCTI MyJbTHILIEKCOpa 8 — 1.

A2 Al A0 F
0 0 0 DO
0 0 1 D1
0 1 0 D2
0 1 1 D3
1 0 0 D4
1 0 1 D5
1 1 0 D6
1 1 1 D7

3 Tabmuii BUAHO, WO TOJaHa HA aJpPECcHI BXOJAU KOMOiHaIlisg
BIJIMOBIZa€ HOMEPY 1HGOPMAIINHOTO BXOMy, IO B JIAaHOMY BHIAIKy
CIIpaIbOBYE.

MyJbTUIUIEKCOP MOXHA BIJHECTH [0 YHIBEPCAJIBHUX JIOTIYHUX
€JIEMEHTIB TOMY, IO B pa3i, KOJM YHUCJIO BXIJHUX CHUTHAJIB (apryMEHTIB
dyukiii) He nepeBepyeN + 1, peanizaiist Oy1b-aK01 JOT14HOI QYHKIIIT HE

noTpelye T0AATKOBUX €JIEMEHTIB.
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Ilpuknan peamizamii JoriyHoi (QYHKHII 3 KUIBKICTIO BXiJIHHX

apryMeHTiB MEHIIOI0, Hi’K KiJIbKICTh iH(popManiiiHUX BXOAIB.

Ax npuxknaxg posmisiHemo peamzaniio JI® Y =A+ B nHa 0asi
MYJIBTHILUIEKCOPA 3 TPhOMAaaIPECHUMHU BXOJaMHU.

Tabnuus ictTuHHOCTI HaHoi PyHkiiY = A + B:

A B Y
0 0 0
0 1 1
1 0 1
1 1 1

3a Ta61n.3.1.1 mogamo BXijHI aprymeHTH A 1 B Ha agpecHi BXOAH JABOX
mostoamux po3psaaiB A1 = A, AO = B, Ha crapmmii po3psan A2 momgamo
CUTHAJ HU3BKOTO PIBHSI, TOOTO JOTIYHUI HYJIb (TaKUM YMHOM 3HAYCHHS

CHUTHAJIIB Ha BXOJI1 HE 3MIHUTHCH ).

OTKe, [ a2=0 | Al=4 | A0O=B | Ind.sx. Y
0 0 0 D0=0 0
0 0 1 D1=1 1
0 1 0 D2=1 1
0 1 1 D3=1 1

Jlns peamizamii maHoi cxemu BUKopucTaeMo Mikpocxemy KI155KII5
(3apyOixxHul aHanor mikpocxema 74152N) (nonatoxk 1).

OCKUIbKH Ha BUXOJ1 MIKPOCXEMHU MPUCYTHS 1HBEPCIs, TO ii HEOOX1AHO
BpaxyBatu mipu cunre3l LII. ng mporo cmig mpuegHaTd TOAATKOBUUN
1HBEpTOp HA BUXO/Il a00 MPOIHBEPTYBATH BXIJIHI CUTHAJIH, 110 MOJAOTHCA
Ha 1H(}opMaliiiHi BXOIH.

B JTaHHOMYBHUTIAAKY TSt POCTOTH Ta
E€KOHOMIYHOCTIpeai3aliiBUKOPUCTaeEMOIpyruii  BapianT. Toxai TaOmuus

ICTUHHOCTI1 OyJle MaTH TaKUil BUTJISL;

A2=0 Al=A A0 =B Ind.BX. Y
0 0 0 D0=1 0
0 0 1 D1=0 1
0 1 0 D2=0 1
0 1 1 D3=0 1
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EaexTpuyna cxema umu¢gpoBoro

Y = A + B Ha 0a3i MyJIbTHILIEKCOPA.

§ Usms.

DO
D1

D2

D3
D4
D5
D6

D7

S

B__10 39

Al
A2

MX

>
oo‘w

npucrporw s peaiizamii JID

Puc.3.1.2. Enextpuuna cxema LI ans peanizauii JI® Y = A + B.

HeBukopucrani

iH(opmarriiini

BXOJIH

MOXKEMO

3aJIMIIIUTH

HEMPUETHAHUMEU a00 T0/IaTh Ha HUX BUCOKHH PIBEHb CUTHAIY — JIOTIYHY

OJIMHHMIIIO, TOOTO MOAATH HA HUX HANPYTy >KUBJIEHHS (32 BIACTUBICTIO

mikpocxem TTJI).

IlepeBipka nmpaBHJIBLHOCTI POOOTH B cepeloOBHUINI KOMII’ IOTEPHOIO

MOACJIIOBAHHA.

[Ipu xomOiHalii Ha agpecHUX BXOJax MyJbTUILIeKcopa A2A1A0 —

000 Ha BHUXOJl Ma€MO HU3BKUM PIBEHb CHUTHAIY — JIOTIYHUN HYJb

(puc.3.1.3a). Ilpu komOinamii — A2A1A0 - 001 — BucOKHII piBEHb

CUTHay — JOT14Hy ojuHuilto (puc.3.1.36). Jlnst Bcix koMOiHAIIN BXITHUX

apryMeHTIB 3a TaOJULIEI0 ICTUHHOCTI MepeBipsieMO poOOTY CHHTE30BaHOI

O

OJY

CXEMU.
= i
0 |—5— Dg ~W
t D
=ch
D
13
= HA:
C
0
[—]— 74152AN
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B
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o

74152AN



Puc.3.1.3a. A2A1A0 - 000,y =0 Puc.3.1.36. A2ZA1A0 - 001,y =1

Posrmstnemo mpukian cuaTesy ILII mHa 0a31 MynbTHILIEKCOpa y
BUMAJIKy, KOJM KUIbKICTb BXIHUX AapryMEHTIB IMEpPEBUILYE KIUIbKICTh

aZpeCHUX BXOJIB.

Ipuxaan peamizamii JoriyHoi QyHkmii 3 KJIBKICTIO BXIiJIHHX
ApPryMeHTIiB OLIbIIOI0, Hi2K KiJILKICTh iIHpopManiiiHUX BXOiB.

3actocyBatd MyJbTUIUIEKCOP8 — 1 i1 mepeBIpKH MPaBUIBLHOCTI
nepenayi StupospsaHoro kony 1; 2; 3; 4; 5; 6; 7; 15; 16; 17; 18; 27; 28,;
29; 30.

Taoauuga 3.1.2. Tadannga icrunnocti xanoi JIO

Ne X, X, X, X, X, Y
0 0 0 0 0 0 0
1 0 0 0 0 1 1
2 0 0 0 1 0 1
3 0 0 0 1 1 1
4 0 0 1 0 0 1
5 0 0 1 0 1 1
6 0 0 1 1 0 1
7 0 0 1 1 1 1
8 0 1 0 0 0 0
9 0 1 0 0 1 0
10 0 1 0 1 0 0
11 0 1 0 1 1 0
12 0 1 1 0 0 0
13 0 1 1 0 1 0
14 0 1 1 1 0 0
15 0 1 1 1 1 1
16 1 0 0 0 0 1
17 1 0 0 0 1 1
18 1 0 0 1 0 0
19 1 0 0 1 1 0
20 1 0 1 0 0 0
21 1 0 1 0 1 0
22 1 0 1 1 0 0
23 1 0 1 1 1 0
24 1 1 0 0 0 0
25 1 1 0 0 1 0
26 1 1 0 1 0 0
27 1 1 0 1 1 1
28 1 1 1 0 0 1
29 1 1 1 0 1 1
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30 1 1 1 1 0 1

31 1 1 1 1 1 0

Maemo m’arp BxigHuUX aprymeHTiB X, — X,. Bubepemo tpu
Xy, > A2,

X; = Al, X, - A0.Kom06iHaiii JaHMX BXIJTHUX apTyMEHTIB BHU3HAYalOTh

APryMmMmecHTH, IO IIOAANOTHCS Ha aﬂpeCHi BXOOH, HaAIIpUKJIIAO,

BIJMOBIIHI 1H(QOpMaliiiHI BXxoau. AprymeHtd X; Ta X, BH3HA4aloTh
dbyHKIii, mo OyayTh MOAABATHCh Ha BIAMOBIIHI 1H(GOPMAIIMHI BXOIH.
Tabnuis icTuHHOCTI peanizanii podotu ganoro II{I1 Ha mynepTUIIEKCOpI

(mikpocxema K155KIIS — 3 ypaxyBaHHSIM 1HBEPCIITHOTO BHUXO]ly)HaBEIEHA
B Ta61.3.1.3.

Ta6aunsa 3.1.3. Tabauus ictuHOCTI AaH0I JID, 10 peanidyeTbesi Ha

MYJIbTHILIEKCOPI8 — 1 3 IHBepCHUM BHX0A0M

N J4a2-x,[A1-X, [ 40X, X, X, Tud.Bx. Y
0 0 0 0 0 0 DO 1
1 0 0 0 0 1 0
2 0 0 0 1 0 0
3 0 0 0 1 1 0
4 0 0 1 0 0 D1 0
5 0 0 1 0 1 0
6 0 0 1 1 0 0
7 0 0 1 1 1 0
8 0 1 0 0 0 D2 1
9 0 1 0 0 1 1
10 0 1 0 1 0 1
11 0 1 0 1 1 1
12 0 1 1 0 0 D3 1
13 0 1 1 0 1 1
14 0 1 1 1 0 1
15 0 1 1 1 1 0
16 1 0 0 0 0 D4 0
17 1 0 0 0 1 0
18 1 0 0 1 0 1
19 1 0 0 1 1 1
20 1 0 1 0 0 D5 1
21 1 0 1 0 1 1
22 1 0 1 1 0 1
23 1 0 1 1 1 1
24 1 1 0 0 0 D6 1
25 1 1 0 0 1 1
26 1 1 0 1 0 1
27 1 1 0 1 1 0
28 1 1 1 0 0 D7 0
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29 1 1 1 0 1 0
30 1 1 1 1 0 0
31 1 1 1 1 1 1

Busnaunmo GyHKIIIT, 110 TO1aF0THCS Ha KOYKHHUM 3 BXOJIIB.

Onpa3zy BuaHO, 10 Ha BXig D1 HeoOXigHO moAaTH CUTHAJI HU3BKOTO
piBHSI — JIOT1YHHUM HYJb, a Ha BXoau D2 ta D5 — curHanm BUCOKOTrO piBHS,
TOOTO JIOTIYH1 OJTUHUIII.

Jlnst Bu3HavueHHs JoriyHoi ¢yHkuii Ha BXxoAl DO moOyayemo kapTy

Kapuo mis aprymenriB X; taXj.

Xo
0 1
X, 0 0

Banumemo JID 3a oquanuamu: DO = X, - X,.

Ax BunHO 3 Tabmumi 3.1.3, ogHaKoBI JIOT1YHI (YHKIIT MOJAOTHCS Ha
Bxoxu D3 ta D6;D4 ta D7.

Amnanoriuno noOynyemo kaptu Kapuno nns BusHaueHHs JID, mio

[MOJAIOTHCA Ha Il BXOIH.

D3=D6:
Xo
1 1
D3=D6=X, +X,
D4=D7:
Xo
0 0
X, 1 0

D4 =D7 =X, - X,

Jns minimizanii cxemu 1T (3MeHIIEHHST KUIBKOCTI BHUKOPHUCTAHUX
MIKpOCXEM) 3BeJeMO BCl JIOTiyHI (YyHKIi, 10 TMOJAIOThCS Ha
1H(OopMaTUBHI BXOU A0 ogHOro 6asucy (1o 6asucy I-HE).

DO =X, X,
D3=D6=X,+X,=X,-X,.D4=D7 =X, X, =X, X,.

EnexkrpuyHa npuHuumnosa cxema ganoro LTI
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X1

DD1.
1
&:>pD13 DD1.4

Q§ U)KVIB.

9

2 12
DD1.2 &t & |

N|W|h~

=y

13

12

11

Puc.3.1.4. Enextpuuna npunHiunoBa cxema [{I1 Ha 6a31 MynbTUIIIEKCOpa 3 CUTHAJIAMH,

110 TI0J1at0ThCs Ha ajpecHi Bxoan A2A1A0 = X, X3X, .

IlepeBipka nmpaBHJIBLHOCTI POOOTH B cepedOBHILI KOMII’ IOTEPHOIO

MOXEJTIOBAHHA.

Jlanum MetooMm cuHTe3y cxemu LII1 3a Tabnuiero iCTHHHOCTI 3py4YHO
KOPUCTYBATUCh MPHU BUOOP1 CTapIIUX pO3psaiB 0araTopo3psIHOIO YHUCIIA
(mepenaHoro Koay) B AKOCTI KOMOIHAlId BXIJHUX apryMEHTIB, IO
10JIal0ThCS Ha BiAMOBIIHI aapecHi Bxoau (A2A1A0 = X, X3X5).

[IpoTe, Ha azmpecHi BXOauW MoOKe OyTH mepefaHa KOMOIHAIls Oynb-
SKUX 3 BXigHux aprymentiB. Hampuxman, A2A1A0 —» X,X;X,, Tomi nipu
BUKOpUCTaHHI MeToAy cuHTe3y [III 3a Tabnuiero iCTUHHOCTI HEOOX1THO

3BOAUTU 110 TaOJUIIO 3a pSIAKaMu JJI1 OJIHAKOBUX 3HAYEHb, IO

MOJAI0ThCS Ha aJIPECHI BXO/IH.

X2

X3
X4
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DO
D1
D2
D3
D4
D5
D6

D7

A0
Al
A2

MX




=
2

A2 > X, | A1> X, | A0 > X, | Tud.Bx.

o8]

o
o
o

DO

D1

17

25

2 D2

10

18

©
Rlrlololr|r|loolr|rlolo
ol |lol~|lolr|lol—|olr|loXx
o|lo|o|olo|lo|o|ojo|olo

SN JENFINFIN Fell=1=1=] [=1[=]f=]
olo|lo|lolr|r|r|rloloo

R OO, O R O ORI

26

1T.0.

[Ipu pi3HUX KOMOIHAIISIX BXIJHUX apPryMEHTIB, II0 MOAAIOThCS Ha
aZpecHl BXOJM, MaTUMEMO pi3HI CUTHaIM Ha 1HGOpPMAIIMHUX BXOJaX.
Tomy oTpumaemo pi3Hi Bapianth peamizamii cxemu LII Ha 06asi
MYJIBTHILIEKCOPA.

PexoMeHmyeTbCst pO3TIISTHYTH BCl MOXKJIMBI BapiaHTH peaiizailii cXxemu
LIT (mpu BUOOP1 pi3HUX KOMOIHAIINA BXIJHUX apTryMEHTIB, 110 TOJAIOTHCA
Ha aJpecHl BXOJH) il BHOOpPY HAMOUIBII E€KOHOMIYHOT MiHIMI30BaHOI
CXEMH.

JIist mpOCTIMIOTO PO3TISAY BCIX MOMKIMBUX BaplaHTIB peamizarii

3py4Hillle KOPUCTYBAaTUCh METOJIOM KapT KapHo.

Cunre3 LI s peasizauii 3aganoi JI® Ha 0a3i MyJIbTHILIEKCOPA

3a J0MOMOrorw MeToay kapt Kapno.

PosrasiHemMo paHuii anropuTM Ha MNPUKIIAAl, MO PO3TISIAABCS IS
CUHTE3Y 3a TaOJIUIICI0 ICTUHHOCTI.

Sx BimOMO, TabmuIlsl ICTUHHOCTI Ta KapTu KapHO € piBHO3HAYHUMU
TOTOXKHUMH popmamu 3amnucy JID.

bynyemo kapty KapHo s m’stupo3psiiHoro koay. Tpu pospsau
mogaeMo Ha ajpecHi Bxoau A2, A1, AO. J/[Ba IHIIUX PO3PSaAM BU3HAYAIOTH

Oe3nocepeiHbo (QYHKIIIT, 10 NOAI0ThCA Ha iHdopManiiini Bxoau (X, X;).
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A0

Al
A2 A2

001 § 101 § 111 § 011 § 010 § 110 | 100 J 000 | A2A1A40
D1 | D5 D7 | D3 | D2 | D6 D4 | DO

Otrxe, Oauumo, 1m0 3a jgomoMorow kaptu KapHo 3pyuHinie

posrsimati pi3Hi Bapiantu peamzarii {1 #Ha 6a3i MymnbTHIUIEKCOpA.
Kosxen croBmens (koMOiHaIlis BXIAHUX apTYMEHTIB Ha aJpeCcHUX BXOJaX)
BU3HAaYa€ HOMEp 1H(OpMAIIHHOTO BXOaY. 3aJIUIIAKOTHCS 1€ 2 BXIJTHHUX
apryMeHTd, Tnepebuparoun KoMmOiHaIli sAxkux 3MiHemo JID, 1o
OAA0ThCsl Ha 1H(POPMAIlIHI BXO/IH.

Hanpuknan, wnexaii A2A1A40 - X,X;X,, Tomi X; — X4, X; - X;.

3anoBHI0OEMO KapTy KapHo.

Xo
X4
X X5
« o212 Jofr]1r]o]
o “ 1ol oliloo]l:
1 1o a1
oJojJojJoJoJo]Jol]r:
001 ) 101 | 111 § 011 § 010 | 110 100 | 000 | A2A1A0
p1| b5 | p7 | D3| D2 | D6 | D4 | DO

OTtxe, Ha 1HGOpPMAIIIFHI BXOH MOJAEMO HACTYITHI CUTHAIIU:

DO=X;+X;-X,=X3;+X,; D1=D2=2X;; D3=D4=D5=
D6 =X, + X5; D7 = X,.

3Benemo JI®, o nomaroTeest Ha BXoau DO ta D3 = D4 = D5 = D6

70 oHOTO Oa3ucy (3a 3amoBuyBaHHsAM [-HE).
DO=X;+X,=X;+X,=X5-X,; D3=D4=D5=D6=X,+
Xs=Xs+ X3 =X, X3
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Enexrpuyna npuHmumoBa cxema ganoro IIII wa 0asi
MYJbTHILUIEKCOPAa 3 CUTHAJaMH, LI0 TMOJAThCA Ha aJApecHi
BX0AMA2A1A40 - X,X,1X, .

DO MX

X3 X4 1211
T 5
4-|D1

Xo —2{A0|
X1 —2HA1

Puc.3.1.5. Enextpuyna npuniunosa cxema LI Ha 6a31 MmynbTumiiekcopa 3 CUrHaJlamMH,

10 TToAar0Thes Ha afapecHi Bxoau A2ZA1A0 — X, X1 X, .
Ak 6aunumo, 7151 peaizallii CUTHAJIB, 1110 MOJaI0ThCA Ha 1H(hOpMaIliiiHi
BXOJM, HEOOXiAHO BHKOpUCTaTH OAHY Mikpocxemy KI155JIA3 Ta

myabtuiiekcop K155KIIS.

Jlana cxema € OUIbII MiHIMI30BAHOIO B TOPIBHSHHI 31 CXEMOIO

puc.3.1.4.

Takum dYMHOM BUAHO, MO MIAOIP PI3HUX BapiaHTIB KOMOIHAIlIH
BXIJHUX apTyMEHTIB, IO MOJAIOTHCS Ha aJApPECHI BXOJIU € BAXXJIMBUM IPH

peamizanii cxem LI1.

3.2. MopsaaoK BUKOHAHHSA poboTHn

BapianTu 3aBi1aHb.

I 3aBpanusn

Bapiaatu 3aBmaHb Ha BUKOHAHHS JAHOTO 3aBIaHHSA JabOpaTOpPHOI
po6otu Ne3 BiAMOBIIAIOTH BapiaHTaM 3aBJaHb JabopaTopHOi poOoTH Ne2
(Tabm.2.2.1).

3a BapiantoM peanizyBatu LII1 na 6a31 mynpTuriekcopa 8 - 1 (3a

3aMoBYyBaHHIM Ha Mikpocxemi K155KII5 a6o K155KII17).
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I1 3aBnanuga

PeamizyBaru IIII Ha ©0a31 MynbTHIUIEKCOpa 8 — 1(Mikpocxema

K155KII5 ab6o KI55KII7) nns mnepeBipku MPaBUIBLHOCTI Tepeaadi

STUPO3PSATHOTO KOIY.

[Ipu cnopamroBaHHi BipHOi KOMOIHAIIl 4YMCENl Ha BXOJl CUTHAJI Ha

BUXOJll MPUCTPOIO TMPUKWMAE 3HAYEHHS JIOT1YHOI «1», B MPOTHUIEKHHUX

punaakax — 0.

B Ta6aumi 3.2.1 npencrasieHi koMOiHallii KOiB.

Taoauus 3.2.1. BapianTu 3aBaans 10 JadopatopHoi podooru Ne3.II

Ne 3a Ne 3aBIaHHS
CIIMICKOM | BapiaHTy
1;8;15 1 1,3,4,6,8,9,10,11,12,17,18,22,23,25,26,27,30
2;9;16 2 1,3,5,8,9,15,19,23,24,30,31
3;10;17 3 3,4,5,6,9,11,12,14,18,19,20,21,24,25,26,27,29
4;11;18 4 0,1,2,6,8,9,11,14,17,18,21,25,27,28,29,31
5;12;19 5 1,6,7,10,12,13,14,15,16,17,23,27,28,30
6;13;20 6 0,2,4,5,6,9,10,13,14,16,21,25,29,31
7;14;21 7 1,3,6,8,10,11,17,21,23,24,26,28,29,31

ITinroroBKa 10 BUKOHAHHA JIa00OPATOPHOI POOOTH.

I 3aBaanusn

3a BapiaHTOM 3aBJaHHS 3amucaTd MiHiMizoBaHy JID, 11 Tabmuiro
ICTUHHOCTI, TaOJUII0 ICTHHHOCTI peamizamii gaHoi JI® wHa 0asi
mynbTHUIiekcopa. CuHTe3yBaTH 3a Tabmuiero icTuHHOCTI cxemy I,
B1JIOOpa3UTH €NEKTPUUHY NPUHIUINOBY cxemy gaHoro L{IT Tta mepeBiputu
NPaBWIbHICT  pOOOTH  CXEMHU B  CEPEJOBHUIIl  KOMII FOTEPHOIO
MOJICTIOBAHHS.

11 3aBpanns

3a BapiaHTOM 3aBJIaHHs CKjacTu Taliuio ictuHHOCcTi JID, ckimactu
Ta0auII0 1CTHHHOCTI peamzamii cxemu I[II Ha 06a3i MymnbTHUILIEKCOpPA
(mogaTyi HaA aApecHI BXOJAW KOMOIHAII0 apryMEHTIB X,X;X,) Ta CKJIAcTH
Bupazu st JI®, mo nonaroThes Ha iHGoOpMaliiHi BXoau. BimoOpazutu

enekTpuuny npunHnunoBy cxemy LII. [MobynyBatu kapty Kapuo (abo
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TaOJUII0 1CTUHHOCTI) 3a 3aBJaHHsIM, OOpaBIIM B SKOCTI KOMOiHaIIil
BXIJTHUX apryMEHTIB JJIs1 aJIpeCHUX BXOJIB KOMOIHAI0 X,X;X,. Ckiactu
Bupasu ais JIO, mo nmogaroThes Ha iH(OpPMaIliiHI BXOIU Ta BIAOOpa3UTH
€JIEKTPUYHY MPUHIUINOBY cxeMmy. OOpatu 3 IUX BapiaHTIB HaWOUIbII
MIHIMI30BaHy cXeMmy [Js 1i peaimizanii Ha MakeTi B jabopatopii Ta
MEPEBIPUTH TPABWIBHICT, i pOOOTH B CEPENOBHUIN KOMIT FOTEPHOTO

MO/IETIIOBAHHSI.
Buxonanus 1adopaTtopHoi podoTH.

1. 3i0patu MakeT Ta 3MIMCHUTH HOTr0 HANAaro »KeHHs (g 3aBmaHHs |
ta II).

2. 3MiHIOIOYM 3HAYCHHsS BXigHMX aprymeHTiB (4, B,C —I 3aBaaHHs Ta
X, — Xy —11 3aBmanHs1) CKjIacTU TaOJHUIKO ICTUHHOCTI JIOT14HOI (YHKIIII,
peanizoBaHoi Ha MakeTi. [lepekoHaTCs B TPaBUILHOCTI pOOOTH CXEMHU.

3. 3poOuTHM BHUCHOBKM TIO 3aBepIICHHI JabopaTopHOi poOOTH Ta

opopmutH 3B1T. PopMy IPOTOKOTY HABEACHO B I0AATKY 4.
3MmicT mporoko.y.

v'MeTa poOOTH;

v II0CTaHOBKA 3a/1a4i;

I 3aBganus:

v'BapiaHT 3aBIaHHS — JOTTYHA (YHKIIIS;

v/ TabIIIS ICTUHHHOCTI JIOT19HOT (PyHKIIIT;

v'Tabnuirs icTuHHOCTI peamizanii ganoi JI® Ha 6a3i MyJILTHILIEKCOPA;

v enekrpuuna cxema L1, mo peanizye 3agany JID;

v'pesynbTaT MOJETIOBaHHACXeMH Ha komm'rotepi (PrintScreen
IpPOTPaMH);

v'TabnuI iCTHHHOCTI peanizoBaHol Ha MAaKeTi CXEMU;

v IOpiBHSHHA TaONWI[ ICTUHHOCTI CHHTE30BAaHOIO BHpasy Ta
peaizoBaHOi CXeMHU, MepeBipKa MPaBUILHOCTI POOOTH CXEMHU;

v'BHCHOBKH 110 po6oTi 3a | 3aBIaHHAM.

Il 3aBnanH:
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v'BapiaHT 3aBJIaHHA ;

v'TabNuIs iCTHHHOCTI JoriYHol QYHKIIT 32 3aBJaHHAM;

v'Tabnuug ictuaHoCTi peanmisanii ganoi JI® na 6a3i MyJabTHIIIEKCOpPA
npu KOMOiHAIlli BXIJHUX apryMEHTIB, 110 MOJIAIOThCS Ha aJpPECHI BXOIU
A, A Ay = X, X1 Xy,

veupasu g JIO, mo momaroThcd Ha iHGOpPMaLiiHI BXOIM
MYJIBTHILIEKCOPA;

v elleKTpUYHa IpuHIKIoBa cxeMa 111

vkapra KaphHo mas apyroro BapiaHTy KOMOIHAII — BXiTHHX
apryMEHTIB, IO TIOJAIOTHCA Ha BXOAW MyJbTUIUIEKcopa (A,A14, —
X2 X1Xo);

veupasu s JI®, mo momaroThes Ha iHdopMamiiHi  BXOIU
MysbTUILIEKCOpa npu A, A1 Ay = X X1 X5

v/ elleKTpUYHa IpuHIMIoBa cxemu 11T

v'cxema HIT 3 MiHIMaJIBHOIO KiJIBKICTIO €J1EMEHTIB |

v'BIUCHOBKH 110 po0oTi 3a Il 3aBganusm.

KoHTposbHI nMTaHHA.
1. IpuHuMn a1i MyJIbTUILIIEKCOPA.
2. Tlo6ynona II1 Ha 6a3i MyJIBTHILIECKCOPIB.

3. MynbTumiekcop sik yHiBepcaabHUN JOTTYHUNA NPUCTPIH.
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JIABOPATOPHA POBOTA Ne24

HocnipxeHHA unpoBUX NOCNiIAOBHMUX CXeM (aBTOMaTH
3 NamM’ATTHO)

Meta poboTn.

OBOoJIOIIHHS HABUYKAMH PO3POOKH EJIECKTPUIHUX MPHHIIUIIOBUX CXEM
1P POBUX aBTOMATIB 3 TaM ATTIO (JIIYMIBHUKA IMITYJIBCIB — CHHXPOHHOTO
3 TapajelbHUM TEPEHECEHHSIM Ta AacCHHXPOHHOTO); iX 30WpaHHS Ta

HaJIaroJKEHHSI.
ITocTanoBka 3agaui.

PeanizyBatu y Burisal mnpamtorodoro makery LII 3 3amanumm
TeXHIYHUMH  XapaKTEPUCTHKAMH,  BHKOPHWCTABIIM  3aIllPOIIOHOBAaHI
MIKPOCXEMH TpHUTepiB Ta KOMOiHaIiiHO1 Joriku. I[lpoBecTn nagHaHHSA

MakeTy Ta MiATBEPAUTH MPaBUIBHICTh HOTO (DYHKIIIOHYBaHHS.

4.1. KopoTtKi TeopeTU4Hi BigOMOCTi

OcHoBHiI noJ10:keHHs. BU3HaYeHHs.

Tpurep — npucTpiii, IO Ma€ IBa CTATUX CTaHHW BUXOIY «0» abo «1».
KepyBanns cranamu JK-tpurepa 3aiiicHioeTbesi curHanamu «J»ta «K» Ha
BXOJIaX TPHUTepa, MEePEKIIOUCHHS BIIOYBAETHCS B MOMEHT IEpernay piBHSA
Ha TakToBOMY Bxoiai «C». Sk BkazaHo Ha puc.4.l.1 nepexitouyeHHs
BIIOYBAEThCA MO MEPEIHbOMY (POHTY TaKTYHOUOro IMIyJbCy (Mpu
nepexoni Bim «0» g0 «l»). Tpurep mae 2 BUXOAU — 3 TPSIMUM Ta
1HBEpCHUM 3HAYEHHSIM.

Curnan «J» - curtan «Y CTaHOBIICHHSI», TOOTO TP MOJAaBaHH] HA BXiJ
«J» noriuHoi «1» Ha BUXOJI TpUTEpa BCTAHOBUTHCSA CHUTHAT JIOTTYHOL «1».
Curnan «K» - curnan «CkupgaHHsS», TOOTO MpH MoAaBaHHI Ha BXIa «K»

JIOT14HO1 «1» Ha BUXO/Il TPUTepa BCTAHOBUTHCSI CUTHA JIOTTUHOL «O».
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AN

Puc.4.1.1. JK-Tpurep.

PoGoTy Tpurepa Mo>kHa OnucaTH 3a JIONMOMOTOK0 TaOJIUIll TEPEXOIIB.

Taboauus 4.1.1. Tadauus nepexonis JK-tpurepa.

J K Qt Qt+1
0 X 0 0
1 X 0 1
X 0 1 1
X 1 1 0

Qf —cran Buxomy Tpurepa A0 IIOJAa4Yi TAKTOBOIO IMIIYIbCY
(mouatkoBuii cran); Q'*! — cram BuXxomy Tpurepa miciag momadi TAKTOBOTO
IMITyJIbCY;3HAK «X» O3Hauae€, M0 MpU OyAb-SKOMY CHUTHajl Ha BXO/l
tpurepa («1» ado «0»), cTaH BUXOJly 3aJIMILIAETHCA TaKUM, SIK BKa3aHO B
TabuIl.

Hpuxkaang peanizanii uudposoro asromatry Ha ocHOBI JK-
TpUrepiB.

3aBnannsi. CuHTE3yBaTH CXEMy JOJaBaJbHOTO JIYMIBHUKA 3
Moaysem 1iuou M=8.

BukoHaTy cMHTE3 CHHXPOHHOI0 JIYWJIbHHUKA.

1. 300pa3utu aiarpamu NepexoAiB CTaHIB IU(PPOBOrO aBTOMATY.

OO0 GO R OROMO

Puc.4.1.2. liarpama cTaHiB JiYMIbHUKA

HeoOxigna kimbkicTh TpurepiB N po3paxoByeThes 3a popmynoroN =
log,m, m — MOXJIMBa KUIbKICTh CTAHIB aBTOMATA.
N >log,8 - 3
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2. [lobynyBatu TabIuUIlkO MEepeXoiB (CTaHiB) KOKHOTO TPUTEPA, IO
BXOJUTH /10 CKJIaly IPUCTPOIO, 110 MPOEKTYETHCA.
3a Tabu1. 4.1.1 3aI0OBHIOEMO HACTYIIHY TaOIUIIIO.
Hanpuknan, BxigHi curHamu J,K, tpurepa TT2 BusHauaemo 3a

3HAQYEHHSIMHU BUXIAHOTO curHany (,. B mepmiomy, apyromy Ta TpeThbOMY
pAOKY curHan (J, 3HAUYEHHsS HE 3MIHIOE — BCTAaHOBJIEHUH «0» — CHUrHamn
J> =0 (BcranoBneHHsa «l» He BigOyBaerbcs),K, = X. B uerBepromy
psanKy curHan (@, 3miHioe 3HaueHHs 3 «0» Ha «l», Tomy Ha BXin J,
nogaemMo Joriuny «1», K, = x . B m’sitomy — cboMomy psikax (0, 30epirae
3HaueHHs «l», Tomy Ha Bxig K, momaemo «0» (CKMJaHHS Ha HYJb HE
B11I0yBaeThes), J, = X. B ocraHHbOMY DpsaKy TaOnuill BiJOYBa€ThCS
CKuAaHHs curHany @, 3 «1» B «O», tomy K, = 1, J, = X.

AHaJIOTIYHO 3aII0OBHIOETHCS TaOJIUIA TUIS CUTHAJIIB
J1K1 ta JoKp.

Taomuua 4.1.2. Tabauusa nepexoaiB JK-rpurepis, mo BXoasitb A0 CKJIaTy

CX€MH CHHXPOHHOI'0 JiYMJIbHHUKA.

(Q20:1Q0)° | (Q20:Q0)* J2K; J1Kq JoKo
000 001 0 x 0 x 1X
001 010 0 x 1x x1
010 011 0 x x 0 1x
011 100 1x x1 x 1
100 101 x 0 0 x 1x
101 110 x 0 1x X1
110 111 x 0 x 0 1x
111 000 X1 x1 x 1

3. BusHaunTH curHaam Ha BX0J1aX KOXKHOTO TpHUTepa.
Jo =Ko =1
3 TabyuIll BUJIHO, IO MOKHA 3anmucatu J; = K; = Q.
Jlnst Bu3HaueHHs curdanis J, ta K, modyayemo kaptu KapHo.
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]2: KZ:
— 0 —Q;
0 X X 0 0 0
Qo 1 X 0 Qo X 1 0
—0, —0,
J2=Qo" Q1 K, =Qo- Q1
4. TloOynyBatu ¢yHKIIOHATBHY cxemy pobotu LIIT.
12 TT1 TT0 J
2 a i1 at -0 Qo
N ) P N
Q2 — Ql Qo
k2 K1 —1KO
clock

Puc.4.1.3. ®yHkIioHanbHa cXeMa CUHXPOHHOTO JTIYMJIbHUKA

KoxxeH Tpurep cxeMu TpAKTYETbCA OJHUM TAaKTYHOUMM CHUTHAJIOM

«clocky.

IIpumirka.
MIHIMI3yBaTH — 3BECTH iX JI0 OJIHOTO Oa3ucy (3a 3amoBuyBaHHsIM [-HE).

Skmo curHaM Ha BXOJax TPUTEPIB HEOOXITHO

5. IlobynyBatu enexkrpuuHy npuHIunoBy cxemy L1 (3a 3amoBYyBaHHSIM
JK-tpurep — mikpocxema K155TB1 (lomaTox1)).

Ipumitka. Tpurepu Burotonieni Ha mikpocxemi K155TB1 matots no
TpU BXOaH J, siki Mk cOOOr0 3’€IHaHI1 JIOTIYHUM orepatopoM «I». Bxoau
Rra S — inBeproBani Reset Ta Set BiANOBiZHO, TOMY MOKYTb OyTH 3aisHi
HH3BKHM IMOTEHINaJI0M, ToOTO JorigauM «0y». [Tomatoun «0» Ha BXim R Ha
BUXOJIi TpUrepa BCTAHOBIIIOETHCS HU3bLKHI piBeHb CUTHAIY, Ha BXig S —
BHUCOKHI PIBEHb.

B naHili Mikpocxeml MEpeKIIOYEHHs BIIOYBA€ETbCA B  MOMEHT
nepenaay piBHS Ha TakToBOoMYy Bxoli «C» 3 «I» mo «0», TOoOTO TO
3aIHbOMY (PPOHTY TAKTYIOUOT'O CUTHAIY.

6. I[IpoBecTn mepeBipKy NPABUIBLHOCTI POOOTH CXEMH B CEpPEIOBHIII
(B KOMIT FOTEPHOTO

KOMIT FOTEPHOTO  MO/ICTTFOBAHHS. CepeI0BHIIII
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MOJICTIOBaHHS HEOOXIJIHO, 100 BCl BXOAM Oyiau MIJKIOYEHI — Ha
He3aisH1 Bxoau J ta K moaatu noriuny «1», Ha BXoau R ta S — Takox
JoT14HY «1») .

7. 300pa3uTH 4acoBi JiarpaMu CUTHAIIB Ha BXOJIaX Ta BUXOJaX TPHUTEPIB.

Jlnst moOymoBM 4YacoBHX JlarpaMm CIOYaTKy HEOOXiTHO 300pazuTu
MOCJIJIOBHICTh TAaKTOBUX 1MIyJbeiB. [lo 3amHboMy (GPOHTY TaKTOBHX
IMITYJIBCIB PO3JUISIEMO YAaCOBUM IHTEPBAJ Ha MPOMIKKUA TMEPEKIIOYCHHS
CUTHAJIIB.

3a Tabn. 4.1.2 crnoyaTKy BM3HAYaEMO CUTHAJIM Ha BUXOJ1 TPUTEPIB
Q,, Q1,Qp. Ham moxHa BiIOOpa3UTH 1HBEPTOBAHI 3HAYEHHSI CUTHAIIB Ha
Buxofi Q,, 0, Qp. 32 LUMH 3HAUEHHAMM Ta 32 BU3HAUEHHAM CHTHAJIB Ha

BxoAax (M.3) MOXKHa BIJIOOpPa3UTH YacOBl JlarpaMHd CUTHAJIIB Ha BXOJaX

Tpurepis /,,K,, J1, Ky, Jo, Kp.
qininin
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Puc.4.1.4. YacoBi giarpamMu CUTHAJIIB Ha BX0JIaX Ta BUX0JIaX CHHXPOHHOTO
JIYUIIbHUAKA
IIpumitka. [Tpu moOGym0oB1 YaCOBUX Jiarpam BKa3ye€TbCsl OJUH MEPIOJ
CUTHAIIB 1 X04a O OJIHE 3HAYEHHSI HACTYITHOTO MEepioy.

BukoHnaTy cMHTE3 ACHHXPOHHOI'0 JiUHJIbHHUKA.

1. 3a yacoBuMu Jiarpamami (puc.4.1.4) BU3BHAYUTH TaKTyHOUl
CUTHAJIM, 1110 MOJIAI0THCS Ha BXOJIM TPUTEPIB.
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Ockinbku curHan Ha Buxoji Tpurepa TTO Q, 3MIHIOE CBOE 3HAYEHHS
HaifyacTile, TO JaHU| TPUTEP TAKTYEThCS CUTHAJIOM TaKTyBaHHS «ClOCK».

[Ipunuun noOyn0BM aCUHHXPOHHOTO JIIYMJIBHUKA TIOJIATAE B TOMY, 1110
TPUTEpPU B CXEMl MOXKYTh TaKTyBaTHUCh CUTHAJaMH Ha BHUXOJAX OJIMH
OJIHOTO.

3a puc.4.1.4 BU3Ha4yaeMo, 110 CUTHANI TakTyBaHHs Tpurepy TT1 moxe
nogaBatuchk 3 Buxony Qo Ttpurepy TTO. OCkuUibkKH B MOMEHT
MEePEeKIIIOYEHHS CUTHATY (Q curdan @, nepexoauTh Bijl «1» 10 «O».

AHanoriuno, st tpurepy TT2 TakTyrouuM curHajgoMm OyJe CHUTHAl
Q,, 00 mpu TepeKIIFOYEHHI 3HAYeHb CUTHAITY (J; € Tepexia curHany ( Bij
«1» mo «O».

2. [ToOynyBaTy TabNMIIO IEPEXO/IIB (CTaHIB) KOKHOTO TpUTEpa,
110 BXOJUTH A0 CKJIaly IPUCTPOIO, IO MPOEKTYETHCS.
Ockinbku  Tpurep TTO takryerbes curHanom «cClock», curnamm

Jo Ta K 3aJIMI11at0ThCsl HE3MIHHUMM.

B momeHnt mepexony Qq Big «1» mo «0» Ta HaBmaku BU3HAYAEMO
curHaiu J;ta Ky, 1715 1HIIUX BUNAAKIB (30epexeHHs 3HaueHb «1» Ta «0»)
Ha BXoJu JiTa K; Moxe OyTH mojjaHo OyJib-sIKUil CUTHAJ, TOOTO B TaOJuIIl
CTaBUMO 3HaK «X».

Ta6muua 4.1.3. Taéauusa nepexoais JK-rpurepis, mo BXoAATh 10 CKJIAAY

CX€eMHU AaCHHXPOHHOI'0 JiYMJIbHHUKA.

(Q2Q1Q0)t (Q2 Q1Q0)t+1 J2K> 1K1 JoKo
000 001 X X X X 1x
001 010 X X 1x x1
010 011 X X X X 1x
011 100 1x x1 x1
100 101 X X X X 1x
101 110 X X 1x x1
110 111 X X X X 1x
111 000 x1 x 1 x1
3. Bu3naunTy curaanyd Ha BX0J1aX KOKHOTO TPUTEPA.

OT)KG, MaeEMO ]2 == KZ = ]1 = Kl = IO == Ko =1.

4, [ToOynyBatu yHKIIOHANIBHY cxeMy poootu LII1.
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5.

T2 T1 TT0 J
12 Q2 —| i Q1 — o Qo0
A Ve _ AVG _ NC _
Q2 — Ql — Qo
—K2 _ K1 _IKo

clock

Puc.4.1.5. ®yHkiioHanbHa cxeMa aCHHXPOHHOTO JIIYMIIbHUKA.
[ToOynyBaTu enexkrpuuny npuHuunoBy cxemy LI (3a

3amoBuyBaHHsIM JK-Tpurep — mikpocxema K155TB1 ([Joaarokl)).

6.

[IpoBecTu nepeBipKy MPaBUILHOCTI POOOTH CXEMH B

CEPEIOBUII KOMIT IOTEPHOTO MOJICTFOBAHHS.

7.

300pa3uTy 4acoBi JllarpaMy CUTHAIIB Ha BXOJaX Ta BUXOAaX

TPUTEPIB.

4.2. MNopaaok BUKOHAHHSA poboTu

BapianTu 3aB1aHb.

Cunre3yBaTu 1M(poOBHUIA aBTOMAT — CHUHXPOHHHUN Ta aCHUHXPOHHHM

JIYWIBHUK 3a BapiaHTOM 3aBlaHHs. BapianTu 3aBmaHh Ha BUKOHAHHS

naboparopHoi poootu NedHaseseHi B Tad1.4.2.1.

Tadounusa 4.2.1. BapianT 3aB1aHb HA BUKOHAHHA J1a0opaTopHOI podoTn Ned.

Ne 3a Ne 3aBIaHHs

CIIMCKOM | BapiaHTy

1:8:15 1 JiuunpHUK JOJaBaJbHUM 3 IEPEX00M CTaHIB 2—6
2:9:16 2 JliuupHUK BiTHIMATBHUN 3 TIEPEX00M CTaHIB 7—3
3:10:17 3 JIiYMIbHUK J01aBaTBHUM 3 TIEPEXO00M CTaHIB 3—7
4:11:18 4 JliunnpHUK BiTHIMATIBHUM 3 IEPEXOAOM CTaHIB 6—1
5;12;19 5 JIiuuIBHUK J0aBaIbHUM 3 TIEpEeX00M CTaHiB 1 -5
6:13:20 6 JIiYMIbHUK J01aBaIBHUM 3 IEPEX00M CTaHIB 1—6
7:14:21 7 JliunnpHUK BiTHIMATBHUM 3 IEPEXOAOM CTaHIB 6—2

IHiaroroBka 10 BUKOHAHHSA J1a00PATOPHOI pOOOTH.

CuHre3 cxeMu CHHXPOHHOI'O JiYNJIbHUKA

1. Bu3HauuTH KUIBKICTh TPUTEpIB, HEOOXITHUX A peai3alli 3aJaHoro

Koe(ilienTy 114omu.
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2. 3Bakarouu Ha 33JaHUK THUM TpUrepa (BU3HAYAETHCS TUIIOM BIIMOBITHOT
MIKPOCXEMH — 3a 3aMoOBYyBaHHsM, Mikpocxema KI55TB1 (amamor 7472,
SN7472N, SN7472]), Tobto JK-Tpurep) 3anucaTi TaOIHIO HOr0 MEPEXOIB.

3. TloObynyBatu TaOmUIIO TMEpexodiB (CTaHIB) KOXXHOTO TpHUTeEpa, IO
BXOJHTH JIO CKJIay MPUCTPOIO, IO MPOCKTYETHCS.

4. TTo6ynyBaTu kaptu KapHo /7151 CUTHAJIIB HAa BXO/aX KOXHOTO TpUTEpa.

5. OtrpuMaty MiHIMI30BaHI (YHKIIi JIJIi CUTHAJIIB Ha BXOAaX KOKHOIO
Tpurepa.

6. IlpuBectn orpumani Joriydi ¢yHKIOIT g0 3agaHoro 6Oasucy (3a
3amoBuyBaHHAM — 0azuc [-HE).

7. Po3pobutu pyHKIIOHATBbHY JIOTTYHY CXEMY MPUCTPOIO.

8. O3HallOMUTUCH 3 JIOBIJKOBUMH J@HUMHU 33JaHUX MIKPOCXEM Ta
po3pobutu enekTpuuny npuHuunoy cxemy LII (Jomaroxl).

9. IloOynyBaTu 4acoBi JiarpamMu Ha BXOAaX-BUX0/daX TPUTEPIB.

10. TIpoBectu mepeBipKYy CHHTE3y CXEMH B TMaKeTi KOMII IOTEPHOTO
MO/JIETTIOBaHHS.

CHHTE3 cCXeMH ACHHXPOHHOI0 JIiYMJIbHHKA

1. 3a yacoBumu giarpamamu (1.9 i CHHTE3y CUHXPOHHOTO JITUMIIBLHUKA)
noOyayBatu QpyHkioHabHY cxemy LII1.

2. Po3pobutu enekTpuyHy npuHuumnoBy cxemy LI1.

3. IlpoBecTu TmepeBIpKY CHUHTE3Y CXEMH B TMaKeTi KOMII IOTEPHOro

MOJCIIOBAaHHA.
BukonanHns 1a60paTopHOi pod0TH.

1.BcTaHOBHUTH 337jaH1 MIKPOCXEMU B MaHes1 0a30BOrO IACI.

2.I[iAKTI0OYUTH BUXOJIW TPHUTEPIB JIO CBITJIOMIOJNIB, PO3MIIICHUX Ha
MOHTaKHOMY TIOJTI.

3.3'eqHaT Mk COOOI0 TAKTOBI BXOJM TPUTEPIB 1 MIAKIIOUUTH iX J10
BUXOJy TeHepaTopa TaKTOBUX IMITYJbCIB, SKWW BMOHTOBAaHO B
0a3oBe miaci.

4 Ilopatu Hanpyry Ha 6a3oBe maci. [logatu Ha Bxonu J Ta K curnanu,
10 BiAMOBiAar0Th JoriuHid «1» (mia TTJI-cxem cepiit 155, 555, sk

BIJIOMO, MOKHA 3aJTUIITUTH BX1J] «y MOBITP1») 1 MPH MOIa41 TAKTOBUX
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IMITyJIBCIB 3TAHO TaOMULI MNEPEeXOAIB IMEPEBIPUTH NPABUIbHICTD
NEPEKIIIOYCHHSI TPUTEPIB (TIEPEBIPUTH  «IPsIMI» Ta «IHBEPCHI»
BUXOJHU TPUTEPIB).

5.I1ocaigoBHOMO (ikcariero joriyHoro «0» Ha BXojax JruepeBipUTH 4u
BCTaHOBIIIOETHCS CUTHAI JIOTT1YHOTO «0» Ha BUXOAAaX TPHUTEPiB.

6.ITocimoBHOMO (hikcarriero moriaroro «0» Ha Bxonax K mepeBiputu uu
BCTAHOBIIIOETHCSI CUTHAJ JIOT1YHOT «1» Ha BUXOAaX TPHUTEPiB.

7 .Ilicns mepeBipKHU TpUrepiB 310paTh CUHTE30BaHY CXEMY CUHXPOHHOTO
JTYWIbHUKA.

8.ITogavero MOOIUHOKHUX IMITYJIBCIB TIEPEBIPUTH BIAMOBIIHICTE POOOTH
CXEMH 33J]JaHOMY AJITOPUTMY.

9.316pat CHHTE30BaHy CXeMY aCHHXPOHHOTO JIIYUIHbHUKA.

10.ITogadero MOOJMHOKUX IMITYJIBCIB TEPEBIPUTH  BiAMOBITHICTH

pPOOOTH CXEMU 33JJaHOMY AJITOPUTMY.
3micT mpoToKo.y.

v'MeTa poOOTH;

v/ II0CTaHOBKA 3a/1a4i;

v'BapiaHT 3aBJIaHHS;

v/ iiarpaMa rmepexoiB cTany Iu(poBOro aBTOMary;

CHuHTEe3 CHHXPOHHOI'Q JIYHJILHUKA

v'Tabnuue nepexodiB (CTaHiB) KOXHOIO TpUTepa, IO BXOIMTH 0
CKJIQJly TIPUCTPOIO, IO MTPOCKTYETHCS;

v/ CHI'HaJIH, 110 IOAar0ThCs Ha Bxoau Jra K tpurepis;

v pyHkiioHansHa cxema poboru 1111,

v/ eJIeKTpUYHA IPHUHIUIIOBA cxema poboru 1111,

v pe3ynbTaT KOMIT FOTEPHOIO MOJIETIOBAHHS CXEMHU;

v'4acoBi JiarpaMu CUTHAIIIB Ha BXOJaX Ta BUXOJAX TPHUIeEPiB;

CHuHTE3 ACMHXPOHHOTI0 JiYMJIbHUKA

v/ 3a YacOBMMH jiarpaMaMH CHTHAJIiB Ha BXOJaX Ta BUXOJax TPHUIEpiB

BHU3HAYUTHU CUI'HAJIMW TAKTYBAHHA IJIS KOXKHOI'O TPUI'CPA,
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v’ Tabmuns mepexoniB (CTaHiB) KOXKHOIO TPHrepa, IO BXOIHUTH JI0
CKJIaJly MPUCTPOIO, IO MPOECKTYETHCS;

v/ CHrHaj, 110 MOJArThes Ha BXxoau Jra K Tpurepis;

v’ (yskIionansHa cxema podotu LIIT;

v’ eJeKTpHYHA IPUHIUIIOBA cxema poboru 1111

v’ pe3ylbTaTh KOMII FOTEPHOIO MOJEIIOBAHHS CXEMH;

v’ BHCHOBKHU

KoHTposbHi nMTaHHA.
1. Onucanns pobotu JK-Tpurepa 3a 710oMororo TaOIMIll CTaHIB.

2. CunxXpoHHI Ta acuHXpoHHI IM(poBl aBroMatu. llepeBaru Ta

HEOJIIKH.

3. Tabmuns craniB (mepexojiB) aBTomaTa. YacoBi giarpamMu BXITHHX

Ta BUX1JHUX CUTHAJIIB.
4. RS-tpurep. [Ipuniun poGoTwu.

5. D-tpurep. [Ipunuun podoTu.
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JIABOPATOPHA POBOTA Ne25

docnigxeHHA apucpmMeTUYHUX LUPPOBUX CXEM

Merta podoTH.

OBOJIOMIIHHST HABUYKAMH PO3POOKH EIEKTPUYHOI MPUHIIUIOBOI CXEMH
M(poOBOrO0  MPUCTPOIO 3  BUKOPUCTAHHSM  apU(METHKO-JIOTTIHOTO
npuctporo (AJII) ta emementiB mam'siti (pericTpiB), Horo 30upaHHS 1
JaHAHHS.

ITocTanoBka 3amaui.

PeamizyBatu y Burmsai mpamorouoro wmakery III 3 3amanumu
TEXHIYHUMH  XapaKTEPUCTUKAMM,  BUKOPUCTABIIM  3alpOINOHOBaH1
Mikpocxemu perictpa, AJITT Ta koMOiIHAIIHOT JIOT1KH.

[IpoBecTn nagHaHHS MakKeTy Ta MIATBEPAUTH NPABUIIBHICTH MHOTO

(GyHKIL1OHYBaHHS.

5.1. KopoTki TeopeTU4Hi BiAOMOCTi

AJIIT - xomOiHAIIWHUNM TPUCTPINA, IO O3BOJSE peali3yBaTH Pi3HI
JoriuHi Ta apudmeTndHi QyHkii P, aprymenTamMu sSIKux € IBIMKOBI YUCIIa
A1B.

HakonuuyBanbHuii cymatop - 1udpoBHil TPUCTPIA, HAa BUXOJAX
SKOTO (POPMYETHCS CymMa TOCTIJOBHOCTI 0araTOpo3psSaHUX ABIMKOBHUX
gucen. 3 KOKHUM TaKTOBUM IMITYJIbCOM CUTHAQJIM 3 BHUXOJIB CyMaTOpiB
3aMUCYIOThCS B PEricTpax 1 MOMAIOTHCS MJisi CyMYBaHHS 3 HACTYITHUM
guciaom. OTxe, B perictpax Oyae hopMyBaTHUCS 3HAYCHHS] HAKOMUYYBAHO1
CyMH.

HakonuuyBanbHuil BigHiMa4 - nU@poBUM NPUCTPIM, HA BUXOJAX
SIKOTO (POPMYETHCS PIZHUIA TOCIIJIOBHOCTI 0araTopo3psSaHUX ABIMKOBHUX

YyHcell, sIKi MOJIal0ThCS Ha MOro BXOJM OJHE 3a OJHUM (11 BUKOHAHHS
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omeparllli BIIHIMAHHA — MPSAMHUN KOJ BXIJIHOTO YHCJA CJIiJI TIEPEBECTH B
JOTIOBHIOIOUHH KOJ).
IlepeTBOpEeHHSI MPAMOro KOAY B 3BOPOTHIil TA IONMOBHIOIOYHI KOTH.
[lepeTBOpeHHST TIPSIMOTO KOAY B 3BOPOTHIM KOJ 3IHCHIOETHCS
1HBEPCIEIO BCIX PO3PsIIB, KPIM 3HAKOBOTO, SIKIIIO YUCJIO BIJI'€MHE 1 YHCIIO
3QJIUIIIAETHCS TIPU TIEPETBOPEHHI 0€3 3MIHHU, SKIIO YUCIIO JOJaTHE.

IIpumiTka. Poib 3HaKy NBIMKOBOTO YKMClIa BUKOHYE CTapIIMi PO3pPsi

poro yrcia: ) — yuciio nogarae, 1 — 4mciio Bija'eMHE.

[lepeTBOpeHHS MPSAMOTO KOAY B JOTOBHIOIOUMM KOJ 31MCHIOETHCS 1H-
BEpPCIEI0 BCIX PO3PAMIB, KpiM 3HAKOBOTO, SKIIO 4YHCIO BiI'€MHE 1
JTOJAaBaHHS OJWHUII  MOJIOJAIIOTO po3psay. JlomatHe duciao 1pu
MIEPETBOPCHHI HE 3MIHIOETHCA.

Mikpocxema AJIIL IIpunuun podoru.

B naniii poGoTi BukopuctoByeTrhcs wmikpocxema AJIIT K155UII3
(puc.5.1.1).

7
T
23 |- e LT
22 | B1 4 16
—Sa A2 14
9 B2 KF—
18 g% Fo |-
1L L
1 £ B Ay
8|5 F3l13

Puc. 5.1.1. Mikpocxema K155UII3.
BuBou 111€1 MikpocxeMHu Taxi:
1 — 1HdopMariiiauil BX1]1 MoJIoamoro po3psay BO;
2 — 1iH(popMaIIiHUI BX11 MOIOAIIOro po3psay AO;

3,4,5,6 — Bxoau "Bubip byHKIii";
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7 — Bxig "mepenoc" CD

8 — Bxix "pexum podotu" (M);

9 — Buxin " yrBopenss gpynkuii" FO);

10,11 — Buxin " yrBopenns ¢pynkuii" (F1, F2);

12 — 3aranpHui;

13 — Buxix " yrBopenns QyHkiii" (F3);

14 — suxin "nopiBusiHHA" (K);

15 — Buxizn "po3noBcroxeHHs nepenocy" (P);

16 — Buxin "nepenoc" (C4);

17 — Buxin "yrBopenHs nepenocy" (G);

18,19 — indopmarriiini Bxoau crapioro po3psay (B3,A3);
20, 21 — indopwmartiiiui Bxoau (B2,A2);

22,23 — indopmartiitai Bxoau Mosoziioro pospany (B1,Al);
24 - Harpyra >KUBJICHHS.

AJIIT mae Bxoau onepanaiB A 1 B, Bxoau Bubopy onepariin S3, S2,51,
S0, Bxig mepeHocy CD i Bxim M (Mode), curHanZ SKOro BH3HAYa€ THII
omepaiiii, mo BUKOHY€EThCS (1 — moriuna, 0 — apudMeTUKO-JIOTI4HA).

[Ipu cunHTE31 UPPOBOTO MPUCTPOIO, IO peanizye (yHKIO, 0e3 3a
nisHES BXoAy CD — Ha HBOTO Cij mojatH jnoriudy 1 (abo 3anummTa «y
MOBITP1», BpaxoByrO4Yu 0co0auBIcTh cxeM T TJI).

Pesynbrar onepariii Bu3HadaeThcst Ha Buxoaax F, Buxomu G 1 H naroTth
¢dyHKIIT TeHeparlii Ta TPo30pOCTI, 110 BUKOPUCTOBYIOTHCS IJIsi OpraHizarii
napajeilbHUX IEPEHOCIB PU HapolyBaHH1 po3mipHocTi AJIIL.

Bci moxinuBi koMOiHauii ¢yHkuiil, siki peanizye AJIIl nHaBeneHi B
Tabn. 5.1.(+ - noriuna onepairist ABO, moc - apudmMeTnuHe 107aBaHHSA, @

- cCyma 3a MOJyJieM 2):
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Taommus 5.1.1. KomOinauii ¢pyHkuii, siki peasiszye AJIII.

3HAaYeHHs  BX. JloriynipynkumiiM = 1 Apudmetnko-noriudi ¢yskuii M = 0
Si
0 |0 |00 |O A A nttoc CD
1 /0 |0 |0 |1 A+B A + B mtoc CD
2 |0 |01 10 AB A + B nmoc CD
3 10 0|1 |1 0 1 muttoc CD
4 |0 [11]0]0 AB A nmoc AB nmoc CD
510 |1 (01 B A+ B nmoc AB nutroc CD
6 |0 |1 (110 A®B A numoc B nmoc CD
710 |1 (11 AB AB nmoc 1 oc CD
8 |1 |0 |0 |0 A+B A moc AB mutroc CD
9 |1 0|0 |1 AGB A nutroc B mtroc CD
10/1 |0 |1 |0 B A + B nmoc AB nmroc CD
11|11 0|1 |1 AB AB nutoc 1 muiroc CD
121 11010 1 A nitoc A mroc CD
131 (1 |0 |1 A+B A + B nuoc Anuttoc CD
4|1 |1 |1 10 A+B A + B nmoc Anroc CD
15|11 1|1 |1 A A umroc 1 nuiroc €D

YHiBepcaabHU# pericTp.
JInst  HakomWYyBaHHsS — pe3yjibTaTy oOIlepalii BHUKOPUCTOBYETHCS

yHiBepcaabHUl pericTp — Mikpocxema K155UP1( puc. 5.1.2).

9 c1 |RG =
8 cz 13
| — V1 1
66— V2
2 12
2—— D1
11
3—— D2 4 —
4 D3
8 10
55— D4
Puc. 5.1.2. Mikpocxema K1551P1.
BuBoju 111€1 MikpocxeMu Taxi:
1 —indopmariiinuii Bxig VI; 2 — Bxij nepiioro po3psay D1;
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3 — Bxi mepiroro po3psaay D2; 4 — Bxig nepmroro po3psaay D3;

5 — Bxi1 nepiroro pospsay D4; 6 —BXi11 BUOOpY pexxumy V2;

{ — 3araJbpHHM; 8 — Bxix cuaxpoHizaiii C2;

9 — Bxix cuaxponizanii Cl; 10 — BuXiJ YETBEPTOTO
po3pany;

11 — BUX1J TPETHOTO PO3PALY; 12 — BuUXiJ APYTOTO PO3PANLY;

13 — BUXiJ IIEpIIOTO PO3PALY; 14 — Hanpyra *KUBJIEHHS.

BuyTpilHs cTpyKTypa JaHOTO PEricTpy npejcrapieHa Ha puc.S.1.3.

_______________________________ 1
V11 A ; i :
D1 2 d ?T Qi
& _T? :13
|
L&A
D2 3

D3 4

D4 5

Puc.5.1.3. BHyTpilIHS CTPYKTypa pericTpy.

Mikpocxema KI155MP1 — 4oTHpBbOXpO3pAIHUMA PETICTP 3CYBY, IO
7103BOJIsi€E BUKOHYBATU MOCTIJOBHUN Ta MapajielbHUi 3amuc iHpopmarlii B
TPUTEPHU PETICTPa, IMOCIIJOBHE Ta MapajesibHe 3YUTyBaHHS 1H(opMailii,
3cyB iH(popmari. Bxig Cl1 mikpocxemu ciayrye sl Mmojadi MO3UTUBHUX

TaKTOBHUX IMITYJIbCIB, IO 3CYBalOTh I1H(GOPMAIIO, MPUIOMY 3CYB
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BIIOYBAETHCS MPU CIIaJlaHHI iMITyJbCIB. [1ogar0un MO3UTUBHUI IMITYJIBC Ha
Bxi C2 mpu Woro cnajaHHi, BiIOyBaeThCs 3amuc 1HGOpMAIlil B TpUrepu
perictpa iHdopmartii 31 BxogiB D1 — D4. Jluie npu HasBHOCTI JOT1YHOI
OJIMHUIII HA KEPYHOYOMY BXxo/1 V2 Moke Bi1OyBaTHCs 3anuc iHpopmariii 31
BxoniB D1 — D4 Tta 3cyB — mpu HasBHOCTI joriuHoro Hymis. Bxig DO
BUKOPUCTOBYETHCS Ui TIOCIIJIOBHOTO 3aMHCy, SIKUA BiIOYBA€ThCA B
pEeXKHUMI 3CYBY.

Hpuxaan peanizaunii LIT na 6a3i AJIIL

Posrasinemo mpukiaja peanizaiii cxemu 3a gomomororo AJIIL.

CunresyBatu cxemy LII1 mms mepeBipku MPaBUILHOCTI MPUHHSATOTO
KOY.

Hexaii cToiTh 3amaya KOHTPOJIO pOOOTH BiAAAIICHOI cHCTeMH (Hamp.,
CYyMyTHHMKA) MO KaHally 3B’SI3Ky 3a JIOMIOMOTOI0 MOCIIIJIOBHOI Tepeaayi
BIIOMOTO KOJy. SIKIIO NPUHHATUN KOJ € TMPaBWIBHUM, TO CHUCTEMa
MpaIfoe BIPHO, SKIIO X € OyAb-sAKi BIAMIHHOCTI B MPUUHATOMY KOIi —
BIJI0YBCs 30111 B poOOTI CHCTEMH.

Hexait Ha Bxim A wmikpocxemu  KI155UII3 OOIa€ThCH
YOTUPHOXPO3PAIHUN BIJOMHUN KOJ (Ui TOpIBHSHHA), a Ha BXig B —
TaKOXX YOTUPHOXPO3PSAHUN KO, IO IMITYe NPUHHATHI BiJ CUCTEMU
CUTHAJL.

Jlns peanmizaiiii HeoOX1aHOT JIOT14HO1 (DYHKINT mojgaMo Ha Bxig M = 1,
a Ha Bxoau S — 1001, T06TO BUKOHYeThCs Joriuna GyHKiis ADB .

Jlany ¢yHKII0 00paHO, BUXOJSYMU 3 TAOJHUI ICTUHHOCTI €JIEMEHTY

joriku «BukiouHoro ABO» ():

Taoauuga 5.1.2. Tadauusa icTHHHOCTI «BHKJIIYHOT0 ABO».

A B A®B
0 0 0
0 1 1
1 0 1
1 1 0

67




Buano, mo npu HecmiBnaaiHHi 0iTiB yncia A Ta yuciaa B Ha Buxoni
MaeMO 3HAYEHHs JIOTIUYHOI OfMHUI, micis imBepcii (A@DB) — norignoro
HYJIA.

JIiss ~ BUBEAGHHS  OCTAaTOYHOTO  pPE3yJbTaTy  BUKOPHUCTAEMO
mynbTUIekcop—mikpocxema K155KII1 (puc.5.1.4), no miakirodeHui 10

BuxomiB AJIII.

of | MX

1} o 110

Fod e Pl 40 2= P O =] S0 w2
bt

ez
Pt
=
S

Puc. 5.1.4. Mikpocxema K155KITI1.

Bxonu 1 — 8 — indopmartitini Bxoau D7 — DO; 16 — 23 — indopmartiiini
Bxoau D15 — D8; 11,13,14,15 — aapecHi Bxoau; 9 — BXiJ CTPOITYBaHHS Ta
10 — Buxia MyJnbTUILIEKCOPA.

Tabmuiss 1ICTUHHOCTI IS CHUTHAJIB Ha BXOJaxX Ta BHUXOIaX

MYJIBTHIUIEKCOPA Ma€ HaCTymHUM BUTIs (Tabm.5.1.3).
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Taoauus 5.1.3. Tabauus iCTHHHOCTI po0OTH MYJIbTHILIEKCOPA.

Curnanu 3 Buxoxy AJIIT Curnan Ha Curnanu Ha iHO. BX. (3
F3 F2 F1 FO BUXO/1 Y ypaxyBaHHSAM 1HBepCii Ha BUXO/1)
0 0 0 0 0 D0=1
0 0 0 1 0 D1=1
0 0 1 0 0 D2=1
0 0 1 1 0 D3=1
0 1 0 0 0 D4=1
0 1 0 1 0 D5=1
0 1 1 0 0 D6=1
0 1 1 1 0 D7=1
1 0 0 0 0 D8=1
1 0 0 1 0 D9=1
1 0 1 0 0 D10=1
1 0 1 1 0 D11=1
1 1 0 0 0 D12=1
1 1 0 1 0 D13=1
1 1 1 0 0 D14=1
1 1 1 1 1 D15=0

Otxe, juiie y BUMNaAKy, koiau Ha Buxoal AJIII F3F2F1F0 —» 1111,

TOOTO IPU CHIBNAJIHHI BCiX OITIB uncen A 1 B MaeMo Ha BuUXOJi cxeMu

LIIT 3HaueHHS JIOT1YHOT OJMHUII, B 1HIINX BHIIAJKaX — SKIIO X04a O OJuH

3 OitiB yncen A 1 B He cmiBmajgaroTh — OTPUMAEMO CHUTHAJI HAa BUXO/II

PIBHUH JIOTTYHOMY HYJIIO.

EnexTpuyna cxema peaJjizosanoro III.

Ha puc. 5.1.5 mnpexacraBneHa eleKTpUYHA MPUHIMIIOBA CXEMa

M(POBOro MPUCTPOIO MEPEBIPKH MPABWIBHOCTI MPUUHATOTO KOIY Ha

0a31 AJIII.
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Puc.5.1.5. Enexrpuuna npunuumnona cxema LI1.

5.2. MopsaaoK BUKOHAHHSA poboTun

BapianTu 3aB1aHb.

PeanizyBatu IIIl, saxuii BUKOHyE aaropuT™M poOOTH 3adaAHUIA

BapiaHTOM 3aBJaHHs. BapiaHTu 3aBjaHp npejcTaBieHi B Ta01.5.2.1.

Taouauusa 5.2.1. BapianT 3aB1aHb HA BUKOHAHHA J1a00paTopHOI podoTH Ne5.

Ne Bap. Anroputm po6otu LIT

1;6;11; 16 HaxonuuyBanbauii cymaTop

2:7;12; 17 HakommuyBansHui BigHiMay

3;8;13; 18 [TepeTBOproBaY MPSIMOTO KOy 31 3HAKOM B JIOTIOBHIOKOUHI
4;9; 14, 19 [leperBoproBad mpsiMOTO KOy O€3 3HAKY B JTOTIOBHIOIOUHIA
5;10; 15; 20 [TepeTBOprOBaY MPSIMOTO KOJY 31 3HAKOM B 3BOPOTHIH
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IHigroroBKa 10 BUKOHAHHS JA00PATOPHOI POOOTH.

1. Po3pobutu GhyHKIIIOHATBHY CXeMY ITU(PPOBOTO MIPUCTPOIO.
2. O3HAMOMUTHCHh 3 [IOBIIKOBUMH JIAaHUMH 3aJJaHUX MIKPOCXEM 1

pO3pOOUTH €NeKTPUYHY NPUHLIUIIOBY cxemy LII1.
Bukonanusi 1a00paTopHOi po0OTH.

1. 3i6paTu MakeT Ta 3AIHCHUTH HOTO HaJIaroKCHHS.

2. IlepeBipuTH NMpPaBUIbHICTH POOOTH CXEMHU.

3. 3poOuTH BUCHOBKH I10 3aBEPILICHHI TaOOpaTOpHOi poObOTH Ta
odopmutu 3BiT. DOpMYy NPOTOKOJY HABEICHO B JI0JIATKY 5.

3micT mpoToKo.JYy.

v'MeTa poboTH;

v II0CTaHOBKA 3a/1a4i;

v/ BapiaHT 3aBIaHHS;

v'BUOIp 3a Tabxn. 5.1.1. pynkuiro, mo Oyxae peanizoBysaruch Ha AJII;
v pynkiionansHa cxema TT;

v enekrpuuna cxema LIT;

v'BUCHOBKH 110 pOOOTI.
KoHTposbHI nMTaHHA.

1. [punnun po6oTH apuhMeTUKO-IOTTIHOTO MPUCTPOIO.

2. IlepeTBOpeHHS MPSIMOI0 KOJIy B 3BOPOTHIM 31 3HAKOM Ta 0€3 3HaKYy.

3. IlepeTBOpeHHsI PSIMOTO KOAY B JIOTIOBHIOKYHMH 31 3HAKOM Ta 0e3
3HAKY.

4. IlpuHuun poOOTH YHIBEPCAIIBHOTO PETICTpa.
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Jodamok 1

MIHICTEPCTBO OCBITU | HAVKU YKPATHU
HALIIOHAJIbHUM TEXHIYHUM YHIBEPCUTET YKPATHU
«KNIBCHKUU TOJIITEXHIYHUN IHCTUTY T»

PanioTexHiuauii pakyabTeT

Kadenpa pagionpuiimans Ta 0OpoOJICHHS] CUTHAIIB

3BIT

3 BUKOHAHHSA JJabopatopHoi pobotu Nel

BuBueHHs1 0co0/MBOCTEN poOOTH 0230BHX JIOTIYHUX €JIEMEHTIB

no auctuiiHi CXeMOTeXHiKa €JIEKTPOHHUX araparib

PoGoTy BukoHaB

CTYAEHT 3 KypcCy, rpynu

Kwuis 2015
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Jodamok 1

Meta poboTn.

BuBuenHsi ocobnmBocTel poOOTH Ta MOPIBHSUIBHUN aHall3 0a30BHX

JIOTTYHUX €JIEMEHTIB PI3HUX CEPIH.
IlocTanoBKka 3agaui.

B cepenoBuilli KOMIT'IOTEPHOTO MOJICJIIOBAHHS BUBUUTH POOOTY
0a30BUX JIOTTYHHUX €JIEMEHTIB. 3HATH OCHOBHI Xapakrepuctuku. [IpoBectu

MOPIBHSJILHUN aHaI3.

BapiaHT 3aBaaHH.

I Texnouoriss Burorosienns JIE 3a BapianTom

Enexrpuyna mnpuHoumoBa cxema 0Oazooro JIE. Ilepuma

KOMOIHAIisl BXiTHUX apryMeHTIB.
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Jodamok 1

I Texnouaoris Burorosiaenns JIE 3a BapianTom

Enexrpuyna npuHuunoBa cxema 6asosoro JIE. /Ipyra komo0inaunis

BXIJIHUX apryMeHTIB.

II Texnousorisa BurorojieHHst JIE 3a BapianTom

Enekrpuyna npuHuumoBa cxema 0Oasosoro JIE. Ilepuma

KOMOiHaIlisl BXiITHMX apryMeHTiB.
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Jodamok 1

II Texnousoris BurorosjieHus JIE 3a Bapiantom

EnexTpuyna npuauunosa cxema 6azosoro JIE. /Ipyra komo0inaunis

BXiJITHUX apryMeHTIB.

PesyabTaTtn mogesroBanHs poooru JIE Ha komm’oTepi 3a BapianToM.
e MojemoBaHHS podotu JIE 3 BUCOKMM pIBHEM Hampyra Ha

BUXOI1
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Jodamok 1
e MojemoBaHHs poOotu JIE 3 HHU3BKUM piBHEM HAMpyrd Ha

BUXOI1

® [IOPOrOBE 3HAYCHHS Hanpyr s nepekntoueHHs JIE 3 omHoro

JIOTTYHOT'O CTaHy JI0 1HIIIOTO
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Jodamok 1
BucHoBkn mno podori (mopiBusuus JIE 3a pisHEUMHEH

TE€XHOJIOTisIMA BUTOTOBJIEHHS 32 MIBUAKOAI€10, 3aBAI0CTIHKICTIO).

KoHTpoJIbHI TMTAHHA:

1. [Mpunuun pobotu 6azoBoro JIE TTJI mpu pi3HMX 3HAYEHHSIX
BX1JTHUX HaIpyT.

2. IMpunnun po6otu 6azooro JIE TTJIII npu pi3HMX 3HaUYCHHSIX
BX1JHUX HAMPYT.

2. Ilpunuun po6otu 06azoBoro JIE na KMOII npu pi3Hux
3HAUYEHHSIX BXIJTHUX HAMpPYT.

3. Copuiimanas JIE  pi3HMX  TEXHOJOTIH  BUTOTOBJIIEHHS
HENIAKIFOYEHUX BXO/IIB.

4. OcHoBHi napametrpu podotu JIE (mBHAKOAIS, 3aBaAOCTIHKICTB,
HAaBaHTAXXYBaJIbHA 3/IaTHICTH).

5. Bigpminaicts TTJI Ta TTJIII Texnomnorii BurorosieHus JIE.
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Jlooamox 2

MIHICTEPCTBO OCBITU I HAVKU YKPATHU
HALIIOHAJIBHUM TEXHIYHUM YHIBEPCUTET YKPATHU
«KUIBCBKUU MTOJITEXHIYHUM IHCTUTY T

PanmioTrexaiuamii pakyabTeT

Kadenpa pagionpuiiMmanss Ta 00poOJEeHHS CUTHATIB

3BIT

3 BUKOHAHHSA JJabopaTtopHoi pobotu No2

CapoueHHs JoriyHux GyHKiii Ta nodyaoBa nudppoBux
KOMOIHAIIMHUX cXeM HAa 0a30BUX JIOTIYHUX eJJeMeHTax

o auciuruiiHl CXeMOTeXHiKa eJIeKTPOHHUX arnapaTiB

PoGoTy BukoHaB

CTYAEHT 3 KypcCy, Ipynu

Kwuis 2015
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Jlooamox 2

Meta po6oTH.

3akpiryieHHs] 3HaHb OCHOBHUX 3aKOHIB anreOpu Jioriku. OBOJIOIIHHS
HAaBUYKAMU pPO3POOKM EJEKTPUYHUX MPUHLIMIIOBUX CXeM LU(pOBUX

npuctpoiB (LII1), ix 30upaHHs 1 HAJIArOKEHHSI.
IlocTaHoBKa 3a1aui.

PeanmizyBatu 3agaHy KOMOIHAIIHY CXEMy, BUKOPHUCTOBYHOUHU IIpHU
IIbOMY 3alpONOHOBaHy Mikpocxemy. [IpoBecTr HamaroKeHHsS MakKeTy Ta

M1ATBEPAUTH NPABUIBHICTS HOTO (DYHKIIIOHYBAHHS.

BapiaunT 3aBaanHs.

Jloriuna ¢pyukuis (JID).

Miunimizauia JI®D.

Ilepexin 1o exunoro 6azucy I-HE.
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dyukunionaasHa cxema LI, mo peaniszye 3agany JID.

Tadauus icTHHHOCTI CHHTE30BAHOT0 BUpa3y.

JJIS IBOPO3PSITHOTO BXiTHOT0 YHCJIA:

A

B

y

0
0
1
1

0
1
0
1
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Jlooamox 2

AJIsl TPHOXPO3PSIIHOT0 BXiTHOT0 YHCJIa:

A

B

C

y

| | R O O O] O
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Jlooamox 2

Enexkrpuuna cxema IIII, mo peanizoBye nany JI®P.

3monenboBana cxema III Ha komm’oTepi.
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Taoauus icTuHHOCTI peanizoBanoi cxemu LI

JJIS1 IBOPO3PSIAHOTO BXiTHOTO YMCJIA:

A

B

y

0
0
1
1

0
1
0
1

Jlooamox 2

JJIS1 TPHOXPO3PS/THOTO BXiTHOTO YHCJIa:

e

oo

O

y

| =P O O Ol O

| R O O | = Ol O

| O k| O k| Ol | O

IHopiBHsiHHA TA0MUiI ICTUHHOCTI CHHTE30BAHOIO

peanizoBaHoi CXeMH, MPABUJIbHICTH POOOTH CXEMM.

BHpa3y Ta

BucHoBkm no poo6ori.

1. Meta npoBeaeHHs MiHiMizarlii JIO.

2. OCHOBHI 3aKOHHM aJIreOpw JIOT1KH, IO BHUKOPHUCTOBYIOTHCS IS

MIHIMI13a1].




Jlooamox 2

3. 3aKkoHH, 3a AKUMH 3AIMCHIOETHCA TEpexis BiJ OJHOro 0asucy 10

IHIIIOTO.

4. JlouinbHicTb 3BesieHHS JID 10 ogHOTrO Oasucy.

5. SIKkuM 4YMHOM MPOBOJWIIACH MEPEBIpPKaA MPABUIBHOCTI pOOOTH CXEMHU.

KoHTpoJbHI N TAHHSA:

1. OcHOBHI 3aKOHM aJIreOpu JOT1KU. 3aCTOCYBAHHS.
2. CrpollleHHs JIOTTYHHUX BUPA3iB.
3. Teopema ne Moprana. I 3acrocyanns.

4.Etanu npoektyBanHs LI1.
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Jlodamox 3
MIHICTEPCTBO OCBITH I HAVKU
HALIIOHAJILHUM TEXHIYHUM YHIBEPCUTET YKPATHU
«KUIBCBKUU MTOJITEXHIYHUM IHCTUTY T
PanioTexHiuHM (aKkyabTET

Kadenpa pagionpuiiManss Ta 00poOJEeHHS CUTHATIB

3BIT

3 BUKOHAaHHS J1JabopaTopHOi poboTu Ne3

Jocaigxennss uudppoBux KoMOiHaAIMHUX cXeM Ha 0a3i
MYJbTHILIEKCOPA

no auctumiiHi CXeMOTeXHiKa €JIEKTPOHHUX araparib

PoGoTy BukOHaB

CTYAEHT 3 KypcCy, Tpynu

Kwuis 2015
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Jlooamox 3

Merta podoTH.

OBOJIOMIHHS HABUYKAMHU PO3POOKH €IEKTPUIHHUX MPHUHIIUIIOBUX CXEM
KOMOIHaIIMHOI JIOTiKM Ha 0a3l MyJbTUIUIEKCOpa; ix 30upaHHsA Ta

HaJIarOJKEHHS.
ITocTanoBka 3amaui.

PeanmizyBatn 3amani KoOMOIHAIiliHI CXeMH Ha 3alpOTOHOBaHIN
Mikpocxemi. [linTBepauTH mpare3aaTHiCTh peaTi3oBaHUX KOMOIHAIIMHUX

CXEM.

BapianT I 3aB1anns

Taoanusa icruaHoCcTi JID

Taoauusa icTuHHOCTI peanizaunii JI® Ha 0a3i MyJIbTHILTIEKCOPA
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Jlooamox 3

EjgexkrpuyHa npuHuunosa cxema HIT

Pe3ysabTaT MOACJIOBAHHA POOOTH CXEeMHU HA KOMIT KOTepi
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Jlooamox 3

Bapianr Il 3aBnanns

Tabamusa  icruHHocTi  peanidamii  cxemu III wHa  Oasi

MYJbTHIUIEKCOpPa (MOAATH Ha aJApecHi BXOAM MYJbTHILIEKCOPA
A2A140 - X4X3X2 )
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Jlooamox 3

Curnanm, mo nogarThes Ha iHdopmaniiiHi BXoau

Enekrpuuna npunoumoBa cxema III 3a Tabiamumer0 icTUHHHOCTI 3

CUTHAJIAMHU, 110 MOAAKTHCA HA aapecHi Bxoau A2A140 - X, XX,
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Jlooamox 3
Kapra Kapuo a0o Ta0auus iCTHHHOCTI st KOMOiHAmil BXIIHHMX
apryMeHTIiB Ha ajJpecHi BXoau MyJbTHIUIeKcopa A24A1A40 - X,X1X

npu peaJizanii cxemu LI Ha 6a3i myabTumniiekcopa

Curnasnm, mo nogarThes Ha iHdopmaniiiHi BXoau
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Jlooamox 3
Enextpuuna nmpunmunoBa cxema IIII na 6a3i myabTHmIekcopa 3

CUTHAJIAMHU, 110 MOJATHLCH Ha ajgpecHi Bxoau A24A140 - X, X, X

Haiidiibm minimizoBana cxema gusa  peanizanii III na 0asi
MYyJbTHILIEKCOPa (32 nmonepeaHivMu Bapiantamu). IlepeBipka poooru ii

B KOMII’IOTEPHOMY CepeI0BMII MOACJTIOBAHHS.
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Jlooamox 3

BucnoBku no pooori (3a I Ta Il 3aBnannsam)

KoHTpoJsibHI N TAHHSA:

4. TlpuHumn aii MyJabTUILIEKCOpA.
5. Tlobynosa L1 Ha 6a31 MyJIBTUILIIEKCOPIB.

6. MynbTHIUIEKCOD SIK YHIBEPCATBHUN JOTIYHUN TTPUCTPIH.
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Jlooamox 4

MIHICTEPCTBO OCBITH I HAVKU
HALIIOHAJILHUM TEXHIYHUM YHIBEPCUTET YKPATHU
«KUIBCBKUU MOJITEXHIYHUM IHCTUTY Ty

PamioTexHiuamii pakyabTeT

Kadenpa pagionpuiiMmanss Ta 00poOJEeHHS CUTHATIB

3BIT

3 BUKOHaHHS J1Ja0opaTopHOi poOoTH Ned

JocaimxenHst ungpoBUX MOCTIIOBHUX CXeM (ABTOMATH 3
nam’siTTio)

o auciuiuiiHl CXeMOTeXHiKa eJIeKTPOHHUX arapaTiB

PoGoTy BukoHaB

CTYAEHT 3 KypcCy, Ipynu

Kwuis 2015

93



Ilooamox 4

Merta podoTH.

OBOJIOMIHHS HABUYKAMHU PO3POOKH €IEKTPUYHHUX MPUHIIUIIOBUX CXEM
M(poBUX aBTOMATIB 3 MaM’SITTIO (JIIYUIBLHUKA IMITYJIbCIB — CHHXPOHHOTO
3 TapajelbHAM TEPEHECCHHSIM Ta AacCHHXPOHHOTO); iX 30WpaHHS Ta

HaJIarOJKEHHS.
ITocTanoBka 3aaaui.

PeanizyBatu y Burisal npamrorodoro Mmakery LII 3 3amanumm
TeXHIYHUMH  XapaKTEPUCTHUKAMH,  BHKOPHWCTABIIM  3aIllPOIIOHOBAaHI
MIKpPOCXEMHU TpUTEPIB Ta KOMOIHAIiWHOI Joriku. [IpoBecTn nagHaHHS

MakKeTy Ta MIATBEPAUTH NPaBUIbHICTh HOT0 (DYHKIIIOHYBaHHS.

BapianT I 3aB1anns

Jiarpama mnepexoaiB cra”iB nudposoro asromary. BusHauenHs

HeOOXIAHOI VIl CHHTE3Y KiJIbKOCTI TPUIepiB

Taboauus nepexonis JK-rpurepa.

J K Qt Qt+1
0 X 0 0
1 X 0 1
X 0 1 1
X 1 1 0
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CuHTE3 CHHXPOHHOIO IM(POBOro ABTOMATY

Jlooamox 4

Tadauus nepexoaiB (CTaHIiB) KOKHOIO TPUrepa, IO BXOAUTH /0

CKJIAJly NPHUCTPOIO, 10 NPOEKTYETbCS — CHHXPOHHOIO UM(PoBOro

aBTOMATY.

(Q20:1Q0)"

(Q20:Q0)™""

J2K;

J1Kq

JoKo

BusHavyeHHsi CHTHaJiB Ha BXOJaxX KOKHOro Tpurepa (mpu

HeoOXiTHOCTI mepeBeaeHHst A0 e€auHoro Oasucy I-HE) B cxewmi

CHUHXPOHHOTI'0 Ill/l(l)pOBOFO aBTOMATYy
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Ilooamox 4

EjnekrpyyHa NpPUHUMUIOBA CXeMa CHHXPOHHOIO uHMGpoBOro

aBTOMATY

Pe3yabTaTH  mepeBipkM B CepelOBHUINI  KOMII’KOTEPHOIrO

MO/IEJTIOBAHHS CXeMH CHHXPOHHOI0 HM(poOBOro aBTOMATY

Yacosi giarpaMu CUrHaJIiB HA BX0/JaX Ta BUX0AAaX CHHXPOHHOI0
HU(pPOBOro aBTOMATY
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CHuHTEe3 AaCHHXPOHHOI'0 M POBOro ABTOMATY

Jlooamox 4

Bu3sHayeHHsI CHrHAJiB TAKTYBAaHHA /I KOKHOIo TpHUrepa

ACMHXPOHHOr0 HU(PPOBOr0 AaBTOMATy 3a YaCOBHMH HdiarpamMamu

CUTHAJIIB HA BUXO0/1aX TPUrepiB

Tabdanusa nepexoxiB (CTaHIB) KOXKHOT0 TpUrepa, 10 BXOAUTH 0

CKJIQJy TNPHCTPOK), IO NPOEKTYETHCHA — ACHHXPOHHOI0 HM(POBOro

aBTOMATY.

(Q20:1Q0)°

(Q20:Q0)™""

J2K>

J1K1

JoKo

BusHaueHHsI CHTHAJiB Ha BX0JaxX KOXXKHOr0 Tpurepa (nmpu

HEOOXITHOCTI TmepeBeleHHS 0

ACHUHXPOHHOI'O HH(l)pOBOFO aBTOMATY

ennHoro Oasucy I-HE)B

97
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Ilooamox 4

EnexTpuyHa NpPUHIMIOBA CXeMa ACHHXPOHHOr0 HU(POBOIo

aBTOMATY

Pe3ynbTatn  mepeBipku B cepeloBHMINI  KOMII’'IOTEPHOIO

MOJECJIIOBAHHSA CXeMH ACHHXPOHHOI0 HM(POBOro aBTOMATY
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Jlooamox 4

BucHoBku no pooori

KoHTposbHI nMTaAHHS:
1. Onucanns pobotu JK-Tpurepa 3a 101moMororo Tadulll CTaHIB.

2. CunxpoHHl Ta acuHXpoHHI 1HUdpoBl aBToMaTu. llepeBarnm Ta

HETOJIIKH.

3. Tabmuus craniB (mepexo/iB) aBromaTta. YacoBi giarpamMu BX1JHUX

Ta BUXIJHUX CUTHAJIIB.
4. RS-tpurep. [Ipunnumn poGoTH.

5. D-tpurep. [Ipunuun podotu.
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Jlooamox 5

MIHICTEPCTBO OCBITU I HAVKU
HALIIOHAJILHUM TEXHIYHUM YHIBEPCUTET YKPATHU
«KUIBCBHKWH IMMOJITEXHIYHUU IHCTUTY T»

Panmiorexaiuamii pakyabTeT

Kadenpa pagionpuiiMants Ta 00poOIeHHS CUTHATIB

3BIT

3 BUKOHAHHS J1JabopaTopHOoi po6oTu No5

HocaigxkenHs: apupMeTndyHUX HUPPOBUX cXeM

o auctuIiiHi CXxeMoTexHIKa eJICKTPOHHUX arapariB

PoGoTty BuKOHaB

CTYZEHT 3 KypcCy, IpyIH

Kwuis 2013
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Jlooamox 5

Meta podoTn.

OBOJIOJIIHHS HABUYKAMH PO3POOKH €JEKTPUYHOI TMPUHIIMIIOBOI CXEMU
upPOBOTO  MPUCTPOIO 3  BHUKOPUCTAHHIM  apU(PMETUKO-JIOTTIYHOTO
npuctporo (AJII) Ta enemeHTiB mam'sti (pericTpiB), WOro 30UpaHHS 1

JIaTHAHHS.
ITocTanoBka 3agaui.

PeanizyBaru y Burisiai npaitorodoro makery LI1 3 3aganumMu TeXHIYHUMHU
XapaKTepUCTUKAMH, BUKOPUCTABIIN 3alPOIOHOBAHI MIKPOCXEMHU PETICTpa,
AJIIT Ta koMOIHAIIIHOT JIOTIKH.

[IpoBecTn nanmHaHHA MakeTy Ta MIATBEPAUTH MPABWIBHICTh HOTO

(byHKITIOHYBaHHS.
I 3aBaanusn

PeanizyBatu cxemy LII1 Ha 6a31 AJIIT 3a BapiaHTOM 3aBJaHHS. .

Jlsis BUKOHAHHS pOOOTH HEOOX1THO BUKOpPHUCTATH (YHIBEPCATBHHUMI PETICTp
— mikpocxema K1551P1), AJIIT — mikpocxema K155UI13.

BuzHauntu xomOiHaIil0 CUTHATIB, 110 TogaeTbest Ha Bxoau AJIII (S;) Ta

curHas M, o 3agae tun QyHKIil (JioriyHa 4u apumeTudHa).

EnexkTpuyHa NPpUHIIUIIOBA CXeMa MPUCTPOIO
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Jlooamox 5

BucHoBku no pooori

KoHTpoJIbHI NMTaHHSA:
1. [Ipunnun po6oTr apupMeTUKO-JIOTTYHOTO MPUCTPOIO.
2. IlepeTBOpeHHs MPSIMOTO KOJIy B 3BOPOTHIH 31 3HAKOM Ta 0€3 3HAKY.

3. IlepeTBOpeHHsI MPSIMOTO KOAY B JOMOBHIOIOUUN 31 3HAKOM Ta 0€3

3HAKY.
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Jlooamox 6

HEOBXIAHI AOBIAKOBI AAHI 3 MIKPOCXEM
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Mikpocxemu cepiit K155, K555, K1533
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Jlooamox 6

PO3MILEHHA BUBOAIB MIKPOCXEM TA IX HYMEPALISA

Kirou .
Busix 1 Busig 14

J

i e T e T ke T e
LA I

Busig 7 Bugin 8

A

Burnsig Ha kopmyc 3Bepxy
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