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3AT'AJIBHI MOJIOKEHHSA

be3 3HaHb Ta BMiHb 3aCTOCOBYBATH METOIM JOCIIIKEHHS ONEpariiHux
MIJICUITIIOBAaYIB Ta KOMOIHAIIWHUX HUPPOBUX CXEM HEMOXKIMBO MPOEKTYBATH
CydacHI CUCTEMHU aBTOMaTu3auii B OyAiBEIbHIA Ta IHIIMX Tramy3sx. Tomy
BUBYEHHS TEOPETUYHUX OCHOB Ta MPAKTUYHUX METOJIB JOCIIIKEHHS €JIEMEHTIB
aHaJOroBOi Ta HU(POBOI EIEKTPOHIKM € BaXKIMBUM KPOKOM B OTPUMAaHHI
1HXKEHEepHOi KBasidikaiii.

MeToro BUKOHAHHS JTA0OPATOPHUX POOIT € 3aKpIIJICHHS] 3HAHb HAJaHUX
CTyJ€HTaM JiJ 4ac BUBYEHHsS Kypcy «EjexkTpoHika Ta MIKPOCXEMOTEXHIKay.
JlaGopatopHi poOOTH HampaBieHi HAa PO3BUTOK Y CTYJIEHTIB HABUYOK CAMOCTIHHO1
poOOTH TIPU BUKOPHUCTAHHI 3aCO0IB BUMIPIOBaHHS €JIEKTPUYHUX CHUTHAIIB, IIPU
MPOEKTYBaHHI MPUCTPOIiB Ha OCHOBI HAMIBIPOBIIHMUKOBUX NPWIAAIB Ta
MIKpOCXeM IU(POBOT TEXHIKH.

Ilepen BukoHaHHSIM J1abOpaTOpHOI POOOTHU CTYIEHT 3000B’s3aHUUN
BUBYUTU TEOPETHYHI BIJOMOCTI 100 TeMmu JabopaTopHo poOoTu. KoxkHiii
nabopatopHiid poOOT, mepeaye po3/ii, SKUW BMINLye HEOOXIIHI TEOPETHUYHI
BIJIOMOCTi, ajieé IpU MIATOTOBII PEKOMEHIYEThCS TaKOXX BUKOPUCTOBYBATH
Marepiaiy NiApyYHUKA Ta JEKIIHHUX 3aHATh.

[Ipu BukoHaHHI nabopaTOpHUX POOIT Tpeba KepyBaTUCA MOPSIIKOM
BUKOHAHHS pOOIT HAJJaHUM B JaHUX METOJAMYHUX BKa31BKaX.

3BIT IPO BUKOHAHHS KOKHOT Ja00paTOpHOT pOOOTHU Ma€ MICTUTH HEOOX1TH1
TEOPETUYHI BIJJOMOCTI, CXEMH, PE3yJIbTaTH MPOBEACHUX BUMIPIOBaHb, rpadiku,
o BKa3zaHi B MyHKTI «l[lopsimok BUKOHAaHHS poOOTH, KOXKHOI J1abOpaTOpHOL
poboTH.

Ocdopmieni BIANOBIAHUM YHUHOM 3BITK 3 J1aOOpaTOPHUX  POOIT
3axuiarTbess. CTyAeHT Mae BIANOBICTU Ha 3alUTaHHS BHKJIajaya, I10J0
TEOPETUYHUX BIJOMOCTEH Temu J1abopaTOpHOi POOOTH Ta 3MICTY OTPUMAaHUX
pe3yNbTaTiB BUMIPIOBaHb Ta MOOY1I0BaHUX IrpadikKiB.

Temaruka abopaTopHUX poOIT BIAMOBIAAE Mporpami Kypcy «EnexTpoHika
Ta MIKPOCXEMOTEXHIKa» JJIsi  chemiaabHocTed 174  «ABTOMarwu3aiiis,
KOMIT IOTEpHO-IHTETpOBaHl  TEeXHoJIorli Ta  poOoToTexHika» Ta 141
«EnexTpoeHepreTuka, e1eKTPOTEXHIKA Ta €IEKTPOMEXAHIKAY.



JlaGopaTopHa podora NeS
HocaigxkeHHs: onepauiiiHOro miICHJIIOBA4a

MeTta po060TH — BUBUYUUTHU MNPUHIUIN [Aii Ta CXEMHU BBIMKHEHHS
onepamiiHUX MiJCUIOBA4YiB 3 1HBEPTOBAHUM Ta HEIHBEPTOBAHUM
BXOJaMHU.

KopoTtki TeopeTnuHi BizomocTi

IMpunoun aii onmepaniiiHOro mMiacUJIKOBava.

Omnepaniitni nigcunoBaui (OIl) BigHOCATHCS 10 MIACUIIOBAYIB
MOCTIMHOTO CTPYMY 3 BEJIUKHUM KOE€(Il1EHTOM MiJACUIIEHHS, sIK1 BAUKOHAHI
3a cXeMOl0 JIu(epeHUINHUX MIACUIBAYiB HOCTIMHOrO CTpyMy Ta
MaTh AudepeHiiHui BXiJ (IBa BXIJIHUX BHUBOJAHW) 1 OJUH CHINbHUHU
BUB1A. YMoBHe no3HaueHHs OIl 300paxeno Ha puc. 5.1, oauH 13 BXO1B
(Usx u) Ha3UBa€THCS HeiHBEpTOBAaHUM, a APYTUHA (Uszxi) — IHBEPTOBAHUM.

UBX i

UBI/IX

[ram—
Usx u ¢7 +

Puc. 5.1. YMoBHO-TpadiyHe MO3HAUECHHS OMEPAIIHHOTO MiICHIII0Baya

[Ipu mogayi curHany Ha HEIHBEPTOBAHUU BX1J MPUPICT BUXITHOTO
cUr"any 30iraeTbcs 3a 3HakoM (Pa3010) 3 IPUPOCTOM BXIJHOTO CUTHAIY.
SIK110 K CUTHAJ NOAA€THCS HA IHBEPTOBAHUN BX1/, TO IPUPICT BUXIJHOTO
CUTHaJy Ma€ MPOTHUJIECKHUN 3HAK (IPOTUJIE)KHUN 32 (a3010) MOPIBHSAHO 3
NPUPOCTOM BXIJHOTO CUTHaNy. [HBepTOBAaHUU BXiJ BUKOPHUCTOBYETHCS
s BBeaeHHs B OIl 30BHINIHIX HEraTUBHUX 3BOPOTHUX 3B’ sa3KiB (H33).

B ocnoBi OIl nexuth nudepeHmiiHUNA Kackad, 3aCTOCOBAHUU y
AKOCTl BXIJIHOTO Kackajy migcuimoBava. Buxignum kackagom OII, sk
NpaBuJio, CIYXHUTh €MITEpHUN TMOBTOpIOBAaY, KOTpUM 3abesmneuye
noTpiOHY HaBaHTaXylOUy BIJACTHUBICTh BCIEI CXEMH. Ocki1bKu
Koe(ilieHT TMIACUJIEHHS 3a HaIpyrow EeMITepHOTO MOBTOpIOBayda
ONM3bKUI 10 OAMHUII, HEOOXIJHE 3HAYEHHS KOE(IUI€EHTY NiJCUIECHHSA
JTOCSATAETHCSA 3 TOMOMOTOI JOMOMIKHUX AU(PEPEHIIHHUX KaCKadIB.



KoeQimieHT mifcuneHHs onepaniiHuX migcunroBadis gocsarae 104-
10 V 38’sa3ky 3 num OIl BMHKAalOThCA 3 BHUKOPMCTAHHSAM TIJIHMOOKOTO
HEraTUBHOTO 3BOPOTHOTO 3B’sI3Ky. BracTuBOCTI Takoro mijacuiroBaua
Mail’)ke He 3ajiexXaTh BiJ 30BHIMHIX BmJIuBIB Ta mnapameTrpiB OIIl 1
BH3HAYAIOTHCS TOJIOBHUM YHWHOM TIapaMeTpaMH KojJa 3BOPOTHOTO
3B S3KY.

HaitronoBuimumu xapaktepuctukamu OIl € ¥Horo ammiaiTyaHi
(mepeaTouHi) XapaKTEPUCTUKH. 1X HAJalOTh Y BUTIAAI KPUBUX, KOTpi
BIJHOCSATHCA JO 1HBEPTOBAHOTrO Ta HEIHBEPTOBAHOTO  BXOJIB.
XapakTepUCTUKHU 3HIMAIOTHCS NPH MMOJ1aul CUTHAJIY Ha OJIMH 3 BXOJ1B NIpHU
HYJbOBOMY CHrHadi Ha iHmoMmy. KoXHa 3 KpUBUX CKJIAJa€eThCS 3
FOPU30HTAILHUX Ta HAXUJIEHUX A1LISHOK.

l'opuzoHTanbHi JUISHKY KPUBUX BIAMOBIIAIOTh PEKUMY MOBHICTIO
BIAKPUTOTO0 (Hacu4eHoro), abo B3aKpUTOro TpPaH3UCTOpa BUXIJTHOTO
Kackany (eMiTepHoro moBToproBaya). Ilpu 3MiHI Hampyru BUXIJHOTO
CUTHAJy Ha UUX NUISHKAX, BUX1JHA HaNpyra niJcuirBaya 3aJUIIa€ThCs
0e3 3MmiH 1 Bu3HauaeThcsa HanpyraMud Uipux max Ta U_pux max. Bkazani
3HAYEHHS MaKCHUMaJlbHUX BHUXIJHUX Hamnpyr Oau3pki no Hanpyru Ex
JKEpeJt )KUBJICHHS.

Ilepenatouni xapakrepucrtuku OII.

Haxuneniit  ainsiHIl  BIAOOBiJAa€ MpoONOpIiHHA  3aJeXKHICTh

BUXITHOTO CUTHaJy Hampyru Bia BXigHoro. KyT Haxuily BU3HA4aeThCs

. : AU .
koedinienToM mincunenus Kp = FB”X. 3HaueHHs Kp3anexutp Bia TUNy

BX

OIl 1 MOoXe ckiaxaTy BiJ KIJIbKOX COTEHB 10 KIIBKOX COTEHb THUCHAY H

OlabIIe.
T v... B
+Ex
IHBEpTYVIOUMIA =“§ " HeiHBe pTyoumi
BXig BXig
+U SAXMax
‘ +UJ|_ =
Ua, MB
'U;:.c Xmax

-E

Puc. 5.2. llepenatouni xapakrtepuctuku OII
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Benuki Benuuumnu Ky 103BoNsAlOTH THpu  00XBaTi  TakUxX
nigcunoBadiB raubokum H33 oTpumyBaTH cXeMH 3 BIACTUBOCTSIMH,
KOTpi 3anexarh Big mapametpiB kosa HH3. Kpusi, npuBeaeni Ha puc.
5.2, npoxoasate uepe3 Hynab. Cran, komum Ubux=0 npu Usx=0,
Ha3WBAETHCSA OaJaHCOM OIllepalliiHOTO MmigcuIoBava. Ane aias O1J1bMIOCTI
BumnaakiB peanbHux OII cmocTepiraerbes po3bdanaHc.

IlepenaTouHa xapakTepucTUKA NPH po3daauci.

[Ipu UBx=0, Buxigna nHanpyra OIl moxe Oytu Oinpmor abo
MeHmow Biag Hyas (puc. 5.3). Hampyra Usm, npu skiit Usx=0
Ha3MBA€E€THCS HANPYrow 3MimeHHs Hyns. L{ro Hanpyra, ssky HEoOX1IHO

BUX

KHOH

nonatu Ha Bxig OIl gns ctBopenHs Oanancy U, = OCHOBHOIO

NPUYUHOI po30allaHCy € PO3KHUJ MapaMeTpiB €JIeMEHTIB MiJICHI0Bayda
(BmacHe TpPaH3UCTOpPIB). 3alie)KHICTh BiA Temmepatypu napamerpi OII
BUKJIHMKAa€e TeMmOepaTypHUM npedd BHUXIIHOT HANpyru, TaK K BXIJHUU
Omip Kackaay KIHII€BUM, TO MpH po30aliaHCl 3’ ABISAIOTHCSA BX1IHI CTPYMHU
3MiIIEHHS. 3 HasBHICTIO BX1IHOT HAalpyTru 3MIiIIEHHS 1 BXIAHUX CTPYMIB
3MminieHHs, cxeMu Ha OIl 1OBOAUTHCS AONOBHIOBATH €JI€MEHTaMH, KOTP1
NpU3HaAuYeHl JaJs I1X TMMOYaTKOBOTO OanancyBaHHs. bamnancyBaHHs
B1A0yBaeThCs MoJaHHSAM Ha oauH 3 BxoaiB OIl nmeskoi momaTtkoBoi

HAMmpyru 1 BBEICEHHS PE3UCTOPIB B MO0 BXI1JHI JAHIIOTH.

UBVIX1 B
+E,
-USM
1
S
1
/]
+AUBMX { E /
1/
4 >
4
4 Usx, MB
4
V4
/ ’ !
’ V4 i
¢ ¢ !
/I 'l +Ujzp

Puc. 5.3. Ilepenatouni xapakrtepuctuku OIl mpu po3bananci



InBepTyrouui nmiAcuJaI0OBay.

[HBepTyrOUM MiACUIOBAY — 1€ MIJCHIIOBAy, SIKMUA 3MI1HIO€ 3HAK
BUXIJHOTO CUTHAJy BiITHOCHO BXIJHOTO, CTBOPIOETHCSA BBEIECHHSIM IO
iHBepTOBaHOMY Bxoay OII, 3a pgomomororo pesuctopa R33,
napanenbHoro H33 mno nHampysi. BXigHuél curHam mnojaeTbesi uepes
pesuctop R1 Ha iuBepTyrounit Bxig OII (puc.5.4).

KoediuieHT migcuiieHHs MO HAMpPy31 IHBEPTYIOYOTO MiJICUIIOBayda

U, .
3 mapanenbHuM 33 szU” BU3HAYAETHCA MapaMeTpaMu TIJIbKH

68X

R. .
MacUBHOI 4acTUHHU cxeMu K, =-—>. Sxkmo Rs;s=Ri, Toai Ko = -1, OII
111 R
1

cTac iHBepTYIO‘-II/IM IIOBTOPHOBAYCM CHUTHAIY.

lss Ras

UBI/IX

Puc. 5.4. CxeMa iHBEpTYIOYOTO MiJCUTIOBAYA

HeinBepTyrouuni miacujaroBay.

HeinBepryrounid miacuinwoBady Mae nociaigoBHuid H33  mo
IHBEPTYIOUOMY BXOAY (BXIAHUM CUTHAJN MOJAETHCS HAa HEIHBEPTYIOUYUH
Bxig OIl). Cxema HeIHBEpPTYyHOUYOro MiJCUJIOBaYa MpeJcTaBlieHAa Ha
puc.5.5.



UEMX

Usx g
1

Puc. 5.5. Cxema HelHBEpTYOUYOro MiiCKIIoBaya
Bxinna Hampyra koJsia 3B’si3aHa 3 BUXIJHOK HAMNpyrow Kola
HACTYIHHUM BiIHOIIEHHSAM:

U U,
8x = 8UxX 5
Rl + R33
3BIJIKM KOE€(III€EHT MiACUIIEHHS HEIHBEPTYIOUOTro MiJCUII0OBaYa;:
R,
K, =1+—>.
ITH Rl

Y Bunazgky, konu R33=0 ta R1=co, BUHUKae KOO MOBTOpIOBaya 3
Kn=1 (puc.5.6). HeiuBepTytouuid Ta I1HBEpPTYIOUHNA MiACUIIOBAYI
BUKOPUCTOBYIOTh B BUIJISAAl BUCOKOCTAOUIBHUX MIJACUIIOBAYIB PI3HOTO
NpU3HAYECHHS.

UBX

Puc. 5.6. Cxema noBroproBaua Ha OII



2. Ilopsinok BUKOHAHHS PO0OOTH
Iepeik npuianis:

° JIHIRHAN onepalifHui MACHUII0BaY;
° (yHKIIIOHATBHUN TEHEPaTOD;

° ocruiorpad;

o PE3UCTOPH.

2.1. lochimkeHHsl 1HBEPTYIOUOTO M1JACUIII0Baya

2.1.1 CriaziTh cXeMy 1HBEPTYIOUOr0 MiJCHUIIF0BaYa BiAMOBIIHO 10 puc. 5.7.

2.1.2 BcraHoBiTh mnapaMeTrpu  (YHKIIOHAIBLHOTO TreHepaTopa 1
ocriiorpada BIAMOBIAHO A0 puc. 5.8 1 5.9 BIAMOBIIHO.

2.1.3 3amantoiTe OCIUIOTPAMMU.

2.1.4 3uiMiTh 1 ToOyayiiTe 3anexHicTh Aitouoro 3HadeHHs U pux = f (Upx)
it yactotd f= 1 x['m.

2.1.5 3a pomomorow ocuunorpada BuzHauTe€ Upuxmax, OPU  AKOMY
3'SIBJISIIOTHCS HEJIHIMHI CTIOTBOPEHHS.

2.1.6 BuszHauuTh, SK BIUIMBA€ BKIIOYEHHSI-BUKIIOUEHHS BI1J €MHOTO
3BOPOTHOTIO 3B'sI3KYy Ha MiAcUItOBabH1 BiacTuBocTi OIl.

2.1.7 3HiMITH 1 TOOyAyWTe 3aJeXKHICTh KOe(dillleHTa MiJACUICHHS Bij
YacCTOTH BX1JTHOTO cUrHaiy. BusHauutu yactoTy 3pi3y 3a ymoBu K = 0,707 K.

]

B CI D
- -

Puc. 5.7. Cxema 1HBepTYy0HOro miiCHIIOBa4ya
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B8 Function Generator X
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Puc. 5.8. IlapameTpu (pyHKIIOHAIBHOTO T€HEpATOpa

m 9.0008@ = n 0.0008 = Ta-T @ o000 =
WAL 19.9614 Vv e WEZ-VAY
W81 | -18 6169 v ve2 VE2-VE1
~ Time base Trigger Channal A Crannsd B
005 erdiv 1| Gige  NE ) 20 V/Dw 20 V/Div Rotwe_|
Kpostkn [000 3| twel [coo [ Ypestien[120 || ¥pesen [1.00 |5 | Reverse |
N o | A | | FNOES |0/ EE Ac|oEm Save ]

2.2 JlocaimkeHHsl poOOTH HEIHBEPTYIOUOTO MiJCHIIIOBayva.

2.2.1 CkianiTe cxeMy HEIHBEpPTYHYOro MiACHIIOBayYa BIAMOBIIHO 10
MaItOHKY 5.10.

2.2.2 BcraHoBiTh mNapamMeTpu  (YHKIIOHAJIBHOIO TeHepaTopa 1
ocruiorpada BiAMOBIIHO A0 MATIOHKIB 5.8 1 5.11.

Puc. 5.10. Cxema HEIHBEpTYHOYOTO MiJCHUI0OBaYa

11
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Puc. 5.11. [Tapamerpu ocumnorpada

2.2.3 3aManonTe OCIHUIIOTPAMMU.
Bukonaiite nis 1anoi cxemu Ti k& gociikeHHs (mynktu 2.1.4-2.1.7 ), mo

1 JUT IHBEPTYIOUYOTO MiJACHIIOBaya.
2.3 JocnimgxeHHs poOOTH MOBTOPIOBaYa Ha OMepaliiHoOMy MiJCUIIOBaYl.

2.3.1 Cknanith cxemMy HOBTOpIOBada HaIpyrd BIANOBIJHO JO MAIIOHKY

5.12.
2.3.2 BcraHoBiTh mnapaMeTrpu  (YHKIIOHAJIBLHOTO  TeHepaTopa 1

ocriiiiorpada BIAMOBIAHO 0 MaItOHKIB 5.8 1 5.11.
@i‘j

-

ad op-07

OIE
> [l
—O&E

Puc. 5.12 — Cxema noBToproBaya Hanpyru

2.3.4 3amantonTe OCIHUIIOTPAMMU.
Bukonaiite nis 1anoi cxemu Ti x gociiikenss (mynktu 2.1.4-2.1.7 ), mo
1 JUT IHBEPTYIOUYOTO MiJACHIIOBaya.

2.4 Anamniz mapametpiB OY
2.4.1. PospaxyBaru 3HaueHHs Kp anga i#Bepryrouoro — K,

HelHBepTytoyoro —Knn miacumatoBadis Ta noproproaya — K.

R
1
R
KHH=R_33+1
1

2.4.2 BuzHauuTu INIUOUHY BiJ’€MHOIO 3BOPOTHOTO 3B'S3KY

12



Bi R
B =
A7 R +R,
2.4.3 Po3zpaxyiiTe 1jisi 1HBEPTYIOUOIO MiJICHIIIOBaYa BXIJHUN 1 BUXITHUM
omip
Rpx1 = Ry
Rey = Rgyxon
1+ B
2.4.4. Po3paxyiite JjIsl HEIHBEPTYIOUOTO MiACHIIFOBAYa BX1THUM 1 BUX1THUI
omip
Rexu = Rexon (1 + BuKnn)
Repy = Rgyxon
1+ BuKnn
2.5 3poOuTH BUCHOBKH.
KoHTpoJibHI nMTAHHS
1. Sxuit npuHmun poOOTH 1 KOE(IUIEHT MOCUJIEHHS I1HBEPTYIOUOIO
niacuiIroBaya’?
2. Sxuil npuHIUO PoOOTH 1 KOEQIUIEHT MOCUIIEHHS HEIHBEPTYIOUOIO
niacuiIroBaya’?
4.V SKuX €IEeKTPOHHUX MPUCTPOAX 3acTOCOBY€eThCA OI1?
5. 1o Take yactoTHa xapakrtepuctuka OI1?
6. lllo Take ammiityqHa xapakrepuctrka OI1?
JlaGopaTopHa po6ora Ne6
JocaigkenHs cymaropa Ha ocHosi OIl
Meta po60oTH — 1OCTIIUTH TPUHIKI POOOTH 1 BIACTUBOCTI CyMaropa Ha
ocHoBi OII.

KopoTtki TeopeTnuHi BizomocTi
Cxema cymaTopa BHMKOHAaHa Ha OCHOBI I1HBEPTYHYOTO MOCHJIIOBada
MpeJIcTaBiIeHa Ha puUcC.6.1.

13



Rl u Ion‘
o— 44—
U » h o
’ Lox I Rsxon T
|
Usux

I 1

Puc.6.1 — Cxema 1HBEpPTYIOUOIO MiICUITIOBAYA.
3rigHo 3 nepmumM 3akoHoM Kipxroda aiis By3ia a MaeEmMo:
Iex=Is+on.
AHalli3 CXeMHU 3HA4YyHO TOJIETIIYEThCA, AKIO0 npunyctutu 1mo OIl
imeanpHui. Tak SK y 171eajJbHOT0 OIepaliitHoro niacuiitoBaya Rex—>00, oTxe:
Ior=0 u1 Ipx=Is.
BpaxoByroun, 10 Usx=Rilsx Ta Usmx=-Rs:133, 0TprMy€eMo criiBBiAHOIIEHHS:

U@x _ Ueux 1
Rl R33 . ( )
KoedimieHnTt miacuaeHHs Koa:
U R
K, == )
voo =5 R (2)

Ha ocHoBI iHBepTYyIOUOr0 MiJICUIIIOBaYa MOKHA 1oOyayBaTu cymarop. Ha
puc. 6.2 HaJlaHa cxema TaKoro cyMaropa 3 YHMCIIOM MapajelbHUX T'JIOK Ha BXOA1
PIBHUM KIJTBKOCTI CHUTHAJIB MpU3HAYEHUX Ui ckiamaHHs. Omip pe3ucTopis

NpUIUMarOTh OJJHAKOBUMU: Rs; = R1 = Ry = ... = Ry << Rax o
Jlns cymatopa BXiIHHH CTpyM JOPIBHIOE CYMMi CTPYMIB KOXKHOTO 3

JICYEn;
IBx:II+12:—I33. (3)

Sk 1 B cxemi puc. 6.1 cTpym 3BOPOTHOTO 3B’ SI3KY:
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Bxinni ctpymu:

Uexl UexZ
I 1= aI = .
Rl RZ
3 (3) ciigye (BpaxoBytrouu, 110 R1=R»):
U@xl +U6x2 _ Ueux
R R ®
3BIJCH 3HAWIEM BUXIJHY HAIPyTy CyMaropa:
R33
Ugux = _(Uexl + U@xZ )? . (5)

VY 3araJbHOMY BUIIAJKY:

R R R
U, = —[ R“ U, +R_33U“2 +'"+R_ﬁU”J' (6)
1 2 n
3HaK MIHYyC [TOKa3ye, 1110 pa30M 3 CyMYBaHHSIM BUKOHYETHCS IHBEPTYBaHHS
nossipHocTl curHainiB. CriBBigHOIIEHHS (6) BigoOpa)kae piBHOIMpPABHY BaroBy
y4acTh CKJIAaI0BUX BCiX cyM. CyMyBaHHA MOXe BiOyBaTHUCS y BIAIOBIJHOCTI 3

BaroBUMU Koe(illieHTaMu Ji1 KOKHOTO 13 CKJIaJ0BUX.

U, Ry Ry

o—{ 1
U2 R?

o—1{ T > oo

0]
UBI/IX

U“ Rn g

o—{ M 1

Puc. 6.2. Cxema cymaropa Ha OII

2. IlopsinoKk BUKOHAHHS POOOTH
Iepeik npuianis:

° JIHIAHAN onepalifHui MACHII0BaY;
° (yHKIIIOHATBHUN TEHEePaTOoD;
° ocruiorpad;
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o pE3UCTOpH.

2.1. locnikeHHsl cymMaTopa Ha orepauiifHoMy IiICHIII0BaYl.

2.1.1 CxnagiTe cxemy cymaTopa BIJIIOBIIHO /10 puc. 6.3.

2.1.2 BctanoBiTh mapamMeTpu GYyHKI[IOHATBHOTO Ociuiorpada BiJIMOBIAHO

1o puc. 6.4 .
O
1 k Ohm N o
O O
1V
1 k Ohm
i AAA—
U
3V —
1 k Ohm
i +
*— | | AVAYA Y
Puc. 6.3. Cxema cymaropa
T 0.0088 = T2 8.0008 s T2-T1 0.0088 =
VAL |-214 0204 nV VA2 \VAZ-VAL
VB1 11.6738 Vv VB2 VBZ-VB1
— Time base Trigger Channel A Channel B
|0.05 s7div =| Edge EE | {500 mv/Div = || 20 viDiv =] Reduce
X position | 0.00 =] level 000 5 | ¥ position | 0.80 2] | Y position [-1.00 2]  Reverse
Bl &R | A BN ~ 8 Ea | AC oS AC|o N Save

Puc. 6.4. [Tapametpu ocumnorpada

2.1.3 [logaBarouu Ha BXOJU CyMarTopa pi3HI HAMpyTH BiJ JKEPEN, 3HATH

3HAYEHHS BUX1JIHOI Hanpyru. Pe3yiabTaTi BUMIpIOBaHb 3aHECTU B TaOIHIIO 6.1.

Tabnuus 6.1.

Pe3ynbTaTu goCHiIKeHHS CyMaTOpa MOCTIMHUX HAMPyT

Uy Uz Usux
1 2
3 1 R1=1x0Owm;
5 4 R2=1xOwm;
7 3 R3=1xOwm;
9 6
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2.1.4 3wminite 3HauenHs R1 ta R2 (R1=1xOwm; R2=5000m). [ToBTOpITH
nyHKT 2.1.3. Pe3ynbratu BUMiprOBaHb 3aHECTH B TaOIUIIIO 6.2.

Tabnuis 6.2.
Pe3ynbTaTu gOCHiIKEHHS CyMaTOpa MOCTIHHUX HAMPyT
Ui Uz Usux
1 2
3 | R1=1xOwm;
5 4 R2=0,5xOwm;
7 3 R3=1xOwm;
9 6

2.1.5 Cknanith cxemy cymaTopa BiAMOBIIHO A0 puc. 6.5.

2.1.6 ITapameTpu mxepes 3MIHHOI HAITPYTHU BCTAHOBITH BIAMOBIHO J0 PHUC.
6.6.

2.1.7 3MiHIOIOYM aMIUNTYJHI 3HA4YEeHHS JDKEpela 3MIHHOI Halpyry,
BU3HAYUTU aMIUIITYly BUXIJHOT Hampyru. Pe3ynbTaTé BUMIpIOBaHb 3aHECTH B
Tabnuio 6.3. 3amMaloiTe OCIUIOTPaMH.

Tabnuis 6.3.
Pe3ynbTaTu AOCHIIKEHHS] CyMaTOpa 3MIHHUX HAIPyT
1 2
3 1 R1=1xOm;
S 4 R2=1xOm;
7 3 R3=1kOwm;
9 6
1 /48 Hz/0 Deq TAVA
/-:fz_\ J 1 k Ohm
5 V/50 Hz/0 Deg g N
TN 1 k Ohm
\C ) VY

Puc. 6.5. Cxema cymartopa
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AC Voltage Source Properties ? X
Label Value IFauh ] Displayl Analysis Setup ]

Voltage [V]: 1
Frequency: ISDi Hz
Phase: IDi
Voltage tolerance: W

j
4 4>

o
1]
=]

[V Use global tolerance

o

OK | Omvena |

Puc. 6.6. TlapameTpu mxepes 3MIHHOI Halpyru
2.1.8 3wminith 3HaueHHs R1 ta R2 (R1=1xOwm; R2=5000m). [ToBTOpITH
nyHKT 2.1.7. Pe3ynbpTaT BUMIpIOBaHb 3aHECTH B Tabmuuipo 6.4. 3amaioiite

OCIIUJIOTPaMHU.
Tabnuis 6.4.
Pe3ynbTaTu AOCHIIKEHHS] CyMaTOpa 3MIHHUX HAIPyT
Al Az Agix
1 2
3 1 R1=1xOwm;
5 4 R2=0,5xOwm;
7 3 R3=1kOwm;
9 6

2.1.9 BcTaHOBITH HACTYIHI 3HAYEHHSI aMIUIITYJ Ta YacTOT JUISl JKEpe
3minHOil Hanpyru: A1=1B; fi=49T'n; A>=5B; £,=50I';; (R1=1xOwm; R2=1kOwm;
R1=3x0wm;). 3amantoiite ocuuiorpamMu OUTTSL.

3. 3poOuTH BUCHOBKH.

KoHTpoJibHI nMTAHHS
1. Axwuit npuHIUI poboTH cymatopa?
2. 3 IKHUX €JEMEHTIB CKIIAJAEThCS CyMaTop?
3.4k BruIMBa€ 3HaYEHHS OMOPIB BXITHUX PE3UCTOPIB HA PE3yJIbTAT?
4. Slk BinOyBa€eThCs 10JJaBaHHS TAPMOHIYHUX CUTHAITIB?
5. Illo Take OUTTA 1 IK BOHO BUHUKAE?
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JlaGopaTopHa po6ora Ne7
JocitigxeHHs podOoTH KOMIIapaTopa

MeTta po60TH — 1OCTIIUTH TPUHITUIT POOOTH 1 BIIACTUBOCTI KOMIIapaTopa
Ha ocHOB1 OII.

1. KopoTki TeopeTn4Hi BitoMOCTi

B iMmynbcHIM TexHill 3HaxXoAATh Mpoke BukopuctanHs OIl B
IHTerpaJbHOMY BUKOHaHHI. PiBHI BXijHOTO curnainy OIl B iMITyJIbCHOMY pekuMi
poOOTH MEPEBUIITYIOTh 3HAUCHHS, SIKE BIAMOBIAE JiHIMHIN 00J1aCTI aMIUTITYTHOT
xapaktepuctuku. B 3B'a3ky 3 nmm BuxigHa Hampyra OIl B mpoueci pobotu
BU3HAYAETHCS 200 HAPYTOR U-pux max, @00 Upux max.

Posrnstnemo pob6oty OIl B IMIyJIbCHOMY pEXHMI Ha MPUKIAIL
KoMMapaTopa, IKuii BUKOHY€ TIOPIBHSHHS BUMiptoBaHOi HAapyTu Ugx 3 OIOPHOIO
Hanpyrow. OmnopHa Hampyra mnpeiactaBisie co0O0 HE3MIHHY 3a pO3MIpOM
HaIpyTry MO3UTUBHOI a00 HETaTUBHOT MOJIIPHOCTI, BX1JIHA HAMPyTa 3MIHIOETHCS B
gaci.

[Ipu gocsITHEHH1 BX1JHOIO HAMPYTOI0 PIBHS OMOPHOI HANPYTH MPOXOJUTH
3MmiHa nossipHocTi Hanpyru Ha Buxojl OIl, nanpuxnaa, 3 U+sux max A0 U.pux max.
IIpu Uon=0, xommapaTop BHKOHYy€ (ikcalliio MOMEHTY NEpexo]ly BXiAHOI
Hanpyru 4yepe3 HyJsb. KoMmaparop 4acto Ha3uBalOTh HYJIb-OPraHOM, OCKUIBKH
nepemMukaHHs TpoxXoauTh Ipu Usgx - Uon=0.

Kommaparopu  3Halluim  MIHUPOKE  BUKOPUCTAHHS B CHCTEMAX
ABTOMATHUYHOT'O KEPYBAHHS Ta Y BUMIPIOBAJIbHIHN TEXHIIIl, @ TAKOXK JIJIs1 MO0y 10BU
pPI3HOMAHITHUX BY3JIB IMIyJbCHOI Ta LUQPPOBOi Aii (30KpeMa, aHAIOTOBO-
urudpoBi Ta Udpo-aHATOrOBI MEPETBOPIOBAYI).

Cxema kommapaTopa 300paxkeHa Ha pwuc.7.1, Horo mnepegaBaibHa
XapakTepucTuka - Ha puc.7.2. Ha puc. 7.3 npeacrasieHa cxema KomIiaparopa 3

BXI1JIHUM PO3MOJILUTIOBaY€M HAMPYTH.

Puc.7.1 Cxema kommaparopa Ha OI1
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UBVIX

+
U BMX.max

/l\ Uon Usx

U_Bmx.max

Puc.7.2. IlepenaBanbHa xapakTepucTuka kommaparopa Ha OI1

RS . %a UBVI

Puc.7.3 Cxema xommnaparopa Ha OIl 3 BXiZTHUM pO3MOLITIOBAYEM HAMIPYTH

Ha puc.7.]1 HnaBeneHa Haiimpocrima cxema kommaparopa Ha OIL i
XapakTepu3y€e CUMETPUUHE MIJKIIOYEHHS BUMIPIOBAHOT Ta OMOPHOI HAMPYTH JI0
BxoAiB OII. Pizaunsg Hanpyr Usx-Uon € BxigHOIO Hanpyrowo Ug OIl, o Bu3Havae
nepeaBalibHy XapakTepUCTUKY KommapaTopa (puc. 7.2).

[Tpy Usx < Uon Hanipyra Up < 0 1 Upux= U+pix max. 3M1HA MOISIPHOCTI BUX1AHOT
Hafpyru BiOYBA€eThCA MPU MEPEXOJl BXIJHOI BHUMIPIOBAHOI HAMPYrH uepes
3HaueHHS Uon. 3Ba)karoun Ha BeNMKE 3Ha4eHHs koedimienTta miacuineHus OIl s
3MmiHa HOcUTh crymiHdatuil xapaktep npu Uo= Usx- Uon=0.

Skio Kepena BXiIHOI Ta OMOPHOI HAMpyrH B cxemi Ha mai.l 3MiHUTH
MICIIIMH YW 3MIHUTH TOJSPHICTh 11X TIJAKIIOUCHHS, TO BHHUKHE IHBEPCIs
nepeaBalibHOl  XapakTEepUCTUKU KommapaTopa. CxeMy Ha pwuc.7.1  MoxHa
BUKOPUCTOBYBATH, SIKIIO BHUMIPIOBAaHA Ta OMNOpHA HAMpyra HE MEPEBUILYE
JOMYCTUMUX MNacHOpTHUX 3HadeHb BXigHux Hampyr OIL. B nportunexuHomy
BUMNAJKY BOHHU MiAKI0uaroThes 10 OIl 3a 1omomMorow po3noaiitoBaydiB HAPYTH
(puc. 7.3).
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2. IlopsinoKk BUKOHAHHS POOOTH

Iepeik npuianis:

° JIHIRHAN onepalifHui MACHUII0BaY;
° (yHKIIIOHATBHUN TEHEePaTOD;

o ocruiorpad;

o PE3UCTOPH.

2.1. JlocniI>KeHHs] XapaKTEPUCTUK JIETEKTOPa HYJIbOBOIO PIBHS 3 MOJAYEIO

CUTHAIIy Ha HelHBepTyrounii Bxig OII.
2.1.1 Cxnanite cxemy, 300paxkeHy Ha puc. 7.4. OTpumMaiiTe Ta 3amMaaonTe
OCIIMJIOTpaMU BXIJHOTO 1 BUXIJIHOTO CUTHaNIB. Bu3zHauTe rpaHuyHe 3HAYEHHS

BX1JIHOI Hanpyru UBX.

Frequency |1 EJ |kHz EJ
Dutyeyce [50 B =
Amplitude  [2 ENIEEE
Offset [0 [

- Common +

Puc.7.4. JletekTop HyJIbOBOTO PiBHA 3 O/IAUYEI0 CUTHATY HA
HeiHBepTytounit Bxig Ol

2.2. JIoCHiI)KeHHS XapaKTEPUCTHUK JIETEKTOPa HYJIbOBOIO PIBHS 3 MOJAYEIO

CUTHAITy Ha 1HBepTyeThes BXia OI1
2.2.1Cxnanite cxeMy, 300paxkeHy Ha puc. 7.5. 3amantoiTe OCHUIOrpaMu

BXI1JIHOTO 1 BUXIJTHOTO CUTHaJIIB. BU3HaUTe rpaHWyHe 3HaYEHHS BX1JHOT HAIIPYTH
UBKX.

X
’W /\NIMI'

Frequency |1 B [kHz B
Dutycycle |50 P =
Amplitude  [5 Hlv H
Offset o B

- Common +

Puc.7.5. JlerexTopa HyJbOBOTO PiBHA 3 OAU€I0 CUTHATY HA
iuBepryrounii Bxig Ol
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2.3. JlocnimkeHHsT XapaKTepUCTHK KOMIIapaTopa 3 MO3UTUBHOIO OTIOPHOIO
HaIpyroxo.

2.3.1 Ckuanith cxeMy, 300paxkeHy Ha puc. 7.6. 3aMmaintoiiTe oClUIOrpaMu
BXIJIHOTO 1 BUXIJTHOTO CUTHaJIIB. BU3HauTe rpaHryHe 3HaYEHHSI BX1JHOT HAIIPYTH

Usx.
- Funcion GeneratGNER
Mv P L oy I | ‘

Frequency kriz B
Duty cycle %

Amp |5 E W ﬁ,
Offet [0 [

- Common +

(® (. (.

Puc.7.6. Kommaparop 3 TO3UTUBHOIO OITOPHOIO HAMIPYT OO
2.4. JlocmipKeHHsT XapaKTEPUCTUK KOMITapaTopa 3 BiJI’€EMHOIO OIOPHOIO

HaIpyTroro
2.4.1 Cxnanith cxeMy, 300paxkeHy Ha puc. 7.7. 3aMaltoiiTe oCHUIOrpaMu

BXI1JIHOTO 1 BUXIJTHOTO CUTHaJIIB. BU3HaUTe rpaHWyHe 3HaYEHHS BX1JHOT HAIIPYTH
UBKX.
% Function GeneratoRuNES]

[[#M/Iu—ll

Frequency I:E
Duty cycle %
Amplitude EE v B
Offset =

Common
("

a4
(®

Puc.7.7. Kommnapatop 3 Biji’€eMHOIO OIIOPHOIO HAITPYTOIO
2.5. Jlocnii>KeHHsT XapaKTEPUCTUK KOMIIapaTtopa 3 OMOPHOK HAIpyrolo,

10 33J]A€THCS CTAOUTITPOHOM
Cknanite cxeMy, 300paxkeHy Ha puc. 7.8. 3amamntoiiTe ocuuIorpaMu
BXI1JIHOTO 1 BUXIJTHOTO CUTHaJIIB. BU3HaUTe rpaHWyHe 3HaYEHHS BX1JHOT HAIIPYTH

UBX 1 MOpIBHSNTE KOT0 3 HAMIPYKEHOIO cTad1I13a1li cTaduIiTpoOHa.

’["\_/_‘ B i R B | ‘
Frequency

Duty cycle %
K Offset
= Common P

(o (o (o

Puc.7.8. KomnapaTtop 3 0HOpHOIO HAIPYTOIO, 110 33/1A€THCSA
CTaOUTITPOHOM
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2.6. JlocnmigxeHHs] XapaKTepUCTHK KoMIaparopa 3 (iKcallie€ro BUX1AHOI

HaIpyTu
2.6.1 Cknamite cxemy, 300paxxeHy Ha puc.7.9 3amanioiite OTpuUMaHi

OCIIMJIOTPaMU BX1HOTO 1 BUX1JTHOTO HAIPYTHU. 3a OCHWIIOrpaMaMy BU3HAUTE PiBHI

BHX1/IHOI HAMPYTH 1 TOPOTOBY HANPYTY.

Xl EE VD1 ~J)

|[T_f—‘/w_l—u—l| a

Duty cycle [50 | %
Amplitude v B
Offset o

- Common +

@

-
T
o
=
o
=
A
~=

Puc. 7.9. Komnaparop 3 ¢ikcaliii€ro BUX1/IHOI HAPYyTu

2.6.2 YV cxemi puc. 7.9 3MiHITh HaNpsIMOK BKJIIOUEHHS CTaOUIITPOHA Ha

3BopoTHi. [loBTOpiTH OMepaii 1. 2.6.1.
2.7. JlocmipKeHHs XapaKTepUCTHUK KoMmapaTopa 3 (PiKCOBaHOI 30HOIO

BXIJIHOI HANpyTu
Cknanite cxemy, 300paxeHy Ha pwuc.7.10. 3amanioiite oTpuMaHi

OCIIMJIOTpaMU BX1JIHOTO 1 BUX1IHOTO Hanpyr. BusHaute noporosi Hanpyru UHMK

1 UBepx.

' 5, ff \1

I[v/vv_ﬂﬁ’

Frequency
Duty cycle %

£ 5 E W E
ofset [0

- Cormrnon ar

(s (® (&

831.9mY ‘7 1 ke

Puc. 7.9 Kommnaparop 3 hikcoBaHOIO 30HOIO BX1HOI HAIIPYTH

KoHTpoJibHI nMTAHHS
1. ki ocobnuBocti 3actocyBanns OIl B cxemax kommapatopis?
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2. YuM BU3HAYAETHCS TOUHICTH 3aBAaHHS MMOPOTiB BX1AHOI HAIIPYTH B CXEMax
JETEKTOPIB PIBHS Ha
3. Ha yomy 3acHoBaHa po0OoTa kommapatopa 3 (iKCOBAaHOK 30HOIO0 BX1AHOI

Harpyru?
JlaGopaTopHa po6ora Ne§
JocaiakeHHsI JIOTIYHUX eJIEMEHTIB
Mera pob6oTHM — EKCHEpPUMEHTAIbHO JAOCHIIUTH POOOTY JIOTIYHUX
€JIEMEHTIB.

1. KopoTki TeopeTn4Hi BitoMoCTi

ba3zoBuM enemMeHTOM MNpUCTPOiB HUDPOBOI EIEKTPOHIKU € IHTErpalibHi
JIOT1YH1 €JIEMEHTH, 10 Peali3yloTh MEBHY JIOTTYHY (YyHKII0. JIOT14HI e1eMEeHTH
MPEACTABISIIOTE COOOI0 CYKYIHICTh €JIEKTPOHHUX KIIIOYIB, SIKI BHKOHAHI Yy
BUTJISA/II IHTErpAJIbHOI cxeMu. Taka cxeMa Ma€ y 3arajibHOMY BUIJISIAI N BXOJIB 1
m BuxoiB (puc.8.1).

X1 ...Xu — i#HdopmamiiiHi 3HAYEHHSI BXIJIHUX CHUTHAIIB, SIKI MOXYTh
npuitmMaTu 3HadeHHd “0” abo “1”. yi1...ym — 1H(OpMaILIKHI 3HAYEHHSI BUXITHUX
CUTHAMIIB, SIKI TaKOXX MpUNUMarOTh 3HaueHHs “0” abo “1”. Ilim ”1” po3ymitoTh

BHCOKUU piBeHb Hampyru ( Hampyra icHye ), mig ~0” — HU3bKUN (Hampyra
BIJICYTHS).

X1 Y1

X2 Y2

Xn Yn

Puc.8.1. Jloriuamii eneMeHT

KoXxHuil JNOriYHUIl eIeMEHT BHKOHY€E IEBHY JOTIYHY (yHKII0, TOOTO
KO>KH1M KOMO1HAIlIi CUTHAJIIB Ha BXO/I1 BIATIOB1a€ MIeBHA KOMOIHAIIisl CHTHAIIB Ha
BUXxojax. JlJiss HAOYHOTO YSIBIICHHS JIOT14YHY (PYHKIIIIO, BUKOHAHY €JIEMEHTOM,
MPEACTABIAIOTh Y BUIJISAAI TaOMUIb BXIAHUX Ta BUXIJHUX CUTHaNIB (TaOmuLs
1ICTUHHOCT!1).

OYHKIIOHAIBHO TOBHUM Ha0lp KOMOIHAIIMHUX JIOTIYHUX €JIEMEHTIB
YTBOPIOIOTh €JIEMEHTH, sIKI BUKOHYI0Th ¢yHKuii I, ABO, HI.
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1. JIoriunuii enemenT I BUKOHY€e (yHKIIIFO JIOTTYHOTO MHOXKEHHS. O TUHUIIS
3'SIBISIETHCS HA BUXOJI eneMeHTa I jauiie Toai, KoM Ha ycix Horo Bxogax OyayTh
onuHull (cxema 30iry). B iHImIOMy BUIAAKy Ha BUXOJI JIOTITYHOro enemeHTta I
OyJlie HyJb. YMOBHE MO3HAYEHHS JIOT14HOTrO enemeHTa I mokazano Ha puc.8.2.

1 — &

Puc.8.2. Jloriuauii enemenrt I

2.Jloriunnii enemeHT ABQO BUKOHYe (QYHKLIIO JIOTIYHOTO JI0JAaBaHH.
OpuHung 3'1BiIg€TbCS HAa BUXOJI JoriyHoro enemeHta ABO B ToMy BUNAAKYy,
AKIIO0 Xoua O Ha OJHOMY 3 MOro BXOAIB € onuHMIl (cxema 300py). B iHmomy
BUMAJKY Ha BUXOJ1 JoriuHoro einementa AbBO Oyne Hylb. YMOBHE MO3HAYEHHS
norignoro enementa ABO HagaHo Ha puc.8.3.

X1 — =1

X2

Puc.8.3. Jloriunmii enementr ABO
3.Jloriunnii enemeHT HI BHKOHYe (QYHKIIIO JIOTTYHOTO 3alepeyeHHS.
3HaYeHHs CUTHAJIY Ha MOr0 BUXO1 3aBXAM MPOTUJIEKHE 3HAUEHHIO CUTHAIY Ha
roro BXxojl (cxema iHBepcii). YMOBHE Mo3HaueHHs JioriyHoro eiaemenTta HI
HaBeJleHI Ha puc.8.4. (K0J0 0 B YMOBHOMY [TO3HAYEHHI €JIEMEHTAa TOBOPUTH PO
T€, 110 BUKOHYETHCS OTepallisi IHBEPCii CUTHATY ).

IV
-

Puc.8.4. Jloriunmii enement HI
VY 3aranbHOMY BHIAJKY PO3IJISHYTI JOTIYHI €IEMEHTH MOXKYTh MAaTH He
IIBa, a O1IbIIIe BXOMIB.
[IIupoke 3acTOCYBaHHS 3HAXOAAThH JIOTIYHI €JIIEMEHTH , SIKl MOCIHIJIOBHO
BUKOHYIOTh JIeKiIbKa Joriunux Qynkuiit, Hanpuknaa I-HI, ABO-HI, I-ABO-HI
Ta iH. YMOBHE MTO3HAYCHHS 1IUX €JIEMEHTIB MTOKa3aHo Ha puc.8.5.
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X — & X1 — =1
O—V O—y
X2 X2 ——
[-ABO-HI
K—& (=1
X2 v
O—
X3 &
Xg4 ——

Puc. 8.5. Jloriuni enementu I-HI, ABO-HI, I-ABO-HI
JloBeneHo, o marouu JiBa yHiBepcanHux joriunux enementa I-HI Tta
ABO-HI, moxHa peanizyBatu Oyab-sKy JIOT1YHY (YHKIIIIO.

2. IlopsinoKk BUKOHAHHS POOOTH
IepeJik npuianis:
° noriuni exementu I, ABO, I-HI, ABO-HI,;
o reHepaTop JBIMKOBHX CIIiB;
o JIOT14HI MPOOHUKH;
2.1. ocmimkenus eaeMmeHra .
2.1.1 Cknaaite cxemy, 300pakeHy Ha puc. 8.6.

[ o000 X000 |9

00000000 0000000

=

Puc. 8.6. Cxema nociipkeHHs JoriaHoro eiaementa I

2
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2.1.2 HaTuCHITh KHOIIKY



Ha naHes 010J110TeK KOMIOHEHTIB Ta KOHTPOJIbHO-BUMIPIOBAIBHUX MPUIIAJIIB. 3
BIKHA JIOTIYHUX €JIEMEHTIB, IO 3'SBUJIOCS, BUTATHITH MIKTOTPaMy JOTIYHOTO
enementa AND («I»).

2.1.3 HarucHITh KHONIKY

|
v

3 BiKHa , 11O 3'IBUJIOCSA , TOCJI1JIOBHO BUTSITHITH MIKTOTPaMU JIOTTYHUX TPOOHUKIB

L]

J171s1 po3BOPOTY JOTTUHUX MPOOHMKIB MOKHA CKOPUCTATHUCS KHOIMKOIO MOBOPOTY

|

B3

hd

Ha naHen QyHKIii
2.1.4 HaTuCHITh KHOIIKY

naHesni O10J10TeK KOMIIOHEHTIB Ta KOHTPOJIbHO-BUMIPIOBAJIbHUX MpUiaAiB. 3

BiKHA 1HJMKATOPIB BUTATHITH MIKTOIpaMy reHeparopa CiiB

=l

[ToaBiiiHUM KJIallaHHSIM KHONKHM MHUIIl BIAKPUNTE JUIBOBY IMaHEINb
reHepaTopa ciiB. Y JBid YacTHHI MaHEl TeHepaTtopa CIiB BiJOOpa’KaroThCS
KOJOBI KOMOIHAIil y MIICTHAAUATKOBOMY KOJI, a B HIKHIM YacTHHI — Yy

nBifikoBoMy (puc.8.7).
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Puc. 8.7. BikHO HanamrTyBaHb FreHEpaTOpa ABIMKOBUX CIIIB
3anoBHITh BIKHO IIICTHAIISATKOBOTO KONy KOJOBUMH KOMOIHAIIISIMH,
nouynHatouu 3 0 y BEpXHiil HYJIbOBIM KOMIpIll 1 gaii 3 JoAaBaHHSIM | B KOXHIi

HACTYMHIN koMmipii. [IJ1s IbOro HATUCHITH KHOMIKY

Pattem...
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y BIKHI IONIEpEHIX HAJAIITYBaHb Ta YBIMKHITH onuito Up counter Ta HATUCHITh
Ha KHOINIKY Accept.

V BikHI Frequency BCTaHOBITh 4aCTOTY (pOPMYBaHHSI KOJOBUX KOMOIHAI1H,
1o gopisHioe 1 I'm.

[TocmmoBHocTi nBiiikoBux 4uywmcen 00, 01, 10 1 11 Bigmosigae
HICTHAIUSITKOBOMY Kony - 0, 1, 2, 3. 3anporpamyiite reHepaTop Ha NEPIOAUYHE
(dhopMyBaHHS 3a3HAUYEHOI TOCIIAOBHOCTI uncen. /s nporo Hadepitsh y BikHi Final
gucio 0003 1 nHatucHiTh kHOTIKY Cycle.

2.1.5 3amycrtiTh mpolleC MOJIENIOBAHHS 32 JOMOMOTOI0 BHMHUKAaua.
[lepioguyHO HaTHCKaliTe Ha KHOMKY Step 3aMOBHITH TAOMUIIO ICTUHHOCTI JJIS
enementa I. (Tabnunsg 8.1).

Tabmums 8.1
Tabnuis ictTuHHOCTI eneMenTa 1

X1 X2 y

—_— O O
—_— O = O

2.2. Jocmimxenusa enementa ABO.
2.2.1 Cknaaite cxemy, 300pakeHy Ha puc. 8.8.

0000 OO

l

Puc. 8.8. Cxema nocmimkeHus goriaaoro eixemenra ABO

2.2.2 3amycTiTh TpoOlleC MOJIENIOBAHHS 32 JOMOMOTOI0 BHMHUKAaua.
[lepioguyHO HaTHCKalTe HAa KHOMKY Step 3aMOBHITH TAOIUIIO ICTUHHOCTI JJIS
enemenTa ABO. (Tabauis 8.2).
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Tabauusa 8.2

Taomung ictuaHocti enementa AbO

X1 X2 y
0 0

0 1

1 0

1 1

2.3. ocmmkenns eaxemenrta I-HI.
2.3.1 Cknanite cxemy, 300pakeHy Ha puc. 8.9.

I

Puc. 8.9. Cxema nocmimxkenss soriygoro eixemenrta I-HI
2.3.2 3amycTiTh TpolleC MOJEIIOBaHHS 3a JOMOMOTOI BUMHUKaYa.
[lepioguyHO HaTHCKaliTe HAa KHOMKY Step 3amOBHITH TAOIUIIO ICTUHHOCTI JJIS

enemenTa I-HI. (TaGaurs 8.3).
Tabmums 8.3

Tabnuus ictruaHoCcT1 exeMmenta I-HI

X1 X2 y

_— o= O

—_— = O O

2.4. locmmkenns enemenra AbBO-HI.
2.4.1 Cknanite cxemy, 300paxkeHy Ha puc. 8.10.
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Puc. 8.10. Cxema nocuimkenns jgoridgoro eixemedta ABO-HI
2.4.2 3amycTiTh TpoOllEC MOJIENIOBAHHS 3a JOIMOMOrOI0 BHMHUKAaua.
[lepioguyHO HaTHCKaliTe HAa KHOMKY Step 3amOBHITH TAOIUIIO ICTUHHOCTI JJIS

enementa AbBO-HI. (tabmuis 8.4).
Tabmuis 8.4

Ta0mung ictuaHocti enementa AbBO

X1 X2 y

—_— = O O
el = )

2.5 3po0iTh BUCHOBKH Ta y3arajibHITh OTPUMaHI pE3yibTaTH.

KoHTpoJibHI nMTAHHS
1. o Take ymoriuHa 3MiHHA Ta SIKUX 3Ha4Y€Hb BOHA MOKe HAOyBaTu?
2. IIlo Take noriuni eneMeHTu? fIki OyBarOTh JOT1YHI €JIEMEHTH?
3. Illo Take TabmUIA ICTHHHOCTI Ta K BOHA 3aIIOBHIOETHCS?

JlaGoparopHna podora Ne9
Hocaigxxkenns:t RS tpurepa

MeTta po00TH — eKCIIEpUMEHTAIBHO A0CHIIUTU podboTy RS Tpurepa.
1. KopoTki TeopeTn4Hi BitoMoCTi
Tpurep — e npucTpii, sIKUl Ma€ JBa CTAIMX CTaHU. Tpurep 37aTHUN
30epiratu iHpOpMallilo, TOOTO BiH SBISETHCA €leMeHTOM nam'siTi. CTaH Tpurepa
HE 3MIHIOETBCS IICHIS 3aKIHUCHHS 11 BXITHUX curHaiiB. Lle moB's13aHo 3 THM, IIO
CTaH TpUrepa 3aJIeKUTh HE TUILKHU BiJl 30BHIIIHIX YIPABISIIOUYMX CUTHAJIB, alie 1
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Bl CHUTHAQJIB KUI 3BOPOTHUX 3B’SI3KIB. Tpurepu OyAylOTbCSd Ha OCHOBI
KOMOIHAIIMHUX JIOTITYHUX €JIEMEHTIB.

3a npuHIUNoM (YHKIIOHYBaHHS po3pi3HsAIOThE: 1) RS-tpurepu; 2) D-
tpurepu; 3) T-tpurepu; 4) JK-tpurepu ta iH.

3a crmocoOOM YMpaBiIiHHSA BCl MPUBEACHI TPUTEPH MOXYTh OyTH: 1)
ACMHXPOHHUMHU, 2) CHHXPOHHUMH 200 TaKTyIOUHUMH.

B acunxpoHHOMY Tpurepi mHepekIIOYeHHs 3 OJHOr0 CTaHy B IHIIE
3MIACHIOETHCS TIPU HAAXOKEHHI BIIMIOBITHUX CUTHAIIB Ha 1H(QOpMaIliiiH1 BXOIH.
B Taktyroumx Tpurepax ajisg NMepeMHUKaHHsS, KpIM HasBHOCTI iH(OpMaliitHux
CUTHaIIB, HEOOX1/IHA TAKOK HASBHICTb JO3BOJISIOUOTrO (TAKTYIOUYOTO ) CUTHAJIa Ha
CUHXPOHI3YIOUOMY BXO/II.

Haitnpocrimum Bugom Tpurepis sBisietbes RS-tpurep. Bin moxe Oytu
noOy/1I0BaHUI Ha OCHOBI JBOX ABOBX0A0BHUX Joriynux einementiB I-HI. Cxema
TpUrepa, ioro yMOBHE NO3HAYEHHs HaJaHa Ha puc.9.1.

RS-Tpurep mae n8a Bxoja, siki mo3HadaroTbest R-Bxia Ta S-BXif, a Takox
nBa Buxoza Q Ta Q . CUIHANIM HA IUX BXOJAX 3aBKIH IPUHMAIOTH IPOTHIIEKHE
3HaueHHs. HalfyacTime Tpurep BUKOPUCTOBYIOTH SIK KOMIPKY mHam dTi. SIKIo
CTaH TpHUTepa Takuii, mo Ha Buxoni Q = 1, a Q = 0, To BBaXAOTh, IO B TPUTEP
3anucana 1”7, Y npoThieXKHOMY BHUIIAJIKy BBaXKarOTh, 110 B TPUTEP 3aMMCAHUI
”0”. PobGoTa Tpurepa UIIOCTPY€ETbCS TAOJMIICIO CTaHIB, J€ BKa3aHi 3HAYEHHS

BXIJHUX CUTHAJIIB B JIE€AKHM MOMEHT t" Ta 3Ha4YeHHS BUXIJTHOT'O CHUTHaJIa Ha

BUXO0/1 Q B HACTYITHUI MOMEHT 1
S [a& Q
T
_ . Q
R & |, —S|T—_
| —4R . Q

Puc.9.1. RS tpurep
Indopmaniitnuit Bxin S ( set- ycTaHOBKa ) MpU3HAYEHUN I YCTAHOBKH
Tpurepa B ctan Q = 1. Indopmamiitnuit Bxig R (reset — moBepHEHHS )
MpU3HAYCHUH IS TepeBeieHHs Tpurepa B ctad = 0. SIKmo Ha BXOAM MOIaH1
curHanu S = 0 ra R =0, Tpurep 30epirae craH, skuii 0yB y MomeHT t". KoMmOiHaris
curHaiiB Ha Bxojax Tpurepa R = 1 ta S = 1 3a00opoHeHa, OCKIIbKH IIICIA

3aKIHUYEHHS J11i TaKuX BXIJIHUX CUTHAIIB TPUTE€p BCTAHOBUTHCA B CTaH, SIKUM
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MPOBICTUTH 3a3JaJE€riTh HEMOXJIMBO. SKIIO0 Mo HajaHii Ha puc. 9.1 cxemi
noOynysatu Tpurep Ha enementax I-HI, iforo poGoTa Oyjie onucyBaTucs Takoro
K TaOJMLEI0 CTaHIB, OJJHAK MPHU LIOMY Ha HOro BXOJIM HEOOXIJHO MOJaBaTH
1HBEpCH1 3HaueHHs BXiqHUX curHaiiB ( RS — Tpurep 3 iHBepCHUMHU BXOJaMHU ).
[Ilo6 orpumatu 3BuYailiHuii RS —Tpurep Ha KOXXHOMY 3 BXOJIB HEOOXIJAHO
noctaButh enement HI (puc.9.2 ).

84[&0_& Q

Qo
ol
w

Q
R & —
e R pe

Puc.9.2. RS tpurep Ha enemenrax I-HI

JK-tpurep. lle yniBepcanbuuii Tpurep. [lpu BiANOBIIHOMY HiAKIIOUEHH]
BIH MOK€ BUKOHYBAaTH (DYHKIIIO Oyab-IKOT0o Tpurepa. Y MoBHe no3HaueHHsa JK-
TpUrepa rnokas3aHo Ha puc.9.3.

_Q

e

|
Ol X O < (¢

Puc. 9.3. JK-tpurep.

Po6ota JK-Tpurepa 6arato B yomy ananoriuna po6oti RS-tpurepa. Ilpu
bOMY pPOJib S BXOAy BHKOHYe J-Bxin, a posb Bxoay R - K-Bxin. OcHoBHa
BiaminHIcTh JK-Tpurepa Bim RS-Tpurepa momnsirae B ToMmy, II0 BiH HE Mae
3abopoHeHux koMmOiHaii curnaniB Ha Bxojax J ta K. [Ipu J=1 ta K=1 tpurep
3MIHIOE CBiM cTaH Ha mpoTtuiexkuuil. JK —tpurep mae cuaxponizyrouuit xia. [Ipu
BIJICYTHOCTI CUTHalIy Ha CUHXpoHI3yrouomy BxoAl (C=0) tpurep He pearye Ha
CUTHaJH, iK1 ojaroThest Ha Bxoau J Ta K. [1pu nomayi Ha CHHXpOHI3YIOUH BXiJ
curHany C=1 tpurep cnpuiimae iHdopMallito, Ky nogaroTs Ha Bxoau J ta K,
OJIHaK IepexiJ TpUrepa B HOBHUM CTaH BI0YBAETHCS JIMILE 110 3aAHOMY (PpPOHTY
curHany C (IBOCTYMiHYATHI TPUTEP 31 CTATUYHUM KEPYyBaHHSIM 3anucom). Takum
YUHOM, NEepeKItoueHHs cuHXpoHHOro JK-Tpurepa 3niiicHIO€ThCS Y Ba eTanu: 1)
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npu C=1 BiaOyBaeThCs 3anaM'aTOBYBaHHS 1HGOpMaIlii, SKa MOCTyUIa Ha BXOH
J ta K; 2) npu nepexoai curHainy Ha Bxoai C 3 “1” B “0” 3a paxyHOK
3anam'atoBaHoi iHGopMallii Bi1I0yBAETHCS EPEKITIOUCHHS TPUTEepa B HOBUM CTaH.
[Ipn HasBHOCTI JAEKUIbKAa BXOJIB JUIsi KOXXHOro 3 BxoAiB J Tta K BoHH
00’ eqHyI0ThCS (QyHKITIETO .

Kpim BxoniB J, K ta C, JK—tpurep 3Buuaitno mae R 1 S Bxoau (Bxoau
MOYaTKOBOI'O BCTAHOBJIEHHS ), QYHKIIIS SIKUX Taka Xk, sik 1 B RS-Tpurepi. L1 Bxoau
(YHKIIIOHYIOTh HE3JIEIKHO BiJl CHHXPOHI3y10u0ro Bxoay C 1 103BOISIOTH B Oy /1b-
KU MOMEHT nepeBectu Tpurep y cran Q=1 (S=1) abo Q=0 (R=1).

Axmo Ha Bxogu J Ta K Tpurepa momatu oaunuui J=K=1, a Ha
CUHXpOHI3yrounii Bxia C CUTHANIU y BUTJIAII IMITYJIBCIB HAIPYTH, TO, SIK HACJIIIOK
3 po3rasiHyTOrO npuHnumy podotu JK-Tpurepa 3 CHHXpPOHI3YIOUMM BXOJOM,
MICs KOKHOTO HACTYMHOTO IMIyJbcy Ha C-Bxoal Tpurep Oynie MepexouTH B
NPOTWICKHUN cTaH (Oyae BiIOyBaTUCh MOMAUICHHS 4YacTOTH). Takui pexum
BianoBigae poboti T-tpurepa (Tpurepa 3 miumibHUM BxojaoMm ). T-Tpurepu
3aCTOCOBYIOTHCS MPU MOOY0B1 JTYUIBHUKIB.

D-Ttpurep mae oaun iHopmamiiHui Bxig (D-Bxim) Ta BXIg  AA
CUHXPOHI3yI0uoro iMmyinscy (puc.9.4). 3aranpHe npusHaueHHs D-Tpurepa —
3amaM’siTaHHS CUTHay, MOJAHOr0 Ha D-BXij, 3 ONPHUXOJOM CHHXPOHIZYHOYOTO
iMITysibCy. D-Tpurep Mae CHHXPOHI3YHOUMH BX1J, SIKAW 3a3BUYail Mpalioe 1o
nepeaHboMy (GpOHTY (OJJHOCTYIIHHEBUN TPUTED).

D = Q
— &L, S &L =
= L —°| T
< &L la gl bQ
C R

Puc. 9.4. D-tpurep

2. IlopsinoKk BUKOHAHHS PO0OOTH
IepeJik npuianis:

. RS-tpurep;

o JIOT14HI MPOOHUKH;
o nepeMuKayi;
o pe3ucTOop.

2.1. Cxnanite cxeMy, 300paxeHy Ha puc. 9.5.
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Puc. 9.5. Cxema nocmimkenss RS-tpurepa

2.1.1 HatucHITh KHOIIKY

v

naHesni O10J10TEK KOMIIOHEHTIB Ta KOHTPOJIbHO-BUMIPIOBAJIbHUX MpUiIadiB. 3
BiKHA IU(PPOBUX MIKPOCXEM MEPETATHITH eeMeHT RS-Tpurep:

2.1.2 TTocaim0BHO BUTATHITH €JIEMEHTH:

=
- 3 IpynH Source eIeMeHT «3a3eMIICHHS» J;

'V

EH

- 3 rpynu Basic enementu «lligTaryrounii  pe3ucTop» Ta

-

«Ilepemukauy ~

- 3 rpynu Indicators enemenT «JIoriuHuii mpoOHUK gl

3 BiKHA , IO 3'ABUJIOCS , MOCTIJOBHO BUTSTHITH MIKTOPaMU JIOTTYHHUX
MPOOHUKIB .

2.2 3a 3aMOBUYBaHHSIM MEpPEMUKAUY KEPYEThCS HATUCKAHHSIM KJIaBiIli
«Space» Ha knaBiarypi IIK. Tlpusnaute knaBimam «R» Ta «S» ¢yHKIIIIO
KepyBaHHsI mepemukadeM. [ mboro MOCIHiIOBHO BIIKPUITE J1aJIOTOB1 BIKHA
JUTsl BCTAHOBJICHHSI 1X MapaMeTpiB Ta nepeniiTh Ha Bkiaaaky Value. V momi Key
BBEITH BIANOBIAHE IM'S KHOIIKH.

2.3 ExcrnepuMeHTaJlbHUM IIUIIXOM OTPUMATH TaOJMIIO0 MEPEXOiB Ta
3aHECTH ii JI0 3BITY.

[TocnigoBHO MoAaBaliTe HAa CXEMI TaKi BX1/IHI CUTHAJIH:

1.R=0,S =1 —tpurep BcranoButhCA y cTad Q = 1;

2. R =0, S =0 — tpurep 30epirae cBiii ctan Q = Qt;

3.R=1,S =0 - tpurep BcranoButhca y ctad Q = 0;
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4.R=1,S =1 - tpurep nepedyBae y HeBU3HaueHOMY cTaHl Q = 0, Qt = 0.
2.4 3po0iTh BUCHOBKH Ta y3arajibHITh OTPUMaHI pe3yJIbTaTH.

KoHTpoJibHI nMTAHHS

. Mo Take Tpurep Ta siKi BUAU TPUTEPiB OYBaIOThH ?
. Sk moOyxayBatu RS-Tpurep 3 OoriyHuX €J1eMeHTIB?
. SIx oTpumaru TabmuIto icTHHHOCTI RS-Tpurepa?
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HaB‘-IaJ'IBHO-MeTOI[I/I‘-IHe BUAAHHA

EJEKTPOHIKA TA MIKPOCXEMOTEXHIKA
MeToan4H1 BKa31BKH 10 BUKOHAHHS JJabopaTopHUX poOIT Ne5-9
JU1s 3100yBaviB nepuioro (6akanaBpCchbKOro PiBHS) BUILOT OCBITH
3a cnenianbHOCTAMU 174 «ABTOMaTH3allisl, KOMIT FOTEPHO-IHTETPOBaHi
TeXHOJIOT1i Ta poboToTexHikay Ta 141 «EnektpoeHepreTuka, eIeKTpOTEXHIKa
Ta EJIEKTPOMEXaHIKay.
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