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JlaGopaTtopna podora Ne 1

OCBOE€HHA METOAIB JOCJIIIDKEHHSA EJIEKTPOHHUX CXEM
B CEPEJOBHULII ITPOT'PAMMA MULTISIM

Meta poGoTn

1) o3HallOMJICHHS 3 MPHHIUIIAMH POOOTH B cepenoBMIl mporpamu Multisim, npuaOaHHs
HAaBUYOK TOOYJOBM €JNEKTPOHHUX CXE€M Ta iX JOCHIDKEHHS 3a JOMOMOIrOI0 BipTyaJbHUX
BUMIPIOBAJIbHUX TPUIIAIiB.

2) HaOyTTS HABUYOK JOCIIIKEHHS CIIEKTPOHHMX CXEM B cepeoBuiii Multisim;

3) BuBueHHs BiacTuBOCTEH RC-cxeM Ta 1X BIUIMB Ha CIIOTBOPEHHS aHAIOTOBUX Ta
IMITyTBCHUX 1H(QOPMAIIHUX CUTHAIB,;

4) HaOyTTsi ~ HABUKIB  JIOCHI/DKCHHS  aMIUNITYJHO-4aCTOTHMX Ta  (pa304acTOTHUX
xapaktepucTuk (AUX Tta OUX) enekTpHYHHUX CXeM 3a JOMNOMOIOK BIPTyallbHUX MOJeNen
BHMIPIOBAJILHOI anapaTypH;

5) ekcniepuMeHTaIbHE BU3HAYCHHS MMapaMeTpPiB YaCTOTHO-3aIe)KHUX RC-cxeM, 3a IKuX
3a0e31euyr0ThCs JOMYCTUMI CIIOTBOPEHHS 1HPOPMAIIHIX CUTHAIIB.

1.1. OcHoBHI TeopeTHYHi BiIOMOCTI

Po3pobka Oyap-KOTO palioeNeKTPOHHOTO MPHCTPOIO CYMPOBOKYETHCS (PI3UUHUM Ta
MaTeMaTUYHUM MOJeNoBaHHsIM. Di3nMuHe MOJENIOBaHHS IOB’S3aHO 3 BEIMKHUMU MarepiallbHUMU
BUTPAaTaMH, OCKUIBKM TOTPIOHO BHUTOTOBIIITH MaKeTH. MareMaTuyHe MOJICIIOBAHHSA 3
BUKOPHUCTaHHAM 3aC00IB Ta METO[IB 00UMCITIOBAJIBHOI TEXHIKHU CIPOIIYE MPOLEypPYy MPOEKTYBAHHS
EJIEKTPOHHUX CXEM U J03BOJIsI€E BUBYHTH Ta 3aCBOITH OCHOBHI BJIACTUBOCTI IIMX CXEM, BHSIBUTH
TIOMUJIKH, CKOPEr'yBaTH Ll CXeMH INepe] iX (i3UYHOI0 peai3ali€lo.

MareMaTtuuHe MOJIETIOBaHHS TPOBOJUTHCSA 3a JOMOMOTOK0 TiporpamMu  Multisim, sika
po3po0iieHa MPOBITHOW KOPHOpali€ro, M0 CHeUiaNni3yeTbecs y Tramy3i po3poOku iHpopMmaliiHo-
BHUMIPIOBAJILHUX CHCTEM, B TOM y YHCIIi ¥ €JI€KTPOHHUX MPUCTPOIB, IO BXOASITH 10 iX CKIaLTy.

Ocob6nuBicTio nporpamu Multisim € HasiBHICTb KOHTPOJIbHO-BUMIPIOBAIBHUX MPUIIAJIB, SKi
3a 30BHIIIHIM BHIJISJIOM, OpraHaMH KEpyBaHHS 1 XapaKTepUCTUKaMH MAaKCHUMaJIbHO HAOIMKEH1 10
peanbHUX aHayuoriB. lle copuse OTPUMAHHIO MPAKTMYHUX HABUYOK pPOOOTH 3 HaHOUIbII
MOIIMPEHUMH MPHIIaJJaMH: MYJIbTUMETPOM, OCIMIIOTpadoM, TEHEPATOPOM CUTHAJIB Ta 1H.

1.1.1. CTpykrypa BikHa i cucrema MeH10 nporpamu Multisim.

Bikno mporpamu Multisim (puc.1.1) mae 3Bepxy mosie MeHIO, NaHelb IHCTPYMEHTIB Ta
naHesnb 010J110TeK KOMIIOHEHTIB, clipaBa — MaHeNlb KOHTPOJIbHO-BUMIPIOBAIbHUX MPUIaiB, 371iBa —
BIKHO pO3poOkH. Takok € MiJKa3Ku J0 BCiX €JIEMEHTIB BiKHA MpPOTpaMy, IO 3’ SBIAIOTHCA TpPU
HaBEJICHHI KypcOpy MHII Ha eleMeHT. Po3risHeMo mpu3Ha4yeHHS OCHOBHUX EJIEMEHTIB BIKHA
Multisim.

[Tone MeHIO Mae KOMITOHEHTH, 1110 300pakeHi Ha puc. 1.2.

Mento «File» mpusHaueHO U BIAKPUTTA Ta 30€peKeHHs iCHYIOUMX (paiiiniB, CTBOpEHHS
HOBUX (aillliB Ta MPOEKTIB, BIANPABIECHHS Ha IPYK PI3HUX KOMIIOHEHTIB CTBOPIOBAHUX IPOEKTIB Ta
3aKpuUTTA porpamu Multisim.

Mento «Edit» 103Bossie BUKOHYBAaTH KOMaH/M pPeJaryBaHHs CXEM Ta 3aJaBaTy BJIACTHBOCTI
JIMCTIB CXEM.

Menmo «View» 1ae MOKIIUBICTh KEPYBATH 30BHINTHIM BHUTJISIOM IMPOTPAMHU Ta CXEM.
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Memnro «Place» MicTuth Habip KOMaH AJIs1 CTBOPEHHS CXEM.

Meno «MCU» MicTUTh KOMaHIH, SIKi JO3BOJISIFOTH NMUCATH Ta BIJIaro/HKyBaTH MPOTPaMu
JUTSI MIKPOKOHTPOJIEPIB.

Meno «Simulate» BHKOPHUCTOBYETHCS TMpPH MIATOTOBII Ta BHU3HAYCHHI IapameTpiB
MOJICJIFOBaHHS, TPpU BUOOpI BUMIPIOBAIBHHX IHCTPYMEHTIB Ta IS BMHUKAHHS 1 NPUITMHCHHS
MO/ICITIOBAHHS.

Menw «Transfer» 103BOJIsI€ €KCITOPTYBATH/IMIIOPTYBATH PO3POOJICHI €JIEKTPUYHI CXEMHU B
1HIII TPOTPaMHU.

Menro «Tools» nae MOKIMBICTh pelaryBaTH BJIIACTHBOCTI €IEKTPOHHUX KOMIIOHEHTIB, IO
BUKOPUCTOBYIOTBCS B TIPOTPAMI.

Menro «Reportsy» 103B0JIsIE BABOIM Pi3HI 3BITH 11O PO3POOJICHIH cXeMmi.

Menro «Options» mpu3HA4YEHO AJIsl pefaryBaHHs riIo0anbHUX OMIii mporpamu Multisim ta
CIIEKTPOHHHX CXEM.

Mento «Windows» pu3Ha4YeHO /ISl OpraHi3allii BIKOHHOTO iHTepdeicy mporpamMu.

Mento «Help» nae noctym g0 goBiaku mo nporpami Multisim.

File Edit “iew Place MCU Simulste Transfer Tools Reports  Options  window  Help
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Puc. 1.1 Bikno nporpamu Multisim

EnemenTtu naneni incTpyMeHTIB (puc. 1.3) n1y0ioroTh 1esKl KOMaHIU Pi3HUX MEHIO.

[

&) File Edit View Place MCU Simulate Transfer Tools Reports Options Window Help

£

Puc. 1.2 Ilone mento nporpamu Multisim
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Puc. 1.3 [Tanens iHcTpymMeHTiB Multisim

[Tanenb KOMIOHEHTIB Ta KOHTPOJBbHO-BUMIPIOBAIBHUX IPHJIAIiB BUKOPHUCTOBYIOTH IPHU
noOy0Bi Ta JOCHIKEHH] €IEKTPOHHUX CXeM. BinbIn 1okmagHo BOHM OynyThb pO3TJSHYTI B XOIi
BHKOHAHHS HACTYITHUX JJAOOPATOPHUX POOIT.

1.1.2. IIpouec cTBOpPEHHS cXeM.

[Tepm HiXXK CTBOpPIOBAaTH KPECJICHHS MPHUHIMIIOBOI cXeMH 3acobamm mporpamu Multisim,
HEeoOXiHO Ha JIMCTI Mamnepa MiAroTyBaTty ii ecki3 i3 MpUOIM3HUM pO3TALTyBaHHSIM KOMITIOHEHTIB 1 3
ypaxyBaHHSIM MOKJIMBOCTI OpOpMIIEHHS OKpeMux (parMeHTIB y BUMI mijfcxeM. JOIIbHO TaKoxk
o3HailoMHTHCS 3 OI0JIOTEKOI0 TOTOBHX CXEM IpOorpaMu JUisi BUOOpy aHayora (IpoToTHiry) abo
BUKOPHUCTAHHS HaBHUX PILlIEHb Y SKOCTI MiICXEM.
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Puc. 1.4 EnemenTn, mo 31axoaarecs B miarpyni POWER SOURCES 6i6miorexn Sources

B 3araipHOMY BHITaKy MTPOIEC CTBOPEHHS CXEMH MOYMHAETHCS 3 PO3MIIIEHHS HAa poO0UOMY
noii Multisim KOMMOHEHTIB i3 0i0Ji0TeK Mporpamu BiAMOBIAHO 1O MiArOTOBJICHOTO €CKi3y.
Po3ninu 616mioTexkn nporpamMu Multisim 1o 4ep3i MOKYTh OyTH BUKJIMKAHI 32 JOTIOMOTOI0 1KOHOK,
pO3TaloBaHUX Ha maHeni KoMmoHeHTIB (auB. puc. 1.1). Ilicnsa BiakpuTTst oOpanoi 6ibmioTeku
3’SIBUTHCS BIKHO, CXOX€E Ha T€, 0 IMoKa3aHe Ha puc. 1.4.
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Cnouatky HeoOxiqHO BuOpatu miarpymny (Family), micias 9oro 3’sIBUTBCS TOCTYITHHMA B ITii
niarpyni nepenik exementiB (Component). BubpaBim HeoOXiTHUI €IeMEHT HAaTUCKAIOTh KHOIIKY
OK, i Ha poOoOYOMY TTOJTi IPOTPaMU 3 SIBJISIETHCSI KOHTYP OOpaHOTro eleMeHTy. BiH mepeHoCUThCs Ha
3alJaHOBaHE Miclle, MICIS YOTrO 3HOBY HATHUCKAETbCS JIiBa KHOMKAa Mumm (Uit (ikcyBaHHS
cuMBoIy). Ha ibomy erari HeoOXiHO mepeadadynuTy Micle I pO3MIIIEHHS KOHTPOJbHUX TOYOK 1
1KOHOK KOHTPOJIbHO-BUMIPIOBATBHUX MPHUIIAIIB.

[Ticnst po3milIeHHS KOMIIOHEHTIB HEOOXIJHO 3'€MHATH 1XHI BUBOJAU TPOBIAHUKAMU (pHC.
1.5). IIpu nboMy HEOOX1THO BpaxOBYBaTH, 10 A0 BUBOJY KOMIIOHEHTA MOXHA ITIIKIFOYUTH TUTBKH
OJUH TPOBITHUK. /lJIs BUKOHAHHS HiAKIIIOYEHHS KypCOp IiJIBOJUTHCS 10 BUBOAY KOMITOHEHTA i
IICIIS TOSIBH KPYTJI01 TUIOMIAAKA YOPHOTO KOIbOPY (IuB. puc. 1.5,0) HaTUCKAETHCS JIiBa KHOMKA 1
MPOBIIHHUK, IO 3'ABISIETHCS MPH oMY (puc. 1.5,B), TATHETbCS 10 BUBOJY IHIIOTO KOMIIOHEHTA 10
MOSIBU Ha HBOMY Takoi >X Kpyrioi miomanku (puc. 1.5,r), micis 4oro KHOMKAa MHIII 3HOBY
HATUCKAEThCS, 1 3'€eqHaHHS roToBe (puc. 1.5,1).

[Ipy HeoOXiAHOCTI MIAKIIOYEHHsS 10 IMX BHUBOJIB 1HIIMX MPOBIAHUKIB y MeHIO «Place»
BuOHpaetbes myHKT «Junction (Ctrl+])». Touka (cuMBoI 3'eHAHHS), IO 3’ SIBHJIACS, TIEPEHOCUTHCS
Ha paHille BCTAHOBIECHUN MNPOBIAHMK. SIKIIO LI TOYKa MICHO Mae eNeKTpU4YHE 3'€HaHHA 3
MIPOBIIHUKOM, TO BOHA CTA€ TAKOTO * KOJhOPY, IO 1 MPOBIMHUK. SIKIIO HA Hiil BHJIHO CIiA BiJ
MIPOBIIHUKA, IO 11 IEPETUHAE, TO ENEKTPUYHOTO 3'€IHAHHS HEMAE 1 TOUKY HEOOX1IHO YCTAaHOBUTHU
3aH0BO. [licis Bmanmoi yCTaHOBKH JIO TOYKH 3'€THAHHS MOXKHA ITiIKIIOYUTH IIE J1Ba MPOBITHUKA
(Bchoro 4 mpoBigHNKA Ha 1 TOUKY 3’€THAHHS).

Sxmo 3'egHaHHS TOTPIOHO pO3ipBaTH, Kypcop MIABOIUTHCS 1O JiHIT MPOBIAHUKA, SKY
MOTPiOHO 3HUIIUTH, | HATHCKAETHCS JIiBa KHOMKA. [[poBinHUK Npy IboMY BuAiseThes. [loTim Tpeba
HaTHCHYTH KiaBimy Delete 1 mpoBiAHUK Oy/ie BUJAJICHO.

Puc. 1.5. 3’eqnanHs 1BOX €JI€MEHTIB CXE€MU MPOBIAHUKAMH B porpami Multisim:
a) IBa OKPEMHUX KOMIIOHEHTA; 0) BUAIIIEHO BUBIJ MEPIIOTO KOMIIOHEHTA;
B) BEJIEThCA 3’ €IHYBAIBLHUN MPOBI; T) IPOBI MABEACHO 10 IPYroro KOMIIOHEHTA;
1) 3’€THaHHS TOTOBE
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Axmo HeoOX1AHO 3MIHUTH MIAKIIOYEHHS HASBHUX BUBOJIB (pHUC. 1.6), TO CIIOYATKy Kypcop
MUII MiIBOJUTHCA 0 BUBONY, sIKMW Tpeba Bim’enHatu. Ilpu mpoMy Kypcop 3miHIOE hopMy Ha
cTpiIKy (puc.1.6,0). Ilicas ogHOrO HaTUCKAHHS JIIBOI KHOIIKH MUIII KYpCOp CTa€ YOPHOKO KPYTJIOO
IUTOIIAJIKOI0, @ YacTHHA 3 €IHYBAJBHOIO MPOBONY cTae mnepepuBuactoro (puc. 1.6,B). Ilortim
KOHTAKT BEIEThCS 10 HOBOro KoMmmoHeHTa (puc. 1.6,r). Ctape 3’eIHaHHS BCE INE 3aJIHIIAETHCS
BuguMuM. [licns TigBEACHHS KOHTAKTy 1O BHBOJIY KOMIIOHEHTY (puc. 1.6,1) Tpeba mie pa3
HAaTHCHYTH JIIBY KHOTIKY MUIII 1 HOBE 3’€HaHHA Oyje BcTaHOBJIeHO (puc. 1.6,e). Ciin 3a3Ha4uTH,
0 TPOKIAJKa CIOJYYHHX MPOBITHUKIB IMPOBOJUTHCS ABTOMATUYHO, MPUYOMY MEPEIIKOIH —
KOMIIOHEHTH a0o0 1HII TNPOBIAHUKKA — OTHMHAIOTHCS 32 OPTOTOHAIBHUMHU HampsMKamu (10
TOpU30HTAJ 00 BEPTHUKAITI).

SIKmo HEoOXiJHO MEPEeMICTUTH OKPEeMHH CEerMEHT MpPOBIAHMKA, JO HBHOTO MiJABOIMTHCS
Kypcop, HaTUCKAEThCS J1iBa KHOMKA 1, MIiCTs MOSBU y TOPU30HTANIbHINA a00 BEpTUKAIBHIN TUIOMIKHI
HOJIBIIHOTO Kypcopy (<> abo ), poOuisTh MOTPiOHI MepeMillieHHSI.

JlomaBaHHS B CXEeMY KOHTPOJHHO-BHUMIPIOBAJILHUX TNPUJIAIIB MPOBOAUTHCS AHAIOTIYHO
MIIKITIOUYCHHIO OY/Ib-SKOTO IHIIOrO KOMIIOHEHTY cXeMH. lIpudyomy IjIsl Takux MNpWIALIIB, SK
ocumnorpad abo JOTIYHWI aHami3aTop, 3'€HAHHS JOLUIBHO TIPOBOJUTH  KOJHLOPOBUMHU
MPOBITHUKAMHM, OCKUIBKM IXHIH KOJIp BH3HA4ya€ KOJIp BIAMOBIIHOI ocumiorpamMu. Koaboposi
MIPOBIIHUKH JIOIUIBHI HE TIIBKU JUISl TIO3HAYEHHS MPOBIIHUKIB OJHAKOBOTO (YHKI[IOHAJIHLHOTO
MPU3HAYCHHS, aJIe 1 JUIs MPOBIIHUKIB, IO 3HAXOIATHCS B PI3HUX YACTHHAX CXEMHU (HAIPHUKIIA],
MIPOBITHUKH IIUHY JTAHUX JI0 1 Ticis OypepHOro eneMeHTa).
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Puc. 1.6 3MiHa HasiBHUX 3’€JJHaHb: a) MOYATKOBHIA CTaH; 0) 3MiHa (JOPMU KypCcopy MHUILI MpU
BUOOp1 BUBOAY; B) 3MiHa ()OpMHU KypCcOpY MICJI HATUCKAHHSA KHOIIKYA MUIII; T') TPOKJIaIeHHS! HOBOT'O
3’€THAHHS; 1) IPUEIHAHHS HOBOIO KOMIIOHEHTA; €) HOBE 3’ € HAHHS
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1.1.3. OcHOBHI KOHTPO/IbHO-BUMIPIOBAJIbHI NPHJIAIH.

[Tanens KOHTPOJBHO-BUMIPIOBAJIBHUX MPUJIAIiB 3HAXOJUTHCA Y NpaBii 4YacTUHI BIKHA
nporpamu Multisim. [lo ii cknamy Bxonats: myastuMetp (Multimeter), G yHKIIIOHATIBHUIA TeHEpaTOP
(Function Generator), Batmerp (Wattmeter), ocuumorpad (Oscilloscope), 4OTHpbOXKaHATBHUN
ocmmwitorpad (4 Channel Oscilloscope), BumiptoBau AUX Ta ®UX (Bode plotter), gacroTomip
(Frequency Counter), renepatop ciioBa (Word Generator), noriuauii anaiizatop (Logic Analyzer),
noriunuii neperBoproBad (Logic Converter), BUMiproBa4 BOJIbT-aMIIEPHUX XapaKTEPUCTHK JI10/IiB Ta
tpam3uctopiB (IV  Analysis), anamizatop HemiHiliHUX cnotBopenb (Distortion Analyzer),
cnekTpoaHamizarop (Spectrum Analyzer), aHamizatop Mepexi JIs BHUMIPIOBaHHS S-TlapaMeTpiB
cxemu (Network Analyzer) ta in. PosrmsHemo Ti mpumamu, siki OyIyTb BUKOPUCTOBYBATUCH Y
nabopaTopHUX poOOTax.

1.1.3.1. MyabTumMeTp

Ha nuupoBiit maneni mynstumetpa (puc. 1.7,B) po3TamoBaHo AMCIUICH A BiIOOpaKEHHS
Pe3yNIbTaTiB BUMIPIOBAHb, KJIEMH JIJIS TT1IKJIFOUEHHS JI0 CXeMH 1 KHOTIKH KepYBaHHS.

g |
Multimeter Settings &J

Electronic setting

Ammeter resistance (R): 4 no

Voltmeter resistance (R): 1 fele]

Ohmmeter current {T): 4 nA

| dB relative value (V): 774597 my
Lzl Multimeter-XMM1 22

Ammeter overrange (I): 4 GA
[ A ] | o | [l:IB Voltmeter overrange (V): 4 feill

Ohmmeter overrange (R):  1p G0
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Puc. 1.7 MynbTuUMeTp: a) O3HAYCHHS HA MaHEJi KOHTPOJIbHO-BUMIPIOBAIBHUX MPHUJIAJIIB; 0)
IMO3HAYCHHS Ha CXEMi;

B) JINLIbOBA MaHEJIb; T') BIKHO YCTaHOBOK PEXUMIB pOOOTH

PosrimsaeMo IMMPU3HAYCHHA KHOIIOK KCPYBAHHA:

IT —VJ ﬁj ﬂ - BUOIp peXUMYy BHUMIPIOBaHHS CTPyMy, HAllpyrd, OMOPY Ta MOCIabIeHHs
(3racanHs);

2l =

- BUOip peXUMy BUMIpIOBaHHS 3MiHHOTO a00 MOCTIHHOTO CTPyMY;

L] - PeXKUM YCTAaHOBKHM TNapameTpiB Mynbrumerpa. [liciisi HaTMCKaHHS Ha IO KHOIKY
BIIKPUBAETHCS JiaoroBe BikHO (puc. 1.7,r), Ha SKOMY MTO3HAYEHI:

Ammeter resistance - BHyTpillHiii OIip aMIepMeTpa;
Voltmeter resistance - BxiiHuii omip BOJILTMETPA;
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Ohmmeter current - ctpym 4epe3 KOHTPOJIbOBAHUH 00'€KT MPHU BUMIipPIOBaHHI OIIOPY.

Cain 3a3Ha4MTH, 0 MYJIBTUMETP BUMIPIO€ e(peKTHBHE (J1it0Ue) 3HAYCHHS 3MIHHOTO CTPYMY.

1.1.3.2. ®yHKIiOHAJbHUA reHEPATOP

DyHKIIOHATBHUHN TeHEepaTop HaBeAeHUH Ha puc. 1.8.

g N
Function Generator-XFG1 &
‘o Waveforms
el [ [ | [
Signal options ’ N
= Frequency: 1 Hz Set Rise/Fall Time @
. o,
Duty cyde: 50 Yo Default
Amplitude: 10 Vp Rise/Fall Time: (1.00000e-009 -- 5.00000e-001)
Offset: 0 v 10 nsec Accept
e [ Set rise/Fall time ] Lﬁﬂﬂ__j
| ¥EGL |
e O w
| 4 S + Common .
e el ¥
~ 4 —
o B T

Puc. 1.8 ®yHK1IOHATBEHUN TEHEPATOP: a) MO3HAUCHHS Ha MaHell KOHTPOJIbHO-BUMIPIOBATLHUX
npunaziB; 0) Mo3HAUYEHHS HA CXEMi; B) JIMIIbOBA MAHENb; T') BIKHO BCTAHOBIICHHS Yacy
HapOCTaHHs/CHaay NPSMOKYTHHUX IMITYJIbCIB

KepYBaHH}I TreHepaTopom 3,£[iI>'ICHIO€TbC}I HAaCTYITHUMHU OpraHaMU KEPYBAaHHS:
—Waveforms

TPUKYTHA 1 NpsIMOKYTHA,
Fraquency |1

- BUOIp (hOpMHU BHXiJIHOTO CHTHANly: CHHYCOiJajlbHa (32 YMOBYAHHSM),

- YCTAaHOBKA 4aCTOTHU BHXiI[HOFO CUTHAITy,

Duty Cyecle [50 * - ycranoska koeQilieHTa 3amoBHEHHS B %: JUIi CHHYCOiJalbHOIO
CUTHAITY HE 33JIa€ThCSA; ISl IMITYIbCHUX CUTHAJIIB I1€ BiHOIIEHHS TPUBAJIOCTI IMITYJIbCY J0 MEPIOAY
MMOBTOPEHHS - BETMYMHA, 3BOPOTHA MIMAPyBATOCTI; A1 TPUKYTHUX CUTHAMIB - CIIBBITHOIIEHHS MiXk
TPUBAIOCTSIMU MEPEIHBOTO 1 33 THHOTO (PPOHTIB;

Amplitude | 10 l - YCTaHOBKA aMIUTITYJH BUX1THOTO CUTHAITY;

- YCTaHOBKa 3CyBY (TMOCTIHHOI CKJIaJJOBOi) BUX1IHOTO CUTHAIY;
Set Rise/Fall Time |

- YCTAHOBKA 4acy HapOCTaHHSA/CIaAy IMITYJbCIB TeHepaTopa (TUIBKH IS
npsIMOKYTHUX). [Ipy HaTHCKaHHI i€l KHOIKY 3’ SIBISEThCA OKpeMe BikHO (puc. 1.8,r).

+ Common =

& & A - YMOBHE IMO3HAUEHHs BHUXIJIHUX KIJEM; NMpH 3a3emieHHi kiemu Common

(3arayibHUI) Ha KJIEMaxX «-» 1 «+» oTpuMyeMo napada3Huil CUTHAIL.



MIHICTEPCTBO OCBITU I HAYKH VKPAIHU ®-20.09-
JKuroMupchKa JEPXXABHUU YHIBEPCUTET « )KUTOMUPCBKA MMOJITEXHIKA» 05.02/2/175.00.1/b/0OK16-
noJiTexHika Cucrema ynpaiainas sikictio Binnosinae JICTY I1SO 9001:2015 1-2025
Bunycxk 1 3minu 0 | Exsemnaap Ne 1 Apx 5818

1.1.3.3. BarmeTtp

Ha nunposiit manemi Batmerpa (puc. 1.9,B) po3ramioBaHo Iucriieil ajast BijgoOpaskeHHs
pe3yibTaTiB BUMIPIOBaHb, NUCIUICH I BimoOpakeHHs KOedili€eHTa MOTYXXHOCTI Ta KJIEMH IS
T IKITIOYCHHST 10 CXEMHU.

KoedimieHT moTy)XKHOCT1 JOPIBHIOE KOCUHYCY (Da30BOTO KyTa MiXK HAIPYTO0 Ta CTPYMOM Ha
BUMIPIOBaHI JUISHII.

o N\
Wattmeter-XWM1 23
ne1a
gl ol Power factor: _
1 %t +V- 41
9% Voltage Current
+ - + -
\, =
a o B

Puc. 1.9 Barmerp: a) mo3HaueHHs Ha JHIAI KOHTPOJbHO-BUMIPIOBAIBHUX MPUJIAIIB; 0)
MMO3HAYCHHI HA CXEMi; B) JIMIIHOBA MTAHEIb

1.1.3.4. Ocuniorpag

JIupoBa maHens ocumiiorpada mokasana Ha puc. 1.10,B. Ocumnorpad Mae kaHanu
(Channel) i B i3 po3aiibHUM peryiitoBaHHSIM YyTIAMBOCTI B aiana3oHi Big 10 mxB/moxinka (WV/Div)
1o 5 kB/moainka (kV/Div) 1 perymatoBaHHsM 3cyBY o BepTukaii (Y position).

BuOip pexumy 1o BXOAy 3IHCHIOETHCS HATHUCKAaHHSAM KHOIIOK ) of ['D'E:'. Pexum AC
MPU3HAYEHUN [UIsI CIIOCTEPEXKEHHS TUIBKM CHUTHAIIB 3MIHHOTO CTpyMy (HOro e Ha3WBaKOTh
PEKUMOM «3aKPUTOTO BXOJY», OCKUIBKM B LbOMY PEXHMI Ha BXOJI MiJICHIIIOBaya BKIIIOYAETHCS
PO3AUIBHUN KOHJEHCATOp, L0 HE MPOMYCKa€e MOCTIMHY CKIaaoBy). Y pexumi 0 BXiIHUN BHBIA
3aMUKaeTbcs Ha 3emito. Y pexxumi DC (BkiIroueHMH 3a 3aMOBUYBAHHSIM) MOXKHAa IPOBOJIUTH
ocuuorpadiuHi BUMIpIOBaHHS K MOCTIHHOTO, Tak 1 3MiHHOTO cTpyMmy. Llel pexxum 111e Ha3uBarOTh
PEKUMOM «BITKPUTOTO BXOIY», OCKUIBKM BXITHHM CHUTHAJI HAIXOAWTh Ha BXiJ BEPTHKAJIBLHOTO
mijcuiaoBada  Oe3mocepenHbo. 3 mpaBoi cTopoHW Bim kHomku DC  po3ramoBaHO yMOBHE

Mo3HaueHHs BXiZHOro BUBOAY. KaHanm B Mae 1mie 101aTKOBO KHONKY |..'_.|, IIpU HATHCKaHHI Ha SIKY
1HBEPTYETHCS CUTHAN KaHay B.

PeXUM PO3TOPTKH BHOMPAEThCS KHOMKAMH 1Ak [ dd] Bia] wB| v pexumi Y/T (3Buuaiinuit
PEKUM, BKIIFOUCHHUN 32 3aMOBUYBAaHHSM) Peai3yl0ThCs HACTYIHI PEKUMH PO3TOPTKH: IO BEPTUKAII
- Hampyra CUTHaJy, 10 TOPU30HTali — 4ac; B pexkumi B/A: mo BepTukaimi - curHan kaHaity B, mo
TOPU30HTAJIl - CUTHAJ KaHany A; B pexxumi A/B: 1o BepTHKalli CUTHAJI KaHally A, IO TOPU30HTAI -
curHai kanany B; B pexxumi Add: mo BepTHKaii - cyma CUTHaJiB BXOiB A Ta B, mo ropuzonTaii -
Jac.

B pexumi Y/T tpuBamicts posroptku (Time base) moxe Oytu 3amana B miama3oni Bix 0,1
He/mozinka (ns/div) no 1 c/moainka (s/div) 3 MOXKIMBICTIO YCTAHOBKHU 3CYBY B THUX K€ OJUHHIIAX TI0
ropusoHTai, To0To mo oci X (X position).
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| | Ak [E Reverse

“’“%_ T2 [E .
| E ;—.. | | -TZ_TI | E Ext. trigger
A _| Timebase Channel & Channel B Trigger
6 Scale: 10 ms/Div Scale: 5 V/Div Scale: 5 V/Div Edge: @ B |[Ext

¥ pos.Div): O ¥ pos.(Div): 0 ¥ pos.(Div): 0 Level: 0 v
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Puc.1.10 Ocuunorpad: a) mo3HaueHHs Ha JIHIAI KOHTPOJIbHO-BUMIPIOBATLHUX MPUIIAIiB; 0)
MO3HAYEHHS HA CXEMi; B) JINIIbOBA MIaHEIb

B pexumi Y/T nependaueHuil Takox pexum odikyBaHHs (Trigger) 13 3alyCKOM pPO3TOPTKH
(Edge) mo nepenabomMy ab0 3aAHBOMY (POHTY TPUTEPHOTO CUTHATY (BUOMPAETHCS HATUCKAHHAM

KHOIIOK £l .ZJ) npu peryiaboBaHoMy piBHI (Level) 3anmycky. TpurepHuil curnan mMoxe OyTH K
BHYTpIIHIM (BiJ KaHamy A a6o B), tak 1 3oBHimHIM (Ext). Bubip BUKOHYEThCS HAaTUCKaHHSIM
KHOIIOK

sing|Ner.[#uto] A[B|Et| Kyonka Sing. BHUKOPHUCTOBYETbCS Y BHUIAJKY, KOJU 3alMyCcK IOTPIOHO
3pOOUTH OJHOpPA30BUM. B 1bOMY BHMaAKy 300paK€HHs Ha €KpaHi ocmwiorpada mepecTaHe
3MIHIOBATUCS MICJA TOTO, SIK €KpaH MOBHICTIO 3amoBHUThCA. [Ipu HaTtucHyTiM kHomui Nor expaH
ociiorpada OHOBITIOETHCS KOXKEH pa3, K MPUXOIUTh TPUTEPHUI CUTHAIL.

3azemiieHHs ocuuiorpada 3aiHCHIOETbes 3a JonoMororo kiemu Ground y npaBoMmy
BEPXHbOMY KYTI IpUJIaay.

VY ocuunorpada € MOXKIUBICTH HPOKPYYYBaHHS 300pa)K€HHs IO TOPU3OHTANl 1 Horo
CKaHyBaHHs 3a JOMOMOIOI0 BEPTUKAJIBHUX BI3UPHUX JIHIA (CHHIN 1 4epBOHUM KOJBOpH), IO 3a
TPUKYTHI ByIIKa (BOHM Mo3HaueHi nudpamu 1 i 2) MOXKYyTh OyTH KypcOpPOM BCTAHOBJIEHI B Oy/Ib-sKe
Micue ekpaHa. [lpy 1npoMy B 1HAMKATOPHUX BIKOHISX i/l €KpPaHOM MPUBOISATHCS pPe3yibTaTH
BHUMIPIOBaHHS HAMpPyTrH, YaCOBUX 1HTEPBAIIB 1 IXHIX PI3HUI (MK BISUPHUMH JIHISIMH).

300pakeHHsI MOKHA 1HBEPTYBaTH HATUCKaHHIM KHOINKH Reverse 1 3anucaTtu naHi y ¢aiin
HAaTUCKaHHSM KHOIKHU Save.
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1.1.3.5. BumipwoBau AUX Ta @YX

JIupoBa maHe b BUMipIOBava rmoka3ana Ha puc.l1,B.

BumMmiproBau mnpu3HaueHHi i TOOYAOBM 1 aHamily aMIUNTYAHO-Y4acTOTHHX (Ipu
HaTHUCHYTIH KHoMII Magnitude, BKIIOUEHO 3a 3aMOBUYBaHHAM) 1 (0a30-9acTOTHUX (IIPU HATUCHYTIH
kHonui Phase) xapaktepuctuk mpu jorapudmiuHiii (kHomka Log, BKIIOYEHO 3a 3aMOBUYBAHHSM)
ab6o miniMHIA (kHOMKa Lin) mxkami mo ocsx Y (Vertical) i X (Horizontal). HamamryBanus
BUMIipIOBaua moysrae y BHOOpiI MeX BUMIpIOBaHHS KoedillieHTa repenadi i Bapiallii 4acToTu 3a
JIOTIOMOT'OF0 KHOTIOK Y BiKOHIIX F - Makcumanbhe 1 | - MiHIManbHe 3HaYeHHs. 3HaYEHHS YacTOTH 1
BIIMOBIAHE il 3HAaYCHHS KoedilieHTa mepeaadi abo ¢a3u BiIoOpakaroThCs Y BIKOHIX Y IPABOMY
HIKHBOMY KYTi BUMiproBaya. 3HaUYCHHS 3a3HAYCHHMX BEJIIMYMH B OKpeMux Todykax AUYX abo ®dUYX
MOJKHa OJIEp)KaTH 3a JOMOMOTOI0 BEPTUKAIBHOI BI3UPHOI JIHIWKH, IO 3HAXOAUTHCS Y BUXITHOMY
CTaHl Ha TOYATKy KOOpJAWHAT 1 MEpeMillyBaHOi 3a TpadikoM MHIIEI0 a00 KHOMKAMHU «— 1 —.
PesynpraTi BUMIipIOBaHBP MOJKHA 3allMCaTH TaKOX Yy TeKCTOBUH (ain. [l mporo HeoOXigHO
HATUCHYTH KHOMKY Save 1 B [1aJoroBoMy BiKHI BKazatu iM's (¢ailny (3a 3aMOBUyBaHHSIM
MPONOHYETHCS IM'st cxeMHOTO (haimy). B orpumanomy B Takuii cmocid TexcToBomy (aimi 3
posmmmpenHsaM .bod AUX 1 ®UX npeacraBieHo B TAOIUYHOMY BUI.

[ Bode Plotter-XBP1 ) |
m - Mode
- [ Magnitude ][ Phase l
a Horizontal Vertical
lutog [ tn |  [utog.J( tn |
F 1 GHz F 0 dB
1 mHz [ 200  dB
| T yEPs _| Controls
I :*\OUT | [ Reverse || save |[ Set.. |
|?313|‘-TJ ‘El () + I -  + outi -
— ]
0 =3

Puc. 1.11 BumiproBau AUX ta ®UX: a) mo3HaueHHs Ha JIHIAI KOHTPOJIbHO-BUMIPIOBAIbLHUX
NpuiIajiB; 0) MO3HAUYEHHS HA CXEMI; B) JIMIIbOBA ITaHEIb

[TigxmroueHHs MpUiaay 10 JOCTIIKYBaHOI CXeMHU 3JIIHCHIOETHCS 3 JIOTIOMOTOI0 KOHTAKTiB
In (Bxim) 1 Out (Buxinx). JIiBl KIeMH KOHTAaKTIB MIJKIOYAIOTHCS BIAMOBIIHO O BXOAY 1 BUXOAY
JOCIIJKYBAHOTO TPHUCTPOIO, a MpaBi - A0 3arajpHOi MHHU. Jl0 BXOJYy HPUCTPOIO HEOOXiTHO
MIIKITIOYUTH (YHKIIOHATBHUM TeHepaTop abo iHIIE JHKepesno 3MIHHOI Halpyrd, IpH IbOMY He
Tpeba poOUTH HISIKUX HAIAMITYBaHb y LUX MPUCTPOSIX

1.1.4. Po6oTa 3 moTeH1ioMeTpoM.

[ToreHuiomeTp — 1€ perysibOBaHUMN MOJUIBHUK €JIeKTPUYHOI HAIIPYTH, 1110 SBJISE€ CO00I0, K
MPaBUJIO, PE3UCTOP 3 PYXOMHUM BiJBIAHUM KOHTakTOM. OnHak 3apa3 iCHYIOTh 1 LU(POBI
MTOTEHI[IOMETPH, IO SABJISIOTH COOOI0 IHTETPAIBHY CXEMY, SIKa HE Ma€ PyXOMHUX YACTHH 1 I03BOJISIE
IIPOTPaMHO BHCTABJISITH OIIIp.
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B Multisim motenmiomMerpu 3HaxoasaThes B Oi0moTeri Basic, Bknagka POTENTIOMETR.
Bipryansnuii  morenuiomerp 3HaxomuThes |y Bkimaani  RATED VIRTUAL. PoGora 3
MTOTEHI[IOMETPOM TOTPeOye JETKUX MOSICHEHBb, BPAXOBYIOYH, IO B OLIBIIOCTI JTabOpaTOPpHUX pOOIT
BOHU BHKOPUCTOBYBAaTUMYThCA. BakIMBO mMmam’siTaTH, IO 3arajbHUil OMip MOTEHI[IOMETpa B
Multisim 3a5exuTh BiJi CIOCO0Y BKIIFOUEHHS «PYXOMOI» YaCTHUHU (IT0O3HAYEHA CTPIIKOI0, HA/l KOO
CTOITh BEIMYMHA Yy BIICOTKAX). SIKIO MOTEHLIOMETP BKIIOYEHO TaK, K MOKa3aHo Ha puc. 1.12, To
3araJbHUIA OMip PO3PaXOBYBATUMETHCS SIK:

Puc. 1.12 Ilepuruii cioci6 BKIIOYEHHS MOTEHIIIOMETpa

SIK110 MOTEHLIOMETP BKIIFOUEHO TaK, SIK MOKa3aHo Ha puc. 1.13, To 3aranpHuil omip
PO3paxOBYBATUMETHCS SIK:
100 —x
g 100-%)
100

max.

1.1.5. AHaJi3 cxeM y 4acoOBil Ta 4acTOTHiH 00J1acTsIX.

B iMnynbcHHMX Ta HM(POBUX CHUCTEMaxX OJHHUM 13 BaXKJIMBMX MapaMeTpiB € MIBUAKOMAIA. J[is
BHU3HAUEHHSI I[bOTO IapaMeTpa BUKOPUCTOBYIOTh TECTOBI cUrHaiu. [lopiBHIOIOYM peakiio Ha
BHUXOJIl CXEMH 13 CHUTHAJIOM, IO TOJAE€ThCS HA BXiJ, BHU3HAUYAIOTH HEOOXiAHI THapaMeTpu Ta
XapaKTePUCTHKU CXeMH. Tak poOJsATh HE JHIE NMPU TEOPETUUYHUX pPO3paxyHKax, ajie 1 MijJ yac
HACTPOIOBAHHS anaparypu.

JI1st OIIHKH IIBUAKO/IT SIK TECTOBI BUKOPUCTOBYIOTh CUTHAJIH, 11O OMMCYIOTHCS CX1T9aCTOIO
¢byHKuieo, ado MpsAMOKyTHI immynbeu. [Ipu npoMy peakxiiisi Ta CKJIagHI paJiOeTeKTPOHHI CXEMH
nmpu X a”aizi 300pa)xaroTh 3a JIOMOMOTOI0 €KBIBAJICHTHUX CXEM, IO MICTATh B COO1 PE3UCTOPH,
KOH/ICHCATOpH, 1HAYKTHBHOCTI, KEpOBaHI TI'€HEpPaTopu CTPyMy Ta Hampyru. Y TakKMX CXemax
IHepIIHHICTh, HAABHICTh YaCOBHX Ta YaCTOTHUX CIOTBOPEHb MOJENIIOIOTH 3a jJornomoroto L- ta C-
eneMeHTiB. EnekTpuuHi Koma 3 eneMeHTamu, mo HakonuuyioTh eHeprito (C Ta L) cyrreBo
BIIPI3HSIOTBCS B KUI, IO CKJIQJAaOThCS BUKIIOYHO 3 PE3UCTOpIB. B OCTaHHIX 3 BUMKHEHHSIM
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HE3ICXKHUX JDKEpeN yCi Hampyrd 1 CTPyMH MHTTEBO CTalOTh pPIBHUMHU Hyio. HaBmaku, B
eNIeKTpUYHUX Koiax 3 C- Ta L-edeMeHTaMH CTpyMH 1 HANPYTH 3aJIMIIAIOTHCS JESKUN 4ac HaBITh
ICJISI BAMKHEHHST HE3aJIeKHUX JpKepen. Ll Hanpyru Ta cTpyMu 3MEHITYIOTBCS 32 BIAIOBIIHAM ISt
JaHOi cxemu 3akoHOM. [lepexigHuil mporec MPOJOBKYEThCS TOTH, JOKU BCS HAKOMHYEHA CHEPTris
HE PO3CIETHCS HA PE3UCTOpaX.

Puc. 1.13 [pyruii crioci0 BKIFOUEHHS MOTEHI[IOMETpa

[Tapamerpy Ta MOXIMBOCTI BUKOPUCTAHHS KOHKPETHOI CXEMHM MOJKHA OIIHIOBAaTH
anamizyroun npomecu B RC- ta RL-xonmax. Y maGoparopHiii poOoTi mocmikyroThest Tinbku RC-
Kosa. Y cxeMax MOXKyTh OyTH 0e311iu KoMOiHallii pe3ucTopiB 3 KOHJIEHCATOPAMH.

Ue U
I[ 4 + R e —
o | } o O] } o
44 & R U, =
=l =L N w5 LT U=
e O O <
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Puc.1.14 Ilpocti RC-cxemu: a - nudepeniiroya; 6 - iHTerpyroua

HInsxoM pi3HUX MEePEeTBOPIOBaHb 3rajiaHi KOMOiHaIi{ 3BoaAThC 0 ABOX TUMIB RC-cxem:

nudepenmianbHa (pucyHok 1.14, a) Ta iHTerpyrounx (pucyHok 1.14, 6).

[TepeximHa XapakTepUCTUKAa CXEMH, IO € PEAKI[EI0 Ha BXIAHUA CUTHAN Yy BUTISAIL
OMHUYHOTO CKayKa, SBISIE COOOI XapaKTEPUCTHKY, SKa JO3BOJSE BH3HAYUTH TPUBATICTh
MEePEeX0/Iy CXEMU 3 OJIHOTO CTaHy B IHINUHU 1 1a€ MOXJIMBICTh OI[IHUTH IIBUAKOMAI0. TakuM 4HHOM
CXEMH JIOCTIKYIOTh Y 4acOBiil 00J1aCTi, 110 J03BOJISIE OI[IHUTH YacOB1 CIIOTBOPEHHS CUTHAIB.
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Jis 3HaYHOTO KJIacy eNEKTPUYHHX Ta EJICKTPOHHUX CXEM BaXIJIMBUM € OIliHKa iX
CIPOMO’KHOCTI nepeaBaTH (IiJCUIIOBATH) CUTHAIM Y HEOOXIJHOMY Jiana30Hi 4acToT, TOOTO MaTu
HEOOXiHY CMyTy IponyckaHHs. [ IbOro BUKOPUCTOBYIOTh YaCTOTHI TTApAMETPH CXEM, a aHali3
MPOBOJATh Y YaCTOTHIM oOsiacTi. Y IbOMYy BHIIAJKy SK TECTOBI BHKOPHCTOBYIOTh TapMOHIYHI
CHTHAJIM Pi3HOT YaCTOTH.

Enextpuuni koia, oOya0BaHi BUHATKOBO Ha 11€aIbHUX PE3UCTOpPaX, HE 3MIHIOIOTh
CIIBBIHOIIICHHS OMOPIB 31 3MIHIOBaHHSIM YaCTOTH BXIJTHOTO CUTHAITY, @ TOMY MalOTh CTaJIui
Koe(illieHT mepeaadi Hanpyru. AMIUTITYIHO-9acTOTHA xapakTepuctuka (AUX) cxemu, ToOTO
3aJIeKHICTh MOYJIs KoedimienTa nepenayi mo ammunitydi Big vactotd KU (), y iboMmy BUIAAKY
ABJIsIE COOOI0 TOPU3OHTANIBHY JIHIIO.

K- *
1
0,707 |
// ®BU
® ®

=

Puc. 1.15 YactoTHa XapakTepucTuka qudepeHIifHol cxeMu

®HY

© ®

Puc. 1.16 YacToTHa XapakTepuCTHKa IHTETPYIOYOi CXEMHU

HasiBHicTh nepenbaueHux Ta HenepeadaueHux (mapa3uTHUX) EMHOCTEN Ta 1HAYKTUBHOCTEH
3YMOBJIIOE 3HAYHY 3aJIeXKHICTh KoedillieHTa rnepeaadi cxemu Bijg gactotu (puc. 1.15, 1.16).

1.1.6. Ilepexinna xapakrepucruka q1upepenuianbuux RC- cxem.

ToOTo mepeximHui POIIeC 3aJICKUTD B1JI MPOIIECY 3apsKEHHS KOHICHCATOpa.
[Tpu BMHKaHHI KOHAEHCATOpa 110 JKepena 3 Hanpyroto Usx (puc. 1.17,a) Hanpyra Ha HbOMY
(3apsa KOHIEHCATOPA) 3MIHIOETHCS 32 €KCIOHEHTOXO (puc. 1.17, 6):

U = Up(1—e7) (1.1)

Hanpyra na Buxoni:

_t 1.2
Uauxzus){_uczuaxxe . ( )

VY nouarkoBuii MoMeHT (t = 0) Hampyra Ha KOHJEHCATOpi JOPIBHIOE HYJIO, a Hapyra Ha
BHXOJI CTPUOKOM J0CSITa€ MaKCUMAJIBHOTO 3HAYCHHS, SIKE JOPIBHIOE aMIUTITY Il BXITHOTO CUTHAITY
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(puc. 1.17, B). 3pa3y >k MOYMHAETHCS 3apsHPKEHHS KOHAeHcaTopa 31 ctanoro dacy T = RC. Ile myxe

Ba)KJIUBUHA MOMEHT.

Iex
i)
0 T 27T 37T 47 &7 f
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Puc. 1.17 Ilepexinni npouecu B tudepeniinii RC-cxemi
JlndepeH1iondl cXeMH — 11 CXEMH, B SIKUX Hallpyra Ha BUXO/I1 IPONOpIiiiHa MOX1AHIN
o 13
o {202 (13)
dt

PosrnsiHemMo nepexigHuii mporec y Takiii cxemi (AuB. pucyHOK 1.14) mpu mojadi Ha BXif
CX1J4aCTOr0 CUTHAITy aMIUTITy1010 Usy . CUTHA Ha BUXO/ll BU3HAYAETHCS PIBHSIHHAM:

Harfpys3i BXO1y:

UBMX = UBx - Uc
= HaIpyra Ha BUXO/i IOpIBHIOBaTHUME:

UYepesz wac =

— -1
UBH){ - UB){ xXe




MIHICTEPCTBO OCBITH I HAYKH VKPAIHU ®-20.09-
JKuroMupchKa JEPXXABHUU YHIBEPCUTET « ) KUTOMUPCBKA MMOJITEXHIKA» 05.02/2/175.00.1/b/0OK16-
noJiTexHika Cucrema ynpasiinns sikictio Bignosinae JICTY ISO 9001:2015 1-2025
Bunycxk 1 | 3minu 0 | Exsemnnap Ne 1 Apk 58115

ToOTo Hanpyra Ha BUXO/Ii 3MEHIIIUTHCS B «€» pa3iB Ta JOCITHE PiBHS:

Uy = 0,37 x Uy, .
Hanpyra Ha xonneHcaropi:

Ut‘ = qu - Uunx
U, =063 xU,

Uepesz yac = 2T Hampyra Ha BUXOJ1 3MEHIIUTHCA A0 PIBHS:

Uuux = qu * E_T = qu * E_z = U,13 * ng
U, =087 x U,

Yepes uac = 3T mnepexiaHi IpolecH NPAaKTUYHO 3aKIHIYIOThCH.

TpuBaicTs nepexiHUX MPOIECiB BU3HAYAIOTH K Yac 3MiHM HAmpyrH sux Bix 0,05 mo 0,95,
ab6o Ha piBHax 0,1 ta 0,9, mo BinOyBaeThcs mpubOIN3HO 32 3 , 00 BiAOBIIHO 32 2 .

Curnan Ha BUXo/i Iu(EpeHIiiiHOT CXeMHU CYTTEBO BiAPI3HAETHCA 32 (POPMOIO BiJ BXiTHOTO.
Ile BUKOpHCTOBYETbCA ISl NU(EpEeHIIOBaHHA CUTHANIB Oyab-ikoi (GopMH, y TOMY 4YHUCHI
rapMoHiyHuX. [Ipy 1bOMY pO3B’sI3ylOTH IBI OCHOBHI 3ajJadi TEPETBOPIOBAHHS CUTHAJB: —
OTPUMAaHHS IMITYJIbCIB JyXe Majoi TPUBAJIOCTI (BKOPOUECHHS IMIYJbCIB), IKi BUKOPUCTOBYIOTh JIJIS
3allyCKy KEPOBAaHMX IEPETBOPIOBAYIB E€JIEKTPOCHEPrii, TPHUrepiB, OIHOBIOPATOPIB Ta IHIINX
MPUCTPOIB; BUKOHAHHS MaTeMaTU4yHOi omneparii audepeHIitoBaHHs (OTpUMaHHS MOXiIHOI B 4aci)
CKIaJHUX (QYHKIIN, 3aJaHUX y BUIJISAl €JIEKTPUYHMX CHUTHAJIB, IO YacTO 3YCTPIYAEThCS B
o0uHCITIOBaNIbHIN TEXHIl, anapaTypi aBTOPETYIFOBaHH Ta iH.

Onepariga qudepeHLitoBaHHs Bi10yBaeThCs JMILIE TOAl, KOJIM TPUBAIICTh IMIYJbCY 3HAYHO
IIEPEBHUIIYE CTALy Hacy > .

Taki )x RC- kona BUKOpPHCTOBYIOTH Y JIIHIHHUX CXeMaxX, 30KpeMa, y mijcuioBadax. Tpeba
3ayBaXUTH, 110 B I[IbOMY BHUIAJKy BHUMOTM /O BEJIWYMHM 30BCiM iHIII. HeoOxigHo, 11100
1H(pOopMaLIHHUN CUTHAJ MIPH TiACUIIEHH] 30epiras popmy, a 1€ MOXJIMBO KOJIH 3a Yac il IMITYJIbCY
() 3apsan KoHAEHCATOpa CYTTEBO HE 3MIHUTKCS. Lle BimOyBaeThes 3a yMOBH K . Y JaHOMY BUMIAAKY
cxeMmy (puc. 1.14, @) BHKOPUCTOBYIOTH $K €JIEMEHT MIDKKACKaJHOTO 3B SI3Ky, IO DPO3’€AHYE
€JIEKTPUYHI KOJa 3a MOCTIHHMM CTPYMOM, ajié He BHOCHTh CIIOTBOPEHb IiJI yac mepeaayi
1H(pOpMaLIHHUX CUTHAIIIB.

1.1.7. Ilepexinna xapakrepuctuka interpyrouux RC-cxem.

B iHTerpyrounx xojax BUXiJHA Hampyra NpoIopiiiiHa iHTerpaty 3a 4acoM BiJ BX1AHOT

HAIIpyru:
Ugexe = a % [ Uy, dt. (1.4)

BigMiHHOCTI KiJI, IO 1HTErpylOTh, BiA THX, 10 AU(EPEHLIIO0Th, MOJATa€ B TOMY, IIO
BUXIJHA Hampyra 3HIMaeTbcs 3 KoHneHcaTopa (puc. 1.14, 6). BukopucroByrooTh I Koja s
OTPUMaHHS JIHIMHO 3MIHIOBaHMX MWJIKOMOMIOHUX HAmNpyr, a TaKoX I peaizauii omepauii
IHTErpyBaHHS.

Jlyis BUKOHAHHS Takoi omeparii HeoO0XiIHO, 00 cTana yacy Kojia T Oyna 3HAYHO OiBIIO0
BiJl TPUBAJIOCTI BX1THOTO IMIYJbCY T K iz, @ JUIsI CHHYcoinanbHoro curnainy —RC > 1/ w.

[Ipu momaui Ha BXix cximyactoi Hanpyru (puc. 1.18, @) y mouaTkoBuii MoMeHT (t = 0) Bcs
BXiJlHA Hampyra TMpUKIAJIEHa 10 PE3UCTOpa, a Hampyra Ha KOHJIEHCATOpPi MOPIBHIOE HYIIIO.
KonneHncarop nounHae 3apsmKaTiCh 31 ctanor dacy 7 = RC. CTpyM MOCTYIOBO 3MEHIITYETHCS, 110
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00YMOBIIIOE€ 3MEHIICHHS crany Hampyru Ha pesuctopi (puc. 1.18, 6), a Ha Buxoai (Usux = Uc)
Harnpyra 3pocrtae 70 3HaueHHA Uy = Usxx (puc. 1.18, 6).

[Tepexigauii mporec Tak camo, sK 1 y nudepeHIliHIX JaHIFOTax OIIHIOKTH 32 2T npu
¢ikcamii Ha piBHI (1 — 0,9) X Usux, a00 3a 3t npu ¢ikcamii Ha piai (0,05 — 0,95) X Usux,. Li
BEJIMYMHH BU3HAYAIOTh NPOTSHKHICTH MEPEX1THOTO MPOIIECY IiJ] Yac MEePEKIIOYCHHS CXEMH, a BITaK
— 1 IBUIKOIIO MMPUCTPOIO.

Komu Ha BXim IHTErpyrd4oi CXeMH IIOCTyNa€ MEpiOJAWYHA IOCIIAOBHICTh IMITYJIBCIB
MPSAMOKYTHOT ()OpMH TPUBAJIICTIO , TO JJIs iX mepenadi 06€3 CyTTEBOrO CIIOTBOPEHHS HEOOXiTHO,
mo6 crana yacy Oyna mana ( 7 < & ). Y IbOMYy BHIIAJKy BUXiJIHA Hampyra BiATBOPIOE (hopMy
BXIIHUX IMITyJIbCIB, OCKIIbKH KOHICHCATOP BCTHUTAE IMOBHICTIO 3apSIUTHCh 32 Yac, SIKUi CTAHOBHUTH
Iy’K€ Majy 4acTKy TPUBAJOCTI iMmynbey. [Ipu 1[bOMy TPHBAIICTh HEPEAHBOTO (GPOHTY IMITYIbCY
OyJie HE3HAYHOIO.

V pa3si BUKOHaHHS YMOBHU IHTErpyBaHHs (T >> ) y MOMEHT HaJXO/KEHHs IMITYJIbCY Ha BX1J

CXEMHU BCs BXiJJHa HAIpyra MpHUKIAJICHA JI0 PE3MCTOpa, a Hampyra Ha KOHJEHCATOPI JIOPIBHIOE
HYJI0. 3a yac il iMIy/IbCcy KOHICHCATOP MOBUIBHO 3apsKAEThCA, a HAIIPyra Ha HbOMY TOBLIBHO
301IbIIyeThCS. AJie 3a BKa3aHOi yMOBHM HaIlpyra Ha KOHJCHCATOpI HE BCTHTAa€ JOCSITTH HANPYTH
Usux. 110 3akiHUEHH1 BX1IHOTO IMITYJIbCY KOHIEHCATOP TaK CaMO MOBLILHO PO3PSIKAETHCS.
TakuM 4YMHOM, Ha €MHICHOMY BHXOJi (OPMYIOTHCS PO3TATHYTI IMITYJIBCH, SIKI MAarOTh (Qopmy
eKCMOHEHIIMHOT muiku. Taki CIOTBOPEHHS BXITHUX IMIYJBCIB HE 3aBXKAU JOMYCTUMI. Y IBOMY
BUMAJIKY TPHUBAJICTh MEPEAHHOTO (POHTY BUXIJHOTO IMITYJIbCY MOXE MEPEBUIIYBATH TPUBANICTh
iHpOpMaLIHHOTO IMITYJIBCY .

Um ;3
a
T 2T 3T 4T 5T f
a
&1
05
oy
— -
f
Uﬂm
1
e /’.‘
05
TlowaTsnEtt Kipmtt |
CTaH CT4H

Puc. 1.18 Ilepexinni npouecu B iHnTerpyrodit RC-cxemi

3po3yMiJIo, 10 Yac 3apsay Ta po3psay KOHJIEHCAaTOpa BU3HAYAE TAaKOXK MIHIMAJIBHHUM MEePio
BXIJTHUX IMITYJIBCIB 1 IIBUAKOIIIO.
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CxeMy, Moka3aHy Ha pUCYHKY 1.14, 6, yMOBHO Ha3MBaIOTh IHTErPYIOUYUM KojioM. Ormepartis
IHTErpyBaHHs B1I0OYBA€ThCS JIUILE 32 YMOBHU >> sx. [Ipy 1IbOMY (OopMa BUXITHOIO IMIYJIbCY AYXKE
BiIpI3HAETHCS BiJ (OPMH BX1JTHOTO (Ha BXOJI MPSIMOKYTHHH IMITYyJIbC — HA BUXOJII €KCIIOHEHIIIITHA
nuika). SIKImo Taka X CXeMa Mae€ CHIBBIIHOIIEHHS <K px, TO B1IOyBAa€TbCs JIMILIE HEBEIIMKE
CTIIOTBOPEHHS BUX1IHOTO IMIYJIbCY (30UIBIIYETHCS TPUBAIICTD MEPEIHBOTO Ta 33 JHHOTO (PPOHTIB).

1.1.8. YacroTHi xapakrepucTuku 1udepenuirowoyux RC-cxem.

3anexHicth koedimienta mepenayi RC- ta LC-cxem Bim 4acTOTH BXIJHOTO CHTHAY
3yMOBJICHA 3MiHOIO OIOPiB KOHJCHCATOPIB Ta IHAYKTUBHOCTEH. Y audepenuiroounx cxemax (puc.
1.14, @) 3i 361IBIICHHSIM YaCTOTH HAMPyra Ha BUXO/I 301IbIIYETHCSA, KOe(DIli€HT repeaadi 3poCcTae.

[

£y

Y

=T

|

]
-+

Puc. 1.19 3anexHicT GopMu BUXITHUX IMITYIbCIB AUPEPEHLIIHHUX
RC-cxeM Bix criBBigHOIIEHHS ti Ta T:
a) BximHuii curHai; 0) ti < Ti; B) ti = 3Tj;

r) ti > Ti.
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BrnactuBocTi cxeMu OLHIOIOTH 32 tornoMoroio AUX, sika BigoOpaxae 3a1eKHICTb MO
koedirienTa nepenayi BiJl YaCTOTH.

Monynb koedimieHTa nepeaavi BU3HA4Ya0Th 3a (HOPMYJIOF0:

K(w)= ——
(@) 1 (L5)

1+
wRC

CMyry npomycKaHHs CXEMHU OI[IHIOIOTh Ha  PiBHI, KOJM MOAYJIb KoedilieHTa mepenadi
3MEHIIYETHCS B V2 pasu. Y mudepenniitnux RC-cxemax 1ie BiAOyBaeTbcs y pas3i 3MEHIICHHS
9acTOTH 10

W= 1f‘RC: 1z

Taxum ynHOM, qudepenuiini RC-cxemMu mponyckaroTh CUTHAIM 1 4aCTOTOIO0 W = Wu, TOOTO
€ pimpTpamu BepxHix yactot (OPBY) (puc. 1.15).

1.1.9. YacroTHi xapakTepucTuku inTerpyrouux RC-cxem.

[aTerpyroui cxemu 3i 30UTBLICHHSIM YaCTOTH 3MEHIIYIOTh aMILTITYJy BHXIJHOTO CHUTHaNY,
Koe(iIieHT mepenayi majae.
Monynb koedilieHTa nepeiadi JOpiBHIOE:

1 (1.6)
J1+wRC

K(w)=

S0 yacToTa BXIJHOTO CHTHANTY JocArae BedudunHd = 1/ , To Moaynb KoedilieHTa
nepenayl 3MEHIIY€ETbCS Y V2 pa3u. Taku 4YMHOM, IHTErpyroUl JIAHLIOKKH MPOIYCKalOTh CUTHAIIU 13
gacToToo B w = 0 1 10 w = w &, TOOTO € PpunbTpamu HUKHIX yacToT (OHY) (puc. 1.16).

[Tepenaua curHamiB B 00JaCTI HIXKHIX YaCTOT MOXE PETYJIIOBATUCH. €MHICTh PO3/1JI0BOTO
KOHJIEHCaTopa B MiJCHIIOBadax OepyTh JOCTaTHbOI BEJIWYMHHU, 100 3a0e3MednuTd HEeoOX1THHMH
CHEKTP HIKHIX 4acTOT. Y cHelialbHUX MIJICUIIOBayaxX MOCTIHHOTO CTPYMYy Taki KOHJIEHCATOPHU
BiJICYTHI.

CxnagHinry 3agady po3B’si3yl0Th, 100 3a0€3MEeYNTH PO3IMIUPEHHS YaCTOTHOTO J1alla30Hy B
01K BHCOKHMX YaCTOT. Y CXeMax 3aBXIU € Mapa3uTHI €MHOCTI MOHTaXy, aKTUBHUX Ta MAaCHBHHMX
eleMeHTIB. BOHM 3yMOBIIOIOTH OOMEKEHHS Jiana3oHy 4acToT 1HGOpMaliHHUX CUTHAIIB, IO
NepeaaroThCs Ha BUX1J CXEMHU.

YacToTHi 1 mepexiiHi XapaKTepUCTUKU TOB’sA3aHI MK c00010. POo3ImIMpeHHs 4acTOTHOrO
Jiarna3oHy B 00JIacTi BEPXHIX YacCTOT OOYyMOBIIIOE 3MEHILIEHHS TPUBAIOCTI MEPEXiJHUX MPOIIECIB,
301IBIICHHS IIBUAKO/IIT CXEMH, 3MEHILEHHS TPUBAIOCTI EPEHHOT0 (PPOHTY IMIYJIBCY HA BUXO/II.

Po3mmpenHss 4acTOTHOTO Jiana3oHy B 00JacTi HIKHIX YacTOT OOYMOBIIIO€ 3MEHILIEHHS
Crajay BEpILIMH IMIYJIbCIB; 3MEHIIY€e CIOTBOPEeHHS popmu iMmynbeiB (puc. 1.19 ta 1.20).




MIHICTEPCTBO OCBITH I HAYKH VKPAIHU ®-20.09-
JKuroMupchKa JEPXXABHUU YHIBEPCUTET « ) KUTOMUPCBKA MMOJITEXHIKA» 05.02/2/175.00.1/b/0OK16-
noJiTexHika Cucrema ynpasiinns sikictio Bignosinae JICTY ISO 9001:2015 1-2025
Bunycxk 1 | 3minu 0 | Exsemnnap Ne 1 Apk 58119

1.2. Ilopsinok BUKOHAHHS Po00OTH

1.2.1. JocaixxeHHs cXeMH NMOAiIJILHUKA HANIPYTH

1. [IpuHIMIIOBa ENEKTPUYHA CXeMa MOIUIBHIKA Hapyru 300paxeHa Ha puc. 1.14.

2.3anyctut nporpamy Multisim #imo6yayBatu cxemy (puc. 1.21). J{nst uporo:

- BUOEpITh €JIeMEHTH, HEOOX1TH1 ISl TOOYTIOBU CXEMU;

- TACHBHI KOMIIOHEHTH (PE3UCTOPH) 3HAXOAATHCS y rpyni Basic; mxepena mocTiiiHoi Ta

3MIHHOT HAmpyT, 3a3eMJICHHS — Tpyna Sources; MyJIbTUMETpP — JIiHIHKa IHCTPYMEHTIB.

- PO3MICTITh 3HAi/IeHI KOMIIOHEHTH Ha poOOYOMy Moy Mporpamu. BukopucTOBYHTE
BipTyaJIbHI MOJIEJIi PE3UCTOPIB.

- 3’eTHaTe BCl KOMITIOHEHTH. B pa3i HeoOXi11HOCTI BUKOPUCTOBYUTE JTOJIATKOBI BY3JIH.
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Puc. 1.20 3anexHicTh popMHU BUXITHUX iMITYNbCiB Audepenniinux RC-cxem BiJl CriBBiAHOIIEHHS

ti Ta T:

a) BXigHHU#H curHaL;0) ti > Ti; B) ti = 31Ti; I) ti K Ti.

- YBIMKHITH MOJICTFOBaHHSI,

Jocniaite oTpumany cxemy. s mporo:
BCTaHOBITh HACTYMHI Mo4aTkoBi 3HaueHHs: V1=12B, R1=1xkOm, R2=1xOwm;

BIIKPHITE MYJIbTUMETP Ta 3aMUIIITh 3HAUCHHS BUX1IHOT HAIIPYTH;
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- 3MIHIOIOYH 3HaYeHHs onopy pe3uctopa R1 3 kpokom 1kOm no 10kOwm, 3anuiiiTe 3HAYCHHS
BUXI1IHUX HAIpyT.

- po3paxyihTe eKCIepUMEHTAIbHI KOe(hIIEHTH IIJICHHS JaHOI CXEMHU MPH KOXKHOMY
3HadeHHi onopy R1 3a popmynoro Ky = Usx/ U sux;

- TOPIBHSINTE OTpUMaHI1 3HAYEHHS KOC(IIlI€EHTIB IUJICHHS 3 TEOPETUIHUMH, 1110
po3paxoByroThes 3a popmyioro Ky = (R1 + R2)/R2;

- pe3ynabTaTd 3aHECiTh y MPOTOKOJL.

Puc. 1.21 Cxema 17151 MOJIeNIIOBaHHS MOUIbHYKA HAIIPYTH

1.2.2. Jocain:kenus nudepenuirowioi RC-cxemu.

1. Binkpuru BikHO mporpamu Multisim i moOyayBatu cxemy mudepenuiiinoi RC-cxemu
(puc.1.22).
2. Hocnigutu qudepenniiiny RC—cxemy B 4acTOTHi# o6aacTi.

3. BcraHoBUTH y (DyHKITIOHATEHOMY reHEpaTOpi PeKUM reHepariii rapMOHIYHUX CHTHAJIIB.
BcranoBuTH Taki napameTpu curHany: yacrora 10 kI'n, amrutityna 10 B.

4. JlocaiiuTi YacTOTHI XapaKTEpUCTUKU TU(PEPEeHLIaTbHOI CXEMHU JIOIIOMOTOI0
BumiproBaua AUX ta ®UX (Bode Plotter). ¥ BianoBigHWX BiKOHISIX BCTAHOBUTH: MiHIMaJIbHE
nocna0neHHs BuxigHoro curHany = 0 gb (MakcumaneHUil KoeQilieHT nepeaadi), MaKCUMajbHe

nocnabnenus = —40 ab (MiHiManbHMI KoedillieHT mepenavi), MakcuMmalbHa yactora = 5 Ml
MiHiManbsHa yactora = 100I1y .
S. VYBIMKHYTH MOJIETIOBaHHS 3a JOMOMOTO0 BI3UPHOI JTIHINKN BUBHAYUTH HUKHIO

IpaHUYHY YacTOTy » Aupepeniiinoi RC-cxemu (4acToTy, Ha SKii KOeQIIieHT mepeaadi
3MeHIyeTbest 10 3 B). BUMKHYTH MOIETIOBaHHS.
6. IlepeBectu Bode Plotter B pesxxum nocnimxenns @UX. Ha nepeniii maHesni HATHCHYTH

KHOTIKY «Phase». BucraBuru 3HaueHHs napamerpis: F =135°, | =- 45°, YBiMKHYTH MOJICTTFOBaHHSI.
7. [IpoananizyBatu oaepxany @UX ta 3aHectu ii B mpoToKo. BUuMKHYTH
MO/IEJTIOBAHHS.

8. TloBTOpHTH EKCIEPUMEHTH TPU OJJHOYACHOMY 30UTBIIEHH] OMOPY MOTEHITIOMETpa i
€MHOCTI KoHAeHcaTopa 10 50%, a moTim 10 75% BiJ HOMIHATHHOTO 3HAYEHHS.

9. Pesynbratu 3anectu B mpoTokoi. ChopMytoBaTH BUCHOBKH.

10. Hocnigutu nudepenuitorouy RC-cxemy B yacoBiit ob6nacti. BctaHoBuTH Taki napameTpu
iMmnynbeiB reHepatopa: uvactota 10 kI (mepiog 100 wmkc), 3anmoBuenHs (Duty cycle) 50%
(TpuBasticTh iMmyanciB 50 mkc), ammtityaa 10 B.

11.  BuctaBuTu MiHIMaJbHI 3HAYCHHS OMOPY MOTEHILIOMETPA Ta EMHOCTI KOHJICHCATOPA.
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12. BucraBuTh pexxumu ocriorpada: tpuBanicts posroptku (Time base) 20 mxc/mominka,
tun GyHKIiOHAIBHOI 3aiexHocTi Y/ T, uyrnuBicTs kaHany «A» — 20 B/mominka, 3MilleHHS 110
BEPTHUKAJIl OCHWIOTpaMH CUTHaIy KaHainy «4» (Y position ) 2 nox, tun Bxoxy kanairy A «DCy»
(3aKkpUTHIA BXiZ, 32 3MIHHUM CTPYMOM ), YYTJIHBICTh KaHainy «B» — 10 B/mop., 3mimeHHs 10
BEPTUKAJI OCIMJIOTpaMHU CUTHaIy kKaHaimy «B» (Y position ) — 1.2 moa. Pexxum cunxpoHizamii —
3aITyCK BXIJHHUMHU CHTHAJIAMH, TOOTO CHTHAJIAMH KaHAITY «A».

13. VYBiMKHYTH MojenmoBaHHS. 3adikCcyBaTH Ta MpOaHATI3yBaTH BUXIIHI OCIHJIOTPAMHU.
Kopucryrourck kypcopamu 1 Ta 2 BU3HAUYUTH BEITMYMHY BUX1THOT HAIIPYTH HA MOYATKY 1 B KIHII Jii
BXiHUX iH(popMariiftHux curHaiiB. Po3paxyBaTu y BiICOTKax Craj BEpIIMHU IMITYJIbCIB.

14. TloBTOpUTH EKCIIEPUMEHTH TMPU OJHOYACHOMY 3OLIBIIECHHI OMOpPY MOTEHI[IOMETpa Ta
€MHOCTI KoHieHcaTopa 10 50%, a moTim 10 75% Biag HOMiIHAJIBHOTO 3HaYCHHS. Pe3ynbTaTu 3aHecTu
B IIPOTOKOJL.

Puc. 1.22 Cxema st nocnipkenss nudepeniirorouoi RC-cxemu
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Puc. 1.23 Cxema st nocnipkenss iHTerpyrodoi RC- cxemu

1.2.3. Jocainzxenns interpyrwo4oi RC—cxemu.

1. IloOynyBatm cxemy iHTerpytouoi RC-cxemmu (pucynok 1.23). BucraButu
HOMIHAJIbHY €MHICTh KoHJeHcaTopa 10 H®, Ta BenuuuHy 3MiHU €MHOCTI (25%). 3HadeHHs omopy
MOTEHI[IOMEeTpa Ta BCTAHOBJIEHI BIJICOTKU 3JIMIIMTH 0€3 3MiH.

Jocmigut yacToTHI Xapaktepuctuku inTerpyrodoi RC — cxemu. [lepeBectn reneparop B
pexuM GopMyBaHHs rapMOHIYHOTO curHany. Buctasutu ammiityay 10 B. Onepxxatn AUX Ta
®YX inrerpyrouoi RC— cxemu mist 3Ha4uens R 1 C (25, 50 ta 100%). Busnauutu 3a 10oMOror0
Bode Plotter ta po3paxyBary 3Ha4eHHs BEpXHIX rPaHHYHHUX YaCTOT.

3. Onepxxani AUX ta ®UX i 3HaYeHHS TPAHUYHHUX YaCTOT 3aHECTH B MPOTOKOJL.
[IpoananizyBatu oaepxani pe3yiabTaTi. 3p0OUTH BUCHOBKH.

4. ocmigutu nepexiaHi nmpouecu B inTerpytodiii RC—cxewmi. [lepeBectu GpyHKIIIOHATHHHAN
TeHepaTop B PeKUM (HOpMyBaHHS MPSIMOKYTHHX IMITYJIBCIB («— %), BUCTAaBUTH TakKi MapaMmeTpu
imynbeiB: yactora 10 x['m, BigcoTkum 3amoBHeHHS 50% (TOOTO TPUBATICTH IMIYIBCIB 5 MKC),
amrutityaa 10 B.

5. Bigkputu nepenHto naxenb ociuiorpada, Ta BCTaHOBUTH TPUBATIICTh PO3TOPTKHU
20Mkc/mof. Pemity mokasHHKIB 3aUIIATH O0€3 3MiH.

6. YBiMKHYTH MozemoBaHHs. CriocTepiraTi OCIHIOrPaMH BXiJHUX Ta BUXITHUX IMITYIJIBCIB.

7. T1oBTOPUTH €KCIIEPUMEHTH I11€ AJIS IBOX 3HAYEHb OMOpY MOTEHI[IOMEeTpa Ta EMHOCTEN
koHneHncaropa — 50% ta 100% HOMIHAJIBHOTO 3HAYCHHS.
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1.2.4. locaimxenHns noasiiiHoro T-noaioHoro mocry.

1. [loOynyBatu cxemy noasiitHoro T-moai6HOTrO MOCTY (pHcC. 1.24).

2. BukopucroByrouu Tabnuiro 1.1 BHCTaBUTH 3HaYSHHS OIOPIB B pe3ucTopax Tak, mod Ri

= Rz = 2-R3=R, 1 BenmnuuHy eMHOCTI KOHJEeHcaTopiB 13 crmiBBigHOmEeHHsM C1 =C 2 = 0,5-C3 = C.
3HauyeHHs onOpy HaBaHTaxeHHs R4 = 10-R.
Po3paxyBaTu KBa3ipe30HaHCHY YacTOTY 3a (OPMYJIOKO:
1
=T rRC
Tabmuus 1.1

[To3nauenns Ne BapianTa
1 2 3 4 5 6 7 8 9 10
R, kxOm 10 10 11 11 13 13 15 15 18 20
C,ud 9,1 8,2 7,5 6,8 6,2 5,6 51 47 4,3 3,9
Fi1, xI' 0,5 0,2 0,3 0,8 0,4 0,7 0,9 0,6 0,8 0,4
F2, xI' 10 20 30 40 50 60 70 80 90 15

[To3naueHHs Ne BapianTa
11 12 13 14 15 16 17 18 19 20
R, kxOm 22 22 24 24 27 27 30 30 33 33
C,ud 3,6 3,3 3,0 2,7 2,4 2,2 2,0 1,8 1,6 15
Fi1, xI' 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 0,1
F2, xI'n 25 35 45 55 65 75 85 95 10 20

[To3naueHHs Ne BapianTa
21 22 23 24 25 26 27 28 29 30
R, kxOm 36 36 39 39 43 43 47 47 51 51
C,ud 9,1 8,2 7,5 6,8 6,2 5,6 51 47 4,3 3,9
Fi1, xI'o 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 0,1 0,2
F2, xI' 30 40 50 60 70 80 90 15 25 35

[To3naueHHs Ne BapianTa
31 32 33 34 35 36 37 38 39 40
R, kOm 56 56 62 62 68 68 75 75 82 82
C,ud 3,6 3,3 3,0 2,7 2,4 2,2 2,0 18 1,6 15
Fi1, xI' 0,3 0,4 0,5 0,6 0,7 0,8 0,9 0,1 0,2 0,3
F2, xI'n 45 55 65 75 85 95 10 20 30 40

3. IlepeBectu pyHKIIOHATBLHUIA T€HEPATOP B PEKUM (POPMYBAaHHS TECTOBOTO FaApMOHIYHOTO
curHainy (~—""). BctaHoBUTH aMIUTITyly KOJIMBAaHHS - HaNpyra NOBHHHA BiANOBIAATH HOMEPY
BapiaHTa, BosibT . Yactoru — F1, F2 3 Tabn.1.1; F3 (4acToTa KBa3ipe30HaHCY)- pO3paxyBaTu.

4. Bu3HauuTH 3HaYEHHS CTPYMIB y BCIX JIaHLIOrax (BKJIIOYAlOUW BX1IHHI), HAIPYTH HA BCIX
eJIEMEHTaxX MpH JIBOX 3a3HAYEHUX YAaCTOTH BX1IHOTO CUTHAJY, a TAKOXK HA YaCTOTI KBa3ipe30HAHCY.
[Tpu BUMiprOBaHHI CTPYMIB i HANPYT MMOBUHHI OyTH BUKOPHCTaHI SIK aMIIEPMETPH 1 BOIBTMETPH, TaK

1

MYJIbTHUMETD. B sxocri JDKEpeiIa BXIILHOTO CUTHally ITOBUHHI 6YTI/I BI/IKOpI/ICTaHl SAK

TeHepaTop CHHYCOIIHOTO CHTHAITY, TaK 1 (YHKIIOHATHHHIA TeHepaTop. AMILIITY/Ia CUTHATY YU HOTO
Jiroue 3HaYeHHS BUOMPAETHCS CTYJICHTOM CaMOCTIHO, BUXOJSYH 13 HOMepa BapiaHTa.
5.BusHauntu mepiogw Ta 3cyBH (a3 MK BXITHHM 1 BHUXIJIHUM CHUTHAJOM Ha TPhOX YacTOTax.
Po3zpaxyBatu (pa3oBuii 3cyB Ta eKcliepuMEHTaIbHE 3HAYCHHS YacTOT B YCiX BUIAAKAX.

@®a30Buil 3CYB:

AT

¢ = 21T

1
ExcniepuMenTanbHe 3Ha4eHHA 4acToT: F = p
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6. Busnauntu koedimieHTH nepegadn MOCTy (BiIHOIIEHHS BUX1IHOI HAIPYTH 10 BX1THO1)
Ha I[[IX 9aCTOTax.

7. BucBitinutu nepentio nanens Bode Plotter. BucraButu mianason 3aryxaub F =0 1b no /
=—60 nb, cmyry wactor F =10 k', /=10 I'mm.
8. Hocainutn AUX, pesynbrat BUMiproBanb Ta AUX 3aHECTH B IPOTOKOJL.

9. IlepeBectu Bode Plotter B pexxum mocmimkeHHs ()a304aCcTOTHOI XapaKTEPHUCTHUKH.
Hocnigutu ®YX.

T
= o | | \ | LN
—— " Bode Plotter-XBP1
| X e e s [
xsc1 | ke | Magritude Phase
| $IN ouT | Horizontal Vertical
% el I_I | Log Lin Log Lin
i 17T Fl1 GHz | Flo &
A
E ot o 11 mHz 1| -200 de
T
1]
|| l Reverse Save Set...
= + L +@ In ® - +(® Cut @ —
R1 R2 ‘ I
1l - X
| 10kQ 10kQ Oscilloscope-XSC1 -
c3
=1InF
R4
1 100k0)
Function generator-XFG1 C: Cllz
Waveforms 1 nIF 1 |I1IF L
|| |
Signal options
Frequency: | 50 kHz
Duty cyde: 50 o
Ampltude: | 41 Vp < >
Offset: 0 v ?:Q 11 (@) _ Tme Channel A Channel B

7.100 ms -30.874mV -19.214V Reverse
7.120ms 1429V -18.792V
£ Save
T2T1 19,886 Us 1,460 V 421.615mY =
+ Commen
.

Timebase Channel A Channel 8 Trigger
Scale: | 5us/Div Scale: | 20 V/Div scale: PO VDiv 5| Edge: [F]%|[a]E ext
X pos.(Div): | 0 ¥ pos.(Div): | 0 ¥ pos.(Div): | 0 Level: [g

T2 [ [

T

v

I T I vir|[add|[B/a|[aB | [ac][ o |[oc ® [ac|o[oc]-] ® |singe ||Mormal|[Auto [Nane| ||

12+

Puc. 1.24 Cxema nns nocnixkeHHs moABiiHOTro T—1oi6HOTr0 MOCTY

1.3. Odopmienns 3BiTy

3BIT MOBUHEH MICTHUTH:

- METY J1abopaTopHOi poOOTH;

- JOCIIKYBaHY TPUHITUIIOBY €JIEKTPHYHY CXEMY;

- pe3yabTaTh AOCIIIPKEHb Y BUIIISI TaOIMIll 31 3HaYeHHsAMU onopy R1, BumipsiHoto
BHXI1JTHOIO HaIIPyTrol0, EKCIIEPUMEHTAIbHUMH Ta TEOPETUUYHUMH KOC(IIIEHTAMU JTITICHHS;

- OPUHIUIOBI  €NEKTPUYHI CXEMH BIpTyaJIbHUX Ja0OpAaTOPHUX CTEHMIIB I

- nocmimkenus RC-cxem;

- pe3yabTaTH PO3PAXYHKIB CTATUX Yacy, 3HaYeHb T'PAaHUYHHUX YacTOT Ta TPUBAJIOCTI
nepexigHux mporeciB 1t RC-cxewm;

- aMIUTITYAHO-4YaCTOTHI XapaKTEPUCTHKH JociKyBaHux RC-cxewm;

- NepexiHi XapaKTepuCTUKU AociipkyBannx RC-cxem;

- OCLIMJIOTPaMH IMIYJIbCIB, OJIEPYKAHUX 32 €KCIIEPUMEHTAMH ;
BH3HAYCHHS TPUBAJIOCTI MEPEXiJHUX MPOIIECIB Ta CMYTH YacTOT;
BHCHOBKH, 10 0a3yIOThCS HA aHai31 OTPUMAHHUX PE3yJIbTaTiB.

- BHUCHOBKH.
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1.4. KoHTpOJIbHI 3anIUTAHHA

1. [l 940r0 BUKOPHCTOBYIOTH porpamy Multisim?

2. SIx B mporpami Multisim OyayroTbcst cxemu?

3. Sk B mporpami Multisim 3’€HaTH B OJMH BY30J1 OUIBIIE TBOX KOMIIOHEHTIB?

4, SIx B nporpami Multisim KOpUCTyBaTHCh KOHTPOJIBHO-BUMIPIOBAJILHUMH MPUJIa aMu?

5. HakpecmiTh Ta MOSICHITH NPUHIUIIOB] €IEKTPUYHI CXEMHU IHTETPYIOUOTO Ta
mudepennirorouoro RC-koma.

6. [TosicHiTh OpMyBaHHS BUXITHOTO curHANY nudepenuirorounm RC-komnom.

7. TlosicHiTh OpMYBaHHS BUX1AHOTO cUTHANY iHTerpyrounM RC-koaom.

8. Homy mudepenmniroroui RC-cxemu € dimbTpamu BepXHiX 4acToT?

5. SIki eneMeHTH eJIeKTPOHHUX CXeM OOMEKYIOTh YaCTOTHI BIACTUBOCTI MPUCTPOIB 0OPOOKHU

EJICKTPUYHUX CUTHAIIB
9. SIk 3MIHIOETBCS TIEpeXiHA XapaKTepucTUKa AudepeHiiiorndoi RC-cxemu 31 301IbIIEHHAM

€MHOCTI KOHJICHCATOpa Ta 3MIHOO OIOpYy pe3nucropa’?
10. SIx 3MiHIOETBCS MIEpEXiHa XapaKTepucTrka iHTerpyroudoi RC-cxemu 31 3MEHIICHHIM

€MHOCTI KOHJICHCATOpa Ta 31 30UIBIIEHHSIM OIOpPY pe3ucTopa’?




