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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 TOOYIOBH €JNEKTPOHHUX CXE€M Ta iX JOCHIDKEHHS 3a JOMOMOTrOI0 BIPTyalbHHX
BUMIPIOBAJIbHUX TPUIIAIiB.

2) HaOyTTS HABUYOK JOCIIIKEHHS CIIEKTPOHHMX CXEM B cepeoBuiii Multisim;

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

4) HaOyTTS HABUKIB TOCIIKCHHS aMILTITYIHO-4aCTOTHHX Ta ()a304aCTOTHUX XapaKTEPUCTHK
(AUX 1a OUX) enexkTpUYHUX CXEM 3a JOMOMOIOK0 BIPTyallbHUX MOJEEH BHMIPIOBAIbHOT
armaparypu;

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

1.1. OcHoBHI TeopeTHYHi BiIOMOCTI

Po3pobka Oyap-KOTO palioeNeKTPOHHOTO MPHCTPOIO CYMPOBOKYETHCS (PI3UUHUM Ta
MaTeMaTUYHUM MoOjetoBaHHsIM. Di3uuHe MOJENIOBaHHS OB ’A3aHO 3 BEJIMKUMHU MaTepiabHUMHU
BUTPAaTaMH, OCKUIBKM TOTPIOHO BHUTOTOBIIITH MaKeTH. MareMaTuyHe MOJICIIOBAHHSA 3
BUKOPHUCTaHHAM 3aC00IB Ta METO[IB 00UMCITIOBAJIBHOI TEXHIKHU CIPOIIYE MPOLEypPYy MPOEKTYBAHHS
EIEKTPOHHUX CXEM H J03BOJII€E BUBYHTH Ta 3aCBOITH OCHOBHI BJIACTMBOCTI IIUX CXEM, BHSBHTH
TIOMUJIKH, CKOPEr'yBaTH Ll CXeMH INepe] iX (i3UYHOI0 peai3ali€lo.

MareMaTtuuHe MOJIETIOBaHHS TPOBOJUTHCSA 3a JOMOMOTOK0 TiporpamMu  Multisim, sika
po3po0iieHa MPOBITHOW KOPHOpaIi€lo, M0 CHELiami3yeTbCsl y Taiay3l po3poOku iHdopMarlliiiHo-
BUMIPIOBAJILHUX CHCTEM, B TOM y YHCJI i €IEKTPOHHUX MPUCTPOIB, IO BXOAATH JIO iX CKIATy.

Ocob6nuBicTio nporpamu Multisim € HasiBHICTb KOHTPOJIbHO-BUMIPIOBAIBHUX MPUIIAJIB, SKi
3a 30BHIIIHIM BHIJISJIOM, OpraHaMH KEpyBaHHS 1 XapaKTepUCTUKAaMU MaKCUMaJIbHO HaOJIMXKeH1 110
peanbHUX aHaoriB. Lle cripusie oTpUMaHHIO MPAKTHYHUX HABUYOK poOOTH 3 HAHOIBII MOIIMPEHUMHU
NpuiagaMu: MyJIbTUMETPOM, OCIUIIOTpadoM, TEHEPATOPOM CUTHAIIB Ta 1H.

1.1.1. CTpykrypa BikHa i cucrema MeH10 nporpamu Multisim.

Bikno nmporpamu Multisim (puc.1.1) mae 3Bepxy 1osie MeHI0, aHeJb IHCTPYMEHTIB Ta aHeb
0107110TeK KOMITOHEHTIB, ClpaBa — MaHelb KOHTPOJIbHO-BUMIPIOBAIIbHUX IMPHIIAIIB, 3J1iBa — BIKHO
po3poOku. Takoxk € miKa3Ku O BCIX €JIEMEHTIB BiKHA MPOrpaMH, 110 3’ SIBISIOTHCS MPU HABEACHHI
Kypcopy MHUIII Ha eleMeHT. Po3risiHeMo mpu3HadyeHHs OCHOBHHUX eJIeMeHTIB BikHa Multisim.

[Tone MeHIO Ma€ KOMIIOHEHTH, 1110 300pakeH1 Ha puc. 1.2.

Mento «File» mpusHaueHo A BIIKPUTTS Ta 30€pekeHHsS ICHYIOUMX (hailiaiB, CTBOPEHHS
HOBHX (hailsliB Ta MPOEKTIB, BIANPABIECHHS HA IPYK PI3HUX KOMIIOHEHTIB CTBOPIOBAHMUX MPOEKTIB Ta
3aKpuUTTS porpamu Multisim.

Menio «Edity 103Bojsie BUKOHYBAaTH KOMaH/M pPeJaryBaHHsS CXEM Ta 33JaBaTH BJIACTHBOCTI
JIMCTIB CXEM.

MeHio «View» J1a€ MOKJIMBICTb KEPYBATH 30BHIIIHIM BUTJISAOM IPOTPAMH Ta CXEM.

Menrio «Place» MicTuTh Habip KOMaH[ ISl CTBOPEHHS CXEM.
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Menro «MCU» MiCTUTh KOMaH[IH, SIK1 TO3BOJISIFOTH ITUCATH Ta B1JIar0KyBaTH MIPOTPaAMU IS
MIKPOKOHTPOJIEPIB.

Mento «Simulate» BHKOPHUCTOBYETHCS TpPH IMATOTOBIII Ta BHW3HAYEHHI IapaMeTpiB
MOJICJIIOBAHHS, NpU BUOOpPI BHMIPIOBAIBHUX IHCTPYMEHTIB Ta /s BMHKAHHS 1 NPHUIWHEHHS
MO/ICJTFOBAHHSI.

Menio «Transfer» m03Bossie eKCOpTyBaTH/IMIOPTYBAaTH PO3POOJICH]I €IEKTPUYHI CXeMH B
1HIII TTpOrpamMH.

Menio «Tools» nae MOXIMBICTh pefaryBaTH BJIACTHBOCTI €EKTPOHHUX KOMIIOHEHTIB, IO
BUKOPHUCTOBYIOTBCS B TIPOTPAMI.

Menro «Reportsy» 103BoJIsi€ BUBOJM Pi3Hi 3BITH 110 po3po0IeHil cxemi.

Menrwo «Optionsy npu3HaYeHO ISl peAaryBaHHs ri100adbHUX OMIlid mporpamu Multisim Ta
EJIEKTPOHHHX CXEM.

Mento «Windows» mpu3HadeHo AJisi oprasizaiii BIKOHHOT0 iHTepdeicy mporpamu.

Menro «Help» nae moctyn no noBinku 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

Enementu naneni incTpyMeHTiB (puc. 1.3) n1y0imoroTh Aesiki KOMaHAU Pi3HUX MEHIO.

File Edit Yiew Place MCU Simulate Transfer Tools Reports Options wWindow Help

Puc. 1.2 [Tone mento mporpamu Multisim
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Puc. 1.3 Ilanens inctpymenTiB Multisim

[Tanenp KOMITOHEHTIB Ta KOHTPOJIBHO-BUMIPIOBATHHUX NPUJIAIIB BHUKOPUCTOBYIOTH MPH
MoOyI0B1 Ta AOCIIHKEHHI €JEKTPOHHUX cXeM. bulbln H0KIagmHO BOHU OyAyTh PO3TJSHYTI B X011
BUKOHAHHS HACTYITHUX J1a00paTOpHUX POOIT.

1.1.2. IIpouec CTBOpPEHHs CXeM.

[lepm HIK CTBOPIOBATH KPECIECHHS MPHHIMIIOBOI CXeMH 3acobamu mporpamu Multisim,
HeoOXiHO Ha JUCTI nanepa MmiAroTyBaTH ii ecKi3 i3 TPUOIU3HUM PO3TALTyBaHHSIM KOMIIOHEHTIB 1 3
ypaxyBaHHIM MOXJIUBOCTI 0()OPMIICHHS OKpeMHUX (pparMeHTiB y BHII mifcxeM. JOmiIbHO TaKoX
o3HailoMuTucs 3 010JI0TEKOI TOTOBHX CXEM IporpaMu Jjs BUOOpY aHaiora (mpoToTumy) abo
BUKOPUCTAHHS HasIBHUX PIIICHB y SKOCTI MiACXEM.
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Puc. 1.4 EnemenTn, mo 3naxoasatecs B miarpyni POWER SOURCES 6i6mioTtexkn Sources

B 3aranpHOMY BUTIQIKY MIPOLIEC CTBOPEHHS CXEMH MMOYMHAETHCS 3 PO3MIIIIEHHS Ha pobodIoMy
oyt Multisim KOMITOHEHTIB 13 010110TeK TporpamMu BiAMOBITHO /IO MATOTOBIEHOTO ecKi3y. Po3ainm
6i0moTexkn mporpamu Multisim mo d4ep3i MOXyTb OyTH BHKJIMKaHI 3a JIOTIOMOTOI0 1KOHOK,
pO3TalIoBaHUX Ha IMaHesl KOMIOHEHTIB (muB. puc. 1.1). Ilicmsa Bimkpurtst oO6paHoi Gi0mioTekn
3’SIBUTHCS BIKHO, CXOXE Ha Te, 110 MOKa3aHe 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
3aIyIaHOBAHE MICIIE, MICIIS YOTO 3HOBY HATUCKAETHCS JTiBa KHOMKA MU (71 (DIKCYBaHHS CUMBOITY).
Ha npoMy erami HeoOXigHO mependavyuTH MICIE IJIs PO3MIMIEHHS KOHTPOJBbHHX TOYOK 1 1KOHOK
KOHTPOJIbHO-BUMIPIOBAJIBHUX MPHIIA/IIB.

[Ticns po3MilieHHs] KOMITOHEHTIB HEOOX1THO 3'€JHATH iXHI BUBOJIU MPOBiTHUKAMU (puc. 1.5).
[Ipu boMy HEOOX1IHO BPaxOBYBATH, IO O BUBOJLY KOMIIOHEHTa MOYKHA MIAKIIOYUTH TUIBKH OUH
npoBiAHUK. JIJIi BUKOHAHHS MiJKIIOUEHHS KypCcOp MiJBOAMTHCS 10 BHBOAY KOMIIOHEHTA 1 MicCis
MOSIBH KPYTJIOl IUIOMIAAKA YOPHOTO KOJIBOpY (mmB. puc. 1.5,0) HaTHUCKAEThCSA JIiBa KHOMNKA 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
IJIONIA/IKOI0, @ YACTHHA 3’ €JHYBaJILHOTO MTPOBOAY CTa€ epepuBYacToro (puc. 1.6,8). [ToTiM KOHTaKT
BEICThCSL IO HOBOro KomroHeHTa (puc. 1.6,r). Crape 3’€qHaHHS BCE I 3aJIHMINAETHCS BUIMMHUM.
[Ticna migBeAeHHS KOHTAKTY J0 BHBOAY KOMMOHEHTY (puc. 1.6,m1) Tpeba mie pa3 HaTUCHYTH JIiBY
KHOIIKY MUIIII 1 HOBE 3’€qHaHHsA Oyzae BcraHoBieHO (puc. 1.6,e). Cuia 3a3Ha4MTH, IO MPOKIAaKa
CTOJIYYHUX MPOBIIHUKIB TPOBOIUTHCS aBTOMATHYHO, IPUIOMY IEPEIIKOIN — KOMIIOHEHTH a00 1HIIi
MPOBITHUKHA — OTHHAIOTHCS 32 OPTOTOHAJILHUMH HANpsMKaMU (110 TOPU30HTAJI a00 BEPTHUKAITI).

ko HEoOXiMHO MEPEeMICTHTH OKPEMHUU CErMEHT IPOBIAHUKA, IO HBOTO IiABOJUTHCS
KypCOp, HaTHCKA€EThCS JIiBa KHOMKA 1, MICJIA MOSBU Y TOPU30HTAJIBbHIN a00 BEpTUKAIbHIN TUIOMKHI
MOJIBIHHOTO Kypcopy (<= abo 1), poOsaTh NOTpiOHI MepeMilliCHHSI.

JlonaBaHHsT B CXEMY KOHTPOJIbHO-BUMIPIOBAJIILHUX MPHJIAIIB TPOBOJUTHCS aHAIOTIYHO
MIIKITIOYCHHIO Oy/Ib-SKOTO 1HIIOTO KOMIIOHEHTY cxXeMH. [Ipuuomy & Takux TWpUIadiB, SK
ocmwiorpad abo JIOTIYHMM  aHai3aTop, 3'€MHAHHS JIOIJIBHO IPOBOJUTH KOJIHOPOBUMH
MPOBITHUKAMHU, OCKUIBKM iXHIM KONIp BH3HA4Yae€ KOJIp BiANOBigHOI ocimiorpamu. Koiaboposi
MPOBIIHUKH JIOIIbHI HE TIABKU JUIS TO3HAYEHHS MPOBIIHUKIB OJHAKOBOTO (PYHKIIIOHAJIHHOTO
MPU3HAYCHHS, aje 1 JJIs MPOBITHUKIB, IO 3HAXOMATHCS B PI3HMX YAaCTUHAX CXEMU (HAPUKIA,
MIPOBIIHUKH IMHY TAaHUX J0 1 Ticist OyQepHOoro eneMeHTa).
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Puc. 1.6 3MiHa HasiBHUX 3’€IHaHb: a) TOYATKOBUI cTaH; 0) 3MiHa (popMH Kypcopy MUIII Hpu
BUOOP1 BUBOAY; B) 3MiHa ()OPMH KypCOpy MiCisi HATUCKAHHS KHOMKHU MHIIIL; T') TPOKJIaIeHHs] HOBOTO
3’€IHaHHS; 1) TPUEIHAHHS HOBOTO KOMIIOHEHTA; €) HOBE 3’ €THaHHS
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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 cknany Bxoaars: myasTuMeTp (Multimeter), G yHKIIIOHATIbHUN TeHEPATOP
(Function Generator), Barmetp (Wattmeter), ocimtorpad (Oscilloscope), 4O0THpbOXKaHATBHUMN
ocmmwitorpad (4 Channel Oscilloscope), BumiptoBau AUX 1a ®UX (Bode plotter), gactoTomip
(Frequency Counter), reneparop cioBa (Word Generator), noriunuii ananizarop (Logic Analyzer),
noriunuii neperBoproBad (Logic Converter), BUMiproBa4 BOJIbT-aMIIEPHUX XapaKTEPUCTHK JI10/IiB Ta
tpam3uctopiB (IV  Analysis), anamizatop HemiHiliHUX cnotBopenb (Distortion Analyzer),
cnekTpoaHamizarop (Spectrum Analyzer), anamizatop Mepexi IJiss 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
pe3yJIbTaTiB BUMIPIOBAHb, KJIEMH JIJIS TTIKJIFOYCHHS O CXEMH 1 KHOITKHA KePYBaHHS.

[ Multimeter Settings &JW
Electronic setting
Ammeter resistance (R): 4 ni
Voltmeter resistance (R): 1 G0
Ohmmeter current {T): 4 na
!:.2.;! dB ~elative value (V): 774597 my

Multimeter-XMM1 2

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

Ohmmeter overrange (R):  1p G0

|
_I

i

¢
o

: Conce
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Puc. 1.7 MynbTuMeTp: a) o3HA4YEHHS Ha MaHeIi KOHTPOJIbHO-BUMIPIOBATBHIX MPUIIAIIB; O)
IMO3HAYCHHS Ha CXEMi;

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

PosrimsaeMo IMMPU3HAYCHHA KHOIIOK KCPYBAHHA:

IT ll ﬁj ﬂj - 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 JiaI0oroBe BiKHO (pucC. 1.7,r), Ha sSIKOMY ITO3HAYECHI:

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 3a3Ha4uTH, 0 MYJIBTUMETP BUMIPIOE e(eKTHUBHE (it0ue) 3HAUYSCHHS 3MIHHOTO CTPYMY.

1.1.3.2. ®yHKIiOHAJbHUA reHEPATOP

DyHKIIOHATBHUHN TEeHEepaTOp HaBeACHHH 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
npuiaziB; 0) MO3HAUYEHHS HA CXEMi; B) JIMIIbOBA MaHElb; T') BIKHO BCTAHOBJICHHS Yacy
HapOCTaHHs/CHaay NPSMOKYTHHUX IMITYJIbCIB

KepYBaHH}I reHeparopom 3HiﬁCHIO€TBCH HAaCTYITHUMHU OpTraHaMU KEPYBAHHA:
—Waveforms

TPUKYTHA 1 NpsIMOKYTHA,
Fraquency |1

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

- YCTAaHOBKa 4aCTOTHU BI/IXiI[HOFO CUTHAITY,

Duty Cycle [50 * - ycraHoBKa Koe(ilieHTa 3amoBHEHHS B Y%o: U1 CHHYCOiIaIbHOTO CUTHAJTY
HE 3a/1a€ThCS; JJIS IMIYJbCHUX CHUTHAJIB 1€ BIIHOMIEHHS TPUBAJIOCTI IMITYyJIBbCYy 10 TEPIOay
MOBTOPEHHS - BEJIMYMHA, 3BOPOTHA LINMAPYBATOCTI; JAJISI TPUKYTHUX CUTHAJIIB - CITIBBIIHOLICHHS MIX
TPUBAIOCTSIMU MEPEIHBOTO 1 33 THHOTO (PPOHTIB;

Amplitude | 10 l - YCTaHOBKA aMIUTITYIH BUX1JHOTO CUTHAIY;

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

- YCTaHOBKa 4acy HapOCTaHHSA/CIAAy IMITYJIbCIB TeHeparopa (TUIbKH JUIs
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.
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1.1.3.3. BarmeTtp

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

KoedirieHT moTyKHOCT1 JOPIBHIOE KOCHHYCY (Pa30BOT0O KyTa Mi’k HAPYTOK 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 manens ocumiorpada mokasana Ha puc. 1.10,B. Ocumnorpad Mae kaHamH
(Channel) i B i3 po3aiibHUM peryiitoBaHHSIM YyTIMBOCTI B miarma3oHi Bij 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 CIOCTEPEKEHHS TUIbKM CUTHAJIB 3MIHHOIO CTpyMy (Moro mie Ha3uBaKOTh
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 pexuMmi DC (BKIIOYEHHMH 3a 3aMOBUYBAHHSM) MOXKHA MPOBOJUTH
ocuuorpadiuHi BUMIpIOBaHHS K MOCTIHHOTO, Tak 1 3MiHHOTO cTpyMmy. Llel pexxum 111e Ha3uBarOTh
PEKUMOM «BITKPUTOTO BXOIY», OCKUIBKM BXITHHM CHUTHAJI HAIXOAWTh Ha BXiJ BEPTHKAJIBLHOTO
MiJICHITIOBaYa Oe3mocepeHko. 3 mpaBoi cTopoHu Bija kKHOMKK DC po3TaioBaHo yMOBHE TTO3HAYCHHS

BxigHOTO BUBOAY. Kananm B mae 1ie 707aTKOBO KHOMKY |..'_.|, MIpY HATUCKaHHI HA SIKY 1HBEPTYEThCA
CUTHaJ KaHaiy B.

PeXUM PO3TOPTKH BHOMPAEThCS KHOMKAMH 1Ak [ dd] Bia] wB| v pexumi Y/T (3Buuaiinuit
PEKUM, BKIIFOUCHHUH 32 3aMOBUYYBAHHSIM) pealli3ylOThCsl HACTYIHI PEKUMHU PO3TOPTKHU: TIO0 BEPTUKAI
- 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 BepTuKaii - cyma CUTHaJiB BXoAiB A Ta B, 1o 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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-
Oscilloscope-X¥5C1 28
m—
Ere
s 3 e o - i Yy & e .
= i 1% f \ Iy | [ | ] ] i
i f o ! o1 I | J
a - - : - R e

AU S U —

4] T o F

T -

| #ECL | T1 [E Time Channel_A Channel_B @I

“’“%_ | 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
[B/a](am] [ac][0 Jfoc] [ac)(o])fe](=] ~ Type [5ing.] [Nor. [Auto] fone]

B

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 ovikyBaHHs (Trigger) 13 3alyCKOM pO3TOpPTKU
(Edge) no nepeaabomMy ab0 3aAHbOMY (PPOHTY TPUTEPHOTO CUTHATY (BUOMPAETHCS HATUCKAHHAM

KHOIIOK £l .ZJ) npu peryiaboBaHoMy piBHI (Level) 3anmycky. TpurepHuil curnan mMoxe OyTH K
BHYTpILIHIM (BiJ kKaHaiy A a6o B), Tak 1 30BHImHIM (Ext). Bubip BUKOHY€eThCS HATUCKAHHSAM KHOIIOK

sing{Ner.[Auto] A[BEa| Kpomka Sing. BUKOPUCTOBY€ETHCS Y BUINAIKY, KOJIM 3aITyCK OTPIOHO 3poOUTH

0JIHOpa30BUM. B 1pomy BHmanky 300pa’keHHs Ha eKkpaHi ocuuiorpaga rnepectaHe 3MiIHIOBATUCS
IICJSL TOTO, SIK €KpaH MOBHICTIO 3anmoBHUTHCS. [lpu HatucHyTii kHommi Nor ekpan ocuuiorpada
OHOBJIIOETHCS KOXKEH pas3, IK MPUXOJUTh TPUTEPHHUIA CUTHAIL.

3azemiieHHs ociuiorpada 31HCHIOEThCS 3a JonoMororo kiiemu Ground y nmpaBomy
BEPXHBOMY KYTi IpHIIALY.

VY ocumnorpada € MOXIHBICTD TPOKPYUIYBAHHS 300pakKeHHS MO TOPH3OHTAIL 1 HOTO
CKaHYBaHHS 3a JIOTIOMOI'OI0 BEPTUKAJIBHHUX BI3UPHUX JiHIM (CHHIA 1 4epBOHHUH KOJBOPH), IO 32
TPUKYTHI ByIIKa (BOHU Mo3HaueH1 nudpamu 1 1 2) MoxxyTh OyTH KypCcOPOM BCTaHOBJIEHI B Oy/ib-sIKe
Mmicie ekpana. [Ipy npomMy B IHIMKAaTOPHHUX BIKOHLSAX IJI €KPaHOM INPHUBOIATHCS pe3yabTaTh
BHUMIPIOBAHHSI HAIIPYT'H, YACOBUX 1HTEPBAJIB 1 IXHIX PI3HUIb (MK BI3UPHUMMU JIIHISIMH).

300pakeHHs! MOKHA 1HBEpTYBAaTH HATUCKAHHAM KHOIIKM Reverse 1 3anucatu AaHi y ¢aiin
HAaTUCKaHHSAM KHOMKHU Save.
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1.1.3.5. BumipwoBau AUX Ta @YX

JIupoBa maHe b BUMipIOBava rmoka3ana Ha puc.11,s.

BumiproBau npusHadueHuii 1yis noOyA0BY 1 aHaNi3y aMILTITYAHO-YaCTOTHHX (IIPU HATUCHYTIN
kHomii Magnitude, BKIIIOYEHO 3a 3aMOBYYBaHHsAM) 1 (a30-4aCTOTHHMX (MPU HATUCHYTIM KHOIII
Phase) xapakrtepuctuk npu sorapudmivniii (kHomka Log, BKIIOUEHO 3a 3aMOBYYBaHHSIM) abo
niHiHIA (kHOTKA Lin) mkam mo ocsx Y (Vertical) 1 X (Horizontal). HamamryBanHst BuMiproBaua
noJisirae 'y BUOOpI MeX BHUMIpIOBaHHA KoegillieHTa mepeaayi i Bapiaiii 4acTOTH 3a JIOTIOMOTOIO
KHOIOK Y BikoHIIsX F - MakcumanbHe 1 I - MiHiMalibHE 3HaYeHHs. 3HAUCHHS YaCTOTH 1 BIJIOBITHE T
3Ha4YeHHs KoedimienTa nepenadi abo ¢asu Bi1oOpakaroThCs Y BIKOHISIX y IPaBOMY HIDKHBOMY KYTi
BHMIpIOBaua. 3HAYCHHS 3a3HAYEHUX BEJIUYMH B OKpeMuX Toukax AUX abo @YX mokHa ofepkaTu
3a OTIOMOT'OI0 BEPTUKAJIBHOI BI3MPHOI JIHIWKH, IO 3HAXOAUTHCSA y BUXIAHOMY CTaHI Ha MOYATKY
KOOpJMHAT 1 epeMilyBaHOi 3a rpadikoM MuIliero abo KHOMKaMu «— 1 —. Pe3ynpTaTil BUMiproBaHb
MOJKHA 3aIlMCaTH TaKOX y TEKCTOBUH (paiii. J{is mporo HeOOXiTHO HATHCHYTH KHOIKY Save i B
JialoroBoMYy BiKHI BKa3aTu iM'st (paiiny (3a 3aMOBUYBaHHSM MPOMOHYETHCS 1M's CXEMHOTO (aitny). B
OTPUMAaHOMY B TaKuii CHOCiO TekcToBOMY aiini 3 posmupeHHsm .bod AUX i ®UX npencraBieHo B
TaOJIMYHOMY BH/IL.

[ 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
MpuiIajiB; 0) MO3HAYEHHS HA CXEMI; B) JIMIIbOBA MTAHEJb

[TigxmroueHHs TpUIaay 10 JOCTiIKYBAHOT CXeMH 3/IIHCHIOETHCS 32 JOTIOMOTOI0 KOHTaKTiB In
(Bxim) 1 Out (Buxim). JIiBi KJe€MH KOHTAKTIB MMiAKIIOYAIOTHCS BIAMOBIAHO O BXOAY 1 BHUXOTY
JOCTIPKYBAaHOTO TPUCTPOIO, a MpaBi - 10 3arajbHOi MUHHU. J[0 BXOAy MPHUCTPOIO HEOOXITHO
MIIKITIOYUTH QYHKIIOHATBHUHN reHepaTop a0o 1HIIe JKepeio 3MIHHOI HalpyTH, pU LIbOMY He Tpeda
POOUTH HISKUX HANAMITYBaHb Y IIUX MPUCTPOSIX

1.1.4. Po6oTa 3 moTeH1ioMeTpoM.

[ToreHuiomMeTp — 1€ perybOBaHUM MOJUIBHUK €1eKTPUYHOI HAIIPYTH, 11O SABJIsE€ COOOI0, 5K
MPaBUJIO, PE3UCTOP 3 PYXOMHUM BiJBIAHUM KOHTakTOM. OnHak 3apa3 iCHYIOTh 1 LU(POBI
MTOTEHITIOMETPH, IO SBJISIOTH COOOI0 IHTETPAIBHY CXEMY, sIKa HE MA€ PyXOMHUX YACTHH 1 I03BOJISIE
IIPOTPaMHO BHCTABJISITH OIIIp.
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B Multisim motenmiomMerpu 3HaxoasaThess B Oi0moreni Basic, Bkimagka POTENTIOMETR.
Bipryansnuii  morenuiomerp 3HaxomuThes |y Bkimaani  RATED VIRTUAL. PoGora 3
MTOTEHI[IOMETPOM TOTPeOye JETKUX MOSICHEHBb, BPAXOBYIOYH, IO B OLIBIIOCTI JTabOpaTOPpHUX pOOIT
BOHU BHKOPHUCTOBYBAaTUMYThCA. BakIMBO mMmaMm’sTaTH, IO 3arajibHUN OMIp TOTEHI[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
BHU3HAUEHHS I[bOI0 TapaMeTpa BUKOPUCTOBYIOTh TECTOBI CUTHaNH. [lopiBHIOIOUH peakIlito Ha BUXO/1
CXEMH 13 CUTHAJIOM, 10 MOJAETHCS HA BX1J, BU3HAYAIOTh HEOOX1/IHI MapaMeTpHu Ta XapaKTEPUCTUKU
cxemu. Tak poONATH He JMIIe MPU TEOPETHMYHUX PO3paxyHKax, aje 1 MiJ 4ac HACTPOIOBaHHS
armaparypu.

JI1st OIIHKH IIBUAKO/IT SIK TECTOBI BUKOPUCTOBYIOTh CUTHAJIH, 11O OMMCYIOTHCS CX1T9aCTOIO
¢byHK1i€e0, a00 MPSIMOKYTHI iMIyibcH. [Ipu boMy peakiisi Ta CKIaHi pagioeNeKTPOHHI CXeMH IIPpU
iX aHami3l 300pa)xarOTh 3a JIOMOMOTOI0 EKBIBAJICHTHUX CXEM, IO MICTATH B €001 PE3UCTOPH,
KOH/IGHCATOpH, 1HAYKTHBHOCTI, KEpOBaHI TI'€HEpaTopu CTPyMy Ta Hampyru. Y TakUX cXemax
IHepIIHHICTh, HAABHICTh YaCOBHX Ta YAaCTOTHHUX CIOTBOPEHb MOJIEIIOIOTH 3a jaornomMoroto L- ta C-
eneMeHTiB. EnekTpuuHi Koma 3 eneMeHTamu, mo HakonuuyioTh eHeprito (C Ta L) cyrreBo
BIIPI3HSIOTBCS B KUI, IO CKJIAJAOThCSA BUKIIOYHO 3 PE3UCTOpIB. B OCTaHHIX 3 BUMKHEHHSIM
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HE3ICXKHUX JDKEpENl yci Hampyrd 1 CTPyMH MHTTEBO CTalOTh DPIBHUMHU Hyao. HaBmaku, B
eNIEKTPUYHMX KoJax 3 C- Ta L-eneMeHTaMu CTpYMU 1 HalpyTH 3aJIMIIAI0THCS ISTKUI 4ac HaBITh MICIIs
BUMKHEHHS HE3aJIS)KHUX JuKepell. Lli Hanpyru Ta cTpyMH 3MEHINYIOTBCS 32 BIAMOBIIHUM IS JAHOT
cxeMHu 3akoHOM. [lepeximHuil mporiec MpoOJOBXKYETHCS JOTH, TOKH BCS HAKOIHMYEHA CHEPris He
PO3CieThCS Ha PE3UCTOPAX.

Puc. 1.13 [pyruii crioci0 BKIFOUEHHS MOTEHI[IOMETpa

[Tapamerpy Ta MOXIMBOCTI BUKOPUCTAHHS KOHKPETHOI CXEMHM MOJKHA OIIHIOBAaTH
aHaizyroun nporiecu B RC- ta RL-koax. Y maboparopHiit podoTi qociimpkyroThes Tutbku RC-koma.
VY cxemax MOXyTb OyTH 0e37114 KOMOIHaIliil pe3UCTOPIB 3 KOHAEHCATOPAMHU.

Ue U
I[ 4 + R e —
o | } o O] } o
44 & R U, =
=l =L N w5 LT U=
e O O <
a o

Puc.1.14 Ilpocti RC-cxemu: a - nudepeniiroya; 6 - iHTerpyroua

HInsxoM pi3HUX MEPETBOPIOBaHb 3rajiaHi KOMOIHaI{ 3BoAAThCA 0 ABOX TUMIB RC-cxem:

nudepennianbHa (pucyHok 1.14, a) ta inTerpytounx (pucyHok 1.14, 0).

[TepeximHa XapakTepUCTUKAa CXEMH, IO € PEAKI[EI0 Ha BXIAHUA CUTHAN Yy BUTISAIL
OJTMHUYHOTO CKauKa, SIBIISIE€ COOOI0 XapaKTEPUCTHKY, sIKa JO3BOJISIE BUBHAYUTH TPUBATICTH IEPEXOIY
CXeMH 3 OJHOTO CTaHy B IHIIMK 1 Ja€ MOXIIMBICTh OI[IHUTH IIBUIKOAI0. TakuM YMHOM CXeMU
JOCITI/DKYIOTh Yy 4aCOBIN 00J1acTi, 10 JTI03BOJISIE€ OIIIHUTH YaCcOB1 CIIOTBOPEHHS CUTHATIB.
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Jis 3HaYHOTO KJacy CNEKTPUYHHX Ta EJICKTPOHHHUX CXEM BAXJIMBHM € OIlIHKAa iX
CIPOMO’KHOCTI nepeaBaTH (IiJCUIIOBATH) CUTHAIM Y HEOOXIJHOMY Jiana30Hi 4acToT, TOOTO MaTu
HEOOXIiHY CMyTy TpornyckaHHs. il IbOro BUKOPUCTOBYIOTh YacTOTHI TTApAMETPH CXEM, a aHai3
MPOBOJATh Y YaCTOTHIM oOyacTi. Y IIbOMYy BHIAIKy SIK TECTOBI BHKOPHCTOBYIOTH T'apMOHIYHI
CHTHAJIM Pi3HOT YaCTOTH.

Enextpuuni koja, no0ya0BaHi BUHATKOBO Ha 11€aIbHUX PE3UCTOPAX, HE 3MIHIOIOTh
CIIBBIHOIIICHHS OMOPIB 31 3MIHIOBaHHSIM YaCTOTH BXIJTHOTO CUTHAITY, @ TOMY MalOTh CTaJIui
Koe(ilieHT mepeaadi Hanpyru. AMIUTITYIHO-9acTOTHA xapakTepucTtuka (AUX) cxemu, ToOTO
3aJIeKHICTh MOYJIs KoedimienTa nepenayi mo ammunitydi Big vactotd KU (), y iboMmy BUNAAKY
ABJIsIE COOOI0 TOPU3OHTANIBHY JIHIIO.

K- *
1
0,707 |
// ®BU
® ®

=

Puc. 1.15 YactoTHa XapakTepucTuka qudepeHIifHol cxeMu

®HY

© ®

Puc. 1.16 YacToTHa XapakTepuUCTHKa IHTEIPYIOYOi 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 Hanpyrowo Usx (puc. 1.17,a) Hanpyra Ha HHOMY
(3apsa KOHIEHCATOPA) 3MIHIOETHCS 32 €KCIOHEHTOXO (puc. 1.17, 6):

U, = Up(1—e77) (1.1)

Hanpyra na Buxoni:

_t 1.2
UauszB){_Ur::UBxxe T. ( )

VY nouarkoBuii MoMeHT (t = 0) Hampyra Ha KOHJEHCATOpi JOPIBHIOE HYJIO, a Hapyra Ha
BHXOJI CTPUOKOM J0CSITa€ MAaKCHMAJIBHOTO 3HAYCHHS, SIKE JOPIBHIOE aMILTITY/I BX1THOTO CHUTHAIY
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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
Ue o
Lex
1 —
0.2
10,487
0.5 - 0p3
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fex
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[loraTroEsdt cTam FrmeEmi cTan fr

Puc. 1.17 Ilepexinni npouecu B tudepeniinii RC-cxemi

JlndepeH1iondl cXeMH — 11 CXEMH, B SIKUX Hallpyra Ha BUXO/I1 IPONOpIiiiHa MOX1AHIN

Harfpys3i BXO1y:
13
o [ 0) (13)

dt
PosrnsiHemMo nepexigHuii mporec y Takiit cxemi (IuB. pucyHoK 1.14) npu moxadi Ha BXiJQ

CX1J4aCTOr0 CUTHAITy aMIUTITy1010 Usy . CUTHA Ha BUXO/ll BU3HAYAETHCS PIBHSIHHAM:
UBH){ = UBx o Uc
= HaIpyra Ha BUXO/i IOpIBHIOBaTHUME:

UYepesz wac =

— -1
UBH){ - UB)( xe
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ToOTo Hanpyra Ha BUXO/Ii 3MEHIIIUTHCS B «€» pa3iB Ta JOCITHE PiBHS:

Ugux = 0,37 X Uy, .
Hanpyra Ha xonneHcaropi:

Uﬁ' = qu - Uunx
U, =0,63xU,

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

Uu.ux = ng > E_T = qu X E_Z = ﬂ,13 * ng
U, = 0,87 x U,,

Yepes uac = 3T mnepexiaHi IpolecH NPAaKTUYHO 3aKIHIYIOThCH.

TpuBanicTs MepexiiHUX MpPOIECiB BU3HAYAIOTH SIK Yac 3MiHU Hanmpyru sux Bix 0,05 mo 0,95,
a6o Ha piBHax 0,1 ta 0,9, mo BinOyBaeThcs mpubOIN3HO 32 3 , 00 BIAIOBIIHO 32 2 .

Curnan Ha BUXo/i Iu(EpeHIiiiHOT CXeMHU CYTTEBO BiAPI3HAETHCA 32 (POPMOIO BiJ BXiTHOTO.
Ile BUKOpHCTOBYETbCA ISl NU(EpEHIIOBaHHS CUTHANIB Oynb-iKoi (GopMH, y TOMY 4YHUCHI
rapMoHiyHuX. [Ipy 1bOMY pO3B’sI3ylOTH JBI OCHOBHI 3ajadi TEPETBOPIOBAHHS CUTHATIB: —
OTPUMAaHHS IMITYJIbCIB JyXe Majoi TPUBAJIOCTI (BKOPOUECHHS IMIYJbCIB), IKi BUKOPUCTOBYIOTh JIJIS
3allyCKy KEPOBAHMX IE€PETBOPIOBAYIB EJIEKTPOCHEPTii, TPHUrepiB, OJHOBIOPATOpIB Ta IHIIMX
MPUCTPOIB; BUKOHAHHS MaTeMaTU4YHOI omneparii qudepeHIiroBaHHs (OTpUMaHHS MOX1JHOI B Yaci)
CKIaJHUX (QYHKIIN, 3aJaHUX y BUIJISAl €JIEKTPUYHMX CHUTHAJIB, IO YacTO 3YCTPIYAEThCS B
o0uMCITIOBaNIbHIN TEXHIl, anapaTypi aBTOPETYJIIOBaHHS 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 [IbOMY BHUIAJKy BHUMOTH JO BEJIWYMHU 30BCiM iHmN. HeoOxigHo, 11106
1H($OopMaLIHHUN CUTHAM MIPH M1JICHIEHH] 30epiras opmy, a 11e MOXJIMBO KOJIM 32 Yac Jii IMIYJbCy (
) 3apsia KOH/AEHCATopa CYTTEBO He 3MiHUTHCA. Lle BinOyBaeThes 32 yMOBH <K . Y JaHOMY BHITAIKY
cxemy (puc. 1.14, @) BHKOPUCTOBYIOTH $K €JIEMEHT MIKKAaCKaJHOTO 3B 513Ky, IO PO3’€IHYE
€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 BUXIiJHA Hampyra MporopiiifHa iHTerpaty 3a 4acoM Bifl BX1JHOT

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

BiIMiHHOCTI KiJI, IO IHTETPYIOTh, BiJ] TUX, 10 AU(DEPEHINIOI0Th, TOJIATAE B TOMY, 0 BUXiTHA
Hampyra 3HIMaeTbcs 3 KoHaeHcaTopa (puc. 1.14, 6). BUkopucToByIOTH I1i KOJia Il OTPUMAaHHS
JHIMHO 3MIHIOBAaHMX MUJIKOMOAIOHUX HAIMPYT, a TAKOX Ui peati3alii onepariii iHTerpyBaHHs.

JIy1st BUKOHAHHS TaKoi orepailii HeoO0X1HO, 00 cTaja yacy Koia T Oyja 3Ha4yHO OLIBIIOI0
B1Jl TPUBAJIOCTI BX1JTHOTO IMITYJIbCY T K lisx, @ JUIs1 CUHYcOianbHOro curnany —RC > 1/ w .

ITpu monaui Ha BXix cxiguactoi Hanpyru (puc. 1.18, @) y moyarkoBuii momeHnt (t = 0) Bcs
BXiJlHa Hampyra IMpHKJIaJeHa 10 pPE3UCTopa, a Hampyra Ha KOHAEHCATOpPI JOPIBHIOE HYIIIO.
Konzencarop mounHae 3apspKaTuch 3i ctayoro yacy 7 = RC. CTpyM MOCTYIIOBO 3MEHIIY€ETHCS, 110
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00YMOBIIIOE€ 3MEHIICHHS criaxy Harnpyru Ha pesuctopi (puc. 1.18, 6), a Ha Buxomi (Usux = Uc)
Harnpyra 3pocrtae 70 3HaueHHA Uy = Usxx (puc. 1.18, 6).

[Tepeximauii mporec Tak camo, sK 1 y nudepeHIIHIX JTaHIIoTax OI[iHIOITH 3a 2T npu
¢ikcamii Ha piBHI (1 — 0,9) X Usux, a00 32 3t npu ikcamii Ha piBHI (0,05 — 0,95) X Usux,. Ui
BEJIMYMHH BU3HAYAIOTh NPOTSHKHICTH MEPEX1THOTO MPOIIECY IiJ] Yac MEePEKIIOYCHHS CXEMH, a BITaK
— 1 IIBUIKOIIIO MPUCTPOIO.

Komu Ha BXim IHTErpyrd4oi CXeMH IIOCTyNa€ MEpiOJAWYHA IOCIIAOBHICTh IMITYJIBCIB
MPSAMOKYTHOT pOpMH TPUBATIICTIO , TO JUISI 1X TIepeaadi 6€3 CyTTEBOTO CIOTBOPEHHS HEOOX1IHO, 1100
crana 4yacy Oyna Mana ( 7 < & ). Y 1pOMy BHIIAJKy BUXiJIHA HAIpyra BiATBOPIOE (GOPMY BXiTHHX
IMITyJIBCIB, OCKUIBKHM KOH/IEGHCATOP BCTHTA€ IMOBHICTIO 3apSJUTUCH 3a 4ac, SKUH CTaHOBUTH IYKE
MaJly 4acTKy TPUBAIOCTI iMmynbey. Ilpyu nmpomy TpHuBanicTh nepeaHboro GpoHTY iMIyibCy Oyne
HE3HAYHOIO.

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

CXEMH BCsI BX1J[Ha HAIpyTa MPHUKJIaIeHa 10 PE3UCTOPa, a Halpyra Ha KOHJICHCATOPI JOPIBHIOE HYJIIO.
3a vac gii IMOyJabCy KOHIEHCATOp IOBUIBHO 3aps/KAETbCs, a HAampyra Ha HBHOMY IOBUIBHO
301UTBITY€eThCS. AJle 32 BKa3aHOi yMOBH Halpyra Ha KOHIEHCATOPi He BCTUTAE NOCATTH HANPYTH Usux
I[To 3akiHYEHHI BXiTHOTO IMITYJIbCY KOHAEHCATOP TaK CaMO MOBLIBHO PO3PSAIKAETHCS.
TakuM 4YMHOM, Ha €MHICHOMY BHXOJi (OPMYIOTHCS PO3TATHYTI IMITYJIBCH, SIKI MAarOTh (Qopmy
€KCIIOHEHIIMHOT muiku. Taki COTBOPEHHS BXITHUX IMIYJIBCIB HE 3aBXKIU JOMYCTHUMI. Y IIbOMY
BUMA/IKY TPHUBAJICTh MEPEAHBOTO (POHTY BHUXIJHOTO IMIYJIbCY MOKE MEPEBUIIYBATH TPUBAIICTD
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, IO Yac 3apsay Ta po3psiay KOHIEHCATOpAa BU3HAYAE TAaKOXK MIHIMALHUN MTEP10.1
BXIJTHUX IMITYJIBCIB 1 IIBUAKOIIIO.
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CxeMy, Moka3aHy Ha pUCYHKY 1.14, 6, yMOBHO Ha3MBaIOTh IHTErPYIOUYUM KojioM. Ormepartis
IHTEerpyBaHHs B10YBA€ThCs JIUILE 32 YMOBHU > px. IIpu 1boMy Gopma BUXIAHOTO IMIIYJIBCY JTy’Ke
BiIpI3HAETHCS BiJ (OPMH BX1JTHOTO (Ha BXOJI MPSIMOKYTHHH IMITYyJIbC — HA BUXOJII €KCIIOHEHIIIITHA
nuika). SIKIo Taka X CXeMa Ma€ CHIBBIAHOMIEHHS <K px, TO BIIOYBA€ThCS JIMIIEC HEBEIHUKE
CIIOTBOPEHHS BUX1IHOTO IMIYJIbCY (30LIBIIYETHCSI TPUBATIICTD MEPEHHOTO Ta 3aJHHOTO (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, @) 31 30iIbIIICHHSAM YaCTOTH HANPyra Ha BUXO1 301IbIIYETHCS, KOS(DIIIEHT TIepe1adi 3pOoCTae.
[

£y

Y
th

=T

<

Puc. 1.19 3anexHicT GopMu BUXITHUX IMITYIbCIB AUPEPEHLIIHHUX
RC-cxeM Bix criBBigHOIIEHHS ti Ta T:
a) BximHuii curHai; 0) ti < Ti; B) ti = 3Ti; r) ti > Ti.
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BrnactuBocTi cxeMu OLIHIOIOTH 32 ornoMoroio AUX, ska BigoOpaxae 3al1eKHICTh MOy
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 VZ pasu. Y nudepenmiitanx RC-cxemax me BigOyBa€eThCs y pa3i 3MEHIIICHHS YaCTOTH
10

W= 1f,q.g =1/z.

Taxum ynHOM, qudepenuiini RC-cxeMu mponycKarTh CUTHAIH 1 YaCTOTOI W = Wu, TOOTO
€ pimpTpamu BepxHix yactot (OPBY) (puc. 1.15).

1.1.9. YacroTHi xapakTepucTuku inTerpyrouux RC-cxem.

[aTerpyroui cxemu 3i 30UTBLICHHSIM YaCTOTH 3MEHIIYIOTh aMIUTITYAy BHXITHOTO CHTHAITY,
Koe(iIieHT mepenayi majae.
Monynb koedilieHTa nepeiadi JOpiBHIOE:

1 (1.6)
N1+ wRC

K(w)=

SIK1110 4acTOTa BX1IHOTO CUTHAITY J1OCATae BeIMYMHU = 1/, TOo MOysIb KoedillieHTa nepeiadi
3MEHUIYETHCA Y V2 pa3u. Taky YUHOM, IHTErPYIOYi JIAHLIO’KKH MPOIYCKaIOTh CUTHAIHU 13 YaCTOTOIO
Bt w = 0170 w = w s, TOOTO € pinmbTpamu HUKHIX yacToT (PHY) (puc. 1.16).

[Tepenaua curHamiB B 00JaCTi HMXKHIX 9aCTOT MOXKE PETYJIOBATUCh. €MHICTH PO3/1IIOBOTO
KOHJIEHCaTopa B MiJCHIIOBa4ax OepyTh JOCTaTHbOI BEIWYMHHU, 100 3a0e3MednuTH HeoOX1THHUN
CIEKTpP HIDKHIX YacTOT. Y CIHemiaJIbHUX ITICHII0BAYaX MOCTIMHOTO CTPyMy Taki KOHJIEHCATOPH
BiJICYTHI.

Cxnagninry 3aga4qy po3B’s3y0Th, 100 3a0€3MEYUTH PO3IMIUPEHHS YaCTOTHOTO J1alla30Hy B
01K BHCOKHX YaCTOT. Y cXeMaxX 3aBXkJIM € Mapa3uTHI €MHOCTI MOHTaXy, aKTMBHUX Ta MAaCHUBHHUX
eleMeHTIB. BOHM 3yMOBIIOIOTH OOMEKEHHS Jiana3oHy 4acToT 1HGOpMaliHHUX CUTHAIIB, IO
NepeaaloThesl Ha BUX1JI CXEMHU.

YacToTHi 1 mepexiiHi XapaKTepUCTUKU TOB’sA3aHI MK c00010. POo3ImIMpeHHs 4acTOTHOrO
Jiarna3oHy B 00JIaCTI BEPXHIX YacTOT OOYMOBIIIOE€ 3MEHILIEHHS TPUBAJIOCTI MEPEXiTHUX MPOIECIB,
301IBIICHHS IIBUAKO/IIT CXEMH, 3MEHILEHHS TPUBAIOCTI EPEHHOT0 (PPOHTY IMIYJIBCY HA BUXO/II.

Po3mmpenHs 4acTOTHOTO Jliana3oHy B 00J1aCTi HIJKHIX YaCTOT 00YMOBITIOE 3MEHIIIEHHS CIaly
BEPILMH IMITYJIbCIB; 3MEHIIIYE CIIOTBOPEHHS popMu iMyibCiB (puc. 1.19 ta 1.20).
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1.2. ITopsinok BUKOHAHHS POOOTH
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) 3HAXOIAThCS y rpymi Basic; mkepena mocTiifHoi Ta

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

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

- 3’€THalTe BCl KOMITIOHEHTH. B pa3i HeoOXiTHOCTI BUKOPUCTOBYHTE JOJATKOBI BY3JIH.

FY
[,
o e -
Ex
il
. £y e
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3
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l\“““-m__ .
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-

Puc. 1.20 3anexxHicTh popMHU BUXITHUX iMITYNbCiB Audepenniiinnx RC-cxem BiJl CriBBiAHOIIEHHS
ti Ta T
a) BXigHHU#H curHaL;0) ti > Ti; B) ti = 31Ti; I) ti K Ti.

3. Hochimite oTpuMany cxemy. J[7s 1iporo:
- BCTaHOBITh HACTYMHI Mo4aTkoBi 3HaueHHs: V1=12B, R1=1xkOm, R2=1xOwm;
- YBIMKHITh MOJICTFOBAHHS;
- BIIKPHITE MYJIbTUMETP Ta 3aMUIIITh 3HAUCHHS BUX1IHOT HAIIPYTH;
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- 3MIHIOIOYH 3HaYeHHs onopy pe3uctopa R1 3 kpokom 1kOm o 10kOwm, 3anuiiTe 3HAYCHHS
BUXI1IHUX HAIpyT.

- po3paxyihTe eKCIIepUMEHTAIbHI KOS(IIEHTH JIJICHHS JaHOI CXEMH MPU 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 1151 MOJIeNIIOBaHHS MOUIbHUKA 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 qudepenuiiny 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. JlocaiaiuTh YacTOTHI XapaKTEPUCTHUKU JTU(EpEeHLIaJTbHOI CXEMH JOIOMOTOH0
BumiproBaua AUX ta ®UX (Bode Plotter). ¥ BianoBigHWX BiKOHIISIX BCTAHOBHUTH: MiHIMaJIbHE
nocnalneHHss BuxigHoro curHany = 0 ab (MakcuMmanbHHMIA KOedilieHT mepenadi), MaKCUMalbHe

nocnabnenus = —40 ab (MiHiManbHMI KoedilieHT mepenavi), MakcuManbHa yactora = 5 MI'n,
MiHiManbsHa yactora = 100I1y .
S. VYBIMKHYTH MOJIETIOBaHHS 3a JOMOMOTO0 BI3UPHOI JIHINKN BUSHAYUTH 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. TloBTOpPHUTH €KCIIEPUMEHTH TIPU OJHOYACHOMY 301IbIIEHH] OMIOPY IMOTEHIIIOMETpA i
€eMHOCTI KoHAeHcaTopa 10 50%, a moTim 10 75% BiJg HOMiIHAJIBLHOTO 3HAYEHHS.

9. Pesynbratu 3anectu B mpoTokoi. ChopMytoBaTH BUCHOBKH.

10. Hocnigutu nudepenuitorouy RC-cxemy B yacoBiii ob6nacti. BctaHoBUTH Taki mapameTpu
iMysnbeiB reHepaTopa: yactota 10 k' (mepiox 100 mkc), 3anoBuenHs (Duty cycle) 50% (tpuanicts
immrynbeiB 50 Mkc), amrmutityaa 10 B.

11.  BuctaBuTu MiHIMaJbHI 3HAYCHHS OMOPY MOTEHILIOMETPA Ta EMHOCTI KOHJICHCATOPA.
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12. BucraBuTh pexxumu ocrmiorpada: tpuBaiicts posroptku (Time base) 20 mxc/moainka,
tun GyHKIiOHAIBHOI 3aiexHocTi Y/ T, uyrnusicTe kaHany «A» — 20 B/mominka, 3MilleHHS IO
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
BEPTHUKAJIl OCLUIIOTpaMH CUTHAITY KaHaiy «B» (Y position ) — 1.2 noj. Pexum cuHXpoHi3aIii — 3amyck
BX1THIMU CUTHAJIaMH, TOOTO CHUTHAJIAMU KaHATY «A».

13. VYBiMKHYTH MojenmoBaHHS. 3adikCcyBaTH Ta MpOaHATI3yBaTH BUXIIHI OCIHJIOTPAMHU.
Kopucryrounce kypcopamu 1 Ta 2 BUSHAYUTH BEIMYUHY BUXITHOI HAIPYTW HA MMOYATKY 1 B KiHII il
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% Big HOMiIHAIBHOTO 3HaYCHHS. Pe3ynbpTaTu 3aHecTH
B IIPOTOKOJL.

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

1.2.3. Jocainzkenns interpyrwo4oi RC—cxemu.

1.  TloOynymatu cxemy iHTerpyrouoi RC-cxemu (pucynok 1.23). BuctraButu HOMiHaJIbHY
eMHICTh KoHJIeHcaTopa 10 H®D, Ta BenuuuHy 3MiHU €MHOCTI (25%). 3HAaYEHHS OMOPY MOTEHITIOMETpA
Ta BCTAHOBJIEHI BIICOTKH 3aJIUILUTH O€3 3MiH.

Jocmigut yacToTHI XapakTepuctuku inTerpyrouoi RC — cxemu. [lepeBectn reneparop B
pexuM GopMyBaHHs rapMOHIYHOTO curHany. Buctasutu ammiityay 10 B. Onepxxatn AUX Ta
®YX inrerpyrouoi RC— cxemu mist 3Hauens R 1 C (25, 50 ta 100%). Busnauutu 3a 1011oMororo
Bode Plotter ta po3paxyBatu 3Ha4eHHS BEPXHIX TPAHUYHHUX 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. [lepeBectn GpyHKITIOHATHHHAN
TeHepaTop B peKUM (HOpMyBaHHS MPSIMOKYTHHUX IMITYJIbCIB («— %), BUCTAaBUTH TakKi MapameTpu
imynbeiB: yactora 10 x['m, BigcoTkum 3amoBHeHHS 50% (TOOTO TPUBATICTH IMIYIBCIB 5 MKC),
amrutityaa 10 B.

5. Biaxputu nepenHto naxenb ocipuiorpada, Ta BCTAaHOBUTH TPUBANICTh PO3TOPTKU
20Mkc/mof. Pemity moka3HHKIB 3aTUIIATH 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 3HAYCHHSI.
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1.2.4. locaimxenHns noasiiiHoro T-noaioHoro mocry.

1. ITo6ynyBatu cxemy noasiitHoro T-noxai6noro mocry (puc. 1.24).
2. BukopucroByroun Ta0uuito 1.1 BUCTaBUTH 3HAYCHHS OMOPIB B PE3UCTOPAX TaK, MO0 1 = 2
= 2 3,1 BeJIMYMHY EMHOCTI KOHACHCATOPIB 13 ciiBBiHOmEHHsAM 1 = 2 = 0,5 3. Po3paxyBaru
KBa31pe30HAHCHY YacTOTy 3a (hOpPMYJIIOL0:

1T 11
fo= 2nR,C, 2mR,C, 2mR,C;
Tabmmus 1.1

[Toznauenus Ne BapiaHTa
1 2 3 4 5 6 7 8 9 10
R, xOm 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 4,7 4,3 3,9
Fi1, xI'n 0,5 0,2 0,3 0,8 0,4 0,7 0,9 0,6 0,8 0,4
Fo, kI'n 10 20 30 40 50 60 70 80 90 15

[To3HaueHHs Ne Bapianra
11 12 13 14 15 16 17 18 19 20
R, xOm 22 22 24 24 27 27 30 30 33 33
C, nd 3,6 3,3 3,0 2,7 2,4 2,2 2,0 1,8 1,6 1,5
F1, kxI'g 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 0,1
Fo, k' 25 35 45 55 65 75 85 95 10 20

[To3HaueHHA No 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 4,7 4,3 3,9
F1, kxI'g 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 0,1 0,2
Fo, kI' 30 40 50 60 70 80 90 15 25 35

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

3. IlepeBectu pyHKIIOHATBLHUIA T€HEPATOP B PEKUM (POPMYBAaHHS TECTOBOTO FaApMOHIYHOTO
curHainy (~—""). BctaHOBUTH aMIUTITyly KOJIMBAHHS - HANpyra NOBHHHA BiAMNOBIAATH HOMEPY
BapianTa. Yactoru — F1, F2 (Tabn.1.1) ta F3 = fo.

4. Bu3HauuTH 3HAYEHHS CTPYMIB Y BCIX JaHIIOTax (BKIOYAO4M BXITHUI), HAIIPYTH Ha BCIX
eJIEMEHTaxX MpH JIBOX 3a3HAYEHUX YAaCTOTH BX1IHOTO CUTHAJY, a TAKOXK HA YaCTOTI KBa3ipe30HAHCY.
[Ipu BUMIipIOBaHHI CTPYMIB 1 HalIpyT MOBHUHHI OyTH BUKOPHUCTaHI SIK aMIIEPMETPH 1 BOJIBTMETPH, TaK
1 MynbTUMETp. B sKOCTI JKepena BXiZIHOTO CHUIHAJIy MOBHMHHI OYTH BHKOPHCTaHI SIK I'e€HEpaTop
CHUHYCOIZIHOTO CUTHaly, Tak 1 (yHKIIOHAJbHUN reHepaTtop. AMIUNTYAa CUTHAIy Yd Horo airoue
3HA4YEeHHSI BUOUPAETHCS CTYICHTOM CaMOCTIHHO, BUXO/ASYH 13 3pyYHOCTI BUMIPIOBAHHS.

5. BuznauuTu nepioau Ta 3cyBu a3 MK BXITHUM 1 BUXITHIUM CUTHAJIOM Ha TPhOX

YyacToTax, BKazaHux B Tabx 1.1. Po3paxyBaru ¢a3oBwuii 3cyB Ta eKCIIEpUMEHTAIbHE
3HA4YeHHs 4acTOT B YCIX BUIIA/IKAX.
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6. Buznauntu xoediieHTH nepenrayn Mocty (BiIHOLICHHS BUX1THOT HAIIPYTH 10 BXiJHOT)
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. Hochinutn AUX, pesynbrat BUMiptoBanb Ta AUX 3aHECTH B IPOTOKOIL.

9. IlepeBectu Bode Plotter B pexxum mocmimkeHHs ()a304acTOTHOI XapaKTEPHUCTHUKH.
Hocnigutu ®YX.

Puc. 1.24 Cxema st mociipkeHHs moABiHOT0 T—110a16HOTr0 MOCTY

1.3. Odopmienns 3BiTy

3BIT MOBUHEH MICTUTH:

- MeTy JIabopaTopHOi poOoTH;

- JOCIIKYBaHy IPUHIUIIOBY €JIEKTPUYHY CXEMY;

- pe3yNbTaTH AOCITIKEHb Y BUTIIAA TaOIuIIl 31 3Ha4eHHsIMU onopy R1, BumipsiHOIO
BUXI1/IHOIO HAIIPYro10, EKCIIEPUMEHTAIbHIUMHU Ta TCOPETUYHUMHU KOe(]illieHTaMu JiJICHHS;

- INPUHILIMIIOB] €JIEKTPUYHI CXEMU BIpTyaJbHUX JIaOOpAaTOPHUX CTEHIIB JUId

- nocmimkenus RC-cxewm;

- pe3yNbTaTH PO3paxyHKiB CTAIHUX Yacy, 3HaU€Hb T'PAHUYHHUX YaCTOT Ta TPUBAJIOCTI
nepexigHux npoieciB At RC-cxewm;

- aMILTITYTHO-9aCTOTHI XapaKTEPUCTUKU JociiKyBaHUX RC-cxem;

- nepexiHi XapakTepuCcTUKU aociimkyBanux RC-cxem;

- OCIIJIOTPAMH IMITYJIbCIB, OZICP’)KaHUX 33 EKCTIEPUMEHTAMU ;
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- BH3HAYECHHS TPUBAIOCTI MEPEXiTHUX MPOIECIB Ta CMYTH YacCTOT;
BHCHOBKH, 10 0a3yIOThCs HA aHAJIi31 OTPUMAHHUX PE3yJIbTATIB.
- BHCHOBKH.

1.4. KoHTpOJIbHI 3alIUTAHHS

1. JIns 9oro BUKOPUCTOBYIOTH IIporpamy Multisim?

2. SIx B mporpami Multisim GyayroTecst cxemu?

3. Sk B mporpami Multisim 3’e€HaTH B OAWH BY30J1 OUIBIIIE TBOX KOMIIOHEHTIB?

4. SIx B mporpami Multisim KopuCTyBaTHCh KOHTPOJIHHO-BUMIPIOBAIbHUMU TPUIIaaMu?

5. HakpecniTh Ta HOSICHITh MPUHIIUIIOBI €JIEKTPUYHI CXEMHU 1HTETPYIOUOTO Ta
madepenmirorodoro RC-kona.

6. [TosicHiTh popMyBaHHS BUXiTHOTO cUrHANY qudepeniiroounm RC-komom.

7. ITosicHiTh pOpMYBaHHS BUXIIHOTO CUTHANY iHTerpytounM RC-komom.

8. Uomy mudepenuirorodi RC-cxemu € pinpTpamu BepxHix 4acToT?

5. SIki eneMeHTH eJICKTPOHHUX CXeM OOMEKYIOTh YaCTOTHI BIIACTHBOCTI MIPUCTPOIB 0OPOOKHU
CJIEKTPUYHUX CUTHAJIIB

9. Sk 3MIHIOETBCS TIepexiaHa XxapakTepucTrka audepeniirorodoi RC-cxemu 3i 301TbIICHHIM
€MHOCTI KOHJICHCATOPa Ta 3MIHOIO OIOpY pe3ucropa?

10. Sk 3MiHIOETBCS MEpexXiHa XapakTepucTuka inTerpyrodoi RC-cxemu 3i 3MeHIIEHHSIM
€MHOCTI KOH/IEHCATOpa Ta 31 301IbILIEHHSIM OIOpPY pe3ucTopa’?



