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Tuxonos 10.0. Jladoparopumii mpaktukym 3 Teopii ki i curHajais B
indopmauniiitnomy ta kiéepnpocropax / K.: YT, 2018. — 215 c.

B npakTtikymi BukiajneHi iHdopMmarliiiHi Ta METOJWYHI Mareplaau s
MIPOBEICHHS J1a0OpaTOpHUX PpOOIT 3 Teopil KUI 1 CUrHajiiB B iH(OpMaIliiHOMY Ta
kibeprpoctopax. [IpakTikym Ja€ MOKJIUBICTh OTPUMATH JOJATKOBY 1H(opMaIiiio 3
MUTaHb, SIKU € CKJIaJIOBUMH HAaBUAJIHHOM MPOTpaMu BUBUYEHHS JAUCIIUILUIMHI B paMKax
IITOTOBKM OakajaBpa 3a creriainbHicTio 125 Kibepbesmneka.

[IpakTiKym MICTUTBH OMKC Ta 3aBJaHHS 10 JaO0OpaTOPHUX POOIT, IO CKIAAECH1
aBTOPOM NpH BHKIJIAJaHHI B YHiBepcuTeri B mepiox 3 2005 mo 2018 p. Takux
HaBUYAJbHUX JUCUUIUIIH, AK Teopis eNeKTpUYyHUX Ta MarHiTHuX Kui, Teopis
€JIEKTPUYHUX KU Ta cUrHajiiB, CHUrHaiv Ta NOpOLECH TEIEKOMYHIKAUIMHUX MEPEX,
Teopis k1, curHamnis 1 npouecis B iHpopmalliiiHoi 6e3neku, Teopist Kid 1 CUTHAJIB B
iHpopMaIifHOMY Ta KibeprpocTopax. 3arajgbHa KiTbKICTh JA0OpaTOPHUX POOIT - 22.

J71st K0>kHOT 3 POOIT BUSHAYECHI KOPOTKI TEOPETUYHI TIOJIOKEHHS Ta KOHTPOJIbHI
MMATAHHSA, 110 J03BOJISIOTH SKICHO IMATOTYBAaTHCS 10 BUKOHAHHS POOIT Ta OIIHUTH
3HAHHS CTYJEHTIB 10 JJa0OpaTOpHOi POOOTI.

Kpim  ToTO, 7a00paTOpHUN  TMPAKTHUKYM KOPUCHUW JJII  CTYJICHTIB
crnerianbHOCTi 172 TenekoMyHikaiii Ta pagioTexXHikKa.

[Tpusnaueno g cryaeHTiB HaBuanbHO-HAYKOBOTO 1HCTUTYTY 3aXHUCTY
iHpopMmarii Ta HaBuanbHO-HAYKOBOTO 1HCTUTYTY 3a04YHOTO Ta JUCTAHIIMHOIO
HaBYaHHS, 1[0 HABYAIOThCA 3a crerianbHicTio 125 KibepOesmeka.
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BCTYII

JlaGopaTopHuii MPaKTUKyM 3 TEOpii KUI 1 CUTHaNiB B i1H(dopmaliiiHoOMy Ta
kibeprpocTopax 3 HaByajdbHOi gucruruiinu  "Teopis Kl 1 CHUTHaliB B
iH(opMariiiHoMy Ta kibeprnpocropax" po3po0aeHO BIAMOBIIHO 10 3aKOHY YKpaiHH
"IIpo Bumyy oceity", Ilonoxennio "IIpo opranizailito OCBITHBOI'O TIPOIIECY B
Jlep>xaBHOMY yHIBEpCUTETI TelekoMyHikaiil", Meroguuaum pexomenaarism "[Ipo
OpraHizaiilo Ta METOAUKY IPOBEICHHS HaBYAIbHUX 3alHATb, BIAKPUTUX 3aWHSATS,
B3a€EMOBIJBITYBaHHS Ta KOHTPOJIbHUX B1JABIyBaHb B yHIBEpPCUTETI".

Bukopucranns BipryaneHoi sabopatopii  "ElectronicsWorkbench” s
BUKOHAHHS JIa0OpAaTOPHUX POOIT Ja€ MOMXJIUBICTh MAaKCHUMAJIbHO MPHUOIU3HO 0
peaJIbHUX YMOB MOJIETIOBATH CXEMHU PI3HUX EJIEKTPUYHUX KUI 1 EJIeKTPOHHHUX
npuctpoiB. BipTyanbHa mabopaTopiss  A03BOJSE  NPOBOAUTU  JOCIIIKEHHS
CJIEKTPUYHUX KT TOCTIMHOTO 1 3MIHHOTO CTPYMIB, KUI 3 HECHHYCOiJalbHUMHU
CTpyMaMH ¥ Hampyram, BUBYaTH TUMYACOBI W YaCTOTHI XapaKTEPUCTUKU KU 1
BIUIMB TIMapaMeTpiB KT Ha iXHI XapakTEPUCTHUKU. 3a JOMOMOTOI0 BIPTyajabHOI
nabopaTopii MOKHA JOCIHIKYBaTH €JIIEKTPUYHI CHUTHajIuM B 1H(OpMaLIdHOMY Ta
kibeprpocTopax 1 iXHI cnekTpu. PalioHanbHE CIHIBBIJHOIIEHHS B BHKOPUCTaHHI
MEPCOHAJIbHUX KOMIIBIOTEPIB 1 peajbHUX JIA0OPATOPHUX CTEHJIB J03BOJIUTH
3MEHIIUTH BUMOTH J0 KUIBKOCTI 1 6araToBapiaHTHOCTI JAOOPATOPHOTO yCTATKyBaHHS
1 pa3oM 3 TiM OUIBIII MOTJIMOJICHO 3aCBOIOBATU MaTepiasl TUCIUILTIHY.

[Tepuri m’ate J1ab0opaTopHUX POOIT AaH1 31 3pa3kamu 3BITIB MO JAOOPATOPHUX
poborax.



1. BukoHaHHs1 1a00PATOPHUX POOIT B BHIIX HABYAJBbHMX 3aKJIa1aX

Bianosinno no 3akony Ykpainu "lIpo Buiry ocBiTy" nmaGopaTopHi 3aHSTTS
BIJTHECEHI JI0 OCHOBHUX BUJIB HABYAJIIbHUX 3alHSTh Y BUIIUX HAaBYAIbHHUX 3aKJIaJlaX.
JlaGopaTopHe 3aHSATTS - BHJlI HABYaJbHOTO 3aHATTA, HA SKOMY CTYIEHT TIij
KEpIBHUILITBOM BHKJIajada IMPOBOJUTh HATypHI a0o0 IMITaIliiHI EKCIEPUMEHTH YU
TOCTIKEHHSI 3 METOK TPAKTUYHOTO IMiATBEPHKCHHS OKPEMHX TEOPETUIHUX
MOJIO’KEeHb, HAOyBa€ MPAKTUYHUX HABHUYOK POOOTH 3 JTaOOpPATOPHUM OOJIaTHAHHSM,
OCHAIIICHHSIM, OOYMCIIOBAIILHOIO  TEXHIKOIO, BHMIPIOBAJIBHOIO  ammaparyporo,
OBOJIO/IIBA€ METOJIMKOIO0 €KCIIEPUMEHTAIBHUX JAOCTIIKEHb Y KOHKPETHIN MpeAMETHIN
ramysi Ta 0OpoOKH OTpUMaHUX PE3yJIbTaTIB.

JlaGopaTtopHi pOOOTH CTAHOBJSATH BAXJIMBY YaCTUHY TEOPETHUHOI U
npodeciiiHoi  MPaKkTUYHOI MIATOTOBKH CTYAEHTIB Jlep>kaBHOro yHIBEPCUTETY
TEJICKOMYHIKaIIii, 1110 OCBOIOIOTH OCBITHI IIporpamMu OakanaBpara 3a CIEHiabHICTIO
125 KibGepbOesnieka. Bonu copsiMoBaHI Ha €KCHEPUMEHTAIbHE MIiATBEPKEHHS
TEOPETUYHUX TIOJIOKEHb 1 (DOPMYBaHHS HaBUYAIBHUX 1 MPOGECIHHUX MPaKTUIYHUX
yYMIHb CTYJICHTIB.

JlaGopaTopHi 3aHATTS MNPOBOASTHCSA Y CIEHIAJIBHO OCHAIICHUX HaBYAIbHUX
nabopaTopisix 3 BHUKOPUCTaHHSIM OOJaJHAHHS, MPUCTOCOBAHOTO JIO YMOB
HaBYAJIBHOTO TIporiecy (J1abopaTOpHUX MAaKeTiB, YCTaHOBOK Ta iH.). JlabopaTophi
3aHATTS MOXKYTh TIPOBOJAUTHCS TaKOX B yMOBaX peaJbHOTO MPOdheciifHOTO
cepenoBUIlla (Ha MIANPUEMCTBI, B HAYKOBHX Jiaboparopisx Tomo). Ilepemik tem
7a00paTOpHUX  3aHATh  BHU3HAYAETHCS  pOOOUOI0  HABYAIBHOIO  MPOTPAMOIO
JTUCHUIUIIHY. 3aMiHa JJabOpaTOPHUX 3aHATh 1HIIMMHU BUJAaMU HAaBUAJbHUX 3aHSATHh HE
JOITYCKAETHCS.

BukonaHHs cTyeHTaMu Ja00paTOPHUX POOIT CIPSIMOBAHO Ha!

y3arajbHCHHS, CHCTEMAaTH3aIlllo, ITOTVIMOJICHHs, 3aKpIIJICHHS OTPUMaHUX
TEOPETUYHHUX 3HAHb M0 KOHKPETHUX TeMaxX HaBYAIbHUX TUCIUTILIIH;

dbopMyBaHHS 3arajbHUX KOMITETEHIIIH;

dhopmyBaHHS TIPOPeCiHHNX KOMIIETEHIIIH.

HaBuanbHi AMCIHMIUNIHK, O SIKAX TUIAHYIOTHCS JTAOOpATOpPHI 3aHATTSA 1 IXHI
o0cArv, BHU3HAYAIOTHCS HABUAJLHUMHU IUJIaHAMH W poOOYMMM TMporpaMaMu
HaBYAJbHUX JTUCIUTLIIH.

JlaGopatopHi poOOTH ¥ paKTUUHI 3aHSITTS MOBUHHI, SIK MPaBUJI0, TEMATUYHO
BUIUIMBATH 3a TIEBHUMH TE€MaMH TEOPETHYHOTO MaTrepiaidy HaBYAJIbHOI JUCITUTLTIHH.
[IpoBimHOIO AMIAKTUYHOIO METOI JIA0OpaTOPHUX pOOIT € eKCIepUMEHTaIbHEe
MIATBEPKEHHST U TEpeBipKa ICTOTHUX TEOPETUYHHUX TOJ0KEHb (3aKOHIB,
3aJIC)KHOCTEH ), 1 TOMYy BOHM 3aiiMalOTh TIEPEBaXKHE MICIIE NMPY BUBUYCHHI HaBYAIBHUX
JTUCITUTUTIH TPO(ECiHHOT Ta MPAKTUYHOI MiATOTOBKH.

3MicTOM J1abOpaTOPHUX POOIT MOKYThH OYTH:

eKCIIepUMEHTaJIbHA TIEpeBipKa (HOPMYJTI, METOUK PO3PAXyHKY;

YCTaHOBJICHHSI W MIATBEPKEHHS 3aKOHOMIPHOCTEH;

O3HAHOMJICHHSI 3 METOJIMKAMU TIPOBE/ICHHS €KCIICPUMEHTIB,;



YCTaHOBJICHHSI ~ BJIACTUBOCTEH  PEUYOBHMH, iX AKICHUX 1  KUIBKICHUX
XapaKTEPUCTHUK;

CIIOCTEPEKEHHS PO3BUTKY SIBHIII, MMPOIIECIB 1 1H.

[Ipu BHOOpPI 3MmicTy W 00cCATy Ja0OpaTOpPHUX POOIT BAPTO BHUXOIUTH 3i
CKJIaJIHOCTI HABYAJIbHOTO MaTepiaidy JUIsl 3aCBOEHHS, BHYTPIAMCIUIUIIHAPHUX 1
MDKIACIMIUTIHAPHUX 3B'SI3KIB, 3HAUMMOCTI JOCTIKYBaHUX TEOPETUUHUX IOJOKCHb
U1 MaOyTHBOI MpodeciiHoi MIsUTBHOCTI, a TaKoXX 3 TOro, sAKe Miclle 3aiimae
KOHKpETHa po00Ta B CYKYIMHOCTI JJAOOpATOPHUX POOIT 1 IXHBOI 3HAYMMOCTI IS
(dhopMyBaHHS IUTICHOTO MOJAHHS PO 3MICT HABYAJIbHOIT AUCITUILTIHH.

[Ipu mnanyBanHi JabopaTopHUX poOIT BapTO BpaxoBYBaTH, IIO TOPSAI 13
MPOBIAHOIO TUAAKTUYHOIO METOK B XOJII BUKOHAHHS 3aBAaHb Y CTYICHTIB
GOpMyIOTECS MPAaKTUYHI BMIHHS W HABUYKM pPOOOTH 3 PI3HUMU TPUIIAJTAMH,
YCTaHOBKAaMH, JTA0OPATOPHUM YCTaTKyBaHHSAM, SKI MOXYTh CTaHOBUTH YacCTHHY
npodeciitHOl MPaKTUYHOI MIATOTOBKH, a TaKOXK JOCIIIHHUIIbKI BMIHHS (CIIOCTEpIraTH,
MOPIBHIOBATH, aHAJI3yBaTH, YCTAHOBIIOBATH 3aJIEKHOCTI, POOUTH BHUCHOBKH W
y3araJIbHeHHs, CAMOCTIHHO BECTH JOCITIKEHHS, 0hOpMIIATU pe3yibTaTh). Temaruka
i KUIBKICTh TOJWH, IO BIABOIATH Ha JJTA0OpAaTOpPHI pOOOTH M MPAKTUYHI 3aHSITT,
(bikcyeTbes B poOOUYUX MpOrpaMax HaBYAIbHUX JUCIUTLIIH.

Cxian 3aBnaHb i JIaOOpaTOpHOi poOOTH TOBUHEH OyTH CIUJIAaHOBaHUM 3
pO3paxyHKOM, IIOO 3a BIABEJCHWM Yac BOHM MOIVIM OyTH SKICHO BHKOHAaHI
OunpmricTIO cTyAeHTIB. JlaboparopHa poOOoTa SK BHJ HABUYAJBHOTO 3aHSATTA
MIPOBOJIUTHCA B CIIELIAJBHO OONaJHAHMX HaBYaNbHUX Jabopatopisx. HeoOxinHumu
CTPYKTYPHUMH €JeMEHTaMu J1abopaTopHOi poOOTH, KpIM CaMOCTIHHOI AisUIBHOCTI
CTYICHTIB, € IHCTPYKTaX, IMPOBEICHUN BHUKJIQJaueM, a TaKOX OpraHizalis
0OroBOpPEHHS MiJICYMKIB BUKOHAHHS TJa00OPaTOPHOT pOOOTH.

BukoHaHHt0 J1a0opaTopHUX poOIT TMepeaye JOOMallHsg MiJAroTOBKa 3
BUKOPUCTAHHAM  BIANOBIAHOI jiTeparypu (MiIAPYYHUKH, JIEKIi, METOJNYHI
MOCIOHMKM W BKa3iBKM W 1H.) 1 MepeBipKa 3HAHb CTYJIEHTIB SK KPUTEPI IXHBOI
TEOPETUYHOT TOTOBHOCTI /10 BUKOHAHHSI 3aBJJaHHS.

3a 3micT 1 3abe3neyeHHs J1IA0OpaTOpPHUX POOIT BIAMOBITAE BUKIA/Ia4
HaBYaJIbHOI TUCIUILIIHU.

[To xoxHii jJabopaTopHiii poOOTI BUKIATadyaMu PO3POOIISIIOTHCS METOJIUYHI
BKa3IBKU TIO iXHbOMY MPOBEJCHHIO, SIKI 3aTBEP/KYIOThCA 3aBiylouuM Kadenpwu.
MeTroanuHi BKa31BKHM JJiA CTYAEHTIB 1O MPOBEACHHIO Ja0OPATOPHUX POOIT MOBUHHI
BKJIFOYATH HACTYIHY 1H(GOpMAIIIIO:

TeMa JlabopaTOpHOi poOOTH;

[UJIb poOOTH;

NOSICHEHHSI 710 poOoTH (yKazaTh, y T.4. AKI 3HAaHHA ¥ yMIHHS TOBHHEH
oJiep>KaTH, 1110 HABYAETHCS MPU BUKOHAHHI JIA0OpaTOPHOi pOOOTH);

MoTIepe THS MiATOTOBKA JI0 JIa0opaTopHOi poOOTH;

X171 poboTH (METO/IMKa BUKOHAHHS POOOTH);

3MICT 3BITY;

KpUTEpii OIIHKH.

Ctpyktypa odopmiieHHs 1abopaTOpHUX pPOOIT MO HABUYAIBHINA AUCIUILTIHI
BH3HAYA€THCS KaQeaporo.



MeToauuHi BKa3iBKM JiA CTYAEHTIB MO NPOBEACHHIO J1a0OpAaTOPHUX POOIT
MOXYTh OyTH oOQOopMJeHI Yy BHUIVISAI 30ipHUKA IS KOHKPETHOI HaBYAIBHOI
JUCIIUILIIHHA.

JlabopaTopHi poOOTH MOXKYTb HOCUTHU O3HAMOMITIOBAIILHUM, pENPONyKTUBHUI
a00 MPOYKTUBHUM XapakTep.

Po6oTu, 110 HOCATH O3HAHOMITIOBAIBHUI XapakTep, BIAPIZHSIIOTHCS THUM, IO
npu IXHROMY TMPOBEJCHHI BiJI0YBAa€ThCS MI3HABAaHHs paHIllle BHUBUCHHX 00 €KTIB,
BJIACTMBOCTEH, TMpocToi BiATBOpeHHs iH(opmamii. Pobotu, mo  HOCATH
PENpPOAYKTUBHAN XapakTep, BIIPI3HAIOTBCA THM, L0 NPU IXHBOMY IPOBEACHHI
Bi/I0YBa€ThCSl BUKOHAHHS AISUTBHOCTI 3@ 3pa3koM, 1HCTPYKINT abo MmiJ KepiBHUIITBOM
Bukiagada. CTyJIeHTH KOPUCTYIOTbCSA JOKJIAJHUMH 1HCTPYKIIISIMH, Y SIKUX 3a3Ha4eH1
MeTa poOOTH, TMOSICHEHHS (Teopis, OCHOBHI XapaKTEPUCTUKH), YCTATKYBaHHS,
amapaTtypu, MaTepiait 1 iXHi XapaKTepUCTUKH, TOPSIOK BUKOHAHHS pOOOTH, Ta0HIIl,
BUCHOBKHU (0€3 (opmystoBaHHS), KOHTPOJIbHI MUTAaHHSA, HaBUajbHA W CIeliajibHA
JiTeparypa.

VY pobotax, 1110 HOCSATh NMPOJYKTUBHUMN XapakTep, CTYACHTU HE KOPUCTYIOThCA
JTOKJIAQTHAMK 1HCTPYKIISIMHM, iM HE JaHWH TOPSJOK BUKOHAHHS HEOOXIMHHMX MIH 1
MOTpiOEH caMOCTIMHUHN MiA00p yCTaTKyBaHHs, BUOIp CIIOCOOIB BUKOHAHHS POOOTH B
IHCTPYKTHUBHIN 1 JOBIAKOBIN diTeparypi i iH. CTyJeHTH NPOBOAATH IUIAHYBaHHS U
CaMOCTIiiTHE BUKOHAHHS MisUIBHOCTI, PIIIEHHS MPOOJIEMHHUX 3aB/IaHb, OMMPAIOYNUCHh HA
HasBHI B HUX TEOPETHYHI 3HAHHS.

[Ipn nnanyBaHH1 JIAOOPATOPHHUX POOIT HEOOXITHO 3HAXOJUTU ONTHUMAJIBHO
CHIBBIAHOLIEHHS 03HAMOMITIOBAIBHUX, PENPOAYKTUBHUX 1 TPOJYKTUBHUX POOIT, 100
3a0€3Me4YUTH BUCOKHUI PIBEHB IHTENEKTYAJbHOI JISJIbHOCTI CTYACHTIB.

dopMaMu oprasizaiii AisUIBHOCTI CTYJIEHTIB Ha JjabopaTopHuUX poOoTax €
(GbpoHTaNIbHA, TPyNOBA i1 IHAMBIAYyaJbHA.

[Ipu ¢ponTanbuiii dopmi opranizailii 3aHATh BCl CTYACHTH BHUKOHYIOTH
OJIHOYACHO Ty caMy poOOTY (3aBJIaHHS).

[Ipu rpynoBiii dopmi opranizailii 3aHsATh Ta cama poboTa (3aBmaHHs)
BUKOHYETHCS MIJATPyNaMu 1O 2-5 YOJIOBIK.

[Ipu iHguBinyanbHiil Gopmi opraHizaiii 3aHITh KOXHUW CTYJEHT BUKOHYE
1HIUBITyaJIbHY POOOTY (3aBlIaHHS).

Bci dopmu opranizariii IissIbHOCTI CTYJEHTIB Ha JabopaTOpHI MOBHHHI OyTH
3a0e3nedeHi MaTepialbHO-TEXHIYHUM OCHAIICHHSIM, METOJAMYHUM 1 1HQOpMaLIiHUM
CYIIPOBOIOM.

[Ipun npoBeneHHI J1abopaTOpHUX POOIT HEOOXIAHO 3a0€3MEUYUTH OPraHi3allio
po6OYOTO MiCIIs, 1110 BIAMOBIa€ BUMOTaM OXOPOHHM TIpalli, 0€3MeKH KUTTEAISITBHOCTI
1 MoXKeXKHOT O€3IMEeKH, CAHITAPHUX MPABUIL.

Jns  migBuileHHS  €(DEeKTUBHOCTI  MPOBEAEHHSA J1abopaTOpHUX  poOIT
PEKOMEHIYETHCSL:



— po3poOKa METOAWYHUX BKAa31BOK [JIsl CTYJAEHTIB IO MPOBEACHHIO
71a00paTOPHUX POOIT CTOCOBHO JI0 KOHKPETHUX Mpodeciil / CreliagbHOCTIM;

— HIAMOPSAAKYBAaHHS ~ METOJMKH  TMPOBEACHHS  J1TA0OpaTOPHUX  POOIT
MPOBIAHUM TUIAKTHYHUM IUISAM 3 BIAMOBIAHUMHU YCTAHOBKAMU TSI CTYACHTIB;

— 3aCTOCYBaHHS (POHTAIBHUX 1 TPYMOBUX (opM poOOTH, MaKCUMAaJbHE
BUKOPHUCTAHHA 1HAMBIAyalbHUX (OpPM 13 METOIO MiABUIICHHS BiAMOBIAAIBHOCTI
KOXHOTO  TIOBHOT'O OOCSTY, III0 HABYAETHCA 32 CAMOCTIHE BUKOHAHHS, POOIT;

— BUKOPHCTaHHA B TMPaKTUIll BHUKJIAJaHHA Ja0OpaTOpHUX  POOIT,
noOy/I0BaHMX Ha MPOOJIEMHINA OCHOBI; IIPOBEJICHHS J1AOOpaTOPHUX POOIT Ha
MIJBUIIICHOMY PIiBHI TPYAHOIIl 13 BKJIIOYEHHSIM Yy HHUX 3aBJaHb, IOB'S3aHUX 3
BHOOpPOM OOYYAIOIIMMHUCS YMOB BHKOHAaHHS pPOOOTH, KOHKPETH3AIEI0 IIiJIeH,
CaMOCTIHHUM BiZIOOPOM HEOOX1THOTO BCTAaTKyBaHHS,

— edeKTHBHE BUKOPUCTAHHS 4acy, 110 BIABOJAUTH Ha JIabopaTOpHi poOoTH,
migbop MONAaTKOBUX 3aBAaHb 1 3aBlIaHb A CTYACHTIB, MpPAIIOI0YUX y OiIbIe
IIBUIKOMY TEMITI.

JlaGopaTopHe 3aHATTS BKIIOYA€ TMPOBEICHHS KOHTPOIIO MMiATOTOBICHOCTI
CTYJICHTIB 70 BUKOHAaHHS KOHKpETHOI jabopaTopHOi poOOTH, BUKOHAHHS BIIACHE
1a00paTOPHUX JIOCHTIIKEHb, O(QOPMIICHHS 1HIAMBITYAIbHOTO 3BITY MPO BHUKOHAHY
poOOTOBI Ta MOro 3axWCT mepej] BUKIagadyeM. BuUkoHaHHS J1abopaTopHOi poOOTH
OILIIHIOEThCA BUKJIaAaueM. [licyMKoBa OIlIHKa CTaBUTHCS B JKypHadl oOOJIKy
BUKOHAHHS JIaDOpaTOPHUX POOIT 1 BPAaXOBYETHCS IMPU BUCTABIECHHI CEMECTPOBOI
MIJCYMKOBOI OLIHKK (PEWTUHTY) 3 JaHOi JUCUUIUIIHU. HasBHICTH MO3UTHUBHUX
OIIHOK, OJIepKaHUX CTYJACHTOM 3a BCi jabopatopHi poOoTH, nependayeHi poOoUuoro
HABYAJIBHOIO MPOTPaMoOI0, € HEOOXiAHOI0 YMOBOIO HOTO JOMYCKY JO CEMECTPOBOTO
KOHTPOJIIO MO AaHiil aucuMiuiiHi. J{jisi miaAroToBku A0 jJabopaTopHOi poOOTH, KpiM
HaBEJICHUX BHIIE pPEKOMEHAJAIlld, CTyJAEHTaM HEOOXITHO O3HAMOMUTHUCH 3
METOJUYHUMH PEKOMEHIAIISIMU J0 J1a00paTOpHOiT pOoOOTH.

KoHTponb 1 o11iHKa pe3ysbTaTiB BUKOHAHHS CTYJ€HTAMHU JJA0OPAaTOPHUX POOIT
MOBUHHI OyTH CIPSMOBaHI Ha TMEPEBIPKY OCBOEHHS BMiHb, MPAKTUYHOTO TOCBIIY,
PO3BUTKY 3arajibHUX 1 (popMyBaHHS TPOo(eciiiHuX KOMIIETECHIINH, TEBHUX POOOYOI0
MPOTPaMoOI0 HAaBYAIBHOI TUCITUTUIIHY.

JIJ1st KOHTPOJIIO ¥ OIIHKK Pe3ybTaTiB BUKOHAHHS CTYJIEHTaMU JTaOOPATOPHUX
poOIT BUKOPUCTAIOTHCS Takl (HOPMH M METOAM KOHTPOJIO, SIK CIOCTEPEKEHHS 3a
poOOTOIO CTYJEHTIB, aHaJI3 PE3YJbTATIB CIOCTEPEKEHHS, OIlIHKA 3BITIB, OIlIHKA
BUKOHAHHSI 1HJIMBIAyaJIbHUX 3aBIaHb, CAMOOIIIHKA MIsNIbHOCTI. OIIHKK 332 BUKOHAHHSI
1a60paTOPHUX POOIT MOXKYTh BUCTABJIATUCA MO M'ATHOANBHINA cucTteMi abo y dopmi
3aJIIKy ¥ ypaxoBYBaTHUCS K MOKa3HUKHU MOTOYHOI YCIIIIHOCTI CTYAEHTIB.

2. Koporkuii onuc nporpamu "Electronics Workbench"

[Ipu BUBUYEHHI KypCy 3arajbHUX TEXHIYHUX NUCIMIUIIH B TexHiuHUX BH3, sk
MPaBUJIO0, BUKOPUCTOBYIOTHCSA TPAAUIIIIHI METOIM MPOBEACHHS JIa0OpaTOPHUX POOIT
13 3aCTOCYBAHHSIM PI3HUX TEXHIYHHUX 3acO0iB: MPUIAIIB (BOJIBTMETPIB, ociuiorpadin
1 T.I.), CHeliaJbHUX J1abopaTopHUX CTEeHIIB. (s iHTeHcHdikarii Ta ImiaBUIIECHHS
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SAKOCTI HAaBYAJILHOTO TMPOIIECY 32 PaXyHOK CKOPOYEHHS 4yacy Ha MiArOTOBYI omeparii
MOJK€ 3aCTOCOBYBATHCS Iporpama Electronics Workbench (EWB), ska
peAcTaBisie Co000 3aci0 MporpamMHOi po3pOOKH i IMITaIll]l €ICKTPUUHUX KiJI.

Electronics Workbench - enekrponna nabopatopist Ha koM 'torepi. Cucrema
cxemoTexHiyHoro MojenoBanHs Electronics Workbench npusnauena mis
MOJICJIIOBaHHS Ta aHaIli3y €JEKTPUYHUX CXEM.

[Iporpama EWB no3Bonsie MopemtoBaTu aHajiorosi, HUGpPoBi 1 1udpo-
aHaJIOTOBl CXEMH BEJIMKOI CKiaaHocTi. HasBHI B mporpami 6107110TeKH BKIIIOYAIOTH B
ceOe MacuBHI €IEMEHTH, TPAH3UCTOPH, KEPOBaH1 pKeperta, KepoBaHi K04, riopuIH1
€JIEMEHTH, 1HIUKATOPH, JIOTIYHI €JIeMEHTH, TPUTEPHI NPUCTPOi, HU(POBI 1 aHAIOTOBI
€JIEMEHTH, CrelialibHl KOMOIHAIiiHI 1 mochioBHI cxeMu. [lapamMeTpu KOMIOHEHTIB
MOKHa 3MIHIOBaTH B MIMPOKOMY [liala30HI 3HAuY€Hb, iX MOXKHa 3MIHIOBATU
6e3nocepeHbo 3 KilaBiaTypH.

VY po3nopsikeHHI KOpUCTyBaya € MUPOKUM Hallp mpuitaaiB Uisl IPOBEICHHS
BHUMIPIOBAHb: aMIIEPMETpP, BOJBTMETP, OCIHIOrpad, MyJIbTUMETpP, OOAEIIOTTEp
(rpadiuHuil  mpUCTpPI  YACTOTHUX  XApPAKTEPUCTUK  CJIEKTPUUYHUX  KUI),
(GyHKIIOHATBFHUN TeHepaTop, TeHepaTop CJIiB, JIOTIYHMUNA aHalli3aTop 1 JIOTTYHUN
nepeTBoproBady. Habip mnpuianiB 103BOJIsSE TPOBOJUTHA BHUMIPIOBAHHS PI3HUX
BEJIMYMH, 33/1aBaTH BX1JHI BIUIMBH, OynyBatu rpadiku. Bei mpunanu 300paxkyoThes
y BUINISAJI, MAaKCUMaJIbHO HAOJIMKEHOMY O pEalbHOro, TOMY IpalioBaTH 3 HUMHU
MPOCTO 1 3pYYHO.

€ yHIKaJIbHa MOKJIMBICTb JJISl IJIJAHYBaHHS 1 MPOBEAEHHS IIMPOKOTO CHEKTPY
JOCIIKEHb €JIEKTPOHHUX CXE€M IMpU MIHIMadbHUX BUTparax 4acy. Electronics
Workbench no3BoJisie po3MICTUTH CXEMY TAKUM YMHOM, 1100 OyJIO YITKO BHJIHO BCI
3'€lHaHHS €JIEMEHTIB 1 OJJHOYACHO BCS CXeMa LUIKOM. MOXJIHMBICTh 3MIHU KOJIbOPY
MPOBIAHUKIB J03BOJIIE 3pOOUTH CXEMY OUIbLI 3pYYHOIO JUIsl COPUUHATTA. MoxkHa
B1JI0OpaKaTy PI3HUMHU KOJHOpaMH 1 Tpadiku, MO Ay’KE 3pYUYHO MPU OJHOYACHOMY
JOCHIIKEHH1 AEKUIBKOX 3aJ1€KHOCTEH.

[Iporpama EWB moxe mpoBoauTu aHami3 CXeM Ha MOCTIMHOMY 1 3MIHHOMY
CTpyMi. AHalli3 CXeM MOXE IMPOBOJIUTHUCS SK B THMYACOBIH, TaK 1 B YaCTOTHIH
obmactsax. Y Electronics Workbench moskua mociipkyBaTu nepexigHi mporecu mpu
BIUTMBI Ha CXE€MU BXIJHUX CUTHAIIB Pi3HOT (HOPMH.

Electronics Workbench no3Bonsie OymyBath cXeMH pi3HOTO CTYIMEHS
CKJIQJJHOCT1 3a JOINOMOTOI0 HAaCTyNHHUX OIepamii: BUOIp €JEeMEHTIB 1 MpuiIaaiB 3
010J110TEK, MEepPEMIIEHHsI €JIEMEHTIB Ta CXeM B Oynb-sKe Miclle poOodYoro mos,
MOBOPOT €JIEMEHTIB 1 IPYIl €JIEMEHTIB Ha KyTH, KpaTHi 90 rpamycam, KOIMiIOBaHHS,
BCTaBKa a00 BUJAJICHHS €JIEMEHTIB, IPYIl €IEMEHTIB, ()PArMEHTIB CXEM 1 LIITUX CXEM,
3MiHa KOJIbOPY MPOBIJHUKIB, BUAUICHHS KOJHOPOM KOHTYPIB CXE€M JUIsl OiIbII
3pY4YHOrO  CHPUUHATTS, MNPUETHYBATH KiJIbKa BHUMIPIOBAIBHUX MPWIAMIB 1
CIIOCTEPEKEHHS X IMOKa3aHb Ha €KpaHI MOHITOpa, 3MiHA TMapaMeTpiB C€JIEMEHTIB B
HIMPOKOMY Jlara3oHi.

Bci onepariii mpoBOASITHCS 3a JTOMOMOTOK0 MUIII 1 KJIaBiaTypu. YpaBIiHHA
TIJIBKH 3 KJIaB1aTypu HEMOKJIHBO.

[InsxoM HACTpOWKM TMPUIAAIB MOKHA: 3MIHIOBATH IIIKalW TPHIAIIB B

3aJIeKHOCTI BIJ Jlanma3oHy BUMIPIOBaHb, 33J]aBaTH PEKUM POOOTH MPpUTIAdy, 33/1aBaTH
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BU/J] BXIJHUX BIUIMBIB Ha cXeMy (IIOCTIiiHI 1 TApMOHINHI CTPYMHU 1 HaNpyTH, TPUKYTHI
1 IPSIMOKYTHI IMITYJIbCH).

['padiuyai MOXKJIMBOCTI MPOTPaMH JO3BOJISIOTH: OJHOYACHO CIIOCTEpIraTH
KUIbKa KpUBUX Ha rpadiky, BimoOpakath KpuBI Ha rpadikax pi3HUMH KOJIbOPAMH,
BUMIPIOBAaTH KOOPJAMHATH TOYOK Ha Tpadiky, IMOOPTYBaTH AaHi B rpadiuHul
pEemaKTop, MO TO3BOJIIE MTPOBOANTH HEOOXiIHI TIEPETBOPEHHS MATIOHKA 1 BUBOIAUTH
fioro Ha mpUHTED.

[Ipouemypa poOOTH 3BOAUTKCS A0 HACTYITHUX JIH:

* (OpMy€eThCS ENEKTPUYHA CXEMa aHaJli30BAHOTO TMPHUCTPOIO 3a JOMOMOTOI0
BOYJTOBAHOTO PENaKTOpa, AJS IbOT0 MOTPIOHI KOMIIOHEHTH MEPETATYIOThCS 3 MaHENl
KOMIIOHEHTIB B po00ouYy 005acTh 1 3'€IHYIOTHCS OJUH 3 OJHHM 3a JIOTIOMOTOIO
MPOBITHUKIB, BCTAHOBIIIOIOTHCS 3HAUCHHSI TapaMeTPiB KOMIIOHEHTIB;

* IO CXEMH IiJIKJIF0YaIOThCS HEOOX1/IHI TECTOB1 IHCTPYMEHTH: (DYyHKI[IOHATbHUN
reHepaTop, BOIBTMETP, aMIIEPMETP, OCLHIorpad, JOTIYHUNA aHaAIi3aTop, MPOOHUK Ta
1H.;

* poOoTa CXEeMU aKTHBYETbCS HATHUCKAaHHSM Ha BIPTyaJbHUN BUMHUKAY
KUBJICHHS;

* pe3ynbTaTu aHaji3y, HapUKIad, OCHUIOIpaMHu MEPIOJUYHOTO Ipolecy ado
aMIUTITY/IHO-4aCTOTHAa XapaKTEPUCTHKA MPUCTPOI0 MOXYTh OyTH 30epekeHl 1is
MOIAJIBIIOTO TOKYMEHTYBaHHS (0hopMIIeHHS JabopaTOpHOI poOOTH).

3. BuBuenns cepenouma Electronics Workbench
3.1. 3oBHimmniii inTepdeiic kopuctyBaua Electronics Workbench

InTepdeiic kopuctyBaua (puc.l) cknanaerbcs 3 CMYTM MEHIO, MaHeNl
THCTPYMEHTIB 1 po0040i 00JaCTI.

CMyra MEHIO CKJIQJA€ThCS 3 HACTYIHHUX KOMIIOHCHTIB: MEHIO pPoOOTH 3
daitnamu (File), mento penarysanns (Edit), meHio pobotu 3 xomamu (Circut), MeHro
anamizy cxem (Analysis), menio pobdotu 3 BikHamu (Window), meHio poboTH 3
daitnamu mosinox (Help).

3.1.1. Menmw File

Mento File - opranizarnis podoTu 3 daiimamu. 3a JOMOMOTOI0 IILOTO PO3ILITY
MEHIO KOpPHUCTyBau 3[1HCHIOE poboTy 3 (ailmaMu (BIAKPUTTS, CTBOPEHHS,
pPO3ApYKIBKY (aiiiIiB Ta 1HIIE).

[Tepuri wotupu komanau 1boro meHro: New, Open, Save, Saveas - TUMOBI JIs
Windows komaHu po6oTH 3 daitiamu.

Revertto Saved —BigHOBICHHICXEMH 10 BHUAYy, IO BOHA Maja B MOMEHT
OCTaHHBOTO 30€PEIKECHHSI.

Import — nepeTBopenHst HecTaHAapTHUX GalIiB cxeM (po3mmpeHHs .Net abo
.Cir) no cranaaptHoro Buay Electronics Workbench.
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EXxport — 36epirae ¢aiin cucteMu 3 OAHUM 3 HACTYITHUX PO3IIMPEHb: .Net, .SCr,
.cmp, .cir, .plc.

Print — BuOip JaHuX /IS BUBEICHHS Ha IPUHTED.

PrintSetap — yctanoBka mapaMeTpiB MpUHTEPA.

Install — ycranoBka nmomarkoBux kommoHeHTiB Electronics Workbench i3
THYYKHX JUCKIB.

+“ Llectrorncs Workbench Mrolessional £ dison

al B8 Ceoadt Andlnin Window Heb

o ow |8 =A|SE ] ] Qlafex o 2| @l
| T121T] 2|2 Blov 5 (=]

= L
B owe I

Ex AbFA

This stereo amphher appears in July 1936
Populor Electrosscs. The Rend the Lkeys
control the volume for the nght and left sides
The B key contols the balance for the entire
ampléer

ﬂ ) : ). JEE | Lr:l

[Save crout to fle

Puc.1. Intepoeiic kopuctyBaua
3.1.2. Menmo Edit

Mento Edit - 3a 10mOMOro MBOro pO3ITY KOPHUCTYBad 3IIHCHIOE
penaryBaHHs Ta poOOTYy 3 MMOTOYHUM JOKYMEHTOM. [lapameTpu po3airy T03BOJSIOTH
KOITIFOBaTH, BHUIAIATH, IEpEMIIIaTH eJeMEeHTH abo Onoku cxemu. Kpim Toro
MOXKJIMBA HACTPOMKA Bi3yaJbHUX MapaMeTPiB cXeMH (pO3TallyBaHHS 1 OpIEHTAIIis
€JIEMEHTIB CXeMH, HACTPOIKa KBITIB 1 MIPU(TY, MOIIYK 1 1HII CTAHAAPTHI PYHKITIT).

Cut—cTtupaHHs BUA1JIEHOT YaCTHHH CXEMHU 31 30epekeHHsM ii B Oydepi oOMiHy.

Copy — koritoBaHHs BUAUIEHOI YaCTMHU CXeMH B Oydep oOMiHYy.

Paste — BcTaBka BmicTy Oydepa oOMiHy Ha poboUe TI0JIe TPOTPAMH.

Delete — ctupanHs BUIIICHOT YaCTHHU CXEMHU.

Select All — BunginienHs Bciel cxeMu.

CopyasBitmap — komiroBaHHSI pacTPOBOIrO 300pakCHHS eJIeMEHTIB B Oydep
0OMiHY 1 BUKOPHUCTAaHHS MO0 B TEKCTOBUXIIPOIIECOPAX.
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ShowClipboard — moka3atu Bmict Oydepa oOMiHy.

3.1.3. Memnro Circuit

Mento Circuit - posaia, 0 J03BOJsE 00epTaTH, 3MIHIOBATH BIACTHBOCTI,
HAOIMKATH 1 BIITAIISITH €JIEMEHTH CXEMU.

Rotate — moBopot enemenTta cxemu Ha 90 rpaayciB (MPOTU TOJUHHOL CTPLIIKH).

FlipHorizontal — n3epkaiapHe BiTOOpaKCHHS €JIEMEHTAa CXEMH II0
TOPU30HTAJI.

FlipVertical - n3epkansHe BimoOpaskeHHsI €JIeMEHTa CXEMH 10 BEPTHKAJTI.

ComponentProperties — B1acTHBOCTI KOMIIOHEHTA.

CreateSubcircuit — ctBopeHHs miic3em.

ZoomIn — 301bIICHHS PUCYHKA.

ZoomOut — 3MeHIIIeHHS pUCYHKA.

SchematicOptions — omii ocobauBocTe# moOymoBu cxemu. Ha ekpawi
3 SIBJISETHCS BIKHO (pHC.2).

[Mepmia ommis - Grid - mo3BoJjisie BHUBOAWTH Ha €KpaH CITKY, a TaKOX
BUKOPUCTOBYBATH ii IPH MIATOTOBII CXEMHU.

Hpyra omis - Show/Hide - mo3Bossie BimoOpakaTH Ha ekpaHi, ab0 XOBaTH
OJIHI UM 1HII CKJIaJIOBI 300pakKeHHS MPUHIIUIIOBOT CXeMH (HA3BU BY3JIIB, CJIEMEHTIB
CXEMH Ta 1HIIIE).

Tpets - Fonts - mo3Bossie BUOMpPATH PO3MIPH ¥ THUIT IIPUPTIB.

Yersepra - WIiring- mpu3HaueHa uis BHOOpPY pydHOI ab0 aBTOMATHYHOI
TPACUPOBKH 3’ €AHYIOUHMX MTPOBIAHUKIB.

IT’sita omist - Printing - 3aBmae maciirad BUBOIY CXEMH Ha MPUHTED.

[ chematic' Options ma

Gnd Shawi/Hide l Fants ] Wiring] F'rinting]

Display

[v Show labels

[ Show reference D
[v Show models

[v Show values

[ Show nodes

Partz Birs
| Autohide parts bins

Iv Keep parts bin positions

4 | Otrera

Puc.2. Bikno Schematic Options
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3.1.4. Menio Analysis

Mento Analysis - po3ai CayXuTh JJIs MPOBEICHHS PI3HOTO POAY aHaTi3iB
CXEM.

Window - po3zin npu3HaueHH JUIsl HAJMAIITYBaHHS CKPAaHHMX HAJIAIITyBaHb
pu poOOTI 3 TOKYMEHTaMHU.

Help - posain cayxuTh Ui JOCTymy OO0 A0BiakoBoi cuctemu Electronics
Workbench.

ITaHe/b IHCTPYMEHTIB CKJIAJA€THCS

[Tanenb IHCTPYMEHTIB CKJIaIa€THCS 3:
"IIBUJIKUX KHOIIOK', IO MalOTh aHAJIOTH B MEHIO;
KHOIIOK 3aITyCKy 1 IPUITUHEHHS POOOTH CXEM;
HaOopy (010710TeKH) palioeTEKTPOHHUX AHAJIOTOBUX 1 MU(PPOBUX JETaNCH,
1HJIMKATOPIB, €JIEMEHTIB YIIPABIiHHS 1 IHCTPYMEHTIB (MpUJIaIiB).

IIponmoHoBaHi mporpamMoro ejieMeHTH 0i0J1i0TeKH

Bci enementu 616;mo0Teku 3ocepeikeHi B 13 po3aiiax, po3aijieHuX Ha 5 TpyII:
1. Ananorosi exementu (Sources, Basic, Diodes, Transistors).

2. Inrerpanbhi cxemu (Analog Ics, Mixed Ics, Digital Ics).

3. Iudposi i goriuni enementu (Logic Gates, Digital).

4. Imnmukaropui npuctpoi (Indicators, Controls, Miscellaneous).

5. Incrpymentu (Instruments).

Posnsaemo aeranbhinie Incrpymentn (mpuiaamm) (puc.3).

m

=g 1| = exei

o O @ [ 3=] OO | oo
Puc. 3. I'pyna [ncTtpymenTu (mpumnann)

[alelule]

(==

Multimeter. Lleii npuiag BUKOPUCTOBYETHCS U BUMIPIOBaHHS 3MiHHOI a0o
MOCTIHOT HampyTu abo CTpyMy, onopy abo BTpaTu jJenubden MiX JBOMa TOYKAMU B
cxemi. Multimeter aBTOMaTUYHO BHUCTaBJs€ Alana3oHd. BHyTpimmHI omip 1 CTpyM
BCTAHOBJICHI JI0 3HA4€Hb, HAOMMKEHHMX A0 iaeanbHUX. Lli 3HaYeHHS MOXYTh OyTH
3MIHEHI 3a JOTIOMOTOK0 HATHUCKaHHS Ha KHOMKY «Settings».

Oscilloscope.  JIBokanayibHuii  ocumiorpad  BimoOpaka€  KOJMBaHHS
€JIEKTPOHHUX CUTHaMIB. [laHuii mpua 31aTHUN BioOpakaTu oJuH a00 JIBa CUTHAIIH
B yaci a00 * MOPIBHIOBATH OJIHY TUMYACOBY JlarpaMy 3 1HILOTO.

Bode plotter. I'padiunuii npuctpiii boge mamoe 4acTOTHI XapaKTEPUCTHKH
KOJia 1 KOPUCHUUM JJIs aHamizy cxem (inbrpanii. Jlanuii mpuiajg BUKOPUCTOBYETHCS
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JUIs BUMIPIOBaHHSA 3O1TbIICHHS HANpyru curHany abo 3pymeHHs ¢aszu. Komnu
rpadoOyaiBHUK boae miakIoueHui 10 CXeMH, BUKOHYEThCS CIIEKTPAIbHUM aHai3.

Logic Analyzer. AmnamizaTtop JIOTiKH BimoOpaxkae piBHI g0 16 nudposux
curHajiiB. BiH BUKOPUCTOBYETHCS IJIsl MIBUJKOTO 300pYy JIaHMX IMPO JIOTIYHUN CTaH 1
PO3IIMPEHU YacOBHW aHaNi3 ISl TOTO, MO0 JOMOMOITH CHpPOEKTYBaTH BEIHKI
CHUCTEMH 1 MIKIIYBATUCS TIPO BUPIIICHHS MOXJIUBUX MTPOOIIEM.
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JIABOPATOPHA POBOTA «A»

MeToauka ekcCiepUMEHTAJTbHUX JO0CTIIKEeHDb eJIEKTPUIHUX KiJT
3a JOMOMOT0I0 CHCTEMHU CXeMOTEXHIYHOT0 MO TIOBAHHS
Electronics Workbench (EWB)

Meta pob6oTn

JlabopaTopHa poOoTa MpuCBsiYCHA TTPUAOAHHIO TICPBUHHUX HABHYOK POOOTH 3
nporpamoro EWB ni1st BuKoprcTaHHS B SIKOCTI BIpTyalibHO1 J1abopatopii.

3MmicT podoTun

1. BuBYEHHSI OCHOBHUX NMpUiioMIB poOoTu y nporpami EWB.
2. BUKoHaHHS KOHTPOJIBHOTO 3aBJIaHHSI.
3. CxaaHHs 3BITY IPO BUKOHAHY POOOTY.

1. BuBYeHHsI OCHOBHUX NPHUAOMIB podoTH
1.1. [TopsiA0K CTBOPEHHS CXEMU €JIEKTPUYHOTO KOoJja

1.1.1. Biakpuiite mporpamy Electronics Workbench. [ns poGotu 3
nporpamauM  komiuiekcom  Electronics  Workbench  V.5.12  HeoOxinHwuit
MEPCOHAIILHUN KOMIT'HOTED 3 orepariiiHoro cucremoro Windows.

1.1.2. TlepeHeciTh HEOOXiTHI €IEMEHTH 3aJlaHOI CXeMH Ha poOouy 00JacTh
Electronics Workbench. [1is miporo HeoOXigHO BUOpaTH Ipymy i po3aij Ha MaHewi
iHcTpyMenTiB (Sources, Basic, Diodes, Transistors, Analog Ics, Mixed Ics, Digital
Ics, Logic Gates, Digital, Indicators, Controls, Miscellaneous, Instruments), B
SIKOMY 3HaxXOJUThCA MOTPIOHMI BaM €JIEMEHT, MOTIM IEPeHeCTH HOro Ha podody
o0nacTh (KJIAIHYTH MUIICI0 HA TMOTPIOHOMY €JEMEHTI 1, He BIAMYCKAalOYu KHOIIKH,
nepeHecTu B moTpioHe micue cxemu). Ilepenecith gBa pe3ucTopa, MyJIbTUMETP 1
JPKEpeIIo MoCcTiiHOT HanpyrH (puc. Al).

1.1.3. PosmicTiTh eneMeHTH B poOodUiii ob6macTi 1 3'emHalTE KOHTAKTH
€JIEMEHTIB JUIsl OTpUMaHHs HEoOX1aHO1 Bam cxeMu (puc. A2).Jlyus 3'€eqHaHHS IBOX
KOHTaKTiB HEOOX1AHO KIJIAIIHYTH MO0 OAHOMY 3 KOHTaKTiB OCHOBHOIO KHOIMKOO MHUIII 1,
HE BIJIMYCKaIO4M KJIABINLY, JOBECTH KypCOp JI0 IPYTroro KOHTAKTY.
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1k Ohm 1k Ohm

— 12V E—

Puc.Al. Enementu 3amadoi cxeMu

1 kOhrmn 1k Ohrn

T 12y E

Puc. A2. Cxema DOCHIKEHHS

Po3srissHemo 1i 111 B TOKPOKOBOMY PEXKHUMI:

1 | TkOhm TkOhm HapeniTh Kypcop MuIlll Ha BHUBIJA €JIEMEHTa Tak,
AN AN 6 4
s 1100 3'IBUJIacs YOpHA TOYKA KOHTAKTY.
2 1 kOhm 1 kOhm HatucHiTh NiBy KHONKY MHIII, 1, HE BIAMYCKAIOUH

s VA ii, MPOBENITh MPOBIAHUK IO EJIEMEHTY, 3 SKHUM

HEOOX1JHO HAJaroguTH 3'€ JHAHHS.

3 1 K Ohrn 1 k Ohm Komu mnpoBiAHMK [OCATHE BHUBEACHHS I1HIIOTO
2NN eJIEMEHTA 1 3'SBUTBCS HOrO TOYKAa KOHTAKTY, TOJI
KHOIIKY MUIII BiJIITYCTITh.

4 1k Ohm 1k Ohm JIBa eJIEMEHTH €JIEKTPUYHO 3'€THAHI.
A

VY pa3i HEoOXiTHOCTI MOXHA IOAATH TOJATKOBI By3iH (po3ramyxeHHs). s
IIOr0 Tpeba MPOCTO MEPETITHYTU eleMeHT «By3omn kona» (puc. A3) 3 maHeni Ha Te
MicIIe TIPOBIAHUKA, 7€ Tpeda Horo po3rary3usiiacs.
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|_:Basic|
i

Puc. A3. Enement «By301 konay»

HaTuckaHHSIM Ha €JIEMEHTI IPaBOI0 KHOIKOIO MHUIINI MOXKHA OJep)KaTh
IIBUIKANA TOCTYII 10 HAUTIPOCTIMINX OTepalliid HaJl MOJOKEHHSIM €JIEMEHTA, TAKUM SIK
obepranns (rotate), possopor (flip), xoniroBanus / Bupizauss (Copy / cut), BcTtaBka
(paste), a Takosx j0 Horo moBiakoBoi iHdopmarii ( help).

1.1.4. JlaitTe HEOOX1HI HOMIHAJIU KOXKHOMY ejieMeHTy. s 1iboro moTpiOHO
JBIY1 KJIAI[HYTH JIIBOKO KHOIIKOIO MHUIII Ha OTPIOHOMY €JeMEHTI 1 B BiKH1 Properties
(BmacTUBOCTI) BCTAaHOBUTH HeoOxigHe 3HadyeHHsa (Value) mapamerpa enemeHTa.
[Ipuxnan Takoro BikHa IpuUBeleHUHN Ha puc. A4.

Resistor Properties 21 x|

Label “alue |Fault I Displa_l,ll Bnalysis Setupl

Reszigtance [R]: IkQ Iﬂ

First-order temperature coefficient [TC; IIJ P
Second-order temperature coefficient [TC2): IIJ AT
Fesiztance tolerance: ||3|.;.|:.a| = [ Use dlobal talerance

0k, I OtreHa

Puc. A4. Bikuo Resistor Properties

BcranoBiTh 3HaueHHs omnopy mnepiioro pesuctopa R1 =10 Q , a omip npyroro
pesucropa R2 =30 Q (puc.A5).

18



10 Chm 30 ahm
My

12w

T

Puc. A5. TlapameTpu eneMeHTIB KoJia
1.2. BumiproBaHHS CTpyMy

1.2.1. TlpoBenith BUMip CTpyMy B KOJi. BUCHOBOK TepMmiHally MyJIbTHMETpa
3I1HCHIOETHCS TTOABIMHAM HATHCKAHHAM KJIaBillll MHIII Ha exeMeHTi. BcTaHOBITE Ha
MYJIBTHMETPH PiJl pPOOOTH - BUMIp CTPYMY, XapakTep CTPyMy - oCTilHuit (puc. AB).

“Multimeter

00,0 s

I

Puc. A6. MynsTumeTp

1.2.2. Konu cxema 3i10paHa 1 TOTOBa 10 3alyCKy, HATHUCHITh KHOIKY
BKJTIOYCHHS )KMBJICHHSI Ha TIaHE 1 IHCTPYMEHTIB (puc. A7).

Puc. A7. KHonika BKIIFOUEHHS KUBJICHHS

VY pasi cepiio3HOI MOMHJIKM B CX€Mi (3aMHKaHHS €JIEMEHTa >KHUBIICHHS
HAaKOpPOTKO, BIJICYTHICTh HYJBOBOTO TOTEHLIAly B cXeMi) Oyle BHUAAHO
MONEPEIKEHHS.

VY pa3i notpebu MoKHA KOpUCTYBaTHCS KHONKOIO Pause (puc. A8).

Puc. A8. Knonka I1ay3a
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1.2.3. ¥V BikHI 1HAUKaLIl MyJIbTUMETpa MPOUYUTANTE 3HAUYECHHS CHUIIH CTPYMY,
110 MPOTIKA€ B KOJI.

2. KoutpoJjibHe 3aB1aHHs

MeTol0 [aHOTO 3aBIaHHSA € 3aKpilUIeHHS TpaBWiI 1 METOMIB pOOOTH B
Electronics Workbench.

3aBaaHHs Tiepeciiaye o3HaioMITIoBaIbHI T, CTyaeHTaM HeoOX1THO 3aCBOITH
OPUHIMIIA 1 MeTOoau TMoOymoBu cxeM 3a pgomomoroio Electronics Workbench,
PO3MIIIIEHHST E€JEMEHTIB Ha pPOOOYOMY IIOJi, MICIEe pO3TallyBaHHS HEOOXiTHUX
CXEMOTEXHUYHUX €JIEMEHTIB, HEOOX1THUX JJISI pOOOTH.

2.1. CxnaniTh eJIeKTpUYHE KOJIO 32 CXeMOI0, HaBEJICHOIO Ha puc.A9.

1

2

Puc. A9. Enektpudne K010

2.2. BcTaHOBITH 3HaYEHHS MapaMeTPiB €JIEMEHTIB KoJia BIAMOBIAHO HOMEPY
BapiaHTa ab0 HOMEPY 3a CIHCKOM B TPYINOBOMY XypHaui, Tadn. Al.

Tabnuysa A1

No 1, |2 |3 |4 |5 |6 |7, |8 |9 |10, |11, |12, |13,
BapianTa |14 |15 (16 |17 |18 |19 |20 |21 |22 |23 |24 |25 |26
Hampyra |12 |60 |100(8 |24 |9 |50 (30 |5 |18 |60 |36 |6
JKEpena
VI1,B

Omip 2 |12 |3 1 (12 112|602 (30 (6 |8 |5 |20
R1, Om
Omip 4 124 |7 7 (126 (40 |3 |20 |3 (4 |1 |100
R2, OMm

2.3. IlpoBeniTh BUMIpIOBAaHHS HANPYTH.
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2.4. 3anuuIiTh pe3yiabTaT BUMIpIOBaHHsS Hampyru B Tabm. A2 (mocBim Ne 1) 1
nepeBipTe OTpUMaHi J1aHi, BUKOPUCTOBYIOUH 3aK0H OMa.

Tabnuys A2
Jocmin V= Rqi= Ro= Ugun= Uposp=
Ne 1
JHocmin V= R,= R>= Ugun= Uposp=
Ne 2

2.5. JIoBUIBHO 3MIHITH 3HAYEHHsS TapaMEeTpPiB €JIEMEHTIB KoJia 1 MOBTOPIThH
m. 2.3 tam. 2.4. (Jocmig Ne 2).

3. JlaiiTe BigmoBiab HA MATAHHA

3.1. Jlns dYoro mpu3HAYEHA CHCTEMa CXEMOTEXHIYHOTO MOJCITIOBAHHS
Electronics Workbench?

3.2. Iy 9oro mpu3HaYEHUH 1 110 J03BOJISIE 3MIMCHUTH Ha01p mpuIaaiB?

3.3. B sikiit 061acTi, KpiM 4acoBOi, MOKE MTPOBOJIUTUCS aHAJI3 cxeM?

3.4. Jlo sikux Aiit 3soauThCs nporeaypa podotu B Electronics Workbench?

3.5. 3 yoro cknanaerses iHTEpdeic Kopuctypada?

3.6. 3amaioiiTe B 3BIT YMOBHI 300paK€HHsI BUIUICHUX B M. 2.2 €JIEMEHTIB 1
3aMMUIIITh iX HA3BHU.

7. Axi nii He0OX1THO BUKOHATH ISl OTPUMAaHHS HEOOX1HOT BaM cXeMH?

8. SIx mpucBOiTH HEOOX1/THI HOMIHAIN KOKHOMY €JIEMEHTY?

9. SIxy komMaHAy HEOOXITHO BUKOHATH JJI MOYATKY 1MITalli mpouecy podotu?

4, CxaaaiTs 3BIiT (10J1a€ThCst OJIaHK 3BITY).
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JlepaBHUM YHIBEPCUTET TEICKOMYHIKaLIN
HapuayiibHO-HayKOBUM IHCTUTYT 3aXUCTy 1HGOpMaIii

Kadenpa Cucrem iHpopmaniiHoro ta KiOEpHETUYHOTO 3aXUCTY

(Ha3Ba HABYAIBHOI TUCIITUTMHU )

3BIT
70 J1abopaTopHOi poOOTH «A»

CrynenTta(ku) HaBYaIbHOI TPYIU

MIPI3BIIIE TA 1M’ A
(mp )

Bapiant No

JlaTa BUKOHAHHS

Oriaka

ITignuc Bukiiagaya

Kuig—20
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Merta poboTu:

3MiCT 3BITY

Bianosini Ha nuTanHs

1. Jlns dboro mpu3Haue€Ha CHUCTEMa CXEMOTEXHIYHOro MmojentoBaHHs Electronics
Workbench?

2. JIns 9oro mpu3HauYeHUH 1 M0 JO3BOJISIE 3A1IMCHUTH HaO1p puiiaiB?

3. B sxiii obnacti, KpiM 4aCOBOi, MOXKE MPOBOAUTHCS aHai3 cXem?

4. Jlo sixkux il 3BoauThes mpoieaypa podotu B Electronics Workbench?

5. 3 "yoro cknagaeThes iHTEpdeic KopuctyBaua?

6. 3apucyiiTe B 3BIT yMOBHI 300pa)KCHHS BUJIVICHHUX B 11. 2.2 €JIEMEHTIB 1 3alHIIITh iX
Ha3BH.

7. Sxi mii He0OX1THO BUKOHATH JJIsl OTPUMAaHHS HEOOX1JHOT BaM CXeMH?

8. SIk mpuCBOITH HEOOX1THI HOMIHAIN KOKHOMY €JIEMEHTY?

9. SIxy xomMaHAy HEOOX1THO BUKOHATH ISl MOYATKY 1MiTalli mpoiecy poooTu?
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BukonanHnsi KOHTPOJILHOI'0O 3aBJAaHH.

1. Cxema 10CIIKYBAaHOTO €JIEKTPUYHOIO KOJIa

2. Pesynbratu BuMiptoBaHHs Hanipyru Uy, 1 pe3yiabTaTd po3paxyHKy Hapyru
Upesp AT OBOX BaplaHTIB 3HA4€Hb OIOPIB 1 Hampyr JDKepena, 13 3a3HauYeHHAM
OJIMHUIIb BUMIPIOBAHb

Hocmin V= R,= R,= U= Uposp=
Ne 1

Hocmin V= R,= R,= U= Uposp=
Ne 2

BucHoBKkM Npo BUKOHAHY PO0OTY
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JIABOPATOPHA POBOTA «b»

JlocaigskeHHs MPOLECIB B eJIEKTPUYHOMY KO0JIi CHHYCOIIaJIbHOI0
CTPYMY

Meta podoTn

B naboparopniii poOOTI CTaBUTbCS 3a METy BH3HAUYCHHSA IapaMeTpiB
SIIEKTPHYHUX KOJIMBAHb I10 1X OCIHIIOTPaMaM.

3micT podoTHn

1. 3aranbHi BiIOMOCTI PO CUHYCOiTaJIbHUN CTPYM 1 HOTO XapaKTEPUCTUKH.

2. Bukonanus poOoTH.

2.1. BuMiproBaHHs TapaMeTpiB CUHYCOiJaIbHOI HAMPYTHU 3a JIOIOMOTOI0
Ocuunorpada.

2.2. BumiproBaHHs pi3HHII (a3 HAPYT.

3. BiamoBiji Ha MUTaHHS.

4. CxyagaHHs 3BITY PO BUKOHAHY pOOOTY.

1. 3araibHi BiZOMOCTIi PO CHHYCOINAJIBHUUA CTPYM i HOI'0 XapaKTEPUCTHKH

Haii6151b111 3arajibHUM € MOHATTS 3MIHHOTO CTpyMy. J[aMO BU3HAaYEHHS 3MIHHOTO
CTpyMy.

3MIHHMM CTPYMOM HAa3UBalOTh CTPYM, SIKHH 3MIHIOETbCS 3 IUIMHOM 4acy.
[le BU3HAYCHHS BITHOCUTHLCS TaKOXK /10 3MiHHUX Harpyr i EPC.

3HayeHHs 3MIHHOTO CTPYMY B JJaHUH MOMEHT 4acy Ha3MBalOTh MOr0 MUTTEBUM
3HaYeHHSIM (MUTTEBUM CTpyMoM). /ISl mo3HAUY€HHS MHUTTEBOTO CTPYMY, HamlpyTH,
EPC 3acTocoByroTh Maji JiTepu JaTHHCBbKOro andasity: I, U, €. s toro oo
MIIKPECIUTH, 110 3MIHHUK cTpyM, Hampyra 1 EPC e ¢yHkuisiMu vacy, ix 1HOAI
mo3HauaioTh sk i(t), u(t), e(t).

3MiHHI CTPYMU MOXYTb OyTH MEPIOAUYHUMHU 1 HEEPIOAUIHUMH.

[lepiognyHrM Ha3WBAaIOTh CTPYM, MHTTEBI 3HAUEHHS SKOTO TOBTOPIOOTHCS
4yepe3 piBHI MPOMIKKH 4acy.

[lepionom 3miHHOTO cTpyMy T Ha3MBaIOTh HAWMEHIIUNA MPOMIXKOK 4acy, MiCIs
3aKIHYEHHS SKOTO MUTTEBI 3HAYEHHS TIEPIOJIMYHOTO CTPYMY IMTOBTOPIOIOTHCSI.

[lepion BUMIPIOIOTH y CEKyHAAX (C).

Jlnst mepiognvHOi QYHKIIIT CTIpaBeIIuBe:

i@=i@xT).

[lepeBakHUM BUAOM TNEPIOJUYHOrO TMPOLIECY B EIEKTPUYHUX KOJIaX €
CUHYCOIJJaJIbHUN PEXHUM, IKU XapaKTePU3YEThCS THUM, L0 BCl HAMPYTH 1 CTPYMU €
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cuHycoinanpHuMu (pyHKuisMu. CuHycoifa sBisie cOO00I0 HANMPOCTIIIY MEPIOTUUHY
GyHKIIO 1 Mae Takuid BUIIIsLT 1 mapamerp (puc. bl):

it)

v

»
>

—

A

Puc. B1. Ilepiognuna cinycoinanbHa (yHKIIIS
YacToToro 3MiHHOTO cTpyMy T Ha3uMBaIOTh BEJIUMYHHY, 3BOPOTHY IIEPIOAY.
YacToTa no3Ha4aeThCs JJATHHCHKOIO J'IiTGPOIO f:

f=1/T
YacToTa mokasye, sIK€ YHCIIO KOJHBaHb 3JIMCHIOE 3MIHHUM CTPYM IPOTITOM
onniei cekynau. Yactora Bumiproetbess B reprax (I'm). Omgun repiy BianoBigae
OJIHOMY KOJIUBaHHIO B CEKYH]TY.

AHamiTHIHUR 3armc CHUHYCOIIaTbHOTO CTpyMy Mae BUTJIAT
1 (t) = Iy, sin (ot + w)
ne |, - ammmityna crpymy;
@ - KyTOBa 4acTOTa;
w - moyaTkoBa (asza.
Awmmutityna crpymy |, - 1me #oro HaiOuible 3Ha4eHHsS 3a aOCONIOTHOIO
BEJIMUMHOIO.

KyroBa wactora @ - 1e MmBUAKICTb 3MIHM (a3u CTpyMmy, piBHa YacTOTI
CUHYCOIJaIbHOTO CTPYMY, IOMHOKEHOI Ha 2 T:

w =2 nf =2 n/T pan/c
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daza ctpymy, abo (pa3oBHil KyT @ (?) - 1Ie ApryMEHT CUHYCOIAAILHOTO CTPyMY,
III0 BU3HAYAE CTAJIII0 3MiHH CUHYCOIIaIbHOT BEJTMYMHU:

¢ (1) =wt +y,

ne y - movyatkoBa (asza - 3HaYeHHA a3y CHHYCOINAIBHOTO CTPYMY B MOYATKOBHIA
MoMeHT vacy (mpu t = 0);

wt - MUTTEBA (3aJICKUTH B1J Yacy) (dasa.

[Tpu rpadiuHomy 300pakeHHI CHHYCOINadbHOTO CTPYMY MO TOPU30HTAJBHIN
oci BigkimagaroTh yac t (puc. b1) abo mutteBy dazy wt (puc. b2).

A

it

v

at

2m

»
»

A

Puc. B2. IlepiognuHa cinycoinanbHa QyHKIIIS

3a HaAsABHOCTI KUIBKOX CHHYCOiJadbHUX (YHKIIM, 110 3MIHIOIOTBCA 3
OJIHAKOBOIO YaCTOTOO, MOYATKOBI (Da3u SIKMX Pi3HI, TO KaXyTh, 10 BOHU 3MIILIEHI
OJTHA BITHOCHO 1HIIOT O (ha3i.

3cyB (a3 - e anredbpaivyHa BeIUUHHA, 10 JTOPIBHIOE PI3HUIII TOYATKOBUX (as3.
Hamnpuknan, nis ctpymy 1 Hanpyru, 300pakeHux Ha puc. b3,

Ap =y, - yi.

Axmo Ae > 0 - nanpyra Bunepepkae 1o ¢asi ctpym. Axmo A <0, To Hanpyra
BijicTae mo ¢asi Big ctpyMy. ko Ae = 0, To Hampyra 1 cTpym 30iratroThes mo ¢asi
(cundasHi).

Axio A = m, To Hafpyra i CTpyM 3HaXOASThCS B TPOTH(aA3i.
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ut) — i(t)

v

<

y

}(

Puc. B3. 3cyB (a3 enekTpuIHUX KOJIMBaHb

2. BuxkoHaHHsi po0oTH

Electronics Workbench - enekrponna nadopatopis Ha koMt 'torepi. Cucrema
cxemoTexHiyHoro MojentoBanHs Electronics Workbench npusnauena mis
MO/ICITFOBAHHS Ta aHANI3Y CIICKTPHUYHUX CXEM.

[Ipyn BUKOHaHHI JTaOOpaTOPHOI POOOTH HJsi (POPMYBaHHS CXEMHU JOCIITKEHb
HeoOximHl: oKepeno 3minHoi Hampyru AC Votage Source, ocuuiorpad,
3a3€MJICHHS, @ TAKOX 3'€IHYBAJIbHI €JIEMEHTH.

2.1. BumipoBaHHs nmapaMeTpiB CHHYCOIZAJbHOI HANPYIW 32 J0IMOMOIOI0
ocumiaorpadga

2.1.1. Binkpwuiite nporpamy Electronics Workbench.

2.1.2. Cxema HAOCHI)KYBAHOTO  €JIEKTPUYHOTO KOJIa Ma€ TaKUMl BHUIJISL
(puc. b4):

AV

Puc. b4. Cxema 10ociyKyBaHOTO €IEKTPUYHOTO KOoJa
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2.1.3. Ilepenecith HEOOXiHI €IEMEHTH 3 3aJaHOi CXeMH Ha poOody 00J1acTh
Electronics Workbench. Jlns mporo HeoOXigHO BHOpaTH pO3IIIM HA MaHENT
iHcTpyMeHTiB (Instruments, Sources), B SIKMX 3HAXOJAThCA MOTPIOHI BaM €JIEMEHTH,
MOTIM MEPEHECTH 1X Ha po0ody 001acTh (KJIAHYTH MUIIICIO Ha MOTPIOHOMY €JI€MEHTI
1, HE BIAMYCKalO4M KHOIIKHM, MEPEHECTH B TMOTpiOHE Micme cxemu). Ilepenecith
JDKEpeIo 3MIHHOT HapyTH, ociiiorpad, 3a3eMICHHS.

2.1.4. 3'enHaiiTe KOHTAaKTH EJIEMEHTIB 1 PO3TAlIyHTE €JIEMEHTH B poOOoUii
obnacTi mis onmepxkaHHS HeoOximHOi Bam cxemu. [ 3'€emHaHHS JBOX KOHTAKTIB
HEOOX1IHO KIJIALHYTH 1O OAHOMY 3 KOHTAKTiB OCHOBHOIO KHONKOI MHIII 1, HE
BIAIyCKAIOYM KJIABillly, JOBECTH KypCOp A0 APYroro KOHTAaKTy. 3apUCyWTE CXeMy
JOCITIIKYBaHOTO KOJIa B 3BIT.

2.1.5. Otpumaiite Ha ekpani ocuuiorpada ocuuwiorpamy HarpyTH JKepena,
JUIsL 4Or0 HATHCHITH KHOIKY BKJIFOUEHHSI >KUBJIEHHS Ha IIaHENl I1HCTPYMEHTIB
(puc. b5) 1 gyepe3 2-3 cekyHIU BUMKHITS ii.

Puc. B5. KHormka BKIFOUEHHS KUBJIECHHSI

JIBiui KJalHITH Ha 300paxxeHHi ocumiorpada i Ha 300pa)xeHHi1, 10 3'SIBUIOCS
Ha MepeHii maHenm ocuuiorpada, HATUCHITH KHOMKY Expand.

Y Bikmax Channel A, Channel B mnepenniii nadem ocumiorpada, Mo
3'aBrIIacst, HATUCHITHL KHOIIKKA DC.

3a J0MOMOrol 3MIHM 3HAauY€Hb KOE(ILIEHTIB BIAXWJIEHHS 10 BEpTHUKAI

— Charnel &———————— Time base

[10 viow & i o ropusonrani ﬁ*”t'““‘-” iy = |I[OC$IFHiTL, 11100 PO3Max CHHYCOIIH
M0 BEpTUKAI CKJIaB HEe MeHIIe 2/3 ekpaHy, a M0 TOpPU30HTANll po3TalryBajgocs 1-2
nepiony. 3o0paxkeHHsT Ha €KpaHi ocuuiorpada HaA3UBAETHCS OCHUIIOTPAMOIO.
[lepeMicTiTh OBMKOK CMYTH TPOKPYTKHA 300pa)keHHS (3HAXOAUTHCS MiJ €KpaHOM
ocumiiorpada) B KpailHe JiBE MOJIOKEHHS. 3apucyiTe ocHMIOrpamMy B 3BiT 10
JadopaTopHiii podoTi.

2.1.6. BwuzHaure 3a JOMOMOror ociuiorpadga Tmepioa  KOJTMBAHHS.
BukopuctoByiiTe 4epBOHY 1 CHHIO Bi3UpHI JiH1i. /{715 BU3HAYCHHS TIepioy BiJ3HAYTE
3 iX JIOMOMOTO0I0 TIOYATOK 1 KiHEIb Mepioay. Y BiKHI AUCIUICS MPOYUTANTE 3HAUYCHHS
T2-T1, o BiANOBIa€ 3HAUCHHIO MEPIOY.

T2-T1 & 6667 ms
SAE-hA] 18.5159 pV
WHZ-WE1

2.1.7. 3a BenMYMHOIO MEpioAy pPO3paxyWTe 3HAUYECHHS YacTOTH KOJIMBAaHHS.
[TopiBHsiiTe pe3yapTaT pO3paxyHKY 1 BCTAHOBJIEHE Ha JKEPEsIl 3HAUCHHS.
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2.1.8. Jlns BU3HAUEHHS AaMIUIITyAd BUPIBHSINTE YEpBOHY BIZHPHY JIHIIO 3
TOYKOK OCIUJIOTPaMHM, BIJIMOBIAHOI aMIUIITYAW KOJMBaHHsS. Y BIKHI I1HJIMKaIlli B
psaaky VAl npounTtaiiTe 3HaUCHHS aMILTITYIU KOJIMBAaHHS.

Ti

]
“WH1

1.2158 s
11. 8193 u

2.1.9. TlopiBHsiiTEe pe3ynbTaT BUMIPIOBAHHS aMILTITYIU 3 BCTAaHOBICHUM Ha
JDKepeni 3HAuYeHHSM. 3anMiliTh pe3yJbTaTH BHMipOBaHb B 3BiT. 3po0iTh
BHCHOBKH 32 pe3y/ibTaTaMHM BUMIPIOBaHb.

[Mpumitka. Y BikHi Voltage (V) mkepena Bka3aHO jAiroue 3HAYCHHS HAIpPyrd

U():U_m

V2.

2.1.10. 3MiHITh 3HaUYEHHS TApaMeTPiB JKEpesia 3MIHHOI Halpyrd BiAMOBIIHO
1o tabn. bl.

Tabnuya b1

Howmep 1, |2, |3, |4, |5 |6, |7, |8 |9 |10, |11, |12, |13, |14, |15,
BapiaHTa 16 (17 |18 |19 |20 |21 |22 |23 |24 |25 |26 |27 |28 |29 |30

Frequency, |10 |20 |30 |40 |50 (60 (70 |80 |30 |90 |100| 110|120 | 130|140
Hz

Amplitude, |15 |14 |13 |12 |11 |10 |9 8 10 |7 6 5 4 3 2
V

Phase, 90 |180 (27090 |180|270|90 [180|270 |90 |180|270 |90 | 180 |270
Deg

[ToBTOpiTH BUMIiproBanHs (1r.11. 2.1.6-2.1.9).

3anuinTh pe3yJbTaTH BUMIPIOBaHb B 3BIT. Bin3Haure, sK BIUIMHYJAa 3MiHA
MOYaTKoBOi (ha3u CUTHANY JKEpena Ha TMOJOKEHHS OCLHMIOTpaMU Ha €eKpaHi
ocruiorpada.

2.2. BumiproBanHns pizHuui a3 Hanpyr

Jnst hopMyBaHHSI CX€MH JOCIHIJKEHb HEOOXIJHI: JHKEpeIo 3MIHHOI Hampyru
AC Votage Source, ocuuiorpad, pe3ucTop, KOHACHCATOP, 3a3€MJICHHS, a TaKOX
3'€IHYBaJIbH1 €JIEMEHTH.

2.2.1. Cxema JOCHIKYBAaHOTO EJIIGKTPUYHOTO KOJIa Ma€ TaKUil BUTJISAL

(puc. B6):
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Puc. B6. Cxema 1ociipKyBaHOTO €JIEKTPUYHOTO KOJIa
2.2.2. JIOTOBHITH JOCIIIKYBAHE KOJIO PE3UCTOPOM 1 KOHJACHCATOPOM.

2.2.3. 3'eqHaiiTe KOHTAaKTU €JIEMEHTIB 1 PO3TAIIyHUTE €JeMEHTH B poOodiil
00JacTi AJi oiepKaHHS HEOOX1THOT BaM CXeMU. 3apucyiiTe cxeMy J0CJiIKyBaAHOTO
KO0JIa B 3BIT.

2.2.4. Tlpomapkipyiite 3'€eIHYBaJIbHI IPOTH, JJISI YOTO BCTAHOBITH BKAa31BHUK
MUIIII Ha TPOBIAHUK, BEIy4ud Ha JiBUM BXia ocuuiorpada (Bxim A), 1 KIAHITH
IpaBoo Kiasimero. Y MeHro BuOepiTh omiito Wire Properties i y BikHI BHOEpITh
yepBoHuii kBaapar. HatucHite OK. AHanmoriyHo BUAUITH CHHIM KOJbOPOM
MPOBIAHMK, IO BEAE Ha JApyruid Bxih ocuwiorpada. Temep ocuuiorpamu JBOX
OJIHOYACHO CIIOCTEPEKYBAHUX CUTHAIIB MATUMYTh P13HI KOJBOPH.

2.2.5. BcTaHOBITh MapaMeTpu JKepesia 3MIHHO1 Halpyry BiANOBIAHO HOMEPY
BapiaHTa (Tabs. b1) 1 3aHeciTh naHi B 3BiT.

2.2.6. IlapameTpu eJeMEHTIB BCTAHOBITH BIAMOBIIHO J10 Ta0ur. b2,

Tabnuys b2

Ho- |1, |2, |3, |4, |5 |6, |7, |8, 19, |10, |11, |12, |13,|14, |15,
Mep 116 (17 |18 |19 (20 (21 |22 |23|24 25 |26 |27 |28 |29 |30

Bapi-
aHTa

r, 100 | 150 | 200 | 300 | 50 | 150 |125|20 50| 100|200 |150 |50 |75 |25

C, |55 |30 [100|25 |150|80 [125|/60|40|30 |75 |50 |50 |15 |100

MKD

2.2.7. OTpuMaiiTe OCIMJIOIPaMH HAMPYT 1 3aMaIONTE iX 110 3BITY.

2.2.8. BusHaute pizHuuio (a3 Hampyr. yis 1poro BHU3HAUTE, SIKy YacCTHHY
Mepioly CTAaHOBHUTH BIIPI30K MO OCI Yacy, BiMOBIIHUN pi3HUII (a3 TBOX KOJIMBAHb.
3 ormsay Ha Te, o 3a nepioa (aza 3MiHIOeThCA Ha 360 TpaayciB, po3paxyiurte
pi3HUIIO (a3. 3anuiiTh pe3yabTaT y 3BiT.
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3. JlaiiTe BiANOBiAb HA MUTAHHSL:

3.1. SIx BU3HAYNTH aMILTITYly KOJMBAaHHS 32 HOTO OCIIMJIOTPaMOI0?

3.2. SIk BUBHAYUTH KYTOBY YacTOTY KOJMBAHHS 32 HOTO OCIIIIOTPaMOI0?

3.3. SIk BU3HAYUTHU PI3HUINIO MOYATKOBUX (ha3 KOJIMBAHb I10 iX OCIIUIOTpaMam?
3.4. SIx BriMBa€ 3MiHA YaCTOTH KOJIMBAHHS HA HOTO OCIIMIIOTpamMy?

3.5. fIk BruMBa€ 3MiHa MTOYATKOBOI (pa3u KOJMBAHHS HA HOTO OCIHIIOTpaMy?

4, Cxaaaith 3BiT (107a€ThCS OJIAHK 3BITY)
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JlepaBHUM YHIBEPCUTET TEICKOMYHIKaLIN
HapuayiibHO-HayKOBUM IHCTUTYT 3aXUCTy 1HGOpMaIii

Kadenpa Cucrem iHpopmaniiHoOro Ta KiOEpHETUYHOTO 3aXUCTY

(Ha3Ba HAaBYAIHHOI AUCIUILIIHH)

3BIT
1o JabopaTopHoi podbotu «by»

CrynenTa(ku) HaBYAJIbHOI TPYITH

(pi3BUIIE Ta 1M 51)

Bapianat No

Jlata BUKOHaHHS

Oriaka

[Tiamuc BuKkiamgaga

Kuis-20
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Merta pobotu:

3MiCT 3BITY

2.1. BuMmiproBaHHsI mapaMeTpiB CHHYCOIZAJIbHOI HANIPYIH 32 J0NOMOIOK)
ocumjorpaga

Cxema J0CIIPKYBaHOI €JIEKTPUYHOIO KOJla

Ocuuiorpama Hanpyru JpKepena

Pe3ynbpTaTi BUMIpIOBaHHS MEPI01y 1 pO3paXyHKY YaCTOTH

Pe3ynpTaTi BUMIpIOBaHHS aMILIITY I

BucHoBKH 3a pe3yibTaTaMu BUMipIOBaHb.

3HaudeHHsI MapaMeTpiB JHKepelia 3MIHHOI HAalPYTH.

Homep
po6o4oro
MICIA
Frequency,
Hz
Amplitude,
V

Phase, Deg

Pe3ysnbTaTH NOBTOPHUX BUMIPIB.
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BucHoBkM 3a pe3yjbTaTamMM BHMIPIOBaHb i BIUIMB 3MiHH NOYAaTKOBOI
($hazu curnagy JKepesia Ha MOJI0KEHHS OCIMJIOTPAMM HA eKpaHi ocuuiorpada.

2.2. BumiproBanHs pisHuui ¢pa3 Hanpyr

Cxema J0CIIPKYBaHOI €JIEKTPUYHOIO KoJia

3HaueHHs TapaMeTpiB JKepesa 3MIHHOI Hampyrd (BIAMOBIAHO 10 HOMEPY
BapianTa (Tadi.bl).

[TapameTpu eeMEHTIB

Howmep
poGouoro
MICIISA

r, Om

C, Mmx®

Ocuuniorpama Hanpyr

Busznauenns pizuuill a3 Hanpyr.
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3. Bianosiai Ha nuTaHHA

3.1. SIk BU3HAYUTH aMIUTITYly KOJIMBaHHS 32 HOTO OCIIMIIOTPaMOIO?

3.2. SIk BU3HAYUTHU KyTOBY YacCTOTY KOJIMBAHHS 32 MOTO OCIUIOTPAMOIO?

3.3. SIk BU3HAYUTH PI3HULIIO MOYATKOBUX (a3 KOIMBAHb 3a IX
ocIuorpaMaMu?

3.4. SIx BIUIMBa€ 3MiHA YaCTOTH KOJMBAHHS Ha HOTO OocIIorpamy?

3.5. SIx BIUIMBa€ 3MiHA TOYATKOBOI (pa3u KOJIMBAaHHS HA HOTO OcCHHIOrpamy?

BucHoBKkM Npo BUKOHAHY PO0OTY

36



JIABOPATOPHA POBOTA «B»

JocaigsKeHHs eJIEKTPUYHUX KiJl 3 OCTIIOBHUM 3'€AHAHHAM
eJIEeMEeHTIB

Merta poboTu

B maGopartopHiit poOOTi CTaBUTHCS 32 METY BUBUCHHS (ha30BHX CITiBBIHOIICHD
MK CTPYMOM 1 HaIpyroro Ha MOCIiIOBHO 3'€JTHAHUX €JIeMEHTaX eJICKTPHIHOTO KOJIa.

3micT podoTHn

1. 3aranpHl BIZOMOCTI MPO EJIEKTPUYHI KOJIa 3 TOCHIJIOBHUM 3'€THAHHSIM
€JIEMEHTIB.

2. Bukonanus poOoTH.

2.1. locnimkeHHs MOITbHIKA HATIPYTH.

2.2. JlocnipkeHHs MOCiIioBHOTO 3'eqHanus I-L-C enemMeHTiB.

3. BiamoBii Ha MUTaHHS.

4. CxyagaHHs 3BITY PO BUKOHAHY pOOOTY.

1. 3arajbHi BiIOMOCTI PO eJJeKTPUYHI KO0JIA 3 MOCTIIOBHUM 3'€THAHHAM
eJIeMeHTIiB

1.1. IocaigoBHe 3'e¢ananus r-C ejieMeHTiB

Hexail uyepe3 eneKTpuuHE KOJO, L0 CKIAJAEThCS 3 TOCIIIOBHO 3'€HAHUX
eneMeHTIB I 1 C, IpoTiKae CUHYCOIgaNnbHUI cTpyM. 3a apyrum 3akoHoM Kipxroda Ha
3aTUCKAX  LbOrO  KOJIA  CTBOPIOETbCS ~ CUHYCOIAaJbHA  Hampyra,  sKa
JOpIBHIOEANT€OpaiuHiil CyMi HallpyT HA OKPEMUX €JIEMEHTaX:

U,=U, +U_.
CkopHuCTaEMOCS CUMBOJIIYHUM METOIOM.
U =1 r+1 Z.=1_(r+Z.)=1_(r—jx.);

m

ITepeTBOprMO BUpa3 B qyKKax

X,
. — jarctg=% .
r—jxe. =+/r°+xge r=zel
1 —1 v _ 1%
ome, Uy = 1,287 =U e
37



X
— <
Tak sx ¥ = JarCtg r <0, To Hampyra Ha MocioBHOMY 3'eqHaHHI I-C

€JIEMEHTIB BiJIcTa€ 1o (a3l BiJg CTpyMy, 110 MPOTIKAE Yepe3 HUX.
[ToGynyeMo BekTOpHY aiarpamy (puc. B1).

*]

\ 4

™

m

1.7,

Puc. B1l. BekTopHa niarpama
1.2. TIlocaizoBue 3'enHaHud r-L ejreMeHTiB

Hexaii depe3 enekTpuyHe KOJIO, IO CKJIAJAETHCS 3 TMOCHIAOBHO 3'€IHAHUX

| _sSinwt

eneMeHTiB I 1 L, mpoTikae CHUHYyCOiladbHUN CTPyM ' m 3a apyrum

3akoHOM Kipxroga Ha 3aTUCKax IIbOro KOJIa CTBOPIOETHCA CHHYCOiJalbHA HAIpyra,
AKa JOPIBHIO€AIreOpaiuHiid CyMICHHYCOIaIbHUX HANPYT Ha OKPEMHUX €JIeMEHTaXx:

U,=U, +U_ .
CkopHUCTaEMOCS CUMBOJIIYHUM METOIOM.

U =1 r+1.Z =1_(r+Z,)=1_(r+ jx.);

ITepeTBOpHMO BUpa3 B AyKKaxX

. X
. jarctg—= .
r+jx_=4r’+xle " =ze

—1 v _ v
U, =1_.ze"" =U_e

Omxe, m
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: X,
Tax sx ¥ = Jarctg T>O, TO Hampyra Ha TOCIIIOBHOMY 3'enHaHH1 I-L

€JIEMEHTIB BUIIEpeIKaE 10 (a3l CTPyM, 110 IMIPOTIKAE Yepe3 HUX.
[ToGynyeMo BekTOpHY aiarpamy (puc.B2).
t

1,7,

m

m

\ 4

Puc. B2. BekTopHa niarpama
1.3. IlocainoBHe 3'eqnanus r-L-C ejieMeHTIB

Hexaii nanpyra Ha 3arhckadyax kosia (puc. B3) 3MIHIOETBCS 32 3aKOHOM

u, (t) =U_ sin at.
i(?)

r

O—>1__

Ugx(t) —1
L R

Om_

Puc. B3. Ilocnigosue 3'equanus r-L-C eneMenTiB

[lepeiinemo 10 €KBIBaJICHTHOI KOMITJIEKCHOT CXEMU 3aMIIEHHS

Zc
Z

o—JF——

Puc. B4. ExBiBajieHTHA KOMIUIEKCHA CXE€Ma 3aMIIIIEHHS
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PiBHsIHHSA eneKTpuYHOI piBHOBAru, CKiajeHe 3a nIpyruM 3akoHoMm Kipxroda B
KOMIUTEKCHIN QopMmi, IUTsl pO3TIITHYTOTOKOJIa Ma€ BUTIIA;

. ) . . . . . 1 . . i 1
U =U_+U_, +U .=rl_+ oLl  —]—I_=1_(r+ JoL—-|]—).
m BX mr mL mC m J m JC()C m m( J JCOC)
Komriekcawmit ormip kona
. ) !
. (r+ joL—-j—)

_ M . =r+ joL— j— =r+ jx =z,
Zex I J Ja)C J

m

R S
I[eX:XL'XC:a) _E1 w_arCtgF, L= r-+X

OCKUIbKM pEaKTHBHI ONOPH 1HIYKTUBHOCTI 1 €EMHOCTI 3aJI€KaTh BIJl YaCTOTH,
TO 3MIHHA CITIBBIJTHOIICHHS BEJIMYMUH 1HIYKTUBHOTO 1 €EMHICHOTO OIMOPIB HACTYITHUM
YIHOM BU3HAYa€ XapakTep Koa.

[Ipu X >Xc3pyuieHHs (a3 MK OPUKIAJEHOI 10 KOJja HaIpyrow i CTpPyMOM B
KoJi ¢> 0, ToOTO Oy/ie MO3UTUBHUM, CTPYM B KOJI BIJICTA€ BiJ MPUKIIAJICHOT HATIPYTH,
KOJIO HOCHUTD IHAYKTUBHUI Xapaktep (puc. B5).

[Tpu xL < xC 3pymienHs (a3 Mix NPUKIAJAEHOIO 0 KOJIa HAIPYTolo 1 CTPYMOM
B Ko @ <0, TOOTO OyZie HEraTUBHUM, CTPYM B KOJII BUIIEPEIXKAE MIPUKIIATEHY 10 HEl
Hanpyry. Koso Hocuth eMHicHMIA XapakTep (puc. B6).

HaiiGinpmmii iHTepec npeacTaBisie BUNAAOK pIBHOCTI X = Xc (puc. B7) . [Ipu
IbOMY PEAKTUBHUM OIIP KOHTYPY JOPIBHIOE HYIIIO, KOMIIEKCHUI OITIp, KOJIO HOCUTh
XapaKkTep TUIBKH aKTUBHOTO OINOPY, CTPYM B KOJIi 30iraerbes mo ¢asi 3 10AaHOK0 110
HE1 HaIIpyTOolo.

3MEHILIEHHS! KOMIUIEKCHOTO OMOPY KOHTYpY /10 MIHIMaJIbHOTO HPU3BOJIUTH A0
3pOCTaHHS O MaKCUMyMy CTPyMy B KOHTYpl, IIO CBIJYUTh PO HACTYI SBHILA
€JIEKTPUYHOIO PE3OHAHCY.

+
U

mf

ml. m(C

\ 4
v

U.'H." j

m
Puc. B5. Bextopna niarpama mipu X >Xc
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*]

ml,

mr

\ 4
\ 4
v

U Um('

m

Puc. B6. BekTopHa giarpama npu X <Xc

*

Uim’ 4

\4
-
al

v

U i

m

Puc. B7. BextopHa niarpama npu X = Xc

1.4. IlogVIbHUKN HATIPYTH

PosrisitHeMo eNeKTpUYHEKOJI0, M0 CKIAJAEThCS 3 N TMOCHTIIOBHO 3'€THAHUX
CJIEMEHTIB 3 KOMIUIEKCHUMU oropamu Z; (puc. B8).
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Z; Z; Z,

[
-

v
v

v

Puc. B8. Enekrpuune koo

CtpyM |, OOHAKOBHMi UId BCIX IOCIIZOBHO 3'€JHAHUX €JIEMEHTIB KOJIa,
BU3HAYAECTHCS SIK

MoxHa 3allncaTu, o
U,:U,:U,=2,:2,:2,.

A0o0, IHITUMHU CITOBaMM, HANPYTd Ha JUISHKAX Koja, 3'€IHAaHUX IOCIiJIOBHO,
BIIHOCSATBHCS SIK KOMITJIEKCHI OMOPY ITUX JIISTHOK.

Kpim Toro,
U
U,=12,=-2,
Z
a0o0 B 3araJbHOMY BUTJISI1
. . U
U, =1z, =—2,_ P . . .
k k 7 k -Hampyra Ha K-l JUIBHHIN JOPIBHIOE JOOYTKY CyMapHOi

HaIpyTH U Ha BIIHOUIEHHS! KOMIUIEKCHOTO OTOPY K-Oi AUISHKHU IO €KB1BaJIEHTHOTO
KOMIUIEKCHOT'O OTIOpY KoJja:

. .z
U, =U =k
Z

Z
SIK110 mo3HauuTH Z_ =K
k
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TOI1

YT
ne K - koediuient poznoainy. [loniGHe K010 HOCUTH Ha3BY MOAUIBHUKA HAMIPYTH.
2. BukoHaHHA po00OTH

Electronics Workbench - enekrponna mabopatopis Ha komm'torepi. Cucrema
cxemorexHiyHoro wmoaemtoBanHs  Electronics Workbench mnpusnauena s
MO/JICTFOBAHHS Ta aHATI3y CJICKTPHUYHUX CXEM.

[Ipu BukoHaHHI JabopaTOpHOI POOOTH 17151 POPMYBAHHS CXEMH JOCIIIKEHb
HEOOXIJHI: JKEpeNo MOCTiHOI Hampyru Battery, mxepeno 3minnoi Hanpyru AC
Votage Source, BoJIbTMETPH, PE3UCTOPHU, KOHACHCATOP, KOTYIIKA 1HIYKTUBHOCTI, a
TaKOX 3'€IHyBaJIbHI €JICMCHTH.

2.1. locaigskeHHs NMOAUVIBHMKA HANIPYTH

2.1.1. 3anycrith Electronics Workbench.
2.1.2. Cxema I0CHIKYBAaHOTO €JIEKTPUYHOTO KOJIa Ma€ TaKUM BUTIISI

(puc.B9):
1k Ohm 2 k Ohm 3k Ohm
AYATAY SYATAY

Puc. B9. Cxema nociiizKyBaHOTO €J1€KTPUYHOTO KOJIa

2.1.3. IlepeneciTh HEOOX1/IHI €IEMEHTH 3 3aJaHOI CXeMHU Ha poOouy 00JacTb
Electronics Workbench. Jlns mporo HeoOXimHO BuUOpaTH pO3MIIM Ha MaHENI
inctpymenTiB (Sources, Basic, Indicators,), B sikux 3HaXOmAThCS MOTPIOHI Bam
€JIEMEHTH, IOTIM TMEpeHEeCTH iX Ha pobouyy oO0nacTh (KJIAIHYTH MHUILEI0 Ha
NOTPIOHOMY €JIEMEHTI 1, He BlI[HyCKaIO‘H/I KHOIKU, TMEPEHECTH B MOTPIOHE Micle
cxemn). [lepeneciTh Txepesno noctiHoi Hanpyru Battery, pesucropu , BOIbTMETpH.

2.1.4. 3ABJAAHHS. Ing 3a3HayeHUX Ha CXEMI NapaMmeTpiB €JIEMEHTIB
pO3paxylTe BEIMYMHU HAMpyr Ha €JIEeMEHTax KoJia. YBIMKHITh >KUBJEHHS KoJia 1
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3HIMITh MMOKa3aHHSA BOJIBTMETPIB. Pe3ynbTaTu po3paxyHKy 1 BUMIPIOBaHHS 3alUIIITh
y 3BIT 1 3p00ITh BUCHOBKH.

2.2. JlocaigskeHHs1 mocJaifoBHOro 3'eqiHaHHs I-L-C ejieMeHTIB

2.2.1. Cxema AOCHIIKYBaHOTO €JIIEKTPUYHOTO KOJa Ma€ TaKud BHTIL (pucC.
B10).

2.2.2. TlepeneciTh HEOOXI1JIHI €IEMEHTH 3 3aJaHOl CXeMH Ha po0ody 001acTh
Electronics Workbench. Jlns 1poro HeoOxigHO BHOpaTH pO3JLIM Ha MMaHEN
iHcTpyMmeHTiB  (Sources, Basic, Indicators, Instruments), B SKHX 3HaXOASATHCS
noTpiOHI BaM €JIEMEHTH, MOTIM MEPEHECTH iX Ha poOouy 00JacTh (KJIAHYTH MHILIEIO
Ha TOTPIOHOMY €JIEMEHTI 1, HE BiAMyCKalO4l KHOIKH, IIEPEHECTH B MOTPiOHE Miclie
cxemu). [lepeneciTh Kepeno 3MIHHOT HAmpyrH, BOJBTMETp (3 MIT.), pe3ucTop,
KOHJICHCATOP, KOTYIIKY 1HTYKTUBHOCTI.

2.2.3. 3'enHaiiTe KOHTaKTU EJIEMEHTIB 1 PO3TAIIyHTE €leMEHTH B poOodiit
obnacti juIs ofep)kaHHsA HeoOXimHoi Bam cxemH. 3'enHaiite enementd R1, C1 1 L1
MOCJI1IOBHO, & BOJBTMETPH V 10 €JIE€MEHTIB MIAKIIOYITh napanenbHo. s 3'eqnanus
JIBOX KOHTAaKTIB HEOOXI1JHO KJIAIHYTH MO OJTHOMY 3 KOHTAKTIB OCHOBHOIO KHOIIKOIO
MHUIII1 1, HE BIAMYCKAIOYU KJIABIIY, TOBECTHU KypCcop A0 APYroro KOHTAaKTY.

L1

Puc. B10. Cxema gocimiKyBaHOTO eIEKTPUYHOTO KOJia

2.2.4. BCTaHOBITH MapaMeTpH JDKEpesia 3MIHHOI Hampyrd BiAMOBITHO [0
BapiaHnTa (Tabm.1), Ayg 4oro NABiYl KJIAIHITH Ha 300pa)KE€HHI JpKepena 1 B BIKHI, IO
poskpuiocst AC Voltage Source Properties subepits omiiro Value (puc. B11).
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AL Yoltage Source Properties ed A

Label ‘alue |Fault I Displa_l,ll Analyziz Setupl

Waltage []: I‘I 5 I i Iﬂ

Frequency: I‘I a0 I Hz Iﬂ

Phasge: ID— Deg

Woltage tolerance: W b4 v Usze dlobal tolerance

k. I OTreHa

Puc. B11. Bikno AC Voltage Source Properties

Tabnuysa Bl
apiant
1, (2, |3, |4, |5 |6, |7, |8, |9, |10,|11, |12, |13,
14 115 |16 |17 |18 |19 |20 (21 |22 |23 |24 |25 |26
IMapamerp

Voltage 5 10 |15 |20 |100 |5 10 |15 |20 |100 |5 10 |15
V)
Frequence |35 |40 |45 |50 |55 |35 |40 |45 |50 |55 |35 |40 |45
(kHz)

Tyt Voltage (V) - niroye 3Ha4YeHHS HAMNpPYTH, BCTAHOBIIOETHCS B BOJIBTAX;
Frequence (Hz) - wvactora Hanpyru, OIUHUIIS BUMIPY - TEpIl.

VY Bikui Phase 3anummrbes Bennunnaa 0 rpagaycis.

2.2.5. BcraHOBITH TMapaMeTpW €JIEMEHTIBKOJA BIJIMOBIIHO JO BapiaHTa
(Tabm.2), mig dYoro ABIYl KIAIHITH HAa 300pakKCHHI €JIeMEHTa 1 B BIKHI, IO
po3kpuIiocs, BuOepiTh omiito Value.
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Tabnuys B2

apiaHT
1, |2, |3, |4, |5 |6, |7, |8, |9, |10, |11, |12, |13,
14 |15 |16 |17 |18 |19 |20 |21 (22 |23 |24 |25 |26
ITapamerp
r 100 |80 |60 |40 |20 |100 |80 |60 |40 |20 |100 (B8O |60
Ohm | ohm | Ohm | Ohm | Ohm | Ohm | Ohm | Ohm | Ohm | Ohm | Ohm | Ohm | Ohm
L 1 2 500 | 200 | 300 |1 2 500 200 | 300 |1 2 50
mH |mH |MkH | mkH [ mkH |MH | mH | mMKH | mkH | mkH | MH | mH | OmkH
C 100 | 120 |60 |80 |70 |100 |120 |60 |80 |70 |100 |120 |60
nF InF _|nF_|nF_|nF |PF InF |nF |nF_|nF_|PF | nF | nF

2.2.6. BcTaHOBITh piJl poOOTH BOJBTMETPA - BUMIPIOBAHHS 3MIHHOI HaIpYTH,
JJI 9OTO JIBIYi KIJIAIHITH Ha 300pakeHHI BOJBTMETpa 1 B BikHI, BCTaHOBITH Mode -
AC. BonbT™MeTp BUMIPIOE Jif04Ye 3HAYECHHS 3MIHHOI HATIPYTH.

2.2.7. 3ABJAHHS. VYBIMKHITH >KHUBJICHHS €JIEKTPUYHOTO KOJa 1 3HIMIThH
MOKa3aHHS BCIX BOJBTMETPIB. 3aMMINITh pe3ybTaT B 3BIT IO J1a00OpaTopHiii poOOTi.
BUMKHITH KUBIICHHS.

2.2.8. 3a 10MOMOTOI0 BEKTOPHOI JlarpaMy CTPyMy 1 Hampyr# MOSICHITh, YOMY
poCTa CyMa Halpyr Ha eJIeMEHTaxX KoJia He 301raeTbes 31 3HAYCHHSIM BCTAaHOBIICHOTO
Ha JKepeIl HalpyTHu.

2.2.9. 3011p1UTE 3HAYEHHSI YaCTOTH 3MIHHOI Halpyru B 2 pa3u. 3HOBY 3p00ITh
BUMIpIOBaHHA TUCKY. [[o0ynyiiTe BEKTOpHY Aiarpamy CTpyMmy 1 Hampyru. BinMitere,
AK1 3MIHH BIJOYJIMCSl y BEKTOPHIH Aiarpami.

2.2.10. Po3paxyiiTe 3a BEKTOPHHMHU jJiarpaMaMyd BEJIUMYHUHY (Pa30BOTO 3CYBY
MIDK CTPYMOM B KOJIi 1 HAPYTOIO Ha 11 BXO/Il.

3. JlaiiTe BiANOBIAi HA MUTAHHS

1. YoMy apudmeTrniuHa cyma Hampyr Ha eJeMeHTaxX Koja He 30iraerbcs 3i
3HAYCHHSM BCTAaHOBJICHHM Ha JDKEPEITi Halpyru?

2. B saxomy (a3zoBoMy CHIBBIAHOLIEHHI 3HAXOJAThCS CTPYM 1 Hampyra Ha
€MHICHOMY €JIEMEHT1?

3. YV sxomy ¢a3oBoMy CIIBBIJHOILIEHHI 3HAaXOJATbCS CTPyM 1 Hampyra Ha
1HAYKTUBHOMY €JI€MEHTi?

4. Slx BrumBae 3OLIbIIEHHS 3HAYEHHS 4YacTOTH 3MIHHOI Halpyrd Ha
CHIBBIIHOILIEHHS CTPYMIB 1 Hanpyr?
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4. 3micT 3BiTY

1. Ha3Ba ta meTta po6oTu
2. CxeMa IOCIHIIKEHD

3. PesynpTatu BUKOHaHHS 3aBJaHb Ha J1a0OpaTOpHY pOOOTY 3 PHUCYHKAMHU
BEKTOPHHUX Jiarpam, po3paxyHKaMH Ta BUCHOBKaMHU

4. Biamosial Ha MUTAaHHSA
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JlepaBHUM YHIBEpCUTET TEICKOMYHIKAaLIIN
HapuayiibHO-HayKOBUM IHCTUTYT 3aXUCTy 1HGOpMaIii

Kadenpa Cucrem iHpopmaniiHoOro Ta KiOEpHETUYHOTO 3aXUCTY

(Ha3Ba HAaBYAIBHOI AUCIUILIIHH)

3BIT
10 J1abopatopHOoi podoTu «By»

CrynenTta(ku) HaBYaIBHOI TPYIU

MIPI3BUIIIE Ta 1M A
(mp )

Bapiant No

Jlata BUKOHaHHS

Oriaka

[Tiamuc BuKkiamgaga

Kuis-20__
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Merta poboTu:

3MICT 3BITY.
2.1. TocaigskeHHsI MOAUIbHUKA HANIPYTH

Cxema A0CiJKyBaHOI €J1eKTPUYHOTO KOJla

Pe3ynbpTaTi po3paxyHKy HanpyKeHb Ha €JIEMEHTAX €JIEKTPUYHOIO Koja

PGBYJII)TEITI/I BI/IMipI-OBaHHSI THCKY Ha CJICMCHTAaX CJIICKTPHUYHOI'O KOJIa

BuCHOBOK 3a pe3yJibTaTaMH pO3paxyHKy 1 BUMIPIOBaHHS

2.2. locaigkeHHs mocaiioBHOro 3'eqHanns r-L-C ejiemeHTiB

CxeMa J0CTiKyBaHOI eIEKTPUIHOTO KOJia

[TapameTpu Kepena 3MIHHOT HAPYTH BIAMOBIAHO O BapiaHTa

apiaHT

IMapamer
r
L
C

[Toka3HuKH BCiX BOJBTMETPIB
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BekTopHa niarpama cTpymy 1 Hanpyru

[losicHeHHs, YoMy MpOCTa CymMa Halpyr Ha €JIEMEHTAaX KoJla He 30IraeThes 3i
3HAYEHHSM BCTAaHOBJICHOTO Ha JKEpesl HalpyrH.

Pesynbpraty BUMipIOBaHHS THUCKY TpH 30UIBIICHOMY B 2 pa3d 3HA4YCHHI 4YacTOTHU
3MIHHOI HapPyTH.

Po3paxyHOK 10 BEKTOPHUX Jiarpam BEITUYHHH (Pa30BOT0O 3CYBY MIXK CTPYMOM B KOJII 1
HaIPYTro0 Ha i BXO/I.

3. BinnoBini Ha nuTaHHA
1. YoMy apudmeTnyHa cyma Hanmpyr Ha €JIeMEHTaxX Koja He 301raeThes 31 3HaUYCHHSIM

BCTAHOBJICHOTO Ha JHKEPEITi Hanpyru?

2. B sikoMy (pazoBOMy CHiBBIAHOIIEHH] 3HAXOATHCS CTPYM 1 HAMlpyra Ha EMHICHOMY
eJIeMEeHT1?

3. V sxkoMmy (a3oBoMy CHIBBIAHOIIEHHI 3HAXOJATHCS CTPyM 1 Hampyra Ha

1HIYKTUBHOMY €JIEMEHTi?

4. SIx BruMBa€ 30UTbIICHHS 3HAYEHHS! YaCTOTH 3MIHHOI HAIllpyry HA CIIBBIAHOILIECHHS
CTPYMIB 1 Hanpyr?

BucHoBKM NP0 BUKOHAHY PO0OTY
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JIABOPATOPHA POBOTA «I'»

JlocaixxeHHs MapaJjeJibHOTO 3'€ITHAHHSA eJIEeMEHTIB
eJIEKTPUYHUX KL

Meta poboTn

JlaGopaTopHa po0OOTa TNPHUCBIYCHA BHBUCHHIO IapajeIbHOTO 3'€JHAHHS
€JIEMEHTIB €JICKTPUYHUX K1JI.

3micT podoTHn

1. 3arampHi BiIOMOCTI MPO EIEKTPUYHI KOJia 3 TMapajeiabHUM 3'€THAHHIM
€JICMEHTIB.

2. BukonaHHs poOOTH.

2.1. JlocmimkeHHS MapaielbHOTO 3'€THaHHSA R eleMeHTiB.

2.2. JlocnimkeHHs mapanenbHoro 3'enHanas R-L-C enemeHTis.

3. BukoHaHHs 3BITY [IPO BUKOHAHY pOOOTY.

3.1. BUCHOBKHM Ta MOSICHEHHS PE3yJIbTaTiB.

3.2. Biamosial Ha TUTaHHA.

1. 3araapHi BiZoMOCTi NMpPoO eJIeKTPUYHI KOJa 3 MapajejbHUM 3'€IHAHHAM
eJIeMEeHTIiB

Cxema eJIEKTpUYHOTr0 KOJja 3 MapajeIbHUM 3'€ JTHAHHSIM €JIEMEHTIB
Mae HacTynHui Burisiy (puc. I'1):

i(t)
Q — .

n(t) it ie(t)

u(®) 1L c

O

Puc. I'l. CxeMa eleKTpUYHOTO KOJIa 3 MapajeIbHUM 3'€IHaHHSAM €JIEMEHTIB

CxeMa 3aMillieHHs B KOMIUIEKCHOMY BUTIIsA L (puc. [72):
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ol |

Puc. I'2. Cxema 3aMinieHHS

ExgiBanenTtHa cxema (puc. I'3):

O >

O

Puc. I'3. ExBiBasieHTHa cxemMa

Ckopucraemocs nepimuM 3akoHoM Kipxroda:

|'=|'r+|'L+|'C—9+L+UJwC U(—+L+Ja;c:) uy
rjolL joL

1 1 1
y=r_1. 1 et ——a)C (b, —b.) =g~
- r+Ja)L+J : J( )=9-jb -b)=g9
1V (1 2 e
y = (—j (——a)Cj ,@ = arctg ol = arctg ——=¢
r wl 1 g
r
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Bu3HauMMO KOMILIEKCHI CTPYMH:
| =UY = Ue!? ye—jco _ Uyej(l//u—co) = leivi-

.U | .
Ir :_:UgeJWu — IreJ‘//lr;

r
[ Jwvy i i .
i U Ue™ U iw 2 _ | eive-
L = = = — = e =1.€ ,
wle
iy +2)
. utT < - )
[. =UjaC =UaCe’ " 2 =1_e'%.
[ToOyyeMO BEKTOpHI JlarpaMH.
JIJIs CIIpOIISHHS PUITYCTUMO, o ¥, = 0.
PosrissHemo Bunamok b >bc(puc. '4).
+] i U
_ +
! j/, - jr
i,
I,
v

Puc. T'4. BektopHa giarpaMa st BUImaaKy b >bc
3pymieHHs a3 MDK NPUKIAIEHOI0 10 KOJja HAmpyrow 1 CTpyMOM B il

Hepo3ralykeHil yactuni ¢> 0, T00TO mo3uTHUBHUK. . CTpyM B HEpO3raly X eH1i

YacTHHI KojaBijcTae 1o (asi Bl MpUKIaAeHOI A0 Hei Hampyru. Koso HOCUTh
AKTUBHO-1HIYKTUBHHUI XapaKTep.

Temnep npumyctumo, 1o by <bc (puc. I'5).
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4 1‘0

\ 4
A 4

Puc. I'5. BektopHa miarpama i Bunaaky by <bc

3pymieHHs ¢a3 MDK MNPUKIAJIEHOI0 JO0 KOJja HAmpyrow 1 CTpyMOM B ii
HeposralmykeHiit yactui ¢ <0, To6T0 Big'emHuii. CTpyM B Hepo3raigy>KeHii
YacTUHI KoJia BUIlepekae no (a3l npukiaaeHy a0 Hei Hanpyry. Koiao HOCHUTH
AKTUBHO-€MHICHUN XapakTep.

PosriissHemo Bunanok b =b¢ (puc. I'6).

U

» »
» »

Puc. I'6. BektopHa giarpama st BummaaKy b =bc

[Tpu b =bcp=0, cTpym B HeposramyxeHili yacTuHiKoJA 30iraeThcs mo ¢asi 3
nonaHoro Hampyroto. Koiio HOCHTH XapakTep YHCTO AaKTMBHOIO OMOpYy 1 IO
BIIHOILICHHIO JI0 BXIJHUX 3aTHUCKIB €KBIBAJICHTHA KOJY, IO CKJIAIA€THCS 3 OJHOTO
aKTUBHOTO OTOpY .

PosrasinyTe siBUIE B KOJII TAPMOHIMHOTO CTPYMY 3 MapajeilbHUM 3'€THAHHAM
eneMeHTIB ¥, L i C, ipu sikoMy ii NPOBIAHICTh € aKTUBHOIO, HA3UBAIOTh PE30HAHCOM
CTPYMIB.
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JIUVIbHUKH CTPpyMY.

Hexaii Bimomuii CTpyM B HEpO3TaTy)KEH1i 4acTHHI KoJia I (puc. I'7).

I
’ 7, Z, Z3 Z,
11 jz ]3 Y [i.'
o— & — e @& - —
Puc. I'7. Cxema enexkTpuyHOro Kojia
1 2 3 Yn Y3
1
Y, ==—Y, =Y, +Y, +Y, +..+Y
He n Z 2 n
n
I PO PR 2 (0 F0 ATrna &

AO0o0, IHIIMMH CJIOBaMU,TOKHM 4epe3 MiJISIHKH K0Ja, 3'€lHaHl nmapaJjiejibHo,
NPONOPUiiHI KOMIUIEKCHUM OIOPaM LUX JiJIsTHOK.

Kpim Toro, B 3araabHOMY BUTIISI1

I =1 Y

Y3
KOMIUJIEKCHUIM CTPyM uepe3 K-Ty AUISHKY JOPIBHIOE JOOYTKY CyMapHOTO
KOMIIJIEKCHOTO CTPyMy | Ha BiJHOIIEHHS KOMIUIEKCHOI IPOBIAHOCTI K-01 HiITHKH 0

€KBIBAJICHTHO1 KOMILJIEKCHOT IIPOBIHOCTI KOJa!

SIKIIIO ITO3HAYHUTHU

<

M _k

k



Tomi

ne K - koedinient ainenns. [logibHe K010 HOCUTH HA3BY AIIbHUK CTPYMY.
Jlig mpuKiIaxy BU3HAUMMO CHITy CTpyMY B Apyrii rimi (puc. I'S).

Y
@

ya) 22

Puc. I'8. [linpHuK cTpymMy

Jl1s iboro HeoOX1AHO 3HAUTH

I
_ Y 1 1 Z,+Z
l,=— k=2 Y, =Y, 4Y, =y =T
K Y, z, 72, 7,7,
« _LtZ, |2:l: Z,
Z, K 2,+Z,

KoMmiekcHMi CTPyM B OJHiH 3 IBOX NapajejJbHHUX IJIOK JOPIBHIOE
TOKY B HEPO3rajly:KeHid YacTHHi K012, IOMHOKEHOMY HA KOMILUIEKCHHUI OIip
IHIIOI IiJIKY 1 MolIeHid HA CyMY KOMILIEKCHUX ONOPiB 000X rJIOK.

2. ITopsaioK BUKOHAHHSA PO0OTH

Electronics Workbench - enekrponna gabopatopist Ha kommn'toTepi. Cucrema
cxemoTexHiyHoro MmojemtoBanHs — Electronics Workbench npusnauena ms
MOJICTIIOBAHHS Ta aHAJI3y ENEKTPUIHUX CXEM.

[Ipu BukoHaHHI JabOpaTOpHOI POOOTH [JIs1 (POPMYBAHHSI CXEMHU JOCHIIKEHb
HEOOXIJHI: JKepeno mocTiiHoi Hanpyru Battery, mxepeno 3minHoi Hampyru AC
Votage Source, amnepMeTpH, pe3UCTOpPH, KOHIEHCATOP, KOTYIIIKA 1HIYKTUBHOCTI, a
TaKOX 3'€IHyBaJIbHI €JIEMEHTH.
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2.1. locaiaskeHHsI NapajieIbHOIO 3'€IHAHHSA Pe3UCTOPiB

2.1.1. 3anycrtith Electronics Workbench
2.1.2. 30epiTh MOJIENIb EIEKTPUYHOTO KOJIA 33 HACTYIHOI cxeMoro (puc. ['9):

[ AlF—vwA—s9 .

— W1

[ Aflar L Allsz [ Aflas

l ..

Puc. I'9. CxeMa eJIeKTpUIHOTO KOja

2.1.3. BcTaHOBITh 3HA4YEHHS MapaMeTpPiB €JIEMEHTIB Kojia BIJMOBITHO JI0 HOMEpa

BapianTa (tabu. I'l).
Tabnuysa I'l

Howmep 1, 12, |3, |4, |5 |6, |7, |8, |9, |10,]11, 12,13, |14, |15,
Bapilanta 116 |17 |18 |19 |20 |21 |22 |23 |24 |25 |26 |27 |28 |29 |30

V1, B 12 136 |5 120|124 |8 |32 |1 |60 25|18 |42 |9 |82 |30

R, Om 1

R1, Om 1012 |3 |24 |15]16 |7 |8 |9 |10 |11 |12 |13 |14 |15

R2,0m [25|8 |9 |20 |21 |22 |6 |24 |17 |25 |27 |28 |29 |30 |31

RS, Om 1516 |5 |18 |17 |8 |12 |14 |11 20 |27 |8 |17 |22 |19

2.1.4. BukopuctoBytoun 3akoH Oma, po3paxyiTe CHIy CTpyMy, IO MPOTIKA€e
yepe3 amnepmeTp A. Po3paxyHOK MOMICTITh y 3BIT 10 J1ab0paTopHii poOoTi.

2.1.5. YBIMKHITH XHUBJICHHS 1 BUMIPSHTE BEIUYUHY CTPyMy, IO MPOTIKAE
yepe3 amrepMeTp A. 3anuuiiTh pe3ynbTat, HOPIBHANTE 3 PE3yJlbTaTOM PO3PaxyHKY.
3anumiTh Moka3zaHHa ammnepMerpiB Al, A2, A3 1 3po0iTh BHCHOBOK IIpO
CIpaBeIUBICTh Nepioro 3akony Kipxroda.

2.1.6. Uu 3MIHUTBCS BEJIMUMHA CTPYMY B HEPO3Taly>KEHii YaCTUHIKOJA, SKIIO
CTaHEeThCsl 0OpUB B TUILI 3 onmopoM R2 (3MEHIIMUTHCS, 301IBIIUTHCS, HE 3MIHUTHCS)?
[lepeBipTe MpaBUIIBHICTH BAIllOi BIJAMNOBI/I, BIAKIOYUBIIM R2 1 MOBTOPUBIIM BUMIP.
3anumiTh pe3yabTaT y 3BIT.

2.1.7. SIx 3MIHUTBCS BEJIMYMHA CTPYMY B HEpO3TalyEeH1i YaCTUHI KoJia, KO0
CTaHEThCS KOPOTKE 3aMUKaHHS B T 3 omopoMm R3? IlepeBipTe mpaBUIIBHICTH
BaIoi BIAMOBI1, 3aKOpoTB R3 1 MOBTOpUBIITM BUMIp. 3aMHUIIlITh PE3YJIbTAT Y 3BiT.
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2.2. JlocaimkeHHss mapajiebHOro 3'eqHaHusi R-L-CeneMeHTiB mpu mnocTiiinii
Hanpysi

2.2.1. Cxnamith cxemy enekTpuyuHoro koja (puc. I'10).

R
A ’ .

- O - -

12y
%m Eu —

Puc. I'10. Cxema eneKTpruIHOro Kojia

2.2.2. BCcTaHOBITH 3HAYEHHSI NApaMeTPIB €JIEMEHTIB KOJia BIAMOBIAHO 32 HOMEPOM

BapianTa (Tabdu. ['2):
Tabnauys 12

Homep 1, 12, |3, |4, |5 |6, 7,18, 19, |10,|11, [12,|13, |14, |15,
BapianTa | 16 |17 (1819 [20]21 |22 (23|24 |25 |26 |27 |28 |29 |30

E,B 12 136 |5 [120124|8 |32|1 |60|25/18 (42 |9 |82 |30

R, Om 100

RI,Om |10 |2 |3 |24 |15|16|7 |8 |9 |10 |11 |12 |13 |14 |15

L1, mI'H |1 2 |13 14 |5 |6 |7 |[12]17]15 |19 |1 |8 |3 |7

Cl,mxk® 110803020 |70|50|90|40|10|60 [120]20 |80 |50 |30

2.2.3. VYBIMKHITH UBJICHHS, BUMIPANWTE BEIWYMHY CTPyMy B TiIKax 1
HEpO3TATy’)KeHI1M YaCTUHU KOJIa 1 3aMuIIiTh pe3yiabTaTu B 3BIT. [losACHITH OTpuMaHi
pe3ynbTaTH.

2.3. JociainkeHHs napaneabHoro 3'eqnanns R-L-C eqemenTiB npu 3miHHiii
Hanpy3i

CkJaiTh €JIEKTPUYHE KOJIO JIJIsl BAMIPIOBAaHb TP 3MiHHIN Hanpy3i (puc. ['11).
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* *
C,)w Al A2 A3
T
;m ﬁu — o
L A

Puc. I'11. Cxema eneKTpu4IHOro KoJia

2.3.1. IlepeMKkHITBCTIOCIO pOOOTH amMIepMETPiB Ha BUMIpP 3MIHHOTO CTPYMY, JIJISl YOTO
JBIY1 KJTAIHITH KHOITKOIO MHUIII 110 300pakeHHI0 aMIlepMeTpa a y BikHi, B ommii Value
BctaHOBITH Mode: AC.

2.3.2. BcTaHOBITH 3HAYCHHS TapaMeTpiB €JIEMEHTIB KOJIa BIATOBIAHO 3a HOMEPOM
BapianTa (tabdu. ['3):

Tabnuysa I'3

Homep 1, 12,13, |4, |5 |6, |7, (8, 1|9, |10,|11,|12,|13,|14, |15,
Bapianta | 16 |17 (18|19 |20 21|22 |23 |24 |25 |26 [27 |28 |29 |30
V,B 120124 |18 |32 |1 |60|25]18|42|9 |82 |30 |54 |36 |5
RO |1 |2 |3 |4 |5 |6 |7 |8 |9 |10|1 |2 |3 |4 |5
Ll,mMw |3 |7 |4 ]9 |11]|]6 |8 |1 |4 |7 |3 |5 |2 |9 |12
Ci,m¢ |12 |3 |1 |3 |1 |2 |12 |10|5 |2 |10 |2 |3 |2 |2

2.3.3. VYBIMKHITH >KUBICHHS, BHUMIpPSHTE BEIWYHHY CTPyMy B TiJKax i
HEpO3Tally>)KeH1i 4acTUHIKOJA 1 3aUIIITh pe3ysibTatu B 3BIT. [100yayiiTe BEKTOpHY
JiarpaMy Hampyrd 1 CTpyMiB Ta BH3HAuUTE€ XapakTep Koja (aKkTUBHE, AKTHUBHO-
€MHICHE, aKTUBHO-1HIYKTUBHE, EMHICHE, IHIYKTUBHE). 3alUILITh PE3yibTaT Y 3BIT.

3. JlaiiTe BiANOBiAb HA MUTAHHSA

3.1. flke 3'eqHAHHS €IEMEHTIB B KOJIi HA3UBAETHCS MapaeIbHUM?

3.2. Sk po3paxyBaTd €KBIBAJICHTHHMH OIIp KOJIa, M0 CKJIAJAEThCSI 3 TPHOX
napayieJibHO BKIIFOUEHHUX PE3UCTOPIB?

3.3. Skor0 BIACTUBICTIO BOJOJIIOTH CTPYMH, IO NPOTIKAIOTh 4Yepe3 MapayielibHi
IUISHKA Koja?

3.4. dx po3paxyBaTu CTpyM B OAHIN 3 MapajieibHUX TiJIOK, SKIIO BIJOMUNA CTPYM B
3arajibHiil YaCTUHI KoJia?
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4. 3micT 3BiTY PO BUKOHAHY po0OTYy

1. Ha3Ba Ta MeTa poOoTH.

2. CxeMa JOCHIIKEHb.

3. Pesymbratm BUKOHAaHHS 3aBJaHb Ha JIA0OpAaTOpPHY pPOOOTYy 3 BEKTOPHUMU
JiarpaMaM#, po3paxyHKaMH Ta BHCHOBKaMH.

4. Biamnosial Ha DATAHHS.
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JlepaBHUM YHIBEPCUTET TEICKOMYHIKaLIN
HapuayibHO-HaYKOBUM IHCTUTYT 3aXUCTy 1HGOpMaIii

Kadenpa Cucrem iHpopmaniiHoOro Ta KiOEpHETUYHOTO 3aXUCTY

(Ha3Ba HABYAIBHOI AUCIUTILIIHH)

3BIT
0 JabopatopHoi poooTu«l»

CryzaeHTa(ku) HaBYAJIbHOI TPyITU

(ipi3BUIIE Ta 1M 51)

BapianTt No

Jlata BUKOHaHHS

O1inka

ITianuc

BUKJIaga4da

Kuis-20__
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Merta poboTu:

3MICT 3BITY.

2.1. locaiqzkeHHs1 MapaJjieibHOTO 3'€IHAHHS Pe3UCTOPIB.
CxeMa elneKTpU4HOro Koja

3HaueHHS MMapaMeTpiB €JIEMEHTIB KoJia BiJIMOBITHO 32 HOMEPOM POOOUOT0O MiCIIs

Ne  pab.
MiCIIST
V1, B

R, Om
R1, Om
R2, Om
R3, Om

Pe3ynbTaT BUMIpIOBaHHS BEJIMYMHU CTPYMY B TUIKaX 1 HEPO3radyKEeH1i 4aCTUHIKOJIA.
[losicHeHHs OTpUMaHUX PE3YNbTATIB.

2.3. JocaimxenHsi mapajejbHoro 3'efHanisi R- L- C ejneMeHTiB mpu 3MiHHiM
Hanpy3i.

Cxema eNeKTpUYHOro Koja

3HayeHH MapaMeTpiB €JIEMEHTIB KOJia BIAMOBIAHO 32 HOMEPOM POOOYOTro MicCIs

Ne  pab.
MecTa
V,B
R1,0m
L1, m['m
Cl, Mm®
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Pe3ynbpraty BUMIpIOBaHHS BEJIWYMHH CTPYMIB B TUIKAX 1 HEPO3TalyKEeHIM 4YacTHHI
KOJIa.

BekropHa giarpama Hampyru i CTpyMiB.

PesynbraT BH3HA4YeHHS XapakTepy Koja (aKTUBHE, aKTHMBHO-€EMHICHE, aKTHUBHO-
IHIYKTHBHE, EMHICHE, IHIyKTHBHE).

3. BignoBigi Ha nuTaHuA

3.1. Slke 3'eqHAHHS €IEMEHTIB B KOJII HA3UBAETHCS MapaeIbHUM?

3.2. Sk po3paxyBaTu €KBIBAJICHTHUN OMIp KOJIa, IO CKIIAJIAETHCS 3
TPHOX IMapayiesIbHO BKIIOUEHHUX PE3UCTOPIB?

3.3. SIkuMH BIACTUBOCTSMHU BOJIOIIOTH CTPYMH, IO MPOTIKAIOTh Yepe3 MapajebHi
IUTSTHKY Kos1a?

3.5. Sk po3paxyBaTu CTPYM B OJIHINA 3 MapayielbHUX TUIOK, SIKIIO BIJJOMHM CTPyM B
3arajgbHIA 4YacTHHI KoJya?

BucHOBKM PO BUKOHAHY PO0OTY
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JIABOPATOPHA POBOTA «/1»

JlocJIiIzkeHHA eJIeMEeHTIB eJIEKTPUYHOI0 KO0JIa NP MOCTIiTHOMY
CTpyMi

Meta podoTn

MeToro poOOTH €HAOYTTS NPAKTHUYHUX HABHUYOK EKCIEPUMEHTaJIHLHOTO
BU3HAUCHHS MTapaMeTpPiB €JIEMEHTIB.

3micT podoTHn

1. 3araabHi BIIOMOCTI.

2. Bukonanus poOoTH.

2.1. BuMiproBaHHs OMOPIB aKTUBHUX €JIEMEHTIB.
2.2. BuMiproBaHHS OTIOPIB PEAKTUBHUX €JIEMEHTIB.
3. CxagaHHs 3BITY PO BUKOHAHY POOOTY.

1. 3araasHi BizomocTi
1.1. EnexkTpuyHe K0JI0: BU3HAYEHHS, CKJIA/, KjIacudikauisa eJeMeHTIB

EnexTpuuHUM KOJOM HA3UBAETHCS CYKYIHICTH €JIEMEHTIB, IIO YTBOPIOIOTH
NUISX JJI €JIEKTPUYHOTO CTPYMY, €JIEKTPOMArHITHI MPOIECH B SAKUX MOXKYThb OyTH
OTHKCaHi 3a JOMOMOTOO MOHATH MPO ENEKTPOPYIIIIHY CHUITY, CTPYMH 1 HalPyTH.

EnemMeHTOM eNeKTpUYHOro KOJIa € OKPEeMHUN NPHUCTPIH, SKE BUKOHYE B HIil

neBHY (QYHKIIIIO.

Jlo uKcna eIeMEeHTIB €JIEKTPUYHOTO KOJIa BIAHOCSTHCS PE3UCTOP, 1HAYKTUBHA
KOTyIIKa 1 KoHaeHcarop. KoxHe 3 IuX MpUCTpOiB MpU3HAUCHE JISI BUKOPUCTAHHS
BIJINOBIJIHO HOTO €JIEKTPUYHOTrO OINOPY, IHAYKTUBHOCTI 1 EMHOCTI.

1.2. OcHoBHi XapaKTepUCTUKH MAaCUBHHUX eJICMEHTIB

ITacuBHI eneMeHTH - e CJICMCHTHU CIICKTPUYHOI'O KOJId, B SKHX pOSCiIOCTBCSI

ab0 HAKOIMUYY€EThCS CHEPrisl.
Jlo 4ducna MAacMBHHUX EJIEMEHTIB BITHOCSTHCS PE3UCTHBHUM, 1HAYKTUBHUN 1
€MHICHUI €JIEMEHTH.

Pesuctop - 1e enemMeHT, B SKOMY BIiJOyBaeTbcsi HEOOOPOTHE TMEPETBOPECHHS
CJICKTPUYHOI €HEPTii B TETUIOBY.

Pe3ucTop KiTbKICHO XapaKTEpU3YETHCS MapamMeTpoM F - OMOPOM MOCTIHHOMY
cTpymy. [neanizoBanuii pe3uctop, abo MOJIETb PE3UCTOPA, HAa CXeMaX KT MO3HAYAETHCS
CHMBOJIOM F 1 Ha3UBAETHCS OTIOPOM.
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Ha cxewmi kona onip Mae HacTynHe yMOBHe rpadiune no3Hauenns (puc./1):

+ i -

O —O

v

v

Puc. [11. YmoBHe rpadiuyHe mo3HaYSHHS OTIOpY

Byno 3ragano Bupas «cxema kona». Enekrpudna cxema siBisie co001o rpadiuae
300paK€HHS EJIIEKTPUYHOTO Kojia. BoHa TmoKasye, sIK 3MIHCHIOETBCA 3'€THAHHS
€JIEMEHTIB PO3IIISIHYTOTO €IEKTPUYHOTO KOJIa.

Hanpyra # Tta crpym @ Ha 3aTucKadax oOIIOPY IIOB'S3aHi MPOIOPIIHHOI0
3aJIEKHICTIO, IKA 3BEThCS 3aKOHOM OMa:

u=ri. (1)

PiBHICTP MOXHa MPOYMUTATH TaK: HAIpPyra Ha PE3UCTOpl MPSIMO MPOMOPIiiiHA
BEJIMYMHI OT0 OMOpY 1 BEJIMYMHI, IO MPOTIKAE YEPE3 LIEH CTPYM.

KoeiuieHToM nponopuifHOCTI MiXK CTPYMOM 1 HAIIPYTOIO € OMip:
r=u/i. ()

Ctpym @ Ta Hampyra u Ha 3aTHUCKa4aX OIOPY TMOB'SI3aHI HACTYIMHOIO
3aJIeKHICTIO:

i=u/r. 3)
Benuuuna, 3B0pOTHA OMOPY, HA3UBAETHCS MPOBIIHICTIO:
g=l/r; g=i/u. “4), (5)

Omip r BumiproeTbest B omax (OM), a IpoBIAHICTB € - B ciMeHcax (Cwm). Omip B
1 Om - 11e Takwmii omip, yepe3 SIKUii IPOTIKae CTpyM B 1 ammep 3a yMOBHU 3aCTOCYBaHHS
JI0 HBOT'O Hanpyru B 1 BOJIBT.

[HIyKTUBHUHN €JEMEHT - Lie €JIEeMEHT, B MarHiTHOMY IOJIl SIKOTO BiJ0yBaeThCs
000pOTHE HAKOTIMYCHHS CHEPTii.

OO6opoTHE HAKONMWYEHHS O3HA4Ya€ 3AaTHICTh MAarHiTHOTO TIOJiS BijjIaBaTu
HAKOMMYEHY €HEPTIIO.
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[anykTuBHUN  enmeMeHT a00 IHAYKTMBHA KOTYIIKA XapaKTePU3YETHCS
napaMmerpoM L - 1HIYKTUBHICTh. [jeanizoBaHa I1HAYKTHBHa KOTyIIKa, ab0 MOJelb
IHAYKTHBHOI KOTYIIKH, Ha CXeMaX KiJl TMO3HAYa€ThCsS CHMBOJIOM L 1 Ha3UBAETHCS
1HIYKTUBHICTIO.

[aaykTHBHICTE Ma€e HacTymHe rpadiuHe 300paxeHHs (puc. 12):

é

O O

v

Puc. J12. I'pacpiune 300paskeHHs iHIYKTiBHICTI

Hampyra 1 cTpym Ha 3aTuckadax I1HAYKTUBHOCTI TIOB'A3aHi  4epe3
nudepeHIIIOBaHHS:

u; = Ldi/dt (6)

[Ipountatn Qopmyny cuig Tak: Hampyra (abdo magiHHA Halpyrd) Ha
IHIYKTUBHOCTI MPSAMO NpornopuiiHa J00yTKy BEIMYMHHM 1HAYKTUBHOCTI Ha MOXITHY
CTPYMY 32 4aCOM.

Ha mincrasi (6) cTpyM B iHIYKTUBHOCTI

.1
|:IjuLdt (7)

[HaykTUBHICTE BUMIpIO€ThCS B TeHpi (I'H).

€MHICHUN €JIEMEHT - 11€ €JIEMEHT, B €JICKTPUYHOMY MOJI1 SKOTO BiOyBa€ThCS
000pOTHE HAKOMMYEHHS EHEprii.

€MHICHUN eneMeHT ab0 KOHACHCATOp XapakTepuiyeThes mapametrpoMm C -
€MHICTh. [neanmizoBaHuil KoHAEHcaTop, ab0 MoIeNb KOHJACHCATopa, Ha CXeMax KiJ
mo3HayacThest cUMMBOJIOM C 1 Ha3UBAE€THCS €EMHICTIO.

€muicth C 103BOJISIE BUPA3UTU 3apsAll dYepe3 Hampyry, il 3HAUYCHHS
BU3HAYAETHCS BITHOMICHHSIM 3apsiy 10 HANPYTH:

q=CU, C=q/U,
BenuunHa cTpymMy BU3HAYUTHCS IIBUKICTIO 3MIHM 3apsy HA €MHOCTI:
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=9 _c e

dt dt (8)
Ha migcragi (8) Hanpyra Ha éMHOCTI
1.
U, =— j idt
C ©)
['pacdiune 300pakeHHsI EMHOCTI HA CXeMi Koja Mae Takui Bunsin (puc. J3):
C
‘ I
Uc
—

Puc. J13. I'padiune 300pakeHHS] EMHOCTI

€MHICTh BUMIpIOEThCA B Papanax (D).
[HAYKTUBHOCTI 1 EMHOCT1 HA3UBAIOTh PEAKTUBHUMU €JIEMEHTAMU €JIEKTPUYHOTO KOJIa.
1.3. /I:kepeJia eJieKTPU4YHOI eHeprii

Jl)xepena eNeKTpUYHOI €Heprii - 1€ aKTUBHI €JIEMEHTH EJEKTPUYHHUX KIJI.
Po3pi3HsI0TE TKepenia eeKTPOPYILINHOL CHIIU a00 HANIPYTH 1 JKEPEsia CTPyMY.

Jlxepeno e.p.c. - JKepeo eNeKTPUUHOI €HEepTii, Hallpyra Ha 3aTUCKadaX SIKOTrO
HE 3aJICKUTh BiJl BEIMUMHU NMPOTIKAHHS YEPE3 HHOTO CTPYMY.

Ha enexktpuuHux cxemax Jpkepena e.p.c. Mo3HauarThes Tak (puc./14).
[HIIMM KEpesioM eNeKTPUYHOT EHEPTil € KEPEIO CTPyMY.

Jlxepeno cTpymy - JHKEpesio eNEeKTPUYHOI €HEPrii, CTPYM SIKOTO HE 3aJICKHUTh
BiJl BETUYMHM HAMPYTH HA HOTO 3aTHCKaYaX.

Ha enekTpudHux cxemax JKepesia CTpyMy MMo3HadarThes Tak (puc. J15).
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2
O -, O

Puc. [14. [lo3nauenns mxepena e.p.c.

O

\ 4
A 4

Puc. J15. [To3HaueHHs mKepea CTpymy
2. Buxonanusi podotu
2.1. BumiproBaHHS OMIOPIB aKTUBHUX €JIEMEHTIB
2.1.1. 3anycrits Electronics Workbench.

2.1.2.TlepeneciTh HEOOXITHI €JIEMEHTH 3 3aJlaHOl CXEeMU Ha poOouy 00JacTh
Electronics Workbench. [[ns nporo Bubepith po3nis Sources Ha maHel IHCTPYMEHTIB,
B SIKOMY 3HAaXOJUTHLCS TMOTPIOHMI BaM JKepelia MOCTIHHOI HaINpyrd, 1 MEepeHeciTh
JOKEpeJIo Ha poOouy o0yiacTh (KJIAIHYTH MHMIINCK0 Ha MOTPIOHOMY €JIEMEHTI 1, He
BIJIMNYCKAIOYM KHOIIKM, TEPEHEeCTH B MOTpiOHe Micie cxemu). 3 posaury Basic
nepeHecitb Ha pobouy obmacte pesuctop. Jlam Bubepith posain Indicators 1
nepeHeciTh Ha podouy obsacTh ammnepmetp (puc. J16).

1 kOhm

= . A

— 12w

Puc.J16. HeoOxiaHi eIeMeHTH KoJia

2.1.3. 3'enHaiiTe KOHTAKTH EJIEMEHTIB 1 PO3TAIIyHTE €JIEeMEHTH B pOOOUiii
obnacTi I ofiep KaHHS HEOOX1THOT CXeMHU eJIeKTpHYHOro koja. [[is 3'eqHaHHS ABOX

68



KOHTaKTIB HEOOX1HO KJIAIIHYTH MO OJHOMY 3 KOHTaKTiB OCHOBHOIO KHOIIKOIO MUIII 1,
HE BIIMYCKAIOYH KJIaBiIly, JOBECTH KypCOp A0 JPYyroro KoHTakty (puc. 7).

1k Ohm

—— =

12y

=

Puc. [17. Cxema enekTpuyHOTO KOjla

2.1.4. BcTaHOBITh BEIMUYMHY HANpPyTH JDKEpesa KUBJICHHS 1 3HAYCHHS OMOpPY
BIIMOBITHO 32 HOMEpoM BapiaHTa (Taodu. [1).

Tabruysa /1

No 1, 11, | 2, 3, 13,14,14,24 |5,15,25 |6, 16, | 7, 8, 18,9, 19, |10, 20,
Bapi- 21 12,22 23 26 17,27 | 28 29 30
aHTa
UO 12B | 5MB 950 36 B 200 B 1,5B | 225 1000 0,001 240

MKB MB MKB kB MB
r 27 100m | 0,75 510 Om 8,2kOm | 4,7 2,7 23 100 3,3

kKOM kKOM OMm KOM KOM OMm MOwMm

2.1.5. [lepemkHITH ciociO poOOTH aMIiepMeTpa Ha BUMIp MOCTIHHOTO CTPyMYy,
JUISL 4OT'O KJIAIHITH JIIBOIO KHOIKOIO MUIII Ha MO3Ha4YeHHI aMmriepMmeTpa. Kiamnite Ha
psaaky Component Properties. ¥ po3kpuromy mnpu oMy BikHI Ammeter Properties
BuOepiTh MeHt0 Value, 1 B npsmokytHuky Mode BcranoBiTh DC.

2.1.6. YBIMKHITb KUBJICHHS €JIEKTPUYHOTO KOJa, JUIsl YOTO HATUCHITH KHOIKY
BKJIFOUCHHS )KMBJICHHS Ha MaHEeNl IHCTPYMEHTIB.

2.1.7. TlokazanHs ammepmeTpa BHeciTh B rpady "1-it mocsig" Tabn. J[2 3Bity.
BuMKHITH cxeMu.

Tabnuys /]2
Ne BcranoBinenH1 [Toka3Huk Pesynprat = BUMIpIB
poOoUOro | 3HaYEHHS amIepmMerpa onopy
MicIs Ug r 1-i 2-1 r M oxe.
JOCIIT J0CTIA

2.1.8. 3a nonomororo 3akoHy Oma po3paxyiiTe BeIMUYMHY Onopy I. 3amnuiiniTh
pe3yabTar B Tabi. J12 3BiTy.
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2.1.9. IligxmrouiTh mapajenbHO I OMip Takoi K BEJIUYMHHU 1 TOBTOPIThH
BUKOHAHHS ITyHKTIB 2.6 - 2.7.

2.1.10. 3a pomomoroio 3akoHy OMa po3paxydTe BEIUYUHY OIOPY [ ek
3anuiiTh pe3ynbTat B Tabu. J[2 3BiTy.

3po0iTh BUCHOBKHM 32 pe3yJIbTATAMH BUMIPIOBAHb i PO3PaxyHKIB.

2. 2. BumipioBaHHsI ONIOPiB peaKTUBHUX €J1eMEHTIB

2.1. BxiatodiTh B JOCHTIIKYBAaHEKOJIO 3aMICTh OMOPiB iHAYKTUBHICTH L. [lpu
BHJIAJICHH] €JIEMEHTA JIHIA 3B'S3KY 3aIMIIA€Thes. JIJ1si BKIIOUEHHS HOBOTO €JIEMEHTA

JIOCUTH MIOMICTUTH WOTO Ha JIHIIO 3B'S3KY.

2.2.2. BcTaHOBITH BENUYMHY HANpyTu JKEpeia S>KUBJICHHS 1 3HAY€HHSA
IHIYKTUBHOCTI BIIMOBIIHO 3a HOMEpOM BapiaHTa (tadu. J[3).

Tabauys /13
No 1, 11,(2,12,|3,13,23 |4, 14,|5,15,25|6, 16, |7, 17,8, 9, 19, 10, 20,
BapiaHTa 21 22 24 26 27 %g 29 30
Uy 1000 | 9B 0,0012 | 240 36 B 515 | 3.10°% |12 0,0012 | 950
MKB MB MKB B kB MKB
MKB | MxB
L 1 mI'u | 85 0,004 560 21mxI'H | 28 IMxl'm | 44 115 1500
mlE |I'H MKI 'H Mml'H I'n MKI 'H Ml H

2.2.3. YBIMKHITH KUBJIEHHS €JIICEKTPUYHOTO KOJIa 1 3HIMITh IOKa3aHHS
amrepMeTpa, BHECITh aHi B TaOIuIi0 3BiTY (Ta0u. J14). BUMKHITE )KHUBICHHS.

2.2.4. 3a pomomororo 3akoHy OMa po3paxyiTe BEJIMYUHY OIOpPIB Fi Fy.
3anumith pe3ynasTat B Tabn. [14 3Bity. [Ipu po3paxyHky ciij BpaxyBat, mo I = I -
A, 1€ I' - TIOBHUI OMip KoJia, OTpUMaHbq B pe3ysbTaTi MOAUTY HANpyrd Ha CHITY
CTpyMy, Fa - BHYTpIIIHIM omip amMmmepMerpa, SKMA MOKHA JI3HATUCA Yy BIKHI
Ammeter Properties, xiamHyBIIM JIiBOKO KHOMKOK MHMIINI Ha ITO3HAYCHHI
amrepMerpa. Y pO3KpHTOMY TIpH IboMYy BikHi Ammeter Properties ciig BuOpatu
meHro Value, 1 mnigx mno3nauenHsm Resistance [R] mnpounrtaTn 3HauUCHHS
BHYTPIITHBOTO OTIOPY aMIiepMeTpa Ia.
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Tabnuysa /14

Ne Pesynbratn ycTaHOBKH Pesynbratn | Pe3ynpratn po3paxyHky
pobouoro BUMIPIOBaHHS
MICIIS

Uy L A | r r.

3po0iTh BUCHOBKH 3a pe3yJbTaTaMH BUMIPIOBaHHS Ta PO3PaXYHKY.

2.2.5. BKIro9iTh B AOCTIIHKYBAHEKOJIO €MHICTh 3aMICTh 1HAYKTHUBHOCTI. [Ipn
BHJIAJICHH] €JIEMEHTA JIHIA 3B'S3KY 3aIHUIIA€Thes. JIJ1si BKIIOUEHHS HOBOTO €JIEMEHTA
JOCUTH IOMICTUTH HOT0O Ha JIIHIIO 3B'S3KY.

2.2.6. BcTaHOBITH BEJIMUMHY HAIIPYTH JKEPEIIa )KUBJICHHS 1 3HAYEHHSI €EMHOCTI
BIJITIOBITHO 32 HOMEpOM BapianTa (Tab:1./15).

Tabauysa /[5

No 1,11,21 | 2,12, 22 3,13,23 | 4, 5, 15, | 6, 7, 17,18, 18, ]9, 19, | 10, 20,
BapiaHTa %j, 25 ;g, 27 28 29 0
Uy 1,5B 3.10° 0,0012 |12 |1000|225|/9B 36 B 950 |5.15

MiB MB B |MxB |MB MKB

MKB

C 21mx®d | 560 1,050 |600 |95 10 |0,004 | 1500 | 28 1500

MKD V() nmd md® [md |[Mxk® |o0d | MKkD | MKkD

2.2.7. YBIMKHITH JKHUBJICHHS €JEKTPUYHOTO KOJa, 3HIMITh TOKa3aHHS
aMIiepMeTpa, BHECITH JIaHi B TAOJIMINO 6 3BITY. BUMKHITEKUBIICHHS.

2.2.8. Busnaute BenmuumHy omopy Fc. PesymbraT po3paxyHKy BHECITH B
tabn. [16. 3po6iTh BUCHOBKH 3a pe3yJibTaTaMH BUMIPIOBAHHS Ta PO3PaxXyHKY.

Tabnuys /16
Ne Pe3yabTaTi yCTAHOBKH PesyabTaTn PesyabTaTu
podo4oro BHMIPIOBAHHS | PO3PAXYHKY
Micus
U C I e

3. JlaliTe BiANOBiAb HA MUTAHHSA

3.1. l1lo Ha3uBa€eTHCS EAEKTPUIHUM KOJIOM?
3.2. lllo Ha3uBa€eTHCS MHKEPEIIOM €IEKTPOPYIIIHOT CUIH?
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3.3. [1lo Ha3uBa€eTHCS KEPETIOM CTPyMY?

4. 3MicT 3BiTY PO BUKOHAHY Po0OTY

1. CxemMu eNeKTpUYHMX KU 1 BIIOMOCTI IPO MapaMeTpH eIEMEHTIB.
2. Po3paxyHOK OIOpIB 1 MapaMeTpiB €JIEMEHTIB KOJa.

3. Tabnumi 3 pe3yabTaTaMu BUMIPIB 1 PO3PaXyHKIB.

4. BignoBiai Ha MUTaHHS.

5. BUCHOBKHM ITpO BUKOHaHY poOOTY.
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JlepaBHUM YHIBEPCUTET TEICKOMYHIKaLIN
HapuayiibHO-HayKOBUM IHCTUTYT 3aXUCTy 1HGOpMaIii

Kadenpa Cucrem iHpopmaniiHoOro Ta KiOEpHETUYHOTO 3aXUCTY

(Ha3Ba HABYAIBHOI TUCITUILIIHU)

3BIT
10 J1abopaTopHOoi podboTu «JI»

CryzaeHTa(ku) HaBYAJIbHOI TPyITU

(mpi3BuIIE Ta iM’5T)

Bapiant No

Jlata BUKOHaHHS

Oriaka

[Tiamuc Bukiamgaga

Kuis-20__
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Merta pobotu:
3MICT 3BITY.

2.1. BumipoBaHHs ONIOPiB AKTHBHMX €JIEMEHTIB

CxeMa eJIeKTpUYHOro KoJjia

Hampyra mxepena >KUBJICHHS 1 3HA4€HHS OINOPY BIJAMOBIIHO 332 HOMEPOM
po60YOTO MicCIIs

Ne

po0.

MICIIS

Uo

r

IToka3anHs amriepmerpa
Ne BcranoBnenni [Toka3Huk Pesynpratun
po0OoYoro | 3HAUYCHHS aMIiepMeTpa PO3paxyHKIB ONOPY
MICIIS Uo r 1-i 2-1 r M exe.
J0CTIA JIOCIT1T

Po3paxyHok BenMuuHU onopy I 1 lexs.

BucHoBKkm 3a pe3yJibTaTaMu BUMIPIOBAHb i PO3PaxyHKIB.
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2. 2. BumipioBaHHs1 ONIOPiB peaKTUBHUX eJ1eMEHTIiB

Cxema CIICKTPUYHOTI'O KOJIa 3 iHIIYKTI/IBHiCTI-O

Benuuuna Hanpyru mpKepena )KUBJICHHS 1 3HAYCHHS 1HAYKTHBHOCTI BiJIIOBITHO
32 HOMEPOM poOOYOTO MICIS

Ne po6. micts

Uo
L
IToka3zanus amnepmerpa
Ne Pe3ynpratu ycTaHOBKH Pesynpratn | Pe3ynbTaTu po3paxyHKy
poboyoro BUMIpPIOBaHHS
MiCIIS
Ug L A | r .

Po3paxyHok BeIMYMHU OMOPIB 1 .

BucHOBKY 3a pe3ynbTaTaMu BUMIPIOBAHHS Ta PO3PAXYHKY.

Cxema eJIeKTPUYHOTO KOJia 3 EMHICTIO!

BenuuuHa Hampyru JpKepena >KUBJICHHSI 1 3HAUEHHS €MHOCTI BIJMOBIJHO 32
HOMEpPOM POOOYOTro MiCIs:

po0.

MICIIS
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IMoxka3anus amnepmerpa

No
pobouoro
MICIIS

Pesynbratu ycTaHOBKH

Pesynbratn
BUMIPIOBaHHS

PesynbraTi po3paxyHKy

Uy C

e

BucHOBKY 3a pe3ynbTaTaMu BUMIPIOBaHHS Ta PO3PaXyHKY.

3. BianosBigi Ha NUTAaHHA:

H_[O Ha3UBA€CTbHCA CIICKTPUYIHUM KOJIOM?

[Ilo Ha3UBAETHCS IKEPEIOM EIEKTPOPYIIIMHOI CUITU?

[[lo Ha3UBAETHCA IKEPEIIOM CTPYMY?

BucCHOBKM PO BUKOHAHY PO0OTY
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JIABOPATOPHA POBOTA «E»

JocaiIsKeHHS eJIeMEeHTIB K0J1a PH 3MiHHOMY CTPyMi

Meta poboTn

Mertoro pO6OTH €Ha6YTTSI MMPAKTHUYHUX HABHUYO0K CKCIICPUMCHTAJILHOI'O
BU3HAYCHHA HapaMeTpiB €JICMCHTIB.

3micT podoTHn

1. 3aranbHi BiIOMOCTI PO CUHYCOTAATILHUM CTPYMI 1 HOTO XapaKTEpPUCTUKH.
2. BukoHaHHS poOOTH.

2.1.BumiproBaHHSI aKTUBHOTO OIOPY.

2.2.BumiproBaHHs TapaMeTpiB iHAYKTUBHOCTI.

2.3.BumiproBaHHs mapaMeTpiB €MHOCTI.

3. Biagmosial Ha IUTaHHA.

4. CkiagaHss 3BITY PO BUKOHaHY poOOTy.

1. 3aranphi BiZOMOCTI mNpo CcHHYCOIZaJABLHMM CTPyMi i ¥#oro
XapPaKTePUCTUKH

3MiHHMM CTPYMOM HA3UBAKOTh CTPYM, SIKUI 3MIHIOETHCH 3 IJIMHOM 4acy.
Lle BU3HAYEHHS BIJHOCUTHCS TaKOX /10 3MIHHUX Harpyr i EPC.

3HaueHHs 3MIHHOTO CTPYMY B JJaHUII MOMEHT 4acy Ha3UBalOTh HOr0 MUTTEBUM
3HAYECHHAM (MUTTEBUM CTpyMOM). JlJisi MO3HAY€HHST MUTTEBOrO CTPYMY, HANpyTH,
EPC 3actocoBytoTh Maji JIiTepH JaTHHCBbKOro ajidasity: i, U, €. g toro 1mood
MIIKPECIUTH, 10 3MIHHUWA CTPyM, Hampyra 1 e.p.c. € (yHKIisIMH 4Yacy, iX 1HOJII
no3HavaroTh sk i (t), u (1), e (t).

3MiHHI CTPYMU MOKYTh OyTH MEPIOAUYHUMH 1 HETIEP1OAUUHUMH.

[lepioiMyHUM HA3UBaIOTh CTPYM, MHUTTEBI 3HAUEHHS SKOTO MOBTOPIOIOTHCS
yepe3 piBHI MPOMIKKH 4acy.

[Tepiogom 3MiHHOTO cTpyMy T Ha3MBaAIOTh HAMMEHIIUI MPOMIXKOK 4acy, Miclis
3aKIHYEHHS SKOTO MUTTEBI 3HAYEHHS TIEPIOJIMYHOTO CTPYMY MMOBTOPIOIOTHCSI.

[lepion BUMIPIOIOTH y CEKyHAaX (C).
Jlst mepiognvHOi QYHKITT CrIpaBeIIuBO:

i(0)=i(t:T)
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[lepeBakHUM BHUIOM TEPIOJUYHOTO TPOIECY B EICKTPUYHUX KOJIAX €
CUHYCOITAIbHUIN PEKUM, STKUN XapaKTePU3YEThCSI THM, IO BCi HANPYTH i CTPYMHU €
cunycoinaabHuMu GyHKIISMH. CUHYCOia SBJsiE COO0I0 HAWIMPOCTIILY MEPIOAUYHY
GyHKIIO 1 Mae Takui BUIIIsLA 1 mapamerp (puc. E1):

i(t)

v

|

—

A
4

Puc. E1. I'padix cunycoign
YacToToro 3MIiHHOTO cTpyMy T Ha3MBalOTh BEIUYKMHY, 3BOPOTHY IIEPIOAY.

YacToTa m03HAYa€THCS JIATUHCHKOIO JIiTepOI-O f:
f=1/T.

YacTtoTa mokasye, siIke YUCJIO KOJHMBaHb 31MCHIOE 3MIHHUN CTPYM MOPOTATOM
onniei cekyHau. Yactora Bumiproetbes B repuax (I'm). Oaun repr; Biamosigae
OJIHOMY KOJIMBAaHHIO B CEKYH]IY.

AHaTITHYHUHN 3alMC CUHYCOIIaIbHOTO CTPYMY Ma€ BUTJIST
I(t) = I, sin (wf + )

ne ly- ammityna ctpymy;
@ - KyTOBa 4aCTOTa;
W/— novatkosa (asza.

Ammityna ctpymy |y - e ioro HaiiGinblie 3HaYeHHs 3a aGCOIHOTHONO
BEJIMYHHOIO.

KyroBa wactora @ - 1e MWBHIAKICT, 3MiHM (a3u CTpyMy, pIBHA 4acTOTI
CHUHYCOIJIaJIbHOTO CTPyMY, IOMHOXEHOTI Ha 2 Tt
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w =2 nf =2 n/T pan/c

®aza cTpymy, abo (a3oBuii KyT @(%)- 11e apryMEeHT CHHYCOiIaIbHOTO CTPYMY,
1[0 BU3HAYAE CTAI0 3MiHU CUHYCOIJAaIbHOI BEIMYUHH.

p() =ttty

ae W - moyatkoBa (aza - 3HaueHHs (asM CHHYCOIMAJIbHOIO CTPYMy B
MOYaTKOBHI MOMEHT 4acy (mpu t = 0);

t - MUTTEBA (3AJICKUATH Bij Yacy) (asa.
2. BukoHaHHsi po0oTH
2.1. BumipioBaHHSI AKTHBHOT'O OIIOPY
2.1.1.3amycrits Electronics Workbench.

2.1.2. Tlepenecith HEOOXiTHI €TEMEHTH 3 3aJaHOI CXeMH Ha pobody 00JacTh
Electronics Workbench. J[lnms 1mporo BuOepith po3mix  Sources Ha maHenm
IHCTPYMEHTIB, B SIKOMY 3HAXOJIUTbCS MOTPiIOHE BaM JKEpEro 3MIHHOI HAmpyrH, 1
MEPEHECITh JDKEepeslo Ha pobouyy o07acTh (KIAIHYTH MHUIICI0 Ha MOTPIOHOMY
€JIEMEHTI 1, HE BIIMYCKalOYW KHOIKH, MEPEHECTH Yy IMOTpiOHE Miclle CXeMH). 3
posniiny Basic mepenecith Ha pobody ob0macte pesucrop. Jlami BHOEpITH poO3Iid
Indicators i mepeHeciTh Ha poOoYy 00JaCTh aMIIEPMETP.

2.1.3. 3'eqnaliTe KOHTAKTH EJIEMEHTIB 1 PO3TAIIyHTEe €JIEMEHTH B POOOUiif
obmacti 1y ojepxaHHS ~ HeoOxigHOoi  cxemu. Jlng  3'enHaHHS — ABOX
KOHTaKTIBHEOOXITHO KJIALHYTH MO OJJHOMY 3 KOHTaKTiB OCHOBHOI KHOIIKOK MMIIII 1,
HE BIJITyCKAOYX KJIaBilly, JOBECTH KypCop J0 APYroro KOHTakty (puc. E2).

12060 Hzl Deg

1 kOhm
ATAYAY

Puc.E2. Cxema eneKTpH4HOro Koja

2.1.4. BcTaHOBITh 4acTOTY 1 BETUYUHY HANPYTHU JIKEPEIIa dKUBJICHHS, 3HAYCHHS
OIOpY BiJIMOBITHO 32 HOMEPOM BapiaHTa (Tadia. E1).
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Tabauys E1

No 1,11, 2,12, |3, 13,4, 14,|5, 15,6, 16,|7, 17,8, 18,9, 19,|10, 20,

BapiaHTa 21 22 23 24 25 26 27 28 29 30

U 1,5 (310 1500 |12B |1000|225 |9B 36 B | 950 5.15
B MKB | (B MkB | MB MkB | MxB

f 10 20 |30 40 50 60 1,5 100 | 400 1500
kKl |[Inm |[|MIo |kl'nm kKl |kl [MIno |1 ' Kl 11

r 27 10 (0,75 |510 8,2 4,7 2,7 23 100 3,3
KOM | OM | kOM | OM KOM [OM |kOM |kOM | OM MOwM

2.1.5. TlepemkHITh criocid poOOTH aMIiepMeTpa Ha BUMIP 3MIHHOTO CTPYMY,
JUISL 4Oro JBIYl KJIAIHITH JIBOIO KHOIKOK MHIII HAa TMO3HAYEHH1 amiiepMmerpa. Y
pPO3KpUTOMY IpH IIbOMY BikHI Ammeter Properties BuOepith MeHo Value, i B
npsMokyTHUKY Mode BctanoBiTh AC.

2.1.6. VYBIMKHITP JKMBJICHHS €JEKTPUYHOTO KOJA, 3HIMITh [TOKa3aHHSA
aMIiepMeTpa 1 BHECITh JiaHi B Ta01. E2 3BiTy. BUMKHITH.

2.1.7. Po3paxyiiTe BenuuuHy omnopy r . BHeciTs pe3ynpTaTil B Ta0nmio E2.

Tabnuys E2
Ne Pe3ynpratu ycTaHOBKU Pesynpratu Pesynbratn
pobodoro BUMIPIOBaHHS PO3paxyHKy
MICIIS

U r f I r

2.1.8. 3miHiTh YacTOTy JKepesia ;KMBJIEHHS, 3011bIIMBIIN ii B 2 pa3u.
HosTopiTs m.2.1.6 i m.2.1.7.

2.1.9. 3po6iTh BUCHOBKH 3a pe3yJbTaTaMU BUMIPIOBAHb 1 PO3PAXYHKIB.
2.2. BumiproBaHnHsl mapaMeTpiB iIHAYKTUBHOCTI

2.2.1. Jlna xoma, ckiaaeHoro B 1.1.3, mpoBemiTh 3aMiHy OIOpY Ha
iHayKTUBHICTD (puc. E3).
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1 mH

120 %/80 Hz/0 Deg

Al

Puc. E3. Cxema enekTpuuHOro KoJja

2.2.2. BCTaHOBITh YaCTOTY 1 BEJIMYMHY HANIPYTH JKepesia KUBJICHHS, 3HAUCHHS
IHAYKTHBHOCTI BiJITIOB1THO 3a HOMepoM BapiaHTa (Tadi. E3).

Tabauys E3
No 1, 11,]2,12,|3,13,23|4,14,24 |5, 15,|6, 16,|7, 17,8, 18,]9,619,29 | 10,
BapiaHTa 21 22 25 26 27 28 58,
U 1000 | 220 |0,0012 |5 240 9 12 5.15 |[0,0012 | 950
MkB |MB | kB MB MKB B B B MB MKB
f 1500 | 7,3 |30 50 250 20 40 1,5 80 100
Kl 11 kl['1r | MI'o I'm I'm I'm kKlm | MI'm |I'mg I'o
L 600 10 |85 21 560 0,004 |1 1,050 | 28 44
MkI'H |I'H |MIH MKI'H |MkxIH |I'H MKI'H | MI'H I'm
MI'H

2.2.3. TlepeMKkHITH pix poOOTH ammepMeTpa Ha BUMIp 3MIHHOTO CTPYMY, AJIS

4oro JBiYl KJAIHITh JIIBOIO KHOMKOK MHUIII Ha MO3HAYEHHI ammepmerpa. Y
pPO3KpUTOMY TpH IbOMY BikHI Ammeter Properties BuOepith MeHo Value, i B
npsmMokyTHUKY Mode BcranoBiTh AC. B npssmokyTHuKy Resistance [R] BcranoBiTh
MiHIMaJbHUN BX1JTHUM omip aMrepmerpa.

2.2.4. VYBIMKHITP JKMBJICGHHS €JIEKTPUYHOTO KOJA, 3HIMITH [OKa3aHHSA
amriepMeTpa i BHeCITh naHi B Tabn. E4 3BiTy. BUMKHITB.

2.2.5. Po3paxyiiTe BENMYMHY MOJYJII PEAKTUBHOTO OMOPY X, 1 BEIUUYUHY
iHaykTUBHOCTI L. HeoOximHi /uisi 1bOrOo 3HAYEHHSI HANPYrd 1 4acTOTH BKa3aHI B
napameTpax Jpkepesna Hanpyru. BaeciTs pesynbratu B Ta01.E4.

Tabnuys E4

Ne PesynbraTn ycTaHOBKH Pesynbratn | PesynbTaTé po3paxyHKy

BapiaHTa

BUMIPIOBaHHS

U

L

f

XL

L
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2.2.6. 3MiHITh 4YacTOTy JXKepesa KMBJEHHs, 30iMbIIMBIIM ii B 2 pa3m.
IMoBTOPpITH I.2.2.4 i I1.2.2.5.

2.2.7. 3po0iTh BUCHOBKH 3a pe3yJbTaTaMU BUMIPIOBAHb 1 PO3PAXYHKIB.

2.3. BumipioBaHHsI napaMeTpiB €EMHOCTI

2.3.1. JIna xona, ckiaajeHOTo B I1.2.3, MPOBEIITh 3aMiHy I1HAYKTHBHOCTI Ha
emHicTh (puc.E4).

Al

120%/80 Hz/0 Deq

Puc. E4. Cxema enekTpuuHOro Koja

2.3.2. BcTaHOBITh 4aCTOTY 1 BEIMUUHY HANIPYTH JPKEpesa )KUBJICHHS, 3HAYCHHS
€MHOCTI BiJIIIOBIIHO 32 HOMepOM BapiaHTa (Ta0i.E5):

Tabnuysa ES
No 1,11,21 (2,12, (3, 13,4, 14,5, 15,6, 16, |7, 17,|8, 18,19, 19, |10, 20,
BapiaHTa 22 23 24 25 26 27 28 29 30
) 1,5 310° | 1500 |12 1000 {225 |9 36 950 5.15
B MKB MKB B MkB |[MB |B B MkB | MxB
f 10 20 30 40 50 60 1,5 100 |400 1500
Kl'11 I MInm |kl kKl |kl |[MInh |10 I Kl'1g
C 21 560 | 1,050 |600 95 10 0,004 | 1500 | 28 1500
MK®D MK®D | MD n®d n® [(m® |Mk® |od |mMkd | MDD

2.3.3. VYBIMKHITHP JKHMBJIGHHS €JIEKTPUYHOTO KOJA, 3HIMITH [OKa3aHHSA
aMIiepMeTpa 1 BHECITh JlaHi B Ta01.E6 3BiTy. BUMKHITE )KUBJICHHS.

2.3.4. PozpaxyiiTe BeIMYMHY MOMAYJSI PEAKTHUBHOTO OMOPY Xc 1 BEIHMUHHY
emHocTi C. HeoOXiH1 A1 LIbOTO 3HAYEHHS HAPYTH 1 4aCTOTH BKa3aHi B apameTpax
JoKepena Hanpyru. BHeciTs pe3yinbTaTu B Tabauio XK6.

Tabnuys E6
Ne Pe3yiabraT yCTAaHOBKH PesyabraTu PesyabTaTun
BapiaHTa BHMIPIOBAHHSA | PO3PAXYHKY
U C f I Xc C
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2.3.5.3MiHITb 4YaCTOTy [Kepeja >KUBJIEHHS, 30UIbIIMBIIM ii B 2 pasu.
[ToBTopith m.2.3.3 1 1. 2.3.4.

2.3.6. 3po0iTh BUCHOBKH 3a pe3yJbTaTaMU BUMIPIOBAHb 1 PO3PAXYHKIB.
3. JlaliTe BiANOBiAb HA MUTAHHS:

3.1. Sxuii cTpyM Ha3UBAIOTh 3MIHHUM CTPyMOM?

3.2. lllo Ha3uBaOTh NEepioJoM 3MIHHOTO CTpymy 17

3.3. l1lo Ha3uBarOTH 1 M0 TTOKA3y€ YacToTa?

4. 3MicT 3BiTY PO BUKOHAHY Po0OTY

4.1. CxeMu eJeKTpUYHUX K1JI 1 3HAUCHHS MapaMeTpiB €JIEMEHTIB.

4.2. Po3paxyHOK OTIOpPIB 1 MapaMeTpPiB €JIEMEHTIB KOJIa.

4.3. Tabnu1i 3 pe3yjbTaTaMu BUMIPIB 1 pO3paxyHKIB.
4.4. BUCHOBKH PO BUKOHAHY poOOTY.
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JIABOPATOPHA POBOTA «K»

JlociaskeHHS YaCTOTHUX XapaKTePUCTUK iHTerpywdoro r-C koJsa
Meta podoTu

B naGopaTtopHiit poGOTi CTaBUTHCS 32 METY BUBUCHHSI BILIUBY ITapaMeTpiB
SJIICKTPUIHMX KiJl Ha (POpPMY iX YACTOTHUX XapaKTEPUCTHK.

3MmicT podoTu

1. 3aranabHi BIZIOMOCTI.

2. Tlopsmox BUKOHaHHS poOOTH.

2.1. ExcriepuMeHTanbHe BU3HAYCHHS aMIUTITYAHO-9acTOTHOI 1 (ha309acTOTHOT
XapaKTEPHUCTHK KOJa.

2.2. JlochikeHHs aMILTITY/IHO-9aCTOTHOT 1 ()a309aCTOTHOI XapaKTEPUCTUK KOJa.
3. BianoBiai Ha MUTaHHS.

4. CknamasHs 3BITY PO BUKOHAHY pOOOTY.

1. 3araabHi BizomocTi

EdexkTuBHI METOIM aHAII3y YaCTOTHUX XAPAKTEPUCTUK €JIEKTPUYHUX KI1JI
IPYHTYIOThCSI Ha 3aCTOCYBaHHI CUMBOJIIYHOTO METO/y aHaIi3y TapMOHINHUX
KOJIMBaHb, 10 JJA€ MOKJIMBUM BBECTH MOHSTTS KOMIUIEKCHOT (DYHKIIT €IEKTPUIHOTO
KoJIa.

[TokaxxeMo y BUTJISIA1 YOTUPUIIOIIOCHUKA TACUBHY JIIHIMHY €1eKTPUYHHUM K1
(puc.2K1):

1 i | [TacuBHE 2 j
JiHIMHE M
( ) > EJIIEKTPUIHEK /7
0JI0 Z>
U =X U,=X

BbLY

v VL

1 2

Puc. XK1. ITacuBHe niHiliHE €EKTPUIHE KOJIO
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Hexait Ha BxigHi 3atucku 1-1 ' macMBHOTO JHIMHOTO €EKTPUIHOTO KOJIa (pHC.
K1) mirore mampyra U, i crpym I,. Bumgimumo B cxemi Koma enemeHT Z,, Ha
3aTHCKayax s;koro 2-2 ' miroTh Hanpyra U, i cTpyM |, .

KomiiekcHOI0 (QYHKII€I0 €JIeKTPUYHOIO KOJIa HA3MBAETHCS BiAHOLIEHHS
KOMILJIEKCHOTO 300pajkeHHsI Ppeakuii KoJia [0 KOMILUIEKCHOI0 300pa:KeHHI0
BILIUBY, IKi 3aaHi y BUIJIAAI (PYHKUIN YABHOI YaCTOTH j.

a)t
K(Ja)) — X g € — = X.Gblx
X e X Q)

6X
KommiiekcHol0 mepeaaBaibHOK  (PYHKIi€I0 Kojga  (KOMILIEKCHHUM
koedilicHTOM mnepenayi) HA3UBAETHCH BiIHOMIEHHS KOMILIEKCHMX AMILIITY/

CTPYMY i HANIPYIH, IO AiKOTh HA PI3HUX Napax 3aTUCKAYiB.

3aJie’KHO B1J BUAY BIUIUBY, PO3PI3HAIOTH:
KOMILJIEKCHI nepeaaBaJibHi PyHKUIl 10 HANPY3i:

i U
Ky (Jo) = U”‘2
ml
KOMILIEKCHI IepeaaBajibHi QyHKIII 110 TOKY:

K, (jo) =
|

YacTOTHMMH XapaKTePUCTHKAMH €JIEKTPUYHOI0 KO0Ja HAa3HMBaKThHCHA
3aJ1€KHOCTI KOMIIOHEHTIB (MOAYJISl i apryMeHTy) KOMILIEKCHHUX (PYHKIIH Bij
YaCTOTH.

Kommiekcni mnepenaBaibHi QyHKUIiI KoJa MpeACTaBISIIOTH BIJHOCHHH
KOMILIEKCHUX aMIUTITY[ (JIF0YMX 3HA4Y€Hb) CTPYMIB 1 HAMNpYyT, 110 AIOTh HA BXOMI 1
BHUXO/Il KOJIa MPU CHUHYCOIAAJIbHOMY BIUIMBI. SIK 1 Oyab-siKi KOMIUIEKCHI 4ucia, I
(GyHKLII MOXHa BHUpa3UTH y MOKa30BId 1 anredpaiuHiii gopmi yepe3 MOIyJb 1
aprymMeHT abo 4epe3 peyoBy 1 YSIBHY YaCTUHMU:

ml

. X X _elve X o -
(jo)=Jr2 = L = e ™ = K (@), (2)
ml

ml ml

Tyt

=JR@T +[X @]

X(®).
R(w)

K () = mod K (jw) = ))((mz

ml

p(w)=argK(jo) =y, -y, =arcty ——

YacTroTHA 3a/1€:KHICTH BIJHOIIEHHH AaMILIITYau (Jil040r0 3HAYeHHS)
FapMOHIHOI peakuii KoJia 10 aMILUIITYaH (Xi04OMYy 3HAYEHHI0) TAPMOHIMHOIO
BILIMBY OTPMMAJIA HA3BY AaMILIITYIHO-4ACTOTHOI XapakTepucTuku (AUYX) koua.
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AGo, IHIIMMH clIOBaMH, 3ajiekHicTh Moayiasi K(w) KoMILIeKCHON
nepeaaBaJbHOI  (PYHKHII KOJIA Bil YaCTOTHM HA3MBAETHLCHA 1i AMILIITYJIHO-
YaCTOTHOK XapaKTEePUCTHKOK).

YacroTHa 3ajekHicTh Ppi3HUUi (a3 rapmoHiiiHol peakmii KoJja i
TAapMOHINHOI0 BILUIMBY HA3HBAETHCH (PA30YACTOTHOK XAPAKTEPUCTHKOK KOJIA
(PXY).

[Hakme KaXxxy4u, 3aJ1€sKHICTh APryMEHTY ¢(®) KOMILJIEKCHOI NepeaaBaJibHOI
(yHKIii KoJIa Bil 4aCTOTH HA3MBA€EThCA il PAa309aCTOTHOIO XapaKTePUCTUKOIO.

[ToBepuemocs 10 BupaxkeHHs (1):

; jot

Xou®” X@blx

nge]a)t x'
6x

K(Jo)=

3a J0NOMOIOK KOMIUIEKCHOI (PYHKIIi €JNeKTpUYHOrO Koja JErKo 3HalTu
peaxiiio Koia siK J00yTOK

XBBIX — K(JG))X BX "
SIKI110 CKOpUCTATHUCS KOMIUIEKCHOIO MepeiaBaibHOI0 (PYHKIIIEIO TTO HANIPY3i:
..U
Ky (Jo) =5 (3)

ml

MO>KHA 3aIMucaTH, 1110
U., =K(jo)U,,
OTXe, KOMIUIEKCHA aMIUTITyJla peakili Kojla JOPIBHIOE T00YTKY KOMIUIEKCHOI
nepeaaBaibHOl (PYHKINT HA KOMIUIEKCHY aMILTITY/y BILIUBY.
[TokazoBa ¢dopma 3anmucy IUX BEJIMYUH JA€ MOXKIWBICTH 3pOOUTH BHCHOBOK
po Te, M0 aMIUTITy/la peakilii JOpiBHIOE NOOYTKY 3HAa4Y€Hb aMILIITYIHO-4acTOTHOT
XapaKTEPUCTUKU KOJIA 1 aMIUTITyIM BIUIUBY, TOOTO.

X =K(@X

M BUX

U

mex UM

- K ((())U mil

m2

VY cBoro yepry, mouatkoBa (haza peaxiiii Koia AOPIBHIOE CyMi 3Ha4eHb (haz3o-
YaCTOTHOI XapaKTEPHUCTHUKH KOJIa TOYaTKOBOI (ha3u BILTUBY, TOOTO.

l/jeux T W@x + (0(0)) (4)
[IpupomHO, IO CIIBBIJIHOIICHHS TIOBMHHI OOYHCIIOBATUCS TIPH YacTOTI
MPUKJIAJCHOTO BIUIHBY.
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[IpomyCKHOIO 3aTHICTIO HA3WBAETHCSA [lalla30H YacTOT, B MeEXaX SKOTO

3HA4YCHHA aMHHiTy,ZIHO-‘{aCTOTHOI XapaKTCPHUCTUKHU SMCHINYETLCS B \/E pa3iB.

Cxema J0CITiDKYBAHOTO B JIaHii POOOTI CIEKTPUYHOTO KOJIA MA€ TaKUH BUTJIS]
(puc. XK2):

ml

Puc. 2K2. Cxema g0ocmiKyBaHOTO €IEKTPUYHOTO KOJia

CkopucTaeMocsi KOMIUIEKCHOIO TIepeaBaibHOI0 PYHKIEO 1O HAnpy3i (3):
I, L
: U a)C -]
KU (ja)) — —m2 J e jarctgorC) —

U (Hi) o +(a)rC )2 g arcarC w/1+(a)|rc:

— KU (a))ej(p(w)

3Bi7CH BUpa3 ISl aMILTITYAHO-YACTOTHOI XapaKTEPUCTUKU MA€ BUTIIS]L

Ky (@) = =

1+ (orC)?

Makcumanphe 3nadenns K (@) =1 npu =0 .

3a  aMIUTITYJHO-4aCTOTHOK  XapaKTEPUCTHKOK  BU3HAYAETHCS  CMyTa
MPOITYCKAaHHS €JIEKTPUYHOro Koia. CMyroro mMpomycKaHHS Ha3WBA€THCA Jliama3oH
4acTOT, B MEXaxX SIKOro MaKCHUMallbHe 3HAY€HHS aMIUIITYIHO-4acTOTHOT

XapaKTePHCTUKU 3MEHIITYEThCS B~2 pasiB.

['pannyHa 4acToTa CMYTM IMTPONYCKAaHHS BU3HAYAETHCA 3 BUPA3y

K, (o 1 1

) = [+ (@,1C) 2
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3B1ICH

weprC =1 a)zp — E

2. BukoHaHHs1 po0OTH.

Electronics Workbench - enektponna maboparopis Ha xomm'rorepi. Cucrema
cxemoTexHiyHoro MojemtoBanHs — Electronics Workbench npusnauena  mis
MOJICITFOBAHHS Ta aHATI3Y CIICKTPUUHUX CXEM.

[Tpu BukoHaHHI 1abopaTopHOi poOOTH 711 (POPMYBaHHS CXEMH AOCTIIKEHB
HeoOxiaHi: mKepeno 3minHoI Hanpyru AC Votage Source, omip, €EMHICTh, a TaKOX
3'€eTHyBaJIbHI €IIEMCHTH.

2.1 ExcnepuMeHTAJIbHE BUZHAYCHHSA aMILIITYAHO-4aCTOTHOI i
(ra3049aCcTOTHOI XapaKTEePUCTUK KOJIA.

2.1.1. 3anycrith Electronics Workbench.

2.1.2. IlepeHeciTh HeOOXigHI eleMeHTH Ha pobOouy obmactk Electronics
Workbench.  Tlpuxman  BUKOHaHHA  cXeMH  Moka3zaHuid Ha  puc. JKS3.
JInst boro HEOOX1AHO BUOpaATH PO3/LIM Ha TaHesi iHCTpyMeHTiB (Sources, Basic), B
SKUX 3HAXOASATHCS MOTPIOHI BaM €JIEMEHTH, MOTIM MEPEHECTH iX Ha poOouy 001acTh
(KIaHyTH MULIEIO HAa MOTPIOHOMY €JIEMEHTI 1, HE BIAMYCKAalOYM KHOMKH, IEPEHECTU
B moTpiOHe Micme cxemu). I[lepenecite mxepeno 3minHoi Hampyrm AC Votage
Source, orip, EMHICTB, 3a3¢MJICHHSI.

2.1.3. 3'emnaiiTe KOHTaKTH E€JEMEHTIB 1 pO3TAlIyHTe €IeMEHTH B POoOOUii
obnacti 11 ojaep)KaHHSA HEoOXinHOi Bam cxemu. s 3'eqHaHHS JBOX KOHTAKTiB
HEOOXITHO KIIAIIHYTH IO OJHOMY 3 KOHTAKTIB OCHOBHOIO KHOIIKOK MHIII 1, HE
BIJIMYCKAIOYH KJIABIITY, JOBECTH KypCOp 10 APYroro KOHTAKTY.

R1
M

@v»] N

Puc. K3. Cxema eneKkTpuaHOro Kojia

2.1.4. BcTaHOBITH MapaMeTpu JKEpesa 3MIHHOI Hanmpyru V1, sk moka3aHo Ha
puc. XK4.
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AL Yoltage Source Properties ed

Label “alue IFauIt I Displayl Analyziz Setupl

Woltage [V]; |1 I T, E'
Frequency: IED IE
Phaze: ||:| Deqg

Yolkage tolerance: ||3|.;.|:.a| o [+ Use global talerance

k. I OTreHa

Puc. XK4. [lapamerpu xeperna 3MiHHOI HAPYTH

2.1.5. Tlapametpu emementiB R1, Cl BcTaHOBITH BIAMOBIAHO 32 HOMEPOM
BapianTa (Tadm.)K1):

Tabnuys K1

Homep |1, 2, |3, |4, |5 |6, |7, |8, |9, |10,/11,|12, 13, 14,15,
Baplanta | 16 |17 |18 |19 |20 |21 |22 |23 |24 |25 |26 |27 |28 |29 |30

RxOw |1 |2 |3 |4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14 |15

C,ud® |15 )14 |13 |12 |11 |10 |9 |8 |7 |6 |5 |4 |3 |2 |1

2.1.6. ExcriepuMeHTarabHe BU3HAUYTE aMIUTITYAHO-9aCTOTHY 1 (pa3049acTOTHY
XapaKTepuCTUKU Koja. Croci0 TOCHiIKEHHS TOoJIIra€ y BUKOHAHHI OOYMCIICHB 3a
nomoMoror mporpamu, BOymoBanoi B EWB. [lns BukopucTtanHs 1i€i mporpamu
HEOOXITHO MMO3HAYMTH MicIs 3'€qHAHHS eJleMeHTiB Koua. [ uporo B menio Circuit
BuOpat Schematic options, i y Bikui, Show / Hide Bxmountn ommii Show
Reference ID, Show values i Show nodes. Cxema Habye urisiay (puc. JK5):
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R1
D

S

<+> Y1 TAUF
2/ 120 VIR0 Hzi0 Deg

T

Puc. )K5. Cxema eneKTpuaHOro KoJia

2.1.7. OtpumaiiTe aMIUTITYAHO-4aCTOTHY 1 (a304acTOTHY XapaKTEPUCTUKH
kosa. Bubepite Menro Analysis i B abomy omirito AC Frequency. V Bikai (puc. JK6)
mig 3arojoBkoM Nodes in Circuit BuaimiTh HOMEpP TOYKH, IO IO3HAYAE BHUXIJ
enekrpuyHoro koina. [Torim 3a momomororo kHonku Add BcTaHOBITH 1el HOMED Y
Bikui Nodes for Analysis.

AC Frequency Analysis

Analyziz Simulate
Start frequency [FSTART] |‘I |H z I%

Accept
End frequency [FSTOF] |‘IEI |h-1H2 I%

i,

Sweep type Decade - Cancel
Murnber af paintz 1000
Wertical soale Linear il

MHodes in circuit Modes far analysiz

1 MHone
Add -
W1 Hhbranch

Puc. )K6. Bikao AC Frequency Analysis

BcTaHoBIThH Jiana30HM BUKOHYBAaHUX BHMIPIOBAHb Tak, AK TOKa3aHO Ha
puc. XK6.

HarucHite kHOMKy Simulate i Bu orpumaere BikHO 3 rpadikamu AUX
(npubnm3Ho sk Ha BepxHboMy Tpadiky puc.’K7) 1 ®UX (mpubnu3HO SK Ha
HIKHBOMY Tpadiky).
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-~ Analysis Graphs 101 x|
N CENREEETE EREE]
Statistics [Analog] AC Analysis |

1
E 500m -
w 600w
Ep 400m -

| =
b 200m -

] T I T T 1
1000 100 10K 1M 100H 105
Frecquency (He)
O o
"B
L 30 4
=
= —60
=
o
-=20 T I T T 1
1000 100 10K 1M 100M 105
Frequency (Hz)
4

Puc.)K7. I'padpurxn AUX 1 ®UX enekTprudHOro Koja

2.1.8. PerenpHO 3amMamnioiiTe oTpuMaHi Tpadiku, 3aMiHUBIIM HA TEPIIOMY IIO0
BEPTUKAJIbHIM OCI 3HAYEHHS Hampyr Oe3pO3MIpHOI0 BEIUYMHOI0, OTPHUMAHOIO
IUISIXOM JUICHHS 3a3Ha4eHuX 3HayeHb Ha 1000mV.

2.2. JocaipxeHHst AMILTITYTHO-4aCTOTHOI i (¢azouacrorHoi
XapaKTepUCTUK KoJIa

2.2.1. 3a OTpUMaHOI0 aMILTITYJJHO-YaCTOTHOIO XapaKTEPUCTHUKOIO BU3HAUTE

rpaHUYHYy YacTOTy CMYTH MPOIyCKaHHs KoJia, s 4oro y BikHi Analysis Graphs
HaTHCHITH KHOTIKY Toggle Cursors (puc.)K8):
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=¥ analysis Graphs - |0] x|
'] L
D@ d| S| |5 =2 Sk o)
Statistics [Analog] AC Analysis
x B
g S00m -
— s00m - %1 155. 4593
& 400 vl 708 . 5870m
b X2 5.0119H
p= 200m 4 vz 31.7556u
] T . 1 cx 5.0117n
1000m 100 10K 1 .dy -705.5552m
1/dx 199.5325n
Frequency (F /4, -1.4113
min x 1.0000
09 max x 10.0000G
@ min v 15.9155n
o, ~30 4 max ¥ 299, 9503 m
[N}
% 60 4
-
oy
-850 T T T T ]
1000m 100 10K 1N 100HM 10G
Frequency (Hz)

Puc. )K8. Bu3HayeHHs rpaHiuHOl YaCTOTH CMYTH IPOIYCKaHHS

[ToBiIBEHO MEpeMilIaiiTe JiBUI Kypcop y3AOBX JiHIT rpadika A0 TUX Mip, MOKH
3HaueHHd yl B Tabmuui He craHe piBHUM mpuoOiu3Ho 707 m. Benwmumna x1
BIJINOB1Aa€ 3HAYEHHIO TPAHUYHOT YaCTOTH CMYTH IPONYCKaHHs KoJa.

3anuunTh pe3yabTaT y 3BiT.

2.2.2. PozpaxyiiTe 3HaUEHHSI TPAaHUYHOI YaCTOTH CMYTH MPOITYCKAaHHS KOJia 3a
dbopmyroro. [lopiBHsiTE pe3yabTaT BUMIPIOBAHHS 1 PO3PAXyHKY. 3p00iTh BUCHOBOK.

2.2.3. JlochiaiTh BIUIMB BeIMUYMHU €MHOCTI Ha AUX KoJia, JyIst 4Oro 301IbIITe
3HAYEHHS €EMHOCTI B 2 pa3u. 3po0iTh BUCHOBOK I10 PE3yJIbTATy AOCIIKEHHS.

2.2.4. JlocniaiTe BIUIMB BeMMUMHU onopy Ha AUX kouma, 7 4oro 3MEHBIIITh
3HAYEHHS Onopy B 2 pa3u. 3po0iTh BUCHOBOK 3a Pe3yJIbTaTOM JIOCTIIKEHHS.

3. JlaiiTe BIANOBiAb HA MUTAHHS

3.1. l1lo Ha3UBAETHCSI KOMIUIEKCHOIO TIEPEIaBAIBHOIO (PYHKITIEIO0 EIEKTPUIHOTO
KoJia?

3.2. 1llo Ha3MBa€ETHCS aMILIITYIHO-4aCTOTHOIO XapakTepucThkoo (AUX)
KoJa?
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Sk MOXHA BUBHAYUTHU TPAHUYHY YACTOTY CMYTHU MPOMYyCKaHHS Koja?
4. 3micr 3BiTYy

1. Ha3Ba ta meTa poGoTH.
2. CxeMa IOCIHIIKEHb.

3. Pe3ynbraTty BUKOHAHHS 3aBAaHHS Ha jJabopaTopHy poOoTy 3 rpadikamu Ta
BHCHOBKaMH.

4. Bigmosial Ha TUTAHHS.
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JIABOPATOPHA POBOTA «3»

JocTiIzKeHHS YaCTOTHUX XaPAKTEPUCTUK IHTErpyrw4oro r-L xoJua

Meta podoTn

B nabGopartopHiii poOOTI CTaBUTHCS 3a METY BHUBUYCHHS BIUIMBY MapaMeTpiB
CJIEKTPUYHMX K11 Ha (POPMY IX YACTOTHUX XapaKTEPUCTHK.

3micT podoTHn
1. 3aranpHi B1IOMOCTI.
2. Ilopsimok BUKOHaHHS POOOTH.

2.1. ExcnepuMeHTalbHE BU3HAYEHHS AaMIUIITYHO-4acTOTHOI 1 ()a304acTOTHOI
XapaKTEPUCTHK KOJIa.

2.2. JlocmiKeHHsT aMILTITy THO-4acTOTHOT 1 (a309acTOTHOI XapaKTEPUCTUK KOJIa.
3. Biamnosiai Ha MUTaHHSL.

4. CxnagaHHs 3BITY PO BUKOHAHY pOOOTY.

1. 3arajanHi BizoMocTi

EdexkTuBHI MeTONM aHaii3y YaCTOTHUX XapaKTEPUCTHK EJNEKTPUYHUX KIJI
ITPYHTYIOTBCSI Ha 3aCTOCYBaHHI CHMBOJIIYHOTO METOAY aHali3y TapMOHIMHUX
KOJMBaHb, 10 JA€ MOXJIMBICTh BBECTH TMOHATTA KOMILUIEKCHOI (QyHKUIii
CJIEKTPUYHOI0 KOJIa.

[TokaxkeMo y BUTJISII YOTUPUIIOIIOCHUKA TACUBHE JIIHINHE €NEeKTPUYHE KOJIO
(puc. 31).

Hexait na BxigHl 3aTucku 1-1 ' MacHMBHOTO JIIHIMHOTO EJIEKTPUYHOIO KOJa
(puc. 31) niroTh Hampyra 1 cTpyM. Buainmmo B cxemi kojia enemMeHT Z2, Ha
3aTHCKayax AKoro 2-2 ' Nil0Th HaIlpyra 1 CTPyM.

'
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1 ] ITacuBHE

JIMHENHEETIE -
( >—’— KTPUYHEKOJ 4( >—’_

0

Z;

Puc. 31. TTacuBHe mniHiliHE eNEeKTPUUHE KOJIO

KommiiekcHo0 GYyHKIIEI eJIEKTPUYHOT0 K0J1a HA3MBAETHCHA BIIHOIIEHHSA
KOMILICKCHOTO 300pakeHHsl peakuii Ko0Ja 0 KOMILUIEKCHOT0 300pasKeHHI0
BILTHUBY, SIKi 3a1aHi y BUrJasai GyHKuii yaBHOI YaCTOTH jo.

ert X@bzx
K(jo) =S = S &

68X

KoMimiekcHOIO  meperaBajIbHOK  (YHKIIEW  KoOJa  (KOMILIEKCHUM
Koe(imicHTOM mepeaayi) HA3MBAETHCS BIIHOMIEHHSI KOMILIEKCHUX aMILIITY/
CTPYMY i HANIPYI'W, 10 AiOTh HA PI3HUX MAapax 3aTUCKAYIB.

3aJie’kHO BiJ] BUAY BIUIUBY, PO3PI3HSIOTH:
KOMILICKCHI nepeaaBaJibHi QyHKIIII 10 HANIPY3i:

..U
Ky (Jo) = 02
U ml
KOMILIEKCHI IepeaaBajibHi QyHKIII 110 TOKY:
. |
K, (jo) ==

-~
YacTOTHUMH XapaKTePUCTHKAMHU €JIEKTPUYHOI0 KO0JAa HA3HMBaKTbHCA
32JIEKHOCTI KOMIIOHEHTIB (MOIyJsi i apryMeHTy) KOMIUIEKCHUX (PyHKUii Bix
YaCTOTH.

Kommniiekcni mnepenaBaibhi QyHKIIIT KoJda TPEACTABISIIOTH BIJHOCHHH
KOMILJIEKCHUX aMIUTITY/ (JIF0YMX 3HAYEHb) CTPYMIB 1 HAMPYT, 10 JIIOTh HA BXOI 1
BHUXOJI1 KOJIA MPU CHHYCOITAJIbHOMY BILIMBI. Sk 1 Oyab-sfKi KOMIUICKCHI 4YuCia, IIi
(GyHKIT MOXHa BHUPA3WTU y TIOKa30BIA 1 anreOpaiudiii ¢opmi depe3 MOAYJb 1
apryMeHT ab0 yepe3 peyoBy 1 YABHY YaCTHHHU:
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: m Xm ej'//z xm j (o~ jo(w
K(ja)): ‘m2 _ > jejl//z _ > 2 ai(v wl):K(a))er( ). (2)

ml

Tyt

=JR@T +[X(@];

X(®).
R(w)

K (o) = mod K (jw) = ))((mz

ml

p(w)=argK(jo) =y, —y, =arctyg ——

YacTroTHA 3aJI€KHICTH BIIHONIEHH AMILUIITYaAU (Jil040ro 3HAYEHHS)
rapMOHINHOI peakuii KoJa A0 aMILUITYau (Xil0YOMY 3HAYEHHK)) TAPMOHIHHOIO
BILTMBY OTPMMAJIA HA3BY AMILTITYAHO-4ACTOTHOI XapakTepucTuku (AUYX) koJia.

A00, 1HIIMMH CJIOBaMH, 3ajiexkHicTh wMoayiasi K(w) KomIIeKCHOT
nepeaaBajJbHOl (PYHKUIII KOJIA Bil YaCTOTH HA3MBAETHLCH 1I AMILIITYJIHO-
YACTOTHOIO XapaKTEePHCTUKOIO.

YacrorHa 3ajiexKHICTH Ppi3HMUI (a3 rapMoHiiiHOI peakuii Kojaa i
rapMOHINHOI0 BILUIMBY HA3UBAECTHCHA (PA30YACTOTHOI XAPAKTEPUCTHKOI KOJA
(PXY).

[HakiIe kaxxyuu, 3aJIeXKHICTh APTyYMEHTY ¢() KOMILUIEKCHOI epeaaBajibHOI
(yHKuii KoJIa BiI 4aCTOTH HA3UBAETHCA 11 (PA309aCTOTHOKO XaAPAKTEPUCTHKOIO.

[ToBepHemocs no BupaxeHus (1):

X
K( J C()) — ngwela)t — Xebzx |

86X

3a I0MOMOroI0 KOMIUIEKCHOT (DYHKIIT €JIEKTPUYHOTO KOJIa JIETKO 3HAWTH PEaKIliio
KoJIa sIK T00yTOK
X =K(jo)X _
SIKI110 CKOpUCTATHUCS KOMIUIEKCHOIO MepeiaBalbHOI0 (PYHKIIIEIO IO HANIPY3i:
U
Ky (Jo) = 12
U

ml

(3)
MOJKHa 3aIllucaTu, 1o

U.m2 - K(Ja))uml
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OTxe, KOMIUIEKCHA aMIUTITY/J]a peakilii Koja TOpIBHIOE T0O0YTKY KOMILIEKCHOT
nepeaaBatbHOI (PYHKINIT HA KOMIUIEKCHY aMILTITYly BILTUBY.

[TokazoBa ¢opMa 3amucy IMUX BETUYHH A€ MOXJIMBICTH 3POOWTH BHCHOBOK
Ipo Te, IO aMIUTITyJa PeaKilii JOPiBHIOE TOOYTKY 3HAY€Hb aMIUIITYJIHO-4aCTOTHOT
XapaKTePUCTUKHU KOJIa 1 aMILTITYId BIUIMBY, TOOTO

X max = K (@) X

M BUX
qu
U m2 — K (C())U ml

VY cBor 4yepry, mouaTkoBa ¢asza peakifii Koyia TOPIBHIOE CyMi 3Ha4eHb (a3o-
JaCTOTHOI XapaKTePUCTHKH KOJIa I0YaTKOBOI (a3 BILIUBY, TOOTO

w(@ux — l/jex + gD(a)) (4)

[IpupoaHO, 110 CIIBBIJIHOIIEHHS TIOBHHHI OOYHCIIOBATUCS TIPH YacTOTI
MIPUKJIAZCHOTO BILIHBY.

[IponyCKHOIO 3/IaTHICTIO HA3WBAETHCSA Jllalla30H YacTOT, B MeXkaxX SKOTro
3HAYCHHS AMILTITYIHO-4aCTOTHOI XapaKTePUCTHKH 3MEHIIIYETHCS B /2 PasiB.

Cxema J0CHKyBaHOTO B JaH1d poOOTI €IEKTPUYHOTO KOJIa Ma€ TAKUW BUTJIS]
(puc. 32):

O_mrv\j_o |
0,

U r m

ml

O O

Puc.32. Cxema ociipKyBaHOTO €IIEKTPUIHOTO KOJIa

CkopucTaeMocsi KOMIUIEKCHOIO MepeIaBaibHO0 PYHKIIIE 10 Hanpy3i (3):

U, | r 1 1 ~ jarctgo ")
Koo =5 = el | L et [ L
meoom 1 +(w—)%e r 1+ (w—)?

r r
— KU (a))ejw(w)
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3BijacH BUpa3 AJi aMIUTITYAHO-YaCTOTHOI XapaKTePUCTUKHI MA€ BUTIISA

1
Ku (w) = L
1+ (@ —)2
r
MaKCI/IMaHBHe 3HAYCHHIA KU (CO) = 1 HpH
=0

3a aMHHiTy,Z[HO-qaCTOTHOIO XapaKTCPHUCTHKOIO BU3HAYA€THCA cMyra
IIPOITYCKAaHHA CJIICKTPUYHOI'O KOJIA. CMyra IIPOITYCKaHHA I1IC z[iana30H qaCTOT, B
MCXKaxX AKOI'0O MaKCHMAJIbBHC 3HA4YCHHA aMHJIiTy,Z[HO-‘{aCTOTHOI XApPaKTCPHUCTHUKHU

3MEHIIYETECA B +/2 pas.

FpaHHqHa 4gacToTa CMYyI'M IPOIYCKaHHA BU3HAYAETHCS 3 BUPA3y

1 1
KU (a)zp) = = \/E
1+(w,, )
r
3BIJICH
L
a)ep — = 1 a = L
r P L

2. BukoHaHHsA po0OTH.

Electronics Workbench - enexkrponna nmaGopatopisi Ha komm'torepi. Cructema
cxemoTexHiyHoro mojemoBanHs — Electronics Workbench npusnadena s
MOJICITFOBAHHS Ta aHAII3y CICKTPHUYHUX CXEM.

[Tpu BukoHaHHI Ja00OpaTOPHOI POOOTH MJisi (OPMYBAHHS CXEMH HOCIIKEHb
HeoOx1H1: Jkepeno 3MiHHOI Hanpyru AC Votage Source, omip, 1HAYKTUBHICTb, a
TaKOX 3'€THyBaJIbHI €JIEMEHTH.

2.1. ExciepuMeHTanbHe BU3HAYEHHS aMIUTITYJHO-4aCTOTHOI 1 (pazoyacToTHOI
XapaKTEPUCTHK KOJa.

2.1.1. 3anycrith Electronics Workbench.
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2.1.2. TlepeHeciTh HeOOXigHI eleMeHTH Ha pobouy obnacth Electronics
Workbench. [Ipukiiag BUKOHaHHS cXeMHU MTOKa3aHu# Ha puc. 33.

Jns uporo HeoOXiHO BHOpaTH PO3AUIM Ha MaHeNl 1HCTPYMEHTIB (Sources,
Basic), B sskux 3HaxoAsThCA MOTPiOHI BaM €JIEMEHTH, TTOTIM MEPEHECTH iX Ha pobouy
ob6sacTh (KJIAIHYTH MUIICI0O HAa MOTPIOHOMY €JIEMEHTI 1, HE BIAMYCKAIOUM KHOIIKH,
nepeHecTu B moTpiOHe Mmicie cxemu). Ilepenecite mxepeno 3MinHoi Hanpyru AC
Votage Source, ormip, IHAYKTHBHICTb, 3a3€MJICHHS.

2.1.3. 3'enmnaiiTe KOHTaKTH E€JEMEHTIB 1 pO3TAlIyHTe €JIEeMEHTH B POoOOoUii
obnacti 11 ojep)KaHHSA HEoOX1HOi BaM cxemu. Jlyis 3'eHAHHS JBOX KOHTAKTIB
HEOOX1IHO KJIAIIHYTH IO OJHOMY 3 KOHTAaKTiB OCHOBHOIO KHOIIKOIO MHUIII 1, HE
BI/IMMYCKAaIOUM KJIaBIIIYy, TOBECTU KypCOp JI0 APYroro KOHTAKTY.

L1
Py

Puc. 33. Cxema eneKTpuYHOro Koja

2.1.4. BcTaHOBITH MapaMeTpH JHKeperna 3MiHHOT Harpyru V1, sk moKa3aHo Ha
puc. 34.

Label alue I Fault | Digplay I Analysis Setup |
“oltage [V]: I‘I I W E
Frequency: IED IE
Phase: IIJ Deg
“Yoltage tolerance: IGlobal = v Use global tolerance
Ok I OTreHa

Puc.34. [Tapamerpu jxepena 3MiHHOI HAIPyTH
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2.1.5. Iapamerpu enementiB R1, L1 BcTaHOBITH BIAMOBIZHO 32 HOMEPOM
BapianTa (Tabm. 31):

Tabnuys 31

Homep |1, |2, |3, |4, |5 |6, |7, (8 |9 |10, |11, |12, |13, |14, |15,
Bapianta | 16 |17 |18 |19 |20 |21 |22 |23 |24 |25 |26 |27 [28 |29 |30

R, kOm |1 2 3 4 ) 6 7 8 9 10 |11 |12 |13 |14 |15

L, 150 | 140 | 130 | 120 | 110 | 100 | 900 | 800 | 700 | 600 | 500 | 400 | 300 | 200 | 100
MKl 1

2.1.6. ExcriepuMeHTarbHe BHU3HAUYTE aMILNTYAHO-4aCTOTHY 1 (pa304acTOTHY
XapakTepuUCTUKU Koia. Croci® MOCHIPKeHHS MOJsIrae y BUKOHAaHHI OOYMCIICHB 3a
goromororo mporpamu, BOynmoBaHoi B EWB. Jlns BuxopucTaHHs Ii€i mporpamu
HEOOXITHO MO3HAYMUTH MICIS 3'€JHAHHS eaeMeHTiB koma. s mporo B menro Circuit
BuOpatn Schematic options, i y Bikui, Show / Hide sxmountnn ommii Show
Reference ID, Show values i Show nodes. Cxema HaOye Burisaay (puc. 35).

2.1.7. OTtpumaiiTe aMIUTITYAHO-9aCTOTHY 1 ()a304acTOTHY XapaKTepUCTUKU
kosa. Bubepite Mmento Analysis i B abomy omito AC Frequency. VY BikHi (puc. 36)
mig 3aromoBkom Nodes in Circuit BuaumTh HOMEpP TOYKH, MO IO3HAYAE BHUXIJ
enekTpuaHoro kona. [lotim 3a momomoroto kHomkn Add BCTaHOBITH el HOMEp Y
Bikai Nodes for Analysis.

1

Puc. 35. Cxema mocmiKyBaHOTO KOja
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AC Frequency Analysis ﬂ
Analysis Sirnulate I

Start frequency [FSTART] IH z H

Accept |
End frequetncy [FSTOR] |‘I oo IG Hz Iﬂ
Swieep type Decade ~ ﬂl

MHurnber af paintz 1000

Wertical zoale Linear =

Jd

MHodes in circuit Modes far analyziz

1 Hbranch Add - |
£- Remove |

Puc. 36. Bikno ACFrequencyAnalysis

BcTaHOBITH Jiana30HM BUKOHYBAaHUX BUMIPIOBAHb TakK, SIK ITIOKA3aHO Ha
puc. 36.

HarucHites kHomky Simulate i Bu orpumaere BikHO 3 rpadikamu AUX,
npuOJIM3HO sIK Ha BepxHboMy rpadiky (puc. 37) 1 OUX (mpubnusHO SIK Ha
HUKHBOMY T'padiky).

AC Analysis |

1
J00mm
&00m
400t
Z 00

] 1 1 1
1000m 100 10K 1 108

Frequency (Hz)

Woltage (V)

=30 4

—G(0

FPhase (deg)

-20 T T T
1000zn 100 10K 1M 10M

Frequency (Hz)

Puc. 37. I'papixu AUX 1 PUX
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2.1.8. PerenpHo 3aMaioliTe oTpuMaHi rpadiky, 3aMiHUBIIM Ha TEPIIOMY T10
BEPTUKAJBbHIA OC1 3HAYEHHA Hampyr Oe3pOo3MIpHOI0 BEJIMYMHOI0, OTPHUMAHOIO
[IUIIXOM JIIJIEHHS 3a3HayeHuX 3HadeHb Ha 1000mV.

2.2. JocaigkenHst AMILIITY/THO-4YaCTOTHOI i (dazouacToTHoi
XapaKkTepPUuCTUK KoJIa.

2.2.1. 3a oTpUMaHOIO aMIUTITYJAHO-4aCTOTHOIO XapaKTEPUCTUKOIO BU3HAUTE
rpaHUYHY YacTOTy CMYTH IMPOITyCKaHHS Koua, Juis 4oro y BikHi Analysis Graphs
HATUCHITH KHOTIKY To0ggle Cursors (puc.38).

[ToBinbHO MepemimaiTe JiBUA Kypcop y3AO0BXK JiHii rpadika 10 THX Mip, MOKU
3HaueHHs yl B Tabmuui He craHe piBHUM mnpuOmm3Ho 707 m. Bemnunumna x1
BIJINIOB1Aa€ 3HAYEHHIO TPAHUYHOT YaCTOTHU CMYTH IPOIYCKaHHs KoJa.

3anuunTh pe3yabTaT y 3BiT.

2.2.2. Po3paxyiiTe 3HaUY€HHS IPAHUYHOI YaCTOTU CMYTHU MPOITYCKAHHS KOJIa 3a
dbopmyroro. [lopiBHsiTE pe3yabTaT BUMIPIOBAHHS 1 PO3PaXyHKY. 3p00iTh BUCHOBOK.

2.2.3. JocniaiTe BIUIUB BEJIMYMHHM IHAYKTHBHOCTI Ha AYX koma, /I 4oro
30UTbIITE 3HAYEHHS 1HAYKTUBHOCTI B 2 pa3u. 3po0iTh BHUCHOBOK IO pE3yibTaTy
JOCI1IKEHHS.

+** Analysis Graphs 10| x|
D|=|H|2|R] (e =Bl &=
Statistics [Analog] AC Analysis |
1 o
g 800m - S—
~ e00m 4 %l 153.4593
o val 708. 5870m
b = 400 %2 5.0119M
= 200m w2 31.75561
0 T T 1 clx 5.0117M
1000m 100 10K 1 dy -708.5552m
1/dx 199.5325n
Frequency (F 4, dy -1.4113
min x 1.0000
U max ¥ 10.0000G
@ min v 15.9155n
= —30 4 Wax v 999 . 9303m
b
& —60
i
iy
-320 T T T T 1
1000 100 10K 1M 1004 10G
Frequency (He)

Puc. 38. BuzHaueHHs rpaHiqyHOI YaCTOTH CMYTH MPOITYCKaHHS

102



2.2.4. JlocmiaiTe BIUIMB BeMWYWHU omopy Ha AUX kosa, i 90ro 3MEHbIIITh
3Ha4yeHHs onopy B 10 paziB. 3po0iTh BUCHOBOK IO Pe3yJIbTATY JOCTIIHKEHHS.

3. JlaiiTe BIANOBIAb HA MUTAHHS

3.1. [llo Ha3uBa€ETHCS KOMIUIEKCHOIO TMEPeIaBaIbHOI0 (PYHKIIEI0 €ICKTPUYHOTO
KoJia?

3.2. l1lo Ha3uBa€eThCA aMILTITYTHO-4YaCTOTHOIO XapakTepucTrkoro (AUX) komna?

Sx MOXHA BU3HAYUTH TPAHUYHY YaCTOTY CMYTH MPOMYCKAHHS Koja?

4. 3micr 3BiTY

1. HasBa ta meTa poGoTH.

2. CxeMa 1oCHiKEHb.

3. PesynbpTaT BUKOHAHHS 3aBJIaHHs Ha Ja0OpaTopHy poOOoTy 3 rpadikaMu Ta
BHUCHOBKaMH.

4. BigmoBial Ha TATAaHHS.
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JIABOPATOPHA POBOTA «I»

JlocaiIKeHHsI YACTOTHUX XapaKTepucTUK audepenmywodoror-C
KO0JI1a

Meta poboTn

B naGopatophiii poOOTI CTaBUThCA 3a METy BHUBYCHHS BIUIMBY IapaMeTpiB
SJIICKTPUIHMX KiJl Ha (POpPMY iX YaCTOTHUX XapaKTEPUCTHK.

3MmicT podoTun

1. 3aranbHi B1IOMOCTI.

2. Ilopsaok BUKOHAaHHS POOOTH.

2.1. ExciepuMeHTalIbHEe BU3HAYCHHS aMILUTITYTHO-4aCTOTHOI 1 (ha304acTOTHOI
XapaKTePUCTHKH KOJIa.

2.2. YcTaHOBKa apaMeTpiB €IEMEHTIB CXEMH 1 IPUJIa/IiB.

2.3. EkciepuMeHTalIbHE BU3BHAYEHHS aMILTITYIHO-4aCTOTHOI XapaKTEPUCTUKH
KOJ1a.

2.4. 3aBnans.

3. Biamosial Ha IUTaHHA.

4. CxyagaHHs 3BITY PO BUKOHAHY POOOTY.

1. 3araabHi BizomMocTi

[TokaxxeMo y BUIJISiI YOTUPUIIOIIOCHUKA MACHUBHE JIHIAHE €JIEKTPUYHE KOJIO
(puc. I1):

1 i | [TacuBHE

JIMHENHEETIE ‘
( ) > KTPUYHEKOJI ( ) >

(o)

Z;

Puc. I1. ITacuBHe niHiliHE €IEKTPUYHE KOJIO
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Hexait Ha BximHi 3aTucKku 1-1' TacHBHOTO JIIHIHHOTO €IEKTPUYHOTO KOJIa (pucC.
I1) mirots Hanpyra U, i ctpym I,. Buginumo B cxemi Kosa efeMeHT Z,, Ha 3aTHCKadax
sikoro 2-2 ' miroTh Hampyra U, i ctpyml,.

KommiekcHO0 (QYHKII€I0 eJIeKTPUYHOIO KOJIA HA3MBAETHCS BilHONIEHHS
KOMILJIEKCHOTO 300pa:keHHs1 peaklii KoJia [0 KOMILUIEKCHOT0 300paKeHHs
BILIUBY, fIKi 3aaHi y BUIJIAAi QYHKUIA YyABHOI YaCTOTH j.

X
K(Ja)) — Xsbzx .

68X

1)

KommiiekcHoo mepenaBaibHOKW  (PYHKIi€I0 Kojga  (KOMILIEKCHHUM
koedilicHTOM mnepenayi) HA3UBAETHCH BiIHOMIEHHS KOMILIEKCHMX AMILIITY/
CTPYMY i HANIPYI'H, IO AiKOTh HA PI3HUX NapPax 3aTHCKAYiB.

3aJie’KHO BiJ BUAY BILIUBY, PO3PI3HSIOTH:
KOMILIEKCHI nepeaaBaJibHi PyHKUII 10 HANPY3i:

U,
KU(Jw):U 2

ml

KOMILJIEKCHI nepeaaBajibHi (PyHKUII 110 TOKY:

K, (jo) = m

ml

YacTOTHUMHM XapaKTEPUCTHUKAMH €JIEKTPUYHOI0 KOJIa HA3UBAKOTHCH
32JI€KHOCTI KOMIIOHEHTIB (MOAYJIA I aprymMeHTy) KOMILUIEKCHUX (QYHKLIH BiXx
YaCTOTH.

Kommiiexkcni mnepenaBaibHi QyHKHIII KoOJa MNpPEACTaBISAIOTh BIJIHOCUHU
KOMILJIEKCHUX aMIUTITY[ (JIIF0YMX 3HA4Y€Hb) CTPYMIB 1 HAMPYT, 110 AIIOTh HAa BXOI 1
BHUXOJIl KOJIA MPU CUHYCOINAJIbHOMY BIUIUBI. SIK 1 Oyab-siKi KOMIUIEKCHI 4YHuCa, IIi
¢GyHKIII MOXHA BHUpa3UTU B TOKA30BiM 1 anreOpaiuniii (popmi depe3 MOIylb 1
apryMeHT abo 4yepe3 peuoBy 1 ysIBHY YACTHHH:

. X el X
K(Ja)): - 2 = X jejy/z — X 2 e (V/Z V’l K(a))e](/’ ( )

ml
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Tyt

= JR@)] +[X(@)];

o(w) =argK(jo) =y, —y, = arctg X((a)))

K (@) = mod K (jo) = imz

ml

YacroTHa 3aj1€:KHICTH BIJHOIIEHHS AaMILTITYau (Jil040r0 3HAYEHHS)
TapMOHIHOI peakuii KoJia 10 aMILUIITYaH (Xil04OMYy 3HAYEHHI0) TAPMOHIMHOIO
BILUIMBY OTPMMAJIa HA3BY AMILIITYJTHO-4aCTOTHOI XapakTrepucTuku (AYX) koJia.

AGo, IHIIUMH CJOBaMH, 3ajekHicThb Moayasi K(w) KoMIIeKCHOI
nepeaaBaJbHOI  (PYHKHII KOJIA Bil 4YaCcTOTHM HA3MBAETHLCA 1i AMILIITYIHO-
YaCTOTHOIO XaPaAKTEePHCTHKOIO.

YacroTHa 3aJjexHicTh pi3Humi ¢a3 rapMoHiHOI peakumii KoJja i
TAPMOHIHHOI0 BIUIMBY HA3MBAE€THCH (PA304YACTOTHOI XAPAKTEPHCTHKOI KOJA
(OXY).

[Hake kaxxyuu, 3aJIeXKHICTh aPryYMEHTY @(®) KOMILUIEKCHOI NepeaaBaibHOl
(yHKuII KoJIa Bil 4aCTOTH HA3UBAETHCA 11 (A309aCTOTHOIO XaPAKTEPUCTHKOIO.

[ToBepHemocs 1o BupaxxkeHss (1):

« X
K( J C()) — Xeme — = X6blx |

6X

3a JA0MOMOTOK KOMIUIEKCHOT (DYHKIIT €IeKTPUYHOIO KOJIa JIETKO 3HAWTH pPeaxiiio
KOJIa SIK T0OOyTOK

X =K(jo)X .

BBIX
SKII0 CKOpUCTATUCS KOMIUIEKCHOIO MepeIaBaIbHOIO (byHKuiEIo 10 HaIpy3i:

. U,
Ky (Jo) = 2

ml

: (3)
MO>KHa 3aIlMCaTH, 10
Um2 = K(Ja))uml

OTxe, KOMIUIEKCHA aMILTITY/J]a peakilii Kojia T0piBHIOE T00YTKY KOMIUIEKCHOT
nepenaBagbHOl (PyHKIIT Ha KOMIUIEKCHY aMIUTITyly BIUIUBY.

[TokazoBa ¢dopma 3anmucy IUX BEJIMYUH JA€ MOKIWBICTH 3pOOUTH BHCHOBOK
po Te, M0 aMIUTITy/Ia peakilii JOPIBHIOE MOOYTKY 3Ha4€Hb aMIUTITYIHO-4aCTOTHOT
XapaKTEPUCTUKHU KOJIA 1 aMIUTITyIM BILUIUBY, TOOTO.
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X = K(w) X

M BUX mex YH

Um2 - K(a))uml

VY cBoro yepry, nmoyatkona (paza peaxiiii Kojia JOPiBHIOE CyMi 3Ha4eHb (hazo-
JaCTOTHOI XapaKTePUCTHKH KOJIa TIOYaTKOBOI (ha3u BILUIUBY, TOOTO

Weux — Wex + (D(a)) (4)

[IpupoaHO, 110 CIIBBIJHOIIEHHS TIOBHHHI OOYHCIIOBATUCS TPH YacTOTI
IIPHUKJIAICHOTO BILIMBY.

[IponyCKHOIO 3/IaTHICTIO HA3WBAETHCSA Jllalla30H YacTOT, B MeXkaxX SKOTro
3HAYCHHS aMILTITYTHO-9aCTOTHOI XapaKTEPUCTUKH 3MEHIITYETHCS B J2 pasis.

CxemMa JI0CITiHKYBAHOTO B JIaHii POOOTI IEKTPUYHOIO KOJIA MA€ TaKUH BUTJIS]
(puc. 12):

ml

0 l 0 Um2

Puc. 12. Cxema 1ocnipKkyBaHOTO €EKTPUYHOTO KOJia

CropucTaeMocsi KOMIUIEKCHOIO MepeTaBaibHOI0 (PYyHKIIE 110 Hanpy3i (3):

. U | r 1
KU(Ja)): ‘m2 = . : 1 = 1 =
I I
JaoC wrC

1

3BiJicH BUpaA3 ISl aMIUTITYJHO-4aCTOTHOI XapaKTEePUCTUKU MA€E BUTIISI

Ky (w) = L 1
\/1 e
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Maxkcumansae 3HaueHHS K| (w) =1 npu
W—>0

3a aMIUTITy/IHO-4aCTOTHIA XapaKTePUCTUIIl BU3HAYAETHCA CMyra MpPOMYyCKaHHS
eNeKTpudHoro koyia. CMyra mpoOmyCKaHHsS - Jiama3oH YacToT, B MeXaxX SKOTO

MaKCHMAaJIbHE 3HAYCHHS aMILTITyIHO-4ACTOTHOI XapaKTePHCTUKH 3MEHIIYEThCS B +/2
pas.

['parryHa yacTOTa CMYTM IIPOIYCKAHHS BU3HAYAETHCA 3 BUPA3y

1 1
K = =
U (a)zp) 1 : \/E
1 +( )
o, rC
3B1JCH
L =1l wno = 1
rc P rC
p

2. BukoHaHHs po0OTH.

Electronics Workbench - enektponna iaboparopis Ha komm'ioTepi. Cuctema
cxemoTexHiyHoro MojentoBanHs  Electronics Workbench npusnauena s
MOJICTIIOBAHHS Ta aHAJI3Y CICKTPUYHHUX CXEM.

[Ipy BUKOHaHHI JTaOOpaTOPHOI POOOTH AJisi (POPMYBaHHS CXEMHU JOCIITKEHBb
HeoOx1H1: JuKepeno 3MminHoi Hanpyru AC Votage Source, omip, €MHICTh, a TaKOX
3'€IHYBaJIbHI €JICMCHTH.

2.1. ExcnepumeHTaibHe BHU3HAYEHHA AMILIITYAHO-4aCTOTHOI |
($a3049aCcTOTHOI XapPaKTEPUCTHK KOJIA

2.1.1. 3anycrith Electronics Workbench.
2.1.2. IlepeHeciTh HeOOXiAgHI elleMeHTH Ha pobouy obnacte Electronics

Workbench. Ilpuknan BukoOHaHHS cxeMH TokazaHui Ha puc. [3. Jnsg mwporo
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HEOoOXiTHO BHOpaTH pO3MiIIM Ha TaHenl iHCTpymeHTIB (Sources, Basic), B skmx
3HAXOJATHCS TOTPIOHI BaM €JIEMEHTH, MOTIM MEPEHECTH iX Ha PoOody 00J1acTh
(KJalHyTH MUIISI0 Ha TTOTPIOHOMY €JEMEHTI 1, He BIIYCKal0YM KHOIKH, TEPEHECTH
B moTpiOHe Micue cxemu). [lepeneciTe kepeno 3MiHHOI Hampyru AC Votage
Source, orip, EMHICTb, 3a3€MJICHHS.

2.1.3. 3'eqnaliTe KOHTAKTH E€JIEMEHTIB 1 PO3TAIlyHTEe €JIEMEHTH B POoOOoUiif
obnacTi mis oxepxkaHHS HeoOximHOi Bam cxemu. Iy 3'€mHaHHS JBOX KOHTAKTIB
HEOOXITHO KIIAIIHYTH IO OJHOMY 3 KOHTAKTiB OCHOBHOIO KHOTIKOIO MHUII 1, HE
BiJITyCKAIOYH KJIABIITYy, JOBECTH KypCOp JI0 IPYTOro KOHTAKTY.

i

Puc. 13. [Ipukiiag BUKOHAHHS CXEMH

2.1.4 BcTaHoBITh IapaMeTpH Jikepena 3MiHHOT Hanpyru V1, sik moka3aHo Ha puc. [4.

AL Yoltage Source Properties ed |

Label “alue |Fault I Displa_l,ll Analysiz Setupl

Yoltage [W]: |‘| I ] E'
Frequency: IED IE
Phaze: IIJ Deqg

Yalkage tolerance: ||3|.3|:.a| & [ Uze global tolerance

s I OTrieHa

Puc. 14. ITapametpu xepena 3MiHHOT HAIIPYTU
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2.1.5. Ilapametpu enementiB R1, C1 BCTaHOBITH BIANOBITHO 32 HOMEPOM BapiaHTa
(tabm. I11):

Tabnuys I1

Homep |1, 2, |3, |4, |5 |6, |7, |8, |9, |10,/11,|12, |13, | 14,|15,
Baplanta | 16 |17 |18 |19 |20 |21 |22 |23 |24 |25 |26 |27 |28 |29 |30

R«xOm |1 |2 |3 |4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14 |15

Cu® |15 |14 113 |12 |11 |10 |9 |8 |7 |6 |5 |4 |3 |2 |1

2.1.6. ExcnepuMmeHTalbHe  BU3HAUEHHS  aMIUIITYJHO-4aCTOTHOI 1
(dazouacToTHOI XapakTepucTuk Kosa. Crnocid AOCHIIPKEHHS MOJsrae y BUKOHAHHI
o0YuCIIeHb 3a JI0NMOMOro0 mporpamu, BOynoanoi B EWB. g BukopuctanHs 1iei
MporpamMu HEOOXIJIHO TMO3HAYUTU MICIS 3'€JHAHHS €JIEMEHTIB Koia. i1 1poro B
mento Circuit Bubpatu Schematic options, i y Bikui, Show / Hide Bxitounty omii
Show Reference ID, Show values i Show nodes. Cxema Habyne urisny (puc. 15):

1

1 uF
| |
|

<+> V1 R
/120 V160 Hzi0 Deg 1 k Ohm

i

Puc. I5. Cxema enexTpuyHOro Koja
2.1.7. OtpumaiiTe amIUTITyAHO-4aCTOTHY 1 ()a304acTOTHY XapaKTEpPHCTUKY KOJIa.
Bubepite Mmenro Analysis i B Hbomy omiro AC Frequency. V Bikni (puc. 16)

AC Frequency Analysis E|
Analysiz
Start frequency [FSTART) |‘| |Hz I% pErE
End frequency [FSTOR) |‘ID |MH2 I%

Sweep type ’m %
Mumber of paints W
Yertical scale m

Modes in circuit Modes far analvsis

1 Maone
Add -»
W1 #tbranch

Puc. 16. Bikao AC Frequency Analysis
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mig 3aromoBkom Nodes in Circuit BuaimiTh HOMEpP TOYKH, IO MO3HAYAE BHXIJ
enekTpuyHoro koisa. ITotim 3a momomororo kHomku Add BcTaHOBITH 1eH HOMED Y
Bikai Nodes for Analysis.

BcTaHOBITh Miana3oHu BUKOHYBAaHMX BUMIPIOBaHb TaK, SIK TOKa3aHO Ha puc. I6.
Hatucuite xuomky Simulate i Bu orpumaere BikHO (puc.l7) 3 rpadikamm AUX
(mpubnu3HO sIK Ha BepxHboMy rpadiky) 1 ®UX (mpubnm3HO SK HA HIWKHBOMY

rpadiky).

D& (@SR &80 sl Gl
AC Analysis ]
1 -
g 200m -
v AO00m
EE? 400m -
(=
b= & 00m
I:I 1 1 T 1
1000z 100 10K 1M 10M
Frecquency (Hz)
a0 S
T
[=1]]
= 60 4
o
%
w30
=
oy
o T I T 1
1000t 100 10K 1H 10H
Frecquency (Hz)
2

Puc. I7. I'padixu AUX 1 PUX kona

2.1.8. PerenpHOo 3amamioiiTe oTpuMaHi Tpadikd, 3aMiHUBIIM Ha TEPIIOMY
3HAUEHHS HANpyr IO BEPTUKAIBHINA OCl 0€3pO3MIpPHOI0 BEITUYHHOIO, OTPHUMAHOIO
IIUISIXOM JIUICHHS BKa3aHuX 3HadeHb Ha 1000mV.

2.2. JociiakeHHs aMILIITYAHO-4aCTOTHOI i (pazouacrorHoi
XapaKTepPUCTUK KoJa.

2.2.1. 3a OTpUMaHOI aMILIITYIHO-4YaCTOTHOIO XapaKTEPUCTUKOIO BHU3HAUTE
rpaHUYHY YacTOTy CMYTH MPOIyCKaHHS KoJia, Juis 4yoro y BikHi Analysis Graphs
HaTHCHITH KHOTIKY To0ggle Cursors (puc. 18):
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1

1uF = HE

¥ )
A Di|QIs(a] &|=e] <(wEfi ||
ACAnaIysisl
W1 R1 1 -
120160 H2 Deg 1k COhm 00 T

600m

400

200
o T T T 1
1000m 100 10K 11 1oH

Frequency (Hz)

}_.
Voltage (V)

=] i)
o o

Phase (deg)
[
o

]

T T 1
1000m 100 10K 11 1oH

Frequency (Hz)

Puc. I8. BuzHaueHHs rpaHiuHO] YaCTOTU CMYTH MPOMYCKaHHS

[ToB1IBbHO MEpeMILTyTE JTIBUI KypcOp y3[0BX YEPBOHOI JiHIT rpadika 10 TUX
mip, MOKW 3Ha4eHHs y1 B TaOnuii He ctane piBHUM npubiau3Ho 707 m. Bennuuna x1
BIJINOB1Aa€ 3HAYEHHIO TPAHUYHOT YaCTOTH CMYTH IPONYCKaHHs KoJa.

3anuimnTh y 3BIT pPe3yJbTaT BUMIPIOBAHHS 1 Jiama3oH YacTOT, BiAMOBIIHUI
CMYy31 IIPOITYCKaHHS KOJa.

2.2.2. Po3paxyiiTe 3HaUY€HHS TPAaHUYHOI YaCTOTH CMYTH MPOIMYCKAaHHS KOJa 3a
dbopmyrnoro (nuB. 3aranpHl BigomocTi). llopiBHsiiTe pe3ynabTaT BUMIPIOBAHHS 1
PO3paxyHKy. 3poOiTh BUCHOBOK.

2.2.3. JlochiaiTh BIUIMB BeIMYMHU €éMHOCTI Ha AUX Koua, Jj1s 4Oro 301JIbIITe
3HaQ4YEHHS EMHOCTI B 2 pa3u. 3po0iTh BUCHOBOK 3a pe3yJibTaTaMu JOCHIIKCHHS.

2.2.4. JlocminiTe BIUIMB BeMWUMHU onopy Ha AUX Koja, JJisf 4OTO 3MEHIIThH
3HAYCHHS OMopy B 2 pa3u. 3po0iTh BUCHOBOK 3a pe3yibTaTaMH JOCTIIKCHHS.

3. JlajiTe BiANOBiAb HA MUTAHHS.

3.1. Sk 3a MOMOMOror KOMIUIEKCHOI (YHKIIT €IeKTPUYHOTO KOoJjia 3HAWTH
peaKIiio Kojia Ha TApMOHIMHUHN BILIUB?
3.2. Homy nopiBHIO€ ¢aza peakiii kona?
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3.3. SIk MOKHA BU3HAYUTH IPAHUYHY YaCTOTY CMYTH MPOMYyCKaHHS KoJia?

4. 3micr 3BiTYy

1. Ha3Ba Ta meTa po6oTH.

2. Cxema J0CIiIKEHb.

3. Pe3ynbraTty BUKOHAHHS 3aBJIaHHS Ha JlabopaTopHiil poOoTi 3 rpadikamu Ta
BHCHOBKAMHU.

4. BignoBiai Ha MUTaHHS.
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JIABOPATOPHA POBOTA «K»

JocJIiIKeHHSI YaCTOTHUX XapaKTepPUCTHK audepenuiowdoro r-L
KO0J1a

Meta poboTn

B nmabGopaTtopHiii poOOTI CTaBUThCA 3a METy BHUBYCHHS BIUIMBY IlapaMeTpiB
CJIICKTPUIHMX KiJl Ha (POpPMY iX YaCTOTHUX XapaKTEPUCTHK.

3MmicT podoTun

1. 3aranbHi BiJIOMOCTI.

2. Ilopsimok BUKOHAHHS POOOTH.

2.1.ExciepuMeHTalIbHE BU3HAYEHHS aMILTITY THO-4aCTOTHOI 1 (pa3ouacToTHOI
XapaKTePUCTHK KOJIa.

2.2. JlociiKeHHS aMIUTITY IHO-4aCTOTHOI 1 (0a304aCTOTHOT XapaKTEPUCTHK
KoJIa.

3. Biamosial Ha nUTaHHA.
4. CxyagaHHs 3BITYy PO BUKOHAHY POOOTY.

1. 3araabHi BizomocTi

EdexkTuBHI MeTOIM aHaii3y YaCTOTHUX XapaKTEPUCTHK EJIEKTPUYHUX KIJI
IPYHTYIOTBCS Ha 3aCTOCYBaHHI CHMBOJIIYHOTO METOJy aHali3y TrapMOHIMHUX
KOJINBaHb, 10 [JIa€ MOXJIMBUM BBECTH MOHSTTS KOMILJIEKCHOI (QYyHKUIIl
eJIEKTPUYHOI0 K0J1a.

[TokaxxeMo y BUTJISAI YOTUPUIIOIIOCHUKA MMACUBHE JIIHIMHE €JEKTPUYHE KOJIO
(puc. K1).

Hexaii Ha BXimgH1 3aTUCKH 1-1 ' MacMBHOTO JIIHIHHOTO €JIEKTPUYHOTO KoJja (puc.
K1) nitote nampyra U, i crpyml,. Bumimumo B cxemi Koina ejgeMeHT Z,, Ha
3aTHCKayax skoro 2-2 ' miroTh Hampyra U, i ctpyml,.

KommiekcHOI0 PYHKUIEK €JEKTPUYHOI0 K0J1a HA3MBAETHCH BIIHOIIECHHA
KOMILJIEKCHOTO 300pa’keHHsl peakuili KoJia [0 KOMIUIEKCHOIO 300paseHHs
BILIMBY, SIKi 3a1aHi y BUrJasai GyHKuii ysBHOI YaCTOTH jo.

: X
K(Jw):% (1)

6X
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1 i ITacuBHE

JIMHENHEETIE -
( >—’— KTPUYHEKOJ 4( >—’_

0

Z,

Puc. K1. Cxema enekTpuyHOTo Kojia

KommiiekcHoro mepeaaBajibHOKW  (PYHKIi€E0 KoJga  (KOMILIEKCHHUM
Koe(iieHTOM mepeaayi) HA3MBAETHCH BIIHOLMIEHHS KOMILICKCHUX aMILIITY/X
CTPYMY i HANIPyru, W0 AiOTh HA Pi3HUX Mapax 3aTUCKAYiB.

3aJie’kHO BiJ] BUAY BIUTUBY, PO3PI3HSIOTH:

KOMILICKCHI nepeaaBaJibHi QyHKIIII 10 HANIPY3i:

U,
KU(Ja)):U :

KOMILJIEKCHI nepeaaBajibHi (PyHKUII 110 TOKY:

ml

o
K, (Jo) = I.mz :

ml

YacTOTHUMH XapaKTePUCTUKAMHU €JEKTPHUYHOIO KOJAa HA3MBAKThCH
32JIEKHOCTI KOMIIOHEHTIB (MOIyJsi i apryMeHTy) KOMIUIEKCHUX (PyHKUii Bix
YaCTOTH.

Komniiexkcni mnepenaBaibhi QyHKUIII KoJa MpeaCTaBISIOTh BiIHOCUHU
KOMILJIEKCHUX aMIUTITY/ (JIF0YMX 3HAYEHb) CTPYMIB 1 HAMPYT, 10 JIIOTh HA BXOI 1
BUXOJIl KOJIA TMPU CHUHYCOINAJILHOMY BIUIUBI. SIK 1 Oyab-sKi KOMIUIEKCHI 4YuCia, IIi
¢GyHKLII MOXHa BHUpa3UTH B MOKa30BiM 1 ainreOpaiuHiid (opmi yepe3 MOAYJb 1
apryMeHT abo 4epe3 peUuoBy i YABHY YaCTHHHU:
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oy X, X X oo o
K(ja))z > 2 _ . jejl/fz _ > 2 ivevn) _ K(a))e”’( ) 2)

ml ml

K (@) = mod K (jo) = = 22 = R@T +[x (@)

ml

o(o) =argK (jw) =y, -y, = arcig (())

YacTroTHAa 3aJI€KHICTH BIIHOWICHHA AMILUITYAU (Ail040ro 3HAYECHHS)
rapMOHINHOI peakuil KoJia 10 aMILUIITYaIu (Ail040MYy 3HAYEHHIO) TAPMOHIHHOIO
BIUIMBY OTPMMAJIA HA3BY AaMILIITYAHO-4AaCTOTHOI XapakTepucTuKu (AUYX) koJia.

A00, IHIIMMH CJIOBaMH, 3ajiexkHicTh Moayiasi K(w) kommjiekcHoi
nepeaaBajbHOl (QYyHKHII KOJAa Bil YacTOTH HA3UBAETHCA 1 AMILIITYIHO-
YaCTOTHOK XapaKTEePUCTHKOK).

YacrorHa 3ajiexHicTh Ppi3HMUOi (a3 rapmoHiiHOI peakuii KkoJja i

FapMOHIHOI0 BIUIMBY HA3UBAETHCH (PA30YACTOTHOI0 XAPAKTEPUCTHKOIO KOJIa
(PXY).

[Hakie kaxxyuu, 3aJIeXKHICTh AaPryYMEHTY @() KOMILUIEKCHOI NepeaaBajibHOl
(yHKuiI KoJIa Bil 4aCTOTH HA3UBAETHCA 11 (A309ACTOTHOIO XaPAKTEPUCTHKOIO.

[ToBepHemocs no BupaxeHus (1):

.eblxejwt — X
KUe) =S =5

6X

3a JOMOMOTOI KOMIUIEKCHOI (DYHKIIT €JEeKTPUYHOTO KOJjia JIETKO 3HANTH
peaxiito Koia sik J00yTOK

X . =K(Jo)X
S0 cKOpUCTaTHCS KOMIUIEKCHOIO TMepeIaBaIbHOI0 (DYHKITIEIO TIO HATIPY3i:
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U,
Ku(Ja)): Uml ; (3)

MOJKHa 3aIlucaTH, 110

U.m2 - K(Ja))uml

OTxe, KOMIUIEKCHA aMIUTITyJla peakilii Kojia JOPIBHIOE T00YTKY KOMILIEKCHOI
nepeaaBatbHOI (DYHKINIT HA KOMIUIEKCHY aMILTITYly BILTUBY.

[TokazoBa ¢opMa 3amucy IUX BETUYHH A€ MOXJIMBICTH 3POOWTH BHCHOBOK
Ipo Te, IO aMIUTITyJa peaKilii JOPiBHIOE TOOYTKY 3HAY€Hb aMIUTITYHO-YaCTOTHOT
XapaKTePUCTUKHU KOJia 1 aMIUTITYI BIUTUBY, TOOTO:

X = K(w) X

M BUX

Um2 = K(a))uml

mex UYH

VY cBoto uepry, mouarkoBa (haza peakiili Koja JOPiBHIOE CyMi 3HauY€Hb (Pa3o-
9JaCTOTHOI XapaKTEPHUCTHUKH KOJIa IOYATKOBOI (ha3u BILUIUBY, TOOTO:

Weux — W@x + qﬂ(a)) (4)

[IpupoaHO, 110 CIIBBIJHOIIEHHS TIOBHHHI OOYHCIIOBATUCS TIPH YacTOTI
MIPUKJIAJICHOTO BILJIUBY.

[IponyCKHOIO 3MaTHICTIO HA3WBAETHCSA Jllalla30H YacTOT, B MeEXkaxX SKOTro
3HAQYCHHS aMILTITYTHO-9aCTOTHOI XapaKTEPUCTUKH 3MEHIITYETHCS B J2 pasis.

Cxema J0CHIKYBAHOTO B JaH1 poOOTI €IEKTPUIHOTO KOJIa MAa€ TAKUW BUTJIS]T
(puc. K2):

Puc. K2. Cxema ociipKyBaHOTO €IEKTPUYHOTO KOJTa

CkopucTaeMOCsi KOMIUIEKCHOIO IepeiaBaibHO0 (QYHKIII€E0 110 Hanpy3i ( 3):
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. U, ol ole'? J(f—arctg“’—L)
Ky (jo) === = ) 2=

Uy (F+JwL) melamgf \/r +(a)L

— KU (a))e jp(@)

3BiIlCI/I BUpPA3 IJIA aMHJIiTy,ZIHO-‘{aCTOTHOI XAPAKTCPHUCTHUKHU MA€ BUTJIAI

Ky (@) = ok

Jr+(al)?

MakcuMaibHe 3HaYeHHS Ku (w) =1 npu

O—>0

3a aMHHiTy,Z[HO-"IaCTOTHOIO XapaKTCPHUCTHUKOIO BHU3HA4YA€THCA cMyra
MMPOITYCKaHHs CIICKTPUYHOI'O KOJIA. CMyra IMPOITYCKaHHA - I[ial'la?)OH qaCTOT, B MCXKax
SAKOIo MaKCHUMAJbHE 3HAa4YCHHA aMHHiTYI[HO-‘IaCTOTHOi XApaKTCPHUCTUKHU

3MEHITYEThCS B +/2 pas.

I'pannyHa yacToTa CMYId MPOITYCKAaHHS BU3HAYAETHCS 3 BUPA3y

o, L 1 1
Ku(a)e)_ P = =
(o, Ty J2
ep
3B1ICH
r r
— -1 0 =
w, L L
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2. BukoHaHHs po0OTH.

Electronics Workbench - enexkrponna jaboparopis Ha komm'iotepi. Cucrema
cxemoTexHiyHoro MmojemoBanHs — Electronics Workbench npusnauena  mis
MOJIETFOBAHHSA Ta aHajizy CICKTPUIHHUX CXEM.

[Tpu BukoHaHHI JabopaTopHOi poOOTH A (GOPMYBaHHS CXEMHU IOCIIIKEHb
HeoOximHl: mkepeno 3MiaHOI Hampyru AC Votage Source, pesucrop, KOTyIIKa
1HAYKTUBHOCTI, 3a3€MJICHHSI, @ TAKOXK 3'€THYBaJIbH1 €JIEMEHTH.

2.1. ExkcnepuMeHTajibHe  BH3HAYeHHSI  AMILIITYJIHO-4ACTOTHOI i
(}a3049aCTOTHOI XaPaKTEPUCTHK KOJIA

2.1.1. 3anycrith Electronics Workbench.

2.1.2. TlepeneciTh HEOOXIJIHI €JIEMEHTH 3 3aJlaHO1 CXeMU Ha poOody 001acTh
Electronics Workbench. Ilpuxnan BukoHanHs cxemu mnokazaHuit Ha puc.K3. [lns
I[LOT0 HEOOXITHO BUOpATH PO3MIIM Ha TaHei IHCTpyMeHTIB (Sources, Basic), B sikux
3HAXOAATHCSA MOTPIOHI BaM €JIEMEHTH, IMOTIM TEPEHEeCTH iX Ha pobouy 00JsacTh
(KIamHyTH MULIEIO0 HAa MOTPIOHOMY €JIEMEHTI 1, HE BIAMYCKAalOYu KHOMKH, IEPEHECTU
B moTpiOHe Micme cxemu). I[lepenecite mxepeno 3minHoi Hampyrm AC Votage
Source, pe3ucTop, KOTYIIKY 1HAYKTUBHOCTI, 3a3€MJICHHS.

2.1.3. 3'emnaiiTe KOHTaKTH E€JEMEHTIB 1 pO3TAlIyHTe €IeMEHTH B PoOOoUiit
o0J1acTi U1 oaepKaHHA HeoOXigHOol BaM cxeMHu. JIjis1 3'€fTHAHHA IBOX KOHTAKTIB
HEeOOXiTHO KJIAIHYTH MO OJHOMY 3 KOHTAKTIB OCHOBHOK KHOINKOK MMUIII i, He
BIJIMMYCKAIOYH KJIABIITY, JOBECTH KypCOp JI0 IPYroro KOHTAKTY.

Puc. K3. [Ipukiaa BUKOHAHHS CXEMH
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2.1.4. BcraHOBITh IapaMeTpH JuKepena 3MiHHOT Hanpyru V1 Tak, ik moka3aHo
Ha puc. K4.

AL Yoltage Source Properties ed |

Label “alue IFauIt I Displa_l,ll Analysis Setupl

Yalkage [V: I‘I I v L—:|
Frequency: IEEI IE
Phaze: IIZI Deg

altage taolerance: ||3|.;.|;.a| 4 [+ Uze global talerance

k. I OTrEHA

Puc. K4. [Tapametpu mxepena 3MiHHOT HApyTu

2.1.5. Tlapametrpu enementiB R1, L1 BCcTaHOBITH BIAMOBIAHO O HOMEPOM
BapianTa (tabiu. K1):

Tabruysa K1

Homep |1, 2, |3, |4, |5 |6, |7, |8, |9, |10,/11,|12, 13, | 14,|15,
Bapiauta 116 |17 |18 |19 |20 |21 |22 |23 |24 |25 |26 |27 |28 |29 |30

RxOm |1 |2 |3 |4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14 |15

L, m/w |15 14 |13 |12 |11 |10 |9 |8 |7 |6 |5 |4 |3 |2 |1

2.1.6. ExcnepyMeHTaJIbHO BH3HAYTE aMIUIITYIHO-4acTOTHY 1 (pa304acToTHy
XapaKTepuCTUKU Koja. Croci0 TOCHIIKEHHS TOoJIIra€ y BUKOHAHHI OOYMCIICHB 3a
nornoMorow mnporpamu, BOymoBanoi B EWB. [Ins BukopucTaHHs wLi€i mporpamu
HEOOXI1THO MO3HAYNTH MICIS 3'€JHAHHS eaeMeHTiB kona. s mporo B menro Circuit
BuOpatn Schematic options, i y Bikui, Show / Hide sxmrountn ommii Show
Reference ID i Show nodes. Cxema HaOyne Burisay (puc. K5):
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Puc. K5. Cxema enekTpuyHOTO KOIa

2.1.7. OTtpumaiiTe aMIUTITYAHO-9aCTOTHY 1 ()a304acTOTHY XapaKTepUCTUKU
KoJIa.
Bubepits menro Analysis i B Hbomy omirirto AC Frequency. V BikHi (puc. K6)

AC Frequency Analysis

%]
Analyzis
Start frequency [FSTART) |'I |H2 |% p—
End frequency [FSTOR] |‘IEI |MH2 I%
Sweep type Im %
Murnber af paintz 1000
Yertical scale Lingar =
Modes in circuit Modes far analyziz

1 MHaone
Add -»
Wi ghbranch

Puc. K6. Bikno AC Frequency Analysis

mig 3arojoBkom Nodes in Circuit BuaimiTh HOMEpP TOYKH, IO TMO3HAYAE BHUXIJ
enekrpuyHoro koina. [Torim 3a momomororo kHomku Add BcTaHOBITH 1el HOMED Y
BikHi Nodes for Analysis.

BcTaHoBIThH Jiana30HM BUKOHYBAHHUX BUMIPIOBAHb Tak, AK TOKa3aHO Ha
puc. K6.

HarucHite kHOMKy Simulate i Bu orpumaere BikHO 3 rpadikamu AUX
(puc. K7, Bepxniii rpadik) 1 ®UX (HuwkHIN rpadik).
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-~ Analysis Graphs

s E B R E R
AC Analysis |
1 4
g 500m
w BO0m
EJ 400m -
L=
b= 200m
D T T 1
1000m 100 10K 1000K
Frequency (Hz)
20
e
[=11]
= 60 4
o
L
® 30 -
o
iy
i} T T 1
1000m 100 10K 1000K
Frecquency (Hz)
P

Puc. K7. Tpadixu AUX i ®UX

2.1.8. PerenpHO 3amanioiiTe oTpuMaHi rpadiky, 3aMIHUBIIA Ha TEPIIOMY IO
BEPTUKAJIbHIM OCI 3HAYEHHS Hampyr Oe3pO3MIPHOI0 BEIUYMHOI0, OTPHUMAHOIO
[UIIXOM JUJIEHHSA BKa3aHUX 3HaueHb Ha 1000mV.

2.2. Hocaimxennst AMILIITY/THO-4ACTOTHOI i (pazouacTroTHOI
XapaKkTePUCTHK K0J1a

2.2.1. 3a OTpMMaHOIO aMILIITYJJHO-4YaCTOTHOIO XapaKTEPUCTHUKOI BH3HAUYTE
rpaHUYHY YacTOTy CMYTH MPOIyCKaHHS Kouia, Juis 4oro y BikHi Analysis Graphs
HaTHCHITHL KHOMKY Toggle Cursors (puc. K8). IloBinbHO mepemilryiiTe MpaBHid
KypCop Y3I0BXK YepBOHOI JiiHii rpadika 0 THX Iip, MOKH 3HAYCHHs Y2 B TaOJIHUII He
crage piBHUM npubmm3Ho 707 m. Benuunna X2 Bianosizae 3HAUYEHHIO TPAHUYHOL
YaCTOTH CMYTH IPOITyCKaHHS KOJIa.

3anuiiTh pe3ynbTar B 3BIT.

2.2.2. Po3paxyiiTe 3HaUEHHSI TPAHUYHOI YaCTOTH CMYTH IPOITYCKaHHS KOJja 3a

dbopmyrnowo (nuB. 3aranbHi Bigomocti). llopiBHsiiTe pe3ynabTaT BUMIPIOBAHHS 1
PO3paxyHKy. 3poOiTh BUCHOBOK.
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- Analysis Graphs

,, oy
ORISR &|%(e wlkSfE - ||
AC Analysis |
R1 i
gk Ohm .|
o g E00m
w  600m
W1 L1 Eﬂ 400m
1460 Hz/0 Deg 1 mH P S z0mm
o 0 T 1 1
1000w 100 10K 1000K
Frequency (Hz)
— ag
= —
=11}
e |
A
- &
x1 100.0000 _g 30
w1 B25.3154 Py
2 10.5159E o T T 1
e 65,927 7m 1000m i0o 10K 1000K
1 10.4159E]
dy 5. 20994m Frequency (Hz)
1/dx 96,0067
z
1/dy 15.3141 &
min X 1.0000
T 1.0000M4
min v B.25832
TaxK v 957.5705m

Puc. K8. BusznaueHHs rpaHUYHOI YaCTOTH CMYTH IIPOITYCKaHHS KOJia

2.2.3. JlocmiauTy BIUIMB BEIWYMHM 1HAYKTHBHOCTI Ha AUYX Koma, Iy 49oro
30UTbIITE 3HAYEHHS 1HAYKTHBHOCTI B 2 pa3u. 3po0iTh BHUCHOBOK 3a PE3YJIbTATOM
JIOCIIKEHHS.

2.2.4. JlocmauTH BIUIUB BeIMYMHHM oropy Ha AUX Koa, AJIsl 40T0 3MEHBIIITh
3HAYEHHS OMopy B 2 pa3u. 3p0o0iTh BUCHOBOK 3a PE3yJIbTAaTOM JIOCIIIKEHHS.

3. /laiiTe BiANOBiAb HA MUTAHHS:

3.1. [Ilo Ha3uBaeThes (pa3zov4acTOTHOIO XapakTepucTukor (AUX) xoma?

3.2. Sk 3a JMOMOMOroI0 KOMIUIEKCHOI (YHKIIT €IeKTPUYHOTO KOoJjia 3HAWTH
peaxiio Koja Ha TapMOHIMHUI BIUIUB?

3.3. YoMy nopiBHIOE aMILTITYIa peaKilii koia?

4. 3micr 3BiTY

1. Ha3Ba Ta meTa po6oTH.

2. Cxema JIOCIiIKEHb.

3. Pe3ynbraTty BUKOHAHHS 3aBAaHHS Ha jJabopaTopHy poOOTy 3 rpadikamu Ta
BHCHOBKaMHU.

4. BiamoBial Ha TATAHHS.
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JIABOPATOPHA POBOTA «JI»

JlocaigsKeHHs YACTOTHUX XaAPAKTEPUCTHUK MOCJIiIOBHOTO
KOJIMBAJBHOI0 KOHTYPY

Meta pobdoTn

B nabGopartopHiii poOOTI CTaBUTHCS 3a METY BHUBUYEHHS BIUIMBY IapaMeTpiB
CJIEKTPUYHMX K11 Ha (POPMY IX YACTOTHUX XapaKTEPUCTHK.

3micT podoTHn

1. 3araabHi BIIOMOCTI.

2. Bukonanus poOOTH.

2.1. ExciepuMeHTanbpHEe BU3HAYEHHS aMILTITYJHO-4aCTOTHOI 1 (pazodacToTHOI
XapaKTePUCTHK KOJIa.

2.2. JlochipKeHHS aMIUTITy/IHO-4acTOTHOT 1 (Pa304acTOTHOI XapaKTEpUCTHK
KoJIa.

3. Biamosiji Ha MUTaHHS.

4. CxyagaHHs 3BITY PO BUKOHAHY pOOOTY.

1. 3araabHi BizomocTi
1.1. YMOBH i 03HAKH pPe30HAHCY HANPYT
[TocniIOBHUM KOJMBAJIBHUM KOHTYPOM HA3HMBAIOTh KOJIO, IO CKJIAJIAE€THCA 3

MOCi0BHOTO 3'eqHaHHs 1HAYKTUBHOCTI L 1 emuocti C (puc. JI1). Omip r BpaxoBye
BTpaTH B €JIEMEHTaX KOHTYpY.

i(7)

r

O—1_

Ugx(t) —|—

O_/_\/_\/_\_

Puc. JI1. Cxema nociJOBHOTO KOJUBAJIBHOT'O KOHTYPY

Kono Ha3uBaeTbcsi KONMMBAJIBHUM KOHTYpPOM TOMY, IO MPOLEC PO3PALY
€MHOCTI Yepe3 1HAYKTUBHICTh HOCUTh KOJMBAJIbHUMN XapaKTep.
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Komrmnekchuii onip kosa

. 1
m(r+Ja)L_J ) 1 _
me — : =r+ joL— j— =r+ jx = ze'?,
wC

Y mochmigoBHOMY KOHTYpI MOXKIIMBE SIBHIEC €JEKTPHUYHOTO PEe30HAHCY.
Pe3oHaHCOM HA3MBAETHCS Pi3Ke 3POCTAHHS AMILTITYAH BUMYIIEHMX KOJMBAHb
NpU HAOJMIKEHHI YaCTOTH 30BHIIIHHOI0 TAPMOHINHOIO BIVIMBY [0 YaCTOTH
BJIACHHUX KOJIMBAHb KOHTYPY. PiBHICTB X| - Xc € YMOBOI0O BUHUKHEHHSI PE30HAHCY
B NOCJIIOBHOMY KOJIMBAJIbLHOMY KOHTYPI.

Ilepmia o3HaKa pe30HAHCY B MOCJHIIOBHOMY KOJHUBAJIbHOMY KOHTYPI.
AMIUTITY1a CTPyMY B KOJII IIPU PE30HAHCI NpuiiMae MakcuMaibHe 3HaueHHs 1,,=U,/r.

B iHmmMX BUmagKax aMILIiTyaa cTpyMmy aopiBaioe L, =U, /N r? + x* .

JIpyra o3HaKa pe3OHAHCY HANPYI B MOCIiJIOBHOMY KOJIMBAJILHOMY KOHTYPI.
Hampyry Ha peakTMBHUX €JEMEHTax IIPH pPE3OHAHCI piBHI MO aMIUNTymi i
IPOTHJIEXKHI 110 (as3i.

UmL — jX'—PIm;Um __JXCp m

1.2. TlepBuHHI i BTOpUHHI mapaMeTpH NMOCJIiI0BHOI0 KOJIMBAJIbHOIO
KOHTYPY

[TepBuHHMMH apamMeTpaMu MOCII0BHOTO KOJMBAJIBLHOTO KOHTYPY € BEIMUMHA
IHAYKTUBHOCTI L, BenmnunHa eMHoCT! C 1 BETMYMHA aKTUBHOTO ONopy I
Po3zrisinemMo, K1 mapamMeTpu BiTHOCATHCS 10 BTOPUHHUX.
Ile pe3oHaHCHA YacTOTa KOHTYpY ab0 4acTOTa BJIACHUX KOJMBaHb, IKa BU3HAYAETHCS
. a) J— 1
TUIBKY MMapaMeTpamMu KoHTypy: %o JLC

L

Bennuuna E = P HasuaeThcs XBHJIBOBHM 260 XapaKTepUCTHYHUM

OIIOPOM KOHTYDY.

Pe3oHaHCHI BIACTUBOCTI KOHTYPY XapaKTEpU3YIOTHCS JTOOPOTHICTIO KOHTYPY.
JIOOpOTHICTIO KOHTYPY Ha3MBAKTh BiJHOLICHHSI HANPYIM Ha PEaKTUBHOMY
ejieMeHTi (IHAYKTHBHOCTI 200 €MHOCTI) IPH Pe30HAHCI A0 HANIPYIHW, IO i€ HA
BXO0/Ii KOHTYPY,
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a00 BiTHOLICHHSI XBWJILOBOI'0 ONOPY KOHTYPY 10 aKTHBHOIO OIOPY.

UmLp Umcp _ C()OL 1 B

U U r @rC r

mex mex

BeJIl/I‘IHHa, 3BOPOTHA HOﬁpOTHOCTi, HOCUTH Ha3BYy 3araCaHHsl KOHTYpPY

1 r

d=—=—.
Q p

1.3. KomniekcHi pyHKIII Ta YACTOTHI XapaKTePUCTUKH

Jlnst aHamizy 1 ONUCY YacTOTHO-BUOOPYUX BIIACTUBOCTEH KOJIMBAJIBHHUX
KOHTYpIB BHUKOPUCTOBYIOTh KOMIUIEKCHI BXIJIHI Ta TMepeAaBaibHl (QyHKIII].
Ha#iGinpmmii iHTEpec Nnpu BHUBYEHHI MOCIITOBHUX KOHTYPIB SIBJISE KOMIUJIEKCHA

nepeaaBaibHa QYHKIIIA 110 HANPY3i KU (Ja)) :

KommiiekcHoro mepeaaBaibHOKW  (PYHKIi€E0 KojJda  (KOMILIEKCHHUM
Koe(iieHTOM mepeaayi) HA3MBAETHCH BIIHOLIEHHS KOMILICKCHUX aMILIITY/
CTPYMY i HANIPYI'W, 10 AIOTh HA PI3HUX MAapax 3aTHCKAYIB.

Kowmrmnekcna nepenaBanbHa (GyHKIIIS MO HAMPY3i:

1 UmBLIX
Ky (Jo) RV

m Bx
YacToTHUMHM  XapaKTepUCTUKAMU  KOHTYPY  HA3WBAIOTHCA  3aJIEKHOCTI
KOMITOHEHTIB (Moaynsi 1 aprymenty, BUX 1 MUX) komruiekcHuX GYHKIINA Bin
YaCTOTH.
Pe3oHaHCHMMHM XapaKTePUCTHUKAMHM HA3MBAKOTh 3aJI€KHICTH AMILIITYIH
CTPYMY B KOHTYPI a00 HaAnpyr Ha Moro eJieMeHTax BiJ 4aCTOTH.

HanamryBajbHUMM XapaKTEPUCTUKAMM KOHTYPY Ha3UBAIOTh 3AJIEKHICTh
aMILTITYIU CTPYMY B KOHTYPI BiJl 3HAYEeHHS HOT0 €EMHOCTI 200 iIHIYKTHBHOCTI.

1.4. KommiekcHa nepenaBajibHa PyHKIIA M0 HANPY3i

KommuiekcHi nepenaBaibHi (YHKIIT M0 HApy31 MOCTIAOBHOTO KOJMBAJIBHOTO
KOHTYPY PO3PI3HAIOThH B 3aJI€KHOCTI Bl TOTO, HAIIPyra Ha SKOMY 3 HOTO €JIEMEHTIB €
BUXiHOMW (puc. JI2).
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Puc. JI2. Cxemu 1OCTiIOBHOTO KOJTMBAJILHOTO KOHTYPY

[lepenaBanbHa QyHKIIA 10 HAPY31 HA AKTUBHOMY OIOP1

KUr(jC‘)):U-mr = r.lm =rY(jo) = Y{jo) = 1 g larctgs

Um Um Y(Ja)o) \/1-1-52

[{poMy BiAMOBIAAE€ aMILTITYIHO-4aCTOTHA 1 ()a30-4aCTOTHA XapPaKTEPUCTHKU:

1
U 1+ 52 ) @r (CO) arCtgf .
[lepenaBanbHa GyHKINIS 110 HAIPY31 HA EMHOCTI
Koo (G =me = L dn 1y,
o U, joCU_ jaC
1 1 —jarctgé __ 1 C()O 1 e—arctg§ —

JarC 1+ &2 Jo,fC @ 14 £2
Q C()O ejarctg(—;r/2—arctg§)

J1+&E2 @

[it BiZMOBINAIOTH YACTOTHI XapaKTEPUCTUKH:
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Puc. JI3. KommnekcHi nepenaBanbHi QyHKIIT 10 Hanpy3i

YucenbHO mnepenaBanbHl (yHKII, a00 Koe(dilleHTH Mepeaadl Mo Harpysi,
MOKa3yl0Th, y CKUIbKM pa3iB Hallpyra Ha BIAMOBIJHOMY €JIIEMEHTI OUIbIlIEe HampyrH,
IO Jil€ Ha BXOJl KOHTYpPY. 3 OTPUMaHHUX CIIBBIJIHOIIEHb, 30KpEMa, BUILIUBAE, 11O
IIpU PE30HAHCI HANPYTH HA PEAKTUBHUX elleMeHTax B (Q pa3iB NEPEBUILYIOTh BXITHY
HaIpyry, a Halpyra Ha akTUBHOMY €JIEMEHTI piBHA HoMy.

1.5. Cmyra nponyckaHHs NOCJiJ0BHOT0 KOJUBAJBLHOI0 KOHTYPY

CMyrow mnpomycKaHHsi MOCJIIOBHOTO0 KOJHMBAJBLHOT0 KOHTYPY HA3MBAECThCH
Aiana3oH 4YacToT MO0JM3y PEe30HAHCHOI, HA MeXKaX IKOT0 3HAYEHHS AMILTITY/IHO-

1

YACTOTHOI XAPAKTEPUCTHKH KOHTYPY 3HMKYETHCH N0 PiBHA 2 ~0,707 Bin

CBOI'o MAKCMMAQJIBHOI'O 3HAYCHHS.

CMmyra mnpomycKaHHS BKJIOYa€ B ce0€ YacTOTH BIJI HMXKHBOI TPAHUYHOI 10
BEpXHBOI rpannuHoi (puc. J14).
Pi3HHMIST TpaHWYHMX YacCTOT HA3WBAETHCS aOCONIOTHOIO  MPOIMYCKHOIO
3IaTHICTIO.
BigHommeHHs pi3HHUII TPAaHUYHHUX YaCTOT JI0 PE30HAHCHOI YaCTOTH HAa3WBAETHCS
BIJTHOCHOI IIPOMYCKHOIO 3/1aTHICTIO.
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07071

a1 4

Puc. JI4. AMmiTyAHO-4aCTOTHA XapaKTEPUCTHKA KOHTYPY

CMyra mpoIyCKaHHsS TOCIHIJIOBHOTO KOJIMBAJIBHOTO KOHTYPY BH3HAYAETHCS
1oro 1oOpoTHICTIO 1 06epHEeHO TpornopiiiiiHa . [1[06 3MIHUTH CMyTY MPOIMyCKaHHS,
HEO0OX1AHO 3MIHUTH TOOPOTHICTH KOHTYPY.

2. BukoHaHHs1 po0oTH

Electronics Workbench - eiekrponna nabopatopist Ha koM 'totepi. Cucrema
cxemoTexHiyHoro mojemtoBanHs  Electronics Workbench npusnauena st
MOJICIIFOBAHHS Ta aHANI3y €JIEKTPUYHUX CXEM.

[Ipn BUKOHaHHI JJaOOpaTOPHOI POOOTH At (POPMYBaHHS CXEMHU AOCIIIKEHb
HeoOXimHi: mkeperno 3minHOI Hanpyru AC Votage Source, BUMiproBad 4acTOTHUX
xapaktepuctuk Bode-Plotter, pesucrop, KoTymika iHIYKTHBHOCTI, KOHICHCATOP,
3a3eMJICHHS, @ TAKOX 3'€IHYBaJIbHI1 €JIEMEHTH.

2.1. ExcnepumeHTaibHe BU3HAYEHHA AMILIITYHO-4aCTOTHOI |
(a3049aCcTOTHOI XapaKTEePUCTUK KOJIA

2.1.1. 3anycrith Electronics Workbench.

2.1.2. Cxema NOCHIIKYBAaHOTO €JIEKTPUYHOTO KOJIA MA€ TaKWUW BUTJISA (pHC.
JI5):
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1

Puc. JI5. Cxema gociiaKyBaHOTO €JIEKTPUYHOTO KOJia

2.1.3. TlepeneciTh HEOOXiIHI €IEMEHTH 3 33JIaHOI CXeMH Ha poOody 001acTh
Electronics Workbench. Jlns uporo HeoOxigHO BHOpaTH pO3JUIM Ha MaHENI
iHCTpyMeHTIiB (Sources, Basic, Instruments), B skux 3HaXOAAThCS MOTPIOHI Bam
€JIEeMEHTH, IOTIM TMEepPeHecTH iX Ha pobody o0dacTh (KIAIHYyTH MHUILICIO Ha
MOTPIOHOMY €JIEMEHTI 1, HE BIJIMYCKAIOYM KHOIKH, IEPEHECTH €JIEMEHT y MOTpiOHE
Mmicue cxeMu). [lepeneciTs mxeperno 3minHoi Hanpyru AC Votage Source, pesuctop,
KOTYIIKY 1HJIYKTUBHOCTI, KOHJEeHcaTop, bomi-miiorTep (BUMIpIOBadY YacTOTHUX
XapaKTEPUCTHK), 3a3€MJICHHS.

2.1.4. 3'emnaiiTe KOHTaKTH E€JEMEHTIB 1 pO3TAlIyHTe €IeMEHTH B PoOOoUiit
o0J1acTi 7151 OAepKaHHS HEOOX1THOT BaM CXEMH.

2.1.5. Ha mxepeni 3mianoi nanpyru AC Votage Source mapamerpu He
3MIHIOIOThCSI.

2.1.6. IlapameTrpu eneMEHTIB KOJIa BCTAHOBITH BIATOBITHO 33 HOMEPOM
poGouoro wmicrs (tadu. JI1):

Tabauys JI1
Homep 1123|456 |7|8]|9]10(11|12|13 |14 |15
pobouoro
MICIIsT
r, Om 1
L, mlu 112 (3|4 |56 |7|8]|9]10(11|12|13 |14 |15
C pd 1511413121110 9 | 8| 7 |6 | 5] 4] 3 2 1

2.1.7. ExcrniepyumeHTanbHe BU3HAYECHHSA aMILTITYTHO-9aCTOTHOT 1
(dazouacToTHOi  XapakTepucTuku Koja. Cnocid  JOCHiKEHHS TOJiArae B
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BUKOPHCTAHHI CIIEHIATBHOTO BIPTyaJIbHOTO TPWIATy, SKHi HOCUTH Ha3By Bode-
Plotter (puc. JI6).

i“Bode Plotte x|
| [T Frase | | save
—haertical ————— Horzontal ———————
Lea| I Lea| HE
F| 100 = |F[1.7 = |GH= =
I| 8E-2 = |11 =1 |kHz =
z.45
=] B 1 000kH=
.................................................. 5 h G 5 on G

Puc. JI6. TIpunan Bode-Plotter
[Ipu3HaueHHs OpraHiB YIpaBIiHH.

Magnitude - BuMip amIUTITYJHO-4aCTOTHOI XapaKTEPUCTHUKU EICKTPHUIHOTO
KOJIa;

Phase - Bumip (a30-4acTOTHOI XapaKTEePUCTHKH E€ICKTPUIHOTO KOJIa.

Vertical - ycraHoBka Tumy wmacmTaly 1 Jiama3oHy BHMIPIOBaHb 10
BEPTUKAJIBHIN oci iHauKaTopa Bode-Plotter.

Kuomnkoro L0OQ BcTaHOBIIOETHCS JTorapudMidHui MaciiTad oci, KHomkoro Lin -
JTIHIAHUANA MaciTad ocl.

| (initial) - BikHO yCcTaHOBKH IMOYATKOBOTO 3HAYEHHS BEPTHUKAIBHOT OCI.
F (final) - BikHO yCTaHOBKH KiHIICBOI'O 3HAYCHHS BEPTHUKAJIBHOI OCI.

Horizontal - ycranoBka tumy wMacmral0y i Jiama3oHy BUMIPIOBaHb 10
rOpHU30HTaIBHIH Oci (0ci yacToT) inaukaropa Bode-Plotter.

JIBa HIDKHIX BIKHAa BIJOOpa)xaroTh KOOPJAWHATH TOYKH  IEPETUHY
XapaKTEPUCTUKU 1 BEPTUKAIIBHOT MITKH, KOTPY MOKHA TEPEMIIIIATH BIIPABO a00 BIIIBO
3a JIOTIOMOTOI0 KHOTIOK, TTO3HAYEHUX CTPLIKAMHU.

2.1.8. OTtpuMaHHS aMIUIITYJTHO-4aCTOTHOI 1 (Pa304acTOTHOI XapaKTepUCTUK
KOJIa.

Bcranosite pin pobGoru Bode-Plotter - BuMip aMIUITyIHO-4aCTOTHOT
XapaKTEPUCTHKH.

BcraHoBiTh MiHIWHMI MacITad mo ocsx.

BcTanoBiTh Mexki BUMIpIOBaHHS 10 BepTUKaibHIN oci Bia 0 g0 100.
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BcTanoBiTh Mk BUMIPIOBaHHS 110 TOPU3OHTAIBHIM oci Bif 1 't 1o 15 xI'm.
VBIMKHITB KUBJIEHHS CXEMHU.

3a OTIOMOTOI0 OpraHiB yMpaBliHHA Oofi-TuiOTTEpa JoOuiTecs, 100
300paX€HHSI YacCTOTHOI XapaKTEepUCTUKH 3aiiMano OuIbIlly YacTHHY €KpaHy,
npuOIN3HO K Ha puc. JI7.

+iBode Plotter

Puc. JI7. 300pakeHHs1 4aCTOTHOI XapaKTEPUCTUKHU

2.1.9. PerenpHO 3amanioiTe oTpuMaHuii rpadik 1 MMUIIITE KOOPAUHATHI OCI.

2.2. JlochipKeHHST aMIUTITyTHO-4acTOTHOI 1 ()a309acTOTHOI XapaKTePUCTHK
KOJIa.

2.2.1. 3a OTpUMAaHOI aMIUTITYJHO - YaCTOTHOIO XapaKTEPUCTUKOIO BH3HAUTE
PE30HAHCHY YaCTOTY 1 CMYTY IIPOITYCKAaHHS MOCIJOBHOTO KOJIUBAJIILHOTO KOHTYDY.

MeToanka BU3HAYEHHS PE30HAHCHOI YaCTOTH.

[ToBimbHO mepeMimaiiTe Kypcop Y3A0BXK Tpadika 70 TUX TMip, TOKH HE
JocsirHeTe 30iry 3 BepHIMHOI Tpadika (KoopauHaTa HE MpUME MaKCHUMAallbHE
3HavyeHHs1). YacToTa, 3a3HaueHa B JPYyroMy BiKHi, BIJIMOB1Ia€ 3HAYCHHIO PE30HAHCHOT
4aCTOTU KOHTYPY.

3anuiTh pe3yabTaT y 3BIT.

MeToauKa BU3BHAYEHHS HIUPHUHHA CMYI'H IIPONIYCKAHHA.

HeoOximHo BM3HAUMTH YaCTOTH, MPHU SKUX 3HAYCHHS XapAKTEPUCTHKU B V2
pa3iB MeEHIle MaKCMMaJIbHOTo. Take 3HAaueHHS XapaKTepUCTUKa MpUiMae ABIYl -
JIBOPYY 1 MpaBOpyY BijJ MakcUMaibHOTro 3HaueHHs. [IlupuHa cMyru npomycKaHHs
JOPIBHIOE PI3HUIII IIMX YACTOT.
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3anuIIiTe pe3yabTaT B 3BIT.

2.2.2. Pospaxyiite 10OpOTHICTh KOHTYpY. Po3paxyiiTe pe3oHaHCHY 4acTOTY 1
CMYTY TIPOITyCKaHHS, TTOPIBHANUTE 3 TAHUMHU, OTPUMAHUMH €KCTIEPHUMEHTATBHO.

2.2.3. JocniauTu BIUIMB BEJIMYMHU OMOpPY pe3uctopa Ha AUX kona, A 4oro
301bIITE HOro 3HA4YeHHS B 2 pa3u 1 orpumaere rpadik AUX. 3po0iTh BUCHOBOK 3a
PE3YNBTATOM JOCIIIKEHHS.

2.2.4. JlocmiauTy BIUIMB BEJIMYMHM 1HTYKTUBHOCTI Ha AUX Kkoisa, mis 4oro
301nbInTe 11 3HaYeHHs B 2 pa3u 1 otpumaere rpadik AYX. 3pobiTh BUCHOBOK 3a
PE3YNBTATOM JOCIIIKEHHS.

2.2.5. JlocmauTd BIUIMB BEIWYMHHM €MHOCTI Ha AYX Kkoma, IS 4oro
3MEHBIIITH ii 3HaUYeHHs B 2 pa3u 1 orpumaete rpapik AUX. 3poOiTh BUCHOBOK IO
pe3yabTaTy JOCHIKCHHS.

2.2.6. JlocmimkeHHs (a309acTOTHOI XapaKTEPUCTUKH KOJIa

Hartuchite kHomky Phase - BuMip ¢a30-4aCTOTHOI XapaKTEPUCTUKHU
enexkTpuyHoro koisia. Orpumaiite ®UX koja 1 3amanmoiiTe B 3BiT. JlaliTe MOsICHEHHS
OTPUMAHOI1 3aJIEKHOCTI.

3. JlaiiTe BiATIOBIIb HA TUTAHHS:

3.1. JlaitiTe BU3HAYEHHS MOCI1IOBHOTO KOJIMBAJIBLHOI'O KOHTYPY.
3.2. SIki BU 3Ha€Te MEPBUHHI 1 BTOPUHHI apaMeTpu KOHTYPY?
3.3. JlaiiTe BU3HAYEHHS PE30HAHCHOI YaCTOTH.

4. 3MicT 3BITY

1. Ha3Ba Ta meTa poOOTH.

2. CxemMa DOCIHIIKEHb.

3. Pe3ynbraty BUKOHAHHS 3aBIaHHS Ha JabOpaTopHy poOOoTy 3 rpadikamw,
pO3paxyHKaMH Ta BUCHOBKaMHU.

4. Biamnosial Ha TUTaHHS.
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JIABOPATOPHA POBOTA «M»

JOCJIi/I2KeHHSI YACTOTHUX XaPAKTEPUCTHK MAPAJIEJIbHOT0
KOJINBAJIBHOT0 KOHTYPY

Meta poboTn

B maGopatopHiii poOOTI CTaBUTHCS 3a METy BHUBUEHHS BIUIMBY IapameTpiB
CJIEKTPUYHMX KiJ1 Ha (POPMY 1X YaCTOTHUX XapaKTEPUCTHK.

3MmicT podoTun

1. 3aranbHi BiJIOMOCTI.

2. BukoHaHHs poOOTH.

2.1. ExcnepuMeHTanbHE BU3HAYEHHS aMILIITYIHO-4aCTOTHOI 1 (pa304acToTHOI
XapaKTEPUCTHK KOJIa.

2.2. JlocnmipKeHHsT aMIUTITYJTHO-4aCTOTHOI 1 ()a304acTOTHOI XapaKTEPUCTUK
KoJIa.

2.3. JlocmiipkeHHs PE30HAHCHUX XapaKTEPUCTHUK MapajeibHOrO0 KOHTYpPY IO
TOKY.

2.4. 3aBnaHHs.

3. Biamosiai Ha MUTaHHS.

4. CxyagaHHs 3BITY PO BUKOHAHY pOOOTY.

1. 3arajanHi BizoMocTi

1.1. BusHaueHHs Ta YMOBM PE30HAHCY B MapajelibHOMY KOJUBAJIbHOMY
KOHTYDY.

[TapanenbHUM  KOJMBaJbHUM  KOHTYPOM  HA3MBA€TbCA  KOJO,  SIKE
CKJIQZIAEThCS 3 MapajebHOTO 3'€IHAHHS T1JOK 3 1HAYKTHBHICTIO 1 TUIOK 3 €MHICTIO
(puc. M1). Brpatu B 1iux ruikax BpaxoBYIOThCS OTIOpaMHu I 1 Iy.

VY napanenbHOMY KOJMBAJIbHOMY KOHTYP1 MOXKE BUHUKATH PE30HAHC CTPYMiB,
TOOTO SIBULIE, MPU SKOMY CTPYMHU B PEAKTUBHMX €JIEMEHTAaX 3HAYHO MEPEBUIIYIOThH
CTPYM, CIIO)KMBAHHUI KOHTYPOM BiJI JDKepena.

Ile € HacmigkoMm TOro, 110 MPHU pe30HaHCI 3cyB da3 MK cTpymMaMu lmp 1 I B
napayieJibHUX TiIKax KOHTypy Onu3bkuit 1o 180 © (B i1eanbHOMY KOHTYpI1 3 I =F, =0
3pymieHHs (a3 gopiBHioe 180 °©). Tomy pesynbTyroumii ctpyM |, BHUSBISETHCS 3a
BEJIMYUHOIO JyKe Mayuid (puc. M2).

Pe3onaHnc cTpymiB HacTymae, KOJU PEaKTUBHI CKIIAJOBI IIUX CTPYMIB B3a€EMHO
KOMIIEHCYIOTbCS, a CTpyM |p,, CHoXKuBaHUN KOHTYpoM, 30iraerbcs 3a (a3or 3
YUHHOIO Ha KOHTYp1 Harnpyroto Uy, Onip mapanenbHOro KOHTYPY MPU PE30HAHCI CTa€E
aKTUBHUM.
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Puc. M1. Cxema mapanenbHOr0 KOJMBAJIBLHOTO Puc. M2. BektopHna giarpama

KOHTYpY

PeaktuBHi cknanoBi cTtpyMiB Iy 1 |y mpsiMo mpomnopiiiiHi peakTUBHHUM
OPOBIAHOCTSIM D ;0c Timok koHTypy. ToMy ymMOBOIO pe30HAHCY CTPyMiB B
NapajeIbHOMY KOJUBAJIBbHOMY KOHTYPI € PiBHICTH HYJII0 HOI0 KOMILIEKCHOI
PEaKTHUBHOI POBIIHOCTI:

bpe3 = Lpez + bCpe3 = O (1)
a00 piBHICTb MOIYJIIB PEAKTUBHUX NPOBIHOCTEH I'JIOK

b|_p = bCp

Tyt bpeg.preg,bcpeg- pPEaKTUBHI MPOBIAHOCTI KOHTypa 1 HOro obnacted mpu
pe3oHaHci (w=wy)).

Bupaxkatoun MOyl pEakTUBHUX MPOBITHOCTEM TUIOK 4Yepe3 iX pPeaKTHBHI
OTopH, 3 BUpaxeHH (1) oTpuMaeMo pe30HaHCHY YacTOTY NapajeabHOTO KOHTYPY

(2)

AHanizyroud OTpUMaHUM BHpa3, MPUXOJIMMO JO BUCHOBKY, IO PE30HAHC
CTPYMIB B apajieIbHOMY KOHTYP1 MOXJIUBUH, SIKILO

rir>p,auriir, <p
Pe3onancHa dactoTa mapanenbHOTO KOHTYPY B 3arajlbHOMY BHUIIAJIKY
BIJIPI3HAETHCS BiJ @o. OTHAK Y BUCOKOAOOPOTHHUX PAIIOTEXHIYHUX KOHTYpax
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JLC )

AHani3 OTpUMaHUX CIIBBIJIHOIIEHb 1 XapaKTepUCTHK IOKa3ye, IO MpHU
PE30HAHCI CTPYM, CIIOKUBAHUI KOHTYPOM, JTy>K€ MaJIHIA:

Imo = Um / R,, = Up, 1Q%r. (4)

CrpymMu B TruIKax @apajelbHOTO KOHTYpy Ipu pe3oHaHcli B Q pazsis
MIEPEBHIYIOTh CTPYM, CIIO’)KUBAaHUH KOHTYPOM BiJl JDKEpea:

Imko=Q|m0 (5)

Yum BuIllle JOOPOTHICTh, TUM OLNIbIlIe 3HAYECHHS CTPYMY, SIKHUM ITUPKYIIOE B
rJIKax KOHTYPY.

1.2. KommiekcHa nepeaaBajbHa (PyHKIlisl MapaieIbHOT0 KOJMBAJIbHOIO
KOHTYPY.

Ha npakTtuimi uisi onucy 4acTOTHO-BHOOPYMX BIIACTUBOCTEW MapajieilbHOTO
KOJIMBAJBHOTO KOHTYPY 3HaXOASATh 3aCTOCYBaHHS MOro XapakTEPUCTHKU 3
ypaxyBaHHSIM BHYTPIIIIHBOTO ONIOPY JKepena eHneprii R; (puc. M3).

D R L —C
Dk, w {In

Puc. M3. Cxema KOHTYpY

Pe3onanc cTpymiB HacTymae, KOJU PEaKTUBHI CKIIAJOBI IUX CTPYMIB B3aEMHO
KOMIIEHCYIOTbCS, a CTpyM |p,, CHoKuBaHUN KOHTYpoM, 30iraerbcs 3a (a3oro 3
YUHHOIO Ha KOHTYp1 Harnpyroto Up,. Onip napanenbHOro KOHTYpY MpU PE30HAHCI CTa€e
aKTUBHUM.
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st cxemu 3 mxepenom EPC mepenaBanpHa QyHKINS MO HAMpy3i Mae
HACTYITHUU BUTIISI;

K, (jw)=m = L 200
En En (6)
=Z,(jw)-Y(jw)
e
. | | 1
Y(jw)=—"T =~ m =
(J ) E Im(Ri—l_Za(ja))) Ri+Za(ja)) (7)

- BX1/IHa IPOBIAHICTH KOJA.
3HArOYM 3aJICKHICTD BiJl YaCTOTH KOMILIEKCHOTO BX1JIHOTO ONopy KOHTYpY ( 6)

) R
Za(Jw) =ﬁ

OIIAXOM Hi,Z[CTaHOBKI/I 1 IICPCTBOPCHL MOKHA OTPHUMATHU BHPA3U IJISI MOIAYJIA 1

apTyMEHTY KU (Ja)) Ix sanexmicts Bim wacrotn mae AUX i ®UX KoHTYpY.
[TincraBumo B (6) popmyy (7):

: Z,(jw) 1
K __ 5 _
v (o) Ri+z,(jo) 4, R
Za(ja))
Za(Jw) R, R,
Ky (jo) = —o0
Ry +Ri + ISR,

(8)

Jlami MokHa 3HAUTH K(a)) u go(a)) .
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Pe3oHaHCHI XapaKTePUCTHKH NMAPAJIeTbHOT0 KOJUBAJBLHOTO KOHTYPY.

Jlnis mapajnenbHOro KOJMBAJIBHOTO KOHTYPY PO3PI3HSAIOTH J[BA PEXKUMH HOTO
pobotu. Ilepmmii pexxuM mMae Miclie B TOMY BHIAJAKY, KOJU BUXITHOIO BEITUYHHOIO €
CTPYM, CIIOKUBAHUN B[ JDKepena. Y APYyromMy peKuMi B SIKOCTI BUXIAHOI BETHUYUHU
NpUAMAIOTh HAIIPYTY, IO Ji€ Ha KOHTYpPi. ToMy po3pi3HSIOTH /1Ba BUAM PE30OHAHCHHUX
XapaKTEPUCTHK: 1O CTPyMY 1 IO HaIpy3i.

Pe3oHaHCHA XapaKTePUCTHKA MAapajiejbHOr0 KOJMBAJIBLHOIO KOHTYPY IO
TOKY.

Pe30HaHCHY XapaKTEPUCTUKY 0 TOKY 3aMUIIEMO, BUXOISYH 3 BUPA3y
. E. : .
|, (Jo)= - —=E,Y(]o)
i T25 (jo)

[Ticnst mepeTBOpEHb

©)

2
1+ 5 e j(arctgé—arctgs,)

Iomn(ja)) — 1+§29

Monynbs 1bOro Bupasy SIBJII€ HOPMOBAaHY PE30HAHCHY XAPAKTEPUCTUKY
0 TOKY:

: 1+ &2 1+ &2
[ (@) = [ = =
1+&95 1+§2( i )2
R, + Ry,
R, R,
= _—_— = V—m =
Tyr o€ é:Ri +R,, Q R +R.,, R

CKBIBAJICHTHA y3arajibHeHa po3jady, a - EKBIBAJICHTHA JOOPOTHICTh KOHTYPY
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R.

Q3 - Q Ri N R90 (10)

ExBiBaseHTHa JOOPOTHICTh BPaXOBY€E BILUIMB BHYTPIIIHBOIO OMOPY JIKepena Ha
PE30HAHCHI BIIACTUBOCTI KOJIMBAJIHHOI CUCTEMHU.

3aJIe’KHICTh I mn (95 ) Mae Takui BUsLI (puc. M4):

I I I I
-8 -6 -4 -2 2 4 6 8 é:

Puc. M4. 3anexHICTb CTpyMY Bijl pacCTpOMKH
Pe3oHaHCHI KpUBI IO TOKY TUM TOCTpIllle, YAM MEHIIE BHYTPILIHIN omip
jkepena eneprii. [I0SCHIOETBCS 1€ TUM, IO NPH BEJIUKOMY | CTPYM BH3HAYa€ThCS

o . Z-. (1w
caMe€ OmopoM ' 1 Majgo 3aJeXKHUTh BlJI OMOPY KOHTYPY 9(J ), 3QJIMIIAI0YHCH
MaMXe HE3MIHHHM.

Pe3oHaHCHI XapaKTepPUCTHKH NMapPaJiebHOI0 KOJMBAJIBHOIO KOHTYpPY IO
HaMnpy3i.

Pe30HaHCHA XapaKTePUCTHKA 110 HANPY3i
R, 1
Ri+Ry J1+&2,
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a HOPMOBaHa Pe30HAHCHA XapaKTEPHCTHKA 10 Harpy3i (puc. M5)

Upl@) 1 _ 1
U,(@) 1+&% e R y (11)
R+ Ry
Yo ,

U @)

| | | | | | >

6 4 -2 2 4 5 &

Puc. M5. Pe3oHaHCHI XapaKTepUCTHKHU MapaielbHOr0 KOJUBAIBHOIO KOHTYPY MO HaIPy3i.

Ha BiaMiHy BiJ p€30HAHCHUX KPHUBHUX MO TOKY PE30HAHCHI KPHUBI MO Hampysi
MapajyieIbHOTO KOHTYPY TUM TOCTpillle, UM OLIbIlle BHYTPIlIHIN omip mkepena. Lle
MOSICHIOETBCSI  IIYHTYBAJIBHOIO  JI€I0  BHYTPIIIHBOIO  OMOPY HA  KOHTYD.

B wmisomMy 3 pe30HaHCHUX XapakTEPUCTHK CJiA, [0 MpPU HaJalITyBaHHI
napajgeibHOro KOJIMBAJIBHOTO KOHTYPY B PE30HAHC MOXHAa CYAMTH IO MIHIMyMY
CIOKMBAHOTO M CTPyMY 1 [10 MAKCUMYMY A1I04ii HA HOMY HaIpy3l.

Caizx 3ayBaKuTH, 1110 HANpyra Ha NapajieibHOMY KOHTYp1 3aBKI1 MEHILE €.p.C.
JoKepena curHainy. LluM BiH BIIPI3HAETHCA Bl MOCIIJOBHOTO KOHTYpPY, Ha BUXO/II
SAKOTO TpU PE30HAHCI [l€ Hampyra, [0 3HAYHO TMEPEBHIIYE e€.p.C. JDPKepena.
[lapanenbHuil KOJMBAJIbHUM KOHTYpP Ha BIIMIHY BiJ MOCTIJOBHOTO HE MOXE OyTH
BUKOPUCTAHUM SK MiJICUIIIOBAY KOJIUBAHb.

2. BuxkoHaHHs1 po0oTH

[Ipu BUKOHAHHI JTAOOpaTOPHOI POOOTH Mt (POPMYBaHHS CXEMU JOCIITHKCHBb
HeoOXxiaHi: mkepeno 3miHHOT Hanpyru AC Votage Source, BumiproBad 4acTOTHHUX
xapaktepuctuk Bode-Plotter, pesucrop, KOTymIKa 1HIYKTHBHOCTI, KOHICHCATODP,
3a3eMJICHHS, @ TAKOX 3'€IHYBaJIbHI €IEMEHTH.
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2.1. ExkcnepuMeHTajJibHe  BH3HAYEHHSI  AMILIITYIHO-4ACTOTHOI i
($pa3zouacToTHOI XapaKTEPUCTUK KOJIA

2.1.1. 3anycrits Electronics Workbench.

2.1.2. Cxema JOCHIIKYBaHOTO EJIEKTPUYHOTO KOJa Ma€ TaKui BUIIISII (puc.
MB6):

+
@1 20 ViB0 Hzi0 Deg ——1uF E1 mH

1 Ohm
I

Puc. M6. Cxema nocmiKyBaHOTO €JIEKTPUYHOTO KOJia

2.1.3. IlepeneciTh HEOOXiHI €JIEMEHTH 3 3a/IaHOI CXeMH Ha poOody 00JacTh
Electronics Workbench. ITepenecite mxepeno 3miaHoi Hanpyru AC Votage Source,
pe3uCTOp, KOTYIIKY I1HIYKTUBHOCTI, KOHJeHcartop, bomi-mmorrep (BuMiproBay
YaCTOTHUX XAPAKTEPUCTUK ), 3a3EMJIICHHS.

2.1.4. 3'eqnaliTe KOHTAKTH E€JIEMEHTIB 1 PO3TAIIyHTe €JIEMEHTH B POOOUiif
o0JacTi 715 oAepKaHHS HEOOX1THOT BaMU CXEMH.

2.1.5. Ha mxepem 3minHoi Hampyru AC Votage Source mapametpu He
3MIHIOIOTHCSI.

2.1.6. TlapameTrpu eneMeHTIB Kojia BCTAHOBITh BIAMOBIIHO 3a HOMEPOM
BapianTa (Tadma. M1):
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TabauysaM1

©

10, | 11, | 12, | 13, | 14, | 15,

Homep 1, 12,13, |4 |5 |6,|7,|8
23124 125126 (2728|2930

Bapiauta | 16 | 17 | 18 1 19 | 20 | 21 | 22

Ir, Om

Lwmlnw | 11234567 1011 1213|1415

0[O | =
©

C,p® [15|14|13]12]|11]10| 9 /716|514 13]2]|1

2.1.7. ExcniepumenTanbHe BU3HAYEHHS  aMIUIITyJHO-4aCTOTHOI 1
(ha304acTOTHOI XapakTepucTuk koja. Crocid JOCIIKEHHS MOJsAraE B BUKOPUCTaHHI
CICIIIAJIbHOTO  BIPTyallbHOI'O MpHIIaAy, SKHH HOcuTh Ha3By Bode-Plotter-
BHUMIPIOBa4 YaCTOTHUX XapaKTepPUCTHK (puc. M7).

‘:Bode Plotter x|

| [EEFEEEE  Fhaze | | Sawe

— wirtical

— Horizantal

Lea| I Lea| A
Fl 100 3 |FlL7 3 [GHz[S
I| sE-2 = |11 =1 |kH=z =
z.d45
e 7 O00kH=
""""""""""""""""""""""""" ® In = & Ot =

Puc. M7.BumiproBay yacToTHHX xapakTepucTHk - Bode-Plotter

2.1.8. OtpumaHHS aMIUTITyTHO-4aCTOTHOI 1 (Pa304acTOTHOI XapaKTEPUCTHUK
KOJIa 33 HaIlpyTror

BcranoBite pig podotn Bode-Plotter wa BuMip aMIuInTyIHO-4aCTOTHOT
XapaKTEPUCTHKH.

BcranoBiTh miHifHU#E (LiN) MaciTad mo ocsx.

BcTaHoBITH MEX1 BUMIPIOBaHHS MO BepTUKabHIM oct Bix 0 1o 100.
BcTanoBiTh MeX1 BUMIPIOBaHHS 1O TOPU3OHTANBHIM oci Bix 1 'y o 15 kI,
VBIMKHITB KUBJIEHHS CXEMH.

3a OTIOMOTOI0 OpraHiB yNpaBliHHA Oofi-TuioTTEepa JoOuiiTecs, 1100
300pakeHHSI YaCTOTHOI XapaKTEPUCTUKHU 3aiiMaio OLTBIITY YaCTHUHY €KpaHy.

2.1.9. 3amanroiiTe oTpuMaHuii rpadik 1 MATUIIITE KOOPAUHATHI OCI.
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2.2. JocaipxeHHst AMILIITY/THO-4aCTOTHOI i dazouacrorHoi
XapaKkTePUCTHK K0J1a

2.2.1. 3a oTpUMaHOIO aMIUIITyIHO-4aCTOTHOI XapaKTEPUCTUKU BH3HAUTE
PE30HAHCHY YaCTOTY 1 CMYTY IPOIyCKaHHSI MapajebHOTO KOJUBAIBHOTO KOHTYPY.

2.2.2. Po3paxyiite 1oOpOTHICTH KOHTYpY. Po3paxyiiTe pe3oHaHCHY 4acToTy 1
CMYTY MIPOITYCKaHHS, MOPIBHSANTE 3 JaHUMHU, OTPUMAHUMH €KCTIEPUMEHTAIBHO.

MeToz[mca BU3HAYCHHHA pCSOHaHCHOi 4aCTOTH.

[ToBinbHO mepeMimiaiiTe Kypcop y3AOBXK rpadika A0 THX Mip, TOKH HE
JocsiTHeTe 30iry 3 BepmmHOK Tpadika (KoopaWHATa HE NPHUIME MaKCHUMAaJIbHE
3Ha4eHHs). YacToTa, 3a3HaueHa B JPYromMy BiKHI, BIJIIIOBIIa€ 3HAYEHHIO PE30HAHCHO1
YaCTOTH KOHTYPY.

3anuuiTh pe3yJbTaT y 3BIT.

Metoanka BU3HAYEHHS IIUPUHUA CMYTH MPONMYCKAHHS.

Heo0xigHO BHM3HAYUTH YaCTOTH, MPHU SIKMX 3HAYEHHS XapaKTEPUCTUKU B V2
pasiB MEHIIEe MaKCUMaJIbHOTO. Take 3HAaueHHS XapaKTepUCTUKA MpUiiMae ABIYl -
JBOPYY 1 IpaBOpyd BiJ MakcUMalbHOTO 3HadeHHs. [llupunHa cMyru mporyckaHHS
JIOPIBHIOE PI3HULII IIMX YACTOT.

3anuuiTh pe3yJibTAT B 3BIT.

2.2.3. JlocmiauTu BIUTMB BEIWYMHU 1HAYKTUBHOCTI Ha AUX Koma, Iuisi 4oro
3MEHBIIITH 11 3HaueHHs B 2 pa3u 1 orpuMaere rpadixk AUX. 3pobiTh BUCHOBOK 3a
Pe3yJAbTaTOM JIOCTIKEHHS.

2.2.4. JlocniauTH BIUIMB BEIWYUHHA €MHOCTI Ha AUX KoJj1a, 1j1g 4oro 301UIbIIITE
il 3HaueHHs B 2 pa3u 1 orpuMaere rpadik AUX. 3po0iTh BUCHOBOK 3a pe3yiabTaTOM
JIOCIIIKEHHS.

2.2.5. JlocnmiaiTe BIUTUB BEMWYMHU Omopy pesucropa Ha AUX kona. 3pobiTh
BHCHOBOK 32 Pe3yJIbTaTOM JOCIiKEHHS.

2.2.6. OtpumanHs (Ha309aCTOTHOI XapaKTEPUCTHKHU KOJa

Hatuchite knHonky Phase - Bumip @a304acToTHOI XapaKTEpPUCTUKHU
enexkrpuyHoro koma. Orpumaiite ®UX koja 1 3amaimtoiiTe B 3BiT. JlaliTe mosiCHEHHS
OTPUMAHOI1 3aJIEKHOCTI.
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2.3. locTizkeHHS Pe30HAHCHUX XapPAKTEePUCTUK NapaJieJibHOT0 KOHTYPY
0 TOKY
2.3.1. CxnaaiTh eneKTpUYHE KOJIO 33 CXEMOI0, MOKa3aHoi Ha puc.M8.

1y ourl

1 Ohm

$
—

4
@1 20 VIGO0 Hzi0 Deg KT P

—
:

Puc. M8. Cxema elneKTpruyHOro Kojia

2.3.2. YBIMKHITh JKHUBJICHHSI CXEMH 1 JOOMHTECS 300pakeHHsI aMILTITYIHO-
YaCTOTHOI XapaKTePUCTUKH Ha eKpaHi 00/i-TuioTTepa. 3amatonTte rpadik y 3BiT.

2.3.3. 3a OTpPUMaHOIO0 aMIUTITY/IHO-4aCTOTHOK XapaKTEPUCTUKOIO BHU3HAYTE
PE30HAHCHY YaCTOTY 1 CMYTY IIPOITYCKAaHHS MapaieIbHOTO KOJIHBAIHHOTO KOHTYDY.

3. JlaliTe BIANOBIiAb HA MUTAHHS:

1. JlaiiTe BU3HaYEHHSI apajeabHOr0 KOJHUBAILHOIO KOHTYPY.

2. SIke gBUIlE HA3UBAIOTh PE30HAHCOM CTPYMIB?

3. SIkuii xapakTep HOCUTH OIIp MapajeIbHOr0 KOHTYPY IIPH pe30HaHCi?
4. YoMy npH pe30HaHC1 YaCTOTHA XapaKTEPUCTUKA [0 TOKY Ma€ MIHIMyM?
4. 3micT 3BiTY

1. Ha3Ba Ta meTa poOOTH.

2. CxemMa IOCIIIKEHb.

3. Pe3ynbraty BUKOHAHHS 3aBIaHHS Ha J1a0OpaTopHy poOOTy 3 rpadikamw,
pO3paxyHKaMH Ta BUCHOBKaMHU.

4. Biamnosial Ha TUTaHHS.
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JIABOPATOPHA POBOTA «H»

JocJixxeHHs nepexigHoro npouecy B rL-koJi

Merta poboru

B nabGopartopHiii poOOTI CTaBUTHCS 3a METY BHUBUEHHS BIUIMBY MapaMeTpiB
eJIEKTPUYHOI0 KOJIa Ha ITapaMeTpy MePeXiJHOro IPOLECy Y HbOMY.

3micT podoTH

1. [ToBTOpUTH OCHOBHI TEOPETUYHI MOJIOKECHHS.

2. Bukonatu po6ory.

2.1.Cxiactu PUHIUIIOBY €NEKTPUYHY CXEMY KOJIa.

2.2.BCTaHOBUTH MapaMeTPH €JIEMEHTIB CXEMU 1 IPUIIAJIIB.

2.3. ExkcmepuMeHTanbHO JOCHIIUTH TEpeXigHl MpOIecH B KOJi MEpIIoro
MOPSIZIKY.

2.4. BukoHnartu 3aBIaHHA.

3. BianoBicTy HA MUTaHHS.

4. Ckyacty 3BIT PO BUKOHAHY poOOTY.

1. OcHOBHI TeopeTUYHI MOJI0KECHHSA

[lepeximHi mporec B KoJiax MEPIIOTr0 TMOPSAKY 3 JDKEPENIOM MOCTIHHOI
HaIrpyrd MOXKYTh BHUHUKHYTH SIK TpU TIAKIIOUYEHHI JpDKepena 10 Koja, Tak 1 Mmpu
CTpHOKOIOAIOHOMY 3MIHEHHIO Horo cxemu abo mapameTrpiB Horo enemeHTiB. [lpu
IIbOMY MOXYTh MaTH MICIIE SIK HYJIbOBI1, TaK 1 HEHYJIbOBI TOYaTKOB1 YMOBH.

MeTonuky aHanizy nepexiiHuX MpoLECiB, 1110 BUHUKAIOTh Y HEPO3TadyKEHOMY
KOJI1 IEPILIOTO MOPSIIKY MPH MIJKIOYEHHI 0 HOTO JIKEpeIIa MOCTIMHOT HAapyTy Mpy
HYJIbOBHX IMOYATKOBUX YMOBAX, pO3TJITHEMO HA pukiaai koma rL (puc. H1).

S
De  w 3t1ls

Puc. H1. Cxema enexTpu4HOro KoJia
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Ha mincraBi gpyroro 3akony Kipxroda nias umporo koma micis KOMyTarii

MOJKHAa 3aIluCaTHu U L +Ur = E abo

Lﬂ:+ri: E
dt

3aranbpHe PpIMIEHHS LBOTO HEOAHOPIAHOTO pPIBHSAHHSA IIYKalOTh Yy BHUIIIAL
I =lcg t+ 1,0 .3 ornsay Ha; 110 BUMYIIIEHA CKJIaJ0Ba CTPYMY B PO3TJISTHYTOMY KOJII

_— _ . _ APt
i, = E/T  aBinena cknanosa BusHavaeThes Bupazom |, (t) = Ae™, OTPHUMAEMO
t

izAle_Z+E/r

ne Ty = L/T _nocriiina gacy xona.

[Mocrifiny inTerpyBaHHs A 3Haiigemo 3 modarkoBux ymoB 1(0) =0.
[TincraBuBmm 1e B hopmyny, npu t=0orpumaemo 0=A,+E/r, 3Binku A=+E/r. Tlpu
[IbOMY OCTaTOYHE PIIICHHS PIBHSIHHS Oy/1€ MaTH BUTJIS

t

i—Ea_e ™)
r

Harmpyra Ha omopi I' 3MIHIOETHCS 32 AaHAJIOTIYHUM 3aKOHOM

Kpusi 3minn 1, leg, l;p,U Tal mokasani Ha puc. H2. 3 1poro pucyHky
BUIHO, W0 cTpyM | Ta Hanpyra Uy y posrisHyToMy Komi 3pocTaioTh 3a
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€KCIIOHEHIIIaIbHUM 3aKOHOM BiJ HYyNbOBUX 3HaueHb npu t=0 mo i;p=Elru U,
=Fnput=c .Hampyra, oOyMoBieHa €. p. C. CaMOIHAYyKIi, B MOMEHT KOMYyTaIli
CTpUOKOM 3pOCTa€ BiJ HYJHOBOTO 3HAYEHHS JO BEJIWYMHHU, piBHOI E, a mOTiM
3MEHIITY€THCS 32 EKCIIOHEHITIAIBHUM 3aKOHOM JI0 HyJISI TTPpH T =o.

u, i

~£fr /

Puc. H2. I'padixki cTpymiB Ta Hanpyr

[IBMAKICTG 3MIHM PO3MVISIHYTUX CTPYMIB 1 Hampyr, a OTXKe, 1 TPHUBAIICTb
MepEeXiTHUX MPOIECIB 3AJIeKATh B1Jl MOCTIMHOI Yacy KoJia, sIKy B JAHOMY KOJII MOHa
BU3HAYHUTH SK MPOMDKOK 4acy, MICJsl 3aKIHYEHHS SKOTO Hampyra Ha 1HIYKTUBHOCTI

3MEHIIIYEThCS B € = 2,72 pa3iB BiJ] CBOTO MaKCHUMAJIbHOTO 3HAY€HHS. Te0peTUYHO

MOCTIIHY Yacy KoJia MOKHa po3paxyBatu 3a ¢popmynow T, = L/r.

2. ITopsaioK BUKOHAHHSA PO00OTH

Jnst hopMyBaHHS CXEMH JOCTIKEHb HEOOX1HI: JPKEpEesIo MOCTIHHOI HaIllPYTH,
KJII0Y, OCHIIIIOTpad, omip, IHAYKTUBHICTh, @ TAKOXK 3'€THYBaJIbHI €JIEMEHTH.

2.1. lopsaaok cKJIaJaHHS NPUHIMIIOBOI €JIEKTPUYHOI CXEeMH KO0JI1a

2.1.1. 3anycrith nporpamy Electronics Workbench.

2.1.2. 3amana s poboTu cxeMa BkazaHa Ha puc.H3.

147



31

T

Puc. H3. Cxema mociikeHb

2.1.3. IlepeneciTh HEOOXIIHI €JIEMEHTH 3 3a/IaHOI CXeMH Ha poOody o0JacTh
Electronics Workbench. Jlns mporo HeoOXimHO BUOpaTH pO3JLIM Ha MaHeNl
iHCcTpyMeHTIB (Sources, Basic, Instruments), B Skux 3HAXOAWTHCSA MOTPIOHUN BaM
€JIEMEHT, TOTIM IEepeHeCTH HOoro Ha pobody o0JacTh (KJIAHYTH MHUIICIO Ha
MOTPiIOHOMY €JIEMEHTI 1, HE BIAMYCKalOUM KHOIIKH, MEPEHECTH B MOTpiOHE MiIcCIe
CXEMHU).

2.1.4. 3’ennaiiTe KOHTAaKTH EJIEMEHTIB 1 PO3TAIIyWTe €NEeMEHTH B POOOUiit
obnacti JyIsi oJiepKaHHS HEOoOXigHOI BaM cxemu. [l 3’€IHaHHS JABOX KOHTAKTIB
HEOOXITHO KJIALIHYTH 10 OJHOMY 3 KOHTAKTIB JIBOK KHOMNKOK MHII 1, HE
BIJIMMYCKAO4YHM KHOTKY, TOBECTH KypcOp JO APYroro KOHTakTy. BcTraHoBMTH 4ac
BKJIIOYeHHSA KiI4a (Time on) piBaum 0,5 Mkc.

2.2. YcTaHOBKA NapaMeTpiB eJleMEHTIB cxeMHU i npujaais
2.2.1. YcraHoBKa mapaMeTpiB eJleMEeHTIB CXeMHU

[TapameTpu eneMeHTIB BCTAHOBITH BIJIOBITHO 32 HOMEPOM POOOUYOTO MiCIIs
(Tabm. H1):
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Tabnuysa HI

Ne
poboyor | 1 2 3 4 5 6 7 8 10 11 12 13 14
0 Mmicus

R1, 300

Ohm

R2, 10 15 20 25 30 35 40 50 60 80 100 | 200 | 300
Ohm

L1, mH |200 |180 | 160 | 140 [120 | 110 |100 |90 |80 [70 |60 |55 |50

V1l V 30 |10 |20 |40 |15 |25 |45 |35 |10 |30 |20 140 |15

2.2.2. YcraHOBKaA napaMeTpiB ociuiiorpaga

YcranoBku vacy - Time base

KoedirieHT BiAXWICHHS 110 TOPU3OHTAII nialip

X position (3mimeHHs 110 X) 0;
Pexxum po3ropTku YIT.
Trigger

3amycK po3ropTku Auto
Edge (Bubip GppoHTY CUTHAIY, 1110 3aITyCKAaE) JIOBLITBHO
Level (piBeHb) 0
Channel A

KoedimieHnT BigxmieHHs M0 BepTUKAIT miaoip

Y position (3mimieHHs 110 Y) 0,00
Pexum Bxoay DC(BiakpuTHii BXin)

ExcnepyMeHTa/IbHE BUSHAYCHHSA MEePeXiIHUX NMPOLECiB y KOJIi.

Komu cxema cTtBOopeHa 1 roroBa ;10 poOOTH, JJIS MOYATKY IMiTallii Mporecy
poOOTH HEOOXIAHO BKJIIOYMTH Ha KIJTbKAa CEKYH]l KHOIKY XHUBJICHHS Ha TaHeNl
iHCTpyMeHTIB. [lana nmist mpuBene B pobouunii ctad cxemy. [10TiM KHONKY BUMKHYTH.

OTtpumaiiTe ocruiaorpamy Hampyrd Ha iHAyKTUBHOCTI L. JIjis iboro moTpiOHO
BHBECTH BIKHO ociiuiorpada moaBiiHuM HaTUCKaHHSIM Ha koMroHeHTi Oscilloscope.

Bup posmmpenoi naneni ocuuiiorpada nokasanuii Ha puc. HS.

[Ipu Buxopucranni ocumiorpada B Electronics Workbench € mMoxnuBicTs
Meperyisily CUTHalIy TMpOTArOM YChbOro dacy imitamii. Jljis 1mporo MoxHa
cKopHcTaTUCs KHOMKO EXpand i ckopucTaThcs cMyraMu MPOKPYTKH 300paXKCHHS.
[1[06 mepeBecTr NaHe b Y HOPMAJIbHHI PEXKUM, BUKOPUCTOBYEThCs KHOMKa Reduce.

2.4. 3aBnanuga

2.4.1. 3a OTpUMaHOIO OCIHJIOTPAMOIO TEPEXiMHOTO Tporecy (3aMaltonTe B
3BIT) BU3HAuTe IMOCTIMHY yacy Kona. [ 1boro ckopucrailiTecss BEPTHKAIbHOIO
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BI3UPHOIO JIIHIMKOIO YEpPBOHOIO KOJBOPY, KA MOXE MepeMiliaThCS IO EKpaHy
ocuuiorpada IUITXoM MepecyBaHHS MUIIKOK YepBOHOTO TpUKyTHUKA. [Ipu mpomy
Ha JUCIUICAX TMiJ €KPaHOM I1HJWIIIOIOTECS PE3yJIbTaTH BHUMIPIOBAaHHSA HAMpyTH 1
TUMYACOBUX 1HTEPBAIB.

2.4.2. Po3paxyiiTe MOCTIMHY 4Yacy KoJja 1 MOpIBHANWTE OoTpuMaHl naHi. Skui
BHCHOBOK MOYHA 3pOOHTH B Pe3yIbTaTi MOPIBHIHHS?

2.4.3. locaiauTu BIUIMB MMapaMeTpiB Koja Ha MEPEXiAHHM mpoliec, IS 40ro
CIOYaTKy TMOJBOWTE 3Ha4YeHHs omopy R2, a motiMm, moBepHyBmm R2 mouaTkoBe
3Ha4YeHHs, 30UIbIITE B/ABIYI BEMWYHHY 1HAYKTUBHOCTI L1. 3amamioiiTe ocuumorpamu
MePEXiTHAX MPOIIECIB 1 3a PE3yIbTaTaMH JOCIIHKEHHS 3p00iTh BiIITOBIIHI BUCHOBKH
PO 3JICKHICTh Yacy MePeXiHOTO MPOIIeCy BiJ MapaMeTpiB KoJa.

Yipscilloscope |
7|
] ]
T B.BBEA = T2 14. 3684 ms=s T2-T1 14. 3684 ms=s
Wil 11.3537 u it 2.7584 mW - -11.9499 W
wB1 “WwHI “wHI-WB1
—Time base Trigger Channel & Channel B
[1.coms¢ div Edge M | [ 5 viDi =[5 wiDiv ] | FReducs |
X position | 0.00 Lewel 0.00 H ' position | 0.00 ﬂ ' position | 0.00 ﬂ F-“E"-"il
K b | 2 BN 4[5/ 5| | Ac|o|EE Ac| o) EE save

Puc. H5. ITanens ocrutorpada

3. JlaiiTe BiANOBiAb HA MUTAHHSL:

3.1. V sakux BuUNaAKaX MOXYTh BHHUKHYTH IEpEeXilHI MpOLECH B KOJax
MEPIIOTO MOPSAKY 3 JHKEPEIOM NOCTIHHOT HanpyTu?
3.2. 3a IKUMU 3aKOHAMHU 3MIHIOIOTBCSI CTPYM 1 HaIlpyTa B PO3TJIIHYTOMY KOJI1?
3.3. SIk MOXHa BU3HAYWTH B JAaHOMY KOJII MOCTIMHY Yacy Koja?
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4. CkaaaiTs 3BiT PO BUKOHAHY PO0OTY
3MiCT 3BITY

1. TuTynbHUN JTUCT

2. Meta po6oTtu

3. Cxema J0CIIiIKYBaHOTO KoJja

4. 3HaueHHs apaMeTpiB KoJa

5. Ocmuiorpamul MepexigHUX MPOIECIB MpU PI3HUX 3HAYCHHSIX MapaMeTpiB
KOJia

N

. Po3paxyHku 1 iX pe3ynbpTaTamu
. BucHOBKY 3a pe3ynbpTaTamMu AOCTIHKCHHS
. Bigmosimi Ha nuTaHHS

[N
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JIABOPATOPHA POBOTA «O»

JocaigkeHnHs nepexiiHux npoueciB B rC-koJ1i npy miakJa049eHHi 10
JKepesia NOCTIHHOI HATIPYTH

Meta podoTn

B maGopatopHiii poOOTI CTaBUTHCS 3a METy BHUBUEHHS BIUIMBY IapameTpiB
eJIEKTPUYHOTO KOJIa Ha MapaMeTpy MepexXiTHOrO MPOIeCcy B HHOMY.

3micT podoTHn

1. TIoBTOpUTH OCHOBHI TEOPETUYHI IMOTOKEHHS.

2. Buxkonatu po0oTy.

2.1.CxnacTy IPUHLMIIOBY €JIEKTPUUHY CXEMY KOJa.

2.2. BcTaHOBUTH MapamMeTpy €IEMEHTIB CXEMH 1 TPHUIIaIiB.

2.3.EkciepuMeHTaIbHO TOCHITUTH TEpeXigHl MpoIecH B KOJI MEepIIoro
MOPSTIKY.

2.4. BuxoHaTtu 3aBJaHHS.

3. BiamoBicTy Ha TUTAHHS.

4. CkJactu 3BIT PO BUKOHAHY pOOOTY.

1. OcHOBHI TeopeTUYHI MOJI0KEHHSA

[lepeximHi mporec B KoOJIax MEPIIOTO TMOPSAKY 3 JDKEPENIOM MOCTIHHOI
HaIlpyrd MOXKYTh BHHUKHYTH SIK TpU TIAKIIOYEHHI JDKepena J0 Koja, Tak 1 MpH
CTpHOKOMOAI0HIHM 3MiHI i cxeMu abo mapameTpiB ii enemeHTIB. [Ipu HboMy MOXKYTh
MaTu MICLE K HYJbOBI, TaK 1 HEHYJIbOB1 IOYaTKOBI YMOBH.

MeTonuky aHaiizy nepexiiHuX MpoILeciB, 110 BUHUKAIOTh B HEPO3TaIyKEHOMY
KOJI1 IEPILIOTO MOPSIIKY MPU MIIKIOYEHHI O HOTO JKEpeaa MOCTIMHOT HAIIPYTH TIPpH
HYJIHOBHX IMOYATKOBUX YMOBaX, po3riisiHeMo Ha nmpukiiaai koia RC (puc. O1).

R

—/\S—:I—
E CD = C

Puc. O1. Cxema elneKTpUIHOTr0 KOJia
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Ha mincraBi gpyroro 3akony Kipxroda nias umporo koma micis KOMyTarii
moxHa 3armcatn U +U, = E ago

U,

U. +RC =E

3aranpHe pillIeHHs [IOTO HEOAHOPITHOTO PIBHSHHS IIYKAIOTh Y BUTIISII
U.=U,, +U

3 ormsAgy Ha; IO BUMYIIEHA CKJIaJOoBa HAMpYrd B PO3MISHYTOMY KOJi

Cnp -

U

. t
Cnp — E | a BinbHa ckMa0Ba BU3HAYAETHLCA BUPA3OM Ue,, () =Ae ", orpumaemo
U, (t)=Ae™ +E

TyT p - KOpIHb XapaKTEPUCTUUHOTO PIBHSIHHS

1+RCp=0
3Bincu p=-1/RC=-1rz,

[locTiiiny 1HTEerpyBaHHs A 3HaieMO 3 MOYaTKOBUX YMOB: U, (0)=0

IlincraBuBmmm 1e B dopmyny, npu t=0 orpumaemo 0=A+E, 3Binku A = -E. I[lpu
[IbOMY OCTaTOYHE PIllICHHS PIBHSIHHS Oy/1€ MaTH BUTJISI
t

U, ()=—Ee™ +E=E(l—e ™)

[IBMAKICT, 3MIHM HAINpyrd, a OTXKE, 1 TPUBAIICTHb IEPEXIAHOTO MPOLECY
3QJIEKUTh Bl TMOCTIMHOI Yacy Koja, SIKy B JaHOMY KOJII MOKHA BHU3HAQUUTU SIK
IPOMIKOK 9acy, TIicIIs 3aKiHUCHHS SKOTO Hampyra B Ko 3pocrae 10 (1—e ™)~ 0,632
CBOT'O BCTAHOBJICHOT'O 3HAYEHHS.

2. llopsaioKk BUKOHAHHS PO0OTH

st ¢dopMyBaHHS CXeMH JAOCHiIKeHb HeOOXiaHi: DKepeno TMOCTIMHOT
HaIpyTH, K04, ocuuiorpad, omip, EMHICTb, @ TAKOX 3'€ JHYBAJIbHI €JIEMEHTH.

2.1. TTopsaok cKIIalaHHs MPUHITUIIOBOI €JIEKTPUYHOI CXEMHU KOJIa.

2.1.1. 3anycrith Electronics Workbench.

2.1.2. 3anana nys poOboTH cxeMa BKazaHa Ha puc. O2.
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Puc. O2. 3agana s poboTu cxema

2.1.3. TlepeneciTh HEOOXiIHI €IEMEHTH 3 3aJIaHOI CXeMH Ha poOody 001acTh
Electronics Workbench. Jlns 1uporo HeoOxigHO BHOpaTH pO3JUIM Ha MaHENI
iHCTpyMeHTIB (Sources, Basic, Instruments), B skux 3HaXOAWTHCS MOTPIOHUN BaM
€JIEMEHT, TOTIM IEepEeHeCTH HOoro Ha pobody o0JacTh (KJIAHYTH MHUIICIO Ha
MOTPIOHOMY €JIEMEHTI 1, HE BIAMYCKalOUM KHOIKH, MEPEHECTH B MOTpiOHE MicCIe
CXEMH).

2.1.4. 3'enqnaliTe KOHTAaKTU E€JIEMEHTIB 1 PO3TAIIyHTE €JIEMEHTU B POOOUiif
obnacti 111 ojaep)KaHHSA HEoOXiJHOi Bam cxemu. s 3'eqHaHHS JBOX KOHTAaKTiB
HEOOXITHO KJIAIIHYTH 10 OJHOMY 3 KOHTAKTIB JIBOK KHOMKOK MHII 1, HE
BIJIMMYCKAIO4H KHOTKY, TOBECTU KypCOp JI0 APYTOro KOHTAKTY.

2.2. YcTaHOBKA NapaMeTpiB eJleMEHTIB cXxeMHU i npujiaais
2.2.1. YcraHOBKA mapaMeTpiB eJieMeHTIB cxeMH
[TapameTpu eneMeHTIB BCTAHOBITH BIJMOBIIHO 32 HOMEPOM pOOOYOTO MicCIs

(tabs. O1):
Tabauysa Ol

Ne
pobouor |1 2 3 4 5 6 7 8 10 11 12 13 14

0 MicIa

R1, 10 |15 |20 |25 |30 (35 |40 |50 |6,0 |80 |10,0|20,030,0
kOhm

Cl,pF |20 |18 |16 |14 |12 |10 |11 |9 8 7 6 5 4
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2.2.2. YcTaHoBKa mapamMeTpiB ocuuiorpadga

YcranoBku Bpemenn - Time base

KoedimieHnT BiqXuIeHHS 110 TOPU3OHTAI] niaoip

X position (3MimIeHHs 110 X) 0;

PesxuM po3ropTku YIT.

Trigger

3anycK po3ropTKu Auto

Edge (BubGip ¢poHTY cUTHAITY, 110 3aITyCKaE) JOBIJILHO
Level (piBeHb) 0

Channel A

KoedimieHT BiAXUICHHS 110 BEPTUKAII 5 V/div (B/nin)
Y position (3minieHHs 110 Y) 0,00

Pexxum Bxomy DC(BigkpuTuii BXin)

2.3. EkcnepuMeHTa/IbHe BU3HAYEHHS MepexXiTHuX mpoueciB y KoJi

Komu cxema cTBOpeHa 1 roroBa J10 poOOTH, IS MOYATKY IMITaIii Mporecy
poOOTH HEOOXITHO BKJIOUYMTH Ha KOPOTKUM Yac KHOIKY J>KUBJICHHS Ha MaHenm
1HCTpYMEHTIB. JlaHa Jist mpuBejie B pOOOUNI CTaH CXEMY.

OTpumMaiite ocumiiorpamy Ha BUXOA1 rc-koia. Jljisi boro moTpiOHO BUBECTH
BiKHO ocirutorpada noaBiiHIM HaTHCKaHHAM Ha kommoneHTi Oscilloscope.

[Ipu Buxopucranni ocumiorpada B Electronics Workbench € moxiuBicTh
Neperyisily CUTHalIy TMpOTATOM YChbOro dacy imitamii. Jlns 1mporo MoxHa
CKOopHcTaTUCs KHOMKO EXpand i ckopucraThcss cMyraMu MPOKPYTKH 300paXKCHHS.
1106 mepeBecTH NaHe b Y HOPMaIbHHUIA PEXKUM, BUKOPHUCTOBYEThCs KHOMKa Reduce.

2.4. 3aBnanuga

2.4.1. 3a OTpUMaHOIO OCIIJIOTPAMOIO TEPEXiHOTO TpoIecy (3aMallolTe B
3BIT) BU3HAYTEe MOCTIHHY Yacy kouya. [ I[bOTO CKOpUCTAWTECS BEPTUKAIHHOIO
BI3UPHOIO JIHIMKOIO YEPBOHOTO KOJBOPY, SIKA MOXE TMEpeMilaThCs IO EKpaHy
ocruiorpada MuUIIXoM TMepecyBaHHS MHIIKOK YE€pPBOHOTO TPHUKYTHHKA. [Ipu 1mmpomy
Ha JUCIUIESX TIiJ €KPaHOM IHIWIMIOIOTHCA pEe3yJbTaTH BHUMIPIOBAHHS HamNpyTH,
TUMYACOBUX 1HTEPBAIIB a00 X MPUPOIICHHS.

2.4.2. Po3paxyiiTe NOCTIiiHY 4Yacy KoJjia 1 MOpPIBHSIMTE OTpMMaHi AaHi. SKuii
BHCHOBOK MOYKHA 3pOOUTH B pe3yiIbTaTi OPIBHSIHHS?

2.4.3. JlocniauTy BIUIMB MapaMeTpiB Koja Ha MEPEeXiIHUM TMpoIec, AJIS YOTro
CIOYaTKy MOJBOMTE 3Ha4yeHHs omopy R1, a mortim, moBepHyBmm R1 moudatkoBe
3HAYEHHS, CKOPOTITh BJABIYI BenuuuHy emHOCTI CI. 3amMamiolTe OCIMIOTpaMH
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MEePEX1THUX MPOIIECIB 1 3a PE3yIbTaTaMH JOCIIHKEHHS 3p00iTh BiJIIOBITHI BUCHOBKU
PO 3aJIeKHICTh Yacy MePeXiAHOTO MPOIIECY BiJ MapaMeTpiB KOJa.

3. JlaiiTe BiANOBiAb HA MUTAHHSL:

3.1. ¥V sAkux BuUMaAKaX MOXYTh BHHUKHYTH TEpEXilHI MpOLECH B KOJax
HEPIIOro MOPSIKY 3 JHKEPEIOM MOCTIHHOT HanpyTu?

3.2. 3a IKMMU 3aKOHAMH 3MIHIOIOTHCS CTPYM 1 HAlIPYTH B PO3TIITHYTOMY KOJIi?

3.3. SIk MOXHA BU3HAYUTH B TAaHOMY KOJII ITOCTIMHY Yacy KoJja?

4. Ckaagith 3BIT PO BUKOHAHY PO0OTY
3MICT 3BITY

1. TutynpHUi JIHCT.

2. Merta po0oTH.

3. Cxema J0CIiI)KyBaHOTO KOJa.

4. 3HayeHHs apaMeTpiB KoJIa.

5. OcuunorpamMu MepexiHUX MPOIECIB MPHU PI3HUX 3HAYEHHSAX MapaMeTpiB
KoJ1a.

6. Po3paxyHk¥ 1 X pe3ynbTaTH.
7. BUCHOBKU 3a pe3yibTaTamMu JTOCTIIKESHHS.

8. Biamosial Ha nUTaHHA.
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JIABOPATOPHA POBOTA «II»

JociixxeHHs1 BUIbHUX nepexiqHux npoueciB B C-koui

Meta pob6oTn

B nmabGopaTtopHiii poOOTI CTaBUThCA 3a METy BHUBYCHHS BIUIMBY IlapaMeTpiB
SJICKTPUYHOTO KOJIa Ha TIapaMeTPH MEePEXiTHOTO MPOLIECy B HHOMY.

3MmicT podoTun

1. [ToBTOpUTH OCHOBHI TEOPETUYHI MOJIOKEHHS.

2. Bukonatu po0oTy.

2.1. CkytacTv IPUHITUIIOBY JEKTPUIHY CXEMY KOJIa.

2.2. BcTaHOBUTH MapaMeTpy €IEMEHTIB CXEMH 1 MIPUIIAIiB.

2.3. ExcnepuMeHTAIbHO MOCTIAMTH TEPEXiJHI TMPOIEeCH B KOJI IEpIIoTo
MOPSIIIKY.

2.4. Bukonartu 3aBIaHHA.

3. BiamosicTi Ha NUTAaHHSL.

4. CkJacty 3BIT PO BUKOHAHY pOOOTY.

1. OCHOBHI TeoOpeTHYHI MMOJIO’KEHHSA

1.1. BiibHi Hanpyru i CTPpyMHMB HepO3rajy:KeHMX Ko0JaxX Mepuoro
NOPSIAKY

MeTonuky aHamnidy BUIBHMX Halpyr 1 CTPYMIB Y HEpO3Taly EHUX KOJIax

MEePIIOTO MOPSAJKY PO3MVISTHEMO Ha MPUKIAAl Kojia, mokazaHoro Ha puc. I11. Ilpu
nepemMukanHi kiroda K B 130J1b0BaHOMY

B D r

Puc. IT1. Cxema enekTpuyHOro KoJia

BiJl 30BHINIHIX JDKEpEN eJIeKTpUYHOi eHeprii koHTypi rC 3a paxyHOK eHeprii,
3araceHoi B eIeKTpUUHOMY ToJIi eneMeHnTa C, BUHUKHYTh BUIbHI HAIIPYTH 1 CTPYM.

3rimHo 3 Apyrum 3akoHoM Kipxroda misi po3riasHyTOro KOHTYPY MOXKHA
3anucaTu
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BpaxoByrouu 1o

o dUc

OTPUMAEMO

due _,

U.+rC

PimeHHs 1boro o{HOPiTHOTO AU(EPEHIIATFHOTO PIBHAHHS Ma€ BUTIIS

Uc = Ae® (1)
3 XapaKTEPUCTUYHOTO PIBHIHHSA
rCp+1=0
3HalgeMO

p=-1/rC=-1/7,

i€ T, - BEJIMUMHA, 110 MA€ PO3MIPHICTh Yacy 1 HA3UBAETHCS MOCTIMHOIO Yacy KoJa.
[TincraBuBIHM P B popmyiny (1), orpumaemo

Uc = Ae_”’” (2)

[TocTifiny iHTerpyBaHHs A 3HaiIeMO 3 MOYaTKOBUX YMOB, CKOPUCTABIIUCH
JIPYTUM 3aKOHOM KOMYTaIlii:

Uc (0+) = Uc (0-)= E,.
[TincTaBuBIIM 11 B BUpa3 (2), mpu t=0 oTpumaemo
Uc(0)=A =E,.

[Tpu iboMy ocTaTouHe pilieHHs piBHIHHSA (1) Oye MaTH BUTIISAL
—t/z
U.=Ee ™

3 OoTpuMaHOTO BHpa3y BHJHO, IO BUTbHA HAmNpyra B PO3MIITHYTOMY KOJi
3MEHIIY€ETHCS 3 TUTMHOM Yacy 1O €KCIIOHSHIIIATbHOMY 3aKOHY.

[locTiiiny wacy koja 7 , MOXXHa BHM3HAYUTH SIK MPOMDKOK 4Yacy, MICHs
3aKIHYEHHS SIKOTO CKCIIOHCHINAJIBHO CITaJIHa BEJIMYMHA 3MCHIIYEThCS B €= 2,72
pasu. Bona Bu3Hauae TpUBAIICTh MIEPEXITHOTO Tporiecy. Yum Oinbiie 7, TUM JIOBIIE
TpUBAE NIEPEXITHUN TIPOIIEC.

TeopeTnuHo mepexigHUIl Mpolec y pO3rISTHYTOMY KOJII TPUBA€ HECKIHYCHHO
noBro. OgHak HOro MOXHa BBa)KAaTH MPAKTUYHO 3aKIHYECHUM ITICIS 3aKIHYEHHS Yacy
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t=(3 +5)Tu , KoJn U c — (0’05 -~ 0,007) Eo , TOOTO KOJM 3HAYEHHSI HANPYyru

cTaHOBUTUMYTH (5+0,7)% HOro moyaTkoBOro 3HAYCHHS.
2. llopsinok BUKOHAHHSA POOOTH

Jist popMyBaHHA cXeMH JOCJiIKeHb HeOoOXiaHi: ocmmmorpad, mKepeno
MOCTIHHOI HAINPYTH, OIip, EMHICTh, KJII0U, a TAKOX 3'€/IHYBaJIbHI €JIEMEHTH.

2.1. Iopsiaok cKJIaJaHHS NPUHLIHMIIOBOI €JIEKTPUYHOI CXeMH KO0Jia

2.1.1. 3anycrtith Electronics Workbench.
2.1.2. 3anana s poOboTH cxeMa BKazaHa Ha puc. [1.2.

I

[

Puc. I12. Cxema nociiKkeHb

2.1.3. IlepeneciTh HEOOXIIHI €JIEMEHTH 3 3a/IaHOI CXeMH Ha poOody 00JacTh
Electronics Workbench. Jlns mporo HeoOXimHO BUOpaTH pO3IIIM Ha MaHeNl
iHCcTpyMeHTIB (Sources, Basic, Instruments), B Skux 3HAXOAWTHCSA MOTPIOHUN BaM
€JIEMEHT, MOTIM IEepEeHeCTH HOro Ha pobody o0JacTh (KJIAHYTH MHUIICIO Ha
MOTPiIOHOMY €JIEMEHTI 1, He BIAMYCKalOUM KHOIKH, MEPEHECTH B TMOTpiOHE MicCIe
CXEMH).

2.1.4. 3'eqnaliTe KOHTAKTH EJIEMEHTIB 1 pPO3TAIyHTe €JIEeMEHTH B PoOOoUiif
obnacti 11 oJiepKaHHA HEOOXiAHOI BaM cxemu. BCTaHOBITHL 4Yac BKJIKOYEHHS
kiro4a (Time on) piBaum 0,5 mkc.
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2.2. YcTaHOBKa NapaMeTpiB eJ1eMeHTIB cXeMH i npuJiajais
2.2.1. YcTaHOBKA mapaMeTpiB eJIeMEeHTIB cXeMu

[TapameTpu €JE€MEHTIB BCTAHOBITH BIJMOBIAHO 32 HOMEPOM POOOYOTO MICIIS
(tabum. I11):

Tabnuys 111

Ne
pobodoro 1 2 3 4 5 6 7 8 10 11 12 13 14
MiCII

V1V 18

R1, 100 | 150 | 20 | 25 | 30 | 35 | 20 10 60 | 80 | 100 | 200 | 300
kOhm

C1, pF 1 2 4 8 16 | 32 64 | 128 1 2 4 64 | 128

2.2.2. YcTaHOBKA nmapamMeTpiB ocuuiaorpaga

YcranoBku yacy - Time base

KoedimieHT BigxwieHHS 1O TOPU3OHTAMI | MiAOip

mS/div

X position (3mimeHHs 110 X) 0,00;

PexxuM po3roptku YIT.

Trigger

3amycK po3ropTKu Auto

Edge (Bubip ¢ppoHTy curnamy, mo 3amyckae) JOBLJILHO

Level (piBeHb) 0

Channel A

KoeilieHT BIAXUIEHHS 110 BEpTUKAI 10 V/div (B/nin)
Y position (3mMimeHHs 110 Y) 0,00

Pexxum Bxonay DC(Binkputuit BXin)

2.3. ExcnepuMeHTa/IbHEe BH3HAYEHHSI BiJILHUX NepeXiIHUX TMpoIeciB B
KOJIi IepPLIOro MOPSAAKY

2.3.1. OTpumaHHs OCIWJIOTPaMH HAMIPYTU

Konu cxema cTBOpeHa 1 rotoBa /10 poOOTH, JJISI TOYATKY IMiTallii MpoIecy
po0OOTH HEOOX1IHO BKIIFOUUTH KHOIIKY KUBJICHHS Ha MaHell 1HCTpyYMeHTiB. [laHna mis
npuBesie B pobounii ctan cxemy. IlepepBaTu iMiTariro MOKHA JIBOMa CIIOCOOAMH.
SIKIo BU 3aKIHYWIM POOOTY, MOKHA BUMKHYTH JKMBJICHHS. SIKIIO K MOTPIOHO
TUMYacoBO TMEpepBaTH pPOOOTY CXEMHM, HalpHUKiIad, sl JAETaIbHOrO PpO3IIISLY
OCIIHJIOTPaMH, a TIOTIM MPOJIOBKUTH POOOTY, MOKHA CKOPUCTATHCS KHOMKOIO Pause,
sKa TaKOX pO3TallOBaHa Ha MaHell IHCTPYMEHTIB.

Otpumaemo ocuuiorpamy Ha Buxoji RC-kona. JIyis nporo motpiOHO BUBECTH
BIKHO ociitorpada moaBiiHuM HaTHCKaHHSIM Ha koMmmoneHT Oscilloscope.
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[Tpu Bukopucranui ocimmiorpada B Electronics Workbench € moxmnusicts
Heperisily CUTHally NpOTSIroM ycboro uyacy imitamii. o nporo MokHa
CKOpHCTATHCSI KHOTIKOI0 EXpand i ckopucraThcs cMyraMu IPOKPYTKU 300paKeHHS.
[1106 mepeBecTr MaHe b Y HOPMaJIbHHUIA PEXKUM, BUKOPUCTOBYEThCS KHOTKa Reduce.

2.4. 3aBnanuga

2.4.1. 3a OoTpUMaHOIO0 OCHUJIOTPAMOIO MEPEXIAHOr0 Mpollecy (3amMalionTe B
3BIT) BHW3HAYTE IMOCTiiHY Yacy kona. JIJis 1bOrO CKOpHCTalTecs BEpTUKAIBHOI
BI3MPHOI JHIAKOIO YEPBOHOTO KOJBOPY, SKa MOXE IEpeMillaTuCs TO0 EKpaHy
ocuuiorpada IUITXoM MepecyBaHHS MUIIKOK YepBOHOTO TpUKyTHHKA. [Ipu mipomy
Ha JHCIUICSX ]I €KpaHOM IHJAMIUIOIOTHCS pPE3yJIbTaTH BUMIPIOBAHHS HAIPYTH,
THMYACOBUX 1HTEPBaIIIB 200 X MPUPOIICHHS.

2.4.2. Po3paxyiiTe MOCTiiiHY 4yacy KoJjia 1 MOpPIBHSANTE OTpUMaHi AaHi. Skuit
BHCHOBOK MOYKHa 3pOOMTH B Pe3yJIbTaTl OPIBHSAHHSA?

2.4.3. JlocniauTy BIUIMB MapaMeTpiB Koja Ha MEpeXiIHUN Mpolec, AJIS YOro
CIOYaTKy MoJBOMTE 3HaueHHs omopy R1, a mortim, moBepHyBmu R1 moudarkose
3HAUEHHS, 3MEHBIIITh BJABIYl BenuyuMHy eMmHOcTi CI. 3amanioiTe OCIWIOrpaMu
MepEeXiTHUX MPOIIECIB 1 3a pe3yJbTaTaMu JOCIIKEHHS 3p00iTh BIIMOBIAHI BUCHOBKH
PO 3aJEXKHICTh Yacy NEpPeXiIHOro IMpoIlecy BiJg NapaMmeTpiB Koia. 3poOiTh
BIJINOBIJIHI BUCHOBKH 32 PE3YJIbTaTaAMH JIOCIIIKEHHS.

3. JlaiiTe BiANOBiAb HA MUTAHHSI:

3.1. V sxomy BUNAJAKY 1 32 paXyHOK 4Oro B KOHTypi I'C MOXYyTh BUHHUKHYTU
BUIbHI TIEpEeXiAH1 TIporiecu?

3.2. 3a KM 3aKOHOM 3MIHIOETHCS HaIpyra Ha KOHAeHcaTOpi?

3.3. UuM 1 Ik BUBHAYAETHCS TPUBAIICTH MEPEXITHOTO MPOIeCy?

4. CkaaaiTs 3BiT PO BUKOHAHY po0oTYy.
3MicCT 3BITY

1. TUTyIBHUN JTUCT.

2. Merta poboTH.

3. Cxema J0CIiIKyBaHOTO KOJa.
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4. 3HadeHHs TTapaMeTpiB KoJia.

5. OcuunorpamMu MNepexiHUX MPOIECIB MPHU PI3HUX 3HAYEHHSAX MapaMeTpiB
KoJ1a.

6. Po3paxyHku 1 iX pe3yJbTaTH.
7. BUCHOBKY 3a pe3ynbTaTaMu JTOCIIKCHHS.

8. BiamoBial Ha IUTAaHHS.
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JIABOPATOPHA POBOTA «P»

JocaigkeHHs1 BUIbHUX MEePeXiIHUX MPOLECIB B KOJIAX APYroro
MOPSAAKY

Meta pobdoTn

B nabGopartopHiii poOOTI CTaBUTHCS 3a METY BHUBUEHHS BIUIMBY MapaMeTpiB
€JIEKTPUYHOIO KOJIa Ha MapaMeTpH 1 XapakTep BUIBHOTO IMEPEXITHOTO IPOLECY B
HBOMY.

3micT podoTHn

1. 3aranbHi BIIOMOCTI TPO BUIbHI TEPEXiTHI MPOIECH B KOJaxX APYroro
HOPSAIKY.

2. IlopsiA0K BUKOHAHHS POOOTH.

2.1. [Mopsimox 360py MPUHIMIIOBOT €IEKTPUIHOT CXEMH KOJIa.

2.2. YcTaHOBKa MapaMeTpiB €IEMEHTIB CXEMU 1 TIPUIIa/IiB.

2.3. ExcriepuMmeHTanbHe BU3HAYEHHS BITPHUX MEPEXIAHUX TMPOIECIB Yy KO
APYTOTO TOPSAKY.

2.4. 3aBnaHHs.

3. Biamosial Ha DUTaHHA.

4. CxyagaHHs 3BITYy PO BUKOHAHY POOOTY.

1. 3aranabHi BiZOMOCTI NMPoO BUIbHI NepexigHi Mpouecu B KOJI JPYyroro
NOPAAKY

[lepexinHi mpomecu B KOJax JAPYroro MOPSAKY OMNUCYIOTHCS JIHIMHUM
HEOJHOPIAHUM AU(EPEeHIIaTbHIM PIBHAHHAM JPYroro MOpsiAKy 3 MOCTIMHUMU
Koe(ilieHTamu, sIKl MatOTh B 3arajlbHOMY BUIIAJIKy BH/T

d2x@t) _ d x(t) d2f (t)
dt? e dt dt? i

a,

rax®)=h, qd¥0+mfm

X(t) — peakmis kona, f (1) - Brums Ha KoJTO

Bumyiieny ckiaajoBy BHpIIIEHHS LbOTO PIBHSHHS IIYKalOTh Y BHIJISII,
noaAi0HOMY MOro Mpasiii YacTHHI, a BUIbHY CKJIAaJ0BY Y BUIJISII

X, (t) = Ae™ + Ae™

. . 2 .
7Ie P11 p2- KOPiHBb XapaKTEPUCTUIHOTO PIBHSIHHS KOJIa 8,p +a,p+as=0;
A; 1 A,- TOCTIHHI IHTETPYBaHHS, K1 BA3HAYAIOTHCS IOYAaTKOBUMH YMOBAMH B KOJI.
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BinbHi Hanpyru i crpymu B rLC - koJti

BinpH1 Hanpyru 1 CTpyMH B KOJI, IO CKJIAAETHCS 3 MOCII0BHO BKIIFOUECHUX
enremeHTiB r, L 1 C, MOXyThb BHUHHUKHYTH, HANpUKIAJ, TpH MIIKIIOYEHHI
KoHJeHcaTopa C, mornepeaHbo 3apspkeHoro 10 BenuunHu pxepena EPCE, no kona 3
MOCITIIOBHUM 3'€THAaHHSAM eJleMeHTIB I i L (puc. P1).

Me £ o 3 u

Puc. P1. Cxema enKkTpU4HOro KoJa

3rizHo 3 apyrum 3akoHoM Kipxroda st oTpruMaHoro npu oMy KoJii MOKHA
3anucaTu

u, +u_+u. =0

i di . du,
Bpaxosyroun, moU, =l U = La Tal = gt OTPHMaeMo
2
LCdu—Cz(t)+erL(t)+uc(t)= 0
dt dt

PozainuBim 1ie piBHsHHS Ha LC,

Matumemo
dzuC t) r duC (t) 1
—_— 1+ — + u~(t)=0
dt2 L dt LC e ()
3a313an171 BBOJATH ITIO3HAUYCHHA .
r 1
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[Tpu ubomy piBHsiHHSA (1) Oye MaTyu BUTIIS

d?u_(t du_(t
—dtcz( ) + 25—dct( ) + iU, (t) =0 )

XapakTepUCTUYHE PIBHSHHS, 110 BiANOBiIa€ BUpasy (2),

p°+2Hp+wf =0

Ma€ KOpIHb

p1,2:_5i\/52_a)§ , (3)

a pillleHHs PIBHIHHS (2) Ma€e BUTIISA

u. = Ae™ + Ae™ 4)

Jlns BHU3HAYEHHS MOCTIMHUX IHTETPYBAHHS CKOPUCTAEMOCS MOYATKOBUMHU

YMOBaMU:
U(0)=E u i(0)=0.

[TincraBuBiM mepiny mo4atkoBy ymoBy U (O)=E y Bupas (4), npu i=0
OTPUMAEMO

E=A+A, 5)

Jlnst Toro mo0 BUKOPUCTOBYBATH APYTY MOYATKOBY YMOBY, 3alHUIIEMO BUpPa3
JUTSL CTPYMY B KOJII 3 ypaxyBaHHIM (opmyiu (4):

i) =c MO _c(p ae™ 1 p,Ae™)

[MincraBusmm croau 1(0) =0, npu t=0 oTpumaemo

p1A1+ pzAz =0 (6)

BupimmBiim cuctemy piBHSHB, IO CKJIadaeThesi 3 BupasiB (5) 1 (6), Oynemo
MaTH

P, P,
A=——EA =—E
P, — Py pz_pl

[TincraBuBmm 11€ B hopmyiy (4), OTpuMaemMo

E
u,(t)= —p2 Y (pzep1t - p.& pzt) )

Ctpy™m y kol
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i :C duC(t) — CplpZE (eplt _epzt)
dt P, — Py

Tak sik 10OYTOK KOPEHIB p; Ta P, XapaKTEPUCTHIHOTO PIBHSIHHS JTOPIBHIOE HOTO
BiIbHOMY WiieHY p1p,= 1/LC, 10

: E
i = (eplt_epzt) 8
I—( P, — pl) ®)
[Tpu ubomMy Hampyra Ha 1IHAYKTUBHOCTI
di E
u =L—=—>"(p,e™ - p,e™
L dt 0, — P, (pl P, ) 9

Xapakrtep 3MiHU BUJIBHOTO CTPYMY |, HANIPYT HA €MHOCTI #, 1 HA THAYKTUBHOCTI
U, 3aJIe)UTh BiJ BUIYy KOPEHIB p; Ta p,, AKI BU3HAYAIOTHCS TMapamMeTpaMmH Koja i
MOXYTb OyTH:

1) pedoBHMHM i pi3HEMH, KO 8>wp abo r/2L>1/J/LC, 3Bimku r>2p, ne
p=ALIC;

2) KOMILIEKCHO-CIIOJYIeHUMH, SKII0 0<gabo r<2p;

3) pedoBUMH 1 PIBHUMH, SKIIO 0= g abo r=2p.

Po3srissHemMo 111 MOXKIIMBI TP BUIIAIKH.

1. r>2p. Y upoMy BUMAIKY, K BUTHO 3 BHpasiB (7-9), BUIbHI HAPYTH 1 CTPyM
€ cymMamm nBOX ekcrmoHeHT (puc. P2). Ctpym He 3MiHIOE 3Haka, TOOTO €
anepioguyHuM. Tomy 1 PpO3IJIIHYTE KOJO B I[bOMY BHUIAJKy Ha3HMBAaIOTh
aneploguIHUM.

2.1 <2p. [Ins OTpUMaHHs 3aKOHY 3MIHU CTPYMY B I[bOMY BHUIMAJIKy B BUPQKECHHI

JUIS KOPEHIB XapaKTEPUCTUYHOTO PiBHAHHSA (3) BBEAEMO ITO3HAYEHHS Wy =~ @) — 3 .
[Ipu nboMy oTprMaEmMoO

Py, =—0E . (10)
[TincraBuBmM 11€ B hopmyny (8), Oyaemo Matu

Ee -a e jwcet _ e_ja)cet

i(t) = _ =— e *sinw,_t
0)66 L 2 J a)CS
[lo3nauuBumm |, = E/wL, 0epKUMO
i = 1,67 sin et (11)

3 oTpUMaHOro BUpa3zy, a TaKoX 3 rpadika, HaBeAeHoro Ha puc. P.3, BuaHo, 1o
BUIBHUI CTpyM B KOJII B JIaHOMY BHMAJKYy 3MIHIOETbCA 32 3aKOHOM 3racaroyux
kojiuBaHb. Tomy 1 koHTyp rLC B 1gaHOMy BUIIAJIKy Ha3WMBaIOTh KOJHBAJIbHUM
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koHTypoM. IlIBuaKicTh 3aracaHHsi KOJMBaHb BHU3HAYAETHCS EKCIOHCHINAIIbHUM

-0t .. ..
MHOKHUKOM € , 16 Koe(IIeHT & € Koe]illIEHTOM 3aracaHHs.

YacToTa KOJMBAaHb BUIBHOTO CTPYMy B KOHTYpPi, 3BaHa TaKOX BIJIACHOIO
Y4acTOTOIO KOHTYDPY, 3aJI€KHUTh BlJ] TapaMeTPiB KOHTYPY:

ne @, =1/+/LC - pe30HaHCHA 4acTOTa;
d=1/Q=r+L/C =r/p — 3aracaHus.

Puc. P2. Anepioanunuii mporec Puc. P3. KonuBanbHuii nporec

3aracanHs 0 KOHTYpIB, IO 3aCTOCOBYIOTHCS Ha MPAaKTHII, 3a3BUYall Male.
ToMy B OLIBIIOCTI BUIAJKIB MOYKHA BBAXKaTH, IO e, = @, , TOOTO 4acTOTa BUIBHUX
KOJIMBaHb KOHTYPY JOPIBHIOE IOTO PE30HAHCHIN YacTOTI.

BinHomieHHs ABOX HACTYMHUX OAMH 32 OJJHUM MaKCUMaTbHHUX 3HAUYEHb CTPYMY
oJHOTO 3HakKa (puc. P3) Ha3uBarOTh EKPEMEHTOM KOJUBAHHS:

_al
A _ Iml _ I0e _ eéTcg
o I o I e_5(tl+Tce) o
m2 0

e Teg =27 | g —Mepiol BUIbHUX KOJIUBaHb.

Benuuuny, piBHy HaTypajdbHOMY Jjorapudmy Bil JCKPEMEHTa KOJHMBAaHb,
HA3UBAIOTh JIOTApU(DMIYHUM JEKPEMEHTOM KOJTMBAHHS:

F=INA=05T,;.
3.r=2p.

['padixu U iTa u, , B TJAHOMY BHUIIAJIKy OyyTh MaTH TaKWil caMuil BHI, fK 1
B nepumomy Bunaaky (puc. P2). Ctpym He 3MiHIOE 3HaKa, TOMY MPOLEC B KOJI €
anepioguyHuM. Posrisgaemuil mpolec B KOJl Ha3MBAlOTh KPUTHYHHUM, TaK K BIH €
IPaHUYHUM MK arepioJIUYHUM 1 KOJUBAJIbHUM MpolecaMu. TpUBaIICTh MEPEXiAHUX
MPOIIECIB B IIbOMY pexuMi Oyzae HaiiMmeHmow. Omip r = 2p Ha3UBalOTh KPUTUYHUM
OTIOPOM.
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2. Ilopsiiok BUKOHAHHS POOOTH

2.1. [lopsiiok CKIaaHHs MPUHIIUIIOBOI ENEKTPUYHOI CXEMH KOJIa
2.1.1. 3amycrith Electronics Workbench.
2.1.2. 3agana qyist poOOTH cxema BKazaHa Ha puc. P4.

—_—

Puc. P4. Cxema nexkTpu4yHOro Koia

2.1.3. Ilepenecith HEOOX1/IHI €IEMEHTH JIJIs 3aJ]aHO1 CXeMH Ha poOody 00JacTh
Electronics Workbench.

2.1.4. 3'emnaiiTe KOHTaKTH E€JEMEHTIB 1 pO3TAlIyHTe €IEeMEHTH B POoOOUiit
obJacTi 1 oAep)KaHHSA HEOOX1THOT BaM CXEMHU.

2.2. YcTaHOBKa MapaMeTpiB €IEMEHTIB CXeMH 1 IPUIIa/IiB
2.2.1. YcTaHoBKa mapaMeTpiB €JIEMEHTIB CXEMHU.

[TapameTpu eneMeHTIB KoJia BCTAHOBITH BIJMOBITHO 3a HOMEPOM pOOOYOTo
micrs (taba. P1):

Tabnuysa Pl
Ne poboyoro | 1, 2, 3, 4 5, 6, 7, 8, 10, 11, 12, 13, 14,
MiCIIst 15 16 17 18 19 20 21 22 23 24 25 26 27
V1,V 24
R1, Ohm 60
C1, nF 20 40 60 80 100 | 150 | 200 | 250 |300 |400 |440 |480 |500
L1, mH 5 8 10 15 20 25 30 35 40 45 50 55 60

2.2.2. Ha ocummorpade:
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Time base

0,5 mS/div; X position —0; Y/T.
Trigger

Edge —nosineHo; Level —0,00; Auto.
Channel A

10 V/div; Y position — 0,00; DC.

2.3. ExcriepuMmeHTanbHe BU3HAUYECHHS BUIBHUX MEPEXITHUX MPOIECIB B KO
APYTOTo MOPSAKY.

2.3.1. Jlna 3amaHux Ha poOOYOMY MICIli TapaMeTpiB KOJIa OTPHUMAETE
OCIIIJIOTpaMy HaIpyTH po3psly EMHOCTI Yepe3 IHAYKTUBHICTD 1 aKTUBHUH OITIP.

2.4. 3aBnanus

2.4.1. 3a OTpUMaHOI OCHMJIOIPAMOIO TEPEX1THOrO MpoIecy (3aMalolTe B
3BIT) BU3HAUTE XapaKTep Mpolecy (anepioguaHuii a00 KOJIUBAIbHUM).

2.4.2. ]lns KOJMMBAJILHOTO TMPOLIECY BHU3HAUTE TMEPioJl BUIBHUX KOJWBAHb,
JEKPEMEHT KOJIMBaHb. 3aMUILITh PE3YIbTATH PO3PAXYHKIB B 3BIT.

2.4.3. Po3paxyiiTe 4acTOTy BUIPHUX KOJHMBaHb, YaCTOTY BJIIACHUX KOJUBaHb
KOHTYpPY 1 NOPIBHSIITE OTpUMaH1 JaHi. SIK1il BUCHOBOK MOKHA 3pOOUTH B pe3yJIbTarTi
MOPIBHSHHA?

2.4.4. JlocninuTy BIUIMB TTapaMeTPiB KOJIa Ha XapakTep MepexiJHOro MpoIecy i
Horo mnapameTpu. 3MIHOI BEJIMYMHM aKTUBHOIO OINOpPY JA0OMITECS HacTaHHS
anepiloAUYHOro  mporecy. 3poO0iTh  BIJAMOBIAHI BHCHOBKH 3a pe3yjibTaTaMH
JIOCIIIKEHHS.

3. JlaiiTe BiANOBIAb HA TUTAHHS:

3.1. Yomy kouTyp rLC Ha3uBaroTh KOIUBATLHUM KOHTYPOM?

3.2. Bix 4oro 3ajexuTh XapakTep 3MIHM HaNpyKeHb Ha €MHOCTI u. 1 Ha
1HIYKTUBHOCTI U, ?

3.3. V akiii 3a1€KHOCTI nepedyBae 4acToTa BUIbHUX KOJMBaHb BijJ MapameTpiB
KoJja?

3.4. Illo Ha3uBawTh JEKPEMEHTOM  KOJMBaHHSA 1 JIOTapu(MiYHUM
JIEKPEMEHTOM KOJIUBAHHS?

3.5. SIk MOXXHA TIEPEUTH BiJ KOJMBAIBHOTO MPOIIECY 70 arepiogNIHOTrO?

4. CxnafiTh 3BIT PO BUKOHAHY POOOTY.
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JIABOPATOPHA POBOTA «C»

JocaigkeHH nepexiIHNX MpoueciB B KOJIaX APYyroro mopsiAky
NPHU MiIAKJII0YEHHI 10 JKepesia NOCTiHHOI HATIPYTH

Meta poboTn

B nmabGopaTtopHiii poOOTI CTaBUThCA 3a METy BHUBYCHHS BIUIMBY IlapaMeTpiB
SJICKTPUYHOTO KOJIa Ha TTapaMeTpPH i XapaKTep MepeXiTHOTO MPOIeCy B HHOMY.

3MmicT podoTun

1. 3aranibHi BiIOMOCTI PO NEPEXITHI MPOLIECH B KOJII APYTOro MOPSAKY.

2. BukoHaHHs poOOTH.

2.1. Tlopsimok 300py MPHUHIIUIIOBOI €NEKTPHYHOT CXEMHU.

2.2.YcTaHOBKa TapaMeTpPiB €IEMEHTIB CXeMH 1 TPUIIa/IiB.

2.3.ExcriepuMeHTalbHe BU3HAUYCHHS TIEPEXITHUX MPOIECIB B KOJI JPYroro MOpsaKy
MIpH MAKIIOYEHH] JI0 JpKepesa MOCTIHHOT HAIIPYTH.

2.4. 3aBaHHs Ha 1abOpaTOpHy pooOOTY.

3. Biamosial Ha MUTaHHA.

4. CxnaaHHs 3BITY PO BUKOHAHY POOOTY.

1. 3aranbHi BiZoOMOCTI PO nepexigHi npouecu B KOJIi APyroro mopsaxKy

[lepexinHi mpomecu B KOJax JAPYroro MOPSAKY OMNUCYIOTHCS JIIHIMHUM
HEOJHOPIAHUM AU(EPEHIIaTbHIUM PIBHAHHAM JPYroro MOpsiAKy 3 MOCTIMHUMU
Koe(ilieHTamu, sIKl MatOTh B 3arajlbHOMY BUIIAJIKy BH/T

d*x(t) dx(t) d*f (&) df (t)

a, dtz + aq dt + aox(t) = bz F + blT + bof(t)

BumyiieHy CkiIaoBy BHPIIIEHHS LbOTO PIBHSHHS IIYKAlOTh Y BHIJISI,
moAi0HOMY MOT0 Mpasiil YaCcTHHI, a BUIbHY CKJIAJ0BY Y BUIJISI1

Xes(t) = ArePrt + A,ePt
1€ P1 U P - KOPiHb XapaKTEPUCTHYHOTO PIBHAHHS KOJIA P +aip+ag=0;

A; Ta A, - OCTIMHI IHTETpyBaHHs, KI BU3HAYAIOTHCSA MOYATKOBUMU YMOBAaMHU B
KOJII.
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Hinkaouenns rLC- koJia 10 axepesia nocTiiHOI HANPYTH

[Mpu migkarodenni rLC-koma no mxepena mocrtiiHoi Hampyru (puc. C1)
nudepeHIiaabHe PIBHSHHS I HalpPyTd Ha €MHOCTI OyJie BIIPI3HATUCS THM, IO B

.o . . 2
IMpaBi 9aCTHHI1 IbOI'O P1IBHAHHA B JdAHOMY BHIIAJIKY 6y,[1€ HC HYJIb, a4 a)o E .

d?u, U,
2 — 2
dtz + 26? + Wol, = a)OE

Puc. C1. Cxema enekTpuyHOro Kojia

3aranbHui PO3B'SA30K PIBHSAHHSA OyJie MaTH BUTJIS
— —E +A ePt £ A el

[TizcTaBUBIIM CIOM MTOYATKOBE 3HA4YCHHs Hanpyru Ha emHocti 3 U (0)=0, npu

t = 0 oTpumaemo
A+A; =-E

BssiBim moxigHy 1 BUKOpHCTaBIM Apyry nodatkoBy ymoBy 1(0)=0, mpu t=0
OTPUMAEMO APYTE€ PIBHSIHHS JJI1 BU3HAYEHHS OCTIMHUX 1HTETPYBaHHS

Pp1A1+p2A4,=0

Puc. C2. Aneproanynuii mporiec Puc. C3. KonuBaneHuii rpouecc

I3 cucremu piBusanb (13.62) 1 (13.63) 3HaligemMo:
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[TincTaBuBIIHM 11€ B POPMYITY, OTPUMAEMO

u.=E(1- Leplt + Lepzt)
P2 —P1 P2 — D1

XapakTep TMEpexiJHOro TPOIECY B PO3TIISTHYTOMY KOJII Oyze 3ayieaTH Bil
BUJYy KOPEHIB XapaKTEPUCTHYHOIO PIBHSIHHS i MOXke OyTH anepiogununum (puc. C2)
a6o xommBanbHUM (puc. C3). B ocraHHbOMY BHIIJIKy HAmpyra Ha €MHOCTI MOXKeE
J0CSITaTd BETWYMHU, PIBHOI MaiKe MOJBOEHOMY 3HAYEHHIO HAIPYTH JpKepena, 1o
MIIKIFOYAETHCSA O KOJIa.

2. BukoHaHHs po0doTH

s (opMyBaHHsI CcXeMM JOCHiIKeHb HeoOXiaHi: ¢yHKI[IOHATBHUN
reHeparop, ociiorpad, omip, IHIYKTUBHICTh 1 €MHICTh, @ TaKOX 3'€IHYyBallbHI
CJIEMEHTH.

2.1 Tlopsinok 300py NPUHIIUIIOBOI €JIEKTPUYHOL CXeMH

2.1.1 3amycriTh Electronics Workbench.

2.1.2 3amana s pobotu cxema BkazaHa Ha puc. C4.

L

olE
= [
—¢+E

— 1mH 1 kQhm

Puc. C4. Cxema enexkTpu4HOro Komia

2.1.3. IlepeneciTh HEOOXIIHI €JIEMEHTH 3 33/IaHOI CXeMU Ha pobody 00JacThb
Electronics Workbench. Jlns 1mporo HeoOXxigHO BHOpaTH pO3JLIM Ha MaHeNI

172



iHCcTpyMeHTiB (Sources, Basic, Instruments), B Sskux 3HaXOIUTHLCS MOTPIOHUI BaM
€JIEMEHT, IOTIM TNEePEeHEeCTH HOoro Ha pobouy o00siacTh (KJIAIHYTH MUIICH Ha
NOTPiIOHOMY €JEeMEHT1 1, He BIJMYCKalO4d KHOMIKH, MEPEHECTH B IOTPIOHE MicCIIe
cxemn). IlepeneciThb yHKITIOHATBLHUN Te€HEpPATOP, ociuiorpad, omip, 1HTYKTUBHICTh
1 EMHICTb.

2.1.4. 3'eqnaliTe KOHTAKTH E€JIEMEHTIB 1 PO3TAIIyHTEe €JIEeMEHTH B POOOUiif
obnacti i1 oAep)kaHHS HEoOXiMHOI BaM cxemu. JIJisi 3'€fHAHHS JIBOX KOHTAKTIB
HEOOXITHO KIIAIHYTH IO OJHOMY 3 KOHTAaKTIB OCHOBHOIO KHOIIKOIO MHIII 1, HE
BIJIMTYCKAIOYH KJIABIITY, JOBECTH KypCOp JI0 IPYTroTO KOHTAKTY.

2.2. YcTaHOBKa NapaMeTpiB eJ1eMeHTIB cXeMH i IpuJiajais

2.2.1. Ha reneparopi:

Frecvency 0,1 kHz
Dyty cycle 50 %
Amplitude 10 \Y
Offset 0

Bup curnany IMILYJIbCHHI

2.2.2. Ha ocumiorpadi:

Time base

1,00 mS/div; X position —0; Y/T.
Trigger

Edge — noBisibHo; Level — 0,00; Auto.
Channel A

10 V/div; Y position — 0,00; AC.

Channel B

10 V/div; Y position — 0,00; AC.
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2.2.3. IlapameTpu ejleMeHTIB

r L C
60 Ohm 30 mH 200 nF
Ne

pobouoro | 14 13 12 11 10 |8 7 6 5 4 3 2 1
MICIII

R1, Ohm 60

C1, nF 20 |40 |60 |80 [100 |150 |200 |250 | 300 |400 |440 |480 |500

L1, mH 5 8 10 |15 |20 |25 [30 |35 |40 |45 |50 |55 |60

2.3. ExcnepumMeHTa/ibHe BH3HAYEHHsI NepexiiHUX ImpoieciB B Ko.JIii
JAPYroro mopsiAKy Npu MiAKJIYEeHHi 10 JKepesia MOCTIiHOI HANPYTU

2.3.1 Jlna 3aganux Ha poOOYOMY MICHI MapaMeTpiB OTPUMAKNTE OCLHIIOTpaMy
HaIPYTH 3apsily EMHOCTI B KOJIi 3 IHIYKTUBHICTIO 1 aKTUBHUM OIIOPOM.

2.4. 3aB1aHHA Ha J1a0OpPaTOPHY POOOTY

2.4.1. 3a OTpUMAaHOI OCHMJIOIPAMOIO TIEPEXITHOTO MpoIecy (3aMalltoiTe B
3BIT) BH3HAYTE XapakTep mporecy (amepioguyHuii ab0 KOJuUBalbHUM). Y
SIKOCTIpeaklii KoJla Ha MiIKJIKYEeHHS [0 /Kepeja IMOCTIHHOI HaNpyru
PO3IJIIHbTE PeaKNil0 K0JIa HA MO3UTHUBHHUH Nepenaa BXiIHOI HANPYTrU (HANPYTy
3 BUXO/y TeHepaTopa, 10 MoJAA€ThCA HA BXia A).

2.4.2. JIns KOMMBAJILHOTO TPOIECY BU3HAYTE 32 OCIIIOTpad mepioj; KOJUBaHb
T. 3anumrite pe3yabTaT PO3paxyHKIiB y 3BIT.

2.4.3. Pospaxyiite 3a (OpMyIO mepioJ KOIUBAHb Trep. IlopiBHsiTE
pe3ynbTaT BUMIPIOBaHb 1 pO3paxyHKIB.

2.4.4. 36inpmuTe B 1.5 pa3u BedWUMHY IHIYKTUBHOCTI. SIK MO3HAYMIOCS IS
3MiHa Ha TPUBAJIOCTI MEPEX1THOTO MPOIECY 1 YaCTOTI KOJIUBAHB?

2.4.5. TloBepHIThCSI O TOYATKOBOTO 3HAYEHHS BEJIMYUHHU 1HAYKTUBHOCTI 1
3MeHbIIITh B 1.5 pa3u BenuuuHy emHocTi C. Sk BIUIMHYyNa L 3MiHA Ha 4acTOTY
KOJIMBAJILHOTO TMepexiiHoro mpouecy? Yu 3MiHWIACS TPUBANICTh MEPEXiAHOTO
nporecy? Homy?

2.4.6. JlocniiTh BIUIMB BEJIMYMHM AKTHUBHOIO OMOPY Ha XapakTep IPOIIeCy.
36inbmyroun BennuuHy R Bim 60 Om yepe3 200 Owm, Bu3HAUTE, MPU STKOMY 3HAYCHHI
aKTHBHOTO OIOPY HACTaHE anepiouIHUI MpoIieC.
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3po0iTh BiAMOBIIHI BUCHOBKH 32 pe3yJbTaTaMu JA0CIIKSHHS.

3. JlaliTe BiINOBiAb HA MUTAHHS:

3.1. Bixg dYoro 3aiexuTh XapakTep 3MIHH HampyXeHb Ha €MHOCTI Y. 1 Ha
1HIYKTUBHOCTI U, (amepiogndHui a00 KOJIWBaTbHUMN)?

3.2. ¥V sKiii 3a1€KHOCTI nepedyBae 4yacToTa BUIBHUX KOJIMBAHb Bij apaMeTpiB

Komna?

3.3. SIx BIuIMBae Ha 4acTOTY KOJIMBaHb 3MiHa BenmuuH R, L, C?

3.4. SIx Mo>xHa TIEpEeNTH BiJ KOJUBAJIHLHOTO MPOLIECY 0 alepioJUIHOTO?

4. 3micr 3BiTy

1. Ha3Ba Ta meTa po0OoTH.

2. CxeMa DOCIHIIKEHD.

3. Pe3synapTaTM BUKOHAHHSA 3aBJaHHS Ha JabopatopHy poOOTy

ocuJIorpaMmaMu HalIpyzKCHb.

4. Biamnosial Ha NTUTaHHS.
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JIABOPATOPHA POBOTA «T»

JlocJIiI2KeHH NepexiIHNX MPOoLeciB B KOJIAX APYroro nopsiiky npu
MiIKJII0YEHHI IX 10 [KepeJia CHHYCOIIaJILHOI HAIPYTH

Meta pobdoTn

B maGopatopHiii poOOTI CTaBUTHCS 3a METy BHUBUEHHS BIUIMBY IapameTpiB
eJIEKTPUYHOTO KOJIa Ha MTapaMeTpH 1 XapaKTep MepexiHOro MPOIECY B HbOMY.

3micT podoTn

1. 3aranpHi B1IOMOCTI TPO MEpEeXifHI MpOoIeCH B KOJI JPYroro MOPSJKY Ipu
H1IKII0YEHHI 0 JPKEepeNa CUHYCOIAalIbHOT HAIIPYTH.

2. [lopsaiox BUKOHAHHS pOOOTH.

2.1. [Topsamox 360py MPUHIIMIIOBOT €IEKTPHUIHOT CXEMHU.

2.2. YcTaHOBKA MapaMeTpiB €IEMEHTIB CXEMU 1 PUJIa/IiB.

2.3.ExcriepuMeHTaIbHE BU3HAYCHHSI IEPEXITHUX MPOLIECIB B KOJI1 IPYTOro MOPSIKY
2.4. 3aBnanus.

3. Biamnosiai Ha MUTaHHSL.

4. CxnagaHHs 3BITY PO BUKOHAHY pOOOTY.

1. 3aranbHi BiZoMoOCTI Mpo mepexiaHi Mpouecd B KOJI APYroro mopsiaky
NPHU MiAKJIYEHHI 10 JKepesia CHHYCOI1aJIbHOI HATIPYTH

3a3Buuait BBOJATH ITIO3HAYCHHA:

r 1
=5 Wy = ———
2L
YacTtoTa BUIBHUX KOJMBaHb B KOHTYpi, 3BaHa TaKOX BIACHOK YacTOTOIO
KOHTYPY, 3aJICKHUTh BiJ] MapaMeTpiB KOHTYPY:

1 r? . .d
W5 = a)2—52=\/——— = w,.|1—(=)?
ase 0 LC 4L2 0 (2)

ne@, =1/+LC - pE€30HAaHCHA YacToTa;
d=1/Q=rvL/C =r/p —3aryxauus.
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3aryxaHHs 0 KOHTYpiB, IIO 3aCTOCOBYIOTHCSI Ha IPAKTHIIN, 3a3BHYAil MaJo.
Tomy B OLIBIIOCTI BUITAIKIB MOYKHA BBaXKATH, 10 Peg = @y, TOOTO YaCTOTA BUTHHUX
KOJIMBaHb KOHTYPY JIOPIBHIOE HOTO PE30HAHCHIM YaCTOTI.

IMigkaouyenus rLC- koJa
10 JAKepeJia CHHYCOIAJbHOI HAIPYTH

Sxmo nmo komga rLC (puc. T1) 3amicTh keperna mocTidHOl Hanmpyru E
HIKTIOYNATH JUKEPENIO CHHYCOianbHoi Hanpyru e(t)=FE,sin(ot+y),

Puc. T1. Cxema elneKTpuyHOTo Kojia

nugepeHiagbHe PIBHAHHA KoJla Oyie MaTH BUTJIS

2
du.
2
dt
[IpumyiieHa ckiagoBa BUPIMICHHS I1IHOTO PIBHSHHS JIOPIBHIOE HAmpy3l Ha
€MHOCTI Y BCTAHOBJICHOMY PEKHUMI:

du.

+20 +wiUe = wZE, sin(at +y)

Uewp =Uen SIN(t +y¢),

E 1
U. =—" [r?+ (oL ——)3
em a)C\/ ( a)C)

T
Ve =‘//_§0_E

1
= arct L-——)/r
0 g{(w 1) }

OOMEXHMBIINCH PO3TIISIIOM BHITAJIKYy KOJMBAJIBLHOTO XapakTepa MepexiTHuX
MIPOIIECIB, JIJIS1 BUIBHOI CKJIa0BOT MOKEMO 3aICaTH
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U.,. =Ae *sin(o, t+0)

ne A Ta 0 - mocCTiiHI IHTerpyBaHHS.
[Tpu nboMy 3aranbHe pilIeHHS PIBHSHHS Oy/e MaTh BUTIIA

U.(t) =u. +U.,. =U. sin(at+y.)+Ae ™% sin(w, t+©)
CtpyM y Kol

Cup

du,
dt
+CAe - Ssin(w,t + ©) + w, cos(w,. t + O)]

1=C = aoCU_, cos(at + . )+

JU11 BHCOKOJOOPOTHOTO KOHTYpPY, HAJAIITOBAHOTO Ha YacTOTy JpKepena

MIiKIIOYEHOTO 70 KOHTYPY HAIpyrW, MOKHA BBaxkat, mo @ = Weg = Wy, Ilpu

I[bOMY, HEXTYIOUH MEPIIOI0 CKJIAIOBOIO B KBaAPATHUX TYKKaX y BUpasi s CTPyMy,
OTPUMAEMO

i ~ wCU_, cos(at +y. )+ aCAe™ cos(at + ®)

BpaxoByrooun, 110 MO4YaTKoOBI YMOBH B KOJII € HYJbOBUMH, OTPUMAEMO JBa
PIBHSIHHS 111 BU3HAYEHHS IOCTIMHUX IHTETPYBAHHS:

u.(0) =U,,siny. + Asin® =0
1(0) =U_,, cosy. + Acos® =0

3 IKUX BUTUIHBAE, 10 A= - Uy ma We =0
[TincTaBuBIIM 1€ B TTONIEpeiHI POPMYIHU, IPH @ = @z, OTPUMAEMO:

u. =U., @1-e*)sin(at +y.)

i=1_(l-e*)cos(at+y.)
ae Im = wCU, Cm-+
['padik Hanmpyru Ha €MHOCTI IS PO3MJISHYTOrO BHUIAJKY, KOJIH O = (g,
OTpYMaB Ha3BY 130XpOHI3Ma, MOKa3aHui Ha puc. T2.
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i
b m
I

“Urm

Puc. T2. [30xpoHizm

!

AMIUiTyla Hampyrd Ha €MHOCTI HApoCTae IO  3aKOHY 1-e :
ACUMNTOTUYHO HAOJIMKAIOUMCh J0 3HAYCHHs, PIBHOTO aMILTITY[Il i€l HANpyrud B
CTAJIOMY PEXUMi. AHAJOTIYHMM YMHOM 3MIHIOETHCS 1 aMIUTITyAa CTPyMy B KOJIL.

TpuBajicTh MEPEXiHOTro TPOLECy BU3HAYAECTHCS KoedillieHToM 3aTyXaHHS 0. Ynum
6inbmre O, THM IBHUIIIE 3aKiHIyeThCS Tepexinanii mporec. Tak gk
5= r ro, Tro, o,
2L 2Lw, 2p 2Q
TO 4MM Olsbllie JOOPOTHICTH KOHTYpY Q, TUM MeHIe O, a OTKe, TUM OlIbliie
TPUBAJTICTh TMEPEXIHOTO TMPOIECYy B KOJUBAJILHOMY KOHTYpi, a 3 OOEpHEHO
MPOTOPIINAHINA 3aJ€KHOCTI MK IIMPUHOIO CMYTH TPOMYCKaHHS KOJIMBAJIBHOTO
KOHTYpY 1 HOoro JOOPOTHICTIO CIiJI, IO TPUBAIICTh MEPEXITHOTO MPOIIECY B KOHTYPI

00epHEHO MPONOPLIAHA IMUPUHI HOTO CMYTH IPOITYCKAaHHS.
VY pasi, SKII0 4acTOTa @ JKepelsia HApyrd HETOYHO 30Ira€ThCsi 3 4YaCTOTOKO

BUIBHUX KOJHMBaHb B KOHTYpl Dcg, HAMpyra Ha €MHOCTI 1 CTpPyM B Koy OyayTh

SIBJISITH COOOI0 CYMH JIBOX KOJIMBAHb 3 PI3HUMH YaCTOTaMHM, aMILIITya OJHOTO 3 SIKUX
yOyBae 1Mo eKCIIOHEHIiaTbHOMY 3aKOHY. [IpH IbOMY BUHMKAIOTh OUTTS, YaCTOTA SKUX
JIOPIBHIOE PI3HUII YaCTOT M Taw., (puc. T3).

Puc. T3. burrsa
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2. BukoHaHHs po6oTH

Ilpu BukoHaHHi JaGoparopHoi podoTH a1 (OPMYBAHHAA CXEeMHU
AOCJiIUKeHb HeOoOXiaHi: JpKepeno 3MIHHOT Hampyru, K4, ocuuiorpad, orip,
1HIYKTUBHICTh, EMHICTD, @ TAKOXK 3'€/IHYBAJIbHI €JIEMEHTH.

2.1. Ilopsinok ckJagaHHS NIPUHIUIIOBOI €JIEKTPUYHOI CXeMH
2.1.1. 3amycrith Electronics Workbench.

2.1.2. Iligroryiite HOBUH (ailn 1yist poOOTH.
2.1.2. 3agana nyist poOoTH cxema BKa3aHa Ha puc. T1.

Puc. T1. Cxema enekTpuuHOro Koja

2.1.4. TlepeneciTh HEOOXIIHI €JIEMEHTH 3 3a/IaHOI CXeMH Ha poOody 00JacTh
Electronics Workbench. Jlns mporo HeoOXimHO BUOpaTH poO3JIIM Ha MaHeNl
iHcTpyMeHTiB (Sources, Basic, Instruments), B skux 3HAXOAWTHCSA MOTPIOHUN BaM
€JIEMEHT, MOTIM TMEepeHecTH HOoro Ha poOody o06sacTh (KJIAHYTH MUIICI0 Ha
MOTPiIOHOMY €JIEMEHTI 1, He BIAMYCKalOUM KHOIKH, MEPEHECTH B TMOTpiOHE MicCIe
cxemu). llepeHeciTh mkepeno 3MIHHOI Halpyrd, KIo4, ocuuiorpad, omip,
1HAYKTUBHICTb 1 EMHICTb.

2.1.5. 3'emnaiiTe KOHTaKTH E€JEMEHTIB 1 pO3TAlIyHTe €IEeMEHTH B PoOOUiit
obnacti 111 ojep>KaHHS HEoOX1HOiI Bam cxemu. s 3'eqHaHHS JBOX KOHTAKTIB
HEOOX1HO KJIAIIHYTH IO OJHOMY 3 KOHTaKTiB OCHOBHOIO KHOIIKOIO MHUIII 1, HE
BIJIMMYCKAIOYH KJIABIIIY, JOBECTH KypCOp /10 IPYroro KOHTAKTY.
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2.2. YcTaHOBKa NapaMeTpiB eJ1eMeHTIB cXeMH i npuJiajais

2.2.1. JI:xxepeJio 3MiHHOT HANIPYTH

AL Yoltage Source Properties 7 x|

Label ‘alue lFauIt ] Displa_l,l] Analyziz Setup]

Yaltage [W]: 10 | Y E

Frequency: 340 CEE

Phage: Ini Deq

Waltage tolerance: W b4 W Use global tolerance

2.2.2. Kirou

Time-Delay Switch Properties

Label “alue lFauIt ]Displa_l,l]

Time on (TON} (1B s E
Time off [TOFF): |0 E =
2.2.3. Ocumnaorpad
Time base Trigger Channel A Channel B
[0 0 div E Edge + [0 /0w E [50 wiDwn (]  Peduce
¥ pesition [ 0.00 B Level 0.00 |I|‘ ¥ position | 0.00 2] position [ 220 [2]  Rewerse
Kl vis b EXl = b Ex ERd o oo Ed o oc Save
2.2.4. TlapamMeTpH dJIeMEHTIB
r L C
2 kOhm 30 mH 9 pF
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2.3. ExcnepuMeHTA/IbHE BU3HAYEHHS MepeXiHNX NMpoueciB i KoJii Apyroro
NMOPSAKY NPH MiIAKJIIOYEHHI 10 ZKepesia CHHYCOIIAJIbHOI HANIPYTU

2.3.1. OTpuMaHHs OCHIJIOTPAMU HAIIPYTH.

Komu cxema cTBOpeHa 1 rotoBa J10 poOOTH, JJIS MOYATKY IMiTallii Mporecy
poOoTH HEOOXiAHO BUKIWKATH KOMaHAY MEHIO: HATUCHYTH KHONKY BKJIIOYCHHSI
JKUBJICHHS Ha MMaHeNl 1HCTpyMeHTIB. JlaHa Jis mpuBese B poOOUYMM CTaH CXEMYy.
[lepepBatu iMiTallito MOXHa ABOMa criocobamu. SKIo BU 3aKiHUYMIA poOOTY, MOKHA
MOBTOPHO KJIAIHYTH TEPEMHUKA4 JKUBICHHS. Km0 X MOTPIOHO THUMYAcCOBO
nepepBaTtu poOOTy CXEMH, HANPUKIAJ, JUIS JETAIBHOTO PO3IIIALY OCIHIOTpamH, a
NOTIM TPOJOBXKUTU POOOTY, MOKHA CKOPUCTAaTHCS KHOIKOI Pause, ska Takox
po3TallioBaHa Ha MaHeNl IHCTPYMEHTIB.

Tenep, nmns TpOBENCHHS aHaTi3y IMiTallli, MOXHa 3MIHIOBAaTH HOMIHAIHU
€JIEMEHTIB, BUBOJIUTH 1 HAJIAIITOBYBATH TepMIHAIM NpuiaAiB. B maHomy Bumamaky
MOKHa TeperiiHyTH ocimiorpamy Ha Buxoii RLC-xoma. Jlng uporo motpiOHO
BHUBECTH BIKHO TepMiHAIIy oclmiorpada moJBIHMM HATHUCKAHHSIM Ha KOMIIOHEHTI
Oscilloscope.

[Tpu BuxopucranHi ocimnorpada B Electronics Workbench e moxnusicts
MEeperiisily CHUTHally TMpPOTATOM YChOro 4acy imitamii. Jlns 1mporo MoskHa
ckopucTaTucs kHonkorw Expand 1 ckopuctaTucs cMyramu MpOKPYTKH 300paskeHHS.
[1[06 mepeBecTr MaHe b Y HOPMaJIbHHIA PEXKUM, BUKOPUCTOBYEThCs KHOTKa Reduce.

2.4. 3aBnanuga

2.4.1. 3a OoTpUMaHOI OCHUJIOTPAMOIO TEPEXiTHOTO TMpoIecy (3amMalionTe B
3BIT) BU3HAUTE, B SIKOMY CIIBBIJHOILIEHHI 3HAXOIUThCI YacCTOTa @ JKEPENia Halpyru
3 YacTOTOI0 BIUIBHUX KOJHMBAHb B KOHTYpl @cg (muB. puc.T2 1 puc. T3 pozginy 1
nabopaTopHOi poOOTH).

2.4.2. BuszHaure 4acToTy OWUTTS 1 Mepioj iX KOJIMBaHb. 3aMUIIITh PE3yIbTaTH
PO3paxyHKIB Y 3BIT.

2.4.3. JlocniaiTe BIUTUB 4acTOTH (DYHKIIIOHAJIILHOTO TeHEpaTopa Ha XapakTep
nepexigHoro mpoiecy. 3MmenHmyite yactoty depe3 10 kHz no 300 kHz. Jlocaruits

PIBHOCTI @ = (g, sika OTpuUMaia Ha3By 130xpoHizma. Ocuuiorpama Hamnpyra Ha

€MHOCT1 I PO3TJISTHYTOTO BUNAJKYy MOBMHHA OyTH ToaiOHa rpadiky Ha puc. T2
(po3min 1 maboparopHoi poboTH). 3amMaitoTe ocHuiorpamy i 3po06iTh HE0OXiIHi
MTOSICHEHHS.

3. JlaiiTe BIANOBIAb HA MATAHHSL:

3.1. Bixg 4oro 3ajieXuTh 4acTOTa BIIBHUX KOJIMBAHb y KOHTYpI, 3BaHa TaKOX
BJIACHOIO YaCTOTOI KOHTYPY?

3.2. 3a AKUM 3aKOHOM HApOCTa€ aMIUTITy/a HAPyTd Ha €MHOCTI B pa3i, KOJIH
®=weg?

3.3. YuM BU3HAYAETHCS TPUBAIICTH MEPEXIAHOTO TpoLiecy?
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3.4. YoMy A0piBHIOE YacTOTa OUTTS B pasi, AKIIO YaCTOTA @ JDKEpea Halpyru
HETOYHO CHIBIAJA€ 3 YACTOTOIO BUIBHUX KOJMBAHb B KOHTYPl @gg 77

4. 3micr 3BiTY

1. Ha3Ba Ta meTa po6oTH.

2. CxeMa 10CHiKEHb.

3.Pe3ynbraT BUKOHAHHS 3aBAaHHS Ha J1a00paTopHy poOOTY 3 OCITUIOTpaMaMH
HaIPY>KEHb.

4. Bigmosial Ha TUTaHHS.

183



JIABOPATOPHA POBOTA «Y»

JlocaiIsKeHH CIIEKTPA MePiOJANYHOr0 CUTHAJY

Meta poboTn

B nmabGopaTtopHiii poOOTI CTaBUThCA 3a METy BHUBYCHHS BIUIMBY IlapaMeTpiB
NEepioANYHOTO CUTHAITY Ha (popMy Horo criekrpa.

3MmicT podoTu.

1. 3aranpHi BIIOMOCTI PO CHEKTP MEPIOJUIHOT TOCIIAOBHOCTI

MPSMOKYTHHUX B1I€OIMITYJIbCIB.

2. Tlopsamox BUKOHaHHS poOOTH.

2.1. [Topsamox 360py MPUHIIMIIOBOT €IEKTPUIHOT CXEMHU.

2.2. YcTaHOBKA MapaMeTPiB €IEMEHTIB CXEMU 1 IPUIIa/IiB.

2.3. ExcriepuMeHTanpHe BU3HAYEHHS aMILIITY JHO-YaCTOTHOT'O CIIEKTPa CUTHAIY.
2.4. 3aBgaHus.

3. Biamosial Ha IUTaHHSA.

4. CxnazaHHs 3BITY IpO BUKOHAHY poOoOTy.

1. 3aranbHi BIZIOMOCTI NP0 CHEKTP NEPiOAMYHOI MOCTIZOBHOCTI
NPAMOKYTHHX Bi1e0iMIy/1bCIB

Hexaéi  u(t) Bu3Hawyae  mepiOgUYHY  MOCIHIAOBHICTH  MPSIMOKYTHHX

) ) ) ) ) ) 27
BUICOIMIIYJIBCIB 3 aMIUNITYJAO0IK0 TPUBAIICTIO 7, 1 IIEPIOJAOM IIPOXOKEHHS T =E

(puc. Y1).

(1]
Uﬂ NS H —
o 1, e, |t

Puc. V1. I'padik curnamy

®yukmis U(t) B Mexax mepiogy Moxke OyTH omHcaHa siK
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U, i (t - )t +2)
u(t) =- 2 2

T, 7,
\ 0 mpu (t +?)<t<(to 2)

[lepeiinemo 10 cHeKTpadbHOrO mMpeAcTaBieHHsA. [IpoBIBIIM pO3pPaxXyHOK Yy
KOMIUTIEKCHIN (opmi, BuxkopuctoBytoun ¢opmynn Einepa 1 mnepeitmoBmm 10
TPUTOHOMETPUYHOT POpPMi, OTPUMAEMO:

.k
SIn —

ny ” g cos kQ(t —t,)

T

U -YYn
Tyr ~o ™ q - IIOCTIMHA CKJIaJ0Ba;
. kx
SIN —
U - 2U q
m q kl - amrutityaa K- rapmoniku
q

q= P CKBaKHICTb IMITyJIbCIB.

u

AHani3 OTpUMaHuX BUPA3iB JO3BOJISIE 3pOOUTH HACTYIHI BUCHOBKH:

1. TlocTtiitHa ckiamoBa aMIUNTYIM YCIX TapMOHIK MPOIOPIIiiiHA aMIUTITY/l
IMITYJIBCIB 1 3MEHIIYIOTBCSI 3 POCTOM iX CKBa)XHOCTI, IO TOSCHIOETHCS (PI3UUHUM
3MEHILIEHHSIM €Heprii B IMITYJIbCI.

2. Ammunityan Uy, rapMOHIK HE 3aJIe)KUTh Bl 3CYBY IMITYJIbCIB y yaci fp, a
3aJIeXaTh JIMIIE BiJl 1X TPUBAJIOCTI (CKBa)XHOCTi). 3 1HIIOTO OOKY, TOYaTKOBi (a3u
FapMOHIK 3aJieKaTh JIMILIE BiJ] 3CYBY IMIYJBbCIB 1 HE 3ajJeXaTh BiJ iX aMIUNTYAH 1
TPUBAJIOCTI, TOOTO 3pYILIECHHS CUTHANYy B 4Yaci He BIUiMBae Ha Horo AUC, a 3MiHIOE
nuire OYUC.
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3. Posmoxin aMmimiTyq TapMOHIK 3a BEJIMYMHOIO MIAKOPSAETHCS 3aKOHY
in x k7
S X = 2%

apoyHoro cuHyca: X | 1e q (puc. ¥Y2). Taka ¢yHKIis Mae apouyHy
CTPYKTYpy 1 BHU3Haya€ MOSIBY Mepe] aMIUIITyJaMH 3Haka IUTIoC abo MiHYyC, IO
BIJIMIOBIAa€ 3MIHEHHIO BiJl apKu 10 apKu (a3 rapMOHIK Ha £7. 3 ypaxyBaHHSIM I[bOTO
MO>KHa 3aIHCaTH:

 =kat, £(n-1z,

rae N=1,2, 3, ...— HoMep apku abo 1HTEpBaTy 3HAYEHb 3MIHHOI
X = k_” S _sinx
q npu Akux QyHKIs a(x) = X npuiiMae BU3HAUYEHI 3a 3HAKOM

3Ha4YeHHS (ITO3UTHUBHI 200 HEraTUBHI).

sing 10 = r T ;
i 5:._"* . | ™11
ilﬂ - .;... s f | - N — -

as A

04

\

1
07— ! ‘-1 i - |
a ' Sy

-7 Ll
. a X 20 g 400 hT

Puc. V2. I'padix pyHKuii

4. CnexkTpasibHi JIiHIT 3HAXOJATHCSI OJMH BiJl OJHOTO HAa OJIHAKOBIM BIACTaHI,
P1BHII YaCTOTI MPOXOHKEHHS IMITYJIbCIB €2.

5. Posnopin crekTpaibHUX JIiHINA MO BUCOTI BU3HAYAETHCS OOBIIHOIO CIIEKTPY,
XapakTep SKOTO 3aJEKUTH Bl (POPMU CUTHAITY.

6. Jlns moOynoBU CHEKTPIB MOKHA CKOPHCTATHCS METOJHMKOIO, CYTh SIKO1 B
HacTynmHoMy. Y Toukax KQ Ha Bigctani (0 ogHa BiJ OJHOI MPOBOAATHCS JIiHII,
MEPHEHANKYJISAPHI OCl 4acToT. Y THUX K€ KOOpJAWHATaX B MOTPIOHOMY MacmiTadi
OynyeTbcsl OTMHAIO4Ya CHEKTPY. TOYKM TEPEeTHHY NEePIeHIUKYISIpiB 3 OOBIIHOI
CHEKTPY BU3HAIOTh BUCOTY CIIEKTPAIbHUX JIIHIM.

Orunatoya AYUC mocCniIoOBHOCTI MPSAMOKYTHHX BIJCOIMIYJIBCIB OMUCYETHCS
(byHKLI€O
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_2U, |sinX
mn
g X
Kz T
X=—= kQ E
1 mepeTuHae BiCh YacTOT, KOJM X KpaTHe 7, ToOTO K KpaTHe (, abo Mpu 4acToTax,
KpaTHUX CKBaXKHOCTI. TOMy came 1ii 4aCTOTH, piBHI

U Un |sa(x)

27
OK_k
Tn
BIJICYTHI B CIIEKTPI.
Uma ]M,]
2o} %y
g
U
g 65 Elnx
ot rV)TT(T\rﬂT‘Pu.ffTM -
08 g QR 499 @
I8 a5 4 f
T T T T T
0 1z & & TTTF
Iy ty Ty Ty

Puc. V3. Cnekrp curnany

CnexkTpanpHi CKJIaJ0Bl 3 HaWOUIBIIOW aMIUNTYJ0K pO3TalllOBaHI Mif
MEepIIMMHU apKaMH, B HUX 30CEPEIKEHI 1 OCHOBHI YaCTUHMU €Heprii curhHainy. Tomy
e(eKTUBHY IIUPHUHY CIIEKTPY MOXKHA BU3HAUUTHU K

@. = (1+2,5)qQ

TeopernyHO MMMpHHA CIEKTpa HECKIHUYEHHA, MPOTE HE BCl HWOTO CKJIAJ0BI
HAJAI0Th JI€BUH BIUTMB HA ()OPMY CUTHAIY 1 MAlOTh IPAKTUYHE 3HAYCHHs. ToMmy mif
IIMPUHOIO CHEKTpa 3a3BUYail po3ymilOTh OOMEXKEHHH J1ala3oH 4YacToT, y SIKOMY
po3mnojiieHa Oinbiia yacTuHa eHeprii cur”ainy. [llupmHa cnekrpa, Tak caMmo K,
HAIPUKJIIAJ, CMyTa MPOMyCKaHHS KOHTYPY, - IOHATTS] YMOBHE.

Posrisinemo ocob6mmBocti AHC mipu 3MiHI TPUBAIOCTI 1 YaCTOTH MTPOXOKCHHS
IMITYJIBCIB.
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31 3MEHIIEHHSM YacTOTH MPOXOJuKeHHS Qmnpu t;=Cconst BinOyBaeTbcs
3TYIIEHHS CMEKTPa: BIICTAaHb MK CIIEKTPAIbHUMH JIIHISIMUA 3MEHIITYEThCS.

upuHa crmekTpa, sSKa BU3HAYAETHCS WOTO OOBINHOIO, HE 3MIHIOETHCS, a
OCHOBHA YaCTHHA €HEPrii pO3MOIIAEThCS Ha OUIBIIIN KIJTBKOCTI TApMOHIK.

31 30UTbLICHHSM TPUBAJIOCTI IMIYJIbCIB mpu €2 = const IMMpUHA apoOK 1
MOB'sI3aHa 3 HEIO TUPUHA CIIEKTPa 3MEHIIYIOTHCS: BiI0YyBA€ThCS BiTHOCHE CTUCHEHHS
cnektpa. OCHOBHA YaCTHHA €HEPTii PO3MOILISETHCS Ha MEHIIIM KIJTbKOCTI TAPMOHIK 1
30CEPEIKYETHCS B 00J1aCTi BCE OLIbINIE HU3bKUX YacTOT.

TakuM YUHOM, YUM KOPOTIIIE IMIYJIbCH 1 OlIbIIE TX CKBa)KHICTh, TUM LIUPIIE 1
rymii X CekTp, 1 HaBmaku (puc. Y4).

Umn

wi

al |

bty o Ly by fe.r_

Puc. Y4. 3minn cnekpr CUTHAILY
2. BukoHaHHs po0oTH.

[Tpu BukoHaHH1 mabopaTopHOi poOOTH 1711 POPMYBAHHS CXEMH JOCTIIKCHb
HEoOXimHl: (YHKIIOHATBLHUN TeHepaTop, ociuiorpad, a TakoX 3'€IHyBalbHI
€JIEMEHTH.

2.1. Tlopsimox 300py IPUHIIUIIOBOI €IEKTPUIHOT CXEMU

2.1.1. 3anycrith Electronics Workbench.

2.1.2. 3anana s poOOTH cxeMa BKa3aHa Ha PUCYHKY.
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2.2. YcTaHOBKa napaMeTpiB NpuiaiiB

2.2.1. Ha ¢pyHKUioHAJILHOMY reHepaTopi:

Frecvency 1 kHz
Dyty cycle 50 %
Voltage 10 V
Offset 0

Bua curnaiay IMILYJIbCHUI

2.2.2. Ha ocunsorpadi

T B.0888 = T [ 115.194& ms=s Ti-Ti 115.194& ms
Wil la. oaga W W la.eapa W A 8. 8868
Wil wEE WBE-WE
Time base Trigger Channel A Channel B
[0 20m=7 div ] | Edge EE [5 wiDiv =l | [5 wibiv [2] | Reduce
X position | 0.00 2] | Level [000 [ | ¥ pesition | 0.00 =] | ¥ position [ 0.00 [2] | Reverse |
Kl bs | &B Eml ~| 6| B AC| 0| NE AC| 0 ||NE Sawve

2.3. ExcnepuMeHTa/IbHe BU3HAYEHHSI AMILTITYIHO-4aCTOTHOTO CHEKTPY
CUTHAJY

2.3.1. OTpumaiiTe ocimorpaMy HampyTH.

2.3.2.3amaioiiTe B 3BIT OTPUMAaHYy OCIIHJIOTPaMy.

2.3.3. OTpumaiTe CeKTp CUTHAIY.

Bubepits merro Analysis i B upoMy omirito Fourier. V Bikai Fourier Analysis
3ajaiiTe 3HAYEHHS YaCTOTH OCHOBHOI rapmoniku Fundamental frequency pisaum
YacTOTI TPOXOJKEHHS IMIYJbCIB, @ YHUCJIO TapMOHIK, IO MiJJISTAlOTh aHai3y
(Number of harmonics), pisaum 15.

Haruchite kHomky Simulate i y Bikui, Analysis Graphs otpumaere
300pa)Ke€HHSI aMIUTITYIHO - YACTOTHOTO CIIEKTpa CUTHAIY (CIIEKTpOorpamy).

3amaintoiTe CIEKTp B 3BIT MO Ja00OpaTopHii poOOTI.

2.4. 3aBnanuga
2.4.1. 3a OTpUMAHOIO CHEKTPOTPaMOI0 BU3HAYTE YACTOTH 1 aMIUTITYAH BCIX

CHEKTPaJIbHUX CKJIAZOBUX (TaPMOHIK), 110 YTBOPIOIOTh CIIEKTP CUTHAITY.
3anuiiTe pe3ynbTar y 3BIT.
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2.4.2. JlocniaiTe BIUIMB YaCTOTH MPOXOKEHHS IMITYNIbCIB (DYHKIIOHATBHOTO
reHepaTopa Ha TMOJOXEHHS TapMOHIK B CIEKTpi, Ui YOro 301UIBIITE YacTOTY
POXOKEeHHs iMITyJIbCiB B 10 paziB. OTpuMaiiTe ociuiIorpaMy CUTHATY 1 3aMallionTe
B 3BIT. [loBTOpiTh myHKT 2.3.3 nabGoparopHoi poOOTH. 3poOiThb BHCHOBOK IO
pe3yabTaTy JOCTiKESHHSI.

2.4.3. JlocaiaiTh BIUTMB IINAPYBATOCT] IMITYJILCIB HA BUTJIS] CIIEKTPA.

JlJis 11bOTO B yCTaHOBKAaxX (YHKITIOHAJTBHOTO TeHEepaTopa 3MIiHITh BEIUYUHY
MPOLIEHTHOTO CHiBBITHOIIECHHS TPUBAJIOCTI IMITYJIbCIB 1 mepioay ix ciigyBanHs Dytu
cycle 3 50% na 20%.

3amanmiolite B 3BIT oOTpuMaHy ociwiorpamy. IloBropite myHktr 2.3.3
nabopaTopHOi poO6oTH. 3p00iTH BUCHOBOK IO PE3yJbTaTy TOCITIIKCHHS.

3. JlaiiTe BiANOBiAb HA MUTAHHSI:

3.1. Sk BmMBae 3MiHA IMIMAPYBATOCTI 1 aMIUIITYAW IMITyJbCIiB Ha IMOCTIHHY
CKJIQJIOBY 1 aMILIITY/IM BCIX TAPMOHIK CIIEKTpa?

3.2. SIkoMy 3aKOHY TIANOPSAIKOBYETHCS PO3MOILT aMILTITY T TAPMOHIK?

Ha sxiii BiicTaH1 3HaXOATHCS OJMH B1Jl OJHOTO CIEKTPAJIbHI JIIH11?

SKi 4acTOTH BIACYTHI B CIIEKTP1 CUTHATY?

3.3. SIxk MokHA BU3HAYUTH €(DEKTHUBHY IIMUPUHY CIIEKTpa?

4. 3micr 3BiTy

1. Ha3Ba ta meTa poGoTH.

2. Cxema JIOCIiI>KEHb.

3. PesynpraTM BHKOHAHHS 3aBJaHHA Ha JaboparopHy poOoTy 3

ocIUIorpaMaMH Halpyr 1 BACHOBKaMH.
4. Bigmosial Ha TUTAHHS.

190



JIABOPATOPHA POBOTA «®»

JlocaizkeHHsI CMTHAJIY 3 aMILTITYIHOI0 MOIYJISIHi€r0

Meta poboTn

B naGopatopHiii poOOTI CTaBUThCA 3a METy BHUBYCHHS BIUIMBY IapaMeTpiB
CUTHaJy Ha ioro popmy.

3MmicT podoTun

1. [ToBTOpUTH OCHOBHI TEOPETUYHI MOJIOKESHHS.

2. Buxkonatu po0oTy.

2.1. Cxnactu eNeKTpUYHY CXeMY JOCIIKSHHS.

2.2. BctaHOBUTH mapamMeTpu JKepenia CUTHATY.

2.3. OTpuMaTy OCIMIIOTpaMy CUTHATY 3 aMILTITYTHOIO MOIYJISIIIETO.
2.4. Bukonartu 3aBIaHHs.

3. BigmosicTy Ha TUTaHHSL.

4. CxJacTu 3BIT PO BUKOHAHY pOOOTY.

1. OcHoBHIi TeopeTHYHi MMOJIOKEHHS

AwmrutityiHa MoayJisiisi (AM) BITHOCUTBCS 10 YKCia HAUIPOCTIMMX 1 HAOyIu
IIMPOKOIr0 3aCTOCYBaHHS 3aBASKHU CBOil IPOCTOTI B 3A1MCHEHH1 1 BUKOpUCTaHHI. [Tpu
AM aMI1iTy1a HECY40ro KOJIMBAaHHS € (DYHKIIIEO Yacy BULY

Am(t) = Amo[1+F ()],

ne Anp - TIOCTIiTHA, 1110 TOPIBHIOE CEPEAHBOMY 3HAUCHHIO aMILTITYIH;

F(t)—dyHKIs Yacy, 3MIHIOEThCS 32 TaKUM >K€ 3aKOHOM, IO 1 CHUTHAJ, IIO0
MOJYJIIOE, 1 Ma€ Ha3BY MOAYJIAIIAHOT (DYHKIIIT.

Cnocobu 3piiicHeHHss AM 3a3BuMyail 3acHOBaHI Ha 3MiHI TOTEHLIAJIB
CJICKTPOHHUX TPWJIAIiB, MO BXOIATh [0 CKIALy NPHUCTPOiB, IO TEpeaaroTh
pagiocurHand. Y HaWMpOCTIIIOMY BHUMNAAKy aMIUNITYAHO-MOJyJboBaHe (AM)
KOJIMBaHHA CTPYMY MOXXHA OTpUMaTH B KOJII 31 3MIHHMM OIIOPOM, JIO SIKOTO
MPUKIIaJIeHa HAIPyTra BUCOKOI YaCTOTH, a 3aKOH 3MiHU BH3HAYAETHCS MOAYJISIIIHOIO
¢ynkuiero. [MogiOHUM 3MIHHUM OIMOPOM MOKE CIIY>)KUTH, HApPHUKIIaA, BYTUIbHUN
MiKpO(dOH.

AHanitTnyHo AM KOJIMBaHHS BU3HAYAIOTHCS BUPA30M BUTIISITY
a(t) = Amo[1+F(t)] cos(wy, t+ w, ).
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[Tpu rapmoHiitHi# (0JHOTOHATBHIN) MOMYJISIIIT, KOIH
F(t)=mcos (Qt+ o),
1t AM KOJIMBaHHS OTPUMYEMO

a(t) = A ,[1+ mcos(Qt + ¢,)]cos(w,t +y ) ,

1e m - Koe(imieHT MOTYJIAIIIT;
Q) - 9acToTa MOIYJISIIIII.

S(t)

Puc. ®1. Curnan 3 aMIuIiTy THOIO MOAYJISIIIEI0

KoedimienT Momymsiii m Ha3WBalOTh TaKOX TIIMOMHOIO Momyismii. Ilpum

0<m< laMHJ'IiTyI[a AM konMBaHHS HE MpUKMAaE BIJ'€MHUX 3HauyeHb (puc. OI).
Taka momynsiisi Ha3uBaeTbca HecnOTBOpPeHOi. [Ipyu m>1 3HaueHHS Ap(t) Ha JEAKUX
IHTEepBajgaX dYacy CTalTh HETaTUBHUMH, 10 TPHUBOAUTH 10 TEPEMOIYJIAIIIT,
MOB'A3aHOT 3 CIIOTBOPEHHSIM 00BiMHOI KonuBaHHs (puc. ®2). 106 yHUKHYTH 1IOTO
Koe(DiieHT MOy ALl BUOMPAIOTH HE OLTBITIIE OJUHUIII.
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S(1)

Puc. ®2. ABume nepemomysmii

[Ipn HecmoTBOpeHOi MOAyJALil aMIuiiTyga AM KoJMBaHHS 3MIHIOETHCS B
Mekax BiT Aumin = Amo (1 - m) 10 Anmax=Amo (1 + m). IIpu mpomy koedirfieHT
MOMIYJIAIIT MOKe OYTH 3HAWEHUH SIK BIHOIICHHS MAaKCHMAJIBHOTO 301IbIIICHHS 44,
aMILUTITYU KOJUMBAaHb 10 CEPEIHBOTO il 3HAUYECHHSIM Apo:

AmO_Ammin :Ammax_AmO _AAm

Ao Ao Ao

m = Ammax _Ammin
Ammax +Ammin

2. Ilopsiiok BUKOHAHHS POOOTH

m=

Jns (opmyBaHHSL CcXeMHM JOCHIUKEHb HEOOXI1JIHI: TE€HEepaTrop CUTHAIy 3
aMILTITYTHOIO MOJYJISIIIIE0, ocuiiorpad.

2.1. [Topsimok CKIaaHHs MPUHIIUIIOBOI EIEKTPHUYHOT CXEMH KOJIa

2.1.1. 3amycrith Electronics Workbench.

2.1.2. 3agana qyist poO0oTH cxema BKazaHa Ha puc. O3.

v

Puc. ®@3. Cxema e1eKTpUUHOro KoJjia
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2.1.3. TlepeneciTh HEOOXIiIHI €IEMEHTH 3 3aJIaHO1 CXeMH Ha po0ody 001acTh
Electronics Workbench. Jlns 1poro HeoOxigHO BHOpaTH pO3JLIM Ha IMaHENI
incTpymeHTiB (Sources, Basic, Instruments), B sSIkux 3HaXOIUTHCS MOTPIOHUI BaM
€JIEMEHT, IOTIM TNIePeHEeCTH Horo Ha pobouy o00sacTh (KJIAIHYTH MHUIICH Ha
NOTPiIOHOMY €JIeMEHT1 1, He BIJIMYCKalOUd KHOIKH, MEPEHECTH B IOTPIOHE MicCIIe
CXEMH).

2.1.4. 3'eqnaliTe KOHTAKTH E€JIEMEHTIB 1 PO3TAIIyHTEe €JIEMEHTH B POOOoUiif
obnacTi mis omepxkaHHS HeoOximHOi Bam cxemu. [ 3'€emHaHHS JBOX KOHTAKTIB
HEOOXIZIHO KIJIAIHYTH MO OJHOMY 3 KOHTAaKTIB JIBOIO KHOMKOIO MHIII 1, HE
BIJIMTYCKAIO4H KHOTIKY, TOBECTH KypCOp JI0 APYTOro KOHTAKTY.

2.2. YcTaHOBKa mapaMeTpiB CUTHAJY i npuiajgiB

2.2.1. YcraHoBKa napaMeTpiB eJleMEeHTIB CXeMHU

Ne pob6ouoro micus 19 2; 3; 4, 5: 6; 7; 8;

’ 10 |11 12 13 14 |15 16
Ammutityna 6 12 8 10 |20 |4 14 |6
cursainy, V
Yacrora wHecyuoi, | 10 |6 4 1 8 3 7 5
kHz
YacroTa 100 {600 | 400 | 100 |800 | 300 |700 |500
moyororioi, Hz | 0
Irexc Moayssii o6 (04 |02 |08 |03 |05 |07 |09

2.2.2. YcTaHOBKA mapamMeTpiB ocuuiorpada

YcraHoBkH yacy - Time base

KoediieHT BiAXMIECHHS 10 TOPU3OHTAI niaoip

X position (3mimeHHs 110 X) 0;
Pexxum po3ropTku Y/T.
Trigger

3amycK po3ropTKu Auto
Edge (Bubip ¢ppoHTY curHamy, 1o 3amycKae) JIOBUIBHO
Level (piBeHb) 0
Channel A

KoedimienT BiqXuieHHs 110 BepTUKAII miaoip

Y position (3mMimeHHs 110 Y) 0,00
Pexxum Bxoay DC(Binkputuit BXin)

Cnocrepe:xeHHs CHTHAJIY Ha eKpaHi ocuujiorpada.

Konu cxema cTtBOpeHa 1 rotoBa A0 poOOTH, IS MOYATKY IMITaIlli MpoIecy
poOOTH HEOOXITHO BKJIOUMTH Ha KOPOTKHUWA Yac KHOIKY J>KMBJICHHS Ha MaHeml
1HCTpYMEHTIB. J{aHa fist mpuBejie B pOOOUNIA CTaH CXEMY.
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OTtpumaiiTe ocumwiorpamy cursaiay. J[ias mporo moTpiOHO BHUBECTH BIKHO
ocumiorpada moaBiitHIM HaTUCKaHHIM Ha kKomroHneHTi Oscilloscope.

[Ipu BukopucranHi ocuwiorpada B Electronics Workbench € MoxiauBicTh
NEeperjisily CHUTHATy WPOTArOM Yychoro dacy imitamii. /s 1mporo MoxkHa
CKOpHUCTATUCS KHOMKOI EXpand i ckopucraTicst cMyramu IPOKPYTKU 300pasKeHHS.
1106 mepeBecTr MaHe b Y HOPMaJIbHHUIA PEXKUM, BUKOPHUCTOBYEThCs KHOMKa Reduce.

2.4. 3aBnanuga

2.4.1. 3a OTPUMAHOIO OCIIJIOTPAMOIO CHUTHAITY (3aMaIONTE B 3BIT) BU3HAUTE
nepiog Hecy4doi 1 Mopmymoouoi  ¢GyHKIiA. g 10boro  ckopucraurtecs
BEPTUKAIbHUMH BI3UPHUMH JIiHIHKAMH YEPBOHOTO 1 CHHBOTO KOJBOPIB, K1 MOXYTb
nepeMilIaTUCs 0 eKpaHy ociiorpada MUIIXxoM MepecyBaHHs MUIIKO0. [Ipu oMy
Ha JUCIUIESX MiJ €KpaHOM BIIOOpa)aroTbCs pPE3yJbTaTH BHUMIPIOBAHHS HaNpyTH,
TUMYaCOBUX 1HTEpBaJIiB 200 1X 301JIbIIICHHS.

2.4.2. PospaxyiiTe YacTOTH HeCydyoi 1 MOAYIIOOUYOl (YHKIN, 1HAEKC
MOAYJIAIIT 1 MOPIBHSANWTE 3 BCTAHOBICEHMMHU 3HAYCHHSIMH. SIKMii BUCHOBOK MO>KHA
3pOOUTH B pe3yJIbTaTi MOPIBHSAHHSA?

2.4.3. JlocminiTh BIUTUB IHAEKCY MOAYJsAlii Ha (GopMy CUTHATYy, ISl 9OTO
30UIbIITE (SKIIO 1HAEKC Monyisiii meHme 0,6) ado 3MEHBINITH (KO 1HIEKC
MoayJsii Outbiie abo mopiBHioe 0,60) 3HaueHHs iHIAEKCY monayismii. [lpu 1mpomy
BEJIMYMHA 1HJIEKCY MOMYJISAIT He MOBUHHA OyTu Ounbie 1 1 piBHOIO (. 3amaiioiiTe
OCIIJIOTpaMHu 1 3p0o0iTh BIAMOBIAHI BUCHOBKU PO 3aJEKHICTH (POPMU CHUTHATY BiJl
BEJIMYUHU 1HACKCY MOIYJIALII.

2.4.4. JlocnmiaiTe SBUIE TEPEMOIYJIAIIl, I YOrO BCTAHOBITH 3HAYCHHS

1HAeKCy Monaynsmii piBHuM 1,5. 3amamnioliTe OoTpuMaHy ocuujorpamy i 3poOiTh
BHCHOBOK PO MIOMIY€HI BUKPUBJICHHS CUTHAITY 3 aMIUTITYTHOIO MOYJISIII€IO.

3. JlaiiTe BIANOBiIb HA MATAHHSL:
3.1. l1lo Ha3uBa€THCSI MOTYJISAIIEIO?
3.2. SIxi BuaM MOAy LIl BU 3HAETE?

3.3. SIkuii cUrHaJl Ha3UBAETHCS AMILIITYHO-MOAYJIbOBAHUM ?
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4. CkyaaiTh 3BiT NP0 BUKOHAHY PO0OTY

3MICT 3BITY:

1. TutynpHU JIHCT.

2. Meta po6oTH.

3. Cxema I0CIHiIKEeHHS.

4. 3HaueHHs MapaMeTpiB CUTHATY.

5. OcuuyiorpaMu CUTHAIIIB MPU PI3HUX 3HAYEHHSX THACKCY MOTYJIAIIII.
6. Po3paxyHku 1 iX pe3yJbTaTH.

7. BUCHOBKH 3a pe3ynbTaTamMu JAOCTIIKEHHS.

8. Biamosial Ha nUTaHHA.
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JIABOPATOPHA POBOTA «X»

JocaigKeHHs 3MIH CIIEKTPIiB CUTHAJIIB IPU MPOXO/I:KEeHHI
CUTHAJIIB Yepe3 JIiHIMHI eJIEKTPUYHI KOJIa

Meta poboTn

B maGopatopHiit poOOTI CTaBUTHCS 3a METy BUBUYEHHS BIUIMBY €JICKTPUYHUX
KUT Ha QOpMY 1 CHEKTP CUTHAIB.

3MmicT podoTun

1. [ToBTOpUTH OCHOBHI TEOPETUYHI MOJIOKEHHS.
2. Buxonatu po6oTy.

2.1. CkacTu elNeKTPUYHY CXeMY JOCIIKEHHS.
2.2. BcTaHOBUTH TapaMeTpu JKepelia CUTHAITY.
2.3. OTpuMaTu OCIUJIOrPaMy CUTHAIY.

2.4. Bukonartu 3aBIaHHs.

3. BigmosicTy Ha IATAaHHS.

4. CxJacTu 3BIT PO BUKOHAHY pOOOTY.

1. OcHOBHI TeoOpeTHYHI MMOJIOKEHHS

Peaxiiist 1iHIMHOTO €JIEKTPUYHOTO KOJIa CIIEKTPaIbHUM METOJ0M BU3HAYAETHCS
B 3QJIEKHOCTI B1Jl XapaKTepy 30BHIIIHBOI /111 (BXIJHOTO CUTHAITY), & CaMe:
- IPY HeMepPioAMYHUX CUTHAJIAX

SBI/IX (JO)) = SBX (JO)) : K(JQ))’
ne - S, (jo)- KOMIUIEKCHA CHEKTpaJibHa I'yCTHHA, a00 KOMIUIEKCHUN CHEKTp,

BUX1JTHOTO CUTHAIY (peakilii Koya);

S, (jw) - KOMILJIEKCHA CIIEKTpaJibHAa T'YCTHHA BX1JJHOTO CUTHAITY;

K(jw) - KOMIUIEKCHA nepeiaBaibH1 QYHKIIIS €IEKTPUYHOTO KOJIa;
- IPH NEePiOTUYHNX CUTHAJIAX

U micone (K) = U micor (KQ2) - K (jKQ),

e - Uk (KEY) - xoMmmekcHi aMIumiTyqi CreKTpambHHX —CKJIaJOBHX
BuxigHOTO curHany (Peaxii) kona;

U ikex (kQ) - KOMIUJIEKCHI aMIUTITy/ll CIEKTPATbHUX CKJIAJ0BUX BXIJIHOTO
CUTHAITY;
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K(JKS) -3nauenns xommiexcroi nepenaToyHoi QyHKIIi Koja Ha 4acToTax
CIIEKTPAJIBHUX CKJIaJ0BUX.

Haiinipocrime rC - kojo siBisie co6ow [-00pa3Hy JIAHKY 3 PO3MINICHHSIM
€MHOCTI B ITOCTiIOBHOMY a00 mapaiensHoMy tuiedi (puc. X1 i puc. X2).

. C r I
I
Oo—— | T O O ——0O
L}rﬂ' r ' C :: '
U . []U.T (]FJE'JUC
O l O O o—CO
Puc. X1. C-r ko0 Puc. X2. r-C koi10

KommekcHy mepenaBanbHy (yHKIO 3a Hampyrotro mis Cr - koma, 110
300paxeHe Ha puc. X1, 3Haii1eMo SIK BIIHOILICHHS:

: U rl r jaC jarC
Ky (j) == = — = ot | _Jor-
U ZI 1 | joC 1+ jorC
o (r+—)
[[0.®
jor ks ej(%—arctgwr).

1+ jor 1+ (07)°

3aJIe’)KHICTh MOAYJS KOMIUIEKCHOI YaCTOTHOI XapaKTEPUCTUKU BiJl YacCTOTU €
aMILTITYTHO-4aCTOTHA XapaKTePUCTUKA KOJIa, IKA ONTUCYETHCSI BUPA30M

K (o) = T

1+ (w7)? ;

3anexHICTh apryMEHTY KOMIUIEKCHOI YaCTOTHOI XapaKTEpUCTUKHU B1J] YaCTOTU
€ pa3oyacToTHA XapaKTePUCTUKA KOJIa, SIKa OMUCYETHCS BUPA3OM

o(w) = % —arctgowr.

[Tobynyemo rpadiku HUX XapaKTEPUCTHUK.
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A
K(w)
1,0
0,707
W ®
Puc. X3. I'padix AUX komna
p(w),pao
4
z
2
i3
4
0

Puc. X4. I'padik @YX kona

KommuiekcHy mepenaBaibHy (yHKIIIO 3a Hampyroio rC - xoma (puc. X2)
3HAMIEMO SIK BiJHOIIICHHS:

1
U, ZJd  jeC  jeC 1 1
K (Ja)): CLE g C_ = - — . — e ]arcg(ur;
U U, ZIl r+i JaC 1+ jor /1+(a)2')2
jaoC

AMHJ’IiTy,[[HO-‘—IaCTOTHa XapaKTCPUCTUKA KOJIa OITUCYETHCA BUPA30M

K@) = ——2
1+(a)r)2

dazoyacToTHa XapaKTCPUCTHUKA KOJIa OITMUCYETHCS BUPA30M

¢(w) = —arctgwr.
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['padixu 1ux XapakTepUCTUK MAIOTh TaKui BUTIISA (puc. X5):

K(®) a
1
0,707

v

p(w) 4

|

v

Puc. X5. I'padiku 4acTOTHUX XapaKTEPUCTUK KOJIa

2. ITopsaiOK BUKOHAHHS PO0OTH
2.1. CxaanaHHs eJIEKTPUYHOI CXeMHM KoJia

st popMyBaHHS CXEMU JOCTIHPKEHb HEOOX1IHI: PYHKI[IOHAIBHUI reHepaTop
curnaiis (Function Generator), ocuunorpad (Oscilloscope), omip i eMHICTb.

2.1.1. 3amycrith Electronics Workbench.

2.1.2. 3agana qyist poOoTH cxema BKazaHa Ha puc. X 0.

Puc. X6. Cxema eleKTpuyHOro KoJia

2.1.3. IlepeneciTh HEOOXI1IHI €JIEMEHTH 3 33/IaHOI CXeMU Ha poOody 00JacTh
Electronics Workbench.
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2.1.4. 3'ennaiiTe KOHTAaKTH €JEMEHTIB 1 pO3TAlIyHTe €JIeMEHTH B pPoOOoUii
00JacTi I oIepKaHHS HEOOX1THOT BaM CXEMH.

2.1.5. Cnoci6 mociiKeHHS MOJiArae y BUKOHaHHI OOYHCIIEHb 3a JOIMOMOTOI0
nporpamu, BOymoBanoi B EWB. Jlns BukopucTaHHsA 1i€i mporpamMud HEOOXiTHO
MO3HAYMTH MicIsl 3'€JHaHHS eJeMeHTiB kousa. /st mporo B MeHro Circuit BuOpatu
Schematic options, i y Bikui, Show / Hide Bxmrountn ommii Show Reference ID i
Show nodes. Cxema Ha0yzae urisay (puc. X7):

==

R1

Puc. X7. Cxema eleKTpUYHOTr0 KOJia

2.2. YcTaHOBKA MapaMeTpiB CUTHANY i mpuiaaiB

Tabauys X1

Ne pob6odoro micrs 19 2, 3, 4, 5, 6, 7, 8,

' 10 | 11 | 12 | 13 | 14 | 15 | 16
Bun curnany IpsaMoOKYTHI iMIyJIbCH
YacroTa immyinscis, kHz 0] 6 [ 4] 18] 3] 7]G5s
Duty cycle, % 20
AmMIutiTyna curHainy,V 6 12 8 10 | 20 4 14 6
3mirenns (offset),V 6 12 8 10 | 20 4 14 6

[Tapamerp Duty cycle o3Hauae, CKUIBKH BiJICOTKIB CTAHOBHTH TPHUBATICTD
IMITyJIbCY BiJI TPUBAJIOCTI MEPIOYy CUTHANY, TAKUM YMHOM, L€ MapaMeTp BU3HAYa€
HINapyBaTiCTh CUTHATY (BITHOIICHHS MEPI1Oy 10 TPUBAJIOCTI IMITYJIBCIB).
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YcraHoBKa napamMerpis ocuusorpada

YcraHoBku 4acy - Time base

KoedimieHnT BiAXUICHHS 110 TOPH3OHTAI nigoip

X position (3mimieHHs 110 X) 0;

PesxuM po3ropTku YIT.

Trigger

3ammycK po3ropTKu Auto

Edge (Bubip GppoHTY CUTHAIY, IO 3aITyCKAE) JIOBUIBHO

Level (piBenb) 0

Channel A

KoedimieHT BiAXMICHHS 110 BEPTUKAII] nigoip

Y position (3mimeHHs 110 Y) 0,00

Pexxum Bxony DC(Binkputuii BXin)
Channel B

KoedimieHT BiAXMICHHS 110 BEPTUKAI niaoip

Y position (3mimieHHs 110 Y) 0,00

Pexxum Bxony DC(Binkputuii BXin)

YcraHoBKa nmapamMerpiB KoJia

BcranoBiTe 3HaueHHs R = 500 Om, 3nauenns C = 100 nF.
2.3. CrnocrepeeHHsI CHTHAJIY HA eKpaHi ociuiiorpadga

OTpumMaiite OCHMJIOrPaMH BX1JHOTO 1 BUX1THOTO CUTHAIIB.

3amanioiite oTpumaHy ocuwiorpamy. Kanaiom A ocuwinorpadga B
CIIOCTEPITraeTe OCUUIIOrpaMy BXIJHOTO CUTHaNY (CHUTHally TeHeparopa), o KaHainy B
- ocCIWJIOrpaMy BHXIZHOTO CHUTHally (CUTHaJIy Ha BuUXoXl Kkoja). s momuty
ocluijorpaM Ha ekpaHi ocmwiorpada CKOpHCTalWTecs KHONMKAMU 3MIIIEHHS TI0
Beptukaii (Y position).

2.4. 3aBnanusa

2.4.1. ExcnepuMeHTA/IbHe BU3HAYEHHSI aMILTITY/THO-4aCTOTHOTO CIEeKTpa
CUTHAJTY

Bubepits mexto Analysis i B Hpomy omiiiro Fourier. Y Bikui FourierAnalysis
3ajaiiTe 3HAYEHHS YaCTOTH OCHOBHOI rapmoniku Fundamental frequency pisaum
4acTOTI TPOXOJ/DKEHHS IMIYJbCIB, @ YHUCJIO TAapMOHIK, IO MiJJISTAIOTh aHai3y
(Number of harmonics), pisaum 15.

BubepiTh TOuKy, B AKiii BU OyJeTe aHamizyBaTH curHaji. Touka 1 - BXigHUH
CHTHAJI, TOYKa 2 - CUTHAJI Ha BUXoi koja (omiis Output node).
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Haruchite kHomky Simulate i y Bikai, Analysis Graphs otpumaere
300pa’keHHs aMILTITYHO-9aCTOTHOTO CIIEKTpa CUTHAITY (CIIEKTpOrpamy).

3a OTpPUMaHOIO CIEKTPOrpaMOI0 BH3HAYTE YAaCTOTH 1 AaMIUTITyOd BCIX
CHEKTPATbHUX CKJIAJ0BUX (TApMOHIK), 110 YTBOPIOIOTH CHEKTp CUrHamy. s 1poro
ckopucTtaiitecss kHomkoto 10ggle Cursors i moeaHyr4H JiBy BEPTHUKAIBHY JIHIO
(kypcop) 3 moTpiOHOI rapMoHiKot, oTpuMaeTe B Bikai Magnitude (V) B psinky x1
3HAYEHHS YaCTOTU TaPMOHIKH, a B pAAKY Y1 - 3HaUEHHS aMIUTITYId TapMOHIKH.

3anmumriTe pe3yiabTar y 3BiT (cToBIelb 2,3 i 4 Tadn. X2).

Tabauys X2.

Homepu Yacrotu AMIUTITY I TApMOHIK
TapMOHIK TrapMOHIK
CIIeKTpa

Ha BXOJl KoJIa | Ha BUXOII | HA BUXOJI
RC-xomna CR-koma
1 2 3 4 5
ITocriiina
CKJIaJ10Ba
1

O |N|OOBA|WiN

[EEN
o

3MiHITh CXeMY KOJIa, IIOMIHSBIIH MICIISIMH €MHICTH 1 omip (puc. X8).
[ToBTOpiTh Mm.2.3. 1 2.4.1 MOCHiHKEHHS 1 3aIMOBHITH CTOBMEIb S5 Ta0m. X3.

2.4.2. AHaJi3 OTpUMaHUX JaHUX

Busnaute 111 KOKHOI CXEMM KOJa, SK 3MIHIOETBbCS CIIEKTp CHUTHANy TpHU
MPOXO/PKEHHI CUTHAITy 4epe3 KOJIO, 1 sIKka YacTHMHA CIEeKTpa (HU3bKOYACTOTHA abo
BHCOKOYACTOTHA) 3a3HAE BEJIHMKI 3MIHHU.

[TosicHiTh, YOMy OJHA 3 KiJ OUTbIIIE BIUIMBAE€ HA HU3BKOYACTOTHI CKJIAJOBI
CHEeKTPY CHUTHaldy, a IHIIA - Ha BHCOKOYACTOTHI ckianoBi. Ilpu oOrpyHTyBaHHI
BIJINOBIJII BUKOPUCTOBYHUTE aMILTITYJHO-YACTOTHI XapaKTEPUCTUKHU TOCHIKYBAHUX
CIEKTPUYHUX KiJI.
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Puc. X8. Cxema elneKTpuYHOro KoJia

4. CxyaaiTh 3BIiT PO BUKOHAHY PO0OTY.
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JIABOPATOPHA POBOTA «I1»

JlocaaigsKeHH 3MIH CIIEKTPIiB CUTHAJIIB B HEJIIHINHUX KOJIAX

Meta poboTn

B maboparopniii poO0OTI CTaBUTHCS 3a METy BHUBYCHHS BIUIMBY HEJIHIMHOTO
KoJIa Ha GOpMY MEePiOTUIHOTO CUTHAITY 1 Ha HOTO CHEKTP.

3MmicT podoTun

1. 3aranpHi BIIOMOCTI PO 3MiHY CIIEKTPa CUTHAJIIB B HETIHIMHUX KOJIaX.

2. Tlopsamox BUKOHaHHS pOOOTH.

2.1.TTopsimok 300py MPUHITUTIOBOI €IEKTPUIHOI CXEMH.

2.2.YcTaHOBKA TapaMeTPIB €JIEMEHTIB CXEMH 1 TPHUIIAIIB.

2.3. ExcmepuMeHTallbHE BHM3HAYEHHS aMIUIITYJHO-4YaCTOTHOTO  CIIEKTpa
CUTHAIY.

2.4. 3aBnanus.

3. Biamosial Ha MUTaHHA.

4. CxnaznaHHs 3BITY IpO BUKOHaHY poOoTy.

1. 3araabHi BiZoMOCTi PO 3MiHYy CIIEKTPa CUTHAJIB B HEJIHIMHUX KOJIaX

HeniniitHe eNeKTpUYHE KOJIO HA3WBalOTh KOJOM, €JEeKTPUYHUM omip,
IHIYKTUBHICTh 200 €MHICTh X04a O OJHI€T 3 NUISHOK SIKO1 3aJIe’KUTh BiJl 3HaY€Hb a00
HaIPSIMKIB CTPYMIB 1 HANPYT Ha LI JUISHIN KOJa.

®i3U4yHI TPOLIECH, L0 MPOTIKAIOTh B HENIHIMHUX EJIIEKTPUYHUX KOJIax,
OMKCYIOTHCS HEMHIMHUMU anredpaidHuMu a00 AUPEPEeHIIIITHUMEU PIBHAHHAMH, TOOTO
PIBHSIHHSIMU, SIKI MICTSITh HENIHINHI QYHKIT CTpyMy, Hampyru Ta ix noximaux. Lle
MOXYTh OyTH, HalpUKIaJ], CTPyM 1 Hampyra B CTYIEHAX BHUIIE MepIioi ado 3
KoedirieHTamMu, 3aJIKHUMH BiJl CTPyMY a00 HaMpyTH.

VY HenmiHIHUX KoJiaX BiIOYBa€ThCS TEPETBOPEHHS CIEKTpYy yacToT. [Ipum
CUHYCOITaIbHIA BXITHINA Mii BUX1JHA BEJIMUYMHA OyJe HECHHYCOIdalbHOIO, TOOTO Ha
BHUXOJI1 KOJIa 3'SIBIISIIOTHCSI TAPMOHINHI CKJIAJIOBI YacCTOT, SIKI HE MICTSTHCS y BXI1JIHIN
Tii.

HeniniitHuM  KojaM  3HAXOJATh BEJIMKE 3aCTOCYBaHHA B  0araThbox
EJIEKTPOTEXHIYHUX TPUCTPOsX. Psin HEoOXiTHUX MEpPEeTBOPEHb CTPYMIB 1 HaNpyr
MOXJIMBO 3JIMCHUTH TUIBKM B HENMIHIMHUX €JEKTPUYHUX Kojiax. Takumwu
MEPETBOPEHHSIMH €:

BUIIPAMJIEHHS CTPYMY, TOOTO NEPETBOPEHHS 3MIHHOTO CTPYMY B MOCTIHHUM;
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reHepyBaHHsl KOJMBaHb, TOOTO MEPETBOPEHHS MOCTIMHOTO CTPyMy B 3MIHHIN
CUHYCOIalbHIA a00 HECUHYCOITaTbHUL;

MOYJIsillisi, TOOTO 3MIHA aMIUTITYAH, YaCTOTH a00 (pa3u BHCOKOYACTOTHOI'O
KOJIMBAHHS BiJIMTOBIIHO JI0 3aKOHY 3MIiHU KEPYHOYOr0 CHTHAIY;

AeMOAYJasmisa ad0 JeTEKTyBaHHsS, TOOTO BHJIUICHHS KOPHUCHOTO CHUTHAIY 3
MOy IbOBaHUX BUCOKOYACTOTHUX KOJIMBAHb;

MepeTBOPEHHsI YacTOTH, TOOTO 3MiHA HECy4doi 4YacTOTH CHUTHaIy 3i
30epeKeHHSIM 3aKOHY MOIYJISIIIT;

MHOZKEHHS 1 JIJICHHS 9aCTOTH;

cTabijiizanist HarpyTu 1 CTpyMmy.

IlepeTBOpeHHS CNIEKTPIB CUTHAJIB B HEJIiHITHUX KOJIAX
MHOKEHHA YaCTOTH

MHOKeHHSIM 4YaCTOTH HAa3WBAalOThL BHIIJIEHHI B KOJi 3 HeJIHIHHHM
€JIEeMEHTOM TapMOHIK 3 YaCTOTAMH, KPATHUMH 4YACTOTi BXIHOT0 CHTHAJY, LIO
aie Ha KoJo. BumineHHs moTpiOHOI YacTOTH 3HIWCHIOETBCS 3a JOIMOMOTOIO
KOJIMBAJILHOTO KOHTYPY, HAJIAIITOBAHOTO HA YACTOTY BU/IIJICHOI TAPMOHIKH.

MHOXXEHHSI 4aCTOTU MO’KHA 3JIHCHUTH 3a JOMOMOIOI0 PI3HUX HEIIHIHHUX
eneMeHTiB. HalOunbll  4acTO  BUKOPUCTOBYIOTH  JIOJM 1 Tpiogu,  SK
HaIlIBIPOBITHUKOBI, TaK 1 BaKyyMHI.

Po3riissHeMo efeKTpudHe KOJIO 3 HEMHIMHUM ejeMeHToM (puc. 111).

&P

Puc. [11. Cxema enekTpUyHOro KoJia

Y KOMO BKINOYEHHWHA KOJWMBAJIBHUM KOHTYpP, HACTPOEHMM HA 4YacTOTy #-U

rapMOHIKH, TOOTO Ha 4acCTOTY a)o — na)l = l/ V LC . Ha Bxix xoia mogaroThes
JIB1 HATIPYTH:
u, =U_cosayt , U, =-U,
TOOTO CHHYyCOiaJibHAa Hampyra 3 4YacTOTO ; 1 TIOCTIMHA Hampyra,
MpU3HayeHa JJs BUOOpPY poOOuYOi TOYKM Ha BOJIBT-aMIEPHIN XapakTEepUCTHII
HEJIHIHHOTO €JIeMEHTA.

BonbpT-amnepHa xapakTEepUCTHKAa HENIHIHHOTO €JIEMEHTa alpPOKCUMYETHCS
nBOMa Biapizkamu npsimux (puc. 112) 1 aHamTHYHO 3aMUCyETHCS y BUTIISIL

206



i a,u, mpuu)0
| Ompuu(o

e a;= tga.

Puc. 2. BAX ta rpadiku curnaiis

CtpyM B KOJIl € TIOCIIJOBHICTIO BIJ€O-IMIYJIbCIB KOCHHYCOIIaIbHOI (hopmu 3
amIutiTyioo |,, TpuBaiicTio 1,=20/m;1 nepiogom T=2n/w;ne O - Tak 3BaHUU KyT
BIJICIYEHHS, PIBHUW IMOJOBHHI TPUBAJIOCTI IMITYJIbCY, BUPAXKEHOMY B KYTOBIM MIpi.
KyT BifiCi4eHHS 3aJIeKUTh BIJ aMIUNITYAW CUHYCOiNalbHOT HANpyru Uy 1 BETUYUHU

Hanpyru 3cyBy Up (auB. puc. 112).
JIyist BU3HAYEHHST aMIUTITY]] TAPMOHIK IMITYJIbCIB CTPYMY OTPHUMAEMO CIIOYATKY
AHATITUYHUNA 3aIUC 715 IMITYJIbCiB cTpyMy. Tak sik Uy = Upcos@ (nuB. puc. 112), To

u=u,+u, =U_cosot-U,=U_cosot-U_ cosO =
=U, (cosa,t +cos®)

Ipu momy | = U = a,U (COs ot —cos &)
[Tpu 1t = 0 ctpym
i0)=1_,=aU_ (1—-cosé),

3BIIKHU
a1=l/Un(1-cos0).
[TizcTaBuBIIH 1IE B BUpa3 I i, OTPUMAEMO

I=lh(cosm,t-cos0)/(l -cos0).(1)

J{ns BU3HAYEHHS aMIUTITYIU N-0i TapMOHIKH CKOPUCTAEMOCS (POPMYJIOIO JIs
oOuucieHHs koediuieHTiB pany dyp'e B TpuronHoMeTpuyuHiil popmi
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17%.
| =— jl(’[) cos notdwjt
72.—7[

[TincTaBuBIM croau Bupas (1), orpumaemo

21 Tcosa)lt—cos(a

| = CoS N, td o, t
1 1
™ 7z % 1-cos®
CKOpHCTaBIIKChH CIIBBIAHOIICHHSIM
1
COS @ COS 5 = 5 [cos(a + ) + cos(a — B)], micist IHTErpyBaHHSI

MaTHMECMO

I, sin(n+1)@ sin(n-1)0 sinn®
I, = + —2C0SO——
n(l—-cos®) n+1 n-1 n
BinHouieHHst aMIIiTYyId N-01 TApMOHIKH |, 1O aMIUTITYAH IMIYJBCIB CTPYMY
Im HA3UBAIOTh KOE(PIIIEHTOM N-01 TapMOHIKHU:

N 1 {sm(n +1)® +sm(n—l)@) 505N n@)}

"1, z(l-cos®) n+1 n n

I'padiku 3anexxHocTed KOe(IUIEHTIB TapMOHIK a, Bl KyTa BiJaciueHHA 0
(puc. X3) Ha3zuBatoTh 1o iMeH1 BueHoro A. I. bepra, sxuii Bnepiiie 3anpornoHyBaB 1eit
cnocid po3paxyHKy Koe(illieHTIB TapMOHIK, KpuBUMH bepra.

Puc. I13. I'padiku 3anexHocTel KoedillieHTiB TapMOHIK

3 1uX 3aJeKHOCTeH BUIHO, IO ISl KOXKHOI TAPMOHIKH € CBifl OMTHMAaJbHHMA
KyT BIJCIYEHHS, TpU SKOMY 1i aMIUIITyJa CTa€ MakcuMaiabHOro. Hampuxmanm, mans
nepuoi rapMOHIKUA Oopr= 120°, 1uIst Apyroi Oonr = 60° 1 T. A. 3a JOMOMOTrOI0 IHOTO
rpadika MoKHA BHUOMpATH KyT BIJCIYCHHS, HEOOXIMHMM JJIsi OTPUMAHHSA
MaKCUMaJIbHOI aMIUTITy Al 0a)KaHO1 TApMOHIKH.
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['padiku crieKkTpiB CUTHAJIB Ha BXOJ1 1 BUXOJl KOJIAa MPH MHOXEHHI YaCTOTH
HaBeJieH1 Ha puc. 114,

[" - — M
()
o =
.
Mgy W

Puc. 4. I'padiku criekTpiB CUTHAJIB HAa BXO1 1 BUXO1 KoJa

[lepeTBOpEHHSIM 4acTOTU {reTepOJAMHUPYBAHHSM) Ha3WBAIOTh TaKe HENIHINHE
MIEPETBOPEHHSI CUTHAJIB, MpPU SKOMY 3 CHUTHAIIB JBOX pI3HUX YaCTOT ; Ta
(WBUIUIAETHCSI CHTHAJ PI3HUIIEBOI YaCTOTH p,=|wi-w,|. Take mepeTBOpeHHS
IITUPOKO BHUKOPHCTOBYETHCSA [IJI1 3HIDKCHHS HECydoi YacTOTH CHUTHAJIB, IO
MiUISTal0Th  TMOJAIBIIOMY  IOCHUJICHHIO, HANpPHWKIaA B  CYNEpPreTepOIUHHUX
paaionpuiiMayax. B oMy BUNAAKY T @ CHIA PO3YMITH HECYUY YACTOTY (o, @ MJ
@, - 9aCTOTY MICIIEBOTO reHepaTopa (reTepoanHa) .. Benuuuny @, BUOUparoTh Tax,
o0 pisHuLA (wo-w,) Oyla IS BCIX HECYYHMX YacTOT OAHAKOBOK. I[i0 mocTiiiny
PI3HHIIEBY YACTOTY HA3UBAIOTh MPOMIKHOIO YaCTOTOIO.

[lepeTBOpEHHS 4aCTOTH BUKOPUCTOBYETHCS TAKOXK Y BUMIPIOBAIbHIN TEXHIII, B
€TAJIOHHUX TeHepaTopax 1 B psi/il IHIIUX TPUCTPOIB.

[TepeTBOpeHHsI YaCTOTH MOJKHA 3JIIMCHUTH B CXEMi 3 HEJIHIMHUM €JIEMEHTOM
(muB. puc. I{1), xe Uu; = UySinwit,

Uy = UmzSinw,t, pe3oHaHCHa 4acToTa KOHTYPY g = @ pp = | 01~ o= =1/ JLC,
a BOJbT-aMIIEpHA XapaKTEPUCTUKA HEIIHIMHOTO €JIEMEHTa AalpOKCUMYETHCA
MOJTIHOMOM JPYTOTO CTYTICHS

i = ap+ ayu + a,u’,

CtpyM B TakoMy KOJ1

i=a,+a(u, +u,)+a,(u, +u,) =a, +a,(U, sinot+U_,sinw,t)+

+a,(U  sinot+U_,sino,t)
BuxopuctoBytouu CriiBBIIHOIIEHHS

sin® & = 0,5(1—cos 2
sinasin 8 =0,5[cos(a — ) cos(a + 5]

MICTISl IEPETBOPEHHS OTPUMAEMO
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: 1 1 :
i=a,+-a,U’m+=a,U’n+aU,_sinot+
2 2

: 1 1
+aU_,sinm,t - > a,U *m1 cOS 2t — > a,U *m2 COS 2,1t +

+a,U_U_,cos(w, -, t—a,u_U ., cos(a)1 +, )t

YacToTu 3BYThCS IPOCTUMHU KoMOiHaIiiHuMHU dacTtoramu. CKiiajoBa CTpyMy
PI3HHUIICBOT YaCTOTH

=a,uU_ U, _,cos(w, —w,)t

CTBOPIOBATHME Ha KOHTYpi, HaJalllTOBAHOMY Ha MO 4YacTOTy, MaJiHHI
Hanpyry. [HIiIi KOMIIOHEHTH 6yI[YTL LIyHTYBATHCS KOHTYPOM.

I'padixku cmexkTpiB CHUTHATIB Ha BXOJl 1 BUXOJI KOJIa MPU IEPETBOPCHHI
4acTOTH HaBe/eH1 Ha puc. 115.

Un gz )

pa3H

Um goerd

Puc. 115. I'padiku criekTpiB CUTHAIIB Ha BXO/I1 1 BUXO/II KOJIa

AMILTITYTHA MOXYJISIITifSA

[e#t Bum MomymsIii MOKHa OTPUMATH 32 JOIMOMOTOIO PO3IJIIHYTOTO BHIIE
HenmiHidHOT koma (mauB. puc. I[1), me u;=UnSiNwet- KoaMBaHHSA HECy4oi 4acTOTH, -
HHU3bKOYACTOTHUM Kepyrounil curHajd. KonuBaJibHUI KOHTYp HaJlAIITOBYETHCS Ha
HECydy 4acTOTy g. MOro cMyra IpONyCKaHHsS BHOMPAEThCS TAKUM YHHOM, OO
MPOMYCKAIMCA MPOCTI KOMOIHAIIMHI YaCTOTH, SIKI B JAHOMY BUIMAJKy Ha3WBalOThCS
O1YHUMHU YaCTOTaAMHU.

[lixcTaBuBIIM Y BUpaA3 I CTPYMY CyMy Halpy>KeHb u;3Ta Uy, OTPUMAEMO

i=a, +aU_sinot+aU_,sinQt+a,U’nsin? ot +

+2a,U, U, ,sinQtsin oyt +a,U *ma sin QL.
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KonuBanbHuii KOHTYp BUAUTUTH CKJIAI0BI CTPYMY
1., =aU, sinot+2a,U U, ,sino,tsinQt =

a : :
=aU_ [1+2-2U_,sinQt [sina,t.
a’l

Lleit BHCIIiB MOXKHA TIPEACTABUTH Y BUIJISII
i =1_(1+msinQt)sin wt,

. a,
ne I, =aU,im= Za—U mQ —TTHOWHA MOYJISIIII.
1

['padiky cnekTpiB CHUrHajdiB Ha BXOJI 1 BHUXOJl KOJa HpPH aMIUNITYyAHIA
MOMYJIAIIT cUTHAIIB HaBeaeH1 Ha puc.1H.

I

LY, AL

oo
= Cla
' (g S2 1oy b5l W

Puc. 116. I'padiku criekTpiB cUTHAJIB Ha BXO/I1 1 BUXOJ1 KOJa

ﬂeTeKTyBaHHﬂ aMH.]IiTyI[HO-MO)IyJILOBaHI/IX KOJINBAHb

JleTekTyBaHHSIM  a00  JEMOAYJAIIEI0  HA3UBAIOTh  TaKe  HEJlHIMHE
MEePETBOPEHHSI, MPU SIKOMY 3 aMILTITY/THO-MOJTyJIbOBAHOTO CUTHAITY

u=U_@1+msinQt)sina,t

BHJIUISIETHCS HU3BKOYACTOTHA CKJIAJIOBA, TOOTO KOPHCHUHN Kepyrouuii curHail. Take
MEPETBOPEHHS MOKHA 31MCHUTH B KOJII, IO CKJIAJA€ThCA 3 HENIHIMHOTO €JIeMEHTa,
10 Ma€ BOJIbT-aMIIEPHY XapaKTEPUCTUKY

i = a,U, 3)

1 (bUTbTpa, HAJTAIIITOBAHOTO HA YACTOTY KOPUCHOTO KEPYIOUOT0o CUTHATY L.
[TincraBuBmm Bupas (2) y hbopmyny (3), orpumaemo

i =a,U’(@+msinQt)*sin® m,t

BpaxoByroun, mo Sin‘a=0,5(l—c0s2a), micis mepeTBOPEHHS MATHMEMO
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2 2 2

1+m—+msith—m—cosZQt—E 1+ M COS 2,t —
: , |2 4 4 2 2

|=a2U m ,
—msin Qt cos 2o,t + mT COS 20t cos w,t

3 IUX CKJIAJOBHX Ha BHXOAl (uIbTpa Oyae BUIUIATHCS TUIBKHM KOPHUCHUUN
KEPYIOUHii CUTHAI 3 4aCTOTOIO L.

['padiku crmexTpiB CUTHAJIIB Ha BXOJl 1 BHUXOJI KoOJIa TPH JIETEKTYBaHHI
aMILTITYTHO-MOyJThOBaHUX KOJIMBaHb HaBeeHi Ha puc. 117.

Um ax

_ I_\_J_ -
Wyt wy Wyt i w

el -

RQ ] W

Puc. I17. I'padiku cieKkTpiB CUTHAIIB HA BXOJI1 1 BUXO1

2. IlopsaAiOK BUKOHAHHSA POo0OTH
2.1. llopsinok 300py NPUHIMIIOBOI €JIEKTPHUYHOI CXeMHU

[Ipn BUKOHaHHI JJabopaTOpHOI POOOTH sl (POPMYBaHHS CXEMHU IOCIIIKEHb
HEOOXIJHI: JPKEpeno 3MIHHOI HampyrH, ociiorpad, miol, pe3ucTop, a TaKOX
3'eiHyBasbHI eneMenTH (puc. 118).

2.2. YcTaHOBKA MapaMeTpiB €IEMEHTIB CXEMU 1 TIPUIIAIIB.

Ha ocmunorpadi:

Time base Trigger Channel A Channel B

[0.01 mas divs 2  Edge %= [20 wrDiu E [zo0 wiow =] Reduce
¥ pesition [ 0.00 B Level 0.00 |I|‘ ¥ position | 1.00 2] position [-1.00 [2]  Rewerse
7 EZl - b Ex AL 0 [EE AC 0 [EE Save

212



Puc. 118. CxeMa eneKTpuYHOro KoJjia

Ha mxepeni 3MiHHOT HanpyTH:

AL ¥oltage Source Properties 2] x|

Label ‘alue l Fault ] Displa_l,l] Analyziz Setup]

Yaltage [V]; i | ¥, E

Frequency: |E|:| |kH2 E

Phaze: lﬂi Deg

Yaltage talerance: W b4 W Usze global tolerance

2.3. ExcnepuMeHTalbHe BH3HAYEHHS AMILTITYIHO-4ACTOTHOIO CHEKTpa
CUIHAJLY

2.3.1. JInst BUKOpUCTaHHS MPOTrpaMH HEOOXITHO MO3HAYWUTH MiCIsl 3'€THAHHS
enemenTiB kona. J{ns mporo B Mento Circuit sudparu Schematic options, i y BikHi,
Show / Hide Bxmountu omiii Show Reference ID i Show nodes. Cxema HaOyme
Burisiay (puc.l19):
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Puc. 119. Cxema enexTpu4HOro KoJia

2.3.2. OTpuMaHHS OCHUJIOTPaMU HAIPyTH

Jlnst uporo moTpiOHO BHMBECTH BIKHO ocumiorpada MmoABIMHUM HATUCKAHHIM
na kommonenti Oscilloscope.

2.3.3. 3amantoiiTe B 3BIT OTPMMaHI OCHWJIOTpaMH 1 3po0iTh BHCHOBOK IpO
3MiHY ()OpMHU CHUTHAJTY B HENIHIMHOMY KOJIi (MOPIBHSANTE OCIMJIOTPAMH CUTHAJIB Ha
Bxoxi 1 1 Ha Bxoi 2 ociiuiorpada).

2.3.4. OTpuMaHHs CIIEKTpa CUTHAITY

Bubepits merro Analysis i B upomMy omirito Fourier. V Bikui Fourier Analysis
3ajaiiTe 3HAYECHHS YaCTOTH OCHOBHOI rapmoniku Fundamental frequency pisaum
YacTOTI TeHepaTopa, YHWCIIO TapMOHIK, o mijisraTs aHamizy (Number of
harmonics), piBaum 15.

Bubepith Touky ananizy Output node mig Homepowm 1.

Haruchite kHomky Simulate i y Bikui, Analysis Graphs otpumaere
300paKeHHSI AMILTITYAHO - YACTOTHOTO CIEKTPa CUTHAIY.

3amatoiTe CEKTp B 3BIT MO JaOOpaTOpHiit poOOTI.

Bubepite Touky amamizy Output node mig HOMEepoMm 2 i OTpUMaeTe
300paXe€HHS aMILTITYyTHO - YaCTOTHOTO CIIEKTpa CUTHATY. 3aMajfONTe CIIEKTP B 3BIT
1o JIabopaTopHiil poOOTI.

2.4. 3aBnanuga

2.4.1. 3a oTpuMaHUMU CIEKTpPOTrpaMaMu BU3HAUYTE YACTOTH 1 aMIUTITYIA BCIX
CHEKTPaIbHUX CKJIAIOBUX (TAPMOHIK) CUTHAJIIB B MEPIIiH 1 APYTii TOYKAX KOJIA.

3anuuiTh B 3BIT pe3yibTar.

2.4.2. JlocniauTy BIUTUB YaCTOTH MPOXOJKEHHS IMITYJIbCIB (PYHKIIOHATBHOTO
reHepaTopa Ha TIOJOXKEHHS TAapMOHIK B CIHEKTpi, JJIs 4YOro 30UIbIITE YacTOTy
ciigyBanHs B 10 pa3iB. 3amantoiTe B 3BIT OTpUMaHy ocuuiiorpamy. IIoBTOpiTh MyHKT
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2.3.3, 2.3.4 Ta 2.4.1 naboparopHoi poOOTH. 3pOoOiTh BUCHOBOK IO pE3YyJbTATy
JIOCIIKEHHS.

3. JlaiiTe BIANOBIAb HA MUTAHHS

3.1. SIxe eneKTpUUHE KOJIO HA3UBAETHCS HETIHIMHIM?

3.2. Ik BruMBa€ HENMIHIMHUN eTIeMEHT Ha (hOpMY CUTHAITY TeHepaTopa?

3.3. SIk BIuIMBa€ yacToTa reHepaTopa Ha MOJOKEHHS TapPMOHIK B CIIEKTpPi?

3.4. Ha sixiif BificTaHi 3HAXOATHCS OJWMH BiJ OJHOTO CTICKTPAIbHI JIHIi?

4. 3micT 3BiTYy

1. Ha3Ba Ta meTa poGoTH.

2. CxeMa moCHiKEeHb.

3. PesynpraTM BHKOHAHHS 3aBJaHHA Ha JjabopaTopHy poboty 3
OCIIJIOTPaMaMH HAIpyT 1 BACHOBKAMHU.

4. BigmoBil Ha TATAaHHS.
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