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OO0mue ykazaHusi K BbIIIOJHEHHUIO J1a00PaTOPHBIX padoT

JlaGopatopHble pabOTHI BBIMOJHSIOTCS B 4Yachl 3aHITHH, YCTAaHOBJICHHBIC
pacriucanueM. IIpu MoaroToBke K BBITOJHEHUIO JTAOOPATOPHBIX PadOT CTYACHTHI
JTOJDKHBI M3YYUTh COOTBETCTBYIOIIME Pa3Aeibl TEOPETUYECKOTO Kypca, OCBOUTH
pueMbl paboTHl B 2JIEKTPOHHOM JIa0OpaTOpUM, YMETh OIICHUBATh JOCTOBEPHOCTH
MOJTy4Ya€MBbIX PE3YJBTATOB U COOTHOCHUTH UX C MOJ0KEHUSIMUA TCOPUH.

[To uToram paboOTHI KaKIBIM CTyIEHTOM O(OPMIISIETCSI OTUET T10 J1abopaTop-
HOI paboTe. B 0T4eT 3aHOCATCS NCXOHBIE CXEMBI, UX TIPEABAPUTEILHBIN pacueT u
JAHHBIE SKCIIEPUMEHTOB, CTPOSITCS HEOOXOAMMbIC TpapuKH, 3aMOTHIIOTCS TaOJIH-
1IbI, JICJIAIOTCS BBIBOJIBI IO paboTe.

[lo okoH4YaHUU pabOTHI C YYETOM PE3YJIbTATOB OECeqbl ¢ MpenoaaBaTeieM
0 TEOPETUIECKOMY MaTepUaly U OTUETY CTYJACHT MOJIydaeT 3a4eT Mo padoTe.

JlabopaTopHbie paboThI 10 Kypcy «OCHOBBI TEOPUH IIETICH BBHINOIHIIOTCS B
AJIIEKTPOHHOM J1abopaTopuu.

B pabGoueMm none co3maeTcs cxema B COOTBETCTBUMU C BapUaHTOM Jlabopa-
TOpHOU paboThl. HeoOX0oauMBIN 171 CXEMBI DJIEMEHT MEePEeHOCUTCS U3 Oubmumo-
TeKM KOMIIOHEHTOB Ha pabouee Moje ABMKEHUEM MBIIIN MPU HAXKATOU JIEBOM
kHomke. Jlns (ukcupoBaHus dIeMeHTa KHOMKa oTmnyckaercs. [Ipu aBoiiHOM
HIEJTYKE JIEBOM KHOMKHM IO 3JIEMEHTY B PAaCKPBIBAIOMIEMCS JUAIIOTOBOM OKHE
yCTaHABJIUBAIOTCS TpeOyeMble MmapaMeTphl AJIEeMEHTa (BEJIMYMHA, KPATHOCTh U
T.11.). Be100op moaTBep kaaeTcs HaxkaTueMm KHonku ACCept ¢ momoIipo Kypcopa
MBIIIIN WU KiaBuiu Enter.

[Tocne pa3menieHus 3JIEMEHTOB Ha padouyeM o€ MPOU3BOJUTCS COCIUHE-
HUE UX BBIBOJIOB MPOBOAHUKAMU. [Ipr 7TOM HEOOXOMMO YUUTHIBATh, YTO K BBIBO-
1y DJIEMEHTa MOKHO MOAKIIOUUTH TOJBKO OJUH MPOBOJHHUK, B CIydae pa3BeTBIIC-
HUS CXEMbl HY)KHO HCIOJIb30BaTh JEMEHTHI «y3ibl». K y3i1y MoXeT ObITh Moj-
KJIFOUEHO He 00Jiee YeThIPEeX MPOBOTHUKOB.

st u3MepeHust SIEKTPUUECKUX BEIIMUUH U MCCIETOBAHUS PaOOThI AJIEK-
TPUYECKON CXEMBbI, B COOTBETCTBUH C 3aJlaHUEM, K CXEME MOAKIIIYAITCS KOH-
TPOJIBHO-U3MEpUTENbHBIE TPUOOPHI. CrIOCO0 MX MOJKIIOYEHUS TAKOH K€, KaK U
croco0 co3ganHus cxeMbl. [Ipr HEOOXOIMMOCTH KaXKJIbId M3 DJIEMEHTOB CXEMBbI
MOJXKeT ObITh pa3BepHyT Ha 90° (Ctrl-R).

MopenupoBaHue HAUMHAETCS IIEITYKOM IO BBIKJIIOYATEII0, KOTOPhIA HaXo-
JIUTCS B BEPXHEM MTPAaBOM YTIIy.



JIABOPATOPHAS PABOTA 1

«ACCJAEJOBAHUE MCTOYHUKOB JEKTPUYECKOM SHEPTUN»

1. Henwb pa6oTsl: uccienosanue BHemHUX xapakrepuctik U o= (1,er)

pCalibHbIX W HACAJIILHBIX HMCTOYHHUKOB HAIIPSKCHUA H
TOKaA.

2. BKCHepI/IMEHTaJILHaH 4acTb

2.1. ViccnemoBanre NCTOYHUKA HATIPSHKCHUS
— BBIHECTH M3 OMOJMOTEKH KOMIIOHEHTOB Ha pabodee IMoJjie 3JIEMEHTh MCTOYHUKA

+
HaANPSHKCHUS <D, pesuctopa R 1 (MCMoaIB3yeMOro B KaueCTBE BHYTPEHHETO

CONPOTUBJICHUSI UCTOYHUKA), pe3ucTopa R -1 (HUCMOJIB3yeMOro B KauecTBE
CONPOTHUBJICHUS HATPY3KH);
— BBIHECTH W3 OMOJMOTEKH KOMIIOHEHTOB Ha padouee MoJie 3JIEMEHThl W3MEpU-

TeIbHBIX TPUOOPOB: amnepmerpa - 4 |-, BoasT™MeTpa 7 };
— COEUHUTD JIEMEHTBI CXEMBI COTJIACHO pUC. 1;

_l’_

‘e U []R=RH 7]
R = Ry

1
A -

Puc. 1

— ycTaHOBUTH 3HaueHue Ry, =10 Owm; 3nauenne 3/]C £ =10 B;

— YCTaHOBUTH PEXHM H3MepeHus ammepmerpa W BoibTMerpa «DCy» (direct
current — «IoCTOSIHHBIA TOK»), cONMpoTUBIIeHHE amniepmerpa 1 MOM, conpoTUB-
nenue BoiabTMeTpa 100 MOwM;

— U3MEHSISI COMPOTUBIICHUE HArpy3Ku R, COTJIaCHO AaHHBIX TaOnHIbI 1, U3MEPUTH
W 3amucaTh 3HAYeHHs TOKa B 1ienu | u HanmpspkeHus: Ha uctounnke U B cOOTBET-
cTBytoIue rpadsbl TabauIbI 1;

— yCTaHOBHUTH 3HaueHHEe Ry =5 OM u moBTOpUTH M3MepeHus Toka | U Hampsixe-
Husa U nis pasHeix 3HaueHud R, . JlaHHble 3anucath B Tabiuiry 1;

— ycranoBuTh 3HaueHne Ry, =0,01 Om (ucTtounuk HampspkeHus OMU3KUN K uje-
aTbHOMY) U MOBTOPUTH M3MepeHus Toka | u Hanpsixenuss U st pa3HbIX 3Haue-
Huii Ry . Jlanasie 3anucats B Tabmuiy 1.



Tadmumna 1

R, Om 10 | 20 | 50 | 100 | 200 | 1000
R,, =10 Om IOI:JS
A
R,; =0,01 Om Il,JI,VIBA

2.2. NccnenoBanre UCTOYHUKA TOKA
— BBIHECTH U3 OMOJMOTEKH KOMIIOHEHTOB Ha pabouee IMoJie 3JIeMEHThl HCTOYHUKA

+
TOKa @, pe3uctopa R —F (MCMHOJIb3yeMOro B KaYeCTBE BHYTPEHHETO COIMpPO-

TUBJICHUS UCTOYHHUKA), pe3ucTopa R - (MCHOJIB3yeMOro B Ka4eCTBE COIPO-
TUBJICHUS HArPy3KH);

— BBIHECTH M3 OMOJMOTEKH KOMIIOHEHTOB Ha padouee IoJie 3JIEMEHThI U3MEpH-
TeJIBHBIX TPUOOPOB: amnepmeTpa 4 4 |-, BoasT™MeTpa [ 7 };

— COEIMHUTD JIEMEHTBI CXEMBI COTJIACHO PUC. 2;

I || ol [|&= O

Puc. 2

— yctaHoBUTH 3HaUeHUE Ry, =500 OwMm; 3HaueHue ncrounnka Toka J = 100 MA;

— YCTaHOBHTH PEKUM U3MEPECHHS amIiepMeTpa u BoJbT™MeTpa «DCy» («ImocTOSTHHBIHI
TOK»), compotuBieHue ammnepmerpa | MOM, CONpPOTUBIEHHE BOJBTMETPA
100 MOw;

— U3MEHSISI COMPOTUBIICHUE HATpy3KH R, COrIacHO MaHHBIX TaOJHUIIBI 2, U3MEPUTD
W 3amucaTh 3HAYCHUS TOKA B IenH | ¥ HampshKeHUsT Ha ucTounuke U B COOTBET-
CTBYFOIIIHE Tpadbl TAOIUIIHI 2;

Tabmuma 2
R, Om 10 | 20 | 50 | 100 | 200 | 1000
R, =500 Om 'L’JI:ABA
R, =1000 Owm 'l’Jl,“ﬁ
R,, =10 MOw 'L’JI:ABA




— yctaHoBUTH 3HaueHHe R,,; =1000 Om u noBTOpUTH M3MepeHus Toka | u Hamps-
xenust U 11 pasHeix 3HaueHui Ry, . JlaHHbBIe 3anucath B Tabuiy 2;
— YyCTaHOBUTH 3HaueHHE Ry, =10 MOM (COOTBETCTBYET HI€aTHbHOMY HCTOUYHUKY

TOKa) U MOBTOPUTHh M3MepeHus Toka | u HanpsokeHus U i pa3HbIX 3HAYEHUN
Ry . Jannbie 3anucaTh B Ta0aMIy 2.

3. TpeGoBaHusl K OTUYETY

B oruere npuBecTr cxeMbl U3MEPEHUN BOJBTAMIEPHBIX (BHEIIHUX) XapaKTe-
PUCTUK HCTOYHUKOB HANPSKEHUS U TOKA, TAOMUIbI 1 1 2 U3MEPEHHBIX B MPOLECCE
paboThl 3HaYeHH TOKa U HampsikeHus. [1o pesynbratam m3MepeHuii B MaciiTade

IIOCTPOUTH 2 rpaduka BHEIHUX Xapakrepuctuk ucrounukoB U = f (1) mma pas-
HBIX 3HaYeHUN R,,; — oAMH ayig UCTOYHWKa HampsbkeHuH (st Ry, = 10 Owm,
Rex =5 Om, R, = 0,01 Om), — Bropoit — juig uctounuka Toka (st Ry, = 500 Owm,
Rey = 1000 Om, R, = 10 MOwm). CnenaTh BBIBOABI IO paboTe

4. KoHTpOJIbHbIE BONPOCHI

4.1. I'papuueckoe 0003HAUECHUE HUJICATBHBIX U PEANbHBIX UCTOYHHKOB HaIpsikKe-
HUS U TOKA.

4.2. BnusiHue BHYTPEHHUX CONPOTHBIICHUN HAa CBOMCTBA HCTOUYHUKOB, HA BEJTUYH-
HbI TOKa Y HaIIPSHKEHUS BO BHEILLIHEH LIETIH.

4.3. Ilepexol OT UCTOYHUKOB HANPSKEHUS K ICTOYHHUKY TOKa U HA00OPOT.

4.4. 3ameHa rpynmnbl ICTOYHUKOB OJTHUM 3KBUBAJICHTHBIM.



JIABOPATOPHAS PABOTA 2
«3AKOHBI OMA U KUPXT'ODA»

1. Ilesqsb paboThHI: SKCIIEpUMEHTAIbHAS MTPOBepKa 3akoHa OMa U 3aKOHOB
Kupxroda npu onpeneneHun TOKOB U HANpPSKEHUN B
AIEKTPUYECKUX LIETISIX.

2. IToAroroBKa K BBINOJHEHHIO J1A00PATOPHOI PadOThI

2.1. Jlns cxembl puc. 3, B COOTBETCTBUH C JIaHHBIMH CBOETO BapWaHTa, MPHU
COTJIACHOM M BCTPEUYHOM BKIJIIOYeHUU UCTOUHUKOB DJIC E; u E, onpenaenauTs mo
sakony Owma: tok | B nenwu, nanpspkenust Ug , Ug,, ... Ha dIeMeHTax MCIH,
HanpshDKeHUE MeX Ty Toukamu ab — U 5, . PesynbraTel pacuera 3anucaTh B TaOJIHUILY
3. IlpoBepurts pe3ynbraThl 1o 3HK mi1g koHTYpa.

a R R3 a R 1 R;3
E, E, Eq E,
Uab Uab
Ry R4 R R4
Rs Rs
Puc. 3

JlaHHBIE 2JIEMEHTOB CXEMBI:

E, = 1OOB,E2:(50+ Nrp)B, RlleOM, R2:2KOM, R3:3KOM, R4:4
kOM, Rs = (5 + 0,1-N,,;) kOm, rae N, — mocnenusa uudpa Homepa rpynmsl; N, —
HOMED J1a0OPATOPHOIO MakeTa (CTeH/1a).

Tao0muna 3

I, MA URlaB URzaB UR33B UR43B UR53B Uab,B

Cornach. | Pacunr.
E:u Bz | U3mep.

BCTpC‘I. Pacuwnr.
E:uEx | U3mep.

2.2. Jlna cxeMbl puc. 4, B COOTBETCTBUU C JAaHHBIMU CBOErO0 BapHaHTa, HC-
MOJIb3Yysl PKBUBAJICHTHBIC TIPEOOPa30BaHUsI CONPOTHBIICHHUM, OMPEJCIUTh TOKU B



BETBSIX DJICKTPUUECKOM TN M HAIIPSHKEHUsI Ha ee dyieMeHTax. [IpoBeputh pesyib-
tatbl pacueta o 3TK nna kaxaoro y3na u 3HK 1151 kaxa0ro KoHTypa.

I R3 I, Rs

] ER<[]> Wl ne

I

Puc. 4

Pe3ynbratel pacuera 3anucath B TaOIuULy 4.

JlaHHBIE 3JIEMEHTOB CXEMBI:

E;=(100 + N;p) B, Ry =1 kOMm, R, =2 kOMm, R3 = 3 kOm, Ry =4 xOM, R5 = 5
KOM, Rg = (5 + 0,1-N,;) kO™, rae N, — nocaennss uudpa Homepa rpynmnsl; Ne, —
HOMeEp J1abopaTOPHOro MakeTa (CTeH 1a).

Tabsuua 4

L [l | 13 | s | 1s | Ur, | Ur, | URy | Ur, | Ury |URgg
MA | MA | MA | MA | MA B B B B B B

Pacuwur.
Nsmep.

3. DKCcnepuMeHTAJIbHASA YaCTh

3.1. Cobpats cxemy (puc. 3) cormacHoro Bkimouenus: IC E; u E,. YcraHo-
BUTH 3aJlaHHBIC 3HAYCHUS DJIIEMEHTOB CXeMbI Fq, £, Ry ... Rs.

C moMoIIbi0 aMIIepMeTpa, BKIF0YAEMOTO TIOCTIEA0BATEIBHO B IIETIh, U3MEPHTh
TOK B LIETIH U 3aMKcaTh €ro 3HauyeHue B Tadauiy 3. C momoIibio BOJBTMETpPA, MOI-
KITFOYaeMOT0 TapauIeIbHO K AJIEMEHTaM ey, U3MEPHUTh HANPsHKCHUS HAa HUX |
3amucath UX 3Ha4eHus: B Tabmuity 3 (pexum pabotsl mpudopoB «DCy» — mocTosH-
HbeI TOK). [Ipu moaxitoueHUn NPUOOPOB HEOOXOTUMO COOJIIOJICHUE «IOJSPHO-
CTH» MX BKJIIOYEHUS — K TOUKE C OOJIBIIUM MOTEHIIUAIOM TIOJIKIIFOYAETCS «+» MPHU-
0opa, K TOYKE C MEHBIIIUM MMOTEHIIUATIOM MOJAKIIOYAETCS «—» prbdopa.

3.2. CoOpatb cxemy (puc. 3) Bctpeunoro Bkitouenus IC E; u E,. M3me-
pPHUTH TOK B IIETIM W HANPSOKCHHS HA DJIEMEHTaX. Pe3ynbTaThl M3MepeHuid 3ammcarth
B TaOymmiry 3. CpaBHUTH UX C PACUCTHBIMU 3HAYCHUSIMH.

3.3. Cobparts cxemy (puc. 4). YcraHoBUTH 3a1aHHbIe 3HaUeHus £, Ry ... Rg.

C momotpio ammnepMerpa, coOIroasi MOISIPHOCTh BKIIOUEHUS, U3MEPUTh U
3amucarh B TaOMUIly 4 3HAYCHUS TOKA B KKI0W BETBU cXeMbl. C IMTOMOIIBIO BOJIb-

9



TMCTpa U3MCPUTL W 3allCaTb B Ta6JII/II_Iy 4 3HadeHus HAIIpsHKCHUS Ha KaKJI0M
OJICMCHTC CXCMBI. CpaBHI/ITB X € PaCYCTHBIMHA 3HAUYCHHUSIMU.

4, TpeGoBaHusl K 0TYETY
B oTuere n0yKHBI OBITH NMPEACTABIEHBI CXEMbI UCCIENYEMBIX LIETIEH, TTOIHO-
CTbIO BBINIOJIHEHHBIN NpPEABAapUTEIbHBIN pacueT, Tabnuibl 3 U 4 pacCUUTAHHBIX U
M3MEPEHHBIX BEJIMYNH, BHIBOJIBI MO padoTe.
5. KoHTpOJIbHBIE BONPOCHI
5.1. 3akon Oma (Tpu ero ¢GopMbI) I SACKTPUIECKOM LIETH.
5.2. 3akonsl Kupxroda.

5.3. Ilopsmok pacyeta 1enu 1o 3akoHaM Kupxroda.
5.4. MouHOoCTh B 3JIeKTpUYecKoi 1enu. bamanc momHocTei. Pacuer MonHocTe.

10



JIABOPATOPHASI PABOTA Ne3
«METOJI HAJIOXKEHUS U Y3J10BbIX HAIPSIXKEHU»

1. Heab padoThI: MCCIEOBAHNE pacyeTa TOKOB U HANPSHKCHUN B DJICK-
TPUUECKOHN IIeTIM METOJOM HAJIOKECHUS (TIPUHITUI CY-
MEPIIO3UIINN) ¥ METOJOM Y3JIOBBIX HampspkeHuH (y3-
JIOBBIX MOTEHIUAJIOB).

2. [ToaroroBKa K BHINOJHEHUIO PadOThI

2.1. JIns cxembl (puc. 5) B COOTBETCTBUU C JAHHBIMH CBOETO BapHWaHTa pac-
cuutarh TOKH |y ... |5 B BeTBsix u Hanpspkenust Ug, ... U, Ha snemMeHTax cXembl

METOAOM HajoxeHus. [IpoBepuTh pe3ynbTaTsl pacyera MO KaXJAOW YaCTHYHOU
cxeMe u pesynbTupyrommue otBeThl Mo 3TK mma kaxknoro ysma cxemsl U o 3HK
JUTSL KaXA0ro KOHTypa. Pe3ynbrarsl pacuera 3anucarb B Ta0IuLy 5.

JlaHHBIE 2JIEMEHTOB CXEMBI:

E, = 10 B, E,=5 B, J4 = (10 + Nrp) MA, E5 =15 B, R2 = (0,2 + 0,1'NCT) KOM,
Rs = 0,3 kO™, Ry = 0,4 kO™, Rs = 0,5 kOm, Rg = 0,6 kOm, rae N,, — nocnennss
urudpa Homepa rpynmnsi; N, — HOMep JabopaTopHOTO MakeTa (CTEeHa).

2.2. CocTaBuUTh ypaBHEHHS MO METOIY Y3JIOBBIX HanpsskeHU. OnpeneinThb
HanpspkeHus Vi ... V, (MoTeHuuansl y3/0B) U, UCIIOJIb3Yys 3aKoH OMa, HAUTH TOKU
l; ... Is B BeTBsIX cxembl u Hanpspkerust Ug, ... Ug, Ha anemenTax cxembl. Cpas-

HUTH TMOJYUYCHHBIC PE3YyJbTaThl C pe3yJibTaTaMU pacyeTa METOJOM HAJIOKEHUS —
IIpU HECOBIMAJICHUM MPOBEPUTH pacdeThl BHOBh. Pe3ynbTaThl pacuera 3amucaTh B
Taduiy 6.

2.3. PaccuuTaTh MOIITHOCTH, OTJaBaeMble KaKIbIM UCTOYHUKOM E1, E>, J4, Es
B DJIEKTPHYECKYIO LIETIb ¥ MOLIHOCTH, OTPEOIAEMbIE KakKIbIM pe3ucTopoM PR, ...

PR - [IpoBEpUTE BBITIOIHEHHE OaaHCa MOMHOCTH Pyer = Pyarp -

11



Tabmania 5 MeTox HAJIOKEHUS
I, I, I3 I4 Is UR2 UR3 UR4 UJ4 UR5 UR6
MA | MA | MA | MA | MA | B B B B B B

Pacu.
N3mep.
Pacu.
N3mep.
Pacu.
N3mep.
Pacu.
N3mep.

Pacu.

N3mep.

Tabnuua 6 MeToq y3/10BbIX HAIPSKEHUIA

Vi Vs V,3 V, Iy I, I3 I, Is
B B B B MA MA MA MA MA

Paccunrano
N3mepeHo

3. DKCnepuMeHTANbHAA YaCTh

3.1. Cobpatb cxemy (puc. 5). YcTaHOBUTH 3aJaHHBIC 3HAYEHUS DJIEMEHTOB
CXEMBEL.

3.1.1. IIpoBepka MeToAa HAIOKEHHS.

— ycranoButh £y = 10 B, E; = 0, J4; = 0, E5 = 0 1 ©u3MepuTh TOKHA B BETBIX H
HaIpsODKEHUST Ha DJIEMEHTaX, CO3/aBaeMble UCTOUYHUKOM FEj. PesynpTaTel m3mepe-
HHUH 3amucaTth B Ta0I. 5;

— ycranoButh E; = 0, E, =5 B, J; = 0, Es = 0 u UBMEpUTHh TOKH B BETBAX H
HaIpsDKEHUST Ha DJIEMEHTaX, Co3JaBaeMble HCTOUYHUKOM FE,. PesynpTaTel m3mepe-
HHUH 3amucaTh B Ta0II. 5;

— ycranoutb £ = 0, E; = 0, J4 = (10 + N,,) MA, E5 = 0 1 poenaTs Te xe
M3MEPEHUS U 3alliCH,

— ycranoButh E; =0, £, =0,J, =0, Es = 15 B u npoaenare Te e U3MEepeHUs
1 3aIlHCH;

— YCTaHOBUTH 3aJaHHBIC TIAPAMETPHI JUIsl BCEX UCTOYHUKOB M U3MEPHUTH pe-
3YJIBTUPYIOIIAE TOKH B BETBSIX CXEMbI M HANPSOKCHUS Ha DJIEMEHTaX M 3aIlicaTh
pe3yabTaThl U3MEPEHUN B Ta0JI. 5.

12



3.1.2. Meton y3710BBIX HaIllPSIKEHUM.

— B cxeMe (pHuc. 5) U3MEpPUTh BOJILTMETPOM MOTEHIIUAJBI Y3510B Vi ... V4 OT-
HOCHUTEJIBHO Y3JIa, MOTEHIMal KOTOporo npuHat paBHbiM 0. CpaBHUTH C paccuu-
TAaHHBIMU 3HaYCHUSAMU. Pe3ynpTaThl U3MEpPEHUH 3anucarh B Ta0. 6;

— U3MEPUTH amriepMeTpoM TokH l; ... |s B BeTBAx cxeMbl. CpaBHUTH C pac-
CUMTAaHHBIMH 3HAYCHUSMU. Pe3ynpTaThl U3MEpEHUI 3anucarh B Ta0II. 6.

4. TpeOoBaHus K OTUYETY

B otuere nomxHBI OBITH ITPEICTABIEHBI CXEMBI UCCIIETYEMbIX LIENeH, OTHO-
CTbIO BBIIIOJHEHHBIN MIPEIBAPUTENBHBIN pacyeT METOAOM HaJOXKEHUS (B T.4. U JUIS
YaCTUYHBIX CXEM) U METOAOM Y3JIOBBIX HaIpsKEHUH, TaOJuUbl 5 U 6 paccunTaH-
HBIX U U3BMEPEHHBIX BEJIMYMH, BBIBOJIBI IO padoTe.

5. KoHTpOJILHBIE BONIPOCHI

5.1. Pacyer 2/IeKTpUYECKHX LIETIEH METO0M HAJIOKEHHUSI.
5.2. Pacuer anekTpuyecKuX merneit MeTO0M Y3JIOBBIX HAIPSHKEHHM.
5.3. MomHoCTH HCTOYHHUKOB, Harpy30K. bajmaHnc MorHocTex.
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JIABOPATOPHAS PABOTA 4

«METOA 9KBUBAJIEHTHOI'O TEHEPATOPA»

1. lleap pabdoThI: H3yueHHE pacyeTa IEKTPUUECKUX LIeNeld METOJIOM SKBHBA-
JICHTHOTO TEHEpaTopa HaNpsHKEHUS U METOIOM DKBUBA-
JICHTHOT'O TeHepaTopa ToKa.

2. IToaroroBKa K BHINOJHEHHUIO JIA0OPATOPHOH PadOTHI

2.1. Jlns cxembl (puc. 6) B COOTBETCTBUM C JaHHBIMH CBOETO BapHaHTa pac-
CUHTATH TOK |3

a) METOJIOM PKBUBAJICHTHOTO T€HEPATOPa HAPSKCHHUS,

0) METOZIOM SKBHUBAJICHTHOTO T€HEpPATOpPa TOKA.

@ R3 ]3@ Rs

Ry Ry '
n(P Ro|
E> J4 B
5
_ L

Puc. 6

| S|

JlaHHBIE PJIEMEHTOB CXEMBI:

E1=10B, E;,=5B,J,=(10 + N;;)) MA, Es = 15 B, R, = (0,2 + 0,1-N,) xOm,
Rs = 0,3 kOm, Ry = 0,4 xOm, Rs = 0,5 kOm, Rg = 0,6 kOm, rae N,, — nociennss
udpa Homepa rpymibl; N, — HoMep 1abopaTOpHOTO MakeTa (CTEHA).

Pe3ynbrarhl pacuera mapamMeTpoB SKBUBAJIEHTHBIX IeHepaTopoB — E.. (uimu

Uyix), Jor (i J;), Rey or», TOKA I3 B pesucTope R3 3aHecTr B Tabmuiry 7.

Tabmuma 7
Ear ‘] ar RBH ar |3 U3
B MA kKOm MA B
Paccuurano
N3mepeHo

CpaBHHTH MOIYYEHHOE 3HAUYCHUE TOKa |3 C pe3ynbTaToM pacdeToB B y1abopa-
TopHO#I padore Ne 3 (T.K. CXEMBI U JJaHHBIC 3JIEMEHTOB I padoT Ne 3 u Ne 4 ou-
HaKOBBI).
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3. JKkcnepuMeHTAJbHAA YaCTh

3.1. CobOpatp cxemy (puc. 6). YCTaHOBUThH 3aJlaHHBIC 3HAYEHUS JJICMEHTOB
CXEMBI.

— Uckmounts pesuctop Rz (pexxum XX) U U3MEPUTHh BOJIbTMETPOM Hampsixe-
HUE XOJIOCTOTO X0/1a MeX Ay y3naMmu 2 u 3 — Hanpsbkenue U, (i E, ). Pesynb-

TaT U3MEpPEHUA 3anucaTh B Tadbmuny 7. CpaBHHUTH C IPEABAPUTEIBHBIM PACUETOM.
— Bxumtounts mexny y3namu 2 u 3 ammepmetp (pexxkum K3, T.x. ra =0) u us-
MEPUTH TOK KOPOTKOIO 3aMblKaHus J., = J,.. Pe3ynbrar usmepenus 3anucarb B
Tabnuity 7. CpaBHUTD C IPEIBAPUTEIHHBIM PACUECTOM.
— Onpenennutb BHYTPEHHEE CONPOTUBIIEHUE SKBUBAJIEHTHOIO T'€HEpATOpa 10
u3MepeHHbM Uy, 1 J 10

R _Uxx A3M

BH 3I' U3M J
oI U3M

U 3alucath ero 3HaueHue B Tabnuity 7. CpaBHUTH C MPEABAPUTEIBHBIM PACUETOM.

— Bxotouuts pesucrop R; 3agaHHON BENUYMHBI M U3MEPUTH aMIIEPMETPOM
ToK l3. 3anucars ero 3HaueHue B Tabnuily 7. CpaBHUTH C MpEeABAPUTEIBHBIM pac-
YETOM.

4. TpeGoBaHus K oTUETY
B otdere MOMKHBI OBITH MPEACTABICHBI MOJHOCTHIO BBHITOJIHEHHBIE PACUETHI
toka I3 Merogom OI'H u OI'T, pacueTHbie cxembl, TabuIa 7 pacCYNTaHHBIX U U3-
MEpEHHBIX BeJW4YuH. BIBOIBI IO paboTe.

5. KoHTpo/1bHBIEC BONIPOCHI

5.1. Tlopsinok pacuera snekTpuueckux ueneir merogom O H.
5.2. Tlopsamox pacyera snekTpuyeckux nemnei merogom JI'T.
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JIABOPATOPHASA PABOTA 5
QJEKTPUYECKHUE HEIINX CUHYCOHNJAJIBHOI'O TOKA»

1. Hean padoThI: Hccaeq0BaHUE PA3BETBICHHOMN 1IETIH CUHYCOUIATBHOTO
Toka. [IpnobpereHre HABBIKOB pacdeTa IeMH CHMBO-
JUYECKUM METOAOM (METOI0M KOMIUJIEKCHBIX YUCEN).

2. IToaroroBKa K BHINOJHEHUIO JIA0OPATOPHOH PadOTHI

2.1. JIns cxembl (puc. 7) B COOTBETCTBHH C JTAaHHBIMU CBOETO BapHWaHTa pac-
CUUTATh KOMIUICKCHBIC JEUCTBYIOIIUE 3HAYCHUSI TOKOB B BETBSIX CXEMbI U HaIps-
YKEHUSI Ha AJIEMEHTax cxeMbl. Moaynu U ¢a3bl paCCUMTAHHBIX BEJIMUUH 3aIMUCATh B

Tabnuiy 8.

—/
&
It
-
—/

EIC

Puc. 7

I[aHHbIe 3JIEMCHTOB CXCMBbI:
E;=(10+N,,)el” B, E5=5¢1%" B, f= 10 xT'u, R; = 0,1 xOm, R; = 0,3 xOm,

L; =1,5915 MI's, C3= 53,05 ud, R, = (0,1 + 0,1-N,;) kOm, rae N,, — mocnennss
uudpa Homepa rpymibl; N, — Homep 1ad0opaTOPHOTrO MakeTa (CTEHa).
2.2. 1o pe3ynpratam pacuera BRIMOTHUTE MTpoBepky mo 3TK mis y3ma 1 u mo

3HK nns xontypa E; Ry R3 E3 Cs L.
2.3. Ilo pesynpTaTaM pacuera IMOCTPOUTH BEKTOPHBIC JHArpaMMbl TOKOB JIJIS

y3JIa ¥ HalpsLKEHUM TSI KOHTYPa.
2.4. PaccuuTtaTh KOMILJIEKCHBIE MOIIIHOCTH MCTOYHUKOB S E, ¥ S E; Y MOII-

HOCTH Harpy30K, IPOBEPUTH BHINIOJIHEHHE OanaHca KOMIUIEKCHBIX MOIIIHOCTEH.
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Tabmura 8

I P1 I, 02 I3 03 Ug, PRy
MA rpaj MA rpan MA rpaj B rpan
Paccuwur.
N3mep.
U, P, Ug, PR, Ur, PR, Uc, Pc,
B rpaj B rpaj B rpaj B rpaj
Paccuwur.
Nsmep.

3. DKcnepuMeHTAJIbHAs YaCTh

3.1. CobOpatp cxemy (puc. 7). YCTaHOBUTH 3a/IaHHBIC 3HAYCHUS SJIEMEHTOB
CXEMBbI, BETMIMHBI HAMPSOKCHUS W HadadbHbIC (ha3hl HCTOYHUKOB MUTAHUA. Y CTa-
HOBHTH PEIKUM H3MEpEHHs amriepMerpa u BobTMeTpa «ACy (alternating current —
«TEPEMEHHBIN TOK»), conpoTuBieHue amnepmeTpa 1 MOM, CONTPOTUBIICHUE BOJIb-
t™eTpa 100 MOwm.

3.2. 3Meputh amrnepMeTpoM AEHCTBYIOLIME 3HAYEHUS] TOKOB B BETBSIX CXe-
MBI, BOJBTMETPOM — HAIPSKEHUSI Ha dJeMeHTax cxembl. CpaBHUTH M3MEPEHHBIE
3HAUCHUS C MPEABAPUTEIIHHO PACCUUTAHHBIMU. Pe3ynbTaThl H3MEpeHul 3anmucarhb B
Tadauity 8.

3.3. Ucnonp3ys 2-X KaHalbHBIN ociuuiorpad, ModyduTh Ha €ro IKpaHe
nzoopaxenue JJIC E; (umeronieit a3y 0°) ¢ momoiibio kaHaia A, U u300paxeHue
Hanpsokerust U | ¢ momotbio kanana B. Tlo cMmemenunto 1Byx nsobpaxenuit (puc.

8) Apyr OTHOCUTENBHO ApPYra, COCTaBMB MPOINOPLMIO, MOKHO ONpPENEIuTh (aszy
¢, HanpsokeHust U |, ¥ CPaBHUTH €10 ¢ MPEIBAPUTETLHO PACCUMTAHHBIM.

A E;
~ U
N\ <
/ \ —
\ t
7 s
Puc. 8
| —360°;
Al — O Ly
Al-360°
orcloma ¢, =————.

|
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4. TpeOoBaHHS K OTYETY

OT4eTr NOMKEH COJAEpKAaTh MOJHOCTBHIO BBIITOJHEHHBIA MPEABAPUTEIIbHBIN
pacyeT, BEKTOPHbIE AMarpaMMbl TOKOB M HANPSKEHUW, TaOIHIy 8 pacCUMTaHHBIX
¥ U3MEPEHHBIX BEJTMYHH, BBIBOJIBI 10 paboTe.

5. KoHTpoO/ibHBIE BONIPOCHI

5.1. Cnoco6bl n300pakeHNst CHHYCOUIAIBHBIX (DYHKIIUH BPEMEHHU.

5.2. CriocoObl M300pakeHUs1 KOMIUIEKCHBIX 4ucen. [lepexon oT anredOpandeckoi
(dbopMBI K TTOKa3aTEIBHONU U HA0OOPOT.

5.3. Meroapl pacuera SNEKTPUYECKUX IIETe CHHYCOMJATbHOTO TOKa (3aKOHBI
Owma, Kupxroda, MeTo1bl HalOKEHUsI, KOHTYPHBIX TOKOB, Y3JIOBBIX HaIPsIKe-
HUM, SKBUBAJCHTHOTO TeHepaTopa). BekTopHble AuarpaMmbl TOKOB, Hamps-
KCHUSI.

5.4. MOIIHOCTh B IIENU CUHYCOUJAIBHOTO TOKAa. MOIIHOCTH UCTOYHUKOB, HArpy-
30K. bamaHc MOIIHOCTEN.
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JIABOPATOPHAS PABOTA 6

«ACCJIEJOBAHUE U3BUPATEJBHBIX CBOUCTB
HOCJUIEAOBATEJIBHOI'O KOHTYPA»

1. Hean padoThI: HCCIEIOBAaHUE PEKUMOB PE30HAHCA HANPSHKEHUN B TOCIIE-
JIOBaTeJIbHOM KOHTYpE, aMIUTUTYTHO- U (Da304aCTOTHBIX Xa-
PaKTEPUCTUK KOHTYpa, M30MpaTeIbHBIX CBOMCTB KOHTYpA,
BJIMSIHUS HATPY3KH Ha CBOMCTBA KOHTYpA.

2. [ToaAroToBKa K BHINOJTHEHHIO JJA0OPATOPHO padoThI

2.1. JlaHHBIE 2JIEMEHTOB CXEMBI (pHC. 9):
U,=1B;L= (10+ Nrp) mlH; C = (50+N¢; ) H®; R=50 Owm, tme N, —

nocienHsa uudpa nomepa rpyiisbl, N, — HOMep 1a00paTOPHOTO MakKeTa (CTEHA).
JI71st cxeMbl MOCIeI0BaTeIbHOTO KOHTYpa (puc. 9) B COOTBETCTBUM C JIAHHBI-

MU CBOETO BapuaHTa ONPE/ICITHUTD:
®o .
— PE30HAHCHYIO YacTOTy g, fg=—;
21
— XapaKTEePUCTUICCKOE COTIPOTHRIICHNE KOHTYpa P;
— N0OPOTHOCTH KOHTYpa Q;
— abCOJTFOTHYIO TIOJIOCY TIPOITyCKaHMsI KOHTypa S, ,

— CONIPOTHUBJIEHUE KOHTYpa Ha 4YacTOTE pe3oHaHca Z;

Q
o

ECD Upx %L Upix

-

Ug

[

Puc. 9

— U 0 =Ugux0 — HanIpsDKEHUE Ha BBIXOJE KOHTYpa Ha yacToTe pe3oHaHca fg;
— URo, Uco — HanpsbkeHHs Ha Pe3ucTope U KOHJEHCAaTope Ha yacToTe pe3oHaHca f.
Pe3ynbTarhl MpeIBapUTEIIBHOIO pacdyeTa KOHTYpa Uil PE30HAHCHON YacTOTHI

fo 3anucars B Tabnuiy 9.
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Tabmura 9

oo | fo | p | Q| Sa| Zo |Uro|ULo|Uco
pag/c| Tm [Om| — [Ty |Om| B | B | B

Paccuntarh 4acTOTHYIO XapaKTEPUCTUKY BBIXOAHOTO HAMPSIKEHUS MOCIEI0-
BatenbHOro kourypa Uy =U | =f( f) wa wacrorax fq, fg+S,/2, fq*2S,,
fox4S,, f=0wuf =30 k['1 (cM. Ykazanwusi). Pe3ynpTaThl pacuera 3anmucarhb B Ta0-
ity 10. Ha 3Tux ke 9acToTax paccuuTaTh a3y IMOJHOTO COMPOTUBICHUS @ . [1o
pe3ynbratam pacuera B Macirabe nocrpouts rpaduku U =f(f), o =f(f) B
nuanazone yactor 0 + fo+4S, . [loctponts kauecTBeHHO (6€3 pacuera) OxXuIae-
mbie rpapukn Ug =f( f ), Uc=f( ).

Yxazauus. Hanpspkenue Ha karyiike HHAYKTUBHOCTH U | Ha 1mr000# yacTo-
T€ B Mpejesiax MOJIOChl MPOMyCKaHUus S, MOXET ObIThb pacCuMTaHO MO MpHOJIU-

*KeHHOU (popmyiie:

U
U, = Lo2 ’
1+¢
rae &= XL—Xc _X, =Q L.} z2Q£ — 0000mmeHHas pacctpoiika. To-
R R fo f fo

raa Ha yactore: fg—>&=0; fj is—za—>§=ﬂ.
®daza COIIPOTHUBJIICHHUA ITOCJIICAOBATCIbHOI'O KOHTYpPaA @ OIPCACIIACTCA:
o, =arctg[( X —Xc )/R]=arctg( X, /R, )=arctg &.

Taomuma 10

S S
f fo—4S,|fo—2S,|fq——=2| f fo+—2|fg+2S,|fo+4S f
f, KFI_I 1 0 allo allo 5 0 0 5 0 al'o0 a 9

U_,B |Paccu.
(Ry =) [M3mep.

Paccu.

[e]

P N3mep.

Uc,B [M3mep.

Ur,B |U3mep.

U.,B
(c Harp.)

N3wmep.
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3. JKkcnepuMeHTAJbHAA YaCTh

3.1. MccnenoBanue mocienoBaTeIbHOr0 KOHTYpa.

— CoOpatb cxemy (puc. 9). JIns nzmepenus nanpspkenuii U, U, Uc na-
paJIeIbHO KaXKIOMY 3JIEMEHTY BKIIOYUTH BOJBTMETPHI (PekuM padboTel «ACy —
NepEMEHHBIN TOK, BHyTpeHHee conpotusieHne Ry = 100 MOwm).

— YcranoBuTh 3a1anabie 3HaueHus R, L, C, HanpsbkeHue uctounuka E.

— YcraHaBnuBas 3Ha4eHHS 9acToThl f McTounmka (cM. Tabmumiy 10) B amuara-
30H€ PACCUMTAHHBIX YacTOT, U3MEPUTh M 3amucaTh B Tabmuiyy 10 3HaYeHUs
Hanpsbkeaut U, U |, U Ha dieMeHTax CXEMBl.

— 3HayeHus (a3l MOJTHOTO COMPOTUBIICHUS ISl PACCUUTAHHBIX YaCTOT U3Me-
PHUTH C TOMOIIIBIO U3MEPUTENBHON nHEeHKN npudopa «Bode Plotter» (cxema mon-
KIIFOUEHUs n300paxkeHa Ha puc. 10). YcraHOBUTH B IPUOOpE PEXUM H3MEPEHUS
¢a3el «PHASE»; nuHeiinyto pa3Beptky mo Beptukanu (LIN) ¢ macmrabom: min —
—135°; max — +135°; nunelinyro pa3Beptky mo ropuszoHTanu (LIN) ¢ macimradbom:
min — 0,1 mI';; max — 30 x['1. Pe3ysbTaTel u3Mepenwus 3anucarh B Tadauiry 10.

— Ilo pesynbratam usMepeHuii nocTpouts B macuitade rpaduku U | ysyvep,
Qxusmep =F (), coBMecTHB MX ¢ pacueTHbIMH TpaduKamMu (HaIpUMED, APYTHM
IIBETOM).

[—
=

o
=t

S
N
_/

jL '

® 1

1 —
Puc. 10

— IlapamienpHO KaTymke WHIYKTUBHOCTH TOAKJIIOYNTH CONPOTHUBIIEHUE
Harpysku R, =5 xOMm u uccrenoBath 3aBUCUMOCTD U | yor, =T ( ), mannbie us-
MepeHuit 3anucath B Tabiuiry 10. [To pe3ynbraram u3mMepeHuit mocTpouth rpaduk.

4. TpeGoBaHus K oTUETY

B otuere A0mKHBI OBITH IPUBEACHBI TPEOYEMBIE PacUeThl, TAOJUIBI PACUETOB
U U3MEpPEHUH, pacueTHble U HKCIEPUMEHTAIbHBbIE T'paQUKHU, MOCTPOECHHBIE COB-
MECTHO WJIM Pa3esIbHO, HO B OJJHOM MacuiTade, BBIBOABI IO padoTe.
5. KoHTpoObHBIE BONPOCHI

5.1. OOBACHUTD BUJT YACTOTHBIX XapaKTEPUCTUK TIOCIIEI0BATEILHOTO KOHTYpA.
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5.2.
5.3.

5.4.

5.5.

5.6.

22

Kak BausieT 100OpOTHOCTh KOHTYpa Ha €ro n30upaTesibHbIE CBOMCTBA.

[louemy pe3oHaHC B NOCIENOBATEIBHOM KOHTYPE HA3bIBAETCA PE30HAHCOM
HanpsHKEHU? Y clloBUE pe30HaHCa.

[Touemy mocnenoBaTeNbHBIA KOHTYP TOKEH paboTaTh C HCTOYHUKOM HAIpsi-
KEHUS?

Kak BnIMSIOT Harpy3ka ¥ BHYTPEHHEE CONPOTHUBIIEHUE I€HEepaTopa Ha pe3o-
HaHCHBIE CBOMCTBA MOCIEA0BATEIBLHOTO KOHTYpa?

[IpumeHeHue nocie0BaTENbHOT0 KOHTYpa KaK H30MPATEIbHON CUCTEMBI.



JIABOPATOPHAS PABOTA 7

«IIEPEXO/JIHBIE ITPOLHECCHI B QJIEKTPUYECKHUX HEIIAX
IHEPBOI'O ITOPAAKA»

1. Heab paGoThI: UCCIEAOBAHUE MEPEXOHBIX MPOIIECCOB B AJIEKTPUUECKHUX
TETSIX ¢ OJJHUM PEAKTHBHBIM AJIEMEHTOM.

2. [ToaroToBKa K BHINOJIHEHHIO JIA0OPAaTOPHO padoThI

2.1. JlanHble 21eMeHTOB cxeMblI (puc. 11):
E=1B; R; = (100 + 10-N,,) Om, Ry = (200 + 10-N,) Om, C =30 H®, L = 2 MI'H,
rae Ny, — nmocnennss nudpa Homepa rpynimsl, N, — HoMep 1a00paTOPHOro MakeTa
(crenna).

st iByx cxeMm (puc. 11) B COOTBETCTBUU C JaHHBIMHU CBOETO BapUaHTa OIpe-
JEUTH JIS1 ABYX CIIy4YaeB:

a) 3aMbIKaHUE KJII0Ya;

0) pa3MbIKaHHE KJTIOUa
HanpsukeHus Ug, (t), ug, (t) uc (t) — ama e RC;

ug, (t), ug, (t), up (t) — s merm RL (cm. yxasamus).

Lo B QLo

+ K Y ic() + K ir(0)

(D v Lo 5D vk

i1(2) i1(7)

Puc. 11

[To pe3ysnbTaTaM pacdera MoCcTpouTh B oHOM MacmTade 1 B/ecm u 10 Mkc/ecm
rpadMKi pacCUMTAHHBIX BEJIMYWH, Pa3MECTHB MX OJWH TOJ JIPYTMM U OTMCTHB
MOMECHTHI 3aMBIKaHWS M Pa3MbIKaHUS KITFOYA.

Ykasanus. Jlro60ii Tox i(t) u manpsokenne U(t) mpy BOSHMKHOBEHUM IEpE-
XOJHBIX MPOIECCOB B IEMAX 1-ro mopska (T.e. B IEMIX ¢ OJHUM PEaKTHBHBIM 3Jie-
MeHToM L nmu C) nogunHsiercst ooient popmyse:

()= frp+ fop ()= + AP = f o +[ (0,)—fyy |

CnenosarensHo, i nonydenus Gynkuun Bpemenu i(t), u(t), omucrisa-
IOLIEH 3aKOH U3MEHEHHS TOKAa WJIM HANpsHKEHUsS! U MOCTPOEHUs rpadukoB HE0O0X0-
JIMMO 3HATh 3HAUCHUE TOKA (HAmpshKeHus) B 3 MoMenTa Bpemenu: t(0_ ) — 3Haue-
HUE TOKa (HANPSIKEHWs) B YCTAHOBHBINEMCS pekuMme 10 kommytarmu; t(0, ) —
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3HaueHWe ToKa (HANpsUKEHHs) B MOMEHT KomMMmyTaruu; t(oo) — 3HayeHme Toka
(HampsKEeHMs) B yCTAHOBUBIIEMCSI PEKUME T1OCIIE KOMMYyTaluu. PacueTHble 3Ha-
yenust 1151 RC-nenu cBectu B Tabnuiy 11, st RL-nienu — B Tabnuiy 12.

KopeHnp XxapakTepucTuyecKkoro ypaBHEHUs P ONPEAEIIAETCS:

1
p=———— — i nenu RC,
CRoxsc
R
p=——2BL _ s nermn RL, ¢ Ry, Rogpl — PKBHBAIEHTHOE COIPOTHBICHHE

CXCEMbI UL LCIIN ITOCJIC KOMMYTAllUHU, paCCUYUTAaHHOC OTHOCHUTCIILHO Cumu L.

Ta0Omuna 11
3aMBIKaHHUE KJI0Ya Pa3sMrbIkanue xiroua
t(0_) | t(04) | t(eo) | t(0_) | t(0,) | t(o0)

Paccu.

U Ry
Hzmep.
Paccu.

U R,
Nzmep.
Paccu.

Uc
Nzmep.

Tabmauma 12
3aMbIKaHHUE KITFOYa Pa3MmbIkanne xiroua
t((0-) | t(04) | t(e) | t(0-) | t(0,) t(o0)

Paccu.

U Ry
Nsmep.
Paccu.

U R,
Nsmep.
Paccu.

UL
Nzwmep.

3. DKcnepuMEeHTAIbHAA YaCTh
3.1. CoOpats 3agannyo cxeMy (puc. 11) u ycTaHOBUTH 3HAYCHUS DJIEMEHTOB

CXCMBLI COI'JIaCHO CBOCTO BapraHTaA.
B xauectBe ki1roua «K» MCIoinn30BaTh KOHTAKTHI QJICKTPOMArduTHOI'O KJIro4a,

24



MOJKTIOYMB K OOMOTKE AJIEKTPOMATrHUTA TEHEPATOP MPSIMOYTOILHOTO HAIIPSIKEHUS
¢ ammuutyaoi Hanpspkenust U ,, =10 B u wactotoit f. =10 kI'1 (puc. 12).

— Iloxkirouast moouepeHo ocumiorpad K 3JIEMEHTaM CXEMbI, 3apUCOBATh B
MacmTabe ocuuiTorpamMmel Hampsukennit Ug (t), Ug, (1), Uc (1), U ().

— VI3Meputh 3HauYeHust HANPsDKeHN B MoMeHThI Bpemenu t(0_ ), t(0, ), t(o),
CPaBHHTPH WX C JaHHBIMH IPEIBAPUTEIHLHOTO pacyera u
3anucath B Ta0muiy 11.

— V3mMepuTh BpeMst IEPEXOHOrO TIporecca tye, Ha N N/
ypoBHE 0,1Uax i 0,9U 5« IpH 3aMBIKAaHUW U pa3MBbl- — +
KaHnu Karoda «K» W CpaBHHATH C JaHHBIMU TpEIBapH-
TEJIHLHOTO pacuera. —4

— YMmenbuTh 3HaueHue C (uiu L) B 2 pasa u 3a-
pHcoBaTh  OCHHMIUIOTpamMMbl  Hanpsukenmii  Ug (1),

Ug, (1), Uc(t), U (t) ms storo ciydas, pasmecTs |

WX Ha TNPEIbIIYIIUX OCIWIIOrpaMMax (I0Kas3aTh,

HanpuMep, APYTUM IBETOM, mTpuxom). OOBSICHUTH TO- Puc. 12
JYYSHHYIO B OCITJIJIOTPAMMAX Pa3HHUILY.

4. TpeGoBaHus K 0TYETY

B otuere NOMKHBI OBITH MPEACTABICHBI MOJTHOCTHIO BBITOJIHEHHBIN MpeaBa-
PUTEIBHBIN pacueT 2-X NEPEXOIHBIX ITPOLECCOB — IIPU 3aMBIKAHUU U PA3MBIKAaHUH
KJIF0Ya, MOJIYYEHbl BBIPAXKEHHUS TOKAa M HANPsLKEHHM, MOCTpOeHbl rpaduku (pac-
YETHBIE U SKCIIEPUMEHTAIIbHBIE), BHIBOJBI 10 padoOTe.

5. KoHTpo/1bHBIE BONIPOCHI

5.1. IloHsATHE IEPEXOAHBIX MTPOIIECCOB.

5.2. Tlopsimok pacuera MepexoIHbIX MPOIECCOB B IEKTPUUECKUX HEMAX (KIacCU-
YECKU, OTIEPATOPHBIA METO).

5.3. Bausinue mapameTpoB SJEMEHTOB CXEMbl Ha XapaKTEPUCTHKY MEPEXOJHBIX
ITPOLIECCOB.
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«PEAKIUS DJIEKTPUUECKOM HEITU HA BO3JIEMCTBUE

JIABOPATOPHAS PABOTA 8

CUT'HAJIA TIPOU3BOJIbHON ®OPMbI»
(BpeMeHHOH MeTOI)

(hOpMBL.

HOI CUTHAJI U300pakeH Ha puc. 14,
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1. Heanb padoThI: U3yuYeHHE METOJOB OMPENEICHUS PEaKIMU JIEKTPUIECKOM
neny (OTKJIMKA) Ha BO3JICHCTBUE CHUTHAIA MPOU3BOIBHOM

2. IToaroroBKa K BHINOJHEHUIO JIA0OPATOPHOH PadOTHI
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Tabmuma 13

Howmep Bapuanra Cxema LmCH | C u® | Ry xOM R,. OM
(ctenpa) puc. 15

1 a — 151 1 1+0,1- N,
2 b 52 — 1 1+0,1- Ny,
3 C — 153 1 1+0,1- N,
4 d 54 — 1 1+0,1- Ny,
3) e 55 — 0,25 0,25+0,01- N,
6 f — 156 0,25 0,25+0,01- N,
7 g 57 — 0,25 0,25+0,01- N,
8 h — 158 0,25 0,25+0,01- N,
9 a — 159 1 1+0,1- Ny,
10 b 60 — 1 1+0,1- Ny,
11 c — 161 1 1+0,1- N,
12 d 62 — 1 1+0,1- Ny,
13 e 63 — 0,25 0,25+0,01- N,
14 f — 164 0,25 0,25+0,01- N,
15 g 65 — 0,25 0,25+0,01- N,
16 h — 166 0,25 0,25+0,01- N,

N, — mocienHss nudpa HoMepa TPyIIIb]

2.2. Jlna 3apannoi nenu (puc. 13) u BxoaHoro curHana (puc. 14), B cooTBeT-
CTBUU C JJAHHBIMU CBOETO BapuaHTa (Tabnuna 13) onpenenuTs:
— MEPEXO/IHYI0 XapaKTEPUCTUKY LIETIH 110 HATIPSUKEHUIO Gy, (t);

Ui(0) 4

Un

Puc. 14

U,=3B
t, = 0,5 Mc

— peakuuto nemu U, (t) nHa 3agannoe Bospeiicteue Uq(t), ucrons3sys unte-

rpan {roamens;

—noctpouts rpapuk U,(t) s samamnoro Bosmeiicteus Uq(t). Pacuer
sHauenuii U, (t) mpowmsBoauts ns 3HaueHuii Bpemenu t = 0, 1, 21, 31, 41 npu
BKJIIOUEHHUH TIPSIMOYTOJIBHOIO uMItyibca u g t = 0,5 mc, 0,5 mc + 1, 0,5 mc + 21,
0,5 mc + 31, 0,5 Mc + 47 1Ipu BBIKIIOYEHUH NPSIMOYTOJIBHOTO UMITYJIbCA, TJIE T —
MTOCTOSTHHAS] BPEMEHHU IICTIH;
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— nannble pacyera U, (t) cBectn B Tabmumy 14 1 o HUM MOCTPOUTH Ipaduk
U, (t).

Ta0mumna 14
0 T 2t | 3t | 4t |05 05+71|05+27t|05+3t|05+41

0

t, mc

U.(t)
U, (t)
paccd.
U, (t)
n3Mep.

3. DKcnepuMeHTAIbHAA YaCTh

3.1. CoGpatsb 3amanHyto cxemy (puc. 13) ¥ yCTaHOBUTH 3HAYCHHS DJICMEHTOB
CXEMBI COTJIACHO CBOETO BapHAHTA.

Cxema noxkmodenns BxogHoro curHana Uq(t) wmsobpaxena ma puc. 15.
OyHkumoHanbHbIA reHepatop (PI') BKIIOUNUTH B pEKUM MPSMOYTOJIBHOTO Hampsi-
KCHUST W YCTAaHOBHUTH aMIUMTyAy Hanpspkenus (Amplitude) 1,5 B, cmemenue

(Offset) 1,5 B, wacrory f 1 kI'1r.
[Mpumeuanue: B @I gecsaThie 10U BEIUYUH BBOJUTH YEPE3 3aIATYO.

or
N DN/
— +
o o) o)
1 2
L o] o
) | e |,
O— —o0
— 1’ 2!
Puc. 15

— [onxmrounth KaHan A ocuusuiorpada Ko Bxoay lienu, kaHain B k Beixomy
uccieayemon tenu (Bpemst pasBeptku mo ocu x — 0,1 mc/nen, pasBepTka 1o ocu
y— 1 Bl/nen).

— W3mepurs 3Hayenus Hanpsokenus U, (t) B BeIOpaHHbIE MOMEHTHI BPEMEHH
(0+1 mc). Jlannbie u3MepeHuii 3amucars B Tao. 14.

— Tloctpouts rpaduk U, (t), pasmecTuB ero Ha rpaduke, OCTPOEHHOM B
npeaBapuTesIbHOM pacuere. CpaBHUTH MMOTYUCHHBIC PE3YIbTaThl.

3.2. YBenuuTh 3Ha4E€HHE CONpoTHBIeHus Ry B 2 pasa. 3apucosats U, (1) Ha
TeX ke rpadukax (Hampumep, APyTUuM IBETOM).
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3.3. YMeHbINTD 3HaY€Hne COMpoTHBIeHus R; B 2 pasa. 3apucosats U, (t)

Ha TeX ke rpadukax (Hanpumep, ApyruMm nerom). [IpoanamuzupoBaTh U 0OBsC-
HUTH MOJTYYCHHBIE PE3yIbTATHI.

4. TpeOoBaHus K OTUYETY

B oTdeTe 10KHBI OBITh IPEICTABIICHBI:
— pacuer NepexoqHON XapaKTEPUCTUKU LIETIH;

— pacuetsl peakiuu uernu U, (t) Ha Bosgeiicteue U4 (t), cBenennble B Tabauiy;
— coBMeleHHble rpadukn pacaetHoro U, (1) u skenepumenTansroro U, (), moc-

TPOCHHBIC B OTHOM MacITade (IIpY 3aJaHHBIX MTapaMeTpax U MPH U3MEHEHHBIX R);
— BBIBOJIBI.

5. KoHTpoOJIbHBIE BONIPOCHI

5.1. [loHsTHE NEpPEXOAHBIX XapaKTEpUCTHK Leneil. OmnpeneneHue HUX Kiaccuye-
CKHM U ONIEPATOPHBIM METOIOM.

5.2. UMmynibCcHBIE XapaKTePUCTUKHU TeTH. MEeTOIbI X pacyera.

5.3. Pacuer peaknuii 1ienedi Ha cHUTHAN JH000W (DOPMBI C TIOMOIIBIO WHTETpaja
J{roamerisi, ”HTErpasaa HAJIOKECHUS.

5.4. luddepenuupyromme u uHTErpupyromnme nenu. llpumenenre ux B 3JI€KTpHU-
YECKUX LETsX.
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JIABOPATOPHASA PABOTA 9

«PEAKIIUA DJJEKTPHUECKOM OEIINX HA BO3JIEVICTBUE
CUT'HAJIA ITIPOU3BOJIBHOU ®OPMBbI»
(4aCTOTHBIN METON)

1. Heab padoThbl: U3yYEHUE aMIUIUTYAHBIX U (HA30BBIX CIIEKTPOB CHUTHAJIOB,
aAMIUTUTYTHO-4aCTOTHOM U (Pa304acTOTHOM XapaKTEepUCTHK
LETIH, TPOXOXKJICHUE CUTHAJIOB Yepe3 LeMb, CIEKTPAIHLHOTO
METO/1a pacueTa

2. IToAroTroBKa K BBINOJHEHHIO J1A00PATOPHOI PadOThI

2.1. CxeMa, JaHHBIE 2JIEMEHTOB CXEMBI U MapaMeTphbl CUTHAJIa COOTBETCTBY-
10T JaHHBIM JJabopaTopHOii paboTs! Ne 8.

2.2. JIns 3apanHOM nenu (puc. 13), B COOTBETCTBUM C JaHHBIMU CBOETO BapH-
aHTa (Tabmuna 13) BBITIOJHUTE.

— paccuutaTh amiuaTyaHbIN criektp U;( f) BxomHoro curnana (o 10 rapmo-
HUKHU BKJIFOUUTENBHO) 110 (popMyJIam:

IlocTossHHAsT cocTaBIIsIIOIIA .

rae =T/t, — CKBaKHOCT.
JlelicTByromee 3Ha4eHUe N-il TapMOHUKU:

sin not, sin 2nnft,
2 1,414U 2
Unmn=—=Upt == m. n=12,...,10.
(M= T ™ hot, q 2nnft, ' Y
2 2

VunteiBas ucxoansie nanubie q=T/t, =1mc/0,5mc=2, 2n = 6,283, t,/2=
= 0,5 mc/2 = 0,25 mc, f= 1000 I'tt mosryuum pacueTHbie GOPMYITbI
Up)=Un-0,5 [B],
sin(n-1,571
U(n)=0,707-U, ( ean) 15 10181
n-1,571

JlanHble pacuera 3anucathb B Ta0auIy 15.

— MOJY4YUTh (POPMYINy aMIUIMTYJHO-4aCTOTHOM XapakTepuctuku (AUX)
e U paccuuTaTh ee Ha vactorax 0, 1, 2, ..., 10 xI'u. {laHHble pacyeTa 3anu-
caTh B Tabymiry 15.

— paccunrtath aMIuUTyaHbIA cnekTp Uy(f) BeiXomuoro curHama (mo 10
rapMOHUKH BKIIFOUUTEIBHO) MO (PopMysiaM:

Uo(f)=Us(f)H(T), me. Uy (f)=Usn)(F)Hm(T).
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Tabmura 15
belul g | 1 | 213|456 |7 8] 09]10

pacu.
u3Mep.
pacu.
u3Mep.
pacu.
u3Mep.

Uy, B

H

U,,B

Januble pacueta 3anucath B Tabnuiy 15.
— MOCTPOUTH B MaciTade rpaduku aMIUIMTYJHOTO CIEKTpa, BXOAHOTO U
BBIXOJHOT'O CUTHAJIOB, aMILJTUTYTHO-4YACTOTHOM XapaKTEePUCTUKU LIETIH.

3. DKcnepuMeHTaJIbHAs YaCTh

Co0Opath 3alaHHYIO0 CXEMY, YCTAaHOBUTH 3aJlaHHBbIC 3HAYCHUS] U BBIHECTHU Ha
pabouee moJie JOMOJHUTEIbHBIE MPUOOPHI COTTacHO puc. 16. DYHKIIMOHATHHBINA
reraeparop (PI') ycTaHOBUTH B PEKHUM MPSIMOYTOIHHOTO HAMPSHKEHUS ¢ aMILIUTY-
noui Hampspkenus (Amplitude) 1,5 B, cmemenunem (Offset) 1,5 B m wacroroit
1 xI'm.

[Ipumeyanue: B @I mecsaTeie 10IM BEIMYUH BBOJUTH YEPE3 3aAMATYIO.

3.1. UccnenoBanue aMIUIMTy IHO-4aCTOTHOM XapakTepuctuku (AUYX) nemnmu.

[Moaxmrounts mpubop «Bode-Plotter» (puc. 16) k ucciaemyemoit 1ienu, T.e.
KIeMMbl «INy» mpubopa nmoakmounth K Toukam 1-1', kimemmbr «Outy k 3akuMam
2-2'. YCcTaHOBUTH B MpUOOpE TUHEHHBIA MaciiTad Mo BEPTHKAIU C MpeAesiaMu:
min — 0, max — 1; mo ropuzonTtamu: Min — 0,1 mI'o, max — 10 k', C moMoIbko
M3MEpUTENbHON JMHEHKU Ha yactotax 0, 1, 2, ..., 10 k' u3MepuTh U 3anucaThb
3HaueHus nepenaroyHor ¢yHkimu H B Tabmuiy 15. OTkiIounTh npubop OT HC-
CJICTyeMOH IICIIH.

3.2. UccnenoBanue GOpMbI M aMILIMTYTHOTO CIIeKTpa BXogHOTro curaaina Uy (t).

3.2.1. loakmounTth K ToukaM 1-1' menu ocrmsuiorpad (kaHam A) U 3apUco-
BaTh opmy BXxoaHOTO curHaia (Macmrad ociuniorpada: 1 B/nei; 0,1 mc/nen).

3.2.2. lonkmounth K Touke 1 Bxoxa ananmzaropa crektpa (AC), usmeputhb
BOJITMETPAMH U 3amucaTh B TaOMIly 15 3Hau€HUs OTJEIBHBIX CIIEKTPAIBHBIX CO-
CTaBJISIONIMX BXOJHOTO CUTHAJIA.

[Ipumeuanue: Tak Kak CKBakHOCTH (=T /t,, =1/0,5=2, To rapmoHuku Kpar-

HbIE CKBAXXHOCTU — 2, 4, 6 U T.A. — OTCYTCTBYIOT M NOKa3aHUSI BOJBTMETPOB IS
ATUX TAPMOHHUK paBHHI ().

3.2.3. loaxmounTh ocimiorpad k Beixoay cymmaropa (SUM) u yoeautbes
B IOJIHOM BOCCTaHOBJICHUU (GopMbl BxoaHOTro curHana Uy (t) mpu ciioskeHuH Criek-
TpaJIbHBIX COCTABIIAIOMIMX (BPEMSI BOCCTAHOBJICHHS CUTHaNA 3...4 MUH).
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]
"DC "

"0" rapm.

3.3. HUccnenoBanue ¢GopMbl U aMIUTUTYIHOTO CIIEKTPa BBIXOJHOTO CHUTHAja

Us(0).

3.3.1. [logkmrouuth kK Toukam 2—2' mienu ocumwiorpad (kaHaia A) U 3apuco-

"AC" "AC" "AC"

"1" rapm. "3" rapm. "5" rapm.

Puc. 16

BaTh popmy BbIXogHOTO curHana Us(t).

3.3.2. IlonkmounTh K TOUKe 2 BXxoJ aHanu3atopa cnekrpa (AC), u3MepuThb
BOJIbTMETPAMHM U 3alUcaTh B Ta0IMIly 15 3HaU€HUs OTIAEIBHBIX CIIEKTPATBbHBIX CO-

CTaBJIIOIIIMX BXOJHOI'O CUTI'HaJIA.

3.3.3. [loaxmouuTs ocrmiorpad k Beixoay cymmaropa (SUM) u yoeautses
B [TOJTHOM BOCCTaHOBJICHHH (OpMbI BX0HOTO curHana Uy(t) mpu cioxkeHun criek-

a
"AC" "AC"

"7" rapm. "9" rapm.

TPaJbHBIX COCTABJISIOMINX (BpEeMsI BOCCTAHOBIICHHS CUTHaNa 3...4 MUH).
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4. Tlo pe3ynpTaramM U3MEpPEHUN B OJHOM MaciiTabe M Ha OJHOM rpaduke
HOCTPOUTh AMIUIUTYIHBIA CcrieKTp BXogHoro curHaita Uj(f), amrumarymHbrii
crnekTp BeixoaHoro curnana U,( f) mus wacror 0, 1, 2, ..., 10 x['m. st aTHx ke
4acToOT Ha apyroM rpaduke noctpoutbh AUX menu H( f).

4. TpeOoBaHus K OTUYETY

OTtuyeT 1o paboTe JOJKEH COoaepKaTh:

— pacyeTHbIe (POpPMYJIBI UM pe3yJbTaThl MPEIBAPUTEIBHBIX PACUETOB B BUJIC
Tabaui u rpagukoB AUX 1 aMITUTYAHBIX CIEKTPOB BXOJHOTO M BBIXOJHOTO CHT-
HAJIOB,

— pe3yJbTaThl U3MEPEHUN B BHJE TaOJWI], OCIUIUIOTpAMM, TpaHUKOB, TO-
CTPOEHHBIX B MACIITa0E;

— BBIBOJIBI IO padoTe.

5. KoHTpobHbIE BONIPOCHI

5.1. Kak onpenensieTcsi KOMIUIEKCHas TiepeaaTouHast GyHKIHS 1ernu?

5.2. Ha kakue cOCTaBIISIONINE MOKHO Pa3JIOKUTh 000N MEPUOANICCKUN CUTHAIT?

5.3. Kak paccuuThIiBaroTCsS MOCTOSTHHAS COCTABJISAIOINAs, OCHOBHASI COCTABIISIOIIAS
Y BBICIITHE TAPMOHHUKHU IMEPUOTNYECKOTO CUTHAIA?

5.4. B uem cyTh aHaJIM3a CIIEKTPAIBHOTO COCTaBa MEPUOIUUECKUX CUTHAJIOB?

5.5. Kak n3meHeHne napamMeTpoB MEPHUOJMUECCKOTO CUTHAJIA BIIUSET Ha €r0 CIIEKTP?
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