MuHHCTEPCTBO HAYKH U BHICIIETO OOpPa30BaHMS
Poccuiickoit deneparuu

DenepanbHOE rOCyIapCTBEHHOE 010 KETHOE 00pa30BaTEIbHOE
YUpEXKJIEHUE BBICIIET0 00pa30BaHUS
«BopoHexcKkuil rocy1apCTBEHHbIA TEXHUYECKU YHUBEPCUTET

Kadenpa koHCTpynpOBaHUS U IPOU3BOJICTBA PaIHOAIIAPATYPHI

METOAUYECKUE YKA3AHUA

K BBIIOJHEHUIO JTJAOOPATOPHBIX pa0dOT IO JUCIUTIIMHE
" DneKTpoTeXHUKa U 3JIEKTPOHUKA "

JUIsl CTYJI€HTOB HamnpasieHus: noarotosku 11.03.03
«KoHCTpyHpOBaHUE U TEXHOJIOTHS SJIEKTPOHHBIX CPEICTBY, (Mpo-
¢unp «[IpoekTUpOBaHNE U TEXHOJOTHS PATUOICKTPOHHBIX
cpencTB») Beex hopm 00ydeHUs

Boponex 2021



VK
BBK
CocraBuTenn:
acc. A.C. KocTtioxoB
I-p TexH. HayK A.B. bamkupos

MeTtoauueckue yka3aHHs K BBIIIOJHEHHUIO JJAOOPaTOPHBIX pa-
00T Mo JUCHUIUIUHE «DJIEKTPOTEXHUKA M AJIEKTPOHHUKA» IS CTY-
neHToB Hanpasienus noarotoBku 11.03.03.  «KouctpyupoBanue
U TEXHOJIOTHUS JJIEKTPOHHBIX cpeacTB», (mpopumis «IIpoekTupona-
HHUE U TEXHOJIOTHUS PAJMOIJICKTPOHHBIX CPEICTB») BCeX GhopM 00y-
yerust / ®I'BOY BO «BopoHEXCKHiI TOCYIapCTBEHHBINH TEXHHYE-
ckuil yHuBepcuteT»; cocT.. A.C. KoctiokoB, A.B. bamkupos. Bo-
porex: Usn-so BI'TY, 2021. 24 c.

W3nanue cooTBeTcTBYET TpeboBaHusM PDenepalbHOTO rocy-
JApCTBEHHOTO 00pa30BaTENFHOTO CTaHAapTa BBHICIIETO 00pa3oBa-
nus no HanpasneHuto 11.03.03 «KoHcTpyrpoBaHue ¥ TEXHOJIOTHS
AIIEKTPOHHBIX CpeACTBY, Mpodmmo «IIpoekTupoBaHue U TEXHOIO-
TUSl PAUORIIEKTPOHHBIX CPECTBY, TUCHUIUIMHE « DIEKTPOTEXHUKA
U DJICKTPOHUKAY.

MGTO)II/IquKI/IG YKa3aHug NOArOTOBJICHBI B 3JICKTPOHHOM BHU-

ne B TekctoBoM perakrope MS Word 2007 u conepskarcs B daiiie
ELTEH1.pdf
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JIABOPATOPHAS PABOTA 1
I'’APMOHMUYECKOE HAITPSOKEHUME U TOK B SJIEMEHTAX
HEIMM R, L, C 1 UX ITOCJIEJOBATEJIbBHOM COEAMHEHNN

]_ICJ'IB pa6OTI>I - UIBYYHUTDH B3aMMOCBA3b 'TAPMOHUYCCKUX TOKOB U
HaHpH)KeHI/If/'I B DJICMCHTAX LCIIM U HUX IIOCJIICAO0BATCIBbHOM COCIU-
HCHHHU.

JIABOPATOPHOE 3AJIAHUE

1. IMonkimrounTe K IIaTe ucciemxyeMoit nenu (puc. 9) mcrou-
HUK HamNpsDKeHHs, BOJBTMETP, MHUKpPOAMIIEPMETpP, KOMMYTATOP.
KpuBbiMu nuHUSMEU Ha pHC. 9 MOKa3aHbl COSAMHUTEIbHBIE TPOBO-
Jla C OJITHOMOJIOCHBIMU BHIIKaMH. COEIMHUTE CO CTEHJOM I'eHepa-
Top AHP 1001 u ocuummnorpad. OtkanubpyiTe U3MepUTEIbHBIC
MPUOOPHI, MOATOTOBHTE UX K U3MEPEHUSIM.

Ha BbIXojie TeHepaTopa YCTaHOBHUTE TaKO€ HAIpPsHKEHHE, YTO-
ObI TOK B 11eTiH ObLT paBeH 1 MA.

[lepexntouarensb pPeXUMOB CHHXPOHU3ALMU JAOOPATOPHOTO
CTEH/Ia YCTAaHOBUTE B MOJIOXKEHUE CHUHXPOHHU3ALMHU OT OJI0Ka YCHU-
mutens «bY» 3anummure 3HaYeHUs] TapaMeTPOB LeNu, YKa3aH-
Hble Ha IIaTe.

2. Ha yacrote fi; = 40 k'l BBIYMCIINTE pEAKTUBHBIE COMPOTHB-
JIEHUS] eMKOCTH Xc, MHAYKTUBHOCTH X| U IIOJIHOE CONPOTHUBIICHUE
nocnenosarenbHoil RLC nenu Z. Pe3ynbTaTsl pacueTra BHECHTE B
Tabm. 1.

Tab6muna 1
ConpoTHBICHUS JIEMEHTOB 1IETIH
R, Om XL, Om Xc, Om Z, OMm
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3. 3MmepbTe HaNPSKEHUS U TOK B 1EIH.
3.1. YcranaBnuBas nepekiarodaresab BOJbTMETPAa HA CMEHHOMN
MmaHead CTeHAa noouepenno B mojoxkenus Ug, Up, Ug,
Ur+U +Uc, u3MepbTe COOTBETCTBYIOIIME HAIPSKEHUS U TOK B
nenu I. Pesynbrarel 3aHecure B Ta0m. 2.
Tabnuua 2
Tox u HanpsHKEHUS B 1IENH
Benuunna 1, Ug, | U, | Uec, | U, Upn, | 5,%
MA B B B B B

N3mepenus

Pacuer - -

3.2. Beruncnure, ucxoas u3 u3MepeHHbIX 3HadeHuid Ugr, U,
Uc, 1 3aHecuTte B TaOJ. 4 3HaYeHUE HanpspkeHus Usgyy Ha mocie-
noBarelbHOM coenuHeHun 3ieMeHToB R,L,C. ComnocraBere U H
Ugi, OIPECITATE OTHOCUTEIbHYIO MOTPEIHOCTh O = | Uy - U |/ U.
Ecnn ommOka npesbimaer 15-20 %, yrouHuTe pe3ysbTaThl U3Me-
peHuUil.

3.3. Jlns u3MepeHHOro o01ero HanpsizkeHust U 1 U3BECTHBIX
COTIPOTUBIICHUN 3JE€MEHTOB menu (Tabia. 3) BBIUMCIWTE 3HAYCHUS
toka |, Hanpsbkenuit Ha snemenTax nernu Ug, Ui, Uc u BHecute
ux B Ta0u. 2. CpaBHUTE pe3yNbTaThl pACUETOB U H3MEPECHHIA.

3.4. Ilo Benmuuunam U u | ompenenute mojsHOE CONMPOTHUBIIE-
HUE 1ETNHU Z sy ¥ COTIOCTABBTE €T0 C BHIYUCICHHBIM 3HaUE€HUEM Z, U3
tabin. 3. Onpenenure OTHOCUTENbHYIO MOTPELITHOCT ONpeAeIeHUs
COTIPOTUBIICHUS

62 = | Z - ZmM | / ZmM- (1)

4. VIamepbTe (pa3oBble COOTHOUICHHS MEX]Ly TapMOHUYECKUMU
KOJIEOAHUSIMU B LIETIH.

4.1. [Tepexmtouarenb YCTAHOBHTE B MOJIOKEHUE
«UrtU+Uc».

4.2. IlonaiiTe Ha BXOAbI KOMMYTaTOpPa HANPS)KEHUH OMTOPHBIN
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curHas (HanpspkeHne ucrtounnka U) M HampspKeHUe Ha pesu-
crope Ugr. Ocummorpad MoaKIIOYUTE K BBIXOLY KOMMYyTaTopa U
YCTAaHOBUTE PesKUM BHeIIHell CHHXPOHM3AUMHU OT OJIOKa YCHIIU-
tenen bY.

[Tonyuure ycroitunBoe u300pa’keHUE HA HKpaHe JIBYX rapmo-
HUYECKUX KOoJeOaHui, CIIBUHYTHIX BO BPEMCHH.

Pa3zbeputech, kakoil OCHMIUIOTpaMME COOTBETCTBYET Hampsi-
xenne U, a xakoit Ur. M3MepbTe 1o sxpany nepuos koieOanuii T
U cIBUT BO BpeMeHH Atr HanpspkeHust Ug otHocuTenbHo U, ompe-
nenute 3HaK Atg (eciiu Ug omepeskaet o ¢daze U, To BenmuunHa Atg
OTpUIIATENIbHA, & UHAYE MMOJOXKHUTEIIbHA).

Omnpenenure casur $ha3 er Mexay Ug u U o popmyre

Pr=-OXAlR. (2)

Pesynbrar 3anecure B Tabm. S.

4.3. Bmecto Ur nmopaiiTe Ha BXOJ KOMMYTaTOpa HalpsKEHHUE
Ha MHAYKTUBHOCTH U| M aHAJOTUYHO NPEABIAYIIEMY H3MEpPHTE
cMmelienue mo Bpemenu Atp u casur a3z ¢ mexnay UL u U. Pe-
3yNnbTaT BHECUTE B Ta0I. 3.

Tabnuia 3
®a30BbI€ COOTHONICHUS
Cnsur da3 OR , paa QL , pan ¢c , pan
DKCIepUMEHT
Pacuer

4.4. Ananornuno Bmecto UL mopaiite Ha BXOJ KOMMYyTaropa
HanpspkeHue Ha eMkoctd Uc , M3MepbTe CMEIeHHEe MO BPEMEHH
Atc u caBur ¢a3 gc Mexay Uc u U, 3anmummure Nojay4eHHOe 3Haue-
HUe B Tab. 5.

4.5. Ucnionp3yst 3HA4YeHUs] COMPOTUBIICHWH B TadIx. 3, mpo-
BEUTE pacyeT CABUTOB (a3 Qr, O, ¢c MEXKAY HANPHKCHUSIMU HA
AIIEMEHTaX W OOUIMM HaIpsDKEHUEM IIeMH, Pe3ybTaThl 3aHECUTE B
Tabs. 3. CpaBHUTE PE3y/IbTATHI.



4.5. Tlomaras HavanbHYIO (Da3y MCTOYHHMKA HANPSHKCHHS paB-
HOU HYJIIO, OIIPEeNIUTe 0 pe3yabTaTaM U3MepeHui u3 Tadim. 5 Ha-
yanbHble (a3bl TOKa i B LENH U HANPsHKEHUI Ha pe3ucTope g,
KaTyIlIKe UHIYKTUBHOCTU Y| U KOHIEHCATOPE \Yc . 3aHECUTE UX B
Tabi1. 4.

Tabmauma 4
Havanbsubie da3sl konebanuit

\Ife; paﬂ \ljia paﬂ WR) paﬂ \ljl_) paﬂ \llc’ paﬂ
0

4.6. Ilo pesynbraTaMm H3MEpPEHUH ompenenuTe caBur ¢az @
MEXy OOIIUM HANpsHKEHUEM U TOKOM B IICTIH.

4.7. Ilpoananu3upyiTe MOJy4eHHBIC Pe3yibTarhl. [Ipu 00Jb-
mmx (6onee 15-20 %) MOrpenIHOCTAX MOBTOPUTE U3MEPEHHUS.

5. Ilo pe3ynbTaTam U3MepeHUl B MyHKTax 3 U 4 C IOMOILIBIO
JUHEHKU U TPAHCTIOPTHPA IMOCTPONTE BEKTOPHYIO TUATPAMMYy TOKa
I wu manpspkenuii Ug, Ui, Uc, U. Cnoxure rpaduyecku BEKTOPBI
Ug, UL u Uc. CpaBuute pesynbTat ¢ BekTopoM U.

6. Tpemsa cnocobamMu BBIYMCIUTE CPEAHIOI0 MOIIHOCTb, IO-
TpeOIIseMyO LIENbI0 OT UCTOYHHKA!
P1 - mo BennunHam HanpsoxeHust U u Toka | ¢ yuetom caBu-
ra (a3 MexJ1y HUMHU;
P, - mo BenuumHe TOka | W 3HAUYEHUSIM CONMPOTUBIECHUH
AJIEMEHTOB LIETIH;
P3 - Mo 3Ha4eHMSIM HaNpsHKEHUI Ha 3JIeMEHTaX U UX COIpo-
TUBJICHUSM.
Ompenenure cpeiHee 3HAYCHUE MOTPEOIIEMOM MOITHOCTH

Pep =(P1+P2+P3)/3. (3)

Pe3ynbrarel 3anecure B Ta0II. 5.
Ecnu BO3HMKAIOT 3HAUUTENIbHBIE OTPEIIHOCTH, IPOAHAINU3H-
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pyHUTE BO3MOXKHBIC TPUIHHBI.
Tabmnnma 5

[ToTpebasieMass MOIITHOCTh
Py, Bt P,, Bt P3, Bt Pep, BT

JULA TIBITJIMBBIX

7. YBenmuubTe yactory uctoyHuka nmo =80 kl'm. M3menss
YpOBEHb CHTHAJa MCTOYHWKA, HOOCHTECh, YTOOBI TOK B IIEMHU OC-
TaJICS MPEKHUM.

N3smeppTe Hanpsoxenne U Ha MOCIIEIOBATENBHOM COEANHECHUU
U caBur a3 ¢ MEeXIy HampsbkeHueM U TokoMm B menu. [lo pe-
3yllnpTaTaM M3MEpeHHil BBIYMCINWTE MOJYJb MOJHOTO CONPOTHUB-
JeHus 1enu Z 1 noTpediasieMmyro MofHocTh P. Pesynbrate! 3anecu-
Te B Ta0J. 6 ¥ CpaBHUTE C MOJIYYCHHBIMH paHee Ha yacToTe fi.

Tabauua 6
PesynbTarsl usmepenuii Ha yacrore f;
I MA UB ¢ pan Z Om P Bt

8. Ilpu sKcriepuMEHTaIbHOM 3HAYeHUW HampsbkeHus 1enu U
u3 Tabn. 8§ Ha yacrore 80 kI'1 mpoBenuTe pacueT CONPOTUBICHUS
uenu Z, Toka |, casura ¢a3 ¢ u mougHoctu P. CpaBHUTE pe3ynbTa-
ThI pacueTa 1 dKCIIEpUMEHTA.



JJABOPATOPHAS PABOTA 2
I[TOCJIEHOBATEJIbHBIN KOJIEBATEJIbHBIN KOHTYP

Hens paboTbl - U3YYUTh PE30OHAHCHBIE M  YaCTOTHO-
U30UpaTebHble CBOMCTBA U XapaKTEPUCTUKH IOCIEI0BATEIILHOIO
K0JIe0aTEIbHOTO KOHTYpA.

JIABOPATOPHOE 3AJJAHUE

1. ITogkmounTe K CMEHHOM IJIaTe UCCIIENyeMOM IeNu, cXema
KOTOpPOH MOKa3aHa Ha puc. 23, UCTOYHUK HAMPSHKEHUS U MUJUIUAM-
nepmerp. CoequHUTE TeHEpaTop € BXOJOM OJOKa YCHIIHUTEeH
crerna. Ycranosure Tymonep T1 B nonoxxenue 2 u tym6nep T2 B
nosioxeHue 1.

Bce n3mepenusi npoBoAuTE NP MOAKIIYEHHOM K eMKOCTH
KOHTYpa BoabTMeTpe BK7-26.

N3mensist wactoty reneparopa B unteppaie 120-150 I, no-
OeiiTech MAKCUMAJIbHOTO TOKA B KOHTYPE MPHU MOCTOSHHOM YPOBHE
BXOJIHOTO CUTHaja. YCTaHOBUTE Ha BBIXOJE MCTOYHMKA HampsKe-
HUSl YCWINTENS CTEHJa YpOBEHb CHUTHajia, IPU KOTOPOM MaKCH-
MaJIbHBIA TOK B KOHTYpe OyzeT He 6oiee 5 MA.

2. VIaMepbTe pe30HaHCHYIO YacTOTY KOHTYpa.

Otxmounte n06aBouHoe conpotusieHue R1 (tymoaep T1 yc-
TQHOBUTE B IOJIOKEHHUE 2) U CONMPOTUBIIEHUE HArpy3ku R2 (TymO-
aep T2 - B monoxkenue 1). 3MeHss yacToTy reHeparopa, 100ei-
TECh MAaKCHMaJIbHOTO TOKa B KOHTYpPE, COXpaHssl OCTOSTHHBIM YpO-
BEHb BXOAHOro curHaia. Ilo mkaie reseparopa onpeneiauTe 3Ha-
YeHUE PE30HAHCHOM YacTOTHI .

3. HUccnenyiiTe 3aBUCUMOCTb OT YaCTOTHI TOKA M BXOJHOTO CO-
IPOTHUBIICHHS MTOCIIEI0BATEIBHOI0 KOJIEOATEIbHOTO KOHTYpA.

He mensts nonoxenune tymOnepoB T1 u T2, usmepbTe TOK B
LeNU IpU HEU3MEHHOM BXOJHOM HANpsKEHUH Ha 4YacTOTax OT
0,9fy mo 1,1 c marom He 6osee 1 k['11 (Bcero 20-30 Tovek).



Omnpenenure aOCONMIOTHYIO PACCTPOUKY KOHTYpa Ha KaXXI0W U3
qacToT. Pe3ynbrarhl 3anecute B TabM. 7 ¢ COOTBETCTBYIOIIUM YHC-
JIOM CTOJIOIIOB.

Ilo pe3ynbraraM HU3MEpPEHHI BBIYMCIUTE BXOIAHOE COINPOTHUB-
JIeHHE KOHTYpa Ha KaXXJIOW M3 4acTOT U 3allUIINTE MOJTYYCHHbIE
3Hayenus B Tabn. 14. Iloctpoiite rpaduku 3aBucumocreit I(Af) u
Z(Af). IIpoananu3upyiTe mMoydeHHbIC PE3YIbTaThI.

Ry —
L |
2
T
— | L
|~ — — |7 I
| | ABM1071
| Ren |
| |
| ' v hE
| | —
S BE7-26 C = T,
o ’
2 1
: MA I
Herounny :
HalpDEEHHA MHJ;II,;LM_HE:_I;METP
YOHITHTEIA
S CTEHAA

Puc. 2. Cxema uccrnenyemoil nenu

N3 Tabxn. 10 u rpaduka Z(Af) onpenenure conpoTHBIECHUE
notepb KoJjebaTenpHOro KOoHTypa I . YeM OHO 00ycCIOBIEHO, OT
9ero 3aBHCUT?



Tabmuma 7
. 3aBHCHMOCTH OT YaCTOTHI TOKA U COTMPOTHUBIICHUSI KOHTYpa
F, xI'ng
Af, k'
U, B
I, MA
Z, Om

4. V3MeHsis, KaK U B MPEABIAYIIEM ClIy4ae, 4aCTOTy TeHepaTo-
pa, CHUMHTE AaMIUTUTYJHO-4aCTOTHYIO XapakTepucTuky (AUYX)
KOHTYypa - 3aBUCUMOCTh BBIXOJHOTO HampsikeHus UBBIX OT a0co-
JIOTHOW paccTpoiiku Af mpu HEM3MEHHOM YpPOBHE BXOJHOTO Ha-
npsbkeHus UBX.

[To maHHBIM SKCIIEPUMEHTA BRIYUCIATE KOdDHIIMEHT mepea-
qi H=U,yx/Uyy. Pe3ysbraTel 3anecure B TabI1. 8.

OOpaTtuTe BHIMaHHUE Ha TO, YTO MOAKIIOYCHUE BOJIBTMETPA K
BBIXOJY KOHTYpa (K KOHJIEHCATOPY) M3MEHSET PE30HAHCHYIO yac-
TOTY TI0 CPaBHEHHIO C TPEABLIYIIMM 3Ha4eHHEM. DTO 00ycioBie-
HO BIIMSIHUEM TIapa3uTHOW BXOMHOM eMmKocTu mpubopa (20-40
nd).

IToctpoiite rpadpuxk AUX H(Af) u onpenenute mosocy mpo-
nyckanus I1 u 1o0poTHOCTE Q KOHTYpa. Pe3ynbTaThl 3amummTe B
Tabm. 9.

Tabmuna 8
AMITIUTYAHO-9aCTOTHAS XapaKTEPUCTUKA KOHTYpa
F, xI'g

Af, k'
U.x, B
Usix, B
H

Hpacq
AH
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5. Paccumraiite Teoperudecku 3aBucumoctb H(Af) (uepes
0000IIEHHYI0 PACCTPOIKY), UCTOIB3Ys IKCIIEPUMEHTATbHBIC 3HA-
YEeHHs pe30HaHCHON 4acToThl fy 1 mosockl npomyckanus [1.

Omnpenemure norpemHocTs AH=H,,co-H. Pe3ynerarer BHECHTE
B Tabn. 15. Ha moctpoenHslii panee rpaguk AUX HaHecute pac-
YEeTHYIO KpuBYI0. CpaBHUTE PE3yJIbTaTHI.

6. Uccnenyiite Bnusinue 100aBOYHOTO CONPOTUBJICHHS MOTEPh
R1 xoHTypa Ha ero 10OpOTHOCTH METOJOM "Tpex orcueroB". Jls
aroro TymoOnep Ti ycranoBute B nonoxkenue 1 (T2 ocraercs B mo-
JI0KEeHUH 1), BOJIbTMETP MOAKIIOYUTE K EMKOCTH KOHTYpA.

W3mensist yacToTy reHepaTopa, HaCTpOUTECh B PE30OHAHC U U3-
MepbTE PE30HAHCHOE BBIXOAHOE HampsukeHue Upe,. Ompenenure
BEJIMUMHY BBIXOJHOTO HAMPSDKEHUS HA TPAHMIIE MOJOCHI MPOIMYC-

karus Upy=Upes/ 7/2 .

YMeHbplIas 4acTOTY I€HEPaToOpa OTHOCHTEIBHO PE30HAHCHOU,
nobeirech, 4ToObl BOJBTMETP MOKa3blBaj HANpsKEHHE, PAaBHOE
U,p. Ilo mkane renepatopa ompenelnTe HHXKHEE 3HA4YECHHUE Yac-
TOTBI HA TPaHMIE TOJIOCH mpomyckanus fmin. 3aTem, yBemuumBas
4acTOTY, aHAJOTMYHO ONPEICIINTE BEPXHIOK YaCTOTy HA T'PaHULE
TIOJIOCHI TPOIYCKAHUS frax.

He 3a0bIBaiiTe KOHTPOJIMPOBATH MOCTOSHCTBO BXOJIHOTO Ha-
NPsDKEHUS NIpU BeeX n3MepeHusx. [lomoca nporyckanus KOHTypa ¢
J00aBOYHBIM CONPOTUBICHUEM PaBHA

1_Iz[06:fmax - Frnin - (4)

Ompenenure AO0OPOTHOCTH KOHTYpa Qnos C T0OABOYHBIM CO-
npoTuBieHueM. Pe3ynbratel BHecute B Tadu. 16.

Tabmana 9
[Tomoca mpomyckanusi 1 JTOOPOTHOCTh KOHTYpa

H9 KFH Q Hn061 anG HH” KFH QH
kl'11
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7. AHQJIOTUYHO NPEAbIAYIIEMY METOIOM TPEX OTCUETOB OMpe-
ACIIUTE BJIUAHUEC Ha ILOGpOTHOCTb KOHTYypa COIIPOTHUBJICHUA Ha-
IPY3KH, MOJKIIOUYEHHOro K KOoHJAeHcaTopy. it storo Tym6nep Ti
nepeBeIuTe B MoJoKeHue 2 (100aBOYHOE COMPOTUBICHHE OTKIIIO-
4yeHo), a TyMmoOuep T, - B mojoxeHue 2 (MOJKJIIOUEHO CONPOTHUBIIE-
Hue Harpy3sku R2). 3meppTe rpaHuuHble 4acTOTHI MOJIOCHI IPO-
MyCcKaHUs, OINpeaenuTe mojocy mnpomnyckanus Il; u g06poTHOCTH

KOHTYpa Q.
Pesynpratrsl 3anummure B Ta0n. 16, cpaBHUTE pe3yIbTaThl.

JULA TIBITJIMBBIX

8. Ilo naHHBIM SKCHEPUMEHTA OMNPEAETIUTE Mapa3sUTHYIO eM-
KOCTh BOJIBTMETpA, MCIOJb3Yysl U3MEHEHHE PE30HAHCHOM 4YacTOTbI
10 MAKCUMYMY TOKa B KOHTYpPE NPHU OTKJIIOYEHUHU U MOAKIIOYEHUN
BosibT™MeTpa BK7-26 k eMKoCTH KOHTYpA.

9. C moMomp0 JAByXJydeBoro ocumwuiorpada caumure (hazo-
YACTOTHYIO XapaKTepUCTUKY Kodd¢uilMeHTa mepefauyd KOHTYpa.
st aTOr0 0MH BXOJ OcHMIUIOrpada moAKIIOYUTE Ha BXO KOHTY-
pa (K UCTOYHHUKY HANPSKEHHUs), a BTOPOH - K BBIXOIY (K €MKOCTH)
KOHTYpa. VI3MeHss1 yacToTy reHeparopa B OKPECTHOCTH PE30HAHCa,
KaK 3TO JENaNOoCh B MyHKTE 4, yCTAHOBUTE yCTOMUMBOE H300pake-
HUE JBYX TAapPMOHUYECKUX KOJICOaHW W ompenenute casur ¢as
MEXy HUMH.

[Toctpoiite rpaduk 3aBUCHMOCTH CABHUra (a3 MEXIy BBIXOA-
HBIM U BXOJHBIM CHTHaJaMH OT aOCOMIOTHOM pacctpoiiku. [Iposme-
JalTe T€ e U3MEPEHHS C BKIIOYCHHBIM JOOABOUYHBIM COMPOTHUB-
JICHHEM, CPaBHHUTE PE3yJbTaThI.

KOHTPOJIbHBIE 3AJIAYA
1. PaccuuTaiiTe KOMIUJIEKCHBIM Koa(duimeHT nepenayun, AUX

u OUX YeTHIpeXMOIFOCHUKOB, CXEMbl KOTOPBIX IOKa3aHbl Ha
puc. 3, IOCTpoiTe UX TpapuKH.
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O O 2

Puc. 3

2. Onpenenure MoOJOCY YAEpPKaHUS UYETBIPEXIIOIIOCHUKOB
Ha puc. 24a, puc. 246 u puc. 241.

3. Onpenenute Noja0Cy NPOMYCKaHUS YETHIPEXIOIIOCHUKOB
Ha puc. 248, puc. 24r u puc. 24e.

4. Paccuuraiite K03()(OUIMEHT MNPSIMOYTOJIbHOCTH YEThI-
PEXIMOIIOCHUKOB Ha pHC. 24.

5. Ilo nanHbIM, mpuBeAeHHBIM B Tabu. 10, ompenenute rpa-
HUYHbIE YaCTOTHI MOJIOCHI IPOMYCKaHUSI TOCIEA0BATENBHOIO KOJIE-
OarenbHOro KOHTYypa ¢ mapamerpamu L, C, r, pezoHancHOi yacto-
toit f, m mobpoTHOCTRIO Q.
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Taomuma 10

e
CE L C r fo Q
§ MKI'H n®d OmMm Ml
1 180 - 15 15 -
2 - 200 12 1 -
3 140 80 15 - -
4 200 - 10 - 80
5 - 160 8 - 60
6 150 - 14 - 30
7 100 120 - - 50
8 140 - 6 15 -
9 - 150 18 2 -
10 - 180 12 - 40

6. OnpenenuTe 3KBUBAICHTHYIO JOOPOTHOCTH IOCIEIOBA-
TEJILHOTO KOJIEOATEIhbHOTO KOHTYpa M3 3a/Ja4d S5 TPU TOIKIIOYe-

HUH K €T0 eMKOCTH COMPOTUBIeHUS Harpy3ku R, =50 kOm.

JJABOPATOPHASI PABOTA 3
CIIEKTPAJIBHBIN AHAJIU3 ITEPUOANYECKUX CUT'HA-
JIOB

Ienp paboThl: Hccaen0oBaHUE CBA3M (OPMBI U MapaMeTpoB
NEePUOANYECKUX CHUTHAJIOB C HUX aMIUIMTYAHBIMH M ()a30BBIMHU
CIEKTPaMH.

OIIMCAHHME IIPOI'PAMMEBI
CIIEKTPAJIBHOT'O AHAJIM3A

PabGouee OkHO TIporpamMMBbl ISl WCCIIEIOBAHHS CIIEKTPOB
MEepPUOINYECKUX CUTHAJIOB MOKa3aHo Ha puc. 4. B ero BepxHei yac-
TH U300paxkaeTcs BpeMEHHas JuarpaMmma HCCieyeMoro CUrHana, a B
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HIDKHEH — CHeKTpbl amrumtyd U (a3. Pabouee pasperieHne 3kxpaHa
800x600 nuKces.

[ CniexTpanbHbii aHAMHS NEPHOAHYECKMY CHIHAAOE _[Bx
[als] A CUrHan (TNapareTpe criana | Beixon 13 Mporpanvis!
— —_— —— —— — 10 =] CHHTES CMrHana |
e : : : i = T B
: : : ' FZII Nepuma T. wic Havano Hwena
H H H i s [
: : : O T :
0 Hl 2 5] g dagepcaeonT g e cnexrpos
' ' ' i = Beifiop cHrHans |
| | EZICKW"W% THg o~ FappMonecKuﬁ
i i i : - € MunootpasHsli
gl ' ' ! ! ’D_zkp ucpes 6% antll || & TpaMayronsHer
[
= % || AMOAMTUAE! K HEY3EHEIE Bask]
WupHHa CrekTpa ckrHana |7_ raproHuE, |7 KFul npu (30 =i MOWHOCTH Iy e e
= CnexTp amnauTys, . Crektp paz 0 H EI1E
15 Un.B 400 Fr. rpaa. 17453 0 (7459 0000
2 E.04E O E.04E O
3 4047 0 4047 0
4 1.857 0 1897 0
[poo 5 o030 opa oo
Mo [ 1,223 0 1.223 180,00
Fi 7220 1.722 173,99
8 1,525 0 1625 180
B0 ] 0858 0 0858 179,99
00310 0031 180,05
0657 0 0657 0,004
& 12 11003 0 1.003 0
il g 0345 0 0945 0,003
100 14 |os62 0 0562 0,004
5} 0031 0 0031 0,003
E 0445 0 0445 180
¢ ( Fi 0707 0 0707 173,39
T L 1 ! 8 0687 0 0E87 173,39
5 10 s Ay 5 o 18 uflis |04z 0 0423 17339
2 0.032'0 0032 179,39

iﬂl’lycxl“ :\ﬂ H T Microsaft 'Word - Spekir I EW\ndows Commander 4.0 | ﬂSpeklr | m@% 28
Puc. 4

B npaBom BepxHEM YINy pacroyioKeHa MaHedb YIpaBICHUS
nporpamMoil. Ha Helf pacmonokeH nepekitoyarenb IJis BbIOOpa
CUTHAJIOB U PETyNATOpPbI UX NapaMeTpoB. Bce m3MeHeHus Hemen-
JIEHHO O0TOOpakatoTCsl Ha BPEMEHHOW AMarpaMme.

[Tocne ycranoBKM TpeOyeMbIX MapaMeTPOB HAKUMAETCS KHOTI-
ka  «BpluucneHue crnekTpoB» M Ha TpaduKax OTOOpaKarOTCS
CHEKTPbl aMIUTUTYJ U (a3 curHajioB. UHClIeHHblE 3HAYEHUS] aM-
IUUTYA U a3 MepBbIX ABAILIATH TAPMOHHK BBIIAIOTCS B TaOIHILY B
IIpaBOM HMKHEN YaCTH SKpaHa.

IIporpamma obecrieunBaeT cuHTE3 (CYMMHPOBAHHUE TAPMOHHMK )
CUTHAJIa T0 ero crekTpy. /st aToro peryiasitopaMu 3aJaloTcsi Ha-
YaJlbHBbI HOMEP TAPMOHUKHU U UX KOJIMYECTBO.

3areM HaxxaTueM KHONKU «CUHTE3» Ha BPEMEHHOMN JAuarpaMMe

otoOpakaeTcs nodydeHHast GyHKIUs BpeMeHH. KHomkol «cOpoc»
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rpaduk oymnIaeTcs, 1 Mepexo/1 B peKUM CHHTE3a BO3MOXEH I10-
CJe Ha)KaTus KHOMKHU «BbI4MClieHne CIIEKTPOBY.

[IporpamMma ompezenseT MHUPUHY CHEKTpa CUTHAJIA TP 3a-
JAHHOM YPOBHE MOILHOCTH, PETrYyJSTOp KOTOPOrO HaXxOAWUTCA B
HEeHTpe paboyero OKHa.

Perucrpanus pe3ysbTatoB HCCIEAOBAHUN IIPOU3BOAUTCS
KOMUPOBAHUEM JKpaHa MOHHMTOpa 4epe3 cucteMHbid Oydep Win-
dows Haxaruem knaBuinu «Print screeny. Tlocie atoro uzobpaxe-
HHE BBOJUTCS B 3apaHee OTKpbITHIA (haitn pemakropa Word mis
dbopMUpOBaHUS OTYETA TI0 JIA0OpATOPHOI padoTe.

[Ipumep Takoro nepexpaTa SKpaHa MoKa3aH Ha puc. 28.

JIABOPATOPHOE 3AJJAHUE

1. UccnenyiiTe cnekTp rapMOHUYECKOTO CHUTHAJa C aMIUIUTY-
noit U =108, nepuogom T =1uc npu 3anepkke At =0. YcraHo-
BUTE 3alepkKy At =25% ot nepuoga curHana T . 3aTem ycra-
HoBUTE At = —25% mepuona.

CpaBHUTE CHEKTpHl aMIUIMUTYA U (a3 ITHUX TPEeX CUTHAJIOB.
IIpoBepbTe cBOMCTBA 3aI1a3AbIBAHUSA U CUMMETPUHU CUTHAJIOB.

2. Bribepure mnwmnooOpasseiii curman npu U =108,
T =1mc, At =0, uccnenyiire ero crnekTpsl amruTyx u ¢gas. O6-
paTtuTe BHUMaHHE Ha MMOXOKECTh (POPMBI MUIO00PA3HOTO U TapMO-
HUYECKOTo CUTHaioB. CpaBHUTE UX CHEKTPBI.

YcranoBute 3amepxkky At=25% or mnepuoga. CpaBHHTE
CHEKTPBI CMEIICHHOTO U MCXOJHOTO CUTHAJIOB, POBEPHTE CBOMCT-
BO (TEOpPEMY) CMEILCHHUS.

3. Uccnenyiite cuekTpbl aMIUIUTYA U (a3 mepruoanueckoi
MOCJIEI0BATEIbHOCTH MPSIMOYTOIBHBIX UMITYJIBCOB MPH MCXOHBIX
3HaueHusx napamerpoB U =108, T =1luc, At =0, ckBaxHOCTH
curHaia Q=T /7 =2 (7 - JIUTEILHOCTh UMITYJIbCA) U JUTUTEIb-

HocTH ppoHTa t, =0 B mporeHTax ot 7 .

VYBenuubTe Mepuoj curHana jgo 1 = 2mc. Kak uM3MeHSoTCs
cnekTpsl ammuntya u ¢ga3? [IpoBepbTe CBOMCTBO M3MEHEHUS BpE-
MEHHOTO MacimTaba curHaina. PaccMoTpuTe BiHsIHUE HA CHEKTPHBI
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aMIUIATY] U (a3 JUIUTETHbHOCTH WMITYJIBCOB, M3MEHSS HX CKBaX-
Hocth Q =T /7 or 2 no 10.

Kak m3meHsiercss mpu 3TOM IIMPUHA CIIEKTPA MPH yYUTHIBAC-
moit gone mourHocTH 90% (L 4,) u 99% (Il 4 ), 3Ha4EeHUsI KOTO-

pbIx BHecuTe B Tabn. 11. Onpenenure mmupuny cnektpa [[[;no

MOJIOKEHHIO TIEPBOTO HYJISI OTHOAIOIIEH CIIEKTpa.
[Toctpoiite rpaguky 3aBUCMMOCTH IIUPHUHBI CHEKTpa OT JUTH-
TEJIbHOCTU MMITYJIbCA.

Tabmuma 11
Q 2 3 10
T, MC
lgo, KI'x
ge, KI'1x
Iy, xI'1x

4. IlpoaHanu3upyiTe CIEKTp MAYKU U3 JBYX HUMIIYJIbCOB IPU
ckBakHocT Q=10 u mnpoM3BOIBHON 3aJepXKKe. DTOT CUTHAI
MO’KHO pacCMaTpUBATh KAK CYMMY JIBYX UMITYJIbCHBIX IOTOKOB TOM
K€ JITUTEIBHOCTH (CKBRXHOCTH) MPHU COOTBETCTBYIOIIUX CMeEIIe-
HUSIX.

VYCcTaHOBUTE 3TH NOCIEAOBATENBHOCTH IPSIMOYTOJIBHBIX HM-
MyJbCOB B MOJIEIUPYIOLIEH MporpaMMe, ONpeaeIuTe X CHEKTPbI
ammutya U as. g Tperbell TapMOHUKH HPOBEPHTE CBONCTBO
TUHEeHHOCcTH crnekTpoB. Crenaiite BbIBOAbL. CpaBHUTE LIUPHUHY
CIEKTpa MayKy UMITYJIbCOB U OAMHOYHOM IOCIIEN0BATEIIBHOCTH.

5. VYcTaHOBUTE HMMITYJIBCHYIO IOCIEAOBATEIbHOCTh IPU
ckBakHoctu Q =5. [IpoBeauTe CMHTE3 ATOTO CUTHAJIA MPU YUCIIE

rapMoHuK 5, 10, u 30. CpaBHUTE pe3yNbTaThl, CACIANTE BBIBOJIBI.
JUIA TIBITJIMBBIX

6. Uccnenyiite BIMSHUE HA CIIEKTPbI UMITYJIbCHBIX CUTHAJIOB
JUINTENIBHOCTU UX (QpoHTa U cpe3a. Kak OHM BIMAIOT HA LIUPUHY
CIeKTpa curHaia’?
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7. IIpoBeauTe UMUTALIMOHHOE MOJCIMPOBAHUE B MIPOTrpaMmax
MicroCAP nmun WorkBench cnexTpoB mpoM3BOJIBHBIX CHTHAJIOB,
HaIpUMep, MOCJIEI0BATEIbHOCTEN MTPSIMOYTOJIbHBIX UMITYJIbCOB.

8. Cospnaiite Monenb (GUIbTpa HWKHUX (BEPXHHX) YAacTOT H
MPOaHAIM3UPYITE U3MEHEHHUs CIEKTPOB MPOXOISIIUX Yepe3 Hee
CUTHAJIOB (IIPSIMOYTOJIBHBIX UMITYJIBCOB).

9. IlpoBeauTe YMCIEHHBIE PACYETHI CIIEKTPOB PACCMOTPEHHBIX
B 1abopaTopHoil paboTe curHanos B mporpamme MathCAD.

MOJAEJIMPOBAHUME CIIEKTPOB ITEPUOPIUYECKUX CUT -
HAJIOB

Hccnenyiite cieKTphl aMILIUTY/L CUTHAJIOB MIPU IPOXO0XKICHUN
MOCJIEIOBATEIBHOCTHA TPSMOYTOJBHBIX HMITYJIbCOB 4epe3 (PHIIbT-
pytoue nenu. IlpumenurensHo k RC GuiabTpy HMXKHUX YacTOT
MOJIEJIb IIPECTaBJICHa Ha pUC. S.

17
R1 1K
-
1
¥ d 10n
Puc. 5

[Ipoanaim3upyiTe 4acTOTHBIE XapaKTEPUCTHKU LIENH U Bpe-
MEHHBIE J1arpaMMbl CUTHAJIOB Ha BXOJIE€ U BBIXOJIE.

CpaBHI/ITC CIICKTPbI aMINNIMTYd BXOAHOT'O M BBIXOAHOI'O CHI'HaA-
JIOB, IPOAHAIM3UPYITE BIUSHUE IapaMETPOB LIENH, CACIANTE CO-
OTBCTCTBYIOIIUC BBIBOJIBI.

OOBsicHUTE XapakTep HAOIIOAAEMBIX CHEKTPOB M MX OTIHYHE
oT TeopeTnueckoro Buaa. Kak ¢popma ciekTpoB cBs3aHa ¢ JJIMHOMN
pealn3aluy CUrHajla, YaCTOTOM KBAaHTOBAaHMS (3TOT BOIPOC BBIXO-
ouT 3a pamku kypca OTLI)?
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AHaJOTMYHO PacCMOTPUTE MPOXOXKJIEHUE TOTO KE CUTHAla
yepe3 npocreimmii  RC ¢uiabTp BepXHHMX 4acTOT W IMOCIeNOBa-
tenbHbI RLC konebarenbHbIi KOHTYpP, TPOBEAUTE aHAIN3 PE3YIIhb-
TaTOB MojenupoBaHus. COOTBETCTBYIOIME MOJETH IMMOKa3aHbl Ha
puc. 6 u 7 COOTBETCTBEHHO.

C1 10n R1100 L1 4.4m

&
T

Puc. 6 Puc. 7

—

HHH
R 1
1k W1 o B.4n

[IpoBenTe MCCneOBaHUS CIIEKTPOB CHTHAJIOB C HCIOJIB30-
BarueM nporpaMmel MATHCAD na 6a3e ¢pyukiun fft.

GOyukuus fft(u) peanusyer OwicTpoe mpeodpasoBanre Dypbe
(bI1®) Buga

1 & n
S =— U. -ex ('27z—-i), 5

rae Ui — oTcueTsl curHana U(t) B MoMeHTsl BpeMenu ti=ixAt, | — Ho-
Mep oTcyera, At — HHTEpBaI AUCKPATH3AIMU CUTHAJIA [0 BPEMEHHU
Ha niepuoje konedbanuit T=NxAt, N = 2™ — YMCIIO OTCUYETOB HA ITe-
puone curHanma (M — 1enoe 4ucio), S, — pesynabrar bIID, xowm-
IUIEKCHOE YKCJI0, OTIPEIeIIstoIiee N-10 TApMOHUKY CUTHAJIA.
IMocTostHHas cocTaBistonias criekrpa curaana Uy paBHa

SO
Uo:m’ (6)

a aMIlIMTyaa n-i rapMOHHUKHN Un n €€ HadaJlbHada (1)3.33. Yn onpeac-
JIAIOTCA BBIPAKCHUAMMU:
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2|s,
U =

= U

v, =—arg(S,). (8)

N3menss mapaMmeTpbl CUTHaJIA, MCCICAYWTE MX BIMSHUE HA
CHEKTPBl aMIUIUTYl U (a3, CPaBHUTE PE3YNbTAThI C MOJIYYEHHBIMH
¢ nomouipto nmakera MICROCAP.

C nomomipio makera MATHCAD paccMoTpuTe BIMSHUE H3-
MEHEHHUSI aMIUIATY]] U HadalbHBIX (a3 TapMOHUK IOCIIEI0BATEIb-

HOCTH TNPSMOYTOJIbHBIX HMMITYJIbCOB Ha ()OpMYy BpPEMEHHOM aua-
IrPaMMBI.

KOHTPOJIbHBIE 3AZIAYU

6.1. Ucnonb3ys manHble Tabu. 12, U3 BpeMEHHOW Auarpam-
MBI pHC. 33 ONpEeeNuTe AHATUTUYECKOE BBIPAKCHHE BPEMEHHON
3aBucumoctH U(t) Ha MHTEpBasie 0JJHOrO Meproia Kojaeoanuii. Pac-
cuntaiite ko3 dunmentsr psna Oypre u nmocrpoiire rpaduk crex-
Tpa aMIUIUTY/ JJIS TIEPBBIX TSITH TAPMOHUK.

uit)
E, —
E,|__
Es| __o__
L
o 1 T g T t
4 2 4
Puc. §
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Tab6muma 12

Bapuant E, B E, B E;B T Mc
1 20 10 0 40
2 20 0 10 20
3 10 20 0 80
4 10 0 20 40
5 -20 10 0 50
6 -20 0 10 40
7 20 20 10 20
8 10 20 10 40
9 20 10 20 50
10 10 20 20 80

6.2. Onpenenure KOMILIEKCHbIE CIIEKTPAIbHbIE MNIOTHOCTH,
CIEKTPBI aMILTUTYA ¥ (a3 OJUHOYHBIX CUTHAJIOB, TIOKa3aHHBIX Ha
puc. 9, mocTpoiTe ux rpaduku.

uiH) u(t)
W
.
TJ & -at
. t t
i i
a) " 6)
u(t)
eat et
t

0
E)

Puc. 9
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