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BBEJAEHHUE

KoMmmekT TumoBoro nabopaTopHoro obopynaoBanust «PaanoTexHude-
CKH€ LIEMH M CUTHAJIBD) MpPEIHa3HA4YeH JJIs MPOBEACHUS J1a00paTOPHBIX 3aHs-
TAW O pasfenaM «JIMHenHble paguoTexHU4Yeckue nenw», «Hemnneinsie pa-
JUOTEXHUYECKHE LENu», «Y CHIUTENN 3IEKTPUUYECKUX CUTHAIOBY», «Paauore-
penaroiue ycTpoictBa», «OCHOBBI TEOpUHU KoJiebaTeNnbHBIX cucteM», «Ilpe-
o0Opa3oBaHU€ CUTHAJIOBY, «MOIyNSIUS U JETEKTUPOBAHUE» CO CTYICHTAMH U
yYalMMHUCs, O0OYYalOIMIMMUCS B YUPEXKICHUSIX BBICILIET0, CPEHEr0 M Havallb-
HOTO MPoeCCHOHATBHOTO 00pa30BaHMsI, a TAKXKE Ha KypcaxX MOBBIIMICHUS KBa-
IuUKaUU IepcoHaia MPeIIpUITUNA U OpraHu3alui.

AnmapaTHasi 4acTh KOMIUIEKTa BBINOJIHEHA [0 0JI0YHOMY (MOIYJIBHOMY)
IPUHIIMIY U BKIIOYAET B ce0s1 1a0OpaTOPHBINA CTOJ WM HACTOJIBHYIO MOACTAB-
Ky C BBIIBHKHBIM SIIIUKOM U JIBYXYPOBHEBOM pamoii, B KOTOPYIO YCTaHaBJIH-
BAlOTCA MCTOYHUK NUTaHUS M (YHKIMOHAJIbHBIE OJOKH, CIIPOCKTHUPOBAHHbBIE
JUISL BBITIOJIHEHUS pa3iIMyYHbIX Y4eOHbIX 3a1ay (puc. 1). bioku nerko nepecras-
JSIOTCS B paMe € LEJbI0 NOJYYEHHS] ONITUMAIBHOTO UX PACIIOIOKEHUS B KaX-
noi mabopaTopHOit paboTe.

B BBIIBIJKHOM SIITUKE XPAHSTCS COEIMHUTEIbHBIE POBO/IA, IEPEMBIUKH,
kalenu, Apyrue akceccyapbl U METOAWYECKHE MaTepuaibl. OYHKIMOHAIbHbBIE
OJIOKM BKJIIOYAIOT B c€0s CMOHTHPOBAHHBIC HA TIAHEJSAX Pa3IUYHbIC JIEKTPOH-
HBIE CXEMBbI U UX AJIEMEHTHL. [[1s1 obneruenust cOOpku 1ernei Ha MaHel u BbIBe-
JIeHbl THE3Ja M MOJKIIIOUEHUS MpUOOPOB K MCTOYHHMKY NMUTAHUS, U3MEPH-
TEJBHBIM MPUOOPaM M JUIsl COSAMHEHHS UX MEeXy coboil. Kpome Toro, B 010-
KaX YCTAHOBJIEHbI HEKOTOPBIE TOMOJHUTEIbHBIEC 3JIEMEHTHI.



Puc. 1. Buemnuit Bun naboparopuoro crenga PTI u C

Hacrosimne «MeToguueckne yKazaHus» COCTOST U3 BOCbMH IJIaB.

B nepBoi riiaBe OnmucaHbl KCIEPUMEHTHI, CBSI3aHHBIE C HMCCIEAO0BAHUEM
LIETEN MIEPBOTO MOPSJIKA.

Bo BTOpOII ri1aBe ONMCaHbl SKCIEPUMEHTHI, CBA3aHHBIE C UCCIEAOBAHUEM
LIeTIeN BTOPOro NOpsiaKa.

Tperbsi r1aBa nocBsiieHa UCCIEAOBAHUIO TU(DPEPEHIUPYIOUTUX U UHTET-
PUPYIOIIUX LEIEH.

B 4erBépTOil r1aBe paccMaTpPUBAIOTCS SKCIIEPUMEHTHI, CBSI3aHHBIE C HC-
CJIEOBAHUEM HEJIMHEUHBIX LIENIEH U CXEM, IIOCTPOEHHBIX HA UX OCHOBE.

I[IsaTas riaBa NOCBSIIEHA YKCHEPUMEHTAM MO MCCIIENOBAHUIO TPAH3UCTOP-
HOT'O PE3UCTUBHOIO YCUJIATEIIS.

B mecToi riiaBe OnMcCaHbl 3KCIIEPUMEHTHI, CBS3aHHBIE C HCCIEAOBAHUEM
YCUJIUTENS, OXBAYEHHOTO Pa3IMUYHbIMU BUIAMU OTPULIATEILHON 0OpaTHOM CBSI3HU.
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B ceabmoii riiaBe paccMaTpUBAIOTCS SKCIIEPUMEHTHI, CBSA3aHHbBIE C HCCIIe-
JIOBaHUEM TpEXTOUEUHBIX LL- TeHEepaToOpoB.

Bocbmasi riiaBa nocBsileHa OMUCAHUIO SKCIIEPUMEHTOB 10 UCCJICIOBAHUIO
paboThI TEHEpAaTOpa TAPMOHUYECKUX KOJIEOaHUN, MMOCTPOCHHOTO Ha OCHOBE PE3U-
CTUBHO-EMKOCTHOr0 MocTa BuHa.



1. UCCJEJOBAHME LHENEW MEPBOTO MOPSIJIKA

KpaTkue TeopeTuyeckue cBeIeHHUsI

[TopsimoK 2JIEKTPUYECKOM 1IENU ONPEAEAETCS YUCIOM PEAKTUBHBIX 3JIEMEH-
ToB. Llenb mepBoro mopsijika BKIIIOYAET OAWH PEAKTUBHBIN 3JIEMEHT (MHIYKTHUB-
HOCTb WJIH EMKOCTh) U JIF000€ YUCIIO PE3UCTUBHBIX AJIEMEHTOB U HE3aBUCUMBIX HC-
TOYHUKOB NUTaHUA. [I0 OTHOIIEHUIO K PEAKTUBHOMY 3JIEMEHTY BCIO OCTaJIbHYIO
L[ETIb MOKHO CYUTATh PE3UCTUBHBIM aKTUBHBIM JBYXIIOJFOCHUKOM.

Komnnexcnou wacmommnoii xapakmepucmukou (K4X) Ha3piBaeTcs 3aBU-
CUMOCTb OTHOIICHUSI KOMIUIEKCHOW aMIUIMTY/Ibl CUTHaNa (TOKAa WJIM HAMPSHKEHUs )
Ha BBIXOJI€ JINHEMHOM 1EMN K KOMIUIEKCHOM aMIUIMTYJE CUTHAJa Ha BXOJI€ OT Yac-
TOTBI:

KGanf)="2= ... (1)

IIPY YCIIOBUH, YTO
S (t) = Acos(2nft + @, ) = Acos[2nf(t + 4)]
— 3TO TAPMOHUYECKUM CUTHAJ aMIUUTYyAou A, yacToTodf M HadambHOU (a-
301, . Bennunna A onpenenser 3a1epKKy CUTHAJA.

Mopyib KOMIUJIEKCHOM YaCTOTHOM XapaKTEPUCTUKU HAa3bIBACTCA AMAJIU-
myono-uacmommuou xapakmepucmukoit (A4X) v o603HavaeTcA:

K(f)=|KG2mP)|........... (2)

ApPryMEHT KOMIUIEKCHOW YaCTOTHOW XApAaKTEPUCTUKHU HAa3bIBACTCA ¢hazoua-
cmomuou xapakmepucmuxou (OUYX) u BeipaxkaeTcs: HOpMYIION:

o(f)=arg [KG2mf)]...ooveeenn, (3)

s naxoxaenns KUX nuHelHON ey HeoOX0auMo:
1. 3ameHuTh ykazanHyro BeanunHy DJ{C rapMOHUYECKOTO CUTHAJIa Ha €ro
KOMIUIEKCHYIO aMIUTUTYTY:

SEEX = Aejq%... (4)

2. PeaktuBHbBIE d7eMEHTHI (EMKOCTh U MHAYKTHBHOCTH) 3aMEHHUTh Ha KOM-
TIJICKCHBIE COMPOTHUBIICHUS COTJIACHO PUC.2:

‘ e
L — | =
Z, = j2nflZ, = Inrc

Puc. 2. 3amena PEAKTHBHBIX 3JICMCHTOB KOMILJICKCHBIMHU COITPOTUBJICHUAMUA

8



3.  MeronamMu aHanu3a JIMHEWHBIX IENEH MO MOCTOSHHOMY TOKY ONPEIEIUTh
KOMIUJIEKCHYIO aMIUTUTY1y BBIXOJJHOTO CUTHAJIA;
4. OnpenenuTh KOMILIEKCHYIO YaCTOTHYIO XapaKTepucTuKy mo gopmyie (1).
[Tpu Haxoxaennn KUYX nunelHbIX nenei nepsoro nopsaka (RL- u RC-
1ernei) y100HO MoJIb30BaThCA MapaMeTpoOM «NOCMOSIHHAS 8peMeHU Yenu», Ko-
TOpast onpeaensercs no Gopmysnam:

L
TRE = RC y TRL T T ettt eee e aees (5)

R
HapaMeTPOM JIMHECUHOM OCIIu B YaCTOTHOM 00JIaCTH SIBIISICTCS IpaHn4YHasA
9aCTOTa ITOJIOCHI IMPOITYCKaHUA ﬁ-p, OHpe,Z[CJIHeMOﬁ Ha 49aCTOTC, IIpU KOTOpOfI KO-

1
s PuUIMEHT Mepeiayd YMEHbIIAeTCs 10 5= 0,707 oT MakCUMaJILHOTO
N

3HAa4YCHUA:
1

K(f,)= Komax % 07K . (6)

[Tpumep AUX n @YX nuHENHON 1INy EPBOro NopsijKa NoKa3aH Ha
puc. 3:

AKD 4 9(f)
0 P
Ky T /
0, 7K0 u ]
-t/4f -
ot— > W 722 I I
fep a) 0)

Puc. 3. AUX (a) un ®UX (6) nuHEitHOI 11eTid TepBOTO TopsIKa

[To u3BeCTHOM rPaHUYHON YACTOTE MOJIOCHI MPOIMYCKAHUS ITOCTOSHHYIO Bpe-

MEHH 1IEMU MOKHO HalTH 1o popmyie:
1

T=— 7)

HOpSIIlOK BbINNOJTHEHUS JKCIIEPUMEHTA:

e OnpenenuTh aHATUTUYECKUE BBIPAKEHUS KOMIUIEKCHOM YacCTOTHOM Xa-
paktepuctuku, AUX, ®UX s 3aJaHHBIX BaM HOMHHAJIOB 3JIEMEHTOB
e U B COOTBETCTBUHU CO CXEMOM LIENH, MPEIJIOKECHHBIX B BallleM 3a-
JIAaHUM Ha JIa0OpaTOPHYIO padoTy.



O 1 I O o || Il L 4 ]
luex = lb‘sa:x iug X L lUs biX
O o] o) & O
a) 6)
¢ L
o I I o

Usy R Uspix

&
3
P
=
&
=4
A
—

8) 2)
Puc. 4. JIunelinple 1Ny NepBOro NopsiKa

e Jlns 3a7aHHBIX BaM HOMHHAJIOB 3JIEMEHTOB 1ienH 1o Gopmyiam (5) pac-
CUMTATh NOCTOSHHYIO BpeMenHu 1enu. Haueptuts rpapuxku AUX n ®UX
nuHeHo# nenu (em. Ipunoscenue 2).

Jla6opamopHas pa6oma Ne 1

H3mepeHue amnaumy9dHo-4acmomHoll Xxapakmepucmuku
YemubIpEXNOIOCHUKA

Cobpath cxeMy MOJIKIIOUCHHUS H3MEPHUTEIBHBIX MPUOOPOB U CTEHAA TS
n3mepenus AUX nuHelHOU 1enu, MOKa3aHHYI0 Ha PUC.D.
1. [Tongats ¢ reneparopa nuskoi yactotel (I'HY) «Bwvixod A» curnan Ha
BXO0JI MakeTa. PexomeHayercs mpu 5TOM CHHXPOHU3UPOBATH OCHUILIOTpad
¢ 'HY.
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BNOK NUTAHWA BMNOK MMHEMHBIX LIENERA

MAFAZWH CONPOTHBIEHUA
n

OCLUMANOrPAD

\ ST RN

1 Om
o1&
5,10m
o
10 Om
o1&
510n
100 Om

o—i—o
znm
51

1 mdH
M
ziz M H

FEHEFATOP

F o WO | W
b | I -

\
- b
<>

; +157 157
=n pfign
H- | ¥GIHHHH =1

Puc. 5. Cxema 3xcneprumeHTanbHON cOopku s cHATUSA AUX 1 OUX
HCCIIEAYEMOM e

2. TloaxmtounTh BTOPOM BX0J ocumiiorpada Ha BBIXOJ UCCIIEAyeMOU LenH, mep-
BbIIl BX0J ocuuiuiorpada ocTaBUTh NOJAKIIOYEHHBIM K BXoay 1enu. Mcnonb3o-
BaTh ocuuuiorpad Juisi KOHTPOJIS aMILTUTYbl BXOJAHOTO cuUrHaja. B TedueHue
BCEX M3MEPEHUN aMIUIMTYyAa BXOJHOIO CHTHAJIA JOJDKHA MOANEPKUBATHCA I10-
CTOSIHHOM C MOMOILIBIO PETrYyJMPOBKH aMIUIMTYAbpl curHana Ha Beixome ['HY.
Pe3ynbpTaThl U3MEpeHU 3aHECTH B TAOJIHILY.

3. Paccuutath 1 3aHeCTH B TaOIMITy 3HAYCHUS KOd(DPUIMEeHTa TIepe1auu e 10
HAIPSHKCHUIO JUTSI KQKI0W YacTOTHI:

H — UE BLT
UEX

rae U, n U, — aMIUIUTyHbIE 3HAUEHHS BXOJHOT'O ¥ BBIXOJHOIO

HaNpsHKEHUM.
4. Tloctpouts rpadux HopmupoBanHoi AUX K = f( F ) (cm. Ilpunoscenue 2).

OmnpenenuTs 10 TpaduKy IPaHUYHYIO YaCTOTY IIOJOCHI NPOMYCKaHUA frp, U

paccuMTaTh MOCTOSHHYIO BpeMeHU 1ienu 1o gopmyie (7).
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IIpumep: Ucnons3zyem cxemy puc.4, a ¢ napamerpamu: R = 1 kOm;
C=0,01 Mk®.T, = RC=1000-10"°C=10"">= 1 mceK

[Ipou3sBenéM n3MepeHHs U 3aHECEM UX 3HAUYCHHS B TaOauy 1.
Tabnauya 1

AYX RC-yenu

F | 100 | 200 | 400 | 600 | 800 | 1 2 4 6 8 10 | 20 | 40 60 80
y | ny | ry | y | ry | klry | klfry | klfy | klfry | klfy | klfry | KMy | klfy | KMy | KMy

K| 1 1 1 1 1 /099|098 |095|092|088)|082)|0,62)038|022|0.17

K‘I’I‘!J! X

100 T " T0x 1592 100k
F(Tu)

Puc. 6. Hopmuposannas AUX ucciemayeMoit 1ienu

[Toctpoum HOpMupoBaHHYt0 AUX B norapupmMuueckoM macmradbe mo ocH
gactot (ocu X) (cm. Ipunoscenue 2). Ilo rpaduky HaX0AUM IPAHUYHYIO YACTOTY
(monocy npomyckanusi) Ha ypoBHe 0,707 (—3 g6). Ona pana 15,92 xI'm.

Jla6opamopHas pa6oma Ne 2
H3mepeHue ¢ha3zo-uacmomHol XxapaKkmepucmuKu 4emuIpéxnoalcHuUKa

1. Cobpatb cxeMy cTeHaa s usmeperHus @UX u moaxIroueHus
U3MEPUTENBHBIX IPUOOPOB JIMHEHHOU 1ienH (puc.D).

2. YCTaHOBUTh Ha TEHEPATOPE YaCTOTY, PAaBHYK TPAHUYHOM YACTOTE IOJIOCHI
MPOMYCKaHUS UCCIEAYEMOMU 1IeTIH.

3. TloakmrouuTh NEepBBIA BXOJ OCHMILIONpada Ha BXO UCCIEAYEeMOM 1IeTH.

4. YCTaHOBUTH XapaKTEPHYI TOYKY BXOJHOTO CHUTHaJa (IEpexoj uepe3 HYyJb) B
IIEHTPE PKpaHa.

5. 3aHecTH OCUMIIOTPaMMY BXOJHOTO HAMPSKEHUS B OTYET.

o

[ToaxTr0YnTE BTOPOH BXOT OCIIHIIIOTpad Ha BBIXOJ] UCCIIEIYEMOM IIeTIH.
7. 3aHecTH OCUWJIJIOTPaMMY BBIXOJHOTO HAMPSKEHUS B OTUET.

12



8. H3MepsaTh cMellleHHE XapaKTEpHONM TOYKM TapMOHHMYECKOTO CHIHajla Ha
BBIXO/IE LIENHU IO OTHOLICHHUIO K BXOJAHOMY CUTHAILy. MI3MepsATh Takke Ie-
puon curHana. i1 yCKOpeHUs M3MEPEHHI BPEMEHHOW CHBUT M NEPHOJ
PEKOMEHIYETCS OIIPENEIATh B JAEJICHUAX CETKM Ha dKpaHe ocLuuiorpada.
[Tpu M3MeHEeHnH 4acTOTHl U3MEHATH MAcIITad MO OCH BPEMEHH TaKUM 00-
pa3oM, 4yTOOBI Ha 3KpaHe YKJIaJbIBAIOCh HE OOjee OAHOIo MepHuoia CUrHa-
Ja, NHa4Ye U3MEPEHUsI BpEMEHHOT'O CABUra OYAyT OUE€Hb HETOUHBIMHU.

9. PesynbraThl M3MEpEHUH 3aHECTH B TAOJIHILY.
Ilpumeuanue. BpeMeHHOU caBUT cuuTaeTrcs mojoxutenbHbiM (A = 0),

€ClIi BBIXOJHOM curHaj OyaeT omepexarb Mo ¢asze BXOJIHOU, T.e. Oynmer
CIIBUTaThbCs BIEBO. B ciydae 3ama3qapiBaHUsi BBIXOJHOTO CUTHaNa (CIBUT
BIIPaBO) BpPEMEHHOW caBUT cuuTaetrcss orpumnarenbHeiM (4 < 0) (cm.

puc.7).
u(t) u(t)

a)o)

Puc.7. ®a3oBbie COOTHOLIEHUS ABYX FAPMOHUYECKUX CUTHAJIOB

10. Paccuurath ¢ha30BbIi CABUT IO popmyIie:

ﬂ Q
Q= T 360
Y 3aHECTHU pe3ynbTarhl B Tabnuiy. [loctpouts rpadpux @YX ¢ = f(F).
11. Onpenennts 1o TpaduKy rPaHAYHYIO YACTOTY MOJIOCHI NPOIMYCKAHUS frp 1
paccuMTaTh MOCTOSHHYIO BpeMeHU 1ienu 1o Gopmyie (7).
IIpumep: Ucnons3yem cxemy puc. 4, a ¢ nmapaMmeTpamu:

R =1xk0mC= 0,01 mxd.
[IpousBecTy U3MEpeHUs U 3aHECTU 3HAYEHUS B TAOIHUITY 2.
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Tabauya 2

@YX RC yenu

f 100 | 200 | 400 | 600 | 800 | 1k | 2k | 4k | 6K | 8k | 10k | 20k | 40k | 60k | 80k

off). | 0 0 0 0 3 6 (10 |16 |23 |30 |38 |50 |70 |80 |84

@(f)

100 1K 10k 15,92k T 100k

Puc.8. ®azo-yacToTHAs XapaKTEPUCTUKA YETHIPEXTIONIOCHIKA

N3 rpaduka BUIHO, YTO Ha rpaHuuHOM yactore AUX (15,92 kl'1) casur

¢assl qocTuraeT 45 rpaaycoe.

Koumponwvnwie gonpocul:

1. KakoBbl (pa3oBbI€ COOTHOIICHUS MEXAY HAIpPSHKEHUEM U TOKOM B MHIIYK-
TUBHOCTH U EMKOCTHU?

2. Yto Takoe peakTuBHOE comportuBieHue? [louemy compoTuBieHHE Ha3bIBA-
eTcs peakTUBHbIM? Kakue s3neMeHThI Uenu SBISIIOTCS PeakTUBHbIMU? Uemy
PaBHO PEaKTUBHOE COMPOTUBIIEHUE?

3. [Touemy opmyibl AJis onpeesieHrs OO0 BETMUYUHBI COTPOTUBIICHUS TIPH
napajieIbHOM X COSJUHEHUU U 00IIIel BEIMUYMHBI EMKOCTH MPHU WX TOCIIe-
JIOBATE€IIbHOM COEJIMHEHUM aHAJIOTUYHBI?

4. Kakum 00pa3oM BKIIFOYAIOTCS B AJIEKTPUUYECKYIO IIETb BOJBTMETP U aMIiep-
METp U IOYEMY UMEHHO TaK?

5. JlaliTe onpeesieHUE CIEAYIONINM XapaKTePUCTUKAM AJIEKTPUUECKOM 1eMu:

¢ AMIUIUTYJHO-4ACTOTHAS XapaKTEPUCTHUKA,

e @Da30-yaCTOTHAs XapaKTEPUCTHUKA;

e AMIUIMTYJHAS XapaKTePUCTUKA;

e BonbTramnepHasi XapakT€pUCTHKA;

e (CnekTpanbHas XapaKTepHUCTHKA.

HauepTtute rpaduku 3TUX XapaKTEPUCTHUK.

14



6. Urto Takoe HOpMHpoOBaHHas (IpUBEIEHHAs) aMIUIUTYIHO-4aCTOTHAsl Xapak-
tepuctuka (AUX)? KakoBa MeToaMKa CHATHS HOPMUPOBAHHOW XapaKTepHU-
ctuku? Koraa ucnonb3yercs HopmupoBanHass AUX?

7. KakuMmu napameTpaMu XapakTepU3yeTcsl CHHyconJainbHoe Koyebanue? Jlaii-
T€ ONpEeEICHUE 3TUX NapaMeTpoB. KakoBa CBs3b MEX1y HUMU?

8. UTto Takoe crekTp aneKkTpuueckoro currana? Kak cTpouTcst ciekTpanbHas
nuarpamma’?

9. Kakas pazHuna Mexay:

® CONPOTUBJIEHUEM U PE3UCTOPOM?

e EMKOCTBIO U KOHJEHCATOPOM?

® UHAYKTMBHOCTBIO U KaTyIIKOW MHAYKTUBHOCTHU?

10.  Kak cBs3aHbl MeXIy COOOW TOK, CONPOTHUBIIECHHUE, HANPSKEHHE, MOLUI-
HOCTb 1 DHEPIHs?

15



2. ACCJIEJOBAHMUE LIEINEN BTOPOI'O MOPSJIKA

KpaTkue TeopeTuyeckue cBeIeHHUsI

B nunelHbIX 1ensax, coaepkammx EMKOCTh { U MHAYKTUBHOCTH L (1IemH

BTOPOIr0 TMOpsJIKa), MPU ONpPeNeNEHHOM 3HAYEHUH YacTOThbl BO3JCHCTBYIOIIETO
curHasa Haobmonaerca 3PexT pe3oHaHca — pe3Koe YBEIUYeHHE TOKA WM HaIps-
YKEHHUS B 1ICTIH.

Pezonancom nazvieaemcsa mounoe coenadenue coOCMEEHHOU YaACHOmbl
K0J1e0amenbH020 KOHMypa ¢ 4aCmomou GblHYHCOCHHBIX KoJleOanuil, no0eoou-
MbIX K HEMY Om 6HeuiHe20 ucmounuka (2enepamopa). CooCTBeHHass (pe30HAHC-

Has) 9acTOTa KojaebaTeaIbHOTO KOHTYpa ( fo ) ompenenseTcs: BEIpaKeHUEM:
1
2mLC

Wy = — wi fy =
" Jic’ 0

OTH BBIPAKEHUS HOCAT Ha3BaHue gopmynvt Tomcona.

Pasnuuaror 1Ba THIa KoJieOaTeIbHBIX KOHTYPOB (CM. puc.9):

— MOCJIeI0BATEIbHBIN KOJIeOaTeIbHBIN KOHTYD;

— napaJiieIbHbIN KOJeOaTeIbHbIN KOHTYP.

[Ipu onucanum KojeOaTENbHOrO KOHTYpa MCIOJB3YIOT CIEIYIOUIUE Mapa-
METpBI:

v’ xapakxmepucmuueckoe (601n060e) conpomueienue konmypa (p)

DTOT mapaMeTp ABJISETCS MOAYJIEM PEAKTUBHOTO COIMPOTUBIICHUS WHIYK-
TUBHOCTH WJIM EMKOCTH HA pPE€30HAHCHOM YaCTOTE:

S S
p=2mfpl=527= IC

v’ 0oopomnocmu Konebamenvrozo konmypa(Q)

JIoOpOTHOCTh — 3TO OTHOIIICHHE PEAKTHBHOTO COMPOTHBIICHHS KOHTYypa K
aKTHBHOMY COTIPOTHUBIJICHHUIO (COMPOTUBJICHUIO TTOTEPh) HA PE30HAHCHOM 4acTOTe.

IIpy aHanmm3e BBICOKOIOOPOTHBIX KOJIEOATEIBHBIX KOHTYPOB BOJIM3U Pe30-
HAHCHOM YacTOTHI JJIsS YMPOIIEHUS PacdEToB yA0OHO 3aMEHHUTH BCE PE3UCTOPHI
OJTHAM SKBUBAJICHTHBIM COIPOTHBIICHHEM, ITEPECUNTAB BCE

PE3UCTOPHI B ITOCIIECIOBATEILHBIC HII B MTapalIeIbHBIC COMTPOTHUBIICHUS

I7le 0 — BOJJHOBOE COITPOTUBIIEHUE KOHTYPA,
T — aKTUBHOE COINPOTHUBIICHUE (COMTPOTUBIICHUE MTOTEPH) B

IMOCJICA0OBATCIILHOM KOHTYPC.
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R — akTHMBHOE CONpPOTHUBIICHHE (COMPOTUBIIEHUE MOTEPH) B MapaylieIbHOM

KOHTYpE.
v 3amyxanue konmypa (d) — eenuuuna, oopamuas 0o6pomuocmu

L1
- Q

v’ Ko3(ppuyuenm zamyxanus ceo600nvix konevanuii( )
T

2L
v’ pe3onancnas uacmoma Konmypa (wy)

(4

v nocmosnnasn epemenu konmypa (T,)) — 6pems, 3a KOMopoe aMnIumyod

C60000HbBIX KOleOanuil ymeHvuiaemcesa ¢ e ~ 2,72 pas.

1 20
TK=—=—
a @,

v uacmoma ce0600nbIx Koneoanui (w,.)

@) TIOCIIEIOBATEIIbHBIN KOHTYP 0) apaJJIEIbHbIA KOHTYD

Puc. 9. Buapl kone6aTeIbHbIX KOHTYPOB

DKBUBAJICHTHBIE MTPeoOpa30BaHMs CXEM KoJIeOaTeIhbHBIX KOHTYPOB ITOKa3a-
Hbel Ha puc.10. Ilpu ananuse konedaTEeIHLHOTO KOHTYpa YAOOHO TOJB30BAThCS JK-
BUBAJICHTHBIMU CXEMaMU IIENTU Ha XapaKTEPHBIX YaCTOTAX:
f=0; f=fouf=c
PaccmoTpum mporierypy HaxoKICHHS SKBUBAJICHTHBIX CXEM JIMHCHHBIX IIe-
neii nmoapoOHee.
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H3BecTHO, YTO €MKOCTh MPU YACTOTE rapMoHuveckoro kojiebanus f = 0

NpUOOpPETaCT PEAKTUBHOE COMPOTUBIICHUE, PABHOE OECKOHEUHOCTHU, MOCKOJBKY
1
nfc

X¢

B sTtom ciiydae MOXXHO CYHTATh, YTO TAKOE COMPOTUBICHUE MOXKET OBITh
IIPEACTABICHO B BUJIE Pa3pbiBa LEIHU, YTO SKBUBAIIEHTHO PEXUMY «XOJIOCTOTO XO-
nay» («XX»). O1oT ke pexxuM «XX» BO3HUKAET MPHU MPOXOKICHUH TAPMOHUYECKO-

ro KoJieOaHMs C YacTOTOH f = ©0 yepe3 UHAYKTUBHOCTD, IOCKOJIbKY X; = 27 fL.

Ecau xe MMPCAIOJIOXKUTDb, YTO YCPC3 €MKOCTb MpOXOAUT IapMOHHUYCCKOC KO-
nebaHue ¢ 4acTOTOM f = 00 MM 4Y€PE3 MHAYKTUBHOCTH — KoJIcOaHHE C YacTOTOMH

f = D, TO MOJXHO CHHUTATb, YTO B 9THUX CJIydasiX BO3HHMKACT PCIKHUM «KKOPOTKOI'O 3a-

MbIKaHusD» («K3»). ITo mimoctpupyercs Ha puc. 11.

bnarogaps 3ToMy TOK WM HapsbKEHUE Ha JIFOOOM 3JIEMEHTE K0Jie0aTelIbHO-
ro KOHTypa MOTYT OBbITh HalICHbl aHAJIM30M LIETIH IO MOCTOsSIHHOMY TOKy. Ha pe-
30HAHCHOW YaCTOTE PEAKTUBHBIE COIPOTUBICHUS EMKOCTU U MHAYKTUBHOCTH paB-
HBI TI0 BEJIMYMHE U MMPOTUBOMNOJIOKHBI IO 3HAKY, YTO TAKXKE YIPOILIAET MPOLEAYPY
aHaJIN3a LeMu.

ift) L . i) N

),
P
[
Ilm
i
=
=[x

| |
|
1l

Puc. 10. DxBuBaIeHTHBIE IPEOOPA30OBAHUS CXEM KOJIEOATEIHHBIX KOHTYPOB
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Z=j2nfL z, 7,
X <)
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o
__1_ LY
ZC=13afC
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> XX :>[]ZC—-.//J > |k3
o
& o o

Puc. 11. IIpencraBieHne peakTUBHBIX 3JIEMEHTOB B BUJIE LIETIEW B pEKUME
KopoTKoro 3aMbikanus («K3») u xomocroro xoaa («XX»)

Komnnexcnoii wacmommnon xapaxmepucmukou (K4X) nuneitHoN 1enu
HAa3bIBACTCSA OTHOLICHUE KOMIUICKCHOM aMIUIUTY/Ibl CUTHAJIa HAa BBIXOJIE Lienu (pe-
aKIMM) K KOMIUIEKCHOM aMIUIUTYJlE CUTHAJla Ha BXOJE IeNu (BXOJHOE BO3JECUCT-
BH€) KaK (YHKLIHUU YACTOTHI BO3JECHCTBYIOLIErO FAPMOHUYECKOIO CUTHAIA:

. 5
K(j2nf) = % :

EX

rae S, (t) = A-cos(2nft+ @) — TApPMOHUYECKUN CUTHAI C aMIUIUTYIOM
A, acToToil fu HauanbHOI (Basoit @, .

MoOoynb KOMNIEKCHOU YaCMOmMHOU XAPAKMEPUCMUKU HA3bI8ACHCA AM-

naumyoHo-4acmommuou xapaxkmepucmurxoii (A4X) n Beipaxaetcsi HOpMYyIIOii:
|KG2rf)| = K().

Apcymenm KOMRIEKCHOU 4ACMOMHOU XaApPAKMEPUCMUKU HA3bl6AemC
dazo-uacmomnon xapakmepucmuxoii (@HYX) wu Bwipaxkaercs GOPMYIIOK:
arg{K(j2nf)} = o(f).

[Tpumepnsie Bugpl AYX m OUX kosebaTenbHOr0 KOHTYypa MOKa3aHbl Ha
puc.12.

[To rpadmkam 4acTOTHBIX XapaKTEPUCTUK KOJEOATEIHLHOTO KOHTYPa MOYXHO
OLIEHHTH KO3((UIMEHT Mepelaud Ha pe30HaHCHOH yacTote K., monocy mpormyc-

KaHUs U JOOPOTHOCTh KOHTYpa:

)
Q_;ﬂf’

rne Af —momnoca npomyckaHus KOHTypa.
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Puc. 12. Ilpumepnsie Buasl AUX 1 ®UX kosedaTeTbHOr0 KOHTYpa

A A f
Ko _______ | /2
|
0,7 —————- | /4
i 0 > f
| P71 EE— Z)
I ] g B
P

Jla6opamopHas pa6oma Ne 3

IKcnepumeHmasibHoe onpedeseHue (usmepenue) A4X u PYX
nocsedoeameabH020 KO0/1e6ame/ibHO20 KOHMypa npu cHAmuu
Hanpsx3ceHus ¢ conpomuae/ieHust, EvKocmu u/au UuHyKmueHocmu

DNeMEeHThI MOCIEA0BATEIbHOTO KOJIeOaTeIbHOTO KOHTYpa M300pa)KeHbl Ha
puc.13. M3 3THX 3JIeMEHTOB ClIeIyeT coOpaTh OJHY U3 cXeM KOHTypa (cM. puc.14).
KOHKpeTHyI0 cXeMy 1 HOMUHAJIBl BaM YKa)XKeT npenogaBateib (em. Ipunoscenue
4).

HauepTuTh nony4yeHHYI0 BaMU CXEMY, IPOCTaBUTh HOMUHAJIBI 3JIEMEHTOB U
MCITIOJI30BATh ATOT MOATOTOBIICHHBIN MaTepuai mpu cOopke o0Iel cXeMbl IKCIIe-
pumenTa. Cobpatb cxemy, n300paxxEHHYI0 Ha puc.1S.

ﬁ L R
(o, ” OC""OC'l ',0

Puc. 13. DneMeHTsI OCIe0BaTeILHOTO KOJIe0aTeIhHOr0 KOHTYpa
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Puc. 14. BapI/IaHTBI CXCM ITOCICAOBATCIILHOT'O KoJIe0aTeNLHOrO KOHTYpPa

BJIOK NUTAHUA BJIOK NMMHENHbIX LIENEX

MATFA3WH CONPOTUBIEHU

OCLIIIOrPA®

Qy%\
v

Telelel
TTTT /

'EHEPATOP
/\, N\ —
4 \J

51 kKOm

©—_{L—1-0©
100 KOm
©o—_L—1-©

o—_L—1-©
20 kKOm

MATA3WH UHAY!

10 mkl'H
56 MKl

100 MKIH
220 Mkl'H

/

H
b
1
ol =
/
&
ﬁ
AN

---------------------------------------------- 1
] +15 2 152
H R SS51

Puc. 15. [Ipumep skciepuMeHTAILHON COOPKH CXEMBI 110 BapuaHTy puc.14,6.
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1. VYcranoButh yacToTy BXoaHoro curnaia 1 kl'u, ammmuryny 0,5 = 2 B.

[TapameTphl BXOZHOTO M BBIXOJHOTO CUTHAJIOB (4aCTOTY U aMIUTUTYJY) KOH-
TPOJIMPOBATH MO OcIILIoOrpagdy.

2. llpousBectu uzmepenne AUX, aiis gero:

v TloaxIrIO4YMTh TEPBbIA KaHaa ocnmuiorpada K BXOLY UCCIEAyeMOW ICMH, W3-
MEpUTH JEUCTBYIOLIEE 3HAUEHUE BXOAHOTO HAIIPSDKEHUSI U 3aIUCATh €TO.

v" TloAKIIOYMTE BTOPOI KaHal ocIiiutorpada K BEIXOLY HCCIIEIyeMOM [ETH.

v' Ilpu mpoBeleHUH HW3MEPEHHN aMIUTHTYIy BXOJHOTO CHIHAJA IMOJICPKUBATH
IIOCTOSTHHOM.

v’ VI3MeHsIs 9aCTOTy CHTHaja Ha BXOJE IIEIH, IMPOU3BOIUTE C TOMOIIBIO OCIIHJI-
jorpada u3MepeHre aMIUIUTYAHOTO 3HAUY€HHUsl BBIXOJHOrO HampsbkeHus. [lar
U JAUana3oH U3MEHEHHs YaCTOThl ONPENEUTh caMocTosTeNbHO. OOI1iee Koau-
YECTBO IKCIEPUMEHTAIIBHBIX TOUEK HE MeHee 10 + 12,

v KOB(b(l)HI_II/IGHT Iepcaadu 110 HaAIIPSKCHUIO BBIYHUCIIATE 1A K&)I(I[Oﬁ 4aCTOTHI I10

bopmyie:
UE BLT
S

rne U, uU__— nedicTByrolMe 3HAYCHHUS BXOJHOIO M BBIXOJHOTO HAMPSKEHUU.
Pe3ynbTaThl u3MepeHuit 3aHeCTH B Ta0IHILy 3.
3. TMoctpouts rpaduxk AUX K = f(F). Ha rpaduxe oTMETUTH pE30HAHCHYIO Yac-
TOTY [, BEpXHIOIO ¥ HIDKHIOIO TPAHWYHBIC YaCTOTHI f; H f, .
4. Omnpenenuts T0OPOTHOCTH KOJIEOATEIHHOTO KOHTYpa 1o dhopmyJie:
oo o
—f
IMpumep: Ucnonszyem cxemy puc. 2.1.2, 6 ¢ mapamerpamu:
R=100M, C=1H®P u L =220 mxlu.

IIpousBenémM u3mepeHuss aMILIMTYAbl BBIXOJAHOIO CUTHAJIA IIPU U3MEHEHUU
4acTOThI, BOJIM3HM YAaCTOTHl PE30HAHCA IOCIIENOBATEIBLHOIO KOJIe0aTenbHOIO0 KOH-
Typa. 3aHecéM B TaOJMIly 3HAYEHHUS] OTHOILIEHUM aMILTUTY bl CUTHANA K aMILIUTY-

Jie B TOUKke pe3oHaHca. Onpeaenum Jo00pOTHOCTh KOHTYpa 1o ¢hopmyrie:
337

Tabauya 3

AYX RLC- yenu

F 320 | 326 | 330 | 333 | 335 | 336 | 337 | 338 | 339 | 341 344 | 348 | 354

K 06 | 07| 077 | 0,84 | 0,93 | 0,98 1 098 | 093 | 084 | 077 | 0,7 | 06
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[TocTpouM HOpMHpPOBaHHBIN IpaduK 3aBUCUMOCTH KO3 (ULIMEHTa TIepea-

YH LMK OT 4acToThI (purc.16).

K

K‘rmz X

1,0 ................... ............. ................. .................

0,707

0 3258k 33%2k | 3483k | t

320 328« 344« 352k

F{kl)
Puc. 16. HopmupoBannas AUX uccrnemyemoil nenu

HOCKOJIBKy HN3MCPCHHBIC HAIIPAKCHHA HAa HMHAYKTHBHOCTH H €MKOCTH Ha

4acTOTC pC30HAaHCA B Q pas OobIIIe HAIIpsHKCHUA, 110JaBa€MOI'0 Ha BXOA ITOCJICIO-

BaTEJIBbHOTO KOJIEOATENBHOIO KOHTYpPA, TAKOM PE30HAHC HA3BIBACTCA PE30OHAHCOM

HanpasceHuu.

5. Ilpoussectn uzmepenne GUX, mis gero:

v\ BKJIIOYUTH OCIHMUIOrpad B peXXHMMe BHEIIHEH cMHXpoHu3auu. KocsenHoe ms-
MepeHne (pa3oBOro cIBUTa MEXKIY BBIXOJHBIM W BXOJHBIM CHUTHaJlaMH OCHO-
BBIBACTCSl HA TIPSIMOM M3MEPEHUM BpEeMEHHOTO caBura. Ocumuiorpad BKiIroUa-
€TCSl Ha BXOJl U BBIXOJ] UCCIIEAYEMOM 1ICTIH.

v\ YCTaHOBWTH XapaKTEPHYIO TOYKY BXOIHOIO CUTHaia (Iepexoj 4epes Hyllb) B
LIEHTPE PKpaHa.

v\ U3MEPHUTH CMEIEHNE dTOW TOYKH U MEPUOJ] BEIXOJHOTO curHana. Jis yckope-

HUS U3MEPEHUIl BPEMEHHOW CIBHUI U IIEPUOJ PEKOMEHIYETCS ONpPENEIsATh B
JICJICHUSAX CETKH, HAaHECEHHOM Ha 3KpaH ociuiorpada. Yactotsl ycraHaBmu-
BaTh T€ ke, 4yTo U npu uzmepennu AUX. [Tpu yBennueHnn 4acTOThl U3MEHSTh
CKOPOCTb pa3BEPTKU (MacmITad 1Mo OCH BPEMEHH ), YTOOBI HAa SKpaHE YKJIaJIbIBa-
J0Ch He OoJIee OHOTO NMepHoa CUTHala, HHaYe U3MEPEHUS BpEMEHHOIO CBU-
ra OyayT O4eHb HETOUYHBIMH. BpeMeHHON CABUI CUMTAETCS IMOJIOKHUTEIbHBIM
(T > 0), ecniu BBIXOJHOW CHUTHAJ OmepekaeT mo (a3ze BXOAHOU (CIBHraercs
BIIcBO). B ciydyae 3ana3abiBaHusi BBIXOJHOTO CHUTHaia (CABUT BIIPaBO)
BPEMEHHO# cIBUT cunTaeTcs oTpuiarenbHbpM(T < 0) (cM. puc.17).

23



a)0)
Puc.17. ®a30BbIe COOTHOIICHHS ABYX TApMOHHUYCCKUX CUI'HAJIOB

®da30BbIi CABUT pacCUUTATh 110 PopMyJIE:
=2
@Y=l
T
6. 3aHecTu pe3ynbTaThl U3MEPEHUH B TAOIUITY U TOCTPOUTH Tpaduk OUX.

Ipumep: /[ KoHTypa W3 OpenbLAyLIEro MpuMepa MpOBEIEM HU3MEPEHUS
($a30BbIX CABUTOB B KOHTYpe. PaccunTaem (ha3oBbIif CABUT B pajuaHax Mo yKa3aH-
Hoil BhIlEe (hopmyiie. [lepecuntaeM MoslydeHHBbIE pe3yNlbTaThl B IPaayChl U 3aHe-

céM TOoJTyYeHHBIC JJaHHbIC B TaOIUITYy 4.
Tabnauya 4

@YX RLC- yenu

F 320 | 326 |330 | 333 (335336337 (338 |339 (341 |344 | 348 | 354
(kly)
@ 60 45 | 40 25 17 | 8 0 -8 -17 -25 -40 45 | -60
(2paod)

[To manubiM Tabmuiel 2.1.2. mocTpouM rpaduk 3aBUCUMOCTH yTJia CABUTA
CUTHaja B KOHTYpE OT YaCTOTHI.
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N

i

4

0
_

4

3258k 3372k 348,3 k f
328 « 344 K 352 K F(xl'n)

Puc. 18. I'padpux ®YUX ucciexyemoit nienu

st gactot f, f W f, W300pa3uTh BEKTOPHBIC IUArpaMMbl KOMITIEKCHBIX

aMILTATY BXOJHOTO M BBIXOJIHOTO KoJjieOaHui. Vcronap30BaTh A1 3TOro rpaduku
AUX u ®YX. Cuurarh, 4TO aMIUIMTYJa BXOJHOTO curHaia paBHa 1 B, a ero Ha-

yayibHas (haza paBHA HYIIIO.

JlabopamopHas pa6oma N 4
HccaedosaHue pexcuma napanienbHol pe30HaAHCHOI yenu

[IpuniunuanbHas cxeMa NapajijieIbHOTO KOJeOaTeNIbHOTO KOHTYpa IpHBe-
neHa Ha puc.19.

R
s -
pim— 0] R! - ( 'ir.rr
. 5]
Ry Uenix
O ]

Puc. 19. [TapannenbHblil KonebaTeabHBIA KOHTYP
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JIist u3MepeHus: HanpspKeHUsI PYU M3MEHEHUM HAarpy3Kd KOHTYpa ClielyeT
MPOU3BOIUTH U3MEPEHUE HANPSKEHUS Ha IIYHTUpYRoeM pesuctope (R, ), a mns

U3MEPCHUA TOKA, IIPOTCKAKIICTO Y€PEC3 KOHTYP, IPOU3BOAUTH U3MCPCHUC HAIIPA-
b

xenus U_,,, Ha HEOOJBIIOM CONPOTUBICHUH HArpy3ku (R, ).

1. CoOpatrb cxeMy B COOTBETCTBUHU C JAHHBIMU, MMOTYYEHHBIMH OT MPEIO-
JlaBaTesl.

2. llpousBecTu uU3MEpEHHE COMPOTUBICHUS MOTEPh KATYIIKH WHIYKTHUB-
HOCTH WJIM MIOJIYYUTh €0 3HAUYCHHE Yy MPENOAaBATEIIA.

3. Jus cxemsl puc.19 no 3agaHHBIM BaM BETUYMHAM 3JIEMEHTOB IIETIH pac-
CUMTATh PE30HAHCHYIO YaCTOTY f; JOOPOTHOCTH (} M PE30HAHCHOE COMPOTUBIICHUE
KOHTypa p. (PeanbHble 3HaYEHUSI BEJMYMH 3JIEMEHTOB CXEMbI MOTYT OTJIMYAThHCS
Ha BenuuuHy fomnycka B npenenax +109%.) Pacu€r saneMeHTOB Lienu npou3BOAUTh

o opmynam:

L

\E p L 1 (R)2
=5 =3 = |7 =— |1-|—],
°=k~r P lc Pt

rae: R — conpoTuBieHne NoTeph B MapajlieIbHOM KOHTYPE;
0 — BOJIHOBOE COIIPOTUBIICHHE KOHTYpA.

BAOK MATAHWMA BNOK NWHEMHBIX LUENEW
LOLA ML OO En T HENEHAR

0 wlim
51 wlw

23

BEO

== pyefinar
S finnea

L
Puc. 20. Cxema 3KcriepuMEeHTAIBHOM COOPKH MapaJIeIbHOIO KOJIe0aTeIbHOTO
KOHTYpa
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W3 naHHBIX GOPMYJT MOYKHO CIENATh CIEIYIOIINE BHIBOIBI:
® PpPE30HAHCHAs 4acTOTa KOHTypa C MOTEPSIMU T~ MEHBILIE PE30HAHCHON YacTOTHI
UJICATIBHOTO KOJIE0ATEIbHOrO KOHTYpa 0€3 MOoTepb.
® €CIIM COIPOTUBIICHUE NIOTEPh T PABHO BOJIHOBOMY CONPOTHBIICHUIO O, TO pe-
30HAHC TOKOB BO3HHMKAET Ha YacTOTe, OJIM3KOM K HYJIIO.
® ¢cCIIM CONPOTHUBIIEHUE MOTEPH 1~ OOJIbILIE BOJIHOBOTO CONPOTUBIICHUS P, TO pe-
30HaHC TOKOB HEBO3MOJKEH.
ConpoTHBIIEHHE TOTEPH B pealbHBIX KOJEOATEIHHBIX KOHTYPaX OOBIYHO
MaJIoO IO CPaBHEHUIO C UHAYKTUBHBIM CONPOTUBIIEHUEM T; << wL. [IoaTomy

CONMPOTHUBJICHUE KOHTYpa BOJIM3U PE30HAHCA MOKHO OMNpPENENTUTh Mo (opMy-
Jam:

1
jwc . P° Qp

. 1 o 4.
rptjlwi- =) "rtjpd  14jQF

(rp +jasL)

Z(w) =

i) g o
rae ¢ = — — — — PacCTpoiika KOHTypa.

o

[Ipu pe3oHaHce, KOTJa pacCTpoiiKa KOHTypa paBHA HYIIIO, CONPOTHBIICHHE

HOCHT YMCTO aKTUBHBIM XapaKkTep U BeIpaxKaeTcs (popMyIIoi

Z(w)=Z(w) = Q- p.
4. TlpousBeCcTH H3MEPEHHE COINPOTUBIICHHS IOTEPh KATYIIKH HMHIYKTHBHOCTH

WIIH [IOJTYYUTh €0 3HAYEHUE Y TPETOIaBaTeis.

5. Jlns cxemsl puc.19 1o 3a1aHHbIM BaM BEJIMYHMHAM DJIEMEHTOB LIENH PACCUUTATE

PE30HAHCHYIO YacTOTy [, JOOpPOTHOCTh (] W pPE30HAHCHOE COMPOTUBIICHHE
KOHTypa p. (PeanbHble 3HAUEHUS! BEIMYMH AJIEMEHTOB MOTYT OTJIMYAThCA Ha
BEIMYMHY Jonycka B npeaenax +109%). Pacy€r s3meMeHTOB Lenu npou3BOauTh

o ¢popMyam:

L
g_Ne_»° L

B ;o 1| R)E
R R P~ lc NToIc p

Bcé paccmoTpeHHOE BbIlIE CIIPAaBEMIMBO, KOTJa CONPOTUBIIEHUE HATrPy3KHU

R, = o v BHyTpeHHEE COIPOTHUBIICHHE NCTOYHMKA cUrHasna R; = o Ilogkiroue-
HUE CONPOTHUBIICHUS HArpy3ku Ry, a Takke y4€T BHYTPEHHETO CONPOTHBIICHUS
R ucTouHuka curtaia (Toka), MPUBOJUT K YMEHBIIEHUIO SKBUBAJIEHTHOU 100pOT-

HOCTH



CrnenoBaTenbHO, MapaUIeNbHBIA KOHTYP HAJ0 MUTaTh OT HCTOYHHUKA TOKA C
OOJBIIMM BHYTPEHHUM CONPOTHBJICHHEM U TMOAKIIOYATH HArpy3Ky, COMPOTHUBIIC-
HUE KOTOPOM Tarke M0CcTaTodHO Bennko. KoaddummeHTs nmepenadn Toka depes
WHIYKTUBHOCTh U EMKOCTb

Z(w)

=m, K =Z(w)(jwl).

IL
B wactHOCTH, TIpH BBICOKOI JOOPOTHOCTH KOHTYpa Ha YacTOTaX, OJM3KUX K
PE30HaHCHOM,
K~ K ~(Q, npudém,l; ~ I~ 1-Q,
OTKYJla CIeAYeT, YTO aMIUIUTY1a TOKA, POTEKAOIIETO Yepe3 PEAKTHUBHBIE IIEMEH-
Tol (L 1 () Ha yacToTe @ = @,, B (} pa3 OoaplIe TOKa BO BHewmHen uenu. [o-

ATOMY PE30HAHC B MapalIeIbBHOM KOHTYPE HA3bIBAIOT PE3OHAHCOM MOKO8.

[MapaienbHbIi KOHTYp HHOTIA HA3bIBAIOT (HUiIbmMpomM-npooOKoil, T.K. HA
YaCTOTE PE30HAHCA CUTHAJ Yepe3 HEero MPaKTUYEeCKU HE MPOXOJUT, OCKOIBKY Ha
JaCTOTE PE30HAHCA COMPOTUBIICHHE KOHTYpa O4YeHb BeNUKO. CONMPOTHBICHUE KOH-
Typa Ha PE30HAHCHOW YaCTOTE MPOMOPIIHOHAIBLHO €ro JOOPOTHOCTH.

JIns HArIAAHOCTH TIPU TMPOBEACHUHM OSKCIIEPUMEHTa BOCIOJIb3YyeMCs He-
OOJIBIIMM COTIPOTUBIICHHEM R, BKIIOUEHHBIM MMOCIEIOBATEIBHO C KOHTYPOM, H
U3MEPUM IMAJICHUE HAMIPSHKCHUS HA HEM, JJIS TOTO YTOOBI yOSIUTHCS B OTCYTCTBUU
TOKa 4Yepe3 KOHTYpP Ha PE30HAHCHOM 4acToTe. DTO COMPOTUBICHHE MOYKHO CUUTATh
HOKIFOYEHHBIM MOCIIeI0BaTeNbHO ¢ R;. T.K. OHO MHOTO MeHbIIe R;, TO ero Beju-
YUHOW MOXKHO TpeHeOpedb, U MPOCYMMHPOBATh ¢ R; s 00Jee TOUHBIX BBIYHC-
JICHUM.

Mpumep: [ns xontypa (puc.19) c¢ mnapamerpamu L = 220 mklH,
C= 108®,R, =o0,1, = 20M, R,=1000m u R, = 5,1 kKOm caumem AUX u

@YX. Tok B pe3uctope Harpy3ku R, paBeH I, = UH/ R

H

IIpou3BeiéM M3MeEpEHNs aMIUIMTYJIbl BBIXOJHOI'O CUTHAJIA NPU W3MEHEHUU
4acTOThI, BOJIM3M YacTOThl PE30HAaHCA MapajuieIbHOro KoJeOaTeabHOro KOHTYpa.
3aHecéM B TaONMUIly 3HAYEHUS OTHOILIECHUN aMIUIUTYIbl CUTHAJa K aMIUIMTYJAE B
TOYKE pe3oHaHca. MoOMEHT pe3oHaHca OyaeM HaOJoIaTh MO OTCYTCTBUIO TOKA B

Tabauya 5

AYX napannensHoii RLC-yenu

F(kly) | 100 | 104 106 108 110 | 1108 | 112 113 | 113,8 | 116 118 120 124

K 0,1 0,12 0,18 027 | 0,53 | 0,707 | 0,95 092 | 0,707 | 0,45 0,25 0,18 | 0,12
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1,0

0,707

K

0,1

Vv

0

K’i’ﬂ- ax

F(&I')

98 K

106K

114K

122K

Puc. 21. HopmupoBannas AUX napajiieibHOro Kojie0aTeIbHOr0 KOHTYpa

[To pe3ynbraram u3MepeHUil MOCTPOUTH Tpaduk HOpMHUpoBaHHONH AUX

K = f(F) no ocu opmunar (puc.21) (cm. Ilpunoscenue 2).

I
A
0,2MA
0,1mMA
0 : ' ' >
98 K 106K 114K 122K
F(xl')
Puc. 22. MomeHT pe3oHaHca B apauieIbHOM KoJie0aTeIbHOM KOHTYpe
Tabnauya 6
@YX napannenvHoii RLC- yenu
F (kly) 100 104 106 108 110 110,8 112 113 113,8 116 118 120 124
» 90 89 85 75 60 45 20 -15 -45 -75 -85 -89 -90
(2pad)
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: : : : : : - 1112|3K : : :
98 K 106K 114K 122K
F (')
Puc. 23. ®UX nmapamieaprHOro KoedaTeIpHOT0 KOHTYpa
JlabopamopHas pa6oma N2 5
HccnedosaHue napannensHo20 KOHMypda ¢ pa3AuvHsIMU
conpomue/1eHUsIMuU Haz2py3Ku
[TpunnunuanpHas cxema KosedaTeIsHOT0 KOHTYpa puBejeHa Ha puc. 19.
BIOK MUTAHUA BINOK IMHEAHbIX LIENEA

OCLUMNIIOrPAD

CHHXP

T ATAZHHGMKOCTER

AAVIDARR
TRV

MAFAZA LYK TUEHC TET

COTMACYHILUNE YO JLaIIH

BXOM 1 [ B bIXGH gon 2 [ BbIXO[ 2

—
@®=
@

0 mTH
o

TEHEPATOF

VAN | Vo W | T |
v | L | .

N e @

1afinag
:II it

ki

Puc. 24. Cxema skcniepuMeHTaIbHON COOPKU JJIsl UCCIIE0OBAHUSA MAapalIeIbHOTO
K0JIE0aTEIbHOTO KOHTYpa
30



1.

Paccunrtarh, 3aHecTH AaHHble B TaOdMIy W mocTpouTh rpaduku @ = f(R,)
mis R, =5,1k0M, mnpumaBas 3HaueHUS CONPOTHUBICHHUIO HArpy3KH

R, = (5; 10; 20; 50; 100; o) kOM. Pac4ér BBIIOIHATH 110 (GopMyIIE:

Q
Q=f(Rm]:W rm, TAe Q=p/n.

Ipumep: /{15 xoutypa puc.19 ¢ mapamerpamu cxemsl: L = 220 MK['H,

C= 1u®;R, =;1, =20M; R, =1000m u R, = 5,1 kOM, cHuUMEM

AUX, ®UX, u TOK B HIyHTHpYIOIIEeM pe3uctope I, = UH/ R -

2.

H

[Ipou3BecTr U3MEPEHNE aMILUTUTYIHO-4aCTOTHOM XapaKTEPUCTUKHU Mapajjieiib-
HOTO KOJIe0aTeIbHOTO KOHTYpa BOJIM3M YacTOTHI pe30HaHCA. 3aHECTH B TaOJIH-
1y 3HAYEHHUS OTHOIIECHUN aMIUIUTYAbl BBIXOJIHOTO CUTHAJIA K aMIUIUTYJI€ CHUT-
HaJla B TOYKC PE30HAHCA. ITonoxxeuue pE30HaHCa Ha6J'IIOI[aTB MO0 OTCYTCTBHIO
TOKa B R ..

Tabauya 7

AYX napannenvHoli RLC- yenu

F(kly) | 300 | 310 | 320 | 330 | 335 | 340 345 | 350 | 360 | 370 | 380

K 01012 | 02 | 04 | 056 | 08 0,56 | 04 02 |012 0,1

for =

0.8 A4X R,=20kOm

0,56

335« 35«
A0« 320« 33k 340« 350k 360 K 37 x 380 K

W

F (x['m)
Puc. 25. HopmupoBannas AUX uccriemyemoit nenu

s mapaielbHOro KOHTypa (puc.26) paccuuTarh 4acTOTy pe30HAHCA TOKOB
far, 9aCTOTYy pE30HAHCA HAMPSHKEHUU [i; ¥ COOTBETCTBYIOIINE PE30HAHCHBIC

conpotuBieHus Ryr u Rgy o popmynam:
1

1
2 /(L +L,)C’ Jos - 2n /I, C
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L 2 1
Ryr = (LITELE) Q%(rpy +12),  Roy =14, Q=

351€ech 1, U 1;, — AKTUBHBIE CONPOTUBIIEHUS (CONMPOTUBIEHUS IOTEPH)

wor C(ryy + 12)

UHAYKTUBHOCTEH L, U L, COOTBETCTBEHHO.

Ri
ST °
C
L L2 []Rm U
'[":-Ex
RH R;,z
8]
R" {:5;:,:_;‘
[e * 0

Puc. 26. Cxema napajuieabHOro Koyie0aTeIbHOro KOHTYpa

IMocsien0BaTEILHOCTH BBHINOJHEHHS IKCIIEPUMEHTA
1. Tloaxmrounth B coOpaHHOW cxeme puc. 26 pesuctop R; HOMHHAIOM B

100 kO™, uMHATHPYS HTUM Ha BXOJE LETN UCTOYHUK HANPSIKECHHUS.
2. TloaxaiounTh OJIMH W3 KaHAJIOB ociuiuiorpada mapauienbHo pe3uctopy R,.B

pEeXKUME U3MEPUTEIIS HANPSHKEHUS.
3. YcraHOBUTH BXOJIHOE HampsbkeHue, paBHoe 1 B.

4. Omnpenenuth pe30HAHCHYIO YaCTOTY KOHTYpa f T0 MUHUMYMY HanpshKEHUS Ha
R,. Ilpu sToM HampspkeHHE Ha BTOPOM BXOJie ociiiiorpada, moaKIF04EHHOTO

napajuIeIbHO UCCIEeyeMOM LENH, JOKHO ObITh MAaKCUMAJIbHbBIM.

Ilpumeuanue. J171s1 TOBBIIEHNS TOYHOCTH U3MEPEHUSI HEOOXOIUMO OIpeie-
JUTh PE30HAHCHYIO YacTOTY, KaK cpefHee apu(pMEeTHIECKOe OT 3HaUEHUs 4ac-
TOT, COOTBETCTBYIOIIMX HANPSDKEHHUSM HAa MCCIEAYEMOM LN WU JTONOJIHU-
TEJIbHOM pe3ucTope R.,.

5. W3smewnsist yactoty reHeparopa B npenenax +50% ot f; CHSTH aMIUTHTYIHO-
gactoTHsle xapakrepuctuku Uy, = f(F) n Uy, = f(F). KomndectBo wac-

TOT JOJIKHO OBITh HE MEHEE JAECSTH, BKII0Uasi YaCTOTY PE30HAHCA fy M TPAHULIBI
MOJIOCHI MPOMYCKaHUs f; H f>.

6. CHATH aMIUTUTYHO-YaCTOTHBIC XAPAKTEPUCTUKHU MPU BHYTPEHHEM COIPOTHUB-
nenun ucrounnka 500 Om. [y 3TOr0 BMECTO R; MOAKIIOYUTH PE3UCTOP CO-

OTBCTCTBYIOIICTIO HOMHHAJIA.
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7. W3mensisi 4acToTy reHeparopa B npeaenax +50% oT f,, CHSITH aMIUTHTYIHO-
gactoTHsle xapakrepuctuku U, = f(F) u Uz = f(F) KonuectBo gacTot
JOJKHO OBITH HE MEHEE JECSITH, BKJIIOYas YacTOTy pE30HAHCa f, U TPaHULIBI
MOJIOCHI TIponycKaHus f; H f;.

8. Tomxirounth BMecTO pesrcropa R; pesuctop ¢ HomuHanoM 5,1 kKOM u mepeii-

TH K cXeMe puc.24.
9. DkcnepuMeHTaNIbHO OmpeAenuTh 3aBucuMocTh f = f(R,) mpu 3HAUYEHHSIX

R, = (5; 10; 20; 50; o) kOM. Pe3ynbraThl H3MEPEHUI 3aHECTH B TAOIHUILY U

CPaBHUTH C pe3yIbTaTaMHU MPEIbIAYIIUX SKCIIEPUMEHTOB.

10. ITepeiitu k cxeme puc. 24; HArpy304HBINA PE3UCTOP OTKIIOUUTb.

11. OnpenenuTh 4acTOTHl PE30HAHCA HAIPSHDKEHUN U pe3oHaHca TokoB. IIpousse-
CTH U3MEPEHUS HANPSHKEHUS Ha 3TUX YacTOTaXx.

12. YuureiBas Hanpsokenne U R, Ha JIOTIOJIHUTCIBHOM 3JIeMEHTE R, BBIYHCIUTH

BCIIMYMHY TOKAa HCTOYHHKA I'n COIIPOTHUBJICHUC Z Kak (bYHK]_II/Iﬁ HYaCTOTHEI.

13. TToctpouTh rpaduKy TMONYYEHHBIX HOPMHUPOBAHHBIX AMILTUTYIHO-4aCTOTHBIX
xapakrepuctuk Z = f(F); I = f(F); U= f(F) u cpaBHUTb UX C PaCUETHBI-
MH.

14. PaccuutaTh 3aBUCHMOCTH JOOPOTHOCTH OT COIPOTHUBIICHHS IIYHTA KOHTYpa
Q@ = f(R,,), mocTpouTh rpadiK ¥ CPAaBHUTH €0 C PACYETHBIM.

JlabopamopHas pa6oma N¢ 6

HccaedosaHue nepexodHbIX npoyeccos
8 Ko/1e6ame/ibHOM KOHmype

Kparkue Teoperudyeckue cBeieHUs

[TepexoIHBIM HA3BIBAETCS MPOLIECC U3MEHEHWSI TOKOB M HANPSHKEHUN B 1IEMH
1pu €€ NEPEXO0I€ OT OJTHOTO YCTAHOBUBIIETOCS PEXXUMA K APYTOMY.

[TepexoanHbie mMpolecChl BO3HUKAIOT B MU MPU €€ KOMMYTalUK (TIOJAKIIO-
YEHUU 1EMU K UCTOYHUKY TTUTAHUS UM OTKJIIOUYEHUH OT HETO0), MPU CKauyKooOpas-
HOM HM3MEHEHUM HaIpsKeHHS (TOKa) UCTOYHUKA WJIM MapaMeTpPOB JIEMEHTOB Iie-
. XapakTep MepexoqHOro NPOLECCA 3aBUCUT OT THUIIA LIENH, HAYaIbHBIX YCIOBUU
Y OT aHAJIM3UPYEMOM BEJIMUUHBI (TOK WIIU HAINPSKEHUE).

[Ton HavYaNbHBIMM YCIIOBUSIMM MOHHUMAIOT 3HAYEHUS TOKOB U HAINPSKCHUH
Ha BJIEMEHTaX CXEMbl B MOMEHT BPEMEHU HEMOCPEICTBEHHO MEPE] KOMMYTAIUECH.
B nannoit pabote uccieayercs mepexoIHbIi MpoIecc B Kojie0aTeIbHOM KOHTYpE
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1o feiicTBMEM CKauKa HanpsxeHus uctounuka € (t) umu Toka ucrounuxa L(t)or

OJIHOM 33/IaHHOM BEJIMYMHBI O APYroM 3aJaHHOM BEJIUYUHBI, HAIIPUMED:
e(t]—{E_ npu t <0
C(E,mput>0
[lepexonHblil mporecc MpeacTaBiIsieT co0oil CyMMy cOOCTBEHHOM (cBOOOA-

HOI) ¥ BBIHYKJICHHOM (YCTaHOBUBIIEHCS ) PEAKIU:

B s(0_)mpu t <0
s(t) = {smﬁ.(t] +5,,, Opu t >0’

rac S(t) — TOK B ICIIN UJIM HAIIPAKCHUC MCKAY 3aJaHHBIMU Y3JIaMU LCIIN.

CoOcTBeHHas peakiys BBICOKOIOOPOTHOM pE30HAHCHOM LEMU ONpeeseTcs
BBIPAKCHUEM:

S.05(t) = |Sle” “* cos(2nf, t + argS) npu t > 0,

rae |S| u argS npeactaBistoT co60M aMIUIMTYAy U HadadbHYIO a3y coOCT-
BEHHOW peaKINy 1IeTH, a MapaMeTPhl & U f Ha3bIBAIOTCS MOKa3aTeneM (JIeKpeMeH-

TOM) 3aTyXaHHUsSI ¥ pe30HAHCHON YaCTOTOM KOHTYpa COOTBETCTBEHHO.

t=0. ut— o
o)

L= | K3

—C = XX

o
Puc. 27. IlpencraBnenne peakTUBHBIX AJIEMEHTOB B BUJIC IIENIEH B pexKUME

KopoTkoro 3ambikanus («K3») u xomocroro xoaa («XX»)

J1J1st BBICOKOJJOOPOTHOT'O KOHTYPa MOYKHO MPUOTMHKEHHO CYUTATh
T 1

np T 91T 2RC

I[JISI OLICHKH HC3aBHUCHUMBbIX Ha4dYaJIbHBIX YCHOBI/Iﬁ (HaHpH)KeHI/ISI Ha €MKOCTH

O = Qe = &

Uc(0_) u Toka yepes MHIAYKTHBHOCTS I; [U_]) Y BBIHY)KJICHHOW PEaKIMH IICIH Ha

3aJlaHHOE BO3JIEHCTBUE HEOOXOAMMO €MKOCTh 3aMEHUTh Ha LIeTb, padOTAIOIIYIO B
pexume «XX», a MHIYKTUBHOCTh — Ha IIeMb, padoTaroiyo B pexume «K3», co-
IJIACHO pucC.2/. 3aTeM MOXXHO HaWTH MCKOMBIE BEJIMYMHBI TT0 SKBUBAJICHTHOMN CXe-

MC I 3HAYCHHA TOKA WK HAIIPSAKCHUA NCTOYHHKA 1O CKa4YKa WX IIPpU t — oo,

I[J'ISI OLICHKH 3aBHCHMBbBIX Ha4YaJIbHBIX YCHOBI/Iﬁ HCO6XO)II/IMO HHAYKTHBHOCTDb
U EMKOCTh 3aMEHMTh SKBUBAJICHTHBIMM HCTOYHHMKAMHU TOKA MJIHU HAIIps>KCHUA CO-
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OTBETCTBEHHO COTJIACHO pHUC. 28, a BENUYMHY BHEIIHETO UCTOYHUKA IPUHATH PaB-
HOM 3a/laHHOMY 3HAYCHHIO TOKA WJIH HalpsbkeHus nucrounuka mpu £(0,).

[Tocne 3aMeHbI PEaKTUBHBIX AJIEMEHTOB MCKOMbIE HaYaJIbHbIE YCIOBHS U yC-
TaHOBUBIIIEECS 3HAYCHHE B KOJICOATEIHHOM KOHTYpE HAXOAATCS MyTEM pacuéra

LCIIN 110 ITIOCTOSAHHOMY TOKY.
o

l=c <& LS

o

Puc. 28. 3amena éMkxoct u HHAYKTUBHOCTH 5KBUBAJICHTHBIMHA HCTOYHUKAMMH TOKaA
HJIW HAIIPSAKCHUA

[s]

Puc. 29. I'padux mepexogHoro mpoiiecca B KojedaTreabHOM KOHTYPE

[Ipn ananm3e mepexoaHBIX MPOIECCOB B JMHEWHBIX IIETSIX HEOOXOANMO
MOMHHTB, YTO TOK Yepe3 UHAYKTUBHOCTh U HANpPsDKEHHE HA EMKOCTH HE MOTYT HM3-
MEHUTBCS CKAUKOM:

i (00) = . (0.),uc(0-) = uc(0,)

[Ipumep rpaduka mepexoAHOro mpouecca B KojaeOaTeabHOM KOHTYype i
BEJIMUMHBI, HE SABJISIOUICICS TepeMEHHON COCTOSTHUSI KOHTYpa, IOKa3aH Ha puc. 29.
ITo rpaduky nepexoqHOro mpouecca MOXKHO ONPEEIUTh CIAeAYIOIINE apaMeTphl
K0J1e0aTEeIbHOTO KOHTYpA!

® nepuoo codCMEEeHHBIX KONeOAHUII KOHMYPA:
T, = 1 ’/ .
0
fo’

®  OUmMENIbHOCHb NEPEXOOHO20 NPoyecca .

Tnep.np. = 3/{1;

® 000pomHoCmb Ko/lebamenbHo KoHmypa:
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=
112

Tnep.np.
/n

HOCHeHOBaTeJIbHOCTI) BBIIIOJTHCHHU A IKCIICEPHMEHTA.

1. I[JISI BdpHaHTa CXCMbl B BalICM 3dJdHUHU HAYCPTHUTH DKBHBAJICHTHYIO CXEMY
BI)ICOKOI[O6pOTHOI‘O K0JICOATEIHLHOTO KOHTYpa BOIM3HU p€3OHaHCHOﬁ HYaCTOTHI,
3aMCHHUB BCC pGSI/ICTOpBI OJHHUM S5KBHBAJICHTHBIM COHpOTI/IBJ'IeHI/IeMI

Rrxnmms:z +Z Z ’
252, i R, R, 2

F.[E.E} IKEHE

rac r; ,T_}- — PE3UCTOPLI, CTOAMMUC IOCICAOBATCIIBHO C PCAKTUBHBIMHA 3JICMCHTAMU
OCIIN, Ri,Rj — PC3UCTOPLI, CTOAIIHNC IIaApAJIJICIIBHO C PCAKTUBHBIMU 3JICMCHTA-

MH KOHTYpa.
Homunanvl 31emenmos, 6x00auux 6 cxemy, 6am bl0acH nPenooasames
(cm. Ilpunoscenue 3).

R=1 kOm
]
”R1(t)\l, R1
u (1) L R2 Uy
u(?)|, C
ic()y ira(t)
& 2z

Puc. 30. Cxema napauienbHOT0 K0ie0aTeIpHOTO KOHTYpa

PaccunTarh apaMeTphbl KoJae0aTeIbHOro KOHTYpa, HCXOS U3 3aJaHHBIX I1a-
pamerpos snementos L, C, p.

2. TlomoGpaTh CONPOTHBIEHUS PE3MCTOPOB B MCXOMHOM LEMH Ijisd obecie-
YyeHHs HEOOXOIUMOM BEIMUUHEI DKBUBAJIEHTHOTO CONPOTHUBICHUS £, HAWIEHHOIO
paHee.

Jlist poBeieHKs JalbHENIIEro aHaiu3a XapaKTEPHCTHK KOJIeOaTeIbHOro

KOHTYpa HEOOXOJMMO OKPYIJIMTh pacCUMTaHHbIC 3HAUEHUS MapaMeTpoB 3JIEMEH-
TOB KOHTYpa ¢ 10% TOUHOCTHIO.
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R=1 kOm
P : —

”R1(t)\l, RI

Une (W4 U= C []R2 Ustax

i)y et iRz(UI
& _{ x4

Puc. 31. Cxema napauieabHOTo Kojie0aTeIbHOT0 KOHTYpa

RI L __u)

Uerl )| (0

Ugx uc(){==C []RZ Uspix

ic(t) iR2(t)I
& _{ 2

Puc. 32. Cxema mociemoBaTeIsHOTO KOJIe0aTeIbHOTO KOHTYpa

R1 e
— 1 I ¢ 2

wd iy

UBX L [ ] R2 U8 blX

it fﬁ‘z(f)I
& 2

Puc. 33. CxeMa nocneoBaTebHOr0 K0Je0aTeIbHOTO KOHTYpa
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3. Paccunrtath nokaszareisb 3aTyXaHUsI.
4. HauepTuTh SKBUBAJICHTHBIE CXEMbl 33JJaHHOM IIENU U ONPEACIUTh HUCKO-
MYIO PEaKIHUIO AJIs TPEX MOMEHTOB BPEMEHHU:
t=0_; t=0,; t= oo,
[TapameTpsl ICTOYHUKA HaNpsDKeHUsT €(f) WM UCTOYHHMKA TOoKa L(L) HeoO-
XOJIMMO BBIOpAThH CIEIYIOIUM 00pa3oM:
E.=-2Bnput<0, I_L=+1mMA npu t<0
E’m:{& — +2 B npu t}{]j'&]:{ I, = —1MA mpu t > 0
5. OueHUTh aMITUTYly COOCTBEHHOM peakIuu KoyieOaTeIbHOr0 KOHTYpa, BpeMs
MEPEXOIHOTO MPOIECCa U HAYEPTUTh PEAKIUIO HAa 3aJ]aHHOM 3JIEMEHTE KOJie-
0aTeNbHOTO KOHTYypa MpPH CKauYKOOOpa3HOM H3MEHEHHHM TOKa (HAIpsKEHUS )
ncroyHuka. CoryiacoBath NOJIy4YeHHBIN IpaduK ¢ MpenojiaBaTeieM.

IlopsiioK BHINOJTHEHUS IKCIIEPUMEHTA

1. BeIOpaTh TN aHATU3UPYEMOI LIETIH, UICKOMYIO PEaKIMIO U 33JaTh YUCICHHBIC
3HAYEHUS 3JIEMEHTOB K0J1€0aTeIbHOI0 KOHTYpa COrJIACHO CBOEMY BAPUAHTY.

2. Jlns momydeHus MepexoaHOro mpoliecca MoaTh C reHepaTopa UMITYJIbC 0O0Jb-
ot giurensHocTy (B 20...50 pa3 Gosblie nepuoja cOOCTBEHHBIX KOIeOaHU
KOHTYpA, MOJTYYCHHBIX MPH pacuéTax).

3. HabmogaTts ¢ moMompio ociuuiiorpada, moakIodEHHOTO Ha BBIXO e , 3a-
TyXawlue KojieOaHus. 3apucoBaTh MOJMYYEHHBIM rpaduK MEpexoHOTO MPOo-
1[ecca U CpaBHUTH €ro ¢ rpadukom puc.29.

4. Tlo rpaduky mepexoJHOro mpoiecca B KojebaTeIbHOM KOHTYPE OINpeaeIuTh
PE30HAHCHYIO YaCTOTY U JOOPOTHOCTH KOHTYDA.

5. W3meHuTh mapaMeTphl Koi€0aTENbHOTO KOHTypa (EMKOCTh WM WHIYKTHB-
HOCTB), 3apUCOBATh TpadUKN MEPEXOAHBIX MPOIECCOB KOIEOATENFHOTO KOHTY-
pa ¥ 10 TOJyYeHHBIM TpaduKkaM paccurTaTh 3HAYCHUS PE30HAHCHOW YACTOTHI
U JOOPOTHOCTH KOHTYpa. Pe3ynbTaThl 3aHECTH B TAOIUILY.

6. M3meHeHueM mnapaMeTpoB DSJIEMEHTOB KO0J€0AaTeTbHOTO KOHTYpa JTOOUTHCS
CJIEIYIONTUX XapaKTEPUCTHUK TICTIN :

a)Q = const; f, = const.

6)Q ' =(33..50; f,, =(02..0,5f;
7. 3aHecTH B OTUET MOJyYCHHBIC 3HAUCHUS MapaMeTPOB 3JIEMEHTOB KOJeOaTeb-
HOTO KOHTYpa W 3apUCOBATh MOJyYCHHBIE Tpa(UKU TIEPEXOTHBIX MPOIECCOB.
8. CpaBHHUTH UCXOHBIC 3HAUCHUS PE30HAHCHOM YaCTOTHI M TOOPOTHOCTH KoJieOa-
TEJIHLHOTO KOHTYpPa CO 3HAYCHHSIMH, HAWJACHHBIMU MO TpaduKy MEPEXOTHOTO
nporecca.
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10.

11.

12.

CpaBHUTH TEOPETUUECKUIN U IKCIEPUMEHTAIBHBIN IpaduKH NEPEXOAHOTO MPO-
1ecca B KojebaTelbHOM KOHTYpE.
OOBSICHUTH (PU3NYECKHUI CMBICI TIOBEACHUS MEPEXOTHOTO MPOIecca B CXeMe B

mMomeHThI Bpemenn £ =0_, t =0, u t = oo;

[Tpoananu3mpoBaTh 3aBUCUMOCTH PE30HAHCHOW YacTOTHI M JOOPOTHOCTH OT
napamMeTpoB K0J1e0aTeTbHOTO KOHTYpa W OOBSICHHUTH MOBEACHUE ITUX Tpadu-
KOB.
VYkazaTh, 3a CU€T KaKUX JIEMEHTOB K0JIe0aTeTLHOTO KOHTYpa ObUIO MOJTYyYEeHO
HEO0XO0MMOE M3MEHEHHE €r0 XapaKTePUCTHUK U OOBSICHUTH, TIOYEMY UMEHHO
9TH 3JIEMEHTHI TIO3BOJIMIIN TTOTYYUTh KEJTAEMbIC PE3yIbTaThI.

Ipumep: Cobpate cxemy puc.30, COOTBETCTBYIOIIYIO puc. 34, ¢ apameT-
pamu R = 1 k0OM; R1 =5,10M; R2 =20 k0M, C= 1u5®; L = 220 MKI'H.

BINOK MUTAHUA

BJIOK JINHEWHbIX LIEMEN
MATA3VH CQRROFATEITEF DM

OCLIMNJIOrPA®

A B
(O] ®

© ©
51 kKOm

eo—_{L—1@©
100 KOm

L0

2,2 Mkl'H
5,6 MKI'H
10 mMk'H

1 MKI'H
@m@
2,2wmMH
@m@
10 MIH
@m@

i TEHEPATOP
; ~ IO
: | A |

BXéJL D

N b E

2= yyefHan
H R

1.

Puc. 34. Cxema sKkcriepruMeHTaNbHOM COOPKU KOJIe0aTeTbHOTO KOHTYpa

(puc. 30)

[TogaTe Ha BX0J COOpaHHOM CXEeMbl MUMITYJbCHBIA CUTHAN amruiuTyaon 1 B,

JUTATEIIBHOCTHIO 1 MC, C IEPUOJOM CIIEIOBAHUA 2 MC.
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Omnpenenuth ¢ TMOMOIIBIO OcCHUUIOTpada mepuon CBOOOMHBIX KoJeOaHWU B
KOHTYPE.

3apucoBarh MMOJIYICHHBIC B pE3yJIbTaTe SKCIIEPUMEHTA pe3yibTaThl (puc. 36).

u

t MKcek

0 . _

-0,15

Puc. 36. [1epexoauslii nporiecc B KoieOaTeIbHOM KOHTYpE

KOHmPOJleble eonpocwsl:

1. Yto Takoe pe3oHaHC HANPSKEHUA U Korja OH Bo3HUKaeT? e ucnosb3yer-
csl SIBJIEHUE pe30HaHca HampspkeHuil? Haueptute cxeMy KoisieGaTenbHOTO
KOHTYpa, B KOTOPOM BO3HHMKAET PE30HAHC HANPSKEHUN.

2. Uto Takoe pe30HaHC TOKOB M Korna oH Bo3HuKaeT? [ e ucnonb3yercs siBie-
HUE pe3oHaHca TokOB? HauepTute cxemy KojiebaTenbHOr0 KOHTYpa, B KOTO-
POM BO3HUKAET PE30HAHC TOKOB.

3. Ha3zoBute ocHOBHBIE MapaMeTpbl KojiebaTeabHbIX KOHTYpoB. KakoBa cBs3b
MEX1y HUMU?

4. Hanumute Gopmyny TomcoHa u noscHute e€ cMbici. Kakue BBIBOJIBI MOXK-
HO CJIIeJIaTh U3 HeE?

5. JlaiiTe ompexaeneHne COOCTBEHHON 4acTOThI KosiebaTeabHOro KoHTypa. OT
4ero OHa 3aBUCUT?

6. JlaiiTe onpezneneHue BOJIHOBOTO COMPOTUBIICHUS KOJIEOATEIBHOTO KOHTYpa.
HanuiuTe BbIpa)keHue Juisi BOJIHOBOTO COMPOTUBIICHUS.

7. Uto Takoe «punbTp-mipodka»? HadepTute cxemy u 00BSICHUTE IPUHITUIT €T0
paboTHI.

8. Uro Takoe «punbTp-noBymka»? Hadepture cxemy U OOBSCHUTE MPUHIIMII
ero padoTHI.

9. Kak n3meHsieTcs BXOJIHOE COMPOTUBIICHHE MTOCIEI0BATEILHOTO KOHTYpa MPH
YBEJIMYEHUH U YMEHBUIEHUU YacTOThI BXOAHOTO CUTHaja?

10. Kak u3MeHsieTcsl BXOJHOE COIPOTHUBIICHUE MApPAUIETbHOIO KOHTypa IpHU

YBCIIMYCHUHU U YMCHBIICHWH YaCTOTBI BXOJHOTO cursajia?
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3. HCCJIIEJOBAHUE YACTOTHBIX XAPAKTEPUCTUK
JNOOEPEHIIUPYIOIIEN U UHTEI'PUPYIOILIEU LEIIEN

JlabopamopHas pa6oma N2 7

KpaTkue TeopeTnueckue cBeeHHus
Cxembl HHTErpUpYyIoIIeH u AuddepeHurpyromeH 1emnei npuBeaeHs! Ha puc. 37.

R C
(o, 1 || . 4 o] (o, “ O
lu ex =C lueb/x lU ex R lusb/x
(o, O o] (o, O
Wurerpupyromas 1erb IuddepeHnmpyromas Lelb.

Puc. 37. Cxembl unTerpupytomei u quddepeHuupyronieit nemneit

OnHOM M3 OCHOBHBIX DPAIMOTEXHUYECKUX 33Jay SIBJIIETCS HMCCIEIOBAHME
IIPOXOXKJEHUS CUTHAJIOB 4Yepe3 JUHEWHbIe nenu. [Ipu 3ToM 4acTo MCHOJIb3yeTcs
100 CHEKTPaJbHbBIN, TMOO0 BpEMEHHON METO/] aHAIU3a MPOXO0KICHHUS CUTHAJIOB.

[Ipy crekTpansbHOM METOAE aHaldW3a CHUTHAaJbl MPEICTABISIOTCS CYMMOM
FapMOHUYECKHUX COCTaBIIAIOIIMX. VcUeprbIBarome XxapakTeEpUCTUKON CUTHAJIOB B

3TOM Cllydae SIBJISIETCS CIIEKTP KOMIUIEKCHBIX aMIUIUTY]L A(nw,), nm CHIEKTpaTb-
Has IIOTHOCTH S(w). B cBOrO ouepens, MMHEIHAS 1IETb ONpeAesaeTcs nepeaaToy-
noit ¢ynkuuein K(jw) = K(w)el? (@) " HokasmiBaommeil, Kak HM3MEHAETCH KOM-
miexcHast ammuTyaa U_ (@) BXOJHOIO CHTHANA P €ro MPOXOXKACHHH Yepes JH-
HEWHYIO LIENb!

User = K ()&’ (w)

Monyns K (w) Ha3bIBACTCSA AMAAUMYOHO-YACMOMHOU XAPAKMEPUCMUKOU
(A9X), aprymenT @, (@) — gazo-uacmommnoii xapakmepucmuxoii (@UX) uenu.
Koaddummentsr nepenaun K, (jw)n K, (Jw) mbdepennupyromero 1 nHTErpu-

pYrOmiero 3BCHLCB, IIPCACTABIICHHBIX HA PHUC. 37, OoIIPCACTIAIOTCA COOTHOIICHUAMMU

WwT
K () =:lij—$m
| 1
Keai) = T e
rae T = RC.
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[Tpu BpeMeHHOM MeTOJe aHaJIM3a MPOXOXKACHUS CUTHAJIOB Yepe3 JHMHEHHe
MM CUTHAJBI IPEACTABISIIOTCS COBOKYITHOCTHIO BIMCAHHBIX OECKOHEUHO KOPOT-
KHX, TUIOTHO MPUMBIKAIOUINX JIPYT K APYTY UMIYIbCOB. YETHIPEXTIOMIOCHUK OTIpe-
JeNAeTCd UMITYJIBCHOM XapakTepucTuko g(t) (oTKIMKOM Ha ¢ — (YHKIIMIO) WJIH

MepeX0IHON XapaKkTepucTUKon N (L) (OTKIMKOM Ha €IUHUYHYIO (DYHKITHIO).

[lepexoanas xapaktepuctuka TU(PGEpeHIIMPYIONIET0 3B€HA U UMITYJIbCHAS

XapaKTEepUCTUKA HHTETPUPYIOLIETO 3BE€HA UMEIOT BU:
r

hoy(t) = e s vt =0
r

Gun (D) - te_a, vt = 0;

Ty

3BeHbS, MPEICTaBICHHBIC HA pUC. 37, MOXHO Ha3BaTh nuddepeHmpyonm-
MU ¥ UHTETPUPYIOUIMMHU JIUIIL YCIOBHO. DTH 3BEHbs OyayT nuddepeHiupoBaTh 1
WHTETPUPOBATh MOJaBAa€Mblii Ha BXOJ| CUTHAJ, €CJIM €r0 CIEKTP PacroJIOKEeH Ha
onpenenéHHoOM yyacTke AUX 3BEHBEB.

B npotuBHOM citydae nuddepeHIpoBaHus U UHTETPUPOBAHUS HE Oy IeT.

B nannoit pabore ucciemyercs, KakuM oOpa3oM JODKHBI Pacrioaratbes
CIIEKTPBI UCCIIETYEMBIX CUTHAJIOB.

JInst mpoBeieHUs SKCIIEPUMEHTa HEOOXOJUMO MOIYUYUTh Yy TPEenojaBaTess
napaMeTpbl 3JIEMEHTOB Ju(depeHIUpyIome W MHTErpUpYIOmeH ueneit (cm.
Ilpunosicenue 3) n cobpath UX Ha 1oJIe OJI0Ka TUHEHHBIX Hernel cTterna (puc.38).

[Ipu mpoBeAeHNN SKCIIEPUMEHTOB HEOOXOIMMO MOACPKUBATH aAMIUTUTYILY
BXOJIHOTO CHUTHAaJIa MOCTOSIHHOM u paBHoW U, = 1 ...2,5 B, KOHTpOJIb POBOIUTH
c momoIbio ociuiuiorpada. Bropoii Bxon ocuusuiorpada UCMonab30BaTh I U3-
MEpEHHUSI HAIIPSIAKEHUS Ha BBIXOJIE LEIH.

Jns auddepeHnupyromieid 1enu 4acToTy BXOJAHOTO CUTHAja U3MEHSITh OT
20 I'l 1o 3Ha4YeHUsI 4acCTOThI, IPU KOTOPOM BBIXOJHOE HAMPSKEHUE TOCTUTHET

MaKCUMAaJbHOTO 3HAYCHHsI U TIEPECTAHET 3aBUCETh OT 4acTOThI. lllar m3meHeHus
4acTOThI BRIOPATh CAMOCTOATENBHO, KOJM4ecTBO Touek —10 ... 12,

JUIst MHTErpUpyoOed enyu 4acToTy curuana usMenats ot 20 ' qo 3Hade-

HUSl YacCTOTHI, MPHU KOTOPOM HANPSHKEHUE HA BBIXOAE YMEHBIIUTCS 10 YPOBHS
~ 0,2 Usx. lllar uamenenus BIOpaTh CaMOCTOSITEIBHO, KOJTUYECTBO TOYEK OTCUE-

ta—15...20.
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BNOK MUTAHUA BIOK NMMHENHBIX LEMEN
MAFA3WH COMPOTUBIEHUI

\ OCLIAIIIOT PAG

| N
b

100 kKOm

\

TEHEPATOP

/o Y | |
Ul

<>

== yyebHan
=28 fexiia

Puc. 38. Cxema sxcriepuMeHTIBHOM cOOpKH TU(dHepeHIHPYIOIICH
Y UHTETPUPYIOLIEN LIeTIEH

[Toctpouts rpaduku AUXK = f(F) B norapudpmudeckom maciiraoe.

Ipumep: Cobepém nuddhepeHIUPYIONIYIO IIEb, COCTOSIIYIO U3 PEe3UcTOpa
R =1 kOM u xonxpencaropa C = 0,1 mx®d (puc. 38).

[ToxxirounM TpUOOPHI, Kak MOKa3aHO Ha pucyHke. CHUMEM aMILTUTYTHO-

YACTOTHYIO XapaKTEPUCTUKY LIEIH.
Tabauya 8

AYX RC- yenu

F 20 50 100 | 200 | 500 1 2 5 10 20 50
ry ry ry ry ry Kly Kly Kly Kly Ky | Ky

K 1001]|003]|008|012| 03 | 0,54 0,78 | 0,95 | 098 1 1
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20 7 E— e
Puc. 39. I'padux HopmMupoBannoit AUX R(C- nenu

HaGnronenue u uccienoBanue (HopmMbl UMITYJIbCHBIX CUTHAJIIOB HA BBIXOJIE
mupdepeHurpyoneil 1 UHTErpUpYyIOLEH LeTed MPOBOJATCA MPU TOM K€ IMOJ-
KIJIFOUEHUH TPUOOPOB.

Bropoii kanan ocuusiiorpada ucnosszyercs 1 HaOIroAeHusT (pOpMBI CUT-
HaJla Ha BBIXOJIE LETH.

Ilepexoonas xapakxmepucmuka hg(t) ougpgpepenyupyrouieii yenu.

OTKIIMK LenH Ha CKAaYOK HanpshkeHus 10 Gopme cosnagaer chy (t).

B kadecTBe curHaNa, UMHUTHPYIOIIETO CKAYOK HAMPSHKCHUS, MOXKHO HC-
MOJIH30BaTh «JITMHHBI» UMITYJIbC (T, = 1 Mc, F, .. = 20...40 I'm).

¢ BriOpaTh Takyro cKOpOCTh pa3BEPTKU ocumiiiorpada, 4Todbl ObUIO y100-

HO OTIPEIETIATH MOCTOSHHYIO BPEMEHHU T 110 TIEPEXOHOM XapakTepuctuke hg (t).

e 3apucoBaTh (B €IMHOM MaciiTabe BpEMEHU) BXOJHOM CKauyOK Hampsike-
HUS Y BUJ OTKJIMKA.

e V3MepuTh MOCTOSHHYIO BPEMCHH T .

Hmnynvcnaa xapakmepucmuka g(t) unmezpupyrowieil yenu.
e B kadecTBe MMIyJbca, UMHTHPYIOIIETO & — (DYHKIIMIO, UCIOJIb30BaTh «KO-
potkuit»y umnyisc (T, = 0,1...0,3 mc; F .. = 0,1..1xkIlm).

e Ha skpane ocumutorpada HaOII01aTh OTKIMK TOJBKO HA OAWMH UMIYJIbC, TaK
4TOOBI OBLIO YI0OHO U3MEPUTH T,y UMITYJIBCHOM XapakTepucTuku g(t).
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3apuCcoBaTh BXOAHOM UMITYJIbC M BUJ OTKIHMKA. I3MepUTh T,y ¢ MOMOLIBIO OC-

nusiorpada.

ughghepenyuposanue u unmezpuposanue cuzHanos

Brusiaue B3anMHoro pacmnonoxennss AUX 1ienu u criekTpa cUTHajla Ha Ka-
gyecTBO nupepeHpoBanus (MHTETPUPOBAHUS) CUTHAJIOB MOKHO U3YYHUTh HA
npuMepe TPOXOKIACHUS TIEPUOTUIECKON MOCTIeIOBATEILHOCTH UMITYJIHCOB Ue-
pe3 muddepeHupyonyo (MHTErPUPYIONTYIO) ienb (puc. 37).
[Tpu ckBaxkHOCTH ¢ = 3MOA00paTh TaKyH UIUTEIHHOCTH BXOJHBIX HMITYIIh-
COB, YTOOBI B MCCJICAYEMOU IEMU OCYIIECTBISIOCH dhdexTuBHOE nuddepeH-
IMpOBaHUE (MHTETPUPOBAHUE).
3aprcoBaTh OCIIIIIOPAMMBbI BXOAHOTO M BBIXOJAHOTO CHTHAJIOB M UX CIIEKTPHI.
JlJis aHanmm3a criekTpa TMepeBeUTe OJUH M3 KaHAJIOB OcIuuIorpada B PeKUM
aHaIIM3aTopa CIEKTpA.
[ToBTOPUTH OMBIT, MOAOOPAB TAKYIO JJIMTEIHHOCTh BXOJAHBIX UMITYJIBCOB, YTO-
ob1 TuddepeHtupoBanre (MHTETPUPOBAHKE) HE HAOIIOAAIOCH.

Puc. 40. [luddepennmpoBaHHbIi MPSIMOYTOJIBHBIA UMITYJIHC

I(oump(mbubte eonpocwsl:

1. Haueptute cxemy muddepenmupytromeii menu. OObsICHUTE NPUHIUI €€ pa-

OOTBI C MOMOIIBIO AMIOP HAIPSIKEHMUS.

2. Yem otnnuaercs quddepeHuupyromias Henb oT NepexoHON nenu?
3. JlaiiTe ompexelieHHe MOCTOSIHHOW BPEMEHM 3JeKTpuyeckoil 1enu. KakoBbl

COOTHOIIICHHS TTOCTOSTHHOW BPEMEHH M JUTUTSIBHOCTH UMITyJIbca Ui AuQ-
dbepeHIupyIomen 1 MepexoHON memnu?

4. K xakomy BUIY JIEKTPUUECKUX (UIBTPOB OTHOCUTCA A depeHIupyromias

nienb? Hauepture AUX nuddepennupyromei memnu.
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8.
9.

Haueprute cxemy nnrerpupytoueii nenu. O0bsacHUTE NpUHIUN €€ pabOThI
C IIOMOUIBIO 3ITIOP HAIIPSKCHUS.

KakoBbI COOTHOILIEHUS TOCTOSTHHOM BPEMEHU U JUIUTEIIBHOCTH UMITYJIbCA
JUJIS UHTETpUpYIONIeH nenu?

JlaiiTe onpeneneHne JMHENHON dJIEKTpUYeCKOor 1enu. KakoBel cBoMCTBa
nuHenHbIX nenei? [puBeauTe npuMepbl JIMHEWHBIX LETIEH.

JlaiiTe onpeneneHne NPUHLIMIIA CYTIEPIIO3ULIUN.

Yo Takoe NTMHENHBIE NCKaKEHU? 3a CYET YEero OHU BO3HUKAIOT?

10. Kakoe cBOMCTBO JIMHEIHOMN LIETIH JICKUT B OCHOBE (HOPMHUPOBAHUS UM-

yJIbCOB?
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4. UCCJIEJIOBAHUE HEJIMHENHBIX IIENNEN
Kparkue Teopernueckue cBeeHUs

HesuHeiiHbIe 3JIEMEHTHI: X XaPAKTEePUCTUKH U CBOMCTBA

Henumneitnvle peaucmugnbvle 31emMeHmbl

HenunelHbiMu HA3bIBAIOTCS JJICKTPUYECKUE LEMH, Y KOTOPBIX PEAaKUUU U
BO3JICHICTBHE CBS3aHBI HETMHEHHBIME 3aBUCUMOCTIMU. [10100HBIC TIETTH COAepIKaT
OJIMH WJIM HECKOJIbKO MPUOOPOB, 3aMEHA KOTOPBIX JTUHEHHBIMU MOJEISIMU MPUBO-
JUT K HENOMYCTUMOMY HApyIICHUIO KOJIMYECTBEHHOM M KAUYECTBEHHOW KapTHHBI
KoJIeOaHWMIl B [IETIH.

Mojenb HEIMHEWHOW PE3UCTUBHOM LEMH HE COJEPKUT PEAKTUBHBIX 3Jie-
MEHTOB. B He€ BXomAT XOTS Obl OJJMH HEJIMHEHHBIN OE3bIHEPLUOHHBIN PE3UCTHUB-
HBIN IBYXIOJIIOCHUK WM MHOTOIMOJIOCHUK, XOTSI Obl OJIMH UCTOYHUK HAMPSHKCHUS
WJI TOKA Y MPOU3BOJIBHOE YHCIIO PE3UCTUBHBIX DJIEMEHTOB.

Jliist mocTpoeHrs MHOTHX (yHKIMOHAIBHBIX Y3JIOB amlmapaTyphl CBSI3U HC-
MOJIB3YETCs OOJBIION KIIACC HEJTMHEHHBIX JIBYXIOIIOCHBIX MOJYIPOBOIHUKOBBIX U
AJIEKTPOHHBIX MPUOOPOB, HA3BIBAEMBIX JUOJaMU. EAMHCTBEHHOUN 3JEKTPUUYECKOMN
XapaKTEePUCTUKOM JTMOJA SIBIISIETCS €ro BoJIbTamIepHas xapakrepuctuka (BAX) —
3aBUCUMOCTB ITIOCTOSSHHOTO TOKA, MPOTEKAIOIIETO Y€pe3 AUO/I, OT MOCTOSHHOTO Ha-
NpsDKEHUST Ha ero 3axkumax [ = f(u) mpu coriacHOM BBIOOPE TMOJIOKUTEIBHBIX

HaIpaBjeHU HampspDkeHUss W Toka. OTiIMYUTENbHBIE OCOOEHHOCTH BOJIBT-
aMIIEPHBIX XAPAKTEPUCTHK HEKOTOPBIX TUIIOB JHUOAOB PA3IUYHOTO Ha3HAYEHUS U
UX CXEMHbIe 0003HAUCHUS MPUBEACHBI Ha puc. 41. DTO XapaKTEPUCTUKH MOTYIPO-
BOJIHHKOBBIX TMPHOOPOB: BBIIpIMHUTEIbHOTO auona (puc. 41, a), crabuaurpoHa
(puc. 41, 6), tyaHeabHOTO qUoaa (puc. 41, ) u quHKcTOpa (pHc. 41, 2).

XapaktepucTtuku puc. 41, a, 6 Moxy4nIM HAMMEHOBAHUE OJTHO3HAYHBIX, & PHC.
41, 8, 2 — MHOTO3HAYHBIX, TAaK KaK Y HUX OJHOMY M TOMY K€ 3HaUeHHIO ToKa (puc. 41,
6) WK HanpspkeHust (puc. 41, 2) COOTBETCTBYIOT pa3HbIe HANPSHKEHHUSI U TOKH.

e o
by 8 E

8) 2)
Puc. 41. HOJ’IyrIpOBOJ.IHI/IKOBBIe ;11/10;151 Y UX BOJIbTAMIIEPHBIE XapaKTEPUCTUKHU:
@) BBIIPSIMHUTEIbHBIN THO; 6) CTAOUIIUTPOH;
6) TYHHEJIbHBIN JUO; 2) TUHUCTOP.
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TpaH3uCTOPBI, SIEKTPOHHBIE JIAMIIBI, TUPUCTOPHI U HEKOTOPHIEC APYrUE€ IO-
JYIPOBOJTHUKOBBIE U JICKTPOHHBIC MPUOOPHI MOTYT PacCMaTpUBATHCA KaK HEJIH-
HEWHBIE PE3UCTUBHBIC YETHIPEXMOIOCHUKHA. Hanpumep, npu BKIIOUEHUN TpaH3U-
cTopa puc. 42, a, ABIAIOMIETOCS TPEXIIOIIOCHUKOM, B 3JIEKTPUUYECKYIO IETh OJIUH
13 32KUMOB OKa3bIBAETCS OOLIUM JIJIsl MAPbl BXOAHBIX U Mapbl BIXOAHBIX 3aKUMOB
Tpan3uctopa. [103TOMy TpaH3UCTOp MPUHATO PACCMATPUBATH KAK YETHIPEXIIOIOC-
HUK C IByMS mapamu 3akuMoB. Ha puc. 42, 6 moka3aHo Takoe BKIIFOUCHUE TPaH3H-
CTOpA IO CXEMeE C OOIIMM AMUTTEPOM.

HenvHenHblil 4eTHIPEXIIONIOCHUK, KaK U JIMHEWHBINA, OINKMCHIBAETCS IBYMS
YPaBHEHUSIMU, KOTOPBIE CBSI3BIBAIOT HAINPSXKEHUSI U TOKU HA €r0 BXOJ€ U BBIXOJE.
[Ipn aHamm3e TPaH3UCTOPOB YACTO HCHOJIB3YETCS CIEAYIOIIAs CUCTEMa ypaBHE-
HUMN:

u; = Fi(iyuy), (1)
i, = Fo(i;,u,;) 2)

JIJIss BKITIOYEHUSI TPAH3UCTOpA 10 CXeMe ¢ OOImmMM sMuTTepoM (puc.42, 6)

U; = Ugy — HAOPSDKCHUE MEXIy 0a30# U IMUTTEpOM; I3 = I — TOK KOJUIEKTOPA;

Iy = Il — TOK 0a3bl M U; = Uyy— HANPSLKEHHE MEXKIY KOJICKTOPOM M SMHUTTE-

VYpasuenus (1) u (2) uzobpaxatorcs B Buae rpaduxon. Tak, Hanpumep, u;

3aBUCHUT OT JBYX IIEPEMEHHBIX: {1 H Us.

. lE UK3 =0 UK3>0 Ix .
) !4
i + ]
i o i, K 5
B . VT g B2
b 2 151
) u; C/ "
%] -0 o Ugs K
0 " 0 "
a) 0) 6) 2)

Puc. 42. BxoaHbIe (8) 1 BEIXOIHBIC (2) BOJbTAMIICPHBIC XapaKTCPUCTHKH
TPaH3UCTOpA

I'paduueckoe nzobpakenne ypapHenut (1) u (2) ams TpaH3ucTopa B cxeme
C OOIIMM 3MHUTTEPOM TMMOKa3aHO Ha puc. 42, g, 2. DTO Tak Ha3bIBAEMbIC BXOJIHAS U
BBIXOJ/IHAs BoJbTaMIiepHble XapakTepucTuku (BAX). OHu oTpakaroT 3aKOH H3Me-
HEHUs TOKA B LIETH OT HANPSDKEHUS, MPUII0KEHHOTO K ATOU IENH, MPU MOCTOSHCT-
B€ KaKoro-Jmbo mnapamerpa.
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BAX HenmuHEHWHBIX MOJYIPOBOJAHUKOBBIX M AJIEKTPOHHBIX MPHOOPOB Haxo-
JSTCS, KaK TIPaBUIIO, B PE3yIbTaTe U3MEPECHHIA M TIPUBOISTCS B COOTBETCTBYIOIIUX
CIIpaBOYHMKAX B BHUJC YCPEIHEHHBIX Tpaduueckux 3aBucuMmocTel. HeobOxomm-
MOCTh ycpeaHeHus cBsizana ¢ 0oipmuM (A0 30 — 509% ) TeXHOIOrHYEeCKHM pas-

OpOCOM XapaKTEPUCTUK Pa3IMUHBIX 00pa3lloB MPUOOpa OJHOTO W TOTO K€ THIIA.
OTH XapaKTEPUCTUKU SIBIIAIOTCS CTATUUYECKUMH, T.€. XapaKTEPUCTHUKAMHU PEXKHUMaA
MOCTOSTHHOTO TOKa. J[JI1 pe3UCTUBHBIX HETMHEUHBIX 371eMeHToB (HD) BakHbIM ma-
PaMETPOM SIBJISIETCSI UX COMPOTHUBIICHUE, KOTOPOE, B OTIIMYUE OT JINHEWHBIX PE3U-
CTOPOB, HE SABJISETCS MOCTOSIHHBIM, a 3aBUCUT OT TOr0, B Kakou Touke BAX OHO
ompenensieTcs. Pa3nmuyaioT 1Ba BUAa COMPOTUBIICHUI: cTaTndeckoe u nuddepen-
[UaJIbHOE (IMHAMHUYECKOE).

Cmamuueckoe conpomuenenue R .. onpenensiercs kak

UI]
RE‘T =
'rl]

rae. UD — IIPHUIIOKCHHOC K HD nocTossHHOE HaIIPAKCHUC,

I, — mporekaromuii uepe3 HD mocTOSHHBIN TOK. TO COMPOTHUBJICHUE TOCTO-

SHHOMY TOKY, OHO XapaKTEpHU3yEeTCs TAHT€HCOM YTIJIa HAKJIOHA MPsIMOM, IPOXO/si-
el yepe3 Hauajao KoopJauHaT u padouyto Touky (U,,[,) na BAX HD.

' i
I Ai”T’M """ NN\ T 1,
’ At /. \/. t
0 o
Gl e of
o |
q
<>
ot +—«UL

Puc. 43. K onpenenenuto nudpepeHnaibHOro COnpoOTUBIECHUS TPAH3UCTOPA 110
ero BxoaHoit BAX

B CUITy MPCAIOJOXKCHHA O PE3UCTUBHOM XapaKTCPC LCIIHM CTATUYCCKHUE Xa-
PAKTCPUCTHUKU OMIPCACIIAIOT OJHOBPCMCHHO U COOTHOIICHUA MCKY MI'THOBCHHBIMUA
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3HAYCHUSIMH HAIPsDKCHUH M TOKOB Ha BHEIIHHUX 3)KMMaX COOTBETCTBYIOIIETO He-
JUHEWHOTO TIprdopa.
OnpenenuM ougppepenyuanvnoe conpomuenenue R; Kak OTHOIIEHUE

npupaleHus HanpsbkeHus: Au K npupanieHuto Toka Al 1pu HeOOJbIIOM cMelle-

HUU paboueil Touku Ha BAX moa Bo3nelcTBUEM NMEPEMEHHOTO HAIpSKEHUs Ma-

70 amrmutyasl (puc. 43.):
Au

DTO CONMPOTUBJIEHUE MPEACTaBIAECT coOoi compotuBienne HD nepemeHHo-
My TOKY Majoi aMILTUTY/Ibl. OOBIYHO MEPEXOAIT K Mpeeny ITUX MpUpAIICHUN U

onpenensoT AuddepeHImaIbHOe CONPOTUBICHUE B BUJIC
du

OHo XapakTepusyercs TAHTCHCOM yTIJIa HaKJIoHa KacarelbHo k BAX B pa-
Ooueii Touke. MHorma yaoOHO mMOJIb30BaThCS IOHATHEM Oughepenuuanvroil
Kpymu3nol (AIMEIOIIECH pa3MepHOCTh ITPOBOAUMOCTH):

Sy = Gy = 1/Ry = di/du.

JlabopamopHas pa6oma Ne 8

Cma6u11u3aqu:-1 NOCMOSIHHOZ20 HANPAXMNCEHUA He/IUHellHbIMU
pe3ucmu8HsIMU Yyensimu

Kpartkue Teopernueckue cBeeHUs

Jlist mopepxaHusl OCTOSHCTBA (CTa0MIM3aLMK) HANPSKEHUS TUTAHUS aK-
TUBHBIX AJIEKTPUUYECKUX LIeNell MpH BO3MOXKHBIX KOJEOAHUSIX MNEPBUYHOIO IH-
TAOIIET0 HANPSDKEHUS U U3MEHEHHSAX COINPOTHUBIICHHSI HAarpy3KH HCIIOJb3YHOTCS
YCTPOMCTBA, MOJYYUBLIINE HA3BAHUE CMAOUIUZAMOPOE NOCHOAHHO20 HANpAJice-
HUsL.

CxeMa mpocrTeiiiero crabmim3aTopa nmpuBeeHa Ha puc. 44, a.

B Hero BxoasT reHepaTop MepBUYHOrO MUTAIOLIETO HAMPSKEHUs, 3a1at011ee
HarnpspkeHue Ur KOTOporo moj BO3ACHCTBHEM JE€CTAOMIM3UPYIOMIMX (PAKTOPOB
MOKET MEHATHCS OTHOCUTEIBHO €ro CpPEeAHEero 3HAuyeHWs, U CTAOWJIMTPOH, MOJ-
KJIFOUEHHBIN MMapajuiebHO Harpy3ke. Ero BosbTamMnepHasl XapakTepUCTHUKA MTPUBE-
JieHa Ha puc. 45, a. BHyTpeHHee cOnpoTUBJIEHUE TeHepaTopa Ry U CONMPOTUBIICHHE

Harpy3ku R g, CHUTAIOTCA YUCTO PC3UCTHBHBIMU.
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(B cnenuanbsHOM aUTEpaType BHYTPEHHEE CONMPOTHUBIIEHUE reHepaTopa 00o-
3Ha4aercs OykBoil R;).

L}

Ly . X Fal™*

Ly E‘SE:”

a) i)

Puc. 44. Ynpoménnas cxema cTabuian3aTopa HarpsKeHHsI

\\ R}\RM
AN VA N

> \ =

Ur Unp Gy, U 0 g UG U

a) 0)

Puc. 45. BAX crabunutpona

[Ipu ananmuze paboThl cTabMiIM3aTopa Ielb, BHEIIHIOW MO OTHOILICHUIO K
CTaOWJIMTPOHY, 3aMEHUM 3KBHUBAJICHTHBIM T'€HEPATOPOM C 3aJIal0OIUM HAIPSHKCHHU-
em U, 1 BHyTpEHHUM COIPOTHBIICHUEM HCTOYHHKA R,. [locie 310l 3aMeHbI cxema
aHANMM3UPYEeMOH 1ienu npeodpaszyercs B cxemy puc. 44,6. Ha stoit cxeme yepes Uy
0003HAYEHO HAMpPSHKEHHE Ha 3a)KMMaxX Harpy3KH, KOTOPOE COBIIAJAeT C HampshKe-

HUEM B paboucii Touke crabunutpona (puc. 45, a).
3Has MOCJIEHIO, MOKHO HAWMTH TOKHU B BETBSAX MCXOHOM IICIIH:

Ir = (Ur — Uy)/Rr; Iy = Uy/Ryi Iy = Ir — Iy

Puc. 45, a, 6 noka3piBaloT, 4To paboyas TOYKa CTAOMIUTPOHA TIepeMeIaeT-
Csl BIIOJIb TIPSIMOM, MPAKTUYECKH MapalljIeIbHON OCH OpAMHAT, MPU U3MEHEHUU KaK
3aJIar0IIEr0 HAIPSDKEHUS] SKBUBAJICHTHOTO TeHeparopa (puc. 45, a), Tak u ero
BHYTPEHHETO conpoTuBieHus (puc. 45, 6). Tem cambiM pemaercs 3a1ada CTaOuIm-
3alliM HaMpsDKEHUS Ha 3aKMMax Harpys3k, MOCKOJIbKY OHO MEHSETCsl He3HauH-
TEJbHO NMPU U3MEHEHUU MEPBUYHOTO MuTaromiero Hampspkenus (Ur u conportusiie-
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HUS Harpy3ku Ry) B MIMpOKUX mpeaenax. EctecTBeHHO, 4TO 3ddekT crabuiusa-
IIUU TOCTUTACTCSI IIEHOW PacCeUBAHUS YHEPTHH B CTAOMIUTPOHE U TaCAIIEM PE3U-
crope Rr.

IIpumep: Cobepém cxemy, kak moka3zaHo Ha puc. 46. Mctounuk Hampsixe-
U +15 B, conporusnenne ucrounnka R = 100 Om, rabmmtpon KC1914, Co-

MPOTUBJICHUE HArpy3ku Ry = 1k0OMm.

BNOK HENWHEWHBLIX LIENER

BNOK NUTAHWUA

o O i bl
& 2 Y

Puc. 46. Cxema 3KCriepuMEHTAIBHOM COOPKH JIJIsI NCCIICIOBAHMS
paboThI cTabUiIM3aTopa HAMPSHKEHUS

N3MepuTh HalpsyKEHHE HAa HArpy3Ke UM pacCUUTATh TOKH, MPOTEKAOLIUE Ye-
pe3 CTaOUIIUTPOH U CONPOTHUBIICHUE HATPY3KH.
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JlabopamopHas pa6oma N2 9

HeauHeliHble 31eKmpu4ecKue yenu npu 2apMoHUYECKUX
803delicmausix

Kparkue Teopernueckue cBeeHUs

JIns HAXOXKAEHUSA PEAKIUU JIEKTPUUYECKOW LEMHU C HEIMHEWHBIM JBYXIIO-
JIFOCHUKOM WJIM YETBHIPEXMOIIOCHUKOM Ha 3aJaHHOE BO3/IEMCTBUE MOYKHO HCIOJb-
30BaTh rpadudeckue moctpoeHus. CTaTHUECKUE XapaKTEPUCTUKH HEITMHEHHOTO
npuoopa, T.e. 3aBUCHMOCTh MEXIYy BO3JICHCTBHEM M PEaKIMeH Ha €ro BHEIIHHUX
3aKUMax MJId peXUMa MOCTOSIHHOTO TOKA, CUMTAIOTCS W3BECTHBIMH. MM MOTYT
OBITh, HAIIPUMEP, BOJbTAMIICPHAS XapaKTEPUCTHUKA HEIMHEHHOIO pe3rucTopa, Wiu
3aBUCUMOCTb MEXAY MOCTOSHHBIMU HANPSHKEHUSIMUA HA BXOJE U BBIXOJIC HEJIMHEH-
HOT'O YETBIPEXIIOIIOCHUKA U JIP. DTU XaPAKTEPUCTUKU OMPEAECTSAIOTCS, KaK PaBuU-
J10, B pe3yJibTaTe U3MEPEHUN U MPEACTABISIOTCSA B BUEC TpapUUECKUX 3aBUCUMO-
CTEH, 4TO W OMNpaBAbIBAET HCIOJIb30BAHUE TpapUUECKUX METOJOB PEIICHUS pac-
CMaTpHUBAEMOM 3a]1a4H.

B ocHOBe MeTO/1a JISKHUT IIPEATIONONKEHNE O TOM, YTO B OO0 MOMEHT Bpe-
MEHH PEaKIs HEJIMHEHHOTO Mprubopa Ha MoABEAEHHOE K HEMY BO3/IeHCTBHE OyIeT
TAKOM K€, KaK U €r0 PEaAKUMS HAa MOCTOSSHHOE BO3JCHCTBUE TOW K€ BEIIMYUHBL.
NHbpIMU crioBamu, MPEANOJIaraeTcsi, YT0 MOAEIb aHAIU3UPYEMOUN LEMH SIBIISIETCA
MOJIENIbIO0 PE3UCTUBHOM JIEKTPUUYECKOM LETIH.

Huxe Ha mpumepe paccMaTpuBaeTCsl METOIUKA TPaPUUIECKOro HaX0XKIACHUS
peakiuyu HeTMHEHHOTO prOopa ¢ OAHO3ZHAYHON XapaKTEPUCTUKON HETUHEHHOCTH.

PaccmoTpum 3aBucUMOCTb HanpsikeHUs: U, Ha BbIXOJE€ HEIIMHEHNHOTO YEThI-

PEXTIONIFOCHUKA OT MOCTOSIHHOTO HamnpsbkeHus [/, moaBenéHHOro K ero Bxoay. Eé
rpadux U, = f(U,) nokaszan Ha puc. 47. Ha »TOM ke prCyHKe IpUBEAEH rpaduK
BO3CUCTBUS U, (). OH MOBEPHYT Ha yroja 7T/ 2 1O 4acOBOW CTpEJIKE MO CpaBHe-

HUIO C OOIIEIPUHSTHIM rpadudeckuM n3odpaxenueM GyHKIUU BpemeHu. Bosneit-
CTBHE B IPUMEPE TOXKIECTBEHHO PaBHO HYJIO BHE uMHTepBana 0 <<t << T, BHyTpH

KOTOPOTO OHO OmHMChIBaeTCs GpyHkimen U, (t) = U, sin(2mt/T). B MmoMmeHT Bpe-
MeHH t = t; KO BXOJAY HEJIMHEHHOTo Mpulopa, KaKk 3TO cileAayeT u3 puc. 47 moaBo-
JUTCSl HampsbkeHue U, (t), T.e. npu t = t,U; = u,(t). Hanpsoxenue Ha ero BbI-
xoJne, kotopoe Haxoautcs mo rpaduky U, = f(U,), T.e. Hanpspkenne U, mpu
U, = u,(t) u Oyaer HanpsHKEHUEM peakiuu U, () HelnuHeiHoro npudopa B Mo-
MEHT BpeMeHH t,. 3HaueHHe peakluu MoKa3aHo Ha rpaduke U, (t), npuBeAEHHOM

Ha TOM ke pucyHke. OTcUéTHble 3HaueHus U, (t;) U U, (t;) coenuHensl Ha puc. 47
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IITPUXOBOW JIMHUEN. AHAJIOTMYHbIE MOCTPOEHUSI NPUBEICHBI HA PUCYHKE U IS
TpEX APYTMX MOMEHTOB BpeMeHu t = t,;t = t3; t = t,. B pesynbrare nomoo-

HBIX MIOCTPOCHUN U HaXOAUTCS rpadrK peakiuu U, (t).

u

(3l i

Puc. 47. UckaxxeHre rapMOHMYECKOTO BXOJHOTO CUTHAJIA IIPU MOJa4e €ro
Ha BXOJl HEJIMHEMHOTO 3JIEMEHTA

up

Puc. 48. VckaxEHHBII CUTHAJ HA BBIXOAE HEJIUHEWNHOTO DIIEMEHTA

Comnocrasnenue rpadukoB Bozaeicteus U, () u peakiuu U, (t), mpuBeneH-

HBIX Ha puc. 47, TOKA3bIBAET, YTO OHMU OTIMYAIOTCS JIpYT OT Apyra (opmoii. Cre-
JIOBATEJIbHO, B PACCMATPUBAEMON HEJIMHEWHOMN JJIEKTPUUYECKOW LENU MPOU3O0LLIO0
UCKakeHne (GopMbl peakiuu (BBIXOJHOTO CUTHAA) MO CPaBHEHUIO ¢ (hOpMOil BO3-
NercTBUs (BXOJAHOTO CUTHAa), 00YCIOBIIEHHOE HEJIMHEHHOCTBIO XapaKTEPUCTUKU
UCIIOJIb3yeMOro HeluHenHoro npubopa. M3 tex ke rpagukoB ciexyer, 4To yka-
3aHHBIE MCKA)XCHMSI YMEHBIIAIOTCS C YMEHBIICHHUEM aMIUIMTYIbl BO3ACHCTBUS U
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115 moboro t npu yenoBuu U, (t)| < U, (tl), 3aBUCUMOCTD peakiiui OT BO3JICH-

CTBUS OyAeT Or3Ka K TMHEWHO.

Taxum 006pazoM, aHATH3UPYEMYIO LIETb B PSAC CIIy4aeB MOXKHO paccMaTpH-
BaTh KaK JIMHEHHYIO SJCKTPUUYECKYIO IIEMb C TeM OOJBIIMM OCHOBAaHUEM, YeM
MEHBIIIE aMIUIUTYy/la BO3JEHCTBUSA. HampoTuB, ¢ yBelnMYeHHUEM aMIUIMTYABI BO3-
JEHUCTBUS 3aMeTHEE OTJINYUS (POPMBI BBIXOJHOIO CUTHAJA OT CUTHAaJa BXOJHOTO. B
Y4aCTHOCTH, 3HaueHHe peaknuu U, () mo abCoMOTHON BEIMYMHE MPAKTHYCSCKH HE

3aBHCHT OT Bo3jaeicTBusg, eciu (cm. puc. 47) |U,(t)| = U,(t,), a npu
|U,(t)| == U,( t,), npuHUMaeT BUJ ABYX TPAINELEUIAIbHbIX UMITYJIbCOB pa3iny-

HoIi ongpHOCTU. E€ rpaduk mokaszan Ha puc. 48.

Hckaxenne (Hopmbl BBIXOAHOTO CUTHANIA LENU OTHOCUTENBHO (POPMBI CHUT-
Hajla Ha BXOJ€ CBOWCTBEHHO JJICKTPUYECKUM LIEISM U C IPYTHUMHU XapaKTEPUCTH-
KaMU HEJIMHEWHOCTH, OTIUYAIOIIMMHUCA OT PACCMOTPEHHBIX B IIPUMEpE, B TOM
YUCJIe 1 MHOTO3Ha4YHBIMU. BMecTe ¢ TeM B pacCMaTpUBAEMBIX PE3UCTUBHBIX HEJIU-
HEMHBIX LIEMsAX He HCKaxaeTcs (opma BO3JAEHCTBUS B BHJE HMIIyJbca IMPSAMO-
yroabHOU (popMBI. 31€Ch HETUHEHHOCTh MPOSIBISETCA B OTCYTCTBUH MPSMOM MpO-
MOPLIMOHAIBHOCTH MEXy aMITUTYIaMH PEAKIIMU U BO3JIEUCTBUS, a IPU OOJIBIINX
aMIUTUTyAaX BO3JAEHCTBUSA — BHE3ABUCUMOCTH UX JPYT OT APYra.

EcrecTBeHHO, UTO €Cili XapaKTepUCTUKA HEJIMHEWHOCTH 3a/1aHa aHAJIMTUYE-
CKHU, TO peaKiusi HEIMHEHHOro mpubopa Ha 3aJaHHOE BO3JECHCTBUE MOXKET OBITh
HaWJIeHa ¥ B pE3yJIbTaTe YUCICHHOTO PELICHUs HEJIMHEHHOIO YPaBHEHUs, CBA3BI-
BAIOILEr0 MTHOBEHHbBIE 3HAUYEHUSI PEAKIIUU U BO3/CHCTBUS B BEIOPAaHHON COBOKYII-
HOCTH JUCKPETHBIX MOMEHTOB BPEMEHMU.

Bo3oeiicmeue zapmonuueckozo KojleOaHus HA HEAUHEUHbLI pe3UCmUe-
HbLIL )J1eMeHm
[IycTh K HENMHEWHOMY PE3UCTUBHOMY 3JIEMEHTY IMOJBEACHO TapMOHHUYE-

ckoe kosiebanue U,,cos(wt + @) U NOCTOSHHOE HampspKeHwe cmereHus Uy,
T.e. mycth U = U, + U, cos(wt + ¢@). Tok B aeMeHTe MOXXET OBITh HAWIEH TIO
BOJIbTAMIICPHON XapaKTEPHUCTHKE ieMeHTa [ = f(u) wu sBusercs GyHKIUEH
BpeMeHHu ().

I'padux Toka i(f)mMoxkeT ObITHh HAWJEH C MOMOIIBIO MPOCTEHUIIINX MOCTPOE-

HUH, KOTOpPbIE WLTIOCTPUPYIOTCS Ha puc. 49. J[aHHbIe ATOTO pUCYHKA MOKA3bIBAIOT,
yTO peakuws [ (t) u Bo3aeicTBrE U(t) MOTYT CYyIIECTBEHHO OTINYATHCS 1O (hopMe.

Nckaxxennst (opmbl cUTHANA, 00YCIOBICHHBIC HETMHEHHOCTBIO XapaKTepu-
CTHK 3JICKTPUYECKOM LIETTH, HA3BIBAIOTCS HEIUHCUHBIMU UCKANCCHUAMU.
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IIpu Bo3meiictBun u = U, + U, cos(wt + ), NOABEIEHHOM K HEIMHEH-
HOMY 2JIEMEHTY, TOK [(f) B 3JIeMeHTe OyJieT MepuoInuecKor GyHKIMEH BpEMEHH,

KOTOpast MOXET ObITh IIpesicTaBiieHa psigoM Dypbe

(=]
i(t)=Al, + E I, cos(kwt + k) .
k=1
CrieioBaTellbHO, TOK B HEJIMHEHHOM 3JIEMEHTE COJCPIKUT MOCTOSHHYIO CO-
craBsioiyto Aly, TapMOHUYECKOE KOJIeOaHHEe ¢ YaCTOTOW @ W HavdaidbHOU (a3oii

Qo BOSI[@fICTBH?I, d TAKKC TapMOHHNYCCKHC KOJIEOAHHS C qacToTaMH, KpaTHbIMHU 4aC-

TOTE BO3JCUCTBUSI (TAPMOHMKH BXOJHOTO KoyieOaHus). HauanpHbie (a3pl rapmo-
HUK KpaTHbl HadasbHOH (ha3e BozneicTBus. [losBiaeHHe ApYyrux rapMOHHK B CO-
CTaBe TOKa B 3JIEMEHTE O0YCJIOBJIEHO HEIMHEWHOCTBIO €r0 BOJbTAMIIEPHOM Xapak-
TEPUCTHUKH, B CBSI3U C YEM MX YaCTO HA3bIBAOT MPOJYKTAMU HEIMHEHHOCTH.

B cooTBeTCTBUM € W3JI0OKEHHBIM CIEKTP AMIUIUTYJ TOKa B HEJIMHEHHOM
AJIIEMEHTE NPU TAPMOHUYECKOM BO3JCUCTBUU HA BJIEMEHT SABIISETCS AUCKPETHBIM.
Takumu xe OyIyT COEKTPhl HAPSLDKEHUM U TOKOB B TE€X BETBSIX LIEMH, KOTOPbIE HE
HOJKJIFOYEHBI HEITOCPEICTBEHHO K HCTOYHUKY TapMOHUYECKOTO BO3ICHCTBHSI.

1 1

t

Puc. 49. Uckaxxenne ¢hopMbI BBIXOJHOTO TOKA MPH MOIade Ha BXOJI HEIMHEHHOTO
AJIEMEHTA FTapMOHUYECKOI0 CUrHAIa

B ycTpoticTBax, paboTaromnmx B pekKMMe MaJIOTO CUTHAJIA, HEJIMHEWHbIE HC-
KKEHUsI HOCSIT Mapa3uTHBIA XapakTep U CTPOro HOpMUPYIOTCA. J[JIs UX OLIEHKHU
OOBIYHO UCIIOJIB3YETCS KoIhpuuuenm nenuneinHocmu (Koigppuyuenm zapmo-
HUK)

k U‘l‘z'."?,l + Uwznz + -
- Uml ’
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rae: U,,,—aMmnTyaa koyie0aHus OCHOBHOM 4acTOThI (4acTOThI BO3ACHCT-
BUS);

U,2,U 3, .. — MIUIATYABI TAPMOHUK HAIPSHKEHUN HA BBIXOJHBIX 3aKHUMax
yCTpOICTBA.

Tak, B BHICOKOKaY€CTBEHHBIX CUCTEMAaX 3BYKOBOCTIPOM3BeneHUs KOdhpuiu-
CHT HEJTMHCHHOCTH HE MPEBBIMIACT IOJICH OTHOTO MPOIICHTA.

JlabopamopHas pa6oma N2 10

BovinpamsieHue 2apMoHU4ecKUx Ko1e6aHuii

JIisi muTaHusl MOJYNPOBOJIHUKOBBIX M AJIEKTPOHHBIX MPUOOPOB aKTHUBHBIX
NMEKTPUUECKUX LIeTIed He0OX0AMMO MOCTOSIHHOE MUTaroiiee HanpsbkeHue. C 3Toi
LEIbI0 UCHOJIB3YIOTCS MPEeoOpa3oBaTEl XUMUYECKON 3HEPTUU B SHEPIHIO DJIEK-
TPUYECKYIO (TaJIbBAHUUYECKUE DJIEMEHTBI, aKKyMYJISITOPbI), TEPMOIICKTPUUECKUE
npeodpazoBarenu (TEPMOIIEMEHThI, COTHEUHbIE OaTapen), a TaKkKe BBITPIMUTEIN
— YCTpOUCTBA, MPEoOpa3yIoIIe TAPMOHUUECKOE HANIPSKEHUE B HANpPsHKEHUE 3HA-
KOITOCTOSIHHOE C TE€MH WJIM WHBIMHU JOMMYCTUMBIMU (PIIYKTyaIlusiMd OTHOCUTEIIHHO
€ro CPEIHETO 3HAYCHUS.

CxeMa nipocTeiiiiero BeIpsiMuTes mpuBeaeHa Ha puc. 50. Ecnu k 3Toil He-
JMHEWHOU 1eNU MOJBECTH TAPMOHUUYECKOE KoJieO0aHUE, TO CITYCTS OMpPEAcIEHHOE
BpeMsl B HEMl YCTAHOBSITCA MEPUOAUYECKHUE KOJIEOaHUs, KOTOPbIE, ECTECTBEHHO, HE
OynyT rapMoHUYeCKUMU. [lOCTOSTHHAsE COCTaBISIONIAs HAMPSHKEHUS Ha 3aXKHUMax
PE3UCTUBHON HArpy3KH BBIIPSIMUTENSI 3TUX MEPUOIUUECKUX KOJICOAHUN U Tpe-
CTaBJISIET COOOM BBIMPSMIICHHOE MOCTOSIHHOE HampspbKeHue. ['apMOHUKHM ke KoJie-
OaHMs OKa3bIBAIOT MEMIAroIiee JACHCTBUE HAa pabOTy MUTAEMBIX YCTPOWCTB. [[is
CHIWKEHHSI UX YpPOBHS B paccMaTpUBaeMblid MPOCTEHIINN BBIIPSIMUTENb BBEAEH
KOHJIEHCATOp. EMKOCTh KOHJeHCcaTopa BBIOMpAeTcsi TAKOM, 4TOObI €ro CONpPOTUB-
JICHHWE Ha YaCcTOTaX rapMOHUK, HAUMHAs C MEePBOM, ObIJI0 Obl 3HAUUTEIILHO MEHBIIIE
COMPOTUBJICHUSI HATPY3KH BBIPSIMUTEIIA, T. €. YTOOBI

1
( ){-::R Ui wCRy === 1).
wC

SIcHO, 4TO YeM CUJIbHEE HEPABEHCTBO, T.€. YeM OOJIbllle TTOCTOSIHHASI BpEeMe-
HU T = RyC npesprmaer nepuon T = 27 /w rapMOHUYECKOTO BO3AECHCTBHS, TEM

MCHBIIC AMINUIATYAbI TAPMOHUK HAIIPSAKCHUA HA 3aKMMAX HAIPY3KH, O6yCJ’IOBJ’IeH—
HBIX TapMOHHKAaMH TOKA.
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t C Ryl |uf0)=nfy

L
Puc. 50. YnpomiénHas cxema BBIIPSIMUTEINS HAMIPSHKSHUS

[Tpu BeIOpaHHBIX HA pUC. S0 MOJOKUTENBHBIX HANPABICHUIX HANPSDKEHUN B
CUJIy OJHOCTOPOHHEW MPOBOAMMOCTH AMOJA HampsbKeHue U (L) Ha 3aKMMax Ha-

rpy3ku (kouaeHcatope () OylneT co3/1aBaThCsl JIMIID MOJOKUTEILHBIMHU TOJTYBOJI-

HaMH BBITIPAMIISIEMOTO HampshkeHus. ClieioBaTeNbHO, U HAMPsHKEHWE HAa KOHJICH-
caTope Bcera OyJeT MOJI0KUTEIbHBIM.

u(® u (1)

~ A~ G ~ [4EN /
'~ L4 ~~~ * ~~~ ¢ N /I \\ / ~
C /-\ /—\ Se Ty ~/
I 1 1 |
| 1 | 1 1 |
1 | | ] 1 1
o [g tZUtI+T\/ t 0 4 4 4T !

Puc. 51. Puc. 52.

K oObsicHeHUIO IMPpHUHOUIIA BBIIIPAMIICHUS TAPMOHHUYCCKOT'O KoJIcOaHus

[Tycth B ycTaHOBUBIIEMCS peXUME KoseOaHUI B MOMEHT BpeMeHH £, (puc.
51) neproanyecku u3MeHstonieecs Boszeiicteue w(t)U, cos(wt + @) nocruraer
HaIpPsDKCHHS 3apsDKEHHOTO KoHAeHcaTopa U (t;), T. e. mycTh U(t,) = u.(t,). C
3TOr0 MOMEHTa BpeMeHH U, > 0 nuos oTKpeIBaeTCs M HaYMHACTCS 3apsan (To3a-
psia) kouaercaropa. OH IIUTCS O TEX MOp, MOKa HaMpsDKeHHWE Ha 3aKMMax KOH-
JICHCATOpa HE CPABHACTCS B MOMEHT BpeMeHH t, (puc. 51) ¢ yObIBalOLIMM IMOCIE
MakCHUMyMa BXOJHBIM HampsbkeHueMm. [locie 53Toro B TedeHHEe BpEMEHHU
t, <t <t,+T nuon 3ammpaercs (U; < 0), u xoHHEHCATOP pa3psHKACTCS Yepes
conpotuBiieHue K. CrenoBaTensHO, B YKa3aHHOM HMHTEpBaJIe BPEMEHU HaIpsiKe-
HUE Ha 3a)KUMax KOHAeHcaTopa (Harpy3ku) yObIBaeT Mo 3aKOHY

t—tz

u(t) =u(ty)-e =
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3areM npouecc NepuoANYECK MOBTOPSIETCS C MEPUOAOM KoJiebaHus 7.
I'paduk u (t) npuBenén Ha puc. 52. CpenHee 3HaAUYCHHE BBIIPAMICHHOTO

HanpsokeHust U, paBHO cpeqHeMy 3HaueHUIO QYHKIUH U, (t), T. €.
£y 4T
U, = T f u (t)dt.
£y
Pasnocts u.(t) — UjyonpenensieT 3aKOH W3MEHEHHS BO BPEMEHH CYMMBI

rapMOHHK HAIIPSKCHUSA HA 3aKMMAX HAT'PY3KHU BBIIIPAMUTCIII — «IIYJIBCAIIUIO» BbI-
OpsIMIIEHHOTO HarnpsbkeHust. O Hell MOXKHO CyIUTh IO OTHOUICHHIO HAMOOJIBIIETO U
HAWMECHBIIIETO 3HAUYCHUI HaIIPAKCHUA, pPABHOMY !

u.(t,) £1+T—tz T—(tz—t1) T

—_— =g =g T = @1,
u.(t, +T)

Tak, mpu T = 10T u t, — t; = 0,25T 310 oTHOMICHKE HEe mpeBbitnaeT 1,08, a

3HAYUT, HAaMOOJIBIIINE W HAMMCHBIIUEC 3HAUCHUS HANPSKCHHS Ha BBIXOJC BBIIPS-
MMTEJII OTIIMYAIOTCS He OoJiee, ueM Ha 8%.

BenuurHa BBINMPAMIICHHOTO HAINPSKCHHS CYIMIECTBEHHO 3aBHCHT OT COOT-
HOIIICHHUSI MEXKy IlapaMeTpaMH reHepaTopa, 1uojaa U Harpy3ku. s mpuOivkeH-
HOM OIICHKH ITOCTOSTHHOM COCTABJISIOIICH BBIPSMICHHOTO HAMPSHKCHUS ITOJI0KHM,
YTO BOJIbTAMIICPHAs XapaKTEPUCTUKA TUOJa UMECT BHJI, TTOKAa3aHHBIN Ha puc. 53.
ConpotuBienue auona nmpu U, > 0 ¢ y4éToM BHYTPEHHETO CONPOTUBIICHUS Te-

HepaTopa, 00o3HauuM uepes R,. [Tonoxum panee, 94To (GIyKTyalny HAIPSDKCHHS

OTHOCHUTENBHO €0 MOCTOSHHOMU COCTaBISIOIIEH
UJ,_ mpeHeOpeKMMO MaJbl, T.¢. OyJeM CuuTaTh, uto U, (t) = U, = const.

O onmycTUMOCTH 3TOTO MPEANOJIOKEHHS, KOTOPOE MOTPEOYETCS BHIMOIHATh
Ha IPAKTUKE, MOXKHO CYAUTH IO IIPUBEIECHHOMY BBILLIE IPUMEDY.

s 057
0 | u 0 ot
7 © 2,
Q"1 u
0,5T{— |
/(y)t

Puc. 53. BeimpsimiieHne nepeMeHHOT0 HaIIPSKEHUS
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ITpu yka3aHHBIX JOMYIIEHUAX TOK YEpEe3 IMOJ B LIENH, CXeMa KOTOPOU AJis
U.(t) = U, npuBeneHa Ha puc. 53 mpeacTaBiseT co00il MepuoIuIecKyro mocie-
J0BaTEIbHOCTh UMITYJIHCOB.

['padmyeckue nmocTpoeHus, UUTFOCTPUPYIOLIUE TPOLECCH B aHAIU3UPYEMOU
LeIH, T0Ka3aHbl Ha puc. 53.13 HuX ciexyert, 4yTo

U,= U,cos8,

rae 8 — yroa OTCe4KHy TOKA.

Yenom omceuku nazvigaemcea nonosuna moii uvacmu nepuooa Koiedanus,
6 meuenue KOmopoi npomeKaem mox 6 8bIX0OHOU Yenu HeIUHEHUHO20 IT1eMeH-

ma.

I =—=(1—-——|—=(1— g)—.

9TOMy S3HAQUYCHUIO MAaKCHMMyMa TOKa COOTBCTCTBYCT IIOCTOSSHHAA COCTaB-

JISIOIIAas TOKa

AL = @ B sinf — BecosB
o {ID max TER;.' ]

IIPOTCKAOIICTO YCPC3 NHUOO W HArPy3KYy. 3aMeHssI B 3TOM BBIPpAKCHUU ﬂurﬂ Ha

U,/Ry u yuutsiBas, uro U, = U, cosf , HaxoquM 3aBUCUMOCTb MEXK]Y YIJIOM

OTCCYKH M COIIPOTHUBJIICHUCM JJUOAa U HATPY3KU:

Ry/Ry=(tgb— 0)/n

by
1 o 2
0,8 \\\ —
0,6 =
0,4 ,/
0,2

R
/s
0 002 004 006 008 o071 Ry

Puc. 54.
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Ly [] Ri

Puc. 55.

PemmB 3TO TpaHCICHACHTHOE YpaBHEHHE, ONPEACIIIEM HEU3BECTHBIN IMOKa
YTOJl OTCEYKH &, KaKk (YHKLIHUIO OTHOLIEHHS CONPOTHBIEHUI Rj/Ry, a 3aTeM u

BEJIMYMHY BBITPSMIIEHHOTO MOCTOSSHHOTO HANIPSDKEHUS
U,=U,cos8@.
Ha puc. 54 npuBenéH B OTHOCUTENBHBIX €IUHULAX T'padUK 3aBUCUMOCTH
BBIIPSIMJIIEHHOTO MOCTOSIHHOTO HampspkeHust Uy /U,,,0T COOTHOIIEHHsI CONPOTHB-

NeHus auona M Harpysku Rjy/Ry. JlaHHblE PHCYHKHM IOKa3bIBAalOT, YTO IIPH
(Ry/Ry) << 1 BenuuuHaA NOCTOSHHOIO HANPSKEHUS ONM3KAa K aMILIMTYJE BbI-

IPSIMIIIEMOTO TAPMOHUYECKOTO HAMPSHKEHHS M YOBIBa€T MPU MPOYMX PABHBIX yC-
JIOBUSX C yBEIIMYEHUEM CONpPOTHBJIeHMs auoxa. Yame Becero (Ry/Ry) = 0,1, xo-

rna Uy = 0,65U,,, unaue KI1J] BeIIpSIMUTENS] CTAHOBUTCS HEIOMYCTUMO MAJIbIM.

Ha Tom ke pucyHKe Moka3aH rpaduK 3aBUCUMOCTH YIJIa OTCEYKH B pajlaHax OT
Toro xe otHomeHust Ry /Ry. Ilpu (Ry/Ry) < 0,1 yron orceuku He mpeBbIIaeT

0,87 pag, 1. e. 50°, u yObIBaeT ¢ yMeHbIIeHHEM OTHOLIeHUs Ry /Ry).

PaccMmoTpenHbie mpocTeiiliue BBIMPSIMHUTENN HA3bIBAIOTCS OIHOIOIYIIEPHU-
OJTHBIMH, TIOCKOJIBKY Yy HUX TIpH (JOPMUPOBAHUH BBITIPSIMIICHHOTO HAMPSHKEHUS HC-
MIOJTB3YETCSI PHEPTHUS TOJIBKO OJHOTO U3 KaXIOW Mapbl MOJTYIIEPHOIOB BBITPSMIISC-
MOTO TAPMOHUYECKOTO HANPSHKCHUS, @ TOYHEE — €TI0 YacTH.

CxeMa JBYXIMOJYIEPUOAHOTO BBIMPSIMHUTEISI MOCTOBOTO THIIA M300pakeHa
Ha puc. 55. 31ech 3a CUET MOOYEPETHOTO OTKPHIBAHUS JHOJIOB, TOMEUYEHHBIX Ha
pUCYHKE YETHBIMH M HEUYETHBIMU WHJIEKCAMH, JIOCTUTACTCS] TTOCTOSIHCTBO HAIPaB-
JICHUSI TOKAa B HArpy3Ke BBIMPSIMUTENS 11 000UX MOJYIEPHOI0B BHIMPSAMIIIEMOTO
HarnpspkeHusl. IMEHHO NBYXTIONYTIEPUOHBIC BHIIPSIMHUTEIN HAILIN MPEUMYIIECT-
BCHHOE MPUMEHCHHE TS BBITIPAMIICHHUS OHO(PA3HOTO TAPMOHUYICCKOTO HAMpsDKe-
Hus. KauecTBEHHbIE M KOJUYECTBEHHBIC OIICHKH IPOIIECCOB B ABYXITOIYIICPHO-
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HBIX BBITIPSMUTENSIX MOYKHO TOJIYYUTh MPSIMBIM 000OIIEHUEM TAaKOBBIX B BBINPS-
MUTENISAX OJHOTOIYTIEPUOTHBIX.

Jliist 6oee MOTHOTO TOIABIICHUS] TAPMOHHMK, €CJIM B 3TOM BO3HHKAET HEOO-
XOJIUMOCTbh, B CXEMY BBIIPSAMUTENS BBOJSITCS B JIONMOJIHEHUE K KOHJIEHCATOPY OJIMH
WM JIBa PEAKTUBHBIX JIEMEHTAa, oOpasyromue GUiIbTp HIKHUX 9acTOT C HEOOXO-
JUMBIM OCJTa0JIEHUEM Ha YacTOTax TapMOHMK. 3ajada (UiIbTPAIMH TapMOHUK
JIBYXIIOJTYTIEPUOHOTO BBITIPSAMHUTENS OOJIerdaeTcss TeM, YTO Yy HEro amIuIuTyjia
MyJIbCAIMK BBIIPSMICHHOTO HANpPSKEHUS BJABOE MEHBIIE, a UX 4YacToTa BJIBOE
BBIIIIE, YEM Y BBINIPSIMUTEIISI OJJHOTIOIYTIEPUOIHOTO MPU MIPOUYMX PAaBHBIX YCIOBUSIX.
B OBITOBOI pamno3IEKTPOHHON ammapaType BMecTo (GUIbTpa B JOMOJTHEHUE K
KOHJICHCATOPY CYIIECTBEHHOE MOIABICHUE TAPMOHUK OCYIIECTBIISIET BKIIOUEHHBIN
Ha BBIXOJE BBIIIPSIMUTEIISI CTAOMIN3ATOP HAIPSHKEHUS] — YCTPOUCTBO I MOJIEP-
YKaHUsI TTIOCTOSTHCTBA HAIIPSIKEHUSI HA €ro BBIXOJIE MTPU HU3MEHEHHUU COMPOTUBIICHUS
€ro Harpy3KH.

Ipumep: CobepéM cxeMy OJHOMOIYNEPUOTHOTO BBHIIPSIMUTEINS C HArpy3-
ko 1 kOm u émkocthio ¢punpTpa 100 H®. CHEUMEM OCHMILIOrPAMMBI BBIXOIHOTO

HaIpsHDKEHUS. B 3aBUCMMOCTH OT YacTOThl BXOJAHOIO cHrHajna. Pesynbrarsl mpen-
CTaBUM B BHJI€ TPAPUKOB.

BNOK NMUTAHUA

g 4
] HIJ:

OCLIMINOrPAd®

g%" [
17l

® e

BJI0K HENMHENHBIX LENEN
©

FEHEPATOP

A\ N\ ]
4 \J | .

J

Puc. 56. Cxema skcriepuMeHTAILHOM COOPKH JIJIs1 UCCIICTIOBAHMS

PpabOThI OTHOTIONYTIEPUOTHOTO BBIMPSIMUTEIIS

62






ColepéM cxemy IBYXIOJYNEPHOTHOTO MOCTOBOI'O BBIIPSIMHTENSI B COOT-
BETCTBHH C MPUHIMITHAIBHOM cxeMoit (puc. 55) ¢ mapamerpamu:
Ry =1k0m; C=100uD
CobOpannas cxema n3o0pakeHa Ha puc. 58.

EJIOK MUTAHUS BJTOK HENMMHEUHbLIX LENEN

[]
[ | 3 N I GCLIMINOTPA®
“ | b - ~ N
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) e
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l AN | V= | ]
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c4
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@ © e o 1 I .@YZ : B e
+1sa-155 !_@____J'___;@_I
2 yaobuas 3 n

Puc. 58. Cxema skcriepuMeHTaIbHON COOPKHU ISl KHCCIIEIOBAHUS
paboOThl MOCTOBOTO BBITIPSIMUTES

CHumeM OCHUJLIOIpaMMBbI BXOJOHOI'O M BBIXOJHOI'O HAIIPSIKCHHUA IIPH Pa3-
JIMYHBIX 9aCTOTAaX BXOAHOI'O HAITPSIKCHMA. PC3YJ'IBT3,TBI npeacTaBuM Ha Fpa(l)I/IKaX

(puc. 59).
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JlabopamopHas pa6oma Ne 11
OzpaHuyeHue M2HOBEHHbIX 3HA4YEHUll 2APMOHUYECKUX
Ko/1e6aHultl

OrpaHuyuTeIn aMIUIMTYbI MIPUHAJJIEKAT K KJIacCy HEIMHEHWHBIX AJICKTPH-
YeCKHUX METeH.
Ozpanuuyumenem amniumyosbl HA3bIBACTCS YCTPOICTBO, HAIpPSIKEHUE Ha

BBIXOJIE KOTOPOTO CIIEAYET 3a BXOJAHBIM HAINPSIKEHUEM 10 OMNPEIEIEHHOIO €ro
3HaueHHUA (IMOpora OrpaHWYEHUsI), MOCJIE YEro BBIXOAHOE HANPSIKEHHUE OCTAETCS
MOCTOSTHHBIM WJIM PaBHBIM HYJIIO.
Cy11ecTBYIOT TpU BUJA OTPaHUYECHHUSL:
® OrpaHHYEHUE 110 MAKCUMyMY (OrpaHUYEHHE CBEPXY);
® OrpaHUYEHHUE IO MUHUMYMY (OIrpaHHYEHUE CHU3Y);
® JIBYCTOPOHHEE OrpaHUYEHHE (OJHOBPEMEHHOE OIPaHUYEHUE CBEPXY U CHH-
3y).
BepxHuM 1oporom orpaHudeHust Lpp HasbIBaeTCs INPENENbHBIN yPOBEHD
BXOJIHOT'O HAIIPSKEHUS, BBIIIE KOTOPOTO BBIXOJHOE HAIPSIKEHUE IPAKTUYECKU HE
3aBUCHUT OT BXOJIHOTO.

HuwxkauM 1moporoM orpanudenus Lpy Ha3sbIBaeTCs NPENENbHBIA yPOBEHb

BXOJIHOT'O HAIIPSKEHUSI, HUYKE KOTOPOTO BBIXOJHOE HAIPSKEHUE NMPAKTUYECKU HE
3aBUCUT OT BXOJHOro. lloporn orpaHnueHusi 3aBUCAT OT MapaMETPOB U pEKHUMa
paboTel orpanuunTess. OHU MOTYT OBITh PA3IMYHBIMU 110 BEJIMYMHE W KaXKIbIA U3
HUX MOXKET OBITh MOJIOKUTEIBHBIM, OTPUIIATEILHBIM WM PABHBIM HYJIIO.

Takum 00pa3oM, OCHOBHBIM Ha3HAUYCHHEM OrpaHUYHUTENCH SIBISETCS HU3Me-
HeHHe (DOPMBI MOJBOJUMOrO K HUM BXOJHOTO HAMpPSIKEHUS MYyTEM «CpPE3aHUsD
4acTu 3TOro HampsikeHus. CienoBaTelibHO, IPU OTPAHUYEHUH MPOUCXOIUT U3MeE-
HEHHE CIIEKTPAIIBHOTO COCTABA BXOJHOTO HAMNPSKEHMS, YTO BO3MOXKHO JUUIb MPU
IIPUMEHCHUU HEJIMHENHBIX LEIEH.

[ToaTOMY aMIUIMTyAHBIC OTPAHUYUTEIN JOJIKHBI TPEICTaBIATh COO0M yCT-
pOMCTBa C SIBHO BhIpak€HHOW HesmHenHOW BAX. B kauecTBe HEIMHEHWHBIX 3Ji€-
MEHTOB Yalll€ BCEr0 UCIOIb3YIOTCS MOTYIPOBOJHUKOBBIC TUOIbI U TPUO/IBI.

Cxema mpOoCTEHIIero OTPAHNYUTENS ¢ OTPAHUYEHUEM CBEPXY MPUBEIECHA Ha
puc. 60, a. B orpannuuTens BXOAAT PE3UCTOP C CONMPOTHUBICHUEM R, BBINPSIMU-
TEJIbHBIN O] U TE€HEPATOP MOCTOSHHOIO HAIPSHKEHUS € 3aJai0IMM [TOPOTOBBIM

HanpspkeHueM Upqp,.

Ha mepBom sTame aHaim3a IpoOIECCOB B pacCMaTpUBAaEcMOM OTPAHHUYUTEIIC
OyZeM cunTaTh, BO-TIEPBHIX, YTO JHUO HUIEAJICH, T.€. €r0 CONMPOTHBICHUE UIN PaB-
HO HYJIO (€CJIM AMOJ BKIIIOUEH B NMPSIMOM HampaBleHUH, T.e. Uy = 0), wmm Gecko-
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HEYHO BEJMKO (eCIIHM AMOA BKJIIOUEH B OOpaTHOM HampaBieHud, T.e. U, < 0), u,

BO-BTOPBIX, YTO BHYTPEHHEE COIPOTHBIEHUE I€HEPATOPA IIOCTOSHHOTO HAIpsiKe-
HHsI PABHO HYJIIO.

Ecian npu ykasaHHBIX HPEANONIOKEHHUAX HANPsHKEHUE HA 3aKMMax JUoza
OyJeT OTPHIATENbHBIM, T. €. KOraa Uz, (t) < Upgp, mmon OymeT 3aKphIT M Hamps-

KEHHE Ha BBIXOJIE OTPAHMUYHUTEN OYJIET paBHO HAIPsHDKEHUIO HAa €ro BXOJe, T.C.
Ugyx (T) = Ugi(t). Ecim ke Ugy(t) > Upgp, 1MOI OTKpHIBAETCS, €T0 CONPOTUBIE-

HUE€ CTAaHOBUTCA NPAKTUYECKU PABHBIM HYJIIO. TeM caMbIlM MCTOYHUK ITOCTOSIHHOTO
HaIIPsDKEHUS MTOAKIIIOYAETCs K BBIXOJY OTPAaHMYUTENIA, U HAIIPSDKEHUE HA BBIXOJE
orpannuuTens OyAeT paBHO 3a/alolleMy HampsoKeHUIo uctouHuka Upgp Ha mpo-

TSKEHUH BCETO BPEMEHU MOKa U, > Upgp. Takum obpaszom:

1L =
=er Um:up pH usx(t) = UHDP

R uBbIX ~ ~ ~

0 I i waws

Uy (1) U;O+ Ugx(t)
—3 o

a) 0)

Puc. 60. Orpannuurtens HaMPsHDKEHUS IO MAKCUMYMY

R

E ANN
Ugy (1) UHO- Upix(t) U t
S S s v v
4

a) 6)

Puc. 61. OrpannuuTens HaNps>KEHUS IO MUHUMYMY

R U
o] o Ml A~ -
Y 7

TE . A
- Uy(?) t
Upx (t) Uﬂ[ O + UHZ -/ FL \
- O+
0)

P
S

O O

a)
Puc. 62. JIBycTOpOHHHIT OTpaHUYNTETh HAPSKCHUS
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CooTtBercTByIOIIas rpaduyeckas WUTIOCTpAIs NMPU T0ja4e Ha BXOA rap-
MOHHMYECKOTO Konebanus uU., = U, cos(wt + @) npusBenena Ha puc. 60, 6.

[lITprxoBOM NMHUEN HA PUCYHKE IOKA3aHbI «OTCECYEHHBIE» OTPAHMYUTEIIEM y4da-
CTKHU BXOZHOI'O KOJieOaHusl.

Ha puc. 61, a uzo0paxeHa cxema OrpaHMUYUTENSI C OTPAHUUYEHUEM CHHU3Y.
AHaJIOTHYHBIE PACCYKIEHUS NOKA3bIBAOT, YTO y TAKOTO OIPAHUYUTENS IIPU TEX
K€, 4TO U BBIIIE, JONYIICHUIX:

u_, (t) mpu u_(t) = —U,
—Upep TpH U, (1) < —U,

Ugnx (t] = °F
op

['paduix HanpsKeHUs Ha BBIXOJIE OTPAHUYUTENS C OTPAaHUYEHUEM CHUBY IS
TOTO 7K€ TAPMOHHYECKOTO BO3ACHCTBUS N300pak€éH Ha puc. 61, 6.

Ha puc. 62, a nmpuBeneHa cxema OrpaHMYUTENS C JBYCTOPOHHUM OTpaHuYe-
HUEM, Y KOTOPOTO JIJISl IPUHSITHIX JTOMYIIICHHHA

Um:up.l ITpH usx(t) = Um:np.l
uBh[fo] = usx(t] npH — Um:up.z < usx{:t) < Um:up
_Um:np.ﬂ ITpH st{:fj < _Um:np.z

OOBIYHO OTPAHUYUTENH C JABYCTOPOHHHM OTPAaHUYECHUEM HMEIOT KaK CHM-
METpPHUYHbIC, TAK U HECUMMETPUYHbIC YPOBHU OrpaHuueHuid. HampspkeHue Ha BbI-
X0/I¢ OTPAHUYUTENSI C CHMMETPUYHBIMU YPOBHSIMH OTPAaHUYEHUS, €CIIU K €ro BXO-
Iy TIOJAeTCs TapMOHWYECKOe HampsokeHue U, = U, cos(wt + @), mo dopme

OJNU3KOEe K IIEPUOIMYECKOM IMOCIEeN0BATENLHOCTH HMITYJILCOB TPalelenIaabHO
GopMbI U gepenyromeiics noaapHocTH. POpMa UMITYIBCOB IPUOIMKAETC K IIPS-
MOYTOJIBHOM [0 MEPE YCUIICHHS HEPABEHCTBA

Un > Um:np.l = Um:np.z'

Ecnu paccmarprBaemMyro MepUOANYECKYIO TTOCIENOBATENBHOCTD UMITYJILCOB
MOABECTU K YCTPOMCTBY, BBINOJHSIONIEMY Olepanuio auddepeHupoBanms, TO
HaIpsHKEHUE Ha €ro BBIX0Je OyAeT MPEeCTaBIATh COO0M MEPUOINIECKYIO TTOCIIe-
JIOBATEIBHOCTh KOPOTKUX HMMITYJIBCOB uUepenyrouencs nouspaoctu. Gopma Kax-
JIOTO OTACJIBHOTO UMITyJibca OJIM3Ka K MPSIMOYTOJBHOM; €ro JUIMTEIbHOCTh TeM
MEHbIIIE, a aMIUTUTYa TeM OOoJiblie, yeM OOJIbIIe aMIUIUTY/]a TAPMOHUYECKOTO KO-
ne0aHus MPEBBIIIAET MOPOT OIrPAHUYCHUSI.

B 3aknroueHue 3ameTuM, 4TO 3ajadyy aHaiM3a KoJieOAaHUM B OrpaHUYUTENE
MO’KHO PeliaTh ¢ y4€TOM peajbHbIX XAPAKTEPUCTUK JTUOJIOB U KOHEYHOTI'O BHYT-
PEHHETO CONPOTHUBIICHUSI TeHePaTOpoB. [Ipr 3TOM KauyeCTBEHHO KapTUHA MPOLEC-
COB B OTPaHUYHTEIIC MPAKTUYECKH COXPAHUTCS 0€3 M3MEHEHHM MO0 CPAaBHEHHIO C
PacCMOTPEHHOM BBIIIIE.
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IMpumep: Cobepém cxemy ABYCTOPOHHErO OTPaHHUYUTENIS, KaK MMOKa3aHO Ha
NPUHIAITHATIBHON cxeMe puc. 62 ¢ HCMOIb30BaHUEM DJIEMEHTOB OJIOKAa HEJMHCH-
HBIX 1eneil. CoOpaHHas cxeMa n300pakeHa Ha puc. 63.

YCTaHOBUM HaNpsDKCHHE OTPAHHYEHHUS JUIS IOJO0XKHTEIBHON ITOJYBOJIHEI,
pasnoe 0,5 B, nna orpunarensuoii — 1,5 B, ammnmtyny Bxogsoro curnana 3 B. C

IIOMOIIIBIO OCHI/IJ'IJ'IOFpa(i)a HpOHa6JII-O,IIaCM CHUTHAJI, HOquHBMHﬁCH IIOCJIC OI'paHU-

qCHU.
BINOK NMUTAHUA
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Puc. 63. Cxema skcriepuMeHTAILHON COOPKH ISl KICCIICIOBAHUS
JIBYCTOPOHHETO OTPAHUYUTEIIS
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Puc. 64. OcuusiorpaMMbl BXOJTHOTO M BBIXOJHOTO HAMPSKEHUS TIPH
JIBYCTOPOHHEM OI'PaHUYECHUU

BBuay TOro, 4To Ha CONPOTUBIIEHUM IPAMOTO MEPEXOAA AUOAA NAJAET Ha-
npsbkerure nopsaka 0,5 B, orpanudeHue mMpoMCXOAWT HE Ha 3aJaHHBIX YPOBHSX

+0,5u — 1,5B, a Ha cymMMme 3TUX HANPSHKCHUN U MAJCHUS HATPSHKCHUS HA JHO-
nax — 1 By + 2 B, yt0 Hafgo yunuteiBaTh B pacyérax.

IIpumep: OrpaHnyeHne cCUrHana ¢ MOMOIIbIO HETMHEHHON XapaKTepUCTUKU
TpaH3UuCTOpHOTO Kackanaa. Cobepém cxemy puc. 65.
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BMOK HENMWHEMHbLIX LENEN

BINOK MUTAHUA

OCLINNIIOIrPA®

CUHXP

Qy"s\

Puc. 65. Cxema skcriepUMeHTaIbHON COOPKHU ISl HCCIIEIOBAHUS
OTPaHUYEHUS CUTHAJA C TOMOIIbIO HETMHEWUHOM XapaKTEPUCTUKU
TPaAH3UCTOPHOTO KacKaja.

YCTaHOBUM HAmpspKEHHE cMelieHus, paBaoe 2,5 B, u curnan ammmutynoit
1 B. Ilpy Takux COOTHOLICHUSAX BXOJHOTO CHUTHAJa U HAMNPSKEHUS CMEIICHUS

TPAH3HUCTOP 3aKPbIBACTCA TOJIBKO HAa BPEMs ﬂCﬁCTBHH OTpHL[aTCHBHOfI ITOJIYBOJIHBI
BXOOHOI'O CMI'HaJia, U ITPOUCXOAUT OI'paHNYCHNC BBIXOJHOI'O CUI'HaJIa CHU3Y 66.
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Puc.66. OcuusiorpaMMbl BXOJHOTO (KpHBasi KPACHOTO 1[BETa) U BBIXOJHOTO
(KpyBasi CHHETO LIBETA) HAIIPSKEHUS

Jla6opamopHas pa6oma Ne 12

JlemekmupoeaHue amnaumydHo-moady/1UPOB8AHHBIX CUZHA/108

KpaTtkue TeopeTnueckue cBeaeHNsI

B amMmnuTyaHOM AE€TEKTOpE OCYIIECTBISICTCS BbIACICHUE orvbaroiei am-
IJTUTYAHO-MOJIYJIMPOBAHHOTO CUTHAJIA C OJHOBPEMEHHBIM YCTPAHEHUEM HECYIIETO
KojeOanus. Pob Hecymux KojieOaHUH MOTYT BBITTOTHATH KaK TAPMOHHYECKHUE KO-
nebaHus, TaK U MOCIE0BATEIbHOCTH PaJMo- HIIM BUACOUMITYJIHLCOB. B cocrtaB Jto-
Ooro aerekTopa (aMIUTMTYIHOTO, YacCTOTHOTO, ()a30BOT0) BXOJWUT HEIMHCHHBIN
DJIEMEHT, TUHEHHBIN QUIBTP, CIyKAIIUK NI BBIJICICHUS KOMIIOHEHT, COOTBETCT-
BYIOIIUX CIIEKTPY MOIYJUPYIOIIMX YacTOT, U YCTPAHEHUS KOMIIOHEHT, COOTBETCT-
BYIOILIUX CIEKTPY HECYIIEro KojieOaHusi U ero rapMoHuk. Takum oOpa3oM, (HyHK-
LMOHAJIbHAS CXEMa JIETEKTOpa MOXKET ObITh MPECTABICHA B BUJIE€ MOCIEI0BATENb-
HO COCTMHCHHBIX HEJIMHEHHOTO dJIeMEHTa U (PUIbTpa HIDKHUX 4acTOT. B kadecTe
HEJTMHEHHBIX JIEMEHTOB HMCIOJIB3YIOT MOJYIPOBOIHUKOBBIE TUO/BI, a TaKkKe Ou-
MOJISIPHBIE W TIOJIEBBIE TPaH3UCTOPHI. Poib (unbTpa, Kak MpaBUiO, BBITOJIHSIET
LETb, COCTOSAIAs U3 PE3UCTOPA U IIYHTUPYIOMIEH €ro EMKOCTH.

Ha puc. 67 nokazana cxeMa nocieoBaTelIbHOr0 aMIUIUTYTHOTO JI€TEKTOpa,
a Ha puc. 68 — mapayeILHOTO JeTeKTOpA.
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Puc. 68. Ympoméanas cxema mapamienbHOT0 aMIUTMTYAHOTO AETEKTOpa

Cxema mapajjielIbHOTO aMILIUTYAHOIO JICTEKTOpa JOIOJIHEHA (QHILTPOM
HWDKHUX YaCTOT qu ch.

JUist yBemMYeHUsT BXOJHOIO CONPOTHBIIEHUS AaMIUIMTYJAHOTO J€TEKTOpa,
YMEHBUIECHUSI HEJIMHEHHBIX MCKAKEHU NMPU JETEKTUPOBAHUU M YBEIUYEHUS KO-
sbdunrienTa QuIbTpalMKM CUTHANA MPOMEXKYTOYHOW YacTOThl 4YacTO HMAYT Ha
yMeHblIeHUE Ko3pdulMeHTa nepenayu aerekropa. s 3Toro npuMeHstor pasje-
JNEHHYIO Harpy3Ky B BHUJE JACJIMTENS HAIPSOHKEHUS W3 JBYX pe3UCTOpoB R, H R,,
KaK 3TO MOKa3aHo Ha puc. 69.
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Puc. 69. OgHonosynepuoaHbIi aMITUTYIHBIA IETEKTOP

Benuuuna R2 Oyner uMeTh 3HaUY€HUE

R2 =0,1R 1+J1+2n“3ﬁ

R 1

73



rae R_.yy — BXOJHOE compoTuBieHHe Kackaga YHY, mogkimrouaeMoro k
BhIXOY jetekTopa. Torna R1= R — R2. EMKOCTH Harpysku JIeTeKTopa oIpe-
JEJSAI0TCSA U3 COOTHOLIEHUN

€2 =222 (C,+C,); C2=C—222F
faRl faRl

rjie fy— Hecyllasi 4acToTa MOJyJIMPOBAHHOTO KOJIeOaHus;

(., — BXogHas émkocts YHUY;

C;; — EMKOCTh MOHTaa CO CTOpPOHBI BxoAa YHY.

KoaddurmenT punprpannu Hanps»KeHUs HECYIIe 4acTOThI
1

Ny =— (21 f,C1- C2- R1),

€1,

roe C1 = C; + (,cymma éMKOCTH AMO/a U EMKOCTH MOHTa)Ka S TUOJA.

O6s1uno C,, = (2 + 5)n®d. Hanpsokenue 3ByKoBO# yacToTsl Ha Bxoge YHU
Ug =U,k,,

rae k,— kKo3GUIUEHT mepenayn IeTEKTOpa ¢ yU4ETOM PasielICHUs Harpys-

KH:

_ R2-RgxyHy
k, =k, :
R1-(R2+Rgyyyu)+R2-Royyny

re k, = cos8 — yroi OTCEeYKH TOKa, MPOTEKAIOIIECTO YepPe3 U0,

B pe3ynbrate 3KCepuMeHTOB MOKHO MPOBECTH CIEAYIOIINE U3MEPEHUS:

® BIIMSHUE WHEPLIMOHHOCTU HATrPy3KH aMIUIUTYAHOTO AETEKTOopa Ha Ghopmy
BBIXOJIHOTO HAIIPSIKEHUS,

® BIIMSHHUE BXOJHOTO COMPOTUBIICHUS YCUJIMTEIS HU3KOM 4acTOThl Ha (op-
MY BBIXOJIHOT'O HAMPSDKCHUS;

® 3aBHCUMOCTbH Kod(duieHTa nepegayr aMIIuTyIHOTO AETEKTOpa OT CO-
MPOTUBJICHUS HATPY3KU;

® 3aBHCHUMOCTH KO3 (UIIMEHTA TIEpeladyu aMIUIUTYIHOTO JETEKTOpa OT aM-
IUTUTY bl BXOJHOTO CUTHAJNA;

® 3aBHCUMOCTH MTAPAMETPOB JETEKTOPa OT YaCTOThI MOTYJISIIIUH.

[Ipu mpoBeAeHNN PKCIIEPUMEHTOB BO3MOXKHO MCIIOJIb30BAHHUE JIEMEHTOB U3
naGopa 61oka «JIMHEWMHBIX LIEITEN».

Ipumep: CobGepéM OTHOTAKTHBIN aMIUTUTYIHBIN JTETEKTOP B COOTBETCTBUU
¢ puc. 69 c mapameTpaMu 3JIEMEHTOB:

(1 =10H®;C2 =1008®D; R1 =1k0OM; RZ2 =10 xOm.
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BNOK NMUTAHUA

OCLINNJIOrPAD
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Puc. 70. Cxema sKcriepuMEeHTaIbHONW COOPKH AJIsI UCCIIETOBAHMS
OJIHOTAaKTHOT'O aMIUIUTYIHOTO AETEKTOpa

Ha Bxon nerekTopa mojaauM aMILUIMTYIHO-MOIYJHPOBAHHBIA CUTHAJ C He-
cymieit yactoroit 250 KI'n u Mmoxynupyromieii yacroroit 1 kI't. ['myOuna momyis-
mun 50%. C momorsio ocrmuniorpada mpoHad/Ir01aeM BXOHOM U IPOACTEKTHPO-
BaHHBIN CUTHAJIBI. Pe3ynbTaThl SKCIIepuMEeHTa IIPeICTaBICHBI Ha puc. 71.
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Puc. 71. BxoaHoil (aMIIUTYTHO-MOYJIMPOBAHHBIN ) U BBIXOIHOU
(MpOAETEKTUPOBAHHBIN ) CUTHAIIBI
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@Da30BbIil CABUT MEXIY MOAYJIMPOBAHHBIM U MPOAECTEKTUPOBAHHBIM CHUTHA-
JaMU TIPOMCXOJIUT M3-3a (pazoBoro casura B RC - 1iensix aeTekropa.

Ipumep: CoOepéM OAHOTAKTHBIA aMIUIUTYIHBIN NETEKTOp Ha 0aze Helu-
HEHHOrO0 YCWJIHTENS B COOTBETCTBHH C pHUC. /2 C TapaMeTpamMH 3JEMEHTOB:
C1=10u®; C2 =100u8d; R1 = 1k0m; R2 = 10 kOm. (puc.72).

Ha Bxon nerekTopa nogaauM aMILUIMTYJHO-MOIYJIMPOBAHHBIA CUTHAI C He-
cymierr wacroroit 250 kI'n u Moxynupyromei yactoroi 1 kI't. [myOuna mMoysis-
i 50%. C momormresio ocumiuiorpada mpoHadIr0jaeM BXOJIHON M MPOJICTCKTH-
pPOBaHHBIN CUTHANIBI. I3MEHSS yrojl OTCEYKH C MOMOIIBI0 MOTEHUHOMETPA, BKIIIO-
4EHHOTO B 0a30BYIO LI€TIb TPAH3UCTOPA, CHUMEM 3aBHCUMOCTH MEX]Ty HapsKEHU-
€M Ha 0a3e ¥ BBIXOJHBIM HaIPSHKEHUEM JIETEKTUPYIOLIETO KacKaa.

BMNOK HENMHEWNbIX LIENEW

BENOK NMTAHWA

i st i R

Puc. 72. CxeMa skcriepruMeHTaIbHOM COOPKU OJTHOTAKTHOTO
aMILTUTYTHOTO JACTEKTOpa

CHHMEM 3aBHCHUMOCTD BBIXOJHOI'O HAIIPAKCHUA IIPOACTCKTUPOBAHHOI'O CUI'-
HajJla OT BXOJHOI'O HAIIPsSXKCHHA, YCTAHOBHUB HAIIPSIKCHHC Ha Oaze TPaH3UCTOpA,
pPaBHOC MAKCUMAJIBHOMY BbIXOIHOMY HAIIPAKCHUIO, ITOJTYYCHHOMY B ITPCABIAYIICM
OKCIICPUMCHTC.
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JlabopamopHas pa6oma Ne 13

YMHO2MCeHue yacmomul

KpaTkue TeopeTuyeckue cBeaeHHUs1

BonbmIMHCTBO MPOLIECCOB B paMOTEXHUKE (HENMHEHHOE yCUJICHHE CHUTHa-
JIOB, MOAYJISALIMS, EMOYJISLINS, OTPAaHUYEHHIE, TeHepaIus, YMHOKEHHUE, IeJICHUE U
npeoOpa3oBaHUe YacTOTHI U T.JI.), CBSI3aHHBIX C MPEOOpa30BaHUEM CIIEKTpa CUTHa-
JIOB, OCYIIECTBIISIOT C IMOMOIIbIO HEJIMHEHHBIX U MapaMeTpuuecKux leneil. B He-
JUHEHHBIX LEMSAX IapaMeTpbl 3JEMEHTOB 3aBHCAT OT BXOJHBIX BO3JCHCTBUM, U
MPOIIECCHI, MPOTEKAIOIINE B HUX, OMUCHIBAIOT HEIMHEHHBIMH JU(depeHIInaTbHbI-
MU ypaBHEHHsSMH. [Ipy 3TOM K HUM HENPUMEHUM MPUHIUI CYNEPHO3UIUH. DTU
LEMU OTJIMYAIOTCA OOJIbIIMM pa3HOOOpa3ueM W MO3TOMY HE CYIIECTBYET OOIIMX
METO/IOB UX aHaJIn3a.

HenuueliHyto 1enb MOXKHO OINpPEAETUTh HE TOJBKO MO BXOJAIIUM B HEE
3JIEMEHTaM, HO U 10 BHEIIHUM IIPU3HAKaM, K YUCIIy KOTOPBIX IPU FApMOHHUYECKOM

BXOJJHOM CUTHaje Ugy(t) oTHOCAT:
v orinure (GOPMBI BBIXOJHOTO CUTHANA lgyy, (f) OT CHHYCOMIaIbHOU MpH

nojave Ha BXOJI ATOM I[ENU rapMOHUYECKOTO KOJIeOaHus;

v IOSBIIEHHE B CIIEKTPE BBIXOJHOTO KOJE€OAHMs TapMOHHK, KOTOPBIX HE
OBIJIO BO BXOJHOM CHTHAJIC;

v’ HEJIMHEHHOCTH MePeIaTOYHON aMIUTUTYTHON XapaKTEePUCTUKH;

v’ 3aBUCHMOCTH (ha3bl YCHJIEHHOTO CHIHAJa OT aMILIMTYIbI BXOJHOIO CHUT-
HaJa.

BONBIIMHCTBO HEIMHEWHBIX PAIUOTEXHUYECKUX IENEW U YCTPOMCTB OIpe-
TESETCS CTPYKTYPHOM CXEMOM, PeCTaBICHHONW Ha puc. 73.

| Henuneiinwrii 2
Bxod Dunvmp Brixod
SeMeEHM .

Puc. 73. CtpykTypHas cxeMa HeJIMHEHHOTO YCTPOMCTBA

CoracHo 3T0il cxeme, BXOJJHOM CUTHaJI HEMOCPEACTBEHHO BO3JIEHCTBYET HA
HEJTMHEHHBIN 2JIEMEHT, K BBIXOY KOTOPOTO MOAKIIOUEH GUIbTp (TMHEIHAS 1IETh).
B 3THX ciyyasx mponecc B paMo3JIEKTPOHHOW HEJIMHEMHOM LIENMNA MOXKHO OXapak-
TEpU30BaTh JBYMS HE3aBUCHUMBIMU JPYT OT JpyTa ONEpalUsIMU.

B pesynbTaTe nepBoii onepanuu B O€3bIHEPIIMOHHOM HEJIMHEHHOM DJIEMEHTE
MPOUCXOJUT TaKoe MpeoOpazoBaHue (OpMbI BXOJHOTO CUTHaA, MPU KOTOPOM B
€ro CIEKTPE MOSABISAIOTCS HOBbIE TAPMOHUYECKUE COCTaBIsoNMe. Bropyto onepa-
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LUI0 OCYHIECTBJIAET (DUIBTP, BBLACISAIOIIUN HYXHBIE CIIEKTPAJIbHBIE COCTABIISIO-
1€ NpeoOpa3oBaHHOIO BXOJHOIO curHaia. MeHsis napaMeTpbl BXOJJHOTO CUTHAa
U UCIOJIB3YS pa3jMyHble HEJMHEHHBIC 3JIEMEHTH U (PUIBTPHI, MOKHO OCYIIECTB-
J5Th Tpebyemyro TpaHcopmaiuio crnektpa. K takoir ymoOHO#M TeopeTudeckoin
MOJIEJIM CBOJSATCS MHOTHE CXEMbl MOAYJISTOPOB, JIE€TEKTOPOB, aBTOTEHEPATOPOB,
BBINPAMUTENCH, +YMHOXKUTENEH, AeTuTeNel U nmpeoOpa3oBaTesieil 4acTOTHI.

Kak npaBuio, HenuHEHHBIE LENM XapaKTEPU3YIOTCS CIOKHOM 3aBUCHUMO-
CThIO MEXJly BXOJHBIM CHUTHAJIOM (Bo3zaeiictBueM) U, (f) ¥ BBIXOJHOM peakuuein

U Bblx(t), KOTOPYIO B 00IIIEM BHJI€ MOYKHO 3aMCcaTh TaK:

Ush[x(t] = f[UBx(t]]'

B HenuHelHbIX nensx ¢ 0e3piHepIMoHHbIMU HD B KauecTBe BO3/IEUCTBUS Hanbo-

Jee ynoOHO paccMaTpuBaTh BXoaHOE HanpsbkeHue U, (T), a B KauecTBE OTKIIUKA —
BBIXOAHOH TOK lggy(t), cBa3b MEXK]ly KOTOPBIMH OIIPENESACTCS HEIMHEHHON

(yHKIIMOHAIBHOM 3aBHCHMOCTBIO:
'EEH:[}{ (t] = f [ UE:x (t)]

JlaHHOE€ COOTHOIIEHHE AaHAJUTHYECKH MOKET MPEJCTaBIATH COO0OM 0ObIY-
HYI0 BOJIbTAMIIEPHYIO XapakTepuctuky HO.

CrpykTypHas cxema HEJIMHEWHOI'O0 PE30HAHCHOI'O YCWIMTENA (YMHOXU-
TEJIsl YaCTOTHI) IPUBEEHA Ha pucC. (4.

K
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Usy E

Puc. 74. CtpykTypHass cxeMa YMHOXHUTEJS YaCTOTHI

PexxumM paboThl HETMHEWHOTO YCHIIUTENSI TPUBEAEH HA puc. /5.
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Puc. 75. I'paduku, mimmocTpupyomue padoTy HETMHEHHOTO YCUITUTEIS

[TycTh Ha BXOJIe yCUIIUTENS ICUCTBYET HAIPSIKEHUE
Ugpp = Ugg + Uycoswt ,
rne Us,,, — HanpsbkeHue Ha 0ase; Uy, — HanpshKeHne CMEeIeHHS;

w = w, = 1/ LC. Ilpu 5TOM TOK, IPOTEKAOIIMH B KOJUIEKTOPHOH LieTH

TpaH3UCTOpa

U, = Iy —I—Z I}, cosnwt ,

n=1
HaIpsHKEHUE Ha KOHTYpe
U, =I,,pcoswt = Uycoswt,

rac g — 3KBUBAJICHTHOC COIIPOTHUBIICHUC MAPAJUJICIIBHOTI'O KOHTYpa IIpUu pe30-

HaHCC.

KycouHo-1HelHas anmnpoKcUMAaIKs XapaKTEPUCTHKU TPaH3UCTOPa
e = f(us)

o {S(uﬁ —U,) nmpu uyz; = U,

1o npH u; < U,

MO3BOJISICT HAUTHU AMILIUTYAbI TAPMOHUYCCKHUX COCTABJIAIOIIUMX TOKA B 3aBU-

CUMOCTH OT YIJja OTCE€UYKH O:

‘rkn = SUﬁmﬁnEQ) = ‘r’l{an(@]
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rae a, (@)uf, (@) — ko3dhduIueHTs pa3nokeHnuss KOCUHYCOUIATBHOTO HM-
myJbca.

[Tapamerp O (B pamuanax i rpamycax), Ipd KOTOPOM TOK U3MEHSETCS OT

MaKCHUMAaJIbHOI'O 3HAYCHUA Im A0 HYJIA, HA3BIBACTCS y2/iomMm OmcCeUKu.

(/Ipyzoe onpedenenue 3mozo napamempa: y2oji, cOOMEEMCMEYIOUUIL NOJ0BUHE MO
yacmu nepuoda, 6 meueHue Komopoﬁ 6 6bIX00HOU uenu HeUHEeH020 d1emMenma npomekaem
MOK, HA3bI8AEMCA Y2TI0M OMCEUKU U 0003Hauaemcs oykeoii 0).

YToJ1 0TCEUKH KOJUIEKTOPHOTO TOKa & HaXOIUTCS U3 COOTHOIICHUS

cos@ = w.
Ugm

KoaddummenTsl paznoxkenus «, (@) mOCTUTalOT HAMOONBININX 3HAYCHUN

IIPU yTJIaX OTCEUKHU

0, = 120°/n,
a koah¢unuents £, (@) — npu
0, = 180°/n.

[Ipy aHanu3e HENMHEHHBIX LIETEW ¢ U30MpPATETbHON HArpy3KOll KBa3WJIu-
HEWHBIM METOJOM BBOJSTCS XapaKTEPUCTUKH U MTAPAMETPbl HEIMHEMHOTO JIEMEH-
Ta JUIsI UHTEPECYIOIIEN TapMOHUKHU. Tak, mapaMeTpoM TpPaH3UCTOpa B CXEME pPHUC.
4.6.1. sBiAeTCA CpeaHAs KpyTH3HA

I
Sl:p = leUﬁm = Sﬁl(&})

Kosddurment ycunenus HEIMHEHHOTO PE30HAHCHOTO YCWJIMTENS Ha Tep-
BOW rApMOHUKE

Uim
lr{Hl = /Uﬁm = Sl:pﬁap

3aBUCUMOCTh MEPBOM TAPMOHHMKHU KOJUIEKTOPHOTO TOKa [, TP Hampske-
HUU Ha KoHType U, OT aMIuuTyAbl HanpsDKeHUs Bo30yxaeHust Uy, Ha3bIBaeTcs

AMNIUMYOHOU XAPAKMEPUCIMUKOUL YCUTUMENA.
Bpemennas amarpamma KOJUIGKTOPHOTO TOKa Iy (f) B HEJOHANMPSHIKEHHOM

pexxumMe OylieT UMeTh BU/, TIOKa3aHHBIA Ha puc. /5. B nepeHanpsxEéHHOM pexuMe
OyayT HaOJI0JaThCs MPOBAJIBI B UMITYJIbCAX KOJJIEKTOPHOTO TOKA.

Kputnueckuii pexxum npeacTaBisieT co00i MpeAesbHbIN cllydail HeJoHat-
psoKEHHOrO pexxuma. Hanpspk€HHOCTH peXuMa MOYKHO OXapakTepU30BaTh C IO-
MOIIIbIO TaK Ha3bIBAEMOT0 KO3 (UIIMEHTA UCTIOIb30BAHUS KOJUIEKTOPHOTO Hampsi-
XKEHUs, WK K0dPPUIMeHTa HAanPsHKEHHOCTU PEXUMAa!

§ = Upm/Ex
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CunTaercs, 4TO B KPUTUYECKOM PEKHME &y = 0,85...0,95, B menonanps-
KEHHOM pexuMe ¢ < , B IepeHanpsukEHHOM pexnme ¢ = &, Koaddummen-

Thl OCTPOKOHCYHOT'O (KOCI/IHYCOHI[aJII)HOFO) HMITYJIbCa IMPCACTABJICHBI B Ta6JIHHe

9.

Tabauya 9
e°| 0 15 30 45 | 60 75 90 | 105 | 120 | 135 | 150 | 165 | 180

o; | 0,0 |011 0215 |0,28| 0,39 |0,455| 0,5 | 0,526 | 0,536 | 0,532 | 0,52 | 0,506 | 0,5

Hccneooseams pe3ucmuenulii HeTUHEUHBLI YCUTUMETb, OJIA Ye20:
1. CoGpath cxeMy, H300paxEHHYIO Ha puC. 76.

BMNOK HEMMHEWHbIX LIENEW
BOK NUTAHWSA u

[

o 158l °-1513#'
i e e (5]

Puc. 76. Cxema skcriepyuMeHTabHOM COOPKH TSl UCCIIEIOBAHUSI PE3UCTUBHOTO
HEJTMHEHHOTO YCUITUTEIS PY PA3IUYHBIX YTJIaX OTCCUKH

2. YCTaHOBUTDH YacCTOTYy KoJieOaHHUI reHepaTropa, paBHYI PE30HAHCHOM yac-

TOTE KOHTYpa, MO0 MAaKCUMyMY HaIpSKEHUS HA BBIXOJE CXEMbI IPH IMOJOKEHUU
TymOiepa S1 B nonoxeHun «KoHTyp».

3. YcTaHOBUTH CMElIeHHE Ha 6a3e TpaH3UCTOopa.
4. TlepeBectn TyMOnep S1 B monoxenue «Pezuctopy.

5. I3MeHss BBIXOJHOE HAIpPsHKEHUE TeHepaTopa, YCTAHOBUTH MO OCIMILIO-
rpady COOTBETCTBYIOIIMMA yroj oTceuku 6.
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6. CoOpatb cxeMy JjIst HcClieZioBaHus (pakTa yMHOKEHHUs 4acTOThI (puc. 76).
7. [Tony4yuTh ¥ 3apUCOBaTh OCIIILIOTPAMMBbI HAINPSHKEHUS HAa BBIXOJI€ HETU-
HEHHOTO PE3UCTUBHOTO YCHIIUTEINS.
8. [onmyunTth M 3apucoBaTh OCIHIJIOTPAMMBI BBIXOAHOTO HAMPSKEHUS MPHU
CIIEYIOIIMX MapaMeTpax:
0 =180°, Uzp,=10,8 B;
O =120°, Uz,=0,8 B;
O =90°, Uz,=0,6 B;
O =60°, Uz;,=0,4B.
Cuamo KonebamenvHble XaApaKmepucmuKu HeIUHEUH020 PEe30HAHCHO20
ycunumensa npu ciedyiouiux napamempax:
Uyp= 08B; Uy, = 0,6B; U;; = 0,48,
015 uezo:
1. [ToctaButhk TymMOIEp S1 B mojoxenue «KoHTYp».
2. Ilpu Uzy = 0,8B u U;,, = 0,2 B, u3Menss yactoty reHeparopa, ycra-

HOBUTH 110 MAaKCUMYMY BBIXOJHOTO HANPSDKEHUS YCHIIMTENSI 4acTOTy TeHeparopa,
paBHYIO PE30HAHCHON YacTOTE KOHTYpa.
3. Cusare 3aBucumoctb Uy, = f(U;,,) Tpu 3a7aHHBIX 3HAYCHUSX HaIpSs-

JKEHUSI CMEIIEHUs, U3MEHST HanpsbkeHne Bo30yxaeHus 1o 1 B. Onpenenuts 3Ha-
yeHue Ug,,, , COOTBETCTBYIOLIEE KPUTHUECKOMY PEKHUMY.

Hccneoosamov pe3oHAHCHBLIL HETUHEHHBIIL YCUTUMENb 6 PeNCUME YMHO-
JHCEHUA YaACmombl, 0715 4e2o:.

1. TTony4uTh ¥ 3apHCOBATh OCIMIIOIPAMMBI HAIIPSLKEHHUS Ha BBIXOJC PE30-
HAHCHOTO YCHJIMTEIS B PCKMME yABOCHHS M YTPOEHHUS YaCTOTHI, CPABHUTH HX C
OCLUJUTOrpaMMaMH HAIPsDKEHHS Ha BBIXOAE PE3UCTHBHOIO HEIMHEHHOIO YCHIIH-
TEJSI MPU TeX ke ycinoBuax. Onpenaenuts KO3POUIUCHT YCUICHUS B PEXUME Y-
BOCHHUS U YTPOCHHS YaCTOTHI, IS YETO:

2. YcranoButs Ugy = 0,6 Bu Uy, = Uppyip-

3. YMeHbIast 4acToTy Te€HepaTopa, HAaCTPOUTh KOHTYDP Ha BTOPYIO U TPETHIO
TapMOHUKH HAMPSHKEHUS BO30YKICHHS.

4. VI3aMeHsisi HanpshDKEHUE CMENICHHsI, TOOUThCS MaKCUMyMa HalpshKEHUs Ha
BBIXOJIC PE30HAHCHOTO HEJIMHEHHOTO yCHIIUTENsS, paboTaIoMEero B PeKMUME YMHO-
JKEHHS YaCTOTEHL.

5. 3apucoBaTh OCHHJUIOTPAMMY BBIXOJHOTO HANPSHKCHUS YMHOXHUTEIS H
HU3MEPHUTH €ro 3HaYCHHUE.

6. Onpenenuth K0O3PPUITUESHT YCUICHHS] YMHOXKHUTENS YaCTOTHI.
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7. BKIIIOYUTH PE3UCTUBHYIO HArpy3Ky TYMOJIEpOM M 3apHCOBaTh OCIIMILIO-
rpaMMBbl HalpsHKEHUS. Ha BBIXO/I€ YMHOXKUTEINS YaCTOTHI IJIs1 peXKUMOB HEJTMHEHHO-
T'O AJIEMEHTA, UCTIOIb3yEMbIX B MPEABIAYIIEM ITyHKTE.

Ipumep: CobepéM cxeMy YMHOXKHUTENS YaCTOThI B COOTBETCTBHH C puUC. /6
C MMapaMeTpaMu’

® YacTOTa pe30HaHCa KOHTypa KacKaJaa YMHOKHUTENS 4acToThl ~ 496 kl'm;

® yacToTa BXoaHoro curxHana ~ 248 gl'm;
e amMmruuTy/a BxoaHoro curHana 0,5 B;

e HanpspkeHue cMmemenus +0,6 B.

Pe3ynbTaThl aKCriepuMeHTa NpeICTaBICHbI HAa puc. /7.

Puc. 77. YMHOX€EHHE YaCTOTHI

Konmponwvnwvie éonpocwi:

1. Yto Takoe HelnuHEWHAas JeKTpuyeckas 1enb? KakoBbl CBOMCTBa HEIH-
HEWHBIX Lernen?

2. llpuBeauTe npuMepbl HEMMHEWHBIX AIEKTPUUECKUX LIETICH.

3. Kakue aneMeHTbl AIeKTPUUECKUX LeNeld CYUTAIOTCA HETUHEHHBIMU?

4. OOBsICHUTE MPUHIUI MOCTPOCHUS U padOThl YMHOKUTENS YACTOTHI.

5. Jaiite ompeneneHue yria OTCEYKH BBIXOAHOTO Toka. KakoBo mpaktuue-
CKO€ 3HaY€HUE yria OTCEYKH TOKa?
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6. Hauepture cxemy MOCTOBOrO BBIIPSIMUTEINS HANPSIKEHUS U OOBICHUTE
IPUHLIUII €T0 paboTHI.

7. Hauepture cxeMy aMIUIUTYJAHOTO JI€TEKTOpa U OOBICHUTE MPHUHIIUII €TI0
padoTHL.

8. OObsAcHUTE NPUHIUI PadOTHl CTAOMIM3AaTOpa HANPSDKEHUS HAa TpaH3U-
CTOPHOM CTaOMJIUTPOHE.

9. K udeMmy npuBOAST HEIMHENHBIE UCKAXXEHUS (DOPMBI BXOJJHOTO cUTrHaa?

10. Haueptute cxeMbl MOCIEAOBATEIBLHOTO U MapajlIeIbHOIO OTpaHUYUTE-
J81.
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5. ACCJIEAOBAHUE TPAH3UCTOPHOI'O PEBUCTUBHOI'O
YCUJIMTEJA

KpaTkue TeopeTuyeckue cBeIeHHUs

+En

R1 |:| Rk

o—0

c1 V1
o4 )
I \5
Usx []R2
o l . o]

Puc. 78. Cxema TpaH3UCTOPHOTO PE3UCTHBHOTO YCHITUTEIS

Usbix

[TepenaTounas GyHKIUS alepUOANICCKOTO YCUIIUTEINS pHC. /8 MOXKET OBITh
MPEACTABIICHA CIIECAYIOIUM BhIPA)KEHUEM:

K,jwt,
(1+ wt,)(1+ jwt,)

K(jw) =

rae Tp,— INOCTOSHHAsA BPEMEHU Pa3/IeaUTEIbHON LIEMOYKH;
T — IOCTOSIHHAS] BPEMEHH HATPy304HOM LENN;
K, — x0ooppuImeHT ycuneHus: yCuanTens Ha CpeaHUX 4acTOTax.

OTH TOCTOSHHBIC OMPEACIISAIOTCS CICAYIOIMMM 00pa3oMm:

1
Ty, = Cy Ry ||R, ||7s, Ty = CDRH"h—J
223

rae: g = Nyq3 — COMPOTHUBIIEHUE y4acTKa 0a3a-aMHUTTEp (BXOIHOE COMPO-

TUBJICHUE) TPAH3UCTOPA;

1 / h,,,~ BPIXOZHOE COMPOTUBIICHUE TPAH3UCTOPA,
22

Co — CyMMa MEX3INEKTPOIHON EMKOCTH Lz M EMKOCTH MOHTaxa Ly;.

Koaddumment ycunenus

- L ope

K, = SR, |
° X hZZEI h’llEF h223
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OonpcACisICT YCUIICHUC CXCMbl Ha CPCAHUX YACTOTAX, KOrda BIIMSAHUCM €MKOCTEeH

Cy 1 C; MOXHO TIpeHeOpeyb.

T
Ec 0/ <« 1,
JIN pr

TO
Ko

1 —I—j(mru—m;).

Hepexoz[Ha;I XapaKTCPUCTUKA aAlICPUOJUICCKOTO YCHIINTCIIAA UMCCT BU !

K(jw)=

Kof - Ty -t
g,()= ——|e Vo — e /), Wr=0
’ Ty T

hi
PacuérHast yacrb:
JJist uccienyemMoro Kackaja rmpu 3aJaHHbIX MPerno/iaBaTesieM 3HaYeHUsIX Ta-
PaMEeTpOB JIEMEHTOB YCUIIUTENS PACCUUTATD:
1. Koadduuuent ycunenus no Toky K;
. hz13° Ry

K;
RB}{Z

»

riae: Rpys — BXOJHOE COITPOTHUBIICHHUE CIEAYIOIIETO KacKaaa:

RBX.VTE ’ R,ﬂz
Rexyra + Rpa

Rgy, = Rgyprz || R,ﬂz} Rpy, =

Ry, — conmpoTuBIIeHNE EUTENs HAPSKEHNS Ha BXO/le BTOPOTO KacKasa:
__ R7TRS
A2 7 p7iga’

Ry — conpoTuBiIEHHE HAarpy3KH LIENIH KOJUIEKTOPA, PAaBHOE MapaJlIeIbBHOMY

COEMHEHUI0 Ry, Rpyyry H Rpj:
Ry = Ry || Rexvrz |l R,J_T,E;

C y4€ToM mapauienbHoro BKIoueHus Rgyyrs U R, BBEIEM 3HAaUCHUE

Rpyxvrz - Ruop
R. = il

Rpyvrz + Ruz

Ry — pe3uctop B nenu komwiekropa V11 (Ha cxeme puc.79 3To pe3ucTopsl
R,R3,R,, KOMMyTHpYEMbIC C IIOMOIIBIO MEepeKtoyarens S, ).
Rexyrs = 752 + (13, + R8) (15 + 1),
rIe 1y — auddepeHmanbHOe COMPOTHBICHNE dIMUTTEpa, onpeaensseMoe mo (op-

Ur
MyJIe T3 = -r_:a
o
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. kT N
B mocnenneit popmyne Uy = — — TeMrieparypHbIi TOTEHITHAT (ITPH KOM-
=4
HATHOM TeMmepaType), paBHbIA PUOIU3UTENEHO 26 MB;
k = 1,38 - 10723 Ix/rpan — nocrosuuas bonsumana; T° K — temueparypa
p —n - nepexoxa (rpan. KenbBuHa); e — 3apsij AJIEKTPOHA.

2. KoaddunuenT ycunenus mno Hanpspkenuro K

rae Rpy, — BXOJHOE CONMPOTUBIICHHE NIEPBOTO KacKaza:

Rpxyri- R
Rpx: = Rexvri |l Rpss Rpy: = RB};VV::—F Rill ;
R1-R2
Rexyr: = 751 + 731 (Rp15 + 1); R T RL1+R2

3. Koopdunuent ycunenus no momnoctu K, = K - K;.

4. Koo duumeHT 4acToTHBIX HCcKaxeHu My u My3a cuér Cpu C; ana 3a-
JAHHBIX YacToT fz H [y, a Takke it 3aAaHHbIX CpHls,

rae: (p — paznenuTenbHas EMKOCTh MKy KacKajgamu (Ha cxeme puc.79 ato
émkoctu (3, C,, C;). OHU MEHSIOTCS C MTOMOIIIBIO MepeKITtoyaTencii S; u S,.

(5 — €MKOCTh, UIYHTHUPYIOLIAsl PE3UCTOP B LIENH OTPULIATETHLHON 0OpaTHOM
CBSI3U IO TOKY (Ha cxeme puc.79 sro émkoctu (g, (5, Cg). OHM MEHSAIOTCS C TI0-

MOIIIBIO NIEPEKITIOYaTENe S5 1 S .

Mg = /1 + (21f;CoRaxp)?

rie:
RrRy RyR,
Ryps = ——;  Ry=—102
#EE T R+ Ry 7 Ry + R,
Co = Cppix + Cv = Cexacms
My = My, - Mys ;

1 2
oo~ 1] I
e 21 fy Cp(Raggy + Ry)

p_ RiRg
BKB.H_RF+RK:

[ +S - Ry)? + C2(2mfyuRs)?
H3 CZ(2mfyRy)? + 1 ’
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1+h o
= ——=22__ KpyTU3HA BOJILTAMIIEPHON XapaKTEPUCTHKH.

Rr+Rgyvrz

R, — pesucrop B uenu smurrepa Tpanzuctopa VT1l. B nmaHHoOl cxeme
R; =Rs
5. Koapdunment ($ha3oBbIX UCKAKEHUN @y H@g AJIA 3aJaHHBIX YaCTOT fy U
f5:
1 .
27fyCo(Raggn + Ro)

Py = arctyg

pp = —arctg(2mfaCyRakpp) ;

Tyer = 2,20, R ;
6. Bpems ycTaHOBIIECHUS UMITyIbCa Tyer Ipu 77 EHOTIOKEE

7. OTHOCUTENBHYIO BeIWYUHY cnana uMmmyisca A- 3a cuér Cp u Cy. Ilpu

JIUTEIBbHOCTU nMItyJbca T; = 10 MKC:
L
Cp(Rsxen + Ro)

(HHOI’II& BCIIMYKWHA CIlaga HMIIYJIbCa B JIMTCPATYpC HOCHUT HA3BAHUC

Ag

«Cxom»).

Hcxoanbie JaHHbIE K PACYETY:

YucrioBble 3HAYCHHSI TTApaMETPOB JIEMEHTOB TPUBEICHBI HA JIMIICBOW TTaHe-
JIM CTEHJIA, TJIe W300pakeHa MPUHIIMITHAIbHAS cXeMa yeuauTens (puc.79):
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BNOK ANMEPUOANYECKOIO YCUNUTENA

+15B

R7| |R9

©

BbIXO[
@

S8

© S S S & ©
C1 -5 MK, C2 - 47 MKD, C3-0,25 Mkd, C4-0,75 MKD,
C5 - 10 mMk®P, C6 - 100 mMk®D, C7 - 470 mk®, C8 - 100 mMKD,
C9 - 470 Mk, C10 - 20 mk®
R1 - 56 kOm, R2 - 10 kOwm, R3 - 5,1 KOm, R4 - 1 kOm,
R5 - 1 KOMm, R6 - 4,7 kOm, R7 - 33 kOMm, R8 - 10 KOMm,
R9 - 3 kKOm, R10 - 100 Om, R11 - 1 kOwm, R12 - 510 Om

|

Puc. 79. Cxema skcriepuMeHTaIbHONW COOPKH AJIsI UCCIICIOBAHUS
TPaH3UCTOPHOT'O PE3UCTUBHOTO YCUITUTEIS

R1= 56k0M; R2= 10k0m; R7 = 33 k0m; R8 = 10 xkOwm;
Rr= 3k0M; Cpix = Cy = 20n®; fz = 200kl'y; f; = 1007
B skcnepumente ncnons3yrorcs tpansuctopsl KT3102. Hanpsoxenue wnc-
toynuka nutanusi, E; = 15 B. Tlpu pacuérax mojaratk, 4T0 TOKH MOKOSI KOJUICK-

TopoB Tpan3zuctopoB V11 u VT2:

89



Ios1 = loxr = 0,9MA; oy, = lpg, = 1,5 MA;
Tgy = Tgo = 1000M; h,,5 = 50...100
[IpuHIMnMaTbHAs CXeMa TPAH3UCTOPHOI'O YCWIMTENS MPUBEACHA Ha JIMIIE-
Boii manenmun «BJIOKA AIIEPUOJNYECKOI'O YCUWJIMTEJIS» u mo3BojseT
M3y4yaTh BIMSHUE BXOSIIMX B HEE 3JIEMEHTOB Ha OCHOBHBIC MMapaMeTphl U Xapak-
TEPUCTUKU YCUIUTENS. Y CUIUTENDb peann3oBad Ha Tpan3ucrtopax KT3102. Ilura-

HHUE uccienyemoro ycuwutens Ep = 15 B, mogaéres ¢ Oioka nmutaHus ¢ TOMO-
1[I0 TPOBOJHUKA CO ITeKepaMu. CUTHAI HA BXOJ YCHJIMTENS MOJAETCS OT TeHE-
paTopa CUTHAJIOB (3BYKOBOM, CMHYCOWJAIbHBIA WM MUMIYJIbCHBIN curHai). Tpe-
Oyembie BenuuuHbl Ry, (R4; R7); Co(C3; C4; C5); C3(C6,C7,C8);Ry (R12; =)
yCTaHABJIMBAIOTCA Mepekmouatensamu S2, §3, S4, §5, S6, S7 COOTBETCTBEHHO.

OC]_II/IJIJIOI‘pa(bOM B PCKUMC BOJBTMCTPA HU3MCPACTCA HAIIPAKCHUC CHI'HAJIda Ha
BXOAC YCHUIIHUTCILA. B 3aBucuMOCTH OT MOJIOKCHUS IICPCKIIIOYATCIIA 58 OCHHNJIIIO-

rpadom u3MepsieTcst HanpsbkeHue curHana Ugyy Ha Harpy3ke IepBOro Kackajaa
58 B paBOM ITOJIO)KEHMM WJIM HA HArpy3Ke BTOPOro Kackajga S8 B JIEBOM IOJIO-

»keHuu. MccnenoBanrue nepexoIHbIX XapaKTEPUCTUK OCYIIECTBIISIETCS C TIOMOIIBIO
ocuuiorpada, NoJKJIF0UYEHHOTO K BBIXO1Y KacKaja.

JlabopamopHas pa6oma Ne 14
OnpedeieHue 0CHOB8HbIX napamempos Kackaodd ycu/aeHusl

I[JISI MEPBOro KaCkaaa OonpecacianTb:

® BXOJIHOE€ CONMPOTHUBJIEHUE Rpyy;

e kod(puIueHT ycuneHus mno Toky K;;

e KOd(pPUITMEHT ycuieHus Mo HanpsoKeHuto K
e KO3(pPUIUEHT ycuneHus rno MomHocTu Kp.

Ha Bxone ycunutenst CTOUT AenuTeNlb BXOAHOTro Hanpsbkenus 1:100, BBuay
TOT'0 YTO BHEITHUMA I'eHepaTop HE MOXKET 00ECIIeUnTh HEOOXOAUMOE HAIIPSDKCHHE.

Jlns ompeiesIeHrst BXOAHOTO CONPOTHBIICHUS TPAaH3UCTOpa Ha BXOJ KacKaaa
nonaércst HanpsokeHue Upy = 10 MB ¢ ugactoroit f = 1000 I'm gepes pesucrop

R =1 kOm (ycTaHOBUTb B II€IIb BXOJIa YCUJIUTENS JOTOJHUTEIBHO) U U3MEPSIETCS
HaIpsKeHUE Ha Bbixojie reneparopa E;. [lo Benmuunam E;, Ugy, R omnpenensiercs

TOK
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. _Ey Uy
BX1 _T

1o n3BecTHBIM Igy; H Upy BHauane onpenensercss Rgpy, Kak mapasuieib-

Hoe coenuHenue Rpyyry W Ry, Buenu tpansucropa VT1

R1-R2 RpxvriRoi
(Rp1 = R1+R2)RBX1 R ’
exvritRa
a 3arem Rpgy.
UE}: . RBxiRﬂi
RBXI = ¥ RBX = .
Iexa Rmgy +Rey

BxoznHOE cONpPOTHUBIIEHNE BTOPOTO KacKaa OIpPENEsSeTCs] aHAJIOTMYHO Iep-
BoMy. Jlns HaxoxaeHus kodpduuuentos ycwienus K, K; u Kp uzMmepsiorcs Ha-
NpsDKEHUS Ha BbIXoze Kackana Upypy, BXonHOE HanpsbkeHne Ugy, BXOIHOM TOK Ipy
Y BBIXOJHOU TOK Iggpy:

e _ Upem | _ Py
K =25, gt g - e
gy Ugx Pgxy

) _ Upy ., .
rae: Ipx = Rex ' Pgy = IgxUgy ; Perix = Igpix Useix-

BoixogHol TOK Igppy, HEOOXOIUMMBIN nist onpexaeneHus K;, HaxoauTcs 1O

II _ Uoepn
U3MEPEHHOMY Ugpyy W U3BECTHOMY Rpyo ppix = :

RE}{Z

PesynbraTel u3mepenuit 3anectu B Tabnuiy 10.

Tabauya 10

F=1000Ty U.=10mB

! f
EU BX BX REII!C:L IEIX:I. PEIX:L 'UEII':I}I:L IEII':[X:I. PEII':[X:I. Hi K HP

B MKA Oom KOmMm | MKA | mBm mB MKA | mBm
M

Jla6opamopHas pa6oma Ne 15

H3mepeHue amnaumyoHO-4acmomHol XapaKkmepucmuku
ycuaumens

[Ipu cHATHM aMTUTMTYHO-YaCTOTHBIX XapaKTEPUCTUK BXOJHOE HAIPSKEHUE
JOJDKHO TojiepkuBaThest octossHubM (0,5 MB). Beixoanoe nanpspkenne U,

IICPBOI0 KaCKaaa U3MCPACTCA Ha 4aCTOTax reHepaTopa:
25; 50; 100; 200; 400; 800; 1600; 3600; 6400; 13.000; 25.000;
50.000; 100.000 1 200.000 I,
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1. CHATB ¥ IOCTPOUTH AMIUIUTYAHO-YACTOTHYIO XapakTepucTuKy (AXY)

KX

Kmax

PesynbTaTel m3mepenuit 3anecty B Tabmmiy 11.

Tabauya 11
Usx= 0,5 mB; Rg= Co= C=; Ry=
o | o | o | & |8
o (=) o S <)
Fw 15 /8|8 /8 /8|8 |8[818/8/8/8/2 /8
Sm e 3R [R|S|S
Ugira (MB)
K
Hm-mx.
Uszirz (MB)
K
Hﬂ‘l—ﬂa.l:

2. Cusartp u moctpouts rpaduku 3aBucumoctu K = f(Ry), K = f((3),
K = f(Cp) nayacrore f = 100 I'n u 3aBucumoctu K = f(Ry),
K = f(C;)na gactore f = 200 &I'm,

3. Cuatp u moctpouth AXY BTOpOro Kackana ycunutens. PesynpraTsl 3aHe-
cTH B Tabnuity 12.
4. OnpenenuTh BXOJHOE CONMPOTHUBIIEHNE BTOPOTO KAaCKaaa yCUIUTENA Ry -

PesynbraTel 3aHectu B Tabnuiy 12.

Tabnuya 12
f=1000ry U=10 mB R,=510 Om
Ey Iox R:. Re:z Uceno K
(mB) (MKA) (Om) (Om) (B)

IIpumep: cHUMEM aMIUTMTYIHO-YACTOTHYIO XapaKTEPHCTHKY MEPBOTO Kac-
kaaa npu Tpex 3HaueHusX C53:100 mx®, 200 Mr® u 670 M.

PesynbraTel npeactaBuTh B Buje rpaduka ¢ JorapuMUUECKOn MIKAJIOH 1o
ocu yacToT (puc. 80):
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Puc. 80. AUX nmepBoro kackaja yCHJIUTENs MPU PA3INIHBIX BeTUIUHAX (5

JlabopamopHas pa6oma Ne 16

H3mepeHue ¢ha3zo-yacmomHoil xapakmepucmuKku ycuaumesst

[Ipoussectu nzmepenne OUX, nms yero:

1. Octmnorpad BKIIOYUTH B PEKUM BHELIHEH cuHXpoHu3auuu. KocBeHHoe
u3MepeHue (pa3oBOro CABUIAa MEXAY BBIXOJHBIM U BXOJHBIM CUTHAJIAMU OCHOBBI-
BaeTCs Ha MPSIMOM U3MEPEHNN BPEMEHHOTO CIBUTA.

2. [ToaKIIIOYNTh BEPTUKAIBHBIC YCUITUTENN OCIMUIIOrpada Ha BXO U BBIXO
HCCIIEYEMOU LIETIH.

3. YCTaHOBHUTH XapaKTepHYIO TOYKY BXOJHOTO cuUTHaia (Tepexoj uepe3
HyJIb) B LIEHTpe 3KpaHa. [Ipon3BOAUTh M3MEPEHUE CMEIIEHUS 3TOW TOYKHU y BBI-
XOOHOTO curHana. M3mepars Takxke nepuon curdana. st yCkopeHus: u3MepeHui
CABUTI U IIEPUOJ PEKOMEHIYETCsS ONPENEIATh B JCICHUAX CETKU, HAHECEHHOW Ha
3KpaH ocruiorpada. YactoTel reHeparopa ycTaHaBIUBATh T€ ke, YTO U IPU U3-
Mepennn AUX. IIpu yBenIUUeHHH 4acTOThI U3MEHSITh CKOPOCTh Pa3BEPTKHU (Mac-
mTad Mo OCKM BPEMEHHU), YTOOBI Ha IKpPaHE YKIaJAbIBAIOCH HE 00Jjiee OJHOTO EPHO-
Jla CUTHaJIa, B MPOTMBHOM CJIy4yae M3MEpPEHUs BPEMEHHOIo cABUTa OyAyT OYEHb
HETOYHBIMH.

4. Bynem cuutaTh BpeMEHHOW CIBUT MONOXHUTENbHBIM (T = 0), ecnu BHI-

XOJIHOM CUTHaJ orepexxaeT mo (ase BXxoaHOU (caBuraercs BieBo). B cimydae 3a-
Na3IbIBaHUs BBIXOJHOTO CHTHaja (CABUT BIPABO) BPEMEHHOW CIBUT CUHUTACTCS
orpunatesibibiM (T < 0) (puc.81):
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Puc. 81. ®a30BbIe COOTHOIICHMS ABYX TAPMOHHUYCCKUX CUT'HAJIOB

5. Da3oBbIN CABUT PACCUUTATH MO (POpMYyIIE:

T

¢ =721 (paa.)

6. Pesynbratel m3mepenunit 3anect B Tadnwuiy. [loctpouts rpadgux GUX

¢ = f(F).

IIpumep: cHuMeM (pa30-4aCTOTHYIO XapaKTEPUCTUKY IEPBOro Kackajaa mpu
Tpéx 3HaueHusIX (5:100 Mx®, 200 Mx® u 670 MrdD,

Pe3ynbpTraTel npenctaBuM B BHJIE Tpauka ¢ JIOrapu(PMHUUECKON MIKAION IO
ocu yacToT (puc. 82).

1 1 1 1 [ | 1 1 1 1 1 1 LI | I
0’ 1 I { I I I | 1 | (I I | I
Tl YT YT T Tyt T T T rrY———————"-""1
1 I { B R B ) 1 I ] | { B I | I
] ] | I I | ] I ] | I I |
] | RN N I I | 1 | ] [ I A I | I
60 : Lwdedidod il sccadismadacabadac L b Lo |
1 I | B B | 1 ] | | B I | I
] ] Fren I I I | I I | |
i I 1 i1 ) I i | { I I
1 I | S I I I | 1 I I | I |
]20 - e e e e o o e e |
1 | Frran 1 | 1 I I I |
] I { IO I I I | I I ] I | I I | I
] ] | I B B | ] I I | I I I i | |
1 | PO 1 g (5 | _'_l_____l___I___I__I__I__I_I_I_ ________ |
180 LT e—
I I | B A O B ) 1 1 ] ]
] ] | O I | ] I I | [ | |
1 I { B B B B | ] I i | Lo
B 10kl 100kly ~
Y U

Puc. 82. ®a3zo-yacToTHas XapakTEPUCTHKA IEPBOTO KacKaaa YCUITUTEIS
MIPU Pa3IUYHBIX 3HAYEHUAX (5

Jla6opamopHas pa6oma Ne 17

HccaedosaHue 6PEMEHHbLIX XapaKmepucmuk ycuaumesas

[Ipu wccrnenoBaHUN HCKaXEHUI (DPOHTA HMCIBITATSIHBHOTO WUMITYJIbCa JUTH-
TENLHOCTh 3TOTO UMITyJIbCa yCTaHaBIuBaeTcss paBHOM 15 ...50 MKc, a yactoTa mo-
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BTopenus paBHou 10 ...30 kI'm. Bpems ycranoBjeHHs UMITYIbCA Tyer ONPEEISIET-

cst Uit 00oux 3HaueHudd Ry u Ry (puc.79).
[Ipu mccnenoBaHMM HCKAXKEHUW TIJIOCKOW BEPIIMHBI MCIBITATEIBHOTO WM-
MyJbCa JJIUTEIBHOCTh €ro ycranaBiuBaercs: paBHo 1000 mMkc, yacToTa moBTOpe-

Hua 1 kl'n; cnan (U,,,) TUIOCKON BEpIIMHBI NIPSMOYTOJBHOTO UMITYJIbCA OIpe/e-
JSIETCS IIPU U3MEHEHUURy, (5, Cp.

3apucoBaTh OCHMJIIOTPAMMBI, XapaKTEPU3YIOIIME cHaj, (CKOJ) BEPIIUHBI
IPSIMOYTOJIBHOT'O MMITYJIbCA HANPSKEHUS Ha BBIXOJE NEPBOr0 Kackajaa MpH U3Me-
HeHun Ry, (5, Gp.

Ipumep: nonxyuum ¢hopmy BbIXOJHOTO curHana npu R, = 4,7 kOmM,
C; =100 M@, = 0,25 MKD.

Pesynbrar mpencrasieH Ha puc. 83.

Puc. 83. Ocunmiorpamma crajia BEpIIMHBI TPSIMOYTOIBHOTO UMITYJIbCa
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6. HICCJIEJOBAHUE YCUJIUTEJISI C OBPATHOM CBS3bIO

KpaTkue TeopeTnueckue cBe1eHHA

CTpyKTypHasi cxema arnepuoJUYecKOro yCUIUTEN, OXBAaYEHHOTO IMOCIIEN0-
BaTeJIbHOM 00paTHOM CBA3BIO M0 HANPSIKEHHUI0, M300pakeHa Ha puc. 84.

i — — — — — — — — — — — — — — ———————

Ko(jw) i |

_ o-e— io
UKy (Jo) Uger oi_ !o
Koe(j@) i |

Puc. 84. CtpykTypHas cxema yCHIHTENS ¢ 00paTHOM CBSA3BIO
[lepenatounas ¢pynkus Ky(jw) ycunurens ¢ odparHoi cBszbio (OC) on-

PCACIACTCA OTHOIICHHUCM:

Ky(Jw) = KPUMJ

1+K,(Jo)K, (Jo)'

rae K, (Jw) u K,.(Jw) — nepeaarounpiec GyHKIUH UCXOTHOTO YCUITUTENS U

YETHIPEXTIOTIOCHUKA 0OpATHOM CBSI3U COOTBETCTBEHHO. OOpaTHas CBsI3b OYyJIEeT OT-
pHUIATEILHOM, €CITH

HyUmjKoc {:erj = _lHyUm]Hac Umjl = _HyUm]Koc UMJ
Otpunatenbhast oopatHas cBsizb (OOC) BiuseT Ha MHOTHE TapaMeTPhl yCU-

AK N
autens. B yacTHOCTH, HECTAOUIBHOCTH KOA(DPUIIMEHTA YCUICHUS K—” YETBIPEXIIO-
o
ARy
mocHuka, oxpaueHHoro OOC, oOyciioBieHHass HECTAOMIBHOCTBIO YCUIICHUS .
y

ycunurens, ymenpmaercs B (1 + K -K,.) pa3s. Hwknsa rpaHudHas dactoTa

Wy = :VTH npu Beenennn OOC ymensmaercs B (1 + K - K,.) pa3, a Bepxnss

rpaHWYHAas 4YacToTawyg = IXTB YBEIIMYMBAETCS BO CTOJIBKO K€ pas.
PacuéTHast 4yacThb:

Paccuurats mist ycunutens 6e3 o0paTHO# CBA3U KOAGOUIIMEHT YCUIICHUS TI0
HanpspkeHuto K = K - K,. B 3TOM BbIpaXxeHUH:
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R3 || Rexyrs

Hl = hz 13 — i
Rpyvri
R7 ||R11
Kz = h213‘ = .
BXVT2
rie
26MB
Roxvr: = 151 + 131 (1 + haq3) 5 3 = i
031
26MB
Rexvras = 152 + 132 (1 + hyqs) ; Ty = i
032

[IpunnunuanbHas cxeMa YCWIHTENsS H300pakeHa Ha JIMIICBOW TaHEH
«BJIOKA YCHUJIUTEJISL C OBPATHOM CBS3bIO» (puc.85). Brok comep uT
JIBYXKAaCKaJHbIM ycunutenb Ha TpaH3uctopax KT3102 u nenu xoMmyranuu, mo-

3BOJIAIONINE MOAKIIOYATh U OTKJIIOYaTh BHYTPEHHHE M BHEIIHHME IEMU OOpaTHOU
cBs3u. Kommyranusa neneit oOpaTHON CBS3M OCYILIECTBIISIETCA C IMOMOIIBIO Mepe-
Kirouarenei 52,53,54,55,56,57.

BremHsisi menb 0OpaTHOM CBSI3M MOXKET 00€CHeuuTh KaK YacTOTHO-
3aBHCHUMYIO (KOHACHCATOp C5 MOIKIIOUEH, K04 S7 pa30MKHYT), TaK M 4aCTOTHO-
HE3aBUCHMYIO 00paTHYIO CBs3b (KOHIeHcaTop 8 3akopoueH, KoHaeHcaTop 5 oT-
KITFOUEH).

Jlnist ompenieneHusi BXOJAHOTO COMPOTUBIICHUS YCUIIUTENS MOCIIEI0BATENFHO BO
BXOJIHYIO IIenb BBenEH pesuctop R1. s oOecrieueHns: BOSMOKHOCTH W3MEPEHUS
BBIXOJHOTO CONPOTHUBIICHHS MapalieIbHO pe3nucTopy Harpy3ku R11 mogkmtouaercs
pesuctop R10. IoxkimrodeHne W OTKIIOUCHHE Iienel oOpaTHOM CBS3H, COOTBETCT-
BYIOIIUX 3aJIaHUIO SKCIIEPUMEHTAIBHON YacTH pabOThI, OCYIIECTBIISIETCS KOMMYTa-
et nepekmodarenci S2 ... S8. Iuranue uccaeayemoro ycumurens +15 B.

K BXxoay ycunuTens NOJAKIIOYAaETCS TeHepaTop CUTHAJIOB U OCHUIuIorpad B
peKrMe U3MEpPEHUs] HANPsHKEHUN, KOHTPOJIMPYIOIINI HAaPsKEHWE Ha BXOJAE YCH-

autensa. YnuclieHHbIe JaHHbIE ITapaMeTpPOB JIEMEHTOB IIPUBEICHBI HA JIMLIEBOM Ia-
memu «BJIOKA YCUJIMTEJISA C OBPATHOM CBSA3BIO» (puc.85):

R3 = 5,6 kOM; R4 = 100 Om; R2 = 3,9 kOm; R8 = 390 Owm;
R9 = 3,9kOM;R7 = 2 kOm; R11 = 820 Om.

[TapameTpsl TpanzuctopoB KT3102:

hoi3= 50..100; I3, = Iy, = 0,9 MA; I3, = [pae = 2,2 M4
15y = 752, = 100 Om.
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JlabopamopHas pa6oma Ne 18
OnpedesieHue 8X00H020 U 8bIX0OH020 CONPOMuUB./1eHUll
ycuaumens

Ha Bxone 610ka crout nenutens BxoaHoro HanpsbxeHus 1:100, BBugy Toro,
YTO BHEIIHUNA F€HEPATOP HE MOKET 00ECIeYUTh HEOOXO0IMMOE HAIPSIKEHUE.

1. YcranoBuTh TpeOyeMyl0 4acTOTy IeHepaTopa U HampssKeHWE Ha BXOJIE
ycmutens, pasHoe 1 MB (kimtou 51 B mosnoxenuu 2), (puc.79).

2. BxogHoe CcONpOTHUBIICHHE YCUJIUTENS ONPEACIUTh KaK OTHOIICHHE Ha-
NPsHKEHUS, IPUIIOKEHHOTO K BXOAY YCHIIUTENS, K BXOJHOMY TOKY.

3. BXoaHO TOK yCHJIUTENSl ONPEeNeuTh Kak OTHOIICHUE TaJeHUs HaIpsiKe-
HUA Ha pe3uctope R1 k BENMM4YMHE €ro COMPOTUBIIEHUS.

4. BpIXOJJTHOE€ CONPOTHUBIICHUE YCUIIUTENS ONPECIUTh MO0 MU3MEHEHHIO BBI-
XOJIHOTO HANPSKEHUS NPH U3MEHEHHH BEJIUYHHBI CONPOTHUBIICHHS HAarpy3KH, Ko-
TOPOE OCYIIECTBIIACTCA MOJAKIIoueHuEM pe3uctopa R10 ximrouom S8 mapaniens-
HO pe3uctopy Harpy3ku R11:

Rowx R11- Ry - AUy ,
Ugbixz - R11+ Upyixy - Ry

R10-R11
rae Ry = m ; AUpny = Uppan — Uppixz

Ugkixy— BBIXOJHOE HANPSKEHUE IIPU OTKIIFOYEHHOM pesuctope R10;
Ugirx>— BBIXOJIHOE HAIPSKEHNE ITPU MOAKIIOUEHHOM pesuctope R10.

5. BXo/iHO€ 1 BBIXOJIHOE COMPOTUBJICHUS YCUIIUTEIIS U3MEPSETCS HA YacTOTE
curHaina, pagaou 1000 I'w.

6. Pesynbrarel uamMepenuit 3anectu B Tadauiry 13.

Tabnuya 13

UBX =1mB f=1000 rq
Uccnedyemasn cxema Ey Rex | Usbix1 | Usbix2 | Rebix1 | Koc K F Kr
mB Om mB mB Om

BHewHAn YacmomHo-
oc 3asucumasn
YacmomHo-
He3asucumas
OCe02-m
BHympeHHAnA Kackade
oc OCes 1-m
Kackaode
OC 8 dsyx
Kackadax
Ycunumens
6e3 OC
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JlabopamopHas pa6oma N2 19

OnpedeseHue 2/1y6uUHbI 06PAMHOII C8A3U

PaccuuTath 7151 ycunMTens, IpUHIKIIAAIbHAS CXeMa KOTOPOTo u300paxeHa
Ha yuueBod maneau «bBJIOKA YCUIIMTEJLA C OBPATHOM CBA3bIO», rny-
OuHy 00paTHO# cBsi3u (puc.85)u 3aHecTr pacuéTHbIe JaHHBIC B Ta0IMIy 14.

BNOK YCWUINUWUTENS C OBPATHOW CBA3LIO
R5 +15B
—— A
|
R3 R7
C6 BbIXOf
+11 -
VT4 VT2 rR10 [|R11
RE c8
=t HE
]R4 sS4 S5 []R8 S6 s7 S8
2\9) | [@\9)||[=)
+ f +
==C4 =—=cs =-—c7 L¢
T T1 T
: - 5~
R9
| )
C2 - 5 MKD, C3 - 100 mkd, C4 - 100 mMk®, C5 - 6800 mk®,
C6-10 Mk®,  C7-100 Mk®,  C8 -1 mkd
R1 -1 kOm, R2-39kOM, R3-56kOM,  Ré4-100Om,
R6-3,9KkOM,  R7-2KOm, R8-390Om,  R9-3,9KOwM,
R10-820 Om, R11-3 kOM
oss yueGHas
=23 Jexnnga | 8539

Puc. 85. Cxema skcriepuMeHTAIbHOM COOPKH JIJIs1 UCCIICTIOBAHMS
rIIyOMHBI OTPULIATENbHON OOpaTHOW CBSI3U yCHIIUTENS

[Ipu sKCcriepUMEHTAILHOM OTNPEICIICHUN TIYOMHBI 0OpaTHOM CBSI3U, BO3HU-
Karolen 3a cuéT OJIHOM W3 LeTel YCUIIUTENs1, HeOOX0IMMO ONPEIeIUTh 3HAUYEHUS
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KO3 (PUIIMEHTOB yCUIIEHUS MPU OTKIIOUEHHOM U MOJKIIFOUEHHOM BHUJI€ COOTBETCT-
Bylollel 0OpaTtHOM cBsi3u. ['myOuHa oOpaTHOU CBsi3M F MOXKET OBITh OINpejesieHa

U3 BBIPAXKCHUS:
K
F= K
oc
rae. K— xoahdunueHT ycuineHus ycuiauTens 6e3 oOpaTHOM CBSI3H;
Ky — k03pdULIMeHT yCulleHHs YCUITUTENS ¢ 00paTHOM CBS3BIO.
Paccuurath riyOuHy oOpaTHOM CBSI3U B UCCIENYEMOM YCHIMTEIHLHOM YCT-
POICTBE Ha CPETHUX YACTOTaX ISl CICTYIONIUX CIydaeB 3a CUér:
1. BHyTpeHHel uenu oOpaTHOM CBsI3U, 00pa3yIoIIeiics B IEPBOM KacKaje 3a
cu€T pesucropa R4 (konnencatopsl C4 1 C7 MOAKIIOUEHBI):

K
Fl == K 3
0C1
rae:
K )  Ré+4ry
Koci=7_ K7 Bi=_ ———,
1+f5, Ky R2 ||Rgxvrz
Rgy 72 — BXOAHOE CONPOTUBIIEHUE BTOPOIO KaCKaJa YCUIICHUS;
26mB
137 = — I3, = Iyx,— TOK IOKOS TPAH3UCTOPA MEPBOrO KACKaa.

o031 ,
2. Buytpenneit nienu oOpaTHOM CBsI3U, 0Opa3yIonieics BO BTOPOM KacKajie
3a cu€t pesuctopa R8 (xonumencaropsl (3 ¥ C4 MOAKIIOYEHBI):
K

F, = ,
* " Koc

rae:

R3||R
— K'K! - r R3 ||Rgxvre
Koco = KiK};  Ki = hyy ™2 1000me
BXVT1

K{,K; - k03 pUIIHEHTBI YCUIIEHHS TIEPBOTO U BTOPOTO KAaCKaJ0B C YIETOM
OC;

Réxvrz =152 + (32 + R8)hy45 ;

I 2 .
Rpy ysr> - BXOJHOE CONPOTHUBIEHHE BTOPOro Kackaaa ¢ yuétom OC;

§! K, 8 R8 + 15,
1+ BK, *  R7|R11’
26MB
Ty = i; Iy32 = Igg» — TOK MOKOS TPaH3UCTOPA BTOPOrO KacKa/a.
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3. BHemiHel nenu oOpaTHOM CBSI3M, 00pa3yIOIIECHCs BCICACTBUE MOAKIIOUE-
HUSI MEXY BBIXOJHOW M BXOIAHOM IENsIMU pe3rcTopa RY9 mpu OTKIIOUEHHBIX KOH-

neHcaropax C3 u C5 1 KOPOTKO3aMKHYTOM KoHJieHcaTtope C8:
K

= '
KGCE

Fy

rie
K R4
Kocs = 148K, Ps=paitpro’
4. BHyTpeHHEH 11enu o0paTHOM CBsI3U, OXBaThiBalolllel o0a Kackaaa u 00-
pasyromieiics 3a cuét pesucropoB R8,R6,R2 (xonmeHcaropsl £4,C8,C5 oTkito-

YeHbI, a KoHJieHcaTop €3 mOIKITI0UYEH)
K

F“l‘:

)
Kpca

rae
’
1 r

Kocs = ——— K3 ;
0Ca 1+ﬁ4‘H{ 2

B stux dhopmynax:

B, = 0,0006.

B — xoaddunreHT nepegaun HaNpsHKEHUs 1enu 00paTtHo# cBsizu (K0dddu-
IIUEHT 0OpaTHOM CBS3M), PaBHBIA OTHOIIEHUIO €€ BBIXOAHOro HanpsokeHus Uqg K

BBIXO/IHOMY HAIpPSKEHUIO YCUIIUTES, SIBJISIOIIEMYCSl BXOIHBIM HaIPsKEHUEM Iie-
1 0OpaTHOM CBSI3U:

B = Ucg/Ugpx.
Orcrona:
Ug = F-Usmx-
B1,B5, 83 By — KOOpOUIUEHTH 00paTHOM CBSA3M MPH pa3iINyYHbIX BapUaHTaX

MOJIKTIOYEHUS] PE3UCTOPOB U KOHIECHCATOPOB B IIEMAX OOpaTHOM CBSI3U HCCIEMYe-
MOT'O YCUITUTETIS.

JlabopamopHas pa6oma N2 20
OnpedeseHue Ko3gppuyueHma 2apMOHUK
npu 3a0aHHOM YPOB8He 8bIX0O0H020 HANPSAXMCEHUS

1. Ins onpenenenus KodpPuilmeHTa HEIMHEWHBIX HMCKaXeHUW K BBIXO]

YCUJIUTENS TOAKIIOUUTh K U3MEPUTEN0 HenuHeWHbIX uckaxeHud (MHU) tuna

Ce—11.
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2. YCTaHOBUTH BXOAHOE HampspkeHue yactorod 1 kl'm, ammutymoi 0,7 B.
Hcnonb30BaTh Npu 3TOM HHCTPYKIHMIO O paboTe C HM3MEpUTEIeM HEIMHEHHBIX
UCKa)XKCHUM.

3. IIpu otcyrctBum npudopa MHM M0XHO BOCTIOIB30BATHCS MEHEE TOYHBIM
crioco0om m3MepeHus. JIJis 3TOro mepeBecTy BUPTYAIbHBIA OCITMILTOTpad B peKUM
aHaju3a CIEKTpa CUTHaja ¢ TOMOIIbI0 ObICTporo npeodpazoBanus Dypre.

4. TTo aMIIUTyle TAPMOHUK BBIXOJHOT'O CHUTHAJIa CJEJIaTh BBIBOJ O HEJIH-
HEWHBIX UCKAKCHUAX B YCUJIUTENIC TIPU PA3JIMUHBIX BHUJAX 0OpaTHOM CBS3U B YCH-
JINTEIE.

JlabopamopHas pa6oma Ne 21

H3MepeHue amnaumydHO-4acmomHbIX XapaKkmepucmuk
npu pas/Au4HbIX ypo8HAX 06pamHoii cesi3u

CHATh aMIUIMTYJIHO-4aCTOTHBIE XapakTepuctuku (AUX) ycunurens mnpu
M3MEHEHUH YaCTOThI BXOJHOTO curHania B npesenax 50...200.0000 I.

PexoMeHyeTcs mpH KaKIoM MOCIEAYIOIMIEM H3MEPEHHUHU BBIXOJHOTO Ha-
MPSKEHUS YCTAaHABIMBAThH YaCTOTY B JIBa pas3a OOJIbIIIYIO, YEM MPEIbIAYILEM.

[Tpu Hanmmuum noabéMa AYX HEOOXOIUMO 3KCIEPUMEHTAIIBHO ONPEAEIUTh
BBIXOJ/IHO€ HAMPSDKEHUE Ha ATOM yacTtoTe. Pe3ynbTarsl M3MEpeHu 3aHeCTH B Ta0-
muny 14,

AMILTUTYTHO-4aCTOTHBIE XapaKTEPUCTUKU TMOCTPOUTH HA OJHOM Trpaduke
KaK 3aBUCHUMOCTb:

K
Y =—=Ff(F).
Ky
[TockoJibKy UCCIEMyEMBbIN YCUIUTEND SIBISETCS IMIUPOKOMOJOCHBIM, TO MPHU
noctpoeHnn AUX rpaaynpoBKy ocu 4acToT (och abcmucc) HE0OXOIUMO BBITIOJN-

HSATH B JorapupMUUECKOM MaciiTaoe.
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noctpouM AUX ycunurens A IBYyX BApUAHTOB BHYTPEHHEW 00-

Uccnedyemasn
cxema

YacmomHo-

3aeucumas
oc
YacmomHo-
He3asucumas
ocC

0Ce02-m
Kackaode

0oCe 1-m
Kackaode
OC 8 dsyx

Jlns mepBoro kackaia oOpaTHas CBsI3b M0 TOKY OOecreynuBaeTcs 3a

Jlyist BTOporo kackaja oOpaTHasi CBS3b MO TOKY oOecreunBaeTcs 3a CUET pe-

Kackadax
Ycunumenso
6e3 OC
Ipumep

D0 BBHMaHg

DO BBHHAdWAHG

cu€r pesucropa R4 B uenu smutrrepa VT1 (MOAKIIOUAIOTCS KOHJIEHCATOPHI

C4u C7).

sucropa R8 B mnenu smurrepa VT2 (moakimrouarorcs KoHaeHcatopbl C4 u C3),

paTHOM CBS3U.

10 kl'y 100 kI'y
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Puc. 86. AUX kackanoB ycwinTtens B 3aBucuMoctd oT Bujga OOC



KOHmpo./leble eonpocaslt:

1. Haueprtute cxeMy yCWIMTENS Ha TPAH3UCTOPE M — P — M - CTPYKTYPHI U

O0OBSCHUTE HAa3HAUYECHUE €r0 PJIEMEHTOB.

2. Hauepture cxemy SMUTTEPHOTO IMOBTOPUTEN U OOBACHUTE MPUHIUI
ero paboTsl. JIOCTOMHCTBA U HEAOCTATKH SMUTTEPHOTO MOBTOPUTEIIS.

3. Jlaiite ompeneneHue aMIUTUTYIHO-9aCTOTHON xapakTepucTuke (AUX)
ycwmrens. Hagepture 610K-cXxeMy U3MEpUTETHLHOTO KOMITIeKca Jutst CHATHS AUX
YCUJIUTENS U 00BSCHUTE HA3HAUYCHUE JIEMEHTOB CXEMBI.

4. Yro Takoe «1mojoca npomyckaHus» ycunutens? Kak ona onpenensiercs?

5. Kakue Buapl orpunatenbHoii oOpatHoit cBa3u (OOC) ucnonb3yroTes B
yeunurensax? s kakoit nenu ucnoiibdyetcss OOC B ycunurensx?

6. Urto Takoe «HOopMupoBaHHass AUX» ycunutens? Kak oHa cTpoutcs u
HCTOJIB3YETCS?

7. Tlouemy AYX mupokononocHoro ycunurens (LUITY) ctpourcsa B sora-
pudpmMuIeckoM Macirade?

8. KaxoBbI mpyUKHBI BO3HUKHOBEHHUS JIMHEWHBIX UCKAKEHUN B yCUIIUTENE?
Kax onu nposiBnsiroTcs?

9. KakoBbI NpUYMHBI BOSHUKHOBEHUS HEIMHEHHBIX UCKAKEHUI B yCUIIUTE-
ne? Kak oHu nposiBisroTcs?

10. PesxxuMbl pabOThI yCUITUTENBHBIX AJIEMEHTOB.
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7. MCCJEJIOBAHUE TEHEPATOPOB TPEXTOUYEK

Kpamkue meopemuyeckue ceedeHust

ABTOKO0JI€0ATEIbHBIMY Ha3bIBAIOTCSl AKTUBHBIE JJIEKTPUUYECKUE LIENH, B KO-
TOpPBIX 0€3 MOCTOPOHHUX BO3AECHCTBHUI CAMOCTOSTEIBLHO BO3HHMKAIOT 3JIEKTpUYeE-
ckue konedanus. Takue koneOaHusl Ha3bIBAIOTCS ABTOKOJICOAHUSIMU, a CAMHU DJIEK-
TPUUYECKHUE IIEHH, B KOTOPHIX BO3ZHUKAIOT aBTOKOJIECOAHMS, — aBTOTE€HEPATOpPAMHU
(wn, yaiue, reHeparopamu). ABTOTE€HEPATOPhl HCHOJB3YIOTCS B PATUOTEXHHUKE
JUTSL TIOJTYYEHUS SJIEKTPUUECKUX KOJIeOaHU.

B 3aBucumoctu ot Qopmbl BbIpabaThIBAEMbIX KOJEOAHUN pa3nuyaioT TeHe-
paTopbl TApMOHMYECKHX W HETapMOHHUYECKHX (pellakcallmoHHbIX) KojeOanuit. Ilo
OPUHLKITY pabOThl T€HEpaTOphl NEIATCS HAa TEHEpaTopbl ¢ BHEIIHEW oOpaTHOM
CBSI3bIO U C BHYTPEHHEW 00paTHOM CBA3bIO, T.€. C OTPUIATEIbHBIM COIIPOTUBIICHU-
em. Hakonern, pa3ianuue B 3J1IeMEHTHOH 0a3e MacCMBHOM YacTHU CXEMbI FeHepaTopa
MO3BOJIIET BecTH peub 00 LC - reHeparopax uinu 00 RC - reHepaTopax. B kauecT-

BE€ AKTHUBHBIX AJIEMEHTOB B I€HEpaToOpax MPUMEHSIOTCS AJIEKTPOHHBIE JaMIlbl, Ou-
MIOJISIPHBIE U MOJIEBBIE TPAH3UCTOPHI, TYHHEIBHBIE TUOBI U JIP.

Ha puc. 87, a mokaszan napamienbHbIil KoJeOaTeIbHbIA KOHTYP, COCTOSIIIHMA
u3 snemeHToB L, C 1 G. Ecin KOHTYypy COOOIIUTH HEKOTOPOE KOJIMYECTBO IHEP-

T, TO B HEM BO3HUKHYT CBOOOIHBIE Kosiebanus, [To mepBomy 3akony Kupxroda

i +i; +i, =0

mI
g

uK(t) Ak\\
i,_ iC iG \\‘\/

i AN

) 0)

Puc. 87. [lapannensHbiil KosieOaTeNbHBIN KOHTYD (@) U 3aTyXaHHUE CBOOOTHBIX
KoJieOaHUM B KOHTYypE (6)

Huddepenuupyst faHHOE ypaBHEHHE 1O BpeMEHHU U Jienst ooe yactu Ha C,

noJiy4aem
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dzuH+GduH 1
dt? C dt LC

Hamomaum, uto mnpu comportuBineHnn KoHTtypa R =1/G = 2p wm
G < 1/(2p) nepexoqHsblil MPOIIECC UMEET KOJIEOATENbHBIN XapaKTep.

Bemnmunna @ = G /(2C) HazpiBaeTcs K03GOUITMEHTOM 3aTyXaHUsI KOHTYpa,

1 . .
a BeHYHHA Wy = —/ JIic PE30HAHCHOM YacTOTON KOHTYpa.
LC

B sTix 00603HaYeHUSIX ypaBHEHUE TICPEITUIIICTCS B BUJIE
duy dug,
+2a——+ wiu, =0
dt2 dt oK
HuddepennmanbHoe ypaBHEHUE UMEET CIIEAYIOIEe PEIICHHE:
U (t) = Upype “sin(w t+0),

rac UM.FE - HadaJIbHasA aMININTy/Jda HAIIPsOKCHUA HAa KOHTYPC, 3aBUCAIIAA OT

BBEIEHHON B KOHTYP SHEPTHH; W, = /W5 + @2 - yacTtora COOCTBEHHBIX KOJeha-

HUl; 6 - HavanbHas (a3a.

Tak kak a = G/(2C) > 0, To KonebaHNE UMEIOT 3aTyXAIOIIUNA XapaKTep
(puc. 87, 6 mpu 8 = 0), 4T0 0OBACHSETCS MOTEPSIMU B KOHTYPE U3-32 HAIMYUS pe-
3UCTUBHON NpoBOAMMOCTH (. UTOOBI MPEBPATUTh TAKOW IEHEpaToOp B IE€HEPaTop
HEe3aTyXaroumx KoJeOaHuil, Hy)KHO BO3MEIIATh B HEM NOTEpH, T.€. MOMOJHATH
KOHTYp 3Heprueil. IIpuuém, ecim sHepruM B KOHTYP BBOJMUTCS POBHO CTOJIBKO,
CKOJIbKO HEOOXOAMMO AJI1 KOMIIEHCALUU MOTEPh, TO 3TO SKBUBAJIEHTHO BHECEHUIO
B KOHTYP OTPHULIATEJILHON MPOBOIMMOCTH (15, IPH 3TOM PE3YJbTHPYIOLIAS MPO-
BOJMMOCTh KOHTYypa oOpariaerca B Hysb. Torga @ = 0, U B KOHType BO3HUKAIOT
He3aTryxarolue kosneOanus. B ToM ciyuae, Korna sHEpruum B KOHTYP BBOAMTCSA
OoJbIIe, YEM 3TO HEOOXOAUMO Il KOMIIEHCAMW MNOTeph (T.€. OTpUIATEeNbHAs
npoBOAUMOCTh Ggy = G U, ciaenoBatenbHo, Ggy + G < 0), B KOHType BO3HH-
KAIOT HApacTalollIye N0 aMIUTUTYI€ KOJeOaHusl, Tak Kak KO3 (PUIIMEHT 3aTyXaHus
@ CTAHOBHTCS OTPULATEIbHBIM.

DHepruo B KOHTYpE MOKHO IMOMOJHSATH, HAIPUMEp, 32 CUET COOCTBEHHBIX
KoJIe0aHUM, CHATHIX C KOHTYpa U YCUJICHHBIX ycuinuTeneM. [IpuunHoi BO3HUKHO-
BEHUsSI KOJICOAHUW B aBTOTE€HEPATOpe SIBIAIOTCS (IyKTyaluu (ciydailHble BO3MY-
IIEHUS) TOKA B 3JIEMEHTAX peajbHON CXeMBbI (3a CUET TEMIOBOrO JBUXKEHHUS DJICK-
TPOHOB B aKTHUBHBIX JIEMEHTAX M PE3UCTOpax, ApoOoBoro 3¢ dexra u T.1.), a Tak-
e 3a CYET BHEIIHUX NMOMeX. DIIyKTyaluu TOKa I, MPOTEKAIOLIEr0 Yepe3 KOHTYD,
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BBI3BIBAIOT (PIIYKTyalldd HANpsDKEHHS B KOHTYpE U;. CHEKTp 3THX Cily4alHBIX

BO3MYIICHUN BEChMa IMIMPOK U COJAEPKHUT COCTABIISIONINE BCEX YACTOT.
CocTraBnsioniye HampsDKEHUS Uy, C 9acTOTaMM, ONMM3KMMHU K PE30HAHCHOU

4acTOTE€ KOHTypa g, UMEIOT HauOOJBbUIYI0 aMIUIUTY1y, TaK KaK MOIYJb KOM-

INICKCHOTO 3KBUBAJICHTHOI'O COIIPOTHUBJICHHA KOHTYpaA SBIIACTCA HauOOIBIINM U
PaBHBIM RDE! HNMCHHO Ha pGSOHaHCHOﬁ JaCTOTC (g .

BrieneHHoe Ha KOHType TapMOHHMUYECKOE KOJIEOaHHE C YacTOTOH w, Yepes
nens OC, nepenaércs Ha BXOJ TPAH3UCTOPA, CO3aBasi HAIIPSKEHUE Uy, .

DTO HaNpsHKEHHUE BBI3OBET YBEJIIMYEHUE KOJUIEKTOPHOTO TOKA ij. YTO, B CBOKO
ouepesib, MPUBEAET K YBEIMUYCHHUIO HANPSDKEHHUS Ha KOHType u;. Kak ciencreue
ATOr0 YBENUYATCA HaNpsKeHUEe 0OpaTHOM CBSI3U U,, U HANPSIKEHUE U;, U, 3HAUUT,
BHOBb YBEJIMYATCS KOJUIEKTOPHBIM TOK M HalpsDKEHHE HAa KOHType U W T.4. Ta-

KUM 00pa3oM, B 3aMKHYTOM CHCTEME aBTOreHepaTopa caMOBO30YKIaloTcs KoJe-
OaHMs 4acTOThI, OJM3KUE K PE30HAHCHOM YacTOTe KOHTypa wg. OU4eBUAHO, BaX-

HBbIM YCJIOBHEM BO3HUKHOBEHHMS KOJICOAHUM SIBISETCA TO, 4YTO (ha3a HaINpPSIKEHUS
Ugy JOJDKHA OBITH TaKOM, NMPU KOTOPOUM YBEIMYEHHE HAINPSKEHUS ;. BHI3BIBAET

YBEJIMYECHHE KOJUIEKTOPHOTO TOKA I; M, TEM CaMbIM, MOPOKJIAET HOBOE yBEIMYE-
HUeE U;. JlaHHOE yCIIOBHE SIBIISIETCSl YCIIOBUEM Oatanca ¢has.

[Ipotiecc camoBO30yX)aeHUS KOJIeOaHU B KOHTYPE C IHEPTreTUIECKON TOUKU
3peHUsT OOBSICHAETCS TEM, UTO OT UCTOUYHUKA MUTAHUS Yepe3 TPAH3UCTOP B KOHTYP
3a OJIMH Mepuoj KoJeOaHHs MOCTYMAET SHEPruu OOJIbIlIE, YEM pacXoiyeTcs e€ B
PE3UCTUBHOM COMPOTHUBJIECHUU KOHTYpa. OOpaTHasi CBsI3b, IPU KOTOPOU BBIMOJIHSI-
eTcst 6anaHc (a3, SABISAETCA MOJIOHCUMENbHOU 00pAMHOI C6A3b10. B IPOTUBHOM
ciydae oOpaTHasi CBSI3b SIBJISIETCS OTPULIATETIHLHOM.

Camo6030yrcoeHue agmozeHepamopa 603MOIHCHO MOJIbLKO NPU HATUYUU
noaoxcumenwvuoi OC.

N3 npenpinyniero paccykIeHus CIEIyeT, YTO CXeMa aBTOT€HeEpaTopa JOJXK-
Ha COAEP>KAaThb aKTUBHBIM AJIEMEHT C HEJIMHEWMHOW BOJIbTAMIIEPHOM XapaKTEPUCTH-
KOM, KoJeOaTenbHy0 cucTeMy (B JaHHOM Cllydae KOHTYP) M BHEUIHIOKO ILIeMb IO-
noxutenbHor OC, o KOTOpoi KosieOaHus ¢ BhIXOAa KoJie0aTeIbHON CUCTEMBI T0-
JTAI0TCSl HA BXOJI aKTUBHOTO 3JIeMEeHTa. Takue aBToreHepaTopbl, HA3bIBAIOTCS T'€HE-
paTtopamu ¢ BHemHed OC. CTpyKTypHas cxeMa MOCTPOCHUSI TaKUX T'€HEpaTOpOB
npuBeeHa Ha puc. 88. 3aMeTuM, 4TO HEJIMHEWHBIN aKTUBHBIN 3JIEMEHT ¢ Koseba-
TEJILHOW CUCTEeMOW 0Opa3yroT HEJIMHEWHBIH pe30HAHCHBIN ycuiautenb. [loaTomy
MOXHO TMPEJICTaBUTh OOOOIIEHHYIO CTPYKTYPHYIO CXEMYy aBTOT€HepaTopa C pa-
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30MKHYTOH Lienbio 00paTtHOM cBsizu. KommiekcHast nepenatounast GyHKUIUs Been
eI BbIpaxkaeTcs (popMyIioi:

Hy(iw) = Uy iy = Hy(i0) - Hocie)

I Henunennblii pe30HaHCHBINN —I

I YCHIJIUTEID I

| |

L o L v
| | AKTHBHBIN Koneb6arensnas [ | Llens oOparHoit
: SJIEMEHT crcTeMa I CBSI3H

| |

I I

| ]

Puc. 88. CtpykTypHas cxema HEJIMHEHHOTO PE30HAHCHOTO YCUIIUTEIIS

UtoOsl B reHepaTope MPOUCXOIUI0 CaMOBO30YKIeHUE KoJieOaHuM, HE00X0-
JTUMO, YTOOBI MOAYJh KOoMIUIeKCHOTO HampsokeHus |U,.(jw)| Ha BeIXOAe cxeMmbl
ObLT OoJTBIIIe MOTYJISI KOMITIEKCHOTO HanpspkeHus |U,(jw)| Ha BXoae cxemsl, OT-
Ky/a CcIeayeT

|Hy(jw)| = |H,(jo)| |[Ho ()| = 1.
[Tpu mpubIMKEHUN K CTAIMOHAPHOMY PEKUMY MOIYJIh KOMILIEKCHOTO KO-

> punuenra nepenaun ycunurens |H,(jw)|3a c4€T BIMAHUA HETMHEHHOCTH Ha-

YMHAET YMEHBIIATHCS /IO TEX TMOp, MOKa HE HACTYNMHUT TUHAMUYECKOE PaBHOBECHE:
|H, )| = |H,(o)||H, Ga)| = 1

DTO yClIOBUE COOTBETCTBYET CTAIMOHAPHOMY PEKHUMY U M3BECTHO MO Ha-
3BaHUEM Oananca amnaumyo. PazoBblil CIBUT B PA30MKHYTOU LI€MU aBTOT€HEpa-
TOpa

@y (M] = @y {:MJ + (Pac(m]'

bananc ¢paz, 1. e. coBnmagenue a3 HaNMPsHKCHUH HA BXOJIE U BBIXOAEC CXEMBI,

HacTynaer npu @, (w) = 2m. Taxum oOpasom, casur (a3 B Lenu 0OPAaTHOM CBSI-

3M 3aBUCHUT OT c/iBHTa (ha3 B YCUIIUTENE U JTIOTIOJIHSET €ro J0 2TT.

Ecnu Ha yactoTe reHepupyeMbIX KoJIeOaHWM YCHIIUTEIh BHOCUT CABUT (a3
¢, =T, TO Uenb OOpaTHOW CBA3M JOJDKHA HA 3TOHM K€ YacTOTE TaKKe BHOCHUTH

caBur Gasel @, (w) = .
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JlabopamopHas pa6oma Ne 22
HccaedosaHue éMKocmHol mpéxmouku (2eHepamopa Koanumya)

Kpartkue TeopeTnueckue cBeaeHusI
Ha puc. 89 npencraBnena 0000méHHas SKBUBAJICHTHAs cXxeMa EMKOCTHOM
TPEXTOUKH.

Puc. 89. DxBuBanieHTHas cxeMa EMKOCTHOMN TPEXTOUKH

I'enepanus konebanuii B 3ToM cxeme OyJeT NPOUCXOAUTh HA YaCTOTE PE30-
HaHCa TOKOB

Cl1+C2

Wr=9= 1T o

KOTJla CONPOTHBIICHUE KOJIeOATEeIbHOIO KOHTYpa OyAeT akTHBHBIM Zg(w) —1/G

1 MaKCHUMAaJILHBIM 110 BeJimunHe. KoMruiekcHas nepecaaTodHasn (I)YHKIJ;I/ISI YCHUIIUTCIIA
Ha 9aCTOTC ICHCpalm:
_ fiT
Hy(w.) = (5/G)e

Ilerns 0OpaTHOM CBS3W MPECTABISET COOOM ACIUTENb HANIPSHKCHUS, 00pa3o-
BaHHBIM MHAYKTUBHOCTBIO L 1 €MkocThio 2. KoMitekcHas nepenatoyHast (yHK-

U 11eN 00paTHOM CBSI3H

1/,
/jeC2 .

HGEUMJ —] p—] ;
. 1 .2

Ha 9aCTOTC IrcHepalvv . HNPHUHUMACT BUI

. oa o
Hacgmr]=a=a€‘h .
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N3 nepaBenctBa H.,(w.) - H,.(w.) > 1 MOXHO onpenenuTh yCIOBUS CaMO-

BO30YXKeHUsI EMKOCTHOU TPEXTOUKHU
5 (1 cz2 S

—-—=>=>1 unu — <.
G C2 Cl G
N3 ycnoBus Gananca aMIUTMTYJ, MOXHO OMPEICTUTh CTallMOHAPHOE 3HAYe-
HHE CpeHel KpYTH3HEI (S;p):
C2-G
C1

* —
SC'P -

DKCIEpUMEHTHI 110 UCCIIEIOBAHUIO TEHEPATOPA HA OCHOBE EMKOCTHOW TPEX-
TOYKH TIPOBOISTCS C MCTIOJIB30BaHUEM OJ10Ka, n300pakénHoro Ha puc. 90.

BNOK rEHEPATOPOB

BNOKMUTAHUA | . 0 o o o e e e = = = = = = —

| reHepaTOP
KONMMUTLA

- I' (EmkocTHAR
n | TPEXTOYKA)

S5 i

Oss
i Vit

Puc. 90. CxeMa sKkCriepuMEHTAIbHOM COOPKHU JIJIsI UCCIICIOBAHUS CXEM
TEHEPATOPOB EMKOCTHOM TPEXTOUKHU
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Cuamb eonomamnepnyrw xapaxmepucmuxky (BAX) mpanszucmopa, onsa
yezo:

1. YcranoButs TyMOnep S2 B mosioxkeHue «Pa3zomMkHyTO», TakuM oOpazom
pa3pbiBas 1IeNb 0OPATHOM CBSI3H.

2. [TogkmounTs MyJBTUMETP B pekuMe amrepmetpa (mkana 20 MA) B pas-
PBIB LIENHU KOJUIEKTOpa TpaH3ucTopa (mepekiatoyarens S1 B nonoxeHun «Pa3oMk-
HYTO»).

3. IloakiounTh BTOPOM MYJIBTUMETP JUJISi U3MEPEHUS HampsiKeHUs Ha 0ase
TpaH3UCTOPA.

4. ITongaTh HANPSKEHHUE MUTAHUS HA CXeMY EMKOCTHOM TPEXTOUYKH.

5. CHSTBh 3aBUCHUMOCTh CHJIbI TOKAa B KOJUICKTOPHOM II€MU TpaH3UCTOpa OT
BEeNUYMHBI HarnpsikeHus: cmeeHust: I, = f(Ugy). s 3TOoro noteHuuomMeTpoM B

uenu 0asbl yCTaHaBIMBATh O BOJBTMETPY BEIMUMHY HAIPSKEHHUSI CMELICHUS U
3aMKCHIBATH BEJIMYMHY TOKA KOJIJIEKTOPA.
Pe3ynbraTel 3aHecTy B Tabmuiy 15.

Tabnuya 15

Ucem

Ix

6. Onpenenuth HanpsbkeHue oTceuku Ugpe — 9TO Takoe HamnpsKeHUE cMme-
HICHUsI, IPU KOTOPOM HcUe3aeT TOK KojuiekTopa. [loctpouts rpadux.

7. PaccunTaTh COOTHOIIEHUE EMKOCTEH B KOHTYPE B 3aBUCUMOCTH OT I0JIO-
YKEHHs TIEpEeKIodaresss S3 npu yCJIOBHUH, YTO €MKOCTh KOHAeHcaTopoB (4 ...C8
paBHa 6200 n®, a émkocth koHaeHcaTtopa C9 = 820 n®. CHATH 3aBUCUMOCTH

BEJIMYMHBI HAMPSKCHUS CHTHAJa Ha KOJUIEKTOPE TPaH3MCTOpa OT KO3 HUIMEHTa
BKJIIOUYCHHUS B KOHTYp (puc. 91).
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BNOK FrEHEPATOPOB

— e = = mm mm mm mm o o o o e e o e = ey

BJTOK MUTAHUA

(EMKOCTHASA
TPEXTOYKA)

ﬁ CI/gXP
N 8

FEHEPATOP i MO 1
KOMMUTLA é c3 R4 B OCLIMNOrPAD
KT2

FEHEPATOP

VAN | Ve W | o |
VI V||

\6 B CUHXP
(O] [O)

i vt L

Puc. 91. Cxema skcriepUMEHTaIbHON COOPKHU IS OTNIPEACIICHUS 3aBUCUMOCTHU
BEJTMYMHBI HATIPSKEHUSI CUTHAJIA Ha KOJUIEKTOPE TPAH3UCTOPA
oT Kod(ppuImeHTa BKIIOUCHHS B KOHTYP

Ilposecmu rxcnepumenm no ananuzy padomuvl A6mMo2eHepamopa 6 «maz-
KOM» pedcume camogo3oyrxncoenus, 01 4ezo:

1. OTKII0YUTH BHEIIHUH TeHepaTop (puc. 91).

2. BKTI0YnTh 1eTh MOJIOKUTEIHPHOU 00OpaTHOU CBSI3M C MIOMOIIBIO TyMOepa
S2.

3. [lepexnrouarens S3 yCTaHOBUTH B TIOJIOKEHHUE «1».

4. Tlo rpaduxy I, = f(Usy) onpenenuts HampsHKEHHE, COOTBETCTBYIOIIICE
cepearHe JIMHEWHOro yyactka BAX.

5. [lorernmmomeTpom R2 yCTaHOBUTH BEIMUMHY ITOTO HAMpsDKEHHS Ha Oaze
TpPaH3UCTOPA.

6. M3MeHsst BenmMuuHy 0OpaTHOM CBSI3M € MOMOIIBIO MepeKiovarens 53, 10-

OWTBHCS MOSIBJICHUS I'eHEepallMM aBTOreHepaTopa. Ha BeIXoje aBTOreHepaTopa BO3-
HUKHET HaIpsDKEHHE, KOTOPOE MOKHO HaOJII01aTh Ha DKpaHe ocuiniorpada.
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7. I3mensis kodPUIMEHT yCUIIEHHs] TPAH3UCTOPHOTO Kackaja Ha 4acToTe
reHepaluyd ¢ MOMOIIbI0 pe3uctopa K3, MoaydyuTh MUHUMAJIBHYIO U MaKCHMallb-
HYI0 BO3MOXHYIO aMIUTUTYy TApMOHHYECKHUX KOJIeOaHMil.

8. YcTaHOBUTH MaKCUMaIbHYIO HEUCKAKEHHYIO aMIUIUTY Ty CUTHAJIa Ha BbI-
XO0JIe aBTOTEHEPATOpa C MOMOIIBIO Nepekntoyarenst S3 H R3.

9. CHATh 3aBUCHMOCTH aMIUIATY/bl BBIXOJHOIO CHUTHaja OT 3HAYEHHUS Ha-
NpsDKEHUsS] CMENIeHHsT Ha 0a3e TpaH3ucTopa. 3aduKcupoBaTh 3HAUCHUE HAIPsKe-
HUS CMEIIEHUS, IPU KOTOPOM MPOU30MAET CPHIB KOJIEOaHUIA.

IlIposecmu 3Kcnepumenm no anaiuzy padomuvl A6Mo2eHEPAMopa 6 «Hcé-
CHMKOM» pexcume CamoBo30yxcoeHus, 0ia 4e2o:

1. BoiOparb nonokeHue pabouell TOUYKM Ha HelMnHeHoM ydacTke BAX u
YCTaHOBUTH COOTBETCTBYIOILIEE 3HAUCHHUE HAIIPSKEHUE CMELICHUS.

2. Iamenss Kod(pPUIIUEHT CBSA3M ¢ KOHTYPOM € TTOMOIIbI0 S3 1 kKoddduiim-

CHT YCWJICHHUS C IIOMOIIBIO RZ, I[06I/ITI>C}I ICHCpalInH aBTOI'CHCPATOPA. Ecnu xone-

OaHMs OTCYTCTBYIOT, HEOOXOJIMMO HEMHOTO YMEHBIIIUTh HAMPSKEHUE CMEICHUS.

3. U3menss monoxkeHne mepekiodarens 53, T0OUThCs TOSIBICHUS TeHepa-
1107078

Onpeoenums pe30HAHCHYI0 YACIMOMY KOHmMYpa, 011 4e€20:

1. YcTaHOBUTH YacTOTy T€HepaTropa, COOTBETCTBYIOLIYIO MaKCHUMabHOM
aMIUTUTYAE BBIXOJHOTO CHUTHAJA HA KOJUIEKTOPE TpPaH3UCTOpa. AMIUIUTYAY BXOJ-
HOT'O CUTHaJla ycTaHOBUTH paBHOUl 10 MB.

2. YcraHoBUTh Hampspkenue cmenieHust Ugq,,, COOTBETCTBYIOIee paboTe

reHepaTopa B «MATKOM» PEKUME CAMOBO30YXKIACHHUS.
3. U3mensis HampspkeHne Ha Bxone ycunutensl/,,, CHITh aMITTUTYIHYIO Xa-

pakTepucTuky pesonancHoro ycunurens U, = f(U,,) Ha pe30HaHCHON YacToTe.
Hampsioxenust U, u U_,,, MOXHO U3MEPATH C TOMOIIBIO JIBYX KaHAJIOB OCIMJIIIO-

rpada, TOAKIIOUMB UX K TOYKaM BXOJla U BbIXOJa ycuiutess. JlaHHbIe 3aHECTH B
Tabnuiy 16.
Tabauya 16

«Mszkuli» pexwcum: E -y = Eqyy =-.B; fegz = .....kTn

Usx (B)

Useix (B)

Ku

I1(mA)

Scp
(mA/B)
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UE BLCL

4. Omnpenenuts k03 unueHt ycunenns no popmyne K = .

EX

U JaHHbBIC

3aHecTH B Tabnuiy 7.1.2.
5. Omnpenenuth mo BAX KpyTH3HY XapakTepUCTUKH B pabouyeil TOUuke, Co-

OTBCTCTBYI'OHICI‘;I «MATKOMY» PCXKUMY C&MOBO36Y)KI[€HI/IH dBTOICHCpATOpPAa
A Ig
AUgy

6. OmnpenenuTts pe30HaHCHOE CONPOTUBIEHUE Rpp3. Ero BennunHa cBsizaHa
¢ KO3(p(pUIMEHTOM YCHIIEHHS PE30HAHCHOro ycumnurenas K B JIMHEHHOM pexume
(o6nactb mainbix 3HaueHU Ugy &~ 0,1 B):K =5 - Rpgs.

7. Haiitn 3HaveHue MEpPBOM rapMOHUKH TOKa KOJUIEKTOpa 1o (opmysie
_ Upp
I, =

. A KQ¥KJI0TO 3HAYCHHUS Ugyr- JlaHHbIE 3aHECTH B TaOIUILy.
FE3

. I
8. Ompenenuts 3HaYEHUE CPEAHEH KPYTH3HBI MO (hopmyie Scp = U—l TUTSt
BX

Kaxaoro Upgyy. Jannable 3aHecTr B Tabnuiy 16.

9. IlocTtpouth  KOnEOATENbHYIO  XapaKTEPUCTUKY —  3aBHCHUMOCTH
I, = f(Ugx)

10. [TocTpouts Tpaduk 3aBUCUMOCTH CPEIHEH KPYTHU3HBI OT AMILIUATYIBI
BXOJIHOT'O CUTHAJA.

Jla6opamopHas pa6oma Ne 23

HccaedosaHue uHOYKmMueHOU mpéxmouku (2eHepamopa Xapm.iu)

Kpartkue Teopernueckue cBeeHUs
Ha npaktrke 4yacto ucnons3yror cxeMbl LC — reHepaTOpoOE C aBTOTPAHC-

dbopmartopnoit OC, B kotopeix HamnpspkeHue OC CHUMaeTcs ¢ 4acTH KoJiebaTesb-
HOTO KOHTypa. Takas cxema n3zo0paxeHna Ha puc. 92. OHa u3BecTHa TakXKe MoJ1 Ha-
3BAHUEM CXEMbl UHOYKMUBHOU MPEXMOYUKU.

Onementsl €, L1 u L2 o0Opa3ytor konebaTeNbHBIA KOHTYD; pe3uctop Rp siB-
JISIETCS DJIEMEHTOM IICTTH aBTOMAaTHYECKOTO CMEIIEHUS, Yepe3 KOTOPHIH MPOTEKaeT
MIOCTOSTHHAST COCTABIIAOIIAsI TOKA 0a3bl; KoHIeHcaTop (y SBISETCS pa3aeiuTelb-

HBIM, T.€. IPEAOTBpALIAET MoNajgaHue HanpsbkeHus nutanust Upyr Ha 0asy, a Tak-

K€ BIUSET HA TIOCTOSIHHYIO BPEMEHH Ienu aBTocMmemienus. Ha puc. 92, 6 mpuse-
JIeHA DKBUBAJICHTHASI CXe€Ma WHAYKTHUBHON TPEXTOUKH IO MEPEMEHHOMY TOKY, T.C.
LENH MUTAaHUS U CMEIIeHUS (Ha PUCYHKE HE MOKa3aHbl).
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e}
Unum

i)

Puc. 92. UnnykTHBHAS TPEXTOUKA!
@) NPUHLMINWAJIbHAS CXE€Ma; §) SKBUBAJICHTHAS CXeMa

OOBIYHO TOJIAralOT, YTO BXOJHOE COIMPOTHUBIICHUE TPAaH3UCTOpPA HACTOIBKO
BEJIMKO, YTO TOKOM 0a3bl MOXHO mpeHeOpeub. B 3TOM ciydae, kak BUIHO U3
puc. 92, 6, snementsl C, L1 u L2 o0pa3yioT TpEXIIEMEHTHBIN PEaKTUBHBINA JABYX-
MOJIIOCHHK, B KOTOPOM CHaydajia MPOMCXOJUT PE30HAHC TOKOB, a 3aTEM PE30HAHC
HanpsbkeHui B KoHType (L2. YacToTHBIE XapaKTepUCTUKH PEAKTUBHOTO U TOJHO-

T'0 CONMPOTHBIICHUN KOJI€0ATEIbHOTO KOHTYpa IMOKa3aHkl Ha puc. 93, a, 6.

. I
X I
|
|
| /
0 im; > ®
I a)
Z
|
|
|
|
0 W; (61 ) (1]
6)

Puc. 93. YactoTHbIe XapaKTepUCTUKU PEAKTUBHOTO (@)
Y TIOJTHOTO (6) CONPOTUBIICHUH KOJIeOAaTeIbHOTO KOHTYpa

I'enepanus kosebaHU IPOUCXOJUT HA YACTOTE PE30HAHCA TOKOB

Crm @ /J(Ll +12)C
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CornpoTuBiieHHE KOHTYypa Ha 3TOM 4YacTOTE SIBJISETCS YHUCTO AKTUBHBIM H
NpUHUMAaET MaKCUMallbHOE 3HaueHue, paBHoe 1/G. Llenbio 0OpaTHOI CBsI3M B ATOMU

CXEME CIIYKHUT JCIUTETh HaMPsHKEHUsS, 00pa30BaHHBIA EMKOCThIO { M WHIYKTHB-
HOCTBIO L2. JIeWCTBUTENBHO, HANPSIKEHUE, CHUMAEMOE C BBIXOJla YCHIMTEIBHOTO
3JIeMEeHTa (TpaH3UCTOpa), MPHIIOKEHO K KOJIeOaTeIbHOMY KOHTYPY, UITH, UTO TO K€
camoe, k BeTBU CL2. Hanpsbkenne OC cHUMAaeTcsl ¢ MHAYKTUBHOCTU L2 M moaéT-

Csl Ha BXO/Jl YCUJIUTEILHOTO DJIEMEHTA.

VYceunuTenbHbIA KackaJ Ha OJJHOM TPAH3UCTOPE MHBEPTUPYET (ha3y cUrHaia
Ha 180°. [l cobmronenus 6amanca ¢as memnb 0OpaTHON CBSI3M TAKXKe JTOJDKHA BHO-
cuTh (azoBblil caBur 180°. DTO U MPOUCXOAUT B ACUCTBUTEIBHOCTH. TOK B BETBU
CL2 wu3-3a EMKOCTHOTO XapakTepa €€ CONPOTUBIIEHUS ONEPEKAET HANPSIKEHUE Ha

KOHTYype Uy (T) Ha 90°. B cBoI0 ouepenp, HaNpsKEHHUE U, () HA MHIYKTUBHOCTU
L2 onepexaet 310T ToK em€ Ha 90°. Takum oOpa3om, cIBHUT (a3 MexAy Hamps-
WKEHUSIM Uy, (T) U U, (t) coctausieT 1800.

[Tocne pemenust auddepeHmaIbHOr0 YpaBHEHUs YCIOBUE CaMOBO30Yk 1e-
HUS UMEET BU/T
L1/L2 < §/G.

Jlns aHanmuza paboOThl TeHEepaTopa B YAaCTOTHOM 00JlacTM HEOOXOAUMO HC-
M0JIb30BaTh COOTHOIIICHUSI OaaHca aMIUTUTY] U OanaHca (a3

Hy(w)Hpe(w) 21 v @p(0) + ¢,(@) = 21

[Tockonpbky Ha dYacToTe TeHEepaluu (-COTIPOTUBJICHUE KOHTYpa
Zi(w) = 1/G, xomruiekcHasi TiepeAaToyHass (DYHKIUS YCWIMTENsS MPUHUMAET

MPOCTOMN BHUJ
Hy(w;) = —5/G =(5/G)e’™
Kowmmnekcnas nepenarounas pyukmus uernu OC onpenensiercs BIpakKeHUEM
. jew L2
H o (,rm) = Li .

Juwld + Y

ITocne IMOACTAHOBKHU 3HAYCHHUA YaCTOThI ICHCPAIH

_ 1
_\/(L2+L1)-C

Wr

OHa OyJIeT UMETh BU]T
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L2.c
. (L1+12)c Lz L2 |
Hoc Omr) — Lz = —=—¢"
1— —— L1 L1
(L1+r2).c

B pexxume caMoBO30yKI€HHUS, T.€. KOTrIa

Hy(w)Hoe(w) > 1,

HNMCCM:

HHH CTAaIMOHAPHOI'0 PCIKMMaA, KOI'la BBIIIOJIHACTCA YCJIOBUC OajlaHca aMIlIU-
Yy
Hy(mr']h'oc (w:) =1,

MOYHO OTPEJICTUTh CTAIIMOHAPHOE 3HAYECHUE CPEIHEN KPYTHU3HBI:

L1G
=1 wm §., =—
cp L2

L2 5%

L1

W3 ananusa Beipaxennii H,(jow,) u H, (jw:)BuaHo, uto

qp},(mrj + ¢,(w;.) = 2m.

OKCIEepUMEHTHI TI0 UCCIIEIOBAHUIO TeHEpaTopa Ha OCHOBE EMKOCTHOM TPEX-
TOYKH TIPOBOJISITCS C MCTIOJIb30BaHUEM OJI0Ka, M300pakEHHOTO Ha puc. 94.
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BJITIOK MUTAHUA BN1OK FEHEPATOPOB

— e o e e e e e e e e o e o e e ey

| renepaTopP

| konnutua
- (EMKOCTHASI KT2
“ | TPEXTOUKA)

S1
' Qv e

C1 k11 VT1 s
ol -3
BXOA ~
iy

5
—| |r2 [ |rs I
I:\ 2,0 [‘] TCZ :\ ¢, 0
20/ O, oy
A 10K P 1K

c10 I
| /1N AN T | + —
b e e e e e e — - 2 2
[ %
FEHPATOP |
| XAPTIM = c3 R4 +158B
(MHOYKTUBHAS k2 L | ____——ee— T

| TPEXTOYKA) @/ ——o

©—@ @]
r© os= yyefHan

S v £l ot

Puc. 94. Cxema skcriepuMeHTaIbHONW COOPKH AJISI UCCIICIOBAHMS
aBTOTE€HEPATOPOB

Cuamo eonrvmamnepuyto xapakmepucmuky (BAX) mpanzucmopa, ona ue-
20:

1. YcranoButh TyMOep S2 B mosoxeHue «PazomkHyTO», TakuM oOpazom
pasphiBasi LEMb 00PaTHOM CBS3H.

2. [TogkmounTh MyJBTUMETP B pekuMe amriepmerpa (mkana 20 MA) B pas-
PBIB LIETIA KOJIJIEKTOpAa TPAH3UCTOpA, NMOCTAaBUB MepekiIoyaTesib S1 B MOJI0XKEHHE
«Pa3oMKHYTO»).

3. [loakmounTh BTOPOM MYJIBTUMETP JIJISi U3MEPEHHs HANpsDKCHUS Ha 0ase
TpaH3UCTOpA.

4. ITopaTp HaNpsKEHUE MUTAHUS HA CXEMY reHeparopa XapTJid.

5. CHATH 3aBUCUMOCTH CHJIBI TOKAa B KOJUIGKTOPHOW IEMH TPaH3UCTOpa OT
Benu4IMHBI HanpspkeHust cMenenusi: g = f(Ugy). Jig 9Toro mnoTeHuoMeTpom B

1170041 0a3bl YCTaHaBJIMBATb 110 BOJIbTMCTPY BCIIMYMWHY HAIIPSKCHUA CMCHICHHUA U
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3aIIMChIBATh BCIIMYKMHY TOKa KOJIJICKTOpA. PGSYJ'IBT&TI)I H3MCpCHHI>1 3aHECTH B Ta0-

muiy 17.
Tabauya 17

Ucem

Ix

6. Onpenenuty HampspkeHue otcedkd Uppe. OTO Takoe HalpspKeHUe
CMENICHUS, PU KOTOPOM HcUe3aeT TOK KosuiekTopa. [loctpouts rpaduk.

/. CHSTh 3aBUCUMOCTh HANPSDKEHHS] CUTHAJA Ha KOJUIEKTOpPE TPAaH3UCTOpa
oT K03 dHUIMEHTa BKIIOUYECHUS B KOHTYp (puc. 95).

BITOK TEHEPATOPOB

| reHepaTOP

BITOK MUTAHUA

I KONMNUTLA
- (EMKOCTHASI KT2
TPEXTOYKA
KN ’ 'B"’b.xonl
1 =2 \s1 ss I
I []R1 @KT3 |
| C1 k11
|
I ele L2
BXof |
|
|
|
I R3 M 1 1/, |
| \\ C2 N 4.0
) @ )f | GCLVIIOTPA®
7, ~
/l|\\‘ 10K @ 'I:|\\‘ 1K C10 il
b e e e e e e o e o e e e o o e e e
|
FEHPATOP |
| XAPTIN -Lc3 R4 +15B
(MHOYKTUBHASA KT2 I cé
| TPEXTOYKA) ® :

BbIX0A FEHEPATOP

Y Y Y Y Y\
r
-
Il
L}
(2]
2]
>
]

CUHXP
[©)

LS

%

&
g

31 YaeGnas SE Vacouan [ ]

Puc. 95. Cxema skcriepuMeHTanbHOM COOPKY ISl UCCIIEIOBAaHUSI aBTOT€HEPATOPOB

Ilposecmu sKkcnepumenm no auanuszy padomvl aemozeHepamopa 6
CMAZKOMY) pexcume camoso3oyiHcoenus, 01 4eo:
1. OTKJII0UYMTH BHENIHUI reneparop (puc. 95).
2. BKII0YUTB TIOJIOKUTEIIBHYIO0 00OPAaTHYIO CBSI3b TyMOJIepoM S2.
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3. Ilepexitouarens §3 yCTAHOBUTH B MOJIOKEHUE «1».
4. Tlo rpaduky [y = f(Ucy) onpenenuTs HampsiKEHHE, COOTBETCTBYIOIIEE

cepenrHe JuHeiHoro yyactka BAX.
5. [lorenunomerpom RZ yCTaHOBHUTH BEJIMYMHY 3TOTO HAIpsHKEHMS Ha Oa-

3€ TPaH3UCTOpA.

6. 3mensia BenruruHy 0OpaTHOM CBSI3U € MOMOIIIBIO Mepekitouarens S3, o-
OUTHCS MOSIBJICHUS F'€HEpalli aBToreHepaTopa. Ha BbIxoze aBTOreHepaTopa BO3-
HUKHET HalpspDKEHUEe, KOTOPOE MOKHO HaOJI01aTh Ha dKpaHe ocmniorpada.

7. I3menss koddpunueHT yCwieHusl TPaH3UCTOPHOTO KacKaja Ha 4acTOTe
reHepanud ¢ MOMOIIbI0 pe3rctopa K3, MoaydyuTh MUHUMAIBHYIO U MaKCHMallb-
HYI0 BO3MOXKHYIO aMIUTUTYly TAPMOHHYECKUX KOJICOaHUM.

8. YcTaHOBUTh MaKCUMAJIBHYIO AMIUIUTYAY HEMCKaXEHHOTO CUTHAJIa Ha BbI-
X0/JI€ aBTOT€HEpaTopa ¢ MOMOIIbIO NepekntoyaTens S3 u peaucropa R 3.

9. CHATH 3aBUCUMOCTDH aMILIUTY/IBI BEIXOJHOTO CHUTHAJIa OT BEITWYMHBI Ha-
MPSKEHUS CMENIeHUs Ha 0as3e TpaH3UucTopa.

10. 3adwukcupoBaTh 3HAYECHWE HANPSHKCHHE CMEIICHUS, TPH KOTOPOM
MIPOU30MIET CPBIB KOJICOAHUM.

Ilposecmu 3Ikcnepumenm no auanuzy padomsl aemozeHepamopa 6
«HCECMKOM) PedHcume Camogo3dyHcoeHus, 014 4ez2o:

1. BoiOparb nosnoxkeHue pabouell TOUYKM Ha HeluHerHoM ydactke BAX u
YCTAaHOBUTH COOTBETCTBYIOIIEE 3HAUECHUE HAMPSHKEHUE CMEILICHHUSI.

2. 3menss k03QGUIUEHT CBSA3M C KOHTYPOM C TIOMOIIIBIO TEPEKITI0OYaTeIIs
S3 u kodpUIMEHT yCUIeHUs C TOMOIILI0 pe3uctopa R2, 1oOUThCS TeHepaluu
aBToreneparopa. Eciam konebaHusi OTCYTCTBYIOT, TO HEOOXOAMMO HEMHOTO
YMEHBIITUTH HANIPSHKCHUE CMEIIICHHUS.

3. 3Menss mosioxkeHue rnepexitouarens S3, 100UThCs TOSIBJICHUS TeHepa-

11U,
Onpeodenums pe30HAHCHYI0 YACMOMY KOHmMYpa, 0711 4e20:
1. YcTaHOBUTH YaCTOTy TeHEpaTopa, COOTBETCTBYIOIIYID MaKCHMAaJIbHOMN
aMIUTUTY/IE BBIXOJHOTO CHTHAJIA Ha KOJIJIEKTOPE TPAH3UCTOPA.
2. YCTaHOBUTH aMILTUTY Ty BXOJHOTO CUTHAJA, paBHyo 10 mB.
3. YcranoButh HampspkeHue cmerieHuss gy, COOTBETCTBYIOIIEE padoTe

reHepaTopa B «MATKOM)» PEKUME CaMOBO30YKICHHUSI.

4. I3meHsst HampsbkeHue Ha Bxoje ycwiutens U

gx: CHATH aMIUIMTYJIHYIO

XapaKTEePUCTUKY pe3oHaHcHoro ycunurens U, = f(U.,) Ha pe3oHaHCHOH Yac-
tote. Hanpsokenuss U, u U, MOXXHO U3MEPATH C MIOMOIIBIO IBYX JIy4eil OCITUII-

norpaq)a, IMOAKIIOYHMB NX K TOUKaM BXOJa M BbIXOAd YCHIIUTCIIA.
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5. Jlannabie 3aHecTH B Tabsuiry 18.
Tabnuya 18

«Msazkuli» pexcum: Ecy = Ecppz= .... B, foez = ..... Ky

Usx (B)

Usuix (B)

Ky

I; (MA)

Scp
(mA/B)

U,
6. Ompenenuts ko3 duient ycunenus mo popmyne K = % U JaHHBIC

EBX
3aHecT B Tabmmiry 18.
7. Omnpenenuts 1o BAX KpyTH3HY XapakTEpUCTHKU AJid pabouell TOUKH,

COOTBCTCTBYI'OH_Ieﬁ «MATKOMY»  PCIKUMY CaMOBO36y)KIICHI/IH aBTOIrcHcpaTropa
;':l..i'k
AUgy

8. Ompenenutb pe30HAHCHOE COMPOTUBJICHUE Rpg;. Ero BennunHa cBsizaHa
¢ K03 (UIIMEHTOM YCUIICHHUS 0 HAMPSHKEHUIO pe30HaHCHOro ycwurtens K B -
HEHHOM pekuMe (00sacTh Mabix 3HaueHndn  Ugy ~ 0,1 B):

K =5 Rpgs.

9. Haiitn 3HayeHHEe MEpBOM TapMOHUKH TOKa KOJUIEKTOpa 1o (opmyre
_ Upm
I, =

r._. AIA KaXKJIOTO 3HAYCHHS Uggy- Jannbie 3anectu B Tabmuiry 18.
FE3

. I
10. OnpeienuTh 3HAYEHHWE CpeIHEd KPYyTU3HBI IO Gopmyie Scp = U—l TUTSt
EX

Kaxaoro Ugyy. Janubie 3anectu B Tabmuiy 18.

11. TloctpouTth KONEOATENbHYIO XapAKTEPUCTUKY YCUITUTENS — 3aBUCUMOCTD
I, = f(Ugx).

12. TlocTpoutsh Tpaduk 3aBUCUMOCTH CpeIHEH KPYTHU3HBI OT aMILTUTYIBI
BXOJTHOTO CHUTHAJIA.

121



8. UCCJEJIOBAHUE TEHEPATOPOB TAPMOHHNYECKUX
KOJEBAHUU HU3KUX YACTOT

KpaTkue Teopernueckue cBeeHHus

['enepupoBanue konebanmii ¢ wacroramu menbiie 15...20 k[ Ha pe3o-
HaHCHBIX LC - 3yeMeHTax 3aTpyJIHEHO M HEyIOOHO M3-3a MX I'POMO3JKOCTH. JTO
OOBSICHSIETCS] TEM, YTO TEXHUYECKHE XapaKTEPUCTUKU U mokazatenu LC - reHepa-

TOPOB B JMANA30HaX JOCTATOYHO HU3KHUX YaCTOT CYIIECTBEHHO YXYIIIAIOTCS
BCJIEZICTBUE PE3KOT0 BO3pacCTaHUs BEJIMYMH MHAYKTUBHOCTEN U EMKOCTEN Koseba-
TEJIbHBIX KOHTYPOB M COOTBETCTBYIOIIMX UM Pa3MEPOB KAaTyIIEK WHAYKTUBHOCTEU
U KOHJIEHCATOPOB. B HM3KOYaCTOTHOM IMAIIa30HE MIMPOKO UCIIOIb3YIOTCA TeHEpa-

TOPHBI THUIIA RC. Oun MOI'YyT I'CHCPHUPOBATH BCCbMaA CcTaOUJIBLHBIC CHUHYCOHUOAJIBHBIC

K0JIe0aHUs B CPABHUTEIBHO HIMPOKOM JIMANIa30HE YaCTOT OT JOJIEH Tepla 10 COTEH
xkujorepu. Kpome Toro, oHu UMEOT Maiible radaputel 1 Maccy. Hanbonee monHo

IMpCHUMyHICcCTBa RC - I'CHCPATOPHI ITPOABJIAIOTCA B 0071aCTH HU3KUX YaCTOT.

B HH3K0YAaCTOTHBIX aBTOI€HEPATOPAX B KAYECTBE KOJIEOATEIbHBIX CUCTEM H
Hernen MoJOKUTEIbHOM 00paTHOM CBSI3W HMCHOJB3YIOT YaCTOTHO-MU30MpaTEeIbHbIE
RC - nenu. [IpakTtryuecku Bce coBpeMeHHbIE R - T€HEPATOPhl MAJIOW U CpEAHEN

MorHocTH (10 10 ... 15 BatT) crposites Ha OV .
Hanpsokenne [IOC B RC - reHepaTopax Ha ONEPAlMOHHBIX YCHIIATEIAX

MOYHO NIOJIaBaTh KaK HA UHBEPTUPYIOLINN, TAK 1 HA HEMHBEPTUPYIOIIUK BXObI. B
cxeMax RC- reHepaTopoB C HEMHBEPTUPYIOIIMM BKIOUEHUEM ONEPALMOHHOTO

YCWIHMTENS 4acToTHO-u30uparenbHas uenb [IOC He noimkHa BHOCHUTH (ha30BOTO
cABWTa B BBIXOAHOU curHail. B RC - reHeparopax ¢ HHBEPTUPYIOUIMM BKIIOYEHHU-

em OV, nao6opor, RC - nens [IOC Ha yacToTe TeHepanuu 10JKHA CIBUTATh a3y
BBIXOJHBIX KOJIEOaHUH Ha yroi Qg = T.

B paamosnekTpoHrke HamOOJIbIIEe PACIpPOCTPAHCHHE HAIIM aBTOreHepa-
TOPBI IBYX Pa3HOBHIHOCTEH: ¢ azocapuraromieid RC - nenbsio u ¢ MocToM BuHa.

AemozeHepamop c gha3zocdeuzarwweil RC- yensvio

Takon aBTOreHEpaToOp COACPKUT UHBEPTUPYIOLIMM YCUIIUTENb U TPEX3BEH-
Hyt0 RC - 1ienb Mo0KHUTENbHOM 00paTHO# cBsi3u (prc.96).
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Puc. 96. Asroreneparop ¢ tTpéxssennoi RC - nemnsio:

a— CXEMa, 0 — yacToTHas U (1)3.30B35[ XApaKTCPHUCTHUKHU

13 kypca TOD m3BecTHO, uTo manHas TpéxsBennas RC - mens (T.H. «R -
napajuiesiby) UMeeT TUIIOBbIE YacTOTHYIO (@) u ¢da3zoByto @ () XapaKTepUCTUKH,

noKa3aHHble Ha puc. 96, 6. AHanu3 rpaguKkoB 4acCTOTHOW U (Pa30BOM XapaKTepu-
CTHK TOKa3bIBAET, UTO HA KGA3UPE3OHAHCHOI TTUKIIMYECKON YacTOTE TeHEepaluu f

Tpéx3BeHHasd RC - nenp nmonoxurenbHo OC MMeeT BEMECTBEHHOE 3HAYECHHUE KO-

s¢dunmenta nepeaaun f = 1/29 u BHOCUT dazoBblit cuBur @(f) = m. [losTomy
JUIsl o0ecrieyeHusl B aBTOreHeparope OajaHca aMIUIMTYZ HEOOXOIMMO BbIOMpATh
ko3 dunmenT ycwienus yeunurens |K| = R,/R, = 29, a 6ananc ¢a3 obecrneun-
BAETCsl aBTOMATUYECKHU MMYTEM MHBEPTUPYIOLIEro BKitoueHust OY.

MOo>XHO TIOKa3aTh, YTO KBA3MPE30HAHCHAS YACTOTA T€HEPAIMH ISl CXEMBI C
uneanbHbM OV (puc. 96) onpexaensercs GopMyiioi

ﬁ{_ 1

" anRcE

Kak cnenyet u3 1o opMyIibl, TeHEpHpyeMasi 4acTOTa 3aBUCUT TOJIBKO OT
napameTpoB Lenu 0opatHoil cBs3u R u € (T.e. BHEIIHUX 3JIEMEHTOB YCUIIUTES).
Ecmu B cxeme paccmorpenHoro RC - renepartopa (puc.96, a) moMeHsTh

MCCTaMH PC3UCTOPLI U KOHACHCATOPEI, B TpéXBBeHHOﬁ ICIIU, TO KBA3UPC30HAHCHAA
qacTtoTa 6y,Z[eT ONpCACIATHCA JPYTUM COOTHOICHUCM:

f _ d‘.'I'E
B agRc’

[Tpu 3TOM, KaK MOKa3bIBAIOT PacUYEThl, HEOOXOAMMO obecrednTh KodhPuIu-
eHT ycwieHust coOcTBeHHO ycumutens K = 18,4, mockoibKy K03 UIIUEHT mepe-

nauu Takou meru S & 0,055.
Henocratku RC - reneparopa Ha uaBeptupyromieM OV u tpéx3sennoit RC -

OCIIBIO — JOBOJIBHO 0o0bI10€ KOJIMYecTBO AiieMeHTOB B netiie [10C H, KaK CJICOCT-
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BUE, TPYJHOCTh HACTPOMKM Ha HEOOXOAMMYIO YacTOTY B IIMPOKOM JAMAIa30HE.
[ToaTOMY 4alie NpUMEHSIOT aBTOT€HEPATOPbl C HEMHBEPTUPYIOIIUM BKIIOUECHUEM
OV u moctoM BurHa B 11enu MoI0KUTENTbHOM 00paTHON CBS3H.

RC-zenepamop c mocmom Buna
JlaHHBI aBTOTEHEPATOp UMEET 00JIee KOMIAKTHYIO CTPYKTYPY, MOCTPOCHHUS

cxembl. B Heil nens [IOC BrimrodaeTcss MEXAy BBIXOJOM M HEWHBEPTUPYIOIIHM
BxoqioM OV (puc.97, a).

rRi] ﬁ“(ﬂﬁ
— ] | mmsemeead T/2
Pp 1/3
>
* 4]
L k.
) e N

[]R _L('J UBbIX

1 :
o . —mf2|m e m e TR

a) 0)

Puc. 97. RC-reneparop ¢ moctom Buna

@) cxeMa; ) 4acToTHad U (pa3oBasi XapaKTEPUCTUKHU

Mocm Buhna mipesactaBisieT co00i 4aCTOTHO-M30MPATENIbHYIO TMOCIEI0Ba-

TenbHO-napatensuyo RO - mens, cocrosmyro u3 aByx émkocreit C u nByx pesu-
cropoB R. Yacrotnas [S(f) u dasoBas @z(f) xapaxrepuctukn mocrta Buna

(puc.97, 6) usBectHsl u3 kypca TOD. U3 rpaduka 4acTOTHON XapaKTEPUCTUKH
CJIEIIyET, YTO Ha KBa3UPE30HAHCHOM yacToTe KoddduiueHT nepenayn Mmocta Buna
B = 1/3. 3HauuT, caMOBO30YKJCHHE aBTOreHEpaTopa O0ECIeYnBaeTCs MPU KO-
s dunmente ycunenus ycunurens |K| =R,/R, = 3.

®a30BbIif CIBUT B BBIXOJHOM CHTHane orcyrctByeT (@ = 0) Toneko Ha

KBa3Upe30HAHCHOM yacToTe (puc.97, 6), KoTopasi onpenensercs U3BecTHOM (op-

mynon Tomcona
1

~ 2mRC

fe
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Ha cpaBHHTEIHHO HU3KHX YaCTOTAX, IJ€ peaTn3allis KOHTYPOB CTAHOBHUTCS
3aTPYIHUTENBHON W3-3a HU3KOW MOOPOTHOCTH M HEBO3MOXKHOCTH TEPECTPOUKH,
UCITOJIB3YIOT aBTOTeHEpaToOphl. OHU MPEACTABISIOT COO0M KOMOMHAIMIO aKTHBHBIX
YETBHIPEXTIONOCHUKOB (ycuiuTenei) n naccuBHbIx RC- neneit mis cozpanus OC.

ny Cl
> K
[ 4 \ 4
+ +
Uoc
|:|R1 ==01l Hoe (t)l
® O

Puc. 98. Cxema R(C- rermeparopa ¢ MoctoM Buna

Ha puc. 98 nokazana ogna u3 takux cxem (RC - reneparop ¢ Mmoctom Buna),
KOTOpas MPEeACTaBISIET cO00M yCHIHTeNb ¢ KO3 dUuueHToM nepenadn K, Mexay
BXOJIOM U BBIXOJOM KOTOPOro BkiItoueHa RC - menb. YCHINUTENb C 3aJaHHBIM KO-

s duLeHTOM nepesayr MOKHO peaan3oBaTh Ha onepannoHHoM ycunurene (OY)
M0 CX€M€ HEeMHBEPTUPYIOIIETro MaciiTabHoro ycunutens. RC - mensb 371ech UCnoib-

3yeTCﬂ B KA4YCCTBC qaCTOTHO'H36HpaTeHBHOﬁ 1ICIIN.
v, b i

0

Puc. 99. AUX u ®UX ycunurens Ha 6aze mocta Buna

Moct (uenouka) Buna (puc. 98) cocrout u3 nByx RC- 3BeHbeB. IlepBoe
3BEHO COCTOWT U3 MOCJICIOBATENLHOTO coeMHEeHNs R 1 (M UMeeT COMPOTHUBIICHHUE
1 1+ jwC
joC  jwC

ZI=R+

BTopoe 3B€HO COCTOUT M3 MApAIUICTBHOTO COEIWHEHUA Takux k€ R U C u

HMCCT COIMPOTHUBJICHHUC
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1
R_,m:_:‘: _ R
R+ 1+ joC
JuwC

Koadduiment nepegaun 3BeHa MOT0KUTETLHON 0OpaTHOM CBSI3U OMpeAesi-
€TCsI BBIpQXKEHUEM:

Z;
Y=z 42,
OTKY/Ia TIOCIIE MOJCTAHOBKY Z; H Z,, HAWIEM:
jwCR

¥ = 1 " w?C?R% + 3jwCR’

Ecnu BBINOTHUTH yCIIOBHE:
1+ w?C?*R*=0.

10 (ha3oBkIii casur Oyaer pasen 0, a y = 1/ 3-

B aTom ciydae yactoTy reHepatopa MOKHO OyJEeT ONpeAeNnuTh 1o (hopmyJe:

1
f__ZHRC

Takum oOpazom, MocT BuHa Ha dacToTe «KBazupe3oHaHCa» HE co3macT da-

30BBIM CABHAI M BHOCHT 3aryxaHue, paBHoe 1/3. IlosTtomy Moct BuHa noinkeH

OBITH BKJIIOUYEH B 1€ MOJOKUTEIBHOW OOpaTHON CBSI3U B yCUIIMTENE, KO3 Puu-
eHT YCUJIEHHUs] KOTOoporo mpu pazoMkHyTod nenu OC noikeH ObITh HE MeHee 3.

[IprumeHeHne OTHOKACKAIHBIX CXEM YCHUIIUTENEH B 3TOM CJIydae HEBO3MOXHO. B
Kackagax ¢ OOLIMM SMHUTTEPOM WM C OOIIMM HCTOKOM CIBUT MO (haze MEexIy
BXOJHBIM U BBIXOJIHBIM CUTHaJIaMH paBeH 1800, 4yTo HCKIIOYAaeT UX NMPUMEHEHHUE,
T.K. B 3TOM clly4yae Hapyuaercs ycioBue OanaHca ¢az. Cxembl ¢ O0UMM KOJUIEK-
TOPOM WJIM OOLIUM CTOKOM, XOTSl U HE MHBEPTUPYIOT (pa3bl CUTHANIA, HO UMEIOT KO-
3 PUIMEHT yCUIEHUs] HANIPSIKEHUSI MEHBIIIE €IMHUILIbI, B PE3YJbTaTe Yero HEBO3-
MO>KHO BBITIOJIHUTH yCJIOBUE OanaHca aMIUIUTYA. Y CUIUTENbHBIC KacKajbl ¢ 00-
e 6a30il uaM OOIIKMM 3aTBOPOM MMEIOT OYEHb MaJIO€ BXOJIHOE CONPOTHUBIICHHUE,
KOTOpOE TPHU BBEACHUN 0OPATHOM CBS3U HIYHTHPYET €€ BBIXOJI, YMEHBIINAsI €ro KO-
s punment nepegaun. CreaoBaTebHO, BHINOJHEHUE YCIOBUS OajlaHCa aMILUTUTYT
OKa3bIBA€TCAd BEChMa 3aTPyAHUTENbHBIM. [103TOMYy mpH MOCTpOEHHH TeHepaTopa
Ha JUCKPETHBIX AJIEMEHTAX UCIOJIb3YIOT IBYXKACKAHBIM YCUIUTEb.

Hauboinee npocTo cTpouTcsi reHepaTop Ha Mocte BuHa nipu MCHOJIb30BaHUU
oneparnonHoro ycuiutens. B wém nens [1OC, popmupyemyro mocrom Buna,
MO>KHO TIOJICOEAMHUTH K MPSAMOMY, HCMHBEPTHUPYIOIIIEMY BXOMdY, a HYKHBINA KO3 (-
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bUIMEHT ycueHus 3a1aTh pe3ucTUBHBIM aenuteneM B nenu OOC, moakmroueH-
HOM K MHBepTHUpYIoiiemMy Bxoay (puc. 100).

T
L‘(.’hlv\'

o

R
—1
| S|

L
T0

Puc.100. Cxema reneparopa Ha 6aze Mocta Bruna

Otnomenne pesuctopoB B 1enu OOC, obecneynBaroiiee BHIMOIHEHUE YC-

R
J0BHs OanaHca aMILIUTY/, JOJKHO OTBEYaTh COOTHOLIEHUIO R—z = 2, T.x. K03hdu-
1

LUEHT YCUJICHUsI 11l CUTHAJIA, TI0JJaBa€MOro Ha HEMHBEPTUPYIOIIUN BXO/I, HA €U~
HUILy OOJIbIIIE OTHOLIEHUS YKa3aHHbBIX PE3UCTOPOB.

DKcIepUMEHTHI [0 MCCIeI0BaHUIO TeHepaTopa Ha OcHOBe MocTa BuHa npo-
BOJISITCS C UCTIONB30BaHUEM OJI0Ka, n300pakénHoro Ha puc. 101.

JlabopamopHas pa6oma Ne 24
HccaenoBanue renepaTopa Ha oCHOBe MocTa Buna

CobpaTth cxeMy, mokazannyto Ha puc. 101.

1. PaccuurtaTh 4acToTy aBTOKOJICOAHUN TeHepaTopa MpU 3HAYEHUSIX EMKO-
CTENl W CONPOTHUBIICHUI B CXEME MOCTA B COOTBETCTBUH C ITOJIOKEHUEM NEPEKIIO-
yarene S2 u 54.

2. [ToakIII0OunTh TEHEPATOP K KOHTPOJIBHOM TOYKE Ha MPSIMOM BXOJE Orepa-
LUOHHOTO YCUJTUTES.

3. VcranoButh mepekitodatesd S5 uS6 B MoMoXKeHHE «3aMKHYTO» IS

CphIBa KoJieOaHUM B reHepaTope.

4. CHATh aMIUTUTYJTHO-4aCTOTHYIO0 XapaKTEPUCTUKY YaCTOTHO-3aBUCUMOMN
nenyu Mocta BuHa BOIM3M 4acTOTHI HAMOOJNBINECH MPOBOAUMOCTH JJISI PA3IMYHBIX
AJIEMEHTOB, BXOJIAIIMX B MOCT BuHa (MpY pa3IMYHBIX MOJOKEHUSX MMEPEKIII0YaTe-
aei S2 u S4).

5. [Toctpouts rpaduku AUX u onpeneuTh rpaHUYHbIE YaCTOTHI.
6. OTKIIOYUTH TEHEPATOP U BKJIIOYUTH MUTAHUE.

127



BENOK NUTAHWA

BNOK FTEHEPATOPA TAPMOHWYECKWX
KONEBAHWK C MOCTOM BMHA

RS = R9 = R10 = 3,6 kOM
R6 = R7 =R8 =15 kOMm
C1=C2=C3=C4=10 vd

BLIXOf

OCLANNOIPAG

CHHXP

FEHEPATOP.

A1 |_|:|:|1
[~ o
% e “®

Puc.101. Cxema sKkcriepuMeHTaIbHOM COOPKH /IS UCCIICOBAHMSI TeHepaTopa

7. Paccuutath KO3(PPUUMEHT OTpHUIATEIbHOM 0OpaTHOU cBs3H (KO3 DU-
LUEHT YCUJIEHUS ONEPALMOHHOTO YCUJIMTENSA) MPHU Pa3INYHbIX MMOJOXKEHUSAX Mepe-
kmovarened §1,53,55 u §6. I pacCUyuTaHHBIX 3HAYCHUH, COOTBETCTBYIOIIMX
peXUMY TEHEpPalHUH, YCTAaHOBUTH IEPEKIIIOYATENN B ATO MOJoXKeHHue. IlomyunTts
YCTOMUYHUBYIO T€HEPALUIO.

8. Ompenenurb 4acTOTy T€HEpAIUU MPU PA3TUYHBIX 3HAUYCHUS IJIEMEHTOB

Ha OCHOBe MocTa BuHa

MocTta Buna. CpaBHUTH UX C paCUETHBIMHU.

9. Ilpu pa3nuyHbIX 3HAUCHUSAX KOA(P(UIIMEHTa YCHICHHUS OMEpaIliOHHOTO

YCUIIMTECIIA OLUCHUTDb NCKAKCHUS BBIXOAHOT'O CUTI'HAJIa TCHEPATOopa.

10. OnpenenuTh aMIUIUTYAY BBIXOJHBIX KOJIEOaHUM.

Konmponwvnwvie éonpocur:

1.

OaHuii?

2.
3.
4.

HpI/I KaKuX YCJIOBUAX BO3MOKHO BOZHHKHOBCHHEC I'apMOHHYCCKHUX KOJIC-

Kaxkue pexxumpl caMOBO30YK/I€HUSI aBTOT€HEPATOPOB BaM U3BECTHBI?

JlaiiTe onpe/iesieHue aBToreHepaTopa.

Yem oTianyaroTcs reaeparopbl rapMOHHUYCCKUX H PCIAKCAIMOHHBIX KO-

nebanuii? Yto 00111ero B NPUHLIUIAX UX PAOOTHI?
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5. Ilouemy reHeparopbl rapMOHUYECKUX KOJ€OAHMI HAa HU3KUX 4YacTOTaX
cobuparorcs Ha RC- anemenTax?

6. JlaiiTe ompenenenue penakcalMOHHOTO TeHepaTtopa. e mpuMeHSIOTCS
pellakcaloOHHbIE TeHEPaTOPhI?

7. Kax 00bscHsAeTCS BOSHUKHOBEHHE TApMOHMUYECKUX KOJeOaHUI B TeHepa-
TOpE C CaMOBO30YKIeHHUEM?

8. Kakue crnocoObl cTabuin3anuy 4acTOThl aBTOTEHEPATOPOB BaM M3BECT-
HBI?

9. Yro Takoe «MHAYKTHUBHAS TPEXTOUKA» U «EMKOCTHAS TPEXTOUKA»?

10. Haueptute cxemy aBroreneparopa ¢ tpéxssennoil RC - nensio Ha orme-

PalluOHHOM YCHUIIUTCIIC U 00BACHUTE IMPUHIMAII eé pa6OTBI
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IMPUJIOKEHUSA

Ilpunoscenue 1

OdopMmiaeHue THTYJBLHOIO JUCTA JIA00OPATOPHOM PA0OTHI

MHHUCTEPCTBO OBPA3OBAHUS 1 HAYKU POCCUNCKON ®EJIEPAITN

®I'GOY BO «EJEIKHI I'OCYJAPCTBEHHBIM YHUBEPCUTET
um. U.A. Bynuna»

KA®EJIPA PAJIMOSJIEKTPOHUKY Y KOMITBIOTEPHON TEXHUKU

JlabopatopHas pabora Ne 5
1o Kypcy «PannorexHudeckue 1enu U CUTHAJIbDy

«UccaenoBanne napajajae/JIbHOro KOHTypa ¢ pas/ii4YHbIMH
COINMPOTUBJCHUAMU HAI'PY3KH»

BobinoJsinn:
Cmyoenm 2-20 Kypca
ep. Op-21
Hlunose M.U.

Hpunsia:
Cm. npenooasameins
Hcaxosuu I. 1.

Enerr— 201
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Ilpunoscenue 2

IMMocmpoeHue amnaumyoHo-4acmomHbsIX XapaKmepucmuk

AMIIUTYTHO-4acTOTHasA Xapakrtepuctuka (AYX) siBiaserca OoIHUM U3 OC-
HOBHBIX IMAPAMETPOB YCWIUTENS. Y CWIMTENIH Pa3AeisAioT M0 AWAaNa3oHy YCHIIH-
BAEMBIX YaCTOT. YCHJIMTEIM HU3KOM YacTOThl MPEIHA3HAYEHBl JISI YCHIICHUS
AIEKTPUYECKUX CUTHAJIOB B moJioce 4acToT oT 30 I'm mo 20 kl'm. Ycunurenu BbI-
COKOM 4aCTOTBI PETHA3HAYEHBI U1 YCHIICHUs CUrHanoB paauodactot oT 100 kI'n
U BbIIIIE. Y CHIIUTENH, pabOTalOIIHNe B IUANla30HE CBEPXBBICOKUX YacCTOT, 4aCTO BbI-
JEJSIOT B 0co0yro rpynmy — yemwnurenn CBY. YcumuTean moCTOSHHOTO TOKA YCH-
JUBAIOT CUrHaJIBl B nosioce yactoT oT 0 ' 10 HekoTopo# 3aaHHOM pabouell yac-
TOTHL. [Ipu 3TOM OHM OOeCreYnBalOT YCUJICHUE KaK MOCTOSHHOM, TaK U MepeMeH-
HBIX COCTaBJISIFOIIMX CUTHAJA.

N3BecTHO, YTO KO3(P(PUUMEHT YCUIICHUS YCUJIUTEN NMPU U3MEHEHUH 4acTo-
Thl YCHJIMBAEMOT'O CUTHAJIa MU3MEHSETCA KakK M0 MOAYJI0, Tak U mo ¢aze. Takum
o0pa3oM, OT/AEJIbHbIE TAPMOHUYECKHUE COCTABIIAIOIINE CIOXKHOIO 3JEKTPUUECKOTO
CUTHAJIa, MMOJaBaEMOI0 Ha BXOJ YCUJIUTENS, YCUIIMBAIOTCS HEOJUHAKOBO M CHBHU-
raroTCsl Ha Pa3InyHOE BPEMSI OTHOCUTEIBLHO BXOJHOTO curHaia. O6e 3T MpUYHUHbI
MPUBOMST K U3MEHEHUIO ()OPMBI BEIXOJHOTO CUTHAJIA.

N3menenust GopMbl CUTHAIA Ha BBIXOJIC YCUIIUTEISI, BbI3bIBAEMbIE HEOMHA-
KOBBIM YCUJICHUEM PA3JIMYHBIX YaCTOTHBIX COCTABIIAIOIIMX BXOAHOTO CUTHAJIa, Ha-
3BIBAIOT YACMOMHbIMU UCKAXCeHUAMU; U3MeHEeHUs1 (HOPMBI CUTHAJIA, BHI3HIBAEMbIC
CABUTOM HayajbHOW (pa3bl YAaCTOTHBIX COCTABIISIOIIMX, BHOCUMBIM YCHIIUTEJIEM,
HAa3bIBAIOT ¢hazoebimu ucKaxceHuamu. Kak dactoTHbie, Tak U (Pa3oBble HMCKaxKe-
HUS ONPENENSIOTCA BEIMYMHAMM JIMHEHHBIX 3JIEMEHTOB CXEMbl YCHUIIUTENS, T.€.
AJIEMEHTaMH, NOIYMHAIOIUMHACS 3aKoHy OMa. [ToaToMy uX Ha3bIBalOT sIUHelHbI-
MU UCKaMteHUAMU.

OLEeHKY BHOCUMBIX YCHJIUTEJIEM YAaCTOTHBIX MCKaKEHHUI MPOU3BOIAT MO €0
aMIUTMTYHO-4acTOTHOM Xapaktepuctuke (AUX), mpeacrapistonieit coooi 3aBu-
CUMOCTh MoayJsl KoadduimenTa ycunenus K OT 4acTOTbl MpH MOCTOSHHOW aM-
IUTUTYJI€ CUTHAJIa HA BXOJI€ YCUIIMTEIIS.

MareMaTnyecku 3Ta 3aBUCUMOCTh BBIPAKACTCS CIEIYIONIEH (hOpMYIIOii:

K = F(f) npu U_, = Const,
rae: | —uacToTa CUrHaNa Ha BXOJIE YCHIIUTEJIS;

UBK — HaIIPSPKCHUC CUTHAJIA Ha BXOAC YCHUIIUTCIIA.
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B stom Beipaxkennn K — kondPUIIMEHT yCUIIEHUSI — OTHOUIEHUE BBIXOJHOTO

HanpspKCHUA YCHIIMTCIA K HAIIPSIKCHHUIO K HA €TI0 BXOIC.

K — UEH:[X
UEX -

WHoraa rnoHaTHe «Ko3aghpuyueHm ycuneHuUsa» 3aMeHSIOT 0ojiee oO0IuM 1o-
HATHEM «KO3ghpuyueHm nepedayu». ITO OOBICHACTCS TE€M, YTO YCHIUTENb B
OOIIIEM CMBICIIE SIBISETCS YETBIPEXTIOTIOCHUKOM, KO3 GHUIIMESHT YCUICHHUS KOTOPO-
o MOXET OBITh HE TOJLKO OOJIBINIE, HO U MEHBIIE enuHUIlBL. Kak mpaBuio, B mo-
CIICHEM Cllydae YETHIPEXMOIIOCHUK HE COJIEPKUT B CBOEM COCTaBE aKTUBHOTO
(YCUIIUTENIBHOTO0) JIEMEHTA.

Jns konmuuecTBeHHOM oneHKHM AUYX CIIy)XUT MOHATHE TOJIOCHI IPOITYCKaHUS.
Monocoli nponyckaHuA Ha3bIBAIOT 00JIACTH YACTOT, B Mpeaenax KoTopoi koadpdu-
[IMEHT YCWJICHHs TI0O MOITHOCTH YCUJIMTENS YMEHbIlaeTcsa He Oosiee ueM Ha 3 b,
YTO COOTBETCTBYET YMCHBIICHHIO KOd(PUIMEHTa YCHUIICHHUS IO HAMPSHKCHUIO B
1/+/2= 0,707 pa3. [llupuHy IOIOCH MPOIYCKAHKS U3MEPSIOT B €IUHUIIAX [IUKIIH-

v 1 o pag
yecKou yacTtoTel Nf [—] (I'y) uau B eqUHHUIIAX KPYTOBOM YaCTOTHI [—]
Z [

Kak npasuno, AUX ycunurens B ONpenes€HHOW MOJIOCE YacTOT IPEACTaB-
asieT coO0H MPsIMYIO JIMHUIO, HO MHOT/IA MOXHO HAOJI01aTh MOABEM WK cniaf (T.e.
HEPaBHOMEPHOCTh) B Kakoh-1nbo obnactu yactor. HepaBHoMepHOCTh AUX Xa-
PaKTEpPU3YET CTEIEHb €€ OTKJIOHEHHUS OT MPAMOM, MapajuleabHONM ocu YacTtoT. He-
paBHOMepHOCTh AUX BeIpaxkaeTcs B neuunodenax (ab).

[IprMepHBIN BU aMIUTUTYTHO-YaCTOTHOM XapAaKTEPUCTUKHU IPUBEIEH

Ha puc. 1.
K"
Kﬂ _____ T
G,THTKH T — Jl— ————————————
| | |
! | |
' | |
| | |
Js fo A

Puc. 1. AMIUIUTYJHO-4aCTOTHAS XapaKTEPUCTHKA

AMIUIMTYTHO-4aCTOTHAsI XapaKTEPUCTUKA YCTPOMCTBA OMPEAEISETCS OTHO-
CUTEJIBHO €r0 LIEHTPaJIbHOU 4acTOThI. [ ycunuresnei 38ByKOBOM 4acTOThI B Kaue-

CTB€ IIEHTPaIbHON 4acTOTHI npuHsTa yactora fy = 1000 I',

TunuuHas aMIUIUTYJTHO-4aCTOTHAsI XapaKTEPUCTUKA 10 HAMPSHKEHUIO Bellla-
tenpHOTO PlIIpY mokazana Ha puc. 2.
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Puc.2. AMIUIUTYHO-4aCTOTHAsI XapaKTEPUCTHUKA 110 HAMIPSYKEHUIO
BemarensHoro PlIpy

AMITUTYTHO-4aCTOTHAsA XapaKTEPUCTUKA MO3BOJISIET OLICHUTh HEPABHOMEP-
HOCTb KO3 (UIIMEHTa YCHUIEHUS B 3aBUCUMOCTH OT 4aCTOTBHI.
[lo xapakrepuctuke puc.2 npu 3amgaHHOW HepaBHOMepHocTH AK, ompene-

7s110T 3 PexTuBHBIN Anana3zoH F, + F, NpuHUMAaeMbIX 4aCTOT MOIYJISILIUU.

KonnyecTBeHHasl OLIEHKA YaCTOTHBIX HMCKAXEHUHN OIpeaeisieTrcsa Koageu-
YueHmMamu 4YacmomHbIX UCKaxteHuli, paBHbIMH OTHOLICHHIO Kod(dduumeHrta
YCWICHHS Ha 4acToTe F,y50 K KO PUIIMEHTaM YCUTIEHUS HA TpaHulax Juara3oHa
yactor F, u F,, T.e.

M, — K(F1000) . 7 — K(F1000)
K(Fu) °  K(Fe)

TpeOGoBaHus K MOJIOCE MPOIYCKAHMS PA3IMYHBIX YCTPOMCTB ONMPEAEISIOTCS

uX Ha3HaueHueM. Hanpumep, nis teneoHHON CBSI3U TOCTaTOYHOM CUMTAETCS MO-

noca okoio 3 K['(300 ...3400 I'rg), 1151 BEICOKOKAYECTBEHHOTO BOCIIPOM3BEICHHUS
My3bIKabHBIX TTpon3BeAeHu — He MeHee 30 ...16000 I'u, a ana TeneBU3NOHHOTO
BEIIaHUs — HUPUHOHN 10 8 MI 1.

[Ipu aHanm3e 4ETHIPEXIOIIOCHUKOB YA0OHEE MOJIb30BATHCS HE OOBIYHOM, a
HopmupoeaHHol AYX, y KOTOpOil 0 OCH OpAMHAT OTKJIA/IBIBAETCS OTHOLIECHUE
Moayisi koaddunmenta nepenaun K(f) Ha mo00#l 3a7aHHON YaCTOTE K MAaKCH-

ManbHOMY Kod(dunmenty nepenaun K, .. (f). s moctpoeHnss HOpMUPOBaAHHON

AUX 3anosiHsieTcs cheayronias Tadauma:

Yacmoma U...(B) K — U K

F (FL‘] ng Hﬂ‘lﬂdﬂ
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Jlns ipoBenenus uccieaoBanusa AUX 3amaércs (MM onpenenseTcs) aMIuim-
TyAa BXOAHOro HampsikeHus U,,, KOTopast HOMKHA MOAAECPKUBATHCA MOCTOSHHOM
npu Jr000# yacTotre curHana. [Ipu 3TOM aMIIMTya BXOJHOTO CHTHAja JOJDKHA
YAOBJIETBOPSTH YCIOBHIO

Umax = Uﬁx = Umm’

rae. U,,;,— MUHUMaabHas aMIUIMTYJla CUTHAJIA, COOTBETCTBYIOMIAs! YyBCTBUTEIIb-
HOCTH YCUJINTEIIS,
U, .0y — MAaKCUMaJbHas aMIUIATYJA CUTHAJIA, HE BBI3bIBAIONIAS IEPETPY3KU YCHIIH-
e

[Ipu ananu3e MaHHBIX TAOIUIBI HEOOXOJIUMO OINPEACTUTh TPAHULIBI YACTOT

UE BLT
U OyneT npu-

BXOJIHBIX CHUTHAJIOB, TIPH KOTOPBIX KOA(dHIMeHT nepenaun K =

MEpPHO OJIMHAKOBBIM. DTOT JAMANA30H OTHOCHUTCS K 00y1acT cpeaHux yactoT AUX
(Fep)-

o K
HCHO, YTO B 3TOH 00JaCTH YacTOT OTHOIICHHUE H_ 6y,ZIeT IIPUMCPHO paB-
max

K

o K
HBIM 1, a 3a npezienamMu 3Toi 00MacTH MOKET ObITh ——— < 1 nmm =1,

max max

o K
ITo JaHHBIM 3HAa4YCHHU Ta6JII/II_[BI .FL'— CTPOUTCA HOPMHUPOBAHHAA aMILIH-
max

TyIHO-4aCTOTHAsl XapaKTEPHUCTHKA.

Onepanuss HOpMUPOBaHUS JAET BO3MOXKHOCTh CPaBHUBATh PAa3jIMYHbIE yCU-
AuTenu (4EeThIPEXTIOIOCHUKN) N0 IUPHUHE MOJIO0CH MPOIMYCKAHUS U HEpaBHOMED-
HocTu AUX B 3TOH M0JIOCE YaCTOT.

[Tpu noctpoennn AUX y3KOMOJIOCHBIX (HaIpUMeEp, PE30HAHCHBIX) YCUIIUTE-
Jiell 3Ha4€HHsI 4acTOT MO OCU a0CUUCC OOBIYHO OTKJIAAbIBAIOTCS B JIMHEHHOM (paB-
HOMepHOM) maciiTade. OaHako noctpoeHrne AYX mMpOKONONIOCHBIX YCHIUTENEH
B JIMHEHHOM MaclITade OYEHb CI0KHO, & MHOTJA MPAKTUYECKH HEBO3MOXKHO. B
TOM Cllydae TOPU30HTAIBHYIO OCh YacTOT LEIecOOOpa3HO BBHIMOJHATH B JIOTa-
pudMuueckoM Maciutade. [[is 3Toro moixe3Ho MOMHUTH CIEAYIOIIEE:

1. /locapugpmom aHHOTO YuCia MO JAHHOMY OCHOBAaHHUIO Ha3bIBAaeTCA MOKa3a-
TEeJb CTENEHU, B KOTOPYIO HYKHO BO3BECTH JAaHHOE OCHOBAHHUE, YTOOBI IO-
JYYUTh JAHHOE YHCIIO;

2. B kadecTBe ocHOB8aHUA 0n1a n02apugMuposaHuUA MOKHO BHIOMpATH JT000E
YUCJI0, HO B PAJAMOTEXHHUKE UCIOIb3YyIOTCsA ABa yucina: 10 (u Ttorma nora-

pubM Ha3bIBaeTCs decaAmuyHbIM) unn e ~ 2,718 ... (u Torma norapudm Ha-

3BIBACTCSI HAMYPAbHLIM).
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3. Ilpu norapudmupoBaHuM orepanysi YMHOKEHUS YUCEN 3aMEHSETCs olepa-
UEH CIIOKEHUs, a ONepaLUs JEJICHUS — ONlepalliell BBIUNTAHUS.
4. 3HayeHHs NeCATUYHBIX Jorapudmos B mpenenax ot 1 go 10:

Yucno 1 2 3 4 5 6 7 8 9 10

Jlozapugm | 0 | 0,3010 | 0,4771 | 0,6020 | 0,6990 | 0,7781 | 0,8451 | 0,9031 | 0,9542 | 1,000
qucna

Jlanee onpenensercs BepxHsas rpanuna yactotsl AUX (manpumep, 10% I'n).
Ecnu noctpoenne AUX npou3BoAUTCS Ha MacIITaOHO-KOOPJMHATHOM JUCTE Oy-
Maru («MHJZTAMETPOBKE»), TO MO TOPU3OHTAIM 3TOT JIUCT PA3ACSIIOT Ha 4 OTpe3Ka
olMHaKOBOM JiuHbI. Hawano mepBoro otpeska obOo3HayaeTcs mudpoit «1 ['m»,
BTOporo — «10 I'y», Tpethero — «100 I'u», yetBEpTOTro — «1000 I'ty» U T.71. Hene-
HUE OTpe3Ka MPOU3BOJUTCS B COOTBETCTBUU C MPUBEICHHOM BBINIEC TaOJUIICH JIO-
rapudmon. Ha yugactke (1 — 10) I'iy yactOTBI OyAyT «paccTaBiEHbD) CIEAYIOMUM
obpazom:

1Tm........ lg1l = 0— naugano orcuéra mKabI,
2Tm........ lg2 = 0,3010 nqnuHB! OTpE3Ka;
3Tm....... lg3 = 0,4770 nnuHBI OTpE3Ka;
4Tm........ lg4 = 0,6020 nmuHbI OTpE3Ka;

U T.JT
9T ........ lg9 = 0,9542 nnuHbI OTpe3Ka;

10T ....... lg10 = 1,0000 (momHas ;yIMHA OTPE3KA).

Ha Bropom otpeske «10 — 100 I'm»npomopumu coxpaHsroTcs, TOIBKO Ha
ropu3oHTaIbHON ocu otMevaroTes 4acTOTel 20 I'u, 30 Iy, 40 I'n u T.1. Ha TpeTtbem
orpe3ke — 200 TI't, 300 ', 400 I'y u T.4. Takum oOpaszom, B JiorapupMUUIECKOM

Maciitabe OyayT mporpaayrupoBaHbl BCE OTPE3KH 110 TOPU30HTAIBHON OCH.

Ecnu neoOxomumo moctpouth AUX 1j1si MIMPOKOIIOJIOCHOTO YCUIIUTEINS C
MOJIOCOM YacTOT B HECKOJIbKO MI'11, TO JOCTaTOYHO BRIOpATh APYyroi Macmrad oT-
peskos (manpumep, 1 — 10° I'm, 10° — 10° 'y, 10° — 10° Tou T.1.).

Ecnu tpedyercs mocTpouTh JIorapu(pMUUecKyro MKaly TaKXKe U IO OCH Op-
JIAHAT, TO IPUHLUI €€ ITIOCTPOCHUS OCTAETCS IIPEKHUM.

B stom ciiyyae AUX nHasbiBaeTcs «iorapupmudeckon AUX» (JIAUX).
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Ipunoscenue 3

HomuHansl conpomueneHuli, Emkocmeli u UHOyKkmusHocmeli,
ucnonb3yemoix 8 cmeHoe

R C L
1 Om 0,5 HD 1,0 mKlH
5,1 Om 1,0 HO® 2,2 MKIH
10 Om 2,0 H® 5,6 mklrH
51 Om 5,1 H® 10 mKIH
100 Om 10 HO® 56 mklrn
1,0 KOm 100 H® 100 mklH
5,1 KOm 200 HO® 220 mKlH
10 KOm 470 H® 560 mklH
20 KOm 1,0 mk® 1,0 mru
51 kOm 1,5 mk® 2,2 MM
100 kOm 2,2 MK® 10 mlru
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Ilpunoscenue 4

BapuaHmobi cxem nocnedosamesnibHO20 KonebameanbHO20 KOHMypad

®.1.0.

BapuaHm
cxemol
(puc.14)

Mapamempol 3nemeHmMo8 cxemol

R

L

C

Q

ANAQ D NANQ D OV Q O QDO
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