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OOmue ykazaHusi K BbINOJHEHHUIO J1a00PATOPHBIX padoT

JlabopaTopHble paOOThI BBIMOJHSIOTCS B Yachl 3aHSITHH, YCTaHOBJICHHBIC
pacniucanueM. [Ipu moAroToBKe K BBIMOJTHEHHUIO JIAOOPATOPHBIX PabOT CTYAEHTHI
JIOJDKHBI M3Yy4YUTh COOTBETCTBYIOIIME pa3lielbl TEOPETHUUECKOro Kypca, OCBOUTH
pUeMbl padOTHI B JIEKTPOHHON JaOOpPaTOPUHU, YMETh OLICHUBATh JOCTOBEPHOCTD
MOJIy4aeMbIX PE3yJIbTaTOB U COOTHOCUTH UX C MOJIOKEHUSMU TEOPUH.

ITo uToram paboTHl KaKIIBIM CTyICHTOM O(OPMIIIETCSI OTUET IO JabopaTop-
HOU paboTe. B oT4eT 3aHOCATCS NCXOHBIE CXEMbI, UX TIPEABAPUTEIHHBIN pacueT u
JAHHBIC DKCIIEPUMEHTOB, CTPOSTCS HEOOXOAMMBIC TpaduKH, 3aMOTHSIIOTCS TaOJIH-
1IbI, ICJIAIOTCS BBIBOJIBI IO paboTe.

[To okoHYaHUM PabOTHI C yUETOM pPe3yJabTaTOB Oeceqbl ¢ MpernoaaBaTeIeM
10 TEOPETUIECKOMY MaTepHaTy ¥ OTUETY CTYACHT MOJydaeT 3adeT Mo padore.

JlabopaTopHbie paboThI 10 Kypcy «OCHOBBI TEOPUH IIETICH» BBHITOIHSIIOTCS B
AJIEKTPOHHOM J1a00paTOPHH.

B pabGouem mosne co3maeTcs cxema B COOTBETCTBUM C BapUaHTOM Jiabopa-
TOpHOUM paboThl. HeoOXoauMBbIil 111 CXEMBI 3JIEMEHT MEePEHOCUTCsT U3 Oubno-
TEKH KOMIIOHEHTOB Ha pabouee MoJje ABMKCHHUEM MBIIIM MPU HAXaTOW JIEBOU
kHonke. Jlis ukcupoBaHus djIeMeHTa KHOMNKa oTmyckaercs. [Ipu aBoiiHOM
HIETYKE JIEBOM KHOMKHU IO 3JIEMEHTY B PACKpPBIBAIOIIEMCS JTUAOTOBOM OKHE
YCTAHABIUBAIOTCS TpeOyeMbple MapaMeTphl dJIeMEHTa (BEeIWYHWHA, KPAaTHOCTh W
T.11.). Be100op moaTBepkaaeTcs HaxkaTueM KHomku ACCept ¢ momoibo Kypcopa
MBIIITY WK KinaBumu Enter.

[Tocne pa3merneHust JIEMEHTOB Ha pabodeM TIOoJie MPOU3BOIUTCS COSAUHE-
HUE WX BBIBOJIOB IPOBOJHUKAMHU. [Ipr 3TOM HEOOXOUMO yUNUTHIBATH, YTO K BHIBO-
Ty dJIeMEHTa MOYKHO TOJKIIIOYNTh TOJBKO OJWH MPOBOJHUK, B CITydae pPa3BeTBIIC-
HUS CXEMbl HY>KHO HCIOJIb30BaTh JEMEHTHI «y3JbD». K y311y MOXeT ObITh MOJ-
KIIFOUEHO He 00Jiee YeThIpeX MPOBOJHUKOB.

st u3MepeHus SIEKTPUYECKUX BEIIMUYUH U UCCIEAOBaHUS PaOOThI DI K-
TPUUYECKON CXEMbl, B COOTBETCTBHH C 3aJlaHHEM, K CXE€ME MOIKIIYAI0TCs KOH-
TPOJIBHO-U3MEPUTENIbHBIC TPUOOPHI. CIIOCO0 UX MOAKIIOUCHUS TaKOH JKe, KaK U
crioco0 cozmanusi cxeMbl. [Ipy HEOOXOIUMOCTH KaXIbId U3 TPUOOPOB MOXKET
OBITH Pa3BEPHYT JJIsI YCTAHOBKHU PEKHUMOB €ro pabOThl M HAOIIOACHUS PE3YIIb-
TaToB.

MopenupoBaHue HAaYMHACTCS MIESTYKOM IO BBIKITIOUYATEII0, KOTOPHIH Haxo-
JTUTCSI B BEPXHEM TIPaBOM YTITY.



JIABOPATOPHASA PABOTA 11
«HUCCIEJOBAHHME PEAKTHUBHLIX JABYXITOJIOCHHUKOB»

1. He.]'lb paﬁoTbI: PacucT U SKCIICPUMCHTAJIIBHOC UCCIICAOBAHUC PCAKTHB-
HBIX IBYXIIOJIHOCHHUKOB.

2. IToaroroBKa K BHINOJHEHHUIO JIA0OPATOPHOH PadOTHI

[Ipu moAroTOBKE K BBINOJIHEHUIO PaO0OTHl HEOOXOAUMO:

2.1. I3yuuTh TEOPHIO U METO/IbI CHHTE3a PEAKTUBHBIX JIBYXIOJIOCHUKOB.

2.2. B COOTBETCTBUU C 3aJIaHHBIM BapuaHTOM (Tab. 3) HAWTH CXeMy U OIpe-
JEJHUTh 3JIEMEHThI HCCIEAYEMOT0 IBYXIOJIOCHHKA.

2.3. JInsg mony4eHHOro ABYXIIOJIOCHUKA ONPEAEIUTh PE30HAHCHBIE YACTOTHI,
paccuyuTaTh U MOCTPOUTH rpaMK YaCTOTHON 3aBUCUMOCTH BXOJHOIO COMPOTHBIIE-
HUsl. Pe3ynbTaThl pacueToB cBeCTH B TaOMUIHI 1, 2.

[Ipumeuanue. PacueT BXOJHOTO COMPOTUBIIECHUS JBYXIIOIIOCHUKA BBIITOJIHHUTD
Ha 6 yacToTax, B34B IO 2 YAaCTOThl COOTBETCTBEHHO JI0 NIEPBOT0 PE30OHAHCA, MEXKITY
PE30HAaHCAaMH U IIOCJIE MTOCIIEIHETO PE30HAHCA.

3. DKCnepuMeHTANbHAA YaCTh

3.1. Cobpatb cxemy HUCCIeayeMOro JBYXIOIIOCHUKA.

3.2. OnpeenuTh HKCHEPUMEHTAIbHO PE30HAHCHBIE YacCTOThl C MOMOIIBIO
npubopa boje (M3meputenss 4aCTOTHBIX XapaKTEPUCTHK).

3.3. I3mepuTh BXOJIHOE COMPOTUBIICHUE JABYXIOJIOCHUKA HAa PacuyeTHBIX Ya-
croTax. Pe3ynbpTaThl m3MepeHuit BHECTH B TaOI. 1, 2.

3.4. IToctpouth rpaduk 4aCTOTHOW 3aBHCUMOCTH BXOJHOTO COMPOTHBICHUS
(Ha OJTHOM PUCYHKE C PACUETHBIM).

3.5. J1o6aBUTh pEaKTUBHBIN 3JIEMEHT B CXEMY JIBYXIIOJIOCHHKA TaK, YTOOBI
cXema OcTajach KaHOHMYECKOM M MCCIIeIOBaTh €ro ¢ MoMollbto npudopa boge.

4. MeToanueckue yKazaHust

HccnenoBanue CBOMCTB PACCUMTAHHOIO PEAKTMBHOIO JBYXIIOJKOCHUKA IPO-
M3BOJUTCS 110 CXEME puC. 2.
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4.1. Ins u3MepeHus pe30HaHCHBIX YaCTOT HEOOXOAUMO:

— coOpaTh pacCUUTAHHBIN ABYXITOJIOCHUK;

— K TOYKaM 1-2 MOAKIIOUNTh BCIIOMOTaTeIbHOE conpoTuBiieHne Ry = 10 kOwm;

— MOJKJIIOYUTh UCTOYHUK NEPEMEHHOTr0 HamnpspbkeHus ¢ E = 5 B, HuxkHui 1no-
JIIOC KOTOPOT'O 3a3€MJIUTh,

— U3MEPEHHS MIPOU3BECTH C IIOMOIIBIO M3MEpHUTEapLHOro mprbopa Bode Plot-
ter, st aToro rHe3na IN mpubopa nmoakIrYuTh K Toukam 1-2, a rHezna OUT nog-
KITounTh K ToukaMm 2-0. IIpu sTom Ha skpane mpubopa OyaeTr oToOpakaTbcs da-
crotHast xapakrepuctuka H(]jf) = Uy(jf)/U(jf), koTopas mpormopuroHaibHa
BXOJHOMY COIPOTHUBJICHUIO JBYXIOIIOCHUKA. MacmiTad mo ocsiM BbIOpaTh JTUHEH-
HbIi. OnpeieneHue pe30HaHCHBIX YaCTOT MOKHO OCYIIECTBUTH IByMs CITIOCOOAMU:

1) Mo aMITTUTYHOW XapaKTEPUCTUKE — HYJIU U MAaKCUMYMBI XapaKTCPUCTHKU
COOTBETCTBYIOT P€30HAHCHBIM YaCTOTaM;

2) 1o (a30BOi XapaKTEPUCTHKE — IEperaabl XapaKTCPUCTUKH TaKKE COOT-
BETCTBYIOT PE30HAHCHBIM YacTOTaM.

4.2. Jlns w3MepeHus BXOJHOTO CONPOTHBIICHHS TOXKE HCIOJb3yeTcs Bode
Plotter.

[TocKoJIbKY TOK, MPOTEKAIOIIUMA B 1NN, MOXKHO OIPEICIUTD:

i— Uiz Uz ’ (1)
Ro L px
TO BXOJTHOE COMIPOTUBIICHUE BYXMOIIOCHUKA HaXoauTcs u3 (1):
: U .
Zyx(jf)=Ro-=22=Ro-H(jf). o)
Uiz

Ha pacueTHbIX 4yacToTax HEOOXOAUMO M3MEPUTH aMIUIUTYJIHYIO XapaKTepH-
CTUKY U pacCcuuTaTh M0 (2) BEIMYUHY BXOAHOTO COMPOTUBIIEHUS JIBYXIIOJIOCHUKA.
Pesynbratel 3anucarh B Tabnuily 2.

EMKOCTHBII MM MHIYKTUBHBINA XapakTep BXOJHOTO CONMPOTUBIIEHUS MOKHO
OIIpENENIUTh MO (pa30BOM XapAKTEPUCTHUKE.

Tabmuma 1
rJI\/ri fpe3 pacuetHoe, K11 fpe3 u3MepeHHoe, Kl Bup pesonanca
1
2
Tabmuma 2
Z .. pacyeTHoe Z .. VW3MEPEHHOE
f, F =BX > H f ’ o — BX !
o @)Y (f) ? OwMm




Tabmuna 3

Bapuant OyHKIMA, NOJISKAIIAS PEATA3ALNT dopma peanuzanuun
1 2 3
2103 p3+3.10'
1 Z(p)= p225+109 P 1-s Kayspa
3 10
p°+15-10"p
2 Y(p)= 1-a Kayapa
(p) 2.10" p? +10%7 P
210" p?+2,5-10'°
3 Z(p)= 525107 2-st Kayspa
2 9
p°+1,66-10
4 Y = 2-1 Kayspa
(p) 1,33-103p3+3,325.10% p P
2103 p3+4.107
5 Z(p)= p2p+;r010 P 1-s Kayspa
3 ,1nl0
p°+10~"p
6 Y = 1-g Kayspa
(P) 210" p? +10Y P
107 p2 +5.106
7 Z( _3 03 p5:§90 2-s1 Kayapa
p~+5-107p
2 9
p°+2,5-10
8 Y(p):10_3p3+5-106p 2-s1 Kayspa
210" p?+2-107
9 Z(p)= 2312100 1-s Kayopa
2 9
p2+5.10
10 Y(p)= 1-1 Kayapa
(p) 2.1073p3+3-10"p P
1,33-:103p3+3,325.10% p
11 Z(p)= 7166.10° 2-1 Kayopa
2 9
p2+1,66-10
12 Y(p)= 2-1 Kaynpa
(p) 1,33-103p%+6,65-10%p P
210" p? +10%’
13 Z(p)= 3109, 1-1 Kayspa
3 10
p°+2-107p
14 Y(p)= 1-a Kayapa
(p) 210" p?+2-10%7 P




[Tpogomxenue TadbauIs! 3

1 2 3

103 p3+5.10%p
15 Z(p)= 2-s1 Kayospa
(p) p2+2,5.10° P
16 Y(p) p>+510°p 2-5 Kayspa

= !

310" p? +5-10'° P

210" p? +10%7
17 Z(p)= 1-1 Kayapa
(p) p3+1,5.10'%p P

2 10
p°+10
18 Y(p)= 1-1 Kayapa
(p) 2.107°p3+4.10"p P
1,33-103p3+6,65-10° p
19 Z(p)== ’ 2-s Kayspa
(p) p?+1,66-10° P
3 9

p°+2,5-10"p
20 Y(p)= 2-s1 Kayospa
(p) 210" p?+2,5-10%° P

5. TpeGoBaHust K oTUYETY

OT4et mo paboTe TOKEH COAEPIKATh:

— pe3yJIbTaThl MPEIBAPUTEIHLHOTO pacyeTa;

— CXEMBI UCCIIETYEMBIX JIBYXTIOJIOCHUKOB,;

— CXEMbl U3MEPEHNUN;

— pe3yJbTaThl U3MEpeHui B Bujie Tabauil u rpaduxos. [Ipumeuvanue: Z;, pac-
YETHOE U g, SKCIIEPUMEHTAIILHOE MOCTPOUTh Ha OJIHOM IIOCKOCTH C YYETOM 3HAKa,

— BBIBOJIBI 10 padoTe.

6. KonTpoibHbIE BONIPOCHI

1. Kakue qBYXIOIFOCHUKH Ha3bIBAIOTCS SKBUBAJICHTHBIMH?

2. Kakue nBYXMOJIIOCHUKM Ha3biBatoTca oOpaTHbIMU? [lpaBuna momydeHus: 00-
PaTHBIX IBYXIIOJFOCHUKOB.

3. Kak ompenenuts mo cxeme IBYXIOMIOCHUKA KOJUYECTBO M XapaKTep pe30HaH-
coB?

4. HauyeptuTh rpak 4acTOTHOIN 3aBUCHMOCTH CONPOTHBJICHUS JIBYXIIOJTIOCHUKA
T10 33JIaHHOM cCXeMe M Hao0OpoT.

5. 3anmcath BbIpaX€HHE ISl COMPOTUBIICHUS ABYXIOIIOCHUKA M0 33JaHHON CXe-
Me U Ha00OPOT.

6. Oco0eHHOCTH CHHTE3a PEaKTUBHBIX ABYXIOJIOCHUKOB MPH PA3INYHBIX (opMax
peanuzanuu.



JIABOPATOPHASA PABOTA 12

«HMCCIEJOBAHME YETBIPEXITIO/IIOCHUKOB»

1. I.Ie.m; paﬁoTbI: HCCJIICA0OBAHUC CBOMCTB MAaCCHUBHBIX JIMHCUHBIX YEThI-
PEXIIOJIHOCHUKOB.

2. loaroroBka K BHIOJHEHHIO JJA0OPATOPHOH padoThI

[Ipu OArOTOBKE K BBIIOJIHEHUIO pabOThl HEOOXOAUMO:

2.1. O3HaKOMHTBCS C YPAaBHEHUSIMH II€PEJAYN YETHIPEXIIOIIOCHUKA B PA3HBIX
(dopmax, pacueToM COECIUHEHUN YETHIPEXITOIOCHUKOB, XapaKTEPUCTUUECKUX Ma-
pameTpoB, pabo4YNX Mep mneperad.

2.2. B cooTBeTCTBUM C 3aJaHHBIM BapuaHToOM (Tabn. 7) paccumrarb A-
napameTpbl [-00pa3HbIX YETHIPEXIIOIOCHUKOB (puC. 6).

2.3. IlpousBectu pacyer A-mapaMmeTpOB CIOKHOTO YETHIPEXIOIIOCHUKA, TO-
JYYEHHOT'O MYTEM KacKaJHOrO COEIMHEHHMs 3aJlaHHbIX ['-00pa3HbIX 4YeThIPEXIIO-
JIIOCHHUKOB.

2.4. OnpenenuTh XapakTEpUCTUYECKUE CONMPOTUBNIEHHUA Z.4 U Z., H COO-
CTBEHHOE OcialieHue A, CIO0XKHOIO YETBIPEXIIONIOCHUKA. Pe3ynbTaTsl pacueToB
CBECTH B Ta01. 4, 6.

3. DKcnepuMeHTAIbHAA YaCTh

3.1. Ilo ouepeau coOpaTh CXeMbl 3aJaHHBIX | -00pa3HBIX YETHIPEXIIOIOCHHU-
KOB (puc. 3, 4) 1 U3MEPUTH A-TTapaMETPbI KaXA0TO.

3.2. CoenVHNUTHh YETHIPEXIOIIOCHUKN KACKAaIHO W U3MEPUTH A-TlapaMeTpbl
CJIOKHOTO YETBIPEXITOIIOCHUKA.

ITo pe3ynpraram u3MepeHuil 4-napaMeTpoB pacCUUTaTh XapaKTEPUCTUYECKHE
conpoTuBieHust Z U Z .

3.3. JIng KacKaJHOrO COEIWHEHHUs YETBIPEXITOJIOCHUKOB OINPEAEIIUTh 3KCIIEe-
PUMEHTAJIBLHO COOCTBEHHOE U pabouee ocIa0IeHHMs.

[Tpumeuanue. MI3mepenust Toka U HanpsiKeHus npousBoasTes npu £ =1 B ¢
MOMOIIBbIO aMIIEPMETPA U BOJBTMETPA, UCHOJIb3yeMbIX B peskume « DCy». Pesynbra-
ThI U3MEpPEHUN BHECTHU B Ta0I1. 4—6.

4. MeToanueckue yKazaHust
4.1. Iapametpsr Aj; 1 Ayq MOXKHO ONPENETHUTH B PEKHUME XOJOCTOrO X0/a

Ha BbIXOJe (pHC. 3), U3MEPUB HANIPSHKCHUS HA BXOJHBIX M BBIXOJHBIX 3)KHMaxX de-
teipexnomochuka (U ;U ,) u Tok Ha Bxozne (14).
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Puc. 3

ITo pe3ynbraramMm U3MEPEHHMI PACCUMTBIBAIOTCS IapaMeTpel A U Ayq!

1)

4.2. B pexxuMe KOpOTKOTO 3aMblKaHUs Ha BbIX0j€ (puc. 4) onpeaenstorcs na-
pametrpel A, U A,,, IyTeM HU3MEPEHHs TOKOB HA BXOJE U BBIXOZE YETHIPEXIIO-
mocHuka (14 u | ,) 1 HanpsKeHus Ha BXOAHBIX 3axkumMax (U ).

14z 2
CDE lgl Zy VI
&
1 2
Puc. 4

ITapametrpsr A, 1 A,y PaCCUUTBIBAIOTCSA CIETYIOIUM 00Pa3oM:

14
; Ap ==

U,=0 12

(2)

U,=0

I
AHaNOTMYHEIM 00Pa30M ONPENENAIOTCS A-apaMeTpsl BTOPOTO U CIOKHOTO

YETHIPEXITOTIOCHUKOB.
4.3. I3aMepeHune ociadieHus.

A 1 2
A 4-x
()E l Ql ITOJIFOCHUK l QZ ZH
o
1 2!
Puc. 5



PaGouee ocnabieHne onpenenseTcs COOTHOMECHHEM:

B ciy4ae COrnacoBaHHOTO BKIIOYEHHs YETHIPEXINONOCHUKA (Z . =7

E
A, =20l
P 920

=2

Z
+10Ig|=x
g Z

, 1b.

—T

Z., =7 .,) pabouee ocnabieHue paBHO COOCTBEHHOMY.

E
A. =20l
¢ g 2U

=2

;02
Z=cl

+101g

, Ab.

N3mepenns mpou3BOIATCS IS IBYX CITy4acB:
1. CormnacoBaHHOE BKJIIOUYEHUE.

2. Bxmovenue Ha conpotuBienus Z =2
Jlns u3MepeHusi COOCTBEHHOro M pabouero ociablieHHs

(puc. 5) u ycranoButs £ =1 B.
4.3.1. 3smepenne coOCTBEHHOTO ocliadaeHus A..

— ycTanoButh Z =72

Z

cl; =51

:;02;

cl;

;H = 3;02 '

)

cl1 H

(4)

co0paTh cxemy

— C MOMOIIBI0 BOIbTMETpa (B pexkume «DCy») nameputs Hanpsixerue Uy;
— 10 popmyiie (4) BBIYUCIUTD A...

4.3.2. U3mepenue padbouero ocnadaeHus:
— yCTaHOBUTL Z . =7
— U3MEpUTh HanpsukeHue U,;

cl;

Zy

:3Zc2;

— 110 (hopmye (3) BEIYUCIUTD A,
4.3.3. CpaBHUTH NTOTyYEHHBIE pe3ybTaThl. CenaTh BHIBOIBI.

Tabanma 4

1-#1 4-X TIOJIFOCHUK

2-11 4-X TIONFOCHUK

Kackagnoe coenuH.

Pacu.

Nzwmep.

Pacu.

H3wmep.

Pacu.

Nzmep.

All

Alz . OM

621, OM

Ay

Ta0mumna 5

Pexxnm XX Ha BBIXOJIE

Pexxum K3 Ha BRIXOZIE

gioB

QZ&B

lls MA

l]_a MA

|_27 MA

giaB

1-# 4-X OJIFOCHUK

2-11 4-X TIOTFOCHUK

HCHHUC

Kackagnoe coenu-

10



Tabmura 6

Z.4,0m | Z,,0Mm A., nb A, , b

Pacuerh.

OKcnepum.

Tabmuma 7

Bapuant Z41,0m Z,,0m Z5,0Mm Z,,0Mm

1 105 108 100 105
2 104 108 101 204
3 94,4 101 202 107
4 108 107 194 208
5 103 115 108 99,1
6 99,4 201 105 206
7 102 201 201 105
8 106 213 210 211
9 205 100 98,5 97,3
10 209 107 99,2 193
11 198 105 202 98,4
12 214 101 205 199
13 201 208 105 102
14 195 209 100 195
15 210 207 214 97,4
16 202 210 209 200

OTuet mo paboTe TOHKEH COAEPIKATh:
— pe3yJIbTaThl MPEIBAPUTEITHLHOTO PaCcUeTa;

5. TpeGoBaHusI K OTUYETY

— CXEMBI UCCIIEAYEMBIX YETHIPEXIIOIOCHUKOB;
— CXEMbl U3MEPEHNUN;

— pe3yabTaThl U3MEPEHUIN U BBIYMCIICHUM;

— BBIBO/IBI IO padoTe.

6. KonTpo/ibHbIE BONIPOCHI

1. Ha3BaTp rpynmnel nmapaMeTpoB, XapaKTEPU3YIOIINUX JJIEKTPUYECKHE CBOM-
CTBA YETBIPEXIIOIIOCHUKOB.
2. JlaTp omnpezaesieHne XapaKTepUCTUUYECKUX MapaMeTpOB, MapaMeTpPOB XOJ0-
CTOTO X0J1a U KOPOTKOT'O 3aMbIKaHU.

11



3. Kak onpenensieTcss BXOJHOE CONPOTUBIECHUE YETHIPEXITOIFOCHUKA?

4. Kak ompenensiercss pabodee ociablieHHE YeThIpEeXIonocHuka? B xakom
ciydyae pabouee ociiabjeHue paBHO COOCTBEHHOMY?

5. Kakum 00pa3oM Mpou3BOAMTCS pacyeT MapaMeTpoB MPHU KaCKaIHOM, IO-
CJIeI0BAaTEILHOM, MMApaJUIeIbHOM COCIMHEHUSIX YETHIPEXTIOTIOCHUKOB?

6. Uto Ha3biBaeTcs nepenaTouHoil ¢pyHkuuen yersipexnontocHuka? Kak ona
onpenensaercs?

Zy Z3
o |I |I o
I:I Z Zy
o o & o

Puc. 6

12



JIABOPATOPHASA PABOTA Ne 13
«IIEIIN C OHEPAIIMOHHBIMHA YCUJIMTEJISAMMN»

1. He.]'lb paﬁon: PacuceT MU IKCICPHUMCHTAJIBHOC HCCIICAOBAHUC
YCTpOﬁCTB, COACpKaAUX OIICPAITMOHHBIC YCUJIUTCIIN.

2. I[ToaroroBKa K BHINOJHEHUIO PadOThI

[Tpu MOATOTOBKE K BBHIMTOJIHEHUIO PA0OTHI HEOOXOAUMO:

2.1. IByunTh TEOpHUIO M METOJbI pacyera Ieneil, coaepKamux OnepanuoH-
HbIl ycuutens (OY).

2.2. B COOTBETCTBHH C TAaHHBIMU CBOETO BapHaHTa (CM. MPUJIOKEHUE, TabIn-
161 8, 9):

— BBIYUCIIUTD TepeAaTOYHbIe (PYHKIIMN MACIITAOHBIX YCUIIUTENEH ¢ HHBEPTHU-
PYIOIIMM U HEMHBEPTUPYIOLIUM BXxojamu (puc. 7 a, 0);

— COCTaBUTh CXEMY CyMMaropa M pacCUMTaTh HAIpPSHKEHHE Ha €ro BBIXOJE
(puc. 8);

— COCTaBUTh cxeMmy AuddepeHuraropa Wik uHTErparopa (puc. 9), paccuu-
Tath 1 noctpoutbh AUX B nuanazone yactot 0,1 — 10 xI'y ¢ uaTEepBasiom B 2 kl'L.

3. DKcnepuMeHTAJIbHASA YaCTh

3.1. Cobparh cxeMy MacHITaOHOTO YCHUJUTENs C WHBEPTHPYIOIIUM BXOAOM
(puc. 7, a). lloakyrounTh HA BXOJl YCUJIUTEIIS T€HEPATOP CUHYCOUJATBHBIX CUTHA-
708 ¢ yactotor f =5 x['u u Hanpspkenuem Uq = 1 B. U3Meputh HampskeHne Ha
BbIX0/ie ycunuTens U, ¢ momoinpio BosibTMETpa. Onpenenuth 3Ha4eHUE Mepeia-
TOYHOUM (P)YHKIIMHU U CPABHUTH C NMPEBAPUTEIIBHBIMU pacueTaMHu.

CobOparp cxeMy MacmITaOHOrO YCWIMTENIS C HEUHBEPTUPYIOUIUM BXOJIOM
(puc. 7, 6) ¥ TOBTOPUTH OIIBIT.

3.2. Cobpatb cxemy cymmaropa (puc. 8). Ha o6a Bxoma cymmaropa moJIKiiro-
YUTh UCTOYHUKHU FaPMOHUYECKUX KoJjiebaHuii ¢ yactoroi 1 k[’ u ycTaHOBUTH 3a-
JaHHble 3HaYeHus HanpspkeHud Uiq u Uio. HeunBepTupyronmii BXoJ 3a3eMIIUTh.
N3mepuTh HanpspKEHUE Ha BBIXOJIE CYMMAaTOpa U CPABHUTH C PACUETOM.

3.3. CoOpatb cxemy uHTerparopa (auddepenuaropa) (puc. 9, a, 6).

N3meputs AUX nenu B auanazone yactoT 0,1 — 10 k['y ¢ mHTEpBaIom mo-
psanka 1 kl'.

[Ipumeuanue: s usmepeHnss AUX mcnonb30BaTh U3MEPUTENh YAaCTOTHBIX
xapaktepuctik «Bode Plotter», npu sTom Ha BXOa Ienmu HEOOXOAUMO MOIKIIIO-
YUTh UCTOUYHUK TapMOHUYECKUX KojeOanuil ¢ Hanpspkennem U; = 0,1 B. I'nesna
IN mpubopa «Bode Plotter» moaxirounts k 3akumam 1-2, OUT — k 3akumam 3-4.
Macmtab no BepTHUKaIbHOW U TOPU30HTAIBLHON OCSIM YCTAaHOBUTH B COOTBETCTBUU
C PACUETHBIMU JAHHBIMHU.
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3.4. Ha Bxon wunterpatopa (auddepeHnuaropa) MOIKIIOUUTE TE€HEpaTop
IPSAMOYTOJBHBIX UMITYJIBCOB ¢ aMIiuTyaou 1 B u wactoroii 100 I', R, = 1 kOm
(puc. 9, s).

C nomotpto ocumsuiorpada npoHadmoaate padboty yctpoicTsa. Jis aToro Ha
OJIMH KaHaJl ocluuiorpada mogarh BXOJHOW CUTHAI, & HA JPYTOM — BBIXOJAHOM CHUT-
Hay uHTerparopa (auddepeHunaropa). YOeaAUTbcs B TOM, YTO BBIXOJHOM CHUTHAI
IIPEICTABIISIET COOOM MHTETrPUPOBaHHbIN (iU depeHITuPOBaHHBIN) BXOIHON CUTHAIL.

4. TpeOoBaHus K OTUETY

OTuet 1o paboTe TOJIKEH COAEPKATh:

4.1. Cxembl yCTPOMCTB U pE3yJIbTATHI IPEABAPUTEIBHBIX PACUETOB.
4.2. Pe3ynbTaThl N3MEPEHHUI.

4.3. Tabmuupl u3mMepenuit u rpadpuxu AYX.

4.4. BeiBoabl 110 pabore.

5. Ilpusoxkenue

5.1. B pabote npuMeHsIIOTCSl IB€ OCHOBHBIE CXEMbI MACIITA0OHBIX YCHIUTENICH
Ha OV (puc. 7).

A A Al A
o— — }—D'_
Qll Aoco Ao
P [ o TP
i [ g I I
a) 0)

Puc. 7

[Tepenarounsie hyHKIMU H MacIITAOHBIX YCUIIUTENICH ONPeaestOTCs:
— uist BKoueHust OY 1o HHBEPTHPYIOIIEMY BXoay (puc. 7, a):

H=U,M,=-2Z,/Z;;
— uist BKoueHust OY 1o HeMHBEpTUPYIOleMy Bxony (puc. 7, 6):

H=U,/U,=1+Z,/Z,.

5.2. O606mieHHas cxema cymmaropa Ha OV ¢ HCHOJIB30BAHUEM WHBEPTUPY-
IOIIETO M HEMHBEPTUPYIOIIETO BXOAOB MPHUBEICHA Ha puC. 8.
Hampsxenue Ha Beixoze cymmaropa U , ompezensdercs 1o Gopmyie:

Up=a;-Up+ay-Up+...+an Uy +amg Uy +--+an Yy,
rie aj=—R/R; mm1i=1,2,...,m,
14



Ui+

Puc. 8

Ri+RO RBKB
]/RSKB :]/Rl +]/R2+°°'+]/Rm
Ry J Rg,ecmi=(m+1),...,n.

5.3. UcxonHble TaHHBIC PUBEACHBI B TA0IHIIC 8.

Ro (1+i] mi=(m+1),(m+2),...n,

Tabmuma 8
MacmraGHbIi Cymmarop Wuterparop
Ne Bap. |  ycunurens Uo,=a;-Ujy+az-Uypp (mudepennmaTop)
Zy Z, a 8 | Up,B|Up B Iens c R
1 Ry R -R/R; | -RIR, 1,0 0,5 UHT. C Ry
2 R2 R —R/R2 —R/Rl 0,9 0,6 I[I/I(b(b Cl R
3 R3 R -R/R; | -R/R, 0,8 0,7 UHT. C R,
4 R4 R —R/R2 —R/Rl 0,7 0,8 I[I/I(b(b C2 R
5 R, R -R/R; | -R/IR, 0,6 0,9 UHT. C R3
6 R» R -R/R, | -R/R; 0,5 1,0 | mudd. Cy R
7 R3 R —R/Rl —R/R2 0,4 0,2 HHT. C R4
8 R4 R -R/R, | -R/R; 0,5 0,3 | mudd. C, R
9 Rl R —R/Rl —R/R2 0,6 0,4 WHT. C Rl
10 R, R —R/R, | -R/R; 0,7 0,3 | mudd. Cy R
11 R3 R -R/R; | -RIR, 0,8 0,4 WHT. C R,
12 R4 R —R/R2 —R/Rl 0,9 0,5 I[I/I(I)(I) C2 R
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5.4. Cxembl uHTErpaTopa u muddepenmaropa npuBeeHsl Ha puc. 9 (a u 6),
COOTBETCTBEHHO.

Ri C Ci R
- |-
U, l Q1l
) Ao 3 ,Q Ao 3
O
l Y, ll_fz
1 24 L 1 24
a) R, 6)
r‘:l‘%_ g% 3 \;KaHaJI
8, KaHal
G_I'L 3 v
2 |E €| 4
e 1
8)
Puc. 9

3HaueHUs SIEMEHTOB MPUBEACHBI B Ta0mIIe 9.

[Tpumeuanue: 3nauenust Rj u C; BbIOMparOTCA B COOTBETCTBUU C BAPMAHTOM
(rabsuna 8). B ciydae unrerpatopa Rj =Ry, Ry, Rz, Ry; B cxeme nuddepennua-
Ttopa C; =C4,C,.

Ta0mura 9

R, KOM | Ry, KOM|Rp, KOM|Rs, KOM Ry, KOM |Ro, kOM | C,Mx® | - 0 | o

1,2 3,2 5,6 4,2 5,2 1,2 0,1 0,047 0,1

6. KoHTpOJIbHBIE BONIPOCHI

6.1. Uemy paBHO BXOJHOE COMPOTHUBIICHUE IICMH, MOCTPOCHHON MO CXEeMe
BtoueHust OV ¢ uHBepTHPYOMKUM BXx0A0M? C HEUHBEPTUPYIOIIUM BXOJ0M?

6.2. HauepTuth cxeMy acCUBHOTO MHTETpaTopa u nuddepeHuunaropa.

6.3. B dyem 3akirodaeTcsi MpeUuMyIeCTBO aKTUBHOTO HHTerparopa (audde-
pEHIMATOpa) O CPABHEHUIO C TTACCUBHBIM.

6.4. IloctpouTh cxemMy cyMMaropa M ONPEIEIUTh €€ HIEMEHTbI, €CIH
QZ :—O,S'Ull +2‘U12 —1,5‘U13.

6.5. OnepalMoHHBINA YCUIUTEINb BKITIOYEH 0 CXeMe C MHBEPTUPYIOLIUM BXOJIOM.
OrnpenenuTs NeperaToYHy 0 (QYHKIHMIO TAKOH LEMH, €ClIM B Ka4eCTBE Z 5 UCIOJb3YeT-
cs1 napasuienbHbii KouTyp RC, B kauecte Z 1 —nocnenoparebHbii KOHTYp RC.
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JIABOPATOPHASA PABOTA 14
«HEJIMHEWHBIE HENX MOCTOSAHHOI'O TOKA»

1. Heab padoThl: U3yueHHE METO/IOB pacyeTa HEJTMHEHHBIX 1Ienel TOCTOSTHHO-
IO TOKa IPU MOCIIEeI0BATEILHOM, MapajuieIbHOM U CMEIIaH-
HOM COE/IMHEHUH JIMHEWHBIX U HEJTMHEHHOTO AJIEMEHTOB.

2. [ToaAroToBKa K BHINOJHEHHIO JIA0OPATOPHO padoThI

2.1. Ing AByX CXE€M — IOCJIEIOBATEIbHOTO COCAUHECHUS JIMHEUHBIX U HEJIH-
HeliHoro (HD) anementoB (puc. 10) U cMemaHHOTO COSAUHEHUS JIMHEHHBIX U He-
JMHENHOTO0 3J1IeMEHTOB (puc. 11) paccuuTaTh TOKH B BETBAX U HAIPSLKEHHS HA BCEX
AIIEMEHTaX CXEMbI, OJb3YSACh METOJIOM I'papuecKOro CI0KEHUS BOIbTAMIIEPHBIX
XapaKTEPUCTUK U METOJIOM SKBHBAJIEHTHOI'O F€HEPATOPA.

BOJIbTAMIIEPHAS] XapAaKTEPUCTUKA TUOAA:
Uy,B| 0 |01(02(03]04 (04505 (055|061|0,7]08]0,9
Iy, MA| O 0 0 |0,02(0,12|0,81| 3,7 | 9,8 |18,1|37,5|58,7 | 80,6

HD HD
R, TI U R, Tfa
]~ il J7s 1o} =
E E
Puc. 10 Puc. 11

3. JKCcnepuMEeHTAJIbHAS YaCTh

3.1. B xauectBe HenuHelHoro 3neMenTta (HD) ucnonb3yercst morynmpoBOHU-
koBbIi muos diodel7 (u3 6udauoreku 1abl7). CHsATh BOMBTAMIIEPHYIO XapaKTepH-
cTuky nuona (puc. 10).

[Tpumeuanue. 3nauenus IJIC E uzmensats ot 0 1o 1 B ¢ marom 0,1 B. Jlna
u3Mmepenusa Toka | B nenu m HanpspkeHus: Uy, Ha HD ucnons3yroTcsi cOOTBET-
CTBEHHO aMIIepMETp U BOJBTMETp. M3MepuTenbHbIe MPUOOPHI UCHOJIB3YIOTCS B
pexume noctossHHOTO ToKa («DCy). ITokazanus mpubopos 3anecty B Tadbmmiry 10.
Tab6muma 10

E,B c]01/02/03)]04]05/06]07]08]09]10

UH39 B

I, MA
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3.2. 3nauenus D/IC E, conporusnenuit R,, Rg, R. nansl B Tabnuie 12 u BhI-
OMparoTCs B 3aBUCUMOCTH OT HOMEpa BapHaHTa.

3.3. CoOpaTh cxeMy IMOCIeI0BAaTEeILHOTO COSAMHEHUS JIMHCHHBIX U HEJIMHEH-
HOTro 37eMeHTOB (puc. 10), ycTaHOBUB 3a/laHHbIC 3HAYEHUS SJIEMEHTOB 1LICTIH.

3.4. C nomompio BoJbTMeTpa u3MepuTh BenuunHy OJIC uctounuka E wu

HanpspkeHU Ha snemMenTtax 1enu (R,, R, u HD) u 3anucath ux 3HaveHus: B TaOiauily
11.

3.5. C momoIpr0 amMnepMeTpa U3MEPUTH TOK B IIETH U 3amucaTh B Tabi. 11.

3.6. HUcnonp3ys momyuennyio BAX HD (tabmuma 10), onpenenuth TOKH B
BETBSIX U HAIPSHKEHUS HAa BCEX dJIeMeHTaxX cxembl (puc. 10) MeTogoM SKBUBAJICHT-
HOTO TeHepaTopa. 3amucarh pe3ynbTarbl pacueToB B Tabmuny 11. CpaBHUTH pe-
3yJbTaThl pacyeTa C dKCIEPUMEHTAIBHBIMUA JAHHBIMHU U C/I€JIaTh BBIBOJ O TOYHO-
CTH TpadOaHATUTUUECKOIO METO/Ia pacyera LEMU MOCTOSHHOTO TOKa C HEJIWHEH-
HBIM 3JIEMEHTOM.

3.7. CobpaTh cxeMy CMEIIaHHOTO COECIUHEHUs JTUHEHHBIX 3yeMeHToB n HO
(puc. 11), ycraHOBUB 3a/laHHbIE 3HAYEHMsI 3JIEMEHTOB 1enu. [loBroputh u3mepe-
HUSI K1 HEOOXOAUMBIE pacdeTsl 110 11.11. 3.4-3.6.

PesynbraThl pacueTa 1 u3MepeHuit 3anucarhb B Tabnuiry 11.

[IpoBepuTh MpaBUIBLHOCTH pacdyeToB No 1-my u 2-my 3akoHam Kupxroda u
3anucaTh 3HAYEHUS! TOKOB M HaNpsKeHU B Ta0uiy 11.

Tabauna 11

E,B | U,B | Us,B| U,B |Uus, B I, MA | Is, MA |1, MA

HOCHGI[. Pacuet

COC/IVIH.
(puc. 10) |MI3mep.

CmemaH. | Pacyer

COCHUH.
(puc. 11) | A3mep.

4. TpeOoBaHHS K OTYETY

Otuet mo 1abopaTopHOM paboTe JOJKEH COMIePKATh:

4.1. BombraMIepHyr0 XapaKTEpUCTHKY IIEMH, IIOCTPOCHHYIO B YIOOHOM JIJIst
paboThl MaciTabe.

4.2. NcxomHy! cXeMy W BBITOJHCHHBIA TIpadoaHAUTUTUYECKHM METOJIOM
MPEABAPHUTEIILHBIN pacdyeT CXEeM IOCIIECIOBATEILHOTO U CMEIIAHHOTO COCTUHEHUS
JUHEHHBIX U HEJIMHEHHOTro 3aeMeHToB (puc. 10, 11).

4.3. Tabmuity 11 pacyeTHBIX U SKCIIEPUMEHTAIBHBIX JAaHHBIX.

4.4. BeIBOIBI 110 TIPOJICTIAHHON padoTe.
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S. KoHTpobHbIE BONPOCHI

5.1. BoibramnepHbie XapaKTepUCTUKY JIMHEWHBIX M HEJTUHECHHBIX 3JICMEHTOB.

5.2. Cratndeckre U JUHAMUYCCKUE TTapaMeTPhl HETMHCHHBIX 3JIEMCHTOB.

5.3. PacyeT 3ieKTpHUECKOW MEeNH NPH MOCISAOBATCIIBHOM, MapajlieIbHOM U
CMEIIaHHOM COCAMHCHUH JIMHCHHBIX M HEJIMHCHHBIX 3JICMEHTOB.

5.4. IsmeHeHue peskuMa pabOThI MEH IPH U3MEHEHHH TIOJSIPHOCTH HUCTOY-
HUKa E win nosispHOCTY BKITIOUEHHS HETMHEHHOTO 3JIEMEHTa (IM0/a).

6. Ilpuiio:xkenue

HcxomHble JaHHbIE I PEIBAPUTEIILHOTO pacyeTa MpUBEICHBI B TabmuIe 12.

Tabmuma 12
Bapuant R,, OM Rs, OM R, Om E,B

1 10 100 10

2 15 100 10

3 20 100 10

4 10 150 10

5 15 150 10

6 20 150 10

7 10 200 10

8 15 200 15 Tls Beex
9 20 200 15 BapHaHTOB
10 10 100 15 puc.10
11 15 100 15 E=07B
12 20 100 15 puc.11
13 10 150 15 E=1B
14 15 150 15

15 20 150 20

16 10 200 20

17 15 200 20

18 20 200 20

19 10 100 20

20 15 100 20
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JIABOPATOPHAS PABOTA 15

«HEJIMHEHWHBIE IIENA B PEXXUME 'APMOHUYECKHX
KOJIEBAHUN»

1. Ileab padoThbI: U3yYeHHE pacueTa LENH MEPEMEHHOIO TOKa C HElH-
HEWHBIM 3JIEMEHTOM METOJOM yTJIa OTCEYKH IIPU Ky-
COYHO-JIMHEWHOU anmnpokcumanuu BAX.

2. IToAroToBKA K BBINOJHEHHUIO J1A00PATOPHOIl pad0ThI

2.1. Jlns snextpuueckoil nenu (puc. 12) 3amaHpl CIEIYIONIME BEIMYUHBI
(Tabm. 15):

— THI HEJIMHEWHOTO >JIeMEeHTa (TUI IN0/1a);

— BOJIbTAMIIEpHAs XapakTepucTHKa auosa (Tadi. 13);

— HaMpsHKEHUE CMENIeHHs BXOAHOTO curHana Uy,

— amruatyna Uy, 1 9acroTta f mepeMeHHOT0 HanpshKeHS,

— 3HAYEHHE COTPOTHUBIICHUS HArpy3Ku R, muona.

1 VD 2

P | o

(D wo Ra un(t

Puc. 12

Taomuma 13

Uyp,B| 0 101}102(03]04(045]05(05]06]0,7]08]0,9
Iy, MA| O 0 0 10,02(0,12]0,81| 3,7 ] 9,8 |18,1]|37,5|58,7|80,6

2.2. CuuTast, 94T0 Ha BXoje 1emnu (mociaeaoBatenbHoe coeaunenne VD u R,)
JNEUCTBYET HANIPSKCHUE

u(t)=Ug+U pcosot,

— TIOCTPOUTH OOIIYIO0 BOJBTAMIEPHYIO XapaKTEPUCTHUKY MOCIEI0BATEILHO CO-
eauHeHHbIX Auonaa VD u conpoTuBieHus Harpy3ku Ry;

— MPOU3BECTU KYCOYHO-JIMHENHYIO allpPOKCUMALMIO MTOCTPOEHHON BOJIbTAM-
IIEPHOM XapAKTEPUCTUKH;
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— MO HampsKeHUro oTrceuku U, 3a7aHHOMY HanpsbkeHuto cmetenus Ugp u
aMILTUTYE BXOQHOTO HanpsikeHus Uy, paccuuTaTh yroj OTCeUKH 0,

— rpaduyecku onpenenuts (HopMy HMITYyJIECOB TOKa I(f) W aMImIuTyny uMm-
MyJIbCOB TOKA |max ¥ HATIPsKEHUS HA HATPY3Ke Uy max, L€

Uimax = Imax- Ru (B);
— ONPEACIUTh aMIUTUTY bl 1-0i, 2-0M, 3-eif TapMOHUK U TTOCTOSIHHOM COCTaB-
JISTIOIIEH HAMPsHKEHUS Ha Harpy3ke 1mo hopmysie:

Umi :UHmax'ai(e)’

TOe o (0)= ﬂ — kod(punuentsl bepra;
1-cos6
aozﬂne—eame_
n(1-cosh) '’
alzf%—ﬂnecose_
n(1-cosH)
2sin30

2= )
3n(1-cos0)
sin30cos0—3cos30sin6
a3=
12n(1-cos0)
— MOCTPOMTD aMILTUTYAHBIN CIIEKTP UMITYJILCOB HanpspkeHus U(t) B Maciraoe.
— JTaHHBIE BCEX PacyeTOB 3aHECTH B TaOIUILy 14.

3. DKCcnepuMeHTAJIbHAS YaCTh

3.1. Cob6parp cxemy mocienoBarensHoro coenunenuss VD u Ry (puc. 12),
YCTAHOBHB 33/IaHHBIC 3HAYEHUS 3JIEMEHTOB I1IEIH.

[Ipumeuanue. B kauecTBe MCTOUHMKA BXOJHOTO HANPSHKEHHS UCTIOIB3YETCS
(GyHKIMOHATIBHBIA TEHEPATOpP B PEKUME CHHYCOMIAIBLHOTO HANpPsDKEHHS. 3Haue-
HUE 4YacToThl f MepeMeHHOro HampspKeHHsI BBICTaBisieTcss B okomke FREQU-
ENCY:; 3nauenne ammmutyasl Up, — B okorike AMPLITUDE; 3Hauenue cMeneHus
Uy — B okomike OFFSET. JlecsiThie 10711 BETUYHH BBOISTCS Yepes3 3amsiTyro.

3.2. IlogkmrounTh KaHan A ocuumiorpada xk touke 1 (puc. 12). Brimouuth
cxemy. YOeIUuThCs, 4To M300paKEHUE BXOJHOIO CUTHAJIa HA AKPaHE OCLMIIIOTpa-
(ha COOTBETCTBYET 3aJJaHHOMY.

3.3. Ioakmounuth ocumuiorpad xk Ttouke 2 cxembl (puc. 12). Ilo ocummio-
rpamMMe OMPeACIUTh aMIUTUTYAY BhIXOJAHOTO curHaia U, max.

3.4. 3apucoBaTh (HOPMY BBIXOJIHOT'O CUTHAJIA.

3.5. Ilo m300paxeHUI0 BBIXOIHOTO CHUTHAJIA HA dKpaHe ociuiuiorpada ompe-
JIEUTH YTOJl OTCeukH O 1o dhopmyie:

e:TT—”-lsoo (rpan),
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Taomuna 14

Uy maxs | Unmaxs
(pa(?CLI ) ?/IE:I;S)- énax B (nI;]IaS)(— (0 8)) U 0s o U ml, oLy U m2, o U M3,

(paccu.)| wmep.)

r71€ T,y — JUIMTEILHOCTh UMITYJIhCa BBIXOJAHOTO CUTHAJIA Y OCHOBAHMS; T — MEPUOT
CJICTOBaHMSI CUTHAJIA.

3rauenust Uy max 1 0 3aHeCTH B Tabmuity 14.

3.6. [TogxmrounTh mapayiesHo K Harpyske konjaeHcatop C = 1 Mxd («crma-
KMBAIOIIUN KOHJEHCATOP»), 3apucoBaTh (HOPMY BBIXOTHOTO HampspkeHus U(t).
[Ipoananu3upoBaTh MOTYyYECHHBIE PE3YIIbTATHI.

3.7. YcraHoBuTh 3HaueHue koujeHcatopa C = 4,7 Mkd, 3apucoBarb hopmy
BbIX01HOTO HanpspkeHus U(t). [Ipoanann3upoBaTh MOTYUCHHBIC PE3YIIbTATHI.

4. TpeGoBaHus K 0TYETY

OTuer 1o 1abopaTopHOIl paboTe NOKEH COACPIKATh:

4.1. TaGnuity BOJIbTaMIIEPHON XapaKTEPUCTUKHU 3aJJaHHOTO JUO/IA.

4.2. I'padvku BOJIBTAMITIEPHON XapaKTEPUCTUKH JTUOJA, BXOIHOTO HampshKe-
HUs M HAIPSDKEHUS HA HArpy3Ke B cXxeMe Ha puc. 12.

4.3. TpeOyemblii TpeABApUTEIbHBIA pacyeT ¢ pe3yabTaTaMU, 3alTUCAHHBIMU B
Tabnuiy 14.

4.4, I'paduku u pe3ynbTaThl SKCIIEPUMEHTAIBHBIX U3MEPEHUN U PACUETOB.

4.5. BbIBOAIBI 10 MPOICIIAaHHOM padoTe.

5. KoHTpoO/ibHBIE BONIPOCHI

5.1. IlpyHUOHAN TOJMHOMHAJIBHOW anmpoOKCUManuu. MeToasl pacyera LEnu
IIEPEMEHHOI0 TOKA C HEJIMHEHMHBIM 3JIEMEHTOM IPU NOJMHOMHUAIBHOM aAlIPOKCHU-
manuu ero BAX.

5.2. IlpyHuMn KyCOYHO-JTMHEMHON amnmpokcumanuv. MeToa pacuera 1enu
IIEPEMEHHOI0 TOKA C HEJIMHEWHBIM 3JIEMEHTOM MPHU KYCOYHO-JIMHEHMHOW aImpoK-
cuMaru ero BAX.

5.3. AMIUIMTYIHBIN CHIEKTP TOKA B LENHU U HANPSIKCHUSI HA HArpy3Ke MpHU MOo-
JIMHOMHAJIBHOW U KyCOYHO-JIMHEWHOU allPOKCUMALIHAH.

5.4. Yron orceuku 0, ero 3aBUCUMOCTb OT HANPSKEHUSI CMEIICHUS], aMIUIUTY-
JIbl CUTHAJA.

5.5. Koapdunuentsr paznoxenus: («kodpdurnmentsr bepray). Ux 3aBucu-
MOCTB OT yTJjia OTCEeUYKH 0.

5.6. Biusaue snementoB (L, C), moakiIrodyaeMbIX MOCIEAOBATEILHO MU I1a-
paJlIeNIbHO Harpy3ke, Ha (GopMy HanpsokeHUs Ha Harpyske U(t) m ero aMIumTy-
HBIWA CIIEKTP.
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6. Ilpuioxenne

Hcxoanble JaHHbIE IS PEABAPUTEIBHOTO pacueTa MpuBeAeHBI B TabauIe 8.

Tabmuma 15
Bapuant | Tun HD Ry, OM Uo, B Un, B f
1 100 +0,3 15
2 100 +0,3 18
3 100 +0,3 20
4 100 +0,3 23
S 100 +0,3 25
6 200 -0,3 2,0
! Jlis Bcex 200 —0,3 2,3
8 BAPHUAHTOB 200 -0,3 2,5
9 IO — 200 0,3 2.8
10 diode17 (u3 200 0,3 3.0 Hst Beex
11 OnOIMOTEKH 300 05 23 BfaEPIIaHIEOB
12 lab17). 300 05 25 =1kl
13 (BAX JAHNO- 300 05 28
14 na Tabi. 13) 300 05 30
15 300 05 33
16 400 +0,2 18
17 400 +0,2 20
18 400 +0,2 23
19 400 0.2 25
20 400 0,2 2,8
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JIABOPATOPHAS PABOTA 16

«RC-ABTOI'EHEPATOP C MOCTOM BHHA
B IIEII1 OBPATHOU CBs3H1»

1. I.Ie.m; pa60T1>1: OKCIICPUMCHTAJIbHOC HUCCIICAOBAHUC pa6OTI>I ABTOI'CHC-
paropa, COACPKAIICTO OHepaHHOHHLIfI YCHUIIUTCIIb U

RC-uenpb oOpaTHOH CBSI3H.

2. IToAroTroBKa K BBINOJHEHHIO J1A00PATOPHOI PadOThI

B pabote uccnemyercs aBToreHeparop, cxema KOToporo nprBejieHa Ha puc. 13.

R
Fmm—m e ——— - I [ ,' SAco \
: o Brix

______________

Puc. 13

B kauectBe ycunmuTensl MCMOIb30BaH onepauuoHHb ycunutens (OY) ¢ no-
JIOKUTENTLHON 00paTHON CBA3BI0, KOADPUIIMEHT YCUIEHUSI KOTOPOTO OINpeesIeT-
cst o popMmyiie:

Hye =1+Ro/R.

B kauectBe 4-X MOJIIOCHUKA 0OpaTHOM CBSI3W HUCMOJBb30BAaH TaK Ha3bIBa€MBbIi
MocT Buna (puc. 14).

!

RI::Cll%m
0]
4

Puc. 14
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[lepenarounas GpyHKIus 4-X MOJIOCHUKA OOPAaTHOW CBSI3M OMPEIEISAETCS IO
bopmyie:
U BLIX( jO)) _ 1

Ry Gy

Hoc(jm):

CoRo j

[Ipn moaroroBke Kk paboTe B COOTBETCTBUU C HMCXOAHBIMU JAHHBIMH (CM.
MPUJIOKEHUE) TpeOyeTCs:

— paccuuTaTh 4acToTy reHeparui fi;

—Hanuti H . Ha yacToTe renepanuy;

— BBIYHCINTD TpeOyemblil kodp¢uuueHt ycunenus H . omeparmoHHOro
YCHJIMTENISI, HEOOXOIMMBIN NI CaMOBO30YXKJEeHUs TeHepaTopa. JJis morydeHHOro
H yc BBIYUCIIHTD Ro, mpunsiB R = 1 kOwm;

— paccunutath AUX n ®UX 4-x momtocHHKa 0OpaTHOM CBSI3M B JIMAMA30HE
(0,2 + 4) k' (Bxutrouast ;). PesynbraTsl 3anucath B Tabiuiy 16. [Toctpouts rpa-
¢uxkn AUX n ®UX. YOenuThcs, 4TO Ha 9acToTe TeHepanuu f. BbmoaHseTCS 0a-
nanc ammty s (Hye - H oo =1) n Gananc dpas (¢ + @y = 0).

Tabmuma 16

f,x['n | 0,2 f 4

HOC

(e]
Poc

3. DKCcnepUMeHTAJIbHAsA YaCTh

3.1. UccnenoBaTh aMIUTUTYAHO-4aCTOTHYIO M (ha304aCTOTHYIO XapaKTepu-
CTHKH 4-X MOJIFOCHHKA 00paTHOM CBsA3U ¢ momoribio Bode Plotter, ais vero:

— Ha BX0J1 4-X MOJIOCHUKA 00paTHOM cBsi3H (puc. 14) moaKIIOYUTh FeHepaTop
CUHYCOUJAIbHBIX CUTHANIOB ¢ HanpsbkenueM Uy, = 1 B;

— rue3aa IN mpubopa nogkmounts Ko Bxoay, OUT — Kk BBIXOAY YeTHIPEXIIO-
arocHuka (puc. 15);

Bode Plotter

IN OuUT
9 ? 9

— 1
1 | 3

UeThIpexmoIFOCHUK

l U2 ) o0parHoii CBA3U | 4

Puc. 15
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— pesynbTarhl M3MepeHuil 3amucarth B Tabmuuy 17. IlocTpouts rpaduku
Hoo(f)u oy (), cpaBauTs ¢ paccunTaHHBIMH.
Taomuna 17
f,x['n | 0,2 f. 4
H 0oC
Poc:”

3.2. UccnenoBath paboty RC-aBTOTeHEpaTopa, A 4ero:

— coOpath cxemy aBToreHeparopa (puc. 13) B COOTBETCTBUM ¢ UCXOTHBIMH H
pacyeTHBIMU JAHHBIMH. Y CTAHOBUTH 33/IaHHOE 3HaueHue R u BerancienHoe Ry;

— NOJAKJIIOYMUTH OcLMIUIOrpad K BBIXOAY aBTOreHeparopa. s 3amycka reHe-
paTopa KpaTKOBPEMEHHO (Yepe3 KJII04) MOJaTh CUTHAN OT FeHepaTopa MepeMeH-
Horo Hanpspkenus U = 10 B ¢ gacrotoii f, Ha HemHBepTHpYIOmMi BXoa OY. 3a-
pUCOBaTh OCHMJUIOIPAMMY IMOJYYEHHOTO HampspkeHds. OHO JOJKHO UMETh CH-
HycouJaiabHyto GopMmy. B mpoTuBHOM ciyyae, HE3HAYUTEIBHO U3MEHSISI BEJINY U-
HY R, momo6parte Takoil ko3pduuuent ycunenus H IIpU KOTOPOM KpUBas
CTaHET CUHYCOHIAJIbHOM;

[Ipumeuanue. MacmTab o ropu30HTAIBHOM OCH BBIOpATh TaK, YTOOBI HA DKPaHE
pa3Menaics OJuH NepHo]] aBTOKOJIe0aHUH.

— U3MEPUTH NMEePUOJ MOJYYCHHbIX aBTOKOJIeOaHUl. BpIUMCINTE 4acTOTy TeHe-
pammu f. = 1/T, cpaBHHUTB ¢ pacCYMTaHHON, U3MEPUTH aMILTUTYAHOE 3HAUCHUE CUT-
Haja;

— BOJIBTMETPOM HM3MEPUTH JIEUCTBYIOIEE 3HaUYEHUE MOJYyYEHHOIO HaIpsike-

yc»

HUS;
— yOenuThCst B TOM, YTO NpH yMeHbLIeHHH H . KomebaHus CpIBAOTCS (TO
€CTh HE BBINOJIHSCTCS OanaHc aMIUINTYN), a Npy yBeandeHun H . komebanus nc-
KaXXalTCAd M OTVIMYAIOTCS MO (opMe OT CHUHYCOUJANbHBIX (3TO OOBSCHSIETCA OT-
CyTCTBHEM H30upaTenbHOU cucteMbl B cxeMe RC-aBroreneparopa — kosebaTenb-

HOT'O KOHTYpa).
4. TpeGoBaHus K 0TUETY

OTuer J0JKEeH CoaepKaTh:

4.1. Cxemy HCCIEaYEMOr0 aBTOT€HEPATOPA, UCXOIHBIE JaHHBIEC.

4.2. IlpenBapurenbHblil pacuet, Tabauny 16, rpapuxu AYX u ®UX 4-x no-
JIOCHUKA OOpaTHOM CBSI3U.

4.3. Pesynbratel usmepennii AUX 4-X moMtOCHUKAa 0OpaTHOM CBsI3u (Ta0Ju-
na 17), rpadpuku AUX u GUX.

4.4, OcuummiorpaMmMy HampsKEHUs Ha BBIXO/IEe TeHepaTopa (B MaciiTaoe).

4.5. N3mepennsie mapametpsl (f,, U, ) aBTOKONEOaHUSL.
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4.6.

5.1

5.2.
TOPOB.
5.3.
5.4.
5.5.

BeiBOABI 11O padore.
5. KoHTpoJIbHBIE BONPOCHI

N306pa3urte npuHLunuaibabie cxeMbl RC-aBTOrenepaTopos:

a) ¢ moctoMm BuHa;

0) ¢ Tpems (ha30CaABUTAIOIINMU IETTOYKAMHU.

3anumuTe yciaoBUsA CaMOBO30YKIEHHs Kaxaoro tuma (m. 5.1) renepa-

Kak onpenenuts yacToty renepanuu kaxaoro (m. 5.1) RC-reneparopa.
Ipusenute BBiBOR Gopmyn 1t H . ((jo) m H ..

HazoBute npenmymiectBa u Hepoctatku RC-reHepaTopos.

6. Ilpuiio:kenue

6.1. McxonHble naHHbBIE ISl MPEABAPUTENIBHOIO pacueTa MpPUBEICHBI B Ta0-

nmre 18.
TabOmuma 18
BapuanTt Cy, HD C,, HD Ri, kKOM R,, kOMm
1 7,4 7,5 9,9 9,9
2 6,9 7,0 9,9 19,1
3 7,1 6,2 9,9 47,3
4 7,3 6,4 18,4 9,9
5 6,1 6,7 19 18,6
6 7,1 6,6 18,0 46,9
7 7,4 7,2 47,0 9,9
8 6,4 6,8 46,8 18,5
9 7,0 6,8 47,2 447
10 6,4 7,3 9,6 9,9
11 7,2 7,2 9,9 19,0
12 7,4 7,4 18,1 48,0
13 7,0 6,9 18,2 9,9
14 6,2 7,1 18,3 18,3
15 6,7 7,3 47,0 47,2
16 6,6 6,1 48,2 9,9
17 7,2 7,1 47,4 18,3
18 6,8 7,4 9,9 47,2
19 6,8 6,4 9,6 9,9
20 7,3 7,0 9,8 18,3
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JIABOPATOPHASA PABOTA 17
«MCCIIEJOBAHUE AKTHUBHbIX RC-®HUJIBTPOB»

1. He.]'lb paGOTbI: HCCICAOBAHUC aAMINIUTYAHO-YACTOTHBIX XapaKTCPpH-
CTHK (1)I/IJ'ILTpa HWJKHUX Y94CTOT, pCAJIM30BAHHOI'O Ha
ITACCUBHBIX M aKTUBHBEIX RC-3BeHBSX.

2. lloaroroBka K BHIIOJTHEHHIO JIA0OPATOPHOH padoThI

2.1. I3yuntp 1o yuyeOHON JTUTEpaType TEOPHUIO IIEKTPUUYECKUX (UIBTPOB U
METOJMKY X CUHTE3a (CM. CIUCOK JIUTepaTyphl U paszaen «lIpunoxenue»).

2.2. OcymectBuTh cunte3 ARC-puibTpa HUHKHMX 4aCTOT B COOTBETCTBUU C
MCXOJIHBIMU JJAHHBIMU CBOETO BapuaHta (Tadu. 21), ans yero:

— BBIIIOJIHUTh HOPMHUPOBAHUE:

f
Qg = —3 ;
1:2
— moJib3ysAch rpadukamu (BHavane puc. 19, a 3arem puc. 20, a), onpenenursb
MOPSIIOK TIepeaTOYHON (PYHKITMH N (IpUMEHSEM armpOKCUMUPYIOIIHN TTOJTHHOM
YeOrbImeBa, 3HaUCHHUE N CIIGAYET OKPYTIIUTH JI0 IIEJIOTO YUCia B OOJIBIIYI0 CTOPOHY);

— u3 Tabmuipl 20 BRIUCATh HOPMHPOBAHHBIE TIONIOCHI MEPEAaTOYHON (QyHK-
LIAHN:

S1=-01; Sp3=-0,%jQ,, ecmun=3;
— VIl KOMILIEKCHO-COTIPSDKEHHOM Maphl TOJKOCOB Sy 3 ONPENENHThL T00POT-

HOoCcTh Q ¥ yacToTy nomroca
Jo5+0Q35 [2 o2
Q=" Qn=vyo2+03; (1)
2
— chopMHpPOBATH HOPMHUPOBAHHYIO MEPEAATOUHYIO PYHKIUIO PUIIbTpA:

o1 G%-FQ% 0 Q%

H(S)= (2)

S+01 8%420,-S+03+0F S+01 g2, g, o2

— OCYILECTBUTH ACHOPMHPOBAHHE, MTOJICTABIIAA B (2)

P
27['f2’

S

rae f, — rpanmunas yacrora mojaocs! 3pGEKTUBHOTO MPOITYCKAHMS.
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Wrak, nomyuena nepenatoyHas GyHKIUS (UIbTpa HIDKHUX YacTOT B BUJE
IIPOU3BEACHUSA JBYX COMHOKUTEIEH:

bl b2
P+a1 P2+a2P+a20.

H(P)=H,(P)-H,(P)= 3)

Peanusosars nonyuennyio H (P) B BHae KackaJHOTO COeIMHEHHMS 3BEHBEB
1-ro u 2-To nopsaKa, UCTIOJB3YsI CXeMbl puc. 17, 6 u puc. 17, a, COOTBETCTBEHHO.
JlJis ompeieNieHust DJIEMEHTOB 3BeHa 1-ro Mopsi/ika COCTaBUTh ypaBHEHHE:

_ 1
RC’

Jns onpenesieHust 3JEMEHTOB 3B€HA 2-T0 MOPSJKAa COCTAaBUTh CUCTEMY ypaB-
HEHUM;

(4)

a;

1
ot

1C1
o 1 (5)
% RR,C.Cy

3anarbed 3HaueHueM C; =C, =C =1,5 H® u onpenenuts R, Ry, Ry
2.3. IlpuBecTr MOTHYIO cXeMy (QUILTpA.
2.4. Tloctpouts (kauectenno) xapakrepuctuku |H(jf)| u ocnabnenus

A( f ) xaxnoro 3BeHa u Bcero GuibTpa.

[Tpumeuanune: AUX ¢GuabTpoBOro 3BEHA BTOPOIrO MOpPsSAKa MPUBEIECHA Ha
puc. 20, 6. IlpensapurensHo paccuntaiite Benuaussl ', " n H o

3. DKcnepUMeHTAJIbHAs YaCTh

3.1. UccnenoBaTh 4acTOTHBIE XapaKTepUCTUKKM maccuBHOro RC-3BeHa, miis
4ero:

— coOpath cxemy nmaccuBHoro 3seHa RC-punbTpa;

—Ha BXOJl MMOJaTh CUTHAJ OT TeHEpPAaTopa CHUHYCOUJAIBbHBIX CHUTHAJIOB C
HanpsbkenrneM U = 1 B u, MOAKIIOYHB K BBIXOAHBIM M BXOIHBIM T'HE3IaM 3BEHA
U3MEpHUTEIIh YaCTOTHBIX XapakTeprcTuk «Bode Plottery, n3aMepuTh 4acTOTHBIC Xa-
pakrepuctuku H( f) u A(f), nb.

[Ipumeyanue:

npyd BBIOOpPE YacTOT IS M3MepeHus Bkmouute dvactotel f'm " (com.

puc. 20, 6), a TaKKe 4acTOTbl, COOTBETCTBYIOIUE MAaKCUMyMaM M MUHMMyMaMm
ociabieHus B nojoce npomyckanus Guibtpa Qo = 0,5, Qi = 0,866, paccun-

TaHHBIE IO (popmyam:
fax = T2 Qmax ¥ Fin = f2- Qin -
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3.2. UccnenoBath yactoTHbie xapakTepucTuku ARC-3BeHa BTOpPOTro mopsiaka
«ARC2y», myig 4yero: ycTaHOBUTH PAaCUETHBIC 3HAUCHHS 3JIEMEHTOB, MOJKIIOYUTH
reHepaTop CUHYCOMAANIBHBIX CUTHAJIOB ¢ HanpsbkeHueM 1 B ko Bxoagy ARC-3BeHa,
a «Bode Plotter» k ero BbIXoay ¥ BXOJIy M M3MEPUTh YAaCTOTHBIC XapPaKTEPUCTUKH
H(f) u A(f). Cpasuurp skcriepuMmenTaibHoe 3Hauenue H g, (mpu f = f')
(cMm. puc. 20, 6) ¢ mpeaBapUTEIbHO PACCUUTAHHBIM.

3.3. UccnenoBate yactoTHble Xapakrepuctuku @HY Tperbero nopsnaka, mis
YEero: COEAUHUTH 3BEHbS 1-T0 U 2-Tr0 MOpsAKa KaCKaJaHO JAPYT C IPYrOM 4depe3 Mmo-
BTOpUTENb (CM. pHuC. 17, 6, puc. 21) u aHaJOTMYHO TOMY, KaK 3TO JAENajioch B
n.1. 3.1 u 3.2, u3MepUTh €ro 4acTOTHHIE XapakTepucTuku. OOpaTUTh BHUMAaHHUE Ha
TO, OTBEYAIOT JIU TIOJyUYEHHbIE XaPAKTEPUCTUKHU 3aJJaHHBIM TPEOOBAHUSIM.

Pesynbrarsl Bcex nuamepenuii mo m.im. 3.1, 3.2, 3.3 3anecu B Tabmuiry 19.

Tabmauma 19
F,xIng| O

Tun
(GunbTpHI 0 Fmax Fmin f f3

[Macc.| H
3BC€HO | A, 1b
Axr. | H
3BCHO | A, nb

OHY| H
3-ro
Iop. A, 1b

4. TpeGoBaHus K 0THETY

OTuer N0KEH COJIepKATh:
4.1. IlpenBapuTtesbHbIE PACUETHI, BBIIIOJHEHHBIE B COOTBETCTBHH C II. 2.3.
4.2. CxeMy NOJYyYEHHOTO (PUIIbTpa U 3HAYEHUS €€ DJIEMEHTOB.

4.3. Tlpumepnbiii Bux kpusbix H ( f) u A( f ) ornensHo s kaxaoro 3seHa
1 GUIBTpa B IEJIOM.

4.4, Pe3ynbTaThl SKCIEpUMEHTA, 0OpMIICHHBIE B BUe Tabm. 19.

4.5. Tpaduxu H( f ) u A(f ), nocrpoentsie o pe3yibTaTamM 3KCIEPUMEHTa

OTIICTBLHO JIJIST K&XKJOTO 3BEHA U BCETO (PUIIBTPA.
4.6. BriBoabI 110 pabore.

5. Ilpuyoxkenue

Kpatkue cBenenus.
CunTtes moboro tuna puinstpa — GHY, ®BY, [1D, 3® cBoautcs Kk CHHTE3Y
¢unbrpa-nporotuna (OHY ¢ enuHu4HON rpaHUYHON YaCTOTOM), €CIIU IPUMEHUTD
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MeToa mpeoOpazoBaHus 4acToT. [loaToMy HauanbHBINA dTal CHUHTE3a (QUILTPA CO-
CTOUT B HOpMUpPOBaHUM 10 yactore. Ha puc. 16 na npumepe ®HY nokazan nepe-
X0l oT 3agaHHbIX HopM Ha PHY (puc. 16, a) k HOpMaM Ha QPUIABTP-TIPOTOTHII
(16, 6). CooTHOIIICHNS HOPMUPOBAHHBIX ¥ HCHOPMHUPOBAHHBIX KOMILJICKCHBIX Ya-
crot onpexnensaercs st OHY BeipakeHneM:

Jl71s1 peanpHBIX 4acToT 3Ta hopMysia NPUHUMAET BU:

0 f
QHq =T = (6)
oy fy
Ak Al
Amin ---------- — Amin ————————— —
TI1T MH g TI1T MH
AA AA
0 f2 /3 f 0 1 Q3 Q
a) 0)
Puc. 16

CuHTE3 2JeKTPUYEeCcKOro (GUiIbTpa BKIIOYAET B ¢e€0sl peleHue 3a1ay armpok-
CUMallMl W peaju3alud. 3ajada anmnpoKCHUMAalMM 3aKJIIYaeTcsli B TOM, YTOOBI
OTpeNeNuTh nepeaarounyo ¢yHkuuoo ¢uiabtpa, AYX KOTOPOro yIoBIETBOPSET
3aJlaHHBIM HOpMaM: HalpuMep, KpuBas, oka3aHHas Ha puc. 16, 6.

Jisg pelmieHus 3a7aud  anmnpoKCUMAIMM MPUMEHSIOTCS Pa3IUYHbIC THUIIBI
dbyukiuu: noiuHoMm YeOslieBa, nmonrHoM batTepBopTa, 1podb UeObIeBa u np.
3ajava anmnpoKCUMALMM PEIIAETCs, KaK MPaBUIIO, C MPUMEHEHUEM CIPABOYHBIX
JAHHBIX B BUJI€ TPa(QUKOB U TaOJIHII.

[Tonmy4yennas mepenarounas ¢yHkuus B ciaydae cuHTte3a ARC-¢dunsTpoB 3a-
NUCBHIBAETCS B BUJE NMPOU3BEIAEHUS MPOCTEHIINX (MEPBOrO U BTOPOTO MOPSIAKOB)
COMHOYKHUTEJEN U TEHOPMUPYETCS, T.€. OCYLIECTBIISIETCS MEPEXO K PEAIbHBIM Ya-
CTOTaM. 3aTeM pelIaeTcs 3ajaya peajan3aluu, T.e. IOCTPOEHUE CXeMbl (UIbTpa U
pacyeT ee 31eMeHTOB. [Ipy 3TOM KaXablii COMHOXKUTENb NepeaTOuHON (YyHKIUU
peanu3yeTcsi B BUJIE€ 3BEHbEB 1-ro U 2-TO MOPsAKa, KOTOPhIE 3aT€M COEAUHSIOTCS
KACKaJHO.

3BeHo 1-ro mopsaka yaie BeIOUparoT MacCUBHBIM. B nanHoi paboTte npenna-
raercs cxema, IpuBeACHHas Ha puc. 17, 0.

[lepenarounas GyHKIMS 3TOTO 3BEHA OMPEACINIAETCS CASAYIOINM 00pa3oMm:
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R R Ry 1 R Cs o— o
—y = c=
Aco Aco —¢ Aco o) o——0
R UBBIX @
UBX
g1 L 1 o
UBBIX
UBX
a) ? T
6)
Puc. 17
vv_lvv Eiu
UBXC 21 . 22 Hl Y] H2 o UBBIX
H(P) A
Puc. 18
H(P):uz(P):]/(PC):]/(RC). )
u(P) g, 1 p. 1
PC RC

Br16op Trma 3BeHa 2-ro mopsiika OCYIIECTBISIETCSI B COOTBETCTBUU C €T0 Tpe-
OyeMol 10OpOTHOCTBIO, KOTOpasi ONpeesieTcss J0OPOTHOCTHIO COOTBETCTBYIOLIE-
o MoJjitoca nepeaaTouHon QyHKIUuU:

JoZ ot
Qi = ] (8)
20Li
rac OLI nu (Dl — BCIIICCTBCHHAA U MHUMaAs 4aCTHU I1OJIFOCA
Pi =0 + j(Di.

B nannoii pabote npeyaraercs cxema, npuBeieHHas Ha puc. 17, a.

[Ipumeuanue:

[Ipn noctpoenun cxembl @®HY 3-ro nopsika BHayajie BKIOYAETCS 3BEHO 1-TO
MOPsIZIKA, a KACKaIHO 332 HUM 3BEHO 2-TO MOpsJIKa.

[IpuBenemM BBIBOJ BbIpaXKE€HUS MEepeAaTOYHON (GYHKIIMH 3B€HA 2-TO MOPSIKa.

PaccmarpuBas 3BeHO Kak LeNb C 0OpAaTHBIMH CBSI3IMHU, MOXKHO MPEJICTABUTH €€
B Bujie (puc. 18) kackaJHOTO COeIMHEHHSI IBYX CYMMAaTOpPOB U IByX HHTEIPAaTOPOB.

Torma

Hy (P)
1-H, (P)-(-1)’

H(P)= )
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rac

Hyo (P)=H'(P)-H,(P). (10)
Ho, xak u3BecTHO,
Hi(p)=—H1P)_ (11)
1-H(P)-1

1

H 1( P ) = ; (12)
PR,C,

1

H 2 ( P ) =— . (13)
PR,C,
[Toxcrasmss (12) B (13), morygaem

1

H(P)=——"RC1 (14)
1
1+
PR,C,4
Hanee, noacrasnss (14) B (10) u, nakonei, (10) B (9), moayuum
1
H(P)=- RRGICs (15)
2 1 1

P“+P

: +
RiC;  R4R,CiCy

[Tomocel nepegatounoit pynkuuun HY-npororuna npuseaeHs! B Tad. 20.

Tabmuma 20
n
A 2 3 4
nb
0,963543 T |-0,814634 —0,542741 F j0,443831
0.2 Tj1,195163  |-0,407317 T j1,11701 |-0,224810 F j1,071505
0,712812 ¥ |—0,626457 0,175353 T j1,016253
0.5 Tj1,004043  |-0,313228 T j1,021928 |-0,423340 F j0,420946
0,548867 T |—0,494171 ~0,139536 T j0,983379
1,0 T j0,895129  |-0,247085 T j0,965999 |-0,336870 F j0,407329
0,321797 T |-0,29862 ~0,205222 F j0,392010
3.0 Tj0,776887  |-0,14931 T j0,903813 |-0,085006 T j0,946398

Wcxoanble 1aHHble TpUBeAeHbI B Ta0d. 21.
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Taomuna 21

34

Bapuant AA, nb Amin > Ab fo, KI'11 fa, kKI'11
1 3,0 35 20 54
2 1,0 30 25 62,5
3 0,5 25 30 79
4 0,2 20 15 37,5
5 3,0 32 20 50
6 1,0 28 25 65
7 0,5 23 30 81
8 0,2 21 15 42
9 3,0 33 20 53
10 1,0 29 25 68,7
11 0,5 24 30 81
12 0,2 19 15 33
13 3,0 34 20 58
14 1,0 27 25 65
15 0,5 26 30 84
16 0,2 22 15 25,5
17 3,0 36 20 60
18 1,0 26 25 57,5
19 0,5 22 30 12
20 0,2 20,5 15 36,7
21 3,0 38 20 70
22 1,0 25 25 50
23 0,5 24,5 30 78
24 0,2 21,5 15 46,5
25 3,0 37 20 64
26 1,0 28,5 25 67,5
27 0,5 26,5 30 87
28 0,2 22,3 15 41,2

902

7V,
38 /A A4 =01 1B
60 //f A4 =026
50 //,/ — A4 =0,5nb
40 V7 A4 = 1,0 15
30 /A// A4 =30 nb
20 4
10

0 102030405060708090 A min, Ab
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6. KoHTpoJibHBbIE BONPOCHI

Yro Takoe anekTpuueckuilt punbtp? Kakue tunsl puibtpoB Bel 3Haere?

C Kxakoi 1eNb0 pemaeTcs 3ajayda anmnpoKCHUMAalMU MPU CUHTE3€ 3JIEKTpUYe-
ckoro unmbTpa?

Kakue QpyHKIMH HCTIONB3YIOTCS B KAYECTBE aMPOKCUMHUPYIOIIHNX ?

Yem otnmyaroTcs (GYHKIUU U COOTBETCTBYIOLIUME UM YAaCTOTHBIE XapaKTepH-
CTHKHU TPU UCHOJIb30BAaHUM MOJIMHOMHUAIBHON M IpOOHON ammpOKCUMUPYIO-
et GpyHKimn?

OT 4ero 3aBUCUT MOPSIIOK aNMpoOKCUMUpyronieil pynkuuu (pumabtpa)?

B uem npenmyiiecTBa U HEAOCTATKH MOJMHOMUANBHBIX (GUIbTpOB barrepBop-
Ta u YeOpimena?

KakogsI cBoiicTBa nosmHoma ['ypsuma?

Kakue metonpl peanuzanuu Bel 3HaeTe, kakas aieMeHTHas 0aza mpu 3TOM HC-
MOJIB3yeTCs?

B gewm 3akmouaercs ocobeHHocTh peanm3anuu ARC-dunstpos? Ux moctous-
CTBa U HEAOCTATKU?
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JIABOPATOPHAS PABOTA 18
«MCCIEJOBAHME AMIVIMTYJIHOI'O KOPPEKTOPA»

1. llesab padoThI: pacyeT U HKCIEPUMEHTAIBLHOE UCCIIEIOBAHUE aMILIU-
TYJIHBIX KOPPEKTOPOB.

2. IToAroroBKa K BBINOJHEHHIO J1A00PATOPHOI PadOThI

[Ipu mOATOTOBKE K BBHIIOJHEHUIO PA0OTHI HEOOXOAMMO:

2.1. I3y4nTh TEOPHIO U METOJT pacueTa aMIUTHTYIHBIX KOPPEKTOpoB (cM. [Ipu-
JIOKEHUE).

2.2. Paccuntath B COOTBETCTBUU C 3aJIaHHBIM BapuaHToM (Tabmurma 23) aire-
MEHTBI KOPPEKTOpa.

2.3. Paccuntarh 4acTOTHBIE XapaKTEPUCTUKU OCIAO0JICHHsSI KOPPEKTOpa — Tpe-
oyemyro A ( f) u pacuetnyo A ( f) B muamasoHe wactor, ykasaHHOM B
Tabi1. 23. Pe3ynbTaThl pacyera 3anucarh B Ta0. 22 U MOCTPOUTh Ha OJTHOM PUCYHKE
kpuBble A (f) u Agp(T).

[Ipumeuanue:

— Merop pacuera KOppeKkTopa AaH B MPUIOKEHUH JaHHON paOOTHI.

— Pacuer xapakrtepuctuku ocnabiieHus: KOppekTopa mnpousBoautcs Ha 11 ga-
CTOTax B 3ajlaHHOM auana3one 0-50 I .

3. DKcnepuMeHTAJbHAs YacTh

3.1. Cobpath cxemy aMILTUTYAHOTO KOPPEKTOPA.

3.2. I3MepuTh BXOJHOE CONMPOTUBIIEHUE KOPPEKTOpa Zgzx B paboueM juarna-
30HE YacTOT MPH 3aJ]aHHOM compoTHBIeHNU HAarpy3ku Rg=200 Owm. Pe3ynbraThi
M3MEPEHHH 3amucaTth B Ta0uiry 22.

[Mpumeyanue: 11t ©3MEPEHUS BXOIHOTO COMTPOTUBIICHHS McTofb3yercs Bode Plotter.

3.3. Ismeputh ocnabieHue KOppekTopa B paboyeM [auana3oHe YacToT
A yism ( T ) 1 pesynbrater 3anmcars B Tabmmiy 22.

3.4. Tlocrpouts rpadukn Zey ( f) 1 Agysu (T ). Tpadur Ay sy ( ) moctpo-
UTb Ha TOM e PUCYHKe, 9T0 B A ( ) 1 A ().

3.5. Cobpatb cxeMy aMIUIMTYHOTO KOPPEKTOPA, COJIEPIKAIIETro 4 peaKTUBHBIX
ayieMeHTa (I10 3a/IaHUI0 TIPETIoaBaTelsl) M U3MEPUTH OCIa0JICHHE B TOM K€ Juara-
30HE YacToT, 4To U B 1. 3.3. Kpome TOro, He00X0MMO pacCUUTaTh PE30OHAHCHYIO
94acTOTY IMOCJIEIOBATEILHOTO KOHTYPA U BKJIFOUUTH €€ B YHCIIO H3MEPSIEMBIX YaCTOT.
[octponTts rpaduk A ().

[Ipumeuanue:

— Usmepenne Zgx HArpyXEHHOTO KOPPEKTOpPa OCYIIECTBISIETCS KOCBEHHBIM
cnocoOom yepes Hanpspkenus Uy u Uy (puc. 22) u Beruucisiercs no Gpopmyie:

Ug
Zox =Rop—.
BX OUO
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Re 1 Ro 2 3
—
A 7, Kop-
( L Yo 1peKTop Ro
" —
0 0
Puc. 22

— 3mepenne ocnabieHus KOPPEKTopa MPOU3BOAUTCS MPU HATPYy3KE €ro C
obOenx cTopoH Ha conpotuBieHne Rg =200 Owm.

[TpumMeyanue: s u3aMepenus ociaabieHus ucnosin3oath Bode Plotter. 'nesna
IN mogxmrounth k Toukam 1-0, rHezma OUT x Toukam 3-0. Macmtab mo BepTH-
KaJIbHOM OCH B3SITh JIOTAPU(DMUICCKUM.

— Pe3ynbTaThl BBIUMCIACHUN W U3MEPEHUM PEKOMEHIyeTCs O(pOpPMUTH B BHJC
TaOJIUILIBI 22.

Tabmuma 22
Axr, 1b AKp , b Ax yzm» 1b Zgx, OM Zgx wsm >, OM
Tpebyemoe
f, xI'n ?Eia‘{}éHI/Ie Pacuernsie | UsMepennsle | Pacuernsle | MI3mepeHHbIE
3HAUYCHUS 3HAYCHUS 3HAUCHHUS 3HAUCHHUSA
AKT == AO - A]-I

4. TpeGoBaHus K 0TUETY

OTyeT JOJIKEH CoaepKaTh:

4.1. IlpenBapuTesbHbIE pACUEThI, BEITOJIHEHHBIE B COOTBETCTBHH C 1I. 2.2.

4.2. CxeMy pacCYUTaHHOTO KOPPEKTOPa M 3HAUCHUS €€ JIEMEHTOB.

4.3. Pe3ynbTaThl 3KCIepUMEHTa, 0(OpMIICHHBIE B BUE Tab. 22.

4.4, I'padyku BXOTHOTO CONPOTHUBIICHUS M OCIA0JICHUS KOPPEKTOpa (pacueT-
HbIC U U3MEPEHHBIC).

4.5. BeiBosipl 110 padore.

5. lIpunoxenne

PeanbHble Lienu, npeHa3HauYeHHbIE 7S Mepeiayl ANEKTPUIECKUX CUTHAJIOB,
COJIEpKaT YaCTOTHO-3aBHCUMBIE AJIEMEHTHI, YTO BBI3BIBAET IMOSBICHHUE JIMHEHHBIX
UCKKEHUN (aMIUTUTYTHO-4aCTOTHBIX U ()a30-4YaCTOTHBIX).

B nanHoO# paboTe uccienyercs aMIIuTyJHbIA KOPPEKTOP, NPeAHA3HAYECHHBIN
JUISL yMEHBILICHUS aMIUTUTYAHO-4aCTOTHBIX NCKaKEHUIA.

Ha puc. 23 n3obpaxena xapakrepucrrka saryxanus nenu Ay ( f ), umeromias
NOJbEM HAa BEPXHMX yacToTax. EciM 1o nenu nepenaBaTh JIEKTPUUYECKUN CUTHAI,
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OCHOBHAsl SHEPTUsl KOTOPOrO COCPEAOTOUEHA B AMara3oHe 4actoT oT 0 g0 fmax, TO
COCTaBJISIIOIIME CHTHAJA, UMEIOIIHMe 0oJiee BHICOKHE YacTOThI, OYAyT IpeTepreBaTh
Oonbliiee ocnabienue. BenencTBue 3Toro Ha MPUEMHOM KOHIIE IIenH OyAeT Hapylie-
HO COOTHOIICHHE aMILUTUTY/] YaCTOTHBIX COCTAaBJISIOIIMX CHUTHAJA U, CJIEJOBATEIbHO,
Oynet HapyuieHa ¢opma curHaia. Bo3HukaeT HEOOXO0IUMOCTD JIMOO MOTHOCTHIO UC-
KITIOYHUTH YAaCTOTHYIO 3aBUCUMOCTH OCJIA0JICHUS TIEIH, THOO YMEHBIIUTD 3Ty 3aBHCH-
MOCTb. JIJ1s1 3TOH 1€ UCHONB3YIOT aMILTUTYIHbIE KOPPEKTOPbl. OHU JTOMOJHSAIOT
XapaKTEPUCTUKY OCIa0JICHUS LETH JI0 JIMHEWHO-HE3aBUCUMOM OT YaCTOTHI.

AMIUTMTYIHBIA KOPPEKTOP BKIIIOYAETCA KACKAIHO-COIJIACOBAHHO C IIETBIO.
Xapakrepucrika Ag( f ) B cymme ¢ xapakrepuctukoii uerm Ay ( f ) momkest nath
MTOCTOSIHHYIO BenmMuuHy Ag (puc. 23):

Ao = Ac(f)+ Ag(T).

B nabopatopun uccnenyercs cxema T-o0pa3HOT0 aMIUIMTYAHOTO KOPPEKTO-
pa, COCTOSIIETO U3 JBYX PEAKTUBHBIX JIEMEHTOB (pucC. 24 unu puc. 25).
JInst TaHHOM CXEMBI CIIPABEIJIMBO COOTHOIIICHUE:

A =20Ig 1451 [15] 1)
Ro
nin
2 2
) %)
A, =10Ig 0 1/ [uB], (2)

R 2
( j
Xl

rae Ax — ocnabneHue KoppekTopa; X1 — CONPOTHUBIIEHHWE PEAKTUBHOIO JBYXIIO-
mochuka Ly (X1=oly) (puc. 20) wm C; ( X1=1/(®Cy)) (puc. 24).

Jiis cxembl puc. 19 mpu f =0 Xq1=00; Z1=Ry; Ax = Acmax - [10JCTaBUB 3TH
3HaueHus B (1), momyyum:

A max =201g [1B]. (3)

1+&
Ro

Orcroma HaxoouMm Rj:

Ry =Rp(100:05Amax _1) (4)

@opMmyinbl (2) U (4) SBASIOTCS OCHOBHBIMH COOTHOILIEHUSIMH JUIsl pacyeTa
KOppEKTOpa.

PaccMoTpuM nopsAoK pacuera aMIUIUTYIHOTO KOPPEKTOpa.

1. Ilo u3BecTHbIM 3HaUeHUAM A U Ag HaX0IuM TPEOYEMYIO XapaKTEPUCTUKY
ocnabJyieHus1 KOppeKTopa

AF)= Ao Ay(T). ©
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2. Haxomum R; mo dgopmyne (4), rae Axmax = Ao — Aymin — 3aTyXaHHUe Kop-
pekropa Ha f = 0 s puc. 24 u Ha f = fax s puc. 20; Ry — conpotuBieHue
Harpy3ku Koppekropa (a1 Bcex BapuantoB Rg =200 Om).

3. 3agaemcst gactoroit fq, pasmensromeit pabounii quama3oH Ha Ba IPUMEPHO
ouHaKoBBIX nHTepBaa ( f1 =25 kI'11), 1 HAX0IUM COOTBETCTBYIOIICE 3HAUCHHE Ay
(puc. 23).

4. Haxomum X1 1o ¢opMmyiie, KOTOPYIO MOKHO MOTyduTh U3 (1):

y R\/ 1001A _1q
1=h1 :
1091 Acmax _101Al

5. OHpGI[CJBICM pCaKTI/IBHI:Jﬁ QJICMCHT IIPOJOJIBHOTO IIJICHA:

U1 puc. 24 XlzL C1=#;
®1C1 2nf1Xq
s puc. 25 X1=m1lg Ly =£.
2nf1

6. Mcxons u3 ycinoBus 0OpaTHOCTH ABYXIIOJIIOCHUKOB Z1 U Z 5, OpeaeseM
3HAYEHUsI HJIEMEHTOB MOMIEPEYHOTO TIeYa KOPPEKTopa:

L RS
Lo =CiR{; CZ:R—lz; Ry =2
0 1

PacyeTHy0 XapaKTePUCTHKY OCIabICHHUs MOTY4eHHOro Koppekropa A, ()
BBIYMCIISIIOT 110 (hopmyiie (2) 1 cpaBauBaIoT ee ¢ TpedyeMoit A (T ) (5).

Touroe comagerne Agp( f) u A ( f) Oyzer Toasko Ha gacrorax f =0 u
f = f1 st cxemst (puc. 24)u f =y u f = fax ama cxemsr (puc. 25).

6. KouTpoJibHbIe BONPOCHI

6.1. Buapl TMHENHBIX UCKAXKEHUH B LIEIISIX CBSI3H.

6.2. Ha xakoM MpuHIUIIE BKJIFOYACTCS B KOPPEKTUPYEMYIO 11eTh T-00pa3HbIid aM-
TUTUTYAHBIA KOppeKTOp?

6.3. YMeTh 1o 3amanHol xapakrepuctike Ay ( f ) mocrpouts cxemy KoppekTopa.

6.4. Kakyto poJsib urpaet pe3uctop R; B IBYXIOJIOCHUKE Z1 KOppeKTopa?

6.5. IsMeHsieT i aMIUTUTYAHBIN KOPPEKTOP (Pa30-4aCTOTHYIO XapaKTEPUCTUKY
uenu?

6.6. BHocuT nu anexrpudyeckuid GUIbTp JMHEHHbIE UCKaXKEHUA B 1enb cBsi3u? Ec-
JIM BHOCHUT, TO UCKa)KE€HHUS KaKoro Buja’?

6.7. Kak cBsi3aHbl MEXIy COOOW 3JIE€MEHTHI MPOJIOJBHOTO U TMOMEPEUHOro 2-X MO-
JIOCHUKOB KOPPEKTOPOB?
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Ta0muma 23

40

Ay, n1b
No FL’
Bap. Ao 0 5 10 ( 15| 20 | 25 | 30 | 35 | 40 | 45 | 50
nb
1 110 109100, 90| 75|62 |48 |33 |24|115|08 |01
2 15,6 0 51193 (116(129|13,7(14,2|14,5|14,7|14,9|15,0
3 11,0 (105,88 58|40 |26|20|15|10(0,7(03|0,1
4 15,7 |15,615,1(138(12,3/108| 95|84 |70 (50| 30|01
5 10,9 0 1946 |66 | 7886|9296 |98 ]10,0(10,2
6 158 |156(139|109(85|6,7 | 54|44 |36)|20|08]|0,2
7 160 | 04 | 9,7 |13,3|14,6|15,1|15,4|15,6 |15,7|15,8|15,9|16,0
8 125 1201103 73 | 5541|3530 |25(22 (18|16
9 170 | 14 | 6,5 |10,7|13,0(14,3|15,1|15,6(15,9|16,1|16,3|16,4
10 | 10,9 O |46 |78]92]|98|10,2|10,4|10,5(10,6|10,7 10,8
11 | 120 |119|110(100| 85| 7,2 |58 43|34 |25|18 |11
12 | 165 | 09 | 6,0 [{10,2]|125(13,8|14,6|15,1|15,4|15,7|15,8|15,9
13 | 130 |125|108| 78 | 6,0 | 46|40 |35|30|27 23|21
14 | 15,6 0 9,3 112914,2|14,7|15,0(15,2|15,3|15,4|155]|15,6
15 | 16,0 |159|154|141|126(11,11 98 | 8,7 | 7,7 6,1 |43 |04
16 | 115 |06 | 25 (52|72 (849296 (10,2|10,4|10,6 |10,8
17 | 168 |16,6|149(119| 95| 7,7 |64 |54 |46 | 32|18 | 1,2
18 | 113 |04 | 508296 (10,2|10,6|10,8{10,9(11,011,1 (11,2
19 | 14,0 |139|13,0{120(105(9,2 |78 |63 |54 |45 |38 | 31
20 | 16,0 | 04 | 55| 9,7 {12,0]13,3|14,1|146|149|15,1(15,3|154
21 | 145 1401123193 | 75|61 |55|50|45|42 | 38| 3,6
22 | 120 | 11| 5,789 (10,3|109|11,3(115|116|11,7(11,8|11,9
23 | 180 |[179|174|16,1|146(13,1|11,8|10,7| 9,7 | 81 | 6,3 | 2,4
24 | 130 | 21|40 )|6,7 87|99 10,7|11,1|11,7(119(12,1{12,3
A4 Ao=An(f) T AlS)




Zex=Ry

o

Zex= R

Puc. 25
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