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Conepxxanue

OO6mue TpedboBaHus
[IpaBuna TeXHUKHM O0€30MACHOCTH

Yacts 1 (6 cemectp)

1. JTaGoparopnas pabota Nel. VcciemoBanue pexxuMOB Kackaia ¢ OOIIUM dMUTTEPOM
M0 TOCTOSIHHOMY TOKY

2. JlaGoparopnass pabota No2. VccrmemoBaHue YCHIIMTENSI HAMpPSKEHHS 3BYKOBOIA
YaCTOThI HA TPAH3UCTOPE

3. JlabopatopHas pabota Ne3. NccnenoBaHue SMUTTEPHOTO TOBTOPUTENS

4. Jlaboparopnas pabota Ne4 VccienoBanue AByXTaKTHOTO YCHUIUTENSI MOITHOCTH

5. Jlabopatopnas pabota Ne5 UccnenoBanue yCUIUTENS MOCTOSTHHOTO TOKA

6. JlabopaTtopHas paborta Ne6 MccnenoBanme oOpaTHBIX CBS3EH B yCUITUTENE

7. JlaboparopHas pabora Ne7 MccrnenoBaHue cxemMbl MHBEPTHUPYIOLIETO BKIIFOUEHUS
ONEPALMOHHOTO YCUIIUTES.

8. JIaboparopHas padota Ne§ HccienoBanue cxemMbl HEMHBEPTUPYIOIIETO BKIIOUYEHUS
ONEPALMOHHOTO YCUIIUTENS

YacTts 2 (7 cemecTp)

1. JIabopatopHnas padota Nel. Mccnenoanue nuddepeHuuanbHON cXeMbl BKIIOUEHUS
OTIEPAIIMOHHOTO YCUIIUTES

2. Jlabopatopnas pabora Ne2. NccnenoBanue cxeMbl HHBEPTUPYIOIIETO CyMMaTOPA.

3. Jlabopatopnas pabota Ne3. NccnenoBanue cxeMbl HHBEPTUPYIOIIETO UHTETPATOpA.
4. JlTabopaTtopHas pabota Ned. MccnenoBanue cxemMbl MHBEPTUPYIOIIETO HHTETpaTOpa.
5. Jlaboparopnas padota Ne5. MccnenoBanue akTHBHOTO (DUIBTpa BEPXHHUX YACTOT
MIEPBOTO TMOPSIIKA

6. Jlaboparopras pabora Ne6. MccnenoBaHue akTHBHOTO (PHIIbTpa HMKHHUX YacTOT
MIEPBOTO MOPsIKA

7. JlaboparopHast pabota Ne7. MccienoBanue cxembl BKIIOYEHHUS JBYXIIOJIIAI0YHOTO
dboToaunona

Cnucoxk auTepaTypbl

[Ipunoxxenue



OBIIME TPEBOBAHUA

CryeHTBbl JOJDKHBI SIBJIATBCS Ha 3aHATHS, W3Y4YMB HEOOXOAHMMBIE pa3leibl
JEKUMA MO JaHHOW JHUCUHWIUIMHE, B 4Yachl, MPELYCMOTPEHHbIE OOIMIEMHCTUTYTCKUM
pacrncanueM 3aHsATUi. Bxoa B maGopaTopuio, a TakKe BBIXOJ M3 HEE pa3periacTcs
JUIIb B TEYCHHUE MEpEphiBa MEXKAY 3aHATHAMH. B mabopatopuu CTyACHT H3ydaeT Ty
nabopaTopHyto paboTy, KOTOpasi HaMe4eHa 1o rpaduky.

[Ipexxne uyemM HauaTh pabOTy, OH JIODKEH O3HAKOMHUTHCS C OMNHCAHUEM
nabopatopHoil paboTel. B Xxome paboThl CTyAEHT JOJDKEH JielaTb HEOOXOAUMBIE
3alKCcy B YYEHHUECKOH TeTpaau. PacueTsl JoKHBI ObITH BbINOJIHEHBI B cucteMe CU u
o ECK/I.

[To npoaenanHbIM paboTaM KakJIbIM CTYAEHTOM odopmisieTcst otyeT. OTuer mno
nabopatopHoil paboTe 3aBepsieTcsl IMpernojaBarelieM, BEAYIIUM J1abopaTOpHbIE
pabotel. Cpaya OTYETOB MPOM3BOJUTCS B HHIAMBHIyalIbHOM mopsake. [lpu stom
CTYJIEHT JOJDKEH 3HATh 3aJa4d U LEJIb MPOBEICHHON J1a00paTopHO padOThI, YMETh
OOBACHUTH pe3ylbTaThl PACUETOB M OTBETUTh HA KOHTPOJBbHBIE BOMPOCHL. OTyeT
BBITIOJIHSIETCST Ha JucTax ¢opmara A4. OOpaszell TUTYIBHOTO JIMCTAa MPUBEACH B
IPUIOKEHUU.

I[TPABUJIA TEXHUKU BE3OITACHOCTH

[Ipu BeIMOMHEHWU abOpPATOPHBIX pPabOT HEOOXOAMMO COOMI0ATh OOIIYIO
WHCTPYKIIUIO 10 TEXHHKE 0€30MacHOCTH MpHU MPOBEACHUU JabOpaTOPHBIX pabOT Ha
kadenpe IIY. MHCTpyKTak MO TEXHHUKE OE30MACHOCTH MPOBOAMUTCS TEpe] HadaaoM
J1abopaTopHBIX paboT, O YeM JeNlaeTcs 3auch B )KypHaJe.

Paboty crmemgyer mpoBOAUTH HAa CBOEM paboueM MecTe, He OTBIIEKas BHUMaHUS
CTYJICHTOB, BBINOJHSIOIIMX JpYrue JabopaTopHble padOThl, 0OCOOEHHO pabOThl Ha
UCIIBITATEIIbHBIX CTCHAX.



YACTD 1 (mecroii cemecTp)
JlabopaTopHnasi padora Nel

I/ICCJIe)IOBaHI/Ie PEKUMOB Kackajia € OﬁHII/IM IMUTTEPOM 110 TOCTOTHHOMY TOKY

[lenp pa®oTBl — H3yyeHUE CIOCOOOB TMOJIYUYECHUS PEXKUMaA TPAH3UCTOPHBIX
KACKaJ0B N0 MOCTOSSHHOMY TOKY; SKCIIEpUMEHTaJbHAas NPOBEpPKA pacuera 3JEMEHTOB
pa3IUYHBIX BAPUAHTOB CXEM.

[losicuenus. 1IpaBUIbHO MOCTPOEHHBIN YCWIMTENBHBIM KacKaa JOJDKEH JaBaTh
MaKCUMaJIbHOE YCWUJIEHUE TMPU MHUHUMAIBHBIX JIMHEMHBIX HCKAKEHHUSIX U
MaKCUMaJIbBHOM HCIIOJIb30BaHUH BO3MOKHOCTEH YCWINTEIBHOTO ieMeHTa. [Ipu sTom
Haubosiee OTBETCTBEHHHIM MOMEHTOM SBISETCS BBIOOp pabouell TOUKM Kackajga —
IIEKTPUYECKOTO COCTOSIHUSL YCWJIMTEIIBHOI'O 3JEMEHTa II0 MOCTOSSHHOMY TOKY [0
IOCTYIIJIEHUS BXOJHOT'O CUTHAA. DTOT PEKHUM HA3BIBAIOT TAK)KE PEXKMMOM MOTYAHMSL.

Pabouas Touka Ha TpaH3ucTope, BKItoueHHOM ¢ OB, ompexnensercs yeTblpbMs
napamerpamu: TokaMu [9P. T u IKP.T u nanpsokenusamu UBDP. T u UKOP.T.

B akTuBHOM pexxuMe pabouyl0 TOYKY TPaH3UCTOPA YCTAHABIMBAIOT MOJAYeH
IPSIMOT0 HANPSLKEHHSI HA SMUTTEPHBIN Mepexo]1 1 00paTHOr0O Ha KOJIJIEKTOPHBIH.

VYropolieHHas cxema TpPaH3UCTOPHOrO Kackaja Ha TpaH3UCTope p-N-p-Tumna
MoKa3aHa Ha puc.18.

EyFy

u B, U Uspr Uy

Puc. 12 Puc. 19

B cxeme Ha TpaH3ucrope P-N-p-TUNa NOJSPHOCTh UCTOYHUKA MHUTAHUS OyIEeT
MIPOTUBOMNOJIOKHOM. JlJIsI KOJUIEKTOPHOW LIENM KacKaja CIPAaBEIJIMBO COOTHOILIECHUE
UKD=EK — IKRK, Ha3piBacMo€ ypaBHEHHMEM JIMHUHM HArpy3Kh. JTOMY YPaBHEHUIO
COOTBETCTBYET JHUHUS, nepecekatomas koopaunatueie ocu IK u UKD (puc.19, a) B
toukax EK/RK, u Ha3zpiBaemast nuHueil Harpy3ku. [Ipy HEM3MEHEHHBIX HANPsHKCHUH
nutanus EK u conporuBnenus pesucropa RK pabouas Touka TpaH3ucropa B 000
MOMEHT YCUJIUTEIIBHOTO MPOLIECCAa HAXOIUTCS HA 3TOU JINHUU.

Ha nuHMM HaArpy3ku BBIAEISIOT pa0ouMii y4acTOK, B Mpesetax KOTOPOTro
pabouasi TOYKa CMEIIAeTCs MO/l JEHCTBUEM BXOIHOTO CUTHAIa MeXAy Toukamu b u B,
OJIM3KMMHU COOTBETCTBEHHO K O0OJIACTSM HACBIIICHUS U OTCEUKH.

Jlnst Jydinero MCHoib30BaHUS TpaH3UCTOpa pabdouyl0 TOUYKY BBIOMPAIOT
nocepeauHe pabouero yuactka — Touka A (p.T.). I[lomoxxkenume Touku A (p.T.)



onpenensercs tpema mnapamerpamu: Ib,P.T, IKO,P.T u UKD.P.T, uyerBepThIil
napamerp UBD.P.T monyyaroT TmiepeHocoM pabodeil TOYKM Ha  BXOAHYIO
XapakTepucTuKy (puc.19, 6).

PexxuM TpaH3UCTOPHOrO Kackaja Mo MOCTOSHHOMY TOKY OOECIEeYMBAIOT JIBYMS
OCHOBHBIMH CIIOCOOAMM: CMEIIEHHEM paboueil TOUKH mojavyeil (PMKCUpOBAaHHOTO TOKA
win puxkcupoBaHHOTO HampspkeHus. [Ipu cMenennn GpukcupoBaHHBIM TOKOM (pHC. 20,
a) COMpoTUBIICHHE pe3ncTopa R1 BeIOUparoT U3 ycioBwus:

EK_UBBP.T ~ EK

I Lgpr (1)
OOBIYHO UCHIOJIB3YIOT MPUOIMKEHHYIO popMyIty, Tak kKak Hanpsbkenue UBDP.T
3HAYUTEIBHO MEHBIIIE HaNpsKeHUs nutanus EK.

R, =

BP. T

Pue. 20

OTOoT CcHnocod NpPOCT, PKOHOMUYEH, HO HUMEET CYIIECTBEHHbIE HEIOCTATKH,
OTpaHMYMBAIOIINE €r0 NMpUMEHeHue. Tak, peKMM Kackajaa MO IOCTOSSHHOMY TOKY
U3MEHSETCS, €CIM TpPU 3aMEeHEe TPaH3UuCTOp uMeeT japyroe 3HadeHue h213
(ko3¢ puuMeHT nepenayu TPAH3UCTOPA MO TOKY B CXEME C OOLIUM pPE3UCTOPOM).
[TopToMy moOaOMparOT TpaH3UCTOp C OJM3KUM TI0 3HadeHWro h21D  wumm
conportuBieHueM pesncrtopa R1, uro He Bcerna Bo3MoxkHO. VI3MeHeHne TemnepaTypbl
TAaK)KE€ HApPYIIAET PEXUM IO MOCTOSHHOMY TOKY, MOCKOJbKY HEYIpPaBJISIEMBIM TOK
koJuiektopa IKbO ¢ pocTom TeMriepatypsl yBEIMUUBAETCS, YTO BBI3BIBAECT YBEIMUYECHUE
BCEX TOKOB TpaH3UCTOpa W MpUOIMKEHUE pabouei TOUKM Kackaaa K Touke B (cM.
pucl9, a).

[Ipu cmemennn ¢GukcUpoBaHHBIM HampstkeHueM (puc.20, 0) paboyas Touka
3agaetcs HanpsbkeaueM UBDP.T, o6ecnieunBaronum Tok IBP.T, a cnenoBaTensHO, TOK
IKP.T u nampsoxkenue UKOP.T. OObyHO TOK 0a30BOr0 JEIUTENS] BHIOMPAIOT W3
YCIJIOBHSL:

I1=(0,5...2) Ib.MAX,
A conpoTUBIIEHUE PE3UCTOPOB PACCUUTHIBAIOT O (hOopMyJIam:

R. = EK B UBSP.T
|
I nt )
R2 — U]ISSP.T
A 3)

OTOT coco0 1aeT XOPOLIME Pe3yIbTaThl IPY 3aMEHE TPAH3UCTOPA U U3MEHEHUU
TEMIIepaTypbl, OJHAKO MEHEE 3KOHOMHMYEH M3-3a MOTEPU YACTU SHEPTHHM HWCTOYHHMKA



nuTaHus B 6azoBoM aenutene. KpoMe Toro, conpotuBiaeHue 6a3oBoro aenutens (s
BXOJIHOTO CHUTHAJIa 3TO NapajuleJIbHO BKIIOUEHHbIE pe3uctopsl R1 u R2) myHTHpyroT
BXOJIHYIO LI€TIb TPAH3UCTOPA, HArpy»asi NCTOYHHUK BXOJIHOTO CUTHAJIA.

JIns 1mOCTpOEHHsA TpPaH3UCTOPHOIO KacKala, YCTOWYMBO padOTAIOIIEro B
JMana3oHe TEMIIEpaTyp, HE MOJXOUT HU OJJHA U3 3TUX CXEM.

[IpocreiimM  ciocoOoM  TeMIlepaTypHOW cTaOmiaM3anud pabodeid TOUYKH
ABJISIETCSl KOJUIEKTOpHas crtabwinmsanus (puc.20, B). Ilpm pocre Ttemmeparypsl
yBenmuuBarorcs TokA IbP.T u IKP.T, 4ro BBI3BIBaET yMEHBIICHHWE HAIPSIKEHHS Ha
koJuiekrope, T.K.: UKD =EK—(IBP.T + IKP.T)R2, a cnenoBarenbHo, 1 Toka 6a3el IBP. T
=( UKD — UBBP.T)/R1. IIpu 3ToM yBenmuueHHUe TOKOB 0a3bl U KOJJIEKTOpA HE OyaeT
CTOJIb 3HAUUTEIIbHBIM, KaK IIPU CMEILIEHUN (PUKCUPOBAHHBIM TOKOM.

Jly4minii pe3ynpTaT AaeT SMUTTEpHas ctabunuzanus padoueit Touku (puc.20, r).
Conpotusnenue pe3uctopoB R4 u R2 paccuntsiBatoT no ¢popmyinam:

g, - O1.O3E,
IKP.T (4)
R, =(5..15)R, (5)

rie RBX.TP — BXomHoe compoTHBJICHHE TpaH3UCTOpa B pabouyei TOYKE, KOTOpOe
onpenensior kak: RBX. TP =h113(h113 — UBS/IB).
Compotusnenue pesuctopoB R1 u R3 onpenensitor no hopmynam:

R = EK — UBBP.T — UR4 .
I+ 1 r (6)
R, - (0,2.I. 05)E,
KP.T (7)

PaccMoTpum mporiecc SMUTTEpHOM cTabmin3anuu pabdoueid Touku. [Ipu pocrte
TEMIIEPATYPhI YBEIUUYUBAIOTCA HeymnpasisieMbld TOK kKosuiekTopa IKbO, HanpsokeHne
UBDP.T, a takxe Toku 6a3bl Ib u komiekropa IK u COOTBETCTBEHHO pacTeT MajeHue
HanpspkeHus: Ha pesuctope R4 B smutrepHoil nenu. CxeMy MOXXHO paccyuTaTh Tak,
YTO MpU yBeIU4YeHUM HanpspkeHuss UR2 MpoMcXOAUT MOYTH TaKOE K€ YBEIUYECHHE
Hanpsbkenust UR4, B pesynbraTte uvero Hampsbkenne UBDOP.T Ha ympasistomem
IIepeXoie TPAH3UCTOPA U3MEHAETCS HEe3HAUYUTENbHO. [Ipy 3TOM modTH He U3MeEHsAeTCs
U OCTaJIbHBIE TIapaMeTpbl TPaH3UCTOpa B paboueil TOUKe, YTO CBUACTEILCTBYET O €€
CTaOUIIbHOCTH.

IHopsigok BeIMOJIHEHHSI PadOTHI

1. Borueptuth Taba.13 s pacyeTHBIX M SKCHEPUMEHTAIBHBIX MOJYyYEHHBIX
3HAUYEHHUI AJIIEMEHTOB CXEM CMelleHus W TaOmiol4 nmis 3anucu 3HAYeHUi 3JE€MEHTOB
CXEMbl, TOKa3aHHoO! Ha puc.20, r, A psaa padbounx TOYEK.

2. BbluepTUTh KOOPAWHATHBIE OCH M TOCTPOUTH BXOJHBIE M BBIXOJHBIC
xapaktepucTuku Tpanzuctopa KT361A.

3. 3apucoBaTh HCCIEAYEMYIO JJIEKTPUUYECKYIO CXEMY MaHENIu C J1abopaTOPHOTO
CTEH[a.



4. CobOpath cxemy cMmelieHus (PUKCUpOBaHHBIM TOKOM (cM. puc.20, a).
[Tomobpath comportuBieHue pesucrtopa R1 Tak, uToObl HaNpsHKEHHE Ha KOJUIEKTOPE
Tpan3uctopa coctaBmsuio 0,5Ex u wm3MepuTh ero. PaccuumraTh CONPOTHUBICHHUE
pesuctopa R1, mone3ysacek ¢popmysnoii (1). Pe3ynbpratsl nu3mMepeHuii 1 pacueToB 3aHECTH
B TaOm.13.

Tabauna 13
Conportusnenue, KkOM
Cxema Pesucrop
pacueTHoe 9KCIIEPHUMEHTAIBHOE
Puc.20, a R
R:
Puc.20, 6 R,
R1
R2
Puc.20, Rs
R4
Tabmuua 14
Hanpspkenne kosutekrop — amurrep Uks , B 1 2 3 5 8
R: (mpu Rz = 1 kOm), kOMm
R. (mpu R1 = 22 xOm), kxOm

5. CoOpatp cxemy cmenieHusl (PUKCUPOBAHHBIM HampsbkeHueM (cM. puc.20, 0).
OTperynupoBaTh LEMb CMEIIEHUS TaK, YTOObI HATPSHKEHUE Ha KOJIJIEKTOPE COCTABIISIIO
0,EK. M3MmepuTh CONpOTUBICHHUS PE3UCTOPOB LIEMU CMEUICHUS M PACCUUTATh HUX IO
dbopmynam (2) u (3). Pe3ynbraThl ©3MEpEeHU U pacueToB 3aHeCTH B TabOJ1.13.

6. Cobpatb cxeMy sMuUTTEpHOU cTabunuzanuu (cM. puc.20, r). OTperyampoBarhb
LEeNb CMEMICHUs TaK, YTOObl HANpsHKEHUE Ha KOJUIEKTOpE TPaH3UCTOpa COCTAaBIISIO
0,5Ek. M3MepuTh CONMPOTUBIIEHUS] PE3UCTOPOB LIEMU CMEUIEHUS U PACCUUTATh UX IO
dbopmynam (4), (5) u (6). PesynpTaThl M3MEpPEHHI M pacueToB 3aHECTH B TabOI.13.

7. 1locTpoUTh B KOOPIAMHATHBIX OCSIX BXOJIHYIO M BBIXOJIHYIO XapaKT€PUCTUKH
TPaH3UCTOPA, MPOXOIAIINE Yepe3 padouyro TOUKY, U ONPEIEIUTh B 3TOM TOYKE €ro
apaMeTphl.

8. OTtperynupoBaTh CXeMy 3MHUTTEpHON crabunm3auuu (cMm. puc. 20, T) Tak,
YTOOBI HANpPSDKEHHE HA KOJUJIEKTOpPE MNPUHHUMANIO Psii 3HAYEHUM, NPUBEACHHBIX B
Tabs.14. u3MepuTh 3HaUEHUSA COMpPOTUBIEHUMN pe3uctopoB R1 m R2 u 3anectu ux B
Tabn.14.

MeTtoanyeckue yKazaHus
1. I[Tpu BeIMOMTHEHUN PAOOTHI UCTIONB3YIOT:

-7 CXeMbI cMmereHust pukcupoBaHHbIM TOkOM (cM. puc.20,a) R1 =100xkOm
(nepemennsbiit); R3 =1kOwm;



-1 CXeMbI cMelleHusl (UKCHpPOBaHHBIM HampsbkeHuem (cm. puc.20, 0) Rl
=22xOm (nepemennbiii); R2 =300 Om; R3 =1kOwm;

-IJ7s.  CXeMbl AMUTTepHOW crabunuzanuu (cMm. puc 20, 1) R1 =10kOm
(mnepemennsbiit); R2 =1kOm; R3 =1kOm; R4 =300 Owm;

-VT1 — tpansuctop KT316A.

2. YCTaHOBUTH Ha BBIXOJE MCTOYHHKA KOJuiekTopHOro nutanusi (I'H2 crenpga)
no uzMepurento Bbixoga VB nanpspkenune 10B. Hanpsbxkenne msmepsitor ABM2 nHa
npegenax << 10B >>, << 5B >><< 1B >> u << 0,5B >>, a comnporuBieHue
perynupoBoYHbIX pe3nucTopoB — ABO Ha npegenax << 100xkOm>> u << 10kOm >>,

3. Comportusnienne pe3ucrtopa R1 mms cxembr cmereHus: GUKCHPOBAHHBIM TIO
TOKY OIPEENISIOT B TAKON MOCIIE0BATEIbHOCTH:

-paccunthiBatoT Toku Kkosuiektopa IKP.T =0,5 Ex/R2 u 6aser IBP.T =
IKP.T/h212 (rme h213 =55 — cpeagHee 3HauUE€HHE STOrO IapaMeTpa TPaH3UCTOpa
KT316A);

-3Has TOK IbP.T, ompenensroT 1o BXOJHOW XapAaKTEPUCTUKE HANPSIKEHUE
UBDP.T, a 3aTteM nio ¢popmysie (1) paccuuThiBatoT COonpoTUBIeHUE pe3ucTopa R1.

4. DneMeHThI IBYX IPYTHX CXEM PAaCCUHUTHIBAOT IO ONPEAEICHHOMY B 1.3 TOKY
IBP.T.

KOHTpOJIbHLIe BOIIPOCHI

1. Yem oObsicHseTcss 0OoJiee BBICOKAasT CTAOMJIBHOCTh CXEMbBlI CMEIIECHUS
(UKCUPOBAHHBIM  HANpPsDKEHHMEM 10  CPAaBHEHUIO CO  CXEMOM  CMEIEHHUd
(UKCUPOBAHHBIM TOKOM?

2. KakoBbl MNPUHIMIBI JEHCTBUS CXEM KOJUIGKTOPHOM W OMUTTEPHOU
crabuminzarumu?

3. B kakoil u3 cxem pexuM Kackajaa Mo MOCTOSHHOMY TOKY Majio 3aBUCHUT OT
napaMeTpoB TpaH3UCTOpa?

4. B kakoM pexuMe OKaKeTCI CXeMa OMUTTEPHOM CTabwiIM3aiu Mpu
OTKIItoueHUM pesucropa R1 mimm R27?

5. 3aBHUCAT M TeMIepaTypHas CTaOWIBHOCTh CXEMbl OT TOKa 0a30BOro
nenurens’?



JlaGopaTopHasi padora Ne 2

UccaenoBanue ycuanTessi HANPSKEHUs
3BYKOBO# 4aCTOTHI HA TPAH3UCTOPE

[enbp pa®OTHl — U3yUYeHUE MPHUHIIMIA JCUCTBUS YCUIIUTENS 3BYKOBOW 4aCTOTHI
(Y34Y) Ha TpaH3uCTOpE, BKIIOUYEHHOM C OOLIMM 3MUTTEPOM; SKCIIEPUMEHTAJIbHAs
IpOBEpKa pacyeTa 3JIEMEHTOB CXEMbl M OIpEleJICHHE €€ OCHOBHBIX IapamMeTpOB
(puc.21).

B3
L

Pmc. 21

[losicuenus. Kackanpl ycuneHuss HanpspKEHUS 3BYKOBOM 4YacTOTHI Yallle BCETO
BBINIOJIHAIOT Ha TPaH3UCTOpaX, BKIOYEHHBIX ¢ OO, Tak Kak MpU 3TOM MOIYYaroT
HauOoJblllee YCUJIEHHE CUTHaja [0 MOIIHOCTH (IO CPaBHEHHMIO C ABYMS IPYTHMMHU
cxemamu BkitoueHus: Tpanszuctopa — ¢ Ob u OK). PaGouyio TOUKy yCHIUTEIHHOTO
KacKaJla BbIOMpAIOT B KaXXJIOM KOHKPETHOM Cly4yae B 3aBUCUMOCTU OT NapaMeTpoB,
KOTOPBIMU  JIOJDKEH  obOnagatb  ycunutelb.  OCHOBHBIMM  TpeOOBAHUSIMH,
NPEABSABIAEMbIMU K KaCKaly, SIBIISTFOTCS:

-MaKCUMAJIbHOE YCHUJIEHUE IO HAIIPSKEHUIO;

-MUHUMAaJIbHbIE YaCTOTHBIE U HEJTMHEWHbBIC NCKAXKEHUS;

-BBICOKAsi 9KOHOMHYHOCTH;

-TeMIepaTypHasi yCTOMYMBOCTb.

OAHOBPEMEHHO BBINOJHUTH BCE TPEeOOBaHUS HEBO3MOXHO. Tak mpu OOJIbIIOM
YCWICHHH CHHUXAETCS YCTOMYMBOCTh paOOThl  YCHUIIUTENSl, KOTOPBIM  JIETKO
BO30yXK/1aeTcsd, TNpeBpallaschb B TEHEpPaTop, M HAPYLIAETCs €ro HOpMajbHOE
(GYyHKUMOHUpPOBaHUE. YBEIMYECHHE TEMIEPaTypHO CTaOUIBHOCTH 00s3aTENbHO
COIpoBOXKIaeTcs cHkeHneM ycuienus u KU1 /.

B nmanHoOll paboTe wuccienyercs YCUIUTENIb, K KOTOPOMY HPEIbSBISIOT
TpeOOBaHMSI MUHUMAIBHBIX MCKAXEHUN YCHJIMBAEMOTO CHUTHAjA MPU MAKCUMAaJIbHOM
UCIIOJIb30BaHUU BO3MOXKHOCTEM TpaH3ucTopa. Pabouyio TOUKy Takoro Kackajaa
BBIOMPAIOT B OIPEIEICHHON OCIEA0BaTEIbHOCTH.

Ha cemelicTBe BBIXOJHBIX XapaKTEPUCTUK TPaH3UCTOpa (puc. 22,a) CTPOST
auHUIo Harpy3ku bB (cM. mosichenus k padote Nel), CX0s1 U3 CIETYIONTUX YCIOBHIA:

&30,8- | as

R, 8)
E, <08 U, ax- (9)
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Breimonnenne HepaBeHCTBa (8) HEOOXOIMMO MOTOMY, YTO KOJUIEKTOPHBIM TOK
HACBILIEHHOTO TPAH3UCTOpA JOJDKEH OBITh MEHbIE MAaKCUMAaJIbHOTO JOIYyCTUMOIO
toka IK.MAX. Koadpduuuent 0,8 rapanTupyeTr BBIIOIHEHUE ITOIO HEPABEHCTBA MPU
pa3bpoce conpoTuBieHus pesuctopa RD u HectabunbHOCTH McTOYHMKA nuTaHus EK.
Beimonnenne HepaBeHcTBa (9) oOecreuynBaeT HAJEKHYIO pabOTy TpaH3UCTOpa B
peXHMMe OTCEUKH IpU 0OphIBE LenH pe3rctopa R1, koraa HanpskeHHe Ha KOJJIEKTOpE
TpaH3uCTOpa noguumaercs nmouytu a0 EK.

PabGouast Touka kackaga A (p.T.) BeIOMpaeTcsl mocepeAruHe padodero ydacTka
nuHuK Harpy3ku bB m xapakrepusyercs tpems napamerpamu: Tokamu IbP. T u IKP.T
n HanpspkeHnem UKDP.T. 3arem ee mnepeHOCIT Ha BXOJHYHO XapaKTEPUCTUKY
Tpan3uctopa, cHAryro npu UKD= UKOP.T, wu no nHaiineHHoMy 3HaueHuto IbP.T
onpenenstor Hanpsokenue UBDP.T (puc.22, 0).

Bxonnoti curnan (ero Tok Ib~, nanpsskenne UBD~) BbI3bIBaeT MOsBICHUE
NIEPEMEHHBIX COCTABIIIOIIMX TOKa KoJuiekTopa IKO~ M HanpspkeHHs Ha KOJUIEKTOPE
UKD~= IK~R3 (cMm. puc 21). OmurrepHslil pesuctop R4 13 1enu nepeMeHHOro Toka
VCKJTFOYEH, TOCKOJIBKY IIYHTUPYETCS MaJIbIM COIIPOTHBIIEHHEM KOHIeHcaTtopa CO.

Paccuntaem kosddurment ycunenus Hanpsokenus K kackama. Hampsioxenue
BxogHoro curHana UBX ot reneparopa G mnocTynaer 4epe3 pa3AeiauTeIbHbIN
koHjeHcatop Cl1 Ha 0a3y Tpansuctopa VT1 u BbI3BbIBaeT Tpu ToKa. J[Ba U3 HHX,
npoxonsiue depe3 pesucrtopbl R1 u R2 nenurens, 6ecnione3nsl, a Tpetuil, [b9~,
OPOXOAUT B I1enu 0a3bl TpaH3UCTOpa M yHOpaBiseT €ero TokamMu. BxoaHbIM
CONPOTHUBIIEHUEM Kackaia s reHeparopa (G, oOjazaromero BHYTPEHHUM
comnpotuBiieHueM RI1, ABIAIOTCS NapayielbHO BKIIOYEHHBIE PE3UCTOPHI 0Aa30BOIr0O
nenurenst R1||R2 u Bxonnoe conportusienue hl13 Tpansucropa, T.€.:

RBX =R1 ||R2 |[h11D (10)



OO6b1yHO compoTuBiieHUs pe3uctopoB R1 u R2 3HaunTtensHo Oosbllle BXOAHOTO
conpotuBieHus h113 Tpansucropa, moatomy popmymny (10) MOKHO yIPOCTHUTE:

RBX =h11D (11)

[lenp reHepaTopa BXOAHOro curHaia G, KOTOpPBIM MOKET OBITh KacKaj
NPEIBApUTENHFHOTO YCHIICHHUS, aHAJOTHYHBIA paccMaTpMBaeMOMy, B OOIEM Ciydae
npeacTaBiIsieT co0o0il MmocieoBaTeIbHO BKIIOUECHHBIE BHYTPEHHEe conpoTuBieHue R1
reHeparopa u BxogHoe conporupieane RBX kackana. Cormacuo dopmyse (11):

I Yex I

Bx (Rl + RBX) ! (12)

TaK Kak IIEPEMEHHBIMM TOKAMH, NPOXomdammmu uepe3 pesuctopel R1 m R2 or
reHepatopa G BBUAY HMX  MaJOCTH MOXHO IpeHeOpeub. OTcroga INepeMeHHas
COCTAaBJIAIONIAs TOKA KOJUIEKTOpa paBHa:

h h,,-U

| _ oy _ Tl " MBx
K~ ]
IE~ (Rl +R BX)
a HAIIpsSXKCHHUEC Ha KOJUICKTOPEC, IIPCACTABIIAIOIIICC CO60ﬁ BBIXOJHOC HAIIPSIKCHUC
9

BBIYHUCTIsIETCS 110 popMmyrie:

U

h,,-U, R
R =21 BX 5 _ UBMX.
? (R1+h119)

Torna ko3¢ HUIMEHT HANPSKEHUS PaBEH:

K = UBBLX h213'R3

U BX (Rl + hllB)

DTOT mapaMeTp YCHIUTEINS 3aBUCTH OT YaCTOThl M AMIUIMTYJIBl YCUIIMBAEMOIO
curHasia. 1o OOBSACHSETCS TEM, YTO C MOHUKECHUEM YACTOThI MaJaHUs HaAMPSKECHUN
Ha koHjaeHcaropax Cl u C2 moj JaelcTBMEM BXOJHOTO M BBIXOJHOTO TOKOB Kackajaa
YBEJIMYUBACTCS U MPEJCTABIISIIOT COOOM MOTEpU HAINPSHKEHUS CUTHANIA, @ KOHACHCATOP
C3 Bce MEHbIIE MYHTUPYET pe3ucTop R4, 4TO yBEIMYMBAET MOJTHOE CONMPOTUBIICHUE
SMUTTEPHOU LIETH TPAH3UCTOPA U TIIyOUHY OTPHUIATEIBLHON CBSI3U MO MEPEMEHHOMY
TOKY, a CJI€OBATENbHO, YMEHbBIIAET KOA(PPUIIMEHT ycuneHnus HanpsixeHus K.

[Ipy MOBBIIIIEHUN YaCTOTHI CUTHAJA HEOOXOAUMO YUUTHIBAThH BIMSHUE BXOIHOM
U BBIXOJHOHW €MKOCTEM TpaH3UCTOpa, IIYHTUPYIOIIMX BXOJAHOE U BBIXOJHOE
CONPOTHUBJIEHUE KACKaJa, YTO MPOSIBISETCS YMEHBIIEHUEM TIOJIE3HOIO TOKa,
MOCTYIAIOIIEr0 Ha €ro BXOJX W B Harpy3ky (Ha puc.2l ogHa U3 TakMX €MKOCTEH
AKBUBAJICHTHO MpejCcTaBlieHa KoHaeHcatopoM C4).

JInst  OLIGHKW BIUSHUSA YacTOThl CHUTHaJAa Ha KOIPQPUIMEHT yCHICHHUS
HalpsOKeHUST  HUCHOJB3YIOT — aMIUIMTYIHO-YAaCTOTHYIO — XapakTepuctuky (AUX)
yeunutens (puc.23, a). Ilonocoit nmponyckanusi [1 ycunurenss Ha3pIBalOT MHTEPBAI
gacToT Af, B mpenenax KoToporo K03 GUIMEHT YCUICHHsI CHIDKAaeTCs He 0ojiee ueM Ha

3nb (1o ypoBus 0,707) mo OTHOIIEHHIO K €ro 3HA4YeHUIO Ha cpenHux yactorax KO
(mmst Y3Y) wacrota fcp = 400 — 1000 I'm).

Ko~ = IK"’
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BaxxHa Ttaxxke aMmiuuTynHas Xxapaktepuctuka (AX) Takoro yCHIWTENS,
BBIpaXKarolasi 3aBUCUMOCTh BbixojHoro curHania UBBIX ot Bxomnoro UBX (puc.23,
0). Tak kak y4yactok 0—1 ee nuHEWHBINA, KOADDUIIMEHT YCUIICHUS 0 HANPSLKCHUS
UBX.MAX coxpaHsieT TOCTOSIHHOE 3HaueHue. HaunmHas ¢ Touku 1 pocT BBIXOJIHOTO
CUTHAJIa OTCTaeT OT POCTa BXOJHOTO. DTO OOBACHSETCS TeM, uTO pabodas TOuka
TpaH3UCTOpA MO/ JEHCTBUEM BXOJHOTO CHUTHAJIa BBIXOJUT 3a Mpeenbl padodero
yuactka bB nunum Harpysku (cM. puc.22, a). [Ipum sToM BO3pacTaroT HEJIWHEHHBIE
HCKaKCHUSL.

3Has TMapaMeTpbl TpaH3UCTOpa B pabodeil TOuKe, MOXKHO pacCuMTaTh
conpotusieHue peauctopoB R1 u R2 6azoBoro aenurens. Tok [J] nenurens nomkex
ObITh B 2 —5 pa3 Oosbie Toka 0a3bl IBP.T. Takoil nenuTenb MO3BOJSET BHITOJIHUTH
JIOCTATOYHO CTAOWJIBLHBINA MIPU U3MEHEHUHU TEMIIEpaTyphl KacKaj Mpyu OJHOBPEMEHHOM
BBITIOJTHEHUU TPEOOBAHUSI IKOHOMUYHOCTH.

Ha pe3ucrtope R2 nenurens 10KHO J€HCTBOBATh HAINPSKEHUE:

URZ = UsaP.T +UR4

(13)
OTKY/Ia CONPOTUBIICHUE
R, = Uz,
L (14)
TOraa.
R, =Ey —Uy, '(IBP.T +I/:[) (15)

Tak kak BbIOpaHHAsI TOYKA HAXOAUTCS MOcepenHe pabouero yyactka bB nuann
Harpy3Ku, 5TO IO3BOJISIET TOJIaBaTh Ha BXOJl Kackaja W CHUMAaTh C €ro BBIXOJa
MaKCUMaJIbHbIC CUTHAJBI. Hepenko pabouyio TOUKy BRIOMpPAIOT Oyibke K Touke B. mpu
ATOM Kackaj MOTpeOseT OT MCTOYHWKA Ex 3HAYMTENBHO MEHBIIYI0 MOITHOCTHh H
CrOCOOEH YCUJIMBATh JIUIIh HEOONBIIME 10 AaMIUIUTYAEC CHUTHAJbI, TOCKOJIbKY
TpeOOBaHWE O HEIOIMYCTUMOCTH CMEIIeHUs pabodeil TOUKHM 3a Tpenesbl pabodero
ydacTKa JIMHUM Harpy3ku ocrtaercsi B cuie. OOBIYHO Tak BBIOJHSAIOTCS
TIPEIBAPUTEIIBLHBIC KACKAIBl YCUIICHUS.

IHopsigok BeIMOJIHEHHSI PadOTHI

1. Berueptutrs T1abn.15 — 17 gns 3anMcu  pexuMOB  TpaH3UCTOpA 1O
MOCTOSIHHOMY TOKY M PE3yJbTaTOB, MOJYYEHHBIX MPHU CHATHUH €ro amIUIUTyAHO-



YaCTOTHOW W aMIUTUTYJHOW XapaKTepUCTHK, a TakKe KOOPAWMHATHBIE OCH IS HUX
noctpoenus (macitad mo ocsim: UBX — 1 cm 40mB; UBBIX — 1 cm 0,5B).

Tabiuma 15

ITapameTp TpaH3ucropa B

paGoueii Touke Paccumnrannslit W3mepeHHbIi Ilocne koppekuuun

Igp.T, MA
Usopr , B
|Kp_T . MA
Ukopr , B

Tabmuma 16

YactoTa, I'g 0,02 0,05 0,1 0,2 0,5 5 20 50 100

Koadpdpu- .
Bap.

LHeHT Bap.2

YCHIICHUSL | pap 3

K

Tabuuma 17

Bxomnoe Hampspkenne Ugx , MB 50 100 200 300 400 500

Bap.1
BrixoaHoe HanpskeHue

Ugnix, MB

Bap.2

2. 3apucoBaTh ICKTPUUYECKYIO CXEMY UCCISAYEeMOTo ycunuTens (cM. puc.21) u
cobpath ee, MoJib3ysch rpaduueckuMu O00O3HAUYCHHUSIMU HA cMeHHOU maHenu 87J1 —
01/14.

3. Hcnonb3ys ¢opmynsl (12), (13) u (14), paccuutaTh CONPOTHUBIICHHE
pe3ucTopoB 0a30BOTO IETUTENS U YCTAHOBUTH UX B CXEMY.

4. M3mepuTh mapaMeTpbl peXHMa TPaH3UCTOpPA IO TOCTOSHHOMY TOKY H
3aHECTU pe3yJbTaThl HM3MEPEHMH, a TakkKe pacueTHble mapaMerpsl B Tabm.15.
IIPOU3BECTU KOPPEKTUPOBKY PEXUMA MO IMOCTOSTHHOMY TOKY M 3aHECTH pE3YyJIbTaThl B
Tabmn.15.

5. Cuarp AUX wu AX ycunurens, 3aHOCS pe3yibTaTbl H3MEPEHHI
COOTBETCTBEHHO B Ta01.16 1 17, 1 MOCTPOUTH WX B KOOPJUHATHBIX OCSIX.

MeTtoanyeckue yKazaHus

1. IIpu BeImonHeHUH padboThl Hucnoiab3yoT: R3 =1kOm; R4 =200 Owm; RS
=2kOmM; C2 =50Mk®; VT1 — tpanszucrop KT361A; conpotuBnenus pesuctopoB R1 n
R2 paccuutsiBator no popmynam (13) u (14), a emxocts kongeHcatopoB Cl, C3 u C4
3agaoT B Tpex Bapuantax: Cl =0,IMx®; C3 =10mk®; C4 =0,01mMx®D; C1 =10mMkD;
C3=C4=0,1mMx®d; C1=C3=10MxD; C4 =0,01 MxD;



2. ITocne pacyera conpoTtuBieHuid pe3uctopoB R1 R2 ycranasnuBaiotr B cxemy
pPE3UCTOPbl W3 KOMIUIEKTAa CBEMHBIX 3JIEMEHTOB CTeHJa. CONpPOTUBIICHHS 3THX
PE3UCTOPOB JIOJKHBI OBITh HECKOJBKO OO0JbIle (MM MEHBIIE) pacCUMTaHHBIX. B
KauecTBe 0a30BOM LENU UCIOJIB3YIOT NepeMeHHbINA pe3uctop R1 =22xkOwm.

3. Jlnsa pacuera Oa3oBoi nenu ciaenyer npuiate EK =10B, a HanpspkeHue Ha
KOJUIEKTOpE TpaH3ucTopa ycTaHoBUTh S5B. M3mepenus BoimonHsaioT ABM?2 (Ha
npenenax <<l0B>>, <<5§B>> <<1B>> u <<0,5B>>). Tok 6a3sl IbP.T omnpenemnstor
II0 BXOJHOM XApaKTEPUCTUKE TPAH3UCTOPA, & TOK KOJUIEKTOPA PACCUUTBHIBAIOT II0
dbopmye:

E.—-U U

|KP'T e S KRBP.T ~ “R4
€]

4. B kadecTBe HCTOYHHMKAa BXOJHOTO CHUTrHaja wucnojb3dyroT ['3Y creHna,
BBIXOJTHOE€ HampsbkeHue Koroporo wu3mepsitor WB  (mpegen  wusmepenwit 1B
JENUCTBYIONIEro 3HaueHus ). YacToTy BBIXOAHOTO CUrHaja usMmepsatoT UM crenna, ams
yero nepexiatoyatens B ycranasnuBaiot B nosoxkenue “UYM”, a tymbiaep UM —['3Y —
B nojiockenue “I'3Y”. BeixogHoe HaNpsHDKEHUE YCHIIUTENST U3MEPSIOT ociiiorpadom,
a OpH HanpsokeHUM MeHblnx 1B — mmmmuBoneTMeTpoM MB crenpa. McTouHuk
nutanusa cxeMmel — ' H2 crenna.

5. Caumaror aBe AX Ha yactote 1000 I't 1st cxemsl BapuanTa 3 (cM. Tabi1.16).
[Ipu cuarum Bropoir AX conportuBieHue pesucropa R1 cneqyer ysennunts BaBoe.

KOHTpOJIbHLIe BOIIPOCHI

1. Yro mnpoucxoaut ¢ pabodeil TOYKOM TpU  yBEIUYEHUU
conpoTtusieHus pe3uctopoB R1 nim R2?
2. Kakue cxembl anemeHTOB BiusioT Ha AUX ycunurens B 00iactu

HUKHUX (BEpXHUX) YaCTOT CUTHaA?



JlaGopaTopHnasi padora Ne 3
HccnenoBanue IMUTTEPHOTO MOBTOPHUTEJISI

[lenp paboTbl — HaOIMIOACHHE pabOTHI IMHUTTEPHOTO TOBTOPUTEIST U €ro

HCCIICAOBAHNC B PCKHMaxX IICpCJadr CHHYCOUIAJIbHOTO W HMITYJIbLCHOI'O CHI'HAJIOB

(puc.24).
10
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[Tosicenus. B sMUTTEpHBIX MOBTOPUTENSAX TpPaH3UCTOpPbI BKmoudarorcs ¢ OK
(puc.25). Ilpu sTOoM Bce BXOJHOE HANpsDKEHUE, CHUMaemoe ¢ pesucropa RO B nemnu
IMUTTEpA, JEHCTBYET B YNPABISIOLICH LEeNU TPaH3UCTOpAa IOCIEI0BATEIbHO
BXOJHOMY HANpsOKEHUI0 U MpoTuBOda3zHo eMy. ClieoBaTeabHO, KacKaJ OXBadyeH
oTpULaTeNbHON 00paTHOM cBs3bl0. Koad¢uuueHnT nepenaun nenu OTpULATEIbHOU
oOpatHoil cBa3u P=I1, T.e. oOpaTtHas cBsa3b 100 %. Otcroga KO3pPUUMEHT yCUIEHUS
YMUTTEPHOTO MTOBTOPHUTEIIS MO HAMIPSHKEHUIO PaBEH:

KO3

K, =—,
1+ K, (16)

rae Koo — monyne kosdduimienTa ycuieHHs MO HANPSKEHUIO CXEMbI € OOIIMM
SMUTTEPOM, COINPOTHUBIEHHE HArpy3KH KOTOPOIO PaBHO CONPOTHUBIICHHIO PE3UCTOpa
Ro.

N3 ¢opmynsl (15) cnemyer, 4TO AMUTTEPHBIA MOBTOPUTENIH HE YCHIMBAET
Hanpspkenue, Tak kak KOII<1 (uem Gonbiie KO3, tem KOII Gnamxe k enuuuie), a
JUILb TOBTOPSIET BXOJHOM CHUTHAJI MO aMIUIMTYAE C HEKOTOpbIM ociabieHueMm. [lpu
TOM Ha BBIXOJE€ AMUTTEPHOTO MOBTOPHUTENS MOBTOpsiETCA Takxke (paza BXOJHOTO
CUTHAJIA.

OmuttepHblil noBroputelb B (h219 + 1) pa3 ycuiuBaeT TOK BXOJHOTO CUTHaa
u B h213 pa3 — ero MOIIHOCTb.

BxoaHoe cONpoTHBIEHHE AMUTTEPHOIO MOBTOPUTENS BEIUMKO M 0€3 ydera
COMNPOTHUBIICHUSI PE3UCTOPOB 0A30BOTO JEIUTENE MOXKET OBbITh PACCUUTAHO IO
caeayroniel mpuoImKeHHol hopmyiie:

Rexsn= hnRs < k. (17)

BepxHuli npenen BXOAHOIO CONPOTUBIIEHUS YMUTTEPHOrO MOBTOpUTENSA Rpx
OTpaHUYEH COMPOTUBICHUEM Ik CMEIIEHHOI0O B  OOpaTHOM  HalpaBJCHUU
KOJUIEKTOPHOTO II€peX0Aa, KOTOPOE I COBPEMEHHBIX TPaH3UCTOPOB COCTABIISAET
€AUHULIBI MEraoM.



BrixogHOE€ CONPOTUBIEHHE SMHUTTEPHOTO TMOBTOPUTENS MaJlo, JISKHUT B
npejenax oOT JIoJA€H OM JyIsi MOIINHBIX TPAH3UCTOPOB JIO JCCATKOB OM JIs
MaJIOMOIIIHBIX U C JJOCTATOYHOM TOYHOCTBHIO MOXKET OBITh OIpeAesIeHO 1Mo (popMmyrie:

R :25

BBIX.DTI |_

5 (18)

Ecimn Tox 1D BhlpakeH B MuWuMamnepax, To conpotuBieHne RBDBIX.OII
nosyqaroT B Omax. @opmyna (17) cnpaBennusa npu Toke [9 < 3...5 MA.

bonpmioe BXOZHOE M Majgoe BBIXOAHOE CONPOTHBICHUE SMUTTEPHBIX
IIOBTOPUTEJIEN IO3BOJSAIOT MCIOJB30BATh MX B KAa4eCTBE KAaCKaJOB, COTJIACYHOLIUX
BBICOKOOMHBIM BBIXOJl OJHOM CXEMBl C HHM3KOOMHBIM BXOJOM JpPYyroM WM C
HU3KOOMHON Harpys3koil. KpoMe Toro, ux mpuMeHSIOT AJi Nepelayd CUTHaJlIoB 0e3
U3MEHEHus1 (Gopmbl, aMIUIUTYABl U (a3bl, HO MPU 3HAYUTEIBHOM YCHJIEHUH TOKa U
MOIIHOCTH.

Iopsaok BbINOJIHEHUS PadOThI

1.Beraeptuts Ta6:1.18, 19 1 20 115 3anucu pexKUMOB TPAH3UCTOPA IMUTTEPHOTO
MOBTOPUTENS MO TMOCTOSHHOMY TOKY M CHATHIO €r0 aMIUIMTYJHO-YaCTOTHOM U
aMIUTUTYAHON XapaKTepUCTHK, a TakKe€ KOOPAMHATHBIE OCHU JUISi MX IMOCTPOCHUS
n3zo0paxeHus ocuwiorpamm (macmrad no ocsasm: UBX u UBBIX — B 1 cm 0,2B).

2.3apucoBaTh NEKTPUUECKYIO CXEMY IMUTTEPHOTO MOBTOPUTENS (CM. puc.24) u

cobOpaTh ee, MoJb3ysAch rpadudecKuMu 0O0O3HAYCHHUSIMU Ha CMeHHOW manenu 87J1 —
0.1/15.

Tab6muma 18

CuHycou1aabHbIN TTonoxxureapHbIN OtpuLaTenbHbId

Bun curnana
CHTHAII AMITYJIBC AMITYJIbC

Us, B

ITapamerp B U-, B
paboueii
TOuKe I5, MA

Uss, B

Tabiuma 19

Yacrora f, k' 0,02 | 0,05 0,1 0,2 0,5 10 50

Koadpduument yeunenns Kon

Tabuma 20

Bxoxnoe Hanpspkenue Ugx , B 0,2 0,4 0,6 0,8 1

Brixonnoe Hanpspkenne Ugpix , B

3.U3meputh mapamMeTpsl peKMMOB TPAH3UCTOpA B paboyeil TOUke Mpu nepenade
TpeX Pa3IUYHbIX CUTHAJIOB U 3aHECTU PE3YJIbTAThI B TA0.18.



4.Cuatp AUX um AX DSMUTTEpPHOrO MOBTOPUTENSI B PEXKUME MeEpeaadu
CUHYCOUJIAJIbHOTO CHUTHala, 3aHECTU pe3yibTaTbl M3MEPEHUN COOTBETCTBEHHO B
Ta071.19 1 20 ¥ MOCTPOUTH XapPaKTEPUCTUKH B KOOPJUHATHBIX OCSIX.

5. CHATh OCHWIJIOTPAMMbl HMMIYJbCHBIX HAMpPSKEHUM HA BBIXOAE M BXOJIE
AMUTTEPHOIO MOBTOPUTEIIS B PEKUMAX MEPEAayu MOJIOKUTEIBHOTO U OTPULIATEIILHOTO
UMITYJIbCOB U U300pa3UTh UX B KOOPJAUHATHBIX OCSIX.

MeTozmqecKne YKRa3aHnus

1. Tlpn BeImonHeHUH padOThl UCHOAB3YIOT: R1=20kOM; R2=10kOM u 2,4xOmM;
R3=510 Owm; R4=1xOm; C1=C2=10mx®; C3 =0,033mx®d; VTl — Tpan3uctop
KT361A; ncrounnk kosuiekropaoro nutanusi EK — reneparop I'H2 crenna, Ha BbIXO/E
KOTOporo ycranaBiuBaroT 1o B nanpsbkenue 10B.

2. Ilpu cOopke cxeMmbl i Mepeladyl CUHYCOUJIAJbHOTO CHUTHAJIa B KaueCTBE
reHepatopa G ucnonb3yioT I'3U cTeHga, 4acToTy BBIXOJHOTO CHUTHala KOTOPOIO
u3MepSIT yactoroMepoM UM, a BeixogHoe Hamnpsikenue VB (nipenen nzmepenus — 1B
JEUCTBYIOIIETO 3HAYCHUSA ).

3. Ilpu uccienoBaHUM CXEMbI B pPeKUME NEpeAadyd UMIYJIbCHOTO CHUTHAlla B
kauectBe reHeparopa G wucnonsdyror [TIM cremga B amanasonme 1000 I'nm
(nepexmrouarens ['TIN goikeH HaXOAUTHCA B TaKOM K€ IMOJIOKEHUH), a aMIUIUTYy
BBIXOJIHOTO UMITYJIbCA, paBHYIO 3B, ycTaHaBIMBAIOT 1O ocmuiorpady.

4. IMIynbCHBIE CUTHAJBI CTPOSAT OTHOCHUTEIBHO OCH HYJEBOIO MOTEHIMANA C
YYETOM IMOCTOSIHHOW COCTABJISIOIIEH.

5. Ilpu u3mMepeHusx UCIoJb3yroT:

ABMI1 — nHa npezenax << 10B >>, << 5B >>, << 2,5B >>, u << 1B >>;

ABM2 — Ha nipezienax << 10B >>, << 5B >>, << 1B >>, u << (,5B >>;

ABO — na nipegene << 1B >>;

ABMI1 — na npenenax << S0MA >>, << 10MA >> u << IMA >>.

DTO U3MepeHUe BHITIOIHSIOT ¢ MTOMOIIBI0 OJ10Ka-niepexoauuka [12, B rue3ga X3 u X5
KOTOpPOI'0 YCTaHaBIUBAIOT pe3uctop RO, a k rHeznam X2 n X4 noakmrouatror ABMI;
MB — na npenene << 1B >>,

KonTpoJsbHbIe BONIPOCHI

1. KakoBbl 0cOOeHHOCTH BKJIFOUEHUS TpaH3ucropa ¢ OK?

2. Kax Bnusier 6a30BBIM JENUTENb HA BXOJHOE COMPOTHUBICHHE SMUTTEPHOTO
MOBTOPUTENS?

3. KakoBo HazHaueHHE YMUTTEPHBIX TTOBTOPUTENCIH?

4. KakoBbl 0COOCHHOCTH TOCTPOEHUS CXEMbI YMUTTEPHOTO MOBTOPHUTEIS IS
nepesayu UMITYJIbCOB Pa3IMYHON MOISIPHOCTH?

5. Uem o0OBACHSETCS HU3KOE BBIXOJHOE COIMPOTHUBICHHE HAMUTTEPHOTO
MOBTOPUTENS?



JlaGopaTopHnasi padora Ne 4
HccnenoBanue IBYXTAKTHOTO YCHJIUTEISI MOIIHOCTH

[fenr pabGoTh — uU3yYEHHE TMPHUHIMUINA JEHUCTBUA JBYXTAKTHOTO
OoecTpaHcPOpPMATOPHOTO YCHIIMTENS MOINHOCTH; CHATHE U aHalu3 €ero
aMILUTUTYJHO-4aCTOTHON M aMIUIUTYAHOU XapaKTepUCTUK U HabIoaeHne paboThl
B pexxumax AB u B (puc. 74).

IosicHenusi. YCHJIUTENIW  MOIIHOCTH  OBIBAlOT  OJHOTAKTHBIMU H
JNBYXTaKTHBIMHU.

OOHOTAaKTHBIE YCUJIHMBAKT CUTHAJI OJHHUM TPAaH3UCTOPOM B TEUEHHUE BCETO
nepuojia 3a OJUH TaKT, MOTYT paboTaTh TOJBKO B JIMHEHHOM pexume A u
UMEIOT HEBBICOKMW YpPOBEHb HEIMHEHHBIX HCKaxeHuil. OAHaKo pexum A
HEIKOHOMHUUECH, TaK KaK TOK KOJUIEKTOpa TPaH3UCTOpa B paboueil ToUKe JOIKEH
OBITH JOCTATOYHO OOJIBIIUM, UTOOBI MOKHO OBLIO €ro MoJ JeHCTBUEM BXOJIHOTO
CHUTHajla KaK yBEJIWYHMBaTh, TaK U yMeHbIIaTh. [ pexuma A XapakTepHO
TaK>X€ PaBEHCTBO TOKA B PEKHUME OXHUJAHHUS BXOJHOTO CUTHAJIA CPEIHEMY TOKY
IpHU MOSABIEHUM ATOTO CUTHAja, T. €. JlaKe TEOPETUUECKUM KIJ OJHOTAKTHOTO
ycunutens coctaBiusieT 40—45%. J1o orpaHnYMBaeT UX MPUMEHEHHE.

JIByXTakTHbIE YCUJIUTEIH YCUIUBAIOT CUTHAJI IBYMs TPaH3UCTOpPaMH 3a JBa
TakTa. B TedueHue mepBOro mnojynepuoja OAWH HU3 TPAH3UCTOPOB YCHUJIMBAET
CUTHAJI, a APYroid B 3TO BpeMs TOKAa HE MPOBOJUT, & B TEUEHUE BTOPOTO IMOJY -
nepuoga — HaoOopoT. Pabouue TOYKH TpPaH3UCTOPOB BHIOMPAIOT B CaMOM
Hayajie BXOJHBIX XapaKTEpPUCTUK, T. €. IPU OTCYTCTBUU CHUTHaJIa TaKOW KackKaj
TOka He moTpebssier. Tak paboTaeT ycuauTelb MOIHOCTH B pexume B. B atom
cllydae yCHJIWUTENb JKOHOMHYEH, ero kmja pocturaer /0%, a HenuHeiHbIC
VMCKa)KEHUS BBILIE, YEM Y OJTHOTAKTHOTIO.

[Ipu paGote ABYXTakTHOTO ycuiuTens B pexume B (puc. 75, a) BxonHou
curHan Usp mepBBlii MOJNynmepuosa, BO3JAEHCTBYS Ha OAMH M3 TPaH3HCTOPOB,
BBI3BIBAET CUHYCOUIANBHBINA TOK 0a3bi/si~, KOJIeKTOPHBIA TOK 3TOr0 TpaH3HC-
Topa OyIeT TakXe CHHYCOWAAJIbHBIM, HO TOJbKO B TEYEHHE IMEPBOIO
noiymnepuona. Bo Bropoidl moaynepuoa BXOMHOW CUTrHAa] UsaHaJIOTHYHO
BO3JEUCTBYET Ha BTOpPOW TpaH3uCTOp. CXEMy YCHJIUTEINS BBINOJIHSIIOT Tak,
4yTOOBl Uepe3 Harpy3ky MmOpoxoawa TOK, (opma KoTtoporo Onm3ka K
CHUHYCOUJAJIILHOMN, MOBTOPSIONIEH (opMy CyMMapHOTO 0a30BOT0 TOKA /5~,

Jnsg  CHUXKEHUS  HEIMHEWHBIX HMCKAXKEHUW NPU  HE3HAYUTEIbHOM
YMEHBIIEHUH KIIJ HCHOJB3YIOT MPOMEKYTOUHBI pexuM AB. B sTom pexume
paboune TOYKU TPAH3UCTOPOB BBIOUPAIOT MPU HEOOJBIIUX TOKAX UX 0a3, T. €.
IpU O0XHUJAHUU BXOJHOTO CHUTHaJIa cXeMa MOTpeOJisieT OT MCTOYHHMKA NMUTAHUS
HeOonpmoil TOK. Pexum AB mHUpOKO pacnpocTpaHeH, TMOCKOJbKY MO
CPaBHEHHIO ¢ 00Jiee SKOHOMUYHBIM PEXKUMOM B npu HeM 3HAYUTENbHO MEHbIIE
HEJIMHEWHBIE UCKAXKCHHUS.

VYuopaBiieHue TpPaH3UCTOPAMH JABYXTAKTHOTO YCWJIUTEIS MOIIHOCTH B
pexume AB mnokazano Ha puc.’5 0, JlomoJHUTeNbHOE HampsikeHue e,
0/laBa€MO€ Ha SMUTTEPHBII MEPEX0J, CMEIIAET BXOJHBIE XapaKTEPUCTUKU



OTHOCHUTENBHO Apyr Apyra. [Ipu 3ToM cymmapHbIii 6a30BbIH TOKCXEMbI OJM30K K
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B IBYXTakTHBIX KacKaJlax YCHIMTENIEH MOIIHOCTHU HCIIOJNB3YIOT BCE TpH
cXxeMbl BKJIOYeHHUs Tpan3uctopos: ¢ Ob, O3 u OK.

Bxutouenne Tpan3uctopoB ¢ OB  MNo03BOJISIET TOJAYYUTh CXEMY C
HE3HAYNUTEIbHBIMU HEJIVMHEWHBIMU HCKAXKEHUAMM, XOPOILIEH TEeMIIEpATYpHOU
CTaOUIBPHOCTHIO U MaJIBIM M3MEHEHUEM MapaMeTpoB MPHU 3aMEHE TPaH3UCTOPOB.
OnHako IS yOnpaBJ€HUS TaKOW CXEMOUM MpelBapUTENbHBIA YCUIHUTENIb JOJKEH
OBITh MOLIHBIM, TaK KakK JUIS yIPaBJIEHUSA TPAH3UCTOPAMU, BKIOUYEHHBIMU ¢ OB,
HEOOXOJAUM TOK OMHUTTEpa JaXe HECKOJbKO OOJbIIWI, YeM BBIXOJHOU
KOJIJIEKTOPHBIN TOK.

[Ipu BKIIOYEHHMH TpaH3ucTopoB ¢ OD B/9pa3 cHUKAETCS MOIIHOCTH
CUTHaJIa YIpPAaBJIEHHS, HO HECKOJbKO BO3PACTAalOT HEJIMHEWHbIE HMCKaKEHMUS.
3aMeHa TpaH3UCTOpa B TAKOM CXEME BBI3BIBAET U3MEHEHHUE pEXUMa Kackaja Mo
NOCTOSHHOMY TOKY, MO3TOMY TpeOyercs iu00 moadop mapbl TPAH3UCTOPOB C
OJMHAKOBBIMH MapaMeTpaMH, TUOO0 JONMOIHUTEIbHBIE MEPHI 10 BOCCTAHOBJIECHUIO
CUMMETPUU CXEMBI, YTO 00s3aTEIbHO COMNPOBOXKIAETCS CHUXKEHHUEM KIJ U
pocToM Ko3(pdUIIMEeHTa HETMHEUHBIX UCKAKEHUH.

[Ipu Bkmroyenuu tpanzuctopoB ¢ OK cxema pabotaer ¢ MUHUMAaJIbHBIMU
HEJIMHEWHBIMHA UCKa)KEHUAMU. CUTHAJ yIIPABJIEHUS B TAKOW CXEME BEJIIMK — €r0
MOIHOCTh OJIN3KAa K MOIIHOCTH BXOJHOTO CUTHajJa Kackajaa Ha TPaH3UCTOpax C
Ob. lns aT0#l cxembl NOA0UPAIOT Mapy OJUHAKOBBIX TPAH3UCTOPOB, NOCKOJIBKY
TOJIBKO TaK MOKHO 00€CNEeYUTh MaJIble HEJTUHEHbIE UCKAXKECHUS.

B nactosimee Bpemsi Haubosiee pacnpocTpaHeHbl OecTpaHchopMaTOpHbIE
YCHJIIUTEIN MOIIHOCTH 3BYKOBOM YacTOTHI, BBINOJHEHHBIE HAa TPaH3UCTOpAX
Pa3HBIX TUIIOB 3JIEKTPONPOBOJHOCTH MU OJHOTO THUIA.

JIng ynpaBiaeHUs] TPAH3UCTOPAMHU Pa3HbIX TUIIOB 3JIEKTPOIPOBOJHOCTH (CM.
puc. 74) tpebyercs onuH curHai. Tak, eciiu B MepBbIM MOJTYNEPHUOJ] BXOJTHOU
CUTHAJ yBEJIMYUBAeT TOK 0a3bl TpaH3uctopa V7?, oJHOBPEMEHHO yMEHbIIAETCs
TOK 0a3wsl TpaH3uctopaVT/. Bo BTopoi mnoaymepuon — HaobopoT. Takum
00pa3oM, BXOJHbIE LENU TPAH3UCTOPOB MO OTHOLIEHUIO K MUCTOYHHUKY CHUTHala
BKJIIOYEHBI MTapajlIeIbHO, BBIXOHBIE 10 OTHONIEHUIO K MCTOYHHMKY MUTaHus Fx—
NOCJIEe0BaTEIbHO, a IO MNEPEMEHHOMY TOKY — MapajuieJlbHO Ha OOIIyIo
HarpysKy Ro-

Jlng ynpaBlieHWsT TpPaH3UCTOPAaMU OJHOIO THMA 3JIEKTPONPOBOIHOCTH
Tpebyercsa (ha3ouHBEpPCHBIN Kackaa (puc. 76), Ha BBIXOJIE KOTOPOTO JAEUCTBYIOT
JBa OJWHAKOBBIX W TPOTHBOGA3HBIX HamnpsokeHUs UinU:DTm HampsokeHUsS W
YIPABJISIOT  TPAaH3UCTOPAMH, KOTOpPBIE  MOOYEPEAHO  OTKPBIBAKOTCA H
3aKpBIBAIOTCH.

PaccmoTpum paboTy Kackajga yCUJIEHHS MOLIHOCTH B pexume B(cm. puc.
74). B cxeme wucmosb3yercs KpeMHHeBbIH awon VPl TIpu mMOI0KHUTEIBHOM
NOJIyIEpUOAE TEePEMEHHON COCTAaBIAIONIEH KOJUIEKTOPHOTO  HaMpsKEHUs
TpaH3ucTopa VT mpeaBapUTENbHOTO YCUIIMTENSA TpaH3ucTopY723aKkpeIBaercs, a
TpaH3ucTop V79ycunuBaer CUrHald, HCHOJb3YysS KakK MCTOYHUK THUTAHUS
3apsKeHHBIN npuMepHo 10 U.5EkkonaeHcarop C5. B TeueHue 3Tor0 mosynepuoaa
TOK MNPOXOAUT MO UENU: MpaBblil 3JIEKTpoJ KoHIAeHcaTopa CJ, 3apsiKeHHbIH
MOJOKUTENBHO, PE3UCTOP HArPY3KH RS, KOpIyC, MPOMEKYTOK KOJIEKTOP —



IMUTTEp TpaH3uctopa V73, JeBBIA DJIEKTPOA KoHJeHcatopa C3. EMKoCTh
KOHAEHcaTopaC31o/)KHA OBITh HACTOJBKO OOJBIION, YTOOBI 3a BpeMs CaMoOro
IJIUTENBHOTO Tojaynepuona (camMas HHU3Kasg YyCUJIMBaeMmMas 4acToOTa) OH
paspsKalcs HE3HAYUTEIBHO.

[Ipy oTpunartesbHOM MoOJynepuone TpaH3uctop V73 3akpbeiBaeTcs, a
Tpan3uctop V72 oTkpeiBaeTcH, yCHUIUBAsA CUTHAJI. KosnektopHbii  TOK
TpaHsucTopa V72npoxoaut mo memu: Tk, kopmyc, pesucTop Harpysku RS,
KOHJIEHCATopa C3, MPOMEXYTOK IMUTTEP — KOJIIEKTOp TpaH3ucTopa V72, —Ek.

Takum oOpazom, yepe3 pe3ucTop R%, Ha KOTOpBIH MOOUepeaHO paboTaroT
JBa TPAH3UCTOPA, YIPABISAEMBIE OJJHUM CUTHAJIOM, IPOXOIUT NEPEMEHHBIN TOK
YCUJIEHHOTO CHUTHaJla — CyMMa IIEPEMEHHBIX COCTABISIOIHUX dMUTTEPHBIX TO-
KOB TpaH3uctopoBV72u V73, Orcroga cielyeT, 4ToO M0 OTHOLIEHUIO K UCTOYHUKY
CHTHaja TPaH3UCTOpHl BKIKOUYEHBl no cxeme c¢ OK, koropas ycunuBaet
MOIIIHOCTh CUTHAJIA, IOBTOPSS €r0 HAIPsKECHHUE.

Bxnrouenne xkpemHueBoro namona ’P/ypenuumBaeT HAMNPSKEHUE MEXKIY
0a3zaMu TPaH3HCTOPOB, U MX pabouue TOYKM CMELIAIOTCS K Hayaly BXOJIHBIX
XapaKTEPUCTHUK, T. €. KACKAJ MEPEXOAUT B peKUM B. DTOT mepexox CTaHOBUTCS
3aMETHEE, €CJIM HCIOJB3YIOT JABa IOCIEN0BATEIBHO BKJIIOUYEHHBIX KPEMHHUEBBIX
OHOJA.

OnHoBpeMeHHO AUONVDICIyXUT Uil TEeMIEpaTypHOW cTabuiIM3anuu
0a30BbIX Lenel TpaH3ucTOopoB. llpum moBBIIEHMH TeMmepaTypsl BXOJHas
XapaKTEePUCTUKA TPAH3UCTOPA CMEIIAETCs BJIEBO, YTO O3HAYAECT YBEIUYCHUE
TOKa 0a3bpl IpU MOCTOSIHHOM HANpsKEHUM Ha SMHUTTEpHOM mepexoie. OaHako
TOK 0a3bl MpH BKJIIOYEHUU auoja VPl ypennuuBaeTcs
3HAYUTEJIBHO MEHBIIE, I[OCKOJIBKY IIpsIMO€ HAIpPsSIKEHUE Ha HEM IIpH
YBEJIMYEHUU TEMIIEPATYPbI TAKKE YMEHBIIAETCH.

IHopsigok BeINMOJIHEHUsI padOTHI

l. Berueptuth Ta6a. 32 u 33 nais CHATUS aMIUIMTYJAHO- YacTOTHOM H
AMIUIUTYTHOW XapaKTEePUCTUK YCUJUTEIs M KOOpPJAUHATHBIE OCH IS UX
noctpoenus (Macurrab mo ocsm: Us— B 1 cm 20 MB, Y— B 1 cm 200 MB).

2. Berueptuth Taba. 34 118 3alMCU TOKOB, MOTPEOSIEMBIX YCUIUTEIEM TIPU
pa3HBIX pexumax paboThl.

3. BeruepTuTh Taba. 35 115 3aMMCU TapaMeTPOB PEKUMOB TPAH3UCTOPOB IO
MOCTOSIHHOMY TOKY.

4. 3apucoBaTh AIEKTPUUECKYIO CXEMY HMCCIEyeMOro yCHIUTENd (CM. pHC.
74), coOpaTh ee, MmMoAB3yACh rpadudeckuMu 00OO3HAUYCHHUSIMU Ha CMEHHOU
nanesun 87/1-01/16 'y orperynupoBaTh pekMMBI pabOTHl YCHIUTENS MO IOCTOSH-
HOMY TOKY.

5. CHATP aMIUIUTYJHO-YaCTOTHYIO W AaMIUJIUTYJHYIO XapaKTEepUCTUKHU
YCHJTUTENIS, 3aHOCS PEe3yJIbTaThl U3MEepEeHUM B Tabs. 32 u 33, U MOCTPOUTH UX B
COOTBETCTBYIOIIUX KOOPJAUHATHBIX OCSX.




Tadonuuma 32

YHacrora f, kI'u 0021 0,1 1 05 1 10 100

Brixoanoe Hanpsike- | C2 = 5 Mx®
Hue Uy,y, B, npu emko- | C3 = 0,1 mx®P

CTH KOHAEHCATOPOB C2 = 50 Mx®d
C3 = 50 Mx®P
Tabanunuwa 33
Bxoanoe nanpaxenue Uyy, B 20 40 60 80 100 120

Boixoanoe nanpsoxkenue Ugyyx, B

Ta6anuuna 34

Curnan orcyrcTByer MakcumanbHblii cHrHad

Pexum [Mepe- duoa ITepe- Huon
MBIYKA KI103A MblUKa KIO103A

OIHH ABa OJHH ABa

Tok [,, norpebGasieMbli
NpefABapHTENbHbIM YCHJIH-
Tesnem, MA

Tok [;, norpebasembii
BCEM ycuauTesem, MA

Tabauuwa 35

I'Hesno X3 X5 X6 X8 X9 | X10

Hanpsxenue, B, | nepembluxy
MpH BKJIOYEHHH

nvona KJII103A

ABYX NHOJO0B
KI1103A

6. M3mMepuTh TOKH, MOTPEOIIEMbIe YCHIUTEIEM MPH Pa3IHIHBIX PEKUMAX
paboThI, 3aHOCS pe3yJibTaThl U3MepeHuid B Tada. 34. OQHOBPEMEHHO U3MEPSITh

napaMeTpbl PEKUMOB 1O IMMOCTOSSHHOMY TOKY, 3aHOCS Pe3yJbTaThl U3MEPECHUN B
tabi. 35.



MeToanyeckue yKazaHus

1. [Tpu BBITNIOJIHEHU U paboTHI HUCHOJIB3YIOT: RI = 51 kOm
B2 =33 xOm u 10 KOM (mepeMeHHBIil ); R3 = 200 Ow;

RZ = 4,3 kOm; R5 =100 Om; Cl =5 mx®:C2 =5 n 50 wmxd;c3=0,1 wu 50
MK®D; VTI uVT2—rtpansuctopsl KT361A; VDI—nquonKAI03A (2 1mr.);VT3—Tpan-
3ucTOp KT315A; IEepeMBIUKY.

2. YcranaBnuBaioT mo MB crtenna nanpsbkenue 12 B Ha Bmixome ['H2,
NOJKIII0Yasi €ro ¢ COOJIFOJIEHHEeM TOJSIPHOCTH K THe3gaM «—ExwpXi2) a 3atem
m3mepsroT ABMI (ma mpegene «10 By) B rHesme X10 HanmpsikeHUE, KOTOPOE TOIKHO
coctaBiath 0,5 £x,  Ecam  3T0 He  Tak, yCTAHaBJIMBAIOT  BMECTO
pe3uctopa R2 cOonpoTUBIECHUEM 3,3 kOMm IIEPEMEHHBIN pe3ucTop
conpotuBiienueM 10 kOm u pobOuBaroTca, YTOOBI HampsHKEHUE B
rHe3aeX/0cocrasisno 6 B.

3. IlogkmiouaroT K BBIXOAY YCHUIUTENsd MHUIUBOJIbTMETp MB crenaa

(3axxuMMB «~»CcoeqUHSIOT C THE3A0M | HcclaeayeMOol CXeMbl, a 3aXKUM Lo c
rae3aoM X//) u ycTaHaBIMBAIOT €ro NepekiIvaTes b Ha npeaet «1 By.

4. YcranaBnuBaioT Ha Beixojsie ['34 wactory curdana 1000 ', aiis yero ero
nepexitovaresib «JluamazoH» mnepeBoAAT B NoJiokeHue«! kl'u»J[ns uzmMepeHus
4acTOThl BbIXOoAHOTO curHaia ['34Y ¢ momompbio ydactoromepa UM TymoOiep-
«IM-I'3Y» yeranaBnuBaor B mojoxenue <I3% | mepexnouatrens MB — B
nonoxenue «IM» a pepeknwouarens UM — B  monoxenue «5 klmy».
[Toaknrouaror ['34 k uccinenyemoit cxeme (3axum [3Y «1 : 10» coenuHsoT C

rae3nom £/ a 3axum <<—L»—c rHE310M X2). Y cTaHaBIMBAIOT HA BXOJAE YCUIHUTEINS
TaKOW CHUTHad, MPU KOTOPOM HampsHKEHHE Ha ero BbIxoje Oyaer paBHo 5 B
neuctpyoniero 3HaueHusa. Ilpu cHstum AYX HeoOXoIMMO CcleauTh 3a
CTaOUJIBHOCTHIO aMIUIMTYJbl BXOJAHOTO HANpPSKEHUS W TpPU HU3MEHEHUU
KOppekTupoBath ee peryisitopom [3U «Amnnutyna». BeixomHoe HampsiKeHUE
['34 usmepsitor IB cTtenna, Aisd 4ero ero mepekiyaTreiab CledyeT MEPEBECTU B
nosioxenue «I'3Yy».

Ilppy CcHATMM aMIUIMTYJHOW XapakTEPUCTHKM BXOA  ocuuuiorpaga

MOJKJYaT K THe3ay £/, a BBIBOJJ;«"L»— K rHe3ayX7. Habmromas dopmy
HANIpSDKEHUST Ha BBIXOJIE YCHJUTENS, OTMEYalwT, MpPU KaKOM BXOJHOM
HaNPSOKEHUM  UCKaXXEHHWsT (HOPMBI  BBIXOJHOTO  HAMPSIKEHHS  CTAHOBSTCS
3aME€THBIMH Ha Tia3. VIMEHHO ¢ 3TOro 3Ha4YeHUs BXOJHOTO CHIHaja
AMIUIUTYAHASl XapaKTEPUCTHKA OTKJIOHHUTCS OT MPSIMOU JIMHUM.

[ToTpebasembrii Tok usmepsaor ABMI, nns gero 3axum<«—>I'H2 coequnsioT
¢ 3axxumMoM «—>ABMI, a 3axxum «+» ABM1 — ¢ rae3gom «—Ex»

I[Ipu wucnonb30BaHUM KpPEMHHUEBOTO jauojaa VD/ycuiauTellb MOIIHOCTH
OKa3bIBaeTCs B pexuMe B (nnum 61U3KOM K HEMY).

[Ipu ucnonb30BaHUM JBYX MOCIEAOBATEIbHO BKJIIOYEHHBIX KPEMHHUEBBIX
JTUOJO0B YCHIIMTENh nepexoauT B pexxuMm AB. Ilpu 3ToM ycunutens moTpedaseT
TOK IIPU OTCYTCTBUU BXOJHOTO CUTHAJIA.

[TapameTpsl peKMMOB IO NOCTOSSHHOMY TOKY uU3MepsoT ABM?2 Ha npenenax
«10 B», «5 B», «1 B» u «0,5 B».



KoHTpoJibHBIE BONPOCHI

1. [ToyeMy OJTHOTAKTHBIE YCHJIMTEIX MOIIHOCTU UCTIONB3YIOT PEAKO?
Yem  0OBSCHAETCS  HKOHOMHUYHOCTb  JIBYXTAKTHBIX  YCHJIUTENIEM  MOIIHOCTH,
paboTaroiux B pexume B?

2. Kakue mapameTpbl BBIXOJHOTO CHTHAJa 3aBUCAT OT €MKOCTH KOHJACHcaTopa
C3?

3. Ilouemy mnpw yMEHBIIEHWH EMKOCTH KOHACHcCAaTopa c¢2 YBEIMYHUBAIOTCS
YaCTOTHBIEC HCKA)KEHHUS B 00J1aCTH HIDKHHUX 4acTOT?
Kaxk BriusieT pesxxum paboThl YCUIIUTEIIS Ha HEJIMHEHHBIC UCKAKCHUS ?



JlabGopaTopHasi padoTa Ne5
HccnenoBanue yCHIUTENS TOCTOAHHOTO TOKA

Hens paboThl — U3y4eHUE NPUHIATIA IEUCTBUS
nuddepeHnuanbaoro yeunutenas moctosHHoro Toka (YIIT) m mpumoOperenue
HaBBIKOB €ro OajlaHCUPOBKH; CHATHE W aHAJINU3 aMILUIUTYIHBIX XapaKTEPUCTHK
(puc. 77).

[TosicHeHus. YCHIMTENU TMOCTOSHHOTO TOKA NMPEIHA3HAYCHBI JJISI YCUICHUS
CUTHAJIOB B auamnasoHe d4actoT oT /=9 (moCTOSHHEIA TOK) 10 HEKOTOPOM

MaKCHMAJIbHOH 4acTOTHI /", 0GBIYHO OIPENEIIEMON YaCTOTHBIMH CBOWCTBAMHU
TPaH3UCTOPOB. JTa 4YacTOTa MOXKET JOCTUraTh coTeH merarepil. [Ipocteitmas
cxema YIIT (puc. 78) wucnoib3yeTcss B KOMIICHCAIIMOHHOM CTa0UIM3aTOpE
HanpsokeHus. [Ipy HOMUHAILHOM BXOJHOM HampsukeHuu Us crabuiamsaTtopa Ha
3JIEKTpOAaxX TpaH3ucTOpa V7 Takxe yCTaHaBIMBAIOTCS HOMUHAJIbHBIC
nHanpsoxeauaVsve, Vsvig Bivr Hanpsixenue Usvrco3gaeTcs mapaMeTpUUYEeCKMM CTa-
OMIM3aTOpOM Ha cTabUIUTpoHE VDU HE 3aBHCUT OT BXOJHOTO HAmMpshKeHHs Us, a
Hanpsoxenus sy Vwrnsmensrorcs. Bxomnoe nanpsikenue YIIT Usvrapnsercs
YacThI0  BBIXOAHOTO  HampsukeHus “Usscrabunusaropa(raec=BER2/(RI+R2)

Kodpurment gencuus aenurenasRIR2)  Komnexropuoe nHanpsokenne Ukvt
yIpAaBISET PETYJIUPYIOIIUM TPaH3UCTOPOM cTabuiuzatopa (cMm. puc. 54).Ecnu
mo  KakoW-mubo  mpWYWMHE  BBIXOJAHOE  HampsokeHHe UsxcTabmimmsaTopa
U3MEHUIIOCH, U3MCHUTCS U HAMPSKEHUE @Unx, HAIPUMEP MOSBUTCS MPHUPAICHUE
HanpsokeHussTAUs,  Tlpu  sToM 0a3oBbIi  TOK TpaH3ucTOpa V! yMEHBIIUTCS
HaAls=AUg/his,a KOMneKTOpHBIH — HalM «=BhssAls=hysAUs/his 1, ciegoBaTeNbHO,
YBEIUYUTCS  KOJJICKTOpHOE HampspkeHne Ha AUx=ARe  Dro  Hampsbke-
HueAUkgasnsercs BBIXOJHBIM HaIPSKEHUEM VIIT, BbI3bIBAIOIIUM
KOMIIEHCUPYIOIIEE H3MEHEHUE DIJIEKTPHUUYECKOTO COCTOSHHS PETYJIUPYIONIETO
TpaH3UCTOpaA cTabMIM3aTopa. _

B paccmarpuBaemom cnyuae nputAUsma Beixoge YIIT mosBusercsa—AUx,
CIOCOOCTBYIOIIEE YMEHBIIEHUIO 0a30BOT0 TOKa PEryjIupyoIIero TpaH3UCTopa,
YTO PABHOCUJIBHO YBEJIWUYCHHIO COMPOTHBICHHS TPOMEKYTKA KOJJICKTOP
AMUTTEpP, TNPHUBOASAMIETO K  YMCHBIICHUIO  BBIXOJHOTO  HAMPSDIKCHHS
crabunuzaropa Vsux.

Kospdbuumnent ycunenus nanpsokenuss YIIT onpenenstor no popmyiie

K = AUx/AUs = Rxha13/hi15.

CnenoBarenbHo, u3MeHeHHEe BXxoqHOTro HanpsikeHus YIIT BeizsiBaeT B K pas
0oJbIlIee U3MEHEHUE €TO BBIXOJHOTO HATIPSIKCHUS.

Kpome Ttoro, VYIIT wmoxer ycuiaumBaTh NEPEMEHHOE HAIPSKEHUE 10
HEKOTOPOM TPENEIbHOM 4YaCTOTHI, KOTOpas ONpPEAEeHsIeTCS YaCTOTHBIMHU
CBOWCTBAMH TPAH3UCTOPOB, HYTO OCOOEHHO BaxXHO B cTa0wiau3aTopax,
paboTammuX HA CXEeMY C UMITYJIbCHBIM MOTPEOIICHUEM.
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Ha Beixone YIIT nmosBisieTcss curHal naxke B TOM CJlIy4dae, €CJIM Ha BXOJIE €T0
HEeT. JTO sABJI€HUE, Ha3biBaeMoe ApeipoM HYyJIsl, IPOABISIETCS HECTAOUIbHOCTHIO
BBIXOJHOTO HanpsixeHus. peid Hyns npeacraBisieT cOOOW JTOXKHBIA BBITOJHOU
CUTHAJ, NPUYNHOU KOTOPOTrO SIBISIETCS HE BXOJHOW CHUTHAJ, a BO3JIEHCTBUE Ha
cxemy YIIT necrabunuszupyromux GpakTopoB, Haubojgee Cepbe3HbIN U3 KOTOPHIX
— W3MEHEHHUE TeMIepaTypbl OKpYyXXalllel cpenbl, Biugiollee Ha Bce 0e3

BKIOYCHHUA JJICMCHTHEI. YCTpaHI/ITI) HJIN MOJHOCTBKO CKOMIICHCHUPOBATH 3TO

BJIWAHHNEC HEBO3MOXHO.
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Tak, B VYIIT, mokazanHoM Ha puc. 78, ¢ POCTOM TeMmepaTypbl H3-3a
YBEJIMYECHHS, TOKAa KOJUIEKTOpAa YMEHBINAETCS OTPULIATEIBHOE KOJJIEKTOPHOE
(BBIXO/IHOE) HANpsOKEHUE, YTO PaBHOCUIIBHO MOCTYMNJICHUIO HAa BXOJ CHTHala
OTpUIIATEIbHOW MOJSPHOCTH. Jlpeiid BBHIXOAHOTO HANPSKEHUS MOXKET ObITh
ckoMmeHcupoBaH mojadeid Ha Bxoa YIIT curnama HeoOXOAMMBIX 3HAYEHUS U
NOJIIPHOCTHU, Ha3biBaeMoTo Apeiidom nyns, [lpuBegenusim ko Bxoay YIIT. 3nas

a0COJIIOTHBIN BBIXOJIHON apeiid Ay ko3 puuueHT ycuieHus HanpsokeHus K,
MOXHO OIpENENUTh MpHuBeNCHHBIN npeld 5=4/K  TlpuBemneHHbli apeiid
ornpenenser 4yBCTBUTENbHOCTh YIIT, T. €. MUHUMANBHBIN CUTHAJI HAa €r0 BXOJIE,
KOTOpBIA OyleT pa3iuyuM Ha BbIxoJe. Tak, eciu NpUBEIEHHBIN Apeid npu
BO3JICHCTBUM OMNpPEJEIECHHbIX AecTaOuinn3upyromux ¢akrtopoB coctasiser 100
MKkB, nonaBates Ha Bxoa YIIT curnan 1 MmxkB He nMeeT cmbicia — OH MOTepsieTCs
Ha ¢one apeiida. Curnan xe, COU3MEPUMBIA ¢ MPUBEACHHBIM apeiidom, OyaeT
3amMeTeH Ha Brixoge. CrnenoBaTenbHO, CHUXKEHHE TNPUBEICHHOTO Jpeiida
CONPOBOXIAETCA MOBBIIIEHUEM YyBCTBUTENbHOCTH YIIT.

Jns ymeHblieHus npeida Hysis UCTOJB3YIOT NapajuieabHo-0anancubie YIIT
(puc. 79), koTOopble COCTOST W3 JBYX OJMHAKOBBIX KacKaJoB, MNapayie]bHO
MOJKJIIOYEHHBIX K HUCTOYHUKY nutanus E.. Ilepen nawamom pabotrer YIIT Oa-
JAHCHPYIOT TaK, YTOOBI MOTESHIIHAIBI BXOAHBIX | ¥ 4 U BRIXOJHBIX 2 U 3 3a)KUMOB
ObIM MOMApHO OJMHAKOBBI. JTO COCTOSIHUE COOTBETCTBYET OTCYTCTBHIO
BXOJHOT'O CUTHAJIA.

KonnekTtopHbie Lenu TPaH3UCTOPOB 0O0pa3yloOT MOCT, BEPXHHUMH IIJIeUaMH
KOTOPOTO  SBJSIFOTCS  PE3UCTOPBIR3 ¥ RS ONMHAKOBBIX CONPOTHUBIECHUH, a
HIOKHUMH— IPOMEXYTKH KOJJIEKTOP — OMHUTTEpP TPaH3HCTOPOBVT! u VT2,
BKJIIOUEHHBIE TOCJIENOBATEIbHO pe3ucTOpaMR4 u R6, cONMpOTUBICHHUS KOTOPBIX
00b1yHO HeBenuKu. CONMPOTHUBIEHHUS HWKHUX TJIed MOCTa Mociie 0allaHCUPOBKU
CTAHOBSITCS OJTUHAKOBBIMHU.

[log peiicTBMEM BXOJHOTO curHaia (B NPOCTEHIIEM cllyyae ero mnoJaroT

Mexay 3axuMamu 1 u 4) 0a30BBII TOK OJHOTO W3 TPAH3UCTOPOB yMEHBIIAETCH,
MPU 3TOM CONPOTUBIIEHUE €T0 MPOMEXKYTKA KOJUIEKTOP — SMUTTEP yBEIUUNBAECT-
Cd, OJHOBpPEMEHHO O0a30BBI TOK APYyroro TpPaH3UCTOpa YBEJIUYUBAETCS, a
CONPOTHUBJICHUE €r0 NPOMEXKYTKA KOJUIEKTOP— IMHUTTEpP yMEHbIIaeTcs. bamaHc
MOCTa HapyllaeTcs W Ha BBIXOJIE CXEMbl MOSBISETCS CUTHal. BxomgHoil curhan
NPOTUBOMOJIOKHONW TOJSIPHOCTH BBI3BIBAET TOSIBICHUE HA BBIXOJE CXEMBbI
CUTHAJIa TaKXe MPOTHUBOIOJOXHOW TONIPHOCTU. TakuM 00pa3oMm, BBIXOIHOU
CUTHAJI COACPKUT UH(POPMAIIMIO HE TOJHKO O 3HAUYCHUH BXOJHOTO CUTHAja, HO U
o ero 3Hake. [Ipu momHON cUMMETpUM CXEMBbI Jpei (bl BHIXOMHBIX HANPSIKCHUM
OTJICILHBIX KacKaJoB OynyT oJguHaKkoBHl. [loTOMy Ha Harpys3ke, MOJKIIOYEHHONU K
3akumMam 2 u 3, apeiida BoobOme He Oynmer. B peanbHBIX cxemax apeid
BBIXOTHOTO HampsHKEHUS BCE K€ HAOJIIOAeTCs, OJJTHAKO OH 3HAYUTEIILHO MEHBIIIE,
4yeM B cXeMme, MOKa3aHHOU Ha puc. 78, a.
Uccnenyemsiit B nannoit padotre YIIT (cm. puc. 77) BeINMOJHEH MO mapajjeiabHO-
O0amancHout cxeme. Takue VYIIT Ha3pBaroT Takxke aud@epeHnaIbHBIMU,
NOCKOJBKY KX  BBIXOJHO€  HANpS)KEHUE  NPONOPLUUOHAIBHO  PA3HOCTH
NOTEHIMAJIOB BXOJ0B.

28



Haunydmieit ¢ Touku 3peHus MUHUMaNbHOTO Aperda spasercs cxema YIIT c
CUMMETPUYHBIMM BXOJOM H BBIXOJOM. BXOJHOW CHrHail mnoJaercs Ha
U30JUPOBAHHBIE OT KOpIlyca 3aXMMbl 1 W 4, a BBIXOZHOW CHHUMAETCS TAaKXKe C
U30JIMPOBAHHBIX OT Kopmyca 3axumMoB 2 u 3. Pexum 0a30BbIX 1enei
TPAaH3UCTOPOB obecrneynBaeTcs OJVHAKOBBIMHU T EIIUTEIISIMU
HanpsoKeHus RIRZyRIRIO, HanpsiKeHUsS dMHUTTEPHBIX MEPEX0J0B 00pa3yloTcs Ha
pesuctopax RZuR10,  Pesuctop R¥cinyxuT s  OalaHCHUPOBKH  CXEMbl —
BBIDABHUBAHMS TMOTEHIIMAJIOB Ha 0a3ax TPaH3UCTOPOB. B KOJJIEKTOpHBIE IEMHU
BKJIIOYEHBI UMEIOIINE OJUHAKOBBIE CONIPOTUBIICHUS PE3UCTOPHI R3 1 RS,

[ToTeHunmomeTp RS IpefHA3HAUEH [UIS YCTAaHOBKH Hynsd Ha Beixoae YIIT mpm
HYJIEBOM BXOJHOM curHane. [loreHnmoMeTpROCTyKUT I BBIOJTHCHUS
AHAJOTUYHBIX (QYHKUMHA M, KPOME TOrO, JUISI BBIPABHUBAHUS HEOJMHAKOBBIX
CONMPOTUBIICHUN IMHUTTEPHBIX 00JIACTEN TPAH3UCTOPOB M CO3JaHUS HEOOJBIION
no rayoune OOC, HOMOJTHUTENBHO CTAOMIM3UPYIOIIEH pPEXKUM TPAH3UCTOPOB.
Pesucrop R” npenHazHayeH Jisi SMHUTTEPHOM cTabunu3anmuu pabodyux TOYEK
TPaH3UCTOPOB, YTO CHIKAET aApeid Hyns. Hanpsokenue uctounuka £2monduparot
TaK, YTOObI MOTEHIIMAJIBI IMUTTEPOB TPAH3UCTOPOB ObLIN OJU3KHU K HYJIIO, a CaMU
TPaH3UCTOPHI HAXOJUIUCH B AKTUBHOM PEXKUME.

[Ipu BbIONHEHUM PabOTHl HANpsIKEHUE HCTOUYHHUKA E2 moabuparoT Tak, 4TOOBI
HalpspDKeHWE HWCTOYHHKA £ipacnpenensiiock MOPOBHY MEXAYy MPOMEXKYTKaMH

KOJUICKTOP — 3MHTTEP TPAH3UCTOPOB M PE3UCTOPAMU B KOJUICKTOPHBIX IICIAX.
[Ipy wWCMONB30BaHMH TPAH3UCTOPOB C  OJMHAKOBBIMH  MapaMeTpamMu U
pPe3UCTOPOBRI = R9 R2 = R0y R3=R8cxema nocie OanaHCHPOBKH Oyner

CUMMETPUYHOM, a Jpeddbl NOTEHLHUAIOB KOJJIEKTOPOB TPAH3UCTOPOB —
OJTMHAKOBBIMH.

CrnenoBatenbHO, Jpeld HyIs Ha Harpy3ke, BKJIIOYEHHON  MEXIy
KOJUIEKTOpaMH, OyJeT paBeH HYNI0, TaKk Kak MpeicTaBiseT co0oil pa3HOCTh
IpeipoB OAUHAKOBBIX MMOJIOBUH YCUIIUTEA.

[lepen HauamoM paboOTHl cxema JOJDKHAa OBITH cOallaHCUPOBAHA, JJISI YETO
HEO00X0IUMO:

YCTaHOBHTH JBUXKKH IOTEHIIMOMETPOB R ROy R6 B cpennee monoxenue;

MOJKIIOUNTh K THE3aM 2 U 3 CXeMBbl BOJBTMETp C MpPEIeIbHBIM 3HaUCHUEM
WKansl, paBHBIM £2,  m  3akopormTth rHesga 1 w4 yCTaHOBHUTH
MOTEHUUOMETPOM ROHyneBoe HampsikeHrne Ha Bbixoae YIIT, oaHOBpeMeHHO
nepekyioyas  BOJBTMETP Ha  Bce  0ojee  4YyBCTBUTEIbHBIE  MPEEIbI
(moTeHumomeTp R6 UCMONB3YyIOT Npu peryiaupoBke BapuaHta | cxembl YIIT Ha
MHUHUMAaJbHBIN Jpeiid B Auama3oHe TeMMepaTyp; OH MOXXET ObITh MCKIIOYEH, a
BCE THe3Ja JJIS €ro MOJAKJIIOYEHHUs 3aKOPOYEHBI; B paboTe HCCIeAyeTCsl TaKxke
BapuaHT 2 cxembl YIIT, koria ycTaHOBKY HYJISI BBIIIOJHSIOT IOTEHIUOMETPOM R6,,
a MOTECHIIMOMETP RIUCKITIOUAIOT);

packopoTuTh BXOAbl 1 W 4, BOCCTAaHOBUTH NOTEHUHOMETPOM RYHyleBOE
HAIpS)KEHUE HA BBIXO/JIE;

3aKOPOTHUTH CHOBA THe3/la 1 u 4 u npu MOSABICHUM HANPSKEHUS HA BBIXOJIE
NOBTOPUTH OAIAHCUPOBKY B TOM € MOCIEN0BATEIBLHOCTH.
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[Ipu mnoakmroueHMH K THE3AY | TOJOKUTEIBHOTO TOJI0CAa HMCTOYHHKA
BXOJ/JHOTO CHTHajia, a K THe31y 4 — OTpHULATENbHOTO0 TOK OyAeT MPOXOIUTh IO
nenu: THe3mo 1, 6asa— omutrep V7!, R6(ecnmu oH ecTh), sMuTTEp — 0asza V72,
rae3no 4. DTUM TOKOM TpPaH3HMCTOp V7! OyIeT 3aKphIBaTLCA, M OTPHIIATEILHOE
HamnpsOKEeHHEe Ha €ero KOJUIEKTOpe HadHeT pacTh, a Tpau3uctop V720yxaer
OTKPBIBAThCS, U OTPUILIATEIbHOE HAMPSIKEHHE HAa €ro KOJJIEKTOPE HAYHET YMEHb-
matbcs. CreaoBaTeNbHO, BOJIBTMETP ISl MU3MEPEHHSI BBIXOJIHOTO HamNpsHKEHUSA
IpU YCTAaHOBJICHHOW TMOJSIPHOCTH BXOJHOTO CHUTHajda CIEAYyeT MOJIKIIOUYHTH
MJIIOCOM K THE31y 3, a MUHYCOM — K THE31y 2.

[Ipu HEKOTOPOM BXOJHOM CHTHalie TpaH3UCTOp V7/HauHeT 3aKpbIBaTHCA, a
TpaH3ucTop V72 okaxkeTcsi B PEKUME HACBHIIIEHUS, T. €. IPEKPATUTCS BO3JIEUCTBUE
BXxoaHoro currana Ha YIIT. DTOoMy COCTOSHHIO CXE€MBI COOTBETCTBYIOT Ha-
npsikeHus + Usmyg —Ussmax(pc.  80), orpaHmumBaromue JIUHEHHBIH yd4acTOK
AMIUJIUTYJHON XapaKTepUCTUKU, B TpejaesiaXx KOTOPOro KodPpPUIIMEeHT yCuleHUs
HanpsKeHus NOCTOSIHEH, T. €.

K == UIH)I.‘( mm/qumax- (41)

Ocob6ennocthio cxembl auddepennuanpHoro YIIT sBaseTcs OTCyTCTBUE
BHyTpukackaguoii OOC mnpu BKIIOYEHUH B OOUIYI0O SMUTTEPHYIO IEMb
pe3uctopa R7, COIPOTHUBIECHUE KOTOPOTO OIPEAEIAECTCS TOJHBKO HANPSIKEHUEM
WCTOYHUKA NUTaHUS E2.

Iopsiiok BbINOJHEHUS PadoThI

1. Berueptuts Taba. 36 u 37 A5 CHATUA aMIUTUTYIHBIX XapakTepucTuk YIIT
(nmst BapuanTtoB 1 m 2 cxembl YIIT rHe3na Ansg mMOAKIOYEHUS COOTBETCTBEHHO
pe3uCTOpOB RY mim R6 3akopaunBalOT) M KOOpJAWHATHBIE ocu (puc. 81) mius ux
nocTpoenus (Macirab mo ocsim: Vs—p 1 cm 0,2 B;

Uwx— B 1 cm 2 B).

2. Bprueptuts Tabn. 38 mus 3amucu pexxuMoB TpauzuctopoB YIIT mo
HOCTOSIHHOMY TOKY.

3. 3apucoBaTh CXeMYy HCCIEAYyEeMOr0 yCUIUTENS MOCTOSHHOTO TOKa (CM. pHUC.
77), cobpath ee BapuwaHT |, moawp3ysach Tpaduueckumu 00O3HAUCHUSIMU Ha
CMEHHO# manenu 8771-01/17 CHATHL aAMIUIUTYIHYIO XapaKTEPUCTHKY M 3aHECTH
pe3ynbTaThl U3MepeHuil B Tadiu. 36.

4. Cob6patp BapuanT 2 cxeMbl YIIT, CHATH aMIUIMTYJHYIO XapaKTE€PUCTHUKY
17151 TpeX 3HAUYCHUM KOJJIEKTOPHBIX PE3UCTOPOB, 3aHECTH PE3yJbTaThl U3MEPEHU N
B Ta0a. 37 ¥ U3MEPATH PEKUMBI TPAH3UCTOPOB MO MOCTOSHHOMY TOKY, 3aHOCS pe-
3yJbTaThl U3MEPEHUHN B Tabd. 38.
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TaGbauna 36

Bxoaunoe nanpsxenune Ugy, B o1102(03|041)05] 061 0,7

BxoaHo# TOK /g4y, MKA
BrixogHoe nanpsixkenne Uyyy, B

Ta6baunua 37

Bxonnoe uanpsikenne Ugy, MB 10 20 30 | 40 50 | 80 | 100

Bxoaunoit TOK [y, MKA,| |
pH CONPOTHBJAEHHH pesu- | 2,
tTopoB R3 = R8, xOm 4

Wi

bIXOJlHOE Hanpsi>xeHue
Joux, B, IPH CONPOTHBJIE-
HH pesuctopoB R3 = RS
KOMm

o il
W

Ta6aunua 38

ConpoTtusjienne pesuctopon R3 = RS, 1 2,4 4,3

KOmMm ;

Hanpsaxenue nurauusa E,; B

€XXHM TpaHsucropa, B Ug
' VT1 Uk

Ug
vr2 | Uy
Us

5. IlocTtpouts amniauTyaHbie XapakTepucTUKUA YIIT B KO- KOpAMHATHBIX OCIX

(cMm. puc. 81).
6. Bprumcnute kospduuuentsl ycunenus HanpsbkeHus YIIT nnsa aByx
BapHaHTOB CXEMBbI, MMOJIB3YsCh hopmyioi (41).

MeTtoaunueckue yKazaHust

1. Ilpu BRIMONHEHNH PAbOTHI HCTONB3YIOT: Rl = RI = 12 xOm; R2 = RI0 =620
Om; R3=R8= 1; 24; 4,3 xOm;R¥{= 22 xOm (mepemenssiii);R5= 1 kOm
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(mepemennsbiii); R6= 470 Owm (mepemenHsiil); R7=510 Owm, 1,2 u 24
KOM;VT1uVT2 — tpansucropsl KT361A; gnok-nmepexonuuk 113 .

2. [lepBriii BapHUaHT CXEMBI coOuparor, HCIIONB3Ys: RI=
= RI=12xkOm; R2= RI0O= 620 Om;R3=R8= = 43 xOwm;R4#= 22 xOwm
(mepeMeHHBIN); RS 3akopaunBarOT ¢ mMOMOINbIO Oyioka-nmepexoanuka [13;R6= 470
OwMm (nmepemeHHbIN); R7= 2 4 kOwm;

E\—  reHepaTop HamnpsKeHUs H2CTeHa;

E:—  renepatop HampsbkeHus [/ crenna;

ABM2 — y3MepuTenb BBIXOJHOTO HampsokeHus Ha npexaene «10 B» (mo mepe
0anmaHCUPOBKM CXEMBbl MPUOOp MEPEeKITI0Yal0T Ha Bce Oojiee YyBCTBUTEIbHBIC
npeaeiabl; OKOHYATENbHYI0 OalaHCHUPOBKY MNpou3BOAAT Ha mpexaene «0,5 By;
HETOYHOCTh YCTAHOBKM HYJIs Ha BeixoJe YIIT He gomkHa mpeBbIIaTh MOJOBUHBI
nenenus mkaisl «0,5 By, uto coctaBuser 10 MB);

ABO — wusmepurenbs BXOAHOTO HampsikeHus (Ha mpenene «1 B» mnsg mepsoro
BapuaHnTta cxeMbl U «0,1 B» nng BToporo);

NB — wu3Meputenp BXOJHOrO TOka Ha mpeaene «IMA» (mepekntouarens 'MIB
YCTAHABIMBAIOT B MOJIOKeHUE «I'T 1 MA»);

I'T— TreHepaTop TOKa CTEHJa — UCTOYHHUK BXOJIHOTO CUTHAJA.

3. Jlnsa CHATUSA aMIUIMTYJHON XapaKTEPUCTUKH CIEAYET MOJAKIIOUMTS: [H2—
K THe3JgaM «—Epy X5:THI— x rHe3naM «+E»yX2;I'T— g rHe3gam 1 u 4; ABO — k
rHe3gam X/ I/IXB,ABMQ— K THe31aM 2 U 3.

4. JInst cOOpKU BTOPOTO BapuaHTa CXEMbl HEOOXOUMO: OTKIIOYUTh PE3UCTOP
R6 wu, ycranoBuB Ha ero Mecto Oyiok- mnepexoguuk II3, 3akopoTUTh
COCIUHUTEIbHBIM MNPOBOJAOM THe3Jda Ui MOAKIIYEHHS  pe3ucropa R6;
YCTaHOBUTB RS,

R3=R8=1 kOM u R7= 510 Om (npuR3=R8=-- = 2.4 xOm pe3uctop R7= 1,2 kOwm, a
npu R3 = R8= = 4,3 xOM R7= 2,4 xOm).

5. HampsikeHue HMCTOYHUKA MUTAHUS E:MIpU BCEX HM3MEPEHUAX MOAOUpAIOT
TaK, 4TOObl HAaNpsSHKEHUE Ha KOJJIEKTOpax TPAH3UCTOPOB Mocie OallaHCUPOBKHU
ObIJIO paBHO TIOJIOBUHE HAMNpSKEHUS UCTOYHMKA MUTaHus £, KOTOpoe
HeoOxoaumo yctaHoBuTh o MIB ctenna paBubim 10 B.

6. PexuMbBl TpPaH3UCTOPOB MO MOCTOSTHHOMY TOKYy usMepsitoT ABMI1 Ha
npegenax — usMmepenus<l0B» «5B»«25B> y  «1 By, mogkmoyas — ero
3aKMMaMU €+>» H«—» COOTBETCTBEHHO K THe31y X4 M HYKHOW TOYKE HCClIeyeMOoi
CXEMBI.

7. Jns OGanaHCHPOBKHM CXE€MBI HEOOXOIMMO: 3aKOpOTHTh THe3ma | u 4,
J00UTHCS MOTEHLUHMOMETPOM YCTaHOBKHM HYJsA (RSunuRé) HyneBOro HampsiKeHUs
Ha BBIXOJE; MNEPEKIIOYHUTh BBIBOA OT 3axuma <t» ABM2p rue3mo X4, OTKIIIO-
uyuB ABM2 y  ycTAaHOBHB mepekiarouareneMm ABMImpenen  usmeperus <10 B»;
yctaHoBUTH perynstopom ['H1 «['pybGo» Takoe HampspkeHHE HCTOYHHKA E:Ha
BBIXOJI€, MpPHU KOTOPOM Ha KOJJIEKTOpaxX TpaH3ucTopoB Oyaer mo —35 B.
banancupyroT cxemy Kak OMMCaHO B MOSICHEHUAX K paboTe.

8. Jlis mocTpoeHUsl aMIJIUTYIHBIX XapaKTE€PUCTUK BTOPOTO BaApUAHTA CXEMBI
VIIT HeobxoaumMo u3MeHUTHh MaciiTad mo ocu Usp 10 pa3, T. e. B 1 ¢M JOJIKHO
owITs 0,02 B.
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KoHTpoJibHBIE BOPOCHI

1. KakoBsl ocobenHocTu cxem YIIT?

2. Uto Takoe npeid Hyns?

3. Ilouemy ymeHbIlIeHHE MPUBEACHHOTO Apelida HyNs COMPOBOXKAACTCS POCTOM
gyBcTBUTENbHOCTH YIIT?

4. KaxoBbl IPUUYMHBI U OCHOBHBIE CITIOCOOBI yMEHbILIEHUS Apeiida Hys?

5. Kakue mnapamerpsl TpaH3UCTOpa 3aBUCAT OT TEMIIEPATYphl OKpY’Karollen
cpenpl?
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JlaGopaTopnas padora Ne 6

I/ICCJICI[OBaHI/Ie oﬁpaTme CBsi3ed B ycuimrTeie

Ilenvs paodbomwur — wu3ydeHHE BIHUSAHUS OOpPATHBIX CBsA3€M Ha padoOTy
JIBYXKAaCKaJHOTO YCHUJIMTENS 3BYKOBOM 4acTOThl (puc. 82).

Ilosacnenua. B npouecce yCUIEHHUS CUTHAJ MCKAXaeTcCs, T. €. U3MEHSIOTCA €ro
¢opMa u yacToTHbIM crnekTp. [IpuuuHON 3TOro SABNSETCA HEIUHEHHOCTH BOJBT-
aMIIEPHBIX XapaKTEpPUCTUK TPAH3UCTOPOB, MPOABIAIOLIASACS TMPU YCUIEHUU
CUTHAJOB OOJBIINX AMIUIMTYJ, @ TAKKE YaCTOTHas 3aBUCUMOCTb CONPOTHUBICHUN
pa3aeIUTENbHbIX U IIYHTUPYIOIIUX KOHAEHCATOPOB. VICKakeHUsI yMEHbIIAITCH,
Korga paboyue TOYKHM YCHUJIMTEIbHBIX 3JIEMEHTOB OCTAalOTCA B Ipeaesaax Ju-
HelHbIX yyacTkoB BAX, a Takke Npu MCHOJIb30BAaHUU KOHJEHCATOPOB OOJIBIION
€MKOCTw

Puc. 82

OCHOBHBIMU TPEOOBAHUSIMU, IPEABABIAEMBIMU K YCUIUTEISIM 3ByKOBOW YaCTOTHI
(Y34), saBnstoTCs MHUHHMMAaJIbHbIC HEJIMHEHHBICE W YaCTOTHBIE HCKAXKCHUS TpHU
JOCTaTOYHOM KOA(PPUIIMECHTE yCHICHHUS, OOJBIITOEC BXOJHOE M MaJIO€ BBIXOJHOE
CONMPOTUBIICHUS. BBIMOTHUTH 5TU TpeOOBaHUS TIO3BOJISIIOT OOpaTHBIE CBA3H.
OOpaTHbIE CBSI3M MOTYT OCYIIECTBISATHCS B TMpejesiax OJHOTO Kackajga —
BHyTpuKackagusie OC (Hampumep, B SOMUTTEPHOM MOBTOpUTENIE — CM. paboTy Ne
4), a TakXKe MEXIy BBIXOJOM JIH000r0 MOCIEAYIOMEro Kackaza (B TOM YHCIE
MOCJIEAHEr0) U BXOJA0M JIF000T0 MPEeabIAYIIero (B TOM YUCie IEPBOTO).

JleiicTBre 0OpaTHBIX CBsI3€l COCTOMUT B ciueayrpouieM. CurHan, NOCTyNUBIIUNA Ha
BXOJ] YCUJIUTEJNSI MO LENU OOpaTHOMW CBSA3M M COJEpXKaluil MHPOpMAIUIO O €ro
paboTe M BCeX BHJAaX HCKAXEHUN, TaK BO3JCUCTBYET Ha BXOJHOW CHUTHAa,
HCKaXkasi €ro B pe3yjbTaTe CJI0XKEHUSI, UTO B BBIXOJHOM CUTHAJIE 3TU MCKAXKCHUS
nub0 yBEJIMYMBAKOTCA, JU00 yMeHbInaroTcs. Hampumep, ecau curnan oOpaTHOU
CBS3M COBIajgaetr no (ase ¢ BXOJHBIM CHTHAJOM, BCE€ HMCKa)XEHHUS, BHOCHMBIC
YCUJIUTENEM,  yBEIMYUBAIOTCA. Takyrw  oOpaTHyH  CBsI3b  Ha3bIBAIOT
nonoxuteabHoi (ITOC). Ecnau ke curHainm oOpaTHOUM CBS3W NMPOTHBOIIOJIOXKEH ITO
¢da3ze BXOAHOMY CHTHAIY, MCKAXXCHUS YMEHBINAIOTCA. Takyr OoOpaTHYIO CBS3b
Ha3biBalOT oTpunarenbHoit (OOC).
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[TonoxutenbHas oOpaTrHas CBs3b yBEJIMYUBAET KOIPUUHMEHT YyCHUICHUSA
YCUTTUTEIS:

Knoc = K/(1 — KB), (42)

rae - kosduument nepemaum e, oOpaTHOM cBsa3u; K g -xkosddumuent
yCUJICHUS yCUIUTeINs 6e3 oopaTHOM

OrpunarenbHas oOpaTHas CBSA3b  yMEHbIIAeT KOY(QQPUIUEHT  YyCHICHHUSA
yeunutens: Kooc= K/(1'+ KB). (43)

[Tpu ITOC Bce mapaMeTpbl YCHIUTENS YXYIIIAIOTCSA: YBEHUMBAIOTCS HEJMHEWHBIE
M YACTOTHBIE HMCKa)XEHHUs, CHHXAWCs TeMmepaTypHas CTaOUIbHOCTb PEXUMOB
YCUJIUTENbHBIX 3JIEMEHTOB, YMEHBIIAETCS BXOJHOE M YBEJIWYMBAETCS BBIXOJHOE
conpotuieHue cxembl. [IpukP = I3namenarens B hopmyne (42) oOpamaercs B
HYJb, aKwe— B O€CKOHEYHOCTh. (DU3MUECKH HTO O3HAYAET, YTO OECKOHEYHO
Majaoe ClysaiHO€ HW3MEHEHHE HANpSKEHHUS Ha BXOJE YCHUJIUTENS MpHsoaur K
MOSIBJIEHUIO HAa €ro BbIXOJIE€ 3HAYUTEIBHOI'O CHUTHAjad, orPAaHUUYEHHOTO TOJBKO
MOIIHOCTBIO MCTOYHHMKA NUTAHUSA U NPEACIbHBIMU ITapaMETPAMM YCUIIUTEIbHBIX
sneMeHTOB. Ilpu 3TOM ycunurenb caMoBo30yskaaeTcs, NpeBpallasich B reHepaTop
HanpsKeHUs CJI0XHOW HecuHycouaanbHOU (opmbl. OOBIYHO MOJOXKHUTEIbHbBIE
oOpaTHble CBsI3W B ycwiautensx Ilapa3uTHble M BO3HUKAIOT MPU HEBEPHO
BBIIIOJIHEHHOM MOHTaxke. BeposTHOCTH caMOBO30YyXIE€HUS YCUIUTENS TEM BBI-
yeM Oonpiie kodpunueHT ycunaenus. CaMoBO30ykKaene MOKHO IMPEIOTBPATUTD
BBeJAeHUEM JonoiaHuTenbHoll nenu OOC unM yBeJIMYEHHEM €€ TJIyOHUHBI IO
uMmeromumes  wensM.  OAHako CcHayana OOBIYHO ONPEJENsioT MNPUYHUHY,
ss3bIBAKIIYI0 CaMOBO30YXXJAECHUE YCUIMUTENS, YCTPAHSIOT €€ M romsko 3aTEM
BBEJEHUEM OTPHULATEIbHON O0OpaTHON CBSI3UM yBEIMYMBAIOT YCTOMYHUBOCTH
YCUJIUTENS, TOBOSI €r0 apaMeTphl 10 3aJaHHBIX.

OtpuuarenbHas oOpaTHas CBfA3b YyJyullaeT BCE NapameTpbl YCHIUTENA,
KpoMe KodpduuueHTa ycuiaeHus, KoTopbli Ymenbmaercsi. Bausuume OOC Ha
BXOJIHO€ U BBIXOJIHOE€ COMPOTUBIICHUS 3aBUCHUT OT crocoba nmoaauyu curaaia OOC
Ha BXOJl YCWJIUTEJNS O OTHOIIEHHWIO K BXOJHOMY CHUTHally, a TakKXe OT TOTO,
KaKoMy H3 IapaMeTpOB BBIXOJHOTO CHUTHajna (TOKY UM HAaNpsIKEHUIO) OH

NpONOPIMOHAJIEH.
[Ipn mapamnensHoM crocobe momauu curHana OOC BXOduoe COMPOTHUBIICHUE
YCUIIUTENS YMEHbIIAETCsA, a IpPH MOCIEA0BATEIbHOM — YyBeIU4YuBaeTrcs. B

3aBUCHUMOCTH OT TOro, nponopuroHaieH curian OOC BBIXOOJHOMY HAIPSKEHUIO
(OOC 1o HampseHUI0) WU BBIXOJHOMY TOKY, BBIXOJHOE CONPOTHUBIICHHUE
YCUJIUTEINSI COOTBETCTBEHHO YMEHBIIAETCS UJIM YBEIUUYUBAETCH.

B nanHo#l pabore uccieqyercd NBYXKAaCKaJHBIM YCUJIMTENb HU3KOW YaCTOTHI C
IBYMs UENSIMH TOJOXHUTEIbHONU 0O0paTHOM CBI3MRIC3uRIO, koTopwie TmpH
UCTI0JIb30BaHUM OJioKa-nepexoaHuka [12 MmoryT ObITh peBpalleHbl B LIEMHU 0ocC.

Iopsixok BbINOJHEHUS PadOThI

1.3apucoBath cxemy wuccieayeMmoro ycunutens (cMm. puc. 82) B JIABYX
BapUaHTAaX:

35



2. mpu BapuaHTe | B rHe3qaX/mX2yCTaHOBUTH KOHAEHCATOPCH, OTKITIOUUTH
neBbld (IO  CXEME)BBIBOJ  pe3ucTopaRS  oT HSMUTTEpPHON  1Lenu
Tpansuctopa V7! 1 IPUCOEIUHNTD K €ro 0a30BO;

3. npu BapuanTe 2 B rHe3qa X/ uX2ycTaHOBUTH KOHAEHCATOP C5, OTKIIIOYUB €0
HIKHIOK OOKJaJKy oT 06a3bl TpaH3uctopaVT/u npucoeJUHUB K IMUTTEPY.
4.CobpaTp BapuaHT | cxeMbl, MOJB3YSACh yKa3aHUSIMHU M. | U rpapuuecKumu

0003HaYEeHUSIMH Ha CMEHHOMN manesu 87/1-01/18.

5.UccnenoBaTh ycunutenab, oJHOBpeMeHHO oxBadeHHbI [IOC u OOC.

6.To ke MOBTOPUTH IJs1 BapUaHTa 2 CXEMBbl YCUIHUTENS U UCCIEI0BATh €ro B
pEXUME BBICOKOYACTOTHOTO BO30YXKAEHUS.

/.3apucoBaTh OCHWJUIOIPAMMBbl HANpPSDKEHHS Ha  BBIXOJAE  YCHIIMTEJNS,
Ha0Ir0JaeMble TIPH €ro UCCIEI0BAHUM.

MeToanuyeckue yKa3aHUA

1. [Ipu BeImOTHEHUHU PAOOTHI UCTIONB3YIOT: RI= 82 kKOwMm;

R2= 51 kOm; R3= 10 kOm; R4= 6,8 kOm;R5= 10 xOm

(mepeMmeHHBIN); R6=51 kOM;R7=10 xkOMm;R8= = 3.9 kOwm;RI=510 Owm;RI0= 22
kKOM (mmepemMeHHbli);

R11= 75 kOwm; CI1=5 mMx®d;C2= 10 mkd;C3=0,01; 0,1 u 20 MxdD;C4= 5 mxD; C5=
20 Mx® (ycTaHaBIMBAIOT BHIBOJOM «+>»B rHe3710 X!, a BBIBOJOM «—»>— B THE3
n0X2); VT1 yVT2— tpansucropsl KT361A; Gnok-nmepe-

xomHuk I12.

2. Ilpu cOopke BapuaHTa | CXemMbl BMECTO pe3UCTOpaR5 yCTaHABIMBAIOT
nepexoaHuk [12 tak, 4To0bI ero WTHIph X6 OBLT cCOeqUHEH ¢ KoHAeHcaTopoMm C3.
YcranaBnuBaroT B rHe3naXduXsmepexonnuka I12 mepemenHslii pe3ucTtop RS, a
THE310 X4COEqUHAIOT IIPOBOJIOM c THE310M X3 HCCIeqyeMOu CXEMBI.
Konnencarop C5yCTaHaBJmBa}0T B rHe3na XIuX2 nepexonnuka 112.
YcranaBnuBarT no VB Ha Beixoael H2uanpsikenue 10 B u moakitodarT €ro ¢
COOJIFOICHUEM TOJIPHOCTHU K THe31aM «—Ex» uX13

3. YcranaBiauBarT 1o yactoromepy UM Ha Beixoae I'3Y curnan yacrtoroit 1 kl'n,
s yero TyMOsep«UM-I3U»miepe

BOJAT B nonoxenue <39 rymbuep «fx—f — 465 kTu>

B MmoJiokeHue /x>, mepexmouarenu «Juanazon» '3 — B monoxenue«! k>, YM
— B noJioxkenue «d K'»> B —

B nojoxeHue «UM». Perynupyror pyukor «YHacTtoTa» 4YacTOTy BBIXOIHOTO
curnaia ['34.

4. ITogkmarouaroT 3aXuMbl [ 34 «1:10» u «"L»«COOTBGTCTBGHHO K THe3gaM 1 uX4, a
ociuuiorpad — K rue3jaam 2

(Bx0n) I/IX12(BI)1B0z[<<'-L>>). Perynstopom I3 «AmMnoiauTyna» yCcTaHaBIMBAKOT
TaKOW BBIXOJHOW CHUTHAJ, NMPHU KOTOPOM HCKaKCHUSCIIEHE3aMETHbl Ha Tria3
(COTPOTHUBIICHHS PE3UCTOPOB RS NRIOMaKCUMATbHBI).

5. I[lmaBHO  yMeHbIIas  COMPOTUBJIEHHE  pe3ucTopa R0,  mobuBarTCs
CaMOBO30YXJ€HUS YCHJIUTENs, OTMeuas, 4To C¢ yBeaudeHuem riayounsr [1OC
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yBEeJIUYUBACTCS KOIP(PULUHEHT yCUIICHUS] U PACTyT HEJIMHEHHbIE MCKAXKEHHS. 6.
3apuUCOBBIBAIOT OCHUJIJIOPAMMYy CHUTHaja IpU BO30YXKIECHUU YCUJIUTENS. 7.
[ImaBHO  yMeHbIIass  CONPOTHUBIEHHME  pE3UCTOpa R5,  BOCCTAHABIMBAIOT
HOpMaJbHYI0 paboTy cXeMbl, Ha0ioAas 3a MPEBPALIEHUEM HCKaXEHHOIO
CUTHajJa B MCXOJHBIM. DOTU NEHCTBUS MOBTOPAIOT HECKOJBKO pa3 (10 IMOJHOrO
3aKOpaYyMBaHUs PE3UCTOPOB Ry R10),

8. YMenbmarT rayouny OOC, yBenuuuBasi CONPOTHBJIIEHHE pe3uctopaRs, u
N00MBAIOTCS 3aMETHBIX Ha TJiIa3 MCKAXXCHUW BBIXOJHOTO CUTHaja. Y BEIHMYUBas
conmpoTuBieHue pe3uctopario (rnyobuna I[IOC yMmeHbHIaeTcsl), CHUMAIOT
uckaxenus. I[lpu sTomM HeoOxoauMO OOpaTUTh BHUMaHHE HaA TO, 4YTO MPH
ymenpmieHun rayounsl OOC u [IOC ko3 duinuest ycuneHuss COOTBETCTBEHHO
YBEJIUYUBAETCSI U YMEHbIIAETCS.

9. JIns cOopku BapuaHTa 2 CXEMbl YCTAHaBIMUBAIOT WITHIPh X6 mepexoanuka 112 B
rHe3no X/, a mThlpb XI— B THE3J0 X2; COCNUHAIOT THE3J0 X4 nmepexonnuka I12
IPOBOJIOM C THE3JI0M X6 UCCIENYEMOM CXEMBI; YCTAaHABINBAKOT KOHJIEHCATOp C5B
rue3naX3uXsnepexonanuka I12, a pe3uctopR5— B ero rueszna Ha CMEHHOMU
IaHEJIH.

10. [ToBTOpSAIOT N. 6 ¥ 7 I BapuaHTa 2 CXEMBI.

VYcranaBnuBaioT koHaeHcatop €3= 0,01 Mx® u n0O6UBarOTCS BHICOKOYACTOTHOIO
BO30YXKJICHHUS CXEMBI, YMECHbBIIIAsE COMPOTHBIIEHHE PE3UCTOPaRS. 3aprUCOBBIBAIOT
OCLMJIJIOrpaMMy HamNpsDKEHUsI Ha BbBIXoAe M yOexparorcs, 4yTto BBegeHue OOC
(yMeHblIeHHE conpoTHBIeHus pe3ucTopakil) mo3ponser u B 3TOM ciiydae CHATH
BO30YyXJICHUE.

[ToBTopstoT 0. 10 nist KOHAEHCATOPA C3= 0,1 Mk®.
KoHTpoJibHBIE BONIPOCHI

1. JIns yero npuMeHstoT 0OpaTHbIE CBSA3H?

2. KakoB mpuammn aeictsust OOC?

3. KakoBsl npuunabl Bo3uukHOBeHUs [10OC B yeunutensax?

4. Kak ITOC B ycunutene komnerncupyer OOC?

5. [louemy c yBenuueHueM Kod(pPUIMEHTa YCUTIEHUSI YCUIIUTENS PACTET BEPOSITHOCTD
€ro CaMOBO30YKIeHUs?
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HccaenoBanue cxeM Ha OnepanuOHHbIX YCHIHTECIAX

[lenp paboThl: W3yYE€HHUE NMPHUHLMIIOB PabOThl, OCHOBHBIX CXEM BKJIIOUEHUS U
OCHOBHBIX ITapaMEeTPOB ONepalMoHHbIX yeuiutenen (OY).

ITosichenust.  OmepauuoOHHBIM ~ YCWJIMTENIEM  HA3bIBAa€TC  yCTPOMCTBO,
IPEIHA3HAYCHHOE JUIA BBINOJHEHUS MAaTeMaTHYECKUX ONEpaldid C aHaJOTrOBBIMU
CUTHaJaMH, HUMEIOIIee HCKIIOYUTENFHO BBICOKHM KOA(PQUIIMEHT yCHJICHUS, OYEHb
00JbIIOE BXOJHOE U MaJlo€ BBIXOJHOE COIMPOTUBICHHE M  BBHIMOJIHEHHOE B
MUKPO3JIEKTPOHHOM UCIOJIHEHUH.

TepmuH "onepauvoOHHBIA YCUIIUTEND" BIIEPBBIE UCIIOIb30BAH B BBIUYMCIUTEIBHON
TEXHUKE, TJE OH OTOXKIECTBIIETCS C IMOHATHEM 'pemaromuid ycwurens'. C atuMu
TEPMUHAMU HEU3MEHHO CBS3bIBAJUCh MAaTEeMAaTHUYECKUE ONEepaluu: CyMMHUPOBAHUS,
IuQdepeHINpOBaHNsI, HUHTETPUPOBAHUSI, KOTOPbIE YCHIIUTEIb MOT BBIIOJHATh 33 CUET
BBEJICHUsI OTpuliatenbHoi oopatHoit cBsizu (OOC) onpenenenHoro Buaa. B Hacrosiiee
BpPEMS CMBICJ 3TOI0 TEPMHUHA CYIIECTBEHHO PAaCIIMPWIICS U HECKOJIBKO M3MeHMIIcA. [lox
ONEPALMOHHBIM YCWJINTEIEM IPUHATO IOHUMAaTh YHUBEPCAIbHBIA  3JIEKTPOHHBIN
YCUJIUTEIIb, KOTOPBI MOXKET BBINOJIHATH CaMble pa3iMuHble (YHKIUHN U MO3BOJIsET 0e3
HapyILIEHUs ero paboToCOCOOHOCTH BBOUTH 00paTHyto cBsA3b (OC) pa3nuyHOro TUIa.

B nactosimee Bpemss OY BBINOJHAIOTCS, KaK IPAaBWIO, B BHUJIE MOHOJIMTHBIX
MHTETPAJIbHBIX MHUKPOCXEM M TI0 CBOMM Ta0apUTHBIM pa3MepaM M CTOUMOCTH
MPAKTUYECKHU HE OTIIMYAIOTCS OT OTEIBHO B3STOIO TPAH3UCTOPA.

brmarogapst mnpakTU4YeCKH WICaNbHBIM XapakTtepuctukam OV  peanmsanus
PAa3IMYHBIX CXEM HAa UX OCHOBE OKA3bIBAECTCS 3HAYUTEJIBHO MPOIIE, YEM Ha OTICIBbHBIX
TpaH3ucTopax. [loaromy OY BBITECHSIOT OTAEIBbHBIE TPAH3UCTOPBI KAK AJIEMEHTBI CXEM
BO MHOTHX O0JIaCTSAX JICKTPOHUKH.

XapakTepHoil 0ocoOeHHOCTRIO OV fBISE€TCS TO, YTO OH JIaeT BO3MOXKHOCTH
MOJIYYUTh OJTM3KOE K HYJIIO BBIXOJIHOE HANPSDKEHHE MPU OTCYTCTBUM BXOJHOTO CHTHAJA.
[Ipu »TOM moTeHIMANB 000MX BXOJOB OyayT OJM3KKM K TMOTEHIIMATY BbIXOJa
yeunutenss. Oth cBoiictBa OY TO3BOJSAIOT MOAKIOYATH HArpy3Ky M HCTOYHUKH
BXOJIHBIX HANpSOKEHUM, HE 3a00TACh O pasleleHUH TNEPEeMEHHOW M TOCTOSHHOM
COCTAaBJISFOLIUX.

OnepallMOHHBIA YCUJIUTEIh BKJIIOYAET B CBOM COCTAaB OJWH WJIIM HECKOJIBKO
muddepeHunanbHbIX KackaaoB ycwiurtened nocrossHHoro Ttoka (YIIT), renepartop
CTaOMJILHOTO TOKA JJISI MTUTAHUSI DTUX KACKaJOB U BBIXOJHBIC SMUTTEPHBIC TOBTOPUTEIIN
JJIS1 YBEJIMYEHUS BXOJHOTO U YMEHBILICHUS! BBIXOJHOTO COTPOTUBIICHMUSI.

YcnoBHoe rpaduyeckoe uzoopaxkenre OY K553V /12 npuseaeno Ha puc. 1.
Bxon A — uHBEpTHPYIOIINNA BXOJ.
Bxon B — HenHBepTUPYIOIIUI BXO/I.
BriBoasl C — m1st moakmrouenus Apynosisipuoro MIT.
BriBoabl D — BBIBOIBI JJ11 NOAKIIFOUECHUS LIETIEH KOPPEKIIUH.
OV nonpazaenstorces 1o CleIyonuM TpU3HaKam:
1) OV o01ero npuMeHeHuUs
2) Mounbsie OY
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3) OV ¢ ynpasiisieMbIMU [TapaMeTpamMu
4) brictpoaeiictByroue OY

> oo BbIXOM,
Usblx
"

-

Al |

Un|— i} C

Fo[ — }D

Puc. 1

| (o)

OcHoBHbIe mapaMeTpsl OV nensaTcs Ha CTAaTHYECKUE U TNHAMHYECKUE.

K cratmueckum napamerpaM OTHOCSITCSA:
1) Hanpsixenue U1
2) Koadunment ycuneHnus
3) BxonHoe conpoTHBIEHNE
4) Ilotpebnsiemsrit ot UI1 Tok niam norpediisiemasi MOIIHOCTh
5) Koaddunment ocnadnenust cuHpazHoro curxana [ab]

JlnHaMu4ecKkue mapaMmeTpsl:
1) CkopocTh HapacTaHusl BHIXOJHOTO HampspkeHusl. OHa MOKa3bIBaeT ObICTPOICUCTBUE
OV [ B/MkC ] (puc. 2).
Kn=AUgssix/At [ B/MkC ]

Uex T

UBkbix

I
-
|
I
I

- -..-..-.'-'\.-1
|
|
|
|
|
|
|
|
!
I
|
[

Y

e i ettt

ALl Brix.
Puc. 2
7) AMILIUTYTHO-4acTOTHas xapaktepuctuka (AYX).

OV wumerorT Ko3pQGUIUEHT YCUJICHHs TOpSAKAa COTEH - THICAY, MOATOMY IpU
BBEJICHUM TJIyOOKOW OTPUILIATENIbHON OOpAaTHOM CBSA3M MOKHO IMOJYYUTh MapaMeTphbl
CXEMBbI, KOTOPBIE 3aBUCST TOJBKO OT BbIOOpa anemeHnToB OOC.

Tak xkak OY wumeer oyeHb OO0NBIION KOADPHUIIMEHT YCHICHHS W JOCTATOYHO
CIIOXKHYIO CXEMY, TO IIpU paboTe Ha OINpPENEiIEHHBIX YAaCTOTaX BO3MOYKHO IMOSIBICHHE
HEXKEJIaTEeNIbHBIX (Pa30BBIX CABUIOB, IPUBOIALIMX K 00pa30BaHUIO MMOJI0KUTENbHBIX OC
U, KaK CJIEJICTBUE, K CAMOBO30YKICHUIO YCUIUTES.
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Jns  ycTpaHeHUs] HSTUX BO3MOKHOCTEH MNPUMEHSIIOTCS 1eNU KOPPEKIIUH,
npeAcTapisone pasznuunble RC-niemouku. llemu koppekiuu MoOryT OBITH Kak
BHEIIIHUMH, TO €CTh IIPH MTOMOIIM HAaBECHBIX JIEMEHTOB, TaK M BHYTPEHHUMH, TO €CTh
BHYTpPH KopItyca MUKpocxeMbl. [IpnuéM 1enu KoppeKiuu pa3padaTbIBalOTCS Ha dTarie
npoektupoBanus OV U ABISIOTCS WHIWBUAYATBHBIMH JUISI KAXI0TO KOHKPETHOTO THUIIA
oY.

[Ipu paccmoTpeHun THIOBBIX cXeM ¢ OY 0OBIYHO TOJB3YIOTCS HJICaIbHOU
mozenbio OY. [Ipu 3ToM cunTarot, 94To ero Kod()PUIMEHTH YCUICHUS 110 HAMIPSKEHUTO
Ku = o0, BXOHOE conpoTuBieHUE Ry & 00, a BBIXOJHOE CONMPOTUBIICHUE Ry = 0. Kpome
TOrO0, K OCHOBHBIM TNIpH3HaKaM wujaeaapHoro OV cieayer OTHECTH: OECKOHEYHO
IIMPOKYIO IOJOCY YacTOT, HauyuMHas ¢ 4acToThl fo = (; MOCTOSHCTBO aMILIUTY/IbI
YCUJIMBA€MOI0 CHUTHajla BO BCEM JHWalla30HE€ YacTOT, OTCYTCTBHE CTAaTUYECKHUX,
IITyMOBBIX U Jpei(OBBIX OMMOOK BO BPEMEHHM M B JHAIla30HE pabo4YuX TeMmIepaTyp.
ITepeuncnenupix cBOMCTB OV NONMHOCTBIO JOCTHYb HEJB3S, OJHAKO, BBICOKHE
TEXHUYECKUE XapaKTEPUCTUKU PEATIbHBIX KOHCTPYKIMKA OV Mo nmepeyucieHHbIM paHee
MOKa3aTesiM MOATBEPKIAIOT BO3MOXKHOCTh MCIIOJBb30BaHUSA HiacanbHOM Monaenn OY
MIPU aHAJIM3€E DJIEKTPOHHBIX CXEM.

Cxembl BKiIOUYenus OY

[Tockonbky Ha Bxoae OV crour nud@epeHIHaTbHBIA KAacKaj YCHIICHUS,
MMEIOIINN WHBEPTUPYIOLIUM W HEWHBEPTUPYIOIIMK BXOAbl, TO pPa3JIM4alOT JBa
OCHOBHBIX BHJIa BKJIFOUEHHUS — MHBEPTHUPYIOLIEEe U HE MHBepTupymomee. Kpome 3toro
OV 3a cuét BeICOKOTO KO3 dUIIMEHTa YCUIICHUS TOJDKEH ObITh 0XBadeH riyookoit OOC
JUTSE 00ECTICYeHHS] YCTOMYMBOCTH €T0 paOOTHI.

1) NUuBeptupyromias cxema BriatoueHuss OY uzo0pakeHa Ha puCyHKe 4.

R
K =0 - (1)
R,

Rooc

L Ueblx=f{UBex) &

DA
[ oo

—=——— *Ussr max

&
1

UBkix

= - Usx

=
=]

=UBbR.may |- — —=—

Puc.4

2) HeunBeptupytomias cxema BritoueHus OY nzo0OpaxkeHa Ha pUCYHKE 5.
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K=Rooe 3 (2)

Rooc Ussix=Ff(Usx) 4
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k |
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Puc 5.

Tak xkak OY mnpenHazHayeHbl JUIsi MPOBEACHUS MATEMAaTHUYECKUX ONEpanui ¢
AQHAJIOTOBBIMM CUTHAJaMH{, TO pa3IMYalOT CYMMHPYIOIIEE, HWHTETPUPYIOIIEE U
muddepenuupyroniee BriatoueHue OVY.

3) Cxema cymmupyromiero Bkitouenus OY nzo0paxeHa Ha pUcyHKe 6.

Use = KUz + KU s, + K3U 4533 (3)
R
K =-—¢. 3.1
- (3.)
Roc
Uex1l RI1 ]
- | DAT
Usx2 R2
= [> oo
~ UBblx
Uex3 R3 =
= |
Unl—
R4 L
Folb—
Puc. 6

4) CxeMa uHTerpUpytomiero BkioueHuss OY n3oopaxxeHa Ha pUCYHKE 7.

Usoe = KjU a0 (D)L (4)
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6) Cxema BeruuTaromero BkirodeHus OY u3o0pakeHa Ha pUCYHKe 9.

R R, +R R
U sos =UA02*R3+3R2* - R, = _UAOl*LlC. (6)
Roc
I 1
| I |
DA1
[>oo S
. Usbix
Uex1 R1 =
—— &
Usx2 RZ un
R3
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Puc. 9

Iopsaok BeINOJTHEHUsSI padOTHI
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[lepen HauamoM BBHITOTHEHUS TaOOPATOPHBIX pabOT 0053aTeILHO 03HAKOMBTECH C
METOAMYECKIMH yKa3aHUSIMH.

JlabopaTtopnas paGora Ne 7
HccnenoBanue cxeMbl HHBEPTHPYIOIIET0 BKJIIOYEHHUSI ONEPAIHOHHOTO YCHIIUTEJIS

1. Ucnons3ys kaptouky Ne 1, coOpaTh ¢ MOMOIIBIO IKaMmIepoB (IEpeMbIYEK)
cXeMmy, MoKa3aHHyIo Ha puc. 4. BeiOpaTs B KauecTBe IEPBOTO COMPOTUBIICHUS BXOTHON
uenu - R1, a B kauectBe nepBoro conpotusieHus OC - Rocl.

2. TloakIIIO4nTh COOPAaHHYIO CXEMY K T€HEPATOPy C MOMOIIBIO YETHIPEX>KHIIBHOTO
1IHypa (3eJeHble Ha BXOJ, OeNbIi - 3eMJIs).

3. IoaknouuTh COOpaHHYIO CXeMy K ocIuuiorpady ¢ MOMOIIBIO IMIHYypa C
«KPOKOIUIIAMI».

4. TlogkmounuTh COOpAaHHYIO CXEMY MpPH MOMOIIU «KPOKOJHUJIOBY» K HUCTOUYHUKY
nutanus 24 B (CKpydeHHBIH MPOBOMA, BBIXOSAINMN W3 Kopmyca CTeHnaa; Oenblif(-),
3eJIeHbIN(+)).

5. TlocnemoBarenbHO MeHsAs Bxonuble compoTuBieHus (R1, R 2, R 3) u
conpotuneHuss OC (Rocl, Roc2) mpu momomu ocumiiorpada U3MEpUTh aMILTUTY 1Y
BBIXOJTHOTO HAMPSKEHUS U 3aITUcaTh B Ta0I. 1.

7. Bpramcnuts xkodpuuuent ycuneHus (Kpaeq) mo ¢opmyne (1), 3ammca B
Ta0IuILy.

8. Beruncnuth sxcriepuMeHTaIbHbIN K03hduineHT yeuneHus (Kyn) mo gpopmye

AAN

Uaado
VEGE
9. CpaBHUTH IKCIEPUMEHTAIILHBIC TAHHBIE C PACYETHBIMH.

K =

Tabmura 1.

Usux, B R Bxommoii uemwu, | R OC, Om Kpacu Koken
Om

MeToanyeckue yKazaHus

O0603HaueHUs DJIEMEHTOB, IPUBE/ICHHBIC HA CXEMaX U Ha KapTouKaX, MOTYT HE
coBmaiath. CXeMbl Ha PUCYHKAX SIBJISICTCS TPUHIIUITHATHHBIMHU.

B kauecTBe BXOJIHOTO CUTHAJIA UCTIOJIb30BATh TAPMOHUYECKUI CUTHA,
ammuutyaou Uad=1 B u wacroroi v=100 I'11.

Homunane! snementoB cxemul: R1=33 kOm, R2=22 kOm, R3=12 xOm, R4=13
kOwm, Roc1=100 kOm, Roc2=62 kOMm.
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JlaGopaTopnas padora Ne 8

HccaenoBanue cxeMbl HEHHBEPTHPYIOIIET0 BKJIIOYEHHUS ONEPALMOHHOIO
YCHIIUTEJIS

1. Ucnone3ys kapTouky Ne 2, coOpaTh ¢ MOMOINIBIO JIKaMIIEPOB (IIEpPEeMbIYEK)
cxeMmy, MoKa3aHHYyIo Ha puc. 5. BeiOpaTh B KauecTBe MEPBOTO COMPOTUBIICHUS BXOHOM
ey — ucnoib3oBaTh R1, a B kauectBe nepBoro conpotusienus OC - Rocl.

2. TloakIIIO4nTh COOPAaHHYIO CXEMY K T€HEPaTOpy C MOMOMIBIO YETHIPEX>KHIIBHOTO
IIHypa (3eJeHbIe Ha BXOJ, OCbIH - 3eMJIs).

3. TloaxmounTh COOpaHHYIO cXeMy K ocuwuiorpady ¢ MOMOIIBIO HIHypa ¢
«KPOKOTATIAMI.

4. TlonkiouuTh COOpPAaHHYIO CXEMY IPH MOMOIIU «KPOKOJUJIOBY» K MCTOYHHUKY
nutanus 24 B. [IpoBoia nutaHus BRIXOIAT U3 KOPITyca CTEH/A.

5. TlocnemoBarenbHO MeHsAss Bxoaubie compoTuBieHus (R1, R 2, R 3) u
conpotusneHusi OC (Rocl, Roc2) mpu momomu ocuuuiorpadga U3MEPUTh aMILTUTYTY
BBIXOJTHOTO HAMPSKEHUSI U 3amucaTh B TaoII. 2.

6. Bprunciute xkoapdunuent ycuneHus (Kpaeq) Mo Qopmyne (2), 3ammcaB B
Ta0IHUILy.

7. Beruucnauts sxkcnepuMeHTanbHbIA Ko uiueHT yeuneHus (Kyen) mo gpopmyie

KZU@;
Ua

Or

(@}

8. CpaBHI/ITB 9KCIICPUMCHTAJIbHBIC JaHHBIC C PACYCTHBIMMU.

Tabmura 2.

Usux, B R Bxommoii uemwu, | R OC, Om Kpacu Koken
Om

MeToanuyeckue yKazaHus

OO06o03HavYeHMS DJIEMEHTOB, MMPUBEICHHBIC HA CXeMaX M Ha KapTOyKaX, MOTYT HE
coBnagaTh. CXeMbl Ha PUCYHKaX SBISICTCS IIPUHIIUITHAIBHBIMU.

B kadecTBe BXOJHOTO CHTrHaja MCIIOJNB30BaTh TapMOHHYECKUN CHUTHA,
ammuutyaou Uad=1 B u wacroroi v=100 I'11.

Howmmunanel smementoB cxeMbl: R1=33 kOm, R2=22 xOmMm, R3=12 kOm, Roc1=100
kKOwm, Roc2=62 kOwm.
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YACTD 2 (cenpMoii ceMmecTp)
JlabopaTopHasi padora Ne 1

HUccaenoBanue 1uddepeHuaIbHON CXeMbl BKJIKYEHUS ONEPALMOHHOIO
YCHJIUTEJIS

1. Ucnons3ys kapTtouky Ne 4, coOpaTh ¢ NOMOIIBIO JIKaMIepoB (IEpEeMbIYEK)
cXeMy, MOKa3aHHyl0 Ha puc. 9. BpiOpaTh B KauecTBE NEPBOrO COMPOTHBICHUS
MHBEpTUpYIOIIEro Bxoaa - R1, a B kauectBe nepsoro conpotusienus OC - Rocl.

2. TloakIIIO4nTh COOPAaHHYIO CXEMY K T€HEPATOPy C MOMOIIBIO YETHIPEX>KHIIBHOTO
1IHypa (3eJeHble Ha BXOJ, OeNbIi - 3eMJIs).

3. TlogxmrounTh COOpaHHYIO cXeMy K ocuwuiorpady ¢ MOMOIIBIO IHIHypa ¢
«KPOKOIUIIAMI».

4. TlogxnrouuTh COOpaHHYIO CXEMY NpPU MOMOIIM «KPOKOJUJIOB» K HMCTOYHHUKY
nutanus 24 B. [IpoBoia nutaHus BRIXOJAT U3 KOPITyca CTEH/A.

5. TlocnenoBarenbHO MeHsAs Bxonubie compoTuBieHus (R1, R 2, R 3) u
conpotuneHusi OC (Rocl, Roc2) mpu momomu ocuuiuiorpadga U3MEPUTh aMILTUTYTY
BBIXOJTHOTO HAMPSKEHUS U 3aITUCaTh B TA0II. 4.

6. Paccunrarps BoixogHoe HaPsKEHUE (Uspx pacy, B) 1O hopmysie (6) U 3amoaHUTh
Tab. 4.

7. CpaBHUTH SKCIIEPUMEHTAIBHBIE TAHHBIE C PACYCTHBIMHU.

Tabnuua 4

R BXOI[HOﬁ eIy, R OC, OmMm UBHX, B UBLIX pacu, B
OMm

MeTtoanuyeckue yKasaHus

OO06o03HaueHMs JIEMEHTOB, MPUBEJACHHBIE Ha CXE€Max M Ha KapTouykKaxX, MOTYT He
coBmaiath. CXeMbl Ha PUCYHKAX SIBJISICTCS TPUHIIUITHATBHBIMHU.

B kadecTBe BXOJHOrO CHUTHaJIa UCIIOJIb30BaTh TapMOHUYECKUN CUTHA,
amruatygoit Uaé=1 B u wacroroit v=100 I'm.

Homunaner saementoB cxembl: R1=33 kOwm, R2=22 xOm, R3=12 kOwm, R4=2,7
kOMm, R5=13 kOm, Roc1=100 kOm, Roc2=62 xkOm.
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JlaGopaTopnas padora Ne 2
HccaenoBanue cxeMbl HHBEPTHPYIOLIEr0 CyMMaTopa

1. Vcnone3ys kapTouky Ne 3, coOpaTh ¢ MOMOIIBIO JIXKaMIIepoB (II€PEMBIUEK)
cxeMmy, MoKa3aHHYyIo Ha puc. 6. BeiOpaTh B kKauecTBe MEPBOTO CONMPOTUBIICHUS BXOTHOM
nenu - R1, a B kauectBe nepsoro conpotusienus OC - Rocl.

2. TloakIIrounTh COOPAaHHYIO CXEMY K T€HEPATOPy C MOMOMIBIO YETHIPEX>KHIIBHOTO
HIHypa (3eJIeHbIe Ha BXO/I, OCIBIH - 3€MJIS).

3. TloaxmounTh COOpaHHYIO CXeMy K ocuwuiorpady ¢ MOMOIIBIO HIHypa ¢
«KPOKOAHIIAMUY.

4. TlonK/IIO4UTh COOPAHHYIO CXEMY IMpPH MOMOILIU «KPOKOJUJIOBY» K MCTOYHHUKY
nuTanus 24 B(CKpydYeHHBI TPOBOJ, BBIXOISIINN W3 KOpIyca cTeHaa; Oenbrii(-),
3eJIeHbIN(+)).

5. Mensas comporusienuss OC (Rocl, Roc2) mpu momomu ocrumiorpada
U3MEPUTh aMITUTYAY BBIXOAHOTIO HAIPSKEHUS M 3alucaTh B Tao0I. 3.

6. Paccuutatp BbixogHoe HanpspkeHUE (Upux pacu, B) 1o dopmyne (3).
Koaddurmentst paccunrars no dpopmysie (3.1) u 3anoaHuTh Tabd. 3.

7. CpaBHUTB 3KCIIEPUMEHTANIbHBIE IaHHBIE C PACUETHBIMHU.

Ta0muna 3

R OC, OmMm UBHX, B UBLIX pacus B

MeToauveckue yKkasaHusl

OO6o03HaueHMS DJIEMEHTOB, MPUBEJACHHBIC Ha CXEMax M Ha KapToykaxX, MOTYT HeE
coBmaath. CXeMbl Ha PUCYHKAX SIBJISICTCS TPUHIIUITHATIBHBIMHU.

B kadecTBe BXOJHOr0 CHUTHAJIa HCIOJB30BaTh TAPMOHUYECKUN CHUTHAJ,
ammuutyaou Uad=1 B u wacroroi v=100 I'1.

Homwunaner snementoB cxembl: R1=33 kOm, R2=22 kOm, R3=12 kOm, R4=13
kOwMm, Roc1=100 kOm, Roc2=62 kOm.

JladbopaTopHasi padora Ne 3

HccaenoBanue cxeMbl HHBEPTHPYIOLIET0 HHTETPATOPA

1. Ucnone3ys kapTouky Ne 5, cobpaTh ¢ MOMOIIBIO JKaMIIEPOB (TIEPEMBIYEK)
cXeMy, TIOKa3aHHYyI0 Ha puc. 7. B kauecTBe BXOIHOTO CONMPOTHUBIICHUS BHIOpPATh JIF000I
mR1,R2,R3.

2. [MoaxnounTh COOPaHHYIO CXEMY K T'€HEpaTOpy C MOMOIIBIO YETHIPEXKUIBHOTO
HIHypa (3eJeHble Ha BXOJ, OeNbIi - 3eMJIs).

3. ToaxnouuTh COOpaHHYIO CXeMy K ociuuiorpady ¢ MOMOIIbIO IIHYypa C
CKPOKOIUIIAMI».
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4. TlonkiIrouuTh COOPAHHYIO CXEMY TMPH TOMOIIU «KPOKOJUJIOBY» K MCTOYHUKY
nutanus 24 B. [IpoBoia nutaHus BRIXOJAT U3 KOPITyca CTEH/A.

5. Tlpu momomm ocumiiorpada CHITh 3aBUCUMOCTh KOd(h(dUIIMEHTa YCUTICHUS
(K) oT yacTtoThl [uUIsl ABYX JIFOOBIX BXOJHBIX CONPOTHBICHHHA M 3aHECTH B TaONI. 5.
Paboty ¢ ocumiorpadgoM mpoBOUTE B PEXKUME U3MEPEHUS IEPEMEHHOTO TOKA.

Tabmura 5.
f, ' 5 10 20 40 80 160 320
Bap. 1
Ky
Bap. 2 K2

6. [Toctpouts JIAUX ni1s cXeMbl 110 JaHHBIM Ta0I. 5.
7. llomath Ha BXOJ UMMYJbCHBIM CUTHAJ, aMIuutyqoil 1 B u nepuogom 0,2 ¢ u
3apucoBath (PopmMy BBIXOHOTO curHana. OObsICHUTH (HOPMY CUTHAA.

MeToauyeckue yKkazaHusl

O06o03HaueHUs PJIEMEHTOB, MPUBEJACHHBIE HA CXEMax W Ha KapTOuKaxX, MOTYT HE
coBmaiatb. CXeMbl Ha PUCYHKAX SIBJISICTCS TPUHIIUITHATIBHBIMHU.

B kadecTBe BXOJHOrO CHUTHAJIa UCIOJb30BaTh TapMOHUYECKUN CUTHA,
amruuTyaou Uads=1 B.

Homwunaner snementoB cxembl: R1=33 kOm, R2=22 kOm, R3=12 kOm, R4=13
kOwMm, Coc=0,47 mxD.

KoHTpoJibHBIE BONIPOCHI

1) Yro nazsiBator OY.

2) KakxoBbI OCHOBHBIE MMPEUMYIIIECTBA K HepocTaTku OV,

3) OcHoBHbIe XapakTepucTrku OY.

4) OcHoBHBIC cXeMbl BKITIoUeHUS OV

5) BeiBeneTe mnepenaTouyHyr (DYHKIHMIO HHTETPUPYIOMICH, AuddepeHInpyomei
CXEMBI ¥ alepuoIMUeCKOTO 3BeHa ((PUIBTP HU3KUX YaCTOT).

6) Crpykrypa OV.

7) Tlpunnwmn paboTsl qudGEepeHIIMATEHOTO KacKaa.

8) Kak 3aBucut KO3(pPHUIMEHT YCHICHHS OT 4YacTOThl BXOJHOTO CHTHalla B
OCHOBHBIX cxemax BkJItoueHus OY.
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JlabopaTtopHasi paboTa Ned
HccnenoBanne akTMBHOr0 GuJIbTPA HUKHUX YACTOT MEPBOr0 NMOPSAKA

HGJIB pa6OTLII HU3YUCHUC IIPHUHIMIIOB pa6OTI>I, OCHOBHBIX CXCM BKIIIOUCHHUA H
OCHOBHBIX ITapaMCTpPOB (1)I/IJ'II>TpOB HUKHHUX 9aCTOT IICPBOTO IMOPAIKA Ha OIICPAINOHHBIX

YCUIIUTETISX.
IMosichenusi. CxeMa (uiIbTpa HA3KUX YaCTOT MEPBOTO TMOPSAIKA (aEePHOINIECKOE

3BeHO) n300pakeHa Ha puc 9.

K — ROC “ ><OC — ROC . 1 1 (7)
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Iopsinok BeINMOJIHEHNSI padOThI

[lepen HauaaOM BBITIOTHEHUS JIAOOPATOPHBIX pabOT 00s3aTEILHO 03HAKOMBTECH C
METOMYECKUMU YKA3aHHSIMHU.

1. Mcnone3ys kapTouky Ne 7, coOpaTh ¢ MOMOUIBIO JI>KaMIepoB (IEPEMBbIUEK)
cxeMy, mokazaHHyto Ha puc. 9. B kauectBe compotuienuss OC BbIOpaTh J1H000H U3
Rocl, Roc2.

2. TloakimounTh COOPAHHYIO CXEMY K T€HEPATOPY C MOMOIIBIO YETHIPEXHKHIBHOTO
IIHypa (3eJICHbIE Ha BXO/I, OCJIBIN - 3eMJIs).
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3. ToaxmrounTh COOpaHHYIO CXeMy K ocIuiorpady ¢ TMOMOINBIO IIHYpa C
«KPOKOJIUIIAMU».

4. TlonkiIIo4uTh COOPAHHYIO CXEMY IMPH MOMOIIU «KPOKOJUJIOBY» K HUCTOUYHHUKY
nutanus 24 B. [IpoBoia nutaHus BBIXOJAT U3 KOPITyca CTEH/A.

5. Ilpu nomonm ocumiiorpada CHIATh 3aBUCUMOCTh KO3 (UIIMEHTA YCUTICHUS OT
4acToThl JyIst ABYX conpoTuBiaeHuit OC u 3aHect B Tabiu. 6. PaboTy ¢ ocumiorpadom
IPOBOJUTH B PEXKUME U3MEPEHUS IEPEMEHHOTO TOKA.

Tabmua 6.
f,I'n 1 2 4 6 8 10 12 14
Bap. 1
Ki
Bap. 2 | K

6. [Toctpouts JIAUX 1151 cXeMbl IO TaHHBIM TabJ1. 6.
7. Ilopath Ha BXOJ CXEMbl UMITYJILCHBIM CUTHAJ, amMIIuTy0oi 1 B u nepuogom
0,1 ¢ u 3apucoBaTh HhOopMy BBIXOJIHOTO curHasa. OOBACHUTH (hOPMY CHUTHAJIA.

MeTozmqecnme YKazaHuA

O6o3HaveHMS DJIEMEHTOB, NMPUBEICHHBIE Ha CXeMaX M Ha KapTOYKaX, MOTYT HE
coBnagaTh. CXeMbl Ha PUCYHKaX SIBJSICTCS TIPUHIIMITHATBHBIMU.

B kadecTBe BXOJHOTO CHTHaja MCIONB30BAaTh TAPMOHHYECKUN CHUTHAI,
amrmutygoit Uao=1 B.

Homunaner smementoB cxembl: R1=1,7 kOm, R2=13 kOwm, C1=0,47 wMx®D,
Roc1=100 kOm, Roc2=62 kOm.

KouTpoJsbHbIe BONPOCHI

1. OcHoBHbIe XapakTepucTku OY.

2. OcHOBHBIE cxeMbl BKiFoueHHs OV .

3. BeiBenere nepenarouHyro (QYHKIUIO WHTErpupyromiei, auddepeHupyomnei
CXEMBbI ¥ alepuoIMYECKOTO 3BeHa ((PHIIBTP HU3KUX YaCTOT).

4. Ctpykrypa OVY.

5. [Ipuntun padots! qudpepeHnnansHOTO Kackaaa.

6. Kak 3aBucutr KOI(DPUIIMEHT YCHUJIIECHUS OT YacTOThl BXOJHOTO CHUTHajda B
OCHOBHBIX cxemax BkJItoueHus OY.
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JlabopaTtopnas paGora Ned
HccnenoBanne akTMBHOrO (puJjibTPa BEPXHUX YACTOT NEPBOro MOPSAAKa

Llenb paboThL: M3yueHHE MPUHLMUIIOB PAaOOThI, OCHOBHBIX CXEM BKJIIOUEHHUS U
OCHOBHBIX MapaMeTpOB (GHIBTPOB BEPXHHUX YAaCTOT IEPBOTO MOPSAIKA Ha ONEPAITHIOHHBIX
YCUITUTEISX.

Iosicnenusi. Cxema auddepenuupyromiero BxiaoueHus OY n3o0pakeHa Ha puc.

8.
dU ;-
Uiin =K O . 5
AUO dt ( )
Roc _ JaC Ry (5_ 1)

" Xo +R 1+ jaCR,’
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IHopsigok BeIMOJIHEHHSI PadOTHI

[lepen HauasOM BBITIOTHEHUS JIAOOPATOPHBIX pabOT 00s3aTEIILHO 03HAKOMBTECH C
METOMYECKUMU YKA3aHHSIMHU.

1. Ucnone3ys kapTouky Ne 6, cobpaTh ¢ MOMOIIBIO JKaMIIEpOB (MIEPEMBIUEK)
cxemy, ToKa3aHHyr Ha puc. 8. B kxauectBe comportunenus OC BuIOpaTh 000U U3
Rocl, Roc2.
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2. [MoakmrounTh COOPaHHYIO CXEMY K T€HEPaTopy C TOMOIIBIO YEThIPEXKUIBLHOTO
IIHypa (3eJIeHbIC Ha BXO/I, OCIIBIN - 3eMJIs).

3. TlogkmrounTh COOpaHHYIO CXeMy K ocmmwuiorpady ¢ TOMOIIBIO IIHypa ¢
«KPOKOIHIIAMI).

4. Tloaxmro4YuTh COOpAaHHYIO CXEMY MPHU TOMOIIHM «KPOKOJIWIOB» K HUCTOYHHUKY
nutanus 24 B. [IpoBoga nutaHust BEIXOIAT U3 KOPITyca CTEHA.

5. IIpu momomnwm ocrmiutorpada CHATh 3aBUCHMOCTh KO GUITUEHTA YCUTICHUS OT
4acTOTHI Jy1st ABYX conpoTuBiaeHuit OC u 3aHecTH B Tabn. 6. PaboTy ¢ octmmmorpadom
MIPOBOJIMTH B PEKUME U3MEPEHHS IIEPEMEHHOTO TOKA.

Tabmuia 6.
f, ' 1 2 4 6 8 10 12 14
Bap. 1
Ky
Bap.2 | K;

6. [Toctpouts JIAUX 1151 cXeMbl IO TaHHBIM TabJ1. 6.
7. Ilomate Ha BXOJ CXEMBI UMITYJbCHBIA CUTHAJI, aMIUIMTynoM 1 B m nmepuogom
0,1 ¢ u 3apucoBaTh hopMy BbIXOJIHOTO curHasia. OOBACHUTEL (hOPMY CUTHAJIA.

MeTozmqecnme YKazaHuA

O6o3HaveHMS DJIEMEHTOB, MMPUBECHHBIC HA CXeMaX M Ha KapTOyKaX, MOTYT HE
coBmaiath. CXeMbl Ha PUCYHKAX SBIISICTCS MIPUHIIUITHATHHBIMHU.

B kadecTBe BXOJHOr0 CHTHaJIa HCIIOJIb30BaTh TapMOHUYECKUN CHUTHA,
amrmutygoi Uao=1 B.

Homunaner smementoB cxemel: R1=1,7 kOm, R2=13 kOwm, C1=0,47 wMx®D,
Roc1=100 kOm, Roc2=62 kOm.

KouTpoJsbHbIe BONPOCHI

1. OcHoBHbIe XapakTepucTuku OVY.

2. OcHOBHBIE cxeMbl BKiFoueHHs OV .

3. BeiBenere nepenarouHyro (QYHKIUIO WHTErpupyromiei, auddepeHupyomnei
CXEMBbI ¥ alepuoIMYECKOTO 3BeHa ((PHIIBTP HU3KUX YaCTOT).

4. Ctpykrypa OVY.

5. [Ipuntun padots! qudpepeHnnansHOTO Kackaaa.

6. Kak 3aBucutr KOI(DPUIMEHT YCHUJIEHUS OT YacCTOThl BXOJHOTO CHUTHaja B
OCHOBHBIX cxemax BkJItoueHus OY.
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JlaGopaTopnasi paGora Ne6
HccaenoBanue IBYXIIOIIAI0YHOI0 (GOTOAHOAA

Lens paboThI: McCCIENOBAHUE XAPAKTEPUCTUK M CXEM BKIIIOUEHHUS JBYXIUIOMIAJ0YHOTO
dboToanosa.

Hosichenusi. [Ipy BO3ACHCTBUU PHEPTrUU U3ITYUYECHHS] BO3ZHUKAIOT 3JIEKTPOHHO-
IBIPOYHBIC TIAPBI, pa3feisemMbie P-N-miepexogoM W oOpasyroniue ¢GoToTok. [lpum
OTCYTCTBUM OCBEIIECHHSI B LIEMH MPOTEKAET TOJBKO TEMHOBOW TOK (0OpaTHBIM TOK
00paTHO CMEILIEHHOTO JMO0/1a), COCTABIISIONINI €UHULIBI U JaXKe IECSITKU MUKpOaMIIEep.

DOTONMOBI MOTYT BKJIIOYATBCA B CXEMbl KaK C BHEIIHUM HCTOYHHUKOM
MUTaHuA — B (POTOJIMOAHOM PEXHUME, TaK U 0€3 HEr0 — B JOTOraJIbBAHMYECKOM PEKUME.

B nacTtosiiee BpeMsi OCHOBHBIMU MaTe€pualaMH JJi U3rOTOBJIEHUS (DOTOIUOIOB
SIBJISIFOTCSI TEPMAHUM U KPEMHHUM.

OdeHb Ba)XHOW XapaKTepUCTUKOW (HOTOAMOMA SIBISAETCS CTaOMIBHOCTH €ro
napamMeTpoB MpPU HU3MEHEHUH TEeMIEpaTyphl, BIAXXHOCTH, JaBIICHUS OKpYKarouen
Cpebl.

JByxmiomaaounbie (pOTOAMOBI MPETHA3HAYEHBI JJI1 MPUMEHEHHS] B KadyecTBE
NPUEMHHUKOB M3JIyYECHHS B COCTaBE OITHUKO-3JIEKTpOHHOW amnmapaTypsl. ®/[20-30K
NpUMEHSIEMbII B TaHHOW paboTe MMeeT JBa (POTOUYBCTBUTEIBHBIX dJieMeHTa A u B.
JUist  obecniedeHUs] YCIOBUM HW3MEpPEHHs] CMEIIeHHs Ax H300paKeHUuss MapKu
HE00X0IMMO, YTOOBI JUAMETP MapKH HE MPEBBIIIAT OJHOTO 3JIeMeHTa Goroauona. [Ipu
ATOM KOOPJIMHATHI IEHTpa M300pakeHHs] Ax ONPENeNstOTCS BBIYMTAHHUEM CUTHAJIOB,
CHUMAEMbIX C JJIEMEHTapHbIX Iulomaaok. CTpykTypHas cxema (OTONpPUEMHHKA C
JBYXIUIOIIAIOYHBIM ()OTOAMOIOM TTOKa3aHa Ha puc. 1.

Puc.1

1.2. TexHuYecKue xapakTepucTuku poroguona

o 3 E g 5
s g 2 3 8

<=} Josl 3 (5] [5) o
2:5 < : Slegzy
[0} = (3] 1 (5] = Q o o 82 4 (=)
Tun SELE A U ! 22 8" T ,c, He S22 27 £
2 2 o AL v makc p’ MKA, Z 2 =1 *7 2| EE = § -
(boromonna go8e > o sz = Goee S legs] =
g3 5 MKM B H < & ~ S |88 3 <
g5 2 Gonee S g 2139829 8
8 2 - > & | O E = 4 <
5 = £ = 2. =

=9 O = = o

X %] <l

1 2 3 4 5 6 7 8 9 10 11 12
OI-20KIT | 2x2(4) | 05..1,1 | 085...092 7 01 4 - 5.0 | 2 100 40
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05...1,1 | 0,85...0,95 5 0,1 (0.3 A/Bm)
mpu 0,9 MKM

b]1-20-30K
3 4 5 6 7 ] 9 10 11 12

1
1-20-31K | @14 | 047..1,17 | 078..082 | ou20 | o1 | #(pymaA); - 1075 - 200 0,8
: Al >80, ' 3,8 (rpynma B) :

15x15
@
2

- 1,8-107° 3 200 0,65

-10 -6
4-10 1,6-10 05 100 20

J1-20-32K 2?21535 045..1,06 | 0,78..092 | 3 01 4

AA — 00JIaCTh CIIEKTPAJIbHON YyBCTBUTEIBHOCTH;
A\ue — JJIAHA BOJIHBI MAKCUMYyMa CIIEKTPAIIbHOW YyBCTBUTEIBLHOCTH;

Makc

U, — pabouee HaNPSHKEHHUE,

I, — TEMHOBOH TOK;
S| ysr — TOKOBasi MHTEPBaJIbHAS YyYBCTBUTEIHHOCTD;
@pp; — MOPOT YYBCTBUTEIBHOCTH B €IMHUYHOMU I10JIOCE YaCTOT;
T — TOCTOSIHHAsl BpeMEHU (HOTOaMO 1.

Cxembl BKJIOYeHHs GOTOANOT0B

@DOoTOANOIBI MOTYT BKJIIOUYATHCS KaK B TUOJHOM PEKHME puc.2 (a), TaK U B
doToranbBannyeckom puc.2 (0).

R 0cC
a) — 0) R..
JA — A
FD > ® .~ _FD A
') \ ° U + 2 \\I/I [>
S SZ BBIX UCM - |\‘ o
_ Usus
Puc.2

B nannoi#t nabopaTopHoil paboTe UCTIONB3YeTCA CXeMa BKJIIOUEHUS, TOKa3aHHAas Ha
puc.3

53



DA
2 )‘rb;o"[”‘: 6
AN
N | Vi ' by
N L uE—a pe
Ui 8 v -
hE e v —
1 z i
_L e R i DA3Z
{7774 Q Doot 3 - b
R E
— )
Rz U b (]
3 =25
042
2 Poo e
N N Lo — g J
©) :
<¥ / -Ur—— 5
: 1/ 06w '—{
2 +15s 4
3 | -156  —0
4 | Berxed  ——f
Puc.3

3. O0BbeKT M cpeacTBA HCCJIeI0BAHUA

MakeT GoTonpuemMHoro ycrpoiictsa — poroanon ®J[20-30K;
JIeNHUTeNIbHAs T0JIOBKA;

HWCTOYHHUK nuTaHus + 15 B;

BOJIBTMETD.

4. TloaroroBka K padorte

3akpenuTh (HOTONPUEMHHK HA BaJIy JCIUTEIbHOMN rojoBKH (1ieHa fAeneHus 1').
CoOCHO TPUEMHHUKY U3Ty4Y€HUSI YCTAHOBUTHh UCTOUHUK U3JTYyYEHUS.
[Tonky1r0YnTh BOIBLTMETP K (POTOMPUEMHUKY.

K ucTounuky nuTaHusi HOJKIIOYUTD JETUTEIBHYIO TOJIOBKY.

Bxi1tounTh UICTOUHHK MTUTAHUS B CETh.

CHSTH CTaTHUECKYIO XapaKTePUCTUKY (HOTOMPHUEMHHUKA.

RN

5. Ilopsaok npoBeaeHus IKCIEPUMEHTA

Uccnenosanus poronprueMHuka Ha 6ase IONag049Horo GoToauoa.
CHsITHE CTaTUYECKHUX XapaKTEPUCTUK (HOTOIONIA.

6. O0padoTKa pe3yJbTATOB IKCIIEPUMEHTA

Ha 6a3ze MMPOBCACHHOT'O OKCIICPUMECHTA COCTABUTDH Ta6nnuy.
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o+ U o — U..

6blX

Ha ocHoBe TaOnuipl mMOCTPOUTH TpadUK 3aBUCUMOCTU yriaa O OT HANPSKCHHS

goix *

7. KOHTpoJIbHbIE BONPOCHI

1 B kakux AByX pexxumax padboTtaroT (poToanoasl?

2 YT0 Takoe NPUEMHUK U3ITyYCHUSA?

3. OOBICHUTH NPUHLIMN IEUCTBHS (POTOTUOIOB.

4, Kak ocBemienue Bnusiet Ha paboTy goTtoauoaa’?

) OT Kakux JByX MapamMeTpoB 3aBUCUT pabota (oToauoaa?

6. HapucoBath ¥ OOBSACHUTH NPUHLUI JACUCTBUS CTPYKTYpHOH
(oTonpreMHUKA C JABYXIUIOIIAJO0YHBIM (POTOIMOIOM.
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Cnucok uTepaTypsl

OcHoBHas aUTEpaTypa

1. Makcuna E.JI. Dnexktponumka [DneKTpoHHBIM pecypc]: ydebHOe mocodue/
Makcuna E.JI.— DOnekTpoH. TekcroBble JaHHble.— CapaTtoB: Hayuynas kuwura, 2012.—
159 c.— Pexum mocrtyma: http://www.iprbookshop.ru/6270.— DbC «IPRbooks», mo
MapoJIio.

JlononHuTeNbHAS IUTEPATYPA

1. Ckapxena B.A. DJeKTpOHHKa U MUKPOCXEMOTEXHUKA: y4eOHUK B 2 4. Y.1.
DOneKkTpoHHbIE ycTpoiicTBa MHpopmanroHHOM aBTomatuku / B.A. Ckapxema, A.H.
JIynenko; mox obm. pen. A.A. KpacHompomenoii. — Kues: Brimia mkomna. 1989. — 430
c. — 50 3k3.

50 aKk3.

2. 3a6ponun 1O.C. IlpomsblnuieHHas sieKkTpoHHKa: YueOHuk s By30B / HO.C.
3abpoaun — M.: Beicmi. mikoia, 1982. — 496 c. — 82 k3.

3. Tokxeiim P. OcHoBbl udpoBoit snekrponuku / P. Tokxeiim; nep. ¢ anri. B.A.
Kypoukuna, B.M. MartseeBa; non pea. E.K. Macnosckoro. — M.: Mup, 1988. — 392 c.
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[Ipunoxenue. Obpazey mumynvbHo20 aucma omuema no 1abopamopHou pabome

MHNHOBPHAYKHN POCCHUA

®enepaibHOE rOCYAAPCTBEHHOE OI0/KETHOE 00pa30BaTEIbHOE YUPEKICHUE
BBICILIET0 00pa30BaHMs
«Tynpckuii rocy1apCTBEHHBIN YHUBEPCUTET»

HMHcTuTyT BBICOKOTOYHBIX cucTeM uM. B.11. I'psasesa
Kadenpa «I[Ipubops! ynpaBneHus»

Ortuer
o laboparopHoi padbote No
«Haszeanue nabopamophoti pabomoiy

IO AU CHUIIIIMHEC
«3J’I€KTpOHI/IKa CHUCTEM OPHUCHTALIUU, CT3,6I/IJ'II/133L[I/II/I W HaBHUT Al

Bemonnun: crynent rp. XXXXXX
Damunus U.0.
[IpoBepui: yu. cmenenv, @amunus U.O.

Tyma 20XX .
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