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JIABOPATOPHAS PABOTA Ne 1

NCCIEAOBAHUE NOJYITPOBOJHUKOBBIX 'TEHEPATOPOB
TAPMOHMYECKHUX KOJEBAHUI

HEJIb PABOTBI: wusyuuts, wucnonas3ys EWB, npunuumel paboTsl
MOJIYPOBOITHUKOBBIX T€HEPATOPOB FAPMOHUYECKUX KOJIeOaHUH.

COILEPKAHHUE OTUETA
[{enb paboThI
Onuncanue HKCIEpUMEHTOB
BrInonnHeHHBIE 3a1aHUS
OTBeThI Ha KOHTPOJIBHBIE BOITPOCHI
BriBog

abrwhE

TEOPETUYECKHUE CBEJIEHUA

['eHepaTopsl  rapMOHMYECKMX  KOJEOaHHWH  MpPEACTaBIAOT  co0oil
YCTPOMCTBA M3 YaCTOTHO-U30MpATETbHOM LENW M aKTUBHOrO 3jeMeHTta. [lo
TUIy YaCTOTHO-M30MpaTenbHoi 1enu onu aensatcs Ha LC- u RC-reneparopsr.

I'eneparopsl LC-Tuma MMEIOT CpPaBHHUTEIBHO BBICOKYIO CTaOMJIBHOCTH
4acTOThl KOJIEOaHUW, YCTOWYMBO paOOTAlOT MPH 3HAYUTENIbHBIX H3MEHEHMSIX
[IapaMeTPOB TPAH3UCTOPOB, OOECIIEUNBAIOT MOIYYEHHE KOJIEOaHUM, MMEOLINX
Masblii koadduurent rapmonuk. B reneparopax LC-tuna ¢opma BBIXOJIHOTO
HaIpsHKEHUs! BeCbMa OM3Ka K TApMOHUYECKOUN. DTO 00YCIOBIEHO AOCTaTOYHO
XOpowuMH  (QUIBTPYIOIIMMH  CBOMCTBaMM  KosiebaTeslbHOTO KOHTypa. K
HegocratkaM LC-reHepaTopoB OTHOCSTCS TPYIHOCTH HM3TOTOBJIEHUS BBICOKO-
CTaOUJIbHBIX TEMIIEPaTypPHO-HE3aBUCHMBIX KaTyIIEK MHIYKTUBHOCTH, a TaKke
BBICOKAsl CTOUMOCTb U FPOMO3AKOCTb MOCIETHUX. DTO OCOOCHHO MPOSBISAETCS
OpU CO3aHUM HHU3KOYACTOTHBIX aBTOIE€HEPATOPOB, B KOTOPBIX AaXe IPU
NpUMEHEHUU (EeppOMArHUTHBIX CEpJCYHUKOB rabapuTHBIE pa3Mepbl, Macca U
CTOMMOCTD MOTYYal0TCA 3HAUUTEIbHBIMU.
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Puc. 1.1. LC-renepatopsl ¢ WMHIYKTUBHOW (a) M eMKocTHOU (0) oOpaTHOMU
BSA3BIO

bazoseie cxembr LC-reneparopoB mokaszansl Ha puc. 1.1. Cxemy Ha pwuc.
1.1, @ Ha3bIBAIOT UHIYKTUBHOW TPEXTOUKOW MM cxemoil XapTties, Ha puc. 1.1,
0 — emkocTHOM TpexTtoukod wiam cxemou Kommurma. [ns obeux cxem c
nomo1nkto pesuctopoB Rl R2 u Re ycranaBnmuBaercss HCOOXOAUMBIA PEXHUM TI0
nocrostHHOMY ToKy. Konnencaropsl Cb u Ce — O10KHpOBOYHBIEC, KOHICHCATOP
C Ha3bIBAIOT KOHJIEHCATOPOM CBsI3U. YacToTa aBTOKOJIEOaHUM JjIs1 00€UX CXEM B

NIEPBOM MPUOIMKEHUH ONIPEIEIIeTCsl U3BECTHOM hopMyion
1
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st cxembl Konmuna
ck=2C2.
C,+C,

Jlsis Bcex aBTOr€HEpaTOpPOB YCIOBHUSIMH BO3HMKHOBEHHUSI aBTOKOJIEOAHUI
SBJISETCS HAJWYUE IIOJOXKHUTEIBHON O0OpaTHOM CBsI3M TIpH KO3 UIHEHTE
yCWJIeHUs paBHOM wuiu OosbmuM 1. JIns cxembl Xapties 3TH  yCIOBUS
00€ecreynBaroTCsl 3a CUET TPAH3UCTOPHOIO Kackaaa, BbIOOpa Kod(duuueHTta
TpaHcpopMami ¥ COOTBETCTBYIOIIETO  BKJIIOUEHHS OOMOTKH  CBSI3H.
[TonoxutensHas oOpatHast cBsi3b B reHeparope Konmuria obecneunBaercs 3a
CYET TOro, YTO CHUTHaJI OOpaTHOM CBA3M TIOCTYNMAET C TaKOro 3a)xuma
K0Je0aTebHOTO KOHTYpa, MPU KOTOPOM CHUTHaJ OOpaTHOM CBs3M Ha 0Oasze
TPaH3UCTOpa COBMAJAET Mo (haze ¢ MEPEeMEHHBIM CHUTHAJIOM Ha KOJUJIEKTOPE.
Kosddumuent nepemaum 1menu oOpaTHOW CBSI3W TPH ITOM  OMPEIEseTCs
KO3(phUIIMEHTOM  TIepeaaYdl  €MKOCTHOTO  JICNIUTENsI,  O0O0pa30BaHHOTO
konaeHcatopamu C1 u C2. [Ipu BBINIOTHEHUN YKa3aHHBIX YCIOBHUI YCTPOIICTBO
camoBo30yxaercs. Ilpomecc camMoBO30YKIEHUS MPOUCXOAUT CIEAYIOLIUM
oOpazom. [Ipu BKIIOYEHHH MCTOYHUKA MUTAHUS KOHAECHCATOP KOJIEOATEIbHOTO
KOHTYpa, BKJIOYEHHOTO B KOJUIGKTOPHYIO Ilelb, 3apsbkaerci. B koHType
BO3ZHUKAIOT 3aTyXalolllue KoJieOaHUs, KOTOPbIE OJJHOBPEMEHHO MEPEIatoTcs Ha
YIOPABIISIIONIME 3JEKTPOblI TPAH3UCTOpA MO €N IMOJOKUTEIHbHON 00paTHOM



CBA3U. DJTO MPUBOAUT K mMomnoiHeHuto sHepruet LC-koHTypa u KojeOaHUs
[IpEeBpAILAlOTCS B HE3aTyXaloIIHeE.
Boinonaum MopenupoBanue aptoreHeparopa Kommutna (puc. 1.2). B

oTinuue OT 0azoBoil cxembl (puc. 1.1, 0) oHa BBHINIOJIHEHA HAa SMUTTEPHOM
TIOBTOPHTETIE.
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Puc. 1.2. I'enepatop Konnutua

N3 ocummnorpamm Ha puc. 1.3 BUIHO, YTO pe3ynbTaTbl MOAEIUPOBAHUS
KpallHe HEyTeIIHTENbHbL: (opMa KoJIEOAHUMH AAJEKO HE CUHYCOMIAJbHAs.
Takue pe3ynbTarbl MOXHO OOBSICHHTH  CIMIIKOM CHJIBHOM  CBSI3bIO
K0J1e0aTeNbHOIO KOHTYpa C YCHUJIUTENbHBIM KackaoM. B monbs3y 3Toro
YTBEPXKJICHUSI CBUACTEIBCTBYET W TOT (akT, 4YTO JBOMHAs aMIUTUTYa
BBIXOJIHOTO CHUTHAJIa MPAKTUYECKU paBHA HANPSKEHUIO UCTOYHWKA MUTaHUA 6
B. [l BO3BMOXKHOCTH YIpaBlIeHUS B3aUMOJICHCTBUEM KOJIEOATEIHHOTO KOHTYpa
C TPAH3UCTOPHBIM KacKaoM BBezieM KoHaeHcaTop cBsizu C (puc. 1.4).

- Dscilloscope
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Puc. 1.3. OcruminorpaMMbl CUTHAJIOB

PesynbraTel MonenupoBaHus cxembl Ha puc. 1.4 npuBeneHsl Ha puc. 1.5,



U3 KOTOPOrOo BHJHO, 4TO (opma KoJeOaHUM CYyIECTBEHHO YJIy4lWIach U
JEHUCTBUTENBHO CTajla CUHYCOUAAIBHOM.

W3 nmpoBeIeHHBIX SKCIEPUMEHTOB BUIHO, HACKOJIBKO BEJIMKA POJIb
IPaBUJIBHOTO BbIOOpA B3aUMOAEUCTBUSA KOJI€0aTEIbHOIO KOHTYpa CO
CHa0’KaIOLUM €T0 dHEPruel yCUINTEIbHO-COTIaCyOIUM yCTpoiicTBOM. B
TEXHUUYECKOH JINTEpaType AJis TOro BBeIeH TepMUH "Kod3()PuineHT
pererepanuu’. ITOT 6e3pa3mMepHbIil KodhuueHT mokaspiBaet, XI CKOJIBKO
pa3 MOKeT ObITh YMEHBIIIEHA JOOPOTHOCTH KOJIeOaTeIbHON CUCTEMBI 110
CPABHEHUIO C €€ UCXOHBIM 3HaYEHHUEM (32 CUET BHOCHMBIX IO LIETTH 00paTHON
CBSA3U NIOTEPH), UTOOBI ABTOICHEPATOP OKA3AJICS HA TPAHULIE CPbIBA KOJIEOAHMIA.
J1711 HU3KOYACTOTHBIX TE€HEPATOPOB ATOT KOAPPUIIUEHT BHIOMPAIOT PaBHBIM

1.5..3.
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Puc. 1.4. I'enepatop KonmuTiia ¢ KOHAEHCATOPOM CBSI3U
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Puc. 1.5. OcummnorpamMma BBIXOJHOTO curHaia reHeparopa Komnmurna
MOCJIE BBEICHUSI KOHJIEHCATOPA CBS3H

Ocob60 cnemyer cka3aTh 0 OJOKHPOBOUHBIX KoHaeHcatopax Cb m Ce B
6azoBoit 1 smMuTTepHOM 1emsx. [Ipu moctaTouHo riayOGokoi 0OpaTHOW CBSI3U U
HEMPABWIBHO MOJA00PaHHBIX €MKOCTAX 3TUX KOHJIEHCATOPOB MOXKET BO3HUKATH



IpEPBIBUCTAsl TEHEpalus WIA aBToMoayisiuus. B 3Tom ciywae amiuuryzna
KojeOanuii OyAeT MMETh MEePEMEHHOE 3HAYEHUE WM YMEHBIIAThCS 10 HYJIS.
[IpepobiBrcTas reHepaiysi 00yCIOBI€HAa TEM, UYTO MPHU OMPEACIICHHBIX YCIOBUSIX
HaIpsHKEHHE aBTOMATHYECKOrO0 CMEIIECHHS BCIIECICTBUE 3apsifa KOHAEHCATOPOB
Cb u Ce MoXxeT npUOJIM3UTHCS K aMIUIMTYJIC HANPSHKCHUST OOpaTHOM CBSI3H, 3
CUYET Yero TPAH3UCTOp 3amupacTcsi U KojeOaTelnbHBIH KOHTYp MEpecTaHeT
MOMNOJIHATBCSL 3Heprueil. B wurore aBTOKONEOaHUS OBICTPO 3aTyXHYT U
BO3HHMKHYT CHOBA TOJIBKO IOCJIE€ pa3psaia 3TUX KOHAEHCATOPOB. 3aTEM MPOLECC
HapacTaHUsl aMIUTUTY[bI, 3apsjia KOHJEHCATOPOB M CpbIBA aBTOKOJEOaHUMN
noBroputcd. [losTomy nemnu, oOecrneynBarOIEe ABTOMATHYECKOE CMEIIEHUE,
MIPUXOJUTCS, KaK MPAaBUIIO, MOAOUPATH ITPU HACTPOMKE.

ITepectpoiiky uyacTtoThl LC-reHepatopoB  OOBIYHO  OCYIIECTBISIOT
U3MEHEHUEM EMKOCTH KOHJIeHcaTopa KoiyiebaTeslbHOro KoHTypa. Ilpum 3Tom
U3MEHsETCS U TOOPOTHOCTh KOHTYpa U3-3a U3MEHeHus: cooTHouenus L/C, yto
MOJKET BBI3BATh HM3MEHEHHE pekuMa paboThl aBToreHeparopa. M3meHeHue
€MKOCTH OOBIYHO MPOU3BOJAT MEXAaHWUYECKUM IyTEM WM C IOMOIIBIO
BapUKara, U3MEHss HAIIPSKEHUE CMELICHUS.

Ha npaktuke Haxomar mnpuMmeHeHue Takxke LC-reHepaTopsl ¢
HCIIOJIb30BAaHUEM 3JIEMEHTOB C OTPULATEIbHBIM CONPOTHBICHHEM. B KauecTBe
IpuMepa pacCMOTPUM CXEMY TaKOI'o TeéHepaTopa, Moka3zaHHylo Ha puc. 1.6. On
CONECPKUT DMUTTEPHBIM MOBTOpPUTENs Ha TpaHzucrope VTI1, KoTopslit
MpeAHa3HaYeH ISl PEryJIMPOBKH BBIXOJHOTO HAIpsDKE-HUS FeHepaTopa IyTeM
M3MEHEHMS HaIpsDKeHHUsT Ha ero 0aze ¢ momoinbio pe3uctopoB R1 u R2.
CoOCTBEHHO reHepaTop COCTOMT U3 KoisebaTenbHoro konrypa Lk, Ck m nByx
noJsie-BeIx TpaH3uctopoB VI2 m VT3 ¢ kaHamamu pa3HOW MPOBOAUMOCTH,
KOTOpbIE 00JIaal0T Y4YacCTKOM C OTpHUIATeIbHBIM AuddepeHIInaTbHBIM
conporuBieHueM. IIpuBeneHHas BOJIBTAMIIEpHAs XapaKTEPUCTUKA TaKOTO
rubpuaa Ha oTeuecTBeHHbBIX MosieBbix TpaHizuctopax KII303 u KII103 umeer
(opMy HECUMMETPHUUYHOTO KOJIOKOJIO0Opa3HOTO HMMIyJbCa C BEPLIMHOW INpHU
HanpsbkeHnd 3 B (Tok 2 MA) ¥ TpaKTUYECKU HYJIEBBIM TOKOM MPU HAINPSKEHUU
8 B. CnenoBarenbHO, IOCJIE BKIIOUYEHHS IHTAHMS, KOTJAa HAIpPsDKEHUE Ha
koHzneHcatope Ck pmocrturaer 3 B, HauuMHAaeTCs PE3KOE  YBEIMYECHUE
IIYHTUPYIOUIETO 3TOT KOHJEHCATOp CONPOTHUBJICHUS, B pE3yJbTaTe YEro
YBEJIMUMUBAETCSI CKOPOCTh 3apsifia KoHaeHcaropa. Bo Bropoit ¢ase, korna npu
paspsiie KOHJEHCAaTOpa HaIpshKEHUWE Ha HeM JocTuraer 8 B, ckopocTh ero
pa3psijia yBEJIMYMBAECTCS M TOCHE JOCTH)KEHUsS 3HaueHus 3 B HauumHaercs
dopcupoBanHbIli  pa3psia. Takum oOpa3om, KoJjieOaTeIbHBIH KOHTYp B
pesynbrare mnoyiydaeT Kak Obl JBa TOJYKAa B TEUYEHHE KaXAOro Iepuojaa
KojeOaHui, YTO TPUBOAUT B KOHEUHOM HMTOr€ K BO3HUKHOBEHUIO
HEe3aTyXaloluX KOJIeOaHUH.
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Puc. 1.6. TakToBbIi TeHEpATOD

3AJAHUS JJIS1 BBITTIOJIHEHUSA PABOTHBI

1. Jns cxemsl reHeparopa Ha puc. 1.2 ycTaHOBUTE IyTEM MOJEIMPOBAHMS
3aBUCUMOCThH ()OPMbI T€HEPUPYEMOI'O CHTHAla OT COOTHOILUEHHS €MKOCTU
koHneHcatopoB Cl1 wu C2. Ilpu BapbUpOBaHUM EMKOCTEH ITHX
KOH/ICHCAaTOpOB O0ecreubTe MOCTOSHCTBO 4YacTOThl KojeOaHui, T.€.
AKBUBAJIECHTHOW €MKOCTH KOHTYpa.

2. B cxeme renepatopa Ha puc. 1.4 myTeM U3MEHEHHS eMKOCTH KOHJIEHCATOpa
cBa3u C yCTaHOBUTE IpaHUYHBIE YCIOBUSA HAJEKHOTO CaMOBO30YKJICHHUS
reHeparopa 0e3  yxyameHus (OpMBI  T€HEPUPYEMBIX  CHTHAJIOB
(ompenenseTcs: BU3yallbHO).

3. Hccnenyiite B reHepatope Ha puc. 1.6 BausHuEe Ha GOpMy CHTHAIA, €ro
aMIUIUTYly ¥ 4aCTOTY HaNpsDKEHUs Ha 6a3e TpaH3UcTopa (yCTaHABIMBAETCS
U3MEHCHHEM  CONpPOTHBICHHUS pe3uctopoB RI, R2) wu  emkoctu
OsokrpoBOYHOTO KOoHAeHcaTopa Che.

KOHTPOJIBHBIE BOITPOCHI
1. Tlpm kakux ycIOBHUSIX YCHUJIUTEIIbHOE YCTPOMCTBO, OXBau€HHOE OOpaTHOMN
CBSI3bI0, MOKET IIPEBPATUTHCS B aBTOrE€HEPATOP?
[IpuBenuTe pacueTHbie POPMYIIbI AJI MOTYIPOBOIHUKOBBIX T€HEPATOPOB?
3. HemocTtaTku ¥ TOCTOMHCTBA TEHEPATOPOB PA3HBIX THIIOB.

N

JIABOPATOPHAS PABOTA Ne 2

NCCIEAOBAHUE RC-TEHEPATOPOB

HEJIb PABOTBI
1. UccnenoBanue 3aBUCUMOCTH aMIUIUTYJbl M 4YacCTOTHl KOJeOaHUN OT
HaIIPSKEHUS CMEILEHHS UO0I0B.
2. UccnenoBanme 3aBUCUMOCTH (OPMBI M aMIUIMTYABl BBIXOJIHOTO
HaNpsHKEHUs TeHepaTopa oT Koddduinenta oOpaTHoOil CBsI3M.
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3. UccnenoBanue 3aBUCUMOCTH aMIUIATY Il M ()OPMBI BBIXOJTHOTO CHUTHAJa
reHepaTopa OT HaNpsHKEHUS CTaOMIH3aIM CTA0OMIUTPOHOB.

4. HccnemoBaHWe 3aBUCUMOCTH aMIUIMTYAbI HU (OPMBI  BBIXOJIHOTO
HaTPSDKEHUST OT COOTHOIICHHSI COTPOTHBIICHUN PE3UCTOPOB MPH HEU3MEHHOM
Kod(punmeHTe oOpaTHOM CBS3H.

COILEPKAHHUE OTUYETA
1. JlaHHbIE S3KCIEPUMEHTOB
2. OTBeThI Ha KOHTPOJIbHBIE BOITPOCHI
3. BriBox

TEOPETHUYECKOE OIIMCAHUE
RC-reneparopsnl

RC-renepatopst Ha 6aze OV BBINIONHSIOTCS C HUCIOJIb30BAHUEM
(hazocaABUTAIONINX WIIM YACTOTHO-U30UPATEIIbHBIX 1IETICH.

Cxema RC-reneparopa mepBoro Tuma mnokazaHa Ha puc. 2.1,. B He#
oOpaTHasi CBSI3b BBOJUTCA 4epe3 (Pa3oCHABUTAIONIYIO IIEMb JIECTHUYHOMN
CTPYKTYPBI, COCTOSIIYIO U3 pe3uctopoB R u konaencaropos C. s nosrydyeHus
Tpedyemoro koddduimenta ycuieHus OV o0xBaTbIBaeTCAd JOMOIHUTEIHLHO
YaCTOTHO-HE3aBUCUMOM 00paTHOM CBA3BIO uepe3 pe3uctop R3.

JI1si BOSHUKHOBEHHUSI aBTOKOJEO0aHUI HEOO0X0AUMO, YTOObI KO3(P(ULIUEHT
ycujeHus Obul OoJblie eAuHulbl. B To ke BpeMs Ui TMOJy4eHUs
MHUHUMAJIBHBIX HUCKAXEHUM TE€HEPUPYEMOro CHUTHaJla HEOOXOJIUMO, UYTOOBI OH
ObLT OIM30K K eauHulle. [ pa3pelieHust TUX NpOTUBOPEUUBBIX TPEOOBAHUH B
reHepaTope BBEJICHA HENMMHEHHass oOpaTHas CBS3b ¢ IMOMOIIBIO AuoaoB VD1 u
VD2, xoTopble HaYMHAIOT OTKPBIBATHCSA TOJBKO IMOCJE TOrO, KaK aMIUIUTYZa
aBTOKOJICOAHUI TPEBBICUT MOCTOSHHOE 3alUparOIlee HAMPSHKEHUE CMEIICHUS,
3a/laBaeMo€e C MOMOIbI0 Aenutened Ha pe3uctopax R1, R2. [Ipu oTkpbiBaHuU
JTMOJIOB TTyOMHA OOpaTHOM CBSA3M yBENIMUUBACTCS M KOA(DDUIIMEHT yCUIIEHUS
YMEHBIIIAETCS, YTO MPUBOAUT K CTAOWMIM3AlMKU AMIUIUTYAbl aBTOKOJICOAHUN.
HanpspkeHust cMeteHus: 7uo10B 0OBIYHO MO0UPAIOTCS TPU HACTPOMKE.



F3
100 ke 12"-.-"|
My |||| *
r“ g 1
avy L VD1 10 ke
C [ [ R
4 pF 4 uF 4 uF
+
I I . “:\x 1 kG
+
,/’f
R F - Rz
a ko L] 1 kG
WDz
L L R
12
| 10 ki
i1 ¢

Puc. 2.1. RC-renepatop ¢ dazocaBuraromei 1menbo

OpHEeHTUPOBOYHOE 3HAUYEHHME YaCTOThI KOJEeOaHUN TreHeparopa Mo CXeme

Ha puc. 2.1, onpenensercs no Gopmye:
3 1
27RC/3

[lepecTpoiika 4YacTOThl aBTOKOJIEOAHWN  IIETIOYEHYHBIX TE€HEPATOPOB
3aTpyAHEHA, O3TOMY MX OOBIYHO HCIMOIB3YIOT TOJIBKO B HENEPECTPAUBAEMBIX
reHepatopax. llepectpauBaembie RC-reneparopsl yamie BCEro CO34ar0TCA Ha
OCHOBE  MHOTOKACKaJHOTO  YCHJIMTENS, OXBAYEHHOIO0  HM30MpaTebHON
MOJIOKUTENBHOW OOpaTHOM CBS3bIO UEpPE3 MOCTOBYIO LI€Mb, HANPUMEP, MOCT
Buna. B Takoil cxeme [ TOJNYyYEHHUS CHHYCOMJAIBHBIX KOJIeOaHUMN
OTPE/ICICHHOM 4YacTOThl HEOOXOAMMO, YTOOBI  YCJIOBUSI  BO30YXKIICHHS
BBINIOJIHAJIUCh TOJBKO JUISI 3TOW YAaCTOThL. Y CHUIIUTENN NEPEMEHHOrO TOKa,
UCIIOJIb3yeMble B TOJOOHBIX T€HepaTopax, MMEIOT YETHOE YHCIIO KacKaJoB,
KOTOpble obOecrneunBarOT (Ha30BBIA CHBUT BBIXOJHOTO HAMPSDHKEHUS 110
OTHOIIIEHUIO K BXOJHOMY, KpaTHbld 360". AHanu3 reneparopa ¢ MoctoM Buna
MMOKA3bIBACT, YTO TPH 3TOM HEOOXOJMMO eIIe O0O0eCreunTh KOIh HUIUEHT
oOpaTHOM CBsI3U, TPUMEPHO paBHBEIM 1/3.
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X
i

20 ke p—

10 nF ol

R1
6.15 ki A
100F < 20 ki |‘|

Rz
I ke

Puc. 2. 2. I'eneparop ¢ moctom BuHa u nnoaHo# aBTocTabumuzanuei

Ha puc. 2.2 mpuBemena cxema reHeparopa ¢ moctom Buna. B Hei
ko3 uiment oodpatnoit cszu R2/(R1+R3) neiictButensHo O6m30k k 1/3. Jlns
MOJIOKUTENBHONW TOJTYBOJIHBI BBIXOAHOTO HampsbkeHWs (HauwHast ¢ 5 B) on
HECKOJIbKO MEHbILIE 3a CYET HEJIMHEWHOW o00paTHON cBA3M Ha guone DI,
OPUHLUI pabOThl KOTOPOM aHAJOrMYeH cxeMe Ha puc. 2.1. Hactora kojeOaHui
TaKOI'0 TeHepaTopa onpenensercs popmynou:

o1
27RC

[IpuBenem eme OAMH BapuMaHT CXEMBI T'eHeparopa ¢ MOCTOM BuHa,
noKa3aHHOM Ha puc. 2.3. OTaudue 3TOro reHeparopa oT reHeparopa Ha puc. 6.2
3aKJII0YACTCS B BBEJCHUU CHUMMETPUYHON HEIMHEMHOW OOpaTHOW CBSA3U IS
00eHx TMOJIyBOJIH BBIXOAHOTO HANpPSDKEHHMsS] 3a CYET HCIOJIb30BaHUS JBYX
ctabunutpoHoB VD (Hampspkenue crabunuzanuud S5 B) U BO3MOXHOCTH
KOPPEKTUPOBKU U3MEHEHUEM COOTHOILIEHUS CONIPOTUBIIEHUN PESUCTOPOB.
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20 ko2 —|
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20 ks

Puc. 2.3. T'eneparop ¢ wmoctom Buna u aBTrocTabmiIM3anuend Ha
CTaOMJIUTPOHAX

Cnenyer  3aMeTUTh, 4YTO B  W3MEpPUTENbHBIX  TIEHEpaTopax C
UCIOJb30BaHUEM MocTa BuHa oTpuLaTeNbHYI0 OOpaTHYIO CBSI3b JAENAIOT
TEMIIEPATypHO-3aBUCUMOMN, MPUYEM TEPMOPE3UCTOP BKIIOYAIOT TaK, YTOOBI C
YBEJIMYEHUEM aMIUIUTYAbl BBIXOJAHOTO HAMpPsDKEHUS W, COOTBETCTBEHHO,
TEMIEpaTypbl TEPMOpPE3UCTOpa TIyOWHA OOpaTHOW CBS3M YBEIUYHBAIACK.
Takasi oOpaTHas CBsI3b TO3BOJIAET CTAOMIM3UPOBATH AMIUIUTYAY BBIXOAHOTO
HANpPsDKEHUsT U 00ecrieunBaeT MUHUMAILHOE BpEMsl YCTAHOBJICHUS aMIUTUTY/IbI
aBTokoJyeOanmii. M3 cxem Ha puc. 2.2 u 2.3 BUAHO, UYTO MEPECTPOIKA TaCTOTHI
TeHEPATOPOB MOXKET OCYIIECTBISITHCS CIBOCHHBIMU (HAXOMAIIMMUCS Ha OTHON
OCH) HOTEHIIMOMETPAMHU.

HOPAAOK BBIITIOJIHEHUE PABOTbBI

1. C nomomipto cxeMbl Ha puc. 2.1 uccienyiTe 3aBUCHUMOCTb aMILTUTYIbl U
YacTOThl KOJICOAHWM OT HANpPsDKEHUS CMENIeHHs] JHOJOB, 3a7aBacMOro
nenuteneM Ha pesuctopax R1 um R2 (umenecoobpa3Ho BapbupOBaTh
compoTuBieHue pesucropa R1).

2. Wccnenyiite 3aBUCUMOCTh (DOPMBI M aMIUTUTYABI BBIXOJHOTO HAMPSKEHUS
reHepaTopa Ha puc. 2.2 OT HaNpPsHKEHUS CMEIeHUS 1uoaa U koddduimenTta
00paTHOM CBSI3H.

3. Uccnenyiite 3aBUCUMOCTD aMIUIUTYABl W (OPMBI BBIXOJHOTO CHTHAA
reHepaTopa Ha puc. 2.3 OT HaNpsHKEHUS CTa0UIU3allui CTaOUITUTPOHOB.

4. Ucnonb3ysa cxemy Ha puc. 2.3, HCCIEAyHTe 3aBUCUMOCTb aMIUIUTYAbI U
(OopMBbI  BBIXOJHOTO HAMPSKEHUS] OT COOTHOILIEHHUS CONPOTHUBIICHUM
PE3UCTOPOB MPU HEM3MEHHOM KO3 (hUlleHTe 00paTHOM CBSI3M.
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KOHTPOJIBHBIE BOITPOCHI
1. Kakue cxembl UCIIONB3YIOTCS TpHU nocTpoeHnu RC-renepatopoB Ha OY?
2. B ueM npeumyiiecTBo reHepaTopoB ¢ MOcTOM BuHa.
3. IlpuBenure popmyiy, Mo KOTOPOH MOKHO PACCUUTATh YACTOTY KOJICOAHUM.
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JIABOPATOPHAS PABOTA Ne 3

I'EHEPATOP C KBAPLIEBBIM PE3OHATOPOM

HEJb PABOTBI. Ulccnenoath, wucnonssys EWB, ycTpoiicTBO
reHeparopa ¢ KBapleBbIM PE30HATOPOM.

COLEPXKXAHHUE OTUETA
1. Ienb paGoTHI.
2. BrinonHeHHBIC 3a1aHUS.
3. OTBeTHI Ha KOHTPOJILHBIE BOTIPOCHI.
4. BriBog.

TEOPETHYECKOE BBEJIEHUE

['enepatopsl ¢ KBapLEBBIM PE3OHATOPOM HCIIOIB3YIOTCA B Pa3HOOOPA3HBIX
YCTPOMCTBAaX, HauyWHAas OT PaJAUOINEPENATUYUKOB (OJHO U3 CaMbIX TEPBBIX
MPUMEHEHUN) U KOHYasi HApY4YHBIMU yacaMu. J[Jisi M3rOTOBJIECHUS KBapIIEBbIX
pPE30HATOPOB  HCIOJIB3YyEeTCSl ~ KBapl —  MHUHEpal  €CTECTBEHHOIO
MPOUCXOKICHUS. XUMUYECKH 3TO JBYOKHUCh KPEMHUS, a MO CTPYKType —
Kpuctayl. B mpupone KBapl OYE€Hb pACHpPOCTPAHEH, HO IOJHOLICHHBIE
KpUCTAJJIbI, MPUTOAHBIE JUIsi TPUMEHEHHUS B KAuyeCTBE PE30HATOPOB,
BCTPEUYAIOTCSI CPABHUTEIBHO PEJIKO.

JIns M3roTOBJIEHUSI PE30HATOpA M3 KBAPILIEBOIO KPUCTAILIA BBIPE3AETCS
iactuna. [IpocTeitmmii cmocod ee BrIpe3anusi — Tak Ha3bIBaeMblil cpe3 Kropw,
MpU KOTOPOM OOJIBIIIMNE CTOPOHBI IJIACTHHBI TMapajuieIbHbl OCH CUMMETPUHU
KpUCTaJla U TIEPICHIUKYJISIPHBI JBYM ero rpaHsm. VcciemnoBaHusi mokas3aiu,
YTO TeMIlepaTypHas CTAOMJIBHOCTb KBapla MoJy4yaercs 0oJiee BBICOKOW MpHU
KOCBIX Cpe€3ax — Hampumep, o yrinamu 35 win 49 rpaa. K OCM CUMMETPUHN
kpuctamia (cpe3bl AT u BT).

Ecnu mnnactuHy KBapla TMOJOXHUTH MEXKIY JABYMS METaUIMYECKUMHU
OoOKJIaIKaMU M CXaTh, TO Ha OOKJIAJKax MOABSATCSA JJIEKTPUUECKHUE 3apsiibl
MPOTUBOMOJOKHBIX ~ 3HAKOB.  OJTO  SIBJICHHE,  HA3bIBAEMOE  MPSIMbIM
MbE302JEKTPUICCKUM d(PGHEKTOM, TPUCYIIE TaKKe TYpPMaJIUHY, CETHETOBOM
COJIM, HEKOTOPhIM BHJIaM CHUHTETHUYECKUX KPHUCTALIOB WM Kepamuku. Ilpu
Mepexo/ie OT CKATHS IUIACTHHBI K €€ PACTSKEHUIO DJICKTPUUECKUE 3apsJibl
0o0KJIaIoK W3MEHSIOT 3Haku. [Ibe3oanmexkTpuyeckuii >¢PdekT oldpaTuMm: eciu
IJACTUHY KBapllia MOMECTUTh B 3JIEKTPUUECKOE MOJIe, TO B KBAaplle BO3HUKHET
yopyras naedopmaius — CKaThe WIM pPaclIUpeHue B COOTBETCTBUM C
HaAIpaBJICHUEM JJIEKTPUYECKOrO0 MOJs. DTO SBJIIEHUE Ha3BaHO OOpaTHBIM
bE302JICKPUIECKUM P HEKTOM.

[Inactuna kBapia cnocoOHa K COOCTBEHHBIM MEXaHUUECKUM KOJICOaHUSIM,
IPU KOTOPBIX KakK MO TOJIIMHE, TaK U IO IJMHE PACIPOCTPAHSIOTCS YIPYTHE
BO3MyIlIeHUsl. YacToTa ynpyrux KojieOaHuWW 3aBUCUT OT Pa3MEpOB IUIACTHUHBI.
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Tak, monepedyHbie KoJjieOaHUsI MPU TOJIIMHE TJIACTUHBI b (B MM) mpH cpese
Kropu nMeroT co0CTBeHHYIO YacToTy npumepHo 2,84/b (B MI'1), a mpogoiibHbIe
KoJie0aHus Mpu JuHe macTulbl L (B Mm) — 2,7/L MTI.

UtoOsI MOJIJIEP>KUBATh COOCTBEHHbIE KoJIeOaHus MJIaCTUHBI
HE3aTyXaloUMMHU, €€ BKJIIOYal0oT B CXEMYy aBTOT€HEpaTropa C MOMOIIbIO
MeTaJUTMYECKNX 0O0KIIaZ0K U KBapienep-xkarens. Hanbomnee pacnpocTpaHeHHbBIN
Croco0 HaJOXEHUsT OOKIaI0K — HAHECEHHE CIIOeB cepedpa Ha MOBEPXHOCTh
kBapma. KBaprienepkatenb CIOyKAT [JI1 KOHTAaKTa BHENTHUX IIPOBOJOB C
obOxmankamu. KOHCTPYKIMIO W3 KBApIIEBOW TUIACTUHBI W KBapIleAep KaTems
HAa3bIBAIOT KBAPIIEBBIM PE30HATOPOM.

Ecim ©Ha muractTuHy JACHCTBYeT TEPEMEHHOE HalpshKeHHE, TO OHa
HCIIBITHIBACT MeXaHW4deckue KoseOanus. Ciie1oBaTeIbHO, B IIETH, COACpIKaIIeit
KBapll, MPOTEKAET MEPEMEHHBIH TOK, KOTOPBIM COCTOUT M3 JBYX CJIara€MbIX:
TOKa €MKOCTHOT'O XapaKkTepa, ONpeesieMOro eMKOCThIO MEXTy OOKIaKaMu, U
TOKa 3apsi/I0B, CO3/1aBaeMbIX IMbe30-3G(deKToM. DTa MOCHEIHSs claraecMmas
MUMEET 0 OTHOUIECHUIO K HaNpsHKeHUIO (Pa3oBwIil cABUT, OTiIMUHbIN OoT 90 rpar. ,
U €€ BEKTOpP MOXET JUOO Onepekarb BEKTOP HANPSHKEHHUS, TUOO OTCTaBaTh OT
Hero. Korjga yactoTra BHENTHEro HampspKeHUs OJIM3Ka K 4aCTOTE COOCTBEHHBIX
MEXaHMUYECKUX KOJeOaHuM KBapia, TO HAOMIOAAETCA AICKTPOMEXaHUUECKUN
pPE30HAHC; aMIUIUTy/la TOKa W AaMIUTTyJda COOCTBEHHBIX MEXaHHYECKHUX
KOJIeOaHW TpU HSTOM CTAHOBATCS MaKCHUMalbHBIMHA. Eciu mpu JaHHOM
HalpsSOKEHUW  M3MEPSATh TOK B IIEMMA  BOJMM3M PE30HAHCHOW YacTOTHI U
omnpenenaTh (pa3oBbIii CABUT TOKA MO OTHOIIEHUIO K HAMPSHKCHHUIO, TO MOYKHO
MOI00PaTh ANEKTPUUECKYIO CXEMY, SKBUBAJICHTHYIO KBApPIIEBOMY PE30HATOPY U
MpeACTaBICHAYI0 Ha puc. 3.1, a. (00o3HayeHUS Ha puc. 3.1, a COOTBETCTBYIOT
o0o3nauenusam, npuHsATeiM B EWB 5.0). B stoit cxeme konmencatop CO
0TOOpaKkaeT eMKOCTh MEXK]Iy OOKJIaJKaMH KBapIia. Bropas BeTBb, cOCTOSIIIIAS U3
uHayktuBHocTH LS, emxoctu CS W akTMBHOrO comnpoTuBiieHHs RS,
IIPENICTaBIIAECT COOOM MOCIIeN0BATENbHBIN KOeOaTeIbHbIN KOHTYp, COOCTBEHHAsS

4acToTa KOTOPOTo omnpeensercs GopMyJIoi:
1

“2n/isc’
rae C=(CS-CO)/(CS+CO) — skBHUBaJICHTHAS EMKOCTh KOHTYpa C y4eTOM
E€MKOCTH KBaplieaepKaTeJsl.

Fo

1 Ls rRe U5 g |N@ ouT

4
oo o

N = R.

2) 6)

Puc. 3.1. DxBuBaneHTHas cxema KBapIIEBOTO pe3oHaTopa (a) U cxema st
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ero ucnbiTanus (0)

7 o

Crystal Model “ideal

Sheet 1

Mational inductance [LS): 1.25 H
Motional capacitance [C5):  |2e-14 F
Senes regsistance [AS]; 10 £
Shunt capacitance [CO]: 2e-13 F

] | OTt4eHa

Puc. 3.2. JluamoroBoe OKHO YCTAaHOBKHM MapaMeTPOB KBapIEBOIO
pe3oHaropa

[TapameTpsl KBapIia CyIleCTBEHHO OTJIMYAIOTCA OT MapaMeTPOB OOBIYHBIX
KOHTypoB. Tak, i KBapueBoro pe3zoHaropa Ha 3 MIn emkocte CS
UCYHCIISICTCS JIECATHIMU M COTHIMH JIOJISIMU THKO(hapasbl, HHAYKTUBHOCTH LS
— TBHICSIMAMH W JIECATKAMHU THICAY MHKPOTEHPH (MOXXET OBITb W TEHPH),
conpotuBieHue RS — eauHuIamMu, JecsITKaMM WK, NOPU HEyJadyHOU
KOHCTPYKIIUH, COTHAMH OM. EmMkxocte CO wmexay OOKIaJKaMU COCTaBIISIET
eIUHULIBI WK JecsaTku nukodapan. JJoOpOoTHOCTH KBaplEeBOro pe3oHaTopa
JIOCTUTAET JIECATKOB THICSIY, @ B PE30HATOPAX CBEPXBBICOKOU JOOPOTHOCTH —
HECKOJIbKO MUJIJIMOHOB.

Cxema 11 MCIIBITaHMST KBAPILIEBOTO pe3oHaTopa u3 nporpammbel EWB 5.0
mokazaHa Ha puc. 3.1, 6. Ona comepxutr pe3onarop Q, pesuctop R
conpotuieHueM 0,01 OM, pyHKIIMOHAIBHBIN TeHepaTop U u3Mmepurenb AUX u
OUYX. 3HayeHuss nNapamMeTpoB HCCIEAYEMOIO pe30HaTOpa IOKa3aHbl B
UAJIOrOBOM OKHe Ha puc. 3.2. Yactora pe3oHaHca M0 HANPSHKCHUIO

onpenensiercs nenoukoit LS-RS-CS u paBHa
1

- 277/Ls-Cs

Yacrora Fv ouenp Onm3ka K 4acToTe MapajlieIbHOrO pe3oHaHca Fo, Tak
kak CS>CO. B mnpomexyTke MexAy 3THMH 4YacTOTaMH pPEAKTUBHOE
CONPOTHUBJIEHUE KBApIla UMEET NHAYKTUBHBIN XapakTep (TOK uepe3 pe3uctop R,
C KOTOPOTO CHUMAETCSl BBIXOJAHOUW CHUTHAN HampsbKeHusi Ha uaMepurenb AUYX-
dYX, 3anazasiBaeT nmoutd Ha 90 rpaxa. ). PacueTrHele moxaenupoBaHus. Mebl
U CTIOJIb30BAIN [ (D13%0)114% ] (oueHb MPUOIMKEHHYIO) METOJINKY:
CYMMUPOBAJIMCh 3HaYeHUs1 kod3pduimeHtoB nepegaun Ha yactorax Fo (-102
nb) u Fv (-198 nb), U3 3T0if CyMMBbI BBIYMTANIOCh 3Ha4Y€HHE KO3(PPuIueHTa
nepegaun Ha 4dactore 990 kI’ (-145 ab, nadano AUX), B pesynbTaTe 4ero
nosyyaiach "BbIcOTa" JBYX PpE30HAHCHBIX NHUKOB B '"dyuctom Buue" (0e3

Fv
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nbejiecTana, paBHOro kosddunueHty nepenaud Ha dactore 990 kl'm). 3arem
noydeHHbId octaTtok (155 nb), paBHBI cymMMe ABYX pPE30HAHCHBIX IHKOB,
JICIUIICSA Ha J[Ba, B PE3YJIbTATE YEro MOJIy4yaeM MPUOJIMKEHHOE SKBUBAICHTHOE
3HadyeHue qoopotHocTu Qe=77,5 n1b=7500.

PacuetHoe 3HaueHue JOOPOTHOCTH MOXKHO TONYy4UTh 1O (opmyre,
OTIMYaomencs oT (Gopmyabl JUisi OOBIYHOTO KOJeOaTEeIbHOTO KOHTYypa
HaJUYMEM MHOXKUTENS, KOTOPBI Ha3biBaeTCd KOI(GOUIIMEHTOM BKJIIOYCHUS U
ompenensercs BoipakeHueM: p=Cs/C0=0,096. B TtakoMm ciydae pacyeTHOE
3Ha4Y€HHUE JOOPOTHOCTH,

Qe:ﬂzSOSO,
27C -Rs-Ro
YTO HECKOJIbKO MpPEBBIMIAET MnoiaydyeHHoe mo AUX 3HaueHue, 4To 0ObICHSETCS
HETOYHOCTBIO U3JI0KEHHOM BBIIIE METOAUKH.

o

ra [N

6.2 k Ohm

R1
12 k Ohm

7

—— 12V

[

—— Ch R2
T D5uF 6.2k Ohm R4 5
3 kOhm 1k Ohm

Puc. 3.3. Cxema aBToreHepatopa ¢ KBapIEBbIM pPE30HATOPOM Ha
JBYXKACKaJHOM YCUJIUTEIE

CxeMa aBTOreHeparopa ¢ KBapLEBbIM PE30HATOPOM Ha JBYXKaCKaJIHOM
ycunuTelne nokasaHa Ha puc. 3.3. [lepBblil kackaj BBITIOJHEH Ha TPaH3HCTOPE
VTI1, BkmtoueHHOM 1o cxeMe ¢ Ob. PexxuM 1o moCTOSSHHOMY TOKY 3aJaeTcs
nenuteneM Ha pesuctopax R1, R2 u conporuBnennem R4 B nenu smutrepa,
koHneHcarop Cb — OnmokupoBounbIii. Ha BeIXOJe TIEpBOro Kackaaa BKIIOYCH
SMUTTEPHBIA MOBTOPUTENb Ha TpaH3ucTtope V2. Ksapuessiii peszonatop Q
BKJIIOUYEH B IIENb MOJIOKUTEIBHOW OOpaTHOM CBS3M, 3HAYEHUS €ro MapaMeTpoB
MOKa3aHbl B TUAJIOTOBOM OKHE Ha pHC. 3.2.

HOPAJOK BBITIOJTHEHUSI PABOTBI
1. Ucnonn3yst cxemy Ha puc. 3.1, 6, IpOBEIUTE HCIBITAHUS KBAPIIEBOTO
pe3oHaTtopa Iipu comnpotuBieHun pesuctopa R=0,005 Om. CpaBHuUTE
MOJTYYEHHbIE PE3YJIbTAThl C PACUETHBIMHU.

2. IlpoBeauTe uCHBITAaHUS PE30HATOpPA C MapaMeTpamH, YKa3aHHBIMH Ha PUC.
3.2 mpu Rs = 100 Om.

3. Uccnenyiite BO3MOXKHOCTbh UCHIOJIB30BAaHUS CXEMBbI Ha puc. 3.3 B Juana3oHe
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yactoT g0 10 MI'1, u3MeHss COOTBETCTBYIOIIMM O0Opa3oM MapaMeTphbl
KBaplia.

4. UccnemyiiTe 3aBHCHMOCTh 4YacTOThI TeHeparopa Ha puc. 3.3, a OT
napameTpoB CE u CC TpaH3ucTopa, a TakKe OT TeMIIepaTyphl B IMAMa30He
or 27 no 100 C°, ucnons3oBaB koMaHay Temperature Sweep U3 MEHIO
Analysis.

KOHTPOJIBHBIE BOITPOCHI
1. HazoButre oOsactTd  TOpUMEHEHUS  TEHEPATOpPOB C  KBApLEBBIMU
PE30HATOpPaMH.
2. Kak ycTpoeH KBapIieBbiii pe30HaTop?



20

JIABOPATOPHAS PABOTA 4

NCCIEAOBAHUE AMIIVINTY ITHOT'O MOAYJIATOPA

IEJIb PABOTBI. HccinenoBanue nporecca aMmIiMTyJHOW MOTYJISLIUY.

COILEPXXAHHUE OTUETA
1. Ienb paGoTHI.
2. BBITOTHEHHBIC 3aJaHMSL.
3. OTBeTHI Ha KOHTPOJIBHBIE BOIIPOCHI.
4. BriBoj.

KPATKHUE CBEJIEHMUS N3 TEOPUAU
OmHMM ®3 OCHOBHBIX JJIEMEHTOB PaTUOIEPEIAIONIero YCTPOMCTBA
saBisieTcs Moayssitop. Hanbonee mpoctas Mmoaysanus - ammautyaHas. Kak u B
cilydae TpeoOpa3oBaressi 4acTOTHI, MOIYJSIMS O aMIUTUTYAE CBOTUTCS K
epeMHOXKEHII0 Mogympyomero curhana Y (t)=Ey + Yy, -COSQt 1 Hecywiero
koneGanms X (t)= X, -coset . Ilocine MEPeMHOKEHHS M TPUTOHOMETPUYECKUX
npeoOpa3oBaHUi MOIYYUM PE3yJIbTUPYIOIIee KoleOaHHe B CICAYIONIEM BU/IC:

Z(t)=E,{cosw+0,5M[cos(Q - )t + cos(Q+ )t |},

rae M=Ym/Em - koadpdurment moaynsuun; Em=Eo Xm.
CXEMA DJIEKTPUYECKOM IENIN K PABOYEMY 3AJTAHUIO

CxeMa aMImuTyiHOTO Moayisitopa (puc.4.1,a) cOmep UT ABYXBXOJIOBOMH
cymMmupyromuid ycunureslb Ha OY, K OgJHOMY BXOAY KOTOPOIO IOAKIIOYEH
UCTOYHUK TIOCTOSHHOrO HampsbkeHuss Eo, a K JApyroMy - HCTOYHHK
MOIYJIHUpYIOIero Hanpsbkenus Y'(t) ammmryno Ym=1,42 B.

[Tockonbky ko3 duimeHT ycuienus no kaxiaomy Bxony R3/RI=1, na
BeIXONe ycwiutens (opmupyercst curHan Y (t)=Eo+Y'(t)=Eo+Ymcost,
KOTOpBI MoOCTynaeT Ha Y-BXOJ NepeMHoxutenass M ¢ kodpduuueHTom
nepenaun 1. Ha X-BXoa mepeMHOXUTENs MOAACTCS CUTHAN HECyUIer X(t)
aMIuIuTyou Xm=5,66 B.
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Puc.4.1. CxeMa aMIUIUTYTHOTO MOJTYJISITOpa

HOPAAOK BBIITOJIHEHUSA PABOTbI

[Tpu yka3zaHHBIX Ha puc. 4.3 3HAYCHHUIX MMAPAMETPOB PACUETHBIC 3HAYCHHUS
M=1,42/4=0,35; Em=4x5,66=22,62. IIpoBepuM TMOJIy4YE€HHbIC PE3YIbTATHI
MoJienupoBanueM (puc. 4.2).

Jns onpenenenus: kodpduiiieHTa MOIYJSIIMUA MO ocumuiorpamme AM-
CUTHAJIOB MCIOJIb3YEM METOJIMKY, COorjacHo KoTtopod M=Awm/Ac, rae (puc.
4.2,a) Am=(VB2-VB1)/2=15,76/2=7,88 B; Ac=AmM+VB2=7,88+14,7=22,58 B
u, cuenoBarenbHo, M=0,349, T.e. mpakTUYECKH paBHO pacueTHoMy. Jlns
MPOBEPKH BTOPOTro pacueTHoro mnapamerpa (E,) HE0OXOIUMO HCKIIOYUTH
BO3JCHCTBHE MOAYJIMPYIOLIErO0 CUTHaNA. [ 3TOro AOCTaTOYHO CAEnaTh €ro
MpeHeOpexKMMO MajibiM - B HalleMm ciydae BMmecto 1 B ycranoBum 1 MkB.
Pe3ynbTaThl MOAEnMpoBaHMs MOKa3aHbl Ha puc. 4.2,0, OTKyAda BHUAHO, 4YTO
aMIUIUTyAa Hecymed Ep ~23 B, 4TO mpakTHYEeCKH COBHAAAET C PacUETHBIM
3HadeHHeM. OTMETUM, YTO OHO PAaBHO CPEAHEMY 3HAYECHHIO AC aMILIUTYIIHO-
MOJIYJIMPOBAHHOTO KOJIEOaHUSI.

7= Dscilloscope
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Puc. 4.2. OcuunnorpaMmbl aMIUTHTYAHO-MO Ty TUpoBaHHOTO (B) n
MOYJIUpYoIero (A) CUTHAJIOB.

10 B/men ' 0.1 Mc/men

i

Puc. 4.3. OcuuninorpaMmma Hecyiero kojaebanus AM-cursana.
KOHTPOJIBHBIE BOIIPOCHI U 3AIAHUA

21. Yem ornumyaercs  mpomecc  GopmupoBaHus ~ AM-curHama  OT
npeoOpa3zoBaHUs YaCTOTHI?
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