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BBenenue.

[{ens paboThI: UCCIEAOBATH AMIUIMTYIHBIE U ()a30BbI€ COOTHOIICHUS
MEXJly  CHHYCOUJAJIbHBIMU  HANPSXKCHUSIMU M TOKaMu  TIpU
MOCJIEOBATEIbHOM M MAPAJJIETbHOM  COCIWHEHUU  PE3UCTUBHBIX,
WHJIYKTUBHBIX W €MKOCTHBIX 3JIEMEHTOB LEMH, JIONMOJIHUTEIBHO —
HAy4HUThCS pad0TATh C 3JIEKTPOHHO—IYYEBBIM OCHUILIOrpadoM.

Pe3ucrop.

NneanbHblil  pe3ucTuBHbId 35eMeHT (puc.l) He oOnagaer HU
UHAYKTUBHOCTBIO, HHU €MKOCThl0. Eciam Kk HeMy  MNpUIIOXKUTH
CUHyCOMJaJIbHOE HampsbkeHnue U =U,sin(wt+¢)(cMm. puc. 1), To TOK i

yepes Hero OyeT paBeH

i:%:UOSIH(;)t+¢)zlosin(a)t+go) (1)
; R
o0——— ———0
U

Puc.1. O6o3HaueHue pe3ucropa.

CootHomienne (1) mokasbIBaeT, YTO TOK MMEET Ty K€ HadaJlbHYIO
dazy, uTo U HanpspkeHue. TakuM 00pa3oM, €ClIM Ha BXOJI€ JIBYXJIYYEBOIO
ocumuiorpadga moaarh curHansl U ©u [, TO COOTBETCTBYIOIIHE UM
CUHYCOMJIBI Ha €ro dKpaHe OyAyT MPOXOAUTH (CM. pUC. 2) yepe3 HyJb
OJIHOBPEMEHHO, T.C. HA Pe3UCTOpPe HANPsKeHHe M TOK COBMNAAAKOT IO
dase.

U I Im U

Puc.3.



N3 (1) BeiTekaer, uto U,=[1,-R wmm U=1I-R. Ilepexoas oT

CUHYCOMJATbHBIX (DYHKIIMM HAIPSIKEHHUS M TOKAa K COOTBETCTBYIOIIUM MM
KOMIUICKCHBIM BEJIMUMHAM :
U =U,sin(at + @)= U =Ue"”
[ =1 sin(wt+p)=1=1I";

Jjo
—pazgenuM U Ha [, HOJIy4YUM —- = Ue. = v =R
I e 1
1507051
U=RIi 2)

[lomydyeHHBIM pe3ynbTaT IOKa3blBA€T, YTO OTHOLICHUE JBYX
KOMIUIEKCHBIX BEJIMYMH €CTh BEIECTBEHHAsl KOHCTaHTa. Cliel0BaTeIbHO,
COOTBETCTBYIOIIME WM BEKTOPbl HAIpsKEHHUs U TOKa (cM. puc. 3)
COBITIAJIAIOT I10 HANPABJICHUIO.

Konaencarop

WneanbHbIil €MKOCTHBIM JJE€MEHT He 00J1aJlaeT HU aKTUBHBIM
COMPOTHUBJICHHEM (ITPOBOIUMOCTHIO), HU MHIYKTUBHOCTHIO (puc.4.). Eciau
K HEMY MPUIOXKHUTh CUHYCOMAAIbHOE HampsikeHue U =U,sin(wt+ @) (CM.

puc. 4), To TOK [ 4epe3 Hero OyIeT paBeH

dg _d au

1= CU)=C—=wCU, cos(ot +@) =
i dt( ) 7 o cos(at + @)

3)

[, sin(wt + @ + %)

C

|
O
|

{r Puc.4. O6o3HaueHue
KOHJICHCATOpA.

[TosiydeHHBIM pE3yJIbTAT IIOKA3bIBACT, YTO HANPSKEHHE HAa
KOHJIeHcaTope oTcTaeT mo ¢ase or Toka Ha 7/2. Takum oOpaszom, ecinu
Ha BXOJIbI JIBYXJY4€BOTO ocumuiorpada mogate curHaisl U U [, TO Ha
€ro fKpaHe OyJeT UMETh MECTO KapTUHKA, COOTBETCTBYIOIIAS pHUC. 5.

' B nannOM CiIy4ae TOYKa HaJ IEPEMEHHON 03HA4aeT KOMIUIEKCHYIO BeJIMuuHy. YacTo Takum
00pazoM 0003HaYArOT IPOU3BOIHYIO 110 BPEMEHHU.
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Puc.5. Puc.6.

N3 (3) BeITEKaeT: U, :%10 =X.1,, U =%I =X./. DBBeneHHbIN
[0 w

1
mapamMceTp X = _C Ha3bIBAKOT P€AKTUBHbIM €MKOCTHBIM
a

CONPOTHUBJICHMEM KOHAeHcaTopa. Kak u pe3sucTUBHOE CONPOTHUBIICHUE,
X, uMeeT pazmepHocTh OmM. OgHako B oTJIMUKME OT R JTaHHBIN MapameTp

SBseTCS (PyHKIIMEH YacTOTHI, YTO HWJUIIOCTpupyeT puc. 6. M3 puc. 6
BBITEKAET, YTO MPU w=0 KOHAEHCATOP IMPEICTABIISIET Pa3phiB IJIsl TOKA, a
npu w >0 X.=0.
[lepexoass OoT CHUHYCOMAAIBHBIX (DYHKIHMI HAmpsKEHHS M TOKa K
COOTBETCTBYIOIIMM KOMIUIEKCHBIM BEIUYMHAMH, MOJTYUHM:
U =U,sin(ot + ¢) = U =Ue”
I=1sin(wt+@+7/2)=1=1""""
pas3zenaruM NepBoe YpaBHEHHE HA BTOPOE:
U Ue’” Ue”

— = — _ -jrl2 _ _
I _]ej(rp+ﬂ/2) - R =Xce =—jX. =2,

178)0%1
U=—jXA=2Z.1 4)
B nocnenHem cooTHOmEHMHM Z. =-—jX,. — KOMIUIEKCHOE COIPOTUBIICHUE

KOHJEHCATOpa. YMHOXXEHHE Ha —j=e /">COOTBETCTBYET IOBOPOTY
BEKTOpa Ha yroj z/2 mo 4acoBou ctpeisike. ClieoBaTebHO, YPaBHEHUIO

(4) cOOTBETCTBYET BEKTOpPHAs AUArpamMMma, MpeicTaBieHHas Ha puc. 7.



Im

0 Re Puc.7.

KaTymka HHAYKTHBHOCTH.

WneanbHbIi WHAIYKTUBHBIM 3JEMEHT HE 00JIafaeT HH aKTHBHBIM
COIIPOTHBJICHUEM, HHU €MKOCThIO. IIyCcTh mpoTekarIuii yepe3 Hero TOK
(cMm. puc. 8) ompenensiercss BbIpaxkeHuem [ = sin(wt+¢). Torma s

HaIIPpsZKCHUS HA 3aKMMax KaTYIIKW HHAYKTHBHOCTH MOJKHO 3aIIMCaTbh

dd d
U=—-FE=—=—(L)=oLl, sin(owt+@+77/2)=
7 dt() o Sin(at + @ ) 5)
Uysin(ot+o+7/2)
L
LN 22’2 2 N
U

Puc.8.

[TonyueHHBIA pe3yJabTaT I[OKA3bIBAE€T, YTO HAINPAKEHHE HA
KATylIKe HHIYKTHBHOCTH omepe:xaer mo ¢asze 1ok Ha 7z/2. Takum
0o0pa3oM, €ciM Ha BXOJIbl JBYXJIyYEBOIO OCIMLIOrpada MmojaaTh CUTHAIIBI
U u I, TO HA €ro 3KpaHe (MACaIbHbIM WHIYKTUBHBIM 3JE€MEHT) OyIer
UMETh MECTO KapTHUHKA, COOTBETCTBYIOIIAs pUC. 9.

N3 (5) BeiTekaer: U, =wll, = X,[, umu U = oLl = X, I .

Beenennwli  mapamerp X, =®L  Ha3bIBalOT PeaAKTHBHBIM

WHAYKTHUBHBIM CONPOTHBJICHHUEM KATYIIKH, €r0 pa3dMepHOCTh — OM.
Kak 1 y €eMKOCTHOTro »JeMEHTa, 3TOT MapaMmeTp SBISETCA (QPyHKIUEH
yacToThl. OHaKO B JAHHOM CJIy4ae 3Ta 3aBUCMMOCTb UMEET JIMHEHHBIN
xapakrep, uto wunoctpupyet puc. 10. 13 puc. 10 BeITEKaeT, 4TO IPU o =0
KATYyIIKa WHIYKTUBHOCTH HE OKa3bIBAET CONPOTHUBJICHUS MPOTECKAIOLIEMY
yepes Hero TOKY, U IIpU @ —> o0 X, —> 00.

Ilepexonss OoT cHUHyCOMAQIBHBIX (DYHKIMI HampsKEHUS M TOKa K
COOTBETCTBYIOIINM KOMIUIEKCHBIM BEJTUYHMHAM, ITOJIYYHM:



U=U,sin(ot+@+7r/2)= U =Ue"""?,
[ =1 sin(ot+0¢)= I =1Ie",
pa3eiuM IIepBOe YpaBHEHHUE Ha BTOPOE:
) J(p+n/2) jo _jmi2
U_te —_UYee _xe-jx =z
1 le” le”

U=jX1=21 (6)

Pnc.9. Puc.10.

B nmomydeHHOM cooTHomeHun Z, = jX, — KOMIUIEKCHOE COIPOTUBICHUE
KATYIIKM HWHIYKTUBHOCTH. YMHOXEHHE Ha j=e’’ COOTBETCTBYET

MOBOPOTY BEKTOpa Ha yroa m/2 TPOTUB YaCOBOM  CTPEJIKH.
CrnenoBaTenbHO, YpaBHEHUIO (6) COOTBETCTBYET BEKTOpHAas Jauarpamma,
npeJicTaBlIeHHas Ha puc. 11

|

I

Re
Puc.11.



IocienoBaTebHOE COeIMHEHNE AKTUBHBIX M PEAKTHBHBIX
3JIEMEHTOB LeMnen.

ITocaenoBarebHOE COeITMHEHHE PE3MCTHBHOIO0 M MHAYKTHBHOIO
JJIEMECHTOB.

[Iycte Ha cxeme Ha puc. 12 1= sin(wt+¢). Torma mnmaageHwue

HANPSDKEHUST HA BCEM LENM PABHO CYMME IMAJICHUM HANPSHKEHUN Ha
KaXXJIOM U3 3JIEMEHTOB LEIHN:

U=U,+U, =olLl sin(of+¢@+n/2)+ Rl sin(ot+¢) =

R’ +(wl)’ I, sin(wt + ¢+ arctg(oL/R) = (7)
U,sin(of + o+ y)
e U, =R +(ol)'I, =71, Z =R +(ol) —  TIOJTHOE

ol .
CONPOTHUBJICHUE IIEMH, | = arctg? — (ha30BbBIN CIIBUT, PUYEM MPEACIIbI

u3MeHeHust y: O0<wy <m/2.

e v s
o LWL —
L |

U,

=

U Puc.12.

VYpaBHenuto (7) MOXHO IOCTaBUTh B COOTBETCTBHE COOTHOIICHUE
U=U,+U, =Rl + jX I =(R+ jX,)I =ZI , xoTopoMy, B CBOIO 04epejb,
COOTBETCTBYET BEKTOpHas Auarpamma Ha puc. 13. Bektopsl Ha puc. 13
00pa3yoT (uUrypy, Ha3bIBAEMYyI0 TPEYIrOJbHHUKOM HANPSAKEHUI.
AuanoruuHo Belpaxkenue Z =R+ jX, =/R’ +(wL)’ = Ze" rpaduuecku
MOET OBITh MPECTABICHO TPEYrOJbHUKOM CONMPOTHBJIEHMH (CM. puC.
14), xoTopblii TOAO0OEH TPEYTOJbHUKY HANPSHKECHUH.

- :
Z
UL =JX'_I Ap=wL
/m /m
U, =RI i R =

Puc.13. Puc.14.




IocaenoBareibHOE COeIMHEHUE PE3MCTHBHOIO U EMKOCTHOIO
JJIEMECHTOB.

Omyckass  ITPOMEXYTOYHBIE  BBIKIAAKH, C  HCHOJIb30BAaHUEM
cooTHoleHu# (2) u (4) ayist BETBU Ha puc. 15 MOXXHO 3amucaTh

U=U_+U,=RI-jX._I=(R-jX)I=ZI (8)
rie Z=R-jX =R +X e" =R +(1/oC)e" =Ze",
X
=—arct € =—qrctg——, TNOpUUYEM TIIpedciabl HU3MEHCHUS :
v g R g oCR 1Y p v
-n/2<y<0.
S R
I | | I
“3 | | [ F——
Ue Ue
U

Punc.15.

Ha ocHoBanum ypaBHeHuss (7) ™MoryT OBITh TOCTPOCHBI
TPEYTrOJIbHUKHU HaNpsiKeHUU (cM. puc. 16) u conpoTtusienuii (cm. puc. 17),
KOTOpBIE SIBJISIIOTCS MOAOOHBIMH.

U, =RI i R
Y <0 Y <0

U.=jX.1 X.=1/(@C)

Puc.16. Puc.17.

HN3mepenue pasHoctu a3 merogom puryp Jluccaxy.

B kadectBe OgHOTO M3 METOAOB Il W3MepeHus: casura ¢as
UCIIONIB3YEeTCA TaK Ha3biBaeMblii Metoj ¢uryp Jluccaxy. s storo X —
BXO/J1 ocIiuTorpada MmoAKIYaeTCs K BBIXOIY U3MEPUTEIHHOTO MOJTYJIS H,
COOTBETCTBEHHO, Ha HETO MO/Ia€TCs BHIXOJHOW CUTHAJI M3y4aeMOH 1eTH, a
X — BXOJI K BBIXOJy TI€HEparopa, COOTBETCTBEHHO, Ha HETO IMOCTYMHaeT
BXOJHOW curHal. B ciydae, korma caBur (a3 MeXay BXOIHBIM U
BBIXOJIHBIM HAIPsDKCHUSIMH  PaBEH HYJIIO, Ha JKpaHe ociuuiorpada
HaOMroaeTca oTpe3ok mpsmout nauHuu. [Ipu HenyneBom casure ¢as Ha
skpaHe ocuwuiorpada Habmogaercs ssuunc (puc.18). C moMolbo

10



PETYJISITOPOB MOCTOSSHHOTO CMEIICHUS JIy4a, JJUIAIC CMEMIAETCS TaKuM
oOpa3oM, YTO €ro IEHTP COBMAJaeT C IIEHTPOM MAacCIITaOHOW CeTKHU
ocimwuiorpadga. 3aTeM ONPENeNsIOTCSA: PACCTOSHUE MEXAy TOYKaMu
NEPECEUCHUS DIUIANCA C TOPU3OHTAIBHOM OCBhIO U, U €ro MakCUMalbHas

.U,
U, . Cunyc yrna casura (a3 onpenensercs Kak sing = o
2

Puc.18.

IIpakTH4yeckas 4acThb.

OKcnepuMeHTallbHasi YCTaHOBKAa (pUC.) TMpeacTaBisieT coOoi
MaKeTHYyI0 IUIaTy, Ha KOTOpPOM pACHOJOKEHbl paboune 3IEMEHTHI:
KAaTylIKa WHIYKTUBHOCTH, KOHAEHCATOppl M pe3uctopsl. Karymka
MHAYKTUBHOCTH HaMOTaHa Ha (PTOPOIUIACTOBOM KapKace W MOMEIIEHa B
OpoHeBoit (heppuToBsIil cepacyHuk Mapku 2000HM.

Puc.19.

11



Ha makere mmeercs «Bxom» u nBa BeIxona: «Breixon 1» um «Beixon
2». KpacHble KJI€eMMBI — CUTHaJbHBIC, YEpHbIE — OOIMI mpoBoa. B
IpoIecce  IMPOBEICHHUS  OKCIIEpUMEHTAa  IIpemoiaracTcs  cOopka
HCCIEYEMOW CXEMbI C TOMOIIBIO COEIUHUTEIBHBIX MPOBOJHUKOB.
BOmm3n kaxxaoro 3yeMeHTa MMEIOTCS KOHTAKTHBIE OTBEPCTHS K KOTOPHIM
MOJIKJIFOYAIOTCS COEIUHUTEIBHEIE TpoBoa (puc.20).

Puc.20.

HcTounuk NEPCMCHHOI'O HAIPSIKCHUA IMOAKIIOYACTCA KO BXOJAY MAKCTA,
HU3MCPUTCIIbHBIC HpI/I60pBI K BbIXOJaM MaAKE€Ta, COOTBETCTBCHHO,
OCYHICCTBJIAOTCA COCANHCHUA HAa MAKCTC.

IIpakTH4yeckue 3aJaHus.

Ha makere uMeeTcsi KOMILIEKT 3JIEMEHTOB: KaTyIllKa WHAYKTUBHOCTH
L=526MmI'H, HaObop konmeHcatopoB C;=33H®D, C,=22HdD, C;=151D, a
Takke Habop pesuctopoB R;=1.3kOM, R,=0.51xOm, R;=0102kOm,
R4=0.12xOm, Rs=510m. IIpexae ueM mpucTynuTh K paboTe HEOOXOIUMO
OTIPEACIUTD y TIPEMoAaBaTeNsl KaKUe dJIEMEHTHI UCIIOIB3YIOTCS B 3aJaHHUM.

N3vuenue nocaenoBarebLHoi RR—1enm.

CoOpaTh Ha MakeTe cxemy, IpeAcTaBieHHYI0 Ha puc.2la. 3arem
coOpaTh cxeMy ISl U3MEPEHUI B COOTBETCTBUU C pUC.210, rne R =kOwm,

R, =xOwm.

12



BxrounTh yCTaHOBKY, YCTAaHOBUTh 3HAYEHHME YaCTOThI I€HEpATOpa
15", mo ocumuiorpady yCcTaHOBUTH aMIUIUTYy reHeparopa 5 B. Ilo
ocmuiorpady ompeneauTb aMIUIMTYAy HampsbkeHus Ha pesucrtope. [lo
JAHHBIM HAIPSKEHHUST HA TEHEPATOPE M BEIMYMHBI R ONPENECIIUTH CHUILY
TOKa B 1ienu. Bximouutek ociusuiorpad B pexum X —Y u metoaoMm puryp
Jluccaxy omnpenenuTs cABUT (a3 MEXKIy HANpPsHKEHUEM Ha pPe3UCTope U
HaIpsKEHUEM reneparopa. Jlanasie 3aHecty B Tadnuiy. 1.

- u F‘*
R,
Tenepatop Bxon
Bxon | 2 r3-112
R, Berxona 2
R, Brixomx 2 - !
L - !
I O

Y2

o l Brixon ]? Py
6 Y1

Ocriorpady

Bhixost | s C1-102
| Puc.21. | v o) |
Tabnuua 1.

Bennunna kI | UrB | R;,OM | R,,OMm | Up,B | LTMA | @, rpan.
OKCIEPUMEHT
Teopus

JI71st 3alaHHBIX TIPENoAaBaTesieM 3HAaUCHUN R, U R, TIOCTPOUTH BEKTOPHYIO
JdarpamMMy, paccuMTaTh CIBUT (ha3 MEXAYy HaIpsOKEHHEM Ha Pe3UCTope U
HalpsoKEHHEeM reHepaTtopa. Pe3ynbTarel pacuera 3aHecTH B Tadiauimy 1 u
CpPaBHUThH C JKCIEPUMEHTOM. J[aTh OOBSICHEHUE MOJYYEHHBIM JIaHHBIM.
N3mMmeHss 3HaYeHWE 4acTOThl TeHepaTtopa B auarna3zoHe oT 5 go 40xl,
MIOCTPOUTH 3aBUCUMOCTh aMILIUTY/Ibl HAMPSHKEHUST HA PE3UCTOPE U CIIBUTA
¢da3 oT yacToThl. JlaHHBIE TPEACTABUTH HA OJHOM I'paduKe.

HM3ydyeHue mocjie10BaTeJIbHOM RC—uerm.

CoOpaTh Ha MakeTe cXeMmy, NpPEACTaBIICHHYI Ha puc.22a. 3arem
cobpaTb CXeMy /I H3MEpPEHUH B COOTBETCTBUM C puC.220, Trae
R= kOm, C = HO.

13



BxrounTh yCTaHOBKY, YCTAaHOBUTh 3HAYEHHME YaCTOThI I€HEpATOpa
15", mo ocumuiorpady yCcTaHOBUTH aMIUIUTYy reHeparopa 5 B. Ilo
ocmuiorpady ompeneauTb aMIUIMTYAy HampsbkeHus Ha pesucrtope. [lo
JAHHBIM HAIPSKEHHUST HA TEHEPATOPE M BEIMYMHBI R ONPENECIIUTH CHUILY
TOKa B 1ienu. Bximouutek ociusuiorpad B pexum X —Y u metoaom puryp
Jluccaxy omnpenenuTs cABUT (a3 MEXKIy HANpPsHKEHUEM Ha pPe3UCTope U
HaIpsHKEHUEM reneparopa. Jlanasie 3aHecTy B Ta0uILy. 2.

o O
C —— J [ S—

Bxoj o

[eneparop

Bxoz 3-112
R Brixon 2
R Brixon 2 —‘

o ]

- 1
o . _L o _'
Brixo 1 Py
l ? Y2
(o]
Brixoj 1 Y1
a) Ocumnmiorpad
Cl1-102
0)
Puc.22.
Tabnuia 2.

Bennunna £kl | UrB | R,OMm | CMKD | Up,B | LMA | @,rpan.

OKCIEPUMEHT

Teopus

Jns 3amanHbIX 3HaueHHM R w C TIOCTPOUTH BEKTOPHYIO THATPAMMY,
paccuuTaTh CIBUT (a3 MEXIy HalnpssKeHHWEM Ha  PEe3UcTope U
HaIpsoKEeHUEM reHepartopa. Pe3ynbTarhl pacuera 3aHECTH B TaOJUIly 2 U
CpPaBHUThH C JKCIEpPUMEHTOM. J[aTh OOBSICHEHUE TMOJYYEHHBIM JTaHHBIM.
N3MeHsas 3HaYeHHWE 4YacTOThl T'eHeparopa B auamna3oHe oT 5 g0 40xI'm,
MOCTPOUTH 3aBUCHUMOCTh aMIUIMTY/Ibl HAMIPSHKEHUS HA PE3UCTOPE U CIIBUTA
¢da3 ot yacToThl. [[aHHBIC MPEACTABUTH HA OJHOM IpaduKe.

N3vuenue nociaenoBarebHoi RL—1enmu.

CobOpaTh Ha MakeTe CcXemy, MpeACTaBICHHYI0 Ha puc.23a. 3areMm
coOpath cxeMmy JUisl U3BMEPEHUI B COOTBETCTBUM C puc.230, rae R =kOwm,
L =wmIH.
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Bxi1rounTh yCTaHOBKY, YCTAaHOBUTH 3HAYEHUE YACTOTHI TeHeparopa 15kl ',
no ocowuiorpady yCTaHOBUTh aMIUIUTYay TreHepatopa S5 B. Ilo
ocluuiorpady ompenenuTh aMIUIMTYyAy HampsikeHus Ha pesucrtope. [lo
JJAaHHBIM HAIpsHKEHHUS HAa TEHEPATOPE W BEIMYUHBI R ONPEICIUTh CHUITY
TOKa B 1ienu. BkimouuTs ociiuiiorpad B pexum X —Y u metoaom puryp
Jluccaxxy onpenenuth cABUT (a3 MEXAY HANpPSHKEHHUEM Ha PE3UCTOpE U
HaIpsKEHUEM reHeparopa. JlanHbie 3aHecTy B Ta0auIy. 3.

Tabnuia 3.
Bennunna R,Om | fxI' | LomIH | Ug,B | Ur,B | [MA | p,rpan.

ODKCHEPUMEHT

Teopus

Jns 3amaHHbIX 3HaueHUM R u C TIOCTPOUTH BEKTOPHYIO THATPAMMY,
paccuuTaTh CIBUT (a3 MEXIy HanpssKeHHEM Ha  Pe3ncTope U
HalpsoKEeHUEM reHepartopa. Pe3ynbrarel pacuera 3aHECTH B TaONuUIly 3 U
CpPaBHUThH C JKCIEpPUMEHTOM. J[aTh OOBSICHEHUE TMOJYYEHHBIM JTaHHBIM.
N3meHsa 3HaueHWE 4acTOThl TeHepaTtopa B auarna3zoHe oT 5 o 40xl,
MOCTPOUTH 3aBUCHUMOCTh aMIUIUTY/Ibl HAMIPSHKEHUS HA PE3UCTOPE U CIIBUTA
¢da3 ot yacToThl. [JaHHBIC MPEACTABUTH HA OJHOM IpaduKe.

N3yuenune nocaenosareabHoin RLC—enn.

CoOparb Ha MakeTe CxeMy, IpeJICTaBICHHYIO Ha puc.24a. 3aTem
cobpaTh cxeMy Uil HW3MEpPEeHHl B COOTBETCTBMM C puc.240, rae
R = kOM, L = MIH, C = HOD.

15



O
L ‘ L
['enepartop (e —
C _ I'3-112 B -
———o0
Bxo;
aa s R [] Bbixon 2
R |::| Brixon 2 |
o o i
O i O
Brerxon 1 &
? Y2
¢}
xl Ocuuiuiorpad
Brerxos 1 a) C1-102
- . 6)

Puc.24.

BxitounTh yCTaHOBKY, YCTAaHOBUTH 3HAYEHHE YAaCTOTHI TE€HEpATOpa
15kI'u, mo ocuuminorpady yCTaHOBUTH aMIUIUTyay reHepatopa 5 B. Ilo
oclmiuiorpady ompenenuTh aMIUIMTYAYy HampsikeHus Ha pesucrtope. [lo
JTAaHHBIM HAIpsHKEHUS HAa TEHEPATOPE U BEIMYUHBI R ONPEICIIUTh CUITY
TOKa B 1ienu. BxkimouuTs ociiuiiorpad B pexum X —Y u MeToaoM puryp
Jluccaxxy onpenenuth cABUT (a3 MEXAYy HANpPSHKEHHUEM Ha PE3UCTOpE U
HaIpsHKEHUEM re’eparopa. /Jlanabie 3aHecTu B Taduily. 4.

Tabmuma 4.
Beanunna UrB |fxI'nm |ROm |C n®| LMl | Up,B | [MA | p,rpan.

OKCIIEPUMEHT

Teopus

s 3amannbix 3HaueHUM R 1 C MOCTPOUTH BEKTOPHYIO JUarpaMmy,
paccuuTaTh CIBUT (a3 MEXIy HalpsKeHHEM Ha pe3ucTope U
HaIpsoKEHUEM reHepartopa. Pe3ynbrarhl pacuera 3aHECTH B TaOJUIly 3 U
CpPaBHUTH C JKCIEPUMEHTOM. J[aTh OOBSICHEHUE TMOJYYEHHBIM JTAHHBIM.
N3meHsa 3HaueHWE 4acTOThl TeHepaTtopa B auarna3zoHe oT 5 o 40xl,
MOCTPOUTH 3aBUCHUMOCTh aMIUIUTY/Ibl HAMIPSHKEHUS HA PE3UCTOPE U CIIBUTA
¢da3 ot yacToThl. [[aHHBIC MPEACTABUTH HA OJHOM IpaduKe.
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KoHTpoJibHBIE BOIPOCHI.

1. Kakne TOKM 1 HalpsHKEHUsT HA3bIBAKOTCS rapMOHUYeckumu? Kakumu
MapamMeTpaMu OHU XapaKTEPUZYIOTCS?

2. YUto Ha3pIBAIOT JACHUCTBYIOUIMM 3HAYEHHEM TEPUOIUYECKOIO
KojeOaHus?

3. UeMy paBHO JEHUCTBYIOIIECE 3HAYCHUE TAPMOHHUYECKOTO TOKA HWIIH
HanpsKCHU?

4. B yeM CylIIHOCTh pEaKTUBHBIX COMPOTHUBIICHUI?

. Kakoil u3 »1eMEeHTOB: PE3UCTOp, KATYIIKy HWHAYKTUBHOCTH WU
KOHJEHCATOP — MOHO HCIIOJb30BATh B KAyeCTBE IIYHTA A
HaOroeHus 3a GopmMoit Toka?

6. [louemy  KaTymkdu  HWHIAYKTUBHOCTA M  KOHJICHCATOPHl  HE
VICTIOJIB3YIOTCS B LIEMAX MOCTOSSHHOTO TOKa?

7. KakuMM COOTHOIICHUSIMM CBSI3aHbl AMIUIATYIbl (J€MCTBYIOILINE
3HAYEHUSI) TAPMOHUYECKUX TOKA U HAIpPSHKEHUS Ha PE3UCTUBHOM
COIIPOTUBJIEHUH, UHITYKTUBHOCTH, EMKOCTH?

8. Kak caBuHyThl 10 (ha3ze TOK M HaNpsHKEHWE Ha PE3UCTHUBHOM
COIIPOTUBJICHUH, UHITYKTUBHOCTH, EMKOCTH?

9. Uto Ha3pBarOT BEKTOpHOWM auarpammon uenu? Iloctpoure
BEKTOPHBIE JUArpamMMbl MOCJHEAOBATENBHBIX W  IMAPAUIEIBHBIX
KOHTYpoB RC, RL, RLC Ha pa3HbIX 4aCTOTax.

N

10. Kaxk m3mepsitot yrou capura a3 meroaoM puryp Jlnccaxy?

11. Onumute oOlKMe MNPUHIUIIBI PpaboThl  ocuuiiorpada c
3JIEKTPOHO-Ty4EBOU TPYOKOM?

12. Kak ¢ momomipio ocmuwuiorpadga MPOU3BOASITCS H3MEPEHUS
aAMIUTUTY bl CATHAJIOB?

13. Kak mnpousBomsTCS HW3MEPEHUS YacTOThl, IIEpHOAA U
JUTUTETLHOCTH CUTHAIOB?

14. Kakwue Turbl pa3BepTOK Bbl 3HAETE?

15. Kakue Tumbl CHUHXpOHU3ALMMU Pa3BEPTKH ociuiuiorpada Bbl
3Haere?

16. Kak nmosmyuuts Ha ocumuiorpade ycromunBoe nzo0paxxeHue?
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IHpunoxenue 1. [Ipyamun padors! ocuusiorpada.

OCHOBHBIM M Hambojiee MHUPOKO NPHUMEHSEMBIM IPUOOPOM s
ucciaeaoBanus GopMbl HANPSHKEHUS CIIYKUT JIEKTPOHHBIN ocriuiuiorpad -
npudop i BU3YaJIbHOTO HAOMIONACHUS DJICKTPUUYECKUX CHUTHAJIOB U
M3MEPECHUS UX IMapaMeTPOB C IMTOMOIIBIO 3JIEKTPOHHO-Ty4YeBoU TpyOku. OH
OoTIIMYaeTcss  OONBIIMM  BXOAHBIM  CONPOTHBJICHHWEM,  BBICOKOU
YyBCTBUTEJIBHOCTBIO, MPEHEOPEKUMO MOl  HMHEPIHMOHHOCTHIO U
OOJIbIIION YHUBEPCATBLHOCTHIO.

O01mee yeTpoidcTBO ocmJuiorpada.

biok — cxema ocmwuiorpada mnpexacrtasieHa Ha puc.Ill. Ona
BKJIFOYAET CJIEAYIOUIME OCHOBHBIEC Y3JIbl. OJIEKTPOHHO-TydeBas TpyOka
(BJIT) - onpenensier NPUHIMI JEHCTBUS IPUOOPA, U OT €€ XapaKTEPUCTUK
B 3HAUYUTEIHLHONW MEpe 3aBUCAT MapaMeTpbl U BO3MOXKHOCTH MPUMEHEHUS
ocumiorpaga B 1enom. B ocummiorpadgax HCIHOJIb3YIOT, TJIaBHBIM
obpazom, DJIT ¢ 3ieKTpOCTATUYECKUM YIpaBlieHHEM JiydoMm. [Ipunimn
HaOmofeHusa GopMbl HANpPsDKEHUST Ha HKpaHe ocHuuiorpadguueckoin
TpyOKHU B OOIIMX YE€PTaX MOMXKHO MPEJCTABUTH CICIYIOIIUM 00pa3oM.

Hccnenyemoe  HampspDKeHHE — sBISeTCS  (QYHKIMEH  BpeMeEHH,
oToOpakaeMoil B MPSAMOYTOJbHBIX KOoOpAUMHATax rpapukom y = f(¢). JBe
napbl miacTuH OJIT OTKIOHAKOT 3JNEKTPOHHBIM JIyd B JIByX B3aMMHO
NEPIECHINKYISIPHBIX HAIMPABJIEHUAX, KOTOPbIE MOXHO PacCMATPHUBATh KAK
KoopauHaTHble ocu. IlosTomy gt HaOmogeHuss Ha dkpaHe IJIT
UCCJIEAYEMOT0 HaIpsDKEHUsT HEO0OXOIUMO, YTOOBI JIyd OTKJIOHSJICSA I10
TOPU30HTAIIBHOW OCH MPONOPILIMOHAIBHO BPEMEHH, a MO BEPTUKAIBHOU
OCH - IPOIMOPIMOHATBHO UCCIEAYEMOMY HAMPSIKEHUIO (B KaXKIbIi1 MOMEHT
BpeMeHHu). C 3TOW LENbI0 K TOPU3OHTAIBHO - OTKJIOHSIOIIUM IUIaCTUHAM
HNOABOJAST MWJIOOOpa3HOE HANpsDKEHUE, KOTOPOE 3acTaBisieT JIyd
NEPEMEIIATHCA 110 TOPU30HTAIM C MTOCTOSHHOM CKOPOCTBIO CIIEBa HAIIPaBO
1 OBICTPO BO3BpaIIaThCsi 00paTHO. PaccTosiHKe, MPOXOAUMOE JTy4OM BJIOJb
TOPU30HTAIBHOM OCH, MOJIyYaeTCsl IPONOPHHOHAIBHBIM BPEMEHMU.

HUccnenyemoe  HampspK€HHE  NOAAETCS  HA  BEPTUKAIBHO — —
OTKJIOHSAIOIIWE TUIACTUHBI U, CIEIOBATENBHO, MOJOKEHUE JTydya B KaXIbIi
MOMEHT BPEMEHHM OJIHO3HAYHO COOTBETCTBYET 3HAYECHHUIO HCCIIEIYEMOTO
CUTHAJIa B 3TOT MOMEHT. 3a BpeMsl JEHUCTBUS MUJIO00Pa3HOTO HANPSHKEHUS
Jyd BBIYEPUYMBAET KPUBYIO HCCleayemMoro curHaiga. HaOmromaemoe Ha
9KpaHe 300paK€HUEe HA3bIBAIOT OCIIMIIIOTPAMMOM.
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Kpatko paccMoTpuM (YHKIIMH, BBIOJHIECMBIE OCHOBHBIMH Y3J1aMHU
ocuuiorpada.

— ' Puc. IT1. O6mas GpyHKIMOHAIbHAS
v L 2 cxeMa ocuuuiorpada 1 - kanan
_*L——r— BEPTUKAILHOTO OTKJIOHEHHS; 2 -

KaJIMOpaTop aMILIMTYIbL, 3 - KaHall

TOPU30HTAILHOIO OTKIOHEHUS; 4 -

=
!
4444

e AJIEKTPOHHO-JIy4eBast TPyOKa; 5 - OJI0K
NUTaHus; 6 - KaHaJl yIIpaBJICHHS
z— ° 4 SAPKOCTBI0; 7 -KamuOpaTop
JUTUTEIILHOCTH.

Kanan BepTHKaNbHOrO OTKJIOHEHHUS «Y», WIM KaHal CUTHAJOB,
CIIYXKUT JJIS TPeoOpa3oBaHUsS HANPSHKEHHUS MCCIEIyeMOro CHrHajla B
COOTBETCTBYIOIIIEE €EMY BEPTHKAIBbHOE OTKIIOHEHHE Jiyda. OH COCTOUT W3
BXOJHOTO YCTPOMCTBA, YCHJUTEN BEPTUKAIBLHOIO OTKJIOHEHUS U
BEPTUKAIBHO — OTKJIOHAOMUX acTud DJIT.

BxonHoe ycTpOMCTBO COCTOUT W3 aTTEHI0ATOPa, IMO3BOJISIIOLIETO
0CJIa0UTh HCCIENYEeMbIM CHUTHAI B 1I€JI0€ YHCIO pa3 M COrjacoBaTh
BXOJHOE CONPOTHUBJICHUE KaHallda CUTHAJA C BOJHOBBIM CONPOTUBICHHEM
Kalensd, MO0 KOTOPOMY IMOCTYNaeT MCCIEAYEMbIM CUTHAJ; KaTOIHOTO
MOBTOPUTEJISI,  YCTPAHSIONIETO  BIUSHUE  KaHalla  BEPTUKAIBHOTO
OTKJIOHCHHSI HAa WMCTOYHUK U3MEPSEMOr0 CHUTHAIA M IO3BOJISIONIETO
MOJIYYUTh BBICOKOE BXOJHOE CONPOTUBJICHUE; JIMHUU 3aJepKKU (B
UMITYJIbCHBIX OCHUWIIOTpadax), odecrneunBaronield mojgadyy HUCCIeayeMoro
UMITYJIbCA HA BEPTUKAIBHO — OTKJIOHSIOIIME IUIACTUHBI C 3aJIEPIKKON
OTHOCHUTEJIbHO Hauajla FOPU30HTAIBHO — OTKJIOHSIOIIETO HAMPSKEHUS, YTO
JlaeT BO3MOKHOCTh XOPOIIIO HA0II01aTh (PPOHT UMITYJIbCA.

Ycunnurenb BEPTUKAIBHOTO OTKIOHEHHS YCHJIMBAET MCCIIETyEMBbIN
CUTHaJ, TMOJABa€Mbld CO BXOJHOTO  YCTPOWCTBA, JO YyPOBHS,
MO3BOJISIIOIIETO TOJIYYUTh JOCTATOYHOE BEPTUKAIBHOE OTKJIOHEHHE JIyya
(BeICOTY M300pakeHus curnasna) Ha 3xkpane DJIT.

Kanan ropu3oHTaNbHOTO OTKJIOHEHHUS «X» WM KaHal pa3BEpPTKH,
CIY>KUT JUIsl CO3JaHUsl W Tepe/lauyd HaNpsKEHUS, BBI3bIBAIOIIETO
TOPU30HTAIBHOE TMEPEMENIEHUE Jy4a, MPOMOPIUOHAIBHOE BpPEMEHHU.
Bropas  ¢yHkums ~ sTOro  KaHajga -  YCWJIGHME  CUTHAlA,
CUHXPOHU3UPYIOIIETO HANPSIXKEHUE TOPU3OHTAIIBHOTO OTKJIOHEHUs. B ero
COCTaB BXOJAT: T€HEPATOP HAMPSIKEHUS] TOPU30HTATBLHOIO OTKJIOHEHUS;
YCUJIUTEIb, YCUJIMBAIOIINKN BhIpabaThIBAEMOE I€HEPATOPOM HAIPSHKEHUE
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70 YpOBHS, HEOOXOAMMOTO ISl OTKJIOHEHMS Jiyda B TOPU30HTAJIbHOM
HalpaBJICHUU; TOPU3OHTAIBHO — OTKJIOHSIOIIME IUIACTUHBI, CXEMa
CUHXPOHU3AIMY, TpeTHa3HAYCHHAasl JIsi MpeoOpa3oBaHUs, YCWICHHS U
pETyJIUMpOBaHUs  aMIUIMTYZAbl, a TaKke W3MEHEHUS MOJIIPHOCTH
CUHXPOHU3UPYIOLIMX  HampsokeHud. HMHorma Ha  BXoAe — KaHaza
TOPU3OHTAIBHOTO OTKJIIOHEHUS UMEETCS ATTEHIATOP.

Kanain ynpasiieHUs SIPKOCTBIO «Z» IPEIHA3HAYEH IS MEPENAYn CO
BXOJIa «Z» Ha ynpaBJSIOmMK 3J1eKTpo DJIT curHamoB, MOIyIUPYOIIUX
ApKOCTh cBeueHUs. OOBIYHO OH COCTOUT U3 YCUIIUTEINSI, KOTOPBINA, TOMUMO
YCWJIEHHS,  TIO3BOJISIET  W3MEHATh  IOJSIPHOCTh  MOJIYJIUPYIOILIETO
HanpspDKEHUA. B 3TOT K€ KaHa 4dauie BCEro MOAAeTCs HAIPSKEHUE OT
KaJIMOPOBOYHOI'O TeHEepaTopa METOK BPEMEHH.

Kanubpatoppl  NpUMEHSIOTCS Uil WU3MEPEHHUs  MapamMeTpoB
UCCIIEAYEMOro curHaia. Kak mpaBWiio, MU SIBJISIFOTCS YCTPOMCTBA IS
U3MEPEHUS HANPSIKEHUS U JUIMTEIIBHOCTU. bJIOK MUTaHWsI COCTOUT U3 ABYX
BBIIIPSMUTENEN - BBICOKOBOJIBTHOTO, MIUTAIOIIETO BHICOKAM HANPSKEHUEM
OJIT, ¥ HU3KOBOJIBTHOIO, IIMTAIOIIETO BCE Y3/Ibl ocHwuiorpadga u
HU3KOBOJIBTHBIE JJIEKTPOABI TPYOKH, a TakKe CXEMbl PETYJIUPOBOK
HaMpSOKCHUM, yIPaBISIONIUX SPKOCTHIO, (DOKYCHPOBKOM M TOJIOKEHUEM
cBeTAIerocs natHa Ha skpane JJIT.

Tunsl ociJLIOrpaduYecKNX Pa3sBepToK.

PaznuuaioT HECKOJIBKO BHJIOB Pa3BEPTOK, HCHOJIb3YEMbIX B
ocriorpaguyeckux npudopax. B ux Ha3zBaHWUU HET €AUHOOOpa3usi, HO
UMeeTCs ompeielieHHast cuctemMa. Eciii pa3BepTKy MOJIy4aroT B Pe3yJibTaTe
MOJIayul Pa3BEPTHIBAIOIIECTO HAMNPSDKEHUS HA OAHY IMapy OTKJIOHSIOMIMX
IJIACTUH (KaK MPaBWJIO, TOPU3OHTAIIBHO—OTKIIOHSIONINX ), TO €€ Ha3bIBAIOT
no (Qopme  pa3BepTHIBAIOIICTO  HAMNpsOKEHUs —  muiiooOpasHas,
AKCIIOHEHIMAaIbHAs, CUHycouaanbHas. Korma »xe pa3BepTka cosnaercs
nojadyel HampspKeHUss Ha 00e maphl IUIACTUH OJHOBPEMEHHO (M Ha
paauaibHO — OTKJIOHSIOUIMNA 3JEKTPOJl — B CIEHHAIbHBIX TpyOKax), ee
Ha3BaHUE COOTBETCTBYET (OpME TPACKTOPHH, MPOUYECPUUBAEMOM JIyUOM:
KpyroBas, dJIMOTUYECKas, CIupanbHas, paauanbHasg. [Ipu mroboit dopme
pa3BepPTHIBAIOIIETO HAMpPSKEHUs, MMOJaBa€MOro Ha OJHY Mapy IJIACTHH,
clie[l Jiy4a, BHUJIMMBIA HAOIIOJATENI0, MPEACTaBIsET COO0OM MPsAMYIO
JHHUIO.

JIuneiiHast HenpepbIBHAsA pa3BepTKa. /(11 pa3BepTKU 3TOro BHUAA
XapaKTepHO HEMNPEpPHIBHO TOBTOPSIOUIEECS MEpPEMEIleHHe Jy4ya IIo
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TOPU3OHTAIN,  HPONOPIHUOHAIBHOEC  BPEMEHH. OHa  co3paercs
MUJI000pa3HbIM, T.€. JIMHEWHO U3MEHSIONMMCS HanpsbkeHueMm (puc.I12.).

A

/ B t
— tnp ’ TOGP
— T Puc. I12. JIuneitHas pa3Beprka.

[Ipy MUHUMaATBLHOM 3HAYEHUM Pa3BEPTHIBAIOIIECTO HAIMPSIKEHUS
(rouka O) y4y HaXOAUTCA B KpailHEM JIEBOM TMOJOXXEHUU Ha
TFOpU3OHTAIBHOM TmpsAMoOW 3KkpaHa. I[lo Mepe pocta NHIO00Pa3HOTO
HalpsOKEHUs  JIyd [EepEeMENIaeTcsl CJeBa HampaBO C  IMOCTOSHHOMN
CKOPOCTBbIO. DTO TMEpPEMEICHUE, HA3bIBAEMOE HNPAMbIM X000OM JIyud,
MPOUCXOJUT B T€YEHHUE BpeMeHH T, MOoKa pa3BepThIBAIOIICE HANPIKEHUE
HE JOCTUTHET MaKCMMaJIbHOW BeaumuuHbl (Touka A). Ilpu Hamiexamiem
BBIOOpE aMIUIUTYAbl TUiI000pa3Horo Hampsbkenuss Uy, Jyd 3a Bpemst
IpsSMOTO XOJa t,, IEPEMECTUTCS B KpallHEE MPaBOE MOJIOKEHHE HKpAaHa.
Korga nHanpspkenue crnagaet ot A 1o b, myd coBepiaer oopammuiti X00 -
3a BpeMs T.s, OBICTPO BO3BpallaeTcs B UCXOIHOE IMOJOKEHHUE, YTOOBI B
CIEAYIOIIMNA TEePHOJ TMOBTOPUTH IUKJI, COCTOSIIIUM U3 TMPSIMOro |
00paTHOTO X0/a.

Tak KaK KaXAbIM MOCIEAYIOIIUN UK MTHI000pa3HOro HAIPSKEHUS
HEMPEPHIBHO CJIEAYET 3a ONPEABIAYIIMM, TO paccMaTpuBaemas pa3BepTKa
ABJIAECTCA JIMHEWHOW HenpepvigHou. (OUEBUIAHO, TEHEPATOP TAKOU
pPa3BepPTKHU JOJDKEH paboTaTh B aBTOKOJIE0aTEILHOM PEXKUME.

OCHOBHBIE XApPaKTCPUCTUKU JIMHEWHON HENPEPBIBHOW Pa3BEPTKU:
nepuon T, = t,, + Tyg, unu yactota F = 1/ T, pa3BepTKHU 1 MakKCUMaJIbHOE
OTKJIOHEHHE  Jlydya 3a  [EPUOJ,  OINpEIeIsIeMOe€  aMIUIUTYI0N
Pa3BEPTHIBAIOIIECTO HANPSHKEHUA. JJISI TOTy4YeHHs] BBICOKOKAYECTBEHHOTO
U300pakKeHUsI HUCCIEIyEeMOTo TMpollecca HEOOXOAUMO  BBITIOJTHEHUE
yciaoBus t,,>>T.s. B coBpeMeHHBIX ocuuiiorpadgax 3To TpeOoBaHUE
Bcerja BbImoyHsAeTcs. KpoMe Toro, jyd racsit npu oOpaTHOM XOJ€ WU
MOACBEUMUBAIOT IIPU MPsAMOM. [[pakTHUeCKH MOKHO CUMTATh, uyTO T = typ.

YtoObl JMUHUS Pa3BEPTKU WIM HM300paKEHUE CUTHAJIA HE MEpIaIH
pu HAOIIOJICHUH, JIyY JIOJIKEH MPOYEPUUBATH OJJHY U TY K€ TPACKTOPUIO
He meHee 15-20 pa3 B cekyHay. [Ipu 3TOM HCIIONB3yeTCs] MHEPUMOHHAS

0__--"'
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CIIOCOOHOCTbH YE€JIOBEYECKOI0 rjla3a COXPaHSATh 3PUTEIHHOE BIICUATICHUE
npumepHo 1/15 cek.

N300paxeHnne npeacTaBiIsieTcs HAOMIOJATEII0 HEMOABUKHBIM, €CIIU
Jy4 OpHU KaXKAOM MPSMOM XOJI€ TPOUYEPUUBAET OJIHY U TY K€ KPUBYIO. ITO
JOCTUTAETCA TOTJA, KOTJa IMEPUOJ PAa3BEPTHIBAIOIIECTO HANPSKEHUA T
paBeH WM KpaTeH nepuony uccaenyemoro curHana T, 1.e. T, =Ty
nanTn =nT,.

JIBa koyieOaHUs1, Y KOTOPBIX YacTOThI (IEPUObI) PABHBI WU KPATHBI
U W3MEHEHHUI0O OJHOW M3 YacTOT COOTBETCTBYET NPOHOPLUOHAIBHOE
MU3MEHEHUE BTOPOI YaCTOThI, HA3bIBAIOTCS CUHXPOHHbIMU. TakuM 00pa3om,
JUISl TIOYyYE€HUS HEMOJABUXKHOTO M300pPaXKECHUSI HANpSHKEHUE Pa3BEPTKU U
UCCIEAYEMOE  HalpsDKeHWE  JOJDKHBI  ObITh  CHHXPOHHBIMH.  JTO
JOCTUTAETCS CUHXPOHU3AIMEN HANPSIKEHUS PAa3BEPTKU HMCCIIEIYEMbIM
CUTHAJIOM WJIY BHEIIHUM HAIPSKECHUEM.

BaxxHo oOTMeTUTh, 4YTO NWIOOOpa3HOE HampsiKEHHWE He ObIBaeT
CTpPOro JIMHEHHbIM. YacTO OHO M3MEHSETCS IO JKCIIOHEHTE, OJU3KOU K
MPSAMOM, IPUYEM CTEICHb JIMHEAPU3AIMH 3aBUCHT OT CXEMbI T'€HEpaTopa
pasBepTku. Ilpm HemocTaToyHO OOJBIION IOCTOSHHOM  BpEMEHU
AKCIOHEHTHI (popMa HaOJII0/1aeMOr0 HAPSIKEHUS UCKAXKAETCA.

JIuneliHas xaymas pasBeprka. Yacto ociwuiorpad MCIOIB3YIOT
IUI. MCCIIEOBAHUS PA3JIMYHBIX HMITYJIbCHBIX IPOLECCOB, B TOM YHUCIIE
Henepuoauueckux. HempepbiBHas pa3BepTka HE IMO3BOJSET HaOII0AaTh
OJIHOKPATHBIC HUMIYJIbCHI, & NPU HUCCIEJOBAHUMU IPOIIECCOB C OOIBIION
CKBa)XXHOCTBIO OHA OKa3bIBaeTcs ManodpdekTuBHON. B nociaegHem ciyvae
CIIMIIKOM MaJiasi 4acTh MEPUOJIa CIEIOBAHUS UMITYJIbCOB MPUXOJIUTCS Ha
JOJIF0 UMITYJIbCA, & €70 BEPIIMHA HAOII0JAETCA B BUAE CBETSIICICS TOUKH.
WNuaue roBops, OoJiblliasi 4acTh MEPUOJA HAMPSHKEHUS TOPU30HTAIBLHOMN
Pa3BEPTKHU HE UCHOJIb3YETCH.

3ajaya  UMCCIENOBAaHUS  HENEPUOAUYECKHX  HMIYJIbCOB W
NEPUOIMYECKUX HMIYJIbCHBIX MPOIECCOB C OOJIBIION CKBAXKHOCTHIO
YCIEIIHO PEMIAaeTCd C MOMOIIBI0 XKAYIIEH pa3BepTku. EE CymHoCTbh
3aKJIFOYAE€TCA B TOM, YTO PA3BEPTHIBAIOIICE HAIMPSIKCHUE IOJACTCS HA
TOPU30HTAJIbHO-OTKJIOHAOIIME  IUIACTMHBI  JIMIOb  TOrAa,  KOraa
UCCIEAYEMbII UMIYJIbC MOCTynaeT Ha Bxoj ocumuorpada. Ilocme Toro
KakK IMOJI IEMCTBUEM PA3BEPTHIBAIOIIETO HANPSKEHUA JIyd COBEPIIUT OAWH
[UKJI TIPSIMOTO M OOpaTHOTO XO0/a, pa3BepTKa MPEKPAIIaeTCs U <OKIET»
OpUXOJa HOBOIO HMIYJbCa, 3amyckawlomero e€. JInurenbHoCTh
NUJI000pa3HOT0 HANPSHKEHUS TMPU KIAYIIEH pa3BepTKE MOXKHO BBIOpATh
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HEMHOTO OOJbIlIe JIUTETbHOCTH HAOII0JaeMOro MMITyJdbca. ITO
MO3BOJISIET  MPU  HAJICKAIIEH  CKOPOCTH  PA3BEPTKH  IMOJYUHUTH
n300paKeHUE UMITYJIbCA, 3aHMMAIOIIEe TTOYTH BECh DKPaH.

CuHXpoHM3a1Ms HeNpepbIBHON pa3BepPTKH.

[Ipu wuccienoBaHWM MEPUOAMYECKUX HAMPSKEHUN ISl MOJYyYEHHS
HETIOJIBIYKHOTO M300paXKeHUsS Ha JKpaHe TPYOKH HEOOXOAMMO, YTOOBI
NEPUOJbI Pa3BEPTHIBAIOIIETO M UCCIEAYEMOIO HAMPSHKEHUSI ObUTU PaBHBI
Wil  KpaTHbel. OCYIIECTBICHUE OTOTO YCIOBUS TpeOyeT MPUHSITHUS
CIEeHMAIBHBIX MEp, TaK KakK dYacToTa KoJieOaHUN perakcalldOHHbBIX
TE€HEpPaTOpPOB BOOOIIE U TEHEPATOPOB NUIO00PA3HOIO HAMPSKEHUS B
YaCTHOCTH HECTaOWJbHA MO pa3JIMYHBIM TMPUYMHAM: HU3-3a KOJeOaHUMU
NUTAIONIMX  HaNpsDKEHUM, HECTaOWJIbHOCTH  IMAapaMETPOB  CXEMBI,
(bIyKTyallMOHHBIX SIBJICHUM U T.I. Jla M 4acTOTa MCCIIeyeMOro CUrHajia He
BCETJ]a JOCTaTOYHO CTaOMIIbHA.

[TonyunTs HENMOABMIKHOE H300paXE€HUE MOXKHO TOJIBKO B TOM
Claydae, €ClId YJacTCAd «HaBS3aThb» TEHEPATOPY PAa3BEPTKU YaCTOTY
KoJeOaHuM, IPU KOTOPOH €ro HampsHKeHUE M HANPSKEHUE HUCCIETyeMOTO
CUrHaja OyayT CUHXPOHHBIMHU.

IIpouecc, B pe3ysibTaTe KOTOPOTO BBIHYXKIAOT TE€HEPUPOBATH
KoJeOaHusi TOYHO C YaCTOTOM BHEIIHETO HaIpsDKEHUSI WIM KpaTHOM eH,
HA3bIBACTCS CUHXPOHU3Ayuel (3aXBaThIBAHUEM YacTOThI). ECIM 4acTOTHI
BHEIIIHETO M Pa3BEPTHIBAIOLIECTO HANpsHKEHUW OJIM3KM, TO YacToTa
pPa3BEPTKM « TOATATUBAETCS» K  YaCTOTE  CHUHXPOHU3HPYIOLIETO

HaMpsIKCHUS.
B ocuunnorpadgax mOpuUMEHSIIOT TpU  BUAA CUHXPOHU3ALMMU:
8HYMPEHHIOI0, T.C. UCCIIEAYEMBIM  HANPSKEHUEM, BHEULHIONO,

OCYIIECTBISIEMYIO C TIOMOIIBIO BHEINIHEr0 WCTOYHWKA, HANpPsHKECHUE
KOTOpPOTO TOJAeTCs Ha TeHepaTop pa3BepTKH, WIA OT CeTH.
[lepexmouarenp pojia CHHXPOHM3AIMM B TIOJNOXKCHUU «BHYTpeHHSS»
COCIMHSET BXOJ YCHWIMTENSI CHHXPOHHM3AIMM C KaHAJIOM BEPTHUKAIBHOTO
OTKJIOHCHMS, YeM JIOCTHTaeTCs TIoJada HCCIeIyeMOro HaIpsDKCHHS B
CXeMy CHHXpOHHU3aIuu. B monokeHun «BHEMIHsS» BXOJ YCHIUTEISA
CUHXPOHM3AIIMN TOJKIIOYAeTCS K 3aKMMaM, Ha KOTOphIE ITOCTyHaeT
CHHXPOHHU3HUPYIOIEEe HampsLDKEHWE OT BHEITHEro ucToYHuKa. I[lpum
MOJIOKEHUU Tiepekimouatesis «OT ceTu» KO BXOAY YCHUIIUTENS MOIBOIUTCS
HEOOJIBIIIOE HAIpPsHKEHWE OT CEeTH IUTaHWus, CHUMaeMoe OOBIYHO C
JTOTIOTHUTEILHOM OOMOTKH CHIIOBOTO TpaHCchopMaTopa ocumniorpada.
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st TOTO YTOOBI reHepaTop pa3BepTKU XOpOIIIO
CUHXPOHU3UPOBAJICS, HEOOXOAMMO JOJDKHBIM  00pa3oM  BBIOUPATH
aMIUTATYJly CHHYCOMJAJIBHOTO HampsbkeHus. B cimydyae oyeHb Manoi
aMIUTUTYIbl CHHXPOHM3alUsl JIETKO HapyllaeTcss Npu  HEOOJbLIOM
U3MEHEHUU OJHOro M3 mnepuoaoB. Yepecuyp Oonblnas amIuiMTy]a
CUHXPOHU3UPYIOIIETO  HAMPSDKEHUST  NPUBOAUT K  3HAYUTEIIBHOMY
YMEHBIIICHUIO aMIUTUTYIbl MHJIO00PA3HOTO HAMPSKEHUS U JaXKEe MOXKET
BBI3BAaTh €r0 MCKAXKEHUS: pa3BepTKa IMOJYy4aeTcsi C HEOJMHAKOBBIMU
nepuoaamu. Kpome TOro, mpu CHHXpOHHM3allMM Ha CyOrapMOHHKaxX H3-3a
CJIIMIIIKOM OOJIBIIION aMIUTUTYAbl MOXET TO0JIy4aThbCsl HEMPaBWIbHBIN
KO3 (PUIIMEHT KpaTHOCTH MepruojoB. UYUTOObI HMETh BO3MOXKHOCTh
MPaBUIBHO BBHIOpATh aMIUIUTYAY CHUHXPOHU3UPYIOIIETO HAMpPSKEHUS, B
YCUJIUTEIIC CUHXPOHU3AIUHU ocliruiorpada IpuMEeHEH OpraH PeryJupoBKU
aMILTATY 16! (pyuka « CHHXpOHU3ALIHS ).

CHHXpOHM3AIMA JKIAVIIEH pa3sBepTKH.

B caMoil cyImHOCTH KIyIIed pa3BepTKH 3ajl0KeHa HEOOXOJUMOCTh
KECTKOM CHUHXpOHM3AIMU. Tak Kak B KayecTBE TE€HEpaTtopa pa3BEepPTKU
OPUMEHSETCS  OJHOBHUOpATOp, TO  CHHXPOHH3AIMS  JOCTUTACTCS
BO30YKJIEHUEM €ro 10O MCCIeAYEMbIM CUTHAJIOM, JIMOO CHHXPOHHBIM C
HUM UMITYJIbCOM.

[Ipn cUHXpOHU3ALMM KAYIIEW pa3BEepTKH HEOOXOAUMO CO3/1aTh
yCJIOBHE XOpoIllero HabmoaeHus (pPOHTa HCCIEAYEeMOro HMITYJbca -
cAenaTh Tak, YTOOBI HAYaJ0 HANPSIKEHHS Pa3BEPTKU OTKIIOHSIOMIETO JTyda
0 TOPH30HTAJIM HECKOJIBKO ONEepekalo MOMEHT Ipuxojaa (poHTa
UCCJIEAYEMOT0 HWMIyJibca Ha BEPTUKAIHHO-OTKIIOHSIONINE TUIACTUHBI.
Takas 3agava pemraeTcs IByMs CIIOCOOaMM:

1. IlpumeHeHneM JMHUK 3aJ€pKKH B KaHajleé BEPTUKAJILHOTO
OoTKJIIOHeHUs. B »TtoM caywae (puc.II3) reHepatop Kayuieu
pPa3BEepPTKHU 3allyCKACTC KOPOTKUM HMITYJIHLCOM 2, TTOTYYarOIIUMCS B
pesyibTrate auddepennupoBanus GpoHTa UCCICTYEMOro UMITYJIbCa
1, mogaBaemMoro u3 LENH, MPEISCTBYIOICH JIMHUH 3aISPKKH.

Ha BepTuKaIbHO - OTKJIOHSIOIIME TIACTHHBI (PPOHT 3aJepKaHHOTO
UMITyJIbCa 4 TIOCTYMAeT C 3ama3bIBAHUEM OTHOCHUTEIIBHO Havajia JeHCTBUS
HaMpsOKEHUS pa3BEepTKU 3 HA MPOMEXKYTOK BPEMEHH, OIpeesieMbIi
auHUer 3anepkku. Crneayer uMeTh B BHAY, UTO TPHUMEHEHHUE JIMHUU
3QJIEP)KKH B KaHaJIe BEPTUKAIBHOTO OTKJIOHEHHS MPUBOIUT K HEKOTOPHIM
UCKKEHUSIM HaOJI0/1aeMoro ummnylibca. B coBpemeHHbIX ocuuiiorpadax
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BBICOKOI'O KJjiacca HCIIOJIBb3YHOT JIMHHUHN 3aJICPIKKHU, BHOCIAIIHNC
MaJIO3aMETHBIC NCKAaXXCHU.

2.

3aIryCKOM TeHepaTopa KAYIIEH Pa3BEPTKA U YCTPOWCTBA, UMITYJIbC
KOTOpPOr0  MOJUICKUT  HAOMIOACHUIO, OJHHUM M TEM XK€
CUHXPOHM3HUPYIOIINM  HUMIyJIbcoM. Ilpu 3TOM  Hccnemyemslii
UMITYJIbC | HE 3aIEp)KUBAIOT B KAHAJIE BEPTUKAIBHOIO OTKIIOHEHUS, &
CTPOAT TaK CHUCTEMY 3allyCKa, 4TOOBI JIUOO TEHEpaTop pa3BEPTKU
3aIlyCKaJICSl KOPOTKUM MWMIYJIbCOM 2 HEMHOTO PAaHbIIE, YEM
UCCJIEAYEMOE YCTPOMCTBO, JHUOO NPH OJHOBPEMEHHOM 3aIlyCKe
UCMOJIb30BaJaCh  3aJ€pKKa  MCCIEIYEeMOTO  HMITYJIbCa 1
OTHOCHUTEJILHO MOMEHTa 3aIllycka B caMoM YycTpoicTtBe. B obOoux
Clly4yasix Hadyajo JEeWCTBHUS pa3BEpTHIBAIOLIETO HAMpsDKEHUs 3 Oyner
omepexarb Ha BpeMs T,; MOMEHT IpuxoAa (PpoHTa ucCIeaIyeMoro
MMITYJIbCA HA BEPTUKATBbHO-OTKIOHSIOIINE TIJIACTUHBI.

[Ipu wucnonb30BaHWM BTOPOro Ccrocoba MMEeTCs BO3MOXKHOCTH

noaaBaThb I/ICCJ'IGI[yeMIJﬁ HMITYJIBC HCTIOCPCACTBCHHO HaA BCPTHUKAJIIBHO-
OTKIIOHAOIHNE I1JIaCTHUHbI (CCHI/I, Pa3yMECTCi; aMIUIMTyaa HUMITYJIbCa
AJ0CTaTo4Ha JId 3HAYUTCIBHOI'O OTKIIOHCHMUA qua). Tem caMbIM
HCKITIOYAI0TCA UCKAXKCHUS, KOTOPBIC MOI'YT BHOCHTBLCA JIMHUEH 3aJCPIKKHU
N OCTAJIbHBIMHU Y3JIaMH KaHaJlda BEPTUKAJIbHOI'O OTKIIOHCHU .

To
t:‘ >t

—> ——> —> —>

Puc. I13. CunxpoHu3zanus xayuei
>t pa3BEPTKH.
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Ipuioxenne 2. Padora ¢ ocumiiiorpagom C1-102.

IloaroroBka Kk padore.

Bun mepemneit mamenu ocmumiorpadga CI1-102 mpencraBieH Ha
puc.l14.

BHMUMAHHME! Bo wu36exanue Boixoga OJJIT w3 crpos
PEKOMEHIyeTCs Mepell BKIOUEHUEeM Mpubdopa B CETh YCTAHOBUTHh PYUKHU
APKOCTD «3t» B cpennee nonoxenue. Brmounre nepexmodarens CETD.

IloaroroBKa K nNpoBeJIeHHI0O N3MEpPEHMI.

ITocne BrIrOYeHUsT npudOoOpa yOEAUTeCh B €ro HOPMaJIbHOM
(YHKIIMOHUPOBAHUU IYTEM TMPOBEPKU JEUCTBUS OCHOBHBIX OpPraHOB
yIOpaBJICHUSI. YCTAaHOBUTE HWKEYKA3aHHbIE OpraHbl YIPaBICHUS B
CJIEAYIOLINE TTOJTOKEHUS:

— PYYKH PETYJIHMPOBAHUS SPKOCTH Jyded «It»- COOTBETCTBYIOILIEE
SIPKOCTH JIydeil y100HOM 1151 HaOII0ACHNS,

— BBIBEJUTE JIMHUM PA3BEPTKU HA pabOUYI0 YaCTh IKpaHa C MOMOIIBIO
pyuek " ] kanHaimoB Y1 m Y2 um yOeaurech B BO3MOXKHOCTH
NEepEMEIICHUS KaXIOW JIMHUM pPa3BEpTKA B TMPEIENIax BCEro
BEPTUKAIBHOTO pa3Mepa dKpaHa. [l ObICTpOro mnowucka iaydeu
nosip3ynTech kHonkou [TOMCK JIVUA;

— yOeauTech B BO3MOKHOCTH COBMEIIEHMs] Hadajga M KOHIa pabouei
YaCTH JIMHUM pa3BepToK ¢ HeHTpoMm dkpaHa OJIT ¢ momomibro
pyuKH.’

[IprGop roToB K MPOBEICHUIO U3MEPEHUH uepe3 15 MuH mocne
BKJTFOUCHUS.

OtkanuOpyiTe nmpuodop ClIeayrlUuM 00pa3oM. Y CTaHOBUTE OpPraHbI
YIPABIICHUS B CICIYIOIIUE TTOT0KECHUS:

—nepexntoyatenu kaHanoB Y 1 u Y2 HAITPSK./AEJIEHUE — 0,05V,
—kHonku [TIOJIOCA 0-100 xI'1 He HaXKaTHI.

[IpousBenure OamaHcUpoBKYy ycwuTens Y 1. Bxkirodas u BeIKITIOUas

KHOIIKY "V/mV» kanana Y1 u Bpamas pyuky BAJIAHC Y1, BeiBeieHHY1O

2 [Ipumeuanus:

1. He ycranaBnuBaiite OOJBIIYIO SIPKOCTb JIy4a, P KOTOPOM NMPOUCXOAUT YMEHbIIEHUE SIPKOCTH
JPyTOro Jy4a.

2 . IIpu dotorpadupoBaHuy MEAJICHHBIX MPOLIECCOB HE YCTaHABIUBATE OONBIIYIO IPKOCTH JIyya,
IpU KOTOpOoW HalOumonaercss moOOYHash 3acBETKa SKpaHa (3TO SIBJICHHE CBSI3aHO CO BTOPUYHOM
smuccueit cetku DJIT).
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HAa TpaByl0 OOKOBYHO CTEHKY TIIpuOopa, go00eiTech, dYTOOBI TIpHU
MepeKI0YeHUAX KHOMKU "V/mVy cMmenienue jgyda | mo BepTukaau ObLIO
MHUHUMAaJIbHbBIM.
Ecnu npu nepexitoueHus X KHOMKU «V/mVy» j1yu OyneTr yXoauTh 3a
3KpaH, nosib3yirech kHonKoM [TOUCK JIVUA nis ero oOHapykeHUs.
AHaJIOTUYHO MPOU3BEAUTE OATAHCUPOBKY YCUIIUTENS Y 2.
YcTaHOBUTE OpraHbl YIPABJICHUS B CIEAYIOIINE MTOJTOKECHUS:
—nepexmovarenn HA TTPSK./AEJIEHUE kananoB Y1 u Y2 - "10";
—kHONIKN «V/mV» kaHanoB Y1 u Y2 — He Ha)KaThl;
—xHonku «IIOJIOCA 0-100 kHz»— He HaxaThl;
—KHOIIKa KaJIuOpaTopa — HE HaXKaTa.

IIpoBenenue usmMepeHui.

[Ipubop nmMeeT clieIyomne pexuMbl padbOTHI:

» OCHOBHOM, MpU KOTOpoM paboTaeT kaHad Y1 Ha mayd I u kanan Y2
Ha Jjyy II;

» OIHOKaHAJIbHBIN, PU KOTOPpOM paboTaeT vid KaHan Y 1, wim KaHal
Y2;

» nuddepeHnaIbHbIN, TPU KOTOPOH paboTaeT TOMbKO Kakan Y1 B
pPEKHUME BBIYUTAHUS CUTHAJIOB (B pekUM «Y 1-Y2»);

» «X-Y», 1npwm KOTOPOM KaHal Y2  UCIOJB3yeTCs s
TOPU30HTAJILHOTO OTKJIOHEHHUS JTy4a [;

»  BHEIIHSS MOIYJISIHS IPKOCTU JTydeH (PeKuM «Z»).

Jlns paboThl mpuboOpa B OJHOKAHAIBHOM PEXKHUME 3aTEMHHUTE JIyd
HEpaOOTAIONIEr0 KaHajla MOBOPOTOM PYYKH «IPKOCTbY» MPOTUB YACOBOM
CTPEJIKH U 3a3eMJIHTE BXOJ] HEpabOTAIOMIEro KaHaa, HAKAB KHOIKY «-L1».

s pabotel mpubopa B auddepeHInaibHOM PEKUME HAKMUTE
KHOTIKY «Y 1-Y2» u 3aremMauTe ny4 Il moBopotom pydku «gapkoctb» JIYH
IT mpoTuB yacoBo# ctpenku. [Ipu s3Tom kanan Y1 Oyaer npsiMbiM, a KaHal
Y?2 - UHBEPCHBIM.

JInst paboThl IpubOpa B peKUMe «X—Y» HAKMHUTE KHOMKY «X—Y» U
3aremHuTe Jay4 Il moBoporom pyuku «siapkocts» JIYU Il nmpotuB yacoBou
CTPEJKH.

Jlist oToOpakeHusi Ha SKpaHe OAHOBPEMEHHO JBYX CUTHAJIOB OpPraHbI
yIpaBJIeHUs MPUOOpa YCTAHOBUTE B CJICAYIOIINE MOTOKECHUS:

» mnepexmoyatenn «<HATIPSOK./AEJIEHUE» u knonku «V/mVy
kaHaioB Y1 u Y2 — B HE0OX0AUMOE MOJIOKEHUE, TTPU KOTOPOM
BeNIMYMHA n300paxeHus curnana Ha skpane DJIT ne Oonee 8
JICJICHUM;
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» nepexmodaet BPEMSI/JIEJIEHUE — B HeoOxoaumoe.
KHonmkamMu «~/~» BbIOMpalTe BHJ CBSI3H TPAaKTa BEPTHKAIBLHOIO

OTKJIOHEHHUSI ¢ UCTOYHUKOM HCCIEAYEMOro curHana. B momoxenunm "~ "
(KHOTIKa «~/=» HakaTa) CBsI3b C MCTOYHHUKOM HCCJIEIyEMOIro CHUTHajia
OyJleT OCYIIECTBIATHCS MO MOCTOSHHOMY TOKY. DTOT PEXUM UCIOIb3YUTE
B TMOJABJAIONIEM OOJBIIMHCTBE ciydaeB. (OJHAKO, €CIIM TMOCTOSHHAsS
COCTABJISIIOIAST MCCJIEIYEMOr0 CHUrHajla HaMHOro OOJbIIe MEepPeMEHHON
COCTAaBJISIOIIEH, KOTOPYIO HEOOXOJIUMO UCCIIE0BATh, TO BHIOUPANTE CBS3b
VMCTOYHHMKA UCCIIENYEMOI0 CUTHAJIA C TPAKTOM BEPTUKAIBHOTO OTKJIOHECHUS
0 TNEPEMEHHOMY TOKy " ~ ", KOorja KOHJIEHCATOp BXOJHOW LENU HE
MPOITYyCKAaeT  MOCTOSHHYI0  cocTaBisomyro. [lpu  umccnegoBanuun
HA3KOYACTOTHBIX CUTHAJIOB YYUTBIBAUTE, YTO B. pEXKUME " ~ " HWKHUU
MpeJIeSl YaCTOTHOW XapaKTEPUCTUKU TPAKTA BEPTUKAIBLHOTO OTKJIOHCHUS
coctaBisieT 15-20 I'11.

[Ipy HAXKATHN KHOIIKK «--» BXOJ] KaHaIa OTKII0YAETCS OT HCTOYHUKA
UCCIIEAYEMOIr0 CUTHAJIA U 3a3€MJISICTCHL.

Koadpunment otknoHenuss kaHamoB Y1 u Y2 BbelOepure B
3aBUCMMOCTH OT BEJIMYMUHBI HCCJIEAYEeMOr0 CHUTHajla MW YJI00CTBa
u3Mmepenus. [Ipu nomomu pyuku IIJTABHO ko3¢ duiieHT oTknoHeHus B
KaxaoM nosioxkenun nepexiarovarens HAIIPSOK./IEJIEHUE u3Mensiercs

HE MEHEE 4eM B 2,5 pasa.

CHuHXpOHM3AIINSA.

B OOJIBIIIMHCTBE CIIy4acB UCIIOJIB3YETCS BHYTPEHHSIS
CUHXpOHM3aIMA. /[[JI1 CUHXpOHW3AMU Pa3BEPTKA CHUTHAJIAMHM KaHaja
«Y 1» nHaxmute kHonnky CUHXP.Y 1, ni1g cuHXpoHHU3auu OT KaHaia «Y 2»
— KHOIIKY CUHXP.Y2. B HMCXOIHOM COCTOSHHH (kHonku CHHXP. nHe
Ha)KaThl) CUHXPOHM3AIUS PA3BEPTKU OYJET OCYILIESCTBISATHCS CUTHAJIAMU
kaHana Y1.

CUHXpOHHU3ALMIO OT HAaNpSHKEHUS CETH UCMOJIb3YWTE, KOrjaa
UCCIICAYEMBIC CUTHAIBI MMEIOT BPEMEHHYIO 3aBHUCUMOCTb OT YaCTOTHI
HanpsKeHUsl CeTH, JIMOO B TOM CiIydae, KOrja B CIIO)KHOM CHUTHaJIe €CTh
COCTAaBJISIFOIINE C YaCTOTOW HAIPSKEHUS CETH.

BHemHOw0 CHHXpOHM3AIMIO MCIOJb3YWUTE B TOM ClIydae, €CJIH
BHYTPECHHUM CHUHXPOHMU3UPYIONIMA CHUTHAJT CIHUIIKOM Majl WIM COICPKHUT
COCTaBJISIFOIINE, HEXKEIATeJIbHbIE IS CUHXPOHU3ALMU. IJTOT PEKUM
ya00€H TeM, 4TO pa3BepTKa BCE BPEMs CUHXPOHU3ZUPYETCS OJHUM U TEM
K€ CUTHAJIOM, 4YTO TIIO3BOJIAET MCCJEN0BaTh CUTHAIBI Pa3IuYHOM
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aMIUTUTYIbl, TOJSIPHOCTH, 4YacTOThl W (GopMbl 0€3 TEepecTpOrKHU
CUHXPOHH3AIUHU.

B  OonpmMHCTBE  Cilydyae  UCHOJB3YHTE  TOJIOKEHHUE — «~»
NEepEeKIIIoYaTeNis 3ayCcKa CXeMbl CHHXPOHHU3AIMH (KHOIKA «~)» HE HaXaTa).
Ecmn curHan HU3KOYACTOTHBIM, TO HCHOJB3YUTE TMIOJIOKECHUE =)
NepeKIIouaTesisa 3almycka CXeMbl CHUHXPOHHM3allMM (KHOMKAa ~/= Ha)karta),
T.K. B TOJIOXEHUU " ~ " HHU3KOYACTOTHBIE CUTHAJBI OCIAOJISIIOTCA.
[TonstpHOCTh CUTHAJIA 3aITyCKa pa3BEPTKH BHIOMPANTE KHOIMKON d . B
nosoxeHnd « pa3BepTKa 3aIyCKAeTCs MOJIOKUTENbHON (HapacTarolieil)
YacThl0 CHUHXPOHM3HUPYIOIIETO CHUTHalIa, B  MOJIOKECHUH db» -
oTpunatenbHo (mamaromieid) 4yactbto. Korma Ha skpane  OJIT
HAOJII0JJaeTCd HECKOJIBKO TMEPHUOJO0B MCCIEAYEMOro CUTHasa, MOJOKEHUE
MEePEKII0YaTeNs TOJAPHOCTH 3allycka HE uMeeT 3HadyeHus. OmHako mpu
UCCIICIOBAHUU ONPEJCICHHON YaCTH IMEPUOAa NPAaBUIBHOE IMOJIOXKECHUE
NepeKIIoYaTesis Mo3BoisieT HabmoAaTh (GPOHT WM CTiajl CUTHAJA.

Paboty pasBepTku B pexkume aBtosamycka (ABT.) ucnomnbsyiite,
YTOOBl MOJYYUTh JUHUIO PA3BEPTKU MPU OTCYTCTBHUU 3aITyCKAIOIIETO
curHana. [lpy HamMuMM 3amycKalolIero CUrHajda MPEeUMYIIECTBEHHO
paboTaiite B xayiieM pexxume (KJIYIIL.).

C mnomompio pyuku YPOBEHDB mnpousBoguTe BBIOOpP YpOBHS
3allycka W PEryJIMpOBKY CTaOWJIBHOCTU CHUHXpoHU3aluu. Ecau mpu
nepexojic Ha Jpyro KodUIMEHT pa3BEPTKU WIM U3MEHEHUU YaCTOTHI
3alyCKAaloIler0 CUrHajia MpOsIBWIIACh HECTaOMIbHOCTH (''nBoeHue") wuiu
CpbIB CHHXpOHH3aluH, noBepHute pyuky YPOBEHDb He3nauntensHo
BJICBO WJIY BIIPABO M BOCCTAHOBUTE CUHXPOHHU3AIIMIO.

OIHOKpAaTHBI  pPEXHMM  pasBepTkH «1™»  HCHONB3yiTE  IpHU
UCCIICIOBAHUN OJTHOKPATHBIX M PEIKO MOBTOPSIOMIMXCS CHUTHAJIOB, a
TaKX€ CUTHAJIOB U3MEHSIONIMXCS 110 aMIUIUTY e, opMe UM BO BpEeMEHU
U KOIJia TMepUoJIuuecKas pa3BepTKa JaeT HEYCTOMYMBOE H300paKeHUE.
OTOT peXuM HUCNOoNB3ylTe nns  QororpadupoBanus curHaion. [ns
MOJIyYEHHs. OJHOKPATHOTLO PEXHMMa HaXMHTE KHONKY «1™», 3aTem
Haxxmute KHONKY ['OTOB. Ilocne 3Toro npuxoasimyii AMITYJIbC 3aIyCTUT
pa3BepTKy. s BO3MOYKHOCTH CJIEAYIOWIETO 3aIllyCKa pa3BEpTKH CHOBA
HAXKMUTE ATy KHONKY. PAIOM € 3TOM KHOIIKOM CMOHTUPOBAH CUTHAJIbHBIN
uHaukatop (ceeroauon). OH 3aropaercsi, Korja pa3BepTka ToToBa K
3aMyCKy M TaCHET MOCIIe 3aBEPIICHUS [IUKJIa pabOThl pa3BEPTKHU.

[IsaTukpaTHast pacTsHKKA —JUIMTEIBHOCTH  PAa3BEPTKH  ITO3BOJISECT
HaOJII0JaTh 000N y4acTOK H300pa)KeHHUs IMTEIbHOCTHIO, PaBHOM 2
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nenenusiM, Ha 10 nmenmenmsix skpana IJIT mpubopa. JlroOol yyacTok
PAaCTAHYTOM pa3BEPTKU BEJIMYMHOM B 10 JeieHU MOKHO yCTaHABJIWBATH
Ha okpane OJIT npu noMomwm pydku «<>». [od uUCHOIb30BaHUS
MATUKPATHON pacTsKKU KOA(DPUIIMEHTOB pa3BEpTKU YCTAHOBUTE B LIEHTPE
skpana DJIT ydacTok, KOTOpBIII HEOOXOJMMO PACTSAHYTh. 3aT€M KHOMKY
PACTAXKKA x5, wim «X2» HaOXMUTE W TPU THOMOIIU PYUYKH «€>»
YCTAaHOBUTE M300paK€HHWE PACTAHYTOTO y4acTKa B IMOJOKEHHE, YI00HOE
st HaOmoeHust. [Ipy BKITIOUEHUU PACTSHKKUA «XS5» ¢ Kodpduimentamu
pazBeptok oT 0,1 g0 5 MKc/AeneHue PEeKOMEHAYyeTCs BOCIPOU3BOIUTH
CUTHAJIbl OJHUM JIy4OM, TaK Kak IMPH JIBYXJIYYEBOM PEKUME BO3MOMKHBI
HEOOJIbIIINE, HO 3aMETHBIE UCKAXEHUSI ()OPMBI CUTHAIOB M3-32 B3aWUMHOTO
BiustHUA ydyen DJIT.

Jns pabotel mpubopa B pexume «X—Y» YCTAaHOBUTE OpTraHbl
yIPaBJICHUS B CIICIYIONIUE TTOT0KCHUS:
—KHOIIKa « Y 2—X)» Ha)kara;

—KHOIIKU «~/=» KaHaioB Y 1 u Y2 - HaxaThl.

Pexum «X—Y» ucnonp3yite s onpeaciacHus (pa3oBoi pa3HOCTH
MEXIy IByMsI CUTHAJaMH OJJHOM 4aCcTOTHI. DTOT METO1 OoJiee ya00eH s
yactotr curHanoB j1o 100 k['mu. B atom Metone oMH M3 rapMOHUYECKHUX
CUTHAJIOB 00ECTeUYrBAECT TOPU3OHTAIBLHOE OTKJIOHEHHE, B TO BpEMs, Kak
IpYyroil curHaigm oOecleurnBacT BEPTHKAJIbHOE OTKJIOHEHHE. 3HA4YeHUs
($ha30BOro OTKJIOHEHUSI MEK]Ty IBYMsI CUTHAJIAMU MOTYT OBITh OIIPEJIEICHbI
no ¢urypam Jluccaxy.
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Puc.I14. Bun octmumorpacda C1-102 cnepenmu.
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