[TpakTueckoe 3ansitue No 1

AHanu3 XapaKTepUCTHK HECHHYCOUANBHBIX HAMPSHKCHUN C TTOMOIIBIO AIEKTPOHHBIX
BOJITMETPOB TUIa B3.

1. HEJIb 1 3AJAYU 3AHATUA

N3ydenune ycTpoiicTBa 1 0OCOOCHHOCTEH MPUMEHEHHUS AIEKTPOHHBIX BOIBTMETPOB.

2. OCHOBbBI TEOPUUA

[IpuMeHeHne DNEKTPOHHBIX JETEKTOPHBIX BOJBTMETPOB I  HM3MEPEHUH
pa3IMUHBIX HAPSDHKEHUM.

DJNEeKTpOHHBIE JETEKTOpPHBIE BOJBTMETPHl THMAa B3 mnpenHasHaueHbl IS
MU3MEPECHHSI CHUHYCOMJAIBHOTO HampspDkeHus. OHM SIBISIOTCS OJHUM W3 HauOolee
pacTlpoCTpaHEHHBIX B JIA0OPATOPHOW W HMHXEHEPHOW MpaKTUKe MpUOOpOB. 3HaHUE
CBOMCTB U 0COOCHHOCTEN MOCTPOEHUSI KOHKPETHOT'O NMPUOOpa MO3BOJSET CYIIECTBEHHO
pacmiMpuTh 00JIACTh €ro MPUMEHEHHs. B YacTHOCTH, 3TH BOJBTMETPHI MOXHO
NPUMEHSATh W JUIS W3MEPEHWH MHOTHUX BHUJOB HECHHYCOUAAIBHBIX MEPHOAMYECKHUX
HaNPsDKEHUH, 715 4eT0 He0OXOAMMO 3HAaTh KaK XapaKTEPUCTUKH (POPMBI H3MEPSIEMOTO
HaNpsDKEHUsI ¥ 3HAYEHHUE €T0 TIOCTOSTHHON COCTABIISIONICH, TaK M XapaKTEPUCTHKH
UCTIOIB3yeMOro Mpubopa: BUJI BXOJa, THIl JACTEKTOPA, TPAAYUPOBKY IIKAJBI, MOJIOCY
pabounx 4acToT.

Yare Bcero MHTEpECyeT ACUCTBYIOIIEe 3HAUCHUE HAMPSDKEHUS, TIOATOMY IIKAJIbI
B3 B momaBnsomeM OONBIIMHCTBE MPOTPATyHPOBAHBI B JICHCTBYIOIIMX 3HAYCHUSIX
CUHYCOUJAIBHOTO HANPSDKEHHUS M JIMIIb HMHOTAA — B aMIUTUTYIHBIX 3HAYCHUSX
CUHYCOU/IBI.

M3MEPEHME CUHYCOUJIAJIbHBIX HATIPSDKEHUIA

[pu wu3mepenuu cunycoupansHoro Hampsoxerus U,(t) (puc.l) orcuer @ mo
mKane BONbTMETpa B3, NporpagyupoBaHHOTO B JEHCTBYIOIIMX 3HAYEHHAX
CHUHYCOUJIbI, HEMOCPEJCTBEHHO PABEH JEHCTBYIONIEMY 3HAYEHHIO 3TOTO HAINpSKEHUS
o, =U,. Torna

a
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Ecnm mkana BOJAbTMETpa MNPOrpagyupoBaHa B AMIUIMTYAHBIX 3HAYEHUSIX, TO
OTCYET MO WIKaJle & B 3TOM CJIy4ae HENOCPEACTBEHHO pAaBEH AaMILIUTYIHOMY

UlM :1410!, UlCB

(MakcumanbHOMY) 3Hadenuto Uy, . Torna
o, =Uy,

Takum o00pa3zom, [ mnepeBoAa OTCYETa B I[IOKAa3aHHE IMIPU HU3MEPEHUHU
CUHYCOMJAIbHBIX HAPSIKEHU HET HEOOXOAMMOCTH B 3HAaHUU CXEMBbI MpUOOpa 1 TUMa
ero Bxoza. JlocTaTo4HO 3HaTh rPagyHupPOBKY IIKAJbI.

NHorpa yacTtoTa M3MepseMOro HAMpsHKEHUS HAXOAUTCS 3a MpeeaMU IMOJIOCHI
€ro mnpomyckanus. B 3Tom cnydae Ml HEUTpalM3alMy YacTOTHOW IOTPEIIHOCTH
HEO00XO0MMO 3HATh aMILTUTYAHO-4YaCTOTHYIO XapakTepucTuky (AUYX) npubopa.

[lycTte, Hanpumep, umeeM BoiabTMETP, AUX KOTOpOro M300pakeHa Ha pUCYyHKe 1,
M IKajga KOTOPOro TMpOrpajydpoBaHa B JICUCTBYIOUIUX 3HAYEHUSAX CHUHYCOUJBI.

I/I3MepﬂeTCH CHUHYCOMJAJIbBHOC HAIIPsAXKCHHUC Ha 4YacCTOTC fX . Orcuer mo mKkane
o, =258,

Puc.l AMIUTATYTHO-4AaCTOTHAs XapaKTEPUCTUKA
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Ky - ko3 duuuent nsmMeHeHus oTcueTa BOJILTMETPA MO YaCTOTE;
Oy - OTCUET 0 YACTOTE U3MEPECHMUS;

¢y - OTCUET Ha IICHTpEUILHOﬁ 9aCTOTC ITOJIOCHI IIPOITYCKAaHUA BOJIBTMETPA,

B namem cayuae u3z AUX BHUIHO, YTO BOJBTMETP «3aHMKAET» HUCTUHHOE
3HaYyeHue, T.K. Ty HaxomuTcs Ha majgaromeM ydacTke AUX 3a mpejenamu MOJOCHI
nponyckanus  Af  BonmpT™merpa, ompemensemoii WO  crammapTHOMY — YpoOBHIO

K, =~ —0707

J2

y %% _035
N3 AUX omnpenenseM, 4TO Ha 3TOM 4aCTOTE o = V.09,
0
Taxkum oOpazom, W3-3a YaCTOTHOU IMOTPEIIHOCTH OTCUET MCKAXKaeT COOTBETCTBHUE
MEXJY HMM W HMCTUHHBIM 3HAYECHHUEM H3MEPSIEMOro HaNpsHKEHUs. OTO HMCTUHHOE
3HAYCHUE JIETKO ONPEAEISACTCA C yYETOM Ky
U, =%
XK
X
Jlna mepeBojma orcueTta B IIOKAa3aHUE IMPU HU3MEPEHHUSX HECHUHYCOUJIAIBHOIO
HanpsDKEHUsT HEO0OXOJMMO 3HAaTh OCOOCHHOCTHM CXEMBI BOJBTMETpPaA, a TaKkKe
0COOEHHOCTH U3MEPSEMOTO HAMPSIKEHHUS.
Ha puc.2 nokaszana cTpykTypHas cxema BOJbTMETpPa C IETEKTUPOBAHUEM.
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Puc.2 CtpykTypa BOIBTMETpPA C IETEKTUPOBAHUEM.
O003HaueHMsI HAa CXEME:

U(t) - msmepsemoe HanpsKeHHE;

Ujem (t) - HapsHKEHUE, TPOXOAAIee Ha JETEKTUPOBAHUE.
IIpy OTKpBITOM BXOZ€E BOJIBTMETPA

u,,, (t) =u(t)
IIpu 3akpbITOM BXOZ€E BOJIBTMETPA

Uy, (B) = U(E) — Uy =u (1),
rae Uy - TocTosTHHAS COCTaBIISIOIIAS u(t) :

U (t) - nepemennas cocrasmsomas U(t);

| = - BBIXOI[HOﬁ TOK JCTCKTOPA, KOTOPOMY OAHO3HAYHO COOTBCTCTBYCT OTCUCT CO
IIKaJIbI BOJIBTMETPA,

O - OTCUET 1O IIKale, HpOFpaﬂprOBaHHOﬁ B }IGIZCTBYIOIIII/IX 3HAUYCHUAX
CUHYCOUBI,

A
¢ - B aMIUINTYJHBIX 3HAYCHUSIX CUHYCOUBI.

1. IEPEBOJ]I OTCUETA B ITOKA3AHMUE TP USMEPEHNU
HECHUHYCOUJIAJIBHBIX HATIPSDKEHUIA
1.1 Bnusinue xapakTepa BXoja BOJIbTMETpA.
Ecnu BXon nerekTopa OTKPBHITBHINA, TO HAa AETEKTHUPOBAaHUE (CIEIOBATENbHO, U HA

M3MepeHne) NpPoXomuT Bce BxojaHoe Hampsokenme Uy, (t) =U(t). Ecim xe Bxox

ACTCKTOpa SaKpBITBIﬁ, TO Ha ACTCKTHPOBAHUC IIPOXOAUT TOJIBKO IICPCMCHHAA
COCTaBJAOOIasA BXOAHOI'O HAIIPAXKCHUA

0 () =) -0 =u ), o = [0 @

U OTCYET a(uﬂuaA) 3aBUCUT TOJIBKO OT TIEPEMEHHOM COCTaBJISIOLICH, KOTOpas
ONIpeAEsAeT BEINYMHY BBIXOJHOIO TOKA JIETEKTOPA.

Ha pwuc.3 mnokazansl (GopMBbI IIHPOKO MCHOJIB3YEMbIX HECHHYCOUIAIbHBIX
HaNPSIKECHUM.
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Puc.3 IIpuMepbl HECUHYCOUTAIBHBIX HAIIPSKEHUN.

[leppoe W TpeTbe HANPSIKEHHE HE HUMEIOT IMOCTOSHHOW COCTaBISIOLIEH.
[TocTostHHAs COCTABIIAIONIAS BTOPOTO HAMPSKEHUS
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Ha puc.4 nokasana mepemenHas cocrapistomas U, (), xotopas merextupyercs
TIPH 3aKPBITOM BXOJI€ BONBTMETPA.
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Puc.4 Hanpsxenue U, (t) 6e3 mocTOsIHHOI COCTABISIOLICH.

O4eBUAHO, YTO JIJIS MTOJTy4eHUsI (OPMBI IEPEMEHHOM COCTaBISIONIEH HEOOXOAMMO
IPOJENATh MPOCTYIO OMNEPALHI0: MEPEHECTH OChb BPEMEH HCXOJHOIO HAMPSIKECHUS Ha

YPOBEHb IOCTOSTHHOW cocTaBisironie. B Hamem ciydae U,, =U,,. Kak Bugso u3

puc.4 QopmMa JETEKTUPYEMOIO HAINpPSDKEHUS TMPU  3aKPBITOM BXOJIE  MOXKET
CYIIECTBEHHO OTJIMYATHCS OT BXOJHOTO HATPSKEHUSI BOJIBTMETPA.

1.2 BausgHue Tumna aeTekTopa.

B BompTMeTpax Tmnma B3 B OCHOBHOM HCHOJB3YETCS  aMIUIMTYIHBIN,
KBaJAPATUYHBIA U CPETHEBBITPAMIISIIOIINANA IE€TEKTOPHI.

CorjacHO ¢ MX Ha3BaHWAMHM BBIXOAHOM TOK | = Kakmoro us IeTeKTOpOB
OIHO3HAYHO ONPEAENSIETCS COOTBETCTBYIOIIMM 3HAYE€HUEM CHHYCOUIbl. MOXKHO
CKa3aTh, YTO BOJBTMETP C AMIUIUTYIHBIM JETEKTOPOM «HU3MEPSET» IMOJOKHUTEIbHYIO
aMIUTUTYZy, a C KBAaJAPaTUYHBIM U CPETHEBBIIPIMIIIONIUM 3P HEKTUBHOE U
CPEOHEBBINPSIMIICHHOE 3HAYEHHUE AETEKTUPYEMOM CHUHYCOMIbI, TaK KAK OTKJIOHEHUE

ykazatens — a(uwua A) ONHO3HAYHO ompenensercs TokoM | =  merekropa.
B03MOXHOCTh U3MEPEHUI HECUHYCOUIAJIBHBIX HAIIPSYKEHUH € MIOMOILBIO BOJIBTMETPOB
B3 onpenensiercs Tem, dYro oOTIMYHME (POPMBI JCTEKTUPYEMOTO KoJeOaHUs OT
CHHYCOMIAIHLHOM OTHOCUTENLHO MAJl0 CKa3bIBAETCS Ha BeJIMYMHE ToKa | =.

[ToaTOMy ¢ GOMBINON CTETIEHBIO MPUOTMKEHUS MOKHO CKa3aTh, YTO HE3aBUCHUMO
0T (DOPMBI IETEKTUPYEMOTO HATPSIKCHUS :

1. BompTmerp ¢ aMIUIMTYIHBIM JETEKTOPOM M3MEPSET MOJIOKUTEIBbHYIO
AMIUIUTY1y JE€TEKTUPYEMOTO HANPSIKEHHUS.

2. BoapT™METp ¢ KBaJpaTUYHBIM ACTEKTOPOM HU3MepsieT 3(DPEKTUBHOE 3HAUYCHHE
JNETEKTUPYEMOTO HaAIPSIKEHHUS.

3. BonbsrmeTp co CPEOHEBBINPSIMIICHHBIM  JIETEKTOPOM  HM3MEPSET
CPEAHEBBINPSIMIICHHOE 3HAYEHUE IETEKTUPYEMOTO HANPSIKEHHUS.
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2. BIMAHUE I'PAAYHWPOBKU. ITEPEBOJI OTCUHETOB B ITOKA3ATEJIN
OO6pyHO mKanmbl (ykazarenu) B3 rpaayupyroTcss B AEMCTBYIOIIMX 3HAYEHUSX
CUHYCOUJIbI U PEXKE B aMIUIMUTYIHBIX (MAKCUMAJIbHBIX ).
Nmes oTcuer ¢ ykaszaTens BOJBTMETpPA, MOXHO Cpa3y HAWTH TO 3HA4YECHHE
JIETEKTUPYEMOI'O HAIIPSIKEHUS, KOTOPOE «U3MEPSIET» AETEKTOP:

A
1. I[JISI BOJIbTMETpPA C aMINIMTYAHBIM JCTCKTOPOM IIO OTCUYETY & MM (X HMEEM
IMMOJIOKUTCIIbHOC aMINNINTYJHOC 3HAYCHUC

UdemA+ = \/E " U UdemA+ = aA (21)

2. AJIL BOJIBTMETPA € KBAAPATUIHBIM JCTCKTOPOM MMCEM I[CfICTBy}OHlee 3HAa4YCHUC

A
a

U()em = um Uz)em - E (22)

3. I[JIH BOJbBTMCTPA CcO CPCAHCBBIIPAMITAIOIITUM ACTCKTOPOM HNMCCM

CPCAHCBBIIPAMIICHHOC 3HAUCHUC

A
o

U @ U _a
CBoem — WIH ~ CBoem — (2.3)
1.11 J2.1.11
OHpG}IGHCHI/Ie HUHBIX 3Ha‘ICHI/Iﬁ HpO)IeTGKTI/IpOBaHHOI’O HaHpH)KeHI/ISI BOSMO)KHO,
€CIIM W3BECTHBI KOIPDUIIMEHTH aMIUTUTY/IbI K,., u bopMBI qu{)em 9TOr0

HalpsAKCHUS 110 U3BCCTHBIM COOTHOIICHUAM
K Y K Y
A CB
OTa dYacThb 3ala4  AOOIIOJIHUTCIIBHO YCIOXKHACTCA, CCJIU BXOH BOJBTMCTpPA
(meTtexTopa) 3aKpBITBI, a HW3MEPIEMOE  HANpPsHKEHHE HMEET  IOCTOSHHYIO

(2.4)

COCTABJAOOIYIO UO: KOTOpass HC IIPOXOAUT Ha IACTCKTUPOBAHUC H3-3a 3aKPBITOI'O

Bxoma u Uy, (1) =u (t).
O4YeBUIHO, YTO B DTOM CIIy4ae:
[Ipy aMILIUTYIHOM JETEKTOPE

UA+:U1I4++U0 (25)

[Ipu kBagpaTUYHOM JIETEKTOPE
\2
U=yUZ+{U) (2.6)

rne U,, u U -3nauenns Bxoguoro Hamps:keHus BOJIETMETA.

IIpu cpenHeBbIIpSIMIISIONIEM JETEKTOpe oOIIMe BbIpakeHus Buma (2.5), (2.6)
MPUBECTH 3aTPYJHUTEIBHO, TaK KAaK 3TOT JETEKTOP JOIMOJHHUTEIBHO Mpeodpaszyer
dbopMy TEepEeMEHHOM COCTaBIISIONMICH, MEHSS IOJISIPHOCTh OTPHIATEIBHBIX YacTeH
nepuoja, Kak moka3aHo Ha puc.4 MyHKTHUPOM.

3navenne U, ompenenseTcss pasnudHBIME BCIOMOTaTETLHEIMU METOAAMH, B TOM
YUCJIC AaHATUTUYECKUMH.
3Ha4YeHHUs quaem u Kipn MOXHO HAWTH B CIIPaBOYHON JHTEpaType IO

HECUHYCOUJAJIbHBIM TOKaM. Eciii B pacnopsKEHHH SKCIEPUMEHTATOPA HMEKOTCA



6

BOJIbTMETPHI C IETEKTOPAMU BCEX MEPEUUCICHHBIX TUIIOB, TO quaem u K,,., MOKHO

OTIpeIeTUTh, OOYEPETHO H3MEPUB UMK OJHO M TO e 3HaueHne Hampsxenus U(L) u
npuMeHuB Boipaxenus (2.1 - 2.4).

A
Jnst obneryeHuss mnepeBoja oOTcueTa & WIM QB TOKa3aHUS MOKHO
BOCIIOJIb30BaThCsl TabmuMuaMu Ha puc.5a U 50, B KOTOpPBIX B CKaroll Qopme
IIPEJICTaBICHO U3JI0’KEHHOE BBIILIE.

I[MPUMEP NCIIOJIb3OBAHUA TABJINLbI

ITycTh M3MepseTcss HANpsDKEHUE, COJIEpiKalllee MOCTOSHHYH COCTaBisAoNlyr. B
pPacnopsKEHUU SKCIEPUMEHTATOpa UMEETCS! BOJIBTMETP C aMIUTUTYAHBIM JE€TEKTOPOM
U 3akpbIThiM BxoaoM. Illkanma BonbTMeTpa mporpaayupoBaHa B JEHCTBYIOIIMX
3HAYEHHUAX CUHYCOUBI U MO IIKAJIE MOJYyYeH OTCUET

;=10 B

TpeOyercs omnpenenuTh JAEUCTBYIONIEE 3HAYEHHWE BXOJHOTO HAMNPsHKCHUS
BOoJIbTMETpa. Kak BUJIHO W3 YCIIOBUI 3a]1a4u UCIIOIB3YETCS MOJTOBUHA TaOIHUIIHI.

HenocpeacTBEHHO, MO OTCYETY ONPEIENsIeM MONOKHTENBHBINH BbIOpoc U ,,
U3MEPSEMOr0 HaIPsKEHUS HaJl TOCTOSTHHOM COCTaBIsIONIEH

U,IA+ :\/E°aAﬂ3

3atreM ¢ YUYCTOM MMOCTOSIHHOM COCT&BJ’IHIOHIGIZ HU3MCPACMOT0 HAIIPAKCHHUA
HaXO0aUTCA aMINIMTYIHOC 3HAUYCHUC BCCT'O UBMEPACMOI0O HAIIPSAKCHUA

u,=U,+U,
U, - onpenensiercst nu6o pacuetom mo popmyie

17T
U, == [u(t)dt
T
0
b0 KaKMM-TO JIPYTUM CIIOCOOOM (Hampumep, BCIIOMOTATEIbHBIM H3MEPEHUEM C
MIOMOIIBI0 MAarHUTORJIEKTPUUECKOTO BOJIBTMETPA).

U

[To HaiileHHOMY aMILIMTyAHOMY 3HadeHM0o U, U3 COOTHOIIEHHS K, = U
A

HaXOJIUTCSI UHTEPECYIOIEE HAC ICHCTBYIOIIEE 3HAUYEHUE U3MEPSEMOr0 HAIIPSIKEHUS.

Kosdhdummentsr amrmumtyasl ¥ (GoOpMBI  HM3MEPSIEMBIX HANPSKECHUH MOXKHO
MOJIYYUTh PA3HBIM MyTEM.

Hanpumep, niis nHaunbosee pacnpoOCTPaHEHHBIX HAMPSKEHUN 3TH KO3(POUITUEHTHI
MOHO HalTH B CIPABOYHOMN JTUTEPATYpPE MO HECUHYCOUIAIBHBIM TOKaM.

Ha puc.6 npuBeeHbl XapaKTEPUCTUKN HEKOTOPBIX U3 HUX.

Ecin B crnpaBouyHWMKE HET HEOOXOIMMOW KpPHUBOW, HYXHBIE KOI(P(HUIIMESHTHI
PACCUUTBHIBAIOTCS UCXO/S U3 UX ONPEACICHUN

K =

a

K, =

U

U,

Y
’ Ug



[Topsanok nepeBoga OTCYETa B IIOKA3aHHUS.
Hanpsixkenue 6€3 NOCTOSHHOM COCTaBIISAIOMIEH.

L U1 i u2 )
i+
i I
uias U3A
@ u2n / i &
' % * @ E @

o & t . =)

T @ t
T2 T4
T3
Puc. 4a
HanpsixkeHne ¢ moCTOSSHHOM COCTaBIISIFOIIEH.
v Uy
L
i
Uff UIA/
! L/EA\*
U+ s
3 f /,
Us Us
/!
U
Uﬁ’q* J Uz}m UM
Usol /| | b1
I, # T

Puc. 46



Ha Bxox B-3 nogano HanpsbkeHue 6€3 moCTOSSHHOM

.
CcOCTaBJIsIIOIIEN U, = %J'U (t)dt=0
0

A 4

Bun Bxona B3 He BausgeT Ha OTCUET o

U jen (1) =U (1)

Ot puc. 4a

v v

A 4

Tun nerekropa

A 4

A 4

AMIUTUTYHBINI KBanparnunsiit CpenHeBBIPAMUTEIbHBIN
(ALl (KJD) (CBID
\ 4 \ 4 \ 4
Fpa,ZIYI/IpOBKa IKaJIbl B BHAUYCHUAX CHUHYCOUbI
| | I I | |
HeiicTByromie AMIUATyIHOE JeiicTByromie AMIuaTygHOe [eiicTByrome AMIUTUTYIHOE
€ 3HA4YCHUC 3HA4YCHUC (& 3HA4YCHNC € 3HAYCHHUC 3HA4YCHHUC
ITo orcuéTy co mIKajbl BOJILTMETPA 0O, HIX 0,
MoxHO cpa3y onpeaenuTb
\ 4 A 4
[TomoxeHnyro enictByromnee CpenHeBbIIPSIMUTENBHOE
ammutyny U, 3HayeHue U, snauenne U,
v \ 4 v v 4 4
lJA-*—:a\/E :aA U = U:—a U :—a U :—a
2 11 11114

A 4

A 4

\ 4

\ 4

\ 4

A 4

OcrasibHBIE 3HAYEHNUE U3MEPSAEMOro HanpsikeHus U, (t) HaXOaUTCs IO ITUM 3HAYCHUSIM

U, U, U, gepes K, K, onpenenseMble MO0 10 CIPABOYHUKAM JTMOO0 MHBIM ITyTEM.

Puc.5a




ITopsanok nepeBoaa OTCYETa B IIOKA3aHHUS.
Hanpsixkenue 6€3 NOCTOSHHOM COCTaBIISAIOMIEH.

Ha Bxox B-3 nogaHo HanpsiKeHUE ¢ MOCTOSSHHOU
cocraBisatomen U, #0

4—
K puc. 40

Nsmepsercs

\ 4

A 4

OTKpBITHII

Bung Bxona B3

A

A 4

U'(t),U

dem

3MepsieTest TONBKO MEPEMEHHAs COCTABIISIOIIAs
H=U't)=U(t)-U,

3aKphITHIN

v

A

A 4

Tun nerekropa

Onpenenenue U,

AMIUTUTY/.

KBanpatuunsIit

A

y

CpenHeBBITIPSM.

['panynpoBka mikanbl B3 B 3HaUu€HUSX CUHYCOUIBI

HeiicTByrorie AMIATYIHOE JeiicTByromie AMIumaTyIHOE HeiicTByrome AMIUITyIHOE
€ 3HAYCHHUEC 3HA4YCHHC € 3HAYCHHUC 3HA4YCHNC € 3HAYCHHUC 3HA4YCHHC
v v v 4 4 v

ITo orcuéty co mikajasl BOJIbTMETpA 0 Mtk 0. (BosbT)
v v v v v v
MoHO cpa3y onpeaeanuTb
v v v
[TonoxuTenpHy0 HeilicTByroniee 3HaUCHHE CpenHeBbIIpSIMIIEHHOE
ammmryny U, ,, U, snauenne U
4
A 4 A 4 A 4 A 4 \ 4
A U = _a
UA+:a\/E Up =a Ui=a o 2 U, - % U. - *
1 11114

A 4

A A 4

OcTanpHble 3HAYCHUE U3MEPSAEMOTr0 HANPSHKEHUSI HAXOJIUTCS MO 3TUM 3HAYECHUSIM
U,. U, U, U, U'(t) saxoqgum 3HaueHus U (t)

v

UA

+

=U", +U,

v

U, = U2 +(U")?

Puc.560

v

Um :Uce(Ul UO)

ce !
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I'me U — neiicTBytolee 3Ha4eHne u3aMepsieMoro Hampsbkenus U(t)
ITpu >TOM:

1T
U= |=|u?()dt
T! (1)

1T
U, ==|U(@)dt
o =7 ]nel

U rae U(t) - usmepsiemoe HampsbkeHue (T.e. Gopma H3MEpsSEMOro HAMpsHKSHUS ).

Bo3MoXxHBI 1 Ipyrue nyTH onpeaeneHus Ko3pPuuueHToB aMIUIUTYAbI U (DOPMBI.

HauGonpmme CIoXHOCTH BO3HHMKAIOT MPU MCIOJIB30BAHUU BOJBTMETPOB CO
CPEIHEBBITPAMIISIONIUM  JIETEKTOPOM U 3aKPBITBIM  BXOJOM JUISL.  U3MEpEeHUs
HECUHYCOUJATBHBIX HAMIPSHKEHUH C MOCTOSIHHOM COCTaBIISIOILIEH.

3. IOAI'OTOBKA K PABOTE
[Io nureparype O3HAKOMMUTBCS C YCTPOWCTBOM H METOAMKOW IPUMEHEHUS
AJIEKTPOHHBIX JIETEKTOPHBIX BOJIBTMETPOB I U3MEPEHUS PA3JIUYHBIX HAIIPSIKECHUU.

4. IIPOTPAMMA PABOTBI

3anaHue Ha caMOCTOAATEbHYIO padoTy. B COOTBETCTBMU C BapMaHTOM 3aIaHUS

U3 TaOnuIbl | aHATIMTUYECKU PACCUUTATD JIJISl HAMIPSIKEHUS] HECUHYCOUTATBHOU (POPMBI
curHaia cneayromue napametps: Uy, U,, U, U, K, K, .

cB!

Tabmuna 1.



Bapu- e(t) Bapu- e(t)
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Coneprxanue oTyera.

1. IlpuHMNMaNbHbBIE CXEMBI JETEKTOPOB TPEX TUIIOB.

2. IlonpoGHoe pelieHre 3aJaHusl HA CAMOCTOSITeJIbLHYI0 padoTy ¢ IpUBEACHUEM
pacueros no Tpebyembim napamerpam (Ug, U,, U, U, K , K ).

KOHTPOJIbHBIE BOITPOCDI
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1. O6mume cBenenust 00 M3MepeHHbIX HanpspkeHusX. Kinaccudukanus 3neKTpOHHbBIX
BoibTMETpOB 110 ['OCT.
2. CTpyKTypHBIE CX€Ma U MPUHIUI ACHCTBUS ANEKTPOHHBIX aHAJIOTOBBIX
BOJIbTMETPOB.
3. derexTopbl BOIBTMETPOB. X 0COOEHHOCTHU U CBOICTBA.
4. 3aBUCHUMOCTb OTCUETOB CO IIKAJIBHBIX YCTPOUCTB BOJBTMETPOB OT (DOPMBI KPUBOU
U3MEPSEMOro BOJbTMETpA.
5. TexHuka U3MepeHUs HANPSKEHUS
a) BriOop BosbTMETpaA MO €ro OCHOBHBIM XapakrepucTukaM. [loakmntouenue npudbopos
K KOHTPOJIUPYEMOH LIECTIH.
0) CHsiTHE OTCUYETOB U MEPEBOJ] UX B MoKa3aHus. [Ipumepsl nepeBo10B OTCUETOB.
6. [losicHuTe NOPSAIOK MPOBEICHUS U PE3YJIBTATHI IKCIIEPUMEHTA (110 33/1aHUIO
npernojaBaTess).

Hpuioxenue 1.
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[Ipumep BBINIONTHEHUS 3a/JaHUs Ha CAMOCTOSITENIbHYIO padoTy.
N
e

puc.1.1
JUist TaHHOTO BUAA HECHMHYCOMJAJIBHOTO HANpPSHKEHUS TPeOyeTcsl ONpeeuTh
HOCTOSIHHYIO cocTaBisiomyo U, no popmyie (1.1):

1T
U, =?£u(t)dt,

rae T =2m.
Hcxonnoe HecuHycouaanbHoe HampsbkeHue (puc.l.l) omuchiBaeTcsi KyCOYHO-
3alanHoN (yHKIMEH. Brimenum ydacTku, Ha KOTOPBIX JaHHAs (DYHKIHMS MOKET OBbITh

OIKCaHA 3JIEMEHTAPHBIMU (DYHKIUSIMU
M
e

Ha ydactke 1 ricxomHas KycouHO-3a/aHHast (QYHKIMSI OMUCKHIBACTCS ypaBHECHHEM
npsimoii Y =kx+b. [lanHoe ypaBHEHHE NpPSIMON MOXET OBITh MOJYYEHO MO JBYM

M3BECTHBIM TOYKaM, Hanpumep, A u B:
M
e

Boruucnum koopauHaTel Touek A u B:

A(0;0), B(m;Em).

[ToacTaBuM gaHHBIE KOOPAMHATHI B 0000IIEHHOE ypaBHEHUE NpsiMoil Y =kx+b, B
pe3yibTaTe MOJy4YuM CUCTEMY YPaBHEHUN
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A: 0=k-0+b
{B . Em=Kk-n+b
PemmMm maHHyrO cUCTEMY OTHOCUTENBHO apameTpoB K u b:
b=0
_Em
on

Takum oOpa3om, MOJYy4YUIM ypaBHEHHE NpPsIMOM Ha ydacTke 1 B cucreme
KOoOpauHAT ot, e(wt):

Kk

e((ot):E—m(ot, O<ot<n (@D)
T

YpaBHeHME IPSIMOI HA y4acTKe 2 3aMUIIETCs CIASTYIOIIUM 00pa3oM:
e(wt)=0, t<ot<2n @)
3anuiiemM KyCO4HO-3aJJaHHYI0 (YHKIIMIO aHAIUTUYECKH, UCTIOb3Ys paBeHcTBa (1)
u (2):
Em
e(o) = Toot, 0<0)t£7t. 3)
0, t<ot<2n
Paccunraem mnoctosiHHyro cocrtasistouryro U, mo ¢opmyne (1.1). s storo

HE0OX0IMMO TPOMHTErPUPOBATH KYCOUHO-3a/1aHHyt0 PpyHKIuIo (3) B nmpeaenax ot 0 10

2m:
2n n 2n 2 2
[e(@t) dw) = [ "ot dt)+ [0 dw)) = Em (oY) v gp EMn_Em-m )
5 o T | T 2 n 2 2
[ToacTaBum manHoe 3HaueHue B popmyny (1.1):
2n
Uy == [ e(ot) d(ot) = o T EM IO _55p
27 2n 2 4 4

Takum 00pa3omM, MOCTOSTHHAS COCTABIISIIONIAS HECUHYCOUJATHHOTO HAMPSKEHHUS
Ha puc.l.1 paBHa 25 B. M300pa3um MOCTOSIHHYIO COCTaBIIAIONIYIO HA puc.1.1:

M
e
100/, B
1 2
501
u=2 A/ ot
oA T 2x

[Inomans ¢urypsl (+), pacnosiokeHHOW Bblie npsmod U, =25B paBHa
CyMMapHOH miomaan Guryp (-), pacroiokeHHbIX Huxke npsimoi U, = 25B.



