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1. Ilean padorsl

M3yuyenue ycrpoiicTsa SJIEKTPOHHOrO  ocuuyutorpada M OBJajieHUe
METONMKOH  W3MEpeHUs  aMIUIMTYAHBIX H BPEMEHHBIX  XapaKTEPUCTHK
TMCPUOAMHECKHX CUTHANOB. IlosyueHne HaBBIKOB pabGoOTHI ¢ HU3MEPUTETbHBIMH
PCHEPATOPaMU U JJICKTPOHHBIMU BOJIBTMETPAMH.

2.  Tlpubopsl, HcHOJb3yeMbIe B padote
2.1. JIsyxkananbuslii ocuumnorpad C1-79.
2.2 T'eHepaTop CUTHANOB HU3KOYACTOTHBIH [3-112 (I'3-02).
2.3. I'eneparop ummnynscos I'5-63.
2.4. DnexTpoHHbI MUJUTEBOJBTMETp B3-41.

3.  Ilporpamma pa6oTn

3.1. O3HaKOMUTHCS ¢ OpraHamu ynpasieHus ocuuiorpada C1-79.

3.2. Hayuntbcs kanubpoBath OCLUIUTOrpadbl MO aMIIATY/IE | [0 YacTOTE.

3.4 M3MepuTh aMIIUTy 1y CHHYCOMIAIBHOTO CHIHAIA,

3.4. ismMepuTh aMIuiuTyny HpFIMOYFOJTbHOF\'O UMITYyJIbCa.

3.5. OueHnTh pesymbTaThl U3MEPEHUH 1K OMOLIH 3JIEKTPOHHOT'O BOJIbTMETPA.
3.6. M3aMepuTh BpeMeHHble Mapamerpsl UMITYyJTBCHOTO NEPUOAMYECKOr0 CHrHasia
(eproJ1  CIefOBaHMS, IIUTEIBLHOCTD UMITYJbCa, JUIMTEIIBHOCTh IEPEJHEr0 W
3a/lHETO (PPOHTOB) M OLEHUTD HOIPELIHOCTE U3MEpEeHUH.

3.7. Vsmepennme BpeMeHH  3ajepiKKH MEXIYy  JBYMsS  UMIYJIbCHBIMU
MOCJIEI0BATEIEHOCTSIMH.

3.8. Ilo pesynbTatam u3mepenuit opopMuTS OTUET.

4. [Topsinok m MeToAMKA BBLINOTHEHHS JlabopaTopHoii paGoThI
4.1. O3HaKOMHUTBCS ¢ OpraHaMu yIpaBlIeHHs ocuuiorpada.
4.2. Brmounts ocumsuiorpag 1 HoAroTOBUTH K paboTe (cm. mpunosxkenue 2). [pu
3TOM 00paTHTL BHUMaHHE HA CJIELYIOIIHE MOMEHTHI:
® YHOpaBJCHUE SPKOCTHIO U (POKYCOM IJTEKTPOHHOrO JIyya;
® YOpaBJICHHE  MOJOXKEHHEM  3JIEKTPOHHOIO Jiyda Ha  JKpaHe
SNEKTPOHHO-TYy4€BOH TPYyOKH;
® BHUJBI BPEMECHHOW Pa3BEPTKU U KX IIPUMEHEHUE;
® PEXHUMbI CHHXPOHH3AIUH;

® 0011as CTPyKTypa 31eKTPOHHOTO ocHuIIIorpada.
4.3. Jlna mpoBeneHHs: KaqMOPOBKH KadKIblii ocuumiorpad OOBIYHO CHAOKAIOT
BCTPOCHHBIM KanmubpaTopom, IIPENCTABIISTFOIIIM coboit reHeparop
[IPAMOYTOTBHBIX UMITYJIbCOB M3BECTHON KaJIMOPOBAHHON 4acTOThI cienoBanus Fk
n ammmaty el Ak. Ilpu noaxmoyeHnn BeIxoga kanmubparopa K BXOAY y Ha 3KpaHe
ocuuiIorpaga AOMmMKHO BO3HHKHYTh M300pakeHHe MPSMOYTOIbHBIX UMITYJIbCOB
(TIpE OTCYTCTBUM CHHXPOHH3ALMH OyIyT BHIHBI IBE IOPU30HTAJIbHbIE JINHUHK).
llepexirouatens enuTelss HANPSKEHNs YCTAHABIMBAIOT B TAKOE II0JIOKEeHHe, TPH
kotopom Ak/Kq= 4-6, rne Kq -maciutabusiii kosdbuurenT nemurens, yYKa3aHHbIN
Ha TIEpekiloHarene; 3aTeM py4Ky "YCHJIEHHE MIIABHO" YCTAHABIMBAIOT B MPABOE
(HUKCHPOBAHHOE MOTOKEHHE ¢ MOMETKON "<- KanuOp" W CPaBHUBAIOT 3HAYECHHUE
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AMIUTUTYZIBl Ha dKpaHe ocuuiiorpada co 3HayeHueM AMIUTUTYABI KanuOpaTopa.
3HaYeHHe AMIUIUTYABI Ha JKpaHe ocuuiiorpada OnpesenseTcs BbIpaKeHHeM
A>=n*Kq, rme n-kommuectBo ACJieHUH, Ha 5KpaHe ocuwuiorpada, Kq -
MacIITabHbIH  KOI(GQUIMEHT BXOJHOrO JETHTEINS. ocuujiorpad cuurtaercs
OTKanH6pOBaHH51M, ecimt As=Ak. Ecmu  ykazanmnoro paBeHCTBA HET, €ro
NO0OMBAOTCS TIPH TIOMOLIM PEryIHPOBKH, BHIBEICHHOI MOJl LUIMI] Ha HepejHei
MaHeH ¢ 0003HaYeHHeM

B nByxkananeHOM ocumsiorpade KaJIMOpOBKa OCYLIECTBSETCS OTAENBHO
[0 KaXkKI0OMy KaHaly (CHayana BBIXOJ KaIubpaTopa COeMHSIOT ¢ BXOIOM IIEPBOI'0
KaHajla U KaJluOpyloT ero, a 3aTeM - cO BXOIOM BTOPOTO KaHa/la U AHAJOTUYHO
Kanuopyer ero). Jlnd kanuGpoOBKH 10 HYacToTe NEePEeKIrYaTenb IIUTETHbHOCTH
Pa3BCPTKH CTABAT B TaKoe MOJIOXKeHHe, npu kotopom 1/Fk*Kq=5-10, rne Kq -
MacIITabHBIH  KOdpuIHEeHT  reneparopa Pa3BepTKH,  yKa3aHHBIH  Ha
nepexiodaresne. 3aTem pyuKkoit "IUIMTeNbHOCTh pa3BepTKy / MIaBHO" 10GUBAOTCS
PABCHCTBA TICPHONA CIIENI0BAHMS UMIYJIbCOB HA OCLHIUIOTPAMME C IEPHOIOM
CIIC/IOBAHHUS HMILYJILCOB KanimOpatopa. ¥ GOJBIIMHCTBA OCHMILIOrPadoB pyuKu
“ycuileHKe MIIAaBHO” M “IIMTETBHOCTD pa3BepTKH / IIABHO” B KpaifHeM 1paBom
MOJIOKEHUE UMEIOT (uKcaTop ¢ 0G03HaUeHHEeM “KanuGp.”. B 5ToM monoxenuu
KamiOpoBKa ocumujiorpada 10 aMINIMTYAe W 4YacToTe OCYyIECTBJISAETCS TPHU
IIOMOLLY IUTUIIOB 'BBIBeIleHHbIX Ha MEePEIHIO MaHeb.

IIpoBepuTe  HPaBUIBHOCTE  KANMHOPOBKA  MOXKHO OJIHOBPEMEHHO ¢
MSMEPEHUEM aMILTUTY bl CHHYCOHAAIBHOTO KojeOaHus. s 3TOro m3aMepseMsiii
CHI'HAI C BbIXOJA TeHEPATOpa IOJAeTCs OJHOBPEMEHHO Ha BXOJ y OCLHIIorpada u
Ha BXOJ SJICKTPOHHOTO MUIUIMBOJILTMETPA. [lepekirouaTenieM BXOIHOTO JAEIUTENs
"BoJIbT/Aen" NOOUBAIOTCS BEIUYMHEI U300pakeHUs O BEPTUKAIIH, MpeBbIIIAIONEeR
OJIOBMHY ~ SKpaHa — ocuumiorpaga. Pyukoit  "ypoBeHb" — CHHXpOHM3ALUH
JIOOMBAKOTCS YCTOMYMBOTO M300paKeHHs. 3HAYCHHE OTCUETA B JENCHHSIX IIKAJIbI
YMHOXA€TCA Ha 3HAYEHHE MacmTabHOro Ko3(pduIKHeHTa, YKAa3aHHOTO Ha
[epeKnrodarene "BoibT/meNn", B pe3yibTaTe Yero [MOJIy4aeTcs HU3MEpPEHHOoe
3HAYEeHHE B BOJIHTAX. \

PesynbraT u3mMepenus 3anucarh B BHJIE

UAU = Uum i 4 (1)
rae Ung - aMIUTUTY(HOE 3HAYeHHe H3MEPEHHOro HampskeHus; U,,, — HI3MepeHHoe
3HaquI/Ie; — OCHOBHaAas HOFpe[HHOCTB H3MepeHHH.

YunThBas, 4YTO  IIKaJa  MHJUIMBOJIBTMETpA IpOrpagyupoBaHa B
SQOEKTUBHBIX  3HAYCHHAX, 044 HOAYUEHUA AMRAUmMYOHO20  3HAYEHUSA
USMEPAEMO20 HANPAIICEHUA Pe3YIbMAM USMEPEHUA HEOOX00UMO YMHONCUMb HA
1,41. CpaBuuth pesyibraT H3MepeHui. OLEHHTH MPABHILHOCTE KIMOPOBKU U
TOYHOCTH U3MepeHus. sl u3aMepeHus aMILIATY (bl UMITYJbca Ha BXoq "y" monats
H3MEPACMBIH CHIHAJl ¢ UMITYJIBCHOTO [E€HEPaTopa, YCTAHOBUB CKBAXKHOCTH 2, W
AHATIOTMYIHO IPOBECTH OTCYST aMIUTMTY/bl IO MacIuTabHONW CeTKe OIKpaHa
ocumiorpada. \

Ckeaxicnocme ecmv omuowenue onumenvHocmu nepuooOa UMRYJIbCHBIX
Konebanuii k onumensnocmu umnyavca Q=T/t , (cm. Puc.1 nuxce).
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llpu  wusmepenun HUMIYJIbCHOIO  HampsDKeHWs  Ha JICKTPOHHOM
MHUJUTHBOJIbTMETPE HAlO0 MOMHHUTH, Y4TO Mo MPUHIHAIY JeicTBUs mpuGop B3-41
ABIICTCS.  MUJUTHBOJIETMETPOM CPCIHEBLINPAMIIEHHBIX  3HAYEHHM, a Imkana
OTCHUCTHOrO YCTpOWCTBA mporpanyuposana s CPCAHCKBAJPATHYECKUX 3HAYCHUSNX
FapMOHHYECKOro HalpsiKeHusl. [TosTomy s onpeoesenus
CPeOHeBbINPAMICHHO20 3Hauerus ftokasanusn npudopa neobxooumo pazdenums
Ha Koyhhuuuenm dopmy K¢p=1,11. A CPCOHEBBINPSIMIIEHHOE 3HAuYeHUe
Habmonaemoro ma 9KpaHe ocumiorpada CUrHama MOKHO ONPENENUTL 110
(bopmyne

#

Um:%f

0

U(1)|dt 2

U(t) nerxo onpenensercs o OCHHIUIOrpamMMe:

[

Um-
TH™®
‘—-—---'?——ﬂ?
Prc. i
U :0=2t&g
U?‘ = m+ 2 3
@) {Um_,rsrsT ( )

[TocnenosatenbHo ycTanoBUTE cKBaKHOCTE 4 u 6, coxpauss Ha SKpaHe
ocuuiiorpada HeM3MeHHOM AMIUIUTYy MMITYJIbCHOTO curHana. CHSITh MOKa3aHus
BOJIbTMETpPA U OLIEHUTh UX COOTBETCTBHE C OCIUJUIOrpaMMaMH.

4.4. BpeMeHHBIe MapameTpbl MUMITyJIbCHBIX CUTHAIOB BCErJa H3MEPSIOTCS C
NOMOIIBIO KanuOPOBaHHOM pa3BepTKH, T.e. HETIOCPENCTBEHHO M0 OCLIILIOTPaMMe.
IIpu stoMm, ecnu USMEPACTCST  MMIIYNBCHBIA ~ CHTHAl  CO  3HAYUTENBLHOMN
CKBaXXHOCTBIO (T»t,), TO 1115 Gostee TowHOTO H3MEPECHUS BPEMEHHBIX I1apaMeTpoB
CaMoOro UMIITyJbca (ty» ANUTETBHOCTH bporToB W T.1.) 1eaecoodpazHo
BOCIIOJIB30BATHLCS XKIYIIEH pa3BepTKON, 4TOOKI PacTAHyTh H300paXXeHHE UMITYIIbca
Ha Bech dKkpaH. Ilpu uccrienoBaHuu (QpPoHTOB HEOBXOTUMO Tak e pacTsIHyTh
nzobpaxenue GpoHTa Ha Bech 9KpaH. bonbmuHCTBO ocummtorpadgos s
oOecreyeHns BO3MOXKHOCTH HCCICIOBAHUS K [IEPEIHEer0 U 3aJHero (GPOHTOB
MMEIOT  IEpeKIIfoYaTeNlb MONSIPHOCTH  CHHXPOHW3ALHUM pa3BepTKU JIMOO oOT
liepennero, oo ot 3agHero pponra UCCJIETyeMOro CUTHAJIA.

Hnumensnocme umnyieca v, Kak npasuio, usmepsaemcs no ypoenio 0,5.
JJ1s 9TOrO0 mepexioYaTens BXOMHOTO IeMHTeNns PYUYKy TUIaBHOTO H3MEpEeHUs
KO3 punuenTa ycunenus kaHana Yy YCTaHOBUTb B TaKO€ IMOJIOKEHHE, YTOOBI
AMIIATYla  WMIyJbCa 3aHMMana Bechb 5KpaH, TOraa IO yposHio 0,5
(oTrpagyupoBanHas LeHTpallbHas JINHUS ) JIETKO COCYMTATh KOJHYECTBO NeJICHMIH 1
YMHOXHTE Ha MaclITaOHbIA KodpduLEEeHT nepekmouaTes CKOPOCTH pa3BEPTKH.
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HawGonsmias  rtounocrs H3MEPCHHS  JTOCTUTAeTCsT B  ToM Clydae, Korua
ATATCIBHOCTD UMITYJIbCa 3aHUMAET GOJIbIe MOJIOBHHBI 3KpaHa.

HAnumenonocmu nepeonezo u 3admnezo Pponmoe umnynsca usmepaiwomea
no ypoeurw 0,1 u 0,9 AMRIUMYObI wu}zyf:bca. s storo Ha cerke 5KpaHa
ocumiiorpada HaHeceHb! B B¢ Touek smHuu 0.1 u 0,9 ot YPOBHsI BCE€H IIKaJIBI.
st u3mepenus mmwrensrocTeii (poHTOB HEeOOXOMMMO, TaK e Kak u npu
USMEPEHUH IIUTEbHOCTH MMITyJIbCa, JIOOUTBCS, YTOOBI UMITYJIbC MO aMIlTy1e
ObL1, pa3BepHyT Ha Bech akpan. Ilocye sroro PYy4Ko# "ypoBeHn CHUHXpOHHU3aIun"
JOOUTBCS XOpoLIero M300paXeHNs mepentero dponTa, a 3atem [epeKIroyaTeseM
"cKopocTh Pa3BEPTKH" pacTAHYTb M306paXeHe fepeanero gponta Ha Bech SKpan
M TO0 TOYKaM mepeceveHus: U306paskeHmii I'OPU30HTANIbHBIX TOYEYHBIX JIHHHIA
(0603HaUaBIIHX yposerb 0,1 u 0,9) ONpPCIC/INTh KOJUYECTBO MEeIeHUH W
YMHOXUTE Ha MacIITaObHbIH Kodddunment IepeKo9aTes "cKopocTh pasBepTku’.
AHanoruyxo U3MEPSIETCS  UIMTENbHOCTh  3a1Hero $GpoHTa, HO mpH 3TOM
HeoO0X0IMMO mepekroyaTes NOJIIPHOCTH CHHXPOHHU3ALUU MOCTABUThL B Apyroe
losoxenue. Pesynbrata nsmepenuit sammcats B BHJIE

Tp= Tt ATy, \ 4)

4.5. Jnst U3MEpeHMUsI BpEMEHU 3alIEPIKKA MEXIYy  AByMs
CHHXPOHU3UPOBAHHBIMU MMITYJIbCHBIMU MOCICIOBATENBHOCTAMY TIPH  OMOIIIH
ABYXKAHATBLHOrO ocuumuiorpada HeoOXoIuMo TI0NaTh D>TH CHTHAbl Ha pa3Hble
BXoxel Y Tlpu ycroitunsom H300paKEHHH Ha SKpaHe ocuuiiorpada Gyer
XOpOILIO BHIHO B3aMMHOE BPEMEHHOE PACTIONOXKEHHE 5THX UMIIyJIbCOB, KOTOpOe
MOYHO JICTKO U3MEPUTD € OMOLLBIO KaTHOGPOBAHHOI pasBepTKH.

s usmepenus BPEMEHHU  3aJIep)KKH MPH  [OMOIIH OJTHOJIyYEBOT0O
OCHMJUIOrpada OmOpHBIH CHUIrHAI UCHOJIB3yeTCst 1l oOecledyeHUsT BHEMIHel
CHHXpoHM3auMu. ITostoMy on momaere Ha Bxox X (BHeILHsIsI CHHXPOHH3aIHUs), a
TICPERIIOYaTe/Ib BUIA CHHXPOHM3ANME VCTAHABIMBACTCS B MOJIOXKEHUEe "BHEIH.
L:1" mmm "1:10". pyro#t curman oflaercst Ha Bxox VY. B sTom ciydae Hawaso
PasBEPTKH OyneT coBmagath ¢ (poHTOM OIIOPHOrO CcHUrHaia, a u3o0pa)ceHue
APYTOro CHrHalla HAYHETCS Yepe3 BpeMsl ero 3a/IePIKKH OTHOCHTENBHO OIOPHOTO,
KOTOPOE JICrKO H3MEPUTD € TOMOLIBIO KAaTHOPOBAHHOI pa3BepTKH.



S. KouTpoabupre BONpOCHI
5.1. 3a cuer wero OCYWIECTBIISETCS THHAMHYeCKOe OTKJIOHEHHE JIyda 1o

5.2. Kak ocymectsisercs KambposKa OcuuIIOrpada no ammmTyne?

5.3. Kak Kanmopyercst ckopocts pa3BepTku?

5.4. Kaxk M3MEPUTL  aMIUTUTYIHEIE XAPAKTEPUCTHKH  MPOM3BOIBHOIO

IIEPHOAUYECKOTO CHTHAa?

5.5. B ueM cocrosr HPCUMYIIECTBA  OCLUMILIOr paduyeckix U3MepeHuit
AMILTHTYAHBIX XapaKTEPUCTHK CIIOWHOLO CATHAJIA 110 CPaBHEHHIO C NPSIMbIMHU
U3MEPEHUSMH C IIOMOIIBIO BOJIbTMeTpa?

5.6. Kakue hakTopel BiEsIOT Ha TOUHOCTD M3MEpeHUs aMILTHTYAHBIX
XapaKkTEPUCTUK CUTHANA TPy floMotu ocuuinorpada?

5.7. Kakwue Bpemennbre TapamMeTpel HMITyJIbCHBIX CHIHAIOB Bawm U3BECTHBI,
H KaK OHM oIpeJenstoTes ¢ ITOMOIILIO ocuuiIorpaca?

5.8.  Kakue (akTopel BnHsIOT Ha TOYHOCTE H3MEPEHHsI BpEMEHHBIX

- XaPaKTEPUCTHK MPH [TOMOIIH ocuunorpadga?

5.9. Hazosute ocHoBHBIE MPUHIKUITBL  TpeoOpasoBanus B AJTEKTPOHHBIX

BOJIbTMETpax.
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[TPUJIOKEHME |
OCHOBHBIE ®OPMY.JIbI
U'\!]: UII‘.M A (1)
rue U,\n - dAMIUTHTYHOE 3HauyeHHe H3MEPEHHOID Haﬂp’{}keHHﬂ; Um,\, — H3IMEpeHHOe 3HaueHHe: - OCHOBHAan

NOrpelHoOCTbL K EpeHuU.

B 3dpé~NtuBHbIX 3HAUEHMAX, pesyJibTar usmepenus neooxoaumo * 1,471 oug ROIVYCHUSA _aMIIUNYOHO20
SHAYEHUS USMEPSEMO20 HANPANCEHUS.

Hpu__usmepenuu _wunynocnozo _nanpsocenus ABJACTCA  MHJUTMBOJIBTMETPOM  CPEIHEBBITPSIMICHHDBIX
3HAYCHWH, a WKana OTCYETHOro  yCTpoiicTBa NMPOrpasynpoBaHa B  CPeIHEKBAAPATHYCCKHUX 3HAUYEHMSIX
FAPMOHUYECKOrO HANPSKEHUA. noKasanus npuGopa neobxoduro pasdenume na kosduyuenm dopmy Kgp=1,11.

A CPeJHEBBIIPAMIICHHOE 3HAYCHUE HABITIONAEMOrO Hd SKkpaHe ocuuiiorpaga curuana MoKHO ONpeaesnTh
1o (opmye

1
g, = ?!’U ()|t )

Uiy S EEE ¥
U@t)= 3)

Um_, Tt

[IpoBepuM mparunsHOCTS KalIMOpOBKY BMECTe C U3MEpeHHeM aMILTUATY IBL
CHHYCOUIAIBbHOI'0 KONeOaHus.

UAO = UHSM % X \
U = 1,5*0,5=0,75 (B).

Uis :0,7519’7—155[%%0,7&0,034 (B).
Jl/BoneT™MeTpa 3anuchBaeMm
Uy = Uy * 1,41 = 156_4*1,41:0,77 (B).
U = 0,77:0—’%%2;%0,7&0,019 (B).

N3mepum aMIUIATYly UMITYJILCHOIO CUTHAJIA:
Cxsasicrocmos = 2

Uson = 3,4%0,2=0,68.(B) Vg = 0,68i%=0,68i0,03 (B).
' 11,7 0,35%2,5
: = = \ = 0,35+ === =0,35+0,009 (B).
Unsm,sbmp, 30*111 0935 (B) Ucp ‘BBITIP. 0; 5 100 ( )
1 r 0,68
Ucp BLIIp. — }‘ Ucp Kuaﬂp.§= —2_ =0,34 (B).
Cksadicnocmp = 4:
i#
Uson = 3,6%0,2=0,72.(B) Uas = 0,7219%0_49= 0,7240,032 (B).
=52 Top = 0,255 52 23 195500006 (8
UH'&MBLIHp. - 30*1,11 "03255 (B) I—’cp -BBITIP. = 09255-— 100 > E ( )
1 T 0,72
Ucp BBITIP. = "}; Ucp KBa.ZEp.Z = T =0,18 (B).
Cxeascrnocmo = 6
0,78%4,5
Unsw = 3,9%0,2=0,78 (B ) Upng = 0,781—15— = 0,78+0,035 (B).
= 35 __ ap=0,1652 21925 _ 16540 006 (B
UH:}.\q,Bblnp, - 30*1711"03165 (B) UCD.BinIp. 05165— 100 > s ( )
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U

1 0,72
Cp.BBIp. = T U p. .
7 ¢p KBazp 4

= 220,18 (B).

£ =

U(t) nerko onpenensercs mo OCIHJIIOrpaMMe:

tme

~

:l
|
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L‘I r = m+?
0-

m—?z-_' -

O0<tr=<r



