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HacToawmin AOKYMEHT onucbiBaeT noteHunoctat P-40X, C yCTAaHOBNEHHbIM B HEM MOAY/EM
YacToTHOro adanusatopa FRA-24M. 3pecb npuBeAeHO HECKONbKO MpUMEPOB U3MEpPeHUs
NMMeaaHCHbIX CNEeKTPOB pas/IMyHbIX 06BEKTOB, a TaKXXe OMNWUCLIBAETCA MporpaMMHoe obecneyeHue
ES-8 ana paboTbl C METOAOM 3M1EKTPOXMMUYECKOr0 UMneaaHca.

TakXe oAHOW U3 LieNei Cco3aHna HACTOSLIEro IOKyMeHTa 6bIf0 MOKa3aTb, KakMe TUMOoBble
OLIMBKM MOryT BO3HMKHYTb Npu paboTe C MMNeAaHCMETPOM, M Kak MX Nydlle BCero u3bexatb.

OTOT [OKYMEHT HarnsgHo AEMOHCTPUPYET MHOMMEe BO3MOXHOCTM  MOTeHuMocTaTa-
ranbBaHocTtata P-40X c mogynem 4aCTOTHOrO aHanu3aTopa W MoXeT 6biTb noneseH npu Bbibope
npubopa, 4Tobbl 3apaHee yb6eanTbCs - Ha CKOMBbKO OH NOAXOAWT Ans Bawein 3apauw.

DTOT [OOKYMEHT S$BASIeTCA AOMOSHeHMeM K 6a30BOMYy pyKOBOACTBY MO 3KChayaTaumm
noteHuuoctaTta P-40X u, pykOBOACTBY MO 3KCrjyaTauum MOAYNs YacTOTHOro aHanusatopa FRA-
24M.

PekoMeHayeMble ANs NpoYTEHMS AOKYMeHTbl (HaxoasaTcs Ha Aucke ¢ npubopoM mnu Ha
HalleM canTe B MHTepHeTe www.elins.su B pa3aene 3arpy3ok):

Getting_Started (README)-ES8
Instruction_P-40x

Instruction_FRA-24M
ANO9-Electrochemical_Cells_and_Methods
AN13-What is Potentiostat and how to use it
AN17-ES8-vs-PSPack-Comparison

CoaepxaHue
1 MoakntoveHne npubopa K nccnegyeMomy obbekTy 3
2 MNporpammHoe obecneyeHne ES-8 7
3 MNpumepbl MMMeaaHCHbLIX CNEKTPOB 14
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1. MoaknroueHne npubopa K uccnegyemMomy o6bexkTy

Ha I'IepBbIﬁ B3rnaa TpMBVIaJ'IbeII‘;I BOMPOC — KaK MnpaBWibHO NOAK/THOYUTDL MCCJ'IeD,yeMbIl\;I
o6pa3eu, MOXET nopoAnTb OYEHb bonbwme cucrtemaTmyeckue u Cﬂy‘-lal‘/lIHbIe norpewHocTn B
N3MEPEHUAX. OcobeHHO 3TO KacaeTCs HU3KMX COHpOTMBﬂEHMI‘;I.

Kak npaBuno, Takme 06beKTbl, Kak pasnunuHble XUT M UX KOMMOHEHTbI, TECTUPYIOT MO
ABYX3neKTpoaHo cxeme. KpaliHe BakHO nNpuM  3TOM  WUCMOMb30BaTb  YETbIPEXTOUEYHOE
noakntoyeHne. OCHOBHasi MAES YETbIPEXTOUEYHOrO MOAKIOYEHNS B ABYXINEKTPOAHOW CXeEMe
COCTOWUT B TOM, YTO Y KaXAOro M3MEpUTENbHOrO MPoBOAA AO/MKHA ObiTb CBOW OTAESbHAs TOYKa
MOAKMOYEHNS Ha WccneayeMoM obbekte. O6paTuTe, MOXanycTa BHMMAHME Ha CXeMy
YETbIPEXTOUEYHOrO MOAKIOYEHUS U3 UHCTPYKLUMK K Npubopy:

Counter Ref Comp  Work

B YETbIPEXTOYEYHOM noAKI04YEHNN noTeHuunanbHbIE nposoaa KOMMEHCUPYIOT
conpoTtuBneHne (M MMI'IeD,aHC) HE TONbKO CaMuUX TOKOBbLIX MNpoBOAOB, HO W COMPOTUBIIEHUE
KOHTAKTOB NOAK/TIOYEHNA TOKOBbIX 3N1EKTPOAOB K UCCneayeEMoMy 06pa3u,y.

ConpoTvBneHne KOHTaKTOB MOXeT AOCTUraTb AEeCATKOB MWIIMOM. TO eCTb, K npumepy,
BE/INYMHY, COMOCTaBMMYK) C aKTMBHbIM COMPOTMB/IEHMEM 3MEKTPONIMTUYECKOrO KOHAeHcaTopa,
eMkocTblo 1000 MK®. Ecnu e uccneayemblit 06bekT MMeeT COBCTBEHHbI MMMeAaHC Ha YPOBHE
HECKONIbKMX MWNIMOM, TO HeobayMaHHOEe MOAKIYEHUE W3MEpUTENbHBIX MPOBOAOB MOXET
NPUBECTU K COBEPLUEHHO MOSIHOMY UCKAXEHUIO N HEAOCTOBEPHOCTU 3KCNEepUMEHTasIbHbIX AaHHbIX!
MoxxanyicTa, 6yabTe akKypaTHbl Npy BbIGOPE TOYEK MOAKIIOYEHUSI U3MEPUTESbHBIX SNIEKTPOAOB K
nccnegyemomy ob6bekTy!

Ob6paTnTe, Noxanyucra, BHUMaHWE TakKXXe Ha NepefHiol naHenb Bawero npubopa. Bce
npubopbl npounssoactea OO0 InMHC cneunanbHO UMEKT OYeHb HarnsagHyl nepeaHio naHesnb:
NpoCTO MNPOSIOXKUTE BCE W3MepuUTesbHble MpoBoAa MapanfienbHo Apyr Apyry OT npubopa K
nccnenyemomy obbekty, n Bbl nonyynte yeTbipexTovevHoe noaknyeHne (paBHO Kak v niobyto
Apyryto cxemy — 2, 3 unu 4 anektpoga). Takas HarnsaHOCTb, B COBOKYMHOCTU C NOAMMUCSMMN 3HAKOB
MONSIPHOCTM Ha nepeaHe MNaHenu, MNpu3BaHbl WUCKIOUYUTb HEOBXOAMMOCTb 3arOMMHAHUSI CXEM
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NOAK/IOYEHNS W  Ha3HAYeHWs NPOBOAOB KaK TaKOBbIX, a@ [AenaloT NoAK/IlYeHue YyaobHbIM,

HarnagHbiIM U NOHATHbIM:

Counter

Ref

[anee 6yneT nNpuBEAEHO HECKONbKO MPUMEPOB pPa3fiMuHbiX OBbLEKTOB C MpaBMJIbHbIM

MOAK/OYEHNEM, @ TaKXKe HEKOTOPbIE NMPUMEPLI C HArMSiAHO NMPOAEMOHCTPMPOBAHHLIMU OLLUMOKaMMU.

CynepkoHAeHcaTopa 1 T.n.):

COMP

WORK

NMpaBUNLHO

REF

CNTR

HenpaBunbHoO

COMP

WORK

CNTR

—-—— e o
gy

REF WORK -
COMP :

SNEKTPOHHbIA KOMMOHEHT Tuna KoHAeHcaTopa (MPOMbILLIEHHOrO HEGOJBbLLOrO MOHMCTOPA,

HenpaBunbHO

CNTR

REF
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3J'IeKTp0HHbII‘/1 KOMIMOHEHT TUMa PE3NCTOPA.

[

lpaBUNLHO HenpaBunbHoO

ol /S

CNTR REF COMP WORK REF CNTR WORK COMP

R_A R A

CoBpeMeHHass sueirka [Ans TeCTUPOBaHWSI TOMMBHLIX 3neMeHToB (1 - cneumanbHble
TEPMUHaMbl ANS MNOAK/IOYEHWUS MOTEHUMANbHLIX - WU3MEpPUTENbHbIX 3/1EKTPOAOB B BUMONSIPHBIX
nnacTuHax, 2 — CUNI0BblE BUHTOBbIE 3aXKWMbl A/151 MOAK/TIOYEHNS] TOKOBbIX 3/1EKTPOAOB):

1 REF COMP

CNTR WORK
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CpeaHuii NPOMBbILLEHHBIN CynepkoHAeHcaTop (MOHUCTOP):

CNTR WORK

REF COMP

MpoMmbilwneHHas 6GaTapes WAM  akKymynsTop (KOHCTPYKTMBHO, MPaBWIbHO K  HUM
NOAK/IIYUTLCS C/IOXKHEE BCEro, TakK Kak He 3a YTo yxBaTuTbcs. Mpuxoautcs nvbo noanavBaTtb
OTAeNbHble KOHTaKTbl ANs kaxzoro (1) npoBoaa, M60 KOHCTPyMpOBaTh CreumanbHble 3aXUMbl):

WORK COMP

CNTR REF
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2. NMporpaMmMHoe o6ecneueHue ES-8

Penaktop pexvMa Uu3MepeHust 3NeKTPOXMMUYEeCKOro uMmnegaHca B nporpamMme ES8 Bbirnagut

cnegyrowmm o6pa30M:

P?:s!

CEeAYac pegakTHRYETCA;

EAMHHHYHEIN pPEXHHM lMne aHe

TaUMOHAPHEIE
TyMNEHYATEIE

MHEFHHaA PasBEQTKA
MENHYECKaA pasBEpTEA
POMIE0NEHEIA XPOHD

MMy NECHaA PasBEpTKA

MMy NECHEIA MPOMSEONEHEIR
MMEaaH:

BrIOpaH pexm:

MaparMeTpel MMNEAaHCA

CTapTOEaA 4acToTa
K.OoHEYHaA 4acToTa

Kon-g0 4acToT

AMANATY A3

EAMHMUEI HEMEDEHHA PEASKTORA

MoTeHLHan ME ﬂ

Tok M ﬂ

Epema Iﬁ
3apaa Kn ﬂ

e TR e e T R

| «f TpHHMEHHTE I B coxpatme |

[ +0BpaTHEIA x04

MNapakeTpel NpHoopa

3anyck M 3aBeplUEHHE

[3. OTKPEITE

MoCTOAHHOTOKOBO: 3HAHEHHE ||:| B

MoTpebyeTcd NaMATH (OUeHOYHD) 1,061%:

Todek AaHHelx AC: 100, DC 2000

B

OMMCaHHE

v OTH, E PLL
500 KTy |
0,001 T |
oo = 1,224

0,45 mE ]

(" BRICTPOABHCTEHE (* TouHOCTE

[w OTKAMYKMTE AYErKY NOCNE SAEEPLEHHA

2] X
2] X

x Brixog, |

BpemA patdoTel (OULEHOYHD) 25168 C.

Pexnm NU3MEPEHUA INEKTPOXMMUYECKOIoO WUMNeAaHca,

CTaunoHapHOM

I'IOTEHLI,MOCTaTW-IECKOM/FaJ'IbBaHOCTaTW-IeCKOM pexunme pa6OTbI, n

B CBOeM OCHOBE, nNOCTPOEH Ha

MosToMy

yHacnenoBan OT Hero BCE HACTPOWKM Mpubopa M KPUTEPUM OCTAHOBKM M 3arycka 3KCMepUMEHTa.
To ecTb, B NpOLIECCE M3MEPEHMUS MMNeaaHca Npubop MOXKET:

1) BbloepaTtb B TeyeHwe 3aaHHONO BpeMeHW U U3MepuTb B TeyeHue 3aJaHHOro BpeMeHU

noTeHuman pasoMkHyTou uenu (PLL) Ao Hayana sKCnepuMEeHTa NpY OTK/IIOYEHHOMN suelike

(M coXpaHWTb €ero B NamaTu U, Npu HEO6XOANUMOCTU, UCMOIb30BaTh B AaNIbHENLLEM).

2) 3apaTb Ha UCCNeayeMOM O6beKTe BBEAEHHOE 3HAYEHWE CTaLMOHAPHOro MoTeHuuana wm
TOKa, BK/OYUTb SUYENKY W BblAEpXaTb 3afaHHOE BPEMS YCTAHOBNEHWUS C U3MEPEHWEM U
0TO6paXXeHNEM MOCTOSIHHOrO TOKa M MOTeHUMana, Ho 6e3 UX COXpaHeHWs NP BKJIOYEHHOM

ayelke.
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3) Mpu ycTaHOBMBWEMCS (MM HET) CTAUMOHAPHOM TOKE WM TMOTEHUMane npou3BecTy
M3MEepEHME CreKTpa MMMNeJaHca C aBTOMATUYECKOW pasBepTKOW YacToTbl. Mpu 3ToM GyaeTt
paccuMTbiBaTLCA Npollealnin 3apsa, 6yayT NpoBepATbCs MOSb30BaTENbCKUE KpUTEPUM
OCTaHoBKM (MOTEHUMan, ToK, 3apaa).

4) BblaepXxaTb B TeYEHWE 3aaHHOr0 BPEMEHM U U3MEpPUTb B TEYEHWEe 3aAaHHOIrO BPEMEHM
noTeHuman pa3oMkHyTol uenu (PLL) nocne akcnepumeHTa.

Bo Bpemsi paboTbl, Ha BCex ee 3Tanax MpoBepsOTCA 3aluTHble QYyHKUMKM npubopa u
nonb3oBatefibckne. WM3mepeHHoe 3HadeHue noTeHumana PLL mMoxeT 6biTb MCMOAbL30BaHO B
NOTEHUMOCTATUYECKOM peXMMe KaK 3HayeHue, OTHOCUTENbHO KoToporo 6yaeT 3apaBaTbCs
noteHuman (uM3MepeHHoe 3HayeHue noTeHumana PL, 6ygetr npocto k Hemy pobaeneHo, ecnu
BblbpaHa onumsa “OTH. E PLl” HanpoTnB 3agaBaemMoro noCToSIHHOTOKOBOIO 3HAYEHUS).

MapareTpel NpHbopa ﬂ ﬁ
i f* MoTeHUHoCTaT
(" FanbeaHocTar
AManasoH NoTeHUHana |2 B j
AHanasoH Toka |2IZI [ut j |F\BTCIMETP1‘-IECKH j

CKOPOCTE PEFMCTPaUKK AT KM DIZ BRIBHPAETCA ABTOMATHYECKH N0 TEKYILER HacToTe

3&NYCK M ZAEEPLIEHHE ﬂ ﬂ

v Harepure noTeHwian PU oo

BelAED®KA NEPEA MEHEDEHHEM 3 c. Bpema HzMepeHHA 1 c.

v MzmepHTE NoTeHwnan PL, nocne

BulIAED® S NEPES M3HEDEHHEM 3| C. BpemMa HsMepeHHA 1 c.

|v 3AKOHYMTE NpH NOTEHUMENE |> j |1DE|EI i
[ 3aKoH4YMTE NpH TOke |<: j |—5E|D s
v FAKOHYMTE NpH ZapAAE |> j |1D Kn

ANMTENEHOCTE YCTAHOENEHHA Bl |1 o

OCHOBHbIMK HaCTpOl‘/JIKaMVI CaMoro pexmnma U3MeEpeEHNAa MMNEAaHCa ABNAOTCA CNeAYOWNE:

MocTosiHHOTOKOBOE 3HayeHue — DC 3HauyeHue noTeHumana unm Toka (B 3aBUCMMOCTM
OT BblI6paHHOrO pexuMa npubopa — NOTEHUMOCTAT WAM ranbBaHOCTAT) MpuM KOTOpoM 6yaer
N3MepSITbCS UMMeAaHCHbIN crekTp. MoXeT 6blTb 3a4aH0 OTHOCUTENIbHO M3MEPEHHOMO NOTEeHUMana
PLl. OrpaHnyeHo BbIbpaHHbIM paboymMM AMana3oHOM NoTeHumana nnm Toka.

CrapToBasl 4acToTa — 4acToTa, C KOTOPOM HAaYHETCS U3MEpeHVEe UMMNEAAHCHOro CrekTpa.
PekoMeHAYyeTCs BbIMO/HSATL pa3BepTKy OT 60siee BbICOKUX YacTOT B CTOPOHY 6onee Hu3kux. MNepen
BbINOJIHEHMEM NEPBO 3aAaHHON YacTOTbl B CrieKTpe, Npubop NpoBeAeT NOArOTOBKY — BbIMOSHUT
BCE YepHOBble oOnepauuu, uYTOoBbl HayaTb pas3BepTKy 4acToTbl Oyayus MakCUMasnbHO
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NnoAroToBneHHbIM. pu nogrotoBke OyayT npoMepsiHbl 6e3 coxpaHeHust 7 Toyek MMneaaHca C
aHanm3zoM AC un DC neperpy3ok, COOTBETCTBMS BblOpaHHbIX [AMAanasoHOB W3MEpPSEMbIM WU
33/1aBaeMbIM 3Ha4YeHusM, NoaobpaHbl yCUneHUs BbICOKOCKOPOCTHbIX AL u T.n.. Ecnu cTtapToBas
yacTtoTa Hmwxke 90y, To noaroToBka 6yaeT npoBeaeHa npu yactote 90 INy. [laHHble NOArOTOBKWU He
coxpaHstTcs, oHa anutcs ot 0,5 A0 2 ceKyHa.

KoHeuHasi yactoTra — 4acToTa, Moc/ie U3MEpPeHUs KOTOPOM, pasBepTKa YacToTbl ByaeT
3aBepLueHa.

KonnuecTtBOo 4acCToT — CKO/bKO TOYEK uMnedaHca 6yaer npoMepsiHo. MakcumanbHO
32000 B oaHoM cnekTpe. CripaBa OT 3TOM OMUMW BbIBOAUTCS OTHOLUEHWE ABYX COCEAHWUX YaCTOT.
Mpnbop BbIBUPAET YacTOThbl TaK, YTOObI OHO 6bINI0 MOCTOSIHHO MEXAY BCEMM paboyMMKM YacToTaMu.

AMnamTyga - aMnanTyda CMHYCOMZQNbHOIO CUrHana OT LeHTpa CUHycouabl OO0 ee
MakcumyMa (npu 90rpa ans dyHkumm sin(x)). Yem Bblwe amnnuTyaa, TEM TOvHEE U3MepsieTcs
CNEKTP MMNefaHca, HO CUMbHEE MONSAPU3YETCS UCCNeayeMbI 06bEKT. YeM aMnanTyaa HUXe, TeM
CUNbHEE BMSHME BHELHMX LYMOB M MOMEX, W TeM 3allyM/IeHHee W3MEpSIETCS WMMNeAaHCHbIN
CNEKTP, HO TEM MeHbluee BAMSHME OKa3blBAeTCs Ha wuccnesyembli 06bekT (OH MeHblue
nonspuayetcs). MoabupaeTca nHAMBMAYaNbHO ANS KaXA0ro Tuna nccnegyemoro obpasua.

Hacrpoitkun 6bicTpoaeiCcTBME MM TOUYHOCTb — MO3BOMAIOT BblOpaTb NPUOPUTETLI —
nmbo 6bICTPo, NM60 TOYHO. DaKTUYecku Npu H6OMbLIMX aMNIMTyAax NePEMEHHOro curHana (Bbiwe
200 MB) n nNpu Manbix BHELIHMX MOMEXax W WyMax, pe3ynbTaT OAWMHAKOB Mpu 060MX HacTpoWKax.
Mpn HM3KKX xe amnanTyaax (Hmke 20 MB) pasHMUa B Ka4ecTBe CreKkTpa MMneaaHca MOXET 6biTb
OYeHb 60MbLION. B 3aBUCMMOCTM OT BEMYMH paboumx YacToT, HACTpoMKa TOYHOCTM 3aMeansieT
aKkcnepuMeHT B 2-5 pa3 (Ha BY, roe 3Tto HaumeHee KpUTMYHO — B 5 pa3, Ha HY, rae n Tak Bce
N3MEpEeHNs AOCTAaTOYHO A/IUTENbHbI, U €CTb ApyruMe crocobbl ynyylleHns KavyecTBa U3MEpEHUs,
TOMbKO B 2 pasa).

+ O6paTHbI X0 — A06aBNSET K OCHOBHOM pa3BepTKe YacToTbl, elle obpaTHbIM Npoxoa
OT KOHEYHOW K CTapToBOW 4acToTe. Mosy4yaeTcs CNeKTp C PeBEPCHMBHBLIM NPOXOAOM. Konmnyectso
TOYeK Mpu 3TOM yaBamBaeTcst (MUMHYC 1, TK KOHEYHasl YacToTa He MOBTOPSIETCS MpW BbINOSIHEHWUM
06paTHOro — peBEPCHOro NPoXoAa Mo BCEM TEM e YacToTaM, YTO U NPSIMOI MPOXOA).

Onuusi OTK/IIOYEHUS SUENKM MOocC/ie 3aBepLueHusl — MNPaKTUYECKU Bceraa 3Ta onuus
BK/IlOYEHA, TO €CTb AYelika OTKIOYAETCA MO 3aBepLUeHuI0 3KcrepumeHTa. OpaHako, 6biBatoT
Cflydan, Koraa, HanpuMep CTaUMOHapHbIN PEXWM YCTaHaBIMBAETCA OYEHb [AONT0, U MOXET
noTpeboBaTbCS MOBTOPHOE M3MEPEHWUE MMMNEAAHCHOrO CreKkTpa. B 3TOM cnyyae sueliky OTKIo4YaTh
Henb3si, YTobbl MccneayeMblii 06BbEKT HaxoAWCa NoA TOM XXe Monsipusaumen Mexay 3anyckamu
N3MEPEHUS MMMNEeAaHca M YCTaHaBMBAOLMIACS CTaLMOHAPHbIN PEXUM He npepbiBancs. FeHepaTop
MEPEMEHHOrO CUrHana Mexay ISKCNepuMeHTamMu OyaeT  OTkIoYeH. (dakTUyecku  Mexay
3KCnepuMeHTaMmM npubop 6yAeT HAXoAUTbCA B PEXMME MOHUTOPUHrA, HO CO BK/IOYEHHOW
AYENKON. 3amnycK >XXe CaMoro pexmuMa MOHWUTOPWHra, OTK/YUT siYeirky. 3anyck noboro (B T4 U
MOBTOPHOIO WMMMEeAaHCHOro) paboyero pexuma, KOTOpPbIM HauMHAeTCs Cpa3y CO BK/OYEHMS
SYeiKM, He U3MEHWUT ee COCTOsHMSI (B AaHHOM cCiiydae He BbIk4YMT). ECnm no 3aBeplueHuio
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TEKYLLEero sKCNepMMeHTa BK/TIOYEHA onumusi n3mMepeHus noteHumana PL, “Mocne”, To auyelika Bce xe
byner oTknouYeHa, u obcyxaaemass B 3TOM Maparpade onuusi, okaxeTtcs 6ecnonesHon. To xe
camMoe Mpou30MAET, U €CNK 3anyCcKaeMbli NOCNEAYHOWMA paboymnin PeXXMM HauyHETCS C U3MEpEeHUs
noteHumana PL “[1o”. MNMepen nobbiM n3mMepeHreM noteHumana PLL, suelka Bcerga OTKIOYaeTCs
(ecnn ToNbKO YXXe He 6bina BblKNtoYeHa). byabTe akKypaTHbl, KOrAga ocTaBnsieTe npubop mexay
3KCMEPUMEHTAMM CO BKJTHOYEHHOW SYEMKON — B C/lyYae BO3HWKHOBEHUSI HELUTATHbIX CUTyauuw,
3almTa npubopa Mo ToKy, KOHEYHO CPa3y Xe OTK/OUUT SUElKy UK 3arpybuT avana3oH TokKa, HO
BCE XKe Nyylle NINLHUIA pa3 He NPOBEPATb €€ Ha NPOYHOCTb.

Mpu noakntoyeHMn B nporpaMmme ES8 noTeHumocTaTa C MOAY/IEM YaCTOTHOrO aHanM3aTopa
(M3MepeHnst uMneaaHca), B OKHE W3MEepUTENIbHOW [AMarpaMMbl, MOSIBUTCS KHOMKA Mepexoda B
pexxum oTobpaxeHns AC-aaHHbIX (AeNCTBUTENBHOM M MHUMOWM YacTel, Moaynst MMMeAaHca, CABUra

dasnT.0.):

" RelF) f+ Im{Re) o i LY
 Im{F) IR £ Ui
26y (3

™ dF(F) =7 DC C P Lo AC

Mpu ee HaxkaTun NOSIBUTCA MaHENb C BbIBOPOM COOTBETCTBYHOLWMX OCEW. B ntobo MOMEHT
Bbl MOXXeTe BEpHYTbCA K MOCTOSAHHOTOKOBbLIM (DC) 3HayeHusM, NOBTOPHO HaXaB 3Ty KHOMKY (ee
BMA W MoanuCb Ternepb COOTBETCTBYIOWE M3MEHSTCS). Bbl MOXeTe nerko nepekniovaTbCs Mexay
pexxumoM otobpaxeHuss AC n DC gaHHbIX.

AC - paHHble npeablaylmx NpoBeAeHHbIX LWwaroB (HarmpuMep, ecin B MporpaMMmaTope
BbIGPAHO HECKOSbKO LIAroB M3MEPEHUs MMMeAaHca) OTobpaXkaloTcsl KpecTukamu. Tekywuin -
M3MepsieEMbI Lar oTobpaxaeTcs Kpyxkamu. pu HeobxoaMMoCTM Bbl MOXETE OTK/IUUTL B
HacTpovikax pabouyeli [AMarpamMMbl aBTOMaTMUYECKOoe OTOOpaXKeHMe TeKyLUero luara, BK/OYMB
onumio BbIGopa Lwara 1 UMKIa nosb3oBaTeNieM, U NMPOCMOTPETL NPSIMO BO BPEMSI U3MEPEHUS paHee
3aperncTpmMpoBaHHble MMNeaaHCHble cnekTpbl U DC — AaHHbIe.

Bo BpeMsi naMepeHnss nMneaaHCHOro CriekTpa, BblCOKOYacToTHoe AL Moayns 4acToTHOro
aHanusartopa obpabaTbiBaeT TOMbKO CMHYCOMAAMbHbIE MEPEMEHHbIE CUMHasnbl, U3 KOTOPbIX MOTOM
paccuntbiBatoTcs AC — AaHHble. HM3KO4acTOTHOE Xe - MOCTOSIHHOTOKOBble ObpabaTtbiBaeT npu
3TOM, CO6CTBEHHOE BbICOKOTOYHOEe AL noTeHumoctata. lMNpu 3ToM oHO oundposbiBaeT DC —
[aHHble TOKa WM MNOTeHuMana, peanbHO MPUCYTCTBYIOWME B SYElKe, TO €CTb Ha HWUX BWAHO
CMHycounaanbHble konebaHusa Toka u noteHumana. OtobpaxkeHne DC — faHHbIX MPOUCXOAUT TOYHO
TaK Xe, Kak 1 B 06bIYHOM CTaLMOHApPHOM pexume noTeHumuocTaTa Wi ranbBaHocTaTa.
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W
I HacTpofiku @ @ Auarpamma naHHelx nmnegaHca

;

v Tabnkua oT4eTa
* OfbMHAA AMATPanMa 200

MucTarpanna Tabn el 140

 RelF) & InRe) 170

B,
5
-
o

 1ZIF =
S 140
£ el =
dfiF) 4 E 130
120
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= r 100
I = 90 T - * ue -
I r o . W Ly * > .
70 i * » *
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50 »
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LLlar 1 4 .
: — RS
b - Elixi
[~ HacTpofick & 9 Hrarpamma NocToAHHOTOKOBEX LaHHER i
¥ Tafinmua oteTa 100 | ': 1111 : b : :: 3 +41 i 19 h
(* OBbMHAA AMATPatMa 1 ﬁ 41 * ] 1 w 4
4 1
(" MwcTorpamma TabnHue! 80 4 4 e 1 \
4+ (19 4
1
: 50 144 H 4 4 &
o Uit) L (i) " 4 + + 4
: - 40 1
C1m Cum 0 I RhRIR h )
4
Cawm Z 20 LIRS it 1] 1
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~ Pt | AC = 1 1 4
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T MEY 4 b 4
¥ Tonbko SKTHEHBIA KaHan & -20 1 4] 414 IE + ]
= 1 1 W 1 1 4 1
¥ = - i 4
40 1 + b 4 + +
il b B0 i {1l 1 4 h 4
4 4 4
= ~ - U014 1 I
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r r 4 ﬂ 1d 14, ﬂ ]
-100 PrIgioh 4 4 14944 1 4 .
| ) o kn D IDe@Elnacy mOHID O WoRiD Iy Ol Wiciln
Upen L I | O D P~ P 000 D O O o o Ol o =R LD LD D O
T B TRUsHITY FEaRmaT B YRR ANS S amear—
Tl
War |t — Bpemd, . @O

He ctout nyraTtbca “4acTtokona” B NEBOM, BbiCOKOYACTOTHON 4Yacti DC amarpammbl (npw
yacTtoTax Bblwe 1 U) — 3TO BCero Ha BCero ycpeaHeHuWe BbICOKMX YacTOT HWU3KOYaCTOTHbLIM
OCHOBHbIM ALIM noTeHuuocTaTa. Kak BuauTe, B NpaBoi, HM3KoYacToTHOM 4Yact DC amarpammbl
MPONUCLIBAKOTCA KpacuBble CUHYCOMAbl NpaBWibHON (opMbl (Koraa 6bICTPOAENCTBUS U HACcTpoek
atoro AL xBaTaeT, 4TO6bl MOMHOCTHIO MPOMMUCaTb MEPUOA HM3KOM 4acToTbl. Ha BbICOKMX e
yactoTtax, Bblwe 1 Ky, cuHycompanbHble curHanbl Ha DC AaHHbIX M BOBCE YyCpefHeHbl B
(hakTMUEeCKM POBHYIO NNHUIO, NO CpaBHeHMIO ¢ HY obnacTblo).

Mpy nepexode OT BLICOKMX YacTOT K HUM3KMM cHayana Ha DC AaHHbIX HE BWAOHO HU
CUHYCOM[l, HE KaKuMX NN60 KonebaHuii, TaK KaK BCE CWUIbHO YCPEAHEHO HWM3KOYACTOTHbIM ALIM.
3aTeM HaAUMHAIOTCA BM3YallbHO — XaOTW4YHble KonebaHusi Toka W MOTeHUuMana — TaKoBa
0COBEHHOCTb YCPEeAHEHUS AaHHbIX B 3TOM YaCTOTHOM MHTEpBasie HM3ko4YacToTHbIM ALIM (Ho Bceraa
B Mpefenax 3alaHHOW aMMnMTydbl NMepeMeHHOro curHana). MocTeneHHo e HauMHaloT Bce 6one
TOYHO M KPacuBO MPOMMUCbIBAaTbCA CUHYCOMAANbHbIE CUMHAMbI, M Ha YacToTax Hmxke 0,1 'y ux YeTko
BU/IHO.
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Mpu nepexoae B pexuMm oTobpaxeHns AC [aHHbIX, W3MEHUTCA W BHELWHWUA BuUA
OCLMNINIOrPaMM B OCHOBHOM OKHe, Tenepb OHW ByayT oTo6pa)aTb MepeMeHHble CUrHasbl ToKa W
noTeHUMana, noslyyeHHble C BbICOKOCKOPOCTHOro ALIM Moaynst 4aCTOTHOrO aHanms3aTopa, a Takxke,
BMECTO Ha3BaHWI A1anasoHoB, ByAeT BbIBOAMTLCA MH(OPMAaLMS O TEKYLLEN U3MEPSEMOI YaCToTe:

MoTeHupman s | Tox ExCel r s | MoTeHuwan s | Tox ExCel R S
MB . 0304 sl ma D03 0,003 ijs wB e, "2/881 sl wa 0 0,327 iy
2B

-| B patiore yacTora 1074 KMy (M 55 ws 300) AU, -0c 20 1,

Luan. younerua 1% Yacrora orpatioraqa Ha 0% 28 20 pad

Ha sTane o06paboTku AaHHbIX Bbl MoxeTe npocMatpuBaTe AC M DC pAaHHble Kak Mo
OTAENbHOCTH, Tak M BMecTe. OTobpaxkeHMe AC AaHHbIX MPOMCXOAUT Ha CBOEM AMarpamMme B
BbIOpaHHbIX MOSIb30BATENEM KOOpAMHaTax. B cnydae, ecnu B NPOCMaTpUBAEMOM LUAre AaHHbIX He
Npou3BOAUNOCLE WU3MEPEHUS MMMeAaHca, COOTBETCTBYWOLWaAs AuvarpaMma AC — fAaHHbIX, NPOCTO
6yneT nycromn.

W ~ HEE|
b CEE CNE) O QE | O RelF) & InRe) Tonwma i [—1 | [ Hacrpoiir
 AC I CED CPRE O ImiF) O Rellm) [ BinenaTs SKTHEHEN Wwar | | OTHeTHas Tafinkua
& ACHDC | O Qi) 2l & Ofbiman gHarpana [~ TafiHua uwiinos | waroe
G} © diEy (" Mcrorpamsa Tabnuel | [ TaBinua daHer
o Mi-Mih-Test R Mi-Mih-Test
06 ﬂ‘ Hunegawe ﬂ‘
= =
05 — 240 —
04 & 20 L
03 lw|| 200
02 ‘ 180
< el =
z 01 S 180
a E qap
04 120
-02 100
03 80 M
Y 80
0 05 1 5 2 25 100 150 200 250 300 350 400 450
t, MWH (GRS Re Om &9

Ans ypnobctBa BM3yanu3aumm Bbl Takke MOXeTe HaNOXUTb HECKONbKO 3KCMEepUMEHTOB
Apyr Ha Apyra, BblAenUTb MX pa3HbiMW uUBeTamMu. MnM MOXHO OAHOBpPEMEHHO npocMaTpuBaThb
HECKONbKO UMMNeAaHCHbIX CMEKTPOB, MOMTyYeHHbIX B OAHOM C/TIOXXHOM MHOrOLIAroBOM 3KCNepuMeHTe
B nporpamMMatope. TakXe, MOXHO BK/IOYMTb OTYETHYK Tabnuuy, B KOTopon OyaeT BbiBeAeHa
Heobxoaumasi Bam MHMOpMaUmMs O KaxkAOM LWare Wan UMKAe AaHHbIX, @ Takxke Tabnuuy AaHHbIX
wara. Mpu 3ToM, uUBeTa 3HayeHuWM Tabnuy 6yayT COOTBETCTBOBATb BbIOPAHHLIM LIBETaM ANS
KaXAoro wara AaHHbIX Ha auarpammax (B AaHHOM cnyyae 6biiv npomepsiibl 4 uMneaaHCHbIX
CnekTpa Mpu pasfn4YHbIX 3HAYEHWSX MOCTOSHHOMO MOTEHUMana B pexuMe nporpaMmmaTopa,
TectupoBasncs Ni-Mh - akkymynstop):
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# . HE=IE
©oc GED CHE O QE O ReF) & InfRe) Tonua e [—3 v| | [ Hactpodin ARTHEHGW Bror 1
" AC Iy CED O PE " Im(F) " Re(Im) [ BblAEnATE AKTHEHLIA War | W OTueTHan Tabnmua ARTHEHBIA LHKA 1
o ACHDC | Qi)  2IF) {+ OfbiHan AMarpanna I Tafniua ukknos 1 waros AETHEHGIA Wwar 3
Pt  dfF) " Tnctorpama TaBmmuel I Tafinvua aanHss: AKTHEHaA TO4Ka 33
@ @ Mi-fh-Test @ @ Ni-Mh-Test | ‘ |
Copyt | CopyE | Copyl |
bmp Maneganc bup oy Y i |
1280 b v, [E, B [LmA [«
=] 016 & |lo,0e7z81159,4 19,953
1260 ' 0,05031'1155,4  |-47,515
0,05333:1155,3  |-46,797
e ) s e,
1240 0.14 0,05643:1152,5  |-67,899
1220 m 0,05955/1155,8  |-43,495
012 C| lln,ozas 11485 108,51
1200 0,06496 164,115,847
m C & 0.1 0,06716'1152,8  -66,176
= 1180 3 0,06011 161,68 -14,786
ui - 0,08 0,07161'1159,1 12,919
1160 = 0,074161170,7 49,381
1140 0.06 0,07633:1151,4  |-76,081
0, 07825 1169 32,729
1120 004 0,02078:1153,9 54,118
' 0,08323:1169,8  |37,323
1100 a0z 0,08571'1171,1  [54,405
1080 ' 0,08828:1158 -23,686
0,0007 [1167,5  |37,466
10860 0 0,09318:1171,4  [s5,266
0 5 10 15 20 25 30 02 0% 04 05 OB Sl
£, MMH - = Re. OM & = 0,09816'1147,3  -103,07 =
OT4ETHAA TAOMMLE N BCeM UHKNAM ANA UHKRG L, BnoKa AsHHED: 1 (WHMh-Test) ¢
[war [EPL a0, vB Eyer., wB [tyer., wa [Toex DOJAC  [Bpena [oT cTapTa, Man Pesim npubopa [Pesm pafiorel  [Cpean. E, wB | e
1269,7 He vz He vz 1955/66 68,1711 {0,10117 Momeruna. e asn 1270,1 LUlar 38BEpUWEH NOCNEAHEF YACTOTOR HMNEASHC =
1270,5 1221 47,515 154966 8,1627 | 8,5687 MoTeruo. Vhine aaHe 1221,2 LLlar 38BEpUWEH NOCNEAHEF YACTOTOR HMNEASHE i
12257 1156 45,218 1962166 8,1596 / 17,025 Momeruno. Hnneashe 1158,3 Lllar 3aBEpUEH NOCNEAHEF HACTOTAR HUNEAaHE
1168,7 1073,1 -3,0436 2073756 5,9252 | 25,458 Moreruno. Vihine gHe 1079,1 LLlar 38BEpUWEH MOCNEAHEF YACTOTOR HMNEASHE

=

B pexxume otobpaxeHns Tosibko AC AaHHbIX, Tabnuua AaHHbIX Wara (HaxoauTcs cripasa oT
AvarpamMMmbl, ecnn BKIOYeHa) byaeT oTobpaxaTb He 3HayeHWs MoTeHuMana 1 Toka AN KaKAom

Touykn DC- AaHHbIX, @ 3HQYEHUSI MHMMOM W AENCTBMTENbHOM 4YacTer ans Kaxzaon yactotbl (AC-

ﬂ,aHHbIe) ana Bbl6paHHOFO AdKTMBHOIO Wara U LUuKna AaHHbIX. an 3TOM, €eCiun Bbl6paHa onuua

BblAENEHNS aKTUBHOrO LWara, To oH 6yaeTr ocobeHHO 3aMeTeH Ha (hOHe OCTanbHbIX (aKTUBHAs

TOYKa 6yp,eT BblAe€NE€Ha KPECTUKOM, €€ MOXHO Bbl6paTb B Tabnuue AaHHbIX cnpaBa U NMOCMOTPETb

3HAYeHUs NO60N TOUKM AAHHbIX):

e
i DC " Re(F) (* Im{Re) TonwHHa NHHAA —E [ Hactpokkk
f* AacC " Im(F) " RelIm) v BelAENATE aKTHEHBIA LWar [ OT4eTHaR Tabnkua
— AC+DC | O |ZI(F) * OBLIMHEA AHArpaMME [ Tafinuia UMKNOE W Waros
" df{F) = D " FWcTorparma TabnKuel v Tafnwua LaHHeL:
@ @ Mi-hth-Test
MmnenaHc
0,16
0,14
012
B o
. 0,08
E '
0,06
0,04
0,02
0]
0z 0,3 04 05

Re, Om

AKTHEHEIF Bnok. 1
AKTHEHEIA Lkkn 1
AETHEHEIF War 4
AKTHBH3A TO4Ka 33
ﬂl Copy F | Copy Re| Copy Im |ﬂ
F.fu_|Re, Om__ |Im, Om [~
480,45 |0,15585 |0,014914
408,17 |0,15692 |0,016374
@ 346,77 |0,15807  |0,017971
294,61 |0,15917 |0,0198
250,29 |0,16036 |0,021921
g 212,64 |0,16153 |0,024214 J
180,65 0,16275 |0,026%15
153,48 0,16413 |0,030119
130,39 |0,16554  |0,033748
110,77 |0,16786  |0,038337
94,111 |0,16935 |0,043215
79,952 |0,17103  |0,045857
67,926 |0,1729  |0,055418
57,707 |0,17515 |0,06285
49,026 |0,17787 |0,071628
41,651 |0,18055 |0,081795
35,386 |0,1538 0,09332
30,062 |0,18754 |0, 10666
25,541 |0,19195 |0,12224
21,695 0,193 0, 153954
18,4534 0. 2N2E N.1a605 A
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3. NMpuMepbl MMNERAHCHbIX CMEKTPOB

Heckonbko npvMepoB MMMeAaHCHbIX CreKTPOB, MOJSIyYeHHbIX Ha pPasfn4HbIX CI)M3VI‘-I€CKMX
obbekTax: MogenbHble RC-uenn, nuTuesble 6aTapeV|, AdKKYMYJIATOPbI. Paboune MHTEpPBAsibl 4YacToT,
n aMnnnuTyabl NnepeEMEHHbIX CUrHas0B BbI6VIpaJ'IMCb Ona KaXXAoro skcnepuMeHTa uHamBmayasibHO.

Pexxnmbl pa6OTbI KakK MnoTeHUMNOCTaTU4eCKmnE

, TaK W ranbBaHocTaTMyeckmne. [nanasoHbl TOKa B

NOTEHUMOCTATUYECKMX PpeXnMax Bcerga aBToMaTuyeckue. BblbpaH npuvoputeT Ha TOYHOCTb
n3MepeHus (KpoMe NpMMepoB CPaBHEHMSI HACTPOEK TOYHOCTU U BpeMeHW paboTbl).

Ni-Mh-akkyMynsiTop, eaMHnuHbIn cnektp, 1 Ky — 30 My, 0 MB OTHOCMTENBHO MOTeHUMana
PL, (KOHKpETHbIM BWMA CMeKTpa CWUMbHO 3aBUCUT OT CTEMEHWN 3apsXKEHHOCTU aKKyMynsTopa, ero

TUNopa3Mepa, TUMa 1 cpoka KCryaTaumm):

# _________ HEE
be FEY CHY CQE | CReP & mPe) Tanuma i [—2 v| | [ Hactpoiiku
©ac Can T ED O PE) " ImiF) " Re{Im) I BoaenAte akTHEHEFA war | [ OTueTHas Tabnuua
@ ACHDC | Qi ZIF) (¥ OfLIUHEA AMArpaNTa [ TaBinnua ukenoe 1 waroe
Rt o df(F) " THCTOrpaMta TaBnuuel [ TaBnua AsHHED
Mi-hih-cap Mi-Mh-cap
®1?20 M ®o Hmneganc bﬂpl
& 0 &
1300 g
kil L
1280 7
i
1280 = 6 &l
cl
21240 =i
i :
w -4
1220 E
3
1200
2;
1180 4
1160 "
12 14 16 18 104 106 108 10 112 14 16 118
(GRS Re, MOM D
Li-6aTapesi, 10 CNekTpoB B OJHOM pEXMME MporpaMMaTtopa MNpu PasfMyHbIX CABWUrax

Harpy304HOro noTeHuMana oTHocuTesnbHO noTeHuunana PL. 300 KMy — 0,5 u;:

#
 DC o E(t) T I(E) T QE) " Re(F) (+ Im(Re) TonukHa AMHKE | — 1 = ™ HactpoFin
" AC I CEDCFRE Im(F)  © Re(Im) [ BolaenaTs aKTHeHb war | ¥ OT4sTHaA Tabnkua
& ACHDC | ol 121F) + OBblHaA AMarpaa [ Tafinmua unrnos 1 waros
" P(t) o df(F) " THCTorpatMa TabnHus! [ Tafinuua aaHHbI
Li-S-lowF-Test Li-S-lowF-Test
@ e | B 2 =
2400 MmnenaHc
-ole &
-2500 - g
500 == sl 6 5
.
£ -270 - w3
u 4 C
-2800 n o 3
-2900 £ 2
3000 1
0 2 4 ] 8 10 12 14 16
£, M @O
OTYETHAA TaBNMLA NO BCEH UMKNAM ANA UMIENa 1, Gnoka AaHHer 1 (Li-5-lowF-Test) x
@ar ‘E PL Ao, mE E ycT., HB Ivyer., mh ‘TD‘{EK DCrAC |Bpemﬂ [oT cTapTs, MI’HPB)KMI’I npHfiopa ‘Pamn patoTsl |Cpem—<. E, mB ‘3asepmenma
1 -3014,4 He wam, He wam, BEZI5S 1,6916 | 0,10883 MoTeHuHa, MHneaaHC -3014,5 LLar 3386pWEH NOCNSAHER HaCTOTOR HMNEASHES ﬂ
2 -3016,1 -2961,1 1,6446 71055 1,7546 | 2,2924 MaTeHuwna, HHneasHC -2961,6 LLlar 3356pWEH NOCAZAHER H3CTOTOR HMNEASHIA
3 -2992,2 -2912,2 2,8343 BETISS 1,7057 | 4,5389 MaTeHwHa, HHneaaHC -2912 LLlar 3356pWEH NOCNZAHER H3CTOTOR HMNEASHA
4 -2959,9 -2850 4,6558 BI0I5S 1,71 | 6,7367 MaTeHwHa, HHneaaHC -2849,2 LLlar 3356pWEH NOCNZAHER H3CTOTOR HMNEASHA (1
5 -2921,5 -2791,6 6,6035 BI0I5S 1,7094 | B,9386 MaTeHwHa, HHneaaHC -2790,6 LLlar 3356pWEH NOCNZAHER H3CTOTOR HMNEASHA
[ -2660,9 -2730,9 8,815 BETISS 1,7018 ) 11,14 MaTeHwHa, HHneaaHC -2730,7 LLlar 3356pWEH NOCNZAHER H3CTOTOR HMNEASHA
e -2835,8 -2655,9 11,787 BESISS 1,6967 | 13,334 MaTeHwHa, HHneaaHC -2655,9 LLlar 3356pWEH NOCNZAHER H3CTOTOR HMNEASHA
L -2780,2 -2580,2 14,386 BE3ISS 1,6971 | 15,525 MaTeHwHa, HHneaaHC -2579,6 LLlar 3356pWEH NOCNZAHER H3CTOTOR HMNEASHA
9 -2725,3 -2505,4 16,536 BETISS 1,702 [ 17,714 MaTeHwHa, HHneaaHC -2505,5 LLlar 3356pWEH NOCNZAHEA H3CTOTOR HMNEASHIA
10 -2674,4 -2434,3 18,2689 BESISS 1,7032 f 19,308 MoTeHuwHa, HHneasHC -2434,1 LLlar 335EpWEH NOCAZAHER H3CTOTON HMNEASHEA
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Li-6atapes, 4 cnekTpa

B OAHOM peXxuMe nporpaMmMmaTopa npu pa3inyHblX cAoBUrax

Harpy3o4yHoro noTeHuMana OTHocuTeNnbHO noTeHuuana PU. 300 KMy - 10 mly (obpatute
BHMMaHMWE Ha 3HayeHue I yCT — TOKa YCTaHOBNIEHMS] B OTYETHOM Tabnuue — 3TO eCTb CTalMOHapHOe

3HA4Y€HNE Harpy3o4yHOro Toka And npuBeneHHbIX 3KCI'IepVIMEHTOB):

£ Ko " ReiF) (& Im(Re) TONWAHE HAA [——1;| I™ Hactpofick
s ac " Im(Fy ¢ Re(Im) [ BelaenATe akTHEHBIA war | W COTdeTHas Tabnuua
" ac+DC | O |2IF) (% DBbinaA aHarpama [~ TaBnuua wiknos n waros
 dFtF) lzpe || ¢ Facrorpamma Tatinauer [V Tabiniua aanHerx
® 9 Li-S-lowF-Test M Copy F | Copy Re | Copy Im ﬁ
Mmneganc i
& % F.ru |Re,Om_|Im, O [«
300000 2,566 0,22056
55 184206 2,54%6  0,36774
5 @ 113106 (2,69 0,52857
£9450 |2,8448  |0,67867
45 42643 3,0421  0,87579
g 26184 |3,3563 1,134
4 16077 |3,7928  |1,3455
25 9871,9 4,3502 1,477
< 6061,5 |4,935 1,4579
2 3721,9 54521 |1,3122
s 2285,3 |5,8526  |1,1151
1403,2 |6,1555  |0,92525
2 561,62 |6,3946  |0,77252
15 529,05 |6,5861  |0,64571
324,85 6,7477  |0,54143
1 199,46 6,8771  |0,45366
05 122,47 6,989 0,36253
75,201 |7,0768  |0,33478
4 5 ) 10 12 14 16 18 46,175 7,153 0,29943
Re, Om B e 26,353 |7,2292  |0,27826 &
OTueTHARA TalnMUA N0 Brew unknan AnA uaina 1, fnoka aaknon 1 (Li-5-lowF-Test) ﬂ
LLiar [E PL_an, vB EycT.,wB_ |Iycr.,mf  |Touek DCJAC  |Bpema joT crapTa, md[Pesem npufiops  |Pewsim pafioTel  |Cpeaw. E, wE_ |Sasepuerie
1 31939,5 He nzn, He Hzm, 2576/33 6,4314 [ 0,13173 MoTeHuro, VimMneaaHo 3200,6 LUsr 33BEpLIEH NOCNEAHER YACTOTOH MMIEASHCS ﬂ
2 3200,6 3131,7 -1,7925 2557/33 6,3538 { 7,0284 MoTenumo. Ve aanc 3131,7 Lar 3aBeplieH NoCAEAHEA YACTOTOM MMNeAaHEa
3 3142,9 3043,7 -3,3599 2436/33 6,1457 | 13,575 MoTeruHo. 1Mne A aHC 3043,5 LLIar 33BEILEH NOCNEAHEH UACTOTOM MMNBAaHEE
4 3056,7 2927,7 -6,6035 2420/32 6,1443 { 20,48 Mo TEHUM, VimneaaHe 2927,5 M
s
6
7
&
9
10

ManbunkoBast 6aTapeiika AAA Tunopasmepa, 16KMy — 1,5 mfu, 0 MB OTHOCUTENBHO
noteHuuana PL:

o

mp

Q2 b

e
" DC " Re(F) & Im{Re) TonWHHa THHHA m [ HactpoHkk AKTHEHEIA Bnok 1
* Ac O IniF) O RedIm) W BblAEnAaTE aKTHEHEIA War [T OTuyeTHaA Tabnuua AKTHEHBIA LWkEn 1
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000 3nuHc

|_|p0I/I3BOLI,CTBO M NOCTaBKa I'IpI/I60pOB Ana 3NeKTPOXNMNYECKUNX nccnenoBaHuii

MogenbHas RC-uenb u3 aByx cbopok KoHAeHcaTop-pe3suctop. 300 Kry — 100 Tu.
AMnnnMTyaa nepemMeHHoro curHana 1 ™MB. TONHOCTbIO aBTOMATUYECKM Auana3oH Toka. JTOT
PUCYHOK [AEMOHCTPUPYET pas3HULy B KayeCTBe WMMNEeAAHCHbIX CreKTPoB Mpy  Pas/iMyHbIX
HaCTpoMKax — Ha TOYHOCTb M Ha BbICTPOAEMCTBUE NPU OYEHb MasbiX aMNANTYyAaX:
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MopenbHass RC-uenb, 4 cbopku KoHAeHcaTopoB W pesuctopoB. 500 Kry — 7 Mly,
amnnuTyaa 200 MB, HacTpoika Ha BpeMst paboTbl:
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000 3nuHc

|_|p0I/I3BOLI,CTBO M NOCTaBKa I'IpI/I60pOB Ana 3NeKTPOXNMNYECKUNX nccnenoBaHuii

MopenbHasi RC-uenb, 5 cbopok koHaeHcaTopoB M pe3nctopoB. 500 Ky — 1 My (MonHbIN
YaCTOTHbIM Anana3oH npubopa), amMnamTyaa 100 MB, HacTporKa Ha TOYHOCTb:
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MogenbHasi RC-uenb, 5 cbopok KoHAeHcaTopoB WM pe3nctopoB. 500 KMy — 1 My (NonHbIn
YacTOTHbIM AnanasoH npubopa), amnamTyaa 450 MB, HacTpoika Ha TOYHOCTb:

b

(s " Re(F) & Im(Re) TONWUHHE NFHHA ’Tj [~ HacTpofikn

* ac O Im{F) " Re(Im} I BelaenATs akTHeHeli war | [ OTHeTHaA Tabnkua

 aC+DC | O 2|y (v OBIMHEA AHArpariig [~ TaBnnua WAKnos W Wwaros
 dfiF) |z b " TucTorpanma Tabnmue! Iv Tabinuua aaHHeL:

e wﬁgﬁic J Copy F | Copy Re | Copy Im J
&

Flu |Re,om  [im, Om

130 &) [0, 14998 02,96 63,659
120 0,11473409,28 49,854
110 & |oosszsatsz s
0,06781'416,32 30,907

100 0,05210:417,64 24,092
a0 C|loosonzareg 147z

£0 0,030751419,19 14,19

= 0,023611419,98 11,226
< 70 0,01813419,79 84023
£ & 0,013941419,86  6,5606

— 0,0L071'419,99 4,935
50 0,00822/419,62  4,1094

40 0,00630i420,42 2,928

20 0,0H85420,52 2,248

0,003731420,18 1,457

20 0,00286:420,24  |1,49673
10 0,00220:420,03 |0, 77402
0 0,0016%:420,02 |0,52449
0,66567

50 100 150 200 250 300 350 400 5057 05aga

Re, Om ® o ’ ’

www.elins.su 17
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|_|pOI/I3BO,EI,CTBO M NOCTaBKa I'IpI/I60pOB Ana 3NeKTPOXNMNYECKUNX nccnenoBaHuii

MopenbHasa BbICOKOOMHass RC - uenb, cumynauusa anektponuta - pesuctop 100 Kowm,
OQHOro 3anekTpoda - pesuctop 16.5 MOM napannenbHo KoHgeHcaTtopoMm ¢ 600 n®d, cumynauus

BTOPOro — 6/OKMpYIOLLEro anekTpoAa — nocneaoBaTeNlbHO CO Bcel cbopkov KoHaeHcaTop 6800
n®. AMnautyaa 10 MB. MpuMeHeHbl pas3nuyHble YCoBUS — C SKpaHMpoBaHMEM K 6e3 Hero, a

TaKXe C HaCTpOl‘/JIKaMVI Ha BpEMA pa6OTbI, M Ha TOYHOCTb.

06pa'rm'e BHMMaHMNE, Ha CKOJIbKO NOJIOXXUTEJIbHO HaJZIMUMne 3KpaHa CKa3biBaeTCs

Ha pe3ynbTaTax 3KcnepuMeHTa. 06s3aTeNbHO NOJIb3yUTECh 3KPAHOM.
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|_|DOI/I3BOLI,CTBO M NOCTaBKa I'IpI/I60p0B Ana 3NeKTPOXNMNYECKUNX nccnenoBaHuii

Mpy perucTpaummn NpUBEAEHHbIX BbICOKOOMHbIX rogorpadoB MMnedaHca WCnonb30Bascs
aBTOMAaTUYECKMI AMAnasoH TOKA-ConpoTUBNEHUs. Mo pady NpuumMH, B noTeHuuocTate P-40X, npu

U3MepeHuM WMnefaHca, Mnonb30BaTeNio AOCTYMHbl TOMbKO CTapliuve 6 AvManas3oHOB Toka M3

MMEKLNXCA B an60pe 8-mu. I'IpM MCnonb30BaHNMN aBTOMATUYECKOro AnanasoHa TOKa, Mpu

pPErncTpaummn CnekTpos mMnenaHca, npu HeO6XO,E|,I/IMOCTI/I, an60p CaM NoAKNKOYaET OCTaBLUUECH,

He AOCTYyMNHble MOSb30BaTEN0 AManasoHbl TOka (CM. OCLUMANOrpaMMy TOKa Ha PUCYHKE HUXE —
MCNONb3YETCA CaMblil TOHKMIM AMana3oH Toka 200 HA).
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000 3nuHc

|_|p0I/I3BO,EI,CTBO M NOCTaBKa I'IpI/I60pOB Ana 3NeKTPOXNMNYECKUNX nccnenoBaHuii

anBeﬂeHHbIVI Bbllle rogorpad mMneaaHca 3anucaH 6e3  MCnonb3oBaHWUs 3KpaHa, u 6e3
MCcnonb30BaHUA HaCTDOﬁKM ToyHocTH. Kak BuMAMTE, NpUMeHeHue 60nbLUOM aMnnTyabl
NepeMeHHOro CuUrHana pewaet psg npobneM. Ho 3To ganeko He Bcerda MNpUMEHUMO ANnst
SNNEKTPOXUMUYECKUX 06paBLlOB.

MpumeHeHne pexuma (HacTpoMKM) “TOYHOCTM” YCNOBHO MO3BOMSAT CHU3UTb AMMAUTYAY
nepeMeHHOro curHana B 8-10 pa3 no cpaBHEHWIO C PEXUMOM ObICTPOAENCTBMS, NMPU COXPAHEHWUM
TOrO e Ka4yeCTBEHHOro Buaa rogorpada nMmneaaHca.

MpUMEHEHME XKe XOPOLUEro 3KpaHa Ha BbICOKOOMHbIX 06pasuax uam npu pabote C TpeMs
6onee anekTpoaamMm, NMO3BOSIET YNYULIUTb KapTUHY elle B TAKOW e CTEMEHW, TO eCcTb Mosy4yaTb
CMEKTPbI MMMNEeaHca BbICOKOro KayecTBa, Npy MasnbiX aMnaMTyaax NEPEMEHHOr0 CUrHana.
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