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000 3AnuHc
NPOM3BOACTBO M NOCTaBka NPMOOPOB ANS 3NEKTPOXMMUYECKNX UCCIEeaoBaHNIA

Mo MHOrOYMCNEHHbIM MpocbbaM HawMx MoNMb3oBaTeNel, a TaKxke MNpoaHaIM3MpoBaB
Hanbonee 4acTo 3ajaBaeMble BOMPOCbl, Mbl PEWWIM HanucaTb HACTOAWMMA [AOKYMeHT. OH
npefHa3HayeH Ans O3HaKOMeHWs C NPUHUMNOM paboTbl MOTeHUMOCTaTa U OCHOBHbIMKU €ro
0COBEHHOCTAMU U MOXET ObITb MHTEPECEH KaK OMbITHbIM CMEUManncTaM 3M1eKTPOXMMMKaM, Tak U
HauMHaKLWMUM 3KCrepuMeHTaTopaM. Takxke Mbl HageeMmcs, YTO 3TOT [AOKYMEHT M03BonuT Bam
HaWTK OTBETbI Ha BO3HMKalOWwMe y Bac Bonpockl kKak npu BblIbope NoTeHWUoCcTaTa, Tak U yXe BO
BpPeMS ero UCrosb30BaHuS.

B 3TOM [OOKyMeHTe npeanpuHsATa MOMbiTka WMEHHO Ha nanbuax obbsSCHWUTL
nccneaoBaTensM, TOMbKO 3HAKOMAWMMCH C  MOTEHUMOCTATOM, OCHOBHblE MAEeUM TOro, Kak
NpaBUIbHO MCNOMb30BaTb €ro B 3/1IETKPOXMMUYECKOM 3KCMEPUMEHTE.

HacTosilumn JOKYMEHT HamMcaH CO CCbIIKOM Ha noTeHumocTaThl npom3sBoactBa OO0 InuHC,
OOHAKO AO0CTaTOMHO MHOrMe oblime nNpuHUMMbLI CpaBeanvBbl Ans Bcex npubopoB 3TOro Tuna u
Ha3HayeHus.

Ecnn 3TOT OOKYMeHT Bbi3Ban y Bac vHTepec, TO Takke peKOMeHAyeM M3yuuTb [JOKYMEHT
AN-9. OH 6onee noapobHO OMUCLIBAET 3NETKPOXMMUYECKME METOAbl U SYelku. Takxke B NtoboM
cnyyYyae HeobxoaMMO W3YUYUTb WMHCTPYKUMIO K npubopy M nporpaMMHOMY obecrnedeHuio nepea
Ha4anom paboTbl C NpUGOPOM.

B KOHUe AoKyMeHTa npuBeaeHO 60sblIoe KOMMYECTBO MPUMEPOB PasfiMYHLIX AuvarpaMMm C
KOMMEHTapusiMu. 3JTO HarnsgHble MpuMepbl, AEMOHCTpUpYoWKne TunuyHole npobnemsl,

9KCnepnMeHTanbHble OLIMBKM 1 MEeTOAbI UX npeoaoneHna nnn peLlleHns.

Pa3zpabotumkn OO0 InuHC.
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000 3AnuHc
NPOM3BOACTBO M NOCTaBka NPMOOPOB ANS 3NEKTPOXMMUYECKNX UCCIEeaoBaHNIA

1. NMNone3Hble TEPMUHDI

AUN - Axanoro - Lndposon Mpeobpa3zoBaTens (NpeobpasyeT, Hanpumep, dunyeckoe
HanpsbkeHne C LWyrnoB MynbTMMETpa B UMMPOBON KOA, KOTOPbLIA BbIBOAWUTCA Ha 3KpaH B BuAe
undp).

LLAN - YcTporicTBo 0bpaTHOoe no gevcteuio ALIMM.

LIBA — unknn4yeckas BONbTaMNepoMeTpus.

OY - OnepaumoHHbIA YCUIUTENb — MUHUMANbHbIA CTPOUTESNbHBIA KUPNUYKMK, U3 KOTOPbIX
CTpOUTCA BCA aHANoroBas U3MeputesibHas TeXHUKA. BbinyckaloTcs B BUAE OTAENbHbIX MUKPOCXEM
c 5-14 BbiBogaMu. B 3aBMCMMOCTM OT CXEMbl BK/IIOYEHUS MOryT BbIMOSHATb MHOXECTBO
MaTeMaTMYeCKMX onepauui Haj aHanoroBblMM CUrHanamu (CNOXeHWe, BblUMTaHWE, YMHOXEHUE,
MacwTabuposHue, uTerpupoBaHue u Tn). MoryT paboTaTb Kak Ha MOCTOSHHOM TOKe, TaK U Ha
NepeMeHHOM.

Bo36yxpaeHne (caMoBO36yxaeHMe) ycunutens — cuTyauus, KOra ycunurenb eule
ncnpaseH n paboTaeT, HO MNepecTaeT BbIMNOMHATL TO, YTO OT Hero Tpebyetcs. [pn 3TOM OH
HauMHaeT BeCTH cebsl Kak reHepaTop - Ha BbIXOAe MOSIBNSIETCS NepeMEHHOE HanpsKeHWe BbICOKOM
YacToTbl, HeorpeaeneHHon amnuTyabl. OAHO M3 CaMblX HEMPUSATHLIX SBMEHWA B 3KCMyaTauum
noTeHUMoCcTaTa, He cuuTas neperpysku. [ns skcnepumeHTaTopa BO36yXXAeHue noTeHuuocTaTa
BbIMMSAMT Tak, 6yaTo npubop cowen C yMa — He AepXWUT MOTeHuuan, noteHuman Hectabunen,
nnaesaeT, curHan Toka u (unu) noteHumana kKak 6yAaTo 3awymneH. [pu 3TOM 3KpaHWpoBaHWe
MOXET MeHsTb (He 0bs3aTenbHO ynydwaTtb) CMTyaumio, a MOXET U He BNuATb BOBCe. B cnydvae
LIBA pasBepTka NOTEHLMANA KaXETCA HEIMHEMHON — C LUYyMOM, 3aMEeTHbIMU U3rnbamu, apedesrom
n Tn. MNMoTeHunanbHO BO36YyXxaeHWEe MOXET ObiTb OMacHO ANs YCUNUTENS U KpavHe OMnacHo ANs
nccnegyemoro obpasua. B obleM cnydae MOXeT MpUBECTU K MPOTEKAHUIO Yepe3 ycunuTenb
MOLUHOCTM MnoTeHuMaocTata 60MblWOro CKBO3HOMO TOKA, YTO MOXET BbIBECTUM ero u3 cTpos (B

noTeHumoctatax npomssoactsa OO0 “InMHC” Takas cUTyaumst HEBO3MOXHA).

TOKOBbIA 3N1E€KTPOA — BbLIBOA WM MpOBOA, MO KOTOpPOMY npubop nepepaetr B
nccneayembli  06bekT pabounit Tok (B NO6OM  peXmMMe — MOTEHLUMOCTaTUYECKOM UK
rafibBaHOCTATUYECKOM).

MoTeHUManbHbIX 3/1€KTPOA — BbLIBOA WM MPOBOA, C MOMOLUBKD KOTOPOro npubop
n3mepsieT HanpskeHne. CUMTAETCSl, YTO MO 3TOMY NPOBOAY TEYET NPEHEOPEXMMO Manblil TOK.

Pabounit anekTpoa — TOT 3/1EKTPOA, 3SNEKTPOXMMUYECKME MPOLIECCHI U SIBNEHUS Ha
KOTOPOM (MNM Ha rpaHuLLe 3TOro 3/1EKTPOAA C 3NEKTPOSIMTOM) UCCIEAYHOTCS.

BcnomoraTenbHbli 31eKTpoA — BTOpoM TokoBbid 3nekTpoa (Counter, OH e

NONSIPU3YIOLLMI) B 3NEKTPOXMMUYECKON sUeiike, HYXXEeH ANsi nonsipusaummn pabodero 3neKkTpoaa,
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npoLle roBopsi, HYXXHO Kak MWMHMMYM fABa NpoBOAa, 4YTOObI MPONyCTUTb Yepe3 WCCieayeMbli
0ObEKT 3N1EKTPUYECKNIA TOK.

dneKTpoA CpaBHEHMs, OH Xe pedepeHCHbI 3NeKTPoA — HY)XEeH Kak TOovka OTcYeTa
abCcoNoTHOro 3HayeHns NoTeHUMana B TPEX3EKTPOAHOM CXEME, M KaK TOYKa BBOAA B YCUNUTENb
MOoTEHLMOCTaTa CUrHana 0bpaTHOM CBA3M OT NTIEKTPOXMMUYECKON SUEWKM.

YCTOMUMBOCTb — CMOCOBHOCTb YCUANTENS NMPOTUBOCTOSITL BO3OY>XAEHUIO (He nonagaTtb B

HEro nnun 6bICTpO n3 HEro BbIXOﬂ,MTb).
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2. YCTPOMCTBO NOTEeHUMoCTaTa

2.1. OcHOBHbI€ Yy3/1bl NOTEHUMOCTaTa
Ha pucyHke HuXe npuBeaeHa TunoBas ynpolweHHass 6nok-cxema noTeHuMocTaTa

npoussoactea OO0 InuHC:

YM
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Moka Hac 6onble Bcero 6yayT MHTepecoBaTb Te €ro Yy3fbl, KOTOpble HEnocpeacTBEHHO
KOHTaKTUPYIOT C NEKTPOXMMUYECKON SYEMKOW, a TaKKe CaMblii NaBHbI ero y3en, cob6CTBEHHO
CaM NOTEHUMOCTaT - CYMMUpYHOWMI ycunuTenb. Mo CyTW, MOLUHbIN NOTEHUMOCTAT NpeacTaBiser
cobol rMbko HacCTpavBaeMbI MPELU3MOHHbBIN LUMPOKOMOOCHBIN BbICOKOYCTOMUMBLIN YCUNUTENb
MOLLHOCTW MOCTOSIHHOIO TOKa.

Y3en perucrpaumm Toka MOXeT 6biTb MOCTPOEH He TOMbKO MO CXEME U3MEepeHusl NageHus
Hanps>KeHWs1 Ha 3Ta/lOHHOM PE3UCTOPE, HO M B APYrUX BapuMaHTax. Takke M3MepeHUe Toka MOXeET
BECTUCb He B Lienu paboyero anekTpoaa, a B LNy BCrIOMOraTebHOro aNekTpoaa.

B kauyectBe KoMMyTaTopa BK/tOYeHMs sueliku B uenn Counter 3nekTpoga MOXeET
MCMONb30BaTbCsl 3MEKTPOMArHUTHOE penie MM KoY Ha MoNeBbIX TPaH3WUCTOpax. [JOCTOMHCTBOM
pene SIBASIETCS TO, YTO B PA3OMKHYTOM COCTOSIHUM Y XOPOLWIEro pene MpaKTUYeCKM HET Toka
yTeUKM, TOrAa, Kak B MOLUHbIX MOSIEBbIX TPaH3UCTOPax OH MPUCYTCTBYET W3-3a BHYTPEHHEro
06paTHO BKJIOYEHHOrO AMofa. [OCTOMHCTBOM FOSIEBOFO TPaH3WUCTOpa SBASIETCS TO, YTO OH
MO3BOJISIET pa3opBaThb LieMb UM HA0bOPOT 3aMKHYTb €€ 3a OYeHb Masblli MPOMEXYTOK BPEMEHU —
MUKPOCEKYHAbI UM JONN MUKPOCEKYHA. Pene ans atoro TpebyeTcs HeCKONbKO MWNCEKYHA, W
npu 3ToM 6yaeT uWMeTb MecTo Japebesr KoHTakToB. [1o3ToMy B NpodeccuMoHasbHbIX
rMoTeHUMoCcTaTax MNpUMeEHsIlOTC oba Tuna KOMMYTaToOpoB, 4TOObl WMCMNONb30BaTb [OCTOMHCTBA

KaXaoro n3 HunX.
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B kauecTBe 3NEKTPOMETPOB TOKA M MOTEHUMana Ob6blYHO MPUMEHSAIOTCA OnepauMoHHbIe
YCUNUTENN Ha MOJSIEBLIX TPAH3UCTOpPaX C BXOAHbIMW TOKaMM B €AMHULbI NMMKOAMMNep U MeHee. ITu
MUKPOCXEMbl OYEHb YYBCTBUTENbHbI K 3/1EKTPOCTAaTMYECKUM pa3psiiaM, KOTOpble MOryT Jierko
BbIBECTU MX U3 CTPOs. B NOTeHUMOCTaTax NPUMEHSIIOTCS pa3fiMyHble Lienn 3almT, OAHAKO He CTOUT
JMWHUIA pa3 WMCMbITbIBaTb UX Ha MPOYHOCTb M 6€3 NpUUMH MNpuKacaTbCsl K MOTEHUMabHbIM
BblBOAAM npubopa.

Ycunutenb MOLWHOCTU MOTEeHUMoCTaTa MOXeT ObiTb Kak AMCKpeTHbIM (cobpaHHbIM Ha
TpaH3uCTopax), Tak W WHTerpanbHbiM (Ha opHol Mukpocxeme). OO0 DnMHC NpuMeHsieT
AVCKPETHble  YCUIUTENM MOLLHOCTM Ha OuMNonspHbIX TPaH3UCTOpax, 4YTO B OTAMYME OT
WHTErpanbHOro  pelleHns MNo3BOAsSIeT MNojyyaTb  MOWHOCTM  yCUAUTens B COTHM  BaTr.
CyulecTByloLlee MHEHME O TOM, YTO YCUAUTENN Ha NOMEBLIX TPAH3UCTOpaX Jydlle Mbl He 6yaeM Hu
NnoAaaepXuBaTb, HW OnpoBepratb. YCUAUTENb MOLLHOCTM MNOTeHUMocTaTa ob6s3aTenbHO uMeeT
3aWMTY OT MpEBbILEHNS MaKCMMasbHO AOMNYCTMMOrO BbIXOAHOrO TOKa. B MOLWHOM noTeHuMocTaTe
TaKXe NPUCYTCTBYET M TepMo3almuTa ycunutens oT neperpesa. VMIMEHHO ycunutenem MOLLHOCTU
OnpeaensitoTCcs CUOBbIE MOKa3aTeNnM Npubopa — MaKCUMasibHbIN BbIXOAHOW TOK M HamnpshKeHue.
Ycunutenb MOLHOCTM He AOMKEH BbIXOAWUTb U3 CTPOS Npy BO36yXXAeHUW noTeHumocTaTa.

[MaBHbIM y3/10M MOTEHUMOCTATa SIBASETCS CyMMUpYOWMN  ycunuTenb. OB6bIMHO 3TO
[IOCTaTOYHO BbICOKOTOYHbIA U ObICTPOAEMCTBYIOWMIA ONEPALMOHHBIA YCUIUTENb, paboTalowmin B
WHBEPTUPYIOLLEM BKIOYEHUU. Ha ero MHBEpPTUPYIOLWMIA BXOA NOAAETCS CUrHan obpaTHOM CBSI3U U
curHan 3agaTtuvmka (Hanpumep, ¢ 6ydepusoBaHHOro Bbixoga LAIM-a, curHan € reHepartopa
CUHYCOMAANbHOrO CUrHana pAans W3MepeHuss wMnedaHca W ApyrMe no  HeobxoaumocTw).
BOMbLIMHCTBO KayeCTBEHHbIX NapaMeTpOB MOTEHUMOCTaTa ONpeaensoTCs UMEHHO 3TUM y3i1oM. OT
HEero 3aBMCUT TOYHOCTb MOAAEPXKaHMSI NMOTEHUMaNa WAM ToKa, YCTOMUMBOCTb M BbicTpoaeincTeue

npubopa, apevid 60MbLIMHCTBA NapaMeTPOB BO BPEMEHM.
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2.2. Pe>kuMbl paboTbl NnoTeHUMocTaTa

Pe>xuM paboTbl NOTEHUMOCTAaTUUECKMA WM raZibBaHOCTAaTUUYECKMW O3HayaeT
TONbKO OAHO — YTO CTabunuaupyet (perynupyet) npubop — noteHuman (pasHuUy MNOTEHLMANOB
UK HanpsbkeHue) unm Tok. C TOYKM 3peHns npubopa npu 3TOM MEHSIETCA TOMbKO TN 06paTHOM
CBSI3U — MO HaMPSHKEHMIO UM MO TOKY COOTBETCTBEHHO. B 06LueM cnyyae, B NOTEHLMOCTATUYECKOM
peXxuMe Uenblo 06paTHOW CBA3M ANS YCUNIMTENS MOTEHUMOCTaTa SIBASIETCS 3NEKTPOXMMUYECKAs
sYeinka, a B C/lydae raibBAaHOCTAaTUUYECKOIO PeXMMa — ero e COBCTBEHHbI TOKOU3MEPUTESbHBbIN
pesuctop. BBuay TOro, 4YTo 3NMEKTPOXMMMYECKas sUeiKa, Kak MNpaBWio, CyLIEeCTBEHHO 6ornee
CNOXHa M Henpeackasyema, YeM TOKOM3MEPUTENbHBIN pe3ncTop NprMbopa, a Takxke No HEKOTOPbIM
APYrvM MpUYMHAM, 3a4acTyto, ra/lbBaHOCTAaTUUYECKUI pexxnuM Boee YCTOMUMB 1 NPOCT B paboTe.

B pexuMme BOJIbTMETpPA MNOTEHUMOCTAT HE WCMONb3YeT CBOM YCUUTENb MOLLHOCTU U
CYMMUpYIOLWNA yeunutenb (MOXHO CKa3aTb, YTO MpW 3TOM OH MOTEHLUMOCTATOM He SBNSETCSH).
KoMMyTaTop ek npu 3TOM pa3oMKHYT, TOK B Lenun Counter anekTpoaa He npoTekaeT. Mo3ToMy
TaKOW PEXMM paboThbl HA3bIBAOT PEXMMOM PEMMCTPALIMK NOTEHLMANA Pa30MKHYTOMN LiENW.

B npouecce paboTbl MOTEHUMOCTAT 3adaeT MOTeHUMan WM TOK, a Takke o0bs3aTesibHo
PErNCTpUpPYeT M MNOTEHUMAN M TOK Ha MOAKIOYEHHOM o06pasue (ynpaBnsiowas nporpamMma
BbIBOAMT MX 3HAYEHUS HA 3KPpaH KOMMbIOTEPA).

HesaBncumo oT pexmma pabotel — 2, 3 waM 4 31eKkTpoaa MCNoNb3yloTcs B
3/IEKTPOXMMUYECKON siUelike, MOTEHUMOCTAT Bcerga paboTaeT Mo YeTbipexnpoBOAHOW cxeme. B
3aBMCMMOCTM OT TOrO, KaK 3KCNEPUMEHTATOpP OObEAVMHWUT WM MOAK/OUUT U3MEPUTESNbHbIE
npoBoAa Ha uccneayeMoM 06bekTe, MOAyYUTCa TOT WM MHOW BapuaHT cxembl — 2, 3, win 4

3NeKTpoaa.
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3. iByXaneKTpogHasa cxeMa
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ToKOBble 3M1eKTpoAbl MOMApHO 06beAuHEHbl C COOTBETCTBYIOWMM MM MOTEHUMANbHbIMU.
Monyyaetcs, 4To NpUbop N3MEPSET HaMpsHKEHNE, COOTBETCTBYIOLLEE Pa3HULIE HAMPSHKEHUA MexXAay
TOKOBbIMUW 371EKTPOAAMN. TO eCTb, PEMMCTPUPYETCS BCE HANPSHKEHME HA BCEWN 3NEKTPOXUMUYECKON
auyerke. Pernctpupyemoe HanpskeHMe M TOK XapaKTEepU3YyKT BCHO S4YENKY, TO €CTb CBOWCTBA WU
npouecchl kKak Ha 06oMx aNeKTPoAax, Tak U B SNEKTPouTe.

OTa cxeMa Haubonee 4acto ucnonb3yetcs npu pabote ¢ XUT, a Takke B H6ONbLUMHCTBE
cnyyaeB paboTbl C TBepAbiMM 3nekTponuTamu. [pu paboTe C eaMHUYHbIMKM syelkamu XUT
HanpsbkeHusi 0bblYHO He 6biBaloT 6onee 5B (make u 3Ta umdpa, NoXanyi, MOXET BO3HUKHYTb
TONBbKO NpU 3apsae HEKOTOPbIX K3eMMNASAPOB JINTUEBLIX aKKyMyNsSTOPOB).

Mpu nccnegoBaHMM TBEPAbIX MEKTPOUTOB 3Ta UMdpa MOXET AOCTUraTb MpPaKTUYECKM
NMO6LIX Pa3yMHbIX 3HAYeHWA. ITO MOryT OblTb [AECATKM MUIMBONLT MpU  UCCNeAoBaHUM
BbICOKOMPOBOASALLMX INEKTPONNTOB, U AECATKM (M [axe COTHW) BOMbT MpU  UCCNeaoBaHWUU
HM3KOMPOBOASALLMX MaTepuanoB. Paboune TOKKN 3aBUCST OT UCCNEAYEMON CUCTEMBI.

Mo cyTm B 3TOM peXuMe MOTEHUMOCTAT MpPeACTaBASET COOOM MPELM3NOHHBIA UCTOYHUK
perynmpyeMoro Hamnps>XeHUst M ToKa C BO3MOXXHOCTbIO TOYHOMO UX U3MepeHus. MNoTeHunanbHble
npoBoAa Mpu 3TOM BbIMOAHAOT (YHKUMW TOMbKO KOMMEHCAUUW KOHTAKTOB M TOKOMOABOAOB
TOKOBbIX 371eKTpoaoB. [py 60nblMX TOKax pekoMeHAYeTCsS MNOAKIYaTb MNOTeHuMasbHble

SNIEKTPOAbl HE Ha BbIBOAblI TOKOBbIX, a HEMOCPEACTBEHHO Ha 3NEKTPOAbI obbekTa (He B TE Xe
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TOYKM, UYTO TOKOBbIE, Ny4lle BCEero, Koraa AN HWUX MpefycMOTpeHbl CreuunanbHble TOYKM
NOAKOYEHNS).

OdTa cxeMa HeceT MH@opMaumno 060 BCeNn MCCeayeMon 3NEKTPOXMMUYECKON Suelike, U He
[aeT oTAenbHOM MHGpOopMauumM O KakoM nimbo M3 ee aNeKTpoaoB unu anektTponute. OaHako, ecTb
HEKOTOpble MEeTOAbl, MO3BONSOWME UX OTAeNUTb. Hambonee sipkuid npuMep, 3TO NPUMEHEHWUE
MeToAa MMneaaHcoMeTpun. Takxke, MeHas reoMeTputo obpasua (yBenmyeHue reoMeTpuyecKkoro
pa3Mepa Kakoro Nnbo anekTpoaa, ero KayecTBeHHas 3aMeHa, M3MEHeHWe TOMLMHBLI 3N1eKTponmTa
WAM ero CoCTaBa) MOXHO YCUAUTb BAUSIHME KaKoro-nnbo OTAeNbHOro KOMMOHEHTa Ha

BOJIbTAMNEPHYIO KPUBYIO USTU NMMEeAaHCHbIN CHEKTP.

TunoBbiMM NpobnemMaMy B ABYXNEKTPOAHOM CXeme OB6bIYHO SIBASIIOTCS CaMble 0B6blYHble
BELUM: nepenyTaHHble MO Ha3Ha4YeHWIo MpoBOAA, MPOBOAA MepenyTaHHble B GyKBasbHOM CMbiCie
(nepenneTeHne M3MepuTENbHbLIX MPOBOAOB 6€3 3KPaHOB C 3eMJIEN MOXET MPMBECTM K HaBOAKaM U
paxe Bo3byxaeHuto npubopa. Ciopa e OTHOCMTCS HEenpaBW/bHOE 3KpaHWPOBAaHWE), M0XOM
KOHTaKT 3N1eKTpoAoB W Tn. Bce 3T e owubku BCTpeyaloTcs M B 6onee CNoXHbIX CXeMax

NOAKIIOYEHUA.
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4. TpexanekTpoagHaa cxeMa

Counter + “' Rin
- Uin
Rfb
Ref
+
Comp i * O Uout
Work
+
O lout
RX -

B TpexanekTpoaHON cxemMe OTpuuaTeNbHbIN NOTEHUMAnbHbIM NpoBog Comp COeanHeH C
TOkOBbIM 3nekTpoaoM Work. MonoXuTtenbHbIM e NoTeHuManbHbI BbiBog Ref ncnonb3yetca ans
MOAK/MOYEHNS 3MEKTPOAA CPABHEHUSI TPEX3MEKTPOAHON SIYEMKW. DNEKTPOA CPAaBHEHWUSI HYMXKEH,
yTObbl UCKNIOUUTL W3  PErucTpupyeMoro noTeHuuana nmnajeHne HanpskeHus Ha obbeme
3NEKTPOUTa U Ha BCMOMOraTeSlbHOM 31eKTpode (3T HE HYyXXHble NaAeHUs Hanps>KeHWs MoryT
6blTb OYEeHb 3HAYUTENbHbIMA — BCMOMHUTE KAKMM BbIXOAHbIMW HarnpsbkeHusMu obnagatoT
noteHuuaoctatbl — Ao 30-50 B u 6onee, B TO BpeMsl, KaKk MUCCNeaoBaTbCs MOryT MOTEHUManbl
pabouero anekTpoAa B npeaenax o4AHOro BosbTa).

B aTOM cxeme npubop M3MepsieT pasHWULy MOTEHUMANoB Mexay pabounM 31eKTPoaoM U
3/7IeKTPOAOM CpaBHeHMsl. B umpaeane npu 3TOM uMccneayloTcsl TOMbKO CBOWCTBA M MPOLLECCHI,
nMeroLmne Mecto Ha pabodeM anekTpoae. DNeKTpoa CpaBHeHus (Hanpumep, kanunnap JlyrrmHa B
XMOKOCTHOM sYeirKe) AomkeH 6biTb moaBedeH K paboyeMy anekTpoay Kak MOXHO 6nvke. 3710
HeobxoauMo Ans Toro, YTobbl YMEHbLWUTb TaK Ha3blBaeMble oMuyeckue notepu (Npo HUX peyb
noapobHO NonAeT B OTAENbHOM pa3aene).

Yawle Bcero ata cxema MCMNonb3yeTcs B KIACCMYECKON XXMAKOCTHOM 3MEKTPOXMMUK, TAE B
OCHOBHOM uccnegytotcs  (Mnn NpoBOASATCA) Mpoueccbl Ha paboyeMm 3anekTpoge. PasHuua
HaNpsHDKEHUIA MeXAay TOKOBbIMM 3MEKTPOAAaMM B 3TOM CXEME He WHTEpecyeT HWUKOro, KpoMme
npubopa. [lng Hero 3Ta cxeMa B CaMOM MPOCTOM cilyyae (ecnmn npeHebpeyb NepeMeHHOTOKOBOM
COCTaBNSAOWEN U YNPOCTUTb CUTyaLMIO TOSIbKO A0 MOCTOSIHHOrO TOoKa) npeacTaBnsieT cobov ABa

COMpOTUBNEHUS. YCNOBHO, MOXHO cuMTaTb, 4TO ToKonoasod BcnoMoratenbHoro (Counter)
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anekTpoaa, obbeMHoe (Mo NpocToMy — 60MbLIas ero YacTb) CONPOTUBIIEHME SMNEKTPONNTa BXOAUT
B 0oAHO conpoTtusneHne (Rc), a BCe npoueccbl MU siBAeHus, TO eCTb COBCTBEHHO TO, YTO XOTAT

YBUAETb M UCCNEA0BaTb, UCMOSb3Ysl TPEXINEKTPOAHYIO CXEMY, BO BTOpoM pesuctope (R?):

Work Ref Counter
A : AANAT
R? Rc

Mpowe roBopst B 31O cxeMe 3anektpoa Work noacoeanHsieTcs k 3emne (ANns HEKOTOpbIX
MOTEHLMOCTATOB AaXe MPUMEHSAIOT TeEPMUH BupTyanbHas 3emns), anektpoa Ref sBnsietca Bxoaom
yeunutensi, a anektpog Counter — ero BbixogoM. [loTeHuoctaT 6yaeT nbiTaTbCsa 3aAaTtb
HanpsixeHne Ha Counter anekTpoae Tak, YTobbl Ha Ref Oka3anocb MMEHHO TO, YTO OT HEro NPOCUT
aKcrnepuMeHTaTop. Ecnn cumtaTbh NOTEHUMOCTAT ONEPALMOHHBLIM YCUIMTENEM, TO sSiYelKa ABNSIETCS
ANS HEro PEe3UCTMBHLIM [AENUTENEM HanpsKeHusl, TO eCTb, TOW caMou obpaTHOM CBA3blO. Ha
NMpaKTUKe, €CNN BCMOMHUTb NP0 TO, YTO 3MEKTPOXMMUYECKME CUCTEMbI OYEHb HEMOCTOSIHHBI, YTO
OHM UMEIKOT O4YeHb GOMbLUYID EMKOCTHYHO COCTaBASAOLWY, Aa U NpuMbop COCTOMT He TOMbKO M3
OZHOrO YCUNUTENS, @ U3 MHOXECTBA APYruX Y3/10B, CUTYaLMst KOHEYHO YCIIOXKHSETCS.

B obuwem (3neKTpPOXMMUYECKOM) Cllydae W3MEpSiEMb MW 3adaBaeMbli MOTEHUMan He
MOXET ObITb 60nee eanHML BONbT. TOKM ONpeaensitoTcs 3aaadqen.

TunoBbIMM NpobneMamMn, BO3HUKAOWMMKM NpU paboTe Mo TPEX3NEKTPOAHON CXeMe MOoryT
ObITb:

1) Pa3pbiB Lenu anekTpoaa cpaBHeHusl. CaMoe xyalwee, YTO MOXET NpousonTu. B

3ToM cnyyae Ha Counter 31eKTpoAE OKaXETCs MaKCMManbHOE BbIXOAHOE
HanpshkeHne noTeHuMocTata. ITO  MOXET MpUMBECTM K  COBEPLUEHHO
HeobpaTMMbIM MOCNEACTBUSAM Ha paboyeM anekTpoae. Yalle Bcero paspbiB LEnm
NpoOUCXOAMT  M3-3a 00pa3oBaHUSi BO3AYLUHOTO My3blpsi B COIEBOM MOCTUKE,
BbICbIXGHNSI KpaHa COMEBOr0 MOCTMKA B mpouecce paboTbl, HEKAYECTBEHHONO
(HeucnpaBHOro) 3nekTpoAa CpaBHEHWs, Ob6pbiBa TOKOMOABOAA 3NEKTPOAA
CpaBHeHUs. [na npeaoTBpalLeHUs Takux SIBNEeHUA HeobxoaMMO  aKKypaTHO
NpoBEpPSITb AYENKY nepen 3anyckoM pabodero pexumMa. [Ons AONOAHWUTENbHOM
MPOBEPKM MOXHO 3anyCTUTb PErnmcTpaumilo MnoTeHumana pas3oMKHYTOM LEnu
(PeX1MM MOHWUTOPUHIra UM BOSIBTMETPA), TaK Kak 06blYHO 3HAYeHWe NoTeHuMana

Pa30OMKHYTOW LIenu 3apaHee npeackasyeMo.
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2) Cnuwkom 60nblloe COMpPOTMBAEHME B LENW 3MeKTpoda CpaBHeHus. SBnseTcs
NMPOMEXYTOYHOM CUTyaumeld Mexzay paspbiBOM W HOPMasibHbIM  PEXMMOM
paboTbl. O4eHb 4acTo MpUBOAUT K BO36Y>KAeHMIO MmoTeHumocTaTta. OCNoXHSeT
ncrnonb3oBaHne 6onblMHCTBA MeToaoB IR-koMneHcauumn. [lpoucxoauT m3-3a
BbICbIXaHNSI KpaHOB MOCTMKA 3/1EKTPOAA CpaBHEHMS. Takxke MPUYMHOM MOXKET
O6bITb  MNOXOM  (MCMOPYEHHBLIA)  3MEKTpoA  CPpaBHeHWMsi.  PekomeHnayeTtcs
MCrosb30BaTb COMEBblE MOCTUKM C XOPOLIO MPUTEPTLIMWA 3a/IMBHLIMKU KpaHaMu.
Takke peKOMeHAyeTCa MNoAAepXMBATb INEKTPOA CpaBHeHUss B pabouem
coctosHun. Cnocob nopaepxaHUs 3aBUCUT OT TWUMA 3NEKTPOAA CpaBHEHUS,
HanpuMep, X/IOpCcepebpsiHHBLIN - AO/MKEH XPaHUTbC B COOTBETCTBYHOLLEM
pacTBope, a CeTka BOAOPOAHOrO 3M1eKTpoAa AO/MKHA perynsipHo noasepratbes
YaCTKE M NpU  HeobxoaMMOCTM  MepennaTUHMPOBAHMIO. Takxke MOXHO
NMOpeKOMeHAOBaTb MepuoaMyeckn MNPOBEPSTb 3NEKTPOA CpPaBHEHUS MyTeM
N3MepeHust ero noTeHumana OTHOCUMTENbHO 3TaslOHHOMO, 3aBeAOMO WUCMPaBHOro
3NeKkTpoda CpaBHeHusl. JTO yaobHO pdenaTb B pexuMme BOMbTMETPA Wn
MOHWUTOPUHIa MO [ABYX3NeKTpoaHoM cxeme. Counter  aneKkTpog npu 3TOM
NOAKNOYATb HE HYXKHO.

3) HepoctatouHoe HanpsbkeHve Ha Counter 3nektpoge. [loTeHuMocTaTy He
XBaTaeT BbIXOAHOIO HanpshkeHusl, 4Tobbl NMPeoaoneTb BbICOKOE CONPOTUB/IEHME
B uenu Counter — 3nekTpoga. Yawe Bcero wu3-3a COOTBETCTBYIOLLErO
pa3aenuTenibHoOro KpaHa, Mbo CAMLLIKOM HM3KOM MpPOBOAMMOCTU 3MeKTponuTa.
BoirnaauT, kak 6yato npubop He AepXuT onpeaeneHHble noteHumanbsl. O4eHb
HarnsaeH B pexxknuMe LIBA — B 0611acT Manblx TOKOB pa3BepTKa /SIMHENHa, a B
obnactm 60nbWKMX TOKOB pa3BepTKa HacCbIWAeTCs, OCTaHaBnmBaetcs. [ns
NpeaoTBpaLLEHNss 3TOro sBMEeHMsSI MOXHO BblbpaTb npubop ¢ 6onee BbICOKUM
BbIXOAHbIM HanpsbkeHneM (OQHaKo 3TO MOXET MPUMBECTU K  HEMPUSTHbIM
NoCNeACTBUSIM B Cllydae BO3HUKHOBEHMSI OCOBEHHO MEepBOM Mnu Noboi Apyron
OWNBKN. ITO 06CTOATENLCTBO 0653aTeNbHO HYXXHO AepXaTb B rosioBe npu
Bblbope npubopa — MaKCMManbHOE BbIXOAHOE HanpshkeHue npubopa
AOJHDKHO COOTBETCTBOBaTb 3aAaue! Ero nepensbbiTok MOXKET NpUBECTHU
K OYeHb NJIoXuMM nocneacreusiM! byabte 0CO6€HHO BHMMAaTEsibHbl U
aKKypaTHbl npu pab6ore C BbICOKOBOJIbTHbIMM MOTEHLMOCTaTaMM).
MOXHO nonpoboBaTb M3MEHWUTb KOHCTPYKUMIO SYEMKM — YBEIWYUTHL MO
TUMNOpa3Mepy pa3aenuTenbHbI  KpaH, CneauTb 3a MNPOC/IONKOM B HEM

3NeKTponuTa (HY>KHO 4YTO6bI KpaHbl MOXHO 6bIN0 Nerko Bpawartb, HO Mpu 3TOM
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4)

OHM AO/MKHbl OblTb  3aMKCUPOBaHbI, OHWM He [O/MKHbI  6bITb  CyXuMKn),
nonpoboBaTb CMEHUTb TUN pasgenuTens (HanpuMmep, NMOPUCTOe CTEKI0 WaKn Ap.
BMECTO KpaHa), CHM3UTb pabouve TOKM (yMEHbWMWTb NMOWaAb 3SNeKTPoaa),
MOHM3UTb CONPOTMBIIEHME 3NeKTponuTa (bonee KOHUEHTPUPOBAHHBIA PacTBOp).
Bo3byxaeHne npubopa. Bo3HukaeT no Macce nNpuymH. B OCHOBHOM mK3-3a
BbICOKOrO COMPOTUB/IEHMS B LENW 3MeKTpoAda CpaBHeHMs. Takxe MOXeT
BO3HMKaTb Ha HEKOTOpbIX “nposoumpyowmx” obpasuax ¢ SpKO BblpaXKeHHbIM
€MKOCTHbIM  XapaKTepoM Mpu  MOYTM MOJIHOM  OTCYTCTBUM  OMMUYECKON
cocTtaBnsiowend (Hanpumep, 3anyCTUTb MOTEHUMOCTATUYECKUA pexuM  6e3
nepexoAHbIX MPOLIeCCOB Ha XOpOLWEM BbICOKOYACTOTHOM KOHAeHcaTope bbiBaeT
C/MIOXHO, MO 3TOM e npuuMHe 60nbWMHCTBO MeToaoB IR KoMneHcaumn He
pabotatoT Ha 100%). O6ycnoBneHO 4acTOTHbIMM MAWM APYrMMU CBOMCTBAMM
nccnegyemoro obbekta. MiHoraa nomoraeT pabota Ha 6onee rpybom ananasoHe
Toka M (unn) noteHumana. Ecnm y npubopa ectb HacTporku GbiICTpOAenCTBuS,
TO MOXHO nornpo6oBaTb MNOMEHSTb UX (He 06s3aTeNlbHO Ha CaMble MeAJfleHHbIE,
3TO MOXET TOMIbKO YyXyAWWTb CUTyaumio, ObICTpoAencTBME MOTeHUMOCTaTa
AO/HKHO ObiTb ONTMManbHbIM ANt KOHKPETHOM 3MEKTPOXMMUYECKON SYENKM, B
obuieM e cnyyae, YeM OHO Bbllle — TeM fy4we). MoxHO nonpoboBaTb
BKMOUMTb B  pa3pblB  Counter anekTpoga MOCTOSIHHbIA — pe3ncTop, C
COMpOTMBNIEHNEM, COMOCTaBUMbIM (MOXHO MEHbLIMM, MOXHO 60MblKnM) C
CYMMapHbIM COMPOTUBIIEHNEM 3MeKTponuTa. ECin ecTtb BO3MOXHOCTb, MOXHO
nonpoboBatb paboTaTb B ranbBaHOCTAaTMYECKOM pexuMe. Takxe eCcTb psg
cneumanbHbiX MeTogoB no 6opbbe ¢ BO3GYXAEHWEM, HO NpaKTUYeCKn Bceraa
€My eCTb ornpefeneHHble HeraTUBHbIE MPUYMHBI, YCTPAHEHWE KOTOPbLIX B N1l060M

cryyae yny4lumT cuTyaumto 1 npueeaeT K 6onee ctabunbHoi paboTe npubopa.
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5. YeTbipexanekTpoaHasa cxeMa

Counter + " " Rin
- Uin
Ref
—— +
Comp ) s  Uout
| Work
+
O lout
RX P

3TO He caMasl C/IOXHasi M 3K30TUYEeCKass CXeMa MOAKIIOYEHUS, KaK MOXET MoKa3aTbCs Ha
nepBbli B3rnsa. BMecto ogHoro anektpoaa cpaBHeHMsI Mcronb3ytoTcs aBa. OHM oba BBOASTCS
06s3aTenbHO MexXay TOKOBbIMM 3nekTpodaMu. [Npu 3TOM MNOTEHUMOCTAT PErMcTpPUpPYET TONbKO
nageHne noTteHuMana Ha O6bEMHOM COMpOTUBNEHUM 3neKTponuTa. COOTBETCTBEHHO WM3Y4alOTCSs
MpW 3TOM TOMbKO 06 bEMHbIE CBOMCTBA 3N1EKTPOSIUTA.

Yawe Bcero 3Ta CxemMa MpPUMEHSETCS NPU UCCNeaoBaHWW TBEPAbIX 3NEKTPOSIUTOB U
pacnnaeBoB (HanpuMmep, WX MNPOBOAMMOCTK, 4TOObI WCKNOYMTL MageHMe noTeHuMana Ha
3NEKTPOAaX WM TOKOMOABOAAX, MPUYEM KaK MPU OYEHb BBLICOKMX, TaK U HAobOPOT MpU O4YeEHb
HU3KUX COMPOTMBAEHMSX). TakxKe MCNoNb3yeTcd M B ApYyrnx Ciy4dasx. Yacto BO3HMKalOLWMe
OWMBKN B 0OLIEM Te Xe, YTO U AN TPEX3NEKTPOAHbIX sveek, HO co crneundukon paboyero
3NEKTPONINTA U KOHCTPYKLMEN KOHKPETHOW sueliku, Yalle Bcero HabnoaaoTcs paspbiBbl B LENsX
noTeHunanbHblX (M3MEpUTENbHbBIX) 3MEKTPOAOB, KaK CNeAcTBME MNONsSpu3aums  3NeKTpoaos,
HenpaBU/IbHOE MOAK/IIOYEHME WU UCMOSIb30BaHNE Npubopa, HEAOCTAaTOYHO BbLICOKUN BXOAHOM
MMMNeaaHC 3NeKTPOMETpoB npubopa (BXOAOB MOTEHLUMANBHBIX 3MEKTPOOB), HEAOCTAaTOYHbINM

KOHTAKT 3/1EKTPOAOB CpaBHEHUA C 3JIEKTPOJSIUTOM.
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6. OCHOBHbIE XapaKTepUCTUKN NOoTeHUMocTaTa

1) MakcuMmanbHoe BbIxoaHOe HanpsbkeHne. C OfHOM CTOPOHbI 3TO B HEKOTOPOM CMbiC/ie
nokasaTtenb Kfacca M yHWBEpPCanbHOCTM npubopa, a Takke M npodeccrmoHanusma ero
pa3paboTumMka (YTO KOHEYHO OrpaHUYEeHO ISKOHOMUYECKMMM  OCOBEHHOCTSIMU WK
cneumanusaumnen npowussoautens npubopa). C ApyronM CTOPOHbI, MOTEHUMOCTAT, Kak U
nobon apyrov Nnpubop, 3TO BO MHOMMX Cly4Yasix KOMMPOMMCC CTOMMOCTU U XapaKTEPUCTUK.
Moatomy OO0 IAMHC BbINyCKAeT MOTEHLMOCTATbl C Pa3/INYHbIM BbIXOAHbIM HanpsiKeHUeM,
M HACTOSITENIbHO peKoMeHAyeT Bbl6bUpaTb BbIXOA4HOE HarnpshkeHue coobpasHo
nocraBJieHHOW 3apade. Hanpumep, npu paspsge XUT, knaccyeckMm nOTEHUMOCTAaTOM
60NblUOM M3ObLITOK HaMpsHKEHUS CMepTeNbHO CTpaleH, TK NPUBOAWUT K MNeperpesy
npubopa. He Hy>XHO 1cnonb3oBaTb NPMBOP C BbIXOAHBLIM HanpsbkeHnem 50B ans paboTbl €
eanHn4YHon suerikor XUT (1-4B). BeposiTHee BCero Bce 3TO BbIXOAHOE HanpshkeHue byaet
NagaTb Ha BbIXOAHOM ycunutene npubopa n 6yaet npMBoauTb K €ro neperpesy. Fopasao
nyywe B 3TOM Ciy4vae BblbpaTb Npubop C HanpsbkeHueM 15B, K TOMy e, npu TOW Xe
MOLLHOCTM npubopa npv 3TOM 6yAeT CylecTBEHHO 6OMblUMI 3amac no TOKY, YTO BCeraa
KpaHe nonoxuTensHo. C Apyron CTOpOHbl, NMpubop C BbIXOAHLIM HanpsbkeHnem 50B
NpeKpacHO CrnpaBuTCS, HanpuMep, C NpenapaTtuBHbLIM 3N1EKTPONN30OM, FAe OT Hero MoXeT
noHagobuTcs BbixoagHoe HanpskeHune 30-40B (B NnaMsiTM aBTOpa €CTb 3KCMepUMEHT, Koraa
NOTEHUMOCTAT C MakCMMarbHbIM HanpsbkeHneMm 80 B 1 TOKOM 2 amnepa peanu3oBan Bce
CBOM BO3MOXHOCTW, NPW NpPOBEAEHUW OTHIOAb HE CaMoro MacwTabHOro 3neKTposv3a).
Takxke, cneayeT NOHMMaTb, 4TO 6onee BbICOKOE BbIXOAHOE HAMpshKeHWe MNOoTeHUManbHO
bonee onacHo Kak Ans uccnegyemoro obpasua, Tak U Ans 3KCNepuMeHTaTopa B cryyae
BO3HWKHOBEHMS] OWMOOK M HewTaTHbIX cuTyauui (Mo 3Tol npuumHe OO0 INMHC He
BbiNyckaeT npubopbl 6onee yem Ha 50B, xoTa nepBble 3K3eMMspbl MOTEHUMOCTATOB
obnaganu BbIXoAHbIM HanpshkeHneM B 100 B). B cnyyae 6bICTPOI CMeHbl paboyero pexunma
6onee  BbICOKOBOSILTHOMY npubopy nNOHaaobutcs 60nblue BpPEMEHW, YTOObl M3MEHUTb
BbIXOAHOE HanpshXeHune A0 TpebyeMoro 3HauyeHusl BBMAY KOHEYHOM CKOPOCTM HapacTaHus
HanpsbkeHns  ycunutenss  npubopa  (CKOPOCTb  X€  HapacTaHus  OonpeaensieTcs
BbIcTpoaencTBneM npubopa, KOTOpoe onpeaensieTcs yCTOMYMBOCTbIO npubopa. B obuiem
cnyyae, TpeboBaHMSI BbICOKOrO ObICTPOAENCTBMST M YCTOMYMBOCTM MPOTMBOMOJIOXKHDI).
MoaToMy, M3 ABYX OAHOTUMHbIX NPUOOPOB MEHBLUMI NEPEXOAHbIN (MOTEHUMANbHO BpeaHbIN
ANs Uccneayemon cuctembl) nepuop 6yaet y 6onee HU3KOBOMLTHOrO mnpubopa. B To e
BPEMSI, €CTb LENbIN psaf KNACCUYECKMX SNEKTPOXMMUYECKMX XMAKOCTHBIX U TBEPAOTENbHbIX

3a4a4, B KOTOpPbIX BbICOKOBOJIbTHbIE ﬂpVIGOpr HE3aMEHUMBI.
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2)

3)

4)

5)

MakcuMManbHbIA BbIXOAHOW TOK. OnpeaensieTcs ycunuTeneM MOLWHOCTM noTeHumocTaTa. Y
KIIAaCCMYECKOro YCUNUTENs MOLUHOCTK,  paboTarowero B pexuMme AB  MakCMManbHbIM
Harpy3o4HblM TOK AO/KEH OblTb BABOE MeHbLUE MONsSpU3yloWero Toka. Y ycunutens
MOLLHOCTK, paboTatowero B knacce G mnM H, nnM ecnn 3TO 3NEKTPOHHAs Harpyska,
3apsAHbIA - M paspsaHbil TOK  OAMHAKOBbI. PekoMeHayeM BHMMATENlbHO CMOTPETb
XapaKTepUCTUKM Npubopa B AOKYMEHTALMN K HEMY.

MWHUManbHBLIN  pabounii TOK. YeM OH HMXKe, TeM O06blYHO fy4lle, YHUBEepcanbHee
NOTEHLMOCTAT. 3aBUCUT OT KOMMYeCTBa AMana3oHOB Toka. B obuiem cnyyae onpepensieTcs
KayeCTBOM TOKOM3MEPUTENbHbIX Y3M10B MOTEHUMOCTaTa, a Takxke paspeweHnem AL
npubopa (nocnegHee cnpaBeanvBO, €CM pacCMaTpUBAETCS CaMbil TOHKMM AManasoH
TOoka). [lOHSTME [AOCTAaTOYHO YC/IOBHOE, 3aBUCUT OT TOrO, C KaKOW TOYHOCTbIO
JKCNepuMeHTaTopy HeobxoaMMO 3agaBaTb W PErmMCTpUMpoOBaTb TOK, OAHAKO OHO B
3HAUUTENbHOMN CTEMNEHM ONpeaensieT Kpyr 3aaad, KoTopble cnocobeH pewmnTb npubop.
KonmuectBo AnanasoHOB TOKa M noTeHumana. B obwem cnydae, uyeM ux 6onblue, TeM
nydlle, yHuBepcanbHee, HO M aopoxe npubop. MNpu paboTe pekomeHayeTcs BblbMpaTb
AManas3oHbl B COOTBETCTBMM  C paboumMMu  3anekTpuyeckummn napametpamu (TOK WU
noteHuman). He cneayet pabotaTb, 6e3 sBHbIX Ha TO NpwW4uH, B MHTepBane 0-0,5B Ha
AvanasoHe 15B, ecnn, HanpuMep, ecTb AnanasoH 2,5B. AHanornyHo u ctokoM. Bo nepsbix,
Ha 6onee rpybom amnanasoHe npubop byaet 3agasaTb noTeHuman (TOK) MeHee TOYHO, Kak
M3-3a KOHeYHoro paspelleHuns LAM, Tak M M3-32 KOHEYHOM TOYHOCTU aHasloroBbIX
MUKpOCXeM (HanpuMep, M3-3a cABWUra Hyns, B TOM 4YMCie U TEMNIOBOr0 OnepaumOHHbIX
ycunutenem, unuM us-3a ux wyma). Bo BTOpblX, npubop MeHee TOYHO 6yaeT W
perncTpmMpoBaTb AaHHble ToKa M noTeHumana (Nno TeM e NpuynHaM, TOSbKO Tenepb M3-3a
AUM).

BbicTpopeiicTBne noteHumoctata (ctoga oTHocsTca: Rise time, Slew rate, ckopocTb
HapacCTaHusl BbIXOAHOrO HanpspKeHusl, AIUTEeNbHOCTb MepexoAHblX MpoLeccoB, 4acToTa
€ANHUYHOro ycunenns). OYeHb BaXkKHbIM MapameTp, HO B GOMbLUMHCTBE C/lyYaeB MONE3EH
TOSbKO ANnsi pa3paboTumka npubopa nnm xopowlero 3NEKTPOXNMMKA,
cneunanusnpytoerocsl Ha ObICTpbIX, UMMYNbCHbIX M3MepeHusiX. He To >xe camoe, 4To
6bicTpopencTene ALIM. K coxaneHuto, BbICOKMI MOKa3aTeflb MOXET TauTb B cebe
HECKOJIbKO NOABOAHbIX KaMHeW. Ecnv Bbl ManosHakoMbl ¢ NpubopamMu — NOTEHUMOCTaTaMMu,
M y Bac HeT cneumanbHbiX TpebOBaHMI K aHANOroBOMY ObICTPOAEMCTBUIO, TO Nlydlle He
obpawatb Ha 3TOT MapaMeTp BHUMaHUS. Bbicokoe ObICTpOAENCTBME MOXKET 6biTb
AOCTUMHYTO LIEHOW YXYALUEHWS APYrvMX MapaMeTpoB, NMpexae BCero CTabunbHocTw. Jlydwe

BCEro, Korga npubop MMeEeT HACTPOWKWM aHaNoroBoro 6bICTPOAEMCTBUS, XOPOLIO, €CNu
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6)

7)

8)

HECKONbKO CTyneHeW. [MoTeHumManbHO 3TO Mo3BonseT 6onee TOHKO HacTpouTb Mpubop,
nNpeaoTBpaTUTb BO3OYXXAEHWE, MM HAaobopOT, MOMyYMTb MakcMManbHoe 6biCTpoAenCTBME
B, HANpUMep, UMMYNbCHbIX N3MEpPEHUsX.

BoicTpogenicteme AUM. Kak npaeuno, Bce AL paboTaloT B ABYX peXxumax — NOTOKOBOM,
Koraa AaHHble PerncTpupyroTcs HenpepbiBHO M Bbl B peXume peanbHOro BpeMeHu Buaute
M3MEHEHMS TOKa W MOTeHuMana Ha 3KpaHe MOHUTOpa. B 3TOM pexume Kak npasBwio
ObICTPOAENCTBME HE MPEBbILAET HECKONbKUX kunorepy (Mnv coTeH repu). Bropon pexum
— MaKEeTHbIM, OH e ocuunnorpacpuyecknit. B HeM npnbop cHayana perucTpupyeTr Maccus
AaHHbIX (B KOTOPOM, HanpuMep, MOXET HAXOAUTCA OAUH LMK pa3BepTKM MOTeHuMana unm
MakeT MMMNYfbCOB), @ 3aTEM MepechiNaeT ero B KOMMNbIOTEP U NporpaMma oTobpaxaeTt ero
Ha 3KpaHe. B 3TOM pexume BbICTPOAENCTBME Yallle YKa3blBAeTCA Kak Nepuoa perncrpaumm
[AAHHbIX 1 MOXET A0CTUraTb eANHUL, MMKPOCEKYHA 1 MeHee.

MakcuManbHasi CKOpOCTb pa3BepTky MnoTeHuMana (MM Toka). 3TUM NnapaMeTpoM MPUHSITO
XapakTepu3oBaTb 0bLee 6bicTpoaencTemne npubopa. Boibnpaetcs uenecoobpasHo 3agade.
BONMBLWWHCTBO COBPEMEHHBLIX MOTEHUMOCTATOB MO3BOMSIOT MNPOU3BOAWTL pPasBepTKU [0
COTEH MUIMBOMLT B CEKYHAY B MOTOKOBOM peXUMe, U A0 COBCEM 3a06M1auHbIX TbICSY BONbT
B CeKyHAy B ocumnnorpadumyeckmx pexunMax. fopasgo nHTepecHee napameTp MUHUMANbHO
BO3MOXXHOW CKOPOCTW pa3BEpPTKM MOTeHUMana. HekoTopble Npovu3BOAMTENN YKa3bIBaOT €ro
PaBHbIM HYMIO, YTO O4YeHb HenpaBwbHO. Bce HblHYe AOCTyMHble Crnocobbl CUHTE3a
JIMHENHO M3MEHSIIOLLErOCs HAaNPSXXEHUS1 OFPaHUYEHbI CHM3Y. ECnn 3TO aHanoroBbI MeToa —
Npy NOMOLLM MHTerpatopa (OH e 3apsf KOHAeHCATopa), TO OrpaHUYeHne CHWU3Y CBS3aHO
npexzae BCero € yTeykaMyn 3TOro KOHAEHCATOpa M Maccow ApYrux COXHbIX 0COBEHHOCTew
(paBHO KakK W JIMHEMHOCTb TaKOM pa3BEPTKM). XOpOLIME aHANoOroBble CUHTE3ATOPbI
06eCcneynBaloT caMyto NPELM3VMOHHYIO pa3BepTKy (YBaXXeHWE, HanpuMep, Bbi3blBAaeT Takou
y3en y komnaHum Autolab). HoO oHM AOCTaTOYHO AOPOrM, U HEKOTOpble UX TuMbl TpebytoT
yacTon nepekanmbpoBku. Ecnn mcnonb3yetcs uMdpoBOM CUHTE3 pas3BepTKU, TO €CTb
npsiMasl CO34aeTCs U3 ManeHbKUX CTyneHek (B npeaene paBHbIM ogHOMYy oTcyeTy LIAM), 1o
B HEKOTOpbIX, KpalHe peakux crydasx 3MeKTPOXMMUYECKasl CUCTEMA MOXET Ha HUX
OTKJIMKHYTbLCS, TaK Kak MMHMMAsbHasi CKOPOCTb Pa3BepTKM Ornpeaensiercs AMTeNbHOCTbIO
OAHON CTyneHbkW. MNpun 3apsige HekoTopbiX XUT, a Takke U BO MHOMMX ApPYrUX U3MEpPEHUsIX
MOryT MUCMOJIb30BaTbCA CKOPOCTM pa3BepTOK BM/IOTb A0 AECATKOB MUKPOBOJIbT B CEKYHAY.
Paspewenne AUIM n LAMN. OT 3Toro napaMeTpa 3aBUCUT TO, Ha CKOJIbKO, Hanpumep,
LUMPOKUIA MHTEPBANI TOKOB MOXHO M3MEPUTb Ha OAHOM (PUKCMPOBAHHOM AMANA30HE TOKa.
MNpakTuyeckn BCe COBPEMEHHble  MPOU3BOAUTENM MOTEHUMOCTATOB MCMONb3yT 16-

TUpaspsiaHble npeobpazoBatenn (NpuMepHo 30 ThICSY 3HAYEHMI B KaXKAOW MONMSAPHOCTH),
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YTO BMOJSIHE AOCTATOYMHO. HanmpuMep, 3TO O3HayaeT, 4YTO Ha Auana3oHe Toka 30 MA, ¢

TOYHOCTbIO 0,004% MoXeT 6bITb M3MepeH Tok 20-30 MA, 1 ¢ To4HoCTbIO 1% Tok 100 MKA.

www.elins.su 19



000 3AnuHc
NPOM3BOACTBO M NOCTaBka NPMOOPOB ANS 3NEKTPOXMMUYECKNX UCCIEeaoBaHNIA

7. Yacto 3apaBaeMblie paboune BONpocChbl U BO3HMKatoWwme npobnemsl

7.1. NMoueMy Npn6OpP perncTpmpyeT HECKO/IbKO NapassiesibHbIX NPAMbIX JIMHUA?
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370 nposiBneHne anckpetHocTy ALIM. BxoaHOM curHan MOCTOSIHEH, Y AMarpamMMbl BKIKOYEHO
aBTOMacCLITabupoBaHne, ecnn yBenuuuUTb npedenbl AvarpamMbl A0 MakCMMyMa MCMONb3yeMoro
Avanas3oHa noTeHumana, TO MONy4YMTCs poBHas npsiMas nuHusA. 3HadeHust AL konebniotcs,
NO3TOMY MOJNYYalOTCs Takue 3aBUcnMMocTu. CoBepLueHHO HopManbHoe siBneHne. Ecnn 6bl 310 6bin
3aBUCMMOCTM TOKa OT BPEMEHW, W MO03BOMSNA CUTyauus, TO MOXHO 6bino 6bl BbibpaTb Honee
TOHKMI AMana3oH TokKa.

JTioboe AL yCTpoeHo Tak, YTO BXOAHOMY aHANOroBOMYy CUMrHany oHo noabupaet Hanbonee
noaxoasuee undppoBoe 3HauyeHue. Y AL MOXHO ckasaTb eCTb TabynmpoBaHHbIM Habop Takmx
uMdpoBbIX 3Ha4YeHUn. Hanpumep, ans 16-tupaspsaHoro AL npy ananasoHe noteHumana 3,2B B
MONOXWUTENBHOM NONSAPHOCTU BO3MOXHblE LM POBbIE BbIXOAHbIE 3HaYeHNs 6yayT: OMB, 1 MB, 2MB,
3mMB u T4 go 32000 mB. Takoe AL, oTkanMbpoBaHHOE Ha TakOM AMaNa3oH, He MOXET Mokas3aTb
3HayeHue, Hanpumep, 1,5MB, noaToMy, Npu BXOAHOM HanpsbxeHun 1,5MB oHO 6yaeT konebatbcs
ot 1 go 2 MB, 4TO Bbl ¥ yBMAMTE Ha Amarpamme. Takxke, CneayeT MOHMMaTb, YTO MPUBEAEHHbIV
npumep 1-2 MB HECKONbKO MAEAaNM3MPOBAHHLINM, M Ha MPAKTMKE BO3MOXEH TOMbKO MNPV OYEHb
YUCTOM BXOAHOM CUrHase U Npu OTHOCUTENbHO HU3KOW CKOPOCTU PErnMcTpaumum — HECKOSIbKO TOYEK
B cekyHAay. Ha npakTtuke, npu 6onee Bbicokmx ckopocTsix ALM 6yaet konebaTbcs He B npeaenax
OQHOro paspsfa, a CubHee — KakK B NPWBEAEHHbLIX AvarpaMmax B npegenax 4-5 paspsanos, vnm

6onee. 3T0 HOpPManbHOE SIBNEHME.
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7.2. Kak oo/mkHa BbirnsaAeTb pa3BepTka noteHyuana?
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Ha npaBov anMarpamme MOXHO BMAETb HEHONbLUME MUKPOLLEPOXOBATOCTU, 3TO HOPMasbHOe
sBneHne n obycnoBneHo TeM, YTO MpaBas pa3BepTka NonyvyeHa Ha AmanasoHe noTeHumana 35B
(sBHO n36bITOYHO rpybom), neeas - 6B. VIMeHHO Tak (C TOYHOCTbIO A0 TOro, Kakue Bobl Bbibepute
npefensl pa3BepTKW, CKOPOCTb, Hamnpas/ieHWe, CTapTOBOE 3HayeHue M TM) U AO/MKHA BbIMNSAeTb
3aBMCMMOCTb MOTEHUMana OT BPEMEHW, Koraa HeT BO30yXAeHWs, NMOMeX M TN UCKaXEHUA W

npobnem.

7.3. Kak 60opoTbcs ¢ noMexamm?

CaMoe npocToe M AEeNCTBEHHOE, 3TO MCMOMb30BaTb METa/IMYeckui akpaH. Ero Heobxoanmo
COEAMHWUTL C 3a3eMMSIIOWMM pa3beMoM Mpubopa, MpU 3TOM BaXHO 06ecneyYnTb HaAeXHbIV
KOHTaKT. B kpaliHeM cnyyae, ecnim y Bac TpexanekTpofHas siueiika 3akpensieHa B WTaTuBe, TO
coeamHuTe C 3a3eMneHneM npubopa aAna Havana ero.

OcTanbHble MeToAbl 3aBUCAT OT KOHKPETHOM CUTyauuMm U MOMyT Kak YAydluTb ee, TakK U
YXYALUNTb:

1) 3a3eMsieHne npubopa n (Mnn) akpaHa. Ecnm Bbl TOYHO 3HAETE, YTO 3TO AENCTBUTENBHO
Xopoulee 3a3eM/ieHMe, YTO K HeMy TOYHO He MOAK/OYEHA HMKaKas 4yas MoLyHas
YyCTaHOBKA, TO 3a3eMJIeHMe YNyylwuT cuTyaumio. He Bceraa 3asemneHve Ha 6aTtapeto
WM BOAOMPOBOA AeNaeT ee Nydue, TK Bbl He 3HaeTe — KTO elle TakuM xe obpa3oM u
4yTO 3a3eMnun. M3 NpakTUKM eCTb OYeHb HEenpusiTHble NpUMepbl, KOraa OT 3a3eMeHus
Ha 6aTapeto Npubop MNOCTOSIHHO Tepsi CBSA3b C KOMMbIOTEPOM, He roBops yxe 06
AHAJIOrOBbIX UCKAXXEHUsIX NOTeHuMana n Toka.

2) Ecnv Baw npubop MMeET rafibBaHWYECKylo pasBsi3Ky MHTepdeinca oT KOMMboTepa, TO
MHOTAQ CUTyauust MOXET CTaTb Jlydlle, ecnM ero 3a3eMiunTb WM COeaMHUTb C
KOPMyCOM 3TOr0 KOMMbIOTEPA HanpsiMyio, MM Nydle 4epe3 BbICOKOOMHbIN (10Kom-
10MOM) NOCTOSIHHbIA pe3ncTop (4TOObl HE HMBENMPOBATb HaNMuYMe pa3BsA3KM, TK OHa

ToXe 6blBaeT nonesHa).
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7.4. NoyeMy HU3KOOMHbIE Avyenkmn HY)>XHO UcCiefqoBaTtb B raJibBaHOCTaTUYECKOM, a HE B

NOTEHLUMOCTaTUYECKOM pexxume?

MNpUYNH HECKONbKO:

1)

2)

MoTeHumocTaT 3TO ycunutenb, nobon ycunutenb 6onblie BCEro He NbUT KOpOTKoe
3aMblkaHWe ero Bbixofa. HO TONbKO B pexuMme NoTeHuMocTaTta. B pexume ranbBaHocTaTa
npubopy Bce paBHO. OH 6yaeT pabotaTb A0 Tex MNOp, NOKa €My XBaTaeT BbIXOAHOro
HanpsbxkeHnst (a ero HexeaTKa ANsl HEro COBEpLUEHHO HEKpUTUYHA). Ecnn paccMoTpeTb 3Ty
Npu4YMHy 6onee cepbe3Ho. [lonNyCcTUM y HaC ecTb KOHAEHCATOp GOMbLUOM EMKOCTU, U €ro
HY)XHO 3apsaauTb A0 HanpsbkeHus 1 B, a 3ateM pa3psantb. B noTeHumocTaTU4eCcKoM
pexume npubop 6yaeT BOCNPUMHUMATbL 3TOT KOHAEHCATOP KakK KOPOTKOE 3aMblKaHue, U
€C/IM Mbl Cpa3y nojaavMM Ha Hero 1 B ¢ nmoTeHumocTaTta, TO B npubope akTUBMpYyeTCs
3awmTa no Toky, u npubop 6yaet paboTaTb B Kak 6bl ranbBaHOCTAaTUYECKOM pEXMME, B
KOTOPOM TOK caepuBaTb 6yaeT Tonbko 3awmTa npubopa (Mnm npubop 6yaeT BoBCe
OTK/IOYEH 3TOM 3awmTon). O TOYHOCTM UM Pa3yMHOCTU MOCTAHOBKWM TaKOro 3KCMEpUMEHTa
roBopuTb B 06WWEM-TO Henb3s. B cnyyae e WCNONb30BaHUS rafibBaHOCTAaTUYECKOro
pexuMa, KoHaeHcaTop 6yaeT 3apskaTbCHd TOYHO WM3BECTHbIM (DMKCMPOBAHHLIM TOKOM,
HanpshKeHne Ha HeM ByaeT pacTu IMHENMHO CO BPEMEHEM, MOKa He AOMAET A0 3ajaHHoro 1
B. Kazanocb 6bl, B 3TOM C/ly4ae MOXHO NMPUMEHUTb JIMHEWHYIO Pa3BEPTKY HaMpshKEHWUs OT
Hynsi BONMbT [0 3aAaHHOro? [eMCTBUTENbHO MOXHO, HO TOSIbKO B TOM C/lyyae, ecnu
KOHAEHCATOp MMeeT AOCTAaTO4HO BbICOKOE OMMYECKOoe COMpoTMBEHME. B 3ToM cny4yae Bce
6yaet HopManbHO (bonee TOro, MMEHHO Tak YCTpoeH MeToa LIBA, B KOTOPOM uccneayroTcs
B TOM YuC/e pasfinyHble NPOLECChl 3apsKeHUs 3M1eKTPoAoB, TO eCTb, rpybo rosops, Te xe
E€MKOCTM, HO B KIACCMYECKOM 3MEKTPOXMMUM BCEraa €CTb AO0CTAaTOYHOE OMMYECKOe
COMpOTMBNEHNE 3MeKTponuTa). Ecnn ke Mbl MMeeM KOHAEHCATOp C O4YeHb HU3KUM
BHYTPEHHUM COMPOTUBIIEHNEM, TO B MOMEHT BK/IIOYEHMS MOTEHLMOCTATUYECKOrO pexuma
MOXXET MMETb MECTO OYeHb 60JbLLIOV NepexoaHbINM NPOLECC B NOTEHUMAOCTATE. TO MOXET
co3aaTtb psa npobnem, B TOM uucne, n Bo3byxxaeHue npubopa, U HEBO3MOXHOCTb BXOAA
€ro B HOpPMasbHblA pabounit pexuM, Tak Kak OH 6yaeT nepexoauTb M3 pexuMa C
Pa30OMKHYTOW 06paTHON CBSI3bl0, B PEXMM C 3aMKHYTOM. B ranbBaHOCTATMUECKOM e
peXxuMe Takux sIBfieHU He 6yaeT. Takxke, B Cly4vyae pa3BeEPTKM MOTEHUMana KpUTUYHOM
CTaHeT cneaytowas npuumHa: (oHa cnpaseanuea Ans ntoboro noteHunocTaTa, 6yayT nuwb
HECKOJIbKO OTINYATLCA KOHKPETHbIe LUMdpbl, 06L1as e KapTUHa OCTaHeTCs Ta Xe)

B cnyyae noteHumoctaTtoB nponssoactBa OO0 3nMHC MaKCMMasnbHOM 3arpy3Ke AuanasoHa
TOKA COOTBETCTBYET MafeHue HarnpsKeHUst Ha TOKOM3MepuTeSnlbHOM pesuctope 2,4 B

(Hanpumep 10 A avanas3oH noTeHumocTaTta cepumn P-150). Ecnu, HanpuMep, npu 3TOM ToKe
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3)

K npubopy noaknoyeH obpasey ¢ conpotueieHnem 1 MOM (HOpManbHoe sBneHue, ANs
HanpuMep CynepKoHAeHCAaTopa Ha HeCcKoNbKo coTeH ¢dapan), TO Ha HeM 6yaeT nagaTb
HanpsbkeHne Bcero B 10 MB. Cambli TOHKMWA AManas3oH MoTeHuuana y 3TOM cepuu
npubopoB 2,4 B. Ecnn ncnonb3oBaTb NOTEHUMOCTATUYECKUIA PEXMM, TO CUIHaNy obpaTHOM
CBSA3M B CyMMUpYIOLLEM ycunuTene noteHumoctata byaet coctasnatb Bcero 10 MB, Toraa,
KaK B rafibBaHOCTaTU4YECKOM pexuMe, B 3TOM cnyyae byaet cootBeTcTBoBaTh 2,4 B (To4HO
TakMe e curHanbl npuaetcs 3agatb WU LAIMy). TOHATHO, 4YTO MOrpewHoCTb  Kak
perncTpaumm Takoro CMrHana, Tak M ero 3aaHns B rasibBaHOCTaTUYECKOM pexume byaeT B
COTHM pa3 Bblwe: MOrpewHoCTb 3afaHng B MNOTEHUMOCTAaTUYECKOM peXmnMme COCTaBuT
npumMepHo 1%, Toraa, Kak B ranbBaHocTaTMyeckoM MeHee 0,005% (paccMaTpuBasi TONbKO
ALMM). CurHan B 10 MB B COTHM pa3 HMXE M BO CTOMNbKO Xe pa3 cunbHee byaeT noasBepxxeH
B/IMSIHNIO BCEBO3MOXHbIX MOMEX M APendoB NMapaMeTpoB Y3/0B MOTeHUMaocTaTa. MoxeT
nokasaTbCsl, YTO TeopeTnyeckuh umucto LAM-oBbii 1% - 3TO BMONMHE AOCTaTOYHas!
TOYHOCTb, HO Ha MpaKTMKE BCe CTaAHeT ropasfo (B pasbl) XyXe M3-3a BAUSHWUS ApYrux
Y3/10B U SIBJIEHUI, KOTOPbIE Mbl HE YYNWN AN NPOCTOThI pacyeTa.

Maneiwass HETOYHOCTb MOAK/IIOYEHUS MOTEHUMANbHBIX 3N1EKTPOAOB WM U3MEHEHUE
COMPOTMBAEHNSI IKCTPEMAsIbHO HWU3KOOMHOrO obpasua (ConpoTMBAEHWE KOHTAKTOB W
TOYHOCTb MX MO3ULMOHMPOBAHUS MOXET CO3A4aTb MOrPeLHOCTU B AECATKM MUNOM) B
NOTELIHNOCTAaTUYECKOM peXUMe MOXET MPUBECTU K U3MEHEHWIO BLIXOAHOIO TOKA B AECATKU
pa3 - OT ogHoro amnepa Ao 10-Tn, U B KOHYEHOM CYeTe MOXET NPUBECTUN K CpabaTbiBaHMIO
3awmTbl npubopa M paxe asBapun. B ranbBaHOCTaTUYECKOM >e pexume Tok byaer

NOCTOAHEH N TOYHO ONpeEAENEH.
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7.5. MpaBunbHOE noaksoueHne nNpubopa B pexxMMe BOJIbTMETPA, WK 3a4eM HY)XKEH B
3TOM cslyuae nposop work?

MpaBubHas cxeMa NMoAK/YEHMSI MOTEHUMOCTATa B KaYecTBe BONbTMETPA, Hanpumep, npu
CpaBHEHWM MOTEHLMANOB [ABYX 3/1EKTPOAOB CPAaBHEHMS NOKasaHa HUXe:

Ref
Comp 2 0ouT

Work

RX

3pecb BbiBoAbl Ref 1 Comp MCMosnb3ytoTcs B KauecTBe OTpULLATENBHOIO U MONOXUTENBHOMO
LLYNoB BO/IbTMETPA COOTBETCTBEHHO. [OAK/MIOUEHME Xe BblBOAa WOrk 06s3aTenbHO HYXHO AN
TOro, 4yrtobbl co3math And npubopa TOuKy OTCYETA, K KOTOPOM OH CMOXKET NpuBA3aTb
3NeKTpoMeTpUYeckne nameputenbHole Bxoabl Ref n Comp. Ecnn npoBog work He noaknounTb, TO
BBMAY O4YeHb 60MbLIOrO0 BXOAHOrO COMPOTUBNEHMS 3TU BXOAbl OyAyT MOABEPXKEHblI OYEHb
60NbLIOMY BIMSIHMIO NOBbLIX BHELIHWX MOMEX M AOCTAaTOYHO 6bICTPO OTK/IOHSTCS K KakoMy nnMbo u3
NOJOCOB MUTAHUS 3NekTpoMeTpa (06bIYHO 6/IM3KOro K MakCMManbHOMY BbIXOAHOMY HaMpPsKEHWIO
NOTEHLMOCTATA), NepeiayT B HACLILLEHWNE, U MO KpaliHel Mepe OfMH U3 HUX NepecTaHeT paboTaTb
B JIMHEMHOM peXuMe. OTO NpUBEAET K CUIbHOMY MCKaXEHWIO PErucTpUMpyeMoin pasHOCTU
noTeHuuanos. lNoakntoyeHne xe BbiBoaa Work (KOTOpbIii Yyepe3 TOKOM3MEPUTENbHbIN Pe3ncTop
BHYTPY Np1bopa COeANHEH C HYNEBbLIM MPOBOAOM) MPUBSHKET OAMH U3 BXOAOB K 3eMie, NoTeHuman

obonx BxoAoB byaeT onpeaeneH, U HacbILWLEHUA U UCKaXXEHWUI HE BO3HMKHET.

7.6. NMoueMy AONs TPEX3/IEKTPOAHON SUYEWKM HA LMKJIMYECKOW BOJIbTamMneporpamme
YacTo CMrHas noTeHuMasa YMCTbiii, a TOKa C noMexamu?

Jliobov noTeHuMocTaT aBnseTca ycunuteneMm. Ecnv OH nogBepXXeH BAUSIHUIO BHELUHWX
rnoMex, TO BOLIEALUNA B HEro CUrHasn noTeHuuana no 31eKTpoay cpaBHeHust BO Bxoa Ref 6yaeT um
yCUneH v BbiAaH B BMAe HanpsbkeHus Ha anektpog Counter. Beuagy OTHOCMTENBHO MOCTOSIHHOMO
COMPOTMUBIIEHUS] 3NIEKTPOSINTA, TOK, PErMCTPUPYEMbIN MOTEHUMOCTATOM, OKAa3blBAETCS MO 3aKOHY
OMa npornopuMoHaneH MMEHHO BbIXOAHOMY HanpsbkeHuto Ha Counter 3neKTpoae, Ha KOTOPOM

MOXXET NpUCYyTCTBOBATb YCMﬂeHHbIVI CUrHan noMexu.
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Hanbonee 4yBCTBUTENbHLIM Y3I0M NMOOOM KNACCUYECKON XMAKOCTHOW 3MEKTPOXMMUYECKO
SIBNSIETCS 3MeKTpo4 CpaBHeHWs. Hambonee 4yBCTBUTENbHBIM K MOMEXaM Y3710M MOTEHUMOCTaTa
SIBNSIETCS  3NEeKTPOMETP 23/ekTpoaa cpaBHeHus (Bxoa4 Ref). [MMo3ToMy 3nekTpoa CpaBHEHMS
06513aTeNIbHO AOMKEH ObITb MOMelleH B 3KpaH. Hambonee 3¢hheKTUBHLIM pELLEHMEM SBNSIETCS
NnpUMeHeHWe KNeTku (sdeiikn) dapaaes, koTopas No BHewwHeMy Buay 6onee BCEro HanoMMHaeT
MeTaNIMUYeckuii celid, C BBOAAMU A1 U3MEPUTENbHBIX NMPOBOAOB, @ MO CyTW SIBSIETCS XOPOLLUMM
METa/IIMYECKMX 3KPAHOM, 3aLLMLLAIOLWMM SNIEKTPOXMMUYECKYIO SUENKY U HESKPAHUPOBAHHbIE YacTu

M3MepUTESNIbHBIX MPOBOAOB OT BHELUHUX MoMex (B 0CHOBHOM 50 Iy ceTn nepemMeHHoro Toka 220B).
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8. IR-KoMmneHcauusa

PaccMOTpUM  MpPOCTYl0 TPEXINEKTPOAHYIO SYeliKy MNpW  HanMumM B Hell  3aMeTHOro

OMUYECKOIro ConpoTuBIIEHUA.

Work X Ref Counter
EF—/V\/\ {:‘} ?

R? Rohm Re¢

OMuyeckoe conpoTMBIEHWE BO3HUKAET M3-3a TOrO, YTO 3NEKTPOA CPaBHEHUS HEBO3MOXHO
nogsect 6nu3ko K pabodeMy 3nMeKTpoAy Ha CTOMbKO, YTOBbl Mexay HUMM U 31eKTpoAOM He
OCTanocb MPOC/IONKM 3MeKTponuTa. Ta npocnovika byaeT obnagate KOHEYHbIM COMPOTUBNIEHUEM,
M B HEKOTOpbIX CNyyasix MM Henb3si npeHebperatb. Ha 3TOM cxemMe 3TO COMPOTUBNEHUE
ob6o3HaueHo kak Rohm. bBbino 6bl xopowo, ecnn 6bl 3nekTpoa cpaBHeHWs Ref MOXHO 6bino
NOAKMOYUTD B TOYKY X, HO HA MPAKTUKE 3TO HEBO3MOXHO.

MOHATHO, YTO B TakOM CxeMe, NpU NPOTEKaHWM Toka OT BCroMoraTensHoro Couner
anekTpoga K pabouyemy Work 6ygeT uMeTb MeCTO MaAeHue Hamnps>keHUs Ha OMUYECKOM
COnpoTUBAEHUN. TpUYeM 3TO NafeHne B HEKOTOPbIX ClyyYasix MOXET 6blTb O4EHb 3HAYMTENbHBIM U
CUbHO WCKA3UTb 3KCMepUMEeHTarnbHble AaHHble. ECTb Heckonbko crnocoboB 60pbbbl € BAUSHUEM
OMMWYECKOro COMPOTMBIIEHUS, @ TaKXKe ero CHWKeHus. B HacTosweM [OKyMeHTe Mbl He 6yaem
noapobHO MX paccMaTpuBaTb, YKaXEM N1LLb OCHOBHbIE MAeN.

Mpolwe BCero, HO He Bcerga npaBwWibHee BCEro M3MEpUTb OMUYECKOE COMPOTUBEHMWE, U
CKOMMEHCMPOBaTb Ha HEro YXe MOMlyYeHHble 3KCNepuMeHTasnbHble AaHHble. [Nns u3MepeHus
OMMWYECKOro COMPOTUB/IEHNS MOXHO MPUMEHUTb UMMY/bCHbIE METOAbl, METOA pa3pbiBa LEenu unu
uMnedaHcHbIM Metod. [ns noTeHumoctatoB npou3soactBa OO0 3nMHC BO3MOXHbIE METOAb
N3MEPEHNS U NPUHUMIMbI, 3aN0XKEHHbIE B HUX, NOAPOOHO ONMCaHbl B UHCTPYKUMU K NPOrpaMMHOMY
obecneyeHnio Ps_Pack.

Bonee TOYHbLIN CnoOCO6 3aknOYaeTcs B TOM, YTOObI M3MEPUB OMUYECKOE COMPOTUBEHME
KOMMEHCMPOBaTb ero npsiMo BO BPeMs 3KCMepuMeHTa. [INs 3TOro NPUMEHSIIOT, HanpuMmep, MeToa
paspbiBa uUenu (B KMacCMYECKOM BapuaHTe OH Ha CaMOM Jefie KOMMEHCUPYET He OMWYecKoe
CONpOTUBIEHME, @ NaJeHVe NoTeHUMana Ha HeMm). OMuYeckoe ConpoTUBNEHUE U3MEPSETCH MPSIMO
MO XOAY BbINMOSIHEHWSI SKCMEPUMEHTA MHOFOKPATHO C HEKOTOPOW MEpPUOANYHOCTBIO UM Cpasy Xe
BBOAWUTCS MOMpaBka B 3HayeHWe noTeHumana. 3TOT MeToa yaobeH TeMm, 4YTO BbINOHAETCS
aBTOMaTUYECKWN, N €C/IM OMUYECKOE COMPOTUBIIEHWE MEHSETCH MO XOA4Y 3KCMepuUMeHTa, TO npubop

6YLI,ET 3TO OTC/IEeXMBATb U KOMMEHCMPOBATb HY)XXHOE nafeHue rnoTteHuuana. OgHako, 3TOT MeToA
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CNOXEH B peanu3aumun, B OMNpefeneHHOM CMbIC/ie CKPbIT OT Monb3oBaTens, M MOXET CO34aTb
6onblwmne npobnembl B TOM Clydae, €C/iM aBTOMaTMKa OLWMOBETCA M MOMbITAETCS CKOMMEHCUPOBaTb
CnMLKOM 6onbluoe conpoTuBreHne (NepekoMneHCUpyeT ero). DKCNepuMeHT B 3TOM Ciydvae byaet
ncnopyeH TK NoTeHumnocTaT Bo3byanTca. Takke 3TOT MeTo paboToCcnocobeH TONMLKO B MEANEHHbIX
3KCMepuUMeHTax, Mo CyTUM B CTAUMOHApHbIX, WM pa3BepTKax CO CKOPOCTAMW [0 [AECATKOB
MUNIMBOSBT B CEKYHAY.

Bonee coBpeMeHHbIM CNOCo6 3ak/oyaeTcs B KOMMEHCaUUM He najeHus noTeHuvana, a B
KOMMEHCaUuMM CaMOro OMWMYECKOro COMPOTMB/IEHWS, HamnpuMep, METOAOM  MOJIOXKMTENbHOM
obpaTtHon cesizu (MOC). B aToM cnyyae, A0 3KCNEpUMEHTA NMPOM3BOAUTCS U3MEPEHNE OMUYECKOrO
CONpPOTUBAEHUS NMIOObIM AOCTYMHBIM MW XeNaeMblM MeTOAOM. MonyYyeHHOe 3HaYeHne OMUYECKOro
CONpOTUBAEHUS 3aaeTcs Npubopy, U OH CaM aBTOMATUYECKM ero KOMMeHCUpyeT. Y 3TOro MeToaa
(Kak 1 y MeToaa paspblBa LUenn) ecTb onpeaeneHHble orpaHnyeHuns. Hun oanH npubop He cnocobeH
KOMMeHcMpoBaTb oMu4yeckoe conpoTuerieHne Ha 100%. OH nuwb MOXeT MakcuManbHO 61u3ko
npnbnuantecs k 100%. B 6onbwmHCTBE CrydaeB xopolwein komneHcaumen cumtaetcs 80-90%.
Mpun 100% KOMNeHcauMmM wAM Npu nepekoMneHcauun npubop BO3GYXaaeTcs U TepseT
paboToCnOCOH6HOCTb. 03TOMY O4YeHb BaXXHO MPaBWUILHO OMPEeAENUTb MaKCMManbHO AOMYCTUMOEe
3HayeHVe KOMMNEHCMPYEMOro OMMYECKOro conpoTueneHus. NpaeBunbHee Bcero, ecnv npubop byaet
ero u3MepsaTb MyCTb aBTOMATU4YeCku, HO MOA4 KOHTPOSEM BAYMUMBOIO 3SKCNepuMeHTaTopa.
AoctonHcTBoM MeToaa MOC ABnsieTcs TO, YTO OH NPAKTUYECKM HE OrPaHUYMBAET OblCTpoOAENCTBUE
npubopa Tak Kak SIBNSETCS aHaforoBbiM MeToAoM 6e3 yyactTusi umcpoBoit 06paboTku curHana mnm
MpOLIECCOB NEPEKOYEHUS CUTHaNa.

XopowwuM pononHeHnem Metopa MOC sBnsieTcs yCTaHOBKa B Npubop Yy3na, KOTOpbIM
Mo3BONSET U3MEpPATb OMUYECKOE COMPOTUBIIEHWE MO XOAY BbIMOSIHEHUS 3KCMepuMeHTa (Ha TOT
CNyyal, ecnM OHO MeHsieTcs) ans Toro, 4Tobbl y3en MOC nepuogmyeckyn OB6HOBNSN 3HAYeHWe
KOMMEHCMPYEMOrO OMUYECKOrO COMPOTUBEHUS. B KayecTBe Takoro U3MepuTeNbHOro y3na MOXeT
BbICTYMaTb HampuMmep, TOT e y3en paspbiBa LEenu, Wiu ewe nyywe UMNefaHCHbI MeTod, Wiu
UMMYNbCHLIN ~ MeToA  (MpYKNaAbiBaeTc  HEeOONbLIOW  BbICOKOYACTOTHLIA — UMMYAbLC WK
CMHycouaanbHas BOMHA, WM Mavka UMNYNbCOB M TA) U3 KOTOPOro PacCYUTLIBAETCS OMUYECKOe

COMPOTMBIIEHME.
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9. Yto genaTtb, €CIM HUYEro He NOoJIy4HaeTCs WM C Yero HavyaTthb.

PaccMOTpVMM  [OOCTAaTOMHO MPOCTOA WM O6bIYHBIA - Criydah. Bam  HeobxoaMMo  CHATb
LUMK/IMYECKYI0 BOJIbTaMNeporpaMMy B XXMAKOCTHOM fiYeMKe MO TPEX3NEKTPOAHON CxeMme.
Ho npwv 3TOM y Bac BMECTO KpacMBOW KPMBOWM NOMYy4YaeTCs YTO-TO COBCEM HE TO...

O6wmit npuHumMn pa6oTbl 1 0CBOEHMUA Npubopa — OT NPOCTOro K CIIOKHOMY.

Mpexae Bcero, Bam HeobxoanMo pa3obpaTbCs B TEOPETUYECKOM OCHOBE MCKOMOM Bamu
BOJIbTaMnNeporpamMbl. BaM HeobxoAMMO TOYHO 3HaTb, KaK MMEHHO [AOJDKHA BbIrNsAeTb
BOJibTamMneporpamma B Bawwux ycnoBusix pabotbl, Ha BaweM pabouyeM anektpoge (xoTs Obl
OCHOBHbIE MOMEHTHbI).

He cTtout cpa3y 6paTbCs 3@ C/OXHYIO 3/IEKTPOXMMMYECKYIO CUCTEMY. NS Hayana nydile
BCEro, HanpuMep, CHATb (POHOBYHO KPUBYHO, TO €CTb TOJIbKO OCHOBHOW 311€KTPONUT (Hanpumep,
cepHasi kucnota 0,1-2M) 6e3 pacTBOpeHHbIX B HEM peareHToB. Tak Bam 6yaeTt nerye HavWth B
nutepaType TUMUYHYI0O ANs Bawux yCcnoBWMM 3TaNOHHYIO BOJSIbTAMMEPOrpamMy, MpUroTOBUTH
pabouni pacTBop TOXe byaeT nerye, a cMCTeMa CTaHeT 6onee NpeackasyemMomn U NOHSTHOM.

Takxke CTOUT BO3AEpPXaTbCA OT MeXaHUYECKMX YCNOXHeHuMn. Hanpumep, ecnv Bawa
OCHOBHasi paboTa nnaHWpyeTCcs Ha BpaljaroleMCcsl AUCKOBOM 3J1eKTpoae, TO Ha MepBoM
3Tane He CTOUT BKIKOYaTb BpalleHune. [ns ¢OHOBOW KpUBOM, Kak NpaBuno (BBMAY OOLIYHO
OTCYTCTBMSA SIBHbIX (PapageeBCKMX MPOLIECCOB M HannyMsi B OCHOBHOM MPOLECCOB 3apsXKEHUS U
noaobHbIX), OTCYTCTBYET B/IMSIHME BpalleHusl. Takke BpalleHMe He AenaeT 3NeKTPUYECKUi
KOHTaKT WTudTa BpaLLAOLErocs ANCKOBOro 3/1eKTPOAA C TOKOCbEMOM nyywie. [pyu HenpaBUIbHOM
MOAK/IIOYEHNM 3TO MOXET Bbi3BaTb CYLUECTBEHHbIE MOMeXxW. [0pasao Nydlle BKAKYWTL BpalleHne
no3xe, koraa Bawa cuctema He 6yaeT Bbi3biBaTh Y Bac npobnem n Bonpocos, 06CyxaaeMblX B
HaCTOSILLEM AOKYMEHTE.

Mpexae, 4eM noaknoyaTb MPUBGOP K Ballel 3MEKTPOXMMUYECKON sYelike, CTOUT €ero
npoBepuTb. OnncaHme NpoBepkn NpMbopa ecTb B KOHLE HALIEro NpUMepa UCMosb30BaHNs HOMep
8. [ns 3TOro MCNonb3yeTcs ABYX3/MIEKTPOAHAs CXeMa MoakodeHus 6e3 nccneayemoro obbekTa
(MOXHO B35iTb MOCTOSIHHbBIA PE3NCTOP M3BECTHOMO HOMMHaNa W MPOBEPUTb HA HEM BbINOSHEHNE
3akoHa Oma. lMpu 3TOM BaXkHO NpPaBWIbHO BbIGMpATb AMana3oHbl TOKa M noTeHuuana!l).

Mpu cbopke 3NeKTPOXUMUYECKON SYENKM 0COB0E BHMMAHME HYXHO YAENUTb 3MeKTpoay
CpaBHeHMs. Ba)kHO NMpaBUSIbHO €ro COeAMHWUTbL C eMKOCTbI0 paboyero anekTpoaa. Kak npaswuno,
NCMOsb3yeTCS COJIEBOM MOCTMK MM KoY. Ecniv Bbl Mcnonb3yeTe pasgenuTesibHble KpaHbl, TO
OHM HEe AOMKHbl 6bITb nepecylweHbl. KpaHbl A0MKHbI ObiTb 3aMBHBIMU. DNIEKTPOSIUT [O/MKEH
BbICTYNaTb Kak Obl B ponyM CMaskM M KpaH AO/MKEH CBOBOAHO OT pyKu BpawaTtbcs (HO He

camonpou3BosibHo!). [Mpocnoika 3NeKTPoNUTa AO/MKHA XOPOLIO MPOCMATpUBaThCA Ha wWwnde
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KpaHa 6e3 ny3blpei M NoaobHbIX pa3pbiBoB. VIMEHHO Yepe3 3Ty MPOC/IONKY 3NeKTPoS CPaBHEHUS
OKa3blBaeTCs 3MEeKTPUYECKM CBsi3aH C paboumM 3nekTpoaoM. CaM >xe KpaH HyXXeH TONMbKO Ans
MEXaHWYeCKOro pasfeneHusl Kak npaBu/io  pasHbiX 3neKTponuTa paboyero anekTpoga, W
3NEeKTPONnTa, B KOTOPOM paboTaeT 31eKTpoa cpaBHeHus. Mpu 3anofHEeHUW COMeBOro MOCTUKA
HY>XHO CNeanTb 3a OTCYTCTBMEM B HEM My3bIpeN M APYrNX Pa3pbiBOB M MEXaHUYECKUX MPUMECEN.

IneKTpoA CpaBHEHUA A0/MKeH 6biTb ncnpaBeH. OH AOMKEH XPaHWUTLCA B Haanexallmx
YCNOBUSIX, B HEM [AO/MKEH MPUCYTCTBOBATb 3aJIOXKEHHbIN B HEr0 KOHCTPYKTUBHO, 3MEKTPUYECKUIA
KOHTAKT C OKpYXallMM pacTBOpOM. HanpuMep, HOCMK LUMPOKO  pacrnpoCTpaHeHHOro
XnopcepebpsaHHOro aneKTpoaa He A0/MKeH 6bITb BbICyLIEH, 3TOT 3N1eKTpoA AO/HKEH OblTb 3anonHeH
HaanexallMMm pacTBOpPOM M BblAepXXaH B HEM HECKOSIbKO YacoB ANs ypaBHOBELIMBAHMS U NPUX0Aa
B pabouee cocTosHue.

Takke HeobxoaMMO nMpOBEpPUTb KOHTaKTbl WM APYruUX 3NeKTpoaoB — paboyero w
BCMOMOraTefibHoro. Ha nepBoM 3Tane, BO3MOXHO, HE CTOMT OTAENSTb BCNOMOraTesibHbIW
3/1IEKTPOA B OTAENbHbIA COCYA. ITO YCIOXHUIO Obl CUCTEMY U MOXET Bbl3BaTb MOKA HE HYXXHbIE
HauMHaloLWeEMy 3SKCNepuMeHTaTopy npobneMbl M BOMPOCHI — HacblWeHWe noTeHuMocTaTa no
HanpsbkeHuto (TK 4aCTb €ro mMonaeT Ha MNPeoAOosieHMe COMPOTMBIIEHUS 3TOr0  KpaHa)
NMOTEHUMANbHYIO NOTEPIO KOHTAKTa, C/IOXKHOCTb 3aMO/IHEHMS! SUENKM pacTBOPaMM 1 Tr.

Pabouuit aneKTpoa A0/MKEH ObiTb YACTBIM, UMETb HAAEXHbIN SNTEKTPUYECKMIA KOHTAKT, a
TakXe, 0COBEHHO B MEpPBbLIX 3KCNEPUMEHTaX (Janee, HaKOMMEHHbIN OMbIT MOMOXET BaM MOHSTH,
YTO 3NMEKTPOA He TOT) Bbl AO/MKHBI 6bITb TOYHO YBEpPEHbI B TOM, YTO MaTepuan 31eKTpoaa MMEHHO
TOT, UTO BaM HyxeH (Takxxe, XOpowo 6bl NPeACTaBNATb KaKOM OH LUEPOXOBATOCTM — rNaAKuM,
LUEPOXOBATbIN MM MOPUCTLIA — 3TO MO3BONUT BblIOPaTb BEPXHUI NPeaen CKOPOCTM pa3BePTKM, Npu
KOTOPOM Ha BOfbTaMneporpamMe ewe 6yayT pas3nvyunMbl UCKOMble BaMu 0COBEHHOCTM — MKWKK,
HaKMOHbI U TN).

MoAKNOUMB MOTEHLUMOCTAT K 3MEKTPOXMMUYECKOM SYEMKEe, He CTOWUT cpasy 3arnyckaTb
pa3BepTKy. [na Havana ob6s3aTenbHO u3MepbTe MOTEHUMaNn Pa3sOMKHYTOM uenu. [ns
noteHuyuoctatos npoussoactea OOO 2InAMHC  MOXHO  MPOCTO  3anyCTUTb  MOHWUTOPWHT.
Pernctpupyemblii NOTeHUMAn B waeane [AOMKEH ObiTb MNOCTOsiHEH. [onyckaeTcs HebonbLIon
(pa3yMHbIl, OOBACHUMbIN, 3aBUCUT OT CBOWCTB CUCTEMbI, €€ MNPEAUCTOpUM U aKKypaTHOCTM
aKcnepuMeHTaTopa) Aperd. Ecnm pernctpupyetca HepasyMHOE MO BE/IMYMHE 3HayeHue -
HECKOJIbKO BOJIbT, HaCbILWEHNE AMana3oHa noTeHumana npubopa, 60MbLWON WyM, HECTabUNBHOCTD,
TO NpogomkaTb paboTy Aanee Henb3s! HeobxoanMo TwaTeNbHO NMPOBEPUTH KOHTAaKTbl, 3NeKTpoa
CpaBHEHWs, MNPaBUIbHOCTb MNOAKMIOYEHUS W Th. [ns, Hanpumep, NAAaTMHOBOro paboyero

3NeKTpoAa B CEpPHOM KWUCNOTe 3TOT MOTEHUMan [O/MKEeH NnexaTtb B uHTepBane 600-1000 mMB B
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3aBUCMMOCTM OT KOMMYECTBa pacTBOpPEHHOro (He yaaneHHoro) B paboyeM pacTBOpe Kucnopoaa
WK Apyrux npuMecen.

B cnyuyae xe, ecnn noTeHUMan pasoMKHYTOM Lienn okasasncs XOTs 6bl MpUMEPHO TEM, YTO
OXMAANCSH, MOXHO 3anyCTuTb pa3sepTky. CKOpPOCTb perucrpauum npubopa npu passepTke
cnepyeT BbIGUpaTb M3 NPOCTOro npaswia — 4 MB CKOPOCTU pa3BepPTKU Ha OAHY pPerncTpupyemyto
TOYKy. TO ecTb, Hanpumep, npu ckopocTn pa3BepTkn 500 MB/c MOXHO BbIGpaTb CKOPOCTb
peructpauun 100-200 Touyek B cekyHay. lNpu 6onee HU3KMX CKOPOCTSX perncrpaumm Moryt He
NpPONMCcaTbCs HEKOTOPbLIE MUKK, a NpWU 6onee BbICOKMX CKOPOCTAX PerMcTpaumm, MOXeT He XBaTUTb
obbeMa AaHHbIX Npubopa M CAUWKOM CUbHO ByAyT BAUSTb NOMEXWN M BHELUHME LyMbl (TOYHee,
6yayT HegoCTaToOuHO noaasneHbl. B noTeHumocTaTax npomssoactea OO0 SAMHC HU3KME CKOPOCTU
perucTpaunm nony4vatoTcs mn3 6onee BbICOKMX MyTeEM YyCpeaHEeHWsi, 4YTO BedeT K ocnabneHuto
BNINSAHWSA NOMEX).

B KauyecTBe CTapTOBOro nOTeHUMasa pasBepTku creayeT BblbupaTb NOTeHuman
MaKCMMasbHO 6/IM3KUIA K MOTEHUMAsY Pa30MKHYTON LEenu.

[anee cneayet BbibpaTb CKOpOCTb pa3BepTku. 300-500 mMB/c - goctaTtouHO yaobHas
CKOPOCTb pa3BepTKM Ha NepBbiX Nopax npu paboTte ¢ rnagkuMu anektTpodamu. Ha 6onee BbICOKMX
CKOPOCTSIX pa3BepTKM Ha BOSbTaMMneporpaMMe MOryT MponucaTbCsl He BCe NuKK. Ha 6onee HU3KMX
CKOPOCTSIX PErncTpaumMmM MOryT CUIbHEE MpOosIBUTLCS MOOOYHbIE SIBMIEHUSI, @ TaKXe, Ha Takow
CKOPOCTM KpUBasi perncTtpupyetrcs A0CTaTovyHO 6bICTpOo M Bbl cMOXeTe 6bICTPO YBUMAETb BCHO
KPUBYIO MM HEKOTOPYIO €e XapaKTepHYH0 YacCTb, U OLEHUTb ee KayecTBo.

Mpn NepBOM 3anycke 3KCMEepUMEHTa cieayeT BblbpaTb MakCMManbHO rpy6bid AgnanasoH
ToKa. JT10 ybepexxeT npmMbop OT Meperpy3ok M AOMNOSHUTENbHbLIX NPUYMH Ans Bo36yxaeHus. Kak
npaeuno, 4yem 6onee rpybble Avana3oHbl NOTeHUMana U Toka BbibpaHbl, TeM 6onee ycTonums
npubop. Ho TeM HmXe 1 TOYHOCTb.

Ha pauarpamme B nepBylo odepedb HYXHO 06paTuTb BHMMaHMe Ha 3aBUCUMOCTb
noTeHuuana oT BpeMeHU. 3Ta 3aBMCMMOCTb J0/KHA ObiTb Npexae BCero NMMHeNHa. He AomkHO

6bITb NOMeXx, wyMmOB, NpPU3HAKOB caMoBo36yaeHns n Tn. Ecnv nMeloTcs 3HaunTeNnbHble MOMEXH,

BbIOpOChI, HENMHENHOCTb, TO paboTaTb Aanblue Henb3s! HeobxoaMMO HEMEANEHHO OCTAHOBWUTb
9KCNEPUMEHT, TaK Kak 6eCKOHTpOSIbHOe 3HayeHue noTeHumana (TUNMYHOE SBNEeHWE Mpu
CaMoBO36YyxaeHNN) MOXeET BbITb O4YEHb BpeAHO A5 MOBEPXHOCTM paboyero anekTpoaa.

Ecnn paseepTka noTeHuuana xopowas, TO fanee crnegyer MNOCMOTPeTb Ha 3Ha4YeHus
ToKa. Ecnn HeT neperpy3ok (npubop He OTKMIYMA 3KCMEPUMEHT CaM), TO 3aBUCMMOCTb TOKa OT
BpeMeHM A0/MKHA bbITb MOHOTOHHA, 6e3 6eCnpUUYNHHBIX pe3kuX BbIOBpOCOB LWYMOB M TM. Ha rpy6bbix
avanasoHax Toka Bbl 6yaete BuaeTb konebaHus paspsgoB  ALM, M BO3MOXHO OYeHb

HE3Ha4uTeNIbHblE UISMEHEHUA TOKA, CBA3aAHHLIE C YXE CBOWCTBaMM Ballen IX CUCTEMBI.
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Ecnu Bce B nopsake, To ganee cneayeT BbibpaTb 60nee TOHKMIA Anana3oH Toka. Mpu
3TOM NWHENHas 3aBUCMMOCTb MOTEHUMana OT BpeMeHW 0653aTenbHO AO/MKHA COXPaHSATbCS, a Ha
3aBMCMMOCTM  TOKa OT BpeMeHW [O/mkHbl 6onee  OTYETAMBO  MPOSIBUTLCS  CBOMCTBA
31EKTPOXMMUYECKOM CUCTEMBI, a pa3paabl ALLM AomkHbI BbiITb MEHee 3aMeTHBbI.

Takum ob6pas3om, nocnegosaTesnibHO noabepute Haubonee noaxoaswWwMA AuanasoH
TOKa. EC/in BO3HUK/IM neperpyskun, TO BEPHUTECh Ha Npeabiaywmin AnanasoH Toka. OgHako nydwe
3apaHee OueHUTb cuTyaumio n 6e3 HeobxoaMMocTn (TOYHee MO Cy4armHOCTM) He AonyckaTb
paboTy C neperpy3skamu.

Ecnv y Bac Bce nonyumnocb, 7O Bbl MoxeTe nonpoboBaTb MOMEHSATb CKOPOCTb
pa3BepTkun (Mpy 3TOM CKOpee BCEro W3MEHSTbCS TOKM, TOKM 3apsbkeHus Hanpumep,
MpONopLUMOHanbHbl CKOPOCTUM Pas3BepTKM), a TakXKe ApyruMe YCnoBus SKCMepMMeHTa — npeaenbi
pa3BepTKM U TN. MOXHO BK/IIOYMTb BpalleHWe U MOCMOTPETb — BO3HWKHYT I HOBbIE CIIOXHOCTM
(noMexu, NIOXON KOHTAKT 1 T).

Takke cnepyetr 0bpaTuTb BHMMaHWe Ha 3awWMTy OT MOMeX. B npouecce perncrpauunu
BO/IbTaMNeporpamMMbl  MOXXHO MOMPO60OBaTb M3MEHWUTb YC/IOBUS M KOHTaKT 3KPaHMPOBaHUS,
3a3emnenHus v Tn. MNpu 3ToOM Ha Anarpamme HarnsiaHo H6yayT BUAHBI UIBMEHEHUS U YNYULIEHWSI.

BaxxHO MMeTb BBMAY, YTO BO MHOMMX Cly4vasix UMK/MYECKME BOSbTaMMeporpammbl Ha
MEepBOM LMKNE pa3BepTKM He MOMy4valTCs TakMMM KpacuMBbIMK, KakK B y4yebHMKax M XOpOoLIMX
cTaTbsix. Hanpvmep nnaTMHOBBLIM 3NeKTPOA OBbIMHO MPUXOAMTCS LIMKIMPOBATb MHOMOKpaTHO,
npexzae, YeM BOSibTaMreporpamMMa npuobpeTeT NpaBWibHLIN BUA. B HEKOTOPbIX Clyyasix Tak Xe

MOXET I'IOTpe6OBaTbC$| SNNEKTPOXUMUYECKaA OYNCTKa WUJTU NMOAroToBKa 3J1EKTPOAA.
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9. NMpuMepbl XOpoLWKNX U NPO6SIEMHBbIX BO/IbTAaMNEPOrpaMM.

MpuMepbl UMKANYECKNX BONTbTaMMneporpaMM C 04YeHb SPKO BblpaXXeHHbIMK npobnemamu:
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DBOMIOUMS LUMKIIMYECKOW BOMbTaMMNeporpaMMmbl MiaTuHbl B 1IN cepHOM KMCioTe B npouecce

UMKIMpOBaHUs. On. CpaBHEHMSI HaCbILEHHbIN X1I0p-CepebpsiHHbIN, pacTBOP He NpoayBany,

ckopocTb pa3sepTkn 500 MB/c, ckopocTb pernctpaunmn 100 Teyek B cekyHay. [varpaMMbl
AEMOHCTPUPYIOT, YTO KpacuBble NpasusibHbIE BOSIbTaMMNeporpaMMbl MHOrAa noy4yaroTcs He cpasy,

a TpebyloT NOAroTOBKM 3NEKTPOAaA:
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SBOMIOLMS LUMKIIMYECKOW BOMbTAMMNeporpaMMmbl MiaTuHbl B 1IN cepHOM KMCoTe B npouecce
3/1EKTPOXMMMNYECKON OYMCTKM — UMKIMPOBAHMSI B LUMPOKOM MHTEpBase noTeHuManos. .
CpaBHEHMS1 HaCbILLEHHbIM XNOp-CepebpsiHHbIN, pacTBOP He NpoayBann, CKOPOCTb pa3eepTku 500
MB/c, ckopocTb peructpaumm 100 Tevek B cekyHay. ObpaTuTe BHMMaHMe Ha bonee siBHoe

BbIIE/IEHNE NUKOB aacopbLmmn 1 aecopbuum Boaopoaa nocie O4YUCTKU:

LMKNMHeckas NOTEHLMO. pasBepTke, CKOPOCTh passepTku 497 71 mBrk LpiKniHeckad NOTEHLMO. pPE3EERTRS, CROROCTE pasBepTrM 497 71 mBit.
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DBONOLMS LIMKIINYECKON BOJIbTaMMeporpamMmmbl niatuHel B 1N cepHoﬁ KNUCNoTE B npouecce

LUMKNMPOBaHUS. Dn. CpaBHEHWS HACbILLEHHBbIN X10p-cepebpsiHHbIN, PAacTBOP He NpoAyBany,

ckopocTb pa3sepTkn 500 MB/c, ckopocTb pernctpauumn 100 Teyek B cekyHay. CnnowHas Kpusas —

A0 Ha4ana UMKnnMpoBaHus, NyHKTUPHaa — nocne. O6paTMTe BHMMaHMe Ha bonee siBHOEe BblaeneHne

BCEX 3JTIEKTPOXMMUNYECKUNX 0cobeHHoCTEN B npouecce UMKIMpoBaHuA.
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Linknnyeckme BonbTaMneporpaMmmbl NiaTuHbl B 1N cepHOM KMCNOTe Npy pa3HOM BO3AENCTBUM
BHELIHUX noMeX. O71. CpaBHEHMS HACbILEHHbIN XJ10p-CepebpsiHHbLIN, pacTBOP HE NpoAyBany,
ckopocTb pa3sepTkn 500 MB/c, ckopocTb pernctpauun 100 Teyek B CekyHay:
1 — syeNnKa B 3KpaHe, COEANHEHHOM C 3a3eMNAIOWMM pa3beMOM npubopa u 6onee HK C YeM,

2 — ayelika 6e3 3kpaHa,

3 — 6e3 akpaHa n pobaBneH HeIKPaHMPOBaHHbIM NPOBOA AMMHHOM 1 M B pa3pbiB MOAK/IOYEHMS
anekTpoAa cpaBHeHus (ans “NnoBan” BHELWHNX HAaBOAOK M NOMeX),

4 — 6e3 3KkpaHa U [ob6aBfieH HE3KPaHWUPOBaHHLIV NPOBOA ASIMHHOM 2 M B pa3pbiB NOAKIOYEHMS

3JIEKTPOAA CpaBHEHUA.
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B 3Tnx npuMepax HesKpaHMPOBaHHbIN NPOBO/ BbINOJIHAET POJib @aHTEHHbI, KOTOpPast TOBUT
BpeAHble BHELLHME NMOMEXN M nepeaaeT nx B npmbop. Hanbonee cunbHO cTpagaet
BOAOPOAHas 06nacTb, TK B HeW nNpnbop ucnonb3yeT Hanbosnbluee ycuneHne curHana

noteHumana n Haumbonee noaBep>XeH BJIMAHUIO BHELLHUX NMOMEX.
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LiMknnyeckne BonbTamneporpaMMbl niatnHel B 1N cepHoﬁ KUCNOTE NpU pa3nnyHbIX Anana3oHax

ToKa. 1. CpaBHEHUS HaCbILLEHHbIN XNOp-cepebpsiHHbIN, pacTBOp He NpoayBasiu, CKOPOCTb

pa3BepTkn 500 MB/c, ckopocTb pernctpaumm 100 Tedek B ceKyHAy. Ha pucyHKax noanvcaHbl

HOMWHasbl UCMNOJIb3YEMbIX ANaNa30HOB TOKa. Ha oTaenbHoM AnarpaMMme BHU3Y 3aBUCUMOCTb

noTeHUMana ot BpEMEHU AN nocneaHen
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Kak BMAHO neperpy3ka To/bKo B BOAOPOAHOW 061acTv NpuBena K Bo36yxaeHuto npubopa, B

OCTanbHbIX Xe obnacTax NepErpy3kn HMKaK He OTpasnuinCb Ha NMpUSIOXXEHHOM NOTEHLMaAnNE:
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Linknnyeckme BonbTamneporpaMmmbl naaTMHbl B 1IN cepHOM KMCOTe Npy aBTOMaTUYECKOM
AnanasoHe Toka. 3. CpaBHEHUS HACbILLEHHBIV X/T0p-CepebpsiHHbIA, pacTBOp He NpoayBanu,
ckopocTb pa3sepTkn 500 MB/c, ckopocTb pernctpaunmn 100 Teyek B cekyHAY. BoiaeneHbl nycroble
NMPOMEXYTKW, KOTOpPble 06pa30Banncb B MOMEHTbI NEPEK/TIIOYEHUS AMANAa30HOB TOKa, 3TO
HOpMaJibHOE SIBNIEHME ANt TaKOM CKOPOCTW pa3BEPTKM M CKOPOCTU pernctpaunmn (npu bonee

HU3KNX CKOPOCTAX PasBEPTKU U PErNCTpaulnn OHU 6bi1n 66l MeHee 3aMeTHbI):
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Linknnyeckme BonbTaMneporpaMmbl CTeknoyrnepoga B 1N cepHol KMCNoTe ¢ pacTBOPOM
rekcaumaHodeppaTta Kanvs npy aBToMaTM4eCcKoM avanasoHe Toka. O1. CpaBHEHMS HACbILLEHHbIN
XNop-cepebpsiHHbIN, pacTBOP He nNpoayBann, CkopocTu pa3sepTku 500-5 MB/c, ckopocTb
pervcTpaunm aBToMaTUYECKU.

B pacTtBope, Ans HarNSAHOCTK, TaK XXe NPUCYTCTBYET NOCTOPOHHAS NPUMECh B HEGO/bLIOM
KonuyecTBe (pacTBop He pa3MellaH nocne Ao6aBKu 3TOM NPUMECU U OHa NOCTENEHHO
A dYyHAMPYET K NOBEPXHOCTU paboyero anekTpoaa, YTobbl HarnsaAHo NokasaTb, Kak
3KCMEPUMEHT MOXET BblTb MCMOPYEH HEAKKYPATHOCTLIO MbITbsl IYENKN U MPUrOTOBIEHMS
pacTtBopa). [locTeneHHo, CO BpeMeHeM, ee BIMsHME NPoSBNsSeTcs Bce H6onblue, Tak Kak Ha
MOBTOPHO CHSITOM CEPUM KPUBLIX YXXe OTYETIMBO HabnoaatoTcs ABa obpaTUMbIX Npouecca, a He
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LIMknunyeckmne BonbTaMneporpaMmmel cTeknoyrniepoga B 1N cepHol KUCIoTe Npu pasnnyHbIX

AvanasoHax Toka. 1. CpaBHEHUS HaCbILLEHHbIN X/T0p-CepebpsiHHbIN, pacTBOp He NpoayBasnu,

ckopocTb pa3zsepTkn 500 MB/c, ckopocTb pernctpaunm 100 Teyek B cekyHAy. Ha pucyHkax

noanncaHbl HOMUHAsbl UCMOJIb3YEMbIX ANANa30HOB TOKa. Ha ewye 60nee TOHKOM Anana3oHe TokKa
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(0,005 MA) akcnepyMeHT 6bi1 OCTaHOBNEH NPUMOOPOM BBMAY CUIIBHOM M HE NPeoaoIMMOW

neperpysku. [lge nocnegHue AvarpaMMbl NpakTUYECKM HEOTIMYMMBI APYr OT Apyra:
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Linknnyeckas BonbTaMneporpaMmma niaTuHbl B pacTBOpe CepHOM KMcnoTbl 1IN ¢ pacTBOPEHHbLIM B
HeM cynbdaToM Mean. dn. CpaBHEHMS! HACbILEHHbIN X1I0p-CepebpsiHHbIN, pacTBOP HE NpoAyBany,
ckopocTb pa3sepTkn 100 MB/c, ckopocTb pernctpaumm 100 Teyek B cekyHay. OTYeTnIMBO
HabntogaeTca pe3knii MUK pacTBOPEHNS MeaW, OCEBLLEW Ha NIEKTPOAE paHEE B OTpULATENbHOM
obnactu noteHumanos. CTpenkamu NokasaH Xo4 Bo/bTaMneporpaMmbl. CKOPOCTb perncTpaumm

OTHOCUTESIbHO BbICOKast AN Takown CKOPOCTU pa3BEPTKU — 3TO Heobxoanmo ans TOro, YyTObbI YETKO

nponncatb A0OCTAaTO4YHO pe3|<m7| MUK paCTBOpEHUA MEAN.
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LIknunyeckne BONbTaMNeporpaMMmbl Npy oUeHb 60MbLLINX HABOAKAX ANS Pa3/INYHbIX CKOPOCTEN
permcTpaumm AaHHbIX. Ha HU3KMX CKOPOCTAX PErncTpaumum HaBOAKWM MACKUPYHOTCS YCpeAHEHNEM
AaHHbIX (HU3KME CKOPOCTM PErncTpaumnm AaHHbIX NoyYaloTcst M3 6onee BbICOKMX MyTeM
ycpeaHeHus). PaboTaTb B TakMX YC/IOBUSIX HeMb3s! Hudke NpuBeaeHbl NpUMepbl C Mapkepamu

AnarpaMmbl - TO4KU, a 3aTEM - MpPAMbIE. Ha pUCyHKaXx noAanncaHa CKOpPOCTb peErncrpaumn AaHHbIX:
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16
14 12 75
12 10
" 8 FENS T3 00 O i S T S
g LettT et "‘."" Lt
5 i -
4 AR et Ve et Wt
g 2 PP RN
Z 0 = - Lt o
o Son ”
s 2 =] . W .
= S bt .t e
4 - R R
B o, 4 Lot wat IR o
& s o . SRS SRS P OF SOC SR POT E
e it +* P A e LI art
-8 B s Bl q“;“.:s SRR . LI PO
0 o bl et H
12 s T LN ar” +t
h L T g e T 10 . Laentt
A4 P R
" o
] R o A2ple
EEEE R R R R
mESSRoRoRoRoECoR SRS RSRCRSRERS RS S PERERCESREEREEERER 33 EE88REREBERE
mEHAAOFSIAUBORA-DOSD S0 - SNA6HFFE TR ARAE TSI BErR L B8 E8T TR ARAETIE
MoTeHwan, mB MoTeHwan, B
£ 000 2{ l}
5000 3ot
4000 I
3000 T o .
2000 - 2ot
< 1000 et H
T 3 [
g 0 . . ot
= . + 7
-1 000 + 2 et
-2000 . . .
3000F .
-4 000 *
=5 000«
-5 000F,
FEEEEEE R R R R R R e e e e e e e e e e e e i e e e i e e e R R R}
[ R =R =R =R = R, = e = s = R e s R A R = BT = = R e N =
CEHURBEYRRBERYREREESERIRERBRER PORHERREFYREBERNRERGHEESSRIRARARER

MoTeHwman, mB

MoTeHupan, mB

Mapkepbl — NpsiMble:

75

10

: (et ‘\HMI‘
[
<L 4 2
£ = i | l ‘ I l ‘ |
& C || || I
= - |
e ;
- [
-8
-10
12
ECCZogEs R R
= =F W @ @ - P e N NMEOT T NN 00RO OOOO00 - NNOEOS TN
NoTeHupsn, MB NoTeHupan, B
oo 00
To00f 5000 25
G000F 5000
sooor 4000
4 000F
3000
3000f
2000
2000F
2 100} % 1000
g oo E 0
= =
-1 00oF -1 000
-2000- 2000
-3000F 3000
-4 000
-4 000
-5 000F
-5 000
-6 000
_7 ool -6 000
Lo e e e B e R e ] e e B R e =R R
REERS KBRS IR EERPEEREERSEEREEEEE PEERRRROYREEEREEESEEE228R888%8

NoTeHwan, mBE

MoTeHupan, mB

www.elins.su

40



000 3AnuHc
NPOM3BOACTBO M NOCTaBka NPMOOPOB ANS 3NEKTPOXMMUYECKNX UCCIEeaoBaHNIA

Perncrpaums noTeHuMana pasoMKHYTOW Lienu (pexmnM BonbTMETPA) C 3KpaHOM 1 6e3 Hero C
pasfnMYHbIMM MapKkepaMun avarpammbl. IKpaH 6bi nogknoyeH K pasbeMy GND npubopa npumMepHo
Ha 8-/ cekyHAe nocne 3anycka u3MepeHus. Mo cBoel BeMYMHE HAaBOAKM AOCTaTOYHO Hebonblume

fAaxe 6e3 akpaHa. O6bluHO, ecnu pa3psiabl AL xopoLwo, Kak 34ecb, pa3iMyMMbl Ha YPOBHe

HaBOAKK, TO OHa B LIENIOM AOonyCTtuMa.

Mapkepbl - TOYKK Mapkepbl - NpsiMble
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Lmknuueckne BOJIbTaMNepPOrpaMmmbl npu pasnmnyHbix HaCTpOl‘/lIKaX aHalorosoro 6bICTp0£|,el‘/J1CTBMﬂ

an6opa. HamMepeHHO Mcnonb3yeTcs 0YEHb MAOXOW 3NEKTPOA CPABHEHUS, YTOObI nposounpoBaTb

BO36Y)K.EI,€HM€, KOTOpOE NnposABUIo cebs kak 3aMETHYI0 ocUuUnIAUnio Ha HU3KOM 6bICTpO£lel‘/JICTBVIM

an6opa. |_|pl4 MCNoNb30BaHNN XOPOLLUEro 3NeKTpoaa CpaBHEHUA 06bI4HO pasHULbl NPaKTU4YECKN HE

T, nach

3aMeTHO. [1oCTaTOYHO BbICOKasi CKOPOCTb pa3BepTku - 13 B/c:

BblCcOKoe BbicTpoencTene cpefHee ObICTpoAeNcTBUE
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LiMKknnyeckmne BonbTaMneporpaMMbl Npu pasnyHbiX HaCTpOP’IKaX aHanorosoro 6bICTp0ﬂ,el‘;1CTBMFI

npubopa. HaMepeHHO MCNONb3yeTCs OYeHb M10XON SNEKTPOA CPaBHEHUS, YTODbI npoBoLUnpoBaTb

BO36Y>xaeHue npunbopa. Ha H1M3koM bbicTpoaecTBUM Npubop Tak U HE CMOr BOMTM B paboumnin
PEXUM, XOTS 3aBUCMMOCTb MOTEHUMaNa OT BPEMEHWN MMEET OTHOCUTENbHO JIMHENHBIN BUA (HO C

3aMEeTHbIMM UCKaxXeHUsIMK). CKOPOCTb Pa3BEPTKM OTHOCUTENBHO HeBbicokas - 100 MB/c:
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LiMknnyeckmne BonbTaMneporpaMMbl Npu pasfiMyHbiX CKOPOCTSAX perucrpauun. HamepeHHo

MCNO/b3YETCA OYeHb NJIOXOM 3N1EKTPO/ CPaBHEHUS ANl CO34aHNs HEGOMbLLOro BO36Yy>xaeHus

npubopa. BUAHO, YTO Ha HU3KMX CKOPOCTAX PErmcTpaunm MUKKU MaoXo NponucbIBatOTCs, Ha
CpeaHux Bo36y>xaeHne MacKnpyeTcs, HO MKW NponucaHbl XopoLwo. Ha n3bbITOYHO BbICOKOM
CKOpOCTW perncrpauum Ctano 3aMeTHO Hannume HebonbLworo (A0NyCTMMOro) Bo3by>KaeHUs, Takxke
MpW 3TOM Ha 3anucb NMOSTHOrO LKA pa3BepTKu He XBaTuI0 obbeMa AaHHbIX. CKOPOCTb pa3BepTKu
100 mB/c:

o O TOYEK B CEKyHAY BESER T " 13 Touek B cekyHay el
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LiMknnyeckmne BonbTaMneporpaMMbl Ha MOMHOCTBIO aBTOMATUYECKOM AManas3oHe ToKa, U Ha nony-
aBTOMaTU4eCcKoM auana3oHe (aBTO-AManasoH C 3anpeToM NOHWXKAaTb AMana3oH ToKa —

cpabaTbiBaTh TO/bKO Ha NeperpysKy AvMana3oHa). HaMepeHHO MCnosb3yeTcs oYeHb NI0XOW

21EKTPOA CpaBHEHUA AN NPOBOLMPOBaHUA Heb0oNbLLOro BO36Y)K£I,€HVIFI, KOTOpOE NpmnBoanT K

NOXHbIM cpabaTbiBaHUSIM aBToAManNa3oHa (ero apebesry - 3aUMKNEHHbIM NePeKNOYEHNM,
BblAENEHO KpacHbIM). B BOAOpOAHOM ¥ ABOMHOC/IONHOM 06/1acTsIX KpMBasi CUSIbHO MpOCa)keHa B
oTpuuaTenbHyt0 061acTb TOKOB M3-3a HaNN4YMsa pacTBOPEHHOro kucnopoaa. CKOpoCTb pa3BepTKu
10 mB/c:

nony-aBTo-gnanasoH MNOJTHOCTbHO aBTO-AMNana3oH
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11. CpaBHeHMe HEeCKOJIbKMX noTeHunoctatoB npoussoactBa 000 DISnuHC npu

BapbMpPOBaHNMN KaYeCTBa JJIeKTpoAaa CpaBHEHUS.

[anee cnegyeT HECKONbKO CpaBHEHWMM pas3fvMuyHbIX MOTeHUMOCcTaToB npoussoactea 000
DNWHC B PasnU4HbIX YCNOBUAX. NS HarnsgHOCTW BapbUpOBAsCs 3MeKTPOA CPaBHEHMS, TaK Kak
yalle BCEro MMeHHO OH Hambonee CMIbHO BAMSIET Ha KayeCTBO BCel paboTbl MOTeHuMocTaTa U
KaK CneAcTBMe Ha KayeCTBO perMcTpyvpyeMon BoJibTaMMneporpaMMbi.

[ns AeMOHCTpauMn CTaHAapTHbIX NpobneM UCMoNb30Bann ABa 3K3EMMspa 31eKTPoAoB
CPpaBHEHUSI — OAMH XOPOLUEro KayecTBa, BTOPOM O4YeHb MAOXoro (Takxke B KoHUe fobasunu euwe
OMH MPOMEXYTOYHOro Kayectsa). CpaBHMBAKOTCA MOTEHUMOCTaTbl NSATOrO MOKoneHns — [n-
50PR0O3, P-30], P-8Nano kak mexay cobon, Tak U C oaHMM M3 NpubopoB npeablaywero 4ro
NMOKOMNEHMSI.

ONeKTpoA CpaBHeHWs (XNOp-cepebpsiHHbIN) MCNoNb30Basncs Bceraa C MOCTUKOM C [ABYMS
KpaHamu. S4yelka 3KkpaHuMpoBaHa. 3anucbiBanu LIBA B ogHOM M TOoM e pactBope 1N cepHou
KMCNOTbl Ha OAHOM M TOM Xe paboyeM NAaTMHOBOM 3nekTpoge. CkopocTb pa3sepTkn 500 MB/c,
pabounii pacTBOp npeaBapuTeNbHO He NpoAyBasv.

AHanoroBble HaCTPOWKM ObICTPOAENCTBUS €CTb TONIbKO Y MoTeHumocTatoB cepun PRO.
MoaToMy ANst HUX TaKXKe NPOBEAEHO CPABHEHUSI BIMSHUSI 3TOM HACTPOWKM C Liefblo MoKasaTb, YTO
Hambonee NpaBWIbHO WCMOSIb30BaHWE MaKCMManbHOrO ObICTPOAENCTBUS, OAHAKO B HEKOTOPbIX
cnyyasx (Kak BUAHO M U3 MPUBEAEHHbIX Bblle NpUMepoB) 60see HU3KNE HACTPOWMKM aHaNoroBoro
ObICTPOAENCTBUS MOMYT CUBHO MOMOYb UCMPABUTb CIIOXKHYIO CUTYaLMIO C 3N1EKTPOAOM CPaBHEHMUSI.

Takke ana noteHumoctatoB cepumn PRO (kak y Hanbonee CNoXHbIX U TpeboBaTenbHbIX K
KayecTBy MOCTaHOBKM 3KCMEepUMEHTa) NpUBEAEHO CPaBHEHME KaK Ha MOMHOCTbIO aBTOMaTUYECKOM
AvanasoHe ToKa, TaK M Ha (UKCMpoBaHHOM. PaboTa Ha (MKCMPOBaHHOM AWana3oHe TOKa MeHee

YAO6Ha, O[HaKO NO3BONSET 3anncaTb bonee KayecTBeHHbIe BO/IbTaMMporpaMmsl.
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LUnknuueckme BOMbTaMneporpaMMbl € pPas3fiMyHbIMU - 3M1eKTPOAAMM  CPaBHEHMS  MNpU
Pa3fIMYHbIX  @HaNoroBblX HACTpoMkax  6bicTpoaencTBus  npubopa. Mpubop MN-50PRO3,
(MKCMPOBaHHLIN Anana3oH Toka-200 MKA. Ha BonbTamneporpamMmax noanucaHo GbiCTpoaencTeme
npubopa.

MpoeanbHas BoNbTaMmporpaMMma Mosly4aTcss Mpu MakCUMMasibHO BbICOKOM ObICTPOAENCTBUM
npubopa MNpu WCNONb30BaHMM XOPOLIErO 3/1eKTpoda cpaBHeHusl. OAHaKo, HacCTpoWka HM3KOro
ObICTPOAENCTBMNS MO3BOSISIET HECKOMbKO CHU3UTb BEPOSITHOCTb BO3OYXAeHus npubopa npwu
NCNO/b30BaHWM MJIOXOr0 3M1EKTPOAA CpaBHEHMS (Ha HU3KOM CKOPOCTU Pa3BEPTKM MEpPEXOAHbIN
NpoLecc Ha HMXHUX AvarpamMax 6yaeT BM3yanbHO YMEHbLIATHCS MPOMOPUMOHANbHO CHUXKEHWIO

CKOpOCTW pa3BepTKM):
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LUMknnyeckne BonbTaMmneporpaMmmbl € PasfiMyHbIMW - 3NEKTPoAaMuM  CpaBHEHUS  Mpu

Pa3/IMYHbIX aHANOroBbIX HaCTpoWkax bbicTpoaencTeus npubopa. Mpubop MN-50PRO3, nonHOCTbLIO

aBTOMaTMYECKUA Anana3oH Toka. Ha BOJibTaMneporpaMmmax noanncaHo 6blCTp0,Cl€VICTBM€ npubopa.

NaoeanbHas BOJibTaMneporpamMma nony4vyaeTcd Ha MakCMMalibHO BblICOKOM 6bICTpOﬂel7ICTBVII/I

np|/|6opa npu UCNOJIb30BaHNUN XOPOLUEro 3JIEKTPOAA CpaBHEHUA. Mnoxown SIEKTPOA CpaBHEHUA

BbI3blBAaeT HebonblLoe BO36Y)KD,€HVI€ an6opa, N Kak cneacrsme, Ha HU3SKOM 6bICTPOAENCTBUN

MHOrAa BO3HUKAKOT JIOXKHbIE Cpa6aTbIBaHM$I aBTO-AMana3oHa TOKa.

3eneHbiM LBETOM BblAENEHbI

(HopManbHoe siBneHue):

3dMETHbIE Ha [1a3 NEPEKNOYEHNA [AMana30HOB TOKa

wl /4 xop. anekTpoa Mnox.anekTpoa :
wfi WA CpaBHEHUA CpaBHEeHUs :
CiRREL : ’
L |2 R
£ 20
g -40
T o
-60 H /\\
100 ;“ ; /
20 :‘A" ‘-/
A4S
b b
I A, MoTeHwsan, mB o MoTeHwan, me S
100
e XOp. NeKTpoa, MIox.aneKTpoa,
BI ¥y CpaBHeHuA cpaBHeHuA :
ZE g .-w-o"/ d;

Tok, MES
Sk sk
5 5 8 5 4
-
a.
)
M\\

R I
2;(/\/ F——‘

MoTeHwdan. wB

XOp. 3NeKTpos
CpaBHeHUA

TOK, MKs

MINoxX.aneKkTpoj
CpaBHEHNA

e

%

R SRR o, /

; i
,—\\\/

NoTeHwan, B

FEEEEREEEEEEEEEEE R EEREEE R R
FORoOnoOnoOnoOnoODoODNDONOnoDonoDonRo
e I S T T R R v B S e R = T T o S I B

NoTexLpan, mB

www.elins.su 47



000 3AnuHc
NPOM3BOACTBO M NOCTaBka NPMOOPOB ANS 3NEKTPOXMMUYECKNX UCCIEeaoBaHNIA

Linknuueckme BOMbTaMNeporpaMmbl C PasnMyHbIMU 3NEKTpoAaMu cpaBHeHus. Mpubop P-
8Nano (npakTnyeckn Takoe e noseaeHne Habnoaaetca u y P-30]), NONHOCTHIO aBTOMATUYECKUI
Ananas3oH Toka. MpaeanbHas BonbTammneporpamMa mnosyvaeTcsl Mpu UCMoSb30BaHUM XOPOLLEro W
CpefHero no KayecTBy 31eKTpoAa CPaBHEHMS.

Mnoxon 3neKkTpoa CpaBHEHMS Bbi3blBaeT COBCEM Hebosnbloe (abconoTHO A0NyCTMMOE)
BO36y>xaeHne npubopa 6e3 NoXHbIX CpabaTbiBaHMIM aBTO-AManNasoHa Toka. BuaHo, uTto 6onee
npocTble noteHumocTaTbl (Mo cpaBHeHuto ¢ [N-50PRO, c¢M. pavarpaMMbl C  BbICOKMM
bbiICcTpOAENCTBMEM) 4YyTb MeHee TpeboBaTeslbHbl K KayecTBy 3neKTpoAa cpaBHeHus. OHM
OpPUEHTUPOBaHbl Ha MeHee OMbITHOro Mosib3oBaTens, Wx 6onee NpocTasi KOHCTPYKUMST U
CXEMOTEXHUKA He CTOMb KPUTUYHA K aKKYpaTHOCTM MOCTAHOBKM 3KcrepuMeHTa. OgHaKko npu 3TOM
MX BO3MOXHOCTU M XapaKTEPUCTUKM CyLIeCTBEHHO Yxe (Npu HeobxoaMMOCTU CM. MHCTPYKLMIO K
npubopam). MNMpubop BeaeT cebs abCcontOTHO aAeKBaTHO B NSIaHE NepeKIlYeHNs Anana3oHoB ToKa
CO BCEMM 3/1eKTpOAaMM CPaBHEHUS.

[lmarpamMmbl NpvBefeHbl MO Mepe YXyALWEeHUsl KaueCcTBa 31eKTPOAa CPaBHEHMS CBEPXY BHU3
(no cpaBHeHnio ¢ Tectamm [U-50PRO3 pobaBneH ewe OAMH MPOMEXYTOYHbLIN MO KayecTsy

3NeKTPOA CpaBHEHWS):

ToK, MEd,

ToK, MEA

ToK, MEA,
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Linknnyeckme BonbTaMmneporpaMmmbl C PasiMYHbIMKU 3N1eKTpodaMn cpaBHeHus. Mpubop 4-ro
MOKONEHWUs, MONMHOCTbIO aBTOMATMYECKMM [uanasoH Toka. MpeanbHas BonbTamneporpamma
nofy4YaeTcs Npyu UCMosb30BaHWM XOPOLLEro MO KaYecTBY 3M1eKTpoAa CPaBHEHMS.

CpeoHuii MO KauvecTBy 3NMEKTPOA CpaBHEHWS Bbi3biBaeT Hebonbluoe (ewe npuemnemoe)
BO36y>xaeHne npubopa 6e3 NoXHbIX cpabaTbiBaHMW aBTO-AManal3oHa Toka. BuaHo, uTo 4-e
rokoneHve npubopoB HECKONbKO 60nee KPUTUYHO K KayecTBy 3MeKTpoAa CpaBHEHWs Mo
CpaBHeHWIO ¢ 5-M nokoneHuneM. Habniogaetcs pocT BO36Y>XAeHUS MO Mepe yXyALleHUs KadvecTsBa
anekTpoaa cpaBHeHus. [pubop BepeT cebs abconNOTHO agekBaTHO B MaHe nepekIioveHns
[iMana3oHOB TOKa CO BCEMU 3M1EKTPOAAMUN CPABHEHWUS.

[Avarpammbl NpuBeaeHbl MO Mepe YXYALEHUs KayecTBa 3M1eKTPoAa CPaBHEHUS CBEPXY BHU3
(no cpaBHeHntio ¢ Tectamm [MU-50PRO3 pobaBneH ewe OAMH MPOMEXYTOUHbLIN MO KayecTBy
3NeKTPoA CpaBHEHWS):
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12. Ewe pa3 npo 3awuTty OT NnoMex.

Beungy KpaﬁHeVl BaXHOCTW 3TOro BOMpoca, a TaKXe TOoro, 4to pAaXe OnbITHblE

3NEKTPOXMMMKM He Bceraa obpallaloT Ha Hero BHUMaHWe, NpuBOAMM ABE KPUBbIE, CHATbIE B OAHMX
M TEX XEe YC/OBUAX, HO B MOMEHT perucTpaLmMum BTOPOW KPWUBOWM MNPOCTO Obi1  OTKIIHOYEH,
MCMONb30BaBILMIACA A0 3TOM0 META/NIMYECKUI 3KpaH. DNEKTPOA CPaBHEHUS MCMOJb30BaAsICS
OTHOCWUTENBHO HEBLICOKOro KayecTBa. Bce ocTanbHble YCNOBUS aHanoruyHbl  MpeabiayLmnMm
3KCMEepUMEHTaM. DKpaH NpeacTaBnsieT coboi Kopryc oT KoMnbioTepa. OH 3NEKTPUYECKM COeAMHEH
C pa3beMoM 3a3eMiieHns npubopa u 6onee HM C YeM. Pe3ynbTaT abCoNOTHO MAEHTUYEH Ha BCEX

YETbIPEX I'IpMGOan, pacCMaTpuBaBLUUXCA B MPeAbIAYLWEM pa3fene. (npum. astopa: 60/ee KaHOHUYHYIO

BOJIbTa@MIeporpammy [iatuHel, aBTopy AOBEJIOCH BUAETHL JIMLIb O4Ha)XAbl, BO BpeMeHa MoOJ/Io4ocTv Ha Kad)eape B

YHuBepcuTeTE — TaM, KOHEYHO, PACTBOP Obl/T NPEABAPHTEBLHO TPOAYT).
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