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YBaxkaeMblit nonb3oBaTtenb! Komnanusi Electrochemical Instruments 6narogapuT Bac 3a npuobpeTteHune u
ncnosnb3oBaHne HaydHoro obopyaoBaHus SmartStat. B aTomM pykoBoacTBe npuBeaeHbl NOAPO6HbIE XapaKTepPUCTUKK

MOTEHLMOCTATOB 3TON CepuM, PEKOMeHAALMM No paboTe C HUMK, a TaKxKe Apyras nosesHas uHbopMauus.

JIHelika  MOTEHUMOCTATOB-rafibBaHOCTaToB  SmartStat coctouTt m3  NSTM MHOrOGYHKLMOHANbHBIX
NPEeUM3NoHHbIX Moaeneid. Bce OHM OCHOBaHbl Ha COBPEMEHHON BbICOKOTOYHOW 6biCTpOAEMCTBYIOLWIEN cucTeMe cbopa
JaHHbIX. Bnarogaps ei, Kaxabli MnoTeHuMocTaT 0611afaeT BO3MOXHOCTbIO Kauye€CTBEHHO WM TOYHO BbIMOJSIHATH
NMPaKTUYECKN BCE, CYLUECTBYIOLIME CEroAHS METOAMKU 3SMEKTPOXUMUYECKMX UCCNEAoBaHUMN, BKIOYAS MMMEAAHCHble

M3MEPEHUA, a TaKXXe pa3/invHble MMMYJIbCHbIE N KNaCCUYeCKUE BOJIbTaMINepPOMETpU4eckmne MeTobl.

B TO e BpeMs, Kaxaas Moaenb 06nafaeT CBOMM WHAMBMAYAlbHbIM HAbOpPOM  XapaKTEpUCTUK,

ONTUMU3NPOBAHHbIX MO4 MakKCMMalslbHO 3d)q)eKTVIBHOG BbIMOJIHEHNE KPYra 3aa4 Nnosib3oBaTenA.

e YHuBepcalbHas ctapulasi Moaesnb PS-50 ¢ Hanbonee WMPOKUM CMEKTPOM BO3MOXHOCTEN;
e  MolwHbI npnbop PS-250 anst paboTbl ¢ XUT Ao 25 A;

e  BblCOKOYACTOTHbIN PS-20 ¢ uMnegaHcoM Ao 3 MU Ans TBEPAOTE/IbHON 3/IEKTPOXUMUNA;

e  MHoOrokaHanbHbI NoTeHuMocTaT PS-10-4 Ans pyTUHHBIX UCCNEA0BAHWIA;

e Hawnbonee npocras mogenb PS-10.

HezaB1CMMO OT NEPBUYHOMO Ha3HAYEHUS], KaXablii U3 NOTeHUMOCTaToB SmartStat MoxeT 6biTb MCMO/Ib30BaH B
noboM K3 HanpasneHuin: paspabotka XUT M UX KOMMOHEHTOB, >XWAKOCTHAasi W TBEpPAOTESIbHasi 3MEKTPOXMMMS,

3/1EKTPOKATANN3, KOPPO3US N MOKPLITUS, BMO3NEKTPOXMUMUSI, MOSTYNPOBOAHMKM, SNEKTPOAHANIMTMKA U MHOTWE ApYryve.

MporpaMMHoe obecnedyeHne SmartSoft paeT nonb3oBaTeNO OYEHb LIMPOKMI CMEKTP BO3MOXHOCTEN ANs
Co3faHust paboumx MporpamMM B COYETAHUM C NETKOCTbI U MHTYMTMBHOCTBIO YrpaBnieHus paboTol nporpamMmbl u

npubopa.

Bce noTeHumocTaTbl SmartStat MMET BO3MOXHOCTb OLMGPOBKM BHELIHMX CUIHAJOB C APYroro obopyaoBaHus
CMHXPOHHO C AaHHLIMM TOKa M MoTeHuuMana. MMeeTcs yHWBepcanbHbli WHTEpdENC Ans ynpaBneHWsi BHELIHUMM
mMoaynsimm SmartStat, Hanpumep auddepeHuManbHOro nNpegycunuTens u unoTteHumnocTata. Craplwas mogens PS-
50 MoxeT paboTaTb C ABYMS auxilary 3n1ekTpoAaMm no LEeCTUINNEKTPOAHON CXeME, KaK Ha MOCTOSIHHOM TOKe, Tak M Mo

metoay X umnegaHca 6e3 npegycunutens.

HacToslliee pyKOBOACTBO He OMWUCbIBAeT paboTy C NporpaMMHbIM obecrieyeHneM SmartSoft, ans atoro

NpeaycMOTPEH OTAENbHbIN AOKYMEHT.

YBaxkaemblit konnera! Ecnv y Bac BO3HWMKAM BOMPOCHI MNM Bbl He HaWwKM, kak pewunTb Bawy 3agady c
MCMONb30BaHWEM MoOTeHUMocTaTa SmarStat MM ogHoro M3 ero Moaynein, HanuwuTe HaM. MOXEeT okas3aTbCsl, UTO
3ajlaya pellaeMa Yxe WMEeLMUMUCS BO3MOXHOCTSIMM npubopa. Bo3MoXHO, OHa 6yaeT pelleHa B Gnvkailuem
obHoBneHnn npubopa unm SmartSoft, nnn oxugaetr cBoero BOMJIOWEHMS. TakKe Mbl FOTOBbl PacCMOTPETb
06beKTMBHbIE, TO €CTb BOCTpeboBaHHbIE U AETann30BaHHbIE NoXenaHus 3akasyumka. Mnatdopma SmartStat sensertcs
MepCreKTMBHOM M B Hel ByAeT elle MHOro NPOrpaMMHbIX M annapaTypHbIX 06HOBEHUIA U AOMOMHEHWUIA, 3HAYNTENBHO

paclumnparownx (bYH KUMOHANbHOCTb.
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1. Ba3oBble BO3MOXHOCTM BCEX NoTeHLuMnocTaToB SmartStat

Jlroboi noTeHumocTaT SmartStat 6e3 gononHMTENbHBIX Moaynei u 6e3 ydyeta MHAMBMAYaNbHbIX

0COBEHHOCTEN KOHKPETHON MOAENN 06ecneunBaeT cneayroLmne BO3MOXHOCTMH:

OcCHOBHbIE
Pernctpaums noteHuMana pa3oMKHYTOM Lienu (M3MepeHne noTeHuMana u HanpsbkeHns)
MoTEeHUMOCTAaTUYECKUI PEXMM PaboTbl (KOHTPO/b-3aAaHu1e NoTeHUMana u HanpshkeHus )
lanbBaHOCTaTMYECKMI PEXMM PaboThl (KOHTPO/b-3aAaHNe ToKa)
JInHeMHasa v uMKNndeckasl paseBepTka noTeHumana (NnoTeHUMoanHaMmUKa)
JInHenHas v unknnyeckas passepTka Toka (rasbBaHOAMHAMUKA)
XpoHOaMnepoMeTpus, XPOHOMOTEHLMOMETPUS, XPOHOKY/TOHOMETPUS
MoTEeHUMOCTaTUYECKMI U FraNbBaHOCTAaTUYECKUIA CUTHASbI MPOM3BOSIbHON (POpMbI

UmnepaHc
Pernctpaums cnektpoB nMneaaHca ot 50 kl'u ao 10 mkl'y 6e3 moayns FRA (v Bbiwe 1 MY € HUM)
Pexxum passepTkn yactoThl (EIS)
PasBepTka noteHumana unu toka (PDEIS), oT BpeMeHu, Ansa 3aAaHHoM YacToTsl (koopanHaTthl MoTTa-LLoTTKM 1 apyrue)

UMnynbcHblie MeToAabl

MMnynbcHbIM (ocumnnorpaduyeckuii) pexxmum pasBepTky NoTeHUMana 1 Toka
MMNyNbCHbIMA NOTEHLMOCTAaTUYECKUI U FanbBaHOCTAaTUUECKUI CUTHASbI MPOM3BOSIbHON (OPMbI
CraHgapTHble MMMyNbCHbIE nekTpoaHanuTudeckme metoabl: CBA, HUBA, IVBA, KBBA

MpodeccmoHanbHbIe 3NeKTPoaHanMTUUYeckme Metodbl: 1-5 cTyneHei ntoboi aMnanuTyabl C NpupaLieHreM unm 6es, ¢
pa3sepTkoi unu 6e3, ¢ BbIGOPOM MaTEMATUKN PEMUCTPALIMM, MOTEHLMOCTATUYECKMIA U FafibBaHOCTATUYECKUIA PEXMMbI

MoTeHuMocTaTMYeCKoe 1 ranbBaHoOCTaTUYeCKoe npepbiBucToe TuTpoBaHue (PIT v GIT) ¢ paclumpeHHbIM BbIGOpOM
nosyyaemblX pesynbTaToB

Mporpammarop
PexknM noLwaroBoro UMKIMYeckoro nporpammaTtopa 13 50 waros
BO3MOXXHOCTb He 3aUuMKIMBaTh HECKOJIbKO MEPBLIX LWAroB NporpaMmaTopa

BO3MOXHOCTb YBENUUMBATbL UM YMHOXaTb Ha 33[jaHHOE 3HAYEHWe OAMH M3 NapaMeTpoB, Yepes 3a4aHHOe KONIMYECTBO
LIMKNOB NporpamMMmaropa

PeXnM NnaHMpoBLLMKA A1 aBTOMATUYECKOro 3arnycka noapsia HECKOMbKMX halinoB nporpaMMaTtopa
®  Lunknuyeckunit 3apsa - paspaa XUT (nporpammatop)
PacwmpeHHas aBToMaTuka

® 9 rubkux KpUTEPUEB OCTAHOBKM 3KCNEPUMEHTA, TEKYLLEro wara uin umkna c 6-1o cnocobamm pearnpoBaHnsa B KaXaoM U3
HUX

® Monb3oBaTenbCKas 3allMTa no TOKY U MOTEHLMANY, a Take XapakTepucTvkm obpasua
HacTpamBaemas hyHKUUS OTCNEXMBAHUSA pa3pbiBa LIEMM 3/1EKTPOAA CPAaBHEHMUS
® ABTOMaTMYECKME AManasoHbl TOKa B MOTEHLMOCTATe, aBTo3arpyb/ieHne AManasoHa noTeHuUmMana B rajibBaHocraTe
ABTOMaTHUeCKoe (C HaCTPOKaMM) U3MEPEHME OMUYECKOTO COMPOTMBIIEHNUS UMIMYJILCHO M UMMNEAAHCOM
®  DyHKUMM aBTOMATMYECKOI CaMOAMArHOCTUKM Ha BCTPOEHHOM 3KBUBaJEHTE
AnnapaTHbie BO3MOXHOCTH

BHYTPEHHWIA CNTOT ANst YCTAHOBKM BbICOKOYACTOTHOIO MOAY/S YaCTOTHOrO aHanu3aTtopa FRA ans pacluMpeHnst YacToTHOMO
Anana3oHa Bbiwe 1 My

AHanoroBo-UndpoBoi MHTEPdENC AN NOAKTIOYEHUS BHELLHUX NPUMOB0POB U YCTPOWCTB

®  BcTpoeHHast S3HeproHe3aBMCHUMas MaMsATh SKCMNEPUMEHTANbHBIX AaHHbIX

MpopomkeHne paboTbl Npy OTKIOYEHUN ynpasnstowero MK

® ALN paspsaaHocTbio 20 61T ¢ paspeleHreM no noTeHumany 4o 10 MkB, 6bicTpoaeicTamem 250 kI

2 aHanorosbIX Auxilary BX0A4a, CUHXPOHHbIX C AaHHBbIMU TOKa M NMOTEHUMaNna, BXOAbl KOTOPbIX BbiBEAEHbI Ha CI'IeLl,VIaJ'IbeIl‘/JI
pasbeM npubopa

Bo3MOXHOCTb ycTaHoBKM LIAM paspsiaHocTbio 20 6UT ANst CMHTE3a SIMHEMHOM pa3BepTKM NMOTEHUMana C yibTPaHWU3KOM
BbICOTOWM cTyneHn 10 MkB
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2. KpaTkue XxapaKkTepuMCTUKM noTeHuuoctatoB SmartStat

Hwmwke npuBeaeH KpaTKM Habop XapaKTEPUCTUK, PEKOMEHAYEMbI ANns cocTaBneHuss T3 npu

nokyrke npubopa. ITUX XapaKTEPUCTUK AOCTATOYHO, YTOObl OAHO3HAYHO OXapakTepu3oBaTb Npubop npwu

3aKynkKe n npuneMKe.

XapakTepucTuka PS-50 PS-250 PS-20 PS-10-4 PS-10

KonunyecTtso 1 1 1 4 1

KaHasnoB

MakcnumanbHoe 15B 12B 12 B 15B 15B

HanpshxeHue

MakcuMarbHbIi 4 A 25A 2A 4x1 A 1A

TOK

Jnana30oHbl 12B 9B 5B 5B 5B

noteHumana 5B 5B

Jnana3onbl Toka | 10 gnan. OT 4 A 5 anan. Ot 25A 9 anan. OT 2 A 9 anan. OT1A 9aman.OT 1A
[o 2 HA [o 2 MA o 20 HA o 20 HA [o 20 HA

MWHUManNbHbIN 50 nA 10 MKA 100 nA 100 nA 100 nA

pabounii Tok

MmnenaHc 50 kl'y — 50 kl'y — 50 kl'y — 50 kl'y — 50 kl'y —
10 MKl 'y, 10 mkl'y, 10 Mkl 'y, 10 MKy, 10 MKl 'y,

1.5 Ml'y c FRA 3 My c FRA 1 My c FRA

MopkntoyeHne 2,3,4,5 6 2,3, 4 2,34 2,34 2,3, 4

AYENKN 3M1eKTPOA0B 3neKkTpoaa 3neKkTpoaa 3neKkTpoaa 3neKkTpoaa

Pa3psagHocTb 4x20 6ut / 4x20 éut / 4x20 6ut / 4x20 6ut / 4x20 6ut /

ALM / UAN 20 6ut 18 6ut 18 éut 18 éut 18 éut

MakcmMManbHas 2«klu

CKOPOCTb (250 k'Y MNYNbCHO)

perucrpauum

AHanoro- 2 aHanorosbiX Bxoga AL, CMHXPOHHbIX C TOKOM U MNOTEHLMASIOM.

umdpoBoi LindpoBsoit Bbixoa Ans ynpaBneHust BHELIHUMKW MOAyNsaMM SmartStat

nHTepdeiic

IR-koMneHcaums EcTb Het

noc

Bce noTeHumocTaTtbl SmatStat noaaep>xmBaloT cneayowme MeToabl paboTbl, TakXKe BO3MOXHbI MX

KOMbBMHaLMKM B NporpaMMaTope 1 MiaaHNpoBLLMKE:
¢ CraumoHapHble: OCP, POT, BE, CP, CC, CA
e Bonbramnepometpusi: LSV, CV, ASV, CSV, AdSV, RCP, LRP, DGP, CPP, LRP
e UWmnynbcHble: AD, PAD, MA, CSCP, CSCA, VSTEP, ISTEP
e WmnepaHc: EIS-POT, EIS-GAL, IMP, IMPT, PDEIS, EIS-MOTT, IMPE
e Ananutuuyeckue: NPV, DPV, SWV, SCV
e CneunanbHble: DPSCA, CSCP, SWSV, DPSV, DPA, DDPA, TPA, IPAD
e Wcrounnkm Toka: CCD, GCD, PCD, ESR, CC, CV, EIS, CC-CV, PIT, GIT
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3. Bce xapaKTepuCTUMKM noTeHUuocTaToB SmartStat

Bce xapaKTepuCTUKM NpyUBEAEHbI AN OAHOMO KaHana npubopa M COOTBETCTBYIOT 6a30BOM KOMMIEKTALIMMN.

XapaKkTepuctmka PS-50 PS-250 PS-20 PS-10-4 PS-10

Ha3zHaueHune Hanbonee MoLLHbIN ang BbicokouyacToTHbl | MHOroKaHasbHbIM Hanbonee

npubopa YHUBEpPCA/IbHBbIV paboTbl ¢ XUT 1 »MneaaHc npocToM
OCHOBHbIE XapaKTepUCTUKHN

KonunuecTtso 1 1 1 4 1

KaHanoB

MoaknioueHne 2,3,4,5, 60 2,3,4% 2, 3,4 2,3,4% 2,3,4%

AYENKN 3/1eKTPOA0B 3/1eKTPOA0B 3/1eKTPOA0B 3/1EKTPOAOB 3/1EKTPOAOB

KoHTponb siyeiku

MOTEHUMOCTaTMYECKMUI, raIbBaHOCTAaTMYECKMUIM, BONbTMETP (Pa3oMKHyTas Lenb)

IR-koMneHcaums Nnoc -
BkntoueHue siueiiku Pene n KMOI Pene n KMOI Pene Pene Pene
KJIKOM KJItOM
HanpskeHus, noTeHuManbl
MakcumanbHoe +15 B@ +12 B® +12 B? +15 B +15 B
nonsipusytoLlee
HanpshkeHue
[vanasoHbl +12 B +9 B +5B +5B +5B
noTeHumana v ux (26 / 28 mMkB) (26 / 28 mMkB) (10 / 11 mkB) (10 / 11 mkB) (10 / 11 mkB)
pa3speLleHnst +5B +5B
(HOMWHanbHO / (10 / 11 mkB) (10 / 11 mkB)
MaKcuMManbHO)**
MNpeaen +0.1% (norpewHoCTb NpUBEAEHa K BEPXHEMY Npeaesny Avana3oHa)
AOMyCTUMONA
NpUBEAEHHO
norpeLHoCcTn Ans
AnanasoHoB
noteHunana
BxoaHoe 102 OM, mMeHee 10 NA
COMpoTUB/EHNE

3MeKTpOMETpa U
BXOAHOW TOK

CkopocTb
pa3BepTKu
noTeHunana

OT1 1 MkB/c po 50 B/c

TOKOBbI€ XapaKTEPUCTUKH

MaKcuMarnbHBbIN +4A +25A +2A +1 A +1 A
pabounii Tok (U>-0.5B)
+1 A (U<-0.5B)

[vanasoHbl ToKa 10wt oT4A S5wror25A 9wror2A 9wrorlA 9wrorlA

[o 2 HA® [o 2 MA [o 20 HA®) [o 20 HA®) [o 20 HA®)
PaspeLueHue no 1/250000 oT MakcMMyMa AmanasoHa
TOKY
MWHUManNbHbIN 50 nA 10 MKA 100 nA 100 nA 100 nA
peKoOMeHAyeMbIN
pabo4mnin TOK
Mpenen 4 A (0.5%) 25 A (1%) 2 A (0.5%) 1 A (0.5%) 1 A (0.5%)
[OMyCTUMONA 200 MA (0.1%) 200 MA (0.1%) 200 MA (0.1%) 200 MA (0.1%) 200 MA (0.1%)
NpUBEAEHHOW 20 MA (0.1%) 20 MA (0.1%) 20 MA (0.1%) 20 MA (0.1%) 20 MA (0.1%)

NOrpewHoCTn and
Anana3oHOB TOKa

2 MA (0.1%)
200 MKA (0.1%)
20 MKA (0.1%)
2 MKA (0.5%)
200 HA (1%)
20 HA (2%)

2 HA (4%)

2 MA (0.1%)
200 MKA (0.1%)

2 MA (0.1%)
200 MKA (0.1%)
20 MKA (0.1%)
2 MKA (0.5%)
200 HA (1%)
20 HA (2%)

2 MA (0.1%)
200 MKA (0.1%)
20 MKA (0.1%)
2 MKA (0.5%)
200 HA (1%)
20 HA (2%)

2 MA (0.1%)
200 MKA (0.1%)
20 MKA (0.1%)
2 MKA (0.5%)
200 HA (1%)
20 HA (2%)




Cucrema c6opa paHHbix (ALM, LAM)

AUN 20 6uT (bmsnyeckn 24), 4 CMHXPOHHBIX KaHana bbicTpoaencTamem 250 Iy
LUAN 20 6ut 18 6ut (nam 20 6UT ONUMOHHO)
MWHMManbHas 10/ 11 mkB® 40 / 45 mMkB (18 6uT LIAM) ¢

BbICOTa CTYMEHU B
pa3BepTKe Ha
AnanasoHe 5 B
(HOMWMHanbHoO /

10 / 11 MkB (20 6uT LAM) @

MaKCUMaJlbHO)

CkopocTb Ot 1953 po 0.001 Touek B CekyHaY

permcrpauum

[aHHbIX

Ob6bem 2 MUIJIMOHA TOYEK AaHHbIX Ha MOCTOSIHHOM TOKE A/18 AaHHbIX TOKa M NOTeHuMana,
3HeproHe3aBu- 1 MunAnoH npu ncnonb3oBaHuM Auxilary kaHanos

CUMOW MaMaTn

Auxilary Bxogbl

YHUBEpCcanbHbIl
aHanoro-unbpoBoi
nHTepdeiic

BbiBEAEH Ha NPSIMOYTO/bHbI Pa3beM MHAMBUAYASIbHO B KaXKAOM KaHane.

MmeeT 2 npuBeAeHHbIX K 3eMie aHanoroebix Bxoaa =5 B (pa3peweHue 10 MKB, conpoTueneHune

10 kKOM) Ansi CMHXPOHHOW perncTpaumm ¢ JaHHLIMM TOKa U NoTeHuuana.

NmMeeT undpoBoii MHTEpdENC ANg ynpaBieHns BHELIHUMM MoaynaMmn SmartStat.

Aucxilary Bxogbl 9X 2 Aux Bxoga HeTt aHanoroBbIx Auxilary BXOA0B 31EKTPOXUMUYECKON SSUENKM
auelnku (6-Tu 3NeKTpoMeTpa:
aNeKTpoaHas OTHOCUTENBHO
CXema) Bxoaa Ref u

OTHOCUTENbHO

Bxoga Comp

BxoaHoe 102 OM, mMeHee -
conpoTuBneHne 10 nA
Aux 3/1eKkTpoMeTpa

MMnynbCHbIE PEe)XX1Mbl

Pa3pelueHue no
BpemMeHu AL
(perncrpaums)

Ot 4 Mkc go 4096 MKC, 3a4aeTcs aBTOMaTUYECKU MO NPUOPUTETAM NOJb30BaTeNs

MaccuB AaHHbIX Ha
OOVH UMMYNbC UK
UMK pa3BepTKU

[Jo 4000 To4ek, 3aaaeTcs aBTOMaTUUYECKM MO NpUOpUTETaM Nosnb3oBaTens

Pa3pelueHue no
BpemeHu LIAN
(3apaTymk)

OT10mMkc oo 1lc

CkopocTb
pa3BepTKu
noteHunana

OT1 10 B/c no 1000 B/c

Perncrpauus cneKTpoB uMnegaHca

Tun Bo36y>xaeHus!

CuHyconaanbHbli, oHa rapMoHMKa (4acToTa) oAHOBpPEMEHHO. CTaLMOHaPHbIN UMNeaaHC

NOTEHUMOCTATUYECKU U Fra/1IbBaHOCTAaTUYECKHU

[Junana3oH yacTtoT
6e3 moayns FRA

50 kl'y, — 10 mkl'y

[wvana3oH yacTtoT
Auxilary Bxogos

50 klN'y — 10 mKIy,

TpebyeTcst BHelWwHMn SmartStat npegycmnmTens (¢ Hum 10 kMy — 10 MkMY)

PaspelLeHue no 0.01%®)

yacrore

AMnnuTyaa Awvana3oH 5 B: 0.25 mB — 250 mB
nepeMeHHoro HAwnana3oH 9 B: 0.5 MB — 450 mB
CUrHana JOunana3oH 12 B: 0.5 mB — 600 mB
MakcrMManbHas [o 20 Touek nMmnegaHca B cekyHay
CKOpOCTb

perncrpaumm
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Bo3MOXHOCTb OnumoHansbHo Het YcTaHoBeH Het OnumnoHanbHo

YCTaHOBKM BCeraa

BbICOKOYACTOTHOr0O

moayns FRA

MakcumanbHas 1.5 Ml'y, FRA He - 3 Ml'y, FRA He - 1 Ml'y, FRA He

YyacToTa perncrpupyet perncTpupyert perncrpupyet

uMnegaHca ¢ FRA kaHanbl Auxilary kaHanbl Auxilary KaHanbl Auxilary

UMnynbCHbIE 3/1eKTpoaHaIMTU4YecCKue MeToabl

Tunbl CTaHAAPTHBIX
3alNTbIX METOO0B

CBA, HMBA, ONBA, KBBA (MUHMMasbHbIN 06bEM TONIbKO HEOEXOAMMbIX HACTPOEK, UHANBUAYASIbHO
[UNS1 KakAoro MEeTo/la, BCE MakCMManbHO aBTOMaTM3NPOBaHO. BbIBOASATCS Kak UCXOAHbIE AaHHblE
TOKa, TaK U BONbTaMMNepHas KpvBasli COrnacHo BbiIbpaHHOMY MeTOAY).

MuH1ManbHas CBA, HUBA, ANBA: ogHa cTyneHbka oT 0.5 mc go 1000 c.

ANNTENBHOCTb CBA nepvoa: ot 0.5 mc (2 kI'y).

CTyNEeHbKW UK HWBA, OVBA nepwoa: ot 1 mc(1 kl'w).

yacroTa KBBA yactota: ot 1 kfy (1 Mmc) o 1 Tu (1 ¢).

MpodeccroHanbHbl | MoBTOpsieMble 1-5 CTyneHel B 0AHOM UMMNYJIbCE, KaXaasi CO CBOE aMIIMTYZION, NPUPALLEHNEM U
" ONUTENBHOCTbIO.

3MeKTpoaHanuTuye | MHaMBMAyanbHbIN BbIGOP MaTEMATUKM PErMCTPaLMM TOKa M MOTEHUMANa AN KaXkaon CTyneHu.

CKUI PEXUM

Bo3MOXXHOCTb HanoXeHust nnHelriHon passepTku oT 0.001 mMB/c no 50 B/c.
AnutenbHocTb cTynenn ot 0.5 mc go 1000 c.
MOTEHUMOCTAaTUYECKUI M FraNbBaHOCTAaTUYECKUIA PEXUM.

CkopocTb
perucrpauum
AAHHbIX

OT1 32 kl'y go 31.25 Ny B MMNYAbCHBIX 3/1IEKTPOAHANTUTUYECKNX peEXMMaXx

O6wmre XapaKTepUCTUKN

UuTepdelic MK

USB ¢ ranbBaHW4ecKol pa3Ba3Kkon

TpeboaHus k MK

P1000, Win 7, 8, 9, 10.
MuHuManbHoe paspelueHune no septukanun 900, no ropusoHtanm 1200.
PekomeHayeMoe paspelwenune ot 1920x1080 mnm Bbiwe.

A3bIk
NpOrpamMMHOro
obecrneyeHus

Pycckuin n aHrnuiickuiA, Belbupaetcs B M0

rabaputHble
pa3mepbl XLLIXB

436x261x143 MM | 458x261x143 MM | 436x261x143 MM | 436x261x143 MM | 436x261x143 MM

Macca 6e3
YMNaKoOBKM

10.7 kr 12 kr 10.5 kr 12 kr 9.4 kr

MakcrMManbHas
notpebnsemas
MOLLIHOCTb OT CEeTU
nepemMeHHoro Toka

120 Bt 400 BT 70 Bt 150 70 Bt

(1) Npu noakntoueHnn BHeLLHEro anddepeHuManbHOro Npeaycunutens SmartStat KONMYECTBO 3N1EKTPOAOB B Auelke

YBENNYMBAETCA O BOCbMU.

(2) MakcumanbHoe

nonsapusyloliee Hanps>XXeHne MOXET pa3BUTbCA MeXAy TOKOBbIMKA  3NneKTpoaaMn B

MHOro3NekTpoaHon siuelike (3 UM 6onee 3nekTpodoB). KoHTponupyetcss NpubopoM, HO He NOoJSIb30BaTENEM.

MaKcuMMarnbHOe HanpshKeHWE, KOTOPOe MOJIb30BaTEsI0 MOXHO 33JaTh M 3apermcTpyMpoBaTh MO ABYX31EKTPOAHON

CxXeMe COOTBETCTBYET HOMUHaNy Bbl6paHHOFO Anana3oHa noTeHuunana.
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(3) Konnuectso AMana3oHOB TOKa, AOCTYMHOE B KOHKPETHOM pabodeM pexume, OrpaHM4YMBaEeTCs MpPOrpaMMHO €ro
6bICTPOAEVCTBUEM.

(4) TunoBoe 3HauyeHue ans gvanasoHa 5 B coctaenset 10.25 MKB, ogHako anst KOHKPETHOro ak3emnnaspa npubopa
MOXeET 6bITb MHOE UHAMBMAYANIbHOE 3HAaYeHne, He NpeBbillatoLee MakcMManbHoe.

(5) MNporpaMMHOe OKpyrfieHWe A0 CTaHAAPTHOrO KOMMYECTBa 3HAKOB MOC/e 3ansiToM, NMPUEMSIEMOro Npuv BbiBOAE Ha

3KpaH B NporpaMMHOM obecnedeHunn SmartSoft.




4. KOMNZ1eKTHOCTb NOCTaBKM

Hwxe npvBeaeHa KOMMNEKTHOCTb 6a30BOM NMOCTaBKM NOTeHUMocTaToB SmartStat. BHelwHMe Moaynm
SmartStat npuobpeTtatotca oTaenbsHO. Moaynb 4acTOTHOro aHanusatopa FRA ycTaHaBnvMBaeTcs BHYTpM
npubopa W CHapyXu €ro HanuMumMe OTpaXxaeTcs Tosbko AobaBneHneM 6ykBbl F B cepuiiHOM HoMepe
noTeHumocTaTa. Tun LAl Takxe oTpaxkaeTca B BuAeE 3HayeHns 20 unm 18 B cepuiMHOM HOMepe.

HavnmeHoBaHne PS-50 PS-250 PS-20 PS-10-4 PS-10

MoTeHumocTaT, 1 1 1 1 1
OCHOBHOW 610K

CeTeBoM LUHYp 1 1 1 1 1
MUTaHWS

Kabenb 6 2 4 16 4
N3MEPUTENbHBIN
3KPaHMPOBAHHBII
C 32KMMOM
KpoKoAWI

Kabenb 0 2 0 0 0
N3MEPUTENbHBbIN
CUTOBOM C
KIEMMaMu

Kabenb 0 2 0 0 0
N3MepUTENbHBIN
CWNOBOW C
3a)XXMMOM
Kpokoaun

Kabenb USB 1 1 1 1 1

Kabenb 1 1 1 1 1
3a3em/ieHus-
9KpaHMpPOBaHUS

Onew nam 1 1 1 1 1
KOMMaKT ANCK C
nporpamMmMon
yrpaBneHus!,
ApaviBepamu u
[IOKyMeHTaLmeln

CeTeBol 0 1 0 0 0
crabunusaTop
[BOVHOro
npeobpa3oBaHns

PykoBoaCTBO No 1 1 1 1 1
aKCNIyaTaumm

Kopobka 1 1 1 1 1
YNnaKoBO4Had

KOMNNeKTHOCTb MOCTaBKWN M BHELLHWIA BUA NpUBopa MOryT 6biTb M3MEHEHbI NMPOV3BOAUTENEM U HE
OTpaXkeHbl B HACTOSILLIEM PYKOBOACTBE.

CepwiiHbI HOMep nNpubopa dopMmpyeTcs cneayowmM obpa3om:
AA-BB-BB-IT-A1

e AA, bb, BB — ycnosHble naeHTudukatopbl npoussoautens, ot 1 go 1000.
e [T —71nn LA, cooTBeTCTBYET paspsagHocTn 6ut: 18 nnum 20.

e [1 — Hanuuune OGbICTPOAENCTBYIOLLErO YaCTOTHOrO aHanusatopa FRA: F — Hanumume FRA, 6e3

6ykBbl — FRA He yCTaHOB/EH.
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5. PekoMmeHayeMble ycnoBus paboTbl

Mpubopbl NpeaHasHayeHbl Anst paboTbl OT CETU MEPEMEHHOMO TokKa C HanpsbkeHveM (220+10) B u

yactoTtou 50-60 'y Npu HOpManbHbIX KIMMATUYECKMX YCNIOBUSX SKCMyaTaLlmu:

TeMnepaTypa OKpY>XatoWero Bo3ayxa 20+5°C
OTHOCUTENBbHAs BNAXXHOCTb OKPY>KaKOLEro Bo3ayxa 45-80 %
ATMocdepHoe aaBneHne 86-106 kIla (645 — 795 MM pT. CT.)

He pekoMeHAyeTCs MOCTOSIHHO 3KCM/lyaTMpOBaTb MOTEHUMOCTAT Ha Mpeaene ero BO3MOXHOCTEW.
PekoMeHayeTCa OrpaHUM4YMBaTbCA TOKOBbIMM M MOLLHOCTHbIMM MapaMeTpamM Ha ypoBHe 80% OT
MaKCMManbHO AONYCTUMbIX Ansi Bawero npubopa. Takoi noaxod He CUAbHO CHM3WT 3KCMJTyaTaUMOHHbIE
BO3MOXHOCTM Npnbopa, 0AHAKO 3HAUMTENbHO NPOAIUT CPOK ero CyX6bbl. MakCMManbHbIE XapaKTePUCTUKK

B 06LeM Cny4yae paccymnTaHbl NpexXxae BCEro Ha HeAoJIrOBPEMEHHOE PEXNMbI pa6OTbI.

Takke HeobxoanMMo BHMMaTenbHoe obpalleHne C HU3KOOMHbIMKM obpasuamu npu paboTe C HUMKU B
KakoM-nnmbo MNOTEeHUMOCTaTUYeCKOM pexuMe. B Takmx ciyyasx HacToATeNlbHO — peKOMEHAyeTCs
MCNoNb30BaTb rajfibBaHOCTaTU4eCKMe pexumbl. Ecin B Bawem 3kcnepumeHTe Tpebyetcs pabota B
MOTEHLMOCTAaTUYECKOM PEXMME Ha HM3KOOMHOM obpasue — OCTaBnsnTe 3anac no TOKy. B npoTMBHOM
c/lyyae Bennka BeposiTHOCTb cpabaTbiBaHMs 3aWmMThl Npubopa No MakCUManbHOMY TOKY C MPUHYAMTENIbHOM
OCTaHOBKOW 3KCnepuMeHTa. Takxke 3TO NpaBuIo CNpaBea/IMBO U ANs rafibBaHOCTaTUUYECKMX PEXMMOB, C/n
OHW BbINOJIHAIOTCA YepeaoBaHNeM C MOTEHUMOCTAaTUYECKMMN 1 B paboTe NAaHMpPyOTCS NepekTioveHmns u3

raibBaHOCTaTU4YECKUX PEXXMMOB B MOTEHLUNOCTATUHECKUE.

Kopnyc u waccu npubopa 3neKTpUYeckn COeANHEHbI C €ro U3MEPUTENIbHON 3eMeil U CoeanHEHbI C
CMNOBbLIM 3a3eMiieHneM po3eTkun 220B. 3emns n akpaH USB mHTepdelica ranbBaHuyeckun HE coeanHeHa Hu

C OOHOW U3 3TUX 3eMeflb.

Mpu pabote ¢ ManbiMM Tokammn (MeHee 1 MA) mnu npu noboi paboTe C 3neKTpoAaMn CpaBHEHUS
WAX  MHBIMK  NOTEHUManbHbIMK  3nekTpodamMu (TpexanekTpogHas cxema wnu 6onee) o06s3aTenbHO
HeobXxoaMMO NpUMEHEHWe 3KpaHa Ans wuccnegyemoro obpasua. DKpaH Ao/mKeH OblTb 3neKTpuyecku
COEAVHEH C 3a3eMNSoWMM pasbeMoM Mpubopa (Ha nepeaHen naHenu, 3a3eM/eHne Ha 3aHen MaHenu

YCTaHOBMEHO ANs 3a3eMneHus npubopa).

Wcnonb3yiite pasgeneHve (pasHeceHME) B MPOCTPAHCTBE M3MEPUTENbHBIX Kabenei npubopa,
CWMOBbIX MPOBOAOB NUTaHMA, a Takxe kabeneit USB nHTepdeica Ans MUHUMM3ALMM aHAMOroBbIX NMOMEX B

IX siuenke, a Takxe cboeB B pabote USB-uHTepdeiica npnbopa.




6. 3anpeuieHHble ycnoBus paboTbl

HapylweHnne nioboro u3 nepevncrnieHHbIX Aanee 3anpellarowmnx TpeboBaHui NPUBOAUT K CHSATUIO
npuéopa c 6ecnnaTHoOro rapaHTUMHOrO 06CNyXMBaHUSA. [poyTeHMe 3TOro pasdena Mnosnb3oBaTeNleM,
ABNSEeTC 0053aTeNbHbIM YC/IOBUEM [N BbINOMAHEHUS NPEANpPUSTUEM W3rOTOBUTENEM TAPAHTUMHOMO

pPEMOHTa U 06CyXXNBaHUS.
3anpeluaeTtcs:

e JkcnnyaTvpoBaTb npubop BOAM3M OOBLEKTOB M YCTAHOBOK, SIBASIOWMMUCA WMCTOYHMKAMU CUSIbHOMO
TENIOBOro, CBETOBOMO, 3/IEKTPUYECKOr0 WM 3NEKTPOMAarHUTHOTO WM3MYYEHWA, BIUSIHUIO KOTOPbIX MOXET
6bITb NOABEPXKEH NpUBOp.

e [lonagaHve >naKocTy noboro TMna MAM MexaHu4Yeckux npeaMeToB (Yepe3 BeHTWISILMOHHbIE peLIETKU
W MHa4ye) BHyTpb npubopa.

e DKCMnyaTauust nNpubopa B YC/IOBUSIX MOBLILUEHHOM 3armblIEHHOCTU WKW KOPPO3MOHHOM WM XMMUYECKOW
aKTVBHOCTM OKpYXKatoLel cpesbi.

e DKCMNyaTMpoBaTb NpuBOp B YCNOBMSIX [aXe KPaTKOBPEMEHHOTO WM WUMMYMbCHOMO BO3AEWCTBUS
3NEKTPUYECKMX, INEKTPOMArHUTHbIX, MarHUTHbIX UM UHBIX MOMEX.

e [lonyckaTb HealEKBATHbIE MEXAHWMYECKME BO3AEWCTBUSI Ha NpUOOP, BCKPbIBaTb €ro, UCMob30BaTb He Mo
Ha3HayeHuto, LapanaTtb, YAapsiTb, POHSATb, YCTaHaBMBATh Ha HEYCTOMYUMBbLIE WU CbiNy4ne UK HEPOBHbIE
WAM WHblE He npeaHasHayeHHble Ans nogobHoro o6opyaoBaHUS MOBEPXHOCTM, MPUHYAUTENbHO
OCTaHaBNMBaTb BEHTUASATOPLI OXNaxaeHus npubopa.

e DKCMNyaTMpoBaTb NpUOEOP B YCMNOBUSIX, 3aTPYOHSIIOWMX [OCTYN BO3dyXa M3 OKpYy)Xatolen cpedbl K
BEHTUNATOPY 3aAHEl NaHenu u kopnycy npubopa U OTBOA Tensa 4Yepe3 BEHTUNISIUMOHHbIE OTBEPCTUS
nepeaHei NaHenn u oT Kopryca Npubopa B OKpY>KatoLLyto cpeay.

e [lpou3BoanTb Kakue-nMbo AEWCTBMS C UCCeayeMblM 06pasuoM M kabensamu MOAKMIYEHUS K HeMy
npvbopa npu BkIOYEHHOM 3nekTpoge Counter, B TOM 4uucfe Nocie 3aBepLlUeHUs 3KCNepuMeHTa C He
BbIK/TIO4YEHHbIM Counter aneKTpoaoM.

e 3anpelaercsd nogkno4vaTb K Npubopy uccnepyemble 06beKTbl aKTUBHOMO TUMA, KOTOPbIE MOMYT SABASTHCS
WCTOYHUKAMM TOKa HaMpsHKEHUS WAM  MOLLHOCTW MpPEBLIAOWMMM  MAaKCUMabHO AOMNYCTUMblE  ANs
JaHHoro npubopa.

e 3anpellaetcd nonajaHuWe Ha pasbeMbl NOAKOYEHUS 3MEKTPOAOB (M3MepuTenbHble BbIBOALI) Npubopa
Hanps>keHWsl, NMpPeBbILLAOLLErO MaKCUMasbHOE Nossipu3ytoLlee HanpsihkeHne 6onee yem Ha 20 B.

e 3anpellaeTcs Tak WM MHa4Ye MOAKYAaTb MM AOMYCKaTb KOHTAKT M3MepuTeNbHbIX BbIBOAOB npubopa ¢
APYTUMMK  3NeKTpUYeckuMn  npubopammn  (BOLTMETPbI, ocumniorpadbl, 3MNEKTPOHHbIE HArpy3ku W
WCTOYHMKWN MUTAHUS, SNMEKTPUYECKMI KOHTaKT C MeTannmMyeckon mMebesblo, CTaHKM, 3MEKTPOUHCTPYMEHT,
anekTpoobopyaoBaHWe 1nun anekTponpubopsl, nogknovaemble k cetn 220 B u T.n.).

e 3anpelyaeTcs BKIOYaTb NpubOp, HaXOAMBLUMIACA NPU MOHWXKEHHON TEMMepaType npexae, YeM oH byaet
oTorpet B paboyeM noMeLleHnn Ans NpeaoTBpaLleHns BbiNageHMsl KOHAeHcaTa.

e Pabota 6e3 3azemnenus npubopa (mo/mkHa ObITb  cunoBas 3emna  OoT  cetm  220B, nmbo

creunannsnpoBaHHas curHanbHas 3emnsa BoiBoge GND npubopa).
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MonagaHue 3MneKTPOCTAaTUUYECKUX pas3psaoB Ha Noboi curHanbHbId  BbiBOA Mpubopa OT Apyroro
060pyaoBaHUs,, CUHTETUYECKON oaexAabl, Apyroro 06opyaoBaHMst U NpMbopoB.

3anpellaeTcs ropsuyee MOAKIOYEHME N0BbIX BHELIHWX NPUOOPOB M YCTPOWCTB K MPSIMOYrOSIbHOMY
NHTepdhENCHOMY pa3beMy NoTeHUMOCTaTa Koraa OH Man 3To 060pyAoBaHME BKITHOYEHDI.

3anpelaeTca 3KcnnyaTauusi noTeHumoctata 6e3 ceTeBOro crtabunmsatopa HanpsbkeHus, ecnu 3ToT
cTrabunusaTop aBnsieTcs 06s3aTenbHbIM KOMMIOHEHTOM MOCTaBKu npubopa.

3anpeLleHo  NOoAKIYEHME  NOObIX  BHELIHWX YCTPOMCTB K  YHMBEpPCanbHOMY  WHTepdhencHOMY
MPsSIMOYroJIbHOMY pa3beMy C WMCMOJIb30BaHMEM JilobbIX Kabenen KpoMe crieumanmavMpoBaHHbIX SmartStat-
kabenen.

3anpelyaeTcs HapylwaTb Npoueaypy NPUEMKM, YCTAHOBKM W MOAK/IOYEHNS npnbopa, OnncaHHylo Janee B
HacTOosILLEM PYKOBOACTBE.

3anpewaeTtca  yCTaHOBKa W 3KCnyaTauusi obopyaoBaHmss SmartStat  HekBanudbuMuMpoBaHHbIM
NnepcoHanoM, He O3HAKOMMBLUMMCS C HacCTOSWMM pYyKOBOACTBOM MO 3KCMU/lyaTauum, a Takke C

PYKOBOACTBOM MO 3KCMJlyaTaumm NporpaMMHoro obecrnedeHmns SmartSoft.

B uensix AMarHOCTUKM, KaxkAbli KaHan noTeHuMocTaTta SmartStat coxpaHseT B cBoei namsiTu

CyMMapHoe KOMMYECTBO 3amnyckoB paboTbl Ha HeM. Takxe OH XpaHWT AaTy nepBoro 3anycka. epen

OTrpy3KOM C npeanpusiTusi M3roToButensi, oba 3TM napaMeTpa OGHYNSIOTCS B MHXXEHEPHOW BepcuM

nporpaMMHoOro obecrneyeHuss Npu  BbINOHEHUM  (DMHANBHOW  NPeanpoAaXHOM  AMarHOCTUKK.  [Mpu

BbIMOJIHEHUN OBCNY>XXMBaHUSI WM peMOHTa Mpubopa Ha MNpeanpusiTUM U3rOTOBUTENE, OHW MOTMyT ObiTb

CYHUTAHbI O6CJ'IY)KVIBaI'OLLlVIM nepcoHanoM, And yToyHeHus d)aKTMHeCKOD’I ANNTENBHOCTU U UHTEHCUBHOCTU

akcnnyaTtaumm npubopa.




7. 3awmTtHble hyHKUMM Npubopa

MNMoTeHumocTaTbl SmartStat nmeeT cneayrowme annapaTHbIE TUMbI 3aLUKAT:

e 3awuTa OT NpeBblEHNSs abCoNTHOrO BLIXOAHOMO TOKA Ha ypoBHe 110% OT MakcuMMasibHOro

pabouero Toka.

e [IByxCTyneHuaTasi 3aliMTa BXOAOB 3/IEKTPOMETPOB MPU NPEBLILEHWUN HaMpsiKeHusl He Bbonee YeM Ha

20 B OT MaKCMManbHOro BbIXOAHOMO HanpshkeHust npubopa (3almTa OT NEKTPOCTAaTUKN*).

e 3awuTa OT neperpeBa YyCcUIUTENs MOLWHOCTM noTeHunoctata PS-250. [lpy  noBbiweHuu
Temnepatypbl 6yayT ycuneHbl 060pOTbl BEHTMNSTOpPA OXxNnaXaeHws. B cnydae npeBbiweHus
MaKCMMasnbHO AOMNyCTUMOKM TemnepaTypbl, ayerka (uenb Counter-anekTpoaa) byaeT oTktouveHa Ao

AOCTUXXEHUA HpMEMJ'IEMOIZ TeMNEpPATYpbl, NOC/IE Yero I'IOJ'IFIpMBYPOLLlVIlZ TOK BK/HOUYNTCA CHOBA.

KpomMe TOro, npeaycMOTpeHbl cleaylolwme TuMbl 3alMT  Ha YPOBHE MUKPOKOHTPO/Iepa

noTeHUMNOCTaTa.

e B noTeHUMOCTAaTUYECKOM pexuMe neperpyska no TOKy Ha MNaAllMxX AvMana3oHax Toka NpuUBOAWT K
nepeksoyeHnio Ha 6onee rpy6biii Avanas3oH. Meperpyska Ha caMoM rpy6oM AuanasoHe Toka

NpMBOAUT K OCTaHOBKe paboTbl. Bpems cpabaTbiBaHus — 5 MC.

e B ranbBaHOCTaTMYECKOM pexuMme neperpyska Mo noTeHunany Ha Mnagwux AuanasoHax
noTteHumana (ecnn AvanasoHoB 60Mblie OAHOr0) MPUMBOAUT K MEPEKOYEHMI0 Ha 6onee rpybbii
Avana3oH. MNeperpyska Ha caMoM rpyboM (MM eauHCTBEHHOM) AMana3oHe NoTeHumana NnpuMBOAUT K

ocTaHoBke paboTbl. Bpemsi cpabaTtbiBaHus — 5 McC.

e 3awwuTa oT NpeEBbILLEHNA HaNpAXEHUA (I'IOTEHLWIaJ'Ia) Ana KaXXaoro aAnana3oHa noTeHuMana Kak no
N3MepAeMOMyY, TakK U MO 3aJaBa€MOMY HaMNpsa>XeHUto (I'IOTeHLI,MaJ'Iy, 3alaBaéMOMY OTHOCUTENIbHO

noteHumnana paBOMKHYTOl‘/JI Ll,eI'IM), NpnBOANUT K OCTAaHOBKE WU NpeAoTBpaLLEHUIO 3amnyCKa pa6OTbI.

e [lonb3oBaTenbckas 3awmTa no TOKYy M noTeHuuany (3agaetca 6e3onacHoe OKHO, NMpW  BbIXOAE U3
KOTOPOro NpoMCXoauT 3aBepLUeHNe Ha Bblbop - Wwara unv Bcen paboTel). Bpemsi cpabatbiBaHust — 5

MC. HacTpauBaeTtcs nonb3osaTesnieM B ynpasnsiowem [10.

e  QYHKUMS OTCNEXMBAHWUS LENTOCTHOCTU Lenu 3NeKTpoAa CpaBHEHMs MO 3aaHHOMY MOJib30BaTesieM
nepernagy noteHumana B TedeHne nHTepsana speMeru (ot 10 go 100 MC) Ang NOTOKOBbIX PEXUMOB

paboTbl (CTauMOHapHbIE, IMHENHAA U LMKIMYECKas Pa3BEPTKU, YHUBEPCASIbHbIN XPOHO-PEXKM).

*HeCcMOTpS Ha TO, YTO BO Bcex nNpubopax SmartStat nmeetcs 3awmta NOTEHUMANbHbLIX U TOKOBbIX
BXO/IOB OT 3/1EKTPOCTAaTUKU, €€ BO3MOXHOCTW OrpaHWYeHbl, 1 OHa He MOXET MpPOTMBOAENCTBOBATb

MOLLUHBbIM U 4YaCTbiM pa3psdaaaM.
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8. YcTpoiicTBO M NpUHUMN pa6oTbi
ITOT pasfen /nydylle BCEro YvTaTb OT Hayana A0 KOHUA, [aXe eCnM KOHKPETHbI ab3al He
OTHOCUTCA K Ballelt Mogenu SmartStat. OH HanucaH HauMHasi C caMol NPOCToi Moaenu, YHKLUMM KOTOPOW
€CTb BO BCEX ApyrMx npubopax W fanee onucaHue AOMOSHAETCS YacTHbIMM 0COB6eHHOCTsMM 6ornee

CNOXHbIX MoZeneun.

Bce noteHumocTaTbl SmartStat MMeloT CXOXYH0 KOHCTPYKUMIO. Y HUX OAMHaKOBble KOpryca, nnarhbl
YyMNpaBneHns, a Takke OAHOTUMHbIE 3NEKTPOMETPLI NOTEHUKMaNna 1 Toka. [NnaBHble pa3nuuunsa 3aknioyarTcs

B yCUnnuTenax MOLWHOCTUN U BHYTpeHHelZ KOHCTPYKUUN.

O6wmM ana Bcex Moaeneil ABNMSETCS MPUMEHEHWE COBPEMEHHOMN BbICOKOTOYHOM CUMCTEMbI c6opa
AaHHbIX Ha ocHoBe ALM paspsigHoCTbio 20 6UT. GaKTUYecKu B YNpaBsioWEM MOAY/e KaXAoro KaHana
YCTaHaB/IMBAETCS YeTblpexkaHanbHbii ALIM paspsaHocTbio 24 6UT. Ho BBMAY OTCYTCTBUS HEO6XOAMMOCTU B
YeTbIpeEX MMAAWMX pa3psdax, a TakKe ANS MOBbIWEHWS ObICTPOAEUCTBUS CUCTEMbI C60pa [AaHHbIX, 3TW
pa3psiabl He 06pabaTbiBAlOTCA M MOMb30BATENIO BbIBOAATCA AdHHblE pa3psaHOCTbio 20 6uT. Bce Momenu
SmartStat npoekTMpoBanncb TakuM 06pa3oM, 4TOGbI WX LUIYMOBbIE XapaKTEPUCTMKM B MOSHOM Mepe

COOTBETCTBOBA/N 3TON PaspsiAHOCTY.

Ha Bbibop nonb3oBatens npubop MoxeT 6biTb ykoMmnnekToBaH LA paspsaHocTbio 20 nnn 18 6ur.
Bbicokas paspsgHocTb 20 6UT MO3BOMSET CMHTE3VMPOBATL Y/bTPA/IMHENHYIO pa3BepTKy NOTeHUMana C
o4yeHb ManbiM waroM B 10 MKB Ha AvanasoHax noTeHuuana 5 B. 370 no3BonseT obonTuch 6e3 y3na
aHasIoroBoW pa3BepTKM MOTEHUMana, B TOM YMCIE M Ha YNbTPaHM3KMX CKOPOCTSIX BMoTb A0 1 MkB/c. B
COYETaHMM C Masioll LWYMHOCTbIO UM BbICOKOW YCTOMYMBOCTBIO BCEX Moaenel SmartStat 310 nossonsier

PErMCTpnUpOBaTb BbICOKOKAQYECTBEHHBLIE BOJ/IbTAaMMNEPHbLIE KPUBBLIE AaXXe B CaMbIX CJTOXHbIX 3KCNEPUMEHTAX.

Hanbonee npoctas mMoaenb PS-10 MMeET YeTbIpeEXNPOBOAHOE MOAK/IOYEHME K 3NEKTPOXMMUYECKOM
sueike (puc. 1A). Ectb aBa TokoBbix BxoAa Work u Counter, a Takxke ABa noteHumanbHbix Comp u Ref.
Llenb mn3mepeHuss Toka R3, coctosiwass m3 Habopa ynpaBnsieMblX 3TASIOHHbIX PE3MCTOPOB HAxXOAUTCS B
HUMXKHEN uenu BbiBoAa Work u COeaMHSIET ero C CUMrHanbHOW 3emnei. MageHne noTeHuuana Ha 3TOM
3TafIOHHOM MarasuHe NPOMOPLMOHANbHO TOKY, TeKylleMy uepe3 sdeirky. OHO M3MepsieTcs C MOMOLLbIO
addepeHumansHoro ycunutenss AY-I u nogaetca Ha BXoA YeTblpexkaHanbHoro ALM.  Cxoxxuii
anddepeHumansHbii yeunutens [Y-E ucnonb3yetcs Ans M3MEpeHUs PasHOCTM MOTEHUMANOB Mexay
noteHumanbHbiMM Bxogamu Ref — Comp, HO 6e3 3TanoHHOro MarasvHa. Bxoabl anddepeHumanbHbIX
ycunuTenen B obenx Lensix siBNASIOTCA 3/1EKTPOMETPUYECKMMM C MasiblM TOKOM (Ha CXeMe He nokasaHbl). C
YyCUIMTENS MOLLHOCTU YM MoNnspu3yoWmMii TOK UM HanpshXeHne nodaeTcst Ha TOKoBbIM BbiBog Counter. B
€ro uenu YCTaHOBMEH KOMMYTaTOp SIYEMKM Ha OCHOBE 3/IEKTPOMArHWTHOrO pene. [lonosHUTEeNbHas
6bICTPOAENCTBYIOWAs LienNb KOMMyTaLUMK Ha OCHoBe TpaH3auctopoB MOSFET ycTaHoBneHa B Moaensx PS-50
n PS-250. Bo Bcex Moaensix kpome PS-250 ans 3neKTpoxXMMMYECKOro MHTepdeica UCnonb3yTcs Kpyrible
BNC pa3beMbl C 3KpaHMpoOBaHMEeM. ToOKOBble BbIBOAbI MOTeHuMocTaTa PS-250 BbINOMNHEHbI HA KpPYribIxX

CUNTOBBLIX pa3bEMax C HESKPaHNPOBaHHbIMK NpOBOAAMM.
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Puc. 1. YnpouieHHas 6nok-cxeMa noteHumoctatoB SmartStat mogenei PS-250, PS-20, PS-10, ogHoro
kaHana PS-10-4.

MOMMMO OMMCaHHbLIX Bbille BXOAOB 3/1EKTPOXMMMYECKOrO WHTepdelnca, Ha nepeaHen naHenu
Kakaoro npubopa umeetcss npsiMoyrofibHbii DSUB pa3beM Ans noaknioveHust BHELWHUX YCTPOMCTB. Ha
Hero BbiBeAeH UMdPOBOM NocneaoBaTeNbHbIA MHTEPdENC ANs NOAKIYEHMST BHELWWHUX Moaynen SmartStat,
uenb MUTAHWSA AN HUX, @ TaKXKe [ABa aHa/loroBblX BXOAA. JTW aHasorosble BXOAbl WMCMOMNb3YHOTCA
BHELWHMMKN MoaynsaMm SmartStat, a Takxke AOCTyrHblI Nosb3oBaTento, Kak Bxoabl AL, CMHXpPOHHbIE C
A3aHHbIMM TOKa W noTeHuuwana. CMHXPOHHOCTb O3HAYaeT OAHOBPEMEHHYIO MO BPEMEHW perncTpauuio C
TOYKaMW [aHHbIX TOKa W MNOTeHuMana, a Takke Ty Xe CaMyl CKOPOCTb perncrpauun OaHHbIX.
Monb3oBaTtesnb NoMyyaeT 4 KOMOHKM [AaHHbIX — BPEMS, TOK, HanpsbkeHne Bxoda Auxl, Aux2, Korda B
ynpasnstoweM N0 SmartSoft BkntoueHbl Bxoabl Aux. MoxHO paboTatb M 6e3 HMX, OTKIUYMB Aux BXOAbl.
Bxoabl Aux1 n Aux2, BbiBEAEHHbIE HA NPSMOYTOJibHbIN pa3beM, UMEKOT BXOAHOE conpoTmeieHne 10 KOM u
N3MEpSIOT HaMNpsHKEHWE OTHOCUTENbHO CUrHanbHOM 3emnu npubopa. Mo3ToMy KX Henb3d MoAKIYaTb K
3/IEKTPOXMMMYECKON AYerKe HanpsiMyto. OHM Hy)XXHbl ANS MOAKIOYEHWUSI @aHANOrOBbIX BbIXOAOB APYrux
npubopoB (anddepeHumansHbI  31eKTpoMeTp unM 6unoTeHumocTaT SmartStat, mMoaynb KBapueBOro

MUKpobanaHca Apyrux nNpov3BOAUTENEN U UHbIE).

YeTbipexkaHanbHbIn noTeHunocTat PS-10-4 coctout u3 yeTblpex kaHanos npubopa PS-10 n 6noka
KOMMyTaummn ansa Hux. bnarogapsi aToMy, ogHoKaHanbHbIM npubop PS-10, npu Heo6xoaMMOCTM MOXET 6biTb

AOYKOMMNEKTOBAH A0 YETbIPEXKAHAJIbHOIO np|/|6opa, €C/In B HEM HE YCTaHOBJEH BbICOKOYACTOTHbIN MoAay b
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FRA. Bce u4eTblpe KaHana WMelOT o6WMn cunoBod 670K NUTAHMS U MO 3TON MNPUUMHE HE UMEIoT
MoKaHa/bHOW ranbBaHMYEeCKON pa3Bsi3ku (pabouve 3neKkTpoAbl BCEX KaHanoB CBSi3aHbl C 0b6Llen 3emnen
yepe3s TOKOM3MepUTeNbHble pe3ncTopbl R3> Ha puc. 1). BeBuay [OCTAaTOMHO MIOTHOM BHYTPEHHEN
KOHCTPYKLIMN MHOrOKaHasnbHOro noteHumnoctata PS-10-4, yCTaHOBUTb B HEro MOAy/M BbICOKOYACTOTHOMO
n3mepeHnss nmneaaHca FRA HeBO3MOXHO. Takxke WX YCTaHOBKA He MNpeayCMOTPeHa WM KOHCTPYKLMEWN
npubopa PS-250.

BblCOKOYACTOTHbIV MoTeHUMocTaT PS-20 MMeeT yCTpPOMCTBO, NPUHLMMMANBHO TAaKoe XKe, Kak MoAesb
PS-10. Pa3HMUa 3aKNOYaETCA B MHOM CXEMOTEXHMKE YCUNIUTENS MOLUHOCTM, paboTarowero ¢ 60nbmM
TOKOM TOKOSl, YTO HEOBXOAMMO ANsl aHaNoroBoro GeicTpoaencTeus u Tpebyet 6onee KpynHbI paavaTop
OXNTAXKAEHUS M MPUHUMNUANIBHO WMHOM KOMMOHOBKW. TakKe B HEM TMPUMEHSIIOTCS OOHWU W3 Jy4lUuX,
CYLLECTBYIOWUMX HaA CErOAHAWHWMA AeHb ObICTPOAENCTBYIOWMX SNIEKTPOMETPUYECKUX  OMEPALMOHHbBIX
ycunutene. W3-3a HUX, BHEWHWMA Moaynb AuddepeHuManbHblx ycunutenein ana moaenn PS-20
OT/INYAETCS OT aHANOMMYHOro MOAYNs, NpeaHa3HayeHHoOro ANs OCTanbHbIX npubopoB. Mogenb PS-20
Co37aBanacb CneumnanbHO ANs PerMcTpaumnm BbICOKOYACTOTHbBIX CMEKTPOB UMMeAaHca, NO3TOMY OHa He JaeT
HUKaKMX MNpeuMMyLlecTB MO CpaBHEHMIO C APYrMMM MOAeNsiMK, M3-3a 4ero He nocraeBnsierca 6e3
BbICOKOYACTOTHOrO Moaynsi umneaaHca FRA. HecMoTps Ha ONTMMM3auMIO BCEM CXEMOTEXHWKM oA
aHanoroBoe ObICTPOAENCTBME, 3STOT MNPUOOP MOXET KOPPEKTHO CMNPaBAATbLCS M C  KNACCUYECKUMM
XXMAKOCTHBIMU U MHbIMUK 3adadamMu, He TpebytowmmMmn beicTpoaencTaus. OcTanbHbIM MoAeNsIM OH ByaeT npw
3TOM YCTynaTb TOMbKO B MaKCMManbHOM MONsipusytoweM HanpsbkeHun. Cxema paboTbl ¢ Aux BXodamu Ta

e, 4Tto y Mmogenn PS-10.

MoLLHbIN noTeHumocTaT PS-250 oTnMyaeTcs oT Apyrux MoAenen TeM, YTO MMEET HECMMMETPUYHOE
CUNOBOE MUTaHME. 3TO HeobX0AMMO AN CHUXKEHWUS MOLLHOCTW, paccenBaeMol ycunuTenem npu paboTe c
XMMWUYECKMMN UCTOYHMKAMM TOKa. B MONOXUTENbHOM MONSIPHOCTM MakcMMalbHbI TOK paboTocrnocobeH
BNIOTb [0 MaKCMMyMa CTapllero AuanasoHa MoTeHumana. B oTpuuaTenbHOM >xe MOoASpHOCTM  OH
rapaHTMpPOBAHO pa3BMBAETCA TONMLKO A0 HanpsbkeHus -500 MB (MoxeT go ewe 6onee oTpuuaTesibHbIX
3HayeHu B npepenax 1 B, HO 3TO He rapaHTupyeTcs). MOMHbIN pa3Max OTPULATENBHOMO HAMPSHXKEHUS
obecneunBaeTcs TONMbLKO Npy Tokax Ao 1 A no abcontoTHOMY 3HayeHuto. MoaToMy npu noaktoyeHnn XUT,
HeobxoanMMo cneanTb 3a NONSPHOCTLIO. [oTeHuuanbl Ans 3TOro perncTpupyroTcs CUMMETPUYHO B 06eunx
nonspHocTax. Ecnu xe 3agaya CToOMT TONbKO B nonspusaumn obpasua (MM CHATUKM Harpy304HbIX KPUBbIX)
npu Tokax B npeaenax +1 A, TO NOTEHUMOCTAT MOXET CYATATbCA CUMMETPUYHBLIM. MakCMManbHbIA TOK Npu
MaKCMMasibHO OTPULATENIbHOM HaMpsXXeHMM MOXET Pa3BUBaTLCH KPAaTKOBPEMEHHO B KOPOTKMUX MO BPEMEHU
nMnynbcax (B MMNYNbCHbIX pexuMax W uHoraa B wMmnegdaHce). [loTeHumoctat PS-250 sBnsertcs
€OVHCTBEHHbIM, BbIMOIHEHHLIM HA MMMY/bCHBIX CUIOBbLIX 6710Kax MWUTaHWS, MO3TOMY MOCTaBASETCS B
KOMMeKTe C CeTeBbIM CTabnnmMsaTtopoM Ans 3awwmTbl 3TUX 6/0KOB NUTAHMSA OT OMACHbLIX CKaYKOB CETEBOro

HanpsbkeHusi. CxeMa paboTbl ¢ Aux BXoAaMM Ta Xe, YTo Y Moaenu PS-10.
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Puc. 2. YnpoueHHas 6nok-cxema noteHumocTtata PS-50.

MoTeHumocTaT PS-50 sBnsieTcs Hambonee CNoXHbIM U3-3a LIECTUINIEKTPOAHOM CXEMbI NMOAKIOYEHUS
K uccnegyemoMmy obpasuy. MNMommMmo Bcex y3noB 6onee MpoCTbIX MOAENEW, Ha €ro nepegHen naHenwu
[AOMOSIHUTENBLHO BblBEAEHbI ABa AHANOroBbIX KPyrnbiX padbema Auxl n Aux2. Y HUX MMEIOTCA Takue Xxe
3NEeKTPOMETPbI, Kak M Ha Bxodax Ref m Comp, a Takxke K HUM MOAKIIOYEHbl ABa AnddepeHumanbHbIX
(BblumTaroWwmx) yeunutens Y-A1l, KoTopbi BbiBOAMT Ha AL pasHuUy noTeHUuanoB Mexay Bxogammn Auxi
n Ref, n 1y-A2, obpabatbiBatownii pasHuuy mexxay Comp 1 Aux2. B caMoM npocTtoM cnydae nosib3oBaTesib
MOXET OTK/IOYUTb B YNpaBnsiolen nporpaMmme Aux BXoAbl M paboTaTb MO OObIMHOWM YeTbipexnpoBOAHON
cxeme. Ecnm ke wMeeTcs  YeTblpexaneKkTpoaHas sA4veiika, TO AuxX BXOAbl MOXHO COeAVMHUTb C
COOTBETCTBYIOLIMMM MM TOKOBbIMW BblBOAAMM, B 3TOM C/lydae Ha 3MEKTPOXMMUYECKOM SUENKe Mony4mTCs
YeTbIpeXaNEeKTPoAHas CxeMa, HO nNpubop CMOXET perncTpupoBaTb TPU pasHuUbl noTeHumanos Auxl-Ref,
Ref-Comp, Comp-Aux2. To ecTb, B 06wWeM cry4yae MOXHO OAHOBPEMEHHO perncTpupoBatb Tpu
pa3faeneHHble NOoNsipU3aunoHHbIE KPMBLIE ANS KaXAoro M3 3n1eKTpPoaoB M obbemMa anekTponuTa. To xe
caMoe OTHOCMTCA M K CnekTpaMm uMmnedaHca. B MOMHOUEHHOM  LEeCTMINEKTPOAHOM  CXeMe

npeaycMaTpmBaeTCca 4 JJIEKTPOAA CpaBHEHWUA, KaXkabll Ans  CBOEro MOTEHLMANbHOro SJIEKTPOAA.
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MoTeHUManbHble 3M1eKTPOAbl MOXKHO MOAK0YaTb M MHOTUMK Apyrumu cnocobamu. Hanpumep, Comp u Ref
06beaANHATL C TOKOBbIMM (HanmpuMep, 4TO6bl PErncTpUpoBaTb B OCHOBHbIX AaHHbIX MOTEHUMana
HanNpsHKEHWE Ha BCEM UCCNEAYEMOM aKKyMyNiSITOPE), Kak B 0ObIYHON ABYX3MEKTPOAHON cxeMe, a Aux BXOZbl
NOAK/IOUYMTL K MOTEHUMANbHbIM 3MeKTpoaaM (M perucTpupoBaTh Ha HWMX CBOWCTBA IPaHWUL, 3NeKTpoa-

SNIEKTPONUT ANgd KaXaoro m3 3J'IeKTpOﬂOB).

HezaBucMMo OT  noakntodeHuss  Aux  snekTtpogoB, obpaTHass CBA3b MO HamMpsKEHUIO
(NOTEHUMOCTATUYECKMI  peXMM) Bceraa M3MepsieT W ctabunusupyeT (oTpabaTbiBaeT 3aaaBaeMyto
NPOrpaMMHO NoOSb30BaTeNeEM) pa3HuLy MOTEHUMANoB MeXay OCHOBHbIMM MOTeHUManbHbIMKM BXxoaamun Ref n

Comp. Aux >e BXoAbl CNy>XaT TOSIbKO AN151 U3MEPEHUS.

Y noteHumoctata PS-50, Kak u y ApyrMx Mmoaenen, MMeeTcs aHanoro-umdpoBon uHTepdenc Ha
NPsIMOYrofibHOM pa3beMe U YCTPOeH OH TOYHO Tak >e. PasHuua 3aknovaeTcs TO/IbKO B TOM, YTO ANS
npuéopa PS-50 B ynpaBnsiowen nporpaMMe Mofnb3oBaTeNb BblbMpaeT — BbIBECTU M 2 U3
COOTBETCTBYHOLWMX BX0A0B AL Ha npsiMoyronbHbIi MHTEPdENCHBbIN pa3beM (Bxoabl ALM Al' n A2'), nnn Ha

anddepeHumanbHble Aux 3N1EKTPOMETPbI 3IEKTPOXMMUYECKOro MHTepdeica (Bxoabl ALIM Al n A2).

Mpy Mcnonb3oBaHMK Aux BXOZOB 3N1EKTPOXMMMYECKOro MHTepdelica noteHumocTaTa PS-50, MOXHO
perucTpupoBaTb He TOJIbKO MOCTOSAHHOTOKOBbIE [AaHHble, HO M CMeKTpbl uMnegaHca. [lporpamMMHoe
obecrieyeHne npu 3TOM BbIBEAET W COXpPaHUT Tpu rogorpada uMmnesaHca. AHaNOrMyHyo QYHKUMIO
nony4atoT BCE MOTEHUMOCTaTbl MPU WUCMOMb30BaHUWM BHeWwHero AnddepeHumanbHOro AByXKaHaNbHOMO
ycunutens. PasHuua npy ero Mcronb30BaHWMM 3aKNo4aeTcsl B TOM, YTO OyAeT CHUMXXEH BEPXHWMI YaCTOTHbIN
npeaen. Takxe, BTOPOM KaXaoro M3 AByx AuddepeHumanbHbiX BXOAOB He OByaeT npuBsisaH K 6a30BblM
noTeHumanbHbiM BXxoaaM Ref n Comp (kak B cnyyae PS-50). TO eCTb KONMYECTBO 3M1EKTPOAOB MpU 3TOM
6ynetr 8. [Ons 6onee noapobHoM MHdOpMaumMu obpaTUTecb K  PYKOBOACTBY — 3KCryaTauuu

AvddepeHumanbHOro aneKTpoMeTpa.

NS MCnonb30BaHUS aHANOrOBbIX BXOZAOB MPSIMOYrOSIbHOrO pas3beMa YHMBEPCasbHOro uHTepdeiica
MOXKHO OTAENbHO MpuobpecT koMnnekT SmartStat kabeneit ¢ akpaHMpoBaHHbIMM BNC-pasbemMamun ans
NOAK/OYEHNS APYrMX NpuOOpOB, a TakXke C pa3beMaMy TUMa KPOKOAWA ANs MOAK/YEHWUS MPOCTbIX
BHELUHMX AaTYMKOB. loak/oYeHre K MHTEPdENCHOMY MPSIMOYrofbHOMY pas3beMy obbIX YCTPOWUCTB (Kak

SmartStat, Tak 1 MHbIX) AONYCTUMO TONbKO NpuY nomolum SmartStat kabenei.

Moaynb 6bICTPOAENCTBYIOWEr0 4YaCTOTHOMO aHanu3aTopa FRA MoxeT ObiTb YCTaHOBNEH B
noteHumoctat PS-50, PS-10 1 Bcerpa yctaHoBneH B PS-20. Ero ¢yHKUMS CBOAUTCA K MOBbILEHWIO
BEPXHEro npegena 4acTOTHOroO AuarnasoHa M3MepeHus wMneaaHca. B ynpasnsoweM nporpaMMHOM
obecneyeHmn nonb3oBaTenb BbIOMpaeT, Nonb30BaTbCsd M Moaynem FRA wnu HeT ans cnegyouwero

OKCNEPUMEHTA.
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Puc. 3. BHelwHui BUA noTteHumMocTaToB SmartStat. 1 — pa3beMbl NOAKIOYEHUS 3NEKTPOXMMUYECKOM
AYENKM, 2 — NPSAMOYro/bHbIN MHTEPdENCHBIM pa3beM, 3 — TyMbep BKIIOYEHNS C UHAMKAUMEN NUTaHKS, 4
— pa3beM Ans NOAK/IOYEHNS 3KpaHa suelkK, 5 — pasbeM noaknoveHust kabens nutanus 220 B, 6 — rHesao
npeaoxpaHnTens, 7 — rHe3ao 3a3eMeHns 3a4Hein naHenun, 8 — BEHTUIATOP oxNaXaeHus, 9 — pa3beM

noakntoyeHusa kabens USB.
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9. NMpuemMka, ycTaHOBKa U noAK/oueHue npubopa

MoTteHumocTtaTbl SmartStat He TpebyloT npoBeAeHUs MNYyCKOHANAAO4YHbIX PaboT MM MHbIX

CreumanvM3mMpoBaHHbIX MEPONPUSTUI ANs 3anycka B paboTy.

Mpy NpueMke nNpubopa cHauana Hy>XHo 06s3aTeNlbHO AaTb €My Pa3MOPO3UTLCS B CllyYae, eciv OH
HaXOAWCS UM TPAHCMOPTUPOBASICS NPU MOHMKEHHOM TeMnepaType. ITo TpebyeTcs AN NpeaoTBpaLleHns
BbiMaZeHUs KOHAEeHcaTa. [Ns 3TOro NoTeHUMOCTaT AO/KeH 6biTb BblAep)aH B paboyeM MOMELLeHUU He

MeHE LecCTn 4acos.

[anee uenecoobpasHO NPOW3BECTU BHELIHWI OCMOTP nNpubopa — CBEPUTb CEPUMHBLIA HOMEpP B
nmacnopTe W Ha Kopnyce npubopa, ybeauTbCs B OTCYTCTBUM BHELIHUX MOBPEXAEHUM K3-3a

TPAHCMNOPTUPOBKMY.
3aTeM HeobX0AMMO CBEPUTb KOMMEKTHOCTb MOCTaBKM.

MNMocne 3Toro MoOXHO yCTaHOBUTL NpUHOpP Ha TBEpAY NOBEPXHOCTb paboyero Mecta ¢ cobnogeHnem

PEKOMEHAYEMbIX YC/TOBUIN paboTbl 6e3 HapyLEeHNs 3anpeLLeHHbIX YCTOBUM.

[anee Hy>XHO MOAKOYUTL MPUBOP K MEpCOHANbLHOMY KOMMbIOTEPY U ceTu nuTaHus 220 B. Mpwu
3TOM HeobXxoAMMO CnefoBaTh CleaywmMM pekoMeHaaumnam (B NPOTUBHOM Crlydae HafeXHOCTb paboThbl He

rapaHTupyeTcs):

e USB kabenb noakntoyeHns npubopa K KOMMbOTEPY HEO6XOAMMO PacnonoXuTb MaKCUManbHO YAaneHHO
OT kabenen nutaHus cetn 220B. HM B KOeM cny4yae He nepenneTanTe 3Tn Kabenu.

¢ lMcnonb3oBaHne xopowero USB kabens u xopowee coctosHue USB pasbeMoB npubopa n KoMMboTepa
obecneumBaloT MakCcMManbHyto 3amty USB mHTepdeica ot nomex. MNoctapaiTech cneauTb 3a TeM,
4yTo6bl USB pasbeM npubopa He pacwaTtbiBancs. OBbIYHO 3TO MPOUCXOAUT OT YacTbIX MEPEKTHOHEHMI
Kabens 1 BegeT K noTepe HaAeXHOCTU KOHTAKTa 3KpaHa Kabensi.

e [lpn HeobxoammocTn mucnonb3oBaHus USB xabos, pa3seTBuTenen u Apyrx noaobHbIX YCTPOMCTB, a
Takke 3aMeHbl USB kabens, noxanyincra, UCnonb3ynTe KayecTBeHHoe obopyaoBaHue, nocTapanTech
n3beratb [JelEBbIX M3AENMA U COMHUTENbHLIX Mpou3BOAUTENEN. PekoMeHAyeTcs WCnoNb30BaTh
npocdeccmoHansHoe USB obopyaosaHue.

e [locTapaiitecb He paboTaTb Ha KOMMbIOTEpe C APYrMMW MporpaMMaMu Bo Bpemsi paboTbl npubopa.

Kpa|7|He XenaTenbHo, 4TOObI KOMMbIOTEP N €ro onepaunoHHasa CUCremMa 661 B XOpOLUEM COCTOAHUMN.

[anee HeobXoAMMO YCTAaHOBUTb MNpOrpaMMHOE obecrieyeHue W apaliBepa. [ns 3TOro HyXHO

BbINOJIHUTb CreayoLmne AeNCTBUS:

e [oakniounTte nawW-anck  (3arpy3ute KOMNakT AWCK) W3  KOMMJeKTauuu npubopa K paboyemy
KOMMbIOTEPY.
o CkonupyiiTe cogepxumoe aucka (nanka SmartSoft) B xxenaemMoe MecTo Ha XeCcTkoM aucke Bawero MK,

XenaTtenbHo, yTOObI nyTb K 3TOW narnke He coaepiKan pycckux GYKB N 6bIN KaKk MOXHO KOpou4e, nydue
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BCEro B KOPEHb XeCTKOro Avcka. He ncnonb3yinte nanku Program Files n vHble, co3aaHHble CMCTEMOW
ANS ee Hyxa.

e [oaknounte Baw npnbop K KOMNbIOTEPY M BKOYMTE ero.

e [lpy NpaBWNbLHO YCTAHOBMEHHbLIX ApaviBepax Npubop Ao/mkeH onpeaensteca B cnuncke USB ycTpoicTs

pabouero MK kak FTD2xxDevice nnun kak USB Serial Converter unm nHbeiM CXoXum o6pa3om.

Mpv NepBOM NoaKtouYeHnn Npubopa, CKopee Bcero, NoTpebyeTcs YCTaHOBUTL ApaiiBepa K npubopy.

OHu HaxopaaTca B nanke Drivers.

Ecnu npu BkoyeHMM npubopa onepaumoHHasi CUCTEMA CaMa He OTKPOET MacTep YCTaHOBKU
ApariBepa, TO ero HeobxoauMo 3anyCcTUTb B AUCTIETYEPE YCTPOMCTB Baliero komnbioTepa. [ns 3Toro, B
cnmcke USB yCTpoWCTB (MM B KOHTPOJINIEPAX YHUBEPCANIbHOM MOCNEA0BaTENbHOW LUMHBI) HY>XHO BblI6paTb
YCTPOMCTBO, KOTOPOE MOSIBNIIETCA B MOMEHT BKJIOYEHUS Mpubopa. [lanee Hy)XHO 3alTu B ero CBOMCTBA U

yCTaHOBUTb (NepeycTaHoBUTb, 0OHOBUTb) ApanBep.

B nosBMBLUEMCA MacTepe YCTaHOBKM ApariBepa, HeobxoaMMO BblibpaTb YCTAHOBKY M3 yKa3aHHOMO
mecta (HE u3 wHTepHeTa). Cneaysl yka3aHWsM MacTepa, YCTaHoBuTe apavieep u3 nanku Drivers\CDM
2.08.24 WHQL Certified (ans atoro Heobxoammo 6yaeT Ha OAHOM M3 3TaNOB YCTAHOBKM BblbpaTb 3Ty Manky
ncnonb3yst kHonky O630p wnnM noAobHyio, B 3aBUCMMOCTM OT TWMa OMNepPaLMOHHOM cucTembl). PaboTa

Apyroro apamneepa (aaxxe bonee nosgHen AaTthl) HE rapaHTUPYETCSI.

Mocne ycnewHon yCTaHOBKM ApaliBEPOB, MOXHO 3anyCTUTb YNpaBAsioLWyo nporpaMmy SmartSoft. B
Hell HeobxoaMMo ByaeT noakIuMTLCS K npubopy. Ha 3ToM 3Tane uenecoobpasHo CBEpPUTb CEPUMNHBIN

HOMeEpP NOAKMHOYEHHOIo NOTEHUMOCTATa C HOMEPOM Ha €ro Kopnyce.

[lanee MOXHO BbINOSIHATL AaBTOMAaTMYECKYtO NpoBepKy. OHa 3aHMMaeT MeHee 30 cekyHA U BblBeAET
pe3ynbTaT aBTOMaTMYeCKOM AmMarHoCcTukKU. Ee uenecoobpas3Ho 3amyckaTb KaXablM pas, Korga BO3HMKaloT
NOAO3PEHMS HAa HEMCNPABHOCTb Npubopa. B rapaHTUIHLIN OTAen npov3BoauTens npubopa MMEeeT CMbICH

06pallaTbCa C pesynbLTaToOM 3TOW NPOBEPKMK.

Mocne ycnewHoro BbINOJIHEHMSI aBTOMATMYECKOM MPOBEPKM, NMPOrpaMMHOE obecrieyeHne MOXKHO

3aKpbiTb, MPMOOP BbLIKOYNTL, @ MPUEMKY CUMTaTb 3aBEPLUEHHON.

[anee HeobxoAMMO NPUCTYNUTb K OCBOEHMIO MNpubopa, AN Yero CHavana Hy>XHO MpouYnUTaTb
HacTosILLee PyKOBOACTBO MO 3KCrJlyaTaumu, 3aTeM PyKOBOACTBO K MPOrpaMMHOMY obecrneyeHuio, 1 nocne
3TOro onpoboBaTb MHTEPECYIOLME MOSIb30BaTENs NPOLEAYpbl Ha 3KBUBANEHTaX WM 3NEKTPOXUMUYECKON

ayemnke.
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10. NMoaxknoueHne 3/1IeKTPOXMMHUYECKON AUYEeKN

B Hambonee npoctoM cnyyae nobol M3 noTeHUMocTaToB SmartStat ncnonb3yer TpaaWUMOHHYHO
YeTbIPEXNPOBOAHYO CXEMY MOAK/IOYEHUS SNTEKTPOXUMUYECKON SIUENKM, KOTOpPas MOXET MMETb OT ABYX A0
yeTblipex a1eKTpoAoB. Tokosble nposoaa Counter n Work Bceraa noakao4aloTCs K ABYM TOKOBbIM BbiBOAAM
auelikn  (uccnegyemoro obbekTa, o6pasua). B 3aBMCMMOCTM OT TOro, Kak 6yayT noAKItoYeHsb
noTeHumanbHble Bxoabl Ref 1 Comp - K TOKOBbIM BbIBOAAM WW K 3M1EKTPOAAM CpaBHEHUS, NOYy4YMTCs Ta
WM MHas CXeMa sYerkn — 2, 3 WM YeTbipexanekTpoaHas. B MOTEHUMOCTaTMYECKOM peXnMe BO BCEX
cnyyasx npubop ctabunmsmpyet noteHuman anekTpoga Comp oTHOCMTENbHO anekTpoaa Ref (kacatenbHo
CUCTEMbI 3HAKOB HAMPSDKEHUIN, MONOXUTENIbHOMY HAMPSHXKEHMIO-NOTEHUMANY NPU 3TOM COOTBETCTBYET

NONOXXMUTENbHbIN TOK).

B ABYyX M TpexanekTpoAHbIX CXemax, NoTeHuuasnbHble NPOBOAA, HE MMeloLWMe CBOMX 3M1EKTPOAOB
CPaBHEHUS, CAYXaT AN KOMMNEeHcauuyM napasuTHOro nageHus noTeHuMana Ha U3MepuTeNbHbIX NPoBOAAX
TOKOBbIX 3/1eKTPOAOB, K KOTOPbIM OHWU NoAktodeHbl. MoatoMy, npu paboTe ¢ 6onbwmnmmn Tokammn (6onee 1A)
Ba)XXHO MOAK/IIOYATb COOTBETCTBYHOLMIA MOTEHLUMANBbHBIN NPOBOA HE HAa KPOKOAW/T TOKOBOMO 3/1€KTPOAa, a

Ha CaM TOKOBbIV 3/1EKTPOA.

Counter Ref Comp Work

AE nsm
b B
Counter Ref Comp Work Counter Ref Comp  Work
AE nzm AE nzm

Puc. 4. TpaLI,VILI,VIOHHbIe CXEMbI NMOAKTIOHYEHNUA INEKTPOXUMUNYECKUX AYEEK, C YETLIPEXMPOBOAHBIM

noaknoveHneM: A — aByxanektpoaHas, b — TpexanektpoaHas, B — yeTbipexanekTpoaHas.

LLlecTnpoBoaHas cxeMa MOoAK/IYEHNS AAET ropa3ao 60nblue BO3MOXHOCTEN, HO 6onee CroXHa.
Bo Bcex cnyyasx u3MepaioTcs TPU PasHOCTU MOTEHLIMANOB, MEX/Y YETbIPbMS MOTEHLMANIbHBIMUA BXOAAMM
MOTEHUMOCTATa, a TaKKe OAWH TOK, TEKYWM CKBO3b BCIO SAYeiiky. Konmyectso BapuaHTOB
LIECTUNPOBOAHOrO MOAK/IOYEHNS AOCTAaTOYHO BE/IMKO, HAa puUC. 5 [Janee nokasaHbl HEKOTOpble U3

npUMepoB.
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A B

Counter Auxl Ref Comp Aux2 Work  Counter Ref Auxl Aux2 Comp  Work

AEA1 § AE usm | AEA2 AEA1 AEA2
AE nzm
B I
Counter Auxl Ref Comp Aux2 Work Counter Auxl Ref Comp Aux2 Work
AEA1 § AE usm | AEA2 AEA1 AE uzm

Puc. 5. HekoTopble 13 WeCcTUNPOBOAHBLIX CXEM NOAK/IOYEHUS. A — YeTbipexanekTpoaHas cxema, b —
WHBEPTMPOBAHHAs YeTbIpexasiekTpoaHasa cxeMa, B — wectnanektpogHas cxema. I — TpexanekTpoaHas

CXeMa C perucrpauven nosnsipusaumm BCnoMoraTeslbHOro 3neKTpoaa.

YetBeptas cxema (puc. 5 ) peMoHcTpupyeT paboTy LWeCTUINEKTPOAHOro mnoTeHumMocTaTta C
TPEX3NEKTPOAHON suelikon. MNepBbit Aux BXOA4 NMpY 3TOM CNYXWUT AN permcTpauum nageHus noteHumnana
(v wvMnegaHca) BcroMoraTeNbHOro anekTpoga. OMMYECKMM  COMPOTMBIIEHWEM SIYEMKM NPU  3TOM
npeHebperatoT (OHO AO/MKHO 6bITb Mano, Kak HampuMep, B JIMTUEBBIX SiUEMKax, MHa4Ye NOHaaobuTcs elle
OAMH 3NEKTPOA CpaBHeHMst U anddepeHuManbHbIl BONLTMETP, obecneumBatolmnii  8-MUINEKTPOAHYHO

cxeMy). Btopoit Aux KaHan npu 3TOM He UCMOMb3YETCS.

MoTeHumocTaTbl SmartStat MoryT pabotaTb CO BCEMM OMMCAHHLIMKM B 3TOM pasgene TUnamm syeek
KaK MOCTOSAHHOTOKOBbLIMW METOAaMu, TaK W UMMYNbCHbIMKM, @ TaKXe METOAOM 3/1IEKTPOXUMUYECKOrO
nMnegaHca. WcknodeHne COCTaBASKOT TOMbKO WUMMY/bCHbIE  3MeKTpoaHanutuyeckme Metoabl  (Kak
CTaHAAPTHbIE, TaK U NPOeCCMOHanbHbIE) — B HUX AuX BXOAbl HE MOryT 6bITb MCNOMbL30BaHbI (OrpaHUYeHne
BBEAEHO paM MNOMYYEHUS MaKCMMasbHOro O6blCTPOAENCTBMS OCHOBHOMO MOTOKA [aHHbIX ToKa W
noteHumana). Takxke Aux BXoAbl HE WCMONb3yTCA B TeX Cay4yasix, Koraa perucrpauusi CnekTpos
nMnegaHca BedeTCs He Npu NOMOLUM BCTPOEHHOrO0 B MOTEHUMOCTAT BbICOKOTOYHOro ALM, a npu nomoLum

6bIcTpoaencTBytoLero moayns FRA.
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11. Pa6orta c nporpaMMHbIM o6ecneyeHnem

MoTeHumocTaTbl SmartStat paboTaloT noA ynpasneHueM Crneumanmn3MpoBaHHOMO MPOrpaMMHOro
obecneyeHnss SmartSoft. 310 nporpamMMHOe obecrieveHune CIyXuT AN CO34aHWUS U KOHMUIYpPUpPOBaHUS
3KCMNepUMEHTaNbHOM paboyeir nporpamMmbl, 3anycka paboTbl, OTOBpaXKeHWs,, MpocMOTpPa W NEepPBUYHON
aBTOMATMYECKOM 06paboTKM 3KCMEPUMEHTaNbHbIX AaHHbIX. [lpyu 3anycke nonb3oBaTenieM paboTbl, B
npubop 3arpyXxaetcsa co34aHHas Ha 3TOT MOMeHT paboyas nporpaMMma, MOMHOCTbIO CTUpaeTcs
SHEeproHe3aBUCMMas MaMsiTb AaHHbIX. TakXKe B HEro 3arpy»atTcsl HACTPOMKM MOSb30BaTENbCKUX 3aLUWT,
BBEAEHHbIE MONb30BATENEM CBOMCTBA 0bpasua M Ha3BaHME 3KCrepuMeHTa. ocne 3Toro ynpaenstoLlas

nporpamMmma faeT npuéopy KOMaHAay 3anyCcTuTb paboTy.

Mpubop cam cneauT 3a BbINOSHEHMEM 3arpy>XeHHOM B Hero pabodyeli MporpamMMbl. YnpasnstoLlas
nporpamMMa onpaLmBaeT NpuMbop ¢ HeO6X0AMMON NEPUOANYHOCTBIO M OTOBPAXKAET ero Tekyllee COCTOSIHUE.,

Mpu 3TOM OHA HUKAK HE BNNSIET U HE BMELLUMBAETCS B BbIMNO/IHEHME paboyelt NporpamMMbl.

B ynpaBnsitowen nporpaMmme B /1060 MOMEHT MOXHO OTK/IOYMTbL Mpubop OT KoMmnbtoTepa. lpu
3TOM Npubop NPoAoC/MHKUT paboTy 6e3 Hero. [lanee MOXHO, HanpuMep, NOAKIOYUTL K NporpamMe Apyrom
nMeroLwmncs Npnbop 1 NpoBecTn HeobxoauMble MaHWMNYAsUMKM C HUM. pyn HeobxoauMocTW, B npouecce
paboTbl Npubopa, MOXHO HEOrPaHWYEHHOE YMCIIO pa3 MOAKYATLCS K HEMY M OTK/OYATbCH OT Hero B
yrnpaBnsiowen nporpamme. ITO HUKAK He OTPasuTCsS Ha BbINOSHEHMM paboyelt nporpamMmbl. Ha ogHoM
KOMMbIOTEPE MOXHO 3amnyckaTb HECKOSIbKO MpUOOpOB, KaXabl1 M3 CBOEro 3K3eMmnsipa MporpaMMHOro
obecneyeHusi, YCTaHOB/IEHHOIO B OTAENbHYIO Nanky (ecnu 3anyckaTb paboTy M3 OAHOM KOMUWM MPOrpaMMbl,
3anyLeHHOW HECKONbKO pas, To ByayT npoucxoauTb oWKnbku B daiinax, Hanpumep, byaeT He Bceraa sicHo,

Kakas paboTa Ha caMoM [ene 3anyckaeTcs).

MoTeHumocTaTbl SmartStat WMeOT 3HEpProHe3aBMCMMYIO MaMATb A1 XPaHEeHWs  BCeX
3aperncTpMpoBaHHbIX AaHHbIX. Kaxaas HoBasi TOYKa AaHHbIX Cpasy ke (MKCUMpYeTcs B 3TOW MaMsITW.
YaaneHa oHa OTTyAa MOXET ObiTb TONbKO MpW 3amycke HOBOM paboTbl, KOrAa NpOMCXOAUT CTUpaHWe BCen
NamaTV JaHHbIX. 3Ta NamMaTb UCMONb3YETCA Kak 6ydep 1 No3BONSET COXPaHUTb BCE 3KCNEPUMEHTasbHble
AblHe B cny4yae oTktoveHns nutanHus 220 B. B npouecce paboTbl, nporpaMMHoe obecneyeHne SmartSoft
3arpykaeT 3TW [aHHble U3 SHEProHe3aBWCMMOW MaMSITU B peanbHOM BpPeMeHW (B HEKOTOPbIX Cryyasx
MOXXET HEMHOro OTCTaBaTb, HanNpuUMep, B CKOPOCTHbIX MMMYJbCHbIX pexxumax). Npu 3aseplieHnn paboThbl,
BCE [aHHble OKa3blBalOTCS 3arpyXeHHbIMM Ha paboumin KomnbiloTep B nporpammy SmartSoft u
aBTOMATMYECKN COXpPaHEHbl Ha XXECTKMM AMCK KOMMblOTepa B 3apaHee BblbpaHHyl0 Monb3oBaTeneM nanky
noa 3apaHee BbiOpaHHbIM Ha3BaHweM. [lpu Heo6X0AMMOCTM, MONb30BaTe/lb MOXET B J1O60M MOMEHT

BKJTIOYNTb I'IpM60p N 3arpy3nTb U3 HEro B nporpamMmmy SmartSoft nocnegnne 3apPeErncCTpupoBaHHbIE AaHHbIE.

MoapobHoe onucaHve ¢YHKUMM W BO3MOXHOCTEM MNPOrpaMMHOro obecnedyeHns SmartSoft

npuBeaeHoO B OTAENIbHOM PYKOBOACTBE MO 3KCrjtyataunu.
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12. Oco6eHHOCTN U3MepeHunsa uMneagaHca

Bce noteHumocTatbl SmartStat oTkannMbpoBaHbl NO NepeMeHHOMY TOKY B pacyeTe Ha TOo, YTO MX
n3MepuTenbHbIE NPOBOAA NPW 3TOM 6bIIM pacnonoXeHsl NpsMo (6e3 n3rnbos, MOBOPOTOB B CTPOHY M TM) U
HaXOAWIMCb MaKCUMarnbHO 6IM3KO ApYr K Apyry. HapyLlueHue 3Tux yCroBuiA MOXET MPUBECTU K UCKAXKEHWUIO

CMEKTPOB MMneaaHca Ha 4YacTtoTax, 61M3KKX K npeaenbHO-BbICOKUM.

MoHATUE npeaesbHO-BbICOKasi 4acToTa He 0653aTenbHO SBNSETCa O/IM3KOM K MakCUMasibHOW
pabouei yacTtoTe, obecrneymBaemMon NpUGOPOM Mo AOKyMeHTauMn. MakcuManbHas YactoTa ¢ moaynem FRA
y ntoboro noteHuMocTaTa obecrneunBaeTcs B pailoHe uMnedaHca 50 OM (NoC MUHYC oaHa Aekada, Wu
4yTb 60sblie). Janblue TOYHOCTb M3MEPEHUS!, NPU OTKJIOHEHUM OT 3TOr0 3HAYEHMS MMNedaHca, y Noboro
npubopa HauMHaeT NafaTb MPOMOPLMOHANIbHO OTKIOHEHWMIO. pU BbICOKMX 3HAYEHWSIX MMMNedaHca, 3TOo
CBSI3aHO C MApasUTHOWM EMKOCTbIO BXOAOB M BHYTPEHHUX Lienei npuéopa, a npy HU3KKUX, C aHANOrMYHbIMU
WHAOYKTUBHOCTAMU. SNIMMUHMPOBATb MM MOJSIHOCTBIO OTKA/IMGpPOBaTb 3TU MOrPELHOCTU HEBO3MOXKHO.
MO3TOMY M CYLLECTBYIOT YC/IOBUS M PEKOMEHAALMN NO TPAacCUPOBKE U3MEPUTENbHBIX NMPOBOAOB (a Takxke

Apyrve TpeboBaHWs 1 OrpaHNYeHus], onncaHHble aanee). CUTyaumio NOsSICHAET ceaytollas Anarpamma:

2%

1 0 1 2 3 4 5 6 7
Log(F), 'y,

Puc. 6. lnarpaMma TOYHOCTM n3MepeHns uMneaaHca (accuracy plot) ans noteHumMocTaTa-ranbBaHoCTaTa

PS-20 (npomep B MHXEHEPHOM pexuMe Ao 5 MIu).

Takum 06pas3oM, Ans UMMNeaaHCcoB HWxke aoneit OMa, NpeaenbHO BbICOKOW YacToTol ByAeT yxe He
HECKO/IbKO Merarepl, a HEeCKOJSIbKO AECATKOB Kunorepi. MIMEHHO Mo3TOMy, HAaCTpOWKM MOTEHUMOCTaTa He
AAl0T U3MEpsTb CMEKTPbl UMMeAaHca OT MaKCuManbHOW Ans mMoayns FRA 4acToTbl, NpU UCMO/b30BaHUM

caMoro I'DY6OFO AOnana3oHa TOKa, a TakKXXe Npu TOHKMX AUana30HaX TOKa (a CaMbl€ TOHKME AMana3oHbl U
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BOBCE HE AOCTYMHblI MONb30BATENMO B KA4YE€ECTBE CTAPTOBbLIX, WX MNOAKMKOYAET TOJIbKO CaM I'IpVI60|3 npu

HeobxoanMocCTw).

Ons o6ecneyeHnss MaKCMMaJIbHOMW TOYHOCTM MW3MEpeHUs Heo6X0AMMO KOPPEKTHO
Bbl6MpaTb CTApTOBbIM AManNa3oH TOKa-COMPOTUBJIEHMA. B Ha3BaHuM KaXaoro pauanasoHa
yKa3aHO 3HayeHue LeHTpanbHOoro Ans Hero (Hauwbonee TOYHO M3MepsieMOro) Moayns
uMneaaHca. B npouecce nsMepeHusi Npubop MOXET CaAMOCTOATENbHO BbibpaTb 6onee noaxoaswmn
JIMana3oH ToKa B CTOPOHY 6osiee HU3KMX TOKOB (M 6OMbLUMX MUMMEAAHCOB), €C/IM BK/IIOYEH aBTOMATUYECKUI
AMAna30oH TOKa; UM B CTOPOHY 60MblUMX TOKOB (M MEHbLUMX MMMNEeAAHCOB) NpW neperpyske rno TOKY Wiu
MOAY/MIO WMMMeAaHCa YXXe HEe3aBMCMMO OT HacTpoeK Mosfb3oBaTens. He CTouMT nbiTaTbCa 3anyckaTtb
9KCMEepUMEHT Ha BbICOKOYACTOTHOM Auana3oHe, MpW HamnpuMep, OYeHb HU3KUMX MOAYNSX WUMNedaHca
nccneayemoro o6bekTa, BHe (HUXE) cuHen obnactu puc. 6. Mpubop He ByaeT coOXpaHsTh Takne AaHHble, a
ecnn ux byaet 6onee 10 yactoT (TOYek), TO OH MOSIHOCTbIO MPEKPATUT TakoW 3KCMEPUMEHT WU BblAacT
coobuieHne 06 ownbke. AHANOrMYHO, HEBO3MOXHO C XOPOLUEN TOYHOCTbIO M3MEPUTb O4YEHb BbICOKMM

MMMNeAaHC Ha BbICOKOM YacToTe (Hanpumep, 1 MOM Ha 1 MIu, Bbilwe cuHeln obnacTtn).

BepxHui HaknoOH cuHel obnact Ha puc. 6 cooTBeTcTBYeT eMkocTM 1-3 nd. EMKOCTHas e
COCTaBNSAWAa [aXe CaMblX BbICOKOYACTOTHbIX TBEPAOTENbHbIX 3NEKTPOXMMUYECKMX S4YeeK Bbllle B
HECKONbKO [ecATKOB pa3 (B TOM 4MCNe W WX reoMeTpuyeckasl €eMKOCTb). [lo3ToMy, kakoin 6bl
BbICOKOMMMEAAHCHBIA  3NTIEKTPOXUMUYECKMI 0bpa3el; He 6bin BblibpaH, OH npakTuyeckn co 100%
BEPOSITHOCTbIO MOMAZAET B CMHIOW 06/1aCTb KOPPEKTHOM paboTbl npubopa, Ha puc. 6. Ecnv HeobxoaMmo
3aperncTpmMpoBaTb CMeKTP BbICOKOOMHOro obpasua, obnaaatollero 3aMeTHOW reoOMETPUYECKON EMKOCTbIO,
TO CTOMT 3anyCTuTb W3MepeHMe Ha [Auanas3oHe TOKa, COOTBeTCTByowero wumnegaHcam 100 OM. OH
MO3BOMUT MPONMCaTb MEOMETPUYECKYID E€MKOCTb Ha BbICOKMX YacToTaxX (OT MakCMManbHOW NacnopTHOM
YyacToTbl Npubopa). Mpy 3TOM HY>XHO BKIIOYMTb aBTOMATUYECKUWA AMana3oH TOka M Toraa, No Mepe pocTa
nMrnegaHca Ha HU3KUX JactoTax, npubop cam noakmouuT 60nee HWU3KOYACTOTHbIE BbICOKOOMHbIE
AManasoHbl, 4Tobbl M3MepuTb 60nbluMe MMNeaaHChbl, Npu HeobxXxoauMOCTW BNIOTb 4O MMraoM U BbIWeE.

MoaobHble N3MEPEHNA obs3aTensHo HY>XXHO BbIMO/IHATb B 3KPaHeE.

[ns obecrieyeHnst MUHMMAsbHbIX OMUYECKMX MCKaXXEHWUI, npu paboTe C HUM3KMUMU MMNedaHCaMu
(MeHee 1 OmM), obsizaTenbHO TpebyeTca YeTblpexToveyHoe MOoAKIKYeHMe uccneayeMmoro obbekta. OHO
O3HAYaeT, 4YTO Ha W3MEPUTENbHOM fAYelke [AOMKHbl ObiTb pa3AenbHble TOYKM ANS  MOAKIYEHUS
NOTEHUMANbHbIX M TOKOBbIX 3aXMMOB Mpubopa. 3axumbl TMNa Kpokoaun HUM B KOEM Ciyyae Henb3s
3aKpennaTb  Apyr Ha Apyra. YeTblpexTtoyeyHoe MOoAK/YEHME  MO3BONSIET  CKOMMEHCUPOBaTb
COMPOTMB/IEHNSI KOHTAKTOB, KOTOPOE MOXET A0OXOAWUTb A0 3HayeHuh 0.1 OM M BHOCMTb OYeHb Gonblune

NckaxxeHnst Npu 6onbwmx Tokax (100 MB npu Toke yxxe B 1 A).

Mpu paboTe ¢ BbiCOKMMK MMneaaHcamu (Bobie 1 KOM) HeobxoanMo m3beraTb NApasUTHLIX EMKOCTEN
MeXxay BCEMU M3MepuTeSibHbIMU BbiBOAAMM npubopa. Takxke, HeobXo0aAMMO MUHUMU3NPOBATbL UX EMKOCTU Ha

sKpaHupylolme uenu. lNocnegHee  0O6CTOATENBCTBO  OCOGEHHO  BaXKHO.  B3auMMHble  eMKOCTU
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HEJKPaHMPOBaHHbIX 4YacTel kabenel (MMM UX  YOASIMHEHWIA, HanpuMep, MPOSIOXKEHHbIX BHYTPU
HarpeBaTeNlbHbIX  Mevell M TepMocTaToB) APYr Ha [pyra OT4acTM MOXHO 6yAeT CKOoMMneHCMpoBaTb
3aBbILIEHHbIM 3HAUYEHMEM T€OMETPUYECKON EMKOCTM 3NMEKTPOXMMUYECKOW SUENKM Ha 3Tane obpaboTku.

EMKOCTb e 3Tux Lenen Ha 3eMnto (Ha 3KpaH) CKOMMEHCUPOBaTh HEBO3MOXHO.

NMpaBunbHO HenpaBunbHo HenpaBunbHO

I )
COMP REF  COMP - REF  WORK - g CNTR
WORK : q CNTR compP : REF

WORK CNTR

Puc. 7. MpuMepbl NpUeMEMbIX 1 OLIMOOYHBIX NOAKMOUYEHNIN HU3KOOMHBIX SiMEEK NMpU OTCYTCTBUM

pa3aenbHbIX TEPMUHANOB AJ1d CMNOBbLIX N NOTEHLUWAIbHbBIX 3/1EKTPOO0B.

06s3aTeNnbHO NPUMEHSITE aKKypaTHOE 3KPaHUPOBaHWE, OHO He 0653aTeNbHO TONbKO Npu paboTe ¢
HU3KUMM uMnepaHcamm (MeHee 10 OM, peub 06 MMNedaHCax Ha BCEX WMHTEPECYIOWMX 4acToTaX, B TOM
yucrne U Ha HUBKKMX), HaMPUMEP XMMUYECKMX  MCTOYHMKOB TOKa. Bo Bcex oOCTanbHbIX Cly4yasix

SKpaHNpoOBaHNE ABNAETCA obs3aTeNbHbIM.

MoTeHumocTaTbl SmartStat no3BoNsAlOT M3MepATb MMMNEAAHC Kak C MOMOLLbD COBCTBEHHOMO
BbICOKOTOYHOro AL, Tak M C MNOMOLbLIO BbICOKOYACTOTHOrO ™moayna FRA. B ToM cnydae, ecnu
nosib3oBaTeslb BK/OUMA Ucnonb3oBaHne FRA, nepekntoyeHne Ha BHYTpeHHu ALLM ¢ nepexoaoM Ha HU3Kue
YacToTbl NMPU WX [OOCTMXKEHMW PA3BEPTKOM YaCTOTbl, MPOUCXOAUT aBTOMATMYECKM M HE3aMETHO ANS
nonb3oBaTens. BkntouyeHne FRA B nporpamMe, TOMbKO pacLUMPSIET YacTOTHbIM AMana3oH BBepx (M
oTkNtovaeT Aux-Bxoabl). MNpu pabote ¢ HUM mnun 6e3 Hero, B pe3ynbTaTte paboTbl BCerga nosay4vyaeTcs OauH
LeNbHbIN CMEKTP, KOTOPbIM C HUM MOXET 6biTb B AMana3oHe 4acToT OT, HanpuMmep, Merarepua, Ao

mMunnurepua.
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13. NapaHTHiiHbIE 065A3aTeNbCTBa

M3rotoBUTENL rapaHTUpPyeT COOTBETCTBME NpubOpa TEXHUYECKMM  XapaKTepucTMkaM npwu
cobnoaeHnn notpebuTeneM npaBun 3KCyaTauuu, TPaHCMOPTUPOBAHMSI U XPaHEHUS, YCTAHOBNIEHHbIM B

HACTOSILLEM PYKOBOACTBE MO 3KCMyaTaumu.
FapaHTUIHBIN CPOK 3KCNyaTaumum — 24 Mecsua oT AaTbl Npoaaxu npubopa.

Cpok FapaHTMl‘aHOFO PEMOHTa onpenenaeTcd CteNneHbo HEUCNPaBHOCTU an6opa N MOXET A0XO0AUTb

[0 20 pabounx aHen 6e3 yyeta BpeMEHU JOCTaBKM.

FapaHTUiHblE 006s13aTENBCTBA HE BKJIKOYAOT B ceba ycTpaHeHMe NpobneM HEKOPPEKTHOW paboTsl C

npu6opoM (HecooTBETCTBYIOLWIME TPE6OBAHUAM HACTOSILLErO PyKOBOACTBA).

nOTDGGMTeﬂb NNLIAaETCA npaBa Ha FapaHTVIlZHOE 06CJ'IY)KMBaHVIe N PEMOHT B CNeAYOLWKNX CnydasX:

e [PV HapylleHun TpeboBaHUW, KOTOPbIE MpWBEAEHbl B pa3adene 6 3anpelleHHbIX YCIoBui paboTbl, B

HacCTosLWEM pYKOBOACTBE,

e [PV HapyLUeHWUN NpaBua 3KCnyaTaummn, TPaHCNOPTUPOBaHUS U XpaHeHus, Mep 6e3onacHoCcTy paboTbl €

npmnbopowm;

e Mpu HecobnoaeHUn 06s3aTeNbHbIX Mep NPefOCTOPOXHOCTEN M TPeboBaHUI Kacatolmxcs paboTbl C

npu6opoM, NPUBEAEHHBIX B HACTOSILLIEM PYKOBOACTBE;
e npu paboTe C NpUGOPOM B HEAOKYMEHTUPOBAHHbIX PEXMMAX;
e [PV HEMpaBU/IbHOW YCTAHOBKE MW NOAKIOYEHUN Npubopa;
e MpW NpeBbILEHNM JONYCTUMOKN paboyeli TeMnepaTypbl, NeEpPerpese u T.n.;

e [PpU Hannymn BHELWHNX U BHYTPEHHUX MEXaHNYECKUX I'IOBpe)K.D,EHVIl\;I: LuapannH, BMATUH, I'IOBpG)KﬂGHVIVI

pa3beMoB, CIEA0B yAapOB W ApYrvX NOCNEACTBUIM HEKOPPEKTHOM aKCniyaTaumy npubopa;

e MpU HApYLUEHWWN LENOCTHOCTM MIIOM6, NPU3HAKOB BCKPLITUS U PEMOHTa Npubopa HeyrnoTHOMOYEHHbBIMU

nnuamu,;

e TMpU HaIMuMU TOBPEXAEHWUW, MONYYEHHbIX B pe3ynbTaTe aBapui, BO3AEWCTBUS OrHS, Braru,

HaCeKOoMbIX, MblIN NN NonagaHna BHYTPb KOpPMNyCa NOCTOPOHHUX NMpeAMETOB.

FapaHTUMHOE W nocnerapaHTUMHOE 06CNyXNBaHME nNpubopa OCYLIECTBASETCS MPeanpUATUEM

N3roTOBUTENIEM.

BecnnatHoe rapaHTWUiMHOE O06CNY>XMBaHWE W PEMOHT Mpubopa OCYLLECTBASIOTCS TOMbKO B TOM
Cnyyae, ecnv nosb3oBaTeNb O3HAKOMWIICS C pasgenoM 6 HacTosilero pPyKOBOACTBA O 3anpeLleHHbIX

ycnosusx paboTtbl npubopa.




14. CBepeHuns o cepTudmkaummn

MoTeHUMoCTaTbl-ranbBaHoCTaThl PS BHeceHbl B lOCyaapCTBeHHbIM Peectp CpeacTtB M3MepeHwi
Poccuitckont depepaunn (Focpeectp CU PO) noa pervcrpaumoHHbiIM HomepoMm 88875-23. MeTtoauvka

nosepkn MIM-HNL3-161-22, MeXXNOBEPOYHbIN MHTEPBAN COCTABNSET 2 roaa.

Takoke npubopbl cepTuduumnposaHbl nNo cucteme ceptndmkaumm MOCT P. CepTudukaT COOTBETCTBUSA
N2 POCC RU.04CCHO0.01934.

Ha npubop wuMmeloTCa AeknapaumMn COOTBETCTBMS, COMMIACHO KOTOpPbIM OH  COOTBETCTBYET
TpeboBanmnam TP TC 004/2011 “O 6e30nacHOCTM HM3KOBOSILTHOrO 060pyaoBaHus”, a Takxke TpeboBaHMAM
TP TC 020/2011 "2nekTpoMarHMTHasi COBMECTUMOCTb TEXHUYECKNX cpeacTB”. CornacHo nM, Takxke, Nnpubop
cootBetcTByeT NOCT 22261-94 “CpeactBa M3MEpPEHUSI INEKTPUYECKUX M MArHUTHbIX BenuumH. Obuime

TeXHU4Yeckne ycnosus”.

Konmu cepTudmKaToB NpUBEAEHbI Ha CleayoWwmMX CTpaHMLAX.
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®EAEPAJIBHOE ATEHTCTBO
Nno TEXHUWYECKOMY PEINYNMPOBAHWUIO N METPOITOIUKA

CEPTUDUKAT

06 yTBEpXAEHUN TMNA CPeacTB U3MEPEHWIA
Ne 88875-23

Cpok feicTBuA yTBepxKaeHus Tuna ao 20 anpenst 2028 r.

HAMMEHOBAHUWE U OBO3HAYEHUE TUMA CPELCTB N3MEPEHWI
MoTteHunocTaTbl-ranbBaHocTaTel PS

N3rOTOBUTENb
MHaueuayansHeIA NnpeanpuHuMatens ActacdbeBa KOnusa AHgpeeBHa
(UN AcradbeBa HOnua AHapeeBHa). MockoBckasa obn., r. YepHoronoeka

NMPABOOBNAOATENNDb
WMHanenagyansHeId npeanpuHumarens ActacgbeBa KOnua AngpeesHa
(UN Acradbesa FOnua AHapeesHa). MockoBckas o6n., r. YepHoronoBka

KOO MOEHTU®UKALIMU NMPOM3BOACTBA
ocC

AOKYMEHT HA NMOBEPKY
MM-HULD-161-22

MHTEPBAN MEXXOQY NOBEPKAMW 2 rona

Tun cpeacTB W3MepeHVA yTBepXKAEH npvkasom PenepanbHOro areHTCTBa MO TEXHUYECKOMY
perynupoeaHuio U meTponoruv ot 20 anpens 2023 r. N 880.

{ e,
MNoANWHHNK 3NEKTPOHHOMD QOKYMEHTa, nogrucadHoro 3,
XPAHWTES 8 CUCTEME 3MEKTPOHHOTO AOKYMEHTOOBOpOTa
defepantHOE areHTCTED N0 TEXHWYECKOMY DEMY/THPOBAHUID W

3amectuTtens PykosoguTtensa MeTpanarin, E.P JlazapeHko

CBEAEHWA O CEPTU®WKATE 3r1

Ceprudurar: 646070CB8580659469A85B8F6D1B138C0
KoMy BelgaH: flasapeHko EBreHuii Pycnakosuy
Leitctentenen: ¢ 20.12.2022 go 14.03.2024

«27» anpena 2023 r.




HJOBPOBOJbHAA CEPTU®URAIINA MPOJAYRIIUU

CEPTNMO®UKAT COOTBETCTBUA

No POCC.RU.04CCH0.01934

,.:‘:'4; Y CpOK ACHCTBUS € 31.08.2022 mo  30.08.2025
S Ne 02972

OPTAH ITO CEPTUOUKALINNA

OBmecTea ¢ OrpaHHYEHHON OTBETCTBEHHOCTHIO "MexnyHapoaHblit cranmapt”, 127030, POCCHHI, ropox Mockea, ymuna
HogocnoGonckas, fom 20, stax 2, nomemerue I, xomHara 15, opuc 88x, Tenedon: 179055740063, Azipec 3eKTpOHHOM
TNOYTHI: gost-st@mail.ru

PerucrpammonHsiii Homep arrecrara akkpenuraunn: POCC RU.32509.04CCH0.0C01

ITPOAYKLIA .
[ToTeHmMoOCTaTH-TABBAHOCTATE: THII PS.
CepuiiHbIii BBITyCK
26.51.43

COOTBETCTBYET TPEBOBAHUAM HOPMATHUBHBIX AOKYMEHTOB

Ilponyxuus nsrotornena s coorserctaum ¢ TY 26.51.43-002-0119244659-2022 kop TH BOA
ToTeHmMocTaTEI-ranbBaHOCTATEL: THIT PS St s0nt

M3TOTOBUTEAD

MnameunyanbHei npempraEMaTens Acragsesa FOmas Arsipeena. Anpec: Poccns, Mockosckas obnacts,
142432, ropon YepHoronoska, CriopTHBHELH 6-p, 4. 9, k8. 73, MIHH 503121608441, OT'PHHII 3175053000531 54.
Tenedon: +7(495) 720 31 57. AZpec 3NeKTPOHHOM NOYTE: sales@potentiostat.ru

CEPTU®UKAT BBIAAH

MupuBunyansHeni npempranvarens Acrapresa FOmis Aunpeesna. Anpec: Poccus, MockoBcKas obnacrs,
142432, ropox YepHoromnoska, CnoprueHsiit 6-p, 1. 9, ks. 73, UHH 503 121608441, OT'PHMII 317505300053154.
Tenedon: +7(495) 720 31 57. AJzpec 3MeKTPOHHOM IIOYTHL: sales@potentiostat.ru

HA OCHOBAHUU

Iporokona uemerranuit Ne 12781-MC-2022 ot 31.08.2022 roza, BeimanHOro McnsraremsHoi naboparopueii «MexayHapoaHEH CTaBaapT»

Ob1miecTBa ¢ OrpaHHHEHHON OTBETCTBEHHOCTEIO «MesxayHapoHEIH cTaHmapT» (perucTpannonHEI HOMep aTTecTara akkpeauranuu POCC
RU.32509.04CCHO0.1JI01 ) :

AOIIOAHUTEABHASI THO®OPMAIIUA

Cpox cityxG5l, ycioBust XpaHeHus u TPAHCTIOPTHPOBAHNA COIVIACHO TeXHHYECKOH H IKCILTYaTALMOHHOMN JOKYMEHTALMH
H3TOTOBHTSAN PEEn

EEPANHOHHEIA HOMEp JeKiapalun cooteeTcTeus: EASC N RU J-RU.PA06.B.01660/22.

: E.H. Curnukor
WYKOBOAUTEAb OPraa ... — [/ _ e e
i o, Mdd vHUUvan.l, pami
ZU ) A_J1. YepHBIneBckuii

BRI VHULMaNs, pamunus

Cepmugpuram wne npumenaemca npu 0bszamensiol cepmugurayuu

AD <DNUMOM:, Mocraa. 2022, 8~ T3 Nz 524.
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EBPA3UNCKUA 3KOHOMUYECKUN COKO3
OEKNAPALIUSA O COOTBETCTBUM

3asiBuTesb VHIMBUIyanbHbIH NpeanpuHuMatens ActagpbeBa FOnus AHnopeeBHa

MecTo KUTeNbCTBA M apec MecTa OCYIIEeCTBIeHUS AesTenbHOCTH: 142432, Poccns, MockoBckas 001acTh, TOPOL
YepHorososka, 6-p CriopTHBHBIH, oM 9, kBapTupa 73

OCHOBHO# rocyIapCTBEHHbIH PerHCTPALMOHHbIN HOMEp HHAMBHIYIbHOTO npeanpuHuMaTens 317505300053154.
Tenedon: +74957203157 Anpec >1eKTpOHHO# NouTHL: sales@potentiostat.ru

3asiBasieT, uTo [Ipudops! snekrpousmeputenbHbie: [loTeHUHOCTaThI-rabBaHOCTaTh! THIT PS. Monenu: PS-50, PS-250,
PS-20, PS-10, PS-10-4. Toprosas mapka SmartStat.

HsroToBuTens MHauBuIyanbHblil peanpuHumarens Acradoesa FOmus AngpeeBHa

MecTo KUTEIBCTBA U aPeC MECTa OCYLUECTBIICHUS ACATENBHOCTH MO M3rOTOBJICHHIO NMpoayKuuu: 142432, Poccus,
MockoBckas 06nacts, ropon YepHoronoska, 6-p CiopTusHsIi, 1oM 9, kBapTupa 73 IIpomykims U3rotosieHa B
coorBetcTBUM ¢ TY 26.51.43-002-0119244659-2022 IloTeHUMOCTaThI-raJIbBAHOCTATHI: THII PS".

Kox TH BOJT EADC: 9030310000

CepuitHblii BBIITYCK

COOTBETCTBYET TPeGOBAHHSIM

Texnuaeckoro persamenta TamoxxeHHOTo coro3a "O Ge30macHoCTH HU3KOBOABTHOTO obopynosanusa” (TP TC 004/2011)
TexHuueckoro peraMenTa TaMOKEHHOTO cO103a "DIEKTPOMarHUTHas COBMECTUMOCTh TexHUueckux cpencts" (TP TC
020/2011)

Jexnapauusi 0 COOTBETCTBHH NPHHATA HA OCHOBAHHH

IMpotokona ucneitanuii Ne PT/22-3577 ot 23.08.2022 ropa, BeianHoro McneltaTenbHoit 1abopatopueit "Onement"
(peructpaunoHHbI HOMep aTtectara akkpeautaimu RU.RU.MJIOSPT)

CxeMma IeKIapUpoBaHHs COOTBETCTBHSA: 11

JononuurteabHasi HHGoOpMaLHs

Cpok cityK0bl, yCIIOBUS XpaHEHHS H TPAHCIIOPTHPOBKA COTTACHO TEXHUUYECKOM M IKCILTyaTallHOHHOW NOKYMEHTALUH
U3rOTOBUTEJISL.

Tpe6osanus TP TC 004/2011 «O 6e30nmacHOCTH HU3KOBOJIBTHOTO 000pyI0BaHUA» COOONAIOTCS B pe3yJibTare
TIpUMeHeHHs Ha 106poBosbHOM ocHoBe TOCT 22261-94 «CPEJICTBA U3MEPEHUM DJIEKTPUYECKUX U
MATHUTHBIX BEJIMYMH. O611e TeXHUYECKHE YCIOBUSN.

Tpebosanusa TP TC 020/2011 "DaexkTpoMarHUTHas COBMECTHMOCTb TeXHHUYECKUX CPEACTB" cOOMONar0TCS B pe3yIbTaTe
NpUMeHeHus Ha 106poBosbHOM ocHoBe TOCT 22261-94 "CPEJICTBA U3MEPEHUM DJIEKTPUYECKUX U,
MAT'HUTHBIX BEJIMYHH. Obuue TeXHHIECKUE YCIIOBHS. o

s/ (besa
J:mnagf

i o
%4‘ MR i} Acradpepa FOnms AnnpeesHa
7 noanucs ﬁﬂapeeﬁha = @0, sammren)
PervcrpauMoHHbIi HOMep JeKJIapalHH 0 COOTBE J-RU.PA06.B.01660/22
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BbicokoTouHOE 060pyA0BaHUE AN 3NEKTPOXMMUUYECKMX UCCNEA0BAHUIA
SmartStat®
N3rotosuTensb: Electrochemical Instruments
Poccus, MockoBckasi 06nacTb, r. YepHoronoska
TenedoH: 8(495)720-31-57

Aapec Tex. noaaepxku: potentiostat@mail.ru

www.smart-stat.ru




