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YBaxxaeMblii nokynatenb, 6narogapum Bac 3a npuobpeteHue Hawero obopyaoBaHusi. Hactosuiee
PYKOBOACTBO MO 3KCrJlyaTauuy COAEPXUT CBEAEHWUS O NMpUHUMNE paboTbl, YCTPOMCTBE M XapaKTEPUCTUKAX
nabopatopHoro mnoTeHUMOCTaTa-ranbBaHoctata Tuna P-20X W ykasaHusi, Heobxogumble Ans ero

npaBuUIbHOM M 6e30MacHOM 3KCMyaTaumu.,

3TOT npubop ABNAETCA  AOCTAaTOMHO  YHMBEPCANbHbIM UM MOAAEPXKMBAET  GOMBLUMHCTBO
3NIEKTPOXUMUYECKMX  IKCMEPUMEHTANbHbIX ~ METOAOB —  BOJSIbTAMMEPOMETPUS,  MOTEHLMOMETPUS,
KYJIOHOMETPUS, XPOHOMOTEHLIMOMETPUS, LUMKIMYECKaAs W JIMHENHAs pasBepTKM MOTeHUMana wnv Toka, a
TaKXKe MHorme apyrue. TakKe OH MOXET 6blTb UCMONb30BaH AN MHOMOAHEBHbIX LIMKIMYECKUX WUCMbITaHWM
pasnnuHbIXx XWUT, 3apsiaa-paspsida 3/1eKTPoAoB, KOPPO3MOHHBIX, 3MEKTPOKATaIMTUYECKUX M PECYPCHbIX

UCnblTaHN MaTepuasnos M PasNYHbIX NEKTPOXMMUYECKMX OOBEKTOB 1 CUCTEM.

MoTeHuuocTaT P-20X no3BonsieT pabotaTb MO ABYX, TPEX WM YETbIPEX3NEKTPOAHON CXeMaM
NOAK/IOYEHNS! K 3NEKTPOXUMUYECKOW AUeike, Kak B MOTEHLMOCTATUYECKOM, TakK U B rasibBaHOCTAaTUYECKOM

pexxuMax npu Tokax ot 1.5 A go 1 HA.

Ynpaensiowas nporpaMma ES8, Bxoasiias B KOMMIEKT NOCTABKKM, NO3BONSAIOT YNpaBnsaTb NpM6opoM
C TOMOLLBIO MEPCOHANBHOrO KOMMbloTepa. WMMeeTcs BO3MOXHOCTb paboTbl, Kak C  €AUHUYHBIMU
3KCNEepUMEHTaMM, Tak M B peXuWMe LUMKIMYECKOro MHOMOLIAroBOro nporpaMmMatopa, Mo3BOJISOLLErO

nocneaoBaTesibHO BbINOHATL 3a4aHHbIe MOoSb30BaTeNneM peXxnMbl paboTbl MHOrOKPaTHO.

MoTeHuuocTaT P-20X nMeeT CO6CTBEHHYIO SHEPrOHE3aBUCKMYIO NaMSTb, B KOTOPYIO Pe3epBUpYIOTCS
BCE AaHHble, nosilyyaemble B xoae paboTbl. Mocne 3anycka paboTbl, NpUGOp MOXKET ObiTb OTK/IHOYEH OT

KOMMbIOTEPa ANn4 aBTOHOMHOM paboThbl.

Bo BpeMA BbINOJTHEHUA paboThl rapaHTUpPYyeETCA COXPaHHOCTb BCEX NONYY€EHHbIX
OKCNEPUMEHTAJIbHbIX AadHHbIX WU COXPaHEHUE TMOJIHOMO KOHTPONA Haad 3KCNEPUMEHTOM HE3aBUCUMMO OT

NOoAKIOYEHNA K KOMMNbIOTEPY.

B npubope 1 ynpaBnsiollelt NporpaMMe UMETCS CPEeACTBA MOJIb30BATENbCKMX 3aLUMUT M PyHKLUMM

camoamnarHocTuku npubopa.



ITo Bcem BompocaM, CBSI3aHHBIM € KCIUTyaTalleil 1 o0cayXKuBaHueM npubdopa, mpocboa

oOpaiarbes 1o:
TenedoHy: 8 (495) 720-31-52;

OnekTpoHHoM noyte: elins911@mail.ru, potentiostat@mail.ru.

Takke, npocuM Bac obpalatbCs MO yKa3aHHOMY 3/1EKTPOHHOMY aapecy ¢ Bawwm npockbamu,

NOXENAHUAMUN UMK 3aMeYaHUSIMU, Kacatowmmmcs paboTbl Npubopa 1 NporpaMMHOro obecneyeHus.

O6HoBNEHNs nporpaMM, AOMNONAHUTENBbHYD WHMOpMauno, cnucok npoaykumm OO0 “DnanHC” u

AOKYMEHTALMIO MO Heli Bbl MOXKeTe HalTK no aapecy B MHTepHeTe: www.elins.su.
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I. OMUCAHUE U PABOTA MNMPUBOPA

1.1. TEXHUYECKME XAPAKTEPUCTUKMU

OCHOBHblE€ BO3MOXHOCTM NoTeHLMoCcTaTa-ranbBaHocrarta P-20X:

®  Perucrpaums noTeHUMana pasoMKHyTOW Lieni

MOTEHUMOCTAaTUYECKUIA PEXMM paboThbl
[anbBaHOCTAaTUYECKUIA PEXMM paboTbl

CTyneH4yaTbli MOTEHLMOCTAaTUYECKNA PEXXNM
CTyneH4yaTbli ranbBaHOCTAaTUYECKUIN PEXUM
JInHeNHas pa3BepTka NOTeHUMana

Lnknnyeckas pa3sepTka noteHuuana

JInHeliHas pa3BepTka ToKa

Linknnyeckasn pa3sepTka ToKa

XpoHoaMnepoMeTpus

XpOHOMOTEHUMOMETPUS

XPOHOKYNOHOMETpUS

MoTeHUMoCTaTMYeCKUiA CUrHan NpPomn3BosIbHON hOpMbI
lanbBaHOCTAaTUYECKUIA CUMHAM NPOM3BOJIbHON (hOPMbI
JInHeiHas nonsipusaums

Linknnueckas nonspusaums

MoTeHUMOANHAMUYECKUI PEXNM
anbBaHOAMHAMUYECKUA PEXUM

PeXkuM nowarosoro UMKIMYeCcKoro nporpamMMaTopa
Lnknuueckni 3apsa - paspsia XUT (nporpamMmaTop)
ABTOMaTMyeckue Anana3oHbl ToKa

Monb3oBaTenbckas 3awmTa No TOKy 1 noTeHumany
OyHKUMM caMoaMarHOCTUKN Ha BCTPOEHHOM 3KBUBAsIeHTE
BcTpoeHHas sHeproHe3aBucMMas NaMsATb SKCNEPUMEHTasbHbIX AaHHbIX

MpogomkeHne paboTbl Npy OTKIOYEHUM ynpasnstowero MK



OCHOBHbIE XapaKTEpUCTUKM NoTeHUuuocTaTa-rasibBaHocrata P-20X

Tabnuua 1

OcCHOBHbIE NapaMeTpbl:

Konn4yectBo KaHanoB

1

MoakoyeHue a4enkn

2, 3, 4 anekTpoaa,

KOHTpOnb si4eiku

nOTeHuMOCTaTquCKMﬁ, FaﬂbBaHOCTaTW-IeCKVIl‘/JI, BOJIbTMETP

MoOLWHOCTD:
MakcuManbHas nonsipuaytoLlas 20 BT
MOLLIHOCTb
MakcuManbHasa Harpy3o4yHas
Py 10 BT

MOLLHOCTb

HanpshxeHus, noTeHunanbi:

MakcrManbHoe BbIXOAHOE
HanpshkeHwne

+ 17 B (MakcMMasnbHO AOCTUXUMOE)

HoMWHanbHoe BbIXxoAHOE
HanpshkeHne

+ 13.5 B (Npu TOKe, COOTBETCTBYIOLLEM MaKCUMaIbHOMY)

[rana3oHbl NoTeHUMana
(HaNpsXeHus1) U UX paspeLLeHns

+ 2 B (70 MkB)
+ 15 B (500 mMkB)

Mpenen ponyckaemom
NpUBEAEHHON NOrpeLIHOCTN Anst
AMana3oHoB NoTeHuMana

+0.1%
(NorpeLHoCTb NpUBeAEHa K BEpXHEMY Npeaeny AnanasoHa)

BxoagHoe conpoTueneHue
3NEeKTpOMeTpa noteHumana /
BXOAHOMN TOK

10" Om / MeHee 20 nA

CKOpOCTb pa3BepTku 10 MKB/c
noTeHuunasa MMHUMaibHas
CKopoCTb pa3BepTku 20 B/c *

NnoTeHUMaNa MakKCMMaJibHa4d

TokoBble XapaKTEepPUCTUKMU:

MaKcManbHbIA NONSAPU3YIOLLNIA
TOK HE MeHee

+15A

MaKCMMarnbHbI Harpy304Hblii
TOK He MeHee

+1.5A

[Jvana3oHbl ToKa

8 amanasoHos: + 1500 MA; + 200 MA; + 20 MA; + 2000 MKA;
+ 200 MKA; + 20 MKA; + 2000 HA; + 200 HA

Pa3pelleHne no ToKy

1/ 30000 ot MakcMMyMa ANs KaXkaoro AmanasoHa

MWHUManbHbIN PEKOMEHAYEMbII
paboymnin ToK

1 HA

AUN, UAIM:

ALM, LIAM

2 CMHXPOHHbIX ALIM, 16 6uT, 5 Mc.
1 LIAMN, 16 6ut, 5 mMC




MakcuManbHasa / MMHUMarnbHas
CKOPOCTb perMcTpaumm AaHHbIX
B MOTOKE:

200/ 0.01 Touek/c

MakcmManbHOEe KONMYeCcTBO

nHTepgenca

TOYEK AaHHbIX 800 Thicsy
3HEproHe3aBNCMMON NamMaTu

O6wme napameTpbl:
WnTepdeiic MK USB
lanbBaHW4eckasi pasesska USB- EcTb

TpebosaHus Kk MK
(MMHMManbHbIE)

P1000, 512 MB RAM,
Win 9x, 2000, XP, 7, 8

[AononHutensbHble TpeboBaHUsa K
MK

Pycckuii 93bIk ornepaumoHHOM CUCTEMBI,
CTaHAAPTHbIVA pa3Mep WPUGDTOB CUCTEMBI.
PaspelueHne 3KpaHa no BepTukanu - He MeHee 900 nukcenen,
Mo ropu3oHTanu — He MeHee 1000 nukcenen,
pekoMeHayemoe paspelueHve — 1920x1080

MOLLUHOCTb OT CETU NEPEMEHHOIO
TOKa

[a6apuUTHbIE pasMepbl, MM 253x175%52
Macca 6€e3 ynakoBKM, Kr 2.5
MakcuManbHas notpebnsemas

80 BT

Csa3b 3eMn1 npubopa ¢
CUNTOBbIM 3a3€M/IEHNEM PO3ETKM
220B

Bcerpa coeamHeH

* B 3aBMCMMOCTM OT AMana3oHa MoTeHUMana u BeIMYMHbI CKOPOCTU pa3BepTku, byaeT BblbupaTbCst

BbICOTa LWara udpoBOro CUHTE3a pa3BepTKM.

Anana3oHbl TOKa " npepenbl AoNyCKaeMbIX AN HUX npuBeAeHHbIX I10l'peI.I.IHOCTEFI

(kakxpas NorpeLwHoCTb NpMBeAeHa K BepXHEeMy npeaesly COOTBETCTBYHOLLEro AUana3oHa)

Tabnuvua 2

+1500 MA, + 0.5% +200 MA, £ 0.1 % +20 MA, + 0.1 %
+2000 MKA, £ 0.1 % +200 MKA, + 0.1 % +20 MKA, £ 0.5 %
+2000 HA, = 0.5 % +200 HA, £ 1 %

Mpubop npegHasHayeH Ans paboTbl OT CETU MEPEMEHHOro ToKa C HanpsbkeHueMm (220+10) B wu

yactoTtoin 50-60 U Npy HOpManbHbIX KIMMATUYECKUX YCMOBUSIX SKCMyaTaulmu:

TemnepaTypa OKpyxxatowero Bosayxa, °C 20+ 5
OTHOCUTESIbHAas BNAXKHOCTb OKpY»XatoLero Bo3ayxa, % 45-80
aTMocdepHoe aaBneHue, klMa (MM pT. CT.) 86-106 (645 —795)




He pekoMeHayeTCcs MNOCTOSAHHO 3KCMJlyaTUpOBaTb MNOTEHUMOCTAT Ha npepnene ero
BO3MOXXHOCTeii. PekoMeHAyeTCA OrpaHMYMBaTbCA TOKOBbIMM M MOLLHOCTHbIMM NapaMeTpamu
Ha ypoBHe 75% OT MaKCMMaJilbHO AONYCTUMbIX Ana Bawero npu6opa. Takoh nopaxoa He
CWIbHO CHM3MUT 3KCMJlyaTauMOHHble BO3MOXHOCTM npubopa, oAHAKO 3HAYUTEsNIbHO NPOANUT
CPOK ero cnyb6bl. MakcMMasnibHble XapaKTepUCTMKM B obLyeM criiyyae paccuuTaHbl npexae

BCero Ha He0/IrOBPeMeHHOEe peXXUuMbl paboThbl.

Taoke HeobxoAuMMO BHMMaTesibHOe oO6paljeHMe C HU3KOOMHbIMM oO6pasuamum npu
paboTre C HUMKU B KAKOM 1IM60 NOTEHLMOCTAaTUYECKOM peXxuMe. B Taknx cnyyasix HaCTONATes/IbHO

pPeKoOMeHAaYyeTCA MCNoJ1b30BadTb NAJ/ibBaHOCTaTUYECKUNE peXKuMbl.

MuHMManbHO peKkoMeHAyeMoe OMMYecCKoe COrNpoTMUBJ/IeHue TectTupyemoro obpasua ans

NOTEHLMOCTAaTUUYECKOro peXxmma /i pa3/iIMyHbIX AUanasoHOB noTeHuuana npubopa:

Anana3oH noTeHuyuana MuHMManbHoe OMUUYeCcKoe COnpoTUBJIEHUe
+2B 10 Mmunnmom
+15B 80 Munnvom

BHuMaHMe: npu 6osiee HU3KUX OMMUECKUX CONpPOTUBJIEHUAX PaboTocnocobHOCTL

npu6opa B NOTEHLMOCTAaTUYECKOM PEXXUM He rapaHTupyeTca.

Ecnu B BaweM 3KcnepuMmeHTe Tpebyerca pabora B NOTEHLUMOCTAaTUUECKOM peXMMe Ha
HU3KOOMHOM 06pa3sLe — ocTaBNsAiiTe 3anac Nno ToKy. B NpoTMBHOM C/lyuyae BeJiuka BEpOSATHOCTb
cpabaTtbiBaHMa 3aWMTbl Npubopa NO MaKCMMaJIbHOMY TOKY C NPUHYAUTENIbHOW OCTAHOBKOM
3KcnepuMMeHTa. Takke 3TO NMpaBwWIO CNpaBeq/IMBO U ANA raJibBAHOCTaTUUECKUX PEXMMOB,
€C/IM OHU BbIMNOJIHAKTCA YepeaoBaHMEM C NOTEHUMOCTaTUUECKMMU U B paboTe nnaHupyroTcs

nepexknroyYeHns M3 raZibBaHOCTaTUYECKUX peXXMMOB B NOTEHUMNOCTaTUYECKUNeE.



1.2. KOMMNIEKTHOCTb NOCTABKM
Tabnuvua 3

KoMnaeKTHOCTb NOCTaBKM NOTEeHLUMocTaTa-raibBaHocrara P-20X

HanmeHoBaHWe Kon-Bo, wr MNpumeyvaHue
MoteHumnocTtaT P-20X 1
CeTeBOW LIHYP NUTaHUS 1 [ns BknoyeHus npubopa B ceTb 220 B
MpoBoa NoABOAALMIA SKPAHWMPOBAHHbIN C 3a)KMMOM Ansa noaknoyeHns 06bLekToB
"kpokoann” n BNC pasbemMom ! n3MepeHuns

. [ns 3a3emnenuns npubopa nnm
MpoBoa noaBoAsLWMK C 3aXXKMMOM “Kpokoaun” n

1 NoACoeAMHEHMS SKpaHa UccneayeMoro

LUTbIpEBbIM pa3beMoM Tuna “baHaH”
obpa3sua

Kabenb uHTepdeicHbi USB 1 Ansa noaxknodenns npubopa k MK
KoMnakT-AucK ¢ NporpaMMoit yrnpaBneHust 1 . Ans paboTbl B CTaHAQPTHOWM
YCTaHOBOYHbIMU [ipaiBepaMu onepaLnoHHOM cucTeme
PykoBOACTBO MO 3KCMyaTaumm 1
Kopobka ynakoBo4Has 1

KOMNNeKkTHOCTb NOCTaBKM M BHELIHUIN BUA an60pa MOryT 6bITb U3MEHEHDI npon3BoaANTENEM U HE

OTpa>eHbl B HAaCTosALEM PyKOBOACTBE.



1.3. YCTPOUCTBO U NMPUHLUMN PABOTDI

MoTeHumnocTaT-ranbBaHoctaT P-20X CMOHTUpOBaAH B MeTa/IMYEeCKOM Kopnyce. BHyTpu Hero
HaxoauTcs 610K NUTaHUS, paanaTop OXNAXXAEHUS YCUNUTENS, aHanorosas nnaTta noteHuMocTarta C y3namu
ynpasneHusi. bnok cxema npubopa npueeaeHa Ha puc. 1.

MoTeHumocTaT P-20X umeeT aBa npeaycunutens - oavH ans Toka (i-U), apyron ans noteHumana
(U). C HMX curHan nogaeTtcs Ha cenektop Tuna pabotbl (S1 — BblbMpaeT pexuM paboTbl NoTeHuMocTaT —
ranbBaHOCTAT) U Ha ABYxkaHanbHbI ALIM. C cenekTopa Tuna paboTbl S1 curHan obpaTHOW CBS3W NOAAETCS
Ha ycunuTenb NOTEHUMOCTAaTa, @ C Hero Ha ycunutenb MowHoctn YM. KommyTtatop S2 cnyxuT ans
noaktoyeHus anekTpoga Counter (BKNOYEHNS SUEWKM).

MukpokoHTponnep (LMY) ¢ sapom Cortex M3 nMoMHOCTbIO KOHTPOSIMPYET BbINOSHEHNE CO3A4aHHOM
nonb3oBaTeNnieM MNporpaMmmbl, aHanu3MpyeT AaHHble TOKa, MOTeHUMana, paccyuTbiBaeT 3apsd, npoBepsieT
Hannume neperpy3ok, MPU3HAKoOB OCTAaHOBKW W BbINOMHSAET BCe OCTasibHble paboune dyHkumu. Takxke
MUKPOKOHTPON/IEp CBSA3aH C  MWKPOCXEMOW 3HeproHe3aBucumon Flash-namatu. [laHHble B Hee
3anMCbIBAOTCS Cpasy e Mocsie UX NosiBNeHUs No OAHOM TOYKE Ha BCEX CKOPOCTSX perucrpaumu npubopa.
dTa NaMsATb MOJIHOCTbIO CTUPaeTCa TONMbKO (KaXAblM pa3) nepea KaXAblM HOBbIM 3amnyckoM paboTbl
npubopa. MUKPOKOHTPOIEP TaKXXe COeAMHEH C rasilbBaHNMYeCcku pa3sBsa3aHHbIM USB-uHTepdencom.

MomMMMO npoyero, B COCTaB MOTEHUMOCTaTa BXOAUT BXOAHOW peneiHbin kommyTaTop (K), KOTOpbIn
NoAKNIoYaeT noteHumocTaT NMbo K BHYTpEeHHeMy 3KBUBaNeHTy (3), NnMbo K BHEWHWM pa3beMaM Ha
nepeaHe naHenn. BHYTPeHHWI 3KBMBaNeHT NpeacTaBnsieT Cobon Habop MOCTOSIHHBLIX PE3UCTOPOB C
conpotueneHusiMm 5 OMm, 5 KOM, 5 MOM, 1M CiyxuT Ans npoBeAeHWs AuvarHoCcTMku npubopa. B
BbIK/TIOYEHHOM COCTOSIHUM UNN B COCTOSIHUW OXMAAHUSA paboTbl, NOTEHUMOCTAT MOAK/OYEH K BHYTPEHHEMY
3KBWMBAJNIEHTY, @ BHELWIHWE pa3beMbl HU C YEM He coeauHeHbl BHYyTpu npubopa KpoMe pasOMKHYTbIX
KOHTAKTOB pefie KOMMyTaTopa.

Ha nepepHein naHenu npubopa HaxoaaTcs TyMbnep - MHAMKATOP BKIHOYEHMS MUTAHWS, Pa3beMbl
ANs NoAKYeHnsl uccneagyeMblx obpasuos. Mpubop noaknovaeTcs K mccnegyemomy obpasuy YeTbipbMs
nposoaamn. Ans yaobcrea pabotbl ¢ XUT, pa3beMbl, UMEIOT MapKUPOBKY MOMSIPHOCTMU.

Ha 3agHeln naHenn HaxoaaTcs pa3beM BKIOYEHUS B ceTb 220 B, BEHTUNSTOP OX/1aXXAEHUS, CETEBOM
npeaoxpaHuTenb U pasbeM USB ans nogknioveHns K nepcoHasibHOMY KOMMbIOTepy.

N3mepuTenbHasa 3emns npubopa, COeANHEHHAst C ero KOpPMycoM M MOAKJIOYEHA K CUIOBOM 3emie
po3eTkn 220B. 3emna USB mHTepdelica ranbBaHUYECKN M30NIMPOBaHa OT BCEX 3TUX 3eMenb (He coeaMHeHa
HW C OAHOW U3 HUX).

BeHTUNATOp OXnaXkaeHus pa3BMBAET MakCMMalnbHble 060pOTbl TONBKO NPY MOAKOYEHUMM CAMOro
rpyboro ananasoHa Toka — 1,5 A. Ha ocTanbHbIX Anana3oHax oH paboTaeT Ha NOHMXeHHbIX obopoTax Ans
9KOHOMWM pecypca N MeHbLUero 3aTarmBaHus Mnbliun.

Ha nepeaHelit naHenu npubopa MMeEeTCs CBETOAMOAHBLIA MHAMKATOP MOAK/IYEHNUS K BHELLUHEN

ayenke. OH 3aropa€eTcda npu BKIKOYEHUU noboro pa60qero peXxXunuMa wuian MOHUTOPUHra. B npowecce

10



aBTOMATMYECKON AMArHOCTUKM (Kak M Mpu OXuAaaHWM paboTbl) BMECTO BHELLHEN SYeMKM MCMonb3yeTcst

BHYTPEHHWI 3KBMBANEHT Y MHANKATOP HE rOpuT.

YM
COUNTER [ S?_ tj ' A
. e .[f . x‘ ; A Ll' Al
o IR
. K
REF — ~—
COMP — e -
U
~Fe— [ AUN Lny
WORK [ L S1

_J‘ I-U Flash

Potentiostat
Galvanostat

1|11

Counter Ref Comp

©°0

CpenaHo
B Poccun
000 "“3nuHc”

Puc. 2. MNoTeHumocTaT-ranseaHoctaT P-20X, nepenHss v 3afHAS NaHenu:

1 — pa3beMbl U3MepUTENbHbIX Kabenen, 2 — MHAUKATOP NOAKIHOYEHUS BHELLHEN AYeNKK, 3 — pa3beM

3a3eM/IEHNS 1 3KPAHMPOBaHUS, 4 — TyMbNep U UHAMKATOP NUTaHWs, 5 — rHe3go NpeaoxpaHuTens, 6 —

pasbeM nuTaHus 220 B, 7 — AONONHUTENbHbIV 3aXKMM 3a3eM/eHunst, 8 — BeHTUMNATop oxnaxkaeHus, 9 — USB

— pa3bem.
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P-20x

CDLImer | I I | I

“*) c\.

Potentiostat
Ga Ivano stat

‘c‘c'?o.

Wnrk

Puc. 3. MNoTeHumocTaT-ranbBaHocTaT P-20X, obwume BuAabl cnepeamn n c3aau.
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II. NOArOTOBKA NMPUBOPA K UCNOJ1Ib3OBAHUIO
2.1. MEPbl BE3OIMNACHOCTHU
Mpubop MMeeT cneaytolme annapaTHbie TUMbl 3alnTbl:

e 3awmTa OT npeBblleHNs abCconoTHOrO BbLIXOAHOrO TOKA HA YpoBHe 2.2 A annapaTHo

(CXGMOTGXHW—IGCKOE OorpaHun4yeHune ToKa BbIXOAHOro yCUnnTenA MOIJJ,HOCTVI);

e 3dlUNTa BXOAHbIX KaCKaAdoB MNpn MnpeBbIlUEHNN BXOAHOIO HaMpsAXeHUA He 6onee yeM Ha 20 B ot

MaKCMMasIbHOrO BbIXOAHOMO HaNpsiXXeHUs npubopa;

e 3awmTa OT MeperpeBa YCUIUTENs MOLWHOCTU. B cnyyae npeBbilueHUS MaKCMManbHO AOMYCTMMOM
TemnepaTypbl, pabota npubopa 6yaeT octaHoBneHa. B ynpasnstowem MO 6yaeT BbicTaBneH dnar
aBapuu. MpoaomknTb paboTy MOXHO 6yAeT TONbKO C MOMOLLbLIO PyYHOrO Mepesanycka nocnie Toro,

Kak npnbop ocTbiHET A0 6e3onacHoM TeMnepaTypbl.

KpoMe Toro, npeaycMoTpeHbl crieaytolme nonyannapaTHbie TUMbl 3aLUmnT:

e rieperpyska no TOKy B KaXXAOM Anana3oHe NpuBOAUT K NepektoyeHunto Ha bonee I'DYGbIlZ Anana3oH
nnn 3aeepleHnto paboTbl wWwara-umMkna paboTbl, ecnivM neperpyska npouMCXoAuT Ha CTaplueM
AvanasoHe. 3aBoAcKas yCTaBka cpabaTblBaHMS 3aluMTbl Ha camoM rpybom amanasoHe — 1.6 A.

BpeMs cpabaTtbiBaHuns — 5 Mc;

e 3awmTa OT NpeBbleHns HanpsbkeHus (noTeHuMana) Ans KaXaoro Avana3oHa noTeHuuana Kak rno

“3MepsSIEMOMY, TaK ¥ Mo 3a4aBaeMoMy HanpsikeHuto (noTeHuwmany). Bpemsi cpabaTbiBaHns — 5 Mc;

e [lonb3oBaTenbckas 3awmTa No ToKy (3agaetcs 6e3onacHoe OKHO OT - A0, MPU  BbIXOAE M3 KOTOPOro
NPOMCXOAUT 3aBeplueHne wara/unkna pabotbl). Bpems cpabaTbiBaHMsa — 5 Mc. HacTpavBaetcs

nosb3oBaTenieM B yrnpasnsiowem [10.

o [lonb3oBaTenbckas 3awmMTa No noteHuuany (3agaetcs 6e3onacHoOe OKHO OT - A0, MpU  BbIXoAe U3
KOTOPOro npoUCXOAUT 3aBeplueHve wara/umMkna paboTtbl). Bpems cpabatbiBaHns — 5 Mc.

HactpavBaeTcs nonb3oBaTtenem B yrnpasnsiowem [10.

Kopnyc v waccu npnbopa aNeKTPUYECKN COEAMHEHBI C €r0 U3MEPUTENIbHOM 3EMMIEN U COEAMHEHDI C
CUNOBbIM 3a3eMrieHneM po3eTkn 220B. 3emns USB uHTepdelica ranbBaHnyeckn HE coegMHeHa HU C OAHOM

N3 3TNX 3€EMENb.

He pekomeHayeTCcs MOCTOSIHHO 3KCMyaTMpoBaTb Npubop Ha npeaene €ero  BO3MOXHOCTEM.
PekomeHayeTCsa OrpaHMUMBaTbLCAd TOKOBbIMW M MOLWHOCTHBIMW MapaMeTpaMM Ha ypoBHe 75% oOT
MaKCMManbHO AOMNYCTUMbIX Ansi Bawero npubopa. Takon noaxod He CUIbHO CHM3WUT 3KCMyaTauMOHHbIE

BO3MOXXHOCTM Npu6opa, 0AHAKO 3HAUUTESIBHO NMPOASIUT CPOK €ro CyX6bl.
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3anpelwjaerca:

JkcniyaTupoBaTbh Npu6op B6/1M3N 06BHEKTOB M YCTAHOBOK, SIBJISIIOLMMUCSA UCTOYHUKaAMM
CUNIbHOIrO TEINJI0BOro, CBETOBOIr0, JIEKTPUUYECKOr0 WJIN 3JIEKTPOMAarHUTHOIMO U3JTy4YEeHUH,
BJIMSIHUIO KOTOPbIX MOXKET 6bITb NoaABepceH npubop.

MonagaHue )>XuAKOCTM N60Oro TUNA WM  MexaHuuyeckux npeameToB (uepes
BEHTU/ISILMOHHDbIE PELUeTKU WM UHaue) BHYTpb npubopa.

AKcrlyaTaumsa npubopa B yC/IOBUSIX MOBbILIEHHOW 3amnblJIEHHOCTU WM KOPPO3UOHHOIMA
AKTUBHOCTM OKpPY)KaloLlen cpeabl.

AKCrlyaTUpoBaTb NpPU6GOP B YCNOBUSIX AaXKe KPAaTKOBPEMEHHOro WM MMMYJIbCHOrO
BO3AEUCTBUS 3/IEKTPUYECKUNX, /IEKTPOMArHUTHbIX, MarHUTHbIX WU UHbIX NOMeX.

[donyckaTtb HeageKkBaTHble MexXaHM4Yeckue BO3AEeACTBUS Ha npubop, BCKpbIBaTb €ro,
MCNoNb30BaTb HE MO HA3HAYeHUIO, NPUHYAUTENIbHO OCTaHaBJ/IMBaTb BEHTUJIATOPbI
oxnaxpaeHus npubopa.

dKcnayaTupoBaTb nNpubop B YCNOBMSIX, 3aTPyAHAOWMX [OCTYN Bo3AayXa U3
OKpYy>kaloLei cpeabl K BEHTUNATOPY 3aAHel naHenu u Kkopnycy npubopa u oTBoA Tensa
yepe3s BeHTWISILMOHHbIE OTBEpPCTUA NepeAHel MNnaHenuM M OT Koprnyca npubopa B
OKpYy>KaoLyo cpeay.

MpousBoanuTb Kakue-nnbo pAeicTBMA C wuccnegyeMbiM  o6pasuomM U kabensmm
NOAK/IOYEHU K HeMy npubopa npu BKIOYEeHHOM 3nektpopge Counter, B TOM uucne
nocne 3aBepLlUeHUs SKCNepuMeHTa C He BbiKJIloYeHHbIM Counter asieKTpoaoM.

3anpewjaerca noaknAo4YaTh K npu60py nconenyembie 06bEeKTbl aKTUBHOro TUNA,
KOTOpbieé MOryt HABJATbCA MUCTOYHUKAMU TOKa HanpsH>eHma WM  MOLHOCTHU
npesbillalOlWMMN MaKCMMaJZiIbHO AONYCTUMbIE A1 AaHHOro npuﬁopa.

3anpewjaeTca nonajaHue Ha pa3beMbl NOAKIIOYMEHUS 31eKTpoaoB (M3MepuTesibHble
BbiBOAbI) npubopa HanNpsHKeHUs, NpeBbilIaloWero MakCMMaJsibHOE nonsipusyloulee
HanpshkeHue 6onee uem Ha 20 B.

3anpewlaeTca TaKk WM MHavye NOAKJIIOYATb WM AONYyCKaTb KOHTAaKT M3MepMUTEsibHbIX
BblBOAOB npubopa ¢ ApyrMMM 3J/1IeKTpUYECKMMU npubopamm (BOSILTMETPDI,
ocumnnorpadbl, 3/1EKTPOHHbIE HArpy3kKM M WUCTOMHUKM TMUTAHMS, 3JIEKTPUUYECKUI
KOHTaKT (o MeTaJI/InYeCKOM mebesnbio, CTaHKW, 3/IEKTPOUHCTPYMEHT,
anekTpoobopyaoBaHue unm anekTponpubopbl, noaknroyaemole Kk cetu 220 B u T.n.).
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2.2. NOAroToBKA K PABOTE

MNepen HavanoM paboTbl ¢ NpubOpoM BHUMaTENbHO (!) M3yunTe pyKOBOACTBO MO 3SKCMyaTauuu, a
TaKkXKe O03HAKOMUTECb C MpaBWIaMu MOAKIOYEHUS M HA3HAYEHWEM OpraHOB YMNPaBfiEHUS Ha 3agHen wu

nepeaHeln naHensx npubopa.

Ecnn xpaHeHune n TpaHCcnopTupoBaHue npubopa NpoM3BOAWINCH B YCIIOBUSAX, OT/IMYAIOLIMXCS OT
pabounx, TO nepea BK/IOYEHMEM HeObXOAMMO BblaepXaTb Npubop B pabounx yCnoBusIX HE MeHee 2-X
YyacoB (3TO HeobxoAMMO, Hanmpumep, AN NpPeAOTBpALLEHMS BbIMAAEHMS KOHAEHCATa Ha BHYTPEHHMX

aneMeHTax npubopa).

[danee pa3mectute npubop Ha paboyeM MecTe, obecneumB yaobCTBO paboTbl M CBOBOAHLIA AOCTYN
XONTIOAHOro BO3AyXa K 3afiHeN CTeHke npubopa, a Takke CBOOOAHLIM OTTOK TEMIOr0 BO34yxa OT nepeaHen.
3anpelyaeTcs noasepraTtb Npubop BO3AENCTBUIO MPSIMOrO COMHEYHOro CBETA, pacrnonaraTb ero B6/M3m

aNeKTpoHarpeBaTeNbHbIX U TENOBLIAENAIOWMX NPUOOPOB 1 YCTaHOBOK.

Mepen npoBepkoii Npubopa HeobXxoAMMO YCTaHOBWUTb Ha MK nporpamMy ynpaeneHus npuéopoMm u
ApaiBepa, HaxoAsLMecs Ha npuaratolweMcs K npubopy KOMMNAKT-AMUCKE, COeAMHWUTb Npubop kabenem c
MK, 3a3eMAUTb M MOAKIIOYUTL K CETU MEpPEMEHHOro Toka. [ns BKIoUYeHUs npubopa HEOBXOAMMO HaXaTb

KpaCHYIO KHOMKY Ha 3aAHeN naHenu.

Ana npoBepky Npubopa MOXHO BOCMO/b30BaTbCA BCTPOEHHbIMM B MO (yHKUMSMU AMArHOCTUKM

(obcnyxxkmBaHue npubopa).
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2.3. NPOrPAMMHOE OBECMNEYEHUE U APAVBEPA

2.3.1. PekoMeHAaUMM MO NOAK/IIOYEHUIO NPpU6Gopa K KOMNbIOTEpPY

USB kabenb noakntouyeHnst npubopa K KOMMbIOTEpy HeobxoAMMO pacnofioXMTb MaKCMMasbHO

yAaneHHo oT kabenen nutaHus cetn 220B. Hu B KOoeM cnydyae He nepenneTanTe 3Tu kabenu.

Ncnonb3oBaHne xopowero USB kabens wn xopowee coctosiHme USB pasbemMoB npubopa u
KoMnbloTepa obecneumBaloT MakcumanbHyto 3awmTty USB wmHTepdeiica ot nomex. lMocTtapanTech
cnegutb 3a TeMm, 4tobbl USB pa3sbeM npubopa He pacwatbiBancd. ObblMHO 3TO MpoucxoauT OT

4acTbIX nepeKmoquMﬁ kabens n BegeT K notepe HaAEXHOCTU KOHTAKTa 3KpaHa Kabens.

Mpu HeobxoaMMOCTU Mcnonb3oBaHusa USB xaboB, pa3BeTBUTENEN M APYruX NoAobHbIX YCTPOWCTB, a
Takke 3aMeHbl USB kabens, noxanyicra, WCMNonb3ynTe KayecTBeHHoe 060pyaoBaHue,
nocTapanTech u3beraTb AEWEBbIX M3AENUA U COMHUTENbHLIX MpoU3BOAWUTENEN. PekomeHayeTcs

“cnonb3oBaTh NpodeccuoHansHoe USB obopyaoBaHme.

MocTapaiiTecb He paboTaTb Ha KOMMbIOTEPE C APYrMMU MporpaMMamMu BO BpeMsi paboTbl npubopa.
KpaliHe »enatenbHOo, 4TO6bl KOMMbIOTEP W €ro OnepauLuoHHasi cucTteMa ObiMM B XOPOLLEM

COCTOAHUN.

[ns 60pbbbl C NOMexaMn Npubop pekoMeHAYETCS 3a3eMIUTb, @ UCCNeayeMbl 06bEKT NOMECTUTb B

METaNTNYECKUI 3KpaH.

2.3.2. YcTaHOBKa NporpaMMbl U ApanBepoB

BcTaBbTe KOMMNaKT AMCK 13 KoMnnekTauum npubopa B CD npusog Baliero koMnbloTepa.

CronupyinTe copepXmuMmoe KomnakT-aucka (manka ES8) B xenaemoe MeCTO Ha XEeCTKOM Amcke
Bawero MK, »enaTenbHo, 4Tobbl MyTb K 3TON Nanke He coaepXan pycckux 6ykB u Obin Kak MOXHO
Kopouye, Ny4lle BCero B KOpPEHb XeCTKoro Amcka. B onepaumoHHbix cuctemax Windows 7 n 8 HE

“crnonb3yiTe nanku Program Files 1 vHble co3aaHHble CUCTEMON ANS €8 HYXA.
MoakntounTe Ball Nprbop K KOMMbIOTEPY U BKIKOUYUTE €ro.

Mpu nNpaBWMNbHO YCTAHOBNEHHbLIX ApanBepax nNpubop [o/MmKeH onpeaenaTbcss B cnucke USB

yctpoicTts Balero MK kak FTD2xxDevice nnu:

KoHoone  dedcTEMe  Bua  Cnpaeka

mES @A =Rg

). PCI Device ~
+ @), 3evkoELie, EMASO H MIPOBLIE YCTROMCTES
+ @ KnaenaTypel

+ é KomMneraTep

Puc. 4. Bug ancnetyepa 3agad OﬂepaLlMOHHOﬁ CUCTEMbI C NOAKOYEHHBIM NPU6OpPOM.
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Mpu nepBoM MoAKIYeHUM Npnbopa, ckopee BCero, NoTpebyeTcs YCTaHOBUTL ApariBepa K npubopy.

OHu HaxopaaTca B nanke Drivers.

Ecnm npu BkaoveHMn npubopa onepaumoHHasi CUCTEMa CaMa He OTKPOEeT MacTep YCTaHOBKM
ApariBepa, TO ero HeobxoAuWMOo 3anyCTUTb B AMCNETYEpe YCTPOWNCTB Bawero komnbtoTepa. [ns 3Toro, B
cnncke USB ycTpoicTB (MM B KOHTpOASIEpax yHUBEPCASbHOM MOCNEeA0BaTENbHONM LWWHBI - CM PUC. BbiLLE)
HY>XHO BblbpaTb YCTPOMCTBO, KOTOPOE MOSIBNSIETCS B MOMEHT BKJItOYEHUS! Npubopa. [lanee Hy>HO 3aiTu B

€ro CBOWCTBa W YCTaHOBUTb (NepeycTaHoBUTb, 0OHOBUTL) ApaiiBep.

B nosBMBLUEMCS MacTepe YCTaHOBKM ApariBepa, HeobxoauMMO BblbpaTb YCTAHOBKY M3 YKa3aHHOMO
mecta (HE u3 uHTepHeTa). Cneays yka3aHusiM MacTepa, yCTaHoBUTe Apavieep M3 nanku Drivers\CDM
2.08.24 WHQL Certified (ans atoro HeobxoamMmo 6yaeT Ha 0AHOM U3 3TanoB YCTAHOBKM BblbpaTb 3Ty nanky

ncnonb3ys kKHomky “0630p” nnn NnoaobHyto, B 3aBUCMMOCTU OT TUMA ONepaLMoOHHON CUCTEMBI).

CTpykTypa n cogep>xmmoe nanku ES8:

- ) Es8 Nanka, Konupyeraa Ha }:KeCTKHFI OWCH KOMMNBKITEPE

= B3 Dac nanka ¢ okyMeHTaUWsi

) aM NPHMEDEI MCNONE30BEHKA [LONONHATENEHAA LOKYMEHTALWA)

) Basic OCHOBHAR QOKYMEHTALWA (MHCTRYKUMK K NprBopan 1 MNO)
= ) Drivers nanka ¢ gpafeseparm

* [13) COM 208,24 WHQL Certified nanka, B KOTOROHA XpaHKTCA peKOMEHYEMBIA K PYyYHOR YCTaHOBKE ApaiBep npubopa

=l I3 Program nanka ¢ paboded nporpammoi (3anyckastbld hadn ESS HaxoauTca B Held)

) cFgFiles cmy#elHele dadnkl Nporpartel

j EXPFDIftF”BS B ATOW NANKe xpaHaTca SKCNOpTURYEMBIE W3 NROTpaMmel JaHHBIS (b, «ls5)

Prafile

Nanka ¢ NoNbIoEaTENbCKMMW HACTRORKAMK NPOrpaMiel (MpodunarmI)
B 4Ty Nanky CoXpaHATCR SKeNepUMMEHTANBHEIE NaHHBIS (M3 HeS e M OTKRLIBAKTCA)
B 3Ty Nanky CoXpaHanTCa patouue pesiMel NPOrPaMMaTopa M eaMHUYHBIX DEHMMOE

) WorkFiles
I WarkSetupFiles.

Puc. 5. CTpykTypa n cogepxumoe nanku ESS8.

2.3.3. 3anyck ynpasnsilowei nporpamMmmbl
e [oaknounte K KOMNbloTEPY NpMbop 1 BKIKOUATE ero.
e [lopoxauTe 5-7 cekyHa Ans Toro, Ytobbl Npnbop onpeaenvncs onepaumMoHHOM CUCTEMOMN.
e 3anycrtuTe ynpasnstoLlyto nporpammy ES8 n3 nanku Programs (KpacHOM CTpesikoi nokasaHa

3anyckaemasl MporpaMMa, CMHel CKOBKOM — Manky co BCMOMOraTesibHbIMK (ainaMmm nporpaMmbl):

) CFgFiles

) ExportFiles

) Profiles

) WiorkFiles

) wworksetupFiles
FPESE ——————

Puc. 6. CTpykTypa nanku ¢ paboyein nporpaMmMon.
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2.3.4. Pa6oTta c nporpammoii ES8

MoteHunoctaT P-20X paboTtaeT noa ynpasfeHVMEM CNeuMann3MpoOBaHHOrO  MPOrpaMMHOro

obecneyveHus ESS8.

MporpamMMHoe obecneyenne (MO) cny>xuT Ans co3aaHns U KOHOUIypUpoBaHMSE SKCMEPUMEHTAIbHOM
pabouyei nporpamMMbl, 3anycka paboTbl, OTOOpaXkeHWs,, MpoCMOTpa W NEpPBUMYHOW  06paboTKM
3KCNepuUMeHTanbHbIX AaHHbIX. MNpy 3anycke nonb3oBaTeneM paboTbl, B Npubop 3arpyxaeTcs co3aaHHas Ha
3TOT MOMeHT pabouyas nporpaMma, MOMHOCTbIO CTUPAETCS MaMATb AaHHbIX. TakXke B HEro 3arpyXxatoTcs
HaCTPOMKM MONb30BaTENbCKMX 3almnT. locne 3Toro ynpaensiowasi nporpamma AaeT npubopy KomaHay

3anycTutb paboTy.

Mpubop caM cneauT 3a BbIMOJIHEHUEM 3arpy)KeHHOM B Hero pabouyeit nMporpaMmbl. Ynpaenstoulas
nporpaMMa orpaLuvMBaeT NpuMbop ¢ HEOH6XOAMMOMN NEPUOANYHOCTBIO U OTOEPAXKAET ero TEKYLLEE COCTOSIHME.

Mpun 3TOM OHa HUKAK He BNWSIET U HE BMELLMBAETCS B BbINO/IHEHME paboyeii NporpaMMmbl.

B ynpaensioweii nporpaMMe B 060 MOMEHT MOXHO OTKJIOUMTL NMpUGOp OT KOMMbioTepa. [pu
3TOM NpuMbop NpoAo/MKUT paboTy 6e3 Hero. [anee MOXHO, HanpuMep, MOAK/YMTL K NPOrpaMMe ApYyrou
MMeloLLMIACA NpMBop M MPOBECTU HEOBXOAMMbIE MAHMMYNAUMKU C HUM. [pu Heo6XOAMMOCTM, B MpoLecce
paboTbl Npubopa, MOXHO HEOrpaHMYEHHOE YMCIIO pa3 MOAKIIYATLCS K HEMY M OTKIOYATbCA OT Hero B

ynpaBnsioLlen NporpaMMe. IT0 HUKAK HE OTPa3nTCS Ha BbINOMHEHUN paboyei NporpamMmsl.

B npouecce paboTbl M3 ynpaBnsioWed NporpaMMbl MOXHO BbINOMHWTL CReaylolmne AeUCTBUSI C
npubopom:
e CneauTb 3a BbINOSIHEHMEM PaboThl, Kak B rpadMyeckoM, Tak U B TabNIMYHOM NpeacTaBieHNN.
e [loctaButb Npubop Ha nay3y, a MOTOM CHOBa €ro 3anyCTuTb C 3TOMO XX& MOMEHTa MOBTOPHbIM
Ha)xaTMeM KHomMku “nay3a”. B coCTosiHuM nay3bl MOTEHUMOCTAT MEPEXOAUT B PEXUM MOHUTOPUHIA,
TO eCTb, OTObpaXxaeT MOTeHUMan pa3oMKHyTON uenu (noteHuman PL) Ha noakitoyeHHOM obpasLe,
HO pabouyasi nporpaMMa Mpu 3TOM OCTaHOB/IEHa (BpeMsi U 3apsiibl HE WHKPEMEHTUPYHOTCS,

pPa3BEPTKN OCTaAHOBJIEHbI U HE WMAYT, NOTEHLManN 0To6pa>|<aeTc;| B I'IO, HO He COXpaHﬂeTCﬂ).

Onepaumo MO>XHO MOBTOPATb CKOJIbKO YroaHo pas. OnvTenbHOCTb nay3bl HE OrpaHnN4eHa.

e MOXHO MPUHYAWUTENBHO NEPENTU K BLIMOMHEHMIO CNEAYIOLErO LWara, UMKIa NporpaMMel, Uan poaa
paboTbl (yCTaHOBNEHME nepen W3MeEpeHWeM, W3MepeHue noTeHuuana P, ycTaHoBneHwe

noteHuuana PL| n T4, B 3aBUCMMOCTM OT coaepxaHusa paboyei nporpammel).
e OctaHoBuUTb paboTty npubopa.
e 3arpy3unTb U3 oxugatoLero paboTy npnbopa nmeromecs B HeM 3KCNepUMEHTasIbHbIE AaHHbIE.

e 3anyCTUTb PEXMUM MOHWUTOPWUHIa U OCTAHOBUTb €ro B Nt060N MOMEHT.
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Mocne Toro, Kak Npu6op 3aBepLLUN BbINMOSIHEHWE 3arpy>KEHHOM B HEro NPOrpamMMbl, OH NepexoanT B
PEXMM OXMAaHWUS. ECnv Npy 3TOM OH MOAK/OYEH K MporpaMMe, TO OHa Cpasy aBTOMAaTUYECKU 3arpysuT U3
HEro BCE MMEIOLLMECS: SKCMEPUMEHTAsbHbIM AaHHbIe, U BbICTABUT ANs Hero dnar oxuaaHus. MNocne 3Toro
MOXXHO 3anyCTWUTb Ha HeM paboTy 3aHOBO, HanmpuMep, C APYrMM 06pas3LoM, WM MPOrPaMMHO BbIK/THOUYUTD.
Ecnu npubop He 6bin NOAKMOYEH K MporpaMme, TO MoJSb30BaTe0 HEOBXOAMMO CaMOCTOSTENBHO, HaXaB

KHOMKY 3arpy3Ku aHHbIX, CkayaTb AaHHble U3 npubopa.

MoMmuMmo 3TOro, ecnu npubop nNOAKAOYEH K KOMMNbIOTEPY M nporpaMmMme, TO AaHHble
6yayT aBTOMaTM4YeCKM 3arpyXaTtbCs U3 Hero npsiMo B npouecce pab6orbl. Bnaropaps atomy
cucrteMma npubop-komnbioTep pabotaer pakTMueckn B peanbHOM BpeMeHu c 6ydepusaumei
AaHHbIX B npubope (B ero 3HeproHesaBMcMMOW namsaTu). B c/iyyae BO3HMKHOBEHMSI KaKOM
nm6o HewTaTHOM cutyaumu (HanpumMmep, npu notepe nutaHua 220B), Bce
3aperucTrpmpoBaHHble AaHHble B JIl060M cniyyae 6yayT coxpaHeHbl B mamMsaTvM npubopa paxe
nocne ero BbIKJIOYEHUS, 1 MOTYT 6bITb OTIrpPy)KeHbl U3 HEro B JIl060M MOMEHT A0 cneayroLwero

3KcnepuMeHTa (MM nepesarpy)xeHbl B nNpouecce BbINOJIHEHUA TEKYLLEero 3KCnepuMeHTa).

Takke, B MNporpaMMe MOXHO MEPENTM B pexuM 06paboTkM [AaHHbIX (OTOBpaXkeHus yxe
VMEIOLMXCS, WM TOMBKO YTO 3arpy>KEHHbIX 3KCMEepUMEHTaNbHbIX AaHHbIX). DTO HWKaK He MOBMMSIET Ha
paboTy npubopa. Ta YacTb NporpamMMbl, KOTOpasi OTBETCTBEHHA 3a CBA3b C NPUEOPOM, NPOAO/HKUT c6op K
OTOBpaXKeHMe TeKYLIMX AaHHbIX. YacTb Xe NporpaMMbl, OTBETCTBEHHAs 3a 06paboTKy, AaHHbIX, GyaeTr
AOCTYMHa MONb30BaTENO ANS AETaNbHOro MPOCMOTPA, OTOBPAXKEHMSI M MaHUMYNAUMM C NoBbIMKM, Yyxe
MMEWMMNC Ha >XecTkoM aucke MK gaHHbIMW. TO eCTb MOXHO 06pabaTbiBaTb, NpoCMaTpuBaTb M
MaHuMynuMpoBaTh (yAansTb, O6beAMHSTb, HaKNaAblBaTb ApPYyr Ha Apyra M T.M.) 3arpy>XeHHbIMU WK

NUMEIOLLMMUCS Ha XKECTKOM AMCKE KCNEePUMEHTasIbHbIMU AaHHbIMU NMPSMO BO BpeMsi paboTbl npubopa.

Bonee noapobHyto MHGMOPMaUMIO O BO3MOXHOCTSIX NPOrpaMMHOro obecneyeHns Bbl MoxeTe HalTu
B AOKYMEHTauuM K NporpaMMHOMY obecrneyeHuio Ha YCTaHOBOYHOM AMCKe M3 KOoMMnekTaumu npnbopa wnm
Ha oduumanbHoM caTe www.elins.su B pa3gene 3arpy3ok. B HacTtosieM pykoBOACTBE OHa He

OMUCbIBAETCA.

MeToauka YCTAaHOBKM ﬂ,paﬁBGDOB, coaep>XXmMMoe KOMMaKT-AUCKa, BHELWHWMN BUA ynpaan:uow,eVl
nporpamMMmbl U e€e d)YHKLl,I/IOHaJ'IbHOCTb MOrytT U3MEHATbCA MO Mepe 06HOBNEHMA KaK CaMoro I'IO, TaK U

npubopoB, No3ToMy 60s1ee NoAPOOHO ONMCaHbl B AOMOAHUTENBHOM AOKYMEHTALMM.

Bce HeobxoaMMble MHCTPYKUMM HAXOASTCA Ha YCTAHOBOYHOM Aucke Bawero npubopa. CaMmble
nocnegHve Bepcum MO 1 BCeit AOKYMEHTaUMM K HeMy M npubopaM Bbl MoxeTe HaWT Ha oduumanbHOM
caiite B MHTepHeTe www.elins.su. MporpaMMHoe obecrniedeHne pekoMeHAyeTcsl O6HOBNSTL XOTS 6bl pas

B KBapTar.

Pe3toMupysl, AeTanbHasi cxeMa paboTbl npubopa v MO BLIFSAUT crieaytowmm 06pasomM:

19



1)
2)
3)

4)

5)

6)

7)

8)

9)

Mpubop noakntoyaeTcs nonb3osatenem B MO ESS.
C nomouwwbto MO nonb3oBaTenb co3aaeT pabouyto nporpaMmmy.
Monb3oBaTeNb NOAK/IYAET UCCNeayeMbIN 06BEKT K npubopy.

Ansa Toro, 4To6bl YAOCTOBEPUTLCS, YTO UCCIEAYeMbli OBbEKT MNOAKMOYEH MPABUIIBHO,
PEKOMEHAYETCS Ha HEKOTOpPOe BPEMsi 3aryCTUTb MOHWUTOPWHI. [0 BEIMYMHE W3MEPEHHOrO
MOTEHUMANa Pa3OMKHYTOW LEnu, Kak MpaBWIO, MOXHO [AMAarHOCTUPOBAaTb Hanmume O06pbIBOB,

MEepPEenosoCcoBKM, HEMCNPABHOCTM obpasua v Tr.

Monb3oBaTesNb 3anyckaeT paboTy. MNpyu 3TOM aBTOMATMUECKM MPOMU30MAYT Cheayiolne AenCTBuS:
B 3TOT, ¥ TONbKO B 3TOT MOMEHT B npubope 6yaeT cTepTa NaMsiTb SKCNEPUMEHTASbHBIX AAHHbIX,
B Npubop 6yaeT 3arpyxeHa paboyast NnporpaMMa M HacTpoVKK 3awwmT, 6yaeT 3anyuieHa paboTta. B
MO npu 3ToM 6yaeT 06HyNeH MAacCUB AaHHbIX, B KOTOPbIN ByAyT CKauMBaTbCA AaHHblE U3 Npubopa
(oH TakXKe Bcerga obHyNseTcs Mpu nepenoakodeHnn npubopa B MO unm nepesanycke camoro
Mo).

HenocpeactBeHHO nepen  3anyckoM paboTbl, ynpasnsiowee MO YTOYHUT Yy Mob3oBaTens
Ha3BaHWe 3arnyCKaeMoro 3KCrepuMeHTa (ero uM3HauvasbHbI TekCT 6yaeT B3aT B O M3 CTpokw
KOMMeHTapus). OHO 6ydeT COXpPaHEHO B 3HEpProHe3aBUCMMONW MaMsaTM npubopa BMecTe C
3KCMepUMEHTaNbHbIMW [aHHBIMU U CTaHET HEOTbEMJIEMbIM WX OMWUCaHMeM. Tak, HanpuMmep, Ha
XecTkuii  anck MK pgaHHble 6yayT aBTOMAaTMUECKM COXpaHsATbCS C  HasBaHuWeM dhaina
COOTBETCTBYIOLLEMY 3TOMY ONMCaHMi0. C YTeHUs 13 NaMaTi Npubopa 3TOro ONUCaHUS HauMHaeTcs
nobas 3arpyska AaHHbIX M3 npubopa (Npu 3TOM, 3TO OnucaHue ByaeT aBTOMaTUYecKu obpaTHO

BCTaB/IEHO B MoJsie KOMMeHTapus).

[Janee, no Xxody BbINOMHEHMs pabouyelt nNporpaMmMmbl, MNpUGOP HAYHET PErnCTpUPOBaTb

IKCNeEpUMEHTAalibHblE AaHHbIE U COXPAHATb UX B CBOKO SHEPrOHE3aBUCUMYIO NaAMATD.

MO ES8 npwu 3ToM 6yaeT perynsipHo M C Heo6xoAMMOM YacToTOM 3anpalumMBaTb Yy npubopa ero
Tekyllee COCTosiHMe M oTobpaxaTb WHGopMaumio o ero paboTe nosb3oBaTento (HoMep
BbIMOJIHSIEMOrO Lara M UMKNa, a Takxe BpeMs UX paboTbl, TEKYLUME 3HAUYEHMS! NOTEHLMANa, ToKa,

3apsga, pabounii pexxmm, 06beM 3aHATOM NamaTh 1 Tn).

Takxe npun 3TOM no 6yneT CNnegnTb 3a TEM, KaK 3aloJIHAETCA 3HEProHe3aBUCUMaA MaMATb
an6opa. Mo MEpe TOro, KakK noaBndroTCAa 3KCNEPUMEHTAlNIbHbIE [AadHHLIE, no 6yneT

aBTOMAaTMYeCKM CKauyMBaTb MX M3 3TOM MaMATU U 0T06pa)KaTb Ha M3MepMTeJ'IbHOl‘/JI AnarpaMme.

10) Ecm B XxoAe BbINOSHEHWs paboTbl 3akpbiTb MO wAn oTKMOYMTL B HeM npubop, TO nocne

nocneayowero noaKknt4yeHusd, AaHHbl€ Ha4HYT CKayMBaTbCA C CaMOro Ha4dana. I'IpM 3TOM,
CKa4aHHblE 3KCNEPUMEHTAJIbHbIE [aHHblE GYZI,YT noAaBNATLCA Ha VI3MepVITerIbHOI‘/JI AnarpamMmme un

6yayT AOCTYMHbl ANSi COXPaHEHWs MONb30BaTENEM Ha XeCcTkui auck MK B No6oi MOMEHT.
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Tekyllee >e COCTosiHME BbINONHEHUS paboyer nporpaMmbl 6yaet oTobpaxatbcss B [10
He3aBMCMMO OT 3TOro npouecca. [pu 3ToM, HanpuMep, MOXET CNOXUTLCS Takas CUTyauus, 4To U3
npubopa ckayaH TONbKO €eLlle 5-M UMKN AaHHbIX, @ BbINOMHAETCS Yxe ckaxeM, 10-i. MocTteneHHo
MPOLECC CKauMBaHUSI AAHHbIX AOrOHWT MPOLECC PerncTpaunm AaHHbIX M CUCTeMa nepevaeT B

0TOBpaXkeHNe AaHHbIX B peasibHOM BPEMEHM.

11) MNpw 3aBepwieHnmn paboTtbl 06bI4HO, MO yXke MMeeT Bce aKCnepuMeHTaNbHble AaHHble CKaYyaHHbIMU
n3 npnbopa. B TOM Xe cnydae, ecnvm BCe AaHHble He ycnenu ckavaTbCs, OHWM 6yayT AoKayvaHbl

dBTOMATUYECKMU.

12) Mpy HEOBXOAMMOCTM, CKaXKeM, €CIU Npu6op 6bin OTK/IOYEH OT KOMMbIOTEPA WU BbIMOJSHAN BCHO
pabouyto NporpaMMy HernoAKIOYEHHbIM, TO NMOC/E 3aBeplueHns paboTbl (Kak B LUTAaTHOM pexume,
TaK M HanpuMmep, HELTATHO MNpY OTKIIOYEHUU MUTAHMS) MOXHO TakXXe B JIl06OW MOMEHT ckayaTb
M3 HEro BCE 3KCMEPUMEHTAsIbHble AQHHbIE MOCNEAHErO BbLIMNOHEHHONO 3KCMEPUMEHTA (TOMbKO

OAHOro, A0 TeX nop, Nnoka He ByAeT 3anyLueH HOBbIN).

13) Cpasy nocne OKOHYaHMs 3KCNepuMeHTa UKW 3arpy3ky AaHHbIX, OHM aBTOMATUYECKN COXPAHSIOTCS
Ha >XECTKUN AUCK KOMMbIOTEPA WU CTAHOBATCA AOCTYMHbIMWA A1 3KCNOpPTa, MPOCMOTpa WK

nepBUYHON 06paboTKM.

14) B npouecce paboTbl npnbopa, B MO MOXHO B Nt0OOM MOMEHT COXPaHWUTb BCE YXE MMeloLmecs
(CkayaHHbIE) AaHHble Ha >XECTKUM AUCK ANs, Hanpumep, CO34aHusl NpeaBapuTenbHO OT4yeTa o

BbIMOJIHEHUN ANUTENBHOMO0 MHOrOAHEBHOIO 3KCNEPUMEHTA.

B ﬂpMBeﬂeHHOVI CXEME MpPaKTN4YeCKM BCE onepaunn BbIMOJIHAKOTCA aBTOMAaTU4YECKN U HE3AMETHO ANA
nonb3oBatens. osToMy coBceM He ob6s3aTenbHO AepxaTb UX BCce B ronose. [Mpu Heobxoammoctn, MO
BblBEAET COObLLUEeHNs NOACKA30K, COBETOB, @ TakxXe npeaynpeavT o nocneaytoLwmx AENCTBUSX U CobbITUSIX,
Ha KOTopble cregyeT o06paTUTb BHUMaHMeE. Takol MexaHu3M paboTbl obecneuynBaeT MaKCUMaNbHYHO

HaAEXHOCTb BbINOJIHEHUA pa6o'-|el71 NporpaMmMmbl, a TakKXXe COXpPaHHOCTb 3KCNEPUMEHTAJIbHbLIX AdHHbIX.
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II1. SKCNJTYATALUA NPUBOPA

3.1. OBECNEYEHME MAKCUMAJIbHOM NOMEXO3ALUULLEHHOCTM MPU NPOBEAEHUMN
N3MEPEHWN

Ansa  obecneyeHnss MaKCMMaslbHOM  MOMEXO3ALUMLLEHHOCTM MpU  MPOBEAEHUM  U3MEPEHWM
nccneayemblii 06bEKT (HampuMep, 3NeKTPOXMMUYECKas sdelka, MonynpoBOAHUKOBLI NpUBOp, 3MeMeHT
MUTAHUA U T.M.) JO/MKEH ObiTb MOMELLEH B METa/IMYecknit 3kpaH. Mpu 3TOM peKoOMeHAYeTCs COeAUHWUTb
3KpaH W 3a3eMNSOWMA pasbeM MOTEHUMOCTaTa C BHEWHWM 3a3eMieHueM. XKenaTenbHo, YTobbl BHYyTpU
3KpaHa HaxoAWIC He TONMbKO WMCCreayeMblii 06beKT, HO M 3aXMMbl «KPOKOAWM», KOTOpbIMKM NpoBoAa

npubopa coeanHSsItOTCS C BbIBOAAMU 0bbeKTa.

3a3eMNeHne TaKKe MOXET MOHAZ06UTLCS M3-3a ranbBaHNYECKON pa3Bsi3ku UHTepdeiica USB. M3-3a
Hee abCoNIOTHbIM MoTeHUMan npubopa MOXET OKa3aTbCs HeonpeaenieHHbIM, YTO B HEKOTOPbIX Cly4asx
MOXET NPUBECTU K 60/1ee CUIbHOMY BO3AENCTBUIO BHELLUHMX MOMEX. B 3TOM ciiyyae MOXXHO NM60 3a3eMNnUTb
npubop, NM6o, B KpalHEM C/lyyae, MOXHO COeAMHWTb €ro pasbeM 3a3eMJIeHVsi C  KoprnycoM paboyero

KOMMbtoTEpa Npu NOMOLLM BbICOKOOMHOIO pe3nctopa conpotusneHem 6onee 10 Kom.

Mpu paboTe C ManbiMi Tokamu (MeHee 1 MA) MAM B YCNIOBMSIX CWMbHBIX MOMeX (Hanpumep, npw
HarpeBaHUM uccrieayeMoro o6bekTa B MOLLHOM 3N1EKTPONEYM) Hanmume sKpaHa oba3aTenbHO, B NPOTUBHOM

Clly4dae pe3ynbTaTbl 3KCNEPUMEHTA MOIyT HE COOTBETCTBOBATbL AENCTBUTENTbHOCTH.
Mpw paboTe No Tpex unu l-IeTbI[.')eXBJ'IEKTII)OLIHOl‘/II CXEMEe Hannuume aKpaHa Takxe 0bsa3aTenbHO.

dnekTpoMeTpbl Npubopa cobpaHbl Ha CMOS aneMeHTax, MO3TOMY WMEIOT BbICOKOE BXOAHOE
COMPOTMB/IEHWE, HO OYEHb UYBCTBUTENbHbI K 3/IEKTPOCTAaTUYECKUM pa3psidaM U MoMexaM, KOTopble MoryT
BbIBECTM UX U3 CTposi. MO3TOMY He crieayeT KacaTbCsl kabenei npuéopa U MeTa/NIMYECKUX YacTel 3aXK1MOB
«KpOKOAMN» B MpoLecce NpoBefAeHWsi M3MepeHuid. MoaobHble AENCTBUS TaKXKe MOryT CWU/bHO MCKasUTb
pe3ynbTaTbl U3MEPEHWU 3@ CYET BO3HUKHOBEHMSI KPAaTKOBPEMEHHBLIX WMMMYJIbCHBIX MOMEX M HapyLLEHUS

YCNOBWIN 3KPaHMPOBaHMS.

Taioke BHEWHWE MNOMEeXuM MOryT CWIbHO CKas3aTbCAa Ha crabunbHoCcTM paboTtbi
nHTepdeiica npubopa c MK. Nx UCTOYHMKAMM MOryT SIBIATbCS MOLHbIE 3/1eKTponoTpeburenu,
WAM npoueccbl MX KOMMyTauuum. Hanpumep, CTaHkM WM [PYrov 3/1IEKTPOMHCTPYMEHT,
3/1eKTPOoNneyYn 1 HarpeBaTeNn, BaKyyMHbl€ HAaCOCbl, Pa3/IndHbIE€ 3J/IEKTPOABUraTesIn, 3/1EKTpo-
noTpeébutenn MHAYKTUBHOIO WM E€MKOCTHOrO XapakTepa, MMNyJibCHble noTtpeéburenu m T.n.
Bo3geiicTBMe nNopgo6HbIX NMOMEX MOXET nNpuBecTu K c6oro B pabore mHTepdeica npubopa,
noTtepe AaHHbIX, UCMIOPYEHHOMY 3KcnepuMmeHTy. MocrapanTtech o6ecneunTb HauMeHbLUEe MUX
Bo3aeicTreue. NMpubopbl MMEIOT B CBOEM COCTaBe KaK annapaTHble, TaK M nporpaMMHbie
MeToAbl 3awuTbl MHTepcgenca OT 3TUX BO3AENCTBMWA, OAHAKO, MX BO3MOXXHOCTU He

6e3rpaHnyHbI.
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3.2. OCHOBHbIE CXEMbl BKJIOMEHUA NMPUBOPA

B noTteHumoctate P-20X peanu3yloTCqd TpU OCHOBHbIX Crocoba MOAKMIOYEHUS K MUCCNeayemMoMmy
06beKTY (NEKTPOXMMUYECKON SIUEMKE): ABYX-, TPEX- M YETblpexanekTpoaHas cxembl (puc. 7). Bo Bcex
Cnyyasx TOKoBbIMM anekTpoaamu sensatotcs “Counter” n “Work”, a cooTBETCTBYIOLMMN NOTEHUMANBHBIMU —
“Ref” n “*Comp”.

Bo Bcex cny4yasix npubop ctabunusnpyeT BenunuuHy curHana anektpoga “Comp” OTHOCUMTENbHO
anekTpoaa “Ref” (kacaTenbHO CUCTEMbl 3HAKOB HAMpPSHKEHWUWA;  MOSIOXMTENBHOMY  HamnpsXKEHMIO

(noTeHumany) Npu 3TOM COOTBETCTBYET MONIOXUTESNbHbIN TOK).

(a) Counter  Ref Comp  Work (6) Counter  Ref Comp  Work

u i

Counter  Ref Comp  Work

O

Puc. 7. Iloakmrouenue 1o AByX- (a), Tpex- (0)
U YETBIPEXIICKTPOIHOM (B) CXeMaM.
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IV. FAPAHTUAHDBIE OBSI3ATE/IbCTBA

M3roToBUTENb rapaHTUPYeT COOTBETCTBME MNpUGOpa TEXHWYECKMM  XapaKTepucTukaMm npu
cobnoaeHMn noTpeduTenemM npaBua 3KCNJlyaTauMun, TPAHCMOPTUPOBAHUS UM XPaHEHMS], YCTAaHOB/IEHHbIM B

HacTosLWEM pyKOBOACTBE MO 3KCrayaTauuu.
FapaHTUMHBIA CPOK 3KCnyaTauum — 12 Mecsues OT AaTbl NPOAAXMW.

CpoK rapaHTUIMHOrO peMOHTa OMpefensieTcsl CTeNeHb0 HEMCNPABHOCTM Npubopa U MOXET A0X0AUTb

[0 20 pabounx aHel 6e3 yyeTa BpEMEHWU AOCTABKMU.

lapaHTUIiHbIE 06513aTeNbCTBA HE BK/IOYAOT B cebs ycTpaHeHue npobrieM HEeKOPPEKTHOW paboTbl €

npn6opoM (HECOOTBETCTBYIOLLME TPEGOBAHMAM HACTOSALLErO PyKOBOACTBA).
MoTpebuTenb NMMWAETCs NpaBa Ha rapaHTUIHOE 06CNYXXMBAHWE B CeayoLmX Cllydasix:

e PV HapyLLUEHWUN NPaBWU 3KCM/TyaTaunn, TPAHCMOPTMPOBAHUS U XpaHeHUs, Mep 6€30MacHOCTK

paboTbl C NpubopoMm;

e Npu HecobnoaeHNN 06a3aTeNbHBIX Mep NPeaoCTOPOXHOCTEN, TPe6OBaHMI 1 3anpeLlatoLLmMx

MYHKTOB, Kacarowmxcst paboTbl C NPMO0OPOM, NPUBEAEHHBIX B HACTOSILLEM PYKOBOACTBE;
e npu paboTe c NpUBOPOM B HELOKYMEHTMPOBAHHBIX pEXMUMaX;
e MpW HENpaBWIbHOM YCTAHOBKE MW NOAKIOYEHUN Npubopa;
e pW NPEBbILLIEHNM AOMYCTUMON paboyelt TeMrnepaTypbl, Neperpese u T.n.;
e MpW HaNMYMKN BHELLHMX U BHYTPEHHUX MEXAHWUYECKMX NMOBPEXAEHWUN;

e NPV HapyLIEHUN LENOCTHOCTM MNOM6, NPU3HAKOB BCKPbLITUS U PEMOHTA Npunbopa

Heyno/1HOMOYE€HHbIMU NTNLAMK,;

e TPU HaIU4umn I'IOBpE)K,U,eHVIﬁ, NONYYEHHbLIX B PE3YyNibTATE aBapvu7|, BO3/ENCTBUS OrHg, Bnaru,

HACEKOMbIX, MblIN UNX NonaaaHnUAa BHYTPb KOpryCa NOCTOPOHHUX NPEAMETOB.

FapaHTMﬁHoe n HOCﬂerapaHTMVIHOG O6CJ'IY)KVIBaHMe an6opa OCYLLECTBNAETCA TEXHUYECKUM

otaenoMm OO0 «INUHC».
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