Electrochemical Instruments

000 «Dauuc»

UMNYJ/1IbCHbIN
NMOTEHLUMUOCTAT-FTAJIbBAHOCTAT
«Elins P-45X>»

L]
Potentiostat-galv a
anostat G P-45x
ea;_ j h
5 @j h
h
= C o —
oY —
et '—" “
<® ”“

PYKOBO4CTBO I10 3KCITJIYATALNN

YepHoronoeka — 2016

www.elins.su






YBaxxaeMblii nokynatenb, 6narogapum Bac 3a npuobpeteHue Hawero obopyaoBaHusi. Hactosuiee
PYKOBOACTBO MO 3KCM/lyaTauMn COAEPXKUT CBEAEHUS O MpuHUMNe paboTbl, YCTPOMUCTBE M XapaKTepUCTMKaX
BbICOKOTOYHOIrO MMMYNbCHOMO MOTEHUMOCTaTa-ranbBaHocTaTa tvna P-45X n ykasaHusi, HeobxoamMble Ans

€ro npaBunbHON 1 6e30nacHoM aKcnnyaTauuu.

3TOT Npubop SIBNSIETCS MPELM3NOHHBIM MHCTPYMEHTOM, MpeAHa3HayeHHbIM A1S PELUEHWs CaMbIX
pasHbiX  JMEKTpoXUMMYEeckux  3adad. OH  noaaepXuBaeT  GOMBIUMHCTBO — 3NIEKTPOXMMUYECKMX
3KCNEepUMEHTANbHbIX METOAOB  —  BOJIbTAMMNepoOMETpus, NOTEHUMOMETPUS, KYJIOHOMETpUSI,
XPOHOMOTEHLUIMOMETPUS, LMKIMYECKasl M JIMHEHasi pa3BepTKM MOTeHUMana WM TOKa, WMMYSbCHble
MEeTOAbl, @ TaKXKe MHOrne apyrve. Takxke OH MOXET OblTb MCNONb30BaH AN MHOMOAHEBHbIX LIMKIMYECKMX
UCMbITaHW  pa3nuuHbix XWUT, 3apsina-paspsiga 3MeKTPOAOB, KOPPO3WOHHBIX, 3MEKTPOKaTa/IMTUYECKMX U

PECYPCHbIX UCNbITaHWI MaTepuasnioB M PasfINYHbIX NEKTPOXMMUYECKMX OOBEKTOB U CUCTEM.

MoTteHuunoctaTt P-45X uMMeeT BO3MOXHOCTb YCTAHOBKM MOAYNSA 4YacTOTHOrO adHanusaTtopa Aand
N3MepeHnst 3NEeKTPOXMMMYECKOro wuMnegaHca. Hactosiee pyKOBOACTBO OMUCHIBAET ToOSIbKO 6a30Byto

KoHdurypaumo npubopa (be3 Moayns 4YaCTOTHOro aHanM3aTopa).
Takxke noTeHUMocTaT umeeT dyHKumIo IR-kOMNeHcauMmn METOAOM NONOXUTENBHON 06paTHON CBSI3W.

Mpunbop nossonsieT paboTtaTb MO ABYX, TPeX WU l-IeTI:yIpeXBJ'IeKT[.')O,EI,HOl‘;‘l CXEMaM MNOAKJ/TIOYEHUA K
3HEKTDOXMMM‘4€CKOI>II 9|L|e171|<e, KaK B MOTEHUMUOCTATUYECKOM, TaK U B ra/ibBaHOCTAaTUYECKOM peXMMax npu

Tokax ot 3 A oo 200 nA.

Ynpaensiowas nporpaMma ES8, Bxoasiias B KOMMIEKT NOCTABKM, NO3BONSAIOT YNpaBnsaTb NpM6opoM
C TMOMOLLBO MEPCOHANBbHOrO KOMMbloTepa. MMeeTcs BO3MOXHOCTb paboThbl, Kak C  €AUHUYHBIMU
3KCNEepUMEHTaMM, Tak M B peXWMe LMKIMYECKOro MHOMOLIAroBOro nporpaMmMatopa, MO3BOJISHOLLErO

nocneaoBaTesibHO BbINOHATL 3a4aHHbIE MoMb30BaTeNeM peXxnMbl paboTbl MHOrOKPAaTHO.

MoTeHumocTaT P-45X nMeeT CO6CTBEHHYIO SHEPrOHE3aBUCKMYIO NaMsTb, B KOTOPYIO pPe3epBUpYIOTCS
BCE AaHHble, nosyyaeMble B xoae paboTsbl. Mocne 3anycka paboTbl, NPUGOP MOXET ObiTb OTK/KOYEH OT

KOMMbKOTEPa And ABTOHOMHOWM pa6OTbI.

Bo BpeMA BbINO/THEHUA pa6OTbI rapaHTUpPyeTCA COXPaHHOCTb BCeX NONYYEHHbIX
SKCNEPUMEHTAJIbHbIX AdHHbLIX WU COXpPaHEHUE TMOJIHOMO KOHTPOAA HaAd 3KCNEPUMEHTOM HE3aBUCUMMO OT

NOAKNTIOYEHNA K KOMMbIOTEPY.

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

camoamnarHocTukm 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,

NOXENAHUAMU UMW 3aMeYaHUSIMU, Kacatowmmmcs paboTbl Npubopa 1 NporpaMMHOro obecneyeHus.

O6HoBNEHUsT nporpaMM, AOMNONHUTENBbHYD WHMOpMauno, cnucok npoaykumm OO0 “SnanHC” 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. TEXHMWYECKME XAPAKTEPUCTUKMU
OCHOBHble BO3MOXHOCTHM NOoTeHLMoCTaTa-ranbBaHoctaTta P-45X

(6a30Bbiit 610k NOTEHUMOCTATA):
®  Perucrpaums noTeHUMana pasoMKHyTON Lieni

®  TOTEHUMOCTaTMUECKMIA PEXMUM paboTbl

lanbBaHOCTAaTUYECKUIA PEXMM paboTbl

CTyneH4YaTbli NOTEHLUMOCTAaTUYECKNIA PEXUM

CTyneH4aTbli raibBaHOCTaTUYECKUIN PEXUM

JInHeNHas pa3BepTka NoTeHUMana

Linknnueckas passepTka noTeHuMana

JInHeliHast pa3BepTka ToKa

LiMknnyeckas passepTka ToKa

XpoHoaMnepoMeTpus

XpOHOMNOTEHUMOMETPUS

XPpOHOKYNOHOMETpUA

MoTeHUMOCTAaTUYECKUIA CUFHAN NPOMN3BOJIbHON (hOPMbI

lanbBaHOCTATMYECKUI CUMHAN NPOU3BOSIbHOW (hOPMb

JInHelHas nonsipusaums

Linknnueckas nonspusaums

MoTeHUMOANHAMUYECKUI PEXNM

anbBaHOAMHAMUYECKUI PEXNM

MMnynbcHbIN (ocumnnorpadmyecknin) pexmm pasBepTky NoTeHumana

MMnynbcHbIN (OcumniorpaduyecKkmnii) pexxmM pasBepTku ToKa

MMnynbcHbIN (ocunnnorpadmyeckmin) NOTEHUMOCTAaTUYECKUIA PEXUM CUIHANa NPON3BOIbHON (DOPMbI

MMnynbcHbIN (ocumnnorpaduyecknin) ranbBaHOCTaTUYECKMIA PEXMM CUIHaMa NPOM3BOLHOW (OpMbI

Pe>xMM noLuaroBoro LMKMYecKoro nporpaMmMarTopa

Lnknuueckni 3apsa - paspsia XUT (nporpamMmaTop)

ABTOMaTMYeCcKne AnanasoHbl TOKa

IR - KOMNEeHcauns METOAOM MONOXKUTENBLHOM 0B6paTHOM CBA3M

Monb3oBaTenbckas 3awmTa No TOKy M noTeHumany

®DyHKUMM CaMOAMArHOCTUKM Ha BCTPOEHHOM 3KBMBAJSIEHTE

[IByxCTyneH4aToe BK/IIOUEHUNE SYENKM C NMOMOLLbIO pene u1 MOSFET-kntouen

BHYTpeHHMIA CNOT ANa YCTAaHOBKM MOAYNS YaCTOTHOMO aHanm3aTopa

BcTpoeHHas sHeproHe3aBncMMasl NaMsiTb SKCNEPUMEHTasbHbIX AaHHbIX

MpoaomkeHne paboTbl NpU OTKAOYeHUN ynpasnstowero MK



OCHOBHbIE XapaKTEpUCTUKU UMNYJIbCHOrO NOTEHLUMOCTaTa-ranbBaHocrata P-45X

Tabnuua 1

OcCHOBHbIE NapaMeTpbl:

Konn4yectBo KaHanoB

1

MoakoyeHue a4enkn

2, 3, 4 anekTpoaa,

KOHTpOnb si4eiku

MoTeH LI,VIOCTaTVI‘-IECKVIl‘/JI, ran bBaHOCTaTMLIeCKMVI, BOJIbTMETP

IR - koMneHcaums

MeToAOM MONOXUTENBbHOW 06paTHOMN CBSA3M

MoOLWHOCTD!
MakcuManbHas
50 Bt
nonspu3yoLLlas MOLWHOCTb
MakcmManbHaga Harpy3o4Has
Py 25 Bt

MOLLHOCTb

HanmeeH nd, NOTEHUMNANbI.

MakcuMmarsnbHoe BbIXO4HOEe
Hanps>XXeHne

+ 17 B (MakcManbHO AOCTUXKMMOE)

HoMuHanbHoe BbixoaHOE
HanpsXeHune

+ 13.5 B (Npu TOKe, COOTBETCTBYIOLLEM MAKCUMAsIbHOMY)

Jnana3oHbl noTeHumMana
(HanpsbkeHust) u ux
pa3peLleHunst

+ 1 B (40 MkB)

+ 2 B (80 MkB)

+ 5 B (180 mkB)
+ 12 B (500 mMkB)

Mpeaen gonyckaemon
NpuBeAEeHHOM MOrPeLIHOCTM
ANS AvMana3oHoB
noTeHuuana

+0.2%
(norpelwHOCTb NpuBEAEHa K BEpXHEMY Npeaeny Avana3oHa)

BxoagHoe conpoTueneHue
3NeKTpOMeTpa noteHumana /
BXOAHOW TOK

10" Om / MeHee 10 nA

CKOpOCTb pa3BepTku 10 MKB/c
noTeHunasna MMHUMabHas
CKopocCTb pa3BepTku 50 B/c *

NnoTeHUMaNa MakKCMMaJlbHa4d

TokoBble XapaKTEepPUCTUKMU:

MakcuManbHbIN

MONAPU3YIOLLMIA TOK He +3A
MeHee
MaKcuMarbHbIN

+3A

Harpy3o4Hbl TOK HE MeHee

[nana3oHbl ToKa

9 ananasoHoB: + 3000 MA; + 200 MA; + 20 MA; + 2000 MKA;
+ 200 MKA; + 20 MKA; £ 2000 HA; + 200 HA; + 20 HA

Pa3pelueHure rno Toky

1/ 30000 oT MakcuMyMa Ans KaXKaoro AnanasoHa




MUHMMasbHbIN
peKoMeHAYyeMbI pabounii
TOK

200 nA

AL, LIAN:

AL, LIAM

2 CUHXPOHHbIX ALIM, 16 6uT, 2 MKC.
1 UAI, 16 6ut, 20 MKC

MakcuManbHas /
MMHUManbHas CKOPOCTb
pervcTpaunm AaHHbIX B
NOTOKE:

1000 / 0.01 Touek/c

MakcuMManbHoe KOnMMyecTBo
TOYEK AaHHbIX
3Hepr0HeBaBVICVIMOI‘/JI namMaTn

800 TbIiCcay

MMNy/IbCHbIA PEXUM:

PaspelueHue no spemMeHu
AlN

2 - 2900 MKC, BblbMpaeTcs aBTOMaTUYECKK

MaccmB AaHHbIX HA OAMH
UMMNY/bC UKW LNKN
pa3BepTKM

o 1000 Touek, BblbMpaeTcs aBTOMaTUYECKN

PaspelueHune no speMeHu
LA

20 - 65000 MKC (Ansi UMNYNBLCHOMO peXmMa NpPou3BobHON hopMbI)

[nanasoH pa3BepTok

Ot 10 go 10 000 BonbT B cekyHAY* (415 MMMNYNbCHOMO peXxunMa
pa3BepTKu)

noTeHumana
O6wue napaMeTpbl:

NHTepdeic MK UsSB

ManbBaHW4Yeckasa pa3ss3ka ECTb

USB-nHTepdeica

TpeboBaHus Kk MK
(MMHMManbHbIE)

P600, 128 MB RAM,
Win 9x, 2000, XP, 7, 8

[lononHuTeNbHble
TpebosaHusa Kk MK

PycCKMi1 53bIk ONepaLMOHHON CUCTEMbI,
CTaHAAPTHbIV pa3Mep LWPUEHTOB CUCTEMBI.
Pa3pelueHne 3KkpaHa no BepTukanu - He MeHee 900 nukcenen,
No ropusoHTanu — He MeHee 1000 nukcenen,
pekoMeHayemoe paspelleHve — 1920x1080

FabapuTHbIE pa3Mepbl, MM 361x233x101
Macca 6e3 ynakoBKku, Kr 5.5
MakcumanbHas

150 Bt

I'IOTpe6J19IeMaﬂ MOLLHOCTb OT
CETN NEPEMEHHOIO TOKa

Csa3b 3eMn1 npubopa ¢
CUJSI0BbIM 3a3eM/IEHNEM
po3eTtkn 220B

Bceraa coegmHeH

* B 3aBMCMMOCTW OT AMana3oHa NoTeHuMana v BeIMYMHbI CKOPOCTM pa3BepTKM, ByaeT BblbMpaTbCst

BbICOTA LLAra LndpoBoOro CUHTE3a pas3BepTKu.




Tabnuvua 2

Anana3oHbl TOKa " npepenbl AoNyCKaeMbiX AN HUX npuBeAeHHbIX I'IOFpeI.I.IHOCTeFI

(kaXkxpas NOrpeLwHoCTb NpMBeAeHa K BepXHEeMy npeaesly COOTBETCTBYHOLLEro AUana3oHa)

+3000 MA, £ 0.8% +200 MA, £ 0.2 % 120 MA, £ 0.2 %
+2000 MKA, £ 0.2 % +200 MKA, £ 0.2 % +20 MKA, £ 0.5 %
+2000 HA, £ 0.5 % 200 HA, £ 1 % 20 HA, £ 3 %

Mpubop npeaHasHayeH Ans paboTbl OT CETU MEPEMEHHOro TOKa C HanpsbkeHueMm (220+22) B u

yactoTtoin 50-60 U Npy HOpManbHbIX YCNOBUSIX 3KCMNyaTaLmu:

TemnepaTypa oKpyxatowero Bosayxa, °C 23+4
OTHOCUTESNbHAs BNAXXHOCTb OKpY»XXatowero Bo3ayxa, % ot 30 go 80
aTMocdepHoe aaBneHue, klMa (MM pT. CT.) ot 84 po 106 (ot 630 oo 795).

He pexkoMeHAyeTcs MNOCTOSAHHO D3KCMlyaTUpoBaThb MNOTEHUUMOCTAT Ha npenene ero
BO3MO)XHOCTEMN. PekoMeHAyeTCA OrpaHUYMUTLCA TOKOBbIMM M MOLLHOCTHbIMM NapaMeTpaMu Ha

ypoBHe 75% OT MakCMMaJsibHO AONYCTUMbIX Ana Bawero npubopa.

Takke Heo6xoAMMO BHMMaTesbHOe oO6palleHue C HU3KOOMHbIMM oO6pasuamMu npm
paboTre ¢ HUMM B KAaKOM-/IM60 NOTEHLMOCTAaTUHECKOM pexuMme. B Takux cnyyasix HAaCTOSAITEJ/IbHO

PeKOMeHAYyeTCA UCnoJib30BaThb rasibBAHOCTaTU4ECKUM PeXXuM.

MuvHMManbHO peKkoMeHAyeMOe OMMYEeCKOoe COnpoTUBJ/IEHUEe TecTupyeMoro

06pa3|.|a AN NOTEHUMOCTATUYECKOro peXxuvuMa [AJiId pa3/indHbIX AUnana3oHOB nNOoTeHLUuuala

npubopa:
[Anana3oH noTteHyuana MuHMManbHOe OMUUYECcKoe CONnpoTUB/IeHne
+1B 5 Mmunnuom
+t2B 7 Munnuom
+5B 20 Munavom
+12B 70 Mmunavom

Mpu 60onee HU3KNX OMUUYECKUX CONPOTUBIEHUAX paboTocnocobHoCTb Npubopa B

NMOTEHLMOCTaTU4YECKOM peXXmMe He rapaHTUupyeTcs.




1.2. KOMIMJIEKTHOCTb MNMOCTABKM
Tabnuua 3

KoMna1eKTHOCTb NOCTaBKM NOTEeHLMoCcTaTa-raibBaHocrara P-45X

HanmeHoBaHWe Kon-Bo, wr MNpumeyvaHue
MoteHuunocTtaT P-45X 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

MMNynbCHbIN NOTEHUMOCTAT-ralbBaHOCTaT P-45X CMOHTMPOBaH B MeTa/IM4eckoM Kopnyce. BHyTpu
Hero HaxoauTcs 610K NMUTaHWA, paavaTop OXNAaXAEHUs YCUNUTens, aHanorosas nnata MnoTeHuuocTaTa,
ynpasnswowas nnata. B cocta npubopa BXOAAT BCE Y3Mbl M KOMMOHEHTbl, Heobxoaumble ANs
NOMHOLEHHOro (PYHKUMOHMPOBAHMUSA OAHOMO MMMY/bCHOMO NOTEHUMoCTaTa-ranbBaHocTaTta. Ero 6510k cxema
npueegeHa Ha puc. 1.

MoTeHumocTaT P-45X umeeT aBa npeaycunutens - oauH ans Toka (i-U), apyron ans noteHumana
(U). C HMX curHan nogaeTtcs Ha cenektop Tuna pabotsbl (S1 — BblbMpaeT pexunM paboTbl NoTeHuMocTaT —
ranbBaHOCTaT) U Ha ABYXKaHanbHbI ALM. C cenekTtopa Tuna paboTbl S1 curHan obpaTHOW CBS3W NMOAAETCS
Ha ycunuTenb MNOTeHUMocTaTa, @ C Hero Ha ycunutenb MowHoctu YM. Kommytatop S2 cnyxuT ans
noakntoyeHns anektpoaa Counter (BkOYEHMS siyelkn). OH COCTOMT M3 NOCIeAoBaTeNlbHO COEANHEHHbIX
3NEKTPOMArHUTHOIO pene, N TBepAO0TENbHOro Kitoya, CobpaHHOro Ha NoMeBbIX TPaH3UCTopaXx.

MukpokoHTponnep (LMY) ¢ sapom Cortex M4 nonHOCTbIO KOHTPOMPYET BbINOSHEHWE CO3A4aHHOM
nonb3oBaTeNnieM MNporpaMmMmbl, aHanu3MpyeT AaHHble TOKa, MOTeHuMana, paccyuTbiBaeT 3apsd, NpoBepsieT
Hannume neperpysok, MPU3HAKoB OCTAaHOBKW W BbINOMHSAET BCe OCTasibHble paboune dyHkumu. Takxke
MUKPOKOHTPON/IEp CBSA3aH C  MWKPOCXEMOW 3HeproHe3aBucumow Flash-namatu. [laHHble B Hee
3anMCbIBAOTCS Cpasy Xe Mocsie UX NosiBNeHUs No OAHOM TOYKE Ha BCEX CKOPOCTSX perucrpaumu npubopa.
dTa NaMsATb MOJIHOCTbIO CTUpaeTCa TONMbKO (KaXAblM pa3) nepea KaXablM HOBbIM 3amnyckoM paboTbl
npubopa. MUKPOKOHTPOSNIEP TaKXXe COeAMHEH C rafibBaHNYeCcKun pa3ssa3aHHbIM USB-uHTepdeincom.

MoMMMO Npoyero, B COCTaB MOTEHUMOCTaTa BXOAUT BXOAHOW peneiHbin kommyTaTop (K), KOTopbii
NnoaKNoYaeT noteHumoctaT NGO K BHYTpEeHHeMy 3KBUBaNeHTy (3), NMnMb0 K BHEWHWM pa3beMaM Ha
nepeaHe naHenn. BHYTPeHHWI 3KBMBaNEHT NpeacTaBnsieT Cobon Habop MOCTOSIHHBLIX PE3UCTOPOB C
conpotueneHusimm 5 Om, 5 KoM, 5 MoMm, n cnyxut pns nposedeHuss AnarHOCTMKM npubopa. B
BbIK/TIOYEHHOM COCTOSIHUM UMW B COCTOSIHUKM OXMAAHMS paboTbl, NOTEHUMOCTAT NOAKOYEH K BHYTPEHHEMY
9KBMBANIEHTY, @ BHELWIHME pPa3beMbl HU C YEM He coeauHeHbl BHyTpu npubopa KpoMe pPa3OMKHYTbIX
KOHTaKTOB pesie KOMMyTaTopa.

Ha nepepHein naHenu npubopa HaxoaaTcs TyMOnep - MHAMKATOP BKIHOYEHMS MUTAHWS, Pa3beMbl
ANs NoAKYeHnsl uccneayemMblx obpasuos. Mpubop noaknovaeTcs K uccnegyeMomy obpasuy YeTbipbMs
nposoaamn. Ans yaobcrea paboTel ¢ XUT, pa3beMbl, UMEIOT MapKUMPOBKY MOMSIPHOCTM.

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

N3mepuTenbHasa 3emns npubopa, COeAMHEHHAst C ero KOpPMycoM M MOAK/IOYEHa K CUIOBOM 3emie
po3eTkn 220B. 3emna USB mHTepdelica ranbBaHUYECKN M30NMPOBaHa OT BCEX 3TUX 3eMeflb (He coeamHeHa

HW C OAHOW U3 HUX).
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BeHTUNATOp OXNaXxAeHusi Pa3BMBAET MakCMMasibHble 060pOTbl TOMBbKO MpWU MOAKTIOYEHUN CaMOro
rpyboro ananasoHa Toka — 3 A. Ha ocCTanbHbIX AMana3oHax OH paboTaeT Ha MOHMXXEHHbIX 06opoTax Ans
5KOHOMUM pecypca U MEHbLLEro 3aTArMBaHus Mbln.

B npouecce BbIMNONHEHUS paboTbl MM B PEXWME MOHWTOPMHra MOTEHUMOCTAT MOAK/YEH K
BHELWIHel siyeiike. MNpu npoBeAeHUM  aBTOMATMYECKOM AMArHOCTWMKWM, OH MOAK/IOYEH K BHYTPEHHEMY

OKBUBANEHTY.

COUNTER [ 4802 ?T |
. LIATT
?J

REF [ h
COMP o——

Yo AUM LNy

pu
WORK [ o————— ‘
3 %J T i-U Flash

Puc. 1. bnok cxema noteHumocTaTa P-45X.
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E.7)

Potentiostat-galvanostat

I~
Ul
bt

CaenaHo
B Poccum
000 "3InuHc”

Puc. 2. NoTteHumocTaT-ranbBaHocTat P-45X.

1- pa3beEM 3a3eEMNEHNA N SKPAHNUPOBAHUA, 2 - TYM6J'Iep N UHAUKATOP BKAKOYEHUA MUTAHUA, 3-
pa3beEMbI MNOAKAOHYEHUA USMEPUTESTIbHbIX Ka6ene17|, 4 - BEHTUNATOP OXNaXAEHUs, 5-USB pasbeEM

MOAK/IIOYEHNS K KOMMbIOTEPY, 6 — pa3beM nuTaHus 220 B, 7 - rHe3a0 npeaoxpaHuTens.
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II. NOArOTOBKA NMPUBOPA K UCNOJ1Ib3OBAHUIO
2.1. MEPbl BE3OIMNACHOCTHU
Mpubop MMeeT cneaytolme annapaTHbie TUMbl 3alnTbl:

e 3awmTa OT TMpeBbIEHNS abCOMOTHOIO BbLIXOAHOIO TOKa Ha ypoBHe 3.5 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 — 3.2 A.

BpeMs cpabaTtbiBaHuUs — 2 MC;

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

“3MepsSIEMOMY, TaK ¥ Mo 3a4aBaeMoMy HanpsikeHuto (noTeHuwmany). Bpemsi cpabaTbiBaHns — 2 Mc;

e [lonb3oBaTenbckas 3awmTa No ToKy (3agaetcs 6e3onacHoe OKHO OT - A0, MPU  BbIXOAE M3 KOTOPOro
NPoOMCXOAUT 3aBeplueHne wara/unkna pabotbl). Bpems cpabaTbiBaHMa — 2 Mc. HacTpavBaetcs

nosb3oBaTenieM B yrnpasnsiowem [10.

o [lonb3oBaTenbckas 3awmMTa No noteHuuany (3agaetcs 6e3onacHoOe OKHO OT - A0, MpU  BbIXoAe U3
KOTOPOro MnpoUCXOAUT 3aBeplueHve wara/umMkna paboTtbl). Bpems cpabaTtbiBaHus — 2 MC.

HactpavBaeTcs nonb3oBaTtenem B yrnpasnsiowem [10.

Kopnyc v waccu npnbopa aNneKTPUYECKN COEAMHEHBI C €r0 U3MEPUTENIbHOM 3EMMEN U COEANHEHDBI C
CUNOBbIM 3a3eMrieHneM po3eTkn 220B. 3emns USB uHTepdelica ranbBaHnyeckn HE coegMHeHa HU C 0AHOM

N3 3TNX 3€EMENb.

He pekomeHayeTCcs NOCTOSAHHO 3KCMyaTUpoBaTb NpMbop Ha npeaene ero BO3MOXHOCTEW.
PekomMeHayeTCs OrpaHMuMBaTbCd TOKOBbIMW UM MOLWIHOCTHBIMW 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:

AKCn/IyaTUpoBaTbh NpU60p B6/1M3N 06bEKTOB U YCTAHOBOK, SAAIBNIAIOLMMMNCA UCTOUHMKAMMU
CWJIbHOIO TENJIOBOro, CBETOBOI 0, 3J/IEKTPUUYECKOr0 WK 3J1IEKTPOMarHUTHOIO U3JTyYeHMA,

BJIMSIHUIO KOTOPbIX MOXKET 6bITb NoaBep)KeH npubop.

MonagaHue )>XuAKOCTM N60Oro TUNA WM MexaHuueckux npeameToB (uepes

BEHTWUISILMOHHbDIE peLleTKU WIN MHaue) BHYTpb npubopa.

dkcnnyaTtaumsa npubopa B yC/IOBUSIX NOBbILIEHHOW 3amnblJIEHHOCTU WM KOPPO3UOHHOM

AKTUBHOCTM OKpY)KatoLlei cpeabl.

AKCrUlyaTUpoBaTb NpPU6GOP B YCNOBUSIX AaXKe KPAaTKOBPEMEHHOr0 WM MMMYJIbCHOrO

BO3AEeACTBUS IANEKTPUNYECKUX, SNTIEKTPOMArHUTHbIX, MArHUTHbLIX UWJIN UHbIX NMOMEX.

AonyckaTb HeapeKBaTHble MeXaHu4yeckue BO3AEACTBUA Ha npubop, BCKpbiBaTb €ro,
nMCcnoJZib30Batb HEe€ MO HA3HA4YE€HUIO, NMPUHYAUTEJNIbHO OCTaHaBJ/IBaTb BEHTUNATOPDLI

oxsiaxxaeHus npubopa.

AKCrUlyaTUpoBaTb Npu6op B YC/NOBMSIX, 3aTPyAHSAIOWMX AOCTyNn Bo3AayXxa M3
OKpYy)Kalollel cpeAbl K BEHTUNATOPY 3aAHeN NaHenu U kopnycy npu6bopa M oTBoA Teria
yepe3s BEHTWISIUMOHHbIE OTBEPCTUS NepeAHel naHenum M OoT Kopnyca npu6opa B
OKpYy)KaloLlylo cpeay.

MpousBoauTb Kakue-nn60 pAelcTBUA C wuccregyeMbiM o06pasuoM u  kabensmm

noAK/IIOYEHUs1 K HeMy npubopa npu BKIOYEHHOM 3nekTpoae Counter, B TOM uucne

nocsie 3aBeplUeHnst SKCNepuMMeHTa C He Bbik/lo4ueHHbIM Counter 3s1eKTpoaoM.

3anpewaetTca noaksovaTtb K npubopy wuccneayemble 06bekTbl aKTUBHOMO TUNa,
KOTOpbl€ MOrytr HABNATbCA UCTOYHUKAMU TOKa HanpsXXeHua win MOLHOCTU

npesbiIaloLWMMU MaKCMMaZIbHO A0NYCTUMbIE AN AaHHOro npubopa.

3anpewaerca nonagaHue Ha pa3beMbl MOAK/IHOUEHUSI JIEKTPOAOB (M3MepuTesibHble
BbiBOAbl) NMpu6opa HanNpshKeHus, MNpeBbILIAOWEro MaKCMMaJZibHOE nosspusylollee

HanpshkeHue 6onee yuem Ha 20 B.

3anpewaeTca Tak WiIM MHavye NoAK/IYaTb WM AONYCKaTb KOHTAKT M3MepUTesbHbIX
BbiIBOAOB npubopa C ApyrMMM  3neKTpuyeckuMu npubopamm  (BOSIbTMETPbI,
ocunnnorpadbl, 3NM1EKTPOHHbIE HArpy3kKM M MCTOMHUMKWA NUTaAHUSA, SJIEKTPUYECKUI
KOHTaKT C MeTaJ/InyeCcKoMn me6enbio, CTaHKM, 3/1eKTPOMHCTPYMEHT,

aneKkTpoobopyanoBaHue unm anekrTponpubopnbl, noaknrovaemblie k cetn 220 B u 1.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 xpaHeHne n TpaHcnopTupoBaHue npubopa NpoM3BOAWANCH B YCIIOBUSAX, OT/IMYAIOLIMXCS OT
pabounx, TO nepea BK/IOYEHMEM HeObXOAMMO BblaepXXaTb Npubop B pabounx yCrnoBusiX 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).

15



2.3. NPOrPAMMHOE OBECMNEYEHUE U APAVBEPA

2.3.1. PekoMeHAaLuMM Mo NOAK/IIOYEHUIO NPpUBGoOpa K KOMMNbIOTEPY

USB kabenb noakntoyeHnss npubopa K KOMMbIOTEpy HeobxoaMMO pacrofioXMTb MaKCMMasibHO

yAaneHHo oT kabenen nutanus cetn 220B. Hu B KoeM cnydyae He nepenneTanTe 3TM kabenu.

Ncnonb3oBaHne xopowero USB kabens wn xopowee coctosiHme USB pasbemMoB npubopa u
KoMMbloTepa obecneumBaloT MakcumanbHyto 3awmty 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 »enatenbHo, 4TO6bl KOMMbIOTEP W €ro OnepauLuMoHHas 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 copepXmMmoe KomnakT-aucka (manka ES8) B xenaemoe MeCTO Ha XEeCTKOM Amcke
Bawero MK, »enaTenbHo, 4TObbI MyTb K 3TON Manke He coaepXan pycckux 6yKB u Bbin Kak MOXHO
Kopouye, Ny4lle BCero B KOpPEHb XeCTKoro Amcka. B onepaumoHHbix cuctemax Windows 7 n 8 HE

“crnonb3ynTe nanku Program Files 1 nHble co3aaHHble CUCTEMOV ANS e 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

+ KomMneraTep
= KOHTpOANEpE! YHHBEPCANEHON NOCNEA0BATENEHON WhHe! LISE

USE Serial Converker

KopHeso# USE KoHWEHTpaTop v

Puc. 3. Bug avcnetyepa 3agad OﬂepaLlMOHHOﬁ CUCTEMbI C NOAKOYEHHBIM NPU6OpPOM.

16



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. 4. 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. 5. CTpykTypa nanku c paboyein nporpaMmMon.
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2.3.4. Pa6oTta c nporpammoii ES8

MoteHunoctaT P-45X paboTtaeT noa ynpaeneHVMEM CNeuMann3MpoBaHHOrO  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/MKMT paboTy 6e3 Hero. [anee MOXHO, HanpuMep, MOAK/YMTL K NPOrpaMMe ApYyrou
MMeloLLMIACA NpUBop M MPOBECTU HEOBXOAMMbIE MAHMUMYNAUMKU 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 PaboThbl Kak B rpadMyeckoM, Tak U B LMPOBOM NpeACTaBiEHUMN.
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 NoAKIOYEH K MporpaMme, TO MoJSIb30BaTeN0 HEOBXOAMMO CaMOCTOSTENBHO, HaXaB

KHOMKY 3arpy3Ku aHHbIX, CkayaTb AaHHble U3 npubopa.

MoMmuMmo 3TOro, ecnu npubop nNOAKIOYEH K KOMMNbIOTEPY M NporpaMmme, TO AaHHble
6yayT aBTOMaTM4YeCKM 3arpyXaTtbCs U3 Hero npsMo B npouecce pab6orbl. Bnaropaps atomy
cucteMma npubop-komnbioTep pabotaer pakTMuecku B peanbHOM BpeMeHu c 6ydepusaumein
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 HacTosieMm pykoBOACTBE OHa He

OMUCbIBAETCA.

MeToaunka YCTAaHOBKM ﬂ,paﬁBGDOB, coaep>XXmMMoe KOMMaKT-ANCKa, BHELUHMN BUA ynpaBnmow,eVl
nporpamMMmbl U e€e d)YHKLI,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 crieayowmm 06pasomM:
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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 WCCIEAYEMbli OBbEKT MNOAKMOYEH MPABUIIBHO,
PEKOMEHAYETCS Ha HEKOTOpPOe BpPEMsSl 3anyCTUTb MOHMTOPWHI. [0 BESIMYMHE W3MEPEHHOro
MOTEHUMANa Pa3OMKHYTOW LEnW, Kak MpaBWIO, MOXHO [AMAarHOCTUPOBAaTb Hanvume O6pbIBOB,

MEepPEenosoCcoBKM, HEMCNPABHOCTM obpasua v Tr.

Monb3oBaTesNb 3anyckaeT paboTy. MNpu 3TOM aBTOMATMUYECKM MPOM30MAYT cheayiolne AenCTBuS:
B 3TOT, ¥ TONbKO B 3TOT MOMEHT B npubope 6yaeT cTepTa NaMsiTb SKCNEPUMEHTASbHBIX AAHHbIX,
B Npubop 6yaeT 3arpyxeHa paboyast nporpamMMa 1 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 daina
COOTBETCTBYIOLLIEMY 3TOMY ONMCaHMi0. C YTeHUs U3 NaMaTi Npubopa 3TOro ONUCaHUS HauMHaeTcs
nobas 3arpyska AaHHbIX M3 npubopa (Npu 3TOM, 3TO ONMcaHue ByaeT aBTOMaTUYecKku obpaTHO

BCTaB/IEHO B MoJsie KOMMeHTapus).

[Janee, nNo Xxody BbINOMHEHMS pabouyelt NporpaMmMmbl, 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
BbIMOJSIHSIEMOrO Lara M UMKNa, a Takxe BpeMs UX paboTbl, TEKYLUME 3HAUYEHMSI NOTEHLMANa, TOKa,

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

Takxke npn 3TOM no 6yneT CnegnTb 3a TEM, KaK 3aloJIHAETCA 3HEProHe3aBMCUMaaA MaMATb
an6opa. Mo MEpe TOro, KakK nosaBndroTCAa 3KCNEPUMEHTAlNIbHbIE [AadHHbIE, 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 3aBepweHnmn 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 AepXxaTb UX BCce B ronose. [Mpu Heobxoammoctn, MO
BblBEAET COOb6LLIEeHNs MOACKA30K, COBETOB, @ TakxXe npeaynpeavT o nocieaytoLwmx AEUCTBUAX U CobbITUSIX,
Ha KOTopble cregyeT o06paTuUTb BHUMaHMeE. Takol MexaHu3M paboTbl obecneuynBaeT MaKCUMaNbHYHO

HaAEXHOCTb BbINOJIHEHUA pa6o'-|el71 NpoOrpaMmMmbl, 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 W T.M.) JO/MKEH ObiTb MOMELLEH B METa/IMYecknit 3kpaH. Mpu 3TOM peKOMeHAYeTCs COeaUHWUTb
3KpaH W 3a3eMNSoWMA pasbeM MOTEHUMOCTaTa C BHEWHWM 3a3eMieHueM. XKenaTenbHo, YTobbl BHYTpU
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-45X peanu3yloTCHd TpU OCHOBHBLIX Crocoba MOAKMIOYEHUS K UCCNeayemMoMy
06beKTY (NEKTPOXMMUYECKON SIUEMKE): ABYX-, TPEX- M YETblpexanekTpoaHas cxembl (puc. 6). 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. 6. 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 ¢ NpubopoMm;

e Npu HecobnoaeHNN 0683aTENbHBIX Mep NPeAoCTOPOXHOCTEN, TPe6OBaHMIN 1 3anpeLlatoLLmMX

MYHKTOB, Kacarowmxcst paboTbl C NPMB0OPOM, NPUBEAEHHBIX B HACTOSILLIEM 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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