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YBaxxaeMblii nokynatenb, 6narogapum Bac 3a npuobpeTeHne Hawero obopyaoBaHusi. HacTosuiee
PYKOBOACTBO MO 3KCr/lyaTauuy COAEPXXUT CBEAEHMS O NpuHUMNe paboTbl, YCTPOMUCTBE U XapaKTePUCTUKAX
nabopaTopHOro NoTeHumMocTaTa-ranbBaHocTata Tmna P-20X u ykasaHus, HeobxoanMble ANs ero nNpaBwsib-

HOM 1 6e30nacHoM aKkcnyaTaumu.

3TOT Npubop ABNSETCA AOCTATOMHO YHMBEPCAbHLIM M NOAAEPXKMBAET GOJbLUMHCTBO 3/IEKTPOXMMU-
YECKUX IKCTEPUMEHTA/bHLIX METOA0B — BOJIbTAMMNEPOMETPUS, MOTEHLIMOMETPUSI, KYJIOHOMETPUS, XPOHOMO-
TEHUMOMETPUS, UMKIMYECKasl U JIMHEHasi pa3BepTKM MOTeHUMana Win TOoKa, a Takke MHorue apyrue.
Takke OH MOXET 6bITb MCMOMNb30BaH AN MHOMOAHEBHbIX LIMKITMYECKUX MUCMbITAHUIA pasnuuHbix XUT, 3aps-
Aa-pa3psiaa 3MeKTPOAOB, KOPPO3MOHHbIX, 3MIEKTPOKATA/IMTUYECKMX M PECYPCHBIX UCMbITaHUI MaTepuasnos M

PasINYHbIX 3/TEKTPOXMMUYECKNX OOBEKTOB U CUCTEM.

MoTeHuuocTaT P-20X no3sonseT paboTaTb MO ABYX, TPEX WK YETbIPEXINIEKTPOAHON CXemMaM noa-
K/IOYEHUS K 3NEKTPOXUMUYECKOW fuelike, KaK B MOTEHLUMOCTAaTMYECKOM, Tak U B rajibBAHOCTAaTMUYECKOM

pexxuMax npu Tokax ot 1.5 A o 1 HA.

Ynpaensitowas nporpaMma ES8, Bxoasiuasi B KOMMNIEKT NOCTaBKK, MNO3BONSAIOT YNpaBisTb NpUGOpoM
C NOMOLLbIO NEePCOHANbHOrO KOMMbloTepPa. VIMeeTcs BO3MOXHOCTb paboTbl, KaK C €AMHWUYHBIMU 3KCNepu-
MEHTaMW, Tak U B PEXMME LMKINYECKOr0 MHOrOLaroBoro nporpamMatopa, Mo3BOJSIOWEro rnocneaosa-

TeNbHO BbINOSIHATL 3aAaHHbIE NOSIb30BaTeENEM peXMMbl paboTbl MHOFOKPATHO.

MoTeHuuocTaT P-20X MMeeT COBCTBEHHYIO SHEPrOHE3ABUCKMYIO NaMsThb, B KOTOPYHO pe3epBUPYIOTCS
BCE AaHHble, MnoslyyaeMble B xoae paboTbl. Mocne 3anycka paboTbl, NpUBoOp MOXET 6biTb OTKIHOYEH OT

KOMMblOTEPA ANA aBTOHOMHOW paboThbl.

Bo BpeMsi BbliNOAHEHUS paboTbl rapaHTUPYETCs COXPAaHHOCTb BCEX MOSyYEHHbIX SKCNepUMeHTanb-
HbIX AAdHHbIX N COXpPaHEHWE MOJIHOMO KOHTPOJSIA Haa 3KCNEPUMEHTOM HE3AaBMCMMO OT MOAKNOYEHUA K KOM-

nbloTepy.

B npubope 1 ynpaBnsiowen nporpaMMe UMEKOTCS CPEeACTBA MOSb30BATENbCKMX 3alUMT M PYHKUMM

camoamuarHocTuku npubopa.



ITo Bcem BompocaM, CBSI3aHHBIM C IKCILTyaTalue U 00CIyKuBaHUEM MTpudopa, mpocrda 00-

palaThbCs Mo NEKTPOHHOM noyTe: potentiostat@mail.ru.

Takxe, npocuM Bac obpaluaTtbCa No ykazaHHOMY 3/1EKTPOHHOMY aapecy ¢ Bawwu npocbbamu, noxe-

NaHUSIMK UM 3aMeYaHnaIMK, Kacarowmnmmes paboTbl npubopa n nporpaMMHOro obecneveHus.

O6HOBNEHWS MPOrpaMM, AOMOSNHUTENBHYIO MHMOPMALIMIO, CMIMCOK MPOAYKUMM M AOKYMEHTALMIO MO

Hel Bbl MOXXeTe HanTK No aapecy B MHTepHeTe: www.potentiostat.ru.
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I. OMNCAHUE U PABOTA MPUBOPA

1.1. TEXHUYECKMUE XAPAKTEPUCTUKHN

OCHOBHblEe BO3MOXHOCTM NnoTeHLuMoCcTaTa-rasibBaHocrata P-20X:

®  Perucrpaums noTeHUMana pasoMKHyYTON Lienu

MOTEHLMOCTAaTUUYECKMI peXnUM paboThbl
anbBaHOCTaTUYECKMI peXxnM paboTbl

CTyneH4YaTbii MOTEHUMOCTATUYECKUIA PEXNM
CTyneH4yaTbIVi ranbBaHOCTATUYECKUIA PEXUM
JInHenHas pa3BepTka NoTeHUMana

Lnknnyeckas pa3sepTka noteHumana

JInHeliHas pa3BepTka Toka

Linknnyeckasi passepTka TOKa

XpoHOoaMnepoMeTpus

XpOHOMOTEHUMOMETPUS

XPOHOKYNOHOMETpUS

MoTeHUMOCTaTUUYECKMI CUrHan NPoM3BObHOW (hOpPMbI
lanbBaHOCTATUYECKMI CUIrHAN NPOM3BOSILHOM (POPMbI
JInHeWiHas nonspusauus

Linknnyeckas nonsipusauus

MoTeHUMOANHAMUYECKUI PEXUM
anbBaHOAMHAMUYECKUIN PEXUM

PeXkuM nowaroBoro LUMKIMYECKOro nporpamMmartopa
Lnknuyecknin 3apsia - pa3psa XUT (nporpammatop)
ABTOMaTMYecKkne avanasoHbl TOKa

Monb3oBaTenbckas 3awmTa no ToKy U noTeHuunany
OyHKUMN caMoaMarHOCTUKM Ha BCTPOEHHOM 3KBMBAsIEHTE
BcTpoeHHas sHeproHesaBucMMas NaMaTb IKCNEPUMEHTaNbHbIX AaHHbIX

MpoaomkeHne paboTbl NPy OTKIKOYEHUM ynpaBnstoLlero MK



OCHOBHbIE XapaKTepUCTUKM NOoTeHUMoCcTaTa-rasibBaHocrata P-20X

Tabnuua 1

OcHOBHbIE NapaMeTpbl:

KonnyecTBo KaHanos

1

MoaxnoyeHne aYenku

2, 3, 4 aneKkTpoAa,

KOHTponb s4enku

nOTeHuMOCTaTW-IeCKVIl\/‘I, FaﬂbBaHOCTaTW-IeCKVIl\/‘I, BOJIbTMETP

MoLHOCTD:
MakcnManbHas nonsipusytowlas 20 BT
MOLLHOCTb
MakcuManbHas Harpy3o4Has
Py 10 BT

MOLLHOCTb

HanpshkeHusi, noTeHUuanbl:

MakcmManbHOe BbIXOAHOE Ha-
npshkeHme

+ 17 B (MakcMManbHO AOCTUXMMOE)

HoMuHanbHoe BbIXOAHOE Ha-
npshKeHue

+ 13.5 B (npw TOKe, COOTBETCTBYIOLLEM MAKCUMASIbHOMY)

[nana3oHbl noTeHumana (Ha-
NPSXKEHNS) U UX pa3peLleHms

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

Mpenen gonyckaemon npvee-
JAEHHOWN NOrpeLwwHoCcTV Ans ava-
Na3oHOB NoTeHUMana

+0.2%
(norpelwHoOCTb NpMBeAEHa K BEpXHEMY Npeaeny AnanasoHa)

BxoaHoe conpoTuBieHne anek-
TpoMeTpa noTeHumana / Bxoa-
HOW TOK

10" Om / MmeHee 20 nA

CKOpOCTb pa3BepTKu NoTeHUMa- 10 MKB/c
na MMH1ManbHas
CKOpOCTb pa3BepTKM MOTeHUMA- 20 B/c *

la MaKCMalbHaga

TokoBble XapaKTEpUCTUKMU:

MaKcManbHbIN NONSPU3YHOLLNIA
TOK HE MeHee

+15A

MaKCMManbHbIN Harpy304HbIN
TOK He MeHee

+15A

[Junana3oHbl ToKa

8 amnanasoHoB: + 1500 MA; + 200 MA; + 20 MA; + 2000 MKA;
+ 200 MKA; + 20 MkA; + 2000 HA; + 200 HA

Pa3peLlleHne no ToKy

1/ 30000 oT MakcMMyMa Ans KaXAoro AvanasoHa

MWHMMasbHbLIN PEKOMEHAYEMbIN
paboumn ToK

1 HA

AUN, LAM:

ALM, LIAM

2 CUHXPOHHBIX ALM, 16 6uT, 5 mMc.
1 UAI, 16 6ut, 5 mMc




MakcuManbHasa / MMHUMarbHas
CKOPOCTb perucTpaumnm AaHHbIX
B MOTOKE:

200 / 0.01 Touek/c

MakcnmanbHoe KOmM4ecTBo To-

nHTepdenca

YeK AaHHbIX SHEeproHe3aBucH- 800 ThicaY
MOW MaMSATK

O6wue napaMeTpbl:
WrTepdeiic MK USB
anbBaHW4eckas pa3ssska USB- ECTb

TpebosaHus Kk MK (MMHUManb-
Hble)

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

[JononHutenbHble TpeboBaHUa K
MK

Pycckuin si3blk OnepaumMoHHON CUCTEMBI,
CTaHAAPTHLIN pa3Mep LWPUPTOB CUCTEMDI.
PaspelueHne 3kpaHa rno BepTuKanu - He MeHee 900 nukcenen,
Mo ropu3oHTann — He MeHee 1000 nukcenew,
pekoMeHayemoe paspelueHne — 1920x1080

MOLLHOCTb OT CETU NEPEMEHHOIO
TOKa

labapuTHbIE pa3Mepbl, MM 253x175%52
Macca 6e3 ynakoBKkM, Kr 2.5
MakcvManbHas noTpebnsiemas

80 Bt

Cesi3b 3emnn npubopa ¢ cuno-
BbIM 3a3€MJ/IEHMEM PO3ETKU
220B

Bcerna coeanHeH

* B 3aBMCMMOCTM OT AManasoHa NoTeHuMana v BeNUMHbI CKOPOCTU pa3BepTku, byaeT BbibupaTbCst

BbICOTa LIara UndpoBOro CUHTE3a pa3BepPTKMU.
Tabnuvua 2

Anana3oHbl TOKa U Npeaesibl AONYCKaeMbIX A/ HUX NPpUBEAEHHbIX norpelHocren (ka-

»aas norpeLHoCcTb NpMBeAeHa K BepXHeMy npeaesly COOTBETCTBYHOLLEro Auana3oHa)

+1500 MA, £ 1% +200 MA, £ 0.2 % +20 MA, £ 0.2 %
+2000 MKA, £ 0.2 % £200 MKA, £ 0.2 % 20 MKA, £ 0.2 %
+2000 HA, £ 0.5 % 200 HA, £ 1 %

Mpnbop npeaHa3sHayeH ans paboTbl OT CETU NepPeEMEHHOro Toka C HanpskeHneM (220+10) B m vac-

ToTou 50-60 'y Npu HOpMasbHbIX KNMMATUYECKMX YCNOBUSX SKCMyaTaumu:

TemnepaTypa oKpyxatoLlero Bo3ayxa, °C 20+ 5
OTHOCUTESNIbHAs BNAXXHOCTb OKpY>KatoLlero Bo3ayxa, % 45-80
aTMocdepHoe aasneHue, klMa (MM pT. CT.) 86-106 (645 —795)




He pexkoMeHayeTCcs NMOCTOSSHHO 3KCrlyaTUpoBaTb MOTEHLMOCTAT Ha npepesie ero BO3-
MO)>XHOCTeW. PekoMeHAyeTCs OrpaHMYMBaTbCA TOKOBbIMM U MOLHOCTHbIMM NMapaMeTpaMM Ha
ypoBHe 75% OT MakCMManbHO AONYCTUMbIX ANA Bawero npmu6opa. Takoit noaxoa He CUJIbLHO
CHM3MUT 3KCrJlyaTauMoOHHbIe BO3MOXXHOCTU nNpubopa, oAaHaKO 3Ha4yuTesIbHO NMPOAJIUT CPOK ero
cnyx6bl. MakcuMasnbHble XapaKTepUCTUKM B 06LieM crlyyae paccuMTaHbl Npexxae Bcero Ha He-

[OJIFrOBPEMEHHOE PeXXuMbl paboTbl.

Taoke Heo6xoaMMO BHUMaTeNbHOe obpalleHme ¢ HU3KOOMHbIMKU O6pa3uamu npu pabo-
Te C HAMM B KaKOM JIN60 NOTEHLMOCTaTUYECKOM pexuMme. B Takux ciiyyasix HacTosiTesIbHO pe-

KOMeHAYyeTCA UCnoJib30BaTb raJibBaHOCTaTU4YECKNE peXXMMmbl.

MuHMManbHO peKkoMeHAlyeMoe OMMYEeCKoe COonpoTUBJ/IeHue TectupyeMmoro obpasua ans

NMOTEHLMOCTAaTUYECKOro peXxmma And pas/imndHbiX ANdNa30HOB NOTEHLuaNa npu60pa:

Anana3oH noTeHuyMana MuHMManbHOe OMMYEeCcKoe COnpoTUBJIeHMe
+2B 10 Mmunnmom
+15B 80 Mmunnvom

BHuMaHue: npu 605ee HU3KMX OMUUECKUX CONPOTUBJIEHUAX PaboToCcnoco6HOCTL npu-

60pa B NOTEHLUMOCTAaTUUECKOM PEXXUM He rapaHTUpyeTcs.

Ecnu B BaweM 3KkcnepuMeHTe Tpebyetrca pabora B NOTEHLUMOCTAaTUYECKOM peXMMe Ha
HU3KOOMHOM 06pa3Le — ocTaBNsAlTe 3anac no Toky. B NpoTUBHOM c/lyuyae BesiMKa BEpOSATHOCTb
cpabaTtbiBaHMA 3aWMTbl NpMbopa NO MaKCMMaJIbHOMY TOKY C NMPUHYAUTENIbHOW OCTAHOBKOW
aKkcnepuMeHTa. TaK)ke 3TO NpaBWJIO CripaBeQ/IMBO U AJIS raJibBAHOCTaTUUECKUX PEXXUMOB, ec-
/In OHM BbINOJIHAKTCA YepefAoBaHUEM C MOTEHLMOCTAaTUYECKMMU U B paboTe nyaHUMpyroTCA

nepexkroyYeHnsa M3 ra/ZibBaHOCTaTUYECKUX PEXXMMOB B NOTEHLIMOCTaTUYECKHE.



1.2. KOMIMJIEKTHOCTb MOCTABKM
Tabnuvua 3

KoMnneKkTHOCTb NOCTaBKM NOTEeHLUMOoCTaTa-rasibBaHocrara P-20X

HanmeHoBaHne Kon-Bo, wrt MNpumeyvaHue
MoTeHuunoctat P-20X 1
CeTeBoW LUHYp NUTAHUSA 1 [ns BkntoyeHns npubopa B ceTb 220 B
MpoBoA NoABOAALLMNIA S3KPAHUPOBAHHBIW C 3aXXMMOM Ana noakntoyeHns 06bLeKkToB n3mMepe-
"kpokoaun” n BNC pasbemom * HUS

. [nsa 3a3emnenus npubopa nnu noa-
Mposoa noaBoAsALWMIA C 3aXKMMOM “Kpokoann” u

1 CoeMHEHNSI dKpaHa uccneayemoro ob-

LUTbIpEBLIM pa3beMoM Tuna “baHan"”
pasua

Kabenb uHTEepdelicHbIi USB 1 Ansa noaknioyeHuns npubopa k MK
KoMnakT-AMCK C NporpaMMoK yrpaBieHust U ycTa- ) [ns paboTbl B CTaHAAPTHOM onepaum-
HOBOYHbIMW palBepaMm OHHOI cuUcTeMe
PykoBoACTBO MO 3KCnyaTaunm 1
Kopobka ynakoBo4yHasi 1

KOMNNeKkTHOCTb MOCTaBKN U BHELLHWUIA BUA an6opa MOryT 6bITb U3MEHEHDI NponU3BOAUTENEM N HE OTpaxe-

Hbl B HaCTosALWEM PYyKOBOACTBE.



1.3. YCTPOWUCTBO U NMPUHLUN PABOTbI

MoTeHuunocTaT-ranbBaHocTat P-20X CMOHTUpPOBAH B MeTas/IMYeCcKoM Kopryce. BHYTpu Hero Haxo-
avTca 6N0K NUTaHWs, pagnaTop OXNaXAEHWs YCUNIUTEns, aHanoroBas nnata noTeHuuocTaTa C y3/amu
ynpasneHnusi. bnok cxema npubopa npmveeaeHa Ha puc. 1.

MoTeHumocTaT P-20X umeeT ABa npeaycunutens - oauH ans Toka (i-U), apyron ans noteHumana
(U). C HMX curHan nofaeTcs Ha cenekTop Tuna pabotbl (S1 — BbibupaeT pexmm paboTbl NOTEHUMOCTaT —
ranbBaHOCTaT) U Ha ABYxkaHanbHbI ALIM. C cenekTopa TMna paboTbl S1 curHan obpaTHOW CBS3N NOAAETCS
Ha ycunuTenb NOTEHUMOCTATA, @ C Hero Ha ycunutesnb MowHocTn YM. KomMmyTtaTop S2 cnyxuT ang nog-
KntoueHus anektpoaa Counter (BKIOUYEHNS SIUENKM).

MukpokoHTponnep (LMNY) ¢ saapom Cortex M3 NMOMHOCTbIO KOHTPONIMPYET BbINOMHEHNE CO3AaHHOM
Nnonb3oBaTeNeM MporpaMmmbl, aHanU3MpyeT AaHHble TOKa, MoTeHuMana, paccyuTbiBaeT 3apsd, nposBepseT
Hannume neperpysok, NpU3HaKoB OCTAHOBKM W BLIMOSIHAET BCE OCTajibHble paboune yHKUMKU. Takxe MUK-
POKOHTPO/IEP CBSI3aH C MMUKPOCXEMOW 3HeproHesaBucnmon Flash-namsaTun. [aHHble B Hee 3anuchiBatOTCS
Cpasy e rnocne Ux MNosiBNEHNs MO OAHOM TOYKE Ha BCEX CKOPOCTSIX perncTpauumn npubopa. dTa namsitb
MOSTHOCTBIO CTUPAETCS TONbKO (KaXXAbl pa3) nepea KaxabiM HOBbIM 3anyckoM paboTbl npubopa. Mukpo-
KOHTPO/IEp TakXKe COEANHEH C ranbBaHNYeCcKn pa3Bsa3aHHbIM USB-nHTepdencom.

MomMMMO Mpoyero, B COCTaB MOTEHLUMOCTaTa BXOAUT BXOAHOW penenHbin koMmyTaTop (K), KOTOpbIn
NOAKNIOYaeT NnoTeHumocTaT NMbo K BHYTpeHHEMY 3KBMBaneHTy (3), nMbo K BHEWHMM pa3beMaM Ha nepepj-
HeW naHenwn. BHyTpeHHUI 3KBMBaNeHT npeacTaBnsieT cobor Habop MOCTOSIHHbLIX PE3UCTOPOB C COMPOTMB-
nenunsimm 5 Om, 5 KOM, 5 MOM, 1 cnyxut gns npoBeaeHnst AMAarHOCTUKK npubopa. B BbIKIOYEHHOM CO-
CTOSIHUM WM B COCTOSIHUWM OXuAaHUS paboTbl, MOTEHUMOCTAT MOAK/OYEH K BHYTPEHHEMY SKBMBASIEHTY, a
BHELUHME Pa3beMbl HU C YEM He coeAMHEHbl BHYTpU Npubopa KpoMe pa3OMKHYTbIX KOHTAKTOB pefie KOMMY-
Tatopa.

Ha nepegHein naHenu npubopa HaxoaaTcs TymMbnep - MHAMKATOP BK/OYEHMS MUTAHWS, Pa3beMbl
ANs NoAKNYeHnsl uccneayemMblx obpasuos. Mpubop noaknoyvaeTcs K uccnegyemomy obpasuy 4deTbipbMs
nposoaamun. ins yaobcrtea pabotbl ¢ XUT, pa3beMbl, MMEIOT MAapKUPOBKY MOMSIPHOCTMU.

Ha 3agHeln naHenn HaxoasaTcsl pa3beM BKIIOYEHUS B ceTb 220 B, BEHTUNATOP OXNaXAEHNS, CETEBOM
npeaoxpaHuTesnb U pa3beM USB Ans NoAKIYEHNS K NepPCOHaIbHOMY KOMMbIOTEpY.

N3mepuTenbHaa 3emns npubopa, COeANHEHHAst C ero KOpnycoM M MOAK/IOYEHa K CMIIOBOM 3emie
po3eTkn 220B. 3emna USB uHTepdelica ranbBaHMYECKN M30NMPOBaHa OT BCEX 3TUX 3eMefib (He coeanHeHa
HW C OQHOW W3 HKX).

BeHTUNSATOp OXnaXkaeHusl pa3BMBAET MakCMMasbHble 060pOTbl TOMBKO MpU MOAKAKOYEHMM CaMOro
rpyboro ananasoHa Toka — 1,5 A. Ha ocTanbHbiX Anana3oHax oH paboTaeT Ha NOHMXEHHbIX obopoTax Ans
9KOHOMWUW pecypca U MeHbLUEro 3aTArMBaHus Mbiiu.

Ha nepegHelit naHenu npubopa MMeEeTCS CBETOAMOAHBLIA WHAMKATOP MOAK/OYEHUS K BHELLUHEN

ayenke. OH 3aropa€eTcsa npun BKJIKOYEHUN ntoboro pa6oqero peXxunMma Uian MOHUTOPUHra. B npouecce aBTO-
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MaTUYECKOM AMArHOCTUKM (KakK M MpU OXuAaHuM paboTbl) BMECTO BHELIHEN SYEMKM UCMONb3YEeTCs BHYT-

PEHHWI 3KBMBANEHT Y MHAUKATOP HE FopuT.

YM
82 '[.j _ P
COUNTER [ T {;I 1 s L|| Al
_ K

REF . T
COMP [ I

U

o AUn LNy

WORK [ T~ S1

:J‘ I-U Flash

Puc. 1. bnok cxema noteHuuocTaTta P-20X.

1

CpnenaHo
B Poccun

Puc. 2. MoTeHumocTaT-ranbBaHocTat P-20X, nepeaHss v 3aAHAS NaHenu:

1 — pa3beMbl M3MepUTENbHbIX Kabenew, 2 — NHANKATOP NOAKMIOYEHMS] BHELLHEN SSYelku, 3 — pa3beM 3a-
3eM/IeHns] 1 SKPaHUPOBaHUS, 4 — TyMbep u MHAMKATOP NUTaHKs, 5 — rHe3ao npeaoxpaHnTens, 6 — pasb-
eM nutanus 220 B, 7 — AONONHUTENbHBIVA 3a)KMM 3a3eMJIeHNs, 8 — BEHTUNSATOP oxnaxzaeHusi, 9 — USB —

pasbeM.
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I1I. NOANOTOBKA NMPUBOPA K UCNOJIb3OBAHUIO
2.1. MEPbl BE3OIMNACHOCTHU
Mpubop MMeeT crefytolme annapaTHble TUMbl 3aLLUUTbI:

e 3aluTa OT MNpEBbILEHNS abCOMIOTHOrO BbIXOAHOMO TOKA Ha YPOBHE 2.2 A annapaTHO (CXEMOTEXHU-

YECKOE OorpaHn4yeHmne Toka BbIXOAHOIo YCUNNTENA MOLLI,HOCTVI);

e 3aliMTa BXOAHbIX KackagoB NPV MPEBbIWEHUN BXOAHOMO HanpshkeHust He 6onee yem Ha 20 B ot

MaKCMMaJlbHOIO BbIXOAHOIO HanpsaXeHus npm6opa;

e 3awWuTa OT neperpeBa YCUIUTENS MOLIHOCTU. B cnydyae MpeBbIWEHUS MaKCMMaNbHO AO0MYCTUMOW
TeMmnepaTypsbl, pabota npubopa 6yaeT octaHoBneHa. B ynpasnstowem MO 6yaeTt BbicTaBneH dnar
aBapuu. MpoaomkuTb paboTy MOXHO ByAEeT TOMbKO C MOMOLLbIO Py4HOro nepesanycka nocne Toro,

Kak npubop OCTbIHET A0 6€30MacHoN TeMnepaTypbl.

KpoMe Toro, npeaycMoTpeHbl creaytolime nosyannapaTHble TUMbl 3aLUnT:

e neperpyska Mo TOKy B KaXKAOM AuanasoHe NpuBOAUT K NepektodeHunto Ha 6onee rpybbiit AvanasoH
WK 3aBepLueHnio paboThl Wwara-unkia paboTbl, eciv neperpyska npoucxoauT Ha cTaplieM aAuana-
30He. 3aBojcKas ycTaBka cpabaTbiBaHMs 3aluTbl Ha camoMm rpyboM auanasoHe — 1.6 A. Bpemsi

cpabaTtbiBaHus — 5 Mc;

e 3awmTa OT MpeBbIWEHUsS HanpsXeHus (NnoTeHuMana) Ans KaXxaoro AvanasoHa noTeHuuana Kak rno

“3MEpSIEMOMY, TaK U MO 3a1aBaeMOMy HanpsbkeHuio (NnoTeHumany). Bpems cpabaTbiBaHus — 5 Mc;

e [lonb3oBaTenbckas 3awmTa no TOoKy (3apaetcs 6e3onacHoe OKHO OT - A0, MPU BbIXOAE M3 KOTOPOro
NPOVCXOAUT 3aBeplueHne wara/unkna pabotbl). Bpemsi cpabaTbiBaHMa — 5 Mc. HacTpauBaeTtcs

nonb3oBatenem B yrpasnstowem 0.

o [lonb3oBaTenbckas 3awmMTa no noteHuuany (3agaetcs 6e3onacHoe OKHO OT - A0, MpU  BbIXoAe U3
KOTOPOro MpomMcxoamT 3aBeplueHune wara/umkna pabotsl). BpeMsi cpabaTbiBaHus — 5 mc. Hactpaum-

BAETCS Nonb3oBaTenem B ynpasnsitowem MO.

Kopnyc v waccu npnbopa 3neKkTpUYECK COeAMHEHbI C €r0 U3MEPUTENIbHOM 3eMIEN U COEAMHEHDI C
CUNOBbLIM 3a3eMieHneM po3eTkn 220B. 3emna USB uHTepdelica ranbBaHnyeckn HE coeanHeHa HM C oaHOM

N3 3TNX 3EMEJb.

He pekoMeHAyeTcs MOCTOSAHHO 3KCM/yaTUpoBaTb NpuGOp Ha npefene ero BO3MOXHOCTEN. Peko-

MeHAYeTCsl OrpaHM4YMBaTbCS TOKOBBIMM U MOLLHOCTHbIMM MapaMeTpaMu Ha ypoBHe 75% OT MakcuMMasnbHO
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JONyCTUMbIX ANna Baiwero npubopa. Takol noaxoA He CUIbHO CHU3WUT 3KCMIYaTaLMOHHbIE BO3MOXHOCTU

npunbopa, oaHaKO 3HAYUTENbHO NPOANUT CPOK €ro Ciy»xobbl.
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3anpewjaerca:

JkcriyaTupoBaTbh Npu6op B6/1M3M 06HEKTOB M YCTAaHOBOK, SIBISIIOLYMMUCA UCTOYHUKaAMM
CUNIbHOIrO TEMNJIOBOro, CBETOBOIro, 3JIEKTPUUYECKOro WM 3JIEKTPOMArHMTHOIrO U3JTy4YeHUM,
BJIMSIHUIO KOTOPbIX MOXET 6bITb NoaBep)KeH nNpubéop.

MonapaHue XMAKOCTU NO60ro TMNa UM MexaHU4YecKux rnpeaMeTos (Yepes BEeHTUAALM-
OHHbIE pelleTKN WiIN nHaye) BHYTpb npubopa.

AKcrlyaTaumsa npubopa B yC/OBUSIX NMOBbILIEHHOW 3amnbUIEHHOCTU WM KOPPO3WMOHHOIM
AKTMBHOCTHM OKpY)XatoLuei cpeabl.

JKcnsiyaTupoBaTthb npu60p B YC/NIOBUAX AaXe KPaTKOBPEMEeHHOro win mmnysnbCHOro Bo3-
aencTeus ANIEKTPUYECKHNX, dN1EKTPOMarHUTHbIX, MarHUTHbIX UWJIN UHbIX NOMEX.

[donyckaTb HeafeKBaTHble MeXaHU4YeCcKue Bo34encTBMA Ha nNnpubop, BCKpbIiBaTb €ro, uc-
Nnosib30BaTh HE NO Ha3HAYeHUIO, NPUHYAUTENIbHO OCTaHaBJIMBaTb BEHTUIATOPbI OXJ1aXK-
AeHua npubopa.

JKcrlyaTupoBaTb Npubop B yCNoBUAX, 3aTPYAHAIOWMX AOCTYN BO3AyXa M3 OKpYKalo-
Len cpeabl K BEHTWIATOPY 3aAHeW naHenu v Kopnycy npubopa v oTBOoA Tensia yepes
BEHTW/ISILMOHHbIE OTBEPCTUSA NepeaHen NaHeNn U OT Kopnyca npubopa B OKpy)XaloLlyro
cpeny.

MpounsBoanTb Kakne-nmbo aencrema c uccnepyembiM obpasuom M kabensmu nopknro-

YeHUs1 K HeMy npubopa npu BKAOYEHHOM 3nekTpoae Counter, B TOM uncne nocne 3a-
BepLlUEeHM!S dKCNepuMeHTa C He Bbik/lo4YeHHbIM Counter 3sieKTpoaoM.

3anpewjaercsa noaok/oYaThb K npuﬁopy nconenyeMbie 06bEeKTbl aKTUBHOrO TUMa, KOTO-
pbleé MOryT SABIATbCA UCTOYHNKaAMU TOKa HanpsiH>KeHunsa i MOLWWHOCTU npeBbillalolLliuMn
MaKCMMaJiIbHO AONYyCTUMbIE A1 AaHHOro npuﬁopa.

3anpewjaeTcs nonapaHue Ha pa3beMbl MOAKIIOYMEHUN dNeKTpoaoB (M3MepuTesibHble
BbiBOAbl) Npubopa HanpsiXeHus, NpeBbillalolWero MakCMMasibHOe nonsipmsyroulee Ha-
npshkeHune 6onee uem Ha 20 B.

3anpewlaeTcs Tak WIM MHa4Ye NOAKIIOYATb WM AONYCKaTb KOHTAKT M3MepUTEJsibHbIX
BbIBOAOB Npubopa C ApYrMMM 3NeKTpuyYeckuMu npubopamm (BOJSIbTMETPbI, OCLUANO-
rpadbl, 3/IEKTPOHHbIE HAarpy3kKu U UCTOMHMUKMN NUTAHUA, SJIEKTPUUECKUIA KOHTAKT C Me-
TaNNnyecKkon Mebesnbio, CTaHKM, 3JIEKTPOMHCTPYMEHT, 3/1IeKTPoo6opyaAOBaHMUE UM BJieK-
Tponpu6opbl, noakntoyaemblie kK cetu 220 B m T1.n.).
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2.2. NOArotToBKA K PABOTE

MNepen Havanom paboTbl ¢ NpubopoM BHUMATENbHO (!) M3yunTe pyKOBOACTBO MO 3KCMyaTauuu, a
TaKXXe 03HaKOMWUTECHb C MpaBWIAMU MOAKIHOYEHUS U HAa3HAUYEHMEM OpraHOB YNpaBfeHWUs Ha 3aHen u ne-

peaHel naHensx npubopa.

Ecnn xpaHeHne u TpaHcnopTupoBaHue npubopa NpoOU3BOAWIUCHE B YC/IOBUSIX, OT/IMYAIOLWMXCS OT
pabounx, To nNepea BKIOYEHMEM HeobxoanMo BblaepaTb Npubop B paboumx ycnoBusix He MeHee 2-X 4a-
coB (3TO HeobxoanMO, Hanpumep, ANs NpeaoTBPaLLEHMS BbiNAAEHMS KOHAEHCATa Ha BHYTPEHHUX 3/iEMeH-

Tax npubopa).

[anee pa3mectute npubop Ha paboyeM MecTe, obecrneumB yaobcTBO paboTbl U CBOGOAHBIM AOCTYN
XONTIOAHOro BO3AyXa K 3afHeN cTeHke npubopa, a Takxke CBOGOAHbIM OTTOK TEMIOro BO3AyXa OT nepeaHen.
3anpelyaetcs noasepratb Npubop BO3AENCTBUIO MPSIMOrO COMIHEYHOrO CBETA, pacrnonaratb ero B6/M3M

3NeKTpOHarpeBaTesibHbIX U TENNOBbIAENSAOWNX NPUOOPOB U YCTAHOBOK.

Mepen npoBepkoii Npubopa HeO6X0AMMO YCTaHOBWUTb Ha MK nporpamMmy ynpaBneHus npubopoM u
ApaiBepa, HaxoasLWMecs Ha npunaraloleMmcss K npubopy KOMMaKT-AMCKE, COeaMHWUTb Npubop kabenem c
MK, 3a3eMNUTb U NOAK/IOYUTL K CETU NEepPEMEHHOro Toka. [ns BKIoYeHUs npubopa HeO6X0AMMO HaXaTb

KpaCHYIO KHOMKY Ha 3aAHen naHenu.

Ana npoBepku Npubopa MOXHO BOCMOSIb30BaTbCA BCTPOEHHbIMU B MO (DYHKUMAMU AMArHOCTUKM

(obcnyxxusaHue npubopa).
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2.3. NPOrPAMMHOE OBECINEYEHUE U APAVNBEPA

2.3.1. PekoMeHAALMM NO NOAKIOUEHUIO NpUbopa K KOMNbIOTEPY

USB kabenb noaknoyeHnst npubopa K KOMMbOTEPY HEO6XO0AMMO PacrofioXuTb MaKCMManbHO YyAa-

NEHHO OT Kabenel nuTaHus cetn 220B. Hu B koeM criyyae He nepenneTaiTe 3Tv kabenw.

Mcnonb3oBaHne xopowero USB kabensi n xopolee coctosiHe USB pasbemMoB npubopa M KOMMblO-
Tepa obecneunBatoT MakcuManbHyto 3awmTty USB nHTepdelica ot nomex. MNocrtapantech cneauTb 3a
TeM, 4Tobbl USB pa3sbem npubopa He pacwatbiBancd. ObbIYHO 3TO NPOMCXOAMT OT YacTblX nepe-

K/loMeHWU kabens n BedeT K noTepe HaAeXHOCTN KOHTAKTa 3KpaHa kabens.

Mpu HeobxoanMOCTM ncnonb3oBaHus USB xaboB, pa3BeTBUTENEN U ApYyrnx NOAO6HbIX YCTPOMCTB, a
Takke 3aMeHbl USB kabens, noxanyicra, UCMonb3ynTe kadyecTBeHHoe ob6opyaoBaHMe, MocTapau-
Tecb m3beratb AEWEBbIX M3AENUIN M COMHUTENbHLIX MPOU3BOAMTENEN. PeKkoMeHAyeTCs MCnosb30o-

BaTb NpoceccmoHansHoe USB o6opyaoBaHye.

MocTapaiTecb He paboTaTb Ha KOMMbIOTEPE C APYrMMU MporpaMMamMu BO BpeMs paboTbl npubopa.
KpaliHe enaTenbHO, YTo6bl KOMMBLIOTEP U €ro OnepaLMoHHas cucTeMa 6binv B XOPOLLIEM COCTOSI-

HUWN.

[ns 60pbbbl C MoMexaMu NpUBop PeKOMEHAYETCS 3a3eMNTb, @ UCCNeAyeMbIN 06bEKT NOMECTUTb B

METaN/IMYECKUI 3KpaH.

2.3.2. YcTaHOBKa NporpamMMbl U ApanBepoB

BcTaBbTe KOMNAKT ANCK M3 KOMMeKTaumu npubopa B CD npusBoa Bawero koMnbloTepa.

CkonupyinTe coaepXXuMmoe KOMMakT-aucka (nanka ES8) B kenaemoe MeCTO Ha XeCTKOM aucke Ba-
wero MK, >xenatenbHo, 4Tobbl MyTb K 3TOM Manke He coaepxan Pycckux 6yKB M 6bla Kak MOXHO
Kopoue, Jlyylle BCero B KOpeHb XeCTKOro Aucka. B onepaumoHHbix cuctemax Windows 7 u 8 HE wnc-

nonb3yiiTe nanku Program Files u MHble CO3AQHHBLIE CUCTEMOV ANS €€ HYXA,.
MoaxnounTe Baw Npubop K KOMMbIOTEPY M BKIHOUYUTE €ro.

Mpu NpaBWNbHO YCTaHOB/EHHBLIX ApanBepax Npubop Ao/MKeH onpeaensitbcsa B cnvcke USB ycT-

poicTs Bawero MK kak FTD2xxDevice nnu:

KoHoone  dedcTEMe  Bua  Cnpaeka

mES @A =Rg

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

+ é KomMneraTep

Puc. 3. Buag aucnetyepa 3agav OI'IepaLI,MOHHOIZ CUCTEMbI C NOAKSIIOYEHHBIM MPUHOpPOM.
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Mpu NnepBoM NoakItYeHUM Npubopa, ckopee Bcero, NoTpedbyeTcs YCTaHOBUTL ApariBepa K npubopy.

OHu HaxopsATca B nanke Drivers.

Ecnun npu BktoveHMn npubopa onepaumoHHasl CMCTeMa CaMa He OTKPOET MacTep YCTaHOBKM Apait-
BEpa, TO ero HeobxoAMMO 3anyCTUTb B AMCMETYEPE YCTPOUCTB Ballero komnbtoTepa. [ns 3T0ro, B CNuUcKke
USB ycTpoicTB (M1 B KOHTPOJIIEPax yHMBEPCASbHOM MOCNEA0BATENIbHON LWMHbI - CM PUC. BbILE) HYXXHO
BblIOpaTb YCTPOWCTBO, KOTOPOE MOSIBASIETCS B MOMEHT BK/OYEeHMs1 npubopa. [lanee HyXXHO 3aiTh B €ro

CBOICTBA M YCTaHOBUTbL (NepeycTaHoBUTb, 0OHOBUTL) ApaiiBep.

B nosBuBLUEMCS MacTepe YCTaHOBKM AparBepa, HeobxoauMMo BblbpaTb YCTAHOBKY M3 yKa3aHHOMO
mecta (HE u3 mHTepHeTa). Cneaysl yka3aHMsM MacTepa, YCTaHoBuTe ApaviBep w3 nanku Drivers\CDM
2.08.24 WHQL Certified (ans atoro Heobxoammo 6yaeT Ha 0OAHOM U3 3TanoB YCTAHOBKM BblbpaTb 3Ty nanky

ncnonb3ys kKHomky “0630p” nnm nogobHyo, B 3aBUCMMOCTM OT TUMA ONepaLUMOHHON CUCTEMBI).

CtpykTypa n cogepxunmoe nankun ES8:

- 3 Es8 nanka, Konupyerad Ha ﬁ{ecmwﬁ ONCH KOMNEKTEPE
= 3 pac nanka ¢ AoKyMeHTaUHer
3 &M NPHRMEREl MCNONE30BEHUA (LONONHATENEHAA LOKMEHTALWA)
) Basic OCHOBHAR AOKYMEHTALWA (MHCTRYKUMK K NprBopan k MO)
= [ Drivers nanka ¢ Apafeeparm
* [ COM 2.08.24 WHOL Certified Nanka, B KOTOPOW XpaHuTCA pekomMeHLyemMeld K DyYHON yCTaHoBKe Apaieep npubopa
=l I3 Program nanka ¢ paboded nporpamMMor (3anyckasmbld harn ESS HaxoauTCa B Held)
) CFgFiles cmyedHele dainel nporpammel
I ExportFiles B ATOW NANKe ¥paHaTCa SKCNOpTURYEMBIE W3 NROrpaMMel JaHHBIS (Bt «ls)
j :;th‘;_l nanka ¢ NoNE30BaTENECKMMK HACTROAKEMM NPOTPamME! (NPodunArK)
OrErles

B 3Ty Nanky COXpaHATCA 3KCNepUMeHTENEHEIS AaHHEE l:l-’l3 Hee e W OTKprEIEiI-OTCFI:I

_ Rt B 3Ty Nanky CoXpaHanTea pabodne pesitel NPOrpaMMaTopa M eoHHHYHBIX DEHMMOE

Puc. 4. CtpykTypa u cogep>xxmmoe nariku ES8.

2.3.3. 3anyck ynpaBasilowien nporpaMmmbl
e [oaknounte K KOMMNbloTepy Npubop 1 BKIOUUTE ero.
e [lopoxauTe 5-7 cekyHA Ans Toro, 4Tobbl NPUGOpP onpeaenuics onepaumMoHHOM CUCTEMON.
e 3anyctvTe ynpasnsiowyo nporpamMmy ES8 n3 nanku Programs (KpacHOWM CTpenkon nokasaHa 3anyc-

Kaemasi IporpaMMa, CMHei CkobKoM — Nanku co BCroMoraTeSibHbIMK (aitiaMm nporpamMMmbl):

) CFgFiles

) ExportFiles

) Profiles

) WiorkFiles

) wworksetupFiles

FPESE -

Puc. 5. CTpykTypa nanku c paboyeli nporpamMmMoin.
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2.3.4. Pa6oTta c nporpammoii ES8

MoteHumoctaT P-20X paboTaeT noa ynpasfeHWeM cneumannsnpoBaHHOro nporpaMMHoro obecne-

yeHus ESS.

MporpamMmHoe obecneyenue (MO) cnyXuT Ans Co3haHnsa U KOHMUIypupoBaHUs SKCNEPUMEHTANIbHOM
paboyeli nporpaMmsbl, 3anycka paboTbl, 0TOOpaXkeHns, MPOCMOTPa M NEPBUYHOM 06paboTKM IKCNEPUMEH-
Ta/bHbIX AaHHbIX. MpK 3anycke nonb3oBaTenieM paboTbl, B NpUGOP 3arpyXxaeTcs co3faHHash Ha 3TOT Mo-
MEHT paboyasi nporpamMMa, NoSIHOCTbIO CTUPAETCS NaMsATb AaHHbIX. TakKe B HEr0 3arpy><atoTCst HaCTPOMNKM

MoSb30BaTeNbCKUX 3alUMT. Mocne 3Toro ynpasnsiolas nporpaMMa AaeT npubopy KoMaHay 3anyCcTuTb pa-
6oTy.

Mpubop caM cneauT 3a BbIMOJHEHWEM 3arpy)XeHHOM B Hero paboueli nporpaMMbl. YnpaensioLlas
nporpaMMa ornpaluvMBaeT Npubop ¢ HeO6X0ANMON NEPUOANYHOCTBIO U OTOBPAXKAET ero TEKYLLEE COCTOSIHUE.

Mpu 3TOM OHa HUKaK He BNUSIET U HE BMELIMBAETCS B BbINOMHEHNE paboyeli NporpaMMmbl.

B ynpaensioweit nporpaMme B 060/ MOMEHT MOXHO OTKIHOUYUTL MpUGOP OT KOMMbioTepa. [pu
3TOM Npubop NpoaocMKMT paboTy 6e3 Hero. [lanee MOXHO, HanpuMep, NOAKIIOYUTL K NMporpaMMme Apyrow
MMeEIoLLUIACA NpUbop 1 NPOBECTM HEOBXOAUMbIE MAHUMYNAUMK C HUM. lMpu HeobxoaMMOCTH, B Npouecce pa-
60Tbl NpUBopa, MOXHO HEOrPaHUMYEHHOE YWUC/IO Pa3 MOAKIYATLCA K HEMY M OTK/OUATbCA OT HEro B

ynpaBnstoLlen NporpamMMe. 3TO HUKaK He OTPa3UTCS Ha BbIMOMHEHUM paboyeit MporpamMmsl.

B npouecce paboTbl M3 ynpaBnsitoLen NporpaMMbl MOXXHO BbIMONHWUTL Cieaytolmne AencTeus ¢ npu-

6opom:
e CneauTb 3a BbIMNOMHEHWEM paboThbl, Kak B rpadMyeckoM, Tak 1 B TabNIMYHOM NpeacTaBleHUN.

e [loctaBuTb NpubOp Ha May3y, a NOTOM CHOBA €ro 3anyCTUTb C 3TOrO X€ MOMEHTA MOBTOPHBLIM HaXa-
TMEM KHOMKKM “nay3a”. B coCTOsiHMKM May3bl MOTEHUMOCTAT NEPEXOAUT B PEXMM MOHWUTOPUHIa, TO
€CTb, oTOOpaXkaeT noTeHUnan pa3oMkHyTon uenu (noteHuman PL) Ha noaknoyeHHOM obpasue, HO
paboyasi nporpaMMa npv 3TOM OCTaHOB/EHa (BPeMs U 3apsabl HE MHKPEMEHTUPYIOTCS, Pa3BEpPTKM
OCTaHOBJEHbI M HE MAyT, NoTeHuman otobpaxaetca B N0, HO He coxpaHsieTcs). Onepaumnio MOXHO

NOBTOPATb CKOJ/1IbKO YroaoHO pas. AnuTenbHOCTb nay3bl HE OrpaHNU4€EHa.

o  MOXHO NPUHYAUTENLHO ﬂepeﬁTVl K BbINOMHEHUIO CNEAYIOLWEro wara, UnKia nporpamMmmbl, Uan poaa
paboTbl (yCTaHOBNEHUE nepes uaMepeHrneM, naMepeHune noteHumana PL|, yctaHoBneHue noTeHuma-

na PL n TA, B 3aBUCMMOCTM OT coaepXxaHus paboyert NporpaMMmbl).
e OcrtaHoBUTb paboTy npubopa.
e 3arpy3uTb U3 oxuaatowero paboty npmbopa nMetowmnecs B HEM 3KCNEPUMEHTAsbHbIE AAHHbIE.

e 3anyCTuTb PEXMM MOHUTOPUHIA U OCTAHOBUTbL €ro B /060 MOMEHT.
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Mocne Toro, Kak Npubop 3aBepLUN BbINOSIHEHWE 3arpy>KEHHOM B HEr0 NMpPOrpamMMbl, OH NEPEXOAUT B
PEXMM OXMAaHWUS. ECniv npu 3TOM OH NOAKJIOYEH K MPOrpaMMe, TO OHa Cpa3y aBTOMATMYECKW 3arpysuT U3
HEro BCe MMEIOLLMECS] SKCMEPUMEHTAsbHbIM AaHHbIe, U BbICTAaBUT Ans Hero dnar oxuaaHus. MNocne 3Toro
MOXXHO 3anyCTuUTb Ha HeM paboTy 3aHOBO, HaNpuMep, C APYrMM 06pa3LoM, WU NPOrPaMMHO BbIK/THOUYNTD.
Ecnu npubop He 6bin Moak/MOYeH K MporpaMMe, TO MOJb30BaTeNl0 HEOOXOAMMO CaMOCTOSATENBHO, HaXaB

KHOMKY 3arpy3Ku AaHHbIX, CKayaTb AaHHble 13 npubopa.

MomuMo 3TOro, ecnm NpM6op NOAKIIOHEH K KOMMbIOTEPY U NpoOrpaMMme, To AaHHble 6y-
AyT aBTOMaTUUYECKMN 3arpyXaTbCs U3 Hero npsiMo B npouecce pa6otbl. Bnarogaps aToMy cuc-
TeMa npubop-koMnbloTep paboTaeT hakTUUECKM B peasibHOM BpeMeHu ¢ 6ydepusaumneit aaH-
HbIX B npu6ope (B ero 3HeproHe3aBMCUMOW NamMsATH). B c/lyuae BO3SHMKHOBEHUS KaKoOW 1M60
HewWTaTHOi cuTyauuu (HanpuMep, npu notepe nuTaHus 220B), Bce 3aperncTrpupoBaHHbie
AaHHbIe B 1I060M cniyyae 6yayT coxpaHeHbl B NaMATH Npubopa Aa)ke Nocse ero BbiK/HYeHUs,
M MOryT 6bITb OTrpy)>€Hbl U3 HEro B 11060/ MOMEHT A0 crieayloLero akcnepMMeHTa (uam ne-

pe3arpy)eHbl B npoLecce BbIMOJIHEHUS TeKyLlero SKCnepuMeHTa).

Takxe, B NporpaMMe MOXHO NMEpENTU B pexuM 06paboTkn AaHHbIX (OTOBPAXXEHUS YXKE UMEIOLIMX-
Cl, WK TOJIbKO YTO 3arpy>KEeHHbIX 3KCMEPUMEHTAsbHbIX AaHHbIX). OTO HUKAK HE NMOBNUSET Ha paboTy npu-
6opa. Ta yacTb NporpamMmMbl, KOTopasi OTBETCTBEHHA 3@ CBSA3b C NPUBGOPOM, NMPOAC/IKUT cHOp U OTobpare-
HME TeKyLMX AaHHbIX. YacTb e MporpamMMbl, OTBETCTBEHHAs 3a 06paboTKy, AaHHbIX, ByAeT AOoCTynHa
NoNb30BaATENIO AN AETaNbHOrO NMPOCMOTPA, OTOBPAXKEHWUS U MAHUMYSILMKU C NIIOBbIMM, YXKEe UMEIOLLMMUCS
Ha »ecTkoM aucke MK aaHHbIMK. TO eCcTb MOXHO 06pabaTbiBaTb, NPOCMaTPUBATL U MaHUMNyNMpoBaTh (yaa-
naTb, 06beAVHSTb, HaknaabiBaTb APYr Ha Apyra M T.M.) 3arpy>XeHHbIMU WM UMEIOWMMUCS HA XKECTKOM

AVCKEe 3KCNepuMeHTanbHbIMW AaHHBIMK NPSIMO BO BpeMs paboTbl npubopa.

Bonee noapobHyto MHGMOPMaLMIO O BO3MOXHOCTSIX NPOrpaMMHOro obecneyeHns Bbl MoxeTe HanTu
B AOKYMEHTaUuM K NporpaMMHOMY obecneyeHuto Ha YCTaHOBOYHOM AMCKe M3 KOMMekTaumu npubopa unm
Ha odumumanbHOM canTte www.potentiostat.ru B pasgene 3arpy3ok. B HacTosileM pyKOBOACTBE OHa He

OMUCbIBAETCA.

MeToauka YCTAaHOBKM npaﬁBepOB, coaepXXnMMoe KoMMnakKT-anucka, BHELWHWUIA BUA ynpaBnmomeVl npo-
rpamMMmbl U €€ CbYHKLI,MOHaJ'IbHOCTb MOryT U3MEHATbLCA NO MeEpe 06HOBNEHMSA KaK CaMoro |_|O, TaK U an6o-

poB, N03TOMy 6onee NogpobHO oNMcaHbl B AOMONHUTENIbHOW AOKYMEHTALMMN.

Bce HeobxoauMble MHCTPYKUMM HaxoasTCs Ha YCTaHOBOYHOM Aucke Bawero npubopa. Camble no-
cneaHune Bepcun MO 1 Bcel AOKYMEHTaUMM K HeMy M npubopam Bbl MOXeTe HalTh Ha oduumManbHOM calTe
B MHTepHeTe www.potentiostat.ru. MporpaMMHoe obecneyeHre pekoMeHayeTCst 06HOBNATL XOTs 6bl pa3

B KBapTar.

Pe3toMupys, AeTanbHasi cxeMa paboTbl npubopa 1 MO BbIrNSAMT cneaytowmm 06pasomM:
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1)
2)
3)

4)

5)

6)

7)

8)

9)

Mpubop noakntovaeTcs nonb3osatenem B 10 ESS.
C nomowbto MO nonb3oBaTtenb co3aaeT pabouyto Nporpammy.
Monb3oBaTeNb NOAKYAET UcCreayeMbI 06bEKT K Npubopy.

Ans Toro, YTobbl YAOCTOBEPUTLCS, YTO MUCCIedyeMbl O6BEKT MOAKIOYEH MPaBWUIbHO, PEKOMEH-
AYETCS Ha HEKOTOPOE BPeMs 3anyCTUTb MOHUTOPUHT. M0 BENMYMHE U3MEPEHHOrO NOTEHUMana pa-
30MKHYTOW LENW, Kak MpaBW/o, MOXHO AMArHOCTUPOBaTb Hanmume 06pbIBOB, MEPENOItOCOBKY,

HencnpaBHOCTM obpasua 1 Tn.

Monb3oBaTeNb 3anyckaeT paboTy. Mpy 3TOM aBTOMATUYECKM MPOM30MAYT Cleaytolme AeNCTBUS:
B 3TOT, M TO/IbKO B 3TOT MOMEHT B MNpubope ByaeT CcTepTa NaMsTb SKCNEPUMEHTASbHbIX AAHHbIX,
B Npubop 6yaeT 3arpyxeHa paboyas MporpamMMa M HacTpOMKM 3awwmT, 6yaeT 3anylueHa pabota. B
MO npu 3ToM 6yaeT 06HYNEH MacCUB AaHHbIX, B KOTOPbIM 6yayT ckauMBaTbCa AaHHblE U3 Npubopa
(oH Takxe Bceraa ObHyNsSIETCA NpU NepenoakniodeHnn npuéopa B MO MM nepesanycke camoro
Mo).

HenocpeacTBeHHO nepea 3anyckoM paboTsl, ynpasnsiowee MO yTOYHUT y MoSb30BaTeNs Ha3Ba-
HWe 3aryCcKaeMoro 3KCrnepuMeHTa (ero M3HavasnbHbli TekcT 6yaeT B3aT B MO U3 CTPOKM KOMMEH-
Tapus). OHO 6yaeT COXpaHeHO B 3HEProHe3aBWCMMOWM MaMsATU Npubopa BMeCTe C 3KCNepUMEH-
Ta/lbHbIMU @HHBIMWU U CTAHET HEOTLEM/IEMBIM WX OMUCAHWEM. TakK, HamnpuMep, Ha XXeCTKUN AUCK
MK paHHble 6yayT aBTOMATUYECKM COXPAHSTbCA C HasBaHWEM chaifia COOTBETCTBYIOLLEMY 3TOMY
onucaHuio. C YTeHnst U3 NamaT Npubopa 3TOro OMNMCaHUSA HaumHaeTcs Nobasi 3arpyska AaHHbIX
u3 npubopa (Npu 3TOM, 3TO OMUCaHWe ByAeT aBTOMATMYECKM O0B6paTHO BCTABNEHO B MOJSIE KOM-

MeHTapus).

[lanee, no xofy BbINO/HEHWSI pabouyelt NporpamMMbl, NPUGOP HAYHET PErMCTPUPOBaTL 3SKCrepu-

MEHTAaJIbHbl€ AdHHbIE U COXPaHATb UX B CBOKO 3HEProHE3aBUCUMYIO NaAMATb.

MO ES8 npwv 3TOM 6yAeT perynsipHo v C HEOH6XOAMMOWM YacTOTOW 3anpalumBaTh y npubopa ero Te-
Kylllee COCTOsIHME U 0TOBpaxkaTb MHGOPMaUMio 0 ero pabote nosb3oBaTento (HOMEp BbIMOJHsIE-
MOrO Lara M UMKNa, a Takke BpeMsi Mx paboTbl, TEKYLUME 3HAUYEHMs MOTeHUMana, Toka, 3apsaa,

paboumnin pexxmm, 06beM 3aHATOM NaMsATN U T).

Takxe npu 3TOM no 6yneT CNnegnTb 3a TEM, KaK 3alnosIHAETCA SHEProHeE3aBUCMMaa NaMATb Mpu-
6opa. Mo MEpeE TOro, KakK nosAaBnd0TCA 3KCNEPUMEHTAJIbHbIE AdHHbIE, no 6YLl,eT adBTOMaTUYECKHN

CKauMBaTb MX U3 3TOW MaMSATU U 0T06pa)KaTb Ha M3Mepl/ITe}'IbHOI7I AnarpaMMe.

10) Ecnm B xoAe BbINOMHEHWUS paboTbl 3akpbiTh MO MM OTKIIOYUTL B HEM NpubOp, TO Mocie nocrne-

aywero noakntyYeHnd, AaHHbIE HAYHYT CKayMBaTbCA C CaMOro Ha4dana. |_|pl/l 3TOM, CKa4aHHblE
SKCNEPUMEHTAlbHbIE AaHHblE GYII,YT noABNATbCA Ha M3MepMTeanOl‘;I AnarpamMmme u 6y,D,YT aoctyn-

Hbl ANng COXpaHEHUA NMOMb30BATENEM Ha xectkuin amck MK B ntobon MOMEHT. TeKymee Xe CoCTo4d-
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HMe BbINOSIHEHMSI paboyeit nporpaMmbl byaeT oTobpaxaTtbcs B MO HeE3aBUCMMO OT 3TOro MpoLiec-
ca. Mpu 3TOM, HanpuMep, MOXET CNOXWUTbCA Takas CUMTyauus, 4TO M3 Npubopa CKayaH TONbKO
elle 5-11 uMKN AaHHbIX, @ BbINOMHAETCA YyXe ckaxkeM, 10-i. lNocTeneHHo npouecc cKaunBaHUs
AA@HHbIX AOrOHWUT MPOLIECC PErncTpauMmn AaHHbIX U CMCTEMA NepenaeT B OTObpaXkeHWe AaHHbIX B

peanbHOM BPEMEHMW.

11) MNpw 3aBepwieHnmn paboTbl 06bI4HO, MO yxe UMeeT BCe 3KCNepuUMeHTasbHble AaHHble CKaYaHHbIMU
13 npubopa. B TOM xe crnyyae, ecnmn BCe AaHHbIE HE yCrnenu ckavaTbCs, OHU ByayT AoKavaHbl aB-

TOMAaTUYECKU.

12) Mpy HEOBXOAMMOCTY, CKaXKEM, €C/IM NPUBOpP 6bl OTKIIIOUYEH OT KOMMbIOTEPA W BbINOJHA BCIO pa-
604yl0 NporpaMMy HenoAKMOYEHHbIM, TO MOC/e 3aBeplueHnst paboTbl (KaK B LUITATHOM PEXUME,
TaK M HanpuMep, HEeWTaTHO MNpY OTKOUYEHUU MUTAHMS) MOXKHO TakXXe B N060M MOMEHT CkayaTb
U3 HEro BCE 3KCMEPUMEHTAsIbHbIE AaHHbIE NMOCNEAHErO BbINOIHEHHOMO 3KCNepuMeHTa (TONbKO OA-

HOro, 10 TeX Mop, Noka He 6yaAeT 3anyLieH HOBbIN).

13) Cpasy nocne OKOHYaHWS 3KCNEepUMEHTa MK 3arpy3ky AaHHbIX, OHWM aBTOMATUYECKN COXPAHAIOTCS
Ha >XEeCTKUA ANCK KOMMbIOTEPA U CTAHOBATCA AOCTYMNHbIMWU ANA 3KCNOPTa, NMPOCMOTpa Unn nep-

BMYHOW 06paboTKu.

14) B npouecce pabotbl npubopa, B MO MOXHO B Nt06ON MOMEHT COXPaHUTb BCE YXXE MMEILLNECS
(CkayaHHbIE) AaHHbIE Ha XXECTKUM AUCK ANSi, HanpuMep, CO3AaHunsa NpeaBapuTeNbHO OTYEeTa O Bbl-

NONHEHUN ANUTENBHOIro0 MHOrOAHEBHOIO 3KCNEPUMEHTA.

B ﬂpMBeD,EHHOVI CXEME MpaKTU4YeCKM BCE onepaunn BbIMONTHAKTCA aBTOMAaTUYECKU U HE3AMETHO ANA
nonb3oBatens. Mo3ToMy coBceM He 06513aTeNbHO AepxaTb uX BCe B ronose. MNpu Heobxoammoctyn, MO Bbl-
BeAeT coobLueHnss NoAcKa3oK, COBETOB, @ TakxXe NpeaynpeavT O nocneayowmnx AEVCTBUSIX U cobbITUSIX, Ha
KoTopble cregyeT obpaTvTb BHMMAHMe. Takol MexaHu3M paboTbl obecrnevrBaeT MaKCMManbHYK Hagex-

HOCTb BbIMOJIHEHUA pa60qe17| NporpaMmMmbl, a TakKXXE€ COXpPaHHOCTb 3KCNEPUMEHTAJIbHbIX AaHHbIX.
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II1. SKCNJIYATAUNUA NMPUBOPA

3.1. OBECNEYEHUE MAKCUMANIbHO NMOMEXO3ALLUMLLEHHOCTU NPU NPOBEQEHNN U3ME-
PEHWIA

[na obecneyeHnsi MaKCUMasibHOM MOMEXO3aLUMLLEHHOCTU NPU NMPOBEAEHUM U3MEPEHMI uccneaye-
Mblii 06BbEKT (HanpuMep, 3MeKTpoXMMMYecKasl siuelka, nosynpoBOAHUKOBLI MPUOOP, SNEMEHT NUTaHUS U
T.M.) AOMKEH ObiTb MOMELLEH B METAN/IMUYECKMIA 3KpaH. Mpu 3TOM peKoMeHAYeTCs COeAMHUTb 3KpaH U 3a-
3eMNAOWMIA pa3beM MOTEHUMOCTATa C BHEWHUM 3a3eMNieHneM. XenaTesbHo, YTobbl BHYTPY 3KpaHa Haxo-
AWNCA He TOMbKO UCCNIEAYEMbIi 06BEKT, HO M 3a)KMMbl «KPOKOAW», KOTOPbIMK MpoBoAa npubopa coeau-

HSKOTCS C BblBOAaMM obbekTa.

3a3eMNeHne TaKKe MOXKET MOHAA0BUTLCS M3-3a ranibBaHNMYECKON pa3Bsi3ku UHTepdeiica USB. M3-3a
Hee abCosMOTHBIN NOTEHUMAN NpUMBopa MOXXET OKa3aTbCs HEOMpPeAENeHHbIM, YTO B HEKOTOPbIX CllydYasx Mo-
XXET NPUBECTU K 60siee CUNBbHOMY BO3AEMCTBMIO BHELLHMX MOMEX. B 3TOM criyyae MOXHO IM60 3a3eMnnTb
npubop, NMMbo, B KpalHEM C/lyuae, MOXXHO COEAMHUTbL €ro Pa3beM 3a3eMJIEHNsI C KOpPMycoM paboyero KoMm-

nbloTepa npu NOMOLLM BbICOKOOMHOIO pe3ncTopa conpoTusieHnem 6onee 10 Kom.

Mpu paboTe c ManbiMu Tokamu (MeHee 1 MA) UM B YCNOBUSIX CU/bHBIX NMOMEX (HanpuMmep, Npu Ha-
rPEBaHUN UCCNeLyeMOro 06beKTa B MOLLHOW 3/1EKTPONeYn) Hanmume skpaHa ob6s3aTenbHO, B NMPOTUBHOM

CNnly4dae pe3ynbTaTbl 3KCNEPUMEHTA MOIyT HE COOTBETCTBOBATbL AENCTBUTENbHOCTM.
MNpw paboTe no Tpex nnu ‘-IeTpreX:-U'IeKTpOD.HOlZ CXeMe Hannume 3KpaHa Takxke obs3aTesnbHO.

nekTpoMeTpbl Npubopa cobpaHbl Ha CMOS 3neMeHTax, NMo3ToMy MMEIOT BbICOKOE BXOAHOE COMpo-
TUBNEHME, HO OYEHb YYBCTBUTENbHbI K 3MIEKTPOCTAaTUYECKUM pa3psidaM U NMOMeXaM, KOTOpble MOryT BbIBEC-
™M MX U3 cTpos. Mo3TOMy He cneayeT KacaTbCa kabeneilt npubopa M METANNIMYECKUX YacTeN 3aXMMOB
«KpOKOAM/T» B NMPOLIECCe NPOBeAEeHUS M3MepeHuid. MoaobHble AENCTBUS TaKXKe MOMyT CUbHO UCKa3WUTb pe-
3yNbTaTbl M3MEPEHWUI 33 CYET BO3HUKHOBEHWS KPATKOBPEMEHHBIX UMMYJIbCHBIX NMOMEX WM HApYLUEHWSI YCO-

BUI SKPaHWPOBaHWS.

Taioke BHELLHME NOMEeXU MOryT CWIbHO CKa3aTbCs Ha cTabunbHOCTU paboTbl HTEpden-
ca npu6bopa c MNK. X NCTOYHMKaAMKN MOryT SIBASITbCA MOLHbIE 3/1IeKTponoTpeéburenu, wam npo-
Leccbl X KOMMyTaumu. Hanpumep, cTaHKM WAK APYrov 3/1IEKTPOMHCTPYMEHT, 3/IeKTponeyun u
HarpeBaTesiu, BaKyyMHbleé HACOCbl, pa3/iMyHble 3J/IeKTpoABUraTesiv, 3JIeKTpo-norpeburenun
MHAYKTUBHOIO WM €MKOCTHOrO XapakTepa, MMNyJ/ibCHble noTrpeéburenu u 1.n. Bo3pencreue
noAo6HbIX NOMEX MOXKET NpMBecTM K c6oto B pabote uHtepdeinca npubopa, norepe AaHHbIX,
MCNOpYEHHOMY 3KkcnepumMmeHTy. locrapantech ob6ecneunTb HauMeHblUee MX BO3AENCTBME.
Mpu6opbl MMEOT B CBOEM COCTaBe KaK anmnapaTHble, TaK U NporpaMMHble MeToAbl 3alUTbI

MHTepdgeica oT 3TUX BO3AENCTBMHA, OQHAKO, X BO3MOXKHOCTU He 6e3rpaHUYHbl.
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3.2. OCHOBHbIE CXEMbl BKJIKOMEHUA NMPUBOPA

B noteHuunoctaTe P-20X peanusytoTcs TpyM OCHOBHbIX cnocoba noakntoveHust K nccnegyeMomy obb-
eKTy (3NEeKTPOXUMUYECKOW SIUENKE): ABYX-, TPEX- U YETbIPEX3NIEKTPOAHasA cxeMbl (puc. 6). Bo Bcex crnyyasx
TOKOBbIMK 3nekTpoaamu senstotcs “Counter” n “Work”, a cooTBETCTBYOWNMM NOTEHUMANbHbIMKU — “Ref” n

\\Comp"-

Bo Bcex cnyyasx npubop CcTabunusmpyeTt BenuMunHy curHana snektpoga “Comp” OTHOCUTENbHO
anekTpoaa “Ref” (kacaTenbHO CUCTEMbI 3HAKOB HAMPSHKEHUN; MONOXMUTENbHOMY HanpskeHuto (noTeHuuna-

Ny) Npy 3TOM COOTBETCTBYET MOJSIOXXMTENbHbIA TOK).

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

oJoJoloJoJoJo
1] I

(B) Counter  Ref Comp  Work

S

Puc. 6. Iloakmarouenue mo AByX- (a), Tpex- (0)
1 9ETBIPEXAICKTPOIHOM (B) CXeMaM.
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IV. FAPAHTUAHDBIE OBAA3ATE/IbCTBA

M3roToBuTENb rapaHTUpYeT COOTBETCTBME MPUBOpa TEXHUUYECKMM XapaKTepPUCTMKaM npu cobnioge-
HUWM NOTpebuTeNnemM npaBu 3KCrUlyaTauMun, TPAHCMOPTUMPOBaHUSI M XPaHEHWS, YCTAaHOBMIEHHbIM B HaCTOsI-

LeM pyKOBOACTBE MO 3KCrayaTaumu.
FapaHTUIHBIA CPOK 3KCMnyaTauum — 12 MecsueB OT AaTbl MPoaAXW.

CpoK rapaHTUMHOrO peMOHTa OnpeaenseTcs CTeNeHb0 HEMCNPABHOCTM Npubopa U MOXET A0X0AUTb

[0 20 pabounx aHewn 6e3 yyeta BpeMeHU AOCTaBKM.

lapaHTUiiHbIE 06513aTeNbCTBa HE BK/IHOYAOT B CebA ycTpaHeHMe NpobieM HEKOPPEKTHOW paboTbl C

npnM6opoM (HECOOTBETCTBYHOLLUME TPEGOBAHMSM HACTOSILLErO PYKOBOACTBA).
MoTpebuTenb NULWAETCSA NPaBa Ha rapaHTUIHOE 0BCNY)XMBaHWE B CeayoLMX ClyYasX:

e pW HapYLUEHWUM NPaBUJI 3KCTyaTaumm, TPaHCNOPTUPOBAHUS U XpaHeHUs, Mep 6e30MacHOCTM

paboTbl C npubopoMm;

e Npu HecobnoaeHUN 0693aTeNbHbIX MEpP NPEeAOCTOPOXHOCTEN, Tpe6OBaHMI 1 3anpeLlatoLLmx

MYHKTOB, KacaroLmxcst paboTbl C MpUBOPOM, NPUBEAEHHBIX B HACTOSILLEM PYKOBOACTBE;
e npu paboTte c Npn6OPOM B HEAOKYMEHTUPOBAHHbIX PEXMMAX;
e MpW HENPaBWJIbHOMN YCTaHOBKE WM NOAKIIOYEHUM NpUbopa;
e MpW NPEeBbILEHNM AONYCTUMONM paboyeit TeMnepaTypbl, Neperpese u T.1.;
e MpPW HaNMYMKN BHELIHWUX U BHYTPEHHMUX MEXAHUYECKMX MOBPEXAEHUN;

e NPV HapYyLEHUN LENOCTHOCTM N/IOM6, NPU3HAKOB BCKPbLITUS U PEMOHTA Npubopa HeynosnHo-

MOY€HHbIMU NMULAMK,

e TPU HaIM4nun I'IOBpe)KLI,eHVIl\/‘I, NONYYEHHLIX B PE3YJibTaTE aBale‘/lI, BO3/ENCTBUSA OrHg, Bnaru,

HACEKOMbIX, MblsIN UTN NONaAaHNA BHYTPb KOpPryCa NOCTOPOHHUX NMPEAMETOB.

lapaHTWUIMHOE M Moc/erapaHTMiHoe 0bCnyXXuBaHWe Npubopa OCyLLECTBASIETCS NPeAnpUsITUEM U3ro-

TOBUTENIEM.
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IV. CBEAQEHUA O CEPTUDOUKALIUN

CUMCTEMA CEPTHOURAHINN FOCT P
®E[EPAIbHOE ATEHTCTBO 110 TEXHIYECKOMY PEIYIMPOBAHNIO 1 METPOIOTHU

s CEPTUOUKAT COOTBETCTBUY

Ne POCC RU.AJI44. HO4368

Cpok peficTBHS C© 15.082017 mo  14.08.2020
Ne 0101447
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OPTAH ITO CEPTH®UKAITUH per. Ne RA.RU.10A 144
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info.sertcenter(@yandex.ru

IPOAVKIIHSA TloTeHIMOCTAThI-TATEBAROCTATHE: THI P. Cepiiiibiil BEITYCK,

| Koa OK
| 265143
COOTBETCTBYET TPEBOBAHHWAM HOPMATHBHBIX AOKYMEHTOB
TV 26.51 43-001-0119244659-2017 roga. Bl
: 9030 31
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