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1. 3araapHNIT OIINC

ITorenmiocrar-raasBanoctar MTech PGP-410-2 (aaai "mpuctpin") — e
YHIBEpCAAbHUI Npuaaj AAsl €AeKTPOXIMIYHUX AOCAIAXKEHb, KU MOXKe
IIpallIOBaTH SIK IIOTEHIIIOCTaT, TaAbBaHOCTAT 4l OTeHIioMeTp. BuMipioBaHH:
3AIICHIOETBCA 3a aATOPUTMOM, AKNUIT POPMY€E KOPUCTYBay.

KonTpoap mporiecy BUMipIOBaHH:, Bidyaai3allil0 BUMIipsIHNX 3a4€KHO-
CTell, 3allC pe3yAbTaTiB Ha >KOPCTKMI AVCK KOMII'IOTepa peaai3oBaHO y
nporpamHoMy 3a0esniedenHi "MTech PGP-410-2" (aaai "nporpama”). 38’5130k
IIPUCTPOIO 3 IIEPCOHAABHNM KOMII IOTEpPOM peaaizoBaHo yepe3 USB nopr.

2. TexHiuHi XapaKTepUCTUKNI

XapakTepucruka 3Ha4yeHHsI
/iamna3oH noreHIia1is poOOYOro eaeKkTposa -5,0...45,0 B
/Jiana3oH BUXigHOI HaIpyIu -12...+12 B
AVICKpeTHICTh BUMipIOBaHHS HAIIPyTU 1,5 mB
JornycTumMa npusejeHa I1oxmuoKa <0.2%
crabiaizanii/BMMipIOBaHHs HAIPYIU ’
AianazoHu crpymy +100 £32 +11 +3,3 +0,65 MA
Bubip ontnmMaabpHOTO giania3oHy aBTOMaTUYHUN
AVICKpeTHICTh 3a4aHHA CTPYMY 0,01 MA
JorycTumMa npusejeHa I1oxmuoKa <0.2%

crabiaizallii/BUMipIOBaHHA CTPYMY

Tum intepdericy "npucrpin-T1IK" USB 3 raapparitHOI0

PpO3B’SI3KOIO




3. Kommnaekrariisi Ta rapaHTiliHi 30008’ s13aHHSI

IToreniiocrar-raapsagocrat MTech PGP-410-2 — 1 it
Kabeas 3 USB-RS5232 xouseprepom PL2303 — 1 mT
Kabeas xupaenns: mig crangaptHy posetky 220 B — 1 mr
Kabeai gas nigkarogenHs 40 eaektpoais XAC un sueriku
i3 3a>xuMaMu TUIly "Kpokogua" —4 mr

ITacriopT Ta iHCTPYKIisl KOpUCcTyBada — 1 mr

ITporpamue 3abesneuenss "MTech PGP-410-2" — 1 mt
ITporpamue 3abesneuenss "MTech CVA-Filtr' — 1 mt

BupoOHuk  3000B’s3aHMII  BMKOHYBaTM Oe3KOINTOBHe TapaHTiliHe
00CAyTOBYBaHHSI HPUCTPOIO BHPOAOBX 12 MicAliB Imicasd BBeAeHHS B
eKCIlAyaTallilo 3a YMOBIU HeMOIIIKOAKeHOCTi KOPITyCy Ta I1A0MOM-HaKAeVKHA.

4. byaoBa Ta IpMHIIUII pOOOTH IIPUCTPOIO

CrporeHa 010K-cxeMa OPUCTPOIO:

S1

count-off
LAN Ic\ % —~ COUNT

I/ I/ count-on

potentiostat 4 —— REF

§2 | galvanostat TS ———< COMP

[ use M mK |— Aun —]

WORK
4' en’

MK - MiKpOKOHTpOAep (IIpoLecop IPUCTPOIO)

ITAIT - nndpo-aHaaorosui nepeTsoproBayd

ALIIT - anaaoroso-in¢posuii nepeTsoproBay

C — onepaiinHmnit mijacmuamBad-cyMaTop

I1I1 - miacnaroBad IIOTY>KHOCTI

IIT - iHcTpyMeHTaAbHUII OIlepalifiHNI MiACKAIOBAY

CIT - crpymoBmit onepaiiiHuii IIiACUAIOBaY

AIl — anckperHUt miacuaiosad (5 Koeilli€HTIB MiACUAEHH)



Okpim 3a3Ha4eHMX Ha PUCYHKY 3B A3KiB Mi>XK KOMIIOHEHTaMM/ IIPUCTPOIO
MIKPOKOHTpO/Aep Kepy€ poOoTol0 IepeMmmukadip S1 Ta S2, sAKki BU3Ha4alOTh
IIOTOYHUII CTaH IIPUCTPOIO (IIOTEHIIiOCTaT/TaaAbBaHOCTAT/IIOTEHIIIOMETP).
Ilepemuxau S1 Bignosigae 3a KomyTamilo (MiAKAIOYEeHH:/BigKAIOUEHH:)
cTpyMmy y sa4deriky. Koam BiH BigKAIOYeHMI, TO HPUCTpill nepeOyBa€ B CTaHi
"moTeHniomeTp" (He 3a1€>KHO BiJ CTaHy epeMuKada S2) — TOOTO € ITacCMBHUM
criocrepirayeM 3a Hanpyroio (pisHmitero mnotenniaais mMi>k COMP i REF).
Koan mnepemukau Sl BkaoyeHMi1, TO HPUCTpili IlepeOyBa€ B CTaHi
IOTeHIiocTaT ado raabBaHOCTAT, 3a/A€KHO Bij IlepeMuKaya S2.

Hanpyra (pismung noreniiaais Mixk COMP i REF) BuMiproeTscs 3a
AOIIOMOTOIO IHCTPYMEeHTaAbHOTO IIiAcuaioBada II1 ta nmepmoro kanaay ALIIL
CrpyMm Bumiproerscsa B Koai pobodoro eaekrpoga (WORK) miasaxom
BUMIPIOBaHH: CIlady HaIIpyIru Ha npenmsinmHomy pesuctopi R. ITiacuarosau
CII pasom 3 pesucropom R € mepersopioBaueMm 'cTpyM-Halpyra“, a BUOip
IIOTPiOHOTO Aiaa3oHy CTPYyMiB 34iMICHIOETBCSI Yyepe3d BUOIp OAHOTO 3 II'ATHU
MOXXAUBYX KoedillieHTiB miacuaeHss AL

3B’A30K IIPUCTPOIO 3 Kepyiodoio nporpamolo Ha [IK peaaizosano uepes
USB-nopr 3 konseprepom RS5232-USB.

He 3aae>xno Big Tuny suenku (2-, 3- un 4-eaeKTpoHa) IPUCTPiil 3aBXKAN
IIpaLioe 3a 4-IpoBigHOIO CXeMOIO.

[ligkar0o4eHHs A0 2-€A€KTPOAHOI cUCTeMM (HallpuKAaj CylepKOHAEHCa-
TOpa 4¥ TOTOBOTO eAeMeHTa KMB/AEHH:):

MTech PGP-410-2
COUNT REF COMP WORK
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Y

Skmo moTpiObeH 3OBHIIIHIN amMIepMeTp u4K/Ta BOABTMETP, TO IX
IMiAKAIOYAIOTh TaK:

MTech PGP-410-2
COUNT REF COMP WORK
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[ligkatoueHHsT A0 3-eAeKTpogHOI cucrteMu (TOOTO € Ile eAeKTPOos
IIOPiBHAHHS):

MTech PGP-410-2
COUNT REF COMP WORK
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ITigkar0ueHHs A0 4-e1€KTPOAHOL CUCTeMU (4Ba €AeKTPOAY ITOPiBHAHHS):

MTech PGP-410-2
COUNT REF COMP WORK

Ly

Il

Pos’emu norenniaapHnx Bxoais (REF, COMP) — BNC:

B xoMmmaekTi € BiamosigHi 4 kabeai (aoBkmHa ~50 cM), Ha KiHIISIX SIKMX
sackuMu tuily "kpoxoaua'. Kabeai aaa COUNT, WORK - spuuaiini, a aas1
REF, COMP - koakcia4bHi (eKpaHOBaHi).
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5. IIporpamHe 3a0e3nne4eHHs

5.1. BcranoBaeHHsI Ta HaaalITyBaHHsI

Qaita zip-apxiBy 3 IaIKOIO IHCTAASAIIIHOTO IakKeTy IIOTPiOHO
po3apxiByBaTu Ha >KOPCTKUI AMCK Komm'iotepa. LIg mamka mictmTh Taki
komnoHeHtu: nanku 'DRIVERS", "TO_COPY" Ta iHcTaasuinxi d¢aian
(setup.exe Ta iHm).

ITlia’eananite USB kabeap mpucrtpoio 4o USB moprTy IepcoHaAbHOTO
KomI'rorepa. fIkmo Ha Bamromy komm'ioTepi pasille BXKe BUKOPUCTOBY-
Baanch npmaagu i3 USB-RS232  komseprepom PL2303, TO >KOAHMX
IIOBiJOM/AeHb KOMII'IOTep He BUJAacTb Ta aBTOMATMYHO MiAgKAIOue
BiATIOBigHIUII ApaliBep. SIKIIIO K KOMIT'IOTepy 1iell KOHBepTep "He3HalloMMmil",
TO BiH BUAACTb MOBIAOMAEHHs IIPO HOBUII IIPUCTPili Ta HeEOOXiAHICTDH
BCTAaHOB/AEHHsS ApaliBepiB A4s Hboro. IIpm npomy caig BuOpatm "pyunmnii
crioci®0" BCTaHOBAEHH:A ApaiiBepa i3 3a3dHaueHOro Miclsl Ha AuUCKy. B
3a4€XKHOCTI Big Tuny onepaninnol cucremu (XP um 7) caig BKasaTu mMAAX 40
nanku "DRIVER-XP" um "DRIVER-7". flkmo Ha Bamomy komm'iorepi
BCTaHOBAeHa omnepauiriHa cucremMa Windows-10, To monepesHbo caig
3allyCTUTU  BigmloBigHmit  exe-paita 3 manku  'DRIVER-10".  Ilicas
BCTaHOB/EHH:I ApaliBepa cAig 3’scyBaTi HOMep BUAIA€HOTO CYCTeMOIO IOPTY.
Aas nporo mepeiidite y "Ilyck / Hacrpoiika / Ilanean ympaBaenms /
Cucrema / Auctieraep ycrpoiicts / [Toptel (COM u LPT)" — Tam nnoBuHeH
oytu psgok "USB Serial Port (COMx)", ae x-HOMep IOpPTYy (Ha PUCYHKY
33y e 4). [Ipnbansue soopaxkenn: (3aaexxHo Big cucremn Windows):

l ﬁ MOHHMTOPE
.-.r"' MelWwr M MHEIE WE.A3bIE3HIWHE ':."ETIZII:IHETEEI
=- ;.f MopTel (COM 1 LPT)

------ . F USE Serial Part (COMd)——"2" Homep nopTy

------ r#r MopT nprHTEpa (LPT1)
. r#" MocneAoEaTeENEHRR NopT (COM1)

[+ %% Mpoueccopel

ﬂ CeTeEbIE NNaTkl
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3amam’sATaliTe Lieil HOMep — BiH Bam 11e 3Hag00MUTHCSL.



Bia’eanarite USB kaGeab pucTpoIO Big KOMIT'IOTEpa.

CrBopiTh Ha AMCKYy IIallKy, B Ky CA4i4 3aiHCTaalOBaTH IIpOTpaMHe
3a0esneuennsi, Hanpukaad "MTech PGP-410-2". 3amycriTh (aita setup.exe i
BCTaHOBITh IpOrpaMy y cTBopeHy namnky. Y nanky "MTech PGP-410-2" takoxx
nepeHecits BMicT nanku "TO_COPY".

Y Texcrosomy daiiai (port.txt) caig mponmcatm HOMep NOPTY, AKUM
BUJiAlMAa cUCTeMa IIpU BCTaHOBAEHHI JpaliBepa — 3poOUTU Ile MOXKHa B
3BUYaliHiN IIporpami "040kHOT" Ba1oi onepamiitHoi cucteMu.

Tenep Bce rotose 40 1109aTKy poOOTH 3 IPUCTPOEM!

ITlia’eanarite kaOeab >KMBAEHHs IIPUCTPOIO AO CTaHAAPTHOI PO3eTKU
~220 B — mpu npomy Tpuuyi crnasaxHe 4YepBOHa AaMIIOYKa, IO BKa3y€ Ha
YCIIIIHUI 3aIlyCK MiKpOKOHTpoaepa npucrpoio. Ilia’'eanaiite USB kabeas
npucrpoio 40 USB noprty nepconaapHOro KoMIr'iorepa (e mMa€ OyTu TOu
caMHuIl_IIOPT, A0 AKOro Bm migkarowaauces panimre! B inmomy Bumagky

cucTeMa MOKe BUALAUTH iHIIINUIT HOMep HOPTY). 3alyCTiTh OCHOBHUI (aiia —
MTech_PGP-410-2.exe. fIkmio Bci momnepeaHi Ail 3po0/A€HO IpaBUABHO, TO
IIporpaMa BCTaHOBUTD 3B 30K 3 IIPUCTPOEM i Bu mobaunTe BikHO IIporpaMu:

e
. MA
—&AropuTHM potoTH
[ & El|
Jianazod crpyey, £ 1000 32 11 33 065

Tunrpagica: U-t |-t |-U E.%| 000 'I'II]EI

OnKc anropHTy

Braanith yci komaHau | [T koHTpank neperpysku

4444444444444 94994449949444
HKXXXXKXXXHKKRK X KKK KX XXX XXX

7
- 000 | | | U B W]

P [ dasdat CHECK [<<<| START STOP

& U-0001B - 0.000 HA MTech

Jdkmo x mocek Oyao 3pobaeHO HellpaBMABHO, TO Bu mnobaumnre
IIOBiAOM/AEHHs PO IIOMUAKY.



Caia mepeBipuTH BiAIIOBiAHICTH HOMepPy MHOPTY, 3amycaHoro y d¢aiai
port.txt, Ta Buaisenoro cucremoro (Aducneruep ycrpoiicts / IToptsr (COM n
LPT). Aas KOpeKTHOTO CHPUIHATTSA IIPOrpPaMoOI0 YMCAOBUX AAHUX AVKe
Ba>KAMBO 11100 PO3AiaioBayeM 11i401 Ta ApoOOBOI YacTMHM Yymcaa Oyaa Kpalika

(a_ne xoma!) — 11eM1 mapaMeTp CUCTeMM MO>KHa 3HauTu i 3aminnTHu y "Ilanean

ynpaBaeHmst / sI3BIKM M per. cTaHaapThl / HacTtporika". Taxkox caig
mpanoBaTy i3 CTaHAApPTHOIO PO3AIABHOIO 34aTHICTIO MOHITOpa — 96 dpi
(96 Touok Ha aroiim). Lleir mapameTp cUCTeMM MO>XKHA 3HAWTU i 3MIHUTH Y
"llaneap ynpasaenmsi /| Expam / Ilapamerpnt / JdonmoanureabHO /
OOmne".

Inmra mporpama ("MTech CVA-Filtr") incraasnii He notpebye.

5.2. [Topsagok poOOTH 3 IIPOrpaMHNM 3a0e3nedeHHsIM

IIporpamue 3abesneuennss (II3) e yHiBepcaabHUM 1 A03BOAsAE
KOpUCTyBady caMoMy popMyBaT BeCbh aATOPUTM BUMipIOBaHb 3TiAHO
IIeBHOIO Ilepeaiky Kkomana. II3 samam’sroBye Ha >KOpckomy amcky 10
aATOPUTMIB KOpPUCTyBada (IIOO KOXKHOTO pa3y He BBOAUTU aATOPUTM
3aHOBO).

IIporpamue 3abesneuenns "MTech PGP-410-2" mo>KHa 3amTycKaTy ANIIIe
IIicAsl TMAKAIOYeHHs YBIMKHyTOro npuctpoio 40 USB mopry komir'iorepa. B
iHIIIOMYy BMITaAKy 3'ABUTBCA IOBIAOMAEHHsA HpPO HOMUAKY. 3araiaom
I10CAiAOBHICTH pOOOTH ITOBMHHA OYTM TaKoIO:

— '€ gHaTy BUAKY KaOeAsl >JKMBAEHHs IIPUCTPOIO Y CTaHAAPTHY PO3€TKY
~220 B, 50 I'ny. IIpu iboMy aaMII09Ka IPUCTPOIO IIOBMHHA TPUYi CIlaAaxXHYTH,
IIJO BKa3y€ Ha 110r0 TOTOBHICTh 40 poOOTH;

—nig’eanatn iHTepdericHnii Kabeab IPUCTPOIO A0 BudizeHoro USB
IIOpTa IIepPCOHAa/ABHOTO KoMI'IoTepa Ta 3adekaTu 5-10 ¢ mo0 cucrema
Windows nigkaiounia HeoOXigHUI ApaliBep;

— 3aIlyCTUTU IIpOrpaMHe 3a0e3I1edeHHs 4451 pOOOTHU 3 IPUCTPOEM;

— niag’eanatu Kabeai 40 KaeM A0caigxxyBaHoro XAC um ssuenku;

— BUKOHATH 3allAaHOBaHi BUMipIOBaHHs;

— Big'eaHaTu Kabeai npucrpoio Big kaem XAC 4yu sueriky;

— 3aKpUTU IIpOrpaMHe 3a0e3I1edeHH];

— Big'eanarty inTepdericHnit kabeab npuctpoio Big USB nopra;

— Big'€aHaTy BUAKY KabeAs KMBAEHH: IIPUCTPOIO Big pO3eTKI.



Ilepea moyaTKOM BMMIipIOBaHHs oIlepaTOp BUOMpPa€ HOMep aATOPUTMY
(Big 0 20 9), mogudikye ioro (3a 1orpedu), BKa3ye€ IOYaTKOBUI JAialla3OH
crpymy (100, £32, 11, £3.3 um +0.65 MA), AKMIT TakOX BU3HA4Ya€ MacITad
pPUCYyHKa 3a BicClIO CTpyMy, BuOMpa€ Tuil rpadika, sSKmuil BiH Xode OaumUTu B
nponeci suMmipioBanb (U-t, I-t um I-U), Bkadye€ giama3oH mOTeHIIiaAiB
(Macmtab 3a Bicclo TOTeHIiaay). TakoX MoOKHa BHMcaT¥ KOPOTKMUIA
TEeKCTOBUII OINMC aATOPUTMYy Ta BKasatu iM’st dat-paiiay, B sxkuit OyayTsb
3aIlMICyBaTNCh pe3yAbTaTy BUMipIOBaHb (II0 3aMOBUYyBaHHIO — data.dat).

/JeTaabHNIT OINC CUCTEMM KOMaH/ Ta CTpyKTypu dat-paiiay BuKaageHO
B HACTYIIHOMY pO3Aiai.

[ITo® BBECTM KOMaHAY CAi4 KAIKHYTM MMIIKOIO Y BiAOBIAHUII PsIAO0K
110451 aATOpUTMY. BigAKpuETBHCA OKpeme BiKHO 3 IlepeaikoM KOMaHJ — CAig
B1OpaTy HNOTPiOHY i BKazaTyu 3HauyeHH: HapaMeTpiB (OKpeMi KOMaHAU € Oe3
IlapaMeTpiB, iHmI MaioTh Big 1 g0 5 mapamerpis). ITpu Bubopi xomanau y
IIbOMY BiKHI aKTMBYIOTbCSA I10As HapaMeTpiB i 300Ky BKa3aHO AOIYCTUMMUI
AlaIla3oH 3HaYeHb KOKHOTIO IapaMerpa:

Il
1 MA| |[3200]
L —— o Covorar x|
EEE prl pr2 pra prd pro
HianazoH crpyey, = ;100 32 © EMPTY
Tunrpagira: U-t |-t |-U E  STAT_U
e awopimy & STAT_| [ 05  +1o000me [ 360000 0360k s < 25 =800v | 09  0140s
 SCAN_WA
I kor ~ SCAN_AV
© DELAY

 CYCLE_BEG-X
 CYCLE_END-X
" CYCLE_BEG-Y
 CYCLE_END-Y
" CYCLE_BEG-Z2

10 " CYCLE_END-Z
1 € CLEAR_TIMER
Js € CLEAR_SCREEN
14 € IF_TIME

15

" CIF_U

17 R

18 ~

= GOTO

20 [8NEBEHOCTAT - EMTPHMYEMO S8AGHMIA CTPYHM BENPOACEK NEBHOrD YaCyY G50 NOKKM HANPYME HE SHUSKTECA/3POCTE A0 NEBHOMD ]
21
FHEYEHHS

23 oK |
24

BxasaBimm Bci umcaoBi gaHi caig kaikHytu kHOIKy "OK" i BigriosigHa
KOMaHJa OyJe 3aHeceHa B aATOPUTM:



. [MoTeHWiocTaT-ranseaHocTat MTech PGP-410-2

. MA
— ANropMTr pOGOT I

OO EIEIE I E]E]

Dianasod ctpyray, £ ;. 100 32 11 33 0EB

Tunrpapica: -t [-t |-U E,"v’:l 200 'I 4.50
Onuc anropuTry /

| Buoanqri yoi kormaHaM | [~ koHTpoAe Neperp

STAT_| -0.50ma&; 360000.0:; <250 0.5z

1]
]
2
3
4
]

Ha sBumesasHayeHomy pucynky y psaaok NoO BHeceHO KOMaHAY
"raapBaHOCTAT' 3 TaKMMU HapameTrpamm: pospss crpymom 0,5 MA A0ku
IIOTeHIliaa He Brage A0 2,5 B, peecrpanis Kpusoi po3ps4y 3 4aCOBUM KPOKOM
0,5 c.

Komanamu mMo>kHa 3cyBaTy 4M BUAAASITU 3a AOIOMOIOIO KAikiB Ha "V" Ta
"x". Tako>X MO>KHa 3MIHUTU MapaMeTpU BXKe BBe4eHOI KOMaHAM — KAiKOM Ha
Hel 3HOBY BiAKpUMETHCA BiKHO KOMaH/, i BXXKe Oyae BuOpaHa Oi>kyya KOMaHJa i
il mapamMeTpu — MO>KHa 1x 3MiHNTH i KaikoMm Ha "OK" BHecTH BigIioBiAHI 3MiHI
B aaroputm. [lopo>xHii psA40K aaroputMmy — 1ie Komangda "EMPTY".

ITpuBeaeMo JekiabKa IIpUKAaAiB, SK CAi4 3adaBaTu  aATOPUTM

BVMIipIOBaHH:I 3TIAHO BiAIIOBIAHOIO 3aBAAHH:.

IIpuxaaa 1

3aBgaHHa. Bumipsamm 20 nmkais "sapsag-pospag’ XAC 3 Takumu
IapaMeTpaMI:

— 3aps4 crpymoM 1 MA a0 aocarnennsa Hanpyru Ha XAC 4,2 B;

— po3psa ctpymom 0,5 MA a0 ciagy Hanpyru 2,5 B.

Bumipiosanns (i BigkaagaHHs TOYOK Ha rpadik i ¢paiia) IpoBOAUTH
koxHux 0,5 c. B mponeci BuMipioBaHb pO3paxyHOK €MHOCTI Ma€ OyTu
OKpeMIM AAs1 KOSKHOIO eTally "3apsa’ i "pospsa’.

AATOPUTM.
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i, MNoTeHuiocrar-ranseaHoctat MTech PGP-410-2

l. MA
— AArOpMTR poGoTH

[t E I IEE]

HianazoH cTpyry, £rad; 100 32 11 33 0ES

Tunrpadika: -t (-t |-U E,‘-.-":I 2.00 'I 4.50

3EMYalHE MaNEESHOCT STHYHE UHENYEIHHA

| Brganuri yci kormaHau | [T koHTpOAE Neperpyzkd

CvCLE_BEG-+ 20

CLEAR_SCREEM

CLEAR_TIMER

STAT_| 1.00mé; 360000.0s; =4.200; 0.5s
CLEAR_SCREEM

CLEAR_TIMER

STAT_| -0.50md; 360000.0s; <2504; 0.5s
CYCLE_EMD-+

[ e R I [ S TR S s i e |

(ddd 4444444
CR R KRR KKK XXX

a
=]

[TosscHeHHsI.

[MToao 3araapHMx HaaamryBaHb. OCKiAbKM 3apsaaHuii ctpyM 1 MA, a
pospsaguuin 0,5 MA, TO onrummMaabHUM Macmrabom (I IOYaTKOBUM
AlannasoHom crpymy) BuOpano +3,3 MA. Tumn rpadika "U-t" — onTtumaabHmii
AAs Bi3yaAbHOTO KOHTPOAIO Ipollecy HuKAyBaHHsA. OCKiabKM HamIpyTra B
Ipolleci NMKAyBaHH:A OyJe 3MiHIOBaTUCh B MeXXax 2,5-4,2 B, To macmrad oci
"U" (aianazon nanpyr) sudpano 2,0-4,5 B (3 meBHnM 3anacom). B noae aas
OIIMICY BHECEHO KOPOTKe IIOJCHeHHs IpU3HAUYeHHS IIbOTO aATOPUTMY
(HeoDOB sI3KOBO — I1e TTI0A€e MO>KHa 3aAMIINTY OPOKHIM).

[Moao xomaHg. OCKiABKU AOCAIAKEHHs ILUKAIYHE, TO MepIIoIo i
ocranHbol0 KoMaHA010 € CYCLE _BEG-X ta CYCLE_END-X, Biamosigao. B
IlapaMeTpi nepiioi KoMaHAM BKadaHo "20" — TOOTO Tia0 IUKAY (Te, IO € MixX
UMM JABOMa KOMaHJamu) Oyae mnpoiigeHo 20 pasiB. /Jas BUKOHaHH:
3apsiay/pospsay B Tiai mukay € ai komaHau STAT_I ("raasBanoctat") —
repia AAs 3apsAy, Apyra Aas po3psay. OckiabKu i 3aps4 i po3psig MAyTh A0
AOCSATHEHHSI IIeBHOI HaIlpyIM, TO IlapaMeTp 'OOMeXeHHs 3a TpUBaAiCTIO"
B1OpaHo "3aBigoMo HeBukoHyBaHuUM' — 360000 c (100 roa). B mpumuImi,
JKIIO BCe >K IMOTPiIOHO OOMEXUTM MaKCHMMaAbHUI 4Yac eTaly, TO MOXKHa
BKa3aTU MeHIIle 3HaueHHs TPUBAAOCTI.

[Ilo6 rpadpiune moae He 3aXAaMAIOBAAOCH KYyIIOIO KPUBMX 3apsA/po3psa,
TO 1epes KoXHuUM ertartom € komaHga CLEAR_SCREEN - orxe B mponeci
poboTu orepatop OauMTUMe AUINe KPUBY AAsl IIOTOYHOTO eTamy. Takoxk
aoaano me koMmaHau CLEAR_TIMER aa:a oOHyaeHHs TaliMepa, 3a sIKUM
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inTerpyeThesa kpusa I-t i pospaxoByerncsa €éMHicTh QQ (BOHa 3aMCYETHCA Y 5-y
KOAOHKY dat-daiiay). Skmio nHe crautu komans CLEAR_TIMER, To B min
KOAOHII OyJe €MHICTh BCiX eTalliB IMKAYBaHH:A pa3OM, a B HalllOMy BUIIAAKY
IIOTOYHI 3HaYeHHS €MHOCTI OyAyThb BigIIOBidaTu AMIlle HOTOYHOMY eTally

3apsAy UM po3psay.

IIpuxaaa 2

3asaannda. Bumipsaru 10 nukais "sapsa-pospsaa”’ XAC merogom CCCV 3
TaKMMI ITapaMeTpaMIU:

— 3aps4 crpymoM 1 MA a0 aocarnennsa Hanpyru Ha XAC 4,2 B;

— BUTpMMYyBaHHsA Hanpyru 4,2 B nmokm crpym 3apsay He Brage a0 0,05
MA;

— po3psa ctpymom 1 MA a0 criaay Hanpyru 2,5 B;

— BUTpUMYBaHH:A Hanpyru 2,5 B niokn crpym pospsay He srage 40 0,05
MA;

Bumipiosanns (i BigkaagaHHs TO4YOK Ha rpadik i ¢aila) IpoBOAUTHU
koxHux 0,5 c. B mpomeci BuMipioBaHb pO3paxyHOK €MHOCTI Ma€ OyTu
OKpeMIM AAs1 KOKHOIO eTally "3apsa’ i "pospsa’.

AATOPUTM.
u.B[
— ANFOpMTR pOGOT L
[ I EE]
HianasoH cTpyray, £ mf: 100 32 11 3.3 0E&

Tunrpadika: U-t -t [-U E,"v":l 200 'I 4.50

[ anNbEaHOCT ATHYHE LMENYEBaHHA MeTogor COCW

| BHoanumi yoi KomaHLH | ¥ koHTpone Neperpyzkd

0 CYCLE_BEG 10 ¥ X
1 CLEAR_SCREEM ¥ X
2 CLEAR_TIMER ¥ X
3 STAT | 1.00md; 360000.0s; »4.200; 05: W X
4 STAT_U 420 380000.0s; <0.05mA; 0.5z W X
5 CLEAR_SCREEM ¥ X
& CLEAR_TIMER ¥ X
7 STAT_| -1.00mé; 360000.0s; <250V, 05: W X
8 STAT_U 250W: 380000.0s; <0.05mA; 05z W X
3 CYCLE_EMD-# ¥ X
10 ¥ X
44 W W

12



[losicHeHHS.

[IMoao 3araapbHMX HaJalITyBaHb — aHAAOIIYHO, AK AAs IIpukKaaay 1.
€anHa BiAMiHHICTD — Ile BMJiJeHa ONIisl "KOHTpoAb neperpysku’. Ll orris
IIpU3HaYeHa AAs aBapiifHOI 3yNMHKM poOOTH HpM "3alllKaAlOBaHHI" CTPyMy
(ctpyM Bmxoauth 3a gonyctmMmi mexi 100 MA). bakaHo akTmByBaTu IIIO
OIILIiI0 A4Sl BCIX aATOPUTMIB, Ae HepegDadyeHa poOOTa Hpuaaay B pexXKuMmi
"morenniocrar”’. JSkmo cra"Herbca K3 (Hanpukaag Kpucraam MeTtaay
IIPOPOCTYTh 4Yepe3 cemaparop), TO B peXumi 'moreHniocrar’ mpuaag
cripoOy€ BHUAATU MakKCUMaAbHUII CTPyM, Ha sAKMI BiH 3JaTHuUM (Lle mpuod-
ansHo 1 A). B npuaaai (Ha piBHi "3a4i3a") nepegbadyeHo cucreMy 3axUCTy Bij
Takol CUTyallil, aJe iJeaApHMX 3axmUCTiB He OyBa€ 1 3alBuUil pas
BUIIpOOOBYBaT IO CUCTeMYy He BapTo. TpuBasa pobOoTa Inpuaasdy B CTaHi
"Ieperpyskmu'" CKOpilll 3a Bce BUBeJe 3 Aaay oTo Buxigumit migcuaiosau (ITIT)
ab0 040K >XMBAeHH:. SIKIIO X Iepe/ 3allyCKOM aATOPUTMY BUAIAUTHU OIILIIO
"KOHTpOAb Ieperpyskmu'’, TO IIpM 3allKaaloBaHHi cTpymy II3 mpocro
Biagkar0unTts npuaad sig XAC i 341/icHUTD aBapiiiHy 3yIMHKY aATOPUTMY.

[IToao xoMaH4. AATOpUTM HPaKTUYHO TaKUII CaMMii, K y IIpukaaai 1.
Aoaaancy anme xomaHaum STAT_U, saxi 3abesreuyioTh 403apsAKy 4n
A0po3psaaky XAC 40 A0CATHEHH:I IIEBHOTO 3aAMUIIKOBOTO cTpyMy (0,05 MA).

IIpukaaa 3 (Tak 3BaHe "raabBaHOCTaTWYHEe TUTPYBAHHS")

3apaanns. dapaautu XAC 20 4,5 B crpymom 0,2 MA, a 1IOTiM pO3pSANTH
3a TaKOIO MeTOAUKOIO:

— po3psia ctpymoMm 0,5 MA BIpo40BX 5 XB;

— SKIIJO HaIlpyTa 3MeHIAach 40 3 B, To synuanti aaropurm

— BigKalOunTH noaspusaniiauin crpym Big XAC (mepentm B pesxum
"morexniiomerp”) Ha 1 roa (mod6 XAC "sacrmokoizoch" i BIAHOBMAO CBOIO
PiBHOBa>KHY Hallpyry);

— 3HOBY pO3psi4 i T.4. (HOBepHEHHS Ha IIOYaTOK)

Bumipiosanns (i BidkaagaHHA TOYOK Ha rpadik i ¢aila) BIPOAOBXK
pospsay nposoautu KoxxHux 0,5 ¢, a B mporieci "3aclIOKOIOBaHH:A" — KOXKHUX
10 c. OkpeMo BUMIipATH €MHICTh 445 IIOYAaTKOBOTO eTally 3apsAAy i OKpeMo —
AAs HaCTYIIHOTO eTally 'TUTPYyBaAbHOIO" pO3psAy.

AATOpUTM.
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i, MNoTeHuiocTaT-raneeaHocTaTt MTech PGP-410-2

U.B
— ANFOpMTR pOGOT L
I IEIEIEIEIEIE]
DianasoH cTpyray, £ mf: 100 32 11 3.3 0ER

Tun rpagika; U-t 1-t [-U E,"\-":I 2.50 'I 5.00

3apAg + ManeEaHoCcT aTHYHE ' 'THTPYESaHHS"

| B 1o 2T Yol KomaHLH | [T KoHTpOE NEpErpyYsKM

0 STAT_| 0.20mA; 3600000z »4.50; 05z W X
1 CLEAR_SCREEM ¥ X
2 [CLEAR_TIMER ¥ X
3 STAT_| -0.50mé; 3000 »8.000; 0.5 ¥ X
4 |F_U <30m 7 ¥ X
b STAT_| D00mA; 36000s; =800 100s W X
B GOTO 3 ¥ X
7 ¥ X
a ¥ X
q W v

[osicHeHHS.

[IToao 3araapHMX HaAaIITyBaHb — AYMa€MO, 11O BCe 3pO3yMio.

[IToao xomaHa. B pagky NoO0 — komaHga 445 NePBMHHOIO 3apsAAKaHH:
XAC a0 4,5 B (sk110 BOHO BXe € 3apsIAKeHUM, TO TOI KOMaHAU He Tpeda).
Aaai 4yuctmMo ekpaH (i TamMep Aas  iHTerpyBaHHsA () HaCTYIIHOTO
TUTPYBaAbHOTO po3psaAdy). Paaox Ne3 — pospsaa crpymom 0,5 MA crporo
BripoaoBX 300 ¢ (5 xB). 3BepHiTh yBary: ymMoOBa BUXOAy 3 KOMaHAM 3a
IIOTeHITiaA0M BKa3aHa SIK '3aBi40MO HeBUKOHyBaHa" (> 8V) 1m100 TOYHO BUXiA
Oys 3a wacom. B psaaky Ne4 mnepesipseMo 3araabHy YMOBY IIPUIIMHEHH:
poboru — uyn Brasa Hanpyra Ha XAC Himkue 3 B ? Slkmio Ttak, mo Oyae
nepexig Ha psagoK No7 (TOOTO aATOpPUTM IIPUNMHETHCA). SIKIo Hi, TO
IIPOAOBXUTHCA BUKOHAHH:A aATOpUTMY, TOOTO OyJe Ilepexis Ha HaCTYIIHUI
paaok (Ne5). B psaaxy No5 mepesoaumo npmaag B "moTeHniomerp” (Koa0
posipBaHe i MU Mips€MO Auile Hampyry) Ha 4dac 1 roa. B psaaxy Ne6 —
IIPUMYCOBUII ITepexig Ha psigok No3, ToOTO 40 HaCTYITHOIL 5-XBUAMHHOI IOPIIii
po3psay i T.4.

IIpukaaa 4 (IIBA)

3aBsanHda. Bumipsartu nukaiuny soaprrammneporpamy (5 eramiB IUKAy)
XAC 3 posroptkoio norenniaay s Mexxax 0—1,50—0 B nipu 0,2 mB/c. Ilepeg
sumMiproBanHAM LIBA caig pospaautu XAC a0 0 B crpymom 0,1 MA Ges
3aIllICy TOYOK po3psAAXKaHHA y dat-daiia.
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AATOPUTM.
i, MoTeHuiocTar-raneeaHocTar MTech PGP-410-2

l. MA
— AAFOpMTR pOGOTH

[ EIEIEIEIE]E]

HianazoH cTpyry, £ mé; 100 32 11 33 065

Tunrpagika: U-t |-t |-U E,"..-":I 0.00 -IW

Ll 1K.niyHa BONET aMNEPOMETRIA

| Buoanumi uci koraHau | [V koHTpOAE NeperpyzkM
STAT_| -010ma; 0.0s; »8.000; 0.5

DELAY 1.0z
[F_U =000 1

CvCLE_BEG-+ 5

SCAM_MA  0.00V; 1.5600; 0.20m\ /s
SCAM_MA 1.50V; 0.000; 0.20mW /s
CvCLE_EMND-=

EEEELEELEL
KX X X X XXX XX

[loscHeHHS.

B psaaky NoO xomanga STAT_I mnepesoaurs mnpumaas B CTaH
"raapBaHocTaT" 1ipu -0,1 MA 0Oe3 peecrparii To4oK (TpmBaaicTb BkazaHa 0 c)
Aast mepsuHHOIO pospsaaxanusa XAC g0 0 B. Paaku 1-2 miagTpumyIoTs TOM
craH nnpmnaagy nokmu XAC ne pospsaaursca a0 0 B.

Aaai mae muka Ha 5 eTarniB, KOXXEH 3 SKUX MiCTUTh ABi KOMaHAU AAsI
BUMIpIOBaHHs BOJAbTaMIleporpaMu: Ilepiua Aast posroptku Big 0 20 1,5 B,
apyra—sia 1,5 20 0 B 3 mBuaxicrio posroptku 0,2 MB/c

ITpukaaa 5 (BA mipm pi3sHIX IIBUAKOCTSIX PO3TOPTKN)

3aBaannda. Bumipsaru Boasramnieporpammu XAC 3 po3ropTkor0 HOTEHITi-
aay B Mexax 0—-1—-0 B mpu pisHMX IMBUAKOCTAX PO3TOPTKM IIOTEHIliaAy:
0,01;0,02; 0,05; ta 0,1 mB/c. Ilepea sumiprosannsaMm LIBA caig pospsaantu XAC
20 0 B ctpymom 0,1 MA Oe3 3anmcy TO4OK pospsidKaHH: y data-daiia.
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AATOPUTM.
i, MNoTeHuiocTarT-ranseaHocTat MTech PGP-410-2

| MA[
— ANFOpITR pOGoTI4
[ E]E]EEE]

HianasoH cTpyray, £ rf: 100 32 11 3.3 0E&

Tunrpamica: U-t I-t 1-U Ev[ o000 -[ 100

BoneTarneporpardd 5a pisHHY WEMIKOCTER pOSropTEM
NoTEHLIaNY

| BinanuTi yoi KoraHLH | ¥ EoHTpOnE Neperpyzkd
STAT | -070mé; 0.0s; >5.000; 0.5z

DELAY 1.0s
IF_U =000 1

SCAM WA 0.00v: 1.000; 0.01mv/s
SCAM WA 1.000: 0.00V; 0.01mv/s

SCAM WA 0.00v: 1.000; 0.02mv/s
SCAM_ WA 1.000: 0.00V; 0.02mv /s

00— O3 T = La 3 O

—
o =2

SCAM WA 0.00v: 1.00V; 0.05mv/s
SCAM WA 1.00v: 0.00V; 0.05mv/s

I
L g —

SCAM WA 0.00v: 1.000; 0.10mv /s
SCAM WA 1.00v: 0.00V; 0.10mv /s

Y
[n gy I

ERRELLELRLEELELLEELRLR
XX XXX XXX XX XXXXXXX

n
-l

[TosicHeHHSI.

ITpusHauenH: psaakis 0-2 aHaAoriuHe, K 4451 IIOIEPeAHbOIO IIPUKAAAY.

Aaai M1AyTb 4OTHUPU Iapyu KOMaH/ BMMIipIOBaHHS BO/AbTaMIIEpOIpaMIA:
nepira Aas 0,01 mB/c, apyra — aa: 0,02 mB/c, Tpetst — aas 0,05 mB/c i octanns
— 245 0,1 mB/c. Aas xpamoro BidyaabHOTO CIIPUIHATTSI aATOPUTMY Ti Hapu
KOMaH/, pO34ideHi HOpOoXXHIMU psaakaMmu (TaM € "miycrta” komanga EMPTY).

IMpuxaaa 6 (BA micas nmKayBaHHS)

AocaigHNK BUPIMIMB IIepeBipUTH K 3MIHIOETLCSI BOAbTaMIIeporpama
XAC micas 1oro 6araToKpaTHOTO IIMKAYBaHH:.

3apaannda. Bumipsatu 5 sBoasramnieporpam XAC 3 po3ropTKOIO HNOTEHITi-
aay B Mexxax 0—2,5—0 B npu mBuakocti posroptku norexniaay 0,1 mB/c.
Ilepea BuMiproBaHHAM KOXHOI BA caig Buxonaty 10 mukais 3apsia/pospsia
crpymoMm 0,5 MA.
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AATOPUTM.
i, MoTeHuiocTar-raneeaHocTar MTech PGP-410-2

I MA[
— AAFOpMTR pOGOTH
R e IEE]
HianazoH cTpyry, £ m; 100 32 11 33 065

Tunrpagika: U-t |-t |-U E,"v":l 0.00 'I 250

Y sriHoeTeCA BA nicnA SararokpatHor UWMKNYEaHHA'Y

| Bunanudmi yci kordaHau | [¥ koHTpOE Neperpysk

0 CYyCLE_BEG-= & ¥ X
1 ¥ X
2 CYCLE_BEG-Y 10 ¥ X
3 STAT_| 0.50md; 360000.0s; >250M; 0.5z W X
4 STAT_| -0.50mé4; 360000.0z; <0.00W; 0.5z W X
5 CyCLE_EMD-Y ¥ X
B ¥ X
7 SCAM_wA 000V, 250; 0.10m/ s ¥ X
8 SCAM_Wa 250V 0.0 0.10m/s ¥ X
3 ¥ X
10 CYCLE_EMD-+ ¥ X
1 ¥ X
17 w v

[losicHeHHS.

TyT 3aaisH0 11I0ABiVIHNI BKAageHnIt uKA. ['100aapHui nuka (X) 3agae 5
eTalliB IPOXOAKEHHs IIMKAYBaHHsA 1 BuMipiosanHa BA. Jaa camoro
LVKAYBaHH: 3a/isHO BHYyTpimHiN 1uka (Y). OTxe, mepes BMMipIOBaHHAM
KO>KHOI BA Oyae sukonano 10 eramis 3apsia/pospsig crpymom 0,5 MA.

ITicass BMKOHaHH:A LILOTO aATOPUTMY Ha rpadiuHOMy I10Ai omepaTop
Ooauntume 5 LIBA, a B dat-daiiai, okpim BA, OyayTs 3ammcaHi TaKOXX TOYKHU
LIMKAYBaHH. SIKIITO KpUBi IIMKAYBaHH: (3apsA4/po3psia) He Tpeba 3aluCyBaTu
y ¢aita (o6 Tam Oyam auine BA) to samicts koxkHOiI koMaHAu STAT I caia
nioctaButy Tpiniky komana: STAT_I (ipm 0,0s)+DELAY+IF_U (s mmokasaHo y
npukaasax 4-5.

Aasa  aonomMorm y 'mporpaMyBaHHI' aATOPUTMIB A04aHO KHOIIKY
"CHECK" - kaikaeTe Ha Hel i I13 nepeBipuTh U aATOPUTM € KOPEKTHUM:
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. MoTeHyiocTar-ranseanocTat MTech PGP-410-2

Uu.B

— AArOpKTH potoTi
EIMEIEIEEIEIEIEE]
HianazoH cTpyry, £ rad; 100 32 11 33 065

Tunrpagpika: U-t |-t |-U Ev:| 200 'IdED

JEMHAAHE ranbESHOCTATHYHE WK IYESHHR

[~ koHTpOAE neperpyaru
0 CyCLE_BEG-¢ 20

1 CLEAR_SCREEM

2 CLEAR_TIMER

3 STAT_| 1.00md; 3500000s; »>4.200: 05
4 CLEAR_SCREEN

5 CLEAR_TIMER

B STAT_| -0.50ma; 360000.0s; <2500 0.5s
7 CYCLE_EMD-<

g

/

[0 ]
[ ded CHECK “[<<<| START | stoP |

U=0003B 1= 0.000 rA,

d4d 4444444444444 44444444
XXXXXXXXHHKXHXNK XXX XXX XXX

Jxmo € mommaky, 1o 113 BugacTes geraapHe NOBiIAOMAEHHSA IIPO CYTh
IIOMMAKH. Y BUIle3a3Ha4eHUN aATOPUTM CIIelliaabHO BHECEMO IIOMUAKY —
3abepeMo octaHHIO KomaHAy (No7). Kaik na xnomky "CHECK" Bmaacts
HaCTyIIHe IT0Bi4OMAeHHSI:

Uu.B
— A NrOpKHTr pOSOTH

I8 N | R

Hianason cTpyny, £ mé; 100 32 11 33 065

Tunrpagika: U-t -t [-U E,V'I 200 ‘I 4.50

3BMYERHE ranEBaHOCT STHYHE UHKENYESHHA

0 CYCLE_BEG-+ 20

1 CLEAR_SCREEM

2 CLEAR_TIMER

3 STAT_| 1.00mé; 360000.0s; »4.200; 0.5
4 CLEAR_SCREEM

5 CLEAR_TIMER

E STAT_| -0.50m4; 360000.0s; <2500 0.5
7

8

x

HexoperTHa opraHizawis uwHEny ¥ - mac Byt oand CYCLE_BEG_X i oanH CYCLE_EMD_X

0 [MepEBIPUTH 8NrOPUTM HE BIOCYTHICTE MOMUMNOK
[ datedst | CHECK |<<<_ START |__ STOP |
U=0.003EB 1= 0.000 M&

LEELELRLEREREELERRREEERELL
KUK XKKIKKXKRKK KKK KKK XXX XX
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baunMo, mjo 3abyam mocraBuUTM BKiHII  BiAIOBIAHY KOMaHAY
CYCLE_END-X. dogaemo 1110 koMaHay i 3HOBY Kaikaemo "CHECK" — Giab1re
IIOMUAOK HeMa€ i akTuByeTbcsl KHomnKa "START", ToOTO MO’kHa 3amyckaTu
aATOpUTM. fIKIIIO BCe K IOTPiOHO MOBEPHYTUCH 40 pedaryBaHHs aATOPUTMY,
TO CAi4 MUIIIKOIO KAIKHYTM Ha 3Ha4OK '"<<<':

i, MoTenyiocTar-ranseanocrat MTech PGP-410-2

Uu.B

— AAropuUTH poGoTi
[oEIEIEIEEIrEE]
JianazoH ctpymy, £ md: 1000 32 11 33 065

Tunrpagika: U-t |-t |-U E,V:I 200 'I 450

| JEHHAIHE MaNbEAHOCTATHYHE LWK1YBaHHA

[ keHTpOAE Neperpyskm
0 CvCLE_BEG-% 20

1 CLEAR_SCREEM

2 CLEAR_TIMER

3 STAT_| 1.00méA: 360000.0s; »4.20W: 0.5
4 CLEAR_SCREEM

5 CLEAR_TIMER

B STAT_| -0.50md&; 360000.0s; <2.50v; 0.5s
7 CYCLE_EMD-x

8

/[ /

[0 ]
[ s=ax || CHECK I<Z STARTyl sToP_ |

U=0.0038 1= 0.000 M

S AEEEEERERERRERRERRERERRELR
XXYXXX XXX XXX KKK KXKX XXX XXX

B mpomeci Bukonannsa aaroputmy II3 mnokadye mnoTouHi 3Ha4YeHH:A
IIOTeHIliaay, CTPyMy, a TaKOXX Ai4MABHUKIB [IMKAIB (IKIJO aATOPUTM MiCTUTh
nukay). Takox HoOMep psAKa, SKUM BUKOHYETLCA B JAaHUI MOMEHT,
"miacBiuyeThcsl" yepBOHUMM. B mpolleci BUMiprOBaHH:A aKTHBHOIO € AWUIIIe
kHomnka "STOP" — Heto MO>KHa 404YaCHO 3yIIUTU aATOPUTM.

19



5.3. Cuctrema KOMaHJ KOpUcTyBada rmporpamHoro 3adesnedenss (I13) MTech PGP-410-2

Onuc 3MiHHUX

B npoueci Bukonanus anropurmy 113 3anam’aToBye B onepaTtuBHiil mam’sTi 1 3anucye y dat-paitn pe3yapTaTH BUMIPIOBaHb SIK
TaOJUITI0 YHCETT, KOKEH PAMIOK SKOT MICTUTh MTOTOYHI 3HAUCHHSI TAKUX 3MIHHHX :

t_all t_cur U I Q X Y Z

t_all — 3minHa "rnobansHoro" yacy. Ilokasye, CKUIbKM CEKYH]I IPOUIILIO B 3amycKy airoputmy. [lod. 3Hauenns = 0.

t_cur — 3miHHa "nokanbHOro" uacy. Ilokasye, CKUIbKM CEKyHJ MPOMIIIO B MONEPETHHOTO OOHYJIEHHS L€l 3MIHHOI KOMaHIOIO
CLEAR_TIMER. Ilou. 3nayenus = 0. Sxmo amroputm He Mictuth xoaHoi komanau CLEAR TIMER, To 3HaueHHs
MEePIIUX JIBOX KOJOHOK OynyTh criBnaaartu (t_cur = t_all).

U — notouHe 3Ha4eHHs Hanpyru, B (pi3uuis notenmianis mixk COMP ta REF).

I — notoune 3HaueHHs cTpymy, MA y koii. Ctpym npoxoauts yepe3 WORK ta COUNT (COMP ta REF € norenuiansHuMU BX0O1aMu
MpUIay 3 BEIMKUM BXIJTHUM OIOPOM 1 CTpyM uepe3 HuX MizepHuit — nopsiaky +0,1-0,3 MxA).

Q — notounHe 3HaYeHHs1 €eMHOCTI, MA'ToA. [{t0 3minny I13 obuucnroe nusixom inTerpyBanns kpuBoi "I-t cur". ToOro "mpuB’s3zka" 3a
gacoMm € 110 t_cur, a He no t all. IIpu o6HynenHi nokanpHOro Taiimepa komangorw CLEAR TIMER Takox aBTOMaTW4HO
oOHyg€eThCS 3MIHHA Q.

X, Y, Z — noTo4Hi 3HaY€HHS JIYWIbHUKIB IIUKIIB. AJITOPUTM MOKE MICTUTH JI0 3 IUKIIIB, B TOMY YHCJI BKIQJCHUX. 11710 KOKHOTO
nukiy (komanay, siki crosth Mk CYCLE_BEG ta CYCLE_END) Oyzae BUKOHYBAaTUCh CTUIBKH pa3iB, CKUIBKH BKAa3aHO Y
BignoBigHoMmy mnapamerpi komanau CYCLE_BEG. A Bignosigna 3minHa (X, Y Ta Z) mnoka3ye MOTOYHE 3HAYCHHS
TYWIBHUKA. AJITOPUTM MOKE MICTUTH JIMIIIE 110 OJIHIN Mapi KOMaHa — TOOTO JiBa IUKIN X 3a00poHeHi (Tpeda pobutu X ta Y)

B mporeci BukoHanHs anroputmy Ha rpadiuHomy mnoii I3 BimoOpaxaerbes rpadik, THI SKOTO BHOMPAETHCS KOPUCTyBaueM
nepen 3amyckom anroputmy: "U —t cur", " — t cur" a6o "I — U". Anroputrm KopucTyBaya — 1€ MOCTIJOBHICTh 25 KoMaH/ (PSAAKIB),
sKi mpoHyMepoBadi Big 0 10 24. B 3anexxHOCTI Bif THITY KOMaH/IH1, BOHA MOke MicTuTH Bif 0 10 5 mapametpiB (prl, pr2 ... prs)

Mo>xnuB1 cTaHU MpUiIaLy Y MpoLeci BUKOHAHHS aJITOPUTMY:

potentiostat / galvanostat (miarpumyetscs Hanpyra Mixk COMP ta REF un crpym yepes WORK ta COUNT)

count-on / count-off (Buxin COUNT Bximrouenuit uu BukitoueHuii). [lpu count-off npunan He miarpumye Hi HAIpyTy Hi CTPYyM —
(aKTHYHO BiH € B CTaH1 MaCUBHOTO criocTepiraya (moreHuiomerp) i moxe mipsitu U.



KopoTkuii onuc cucteMu KOMaH.:

Ne Komanna Onmuc i napamerpu (10MyCTUMI 3HAYECHHS)

0 EMPTY Ile "mopoxHs" KOMaH/Ia, sika He Tiepeadavae xoauux Aii. "Yuctuit" anroputm — 1e 25 komaug EMPTY
IapaMeTPH: BiACy THI
Komanna "norenmiocrat"
napamerpu:
prl — norenmiain, B (-5.00...+5.00)
pr2 — tpuBaiicts, ¢ (0...360000.0)
pr3 — 3anumikoBe adcoyoTHe 3HaYeHHS cTpymy, MA (0.00...100.00)
pr4 — yacoBuii kpok BuMipioBanHs, ¢ (0.1...60.0)
Iis: TIpuiIa]l IepexoJuTh B CTaH count-on / potentiostat 13 3aganuM noteHuiagoM crabimizamii prl Ta 3
MEPIOJUYHICTIO Pr4 ¢ 3/11HCHIOE BUMIPIOBaHHS BIPOJOBXK Yacy pr2 abo MoKy abCOMIOTHE 3HAUCHHS CTPYMY
HE CTaHE MEHILIUM 3a pr3.
OTxe, BUX1]] 3 KOMaHIU BiI0YAEThCS, KO BUKOHAETHCS OJHA 3 YMOB:

1 STAT U a) TPUBAJIICTH JIOCSITHE Pr2;

0) abcomtoTHe 3HaueHHd | crane MeHmmM 3a pr3.

Skio kopuctyBady noTpidHO, MO0 BUXIJ 3 KOMaHIU BiIOYBCs 32 KOHKPETHOK YMOBOIO (2 uu 0), TO 3aiiBy
YMOBY CIIiJ 33/1aTu '"3aBiIoMO HEBUKOHYBaHOW'". Hampuknan, motpiOno mob npuiaj nepedyBaB B CTaHl
noTeHIioctar npu 3,5 B crporo meBHuit yac 5 xB 1 koxHi 0,5 ¢ 31iiiCHIOBaB BUMIPIOBaHHSI — TOJII CIiJ
3amaTu Taki nmapametrpu komanau: prl=3,50; pr2=300,0; pr3=0; pr4=0,5. B Takomy BUMaAKy TpHUBAJICTh
rapanToBaHo Oyne 5 xB, 00 yMoBa 3a 3anuikoBUM cTpyMoM ([I|<0 MA) € "3aB110MO HEBUKOHYBaHOIO".

[Ticns mepexoay B cran count-on / potentiostat [13 3iiicHIOE BUMIpIOBaHHS 3 YaCOBHM KPOKOM, 33JaHUM Y
pr4, ognax nepui 10 To4ok OyayTh BUMIPSHI SIKOMOTA MIBU/IIE, a BC1 HACTYIHI — KOKHUX pr4 CeKyHI.

[Ticns BUXOy 3 KOMaHIu NpUJIa 3aJIMIIA€ThCS B CTaHl count-on / potentiostat!
ko nmapametp pr2=0, To >xoAHUX BUMIpIOBaHb He Oyae — [13 mpocTo nepeBene npunaa y ctad count-on /
potentiostat i 311iiCHUTh BUXiJ 3 KOMaH]IH.
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STAT I

Komanpa "raapBanocrat"

[{st xomaHa moai0Ha 0 MONEPENHBOT, alie TYT CTa0LTI3YEThCS CTPYM, a HE MOTEHITIa.

napamMeTpu:
prl — crpym, MA (-100.00...+100.00 mA)

pr2 — tpuBaiicts, ¢ (0...360000.0)

pr3 — TUn yMOBH 3a MOTEHIIaIoOM (< abo >).

pr4 — 3anumkoBe 3HaueHHA noteHuiany, B (-8.00...+8.00)
prs — vacoBuii kpok BuMiptoBaHHs, ¢ (0.1...60.0)

Iis: IpUJIaJ IepeXoIuTh B cTaH count-on / galvanostat i3 3aaHMM HEHYJIOBUM CTpYMOM cTabinmizamii prl
abo y cran count-off, sikuo pr1=0, Ta 3 nepioANYHICTIO Prs ¢ 3A1ICHIOE BUMIPIOBAHHS BIIPOJOBX Yacy pr2
a00 OKM He BUKOHAETHCA yMOBA 3a MOTEHIIaIOM (<pr4 uu > pr4).

OTxe, BUXiJ] 3 KOMaHIU BiI0Y1€ThCs, KOJIM BUKOHAETHCS OJIHA 3 YMOB:
a) TPUBAIICTb JIOCSTHE Pr2;
0) 3HauenHs U cTaHe MEHIINM YU OUIbIINM 32 pr4.

Ocb, 115 IPUKITANY, SIK BUTIIAIaTUME 1151 KOMaHAa (TOYHIIIE PSIIOK B QJITOPUTMI) JIJIS 3apsiPKAHHS JTITIEBOTO
akymyssitopa ctpymoM 10 MA o Hanpyru 4,2 B:
STAT I 10,00mA 360000,0s >4,20V 0,5s

3BepHITH yBary, mo ymona 3a yacoMm (pr2=360000 c) BkazaHa, K "3aBiJIOMO HEBUKOHyBaHa'", ajyke MU
TOYHO 3HAEMO, 110 3apsaKa He TpuBaTuMme ax 100 rox.
Axmo Ham moTpiOHO michs (a3u TaabBaHOCTATUYHOTO 3apsyKAaHHS LI BUTPUMATH aKyMYJSITOP MpH
KIHIIEBIM HaIpy3l MOKU CTPYM 3apspKaHHA He 3MEHIIUThCA 10 0,5 MA, TO A HbOTO B aNrOpUTMI BXKE
MOTPiOHI 1Bl KOMaH/IU:

STAT I 10,00mA 360000,0s >4,20V 0,5s

STAT U 4,20V 360000,0s 0,50mA 0,5s
AHAJIOTIYHO 0 NONepeaHboi KoMaHau, nepuii 10 Touok OyayTh BUMIPSIHI SKOMOTa MIBUJIIE, a PelTa — 3
nepioanunictio prs c. Ilicns BUXoay 3 KOMaHIW MPWIAJ 3aJIMINAETHCA B cTaHi count-on / galvanostat
(un count-off, sxuo pr1=0)! SAxmo 3amatu pr2=0, To >xomHuX BuUMIpOBaHb He Oyme — II3 mpocto
nepeBe/ie MpWIa y el CTaH 1 3JIHCHUTH BUX1JT 3 KOMaH/IH.
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Komanpma "moteHmionnaamMiuia BoJibTamrneporpama’”

napamMeTpu:
prl — nouatkoBuii norenmiain, B (-5.00...+5.00)

pr2 — kinueBuit norenmiai, B (-5.00...+5.00)

3 SCAN_VA pr3 — mBuaKicTs po3roptku, MB/c (0.01...100.0)
Iisi: BUMIPIOBaHHs BOJbTAaMIEPOrpaMu B MOTEHIIOJUHAMIYHOMY peXHUMI (IpUIIa] NPUKIIAJAE 10 CUCTEMHU
HaTpyry 1 mipsie cTpym), count-on / potentiostat. Ilicis Buxomy 3 KOMaHIu NPpUIa] 3AIUIIAETHCS B CTaHI
count-on / potentiostat 3 morexnuiagom cradimszarii pr2.
Komanna "ranbpBaHoiMHaMi4Ha BOJIkTaMIieporpama’
napamerpu:
prl — nouatkoBuii ctpym, MA (-100.00...+100.00 MA)
pr2 — xinuesuit crpym, MA (-100.00...+100.00 MA)
4 SCAN_AV pr3 — mBuAKicTh po3roptku, MKA/c (0.1...100.0)
Iisd: BUMIPIOBAHHS BOJbTAMIIEPOTPAMU B TajlbBaHOJIWHAMIYHOMY peXuMi (Tpuiiaf, MPOMYyCKae uepes
CUCTEMY CTPYM 1 Mipsie Hampyry), count-on / galvanostat. [licis BUXoy 3 KOMaHIu NpUiaj 3aJIUIIAEThCS
B cTaHi count-on / galvanostat 3 ctpymom craGimizanii pr2.
Komanna "3atpumka"
napamerpu:
> DELAY prl — tpusaricts, ¢ (0.1-360000.0)
Iist: mpuiiaj 30epirae cBiil MOTOYHUM CTaH BIIPOJOBK 3a3HAYEHOTO Yacy
Komanpga "muka X"
6 | CYCLE_BEG-X | napamerpu:
7 | CYCLE_END-X | prl — kinbkicTs eramiB mukiy (2-100000)

Jlisd: opraHizauis HUKIIB (yCl KOMaH/IH, SIK1 pO3TalloBaHl M LIMMH JBOMa, Oy1yTh BUKOHaH1 prl pa3is)

23




CYCLE BEG-Y

8 AHanoriaao

9 | CYCLE END-Y

10 | CYCLE_BEG-Z | Ananoriuso

11 | CYCLE_END-Z | Komanau nukiiB Y Ta Z BBEACHO I MOXKIIMBOCTI OpraHizaiii mociaiIOBHUX Ta BKIAJECHUX LUKJIIB.

12

CLEAR_TIMER

Komanna "nepesanyck taitmepa"

napaMmeTpu: BiJICYyTHI

Iist: oOHyJs€e 3MiHHI t_cur Ta Q

13

CLEAR_SCREEN

Komanna "Bunanutu rpadix"

napaMmeTpu: BiJICYyTHI

Nisl: O4MIIAE TpadidHe 1mosie, sike Bi1oopaxae BUMIpsHY (Ha 1IeH Jac) 3aJeKHICTh

14

IF_TIME

Komanma "nepexin 3a gacom"

napamerpu:
pr2 — 3HaueHHs 3MiHHOiI t_cur, ¢ (0.1-360000.0)

pr3 — Homep koMaHAu (psaka) B anropurmi (0-24)

Jisl: IepeXiJl Ha PSAJIOK JITOPUTMY 3 HOMEPOM Pr3, SKIIO 3MiHHA t_cur 1ie He JocsAria 3HaueHHs pr2

15

Komanna "nepexin 3a norenmiagiom"

napaMeTpu:
prl — Tun yMoBH 3a moTeHuiagoM: (< abo >)

pr2 — 3"adeHHs norenuiany, B (-5.00...+5.00)
pr3 — Homep koMaHAu (psiaka) B anropurmi (0-24)

st
OpHOKpaTHE BUMIpPIOBaHHS Ta MEpeXiJ Ha PAIOK 3 HOMEPOM Pr3, sIKIIO MOTEHIial MEHIIUN/OUIbIINN 3a
BKa3aHe y pr2 3HaYCHHS.
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16

IF 1

Komanza "nepexiz 3a ctpymom”

napaMeTpu:
prl — Tun ymoBu 3a cTpyMoM: (< abo >)

pr2 — 3uadenus crpymy, MA (-100.00...+100.00 mA)
pr3 — Homep Komauau y nporpami (0-24)

st
OpHOKpaTHE BUMIPIOBaHHSA Ta MEpeXiJ Ha PAAOK 3 HOMEpPOM Pr3, SKIIO CTPYM MEHUIMI/OUIbIINil 3a
BKa3aHEe y pr2 3Ha4€HHA

17

GOTO

Komannma "6e3ymoBHuii nepexia"

napamerpu:
prl — Homep komanau y nporpami (0-24)

Iisi: 6e3yMOBHHIM Mepexil Ha pAgoK 3 HomepoMm prl
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6. YMOBUu e(peKTHBHOI Ta Oe3redHOl poOOTH

— s 3MeHIIeHHs IIIyMiB, IO IlepejaloThcs depes ainil USB mopry,
AOIILABHO 3a3eMAMTH KOPITIyC KOMII' IOTepa.

— 3’eanyiite npuctpin 3 gocaigxysaHuMm XAC TakuM 4YMHOM, III0O
Kabeai He YTBOpIOBaAM "IIMPOKOIL IeTai", sIka MO>Ke HPU3BEeCTU A0 CYTTEBUX
eAeKTPOMarHiTHIX HaBOAOK.

—Ilia wac BuMiproBaHb He 3alycKaiiTe Ha KOMII IOTepi iHIINMX IIporpam i
B3araAi He BiaBOAiKalTe J10TO 3aiBUMU 3ajadyaMI.

—He posramosyiite npucrpiii Ta gocaigxysani XAC mobausy
IIOTY>KHMX €AeKTPMYHUX IIPpUAaAiB, AKi € AXKepeaoM Tellaa 4M 3Ha4HOTO
€4eKTpOMarHiTHOIO BUIIPOMiHIOBaHH: (Harpisadyi, Iedi, HacoCHu, KOMIIpecopu
Tomo). Pobora nux npmaasis Moke mmpussectu Ao 3asucaHHa USB-mopra i
sTpaTy 38 513Ky "[IK-ipucrpiin". SIKIo Take cTaHeThbCs Ha eTalli 3apsA KaHH:
XAC, TO BOHO Oyge HEKOHTPOABOBAHO IIPOJOBXKYBaTUCh IIOKM He
spyinyeThest XA C abo orepaTop He BUMKHe IIPUCTPIiil.

— Te came crocye€Thbcsi HadiliHOI poOOTM KoMI'IoTepa. 3abesmedre
HagiiHe >kmBaeHHs IIK (mocrasre 640K Oe3nepebiliHOrO >KMBAEHH: abo
aBTOHOMHe A Kepe/a0 Ha BUITaJOK BigKAIOUeHHs eAeKTPUKI).

— Bukopucrosyiite crangapTtHi Moayai aas aocaigxenns XAC, sxi
004aAHaHO 3alOOKHMM KAallaHOM, SIKUII pO3ipBe eAeKTpUYHe KOAO Y
BuItaAKy nepesapsaaxanna XAC i akTMBHOTO Ta30BUAiA€HH.

—B Oyap-ikomMy BHUIIagKy, MU paA¥MO He 3aAUIIaTH HpalfOIoumii
npuctpinn 6e3 Harasay onepartopa. /Jadoparopiss MTech, sk BupoOHUK, He
Hece >KOAHOI BiAITOBiZ4aAbHOCTI 3a IMOBipHi 30MTKM, 3aBAaHi KOPUCTyBady 4n
MaliHy, B pe3yAbTaTi poOOTH IPUCTPOIO.

7. Ilocuaanns
IIpn omyOaikyBaHHI B HayKOBill Iepiogulli pe3yAbTaTiB A0CAijKeHb,
OAep>KaHIX 3a 40IIOMOIOIO IIPUCTPOIO, CAiJ 3a3Ha4aTU B eKCIIepUMeHTaAbHiN
YacTMHi J1Or0 Ha3By Ta IIOCHAaHHsA Ha web-caitt aabopatopii MTech:
Hanpukaaa;

"BuUMIpIOBaHHS 3apsAIHO-PO3PSIIHUX KpuBHX Ta nukiyBanHs XJC BuKoHyBaiu
3a JIOIOMOroxo norexiiocrara-raisppanocrara MTech PGP-410-2 [5].

5. http://chem.Inu.edu.ua/mtech/mtech.htm."



MTech PGP-410-2

http://chem.lnu.edu.ua/mtech/mtech.htm

IlaTa BUI'OTOBJIEHHS MIPUCTPOI

JaTa BBeIEHHHA B eKCIIyaTalliio

KinueBum TepMiH TapaHTil

KonTakTHa iHOQOpPMAalllisa mMOIO CepBiCHOTO OOCIIYI'OBYBAHHS :

1 patsay@franko.lviv.ua abo mtech lab@ukr.net
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