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1. SaraapHMII OIMC

Iloasporpadp MTech POL-20 (aaai "nmoasporpad” un "npucrpiin”) — e
YHIBepCaAbHUN puAaj AAsl €A€KTPOXIMIYHUX A0CAIAKEHb Ta aHaAl3y, SKNU
MOXKe TIIpalloBaT! K IIOTEHIIiOCTaT, TraAbBaHOCTAT 4YM IIOTEHIIIOMeTp.
Ilpucrpiii mpamioe€e Imi4 KepyBaHHAM  IIPOTPaMHOIO  3abe3ledeHH:
niepcoHaapHoro komir'iorepa (IIK). 3p’a30k 3 IIK peaaizoBano uepes USB
TIIOPT.

2. TexHigyHi XapaKTepMCTUKN

XapakTepucrmka 3HayeHHsI
iarra3oH nmoTteH1ia4iB po0. e1eKTpoaa
éiAHOCHO eAeKTSOAa HEpiBHHHHHf ’ 25,425 B
/Jiara3oH BUXigHOI HalIpyTu -12...+12 B
HIBMAKICTH pO3rOPTKI 0,02 ... 100 mB/c
AlHIVIHa

HOpMaAbHa IMITy/AbCHa
Tunm posropTku e
AudepeH1iliHa iMITy AbCHa

KBaapaTHO-XBI11bOBa

Pos3aiapHa 34aTHICTH 3a ITOTEHITiaA0M ~0,1 mB

JornyctuMa npusejeHa Ioxmuoka® 0.1

3a4aHHsI/BUMipIOBaHHS HAIIPYIV/CTPYMY e

AiamnazoHm ctpymy +15 100 +500 +2500 MKA
Bubip aianazony crpymy IIporpamuuit

AVCKPeTHICTD 3aJaHHs CTPYMY 0,01 MxA

“IIpumirka:

"IIpuBegena moxmOKa" - I BiagXMAeHHs 3HAYeHHs BeANYNHM, IIpUBejeHe A0 Po3Maxy

mkaan. Hanpukaaga, mpusegena nmoxmnoxa 0,1% Ha aianazoni crpymy +100 MKA Bigriosigae
AoryctumMoMy abcoarotHoMy BigxmaeHHIO y 0,2 MKA (0,1% Big 200 MKA — posmaxy
mKaan). Bkazani 3Ha4eHH:I € TpaHNMYHMMU — peaAbHi BiAXMAEHH: IIepeBa’kKHO MEHIIII.




3. Komrmiaekranist Ta rapaHTiiHi 30008’ sA3aHHsI

IToaaporpadp MTech POL-20 — 1 1t

Kabean 3 USB-RS5232 xonseprepom PL2303HX -1 mmr

Kabeas >xuBaeHHs 1ig ctaHaapTHY po3eTKy 220 B — 1

Kabeai 425 nmigkaiouenss 40 eaekrpodis XAC un koMipkn

i3 3a>xxuMamu TUILy "Kpokoaua" — 3 mT (PpyHKIioHaa Kabeas Io3HauyeHo
KOABOPOM TepMOYCaAKM Ha 3a>KVIMi)

Kabeap 445 KepyBaHHs 30BHIIIIHIM OIPUCTPOEM — 1 1T

IIpoaosxysau USB-opra — 1 mT (BUKOpmcTOBYBaTI 32 KpaitHb01 HeoOXij-
HOCTI — BUAOB>XXeHH:1 USB-4iHil IIOHMKYE CTIMKICTh 40 HABOAOK!)
ITacriopr Ta IHCTPYKIIisA KOpUCTyBada — 1 1T

ITporpamue 3abesneuenss "MTech POL-20" — 1 mT

IIporpamue 3abesneuens: "MTech PeakCalc" — 1 mr

BupobHuk 3000B’s3aHMII  BUMKOHyBaTM  Oe3KOINTOBHe TapaHTiliHe
00CAyTOBYBaHHSI HPUCTPOIO BOPOAOBX 12 MicaAliB Iicasd BBeAeHHS B
eKCIlAyaTallilo 38 YMOBU HeIOIIIKOAKeHOCTi KOPITyCy Ta I1A0MOM-HaAIIIKN.

4. byaoBa Ta npuMHIIUII pOOOTH HPUCTPOIO

Cnporlena 010K-cxeMa IPUCTPOIO:
s1

I\ I\ count-off
LAn IC/ Iy ml;"t'_on COUNT

potentiostat + REF

§2 | galvanostat

[ usB | mK— Aun —]
ext. switch \ s4

MK — MikpOKOHTpoO€ep (IIpoLecop IPUCTPOIO)

LTAIT - nudpo-aHaaorosuit nepeTsoproBay

AIITT - aHazoro-niu¢gposuii nepeTsoproBay

C — onepawinHnin HigcnuAmBad4-cyMaTop

I1I1 - miagcmaroBad IOTY>KHOCTI

All — andepeninnHMIl onlepalliiiHNil MiACKAIOBAY
CIT - "cTpymoBuit" onepaliiiiHuii iAcuAr0Bad
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Okpim 3a3HauYeHMX Ha PUCYHKY 3B A3KiB MiXK KOMIIOHEHTaMl IPUCTPOIO
MiKpOKOHTpO/Aep Kepye poOoToIo nepeMukadis 51-54 (peae). Ilepemukau S1
BiAIIOBiZa€ 3a KOMYyTalilO (IiAKAIOUEHHs/BiAKAIOUEHH:) CTPYMY Y KOMipKy.
Koan BiH BigkaiOueHMi1, TO IpUCTpiii HepeOyBa€ B cTaHi 'NoTeHIioMerp"
(He3a4€eXHO Big CcTaHy IlepeMmkada S2) — TOOTO € MaCMBHMM CIIOCTepiragem
3a Hanpyrolo (pisHunero norenniaais mixk WORK i REF). Koan nepemukau
S1 BKAIOYEHHUII, TO HPUCTPill mepedyBa€ B CTaHi HOTeHLiocTaT abo
ra/bBaHOCTAT, 3a/1€>KHO Big IlepeMuKada S2.

Hanpyra (pisunipa morenniaais Mixk WORK i REF) BumiproeTscsa 3a
AorioMmoroio aAudepenninHoro migcuaosada All Ta neproro kanaay ALITL
Crpym BuMmipro€rocst B Koai pobouoro eaekrpoga (WORK) miasxom
BUMIPIOBaHH: CIlaJy Hallpyru Ha ogHOMY 3 pesucropis R1-R4. ITiacumarosag
CII pazoM 3 LM pe3uCTOPOM € IepeTBOpIOBaueM ''cTpyM-Halpyra“, a BUOip
IOTPiOHOTO Aialla3oHy CTPYMiB 34ilICHIOETbCA uepe3 BUOIp OAHOIO 3
4OTUPHOX MOXKAMBUX pe3uctopiB R1-R4 sa gormomoroio 610Ky peae S3. Yepes
repeMukad S4 noasporpad Kepy€ 3OBHIIIIHIM AONOMIXKHUM IIPUCTPOEM,
HaIlpMKAaJ MIIIaAKoIl0, CICTEMOIO OOepTaHHS AVICKOBOIO €AeKTpOo4y 4M iH.
3B’A30K IPUCTPOIO 3 Kepy1o4olo nporpamoio Ha [IK peaaizosano uepes USB-
ropt 3 KoHBepTrepoM RS232-USB na PL2303HX.

He 3aaexxHO Big TuIy KOMipKu (2- 4u 3-e41eKTpOAHa) NPUCTPIN 3aBXAU
IIPaIIO€ 3a 3-IIPOBIAHOIO CXEMOIO.

IliakaroueHHs A0 2-€41€KTPOAHOL CUCTeMH (HallpUKAad CylepKOHAEHCa-
TOpa 49U TOTOBOTO e4e€MeHTa KVBACHH:):

MTech POL-20
COUNT REF WORK

A A A

ra

=

IliakaoueHHs1 A0 3-eA€KTPOAHOLI cHUCTeMU (TOOTO € Ie eAeKTPOA
IOPIBHAHHA — KAaC4YHa eAeKTpOoXiMiyHa KOMIpKa):




MTech POL-20
COUNT REF WORK

J U U\
T 1

""f )
55

\

Ha kiHisix kabeaiB € 3a>KMMU TUILY "KPOKOAMA" AAsl MiAKAIOUEHHS A0
eaekrpogis. KabGeai aas crpymosux eaekrpogis (COUNT, WORK) -
3Bryalifi, a 445 noreHniaabHoro (REF) — koakciaapnui (ekpanosanmin). Jas

,ﬂ,,,
o
555
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3MEHIIIeHHsI HaBOAOK BMKOPUCTOBYITe eKpaHOBaHi KOMipkmu (kaOeab
eKpaHyBaHHs KOMipKH CAi4 HiAKAIOUUTI 40 KOPITyCy po3’€Ma KabeAis.

Aasl KepyBaHH: 30BHIIIIHIM AOIIOMIXKHMM IIPUCTPOEM ITIIAKAIOYITE y
PO3pUB AiHil XXMBAEHHs HPUCTPOIO Kabeab 3 po3'€MOM y THiI340 Ha 3aAHil
naHeAi nmoasporpada:

EXTERNAL
DEVICE

S

X ext. switch \ sS4
O I

[

e A

~220

Peae S4 Mmo>ke KOMyTyBaTH IOCTIVIHIIN UM 3MiHHUI cTpyM 40 0,5 A.



5. IIporpamue 3a0e3reuyeHHs

5.1. Bcranosaenust USB aparsepa

@ana zip-apxiBy 3 IHCTaAsATaMU HOTpi6Ho poO3apxiByBaT! Ha >KOPCTKUI
AVICK KoMIT' 10Tepa. IlakeT ckaaga€Tbesa 3 IHCTAAALIHOL NAlKU IIporpamMu (3
(paiiaoM setup.exe Ta iH.) i nanku "usb_driver".

ITiakatouite USB xabearb moasporpada 4o BiabHoro nopry IIK (Buaxy
JKVIBAEHHs IIPUCTPOIO MOKM He Iigkaiodante A0 posetrku 220 B). ‘ximo na
Bamomy komIr'iorepi paHille BXKe BUKOPUCTOByBaAmuChb npuaagu iz USB-
RS232 xonBeprepom PL2303HX, TO >XKOgHNMX HOBiAOM/A€Hb KOMII'IOTep He
BIIAACTh Ta aBTOMAaTM4YHO MiAKAIOYE BIAIOBIAHUI ApauBep. JIKmo X
KOMIT'IOTepy Iiell KOHBepTep "He3HallOMMi1', TO BiH BMAACTh IOBiJOMAEHH:
PO HOBUII IIPUCTPiil Ta HEOOXiAHICTh BCTAaHOB/AEHH: ApaliBepiB A5 HbOro. B
TaKoMy BUITaAKY caig Bigkarountyu USB kaGean npucrporo Big nopty 11K Ta
3aIlyCTUTHU iHCTaAsALiHNI (paiia ApaliBepa:

"PL2303_Driverlnstaller_v1.5.0_win8-10.exe" — 2251 Windows 8 uu 10;

"PL2303_DriverInstaller_v1.12.0_winXP-7.exe" — 2451 Windows XP un 7.
Ilicass BCTaHOBAEHH:S ApaliBepa 3HOBY IIigkaiodith USB kabGean
IIPUCTPOIO A0 BiapHOTO NOpTy IIK 1 cricTeMa aKTUBYE BiglIOBiAHIII ApaliBep.

B sazexxHocTi Big HasamTysaHb cucremMy Windows iHKOAM BMHUKAIOTH
npodaemMu i3 BcTaHOBAeHHSAM ApaiisepiB  aas PL2303HX, xoam IIK
HaMara€TbCsl CaMOCTIIHO OHOBUTU JApaliBep 4epe3 IHTepHeT — JAeTa/bHille
AuB. y paiiai "read_me_now.txt".

Ilicasa BcTaHOBAEHHS ApaliBepa CAi4 3'sACyBaTy HOMeEpP BUAIAE€HOTO
cucremolo nopry. Aas mporo nepeiaits y "Ilyck / Hacrporika / Ilanean
yrnpasaenust /| Cucrema / Aucnerdep ycrporicts / I[lopter (COM u LPT)"
— TaM nopuHeH OyTu psAok "USB Serial Port (COMXx)" abo "Prolific USB-to-
Serial Comm Port (COMX)", ae x-HOMep HOpTy (Ha PUCYHKY 3HM3Y Lie 4).
IIpubansne sod0pa>keHH: (3aaexxHO Big cuctemu Windows):



- i_é MoHKTOpEI
) MBIWH K HHBIE YEASRIBSHILHE YCTPOHCTES
,y NopTel {COM 1 LPT)

------ - 'F USB Serial Part (COM4)———""7" Homep nopTy

...... F'l,l‘ MopT NpMHTERa (LPT1)
------ ry‘ MocneAosaTeneHBIA nopT (COML)

|I| HH

[+]- %% Mpoueccopl
ﬂ _eTEeEBIE NNaTkl
I _.é CHCTEMHEIE YCTPOHCTES

3amaM’sTaiiTe 1eit HoMep — BiH BaM 111e 3Hag001ThCSI.

Bia'eanaiite USB kabeas Big I1K, Tenep caig 3aiHcTaaioBatu mporpamHe
3abesreueHHs 445 poboTu 3 pucrpoeM. Kpaiie incraaiosaty nmporpamu He
y CHUCTeMHy IIanKy Io-samoBdyBaHHIO (Tumy "C:\Program Files\ ... "), a B

crieltiaabHO BUAiJ€Hi ITallky Ha He-CUCTeMHOMY Aucky (D:\ um in.).

5.2. Bctanosaennst nporpamu "MTech POL-20"

Ile yHiBepcaapbHa mnporpaMa aas Mogeai POL-20, mo gossoase
BUKOHYBaTU Pi3HI BUMIpIOBaHHsJ 3a aATOPUTMOM, sAKUIL (POpMy€ caM
KOpMCTyBay.

CTBOpiTh Ha HE-CHCTEMHOMY AVICKY IIalIKy, B SIKY CAi4 3aiHCTaAXOBaTU
nporpaMmHe 3abesniedenns1, Hanpukaag "D:\MTech POL-20". 3anycrits ¢aiia
setup.exe 3 manku "install_mtech_pol-20" i BcTaHOBiITH IpOTrpamMy y CTBOpeHY
nanky. Skmo Bce 3po0aeHo 1mpaBuabHO, TO nanka 'MTech POL-20"
MicTuTiMe BUKOHaBumit ¢paiia "mtech_pol-20.exe" ta aeski inmii paian.

Y texkcroomy (aiiai (port.txt) caig mpommcaT HOMep HOPTY, AKUI
BUAiAMAa cCUCTeMa IIpM BCTaHOB/AEHHi JApaliBepa — 3pOOUTM I1le MOXKHa B
3BMYaliHil IIporpami "010KHOT" Balrioi onepariiiiHol CiICTeMI.

Tenep Bce roTtose 40 11O9aTKy POOOTH IPUCTPOIO 3 TPOTrpamMoIo!

Ilia’eanarite kabeab >KMBAEHH:S IIPUCTPOIO A0 CTaHAAPTHOI PO3ETKU
~220 B — npu 11bOMYy AeKi4bKa pasiB CllasaxHe YepBOHAa AaMIIOYKa, 1110 BKa3ye
Ha YCHIIIHMI 3aIlyCK MIKPOKOHTpoaepa mnpucrpor. Koam crasaxysaHHs
nNpunuHNUThHCA Mg’ €ananre USB  kabeap mpucrporo ao USB  mopry



IIepCOHA/ABHOTO KOMIT'IOTepa (lLle Ma€ OyTu TOJ camMuii IIOpT, A0 sAKOro Bu
IiAKAIO4aAuch paninre! B iHImomy Bumagxy cucrema Mo>Ke BUALAUTY iHIINUIA
HOMep IIOPTY) i 3amycriTh ocHOBHMII ¢paiia — mtech_pol-20.exe. fIkio Bci
roriepeaHi Ail 3po0AeHO MpaBMABHO, TO IIpOrpaMa BCTaHOBUTDL 3B 530K 3
npucrpoem i Bu modaunte BikHO mporpamu:

NMonsaporpad MTech POL-20 =101 =]
noTeHWoMETR 1. MA [[500 ]
—&AropHTH podaTH
(O[T [Z[Z[4]5 6768 A0 [1Z[13[14[15[16]17[1]19]
1.+ mkd 15 100 500 2600 ™ aer.y
Tunrpagika:  E -t I-t 1-E E.W I 030 -| 1E0
Ll ik nivra BA - 1
MefneakT. [¥ KOHTpOAR NEperpysku
o X
T 1 CYCLE_BEGX 20 X
[~ 2 SCAN WA 0204 1.50v; 10.00mv/s X
[T 3 SCAN_WA 1.50v: -0.20v: 10.00my/s X
I~ 4 CYCLE_ENDX X
rs X
|l ¥x
s X
s X
ra X
" 1o X
rn X
1z X
13 X
[t} ¥x
I~ 15 X
I 18 X
7 X
™18 X
13 X [ 500
Ca Md e EB ]
2 wx || CHECK |<<< [ START |_ STOP | _COP¥xy | COPYall |[ DEL |
Iz X Eeq=0245Y
2 X E=0245V 1=0.0uA 0 = 0.000 wath E-t  I-t I-E [T Pinetposani MTech

Ormc excrepumenty

5.3. Bcranosaensst nporpamu "MTech PeakCalc"

LIs nporpama mnpusHadeHa AAs MaTeMaTUYHOIO  OITPallIOBaHH:A
BOAbTaMIleporpaM, BUMIpSHUX 3 AUQEPeHLiHOI IMIIYAbCHOIO 4YI
KBa/paTHO-XB/ABOBOIO PO3IOPTKOIO IIOTeHIiaay. Ilporpama He mnorpeOye

npoiiecy iHcraamoBaHHA. /Jast podoTu agocratHbo 3amyctutu ¢aia MTech-
PeakCalc.exe.

SIKio 1micAst BCTaBA€HH: IporpaM IIoch OyA0 3p00.eHO HelpaBUABHO,
TO IIpM 3amycKy Bu mnoOaumre NOBiAOMAEHHs IIPO MOMUAKY — CAig
IlepeBipUTH BiAIIOBiAHICTH HOMepy IIOPTy, 3anmcaHoro y ¢aiiai port.txt, Ta
Bugiaenoro cucremoio (Aucneryep ycrporicts / Ilopter (COM n LPT). Takoxx
AAs  KOPEKTHOI po0OTM IporpaMm CA4ig HOpamjioBaTu i3 CTaHAAapPTHOIO
PO341ABHOIO 34aTHICTIO MOHITOpa — 96 dpi (96 Todyok Ha aronm). e
IapaMeTp CHUCTeMM MO>KHa 3HanuTu i sminut; y "llaneap ympasaenws /
Expan / Ilapametpni / AonoannteabHo / O6me".



5.4. 3araabHNI IOPSIAOK pOOOTH 3 ITOAsIpOrpadpomM
3araloM I10CAiAOBHICTb pOOOTH ITOBMHHA OyTU TaKOIO:

— I1ig’€AHaTy BUAKY KVMBAEHHS HPVUCTPOIO ¥ CTaHAAPTHY po3eTKy ~220 B,
IIOYHe CraJaxyBaTul 4YepBOHa J4aMIIOYKa, IO BKa3y€ Ha  3allycK
MIiKpOKOHTpoO/Aepa Ta aBToKaaioposky ALIIT;

— AOYeKaTUCh MOCTIITHOTO CBIiTiHH:A YepPBOHOI AaMIIOYKM Ta IIiA’ € AHaTu
iHTepdericHII1 KabeAb IIPUCTPOIO 40 BudizeHoro USB nopty nepcoHaapHOTo
KOMIT I0Tepa;

— 3allyCTUTU IIporpaMHe 3a0e3nedeHHs 'mtech_pol-20.exe";

— mia’€aHaTu Kabeai 40 gocaigxysanoro XAC 4n eAeKTpOAiB KOMipKU;

— BUKOHATM 3all1aHOBaHi BUMipIOBaHHS;

— Big'€aHaty Kabeai nmpuctpoio Big XAC un eaekTpoaiB KOMipKuy;

— 3aKpUTU IIporpaMHe 3a0e3IedeHHsI;

— Big’eaHatu iHTepdericHnit Kabeas mpuctpolo Big USB nopry;

— Biad'€AHaTU BUAKY KaOeAs JKUBAEHHsI IIPUCTPOIO Bil pO3ETKI.

5.5. Po6oTa 3 mporpamoro "MTech POL-20"

IIporpamue 3abesneuensst (I13) "MTech POL-20" € yniBepcaabHuUM i
AO3BOAsIE€ KOPUCTyBady caMoMy (popMyBaTy BeChb aATOPUTM BUMipIOBaHb
3TiAHO IIeBHOIO IlepeaiKy KoMaHda. lle 403B04s€ OBHO 1 THYYKO peaaidyBaTi
yci MoxkamBocTi npucrporo. II3 samam’sroBye Ha >Xopckomy aucky 20
aATOPUTMIB KOpUCTyBada (LIOO KOXKHOIO pa3y He BBOAUTU aATOPUTM
3aHOBO).

Ilepea mo4aTKOM BMMipIOBaHHsI OIIepaToOp

— BuOupae Homep aaroputMmy (Big 0 20 19):

Monaporpady MTech POL-20

MOTEHLOMETL . A B

A AropHrOnso
2[aT4]5 678 a0 1 [12[13[14[15[16]17 1214}
I, £ rawd 15 100 500 2500 [~ &t
Tunrpapikas E-t |-t |-E  EV | 030 -| 160

—BKa3y€ IIOYaTKOBMI Alama3oH CTpyMy (B Hpomeci BMKOHaHH:I
aATOPUTMY J10TO MO>KHa 3MiHUTH CIIelliaAbHOI0 KOMaHAOIO):



Monaporpadg MTech POL-20

MOTEHWOMETE | MA B

ANropuTH poAoTH

[0]1]2]3[4]5 67 ]s]a[10]11[12[13]14]15][16]1718]19]
| tmcd €15 100 500 2500 [ aer.Y
Tunrpagika: E-t |-t |-E  EW | 030 -] 160

LI : ]
—BuOupae TuUn rpadika, AKUII IO  3aMOBUYyBaHHIO IIOBMHEH
BizoOpa’kaTuch B IIpoleci BMMIipIOBaHb (IIOTIM JIOTO MO>KHA 3MiHUTHU
BpyumHy):
Monaporpad MTech POL-20

NoOTEHLIOMETE . mA B

AAropuTH poboTH
|IZI|1 |2|3|4|5|E|?|B|5|1D|11|12|13|14|15|1E|1?|18|1E||

[ & prds; 15 100 500 2500 [T aer

THnrpamiKa:E |-t |-E v | 030 -f 160

LM . [T

—3a Oa’kaHHsAM aKTUBY€ OILiI0 "aBTOoMaciiTad" (Ii4 yac BUMipIOBaHb
MactITab oci opauHat OyAe aBTOMaTMYHO 3MiHIOBAaTUCh TakK, 11100 Bech rpadik
romimascs y rpagiyHe 11o4e):

NMonaporpadg MTech POL-20
MOTEHWOMETR | mA

SArOpMTH poBoTH
|EI|1 |2|3|4|5|E|?|E|9|1D|11|12|13|14|15|1E|1?|1B|1E||

I, £ ke 15 100 500 2500 3BT 7
Tunrpapika: E-t |-t |-E EN | -030 -] 160

I . O

—BKa3y€ IIOYaTKOBMI Alalla30H IIOTeHIiaaiB (Macmitad 3a BicCio
IOTeHIliaAay):

Monaporpady MTech POL-20

NOTEHLIOMETR (JYT:%

ANFOpLTH pOaoTH
|IZI|1 |2|3|4|5|E|?|B|9|1D|11|12|13|14|15|1E|1?|18|19|

[, £ ki 15 100 500 2500 [~ aer Y

Tunrpagika:  E -t [ -t I-E  E.M:

L . ]

— MoauQiKy€e aATOpUTM (3a IIOTpedn):

10



Monaporpad MTech POL-20

MOTEHUIOMETD . A
— A ArOpHTR poGoTLH
|EI|1 |2|3|4|5|E|?|E|9|1D|1‘I |12|13|14|15|1E|1?|1E|19|
[, £ prt 15 100 500 2800 [ aer. ¥
Tunrpagica: E-t -t 1-E  EV: | 030 -] 180
LukniyHa B -1
Medneakt. | Buganm ycikomangu | [ koHTpone neperpyseu
o ¥
[ 1] CYCLE_BEG 20 ¥ X
[T 2] SCAM_WA -0.20W: 1.600; 10004 W
[T 3] SCAM_WA 180V 0200 10004 W
[ 4] CYCLE_END- X
s ¥
& ¥
rz L

— Tako>x MO>KHa BIIMcaTy KOPOTKII OINC aATOPUTMY Ta eKCIIepUMEeHTY,
BKasatu iMm'st dat-paitay, B sAkuii OyAyTb 3alllCyBaTUCh pe3yAbTaTU
BUMipIOBaHb (110 3aMoBuyBaHHIO [13 cpopmye HasBy (aitaa 3a HOPAAKOBUM
HOMEPOM Ta YacOM I104YaTKy eKCIIepUMEHTY):

NMonaporpadg MTech POL-20

NaTEHUaMETR . MA
— ANropuTr pOAOTL
[a] 17234567 ]alano]nn12[13]14]15][16]17[18]19]
[, £ KA 15 100 500 2500 [ aet.¥
Tunrpagika  E-t  1-t  I-E EM | 030 -] 160 wau |
uLlHKnquaB.l’-\-'l I lil ] CHECK I‘
E=0245V [1=00uA

AAas BUKOPUCTaHHS IIpUAaAy SIK 3BUYAHOTO IOTeHIlioMeTpa/ioHoMipa
(HampuKaaa IIpM IIOTEHIIIOMETPMYHOMY TUTPYBaHHI) CKAajaTH aATOPUTM
BIUMipIOBaHb He TpeOa — II0-3aMOBUYYBaHHIO IIiCAs 3alyCKy IIporpaMu 4u
I1icAs1 3aBepllleHHs poOOTHI aATOPUTMY BUMIipIOBaHb IIpuaag IlepeOyBa€ came
y CTaHi IIOTeHIIioMeTpa i HellepepBHO BigoOpa’ka€ IIOTOYHEe 3HauyeHH:
IIOTeHIliaay poOOYOro eAeKTpoa:

| CHECK |<<<

E=0245V |1=00uA

B mporeci BUKOHaHH: aATOPUTMY eKCIIepMMEeHTY IIporpama Bigo0paxkae
Ha rpa¢iyHOMY MOAi BUOpaHMII TUII 3aA€XHOCTI, @ TaKOX I10Ka3ye€ ITOTOYHI
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3HaueHHs IIOTeHIliaAy, CTPyMy, OCTaHHE BUMIipsiHe 3HaueHHs IIOTeHIliaay
posimkHyTOro kosa (Eeq) Ta xiabkocrti eaekrpuku (Q). 3a morpedu oneparop

MO>Ke 3MiHIOBaTM TUII BizoOpakyBaHOro rpadika:
I

:

[ 00145 22.06-2020 18-34.da | L CHECK | <<< _ START | sTOP | cor
: Eeq=0000Y %=1

: E=-0095V |=-96uA Q=0042uwh  E-t -t -E|F

KaikoM Ha CMHIO CTpiaKy MO>XKHa IIPMMYCOBO 3aBePIINUTM BUKOHAHHS
IIOTOYHOIO PsAAKa aATOPUTMY 1 IepelTy 40 HacTyIHOro, a KHonkoio STOP
AOYacHO 3yIIMHUTU BeCh €KCIIePUMEHT:

|
001453 22-06-2020 15-34.dat | | CHECK |{{{ START COF
b

Eeq=0000%

E=-0.095V |=-9.6uA Q=0042uwh  E-t -t |-E F

AATOPUTM eKCIIepPUMEHTY — I1e II0CAI40BHICTh KOMaH/,. /JeTaabHnii O1mc
KOMaHy, Ta cTpyKTypu dat-daiiay, B sSIKMiT 3alIICYIOThCA Pe3yAbTaTyl BUMipIO-
BaHb, BIKAaJ€HO B HACTYITHOMY po3aiai. IIIo0 BBecT KOMaHAY €Ai4 KAIKHYTH
MUIIIKOIO Y BIATIOBIAHMI PsAOK I0AS aATOpUTMY. BiazkpueTnbcesa okpeme BiKHO
3 lepeAiKoM KOMaH/ — CAig BUOpaTy NOTPiOHY i BKasaT! 3HaYeHHs IlapaMeT-
piB (OKpeMi KOMaHAM € Oe3 ITapaMeTpiB, iHIII MalOTh Big 1 40 6 mapameTpis).
IIpu BuOOpi KOMaHAM Yy IIbOMY BiKHi aKTMBYIOTBCS I10As HapaMeTpiB i 300Ky
BKa3aHO AOIyCTUMMUII Alalla30H 3Ha4eHb KOXKHOTO I1apaMeTpa:
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NMonaporpadg MTech POL-20

naTeHyoMeT
—&nropuTH pogoTH

NNEENEEEEEEL

1.+ vikA: 15 100 500

Tunrpagika: E-t |-t |-E E

MednearT, BHaanqTi yoi KormaHaq

TR == = 2. (TSI N,
[T T |

e e e e e e e e e e e

i i |

0K BKCMEpKMERTY

& SWITCH OK |

s Komanon ]
¢ EMPTY - SCAN_SwWV
C STAT_E Enou = IW " BioHocHo Eeq ™ eioHocHo Elast +250B
: SEANEYA Ekin = IW ™ BigHocHo Eeg ™ eigHocHo Elast 2508
CVA
T EL T dE-[ &  1-20mB
P-[ 20  10-50mB
t=[ 100  50-500mc
BHM\FHJEEHHSI KEB,D.FIBTHD-XBHHI:DBDI‘ BONLTEMAOEPOrparMiAd

© Eeg-t PROFILE |
© SPEC_VA SWV |

E |
® S Square-wave Voltammetry |
© SCAN_AV : Ekin
© CYCLE_BEG-X .
© CYCLE_END-X :
r CYCLE_BEG-Y !
© CYCLE_END-Y I
 CYCLE_BEG-Z |
 CYCLE_END-Z Enoy I
© DELAY :
¢ CLEAR_TIMER :
© CLEAR_SCREEN I
 IF_TIME >
CIF_E “ t
el
© GOTO
© RANGE

=0l

[100°]

[a00]

[P ineTpoEaH

E.B
I | coPyall | DEL |

0.1d

MTech

Bxasapmm Bci umcaoBi gaHi caig KaikHyTn KHonky "OK" i BiamosigHa
KOMaH/a OyJe 3aHeceHa B aATOPUTM:

Monaporpady MTech POL-20

NOTEHUIOMETE . mMA

— & F 0T pOSoTH

|EI|'I |2|3|4|5|E|?|E|9|1D|11 |12|13|14|15|1E|1?|1E|1EI|

[, £ by 15 100 a0 2500 v aet.*
Tunrpagikas E-t  1-t  1-E EV | 010 -] 010
Mz/neakT. | B g a4 Yol KordaHg | ¥ roHTpone Nepspyski
[T 0 SCan_swy 0.00v: 1.00%; Gmy 20mY 100ms X
1 X
[z X
oA -

Ha Bumesasnauenomy pucynky y psagok No0 BHeceHO KOMaHAYy AAas
BIUMIPIOBaHHs BOAbTaMIIeporpamMm 3 KBaApPaTHOXBUABOBOIO pPO3IOPTKOIO

IIOTEeHITiaAy.

Komanan Mo>kHa 3cyBaT! 4 BUAAAATU 3a AOIIOMOIOIO KAiKiB Ha "V" Ta

"x". Tako>X MO>KHa 3MIHIUTI IapaMeTpU B>XKe BBe4eHOI KOMaHAM — KAIKOM Ha

Hel 3HOBY BiAKpUMEThCs BIKHO KOMaH/, i BXXe Oyge BuOpaHa Oi>kyda KOMaHJa i
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11 mapaMeTpu — MO>KHa 1X 3MiHUTH i KaikoM Ha "OK" BHecTM BiAIIOBiAHI 3MiHU
B aaroputm. [Toposxnin psAaaok aaropurmy — e komanaa "EMPTY".

€ MOXXAUBICTh TMMYACOBO AeaKTVBYBaTll OKpeMi psAKU aATOpPUTMY Oe3
iX BUAaAeHH: (11100 IepeBipUTH K IpaLlO€ aATOPUTM 0e3 IMX PAAKIB):

M fneakT. | Buo,am4TH Yol KokaHIM | [¥ EoHTpOAE MEperpyskM

o X
1 X
W 2 SwWITCH ON X
[T 3 STAT_E -1.00v; t=300.0s; d=0.50s; NO_REC; X
W 4 SwWITCH OFF X
[T 8 DEL&Y 100s X
& X
[T 7 SCAN_DPY -1.00%: 000 Smy G0mY S0ms 150ms W X
& X
19 X
[~ 10 X
A4 S

Ha pucyHKy Builie B aATOpUTMI 4€aKTUBOBAHO pAaKy No 21 No4.

IloTpiOHI 3HayeHHs @OTeHIiaAiB, MOKHa 3ajaBaTil IO-pPi3HOMY: B

abCOAIOTHUX OAMHUIIAX, BiAHOCHO IIOTeHIlialy posiMkHyTOro koaa (Eeq) um
BIAHOCHO OCTaHHBLOIO BUMIpPsHOIO 3Ha4YeHH: IIOTeHIliady B IIOIepeAHLOMY
paaxy aaroputMma (Elast). Bubip Tumy sagaHoro 3HaueHHs IIOTeHIIiaAy
peaAi3yioTh BiAIOBiAHMMH YeKOOKcaMu 0ias HapaMeTpy IIOTeHIiaAy:

E-= I 012 I~ eingHocHo Eeq I~ eigHocHo Elast E=0,12B
E= I 01z W einHocHo Eeq ™ eigHoCHD Elast E =Eeq+0,12 B
E-= I 01z ™ einHocHo Eeq ¥ einHocHo Elast E = Elast+0,12 B

Aaai ipuBeseMO AeTaAbHUII OIVIC CUCTeMM KOMaHA, 3 SIKUX (POPMYIOTh
aATOPUTMU AOCAIAKEHb, 3 TUIIOBUMU IIPUKAaAaMIA.
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5.6. Cucrema komaua MTech POL-20

Onuc 3MiHHAX

B nporeci Bukonanns anroputmy [13 3amam’siToBye B omepaTHBHIN mam’siTi i
3anmcye y dat-haiiin pe3ynbTaTi BUMIPIOBaHB™ K TAOJIMIIIO YUCEIT, KOKCH PSAIOK SKOT
MICTUTbH IOTOYHI 3HAYCHHSI TAKUX 3MIHHUX:

t all t cur E I Q X Y Z Ncom

*KosxHe oqMHUYHE BUMIPIOBAHHS — I1€ TOJATKOBUH PSIOK Y TAOJIHIII.

t_all — 3minna "rmobGanpHOTO" wacy. [loka3ye, CKIIBKM CEKYHH MPOWIILIO Bif
3amycKky anroputMmy. llod. 3Hauenns = 0.

t_cur — 3minHa "nokanbHOro" wacy. Ilokasye, CKUIbKM CEKyHJ MPOWIIIO BIJ
momnepeHboro oOHyneHHs 1miei 3MiaHOI komaHmoro CLEAR_TIMER. Tlou.
3HayeHHs = 0. Skmo anroput™m He MicTuTh xkoaHoi komanau CLEAR_TIMER, To
3HAYCHHS MEPIIHX JBOX KOJOHOK OyayTh criBmagatu (t_cur = t_all).

E — notoune 3HaveHHs Hanpyru, B (pi3auiy notenmiaiiB mibk WORK ta REF).

I — moToune 3HaueHHs cTpymy, MKA y koui. Ctpym nmpoxoauts uyepe3 WORK Ta
COUNT (REF € moreHmialbHUM BXOAOM IPHJIAAy 3 BEIUKHM BXIJIHHM OIOPOM 1
CTPYM Yepe3 HbOT'O Mi3CpHHUIA).

Q — nmotoyHe 3HaueHHs €éMHOCTI, MKA Toa. [{to 3minHy [13 oGuucioe miasxom
inTerpyBanns kpupoi "l-t_cur”. ToO6To "mpus’sizka" 3a yacom € g0 t_Cur, a HE 10
t_all. Tlpu oOnynenni yokanpHOro Taiimepa komanmoro CLEAR_TIMER Takox
aBTOMAaTUYHO OOHYIISA€THCS 3MiHHA Q.

X, Y, Z — noTOYHI 3HAYEHHS JIIUYUJIbHUKIB IIUKIIB. AJITOPUTM MOKE MICTUTU 10
3 UKJIIIB, B TOMY YMCIII BKJIaJeHUX. T1710 KOKHOIO IUKITY (KOMaHAM, SIKI CTOSITh MIXK
CYCLE_BEG T1a CYCLE_END) Oyne BuUKOHYBaTHCh CTUIBKH pa3iB, CKIJTbKU
BkazaHo y napamerpi komanagu CYCLE _BEG. A signosigna 3minHa (X, Y Ta Z)
MOKa3y€e MOTOYHE 3HAYCHHS JIIUWIbHUKA. AJITOPUTM MOKE MICTUTH JIMIIIE TIO OAHIN
napi KoMaH, — TOOTO JiBa 1K/ X 3a00poHeHi (Tpeda pooutu X ta Y)

Ncom — Homep komanmu B anroputmi (0-24), sKkoMy BIANOBIIA€ TaHUU PSOK
Ta0IHII.

[Ile B mam'sTi € AB1 3MiHHI, K1 HE 30epiratoTbes y dat-daitni: Eeq (moTentrian
po3iMkHyTOro Koja) i Elast (ocranniit, BUMIpSHUI B MOMEPEIHBOMY PSAKY
IrOpUTMa, TTOTSHITIAN).

AJTOpPUTM — 1€ MOCHII0OBHICTh 25 KoMaH (PSAIKIB), siKi MpoHyMepoBaHi Bif 0
10 24. B 3a1eXHOCTI Bijl TUITY KOMaHAW, BOHAa Moke MicTuTH BiJ 0 10 6 mapameTpis.
Mo>JHBI CTaHU MPUIIAY y MPOLIECi BUKOHAHHS arOPUTMY:

potentiostat / galvanostat (miarpumyersbcst Hanpyra mik WORK ta REF un
crpym yepe3 WORK ta COUNT)

count-on / count-off (Buxim COUNT BkmtoyeHuid um BukIodeHuit). Ilpu
count-off mpunan He migTpUMye Hi Hampyry Hi cTpyM — (DaKTUYHO BiH € B CTaHi
MACUBHOTO CIloCcTepiraya (MoTeHIioMeTp) 1 Moke MipsTH E.
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EMPTY

Ile "mopokns" KoMmaHJAa, sIKa He Ilepesg0ada€ >KOAHMX Ailf 3 OOKy
noasdporpaga. B aaropmrmi BOoHa He IIO3HAYAETHCA (UUCTUN PSAAOK).
Komangamn EMPTY MoO>XXHa po34iaATy KOPMCHI KOMaHAU AAsl Kpallloro
Bi3yaAbHOIO CIPUHATTS aATOPUTMY.

Komanou cmayionaptux pexxumis

STAT E
Komanga "Ilorenmiocrat" - BoHa cTa0iai3ye€ moOTeHIliaa poOOYoro
€4eKTpoJa BIIPOAOBX 3a4aHOIO 4Yacy Ta 34IMCHIOE BMMIPIOBaHH: ITOKU He
BIKOHAETLCA sIKaCh YMOBa BIUXOAY 3 KOMaHAL:

-STAT_E
1 ———E- I 0.00 [ eioHocHo Eeg [ eioHocHo Elast +2. 50 B
2 —t = 0560 0.05-60c (MepiodMYHICTE EMMIQHEBEHHA)

3—-—— I REC Hu pEECTpYEBATH PESYNETATH BMMIQHEaHE"?

YMoeM 3apepuweHHA KOHAHAM:

41—-—-]7 t> I 10.0 0.0+ c (TpWEanicTe)
5__.|7 I« I 1.00 0.00- 2500 MrA [(BSCONKITHE CMNE CTRYMY)
6__,_,_...]7 1ql » I B.000 0007+ MeA*TOA (BECONKTHA KINBKICTE BNEKTDMKA]

MNepeeecTH NpKMnan y cTad "NoTeHuUiocTat Ta 2 NepionMUHICTH di BUKOHYEAT M
BHMIQHBEHHA. JBBEPWEHHA KOMEHOMW MNPK BMKOHEHHI 0OHIET 3 BUBPEHMx JHOE

1 — morenmiaz;

2 — IepioAMYHICT BUMIipPIOBaHHS;

3 — a1 oTpiOHO 30epiraTy BUMIipsIHI TOUKM y nTam'sTi i ¢paitai? (B mesxux
BUIAJIKaxX 3a JIOMOMOTOI0 111€i KOMaHIU ()aKTUYHO BHUKOHYIOTh MPOOOIIITOTOBKY 1
TOMYy Hemae noTpebu 30epiraTu BUMIipsiHI Toukd. Hanpukiian y meToni iHBEpCiiHOT
BOJIbTAMIIEPOMETPIl MEpIIMM €TaroM € HAKOMHWYEHHS TPOAYKTIB BiJIHOBJICHHS Ha
poOOUOMY €JIEKTPO/Il 3 HACTYIMHUM BUMIpIoBaHHS BA iX aHOJAHOTO pO3UYMHEHHS 1 Ha

eTani HaKOMMYEHHSI HEMae OTPeOH peecTpyBaTH pe3yIbTaTH BUMIPIOBAHb);

4 — ymMOBa 3aBepIlleHHs KOMaHAM 3a TPUBAAiCTIO. SIKIIO III0 YMOBY He
aKTMBOBAHO, TO KOMaHJa BMKOHYBaTUMMeETLCI HEOOMEeKEeHHO AOBIO (IIOKMU
oIlepaTop BPY4YHY He 3A1VICHUTD HepexXij Ha HaCTYIIHNUI PsIAOK aATOPUTMY 4l
B3ara/i 3yIMHUTH BUKOHAHHS BCbOTO aATOPUTMY). SIKIIIO YMOBY aKTMBOBaHO,
ale TpuBaAicThb BKazaHa HyaboBa (0 c), To moasporpad Iepeiige y craH
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"TmoTeHIriocTatr” i3 3agaHMM IIOTEHIliaAOM 1 Bigpa3y 3aBepIUNTh BUKOHAHHS
KOMaHAI;

5—-yMoBa 3aBepllleHHs KOMaHAM 3a CIPYMOM (JKIJO aOCOAIOTHe
3Ha4YeHH:sA CTPyMY CTaHe MeHIINM 3a BKadaHe). [Ipnkaagom sactocyBaHH: 1Ti€l
yMoBu Moxe Oyrm nmkaysaHHa XAC wmerogom CCCV - eran CV
(mOoTeHLIIOCTaTUYHe A03apsAAXKaHH:A 49U AOPO3PsIA>KaHHA) 4acTO peaai3yloTh
caMe Ii€I0 KOMaHAOIO IIOKM aOCOAIOTHUII CTPYM He 3MEeHIIUTLCA A0
BKa3aHOI'O TPaHMYHOTO 3HAYeHHS;

6 — yMOBa 3aBepIIeHHs KOMaHAM 3a KIABKICTIO eAeKTPUKM (HallpuKAaj,
KoAu TpeDa OOMEXUTHM KiabKicTh "saaurtoi' um ogdepxaHoi 3 XAC
€AeKTPUKIN).

STAT_1
Komanga 'TaasBanocratr"/'Ilotenuiomerp” — BOHa crabiaizye cTpym
poOOoUYOTO eaeKTpoda BIIPOAOBX 3a4aHOIO 4Yacy Ta 3AIMCHIOE BUMIipIOBaHH:
IIOKI He BUKOHAETHCS sIKaCh yMOBa BUXOAY 3 KOMaHAN:

~STAT_I
1 —— = 1.00 +2000 MeA (Aakwo 0, To NepeRTH B pesx. "NoTeHuioMeTp")

2 e = I 0.50 0.05-60c (nepiogMYHICTE BMMIQHESHHS)
3 —‘I REC Hi pEECTOUBETI fE2YNETATH BMMIQHESaHET

Yroeu JagepweHHA KOMaHAK:

4‘—-—|7 t>» I 10.0 0.0+c (TpuEanicTs)

5——|7 E |> I 1.00 I eigHocHo Eeq [ eioHoCHO Elast +5.00 B

6 [NepeE0dMTE NPKMASA Y CTaH "ransBaHocTar”, 3 Nepicd|ynicT dt 2aifcHE
EWMIpHEAHHA. JABEPWaHHA KOMEHAH NPH BUKOHEHHI 0OHIET 2 EMERaHMx YMOE

1 - crpym. fximo BkazaHo crpyMm 0, TO moasporpad nepexosuThb y CTaH
"Tlorenuiomerp", To0OTO BUMHKae KoMmipky (S1 count-off)!;

2 — IepioAMYHICTL BUMIPIOBaHHS;

3—-um morpiOHO 30epiraTm BUMIipsHI TOUKM y mHam'sTi i aiai?
(ananoriuHo, sk 1 st komanau STAT_E);

4 — ymMOBa 3aBepIlIeHH: KOMaHAM 3a TPUBAAiCTIO. SIKIIO III0 YMOBY He
aKTMBOBAaHO, TO KOMaHJAa BMKOHYBaTUMETLCS HEOOMEeXKEeHHO JOBIo (IIOKU
oIlepaTop BPY4YHY He 3A1VICHUTD HepexXij Ha HaCTYIIHNUI PsIAOK aATOPUTMY 4l
B3araai 3ynVHNUTb BUMKOHAHHS BCbOIO aATOPUTMY). JIKIITO YMOBY aKTHBOBaHO,
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ade TpuBaAicThb BKazaHa HyaboBa (0 c), To moasporpad Inepeiige y craH
"raapBaHocTaT"/"'TIoTeHIIioMeTp" i Bigpa3y 3aBepIINUTh BUKOHAHH KOMaHAN;

5,6 — yMOBa 3aBepIIeHH:sI KOMaHAM 3a IOTeHIiaa0M (JAKIIO noTteHIliaa E
CTaHe MeHIINM/OiABIIMM 3a BKaszaHe 3HaudeHH:). IIpukaagom 3acrocyBaHH:
niei ymosu Moxe Oytm nuxkayBaHHia XAC merogom CC — eran CC
(raapBaHOCTAaTUYHe 3apsA’KaHH: 4 PO3PsA>KaHHA) peadi3ylOThb caMe ILI€Io
KOMaHA0I0 Ioku Hamnpyra Ha XAC He AOcATHe BKa3aHOIO TI'PaHMYHOTO
3HAYEHHSI;

Komanou dunamiunux pexxumis (poszopmox)

Y I1I3 nepeabaueHO AeKiabKa ITOTEHIIOAMHaMIYHMX PO3TOPTOK i OaHa
raabBaHoguHaMiuHa. [TouHemo posrass 3 moTeHUiOAMHAMIiUHMX, SK OiAbII
MOV PEHNX.

SCAN_VA

Komanga "lloreHniiognHamiyHa BoAbTaMIepoMeTpisa' — moasporpad y
pexumi "moTeHIiocTaT" 34iMICHIOE AiHINIHY PO3rOpTKY IOTEeHIlialy poOO4Ooro
eAeKTpoaa Big Enos 40 Exin 13 3a3Ha9Y€HOIO IIBUAKICTIO PO3TOPTKIAL:

~SCAN_VA

Enou = I 000 T eigHocHo Eeg ™ eioHocHo Elast +2 B0 B
Ekin = I 1.00 ™ BioHocHo Eeq ™ BioHocHO Elast +2 60 B
dE/dt = I 1000 D0E2-100mBfc (WEWMOKICTE pOSrOpTHM)

YrMoea Ao4yacHoro JagepuweHHA KOMaHAKM:

Mol 20.00 0.00 - 2500 MrA (RECONKTHE CHNa CTRYMY)

BuMipHEaHHA BONETEMMEROMPaMKM Y NOTEHLIOOMHEMIYHOMY QEXRMMI 3
NIHIAHOK POSropTEOR NOTEHLiaNY

BukoHaHHs poO3ropTk MoXKe OyTM 3aBepIlleHO JAO0YacHO, SKIIO
aKTMBOBaHO BIAIIOBIAHY YMOBY — AOCATHEHHS BKa3aHOTO IPaHMYHOTO CTPYMY.
Lis  ymoBa KOPMCHa, HaIllpUKAaA, opu peaaisariii OUKAIYHOL
BoabTamiepomertpii (LIBA), koan Tpeba aBTOMaTMYHO 3MIiHIOBaTU HaIIpsIM
PO3rOpTKI NPU AOCATHEHHI IIeBHOTO IPaHIYHOTO CTPYMYy.
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CVA
Komanaa "lloreHIriognHamiyHa IIUKAIYHa BOAbTaMIlepoMeTpisd'. SIKIo
HeMae€ IIoTpeOy 404acHO 3MiHIOBaTU HaIIPsIM PO3rOpTKH noTeHIiaay y LIBA,
TO TaKe A0CAiA>KeHHs MO>KHa peaaisyBaTy 3a 4OIIOMOIOIO OAHI€1 KOMaHAM, B
IIapaMeTpax sIKOI 3a3HayalOTh YCl TpU ITOTEHIliaAM, MBUAKICTb PO3TOPTKHU 1
HeOOXiAHY KiABbKiCTb IIMKAiB:
-CVA

Enou = IW ™ eioHocHD Eeq ™ BioHocHD Elast +2 50 B
El-= IW [ eioHocHo Eeg ™ eioHocHo Elast +250 B
E2 = IW [ eioHoCHO Eeqg ™ BioHocHO Elast +2 60 B

dEjdt = Iw 0.02-100 MBfc (WEKWOKICTE POSrOpTEM)

n= I 20 1+ (k-cTe yuknie UBEA)

BurMipHEaHHA LHKAIYHOI BOABTAMAEROrPEMK Y NOTEHLi0OMHAaMIYHOMY
PEHIAMI 2 NIHIRHOM pOZropTEOMK NaTeHLiany

PosropTka noreHIiaay ig0yBa€Tbcs 3a TaKOIO CXeMOIO:
(Enoq — El — E2 ad Enoq)n
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SCAN_NPV
Komanaa "Hopmaabna immyabcHa BoabTamMmepoMerpia'. Posroprka
IIOTeHIliady  BigOyBa€TbCsl — iMIyabcamMl, BeAMYMHA  AKUX  IOpasy
30iapmryeThcs Ha dE, crpym moasiporpadp BuUMIipIO€ HaIpPUKIHIIL KOXKHOTO
IMITyAbCy. YcepeaHeHa IIBUAKICTb PO3TOPTKM 1 3araabHa TPUBAAiCTDh
BIKOHAHHS II1€1 KOMaHAY TaKOX 3aAeXUTh Big TPMBaAAOCTI iMITyabcy (1) Ta
rays Mi>x immyabscamn (tp):

~SCAN_NPY
Enou = I 0.00 ™ BioHoCHD Eeqg ™ BigHoCHD Elast +2 60 B
Ekin = I 1.00 " eioHocHo Eeg ™ eioHocHo Elast +2h0B

dE = I 5 1-20mB
1 = I &0 B0 -500 me

12 = 150 50 -1000 Me

BurMiptBaHHA HOPMaNEHDT IMNYAECHDT BONETaMMOEQOrpaK

E NPV e

Normal Pulse Voltammetry

dE

EI'Il:'.i"'-l
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SCAN_DPV

Komanga "Audepenuiiza iMmyabcHa BoabTamiiepoMetpisa”. PosropTka
IIOTeHIliaay BiAOyBa€TbCsl iMIlyAbcaMl, ale B LIbOMy MeTOAlI BeAN4YlHA
iMITyAbCy 3aamuIna€Tbcs oaHakoBow (P), ase mopasy 3pocrae "ocHoba"
iMmnyascy (Ha dE). Crpym mnoasdporpad Bumipioe€ Apidi — HaOpUKiHII
KOKHOIO IMIIyAbCy Ta HAIIPUKIHIII Hay3u MiX imiyabcamy, QikCylodn
PIBHMIIIO LMX CTPYMiB. YcepeaHeHa IIBUAKICTL PO3TOPTKM 1 3araabHa
TPpUBaAICTh BMKOHAHHS I11€1 KOMaHAM TaKOXX 3aJeXUTh Bijg TpUBaAOCTI
iMIryancy (t1) Ta mays mMix iMmyascamn (tp):

-SCAN_DPY
Enou = I 000 I~ eiaHocHo Eeq ™ eioHocHo Elast +2 50 B
Exin = I 1.00 I eigHocHo Een ™ eioHocHo Elast +2 60 B

dE=| 5 1-20mB
P=| &0 20-100mMB
ti =| B0 b0 -500 mc

12 = 150 50 -1000 Mc

BuripreaHHa AMdepeHUIRHOT IMNYNECHDT BONETEMNEROrpaMMH

|

E DPV :
Differential Pulse Voltammetry :

: —Exkin
|
[
|
[
[
dE] ! |
E p = [
dE | i P I
.i. P ) |
- o ¢ t2 '
— 1 . o |
Enou tq !
[
I
&

t
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SCAN_SWV

Komanga "KBagpaTHO-XBMABOBa BOAbTaMIIEPOMETpis'.

IToaiOHa a0

rorepeAHbOI, ade GakKTUIHO TPUBAAICT IMITyABCY i May3y MiX iMITyAbcaMu

€ OAHAKOBUMI. TaKoOX iMl‘IyAbCI/I € ABOIIOASIPHUMM — c])iKcyeTbc;[ piSHI/II_I}I

CTpyMiB micas 30iAbIIeHHs NOTeHIliady Ha BeAndnHy immyabca (P) i micas

SMEHIIIEHHS Ta TaKy 2K BEANYVIHY:

-SCAN_SWY
Enou = I 0.00 [T eigHocHo Eeg ™ BioHocHD Elast +2 60 B
Ekin = I 1.00 [T eigHocHo Eeg ™ eioHocHo Elast +2 50 B
dE = | ] 1-20mB
F= I 20 10-50mMB
t= 100 R0 -500 Mo
BumiproeaHHA KESOPATHOXEMAEOED] BONETEMNEROrDarH

|
|
: SWV .
Square-wave Voltammetry |

' Ekin
|
i |
dE | :
3 - |
dE | |
ry . |
|
s o |
|
Enovy + |
|
-P o |
|
i |
t |t |
|
Q

t
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SPEC_VA

Komanaa 'lloreHniogmnamiuHa BoAbTaMIlepOMeTpisd 3 HeAiHIHOIO
pO3SrOpTKOI0". 3a 1Ii€I0 KOMaHAOIO BiAOyBa€TbCs HOTEHIIOAMHaMiuHe
BUMIipIOBaHH: BA, ase He 3 AiHIIHOIO pO3TrOPTKOIO — ITOTEHIliaA 3MiHIOE€ThCs
3rigHo mpodias, AKuil 3agaHo y aiiai eeq-t_prof.dat, skuit mae Oyt y
nanni nporpamu. @arna mporo npodias Mo>KHa HOIEepeAHBO Odep>KaTy 3a
aoriomororo  komanau Eeq-t PROFILE abGo Bsaraai 3mogeaioBatu
MaTeMaTU4HO — FOA0BHa BIMOTa 1100 KpOK 3a yacoM Oys He MeHitte 0,1 c:

SPEC_VA

BumiproeaHHa BA 3 pozropTrow B+ 2rigHo npoding y daiini eegt_prof.dat

Eeq-t PROFILE
Ile xomaHga aas BuMmipioBaHHs npodias E-t i zanmcy ¢aiiay eeq-
t_prof.dat, saxwmin wHeoOxianmii aas xomanau SPEC_VA. ®@akruyno
BiAzOyBa€ThCs BMUMIipIOBaHH: IOTeHIlialy pO3iMKHYTOro koaa B 4aci. ToOTo
noasiporpad npu jpoMy Iepedysae€ y craHi 'moteHniomerp” (S1 count-off):
-Eeqg-t PROFILE

dt=| o.n 01-1¢

YUrMoeM peecTpadil pe2ynsTartie BUMIpHOEAHHS:

|dE| > I 1.0 1-100MBE (MiHiManeHa 2MiHa NnaTeHuiany Eeq)
IE| £ I 2.00 0-5.00E (a6c. 2HaYeHHA noTeHuiany Eeq)

YMoea JapepweHHd KOMaHAK:

dt max > I G0 10+ ¢ [(Arkwo 2a el yac E He 2MiHKMTECA xoda 6 Ha dE)

BumipreaHHa 2anexHocTi Eeg -1

BumMipiosanHs1 mHoTeHIliaay BiAOyBa€Tbcs 3 4acOBUM KpokoM dt, aae
BUMipsiHa TOuKa (PIKCY€TbCA AUIe B TOMY BMIIaAKy, SKIIO IOTeHIIiaa
aminmscs xoda O Ha |dE| i abcoaroTHe 3HaueHH: NoTeHIliaay MeHie 3a |El.
HeoOxigHicTb OCTaHHBOI YMOBM 3yMOBA€Ha THUM, IO 4YacTO Take
BIUMIpIOBaHHs PO3HOYMHAIOTH Il A0 3aHypPeHH: POOOYOIo eAeKTpoAy Y
posunH. Koam >x poOounit eaekTpos He Ma€ TaAbBaHIYHOTO KOHTAKTy 3
PO3UMHOM, TO IOTO IIOTEeHIlial € HeBU3HAaueHUM i (opMaAbHO 3HAUYEHH:
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MO>XKYTb A4OCATaTy HaBiTh KpaliHix MexX (+2,5 un -2,5 B) — m006 He ¢ikcysaTnt 1ii
XVOHi 3HaYeHH: MOTeHIliaAy i mpu3HaJeHa i1 yMOBa.

Komanay Eeq-t PROFILE TakoX 3py4HO BMKOPUCTOBYBAaTU AAS
AOBTOTPUBAAOIO  BMUMIpIOBaHHs  Apeilipy  piBHOBa>KHOIO  IIOTeHIIialy
AOCAiAKYyBaHOTO MeTaaly/CIiAaBy y IIeBHOMY KOPO3iifHOMY cepeaoBuii. Jas
LIbOTO X HigxoauTsh i KoMaHga STAT_I 3 HyAbOBMM 3HaueHHSM CTPyMy, ade
BOHa MeHII 3py4Ha, 00 (ikcyBaTumMe yci TOUKU Oe3 Oras4y Ha BeAUYVHY
3MiHM TIOTeHIiady — SKIIO BUMipIOBaHH:A OyJde AyKe TpuUBaAUM, TO i
KiZBKiCTb TOUOK Oyae HaaTO BeAMKOIO.

SCAN_AV
Komanga 'l'aapBaHOAMHamiyHa BoAbTaMIlepoMerpia’. Lle eanHa
KOMaHJa 3 raAbBaHOAVHAMIUHIM TUIIOM pO3ropTKu. [Toasporpad y pexxnmi
"TaabBaHOCTAT' 34IJICHIOE AiHIIIHY PO3TOPTKY CTPyMy POOOYOIO eAeKTposa
Big, Inou 20 Lkin 13 3a3HaYE€HOIO MIBUAKICTIO PO3TOPTKIA:

-SCAN_AV

Inou = I -Eonn 2500 MeA
lkiH = I R0.00 +2500 Mrs,

difdt = I 1000 0071 -100 MeAfc (WEMAKICTE QOSMOpTRM)

BumMipHEaHHA BONETEMNEROMREMM Y FANEESHOOMHEMIYHOMY pERMMI 2
AIHIAHOK POEr0PTEOH CTRYMY

BumiproBaHHs BOAbTaMIIEPHOI 3a4€XHOCTI y TraAabBaHOAVMHAMIYHOMY
BapiaHTi HallyacTillle BUKOPUCTOBYIOTb IIPU AOCAiIAKEHHI 00'€KTiB 3 MaAuM
BHYTPIIIHIM OIIOPOM, HallpMKAaj CylIepKOHAEHCaTOPiB.
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Komardu opzanizauyii yuxAie

CYCLE_BEG-X/ CYCLE_END-X
CYCLE_BEG-Y/CYCLE_END-Y
CYCLE_BEG-Z / CYCLE_END-Z

ITapa  Bignosianmx  komang CYCLE_BEG Tta  CYCLE_END
BUKOPUCTOBYETBCSI A4Sl OpTraHisallili IUKAy, TOOTO ©OaratopasoBoOIo
BUKOHAHHs  OJHOTUIIHMX  BUMIpIOBaHb, HalIpuKAad y  IUKAIYHIN
BoAbTaMmHepoMeTpil. Yci komaHau, mo crosath Mixk CYCLE_BEG-X Ta
CYCLE_END-X OyayTh BMKOHaHi CTiABKM pa3iB, CKiABKM BKa3aHO Y
napamertpi komanau CYCLE_BEG-X. Hanmpukaag, y Takomy aaropurmi:

1

MelnearT. | B g a4 Yol KordaHg | [T koHTpOAE NEperpyskM
o ¥
1 ¥
[T 2 CYCLE_BEG 15 X
a2 kKoMmaHga 1 X
4 KoMmaHga 2 L B
[T 5 CYCLE_EMD X
e X
7z x
e x
a w v

yMoOBHiI KoMaHAu Noli No2 6yayTs BuKoHaHi 15 pasis.

B ogHOMy aaropurmi Mmo>ke OyTHu Aniile oAHa Ilapa BiglIOBIAHMX KOMaHA
nukay CYCLE_BEG ta CYCLE_END. Jkmo norpiOHO peasidyBaTu
IIOCAIAOBHUN YU BKAAAE€HUI LIMKA, TO CAlJ BUKOPUCTOBYBATU LIMKAN Pi3HUX
tuiis (X, Y, Z). Hanpukaaa, y Takomy aAroputMi:

MednearT. | B g aniTi Yol KordaHg | [T koHTpOME NEperpyskuM

o X
1 X
[T 2 CYCLE_BEGY & X
3 KomMaHaa 1 L B
[T 4 CYCLE_BEG 4 X
& KoMaHaa 2 L B
[T B CYCLE_EMD-% X
[T 7 CYCLE_EMD-Y X
s X
! X
an il

yMoBHa KomaHga Nol Oyae BukonaHa 5 pasis, a komaHga No2 — 20 pasis
(5x4=20).
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Komarou nepexodis

Inkoau € morpeba 3MIHUTHU Xid, BUKOHAHHS aATOPUTMY, HallpUKAad KOAU
BIUKOHY€ETBbCS sAKach yMmoBa (abo i ©OesymoBHO). KomaHam mnepexoais
3a3HA4yalOTh, HA SIKUN PAAOK aATOPUTMY CAlA II€PENTH.

besymosnuii nepexio

GOTO
3a Ii€I10 KOMaHAOIO BUKOHAHHA aATOPUTMY IepexoAUThb Ha PsAOK,
HOMep SKOIO BKazaHUI y HapaMeTpi 1i€i koma"nau. Inkoan komanay GOTO
3py4HO BUKOPMCTOBYBAT! TMMYacOBO, KOoAU Tpeba "cripoOysaTu" aAropuUTm
0e3 1eBHOI KIABKOCTI ITOYAaTKOBMX KOMaHA He BUAAASIOUM caMi KOMaHAU
(1o6 moTiM 3HOBY ix He BHOcUTM). Hanmpukaag, aogasmu komangy GOTO 5y
1lell aATOPUTM MO>KHa IepeBipUTU sIK BiH BMKOHYETLCA Oe3 IepIINX ABOX

KOMaHA:

I

MineakT. | BuaanuqTii yzi KokdaHomM | [T EoHTpONE NEperpyskM
o X
1 X
[T 2 GOTO S b
[z KomaHoa 1 ¥
[ 4 KomaHpa 2 ¥
[s KomaHoa 3 ¥
& KomaHpa 4 ¥
- KomMmaHoa 5 ¥
s X
s X

Xoua Te caMe MO>KHa AOCSITHYTU ITPOCTO A€AaKTUBYBABIIIN 1l PAAKIL

I

MefnearT. | Bganimid Yol KordaHam | [T koHTpOAE NEperpyskd
o X
1 X
2 X
v 3 KomaHoa 1 ¥
v 4 Komadoa 2 ¥ X
=& KoMaHga 3 L B
& KomMaHga 4 L B
7 KoMaHga 5 L B
s X
M3 X
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[Iepexid 3a nomeHy1aAOM

IF_E
-IF_E
Hrwo E ITIWF gioHocHo Eeq [ eigHocHo Elast +2508

nepeiitu Ha Nt I b 0-24 panok

Mepexin Ha NeEHMWEA DAOOK SNMOpHTHY, AKWE NOTEHUEN SiNEWMEMEHLKE 38
EKEZEHE ZHAYEHHA

3a Li€I0 KOMaHAOIO NHoAsiporpad BUKOHYE OAHOKpaTHe BUMipIOBaHHS i
SIKITO TIOTEeHIliaAd MEeHMIMIT/OiApImil 3a BKa3daHe 3HaueHHs, TO 3AiVICHIOE
repexig Ha BKasaHUI PsIAOK aATOPUTMY. JIKIIO K yMOBa He BUKOHYETBCS, TO
Oyae TepexiA Ha HaCTYIIHUI PSIAOK aATOPUTMY.

Hanpukaag, y TakomMy aAroputmi moasporpad IpoIrycKaTuMe udepes
KOMipKy ctpyM 200 MKA i IIOCeKyHAU IlepeBipATHMe MOTeHIliaa poOodoro

elexTpoga — Koam BiH gociarHe 0,65 B, TO BHMKOHaHH:A aATOPUTMY
3aBePIINTHCS:

e | s o seresars |3 s s v pegron

[ a b

[~ 1 STAT_I 200.00u4; t=0s; X

[~ 2 DEL&Y 1.0s X

"3 |IFE <0B5; GOTO2Z L B

™4 X

rrc W

[Iepexid 3a cmpymom

IF_1

~1F_I

Skwo | [« [ 50 +2500.00 miA
nepeiTu Ha Nt I 5 0-24 panok

[Nepexia Ha NEEHKMEA pALOK ANMOEMTHMY, AKWD CTREYM SINEWMEMEHWLKEA 28
EKESEHE SHaYEHHA

3a Li€I0 KOMaHAO0I0 noAsporpad BUKOHYE OAHOKpaTHe BUMipIOBaHHS i
SIKIIIO CTPYM MeHINNi/0iApInmii 3a BKa3aHe 3HaueHH:, TO 3AiICHIOE Iiepexig,
Ha BKazaHUI PAAOK aATOPUTMY. SIKIIO K yMOBa He BUKOHYETLC:A, TO Oyae
Iepexig Ha HaCTYIIHUI psIAOK aATOPUTMY.
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Hanpukaaa, y TakomMy aAroputMi 1moasporpad IIOTeHIiocTaTye
pobounit eaexrpod (un XAC) npu norenniazi 1,6 B i mocexynau nepesipsie
CTPYM B KOA1 — KOAM BiH cTaHe MeHIIUM 3a 50 MKA, TO BUKOHAaHHS aATOPUTMY

3aBePIIUTLCS:
M= 0E3KT. | B 40,3 NHT 4 Yl KokaHaH | IV KOHTRONE Neperpyski4
o ¥
[T 1 STAT_E 1.60W: t=0s: X
[T 2 DELAY 1.0z X
[T 3 IF »50.00us GOTO 2 rx
4 ¥X
s ¥X

[Iepexio 3a mpusaricmio
IF_ TIME
-IF_TIME

Aemo t_cur ITI 10.0 01+ c
nepeitu Ha Nt I 5 0-24 panok

Mepexin Ha NEEHKE PAAOK BNr0pMTHMY, AKWO NOKAAEHKWE TaflmMep ({_cur)
EiNeWHAMMEHIWKEA 38 BKAZaHE SHAYEHHS

3a 1IIi€I0 KOMaHAOI0 mHoasAporpad Iepesips€ 3HauYeHHS A0KaAbHOIO
TaiMepa (t_cur) i sAKIIO BOHO MeHIIe/OiaAbllle 3a BKasaHe 3HA4YeHHs, TO
3AIVICHIOE IIepexiJ Ha BKa3aHUII PAAOK aATOpUTMy. SIKIIIO X yMOBa He
BIUKOHYETHCS, TO OyAe Iepexij Ha HaCTYITHUN PAAOK aATOPUTMY.

Aonomixti KomarHou

Onosrenns smirnoi Eeq

MEASURE Eeq

Y sminninn Eeq 113 3amam'sToBy€ morteHIliaa po3iMKHYTOro kKoaa. Bin
aBTOMaTUYHO BUMIipIOETHCS MepeJ MOYaTKOM BUKOHaHH: aaropurmy. OgHak,
B IIPOLIeCi BUKOHAHH: aATOPUTMY 1M IOTeHIliaa MOXKe 3MIHIOBaTUCh. JKII0o
B OKpeMIX KOMaHJax IIOTeHIliaau 3ajaHi 3 mpus'sa3ko0 40 Eeq, To Baxkauso
mo0 y 3minbin Eeq Oyao "csixke" 3mauenns. Tomy mepes num BapTo
noctasutnt koManay MEASURE Eegq, s1xa posimkhae ko010 (S1 count-off) Ha
BKa3aHMII 4ac 1 BUMIPsIE IIOTOYHEe 3HadeHH: rtoreniiaay Eeq:
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MEASURE Eeq

I'IEl!._|3El| 1.00 0.01-10 ¢

FoziMKHYTK KONO HE EKAZ8HMEA Y4ac i BMMIpATHM NoTeHuian Eeq

ITaysa micas po3puBy KoaAa 1 Ilepes BUMIPIOBaHHAM ITOTEHIliaAy
HeoOXxigHa AAsl TOro, IJOO IIOTeHIliaa '"3aCIIOKOIBCA' 1 IIPUMHAB CBOE
"piBHOBa>kKHe" 3HAYEHH:I.

Komanda sampumxu

DELAY
InkoAM € oTpeda 3poOdUTH I1ay3y Y BUKOHAHHI aATOPUTMY:
-DELAY
t= 10.0 0.1+ © (TPWEENICTE NAY3M)

May=za - Npynad s6epiras CEIM NOTOYHKWA CTEH BENPOA0E® S83HaYeHOro Jacy

IToastporpad 30epirae cBiif IOTOYHMIT CTaH BIIPOAOBXK 3a3Hau€HOTO Yacy
He BUKOHYIOUM >KOAHMX BUMipIOBaHb.

[Iepesanyck A0KAALHOZ0 MAliMepa

CLEAR_TIMER
CLEAR_TIMER

[MNepesanyck NOKANEHOMD TARMEQRE (DBHYNEHHA SMIHHMX t_cur | O

/okaapHuini Taimep (t_cur) B OCHOBHOMY BUKOPWCTOBYIOTH AAS
KOHTPOAIO IpoIlyIieHol/oAep>kaHoi eaeKTpukn (Q), ska oduncaioerses 113
IIASXOM IHTerpyBaHHs Kpusoi I-t_cur. Y 1nmukalyHmx ekcrepuMeHTax,
Hanpukaaz npu nukaysaHHi XAC, 3pydyHO KOAM €MHICTb OOYMCAIOETHCA i
PeecTpyeThCs OKpPeMO AAsl KOXKHOTO eTally 3apsAKaHH:S/pO3psiA’KaHHS —

camMe AAsd [bOrO0 Ha IOYaTKy KOXKHOIO eTally CTaBAATb KOMaHAY
CLEAR_TIMER.
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Ouucmxa zpagiurozo nors

CLEAR_SCREEN

CLEAR_SCREEN

CyMcTka rpadidHoro Noas

Ha rpa¢giunomy noai I3 BigoOpakae BuOpaHy KpUBY AAsl Bi3yaAbHOTO
KOHTPOAIO eKCHepUMEeHTy. Y IUKAIYHMX eKCIIepMMeHTaX, HallpuKaad IIpu
nukaysanHi X/C, 3pydHO KOoAM Ha eKpaHi Big00pa>ka€TbCsl ANIIIe KpyBa AAs
IIOTOYHOTO eTaIly 3aps4’KaHH: 4l pO3psiAKaHH:, TOMY AOLILABHO Ha IIOYaTKy
ko>xkHOTO etary roctaBut komanay CLEAR_SCREEN. B inmomy Bunaaky
rpadiyHe 1104e IIBUAKO "3aXAaMUThCs OaraTbMa KPUBMMY, 110 HAKAAAYThCS
OAHa Ha OAHY. BaxkamBo po3ymiTy, 11O 1ie BIIAMBA€E ANIIIE Ha BilOOpa kKeHH:
rpa¢iuyHOrO BiKHa i He BIIAMBA€ Ha 30epiraHHs pe3yAbTaTiB BUMipIOBaHHs Y
rtam 's1Ti 11K Ta Ha >JKopcTKOMy AMCKY.

Kpupa, skxa 10-3aMOBUyBaHHIO BigOOpakaTUMeTbCsAd B  Ipolleci
BUKOHAHHS, 3a4a€ThCA Y BiAIIOBIAHOMY I10A1 ITapaMeTpiB aATOPUTMY:

Monaporpadg MTech POL-20

NOTEHWIOMETE | MA B
A NropHTH poSoTH
[o]1]2]3]4]s]6][7][a]a[10]11[12[13]14[15]16]17[158]19]
[, £ rid; 15 100 500 2500 [T aer.
Tunrpaq:-iKa:ﬂ [-t I-g,"v‘:l -0.20 'I 1.60
III N L -

OgHak, 3a 1orpeOM B IpoleCi BMKOHAHHS aATOPUTMY (UM IIicAsl JOTO
3aBepIlleHHs) OIlepaTop MOXe AOBiABHO 3MiHIOBAaTU TUII Big0Opa’kyBaHOTO

rpa¢pika KAiKOM Ha BigIIOBigHe 110e Mig rpadpiuHUM BiKHOM:

vx||
vx|=
X T

X Eeq=0000% #=1

X E=-0160V 1=-16.0uA 0 = -0.020 ut*h (E-t |-t |-ETEPiJ

v X ll 00151_24-06-2020_14-44.dst | CHECK | <<< "START | STOP | [CoPyx

Komanaga CLEAR_SCREEN ounmae rpadiuyHe mole He3aleXXHO Bij
TOTO, AKMUI1 TuIl rpadika BigoOpaka€Tbcs Ha HboMYy. 113 mam'sATa€e MomeHT,
KoAu rpadiyHe 1moae 0yA0 OUNIIEHUM — TOOTO, KOAU OIlepaTop (I1icAs TOro,
JK BMKOHAHa I KOMaHJAa) HepeKAIouuThb Tun rpadika, TO BiH HOOAYNUTh
KpUBY, 'HaMaAbOBaHy' BXKe IIiCAsS MOMEHTY, KOAM I101e 0yA0 O4uIlieHe.
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3Mita pobo10zo dianazory cmpymy

RANGE
Inkoan e mnorpeba Aas  3a0e3ledeHHs  HAWBUINOI  TOYHOCTI
BUMipIOBaHH:I/3a4aHHs CTPYMY 3MiHUTH 110TO pOOOUMIL Aialla3oOH:

-RANGE

15 MEA

C I

=100 MeA
500 mrA

Ty

+2500 MrA

3MiHE gianasoHy cTpymy

Jianla3oH CTpyMy, Ha SKOMY IIO-3aMOBYYBAaHHIO BVKOHYBAaTHMYTbCS
BIUMIipIOBaHHs B IIpolieci poOOTU aATOPUTMY, 3a4a€ThCs Y BiATIOBiAHOMY I10A1
IIapaMeTpiB aATOPUTMY:

Monaporpadg MTech POL-20

NOTEHLOMET | mA B

AAropuTH poSoTH

[O]1]2]a[4]s[e[7[a[a[I011[12[13[14][15]1E]17 [18]19]
I+t € 15 100 B0 SO0 [ aerY
Tunrpadika: E-t |-t [-E EM | 030 -| 160

LI - ]

Ognak, nepe/ BMKOHaHHAM II€BHUX KOMaHJ MOXe OyTu AOLiABHUM
3MIHUTH LIell Alalla30H A5l 3a0e3lleueHHs HaiBUIOl TouHOCTi. Hampukaag y
METOAl 1HBEpPCiMIHOI XPOHOIIOTEHIIOMETpil 3 HaKONMYEHHAM IIepPIIOIO
"IIpo0oMiAroToBY010" (Pa3olo MepeBakHO € MOTeHIiOCTaTIYHe HaKOIIMYeHH:
IIPOAYKTiB  BiAHOBA€HHsA Ha pPOOOYOMY eAeKTpoAi, a HaCTYIIHOIO
"aHaAiTMYHOIO" (Pa3ol0 € raabBaHOCTATMYHE OKMCHEHHS HaKOIINYEeHUX
IIPOAYKTiB 3 peecrparieio kpupoi E-t. OOmexysaTu crpym nepiioi ¢asu
IlepeBa’kHO HeMa€ CeHCy, TOMY A4 aATOPUTMY BUOMPaIOTh MaKCUMaAbHUI
AlamasoH cTpymy (B Liit Modeai moasaporpada e +2500 MKA). A or aa
OCTaHHBOI "aHaAiTMIHOI" (a3 aHOAHOTO PO3UMHEHHs Oa’kaHO 11100 Aialla3zoH
CTPyMy HalKpale BiAIIOBigaB CaMOMY 3HA4eHHIO CTpyMy. JIKIo, Aas
IIpUKAaAy, CTPyM aHOAHOIO PO34MHEeHH: A0piBHIOE 50 MKA, TO € ceHC 1epes,
LUM IepeKAIoYnTNCh Ha AiamasoH +100 MKA - me 3a0e3neuymTb BUIILY
TOYHICTD i cTabiABHICTD IILOTO CTPYMY (IOPiBHAHO 3 giantazoHoM +2500 MKA):
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— A NFOpHT pOAOTI

|EI|1 |2|3|4|5|E|?|B|9|1D|11 |12|13|14|15|1E|1?|18|19|
I, # ks 15 100 500 2500 ¥ aer.Y
Tunrpagika: E-t |-t |-E EM | 200 -] 200
|HEEPCIHA $POHOMNOTEHWLIOMETRIA 5 HAKOMMYEHHAR
Mefneakt. | Bugammh ycikomadaw | W KoHTPoAE neperpyaii
o X
[T 1 STAT_E -1.00%; t=300.0s; d=0.50s; NO_REC; X
rz X

T RANGE 100 ub X

[T 4  STAT_| 50.00ud; t=180.0s; dt=0.10s; REC; stopif X
s X
[ X
| O

Kepysatitisl 306HIULHIM NPUCTTPOEM

SWITCH
Ilieo KOMaHAOIO MOXKHa BMMKATHU/BUMUKaTU peae S4, ske Kepye
30BHIIIIHIM IIPUCTPOEM (HiAKAIOYA€TBHCS 4depe3 po3'€eM Ha 3a4HiNl NaHeAi
roasiporpada):
SWITCH

I ON oM OFF

HEiMkHEHHA / BMMEHEHHA pENE 20BH. NPUMCTRO (He Sinewe 220 8/ 0.5 A)

Ilo-3amMOBUyBaHHIO 1le peae 3aBXAM BUMKHYTE, OCKIABKM IIiCAs
3aBepllleHHs] BMKOHaHHA OyAb-IKOIO aArOpUTMy Itoasporpad  1oro
aBTOMaTN4YHO BUMMKAE.

BOBHIIIHIM  IIPUCTPOEM  HamM4JacTillle  BUCTyIIa€ Mimaaka (44s
IlepeMilllyBaHHsI PO34MHY) 4YM CHUCTeMa oOOepTaHH: AMCKOBOIO poOOYOro
eaekrpoga. Oxpemi eTanm aAropuTMmy, Halpukaas ¢paza HaKOHMYEHHs Y
iHBepcCiiHilI ~BOAbTaMIIepOMeTpil, MOXYTb IIOTpeOyBaTM  BKAIOYEHOIO
30BHIIIHLOTO HpucTpolo. IHmi > a3y ekciepMMeHTy, HallpMKAa/j aHOAHe
pO3UMHEHHs HaKONMYEeHMX IPOAYKTiB, IIOBMHHI BUKOHYBATHCh IIPU
BUMKHYTOMY 30BHIIIITHBOMY IPUCTPOIO.

Aani poseastHemo munosi NpuKAaOUu ar0pummis.
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IIpuxaaa 1. IukaidyHa BoabTaMrepoMeTpis-1

3aBaanHA. Bumipsaty nmkaiyny BoabTamneporpamy (20 IMKAiB) B MeXKax
noreHniaay -0,2...+1,50 B 3i mBuaxicrio posroptku 10 mB/c. Ilowatn
po3ropTKy npu norenitiaai -0,2 B.

AATOPUTM.
Monaporpadg MTech POL-20
NOTEHLIOMETE . mA i
— B NropHTH poSoTH
|EI|1 |2|3|4|5|E|?|E|E||‘IEI|11 |12|13|14|15|‘IE|1?|‘IE|1E||
I, & rard; 15 100 500 2500 [ aet Y
Tunrpapika: E-t |-t |-E  E.W I 030 - I 1.60
Uurniuna B -1
MefneakT. | B0, amqTid yoi kormaHam | [¥ EoHTpONE NEperpysku
o b
[T 1 CYCLE_BEG+< 20 b
[T 2 SCaN WA 0200 1800 10.00my /s b
[T 3 SCaM_wWa 180V -0.20%: 10.00my /s X
[T 4 CYCLE_END L B
& L T3
& L T3
=z v
ITosicHeHHsI.

IToao 3araabHMX HaJAalTyBaHb. BuOpanHo poOoumit Aialia3oH CTpPyMiB
(#500 MKA) Ta BKazaHO, sIKII Irpadik 10-3aMOBYyBaHHIO BUBOAUTU B IIpOLIeci
sumipiosanb ("I-E" — 3azexxHicTh cTpyMy Big IlOTeHIIiaay poO. eAeKTpoaa).
"ApTOMacimiTab" He aKTMBOBAaHO — OTXKe MeXi 3a BICCIO CTPyMy
BiATIOBiAaTUMYTh IIOBHOMY poOouoMy aiamasoHy (+500 MKA) Big caMoro
II04YaTKy BYMIipIOBaHb.

Ockiabku 1oTeHIiaa Oyde 3MiHIOBaTICh B MeXax Big -0,2 a0 +1,5 B, To
MeXi 3a Biccio morteHIliaaiB 3agaaHo -0,30...+1,60 B (i3 3armacom 110 0,1 B 11100
KplBa He "BIMpasAach’ y MeXi pJUCYHKa).

ITia yac BUMIpIOBaHHS BOAbTaMIIepOIpaMy IIpMAaj IIPajio€ B PesKyuMi
"moTeHIiocTatr", TOMy IIporpaMa aBTOMaTU4HO aKTVBYBala OILIiI0 "KOHTPOAb
neperpysku’ i OaxkaHo ii He sHiMaTu. lle 3axmcHa yHKIIisA, sdKa BKasye
npuAaazy IPUMYCOBO 3yNMHNUTU BUKOHAHHS ITOTOYHOIO psigKa aATOPUTMY,
SKIIO CTPYM BHUIAe 3a AOIYCTUMI MeXXi BuOpaHoro gianasony (500 MKA).

Mogo xomaH4. OcCKiabKM AOCAIAXKEHHS ULMKAIYHE, TO IIepIIOI0 i
ocranHpoi0 KoMaHA0I0 € CYCLE BEG-X ta CYCLE_END-X, BiamosigaHo.
B nmapamerpi nepmoi komaHAu BkasaHo "20" — TOOTO TiA0 IUKAY (Te, IO €

33



MIX IMMI ABOMa KoMaH4amu) Oyae npongeno 20 pasis. Jas BUMipIOBaHH:
BA Tiao mukao wmictutek aBi komaHau SCAN_VA ("morenHrriognmHamiuHa
BoabTaMIniepometpia’). I[lepiroro komang010 BuMipro€eTscs BA 3 posropTkoro
B aHOAHOMY HanpsAMKY (Big -0,2 g0 +1,5 B), a apyroio — B 3B0poTHBOMY (Big,
+1,5 20 -0,2 B) 3i mBuaxicrio 10 mB/c.

IIpuxaaa 2. IukaidyHa BoabTaMIepoOMeTpisi-2

Yacro npm BumipiosanHi [IBA posroptky posnodmHaioTh He 3
KpallHbOTO 3Ha4yeHHs IIOTeHIliady, a 3 IIOTeHIliady pPO3IMKHYTOIO KoOJa
(piBHOBa>kHOrO/cTanioHapHoro, Eeq). Ile 403BoAsl€ YHUKHYTM ITOYaTKOBOIO
cTpuOKa €MHICHOTO CTPyMY, 3yMOBAEHOIO Itepe3apsiaxxantam [TEII.

3aBaaHHdA. Bumipsaty nmkaiyHy BoabTamneporpamy (20 IMKAiB) B MeXKax
noreHniaay -0,2...+1,50 B 3i mBuakicrio posroptkun 10 mB/c. Ilowatn
PO3IrOPTKY 3 IIOTeHIliaay pO3IMKHYTOIO KOAa.

AATOPUTM.
NMonaporpad MTech POL-20
NOTEHLIOMETR . mA i
— & ArOpMTR pOSoTH
|EI|‘I |2|3|4|5|E|?|B|E|‘ID|11 |12|13|14|15|‘IE|1?|‘IB|18|
I, £ rardy; 15 100 | 2500 ¥ aer.*
Tvnrpadika E-t |-t |-E EN: | 030 -| 160
Unkniuna Ba - 2, novarok, posropTeM S NoTeHWany positsHYTOro Kona
M2/neakT. | BuaanuqTi4 yzi KokaHo| | [¥ rkoHTPOAE NeperpyskM
o X
[T 1 SCAN_Wa Eeq -0020W; 10.00m /s X
[T 2 CYCLE_BEG+ 20 X
[T 3 SCanN_va 020 1.500; 10.00my /s X
[T 4 SCanN_va 1.50v; -0.200; 10.00m /s X
[T 5§ CYCLE_END-® X
T E X
oz Y
IlosicHeHHSI.
[IToao 3araapHMX HaJalITyBaHb — aHAJAOTIYHO, AK B IIONEPeAHbOMY

IIpuUKAaAi, ade 4eKOOKC "aBToMaciITad" aKTMBOBAHO — OTKe MeXi 3a BicCIo
CTpyMy Oy4yTh aBTOMaTM4YHO 3MiHIOBaTHUCh B IIPOLIeCi BUMipIOBaHH:I.

[MMoao xomana. Tia0 IMKAY 3aAMINNAOCh He3MIHHUM, ade A0JaAN Ie
oany koMaHay SCAN_VA niepes IMKA0OM 4451 IIOYaTKOBOI pO3ropTKy Big Eeq
A0 BuOpaHoi Mexi. Ilepea moyaTkOM BMKOHaHHS aATOPUTMY e€KCIIepUMEHTY
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IporpaMa aBTOMaTMYHO (PiKCY€ 3HaueHH: IIOTeHIlialy PO3iMKHYTOIO Ko4a i
3anmcy€ 1oro y 3minHy Eeq. fIKmmo na skoMmych erarni eKCIepuMeHTy CAij
BUMIPSATU IIOTOYHE 3HAYEHHS IJbOTO IIOTeHIliaAy 1, BiAIIOBIAHO, OHOBUTI BMICT
3aminHoI Eeq, To caig nocrasutu komanay "MEASURE Eeq'.

IIpuxaaa 3. IukaidyHa BoabTaMrepoMeTpis-3

B npomy mpuxaaal mokakemo, SIK MOXKHa peaaidyBaTy IIOIepeAHin
eKCIIepMMEHT, ale X oOMe>KeHHsIM cTpyMy y +300 MKA.

3aBaaHHdA. Bumipsaty numkaiyHy BoabTamneporpamy (20 1IMKAiB) B MeXKax
noreHniaay -0,2...+1,50 B 3i mBuakicrio posroptkun 10 mB/c. Ilowatn
PO3IOPTKY 3 IIOTeHIlialy PO3IMKHYTOIO KOAa. JIKIIOo B mpoleci BUMipIOBaHHS
[IBA abcoaiotHe 3HadeHH:A cTpyMmy nepeBuimnth 300 MKA, TO IIpUMYCOBO
3MIHIOBaTM HAIPsAM PO3TOPTKM (IepexoAUTM Ha HaCTyIIHUI PsA0K

aATOPUTMY).
AATOPUTM.
Monaporpady MTech POL-20
MOTEHUIOMETR . MA i

— A NFOpHTR poGoTI
|EI|1 |2|3|4|5|E|?|E|9|1D|‘I1 |12|13|14|15|1E|1?|1E|19|

|, & prsd: 15 100 500 2500 ¥ aer.
Tunrpapika: E-t -t |-E EM | 030 -] 160

L MkniyHa B, - 3, noyaTor, posropTeM S NOTEHWIANY positEHYTORD Kona,
DEMEREHHA CTPYry 300 rark

Mtfgeakt. | Bugammh ycikomadge | W koHTpoae neperpystu
o kB
[T 1 SCAM_WA Eeq; -0.200; 10.00n% s stopif II>300.00us 9 2
[T 2 CYCLE_BEG# 20 X
[T 23 SCAM_WA Elast; 1500 10.00m s stop if 1300000 B 2
[T 4 SCAM_WA Elast; -0.200; 10.00mWAs stop b (Il>300.00us ¥ 2
[T 5 CYCLE_EMD X
& L BT
= w v

IlosicHeHHsI.

Y Bcix komangax SCAN_VA BkazaHO YMOBY 404acHO BUXOAY 3 KOMaHAN,
AKINO abcoaioTHe 3HadeHHsA crpyMy nepeBumnuTbh 300 MKA. OTxke, KO
abCOAIOTHe 3HA4yeHHsA CTPyMy JAOCATHe IIi€l MexXi, TO Biad0yAeTbcs
IIPUMYCOBUI Ilepexi Ha HaCTYIIHUII PsAAOK aATOPUTMY, TOOTO 3MiHUTHCS
HaIlpsIM pPO3TOPTKU. JIKIO Ile CTaHeTbCs, TO Ba’kKAMBO, IIOO HaCTyIIHa
3BOPOTHSI PO3ropTKa IPOAOBXXyBalach camMe 3 TOIO IOTeHIliady, Ha SAKOMY
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synuHuaachk nonepegrs. Tomy, y komangax SCAN_VA, mo € B Tiai nukay,
II0YaTKOBMI ITOTeHIliaA poO3rOopTKN 3a4aHo sK Elast.

Jkmo Hemae morpedu oOMexyBaTu cTpyM, To BumipaTu LIBA mosxna
IIPOCTiIlle — BCbOTO OAHI€I0 KoMaHA010 "CVA™

Ciid Eeq; 1.500; -0.200; 10.00m4 s 20 times 1

IIpukaaa 4. l'aabBaHOAgVMHaAMIYHa BOAbTaMIIepOMeTpis

B zesxmx Bunagkax BOAbTaMIIEPHY 3aA€XKHICTh AOLIIABHO BUMIPIOBATU
He B IIOTEHIO-, a TraabBaHOAMHaMIYHOMY BapiaHTi. Hacammepes 1e
CTOCY€TbCSI OO’€KTIB 3 MaAMM  BHYTpIIIHIM  OIIOpPOM, HaIlpuUKAaj
CYyIIepKOHAEHCATOpiB. Y raabBagiHaMi4HOMY BapiaHTi BuMipioBaHHa BA
npuaag Hpaio€ B peXMMi 'TaabBaHOCTaT — IIOCTYIIOBO — 3MiHIOIOUM
IOAAPU3ALIIHUI CTPYM 13 3a4aHOIO MIBUAKICTIO PO3TOPTKM.

3aBaanHda. Bumipsarum BoabTammeporpamy  CylepKOHAeEHcaTopa y
raAbBaHOAVIHAMIYHOMY BapiaHTi B mMexax crpywmiB Big 0 g0 2000 MKA 3i
IIBUAKICTIO po3ropTKy 50 MKA/c.

AATOPUTM.
Monaporpady MTech POL-20

NOTEHLUIOMETR | MA [

— & Ar 0T pOEoTH

|EI|'I|2|3|4|5|E|?|8|9|1D|11|12|13|14|15|1E|1?|18|19|
[, £ pr 15 100 A00 25800 ¥ aer. ¥
Twnrpadika E-t |-t [-E EN | -010 -] 160

[ ankEaHOAMHARMIYHA BEONETAMOEROMETIA

Mefneart. | Bugammiycikomangu | [ koHTpone neperpyseu

o W
M1 SCAN_AY 000w 2000.00us; 50.00usss W
[z W
oA -

Jx Gaummo, aas BumipioBaHH:A BA y raapBaHOAMHaAMiuHOMY BapiaHTi
3agisHo koMaHay SCAN_AV. AHaa0TiyHO MO>KHa peaAai3yBaTy BUMipIOBaHH:I
LIBA y Ttakomy BapiaHTi — 445 LIBOTO CAlA 3a4aTy IVIKAIMHUI aATOPUTM 3
ABOMa TaKMM KOMaHAaMH y Tidl HUKAY, IT0AI0HO 5K y npuxaaai Nel.
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Ilpukaaa 5. 'aabBaHOCTaTMYHA XPOHOIIOTEHIIIOMeTPis

KaacmynmM  1nipmkaagoM  Takoro  AOCAIAKEHHS €  BUMIipIOBaHH:
3a4€XKHOCTI HaIpyIM Ha aKyMyAsTOpi B IIpoLeci JVOro 3apsA>XaHH:I
crabiapauM crpyMoM (CC — constant current).

3aBAaHHA. J3AIVICHUTM TaAbBaHOCTATM4HE 3apsA>KaHH:A aKyMyAsTopa
crpymoMm 1000 MKA o xiHnesoi Hanpyru 1,60 B. Bumipsatm 3aaexHicTsb
HaIIpyIu BiJ 4acy 3apsA’KaHH:A 3 nepiogoM sumipioBanH:a 0,5 c. 3araabpnHy
TpUBaAiCTh 3apsAAXaHHA oOMexxuty 20 rog — TOOTO, HaBiTh SIKIIO 3a TaKUIL
Jac 3aps4>KaHHsA Hanpyra He gocsarae 1,60 B, To caig synmunanTy nporec.

AATOPUTM.
Monsaporpady MTech POL-20

NOTEHLUIOMETR E.B

— & AFOpHT pOEoTH
|EI|1 |2|3|4|5|E|?|E|9|1D|11|12|13|14|15|1E|1?|18|1EI|

I, + pkss: 15 100 500 2500 W aer. Y
Tunrpagika: E-t -t |-E EV: | 000 -] 100

[ aNEEAHOCTATHMYHA ¥POHONOTEHLIOMETRIA

MlneakrT. | B g anuqTi yzi KokaHa | [T koHTROME NEpErpYSKM

[~ o X
[T 1 STAT_| 1000.00ws; t=72000.0s; dt=050s; REC; stopif W X
2 X
= wow

Aas Takoro gocaigxxeHHs 3agigsHo komaHay STAT_I ("raapBaHOcTaT"), Y
IapaMeTpax sKOI 3a4al0Th 3HaYE€HH: CTPYMY, TPaHNYHY TPUBAAICTDb, KIHIIEBY
HaIIpyTy Ta IIepioAMYHICTb BUMIPIOBaHHA 1 BigKAagaHH: Ha rpaik TOYOK.

Inkoan (4K Ha puc. BuUINE) B PAAOK aATOPUTMY He ITOMIIIAIOThCA YCi
napaMetrpu BuOpaHoi KoMmaHAu. IIlo6 mnoGaumTy psAAOK IIOBHICTIO CAig
IABecTM A0 TaKOIoO psidKa Kypcop MuImi — Bechb PAAOK TaKOX

HpO,ZI,y641rIg€TI)C}I Ha I10A1 I1iAKa30K:
X
X
X
X
X
X
VX [T | STAT_I 1000.00uA t=72000.0s; dt=050s; REC: stop if E>1.60V;

X
¥ X J,I CHECK |<<< START || STOP
C — N nnd Al I — I

X Eeq=0.001%

Y.
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IIpukaag 6. PiBHOBa’kHa (cTartioHapHa) XpOHOIIOTEHIIiOMeTpis

B piBHOBakHiNl (CTalliOHapHil) XPOHOIIOTEHILIIOMETpil BUMIipIOIOTbH
3a/€>XKHICTh IIOTeHIiady pPoOOOYOro eaeKTpody B 4Yaci 3a BiACyTHOCTI
IOASIPU3ALIIHOIO  CTpyMy. B 1jboMy pi3HOBMAI XPOHOIIOTEHIIIOMETpil
IpuAag, Npaunioe€ B peXXumi 'moreHnioMerp’ (iHKOAM JOTO IIle Ha3UBaIOTh
"BOABTMETP"), KOAM HepeMmukad Sl € BigkaroueHuM. fIK i B mmonepeaHbOMY
IIpUKAaAl Take AOCAiAKeHHs peadidyloTb KoMaHAol0 STAT_I, aze 3
HyABOBUM CTPYMOM. OJBepHiTh yBary — Komanga STAT I i3 nHyaboBum
3HaUYeHHsAM CTPyMy IIepeBOAUTH IIpuAaad Yy PeXUM TOTeHLiomeTp"
(BlgKAIOWa€ KOMIpKYy). SIKIIIO K CTPyM BiAMIHHUII Big HYAS, TO B PeXUM
"raapBaHoOCTaT'.

3aBaaHHA. BumipsATu piBHOBa>kHYy XPOHOIIOTEHIiOrpaMy BIPOAOBXK 2
ro4 IIicAsd 3aHypeHHs poOOYOro eaeKTpoja B €AeKTPOAiT 3 Hepiogom
BUMIipIOBaHH: i BigKAalaHH: TOYOK Ha rpadik 0,5 c.

AATOPUTM.
Monsaporpady MTech POL-20
NoOTEHLIOMETLD E.B i
— & AFOpHTR pOEoTH
|EI|1 |2|3|4|5|E|?|E|9|1D|11 |'IE|13|14|15|‘IE|1?|‘IE|1EI|
[, £ prt 15 100 A0 2500 ¥ zeT.%
Tunrpagika: E-t |-t |-E EV | 010 -] 010
PiBHOEa#HA [CTAWIOHAPHA] ¥pOHONOTEHLIOMET piA
MelneakrT. | B a4 yoi KordaHam | [T koHTpOAE NEperpyskM
o X
[T 1 STAT_| 0.00w; t=7200.0s; dt=050:; REC; X
rz X
= v
[osicHeHHsI.

IIpnaag mepexoauTh B CTaH 'HOTEHIIiOMeTp" Ta BHPOAOBX 2 TOAVHU
koxkHMx 0,5 ¢ 3ailcHIOE BUMipIOBaHH:A. fIKIO TpMBaAiCTh BUMIPIOBaHH:A
HEBNM3Ha4yeHa, TO MOXKHa He aKTUBYBaTM YMOBY 3a TPHMBAJAiCTIO i Bpy4HY
3YNIVHNUTY BUKOHAHH: aATOpUTMY KHOIIKOIO STOP.

B saHOMYy npuKaagi ogep>kaHa 3a4€>KHICTb — 11e paKTUIHO rpadik 3MiHN
IoTeHIiaay posiMkHyTOro koaa (Eeq) B waci, BuMipsHUiI 3 (piKCOBaHUM
gacoBuM Kpokowm (0,5 c).

IIporpamue 3abesmedyennst "MTech POL-20" aae€ smory suMipiosaTu
BO/AbTaMIleporpaMm He 3 (PiKCOBaHOIO IIBUAKICTIO PO3TOPTKM, a B TaKMUM
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cr1oci0, o0 IoTeHIliaa PO3rOPTKU 3MiHIOBABCS B Yaci crieln(piuHNM 4IHOM,
3a T.3. "mpodisem E-t" (ams. mpukaag 8), sAxkumii sanmcaHuil y ¢aiiai
eeq-t_prof.dat Ta 3HaxoauThcs y manmi nporpamu. Hassa ¢ariaa 3ymoBaeHa
TUM, IO 4acTo UMM "TipodiseM” aas BuMipioBaHHs BA wacTo i € 3a1e>KHicTb
Eeqg-t. B HacTtynnHOMy mpukaaai nokaxemo, sk BuMipstu npodiap Eeq-t ta
migrorysatu  ¢ana eeq-t_prof.dat 448 MmogaabIIOro  BUKOPUCTaHH
komMmaH010 "'SPEC_VA".

IIpuxaaa 7. Bumiplosannst npogiast Eeq-t

Takmnit ekciepuMeHT Ma€ ABi 0COOAMBOCTI:

— Ay>Ke BaXXAVBUM € IIOYaTOK KpUBOI, TOMy BuMiprosaHHs Eeq-t gacro
PO3IIOYNHAIOTS I1je 40 3aHYpPeHHsI pOOOYOTo eAeKTPOAy B PO3UMH;

—3HaueHHs1 Eeq 3MiHIOETBCS B 4aci IO-pisHOMY, 34e0iABIIIOTO IIBUAIIIE
Ha IIOYaTKy 1 IOBiABHIIIE HAIPUKIHIN eKcrnepuMeHTy. ToMy AOIiabHO
peecTpyBaTy TOYKM He 3 (pikcOBaHMM 4aCOBUM KPOKOM, a 3aA€>KHO Bi4 3MiHU
IIOTeHIIiaAy. SIKINO IIOTeHIiad TpUBAAMI 4Yac He 3MIHIOETBbCS, TO BapTO
3YNVHUTU €KCIIePUMEHT.

3aBgaHHs. Bumipstu nipodias Eeq-t. Mipstu norenniaa koxHux 0,1 ¢,
ase ¢ikcyBaTm TOUKy auie, skimo Eeq smiHmBea MiHiMym Ha 2 MB.
Irnopysatu toukm, ae |Eeql>1,5 B. 3ynmuutu excnepument, skijo Eeq
3aAMIIA€TLC HE3MIHHIUM OcTaHHi 60 c.

AATOPUTM.
Monaporpadg MTech POL-20
NOTEHWIOMETH E.B [
— A ArOpHTH poSoTH
|EI|1 |2|3|4|5|E|?|E|E||1EI|1'I |12|13|14|15|1E|1?|1E=|1E||
I, % rr; 15 100 500 2500 [¥ aet.*
Tunrpapika: E-t |-t [-E  EMN | -200 -| 200
MNpodine Eeqget
MefneakT. | BrganiTi yoi KomMaHou | [T koHTpONE NEperpyski
o b
[T 1 EegtPROFILE 0.10s; 2.0mb; »1.500; BOs; b
[z b
| v
IlosicHeHHSI.
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Komanga "Eeq-t PROFILE" Bumipsie 3aaexxHicts Eeq-t Ta 30epesxe ¢aiia
eeq-t_prof.dat y manky nporpamu. Ilepmmnit napamerp (0.1s) Bkazye MipsTu
norenuiaa koxxHux 0,1 ¢, a apyruit (2.0mV) — 3a sAKoi ymM0BU 11010 piKCyBaTU
y ¢aiiai. SIKIIo 11oTouHe BUMipsIHe 3HaueHH:s IOTeHIlialy BiApi3HSAETbCS Bij
nonepeanporo <2 MB, To 1141 Touka He Oyae 3anmcana. Hacripasai € mje ogHa
yMoBa (¢ikcallil TO4oK — Ipoliliia npuHaiMHi 1 ¢ Big nomnepeaHpoi ¢ikcarrii
(o0 He Oyao 3HauHmux mays). Tpertinn mapamerp (>1.50V) aossoants He
(pikcyBaT ITOYATKOBI TOUKM (KOAU €4€KTPOJ, 11le He 3aHypeHUIT B PO3UMH, TO
IIOTeHITiaa € HeBUM3Ha4YeHMM 1 4acTo "BOMPAEThCA B KPalHIO MeXy — +2,5 un
-2,5 B). OcranHin napamertp (60s) 3aga€ yMOBY 3yINUHKM eKCIIEPUMEHTY (X04
JIOTO MO>KHa 3YIMHUTU 1 BpydyHy, KHOIIKOIO STOP) — sAKmo BIIpoAOBXK
octaHHix 60 ¢ moreHITiaa He 3MIHUBCS Ha >=2 MB.

Ilicas BuMipioBaHHA IIpodias i Iepes 1OTO 3aCTOCYBaHHSM y KOMaHAI
"SPEC_VA" sgo1iabHO BUKOHaTH 3raadkeHHs (smoothing) xpusoi Eeg-t. Lle
3py4HO poONUTH, HallpUKAag, y mporpami Origin ¢giasTpom FFT.

Ilpuxaaa 8. Bumiprosanns BA 3a npogiaem Eeq-t

AATOPUTM.
Monaporpady MTech POL-20
MOTEHUIOMETR . MA i
— ANrapHTR pOGaTH
|EI|1 |2|3|4|5|E|F|E|E||1EI|‘I1 |12|13|14|15|1E|‘I?|1E|‘IEI|
[, % rrd: 15 100 500 200 ¥ aer.
Tunrpapika: E-t -t |-E EM | 060 -] 010
B za npodiner Eeq-t
Mtfgeakt. | Bugammh ycikomadge | W koHTpoae neperpystu
o L BT
[T 1 SPEC_Va X
2 L BT
| w v
IlosicHeHH:I.

Komanga "SPEC_VA" He ma€ >xogHmx mnapamerpis. €4auHa BuUMoOra —
HasBHICTH (aiiay eeq-t_prof.dat y manmi nmporpamu. Lleit npodias MicTUTh
Kkpusy E-t, 3a siko10 OyJe 3MiHIOBaTUCh OTeHIliaA ITi4 Yyac BuMipioBaHHA BA.
daiia eeq-t_prof.dat HeoOOB'sI3KOBO cTBOpIOBaTM KOMaHA0I0 "Eeq-t
PROFILE", 1ioro B3araai MO>KHa 3MOJeA0BaTI MaTeMATUYHO B SIKiIICh 1HIIIIN
nporpami, Ko norpiden csin crenudiunuit npodias E-t. ['0a0BHe, 11100
KPOK 3a yacoM OyB He MenItte 0,1 c.
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IIpnkaag 9. 'aapbBanocTraTnaHe nykayBaHHs XA C

B npomy wMetoai gocaiaxysaHe XAC (manpmukaas axymyasTop)
II0YEPIrOBO 3apsAAXKaIOTH/PO3PAAXKAIOTh (PIKCOBAHUM CTPYMOM JAO II€BHUX
Hanpyr. [Ipu 11bomy gocaigHMKa IIiKaBUTh He AMINe 3MiHa HaIpyIy B 4aci,
aze 11 apend emnHocti XAC B mpoueci niukaysaHHsA. CaMe TOMY y IporpamMHe
3a0esleueHHsl IIpudasy 3aKAageHO (PYHKIIO BUMIpIOBaHHA KiABKOCTI
IIPOMYIIEHOI eACKTPUKM — IS BeAMYMHaA 3aIllICYyEThCS y IISATY KOAOHKY
Ta0AUILIi A@HUX, a TAKOXK Bi400pa’ka€ThCs B IIPOLleci BUMipIOBaHb.

3apaannda. Bumiparu 10 nmkais "sapsaag-pospsa”’ XAC 3 Takumn
IapaMeTpaMIu:

— 3apsia crpymoM 2000 MKA a0 gocsarnenHs Hanpyru Ha XAC 1,6 B;

— pospsia ctpymom 2000 MKA a0 KiHnesoi Hanpyru 0,7 B.

BumipioBanHua (i BigKaagaHHsA TO4OK Ha rpadik i ¢paita) mposogutu
koxHux 0,5 c. B mponeci BuMipioBaHb pO3paxyHOK €MHOCTI Ma€ OyTu
OKpeMUM A4s1 KOXKHOIO ertamy '"sapsa4’ i "pospsia”. TpusaaicTb KOXKHOIO
eTary 3apsa/pospsas oomexxutu 20 roa.

AATOPUTM.
Monaporpad MTech POL-20
NoTEHUIOMETE E. B [

— B AF 0T pOSoTH
[0]1]2[2[4[5[e[7[e[a[10][11[12[13][14][15[16[17[1E8]19]

[, + rrds; 15 100 A00 2500 [ aer.¥
Tunrpagica: E-t -t 1-E EV: | 060 -] 1.70

[ aneEaAHOCTATHYHE LMK NYEaHHA # 1T

Nefneakt. | Bugamumuycikomadgu | [T koHTpons neperpysku
[T 0 CYCLE_BEG-X 10 X
1 CLEAR_SCREEM VX
[T 2 CLEAR_TIMER ¥x
[T 3  STAT | 2000.00ws; t=72000.0s; dt=0.50s; REC: stopif W X
[T 4 CLEAR_SCREENM VX
[T 5 CLEAR_TIMER ¥x
[T 6 STAT | -2000.00uwh; t=F2000.0s; d=0.50z; REC: stop if W X
[T 7 CYCLE_END: ¥x
[ & VX
| i W W

[losicHeHHsI.

MMoao 3araapHux HaaamTysaHb. Ockiapkm crpymmu 2000 MKA, TO
pobounm gianasoHom crpymy BuOpaHo +2500 MKA. Tun rpadika "E-t" —
OIITMMAaABHUIN A4S Bi3yaAbHOTO KOHTPOAIO IIpolecy HuKAyBaHH:A. OCKiAbKIU
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Hampyra IIig 4ac LMKAyBaHHs Oyde 3MiHioBatuch B Mexax 0,7-1,6 B, To
macmTad oci "E" (gianason Hanpyr) suOpano 0,6-1,7 B (3 mesHnm 3amacom
11100 rpadik He "BIIMpaBcs’ y Kpas pUCyHKa).

[MMoao xomana. OCKiAbBKM AOCAIAKEeHHS IMKAIYHe, TO HepIIol0 i
ocraHHpoi0 KoMaHA0I0 € CYCLE BEG-X ta CYCLE_END-X, BiamosigaHo.
Aas BUKOHaHHA 3apsAAy/pospsidy B Tial nuxay € asi komaHaum STAT_I
('raapBaHOCTaT') — mepua Aas 3apAAy, Apyra Aas pospsaay. Ock ITOBHU
IIPOINC LIMX KOMaHA:

S TAT_| 2000.00us,; t=72000.0s; dt=050s; REC: stop if E>1.60%,
STAT_| -2000.00uaA; t=72000.0s; dt=060s; REC: stop if E<0.70%"

106 rpadivyHe moae He 3aXA1aMAIOBAaA0Ch KyIIOIO KPUBUX 3aps4/po3psia
nepes, kokHuMm erartom € komangda CLEAR_SCREEN - orxe B mponeci
pobotu omepaTtop OaunMTUMe ANIle KPUBY AAsl IIOTOYHOrO erTamy. Takosk
AogaHo 11e koMaHau CLEAR_TIMER aas oOHyaeHHSI A0KaABHOTO TarMepa,
3a sAKUM IiHTerpyerbcs Kpusa I-t i pospaxoBye€Tbcsi €mHicTb (Q (BOHa
3ammcy€eTbess 'y 5-y KoaoHKY dat-daiiay). SIKmmo He cTaBUTM KOMaHZ
CLEAR_TIMER, TO B 1ili KOAOHIi OyAe €MHICTb BCiX eTalliB LIMKAYBaHH:I
pas3oM, a B HallIOMY BUITaAKy IIOTOYHI 3HaUY€HH:SI €MHOCTI OyAyTh BiATIOBigaTn
ANIIIe IOTOYHOMY eTaIly 3apsiay 94U po3psidy.

IIpukaag 10. Huxaysanusa XA4C metogom CCCV

Metog CCCV (constant current, constant voltage) € agockoHazimmm
CIIOCOOOM UIMKAYyBaHH:S, ©O0 OKpiM OCHOBHOI a3y raAbBaHOCTATIUYHOTO
3apsAAKaHH: (po3psia KaHH:) repegdavae e IIOTEeHITIOCTaTUUHe
AosapsaaXaHHs (aopospsaakanHnst) XAC.

3asaannda. Bumiparu 10 nukais "zapsaa-pospsas” XAC meroaom CCCV 3
TaKMMU IIapaMeTpaMIL:

— 3aps4a crpymoM 2000 MKA a0 gocsarnenH:s Hanpyry Ha X/AC 2,2 B;

— BUTpUMYyBaHH:A Hanpyru 2,2 B mmoku crpym He Brniage 40 100 MKA abo
TpusBaaicts ¢pasu CV He gocsrse 20 xs;

— pospsia ctpymoMm 2000 MkA a0 Hanipyru 0,8 B;

— BuTpuMyBaHHA Hanpyru 0,8 B mmoku crpym He Brnage 40 100 MKA abo
TpusBaaicts ¢pasu CV He gocsrse 20 xs;

Bumiprosannsa nposoautu koxnux 0,5 c¢. B mpomeci BumiproBaHb
pO3paxyHOK €MHOCTI Ma€ OyTM OKpeMUM AA4s KOXKHOIO ertally 's3apsad’ i
"pospsa". Tpusaaicts koxxHoro etany CC 3apsia/pospsia He 0OMeKyBaTH.
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AATOPUTM.
NMonaporpadg MTech POL-20

MOTEHWOMETH E.B

— & NrOpMTR poGoTH
|EI|1 |2|3|4|5|E|?|E|9|1D|11|12|13|14|15|1E|1?|1B|19|

[, % mik: 15 100 500 2500 [T aer.Y
Tunrpagika: E-t |-t |-E EM | 070 -] 230

Uukmsanda =00 rmetogor COCY

Mefneakt. | Buganwu yci komarg | [V KoHTpos neperpyzku

[T 0 CYCLE_BEG: 10 X
[T 1 CLEAR_SCREEM ¥
[T 2 CLEAR_TIMER X
[T 3 STAT_| 2000.00us; t=7 dt=0.50s; REC; stopif E>2.20v; W X
[T 4 STAT_E 220v; t=1200.0s; d=0.50s; REC; stopif ¥
[T 5 CLEAR_SCREEM ¥
[T & CLEAR_TIMER X
[T 7 STAT_| -2000.00us; t=7 di=0.50s; REC; stop if ¥
[T 8 STAT_E 0.80v; t=1200.0s; d=0.50s; REC; stopif ¥
[T 9 CYCLE_EMD X
[ 10 X
11 ¥ X

IlosicHeHH:I.

[MToao xoMaH4. AATOpUTM HPaKTUYHO TaKUII caMmii, SIK y IIpuUKaasi 9.
Aogaancy aume xomanau STAT E, saxi 3abesrieuyioTh A03apsigKy Ta
A0po3paAaKy XAC A0 AOCATHEHHS IIeBHOTO 3aANIIKOBOro crpymy (100 MxA).
Ocpb NOBHIII IIPOINIC KOMaHJ, 110 He TIOMICTUANCD Y psigKaX BUIIE:

STAT_| 2000.00uk; t=7 dt=0.505; REC; stop if E>2.20%;
STAT_E 2.20%: t=1200.0s; ct=050s; REC: stop if 1<100.00u;

STAT_| -2000.00uk; t=7 dt=050s: REC: stop if E<0.80%:
STAT_E 0.80%: t=1200.0s; di=050s; REC: stop if 1<100.00u;
OkpiMm 3aammkosoro crpymy y komangai "STAT_E" me wmoxna 3a
1oTpedM 3a4aTu YMOBY 3a IPAaHUYHOIO KiAbKiCTIO € AeKTPUKI.

IIpuxaaa 11. N'aabBaHOCTaTHMYHE "TUTPYBAaHHS"

Peaapni axkymyasTropu Imij dYac eKkcrnayaTamil pidko MigAaroThCs
HellepepBHOMY pO3pPsAAKaHHIO (pikcoBaHUM CTpyMoM. Yacririe BiaOyBalOThcs
3HayHi (3a CTPYMOM) NepioOAMYHI PO3PsAAU, IO YepIyIOThCSI ITaCUBHUMU
craHaMI1 ©e3 HaBaHTakKeHHs. Takmii cCrHocid poO3psAAHOTO  ">KUTTS"
aKyMyAsTopa MOXHa Yy IIepIIoMy HaOAM>KeHHI MoJAeAloBaTy  T.3.
ra/AbBaHOCTAaTUYHMM 'TUTPYBaHHAM .
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3aBaannda. dapaautu XAC ao 1,6 B crpymom 2500 MKA, a moTim
pO3psIAUTH 3a TAKOIO METOAVKOIO:

— po3psia ctpymom 1000 MKA Bripoaosx 1 xs;

— SKIIO micas 1poro Hanpyra <0,7 B, To synuHuti aaroputm

— BigkaounTn pospsigumii  crpyM  Big XAC (mepeitm B peXXuM
"morenniiomerp”’) Ha 5 xB (mwod XAC "sacmokoizoch' i BiAHOBMAO CBOIO
PiBHOBa>KHY HaIlpyry);

— 3HOBY pO3psid i T.4. (IIOBepHEHHs Ha II0YaTOK)

Bumipiosannsa (i BigKaagaHHsA TO4OK Ha Trpadik i ¢paiia) BIPOAOBXK
pospsay nposoautu KoxxHux 0,5 ¢, a B mporeci "3aClIOKOIOBaHHS — KOXKHIX
10 c. OkpeMoO BUMIipATH €MHICTh 445 IOYATKOBOTO eTally 3apsAy i OKpeMo —
AAs HaCTYIIHOIO eTaIly 'TUTPyBaAbHOIO" pO3psAY.

AATOPUTM.
Monaporpadr MTech POL-20

NoTEHLUIOMETE E.B

— AAropHTH poGoTH
|EI|1 |2|3|4|5|E|?|E|9|1D|11|12|13|14|15|1E|1?|18|1EI|

[, + rardy 15 100 500 2500 ¥ aer.*
Tun rpagika: E -t [ -t I-E  E.W | 0.50 'l 1.70

lanteaHocTarune "THTpyEaHHA"

MlneakrT. | B g anuqTi yzi KokaHa | [T koHTROME NEpErpYSKM

[T 0 STAT | 2500.00us; t=7 di=050s; MO_REC; stopif X
1 CLEAR_SCREEM X
[T 2 CLE&R_TIMER X
3 X
[T 4 STAT | -1000.00uws; t=60.0s; dt=0.50s; RELC; X
[T 5 IF_E <0.70v: GOTO 20 X
[T 6 STAT | 0.00uws; t=300.0s; di=10.00s; REC; X
7 GOTO 4 X
[ X
M a v

Ilosacuenns. B psaaky NeO — komanaa 445 nepBuHHOTIO 3apsaaxanas XAC
240 1,6 B (K110 BOHO BXe € 3apsAAXKeHUM, TO 11i€l KoMaHAU He TpeOa). Jdaai
4UCTUMO eKpaH (i TaliMep A4S IHTerpyBaHH:SA (Q HaCTYIIHOTO TUTPYBaAbHOIO
pospsay). Pagok No4 — pospsia crpymom 1000 MKA crporo Bpogosx 60 c
(1 xB). B psaaxy Nob5 mepeBips€MO 3araabHy YMOBY HPUIIMHEHHs pOOOTU — 4I
Brtasa Hanpyra Ha XAC Hikue 0,7 B? fIkmio tak, mo OyJe epexig Ha psi40K
No20 (TOOTO aAropuT™M 3aBepLIMTLC). SIKIIO Hi, TO IIPOAOBXKUTLCS
BIUKOHaAHHsI aATOPUTMY, TOOTO Oyae mepexi Ha HacTynHum psagok (Ne6). B
pAAKy No6 mepeBoguMo mpmaag B 'TIOTeHIIioMeTp" (KOAO posipBaHe i MU

44



Mips€MO AMnIlle HAIIPYTy) Ha 4ac 5 xB. B psaaky N°7 — nmpumycosuit nepexia Ha
psAAOK Ned, ToOTO 240 HaCTYITHOI 5-XBUAMHHOIL ITOPIIii pO3pAAY i T.A.

IIpuxaaa 12 BA XAC 3a pi3HMX IIBUAKOCTEN PO3TOPTKN

3aBaaHHsA. BumipAatu BoabTammeporpamu  pospsaaxkeHoro XAC 3
posroprtkoio mnoreHniaay B Mexax 0,7—1,5—0,7 B 3a pisnux msuakocren
posroptku norentiaay: 0,05; 0,1 ra 0,2 mB/c.

AATOPUTM.

NOTEHLIOMETE | MA i

— A AropuTH poSoTi

[o]1[2]a4]s[6[7[aa[i0[11[12[13[14[15[16][17 [18]19]
I, £ rawd 15 100 500 2500 [~ aer.'
Tunrpapikas E-t |-t |-E EW | 060 -| 160

B T za pisHol WEKMAKOCTI posropTEK

Ntfneakr. | Buganmiycikomadad | ¥ koHTposs neperpyseu

[T 0 SCaM_wva 070V: 1.50v: 0.05mY/ s X
(i SCAMN_ WA 1600V 070 0.05mY /e X
[z X
[T 3 SCam va 070v: 1.500: 0.10mY /s X
[T 4 SCamM wa 1.80v: 070: 0.10mY s X
[T & X
[T B SCaM wa 070V 1.50W; 0.20m /s X
[T 7 SCam v 180V 070V 0.20mY /s X
[ & X
| T

Iloscuenns. JAas xoxHoOi ogHOKpaTHOI LIBA 3aaifnO BiamlOBigHY Iapy
komana SCAN_VA. JAaa xpamjoro Bi3yaabHOIO CIPUMHATTSA aATOPUTMY Iii
Ilapu KOMaH/, po3JileHi IIOpOXHIMHI psAdKaMH (TaM € "TIOPO>KH:' KOMaHJa
EMPTY). Taki HeBMCOKi IIBMAKOCTI PO3rOPTKM HEPiAKO BUKOPUCTOBYIOTbH
caMe A4s BUMIPIOBaHH: BOAbTaMIIepOrpaM XiMIYHUX AJKepea CTPyMy.
[ToaiOHi ekcrlepMMeHTV MOXKYTb MaTU 3HauyHy TPHUBaJAicTh. JOKpeMa,
BUIIle3a3HauyeHNII aATOpUTM IpalioBaTuMe Oiablie 15 rog — came CTiAbKUI
gacy HeoOXiAHO A5 BUMipIOBaHH: LIMX TPhoX BA.

JIx Gaummo, 3py4dHicTh Ipuaasy pasom 3 II3 moasdrae y mMoKamBocTi
aBTOMAaTM3yBaTu 3Ha4yHi (3a TpuBa4icTiO) excrepuMmenTu. Hampuxkinii
pobOYOro AHA MOXKHA 3allyCTUTU aATOPUTM, a HACTYIIHOTO paHKy OAep KaTu
IOTPiOHMIT MacUB AaHMUX.
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IIpuxaaa 13. BA XAC micas oyKayBaHHS

Boabsramneporpama XAC aae 1iHHy iHpopMallilo OpoO HIpUPOAY
eAeKTPOXiMIUYHMX ITpOLIeciB i yac 3apsiaxaHHA Ta pospsaaKanua XAC. o6
IIPOLAIOCTPYBAaTU MOXKAMBOCTI IIpuAaAy B IAaHi aBTOMaTU3allil 3HaYHMUX (3a
TPUBaAiCTIO) AOCAiA>KeHb NpUBeAeMO IIPUKAaJ €KCIepUMEHTY, IO MiCTUTb
3HAYHY KiABKICTb eTamis 3apsAxkaHHs/pospsigxanast XAC (IMKayBaHHS) Ta
repiognyHe BUMIPIOBaHH JIOTO BOAbTaMIIePOrPaMI.

AOCAIAHUK BUPIIIMB IHepeBIpUTH SK 3MIHIOETHCA BOAbTaMIleporpama
XAC micast 11oro 6araToKpaTHOTO IIUKAYBaHHS.

3aBaanHsA. BumipaTtu 5 soasramneporpam XAC 3 po3sropTKoiO NOTeHIli-
aay B mexxax 0,7—1,5—0,7 B npu msuakocti posroptku notenriaay 0,1 mB/c.
Ilepea BuMipioBaHHAM KOXKHOI BA caig Buxonaty 10 1miukais 3apsia/pospsia
crpymoM 500 MKA.

AATOPUTM.
NMonaporpadg MTech POL-20

MOTEHWOMETE | MA i

— ANFOpMTE pOAOTH
|IZI|1 |2|3|4|5|E|?|B|5|1D|11|12|13|14|15|1E|1?|18|1E||

|, & rardy; 15 100 200 2800 [¥ aeT.%
Tunrpagika: E-t |-t |-E E,"v"il 0.e0 ‘l 1.60

B =C B npoueci uMEMBaHHA

Mefneakt. | Buganuru yci komadau | W koHTpoae neperpyskud

[T 0 CYCLE_BEGH & L
[T 1 CYCLE_BEG:Y 10 L
[T 2 STAT_| 500.00uws; t=7 dt=0.50s; MO_REC; stap if ¥
[T 3 STAT_| -B00.00uws; t=7 di=0.50s; NO_REC: stopif ¥
[T 4 CYCLE_EMD-Y L
s ¥X
[T B SCAN_WA D7DV 1.50W; 0.10mv/s ¥X
[T 7 SCAN_WA 150V 070V 0.10mv/s ¥X
[T 8 CYCLE END¥ ¥X
I 3 ¥X

Ilosacuennsa. Tyt 3agissHO moaBiHUNI BKAagenun nuka. [nka (X) saaae 5
eTalliB IIPOXOAJKEeHHs IIMKAyBaHHsA 1 BuMipioBaHHa BA. Jas camoro
LIMKAYBaHH: 3a4iaHO BHyTpimHiN 1mka (Y). OTxe, mepes BUMipIOBaHHAM
KO>XKHOI BA Oyae Bukonano 10 eraris 3apsia/pospsig crpymoM 500 MKA.
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Ilpuxkaaa 14. AcuMeTpUIHNI €1eKTPOAi3

ITpucrpint MTech POL-20 ay>ke 3pyuHuit 445 pisHOMaHITHIX BapiaHTiB
IpernapaTMBHOTO eAeKTpoaidy. [IokakeMoO sIK mpOCTO MOXKHa peaaidyBaTu
T.3. aCUMETPUYHUI €A€KTPOAI3.

3aBaaHHsA. /A TaAbBaHIYHOIO IIOKPUTTA HOTPIOHO  BMKOHATU
€/4€KTPOAi3 3a TaKOI0 MeTOAMKOIO: BIAHOB/AEHH: 10HIB MeTaAy crpymom 2500
MKA BIPOAOBX 8 ¢, aHOZHe po3unHeHHs ctpymoM 1000 MKA BipogoBx 2 c.
3araabHa TpuBaAicTh nporecy 1 roa. Pobounit eaexTpog — MiKpogeTaas, SIKY
CAlA TIOKPUTH IIapOM MeTaay.

AATOPUTM.
Monaporpad MTech POL-20
NOTEHLIOMETH E.B i
— & ArOpHTH poGoTLH
|EI|1 |2|3|4|5|E|?|8|9|1D|11 |12|13|14|15|1E|1?|‘IE|1EI|
I,  rard; 15 100 A00 2500 ¥ aeT. Y
Tunrpagica: E-t -t 1-E  EV: | 010 -] 010
ACHMETPHYHHE SMIHHOCT PYr0BMEA ENeKTRo NS
M2ineakT. | BuganqTi yoi KordaHau | [T koHTpOE NeperpyskM
o X
[T 1 CYCLE_BEG> 380 X
[T 2 STAT_| -2500.00us; t=8.0s; di=0.10s; NO_REC; X
[T 3 STAT_| 1000.00ué; t=20s; d=0.10s; NO_REC; X
[T 4 CYCLE_END- X
5 X
e W
ITosicHeHHsI.

Eranm BigHOBAEHHSI Ta HACTYIIHOIO aHOAHOIO PO3YMHEHHS IOKPUTTS
peaaizoBano asoma KoMaHgammu STAT_I. Ockiabkm TpmBaAiCTb OAHOTO
takoro erany € 10 c (8+2), To nuka Oyde BuxoHaHo 360 pasiB 1100
3a0e3reunTy 3araabHy TPUBaAicTh eaekTpoaisdy 1 roa (360x10=3600 c).
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IIpuxaaa 15. "CrpiniHrosa" xpoHoaMIepoMeTpist

"Crpininrosa” XpOHOaMIIEPOMEeTpis nepeadavae BVIMIpIOBaHH:I
3a/€>XKHOCTI CTPyMy Bi4 4acy B IIOTEHI[IOCTaTUYHOMY peXMMi poOoTn
npuaaay Iicas CTpUOKOHNOAIOHOI 3MiHM HOTeHIliaady poOOYOro eAeKkTpoja.
IIepeBa>kHO nepes, "cTpMOKOM" cCTeMy ITOTEeHIIIOCTaTyIOTh 3a PiBHOBa>KHOTO
(cTalrioHapHOIO) MOTEeHITiaAay.

3aBpaanHdA.  Bumipatm  moTeHmiocraTMyHy — XpOHOaMIEpOMETPilo
BIIPOAOBK 5 XB ITicAsl cTpuOKa MOTeHIlialy pobodoro eaekTpoga Ha 0,5 By
KaTo4Hy 001acTb 3 IKOMOIa MEeHIINM I1epio40M BUMIipIOBaHH: i BigKAaAaHH:
Touok (0,05 ¢).

AATOPUTM.
NMonaporpadg MTech POL-20
MOTEHWOMETE | MA i
— ANFOpMTE pOAOTH
|IZI|1 |2|3|4|5|E|?|B|9|1D|11 |12|13|14|15|1E|1?|1E|1S|
|, * rardy; 15 100 a00 2500 ¥ aer.¥
Tunrpagika: E -t [ -t |-E E.W | oo |- | 1.00
"CrpiniHroea" spoHOarNepoMETpIA
MednearT. | BHaanKTH Uz KokdaHau | [¥ KoHTROME NEpErpYSKA
o X
[T 1 STAT_E Eeq; t=5.0s; di=0.50s; NO_REC; X
[T 2 STAT_E [Eeqg-0.50v); t=300.0s; dt=0.05s; REC; X
3 X
= . T W
IlosicHeHHSI.

Ilepma komanHga STAT_E mnorenuniocrarye poOounmii  eaeKTpod
BIIPOAOBX 5 ¢ mnpm mnoreHniaai Eeq. Jdpyra xomanaa STAT_E
CcTpuOKonoAiOHO noasipusye eaexrpos Ha -0,5 B y katoaHy obaacts i mBuaKo
(xoxxnux 0,05 ¢) peecrpye xponoamriieporpamy Brrpogosx 300 c.
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IIpuxaaa 16. InBepcivina BoabTaMIIepoOMeTpist

InBepciiHa BOAbTaMIIEPOMETPIisl — BMCOKOYYTAMBUI METO/ BU3HAYEHHS,
SIKUI TIepegbadae 1oYaTKOBY (pa3dy HaKOIMYEHHS MPOAYKTY BiAHOBAEHHsI Ha
poOoYOoMy eaeKTpoai (34e0iabI10TO AMCKOBUII UM piKCcOBaHa PTyTHa Kparias).
BumiprosaHHs BOAbTaMIlepOrpaMM aHOAHOTO PO3YMHEHHs 3 HeAIHIHOIO
PO3TOPTKOIO  (HaIpuKAas KBaApPaTHO-XBMABOBOIO uM  AudepeHLiTHOIO
IMITyAbCHOIO) 403BOA€E IIIe A0AATKOBO ITIABUIIVTY YyTAVBICTb BU3HAYeHHS.

3aBaanHda. HakonmyeHHsA HPOAYKTiB BiAHOBAEHHS Ha AVICKOBOMY
00epTOBOMY €AeKTpO4i BMKOHATU BIPOAOBX 5 XB mpu mnoTeHuiaai -1 B.
BoaprammeporpamMy aHOAHOTO pPO3YMHEHHS HAKONMYEHUX HPOAYKTiB
BIKOHATHU 3 AV(PEePeHIIilIHOIO iMITyAbCHOIO PO3TrOPTKOIO 40 noTeHriiaay 0 B.

AATOPUTM.
Monaporpadg MTech POL-20

MOTEHLIOMETE . mA i

— A NFOpMTR pOSoTH
|IZI|1 |2|3|4|5|E|?|B|9|1D|11|12|13|14|15|1E|1?|18|1EI|

| % ks 15 100 &O0 2500 V¥ aer.
Tunrpagikas E-t |-t |-E  EW [ 110 -] 010

|HEEPCIEHA BONET arneporMeTpia. HakoryenHa 5 e npi -1 B, AHogHe
POEHAHEHHA 5 AWPEREHLIHON MY CHOR DOErORT ok

MedneakT. | Bt anqTi yoi komaHH | [V EoHTpONE Neperpysku

o L B
[T 1 SwITCH OM L B
[T 2 STAT_E -1.00v: t=300.0s; dt=0.50s; MO_REC: X
[T 3 sSwITCH OFF L B
[T 4 DEL&Y 10.0: L B
5 L B
[T 6 PRAMGE +500 ub L B
[T 7 SCAN_DPY -1.00v; 0.00: Smy S0md S0ms 150ms W X
s L B
s w v

Ilosacuennsa. CrioyaTKy BMMKa€EMO OOepTaHHs AVICKOBOTO eAeKTpoda
(psraok Nel). Adaai noasapusyemo eaekrpog npu -1 B smpoaosxk 300 ¢ (5 xs).
ITotiM BUMuKaeMo obepTaHH: i 4a€Mo 10 c Ha 3aCIIOKOEHH:I po3uMHYy. Ko
IIpY aHOAHOMY PO3YMHHI OYiKyIOThCS MEHIIL CTPYMM, TO AOLIABHO IepenTu
Ha HIDKYMI AlanasoH  CTpyMiB  (psgok  No6) 1mepes BUMIipIOBaHH:
BOAbTaMIIepOorpaMu. SIKIIIO BUKOPMCTOBYIOTH CTalliOHAPHUII €AeKTpOs (He
oOeproBuit), To psiaku Nel, 3, 4 caig AeakTuByBaTU abO 3aMiCThb CUCTEMU
oOepTaHHsI eAeKTpoda IiAKAIOUUTU MarHiTHy MilllaaKy — IepeMillyBaHH:
pO34MHY Ha eTali HaKONMYeHHS A03BOASAE CyTTEBO CKOPOTUTU TPUBAAICTb
i€l gasu.
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Ilpuxaaa 17. InBepcivina XpOHOIIOTeHIIiOMeTPis

Ilert MeTos mNOAIOHMITI 4O HOIlepeldHBOrO, OO TakOX IlepelDada€
IIo4aTKOBY (pady HaKOIMYEeHHs IIPOAYKTY BigHOBAEHHA Ha pPoOOYOMY
eAeKTpodi. Aae B SKOCTi "aHaAiTMYHOI' 3aA€XHOCTI BUKOPUCTOBYIOTH He
BOAbTaMIIepOIpaMy, a XpPOHOIIOTEHI[iorpaMy MpU TIaAbBaHOCTaTUYHOMY
aHOAHOMY PO34lMHeHHi (IIpu pikcOBaHOMY CTPyMi).

3aBaannsa. Hakxonmuennss IpoAyKTiB BigHOBAEHHS Ha CTalliOHapHIN
("Bmcs4iin") pTyTHIN Kpanai BUKOHaTH BIPOAOBX 5 XB Ipy IToTeHIliaai -1 B.
XpoOHOIIOTeHIIiorpaMy aHOAHOTO PO3YMHEHHs HaKOIIMYEeHMX HPOAYKTiB
BIUKOHATM y raabBaHOCTaTMYHOMY BapiaHTi pu cTpyMi 50 MKA A0 KiHIIeBOTrO
norenniaay +0,2 B 3 rpaHn4HOIO TpMBaAicTIO 3 XB.

AATOPUTM.
Monaporpad MTech POL-20

MOTEHWIOMETR | MA i

— A NFOpHTR pOBOTIA
|EI|1 |2|3|4|5|E|?|8|9|1D|11|12|13|14|15|1E|1?|1B|1E|

I, £ nka: 15 100 500 2500 W aer. Y
Tunrpagika: E-t |-t |-E EM | 200 -] 200

|HEEPCIlHA MPOHONOTEHWIOMETRIA 3 HAKOMMYEHHAR 5 =8 npK -1 B

MelneakT. | Buganimi yoi kordaHgH | [¥ roHTpOAE NeperpyskL

(Y X
[T 1 STAT_E -1.00%; t=300.0s; d=0.50s; NO_REC; X
Iz X
[T 3 RANGE +100ua X
[T 4  STAT_| 50.00ud; t=180.0s; dt=0.10s; REC; stopif i
5 X
e v

IToscHenHsa. AATOpUTM NHOAIOHUI A0 IOIIEePejHbOIO, ale OCTaHHLOIO €
KOMaH/a 'TaAbBaHOCTAT' 3 BiglIOBigHMMM apaMeTpamu. I1oBHIII psAOK Lii€l
KOMaHA:

S TAT_| 50.00ua; t=180.0s; di=0.10s; REC: stopif Ex0.20%;

Mu  npusearu  o0mexenuii  neperik  AAOPUMMIE  DOCAIDKEHL/AHAAISY.
Moxausicmo camocmititio "npozpamyeamu”  Ar0pummu  6UMIpto6aHb 00360A5€
pearisyeamu  0esMexHy  KIAbKICMb — KOMOIHAWIL  PISHUX — eAeKMPOXIMIYHUX
NPULOMi6 1 ni0xX00i6 6 00HOMY eKCrnepuMeHmi.

Ha nepwiux nopax camocmitiia po3poOKa aAA20pUmmi6 00CAIOKEHHS MOXe
BUAGUMUCL CKAAOHUM 3A60aHHAM O0AS HO6AUKA, AJXKe OASl 1020 CAL) JOCKOHAAD
SUSHUMU 6CT KOMAHOU MA NPUHUUNU IX 6UKOHAHHA npucmpoem. O0HAK 3 4acom
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KOpUCmye6a4 nepekoHaemvcs Y 3pYyuHocmi ma ePexmueHocmi maxoi opzamisauil
pobomu. MoxAugicmv camocmitiiHo npozpamyseamu. pooomy npucmporo 00360Asle
ZHYUKO Peaisy6amu 6Ci 1020 MOXKAUGOCHL MaA MAKCUMAADHO AGMOMAMUSYEANU
excnepumenm. 30Kpema, HANPUKAA), Al KOMnAekcHozo JocAidxenms miniXJC
(HanpuxkAad — eKcnepumeHmarbHoz0 — aKymyasmopa Yy — Popm-axmopi  Miti-
maoAemKu 3 HOGUMU eAeKMPOOHUMU MAMEPIANAMU YU/ A eAeKIMPOAITNOM) MOKHA
CKAACMU  ANOPUTIM, U0 MICTIUMUME 3HAYHY KIALKICMb UUKAIE 3apa0-po3pso,
nepioduyte 6UMIPIOGAHHS 60ADMAMNEPOZPAMU 1 M.0., 6UKOHAHHI K020 Mpusae OHi
yy Hasimb muxui. Tobmo, neped 6uxodom Yy 610NYycmMKYy MOXHA 3ANYCMUMU
npouec, a NicAsl noéepHeHHA 13 3ACAYKEH020 6I0NOUUNHKY =) 00epKamu SHAUHU
MAcué excnepumeHmarvHux danux. €oure, npo wo cAid noddbamu raneped, — ue
HAOTUHE KUBAEHHS NOAAPOZpaAPa 1 KoMn tomepa, AKUU HUM Kepye, HANpuKAad 3a
donomozoro 0xcepera besnepediitozo xuérers (UPS).

Aaa  aonomMorum 'y 'mporpaMyBaHHI' aATOPUTMIB AOAaHO KHOIIKY
"CHECK" - kaika€Te Ha Hel i I13 mepeBipnTh Ui aATOPUTM € KOPEKTHUM:

Monaporpadg MTech POL-20

NoTEHWOMETH . mA

BT ORMTr OG0T
|D|1 |2|3|4|5|E|?|8|9|1D|11|12|13|14|15|1E|1?|18|19|

I, £ prA: 15 100 500 2500 [T aer

Tunrpapika: E -t |-t I-E  E.W -0.30 ‘I 1.80

Uukniuna BA - 1

MNefneatr. | BuaanuTid yci KoriaHau | V¥ KoHTpOME NEperpyski

X
CYCLE_BEGH 20 ¥ X
SCAN_VA 0200 1.50; 10.00m /s ¥ X
SCAN_WA 1.50v; -0.20v; 10.00mv/s ¥ X
CYCLE_END X
X
X
X
X
X
X
¥ X
X
X
X
X
¥ X
X
X
¥ X
2 hite

vx ¥
2 X CHECK |<<« START

|
= ¥ X l Eeq=0.000%
o x ¥ E=0000V 1=0.0uA .

0nmMec ekcnepHteHTy

e = T B = 22 T - FC N Ny

M e S e e R R R M M

9
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Jxmo € nommaky, to II3 Buaacte aetaabHe ITOBIAOMAEHHSI PO CyTb
IIOMIAKN. Y BUINe3a3Ha4YeHUII aATOPUTM CIIelliaabHO BHECEeMO HOMUIAKY —
3abepemMo ocrtaHHIO KoMaHAy. Kaik Ha kHonky "CHECK" Bugacts HacTymiHe

IIOBIAOM/AE€HHSI:
Monaporpad MTech POL-20
NoTEHLIOMETR . mA

— ANrop9TH poBoTi
[o]1]z]3]a]s]s]7]8]g o] [1z[13]14]15]16]17]18]11]

|, & rid; 15 100 500 2500 [ aer.*

Tunrpapika E-t |-t |-E  E.% [ 030 -] 160

Lk nivHa B - 1

M2ineakT. | BraanyTi yci kordaHau | [v rkoHTponk Neperpuski

o ¥

[T 1 CYCLE_BEG 20 ¥ X

[T 2 SCAN_WA -0.20v: 1.50%: 10.00mv/s X

[T 3 GCAN_ WA 150V 020 10 00my s X

4 X

I- 5 — =

& x|
7

s o .

s HekopexTHa opraHizauia unkny X - mae bytn oguH CYCLE_BEG_X i oguH
10 CYCLE_END_X

N

12

25 ook |

OK

[~ 14

[T 15 .

[ 16 X H

1z L b4

baunmo, m1o 3abyam 1mocTaBUTM  BKIiHII  BigIIOBiAHY KOMaHAY
CYCLE_END-X. dogaemo 1110 komanay i 3HoBy kaikaemo "CHECK" — Giab1ie
IIOMUAOK HeMa€ i akTuByeTbesa KHonka "START", TobTo Mo>kHa 3arryckaTu
aAropuTM. SIKIIIO Bee >K IOTPiOHO MOBEPHYTUCH 40 pedaryBaHHS aATOPUTMY,
TO CAi4, MUIIKOIO KAIKHYT! Ha 3HA4OK "'<<<':

052020 1517.d% || CHECK 5 START || stop

Feq= 0000w

000V  1=0.0uA Q=0000ush  E-t |-

B mponeci Buxonannsa aaroputmy II3 mnokadye mnorouni 3HaueHH:
IIOTeHIIiaAy, CTPyMY, KiABKOCTI €AeKTPMK! 1 AI4MABHUKIB LVKAIB (SIKIIO
aATopuUTM MicTuTh ImKAu). Homep psiaka, sAKmMiI BUMKOHYETHCSA B AaHU
MOMEHT, "HiACBI9Y€TbCs" YEPBOHVIM.

Kaikom Ha CMHIO CTPiAKy MOXKHa HPVMMYCOBO 3aBEePIINTU BUKOHAHHS
IIOTOYHOTO PsAJAKa aATOPUTMY i IepenTu 40 HacTynHOro, a kHomnkow STOP
AOYacCHO 3yIIMHUTHY BeCh €KCIIepYMEHT:
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0o 48_22-06-2020_13-34. dat CHECE |{{{ START COE
b

Eeq=0.000%

E=-003V I=-96uA Q=0042us*h  E-t |-t |-E F

Ilicass saBepireHHaA aaroputMmy II3 BuKOHye TakoX (PiAbTpyBaHH:A
BUMIpSIHIX pe3yAbTaTiB (3rdad’XKeHHs, BUJAaJeHHs IIyMiB 1 BUITaAKOBUX
paykryanin) pmudposum Piastpom Casuubkoro-l'osess i 3ammcye Ha
SKOPCTKUM AVICK AOAATKOBUM dat—cl)aﬁm 3 TAaKOIO >X Ha3BOIO, SIK B OCHOBHOTIO,
ase 3 npucraskolo "filtered". Takoxx micas 3aBepIlleHHs aATOPUTMY MOXKHa
ckormitoBaTu peadyabTaTti KHonkaMm "COPY xy" um "COPY all". fkiio nepea
KomiloBaHHsAM omnnisg "®iapTpoBaHi" aKTMBOBaHa, TO KOMiIOBaTUMYTbCS
BiAQiAbTpOBaHi AaHi, SIKIIIO K He aKTMBOBaHa — HeoOpoOAeHi (cupi) AaHi.

Knonikoro "DEL" ounmaiors rpadiuHe 1ose ta onepaTMBHY Iam’ATh i
IIepexoAsATh A0 MiATOTOBKM HOBOTO BYMIipPIOBaHH:I.
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5.7. Po6ota 3 mporpamoio "MTech PeakCalc"

L1 mporpama He moTpeOye€ mpolecy iHcTaaioBaHHA. Jas pobortu
AocratHbo 3amyctutu ¢paiia MTech-PeakCalc.exe. ITporpama mnpusHaueHa
AAsl  MaTeMaTMYHOIO OIIpalllOBaHHA BOAbTaMIIepOrpaM, BUMIpSHUX 3
AU(pEepeHiIHOI0  IMITyABCHOIO 4 KBa4paTHO-XBUABOBOIO PO3TOPTKOIO
IOTeHITiaay. Y IIMX MeTO4aX B sKOCTI aHaAITMYHOIO CUTHAaAy MO>KHa
BUKOPMCTOBYBaT! BUCOTY ITliKa Ha BOAbTaMIleporpami um 1oro naomy. Jas
PO3paxyHKy LVIX BeAMYVH i IpU3HadyeHa IIporpama.

[opadox pooomu:

1. Ckomitoiite 'y Oydep 00MiHy KoMI'IOTepa BOAbTaMIepOIrpamy
(TabAmnIA 3 ABOX KOAOHOK — IOTeHIiaa i crpyM). Lle mosmuHi Oyty came
BigdiapTpoBani gani! KomiloBatm Mo>kHa Oe3iocepegHbO 3 OCHOBHOI
IIPOrpaMm IT1iCAsl BUMIPIOBaHH:I

E.B 1.60

| _s10P | coPyxy | copval | DEL
=1

h E-t |-t |- ¥ FineTposaHi MTE

abo 3 iHIIOI IporpaMy, Ae 30epira€Tbcsl TaOAMISL 3 BUMIPSAHUMU AaHUMU
(Hanmpukaag 3 Origin un Excell).
2. 3amycrits nporpamy "MTech PeakCalc" i kaikHiTh Ha KHOTIKY PASTE:

MTech PeakCalc =10
10000

J/

0.0

1] Maparierpu BMGpaHOrD Miky 100

B ] & 5] [ >« | MTech

| COPY dat

Measuring Technologies

Ha rpadiuynomy 1moai mosmuHHa Bigo0pa3nTuCh BOAbTaMIIeporpama:
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i

1959

-8.906

-8.382E-( MNapareTpu BMGpaHoro niky 3.888E-02

B > = Bl [5] > < | MTach

| COPY dat

Measuring Technologies

3. KaikHITh MUIIIKOIO Ha IIiK, SKUI Bac I[IKaBUTh, 1 IporpaMa po3paxye

JI0r0 mapaMeTpu:
ST

195.9

-0.433

PASTE |

-8.906
-0.838 MapareTpi BUBpaHoro miky 0.039

(<[ 0507 [>] [<] 0438 [>] [<[ 0363 [>] CoPrud | MTeCh

| Emax =-0.433 S=5.440 | =98.52 COPFY dat

Measuring Technologies

X =-0020 ¥ =-7.879 KnikHiTE WOS po3paxyEaTH NBPEMETRM Niky

JIK BUAHO 3 pUCyHKa BUIIE, IIOAOKEHHsI MaKCMYMY BiAIIOBiZa€ IIOTeH-
miaay -0,433 B; nmaoma miky cranosuts 5,44 MKA-B; Brcora miky 98,52 MKA.
PospaxyHOK ITapaMeTpiB IIiKy Bi4OyBa€Tbcs 3a TphbOMa pellepHUMM TOYKaMU
(mo3HaveHi cCMHIMM KBagpaTaMm), SIKi IIporpamMa aBTOMaTU4HO 3HaXOAUTH Ha
KpUBiil. 3a IOoTpeOM 1Ii TOYKM MO>KHa BPY4YHY 3MilllaTy BAiBO UM BIIpaBO 3a
AOIIOMOTOIO KAiKiB Ha BiamnoBigHi 3Hauku <" yn ">". Knonkamu "COPY txt" ta
"COPY dat" mo>xHa cKoIiloBaT! 3HaliAeHi HapaMeTpu ITKY.
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6. YMOBU epeKTMBHOI Ta Oe3rnedHoi poooTu

—as 3MeHIIeHHs IIyMiB, IO HepeAaloThcsa 4depe3 ainil USB mopry,
AOLIIABHO 3a3€eMANTH KOPITyC KOMII I0Tepa.

— 3’eaHyiiTe npuUcTpiit 3 Komipkoio 1 XAC takum umHOM, 1100 Kabeai
He yTBOpIOBaAM 'HIMPOKOI MeTAai", sAKa MO>XKe NOpU3BecT A0 CYTTEBUX
€AeKTPOMarHiTHNX HaBOAOK.

— Ilia wac BuMiproBaHb He 3aIlycKaliTe Ha KOMII' IOTepi iHIIMX mporpam i
B3araJi He BigBOAiKalTe 110T0 3aliBUMU 3ajadyaMIi.

—He posramosyiite npucrpiii 1o0AM3y HOTY>KHUX eAeKTPUYHUX
npuaaaiB, sKi € AXepeaoM Telmda YU 3HAYHOIO €AeKTPOMAarHiTHOIO
BUIIPOMIHIOBaHH: (Harpisadi, Iledi, Hacocy, KoMIIpecopu To1o). Pobora mux
IpuAaaiB MoOXe IIpusBecTu 40 3apucaHHs USB-tiopra i Brpaty 38"13Ky "TIK-
npuctpin”. JIkio Take craHeTbces Ha eTami 3apsaXaHua XAC, To BoHO Oyae
HEKOHTPO/AbOBAaHO IIPOAOBXYyBaTUCh MHOKM He 3pyinHyeTbcss XAC abo
oIiepaTop He BUMKHe IIPUCTPIIL.

—Te came crocyeTbcs HagiltHOI poOoTM KoMmIl'IoTepa. 3aOesmedre
HagiriHe >xuBAeHHs I[IK (mocrasre 010K Oe3nepeOillHOrO >KMBAEHHs ado
aBTOHOMHe A Kepe10 Ha BUITaJ0K BiAKAIOUeHH: e AeKTPUKN).

— Buxkopucrosyiite crangaptai Moayai aasa aocaigxenna XAC, saxi
00/a4HaHO 3amOOKHMUM KJAallaHOM, SKUII pPO3ipBe eAeKTpuU4yHe KOAO Y
BuItaAKy nepesapszxanasa XAC i akTMBHOTO ra3oBIAiA€HHS.

—B Oyap-sikoMy BHUIIagKy, MU pad¥MO He 3aAUIIaTU IIPaIiOIounii
npucrpin 0e3 Harasay onepartopa. /Jaboparopis MTech, sk BupodHUK, He
Hece >KOAHOI BigIIOBiAaAbHOCTI 3a IMOBipHi 30MTKI, 3aB4aHi KOPUCTyBady 4u
MaliHy, B pe3yAbTaTi poOOTI IIPUCTPOIO.

7. IlocuaanHsa
IIpn omyOaikyBaHHI B HayKOBill HepioAUIli pe3yAbTaTiB A0CAiA’KeHb,
OAep>KaHMX 3a 4OIIOMOTOIO IIPUCTPOIO, CAl4 3a3Ha4YaTU B €KCIIepUMEeHTaAbHIN
JacTMHi 110TO Ha3By Ta IIOCUAaHH: Ha web-caiit aabopatopii MTech:

"BumMipioBaHHs UMKIIYHHUX BOJbTAMIIEPOTpaM BHUKOHYBAJIM 3a JOMNOMOTOIO
nosisiporpadpa MTech POL-20 [5].

5. TMamait 1.0. Tlomsporpadp MTech POL-20. [Enexkrponnmii pecypc]. — Pexum
nocrymy: http://chem.Inu.edu.ua/mtech/devices.htm"
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MTech POL-20

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

IlaTa BUT'OTOBJIEHHS NIPUCTPOIO

IlaTa BBeOeHHS B eKCIlJyaTallii

KiHueBulM TepMlH TapaHTil

KoHTakTHa 1HOOpPMAalisd mMOOO CEPBlCHOTO ODOCHIYyT'OBYBAHHSA:

mtech labQukr.net

BrupoOHUK

3aMOBHUK
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