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1. SaraapHMII OIMC

ITorenmiocrar-raapsanocratr MTech SPG-500S (aaai "mpucrpin") — e
YHIBepCaAbHUN puAaj AAs €AeKTPOXIMIYHUX AOCAIAXKEHb Ta aHaAl3y, KU
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 XapaKTepUCTUKN

XapakTepucrmka 3HayeHHsI
/Jiana3oH noTeH1liaAiB poO. eAeKTposa 5. 45B
(BIAHOCHO €1eKTpoAa ITOPiBHSIHHSI)
/Jiara3oH BUXigHOI HalIpyTu -12...+12 B
HIBMAKICTD pO3TOPTKU 0,02 ... 500 mB/c
JornyctuMa npusejeHa Ioxmuoka® 0.15%
3a4aHHs/BUMIipIOBaHH HAIIpYyIV/CTPyMy P
Aianazonm crpymy +4 +20 £100 +500 MA
Bubip aianazony crpymy IIporpamuuit
AVICKPeTHICTD 3a4aHHs CTPYMY 0,1 MA
“IIpnmirka:
"IIpusegena moxmOka" - Ije BiAgXMAeHHs 3HaYeHHS BeANYNHM, IIpUBejeHe A0 Po3Maxy

mkaan. Hanpukaaa, npusegena nmoxmodka 0,15% Ha aiamasoni crpymy +20 MA Bigriosigae
AoryctumoMy abcoaroTHomy BiaxuaeHHio y 0,06 MA (0,15% Big 40 MA — po3amaxy IIKaAn).
Bkaszani 3Ha4eHH:I € rpaHMYHMMU — peaAbHi BiAX/A€HH: ITepeBa’kHO MEeHIIIi.




3. Komrmiaekranist Ta rapaHTiiHi 30008’ sA3aHHsI

ITorenmiocrar-raasBanocratr MTech SPG-500S — 1 it

USB kabeap — 1 it

Kabeas >xuBaeHHs 1ig ctaHaapTHY po3eTKy 220 B — 1

Kabeai 425 nmigkaiouenss 40 eaekrpodis XAC un koMipkn

i3 3a>KMMaMU TUITy "KpoKoauA' — 4 mT (PpyHKIlioHaa Kabeas II03HaueHO
KOABOPOM TepMOYCaAKM Ha 3a>KVIMi)

Kabeap 445 KepyBaHHs 30BHIIITHIM IPUCTPOEM — 1 1T

ITacriopT Ta IHCTPYKIIisl KOpUCTyBada — 1 1T

ITIporpamue 3abesneuenss "MTech SPG-500S" — 1 mr

ITporpamue 3abesneuens: "MTech SPG-500S_cva-chrono” — 1 T

BupobHuk 3000B’s3aHMII  BUMKOHyBaTM  Oe3KOINTOBHe TapaHTiliHe
00CAyTOBYBaHH:SI IMPUCTPOIO BIPOAOBXK 12 MicsliB IIicAs BBeAeHHS B
eKCIlAyaTallilO 38 YMOBM HeMOIIIKOAKeHOCTi KOPITyCy Ta 1A0MOM-HaAIIIKIH.

4. byaoBsa Ta npyMHIUII pOOOTH OPUCTPOIO

CrporteHa 010K-cxeMa IPUCTPOIO:
s1

- l\ I\ count-off
ﬂ' g IC/ Iw cm;:t.-on COUNT

=

otentiostat
p .EI|'|+ REF

g2 1 galvanostat

[use H mK} Aun =
ext. switch \ sS4

MK — MikKpOKOHTpoO€ep (IIpoLiecop IPUCTPOIO)
LJAIT - nudpo-aHaa0rosuii nepeTsopioBad

AITT - anazoro-niu¢gposuii nepeTsoproBad

C — onepawimHnin HigcnuAmBad-cyMaTop

IIIT - miacnaroBad HOTY>KHOCTI

All — andepenuinnHMil onlepalliiHNil MiACKAIOBaY
CII-"crpymoBuit" onepaniiHnit HigcuA0OBad



Okpim 3a3HauYeHMX Ha PUCYHKY 3B A3KiB MiXK KOMIIOHEHTaMl IPUCTPOIO
MiKpOKOHTpO/Aep Kepye poOoToio nepemukadis S1-54 (peae). Ilepemukau S1
BiAIIOBiZa€ 3a KOMYyTaUilO (ITiAKAIOYeHH:/BiAKAIOUeHHs) CTPYMY Y KOMipKy.
Koan BiH BigkaiOueHMi1, TO IpUCTpiii HepeOyBa€ B cTaHi 'NoTeHIioMerp"
(He3aAe>XHO Big cTaHy HepeMmuKada S2) — TOOTO € IIaCMBHUM CIIOCTepirayeM
3a Hanpyroio (pisHuiiero norenniaais Mi>k COMP i REF). Koan nepemukau
S1 BKAIOYEHHUII, TO HPUCTPill mepedyBa€ B CTaHi HOTeHLiocTaT abo
ra/bBaHOCTAT, 3a/1€>KHO Big IlepeMuKada S2.

Hanpyra (pisumia norenniasiB mi>xk COMP i REF) Bumiproerncs 3a
Aoriomoroio aAudepennintHoro mnigcuaosada AIl Ta nepioro kanaay ALITL
Crpym BuMmipio€rocst B Koai pobouoro eaekrpoga (WORK) miasxom
BUMIPIOBaHH: CIlaJy Hallpyru Ha ogHOMY 3 pesucropis R1-R4. ITiacumarosag
CIT pasoM 3 MM pe3nCTOPOM € IlepeTBOpIOBadeM 'CTpyM-Halpyra', a BuOip
IOTPiOHOTO Aialla3oHy CTPYMiB 34ilICHIOETbCA uepe3d BUOIp OAHOIO 3
4OTUPHOX MOXKAMBUX pe3uctopiB R1-R4 za gormomoroio 610Ky peae S3. Yepes
nepeMukad S4 HOpUCTpill Kepy€ 3OBHIIIHIM AOIOMIXHUM IIPUCTPOEM,
HaIlpMKAaJ MIIIaAKoIl0, CICTEMOIO OOepTaHHS AVICKOBOIO €AeKTpOo4y 4M iH.
3B’A30K IIPUCTPOIO 3 Kepy1o4olo nporpamoro Ha [IK peaaizosano uyepes USB-
1opt 3 KoHBepTepoM RS232-USB na CP2102.

He sazexxHo Big Tuiy kxoMmipkm (2-, 3- um 4-eaekTpogHa) IPUCTPilt
3aBXXAY IPpalioe 3a 4-IpoOBIAHOIO CXeMOIO.

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

MTech SPG-500S
COUNT REF COMP WORK

/U U U\
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IliakaioueHHsI A0 3-e4eKTpO4HOLI cucrteMu (TOOTO € IIje eAeKTPOA

IIOPiBHAHHS — KAaCMYHa eAeKTPOXiMidHa KOMipKa):
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IligxkaroueHHA A0 4-€A€KTPOAHOIL CUCTeMH (4Ba eAeKTPOAY IIOPiBHAHHA):

MTech SPG-500S
COUNT REF COMP WORK

/U U U\

'Y

Ha kiHIsix kabeaiB € 3aKMMU TUILY "KPOKOAMA" AAsl MiAKAIOUEHHS A0
eaekTpogis. KabGeai crpymosnx eaektpogis (COUNT, WORK) — ssnuarini, a

noreHniaapHnx (COMP, REF) — koakciaabHi (eKpaHOBaHi) i3 3aXMCHUMU
KOMIadkaMI (He J0TOpKalTech Oe3lrrocepesHbO 40 3a’KMMiB IIOTeHIiaAbHMX
KaOeaiB, poOiTh Lie yepes i30AALIHNI KOMIA4OK 00 3aXMCTUTU BiAlIOBiAHI
BXOAM BiJ CTaTUYHOTO 3apsgy Bamoro tida!). JAas 3MeHIIeHHsA HaBOAOK
BUKOPUCTOBYITe eKpaHOBaHI KOMipkKu (KaOeab eKpaHyBaHH:S KOMIipKH CAig
i AKAIOUUTH A0 KOpIIyCy po3’ema KabeAais.

AAsl KepyBaHHs 30BHIIIHIM AOIOMIKHNM IIPUCTPOEM INAKAIOUITH Yy
pO3puUB AiHiI 110TO >KMBAeHHs (a0O B pO3pUB AiHil BUKOHABYOTO MeXaHi3My,

HaIllpMKJAa/ HU3BKOBOABTHOIO MOTOpUYMKa) KaOeAb 3 PO3'€MOM Y THI340 Ha
3aaninn rmaneai MTech SPG-500S:



M
EXTERNAL :
DEVICE MTech SPG-500S
MTech SPG5008| ago | X ot 1\54
e \e
' EXTERNAL

DEVICE
~220V 1l

~220V

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

5. IIporpamue 3a0e3rie4eHHsI

5.1. Bcranosaenunst USB aparnsepa

®daiia zip-apxiBy 3 iHCTaAsTaMM IIOTPiOHO poO3apXxiByBaTU Ha >KOPCTKUM
AVICK KoMmII'10Tepa. IlakeT ckaaga€Tbes 3 1IHCTAAALINHOL HalKK IIporpaMu (3
(paiiaoM setup.exe Ta iH.) i manku "usb_driver".

Tenep caia Bcranosutm USB apaiiBep 4451 KOPEKTHOIO B3 3Ky
npucrpolo 3 [IK. ¥V npucrpoi saaistHo crangaptauit kouseprep USB-RS232 na
mogyai CP2102. ITiakarouite USB kabeap mpucrporo y siapHuit USB mopr
KOMIT'IOTepa (caM IIPUCTpili HOKM He BMMKanre). Skmo Ha Bamomy
KOMII'IOTepi paHillle B>Xe BUKOPUCTOByBaAmuch npuaagu iz USB-RS232
KoHBepTepoMm Tuity CP210x, To >KOAHMX IOBi4OM/A€eHb KOMII IOTep He BIAACTD
Ta aBTOMaTUYHO ITiAKAIO4Ye BIATIOBIAHUI ApariBep. JIKIIO K KOMII I0Tepy Liell
KOHBepTep '"He3HalloMuIi', TO BiH BUAACTb IIOBiJOMAEHH: IIPO HOBUA
IIPUCTPiNt Ta HEOOXiAHICTb BCTAaHOBAEHHs ApaiiepiB 44 Hboro. IIpyu npomy
caig BuOpaTu "pydyHHUI1 croci®" BCTaHOBAEHH: AJpaliBepa i3 3a3HauyeHOTo
MicIls Ha AMCKy. B 3aze>KHOCTI Big TuIly olleparjiiiHOl CuCTeMU CAij BKa3aTu

non

masx 40 nankm "'winXP-Vista", "win7-8" uu "win10".

Ilicast BCTaHOBAEHHs ApaliBepa CAaig4 3'sCyBaTM HOMEpP BUAIAEHOTO
cucremoro nopty. Aas uporo neperidits y "Ilyck / Hactporika / Ilanean
yrnpasaenust / Cucrema / Aucnierdep ycrporicts / Illopter (COM u LPT)"
— TaM IOBMHeH OyTu psigok tuty "Silicon Labs CP210x USB to UART Bridge
(COMX)", ae x-HOMep mHoOpTy (Ha PpUCYHKY 3HU3y Ile 8). IlpuGamsue
300pakeHHsI (3aae>KHO Big cucremu Windows):



K.oHTpONREpE! YHHEEPCANEHOA NOCNEA0ESTENEHOH WHHE LISE
MoOHWTOpEI
) MbllWH K HHBIE YEESEIEAHILLME YCTRORCTES
r;.-f MopTel (COM 1 LPT)
------ F'lyf Silicon Labs CP210x IJSE to UART Bridge (COMS)
------ F'lyf MopT nprHTEpRa (LPT1)
. F'lyf MNocneAoEaTENEHEIA NopT (COM1)
ﬂ Mpoueccopel
ﬂ CeTeBble NNaThl
_.} CHCTEMHEIR YCTROACTES

.-l'

3anam’sATaiiTe 11ei1 HoMep — BiH Bam 111e 3Hag00UTBCSL.

Bia'eanaiite USB kabeas Big I1K, Tenep caig 3aiHcTaaioBatu mporpamHe
3a0e3IeueHHs 4451 poOoTH 3 npuctpoeM. Kpaiie incraaiosaTty mporpamu He
y CHUCTeMHy IIamKy I10-3amoBdyBaHHIO (Tumy "C:\Program Files\ ... "), a B
crieltiaabHO BUAiJ€Hi ITallky Ha He-CUCTeMHOMY Aucky (D:\ um in.).

5.2. Bctranosaennst nporpamu "MTech SPG-500S"

Lle yHiBepcasbHa IIporpama aas Mogeai SPG-500S, mo gossoase
BUKOHYyBaTll Pi3HI BMMIipIOBaHHS 3a aATOPUTMOM, sKUII Qopmye cam
KOpUCTyBay.

CTBOpiTh Ha HE-CHCTEMHOMY AVICKY IIalIKy, B SIKY CAi4 3aiHCTaAXOBaTU
nporpamHe 3aOesnedeHHs, Hanpukaad "D:\MTech SPG-500S". 3armycrtiTs
¢aita setup.exe 3 manku "install_mtech_spg-500s" i BctaHOBiTH IIpOrpamy y
CTBOpeHy ITaInlKy. fIKio Bce 3poOaeHO mpasuabHO, TO mHanka "MTech SPG-
500S" mictutmMme BukoHaBumit (aiia "mtech_spg-500s.exe” Ta geski iHmmi
daian.

Y texkcroomy (aiiai (port.txt) caig mpommcaT HOMep HOPTY, AKUM
BUAiAMAa cCUCTeMa IIpM BCTaHOB/AEHHi JApaliBepa — 3pOOUTM Ile MOXKHa B
3BIMYaliHil IIporpami "040kHOT" Baltoi onepariiiiHOI CUCTeMH.

Tenep Bce roTose 40 11O9aTKy POOOTH IPUCTPOIO 3 TPOTrpamMoIo!

Ilia’eaHariTe kabeab >KMBA€HHs HPUCTPOIO AO CTaHAAPTHOI PO3eTKU
~220 B Ta yBIMKHITH JIOTO — IpU LIbOMY JAeKidbKa pasiB ClladaxHe 4epBOHa
AaMIIOUKa, IO BKa3y€ Ha YCIIIIHUI 3aIlyCK MiKpPOKOHTpOJAepa HPUCTPOIO.
Koanu cnasaxysanu:A npunmHUTheA mia’ €ananire USB kabeap mpucrporo 40
USB nopty nepcoHaabHOTO KOMIT'I0Tepa (1le Ma€ OyTy TOV caMmii HOPT, A0
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saKoro Bm migkamouaance panime! B inmomy BumagkKy cucreMa MoOXKe
BUAIANTY iHIINMIT HOMep IOPTY) i 3aIycTiTh ocHOBHMII (paita — mtech_spg-
500s.exe. fIkimo Bci momepegHi 4il 3po0A€HO MpaBUABHO, TO IIporpama
BCTAaHOBUTD 3B"30K 3 IPUCTPOEM i Bu mobaunre BikHO Iporpamu:

P 5
NOTEHLIOMETR 1. MA [200]

[~ AAFOPKTI POGOTI

NHHEBEEHEENNBIERIEEEEE

I, £ b 4 20 00 500 [~ e

Tunrpagika;  E-t I-t |-E  E.M: I 40.30 'I 160

Lukniuns B -1

NefnearT. [V KOHTPO/b NEperpusku

o X

[T 1 CYCLE_BEG 20 rx

[" 2 SCAM WA D20 1.50v; 10.00m/s X

[T 2 SCAM_VA 1.50v: 0.20v: 10.00m/s rx

[T 4 CYCLE_ENDR ¥Xx

rs vx

Cs X

rz X

Ca X

s X

Imi il rx

rn X

12 ¥x

[ 13 rx

14 vx

Imi X

18 vx

Imi X

18 X

13 X [-20.0]
F;ﬂ :i 0| U=1587Y |=1456mA E.B [15]
o wx| [ | CHECK |<<<_ START | STOP | | COPYxy | COPYall | DEL |
23 X Eeg=-0.001 Y

2 X E=-0.001V |=0.000mA = 0.000 m&h E-t |-t |- [T ®insrposani MTech

DAHE BKENEpHMEHTY

5.3. Bcranosaennst nporpamu "MTech SPG-500S_cva-chrono"

Ile Oiapmn creniasizobaHa mnporpaMa Aast Modeai SPG-500S, ska
"saToueHa' aas BuMipioBaHH: LIBA Ta xpoHo-kpmsux. Takox KopucHa Aasd
IIpellapaTBHOTO  €4eKTpOAi3y B  HecTalliOHapHUX PpeXHuMaX, KoAau

IIOTeHITial/CTpyM HepioANYHO CTPUOKOIIOAIOHO 3MIiHIOIOTh 3HAYeHHs YU
HaBITb INOAAPHICTD.

ITpouec iHcTaaswili moaiOHUII A0 nomnepegHboro. CTBOpPITH Ha He-
CUCTEeMHOMY AMCKY HaIlKy, B Ky CA4i4 3aiHCTaaloBaTM IIpOrpaMHe
3abesmeyennsi, Hanpuxaag 'D:\MTech SPG-500S CVA". 3amycrits ¢aiia
setup.exe 3 mankm ‘"install mtech_spg-500s_cva-chrono” i BcTaHOBITH

IIporpaMy y CTBOPeHY IHamKy. SIKIIo Bce 3p004€HO IpaBUABHO, TO IIaIlKa
"MTech SPG-500S CVA" wMictutume BuxoHasumii aita "mtech_spg-
500s_cva-chrono.exe" Ta gesxi iHmi ¢paian.

AHazoriuHO y TekcroBoMy aiiai (port.txt) caig mpommcatu HoOMep
IIOPTY, IKUI BAiAMAa CUCTeMa Py BCTaHOBAEHHI ApariBepa.



Tenep Bce rorose 40 moyaTKy poOOTH HNpUCTpOIO 3 Hporpamoro! Ilicas

sarmycky (aiiaa "mtech_spg-500S_cva-chrono.exe" 1moBMHHO BiZ0OpasUTHCh
rO/AO0BHE BiKHO III€1 IIpOrpaM:

|, MA IOI‘IMD
~Hian. cTpyMy ——
[SET N7
& £20 mA
2100 MA
0 £500 MA

=0l

¥ Kneperp

- Peskian
@ |-E
-t
O E-t

- 1-E
P E0 [ oo0

SHETN
W E2 [ 300
¥ Ex IW
dEjat [E00.00
[Imase| [ 200
FiI
uMKmBlW—

LEnN:

™ Mo nayza

CTAPT |

CTOl

I
noTeHUiomeTp E=-0001B  |=0.000mA
F Pinetp Copy X—Y| Copy: ALL| el |

E,B[ 3¢

SIKIo 1micAst BCTaBA€HH: IIporpaM IOch OyA0 3p00.AeHO HelpaBUABHO,
TO HOpM 3amycky Bm mnobGaumrte IOBiAOMAEHHS IIPO IHOMMAKY — CAij
IlepeBipUTH BiAIIOBiAHICTH HOMepy IOPTY, 3ammcaHoro y ¢aiiai port.txt, ta
BugiseHoro cucreMolo (Aucneruep ycrporicts / Iloptet (COM u LPT). Takoxk
AAs  KOPEeKTHOI po0OTHM IIporpaMm CA4ig HpamioBaTu i3 CTaHAAPTHOIO
PO341ABHOIO 34aTHICTIO MOHITOpa — 96 dpi (96 Todyok Ha aronm). e
IapaMeTp CHUCTeMH MOXKHa 3HanTtu i aminutu y "llaHeap ynmpaBaenus /
Expan / [lapametpnl / AomoaanTteabHo / O0mue".

5.4. 3araapHNI IOPSIAOK pOOOTH 3 IIPUCTPOEM

3araaoM I10CAiAOBHICTb pOOOTH ITOBMHHA OyTU TaKOIO:

— 1A’ €AHaTy BUAKY >KVMBAEHHS IPUCTPOIO y CTaHAAapTHY po3eTKy ~220 B
Ta YBIMKHYTM 11OTO, IIOYHE CIladaxyBaTl YepBOHa AaMIIOUKa, IO BKa3ye€ Ha
3aIlyCK MiKpOKOHTpoO/Aepa Ta aBToKaaioposKy ALITT;



— AOYeKaTUCh MOCTIMTHOTO CBIiTiHH:A YepPBOHOI AaMIIOYKM Ta IIiA’ € AHaTu
iHTepdericHnI1 KabeAb IPUCTPOIO A0 BuAizeHoro USB noprty nepcoHaapHOTO
KOMIT I0Tepa;

— 3allyCTUTX IporpaMHe 3a0esmedeHHs 'mtech_spg-500s.exe” um
"mtech_spg-500s_cva-chrono.exe" (0ogHOYacHO MOKe IIpalioBaTi ANIIe OAHa
3 nux rporpam!);

— mia’€aHaTu Kabeai 40 gocaigxysanoro XAC 4n eAeKTpoAiB KOMipKH;

— BUKOHAT! 3allAaHOBaHi BUMipIOBaHH;

— Bia'eaHaTu Kabeai npuctpoio Big XAC 4u eaeKTpoaiB KOMipKy;

— 3aKpUTU IIporpaMHe 3a0e3IedeHHsI;

— Big'€aHaty iHTepQelicHuIl kabeab mpuctpoio Big USB nopry;

— Biad'€AHaTU BUAKY KaOeAs KUBAEHHsI IIPUCTPOIO BiJ PO3ETKI.

5.5. Po6oTta 3 mporpamoro "MTech SPG-500S"

IIporpamue 3abesmneuenHs (I13) "MTech SPG-500S" € yniBepcaapHUM i
AO3BOAsIE€ KOPUCTyBady caMoMy (opMyBaTy BeChb aATOPUTM BUMipIOBaHb
3riAHO IEeBHOIO Ilepeaiky KoMaHJ. Lle 403804516 ITOBHO 1 THYYKO peaaidyBaTu
yci MoxkamsBocTi npucrporo. II3 samam’sroBye Ha >Xopckomy aucky 20
aATOPUTMIB KOpUCTyBada (IIOO KOXKHOTO pa3y He BBOAUTU aATOPUTM
3aHOBO).

Ilepea mo4aTKOM BMMipIOBaHHsI OIIepaToOp

— Bubupa€ Homep aaropurmy (8ig 0 40 19):

MoTteHuyioccTaT-ransBanoctat MTech SPG-5005

NOTEHUIOMETR . MA [

— & ArOnMHT R D0GOTH 1
|EI|1 |2|3|4|5|E|?|E|9|1D|11|12|13|14|15|1E|1?|1E|1E||]

I, + 4 20 100 500 [ aer.¥
Tunrpapika: E-t I-t [-E EN | -030 -| 160

I ke aivms B& -

— BKa3y€ TIIOYaTKOBUI Jiama3oH CcTpyMy (B IIporeci BUKOHaHH:
aATOPUTMY 11OIO MO>KHa 3MIHUTH CIIelliaAbHOI0 KOMaHAOIO):

MoTeduyiocTaT-ranbBanocrat MTech SPG-5005

NoTEHLIOMETE . A [

ANropHTH poBoTH

0[1[2[3[4[5]6[7[8]a[10]11 [12[13[14[15[16]17 [18][19]

Lewtc {4 20 00 500 | [ aer
Tunrpapika: E-t 1-t  |-E EMV: | 030 -] 180

T ST
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—BuOupae TuUn rpadika, AKUII IO  3aMOBUYBaHHIO IIOBMHEH
BizoOpa’kaTuch B IIpoleci BUMIipIOBaHb (IIOTIM JIOTO MO>KHA 3MiHUTHU

BpY4HY):

MoredHyiocTtaT-raneBaHoecrat MTech SPG-5005
NOTEHWOMETR | MA

BAropHTH pOGoTH
|EI|1 |2|3|4|5|E|?|8|9|1D|11|12|13|14|15|1E|1?|1B|19|

|, £ rady 4 20 100 500 [T aer.
Tun rpa':PiKa:[ E-t |-t [|-E ]E,"-"'Z I 030 - | 1.60

LI . -

— *3a OakaHHSIM aKTMUBY€ OMIfI0 "aBromacmurab” (Ii4 yac BUMipiOBaHb
MactITab oci opauHat OyAe aBTOMaTMYHO 3MiHIOBATICh TaK, 11100 Bech rpadik
romimascs y rpadiyHe 11oae):

MoTeHyiocTaT-ransBanoctat MTech SPG-500S

NOTEHUOMETR . MA

ANrOpHTE poAoTIA
|EI|1 |2|3|4|5|E|?|E€|9|1D|11|12|13|14|15|1E|1?|1E|19|

I £ pad 4 20 100 500 (ram.v |
Tunrpapika: E-t -t |-E EM | 030 -] 160

L T ST

—*BKasye TIOYAaTKOBUII Aialla3oH IIOTeHITiadiB (MacmTab 3a BicCIO
IIOTeHIliaAay):

MoredHyiocTtaT-raneBaHoecrat MTech SPG-5005
NOTEHWOMETR | MA

AAropHTH pOGOTH

|I:I|'I |2|3|4|5|E|?|E|9|1D|11|12|13|14|15|1E|1?|1E|19|
I, + rad; 4 20 100 500 [T aer.¥
Tun rpagika:  E-t |-t I-E  E.AH 030 - 1.80

LI - ]

— MoAU(piKye aAToOpuUTM (3a HOTpedN):

* Tlpumitka. B aeskmx Bepcisix mporpaMHOro 3a0e3IiedeHHs! Iii OIIiii
BiACyTHI — mIporpamMa caMa Iig0mupa€ MacmTad A4s OITUMaAbHOTO
Big0Opa>KeHH: BUMipIOBaHOI 3a/1€>KHOCTI.
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MoredHyiocTtaT-raneBaHoecrat MTech SPG-5005

NOTEHWOMETR | MA

— BAropHTH pOGOTH
|EI|1 |2|3|4|5|E|?|8|9|1D|11|12|13|14|15|1E|1?|1B|19|

I, & rad; 4 20 100 500 [T aer.
Tunrpagika: E-t |-t |-E  E.W I 030 - | 1.60

L teniuna B -1

MeneakT. | Buoanuri yoi koraHiu | [V koHTpONE NeperpyskM
o ¥ X
[T 1 CYCLE_BEG: 20 X
[T 2 SCAN W& 0200 1.500; 10.00mv/s x
[T 3 SCAN W& 1.500: -0200; 10.00mv/s x
[T 4 CYCLE_EMD X
— X
= - L W)

— Tako>x MO>KHa BIIMcaTy KOPOTKIUI OIIMC aATOPUTMY Ta eKCIIepUMEeHTY,
BKasatu iM'st dat-paitay, B sAkuil OyAyTh 3alllCyBaTUCh pe3yAbTaTU
BUMipIOoBaHb (110 3aMoBuyBaHHIO 13 cpopmye HasBy aiiaa 3a TOPAAKOBUM
HOMEPOM Ta YacOM I10YaTKy eKCIIepUMEHTY):

MoTeHuiocTaT-ransBaHocTatT MTech SPG-5005

MaTEHUIOMETR 1. MA i

— A A OAMTH QOROTI
|IZI|1 |2|3|4|5|E|?|8|EI|‘|IJ|1‘||12|13|14|15|1E|1?|18|19|

|, £ petdh: 4 20 100 500 [T aer.
Twnrpadics: E-t |-t |-E EN | 030 - 180
L mkniyHa B -1

Wﬁ- " e ELGERTY W FOHTOONE NEpEr Pk

= - -

AAas BUKOPUCTaHHSA IpUAaAy sIK 3BUYAMHOTO IIOTeHIlioMeTpa/ioHOMipa
(HampuKAaA TIpU HOTEHI[IOMeTPUMYHOMY TUTPYBaHHI) CKAajzaTU 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€ IIOTOYHE 3HauyeHH:

Li=_1 o L=_L 1 Bl
o

|CHECK |<<

E=-0.001V |=0.000mA

"

L B B T o )

IIOTeHIliady poOOYOTO eAeKTpoaa:
L

| CHECK | <<<

E=0.245V |1=0.000mA

B mporeci BUKOHaHHS aATOPUTMY eKCIIepMMEeHTY ITporpama BigoOpakae
Ha rpadpiuHOMY 104l BUOpaHMII TUII 3aA€>KHOCTi, a TaKOX ITOKa3y€ ITOTOYHI
3HA4YeHHs IIOTEeHIliaAy, CTPyMy, OCTaHHE BUMIpsHe 3Ha4yeHHs IIOTeHIliaay
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posimkHyTOro kosa (Eeq) Ta kxiabkocrti eaekrpuku (Q). 3a morpedu oneparop

MO>Ke 3MIHIOBaTU TUII BiaoOpakyBaHOro rpadika:
|

|

| 00148 22-06-2020_18-34. dat CHECK |<<< _START | sToOP | cor
g Eeq=0000% =1

: E=-0095V |=-9.66mA Q=-0042ma*h E-t |-t |-E|F

KaikoMm Ha cuHIO CTpiAKy MO>KHa IPUMYCOBO 3aBEPIIUTY BUKOHAHHSI
IIOTOYHOIO PsAAKa aATOPUTMY 1 IepenTy 40 HacTyIIHOIo, a KHonkoi STOP
AOYaCHO 3YIIMHUTHU BeCh €KCIIePUMEHT:

|
00 4a_22-06-2020_13-34.dat CHECE |{{{ START COE
bim

Eeq=0.000Y

E=-0.095V [|=-39.66mA Q=-0042mdh  E-t |-t [-E F

AATOPUTM eKCIIePUMEHTY — Iie II0CAI40BHICTh KOMaHA. /JeTaabHuit Oommc
KOMaH/ Ta cTpyKTypu dat-daiiay, B KUl 3aIIUCyIOThCs pe3yAbTaTil BUMipIO-
BaHb, BIIKAaJ€HO B HaCTyITHOMY po3aiai. I1lo0 BBecTn KoMaHAY €AiA KAIKHYTU
MUIIIKOIO Y BiATIOBIAHUM PsIAOK ITOASI aATOPUTMY. BiAKpUETHCA OKpeMe BIKHO
3 IepeAikoM KOMaH/, — cAig BuOpaTy NOTPiOHY i BKa3aTy 3HaYeHH: IlapaMeT-
piB (OKpeMi KOMaHAM € Oe3 IMapaMeTpiB, iHIII MalOTh Big 1 40 6 mapameTpis).
IIpu BuOOpPi KOMaHAM Yy IIbOMY BiKHi aKTMBYIOTBCS I1OAsI IIapaMeTpiB i 300Ky
BKa3aHO AOIyCTMMUI Alalla30H 3Ha4Ye€Hb KOKHOTO IapaMeTpa:
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[SKomanan . x|

o
= EMPTY CCVA .
[Anropym poSors . O STATE Enou = I 0.00 [ einHocHo Eeq [~ eioHocHo Elast +5.00B
I NS T EN IR  SCAN_VA
1, £ it 4 - E1= I 1.00 [ BioHocHo Eeq ™ BioHocHD Elast 500 B
@ cva E2 1.00 " Ei E " Ei Elast EO00B
T : E-t = I - BinHocHO Ee BinHOCHO Elas +
N rpadik : (__ SCANiNPV q
| © SCAN_DPY dE/dt = I 1000 0.02-500 MB/c (WeMakicTe po3ropTrM)
 SCAN_SWY n= I 20 1+ (k-CTe Lpiknie LBA)
Neinesir. [ Buaant -~ \\r AmURE Eeq
o  Eeg-t PROFILE BuripianrHs uyknivHol BOMLTEMNEPOrpaNK Y NOTEHUIOAMHAMIYHOMY
PESKMMI Z NIHIHOK POSMOpTKOK NOTEHLianY
" SPEC_VA
© STAT.I
= SCAN_AV

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

R e e R e e |

[

1z
14 " CYCLE_BEG-Z
15 " CYCLE_END-Z
18
a7  DELAY
1 =
s CLEAR_TIMER E
[  CLEAR_SCREEN 00
ke g tc 0]
22 « IF_TIME b | _copvxy | CoPvall || DEL |
23  IF_E
24 ~ |F_| t 1-E T ®inorposani MTec:h-
Onuc EKCNEpHMEHTY r\. GaTO

¢ RANGE

' SWITCH

KOMaHJa 6}148 3aHeCeHa B aATOPUTM!

M2dneakT. | B3 anKTH Uz KokdaHau | ¥ koHTpOAE neperpygu

o X
1 Ciwid, 0.0 1.000; -1.00: 10.00m e 20 times X
[z X
a2 S

Ha sBummesasnaueHoMy pHUCYHKY y psAgokK Nol BHeceHO KoOmaHAY AA4s
BUMIipIOBaHHsI IIMKAIYHOI BOAbTaMIIepOrpaMu.

Komanayu mMo>kHa 3cyBaTyt UM BUAAASITU 3a AOIOMOIOIO KAikiB Ha "V" Ta
"x". Takox MO>XHa 3MiHUTI IapaMeTpy B>XXe BBeAeHOI KOMaHAM — KAIKOM Ha
Hel 3HOBY BiAKPMETLCS BIKHO KOMaH/, i1 B>Xe OyJe BuOpaHa Oixkyda KOMaHJa i
il napamMeTpu — MO>KHa ix 3MiHNTH i KaikoM Ha "OK" BHecTHU BigITOBiAHI 3MiHI
B aaroputM. [TopoxxHii psaaok aaroputmy — je komaga "EMPTY".

€ MOXAWMBICTh TMMYACOBO AeaKTVBYBaTll OKpeMi psAKI aATOPUTMY Oe3

iX BuAaAeHH: (1100 IepeBipUTH K IPaLiO€ aATOPUTM 0e3 IMX PAAKIB):
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|

Nefneakt. | Buganuru ycikomaHgw | W koHTpok neperpyziu
o ¥
(i ¥
W 2 SwWITCH ON X
[T 3 STAT_E -1.00W; t=300.0s; di=0.50s; NO_RELC; WX
¥ 4 SwWITCH OFF X
[T 6 DELAY 10.0s X
& ¥
[T 7 SCAN_DPY -1.000: 0.00%: S S0mY S0ms 150ms W X
= ¥
o LAY

Ha pucyHky Buiie B aaroputmi A4eakKTMBOBaHO psaky No 21 Nod,

IToTpiOHI 3HayeHHs MHOTeHIliaAiB, MOXHa 3ajaBaTU IIO-Pi3HOMY: B
abCOAIOTHUX OAVMHUIISAX, BIAHOCHO IIOTeHIlialy posiMkHyTOro kosaa (Eeq) um
BIAHOCHO OCTaHHBOTO BUMIPSIHOIO 3HAY€HHs IIOTeHIliaay B IIOIIepeAHbOMY
psaaky aaroputMa (Elast). BubGip tumy s3agaHoro 3HaueHHs IOTeHIiaay
peaAisyioTh BiAIOBiAHMMH YeKOOKcaMu 0ias apaMeTpy IOTeHIiaAy:

E = I 01 ™ BioHoCHD Eeq [T eioHocHo Elast E=0,12B
E-= I 01z [+ eigHocHD Eeq ™ eioHocHo Elast E =Eeq+0,12 B
E - I 01z " eigHocHD Eeq W eigHocHo Elast E = Elast+0,12 B

Aaai mpuBeseMO AeTaAbHUII OINIC CUCTeMM KOMaHA, 3 SIKUX (POPMYIOTh
aATOPUTMU AOCAIAYKEHbD, 3 TUIIOBUMMN IIPUKAaAaMI.
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5.6. Cucrema xomaaga MTech SPG-500S

Onuc 3MiHHAX

B mporeci Bukonannsa anroputmy I3 3amam’siToBye B OmepaTuBHIA mam’ATi 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

*KoxHe oguHIYHE BUMIPIOBAHHS — 1€ JOJATKOBUH PSIOK Y TaOIHIIL.

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

t_cur — 3minHa "nokanbHOro" wacy. Ilokasye, CKUTbKM CEKyHJ NpPOWIUIO Bij
momnepeHboro oOHyneHHs 1miei 3MiaHOI komaHmoro CLEAR_TIMER. Tlou.
3HayeHHs = 0. Skmo anroput™m HEe MicTuTh xoaHO0i komanan CLEAR_TIMER, To
3HAYCHHS MEPIIHX JBOX KOJOHOK OyayTh criBmagatu (t_cur = t_all).

E — notoune 3HaveHHs Hanpyru, B (pi3auig notexnmianis mixk COMP ta REF).

I — nmotoune 3HaueHHs crpymy, MA y koii. Ctpym npoxoauts uepe3 WORK Ta
COUNT (COMP i REF € nmoTeHmianbHUMU BXOJaMU MPUIIAIY 3 BEIUKUM BXiIHHUM
OIIOPOM 1 CTPYM Yepe3 HUX Mi3epHHUii).

Q — nmoTtouHe 3Ha4YeHHs eMHOCTI, MA'Toa. Lo 3minny 13 oGuuciioe nuisixom
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 komanau CYCLE _BEG. A signosigna 3minHa (X, Y Ta Z)
MOKa3y€e MOTOYHE 3HAYEHHS JIYWIbHUKA. AJITOPUTM MOXKE MICTUTHU JIMLIE MO OJHIN
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 — 11 MOCHIIOBHICTh 25 KoMaH (PSAIKIB), siKi MpoHyMepoBaHi Bij 0
10 24. B 3a1eXHOCTI Bijl TUITY KOMaHAW, BOHAa Moke MicTuTH BiJ 0 10 6 mapameTpis.
Mo>1Bi CTaHU MPUIAAY y MPOLIECl BUKOHAHHS aITOPUTMY:

potentiostat / galvanostat (miarpumyerbcs Hampyra Mk COMP 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 Iepegbada€ >KOAHUX Aill 3 OOKY
IIPUCTPOIO. B aaropmrTMmi BoHa He ITO3HAYaETHCA (YuCTUM pAAOK). KoMmangamm
EMPTY Mo>XXHa pO34iasT KOPMUCHI KOMaHAU AAsl Kpalljoro Bi3yaabHOTO
CIIPUMHATTS 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
E = I 0.00 ™ eioHocHo Eeg ™ eioHocHo Elast h00B
dt = 050 0.01-60c (NepioAMYHICTE BMMIQHESHHA)

I REC Hi peECTpYBaTH PESYNETAETH EMMIpHESHET

YMoewM ZapepWeHHA KOMaHIOM:

VW t> I 10.0 0.0+ ¢ (TpWE&ANICTE)
" || R4 I 1.00 0.00-500 mA [ASCOAKTHE CHMNE CTRYMY)

W Q> | 5000 0007+ mA*TOO (SECOMNKTHE KINBKICTE BNEKTRMKM)

MepesecTH NpWNan Y cTad "noTeHyiocTat" 7a 2 NepiodMYHICTi dt BMKOHYERTH
EMMIQHEAHHA. JAEEQWEHHA KOMEHAM MPH BMKOHAHHI 0OHIET 3 EMERaHMx YMOE

E — moreHniaz;
dt — mepioaM4HICTh BUMiPIOBAHHS;
REC/NO_REC —u4n motpiOHO 30epiraty BuUMipsiHI TOUKM y mam'sTi i

aitai? (B ngedxkux BUNaAKax 3a JOINOMOTOO Ili€i KOMaHAU (PaKTHUHO BUKOHYIOTh
MpoOOMIATOTOBKY 1 TOMY HeMae moTpedu 30epiraTu BUMipsHi Toukd. Hanmpuknazn y
METO/I1 1HBEPCIMHOI BOJIBTAMIIEPOMETPIi NEPIIUM €TANIOM € HAKOMUYEHHS TPOJYKTIB
BIJIHOBJICHHSI Ha pOOOYOMY €JIEKTPOJIl 3 HaCTYyHUM BHUMIptoBaHHS BA iXx aHogHOTO
PO3YMHEHHS 1 Ha eTanl HaKONHWYCHHS HeMae MOTpeOu peecTpyBaTH pe3yibTaTh

BHUMIPIOBAHb);

t— ymoBa 3aBepIeHH:s KOMaHAM 3a TPUBAAiCTIO. SIKIIIO IIIO YMOBY He
aKTMBOBAaHO, TO KOMaHJAa BMKOHYBaTUMETLCS Oe3MeXHO JOBIo (IIOKMU
oIlepaTop BPy4YHy He 3AiJICHUTD Ilepexis, Ha HaCTYIHUN PAAOK aATOPUTMY 4l
B3ara/i 3yIMHUTh BUKOHAHHS BCbOTO aATOPUTMY). SIKIIIO YMOBY aKTMBOBAaHO,
ase TpuBaaicTh BKadaHa HyaboBa (0 c), TO mIpucrpi;m mnepeije y crad
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"TmoTeHIriocTatr” i3 3agaHMM IIOTEHIliaAOM 1 Bigpa3y 3aBepIUNTh BUKOHAHHS
KOMaHAI;

Il —ymoBa 3aBepllleHHsI KOMaHAU 3a CTPyMOM (SKIIO abCOAIOTHe
3Ha4YeHH:sA CTPyMY CTaHe MeHIINM 3a BKadaHe). [Ipnkaagom sactocyBaHH: 1Ti€l
ymoBu Moxe Oyt nmukaysaHHa XAC wmerogom CCCV - eran CV
(mOoTeHLIIOCTaTUYHe A03apsAAXKaHHA 49U AOPO3PsIA>KaHHA) 4acTO peaai3yloTh
caMe Ii€I0 KOMaHAOIO IIOKM aOCOAIOTHUII CTPYM He 3MEeHIIUTLCA A0
BKa3aHOI'O TPaHMYHOTO 3HAYeHHS;

|Ql —ymoBa  3aBepllleHHsI KOMaHAM 3a  KiABKICTIO  €AeKTPUKU
(Hammpukaaa, KoaAu TpebDa OOMEXMUTU KiAbKICTh "3aAUTOI' YU OAep>KaHOol 3
XAC eaextpukn).

STAT_1
Komanga 'TaasBanocrar”/'ITlotenuiomerp” — BOHa crabiaizye cTpym
poOOoUYOTO eaeKTpoda BIIPOAOBX 3a4aHOIO 4Yacy Ta 3AIMCHIOE BUMIipIOBaHH:

IIOK! He BUKOHAETHLCSI SIKach YMOBA BUXOAY 3 KOMaHAM:
~STAT_I

| = 1.00 500 mA (arwo 0, TonepelTy B pes. "noTeHuioMeTp")
dt = 060 0.01-60c (NepiodMYHICTE EMMIQHESHHA)

I REC Hu peECTpYEATH PESYNETATH EMMIDHESHEY

YMoeM JapepuUeHHA KOMaHOM:

V itz I 10.0 0.0+ c (TpWeanicTe)

v E ITI 1.00 T eigHocHo Eeq ™ EioHoCHD Elast +500B

MNepeeodMTE NpMANEA Y CTAH "raneBaHOCTAT", 2 NepiogMuHIcTi dt 20iHcHIE
EMMIQHIBAHHA. JEEERWEHHA KOMEHOKW NPH BMKOHEHHI 0OHIET 2 EMEPaHMx YMOE

I - crpym. “Ikmo Bkasano crpym 0, TO IPUCTPI HEPeXOAUTHL Yy CTaH
"Tlorenuiomerp", ToOTO BUMHKae KoMmipky (S1 count-off)!;

dt — nepioan4HICTh BUMipIOBaHHS;

REC/NO_REC —u4n motpiOHO 30epiratm BuMipsHI TOUKM y mam'sTi i
¢paitai? (ananoriuno, sk i 1t komanau STAT_E);

t— ymoBa 3aBepleHH: KOMaHAM 3a TPUBAAICTIO. SIKIIO IIIO YMOBY He
aKTMBOBAaHO, TO KOMaHJAa BMKOHYBaTUMETbCS Oe3MeXHO JOBIo (IIOKMU
oIlepaTop BPy4YHy He 3AiMICHUTD Ilepexi Ha HaCTYIIHUN PAAOK aATOPUTMY 4
B3ara/i 3yIVHUTH BUKOHAHHS BCbOTO aATOPUTMY). SIKIITO YMOBY aKTHBOBaHO,
ale TpuBaaicTb BKaszaHa HyaboBa (0 c), TO mIpucrpiii mnepeije y CcraH
"raapBaHOCTaT"/"TIOTeHITiOMeTp" i BiApasy 3aBepIINTh BUKOHAHHSI KOMaHAW;
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E — yMOBa 3aBeplIeHH: KOMaHAM 3a IIOTeHIiaA0M (AKIIO moreHniaa E
CTaHe MeHIIMM/OiAbINM 3a BKazaHe 3HaudeHHs). [Ipmkaasgom sacTocyBaHH:
niei ymosu Moxe Oytm nuxkayBaHHia XAC merogom CC — eran CC
(raapBaHOCTATUYHE 3apsiA’KaHHs UM PO3PsAAKAHHS) peadi3yloTh came LI€IO
KOMaHAoI0 Ioku Hampyra Ha XAC He AociarHe BKa3aHOTO I'PaHMYHOTO
3HAYEeHHSI;

Komanou dunamiunux pexumis (poszopmox)

SCAN_VA
Komanga "lloreHnioamHamiyna BOAbTaMIepoOMeTpiA' — HOpUCTpill Y
peXxuMi "moTeHIiocTaT" 341MICHIOE AiHIIHY PO3TOPTKY IIOTeHIlialy poOO4oro
eaekTpoda Big Eqoy 40 Ei 13 3a3HaueHoO10 miBuAKicTio posroptku (dE/dt):

-SCAN_VA
Enou = I 000 [T eigHocHo Eeq ™ BioHocHo Elast +5.00 B

Ekin = I 1.00 I eigHocHo Eeq [T eioHocHo Elast +500B
dE/dt = I 10.00 0.02-500 MBfc (WEWAKICTE POSrO@TRMH)

YrMoea noyacHoro JapepweHHd KOMaHAK:

¥ > 2000 0.00-500 M4 (aSconrTHE cMna cTpymMy)

BurMipHEaHHA BOAETEMOBROMEEMIM Y MOTEHLIOOMHEMIYHOMY DEHAMI 2
AIHIAHOK pOEropTEOD NaTeHLiany

BukoHaHH:A pO3TOpTKM MOXe OyTu 3aBepllleHO JA0YacHO, SKIIO
aKT/BOBAHO YMOBY — AOCSITHEHHsI IIeBHOTO IpaHm4yHoro crpymy |Il. s ymosa
KOpMICHa, HalIpMKAaJ, IIpU peaaisallil II1MKAI4HOI BoabTamiiepoMetpii (LIBA),
KoAM TpeOa aBTOMaTMYHO 3MiHIOBaTM HaIpsM PO3TOPTKU IPU AOCATHEHHI
IIEBHOTO I'PaHIYHOIO CTPYyMY.
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CVA
Komanaa "lloreHIriognHamiyHa IIUKAIYHa BOAbTaMIlepoMeTpisd'. SIKIo
HeMae€ IToTpeOM A404acHO 3MiHIOBaTU HAIIPsIM pO3rOPTKM HoTeHIliaay 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:

~CWA,
Enou = IW ™ BioHocHD Eeqg [ eioHocHO Elast +5.00 B
El-= IW " EioHocHD Eeq ™ eioHocHo Elast +500B
E2 = IW ™ BioHocHD Eeqg [ eioHocHO Elast +5.00 B

dEjdt = I 1000 0.02-500mBfc (WEMAKICTE pPOEropTEM)

n= I 20 1+ (k-cTe wMKnie LBA)

BuriprEaHHa UkAidHOl BOAETEMMOEQOrpaMK 4 NoTeHUioOMHaMIYHOMY
peExrMi 2 AIHIAHOK pO2ropTEOH NoTeHLiany

PosropTka noreHIliaay Biag0yBa€TbcsA 3a TaKOIO CXeMOIO:
(En0q —-E1-E2— Enoq)n

SPEC_VA

Komanaa 'TloreHniogmnamiuna BoAbTaMIlIepOMeTpPis 3 HeAiHIIHOIO
pO3ropTKOI0”. 3a IIi€I0 KOMaHAOIO BiAOyBa€TbCs IHOTEHILIOAVHaMiuHe
BUMIpIOBaHH: BA, ase He 3 AiHIIHOIO pO3rOPTKOIO — ITOTEHIliaA 3MiHIOEThCS
3rigHo mpodias, sKuil 3agaHo y ¢aiai eeq-t_prof.dat, sixuin mae Oytu y
nanni nporpamu. Paia 1poro npodias Mo>KHa HOIlepeAHBO OAep>KaTu 3a
aoriomoroio  koMaHau Eeq-t PROFILE abGo Bsaraai 3mogeaioBaTu
MaTeMaTU4HO — F0A0BHa BUMOTa 11100 KpoK 3a yacoM Oys He men1Ie 0,05 c:

SPEC_VA

BuriproeaHHa BA 3 pozropTrow E- 2rigHo npoding Y gaini eeg-_prof.dat
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Eeq-t PROFILE
Ile xomaHaa AAs BuMipioBaHHA mnpodias E-t i sammcy ¢aitay eeq-
t_prof.dat, saxuii nHeoOxianmii aas xomanau SPEC_VA. ®@akruynHo
BiAOyBa€ThCs BUMIipIOBaHHs IOTeHIlialy pO3iMKHYTOro koaa B 4aci. ToOTO
IPUCTPill Ipu 1IboMy Hepebysae y cTaHi "moreHuiomerp” (S1 count-off):

-Eeq-t PROFILE

dt = I 010 0.05-1c

YrMoeW peecTpadil pe3ynbTaTiE BUHIPIOBAHHA:

|dE]| > I 1.0 1-10.0 B (MiHIManeHa 2MiHa noTeHuiany Eeg)
IE|] € I .00 0-500B (agc. 2HaYeHHA NnaTeHuiany Eeq)

YrMoea FagepuweHHA KOMaHAKM:

dt max *> I B0 10+ ¢ [akwo =a uel Jac E He 3MIHMTECA xoua 5 Ha dE)

BuripioeaHHa sanekHocTi Eeg -t

BumipiosanHs1 moTeHIlialy BigOyBa€Tbcsa 3 4yacoBuM KpokoMm dt, aae
BUMipsiHa TOukKa (IKCY€ThCsS AMIlle B TOMY BUIIAAKy, SKIIO IIOTeHIliaa
3aMmiHMBCs xoda O Ha |dE| i abcoaroTHe 3HaueHHs mOTeHITiaay MeHle 3a |E|.
HeoOxigHicTb OCTaHHBOI YMOBM 3yMOBA€Ha THUM, IO 4YacTO Take
BUMIipIOBaHH: PO3IIOYMHAIOTH Ile A0 3aHypeHHs poDOYOIo eAeKTpoay Y
posunH. Koam >x poGounii eaekTpos He Ma€ TaAbBaHIYHOTO KOHTaKTy 3
PO3YMHOM, TO JOIO IOTeHIliaA € HeBM3HadyeHUM i (pOpMaabHO 3HAUYEHH:
MOXYTb AOCSTaTU HaBiTh KpaiHix MexX (+5 um -5 B) — 11100 He ¢ikcysatn i
XMOHI 3Ha4eHH:I II0TeHIliaAy i IpM3HaYeHa 15l yMOBa.

Komangy Eeq-t PROFILE Takox 3py4HO BUKOPUCTOBYBATU AAs
AOBIOTPMBAAOIO  BUMIpIOBaHHS  Apelipy  piBHOBa>KHOIO  IIOTeHIliaay
AOCAIAXKYBAaHOTO MeTaAy/CIiAaBy y IIeBHOMY KOPO3iliHOMY cepedoBuilii. Jas
LIOTO X MigxoauTh i KoMaHga STAT_I 3 HyaboBMM 3HaYeHHSAM CTPyMy, ade
BOHa MeEHII 3py4Ha, 00 (ikcyBaTuMe yci TOUKM Oe3 OrasAy Ha BeAUYVHY
3MiHM TOTeHIliady — SKIIO BUMIipIOBaHH:A OyJe AyXe TpuBaAuM, TO i
KiABKiCTh TOUOK OyJe HagTO BeAMKOIO.
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SCAN_AV
Komanga 'l'aapBaHOAMHamiyHa BoAbTaMIlepoMerpia’. Lle eanna
KOMaHJa 3 raabBaHOAVMHAMIYHMM TUIIOM po3roptku. Ilpucrpin y pexxumi
"TaabBaHOCTAT' 34iJICHIOE AiHIIIHY PO3TOPTKY CTPyMy pOOOYOIO eAeKTposa
BiA lnoy 20 lkiw 13 3a3HaUYeHOIO mIBMAKICTIO posropTky (dI/dt):

-SCAN_AV

Inou = I -50.00 500 mA,
lkiH = I 50.00 #0500 p1

difdt = I 10.0 0.1-10000 mMeAfc (WEMOKICTE POZFOATEM)

BuriplEaHHA BOALTAMOBPOrPaMK 4 FANEESHOOMHEMIYHOMY QEHMMI 2
MHIFHOM PO2roOpTEOK CTRYMY

BumiproBaHHs BOABTAMIIEPHOI 3aA€XXHOCTI Yy TaAbBaHOAMHAMIYHOMY
BapiaHTi HallyacTillle BUKOPMUCTOBYIOTb IIPU AOCAiAKEeHHI O0'€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 OpTraHisallil IuUKAy, TOOTO ©OaratopasoBoro
BUKOHAHHs  OJHOTUIIHMX  BUMIpIOBaHb, HalIpuKAad y  IUKAIYHIN
BoAbTaMmHepoMeTpil. Yci komanHau, mo crosate Mixx 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 OyTu Auiile oAHa Ilapa BiAIIOBiAHMX KOMaHA
nukay CYCLE_BEG ta CYCLE_END. Jkmo norpiOHO peasidyBaTu
IIOCAIAOBHUN YU BKAAAE€HUN LIMKA, TO CAlJ BUKOPMCTOBYBaTU LIMKAM PI3HMX
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 ©OesymosHO). KomaHam mnepexoais
3a3HA4yalOTh, HA SIKUN PAAOK aATOPUTMY CAlA II€PENTH.

besymosnuii nepexio

GOTO
3a 1i€l0 KOMaHAOIO BUKOHAHHA aATOPUTMY IEpexOoAUThb Ha PsIAOK,
HOMep SKOIO BKazaHUI y HapaMeTpi 1i€i koma"nau. Inkoan komanay GOTO
3py4HO BMKOPMCTOBYBATU TMMYAcOBO, KOAM Tpeda "cripoOysBaTu" aArOpUTM
0e3 1eBHOI KIABKOCTI ITOYAaTKOBMX KOMaHA He BUAAASIOUM caMi KOMaHAU
(1o6 moTiM 3HOBY ix He BHOcUTM). Hanmpukaag, goaasmu komanagy 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>XKHa AOCSITHYTU ITPOCTO A€aKTUBYBaBIIIN 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
Arwo E ITIWF gigHocHo Eeq [ eigHocHo Elast +5.00B

nepeiitk Ha N I b 0-24 panok

MNepexin Ha NEBHME panok anropHTHY, AKWE NaTeHUaN SiNEWMAMEHLME 28
BKAIAHE ZHAYEHHA

3a 11i€10 KOMaHAOIO HIPUCTPill BUKOHYE OAHOKpaTHe BUMIipIOBaHH 1
SIKITO TIOTEeHIliaAd MEeHMIMIT/OiApImil 3a BKa3daHe 3HaueHHs, TO 3AiVICHIOE
repexig Ha BKasaHUI PsIAOK aATOPUTMY. JIKIIO K yMOBa He BUKOHYETLCS, TO
Oyae TepexiA Ha HaCTYIIHUI PSIAOK aATOPUTMY.

Hanpukaaa, y Takomy aaAropmurtmi IIPUCTPiMl IIPOIyCKaTuUMe 4Yepe3
KOMipKy crpyMm 20 MA i HIOCEKyHAU HepeBipATUMe IIOTeHIliald poOoYoro

eleKTpojda — Koam BiH 3pocre a0 0,60 B, TO BMKOHaAHHSA aATOPUTMY
3aBePIINUTHCS:

e | s s et |y bt g £ e

o X

T 1 STAT | 2000ma; t=Ds: X

[T 2 DELAY 1.0s X

[T 2 IFE <0E5: GOTO?Z X

4 X

r c T

[Iepexid 3a cmpymom

IF_1

~1F_I

Skwo | [< [ 50 +20000 mA
nepeiTu Ha Nt I b 0-24 panok

[Nepexin Ha NEBHMEA PAOOK SAM0RMTMY, AKWD CTRYM SiNEWMEAMEHILKMIA 38
EKAZAHE ZHAUYEHHA

3a 1Ii€10 KOMaHAOI0 NPUCTPiMI BUKOHYE OAHOKpaTHe BUMIPIOBaHHA 1
SIKIIO CTPYM MeHINNIT/OiAbIINil 3a BKasaHe 3HaueHHs, TO 3AIJICHIOE Hepexij
Ha BKazaHUI PAAOK aATOPUTMY. SIKIIO K yMOBa He BUKOHYETLC:A, TO Oyae
repexiz Ha HaCTYIIHUI psIAOK aATOPUTMY.
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Hanpukaag, y Takomy aAropuUTMi IPUCTpPill MOTeHIiocTaTye podouni
eaekTpog, (un XAC) npu norenttiaai 1,6 B i mjocekyHAM niepeBipsi€ cTpyMm B

KOAl — KOAM BiH CTaHe MeHIIMM 3a 5 MA, TO BMKOHAaHH: aATOPUTMY
3aBePIINTHCS:

M= O023KT. | BHOLANHTH YCI KOMIHLH | Iv" KOHTPOAE NEpErpY3kM

o X

™1 STAT_E 160V t=0s: WX

" 2 DEL&Y 1.0s X

™ 3 IF >500mé GOTO 2 X

[~ 4 X

5 X

[Iepexid 3a mpusaricmio

IF_TIME
CIF_TIME

Aemo t_cur IT 10.0 01+ c

nepeitu Ha Nt I 5 0-24 panok

Mepexin Ha NEEHKE PAAOK BNr0pMTHMY, AKWO NOKAAEHKWE TaflmMep ({_cur)
BineWHAMMEHIWLKA 38 BKAZ8HE SHAYEHHS

3a 1i€10 KOMaH/O0I0 IIPUCTPiNl epeBipse€ 3Ha4eHH:1 A0KaAbHOTIO TaliMepa
(t_cur) i sKImo BOHO MeHIIe/0iabIlle 3a BKa3aHe 3HA4YeHHs, TO 3AiMICHIOE
repexig Ha BKa3aHUil psI40K aArOpUTMY. JIKITO X yMOBa He BUKOHYETBCs, TO
Oyae 1epexia Ha HACTYIIHUI PAAOK aATOPUTMY.

A0onomixHi KomaHou

Onosrenns smirnoi Eeq

MEASURE Eeq

Y sminninn Eeq 113 3amam'siToBye€ morteHIliaa po3iMKHYTOro kKoaa. Bin
aBTOMaTMYHO BUMIPIOETLCS Mepe/ ITOYaTKOM BUKOHaHHS aaroputMy. OgHak,
B IIPOLIeCi BUKOHAHH: aATOPUTMY 1M IOTeHIliaa MOXKe 3MIHIOBaTUCh. JKII0o
B OKpeMIX KOMaH/aX IOTeHIliaau 3adaHi 3 npus'sa3koio 40 Eeq, To BaxkanBoO
mo6 y 3wminHin Eeq Oyao "csike" 3mauenns. Tomy mepesg num BapTo
nnocrautu koManly MEASURE Eeq, sxa posimkHe ko010 (S1 count-off) Ha
BKa3aHMI1 4yac 1 BUMIpsI€ ITIOTOYHe 3HadeHH: roTeHIjiaay 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 Koaa 1 Ilepes BUMIipIOBaHHAM IIOTEHIliaAy
HeoOXxigHa A4S TOro, INOO IIOTeHIiaA '3acHoKoiBca' 1 HaOyB 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

IIpucrpiit 30epira€ cBiit ITIOTOYHNII CTaH BIIPOAOBXK 3a3HaueHOI'O Yacy He
BUKOHYIOUM >KOAHMX BUMIPIOBaHb.

[Iepesanyck A0KAALHOZ0 MAliMepa

CLEAR_TIMER
CLEAR_TIMER

[MNepesanyck NOKANEHOMD TARMEQRE (DBHYNEHHA SMIHHMX t_cur | O

/okaapHuii Tauimep (t_cur) B OCHOBHOMY BUKOPWCTOBYIOTH AAs
KOHTPOAIO IpoIlyIieHol/oAep>kaHoi eaeKTpukn (Q), ska oduncaioerses 113
IIASXOM IHTerpyBaHHs KpusBoi I-t_cur. Y 1nmukalyHmx ekcrepuMeHTax,
Hanpukaaz npu nukaysaHHi XAC, 3pydyHO KOAM €MHICTb OOYMCAIOETHCA i
PeecTpyeThCs OKpPeMO AAsl KOXKHOTO eTally 3apsAKaHH:S/pPO3psiiKaHHS —

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 Bigobpaska€ 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 etarny roctaBut komanay CLEAR_SCREEN. B inmomy Bunaaky
rpadiyHe 1104e IIBUAKO "3aXAaMUThCs' OaraTbMa KpMUBMMMY, IO HAKAaAYThCS
OAHa Ha OAHY. BaxkamBo po3ymiTy, 11O 1ie BIIAMBA€E ANIIIE Ha BilOOpa kKeHH:
rpa¢iuyHOro BiKHa i He BIIAMBA€ Ha 30epiraHHs pe3yAbTaTiB BUMipIOBaHH: Y
rtam 's1Ti 11K Ta Ha >JKopcTKOMy AMCKY.

Kpupa, skxa 10-3aMOBUyBaHHIO BigOOpakaTUMeTbCsAd B  Ipolleci
BUKOHAHH, 3a4a€ThCA Y BiAIIOBIAHOMY 101 ITapaMeTpiB aATOPUTMY:

MoreHyiocTaT-ranssaHocrat MTech SPG-5005

NOTEHWIOMETR | MA
AAropHTH pOGOTH
[o]1[z[a[4[5[e[7[a[a[1o[11[1z[13[14]15[16[17 [18]19]
I, £ radi 4 20 100 R00 [T aet.™
Tunrpagpica:{ E-t  1-t  |-E JEW | 030 -] 160
LI . = -

OgHak, 3a 1oTpeOM B_IpoLeCi BUKOHAaHHS aATOPUTMY (UM IIicAsl JOTO
3aBEepIIEHHs) OllepaTOp MOXKe AOBiABHO 3MiHIOBAT TUII BiZOOpa’KyBaHOTO

rpadika KAiKOM Ha BiAIlOBigHe 1104e 11i4 rpapiyHNM BiKHOM:

vx||
vx|=
X T

X Eeq=0000% =1

X E=-0160V |=-16.0mA 0 = -0.020 méh (E-t |-t I-ET‘:F'iJ

¥ X ll 00151_24-05-2020_14-44.d2t | | CHECK |.-.:.-.:a.: START | STOP | [ coPYx

Komanga CLEAR_SCREEN ouninae rpadiuHe ole He3aae>KHO Big
TOrO, sIKUI TuIl rpadika BigoOpakaerbcsa Ha HboMy. I13 mam'stae MomeHT,
KoAu rpadiyHe 1moae 0yA0 OUMIIEHUM — TOOTO, KOAU OIlepaTop (I1icAs TOro,
JAK BUKOHaHa I KOMaHAa) IepeKAIOYUTh TUI rpadika, TO BiH HMOOAuUTh
KpUBY, "HaMaAbOBaHY' BKe IIiCAsl MOMEHTY, KOAU [10Ae 0yA0 O4MIleHe.

28



3Mita pobo10zo dianazory cmpymy

RANGE
Inkoan e mnorpeba Aas  3a0e3ledeHHs  HAWBUINOI  TOYHOCTI
BUMipIOBaHH:I/3a4aHHs CTPYMY 3MiHUTH 110TO POOOYMIL Aiarla3oOH:

-RANGE

0!

=4 MA
=20 HA
=100 1A

i T

+500 HA

JMiHa gianazoHy cTpyMy

Aianla3oH CTpyMy, Ha SKOMY IIO-3aMOBYYBAaHHIO BVKOHYBAaTUMYTbCS
BUMIipIOBaHH: B IIpoLieci poOOTH aATOPUTMY, 3a4a€ThCA Y BiATIOBiAHOMY I10A1
IIapaMeTpiB aATOPUTMY:

MoTeHyiocTaT-raneBaHecTtat MTech SPG-500L

NOTEHLIOMETR | MA [

ST OpKTH pOEoTH

o[1[2[3[4[5]6[7[8[3i0[i1 [1z[13[14[15[16[17 [18]19]

[, & by ' 4 20 100 a00 I [ aer. Y
Tunrpagika: E-t |-t |-E  E.M: W,BD -| 160

| T ]

Ognak, nepe/ BMKOHaHHAM II€BHUX KOMaHJ MOXe OyTU AOILiABHUM
3MIHNUTH 1€}l Aialla3oH AAs 3a0e3IledeHHs HalBuUIol ToyHOoCTi. Hanpukaag y
METOAl 1HBEpPCIMIHOI XPOHOIIOTEHIIOMETpil 3 HaKONMYEHHSAM IIepPIIOIO
"IIpo0oIiAroToBY010" (pa3oio HepeBa’kHO € MOTeHIIOCTaTYHe HaKOIMYeHH:
IIPOAYKTIB  BiAHOBA€HHsA Ha pPOOOYOMY €4AeKTpOJi, a HaCTyIIHOIO
"aHaAiTMYHOIO" (Pa3ol0 € raabBaHOCTATMYHE OKMCHEHHS HaKOIINYEeHUX
IIPOAYKTIB 3 peecTpaui€io kpupoi E-t. OOmexxyBatu crpyM mnepioi ¢asu
IlepeBa>kHO HeMa€ CEeHCy, TOMY AA4sd aATOPUTMY BUOMPaiOTh MaKCUMaAbHUI
AlariasoH cTpyMy (B 1iiii Mogeai npuctpoio 1e +500 MA). A OT 445 OCTaHHBOI
"aHaaiTuHOI" (pa3y aHOAHOTO PO3UMHEHH: Oa’kaHO LIOO Aialla30OH CTPyMY
HallKpalle BigIIOBizaB CcaMOMY 3HA4eHHIO CTpyMy. JIKIo, Aas mpukaaay,
CTPyM aHOAHOTO po3umHeHHs aopiBHIOE 10 MA, TO € ceHc mepes LM
IIepeKAIOYNTUCh Ha AianazoH +20 MA — e 3a0e3le4uTh BUILY TOYHICTD i
CTabiABHICTb IIBOTO CTPYMY (IIOPIBHAHO 3 AiartazoHoM +500 MA):
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MoreHuyiocTaT-ransBadoctatT MTech SPG-500L

NOTEHWIOMETH E.B

— AAropHTH poGoTL

HlBEAEEHEEEHEIBEREEEEE
£ v s 2 w( sm0 ] Foay

Tunrpagika: E-t |-t [-E  EM | -200 ‘I 2.00

IHEEPCIFHA ¥POHONOTEHLIOMETPIA 3 HAKOMMYEHHAR 5 #6 npr -1 B

Mefneakt. | Buganwmi ycikomarg | W koHTpOk neperpyzku

o b i
[T 1 STAT_E -1.00%; t=300.0s; dt=0.50s; MO_REC; b i
[z b i
[T 2 RANGE =20ma Z/ ¥ X
[T 4 STAT_| 10.00md; t=180.0s dt=0.10s; REC; stopif b i
[ 5 b i
rc W v

Kepysatitisl 306HIULHIM NPUCTPOEM

SWITCH
Llielo kKOMaHAOIO MOXKHa BMMKaTH/BUMHUKaTU pede S4, ske Kepye
30BHIIIIHIM IIPUCTPOEM (HiAKAIOYA€TBbCS 4Yepe3 po3'€éM Ha 3a4HiNl NaHeAi
IIPUCTPOIO):
SWITCH

I ON oM OFF

HEiMKHEHHA { BMMEHEHHA pENE 20EBH. NPMCTROW (He Sinewe 2208/ 0.5 A)

ITo-3amMOBUyBaHHIO Ile peae 3aBXAM BUMKHYTE, OCKIABKM Ha IIOYaTKy i
IIiCAsl 3aBepIIeHHS BMKOHAHH:A aATOPUTMY IIPUCTPiMl 1OrO aBTOMaTUYHO
BIIMIUKAE.

BOBHIIIHIM  IIPUCTPOEM  HamM4JacTillle  BUCTyIIa€ Mimaaka (44
IlepeMilllyBaHHsI PO3YMHY) 4l CHUCTeMa oOOepTaHHs AMCKOBOIO poOOYOro
eaekTpoga. OxpeMi eTanm aAropuTMy, Halpukaas (paza HaKOINYEHH: Y
iHBepCiliHillI ~BOAbTaMIEpPOMeTpii, MOXYTb HOTpeOyBaTU BKAIOYEHOTO
30BHIIIIHBOTO HPUCTpOIO. IHII 3K (asm ekcepuMeHTy, HallpuKAad aHOAHe
pO3UMHEHHs HaKONMYEeHMX IPOAYKTiB, IIOBMHHI BUKOHYBATHCh IIPU
BUMKHYTOMY 30BHIIIIHLOMY IIPUCTPOIO.

Aani poseasHemo munosi NpuKAadUu arzo0pummis.
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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.
MoTeduiocTraT-ransBaHocratT MTech SPG-5005
MNOTEHWIOMETR | MA I
— A ArOpHTH poSoTH
[al1]z2]a4]s]e][7][a]a[10]n[12[13]14[15]16]17[158]13]
[, + rad; 4 20 100 500 [ aeny
Tunrpapika: E-t |-t [-E EM | 030 -| 160
Lk myna B - 1
MelneakT. | BHaanKTi uzi KokdaHau | ¥ koHTROAE NEperpyEkM
o W
[T 1 CYCLE_BEG 20 W
[T 2 SCaN_WA -0.20v: 180 10.00m s W
[T 2 SCAN_WA 180V 0200 10.00m s W
[T 4 CYCLE_END-® W
[ s W
e v
ITosicHeHHsI.

Moo 3araabHMX HaAalTyBaHb. BuOpaHO poOoumii Aiara3oH CTpyMiB
(#100 MA) Ta BKaszaHO, sikui1 rpadik I10-3aMOBUYBaHHIO BUBOAUTI B IIpOLIeci
BumipioBanb ("I-E" — 3aaexxHicTh cTpyMy Big IIOTeHIiaay poO. eaeKkTpoaa).
"ApTOMacimiTa®" He aKTMBOBAaHO — OTXKe MeXi 3a BICCIO CTPyMy
BiATIOBiAaTUMYTh IIOBHOMY poOodyoMmy gianaszoHy (+100 MA) 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 1o 0,1 B 11100
KplBa He "BIMpasAach’ y MeXi pJUCYHKa).

ITia yac BUMIpIOBaHHS BOAbTaMIIEpOIpaMM IIpUAaj IPaIio€ B peXUMi
"moTeHIiocTatr", TOMy IIporpaMa aBTOMaTU4HO aKTVBYyBala OIILIiI0 "KOHTPOAb
neperpysku’ i OaxkaHo ii He sHiMaTu. lle 3axmcHa yHKIIiA, sdKa BKasye
npruAaaay IIPUMYCOBO 3yIIMHUTV BMKOHAHHS IIOTOYHOIO psidKa aATOPUTMY,
SIKIIIO CTPYM BUIAe 3a AOIyCTMMI MeXXi BuOpaHoro aianasony (+100 MA).

MMogo xomaH4. OCKiabKM 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 €
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MIX IMMHU ABOMa KOMaHAaMm) Oyae BukoHaHO 20 pasis. Jas BuMipioBaHH:
BA Tiao nuxay wmictuth aBi komaHau SCAN_VA ("moreHniogunamiuyna
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, 3yMOBA€HOrO Itepesapsxxantam [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.
MoTedyiocTraT-raneBaHecrat MTech SPG-5005
MNOTEHWIOMETE . mA [
— AAropHTH poSoTH
|IZI|1 |2|3|4|5|E|?|B|S|1D|11 |12|13|14|15|1E|1?|‘IE|1E|
[, % pad 4 20 100 B0 ¥ aeT.
Tunrpadika: E-t |-t [-E EM | 030 -| 160
Uukniuna BA - 2, noyatok posropTeM 3 NoTeHWany posiskHYToro Koa
MednearT. | B g anKTi Uz KokdaHau | [¥ koHTROME NeperpyskM
o X
M1 SCAN_MA Eeq: -0.200: 10.00mY/s X
T 2 CYCLE_BEG+ 20 rx
[T 3 SCanN_va -0.20v; 1.50%; 10.00m /s X
[T 4 SCanN_wa 1.50v: -0.20; 10.00m /s X
[T 5 CYCLE_END rx
& X
= = W ws
IlosicHeHH:I.
[IToao 3araabHMX HaJalTyBaHb — aHAJAOIIYHO, AK B IIONEPeAHBOMY

IIpUKAaAi, ade 4eKOOKC "aBToMaciuTad" aKTMBOBAHO — OTKe MeXi 3a BicClo
CTpyMy Oy4yTh aBTOMaTM4YHO 3MiHIOBaTHUCh B IIPOLIeCi BUMipIOBaHH:I.

[MMoao xomana. Tia0 NUKAy 3aAMINNAOCH He3MIHHUM, ade A0JaAN IIe
oany komaHay SCAN_VA niepes IMKAOM 445 TTIOYaTKOBOI 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 3HAYEHH I1bOTO IIOTeHIliaAy 1, BiAIIOBIAHO, OHOBUTN BMICT
3aminHoI Eeq, To caig nocrasutu komanay "MEASURE Eeq'.

IIpuxaaa 3. IukaidyHa BoabTaMrepoMeTpis-3

B npomy mpuxaaal mokakemo, SIK MOXKHa peaaidyBaTy IIOIepeAHin
eKCIIepUMeHT, aje X OOMe>KeHHAM cTpyMy y £30 MA.

3aBaaHHdA. Bumipsaty imkaiyHy 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
I[IBA aOcoaioTHe 3HadyeHHs CTpymy Ilepesumniutb 30 MA, TO HPUMYCOBO
3MIHIOBaTM HAIIPsAM PO3TOPTKM (IepexoAUTM Ha HaCTyIIHUI PsAA0K

aATOPUTMY).
AATOPUTM.
MoTeHuyieccTaT-ransBanoctat MTech SPG-500S
NOTEHUIOMET . MA [
— & AFOpHTR poGoTIH
|EI|1 |2|3|4|5|E|?|8|9|1D|‘I1 |12|13|14|15|1E|1?|18|19|
[, £ pat 4 20 100 RO0 [¥ aeT.
Tunrpagica: E-t |-t |-E EM | 030 -] 160
LLuknivHa B - 3, noyaTor, posropTEM S NOTEHWIANY poSitEHYTON D Kona,
OaMEEHHA CTRURY 30 rad,
Medneakt. | Bugammh yoikomadge | [ KoHTpoA neperpyatm
o L
[T 1  SCaN_V& Eeq; -0.200; 10.00mv s stopif [>30.00me  WF X
[T 2 CYCLE_BEG 20 X
[T 3  SCAN_MA Elast; 1.500: 10.00m /s stop if [>30.00ma W X
[T 4 SCAN VA Elast; -0.200; 10.00mvAs stopif |>30.00ms W X
[T 6§ CYCLE_EMD¥ X
& L
| ) LAY
IlosicHeHHsI.

¥ Bcix komangax SCAN_VA BkazaHO yMOBY 404acHO BUXOAY 3 KOMaHAN,
AKIIO abcoaloTHe 3HadyeHHs cTpyMy nepesumnutb 30 MA. Otxe, SAKIIO
abCOAIOTHe 3HA4YeHHsA CTPyMy JOCATHe IIi€l MeXi, TO Big0yAeTbcs
IIPMMYCOBUII Ilepexid Ha HaCTyHHUI PsAAOK aATOPUTMY, TOOTO 3MiHUTBLCS
HalpsM pO3TOPTKU. SIKIO Ije CcTaHeThCs, TO BaKAMBO, IJOO HaCTyIIHa
3BOPOTHSI PO3ropTKa IIPOAOBXKyBaslach caMe 3 TOIO IOTeHIlialy, Ha SIKOMY
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synuHuaachk nonepegrs. Tomy, y komangax SCAN_VA, mo € B Tiai nukay,
IIOYaTKOBMII ITOTeHIliaA po3rOpTKN 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€XKHICTb AOLIIABHO BUMIPIOBATU
He B IIOTEeHIO-, a TraabBaHOAMHaMIYHOMY BapiaHTi. Hacammepes 1e
CTOCY€TbCSI OO’€KTIB 3 MaAMM  BHYTpIIIHIM  OIIOpPOM, HaIlpuUKAaj
CYyIIepKOHAEHCATOpiB. Y raabBagiHaMi4HOMY BapiaHTi BuMipioBaHHa BA
puaag Hpaio€ B peXNMMi 'TaabBaHOCTaT — IIOCTYIIOBO — 3MiHIOIOUM
NOAAPU3ALIIHUI CTPYM 13 3a4aHOIO IIBUAKICTIO PO3TOPTKINA.

3aBaanHda. Bumipsarum BoabTammeporpamy  CylepKOHAeEHcaTopa y
raAbBaHOAVIHAMIYHOMY BapiaHTi B MeXax cTpyMiB Big 0 go 100 MA 3i
IIBUAKICTIO po3ropTKy 50 MKA/c.

AATOPUTM.

MoteHuyioccTaT-ransBanoctat MTech SPG-5005

NOTEHUIOMETR . MA

— & FOpHTR poGoTLH
|EI|1 |2|3|4|5|E|?|8|9|1D|11|12|13|14|15|1E|1?|1B|1E||

I, + pad 4 20 100 500 W aer. Y
Tunrpagica: E-t  I-t  1-E EM | 010 -] 160

I anbEaHOOMHARIMHA BONETatNEPOMMETRIA

Medneakt. | Bugamvmuycikomadaw | [T koHTpoae neperpyseu

o x
[T 1 SCAM_&Y 0.00mé; 100.00ms; 50.0uds x
2 x
i v

JIk Gaummo, aas BumipioBaHH:A BA y raspBaHogmHaMiuHOMY BapiaHTi
3aaissHo koMaHay SCAN_AV. AnaaoriyHo MO>KHa peaai3yBaTy BUMipIOBaHH:
I[IBA y Ttakomy BapiaHTi — 445 IIbOIO CAiA 3a4aTyl OUKAIYHUI aATOPUTM 3
ABOMa TaKIMIJ KOMaHJAaMH y Tial IIMKAY, IT0Ai0HO SK y mpukaaai Nel.
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Ilpukaaa 5. 'aabBaHOCTaTMYHA XPOHOMNOTEHIIIOMeTPisa

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
crpymom 100 MA a0 xiHnmesoi Hanpyrm 4,20 B. Bumipatm 3aaexxHicTb
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 gocsarsae 4,20 B, To caig synuanTy nporec.

AATOPUTM.

MoTedyiocTaT-ransBanocrat MTech SPG-5005

MOTEHLIOMETR E.B

— ANrOpKTH pOSoTH
|IZI|1 |2|3|4|5|E|?|E|9|1D|11|12|13|14|15|1E|1?|1E|1EI|

I, £ rads 4 20 100 500 [V aeT. Y
Tunrpagicas E-t |-t |-E EW | 000 -f 100

[ anbEaAHOCTATHYHA KPOHONOTEHWIOMETRIA

MednearT. | BH3an9TH yoi KomaHaH | [T koHTROME NEpErpYyskM

o ¥X
1 STAT_| 100.00md; t=72000.0s; dt=050z; BEC: stopif B 2
rz ¥X
= A T s

Aas Takoro agocaigxxeHHs 3agisHo komanay STAT_I ("raapBaHocTaT"), Y
IapaMeTpax sKOI 3a4al0Th 3HAYE€HHs CTPYMY, TPaHUYHY TPUBAAICTDb, KIHIIEBY
HaIIpyTy Ta IIepioAMYHICTb BUMIPIOBaHHA 1 BigKAagaHH: Ha rpaik TOYOK.

Inkoam (K Ha puc. BuUILe) B PAAOK aATOPUTMY He IOMIIalOThCs YCi
napamMerpu BuOpaHoi KoMaHAM. IIlo6 noGaumtyt psIgO0K MOBHICTIO CAig,
IiABeCcTM 4O TaKOIoO psigKa Kypcop MuIm — Bechb PAAOK TaKOX
np04y6£12€TBCﬂ Ha I104i IMigKa30K:

X
X
X

WX
WX

:i [ 0 ] STAT_I 100.00ma; t=72000.0s; ct=0.50s; REC; stop if E>4.20%;
¥ X | | CHECK |<<< START | sTOP |

Y Fen =N 000

-
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IIpukaag 6. PiBHOBa’kHa (cTartioHapHa) XpOHOIIOTEHIIiOMeTpis

B piBHOBakHiN1 (CTalliOHapHil) XPOHOIIOTEHI[IOMEeTpil BUMIipPIOIOTDH
3a/€>XKHICTh IIOTeHIliady 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 monepeaHbOMY
IIpUKAaAl Take AOCAiAKeHHs peadidyloTb KoMaHAo0l0 STAT_ I, aze 3
HyABOBUM CTPYMOM. OJBepHiTh yBary — Komanga STAT I i3 nHyaboBum
3HaUYeHHsAM CTPyMy IIepeBOAUTH IIpuAaad Yy PeXUM TOTeHLiomeTp"
(BigKAIOWa€ KOMIpPKY). SIKIIIO 3K 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.
MoTedyiocTaT-ransBanoctat MTech SPG-5005
MOTEHUIOMETR E. B
— ANrapHTR pOGaTH
|EI|1 |2|3|4|5|E|?|E|9|1D|‘I1 |12|13|14|15|1E|1?|1E|19|
[, % rtd: 4 20 100 500 ¥ aeT.f
Tunrpapica: E-t -t |- EM | 000 -] 010
PieHOEa*Ha [CTaWIOHapHAE] ¥pOHONGT EHWIOMETRIA
Mtfgeakt. | Bugammh ycikomadge | [T koHTpoae neperpystu
o L B
[T 1 STAT_| 0.00mé&; t=7200.0s; d=050s; REC: ¥
2 L B
= A T wa
IlosicHeHHsI.

IIpnaaa mepexoaAuTh B CTaH 'HOTEHIIIOMeTP" Ta BIPOAOBX 2 TIOAVH
kKoxXHMx 0,5 ¢ 34ilCHIOE BUMIipIOBaHH:A. SIKIIO TpMBaAiCTh BUMIPIOBAHHS
HeBM3HA4YeHa, TO MOXKHa He aKTUBYBaTU YMOBY 3a TPMBAJAICTIO i Bpy4HY
3YNMHUTY BUKOHAHHS aAropuTMy KHONKow STOP.

B saHOMYy npuKaagi ogep>kaHa 3a1e>KHICTb — 11e paKTUIHO rpadik 3MiHN
roteHIliaay posimMkHyToro koaa (Eeq) B waci, BuMipsHmUii 3 (ikcoBaHUM
gacoBuM KpokoM (0,5 c).

IIporpamue 3abesneuenns "MTech SPG-500S" gae 3mory BumipioBaTu
BO/AbTaMIleporpaMy He 3 (PiKCOBAaHOIO IIBUAKICTIO PO3STOPTKM, a B TaKUIl
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cr1oci6, mo0 MoTeHITiaa PO3rOPTKU 3MIiHIOBABCs B yaci crielln(piuHIM 4MHOM,
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, 110 UM "npodiseM” aas BumiprosaHHs BA yacto i € 3aaexHicts Eeg-t.
B HacTtynmHOMy IIpuKaAaAi IHOKakeMo, sAK BumipAtn npodiab Eeqg-t Tta
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 BuMipioBaHHs Eeq-t gacro
PO3IIOYNHAIOTS I1je 40 3aHYPeHHsI poO0OYOro eAeKTPOALy B PO3UIH;

—3HaueHHs1 Eeq 3MiHIOETBCS B 4aci IO-pisHOMY, 34e0iABIIIOTO IIBUAIIIE
Ha IIOYaTKy 1 IOBiABHIIIE HAIPUKIHIN eKcrnepuMeHTy. ToMy AOIiabHO
peecTpyBaTy TOUKM He 3 (pikcOBaHMM 4aCcOBUM KPOKOM, a 3aA€>KHO Bij 3MiHU
IIOTeHIIiaAy. SIKINO IIOTeHIiaa TpuUBaAMUI 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
3aAMIIAETLC He3MIHHMM ocTanHi 120 c.

Aaropurtm.
MoredHuiocTtaT-raneBaHoecrat MTech SPG-5005
NOTEHWOMETH E.B
— AAropHTH poGoTLH
[O[T[z[a[4[E[6[7[e[a[10] 11 [12[13] 14161617 [1E[19]
|, + rad: 4 20 100 A00 ¥ aet.Y
Tunrpapika: E-t |-t [-E EMN | 200 -| 200
MNpodine Eeg-t
MefneakT. | B 1o anuTH yoi KomMaHou | [T koHTpONL MEperpyskuM
o L B
[T 1 EegtPROFILE 0.10s: 2.0mM; >1500: 120s: ¥ X
2 ¥
= w v
IlostcHeHHsI.
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Komanaa "Eeq-t PROFILE" sumipsie 3aaexxHicts Eeq-t Ta 30epeske aiia
eeq-t_prof.dat y manky nporpamu. Ilepmmnit napamerp (0.1s) Bkazye MipsTu
norenuiaa koxxHux 0,1 ¢, a apyruit (2.0mV) — 3a sAKoi ymMoBU 1010 piKcyBaTH
y ¢aiiai. SIKIIo 11oTouHe BUMipsIHe 3HaueHH:s IOTeHIlialy BiApi3HSAETbCS Bij
nonepeanporo <2 MB, To 1141 Touka He Oyae 3anmcana. Hacripasai € mje ogHa
yMoBa (ikcallil TOuoK — IpoiJiliia npuHaiMHi 1 ¢ Big nomnepeanpoi pikcarii
(o0 He Oyao 3HauHmux mays). Tpetin mapamerp (>1.50V) aossoants He
(pikcyBaT ITOYATKOBI TOUKM (KOAU €4€KTPOJ, 11le He 3aHypeHUIT B PO3UMH, TO
IIOTeHIliaa € HeBM3HAYeHUM 1 4acTo "BIMPAETLCA B KpalHIO MeXy — +5 un
-5 B). Ocrannin napamertp (120s) 3aga€ yMOBY 3yIIMHKI €KCIIEPUMEHTY (XO4
JIOTO MO>KHa 3YIMHUTU 1 BpyuyHy, KHOINKOIO STOP) — sAKkmo BIIpoaoBXK
octaHHix 120 ¢ moreHIiaa He 3MIHUBCS Ha >=2 MB.

Ilicas BumiproBaHH:a npodias i mepeg 1Oro 3aCcTOCyBaHHSIM y KOMaHAI
"SPEC_VA" caia Bpy4uHy BMAaAUTY 3aliBi II0YaTKOBI TOYKM 3aA€>KHOCTI (KOAU
po0OUNIl eAeKTPOy, I1le He OyB 3aHYPeHUI Y PO34MH) i BUKOHATU 3TAaj KEeHH:
(smoothing) xpmsoi Eeq-t. Lle 3spyuyno poOutmy, Hanpmkaag, y Iporpami
Origin ¢piasTpom FFT.

IIpukaaga 8. BumipioBannst BA 3a npogiaem Eeq-t

AATOPUTM.
MoTeHuiocTaT-ransBanoctat MTech SPG-5005

MOTEHWIOMETR | mA i

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

I, £ nad: 4 20 100 500 W aer. Y
Tunrpagica: E-t |-t |-E EM | 060 -] 010

B za npodiner Eeq-t

Medneakt. | Bugammi yoikomangw | W koHTpoae neperpuseu

o W
[T 1 SPEC WA ¥ X
Nz W
i a W

ITosicuennsa. Komanga "SPEC_VA" ne Mae >xogHux napamerpis. €anHa
BIIMOTa — HasBHicTh ¢aiiay eeq-t_prof.dat y mamii nporpamm. et nmpodianb
Mmictuth KpuBy E-t, 3a skoilo Oyae 3MiHIOBaTHCh IIOTeHIiaa IIig d4ac
BuMmiprobanHsa BA. @aita eeq-t_prof.dat HeoOOB'sI3K0OBO CTBOpIOBaTHU
komaHgo1l0 'Eeq-t PROFILE", 1oro B3arasai MOXXHa 3MOJeAOBaTU
MaTeMaTUYHO B SIKiVICh iHIIIN IIporpaMi, AKIIO NOTpiOeH cBilt crierudpiuHmi
npodias E-t. 'oa0sHe, 11100 Kpok 3a yacom Oys He Mmenite 0,05 c.
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IIpnkaag 9. 'aapbBanocTraTnaHe nykayBaHHs XA C

B npomy wMetoai gocaiaxysaHe XAC (manpmukaas axymyasTop)
II0YEPIOBO 3apsAAXKaIOTh/pO3PAAXKaAIOTh (PIKCOBAHUM CTPYMOM JAO II€BHUX
Hanpyr. [Ipu 11bomy gocaigHMKa IiKaBUTh He AMIIe 3MiHa HAIIPyIM B 4aci,
aze 11 apend emnHocti XAC B mpoueci niukaysaHHsA. CaMe TOMY y IporpamMHe
3a0esleueHHsl IIpudasy 3aKAageHO (PYHKIIO BUMIpIOBaHHA KiABKOCTI
IIPOMYIIEHOI eACKTPUKM — IS BeAMYMHaA 3aIllICYyEThCSI y IIATY KOAOHKY
Ta0AUIIi A@HUX, a TAKOXK Bi400pa’ka€ThCs B IIPOLleci BUMipIOBaHb.

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

— 3apsia ctpymoM 200 MA a0 gocsarnenHs Haapyru Ha XAC 4,2 B;

— pospsia ctpymoMm 200 MA a0 KiHIleBol Hanipyru 2,5 B.

BumipiosanHusa (i BiaKaagaHHs TO4OK Ha rpadik i ¢aita) mposoauTu
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.
MoTesuyiocTaT-ransBanoctat MTech SPG-5005
MOTEHWIOMETR E.B

— ANFOpHTE pOAoTI
[0]12[2[4[5[e]7[e[a[10[11[12[13][14]15[16[17[18]19]

|, & rady; 4 20 100 a00 [ aer.¥
Tunrpadika: E-t |-t [-E EMW | 240 -| 430

[ anbEAHOCT ATHYHE LMENYESHHA #J1C

MednearT. | B g aniri yoi KordaHa | [T koHTpOAb Neperpyskd
[T 0 CYCLE_BEG 10 ¥x
1 CLEAR_SCREEM X
[T 2 CLEAR_TIMER X
[T 3 STAT | 20000m&; t=72000.0s; dt=0.50s; REC; stopif WF X
[T 4 CLEAR_SCREEN X
[T &5 CLE&R_TIMER X
[T 6 STAT | -200.00md; t=72000.0s; di=0.50z; REC; stopif WF X
[T 7 CYCLE_END® X
[ = X
= T W

[losicHeHHsI.

Moao 3araabHnux HaaamrtyBaHb. Ockiabku crpymu 200 MA, To pobounm
AlarmazoHoMm crpymy BuOpaHo +500 MA. Tun rpadika "E-t" — ontumaapHmMin
AAs Bi3yaAbHOTO KOHTPOAIO IIpoIiecy IuKAyBaHH:A. OCKiAbKM HaIlpyra i Jac
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LMKAyBaHHs OyJde 3MiHIOBaTuCh B Mexax 2,5-4,2 B, To macmrab oci "E"
(aiamason Hampyr) BuOpaHo 2,4-4,3 B (3 meBHuMm 3amacom 1100 rpadik He
"BMpancs’ y Kpas pUCyHKa).

[MMoao xomana. OCKiAbBKM AOCAIAKEeHHS IMKAIYHe, TO HepIIol0 i
ocraHHpoi0 KoMaHA0l0 € CYCLE BEG-X ta CYCLE_END-X, BiamosigaHo.
Aas BUKOHaHHA 3apsAAy/pospsidy B Tial umkay € Asi koMmanHaum STAT_I
('raapBaHOCTaT') — mepua Aas 3apAAy, Apyra Aas pospsaay. Ock ITOBHU
IIPOINC LIMX KOMaHA:

STAT_| 200.00maA; t=72000.05; dt=0.50s; BREC: stop if E>4.20%,
STAT | -200.00maA,; t=72000.0s; ci=0.50s; REC; stop if E<Z.50%,

106 rpadivyHe moae He 3aXA1aMAIOBAaA0Ch KyIIOIO KPUBUX 3aps4/po3psia
nepes, koxHuMm erartioM € komaHga CLEAR_SCREEN - orxe B mporeci
pobotu omepaTtop OaunMTMMe AUIe KPUBY AAsl IIOTOYHOTO erTamy. Takosx
AogaHo 11e koMaHau CLEAR_TIMER aas oOHyaeHHSI A0KaABHOTO TarMepa,
3a AKUM IHTerpyerbcsa KpuBa I-t 1 pospaxoBye€rbcsa emHicth (Q (BOHa
3ammcy€eTbess 'y 5-y KoaoHKYy dat-daiiay). SIKmmo He cTaBUTM KOMaHZ
CLEAR_TIMER, 1O B 11ili KOAOHIIi OyJde €MHICTh BCiX eTalliB IIMKAyBaHH:
pasoM, a B HallIOMY BUITaAKY IIOTOYHI 3HaUYeHHs €MHOCTI OyAyTb BiAIIOBigaTu
ANIIIe IOTOYHOMY eTaIly 3apsiay 94U po3psidy.

IIpukaag 10. Huxaysanusa XA4C metogom CCCV

Metog CCCV (constant current, constant voltage) € agockoHazimmm
CIIOCOOOM IIMKAYBaHHs, OO OKpiM OCHOBHOI a3y raAbBaHOCTATUYHOTO
3apsAAKaHH: (po3psia KaHH:) repegdavae e IIOTEeHITIOCTaTUUHe
Ao3apsigKaHHs (a0pospsigxanHust) XAC.

3aBaanHa. Bumipsarn 10 nukais "sapsa-pospsg” XAC merogom CCCV 3
TaKMMU IIapaMeTpaMIL:

— 3apsaa crpymoM 100 MA a0 gocarnenns nanpyru Ha XAC 4,2 B;

— BUTpUMYyBaHH: Hanpyru 4,2 B mokm crpym He BHage 40 5 MA abo
TpuBaaictb Ppasu CV He gocsrne 20 xs;

— po3psia ctpymom 100 MA a0 nanpyru 2,5 B;

— BUTPMMYBaHH: Hanpyru 2,5 B mokm crpym He BHage 40 5 MA abo
TpuBaaictb Ppasu CV He gocsrne 20 xs;

Bumiprosannsa nposoautu koxHux 0,5 c¢. B mpomneci BumiprosaHb
pO3paxyHOK €MHOCTI Ma€ OyTM OKpeMUM AA4s KOXKHOTIO ertany '3apsaa’ i
"pospsa". Tpusaaicts koxxHorO etany CC 3apsia/pospsig He 0OMeKyBaTH.

AATOPUTM.
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MoTedyiocTaT-ransBanocrat MTech SPG-5005

MOTEHLIOMETR E.B

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

1, et 4 20 100 500 [~ aer.
Tunrpamika: E-t |-t 1-E EM | 240 -] 430

Lk nyEanna =0 reTogor COCOY

MednearT. | B3 anKTH Uz KokdaHamM | ¥ rkoHTROME NEpErpyskd

[T 0 CYCLE_BEG: 10 X
[T 1 CLEAR_SCREEM X
[T 2 CLE&R_TIMER X
[T 3 STAT_| 100.00mé; t=7 dt=0.50s; REC; stopif E>4.200; W X
[T 4 STAT_E 4.20v: t=1200.0s; dt=050s; REC: stopif X
[T 5 CLEAR_SCREEN X
[T & CLE&R_TIMER X
[T 7 STAT_| -100.00mé; t=? dt=0.50s; REC; stop if E<2.50%; W X
[T 8 STAT_E 250v: t=1200.0s; dt=0.50s; REC: stopif X
[T 9 CYCLE_END-¥ X
[~ 10 X
™ 44 W s

[losicHeHHSI.

[MMoao xoMaHA. AATOPUTM HPaKTUYHO TaKUIl caMUii, SIK y IIpuKaaai 9.
Aoaaaucy aume xoMaHau STAT_E, sxi 3abe3reuyioTb A03apsigKy Ta
20p0o3paAaKy XAC 40 AOCATHEHH:I IIeBHOTO 3aAUIIKOBOro crpymy (5 MA). Ocb
IIOBHIII IIPOINIC KOMaHJ, 1110 He IIOMICTUANCE Y PsAKaX BUIIIE:

STAT_[ 100.00mA,; t=7 dt=050s; REC: stop if E>4.20%;
STAT_E 4200 t=1200.0s; dt=0.50s; REC: stop if [<5.00ma;
STAT_| -100.00ma; t=7 cit=050s; REC; stop if E<2.50Y;
STAT_E 2500, t=12000s; dt=050s; REC: stop if 1<5.00ma;

Okpim 3aammkosoro crpymy y komanai "STAT_E" me MoxnHa 3a

IoTpedu 3a4aTyl YMOBY 3a IPaHNYHOIO KiABKICTIO €AeKTPUKIAL.

IIpuxaaa 11. N'aabBaHOCTaTHMYHE "TUTPYBAaHHS"

Peaapni axkymyasTropu Imij dYac eKkcrnayaramil pidko MigAaroThCs
HellepepBHOMY pO3pPsAAKaHHIO (pikcoBaHUM CTpyMoM. Yacritie BiaOyBalOTbcs
3HauHi (3a CTPyMOM) NepioAMYHI PO3pPsAAU, IO YepIYIOThCSI ITaCUBHUMU
craHaMIl ©e3 HaBaHTakKeHHs. Takmii crHocid po3psAAHOTO  ">KUTTS"
aKyMyAsTOpa MOXHa y IIepIIoOMy HaOAVDKeHHI MOJAeAIOBaTHM  T.3.
raAbBaHOCTaTUYHNM 'TUTPYBaHHSIM .

3aBaanns. 3apsaautu XAC a0 4,2 B crpymom 50 MA, a noTiM po3psaantu
3a TaKOIO METOAVKOIO:
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— pospsia ctpymoMm 200 MA BIIpoaoBX 1 XB;

— SIKIIIO ITicAsI IIbOTO Hampyra <2,5 B, To synuauty aaroputm

— BigkaounT pospsigumii  crpyM  Big XAC (mepeiitm B peXXuM
"morenuiomerp”) Ha 5 xB (mod6 XAC "sacrmokoiaoch" i BiAHOBMAO CBOIO
PIBHOBa>KHYy HaIIPYTY);

— 3HOBY pO3psi4 i T.4. (IIOBepHEHHS Ha II0YaTOK)

Bumipiosannsa (i BigkaagaHHsA TOYOK Ha rpadik i ¢aiia) BIPOAOBXK
pospsay nposoautu KoxxHux 0,5 ¢, a B mporeci "3aClIOKOIOBaHHS — KOXKHIX
10 c. OxpeMo BUMIpsATH €MHICTb 4451 ITIOYaTKOBOIO eTaIly 3apsAy i OKpeMo —
AAs1 HACTYIIHOTO eTally 'TUTPYBaAbHOTIO' pO3psiAy.

AATOPUTM.
MoTeduyiocTaT-ransBanocrat MTech SPG-5005

NoTEHLIOMETH E.B

— & AFOpHTH pOEoTH
|EI|'I |2|3|4|5|E|?|E|9|1D|11|12|13|14|15|1E|1?|1E€|19|

L, £ pad 4 20 100 500 [V aet.
Tunrpapika: E-t -t |-E EM | 050 -] 170

[(ankBaHOCTATHYHE "THTPUBSHHA'

MedneakT. | EHa.anqri yci KomaHowW | [" KOHTpOAE MEpErpyskM

[T 0 STAT_| 50.00ms; t=7 d=0.50s; NO_REC: stopif ¥X
[T 1 CLEAR_SCREEM ¥X
[T 2 CLEAR_TIMER ¥
2 L B
[T 4 STAT_| -200.00ms; t=R0.0s; d=050s; REC: X
[T 5 |IFE <250v: GOTOZ20 X
[T 6 STAT_| 0.00m&; t=300.0s; di=10.00s; REC; X
[ 7 GOTO 4 X
[ & X
o L AT

Iloacuenns. B psaaky NeO — komanaa 445 nepBuHHOIO 3apsaaxanns XAC
20 4,2 B (AKIIO BOHO BXe € 3apsAXKeHUM, TO I1i€l KoMaHAU He TpeOa). Jdaai
4YUCTUMO eKpaH (i TaliMep AAs iHTerpyBaHH: (Q HAaCTYIIHOTO TUTPYBaAbHOIO
pospsay). Pagoxk Nod — pospsg crpymom 200 MA crporo Brnpogosx 60 c
(1 xB). B psaaxy No5 nepesipsieMoO 3araabHy YMOBY HPUIIMHEHHs pOOOTHU — 4l
BI1asa Hanpyra Ha XAC Hikue 2,5 B? fIkmio tak, mo OyJe Ilepexig Ha psi40K
No20 (TOoOTO aAropuT™M 3aBepIIMTLC). SIKIIO Hi, TO IIPOAOBXUTHCS
BIUKOHaAHHsI aATOPUTMY, TOOTO OyJe Iepexi Ha HacTymHUI psAAok (Ne6). B
pAAKy N6 mepeBoguMo mIpuaag B 'TIOTeHIioMeTp" (KOAO posipBaHe i Mu
MipsI€MO AMIIIe HAIIPYTy) Ha 4ac 5 xB. B paaky NO7 — mpumycosuit nepexia Ha
psAAOK Ned, ToOTO 240 HaCTYITHOI 5-XBUAMHHOIL ITOPIIii pO3pAAY i T.A.
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IIpukaaa 12 BA XA C 3a pi3HMX DIBMAKOCTEN PO3TOPTKM

3aBaannda. Buwmipatm BoabTammeporpamu  pospsiaxeHoro  XAC 3
pO3rOPTKOIO IOTeHIiaay B Mexax 2,6—4,2—2,5 B 3a pisnux msugkocren
posroptku norenniaay: 0,05; 0,1 Ta 0,2 mB/c.

AATOPUTM.

NOTEHWIOMETH | MA [

— AAropHTH poGoTL

[oT1T2]2T4]s][e]7]e]a[10[11[12]13][14]15][16]17]1&]15]
I, & rads; 4 20 100 500 [~ aer.¥y
Tunrpapika: E-t I-t [-E EN | 240 - 430

B =L sa pisHO! WBMAK.OCT] pO3rOpTEM

MefneakT. | B 1o anuTH yoi KomMaHou | ¥ koHTpONE NEperpyskW

[T 0 SCAM W& 280V 4.200; 0.05mv/s ¥
1 SCAM WA 4200, 2500 0.05m /s ¥
2 v X
[T 3 SCAM W& 280W; 4.200; 010mW/s ¥
[T 4 SCaM_vWa 4200 2800; 010mv/s ¥
s v X
[T B SCAM W& 280V 4.200; 0.20mW/s ¥
[T 7 SCAM W& 4200 2500; 0.20mW/s ¥
il v X
o W W

IToacuenus. Aas xoxHol ogHOKpaTHOI LIBA 3aaisfiHO BigllOBigHY mapy
komana SCAN_VA. JAaa kpamjoro Bi3yaabHOIO CHPUMHATTSA aATOPUTMY Iii
Ilapy KOMaH/ po3AideHi IIOPOXKHIMMI psidKaMI (TaM € "IIOpOXKH:A KOMaHJa
EMPTY). Taki HeBMCOKi IIBMAKOCTI PO3rOPTKM HEPiAKO BUKOPUCTOBYIOTbH
caMe AAs BUMIpPIOBaHHs BOAbTaMIIepOrpaM XIMIYHUX JXKepea CTpyMmy.
IToaiOHI ekcriepMMeHTV MOXKYTb MaTU 3HaAuyHy TPUBAJAiCTh. JOKpeMa,
BUIIle3a3HauyeHNII aATOpUTM IpaloBaTuMe Oiablie 33 rog — came CTiAbKU
gacy HeOOXiAHO A5 BUMipIOBaHH: LIX TPhoX BA.

Ak 0auumo, 3pyuricmv npurady pasom 3 113 noaseae y moxaueocmi
asmomamusyéamu  3Hauni (34 mpuearicmio) excnepumermuy. Hanpuxinuyi
N AMHUYT MOXKHA 3ANYCMUMU AAOPUMM, 4 6 NOHEJIA0K odepxkamu nompioHui
MACUB 0AHUX — 00AAOHAHH MAE NPAUIO6AMU HAGIMD KOAU HAYKO6EUb 6I0N01UBAE :-)
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Ilpuxaaa 13. BA XAC micas nyKayBaHHSI

Boabsramneporpama XAC aae 1iHHy iHpopMallilo OpoO HIpUPOAY
eAeKTPOXiMIYHMX ITpOLIeciB i yac 3apsiakaHHA Ta pospaakanusa XAC. o6
IIPOLAIOCTPYBAaTU MOXKAMBOCTI IIpuAaAy B IAaHi aBTOMaTU3allil 3HaYHMUX (3a
TPUBAaAiCTIO) AOCAiA>KeHb NPUBEAEMO IIPUKAaJ eKCIIepUMEHTY, IO MiCTUTb
3HAYHY KiABKICTb eTamis 3apsAxkaHHs/pospsigxanast XAC (IMKayBaHHS) Ta
IepiognyHe BUMIPIOBaHH JIOTO BOAbTaMIIEPOIpaMIA.

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

3aBaanHsA. BumipaTtu 5 soasramneporpam XAC 3 po3sropTKoiO NOTeHIi-
aay B Mexax 2,5—-4,2—2,5 B 3a mBuakocti posroptkn norentriaay 0,5 mB/c.
Ilepea BuMipioBaHHAM KOKHOI BA caig Buxonatu 10 1mjukais sapsia/pospsia
crpymoM 40 MA.

AATOPUTM.

MoreduiocTtaT-raneBadHoecrat MTech SPG-5005

NOTEHWOMETH | mA

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

[, + ra 4 20 100 500 ¥ aet.*Y
Tun rpagika: E -t -t |-E E,"-.-":l 060 'I 1.60

B = JOC & npoueci uWMENIEAHHA

MEfneakT. | B 13 anMTH Yo KomMaHu | [V koHTpOE MEperpyskd

[T 0 CYCLE_BEGH § X
[T 1 CYCLE_BEG-Y 10 X
[T 2 STaT_| 40.00mé; t=7 di=0.50s; NO_REC; stop if ¥
[T 3  STAT_| -40.00ms; t=7 di=0.50s; NO_REC; stop if ¥
[T 4 CYCLE_EMD-Y X
5 X
[T B SCAN_ VA 250v: 4.20v; 0.50mv/s ¥
[T 7 SCAN_VA 4.20v: 250v; 0.50mv/s ¥
[T 8 CvCLE_END-% ¥
™3 X
 1n v

IHosacuenns. TyT 3aaisiHO moABiVHNI BKAageHnii MKA. [nka (X) 3agzae 5
eTalliB IIPOXOAJKEeHHs IIMKAyBaHHsA 1 BuMipioBaHHa BA. Jas camoro
LIMKAYBaHH: 3a4iAHo BHYyTpimHi nuka (Y). OrTxe, nepea BUMipIOBaHHAM
KOo>XHOI BA Oyae Bukonano 10 erartis 3apsia/pospsig crpymom 40 MA.
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Ilpuxkaaa 14. AcuMeTpUIHNI €1eKTPOAi3

Ilpucrpinn. MTech SPG-500S ayxe 3pyuyHMII 444 Pi3HOMaHITHUX
BapiaHTIB IIpernapaTMBHOTO eAeKTpoaidy. Ilokaxkemo fK mpocTO MOXKHa
peaai3yBaTul T.3. aCUMETPUYHUI €A€KTPOAi3.

3aBaannd. /A5 TaAbBaHIYHOIO IOKPUTTS CAi4 BUKOHATHU €A€KTPOoAi3 3a
TaKOI0 MeTOAMKOIO: BiAHOBAEHH: iOHiB MeTaay crpyMoM 200 MA BIIpOAOBXK
8 ¢, aHoZHe po3unHeHH: cTpyMoM 50 MA BIIPpOAOBX 2 C. 3araabHa TPUBAAICTD
nporecy 1 roa. Pobounit eaekrpos — AeTaab, Ky CAig HOKPUTU IIapOM

MeTaay.
AATOPUTM.
MoTeHyiocTaT-ranbeanocrat MTech SPG-5005
NOTEHLUIOMETR E.B i
— & AFOpHTR pOEoTH
|EI|1 |2|3|4|5|E|?|E|9|1D|11 |12|13|14|15|‘IE|1?|‘IE|1EI|
[, £ pat 4 20 100 A00 ¥ zeT.%
Tunrpagicas E-t  I1-t  |-E EV: | 010 -] 010
A CHMETPMYHAN SIHHOCTPYROBKIA BNEKTROMNE
M/neakrT. | B g a4 Yol KoraHgm | [T koHTpOAE NEperpyskM
o ¥
[T 1 CvCLE_BEG-< 360 ¥
[T 2 STAT_| -200.00mé; t=80s; d=010s; NO_REC: X
[T 3 STAT_| 50.00me; t=2.0s; dt=010s; NO_REC; X
[T 4 CYCLE_END ¥
[ s WX
| W W
ITosicHeHHSI.

Eranu BigHOBAEHHSI Ta HACTYIIHOTO aHOAHOIO PO3UMHEHHs ITOKPUTTA
peaaizoBaHo asoMa KoMaHgamy STAT_I. Ockiapkm TpuBaAicTb OAHOIO
takoro eranmy € 10 c (8+2), To muxka Oyde BukoHaHO 360 pasiB 1100
3a0e3IeunTy 3aralbHy TPUBaAicTh eaekTpoaisy 1 roa (360x10=3600 c).

3amicTh oOpraHizalil LKAy MO>KHa Te came 3a0e3nedymuTyi KOMaHAOIO
IF_TIME:

] - v
- b i
[ = b i
1 STAT | -200.00mé; t=8.0s; di=010z; NO_REL; X
[T 10 STAT_| B0.00ma,; t=20s; dt=0.10s; NO_REC; X
1N IF_TIME <36800.0: GOTOA9 b i
[ 12 b i
[ 13 b i
14 v
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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 ITOTEHIIIOCTaTyIOTh 3a PiBHOBa>KHOTO
(cTalrioHapHOrO) MOTEeHIIiaAy.

3aBaaHHA. BumipsATy noreHIiocTaTUuHy XpoOHOaMIIeporpaMy BIIPOAOBXK
5 xB micas crpuOka HorteHIlialy poboudoro eaekrpoga Ha 0,5 B y katoany
001acTb 3 SIKOMOIa MEeHIIUM Iepiog0M BUMipIOBaHH! i BigKAadaHHS TOYOK

(0,01 c).

AATOPUTM.
MoTeHyiocTaT-ranbBanoctat MTech SPG-5005
MOTEHWOMETR | mA I
— ANFOpMTE pOBoTIA
|EI|1 |2|3|4|5|E|?|8|9|1D|‘I1 |12|13|14|15|1E|‘I?|1B|19|
[, % pad; 4 20 100 R00 v aer.*
Tunrpagika: E-t |-t |-E EM | 000 -] 100
"CTpiniHroEa" #poHOARNEPOMMET RIA
hEdneakT. | Buganqmi yoi koraHiM | [¥ EoHTpOAE NEperpysku
o x
[T 1 STAT_E Eeq; t=5.0s; di=0.50s; MO_REC; x
[T 2 STAT_E [Eeq-0.50V]; t=300.0s; di=0.01s; REC; X
3 x
IlosicHeHHSI.

Ilepma xomanga STAT_E moreHuiocrarye poOoumii — eAeKTpPoA
BIIpOAOBX 5 ¢ mpum mnoreHniaai Eeq. Jdpyra xomanga STAT_E
CcTpuOKonoAiOHO noAsipusye eaexkrpoa Ha -0,5 B y katoaHy obaacTs i mBuaKo
(xoxxnux 0,01 ¢) peecrpye xponoammneporpamy Bupogosx 300 c.

46



IIpuxaaa 16. InBepcivina BoabTaMIIepoOMeTpist

InBepciliHa BOAbTaMIIEPOMETPIsl — BUCOKOYYTAMBUI METO/ BU3HAYEHH:],
AKUI Tlepegbada€ Mo4aTKoBy (pasy HaKOIMYEHH: IPOAYKTY BiAHOBAEHH:s Ha
pobodyoMy eAeKTpodi (34e0iAbII0TO AMCKOBUI UM (pikcoBaHa PTYTHaA KparlAs)
3 HACTYIIHMM BVMMIpPIOBaHHAM BOAbTaMIIepOrpaMy aHOAHOTO PO3YMHEHHS.

3aBaanHda. HakonmdyeHHsA NPOAYKTIB BiAHOBAEHHS Ha AVICKOBOMY
00epTOBOMY €AeKTpO4i BMKOHATH BIPOAOBX 5 XB mpu mnortenuiaai -1 B.
BoarrammeporpamMy aHOAHOTO PO3YMHEHHS HAKOIIMYEHUX IIPOAYKTIB
sBukoHaTu npu 10 mB/c 20 kinnesoro noreHmiaay 0 B.

AATOPUTM.
MoTeHuiocTaT-ranbBanocrat MTech SPG-5005

NoOTEHLIOMET[D . MA i

— A ArOpHTH poBoTH
|EI|1 |2|3|4|5|E|?|E|9|1D|11|12|13|14|15|1E|1?|1E|1EI|

I, + 4 20 100 500 ¥ aer.Y
Tunrpadika: E-t |-t [-E EW | 410 -| 010

|IHEEPCIiHA BOABTaNepordeTRIA. HakonuyenHa b «e npi -1 B, AHoaHe
POFYHHEHHA 3 QHPEDEHILIAHOK iMIYNECHOKD POSTORTEOD

MelneakT. | B HaanuTi yzi KordaHom | ¥ KOHTpOME NEpErpYSEM

o L T3
[T 1  SWITCH ON L B
[T 2 STAT_E -1.000: t=300.0s; dt=0.50s; MO_REC; L B
[T 3 SwWITCH OFF L B
[T 4 DELAY 10.0s L B
[ 5 L B
[T 6 RANGE +20m& L B
[T 7 SCAN_WA -1.00W; 0.00W; 10.00m /s ¥
[ & L B
a W

Iloacuennsa. CrioyaTKy BMMKa€EMO OOepTaHHsA AMCKOBOTO eJAeKTpoJa
(psraok Nel). daai noasapusyemo eaekrpog npu -1 B srpoaosx 300 ¢ (5 xs).
ITotim BuMMKaeMo obepraHH: i 4a€mo 10 ¢ Ha 3aCIIOKO€HHS pO34lHY. Ko
IIpY aHOAHOMY PO3YMHHI OYiKyIOTbCs MEHIIIL CTPYMM, TO AOLIIABHO IePenTH
Ha HIDKYMI Alana3oH  crpymiB  (psgok  N26) mepes  BUMIipIOBaHHSIM
BOAbTaMIleporpaMu. SIKIIIO BUKOPMCTOBYIOTH CTalliOHApHMII €AeKTpos (He
oOepToBmit), To psaaku Nol, 3, 4 caia AeakTmByBaTy abO 3aMiCThb CUCTeMU
oOepTaHH: €4eKTpoAa MiAKAIOUUTU MarHiTHy MillIaAKy — IepeMilllyBaHH:
pO34MHYy Ha eTalli HaKOIMYeHH: TaKOX JO03BOASIE CYTTEBO CKOPOTUTHU
TpUBaAiCTh Li€l ¢asu.
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Ilpuxaaa 17. InBepcivina XpOHOIIOTeHIIiOMeTpis

Ilert MeTos mNOAIOHMITI 4O HOIlepeldHBOrO, OO TakOX IlepelDada€
IIo4aTKoOBy a3y HaKOIMYeHHS IIPOAYKTYy BiAHOBAEHHs Ha poOOYOMY
eAeKTpoai. Aae B SKOCTi "aHaAiTMYHOI' 3aA€XKHOCTI BUKOPUCTOBYIOTH He
BOAbTaMIIepOIpaMy, a XpOHOIIOTeHI[iorpaMy MHpU TIaAbBaHOCTaTUYHOMY
aHOAHOMY PO34lMHeHHi (IIpu pikcOBaHOMY CTPyMi).

3aBaannda. Hakxonmuennss IpoAyKTiB BigHOBAEHHs Ha CTallilOHapHIN
("Bmcs4in) pTyTHIN KpanAai BUKOHaTH BIPOAOBX 5 XB Ipy ItoTeHIliaai -1 B.
XpOHOIIOTEHIIiorpaMy aHOAHOTO PO3YMHEHHS HaKOIIMYEeHUX HPOAYKTiB
BIUKOHATM Yy TaAbBaHOCTaTMYHOMY BapiaHTi IIpU CTpyMi 5 MA A0 KiHII€BOTO
norenniaay +0,2 B 3 rpaHn4HOIO TpMBaaicTIO 3 XB.

AATOPUTM.
MoTeHyiocTaT-ransBanoctat MTech SPG-500S

NOTEHUOMETR E. B [

— & ArOpHTR pofoTIA
|EI|1 |2|3|4|5|E|?|E€|9|1D|11|12|13|14|15|1E|1?|1E|19|

I, £ nad 4 20 100 500 W et
Tunrpagica: E-t  I-t  |-E EM | 200 -] 200

|HEEPCIlHA ¥pOHONOTEHWIOMETRIA 3 HAKOMMYEHHAR 5 =8 npK -1 B

Me/neakT. | Buganimi yoi kordaHgH | [¥ roHTpOAE Neperpyskd

(Y X
[T 1 STAT_E -1.00%; t=300.0s; d=0.50s; MO_REC: X
2 X
[T 3 FRANGE #£20ma X
[T 4 STAT_I 10.00mé; t=180.0s; dt=010s; REC; stop if X
5 X
= r T s

IToscHennsa. AATOpUTM NHOAIOHUI A0 IHOIEepeAHbOIO, ale OCTaHHLOIO €
KOMaH/a 'TaAbBaHOCTAT 3 BiglIOBiAHMMMN HapaMeTpamu. I1oBHII psIAOK Li€l

KOMaHAII:
STAT_| 5.00mA; t=180.05; dt=0.10s; REC: stop if E>0.20%,;

Mu  npuseru  o0mexenuti  nepeaix — AAOPUMMIE  DOCAIOKeHD/AHANIIY.
Moxausicmo camocminino “npozpamysamu”  aropummu  00CAIOKeHb 00360A5€
pearisyeamu  0esMexHy  KIAbKICMb  KOMOIHAUIL — PISHUX — eAeKMPOXIMIYHUX
NPULOMi6 1 ni0xX00i6 6 00HOMY eKCrnepuMeHmi.

Ha nepwiux nopax camocminina po3po0Ka AAZ0pummis O0OCAIOKeHHS MOoxe
BUABUMUCL CKAAOHUM 3A60AHHAM O0ASL HO6AUKA, AJXKe OASL 1020 CAL) JOCKOHAAO
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 Npozpamyséamu pooomy npucmporo 00360Ase
ZHYUKO Peari3y6amu 6Cl 1020 MOXKAUGOCHIL MaA MAKCUMAADHO AGMOMAMUSYEAMU
excnepumenm. 30kpema, HANPUKAAD, O0Asl KomnaekcHozo docaidxerns XAC
(HANPpUKAAD  eKCNEPUMEHMAADHO20 AKYMYAAMOPA 3 HOSUMU  eAeKMPOOHUMU
MAMEPIAraMU  Hu/ma — eAeKMpoAImoM) MOKHA — CKAACMU — AAZ0PUMM, U0
MICMUMUMe 3HAYHY KIADKICMD UUKAIE 3apAi-pospad, nepioduvure SUMIPHOGAHHS
60ALMAMNEPOZPAMY 1 M.0., 6UKOHAHHS AK020 mMpuseac OHI YU HAGIMb MUKHI.
Toomo, mneped 6uxodom Yy 610nycmKy MOXHA 3SANYCMUMU Npouec, a MNicAs
nosepHeHHs 13 3ACAYXKEHO020 GIONOMUHKY :-)  0depKamu 3HAYHULL MACUE
excnepumMeHmarviux danux. €dure, npo wo cAid noddamu naneped, — ue Haditite
KUBAEHHS NPUCMPOt0 1 KOMN tomepa, AKutl HUM Kepye, HANPUKAA) 3a 001noM020t0
doxepera Oesnepe0iiiiozo xuereritis (UPS). Taxox mpeba 3SMiHumu HAAaumyears

cxemu — eHepooujadkents —komn'tomepa w00 6in  He "sacnys” mid uac
excnepumenmy.

Aaa aonomorm y ‘'mporpaMyBaHHI" aATOpPUTMIB A04aHO KHOIIKY
"CHECK" — kaikaeTe Ha Heil i [13 nepesipuTh un aATOpuUTM € KOPEKTHUM:

i 5
naTeHUiaMeTn 1. MA [ 100 ]
[~ AArOpWTHM potoTk
[ EE N EEHE R EE R EIEHIEE
I, % mad; 4 20 100 500 [~ aer.
Tun rpagika:  E-t I-t I-E EM: | 030 -] 180
Llitcniuna BA, - 1
Ne/geakT ¥ KoHTPOAE Neperpyzku
o X
T 1 CYCLE_BEGH 20 X
[T 2 SCAN WA -0.20v; 1.50V; 10.00mW4s X
[T 3 SCAN_WA 150V 020: 10.00m/s X
74 CYCLE END+¢ X
s X
(i ¥x
rz X
s X
s X
™ 1o X
11 X
Imi X
13 X
I~ 14 X
15 X
I is X
a7 X
I 1s X
13 X 100 |
II: ;U :: [-0.30 | MaToummi cTaq npraany E.B [(&]
o wx| | CHECK [<<< _START || STOP | | COPYxy | COPYall | DEL |
N 23 X Eeq=-0.001
I 24 X E =-0.001V |=0.000 mA 0= 0,000 mh E-t |-t |-E [T Pinstposati MTech
IDI’MD EKCMEPUMEHTY

Jdxmo e nmomuaky, To 113 Bugacts aetasbHe NOBIAOMAEHHSA IIPO CyTh
IIOMMAKH. Y BUINe3a3Ha4YeHUI aATOPUTM CIelliadbHO BHECEeMO IOMUIAKY —

3abepeMo ocraHHIO KomaHAy. Kaik Ha kHonky "CHECK" BugacTts HacTymHe
IIOB1AOM A€HHSI:
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MoTeddwipcTaT-ranseaHoctat MTech SPG-5005

NaTeHWoMeTp . MA

— ANrOpKTH pOOOTH
|EI|1 |2|3|4|5|E|?|8|9|1D|11 |12|13|14|15|1E|1?|18|19|

|, £ pad 4 20 100 h00 [ &Y

Tunrpasika E-t -t 1-E EM | 030 -f 160

UukniuHa B -1

Mz/neakT. | Brganumi yol kordaHau | [¥ RoHTpOAE NeperpyzkM

[0 X

[T 1 CYCLE_BEG# 20 X

[T 2 SCAN_MA -0.20v: 1.50v; 10.00my/s ¥

[T 3 SCAN_WA 1.60W: -0.20v: 10.00mys X

(! X

s —

-6 x|
7

I': 3 HekopeKTHa opraHizauis uMkny X - mae 6yt ogui CYCLE_BEG_X i ogWH

CYCLE_EMND_X

[~ 10 -

11

[ 12

[~ 13 OK
[~ 14

[T 15 —

e v ||

baunmo, m1o 3abyam 1mocTaBUTM BKIiHII  BiAIIOBiAHY KOMaHAY
CYCLE_END-X. dogaemo 1110 koMaHay i 3HoBY Kaikaemo "CHECK" — Giabire
IIOMUAOK HeMa€ i akTuByeThcsa KHonka "START", TobTo Mo>KHa 3aIrryckaTu
aATOpUTM. SIKIIIO BCce K MOTPiOHO IOBEPHYTUCH A0 pedaryBaHHs aArOPUTMY,
TO CAig, MJIIKOIO KAIKHYT) Ha 3HA4OK ''<<<':

e

Fye ll 0022116072020 1842dat | | GHECGK @l START || ST
F 3 Eeq=ﬂ.ﬂﬂ2ﬁ

X | E=0002V |=0.000 mA 0-0000mih  E.t

B mponeci Buxonannsa aaroputMmy II3 mnokadye mnorouni 3HaueHH:
IIOTeHIliaay, CTPyMy, KiAbBKOCTi €AeKTPMKM 1 AIYMABHUKIB IIMKAIB (JAKIO
aAropuT™M MicTuth ImKau). Homep psiaka, sAKnMiI BUKOHYETHCSI B AaHU
MOMEHT, "HiACBI9Y€TbCs" YePBOHVIM.

Kaikom Ha CMHIO CTPiaKy MO>KHa HPVMYCOBO 3aBEepPIINTU BUKOHAHH:
IIOTOYHOTO PsAAKa aATOPUTMY i IlepeliTu A0 HacTynHOro, a kHonkowo STOP
AOYaCHO 3yIIMHUTH BeCh €KCIIePVIMEHT:
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v A
X
X

00221_16-07-2020_18-42.dat | || GHEGK | <<< STARTI STOP || COF
Feq=-0001Y 5]

E=-0159V [=-0.16 mA Q=0000mé*h  E-t -t |- T

Ilicass saBepireHHA aaroputMmy II3 BuKOHye TakKoX (PiAbTpyBaHH:A
BUMIpSIHIX pe3yAbTaTiB (3rdad’XKeHHs, BUJAaJeHHS IIyMiB 1 BUITaAKOBUX
daykryanin) umudposum PiapTpom Casuipkoro-I'osest i sammcye Ha
SKOPCTKUM AVICK A0AaTKOBU dat—cl)aﬁm 3 TAaKOIO >X Ha3BOIO, sIK B OCHOBHOTO,
aae 3 npucraskoio "filtered". Takoxx micas 3aBepllleHHSI aATOPUTMY MO>KHa
ckomitoBaTu peadyabTaTti KHonlkaMm "COPY xy" um "COPY all". fIkiio nepea
KomiloBaHHsAM omnnisg "®iapTpoBaHi” aKTMBOBaHa, TO KOMiIOBaTUMMYTbCS
Bia(iabTpOBaHi AaHi, SKIIO X He aKTMBOBaHa — HEOOPOOAeHi (c1pi) AaHi.

Knonikoro "DEL" ounimaiors rpadiuHe 1oze Ta onepaTMBHY Ilam’ATh i
IIepexoAsTh A0 IMIATOTOBKY HOBOTO BUMIPIOBaHH:.
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5.7. Po6orta 3 mporpamoio "MTech SPG-500S_cva-chrono"

Ha BiaMiHy Big momepeaHboOl 1isl IIporpama OiAbIl cIielliadizoBaHa Ta
3pyuHa aas BuMmipiosanHs [IBA Tta xpono-sazaesxxnocren. Ilepea rmouarkom

BIIMIipIOBaHb OIlepaTop BUOMpae podounit giarla3oH CTpyMy:
- Oian. cTpymy ——;
= 4 MA

€ £20 MA

100 M

" +500

WV K.neperp.

YexOokc "K.meperp." (KOHTpOoAb meperpys3ky) akTUBYE€ 3axUCT Big
IlepeBUIIleHHsI CTPpyMy — SKIO IIi4 4Yac BUMIpIOBaHb CTPyM BUIige 3a
AOIIYyCTVMI MeXi BMOpaHOIO Aialla3oHy, TO eKCIlepUMeHT OyJAe A04acHO
synuHeHo. OniepaTop BUOMpa€ MOTPiOHMIT MeTOJ AO0CAiAXKEHHsI KAIKOM Ha
BiATIOBIAHUII pe>KUM pOOOTH HPUCTPOIO:

Pexr

@ 1-E Boasramniepometpist (BA un LIBA)
-t XpoHoaMIlepoMeTpis

® =i XPpOHOIOTEHITIOMETPist

ITicas Bubopy MeToAy ollepaTOp 3a3Haya€ IIapaMeTpy BUMipIOBaHb Ta
3arryckae excriepumeHnT KHonkowo "CTAPT". Ilicas saBepiieHHs BUMipIOBaHb
abo mpumycoBol 3ynmHKN excrepumeHTy KHonkow "CTOII" akrusyeTbcs
onwisa "PiapTp", siIKa A03BoAsA€ "BiadiabTpyBaTU' BUMIpPSHY 3a4€KHICTb Big
BUNagKoBUX (PAyKTyallili Ta IITyMiB, sKi MOTAM HaKAAaCTHUCS Ha KOPUCHUM
curHaa. TakoX aKTUBYIOTbCS KHOIIKM AAsl  KOINIOBaHHs pe3yAbTaTib
pumiptobanb — 'Copy X-Y" aasd KomilOBaHH:A /ABOKO/AOHKOBOI TaOAMIN
BiamioBigno 4o Tuny rpadika i "Copy ALL" aas  komitoBaHH:A
MYABTUKOAOHKOBOI TaOAuii, ski mMictuthb i "cupi” i BiadiabTpoBaHi AaHi, a
TakoK 4ac KoxkHol Touku. Kuomkoio "Del" Bugaasiors pesyabratu
BUMIPIOBaHb 3 OIlepaTUBHOI IIaM'sITi, OYMIIAIOTL TIpadiuyHe II04e Ta
IIePexoAATh A0 MiATOTOBKM HOBOTO €KCIIePVIMEHTY.
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5.7.1. Metoga I-E (BA+IIBA)

3a MM MeTOA0M INpuaaj Hpalio€ sAK IIOTeHIIOCTaT, 34iMCHIOYN
AIHIVIHY PO3TOPTKY MiX BKa3aHMMMU IIOTeHIliadaMu. B 3araapHOMy BuUmaaky
onepatop 3aga€ 4vorupu mnoreHmiaam (EO, E1, E2, Ex), a posroprka
3A1VICHIOETBCS 3a TAKOIO CXEMOIO:

E0 = (E1 S E2)» = Ex

A€ N — 91CA0 ITUKAIB.

B sxocti mouarkoBoro moreHijiaay posroptku (E0) mosxna BuOpatn
IIOTeHIIiaA PO3IMKHYTOIO KOJa, a B fAKOcTi KiHnesoro (Ex) sasmaumtu EQ —
TOAl eKCIIepVMMEHT 3aBepIIMTLC Ha TOMY 3K IIOTeHINiadi, 3 sKOIO
po3nounHaBcs. TakoX € MOXAuBicTb AeaktuByBaTu E2 Ta EK 1 BukoHaTH
3BUYAiHYy OJIHOKpaTHY po3ropTky Big EOQ go E1.

ITapamerpu excriepuMmeHTy 3a MeToaoM I-E:

—1-E ———— 1 — mouatkosuii nnoteniriasa, B (E0)
¥ E0 | 000
E1 | 120 = 2 3 — apyra mexxa posroptky, B (E2)

3 4 -xingesui norenniaa, B (Ex)

2 — mepmia Mexxa posroptky, B (E1)

0.
v E2 [ 080 -

10“17 - — 4 5- LT_IBI/I,Zl,KlCTI)vaSI"OpTKI/I, MB/c
® : 5 6 — rpaHMYHNIT aOC. CTPyM, MA
dEft | 50,00« 7 — KIABKICTh IIVKAIB (1)
lImax| | 20.00 - 6 8 — SAKIIO 3HATHU 1110 BiAMITKY, TO PO3TOpTKa IHOYHETLCS 3
11“‘-~EI R IIOTeHIliaay PO3iMKHYTOTO KOAa
79— AKIIO 3HATU LIIO BiAMITKY, TO OyAe IIpOCTa pO3ropTKa
i | 2 IO SHATH IO BiAMITKY, TO GyAe pocTa posrop
Biga EO 20 E1
LMK .
10 — AKII0 3HATH 1110 BiAMITKY, TO PO3TOPTKa
[ Moy naysa

3apeprunThcs ipu EO

11 - BA mepmmnx 5 nukaiB pisHUMM KOAbOPaMU
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5.7.2. MeTtoga I-t (xpoHOAMEIEpOMETPIisT)

B npoMy Meroai mpmaas TakoX Mpallo€ sAK IOTeHIioCTaT, aJe
IOTeHIIial 3MIiHIOETLCS CTpUOKonoaioHo. MoxHa 3agatu Big oanoro (E1) g0

tpbox (E1, E2, E3) 3HaueHs noreHitiaay Ta Bignosigni tpusaaocri (t1, t2, t3).

9

104

ITapamerpnu excriepumenty mMeroda I-t:

-1 -t

v ET| -0.20 g
t1| 20 w4
Ez2| -0.50 --"2

[
/r 2| 0.2 s

\w

LMK

11 ==F" Moy nayza

94

E3| -0.80 3
t3| 0.3 ..-"ﬁ'

u,MKniE:I 10 -"'"?
ot | 0.005 «7

1, 2, 3 —norenmiaanu, B (E1, E2, E3)

4, 5, 6 — TpMBaAOCTi BiATIOBiAHMX eTarlis, ¢ (t1, t2, t3)

7 — KIABKiCTbh ITUKAIB (1)

8 —nepiog, BumipioBaHHs, ¢ (miHimaasHe 0,001 ¢, mo

Bigriosigae 1000 Touok 3a 1 cexynay)

9 — sIKITO 3HATU LIIO BigMITKY, TO B sAKOCTi E1 Oyae
roTeHIiaa posiMkHyToro koaa (Eeq)

10 — akTuBYBaHH:1/4eakTuByBaHHs eTamnis E2 i E3

11 — sixito movyatkosuii nnoteHniaa (E1) ve
"pus'azannit’ 40 Eeq, To mpu akTMBOBaHII i
OINLII mpuAaj Ha IOYaTKy eKCIIePUMEHT 3A1VICHUTD
riosiabHy (5 ¢) "a0BoaKy" norenuiaay Bia Eeq 20 E1 -
TaK MO>XHa YHUKHYTH I1I04aTKOBOTO CTPUOKa CTPYMY.

5.7.3. Metoga E-t (xpoHOIOTEHITIOMeETpisT)

ITet MeToa mOAIOHUII A0 IIOIIePeAHBOTO, ade Ipuaaj Hpalioe SK
raabBa"HocTaT. CTpyM 3MIiHIOETLCSI CTPUOKOIIOAIOHO i MOXKHa 3aJaTu Bia
oanoro (I1) go tprox (I1, 12, I3) 3HayeHb cTpyMy Ta BiAIIOBiAHI TPMBAAOCTI
(t1, t2, t3). IlapameTrpu excriepumenTy 3a MmetogoM E-t:

-~ E-t 1
nl oo =
] 10 ..--'4
12| -2.00 --"'g
"] —
/e[ 10 o
\r_ 13| 150 ..--"g
W —
i3l 10 -
LMKNIE a ,.-"“'T
LMK
o
dtl 0050 o -

1, 2, 3 — crpymn, mA (11, 12, 13)

4, 5, 6 — TpUBaAOCTi BiATIOBiAHMX eTarlis, ¢ (t1, t2, t3)

7 — KIABKICTh IIUKAIB (1)

8 —mepiog BumipioBaHH:A, ¢ (miHimaasHe 0,001 ¢, mo
Bigriosigae 1000 Touok 3a 1 cexyHay)

9 — akTHBYBaHH:/AeaKTUBYBaHH: eTaris 12 1 I3

XpOHO-MeTOAY MO>KHa 3aCTOCOBYBATU HE AUIIIE AAs
AOCAIAYKEHDb — BOHU TaKOX Ay>Ke 3pYy4Hi 4451
IIperapaTUBHOIO €4eKTPOAI3y B HeCTaljlOHapHIX
pe>XmMax.
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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 MeTAi", sAKa MO>XKe HOpU3BecT 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
puaaais, sKi € JAXepeaOM Tellda 4YM 3HAYHOIO €AeKTPOMAarHiTHOIO
BUIIPOMIHIOBaHH:A (HarpiBadyi, edi, Hacocy, KoMIipecopu rtomo). Li npnaaan
MO>XYTb COPMYMHUTHY 3alllyMA€HHs pe3yAbTaTiB Ta 3aByucaHHa USB-mopra i
BTpaty 3B 513Ky "[IK-mipucrpin'. JIKIo Take craHeTbCs Ha eTalli 3apsiA KaHHs
XAC, TO BOHO Oyde HEKOHTPOABOBAaHO IIPOAOBXKYBAaTUCh IIOKM He
3pyiHy€eTbes XAC abo onepaTop He BUMKHe IIPUCTPIIL.

— 3abesneure HagintHe >xuBaeHHs IIK Ta mnpmaaay (mocrasre 0610k
OesrlepeOifHOTO >KUBJAEHHs abO aBTOHOMHe JAXepeao Ha BUIIAA0K
BiAKAIOUEeHH:I e AeKTPUKI).

— Buxkopucrosyiite crangaptai Moayai aasa aocaigxenna XAC, saxi
004a4HaHO 3allOODKHMM KAalaHOM AAs PO3PUBY €AeKTPUYHOIO Koda y
BuItaAKy nepesapszxanasa XAC i akTMBHOTO ra3oBIAiA€HHS.

—B Oyap-sikoMy BHUIIagKy, MU pad¥MO He 3aAUIIaTU IIPaIiOIounii
npucrpin 0e3 Harasay onepartopa. /Jaboparopis MTech, gk 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 IPUCTPOIO, €Al 3a3Ha4YaTU B €KCIIePYIMEeHTaAbHIN
JacTMHi 110TO Ha3By Ta IIOCUAaHH: Ha web-caiit aabopatopii MTech:

"BumMipioBaHHs UMKIIYHHUX BOJbTAMIIEPOTpaM BHUKOHYBAJIM 3a JOMNOMOTOIO
noTeHiiocrara-ranpanoctata MTech SPG-500S [5].

5. TMamait 1.0. Tlorenmiocrar-ragpBanocrar MTech SPG-500S. [EnextponHwuii
pecypc]. — Pesxxum moctymy: http://chem.Inu.edu.ua/mtech/devices.htm"
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MTech SPG-500S

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

IlaTa BUT'OTOBJIEHHS NIPUCTPOIO

IlaTa BBeIeHHd B eKCIlJlyaTallllo

KiHueBulM TepMlH TapaHTil

KoHTakTHa 1HOOpPMAalisd mMOOO CEPBlCHOTO ODOCHIYyT'OBYBAHHSA:

mtech labQukr.net

Bup oG ((MTech).

B3aMOBHUK
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