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1. SaraapHMII OIMC

ITorenmniocrar-raapsanocratr MTech PGP-550F (aaai "mpuctpin') — 1ie
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 5 458 *
(BIAHOCHO eAeKTpOoAa IOPiBHAHH:)
/Jiara3oH BUXigHOI HalIpyTu -12...+12 B
HIBMAKICTD pO3TOPTKU 0,02 ... 500 mB/c
JoryctuMa npusejeHa Ioxmoka™ 0.15%
3a4aHHs/BUMIipIOBaHH HAIIpYyIV/CTPyMy ’
Aianazonm crpymy +1 5 +20 £100 MA *
Bubip aianazony crpymy IIporpamuuit
AVICKPeTHICTD 3a4aHHs CTPYMY 0,1 MA

ITpumitkn:

* Ha Bubip 3amoBHMKa

** IIpuBeseHa moxmOKa - lie BiAXMAEHHs 3HauyeHH:s BeANYNHM, IIpUBejeHe A0 po3Maxy
mkaan. Hanpukaaga, nmpusesena noxmodka 0,15% Ha aianaszoni ctpymy +20 MA Bignosigae
AornyctuMomy adbcoarotHoMy BigxuaenHio y 0,06 MA (0,15% Big 40 MA — posmaxy mikaan).
BxasaHi 3Ha4eHH: € TPaHUYHMMM — peaAbHi BiAX/AeHHs epeBa>kHO MEHIII.




3. Komrmiaekranist Ta rapaHTiiHi 30008’ sA3aHHsI

ITorenmiocrar-raasBanocrat MTech PGP-550F — 1 1t

USB kabeap — 1 mr

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)

ITacriopr Ta IHCTPYKIIisA KOpUcTyBada — 1 1T

ITporpamue 3abesneuenss "MTech PGP-550F" — 1 T

ITporpamue 3abesneyenns "MTech PGP-550F_cva-chrono" — 1 mr

BupobHuk 3000B’s3aHMII  BUMKOHyBaTM  Oe3KOINTOBHe TapaHTiliHe
OOCAYIOByBaHHSI IIPUCTPOIO BIPOAOBX 12 MicALliB IIiCAsl BBeAE€HHS B

eKCIlAyaTallilo 38 YMOBU HeIIOIIIKOAKeHOCTi KOPITyCy Ta IIA0MOM-HaAIIIKH.

4. byaosa Ta npMHIMII pOOOTH IPUCTPOIO

CnporeHa 010K-cxeMa HPUCTPOIO:

S1
\ \ count-off
| —— c -~
HAT | / y count-on COUNT
tentiostat
potentiosta .CI|'|+ REF
2 1 galvanostat ~
| usB H MK — Aun [—|
S3
] WORK
cn —

MK - MIKpOKOHTpOAep (IIpoLecop NpuCTpOIO)
LJAIT - nudpo-aHaa0rosuii nepeTsopiopad

ALIIT — anaaoro-1npposuii epeTBoproBad

C — onepaninHmi MMiAC1AI0Ba4-CyMaTop

IIIT - miacnaroBad HOTY>KHOCTI

All — aAndpepenuintHMii onepaliiHII MiACKAIOBAY
CII-"crpymoBuit" onepaniiHni1 HigcuA0Bad



Okpim 3a3HauYeHMX Ha PUCYHKY 3B A3KiB MiXK KOMIIOHEHTaMl IPUCTPOIO
MIKpOKOHTpO/Aep Kepye poOoToio nepemukadis S1-S3 (peae). Ilepemukau S1
BiAIIOBiZa€ 3a KOMYyTaUilO (ITiAKAIOYeHH:/BiAKAIOUeHHs) CTPYMY Y KOMipKy.
Koan BiH BigkaiOueHMi1, TO IpUCTpiii HepeOyBa€ B cTaHi 'NoTeHIioMerp"
(He3a4€eXHO Big CcTaHy IlepeMmkada S2) — TOOTO € MaCMBHMM CIIOCTepiragem
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
CII pazoM 3 LM pe3uCTOPOM € IepeTBOpIOBaueM ''cTpyM-Halpyra“, a BUOip
IOTPiOHOTO Aialla3oHy CTPYMiB 34ilICHIOETbCA uepe3d BUOIp OAHOIO 3
4OTUPBHOX MOXKAMBUX pesucrtopis R1-R4 3a agomomororo 610ky peae S3.
3B’ 130K HPUCTPOIO 3 Kepyiodyolo nporpamoio Ha 1K peaaizosano yepes USB-
ropt 3 KoHBepTepom RS5232-USB na PL2303HX.

He 3azexxHo Big Tuiy kxomipkm (2-, 3- um 4-eaekTpogHa) IPUCTPil
3aB>XKAM IIpaIiioe 3a 4-IpoBigHOI0 CXeMOIO.

Iliakaio4ueHHs A0 2-eAeKTPOAHOI cucTeMHU (HallpMKAad CylepKOHAeHca-
TOpa YU TOTOBOTO eAeMeHTa KVBAEHH:):

MTech PGP-550F
COUNT REF COMP_WORK

lffl

B

IliakatoueHHs1 A0 3-e4eKTPOAHOI cucreMu (TOOTO € 1IIje eAeKTPOA

IIOPIBHAHHA — KAaC4YHa eAeKTpOoXiMiyHa KOMIpKa):

MTech PGP-550F
COUNT REF COMP_WORK

J U U U\
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ITiakarodeHH: 40 4-eA€KTPOAHOI CICTEeMM (4Ba €AeKTPOAN ITOPiBHSAHHA):

MTech PGP-550F
COUNT REF COMP WORK

/U U U\

Al

Ha xiHIpsix ka0eaiB € 3a>KMMMU TUILY "KPOKOAUA" AAsl MIAKAIOYEHHS A0
eaekTpogis. KabGeai crpymosnx eaekrpogis (COUNT, WORK) — ssnuarini, a
norenniaabHnx (COMP, REF) - koakciaabHi (eKpaHOBaHi) i3 3aXVMCHUMU

KOMIIauKamMu (He AO0TOpKaliTech De3riocepesHbO A0 3a’KMMiB IIOTeHITiaAbHIX
Ka0OeAiB, poOiTh Lie yepes 130AgALINHII KOMIIA4OK 1100 3aXMCTUTY BiAIIOBiAHI
BXOAM BiJ CTaTUYHOTO 3apsgy Bamioro Ttida!). Jas 3MeHIIeHHsA HaBOAOK
BIUKOPIMCTOBYIITe eKpaHOBaHi KOMipKM (KaOeaAb eKpaHyBaHHs KOMipKH cAij
MiAKAIOUUTH A0 KOpIIyCy po3’ema KabeAais.



5. IIporpamue 3a0e3reuyeHHs

5.1. Bcranosaenust USB aparsepa

@ana zip-apxiBy 3 IHCTaAsATaMU HOTpi6Ho poO3apxiByBaT! Ha >KOPCTKUI
AVICK KoMIT' 10Tepa. IlakeT ckaaga€Tbes 3 1HCTAAALIHOL NAIKU IIporpaMu (3
(paiiaoM setup.exe Ta iH.) i nanku "usb_driver".

Terrep caia Bcranosutm USB gpaiiBep 445 KOPEKTHOTO B3 3Ky
npucrpoio 3 IIK. ITiakarouite USB kabeas nipuctpoio 40 BiabHOro nopty I1K
(BMAKY >KMBAEHHs IIPUCTPOIO IIOKM He IIliAKaioudanre A0 posetrku 220 B).
JIxmo Ha Bamomy xoMIT'10Tepi paHillle B>Ke BUKOPUCTOBYBaAMCh IIpuAaAu i3
USB-RS5232 konseprepom PL2303HX, TO >KOAHMX ITOBi4OMA€Hb KOMII IOTEp
He BIAACTb Ta aBTOMATMYHO MiAKAIOYe BIAIIOBIAHUIT ApaiiBep. fIKIIO K
KOMII'IOTepy Liell KOHBepTep "He3HalloMUIl', TO BiH BUAACTb IOBiAOM/AEHH:A
IIPO HOBU IIPUCTPil Ta HEOOXiAHICTh BCTaHOBAEHH: ApaliBepiB 445 HbOrO. B
TaKOMy BUITaAKy caig Biakaountu USB xaGear npucrpoio go nopry I1IK ta
3aIlyCTUTH iHCTaAALIIHUI (aiia gparisepa:

"PL2303_Driverlnstaller_v1.5.0_win8-10.exe" — aa5a Windows 8 uu 10;

"PL2303_DriverInstaller v1.12.0_winXP-7.exe" — 2451 Windows XP 4n 7.
Ilicass BCTaHOBAEHH:S ApaliBepa 3HOBY IIigkaiodith USB  kabGeas
IIPUCTPOIO A0 BiapHOTO NopTy I1IK 1 crcreMa akTMBYE BiATIOBiAHNI ApaiBep.

B sazexxHocTi Big HasamTysaHb cucremy Windows iHKOAM BMHUKAIOTH
npobaeMu i3 BcTaHOBAeHHsAM ApaisepiB aas PL2303HX, koam IIK
HaMara€TbCsl CaMOCTIIIHO OHOBUTM JpaliBep 4epe3 iHTepHeT — JAeTabHille
AuB. y paiiai "read_me_now.txt".

ITicas BCTaHOBAEGHH:A ApaliBepa C4i4 3'3CyBaTM HOMEpP BUALA€HOTO
cucremoro nopry. Aas uporo nepernigdite y "Ilyck / Hacrporika / Ilanean
yrnpasaenns / Cucrema / Aucnerdep ycrporicts / Iloptet (COM u LPT)"
— TaM nosuHeH OyTu ps4ok "USB Serial Port (COMXx)" abo "Prolific USB-to-
Serial Comm Port (COMX)", ge x-HOMep HOPTy (Ha PUCYHKY 3HU3Y Lie 4).
IIpubansne 300pa>keHH: (3a1e>kHO Big cuctemy Windows):



-13 MoHKTOpEI
MEILM H MHBIE YEAZbIEAHIWME YCTPOHCTES

EI rjr MopTel (COM W LPT)
------ - 'F USB Serial Part (COM4)———""7" Homep nopTy

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

[+]- %% 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
3a0e3re4eHHsI 4451 poOOoTH 3 IIpuctpoeM. Kpaire iHcraaioBaT Iporpamu 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 PGP-550F"

Lle yHiBepcaabHa mnporpama aas wmodeai PGP-550F, mo aossoase
BUKOHYBaTl Pi3Hi BUMIpIOBaHHsS 3a aATOPUTMOM, sKuii ¢Qopmye caM
KOpMCTyBay.

CTBOpiTh Ha HE-CHCTEMHOMY AVICKY IIalIKy, B SIKY CAi4 3aiHCTaAXOBaTU
nporpamHe 3a0OesnedenHsi, Hanpukaag 'D:\MTech PGP-550F". 3amycriTsh
¢aita setup.exe 3 mankm "install_mtech_pgp-550f" i BcraHOBITL TpOrpamy y
CTBOpeHy Hariky. fIkimo Bce 3poOaeHO npasnabHO, TO nanka "MTech PGP-
550F" mictutuMe BukoHaBumit ¢aiia "mtech_pgp-550f.exe” Ta gesxi inmii
daian.

Y TekcroBomy daiiai (port.txt) caig mpomnmcatu HOMep IIOPTY, SAKUM
BUAiAMAa cCUCTeMa IIpM BCTaHOB/AEHHi JApaliBepa — 3pOOUTH 1le MOXKHa B
3BMYaliHil IIporpami "040kHOT" Balroi oneparliiiHOl CCTeMU.

Teniep Bce roTtose 40 11O9aTKy POOOTH IPUCTPOIO 3 TPOTrPamMoIo!

ITlia’eanarite kaOeab >KMBAEHHS IIPUCTPOIO A0 CTaHAAPTHOI PO3eTKU
~220 B — npu 11bOMYy JAeKiabKa pasiB CllasaxHe YepBOHA AaMIIOYKa, 1110 BKa3ye
Ha YCHIIIHMI 3aIlyCK MIKPOKOHTpoaepa mpucrpor. Koam crasaxysaHms



npunuHNTheA Mg’ €ananre USB  kabear mpucrporo ago USB  mopry
IIepCOHaABHOTO KOMII'IOTepa (1le Ma€ OyTm TOW caMmii IIOPT, A0 AKOro Bu

IiAKAIO4aAuch paninre! B iHImomy Buiiagxy cucrema Mo>Ke BUAIAUTY iHIINUIA
HOMep IIOpTY) i 3amycTiTh ocHOBHMI aiia — mtech_pgp-550f.exe. fIxiio Bci
rornepeaHi Ail 3po0Ae€HO NMpaBMABHO, TO IIpOrpaMa BCTaHOBUTDH 3B A30K 3
npucrpoem i Bu modaunte BikHO mporpamu:

MoTeHlioCcTaT-ranbBasocTat MTech PGP-550F I [ 3
NoOTEHLOMETR . mMA

— &NrOpuTH podoTy
HEBEEBREHEHEEEEEEEEEEEE
NN 1 5 20 100

Tunrpadgika:  E-t I-t I-E

L vecnivHa BA - 1

MednearT. ¥ koHTPONL Meperpyski
¥x

3

CYCLE_BEG 20 ¥ X

SCAN_Wa 0200 1.500; 10.00m\/s =
SCAN_Wa 1.500V; -0.20; 10.00mV /s X
CYCLE_END-% X

e e e e e e e e e e i
L |
®

Efe ]
«
X

an
44
X X

13 X C ]
,':;” ;: U--4673V =134 mA EB [
Mz vx ll CHECK |<<<| START || STOP | | coPYxy | coPyall || DEL |

N 23 X Eeq=0000V

o x| ¥ E=0.000V 1=0000UA  ;.ommn t: |1 & T G MTech

Onuc excnepumeHTy

5.3. Bctanosaennst nporpamu "MTech PGP-550F_cva-chrono”

Ile Oiapmr crerjiasizopaHa mnporpaMa Aas wmogeai PGP-550F, sxa
"saToueHa' aas BuMipioBaHH: LIBA Ta xpoHo-kpmsux. Takox KopucHa Aasd
IIperapaTuBHOIO  €AeKTPOAidy B  HeCTalllOHapHUX peXUMaX, KOAU
HOTeHuiaA/CprM 11IepiogMYHO CTPUOKOIOAIOHO 3MIiHIOIOTH 3HAY€HHSI YU
HaBIiTb OAAPHICTD.

IIporec iHcTaasArii noaiOHmit Ao mnonepeansoro. CTBOpiTh Ha He-
CICTEMHOMY AUCKYy TIallKy, B Ky CAi4 3aiHCTaAl0BaTu IIpOrpaMHe
3abesneyenns;, Hanpukaad "D:\MTech PGP-550F CVA". 3amnycrits ¢aiia
setup.exe 3 mnankm ‘"install mtech_pgp-550f_cva-chrono" i BcTaHOBiTH
IIporpaMy y CTBOPeHY IHamKy. SIKIIJo Bce 3p004€HO IIPaBUABHO, TO IIaIIKa
"MTech PGP-550F CVA" wmictutume BukoHapumii ¢aia "mtech_pgp-
550f_cva-chrono.exe" Ta geski inmi ¢garan.



AHazoriuHO y TekcroBoMy aiiai (port.txt) caig mpommcaTtu Homep
IIOPTY, SIKUI BlAlAVAa CYICTeMa IIPY BCTaHOB/AEHHI gpaliBepa.

Tenep Bce rorose 40 moyaTKy poOOTH HNPUCTPOIO 3 mporpamoro! Ilicas

3amycky ¢aitaa "mtech_pgp-550f_cva-chrono.exe" mosmHHO Big0Opas3uTICh
rO/AO0BHE BIKHO III€1 IIpOrpaMu:

MTech PGP-550F CVA and CHRONO METHODS

=1ol]
|, MA IOI‘IMC

~Hian. eTpyMy ——
21 MA
* +hMA
 +20 MA
2100 M
IV Kneperp.

~ FPestam
@« |-E
-t

o E-t

CTAPT |
~1-E
~ E0 [om

e[ zoo
v E2 [ 2o
¥ Ex IW
dE/ct | 5000
[imax| [ 200
g N
LHKENE |1—

LKA

[T Mou. naysa

CTOn

NoTeHUoMeTp E=0000B |=0.000mMA

E,B[ 205
M PineTp | Copy X—Y| Copy. ALL| Del | KprBa 3ane#HoCTi CTRymY (MA) BiO noTeHuiany (B)

SIKIO micAst BCTaBA€HHs IIPOrpaM IOch OyA0 3p00AeHO HeIpaBUABHO,
TO IIpM 3amycKy Bu mnoOaumre NOBiAOMAEHHs IIPO IMOMHUAKY — CAi4
IlepeBipUTH BiAIIOBiAHICTH HOMepy IIOPTy, 3anmcaHoro y ¢aiiai port.txt, ta
BuAiaeHoro cucremoio (Aucneryep ycrporicts / [loptsr (COM n LPT). Takoxx
AAsl  KOPeKTHOI poOOTM IIporpamMm cAig HpanoBaTy i3 CcTraHAapTHOIO
PO341AbHOIO 34aTHICTIO MOHITOpa — 96 dpi (96 To4yok Ha grounm). lLlen
IapaMeTp CUCTeMM MOKHa 3HanTu i sminuti y "llaneap ympasaenws /
Expan / [lapametpsl / JonoannteabHo / O0mue".



5.4. 3araabHNI NOPAAOK POOOTH 3 HIPUCTPOEM
3araloM I10CAiAOBHICTb pOOOTH ITOBMHHA OyTU TaKOIO:

— I1iag’€AHaTy BUAKY KVMBAEHHS HPVUCTPOIO y CTaHAApTHY po3eTKy ~220 B,
IIOYHe CraJaxyBaTul 4YepBOHa J4aMIIO¥Ka, IIIO 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;

— 3allyCTUTM IHporpaMHe 3a0e3niedeHHst '"mtech_pgp-550f.exe” umn
"mtech_pgp-550f_cva-chrono.exe" (04HO4acHO MO>Ke IpalllOBaT ANIIe OAHA
3 qux nporpam!);

— iag’eaHatu Kabeai 40 XAC uy KOMipKH (SIKILO IIe He MigKAIO4eHi);

— BUKOHATH 3allAaHOBaHl BUMIPIOBaHH;

— Bia'eanaTu Kabeai npuctpoio Big XAC un komipkn (HeOOOB'sI3KOBO);

— 3aKpUTHU pOorpaMHe 3a0e3I1edeHHs;

— Big'€aHaty iHTep(elicHuIl kabeab mpuctpoio Big USB nopry;

— Big'€aHaTy BUAKY KaOeAs KUBAEHH: IIPUCTPOIO Big pO3eTKI.

5.5. Po6oTta 3 mporpamoro "MTech PGP-550F"

IIporpamue 3abesnedenns (I13) "MTech PGP-550F" € yniBepcaapHUM i
AO3BOASIE KOpUCTyBadyy caMoMy ¢OpMyBaTU Bechb aATOPUTM BUMipIOBaHb
3TiAHO IEeBHOIO Ilepeaiky KoMaH4. Lle 403B04s51€ ITOBHO 1 THYYKO peaai3yBaTu
ycl MOXAMBOCTI mpucrporo. 113 samam’sAToBy€ Ha >XOpcKkoMy Aucky 20
aATOPUTMIB KOpUCTyBada (1100 KOXKHOTO pa3y He BBOAUTH aATOPUTM
3aHOBO).

Ilepea moyaTKOM BMMipIOBaHHsI OIIepaTop

— BuOupae Homep aaroputMmy (Big 0 20 19):

NoTeHyiecTaT-ranbBaHoctat MTech PGP-550F

NOTEHLIOMETR . mMA i

el OC DL R DOECT L |
[T |2|3|4|5|E|?|B|EI|1D|11|12|13|14|15|1E|1?|1E|1EI|]

Lerd 1 5 20 100
Tun rpadirka;  E-t -t I-E

111 e aioma BEA -1

—BKa3y€ IOYaTKOBMI Alama3oH CTpyMy (B Hporeci BUKOHaHH:
aATOPUTMY 11OTO MO>KHa 3MIHUTH CIIelliaabHOI0 KOMaHAOIO):

10



NMoTeHuiecTaT-ranbBaHoctat MTech PGP-550F

NOTEHLIOMETR | mA [

ANFOpKTH pOBoTH

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

|+ M.-"l"«.ii 1 5 2l 100 I
Tun rpadirka;  E-t [-t I-E

I v viuma R -1
—BuOUpae TuUn rpadika, AKUI IO 3aMOBUyBaHHIO IIOBMHEH
BizoOpa’kaTuch B IIpoleci BUMipiOBaHb (IIOTIM JIOTO MO>XKHA 3MIiHUTHU

BpYuHY):
MoreHuiccTaT-ransBanoctat MTech PGP-550F

NOTEHUIOMETR . MA [

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

[, £ M 1 b 20 100
Tun rpadgika:{ E-t |-t I-E )

11 e mivpm B -1
— MoAU(piKye aArTopuTM (3a HOTpedN):

MoTesyiocTaT-ransBanocTat MTech PGP-550F

MOTEHUOMETD . mA i

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

[xma 1 5 20 100
Tun rpadgika;  E-t [-1 [-E

Ll nivHa B - 1

MNedneakt. | Buaammh yoi komadaw | W koHTpoae neperpyarm

| il »
[T 1 CYCLE_EEG 20 4
[T 2 SCAN W& -0.20v; 1.50v: 10.00mY /s X
[T 3 SCAN_wWa 1.500; -0.200: 10.00mY /s X
[T 4 CYCLE_END- 4
[ X
= L

— Tako>X MO>KHa BIMCAaTI KOPOTKMIL OMNC aATOPUTMY Ta €KCIIEPUMEHTY,
BKaszatu iMm'st dat-paitay, B sAkuii OyAyTh 3alllCyBaTUCh pe3yAbTaTU
BUMipIOoBaHb (110 3aMoBuyBaHHIO 13 cpopmye HasBy aiiaa 3a TOPAAKOBUM
HOMEpOM Ta 4acoOM I1OYAaTKy eKCIIepUMEHTY):

11



MoTeHuiocTaT-ransBavoctat MTech PGP-550F

NoTEHLIOMETR . mA [

— AAropKTH pOGCTH
|D|‘I |2|3|4|5|E|?|8|E||1D|‘|‘I |12|13|‘|4|15|1E|‘|?|18|19|

|, + rdy 1 ] 20 100

Tunrpacgika: E-t |-t I-E | |
"UMKnqua BA -1 i lﬂ I CHECK |{{{
E=0001V |=0.000uA
Me/neakt. | Buganqrd uci komadod | W koHTDOAE NeDerouskid

AAas BUKOPUCTaHHS IpUAaAy sIK 3BUYAHOTO IIOTeHIlioMeTpa/ioHoMipa
(HampuKkaaz, TIpY IOTEHIIIOMeTPUYHOMY TUTPYBaHHI) CKAalaTul aATOPUTM
BIUMipIOBaHb He TpeOa — II0-3aMOBYYBaHHIO IIiCAs 3aIlyCKy IIpOorpaMu 4u
IicAs 3aBepllleHHs] poOOTHU aATOPUTMY BUMIipIOBaHb IIpuaag repedyBa€ came
y CTaHi IIOTeHIIioMeTpa i HelepepBHO BigoOpa’ka€ IIOTOYHe 3HAYeHH:I
IIOTeHIliaay poOOYOTO eAeKTpoJa:

| CHECK [<<<

E=0.245V | 1=0.000 uA

B mporieci BUKOHaHH: aATOPUTMY eKCIIepMIMeHTY IIporpama Bigo0paxkae
Ha rpadpiuHOMy 104l BUOpaHMII TUII 3a1€XHOCTi, a TaKOX ITOKa3y€ ITOTOYHI
3HAYeHHs IIOTEeHIIiaAy, CTPyMy, OCTaHHE BUMIipsHe 3Ha4yeHHs IIOTeHIliaay
posimkHyTOro koaa (Eeq) ta xiapkocti eaekrpuxn (Q). 3a morpedu oreparop

MO>Ke 3MIHIOBaT! TUII Big00pa>kyBaHoOro rpadika:
|

E

[ 00148 22-06-2020 18-34dat - CHECK | <<« _START | sToOP | cor
i Eeq=0000%  #=1

: E=-0035V [=-9.66mA O=-0042méh  E-t  I-t 1-E|F

KaikoM Ha CMHIO CTpPiaKy MOXKHaA IIPMMYCOBO 3aBepPIINTV BUKOHAHHI
IIOTOYHOIO PsAAKa aATOPUTMY 1 IepenTy 40 HacTyIIHOro, a KHonkoo STOP
AOYaCHO 3yIIMHUTU BECh €KCIIePUMEHT:

|
O07148_2206-2020_15-34.dat | | CHECK |«:e.:-.: START COF
b

Eeq=0000%

E=-0035V [|=-39.66mA O=-0042mé*h  E-t -t [-E T

AATOPUTM eKCHePUMEHTY — i€ HOCAIAOBHICTh KOMaHA. /eTaabHnil O1mc
KOMaH/, Ta cTpyKTypu dat-¢aiiay, B sSIKMIT 3alIMCYIOThCSA Pe3yAbTaTyl BUMipIO-
BaHb, BIIKAaJ€HO B HAaCTYITHOMY po3aiai. I1o0 BBecT KoMaHAY €Ai4 KAIKHYTHU
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MUIIIKOIO Y BIATIOBIAHUI PsIAOK ITOASI aATOPUTMY. BiAKpUETHCA OKpeMe BIKHO
3 IepeAikoM KOMaH/, — cAig BuOpaTy NOTPiOHY i BKa3aT! 3HaYeHH: ITapaMeT-
piB (OKpeMi KoMaHAM € Oe3 mapaMeTpiB, iHIIi MaroTh Big 1 40 6 mapameTpis).
IIpu BuOOpi KOMaHAM Yy IIbOMY BiKHi aKTUBYIOTBCS IIOAs IapaMeTpiB i 300Ky
BKa3aHO AONYCTUMMII Alalla30H 3Ha4eHb KOXKHOIO IapaMeTpa:

— AArOpHTH pOGOTH
DN EEIREEE
[FE¥EN 1
Tun rpagica; E -t
N/pearT. @
o

i

2

13

4

s

s

7

s

s

10

n

Mz

12

14

s

" 18

17

18

13

20

2

22

Iz

24

Onuc excnepumenTy

 EMPTY

 STAT_E

" SCAN_VA

& CVA

© SCAN_NPV

© SCAN_DPV

© SCAN_SWV

" MEASURE Eeq
" Eeqt PROFILE
' SPEC_VA

© STAT_I
 SCAN_AY

 CYCLE_BEG-X
" CYCLE_END-X
 CYCLE_BEG-Y
© CYCLE_END-Y
 CYCLE_BEG-Z
 CYCLE_END-Z

 DELAY
 CLEAR_TIMER
" CLEAR_SCREEN
 IF_TIME
IF_E

Lol ||

© GOTO
 RANGE
 SWITCH

rCVA

x|
el

Enou = IW " BinHocHo Eeq
El= IT [~ EigHocHD Eeq
E2 = IW [~ EigHocHD Eeg

dE/dt = W 0.02-5800 MBfc (wewakicTe pOIropTEM)

n= I 20 1+ (k-cTb uuiknie LUBA)

[~ eioHocHo Elast +500B

[~ eigHocHo Elast +5.00 B

[~ eigHocHo Elast +5.00 B

BMMipHESHHA UMKAIYHOT EQNETEMNEPOrRamA Y NoTEHLIOAMHEM UHOMY
PIESKIMI 2 NIHIFHOK pOSropTKOK NoTEHLiENY

[100°]

[100]

tc 100

COPYxy || copyal || DEL |

MTech

|

-t |-E [ ®Pinctposati

BkasaBim Bci umcaoBi gaHi caig KaikHytn KHOIKy "OK" i Bignosiana
KOMaH/a OyJe 3aHeceHa B aATOPUTM:

MeigearT. | B0 2T Yoi kokdaHaM | ¥ koHTponk neperpygii

o X
[T 1 Cva 00 1.00; -1.000; 1000my/s; 20 tmes W
2 X
a W

Ha BumesasHaueHOMy pUCYHKYy y psAgoK Nol BHeceHO KOMaHAYy AAasd
BUMIPIOBaHH:I IIMKAIYHOI BOAbTaMIIEpOTPaMI.

Komanan Mo>kHa 3cyBaTi 4l BUAAQAATH 3a AOIIOMOTOIO KAiKiB Ha "V" Ta
"x". Tako>X MO>KHa 3MIHIUTI apaMeTpU B>XKe BBe4eHOI KOMaHAM — KAiKOM Ha
Hel 3HOBY BiAKpUMETHCs BIKHO KOMaH/, i BXXe Oyge BuOpaHa Oi>kyda KOMaHJa i
11 napamMeTpu — MO>KHa ix 3MiHNTH i KaikoMm Ha "OK" BHecTH BigIoBiAHI 3MiHI
B aaroputMm. [TopoxxHii psaaok aaroputmy — nje komanga "EMPTY".
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€ MOXXAMBICTb TMMYaCOBO AeaKTUBYBaTU OKpeMi psIAKU aATOpUTMY Oe3
iX BUAaaeHH: (1100 epeBipUTH K IPaIioe€ aATOPUTM 0e3 X PAAKIB):

I

MAneakT. | Bganimid Yol KordaHgm | [¥ rkoHTpOME NEperpyskM
o ¥
1 ¥
W 2 SwiITCH OM ¥
[T 3 STAT_E -1.00V; t=300.0s; di=0.50s; MO_REC; X
¥ 4 SwWITCH OFF ¥
[T 5 DELAY 10.0s ¥
& ¥
[T 7 SCAN_DPY -1.000: 0.00: Smi S0m S0ms 150ms W X
s ¥
— a L T

Ha pucyHKy Builie B aATOpUTMI 4€aKTUBOBAHO pAaKy No 21 No4.
IloTpiOHI 3HayeHHs @OTeHIiaAiB, MOKHa 3ajaBaTil IO-pi3HOMY: B

abCOAIOTHUX OAVMHUIIAX, BiAHOCHO IIOTeHIIialy po3iMKHyTOro koaa (Eeq) um
BIAHOCHO OCTAaHHBLOIO BUMIpPsHOIO 3Ha4YeHH: IIOTeHIliady B IIOIepeAHLOMY
psaaky aaroputMa (Elast). BubGip tumy s3agaHoro 3HaueHHs IOTeHIiaay
peaAi3yIoTh BiAIIOBiAHMMI yeKOOKcaMu 0ias mapaMeTpy IOTeHIliaAy:

E-= I 01z " eiaHocHo Eeg ™ eioHocHoD Elast E=0,12B
E= I 01z W eioHocHo Eeq [ eioHocHo Elast E =Eeq+0,12 B
E-= I 01z ™ einHocHo Eeq ¥ einHocHo Elast E = Elast+0,12 B

/Jaai mpuseseMo AeTaAbHUI OMNNC CUCTEMU KOMaHJ, 3 SIKMX (POPMYIOTh
aATOPUTMU AOCAIAYKEHD, 3 TUIIOBUMMU IIPUKAAAAMUA.
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5.6. Cuucrema xkomang MTech PGP-550F

Onuc 3MiHHAX

B nporeci Bukonanns anroputmy [13 3amam’siToBye B omepaTHBHIN mam’siTi i
3anmcye y dat-haiiin pe3ynbTaTé BUMIPIOBaHB™ K TAOJIMIIIO YUCEIT, KOKCH PSAIOK SKOi
MICTUTbH IOTOYHI 3HAYCHHSI TAKUX 3MIHHUX:

t all t cur E I Q X Y Z Ncom

*KosxHe oqMHUYHE BUMIPIOBAHHS — 11€ JOJATKOBUH PSIIOK Y TaOJIHIII.

t_all — 3minHa "rmobGanpHOTO" Wacy. [lokasye, CKiTbKM CEKYH]| MPOWIILIO Bik
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 He MicTuTh )xoaHOi komanau 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 € nmoreHmiaTbHUMU BXOJaMHU MPHUIAIY 3 BEIUKUM BXiIHUM
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. TIpu oOnynenni yokanpHOro Taiimepa komanaor 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 BUKOHYBaTHCh CTUIBKH pa3iB, CKUIbKU
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 — nHomep komanmu B anroputmi (0-24), skoMy BIAMOBiIA€ TaHUU PSTOK
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€ MOCIHIIOBHICTh 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" KomaHAa, sKa He Ilepeg0ada€ >KOAHMX Aiif 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 ™ eioHocHD Eeq ™ BioHocHo Elast +5.00 B
dt = 0.50 0.01-60c (NepioHUHICTE BMMIDHKESHHA)

I REC Hu pEECTOUBATH pESYNETATH BMMIpHIEAHE T

YrMoeu 3ABepWweHHA KOMaHAM:

W t> I 10.0 0.0+ © (TpWEEMICTE)

M < I 1.00 0.00-100 mb (aSconHTHE CcMAa CTRYMY)
V¥ |Q] > I EOo0 0001+ mA*ron (BSCONKTHA KINEKICTE ENEETRMKM)

MNepeeecTH NpKMNan y cTad "NoTeHUiocTat" Ta 2 NepiodMyHIicTH di BMKOHYEATH
EWMMIQHIEBAHHA. JEBEPWEHHA KOMEHOM MNPK BMKOHEHHI 0OHIET 3 BMBPEHMX JMOE

E — nmoTteH1iiaa;
dt — mepiogmuHicTh BUMipIOBaHHS;
REC/NO_REC —4n nortpiOHO 30epiratu BUMIpsIHI TOYKM y HaM'ATi i

aitai? (B ngedkux BUNAAKax 3a JOMOMOTOO Ili€i KOMAaHAM (PAaKTHUHO BUKOHYIOTh
MpoOOMIATOTOBKY 1 TOMY HeMae moTpedu 30epiraT BUMipsHi Touku. Hampuknan y
METO/I1 IHBEPCIMHOI BOJIBTAMIIEPOMETPIi EPIIUM €TarlOM € HAKOMWYEHHS TPOYKTIB
BIJIHOBJICHHSI Ha pOO0OYOMY €JIEKTPO/Il 3 HACTYIMHUM BHUMIipIOBaHHsA BA ix aHomHOTO
PO3YMHEHHSI 1 Ha eTamni HAaKONMWYEeHHS HEMa€e TOTPeOM PEeeECTPyBaTH pe3yiIbTaTH

BHUMIPIOBAHb);

t— ymoBa 3aBepieHH:s KOMaHAM 3a TPUBAAICTIO. SIKIIIO IIIO YyMOBY He
aKTMBOBAaHO, TO KOMaHJAa BMKOHyBaTUMeETLCS Oe3MeXHO JOBIo (IIOKHU
oIlepaTop BPY4YHYy He 34iV/ICHUTD IIepeXij Ha HaCTYIIHUI PAAOK aATOPUTMY 4
B3araAi 3yIMHUTb BUKOHAHHS BCbOTO aATOPUTMY). SIKIIIO yMOBY aKTMBOBaHO,
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ase TpuBalicTb BKazaHa Hyabosa (0 c), To HOpucrpiii nepeiige y craH
"TIoTeHIIiocTaT" i3 3a4aHMM IIOTEHIIiaA0M 1 Bidpasdy 3aBepIINTh BUKOHAHHI
KOMaHAM;

Il —ymoBa 3aBepllleHHs] KOMaHAM 3a CTPyMOM (AKIIO aOCOAIOTHe
3Ha4YeHHs CTPyMY CTaHe MeHIINM 3a BKasaHe). [IpukaagoM 3actocyBaHH: L€l
ymoBu Moxe Oyt nmukaysaHHa XAC wmerogom CCCV - eran CV
(moTeHIIiOCTaTUYHE AO3apsAAKaHHS UM AOPO3PsiA’KaHHA) 4acTO peaAdi3yloTh
caMe Ii€I0 KOMaHAOIO IIOKM aOCOAIOTHMII CTPYM He 3MEeHIIUTLCA A0
BKa3aHOTO I'PaHMYHOTO 3HaYeHH;

|Ql —ymoBa  3aBepIleHHsI KOMaHAUM 3a  KiABKICTIO  eAeKTpUKHU
(Hammpukaad, KoaAu TpebDa OOMEXUTU KiAbKICTh "3aAUTOI' YU OAep>KaHol 3

XAC eaextpukn).

STAT_I
Komanga 'Taabsanocrat"/'ITloTeHmiomerp” — BOHa cradiaizye crpym
poOOoUYOTO eaeKkTpoda BIIPOAOBX 3a4aHOIO 4Yacy Ta 3AIMCHIOE BUMIipIOBaHH:
ITOKV He€ BUKOHAETDHC SIKACh YMOBA BIIXO4Yy 3 KOMaHA:
-STAT_I

| = 1.00 +100 M4 (akwo 0, To NepefTH B pesk. "NoTeHuioMeTp")

dt = 0.50 0.01-E60c (nepiodMYHICTE EMMIDKIESHHA)

I REC Hiu peECTpYEaTH pE2YAETATH BHMMIQHEAHE T

HrMoEM JAagepuWweHHA KOMaHAOK:

W t> I 100 00+c (TpMeanicTe)

¥ E ITI 1.00 [T eigHocHo Eeqg ™ BioHocHD Elast +5.00 8

MNepeeooMTE NpKAaO Y cTad "raneBaHocTaT”, 2 NepiogMUHIcTi dt 2OifcHoE
EMMIQHEAHHA. JAEEPWEHHA KOMaHOKW NPk BMKOHEHHI 0OHIET 2 EMEPaHMx YMOE

I-crpym. ‘Ikmo Bkasano crpym 0, TO IPUCTPiI HepeXOoAUTb Yy CTaH
"Tlorenuiomerp", To0OTO BUMHKae KoMmipky (S1 count-off)!;

dt — nmepioan4HICTh BUMipIOBaHHS;

REC/NO_REC —4n nortpiOHO 30epiratu BUMIpsIHI TOYKM y HaM'ATi i
¢paitai? (ananoriuno, sk i 1t komanau STAT_E);

t—ymoBa 3aBepieHH:s KOMaHAM 3a TPUBAAICTIO. SIKIIO IIIO YyMOBY He
aKTMBOBAaHO, TO KOMaHJAa BMKOHYBaTUMETLCS HEOOMEeXKEeHHO JOBIo (IIOKU
oIepaTop BPY4YHY He 3A1VICHUTD IepexXij Ha HaCTYIIHNUI PsIAOK aATOPUTMY 4l
B3araal 3yInVHNUTb BUKOHAHHS BCbOIO aATOPUTMY). JIKIITO YMOBY akTVMBOBaHO,
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ale TpuBaJicTb BKaszaHa HyaboBa (0 c), TO mIpucrpiii mnepeije y cras
"raapBaHocTaT"/"'TIOTeHIIioMeTp" i Bigpa3y 3aBepIINUTh BUKOHAHHI KOMaHAM;

E — ymoBa 3aBepIieHHsI KOMaHAM 3a MOTeHIiaA0OM (JAKIO IIoTeHIliaa E
CTaHe MeHIINM/0iABIIMM 3a BKazaHe 3HaueHH:). IIpukaagom 3acTocyBaHH:
niei ymosu Moxe Oytm nuxkayBaHHia XAC merogom CC — eran CC
(raapBaHOCTAaTMYHE 3apsA’KaHHs 4l PO3PsiAKaHH]) peadi3ylOThb caMe III€Io
KOMaHAO0I0 Ioku Hamnpyra Ha XAC He aociarHe BKa3aHOTO I'PaHMYHOTO
3HAYeHHS;

Komanou dunamiunux pexxumis (poszopmox)

SCAN_VA
Komanga "lloreHiiognHamidyHa BOAbTaMIlepoMeTpiA’ — IIpUCTpill y
pexuMi "moTeHIiocTaT" 341MICHIOE AiHIIHY PO3TOPTKY IIOTeHIlialy poOO4oro
eaekTpoaa Big Enoy 40 Eg 13 3a3HaueHOI0 mIBuKicTio posroptku (dE/dt):

-SCAN_VA

Enou = I 000 [T eiaHocHo Eeq ™ EioHocHD Elast +500 B
Exin = I 1.00 [T eigHocHo Eeg ™ einHocHD Elast +500B
dE/dt = I 1000 0.02-500mBfc (WEMAKICTE PO3rORTEM]

YrMoea noyacHoro SABepuWeHHA KOMaHOM:

M > 2000  0.00-100 mA (aSconmTHa cWna cTpYry)

BuripHEaHHA BONETEMABPOrEaMI Y MOTEHLI0OMHEMIYHOMY pEXMMI 2
AIHIRHOK pOZrOPTEOK NaOTEHLiany

BukoHaHH:A pO3TOpTKM MOXe OyTu 3aBeplleHO JAO0YacHO, SKIIO
aKT/BOBAHO YMOBY — AOCSITHEHH: IIeBHOTO rpaHmyHoro crpymy |Il. 111 ymosa
KOpMICHa, HalIpMKAaJ, IIpU peaaisaliil II1MKAIYHOI BoabTaMIiepoMetpii (LIBA),
KoAM TpeDa aBTOMaTMYHO 3MiHIOBaTM HaIpsM PO3TOPTKU IPU AOCATHEHHI
IIEBHOTO I'PaHIYHOIO CTPYyMY.
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CVA
Komanaa "lloreHIriognHamiyHa IIUKAIYHa BOAbTaMIlepoMeTpisd'. SIKIo
HeMae€ IIoTpeOy 404acHO 3MiHIOBaTU HaIIPsIM PO3rOpTKH noTeHIiaay y LIBA,
TO TaKe A0CAiA>KeHHs MOXKHa peaaidyBaTy 3a AOIIOMOIOIO 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 '"lTloreHniogmnamiuna BoAbTaMIlepoOMeTpisd 3 HeAiHIHOIO
pO3ropTKOI0”. 3a IIi€I0 KOMaHAOIO BiAOyBa€TbCs IHOTEHILIOAVHaMiuHe
BUMIpIOBaHH: BA, ase He 3 AiHIIHOIO pO3rOPTKOIO — ITOTEHIliaA 3MiHIOEThCS
3rigHo mpodiasi, sKuil 3agaHo y (aiai eeq-t_prof.dat, sixkuir mae Oytu y
nanni nporpamu. Para 1poro npodias MOXKHa IOIlepeAHBO 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 HeoOxiganmii 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 BiaOyBa€Tbcsa 3 4yacoBuM Kpokom dt, aae
BUMipsiHa ToukKa (PIKCY€TbCS 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 poOoumii eaeKTpos He Ma€ TaAbBaHIYHOIO 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 151 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 MeHII 3py4Ha, 00 (ikcyBaTuMe yci TOUKu Oe3 Orasgay Ha BeANYNHY
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 SBoon =100 mA
I B0.00 + 100 rads

I 10.0 0.1-10000 MrAS (WEMOKICTE pO2ropTM)

lkiH

difdt

BumMipHEaHHA BONETEMNEPOrPEMM Y FANEESHOOMHAMIUHOMY pERMMI 2
NIHIAHOK POEr0pTROK CTRYMY

BumiproBaHHs BOABTaMIIEPHOI 3aA€XXHOCTI Yy TaAbBaHOAMHaMIYHOMY
BapiaHTi HallyacTillle BUKOPUCTOBYIOTb IIPU AOCAiIAKEHHI 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  OpTaHisallil IUKAy, TOOTO ©OararopasoBOIO
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

yMoBHI KoMaHAu Nl i No2 GyayTs 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€HUI LIMKA, TO CAlJ BUKOPUCTOBYBATU LIMKAN Pi3HUX
tuis (X, Y, Z). Hanpukaaga, y TakoMmy aaAroputMi:

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
3a3HAYalOTh, HA SIKUN PAAOK aATOPUTMY CAlA II€PETH.

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 BMKOPMCTOBYBAaT! TMMYAcOBO, KOAM Tpeda "cripoOyBaTu"' 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>KHa AOCSITHYTU ITPOCTO A€aKTUBYBaABIIN 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 BUKOHYETBCS, TO
Oyae Tepexia Ha HAaCTYIIHUI 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_|

Skwo | [< [ 50 +100.00mA
nepeitu Ha Nt I ] 0-24 panok

[MNepexia Ha NeEBHKA pAaOok ANFORMTHMY, AKWO CTRPYM SiNELMEAMEHWLKMA 28
EKEZEHE SHAYEHHA

3a I1i€10 KOMaHAOI0 HNPUCTPil BUKOHYE OAHOKpaTHe BUMIipIOBaHHS 1
SIKIIO CTPYM MeHINNIT/OiAbINil 3a BKasaHe 3HaueHHs, TO 3AIJICHIOE Hepexij
Ha BKa3aHUI PAAOK aATOPUTMY. SIKIO XK yMOBa He BUKOHYEThC:A, TO Oyje
repexij Ha HaCTyIIHUN PAAOK aATOPUTMY.
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Hanpukaag, y Takomy aAropuTMi HPUCTpPill 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 KOMaHAO0I0 IIPUCTPIiNl epeBipsAe 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€ mnorteHIliaa po3iMKHYTOro Koaa. Bin
aBTOMaTMYHO BUMIPIOETLCS Mepe/ ITOYaTKOM BUKOHaHHS aaroputMy. OgHak,
B IIPOLIeCi BUKOHAHH: aATOPUTMY 1M IOTeHIliaa MOXKe 3MIHIOBaTUCh. JKII0o
B OKpeMIX KOMaH/aX IOoTeHIliaau 3adaHi 3 npus'sa3koi0 40 Eeq, To BaxkaAMBO
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 KoaAa 1 Ilepes BUMIPIOBaHHAM ITOTEHIliaAy
HeoOXxigHa AAsl TOro, IOO 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€ cBiii IIOTOYHNII CTaH BIIPOAOBK 3a3HaueHOIO Jacy He
BUKOHYIOUM >KOAHMX BUMIPIOBaHb.

[Iepesanyck A0KAALHOZ0 MAliMepa

CLEAR_TIMER
CLEAR_TIMER

[MNepesanyck NOKANEHOMD TARMEQRE (DBHYNEHHA SMIHHMX t_cur | O

/lokaapHni TaiMep (t_cur) BUKOPUCTOBYIOTD 4451 KOHTPOAIO TPUBaAOCTi
IIeBHOTO eTaIly eKCIIepUMEHTy 4y OOYMCAEHHS IIpOIlylleHol/oAep>KaHol
eaekTpukn (Q), Ay 113 3HaXO0ANUTH IMIA5XOM iHTerpysaHH: Kpusoi I-t_cur. ¥V
LIMKAIYHUX eKCIIepuMeHTax, Hallpukaaz npu nukaysansai XAC, spydyHo koan
€MHICTb OOYMCAIOETBCSI 1 PeECcTpyeThcsl OKpeMO AAsl KOXKHOIO —eTally

3apsAKaHH:/pO3pAAXKaHHA — caMe A5l 1IbOIO Ha II0YaTKy KOXKHOTO eTaIly
craBasaTh koManay CLEAR_TIMER.
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Ouucmxa zpagiurozo nors

CLEAR_SCREEN
CLEAR_SCREEN

CyMcTka rpadidHoro Noas

Ha rpa¢giunomy noai I13 BigobOpakae 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>kHOTO etarny roctaButu 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 BUMipIOBaHHs Y
rtam 's1tTi 11K Ta Ha >JKopcTKomMy AMCKY.

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

NoreHyiocTtar-raneeaHocratT MTech PGP-550F

NOTEHLIOMETR . MA i

AAropuTr pofoTi

[0]7[2[3[4]5]6]7 ][] 3[0]11 [12]13]14]15[16]17]18]19]
Lxma 1 5 20 100
Tun rpadika:{ E-t -t I-E )

Ik aivma BA A

OgHak, 3a 1oTpeOM B IpoLeCi BUKOHAaHHS aATOPUTMY (UM IIicAs JOTO

3aBepIlleHHs) OIlepaTop MOXKe AOBiABHO 3MiHIOBAaTU TUII Big0Opa’kyBaHOTO
rpadika KAiKOM Ha BiAIlOBigHe 1104e 11i4 rpadpiyHNM BiKHOM:

wx||
vx

X Eeq=0000" #=1

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

¥ X ll oms1_2a06-2020_14-44.dst | CHECK | <<< _START | STOP | | COPYx

Komanga CLEAR_SCREEN ouninae rpadiuHe ole He3ade>XHO Big
TOTrO, sIKUI TuIl rpadika BigoOpakaerbcsa Ha HboMy. [13 mam'stae MomeHT,
Koau rpadiute 1oae OyA0 OUMIIIEHUM — TOOTO, KOAU oIlepaTop (I1icAs TOro,
JAK BUKOHaHa I KOMaHAa) NepeKAIOYMTb TUI rpadika, To BiH IMOOAYUTh
KpUBY, "HaMaAbOBaHY' BKe ITiCAsl MOMEHTY, KOAH I10Ae 0y/A0 O4MIleHe.

27



3Mita pobo10zo dianazory cmpymy

RANGE
Inkoan e mnorpeba Aas  3a0e3ledeHHs  HAWBUINOI  TOYHOCTI
BUMipIOBaHH:I/3a4aHHs CTPYMY 3MiHUTH 110TO POOOYMIL Aiarla3oH:

-RANGE

0!

=1 mA
+5 mA
=20 mA

i T

+100 mA

JMiHa gianazoHy cTpyMy

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

NMoTeHuiecTaT-ranbBaHoctat MTech PGP-550F

NOTEHLIOMETR | mA [

ANFOpKTH pOGoTH

0[1[2[3[4[5[6]7 831011 121214151617 [18]19]

|+ M.-"l"«.ii 1 5 2l 100 I
Tun rpadika; E-t [-t I-E

11 e isma A -

Ognak, nepe/ BMKOHaHHAM II€BHUX KOMaHJ MOXe OyTU AOLiABHUM
3MIHUTH LIell Aialla3OH A5 3a0e3redyeHHs HalBUIOI TOYHOCTI. Hampukaaa y
METOAl 1HBEpPCiMIHOI XPOHOIIOTEHIIOMETpil 3 HaKONMYEHHSAM IIepPIIOIO
"IIpo0OoMiAroToBY0I0" (Pa3olo MepeBa’kHO € IMOTeHIiOCTaTYHe HaKOIIYeHH:
IIPOAYKTiB  BigHOBA€HHsA Ha pPOOOYOMY €AeKTpPOAi, a HaCTyIIHOIO
"aHaAiTMYHOIO" (Pa3ol0 € raabBaHOCTATUMYHE OKMCHEHHS HaKOIINMYeHUX
IIPOAYKTIB 3 peecTpaui€io kpusoi E-t. OOmexxysatu crpyM mnepioi ¢asu
IlepeBa>kHO HeMa€ CEeHCy, TOMY AA4sd aATOPUTMY BUOMPaiOTh MaKCUMaAbHUI
AlartasoH cTpyMy (B Lii1 Moaeai npucrpoio e +100 MA). A oT 445 OCTaHHBOI
"aHaaiTuHOI" (Ppa3y aHOAHOIO PO3UYMHEHH: Oa’kaHO IIOO Aialla30H CTPyMy
HallKpalle BigIIOBizaB CcaMOMY 3HA4eHHIO CTpyMy. JIKIo, Aas mpukaaay,
CTPYM aHOAHOIO PO3YMHEHHsS JOpiBHIOE 4 MA, TO € CeHC Iepes LM
IIepeKAIOYNTUCh Ha Aiana3oH *5 MA — 1e 3a0e3leunTh BUILY TOYHICTD i
CTabiABHICTD IIHOTO CTPYMY (IIOPiBHAHO 3 AiantadoHoM £100 MA):
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MoTeHuioccTaT-ranbBanoctat MTech PGP-550F

NOTEHWIOMETR E.B [

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

[, £ M 1 5 20 ' 100 I
Tunrpadgika; E-t -t I-E

IHEEPCIHA ¥POHONOTEHWIOMETRIA 5 HAKOMMYEHHAR 5 %8 npK1 -1 B

Mefneakt. | Bugamvmuycikomadaw | W koHTpoae neperpuyseu

o x
[T 1 STAT_E -1.00v; t=300.0s; dt=0.50s; MO_RELC; x
Mz x
™3 RANGE +5ma & v X
[T 4  STAT_| 4.00mé; t=180.0s; dt=0.10s; REC; stopif x
[ s x
e v

Aari poseasHemo munosi npuKAadu arzopummis.
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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.
NMoTeHyiocTaT-ransBaHocratT MTech PGP-550F
NoOTEHLIOMETLD . MA i
— AAropuTr poGoTi
|EI|1 |2|3|4|5|E|?|E|9|1D|11 |'IE|13|14|15|1E|1?|1E|1EI|
Tun rpagika; E-t [-1 [-E
UuknivHa B -1
MelneakT. | B uganuTii yzi KordaHo| | ¥ koHTpOAE NEperpyskM
o b
[T 1 CYCLE_BEG- 20 b
[T 2 SCAN_Wa 020 1800 10.00my /s b
[T 3 SCAN_Wa 180V 0200 10.00my /s b
[T 4 CYCLE_END b
[ s b
rc W W
IlosicHeHHSI.

Moo 3araabHMX HaAalTyBaHb. BuOpaHO poOoumii Aiara3zoH CTpyMiB
(#20 MA) Ta BKazaHO, sIKMI rpadik I10-3aMOBYYBAHHIO BUBOAUTU B IIpOLieci
sumipiosanb ("I-E" — 3azexxHicTh CTpyMy Big IIOTeHIIiaay poO. eAeKTpoaa).
Ilia 4yac BMMipIOBaHH: BOAbTaMIIEpOTpaMM IIpMAaj Hpallo€ B PeXUMi
"moTeHIiocTatr", TOMy IIporpaMa aBTOMaTU4HO aKTVByBaJa OMILIiI0 "KOHTPOAb
neperpysku” i OaxkaHo 1i He 3Himatm. lle 3axmcHa QyHKIIiSI, sIKa BKasye
npuiady HPUMYCOBO 3YNMHNUTU BUKOHaHHS ITOTOYHOIO psigka aATOPUTMY,
SIKIIIO CTPYM BUIiAe 3a AOIYCTUMI MeXXi BUOpaHOro gianasony (20 MA).

MMogo xomaH4. OCKiabKM AOCAIAXKEHHS ULMKAIYHEe, TO IIepIIOI0 i
ocraHHpoi0 KoMaHA0I0 € CYCLE BEG-X ta CYCLE_END-X, BiamoBigHo.
B nmapamerpi nepmoi komaHay BkazaHo "20" — TOOTO Tiao IMKAY (Te, LIO €
MDK OVUMH gBOMa KoMmaHAaMm) Oyge BukoHaHO 20 pasis. Jas BUMIipIOBaHH:
BA Tiao nuxkay wmictuth aBi komaHau SCAN_VA ("moreHniogunamiuyna
BoabTaMIniepometpia'). [lepiroro komaHA010 BuMipro€Thess BA 3 posropTkorio
B aHOAHOMY HanpsAMKYy (Big -0,2 g0 +1,5 B), a gpyroro — B 3B0poTHBOMY (Big,
+1,5 20 -0,2 B) 3i mBuaxicrio 10 mB/c.
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IIpuxaaa 2. IukaidyHa BoabTaMIepoOMeTpisi-2

Yacro npm BuMmipioBanHi [IBA posroptky posnodmHaioTh He 3
KpalHbOTO 3HA4YeHHs IIOTeHIllady, a 3 IOTeHIllady PO3IMKHYTOIO KoJa
(piBHOBa>kHOrO/cTanioHapHoro, Eeq). Ile 403BoAsi€ YHUKHYTM I1OYaTKOBOIO
CTpuOKa €MHICHOTO CTPyMY, 3yMOBAeHOIO Itepe3apsiaxxanuam [TEIT.

3aBaannsa. Bumipsaty nukaiyny Boabramneporpamy (20 MKAiB) B MeXKax
noreHniaay -0,2...+1,50 B 3i mBuakicrio posroptkun 10 mB/c. Ilowatn
PO3TOPTKY 3 IIOTeHIliaAy pO3iMKHYTOIO KOAa.

AATOPUTM.
MoTeHuiocTaT-ransBaHocTtat MTech PGP-550F
MOTEHUIOMETR | mA i
— A AropHTH poGoTH
|EI|1 |2|3|4|5|E|?|E|9|1D|‘I1 |12|13|14|15|1E|‘I?|1E|‘IE||
[, + r1d 1 5 20 100
Tunrpagika; E-t [-1 [-E
L MkniyHa B - 2, noyaTor, posropTEM S NoTEHUWIANY positEHYTORD Kona
Mtfgeakt. | Bugammh ycikomadge | W koHTpoae neperpystu
o kB
[T 1 SCAM_WA Eeq; -0.200; 10.00m /s kB
[T 2 CYCLE_BEG# 20 X
[T 3 SCAM_WA -0.20W: 1.500W; 10004 ¥
[T 4 SCAM_WA 160V 0200 10004 ¥
[T 6 CYCLE_EMD¥ X
& ¥
- = T
IlosicHeHHsI.

[IToao 3araabHMX HaJAalITyBaHb — aHA/AOTIYHO, K B IIOIEPeAHBOMY
npukaaal. Hlogo xomana. Tiao nukay 3aanMImMA0Ch HE3MIHHUM, aje 404aAU
e oaHy KoMaHay SCAN_VA miepes IMKAOM 4451 II04aTKOBOI pO3rOPTKM Big
Eeq 4o BuOpanoi Mexi. Ilepes 1moO4YaTKOM BMKOHAHHS aATOPUTMY
eKCIIepMMEeHTy IIporpaMa aBTOMaTM4YHO (PIKCy€ 3HayeHHs IIOTeHIlialy
PO3IMKHYTOIO KO4a 1 3anmcye noro y 3minny Heq. SIkio na sxkomych erarii
eKCIIEPUMEHTY CAl4 BUMIPATH HOTOYHE 3Ha4YyeHHs IIbOTO IIOTeHINaay i,
BIAIIOBIAHO, OHOBUTU BMicT 3MiHHOI Eeq, TO caig mocraBUTH KOMaHAY
"MEASURE Eeq".
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IIpuxaaa 3. IukaidyHa BoabTaMrepoMeTpis-3

B npomy mpuxaaal mokaxkemo, SIK MOXHa peaaidyBaTy IIOIepeAHin
eKCIIepUMeHT, aje X OOMe>KeHHAM cTpyMy y 10 MA.

3aBaannsa. Bumipsaty nukaiyny Boabramneporpamy (20 1IMKAiB) B MeXKax
norenuiaay -0,2...41,50 B 3i mBuakicrio posroprku 10 mB/c. Ilowatn
PO3IOPTKY 3 IIOTEHIliaay PO3IMKHYTOIO KoAa. JIKIIo B IIpoI1ieci BUMIPIOBaHHS
I[IBA aOcoaioTHe 3HadyeHHs CTpymy Iepesumuth 10 MA, TO NpMMycoBo
3MIHIOBaTM HaIIPsAM PO3TOPTKM (HepexoAUTV Ha HaCTyIIHUI psIA0K

aATOPUTMY).
AATOPUTM.
MoreHyiocTtaT-ranseadocrat MTech PGP-550F
NOTEHWIOMETH | MA [
— AAropHTH poGoTLH
|D|1 |2|3|4|5|E|?|E|E||1EI|11 |12|13|14|15|1E|1?|1E|1E||
Tunrpagika: E-t [-t I-E
Uuknivna Ba - 3, novatok posropTeM & noTeHWany posivkHYToro Kona,
OfkE#EHHA CTRURY 10 rad,
MefneakT. | B 1o anuTH yoi KomMaHou | ¥ koHTpONE NEperpyskd
o ¥
1 SCAM WA Eeq; -0.20W; 10.00mvA: stopif [>10.00ms B X
[T 2 CYCLE_BEG 20 ¥
[T 3 SCAM_WA Elast; 1.850W: 10.00myAs stopif I>1000ms W X
[T 4 SCAM_WA Elast; -0.20W; 10.00my /s stopif [>10.00ms B X
[T B CYCLE_EMD- ¥
& ¥
= W W
[TosicHeHHSI.

Y Bcix komangax SCAN_VA BkazaHO yMOBY 404acHO BUXOAY 3 KOMaHAN,
AKIIO abcoAlOTHe 3HadyeHHs cTpyMy nepesumnutb 10 MA. Otxe, KO
abCOAIOTHe 3HA4yeHHsA CTPyMy JOCATHe IIi€l MexXi, TO Bid0yJAeTbcs
IIPUMYCOBUI Ilepexi Ha HaCTYIIHUII PsAAOK aATOPUTMY, TOOTO 3MiHUTHCS
HaIlpsIM pPO3TOPTKU. JIKIO Ile CTaHeTbCs, TO Ba’kKAMBO, IIOO HaCTyIIHA
3BOPOTHa PO3ropTKa IIPOAOBXyBadach camMe 3 TOIO IOTeHIlialy, Ha SIKOMY
synuHmaach nomnepegss. Tomy, y komangax SCAN_VA, mo € B Tiai nukay,
I10YaTKOBMI ITOTeHIliaA po3ropTKN 3a4aHo sK Elast.

Jkmo Hema€ norpedu oOMexyBaTu cTpyM, To BuMmipatu LIBA mosxHa
IIPOCTiIlle — BCbOTO OAHi€I0 KoMaH 010 "CVA™

Cva Eeq: 1.500; -0.200; 10.00mY/s; 20 times 1
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Ilpuxaaa 4. 'aabBaHOAVIHAMiYHA BOAbTaMIIepOMeTPis

B sesxmx Bunagkax BOAbTaMIIEPHY 3aA€XKHICTb AOIIIABHO BUMIPIOBATU
He B IIOTeHIiO-, a TaAbBaHOAMHaMIiuHOMY BapiaHTi. Hacammepea 1e
CTOCYETbCSI  OO'€KTIB 3 MaAuMM BHYTpIIIHIM  OIIOPOM, HaIpuKAaA
CylepKOHAEeHCaTOpiB. Y raabBagMiHaMidYHOMY BapiaHTi BuMiproBaHHs BA
npuaag, Hpaio€ B peXNMMi 'TaabBaHOCTaT — IIOCTYIIOBO — 3MiHIOIOUM
MOAAPUBALIIHNII CTPYM 13 3a4aHOIO IIBUAKICTIO PO3TOPTKM.

3aBaanHda. Buwmipsatm BoabTammeporpamy —CcylnepKOHAeHcaTopa Y
raAbBaHOAVHAMIYHOMY BapiaHTi B MeXax crpyMiB Biga 0 g0 20 mMA 3i
IIBUAKICTIO po3ropTku 50 MKA/c.

AATOPUTM.
MoTeduiocTaT-ransBaHocTat MTech PGP-550F
MNOTEHWIOMETR | MA i
— A ArOpHTH poSoTH
[al1]z2]a]4]s]e][7][a]a[10]n[12[13]14[15]16]17[158]13]
Tun rpadgika: E-t [-1 [-E
["aneEaHoQMHaRIMHA BONETAtMEPOMET pIA
Mefneakt. | Buaammh yoikomadaw | [ KOHTPOAL Neperpyakm
o L T3
[T 1 SCAN_AY 0.00mA; 20.00ms; 50.0ubrs X
2 L T3
2 L T3

Jk Gaummo, aas BumipioBaHH:A BA y raapBaHOAMHaMiuHOMY BapiaHTi
3aaissHo komaHay SCAN_AV. AnaaorigyHo MO>KHa peaaidyBaTy BUMipIOBaHH:
I[IBA y takomy BapiaHTi — A4 LIbOIO CAi4 3a4aTyl LOUKAIYHUI aATOPUTM 3
ABOMa TaKIMVJ KOMaHJAaMH y Tial IIMKAY, ITOAi0HO sAK y npukaaai Nel.
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Ilpukaaa 5. 'aabBaHOCTaTMYHA XPOHOMNOTEHIIIOMeTPisa

KaacmunuM  1mpmkaagoM  Takoro  AOCAIAKeHHS €  BUMIPIOBAaHHSA
3a4€XKHOCTI HaIpyIM Ha aKyMyAsTOpi B IIpoLeci JVOro 3apsA>XaHH:I
crabiapauM crpyMoM (CC — constant current).

3apAaHHA. J3AIVICHUTHM TaAbBaHOCTATUYHE 3apsAA>KaHH:A aKyMyAsaTopa
crpymom 100 MA g0 xiHnmesoi Hanpyru 4,20 B. Bumip:atm 3aaexxHicTb
HaIIpyIu Bij 4acy 3apsA’KaHH: 3 nepiogoM suMmipioBanu:a 0,5 c. 3araabpHy
TpUBaAiCTh 3apsAAXaHHA oOMexxuty 20 rog — TOOTO, HaBiTh SIKIIO 3a TaKUIL
Jac 3aps4>KaHHsA Hanpyra He gocsarae 4,20 B, To caig synuanuTy npouec.

AATOPUTM.
MoTenyiocTaT-ransBanoctat MTech PGP-550F
NOTEHLOMET E.B
— ANrOpHTR pOBaTI
(o] [z[3]4[s[c[7[e[a[10[11[12[12[14[15[1E]17[18]19]
|+ ri 1 2] 20 100
Tun rpadgika; E-t [-1 [-E

[ aNbEAHOCT ATHYHA KpOHOMOTEHWIOMETRIA

MelneakT. | B g aniri yoi KordaHgu | [T roHTpOnb Neperpyskd

(Y ¥
[T 1 STAT_I 100.00mé; t=72000.0s; di=0.50s; REC: stopif WF X
I~ 2 X
I~ 3 X

Aas Takoro gocaigxeHHs 3agigsHo komaHay STAT_I ("raapBaHocTaT"), Y
IapaMeTpax KOl 3a4al0Th 3HaYE€HH: CTPYMY, TPaHNYHY TPUBAAICTDb, KIHIIEBY
HaIIpyTy Ta I1IepioAMYHICTb BUMIPIOBaHH! 1 BigKAagaHHS TOYOK Ha rpaik.

Inkoam (K Ha puc. BUIllE) B PAAOK aATOPUTMY He IOMIIIAaIOThCsA YCi
napaMetrpu BuOpaHoi KoMmaHAu. IIlo6 mobGaumTy psAOK IIOBHICTIO CAig
IiABecTM A0 TaKOIo psidKa Kypcop MuImi — Bechb PAAOK TaKOX
l'IpO,ZI,y6£112€TI)C}I Ha I10A1 I1iAKa30K:

X
X
X
X
VX[ | STAT_I 100.00mA; t=72000.0s; ct=0.50s; REC; stap if E>4.20:

WX
CHECK |<<< START | sT0OP |

v X l|
WX Eeq=00011%
w F=0001Vv I =0 000 uk — —
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IIpukaag 6. PiBHOBa’kHa (cTartioHapHa) XpOHONIOTEeHI[iOMeTpis

B piBHOBakHiN1 (CTalliOHapHil) XPOHOIIOTEHI[IOMEeTpil BUMIipPIOIOTDH
3a/€>XKHICTh IIOTeHIiady pPoOOOYOro eaeKTpody B 4Yaci 3a BiACyTHOCTI
IOASIPU3ALIIHOIO  CTpyMy. B 1jboMy pi3HOBMAI XPOHOIIOTEHIIIOMETpil
IpuAag, Npalio€ B peXXumi 'moTreHIioMeTp” (iHKOAM JOTO IIle Ha3MBalOTh
"BOABTMETP"), KOAM HepeMmukad Sl € BigkaroueHuM. fIK i B monepeaHbOMY
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"
(BigKAIOWa€ KOMIpKYy). SIKIIIO 3K CTPpyM 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.
MoTeHuioccTaT-ranbBanoctat MTech PGP-550F
NOTEHWIOMETR E.B [
— & AFOpHTR pOGoTLH
|EI|1 |2|3|4|5|E|?|B|9|1D|11 |12|13|14|15|1E|1?|1E|19|
e 1 ] 20 100
Tunrpagika;  E-t [-1 I-E
PieHOEa#*Ha [CTAWIOHAPHA] ¥pOHONOTEHLIOMETRIA
Medneakt. | Bugamvmuycikomangw | [T koHTpoae neperpyseu
o ¥
[T 1 STAT_| 0.00mé&; t=7200.0s; d=050s; REC; X
[z ¥
[z ¥
IlosicHeHHsI.

IIpnaag mepexoauTh B CTaH 'HOTEHIIiOMeTp" Ta BHPOAOBX 2 TOAVIHU
kKoxHux 0,5 ¢ 34ilCHIOE BMMIipIOBaHH:A. SIKIIIO TpMBaAiCTh BUMIPIOBAHHS
HEBNM3HaYeHa, TO MOXKHa He aKTMBYBaTM YMOBY 3a TPHMBAJAICTIO i Bpy4HY
3YNMHUTY BUKOHAHHS aAropuTMy KHONKow STOP.

B sgaHOMYy nIpuKaagi odep>kaHa 3a1€XKHICTD — 1le (paKTUIHO rpadik 3MiHU
roTeHIiaay posiMkHyTOro koaa (Eeq) B waci, BuMipsHUiI 3 (piKCOBaHUM
gacoBuM KpokoM (0,5 c).

IIporpamue 3aGesnedenns "MTech PGP-550F" sae smory BuMipiosaTu
BO/AbTaMIleporpaMy He 3 (PiKCOBAHOIO IIBUAKICTIO PO3TOPTKM, a B TaKUIl

35



cr1oci6, o0 IoTeHITiad PO3TOPTKU 3MiHIOBABCs B Yaci Crielu(piuHIM YMHOM,
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 yacro i € 3aaexHicts Eeg-t.
B HacTtynmHOMy IIpuKaAagi HOKakeMo, sAK BumipAtn npodiap Eeqg-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 BuMipioBaHHs 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 3aAe>KHO Bid 3MiHU
IIOTeHIIiaAy. SIKINO IIOTeHIiad TpUBAAMI 4Yac He 3MIHIOETBbCS, TO BapTO
3YNVHUTU €KCIIePUMEHT.

3aBgaHHs. Bumipstu nipodias Eeq-t. Mipstu norenniaa koxHux 0,1 ¢,
ase ¢ikcyBaTum 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.

AATOPUTM.
NoTeHuiocTaT-ransBaHoctat MTech PGP-550F
NOTEHUIOMET E.B
— AAropHTH poGoTH
|EI|1 |2|3|4|5|E|?|E|9|1D|‘I1 |12|13|14|15|‘IE|1?‘|‘IE|1EI|
Tunrpagika: E-t [-t I-E

MNpodine Eeget
MefneakT. | BrganiTi yoi komMaHo | [T koHTpONL MEperpyskM
o X
[T 1 EegtPROFILE 0.10s; 2.0mv; »1.500; 120s; ¥
2 X
a2 X
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IlosicHeHHsI.

Komanga "Eeq-t PROFILE" suMipsie 3aaexxHicts Eeq-t Ta 30epeske ¢aiia
eeq-t_prof.dat y manky nporpamu. Ilepmmnit napamerp (0.1s) Bkazye MipsTu
noteHniaa koxHux 0,1 ¢, a apyruit (2.0mV) — 3a s1koi yMOBU 110r0 (PiKCyBaTU
y ¢aiiai. K110 MOTOYHe BUMipsiHe 3HaueHH: ITOTeHIlialy BiApi3HAEThCS Bid
nonepeanporo <2 MB, To 1141 Touka He Oyae 3anmcana. Hacripasai € mje ogHa
yMoBa (ikcaliil TOUOK — IpoJiida nIpuHaiMHi 1 ¢ Big nomnepeaHboi ¢ikcartii
(o0 He Oyao 3HauHmx mays). Tpertinn mapamerp (>1.50V) aossoauts He
pikcyBaTy ITOYATKOBI TOUKM (KOAU €1€KTPOJ, IIle He 3aHypPeHNIT B PO3UMH, TO
IIOTeHIliaa € HeBM3HA4YeHMM 1 4acTo "BIIMPAEThCA B KpalHIO MeXy — +5 un
-5 B). Ocrannin napamertp (120s) 3aga€ yMOBY 3yIIMHKI €KCIIEPUMEHTY (XO4
JIOTO MO>KHa 3YIMHNUTU 1 Bpy4yHy, KHOIIKOIO STOP) — sAKkIo BIpOAOBXK
octraHHix 120 ¢ moreHITiaa He 3MIHUBCS Ha >=2 MB.

Ilicas BumipioBaHHs mpodias i mepeg Oro 3aCTOCyBaHHSIM y KOMaHAI
"SPEC_VA" caia BuAaANTH 3aiiBi IOYATKOBL TOYKM (KOAM pOOOUNIT €1€KTPOA
11e He OyB 3aHYpeHUI1 y PO34MH) i BUKOHATH 3raaj KeHHs (smoothing) Kpusoi
Eeq-t. Lle spyuHo poburty, Hanipukaagd, y nporpami Origin ¢piasrpom FFT.

Ilpuxaaa 8. Bumiplosanns BA 3a npogiaem Eeq-t
AATOPUTM.

MoTeHylocTaT-ranbBadoectat MTech PGP-550F

NoTEHUOMETR | MA
— & NFOpMTR poaOTH
|EI|1 |2|3|4|5|E|?|E|E||1EI|11 |12|13|14|15|1E|1?|1E=|1E||
[ +ma 1 B 20 100
Tun rpadika;  E-t [-t I-E
B za npogineta Eeg-t
Nedgeakt. | Buganuru ycikomanan | W koHTpoae neperpysku
o X
™1 SPEC_Wa X
2 X

IToscuennsa. Komanga "SPEC_VA" He mae >xogHux napamertpis. €anHa
BIIMOTa — HasABHICTb (paiiay eeq-t_prof.dat y manui nporpamu. Lleit mpodiab
Mmictuth KpuBy E-t, 3a skoilo Oyae 3MiHIOBaTHCh IIOTeHIliaa IIig d4ac
BumMmipiosanHs BA. ®@aita eeq-t_prof.dat HeoOOB'JA3KOBO cTBOpIOBATHU
komanaoo "Eeq-t PROFILE", 7ioro B3araai MOXHa 3MO4eAlOBaTU
MaTeMaTU4HO B SKiJCh iHIIIN IIporpaMi, SIKIIO IOTpiOeH cBilt crierupiaHmin
nipodiab E-t. T'oaosHe, 1100 kpok 3a yacom Oys He MmeHite 0,05 c.
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IIpnkaag 9. 'aapbBanocTraTnaHe nykayBaHHs XA C

B npomy wMmetoai gocaiaxysane XAC (manpmukaas axymMyAasTop)
II0YEPIrOBO 3apsAAXKaIOTH/PO3PAAXKAIOTh (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
3a0e3IlleueHHsl IIpuaasy 3aKAdageHO (PYHKIIIO BUMIpIOBaHHA KiAbKOCTI
IIPOMYIIEHOI eACKTPUKM — IS BeAMYMHaA 3aIllICYyEThCS y IISATY KOAOHKY
Ta0AUIIi A@HUX, a TAKOXK Bi400pa’ka€ThCs B IIPOLleci BUMipIOBaHb.

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

— 3apsia ctpymoM 100 MA a0 gocsarnenns Haapyru Ha XAC 4,2 B;

— pospsia ctpymoMm 100 MA a0 kiHnesoi 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.

MoTedyiocTaT-raneBaHecTtatT MTech PGP-550F

MOTEHWOMETE E.B

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

ERTT S ] 20 100
Tun rpadika; E-t -t I-E

[ aneEaHOCTATHYHE WMEAYEaHHA =00

MednearT. | B 1o anKTi uzi KokaHau | [T koHTROME NeperpyskM

[T 0 CYCLE_BEG 10 L
[T 1 CLEAR_SCREEM L
[T 2 CLEAR_TIMER L
[T 3 STAT_| 100.00mé; +=72000.0s; di=0.50s; REC; stopif "W X
[T 4 CLEAR_SCREEM L
[T 5 CLEAR_TIMER L
[T 6 STAT_| -100.00mé; t=72000.0s; dt=0.50s; REC; stopif "W X
[T 7 CYCLE_EMD- X
[ & X
ra -

IloscHeHHs.

Moao 3araabHmx HaaamrtyBaHb. Ockiabku crpymu 100 MA, To pobounm
AlarmazoHoMm crpymy BuOpaHo +100 MA. Tun rpadika "E-t" — ontumaasHuin
AAsl Bi3yaAbHOTO KOHTPOAIO IIPOLECY IIMKAYBaHHS.
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[MMoao xomana. OCKiABKM AOCAIAKEHHS IMKAIYHe, TO HepIIoI0 i
ocraHHpoi0 KoMaHA0I0 € CYCLE BEG-X ta CYCLE_END-X, BiamoBigaHo.
A BUKOHaHHA 3apsAAy/pospsidy B Tial nuxay € aAsi komaHaum STAT_I
('raapBaHOCTaT') — mepuIa AAs 3apsAAy, Apyra Aas pospsaay. Ock ITOBHU
IIPOMNC VX KOMaHA;

S TAT_| 100.00mA,; t=72000.05; dt=050s; REC: stop if E>4.20%,
S TAT_| -100.00mA,; t=72000.0s; di=0.50s; REC; stop if E<Z.50%,

106 rpadivyHe noae He 3aXAaMAIOBaA0OCh KyIIOIO KpUBUX 3apsia/po3psi
nepes, KokHuMm eranom € komanga CLEAR_SCREEN - orxe B mponeci
poboTu omepaTtop OaunMTHUMe ANIe KPUBY AAsl IIOTOYHOTO erTamy. Takoxk
AogaHo 11e koMaHau CLEAR_TIMER aas oOHyaeHHSI A0KaABHOTO TaliMmepa,
3a AKUM IHTerpyerbcsa KpuBa I-t 1 pospaxoBye€rbcsa emuictb (Q (BOHa
3ammcyeTbcss 'y 5-y KoaoHKYy dat-dpaiiay). SIKmmo He cTaBUTM KOMaHZ
CLEAR_TIMER, TO B 1ili KOAOHIi OyAe €MHICTb BCiX eTalliB LIMKAYBaHH:I
pasoM, a B HallIOMY BUITaAKY IIOTOYHI 3HaUYeHHs €MHOCTI OyAyTb BiAIIOBigaTu
ANIIIe IOTOYHOMY eTaIly 3apsiay 94U po3psiay.

IIpuxaaa 10. Hukaysannsa XAC merogom CCCV

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

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

— 3apsia ctpymoM 100 MA a0 gocsaruenss Hanpyru Ha XAC 4,2 B;

— BUTpUMYyBaHH:A Hanpyru 4,2 B mokm crpym He BHage 40 5 MA abo
TpusBaaicts ¢pasu CV He gocsrse 20 xB;

— 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 koxnux 0,5 c¢. B mpomneci BumiproBaHb
pO3paxyHOK €MHOCTI Ma€ OyTM OKpeMUM AA4s KOXKHOIO ertaiy 's3apsad’ i
"pospsa". Tpusaaicts koxxHoro etany CC 3apsia/pospsig He 0OMeKyBaTH.

AATOPUTM.
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MoTeHuiocTaT-ranbBanocrat MTech PGP-550F

MOTEHWIOMETR E.B

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

ERTT S ] 20 100
Tun rpadika; E-t -t I-E

Uukmyeanda =00 rmetogor COCY

MednearT. | BHaanKTH uzi KokaHau | [¥ koHTROME NeperpyskM

[T 0 CrCLE_BEG 10 X
[T 1 CLE&R_SCREEM X
[T 2 CLEAR_TIMER X
[T 3 STAT_| 100.00mé; t=7 dt=0.50s; REC; stopif E>4.20v; W X
[T 4 STAT_E 4.20v; t=1200.0s; dt=050s; REC; stopif X
[T 5 CLE&R_SCREEM X
[T & CLEAR_TIMER L
[T 7 STAT_| -100.00mé; t=7 di=0.50s; REC; stopif E<2.50v; WF X
[T & STAT_E 250v; t=1200.0s; dt=050s; REC; stopif L
[T 39 CYCLE_END X
[ 10 L

[losicHeHHSI.

[MMoao xoMaH4. AATOpUTM NPaKTUYHO TaKUII caMmii, SIK y IIpuUKAasi 9.
Aoaaaucy aume xoMaHau STAT_E, ski 3abe3reuyioTb A03apsigKy Ta
20po3psaAaKy XAC 40 AOCATHEHH:I IIeBHOTO 3aAUIIKOBOro crpymy (5 MA). Ocb
IIOBHUII IIPOINC KAIOUOBYIX KOMaHA:

STAT_[ 100.00mA,; t=7 dt=050s; REC: stop if E»4.20%;
STAT_E 420 t=12000s; dt=050s; REC: stop if 1<5.00ma;
STAT_| -100.00maA,; t=7 di=060s; REC; stop if E<2.50%;
STAT_E 2A50%: =1200.0s; di=050s; REC: stop if 1<b.00mA;

OkpiMm saammkosoro crpymy y komangai "STAT_E" me moxna 3a

IoTpedu 3a4aTy YMOBY 3a IPaHNYHOIO KiABbKICTIO €AeKTPUKIAL.

IIpuxaaa 11. N'aabBaHOCTaTHMYHE "TUTPYBAaHHS"

PeaapHi axkymyasTropu Imijg dYac ekcrnayaTtanii pidKo Iig4aiOThCs
HellepepBHOMY pO3pPsAAKaHHIO (pikcoBaHUM CTpyMoM. Yacritie BiaOyBalOTbcs
3HauHl (3a CTPYMOM) NEepiOAMYHI PO3PsIAM, IO YePIYIOThCSA ITaCUBHUMU
craHaMIl ©e3 HaBaHTakKeHHs. Takmii CrHocid poO3psAAHOTO  ">KUTTS"
aKyMyAsdTOpa MOXHa y IIepIIoMy HaOAVM>KeHHI MoJAeAloBaTy  T.3.
raAbBaHOCTaTUYHNM 'TUTPYBaHHSIM .

3aBaanns. 3apaautu XAC a0 4,2 B crpymom 50 MA, a moTiM po3psantu
3a TaKOIO METOAVKOIO:
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— pospsia ctpymoMm 100 MA BripoaoBX 1 xBs;

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

— BigkaounT pospsigumit  crpyM  Big XAC (mepeitm B pesXKUM
"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 "TUTPYyBaAbHOTIO' pO3psiAy.

AATOPUTM.
MoTeHuiecTaT-ranbBanocrtat MTech PGP-550F

NOTEHLIOMETR E.B

— &ArOpKTR pOEoTH
|EI|'I |2|3|4|5|E|?|8|9|1D|11|12|13|14|15|1E|1?|18|19|

YT S, & 20 100
Tun rpadgika; E-t [-t I-E

[anbEBEHOCTATHYHE "THTPUBSHHA'

Mefneart. | Bugammiycikomangu | [ koHTpone neperpyseu

[T 0 STAT_| 50.00md; t=7 dt=050s; NO_REC: stopif X
[T 1 CLEAR_SCREEM X
[T 2 CLEAR_TIMER X
I 3 X
[T 4  STAT_| -100.00ms; t=R0.0s; d=050s; REC: X
[T 5 IF_E <250v: GOTOZ20 ¥
[T B STAT_| 0.00m&; t=300.0s; dt=10.00s; REC: X
[ 7 GOTO 4 ¥
I 8 X
= A - e

Ilosacuenns. B psaaxy NoO — koMaHga 4451 mepBUHHOTO 3apsaakaHua XAC
240 4,2 B (AKIIO BOHO BXe € 3apsAAXKeHUM, TO 11i€l KoMaHAM He TpeOa). daai
YUCTUMO eKpaH (i TaliMep A4S IHTerpyBaHHSA (Q HAaCTYIIHOTO TUTPYBaAbHOIO
pospsay). Pagok Ne4 — pospsg crpymom 100 MA crporo Bnpogosx 60 c
(1 xB). B psaaxky Nob5 mepeBips€MO 3araabHy YMOBY HPUIIMHEHH: pOOOTU — 4I
BI1asa Hanpyra Ha XAC Hikue 2,5 B? fIkmio tak, mo OyJe Iepexig Ha psi40K
No20 (TOOTO aAropuT™M 3aBepLIMTLC). SIKIIO Hi, TO IIPOAOBXKUTLCS
BIUKOHAHH:I aATOPUTMY, TOOTO Oyae mepexis Ha HacTynHUM psagok (Ne6). B
pAAKy No6 mepeBogmMo mpmaag B 'TIOTeHIIioMeTp" (KOAO posipBaHe i MU
Mips€MO AMIlle HAIIPYTy) Ha 4ac 5 xB. B psaaky NO7 — nmpumycosuit 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.
MoTeHuiocTaT-ransBanoctat MTech PGP-550F

MOTEHWIOMETR | mA i

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

L ems 1 b 20 100
Tunrpadgika; E-t -t I-E

B L =a pizHOl WEMOKOCTI pOSrOpTEM

FERATETS | BuaandTi yoi KardaHa | [ koHTpOAE NEperpyskm

[T 0 SCAN_wWa 250 4.200: 0.05mv/s X
1 SCAMN WA 4200 2500 005y /s X
[z X
[T 3 SCaN_va 250v; 4.200: 0.10mv/s X
[T 4 SCaN_wa 4200 2600 0.10mv/s X
[ 5 X
[T B SCAN_MWa 280V 4.200: 0.20mv/s X
[T 7 SCAN_Wa 4200 2600: 0.20mv/s X
[ & X
- a W

Iloscuenns. Aas xoxHoOI ogHOKpaTHOI LIBA 3agifnOo BiamiOBigHY mapy
komana SCAN_VA. JAaa xpamjoro Bi3yaabHOIO CIPUMHATTSA aATOPUTMY Iii
Iapu KOMaH/ po3JileHi IIOpOXHIMI psdKkaMU (TaM € "HOPOXKH:A" KOMaHJa
EMPTY). Taki HeBMCOKi IIBMAKOCTI PO3rOPTKM HEPiAKO BUKOPUCTOBYIOTDH
caMe AAs BUMIPIOBaHH: BOAbTaMIIEpOrpaM XIMIYHUX JXKepea CTPyMy.
IToaiOHi ekcriepMMeHTVM MOXKXYTb MaTu 3HauyHy TPHUBaAicTh. JOKpeMa,
BUIIle3a3HauyeHNII aATOpUTM IpaloBaTumMe Oiablie 33 rog — came CTiAbKU
gacy HeOoOXiAHO A4 BUMipIOBaHH:A IIMX TPhoX BA.

Ak 0auumo, 3pyuricmv npurady pasom 3 I13 noaseae y moxaueocmi
agmomamusyéamuy  3Hauni (34 mpusaricmio) excnepumenmu. Hanpuxinyi
N AMHUYT MOXKHA 3ANYCMUmMu ar0pumm, a 6 noHedirok odepxkamu nompioHui
MACUB 0AHUX — 00AAOHAHH MAE NPAUIO6AMU HAGIMD KOAU HAYKO6EUb 610N01UBAE :-)
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IIpuxaaa 13. BA XAC micas oyKayBaHHS

Boabsramneporpama XAC aae 1iHHy iHpopMallilo OpoO HIpUPOAY
eAeKTPOXiMIYHMX ITpOLIeciB i yac 3apsiakaHHA Ta pospaakanusa XAC. o6
IIPOLAIOCTPYBAaTU MOKAMBOCTI IIpuAaZy B ILAaHI aBTOMAaTM3allil 3HaYHMUX (3a
TPUBaAiCTIO) AOCAiA>KeHb NpUBeAeMO IIPUKAaJ €KCIepUMEHTY, IO MiCTUTb
3HAYHY KiABKICTb eTamis 3apsAxkaHHs/pospsigxanast XAC (IMKayBaHHS) Ta
IepiognyHe BUMIPIOBaHH JIOTO BOAbTaMIIEPOIpaMIA.

AOCAIAHUK BUPIIIMB HepeBIpUTH SK 3MIHIOETHCA BOAbTaMIIeporpamMa
XAC micast 11oro 6araToKpaTHOTO IIUKAYBaHHS.

3aBaanHsA. BumipaTtu 5 soasramneporpam XAC 3 po3sropTKoiO NOTeHIli-
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.
MoTedyiocTraT-raneBaHectat MTech PGP-550F

NOTEHWIOMETE | MA

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

ERET S ] 20 100
Tun rpadika: E-t -t [-E

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_| 40.00mé.; =7 d=0.50s; NO_REC; stop if ¥
[T 3 STAT| -40.00mé; t=7 di=050s; NO_REC; stopif ¥
[T 4 CYCLE_EMD-Y L
[ & L
[T 6 SCAN_VA 250V 4.20v; 0.50mv/s ¥
[T 7 SCAN_WA 4.20v; 250 0.50mv/s ¥
[T &8 CYCLE_EMD-® L
[ 3 L
 4an L B W)

Ioscuenns. Tyt 3aaissHO TTOABIVIHNI BKAadgeHuil ukA. [Huka (X) sagae 5
eTaliB IIPOXOAJKEeHHs ILIMKAyBaHHsA 1 BuMipioBanHa BA. Jas camoro
LIMKAYBaHH: 3a4iAHo BHYyTpimHi nuka (Y). OrTxe, nepea BUMipIOBaHHAM
KO>KHOI BA Oyae BukonaHo 10 ertamis sapsia/pospsig crpymoM 40 MA. Skiio
M4 yac BumiprosanHsa BA crpym He nepesumnye 20 MA, TO AOLIiABHO Take
BUMIPIOBaHHs BMKOHYBaTMl Ha TOHIIOMY Jlalas3oHi CTpyMy, AOJ4aBIIM B
aATopuTM BignioBigHi komaHA RANGE:
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MoTeHuieccTaT-ranbBanoctat MTech PGP-550F

MNOTEHLWIOMETH | mA

— & AFOpHTE poGoTL
|EI|1 |2|3|4|5|E|?|E|9|1D|11|12|13|14|15|1E|1?|1B|1E||

[, + i 1 5 20 100
Tunrpadgika; E-t [-t I-E

B #IC B npouec UMK NYEaHHA

MEfneakT. | B 13 anMTH Yo KomMaHu | [V koHTpONE 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 RAMGE £20 ma ¥ X
[T 7 SCAM_ VA 250v: 4.20v: 0.50mv/s ¥
[T 8 SCAM_ VA 4.20v: 250v; 0.50mv/s ¥
T3 RANGE +100ma ¥ X
[T 10 CYCLE_EMD ¥ X
1 L A"

Ilpukaaa 14. AcuMeTpUIHMI €1€eKTPOAi3

Ilpuctpiin. MTech PGP-550F ay>xe 3pyyHuii 44as pisHOMaHITHUX
BapiaHTiB IIpenapaTUMBHOIO eAeKTpoaidy. IlokakemMo sAK HpOCTO MO>KHa
peaai3yBaTy T.3. aCUMETPUYHNI €AeKTPOAI3.

3aBaaHss. /45 TaAbBaHIYHOTO IIOKPUTTs BUKOHATU €AeKTPOAi3 3a TaKOIO
METOAMKOIO: BigHOBAeHH:s ioOHiIB MeTaay crpymoM 100 MA BIpo4oOBX
8 ¢, anoane posumHeHHs npu 20 MA BIIpoAOBX 2 c¢. 3araabHa TPUBaAiCTbh
rporiecy 1 roa. Pob. eaekrpog — AeTaab, Ky HOKPUBAIOTh IaPOM MeTaAy.

AATOPUTM.
MoTredHyiocTaT-raneBaHecrat MTech PGP-550F

MOTEHWOMETR E.B

— ANFOpMTE pORoTH
|IZI|1 |2|3|4|5|E|?|8|9|1D|11|12|13|14|15|1E|1?|1B|19|

ERETS ] 20 100
Tunrpadgika: E-t |-t I-E

ACMMET PHYHME SMIHHOCTPYMOBME ENeKTROIE

MednearT. | Buoanuri yoi koraHiu | [T koHTpONL Meperpysku

o ¥
1 Cv'CLE_BEG- 360 ¥
[T 2 STAT_| -100.00mé; t=8.0s d=0.10s; MO_REC; ¥
[T 3 STAT_l 20.00md; t=20s; di=010s; NO_REC; ¥
[T 4 CYCLE_ENDw X
= c LBV
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[losicHeHH:I.

Eranu BigHOBAEHHSI Ta HACTYIIHOTO aHOAHOIO PO3UMHEHHs ITOKPUTTS
peaaizoBaHo asoMa KoMaHgamu STAT_I. Ockiapkm TpuBaAicTb OAHOIO
takoro erany € 10 c (8+2), To nuka Oyae BuxoHaHo 360 pasiB 100
3a0be3reunTy 3araabHy TPUBaAicTh eaekTpoaisdy 1 roa (360x10=3600 c).

3amicTp OpraHizalil KAy MOKHa Te caMme 3a0e3HedymnTyi KOMaHAOIO
IF_TIME:

1 v A
T3 STAT_| -100.00md; t=80s; dt=010z; NO_RELC: X
[T 10 STAT_| 20.00md; t=2.0s; d=0.10s; MO_REC; WX
[T 11 IF_TIME <3600.0: GOTO S WX
12 W

IIpuxaaa 15. "CrpiniHrosa" xpoHoaMIiepoMeTpist

"Crpimniarosa” XpOHOaMIIEpOMEeTpis nepeadavae BVIMIpIOBaHH:I
3a/1€XXKHOCTI CTPyMy Bi4 4acy B IOTEHI[iIOCTaTUYHOMY peXMMi poboTu
npuaaay Iicas CTpUOKOINOAIOHOI 3MiHM IOTeHIlialy poOOYOro eaeKTpoaa.
IIepeBa>xHO nepeg "cTpMOKOM" cCTeMy ITOTEHIIIOCTaTyIOTh 3a PiBHOBa>KHOTO
(cTalyioHapHOrO) MOTEeHIiaay.

3aBaaHHdA. BumipsATy noreHIiocTaTUUHy XpOHOAMIIeporpaMy BIIPOAOBXK
5 xB micas crpuOKa IOTeHIliaay pobOouoro eaekrpoga Ha 0,5 B y xaroany
001acTb 3 sIKOMOIa MEHIIUM I1epiog0M BUMIipIOBaHH! i BigKAaAaHHS TOYOK
(0,01 ¢).

AATOPUTM.

MoTeduiocTaT-ransBanoctat MTech PGP-550F

MOTEHUIOMETR . MA

— A ArOpHTR pOGaTH
|EI|1 |2|3|4|5|E|?|E|9|1D|11|12|13|14|15|1E|1?|1E|19|

[ ema 1 5 20 100
Tunrpagika; E-t [-1 [-E

"CTpiniHroEa" #poHOAMNEPOMET IR

Mefneakt. | Bugammi yoikomadge | W koHTpoae neperpyseu

o ¥
[T 1 STAT_E Eenq; t=5.0s; dt=0.50s; MO_REC; ¥
[T 2 STAT_E [Eeg-0.500); t=300.0s; d=0.01s; REC; X
M a o

Ilosacuenns. Ilepma komanga STAT_E moreHmiocrarye poOounii
€4eKTpOg, BIpOo4oBX 5 ¢ mpm noreHniaai Eeq. Adpyra xomanga STAT_E
CcTpuOKONOAIOHO noAsIpu3y€ eaekTpos Ha -0,5 B y katoaHy obOaacTs i mB1AKO
(xoxxamx 0,01 c) peecrpye xponoamnieporpamy srpogosx 300 c.
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IIpuxaaa 16. InBepcivina BoabTaMIIepoOMeTpist

InBepciiiHa BOAbTaMIIEpOMETPisl — BUCOKOYYTAVBUIL METOA BU3HAYeHHs,
AKUI TlepegDada€ oyaTkoBy a3y HaKOINMUEHHs IPOAYKTY BiAHOBJAEHHs Ha
poOo4YOMy eAeKTpodi (34e0iAbII0TO AMCKOBUII UM (pikcoBaHa PTyTHa Kparias)
3 HaCTYIIHIM BUMIPIOBaHHAM BOAbTaMIIepOTrpamMy aHOAHOIO PO3YMHEHHS.

3aBaanHda. HakonmdyeHHsA NPOAYKTIB BiAHOBAEHHS Ha AVICKOBOMY
€4eKTpO4l BMKOHATM BHOpPOAOBX O XB mnOpm mnoreHmiaai -1 B.
BoapramMmieporpaMy = aHOAHOTO  PO3YMHEHHs HAKOIIMYEHMX IIPOAYKTIiB
BIKOHATM A0 KiHIIeBOTO roreHIriaay 0 B.

AATOPUTM.
MOTEHWOMETR | MA [
— & ArOpHTH pORoTIA
(0] [z[3[4[5[6[7[a[a[10[11[12][13[14][15[16][17[18]19]
[, £ MA 1 5 20 100
Tunrpadgika; E-t [-t I-E

|HEEPCIFHa BonETaMnepomeTpia. HakonuyienHa 5«6 npu -1 B, BA
AHOAHOMD po3YlHEHHA o O B

MeneakT. | Buoanuri yoi koraHiu | [V koHTpONE NeperpyskM

o ¥
1 STAT_E -1.000; t=300.0s; dt=050s; MO_REC; X
[z ¥
[T 3  PRANGE #5ma X
[T 4 SCAN_WA -1.00W: 0.00; 10.00m s ¥
[ s ¥

IHosacuenns. CrioyaTky IOASIPU3YEMO eaeKTpog nipu -1 B sripoaosxk 300
¢ (5 xB). JIKIIO MpM aHOAHOMY PO3YMHEHHI OYIKYIOTbCA MEHII CTPYyMH, TO
AOLIIABHO HepenTy Ha HIDKYMI Jianla3oH cTrpyMmiB (psgok No3) mepea
BIUMIPIOBaHHAM BoAbTaMIeporpaMu. OCTaHHBOIO KOMaHAOI0 BuMipoemo BA
aHOAHOTO PO34MHEHHs HaKOIMYEeHMX IIPOAYKTIB.
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Ilpuxaaa 17. InBepcivina XpOHOIIOTeHIIiOMeTpis

Ilert MeTos mNOAIOHMITI 4O HOIlepeldHBOrO, OO TakOX IlepelDada€
IIo4aTKoOBy a3y HaKONMYeHHs IIPOAYKTYy BiAHOBAeHHs Ha poOOYOMY
eAeKTpoai. Aae B SKOCTi "aHaAiTMYHOI' 3aA€XKHOCTI BUKOPUCTOBYIOTH He
BOAbTaMIIepOIpaMy, a XpOHOIIOTeHI[iorpaMy MHpU TIaAbBaHOCTaTUYHOMY
aHOAHOMY pO34lMHeHHI (3a (iKCOBaHOTO CTPyMY).

3aBaannsa. Hakxonmuennss IpoAyKTiB BigHOBAEHHS Ha CTalliOHapHIN
("Bmcs4in) pTyTHIN KpanAai BUKOHaTH BIPOAOBX 5 XB Ipy ItoTeHIliaai -1 B.
XpOHOIIOTEHIIiorpaMy aHOAHOTO PO3YMHEHHS HaKOIIMYEeHUX HPOAYKTiB
BIUKOHATM Yy TaAbBaHOCTAaTMYHOMY BapiaHTi IIpu CTpyMi 5 MA A0 KiHII€BOTO
norenniaay +0,2 B 3 rpaHn4HOIO TpMBaAicTIO 3 XB.

AATOPUTM.
MoTeHuiocTaT-ranbeanocrat MTech PGP-550F

NoOTEHLIOMETLD E.B i

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

e 1 b 20 100
Tun rpagika; E-t [-1 [-E

IHEEPCIiHA ¥POHONOTEHLIOMETRIA 5 HAK.OMMYEHHAR 5 =& npi -1 B

M/neakrT. | B g a4 Yol KoraHgm | ¥ koHTpOAE NEperpyskM

(Y X
[T 1  STAT_E -1.00%: t=300.0s; dr=0.50z; MO_REC: X
2 X
[T 3 FRANGE #5md X
[T 4  STAT_| 4.00mé; t=180.0s; dt=0.10s; REC; stopif X
5 X
rc i

IToscHennsa. AATOpUTM NHOAIOHUI A0 IHOIEepeAHbOIO, ale OCTaHHLOIO €
KOMaH/a 'TaAbBaHOCTAT' 3 BiglIOBiAHMMM HapaMeTpamu. I1oBHII psAOK Lii€l
KOMaHA:

S TAT_| 500maA; t=180.0s; dt=0.10s; REC; stop if E>0.20%;

Mu  npuseru  obmexeHuii  nepeAix  AAOPUMMIE  QOCAIDXKEHb/AHAAISY.
Moxausicmo camocmiiino “npozpamyeamu”  aropummu  00CAIOKeHb 00360A5€
pearisyeamu  0esMexHy  KIAbKICMb — KOMOIHAUIL — PISHUX — eAeKMPOXIMIYHUX
NPULOMi6 1 nidxo00i6 6 00HOMY eKCrnepuMeHnii.

Ha nepwiux nopax camocminiia po3podKa ar20pummi6 O00CAIOKeHHS MOxKe
BUABUMUCL CKAAOHUM 3A60AHHAM 0AS HO6AUKA, AJXKe OAS 1020 CAL) JOCKOHAAD
BUGUUMU 6CT KOMAHOU Ma NPUHUUNY iX SUKOHAHHA npucmpoem. OOHAK 3 UACOM
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KOpUCmye6a4 nepekoHaemvcs Y 3pYyuHocmi ma ePexmueHocmi maxoi opzamisauil
pobomu. MoxAusicmob camocmiuio npozpamyeamu podomy npucmporo 00360A€
ZHYUKO Peaisy6amu 6Ci 1020 MOXKAUGOCHL MaA MAKCUMAADHO AGMOMAMUSYEANU
excnepumenm. 30kpema, HANPUKAAD, O0Asl KomnaekcHozo docaidxerns XAC
(HANPpUKAAD  eKCNEPUMEHMAADHO20 AKYMYAAMOPA 3 HOSUMU  eAeKMPOOHUMU
MAMEPIArNAMU  Hu/ma  eAeKMPOAIOM)  MOKHA — CKAACMU — AA0PUMM, U0
MICMUMUMe 3HAYHY KIADKICMD UUKAIE 3api-pospad, nepioduure SUMIPHOGAHHS
60ALMAMNEPOZPAMY 1 M.0., 6UKOHAHHS AK020 mMpuseac OHI YU HAGIMb MUKHI.
Toomo, mneped 6uxodom Yy 610nycmKy MOXHA 3SANYCMUMU NpPoUec, a MNicAl
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 HAAAUIMYGaHHs

cXemu — eHepzoouadkents —Komn'tomepa w00 6 He “sacnye” mid uac
excnepumenmy.

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

P [= |
MNoTEHUIOMETR 1. MA

— AArOPKTH DOGOTH

DN BEHAEBEHBENNEEERIBIEEEE

Lema 1 5 20 100

Tunrpadgika; E-t I-1 I-E

Lmenivra B -1

Me/nearT. [¥ KoHTpOnE Neperpyski

(i} X

[" 1 CYCLE BEG 20 X

[T 2 SCAM_VA 020V 1504 10.00m/s X

[ 3 SCAN_VA 150v; -020v; 10.00mv/s X

[T 4 CYCLE_EWD# X

s X

& X

rz X

[ X

a X

10 X

rn X

12 X

13 X

14 vx

15 X

I~ 16 X

17 X

I~ 18 X

C 1 vx 1
i X 1 .
2 X E.B

2 wx l CHECK [ <<< | START | STOP | _cOPYxy | coPyall | DEL |
2z X Eeq=0.000Y

r o x| W E=0000V 1=0000UA o oomean  c1 1 1c [ S MTech

Onke ekcrepuMenTy

Jxmo € nmommaky, to II3 Bugacte agerasbHe IIOBIAOMAEHHS IIPO CyTb
IIOMIAKN. Y BUINe3a3HAa4YeHUII aATOPUTM CIIelliaabHO BHECEeMO IOMUAKY —

3abepeMo octaHHIO KoMaHAy. Kaik Ha kHonky "CHECK" Bugacts HacTymiHe
IIOBIAOM/AEHHSI:
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MoTeHUiccTaT-raneBavocTat MTech PGP-550F

NoTEHUOMETR . MA

— ANrOpKTH pOGOTH
|EI|‘| |2|3|4|5|E|?|E|9|1D|11 |12|13|14|15|1E|‘I?|1E|‘IE||

[ £ rd 1 ] 20 100

Tun rpagika: E-t [-t [-E

L uknivna B -1

MednearT. | BHa,anKTH Yol KaraHiM | [¥ KOHTpONE NEperpyzkM

o X

[T 1 CYCLE_BEGx® 20 X

[T 2 SCAN_WA -0.20v; 1.500: 10.00m4/s L

[T 3 SCAN_WA 1.50W: -0.200: 10.00mv /s ¥x

4 X

s - —It =
(il ol-mm{a B anropuTMi

rz

& . .

3 HekopekTHa opradizayia yuny X - mae ByTu oguH CYCLE_BEG_X i oguH
10 CYCLE_EMD _X

rn

M1z

13 oK
14

L1 Rl

baunmo, 1m0 3a0yam 1mocraBUTM  BKiHII  BiAIIOBiAHY KOMaHAY
CYCLE_END-X. dogaemo 1110 komanay i 3HoBy kaikaemo "CHECK" — Giabiie
IIOMIAOK HeMae€ i akTuByeTbcsa KHonka "START", TobTro Mo>kHa 3amyckaTu
aAropuTM. SIKIIO Bce >K MOTPiOHO MOBEPHYTUCH 40 pedaryBaHHS aATOPUTMY,
TO CAiA MUIIKOIO KAIKHYTM Ha 3HA4OK ''<<<':

r x |
(X
F
,: ll 0221_16-07-2020_184zdat | | CHEGK @I START || ST
Fu Feq=TUZY
X E=0002V |=0.000mA 0-000méh  E -t

B mnpomneci BuxkonHanusa aaroputMmy II3 mnokadye mnorodni 3HadyeHH:
IIOTeHIliaay, CTPyMy, KiAbBKOCTi €AeKTPMKM 1 AIYMABHUKIB LIMKAIB (JKIIO
aaroputm Mictuth nukam). Homep psigka, sKMIT BUKOHYETBCS B AaHUIA
MOMEHT, "MiACBIYY€TbCs" YEPBOHM.

Kaikom Ha CMHIO CTPiAaKy MO>KHa HPVMYCOBO 3aBEepPIINTU BUKOHAHH:
IIOTOYHOIO PsAAKa aATOPUTMY 1 HepenTy A0 HaCTyIIHOTO, a KHomkoo STOP
AOYaCHO 3yIIMHUTU BeCh €KCIIePVIMEeHT:
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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 Piaprpom Casuipkoro-I'oaess i sammcye Ha
SKOPCTKUM AVICK A0AaTKOBU dat—cl)aﬁm 3 TAaKOIO >X Ha3BOIO, sIK B OCHOBHOTIO,
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 PGP-550F_cva-chrono"

Ha BiaMiHy Big momepeaHboOl 1isl IIporpama OiAbIl cIielliadizoBaHa Ta
3pyuHa aas BuMmipiosanHs LIBA Tta xpono-sazaexxnocren. Ilepea rmouatkom

BIIMIipIOBaHb OIlepaTop BUOMpae podounit giarla3oH CTpyMy:
~Hian. cTpymMy —
21 MA

&+ 5 M

120 mA,

€ £100 mA,

W K.neperp.

YexOokc "K.meperp." (KOHTpOAb Heperpys3ky) akTUBYE€ 3axUCT Big
IIepeBUILleHHsI CTPyMy — SKIIO B IIi4 4Yac BMMipIOBaHb CTPyM BUIide 3a
AOIIYCTUMi MeXi BMOpaHOIO Jialla3oHy, TO eKCIIepUMeHT Oyge A04acHO
synuHeHo. OniepaTop BUOMpa€ MOTPiOHMII MeTOJ AO0CAiAXKEHHsI KAIKOM Ha
BiATIOBiAHUII pe>KUM pOOOTH HPUCTPOIO:

Fesim

& |-E Boabsramniepometpis (BA um LIBA)
-t XpoHOIIOTeHITioMeTpis

@B XpoHoaMIiepoMeTpist

Ilicas Bubopy MeToAy ollepaTOp 3a3Haya€ HapamMeTpy BUMipIOBaHb Ta
3arryckae excriepumeHnT KHonkoio "CTAPT". Ilicas 3aBepiiieHHs BUMipIOBaHb
abo mpumycoBol 3ynmHKN excrepumeHTy KHonkor "CTOII" akrusyeTbcs
onwisa "PiapTp", sIKa A03B0AsA€ "BiadiabTpyBaTy' BUMIPSAHY 3aA€KHICTb Bij
BUNagKOBMX (PAyKTyallili Ta IIyMiB, AKi MOIAM HaKAaCTMUCS Ha KOPMUCHUM
curHaa. TakoX axkTUBYIOTbCS KHOIIKM AA4s  KOINIOBAaHHS — Pe3yAbTaTiB
suMipioBanb — "Copy X-Y" A4 KoOmIilOBaHHSI ABOKO/AOHKOBOI TaOAMITi
BiamioBigno 4o Tuny rpadika i "Copy ALL" aas  komitoBaHH:A
MYABTUKOAOHKOBOI TaOauyi, siki mictuts i "cupi” i Biadiasrposani AaHi, a
TakoK 4ac KoxkHol Touku. Kuomkoio "Del" Bugaasiors pesyabratu
BUMIPIOBaHb 3 OIlepaTUBHOI IIaM'sITi, OYMIIAIOTL TIpadiyHe II04e Ta
IIepexoAsTh A0 MiATOTOBKM HOBOTO €KCIIePUMEHTY.
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5.7.1. Metoga I-E (BA+IIBA)

3a MM MeTO40M Npuaaj Ipaio€ SK ITOTEHIIOCTaT, 3AiVICHIOIOYM
AIHIVIHY PO3TOPTKY MiX BKa3aHMMMU IIOTeHIliadaMu. B 3araapHOMy BuUmaaky
onepatop 3aga€ 4vorupu mnoreHmiaam (EO, E1, E2, Ex), a posroprka
3A1VICHIOETBCS 3a TAKOIO CXEMOIO:

E0 — (E1—E2)» — Ex

A€ N — 91CA0 ITUKAIB.

B sxocti mouarkoBoro moreHniaay 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 € MOXXAUBICTL aAeaktuByBaTu E2 Ta EK 1 BuHKOHaTH
3BUYAiHYy OJIHOKpaTHY po3roptky Bia 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 IIUKAIB *(n)
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
LMKANIE | 5 .Hl I A Y yAe I1p p p
Biga EO 20 E1
LMK .
10 — AKII0 3HATH 1110 BiAMITKY, TO PO3TOPTKa
[ Moy naysa

3apeprunThcs ipu EO

11 - BA mepmmnx 5 nuKAaiB pisHUMM KOABOPaMU
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5.7.2. MeTtoga I-t (xpoHOAMEIEpOMETPIisT)

B 1mpomy MeToal mnpmaag TakoXX IIpaljio€ sK IIOTeHIiOCTaT, aje
IOTeHIIial 3MIiHIOETLCS CTpUOKonoaioHo. MoxHa 3agatu Big oaHoro (E1) go
Ttpbox (E1, E2, E3) 3HaueHs noreHi1tiaay Ta Bignosigni tpusaaocri (t1, t2, t3).

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

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 mIpuAaj 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 IIpuaaj, Hpalioe K
raabBaHocTaT. CTpyM 3MiHIOETBCSI CTPUOKONOAIOHO i MOKHa 3adaTu Big

oanoro (I1) go tprox (I1, 12, I3) 3HayeHb cTpyMy Ta BiAIIOBiAHI TPMBAAOCTI
(t1, t2, t3). IlapameTrpu excriepumenTy 3a MmetogoM E-t:

94

-~ 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-MeTOAM MO>KHa 3aCTOCOBYBaTU HE AUIIIE AAs
AOCAIAYKEHDb — BOHU TaKOX Ay>Ke 3pYy4Hi 4451
IIperapaTuBHOIO €4eKTPOAi3y B HeCTalllOHaPHIX
pe>XmMax.
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6. YMOBU epeKTMBHOI Ta Oe3rnedHoi poooTu

—as 3MeHIIeHHs IIyMiB, IO HepeAaloThcsa 4depe3 ainil USB mopry,
AOILIIABHO 3a3eMANTH KOPIIyC KOMII I0Tepa.

— 3’eaHyiiTe npuUcTpiit 3 Komipkoio 1 XAC takum umHOM, 1100 Kabeai
He yTBOpIOBaAM 'HIMPOKOI MeTAai", sAKa MO>XXe HOpU3BecT A0 CYTTEBUX
€AeKTPOMarHiTHNX HaBOAOK.

— Ilia wac BuMiproBaHb He 3aIlycKaliTe Ha KOMII' IOTepi iHIIMX mporpam i
B3araJi He BigBOJAiKalTe 1100 3aiBUMU 3ajadyaMIA.

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

—Te came crocyeTbcs HagiltHOI poOoTM KoMmIl'IoTepa. 3aOesmedre
HagiiHe >kmBAeHHs IIK (mocraBre 040K Oe3nepeOilfHOTO >KMBAEHHS abo
aBTOHOMHe A Kepe10 Ha BUITaJ0K BiAKAIOUeHH:I e AeKTPUKN).

— Buxkopucrosyiite crangaptai Moayai aasa aocaigxenna XAC, saxi
00/a4HaHO 3amOOKHMUM KJAallaHOM, SKUII pPO3ipBe eAeKTpuU4yHe KOAO Y
BuItaAKy nepesapsaaxanasa XAC i akTMBHOTO ra3oBIAiJAeHHS.

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

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

"BumMipioBaHHs UMKIIYHHUX BOJbTAMIIEPOTpaM BHUKOHYBAJIM 3a JOMNOMOTOIO
noTeHiiocrara-ragpanoctata MTech PGP-550F [5].

5. TMamait 1.0. Tlorenmiocrar-raipBanocrar MTech PGP-550F. [Enextponuwuii
pecypc]. — Pesxxum moctymy: http://chem.Inu.edu.ua/mtech/devices.htm"
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MTech PGP-550F

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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