TEXHIYHI HAVKH TA TEXHOJIOTIi Ne 2 (12),2018

TECHNICAL SCIENCES AND TECHNOLOGIES
VIK519.6
DOI: 10.25140/2411-5363-2018-2(12)-167-175

Onexcandp Kapmoecovkuil, Banepiti Kpasuenxo, Onexciti Jlapiukin, ’Kan Kapsein

ABTOMATHU30BAHA CUCTEMA BUMIPY TA PO3PAXYHKY TIAPAMETPIB
IMITYJIbCHOI'O EJIEKTPUYHOI'O CTPYMY

Axkmyanvuicms memu docniodncenns. Ivnynocri mexHono2ii 3acmMoco8yIOmMvbCsl 8 PIsHOMAHIMHUX MEXHONOIYHUX NPOYecax
06pobxu mamepianie [1-3], nanpuknad, y 3miyHenni Memanesux nogepxoHs 3a 00NOMO20I0 IMNYIbCHO20 MacHimHo2o noas [4-7]
abo enexmpuyHo20 cmpymy Osl MiyHeHHs ROBEPXHI 3a 00NOMO2010 MOOUuQiKyeannsa [8], a maxooic y exonoziunux npoekmax [9].

ITocmanoska npoonemu. Jisi po3pOOHUKIE MEXHONIOIUHUX NPOYECI8 BANCIUBUM € OOMPUMAHHS NAPAMEMPIE eHEPSeMUYHUX
NOKA3HUKIG IMIYIIbCHO20 eleKMPUMHO20 cmpymy. Y npoyeci po3podients mexHoNo2itl GUpIuLyemvcst NUMAHHs CynepedHocmell
MIJHIC MONHCTUBOCIAMYU MEXHONOIUHO20 OONAOHAHHA MA CKAAOHICMIO 8UMIDY ma 00OMpumManHs Heobxionux napamvempis. Tomy ons
00CTIOHUKIE NOMPIOHT HAOIUHI cucmeMy BUMIPY U PO3PAXYHKY HOKA3ZHUKIE NApaMempie iMnyIbCHO20 eNeKMPUIHO20 CINPYMY.

Ananiz ocmannuix docniocens i nyonikayiii. [lyonikayii npo asmomamu3zogani cucmemu 015l 6UMIPY Ul PO3PAXYHKY eHep-
2eMUYHUX NOKAZHUKIB IMNYIbCHO20 eeKMPUIHO20 CIPYMY obmediceti 3a obcaeom i nanpamkamu. Haseni nioxoou [10—-12] do
CMEOpeHHsL OONAOHANHS He NRPOROHYIONTb KOMI TOMEPU306AHUX MEMOOi6 0ONIKY 1l PO3PAXYHKY NOKAHUKIE NAPAMEmpI@ IMNYIbC-
HO20 €1eKMPUUHO0 CIPYM).

Buoinenns nedocniosycenux uacmun 3a2anvhoi npodnemu. Tomy po3pobku asmomamu3o8aHux cucmem GUMIpIOBaAHHs.
eHepeemuyHUX NOKA3HUKIE IMINYIbCHO20 eLeKIMPUYHO20 CIPYMY Olisl MEXHONIOSIYHUX NPOYECi6 aKMyanbii.

ITocmanoexa 3ae0anns. Memoio pobomu € po3pobka agmoMamu308aHOT CUCHEMU UMIPIOBAHHS A CIBOPEHHS. NPOSPAMHO-
20 3abe3neuentis Ol ABMOMAMU30BAHO20 GUMIPY Ul PODAXYHKY eHEP2EMUUHUX NOKAZHUKIE IMIYIbCIE eeKMPUUHO20 CIPYM).

3asoanus pobomu nepeddayac:

- PO3POONEHHSL KEPOBAHO20 2eHEPAMOPA IMNYIIbCIE ELEKMPUUHO20 CINPYMY;

- PO3POOIEHHS. NPOSPAMHO20 3abe3neyents Olsl ABMOMAMU308AH020 GUMIDY | PO3PAXYHKY NAPAMEMPIE eHEPeMmUYHUX
NOKA3HUKIE IMNYNbCIE eNeKMPUUHO20 CIPYMY.

Buxnao ocnosnozo mamepiany. byna pospobnena asmomamuzoeana cucmema SUMIPOSAHHS MA PO3PAXYHKY, CIMEope-
HO Npocpamiuuti npoOyKm OJisk A6MOMATU0BAHO20 GUMIDY EHEPeMUYHUX NOKAZHUKIG IMNYIbCI8 enekmpuuno2o cmpymy. Jlis
Yb020 PO3POOIEHO CXEMY AGMOMAIMUZOBAHOL CUCTNEMU, KEPOBAHULL 2EHEPAMOP IMIYIbLCI® eLeKMPUYHO20 CIPYMY | NPOSPAM-
He 3a6e3neuents Osl AGMOMAMU308AHO20 GUMIDYIL PO3PAXYHKY eHEPeMUYHUX NOKAZHUKIE IMIYIbCI8 eNeKMPULHO20 CHIPYMY.

Bucnoeku 6ionogiono oo cmammi. byna pospobnena asmomamu3o8ana cucmema GUMIPIOBAHHA Ul PO3PAXYHKY, CIBOPEHO Npo-
2pamuuil nPOOYKM OJsl ABMOMAMU306AHO20 GUMIPY MA PO3PAXYHKY EHEPSEMUUHUX NOKAZHUKIG IMIYIbCIG LeKMPUUHO20 CHIDYM).

Knrouoei cnosa: imnynoc; UMIPIOBAHHS, ABMOMAMU308AHA CUCIEMA, PO3PAXYHOK NAPAMEMPIE.

Puc.: 6. Tabn.: 1. bién.: 15.

AKTyaJIbHICTh TEMH J0CTiAKeHHA. IMITyTbCHI TEXHOJIOT'1] 3aCTOCOBYIOTHCSL B PI3HOMAHIT-
HUX TEXHOJOTTYHUX Ipolecax 00poOku marepiaiiB [1-3], Harpukian, y 3MITHEHHI METaJIEBUX
IMOBCPXOHDb 3a JOIIOMOTI'OIO iMHYHLCHOFO MAarHiTHOTO IOJIA [4—7] abo CIICKTPUYHOT'O CTPYMY JIA
3MII[HEHHS TOBEPXHI 3a JJOOMOT 00 MOAM(DIKyBaHHS [ 8], a TAKOXK Y €KOJIOTIUHUX MpoeKTax [9].

IMocTanoBka npo6JjeMu. /[ po3poOHUKIB TEXHOJOTTYHUX IPOLECIB BAXKIUBUM € JI0-
TPUMAHHSA r[apaMeTpiB CHCPICTUIHUX IMOKAa3HHKIB iMHynLCHOrO CJICKTPUYHOTO CTPpYyMY. v
HpOHCCi pO3pO6HCHHH TEXHOJIOT1H BI/IpiH_IyeTLCH IIUTaHHA cynepeqHOCTeﬁ MDK MOJKJIHBOCTS-
MU TE€XHOJIOTIYHOTO O0JIaHAHHS 1 CKJIAHICTIO BUMIPY Ta TOTPUMAaHHS HEOOXITHUX MapaMeT-
piB. Tomy /Ui OCHIIHUKIB MOTPIOHI HAAIHHI CUCTEMH BUMIPY M pO3paxyHKY MOKa3HHUKIB a-
paMeTpiB iMHy.]'ILCHOFO CJICKTPUYHOT'O CTPYMY.

AHaJi3 ocTaHHiX gocjaimxkensb i myOaikanii. [TyGnikamii npo aBToMaTH30BaH1 CUCTEMH
JUIL BUMIPIOBaHHS M pO3paxyHKy €HEpreTMYHHX MOKAa3HHUKIB IMITYyJIbCHOTO €JIEKTPUYHOTO
CTpyMy oOMexeHi 3a o0csiroM i Hanpsimkamu. HasiBai migxoau [10—12] no cTBopeHHs o6na-
JIHAHHS HE TMPOIOHYIOTh KOMIT FOTEPHU30BAHUX METO/IB 00JIIKY M po3paxyHKy MOKa3HHUKIB Ma-
paMeTpiB iMHy.]'ILCHOFO CJICKTPUYHOT'O CTPYMY.

BunijieHHs HeOCTiIKeHUX YACTHH 3arajibHoi mpodaemu. ToMy po3poOKu aBTOMaTH-
30BaHHUX CHUCTEM BI/IMipIOBaHHH CHCPICTUIHUX IMOKA3HUKIB iMHynLCHOFO CJICKTPUYHOT'O CTPY-
MY JUTsl TEXHOJIOTTYHHUX TPOIIECIB aKTyalbHI.

ITocTranoBKka 3aBJAaHHA. Mertoro pO6OTI/I € p03p06Ka aBTOMAaTH30BaHOI CUCTEMU BI/IMipIO-
BaHHA Ta PO3pPaxyHKy, CTBOPCHHS IIPOTrPaMHOI0 3a0e3meueHH JJIs1 aBTOMATHU30BaHOI'O BUMI-
py 1 po3paxyHKy €eHEepreTUYHUX MOKA3HUKIB IMITYJIbCIB €JICKTPUYHOTO CTPYMY.

3aBnaHHs poOOTH Nependayae:

- po3poOKy KEpOBAHOTO reHepaTOpa IMITYJIbCIB €IEKTPUUHOTO CTPYMY;

- po3poOKy ImporpaMHOro 3abe3NedyeHHs AJs aBTOMATU30BaHOTO BHMIPY Ta PO3PAXYHKY

napaMeTpiB eHepreTUYHUX MOKA3HUKIB IMITYIJIbCIB €IEKTPUUHOTO CTPYMY.
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Buxknan ocHoBHOro matepianay. CTpykTypHa cxema po3po0aeHOi aBTOMAaTU30BaHOT CHC-

TEMU BUMIPIOBAaHHS €HEPreTUYHHUX MOKA3HUKIB IMITYILCHOTO ENEKTPHUYHOTO CTPyMY 300pa-
’K€Ha Ha puc. 1.

JATYHK
HANPYTH

e bl papanTaneEma [ ocimnorese |t mx

‘ A

TATUHK
CTPYMY

Puc. 1. Cmpyxmypna cxema asmomamu3o8anoi cucmemu 6UMIpO8aHHs
eHep2emuUYHUX NOKAZHUKIG IMNYIbCHO20 eNeKMPUUHO20 CIPYM)

ABTOMAaTH30BaHa CUCTEMa BUMIPIOBAaHHS €HEPreTUYHUX MOKA3HUKIB IMITYJIBCHOTO €JIEKT-
PUYHOTO CTPyMY po3poOiieHa Al TOCIKEHHS CYKYIHOCT1 IMIYJIbCIB CTPYMY Ta Hampyr.
CykynHICTh 4acOBUX (DYHKI[If MUTTEBUX 3HAUYEHb CTPYMY Ta HAlpyrd BU3HAYAIOTh YaCOBY
(GYHKIII0 MUTTEBUX 3HAUYEHb MOTY)XKHOCTI, 1110 BUJIUIAETHCS HA HaBaHTa)keHH1. YacoBa (yHK-
1[I HOTYXKHOCTI BU3HAYA€ 4aCOBY (DYHKI[IFO €HEPTii eJeKTPUUHOTO IMITYJIbCY. 3aBASKUA LIbOMY
€ MOXKJIMBUM IOJJANIBLINHA PO3paxXyHOK BEJIMYMHU €HEPTii 1 MOTYKHOCTI IMITYJIbCY.

YaCTHHOI0 aBTOMATH30BAHOT CHCTEMH € reHepaTop iMIyibci. Moro crpykrypHa cxema
300pakeHa Ha puc. 2.

BJIOK
MIKPOKOHTPOIEPA

:

BJIOK
sl TPAH3ICTOPHOTO L
KNIOYA

BNOK
XXUBNEHHA

KOPUCHE
HABAHTAXEHHA

Puc. 2. Cmpykmypna cxema cenepamopa imMnynscie

Hanpyra 3aps/pkanHs 1 €eMHICTh KOHJEHCATOPHOI Oatapei peryntoerbes. biiok MIKpOKOHT-
poJiepa MpU3HAYECHO JUIs BBEICHHS JAHUX 1 peryyoBaHHs yacy IMIYJbCy U may3u. biaok mik-
POKOHTpOJIEpa MICTUTh KHOIKOBY KJIaBIaTypy Ta PLIKOKPUCTAIIYHUM IHIUKATOpP. 3a I0MOMO-
rOI0 LUX MPUCTPOIB 3/IMCHIOETHCS 3aBAaHHS PEXUMIB poOOTH TpaH3UCTOpa, TOOTO PEKUMY
IMITYJIbCHOTO €JIEKTPUYHOTO CTPpyMy. BJIOK TpaH3UCTOPHOro KIitoya MICTHTh y OOl TpaH3HC-
TOPHUH KITI0Y; IpaiiBep TPaH3UCTOPHOIO KIIOYA.

[Ticns migKIIOUeHHs MPUCTPOIO 3apsHKAETHCS OaTapesi KOHIEHCATOPIB JI0 3a/1aHol Harpy-
ru. biiokoM MIKpOKOHTpoJiepa 3a JOMOMOT0l0 KHOMKOBO1 KJIaBlaTypH Ta P1IKOKPUCTAIIYHOTO
IHIMKaTOpa 3/11MCHIOETbCS BBEJCHHS JAaHUX 1 PEryllOBaHHA 4acy IMIyJbsCcy ¥ may3u. CurHa-
JIOM Ha OJIOK TPAaH3UCTOPHOTO KIItoYa 3JIMCHIOIOTHCS BIAKPUTTS TPAH3UCTOpA Ta MPOIYCKaH-
HSl IMITYJIBCY CTPYMY 33/1aHOT YaCTOTH Ta TPUBAJIOCTI.

Jlnst oTpuMaHHs Ta (IKCYBaHHS B PEKHUMI PEabHOTO 4acy pe3yJsbTaTiB MPOBEICHHS €KC-
MIEPUMEHTIB BUKOPUCTOBYIOTHCS IATYMKU CTPyMY Ta Hanpyru. ExcriepumeHTanbHi aaHi (ya-
coBi QPyHKIIT CTpyMy i Hanpyru) 30epiratloThCcsi Ha MepCcoHaIbHOMY KoMIT totepil. [Iporpamue
3abe3neueHHs ocruiorpada gae 3MOTy IPOBOJUTH aHANI3 IMIYJbCIB Y PEKUMI pealbHOTO
qacy, a TaKOK MPALIOBATH 3 Pe3y/IbTaTaMH €KCIIEPUMEHTY, 30€peKEHUMH Y BUTIISA1 TaOIUIIb.
Peectpanis yacoBoi (hyHKIIIT Hapyry Ha KaHaji ocuuiorpada HaBeJIeHa Ha puc. 3.
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Puc. 3. Bixno peecmpayii uacogoi ¢hynxyii nanpyeu na kauvani 1

JIoCHiAHUK y peXHMi PeaTbHOTO Yacy Ha eKpaHi KOMIT IoTepa COCTepirae MoCIiI0OBHICTh M-
MYJIBCIB HAMPYTH Ta cTpyMy. CUTHaIM CTpyMy Ta Hanpyru 30epiraroTbCs y BUIIIAL TAOIMIHUX
YUCIIOBUX MacHBIB. CTa€ MOXKIMBUM PO3PaxXyHOK BEJMYUHH €HEPrii OAMHUYHOTO IMITYJIBCY.

Ha puc. 4 300paxene HaOaMKeHe MPeICTaBICHHS €IEKTPUYHOTO IMITYIIbCY.

u

t

Puc. 4. Habnuoicene npeocmasnens enekmpuyHo2o iMnyascy

O3Hakoro MovaTky IMOyJbCy (TMepenHiil (poHT) € 3MiHAa OpAMHATH HACTYMHOI TOYKHU 3
OJM3bKO HYJIBOBOT'O 3HAUYEHHS JI0 JIESIKOI MO3UTUBHOI HEHYIbOBO1T BeMMYMHU. O3HAKOIO KIHLIS
IMIynbey (3aHi GPOHT) € 3MiHA OPIUHATH HACTYIHOT TOUYKH 3 JESIKOT MO3UTUBHOT HEHYIBO-
BO1 BEJIMYMHU J0 OJM3bKO HYJIHOBOIO 3HaueHHs. /[ monmanpmioro aHanizy 3 7 BHIUICHUX
IMITYJIbCIB OOUPAETHCS OMH.

[Ticnst BUAUIEHHS MIIMHOXHWH TOYOK, IO BIIMOBITAIOTh (PAKTUYHHUM IMITYJIbCaM HANIPYTH
Ta CTpyMy, MPOTPAMHO BHUKOHYIOTHCS HACTYMHI MIATOTOBYI omeparii. SIKo mig 9ac 3HATTS
HaNpyrd 4Yd CTPyMY BUKOPUCTOBYBABCS JUIBHUK HANpyrH, MporpaMa aBTOMaTHYHO 30LIbIIYE
OopAMHATY KO>XHOT Toukd B 10 pa3iB. OcobauBicTio ociuiorpada € Te, 1110 o0uABa KaHaIU pe-
€CTPYIOTh €JEKTPUYHI CUTHAJIM HE3aJICKHO OJIMH BiJl 0AHOT0. ToMy abCLUCH TOUOK MOYATKy
IMITYJIbCIB HANPYTd Ta CTPYMY BIAMOBIAAIOTH PI3HUM HOMEpPAM CTPOK Y TaOJIMIIIX BIAMOBIA-
HuX (ainiB *.csv. sl mpaBUIIBHOCTI MOAATBIINX PO3PAXYHKIB MporpaMa 3ajae OJHAKOBHM
Yac MoYaTky IMIyJbCiB. OCKUIBKM TPUBAIOCTI K IMIYAbCY CTPYMY, TakK 1 IMIYJIbCY HAPyTu
OJIHaKOBI, TO i a0CIIMCH OCTaHHIX TOUOK IMIY/IbCIB OyAyTh OJJHAKOBUMU. TakUM YMHOM, Bij-
OyBa€eTbCsl TOPU3OHTAIBHUM 3CYB IMITYJIBCIB Y3[I0BXK OC1 4acy, 110 HIIKUM YMHOM HE BILJIMBA€E
Ha MOAAIbIINN PO3PaXyHOK €HEPreTUYHUX MOKA3HHUKIB IMITYJIbCHOTO €JIEKTPHUYHOTO CTPYMY,
a € HeOOX1IHOI0 YMOBOIO MPABHJIBHOCTI PO3paxyHKy MOTYKHOCTI Ta eHeprii iMmynbcy. Yac
NEPEBOANUTHCS 3 HAHOCEKYH]T y CEKYH/IH.

YacoBa QyHKIIIsI TOTY>KHOCT1 IMITYJIbCY €IEKTPUYHOTO CTPYyMY:

p(t) =i(t) u(r). (1

YacoBa (QyHKIIisI €Heprii, MPOTATOM IHTEpBATy 4acy ICHYBaHHS IMIYJIbCY:

e(t) = [ pt)dt . ®)
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Mertoro pobOTH IporpamMu € BU3HAUEHHSI CEPEIHIX 3HAUEHb MOTY>KHOCTI Ta €HEeprii.
dopmyna po3paxyHKy CepeIHbOT HOTYKHOCTI IMITYJIbCY:

N
> p(t,)
i=1
F, cr T
ne N — KUIbKICTh TOUOK, 1[0 HAJIEKATh IMITYIIBCY.
dopmyna po3paxyHKy CepelHbO1 €Heprii, 0 BUALUISETHCS 32 OJJUH IMITYIIbC:

Ecp=Fop-tpy. 4)
3rilHO 3 KJIACMYHUMH METOJMKAaMHU PO3paxyHKy HpOTrpamMHO MPOBOJIUTHCS BU3HAYCHHS
KOoeQIIIEHTIB JUIsl TEOPETHMYHHUX JIHIM perpecii (JiHIMHA (QYHKIIA, KBaapaTuyHa (YHKIIiL,
crerneHeBa (PpyHkIis, JorapudmiuHa QyHKIISA, MOKa30Ba QYHKIISA) U1 YaCOBUX (YHKLIN Ha-
npyru Ta cTpyMmy (u(t), i(¢) ) HUISAXOM PIIICHHS BIIMOBITHUX CUCTEM alredpaiuHuX pIBHSAHb.
3aB/laHHs MporpamicTa MoJsrae TakoXX y TOMY, II00 Mporpama MpoBOJAMIA aBTOMAaTHUHUIN
PO3paxyHOK CepeHbOKBAPATHUYHOI HOMUIKM B 00IACTI eMIIPUYHUX JaHUX JJIS KOXKHOI 1H-
TepHoSALINHOT KpruBOi. POOUTECS BUCHOBOK MpPO HAaHOLIBII TOYHY MaTeMAaTU4HY (DYHKIIIIO,
sKa ONMCYE IMpOoLEC po3psay Oarapei.

Pesynbratit po6oTH IporpamMu it KOXKHOTO PeXUMY (QYHKLIOHYBaHHS CUCTEMH (HaOUTbII
TOYHI1 IHTEPHOJALINHI QYHKIIT /Ui IMITYJIECIB HAPYr'W Ta CTPYyMY, CEpe/iHi 3HAYECHHS MOTYX-
HOCTI Ta eHeprii) CUCTEMaTH3YIOThCS 3a IapaMeTpaMy HallallTyBaHHs pOOOTH CUCTEMH Ta 30e-
piratoTbes. bazyrounch Ha HUX TEOPETUUHUX MPOMO3UIIIAX, MOKHA CIIPOrHO3YBaTH €HEpreTHy-
Hi MapaMeTpy poOOTH CUCTEMU MPH OUIBIIUX 3HAUEHHSX HAIPYT Ta EMHOCTI OaTapei.

Buknazneni npono3uiii 103BOJISIOTE PO3POOUTH aITOPUTMU PO3PAXYHKY KPUBOI HaMTiM-
1I0r0 HAOIMKEHHSI.

AmnanitTiuHui BUpa3 (YHKUIl BIATYKY JUIA €NEeKTPUYHOI HAmpyrd Ta CHWIH CTPyMy
MIPEJCTABISAETHCS Yy BUTIIAI MTOJTIHOMA:

k k
y=b, +Zbixi+2byxl—xj+Zbﬁxi2+... ) (5)

i=1 i<j i=1

; 3)

ne by, b, b,-j, b, — BubipxoBi koedimieHTH perpecii, fKi MOXHA OJepIKATH,

BUKOPHUCTOBYIOUH PE3YyNIbTAaTH 0OpOOKH BUMIPSHUX JaHUX.

OTtpumana eMIipuuHUM HUTIXOM QYHKIIA (8) sBIIsIE COO00 MaTEMAaTUYHY MOJIEINb MPOLIECY.

Jlnist moIIyKy 3Hau€Hb BEIMYHMH €JISKTPUYHOT HAIIPYTH Ta CHJIM CTPYMY B BUTJIS/II MaTeMa-
TUYHOT MOJIeNII BUKOPUCTOBYIOTHCSI TOOYJOBaH1 32 MPUHLUMIOM HalfMEHIIUX KBaJpaTiB TakKi
3aJISKHOCTI-PIBHSAHHS: MpsMa JiHiA; napaboia Apyroro NOpsAKY; cTerneHeBa (yHKIIA; MoKa-
30Ba QYHKIIS; JorapupmiuyHa QyHKITIS.

Anroput™ o0OpoOku mokpokoBuid. [lepioro As aHalizy aBTOMAaTUYHO BUOMPAETHCS Mpsi-
Ma JIiHIs, APYroro — napadosia qpyroro mopsaky i iH. s KOXKHOT MOJEsi MporpaMHO oOuuc-
JIOIOTHCSI CEepeAHbOKBAPATUYUHI BIIXUICHHS Bi 33JaHUX TOYOK, SIKI MOTIM MOPIBHIOIOTHCS
MDK c00010. Mojenb, y sKOi BIIXWJIEHHS Ha IHTEpBajll ICHYBaHHS IMITYJIbCYy HaillMeHIUe,
NpUUMAEThCA 3a ONTUMAIbHY MOJIENb Haiminmoro HaOmwkeHHs. L maTemMaTuuHa Mojenb
nporecy Oy/ie BAKOPUCTOBYBATUCH Y MOJATBIINX JOCTIHKEHHSX.

3riiHO 3 KJIACUYHUM METOJIOM PO3pPaxyHKY (IMPUHIMIT HAHMEHIINX KBaJpaTiB) MPOTrPaMHO
IIPOBOJIUTHCS] BUBHAYEHHS KOE(IIIEHTIB TEOPETUUHUX JiHIM perpecii (JiiHiHOT (yHKIIi, KBa-
apatuyHOi QyHKIII, cTerneHeBoi QpyHKIIi, JorapudmidyHoi QyHKIIII, MOKa30BO1 QPYHKIT) s
qacoBUX (QYHKIIH Hanpyrd Ta ctpymy (u(t), i(¢)) LUISXOM pIIIEHHS BIAMOBITHUX CHUCTEM
anreOpaiynux piBHAHb [13]. [Ins BusHaueHHs Koe(ilieHTIB (QyHKIIH OepyThCsl eMITipHuHi
TOYKM TUIbKH 3 fianazony CD (puc. 4). 3aBgaHHs NporpaMicTa MoJsrae Takox y TomMy, 1100

170



TEXHIYHI HAVKH TA TEXHOJIOTIi Ne 2 (12),2018

TECHNICAL SCIENCES AND TECHNOLOGIES
nporpama MpoBouiIa aBTOMAaTUYHUM pO3paxyHOK CepeHbOKBAApaTUYHOI TOMHIIKU B 00Jac-
T1 BXITHUX €MIIPUYHUX JAHUX [T KOXKHOT allPOKCUMYIOUYOT KPUBOI.

Pesynbrat po60OTH IporpamMu Ajsl KOXKHOTO Habopy 3HAUY€Hb MapaMeTpiB poOOTH cUCTe-
MU (HaHOLIBII TOYHI ampOKCUMYIOUl (PYHKIIT A1 IMITYJIBCIB HANpyru Ta CTPyMy, CepeaHi
3HAYEHHsI IOTY)KHOCTI Ta EHEPrii) CUCTEMATU3YIOThCs Ta 30epiraroTses Ha [IK. [pyHTyrounch
Ha OTPUMAHUX MAaTEeMaTUYHHUX MOJIEIISAX, MOKHA CIPOTHO3YBaTH 3HAUYEHHS €HEPreTUUHUX I10-
Ka3HUKIB IMITYJIbCHOTO €IEKTPHUYHOTO CTPYMY.

InTerpanbHa 00poOKka eMIIPUYHUX JAHUX BUKOHYETHCS B TaKiid MOCIIIOBHOCTI:

1. IlporpamicT OTpUMye BiJl eKCIIEpUMEHTaTOpa Haker (ailyliB i3 pe3yibTaTaMu MpoBe-
JICHHs1 eKCriepuMeHTiB. Daiau MICTAThCS B Mankax napamu (ONOCepeKOBaHUN CTpyM — Ha-
npyra). s Ko>KHOT mapu BKa3yeThcsl HAaOIp 3HAYCHb MapaMeTpiB (PYHKIIOHYBaHHS CUCTEMHU
(nampyra 3apsay 6arapei, eMHICTb OaTapei, 4acToTa Ta TPUBATICTh IMITYJICIB €JIEKTPUYHOTO
CTPYMY B KOHTYP1 PO3PALY).

2. Yci daiinu (popmat *.csv) MOBTOPHO 30epiratoThesl, aie Bxke y ¢popmati *.txt. Orpuma-
Hi (aiinu (popmat *.txt) 30epiratorbes y dopmaTti *.xIsx 1 3pydHOCT] M YHIBEpCAIBbHOCTI.
Hapnani nporpama Oyne 3aBaHTaxyBaTH J1aHi 3 GaiiniB popmary *.xIsx.

[Ipu HaTuckaHHI Ha BIATOBIAHY KHONKY IporpaMa CIouyaTKy 3aBaHTaxye 1 ¢aiin 13 napu
(ctpym-Hamnpyra). Hagani nmporpaMa npaifoe B HaliBaBTOMaTHYHOMY PEXKUMI.

[Ticns 3aBaHTaXeHHs BXIAHUX AaHuX (aitn *.xIsx mig Hanpyru) nporpama aBTOMaTHYHO
BUJUISE OUMH IMITyJbC. Jlami BinOyBaeTbes perpeciiHuid anami3. s KOXKHOT 3 IT’SITH anpok-
CUMYIOUHX KPUBHX PO3PAXOBYIOTHCS KOE(DILIIEHTH.

Ha expaHi okpeMo BUBOJUTHCS TUI allpOKCUMYIOUOT KPUBOT HAMKPAIIOro HaOIMKEHHS Ta
il koediienTH. OpAUHATH TOUYOK TEOPETUYHOI KPUBOI B YACOBOMY Jllalla30Hi ICHYBAaHHS 1M-
yJbCy 30epiratoTbes B MaM’sITi MporpaMu. AHaJOruHa MOCTIIOBHICTh onepalliii BUKOHY€Th-
Csl IIPU HACTYIMHOMY 3aBaHTAXEHH1 Jpyroro (aiina i3 mapu ctpyMm-Hanpyra (¢aitn *.xIsx ms
OTIOCEPEIKOBAHOTO CTpyMy). s po3poOku iHPopMaIiitHOT MOAENi MporpaMu JAOCTIIKEHHS
Mojienel HalKpamoro HaONMM)KEHHsS eKCHEPUMEHTANIbHUX JAaHUX 3aCTOCOBAHO TEXHOJIOTIIO
CTpyKTypHOTO aHamnizy i npoekryBanHs SADT (Structured Analysis and Design Technique)
[14]. SADT niarpama mepiioro piBHS 0OpOOKM BUMIPIOBAIBHHUX JaHUX HaBEJCHA Ha puUC. 5.
OyHKIIOHATBHUNA OMUC KOXHIA aKTUBHOCTI JUISI KOHTEKCTHOI CTPYKTYPHO-(YHKIIOHATIBHOT
MO/IeJ1 IepIIOro piBHS (HABEICHO B TAOJIHIIL).

DoprryH
Crerenta MATEDIA THMH O
0011e35e HE rrozei
Oundposani Bregennn i TTo®imemne wya
Aawi cinxpo misawia PO MOHIKY
—] BXLTHHX J3HHX
Al Soprry
Y MATeNa THYHOL
¥pegeni | Cherenta promen
Hocmiminx | IIporpanal Zami P |
. Pospaxynxu
Ieperipxa . . . xoedifcrrin
manmx A2 Tleperipewi xani perpecii
AR
Iporpanta
Il'[porpam
Koediuientn Doprry .
PiEHAHE perpecii IMATEM A THYHOL
oge i
Pospaxynox i
— . .
w e BHELT Pe3¥ B TATIE
Mogens najimnuore a1
Hal mowen,
0IOCe PeIKe BAHHI
TAp aMETp
IIporpanma

Puc. 5. SADT oiaecpama nepuioeo pigrsi 06poOKU BUMIDHOBANLHUX OAHUX
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Taomums
Onuc akmusnocmi SADT-0iaepamu nepuioco pieus
AxkTuBHIicTh | Ilpu3HaYeHHS Bxinni 1ani Buxigni nani YupaBiiHHs BukonaBenn
ITpucBoeHHs Omudposani | YBeneHi gaHi J1ii BU3HA4a0ThCS
MiHHVM 3Ha4CHb, | JaHi OCITi 11 THAKOM .
Al 3 SHAHCHD, | Al focy AOCTIIHHKO JocmigHuk
OTPUMAaHUX i3
JOCTI Ty
[epeBipka nanux | YBeneni mani | Ilepesipeni nani 3anexuTs Bijg cuc-
HA JIOMYCTUMI TEMHUX O0MEXKEHb
A2 AOITYC © obmexe IIporpama
3HAYCHHS Ta CHH-
XPOHI3aIlifo
Pospaxynok koe- | [lepeBipeni KoedimienTtn pi- | Dopmynu marema-
A3 O3PaxyHOK Koc- | 1ICpEBIpe oediuie 1P OPMY: N [Iporpama
¢imienTiB perpecii | maHi HSHB perpecii TUYHOI MO
Pospaxynok mo- |Koedimientn | Mogens Haiimin- ®DopMyIu MaTeEMaTU-
TY)KHOCTI Ta BU- IBHSHB - | moro HaOMKEHHS, | YHOI MOJEII Ta -
A4 YKHOC . DIt perpe oro Had CHHA, | HHOL MOZIC ym [Iporpama
BiJ pe3yJbTaTiB | Cii OIMOCEePEIKOBAHUN | ITii JUTST BiOOpaskeHHS
mapameTp JIAHUX

Ha ocHOBI oTpuMaHuX TEOPETHMYHHMX JIHINA perpecii HAMIIMIIOro HaOMKEHHS PO3pPaxoBY-
IOTbCSl CEPEIHE 3HAYECHHSI MOTYXHOCTI Ta CEpeIHE 3HAUYECHHS €HEprii, 10 BUAUIIETHCS 33 OJUH
iMITysbe (puc. 6). [Iporpamuuil mpoIyKT Uit pO3paxyHKy €HEPreTHUHUX IMOKA3HUKIB IMITYJIbCHO-
'O €JIEKTPUYHOI0 CTPyMy Ta BUOOPY MaTeMaTUYHOT MOJIEN1 HAUKPAIIOro HaOIMKEHHS JUIsl 0/1a-

JBLIOTO aHaizy OyB po3poOinenuil 13 BukopuctanHsaM Delphi 10.2 Tokyo Starter Edition [15].

Morywricrs #

y‘,li‘l?“ e

0,1182

0,1104

0,105

0,1016

10,0858

00922 Morpreicrs imnynecy Enepris innynscy

0,0857 - 3,2285 Bar 48336 woynedi

Brigui gani

08 — BipHl pani

Hanpy ra

[ s=pm |

Puc. 6. Bixno pospaxyHky cepeonboi nomysicHocmi ma eHepeii imnyiscy

BucHoBku BignmoBiaHo 10 crarri. byna po3pobnena aBToMaTH30BaHa cUCTEMa BUMIpIO-
BaHHS Ta PO3paxyHKy, CTBOPEHO MPOTPaMHUN MPOAYKT Ul aBTOMATH30BaHOTO BUMIPY i po-
3paxyHKY €HepreTHYHHMX MOKA3HHKIB IMITYJIbCIB €JIEKTPUYHOTO CTpyMmy. i Hboro po3poo-
JICHO CXEMY aBTOMAaTH30BAHOI CHUCTEMH, KEPOBaHHW TIeHepaTop IMITYJIbCIB EIEKTPUYHOTO
CTpyMy 1 IporpaMHe 3a0e3nedeHHs Uil aBTOMaTH30BaHOTO BUMIPY M pO3paxyHKy eHepreTH-
YHUX MOKA3HUKIB IMITYJIbCIB €IEKTPUIHOTO CTPYMY.
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UDC 519.6
Oleksandr Jhartovsky, Valeriy Kravchenko, Oleksii Larichkin, Zhan Karyahin

AUTOMATED SYSTEM OF MEASUREMENT AND CALCULATION
OF PULSE ELECTRIC CURRENT PARAMETERS

Urgency of the research. Pulse technologies are used in a variety of technological processes for processing materials
[1 % 3], for example, in hardening of metal surfaces by means of a pulsed magnetic field [4 + 7], surface modification by
means of pulsed electric current [8] also in ecological projects [9].

Target setting. For developers of technological processes, it is important to observe the energy parameters of a pulsed
electric current. In the process of developing technologies, the issue of the contradiction between the capabilities of
technological equipment, measurements and observance of necessary parameters is solved.

Actual scientific researches and issues analysis. Publications about automated systems for measuring and calculating
energy of pulsed electric current are limited in volume and directions. Existing approaches [10-12] to the creation of equip-
ment do not offer computerized methods of accounting and calculation of pulsed electric current parameters.

Uninvestigated parts of general matters defining. Therefore, the development of automated systems for measuring the
energy parameters of pulsed electric current for technological processes is relevant.

The research objective. The aim of the work is the development of an automated system for measuring and creating
software for the automated measurement of the energy parameters of electric current pulses.

The tasks of the work include:

- the development of a controlled electric current pulse generator;

- the development of software for the automated measurement and calculation the energy parameters of electric current pulses.

The statement of basic materials. An automated measurement system was developed and a software product was
developed for the automated measurement of the energy parameters of electric current pulses. For this purpose, a scheme of
an automated system, a controlled electric current pulse generator, and software for the automated measurement of the
energy parameters of electric current pulses have been developed.

Conclusions. An automated system of measurement and calculation was developed, a software product was developed
for automated measurement and calculation of power parameters of electric pulses.

Keywords: impulse; measurement; automated system; calculation of parameters.

Fig.: 6. Table: 1. References: 15.
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Anexcanop Kapmoeckuii, Barepuii Kpasuenxo, Anexceti Jlapuuxun, Kan Kapseun

ABTOMATU3UPOBAHHAS CUCTEMA UBMEPEHUSA U PACUETA
ITAPAMETPOB UMITYJIBCHOI'O 3JIEKTPHYECKOI'O TOKA

Axmyanvnocms memol uccinedosanusn. Hmnynvcrvie mexHono2uu RPUMEHAIOMC 8 PA3HOOOPA3HBIX MEXHOIOSUUECKUX
npoyeccax obpabomxu mamepuanos [1-3], nanpumep, 8 ynpouHeHuu Memaniuieckux nogepxHoCmetl ¢ NOMOWbIO UMNYIbC-
HO20 Maznumuozo noisa [4-7], moouguyuposanus nosepxHocmu ¢ NOMOWBIO UMRYILCHO20 dNeKmpuyeckoeo moka [8], a
makoice 8 IKoI02UYeCKUx npoekmax [9].

Ilocmanogxka npoonemsl. s pazpabomuuxos mexHoI02U4ecKux npoyeccos BadCHbIM A6NAemcs cobnodenue napa-
Mempo8 dHepeemuieckux noxkasameinell UMNYIbCHO20 INeKMpuiecko2o moka. B npoyecce paspabomku mexuonozuil pewia-
emcesi 6ONpoc 0 NPOMUBOPEUUU MeHCOY BOZMOICHOCMAMU MEXHONO2ULECKO20 000PYO00BANUSA, USMEPEHUAMU U COONIO0eHUeM
HeoOX00UMbIX NAPAMEMpPO8.

Ananuz nocnednux uccnedosanuii u nyonuxayui. Ilyonuxayuu npo agmomamusuposantvle cucmemsl 01s U3MepeHus
u pacuema dHepeemuieckux nokazamenei UMHYIbCHO2O INEKMPULECKO20 MOKA 02PaHU4eHbl NO 00bemMy U HANPAaIeHUAM.
Cywecmsytowue nooxoout [10-12] k coz0anuto obopyoosanus ne npeonazarom KOMILIOMEPUIUPOBAHHBIX MEMOO08 yuema u
pacuema noxazameinetl NaApamempos UMNYIbCHO20 INEKMPULECKUX MOKA.

Buioenenue neuccnedosannsix uacmeii oowieii npoonemot. Iloomomy paspabomku agmomMamusupoSaHHblx cucmem u3-
Mepenus SHepeemu4eckux nokasamenei UMNYIbCHO20 DNEeKMPULEcKo20 MOKa Oisl MEXHOI0SUYEeCKUX NPOYecco8 aKnyaibHbl.

Ilocmanoeka 3a0anus. Lenvio pabomul a61aemcs pazpabomka asmomMamu3upo8aHHoU CUCeMbl UBMEPEHUs U CO30aHUs NPO-
2pammHo20 obechedeHus Ol AGMOMAMUIUPOBAHHO20 USMEPEHLUS DHEP2EMUYECKUX NOKA3ameell UMNYIbCOB ANEeKMPUIECKo20 MOKA.

3aoayu pabomer npedycmampusarom:

- paspabomky ynpagisiemoeo 2eHepamopa UMnYibCo8 deKmpuieckoeo moxa;

- paspabomxy npocpamMmHo20 obecneyerus Ol asMoMamu3upoOBaAHHO20 USMEPEHUs U paAciema napamempos dHepeemu-
uecKux noxkazameinetl UMNYIbCOB dNeKMPUYECKO20 MOKA.

H3noscenue ocnoenozo mamepuana. bvina paspabomana agmomamusuposannas cucmema usmepeHus u co30an npo-
2PAMMHBIL NPOOYKM OISl ABMOMAMUSUPOBAHHO20 USMEPEHUs U paciema dHep2emuieckux nokazamenei UMNnyibco8 ieK-
mpuiecko2o moka. J{na smozo pazpabomana cxema asmMoMamu3upoBaHHoL CUCEMbl, YNPAGIAeMblll 2eHepamop UMHYIbCO8
INEKMPULECK020 MOKA U NPOZpAMMHOe obecnedenue 015 a8MOMAMU3UPOBAHHOL0 USMEPEHUSL U PACYema IHep2emuteckux
nokasameneil UMNYIbCO8 INEKMPULECKO20 MOKd.

Bui6oowt 6 coomeemcmeuu co cmamueii. bvina paspabomana agmomamuzuposantasn cucmema usmepeHus u paciemad,
C030aH NPOSPAMMHBI NPOOYKM 0151 ABMOMAMUZUPOBAHHO20 UBMEPEHUs U pACciema IHepeemuieckux nokasamenei UMnyib-
CO8 BNEKMPULECKO20 MOKAL.

Kniouegwie cnosa: umnynec; usmepenue, asmomamusuposaHtas cucmema, paciem napamempos.

Puc.: 6. Tabn.: 1. bubn.: 15.
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