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"KuiBcbkuii nositexniyauii incruryt imeHi Iropst Cikopcebkoro"

PO3POBKA EKCIHEPUMEHTAJIBHOI' OCTEHAY IJA
JOCIIIZKEHHSA MAJIOITIOTY X XKHUX MAIIUH ITOCTIMHOI'O
CTPYMY 3 EJIEKTPOMATI'HITHUM 3bY /I KEHHAM

Mamepianu cmammi npedcmasnaroms coboio pe3yibmam npakmuynoi po3spooKu, wo npuceaiena po3spooyi
EKCNEePUMEHMANLHO20 CIEHOY 011 OOCTIONCEHHS NApAMempie ma Xapakmepucmux Mawul NOCMIiuHO20 CMpymy
manoi nomyacnocmi. 3a peynomamamu pobomu po3pooieHo RPUHYUNOGY cxemy Oisl OOCHIONCEHHS OAHUX MAUUH
Ha ocHo8i mikpokoumponepy. Tpaouyiiini 3acobu UMIPIOBAHHS CINPYMY, HANPY2U, WEUOKOCHI 00epMAHHI 3AMIHEHO
cyuacuumu oasauamu. DPikcysanns ma oOpodKa pe3yromamis 00CHIONCeHHSI GUKOHYEMbCS HA NEPCOHANbHOMY
KOMR lomepi 8 HanigagmomamuiyHomy pedcumi. Taxooic, pospobaeno npozpamue 3abe3neuenns O peanizayii
HeoOXiOHOT npoepamu 8unpoOysans: HepoOOUUX Xi0, KOPOMKe 3AMUKAHHA i M.iH. 34 00NOMO20I0 PO3pPOOIEeH020
CMEHOY MONHCIUBO NPOBOOUMYU BUNPOOYBAHHA MAWMUH NOCMITIHO20 CIMPYMY AK 8 pedcumi 08USyHa Max i 8 pexcumi
2eHepamopa, wjo cymmego NioUYe 1020 YHIBePCANbHICMb NPU He3HAYHUX 2abapumuux posmipax. Anapamua
YACMUHA CMeHOY € MODIbHOI, MOOMO 3a ONOMO20I0 00HO20 OJIOKY MOJICIUBO 3abe3neuumu eunpoOySanHts Pi3HUX
Mawun. 3acmocyeanis 8 Akocmi pegyasamopie nocmitinoi nanpyau LLUIM dosgonuno 3uusumu 2abapumui po3mipu
ma niosuwumu HAOItIHICMb eKCREPUMEHMATIbHO20 CIEHOY 8 YIIOMY 34 PAXYHOK 8iOMOBU 8I0 MACUBHUX PeOCMAamis.

KaiouoBi ci1oBa: excriepuMeHTaIbHUHN CTEHI, MAIIMHA ITOCTIHHOTO CTPYMY, ITApaMETPH Ta XapaKTEePHUCTHKH,
CJIEKTPOMArHiTHE 30y KEHHS

Beryn MamuHu TOCTIHHOTO CTPYMY 3 €NIeKTPOMAarHiTHAM 30YPKEHHSIM ITHPOKO 3aCTOCOBYIOTHCS B PI3HUX
rajgy3sax HPOMHCIIOBOCTI, TTOOYTI, TEXHilli, HayIl i T. iH. IX 3HaYHe BUKOPHMCTAHHS Ta TOMYIAPHICTH MOSACHIOETHCS
HasBHICTIO €KCIUTyaTallifHAX MapaMeTpPiB Ta XapaKTePUCTHUK, TAKHUX SK: BUCOKHI ITyCKOBHII 1 HepeBaHTa)KyBaJIbHUH
MOMEHT, BUCOKA IIBUJIKOIiSI, IIMPOKHI Jlialla30H MUIAaBHOTO PETYJIIOBAHHS YaCTOTH OOEpTaHHSI.

EnexTpuuHi MalIMHU TOCTIHHOTO CTPYMY MOTYXKHICTIO Bijl JIeCSATKa 1O COTEHb BAaT MAalOTh ILIMPOKE
3aCTOCYBaHHSI B €JIEKTPONPUBOAX THYYKHX BUPOOHMYHMX CHUCTEM, MPOMMCIOBHX POOOTIB, CHCTEM aBTOMATHKH i
TPaHCIOPTHUX 3ac00iB. BOHN TakoX 3aCTOCOBYIOThCS B HABYAJILHOMY MPOILEC] JJIsl CTYICHTIB €HEPreTHYHOTO Ta
CJIEKTPOMEXaHIYHOTO MPOQILTIO.

B poOorti npoBeseHO aHali3 iCHYyFOYMX CTEHJIB JUIs BUIPOOYBAaHHS MAIlMH MOCTIHHOTO cTpyMy. OCHOBHI
BHUMOTH JI0 TAKHX CTEHAIB Oysn chopMOBaHi 1€ 3a PasTHCHKOTO COI03Y 1 periamenTytoThes Bianosiganmu ['OCT,
Ha OCHOBI SKMX C(OPMOBaHI OCHOBHI €Tamy Ta NMpoUeAypy BUNpoOyBaHHA Takux MamuH [1-3]. e xmacuuni
CHCTEMH, IO TPEJICTABIAIOTh cO00I0 caM JOCI/KYBaHMI arperar Ta HaBaHTaKCHHS/TPUBITHUN ABUTYH. s
HaBaHTaXXCHHS TCHEPATOpiB Ta JBHUTYHIB MOCTIHHOTO CTPYMY BHKOPHCTOBYBAIMCH 0araToCTyIiHYATI PEOCTaTH
BEJIHMKOI TMOTYXHOCTI. Jlims perymioBaHHS CTpyMy 30ymKeHHS B o0OMOTHI 30yKCHHS TakuX MAaIldH
BUKOPHCTOBYBAJIUCH MIPOBOJIOYHI peocTaTu. [Iporpamoro Takux BUIPoOyBaHb MeperdadeHo OTPUMaHHS POOOUHX
xapaktepuctuk Py, I, 1, n= f(P2), perymoBanpaux xapakrepuctuk st qeurynis n=f(1,) Ta reaeparopis I, =f(1,).

Bimomo i cydacHi 3aco0u Ta METOAU /7Sl MPOBEICHHS BUIPOOYBAHb MAJIOTIOTY)KHUX MAIIIUH ITOCTIHHOTO
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ctpymy. B 3arami BoHM mpencTaBiieHi B poOoTax [4-7]. B OCHOBY JaHMX CTCHIIB TMOKJIAJEHO CydYacHi
MiKporponecopHi cucreMd B cykymHocti 13 IIM, utudpoBuMH BUMIPIOBaJbHUMH HPUCTPOSIMU  Ta
KOMIT FOTEpU30BaHNMHU 3acobamMu 0OpoOkM Ta Bi3yamizamii oTpuMaHux pesyibrariB. [lomanpmmii  anani3
Ppe3yibTaTiB NPOBOANTHCS B PYYHOMY 200 aBTOMaTHYHOMY pexuMi. OHaK, OCHOBHUM HE/IOJIIKOM TaKHUX CHCTEM €
X BUCOKa BapTiCTh Ta HEOOXITHICTh Y BUCOKOKBaJi(piKOBaHOMY OOCIYyTOBYIOUOMY IIEPCOHAI, CKJIQIHICTh ITyCKY Ta
HaJlaJIKu TAKUX CHCTEM.

Ha croroaHimHill 1eHs MaTepiaTbHO-TEXHITHA 0a3a OLTBIIOCTI HABYAIBHUX 3aKJIaliB, 0COOIMBO TEXHITHIX
CHemiaTbHOCTEH, CYTTEBO 3acTapiBae. e moB’s13aHO SK i3 OypXIMBUM PO3BUTKOM HAYKH i TEXHIKH B IIJIOMY TaK i 3
crabKuM Jiep>kaBHUM (iHaHCyBaHHAM. TOMY CTOITh aKTyaJbHE 3aBJIAaHHS OHOBJICHHS MaTepialbHO-TEXHIYHOI Oa3u
BUIIIMX HaYaJIbHUX 3aKJIQJiB Ta PO3POOKY CYy4acCHMX KOMIAKTHHX, HEIOPOTHX Ta OaraTo(yHKIIIOHATFHUX CTEHIIB,
II0 CTaHYTh OCHOBOIO ISl IIPOBEICHHS JTAOOPAaTOPHHUX POOIT, MPAKTHYHUX 3aHITH, HAYKOBO-IOCTITHUX POOIT 1 T.iH.
3 iHIIOr0 OOKY POCTYTh BUMOTH JI0 CHEPTrOPeCypCco30eperKeHHsI, 0 BUMArae 3HIKECHHsI BCTAHOBJICHOT MOTYKHOCTI
JIOCII/KYBaHUX arperatiB. HoBi cTeHOu MaroTh OyTH JOCTaTHBO HaIIfHUMH i MICTUTH MiHIMAllbHY KUIBKICTBh
HeOe3MeYHNX B eKCILTyaTallii IpeIMeTiB (HalpHKIIa)] peocTaTiB, HABaHTAXKYBAIILHUX TYMO, BIJKPUTHX KOHTAKTHUX
3’enHaHb). OCHOBOIO TAaKMX CTEH/IIB IIOBHHHI OYTH CydacHi HU(POBI MPUCTPOI, 110 BUKOHYIOTH QYHKIIT peryisitopa
Ta KOHTpOJIEepa BCIX eJEKTPUYHKUX BEIWYHH. J[J1s MiIBUIIICHHS Oe3MeKu pOOOTH 13 TaKUM 00JaTHAHHIM HE0OXiTHO
3MEHIIYBaTH poOOUYy HANPYry /A0 MiHIMaJbHO MO>KJIMBOI, IO MiABHIINTHL O€3MeKy IiJ 4ac MPOBEAEHHS pOOiT 3
TaKUM OOJIaTHAHHSM.

Merta Ta 3aBAaHHS POOOTH MOJATAE B PO3POOLI eKCIIEPUMEHTAIBEHOTO CTEHTY ISl TOCIIJDKEHHS ITapaMeTpiB
Ta XapaKTePHCTUK MAIOMOTYKHUX MAIMH ITOCTIHHOTO CTPYMY 3 METOIO OHOBJICHHS MaTepialbHO-TeXHIYHOI a3y,
SHIDKCHHS €HeprOCIOXHMBAHHS, ITIIBUIIEHHS HAIIHHOCTI TabopaTOpHOTO O0NaHAHHS, MiABUIIECHHS O€3MeKH ITif
yac poboTH 3 obmagHaHHAM. OCHOBHUM 3aBIaHHIM B POOOTI € po3poOKa MPUHIUIOBOI eMEKTPUIHOT CXEMH IS
BUTIPOOYBaHHS MAIINH IOCTIHOTO CTPYMY Ta IPOTPaMHOTO 3a0e3MeYeHHS I KepyBaHHSA Ta 00pOOKHU pe3yIbTaTiB
BUIIPOOYBaHb.

Marepiau i pe3yJabTaTh 10cIiIKeHb 32 OCHOBY B pOOOTI B3sITa MaJIONOTYKHA MAIlIHA MOCTIHHOTO CTPYMY
THIT He3anexxHoro 30y/HDKEHHS 3 HACTYITHUMH TlapaMmeTpamu (Tadu. 1.)

Tabmuus 1 - Hominansai napamerpu gociimkyBanoi MIIC

Ne | TTapametp Benuunna

1 | HominaspHa poboya Hampyra 110B

2 | HomiHanbHUI CTPYM SKOps 2,35A

3 | HomiHanbHa NOTYXHICTh 240 Bt

4 HowmiHanpHa IBUAKICTh 00CpTaHHS 3300 06/xB
5 | KK

6 Tun 30y KeHHS HE3aICKHUN
7 | Omip 0OMOTKH 30yI>KEHHS 980 Om

8 | Pexxum pobotu Sl

Ha ocHOBI mpoBEIEHOr0 JITEPaTYpHOTO IOUIYKY JJIsi PO3POOKH EKCIIEpUMEHTAJbHOTO CTeHIY JUIS
JIOCJTI/PKEHHSI MJIOTIOTYXXHUX MAIIMH MOCTIHHOTO CTPyMy 3 €JIEKTPOMAarHiTHUM 30Yy/DKEHHSM c(OPMOBAHO DAL
TIPUHITUTIOBUX BUMOT:

— CyMmMapHa CIIOKMBaHAa TIOTYXHICTh YCTaHOBKM He Mae mepeBumryBata 1,0 kBt 3 wMeroro
eHepropecypco30epeKeHHS;

—  HOMiHaJbHA POOOYa HAMpyra He MoBHHHA mepeBurryBaty 110 B 3 MeTOr0 migBUIIeHHS OS3MCKH i
4yac poOOTH 3 0018 THAHHSIM;

—  TpaAMUiiiHI peoCTaTHI CHCTEMH pEryJioBaHHs CTpyMmMy Ta Hanpyru 3aminuTtu IIIM, 3 meroro
3a0e3neueHHs] KOMIIAKTHOCTI, iIBUIIICHHS HAIITHOCTI Ta 3MCHIIICHHST CHEPTOBUTPAT;

—  TpaAMUiiiHI BUMIpIOBaJbHI BOJBTMETPH Ta aMIIEPMETPH 3aMiHUTH BIINOBIAHUMH LH(PPOBUMHU
JlaBa4aMH CTPyMY Ta HaIpyTH;

—  3a0e3ne4nTH CTeH IM(POBUM BUMIpPIOBaYEeM IIBUIKOCTI;

— Ui 0OpOOKM pe3yNIbTaTIB Ta KepyBaHHs CTCHAOM BUKOPHCTOBYBATH MIKPOKOHTPOJIEPH 3 TIPOCTOIO
MOJKJIMBICTIO 1HTETpAIlil i3 MepCOHAIEHUM KOMII F0TEPOM.

CreHz 3MOHTOBaHUI Ha 0a3i MOMyIsIpHOTO MiKpoKoHTpoJepy Arduino Nano (Atmega328p) (Puc. 1), sxuit
TIOBHICTIO BiATIOBia€ MIOCTaBJICHUM BUMOT'aM Ta 3aBJaHHAM 1 MOXKe IX pearizyBaTu. BiH Moxe mmojaBaT Ha CHIIOBI
kitoui IIIIM curnan mo 103BoauTh aBHO peryaoBata MIIC.

Jlaanii MIKpOKOHTpOJIEp Ma€ MOXKIIUBICTh IEPETBOPIOBATH AHAIOTOBI CHUTHAIM 3 JaBadiB CTPyMy Ta
NOJUTLHUKIB HAIIPYTH Ha HU(POBI Ta NIepejaBaTH Lii JaHHI Ha KOMII'IOTEp 3a AOTIOMOTO0 BipTyalbHOI'O TEpMiHAY
gyepe3 USB-mopt. 3a g0omomMororw BOYAOBAHOTO TaliMepy Ta 30BHIIIHBOIO (POTOJATYUKY MOMKIIMBO Peaji3yBaTh
TOYHMH BUMIp 4aCTOTH OOEPTIB MallIWH.
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Puc. 1. OcHoBa cteHay — MikpokoHTposiep Arduino Nano

CreHp mpezcTaBisie co00I0 BI €IEKTPUYHI MAIIMHU MOCTIHHOTO CTPyMy, IO 3'€IHYIOTHCS MiX COOOIO
MydToro. Ix 06MOTKH (sAKOpS i 30yIKeHHs) MOCTiTOBHO 3'€/[HAHI 3 KEPeJIOM SKUBJICHHS Yepe3 JaTUHKH CTPyMY i
CWJIOBI KIJIIOWi, SIKi Yy CBOIO 4epry mim'emHaHi mo koHTpoiepa. Hapyra mns BumiproBanHs ALl monmkyerecs
PE3UCTHBHUM IUTBHUKOM. YacToTa 00epTiB BUMIPIOETHCS (POTOTATIHKOM.

ITnardpopma Nano, mobynoBana Ha MikpokoHTpoJepi ATmega328 (Arduino Nano 3.0) abo ATmegal68
(Arduino Nano 2.x), Mae HEBEIHKI pO3MipH 1 MOKe BUKOPUCTOBYBATHCS B J1aDOpaTOpHUX podoTax. BoHa Mae cxoxy
3 Arduino Duemilanove ¢yHKIIOHaBHICTB, IPOTE BIAPI3HAETHCS CKIIaAaHHSIM. BiIMiHHICTB MOJISTa€e y BiACYTHOCTI
CHJIOBOTO PO3'€EMY MOCTIHHOTO CTpyMy i poOoti yepe3 kabenp Mini-B USB. OcHoBHi xapakTepuctuku Arduino
Nano, 1110 BUKOPHCTaBYETHCSI B CKJIa/li pO3POOJICHOTO CTEH/Ty HaBeJEHO B TalI. 2.

Tabmuns 2 - OcHoBHI xapakTtepucTuki Arduino Nano

MiKpoKOHTpoJIEp Atmel ATmegal68 a6o ATmega328
PoGoua Hampyra (JIoTiyHa piBeHb) 5B
BxijgHa Hanpyra (peKOMeHI0BaHHA) 7-12B
BxigHa Hanpyra (TpaHuyHe) 6-20 B
Iudposi Bxomu / Buxoan ;Iix((jl I/13 LSEI\/I/I); MOXYTh BHKOPUCTOBYBATHCS SIK
AHaJ0roBi BXOIH 8
I[TocriitHuii cTpyM Yepes BXia / BHXia 40 m
16 K6 (ATmegal68) a6o 32 K6 (ATmega328)
et maM ' ATH npu upomy 2 KB BuUKOpHCTOBYIOTBCS UIs
3aBaHTa)XyBaya
o3y 1 K6 (ATmegal68) abo 2 Kb (ATmega328)
EEPROM 512 Gaiit (ATmegal68) ado 1 K6 (ATmega328)
TaxToBa yacrora 16 MI'n
Posmipu 1.85cMmx 4.2 cMm

Jns BuUMiprOBaHHA TOCTIHHOTO CTpyMy B OOMOTII SKOps Ta 30yMKEHHS MOCHIIKYBAaHUX MAIIHH
BUKOPHCTOBYETHCS TOCTYIHUH naBad cTpymy Ty ACS712 (puc. 2).

Puc. 2. [lTaBau ctpymy ACS712

Haruuk crpymy ACS712 3acHOBaHMI HA TIPHHIATI, BigkpuToMy B 1879 porti Ensinom Xomom (Edwin Hall).
Mikpocxema ACS712 BumyckaeTbcsl B MiHiaTIOpHOMY $-BHBimHOMY Kopiryci SOIC it moBepXHEBOTO MOHTAXKY.
Bowna cki1ajaeTbes 3 Ipenu3iitHOro JiHIHHOTO AaTyrKa X0Jia 3 MAJIOK0 HAPYTO0 3MILEHHS | MIZIHUM ITPOBIIHIUKOM,
10 MTPOXOJHUTH Ol MOBEPXHI Yina i BUKOHYE POJIb CUTHAJIBHOTO AJIsl CTpyMy. BOynoBanuii opMyBad curHamy
(bUIBTpy€e CTBOpIOBaHE YYTJIMBUM €JIEMEHTOM HAIpPYTy 1 MiJICHIIIOE 11 10 piBHS, KWl MOXe OyTH BH3HA4YCHHI 3a
noromororo AT mikpokoHTposepa.
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CHIIOBOIO OCHOBOIO CTEHIY € TPaH3UCTOpPH. BOHM BHKOHYIOTH (PYHKILIIO PErynisitopa Hampyrd B 0OMOTII
SAKOpsi Ta 30Y/KCHHS, BHKOPUCTOBYIOTBHCS [UIS IUIABHOIO MYCKY BHIIPOOyBaJbHUX JBHUrYHIB. B poborti
BUKOPUCTOBYIOThCs Tpanzuctopu Tty MOSFET IRF250 (200 V 30 A) ans nanirora oomotku sikopst i MOSFET
IRF840 (500 V 8,8 A) nns nanimrora oOMOTKH 30y IKeHHS (puc. 3).

Puc. 3. N-kanansanit MOSFET IRF250 ta IRF840

[MepeBaroto BukopuctanHs MOSFET B SIKOCTI JIOTIYHHX IE€pETBOPIOBAYiB OYEBHHA, OCKLILKM BOHU B
CTaTUYHOMY PEXHMI HE CIOXXKMBAIOTh eHeprii. J[ificHo, He 3ae’KHO Bij JOTIYHOTO CTaHy HA BUXO/II, 3aBXIN OJUH
13 TTOCTIOBHO BKJIFOYEHHX TPAH3HUCTOPIB € «BIIKPUTHI», a IHIINH «3aKPUTHI», TOMY CTPYM U€pe3 HUX He MPOTIKAE.
[IpoTe npu nepeMuKaHHi i3 OJTHOTO CTa0IIFHOIO CTaHy B iHIIKI (epeXiqHIiA IPOoIIec) 3BHUAHO CTPYM IIPOTIKaE, 1
fioro ciify BpaxoByBaTH (0COOIMBO PH BHCOKMX TAKTOBUX YACTOTaX JIOTIYHMX cxeM). KpiM Toro nani TpaH3ucropu
JIOCUTH PO3IIOBCIOKEHI, III0 0OYMOBIIIOE X HEBUCOKY BapTIiCTh Ta JOCTYIHICTb.

JIy1s BUMIpIOBaHHS IBUIKOCTI 00CPTAHHSA BUKOPHUCTOBYEThCS ONTUYHUIN U(POBUL naTuuk (puc. 4).

®

Puc. 4. Orrrnunnii JaBay MIBUIKOCTI

OnTruyHUHA 1aBad MBUAKOCTI SABIsIE co0010 onTonapy. Onronapa — ONTOEIEKTPOHHHUI HaIliBIPOBITHUKOBHH
TIPHJIAJ, SIKUH CKIaJa€ThCS 3 BHIPOMIHIOBaYa Ta MpHiiMada BHIIPOMIHIOBAHHS, MK SKUMH € ONTHYHHUHA 3B'S30K 1
3a0e3medeHa eneKkTpudHa i3ommmis. s poboTn Takoro qaBada HEOOXiTHO PO3MICTHTH HA Bajly ABHTYHA AMCK 200
[IMAaTOK TBEPAOTO BHPOOY (KapTOHY, IIIACTHKY, TEKCTOJITY, akpwiay i T.iH.). OmrompuiiMad paxye KiTbKiCTh
IMITYJIBCIB 32 OAMHHIIO Yacy i 3a JOMOMOTOI MPOrpaMHOro 3a0e3neyeHHs] B MIKPOKOHTPOJIEpI BU3HAYAETHCS
HMIBUAKICTH 00epTanHs. J[aBay € TphOX MPOBIIHUM — IO JIBOM MPOBIAHUKAM MOAAETHCS kuBJIeHHs "+" Ta "—", mo
TPETHOMY IPOBIAHUKY MPOXOANTH CUTHAJ BiJl ONITUYHOTO MpuiimMaya, "—" B AaHiil cXeMi € CIIbHUM.

[IpuHIMIIOBA €1eKTpUYHA cXeMa PO3pOo0JIEHOr0 eKCIIEpUMEHTAIBHOTO CTEH Ty HaBe/IGHO Ha pucC. 5.

AnaparHa 4acTHHA pO3pOOJICHOT0 EKCIIEPUMEHTAIbHOIO CTEHy CKJIAJAEThCs 3 HACTYITHUX NMPHUHIMIIOBUX
YaCTHH Ta KOMIIOHEHTIB:

—  mxepeno xuBieHHs 110B, mo HagxoauTh 3 1a00paTOpHOTO OJIOKY )KMUBJICHHS Ha KJIEMH KEpPiBHOTO
MO/IYJIIO;

—  xonekrtopui MIIC 3 H3;

—  MOJIyJb KEepyBaHHS;

—  MIKpOKOHTpoJep «Arduino nanoy» 3 MiKpOCXeMOIO 3B'SI3KY 3 KOMIT I0TEpPOM;

—  Onoxk xuBieHHs 128 300 MA;

—  IPOBIIHHUKH Ta KJIEMHHKH;

—  crabimizarop Hanpyru Ha 5 B 3 KoHIeHCATOpaMu;

—  PE3UCTHBHUII NOJUTLHUK HAIIPYTH JUIsl BUMIPIOBAaHHS;

—  JIBa CWJIOBHX MONb0BUX TpaH3uctopu 500 B 8,8A;

—  JBa CWJIOBHX NonboBUX TpaHsuctopu 200 B 30A;

—  aIOMiHIEBHH pamiaTop 3 130JIIOIOYMMH TPOKJIaJKaMH Ta TBHHTAMH, Ha SKOMY 3aKpilieHi
TPaH3UCTOPH BEHTWIIATOP AJISI OXOJIOKECHHS CHIIOBUX KITIOUiB;

—  WIOTATYIOi Ta 0OMEXYI0Ui Pe3UCTOPH IS TPAH3UCTOPIB;

—  JIaTYHKH CTPyMY Ha edeKTi Xoa, Io MPONOPIIHHO IEPETBOPIOIOTH CTPYM Y HATIPYTY, IO TO3BOJISIE
BuMipsiTh 11 BOynoBanum ALIIT mikpokoHTposepa;
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— RC oinerp HmwkHIX dacToT. HeoOXigHMI, OCKUIBKM CHTHAIM 3 JaTYMKIB CTPYMy HE €
HEMepepBHUMH, Yepe3 Te 10 CHIIOBI KITI04i IEPEeMUKAIOTHCS 3 yacToToro 490 '

—  ONTHYHUI aTYMK HA OCHOBI ONTOIAPH, 1[0 Pearye Ha NeperKoy, o 3aX0UTh y HOro LIUIHHY.
Jlo3BoJsie 3a I0MOMOT010 BOYJJOBAHOTO y MIKPOKOHTPOJIEp TaliMepa BUMIPIOBATH YacTOTy 00EpTiB.

CTabunisatop Hanpyru PE3UCTUBHUA NOAINEHUK HaNPYT MikpokoHTponnep
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Puc. 5. [Ipunnumnosa cxema po3po0JaeHOro CTEH Ty

3aranbHUH BUTTISLT 3MOHTOBAHOT'O EKCIIEPUMEHTAIBHOTO CTEHTY IIOKa3aHo Ha pHuc. 6.

D
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Puc. 6. 3aranpHuil BUIIIA €KCIIEPUMEHTAIIBHOTO CTEHIY

Ha puc. 6. moxazano: 1, 2 — nocnimxysani MIIC i3 He3aie)XHUM 30yKSHHSIM, sIKI BMHKAIOTBCSI 3yCTPIYHO B
peXHMi ABUTYHA Ta y3TrOMKEHO B pexuMi poOOTH reHepatopa. B pexxumi poOoTH reHeparopa Ha 0OMOTKY SKOpSI
TAKITIOYAETHCS peocTat cTpyMoM 3 A, 50 Owm; 3 — arapaTHa 4acTHHA, SIKa CyMIIIae B coO1 MIKpPOKOHTPOJIEp, CUIIOB1
KITIOYi, TaBavi CTpyMy, HampyTH i T.iH.; 4 — maHens XUBIEHHA MocTiHHUM cTtpymoM 110 B ta mxepeno 220 B s
OmoKa KMBIICHHS; 5 — BXi/HI TepMiHaIH >KUBJICHHS CTEHIOM; 6 — ONTHYHHUN JaBad IIBUAKOCTI; 7 — >KUBJICHHS
MiKpOKOHTpOJIEpa BiJl aBBTOHOMHOTO [[Kepera;

Jlo nporpaMHoro 3a0e3rnedeHHs! OCTaBJICHI HACTYIHI BAMOTH:KepyBaHHs MocderaMu 3a  I0MOMOro
IIIM; 3uMTyBaHHs NOKa3HUKIB NAaTYMKIB, NEPEepaxyHOK 3HAu€Hb;, 3YMTYBAaHHS 4acTOTH OOEPTIB 3a JIOMOMOIOI0
nepeprBanb; KOMYHIKAIlisl 3 KOMIT FOTepOM, OTPHMAHHs KOMAaH/I, BUBIJl HA €KpaH MOKa3aHb; BUKOHAHHS TOJAHUX
Bulle 3a7ad omHouacHo (Real-time). Bei BuMorm Oyiid BHKOHAHI 32 PaxyHOK PO3pOOJICHOI MEPCOHAIBHO Ta
peaiti3oBaHOl B MIKpOKOHTPOJIEP] aBTOPCHKOT IPOTpaMH.
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Po3poliiennii excriepuMeHTalIbHUAN CTEH]T 3[aTeH peali3oByBaTH HACTYIHHUI (YHKIIOHAT 3a JIOIOMOTOI0
BipTyaJibHOrO MOPTY Ta mporpamu Arduino ide (puc. 7): migkiIrOuyaTHCS JO KOMII'FOTEpa, BUBOJIUTH JaHHI Ha
MOHITOp, CIIpUHMAaTH KOMaH 1, 0iHO4YacHO kepyBaru aABoma MIIC 3 Harpyroto sxuBieHHs 10 190B, crpymom skopst
10 5A, ctpymoMm 30ymkeHHs 1o 2A 3a nonomororo LIIIM; mnaBHo perymoBaru LIIIM 3 MeToro 3aro0iranus BUXomy
3 Jla]ly; BUMIPIOBAaTH CEpEIHil CTpyM, IPOTiKarounii yepe3 oOMOTKHM 3 TouHicTiO 10 0.1A; BUMipIOBaTH 4acTtoTy
00epTiB 3 TOYHICTIO 10 £5 00/XB; BUMIpIOBATH BXiJHY Harpyry 1o 190B; po3paxoByBaTy 1oJjaHy CEpeHIO HAPyTy
3a qannmu 3aroBHeHH: 111IM Ta BUMipsSHOT BXiJHOT HAIIPYyTH; TOKa3yBaTH 9ac y CEKyHAAX, 3 MOMEHTY ITiJKITIOYCHHS
JI0 KOMII'10Tepa 3 TOUHICTIO 0 /2 CEKyHIIH.

=15

Puc. 7. MoHiTOp NOCIIZOBHOTO NOPTY 7151 0OpOOKM Ta OTPUMAaHHS Pe3yJIbTaTiB

JlaHHI TOAINAIOTHCS HA CTOBITYHMKH: YacC Y CEKyHJaX 3 MOMEHTY 3aITyCKy, 3 TOYHICTIO 0 Y2 CEKYHAM; 2 — CTaH
My MOC®ETis, ne 0 — moBHicTIO 3akpuThii, 255 — moBHicTI0 Biakputuit. MOC®OET 1-4; 3 — moka3HUKA
JATYUKIB CTpyMy. JaT4uKu cTpyMy MaroTh TOUHICTh O0mm3bKo 0.1 A; 4 — Uiy —Hampyra Ha BXOIi.

Ha pwuc. 8, ni1st mpukiay, mokasaHo pospaxoBany xapakrepuctuky n=Ff(P2) mist mocmimkysanoi MIIC.

=
1,00

0,80
0,60
0,40

0,20

P2, Br
0,00

0,00 50,00 100,00 150,00 200,00
Puc. 8. Poboua xapakrepuctuka nociimkysanoi MIIC

BucHoBkHn B po60oTi po3po06iaeHO eKCIIepUMEHTATIbHUM CTEH] ISl JOCIIDKEHHS MAaJOIOTY)KHUX MAalliH
MOCTIHOTO cTpyMy. BHKOpHCTOBYIOUN MIKpPOKOHTPOJIEPY TEXHIKY, Cy4acHI CHIIOBI KJIFOYi Ta BUMipIOBabHI JaBayi
peari3oBaHO aBTOPCHKE MporpaMHe 3a0e3MeueHHs U1l KepyBaHHs JOCIiDKYBaHUMH eeKTPUYHIMH MAIIMHAMH Ta
uis peamizarii Oynme-sikoi mporpamu BHIIpoOyBaHb. Po3poOieHHit CTEHH MOXKIMBO BHKOPHUCTOBYBAaTH SIK B
HaBYAIFHOMY TIPOIEC IS CTYISHTIB HAMpSIMKy €HEepreTHKa TaK 1 s MOCHiTHWUIBKUX HUIeH. 3a paxyHOK
BUKOPHCTAHHS CYy4aCHUX KOMIIOHEHTIB BJIAJIOCS CYTTEBO 3HM3MTH rabapuTHI PO3MIpU CTEHAY Ta MiABUIIUTH HOTO
eHeproe()eKTUBHICTh. 3a JOMNOMOrOI0 PO3pPOOJCHOr0 CTEHAY YCIIIHO mpoBeieHo BumnpoOyBanus MIIC Ta
OTPHUMAHO BiJIIOBIIHI XapaKTEPUCTUKH.
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DEVELOPMENT OF AN DEVICE FOR SMALL POWER DIRECT
CURRENT MOTORS TESTING WITH ELECTROMAGNETIC
EXCITATION

In this paper are presenting the results of practical development, dedicated to the development of an
experimental device for the studying of the parameters and characteristics of low-power direct current motors.
According to the results, a principal scheme for the testing of these machines based on the microcontroller was
developed. Traditional methods for current and voltage measuring, rotation speed have been replaced by modern
high-sensitivity sensors. Storing of testing parameters and characteristic’s and its further post processing is
performed on a semi-automatic mode with the help of personal computer. Also, software has been developed to
implement the required test program: no load mode, short circuit mode, etc. This device can provide us to do
different types of direct current motor mods: we can test it as motor mode as generator mode. It significantly
increases its universality at small overall dimensions. The hardware of the experimental device is mobile, that is,
with the help of one it is possible to provide testing of different motors which are situated in different places. As
direct current regulators are use PWM which reduce the overall dimensions and increased the reliability of the
experimental device due to the rejection of massive rheostats. With the help of its device are investigated some
practical characteristics of small power direct current motor. These results are compare with theoretical results.
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