AHOTAIIII

I. B. Bosiomuna, B. I. Mopo3, B. b. I{sna, JI. ®. Kapmuiwok

JOCJIIKEHHS TMHAMIKHW TPUBOJIY MIAIMMAHHS EKCKABATOPA-
JIPATJIAVMHA EIII-15/90A

3acobaMu KOMIT FOTEPHOIO MOJCIIOBAHHS 3 BUKOPHUCTAHHSM CEPEIOBHINA IMITAI[IHHOIO MOJIEINIO-
Banuss MATLAB-Simulink mpoanasizoBaHo JuHAMIYHI TPOIIECH €IEKTPONPHBOAY IiIiioMy eKcKaBaTopa-
nparnaitna tumy EII-15/90 3 ypaxyBaHHsIM edeKTy NpoBHCaHHS KaHaTa. [loka3aHo, MIO iCHYO4I
JOCITIDKEHHS IMHAMIKH JIpariaiiHiB BAKOPHCTOBYIOTh JIMIIE TPAHUIIiHHI JiHIHHI MOJEN NPY>KHOI YaCTHHH
KaHATHOTO TMPUBOJY eKcKaBaTopa. [t MociiKeHh BUKOPHCTaHa BIIOMUN MaTEeMaTHYHHI OMKC MPOIECiB
MPOBHCAHHS.

Peanizanito MareMaTn4HOI MOJIeli eeKTy MPOBUCAHHA KaHATAa MPUBOIY MiAiiMaHHs eKCKaBaTopa-
JpariaifHa 3iiicHeHo 3acobaMu iMitaniiiHoro mozaemtoBaHHs. CHcTeMa eNEKTPONPHBOAY 3a CHCTEMOIO
-1 i manopsaKOBaHWM TPHHIIUIIOM PETYIIOBAHHS 3 BHKOPHCTaHHSAM MATHITHUX ITJICHITIOBAYiB
MOJICITFOETHCS TOCTATHRO MPOCTOI0 CTPYKTYPOIO, BPAaXOBYIOUM TPAAUIIIHHI B €ICKTPOMEXaHIIl TOMYIICHHS
1 [IOCTaBJIEH] 3aBIaHHA.

[lopiBHSIHO TOYHICTH OJEpP)KAHUX KOMII FOTEPHUX MOJIENICH TATOBOrO MPHUBONLY EKCKaBaTopa-
JparfiaifHa 3 ypaxyBaHHsIM Ta 0e3 ypaxyBaHHs HENIHIHOCTI KoedillieHTa MPYKHOCTI KaHaTa JUIs PeKUMY
MiZIMMaHHS 10 MOMEHTY BIIpMBY KoOBIIa Bimg 3emuti. s po3B's3aHHs Ii€i 3amadi 3ampoIOHOBaHO
CTPYKTYPHI MOJEN 3 BHKOPHUCTaHHAM O0i0mioTek MareMmatuunoro 3acrocyuky MATLAB + Simulink.
PesynbpTati mociipKeHsb MpoLTIOCTPOBAaHO TpadikaMu.

[lokazaHo, MO BHUKOPUCTAHHS HENMIHIMHOI MOJAENI KaHATHOTO IMPHBOAY 3 BpaxyBaHHSM eQeKTy
MPOBHCAHHS KaHATa HE 1a€ O4iKYBaHOTO MiJBUIIICHHS TOYHOCTI Y JOCHTIKYBaHUX PSKUMaX.

1. P. I'aBanwo

BIIVIUB CTYHEHS IIYHTYBAHHSA MAT'HITHOT'O IOTOKY
HA XAPAKTEPUCTUKU ACHUHXPOHHOI'O IBUI'YHA
3 EKPAHOBAHUMMU NOJIIOCAMMU

JocniypkeHO BIUIMB CTYIEHsI IMYHTYBaHHS MAarHiTHOTO TIOTOKY Ha CTATHYHI XapaKTEePUCTHKH
ACHHXPOHHOT'O JIBUTYHA 3 C€KPaHOBAaHMUMHU IOJIOCaMH. PO3IIISIHYyTO MaTeMaTH4YHy MOJENb JIBUTYHa i3
BCTAaBHMMHM MAarHITHUMH [IYHTaMH, BHKOHAaHMMH Yy BHIJIAJI 3irHYTOi ()epOMarHiTHOi IIACTHHH,
BCTaHOBJICHOI MDK HakOHEUYHUKaMH moitociB. CTyIiHb IIYHTYBaHHS IIOTOKY OOMOTKH 30Yy/XKEHHS
BHU3HAYAETHCS BIHOMICHHSIM HACKPI3HOTO MarHiTHOTO MIOTOKY Yepe3 MIYHT JI0 TOBHOI'O MarHiTHOTO MOTOKY
y TOBITPSHOMY MPOMDKKY Tl MOMIOCOM. B OCHOBY MareMaTWyHOi MOJENi JABUTYHA TIOKJIAJCHO
posraiyxeHy 3acTyIHY CXEeMy MarHiTONpOBOMAY, sKa Ja€ 3MOTYy 3 BHCOKOIO TOYHICTIO BpaxOBYBaTH
JIOKaJbHI HACHYEHHS PI3HUX IUITHOK MarHiTonpoBony. Ha ocHOBI ii po3paxyHKy AJs 3alaHUX MHTTEBHX
3HAYeHb CTPYMiB OOMOTOK BH3HAQYAIOThCS 3HAYEHHS MArHiTHUX MOTOKIB (iHAYKIiH) B yCiX AUTSHKaX
MAarHiTHOTO KoJa, MOTOKO3YeIUIeHHS Ta JTUQepeHIliiiHi iHayKTHBHOCTI 00MOoTOK. [IpoBeneHo po3paxyHKu
JUIsl JIBOTIONIFOCHOTO JIBUTYHA BHXIJHOIO TOTYXHicTIO 2 BT. [lns 3a7aHWX TOBIIMHHW IYHTA T4 YaCTOTH
o0epTaHHS PO3PaxOBaHO 3HAYCHHSI MATHITHHX IOTOKIB B OKPEMHUX [UISHKAX MarHiTONPOBOAY, CTYIiHBb
IIYHTYBaHHS MAarHiTHOTO MOTOKY, a TAKOX CTPYMH OOMOTOK, €IEKTPOMArHiTHUH MOMEHT, MOTYXHICTh Ha
BaJly, Koe(illieHT KOPUCHOI Iii nBUTyHAa. BCTaHOBJIEHO, 110 31 30UIBIICHHAM YaCTOTH OOCPTaHHS IBUTYHA
BiJ] ITYCKY JI0 HepoOOUYOro X0y CTYIiHb IIYHTYBAaHHS 3MEHIIYEThCS. HaBeneHo craTHyHi XapaKTepUCTHKH

7



JBUTYHA, PO3paxoBaHi TU(EpeHIialbHUM TapMOHIYHUM METO0M. JOCTIIKEHHS MOKa3ajiu, 10 CTYIiHb
IIYHTYBaHHSI MAarHITHOTO ITOTOKY BHM3HAYA€THCS IEPEBA)KHO, TOBIIMHOIO MATrHITHOTO INYHTA, a TaKOX
iCTOTHO 3aneKuTh Big pexumy podotu AJIEIL. ToBmmHy 1IyHTa IOUUTBEHO BUOMpATH SK KOMIPOMIC MiX
ONTHMAJIbHAMH 3HAYEHHSIM i€l BEIMYNHM IS JOCATHEHHS MaKCHMAaJIbHUX MOMEHTIB Ta MaKCHMAaJIbHOI'O
KoeiIieHTa KOPUCHOT Mii.

B. I'. I'ananoBuy, 3. M. baxop

EKCIIEPUMEHTAJIBHI JOCJIVKEHHSA ITPOLECY PET'YJIIOBAHHSA
CTATUYHOI'O TUPUCTOPHOI'O KOMIIEHCATOPA UIs1 CUCTEMHA
EJIEKTPOIIOCTAYAHHSA IHAXTHOI'O HABAHTAKEHHSA

Jnst TOKpalleHHs] TOKa3HUKIB SIKOCTi eNeKTpoeHeprii B Mepexi >kubieHHsS 35 kB maxTtHoro
HABaHTA)KEHHS, [0 JKUBUTHCA Bif mwH paionnol migacranmii 330/220/110/35 kB "HosoBonuHchKa"
3axigHoi eHeprocucTeMu Ha 0a3i HasBHOI Ha mincraHmii 6atapei cratnunux konaeHcatopis (BCK), Oys
BCTAHOBJICHHI CTATUYHUA THPUCTOPHHU KomreHcatop peaktuBHOI motyxHocTi (CTK) nuisxom
JI0IATKOBOTO BCTAHOBJICHHS TUPUCTOPHO-peakTopHoi rpynu (TPI) cepiiiHOro THPHCTOPHOrO KOMITCHCA-
topa peaktuBHOI motyxHocti (TKPM) i o0'eqHanuii 3 MPUCTPOEM PErYNIOBaHHS IiJi HAaBaHTaKCHHSIM
(PITH) TpancdhopMaTopiB MiJACTaHIIl B KOMIUICKCHY CHCTEMY KEpYBaHHS PEKHUMOM POOOTH CHCTEMH
enektpornioctauanus (CEIl) maxtHoro HapantakeHHs. Illtatna cucrema perymoBanus TKPM He
edexruBHa min yac crabinizamii Hanpyru B Toumi mix’ enHanas CTK. ToMy po3pobiaeHO CTPYKTYpHY CXeMy
perymsitopa CTK nponopuiiiHoi 1ii i BUToToBieHo nociiguuid B3ipers perymstopa CTK, skuit mo3Boisie 3
BHMCOKOIO TOYHICTIO CTaOLTi3yBaTH HAanpyry Ha muHax 35 kB migcraniii. [[yis omiHIOBaHHS Mpare3aaTHOCTI
po3pobienoro peryasropa CTK i nmpaBuiIbHOCTI 3alpONOHOBaHOI METOAMKH BU3HAUCHHSI HOro KoedilieH-
TIB HEY3TOJDKEHOCTI 3a HANPYIroK 1 CTPYMOM MPOBEACHO EKCIIEPUMEHTANbHI JIOCTIHKEHHS MpPOoIecy
perymroBanas CTK min yac crabimizanii Hanpyru Ha mmHax 6 kB mincranmii "HoBoBonuHchka". Bubip
TOYKH cTabimizamii Hampyrd MOSCHIOETHCS THUM, IO Ha IMMHAX 6 KB MOXIMBO HITY4HO CTBOPIOBATH
30ypeHHst 3a Hampyroro mnepemukanHsMm annarnd PITH tpanchopmaropa T2, toni sk na mmuax 35 kB
30ypeHHsl Hampyrd 3yMOBIIEHI CTOXaCTHUYHMMH 30ypeHHSMH HaBaHTaKEHHsI, a00 30ypeHHSMH PEKUMY
KUBHJIBHOI €HEPTOCHCTEMH, IO HE J03BOJISIE EKCIEPUMEHTAIBHO TEPEBIPUTH PEryNOBajlbHI XapaKTe-
puctuxu CTK.

PesynbTati ekcriepuMeEHTIB MINTBEpIHMIN Tpale3laTHicTh po3pobieHoro perynstopa CTK i
MPaBWIBHICTh 3alPOIIOHOBAHOI METOJMKH BU3HAYCHHS HOro KOe(illieHTIB HEY3rOPKEHOCTI 3a HAIIPYTOko 1
CTpyMOM 1 mokazanu, mo crpoekroBanuii perymsitop CTK moxke ycmimHO 3actocoByBatucsi 0e3
TepeHanaro/KeHHs st crabinizanii Hanpyru Ha mmHax 6 kB mingcraniii. B npoMy BHIagKy TOYHICTH
MiATPUMaHHS HAIIPYTH T0BOJI BUCOKa 1 craHoBuTh 0,49 % ycraBku peryisTopa.

JI. @. Kapniok, B. 1. Mopo3, 1. P. I'onoBau, A. 0. Hummii

MOJAEJIOBAHHA ITPOLHECIB PO3I'OHY
EJEKTPOITPUBOAY KYJbOBOI'O MJIMHA

CyuacHi 4acTOTHO-KEpOBaHi aCHHXPOHHI enektponpuBoan TITY-AJl naroTk 3MOry OTpUMATH BHUCOKI
MOKAa3HUKH EHepro30epekeHHs] Ta KEPOBAHOCTI TEXHOJOTIYHMMH TpollecaMd. 3HAYHWH IHTEepec Mae
BCTaHOBJICHHSI YaCTOTHO-KEPOBAHUX EIEKTPONPHBOAIB HA KyJbOBHH MIIMH — MEXaHi3M 31 3MIHHUMH Yy
(GYHKIIIT KyTa ITOBOPOTY MOMEHTOM HaBaHTaKEHHS Ta iHepIii. Y poOoTi J0CHiHKEHO 0COOIMBOCTI pobOTH
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YaCTOTHO-KEPOBAHOTO aCHHXPOHHOTO €JIEKTPONPUBOY KYJIHOBOIO MIIMHA Ta BHPOOJIEHO pEKOMEHMAIil 3
HWOro BIpOBaKEHHS.

3acTocyBaHHS JOCTaTHBO Ipy0Oi TEXHIKM J03yBaHHS, HEOTHOPIAHICTh BUKOPHUCTAaHUX MaTepialis,
MPUJIMIAHHS CYMIlIl JI0 CTIHOK MJIMHA Ta QyTepiBKH CIPHUYHMHSE 3HAYHUHA PO3KWJ 3aBaHTKEHHS MIIMHA,
0 MPHU3BOJUTH JO TEPEBUINEHHS MOMEHTY HaBaHTaXXCHHS 3alpOeKTOBaHWUX 3HadeHb. JlocBin
eKCIUTyaTallii 1mokKas3as, M0 BinOyBarOThCS aBapiiiHi MepepuBaHHs 3aMyCKy MIIMHA IPU HEHOPMOBAHOMY
3aBaHTa)KEHHI MJIMHA 200 TICIIsl TPUBAJIOrO HOT0 MPOCTOO 33 OCiJaHHs Iopoau y OapabaHi.

Po3pobiieHo MoJiens eNneKTPOMEXaHIYHOTO YacTOTHO-KEPOBAHOTO EJIEKTPOIPHBOAY 3 BEKTOPHUM
KEepyBaHHsIM, SKa TOps] 31 3MIHHUM Yy (YHKIII KyTa MOBOPOTY MIMHA MOMEHTOM IHEpIii BpPaxoBye
CTpHOKONONIOHY 3MiHY HaBaHTaXXEHHS B MOMEHT o0Bany mopojau B Oapabani. MaremaTWyHuii ommc
nepioauaHoi QyHKIIT 3MiHM HaBaHTaXKEHHS MICTUTh TIEPIOIMYHY PO3PUBHY TPUTOHOMETPHUHY (DYHKIIIIO —
apKTaHTeHC — Ta BPaXOBYE CKIHYCHHY YKOPCTKICTh MeXaHiuHOl nepenadi. JlocmikeHHs oKa3aiu, o i
Yac PO3TOHY MiITPUMYEThCS MaKCHMalbHE 3HAYCHHS MOMEHTYy, W10 3abe3nedye pyxX MIMHA MpH
HApOCTaHHI HaBaHTAXXEHHS, XO4 TEMII HAPOCTAHHS IIBUAKOCTI 3MEHINYEThCS. EJIEKTpONpPHBIL pO3BHBAE
MOMEHT JIBHTYHA, JIOCTATHUM JUIsl MYyCKYy Ta MPUCKOPEHHS MJIMHA. ¥ MOMEHT CTPUOKONMOJIOHOTO 3MeH-
IICHHS] HABaHTa)KEHHSI, SIKEe BITNOBiZae 00Bay 3aBaHTaXKEHHSI MIIMHA, 30UIBIIYETHCSI KYTOBE TIPUCKOPEHHS
OapabaHa. 3a yac pO3roHy J0 yCTaJeHOI MIBUIKOCTI PyXy TaKUX 00BaJIiB BiIOYBAEThCS ACKIIbKA.

AHani3 HaBeJCHUX OCIIMIIOrpaM IMPOIIECiB 3MiHM aKTUBHOTO CTPYMY Ta IIBUAKOCTI ITijl 4aCc pO3TOHY
peaJbHOrO MIIMHA II0Ka3ye, M0 XapakTep MpoIeciB, OTPUMAHUX MATEeMAaTHYHHUM MOJICIIOBAHHSIM B
peXUMax pyIIaHHS MIIMHA, TPAKTUYHO € aJICKBATHUM.

Anapiii Kynuk

AHAJII3 PEXKUMIB IOYATKOBOI'O 3bY/KEHHS TYPBOI'EHEPATOPA
HA TTBPAJTHIA REAL-TIME MOJEJI CUCTEMUW T'EHEPYBAHHS
EJJEKTPOEHEPTIi

[IpoanamnizoBaHO MepeXimHi EIEKTPOMATHITHI TPOIECH B CHUCTEMi T'eHEpYyBaHHS eNeKTpOeHepril
TypOOTreHepaTOpOM 13 OE3IIITKOBOIO CHUCTEMOIO 30YIKCHHS B PEXHMI IMOYATKOBOrO 30Y/PKEHHS TypOo-
reseparopa. JlocimipkeHHs MPOBEACHO B TIOPUIHIN cHcTeMi, 10 MOEIHYE KOMIT IOTEPHY MOJEIb CHIIOBOL
YaCTHHHM 3 pealbHUM peryinaropoM 30ymkenus (Texmomoris hardware-in-the-loop). s crBopeHHs
MaTeMaTHYHOI MOJIeT CHJIOBOi YaCTHHH 3aCTOCOBAHO OPUTIHAJIBHHN METOJ| CepeqHIX HANpyr Ha KpOIli
YHCENFHOTO IHTErpyBaHHS JJIsl MaTEMAaTHYHOTO MOJICIIOBAHHS ENEKTPUYHHUX Kil. 3acCTOCYBaHHS IIbOTO
METOJy JajI0 3MOTY IIiJBHMIIUTH YKCIOBY CTIHKICTh Ta INBHIKOMII0 PO3PaXyHKY Ta 3a0€3MEeUYHIIO TPUBAITY
Oe3nepepBHY poOOTYy KoMIl' FoTepHOT Mojeni. [IpoaHani3oBaHO BIUIMB HAJAIITYBaHHS CUCTEMH aBTOMATHY-
HOT'O PEryJIOBaHHS Ha SKICHI TOKAa3HWKU PEryJioBaHHs HANpPYrH Ta CTpyMy 30y/DKEHHS TreHepaTopa.
3o0kpema, 3a pe3yiabTaTaMH MPOBEJCHUX JOCIIKEHb 3p00JEHO BUCHOBOK, II0 BU3HAYAJIbHUI BIUIMB Ha
SKICTh TIEPEXiJHUX TIPOILECIB PEKHUMY II0YaTKOBOrO 30Y/KEHHS TypOoreHeparopa Mae >KOPCTKHM
3BOPOTHUH 3B'S30K 3a HANPYrow 30y/DKEHHs, BIJACYTHICTH SIKOTO CIHPHYMHSE KOJNHMBAaHHS HAMpyrH
reHeparopa minx yac il HapocTtaHHs B jJiama3oHi Onmu3bko 20 %, a TakoK 3HAYHI KOJMMBAHHS IPOMDKHUX
KOOpJMHAT, 30KpeMa Hampyru Ta cTpyMmy 30yIDKeHHs 30yaHuKa. Ha sIKICTh peryiaroBaHHs Hampyrd Ta
CTpyMy 30y/DKEHHS BIUIMBAE TaKOX THYYKHIA 3BOPOTHHU 3B’SI30K 332 CTPyMOM 30YIKEHHsS TeHepaTopa,
BIJICYTHICTh SIKOT'O 30UIBIIYE IWHAMIYHI TMOXHUOKM pEryjIioBaHHS HAampyrd Ta CTPyMy 30y/KEHHS
reHepaTopa, a TaKOXK HaIpPyry Ta CTpyMy 30ymKeHHs 30yaauKa. OnrcaHa B CTaTTi TEXHOJIOrS TiOpUIHOTO
MOJIETTIOBAHHS 13 3aCTOCyBaHHAM HU(POBUX Mojelell peajbHOro 4acy y TMOE€JHaHHI 3 (PI3MUYHUMH
00’ €KTaMH JI03BOJISIE TPOBOJMUTH JiarHOCTYBAHHS Ta HAJAINTYBAHHS peajbHUX CHCTEM KEpyBaHHS 3a
BIJICYyTHOCTI 00’ €KTiB KepyBaHHs. 3 BHUKOPHUCTAHHSM IIi€l TEXHOIOTIi Ta po3pobieHoi real-time momeni
MPOBOANUTHCS TECTYBaHHS aBTOMATHYHHX PETYISATOPIB 30y/KEHHS TypOOreHepaTopiB eJeKTPOCTaHIIiH, a
TaKOX 3IHCHIOETHCS TX MOYATKOBE HAJIArOJPKEHHS Mepel BBEACHHSIM B pOOOTY.
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B. P. JIeBoniok, I'. M. JIucsak, A. B. Uaban

MOJEJIOBAHHSI BAMHUKAYA HAJIBUCOKOI HAITPYTH
IS AHAJII3Y NEPEXITHUX ITPOLLECIB
B EJJEKTPOTEXHIYHUX CUCTEMAX NEPECWJIAHHS EHEPTIi

VY poboTi 3aiiicHeHO aHaji3 HAyKOBHX MyONiKamiid Ta JOCTYMHHUX MPOTPAMHUX KOMIUICKCIB, SIKHH
MOKa3aB, 10 B OUIBIIOCT] BUIAJKIB AOCIIPKCHHS KOMYTAI[IHHUX MEPEXiJHUX IPOIIECIB B €IEKTPOTEXHIY-
HUX CHCTEMax IMepecryiaHHs eNeKTpOeHepril MpoBOMATh 0€3 ypaxyBaHHsS BIUIMBY Ha HHUX EIEKTPO-
MeXaHIYHUX TPOIECIB i Yac poOOTH MEXaHi3MIiB IMepeMillleHHs] KOHTAKTiB BUMHKaiB, HE3BaKAa0OUM Ha
Te, IO MIBHJIKICTH iX Tepediry chiBBUMIpHA i3 MIBUJIKICTIO TPOTIKaHHS EIEKTPOMArHITHUX MPOIIECIB.
OOrpyHTOBaHO HAyKOBO-NIPAKTUYHY IOTPEOy MOOYa0BY epeKTUBHHX, JOCTATHBO aJCKBATHUX Ta BiTHOCHO
MPOCTHX MOJCNEH KOMYTalIMHUX amapatiB i JOCHIKEHHS KOMYTaliiHUX IPOIECIB B €ICKTPOTEX-
HIYHUX CHCTEMax I[IepecHsIaHHs elleKTpoeHeprii. Ha ocHOBI y3arajabHEHOTO MDKIUCIHILTIHAPHOTO
(IHTepAMCIMILTIHAPHOT0) METOAY MAaTeMaTHYHOTO MOJCTIOBAHHS, SKHH TIPYHTYEThCS Ha Momudikarii
IHTerpanpHOro BapiamiiiHoro npuHiuny [aminbroHa—OcTporpajacbkoro, 3ampolOHOBAHO MaTEeMaTHYHY
MOJIC)Ib BUMMKa4a HAJBHCOKOI HANpyrd, OCHOBHUH aKIEHT y sSKifi 3po0JICHO Ha MOJIECIIOBAHHI poOOTH
MEXaHI3My MepeMIllleHHsI HOro KOHTakTiB. Lls Momenp ga€ MOXKIMBICTh BPaxOBYBaTH TUHAMIKY poOOTH
MeXaHi3My TepeMillleHHs] KOHTAaKTIB i, B MeplIoMy HaOIMKeHHI, TOPIHHS AyTd MK HuUMH. Lle ymoxiuB-
JIOE€ JIOCTDKEHHST peajlbHUX TMEepeXiJIHUX TpoleciB y IiHii 0e3 HaACKIaTHOI MPOIEeaypH TOUIYKY
MMOYaTKOBMX YMOB KoMmytaiii. [le Mae ocoOmuBe mpakTHYHE 3HAYCHHS IMiJ 4Yac JOCIIIPKEHHS MPOIECIB B
SNEKTPOTEXHIYHUX CUCTEMAaX 3 JAEKIIbKOMa BUMHKAYaMH.

OxpiM TOro, y craTTi HaBelEHO pe3yiabTaTH BepuQikalili Mozeni MeXaHI3My IepeMillleHHs
KOHTAaKTiB BUMHKa4a Ta KOMIT I0TEPHOT CUMYJIALIT yCTaJeHUX PEKUMIB 1 MEpeXiJHUX MPOIIECiB sK ITiJ] 4ac
BUHUKHEHHSI KOPOTKUX 3aMUKaHb B €IEKTPOTEXHIYHINA CUCTEMI MepecuIalHs eleKTPOeHEeprii, TaK 1 mij yac
iX BUMKHEHHS BUMHKAueM, IO MOBHICTIO MiATBEPANUIO KOPEKTHICTh Ta aJeKBATHICTh MPOBEACHUX B CTATTI
JOCITIIKEHb.

[liaTBepKEHO, 10 PO3BHTOK MUKIUCHMIUIIHAPHUX METOIB JOCTIIKEHHS JTa€ MOXIJIMBICTH 3a
€JIMHUM CHEPreTHMYHHUM MiIX0A0M OynyBaTh eeKTHBHI Ta aJeKBAaTHI MaTeMaTH4YHI MOJETI AMHAMIUYHHUX
cucteM pi3HOl (i3uuHOI mpupoau (y HAIIOMY BHIAJIKy €IEKTPOTEXHIKM Ta MPHKIATHOI MEXaHIKH), 10
ICTOTHO PO3LIMPIOE JOCTITHUIIBKI MOXIIMBOCT] €BEHTYaJIbHOTO KOPHUCTyBava.

A. Mapymaxk, b. Konuak, JI. Kama

POBACTHA CTIMKICTD JIPOBOBUX EJTEKTPOMEXAHIYHUX CUCTEM

VY cuctemax KepyBaHHs pi3HMMH 00 €KTaMH 1 30KkpeMa B enekTpomexaHiunux cucremax (EMC)
BHHHUKAIOTh 3ajadyi, MOB s3aHi 3 1X po0ACTHICTIO. 3aCTOCYBaHHS PErYJISATOPIB HEIIOro MOPSAKY IS
00’ €XTIB KepyBaHHS IIJIOTO TOPSIKY 3abe3ledye Kpally THYYKICTh Yy HallaroKEHHI TOpPIBHSHO 3
peryisiTopaM  Iiiyioro mopsiaky. Ls THydkicTe poOHTH KepyBaHHS JIPOOOBOTO TMOPSIKY MOTYKHUM
IHCTPYMEHTOM B TIPOCKTYBaHHI pPOOACTHHX CHCTEM KEpYBaHHS 3 MEHIIOI KUIBKICTIO MapaMerpiB
HAJIAro/KEHHs, ajié BUHUKAIOTH MpoOJeMu 4acToTHUX BIUMBIB. s Gimbimmocti EMC xapakrepHoio €
napaMeTpuyHa HEBH3HAYCHICTh 1 TOMY MpoOIeMy CTIMKOCTI CHCTEMH MO)KHa 3BECTH IO ii poOacTHOi
CTIHKOCTI, aHaJI3yI04X BiJIOBIIHUH XapaKTEPUCTUIHUH ITOITHOM.

[To3uTUBHUM pe3yIbTATOM TOMEPEAHIX JTOCTIIKEHD € MiATBEePLKEHHS iHPOPMATHBHOCTI MapaMerpa

|f wi| moao0 3HaxomkeHHss EMC y 30Hi criiikoi/HecTiiikoi poOoTH. 3a HOro BHKOPHCTaHHS B CTaTTi

OIMCAaHO PO3pOOICHHS iHKeHepHoT MeToauku nmoOynoBu EMC, y skiii 3abe3nedyerhest OaskaHWK 3amac
CTiIHKOCTI, TOOTO peani3yeTbesi podacTHE KepyBaHHS.
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[IpoBeacH1 AOCHIDKEHHS IOA0 POOACTHOI CTIMKOCTI MEPEBIPEHO MOJCIIOBAHHAM MEPEXiTHUX
mporieciB pociimpkyBanux I1d apobdororo mopsaky. IliaTBepmkeHo pe3yiabTaTH, OTPHUMaHI 3a BHKOPHC-

TaHHS KOMIIJICKCHOI WR -TUIOIIMHY IoBepXxHi PiMaHa. Bee 11e 103BoIIs€ CTBEpAXKYBATH, 110 TapaMeTp |f wi|

€ iHhopMaTHBHUM 1110710 3HaXxopKeHHss EMC y 30Hi crifikoi/HecTilikoi po6oTH abo Ha MeXi IMX 30H, 1 3a
HAONMIDKEHHSIM JTAHOTO Tapamerpa J0 OJHI€l 3 IUX 30H MOXKHA MPOTHO3YBATH XapakTep IMepeXilTHoro
nponecy EMC, siki onmucyroThes K IpoOOBUMH, Tak i minourcenbHuMu [1D. [Ipore BUKOprCcTaHHS TaKOTO
MIJXOMY IS OIEPAaTUBHOrO aHai3y pooacTHol crifikocTi EMC yCKIaaqHIOEThCS TPYAOEMHICTIO MPOLCAYPH
pO3paxyHKy KOpPEHIB IOJIHOMIB Ha KOMIUIEKCHINl WR-IIJIONMHI PIMAHOBOI IOBEPXHi, 110 HEraTHBHO
BILJIMBAE HA ONIEPATHBHICTH MPOIECY CaMOHAIATOJKCHHSI.

AOcomoTHI  ¢asu |f wi| KOpPEHIB XapaKTepPUCTHYHOTO IOJIiHOMAa Ha KOMIUICKCHIH WR -IJIOMWHI
PIMaHOBOI TIOBEPXHI € THPOPMATHBHUM MapaMeTPOM JUIS KOHTPOIIO poOacTHOI cTikocti i sikocti EMC.

Sxmo mapamerp |f Wi|:0'314 pam. To 'y mepeximHid (yHKOii BuXigHOT KoopauHath EMC
MepeperynoBanHs BiICYTHE. [3 3MeHIIEHHIM |f n-Ln| Bin 0.314 pan mepeperyitoBaHHS 3pOCTaE, 1 MPH

|f wi| =0.157 pan. BUHUKa€E KOMMBHUI pexkuM. ToOTO 32 BEIHMYMHOIO TTapaMeTpiB |f wi| MOKHA OTPUMYBATH

iHpopMaIito mpo pobacTHy CTIHKICTh, KOJIHMBHICTH 1, B TEPIIOMY HaOJFIKEHHIi, SKICTh IMEpeXiTHOro
nporiecy BuXigHoi koopauaata EMC.

B. O. Miciopenko, M. b. CemeHIok

BUKOPUCTAHHSA NEPETBOPIOBAYA YACTOTH ALTIVAR 320
SAAK 3ACOBY ABTOMATHU3AIIL TEXHOJIOTTYHOI YCTAHOBKH

[IpoananizoBaHo edekTUBHICTL 3acTocyBaHHs TneperBoptoBada vactotn ATV320 sk 3acoby
aBTOMATH3allil 32 BUKOPUCTAHHS IHTErPOBAHOTO y HBHOTO JIOTi4HOro KoHTposepa ATV LOgiC Ha nmpukiami
MPAaKTUYHOI peaizallii airOpuTMy KepyBaHHS €JIeKTPOIIPHBOIOM APOOAPKH.

JlpobGapka mpu3HayeHa Jis MOAPIOHEHHS METaJeBUX BiIXOMIB TOKapHOI 0OpOOKH MeTaly, sKi IO
KOHBEEPY HAJXOJATH JI0 MPUIMaIbHOT0 OYHKepa ApoOapKH, 3BiKH MOTPAILISIOTH Ha JIBa OapabaHu, KOTpi
JKOPCTKO 3'€qHaHi dYepe3 3yOuari miectepHi. bapabGaHu po3MillieHI B TOPU30HTAIBHINA IUIONIMHI Ta
00epTaloThCsl Ha3zycTpiu omuH ogHoMy. Ha moBepxHi OapabaHIB BCTaHOBJICHO (pe3u VIS MOAPIOHEHHS
BIIXOIB TOKAPHOI 00pOOKH MeTay.

Cucrema KepyBaHHS EICKTPOIPHBOIOM JPOOApKH 3a BHKOPUCTAHHS IEPETBOpIOBaYa YaCTOTH
ATV320 Ta iHTEerpoBaHOro y HbOTO MPOrpaMoOBaHOro JoriyHoro koutponepa ATV Logic 3abe3nedye nBa
pPeXUMH pOOOTH JAPOOAPKU: PYyYHHMH Ta aBTOMATHYHHNA. PydHHi pexxuM poOOTH BHUKOPHCTOBYIOTH JUIS
HAJaro/DKeHHs Ta BHIPOOYBaHHA MeEXaHi3My. B pydHOMy pexumi mependadyeHo pPeBEpCHBHUN PEXHM
pOOOTH ENEeKTPONPUBOY 3 IBOMA PI3HUMHU (HiKCOBAHMUMH HIBUAKOCTSIMHU POOOTH «BIIEpPEI» Ta «HA3AI».

ABTOMAaTHYHHN PEKHUM APOOAPKH € OCHOBHUM, pOOOYHM PeKUMOM. J{03B1I HA BMUKaHHS APOOAPKH
(OpPMYETBCSI CyXUM KOHTAKTOM anapaTypy KepyBaHHS TOKApHOT'O BepcTaTa.

Jloriunmit xoutpormep ATV Logic meperBoproBaua uactroru ATV320 3abesnedye peanizalliro
ITOPUTMY POOOTH JPOOApPKH y BHUMAJKY MOTPAIUISIHHS B Jpo0apKy MpPeIMETiB, SKi MOXYTh 3aKIUHUTH
Oapabanu apoOapku. Y 1bOMY BHIQJAKY pealli3oBaHa CHCTEMa KEpyBaHHS ENEKTPONPUBOIOM APOOapKh
ABTOMATHYHO BH3HAYAE MOMEHT II0YATKy OJOKYBaHHsS JpoOapKH Ta IMEpEeBOIUTH EICKTPOIPHBON Y
PEBEPCUBHUI pPEOKMM Ha TOHWKEHIH IIBHIKOCTI 3 METOW po30joKyBaHHS OapabaHiB. PoOory
CNIEKTPONPUBOAY B PEBEPCHBHOMY pEKHMI TmepenbadyeHo IEeBHUM dYac, MIiCHs YOro aBTOMATHYHO
BiIOYBA€ThCS 3aMyCK Ta poOoTa MPUBOLY «BIepea». SIKIIO BiqOyBaeThCs MOBTOPHE OJIOKYBaHHS, TO IIUKI
MOBTOPIOETHCS. JIOMYCKAEThCS TPU IUKIH Takoi poOOTH, MICHs YOro CHCTEMa KepyBaHHs IMOBHHHA
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aBapiifHO 3yNMUHUTH APoOapKy. SIKIo mij yac BUKOHAHHS KOMaHIM «Ha3al» HE BiIOYBaeThCS PO30JIOKY-
BaHHs 0apabaHiB, poO0Ta IpodapKu BiApasy OJIOKYEThCS.

Bumieonucanuii  alropuTM KepyBaHHS EISKTPOIPHBOAOM JApOOapKM MOXKHA peai3yBaTH Ha
3BUYAaHOMY TIEPETBOPIOBAYI YaCTOTH 3 BHKOPHCTAHHSM JOJATKOBOTO IHTENEKTyadbHOro pesie Zelio
Logic. IIpore Take ajJbTepHATUBHE PILLICHHS € CYTTEBO JOPOKUUM.

Buknamena y crarTi peamizalliss alropuTMy CHCTEMH KEpyBaHHS APOOAPKH 3 BHUKOPUCTAHHSM
neperBoproBada yactoru ATV 320 i3 BOyoBaHUM Ha #oro 0opty Joriuaum koaTposiepom ATV Logic mae
MPAaKTUYHY MIHHICTH JUIsSi CTBOPEHHS HOBUX Ta MOJIEpHi3allii BJKe iICHYIOUNX CUCTEM KepyBaHHS YaCTOTHO-
KEpPOBaHMX €JICKTPOIPUBOIIB IPOOAPOK 3 EKOHOMIYHOTO MOTIISTY.

I. 3. iyp, 1O. O. Bineubkmuii

EHEPI'OE®EKTUBHE INPAME KEPYBAHHSA MOMEHTOM Y IBO3OHHOMY
EJIEKTPOITPUBO/I EJJEKTPOMOBLIS HA BA31 CHHXPOHHOI MAIIIMHA
3 HOCTIMHUMHU MATHITAMHA

PoboTa nmpucBsiueHa eneKTpoMoOieOyyBaHHIO, K€ ChOTO/IHI CTaJI0 MPOBIIHOK Tally33i0 Cy4acHOT
MPUKIATHOI HAYKH 1 TEXHONOrii. OCHOBHOIO MIiACHCTEMOIO €ICKTPOMOOLIS € TATOBUM eIEKTPOIPHBO/I,
KWW HaiyacTilme peanmi3yeTbcsi Ha 0a3i CHMHXPOHHMX MamMH 3 mnocriiiHumu wmarditamu (CMIIM).
[lepeBaramMu NIHMX MAIIWH € BHIII, MOPIBHAHO 3 IHIIMMH MalllMHAMM, 3HAYCHHS CHEProedeKTHUBHOCTI,
MUTOMOI MOTY>KHOCTI Ta MOMEHTY, KoeillieHTa TepeBaHTaXCHHS 32 MOMEHTOM, JoOpa KepoBaHICTh, a
TaKOXX HMIMPOKHH JTiana3oH PeryaoBaHHS KyTOBOT IBUAKOCTI. SKiCTh TATOBOI MiJICKCTEMH €EKTPOMOOLIS
3HAYHO 3QJICKUTH BiJI JUHAMIKA KEPYBaHHS HOTO €IEKTPOMArHITHUM MOMEHTOM. HaiBHIOro 3HaueHHS
I[LOTO TTOKA3HUKA MOYKHA JTOCSTHYTH, 3aCTOCOBYIOYH CTPATETi0 MpsAMOro kepyBanHs moMmentoMm ([TKM),
ska aas1 CMIIM pospobiieHa octanHiM yacoM. Lls cTpareris mae 3mory Oe3mocCepeaHbO IIBHIKO
(dopmyBaTH MoTpiOHI 3HAYEHHSI €JIEKTPOMATHITHOTO MOMEHTY Ta MOTOoKo34erieHHs sikopss CMIIM, mpote
He 3a0e3rmeyye MOXIMBOCTI ()OPMYBaHHS BEKTOpa CTPYMY SKOpsS, Bl SIKOTO 3aJ€XHUTh CHEPreTHYHa
edexruBHiCTh MamuHU. OCTaHHS € OCOOIMBO BAXKIIUBOIO ISl €IEKTPOMOOLIS, 3BaXKAFOUU Ha CHEPTreTHYHY
OOMEXEHICTh CUCTEMH OOPTOBOTO JKMUBJICHHS. 3 METOIO 3a0€3MEUCHHST BUCOKOT'O 3HAUYCHHS CHEPreTUYHO1
edexruBrocTi CMIIM y mili poOoTi 3aBAaHHS HA MOTOKO3YEIICHHS SIKOPS Y TEpIIiil 30H1 peryIroBaHHS
KyTOBOI IIBHUIKOCTI (POPMYETHCS B ONTHUMAJIBHIN 3aJIGKHOCTI BiJl MOTOYHOI'O 3HAYCHHS CJICKTPOMArHiT-
HOT'0 MOMEHTY MaimuHu. OCcOOIUBICTIO EEKTPOTPAHCIIOPTY € MOXKIIMBICTh 3HUKECHHSI KDYTHOTO MOMEHTY
Ha BHCOKHMX MIBHAKOCTsX. Lle Jae 3Mory 3acTocyBaTH JBO30OHHE PETYITIOBaHHs KyTOBOi HIBHJKOCTI Ta
3HM3UTH BCTAHOBIICHY TIOTYXHICTh €IEKTPOABHUIYHA. [l eHeproeeKTHBHOTO pEryJIIOBaHHS 3a
crpareriero [TIKM kyroroi meuakocti CMIIM y apyriid 30Hi, 3apoIIOHOBAaHO METOIUKY, BIAIOBIIHO 10
SKOT MOYaTKOBE 3HAYCHHS KYTOBOI HIBHUJKOCTI, 3 SIKOI IMMOYMHAETHCS ISl 30HA, 3aJEKHUTH Bijl TIOTOYHOTO
3HA4YCHHS EINCKTPOMATHITHOrO MOMEHTY Ta BEMYMHU OOpTOBOi Hampyru enektpomobins. [Tomepenni
TEOPETHYHI JOCII/PKCHHS Jajdd 3MOI'Y BH3HAYMUTH YHMCIOBI 3aJI&KHOCTI MK OCHOBHHMH KOOPAMHATAMHU
CMIIM, 3a sKMMH CKJIQJICHO BiIMOBiJHI TaONUIl, SKi TOKJIAaJEHO B OCHOBY pO3pOOJIEHOI CHUCTEMH
JIBO3OHHOTO KepyBaHHS IIBUIKICTIO. [IpoBeneHe KOMIT I0TepHE CHMYIIOBAHHS TMOKa3alo e(PeKTUBHICTDH
3alpPONOHOBAHOIO PIllICHHS Ta BHCOKY JHHaMIiKy PO3pOOJICHOI CHCTEMH KEpyBaHHS EIEKTPOIPHBOIOM
CIEeKTPOMOOLIIS.
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M. A. Sluyn

CKJIAJOBI MATHITHOI IHAYKIII OGMOTKH 3BYKEHHS ITPOXIJTHOT'O
BUXPOCTPYMOBOI'O IEPETBOPIOBAYA Y ITPOBIJIHIMA TPYEBI

[MuTaHHS MOHITOPHHTY TEXHIYHOTO CTaHy TpPYOOINPOBOIIB isi 3a0e3ledeHHs] HaJiiiHOCTI Ta Oe3rekn
MOCTAYaHHsI EHEPTrOHOCITB (IIPUPOTHOro ra3dy) MaricTpadbHUMH TPyOOIIpOBOaMH HabyBae aemati OiabIIol
aKTYaJIbHOCTI 4Yepe3 3HAYHWM CTYIiHb 3HOLICHOCTI Ta CTApIHHS YCTATKYBaHHS BITYM3HSHOTO HadTO-
ra30BOr0 KOMIUICKCY.

OCHOBHOIO 32JIa4€l0 TEXHIYHOTO JIarHOCTYBaHHS TPYOOIPOBOJIB € BCTAHOBJICHHSI (DaKTHYHOI TOBIIMHU
CTIHKH TpYOOIpOBOAY Ta BUSBJICHHs JAe(eKTiB THITy TOpYIICHHS CyliUibHOCTi. HalOinbin edeKkTHBHUM ist
MpOBENICHHST POOIT 3 TEXHIYHOIO JHArHOCTYBAaHHS 32 BCIEIO JOBXHHOIO TPYOONPOBOLY 3 MiHIMAJILHUMH
MPOCTOSIMA B POOOTI TPyOONpOBOAY € 3IMIHCHEHHS BHYTPIIIHBOTPYOHOI IATHOCTHKH 3 BHKOPHUCTaHHSIM
IHTENEKTYaIbHUX TIOPIIHIB, SIKI PyXAroThCs IIiJl HAIIOPOM TPAHCIIOPTOBAHOrO MPOAyKTy. [Ipore BHYTpINIHBO-
TpyOHa J[iarHOCTHKA 3 BHKOPHCTAHHSIM MAarHiTHHX TOPIIHIB MOTpeOye YAOCKOHAIICHHS I 3a0e3nedeHHs
BHIIIOT JOCTOBIPHOCTI Ta TOYHOCT1 KOHTPOJTIO.

[lepeBaramMu BHUXPOCTPYMOBOI'0O METONY KOHTPOJIO € OE3KOHTaKTHICTh, BIACYTHICTH 3aJIMIIKOBHX
MarHiTHUX e(QeKTIB 1 MOXIIMBICTb BHUSBJISITH IOBEPXHEBI TPINMHH 3 MallUM PO3KPHUTTAM Ta Je(eKTH
po3IIapyBaHHs MeTaly TpyOOIpoBOLY.

ToMy aKTyanbHOIO € 3ajada BU3HAUCHHS ONEPAaTOPHHUX 1 MEPEeXiIHUX IMapaMeTpiB BHYTPIIIHIX
MPOXIZIHUX BUXPOCTPYMOBHX IIEPETBOPIOBAYIB MapaMETPUUHOTO 1 TpaHc(HOPMATOPHOrO THIIB MPH iM-
MyJIbCHOMY JKUBJICHHI JUIsl OTpUMaHHA OaratornapaMeTpoBoi iHpopmalilii mpo 00’ €KT KOHTPOITIO.

Busnaueno meperBopeni 3a Jlarutacom pajianbHy 1 OCbOBY CKJIAJIOBI MAarHiTHOI iHIyKIIii
CKpaHOBAaHOI KiJbIIEBOT IHJIIHIAPUYHOI KOTYIIKH TNPSMOKYTHOTO IIONEPEYHOTo Tepepidy 31 cTpymMoM
JOBUTBHOT (POPMH, SKY BUKOPUCTOBYIOTH SIK OOMOTKY 30yKEHHS EPBUHHOTO MPOXIHOTO BHYTPIIIHBOT'O
MepeTBOpIoBaya MpH JiarHOCTYBaHHI TEXHIYHOTO CTaHy BHYTPIIIHLOI OBEPXHI TPYOOIPOBOIIB.

Hageneno rpadiku po3noaizy BHECEHHX 00’ €KTOM KOHTPOJIO i CyMapHHX pajialbHOI i OChOBOI
CKJIAJIOBUX MArHiTHOI IHIYKIii Ha BHYTPINIHIA TOBEpXHI TPyOM Yy TOYATKOBMA MOMEHT dYacy i 3a
YCTaJICHOT'0 PEXKHUMY ITpH 30y/KEHHI IEPBUHHOTO MEPETBOPIOBAYA IMITYIbCAMH TPSIMOKYTHOT

€. O. Yanaurin, C. O. lunaepyk, O. C. Cadoxkap, B. B. /I3106a

BUJAJIEHHSA BM'ATUH HA METAJIEBUX IOKPUTTAX ABTOMOB1LJIIB
3A IOIIOMOT'OIO "THIYKTOPHOI CUCTEMH 3 EKPAHOM, 11O IIPUTSTA€E”

Beryn. Po3poOku B chepi MarHiTHO-imMmyibcHOT 00poOku metanie (MIOM) 3HaxomsaTh Bce Oinblie
3aCTOCYBaHHS B Cy4acHHX TEXHOJIOTISIX BHPOOHHWIITBA 1 PEMOHTY aBialliifHOi, aBTOMOOLIBHOT Ta iHIIOI
TEXHIKH, OCKLJIbKH BOHHU € €KOJIOTTYHO YMCTUMH 1 HEProOIIaJHUMH, IOPIBHIHO 3 KIIACHYHUMH IiAXO0JaMH.
OnHiero 3 OCHOBHHX CKIauoBuX MpUCTPoiB MIOM € iHCTpyMeHT-iHAyKTOp a00 iHAYKTOpPHI CHCTEMH 3
ekpanoM, 1o npursirae (ICEIT).

ExcniepumenTanbhy anpobaiiito «ICEIT» i3 30BHIIIHIM 30y/PKEHHSAM 3a JOIMOMOrOK OaraTOBHUT-
KOBOT'O KPYTI'OBOT'O COJICHOIa IIPOBECHO B BUPOOHUYIH omepallii 3 0€3KOHTAKTHOI'O BUIAJICHHS BM ATHH Y
3pa3kax JIMCTOBMX MeTamiB. [IpuHIMI nii IHCTPYMEHTY NPUTATAHHS TPU HU3BKUX YacTOTaxX J03BOJISIE
e(peKTHBHO MPOBOJMTH OMEPAIIIIO MPUTATAHHS METAIB Oy Ib-IK0i (i3UIHOT TIPUPOJIH.

Meta. ExcrnepuMeHTanbHa amnpo0aris <«iHIYKTOPHOI CHCTEMH 3 €KpPaHOM, IO TPUTIrae» i3
30BHIIIHIM 30y/DKCHHSM 3a JIOIIOMOIOI0 0OaraTOBUTKOBOIO KPYIOBOIO COJIeHOima, 0€3 J0JaTKOBOIO
JDKepeNia MarHiTHOTO ToJs, Y BUPOOHUYIH orepallii 3 0e3KOHTAKTHOTO BUIAJICHHS BM'STHH Y 3pa3kax
JUCTOBHX METAIB.
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Metogoioris. OOMOTKa coJleHOINA MIIKITIOYAETHCS JI0 JDKEpena TOTYXHOCTI — MAarHiTHO-
iMIysbCHIM ycranoBku MIYC-2, BIIMIHHOIO OCOOJIMBICTIO SIKOI € po0oTa B CepiiHOMY peXHuMi, TOOTO, B
PeKHMI Oe31epepPBHOr0 IMTOBTOPEHHS 3aJaHOI0 YHC/Ia CTPYMOBHUX IMITYJIbCiB. OOMOTKA CoJieHoi1a 30y/DKYE
CTPYMH B €KpaHi 1 3aroTOBIIi, 10 MPU3BOIUTH 10 CHIIOBOTO MPUTATAHHS METaly BM'STHHH JO TUIONIHMHH
eKkpaHa. Sk eKCIIepMMEHTajIbHI 3pa3Kh B3ATO JIMCTOBI 3arOTOBKM MArHITHMX Ta HEMarHITHUX METaJiB.
[Ticns cunoBoi aii Ha 3pa30K, 10 00POOIIOETHCS, CIIOCTEPIraEThCs MOCTYITOBE 3MEHIIICHHS BM SITHH.
PesynbraTu. [lpencrapieHo pesynpTaTu npaktudHol miesmatHocTi  «ICEIl», mo 30ymKyeTbes
HU3bKOYACTOTHUM II0JIEM 30BHIIIHBOI 0araTOBUTKOBOI KOTYIIKH. 32 peabHUX 3HaYCHb BUXIJHUX BEITHUNH
aMIUTITYId CUJI NpHUTAraHHs nocsraits ~ 2,0 MIla. YcepenHeHHsS 3a IUIOIICI) CHJIOBOIO BIUIMBY A€
BenmmunHy ~ 1,0 MITa. He3naune i minmkoM peaibHe JjIsl TPaKTUKK 30UTBIICHHS CTPYMY I1HIYKTOpA,
HanpuKiaz, 1o ~ 15 kA, mae 3pocTaHHs CHII IPUTATAHHS OUIBII HDK B YABIYI.

BucnoBku. [lokazano, mo y BHpoOHHUYIHM omepaiiii 3 OE3KOHTAKTHOIO BHJAJICHHS BM'SITUH Y 3pa3kax
JUCTOBHX METalliB IHIYKTOpHA CHCTEMa 3 €KpaHOM, IO TPHUTITaE, MPOJIEMOHCTpyBaia eQEeKTUBHICTh
MPAaKTUYHOI peaizallii crroco0y peMOHTY aBTOMOOIITBHUX Ky30BiB.



