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3aco0amMu KOMII' FOTEPHOT0 MO/IEJI0BAHHS MPOAHATI30BaHO POOOTY CHCTEeMH KepyBaHHSA
€JIEKTPONPHUBOAOM KYJIbOBOr0 MJIMHA B Mpolleci mycky. Y po3podJieniii komn' 1oTepHiii Mmoaesi
BPaxoBaHO 3MiHHMI1 HeJiHil{HUI XapaKTep MeXaHiYHOT0 HABAHTA:KEHHS TA 3MiHHUII MOMEHT
inepuii. HaBeaeHo pe3yibTaTH NpPOBeNeHUX AOCHIIAKeHb, fAKI MOKHA BHKOPUCTATH [Js
Po3po0JiIeHHS HOBUX CHCTEM eJIeKTPONPUBOIB.

Knrouosi cnoea. Kynvoeuit MauH, HENIHIUHUIL MOMEHmM HABAHMANCEHHA, YACHMOMHO-
KepoeaHnuil e1eKmponpueio.

The work of the control system of ball mill electric drive during the start-up process is
analyzed using computer simulation. The developed computer model uses the variable
nonlinear model of the mechanical load and the variable moment of inertia. The results of the
conducted resear ches can be used at development of new systems of electric drives.

Key word: ball mill, variable nonlinear model of the mechanical load, frequency-controlled
asynchronous dectric drives.

Beryn

IMocTranoBka npodjiemn. Brcokoi iHTEHCHBHOCTI TEXHOJOTTYHHUX MPOLECIB 1 3pOCTaHHS BHMOT JIO
SIKOCTI MPOAYKIil Cy4acHOT'0 BUPOOHUIITBA JIOCSATAIOTh 3aCTOCYBAaHHIM JOCKOHATIIIOrO MEXaHIYHOTo Ta
CNEeKTPOTEXHIYHOr0 oOmanHanHs. [loCSTHEHHs B raily3i HamiBIPOBITHHKOBOI Ta MIKPOMIPOIECOPHOT
TEXHIKH, MUPPOBUX CHCTEM CTBOPHIIN 0a3y 3aCTOCYBAaHHS KEPOBAHMX EIIEKTPONPHUBOIIB 3MIHHOTO CTPYMY
TITY-AJZl 3i ckadspHHM Ta BEKTOPHHM KEpyBaHHSM, SKi JIAIOTh 3MOTY OTPUMATH BUCOKI TOKa3HHUKH
CHEPro30CpeKCHHS Ta KEPOBAHOCTI TEXHOJIOTIYHMMM TpoliecaMd. 3HAaYHMKA IHTEpPEC BHKIIMKAE
BCTaHOBJICHHSI CY4aCHHX YaCTOTHO-KEPOBAaHHMX EICKTPONPUBOIIB HA MEXaHI3MH 31 3MIHHUMHU y QYHKIIT
KyTa MOBOPOTY MOMEHTaMH HaBaHTa)KEHHS Ta MOMEHTaMu iHepiii. Cepen Takux MexaHi3MiB — KyJIbOBi
MIMHH, nediOpepH, TIMHOMILIAIKH, KaMeHeApoOapku (3 MepeBakKHO 3MIHHUM MOMEHTOM CTATHYHOTO
HABaHTAXXCHHS), MAIIIMHU 3 KPUBOILIMITHO-IIATYHHUMH 200 SKCIIEHTPUKOBUMH MeXaHi3MaMH (3 epeBakHO
3MIHHAM MOMEHTOM iHepIii).

JInst aHAITI3y TEXHOJIOTIYHUX OCOOIMBOCTEH poOOTH KyJIbOBUX MJIHMHIB BiKoprcTaHo Miima M TD 380, mo
eKCIUTyaTyeThest Ha JIbBIBCHKOMY KepaMiuHOMY 3aBOji. Taki MITMHA BUKOPUCTOBYIOTH TS TOMOITY KepaMidHOi
TJIMHA T2 QPUTTH-TIA3Ypi, a TAKOXK U IHIIMX OIepalliii po3METIOBAaHHS Ta JUISl TIPOMHUCIIOBOTO OYHIIICHHS
PI3BHOMaHITHHX TPOAYKTiB. THUI MpPUBOMY MIMHIB "MacoBa mepenada — peayKTop — aCHHXPOHHWI ABUTYH".
BapabGan HarmoBHIOIOTH PO3MENIOIOYMMHE TillaMH 3 aNb0ITy, IEPEBAKHO MTIHIPHIHOI a00 OBAJIBHOI (OPMH.
MIMH 3aBaHTaXYIOTh TJIMHOIO Ta HAMOBHIOIOTH BOJOIO. Maca pO3MENIOIUMX Tl Ta CHPOBHHH TIOMOIY
craHoBUTh 10 20 T, TiIa MarOTh Pi3HI PO3MIPH 1, BIIIOBIIHO, pi3HE MPOIICHTHE CITIBBIHOIICHHS Bij 3arajbHOT
Macu. BUKOpHCTOBYIOTh TIIMHU 3 Pi3HHUX pErioHIB 3axigHoi YKpaiHH, MO MaloTh Pi3HY MUTOMY TycTuHy. Jlis
3a0e3MnedeHHs BOJIOroCTi MenieHoi Macu y Mexkax 31-34 % 3anmuBatoth Bomy (0mm3pko 10 T). 3acTocyBaHHs
JIOCTaTHBO TPyOOi TEXHIKH J03yBaHHS, HEOTHOPIHICTh BUKOPUCTAHUX MaTepialliB, MPWIUMAHHS CyMIlIi JI0
CTIHOK MJIMHAa Ta (YTEpiBKM CIPUYMHSE 3HAYHUNA DPO3KUJ 3aBaHTAXKCHHS MJIMHA, IO TPH3BOIWTH [0
TIEPEBUIIICHHS MOMEHTA HABAHTAXKCHHS 3alPOCKTOBAHUX 3Ha4YeHb. [Ipy 1IbOMy BUHHKAIOTH IPOOJIEMH ITij] Yac
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MYCKY MJIMHA 3 MOXIIMBICTIO CTOIMOPIHHS MPUBOAY MPH KYTi MOBOPOTY, Omm3bki 1o 90-120° i, sk HACHiOK,
HEOIHOPA30B1 3aTsHKHI HEBJAI CIIPOOU 3aIlycKy. Y TaKMX BHUIIAJKaX YacTo JOJal0Th BOAY /IS 30UIBIICHHS
00‘eMy B 0OOUIli MJIMHA 1, BIJMOBIHO, 10 HAOIMIKEHHS IICHTPY Mac J0 OCi 00epTaHHS, 10 CIPHYMHAE OaKaHEe
3MEHIIICHHS! MaKCUMAJILHOIO MOMEHTY HaBaHTaXKEHHS [l 4Yac PO3rOoHY, alie MPH IbOMY IOPYIIYETHCS
TEXHOJIOTTYHHH TIPOIIEC 1 MOTIPIIYEThCS SKICTh MPOAYKIii. Alle 1 1Ie He 3aBXKIH JJO3BOISIE PO3IrHATA HEHOp-
MOBAHO 3aBaHTaKCHHH MIIMH. Y TakoMy BUTAJKy OapabaH MIIMHA MOYATKOBO PO3KPYUYIOTH 32 JIOMOMOTOIO
Tpoca, KM PO3MOTYIOTh 3 OapabaHa MimHa jedinkoro. [lepepBr y BUpOOHMIITBI Ha oreparii st po3pyxy
MITMHA CATAI0Th 3—4 po0OYi IIUKITH.

PoGounii mukia abo cepemHiii yac momony TpuBae 12—16 roj, micis 4Oro 3IiMCHIOITH KOHTPOJIb
pO3MesieHOT CUPOBMHHU Ha BIAMOBIAHICTE OCHOBHUM IOKa3HMKAM SIKOCTI TIOMOJTY. Y BHITQJIKy HEBIAIOBIIHOCTI
PO3MENIEHOT CHPOBUHH TEXHOJOTTYHMM BHMOTaM IMPOIOBXKYIOTH moMod. [Ipobmemu 3amycky iCHYIOTH 1 mpH
MTOBTOPHOMY 3aITycKy MIIHHIB. OTKe, TOCBI €KCIUTyaTallil TI0Ka3aR, 10 Bia0yBaIOThCs aBapiiiHi epepUBaHHS
3aIyCKy MIIMHA, SIKi BHHUKAIOTh Y Pa3i HEHOPMOBAHOT'O 3aBAHTAKECHHS MIIMHA Ta ITICIS TPHBAIOTO MOMOITY TIPH
MOBTOPHHUX 3aITyCKaX, IICIISI BUMYIICHOT 3yNHKH ISl KOHTPOJIO SIKOCTI CHPOBHHH.

AHaJli3 0CTaAHHIX JOCSATHEHDb Ta MyOJiKanii

TpaauniiiHo A7 KyaboBUX OapabaHHWUX MIIMHIB CEPEIHBOI MOTYKHOCTI 3aCTOCOBYIOTH €IEKTPOIIPH-
BOJI CHHXPOHHHMH Ta aCHHXPOHHUMH JBUTYHAMHU 3MiHHOTO cTpymy [1, 2]. Jlns 3a0e3medeHHs H0CcTaTHIX
MOMEHTIB 3pYILICHHS MOTYXHICTh CHHXPOHHOI'O JIBUT'YHA BUOUPAIOTH i3 3HAYHUM 3arnacoMm [3]. ACHHXpOH-
HUH eJIeKTPONPHUBIJ] 3 PEOCTATHUM KEPYBAHHSM B KOIi POTOpa 3MaTHUH PO3BUHYTH ITyCKOBHI MOMEHT, 1110
JIOPIBHIOE KPUTHYHOMY. HemomikoM Takoro eIeKTpONPHBOAY € 3HAYHI BTPATH EHeprii Ha MyCKOBHX pe-
3ucTopax. YacTOTHO-KepOBaHMIM ACHHXPOHHHUH EIEeKTPONPHUBOJ 31 CKAISIPHUM, a TaM OibIe, BEKTOPHUM
KepyBaHHsM, 3 (OpMyBaHHSM HEOOXIIHUX CTATHYHUX 1 JUHAMIYHHUX XapaKTEPUCTHK 30BHIIIHBLOIO
JIBOKOHTYPHOIO CHCTEMOIO TianopsiakoBanoro perymatoBants (CIIP) i3 BHYTpIlIHIM KOHTYpPOM MOMEHTY Ta
30BHIIIHIM KOHTYPOM IIBUKOCTI 3 HAJIAMITYBAHHSIM PETYJISATOPIB 3a MPUHIIUIIOM “TEXHIYHOT ONTHMI3aMii"
[4] mae peanizyBaTH MyCKOBI MOMEHTH, OJIM3bKi 10 KPUTUIHHUX.

OCHOBHUM METOJIOM JOCTIIKEHHS IPOIECIB Y CKIATHUX CICKTPOMEXaHIYHMX CHCTEMaX 3 ypaxy-
BaHHSM CHEMU(IYHAX TEXHOIOTTYHUX BIACTHBOCTEH POOOTH € MOJENOBAaHHS. Y HaBEJCHUX Y JIiTepaTypi
JIaHuX AociipkeHb [3, 4, 6] OCHOBHMM YMHHUKOM, SIKMH 3yMOBIIIOE XapaKTep HABAaHTa)KCHHS KYJIbOBOTO
MJIMHA, € HOro CTaTHYHA MEXaHIuHa XapakTepuctuka. ¥ podorax [3, 4, 6] npu MojenoBaHHI MpoLECiB
BPaxOBaHO TaKOXK 3MiHy MOMeHTY iHepiii. [Ipudomy y po6oti [3] 3MiHa MOMEHTY iHepIii BpaXxOBY€eThCs
BBEJICHHSAM EMITIpUYHOro KoedirieHnta 30UIblleHHs, a Y podorax [4, 6] 3MiHM CTaTHYHOTO MOMEHTY Ta
MOMEHTY iHEpIlil OMUCYIOThCS TEPIONUYHMMHU TNIAJAKAMH (QYHKIIAMH, Xo4a y poborax [3, 5] Ha ocHOBI
JOCITIPKEHb POOOTH MIIMHA CTBEP/KYETHCS MTPO 0OBabHUIN XapaKTep 3MiHH HaBAaHTaKCHHS.

CknaaHicte (GOpMyBaHHS HENIHIHHHX MoOJeNed i3 pPO3PUBHUMH QYHKIISIMH TiITBEPIKYETHCS
BIICYTHICTIO MyOJiiKaliid, B SIKMX PO3LIAIAE€ThCSA 3ajada BpaxyBaHHs TaKOl ICTOTHOI HEMIHIMHOCTI, sSK
CTpUOKoOIONiOHA 3MiHA XapaKTEPUCTUK 00 €KTa MOJCIIOBAHHS, 3 METON aJeKBATHIIIOIO BiATBOPEHHS
MOBE/IHKH PeabHUX 00 €KTIB y KOMIT IOTEpHINA MOJIEli.

IMocranoBka 3agaui
Meroro po0OTH € JOCTIIKEHHS 3ac00aMU KOMIT IOTEPHOrO IMITalliiHOTO MOJICIOBAHHS OCOOJIH-
BOCTel pOOOTH YaCTOTHO-KEPOBAHOTO AaCHHXPOHHOI'O €JICKTPONPUBOIY KYJIHOBOro OapabaHHOrO MMHA Ta
BHPOOJICHHS PEKOMEHJAIlid 3 HOro BHpoBajyKeHHs. JIs MOCTIIKEHHS HEOOXITHO MaTH MaTeMaTHYHY
MOJICNb, sSIKa aJICKBAaTHO BIITBOPIOE OCOOJMBOCTI XapaKTEPUCTUK MEXaHI3My 3 HENIHIHHUM MOMEHTOM
iHepIii Ta HaBaHTa)KEHHsI Ta 3pOOUTH BHCHOBKH IIOJO JONUIBHOCTI BpaxyBaHHs e]ekTy iX cTpuOKo-
MOIIOHOT 3MIHH i1 YaC MOJCITIOBAHHS CJICKTPOMEXaHIYHUX CHCTEM.

Buxan ocHOBHOTO MaTepiajny
VY poborax [3, 5] 3a3HaueHO, 1110 OCHOBHUM YMHHUKOM TIpH OOIPYHTYBaHHi BHOOpY NpPUBOLY € Ha-
TIAHICTD 3aIlyCKy MJIMHA, @ OCHOBHI BUMOI'M BH3HAYa€ MEXaHIYHA XapaKTEPHCTHKa HaBaHTaxeHHs (puc. 1).
BcranosieHo, mo ¢popmMa MEXaHIYHOI XapaKTEPUCTHKH MJIMHA BH3HAYA€THCS KOC(DIIIEHTOM 3allOBHEHHS
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OapabaHa, mapaMeTpaMy BHYTPIIIHBOTO 3aBaHTAXKCHHS, PIBHEM IIBHJIKOCTI oOepTaHHs Toilo. BoHa Mae,
3a3BHYal, eKcTpeMasbHi TOYKW: B MOMEHT 3pYIICHHS Ta TpPU IMOBEpPHEHHI OapabaHa Ha KyT BipuUBY
YACTHHH 3aBaHTAXKECHOI MacH, 10 TMepexoay il 3 KOJOBOro B KackamHuii pexuMm pyxy [7]. IMomiOwi
MEXaHI4Hi XapaKTepUCTHKN HAaBAaHTA)KCHHS HABEJICHO TAKOXK y podotax [2, 4] (puc. 2).
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xXapakmepucmuKumiuna

Amnamiz xapaktepuctuk 1-4, 300pakeHux Ha puc. 1, 2, 103BoisiE 3pOOUTH BUCHOBOK: ISt
VCIIIIHOTO 3aITyCKy KYJIBOBOT'O MIIMHA HOTO €JIEKTPOIPHBIJ TTOBUHEH pealli3yBaTy 3HAYHI 328 BEIWYHHOIO
MOMEHTH SIK JUIS 3PYIICHHS MJIMHA, TaK 1 MiJ 4ac 30UIbIICHHS KyTa IOBOPOTY, KOJIM BiAOYBA€ThCS
3pOCTaHHS CTATHYHOT'O MOMEHTY HaBaHTAKCHHS.

JlocmipKyroul MpolecH B CIEKTPOMEXaHiuHiil cucremi OapaOaHHOrO MIIMHA, HEOOXIIHO
BpaxoBYBaTH TEXHOJOT1YHI BIacTHUBOCTI Horo pobortu. [1ix yac poboru Gapabana BUIUISIOTH TPH OCHOBHI
TpaekTopii pyxy cuposunu [7] (puc. 3):

KacKaJHUH — BiIOyBaeThCsl TEpeMIllyBaHHS, CHpPOBUHA
3HaXOJUThCS B HIDKHIA YacTHHI OapabaHa, TaKui peKUM

XapaKTepHUH AJ11 HEBUCOKHX IIBUIKOCTEM;

BOJOCIAJHUNA — CyMIIll MiAHIMAETHCA OPIEHTOBHO JIO

BEPXHBOI TOUKM OapabaHa i 0OBaJIOETHCH; MEH PEKHUM €

JOCTaTHHO C(PEKTHBHMM Ui 3MIlIyBaHHS, BiIOYBa€ThCS

MIPH CEPEIHIX MBUAKOCTSX;

POKUM LEHTpU(DYTYBaHHS — XapaKTePHUH I BHUCOKUX

HIBHJIKOCTEH POOOTH.

TeopeTHyHO Il PSKUMH € TTOYSPrOBUMH, ajie MPAKTUIHO

MPH PO3TOHI MOMNEPEAHBO 3aBAHTAXKEHOTO KYJhOBOI'0 MJIMHA Y

BHITAJKy 3aJIMIIAHHS Macd B OJHE I[JIC BiIOYBA€ThCA MEpexin

Ha PEKUM, XapaKTepHUH ISl BOIOCTIAIHOTO.
3 OCHOB Teopii pyXy cupoBuHH Oapabana [7] Bimomo, 1110 Puc. 3. Tpackmopii pyxy cuposunu
JUIS 3alIOBHEHUX CYMIIIIIIO TUT, SIKi MarOTh (HopMy Kyili, TpH 6 bapabani Ky1b08020 MAUHA
PO3IOHI 32 IOCTATHBOTO TEPTS MIXK (YTEPIBKOIO Ta CHPOBUHOIO
Macol M OCTaHHS PyXaeTbcs pa3oM 3 0apabaHOM KpPYroBOI TPAEKTOPIEO JOTH, MOKA MOMEHT, IO
CTBOPIOETHCS #oro Barow (M = m-g-R-sin a, ne R— paaiyc 6apabaHna; oo — KyT MibK BEpTUKAIBHOIO BICCIO Ta
pamiycoM, sIKMi MPOBEICHUI 3 IeHTpa OapadaHa J0 TOYKH MICI MOJOKEHHS 3aBaHTA)KCHOI MacH), He
MEPEeBUIIUTh MOMEHTY TepTs. [licias mboro CyMill MPHUIWHSE PyX pa3oM 3 OapabGaHOM i MEpexXouTh 3
KpYroBoi TpaekTopii Ha mapaboliuHy, 0 MPU3BOIUTH 0 CTPHUOKOMOAIOHOT 3MiHM CTATHYHOTO MOMEHTY
Ta MOMEHTY iHepiii. ToOTo, mopsy 3i 3MiHHMUMHU y (YHKIIi KyTa MOBOPOTY MJIMHA BHHUKA€E CTPUOKO-
moiOHa 3MiHa HAaBaHTa)KCHHS B MOMEHT 00Baly.
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EnexTpoMexaHidyHHI TiepeTBOpIOBaY cHeprii 3i 3MIHHUMH y (QYHKII KyTa TOBOPOTY poO0OYOro
OpraHy HaBaHTa)KEHHSM 1 MOMEHTOM 1HEpIIii B 3araJlbHOMY BHTJISJII OUCYETHCS PIBHAHHSIM:

M, - M, =W W8T &)
dt 2 dt
abo
2
M -M :Jd_W+W_xd_‘] , ©)

ne M, — cTaTUYHMA MOMEHT HaBaHTa)XCHHs, M, — MOMEHT JABUTYHA; J — 3BeECHU N0 Baja JBUTYHA
MOMEHT IHEpIIii; ® — KyToBa MIBUKICTh JBUTYHA.
YMOBa NepioAMYHOCTI 3MIHU CTATHYHOIO MOMEHTY M, Ta MOMeHTY iHepitii J [4]:

J=Jo(ksina +1);
M, = Mo (kwsin o +1), 3)

ne Jo, M.o — nocriiini 3HaueHHs; K, Ky — KoediieHTH MponopIiiHOCTi 3MIHHOI Ta MOCTIHHOI CKIIaJ0BUX,
BIJINIOB1THO, MOMEHTIB IHEPIIii Ta HABAHTAXKCHHS.

Taxi#t Mozeni BiAMOBiIa€E CTPYKTypHA CXeMa, 1o HaBeaeHa Ha puc. 4 [6]. 3MiHHa CKIIaJ0Ba MOMEHTY
IHEpIIii TYT MOJIEITIOEThLCS JIAHKOIO 1, a MOMEHTY HaBaHTa)KCHHSI — JIAHKOIO 2.
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Puc. 4. Cmpyxmypna cxema mooeni 3MiHHO20 HABAHMAICEHHS

[opsin 31 3MiHHUM y (QyHKIIT KyTa MOBOPOTY MJIMHA MOMEHTY iHEpIIil icHye cTpuOKomnoaiOHa 3MiHa
HABaHTa)XEHHS B MOMEHT 00Baiy. Y TakoMy BHIIAJIKy OIHC MepiofudHoi QYHKIIT 3MiHM HaBaHTaKECHHS
MOBHHEH MaTH TIEPIOJIMYHY PO3PUBHY TPHUTOHOMETPHUHY (QyHKI0. [lepioguuHol0 pO3pUBHOIO
TPUTOHOMETPUYHOIO (PYHKIII€I0, KOO JOIUIBHO OMHCATH 3MIHY CTaTUYHOTO MOMEHTY, € apKTaHreHc. Y
TaKOMy pa3i, a TaKoK Yy BHIIAJKy MPEICTaBICHHS MEXaHIYHOI YAaCTHHH JIBOMAacOBOKI 3 BpaxyBaHHSM
MPYXKHOCTI MEXaHIYHOI Iepeaadi ¢ eNeKTpOMEXaHidYHa CHCTeMa KyJbOBOI'O MIIMHA ONMUCYBATHMETHCS
piBHsAHHSIM (4), a CTPYKTypHa cXeMa MaTHMe BUTJISI, sIK Ha puc. 5.

Mﬂ(p)_an(p) =BTy - p'mg(p)
M,y (P) =5+ (04(P) = 0.cc(P) (4)

M, (p)—Mc(a)=13,. (@) p-o,,(P)
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Puc. 5. Brok-cxema mooeini Ha8anmaiceHHs
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JloBOII CKITaHOIO TIPOOIEMOI0 B MOJICITIOBAHHI PO3TIISIHYTOT CHCTEMH € BiICYTHICTh Y CTaHIAPTHHUX
MOJIENISIX aCHHXPOHHUX MAIIMH CIIOCO0Y 3MIiHM MOMEHTY iHepIlii HaBaHTaxeHHs [8, 9]. 3okpema, 0co0IMBO
TrOCTPOI0 € TpobjeMa IiJ Yac 3acTOCYBaHHS BIJOMOrO CEpPEJOBHINA IMITAIIMHOTO MOJCITIOBAHHS
MATLAB-Simulink [9, 10].

VY craTTi 3amponoHOBaHill CTPYKTYpHIH CXeMi eIeKTPOMEXaHIYHOi CHCTEMH BiJIOBia€ MOJACITb
YaCTOTHO-KEPOBAHOTO €JICKTPOMPHBOAY 3 BEKTOPHUM KepyBaHHsM y cepenoBuiti MATLAB-Simulink [9,
11] (puc. 6). Curnan 3aBmanss mBHIKOCTI U,y TOIAHO Yepe3 MiJCKIIOBaY, 3a1aBad iHTeHcuBHOCTI 31 Ta
nmanky oomexenus JIO Ha cxemy kepyBanHs Vector COntrol BeKTOpHHM YaCTOTHHM IIEPETBOPIOBAYEM i3
naHkoro mnoctiiiHoro crpymy VDC Ta inBepTopoMm, mo BukopuctoBye |IGBT. Cdopmoana Hampyra
IHBEpTOpa TMOAAETHCS HA ACHHXPOHHHMI KOPOTKO3aMKHeHH# aBuryH Asynchronous Machine moryxkHictio
75 kBt Ta mapamerpamu 3 6i6miorekn MATLAB-Simulink. Ha Ban aBuryHa momaHo mpyKHHH MOMEHT
M,,,, OTpUMaHuUii IHTErpyBaHHAM 31 CTaJO, MPONOPIIHHOI MPYKHOCTI MEXaHIYHOI Mepenadi, CUTHAIY,
HPOMOPLIHHOr0 Pi3HUI MBUIKOCTI ABUTYH My Ta MEXAHI3MY Oyex. ILIBUIKICT MEXAHI3MY Myex OTPUMY-
€TbCS IHTErPYBAHHAM J0OYTKY CTATUYHOTO MOMEHTY My, Ta MOMEHTY IHEpIii MeXaHi3My Jyex. IIpudomy
CTaTUYHUI MOMEHT Ta MOMEHT iHepiii (POPMYIOTHCSI 3SMIHHUMH B (DYHKIIIi KyTa IOBOPOTY Bajia MeXaHI3My
Oyex, SKHH, CBOEIO YEPIoI0, OTPUMYEMO THTETPYBAHHSAM KYTOBOI IIBHUAKOCTI MEXAHI3MY Myex-
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Vector Control speed

T (24 «
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Puc. 6. Mooens enexmpomexaniunoi cucmemu enekmponpueooy Kyiv0602o miuna 6 cepedosuuyi MATLAB-Smulink

AHaJi3 oep;kaHUX pe3yabTaTiB

[epexiani nporecH 3MiHM IIBUAKOCTI OapabaHa MJIMHA Ta aKTHBHOI CKJIAJOBOI CTPyMy poTOpa
JBUTYHA IIiJ] 4ac PO3TOHY PeryjibOBAaHOTO ACHHXPOHHOTO EIEKTPONPHUBOLY 3 BEKTOPHUM KepyBaHHIM
JBUTYHOM, OTPHUMaHI MaTeMaTHYHHM MOJEIIOBAaHHSIM, HaBeieHo Ha puc. /. CTpykrypa Ta BHOIp
napaMeTpiB CHUCTEMH AaBTOMATHYHOTO pEryaiOBaHHS 3a0e3MMeYyloTh acTaTH3M OOMEXKEHHS MOMEHTY
JBUTYHA 33/IaHIM MaKCHMAaJIIbHUM 3HA4YeHHSIM. AHali3 TOKa3ye, MO B TAaKOMY EIEKTPONPUBOII MiJ| dac
pO3roHy MaKkcHMajbHE 3HAUYEHHs aKTUBHOTO CTPYMY, a OTXKe, H MaKCHMaJTbHUH MOMEHT IMiJTPUMYIOThCS
Ha 3aJaHoMy piBHI i 3a0e3neuye pyx MIIMHA 13 HAPOCTAHHSIM HAaBaHTAXXEHHS MPH 3MiHI KyTa IOBOPOTY
fioro OapabaHa, mpuyoMy, SIK BHJIHO 3 Jiarpamu, TeMI HAPOCTAHHS MIBHJKOCTI 3MCHIIYETHCS 3aBISKH
30UTBIIEHHIO HABAaHTaXEHHS 1 MOMEHTY iHepIlii. EjxekTponpuBig po3BUBac MOMEHT JBHUTYHA, JOCTATHHH
JUIsl TIYCKY Ta TPUCKOPEHHS i3 HApPOCTAHHSIM HaBAaHTAXXEHHS J0 MaKCUMAJLHOTO 3HAYeHHS. Y MOMEHT
CTpUOKOIOMIOHOTO 3MCHIICHHS HAaBaHTAXCHHS, SKE BIAMOBIiZAa€ O0O0BaJly 3aBaHTAXKCHHS MIIMHA,
30UTBIIYETHCS KYTOBE MPUCKOPEHHs OapabaHa. 3a 4yac pO3TrOHY JI0 YCTalleHOl HIBHJIKOCTI PYXy TakKHX
oOBajiB BiIOYBa€eThCsA JeKiIbka. BHCOKOYACTOTHI KOJIMBAHHSA MOMEHTY Ta IIBHAKOCTI 3yMOBJICHI
MPYKHICTIO MEXaHIYHOI TIepeayi.
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Puc. 7. Pospaxynxogi diazpamu 3MiHU eUOKOCmi ma cmpymy 08USYHA NPU PO320HI KYIb0BO2O MIUHA

3HATI OCHMJIOrPaMH TPOIECiB 3MiHH aKTUBHOTO CTPyMY Ta IIBHAKOCTI JBHUTYHA ITiJ] Yac PO3TOHY
pealibHOTO MJIMHA 3 PI3HUMHM 3aBaHTAXKCHHSIMH HaBeneHo Ha puc. 8. Ociuiorpama mpomecis, AKi MOKa3aHO
Ha puc. 8, a, BiANOBiae PO3roHy 3 ABOMa OOBallaMH MOPOAM B MJIMHI, a HA puc. 8, 0 — 3 OTHHUM, Hajaami
MOHOJIITHICTh MACH 3aBaHTaXKCHHs MOPYIIEHO, 1 CHPOBHHA MEPEXONTh Y KACKaTHUI PeXUM pyXy. AHai3
OCITIJIOTpaM TIOKa3ye, M0 XapakTep MpOoIeciB, OTPUMAHMX MaTEeMAaTHYHUM MOJETIOBAHHIM Ha MAalluX
MIBHJIKOCTSX y PEXHMax pYyIIAaHHS MJIMHA, MPAKTHYHO aJEKBaTHUM IpolecamM y peaibHId eleKTpo-
MEXaHIYHIH CUCTEMI.
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Puc. 8. [lepexioni npoyecu 6 peanvhitl cucmemi e1eKmponpusooy

BuchHoeku
1. Po3pobnena MaTemMaTHYHa MOJENb EIEKTPOMEXaHIYHOI CHCTEMH EJIEKTPOIPHBOAY KYJIHOBOTO
MJIMHA JIA€ 3MOTY JIOCTI/IKYBATH MPOIECH ITYCKY Ta BU3HAYaTH HAJIAIITyBaHHS CHCTEMH KEpyBaHHSI.
2. Cy4acHi CHCTEMH YaCTOTHO-KEPOBAHOTO ENIEKTPONPHBOAY 3 ACHHXPOHHUMH JIBUTYHAMH TPUIATHI
JUIs BAKOPUCTaHHS ISl IPHBOTY MEXaHi3MiB 31 3MIHHMM MOMEHTOM iHEpIIii Ta HaBaHTA)KCHHSI.
3. Cucrema KepyBaHHSI YaCTOTHO-KEPOBAaHUM EIEKTPONPUBOJOM TIOBUHHA MaTH MOXIIUBICTh
(hopMyBaHHsI XapaKTEPUCTHK 3 peasi3allielo Ta MiATPUMAHHIM IIiJ] 4ac MyCKY 3HAYHUX MOMEHTIB.
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