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At10Taui11. Pmr.lHH)TO nJ1T811HH nOO)!lOBl1 'la \to!le.�JOBaHHH CHCTe\111 KOHTJJ0.110 HeC,l!IXJlOHHOCTI 

o6cpTaHHH Ha OCH08i HKOi pea�i3083HO a.1an11w111111 a.11op11T.\11l KOHrpo:110 11eCl·IHXJ10IIHOCII OOCJ)lal1!!51. 

HKHII .'.(0380.�H( fliJBl!lUHTli TO'IHiCTb CIIIIXJJOHl38UII 48CTOr o6epTaHHH CIUOBIIX e:1ei;rpO\!C\alll4HII\ 

nepeTBOplOBaYIB. Ilponeneuo ;rnc:11,cl)l(CHHH pooorn poapoo.reuoi CHCTUIH I 8C1aHOB!ICHO. uro 

excuepavearansaa racneua nox116Ka 11\!CIIHXJJOHHOCTi o6epTaHHH He nepesuruyr OA % 
AHIIOT3Ulfll. PacCMOTJ)eHbl sonpocu pa3pa60TKH. II MO)le;1,1posaH11H CIICTe\1bl xourpo.rs ao1H.XJJOHHOCTII 

apaurcxus Ha OCHOR31111M xoropon pC,Lll!'JOBa!IO a.LtallT11BMblH a1rop11TM KOIITJ)0,1� aCHHXJJOHHOCTH Bpa111eHH�. 

KOTOJ)blfl nOJUOilHeT nOBb!CHTb T04HOCTb CIIH.XJ)Ofl'133!U111 ,,acTOT apauicuus C,l.�OBb!X ).1eKTpm,exaHil'ICCl(I!\ 

npeoopasoaare.ten. Ilpoae.reuu 11cc.-ie,.1onaHHH patioru pa3pa6oTaHH011 CIICTe.\lbl II yCTa!IOB.lCHO. 'ITO 

3KCnep11MeHTI1ilbHHH cseneuuas norpcumocn. aCIIHXjlOIIHOCTH npauicuus lie npeusuuacr 0.4 % 
Abstract. The questions of developmeru. and modeling of the rnonitormg system of difference of iotauor», 
are considered. The adaptive algoruhm of the control of difference of rotations is realized on the basis of the 
system. The algonthm allows to increase accuracy of S) nchronizauon of rotation frequencies of pcm er 
electromechanical conveners. It is determined that the experimental error of difference of rotation does not 
exceed 0,4%. 

AKTY AJibHICTb 

Ha csoronaiumin L(eHb BCJIHKY ysary np11.uiJJHIOTb ninBHWCHHIO 5lKOCTi nponyxuii. WO B CBOIO -repr- 
llOTJ)e6yE: p03Bl1TKY CHCTCM KOHTJ)OJIIO Ta .uiarHOCTl1Kl1 CHJIOBHX e.leKTpOMCXaHi4HMX neperuoproaa-ria (Evll'l). 
Hecratiirn.uicri, po60Tl1 CJlCKTponpHBOLliB 38.i!ClKHTb aia BJlaCTHBOCTei1 MCXat-li3M ia Ta He i.1ea.;1 bHOCTi 

BlffOTOB.leHH5l e,leKTp114Hl1X j MCXaHi4Hl1X e.lCMCHTiB B npoueci excnnyarauii. Ha npaxruui ,l0Cl1Tb 4aCTO 

Bl1Hl1K8( sanasa nooynoan Cl1CTCM KOHTPOJJIO 38 CHHXpOHHMM o6epTaHH5lM !lCKiJJbKOX CMJlOBMX EMn. Cyn. uieY 

sanani rronarar B 1a6e3llC4CHHi BillHOCHO°i' CliHXpOHHOCTi no lJ8CTOTi otiepraaas, a TaKO)K 3a6e3ne4CHHH Bl1COKO'i' 

TO'lHOCTi j WBH]lKO.'li'i' cnuxpounauir. 5JK npasuno, npn UbOMY BHMOrH JlO T04HOCTi cnuxpouisauir BHWi, HilK .10 

TQLlHOCTi niJlTJ)HMKH a6COJ1fOTHOro 3HalJeHH5l 'laCTOTM ooeprauas. Cy4acm1i1 CTaH sacotiia BHMiplOBa.1bHO'i' 

TCXHiKl-1 poaspnsac nonarxosi MO)KJIHBOCTi Jl,151 ninenuienna T04HOCTi o6po6KH C!1p0811Hl1. Pa30M 3 TMM 

KOMnJJeKCHMt'! nizixia i.10 0JlH04aCHoi' 3MiHH LfaCTOT ooepranns aC!lHXpOHHMX EMn aia O no 5000 o61XB. 

BH:11ip10BaHHil YaCTOT ooeprauns nin -rac posrouy, ransvyaanus i pescpcy Ta KOHTpOJJIO HCCHHXpOHHOCTi 

ofieprauna EMTI pauiuie He BMKOpHCTOByBaBC5l. T0\1) 06rpy11TyBaHHil i pospofixa CHCTCMII KOHTp0.110 
HCC11HXpOHHOCTi ooepranns EMTI, WO Jl03BO.li!C ni.'.lBHLUl!Tl1 CHHXpOHi3aUifO YaCTOT ofieprauus npn posroni. 

pesepci Ta .]llHaMi4H0�1Y ra..1bMyBaHHi c aKT)%1bHOIO HayKOBOfO npconevoto. 

AHAJil3 OCT AHHIX l(OCJIIl])KEHh 

Ee1ynHHHMM pier BHMOr JlO ecpeKTMBHOCTi cy-iacuoro npOMMC,lOBOro BHp06Hl1UTBa, pa30M j3 WHpOKHM 

Br1p0B8,'l)KCHH5l C)'4aCHHX Te,XHOJJOf'iH, o6yMOBJlfO( acotixinuic n, nowyKy HOBHX piureus WO.'lO ni.'lBHWCHIIH 

5lKOCTi BHll}'CKaJOLtOi npoziyxuii. Ha csoronuiumiti JlCHb CHCTC\1H KOHTpO,lfO HCCHHXpOHHOC'fi ooeprauus 
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acmrxpouaax EMTI Ha Bl1COKHX KyTOBl1X llIBl1JlKOCTIIX, uio snarui 3a6e3ne4!1Tl1 ninsmueuy T04 HICTb 
Cl1HXpOHi3aUii", me Ma.JlO noc.iiasceai. Binovi po60Tl1 [I, 2) B HKl1X p03rJlHJlalOTbCH Cl1CTeMl1 KOHTpOalfO 
HernHXpoHHOCTi ofiepranus OL10Bl1X EMIT nocriauoro crpyvy npn yvoni onuaxosoro HaBaHTa)KeHHH Ha 
llBlff)'HH, HKi He ll03B0.1HIOTb npamosara Ha 4aCTOTaX no 5000 06/xB i 3a6e311e4)'Bl1TH npn UbOMY Bl1COKy 
TO'lHiCTb CHHXpOHi3auff 4aCTOT o6epTI1HWI. 

Mera potioru. Meroio po60T11 e pospofiica crpyxrypaoi cxevu, Mo,1eJJ10BaHHII ra llOCJJiJl)KeHHII 
nox1160K Bl1MiplQBaHb CHCTeMH KOHTJ)OJJIQ HeCHHXpOHHOCTi o6epTaHHII aCl-lHXpOHHHX EMrI cepen-n.or 
nOT)')KHOCTi, l!Ka 6 Jl03B0.1l1Jla ninBHUIHTH T04HiCTb caaxpouiaauii 4aCTOT o6epTaHHII 1-1a BHCOKHX K)'T0Bl1X 
WBHD.KOCnlX, WO B 1,5 - 2 pa311 nepeBHW.)'IQTb HOMiHaJJbHY 'laCTOTY o6epTaHH5L 

POJPOliKA CTPYKTYPHOI CXEMH CHCTEMl1 KOHTPOJIIO HECHHXPOHHOCTI 
OliEPT AHH.R EMTI 

P03Bl1TOK MiKponpouecop1-1o·i TexHiKH np11BiB no UIHpOKOro Bl1KOpHCTaHHII eJJeKTponpHBOJliB pa30:VI 3 
EMIT 3MiHHOro CTJ)YMY, no CTBOpeHHII HOBHX CHCTeM xoarporno aa rtpouecov cauxponisauif 4aCTOT 
06eprnH1-111. ITopiBHIIHO j3 EMIT nocriimoro crpyvy, e,1eKTponp11sont1 1-1a 6a3i ac111-1xpoHH11x EMIT MalOTb 
3Ha4HO Hl1)K'IY sapricrs, npocry KOHCTPYKUiJO, j TOM)' WHpOKO BHKOpHCTOBYIQTbCII Ha npaxruui. 

I 1-1q>op1v1aui10 npo aecnuxpoauicn, o6epTaHHII c11J10s11x EMIT npononycrsca 0Tp11MyBaTH sa 
11on0Moro10 CHCTeMH, xxa CKJJanaeTbCII j3 .[\BOX Bl1Mip!OBa.JlbHHX «aaanis (BK) 'laCTOTH o6epTaHHH ,10 cxnany 
IIKHX sxonsrs: ceHCOpH KYTOBO'i WBHJlKOCTi, ni,ilCHJJIQBa4i, ananoro-uadipoanf nepersopioaas (ADC) Ta 
MiKpOKOHTpO!Tep (MC) B i!KOMY o6po6;1i!IOTbCII i nopiBHIOIOTbCII BHMipii1-1i 'laCTOTH o6epTaHHII fOJIOBHOro 
EMTI1 Ta nonoraixororo EMIT2, niCJ111 soro, npa nosai pi3HHUi Mi)!{ 4aCTOTaMl1 ofiepraana, nonoMi)KHHH EMTI 
nOBHHeH ninCTpOIOBaTHCb nin fOJlOBHHH sepea nocJJillOBHHH iurepdienc sa nonovoroio 'laCTOTHHX perynaropis 
(YP). B11Kop11cTaHH11 YP noseonsc 3MiHIQBaTH 'laCTOTH o6epTaHHII EMIT sin nyna i 110 sananoro 
f\,taKCHMaJlbHOro 3Ha4eHHII, a TaKO)K 3lliHCHfOBaTH cuuxpouiaauiro 'laCTOTH ofieprauua EMIT a pe)KHMi poarouy, 
faJJbMyBaHHII Ta pesepcy, i 3MeHWHTH 11i10 nycKOBHX CTpyMiB no HOMiHa:lbHHX 3Ha'leHb. CrpyKTYPHY cxevy 
aanpononouaaor CHCTeMH KOHTpOI!IQ HeCHHXpOHHOCTi o6epTaHHII OL10Bl1X EMIT npeLtCTaBJJeHO Ha pnc. I. Bona 
noBHHHa npaUIQBaTH HaCTYrIHHM 4HHOM. 3aaBa<ieM 'laCTOT (3Y), -repes 4P1 Heo6xiL(HO aanasara l!aCTOTY 
o6epTaHHII rOJJOBHOfO EMIT I, HKHll sa TeXHOJJorie10 nOBHHeH 3MiHJOBaTH 4aCTOTY o6epTaHHII EMil sin O /10 80 
Fu, 3a nonOMOfOIQ cencopia KYTOBOi' llIBHJlKOCTi aeofixinno BHMip!OBaTH 4aCTOTl1 o6epTaHHII KO)KHOro j3 EMil. 
nic.is 40f0 ninCHJJJOBaTH Ta rrepernoproaara y UH(ppOBHH KOL! llJlH o6po6KH Ta nopiBHIIHHII B MiKpOKOHTponepi 
(MC) BHMip111-111x <iaCTOT ofiepranns roJJOBHOro Ta LlOllOMi)KHOro EMn. 5!Klil0 HeCHHXpOHHiCTb ooeprauus 
(pi3HHUII Mi)!{ LJaCTOTaMH ooepraaas) rrepeaauiysanoae nonycrnvy Me)Ky, TO MC nos111-1e1-1 cdiopayaaru curuan 
)lnii lfP2, IIKHH 3MeHWl1Tb 411 36iJJbWHTb 'laCTOTY ofiepraaaa nonovixo-oro EMIT2 Ha sen11'l11Hy tloro 
Binx11ne1-1H11 sin ronosaoro EMTI. 

MC 
LCD 

a, 
0 
N 

7 
L/P, 

P11c. I. Crpyxrypna cxexa c11cTeM11 KOHTponfO 1-1eo1HxpoHHOCTi ofiepranaa c11J10BHX EMIT 

221 



011Tl1'1111 TA OIITIIIIO-E:JEI\TPOHlll CEHCOP11 I IIEPE:fBOPIOllAYI ll CIICTE.IL.\X l>El'Yll.@IJI TA Eli0.'101'111110!'0 .IIOIIITOPIIIIIY 

( !) 

(3) 

(2) 

enexrpovaruirua nocriaaa -iacy EMil; Mnos - e;1eK1po.,iarnirn11i1 

,, 

LVrn Moue.llOBaHHR B11Kop11crncv10 napanerpa ac111-1xpOHHOro EMil rnrry 4A50A4 3 Hac-ryrrHMMM 
nacnopraavu naH11M11: 1-10MiHa.rrb1-1a aanpyra U11=220B; HOMiHa.ilbHMH CTPYM In=0,27 A; cunxpoana WBH!lKicTb 
o6epTaHHR no= 3000 06/xB; KYTOBa '-l3CTOTa sarrpyru CTaTOpa w=314pan/c; MOMeHT iuepuii J=0.000 l 89Kr·M2: 
MOMeHT onopy Mc=0,8 H-M; xiru.xicri, nap nomocis p=Z: aKTMBHHH onip CTaTOpa R1=l52,9.0M: 3KTIIBHl1H onip 
poropa R2=l 92 OM; iH,'J,YKTlifBHiCTb roncsaoro flOTOKY Lm=2,66fH; iHrtYK1HBHiCTb CTaTOpa L1=3. I 75 r11; 
i1-1nyKnrnHiCTb po ropa L2=3,095 fH [3]. 

MaTeMaTH'-lHi voueni 6110KiB, 3 i!Kl1X CKJlaJaCTbCR CHCTeMa KOHTpO.lfO Hec111-1xpOHHOCTi o6epTaHHR 
Cl-l.lOBHX EMn noui.n.ao posrnanam y BlffJ1RJi nepeaarsux cpyHKUiH. BMKOpHCTaHHR i!KMX J.(0380,\,!( 
po srnaaaru nepexinui npouecu npu Binx11.1eHHRX Bi,1 rroLJaTKOBHX KOOp,'.\HHaT. l lepcnaruy cpyHKui10 
enexrpovaruimoi -iacrn HM EM 11 saruuuevo y BHrnRni [ 4 J: 

3 ") U21a s 
7 p,,k,- -- , (Te.nP+ l)-Mn0,1-,--(Te.n/H 2) 
� 01Rc s-"P 

we,,(p) = S (Te11fl-rl)2 +(- )2 

s,p 

IHLlYKTMBHiCTb craropa: Te!I 

zte J - MOMeHT iuepuii EMil. 
,ll;JJR 3MiHH LiaCTOT ofieprairns acHHXpOHHHX EMn npa MOtieJJfOBaHHi BHKOp11CTaHo nepe.iaruy 

cpyHKUifO Ill il-perynaropa, RKa Mac anrnsn: 

R' ,, 
KOB3aHHJI EMil; w1 - xyrosa xacrora aanpyru craropa; S,,, = -2- - Kpttrn4He KOB3aHHR EMil; L2 - noaua 

L;D.I 

� n U .-, __ Cu1 - Pn(J) _ OOMOTOK CTaTOpa: �l] - KYTOBa t.IaCTOTa aanpyrn CTaTOpa; la - Hanpyra CTaTOpa; .) 

R�_ ' ne p11- KinbKiCTb nap no.mocis EMD; k, - KoecpiuirnT enexrpovaruiruoro 3B'il3KY craropa; , - aKnt1JH11fi orrip 

MO,L{EJllOBAHH51 CJifCTEMl1 KOHTPOJllO HECHHXPOHHOCTT 
OliEPTAHH51 EMn TA Ii" AHAJll3 

MOMeHT EMil. 
A nepenariry cpyHKUifO MexaHiLJHOY LJaCTHHl-1 EMil aanacauo y s11r.1Rni: 

ne Ti - nocriiiua -racy iHTerpyBaHH.51; T, - nocriiina -racy .n11cpepeHu.i10BaHH.H; KP - nponopuijimoi 
xoediiuicur. 

Ilp11 nincrauoaui nacnoprnnx naaux y pisH51HHR (I) - (3) 0Tp11Mao10 M,10•1=1,7 HM, T" � 0.0175c. 
3HaLJeHHH :1,10�1eHTY inepuii 'ra \10MeHTY onopy ;10n0Mi)K11oro EMil ainnoaiaac nacnopriuor JaHlt\1. a ,.:i;rn 
ronosuoro EM!l 'v!OMeHT iuepuii cxnanac J'=0,0003 Kt-M�. a MO,vteHTOM onopy M'0= I H ·,1. Tozii wexaui-rua 
crana -racy T'"' ronoaaoro EMfl cxnanac: T'" = 0,028c. 

B Ci1CTeMy KOHTp0J1!0 Hec11HXpOHHOCTi o6epTaHH51 axcnan, ceHCOpH KYTOBO'i IUlllL"lKOCTi Al Ta /{2. HKi 
BBiMKHeHi y KOJlO aaopornoro 3B'513Ky. ,ll;JlR KOHTpO.'llO HeCH!-fXpOHHOCTi ofiepraax» EMJI BHXOilH 3 ,JaTLtHKiB 
saaeneno Ha cyvarop. i!KMH BH3Ha4a£ pi3HHU!O lJaCTOT o6epTaHHR Mi)!( fOJJOBHHM i non0\1i)KHl1M EMn. 
BH3HaLieHa se_1!f'-l11Ha ainxnneuas t.K nonacrscs Ha cysiarop .HKHi-1 ni,Jc-rpo!O€ nonoMi)KHMl1 EMil niJ. ro.toaunti. 

Ha OCHOBi nepenarnix cpyHKUitt (!) - (3) no6yJ.lOBaHO Mone.lb Cl-1CTew1 KOHTpOJJfO HeCHHXpOilHOCTi 
o6epTaHHR EMil, RKa npencraaneaa Ha pnc. 2. Kovn'rorepae 'vlO.llC.lfOBaHHR po60TM pospofinenoi CIICTeM11 
KOHTpo11fO nposeneao B naxeri MATLAB 3 po3w11peHHRM SIMULINK. 
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-�r� 0 -� + 
.> 0.0327s+ -1 8 - Kn 1 

M,, 0.8 

1/Ti2 

----1 '----------------<-f(- ..... ____, 
............. _ 

l 
(:�:-------·<:�""�,____------r-----------<'.�� .. �::::::::::-------' 

'�-�J .. 
KA2 

Pnc. 2. Monens Cl1CTeMJ1 KOHTpO.llO HeCl1HXpOHHOCTi ofieprauns CJ1.10811X EMn 

Pesym.rara po60Tl1 poapofinenoi Moneni npn HOMiH3.flbHl1X 3HatJeHHllX e,1eKTpOMarHiTHl1X i 
:11exaHi11Hv1x napaverpis EMn Ta npu sinx11neH1-1i Ix sin .rorrycruvax Me)!{ npencraaneuo Ha pnc. J. BoH11 
CBiil431b npo Te, WO 8 cucreui si116ysaCTbCR KOHTpOJlb HeCl1HXpOHHOCTi ofieprauaa EMrI. T06TO non0\,1i)KHl1ll 
EMIT nocrirmo nincTpO!OCTbCH nin roJlOBHl1H. 5IK 811ll,HO 3 pnc. 3, 6 nia 43C sinxunenn» sin HOMiHaJlbfll1X 
3H34eHb, 8 cropouy 36iJJbWeHHR, HeCl1HXpOHHiCTb otiepranns EMO B Jll1H3Mi4HOMY pe)Kl1Mi 36imwyE:TbCH 
np116.11131-10 ,10 15 ofi/xa, a no 3aKiH4eHH!O nepexiauoro npouecy no 3 ofi/xs, uio Mai-J)Ke s 3 pa311 6i.1bwc HiiK 
npn KOHTpOJii necnnxpoaaocri ooeprarms Ha HOMiH3JlbHl1X napaverpax EMO (puc, 3, a). 

de!!.) ,, ·-------------�------r---.-- 
'.' � ii . --- � 

1\�li\1/t�l�/1\\1�1/,�i\Wilf l�NtW1WNWW:NMN·1\j 

s 

a) 6) 
P11c. 3. Ilpouec xourpomo 1-1ec111-1xpo1-11-1ocTi ofiepraaas EMn: a)- npa 1-10MittaJibH11x napaverpax EMO; 6) - 

npa ainxnnenai enexrpovarnirnax Ta MexattitJHl1X napaaerpis 

Ha OCHOBi nposeneuoro MO,ileJJ!OB3HHR pofiorn Cl1CTeM11 KOHTpOJllO HeCl1HXpOHHOCTi otieprauus EMfl 
BCTaHOB.1e1-10 rak: OCHOBHi ocofinasocri: pospotineua Cl1CTeMa KOHTpOJJ!O )l03B0,1HE: npOBOLll1Tl1 KOHTpOJJb 
I-IeCl1HXpOHHOCTi o6epTaHHH 8 W11pOKOMY nianasoni - ain Ono 5000 ofi/xn, 3 LlOCTaTHbO Bl1COKO!O T04HiCT!O; Ha 
necaaxpouicrs o6epTaHHH EMI1 3H3lJHO!O Mipo!O BflJll1B3!0Tb eJJeKTpOMarHiTHi i MeXaHi4Hi napaverpn, 
sinxuneuna jfKID( npH3BO.ll1Tb no 36iJ1bWeHHH HeC11HXpOHHOCTi o6epTIIHHll EMfl Ta 3HOWeHHH MexaHi3MiB B 
npoueci no.raasuroi eKCILl}'aTI11..li1. A6cOJJ!OTHa noxnfixa HeCHHXpOHHOCTi ofiepraaus EMfl npn pofiori Ha 
1-10MiHa.1bHW.: napaxrerpax cxna.iae I -4 ofi/xa, a npa ainxuneuai enexrpovarniruax i Mexa1-1i,11-111x napaverpis 
ain norrycrtoorx \lei.' soaa CTaHOBHTb 4 - 15 oo/xa., a saenena nox afixa 1-1ecvIHxpo11HoCTi He nepesuuiyc 03 o/o_ 

,J..1H niaauurenns TO'fHOCTI caaxpouiaauii 43CTOT ofiepraaus po3p06,1eHO ananTHBHY CHCTeMy 
HHOCTI o6epTaHJU1 EMfl, B llKiH Ha lliLtMiHy sin nonepezuu.oi aanpononosano 6no1< 

ii . .JO K..�a:I} axoro BXOllHTb eTaJJOHHa Monenb fll,0:-peryJJllTOpa, 6,lOKH cpi.lbTpauiI 
ry.tsrop KOHTYPY caMOHaCTpOHKH, HKl1H Bl1KOH3HO y aurnazii iirrerparopa 3 
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W416�(p)= -1 r( 
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Product 

I . --- ·p+I 
2. 7[ ·J' e 

a) 

E1'J.n,·'4t-J MO.!lt:l"lt. 

ni-c ervnsrop a 

P11c. 4. Monens anarrrueaor Cl1CTeMl1 KOHTpOJlfO 

T\�Ll::_€,-:: 
ru-1:K,,• 

I 

fa.[\·1 

l
l �n- 1-p,- ;yns- Top---<<:-;. 

__.__ _ 
___,� 

<, \ / �Al 

,.-:·.--� >-----�"�' ?' 
'W ,.i.2 .il }. I 

�-<�]- .. -----+----� I 
�---------<'�J�4r---......-------------'· 

Gain 1::� 

rtepenarnnv xoeoiuicuroc kj, 
Ilepenarni cpyHKUi'i diirn.rpia Hl1)!(Hix W cpHs(p) Ta BepXHiX W cpssCP) 'laCTOT 3an11caHO y BlffJlllLti: 

ne f3 i f, - MaKCHMaJibHa i MiHiMaJibHa LJaCTOTl1 o6epTaHI-UI PC. 
b,lOK-CXeMy aanpononoaanol anarrruauoi Cl1CTeM11 KOHTp0,1!0 npOMO,[l.eJlOBaHO B naxeri 

MATLAB 3 po3w11peHH5!\1 SIMULINK i npencrasneao Ha puc. 4. 

P11c. 5. XapaKTepHCTl1Kl1 HeCl1HXpOHHOCTi otiepraaas EMfl: a)- npn HOMiHaJlbHHX napaverpax; 6)- 11[)11 

Bi.UXHJleHHi enexrpovaruiruax Ta MexaHi4HHX napaverpia 

OIITH4111 TA OIITltliO-l�IElil'POIIIII CEIICOPH I IIEPbTBOPIOIJAlll n CHCJ'E.\�\X 1mP:VBAJ-lllfl TA EII0.110rl4110ro '10HITOPHIIJ)' 

Peaynsrarn po6orn poapofineuoi anarrrnauci c11cTeM11 KOHT))OJJKl npencrasneuo xapaxrepncrnxa« 11 

3MiHH HeCl1HXpOHHOCTi ofiepranna Ha pnc. 5. 

51K BH)IHO 3 OTpHMaHHX xapaxrepncrux (pHC. 5), HeCHHXpOHHiCTb o6cpTaHHH 11p11 BHKOpHCTaHHi 

anarrrnaaoi Cl1CTeMH KOHTpOllfO 3H34HO 3MeHWl1JJaCb B nopianaua: 3 HeCHHXpOHHiCT!O, WO 306pa)KeHa Ha pHC. 

3. Ilicns 3aKiH4eHH.s! nepexiaaoro npouecy HCCl1HXpOHHiCTb ofiepraints npaKTl14HO npHMY( 110 Hy.151 nasm, npu 

TaKOMY )!( 5!K i Ha pnc. 3, 6 sinx11.11etttti enexrpoaarairunx Ta :viexaHiYHHX napaverpia sin nonycrnaux �teiK 

(pnc. 5, 6). Ilposeneni .UOC;li.lI)KCI-JHH n0Ka:m.r111, WO pospofinena anarrrnana Cl1CTeMa .ll0380Mlf Cl1HXpOHi3yBaTH 

43CTOTl1 ofiepraans B .UHHaMiYHOMY pe)!(HMi 3 a6comOTHO!O nox116KO!O 14 ofi/xa. OTpHMaHi peaynsraru (puc. 5) 
cain-ran, rrpo Te, LUO HCCl1HXpOHHiCTb o6epTaHHH M0)KH3 anarrrysaru aa 0,3 c. 

OT)!(e, npoaenenui nocninaceuna n0Ka3a.,1v1, WO BHKOp11CT3HI-J)l pospofinenoi 3Jl3f!Tl1BHO'i CMCTCMII 

xourpomo HeCMHXpOHHOCTi o6epTaHHH EMfl .U03BOJ1i!( nirtBHW11T11 TOLJHiCTb cunxponisaun LJ3CTOT o6epT31-JH5l 

PC y 1.5�2 pa311, LUO H3rJ1HllHO 811.UHO j3 OT))l1M3HHX 113 p11C. 3 Ta puc, 5 xapaxrepncnuc pofio ru MO)le"1eti. 
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OCHOBi 
Hecnsx; c1L10BHX EMIT TJ)bOX aeaanesonrx nocninxceus. HKI npoaonanaci, Ha 
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3aAaHa -racrora ofie p rauaa, Fu 

Pnc. 6. Excnepnveirram.ni nocni)l)l(eHHH necuuxponnocri o6epTaHHH EMIT 

BoHH cainxan, npo Te, WO HeC�IHXpOHHiCTb o6epTaHHH y nianasoni po6orn sin O no 80 Fu 3Mi HK)(TbCH 
xaortr-nro (sima,QKOBHM lfHHOM), fIPH'IOMY, Ha HH)l(Hix 1.JaCTOTaX BOHa Ma( MeHwi 3Ha1.JeHHH. a Ha 
MaKCHMaJJbHHX 1.JaCTOTaX - 3'llBJJll(TbCll TeH,QeHuiH no ff 36iJJbWeHH.ll, ane 3araJIOM MO)l(Ha BBa)l(aTH, WO CHCTe�ta 
KOHTJ)OJIJO HeCl1HXpOHHOCTb o6epTaHHH Cl1Jl0BHX EMIT CHHXpOHi3yE: 1.JaCTOTH o6epTaHHH ,ilBOX aCHHXpOHHHX 
EMIT Ha BHCOKJ.{X KyTOBHX WBHL(KOCTHX, i THM caM!1M nizrrsepnsryc cnpaBe,QJIHBiCTb pospocneaoi reopii. 
Ilposeneai 6araTOpa30Bi cnocrepexenna HeCHHXpOHHOCTi o6epTaHHH, noxaaann, WO MaKCH:'v!a'lbHa atico.norua 
noxufixa HeCHHXpOHHOCTi He nepeaaurye 20 ofi/xs. Tovy. MO)l(Ha BBa)KaTH. WO excnepuueuransua aseneua 
noxnfixa HeCl1HXpOHHOCTi o6epTaH!IH CHJTOBHX EMC cepennsoi noLJ,y)l(HOCTi B po60'-lOMY nianasoui YaCTOT 
cxnanac: 

Y 36 =/�max// N max · 100% =/-20//5000·100% = 0,4%. (5) 

TaKHM YHHOM, nposeneni nocninxeuua CBi)lYHTb npo Te, WO HeCl1HXpOHHiCTb o6epTaHHH EMIT e 
,,nepio.nwrno-HecTauioHapHOIO". TaKO)K MO)!{Ha CKa3aTH, WO excrtepnaetrram.ni llOC-1iLJ,)KeHHH aenorano 
sfiirarorscs is reopenraao OTpHMaHHMH xapaKTepHCTHKaMH, a rpaHHY HO )lOfl)'CTHMa 3BeLJ,eHa noxnfixa 
HCO!HXpOHHOCTi o6epTaHHH 3riAHO j3 eKcnepv1MeHTa.1bHHMH ,ilOCJJiLJ,)KeHHHMH B po60'-lOMY nianasoui '-laCTOT He 
nepeamuyc 0,4 %. 

Bl1CHOBKH 

0T>Ke, p03po6ne110 Ta ll,OCfli,ll)l(CHO CvlCTeM)' xourpomo HeCHHXpOHHOCTi o6epTaHHH EMll. l!Ka 
A0380Jlll( CHHXpOHi3yBaTH YaCTOTH otieprauaa B po6040MY nianasoni 4aCTOT Bill O no 80 Fu j3 3Be,'.leHOIO 
nox116Ko10, mo He nepeamuyc 0,4%. Ilposeneao MOJ.lemosaHH.ll c11cTeM11 xotrrpomo necmrxponaocri 
otiepranns EMIT Ta OTJ)HMaHO xapaKTepHCTHKH 3MiHH npouecy CHHXpOHi3auiY, l!Ki caiavari, npo Te, WO 
noxnfixa MO,UeJJi He nepesauryr 0.3%. 8CTaHOBJleHo, WO Ha HeCHHXpOHHiCTb ofiepranus EMIT 3HaYH01{) Mipo!O 
BnJIHBa( Bi,UXHJleHHll eJJeK'l'pOMarHiTHHX Ta MexaHi4HHX napaverpia. .[LrIH 3MeHweHHH HeCl-1HXpOHHOCTi 
o6epTaHHH 3anponOHOBaHO ananrnaay cacreva KOHTJ)OJl!O, HKa ).l0380J1H( ni!lBl1llll1Tl1 T04HiCTb canxpouisauir 
4aCTOT ooepranns Ta BHOCHTH xopesuiro npu si,1x11.1eHHi B npoueci excrrnyarauii eJJeKTpOMarHiTHHX Ta 

MexaHi4HHx napaverpis. 
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