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WCCIIEROBAHUE OAMHAMUYECKUX XAPAKTEPUCTUK LMOPOBOWU
POBACTHOU CUCTEMbI ABYXKAHAJIbHOI'O YNPABIEHUA
OBMOTOYHOU MALLUHOU

Paspabomarn memoo cunmesa yugposoeo pobacmuozo ynpaeieHus 3MeKmponpusooamu MexaHuzmMo8 0OMOMOYHbIX
MAUUH ¢ yuemom yapyeux snemenmos. Hccnedosamnvl OuHamudeckue Xapakmepucmuki yugposot pobacmHoil cucmemvl
ogyxKananbHo2o ynpaenenust. [lpuseden npumep OUHAMUYECKUX XAPAKMEPUCIIUK CUHMESUPOGAHHOU CUCIIEMBL.

Knrouesvie cnosa: oOmomounas mawiuna, pooacmuwlii pezyiimop, ONMUMAIbHBLL DPe2yasamop, CUHmMe3a
cucmem ynpaeienusn, NPUOOHOU MEXAHUIM, HAMANCEHUE 0OMOMOYUHOIL JIEHMbL.

BBenenne. KauecTBo mporiecca HaHeCEHHsI 0OMOTOYHBIX JICHT B 3HAYUTEIHHOMN CTEIICHU ONPEIENISICTCS TOYHOCTHIO
MOJIICPKAHUST TEXHOJIOTHUSCKUX IMapaMeTpOB HAa 3aJaHHOM YpoBHe. [l Tojiep:kaHus CKOPOCTH BpPALICHUS
MPUBOAHOTO MEXaHW3Ma W HATHKCHHS OOMOTOYHOW JICHTHI COBPEMEHHBIE OOMOTOYHBIC MAIIUHBI O0OPYIYIOTCS
AIEKTPOMEXaHNYECKUMH CHCTEMAaMH aBTOMATHUYECKOTO TMOAEPIKAaHUS STHUX TEXHOJOTHUYECKHUX MapaMeTpoB Ha
3amaHHOM ypoBHe. OOMOTOYHAs MampHa KaKk OOBEKT YIPaBICHHS HATSDKEHHEM OOMOTOYHOM JIEHTHI M CKOPOCTBIO
BpalleHHsI MPUBOJHOTO MEXaHHW3Ma SBISAETCS HECTAI[MOHAPHBIM OOBEKTOM, ITapaMeTpbl KOTOPOTO H3MEHSIOTCS B
IIMPOKHUX MpeAenax B mporecce padotel. Hambonee cymiecTBEeHHOE H3MEHEHHE MapaMeTpoB OOMOTOYHOW MAaIIWHBI
MPOUCXOJIUT 110 MEPEe BHIPAOOTKH 0OMOTOYHOMU JICHTHI C KPYXKKa B Ipoliecce 0OMOTKH Kabereit. [Ipu atom u3MeHsercst
MOMEHT MHEPLUH KPY>KKa C 0OMOTOYHOM JICHTOW U pajinyc ¢X0/1a 0OMOTOYHOH JICHTHI ¢ KpyxKa [1,2].

IMocTaHoBKa mpoGsieMbl. MeTOIbI CHHTE3a CUCTEM YIPABJICHUS, OCHOBAHHBIC Ha MHHHUMH3AIUN KBaIPATUIHOTO

KpUTEPHUs, Ha3bIBAOTCA 3ajadyaMu [ 2 _ ontumusaiun. OpHako, KBaJpaTUYHBIA KPUTEPUIl UYBCTBUTENEH K HAJIUUIMIO
HEYUYTEHHBIX [IOMEX, BO3MYILECHUM, KaK CO CTOPOHBbI BHEUIHUX CUTHAJIOB, TaK U NApaMETPUYECKUX BO3MYILEHUN CaMUX

06bekToB [3]. [TosTOMY B MOC/IE/IHEE IECATHIETHE TOTYYMIH PA3BUTHE METO/IbI MUHMMHU3AMU H - HOpMBI, KOTOpas,
CIyXHUT J(Q(EeKTHUBHBIM MOKa3aTeJeM pEeaKIWH CHCTEMbl Ha pa3IMYHOTO THUIA BO3JCHCTBHSA MPHU HAIWYNU
HeoIpeeIeHHOCTEe! B onmucaHuU 00bekTa ynpasieHus [4]. PaccMoTpuM nmoctpoeHne pob6acTHON CHCTEMbI yIpaBIEHHUS
JUist pabOTBI BO BCEM JIMANa3oHe M3MEHEHUsI PaJJyCOB Pa3MOTKH KPYKKa C JICHTOM.

AHaJIN3 MocJeIHMX AOCTHKeHMH W myOaukanuid. B [1-3] BbIOJSHEH CHHTE3 ONTUMAIBHBIX PETYIATOPOB,
HaOmrofareneil ¥ KOMIIEHCATOPOB JUIS TPEX PaJuyCoB Pa3MOTKH KpyXKa ¢ OOMOTOYHOW JIGHTOH — HayajbHOTO,
CpefHero M KoHeyHoro. EcTecTBEHHO, YTO 3TH PEryysTOpbl, HaOJIIOAATeNM W KOMIIEHCATOPhl MMEIOT pa3iIndHbIe
K03 uIMEeHTsl ycuiIeHWs Ui pa3sHbIX PAagMycoOB pa3sMOTKH.. [lOmbITKa HCIOJIB30BAaHMSA KOMIICHCATOPOB,
pacCUNTaHHBIX VIS OJHOTO KaKOro JHO0 paanyca Kpy)KKa JICHTl — HAPUMEpP CPETHEro, Ha9adbHOTO 00 KOHEYHOTO
JUIsl pabOTHI CHCTEMBI YIIPaBJICHUS BO BCEM AMAIA30HE W3MEHEHMS PaAMyCOB Pa3MOTKH HNPUBOIMT HA OINPEAEIECHHBIX
paguycax pa3MOTKH MO0 K M3JIMIIHEMY 3aTATUBAHUIO BPEMEHM IIEPEXOIHBIX IPOIECCOB, TUOO K ITOBBIICHUIO
K0J1e0aTeIbHOCTH BIUIOTH JJO IOTEPU YCTOWIHUBOCTH [3].

Hear u 3amaum padorbl. llenbio craTbu SABNAETCS CHUHTE3 M HCCIENOBAHHE IMHAMHYECKHX XapaKTEPHCTHK
nudpoBoll podacTHON CHCTEMBI JBYXKaHAJIBHOTO YIPaBJICHHS OOMOTOYHOW MallMHOW O KaHajaM PeryJnpOBaHUs
CKOPOCTH BpAILlEHUs! IPUBOTHOTO MEXaHU3Ma M HATSHKEHHUsI 0OMOTOYHOI JICHTHI.

N3noxkenne maTepuajia HcCCIeIOBAHMS, MOJYYEHHBIX HAYYHBIX pe3yJbTaToB. JlI CHHTE3a CHCTEMBI
pobacTHOTrO ymnpaBiieHHs HEOOXOJMMa MaTeMaTHdecKas MOAeNb OOMOTOYHOM MaIlMHBI, Kak 0OBeKTa poOacTHOU
CHCTEMBI YIPaBJICHU 110 KaHAJIaM PETYJIMPOBAHUS HATSDKEHNS OOMOTOYHOM JICHTB M CKOPOCTH BpaIeHUs! IPUBOIHOTO
MEXaHHM3Ma C Y4€TOM HCIOJHUTENBHBIX JABUTATENeH MPUBOAHOIO M TOPMO3HOTO MeXaHH3MOB [1]. OOMOTYHK COCTOUT
73 TIPUBOJHOTO MEXaHW3Ma, 3apsJHOW KATYIIKH C JIGHTOH W ydJacTka OOMOTOYHOW JIEHTH. BHemHWMH cuiamu
SIBIISIOTCS: CHJIA TIPUBOJIHOTO MEXaHU3Ma F, (t) U CUJIa TOPMO3HOTO MEXaHu3Ma F. (t) [2, 3].

HcrioHUTENBHBINA IBUraTENb MPUBOIHOIO MEXaHNW3Ma PACIOONKEH Ha 3HAYMTEIILHOM PACCTOSHUM OT 0OMOTOYHOM
MallMHbl U MPUBOJMUT BO BpallleHWE OOMOTYHMKU 4epe3 oOummi peaykTop. st ObICTPOXOAHBIX OOMOTOYHBIX MAIIHH,
0Cco0eHHO it OPOHEOOMOTYMKOB, HAa JMHAMHKY JIBH)KEHHS OOMOTOYHOM MAllMHBI OKa3bIBaeT BIIMSIHUE HAINYNE
YIPYIHX 3JIEMEHTOB KAaK MEKIY HMPUBOIHBIM JBUTrATEIEM U PEAYKTOPOM, TaK U MEXIY PEAYKTOPOM U IPUBOIHBIM
Mexanu3MoM. Ilpu 5ToM ckopocTu BpallleHus IPUBOJHOIO ABUraTens V,, peaykropa V, ¥ IPMBOJHOIO MEXaHU3Ma
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Vi, OCOOEHHO B NEPEXOAHBIX IPOIECCax, HE COBNAJAlOT. PacCMOTPUM TPaHCMMCCHIO MAIIMHBI KaK TPEXMAacCOBYIO
CHCTEMY C TPEMS COCPETOTOYEHHBIMU MACCaMM: MacCOH - IBUraTeNs m,, Maccoi peayKTopa m, U MOMEHTOM HHEPIHU
MIPUBOJHOTO MeXaHu3Ma I, COEIMHEHHBIX YNpPYruMH BajlaMu ¢ Koddduuuentamu xectkocth C; u C, m
k03¢ dHULMEeHTaMH BHYTPEHHETO BSA3KOro TpeHus By u [3,. Toraa noiaydnm cieayronyo CUCTEMY YpaBHEHHUH:

mo@s = F,—F, - B0,~7,)
dt
ar,, cCW, -V
P (=)
v,
m, dt :Fyl+ﬂl(V0_Vp)_Fy2_IB2(Vp_Vn)

df;;z =GV, -V)
av,(t)

"odt
+an(Fy2 +ﬁ2(Vp _Vn ))

BBenem BeKTOp COCTOSIHHS X (t) 9TOM CUCTEMBI B CIIEIYIOLIEM BHUIE:
X =, (L F @7, (0L F 0V, (017, (0L F, @ ()56

Torpa mMarpuiia coOCTOsIHUS 0OMOTOYHON MAIIUHbBI KAK TPEXMACCOBOW CHCTEMbI IPUMET CIICYIOIIUI BU:
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B aTuX ypaBHeHUsIX m, m, Macchl OBWKYIIUXCS yacTed nsuratens u peaykropa; C;, Cr-kodhpUIMEHTHI
JKECTKOCTH BaJIOB, COEIUHSIONMX ABHUraTelb C PEayKTOpoM (OBICTPOXOIHOIO Bajla) U PEAYKTOpP C IPUBOIHBIM
MEXaHU3MOM (TUXOXOAHBIN Bal); B1,B,-KO3(QPUIHEHT BHYTPEHHET O BSI3KOTO TPEHHS ITHX BaJIOB.

Ilo cpaBHEHHIO C IBYMAcCCOBOH CHCTEMOM HOBBIMU KOMITOHEHTAMH BEKTOPA COCTOSIHMUSL SIBIISFOTCS: ), F»-CHITBI yHIPYTOCTH
TiepesiaBaeMble OBICTPOXOIHBIMH M THXOXOIHBIMU BallaMH COOTBETCTBEHHO; ¥y, V), —CKOPOCTH ABIKEHHS JIBUTATENs U PEAYKTOPA.

[TapameTpsl 0OMOTOYHOW MAIIUHBI U3MCHSIOTCSA C TEUCHHEM BpeMeHH. HamOosee CHIIBHO HM3MEHSCTCS Paauyc
KpY>KKa JICHTBI R ¥ MOMEHT WHEPITUH KPYKKa C JICHTOH / 10 Mepe BBIPaOOTKH JICHTHI B Iporiecce 00MOTKH. [ToaTomy
B JajJbHEHIIeM OyJaeM paccMaTpHBaTh TPH BapUaHTa MMapaMeTpOB OOMOTOYHOW MAIIMHBI, COOTBETCTBYIOIIUE TPEM

rac a55 = —

pajycaM pa3sMOTKH - HAYalIbHOMY 7;, , CDEIHEMY 7, U KOHCUHOMY 7 .
Meton pemenusi. CoBpeMEHHbIE CHCTEMbl YHpaBJICHHS OOMOTOYHOW MAIIMHOW pealn3yloTcsl Ha

MHKPOTIPOIIECCOPHON AJIEMEHTHOU 0a3e W, CIeI0BaTeNbHO, pacCMaTpUBaeMasi CUCTeMa CTAaHOBHUTCS ITUCKpeTHOH. [Ipu
yOpaBIeHUH OOMOTOYHOW MAamIMHON ¢ momomisio OBM 1Mo MCXomHOW HEMpEephIBHOW MOJETH OOMOTOYHOM MAaIlnHBI

[IOJIy4UM €€ NUCKPETHBIM aHaJOor.
X(k+1)=4,X(k)+ B,i(k),

AZTZ AnTn
+..+

20e A,=e'" =T+ AT+ '
! n!

ATZ AnflTn
B,=BT+B——+..+B———
2! n!
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T-nepuox auckperHoctu paborsl OBM.
OCHOBH06 Ha3HA4YCHUE CUCTEMbI YIPaBJICHUA 06MOTO'~IHOI‘/II MAaIlIMHOM 3aKJIo4YaeTcs B MoAACPKaHUM CKOPOCTH
BpALICHUs IPUBOJHOTO MEXAHU3MA O, (k) 1 HaTsDKEHUS! OOMOTOYHOM J1eHThI S(k) Ha 3aJaHHBIX ypOBHIX V, u S, .

BBenem BeKTOp BBIXOJHBIX KOOPAWHAT
¥(k)= Cx(k)+ Dii(k),
KOMIIOHEHTaMH KOTOPOTO SIBIISIFOTCSA
k)= (k).sk))’
U BEKTOP 3aJar0LINX BO3EHCTBUI

7, (k)= k)., (k)}"

PaccMoTpuM MOCTPOEHUE ONTHMAIBHOTO aCTATUYECKOTO JTUCKPETHOTO PEryNATOpa A JIByXMAacCOBOW CHCTEMBI.
BBeznieM BeKTOp BCIIOMOTaTENIbHBIX IIEPEMEHHBIX IU(PPOBOrO aCTaTUYECKOTO PETYJISITOpa C YpaBHEHUEM COCTOSIHUS

Z(k +1)=Z(k)+ (k) 5(k)
rae ys (k) u }(k) - BEKTOpa 3aJaHHbIX M (pakTuueckux ckopocrteit apurarens V, (k) u narsxenust S(k). Paccmorpum

PaClIMpC€HHYIO0 CUCTEMY, BKIIHOYAIOIYIO HCXOAHYIO CUCTEMY M BCKTOP BCIIOMOI'aTCJIBHBIX MNEPEMCHHLIX. B 61ounom
BUJIC YPABHCHUEC IPUMCT cne[[y}omm‘/i BUI:

X(k+1)= Ax(k)+ Bii(k)+ B, ¥,(k)
KOMITOHCHTAaMU BEKTOpPa COCTOAHUSA ;(k) pacmnpeHHoﬂ CUCTEMBI SABJIAIOTCA BCKTOP COCTOSAHUSA l/ICXO)lHOf/i CHCTEMBI

(k) n Bcnomorarenshetit Bekop Z(k) Tak, uto (k)= {)“cr(k), ZT(k)}T . Tora MaTpuua coctosiuus A , ynpasienus B

1 yIIpaBICHHS §3 10 BEKTOPY 3aJaHusl )3 (k) pacIIMpeHHON CUCTEMBI IPUMYT CIEAYIOUIHA BU:
~ 4 0 ~ ||B]| ~ |0
e 1 T -p |1
Pewenue 3agaun nuckpernon H * ONTUMHU3AIN MIEPBOHAYAIBEHO OBLIO TOJYYEHO B YACTOTHON OOJIACTH U CBSI3aHO C
orepanrsaMi (paKTOPU3AIIIH COOTBETCTBYIOIINX MATPHII MIEPEIATOUHBIX (PYyHKITHIA.
dusuueckuii cMbicn kputepus H ™ ecTh dHeprus BbIXOJa CHCTEMBI IIPH MOJAaue HA BXOJ CUTHANA C €JUHHYHON

sHepruei. JIjs cUCTeMbI ¢ OJHMM BXOJOM H OJHHM BBIXOAOM - H ™ HOpMa mpeicTaBiseT MaKCHMalbHOE 3HAYEHHE
aAMIUIMTYAHO — YaCTOTHOW XapaKTEPUCTUKU CUCTEMBI 110 BCEMY YACTOTHOMY JIHMAIa30HY.
PaccmoTprM MCXOTHBIN AUCKPETHBIA OOBEKT YHpPABICHHUS, 3aJaHHBIA MaTpHUIeH NepeaaTOuHbIX (PyHKITHA P(z),

CBSI3BIBAIOIIEH BEKTOPA BHEIIHWX BO3ICHCTBHM W W YIPaBISIONINX BO3ICHCTBHHA # C BEKTOPAMH KOHTPOIHPYEMBIX
MapaMeTpoB Z U U3MEPSEMBIX EPEMEHHBIX ¥ COOTHOILCHHUEM

2] _[Pu(e) Pale)
7] Pa(e) Pl
B KOTOpOM F; (z) - 6JI0KH MaTpPULIBI P(z).

=

<

Torma mMaTpuIa nepeaaToOYHbIX QYHKIUH GZW(P(Z), K (z)), CBSI3BIBAIOIIAsl BEKTOP BHEIIHUX BO3AEUCTBUN vT/(k) c
BEKTOPOM KOHTPOJHUPYEMBIX IapaMeTpOB E(k) B CHCTEME 3aMKHYTOW pOOACTHBIM DEryJisiTOpOM C MaTpHLei
mepeaTovYHbIX QyHKImi K (z) MOJKET OBITh 3aIMCaHa B CIICAYIONICM BUIC

G.,(P(2).K(2))=P,(2)+ Ps(2) -

—1

K(2)x(1+ P, (2)K(2)) " Py

3amada cuHTE3a IH(POBOTO pPOOACTHOTO perynsTopa (QOpPMyIHpYeTCs Kak 3aJada OIPENCICHHS MaTpPHUIIBI
nepesaToOuyHON (YHKIUU PerysTopa K(z), obecrieynBamONmas HUKHIOK TIpaHb MaKCHUMAJIBHOTO COOCTBEHHOIO
3HAYEHM MATPHUIIBI 3aMKHYTON cucteMsl G, (P(z),K (z)) TaK, 4To

GG, = 0 omarlcle”).

>

Ora 3a/a4a pelraeTcss UTEPaTHBHO 3aJlaHUEM YPOBHS TOJEPAHTHOCTH POOACTHOTO PEryiiaTopa Yy ¥ PEIICHHEM
3a4a491 HaXO0XICHHUA TaKOTO perynﬂTopa K(Z) . KOTOpBIﬁ 06ecneqHBaeT BBIIIOJITHCHHUC CJ'IC,Z[yIOH.ICFO HepaBeHCTBa

||GZW(P(Z),K(Z))||OO <.

B Hacrositiee Bpems Hanbouiee HIMPOKOE PACIPOCTPAHEHUE TONYYHIIO pellieHre 3a1aud Hu(pPOBOro podacTHOrO

yIpaBJICHUS BO BpeMEHHOH obnacTi. PaccMoTpuM periieHue 3a1au BO BPEMEHHOW 00J1aCTH MPU OMHCAHUHM CHCTEMBI C
noMoIbo A oneparopa
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S(A)i %() npuA =0

(g—1)/AnpuA =0
B 3TOM ciiyuae ypaBHEHHE COCTOSHUS JUCKPETHON CHCTEMBI IPUMET CIEAYIOIINI B
8% (k)= Agx(k) + Bygwy (k) + Bygii(k)
Z(k) = Cyx(k) + Dyywy (k) + Dypu(k)
V(k) = Cyx (k) + Dyywy (k) + Dpaui (k)
rae
Ay =(4,-1)/A=w(4,A)4,
B,;=B,/A= ‘/’(A’A)Blf
B,s =By, /A= V/(A,A)Bz
AN 4PN
W(A,A):1+?+ 3 +

B >tux BhIpakeHHaX A u Ao MaTpULbl COCTOSIHUSL UCXOJHON HENpPEepBhIBHOM U AUCKpeTHOW cucteM. M3 3Tux

BBIP@KCHHIT MOTYT OBITh II0JTy4eHbl MATPHLE! cocTosiHUs Ay 1 ynpasinenns By B ypaBHEHHH COCTOSHHS XMCKPETHOI

CHUCTEMBbI ITPU UCIIOJIb30BAHUN A oreparopa 1no MarpunuamM COCTOSIHUSA A " ylpaBJICHUA B I/ICXOI[HOI71 HerepLIBHOﬁ
CHCTEMEI.
AN AN A"A BAA  BA’N BA"'A™!
As=A+ + +..t » By =B+ + +.o..t .
2! 3! n! 2! 3! n!

W3 3Tux BBIpaXKEHWH, B 4YaCTHOCTH, ciledyeT, uyTo mpu A =0 MaTpumbl cocTossHUs Ag W yNpasieHus By

JIUCKPETHON CUCTEMBI IIPU UCIOJIb30BaHUM A OIllepaTopa paBHbI MAaTPULIAM COCTOSIHUSL A W yIpaBileHUs B HCXOIHOHN
HEIPEPBIBHOU CUCTEMBI.
st HaxoxxaeHus HudpoBOro podacTHOro peryysiTopa HeoOXOIUMO PELIUTh YpaBHeHUE PUKKaTy 1o ynpaBieHuIo
0=Q+ A" X + XA+ A’ XA-[L+ B' X(A+1)]
[R+aB" xB]'[L+B" x(A4+1)]
rie
R A _ A A
R+AB"XB=R,/A> L+BX(AA+1)=L /A, Q=C"JC/A.
[Tpu 5TOM 3aMKHYTasi TAKMM PEryJIsiTOPOM CHCTEMa
- 1/~
4- B[R+ aBTxB) (L + BX(ad + 1))
SIBJII€TCSI yCTOMUUBOM.

Jns HaxoxkaeHus nuppoBOro poOAacTHOrO HaOMogaTens HEOOXOAMMO pEIINTh YypaBHEHHE PHKKatH 10
HaOJIIOIEHUIO

0=0+ A7+ 247 + AzAT —|L+ (na+ 1)2CT |, [R+ acze™ [+ (aa+ 1) |
rac
R+ACZCT2AR . L+(ads1)2.C7 2L, 02BIBT A,

[Tpu sTOM nndpoBoii podacTHbIi HabIIOKATENb MOXKET OBITH IpescTaBieH B Buae 4, B, C, D peanuzanuu

S A-BR,'L, BV, |0
{A B}— VoR (L, - R,R;'L, ) | Vo RSV | 1|5
é 5 - 12773 2 2°%d —d 12773 7 21

Cz - D21R{;1Ld D21V2711 0

e R, =R, _RzTR;lev Ld = Ll o R2TR;1L2 > VlgVn =R, V2T1V21 = _7_2(R1 - RzTRs_]Rz)'
EcrectBeHHO, 4TO HaOIIIOAATENb B 3aMKHYTOM BUJIE
A-[L+(aA+1)zCT|(R+aCZET)' €

TaKXe ABJISETCS aCUMIITOTUYECKH YCTOWYHMBOI CHCTEMOIA.

Torna nupoBoii podacTHEIH perynsarop u nuppoBoi poOACTHBIN HAOIIOIATEh IPEACTABISIOT CO00H 1TU(pPOBOH
pOOGACTHBINM KOMIIEHCATOP, BXOIOM KOTOPOTO SIBIISIETCS M3MEPSEMBIN BEKTOP HMCXOIHOW CHCTEMBI }(k) a BBIXOJIOM
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SBJIAETCSL BEKTOP YIPABJIEHUS UCXOIHOM CUCTEMBI ﬁ(k) PobGacTHbIil KOMITEHCATOp C MaTpumaMu A p> By, Cp, D,

OIHCBIBACTCS CICTYIOIUM YPaBHEHHEM COCTOSTHUS
5%, (k)=4,%,(k)+B,¥(k), ii(k)=C,%,(k)+ D,5(k)
rae
D p-l, -1, _ A% -1, T 5l _ -1 -1 -1
A - A-B Vl2 C + B,V R 2R G, - 2R C,. B ==BV, RRy + LRy, C, ==V, G+, RRyCys
_ - -1
D P _V]2 R2R3
PesynsTaTel MonenupoBanusi. B kauecTBe mprMepa Ha pUCYHKaxX 1-4 TOKa3aHBI IEpeXOIHBIE MPOLECCHl CKOPOCTH
BpAIIIEHHs IPUBOIHOTO JIBUTATENS, CHIIBI YIPYTOCTH, CKOPOCTH BPAIIEHHS PeIyKTOpa W CHIIBI TOPMO3ZHOTO MEXaHHM3Ma I10
3aaHUI0 HA PETYISTOP CKOPOCTH BpAIICHHS NPHBOJHOTO MEXaHM3Ma B POOACTHOW TPEXMAacCOBOH IHMCKPETHOH CHCTEME
6poneodMoTunka BA2 — 2/700. Kak BUIHO M3 3THX PUCYHKOB, B CHCTEME MMEETCSl aCTaTH3M 10 KaHajlaM PeryJMpOBaHHs
CKOPOCTH MPHUBOJHOIO MEXaHW3Ma M HATSDKCHUsI OOMOTOYHOM JICHTBHI, KaK IO 3aJafolieMy, TaK U 10 BO3MYIIAIOIIEMY
BO3JIEHCTBUIO. BilusiHME NEpEeKpecTHBIX 3afarolMX BO3JCHCTBUM INPOSBIAETCA TOJNBKO B IIEPEXOJHBIX PEKUMAX, a B
YCTAaHOBUBIIHXCS PEKUMAaX BBIXOJHBIC KOOPIMHATHI PAaBHBI 3aalolnM Bo3aeiicTBusaM. [lepexomHble Mpomecchl CHIBHO
KoleOaTebHbIE, 9TO 00YCIIOBJICHO HATMIUEM YIPYTUX IEMEHTOB B TPAHCMHCCHUU IPHUBOTHOTO MEXaHU3MA.

Pucynox 1 — Ilepexoonoii npoyecc ckopocmu RPUBOOH020 08U2ameist no 3a0aHUIo
Ha pe2ysimop CKOPOCMU 8PAUeHUs. NPUBOOHO20 MEeXAHUIMA

Pucynox 2 — Ilepexoonoii npoyecc cunvl ynpyocmu no 3a0aHuio
Ha pe2ysimop CKOPOCMU 6PAUeHUs. NPUBOOHO20 MEeXAHUIMA

Pucynox 3 — Ilepexoonoii npoyecc ckopocmu pedyKkmopa no 3a0anuro
Ha pe2yiamop cKOpoCcmu 8pawjerus nPpugoOH020 MeXAHU3MA
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Pucynox 4 — Ilepexoonoii npoyecc cuivl mopmo3HO20 MOMEHMA NO 3A0AHUIO
Ha pe2yiamop cKOpoCmu 8pawyjeHus npugoOH020 MeXaHU3Md

BoiBoabl. CuHTE3npoBaHbl HHU(GPOBBIE aCTaTUYECKUE 3aKOHBI POOACTHOTO YHPABJICHHS CKOPOCTHIO BpAIEHHMS
NPUBOJHOTO MEXaHM3Ma M HaTSDKEHUS OOMOTOUYHOH JieHThl. IlpuBeneH npumep cuHTe3a LudpoBoro pobdacTHOTro
yIIpaBJIeHUs [UIsl TPEXMAcCOBON Mozes OpoHeoomoTurka BA2 — 2/700.
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M.A. BOHJIAPEHKO, B.B. KOJIOMIEILb, C.M. JIYTAH, b.5. KOBUJIIHCbKUI

HapuanpHO-HayKoBHii poeciHHO-TIeAaroriYHri IHCTUTYT YKpaiHCHKOT iH)KEHEPHO-TIe/1aroriyHoi aKaaemii

JocaigkeHHsl AUHAMIYHHX XapakTepucTHkK uHu(poBoi podacTHOI CHCTEMH [JBOKAHAJBHOIO YNPABJIiHHA
00MOTYBaJIbHOI MamHMHU. Po3poOiieHO MeTon cHHTE3y HU(PPOBOTO pPOOACTHOTO KEPYBAHHS EJIEKTPOIPHUBOJAMHU
MEeXaHI3MIB OOMOTYBAJIFHUX MAIIUH 3 ypaxyBaHHSIM MpPYXHUX eleMeHTiB. JlOCHipKeHO AMHAMI4HI XapaKTePHUCTHUKU
nugpoBoi pobacTHOI CHCTEMH JABOKAaHAJIBHOIO YympaBiiHHA. HaBegeHo mnpukian IUHAMIYHHX XapaKTEPHCTHK
CHUHTE30BaHOI CHCTEMH.

Kniwouosi cnosa: oomomyeanvha mawiuna, pooacmuuii pezyisimop, ORMuUMAaIbHUil pecyiamop, CUHIme3 Cucmemu
KepyGaHHs, npUeOOHUIl MeXAHI3M, HAMAZ OOMOMYEANbHOI CIMPIYKU.

N. BONDARENKO, V. KOLOMIYETS, S. LUTAY, B. KOBILYANSKIY
Educational and Scientific Professional Pedagogical Institute of Ukrainian Engineering and Pedagogical Academy

Investigation of Dynamic Characteristics of Two-Channel Digital Robust Control Winding Machine. Creation of
a robust control system for work in all range of change of radiuses of unwinding of a circle with a tape is considered. In
the previous works synthesis of optimum regulators, observers and jacks for three radiuses of unwinding of a circle with
a tape — initial, average and final is carried out. It is natural that these regulators, observers and jacks have various
factors of strengthening for different radiuses of unwinding. The purpose of article is synthesis and research of response
characteristics of digital robust control system of dual-channel control by winding machine on channels of regulation of
rotational speed of the drive mechanism and a tension of a winding tape. Mathematical model of the winding machine
as object of robust control system on channels of regulation of a tension of a winding tape and rotational speed of the
drive mechanism taking into account the executive engines of drive and brake mechanisms it was constructed in the
previous operations. The spinner consists of the drive mechanism, the charge coil with a tape and a section of a winding
tape. External forces are: force of the drive mechanism and force of the brake mechanism. The executive engine of the
drive mechanism is located at the considerable distance from the winding machine and brings into rotation spinners
through the general reducer. For high-speed winding machines, especially for dynamics of movement of the winding
machine is influenced by existence of elastic elements both between the drive engine and a reducer, and between a
reducer and the drive mechanism. Thus rotational speeds of the drive Va engine, a reducer of Vp and the drive Vi
mechanism, especially in transient phenomena, do not match. Machine transmission as three-mass system with three
concentrated masses is considered: in mass - the mz engine, mass of a reducer of mp and an inertia moment of the drive
in mechanism, connected by elastic shaft with stiffness coefficients C1 and C2 and coefficients of internal viscous

friction of B1 and B2. Then we will receive the following system of equations. The state vector X (t).The matrix of a

status of the winding machine as three-mass system is entered. Now the widest circulation received the solution of the
task of digital robust control in a time domain. The solution of the task in a time domain is considered in case of the
system description by means of the A operator. As an example in figures transient phenomena of rotational speed of the
drive engine, force of elasticity, rotational speed of a reducer and force of the brake mechanism according to the job for
a regulator of rotational speed of the drive mechanism in robust control three-mass discrete system are shown.
Apparently from these figures, in system there is an astatizm on channels of regulation of speed of the drive mechanism
and a tension of a winding tape, both on setting, and on perturbing influence. Influence of cross setting influences is
shown only in transient regimes, and output coordinates are equal in the set modes to setting influences. Transient
phenomena are strongly oscillatory that is caused by existence of elastic elements in transmission of the drive
mechanism.

Key words: winding machine, robust control, optimal control, the synthesis of the control system, drive mechanism,
tension winding tape.
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