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Y cmammi 3anpononoeano winax noby0osu cucmem Ynpasninua 6a2amopedcuMHumMuy 00’ eKmamu iHeapiaHmHux
00 308HIUWHIX 8NIUBIE 3a KpUmMepiem AKOCMI KYCOYHO-NOCMIUHUX napamempis 0 KOHMPOI0 KOOPOUHAM OUHA-
MiuH020 00’ckma. Y pobomi 30iliCHIOEMbCA OOTPYHMYBAHHSA | MONCIUBICINb BUKOPUCIAHHS PO3POOIEHO20 HAY-
KOBO-MemOOUYHO20 8UPIUeHHs 0I5 IHBAPIAHMHUX CUCTEeM YRPABTIIHHA.

Knio4yoBi cnoBa: ynpasniHHs, iHBapiaHTHa 3MiHa, napameTpu, 6araTo peXxMmMHui 06’exT.

This paper proposes ways of construction of multiple-mode objects control systems invariant to external impacts
under quality criteria of piecewise parameters for dynamic object coordinates control. This paper makes
Justification and determines the possibility of the developed scientific and methodological solution for control

systems invariant to external impacts implementatio.
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IMocranoBka npodaeMun

VY aBTOMaTHYHMX CHCTEMax yNpaBlliHHS aKTHBHO
3aCTOCOBYIOTh KYCOYHO-TIOCTIMHI CHUCTEMH, SIKi BH-
pilyroTh 0araTo ONTHMAaNbHUX PIBHSHb 3 IOCTIiH-
HuMu Koedimientamu [1; 2]. Cnenudivyna ocoOnm-
BICTh JaHWX CHCTEM IIOJISITaE B TOMy, Mo (opma
Kepylo4oi Jii, 10 ynpaBiisie, He 3aJIeXUTh B (hop-
MH BEKTOpa BHXOAY CHTHaly alrOPUTMY YIpaBIliH-
HSA, 0 T03BOJISIE (GOPMYBaATH aITOPUTMHU YTIPABIIiH-
HSl, sIKi 3a0e3MevyroTh 3aJaHuil KpPHUTEpil SKOCTI,
IIpY BUKOPUCTaHHI Pi3HUX 3MIHHHX CTaHy 00’€KTa
SIK 32 HOMEHKJIATYPOIO, TaK 1 3a KiIbKICTIO 3MiHHHUX.
Tak, HampuKIIa, 3aBJaHHS ONTUMATHHOI IITBUAKOMIT
npu NOOYZOBI alropuTMy Ha 0a3i cXeMHOI ampok-
cuMarlii ONTHMaIbHOI TIepIOBEPXHI MepEeMUKaHHS,
OymyeTbest Ha 6a3i MOBHOI iHGopMaIii mpo (ha3oBwHit
cTaH 00’€KTa, MPUIOMY OOMEKEHHsI Ha BHUOIp 3MiH-
HUX CTaH He Hakmanae [2; 3], y To#l ke dac, psn
JIOTIYHHUX 3aBIaHb BHUPIMIYeTbCs MeTogoM [I-pyHK-
Uil IpW BUKOPUCTaHHI JIWIIE PETyIHOBAHOI KOOPIH-
Hatu [3].

AHaJIi3 0cTaHHIX J0CHiIKeHb i myOpikamii

AHanmTHIHUN orysan mKepen [2; 3; 4], mokasas,
mo 0arato anrOpUTMIB CHUCTEM 3 KyCOYHO-TIOCTiH-

HUM YOPaBITiHHAM He Tpy0i 1010 3MiHU apameTpiB
00’€KTa ynpaBIIiHHA, [0 MOXE TIPHU3BECTH J0 BTpa-

TH 3aJaHOTO KPHUTEPI0 SKOCTI MPH 3MiHI PEKUMIB
po0OTH 0O0’€KTIB YNpPaBIiHHSA Ta MPH HETOYHOMY
BU3HAYCHHI KOCQII[IEHTIB MaTEeMaTU4YHOI MO
CHCTEMH yTpaBiiHHsA [3].

Mera cTaTTi — TOKa3aTH MOXJIMBICTH iHBapi-
AQHTHOCTI KpUTEPiiB SAKOCTI ynpaBmiHHA 1 1 Kiacy
KyCOYHO-HETaTUBHUX 00 €KTiB (0araTope:knMHUX)
MIPU CHHTE31 ONTHMAILHUAX aJTOPUTMIB YIIPABITiHHSI
3a MeronioM [I-dbyHKIiH. VY 3B’3Ky 3 IIUM, Yy CTaTTi
BUJIUIAETHCS ONWH KIAC 00 €KTIiB, IS SKUX Cepel
0e3mivi 3MIHHUX 3HAXOIUTHCS (a3oBa KOOPIWHATA,
He3aJeKHA BIJ 3MIHHUX KOe(]illieHTiB 00’€ekTa
YIpaBIiHHS, TPH BUKOPHCTaHHI SIKOi W OyIyeThCs
ynpaBiHHs 32 MetoaoM [I-dyHkiii.

VY crarTi Oinble yBaru MPUIUIAETHCS 3aralibHii
MOCTAaHOBI  3aBOaHHSA.  BuIimAooTecs  Kiacu
00’€KTiB, O JO3BOJSIFOTH BUAUTUTH Yy3araibHEHi
KOOPJIMHATH, K He3aJeKHI BiJ 3MiHHIX KOe]iIlieH-
TiB 00’€KTa ynpaBiiHHS. BUKOpUCTaHHS TUIBKU UX
KOOPJIUHAT TIPU CHHTE3l alroOpuTMiB KYCOYHO-
MOCTIMHUX YMpaBIiHb JT03BOJISE MOOYTyBATH YIIPaB-
JHHS, 1HBapiaHTHI 0 3MIiHM IapaMeTpiB GaraTope-
JKUMHOT'O 00’ EKTY.

BukjaaneHHst 0CHOBHOI0 MaTepiany

YTOYHMMO MOCTAaHOBKY 3aBAaHHs. JlaHO BEKTOp-
HO-MaTpUYHE PIBHSAHHI pPyXy OararopeXuMHOTO
00’exra y Burismi [2; 3]
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X=AM)x+BMu, (M

e 1| — MIpHUIA IPOCTIip CTaHiB.

VY Bupasi (1) A(m) i B(n) € MaTpuili, EIEMEHTH SKUX
3aeKaTh BiJ MapaMeTpa 1) MOCTIHHOrO Ui 3aJaHOrO
pexXHuMYy, aje IO 3MIHIOE CBOE 3HAUCHHS IPU 3MiHi
pexuMy poboTH 00’ekTa (TOOTO 1 — KyCOYHO-
CTICKTPATBHUIN TapaMeTp CUCTEMH), a X 1 U — BEKTOp-
Hi KOOPJWHATH 00’ €KTa i yrpaBIiHas [3 ]

X =(X, X, X550, X,,)  U=(U;, Uy, ).

BennunHa U € TOYKOIO OMYKIOIO 3aMKHYTOTO
0OMEKEHOT0 MHOTOTPAaHHHKA B T-BUMIPHOMY BEK-
TOPHOMY TIPOCTOPI.

Bumaraerhcsl BUOIIATH Kiac 00’€KTIiB, 1m0 JO-
3BOJIIIOTH HUISIXOM HE OCOOJHMBOTO IEPETBOPEHHS
z=Q(M)Xx i 3miHK MacmTaby yacy mepeiiTd 10
HOBHX 3MIHHHX A-MIpPHOTO MPOCTOpPY CTaHIB CHCTe-
MH Z,, DIBHAHHS 00’€KTa, B SKOMY BHU3HAYa€ThCS
PiBHSHHSM [4]

Z=Az+Bu,

TyT A, i B, — Marpumi, enemeHTH sSKUX He 3ae-

JKaTh BiJl Mapamerpamn, a z, = —.

s Aet, =—— —

di, " m(n)
0e3po3mipHHil yac; (1) — onepaTop 3aJIeKHUI Bij

napametpa (1)).
Marpuni piBHsHE 00’ekta (1) i (2) moB’si3ani
CITIBBIHOIIEHHSIMH

m(MOMAMO~" (M) =A,, )
m(m@M)B(M) =B, . “)

Kinekicte HeBimomux y cucremi (3), (4) Ha

n*+1 TIEPEBHUIIY€ KUTBKICTh piBHAHB. ToMy cucTe-
Mma (3), (4) Bumarae goBu3HavYeHHS. CKOPHUCTAEMOCS
yMOBOIO noAibHOCTI Matpuib m(M)A(M) 1 A, BH-
3HAUUBIIM MaciITab yacy m(1) i MaTpHLIO A, .

SIkmio matpunst A, icHye, TO 1 MOJKHA IIPUBECTH
no surisigy Matpuni ©pobdenuyce, T00TO 10 BUAY,
XapakTepHOTO I HOpMaibHOI opmu B ceHei 3afi i
Jle3oepa 3MIHHHX CTaHIB, eIEeMEHTaMU SIKOi € YUCIa
0, 1, a TakoXk KOEQIIIEHTH XapaKTEPUCTHIHOTO II0-
niHoma cuctemu [4; 5].

CkopucTtaeMocs Ii€I0 YMOBOK i, BpaxyBaBIlH,
[0 XapaKTePUCTHYHI TOJIIHOMH MOMIOHUX MaTPHIlh
PpiBHI, BU3HAUUMO YMOBHU iICHYBaHHS MaTpulli A, .

3 TOpIBHAHHS XapakTEPUCTUUYHUX IIOJIHOMIB
yrpaiisb (1) i (2) BiamosigHO [4]

E(%j—Am) i\E % — m(n)A()

m
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BUIUIMBAE, M0 KOCQIIIEHTH XapaKTEPUCTUYHOTO
MoJIiHOMa PIBHSHHS HE 3aJeXaTh BijJ mapaMerpa 1
SKIIO I KOEQIIIEHTIB XapaKTePUCTUIHOTO TIOJTi-
HOMa piBHIB (1) BUKOHYIOTBCSI YMOBH [5]

a G- .

a—’:k[m(n)] , 1=0,1,2,....n,

J

j=0,1,2,..,n,a =1

n

IUIsL Oy Ib-SIKOTO TIOEAHAHHS i Ta j, ¢ k — JOBUIbHA
MOCTIiHHA.

I3 ymoBu (5) Bu3Hauaemo maciirab wacy m(n),
MOTIM BU3HA4Ya€MO KOe(illieHT XapaKTePHCTUYHOTO

d
E| =~ |=mm4Am)

m

MoJIiHOMA 1 Matpuimio A, y
BHTJISIII  XapaKTepHOMY JUIS HOpMainbHOI (hopmu
3MIHHOTO cTaHy. Y pa3si icHyBaHHs Mmatpuii A,

piBHsIHHS (3) TEPETBOPUTHCS 0 MATPUYHOIO PiB-
HSIHHS BigHOCHO Matpuii Q(1)

m(MmQM4(M) =A,QM), (6)

METO/I! PIIlIeHHS SKOTO BiZOMi.
IcnyBanns matpuui B, BusHauaeTbcs Gesmoce-

pennboro migcranoBkoro m(M) i marpumi Q(M) y
piBasiHHS (4). Takum 4YnHOM, Kiac 00 €KTIB, A
SIKHX BUKOHYETBLCSI YMOBA TOCTIHHOCTI KoeiIieHTiB
PIBHSIHHS pyXy, oOMexeHuit ymoBoro (4) 1 (5).
PosrisiHeMo 3aBIaHHs CHHTE3y ONTUMAILHOI IO
MIBUIKOMII CHCTEMH MTOYAaTKOBOi BHCTABKH T1pOKOM-
naca, He 3aJIe)KHOI Bi/I IIMPOTH MicCUs MPOBEACHHS.
BekTopHO-MaTpuuHe PiBHSHHS PyXy KOPHUTOBaHOTO
ripokoMItaca MOke OyTH 3BEICHE JI0 BUTIIALY

of [0 2 llel [0, £l
L= H + abo
B -w,; —rk,n Bl g rmfug
x=A(Q)x+ Bu,
e OL,B — KYTH BIIXWJIECHHS BEKTOpa KIHETUYHOTO

MOMEHTY BiJIIOBIIHO BiJ| IJIOIIMHHA MEiaHU i TOPH-
30HTY; U,,Uy — JONATKOBI YNPABJIAIOYM Aii, 110
MiBOJATHCS 10 BXOJIB IiJACHIIOBAYIB, CTEKYIOUYMX

CHCTEM TipOKOMITaca JJisi TOYaTKOBOI YCTaHOBKH.
BBeneMo no3HaueHHS

n=kk’” . m—
w kg Hk,, H(k, +kg)
ie C,,Cq — JKOPCTKOCTI TOPCHOHIB 10 OCSX O Ta
B; W, — CKJIaZioBa IIBUAKOCTI 0OOepTaHHA 3eMill,
3aJeXHa Big IIMPOTH MiCLUeNpUBEACHHS O
k,..k, — YyTIMBOCTI IHAMKATOpAa TOPU3OHTY 1 AaT-

YUKa KyTa
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_|g—npu  eumKnenomy Oemngpiposant;
r_{O—npu VBIMKHEHOMY — OeMNiposani.
Cxkopucraemocst popmymnamu (3), (4) mias Bu3Ha-

4yeHHd MaTpuubs A,, B,, m(n). V¥ pasi, koau mar-
putst B(M) — marpuus panry n, i3 cucremu (3), (4)
MOKHa BHKIIOUMTH Marpuito Q(TM) i mpusectH ii
JI0 PIBHSTHHSI BUTIISTY

m(m)B~ (MAMBM)=B'AB,. (8

V piBusnni (8) marpuns B(N) € omnum 3 pi-
mens i marpuni Q(M) . IlepeBipka BHKOHaHHS
ymoBH (8) mis piBHSHB pyxy (7) mokasye, o He
MOKHa BU3HAYMTH HIykKaHi matpuumi A, i B, s
KOMILJICKCY BKa3aHOT CTPYKTYPH.

PimreHHs 3amavi Cnij MIyKaTH B 3MiHI CTPYKTypH
KOMIIaca, AJis 4oro meperBopumo Marpuii A(o) i
B.

Jlns  XapakTepUCTHYHOTO TOJNIHOMA PiBHSHHS

pyxy (7) ymoBa (5) BUKOHY€EThCS Y pasi, koau » = 0,
TOOTO TNpH BUMKHEHOMY JeMI(pyBaHHI KoMmIaca,

3Bk m(0) =/H /cllo, .

VY upoMy BUNAAKy pilleHHS piBHAHHS (6) 3BO-
TUTHCS IO CUCTEMH, 1110 CKIIAZAE€THCS 3 PIBHOCTI [4]

Hw,
q, = 42>
cIl
©)
_ / cll
912 Ho, 9515

sIKa JTOBU3HAYAETHCS PIBHSIHHAM (4).

CrinbHa cucrema (9) 1 (4) He Mae HETPUBIATEHUX
pilieHb, SIKi MOXKEMO OTPUMATH, 3MIHIOIOUH y (QYHK-
mii apryMeHTy BEIWYMHH peNeHHOI ympaBIstodol
HaTpyTH.

VY upoMy BHNAAKY:

u, (@) =1,(Quy;  ug(0) =1 (Q)u,

i criinpHa cuctema (9) i (4), mpu BHECEHHI mapaMer-
pa L(¢) y matpuuto B, nns HeBigomux g, 1 [, Mae
HE €JIUHI PIIICHHS.

Buninumo dacti BUNAnKW pilieHb, 33JaBIIUCH
HEBiTOMHAMHU:

1. V pasi ogHOTO yNpaBiIsiOu0ro MOMEHTY:

1) mexaii u, =0 (1. e. [, =0); [y =1; ¢q,=0,

TOJIi OTPUMAEMO

kyH® (kur +k f)kur 0

T SR AT
0 kk,,

2) mexait u, =0 (r.e. [y =0); [, =1; g, =0,

TOJli OTPUMAEMO

ko,Hk,, ; 0
Ap=| (11)
0: kk ,\JcnH ®,
C

o
II. Bumagok ABOX KepylOYHX MOMEHTIB:
Hexail, ¢, =0,1,, =1, Toni orpumaemo

|k JHo,(k, +k, )k, o
Q9)= ¢, . (12)
0; kk,,
k.
I = k-2 : (13)
COL klll‘ (klll‘ + kgy )

ne k — NMOBIIBbHI MOCTIiHHI, 00paHi MmiJ] 4ac MPOeKTY-
BaHHS CUCTEMH.

JlaMo OIIIHKY OTpUMaHHM pe3yJbTaTaM Ha TpH-
KJaJi CHHTE3y CHCTEM HPUCKOPEHOTO MPUBEICHHS.
Metonu CHHTE3y HEBCTAHOBICHOI CHCTEMH IPOBE-
JIeHHsI TOBHOI iH(OpMaIlii BUKOPUCTAaHHS JBOX Ke-
PYIOUMX MOMEHTIB BiTOMi (IUB. CHHTE3 OIITHMAllb-
HOTO peryiasTopa i KOJUBAJIbHOTO 00 €KTa
yIpaBIiHHS Ipyroro mopsaky). I3 BupasiB (12) i
(13) mns cTarioHaApHOCTI BCEMTUPOTHOTO PETYIIATOPA
HEeoOXiZIHO 3a0e3neunTy 3MiHy Koe]ilieHTiB B Ka-
HaJIl 3MIHHOI cTaHy O 1 B KaHaJII KEPYIOUoi HAIIPpyTH

u,, , IponopIiiHy +coso [5]. JlonaTkoBa Kopekis
KoedillieHTa [, Hampyrd u, Ja€ HE ONTHMAalbHE

PIlICHHS, OCKIJIBKH HE MOBHICTIO BUKOPUCTOBYETHCS
NPUIYCTUMa BEIMYMHA MOMEHTY IO BEPTHKAJIbHIN
oCci KoMmIlaca Ha IIHPOTaX MiCIETIPOBEACHHS, IO
BiZIpi3HSETBCS Bij exkBaTopa. OTpuMaHe pIllICHHS €
KBa310NTUMAIILHUM, aje BCEIMPOTHUM. BigHoleH-
HSl Yacy NPHUBEIEHHA IO ONTHMAIBHOTO IJISi BHCO-
KUX IIUPOT HE NIEPEBUIILYE 3HAUECHD 1, 5.

MeTonu CUHTE3y HEABTOHOMHOI CUCTEMH IpUBeE-
JISHHsI TIpW TIOBHIN iH(opMarii i oMHOMY MOMEHTI
(IMB. CHMHTE3 ONTUMAIBHHUX CUCTEM KOJIHMBAJIHHOIO
gacTuHOW [4]), 1m0 ympaBise, MO3BOJSE 3HAUTH
ONTHUMAJIBHE PIlICHHS AJIs OyIb-SKUX IMIHPOT MicCIie-
3HAXO/PKEHHS IIPH BiJIITOBITHUX CTOSIHKIB y KaHalIaX
sMiHHMX ctany O i B (cM. Bupas (10) aGo (11),
3aJISKHO BiJl 00paHOTro MOMEHTY) [5].

CuHTE3 CUCTeMHU YTPaBIiHHSA MPHU HENOBHIW iH-
dopmarrii mpo ctaH 00’€KTa IO3BOJISIE OTPHMATH
AaBTOHOMHY ¥ iHBapiaHTHY 0 3MiHHM IIMUPOTH CHCTeE-
My npuBeneHHs. Jias BUOOpy KoopAuHATH, LIO 3a-
BOIUTBCA B DEryIATOpP, B OTPUMaHUX (HopMmynax
cmin Bigmatu mepesary pszkam wmatpuii  Q(O),
€JIEMEHTH SIKOi HE 3aleXaTh BiJ IUPOTH MiCLENpH-
BEJICHHS 3a yMOBH, o [/, =const. [lpyruil psmox

marpumi (10) BigmoBimae mum ymoBaM. Tomy s
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iHBapiaHTHOCTI CHCTEMH NPHUBEICHHS CJiJl BUKOPHUC-
TaTH iH(QOPMALiO0 TITBKA TO KYTOBIH KOOpIMHATI
B, mo mae TakoXk cHCTEMi aBTOHOMHICTb, HaKJIa/aa-

TH KEPYIOUUl MOMEHT 110 TOPU3OHTAIBHIH OC1 miBi-
cy 1 Bimkmouatu nemndysaHHa kommaca [5]. Binm-
3HAYKMMO, III0 MPU 3aCTOCYBAHHI TAKOTO PETYISATOPA
IUIsl TIPUBEJICHHSI OYIb-KOTO KOPUTOBAHOTO Tipo-
KoMmImaca Ha OyJb-SKHX LIMPOTax, PEryJsTop CIij
MEPEHACTPOIOBATH TUTBKHU MO MapaMeTpy Iy TIUBOCTI
IHIUKAaTOpa TOPU30HTY, TOJI K yCi iHII JaHi mapa-
METpU KOMITaca HE BIUIMBAIOTh HAa ONTHUMAJBHICTh
MPUBEICHHS.

BucHoBKkH

VY cTarTi 3anmpONOHOBaHA CHUCTEMa, sIKa TpH3HA-
YeHa JUId TIPUBEICHHS TipoKOMIaca B IUIOMIMHY
MepuaiaHa npH iHdopmanii Mo KyTOBili KOOpAMHATI
Ol 1 Kepyro4oro MOMEHTYy, 10 BEpPTHUKalbHIH oOci
miZBiCY, 3a BiJICYTHOCTI JATYHKIB KOOpAMHATH [3 i

KEpYI040ro MOMEHTY 10 TOPU30HTAIBHIH OCi.
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3rigHo 3 ¢opmynoro (11) y oMy BUDAIKy IS
BCELIMPOTHOCTI PEryJsATOpa B KaHaJ JaT4uka KOop-
JUHATH O. CIiJ YBOIAWTH PEryNIOBaHHSI, MPONOPLIil-
HE COSQ.
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