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KEPYBAHHSI IYUYKOM TPAEKTOPIN JITHIMHOI JUCKPETHOI CUCTEMM 31 CKIHUEHHUMUA
MHOXWUHAMMH ITIOYATKOBHUX I KIHHHEBUX CTAHIB

B crarTi nponoHyeThesl JOCTIDKEHHS 3a1a4i KepyBaHHs [IyYKOM TPAEKTOPil MiHIHHOI AUCKPETHOI CHCTEMH. 3aJaya KepyBaHHs MyYKOM TPAaeKTOPii
BHHHKAE B MPUKIAHUX 3a1a4dax, /UL SKUX XapaKTePHUMHU O3HAKaMH € IETePMiHOBaHA HEBH3HAUCHICTH II0OYATKOBHX YMOB CHCTEMH, KEpyBaHHS IDy-
100 06’€KTiB MOAIOHOT Ipupo/ M Towo. J{0 TaKuX 3a/a4, 30KpeMa, HaJle)KaTh 3a/1a4i KepyBaHHS [Iy4KOM 3aps/DKEHHUX 4aCTHHOK. B mocraHoBLi 3a/1au4i,
sIKa JOCHIKYETBCS B CTATTi, PYHKIisS KEPYBaHHS € CKAISIPHOIO, MHO)KUHA MOYaTKOBHX CTAaHIB | MHOXKHHA KiHIIEBHX CTaHIB MICTSTh CKIHYCHHY KiJlb-
KiCTh eeMeHTIB. IIpy 1bOMy CHCTEMA € IIJIKOM KePOBAHOI0. 3a/1a4a MoJIsrae B 3HaXOMKCHHI KEPYBaHHsI, SKE [IEPEBOAUTH CUCTEMY 3 MHOXKHHH [104aT-
KOBHMX YMOB B MHOXXHHY KiHI[CBHX CTaHIB. B crarTi 3a1a4a KepyBaHHsI [Iy4KOM TPA€EKTOPii 3BOJUTHCS [0 33/1a4i TEPMiHAIBHOTO KEPYBaHHsI JIiHIHOO
JICKPETHOIO CHCTEMOIO BHIOI po3MipHOcTi. Ilpy 1iboMy ozepikana cucteMa Mae GJI04HY CTpYKTypy. Takuii miaxin € HoBuM. BukopucTtoByroun ¢op-
MyJIy, 5IKa BCTAHOBIIFOE€ 3aJISKHICTh MIXK IIOYaTKOBHM 1 KIHIIEBUM CTAHOM AMCKPETHOI CHCTEMH, 3a/ady TePMiHAIBHOTO KEPYBaHHs 3BEJCHO 10 3aj1adi
3HAaXOJUKEHHSI PO3B’SI3Ky CHCTEMH JIHIHHUX anreGpaidHuX piBHSIHBb. BHKOPHCTOBYIOYM CTPYKTYPY MAaTpHUIi CHCTEMH, a TAKOX BHIJISJL 3arajbHOrO
PO3B’sI3KY CHCTeMH JIHIIHUX anreOpaiuHuX piBHSHb, OJCP)KAHO 3arajJbHHN PO3B’A30K 33/1a4i TEPMiHATILHOTO KepyBaHHs. 3aCTOCOBYIOYH BIACTHBOCTI
NICEeB000EPHEHOT MATpPUIli, BCTAHOBJIEHO YMOBH iCHYBAaHHS PO3B’SI3KY 1 (DYHKIIIO, 5IKa € 3arallbHUM PO3B’SI3KOM 33/1a4i KEPYBaHHS IYYKOM TPAEKTO-
piit. OziepXKaHuil B CTATTi pe3ysibTaT Ma€ alrOpUTMiv4HE CIIPSIMYBaHHS.

KurouoBi cioBa: auckperHa cucrema, (YHKIsS KepyBaHHsS, KEPOBAHICTb, IIy4OK TPAEKTOPiH, TepMiHaJIbHE KEepyBaHHS, MCEBI0OOEpHEHA
MaTpHILl, CUCTEMA JIIHIMHUX PIBHSHb.

B. T. MATBHEHKO, B. B. IHYKYP, /1. H. YEPHUH
YIPABJIEHUE IYYKOM TPAEKTOPHUI JIMHEMHOM JUCKPETHON CUCTEMBI C
KOHEYHBIMU MHOKECTBAMUA HAUYAJIbHBIX U KOHEYHBLIX COCTOSIHUI

B craTbe npeyiaraercs ucciae0BaHUe 33/1a4n YIPABICHUS [TyYKOM TPAeKTOPHHU JIMHEHHON JAMCKPETHOM cUcTeMbl. 3a/1aua YIpaBJIeHus! IyYKOM TpaeK-
TOpPHI BO3HHKAET B NMPHUKIAJHBIX 3a/a4ax, I KOTOPHIX XapaKTePHBIMU IPU3HAKAMH SIBISICTCS IeTEPMUHHPOBAHHAS HEOIPEACICHHOCTh HaYaIbHBIX
YCIIOBUH CHCTEMBI, YIPaBJICHUE IPYNIOH 00beKTOB 0J00HOH IpHuposl. K dncry Takux 3agad, B 4aCTHOCTH, OTHOCSITCS 3a/1aull yIPaBIEHUS ITyIKOM
3apsDKEHHBIX YacTull. B mocTaHOBKe 3a/jauu, KOTOpas HCCIIELyeTcs B CTaThe, (YHKIUS YHPABICHUS ABISETCA CKASIPHON, MHOXKECTBO HAYaIbHBIX CO-
CTOSIHHI M MHO>KECTBO KOHEYHBIX COCTOSIHHIT COJIEPKAaT KOHEYHOE KOIMYECTBO 3I1eMEeHTOB. [Ipn 3TOM cHcTeMa BIIOJIHE yrpaBisieMa. 3aaqa COCTOUT B
HAXOJXJICHHU YIPABJICHUS, IIEPEBOJIIIEr0 CHCTEMY U3 MHOXKECTBA HaYaIbHBIX yCJIOBUH B MHOXKECTBO KOHEUHEIX COCTOSHUI. B craThe 3amaua ympas-
JICHUS! IyYKOM TPAEKTOPUI CBOJMTCS K 3a/lau€ TEPMHUHAIBHOTO YNpPABJIECHHs JMHEHHOH JUCKPETHOI cucteMoil Gosee BBICOKOH pasmepHocTH. Ilpu
9TOM IIOJyYCHHAst CHCTeMa uMeeT OJo4uHyto cTpykTypy. Takoit mogxon HoBelit. Vcrombs3yst hopMyily, yCTaHABIMBAIONIYIO 3aBUCHMOCTb MEX/IY Ha-
YaJTbHBIM M KOHEYHBIM COCTOSHHEM JHCKPETHOM CHCTeMBI, 3a/lada TEPMHHAIBHOTO YIPaBIEHUS CBEIEHA K 3aJade HAXOXKIEHUS PEIICHHUS CHCTEMBI
JIMHEHHBIX anreOpandecKux ypaBHEHHMi. MIcHonb3yst CTPyKTYpy MaTpPHIbI CHCTEMBI, a TaKXKe BUJ{ OOIIEro PelIeHUs CHCTEMbl JIMHEHHBIX anredpanye-
CKHX ypaBHCHHII, TOJIy4eHO obliee pelieHre 3aJa4i TEPMUHATIBHOTO yrpaBiaeHus. [Ipumensist CBOicTBa IICEBI00OPATHON MaTPHUIIBI, yCTAHOBIICHBI yC-
JIOBHSI CYIIECTBOBAHUS PEIICHHUS U (QYHKISI, KOTOpas sBISETCs OOMIUM pelIeHHeM 3aJadl yIpaBlIeHUs IydKoM TpaeKTopuid. IlomydeHHsI B cTaThe
pEe3yJIbTaT UMEET AITOPUTMUYECKOE HAIPaBIICHHUE.

KuroueBble ¢10Ba: JUCKPETHAs CHCTeMa, (YHKIHS YIPABICHNUS, YIPABIIEMOCTb, Iy40K TPACKTOPHIl, TEPMUHAIBHOE YIIPaBJICHHE, [ICEBI000-
paTHast MaTPHULA, CHCTeMa JIMHEIHBIX YPaBHEHHUH.

V. T. MATVIENKO, V. V. PICHKUR, D. 1. CHERNIY
CONTROL OF BUNDLE OF TRAJECTORIES OF A LINEAR DISCRETE SYSTEM WITH FINITE
SETS OF INITIAL AND FINAL STATES

The article proposes an analysis of the problem of control of trajectory bundle of a linear discrete system. The problem of trajectory bundle control
arises in applications characterized by the deterministic uncertainty of the initial conditions of the system, control of a group of objects of a similar na-
ture, etc. To such problems belongs, in particular, the control problem for a beam of charged particles. In the statement of the problem studied in the
paper, the control function is scalar, the set of initial states and the set of final states contain a finite number of elements. At the same time, the system
is completely controlled. The problem is to find a control that transfers the system from a set of initial conditions to a set of final states. The problem is
to find a control that transfers the system from a set of initial conditions to a set of final states. In the article, the problem of controlling a bundle of tra-
jectories is reduced to the problem of terminal control of a linear discrete system of higher dimension. At the same time, the resulting system has a
block structure. This approach is new. Applying the formula that establishes the dependence between the initial and final states of a discrete system,
the problem of terminal control is reduced to the problem of finding a solution to a system of linear algebraic equations. Using the structure of the ma-
trix of the system, as well as the form of the general solution of the system of linear algebraic equations, we obtain a general solution of the terminal
control problem. Applying the properties of the pseudoinverse matrix, we prove the theorem on conditions of the solution existence and establish the
function, which gives the general solution of the trajectory bundle control problem. This result has an algorithmic orientation.

Key words: discrete system, control function, controllability, bundle of trajectories, terminal control, pseudoinverse matrix, system of linear
equations.

Beryn. 3a0aua mepminanvrozo kepyganms € OTHIEIO 3 OCHOBHUX 33114 meopii Kepygarws. JIs NiHIAHOI cHCTeMH
KepyBaHHS YMOBH PO3B’3yBaHOCTI TaKoOi 3a7adi OB’ s13aHi 3 Kpumepiamu keposarocmi. Ilpu oMy BHHHKaE TpobieMa
KOHCTPYIOBaHHSI MHOXKHHH BCiX KepyBaHb, sKi O 3a0e3rneuyBaiii po3B’s30K 3ajadi TEPMIiHAIBHOTO KepyBaHHS. SIKIO
YMOBH KEPOBaHOCTI JJIsl CHCTEMH KePyBaHHS HE BUKOHYIOTHCS, TO CTaBUTBCS 3a/ada PO 3HAXOKEHHS KepyBaHb, AKi O
3a0e3mnevyBaiii Mepexiy B HaWOMIDKYME cTaH 10 3aJaHOro i, BIAMOBIJHO, 3HAXO/KEHHS BCIX TAaKUX KEpPyBaHb B
napameTpudHoMy Burisni [1 — 4]. YV Bunajky, KO0 MaEMO CYKYIHICTh TOYaTKOBHX 1 KIHIIEBUX CTaHIB, TO OJEPKYEMO
3aJauy KepyBaHHs IIy4KOM TpaekTopiil. Taka npobieMaTka Mae CyTTEBE NPHKIIAJHE 3HAUEHHS B PI3HUX MPUKIAIHUX
raiy3sx. 3ajgada KepyBaHHS ITy4YKOM TPA€KTOPii BUHHUKA€e B MPUKIAIHUX 3aJadax, Ul SKAX XapaKTepHUMH O3HAKaMH €
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JIeTepMiHOBaHa HEBH3HAYEHICTh IOYaTKOBUX YMOB CHCTEMH, KEPYBaHHS I'PYIOI0 00’ €KTiB moAiOHOT mpupoau Touio. Jlo
TaKWX 3a]1a4, 30KpeMa, HAIICXKATh 3a0aui Kepy8aHHs NYYKOM 3apaodiceHux yacmunok [5 —T7].

B crarti mpomoHyeThcs moOymoBa pO3B’SA3KY 3afadi KepyBaHHS IYYKOM TPAEKTOPIH ziHitiHOI Ouckpemuoi
cucmemu, Ka € LUIKOM KepoBaHON. MHOXWHH ITOYATKOBHX 1 KiHIIEBHUX CTaHIB 33JalOTHCS CKIHYEHHOKO KUTBKICTIO
TOYOK. B cTaTTi 3amada KepyBaHHA IIyYKOM TPAa€KTOPill 3BOAUTHCS 1O 3aladl mepMiHANbHO2O KepY8aHHA MIHIUHOMN
OUCKpemHOl  cucmemoro  8uwjoi  posmiprocmi. BuxopucToByroun (opMyiy, sSKka BCTaHOBIIOE 3aJ€XKHICTh MiXK
MMOYaTKOBHM 1 KIHIIEBHM CTaHOM JAHWCKPETHOI CHCTEMH, NPUXOAWMO [0 3agadi 3HaXOHKEHHS PO3B’S3KY CHCTEMH
JHIHHUX anreOpailuHuX PiBHSHb. BUKOPUCTOBYIOUM OJIOUHY CTPYKTYpPY MaTpPHUI CHCTEMH, a TAKOXK BUIJISI 3arajbHOTO
pPO3B’SI3Ky CHCTEMH JIIHIHHUX anreOpaidyHuX pIiBHSHb, OJIEPIKAHO 3aralbHUH pO3B’S30K 3a4adi TEPMiHAJIBHOTO
KepyBaHHs. 3aCTOCOBYIOUM BJIACTHBOCTI IICEBAOOOEPHEHOI MaTpHlli, OOTPyHTYBaHO TEOpEMY PO YMOBHU ICHYBaHHS
PO3B’s13Ky 1 QYHKIIIO, sIKa € 3arajJbHUM PO3B’SI3KOM 3a/1a4i KepyBaHHS IIyYKOM TPAEKTOPIH.

B crarti nmosnavaemo: R" — n—BuMipuuii egxnioie npocmip, R =R'; T — 3nak TPAHCIIOHYBAHHS; A, 4T -
obOepHeHa, ncesdoobeprena mampuys 0o Matpui A ; rank A — panr marpuni A .

3amaya KepyBaHHS MYYKOM TPa€eKToOpiii. PO3riisiHEMO 1IJIKOM KepOBaHy JUCKPETHY CUCTEMY KepyBaHHS
x(i+1)=A(i)x(i)+b(i)u(i), i=0,1,..., N, (1)
Ae X — BeKTOp cTaHy posmipHocti n; A(i) — marpuus cuctemn posmipHocTi nxn; b(i) — BekTOp po3mipHOCTI 7 ;
u(z) — ckamsipHa (yHKIis kepyBaHHS; {=0,1,..., N. Onuc mMOBHOI MHOKHHHU PO3B’SI3KIB 3a7adi Mpo TMEepeBEACHHS

cucremu (1) 3 MOYaTKOBOTO B KiHIIEBE ITOJIOKEHHS HaBEACHO B poboTax [1, 2, 4].
PosrnsHemo 3amady, sika mojisirae y ToMmy, mo0 3HaWTH (YHKIiI0 KepyBaHHS cucTeMoro (1), 3a JOIOMOTO0 SIKOi
cucreMy (1) MOXHa TIEpPEBECTH 3 3aaHOT MHOYKHHH [TOYATKOBUX CTaHIB

x(O) eQ = {x(o,l), X(0.2)7 x(o,s)} cR”" 2)
Y MHOXHHY KiHIIEBUX CTaHIB
x(N+1) eQ, = {x(1,1)’ (1) x(l’s)} cR". 3)
. T T T r . .
BBenemo Taki MO3HAYEHHS: Xo) = (x(o,l), X02)7 o> x(o,s)) — BEKTOp IOYaTKOBUX 3HA4YE€Hb PO3MIPHOCTI 72-5;
T
Xy = (x(Tl ) x(Tl 2)5 e x(Tl S)) — BeKTOp (piHANBHUX CTaHIB PO3MIPHOCTI 7- 5 ;
A(i) 0 0
0 4(i) 0

%= (ool ) LB ()= (BT (1287 (1)oeen BT () =01 N,

Toxi 3amauy nepeBe/ieHHs] CUCTEMH 3 00J1acTi moyaTkoBux craHiB (2) cucremu (1) B MHOXKHMHY (DiHAJIBHUX CTaHIB
(3) MoxxHa 3BECTH 10 €KBIBAJICHTHOT 33/]]a4l KEpYBaHHS CUCTEMOIO:

X(i+1)=A>)x(i)+b (i)u(i), i=0,1,.... N (4)
3a yMOB

X(0)=x) X(N+1)=2x;. (5)

KoncTpyoBanus ¢pyHkuii kepyBaHHsl. B KiHIIeBHif MOMEHT 9acy cTaH CUCTeMH (4) MOKHA 3amucaTh Tak [ 1, 2]:
N
X(N+1)=>W(N+Lk)u(k)+A(N)A(N-1)... A(1)4(0)%(0), (6)
k=0

JIe MaTPHIIS
W(N+Lk)=A(N)A(N-1)...A(k+1)b(k), k=0,1...,N.
3 (6) BUILTHBAE, 1I10:

X(N+1)-A(N)A(N-1)... A4(1)4(0)x(0) = iVI_/(NH, k)u(k). (7

Ilo3Haummo
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Ty =X(N+1)=A(N)A(N-1)... 4(1) 4(0)x(0),

W =W (N+1,0), W (N+1,1),... W (N +1, N=1), 7 (N +1, N)),

T

ﬁz(u(O),u(l),...,u(N)) .
Marpuus W e marpuuero posmiprocti nsx (N +1). Toxi (7) MOKeMO 3anmcaTn sK CHCTeMy anreOpaiuHux

PIBHSHB BiTHOCHO BeKTOpa po3MipHOCTI N +1, sKuif onucye QyHKIIiI0 KepyBaHHS

W=, (®)
Po3B’s130Kk cuctemu (8) Mae BHTIISI:
L? = W+i(1) (9)
PiBHsiHHS (9) 3anMIIMMO TaK:
1/7 = W+5€(1) = WT (WWT )Jr 5(:'(1), (10)
ze
N +
we=w"(ww') = WT[ZVI_/(NH, ST (N +1, j)}
j=0
Tonui (9) mae BurIISII:
w'(N+1,0)
T N *
a-| (VL) (ZVI_/(N-I—l,j)WT(N-i-l,j)] %)+
j=0
W' (N+1N)
W' (N+1,0)
=T N +
aqe-| 7 (V+1.1) £ZW(N+1, j)VI_/T(NH,j)] x
: i=0
W' (N+1,N)
(W (N+1,0), W (N+1,1),.., W (N +1, N))I#, (11)
Je VvV — JOBUIbHHNA BekTOp po3mipHocti N+1; E — OJMHMYHA MATPHUISL PO3MIPHOCTI (N +1)><(N +1).

CuiBeimHomenHs (11) € 3arampHIM po3B’si3koM chopmMyrboBaHoi 3anadi. [lepenmmmo (11) Tak:
W' (N+1,0)

— N +
VL) [ZVI_/(NH,]')VI_/T(NH,]')] Ry +7-
: Z

=
W' (N+1,N)
W' (N+1,0)
_ V:’_’T(N”’l) [iW(NH, j)VI_/T(N+1,j)]+ ﬁ:VI_/(NH, (i) (12)
V;/T(NH, N) " "

e ﬁz(v(O),v(l),...,v(N))T; v(k)e]R; k=0,1,..., N. Marpuio VI_/(N+1,k) 3aIUIIEMO y BHTIISII:

W (N+1,k) = A(N)A(N -1)... A(k+1)b (k) =| e AR -

A(N)A(N=1) ... A(k+1)b(k)
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Tomi
Z]:;D(J') éD(J) Z:D(J)
iVI_/(N+1,j)VI_/T(N+1’j): i)D(J) i‘,}D(j) i“)D(J)’
ZI_V(:)D(J') 20(1) Z]::)D(])
D7) = A(N)A(N=1) .. A +1)b(7)8" ()4 (j+1) . 4" (N)
ITo3naunmo
>b(j)=C

Tomi (12) MO>XHA TTPEICTABUTH TaK:

wr(N+L0)|(c ¢ cY
_ | WI(N+L1) ||C C cl|l. .
T R B OR
WT(N+1’N) c ¢ ..cC
wr(N+1L0)|(c ¢ .. cCY
wI(N+1L,1) ||[C C .. C| &~
L) SN +1,)v()). (13)
: e | S
I/I_/T(N+1,N) c ¢ .. C

Bigomo [3], mio sikio 4 — Marpuis, CKIIaieHa 31 BCIX JIIHIHO He3aleXHUX psIKiB MaTpuli A , matpuust 4 — 3i

~

BCiX JIIHIHO He3aJIe)KHWX CTOBIYMKIB MaTpumi 4, a marpuus A4 oznepkaHa 3 A4 TOCHZIOBHAM 3aCTOCYBaHHSIM
NOTIepeIHIX JIBOX OTepaliif, Toai

-1 ~

AT = AT (A1) A(m)* i

Hexait
CcC C C
c C ..
rank =rankC=n.
c Cc ..cC

BuxopucToByourn HaBeICHHUI BUIIE PE3YIbTaT, ICEBA000EpHEHY MaTpHII0 y hopmydi (13) MokHa 3amucaTH Tak:
+

cc .c
cc .c|_
cc .c
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c’ cryay| (Y
T T
~(cc..cf|(cc..o|C || <[ S]] | -
CT CT C C
) N
T
~(cc..cf |(cc..c) ¢ || c (c"c™...cT) Ul
cT C

OcKinpKH

TO
c C cY
c C 5 T r\7! T\ AT AT T
=s7(cc..o) (cc) e(cTc) (T )=
c C C
CT
=52 (;T (CCT)AC(CTC)A(CTCT...CT)_
o
CT(CT)—IC—I

T Tyl el
_ g2 C c)y ¢ C(CT(CT)—IC—I’CT(CT)—IC—I’.”,CT(CT)—IC—I).

CT (CT )*1 C71

BpaxoByroun, mo matpunsg C Mae IOBHUH paHT, OTPUMYEMO:

cc ..cy c c
cc .c -1 -l

=s2| € c(ch et ct)=s7 © (EE.. E)
cc .c o o

Tyr E — onuHM4YHA MaTpuus po3MipHOCTi nxn . basytouncs Ha Gopmydi (13), 3anuimumMo QyHKLiIO KepyBaHHs
ITyYKOM TPAEKTOPiil Tak:
c' ¢! c!
u(i)zs_zWT (N+1, i)

c! c' .. c!
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cl c' .. c?!

-1 -1 -1 | N
AT (L)€ C T IS (VL)) (14)
ct ¢! .. c!

ne v(k)eR; i=0,1,...,N .
Oynkuis kepyBanus (14) € pos3’s3koMm 3axadi (4), (5) 1 mepeBOIUTH MHOXHHY TOYOK (2), siKa 3alaeThCs
MMOYaTKOBOIO YMOBOIO )_C(O) = X(g) » B MHOXHHY (3), sixa 3a7a€THCST YMOBOIO Ha MIPAaBOMY KiHIII E(N + 1) =X - OTtxe, MH

O6I‘pyHTyBaJ'II/I TaKC TBEPKCHHS.

Teopema 1. /[na moeo, wob 3adaua (4), (5) manra po3s’sa30x, Heo6XioHo i 00CmamHuvo, oo

mnkéA(N)A(N—l)...A(j+1)b(j)bT(j)AT(j+1)... AT (N)=n,

npu yvomy N =n .

BucHoBkn. B cTarTi mpoBeneHO MOCHiIKEHHA 3aiadi KepyBaHHA IYYKOM TPAEKTOPii JiHIHHOI JUCKPETHOI
cucremMu. DyHKINS KEPYBaHHS € CKaSIPHOIO, MHOXKHMHA TOYATKOBUX CTaHIB I MHOXHHA KIHIICBHX CTaHIB MICTSTh
CKIHUEHHY KIJIbKICTh €JIeMeHTIB. B crarTi mokasaHo, 1o Taka 3ajava 3BOJUTHCS [0 3a/1a4i TEPMiHAIBHOTO KEpPYyBaHHS
JMHIHHOIO IOUCKPETHOI0 CHUCTEMOK. BHUKOPHCTOBYIOUM (GOPMYIy, SKa BCTAHOBIIOE 3aJISKHICThP MK ITOYATKOBHM i
KIiHIIEBMM CTaHOM JIMICKPETHOI CHCTEMH, 337auy TePMiHAJIBLHOIO KEpyBaHHS 3BEJECHO O 3a/1adi 3HAXOKEHHS PO3B’SA3KY
CUCTEMHM JIHIMHUX aireOpaluHUX pIiBHSIHB. 3arajibHUH pO3B’S30K CHUCTEMH JIHIHHMX ainreOpaidyHuX pIiBHSHb Jae
3ara’JbHUA PO3B’SA30K 3a/ladi TEPMIHATBHOTO KepyBaHHS. BHKOPHCTOBYIOUH BIIACTHBOCTI MCEBIOOOEPHEHOT MATpHIN i
CTPYKTYpY 3aJadi, BCTAHOBJICHO yMOBH ICHYBaHHs PO3B’SI3Ky 1 (yHKILIiIO, sIKa € 3arajJbHUM pPO3B’SI3KOM 3ajaui
KEpyBaHHS ITy4KOM TpaekTopiid. OnepkaHuil B CTATTI pe3yabTaT Ma€ AITOPUTMIYHE CIIPSIMYBaHHS.
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