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O eANHCTBEHHOCTU rPaHUYHbIX YIPaBAEHUN
KOCbIMW NPON3BOAHbIMM HA KOHL,AX CTPYHbI
3a N1t060M KOPOTKMI MPOMEIKYTOK BPEMEHMU

®.E. lomosues, C.I. Xoaoc
benopycckuli 2cocydapcmeeHHslli yHUsepcumem

B HacmoAweli cmamee uccnedosaHa eduHcmeeHHocms ynpasaerull {u, 1L, } 30004u 2paHUYHO20 yrpassneHus 01

uHanbHBIX MOMeHmMo8 spemeHu |, ydoenemsoparousux HepaseHcmeam N—1<T <N, 20e undekc N npurHumaem awboe
u3 mpex 3Havenuti 1; 2; 3.

Llenb pabomel — usy4yeHue eOUHCMBEHHOCMU 2PAHUYHbIX yrpasaeHuli 3a0a4u ynpaesneHua KonebaHuasmu o2paHu4eHHol
CMpYHbl 80 MHOM(ECMBE ee KAACCU4ecKux peuwleHuli mocpedcmeom HexapakmepucmuyecKux HecCmayuoHapHbIX Nepesix KOcbix
MpouU3800HbIX 8 2DAHUYHbIX YCA0BUAX HA KOHYAX CMPYHbI.

Mamepuan u memoodsl. Mamepuanom cayxwum 3a0a4a ynpasnaeHus KoaebaHusMmu CmpyHsl € MOMOWbH OaHHbIX
2PAHUYHbIX YCA08Ull HAO KOHUAX CMPYHbI 8 CAy4Yde HeXapaKmepucmuyeckux HecmayuoHapHbLIX Mepabix KOCbIX MPOoUu3800HbIX.
UccnedosaHue eduHCcmeeHHOCMU ynpasaeHul nposodumcs nymem aHaaAu3a ycaosuli ynpasasemocmu emecme C
mpeb08aHUAMU 271A0KOCMU U YC/A08UAMU CO2/10COBAHUA UCXOOHbIX OGHHbIX 3a0aYuU YNpaesneHUs HA OCHoBe ABHbIX
PeKyppeHmMHbIx hopmyn Kaaccudeckux peweHuli coomsemcmaytoweli cMewaHHol 3a0a4u.

Pe3ynabmamel u ux obcymdeHue. Co2nacHO meopeme CYyWecmeoB8aHUA KAACCUYECKUX peweHull 3a0a4yu 2paHUYHO20
yrpassaeHus e crayyae HernpepbieHo OugdepeHyupyemozo U HEXaPaKMepUuCmuUYecKo2o 2paHUYHO20 Pexuma 3mu peuleHus
cywecmsyrom 048 mex U MOsAbKO mex UCXOOHbIX OaHHbIX 3ada4yu (npasoli Yyacmu, HA4anabHbIX U (PUHAALHbLIX OGHHbIX),
Komopbie ydossnemeopsaom coomseemcmsyowum mpebosaHUAM 2a1a0KOCMU U YCa08UAM ynpasasemocmu. [JoKasaHo, Yymo
015 1106bIX UCXOOHbIX OAHHbIX, 0719 KOMOPbLIX 8bIMOMAHANMCA maKue mpebosaHus U ycnosus, ece2dd cywecmsyem napa
ynpasneruli {1, 11, }, y0081emseopaOWUX COOMBEMCMBYIOUUM YCAOBUAM CO2/10COBAHUA 2PAHUYHO20 PEHUMA C ypaBHEHUEM

KonebaHuli CMpyHel, HAYAAbHLIM COCMOAHUEM U (PUHAAbHBIM COCMOAHUEM CMPYHbl. YCmMaHo8neHo, Ymo sma napa
ynpasneruli {11, } eduHcmeeHHa 01 1106020 PUHANLHO20 MOMEHMA 8pemMeHU 0<T <2 u He edurcmeerta dns ao6ozo

DUHANbHO20 MOMeHMa 8pemMeHU 2<T<3.

3aknioyeHue. YKa3aHbl an20pumm U Gopmynsi 044 [0CAed08amesnbHO20 B8bIYUCAEHUA 3MUX eOUHCMBEHHbIX U
HeeOUHCMeeHHbIX ynpasnaeHuli 8 A6HOM sude. B OanvHeliwem HeedUHCMBEHHbIEe yrnpasaeHus nodaexam onmumu3ayuu.
Anzopumm 00Ka3amenbcmea u popmysibl 8bI4UCAEHUSA yrpasaeHuli He Uucrnosnsb3ytom memoo rnpooosxceHuli UcXoOHbIX OaHHbIX
3a0a4u yrnpassneHus 8He MHOX(ecmas 3a0aHUA 3mux OaHHbIX MPU MOCMAHoB8Ke usy4yaemol 3a0a4u.

Knrouyeeble cnoea: 300a4a 2paHUYHO20 ynpasaeHus, huHanAbHbIU MOMEHM ynpaeneHus, Kaaccudeckoe peweHue 3a0aqu
ynpassneHus, 2paHuU4YHoe ynpaessaeHue, mpebosaHue 2nadKocmu, ycioeue ynpasasemocmu, ycioeue co2aaco8aHus.
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In this paper we study the uniqueness of controls {u,,11,} of the boundary control problem for the final instants of time
T, satisfying the inequalities N—1<T <N, where the index N takes any of the three values1; 2; 3. The purpose of the

article is to study the uniqueness of boundary controls for the problem of controlling the oscillations of a bounded string in the
set of its classical solutions by means of the non-characteristic non-stationary first oblique derivatives in the boundary conditions
at the ends of the string.

Material and methods. The material of this work is the problem of controlling the string oscillations with the help of given
boundary conditions at the ends of a string in the case of non-characteristic non-stationary first oblique derivatives. The
uniqueness of controls is investigated by analyzing the controllability conditions together with the smoothness requirements and
the matching conditions for the given data of the control problem on the basis of explicit recurrence formulas for classical
solutions of the corresponding mixed problem.



Results and its discussion. According to the existence theorem for classical solutions of the boundary control problem in the
case of a continuously differentiable and non-characteristic boundary regime, these solutions exist for those and only those
input data of the problem (the right-hand side, initial and final data) that satisfy the corresponding smoothness requirements
and controllability conditions. It is proved that for any given data for which such requirements and conditions are fulfilled, there
always exists a pair of controls {u,,1,}, satisfying the matching conditions for the boundary regime with the equation of the

string oscillations, the initial state and the final state of the string. It is established that this pair of controls {u,,|1,}, is unique

for any final time moment 0<T <2 andis not unique for any final time moment 2<T<3.

Conclusion. The algorithm and formulas for the sequential calculation of these unique and not unique controls in explicit
form are indicated. In the future, not unique controls is subject to optimization. The proof algorithm and the formulas for
calculating controls do not use the method of continuations of the input data of the control problem outside the sets of the
specification of these data when the control problem is formulated.
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