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VY 1omoBini 3amporoHOBaHO HOBHE BHCOKOC()EKTHBHHI METOJ BU3HAYCHHS
ONTUMAJILHOTO KEPYBaHHS HaIpy>KeHO-JIe(OpPMOBAaHMM CTaHOM IPOCTOPOBOIO
6arato3B’sI3HOTO CKJIQ/IGHOTO Tijla 33 JJONIOMOIOI0 CTaIl[ilOHAPHOTO TEMIIEPaTyPHOTO
noiss. MeTrox  pO3MNISSHYTO Ha NPUKIAAl  CTaliOHAPHOI  OCECHMETPHYHOT
TEPMONPY>KHOT 3a7a4i JyIsl IPOCTOPY 31 CHEPUUHUMH BKIIFOUCHHSM 1 TOPOXKHUHOIO.
Bin 6asyerbcs Ha y3arampHeHOMYy Meroni Dyp’e 1 3BOAMTH BHXIiJIHY 3a1ady 10
eKBIBAJICHTHOI 3a/1a4i ONTHMAJBHOTO KEpyBaHHsA, B sKiH CTaH 00 €KTy
BH3HAYAETHCS HECKIHYCHHOIO CHCTEMOIO JIHIHHUX anreOpaidHuX piBHSIHB, IpaBa
YHUCTUHA SIKMX NapaMEeTPUYHO 3aJeXKUTh Bil KepyBaHH:. [Ipu 11boMy (yHKLIOHAI
BapTOCTI BHXINHOI 3amadi MEPETBOPIOETHCSA Ha KBAaIpaTUUHUH (QYHKIIOHAN, a
00OMe)XeHHS Ha PO3MOIiT TeMIIEPaTypH 3aMIHIOETHCS 3HAYCHHAM HOPMH KepPYBaHHS
B mpoctopi 1, . MeTon takox Bupinrye 0CHOBHY po0OJieMy €KBiBalIeHTHOI 3a1a4i —

HEMOJKJIMBICTh OTPUMAaHHS SIBHOI 3aJIEKHOCTI CTaHy CHCTEMH BiJ KepyBaHHS. B
HBOMY 3alpOIIOHOBAHO TIOAAHHSA  PO3B'SI3KIB  HECKIHYEHHHX CHCTEM y
napaMeTpUYHii GopMi, 110 JO3BOIKMIO 3BECTH CKBIBAJICHTHY 3ajauy J0 3a/1adi Ha
YMOBHHMH EKCTPEMyM KBaJpaTHYHOrO (YHKIIOHANA, SKUHA SIBHO 3aJICKUTH Bil
kepyBanHs. [Tonanbmmii po3B's30k i€l 3aqaui 3HaX0AUTHCsE MeToioM Jlarpanxka i3
3aCTOCYBaHHSM CIIEKTPAIILHOTO PO3KJIA/ly MaTpHIi KBaJIpaTWYHOrO (yHKI[IOHAJA.
Po3pobGuiennii y crarti MeTox crporo oOrpyHToBaHO. sl BCIX HECKIHUEHHHX
CHCTEM JIOBEIEHO (PEAroIbMOBICTh X omeparopiB. SIK BaskIMBUMA, HEOOXiTHHN
JUIl  OOTPYHTYBAaHHsS pE3yJIbTaT, BIIEPLIE OTPUMAHO OLIHKY 3HHU3Y MOMIYJIS
GararorapaMeTpUYHOTO BHU3HAYHMKA PO3B’S3YBAJIBHOI CHCTEMH KpaloBOi 3a1adi
CHPSDKEHHS — TPOCTIip 31 chepruyHIM BKITIOUEHHSIM — IPH PO3B'SI3aHHI ii METOIOM
®Oyp’e. JloBeneHO TeopeMy, SKa BCTAHOBIIOE YMOBH ICHYBaHHSA Ta €IWHOCTI B
npocropi 1, po3B's3Ky exBiBaseHTHOI 3a1a4i a60 3a/1a4i ONTUMATIBEHOTO KepyBaHHS

6e3 oOMmexeHHS. UMCENbHHIA aNTOpUTM 3aCHOBAHO HA METOAI PemyKIii st
HECKIHUCHHHMX CHUCTEM JIIHIHHKUX aareOpaldHuX piBHsAHb. [IpoBeIeHO AOCIIIHKECHHS
NPaKTHYHOT TOYHOCTI YHCEIBHOTO AITOPUTMY LUIIXOM MOPIBHSHHS ONTUMAaJIbHOTO
KepyBaHH:, OTPUMAHOTO MPH Pi3HUX HapaMeTpax peaykuii. Po3paxyHku nokazanu
CTIHKICTP METOJy 1 JOCTaTHRO BHCOKY TOYHICTh HaBiTh IpH HAOJIM>KCHHI
TPaHMYHUX TIOBEPXOHb Ha BigHocHy Bifgcranp 0.2. Hasemeno rpadikn
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CEKLIIS 6 - OMTUMIBALIA TA MPOEKTYBAHHA ENEMEHTIB KOHCTPYKLIN | BIOMEXAHIYHUX CUCTEM
SECTION 6 — OPTIMIZATION AND PROJECTION OF STRUCUTURAL ELEMENTS AND BIOMECHANICAL SYSTEMS

ONITUMAJIEHOTO PO3IIOJUTYy TeMIIepaTypH INpH Pi3HUX TEOMETPHYHMX IHapaMeTpax
3aja4i Ta ix aHayiz. MeTox npuIycKae po3IOBCIO/PKEHHS Ha 1HIII KpaiioBi 3a/1a4i 3
PI3HOIO TeoMeTpi€ro.
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THE METHOD OF DETERMINING THE OPTIMAL CONTROL OF THE
THERMOELASTIC STATE OF A PIECE-HOMOGENEOUS BODY USING A
STATIONARY TEMPERATURE FIELD

The report proposes a new highly effective method for determining the optimal control of the
stress-strain state of a spatially multi-connected composite body using a stationary
temperature field. The method is considered on the example of a stationary axisymmetric
thermoelastic problem for a space with a spherical inclusion and a cavity. It is based on the
generalized fourier method and reduces the original problem to an equivalent problem of
optimal control, in which the state of the object is determined by an infinite system of linear
algebraic equations, the right-hand side of which parametrically depends on the control. At
the same time, the cost functional of the initial problem is transformed into a quadratic
functional, which depends on the state of the equivalent system and parametrically on the
control, and the limitation on the temperature distribution is replaced by the value of the

control norm in space 1, . The paper proposes a presentation of solutions of infinite systems

in a parametric form, which made it possible to reduce the equivalent problem to the
problem of the conditional extremum of a quadratic functional, which clearly depends on
the control. The further solution of this problem is found by the lagrange method with using
the spectral decomposition of the quadratic functional matrix. The method developed in the
article is strictly justified. For all infinite systems, the fredholm property of their operators
is proved. As an important result necessary for substantiation, for the first time an estimate
from below of the module of the multi-parameter determinant of the resolving system of the
boundary value problem of conjugation — space with a spherical inclusion — was obtained
when solving it by the fourier method. A theorem is proved that establishes the conditions
for the existence and uniqueness of the solution of an equivalent problem or an optimal

control problem without restrictions in space ly. The numerical algorithm is based on the

reduction method for infinite systems of linear algebraic equations. Estimates of the
practical accuracy of the numerical algorithm showed the stability of the method and
sufficiently high accuracy even with the close location of the boundary surfaces. Graphs of
optimal temperature distribution for various geometric parameters of the problem and their
analysis are given. The method assumes extension to other boundary value problems with
different geometries.
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