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Pedepar:

1. O6'exT mochimkeHHs - Ternnodi3nyHul rpoliec Aii Ja3epHOro MpoMeHs Ha 6araTomapoBUil MiKpo6ioIoTiYHUN
MaTtepian. MeTa focifyKeHHs - po3poOKa MaTEMAaTUYHUX MOJEJIel, YUCENbHUX METO/IB, aJITOPUTMIB i
CIIeLiali30BaHNX MOJEJIOI0YUX IPUCTPOIB [1JIS MiABUIIEHHS SIKOCTi 610T€XHOJIOTIYHOrO IPOLECY JIa3€PHOI
cermMeHrallii 6araTomapoBoro Mikpo6ioJIoriyHOro Marepiainy 3a KpUTepieM XXUTTE3NATHOCTI Ooro yacTuH. MeTtonu
IOCTIIKEHHS - METO/IU MaTeMaTUYHOTO MOJEJIIOBaHHS CUCTEM 3 PO3MOieHUMY NTapaMeTpaMu [Jist popMatizaliii
33724 onTyuMmisalii napaMmeTpiB 1a3epHoi Aii Ha 6iomaTepia, YMCeabHi METOIU 1151 PO3B'sI3aHHS 6araTOBUMIpDHUX,
HEJIiHIHUX | HeCTalliOHapHUX 33a4 ONTHUMi3allii, METOAYM CUHTE3y IIPOrPAaMHO-aIlapaTHUX CIIEliali30BaHUX
MOIETIOI0YMX ITPUCTPOIB IJ1s1 MiABUIEHHS e(PeKTUBHOCTI (IIBUAKOCTI Ta TOYHOCTI) pO3B's13aHHS 3a/1a4
MOJIEIIOBAaHHS i ONTUMI3allii CUCTEM 3 PO3NOAiIEHMMU IapaMeTpaMu. TeopeTUYHE 3HaYeHHS OTPUMaHUX
PE3yJbTATIB MOJISITA€ B TOMY, 10 3alIPOIIOHOBAHI MAaTEMATHUYHI MOJEJI, YUCEJIbHI METOIY, AJITOPUTMU, A TAKOX

CIieliazi3oBaHi MOJeI00Yi IPUCTPOI J1s peasisalii BilloBigHUX MaTEMAaTUYHUX MOJIeJIEN € TOLAJIbIIUM



PO3BUTKOM METO[IiB MAaTEMAaTUYHOT'O MOJIEJIIOBAHHS i IPOrPaMHO-aNapaTHUX 3aC00iB, MO JO3BOJISIOTh
aBTOMATHU3YBaTHU MIPOLEC MDKAMCLUUIIIIIHAPHOTO AOCIIP)KEHHSI MAaTEMATUYHUX MOJ€JIEHN TEMJIOBOTO BIIJIUBY
CKaHOBaHUX JIKepeJi JJa3epPHOTO BUIIPOMiHIOBAaHHS Ha 6araToumapoBi MikpobiosoriuHi 06'ektu. Kpim Toro, 1ie nae
MOXJIMBICTb 31iICHUTH €(PEKTUBHE PO3B'SI3aHHS BOKJIMBUX IPUKJIAIHUX 33[1a4, IIOB'SI3aHUX 3 ONTUMi3alli€lo
Tena0(i3NYHMUX NPOLECiB B MiKpOOIOJIOTiYHMX cucTemax. [IpakTuuHe 3Ha4eHHS! OTPUMAHUX Pe3yJIbTaTiB MOJIArae B
TOMY, 110 OJlep>KaHi pe3ysIbTaTy MOXKYTb OYTH 3aCTOCOBaHI AJIsl: MiIBULIIEHHS SIKOCTI IIPOLieCy AijleHHs ITY4HOi i
HaTypaJsbHO] LIKipY NPU JIiKyBaHHI BEJIMKUX OIIiKiB; 3BAPIOBAaHHS OioMarepiay; [iJIeHHs paHHIiX eJliTHUX eMOpioHiB,
3 METOIO MOJAJIbIIOI TPAHCIIJIAaHTALlil YaCTUH €MOPiOHiB; BUKOPUCTAHHS B PaKTULL MiKpoxipyprii, opranbmororii,
KOCMETOJIOTII 1 iHmmX ranyssax. HaykoBa HOBU3HA OTPUMAaHUX PE3YJIbTATIB [10JIATa€ B TOMY, IO YAOCKOHAJIEHA
MaTeMaTu4Ha MOJIeJib OCHOBHOI ONTUMI3alliliHOi 3a7ayi, 1110 € 6araTOBUMipHOIO, HECTalliOHAPHOIO, HETiHIIHOIO i
6araToeKCTPEMaJILHOIO 337a4€I0 ONTMMI3allii mapamMeTpiB poLecy JIa3epHOi JI0KaJIbHOI TEIIOBOI Aii Ha
6ararouapoBuil MiKpo6ioJIOTiYHMIT MaTepial 3 ypaXyBaHHSIM OOMEXEHb Ha Pe3yJbTyloye TeMIIepaTypHE 10J1e
6iomarepiany. 3gilicHeHa popmanizallis i cuctemaTu3sallis IPUKIATHUX 33184 ONTHUMI3alli, SIKi € YaCTKOBUMU
BUMAaAKaMU OCHOBHOI OoNTUMi3aliiiHoi 3afayi. JlocnimkeHi xapakTepHi 0COOGIMBOCTI iXx MaTeMaTUYHUX MOJiesIel, 1110
IO3BOJIMJIO OOIPYHTOBAHO 3[iCHATH BUOIp METOMIB iX YACEIbHOI Ta IPOrpaMHO-anapaTHoi peanisauii. Bnepme
IoCTimkeHa 6araToTOYKOBa KpaoBa 3a7java [ijis 6aratomapoBoro Mikpo6ioIoTivHOTO cepemoBUINa i ToBeeHa
KOPEKTHICTb TaKoi 3a/1aui 3a MajiuMu 30ypeHHsIMU. Lleil pe3ysbTaT J03B0JIsle rapaHTyBaTy aJleKBaTHICTh
PO3PaxyHKOBMX Ta MIPUKJIAIHMAX ONTUMI3aLIIIHUX MaTEMAaTUIHUX MOJIEJIEN, 10 ONUCYIOTh NPOLEeC Iii MpOMeHs
J1a3epa Ha 6araTomaposi (N-1maposi) Mikpob6iosoriuHi maTepianu. YIOCKOHaNIEeHO MOIYKOBU METO], ONITUMi3aliii
OCHOBHUX IIapaMeTpiB [iii J1a3epHOro NPOMEHsI B YaCTHHI BpaxyBaHHS clieludiku apameTpiB CKAHOBaHUX
JIa3€pPHUX IPKEPEJ Ta MaTeMaTUYHUX MOZeJIel, 110 3aCHOBAaHMI Ha KOMIIO3UILil [10CJiJOBHO BXXUBAHUX YU CEJIbHUX
METO/IiB, 5IKi CTBOPIOIOTh OOYMCIIIOBAIbHY CTPYKTYPY. 3allpONIOHOBAaHA CTPYKTYPHA CXeMa 6a30BOr0 aJITOPUTMY [JIS
peasizauii o6uncoBanbHOI CTPYKTYpH. Lle 103B0JIsie IPU YncesIbHIN peaizallii NpUKIafHUX ONTUMI3aliTHIX
MoJeJsiell 3MiHIOBaTH TiJIbKY KOMIIO3HUIIiI0 YACEIbHUX METO/IB Y BiATIOBIZHNX 064U CIIOBATIbBHUX CTPYKTYypax.
OTpumanu nojasnblinil PO3BUTOK METOM i 32C00U MPOrpaMHO-anapaTHOi peasisallii IpUKIaJHUX ONTUMI3ALiHUX
MaTeMaTUYHUX MOJEJIEN TOWYKY palliOHaIbHMX 3HaY€Hb TEXHIYHUX ITapAMETPIB JIa3€PHOTO BUIIPOMIHIOBAHHS 11714
GaraTouapoBoro Mikpob6iosyioriuHoro Martepiaiuy. 3anrporloHOBaHi Crocib Ta gBa IPUCTPOI AJ1s peasizaiii
MaTeMaTU4YHUX MOJeJIel, 0 lae MOXJIUBICTb MiABUIIMUTY €(PEKTUBHICTD (32 BUTPAaTaMU 4acy i mam'sari) peanisani
LIUX MOJIeJIe Ta JO3BOJISE 32 PaXyHOK 3aCTOCYBaHHS (PYHKIIOHAIbHO-OPi€EHTOBAaHUX OJIOKIB AJ1s1 peanisaliii
Mif3a/1a4 MigBUIIMTY TOYHICTh PO3B'sI3aHHS MPUKJIATHUX 3a71a4. [fucepTaniliHa po60Ta BUKOHAHA Bifl[TOBITTHO 0
HAyKOBO-0CJIiHOI pOOOTH Ta AOCiIHO-KOHCTPYKTOPChKOI po60TU XapKiBChKOT0 HAlliOHAJIbHOTO TEXHIYHOTO
VHIBEPCUTETY CiJIbCBKOTO rocrnogapctsa im. [lerpa Bacuiienka, e BUKOHYBaJIACSI HAYKOBO-TEXHIUHI poOOTH 32
TeMaMu: "MoZeI0BaHHS [TPOLIECy TEIJIOBOrO HAarpiBy 6araTouapoBoro 6ioyorivyHoro 06'ekra” (10BigKa
BIIpOBaKeHHs Bif 21.12.2012 p., N2 21-1-7 /268); "Po3pobka MeTOiB J1a3epHOro JiJleHHs] eMOPiOHIB BeJIMKOI poraroi
Xypo6u" (mosigxa BrposamxeHHs Bif, 12.04.2013 p., N2 0206U000717); "Po3pobuTH i ONTUMi3yBaTh CUCTEMU
KJIOHYBaHHsI, XuMepu3allii, riobpuansaii Ta 6io¢pisndHoOi OLIiHKY SIKOCTi OOLUTIB, EeMOPIOHIB i peNpOAyKTUBHOI
dyHKLil cam1iB" (moBigka BrpoBamkeHHs Bif 12.03.2014 p., N© 0111U003445); "Pe3yspTaTi €KCIIepUMEHTAJIbHUX
nocaipxeHs 1o Bty EMIT KBY nianasony Ha 6iosioriyHi 06'ekT" (akT BIpoBaKeHHs Bif, 4.06.2015 p., N2
0104U003721).

2. The object of the research - thermophysical process of laser beam action into the multilayer microbiological
material. The purpose of the research - development of mathematical models, numerical methods, algorithms and
specialized simulators to improve the quality of biotechnological process of laser segmentation of multilayer
microbiological material under the criterion of viability of material parts. Research methods - methods of
mathematical modeling of systems with distributed parameters for the formalization of parameter search
optimization problems, numerical methods for the solution of multi-dimensional, non-linear and non-stationary
optimization problems, methods for synthesis of specialized software and hardware simulators for effective (in
terms of speed and accuracy) modeling and optimization of systems with distributed parameters. The theoretical
significance of the results is that the proposed mathematical models, numerical methods, algorithms and



specialized simulators for the implementation of appropriate mathematical models are the further development of
mathematical modeling methods and software and hardware means to automate the process of interdisciplinary
research of mathematical models designed for thermal effects of scanned sources of laser radiation emitted on
multilayer microbiological objects. In addition, it allows to carry out an effective solution of important applied
problems related to the optimization of thermal processes in microbiological systems. The practical significance
lies in the fact that the obtained results can be used to improve the quality of the process of division of artificial
and natural skin during the medical treatment of extensive burns, the division of early elite embryos for
subsequent transplantation, microsurgery practice, ophthalmology, cosmetology and other industries. Scientific
novelty of the results is that the improved mathematical model of the basic optimization problem, which is a multi-
dimensional, non-stationary, non-linear and multi-extremum optimization of process parameters of local thermal
laser effects on multi-layer microbial material is subject to the limitations on the resulting temperature field of the
biomaterial. Formalization and systematization of applied optimization problems are performed, which are special
cases of the basic optimization task. Characteristic features of their mathematical models are studied that enabled
making reasonable choice of methods to carry out their numerical, software and hardware implementations. For
the first time, the multi-point boundary value problem has been investigated for the multilayer microbiological
environment, and correctness of this problem has been proved for small perturbations. This result allows us to
guarantee the adequacy of the calculation and application of optimization mathematical models describing the
action of the laser beam process on the multilayer (N-layer) microbiological materials. The search method has
been improved for optimizing the basic parameters of the laser beam, which takes into account the specifics of the
parameters of the scanned laser sources and mathematical models based on the composition applied on a
consistent numerical methods that form the structure of the computer. A block diagram has been proposed for the
basic algorithm for the realization of the computing structure. This allows the application of numerical
implementation of optimization mathematical models to change the composition only of numerical methods in
computational respective structures. Methods and tools for hardware and software implementation of the
application for optimization mathematical models have gained further development. A method and apparatus has
been proposed for implementing the two mathematical models which allow increasing the effectiveness (in terms
of time and memory) of the implementation of these models and allow implementing solutions to increase the
accuracy of applications through the use of function-oriented sub blocks. The thesis is done in accordance with
the scientific and research work of Petro Vasilenko Kharkiv National Technical University of Agriculture, where the
scientific and technical works have been carried out on the topics: "Design of process of the thermal heating of
multi-layered biological object" (Certificate of implementation from the Ministry of Agricultural Policy from
21.12.2012, No 21-1-7 / 268); "Development of methods of laser division of embryos of cattle” (No of State
registration 0206U000717); "To work out and optimize the systems of cloning, chimerization, hybridization and
biophysical estimation of quality of oocytes, embryos and reproductive function of males" (No of State registration
0111U003445); "Results of experimental researches on influence of EMP KVCH range on biological objects" (No of
State registration 0104U003721).
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