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Pedepar:

1. MeTo10 pobOTH € CTBOPEHHSI HOBITHbOI METOJ0JIOTi, aJITOPUTMIB i IPOrpam po3paxyHKy IPOCTOPOBHUX
reOMEeTPUYHO HeJiHIMHUX OOHOBUMIPHUX CUCTEM Ha OCHOBI pO3pUBHOrO 6a30B0ro, bP, i 3armamxkysansHoro, 3P,
pimeHs, ie 6a30Be pillleHHS € BiTHOCHO IIPOCTOI0 KPYrOBOIO UM XeJIIKCHOI TeOMETPIEI0 3 BiATIOBITHO «BOYJOBAaHOIO»
CHACTEMOIO 6a30BUX CHUJI, 110 MAaKCUMAaJIbHO BPaXxOBy€e FeOMETPUYHY HEJIiHIMHICTb 3a7a4i Ta 3aja€ KPUBOJIiHINHY
CHCTEMY KOOPAMHAT [J1s1 OTPUMaHHA aHasiTuYHOro 3P; a 3P, B cBOI0 Yepry, Kopekrye bP 3a mornomororo
crienjiaspHOI iTepaliiiHol NpoLenypy yTOYHEHDb. IH)K€HEPHI PO3paxyHKU MAllIVH Ta KOHCTPYKLiN TpaguLiiiHO

BHMKOHYETHCSI B FT€OMETPUYHO JIiHiHi TOCTAaHOBLI, ie BBaXKaeThCs 1o gedopmalliiiai nepeminieHHs i 3mMiHa popmu



Tijla € HE3HAaYHMMM i He BIJIMBAIOTh HAa PO3PAXYHKOBY CXeMY. BIPOBaIyKEHHS B Pi3HUX ray3six MIPOMUCIOBOCTI
OibII THYYKUX KOMIIO3UTHUX MaTepiasiB (HanpuKjag, B JliTakoOyLyBaHHi), 3apikcoBaHi B CyyaCHUX HOPMaTHUBHUX
IOKYMEHTaxX BUMOTH 1[0/10 IOKPallJaHHS TOYHOCTI aHali3y (Tpy6oIpoBigHa iHAyCTpis, NifiOMHO-TPaHCIIOPTHI
MalllMHU) 3 BDaXyBaHHSM BEJIMKUX Je(QOopMaliliHUX IepeMilleHb — POOJISITh aKTyaJIbHUMU CTBOPEHHSI METO/IB
aHasizy B reoMeTpUYHO-HeJiHilHiN, ['H, noctaHoBi. Bisbiue Toro, cydacHa TeHAeHLis po3mupeHHs chepu
3aCTOCYBAHHSI [IPOEKTHUX PO3PaxyHKiB Ha FHYUYKi MeJUYHi Ipr6opy (€HIOCKOMN), po30ipHi Oy iBeibHi KOHCTPYKIIi
(mayaTky, MaHexXu), CIIOPTUBHE CIOPSIPKEHHS (IIeCTU, PAaKETKU), BAHTOBI KOHCTPYKILii CIIOHYKa€ 10 CTBOPEHHS
METO/B i MpOorpaM po3paxyHKy, 110 BpaXxOBYIOTh 3MiHy (pOpMHU Tijla B IIpolieci HaBaHTaKeHHS. 3acTocyBaHHs ['H
aHasli3y HyYKUX JIOBIUX TiJl € aKTyaJIbHUM IIpY TeOMETPUYHOMY MOZEJIIOBaHHi (II00yA0Ba allpoOKCUMALiHUX i
iHTepNOJIALiHYX CIIJIaliHIB) TPaeKTOPill i 306pa’keHb, @ TAKOXK B KiHOIHAYCTPIi, le BUMora IpaBonoAidHOCTi
3reHEepPOBAHUX KOMITIOTEPOM IPOLECiB e OPMYBaHHS Ta PyXy IPUBOAUTS [10 BCE MIMPIIOTO 3aCTOCYBAHHS
aJITOPUTMIB, 1[0 OCHOBAaHI Ha (Pi3MYHO OOIPYHTOBAHUX MOJEJISIX, TOOTO € PilleHHSIMU NUudePeHLiHAX PiBHSIHb
nedopmariii 6anok yu KaHaTiB. SIK He IMBHO, Cy4acHi KOMepLilHi Iporpamu, IIpu BCill CBOill JOCKOHAIOCTI, Yacy i
TpaAuLisiM PO3BUTKY, HAYKOBOMY 3a0€3I1€U€eHHi, 3pY4HOCTi 3aCTOCYBaHHS Ta [IPEICTaBJIEHHS BXiJHUX i BUXiTHUX
IAaHWX -- BCE LIe He 370aTHi Bupimysatu nofi6Hi 3amadi. Lle moB's13aHoO K 3 HeoJliKaMy aHAJIITUYHUAX PO3PaXyHKOBUX
€JIEMEHTIB, 1[0 3aCTOCOBYIOTHCS JIs1 MOJIEJIIOBaHHS BIaCTUBOCTEN (i3MYHUX TiJl, TaK i 3 opraHisaljielo itepauiitHux
npoliecis. ByacHe, 3 IUM i IOB'AI3aHMI IIMPOKKUI NIOTIK HAYKOBUX PO3POOOK B JliTepatypi, sKi, IpOTe, MalOThb By3bKe
3aCTOCYBaHHS Ta HEJOCTATHE MiTBEPI)KEHHS YUCEJIbHUMY Ta €KCIIEPUMEHTAIbHUMU TeCTaMU. [0 HeJIOJIiKiB
icHyI0UMX MEeTOIiB BifHECEMO HACTyMNHe. [lepiie, Maibke BCi BOHU 6a3yl0ThCsl Ha IPUHLUIAX MiHimi3auii eneprii s
3a3Jajerinp BUOPaHUX CTEIeHsIX CBOOOY B IeSIKMX TOYKaX i allpOKCUMY0OUYUX QYHKIiN 1715 BCiX iHIINX TPOMDKHUX
TOYOK. OYEBU/IHO, € CYMHIBHUM T€, Y4 MOXKYTb TaKi IITYyYHO CKOHCTPYIOBaHi QyHKILii MOZIEIIOBAaTH BCi
IvdepeHLiiHi 3aJ1IeKHOCTI MiX (i3MYHMMY i FeOMETPUYHMMU [TapaMeTpaMu 3agad. JIpyre, [Jis HeJliHIHUX 3a1a4
HeOOXiJIHO IPOBOJUTH JliHeapu3allilo, 06 OTPUMATU CUCTEMY JIiHIHMX piBHSIHb. OCKiNIbKY BCi icHy104i MeTou
Oy[yloTb HellepepBHi iTepaliiiHi HabVDKEeHHS, 110 MaJIo BiIPi3HSIOTHCS Bif, IONIEPEAHbOTrO i 1ie IPUBOJUTH [I0 IyKe
IOBrMx 004MCIIeHb (COTHI iTepauiil) 4u 1o pimeHHs 3a1a4 ge 'H mae oOMeXeHNi BIIJIMB HA PEe3yJIbTATH (JeKibKa
IeCSITKIB IIPOLIEHTIB); OKPiM TOTO BOHY BUMAaraloTb TOYHOTO ITOYaTKOBOTO MOJIO>KEHHS, HANIPUKJIA, 17151 HYJIbOBUX
30BHIIIHIX il i IJé 3Ha4HO YCKJIAIHIOE 3a71a4yy, KOJIU I0YaTKOBE I10JIOKEHHA Tijsla HeBinoMe. Tpere, icHytoTh 1Bi ['H
MaTeMaTU4Hi MOZEJi JOBTMX THYYKUX Tijl — 6ajika i KaHat, IPUYOMY BilOMO, IIIO CUJIBHO PO3TSITHyTa 6ajlka OTPUMYeE
BJIACTMBOCTI KaHary. [IpoTe B JliTepaTypi He BKa3ylOTbCS MeXKi iXx OKpEMOT0 3aCTOCYBaHHS, HE OMUCYIOTHCS
KOMOIHOBaHI MEeTOIH, KOJIM Ha [IeSIKMX JiISTHKAaX MOXKE 3aCTOCOBYBATHCS MEHII TPYLOMICTKA MOZeJIb KaHaTa
(Hampuksan BHYTPIlIHI Ni7sHKK), @ MOJeJb 6aJIKY - Ha TPAHMLSX Tijla, YU B 30HAaX KOHTAKTY 3 iHIIMMU Tilamu.
TaxkuM YMHOM, BOKJIMBAM € CTBOPEHHS METO/IiB UMCesIbHOrO aHasnizy 'H ofHOBMMIipHUX 3a/1ay, sIKi 6a3yBajyiuch 61
Ha TOYHUX aHa/liTUYHUX PillIeHHSX MOZeJel KaHaTy Ta IPOCTOi, PO3TATHYTOI, i CTUCHEHOI KPUBOJIiHIIHOI 6a/IKu 1151
eJleMeHTapHUX 0a30BUX [IITITHOK; Ta PO3pO6Ka e(peKTUBHOIO aJITOPUTMY YTOYHEHb, 1110 JO3BOJISIB 61 He3aJlesKHe
YTOYHEHHS [10JIO’KEHHSI KOJKHOI 6a30BOi AiNsHKY (reoMeTpii) Ha 3aaHiil iTepalii 3 HaCTyIIHUM HOTo 3I71aI)KyBaHHIM
3a 1ornomoroio 3P, 110 3HaUHO MPUCKOPUTH IIPOLIEC YTOYHEHb i 3pOOUTh MOT0 He3aJIe>KHUM Bifl IPaBUIIbHOTO BUOOPY

IMIOYaTKOBOT'O ITOJIOKEHHS.

2. The aim of the work is to create a new methodology, algorithms and programs for calculating spatial
geometrically nonlinear one-dimensional systems based on the basic discontinuous, BS, and smoothing, SS,
solutions, where the basic solution has a relatively simple circular or helix geometry with a corresponding "built-
in" system of basic forces that takes into account the geometric nonlinearity of the problem to the maximum
extent possible and sets a curvilinear coordinate system to obtain the analytical SS; and the SS, in turn, corrects
the BS using a special iterative refinement procedure. Engineering calculations of machines and structures are
traditionally performed in a geometrically linear formulation, where it is assumed that deformation displacements
and changes in the shape of the body are insignificant and do not affect the design scheme. The introduction of
more flexible composite materials in various industries (e.g., aircraft construction), requirements for improving the
accuracy of analysis (pipeline industry, lifting and transporting machines and equipment), considering large
deformation displacements, - it makes relevant to develop analysis methods in the geometrically nonlinear (GN)



formulation. Moreover, the current trend of expanding the scope of design calculations to flexible medical devices
(endoscopes), actively bent structures (tents, playgrounds), sports equipment (paddles, rackets), and cable
structures encourages the creation of calculation methods and programs that take into account changes in body
shape under stress. The application of GN analysis of flexible long bodies is relevant in geometric modeling
(construction of approximation and interpolation splines) of trajectories and images, as well as in the film industry,
where the requirement of plausibility of computer-generated deformation and motion processes leads to the
increasing use of algorithms based on physically based models, i.e., solutions of differential equations of
deformation of beams or cables. Surprisingly, modern commercial programs, despite all their sophistication, time
and traditions of development, scientific support, ease of use and presentation of input and output data, are still
unable to solve such problems. This is due to both the shortcomings of the analytical computational elements used
to model the properties of physical bodies and the organization of iterative processes. In fact, this is the reason for
the wide flow of scientific developments in the literature, which, however, have a narrow application and
insufficient confirmation by numerical and experimental tests. The disadvantages of existing methods include the
following. First, almost all of them are based on the principles of energy minimization for pre-selected degrees of
freedom at some points and approximating functions for all other intermediate points. Obviously, it is questionable
whether such artificially constructed functions can model all the differential dependencies between the physical
and geometric parameters of the problems. Second, for nonlinear problems, it is necessary to perform
linearization to obtain a system of linear equations. Since all existing methods performs continuous iterative
approximations that differ little from the previous one, this leads to very long computations (hundreds of
iterations) or to solving problems where the GN has a limited influence on the results (several tens of percent); in
addition, they require an exact initial position, for example, for zero external actions, and this greatly complicates
the problem when the initial position of the body is unknown. Thirdly, there are two GN mathematical models of
long flexible bodies - a beam and a cable, and it is known that a highly stretched beam acquires the properties of a
cable. However, the literature does not indicate the limits of their separate application, nor does it describe
combined methods, when the less labor-intensive cable model can be used in some areas (e.g., internal areas), and
the beam model can be used at the boundaries of the body or in areas of contact with other bodies. Thus, it is
important to develop methods for numerical analysis of the GN one-dimensional problems based on accurate
analytical solutions of cable models and simple, stretched, and compressed curved beams for elementary basic
sections; development of an efficient refinement algorithm that would allow independent refinement of the
position of each basic section (geometry) at a given iteration with its subsequent smoothing using SS, which would
significantly speed up the refinement process and make it independent of the correct choice of the initial position.
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IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuHuil yHiBepcuTeT Ykpainu "KuiBchKuit

NOJIiTeXHIYHM iHCTUTYT iMeHi Iropst Cikopcbkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yz. 37, Kuis, 03056, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MiHictrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. Xaipypos Bnagucnas BosogumupoBray

2. Vladyslav V. Haidurov

KBasigikamis: . . u., gou., 01.05.02
InenTudgikarop ORCID ID: 0000-0002-4805-8880
JoparkoBa indpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanjioHanbHuit TexHiuyHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJITEXHIYHMI IHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

VIII. 3ak/1104Hi BiZOMOCTI



Bnacue IpizBume Im's Io-6aTBKOBI Bipuenko ['eHHaniii AHATOJNINOBUY
TOJIOBH pajgu

Biacue IlpisBuie Im's [1o-6aThKOBI Bipuenko 'ennaziit AHaToiioBuy
rOJIOBYIOYOrO Ha 3acCimaHHi

BigmoBizasibHUH 32 MiATOTOBKY Masypuk Poman Bosionumuposuy

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiJIIOBiZaJIbHUM 3a peE:CTpaI.lilO HayKOBO'l' Opuenko TersiHa AHaToJIiBHA

OisIIBHOCTI




