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Pedepar:

1. MeTo0 pob0TH € CTBOPEHHS HOBITHbOI METOJ0JIOTIi, aJITOPUTMIB i IPOrpam pO3paxyHKy IPOCTOPOBUX
reoOMeTPUYHO HeJIiHIHUX OJJHOBUMIPHUX CUCTEM Ha OCHOBI po3pUBHOro 6a30Boro, BP, i arnamkysanbHoro, 3P,
pileHs, e 6a30Be PillleHHs € BiTHOCHO IIPOCTOI0 KPYrOBOIO UM XeJIIKCHOK IeOMETPIEI0 3 BiATIOBIIHO «BOYOBAaHOIO»

CHACTEMOIO 6a30BUX CHUJI, 10 MAaKCUMAaJIbHO BPAaXxOBy€ FeOMETPUYHY HEJIiHIMHICTD 3a71a4i Ta 3a7,a€ KPUBOJIiHINHY



CUCTEMY KOOPAVHAT [J1s1 OTPUMaHHS aHajitTu4Horo 3P; a 3P, B ¢BOI0 uepry, Kopekrye bP 3a nornomororo
CIieniaspHOI iTepaliiiHol IpoLenypy YTOYHEHb. IH)KeHEePHI PO3paxyHKU MAIIVH Ta KOHCTPYKLIiN TpaauLiiiHO
BHMKOHY€ETbCSI B FT€OMETPUYHO JIiHiHiI TOCTaHOBL, ie BBaKAeThCs 10 gedopmalliiiHi nepeminieHHs i 3MiHa popmu
TiJla € HE3HAYHMMU i He BIJIMBAIOTh HA PO3PAXYHKOBY CXeMy. BIIpOBa[I>)KeHHS B Pi3HUX rajy3sx IPOMUCIOBOCTI
OibII THYYKMX KOMITO3UTHUX MaTepiasiB (HalpuKia, B JIiTaKoOyAyBaHHi), 3aikcoBaHi B Cy4aCHMX HOPMATUBHUX
IOKYMEHTaxX BUMOTH 1[0/10 TIOKPAIlJaHHS TOYHOCTI aHasli3y (Tpy6oIpoBigHa iHAyCTpis, NiiOMHO-TPaHCIIOPTHI
MalllMHM) 3 BDaXyBaHHSIM BEJIMKUX JePopMaliliHuX IepeMillleHb — POOJISITh aKTyaJIbHUMU CTBOPEHHSI METOZB
aHaJli3y B FeOMETPUYHO-HeJiHiNHINA, ['H, nocTanoswi. binbie Toro, cy4acHa TEHAEHLis1 PO3MMPEHHSs chepu
3aCTOCYBaHHSI [IPOEKTHUX PO3PaxyHKIiB Ha FHYYKi MeIUYHi Ipr6opy (€HIOCKOIN), po36ipHi Oy iBesibHi KOHCTPYKIIi
(maylaTky, MaHexXu), CIIOPTUBHE CIIOPSIPKEHHS (IIeCTH, PaKETKU), BAHTOBI KOHCTPYKILii CIIOHYKA€ 10 CTBOPEHHS
METO/IiB i IpOrpam pO3paxyHKYy, 10 BPaxOBYIOTh 3MiHY (POPMU Tijla B IPOLIECi HABaHTaXKEHHS. 3acTocyBaHHs ['H
aHaJsIi3y 'HyYKUX JOBIUX TiJl € aKTyaJlbHUM NP T€OMETPUYHOMY MOJEIOBAHHI (T00Y10Ba allpOKCUMALIHUX i
iHTepnoJsALiNHYX CIIJIalHIB) TPaeKTOPill i 306pa’keHb, a TaKOXK B KiHOIHAYCTPIi, le BUMora IpaBonoai6HOCTi
3r€HEPOBAHUX KOMITIOTEPOM IPOLECiB 1e(pOPMYBaHHS Ta PyXy IPUBOAUTH [IO BCE LIMPIIOTO 3aCTOCYBAaHHS
aJITOPUTMIB, [0 OCHOBAHI Ha (Pi3MUHO OOIPYHTOBAHUX MOJEJISIX, TOOTO € PilleHHSIMU OudepeHLiiHAX PiBHSIHb
medopmariii 6asok yu KaHaTiB. SIK He IUBHO, Cy4acHi KOMepLiliHi Iporpamu, IIpu BCill CBOil JOCKOHAIOCTI, Yacy i
TpaguLisiM PO3BUTKY, HAYKOBOMY 3a0e31eueHHi, 3pYYHOCTi 3aCTOCYBaHHS Ta [IPeICTaB/IEeHHS BXiJHUX i BUXiTHUX
IAHUX -- BCE lIe He 3[aTHi BUpilyBaTy NoAioHi 3apadyi. lle nos’s13aHo 5K 3 HeloJliKaMy aHAJIITUYHMAX PO3PAaxyHKOBUX
€JIEMEHTIB, 1[0 3aCTOCOBYIOTHCS [JIs1 MOJIEJIIOBaHHS BIACTUBOCTEN (i3MYHUX TiJl, TaK i 3 opraHisalielo itepamiitHux
npouecis. BjiacHe, 3 IUM i IOB'AI3aHUI IIMPOKKUI NIOTIK HAYKOBUX PO3POOOK B JliTepatypi, sKi, IpOTe, MalOTh By3bKe
3aCTOCYBaHHS Ta HEJOCTATHE MiJTBEPI)KEHHS YUCEJIbHUMY Ta €KCIIEPUMEHTAIbHUMU TecTaMu. [0 HeJloiKiB
iCHyI0YMX METOZIB BiffHeCeMO HacTynHe. [lepiue, Malbke BCi BOHM 6a3yI0ThCsl Ha IPMHLMIAX MiHiMi3alii eHeprii s
3a3Jajierinp BUOPAHUX CTEIeHsIX CBOOOIY B IeSIKMX TOYKAaX i allpOKCUMYOUYUX QYHKIiN 1715 BCiX iHIIMX TPOMDKHUX
TOYOK. O4eBUIHO, € CYMHIBHUM T€, YY1 MOXXYTb TaKi LITYYHO CKOHCTPYIHOBaHi PyHKLii MOze110BaTH BCi
IvdepeHLirHi 3aJ1eKHOCTI MiXK Qi3MYHMMY i reOMEeTPUYHMMU [TapaMeTpaMu 3agad. JIpyre, [is HeJliHiHUX 3a1a4
HEeOoO0XiIHO IPOBOJUTH JliHEApHU3allilo, 06 OTPUMATH CUCTEMY JIiHIHUX piBHSIHB. OCKIiIbKY BCi icCHyIOUi MeTOAU
Oy[yloTb HellepepBHi iTepaliliHi HabIVDKEeHHS, 110 MaJIo BifIPi3HSIOTHCS Bif IONIEPEeAHbOrO i 1ie IPUBOJUTD [I0 Iy>Ke
IOBrMX 004YMCIIEHb (COTHI iTepaliil) uu fo pimenHs 3anayd ge 'H mae o6MeXeHNUi BIIJIMB Ha Pe3yJIbTaTH (AeKiabka
JleCSITKIB ITPOLIEHTIB); OKPiM TOTO BOHYU BUMaraloTb TOYHOTO ITOYaTKOBOTO TIOJIO>KEHHS, HANIPUKJIa, 1J1S1 HYJIbOBUX
30BHIIIHIX il i IJe 3Ha4HO YCKJIAIHIOE 3a71a4yy, KOJIM I0YaTKOBE IOJIOKEHHS Tisla HeBinoMe. Tperte, icHytoTh 1Bi ['H
MaTeMaTU4Hi MOZeJi JOBTMX THYYKUX Tijl — 6ajika i KaHat, IPUYOMY BilOMO, 1II0 CUJIBHO PO3TSITHyTa 6ajlka OTPUMYeE
BJIACTMBOCTI KaHaTy. [IpoTe B sliTepaTypi He BKa3ylOThCS MEXi IX OKPEMOTO 3aCTOCYBaHHS, HE ONUCYIOTbCS
KOMOIHOBaHI METOIH, KOJIM Ha JIeSIKMX JiISTHKAaX MOXKe 3aCTOCOBYBATUCS MEHII TPYLOMICTKAa MOZEJIb KaHaTa
(Hampuksan BHYTPIlIHI NiNsSHKY), 2 MOJeJb 6aJIKY - Ha TPAHMLSIX Tijla, YU B 30HAaX KOHTAKTY 3 iHIIMMU TilamHu.
TaxkuM YMHOM, BOKJIMBUM € CTBOPEHHS METO/IiB urcesbHOro aHasnizy I'H oHOBMMipHUX 3a/1ay, sIKi 6a3yBajyiuch o6u
Ha TOYHUX aHAJITUYHUX PilIEHHSIX MOJeJIel KaHaTy Ta IIPOCTOi, PO3TATHYTO], i CTUCHEHOI KPUBOJIHIMHOI 6aKy AJ1s
eJleMeHTapHuX 06a30BUX [IiJITHOK; Ta PO3pOOKa e(PeKTUBHOIO aJIrOPUTMY YTOYHEHb, 110 JO3BOJISIB 01 HE3a/IeKHe
YTOYHEHHS [10JIO’KEHHSI KOJKHOI 6a30BOi AiNsiHKY (reoMeTpii) Ha 3aaHiil iTepalii 3 HaCTyIIHUM HOro 3r71a/IKyBaHHIM
3a 10onomMoro 3P, mo 3HaYHO IPUCKOPUTD ITPOLIEC YTOUYHEHD i 3DOOUTH 0r0 HE3aJIEXXHUM BiJl IPaBUIIbBHOTO BUOOPY

IMTOYaTKOBOT'O ITIOJIOKEHHS.

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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InenTudikarop ORCHID ID: 0000-0002-7113-2276
JopaTrkoBa inpopmamnist:

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

MOJIITEXHIYHNN iIHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBitiHHS: MiHicTepcTBO OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBEepCUTETCHKUI

BiacHe IIpi3Buie Im'sa I1o-6aTbKOBI:

1. Xannypos Biagucnas Bosogumuposny

2. Vladyslav V. Haidurov

KBasigikamis: . 1. 1., gow., 01.05.02
Imentudikarop ORCHID ID: 0000-0002-4805-8880
HoparkoBa indopmamnist:

IloBHe HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuHuil yHiBepcuteT Ykpainu "KuiBchKuit

MOJIITEXHIYHUN iIHCTUTYT imMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921



Micue3HaxoaKeHHS: npocnekt bepecreiicekuit, 6y, 37, Kuis, 03056, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

CeKTOop HayKH:. YHiBEPCUTETCHKUIL

VIII. 3aKkJIl04Hi BiZOMOCTi

ByacHe IlpizBumie Im's ITo-6aTbKOBI

TOJIOBH pajgu

BiiacHe IIpi3Buine Im'sa ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3aciJaHHi

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectparop

KepiBHuk Bigginy YKpIHTEI, mo €
BiZIOBiZasIbHUM 32 peecTpallilo HayKOBOi

OisIIBHOCTI

Bipuenko ['enHanii AHATOMINOBUY

Bipyenko ['eHHaniil AHATOMIOBUY

Masypuk Poman Bonogyumuposuy

VKpIHTEI

[Opuenko TersiHa AHaToJiiBHA



