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Pedepar:

1. Po6boTy npucBsiY€HO PO3B’sI3aHHIO HAYKOBO-TIPUKJIAAHOI IPO6JIEMHU —pO3POOJIEHHIO [EOMETPUYHUX TEXHOJIOTIi
iMIyJIbCHO-1HEPLiITHOTO TpaHC(POPMYBAaHHS CTEPKHEBUX KOHCTPYKILil IPY MOZEJIIOBAHHI CIIOPYA’KEHHSI KOCMIUHUAX
iH(ppacTPyKTyp B yMOBax HEBAaroMOCTi 3 BUKOPUCTAHHSIM IIPOTEXHIYHMX NPUCTPOIB (MipONaTPOHiB) SIK PyLIiiB pyxy.
Y nucepraliii po3risaaoTbCs JIUIe reOMeTPpUYHI MOJieli IpoLecy po3KpUTTS, a peasisalis ix y peasbHUX BUpobax
noTpebye JOIOMOrY iH)XEHepiB-TEeXHOJIOTiB. PO3p06s1€HO reOMeTPpUYHY MOJIEJIb iIMITYJIbCHO-iHEPLiliHO] TeXHOJIOTI]
PO3KPUTTS CTEPKHEBUX KOHCTPYKILi y HEBarOMOCTI, @ TAKOXK KOHLIEL{I0 YHAOYHEHHS B3a€MHUX I10JIOKEHb JIAHOK
KOHCTPYKIii 3aco6amu KOMITIOTEPHOI aHimaliii. 3anmpornoHoBaHO CIIOCi6 3yIMHKY [IPOLECy PO3KPUTTS JaHIOTa
CTEp>KHIB y Hallepe; pO3pax0BaHOMY PO3KPUTOMY CTaHi HUIsIXOM ¢ikcallii MexaHi3sMy HUIIHAPUYHUX IapHIpiB.
Hapano oLiHKM [1iana3oHiB MIBUJKOCTEH, IPUCKOPEHD Ta [iI0UYMX CUJI HA BY3JIOBUX €JIEMEHTAX CTEP)KHEBUX
KOHCTPYKLii. SIK IpuKJaay HaBeJeHo croci6 GopMyBaHHS y HEBArOMOCTI KOHCTPYKLi CITKOIIOJIOTEH HAa OCHOBI

IMOroOI)KEHUNX pYXiB JABOXJIAaHKOBUX CTEP>KHEBUX MeXaHiYHUX CUCTEM, a TAKOX CXEMU Tr€OMETPUIHUX Moneneﬁ



(opMyBaHHS CTEP>KHEBUX KOHCTPYKILiM TUITY 3aXBaTiB 30BHi KOCMIYHOTO anapary. 3alipoIOHOBaHO CIOCi6
(opMyBaHHS CTEPKHEBUX KOHCTPYKLIH y TPOCTOPI 32 aHAJIOTi€I0 YOTUPUIAHKOBOTO MASITHHAKA 3 PYXOMOIO TOYKOIO
BifJ1iKy. BUKOHaHO KOMIT'IOTEPHI €KCIIEPUMEHTH 3 IOCIIiIKEHHSI CTIMKOCTI PyXy TBEPZAOTO Tijla y HEBaroMoOCTi
IIJISIXOM KOMITIOTepHOI peanidauii mogesi [TyaHco. [171s1 KOXKHOTO 3 IPUKJIaZiB 6y10 06UMCIIEHO i 106y 10BaHO
pO3TallyBaHHS €J1IeMEHTIB YOTUPUIAHKOBUX CTEPKHEBUX MEXaHI3MiB y ITpolieci po3KpUTTs; Ppa3oBi TpaeKkTopii
dyHKLil y3arajibHEHNUX KOOPIAMHAT, SIKi J03BOJISIIOTh BUBHAUUTH Jiarla30H 3MiHU 3HaY€Hb KYTiB i IIBUJIKOCTEN
PO3KPUTTSL; rpadiky 3MiHM y Yaci BeJIMYMH KyTiB sIK QYHKIIH y3araJbHeHUX KOOPAMUHAT, @ TAKOX MEPIINX Ta APYTUX
NOXiIHMX IMX QYHKLIN; rpadiky IPUCKOPEHHS Ta CUJIOBOI XapaKTEPUCTHKY 3MiHU BEJIMYMH KYTiB SIK (PYHKLIN
y3arajabHEHMX KOOPJMHAT. Pe3ysibTaT TEOPETUYHUX JOCIIiIPKEHb BIIPOBAIPKEHO IIiJ] YaC pO3pOOKMU IPOTPamMHOroO
3a0be3nevyeHHs 17151 MOJIeJIIOBaHHS i Bidyasisaliii poO3KpUTTs CTepKHEBUX KOHCTPYKIIill y HeBaromocTi. Kito4oBi
CJIOBA: CTEPXHEBA KOHCTPYKILisl, y3araJlbHEeHi KOOpAUHATH, iMITyJIbCHO-IHEPLiliHA CXeMa PO3KPUTTS, PYHKILi
y3arajabHEHUX KOOPJMHAT, ()a30Ba TPAEKTOPisl, reOMeTpUYHA KapTuHa [TyaHCOH, Bidyasi3allii pO3KpUTTS
KOHCTPYKIIi.

2. The work is devoted to solving a scientifically applied problem - development of geometric technologies of
impulse-inertial transformation of bar structures when simulating the construction of objects in zero gravity using
pyro-cartridges as movers. Only geometric models of the disclosure process are considered in the work, and their
implementation in real products needs the help of process engineers. A geometric model of a pulsed inertial
technology for the disclosure of rod structures in zero gravity, as well as a concept for visualizing the mutual
positions of structural parts by means of computer animation, have been developed. A method for stopping the
process of opening a chain of rods in a previously calculated open state by fixing the mechanism of cylinder joints
is proposed. Estimates of the ranges of speeds, accelerations and acting forces on the nodal elements of the rod
structures are provided. As an example, a method for the formation of mesh structures in zero gravity based on
the coordinated movements of two-link rod mechanical systems, as well as the diagrams of geometric models for
the formation of rod structures, such as captures outside the spacecraft, are given. A method for the formation of
rod structures in space is proposed by analogy with a four-link pendulum with a moving reference point.
Computer experiments were carried out to study the stability of the motion of a rigid body in zero gravity by
computer implementation of the Poinsot model. For each of the examples, the arrangement of the elements of
four-link bar mechanisms in the process of disclosure was calculated and constructed; phase trajectories of the
functions of generalized coordinates, which allow you to determine the range of changes in the values of angles
and speeds of disclosure; graphs of the time variation of the angles as functions of the generalized coordinates, as
well as the first and second derivatives of these functions; graphs of acceleration and force characteristics of the
change in the values of angles as functions of generalized coordinates. The results of theoretical studies were
introduced during the development of software for modeling and visualization of the disclosure of rod structures
in zero gravity. The development of theoretical bases for modeling geometric objects based on the use of applied
geometry requires solving a number of theoretical and practical issues that make the relevance of the research.
First of all, it concerns the approach to initiate the movement of elements of a multi-link structure in the process
of opening. Geometric models are designed for sequencing illustration of configurations as space objects are
transformed into space. The transformation of ultralight frames connected to a chain by means of cylindrical joints
in which the whole mass of the structure is concentrated is considered in the work. The opening of the four-link
framed structure, as an example, is considered weightless as an analogue of the «oscillation» of the four-link
pendulum. It is advisable to investigate the dynamics of the process of opening a structure in the form of a four-
link framed system on the basis of the Lagrangian variational principle. The question arises about the adaptation to
the weightlessness of the motion of the four-link pendulum as the basis of the geometric model of the orbital
object opening. The answer to this question is found in papers on the use of Lagrange equations of the second kind
for mechanical systems in weightlessness. It is considered formally that the calculations of transformation of
mechanical framed structures in weightlessness can be approximated using only the concepts of kinetic energies.
Geometric modeling is manifested in computer animated films created, which show the mutual movement of the
links of the framed structures in the process of opening. This allows you to determine the geometric configuration



of the location of the links at a certain point in time of opening, depending on the parameters of the framed
structure. Keywords: rod structure, generalized coordinates, impulse-inertial disclosure, functions of generalized
coordinates, phase trajectory, Poinsot geometric picture, visualization of the disclosure of the structure.
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