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AHHOTALIUS

Junnomuas pabota, 75 ctp., 45 puc., 10 UICTOUHUKOB.
KroueBbie CJIOBA: METO/] KOHEYHBIX OJIEMEHTOB,
OK30CKEJIET, ITEPEMEHHASA JXECTKOCTbh, MOJIEJIMPOBAHUE,

ANSYS, APDL.

[enbro AUTIIOMHOM pabOThI SIBISIETCS:

aHaJu3 COBPEMEHHBIX METOJIOB Pa3pabOTKH SK30CKEIIETOB C JIEMEHTaMU
NEPEMEHHOMN KECTKOCTH;

pa3paboTka  aNrOpUTMOB  aJalTUBHOTO  W3MEHEHMsS]  JKECTKOCTH
AJIEMEHTOB KOHCTPYKIIUH;

MOJICIMPOBAHUE TOBEACHUS IK30CKEJIeTa B IMPOTPAMMHOM KOMILIEKCE
ANSYS.

B numiomHoM paboTe moydeHbl CISYIONINE Pe3yIbTaThl:

poBeAeH 0030p HCTOPUHM PA3BUTHS DK30CKEICTOB W COBPEMEHHBIX
MOJIXOJI0B K UX MTPOCKTUPOBAHHUIO;

pa3paboTaHbl MOJIEIM KOHCTPYKIIUH Pa3IMYHON CIIOKHOCTH, BKJIIOUas
PUOJIMKEHHBIC K aHATOMUU Y€JIOBEYECKOU PYKH;

peanu30oBaHbl AJTOPUTMBl ABTOMATHYECKOTO WM3MEHEHHUS IKECTKOCTH
AJIEMEHTOB HAa OCHOBE 3aJlaHHBIX KPUTEPHUEB (IIEPEMEIICHUE Y3JI0B, YIOJ
MIOBOPOTA);

BBINIOJIHEHBI PACUEThl [JIs PAa3JIMYHBIX THUIOB HArpy3oK (BEepTHUKalIbHAas,
pacTsaruBaroniasi, KpyTAIuid MOMEHT);

NPOAHAIIM3UPOBAHBI PE3YyJbTaThl MOJEIUPOBAHUS, TMOATBEPKIAOIINE
3 PEKTUBHOCTD NIPEAJIOKCHHBIX PEIICHUH.

[IpakTrueckast 3HAYUMOCTh PAOOTHI:

PesynpraThl  HWcclieoBaHUMS ~— MOTYT  OBITh  MPUMEHEHBI  TIPH
IPOEKTUPOBAHUH aJJalITUBHBIX 3K30CKEJIETOB 1JI1 MEULIUHBI, IPOMBIIUIEHHOCTH
U APYTuX o0JacTen.

PazpabGoTanHble anrOpUTMBI TO3BOJSIOT ONTHUMH3UPOBATH YKECTKOCTh
KOHCTPYKIIMM B pPEaJbHOM BPEMEHH, IMOBBIMIAs 0€30MacHOCTh U KOMMOPT
MOJIb30BATEIIS.

HurmiomHas paboTa MMEET MPAKTUYECKYI0 HAMpPaBIEHHOCTh W MOXKET
CIIy’KUTh OCHOBOM JIJIs1 TaJIbHEUIITUX UCCTIEA0OBAHUN B 00JIaCTH pOOOTOTEXHUKH U
OMOMEXaHUKH.



AHATALBIS

JpiruioMuas mpana, 75 c., 45man., 10 xpeIHi,.

KnrouaBbie CJIOBBI: META]L KAHEYHBIX DJIEMEHTAY,
OK3AUIKUIET, SMEHHAA XOPCTKACILb, MAJIDJIIBAHHE, ANSYS,
APDL.

MbsTa apIUIOMHAN TIpaLbl:

aHaJi3 CydYacHBIX MeETaJay paclpaloyki 3K3allkuieray 3 sjeMeHTaMi
3MEHHAaM )KOPCTKACIIi;

pacmparoyka —ajrapelTMay — ajganThlyHara 3MSHEHHS  YKOPCTKACII
AJIeMEeHTay KaHCTPYKLIbII;

MaJRJIIBaHHE TIABOJ3IH DK3alllKiieTa Yy TparpaMHBIM — KOMIUICKCE
ANSYS.

ACHOYHBISI BBIHIKI MpalIbl:

nmpaBe3eHbl arJisii TICTOPBIl  pa3BIlIlsl dK3alIKUIeTay 1 Cy4acHBIX
najpIxo/1ay Ja iX MpacKTaBaHHS,

pacriparmaBaHbl MaJdJIi KaHCTPYKIIBIA PO3HA# CKIJIaJIaHACIll, YKIIOYaIOUbI
0J113Kid J1a aHaTOMI1 YajnaBeyai pyKi;

plalli3aBaHbl aNTapbITMBl ayTamaThlyHAra 3MSHEHHS JKOPCTKAcIl Ha
aCHOBE 33J1a13€HBIX KPBITAPHIAY (MepaMsIIYdHHE BY3JI0Y, ByTrall aBapoTy);

BBIKAHAHBI Pa3NiKi JUIsl PO3HBIX ThIMAY Harpy3ak (BepThIKalIbHa,
pacisrBaibHasi, KPyUUIbHBI MOMAHT);

paaHajizaBaHbl BBIHIKI MaJdJIsIBaHHA, KIS HaIBSIPIKAIOIb
2(heKTHIYHACI[H TIpallaHaBaHbIX PALIIHHAY.

[IpakTeruHast 3HaYHACITH TIPAILIBL:

Briniki gacnemaBaHHS MOTYIb OBIIb BBIKAPBICTaHBI TPHI MpacKTaBaHHI
aJanThIYHBIX DSK3aIllIKUIeTay JJIsI MEIBIIBIHBI, MPAMBICIOBACII 1 1HIIBIX TajiH.
PacmpamiaBanbisi  anrapbITMBI  Ja3BalisiIOIb  AlThIMi3aBallb  KOPCTKACIlh
KaHCTPYKIIBII ¥ paKbIME piajbHara yacy, MaBbIIAlOuYbl Oscreky 1 kamdopT
KapbICTAJIbHIKA.

JlpimomMHasi Tipaima Mae MPBIKJIAHYI0 HaKipaBaHACIh 1 MOXKa CIY>KbIIb
acHOBAM IJIs JaJeWIIbIX JacienaBaHHsy y TajiHe podaTaTIXHIKi 1 OisTMexaHiKi.



ANNOTATION

The thesis contains: 75 pages, 45 pictures (figure), 10 sources used.
KEYWORDS: FINITE ELEMENT METHOD, EXOSKELETON,
VARIABLE STIFFNESS, MODELING, ANSYS, APDL.

Thesis objectives:

analysis of modern methods for developing exoskeletons with variable
stiffness elements.

development of algorithms for adaptive stiffness adjustment of structural
elements.

modeling of exoskeleton behavior in the ANSYS software suite.

Key results:

review of the history of exoskeleton development and modern design
approaches.

development of models of varying complexity, including those
approximating human arm anatomy.

implementation of algorithms for automatic stiffness adjustment based on
specified criteria (node displacement, rotation angle).

calculations for different load types (vertical, tensile, torsional torque);

analysis of modeling results confirming the effectiveness of the proposed
solutions.

Practical significance:

The research results can be applied in the design of adaptive exoskeletons
for medicine, industry, and other fields.

The developed algorithms allow real-time optimization of structural
stiffness, improving user safety and comfort.

The thesis has a practical focus and can serve as a basis for further research
in robotics and biomechanics.



