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MATEMATUYECKOE MOJE/JINPOBAHUE KOHCTPYKIIUAIT
13 OJHOPOJHBIX I KOMIIO3UILIMOHHBIX MATEPMAJIOB 1 X
[NOBEAEHUE ITPU PA3JIMYHBLIX BHEIIHNX BO3AENCTBUAX

MockoBcKUil TOCyTapCTBEHHDBIN CTPOUTEIbHBIN yHUBepcuTeT, Mocksa, Poccus

Awnnoranus. M3zmoxensl, pazpaboTaHHble aBTOPOM, aJITOPUTMbI U MPOTrPAMMAa, UCCIEIOBAHUST 000~
JIOYEYHBIX KOHCTPYKIIUI U3 OJJHOPOJHBIX U MHOTI'OCJIOMHBIX KOMIIO3UITMOHHBIX MaTepHUaJIoB IIPH Jieii-
CTBUU CTATUYECKUX U JUHAMUIECKAX HATIPY30K, B [€OMETPUYECKH U (PU3NIECKU HEJIUHEHHON I10-
CTaHOBKAX, IMO3BOJISIONIEH OMPEIEIATh HAIPSKEHHO-1e(DOPMUPOBAHHOE COCTOSTHHE, COOCTBEHHBIE
9aCTOThI, YCTOMYNUBOCTD, IIOBEJIEHNE DU JIMHAMUYECKNX BO3JIEHCTBUSX, a TaKKe PelaTh 3a1a4nl
ILUTACTUYIECKOH medopMaruu npu mraMinoBke. Ha ocHOBe pa3zpaboTaHHON TPOrpAMMBI, IPUBEICHBI
[IPUMEPHI PACIeTa KOHKPETHBIX KOHCTPYKITA: IOBEIeHNE TOPOUIATHHBIX 000I0UEK IPU TMHAMUIE-
CKHX BO3/IEMICTBUAX, BOIIPOCHI pacdyeTa U IPOrHO3NPOBAHN II0BeJIeHN KOHCTPYKIUi 1 JieTaJieit npu
JUHAMAYECKUX BO3JEHCTBUAX, B YCJIOBHUAX IUIyOOKOIH BBITSKKH. [IpoBeneHo nccienoBanue Jona-
cTeil BUHTOBEHTUJIATOPA aBUaIBUTATEENl HA OCHOBE METO/Ia €CTECTBEHHO 3aKPYyYE€HHBIX CTEPXKHEN
[IpY PA3JIMIHOM PACIIOJIOZKEHUU OCHOBBI KOMIIO3UIHOHHOI'O MATEPHUAJIa, TO3BOJIUBINEE BHIPAOOTATH
PEKOMEH,IAINH 10 ONTUMAJIBHOMY PACIIOJIOKEHUIO KOMIIO3UIMOHHOIO MaTepHuaJia ¢ TOYKU 3PEHUd
[IPOYHOCTHBIX U JUHAMHYECKAX XapPaKTEPHUCTHK. Pa3zpaboraHa MeTOHOJIOTHs PEIeHHs MPUKJIAI-
HBIX 33J]a9 MHOT'OCTEIICHHBIX JUHAMUYECKUX CTEHJOB IIOJIyHATYPHOI'O MO/ICJIMPOBAaHUdA, BIIEPBbIe
BBITIOJTHEHHBIX U3 KOMITO3UIIMOHHBIX MATEPUAJIOB, 3aKJIOYAIONIAascad B Pa3pabOTaHHOM aJrOPUTME
KOMIIJIEKCHOT'O pacydeTa M WCCJIE/IOBAHUS BJIMSHUSA CTPYKTYPbl KOMIIO3UTa HECYIIUX CJIOEB U 3a-
[TOJTHUTEJIS] HA KECTKOCTHBIE U YACTOTHBIE XaPAKTEPUCTUKU CTEHJIOB. Pa3zpaboTraH IPUHIUITHAIBHO
HOBBI TOJIXOJT K MCCJICJOBAHUIO JUHAMUYECKUX KOHCTPYKIIAM, MMEIONINX KOMIIOHEHTBI, HEe a/JIeK-
BATHO peaju3yeMble B METOJIe KOHEUHBIX JIEMEHTOB: PEAYKTOPbI, HOAIINITHIKH, 3yOdaTble BEHIbI,
JIBUTATEJIN, TIyTeM 3aMEHBbI UX CTEPXKHEBBIMHU CHUCTEMAMHU WJICHTUIHBIMU IO KeCcTKocTHu. Pa3zpabo-
TaHbl aJTOPUTMbI U IIPOIPAMMBI pacdeTa YKEeCTKOCTH PEILyKTOPOB, IOIIAIHUKOB. Pa3paborad u
peaJin30BaH METOJ] YUCJIEHHOI'O PEeIIeHNs W ONTUMHU3AINNA KOMIIOHOBOYHBIX CX€M MHOI'OCTEIEHHBIX
JUHAMHYECKHUX CTEHJOB IIOJIYHATYPHOI'O MOJEJIUPOBAHUA U3 OJHOPOJHBIX M KOMIIO3UIIMOHHBIX Ma-
TEePUaJIOB, COCTOANMMII B MUHUMU3AIUA YaCTOTHBIX XapPaKTEPUCTUK B 3aBUCUMOCTHU OT KECTKOCT-
HBIX XapaKTEePUCTUK IIOJIIUITHUKOBBIX OIIOD, PEJyKTOPOB M. T. [I., IO3BOJIMBIINII IIOIyYaTh MOJE/IN
CTEHJIOB C BBICOKUMU JTUHAMUYIECKUME XapakTepucTukamu. [IpoBe/ieHO 3KcIiepuMeHTaIbHOE UCCITe-
JIOBaHUE HATYPHBIX TPEXCJIONHBIX KOMIIO3UIIMOHHBIX IMUJIMHIPUIECKAX 0DOJIOUEK MPH JIOKAJIHHOM
Harpy>KEHUH, TIO3BOJIUBIINEE OIPEIC/INTh IEPEMEIIEHNsT TPEXCIONHON 000JI0YKN 1 00KATHE 3AII0JI-
HUTEJA 110 TOJIIINHE.

KimoueBnlie ciosa: KOMIIO3UIITMOHHBIE MaTe€pHaJIbl, IPOI'PaMMbI, CTATUYIECCKOEC U JUHAMHUIECCKOE Ha-
Irpy>xeHnue, HeJII/IHefIHOCTb, JIOITIACTU BUHTOBEHTUJIATOPaA, MHOTOCTEIIEHHbIE JUHaMUYEeCKHne CTEeH/IbI,
IKCIIEPUMEHTDI.
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Russia

Abstract. This paper utilizes algorithms and a program developed by the author for studying
shell structures made of homogeneous and multilayer composite materials under static and
dynamic loads, in geometrically and physically nonlinear formulations. This program allows
for determining the stress-strain state, natural frequencies, stability, and behavior under
dynamic loads, as well as solving problems of plastic deformation during stamping. Based
on the developed program, examples of calculating specific structures are provided: the
behavior of toroidal shells under dynamic loads, issues of calculating and predicting the
behavior of structures and components under dynamic loads, and under deep drawing
conditions. A study of aircraft engine propeller blades using the naturally twisted rod
method with various arrangements of the composite material base was conducted, which
made it possible to develop recommendations for the optimal arrangement of the composite
material in terms of strength and dynamic characteristics. Multi-stage dynamic stands
made of composite materials are considered for the first time. A methodology has been
developed for solving applied problems of multi-degree dynamic rigs for semi-naturalistic
modeling made of composite materials. This methodology consists of a developed algorithm
for the integrated calculation and study of the influence of the composite structure of the
load-bearing layers and the filler on the stiffness and frequency characteristics of the rigs. A
fundamentally new approach has been developed for the study of dynamic structures with
components that are inadequately implemented in the finite element method (gearboxes,
bearings, ring gears, and motors), by replacing them with rod systems of identical
stiffness. Algorithms and programs for calculating the stiffness of gearboxes and bearings
have been developed. A method for the numerical solution and optimization of layout
schemes of multi-degree dynamic rigs for semi-naturalistic modeling made of homogeneous
and composite materials has been developed and implemented. This method consists of
minimizing the frequency characteristics depending on the stiffness characteristics of the
bearing supports, gearboxes, etc., which made it possible to obtain rig models with high
dynamic characteristics. A method for obtaining models of three-layer structures made
of homogeneous and composite materials has been developed. An experimental study of
full-scale three-layer composite cylindrical shells under local loading was conducted, which
made it possible to determine the displacement of the three-layer shell and the compression
of the filler by thickness.
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JOITIOJIHUTEJIBHO

BKJIa.)I aBTOPOB. ABTOp €IMHOJINIHO BBIIIOJIHAJI UCCJIeJO0BaHNEe W IIOATOTOBUJI PYKOIINCD,

BHEC ONPEJIESIONNI BKIAJ B COJEPKAHNE CTATHU.
KonudmukT naTepecoB. ABTOPBI IEKIAPUPYIOT OTCYTCTBUE SIBHBIX W MOTEHIIHATLHBIX KOH-

QIIMKTOB UHTEPECOB, CBA3AHHBIX C IIyOJMKalneil HACTOAIIEN CTaThy.
Ucrounuk dpunancupoBanusi. ABTOpP 3asiBJISIOT 06 OTCYTCTBUH BHEITHETNO (DUHAHCUPOBAHUS

IIpU IIPpOBEJCHUN HUCCJIEIOBAHUA.
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