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PacuerT

M KOHCTPpyMpoBaHue

MaLllKWUH

YIK 539.3
O BO3MOXHOCTU NPUMEHEHUS

ceT4yaTbiXx 06o0Js104eK

C HECUMMETPUYHO YJI0XXEHHbIMU
HUTSMM B KayecTBe NpPuBOAOB
ynpassnseMmon ynpyrom gedopmauum
®.4. CopokuH, YanH Ku AH

TTosviuiernvle mpebosanus K OMCYmMCcmeuro Yacmuy, 3a2ps3HeHUll 8 ycmpot -
CMeax, NPUMeHSeMbIX 8 YCA0BUSAX CBEPXHUCINO020 8AKYYMA, MOHKUX XUMUYECKUX,
2NeKMPOHHBIX U MEOUYUHCKUX MEXHON02UAX, MO2Ym Oblmb Y0081emE0peHbl 3a
cHem UCNOAb308AHUSL NPUBOO0E ¢ pa3deeHuem «4ucmoll» u paboueil nonrocmelil. B
Cmamoe npeoNoNceH HoBblil 8U0 MAKUX NPUBOOO8 HA OCHOBE CeMHYamblX 000104YeK
C HepasHoBecHol UCX00HOU KoHgueypayuell. Pasrosechyro koHgueypayur, Kk Ko-
mopoii cmpemumcs: 000104Ka npu nodaue HymMpeHHeeo 0a6AeHUsl, HeCA0NCHO ON-
pedenums nymem NPAMOLU MUHUMUZAUUU NO.IHO20 homeHyuana cucmemsl. Ilpuse-
der npumep YUAUHOPUHECKOU cemuamoil 06oNouKU, nPUHUMAarowel gopmy mopa
APU HAPYHCEHUU BHYMPEHHUM 0aeAeHUeM, YUMo N0360A5em Ha ee OCHO8e paspada-
MblBAMb 3aX6ambl U Opyeue YCmpolcmea. Ynpasnenue 6eAutUHoOU HcecmiKocmu
MaKoeo ycmpolicmea c600Umcsi K HpoCmomy U3MeHeHU 0a6AeHUs.

Taxum ob6pazom, enepevie NPeONOHCEHO 8 Karecmee npueooos Ynpasasemou
ynpyeoil deghopmayuu UCnoab308ams cemuamolie 000N04KU ¢ HECUMMEMPUHHO
VA0HCEHHBIMU HUMAMU.

Pe3yavmamol uccaedosanusi 00Ka3vlearom 603MONCHOCMb NPUMEHEHUS Cem-
“amwlx 000104eK 8 Kauecmee npusooos ynpasnsiemoli ynpyeoi degopmayuu.

KnrouyeBble cioBa: yrnpapiasieMasl ynpyras nedopmauus, cerdyaras o6o-
704YKa, HepaBHOBeCHAasl KOHUrypaius.

The use of irregular lattice shells
as actuators for controlling elastic

deformations

F.D. Sorokin, Chan Ki An

Actuators with separated pure and working chambers can eliminate contami-
nation in devices applied in fine chemical, electronic and medical technologies
and under pure vacuum conditions. This paper proposes a new type of actuators
based on lattice shells with non-equilibrium initial configurations. The equilib-
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VISBE G REEBI I XEVA EO R BIREIaBCYICHIN

rium configuration, which the shell seeks when inter-
nal pressure is applied, can be easy determined by
minimizing the total potential energy of the system. An
example of a cylindrical lattice shell taking the form of
a torus when loaded by internal pressure is presented.
This shell can be used in the designing of grippers and
other devices. The stiffness of the structure is easily
controlled by changing the pressure. Thus, irregular
lattice shells are proposed for the first time to be used
as actuators for controlling elastic deformations. The
results of the research demonstrate the possibility of
using lattice shells as actuators for controlling elastic
deformations.

Keywords: controllable elastic deformation, lat-
tice shell, non-equilibrium configuration.

aIUIIMOHHbIE MPUBOABI MAlIMH, COCTaB-

JIEHHbIE U3 3yO4aThIX Mepeaayd, MOAUITHU-
KOB, MY(T U IpyTrux AeTajeu, B psae ciaydaeB OKa-
3BIBAIOTCS HETIPUTOAHBIMU [JIS1 OKCIUTyaTalluu B
YCJIOBUSIX CBEPXUMCTOTO BaKyyMa, TOHKUX XUMMU-
YECKMX, JEKTPOHHBIX U MEAUIIMHCKUX TEXHOJO0-
ruid. IIpuunHON SIBISIOTCS MUKPOYACTULIBI 3a-
I'psI3HEHUH, MOPOXAaeMble TTapaMUu TPEHUS KOH-
TaKTUPYIOLIUX AeTajeid MamuH. O4eBUIHO, YTO B
paccMaTpUBAEMBIX CIIydasiX JOJDKHBI IPUMEHSTHCS
MPUBOJBI, HE TIOJABEPKEHHbIE U3HOCY, T. €. HE CO-
JlepKalliye map TPeHUs.

B pa6orax [1, 2] paccMOTpeHbl NPUBOIbI
yrnpasiasieMoit ynpyroi nedopmauuu (YY), oc-
HOBaHHbBIC Ha IPUMEHEHUH THOKUX 000JI0UeK, OT-
JEJISTIIOLINX «UMCTYIO» IOJIOCTh OT MOJOCTU TIPU-
BOJHOTO ycTpoiicTBa. B kayecTBe rubkux o60s0-
yeK TMpeajiaraeTcsd UCNOJb30BaTh TPYOKH
pa3IMYHbIX GopM (BUTHIE, BUHTOBBIE, HEKPYTOBO-
ro CeYeHMs, C HEKPYroBOM OChIO U T.I1.), CUCTEMBI
TaKuX TPYyOOK, CUIbGOHBI C HECUMMETPUUHBIMU
ropaMu U CUCTEMBI CUIb(OHOB.

ABTOpBI TaHHOM CTaTbU IpeAaaralT paclliv-
PUTh HAOOP TaKUX ITPUBOIOB 000JI0UKAMU, COCTAB-
JICHHBIMH U3 ABYX MEPEKPELIMBAIOIIMXCSI CEMENCTB
HUTEN M 3J1aCTUYHOTrO cBs3youero. O6oa0uKku
naHHoro Buma paccmatpuBanu B.JI. bugepman u
B.JI. byxun [3, 4] n Ha3BaJM UX ceTYATHIMU 000-
JnoykaMu. OCHOBHBIM 2JI€EMEHTOM, BOCIIPUHU-
MalolllMM Harpy3ky B ceTyaToil 000J0uKe, SIBJIsI-
€TCSI METAJJIMUYECKUI UM TeKCTUJIbHBIN KOPI.
DrnacTUYHOEe cBs3ylolee (0OBIYHO pe3UHa) BhI-
ITOJTHSIET POJIb Y3€JIKOB, CKPEIUISIIOIIMX HUTH Jie-

4

BOTO U IpaBOro ceMeicTB. Pe3MHOKOpIAHBIE
ceTuyaThlie 000JIOYKU MPUMEHSIOT B KAYECTBE
aMOPTU3aTOPOB, YIIPYTMX OIOp, HAIIOPHBIX pyKa-
BOB, aBTOMOOMJIbHBIX LLIMH U T. II.

Kak mpaBujo, B UICXOIHOM COCTOSIHUHU CeTYa-
Thle 000JIOUKH 0CECMMMETPUYHBI. [1pr 3TOM HUTH
JIEBOTO Y MPABOTO CEMEMNCTB YJOXEHBI MO OAUHA-
KOoBbIMU yriiamu (B, = fB,). bonee Toro, 3akoH u3-
MEHEHMUSI YIJIOB YKJIAAKM HUTEN OOBIYHO BHIOMpAET-
Cs1 M3 YCJIOBUSI 00pa30BaHUsI HUTSIMU «PaBHOBECHOM
KOH(UTypalrn», T. €. TAKOH KOH(PUTYpaLM1, KOTOpast
HE MEHSIETCSI TIPU Harpy>KeHUM 000JI0UKM 3aJaHHBIM
CcouyeTaHMeM BHYTPEHHETO AaBJIEHUS M OCEBOM CUJIBI.
Pacuet paBHOBEeCHBIX KOH(UTYpaIMii XOpoI11o pa3pa-
0oTaH 151 CTyyaeB IIIMHHOW T€OMETPUU HUTEM U YK-
JIAIKW HUTEM T10 Teole3UUecKUM JIMHUSIM |3, 4].

B patoTax [5—7] paccMOTpEHBI HEKOTOPHBIE
KJIACCHhI CeTYaThIX 000JI0YeK ¢ HECUMMETPUYHOM
YKJIaAKOW HUTEMN.

OcecummeTpuuHas nedopMalnsd ceTyaThiX
000J10YeK oapoOHO omnucaHa B paborax B.JI. bu-
nepmana u B.JI. Byxuna. U3BecTHBI yTOUHEHUS
TEOPUU CeTYaThIX 000J0UYEK, YUUTHIBAIOLIME JIE-
dopMauUM HUTEH, )KECTKOCTh CBSI3YIOILIETO U
MaJlylo M3TMOHYIO XKECTKOCTb CTEHKUA O00JI0YKHU.
Pa3paborana Teopust MaIbIX HEOCECUMMETPUYHBIX
nedopManuii B OKPECTHOCTU paBHOBECHOM oce-
CUMMETpUUHOI KoHpurypauuu. OgHako co3aa-
Hue ycTpoiicTB YY]I B TeOpuM ceTyaThiX 000JI04YEK
paHee HE pacCMaTPUBAJIOCh.

Ecau craBuTCs 3amaya MCITOJIb30BaTh CETYATHIE
000JJ0YKM B KauyeCTBE MPUBOJOB, TO UCXOJHAs
KOHGUTypauusi 000JI0YKH JOKHA OBITH HEPABHO-
BECHOI, TOTrIa IpU 11o1aue BHYTPEHHETO JaBJeHNUS
Takast 000JouKka OyaeT CTPEMUThCS K paBHOBEC-
HOM KOH(UIypaluu U COBepIlIaTh MPU 3TOM Tpe-
oyemoe aBukeHue. [IpuMep MCIIOb30BaHUS TPEX
TakMX 000JI0YeK B KaueCTBe 3axBaTa MPUBENEH Ha
puc. 1. Hutu ynoxeHsl Takum oOpa3oM, 4To IMpu
MoJlaue NaBJIEHUS «MMaJIbLbl» U3rMOAI0TCA U MOTYT
YIOEPXKUBATh TIpeaMeT (puc. 2).

PaccMmoTpuM pacuer paBHOBECHOU KOHMUTY-
paluy ceTyaToil 060JI0YKM ¢ HECUMMETPUYHO
YJIOXKEHHBIMUA HUTSIMHU (puc. 3).

HanbGosee npocTo HanpskeHHO-Ae(hOpMUPO-
BaHHOE COCTOSIHME CEeTYaTOil 000JIOYKM OMpenessi-
€TCSl Ha OCHOBE IPSIMOMl MUMHUMMU3AILIUU TTOJTHOTO
MOTEeHIIMAaIa MEXaHMYeCKO crucTeMbl. MexaHuue-
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Puc. 1. YcTpOICTBO 3axBaTa Ha OCHOBE IIWJIMHIPUYECKMX
CeTYaThIX 000JI04eK C HECUMMETPUYHO YJI0XEHHBIMU
HUTSMMU

COCTOsIHUH

2013. N= 10

CKasg CUCTeMa BKJIIOYAeT yIpyrue HUTU Kopaa, Xe-
CTKME TOPLIbI 000J0YKM U BHYTPEHHEE 1aBJIEHUE B
ob6osouke. O6osouKa (ceTka) pa3GMBaeTcs Ha OT-
[IeJIbHBIE TIPSIMOJIMHENHBIE YIIPYTHUE 3JI€MEHThI —
CTEPXEHbKHU, YIIPYTUe CBOMCTBA KOTOPBIX 00BEAN-
HSIIOT Cpa3y HECKOJIbKO HUTEeH OJHOMMEHHOTO Ha-
npaBieHUs1. 2ZKeCTKOCTb CEUeHMsI TAKUX CTEPXKEHb-
KOB K BBIUMCISIETCS IYTEM CJIOXEHUS XKECTKO-
CTeW, 3aMEHSIEeMbIX UMW HUTEH:
K=nk,,

rae K, — XecTKOCTb CeYeHUs] ONHOW HUTH;, n —
KOJIMYECTBO HUTEM, IPUXOISIIMXCI HAa OIUH, 3a-
MEHSIOUIMA UX CTEP>XKHEBOM 2JIEMEHT.

DHeprust nedopMalMil CTEPKHEBOIO 3JIEMEHTA
C HOMEpaMH Y3JI0B i U j oTpeaessieTcs 1o popmyJe

2

y ke _ (=1)

ij - - )
2 21,

rae /y, | — JJIMHBI HUTE (CTePXKHEBBIX 3JIEMEHTOB)

B UCXOIHOM U A€(POPMUPOBAHHOM COCTOSIHUSIX.

Jnunsl /), [ paccuuThiBaIOTCSA MO GopMyiaM ue-
pe3 KOOpAMHATHI y3JIOB 3JieMeHTa (puc. 3):

Iy =\/(ij — X 2 +(J’jo - yi0)2 +(zj0 _Zio)z;
l=\/(xj ——x,)z +(yj _yi)z +(z, _Zf)z‘

3p1ech X, y, 7 — 1eKapTOBbI KOOPAWHATHI; I, j — HO-
Mepa y3JI0B CTEP>KHEBOTO 3JIEMEHTa; MHAEKCOM
«0» TOMEYEeHO MCXOMIHOE COCTOSTHUE.

IToreHuMan cut gaBjaeHMsI p paBeH MPOU3BELE-
HMIO JAaBJIEHUSI Ha 00BbeEM V BHYTpeHHEN MOJIOCTH
000JI0YKHU, B3SITHIM C OOPATHBIM 3HAKOM:

W =-pV.

st BBIUMCIeHUs 00beMa MOBEPXHOCTh 000-
JIOYKHM pa3buBanach Ha TPYMIIBI U3 YEThIpEX Tpe-
YTOJIBHUKOB (CM. puc. 3). O0beM TeTpasapa ¢ Bep-
LIMHOM B Hayajle KOOPAMHAT PacCUMTHIBAJICS Ue-
pe3 onpeneuTeNlb

1 X Vi Z
Vie=g ¥ )
X Vi 2

O06beM koHyca V, ¢ BepLLIMHOI B Hayajie KOOp-
JIMHAT, OMUPAIOLIErocsl Ha BepxHee JHUIIE, OIpe-
Jesics o gopmye



Yool BulGN VUSDHLI BasssHl

_d

v,
£ 3

nR*(e-r.),
rie R — panyyc BepXHEro IHMILIA; € — HOPMAJb K
TJIOCKOCTH JIHUING; T — PaAMyCc-BEKTOP LEHTpa
JHUILIA.

TToHBIN MOTEHIIMAT CUCTEMBI CKJIAIbIBAETCS
M3 YIIPYroii SHEPTMM BCex HUTEH M MOTeHIMaa
CWUJI aBJIEHUS:

O=>U,=p|V,+ DVy |
ij

i.j,k

I[paHMYHBIMU YCIIOBUSIMU SIBJISIIOTCS YCIOBUS
JKECTKOIO 3aKPEIIEHUSI HUTEM K HUXKHEMY HETIO/ -
BVDKHOMY JHMIIY M BEPXHEMY MOABUXXHOMY OHU-
ury. KoopauHatsl y3/10B Ha HUKHEM ITHUIIE OTpe-
NEJSII0TCS MCXOAHOW KOHGUTypalMuei ceTKU U
MCKJIIOYAIOTCS M3 CIIMCKa HeUu3BeCTHHIX. Panu-
YC-BEKTODBHI I' Y3JIOB HA BEPXHEM [IHUILIE BbIpaxa-
I0TCSl Yepe3 paJnyc-BEKTOP I LEHTPA TAKECTU U
TEH30p MMOBOPOTA:

r=rc +L(B)(l'0 _rco)’ (1)

rae L(¥) — TeH30p moOBOpoTa B 3aBUCUMOCTH OT
BEKTOpa MOBOPOTA ¥ BEPXHEro AHUIIA (BEKTOP
Oiinepa [8—11]).

B nexapToBbIX KOOpAMHATaX KOMITOHEHTHI BEK-
Topa Diliepa U TeH30pa MOBOPOTa COOTBETCTBEH-
HO paBHBI [8—11]:

{0}=(9,.9,.9,)";

1 00
[L(9)]=cosb|0 1 of+
0 0 1
1—cos6 S 89, 9.9, 2)
2
o[98 9 90|+
9,8, 9.8, &
0 -3 )
sin@ ¢ ¢
+T Sz 0 _9,\
-9, 9, 0

3neck 0=|9=,/92 +9’ +97 — winHa BekTOpA

Diinepa (YroJ IoBopoTa B paguaHax).
CornacHo dopmynam (1), (2) KoopaMHATHI BCeX
y3JIOB BEPXHETO NHUILA OKA3bIBAIOTCSI BhIPAXKEH-

HBIMM Yepe3 LIECThb MEPEMEHHBIX X¢, Ve, 2o Iy B,
9, — Tpex KOOpAMHAT LIEHTPa BEPXHETrO JHMLIA U
Tpex NMpoeK1nii BekTopa Ditepa. TakuM oOpa3om,
ITOJIHBIM MTOTEHLIMAT MEXaHUYEeCKOM CUCTEMBI OKa-
3bIBaeTCsl GYHKUMENH KOOpaAMHAT CBOOOMHBIX y3-
JIOB U IIECTU CTeTeHel cBOOOIbI BEpXHEro AHUIIA:
M=II(x,,¥,,21,%X5:¥25Z25--sXn s Vns2ns

xC ’yc ,ZC,S‘\,,S'V ’Sx )

[TosioxxeHWe paBHOBECHST ceTYaTON 000JI0UKH
OIpeneIsIoch NpSIMOt MUHUMMU3ALIMEN TTOJTHOTO
MoTeHUMana:

[1->min.

MuHMMU3ALIMS BBITOIHSIACh BCTPOEHHOM Mpo-
ueaypoit FindMinimum B nakete Mathematica [12].

B xayecTBe npuMepa paccMOTpeHa LIMJIMHAPUYE-
cKasl ceTyatast 000JI09Ka C yIJIaMU YKJIaJIKWU HUTEMH,
3aBUCSIIMMU OT OKPY>KHOM KOOPIMHATHI, HO HE 3a-
BUCSILIIMMM OT TIPOIOJIBHON KOOPAMHATHI (puc. 4).

NcxonHas koHpuUrypauus 060JI04YKU — LU-
JIMHOp paauyca 5 MM 1 mmrmHo# 50 mMm. 17151 co3na-
HMSI HEPaBHOBECHOM YKJIaIKM HUTEN MCIOJIb30Ba-
Jlach paBHOBECHas YKJjIaKa C YIJIOM HakKJOHa HUTU
K MEpUIMaHy f = arctg(\/i ) =~54.7°, Moguduumpo-

BaHHasi TaAKMM 00pa30M, YTO TMOJJISIPHBIA YrOJI Kax-
JIOU TOYKHU U3MEHSICS TI0 3aKOHY

0 =7rf((p_n);

T

= = 5
=gl

[Ipu pa3zbueHUM OKPYKHOCTH Ha 12 yacrtei
yKa3zaHHOe MpeoOpa3oBaHue TTOJISIPHOTO yIia Mpu-
BOJIUT K M300pakeHHOMY Ha pHUC. 5 pacIoJioxe-
HUIO Y3JI0B B OCHOBaHMMU 006osiouku. [Ipu 3Tom
y3JIbl OKa3bIBalOTCs 00Jiee IJIOTHO PACIOJIOXEH-
HBIMU TIPM MOJIOKMUTEIbHBIX 3HAYEHUSIX KOOPAH-
HaThl X U MEHee TIJIOTHO PacIlOJIOXKEHHBIMU TIpU
OTpMLATENbHBIX e¢ 3HaueHus1X. [lonyuyeHHas uc-
XOIHAasi KOH(UTYpauus SIBIASETCSI CUMMETPUYHOM
OTHOCHUTEJILHO HyJieBoro Mepuamana (¢ = 0), mo-
3TOMY IOJIKHA COXPaHSThCS CUMMETPUsI OTHOCHU-
TEJIbHO KOOPAMHATHON TIocKoCcTH x0z TakKe U B
ne(opMUPOBAaHHOM COCTOSIHUU.

[Ipu nomaye BHYTpEHHETO NaBJIEHUS ceTyaras
000J104YKa «IIE€PECKAKUBAET» U3 LIMJIIMHIPUIYECKOTO
B TopooOpa3Hoe cocTosiHue (cM. puc. 4). BepxHee
KeCTKOEe AHUIIE MPU 3TOM MOBOPAYMBAETCS Ha
42,4° BOKpYr ocu y. 3HaYeHUE JaBICHUS U KECT-

2013. N: 10
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KOCTb CEYeHUs HUTEN BBHIOMPAIUCH TaK, YTOOKI Je-
(opmauy HUTEH COCTABJISIM €IMHULBI TTPOLIEHTOB
(K=1500 H, p=7 MIla) — 3T0 JOBOJILHO YCJIOBHBII
BbIOOp. [1pu MCMoIb30BAHUY MaJTOPACTSDKUMBIX HU-
Tei nedbopMupoBaHHas KOHPUTypalLus 000I109KU
B OCHOBHOM OTIPENESISIETCS] HE KECTKOCThIO HUTEMR
Y 1aBJIECHUEM, a MCXOQHOW HEPaBHOBECHOM YKJal-
Kol HuTei. OTHAKO CKOPOCTh BBIYMCIUTEIHLHOTO
rpoliecca Mpyu HaXOXIeHUM MUHUMYMa MOJHOTO
MOTEHIIMaJIa JOBOJIBHO CYIIECTBEHHO 3aBUCHUT OT
3HauYeHUU K U p, a TaKXKe OT T'YCTOThI CETKU.
PaccMoTpeHHas cetyatasi 000104Ka, KOTOpast
MpU MojJaye BHYTPEHHEIO AaBJE€HUSI CTPEMUTCS
NpUHATH GopMy Topa (cM. puc. 4), MOXKET HC-
110J1b30BaThCA U151 CO31aHMs 3axBaTta (CM. puc. 1, 2),
a Takke npyrux ycrpoiicts YY/. Cienyer orme-
THTb, YTO ABMXKEHME 000I0UKM TIPU MoJaye JaBiie-
HHsI OTPAHMYEHO PAaBHOBECHOM KOH(Urypauuei,
T. €. TAKOM 3aXBaT HE PAa3[aBUT IPEIMET, a TOJIbKO
sadukcupyet ero. B To e Bpems ycuine, KOTopoe
He0OXOIMMO MPUJOXUTH IJISI TOTO, YTOOBI BbI-
DBaTh MPEAMET U3 3aXBaTa 3aBUCUT OT JABJIEHMUS.
OT naBjeHUS TaKXKe 3aBUCUT XKECTKOCTD «Iajlb-
11eB» 3axBaTa. TakuM 0Opa3oM, MeHssI 3HaYeHNE

Puc. 4. KoHpurypauus cetyaroit 060J0UYKU OO0 TOAAYN
BHYTpeHHero nasieHus (/) u mociue (2)
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Puc. 5. PacnionoxeHue y3/10B B OCHOBAHMM 0BOJIOUKHU
U Ha BEPXHEM IHMILE

BHYTPEHHETO AaBJEHUSI MOXHO OYEHBb IMPOCTO
YIPaBJISTh NJEMCTBUSIMU TaKOTO 3aXBarTa.

Ele oqHO nmpeuMyliecTBo npeaiaraeMbIxX Mpy-
BO10B YV, MOCTPOEHHBIX HA OCHOBE CETYATBIX
000J104€K, COCTOUT B TOM, YTO YCTAJIOCTHBIE SIBJIE-
HMSI BO3HUKAIOT HE B HUTSIX, 4 B DJIACTUYHOM CBS-
3yIOLIEM, T. €. C TOYKM 3pEHUST HUKIUYECKON
IIPOYHOCTHU, IpeliiaraeMole yctpoiictBa YVY/I aHa-
JIOTUYHBI aBTOMOOMJILHBIM IIMHAM, KOTOPHIE, KaK
V3BECTHO, BBIAEP>KUBAIOT HE ONVH MWIIMOH LIMK-
JIOB TIPU KaYyeHUH.

Ecnau o6a topua npuBona YYJI 3amenatsb, TO
IIpY 1oJa4ye BHYTPEHHETO JaBJIEHUsI BCIAEACTBUE
CTpeMJIEHUST 000JOYKU U30THYTHCS B €€ TOpLax
BO3HUKHYT U3rubaroiime MoMeHThl. TakuM oGpa-
30M, ceTyaThle 000JIOYKM paccMaTpUBAEMOTO BHAIA
TAaKXX€ MOXHO MCIOJIb30BaTh B Ka4eCTBE HArpy-
JKamlKUX YCTPOMCTB, MPeoOpas3yIolInX BHYTPEH-
HEe NaBJIeHME B U3TUOAIOIINIA MOMEHT.

BbiBOoAbI

1. TlpennoxeHa koHuenuus ycrpoiicts YY1 ¢
paslesleHUEM «YUCTOW» U paboyeil mosocTeil Ha
OCHOBE CETYAThIX 000JI0UYEK C HEPABHOBECHOM MC-
XOOHOM KOH(pUTypaLuei.

2. O6ocHOBaHa BO3MOXHOCTh pacyeTa KOH-
(urypaumii Takux 000JI04EK C TOMOILBIO TTPSIMOM
MMWHUMM3ALMUK TTOJTHOTO MOTEHIIMAIa CUCTEMBI.

3. VYxa3zaHbl npeuMylleCcTBa MpeIaraeMbIX yCT-
POMCTB: BOBMOXHOCTb OTIEJEHMST paboyeil Ioa0c-
TA OT «YUCTOW», MPOCTOTA YIIPaBJIECHUST U MaJias
YYBCTBUTEJILHOCTh K LIUKJINYECKUM SIBJIEHUSIM.



VISEE G5 BB CLITTIN 'yJ-JaE)’:'J_‘»)J'_;ﬁ 3 dBEHEHNN

Jlurepatypa

[1] AnexcannpoBa A.T. Hoevie cnocobbi nepedatiu u ghopmupo-
6anus dsudicerus 6 sakyyme. Mocksa, Briciuas 1mkona, 1979, 69 c.

[2] Anexcanaposa A.T., Bacun B.A. Co3naHue uueosoruu
TIOJTHBIX KOMIUJIEKCHBIX CUCTEM BaKyyMHOro oGopymnoBaHMs (0c-
HOBAaHHBIX Ha YCTPOMCTBAX M 3JIEMEHTAX, UCKITIOUAIOIINX TPEHUE
JBIDKEHMST M TIPeIHA3HAUeHHbBIX U1 paboThI B 00J1aCTH MUKPO- U
HAHO3JIEKTPOHUKU U APYTUX BBICOKMX TEXHOJIOTHIA) [DJIeKTPOHHbIM
pecypc]. Cucmemomexnuxa, 2009, Ne 7. URL: http://systech.miem.
edu.ru/ 2009/vasin.htm (mata obpaienus: 26 mas 2013).

[3] Bumepman B.JI. Mexanuka monkocmenHbiX KOHCMpYK-
yui. Cmamuxa. MockBa, MaiunHoctpoeHue, 1977, 488 c.

[4] Bumepman B.JI., Byxun B.JI. YpaBHeHuUs1 paBHOBecHs
06e3MOMEHTHOI cetuartoit obonouku. M36. AH CCCP. Mexanuxa
meepdoeo mena, 1966, Ne 1, c. 81—89.

[5] Copoxun ®@.J. Pacuemvt cemyamoix 060a04eK npu 6016~
wux nepemewernusx. Jlucc. ... KaHa. TexH. HayK. MockBa,
MITY um. H.D. bBaymana, 1990, 159 c.

[6] Atwwees T.B. leomempuueckue 6onpocet adanmusrou
MEeXHON02UU U320MOBACHUS KOHCMPYKYUL HAMOMKOU U3 6010KHU-
CMbIX KOMHO3UUUOHHBIX Mamepuanros. YNnaH-Yns, U3n-so BHI]
CO PAH, 2005, 212 c.

[7] Copoxun ®.J1., Yan Ku AH. Pacuer ceTyaThix 060510~
YeK C HECUMMETPUYHO YJIOXeHHBIMU HUTSIMHU. [TpoGrembl Mexa-
HUKU COBPEMEHHBIX MalIUH. Mamepuanvt V mexncoynapooHoi
koHgepenyuu. Ynau-Yns, Usn-so BCTYTY, 2012, 1. 3,
c. 101—104.

[8] Kunuu I1.A. Bekmopsr u men3opst 6mopoeo parea 6
mpexmeprom npocmpancmee. Cankr-ITerepoypr, CII6I'TY, 1992,
86 c.

[9] Copokun ®.J1. [IpssMoe TEH30pHOE MpPEACTABIEHNE
ypaBHEHUI OONbLIMX MEepeMeLIeHUl THOKOTrO CTePXKHS ¢ UC-
MOJIb30BAaHMEM BEKTOpa KOHEYHOro nosopota. Mze. PAH. MTT,
1994, Ne 1, c. 164—168.

[10] Casey J., Lam V. A Tensor Method for the Kinematical
Analysis of Systems of Rigid Bodies. Mechanism and Machine
Theory, 1986, vol. 21, no. 1, pp. 87—97.

[11] Geradin M., Cardona A. Flexible multibody dynamics: A
finite element approach. New Jork, John Wiley & Sons, 2001, 327 p.

[12] Wolfram S. The Mathematica book. Cambridge
University Press, 1999, 1470 p.

References

[1] Aleksandrova A.T. Novye sposoby peredachi i formirovaniia
dvizheniia v vakuume [New modes of transmission and the
formation of the movement in a vacuum]. Moscow, Vysshaia
shkola publ., 1979. 69 p.

[2] Aleksandrova A.T., Vasin V.A. Sozdanie ideologii polnykh
kompleksnykh sistem vakuumnogo oborudovaniia (osnovannykh
na ustroistvakh i elementakh, iskliuchaiushchikh trenie dvizheniia

i prednaznachennykh dlia raboty v oblasti mikro i nanoelektroniki i
drugikh vysokikh tekhnologii) [Creating an ideology of complete
integrated systems of vacuum equipment (based on the devices and
elements, excluding the dynamic friction and designed to work in the
field of micro- and nano-electronics and other high-tech)].
Sistemotekhnika [Systems Engineering], 2009, no. 7. Available at: URL:
http://systech.miem. edu.ru/ 2009 /vasin.htm (Accessed 26 May 2013).

[3] Biderman V.L. Mekhanika tonkostennykh konstruktsii.
Statika [Mechanics of thin-walled structures. Statics]. Moscow,
Mashinostroenie publ., 1977. 488 p.

[4] Biderman V.L., Bukhin B.L. Uravneniia ravnovesiia
bezmomentnoi setchatoi obolochki [The equilibrium equations of
the membrane retina]. Izvestiia AN SSSR. Mekhanika tverdogo
tela [A Journal of Russian Academy of Sciences. Mechanics of
Solids]. 1966, no. 1, pp. 81—89.

[5] Sorokin ED. Raschety setchatykh obolochek pri bol’shikh
peremeshcheniiakh Diss. kand. tekhn. nauk [Calculations of lattice
shells with large displacements. Cand. tech. sci. diss.]. Moscow,
1990. 159 p.

[6] Aiusheev TV. Geomerricheskie voprosy adaptivnoi tekhnologii
izgotovleniia konstruktsii namotkoi iz voloknistykh kompozitsionnykh
materialov [Geometric problems in adaptive manufacturing technology
of fiber-wound composite materials]. Ulan-Ude, Buriatskii nauchnyi
tsentr sibirskogo otdeleniia RAN publ., 2005. 212 p.

[7] Sorokin ED., Chan Ki An. Raschet setchatykh obolochek s
nesimmetrichno ulogzhennymi nitiami. Problemy mekhaniki
sovremennykh mashin [Calculation of lattice shells with
asymmetrically stacked threads. Problems of modern machines].
Materialy 5 mezhdunarodnoi konferentsii [Proceedings of the 5
International Conference]. Ulan-Ude, VSGUTU publ., 2012,
vol. 3, pp. 101—104.

[8] Zhilin PA. Vektory i tenzory viorogo ranga v trekhmernom
prostranstve [Vectors and tensors of the second rank in
three-dimensional space]. St. Petersburg, SPbGTU publ., 1992. 86 p.

[9] Sorokin ED. Priamoe tenzornoe predstavlenie uravnenii
bol’shikh peremeshchenii gibkogo sterzhnia s ispol’zovaniem
vektora konechnogo povorota [Direct representation of the tensor
equations of motion of large flexible rod using a vector of the final
turn]. Izvestiia Rossiiskoi akademii nauk. Mekhanika tverdogo tela
[A Journal of Russian Academy of Sciences. Mechanics of
Solids]. 1994, no. 1, pp. 164—168.

[10] Casey J., Lam V. A Tensor Method for the Kinematical
Analysis of Systems of Rigid Bodies. Mechanism and Machine
Theory. 1986, vol. 21, no. 1, pp. 87—97.

[11] Geradin M., Cardona A. Flexible multibody dynamics: A
finite element approach. New York, John Wiley & Sons, 2001. 327 p.

[12] Wolfram S. The Mathematica book. Cambridge University
Press, 1999. 1470 p.

Crarbsl moctynuia B peaakuuio 28.05.2013

Hudopmanus o6 aBropax

COPOKUH ®enop Imurpuesuy (Mocksa) — npodeccop Kabeapsl «[IpuknagHas MmexaHuka». MITY um. H.D. Baymana (105005,
Mocksa, Poccuiickas @enepauus, 2-a Baymanckas yi., o. 5, crp. 1, e-mail: sorokin_fd@mail.ru).
YAH Ku An (MockBa) — acnupaHT Kadenpsl «[IpuknanHas mexanuka». MI'TY uM. H.D. Baymana (105005, Mocksa, Poccuii-

ckasg Denepaums, 2-1 baymanckas yiu., a. 5, crp. 1).

Information about the authors

SOROKIN Fedor Dmitrievich (Moscow) — Professor of «Applied Mechanics» Department. Bauman Moscow State Technical
University (BMSTU, building 1, 2-nd Baumanskaya str., 5, 105005, Moscow, Russian Federation, e-mail: sorokin_fd@mail.ru).

CHAN Ki An (Moscow) — Post-Graduate of «Applied Mechanics» Department. Bauman Moscow State Technical University
(BMSTU, building 1, 2-nd Baumanskaya str., 5, 105005, Moscow, Russian Federation).

2013. N: 10



