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The growing demands placed on modern structures increase the need for solutions that can
adapt to changing operating conditions while reducing material consumption. One promising
direction in this field is the study of tensegrity structures, which araatbesed by lightness,
modularity, and the possibility of controlling their mechanical response. This study focuses on
assessing the potential of strengthening such structures by means siart internal
framework, whose configuration is inspired by thsults of topology optimisation and by

patterns found in auxetic metamaterials.

The main objective of the study was to determine whether localundarm strengthening of
tensegrity structures can lead to a more favourable mechanical response than uniform
reinforcement. A second objective was to assess the possibility of introdaaxegic
properties into these structures through the use draartframework reflecting metamaterial
patterns. As part of the research, a database of tensegrity modules and structures was
developed, together with an original algorithmMiathematicgor generating, modifying, and
analysing the investigated systems. In addition, numerical analyses of dikgas&ucture

composed of spatial tensegrity modules were carried oAbequs

The results confirmed that regional strengthening of tensegrity structures wigmart
framework based on topology optimisation can reduce displacements more effectively than
uniform reinforcement. Strengthening may be achieved both by changing tkstresf level

in the modules and by modifying the geometry of the elements. The stadgeatsonstrated

the possibility of mapping topologically optimal layouts onto continuous modular tensegrity
structures. The auxetic effect was observed only in selex@seds and was limited and
unstable. Overall, the study shows thasarartinternal framework can be an effective tool for

controlling the behaviour of tensegrity structures.

Keywords:tensegrity,smart internal framework adaptive structures, adaptable structures,

auxetic metamaterials
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KKKH& &9hCO9% %oJ<9D KHHKY

$MFC; Bz DM: O=CLGJ GHAKMBFf; Q REA=FFF y=D=E=F
FOIRQO9EQ REA=BFi+GOGBGEL GRDF HI3ROGEGIOIAZ KLIM
yG< HJR=CJGBZO DM: ?2JM: GU; A HG ;92Q CKRL92LYV¥
REA9Fa CLZJQ; @ EGO=EQ <GCGF9t O REA=FF=B

OC9L=?GJA9; @ R9CI=KZO <GHMKR; R9DFQ; @ REA9F ?
HIRQBEGO9t O9JLGU; A ; Af?2= yOL=<Q E9BFf R9CJ
<GOGDFf 09JLGUtY DM: <QKCJ=LF= VyEG?f HORQBEG
<GHMKR: R9DFQ; @ 09JLGU; AYA . JRQC29<=E REA=FF
A Af?29a4 Ki HJIJR=CJGB= =D=E=FLZOA 0O6HBUGA= E
HGKRMCAO9t CGFCJ=LFQ; @ HJR=CJGBZO <GKLZHFQ
HIR=KRMCAO9t OKRQKLCA= EGODAO= 09JLGU; A VyRE
y! @VAKL=FK=Fa )D9J:JAF? KKKH& &9hC94& %oJ<9D

BEA=FF %BKIKIFMRIROQ; RIB O=CLGJ=E DM: >MFC; BF
F9 R9<9F= REAZKF5 HIJBBHTEGKM=CGFKLJMC; BA EG?
FOHJzO=FA94d G<CKALAKL =FKRIOFADM: DKAL2IAF? KKKHY

89<9FA= GHLQE9DARY9; BA KLJMCLMJ9DF=B R90OA=J9
HIGB=CLGO= GJOGR JROEFM= FR==F AOL 9FFGWF : Qt F92GOGF =
REA=FF= DM: EG?f B= O KG: A= 2f; RQt A OQ?J9FA;
HIR=<KL9OA9Bi; Q H=OA=F R9CJO6KAaR@Ca2®IAEJEQEE GG
G?J9FA; R=FA= 09JLGU; A F9HJzO0=t O =D=E=FL9; @
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) DOKQ; RFQE HG<RA92=E GHLQE9DARY9; BA KLJMCLMJES
?=GE=LJQ; RF= J=HJ=R= &L MBGR JRZEEONF=AFOFEOQ H.JIGED CILGOR
GHLQE9DARY9; B9 CKRL92LM& GHLQE9DAR9; B9 JGREAQ9
GHLQE9DARY9; BA JGREA9JM R9ROQ; R9B REA=FF9 H.
“=D=EDEGM= FOt HURQORZ2E¥ZB HJIzL9 DM: ?2JIM: GUt H
OF9 CD=BGF=?GA -HLQE9DFQ JGRC29< ?2JM: GU; A
HG<9LFGUt yHJ9;9 R=OFzLJRF9Y& E9CKQE9DF= F9
G?J9FA; RGZ0OM S090QMFACM R9<9FA9 GHLQEO9DARY9; BA

HGRGKL9B= L9C9 K9E9a4 REA9FA= FO9LGEA9KL MD=?9
B9C HIJR=<KL9ODAGFEIAKGL FPKHOFREKA) PAI<RAF? KGEGKKN9
MREA=FF= KL9FM Kf RF9F= 9 HJAGJA A HGRGKL9B]
5HJ9CLQ; = L=F JG<R9B GHLQE9DARY9; BA B=KL F9B;
E=LG< GHLQE9DARY9; BA CGFKLJMC; BA R= OR?Dz<M

G: DA; R=FAGO= A 29LO0GUt O#AKRFEARSE?EDF GU; QDI 2 A

<J

5 HIJRQH9<CM GHLQE9DARY9; B@GHAKMWMED 2CHIR IREAI= FIFM: H
Yy <RA=<RAFz G: DA; R=KRIAY AIGBOLEENGEB KA RF9D=RA:
CKRL92LM L=B <RA=<RAFQ& ;G GRF9; R9a O= R9<9F
KLO9FGOA REA=FFf HJGB=CLGOFA 5 OQFACM GHLQE!
KLIJMCLMJQ&d FA= HBGOKU9EB= FEOGQ9 @LGBHGPGB?A DM: (
GHLQE9DARY9; BA< CMRQB R4 M DL 9 GAGKA | BAKAKIEDF KD
)y D9J: J MF?2- HLKXEWYIDARY9; B9 CKRL92LM B=KL JR9<RAS=S
KHGLQC9F9 O DAL=J9LMJR= F9 HJIJRQC29< @ HJRQ}
HEQLGOQ; @ A HGO2GCGOQ; @A

- HLQE9DAR9; B9 LGHGDG?A; RF9 B=KL FOLGEAO9KL F!
5B=B HJRQH9<CM HJ9; MB=EQ R LGHGDG?Af CGFKL.
=D=E=FLM O <9FQE G:KR9JR=&4 9 ROL=E JGRC=29
- HLQE9DAR9; B9 L9 HGD=?9 F9 OQRF9; R=FAM LO9CA;
GJ9R 2F; RFGUIKRPHK MZ HAGBI=EIGOA9ZCG GF9 F9 HQLOF
E9QL=JA92 O G:Jz: A= <9F=?2G G: KR9JAME 9H IR QHIBIK
CIJ9LGOFA; Q GHLQE9DARY9; B9 LGHGDG?A; RF9 EGO=
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HIRQBz; A= HZD HJIJR=CJGBEAWAJBLAI RRHOG CR= XxOUQ
EGO=E®Q HJBQCL2YBI9t O L=F KHGKZ: ?2JMI GHIRQD9 <
?22KLGUt VE9@I-AKAFEFMK=FA )D9J: JAF? KKKHY
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T GHLQE9DAR9; B9 CKRL9ZR M* GHIGKEBROIADETAA=; >MEBLBE9DKRRO9IBRAMLC
c:RzU; A HJzZLZO CJ9LGOFA; Q HGHJR=R HJRQBz:; A= R=JGO=B 09JLGU;
)D9J: JAF? Mmfdy.”~
5 HIJRQH9<CM OQCGJRQKL9FA9 E9L=JA92M ARGLJGHC
RF9F= BMO G< CADCM <=C9<A 5 R9?9<FA=FAM LC
KB=HJ=R=FLGO9F= HJR=R R: AZJOK*+9FGORA HGBRB®GHG!
L=FKGJ9 KRLQOFGU; A GUJG<C9 :AFr?2=?2GA 89<9FA
HJG: D=E JGRORI HMFE2IM= DASRMFA9 G: DAGRHE{Z IJB==KL
HGKA9<9 OA=D= REA=FFQ; @ KL9FRAFBICLA?GIJIIGBEI
GHA=J92Q KAz F9 FO9BHJGKLKRQE LQHA= K>GJEM:
FHIGB=CLGO9FAM HG< CfL=E E9CKQE9DF=B ?DG: 9DF

y =F<KG=&a WBA?EMF< KKkkY

5 ;=DM RO9HJGB=CLGO9FA9 R9<9FA9 GHLQE9DARY;
OHJR=KOORRFA; R=FA= ; RQ E9BFf :Qt GF= HMFCL9I
y:E®RL=JA92MYA 5 >GJEA= ?=GE=LJQ; RF=Ba& F9 G: .
ROE9DGO9FQ; @ VR E9L=JA92=EYFGIJHR RAOEVY BAO BE
FO® QKAKA
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0O QKMiM=LTRQC29<GOQ OQFAC GHLQE9DAR9; BA LGHGDG?A; RF=B O HJRQH
KL9LQ; RFQ- D OQFAC GHLQE9DARY9; BA LGHGDG?A; RF=B R GRF9; RG

G: KR9JQ ;HRMXIF&GAI QR9G: KR9JIJM _ GHJ9; GO9FA= 029KF=,

'KLFA=B= OA=D= KHGCKFGA Z 0G H IGREDAGERARDE ; REVQ ; LR®HG KGH
KAz GFG <G R9KLFHA=ZFA9 REA=FFQ; @ <QKCJ=LFQ;
CLZJ9 G?J9FA; R9 JBROAERFRE= R<G9I9BI DUGRAA BK HGH
E=LG<9 16DA< Y KGLJGHA; +WL=FAXDExEOREBKNE=F2DAR
HJG: D=E ; 92CGOALGDA; R: GOQ O RAFGFAL ZUGHMNMIRG
HIJGO9<RA <G JGROAFR9ta CLZJ= R HJ9CLQRF=?G

y =F<KG=a&a WBA?EMF< KKKkKY

50J Z< E=LG< OQCGJRQKLQO9FQ; @ O GHH®E®DDARY9
FIBHGHMD9JFA=-BKRIF<EDPEGKHHHA 8 @GMa HNGRRAEQ K
EAAF-AIAG<Zz GHO9JLFI9ROSEHENEPMMBGFO9JQ 1LYWMAEMIOL
1L=N=FGJKOHH KISGROAF Az # A= Y <BMEALtGNMPCEBAI=-ELELGEY
#1¥YY 6 AGF?3a4 8 @9G EAHGXWG<KEBKk L GEBGGBGAARFBB < J
y1GCGDGOKCAZ& 3B=6GL @RG OKAIAZ OK HHGRINGE=AD, GIOX)L, DP9 1A @6 4
( GMN= =BE9IDEGHWIGK K9 HIyz7®-FFPA9 1399=IFA G @B F D DB\ R Q

FA=R90OG<FGU; A R R9<9FAJEAHL CHLDARDARY ; B/AGHGD
FFA=ROOG<F QU DM 9y90K B2 L3Q GHGD GWQ @IHIENEARIBL A GFAG)
KKKEFIOF9 B=KL JHBOPASCMFE=LIA<IONE L®J CL#Z3EBGL GH
CGFKLJMC; BA GCJ=UD9F9 B=KL HJIJR=RZCOD9REEGEPMAFA
FH=OFQE R: AGJR= 0zR2ZOA | MIKMFEARIAD FR:92 GHQ ;Q@& 9
MKL9D=FA= HJR=CJGBZO HJzLZO&4 COBROARGRGKLiE B
E-L®B<EL PIVEGAF? %IJGMF<® 10JWGEREBCGEI @Gk MCL M
FA= EMKA :Qt °?2zKL9& HGFA=090 CGFKLJMC; B9 B=
JGROAF R9FA= EGOF9 :Q2G MRQKCO9t HGHJR=R =>
FHG<KL9OA= OQFACZO GHLQEO9DARWM PRBHI*TGCAKBREDX Q:
KKHBHYLG<9 L9 B=KL ?2Z0FA= OQCGJRQKLQO9F9 O (
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L=FK$¥2AAEEQLA .=DD=?2JAFG KKKk a A6 M&x LDER? AHA IBD
*MG =L A9FDIA= FKKKK&XKFYQ J GROZB M; R=FA9 E9KRQFGO=?G.
KA=; A F=MJGFGOQ; @ OH2QFia2 JZOFA=0 F9 9D?G
LGHGDGPAIRFEB. 9F=K9J KKKK&a 79Fa 8@94? =L 9DA

10GB= HG; RFLCA GHLQE9DAR9; B9 LGHGDG?A; RF9 G
CJ9LGOFA; GOQ; @ A J9EGOQ; @a ?<RA= HA=JOKR= }
. A=JOKR= GHLQE9DF= JGROAFR9FA= RGKL92GLEHJ9;
HIR=R +AL; @=DD9A ) GFKLJMC; B= L= :Q2Q HGL=E J
OQ: M;O@2GKLO9LFA; @ <6L9GNGCE® ' KEDGROKKREFAI R
RCJ9LGOFA; 9EA +AL; @=DD9 YK OAG KCRAIK ABGER ZHRGEMK R
. GJ9R ARUGRRGB G: KR9J=E KL92Q KAz 9F9DARQ RO
MGOFGEeD: DA<A94a *== =L 9DA KKKk a FKGD94a ! 9F:

- HLQE9DARY9; Bz LGHGDG?A; RFF OQCGJRQKLMB= KAz
OA=DM HJRQH9<CGE G:; AfrO=t4& ; RQDA JGRH9LJQO9F
JZOF= R=KL90Q G:; AFf 0=t O JZOFQE ; ROKAGIA ( =
O;: GKRA=FFQE OQ; AMA CA=<Q F9 CGFKLJMC; B= HJI
FHIRQG29ATF O=FA9 9LEGK>=JQ; RF= yUFA=?& OA9LJ.
M<QFCZO HM: DA; RFQ; @ GLO9JLQ; @ O GClDBEEGFQ; ¢
GHLQE9DARY9; BA LGHGDG?A; RF=B HJRQ OA=DM HJRQH
FMHJIRQ HGB=<QF3 RQPEF AIBRDAIIQQEI?9 RIZOFGO9O=FAC
KA2A . GKRMCAO9FA= GHLQE9DF=B G<HGOA=<RA CGF
ODAL=J9LMIJR= BMO G< O; R=KFQ; @ D9L <OMLQKAZ:;
OHJGO9<R=FA= GHLQE9DARY9; BA LGHGBG?BGAREKBGUSC
HM: DAC9; BA <GLQ; RF;:; Q: @ G: :; At 09 F mM¥ O€(GF KLQFMG
KO GRH9LJQO9F= F9 HG<KLI9PGOB) @RBRGIERABY9; @ LAEL
F9 CGt; M <2M?GU; A GJ9R :=D=C KOG: GEFA= HG<
CGFKLJMC; BA V : GRODAEHEAKK={DIGREBMAIIQO9F= : Q2Q
GHLQE9DARY9; BA LGHGDG?A; RFEBLGGEKLEFMEHBR<IFGEG
+9HHAFPM+IYMAE " M 4= LCGFHKA JKMEKBX CJIJ9LGOFA; GOQ; @
<RA=<RAF9 HJGB=CLGO9 LG GUJG<=C ; Afi?2Q CGEHC
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AEALMBF ; Q; @ =D=E&E@GNE LY LICDERAY GOKL*IZBZI0 HIDQE.?
=L 9DMGKKHKGEKEMCAO9FA9 JGROAFR9t KLGKGO9FG HG<
R<RA=0OAZ; AGOzZR2GOQEA y=(DEEE=Ki 9&ENF HBAIEG I EBREFIE AK K
“=D=E=F%BDEJCAFAD=FE#F¥a %HOIDRIOAFR?Dz<FA=FA=E
FOHJzZO=F%GPDa @ MBSC29PAFBEKKEFCGQHIRBIRIEAGHLOQ
OA=DGCJQL=JA9DF=Ba4 O CLZJ=B GHL Q&® BANRGALF Q |
%9G =L A9PALRKOKEYBI9CG HJG: D=E GHLQE9DARY9; BA O
HG; @G<F=B LyGHGHD=GK3 ; RP EBGK+ GQAF 99 DIAZ OF\ki0Y KHGL
HG<=BEMBF ; R9?9<FA=FA= B9CG HJG: D=E GHLQE9D
KMEQ O9O0GF=B R MOR? Dz < FKA=N=AISAR QKHL3GRHZFBIE9= C3K G1: G D
y* A& 79F?% =HG<*MBA); RKKKRY HGEG; f REG<Q>ACGO9F:
WEGGL@=< . 9JLAYWDAi& OV G< G 9 AT AX= KGOWIKDGA RQKC 9 F
FOHJzO0=t O ;=DM RO9HJIJGB=CLGO9FA9 IJCQGERELINMEC=EA)
KKWkY JR=<KL9OAGFG L9CO= JGRKR=JR=FA= E=LG<Q
DAKCA; @ GHLAEME LGHGDG?AA K"4 RGHLQE9DARGO!
OA=DM HJRQHI <yO9= FX =G~ &; AFA>=B-MBI 9RL RIDEROGBEKE |
HGB9OA9BFY KAz JGROAFRO9FA9 ; GJ9R OA=JFA=B G
OAFOQFA=XYEGSODEQGRHBLC9t KAz R 9F9DAR9EA FA=H
CGF KL JJMRH®PA A MBF ; QF Ag- HE DRQGHW9 A= CHG2GO=FA9 G: ; A
RG?J9FA: RGF=B OA=<RQ G JR=: RQDAROQDO® KAI MR
HJRQH9 <CZ Oy 5®@:F;24F O%W9 G5 KEE&BYBBMBK ;H@® ; ®AF9 =L
HIR=<KL9OAGFG HG<=BU; A= <G GHLQE9DARY9; BA L
G?J9FA; R=t F9HJz0=t A HJIR=EA=KR; R=t HJRQ J:
JZOFA=0O HG<=BU; A= <G GHLQE9DARY9; BA LGHGDG?A
RI?9<FA=FA9 HJIREFOVXRZF ABAL AR HEWO9HBA RKKQ@RY@ H
OHIJRQ HGJZOF9FAM OQFACZO GHLQE9DARY9; BA <D9 (
HGB=<QF; R=?G HJRQH9<CM G: ; At 0=FA94a CGt ; GO9 L
FA= B=KL HJGKLF KMEFf¥ JGROAFR9t GHLQE%DFQ; @
FIBD=HKRQE U; A=zOCGE HJR=FGKR=FA9 KA2A ,9D=
OHJG; =KA= GHLQE9DARY9; BA L GOCOEIAG BFIGBE B<RKQ
OA=DGE9 JZOFQEA HJRQHOLTOEDF IG: G <AH GOGA A<CRFAN = FRO
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FA9 KAz HGHJ9OAt B=<F=?G HJRQH9<CMi& FA= HG?

R9<9F=B <=>AFA: BA : =DMYA .GF9<LG G:: At O=FA¢
MRQKCOt G<HGOA=<FAG R9<GO9D9Bi; = OQFBCA KL
HJRQH9 <CMa HGFA=090 AKLFA=B= H=0F9 G<D=7?2

9J GROAF ROFA=ZE A<=9DFQE <4D9 C90<=?2G R LQ; @ HJ

. GOQOKR= JGRO909FA9 HGRO9D9BFf OKC9R9t DMCz

R<GDFQ; @ <G 9<9HL9; BA <G REA=FFQ; @ O9JMFCZO
HIJGO9<RGF9 <D9 GCJ=UDGF=?G HJRQH9<CM 9G: ; AT O
GHLQE9DF=?G <D9 OKRQKLCA; @ EGODAOQ; @ CGF>A"
5ROAFRCM R LQE O FAFA=BKR=B HJ9; Q HG<BzLG H.
9<9HLGO9DF=Ba CLZJ=B G<HGOA=<0O E=; @9FA; RF9

KsF9JAMKRQ G:; AFrO=FA9A )GF; =H; B9 L9 GHA=J9

O=OFzLJRF=?G&4 AFKHAJGO9F=?G OQFAC9EA GHLQE
F99J<RA=B =>=CLQOF= CKRL92LGO9FA= HJ9; Q CGFl
1R; R=?22G0Q GHAK R9HJGHGFGO9F=?G JGROAF R9FAQ9

KAKA RCA=D=L GH9JLQ F9 OQFACY9:; @
LGHGDG?A; RF9 L=FK=?2JALQ

- HLQE9DARY9; B9 LGHGDG?A; RF9 B=KL OQCGJRQKL Q¢
O HJG; =KA= 9F9DG?A; RF QEG XEF YRGKRAVITFAN) 99F AW G BECAKCZR
<OGE9 HG<=BU; A9EA R90A=J9 KAz O HG; RFLCGOQ;
HGKRMCAO9FA9 CKRL92LM OQRF9; R9F9 B=KL ?=GE
OHJRQH9<CM GHLQE9DARY9; BA LGHGDG?A; RF=B GCJ=U
yLGHGDG?A9Ya4 OJ9R R <=; QRBFf & L&FIHEIR PBAJ @ M
| @ AKL=FK=F3A )DQJGCIRFKL IKFKAK-HYGHL QE9DARY9; BA LG
RFIBGEGU; A HG2Ff; R=t EAz<RQ ;AZ?F9EA A HJzL¢
OQFACA=E G: M HG<=BUt B=KL RF9D=RA=FA= CGFKL
L=FK=?JALQHJRRHOKTM Q&G<9LCGO=B GHLQE9DARY9; B
CGFKLJMC; B9 yB=B CKRL92L& LGHGDGRMBANAEMEKAD K
<2M?GUt OQ:J9FQ; @ HJZLZO YyRO9ROQ; RIBA ;9AzLPAGCGF=
. @KL GAMK-A G<HGOA9<9t O KHGKZ: GHLQE9DFQ <D
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- HLQE9DAR9; B9 LGHGDG?A; RF9 BE®RIMCAMLPOABI KLGHK
L=FK=2JALQ G GCJ=UDGFQ: @ ;=;@9;: @ A OQ<9BFG
5HIJRQH9<CM HGKRMCAO9FA9 CKRL92LM FA= R9OKR=
CGFKLJMC; BAA

5 FAFA=BKR=B HJ9; Q R<=; Q<GGO9FG<EAQ =FKXIGGEMD
ROQCGJRQKLO9FA=E GHL @E 9(DAR9 O B R = (L FGNS-CECHGICRAQ-HE<ECR\W)
GHLQE9DARY9; BA LGHGOEBRABREEBA GKHGIOBG%XR9 L QDC
HIRQHO9<CM5 G;:sDAM OROAzZCKR=FA9 9<9HLGO9DFGU; A K
OQCGJRQKL9FA= A; @ EGKMBEAIGROOFAD® ORPIKFEGCGOBAEG
LQ;M829<Z0 HRZ LEBGEG@F ?=GE=LJAA GO9RGIOKIL;zZMF
ORE9; FA9FA9 KLJMCLMJ KRCA=D=L9EA AFKHAJGO9F
0OGROAFf ROFA= L:GA=GHA=QE9 <KL GRBOQO9FAM KAz <G
HGHJR=R 9<9HL9; QBF= OHJGO9<REBAMDOQRE=E FKGFA
L=FK=0GROMQARIFAD MRFEALCMIEIDARI; BA LGHGDG?A;
HIRQHIORCZHJ OMEAP<I 204 HG<HZJ& &KFAMEEZDGO®:F;=/
RKLJMCLMJ¥ HGHJR=R ORE9GFIAOFARI BQ; Q9@®QG EK EBX
R OQFACZO GHL QE 9YD ABREE; 9B M 9LFG\HG DDGAAHIRED: B RE B M &7
G: KR9JQ HMKLCA R OQFAC¥®0 CAHL QERIMAR RIFM =L GIH®RI
L=FK=?JALQ KCML=; RFA=B J=9?2GO09t F9 JzOF= LQH

O9JMFCZORHODOFGAt KRCA=D=LM EGO= : Qt <GKLGKGO
O HJ9CLQ; = HGOAFF@ :HFIRQHIDKILRZAOIYHAECRBD COBKK ORED ;
EG<M2Z0 B=KL <=L=JEAFGO®YPQ@GHIRFR EBIJ] MEIR KIRL
: Qt <G<9LFAG GCJ=UDGF9A
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0O QKMBFGF; =H; B9 AFL=DA?=FLF=?G- 9<9HLY9; QBF =R GV <OERE9F, =FBA 9R- A 9
EG<MHZOKIKA GKGO9FQ; @KQJHMCLMBORDWAMM, KLIMCLMIQ KC29<9BF; =B
EG<MZ2Z0 HIJR=KLJR=FFQK®@JMEHRRIALBDE QG H JEIG <GAOFO=-F A2 9KF=_"
0 QKMEAH R=<KL90OA9 CGF; =H; Bz AFL=DA?=FLF=?G4&
L=FK=?JALQ <D9 CGFKLJMC; BA KICEBR=<KWBIRDKREQBEAL Q
y <G EG< =XDGWCAABBEDBGIGFR LR :MMEs BA9 F=BHRBRY KA M2 Z |
YyKLGKGO9FQ; @ KL JENGXLEMIG QRFHNS HA=J OKRQE CJGCM
CGFKL FMC;HRI9REQEB9 <O HA=JOKRQE HJIJRQH9<CM 9D: G
CGFKLJMC; BA G GCJ=UDGFQ; @ OQEA9J9; @ OQRFY9
MIR=HIGO9<R9 GHLQE9DAR®F KBLA] MEGBBRDG2E; REP? GL HO
GCJ=UD=FA= G: OR2IHDGE@E RL Gt AKRBDEDQ BIWRQRAI yRGF
G: KR®BIRIE9H L=F HGC9R9FG O HA=FOBGREGBE IDRARME H
LGHGDG?A; RF=B3YA 5 <JMBABXMKGCMCLyMUIM? @ = FOKG-
?2=F=JGO9FEG<MDIKIFI BLEFKE?MBELQ R OQ:J9EQ; @ E
FI QK NEFGMEZBY @9 J9CL=J ADMKLJ9; QBFQYA 1LJMCLMJO9
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: JR=?G0O= B9C G: KR9J RGHLQE9DARGO9FQ LAHGDG?
ALIMCLMIO9 L=FK=?JALQ R ORGJOEGLRL QEBMRARGCY BA
GHLQE9DAR9; BA LGHGDG?A; RF=B RGKL9B= RO9KLGKGC
G<HGOA9<9Bf; = G: KR9JGE E9L=JA92GOQE Ki OREO9;
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