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Benuxonponimmi npoCmoposi  KOHCMPYKMUBHI  cucmemu Havuacmiute
3acmocosyomsbca 6 6y0ienax ma cnopyoax, 0e 00HOYACHO nepebysac enuKa KilbKicms
mooell, MoMmy iX NpoeKmy8amms, 36e0eHHs Md eKCHIyamayis eumazac NocmiiHo2o
60ockoHanenus. OOHuM 13 wWLIAXI6 6UpiuleHHs yici npobiemu € NOWYK HAOIUHUX
NPUPOOHUX AHANIORIB | IX UKOPUCNAHHSA 6 NPOCMOPOBUX KOHCIPYKIMUSHUX CUCTEMAX.

Large-span spatial structural systems are most often used in buildings and
structures where a large number of people are at the same time, therefore, their design,
construction and operation require constant improvement. One of the ways to solve this
problem is the search for reliable natural analogs and their use in spatial structural
systems.The search for reliable natural analogues and their use in spatial structural
systems is one of the most urgent tasks nowdays. Currently, the development of new
options for spatial coatings, which were not previously used, and there is no experience
in their operation, is being developed at a high pace. Approbation by experimental
studies on models is ignored, and only a numerical experiment is used. But the behavior
of large-span spatial structures under load is non-linear and difficult to predict, so the
use of natural analogs is a guarantee of reliable operation.

The article analyzes new research on the use of bionic principles in large-span
buildings and structures.Based on the study of the structure of constructive analogues of
living nature, the principle of resilience in constructive systems has been established.
Due to the use of resilience in the structure, its bearing capacity is restored without
increasing the mass. Based on the principle of resilience, transformed coating designs
have been developed.

According to the principle of heterogeneous material placement in structural
systems, the combination of the geometry of polygonal cells with layering and their
strong walls provide compactness, high strength and rigidity to structures with minimal
material consumption. The use of layers with different properties makes it possible to
obtain a sandwich type structure with high strength, rigidity and relatively low weight.

The principle of tight packing allows you to get the maximum usable volume with a
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minimum fence surface. In nature, it manifests itself in the optimization of biological
forms in the case when the cells in the structure have constant geometric characteristics.
So, bees building honeycombs form a dense pack of circles, which, under the action of
capillary forces exceeding the pressure from the inside of the bee bodies, turn into the
described hexagons. Splitting a plane into equal hexagonal elements has a minimum
length.

The principle of the directional form of buckling makes it possible to avoid
bifurcation of stable forms of equilibrium states in the design of structural systems, as
well as to exclude the uncertainty of their further behavior under loads. Nature, creating
constructive systems, deliberately tries to avoid possible transitions of initial
deformations into other types, that is, excludes the loss of stability of the first kind.

According to the principle of the trajectory structure of structural systems,
elements in the structures of living nature are placed in accordance with the geometry of
the displacement field along the trajectories of principal stresses. The nature of the force
field is determined by the type of external action and kinematic boundary conditions.
Trajectory structures provide the required strength in relation to the given forces with an
extremely limited amount of material. The orientation of the elements along the lines of
force increases the strength and stiffness properties with a minimum amount of material
used to create them.

Thus, large-span spatial structural systems designed using modern bionic
principles are presented.

Knrouosi cnosa: eenuxonponimui KOHCMpYKYii, iHoceHepHo-0yOigenvHa OioHika,
npupooHi ananoau oyoisenv, OIOHIYHI NPUHYUNU, KOHCIPYKIMUGHT CUCTeMU.

Keywords: large-span structures, engineering and construction bionics, natural
analogs of buildings, bionic principles, structural systems.

Beryn. BuxopucrtanHs uncenbHuX MerofiB Ta EOM  no3Bosuiio
PO3LIMPHUTH 3HAHHS 1 PO3POOKY TNPHHIMIIB BIPOBA/IKCHHS B IPAKTUKY
MPOSKTYBaHHS OyIiBeJab 1 CIOOPYH MPHUPOAHHX AaHAJOrIB, OCOOIHMBO B
apXiTeKTypi, Je pO3rJIIAloThesi NMUTaHHS (OPMOYTBOPEHHS 00'€KTiB 1 IX
aJianTallis B HABKOJIMIIHE cepepoBuile. OnHaK, apXiTeKTypHa OioHiKa moTpedye
HOBUX E€(EKTUBHHX KOHCTPYKTHBHUX CHCTEM 3 BHUKOPHCTaHHSIM IPUPOIHHUX
aHaJIOTiB, TX PO3paxyHOK, KOHCTPYIOBAaHHS 1 BIIPOBA/UKEHHS B Oy iBHUILITBO.

AHaNi3 ocTaHHIX gocHikeHb Ta myoOJikamii. [lomyk HamidHUX
NIPUPOJHUX aHAJOTIB 1 1X BHMKOPHCTaHHS B IPOCTOPOBUX KOHCTPYKTHBHHX
cUCTeMax — OJIHAa 3 HAWOUIbIN aKTyaJllbHUX 3a7ad ChOTOJeHHs. B Ham dac
BEIWKHIMH TEMIAMH BEIEThCS pPO3poO0Ka HOBHX BapiaHTIB IMPOCTOPOBUX
MOKPUTTIB, SKi paHimle HE BHKOPHCTOBYBANWCS, 1 HEMae JOCBiTy B iX
eKcIuTyararii. Anpo0alliss eKCIiepuMEeHTaTIbHIMH JOCIiHDKSHHSIMH Ha MOJENSIX
ITHOPYETHCSI, @ BUKOPUCTOBYETHCS JIUIE YUCEIbHUN KCIIEPUMEHT.

B ocHOBHOMY AOCIHIIKEHHS 13 IMi€i TEMH TPOBOIMIIUCS MPUPOIO3HABISIMHU
Ta apxitektopamu [1 - 5]. Cepen po6it, 1110 BUBYAIOTh KOHCTPYKTHBHI aHAJIOTH
’KUBOI MPUPOJIH, CTif BiazHauuTH [6 - 9].

Ha puc. 1,6 naBeneHo OarartouinboBuii MicT B Ceyii goBxkunoo 1080 M.
[pupoaHEM aHATIOrOM MOCTY MOCIY)KHIIa BoJoMipka (puc. 1,a).
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Puc. 1. a — Bogomipka Ha BOi; 6 — IPOEKT O6araTromiiiboBoro Mocty B Ceymi

Pamiomsipii HamiuyeTses 6mmu3bko 6000 BumiB (puc. 2,a), MOKHa CKa3aTH:
BOHHU SIBIISIIOTH COOOIO Take Po3MaiTTs (opM, 10 iX 3 HAUIMIIKOM BUCTA4YNTh Ha
CTBOPCHHS THCAY HOBUX apXiTEKTypHHX IIEACBPIB.

«Tpu I'pamii» - mpoekt rommasacekoi cryaii NOX, skuii ckiamaeThes 3
TPHOX BEX, 3'€IHAHUX MOCTOM (pHc. 2,6). @opMa MOCTY 3 BE:KaMH 3alo3u4cHa
y pamionspid. Tpu yHikanbHI BeXi MalOTh NPAaKTHYHO OJHAKOBY BHCOTY Ta
(opMy 1 CTBOPIOIOTH 4yIOBHI apXiTEKTYpHHUIT aHCaMOJIb.

¥ PR
Puc. 2. a — cTpykTypu panionspii; 6 — «

R R — G

Tpu I'panii» - mpoekt B y0ai

Hini i 3aBpannsa. BukoHatn aHani3 HOBHX JOCHIHKEHb IO 3aCTOCYBaHHIO
Y BEJMKOIPONITHUX OYyAIBILIX 1 CHIOpy1ax OiOHIYHUX MPHHIIMIIIB.

OcHoBHa yacTHHA. [IpOEKTHI PIMIEHHS BEJIMKOIPOJITHUX KOHCTPYKIiH
MOCTIHHO BIOCKOHATIOIOTHCS. Ll HEOOXINHICTP BHUKJIMKAHA 301IBIICHHSIM
radapuTHUX po3MipiB OyZiBedb 1 CHOpYZA, a TakoX OTPHUMaHHAM HOBHUX
eKCIIePHMEHTANIBHO-TEOPETUYHUX ~ PE3yJbTaTiB 1  BIPOBA[DKCHHSIM Y
OyAiBHHUIITBO HOBHX HAJMIIIHAX MaTepialiB.

OTprMaTH HOBI PIIIEHHS BETUKONPOIITHUX CIIOPYA MOXIIUBO i HA OCHOBI
BUBYCHHS 010aHAJIOTIB.
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Ha ocHoBi BUBUEHHSI OyZ0BM KOHCTPYKTHBHHX aHAJIOTIB XHMBOI NPHPOAN
BCTAQHOBJICHO MPHUHIMI pe3inbsiHcy [8] B  KOHCTPYKTHBHHX —CHCTEMax
(resilience — mpyxHiCTh, €NACTUYHICTH, 3MATHICTH INBUAKO BiJHOBIIOBATH
BHYTPIIIHI CHIM). 3a pPaxyHOK BHKOPUCTAHHS pE3UIbSHCY B KOHCTPYKLIi
BITHOBJIFOEThCS 1i Hecy4a 3JaTHICTh 0Oc3 30iIblIcHHS MacH. Buxonmsuum 3
MPUHIUITY pe3inbiHCy, Oymm po3poOieHi TpaHCHOPMOBaHI KOHCTPYKIIi
TTOKPHUTTIB.

Ha puc. 3 maBemeHo Mys3eil TBopuocti B Mimyoki (Bickoncin, CIIA)
apxitektopa Cantbsaro Kanarpaeu. ['onoBHHI eneMeHT OyAiBII My3€r0 — KpHiIa
nraxa, mo pyxawTbes. KoxHe kpwio maBinboHa ckiagaerbes 3 36 pebep
JOBXHHOIO Bi 8 no 32 M. 1l Benmue3Ha KiHeTHYHA KOHCTPYKIIisl OUIMX KPUII B
po3kputoMy crTaHi ckiagae Outbiie 60 M.  Yac, HEOOXimHHUIA IS MMOBHOTO
3aKPUTTS/PO3KPUTTS KPWJI, CKJIAIA€ 3 XBUJIMHM. 3arajbHa Maca KOHCTPYKLIT —
115 1. SIkmio mBMAKICTH BiTpY HepeBuInye 64 KM/TOJ, aBTOMaTH4Ha CHCTEMa
3aKpHUBAE I JKATIO31.

>

L [ .
Puc. 3. a — nuHamika Kpui; 6 — Kpuja B pO3KPUTOMY CTaHi

[Ipote B HalOMIKUOMY MallOyTHROMY B OYJIBHUITBI HEOOXIJHO 3pOOHTH
TaK, m00 KOHCTPYKIii Maji XMBHH PyX, THYYKICTh i, KpIM TOTO, iHTENEKT.
30KkpemMa, KOHCTPYKIis 3MIiHIOETECA B (hOpMy, TapMOHI30BaHy 3 HAaBKOJIMIIHIM
cepenoBuiieM, i 3MiHa (opMH peanidye OimbIn yHiBepcanbHY (yHKIf0o. B
OTHOMY 3 MEXaHi3MiB, SKHH POOWTH MOXJIMBHM CKJIAQIHHH PyX, € depma 3i
3MIHHOIO TeomeTpiero, sika Ha3Bana VGT [10]. Sk mokasano Ha puc. 4,a VGT —
Lle TPOCTOPOBa KOHCTPYKILIiS, SKa CKJIANAETCS 3 NPYKHUX EJIEMEHTIB i
mapHipiB. KOHTpOIIOIOUM JOBXHHY NPYXKHUX EJIEMEHTIB, MOXXHa CTBOPUTH
pi3Hi ¢opmu npocropoBoi koHcTpykmii. [Ipukian 3miHu GopMu, IO MOEAHYE
asa po3mipu VGT mociiioBHO, oka3aHi Ha puc. 4,0.
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Tinpaeni4Hii IpUEin

3aBepIIeHOMY
33AKPUTT

2743

‘ 2743 IS?O

Puc. 4. a — pepma VGT,; 6 — 3minu popmu pepmu

3rifHO 3 [PUHIMIOM TE€TEPOTeHHOrO pPO3MIIEHHS MaTepialy B
KOHCTPYKTUBHHX CHCTEMaX, IMOEAHAHHS T€OMETPIi IMOJIIrOHANBHIX OCEPEAKIB 3i
CJOICTICTIO 1 X MIITHUX CTIHOK 3a0€3MeUyl0Th KOMIAKTHICTh, BUCOKY MILIHICTB 1
KOPCTKICTh CTPYKTypaM NpH MiHIMallbHId BUTpaTi Marepiany. Bukopucranss
miapiB 3 pi3HUMH BJIACTHBOCTSMH JIO3BOJISIE OTPHMAaTH KOHCTPYKLIIO THILY
«CEHIBIY» 3 BHCOKOIO MILHICTIO, >KOPCTKICTIO 1 BIJHOCHO MAaJIOI0 Baroo.
3aranbpHa CTIHKICTh KOHCTPYKIII 3 T€TEpOreHHHM PO3MIIEHHSIM MaTepiaay B
Oararto pa3iB NepeBHIIYE CTIHKICTh OKpEeMHX i IapiB, 3aBASKA YOMY 30BHIIIHI
mapu 3 OUThII NIUTBHOTO Marepialy MaloTh 3HAa4HO MEHIIY TOBIIMHY B
MOPIBHSAHHI 3 BHYTPIIIHIM IIapoM IOpHUCTOi CTpyKTypu. OCTaHHIH BUKOHYE
pOJb 3aloBHIOBayYa, IO YTBOPIOE IPAaKTHYHO Oe3NepepBHY ONOpy Ul
30BHIIIHIX IIapiB, TUM caMUM oOepirarodm iX BiJ BTpaTH CTIHKOCTI mpu
HaBaHTAXKCHHI.

BucraBkoBuii maBibHOH NPOJBOTOM 216 M Y3ZO0BX OJHI€I CTOPOHH i
Brucotoro 48,8 M (puc. 5). O6o0HKa — IBOIIAPOBA, TOBIIMHA KOXHOIO IIapy —
65 MM y BepmuHi i 120 MM Ha miHisX mepeTuHy. O0nABa 32113006 TOHHUX TIapH
po3aineHi Mixk co6or0 Ha BuUCOTY Bif 1,8 10 3 M MO3OBXHIMH i TOTIEpEeIHUMH
pebpamu.

=) Z o \
Puc. 5. a — ckimaguacre, )OPCTKE JIUCTS TPOIIYHOI POCIMHH KypPKYJIro
BIZICHYTOT0; 6 — BUCTaBKOBHH naBiibiion y [Taprki
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[MpyHOMO OUIBHOT YHAaKOBKM JIO3BOJSE OTPUMYBATH MaKCHMAJbHO
KOpPHUCHHUI 00'€eM TIpM MiHIMaJIbHIA TMOBEPXHI OTOPODKEHHS. Y MpPHPOIi BiH
MIPOSIBIIETRCSL TPH ONTUMI3amii Oionoriyanx (opM B TOMY BHIIAQAKY, KOJHU
OoCepenKd B CTPYKTYpi MaroTh IIOCTiHHI T€OMETPHYHI XapaKTepHCTUKH. Tak
0mKonn, OyIOylO4YH CTiIBHHKH, YTBOPIOIOTh IIUIPHY YIAKOBKY 3 KiJ, SIKi Mix
JET0 KaiJIIPHUX CHJI, IO IEePEBUITYIOTh THCK 3CEPEANHU Bil ODKONMHUX Ti,
NIEPETBOPIOIOTBECS. B ONMCAaHI IIECTHKYTHUKH. PO30OWTTS IJIOIIMHM Ha
PIBHOBEJIHKI NIECTHKYTHI €JIEMEHTH Ma€ MiHIMYyM JOBXUHH.

Mertpomoins [Tapacons B CeBiibi — KOHCTPYKIIis 3 IepeBa Ta 3ai300eTOHY
(puc. 6). Bynmiauureo 3aBepureHo B 2011 poui. O6'ekt BHCOTOIO 28 MeTpiB
3aiimae miromy 150 Ha 75 MeTpiB 1 mHpeTeHAye Ha 3BaHHSA HaWOLIBLIOT
KOHCTPYKIIi 3 iepeBa B cBiTi. DirypHi eneMeHTH 30HTIB B KijbkocTi 3400 mryk
ckpimeni 3000 Hecyunmu By3namu. Po3mipu eremMeHTiB qocsararoTth 10 16,5 M B
IOBKUHY, a IIHPHHA 3MIHIOEThCA Bif 68 10 311 cm.

0 - = TR S //
Puc. 6. Metponons [Tapacons — ceBUIBCHKI TpHOH

[MpuHnmn cnpsiMoBaHOi (OPMH BTpATH CTIHKOCTI TO3BOJISIE YHUKHYTH NIPU
NIPOEKTYBaHHI ~ KOHCTPYKTHMBHHMX  cucteM  Oidypkamii  crilikux  ¢opm
PIBHOB&KHMX CTaHIB, a TaKOX BHKJIIOYUTH HEBU3HAYCHICTh iX IMOJAIBIIO]
MOBEAIHKM TiJ HaBaHTaXeHHsAMH. [Ipuponma, CTBOPIOIOYM KOHCTPYKTHBHI
CHCTEMH, CBiZIOMO HAMaraeTbCs YHUKHYTH MOXJIMBHUX IEPEXOMAIB MOYATKOBHX
nedopmariiii B iHII BUAK, TOOTO BUKIIIOYAE BTPATY CTIMKOCTI mepumoro poxay. I
e BiOyBaeTbCs HE IUIIXOM TOCHJICHHSI KOHCTPYKI[H JKMBHUX OpraHi3MmiB 3a
paxyHOK 30UIbIIEHHS Macd, a KOXHIil KOHCTPYKIii HalaeTbesi 00pHC
BIJIMIOBIHO O CIPSIMOBAHOI (POPMH BTPATH CTIHKOCTI, 110 NPUAMAETHCS 3a
IpaHM4Hy CTIHKICTh 3 yciX MOxJuBHX (opMm piBHOBaru. B pesynbrari 1poro
TIPU CTaTUYHII poOOTI BUHUKAE MOCTIHHUIA BUJ leopMaltii.

Ha puc.7 [11] y Burisgl Tropu3oHTaNEd IOKa3aHO II0Jie MHPOTHHIB
3aJ11300€TOHHOT KBaJIpaTHOI MOJeli - 0OOJIOHKU J0JATHBOI KPUBHHH, JKOPCTKO
3aTHCHEHOI 10 KOHTYpY, NMOOYyZOBaHE Ha OCHOBI pe3YJbTaTiB €KCHEPHUMEHTY.
Micuese 3011bLIEHHS IPOTHUHIB IIPH PIBHOMIPHO PO3IMOIIIEHOMY HaBaHTaXXCHHI
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OTPUMAHO B MICIIX HAHOINBIINX HEIOCKOHAJOCTEH IIOBEPXHI OOOIOHKH,
BUMIPSIHHX JI0 TOYATKY 3aBaHTAKEHHSL.

t’iﬁ 5618 <131 M7

5 77

137 g6 70
%7

Puc.7. ITose mporuHiB: movyaTkoBe (3J1iBa); Micis HaBaHTaXXEHHsI (CrIpaBa)

VY npupoai mpOCTEXKYIOTHCS CHOCOOHM OOpOTHOM 3 BTPATOK CTIHKOCTI:
pedpa migkpimieHHs; rodpu; reTeporeHHICTh — IapyBara OyaoBa. ['ereporenna
OynoBa eNeMEHTIB OiOJIOTIYHMX KOHCTPYKLIM HE TUIBKM TajbMy€ PO3BUTOK
[MOBEPXHEBUX TPINIUH, a W TacUTh KOJWBAHHS, BUKIUKAHI JAHAMIYHUMH
BIUIMBaMH, SIBIISTIOYHCH CBOTO POAY JeMIipepoM.

3rigHO 3 NPUHIHIIOM TPAaEKTOPiallbHOI OYZOBH KOHCTPYKTHBHHX CHCTEM
CIIEMEHTH B KOHCTPYKISIX JKHBOi HPUPOAHM PO3MIIIYIOTHCS BIAMOBIIHO O
reoMeTpii TS MMePEeMIlIeHb MO0 TPAEKTOPISAX TOJOBHUX HANPYKEHb. XapakTep
CHJIOBOTO TIOJSI BH3HAYAETHCS BHIOM 30BHIITHBOTO BIUIMBY 1 KiHEMAaTHYHHMU
TpaHNYHUMH yMOBaMH. TpaekTopiambHi CTPYKTypH 3a0e3MedyioTh TPaHHIHO
00MEKEHHUM 00CATOM MaTepialy BUMOTH HEOOXiJTHOT MIITHOCTI 100 3aJaHuX
cwi. OpieHTallis €JIEMEHTIB Y3MOBX CHJIOBHX JIHIA MiIBHILYE MIIHICTH 1
JKOPCTKICHI BJIACTHBOCTI NPH MiHIMalbHOMY 0O0Cs31 Marepiany, 10 #ae Ha ix
CTBOpPEHHSI.

B3sBimnm 3a 0CHOBY JKHIIKyBaHHS JHcTa BikTopii perii, 1o po3mimeHo mo
TPAEKTOPIAX TOJIOBHMX HANpyXeHb, iTamiicekuii apxitexktop II. Hepsi
CKOHCTPYIOBaB pedpucTe MOKputTs hadbpuxu ['arTi B Pumi (puc.86).

Puc. 8. a — mucr Bikropii perii; 6 — pedbpucte nokputts padpuku ['arTi
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Puc. 9. YTBOpeHHs! TPIIIKH [0 MaliJaHYMKaX TOJOBHHUX HAMPYXKEHb B MOJEII
UM HAPUIHOI BITKPUTOI 0O0IOHKH CEPeIHBOT TOBXKUHH IIiJ] TIEF0 PiIBHOMIPHO
PO3IOAITICHOTO HABAHTAXXEHHS 1O TTUTI 0000HKH (q2, H/M?) 1 10 MO310BXKHIX
6oproBux enementax (fo, H/M), a came 1o crymnensx 3aBantaxenss: Nel (500;

62), Ne2 (1000; 123), Ne3 (1500; 185), Ne4 (2000; 247), Ne5 (2500; 308), Ne6

(3000; 369), Ne7 (3500; 431), Ne8 (4000; 492), Ne9 (4500; 554), Ne10 (5000;

615), ne nepma nudpa B AyKKax (2, Apyra - o

Benukuit o0car OociijpkeHb Ha MOJENSX 3ajli300eTOHHHX OOOJIOHOK
MOJXXHA BHKOPUCTATH Ui BH3HAYCHHS Opi€HTAIii TOJIOBHUX MalIaHYHKIB.
ExcrieppuMeHTaMn BCTaHOBJICHO ITOYaTOK YyTBOPEHHS TPILIMH B OETOHI 000IOHOK
npu HaBaHTaxeHHax: 0,3Qp muwmiHapuwyHnx Bigkputux; 0,40y momaTHOI
kpuBn3HY; 0,50 Big'eMHOT KpHBU3HH (qp - HABAHTAXKECHHS PYHHYBaHHS).

Cnabkicte O€TOHy cHpuiMaTH 3yCWUIS PO3TATYy Belde 10 YTBOPEHHS
TPIIIMH MO TOJIOBHUX Maiinanunkax [11]. KapTuHa TpimuH BKasye, K
HalikpaIe po3MilryBaTH MaTepial B KOHCTPYKIii (puc. 9).

BucHoBkM i mnepcmekTHMBM AocTdifkeHb. HaBeaeHo BENMKONPOIITHI
MIPOCTOPOBI  KOHCTPYKTHUBHI CHUCTEMH, 3alpOEKTOBaHI 3 BUKOPHCTaHHSIM
CydJacHHX OiOHIYHMX NPHHIHUIIIB.

MoskHa 3pOOHMTH BHCHOBOK, IO PO3INISIHYTa JOCHUTh CKJIaJHa Mpodiema,
sIKa € aKTyaJIbHOIO 1 TOTPeOYE MOJANbIIOI0 BUBYCHHS.
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