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BoJsbmenposieTHbIe MeTANIMYECKHE CTPYKTYPHbIE
KOHCTPYKUMH cuctembl «bpI'TY»

Jparan B.!., x.1.1., Mopuiosa H.JI.

Bpectckuii rocyaapcTBeHHI TEXHUYECKUH YHUBEPCUTET,
Pecniybnuka benapych

AHoOTauiA. Y cTaTTi onucaHa HoBa MeTasieBa CTPYKTypHa KOHCTPYKLUis cuctemum «bplrTyY»
B SIKOCTi MOKPWUTTS TPOMAACBbKUX, KyNbTYPHO-pO3Ba)kajlbHUX i CMOPTUBHMX CMOPYA,
30KpeMa YHikanbHe BesIMKOMNporoHoBe nokputTs JliTHboro amditeatpy B M. BiTebebky,
CTPYKTypHa o6osioHKa sikoro Mae nporiH 120,014 M, 3MiHHY wWWpuHY Biag 24,0 M Ha
onopax o 71,0 M B cepeaHii yacTuHi nokputTs. MNMpuBeaeHi 0cobAMBOCTI po3paxyHKy
Hanpy»eHo-AedOopMOBaHOr0 CTaHy CTPYKTYPHOI cucTteMu. MokasaHo, WO po3paxyHKOBI
CKiHYEeHHO-eNeMeHTHi MoAeni [OCTOBIpHO OMUCYKTb  AiMCHY poboTy  HaTypHUX
KOHCTpYKUin. Po3pobsieHa MeToaMKa po3paxyHKY HeCy4doi 34aTHOCTI BY3/iB i CTPUXHIB
CTPYKTYpMW.

AHHOTauus. B cTaTbe onucaHa HOBasi MeTanMyeckas CTPYKTyYpHas KOHCTPYKLMS CUC-
TeMbl «BplTY», ucnonb3dyemMass B KayecTBe MOKPbITUA O6LWECTBEHHbIX, KYJbTypHO-
pa3BfiekaTeslbHbIX U CMOPTUBHbLIX COOPYXEHWI, B YAaCTHOCTU YHUKaNbHOoe 60/bluenpo-
neTHoe nokpbiTne JleTHero amduTeaTpa B r. Butebecke, cTpykTypHas obonoyka KOTopo-
ro nMeet nponet 120,014 M, nepeMeHHY WUpUHY oT 24,0 M Ha onopax Ao 71,0 m B
cpefHen 4acTu nokpbiTUA. OnMcaHbl KOHCTPYKUMW Y3/10B U CTEPXHEW, NpuBeAeHbl
0COBEeHHOCTM pacyeTa HanpsiXXeHHO-AedOPMMPOBAHHOIO COCTOSIHUSA  CTPYKTYPHOM
cuctembl. [MokasaHo, YTO pacyeTHble KOHEYHO3/IeMEeHTHbIEe MOAENV AOCTOBEPHO OMUCHI-
BaloT AeNCTBUTENbHYO paboTy HaTypHbIX KOHCTPYKUMn. PaspaboTaHa mMeToamMKa paveTa
HecyLen CnoCOBHOCTUN Y3/10B U CTEPXHEN CTPYKTYpPbI.

Abstract. The application of the new metal structural construction of the BSTU-type
for wide-span roof structures of buildings for public, sport and recreational use is
presented in the article. The most noticeable among the constructions with the BSTU-
type roof structure is Summer Amphitheatre in Vitebsk, Belarus. The structural shell
with the span length of 120,014 m and variable width from 24,0 m minimum is
supported with bearings of up to 71,0 m wide placed in middle of the shell. Thirteen
patents are issued on the construction’s nodes and rods described in the article. The
specifics of stress-strain analysis of the structure are also presented. It is proved that
the finite element representation accurately describes the work of full-scale structures.
A calculation method for bearing capacity of the nodes and rods of the structure has
been developed.

KntoueBble cnoBa: cuctema «BplTY», 60/blIENPONETHbIE COOPYXEHWUSA, HAMPSAKEHHO-
necOpMUPOBAHHOE COCTOSIHWME, CTEPXKHU, Y3/bl, pacyer.

BBenenue. OqanM 13 3pPEKTUBHBIX THUIIOB MPOCTPAHCTBEHHBIX KOHCTPYKIIHH
JUIST YHUKAQJIBHBIX OOJBIIEIPOIETHBIX COOPYKEHHUU SIBJSIFOTCS CTPYKTYPHBIC
KOHCTPYKIUH, B pa3pa0oTKe KOTOphIX benapych ceroiHs uMeer HECOMHEHHbBIN
npuoputeT. B BpecTckoM rocymapcTBEHHOM TEXHUYECKOM YHHBEPCHTETE CO3-
JlaHa HOBAasi METaJTNYECKasi CTPYKTYPHAsE KOHCTPYKITHS, TIOJTyYHBINAs HA3BAHNE
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cucrema «bpI'TYy». Dra mMerammudeckass KOHCTPYKITUS 00IaTaeT apXUTEKTYp-
HOW BBIPA3UTENFHOCTBIO WM TIPHUBJIEKATEIBHOCTHIO, TIO3BOJSET TEPEKPHIBATH
coopyxeHus mposeroM O6oree 150 M ¢ pa3nuuHBIMU O4YepTaHUAMH B raHe. C
yBeNIMYeHHEM MpojeTa 3PGEeKTUBHOCTh MPUMEHEHHUSI CTPYKTYPHBIX MOKPBITHHA
Bo3pacraer. OHU MPUTOMHBI JUIS CO3MaHUS Pa3INIHBIX (DOPM: TIIOCKHE TTOKPHI-
THs, 00070UKH, Kyrona. K mpenMyimecTBaM apXUTEKTypHOTO TJIaHA OTHOCSITCS
CpPaBHUTEIIBHO MaJiasi CTPOUTENbHAsT BhICOTa, mocturaromas 1/20+1/50 mepek-
priBaemoro mposnera. [lokpeiTre 0bmamaeT BEICOKOH HECYIel CIIOCOOHOCTRIO
BOCIIPMHMMAET Harpy3ku cBbiute 300 kr/m” ipu ponerax 10 100 m.

Crpykrypa «bpl ' TY» ortnmuaercs mpoctoir U OBICTPOI COOPKON KOHCTPYKIIHH
KaK HEeMOCPEJACTBEHHO Ha MPOEKTHOHW OTMETKE, TaK W BOJHM3U CTPOSIIErocs
coopyxeHus. Hemp3st He OTMETUTH U BO3MOXKHYIO Pa300pPHOCTh KOHCTPYKIINU C
MOCTIEYIONIeH ee TTOBTOpHOM cOopkoil Ha HOBOM Mecte. K mpemmyriecTBam
9TOW KOHCTPYKIIMM OTHOCSTCS BBICOKAs WHAYCTPHUAJIBHOCTh W3TOTOBJICHHUS
OCHOBHBIX KOHCTPYKTHBHBIX D3JIEMEHTOB, ITOJIHAS WX 3aBOJCKAas TOTOBHOCTb,
OJTHOTUITHOCTH M3JENUIl ¥ BOBMOKHOCTh WX ITUPOKOW YHHU(DHUKAIMHA HE TOIBKO
JUTST OT/IETTBHBIX COOPY)KeHWH, HO W IS 3JaHUN C Pa3NMYHBIMU IPOJIETaMH,
Harpy3kaMy U CXeMaMH OTTHpPaHHUSI.

KoHCTpyKTHBHBIE W CTPOHWTEIbHBIE IPEHMYIIECTBA CTPYKTYPHI CHCTEMBI
«bpI'TY» cBUAETENHCTBYIOT 00 SKOHOMHUYECKOH I1e7IecO00pPa3HOCTH €€ IpruMe-
HEHUS: coKpamaercst pacxon cranu a0 20 %, yMeHbIatTes TpyAo3aTpaTsl Ha
CTPOHTENBHON TTomaake A0 25 %, cokpamarTcs CpOKH Bo3BeneHus B 1,5 pa-
3a, CHIKaeTcst cromMocTh 10 10 % [1].

KoHcTpyKTHBHBIE penieHus] GOIbIIENPOJIETHBIX CTPYKTYPHBIX MOKPHITHI
cucreMbl «bpI'TY». CrpykTypHas Merammndeckas KOHCTPYKIUS CHCTEMBI
«bpI'TY» moctatouHO OBICTPO MONMYYHIIA TIPU3HAHUE APXUTEKTOPOB, IPOEKTH-
POBIITMKOB 1 B HACTOSIIEE BPEMSI IMEET HECOMHEHHBIA TIPUOPUTET CPETH JIPY-
TUX TPOCTPAHCTBEHHBIX KOHCTPYKIHH. OO0 3TOM CBHIETENHCTBYET HE TOJBKO
(hakT TIMPOKOTO TPUMEHEHHUs JaHHOW KOHCTPYKIIMH 1O BCEH pecnyOnnke B
KadecTBE TOKPHITUH OOIECTBEHHBIX 3/IaHWH, KYJIbTypHO-Pa3BIEKATEIbHBIX U
CIIOPTHBHBIX COOPY)KEHUH, HO W TO, YTO JaHHAS KOHCTPYKIHS Obja HCIOb-
30BaHa IPH BO3BEAECHWH YHHKAIBHBIX COOPY)XEHHW, TaKUX Kak, HampuMmep,
nokpeiTre JletHero amdurearpa B r. ButeOcke.

BrnepBrie cTpykTypHOE TOKphITHE cucTeMbl «bpl TY» ObII0 mprMeHeHo TpH
cTpouTenbcTBe TeaTpa ocTpaabl B Mapke KyIbTypsl M OTABIXa B T. bpecrte

(puc. 1, a).

CTpyKTypHOE MTOKPBITHE MPENCTABISIET COOON MTPOCTPAHCTBEHHYIO CTEP)KHEBYIO
TUTATY C OPTOTOHAJBHON CEeTKOW MOsICOB ¢ pazmepamu saeek 1,5x1,5 m. Konct-
PYKIHST UMeeT pa3Mepbl B Tutane 18x22,5 M, BbICOTa CTPYKTYPHOH IITUTHI 11O
ocsiM mosicoB 1,06 M. Bce cTepykHHM MTPOCTPAHCTBEHHON KOHCTPYKIIMH HMEIOT
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OJIMHAKOBYI0O HOMHUHAIIBHYIO JUIMHY M COCTOSIT M3 OECIIOBHBIX KPYIIIBIX TPYO
JIBYX THIIOPa3MepOB: MOSICOB U PACKOCOB — J76x4 MM, ONMOPHBIX PACKOCOB —
&102x4 MM. Bcee y31bl BBITIONHEHBI U3 MOJIONW Cephl ¢ HAPYKHBIM PajnyCcoM
160 MM u TomuHON creHku ¢ = 10 mm. CTpyKTypHas IumTta Omupaercs Ha
YeThIpe KOJNIOHHBI JIBYX THIIOB: CKBO3HOW YETBIPEXBETBEBOM M3 TPyO cedeHUEM
&102x6 MM H CILUIOIIHON U3 TpYO J273x7 MM U MMEET KOHCOJIbHBIN BBUIET HAJl
cuenoi Ha 9,0 m.

Bonee ci0xHOE KOHCTPYKTUBHOE PENICHUE MPUMEHEHO B KOHCTPYKITUH TTOKPbI-
ths nenoBoil apensl Ha 800 mect B 1. Ilpyxkansl. Taxas ke KOHCTPYKIHS
MIpUMEHEHa Ha JIEMOBRIX apeHax B T. KoOpune bpectckoit obmactu, B T. CMop-
roun ['pomHeHckoii obmactu, B ropomax Hosomykomie, Jlemene, I'myGokoe
Burtebckoit obmactu (puc. 1, 0).

[ToxpeITHE TpeAcTaBIseT CO00W METAJUITMYECKYI0 MPOCTPAHCTBEHHYIO ITEepeK-
PECTHO-CTEP)KHEBYIO KOHCTPYKIIMIO, BBIMTOJIHEHHYIO B BHJIE TPEABAPUTENHHO
HaIPSOKEHHOU MPSAMOYTOJbHOM IUIMTHI. PeryisipHas mpoCTpaHCTBEHHAs! KOHCT-
pykumst oOpazoBaHa ABYMS TPSMOYTONBHBIMH IUTUTAMH, COCAMHEHHBIMH B
KOHBKE M CO3JAOIIMMHU J[Ba CKaTa ¢ yKIoHOM &°. CTpyKTypHas ITUTa ONMUpa-
eTCsl IO KOHTYPY KpalHUMH y3JIaMH HIDKHETO T0sica Ha CTaJIeKene300eTOHHBIe
KOJIOHHBI € TIaroM 6 M 1 00pasylolye B IJIaHe MPsMOYTOIBHUK C pa3MepaMu
cTopoH 3963 M. SIueiKu MOSCOB IUTUTHI UMEIOT pa3Mep 3x3 M, BBICOTA TUTUTHI
B OCAX — 3 M.

B cBsi3u ¢ HEOOXOTMMOCTBIO0 BOCTIPUATHS PEAKIIHH PACIIOpa, B YPOBHE OMIOPHBIX
Y3JI0B HIDKHETO TI0sica TUJIMTHI yCTaHABIMBAIOTCSA 3aTSHKKA C IIAaroM 3 M B
HaINpaBJIEeHWH MEHBIIETO TPOJIeTa, BHIOJIHEHHBIE U3 OECITOBHBIX TOpsYeKaTa-
HBIX TPYO 127 MM M TOJNIMHON CTEHKH 8 MM. 3aTsDKKU BKIIIOYAIOT B paboTy
npenaBapuTeabHEIM HaTsDKeHHeM S0 kH. [l cOopkr TMOKPBITHS JIETOBOM apeHbI
IIPUMEHEHBI JBE MapKu y3JI0B cUcTeMbl «bpl ' TY»: ¢ TONIMHON CTEHKH MOJIOiI
cdepsr 10 MM 1 Hapy>KHBIM tuamMerpoM 160 MM U ¢ TONIIMHON CTeHKH 16 MM H
HapyXHbIM nuamerpoM 212 mM. CTepKHH CTPYKTYPHOH TITHTHI W3TOTOBJIEHBI
U3 KpYrIbIX TpyO D127x8 MM, P8IxS mm, D83x4.

WHTepecHbIM sBNSIETCS KOHCTPYKTHBHOE PEIICHWE MPUMEHEHHS CTPYKTYPHI
«bpI'TY» B HaBece Haj 3amagHON TpuOyHOU cTajnoHa «Cmaprtak» B T. Moru-
neBe. HaBec mpencraBmsier co0o0il CTPYKTYpHYIO IUIMTY pa3MepoM B IIJIaHe
131x14 M u BoIcoTOI 1,41 M, 3amemMIIeHHYIO TIO JJIMHHOM CTOpPOHE Ha TpeX-
BETBEBBIX MUJIOHAX, YCTAHOBJIEHHBIX ¢ marom 12 M (puc. 1, B).

Bce crepHH CTPYKTYpHOW IUTUTBI COCTOSAT M3 OECIIOBHBIX TOpSYEKATAHBIX
Tpyd 60x4, J89IxS5, J102x8. TlpuMeHeHO JBa TUNA Y3JIOB JIMAMETPOM
160 MM u TommmuOK 10 MM U quameTpoM 212 MM W TONIIAHOW CTeHKHA 16 MM.
OrnopHbIEe MTHIOHBI COCTOST U3 JIBYX YCIOBHBIX KOHCTPYKTHBHBIX (DparMeHTOB:
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TPEXBETBEBOW PELIETYaTON KOJIOHHBI U TPEXBETBEBOI'O PELIETYATOI'O PUIENs.
Pewierkoii purens sBISIFOTCS PACKOCHI U CTEPXKHH IOSICA CTPYKTYPHOM IIJIUTHI.
Taxast KOHCTPYKLUSI CONPSDKEHUsI 00ECIIEUNBAET COBMECTHYIO PalOTy CTPYyK-
TYPHOH IIJIMTHI U pUreNIed U 3allieMiIsieT IUIMTY Ha ONOpHbIX HmuiioHax. Cxaras
BETBb NHIIOHA 3alPOCKTUPOBaHa W3 JABYX Tpyd J325x14 MM, COENMHEHHBIX
JIMCTOBBIMHU HAKJIAJIKAMH, PACTSIHYThIC BETBU BBIIONHEHBI M3 TPYyO J325x14 MM,

B) _ )

Puc. 1. IIpuMmeneHne MeTaIn4ecKoil CTPYKTYPHOI KOHCTPYKITMU
cucreMbl «bpI ' TY»

[TomoOHyTO cTaTHUECKYIO CXeMy UMeET CTpYKTypHas mmTta cucteMsl «bpl TY»
Ha/l TJABHBIM BXOJIOM MHOTOMPOQHIBHOTO KYJIbTYPHO-CIIOPTHBHOTO KOMII-
nekca «MuHck-Apera». CTpyKTypHasl IUINTa UMEET KPUBOJIMHEHHOE OUepTaHue
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B TUIAaHE C PaJnyCcOM NPHUMBIKaHUS K (acamy 3manus R = 64,80 m, ¢ pazmepamu
o mmpuHe 17,71 M u jumHe myru HapyxHOH Tpanu 460,34 m. KpuBonuneitnas
IIJTUTa OMHUPAETCS] HAa YEThIpe KOJOHHBI KapKaca 37aHWs, YeThIpe KOJIOHHBI B
MIPOJIETE TUINTHI U UMEET KOHCOJb UTMHOHN 6,3 M. BpIcOoTa CTPYKTYpHOH TIITHTHI
1700 mMm, THHA sT9eeK BEPXHETO M HIDKHETO 1mosica 2530 MM, ITUpHHA ITEPEMEH-
Has (2109 MM — 2689 mMm). Bee cTepKHA 3alpOeKTHPOBAHEBI U3 OECITOBHBIX TO-
psiuexaTaHbiX TPYyO D89IxS MM, J114x8 MM, J114x12 MM, y31b1 — D212 MM 1
TOJIITUHON cTeHKH 16 MM (puc. 1, T).

CrpykrypHas KoHCTpykmmsi cucteMbl «bpl TVY» sBmsiercs Bechma ymadHOU
KOHCTPYKIMEH Il HMEPeKPbITHUS CHOPTUBHBIX 3aJI0B, OOJNBIIMX IPOJIETOB B
O0IIECTBEHHBIX 3JaHMAX. 1lockas miauTa MOKPHITUS NPUMEHEHA B MOKPBITHU
YHHBEPCAJIBHOI'O CIIOPTUBHOIO 3ajila MHOTONPO(QMIBHOIO CIIOPTUBHOIO KOMII-
nekca «MuHck-ApeHa». CTpyKTypHasi KOHCTPYKLUSI UMEET pa3Mephl B IIJIaHE
24x42 M u BBICOTY 2,62 M, OnTUpaeTcs M0 KOHTYPY Ha CTEHBI KPAalHUMH y3JIaMH
¢ maroMm 3,0 M.

CrpykrypubiMu muTaMu  cucteMbl «bpl ' TY» mepexpbITel 3ampl OOpsOBI |
urposoit 3an B 3nanun JJFOCII Ne 2 B . KanuakoBuun ['oMenbckoii 001acTu.

B mokpeiTum 3mannst kade Bosine T. bepesa Ha Tpacce «bpect-MuHCK» TTpuMe-
HEHa CTPYKTYpHAasi KOHCTPYKIMS C pazMepamu B Iiane 18x24 M u BbICOTOH
15 m (puc. 1,m).

IlepBoe MecTo cpenyt BO3BEIEHHBIX COOPYKEHHH C MCITOIB30BAHUEM CHCTEMBI
«bpI'TY» B BUy €ro yHHKaJIbHOCTH, OECCIIOPHO 3aHUMAET OOJBIIEPOIIETHOE
nokpeITre JleTHero amurearpa, 3aMPOESKTHPOBAHHOE B METAJUTMYECKUX KOHCT-
PYKIHSIX 3aBOJICKOTO M3rOTOBIEHWs. KOMOWMHMpOBaHHAs CTEp)KHEBas CHCTEMa
COCTOHT W3 CTPYKTYpPHOW IMJIMHIPUYECKOH O00OJIOYKH, YCEYEHHOW IBYMSI HaK-
JIOHHBIMH TUTOCKOCTSIMH, M TIOJKPEIUISIONINX €€ JIEBATH BEePTHKAIBHBIX apOK
(ISITh HIDKHUX W YETHIPE BEPXHUX), MBYX HAKJIOHHBIX apok. [IpuHSATas KoHCT-
PYKIHSI KOHCTPYKTHBHO JIOTMYHA B HHTEpecHa (puc. 1, e).

IIpomer obomouku cocrarmser 120,014 M, mupwHA MMOKPBITHS TIEpEeMEHHAs U
m3mensercs ot 24,0 M Ha onopax g0 71,0 M B cpeaHel 9acTu MOKPHITHS. BrIco-
Ta TIOAbeMa OCel BEPTUKAIBHBIX apoK HaJ (GpyHAaMeHTaMH coctaBisier 18,5 wm,
BBICOTA ITOKPBITHSI TTO OCSIM apok 3,32 M [2].

OCHOBHBIMH KOHCTPYKTHBHBIMH 3JIEMEHTAMH, 00€CTIEYNBAIOIINMY TIepeady Ha
(GyHIaMEHTBl Harpy30K W BO3JCHCTBHH SIBIAIOTCA NATH HIDKHUX W YETHIpe
BEpXHHE BEPTHKAJBHBIE apKH, MEXIy KOTOPBIMH PACIIOIOKEHA IMIIMHIpHYIEC-
Kasi CcTpyKTypHasi obOomouka. [llar BepTmkampHBIX apok cocrtaBiser 3,0 M,
IIpUYeM BEpXHHE BEPTHUKAIBHBIC apKH CMENIEHBI OTHOCHTENHFHO HIKHUX Ha
1,5 M. BeprukasipHble apKy BBIITOJTHEHBI B BHJE ITYYKOB, COCTOSIIUX M3 TPEX
KPUBOJIMHEHHBIX TPYO D273x10 MM, 00bEAMHEHHBIX MEXKIy COOOi B MecTax
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MIPUMBIKAHUS y3JIOB CTPYKTYpHI IIaHKaMu U amadparmamu. Takoe perneHue
o0ecrieunBaeT COBMECTHYIO pabOTy BETBEW M Iepefady YCHIUH C Y3JI0B
CTPYKTYpPBHI Ha BEPTUKAJIbHBIE APKH.

BeprukasnbHble apKu ONUPAIOTCSl HA MOHOJIMUTHBIE Ke1e300€TOHHbIE (DyHIaMEeH-
ThI Y€pe3 KOHCOJIM, KOTOPbIE MIPEICTABISIIOT COOOH CcTajae0eTOHHBIE 3JIEMEHTBI,
JKECTKO 3allieMJIeHHbIe B Tene (pyHaamMenTa Ha Tiyouny 1,5 M. ¥Y3en compsoke-
HUSl BEPTUKAJIbHBIX aPOK U KOHCOJIEH BBIIIOJIHEH B BUJE (IAHLIEBOIO COEAUHE-
HUSL Ha BBICOKONPOYHBIX Oontax. [IpuHsATas KOHCTPYKIUS ONUpPaHUs peaIu3yer
Oe3LIapHUPHYIO0 CTATHUECKYI0 CXeMY Kak JJIsl apoK, TaK U JUIsl IPOCTPaHCTBEH-
HOI 00070YkHM B TeNoM. JKECTKOe COTpspKeHHe 00O0JIOUKH ¢ (PyHIaMEHTaMU
obecrieunsio TpeOyeMyr >KECTKOCTb M IPOCTPAHCTBEHHYIO HEH3MEHSIEMOCTb
ITOKPBITHS], BBICOKYIO HAZIEKHOCTh 1 OOJIBILIME 3a11aChl HECYIEH ClIOCOOHOCTH, a
TaKXKe II03BOJIMIIO IPUMEHHUTD IIPOCTYIO0 KOHCTPYKIIMIO OIIOPHBIX Y3JIOB.

HaksonHbBIE apku SBISIOTCS OOPaMIIIONIMME SJIEMEHTaMH CTPYKTYPHOH 000-
JIOYKH ¥ TIPEACTABISIOT COOON TUIOCKHE CEPIIOBHIHBIE (PEPMBI C PEIIETKON UX

KpPYTJBIX TPYO.

B cBsi3u ¢ cymiecTBeHHOW acCHMETpHE MMOBEPXHOCTH 000JI0YKH OTHOCUTEIHHO
MIPOJIOIBHON OCH, TPOXOIAIIEH dYepe3 MEHTP TSHKECTH BEPTUKAIBHBIX apOK H
(hyHIaMEHTOB, CO CTOPOHBI OOJBINEH KOHCONH YCTAHOBJIEHBI JBE CKBO3HBIC
TPEXBETBEBBIE KOJOHHBI. KOHCTPYKTHBHOE pEIIeHHE COIPSHKEHHUS OTOJIOBKA
KOJIOHHBI CO CTPYKTYPHOU 000JI0YKOM pa3paboTaHO TaKUM, YTOOBI HA KOJOHHY
repeaaBajoch TOJMBKO BepTHKanbHOEe ycuiue. OIMOpHBIN y3em CTPYKTYpHOH
000JTOYKA MOKET CBOOOJIHO IepeMenIaThbCs B TOPU3OHTAILHOM HaIpPaBICHUH
Onmarogapst IByM (pTOPOTIACTOBBIM IUIACTHHAM TONIIHHON 10 MM, yIIOKEHHBIM
MEX]Ty OIMOPHOH ITUTMTOH y371a CTPYKTYPHOU OOOJIOYKH M OTOJIOBKOM KOJIOHHBI.

['maBHas poib IpU CO3JAHUH APXUTEKTYPHOU MPUBIIEKATETFHOCTH U KOHCTPYK-
TUBHOM I1e71ecO00pa3HOCTH COOPY)KEHHS OTBOJUTCS CTPYKTYPHOW 00OIIOYKe
cucrtembl «bpI'TY». Pamuyc HuXHEM MOSCHOW CeTKM IO LEHTpaM Y3J0B
R =106,98 M, BbICcOTa ceueHUsT 00070uKH 2,51 M, pasMep siueek BepXHel mosic-
Hoit ceTku 3,0%3,0 M. CTpykTypHas 000J109Ka BOCIIPUHUMAET BHEITHHE HATrpy3-
KW TI0 BCEH TUIOMIA TOKPBITHS U TIEPEIaeT OMOPHBIE PEaKI[NU Ha BEPTHUKAIb-
HbIe W HAaKJIOHHBIE apK{ W KOIIOHHBI, 00ECIIEYNBAET COBMECTHYIO paboTy Bcex
KOHCTPYKITUI TIOKPBITHS, BBIMTOTHSAET (PYHKIIUIO PENIETKH TPOCTPAHCTBEHHOM
apKwu.

KoHceTpyknusi crepskHeil M y3710B CTPYKTYPHOIl KOHCTPYKIMH CHCTEMbI
«bpI'TY». Cucrema «bpl'TY» oTimuaercs KOHCTPYKTHBHBIMH DEHICHUSIMHU
Y3JI0OB W CTepKHEH, o0ajaeT HaydHOH M TeXHWYECKOW HOBHU3HOHM M 3allHINeHa
15 marenTamu Ha m3o0pereHus [3].
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Y3e1 CTpYKTYpbI COCTOUT U3 TIOJIOTO IIapa ¢ OTBEPCTUSIMH, B KOTOPbIE yCTaHAB-
JUBAIOTCSI BBICOKOMPOYHBIC OONTHI JJIsI COeMUHEHUs crepkHei. [lomprii mmap
COOMPAOT M3 JIBYX Moirycdep, MOTYyUEeHHBIX MYyTEM TOPSYEro MpeccoBaHUs U3
JUCTOBOrO TIpokaTa. B momycdepax BBICBEpPIMBAIOTCS OTBEPCTHS HEOOXOIH-
MOTO THaMeTpa T BBICOKOIIPOYHBIE OOITHI.

BryTpennue n HapyXHBIE MAHOBI HMEIOT CHEPUIECKYIO TOBEPXHOCTH C PajIn-
yCOM, paBHBIM BHYTPEHHEMY U HapyKHOMY JIMaMeTpy Iapa COOTBETCTBEHHO. B
OTBEPCTHS CO CTOPOHBI MOJIOCTH TOTyc(hep ycTaHABIMBAIOTCS Ha chepruecKux
maiibax BBICOKOIPOYHBIE OONTHI, C HAPYKHOW CTOPOHBI KOTOPBHIX YCTaHABIIH-
BalOTCS HapykHas cepudeckas maiida u 1Be TalKu: CHUIIOBas Tallka W KOHTP-
raiika. Jlajmee mpom3BOAAT CBapKy Moiycdep CTHIKOBBIM IIBOM C Pa3lelioM
KPOMOK I10JyaBTOMaTHYECKOH WJIM aBTOMAaTUYECKOW CBAPKOM B Cpele yrie-
KHCIIOTO Ta3a.

Baxxnas pons B 1aHHOM y37ie oTBOAUTCS maiidaM. Cdeprudeckrie moBEepXHOCTH
BHYTPEHHEW W HApYXKHOW MIal0BI, TPUMBIKAIONINE K IIApOBOW IMOBEPXHOCTH,
WMEIOT PaJinyChl, paBHBIE COOTBETCTBEHHO BHYTPEHHEMY W HApYXHOMY paju-
ycy miapa. JlaHHas KOHCTPYKIHS Iai0 oOecriednBaeT EHTPUPOBAHNUE CTEPK-
HEl Ha [IEHTp y3J1a MPH 3aKPyYNBaHUHN CHIIOBOM TallKu Oiarofaps COBMEIICHUTO
IMOBEPXHOCTEH KOHTaKTa Imaitoa — cdepa.

Crnenyer oT/IeNIbHO OTMETUTb, YTO BBIIOJHEHUE B CTEHKE MOJIOTO IIapa OTBepC-
TUSL C JUAMETPOM, MPEBBIIIAIONM JHaMeTp OONTOB, 00ECIIEYrBAET BO3MOXK-
HOCTh MOBOpPOTa OOJTOB IpH COOpPKE HAa Yroj ¢, YTO 3HAYUTEIHHO YIPOIIAET
cOOpKY ¥ TIO3BOJNISIET CHU3UTh TOYHOCTh W3TOTOBJICHHS y3Jla M CTEPIKHS
KOHCTPYKITHH (pHC. 2).

Juamerp 1mapa, TONIIMHA CTEHKH IIapa, JUaMmeTp, MapKa CTajd BhICOKO-
MPOYHBIX OONTOB M TaeK, TONIIWHA W pa3Mepbl cheprudecKux Mmaid HaszHa-
YaroTcsl UCXOS U3 BEIMYMHBI YCUIINN, BOHUKAIOIIUX B CTEPIKHSIX CTPYKTYPHL.

CTep>KHU CTPYKTYPBI U3TOTaBIMBAIOTCS U3 KPYTIBIX OecmoBHBIX TpyO. i mx
COEMHEHNS ¢ OONTaMH Y3JIOB B TOPIBI TPYO YCTaHABIWBAIOTCS M TpHBapHBa-
FOTCS TIO KOHTYPY CIIeHabHbIe KPYTIIbIE TAMKH C Pe3bOOBBIMUA OTBEPCTHSIMH.

[IpuHSATHIE KOHCTPYKTUBHBIE PEIIECHUS MTO3BOJIAIOT JOCTATOYHO TOYHO U OJIHO-
3HAYHO BBLICNHTH XapaKTep M HAIPaBJIECHHUs CHIIOBOTO MOTOKA B y31e. [lepenaya
YCHITUSI CO CTEP)KHEBOT'O dJJIEeMEHTa Ha OONT MPOUCXOAWUT Hepe3 pe3nOoBoe
COeMHEeHNE TalKu cTepkHs 1 6onTa. KoHTpraiika CIy>kKAT TOJBKO JIsi CTOIO-
PEHHS CTEpKHEBOT'O AJIEMEHTa, a ee paboTol IpH mepeade CHMMETPHIHOTO
ycunusi mperedperatot. [lepenaya ycums ¢ 60nTa Ha CTEHKY y3J7ia 3aBUCHT OT
3HaKa YCHJINS U TIPOMCXOUT B CIEMYIOMIEH TocienoBaTenbHOCTH. CknMaronee
ycuiiie B CTEp)KHE depe3 pe3rOy Iepemaercss Ha CHJIOBYIO TalKy, Aajiee Ha
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HapyXHyI0 MIaii0y W dYepe3 Hee Ha CTEHKY IIapa. YCHJIHE pPaCTSKEHHs
IIepefaeTcst ¢ TOJIOBKU 00JITa Ha BHYTPEHHIOO 11ai0y, a jajee Ha CTeHKY Liapa.

Puc. 2. Y3noBoii anement cuctemsr «bpl TY»:
1 — nonycdepa; 2 — BHYTpeHHsIs 11aii0a ¢ BBIMTYKIIOH MOBEPXHOCTHIO;
3 — Hapy)KHas maii0a ¢ BOTHYTOH MOBEPXHOCTHIO; 4 — O0NT; 5 — cHiIOBast raiika;
6 — KOHTpraiika, 7 — HIeHTPUPYIOUMH ITH(T

BaxHbIM KOHCTPYKTHBHBIM JOCTOMHCTBOM CTPYKTYpHOU cuctembl «bpl' TY»
SBIIIETCS BO3MOXKHOCTH PETyJIMpPOBAaTh 3a30p MEXKAY TrailkaMd B Yy3je, 9TO
MTO3BOJISIET KOMIIEHCHPOBATh HETOYHOCTH M3TOTOBJICHUS JeTajel, BKIIOYATh B
paboTy abCONIOTHO BCE CTEP)KHM KOHCTPYKIIMHM W CO3/1aBaTh HAdaIbHOE
TT0JIE3HOE YCHJIME B CTEPIKHAX MPOCTPAHCTBEHHOW CHCTEMBI.

Oco0eHHocTH PpacyeTa HanpsKeHHO-1e(GOPMUPOBAHHOTO  COCTOSAHUSA
cTpykTypHoii cuctembl «BpI'TY». KoHcTpyKkTHBHas OCOOEHHOCTh CHCTEMBI
«bpI'TY», mnpumenenune cQepudecKux TOJCTOCTEHHBIX Y3JOB MO3BOJISIOT
JIOTTYCTUTH TIPU pacueTe TUMOTe3y O MIAPHUPHOM COEIWHEHWH Y3JIOB U 3HAYH-
TENIbHO YIIPOCTUTHh CTaTUYECKYIO0 cXeMy. bplia pa3zpaboTaHa KOHEYHOIIEMEHT-
Hasi MOJIENb, KOTOpAas TI03BOJISIET YI€CTh OCOOCHHOCTH JICHCTBUTENHHON paOOTHI
CTPYKTYpPHOH KOHCTPYKIHH. CTEP)KHU CTPYKTYPHOH OOOJOYKH OIMHCHIBAIOTCS
MTPOCTPAHCTBEHHBIMU CTEP’KHEBBIMH KOHEUYHBIMH JJIEMEHTAMH, B KXKIBIN y3eI
KOHCTPYKITUHU BBOZASATCSA Tonbko Tpu cBsizu (W, U, V), nckmogaromme ToabKo
JTUHEWHOE CMEIeHNE Y3JI0B, @ B CTEPXKHSIX BO3HHUKAIOT TOJBKO TPOIONIBHBEIE
ycunusi. CpaBHEHHE YUCIEHHBIX PACUeTOB C PE3yNbTaTaMHU HATYypHBIX HCITBITA-
HHUH OOJbITIepa3MepHBIX (PparMeHTOB, OOJBIICIIPONICTHBIX MOKPHITHH JIeTHero
ampurearpa B bpecte, JlemoBoro nsopra B [Ipyxanax, Jlernero amdurearpa B
r. ButeOcke mokasano, 9To BCe CTEP)KHH IEHTPATBLHO-PACTSIHYTHI WA CXKATHI,
pacdeTHple W OKCIEePHUMEHTAJIbHbIE 3HAYEHHS] XOPOIIO COOTBETCTBYIOT IPYT
JIpyTy B Ipefenax, He npesbimatonmx 5+10 %, HesHaunTenbHbIe N3rn0aronme
MOMEHTBI B CTEP)KHSX OOYCIOBJIEHBI CIy4aHBIMHA OKCIEHTPUCUTETaAMH,
CBSI3aHHBIMH C Pa3HOCTEHHOCTBIO TPYO M MECTHBIMHU IOTMOAMH TpPyO, BOSHHK-
IIMH TIPH TTPOKATKE.
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IIpu pacuerax ycrolumBoCcTH CTepxk)HEU CTpyKTypsl «bpl'TY» B kauectBe
pacyueTHol TmpemaraeTcs MPUHAMATh JUIMHY MEXAY IeHTpaMmu y3ioB. KoHcrt-
PYKIHS y371a peaju3yeT O4eHb ONM3K0e K MapHUPHOMY MTPUMBIKAHUE CTEPKHSI.
B MoMeHT moTepw yCTOWYMBOCTH OOHApY)KEeH IMOBOPOT OONTa B OTBEPCTHH
IIOJIOTO TIapa, 9To JIaeT BO3MOXKHOCTh Ha3HA4YaTh CBOOOAHYIO JUIMHY CTEPIKHS
KaK pPacCTOSHUE MEKIy CEUEHHSIMH C HYJEBBIMH MOMEHTAMH, HWCXOMAS W3
KJIACCHYECKOTO €r0 MOHNMaHHSI.

[IpoBenens! uccnenoBanns pabOTHI CTEp)KHEH Ha C)KaTHE B COCTaBE HATYPHOU
KOHCTPYKIMHU. Hecymmas crocOOHOCTh CKATOTO CTEPXKHS OMpENensach I10
KPUTEPHUIO JIOCTH)KEHHUS WM B TIPOIIECCE HATPY)KEHUS TOUYKH HYJIEBOW OTIIOp-
HOCTH, TIPH KOTOPOM C)KHMAIOIIasi CHJIa B DJIEMEHTE JIOCTUTaeT MaKCHMyMa,
Ha3bIBAaeTCS KPUTHUYECKOW, a Tocieayromiee nehopMrpoBaHue — 3aKpPUTHTIEC-
KHM W XapaKTepru3yeTcss yMEHbBIIEHHEM CKIMATOIIET0 YCHUITHS.

[TocTpoeHs! dKCIIEpHMEHTaIbHBIE KPUBBIE OTIIOPHOCTH JUISI CTEPXKHEH CTPYK-
Typsl ¢ THOKOCTRIO A = 110; A =90; A= 70. CpaBHEHHE KCIIEPUMEHTAIHHBIX
KPUTHYECKUX YCHJIMHA B CTEP)KHSAX C PACUETHBIMH KPUTHYECKHMHU YCHUIHUSMHU,
nony4deHHbIME 110 Metoaukam CHull 11-23-81%*, mokasano mpeBbIIeHne IKCre-
PUMEHTAIBHBIX 3HAUYECHUIN HaJ| pacyeTHbIMU. Pacuer ckaThlX CTEpKHEW CTPYK-
TypHBIX KOHCTpYKIui cucteMbl «bpl TY» mo CHull 11-23-81* oGecieunBaer
3amac Hecymiel cnocodHoctu B 1,2+1,4 paza.

JocTimkenne B pacTIHYTOM CTEp)KHE Tpelena TEKy4eCTH CTalld MPUBOAHUT K
riepepacipeie]IeHU0 TPUPAIEHNS PACTATHBAIONIECTO YCHINAS Ha JIPyTHUe pacTsi-
HyTHIe cTepKHU. KOHCTPYKITHS TPOIOIKAEeT BOCTIPUHUMATh HArPy3Ky.

AHann3 KOHCTPYKTHBHOTO PEMISHUS y3J1a CTPYKTYPHON KOHCTPYKIIMH CHCTEMBI
«bpI'TY» mo3BoNM yCTaHOBHUTD, YTO €T0 HECYIasi ClIOCOOHOCTH JOJKHA OTIpe-
JIENATHCS, UCXO/S U3 HEeCcyIeld CIOCOOHOCTH BBICOKOIPOYHEBIX OONTOB M HECY-
el CITocCOOHOCTH TOJICTOCTEHHOM cepbl. BRICOKOTIpOUHBIE OONTHI PACCUUTHI-
BaJIMICh T10 YCIOBHIO Nyyox < 0,5Rp, Apy-

bruto nccnenoBaHo HanpsoKEHHO-Ie(OPMUPOBAHHOE COCTOSTHHE TOJICTOCTEH-
HOW CQepsl C OTBEPCTHUSMH W TOAKPEIUIIOMMMHA IMaidamMu, HarpyKeHHON
JIOKaITbHBIMA HAarpy3KaMHu OT YCHJIMH B CTEP)KHSAX CTPYKTyphl. Paspaborana
KOHEYHODJIEMEHTHAsI MOJIEIb, MPOBEEHO €€ IKCIEPUMEHTAIHFHOE TOATBEPIK-
JIeHNe Ha HATYPHBIX HCIBITAaHUSAX Y3J0B TPH OJHOOCHOM W MHOTOOCHOM
Harpy>KeHusX. BbUT BBHINOJHEH YUCIEHHBIA aHAIHM3 HANPSKEHHO-TePOPMHUPO-
BAHHOTO COCTOSTHUS TTOJIOTO Iapa ¢ OTBEPCTUSAMH U MTOAKPEIUIIONUMHE T1aiioa-
MH TP MHOTOOCHOM HAarpy>K€HWH JIOKaJIbHBIMH HArpy3KaMH W yCTAHOBIICHBI
3aKOHOMEPHOCTH pacCIpe/leleHns] HApsDKEHUH U ieopMaliiii B 3aBUCUMOCTH
OT AMaMeTpa W TOJIIMHBI TOJIOTO Iapa, pa3MepoB MOIKPEIUISIONINX IIaio,
BETMYUHBI JIOKAJIFHBIX HArpy30K. YCTAHOBJIEHO, YTO TPHU JIFOOBIX COOTHOIIIE-
HUSX YCUJIUHA B CTEPKHSIX CTPYKTYPBI MCUEPITAHNE HECYIe CIIOCOOHOCTH y3i1a
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MIPOMCXOJUT BCETJIa B PE3YJILTATE PA3BUTHSI TUIACTUYECKUX JeOpMaIlHid CTaIn
B KOJIBIICBOW 30HE BOKPYI MIai0, COMPOBOMXIAIONIUXCS BBITYYUBAHHEM HWIIH
B/IABJIMBAHUEM CTEHKH IIapa MPH PACTSDKEHWH WM CKATHU COOTBETCTBEHHO.
[NosiBneHne muacTuveckux JepopMannii, U3MEHSIomMX GOopMy Hiapa B JAPYrux
30Hax, 00 00pa3oBaHME TPEIINH B €0 CTEHKE, HE TIPOHUCXOJTHUT.

Paspaborana J0CTOBEpHAasi METOAMKA OINPEAEICHUS HECyIIeld CIIOCOOHOCTH
Y3II0B CTPYKTYPHOIM KOHCTPYKIIMU, OCHOBAHHASI HA COMIOCTABIICHUU MaKCHMAJIb-
HOTO YCHJIVSI, ISHCTBYIOMIEr0 Ha y3€l ¢ MAKCHMAJIbHBIM JIOITYCKAEMbIM YCHITH-
€M, Ha3HA4YeHHBIM Ha OCHOBAHHHU JHarpaMmbl jeOopMHPOBaHUs («HArpy3Ka-
neopManus») IpH OJHOOCHOM PAaCTSDKEHHH WM CXKATHM II0JI0r0 Imapa ¢
OTBEPCTHSIMU ¥ TIOJKPEIUISTIONMMH 1naiidamu. Kak mormyckaromasi Harpyska Ha
y3en npuHUMaroTces 3Ha4eHUA N = 0,6V,

Pa3paboraH copTaMeHT y3IJI0B C pa3IMYHBIMK JIMaMETPaMHU U TOJIIMHOW MOJIBIX
[IapOB, pa3MepamMy MOJKPEIUISIONINX a0 ¥ BBICOKOIIPOYHBIMU OONTAMH JIJIsS
BOCTIpUSITHS YCHIIMH B cTepkHAX cTpykTypsl oT 100 kH mo 1000 xH. Ilpemnso-
JKEHHAsi KOHCTPYKIIHS y3JI0B 00ECIeUunBAET BBICOKYIO HAJI@KHOCTh M0 CpaBHE-
HUIO ¢ KOHCTPYKTHBHBIMH perieHusMu («Mepoy, «Mapxu» u Jip.) 3a c4eT UCK-
JIFOUEHHSI CHJIOBBIX M KOHCTPYKTHBHBIX 3KCIIEHTPHCHUTETOB, BKIIOUCHHS B pa-
00Ty Bcex cTepkHEl, odecriedeHust TpedyeMol TOUHOCTH COOPKH 1 TTPOEKTHOTO
MIOJIOKEHUS CTPYKTYPHOM KOHCTPYKITHH.

Kusyuects cucrembl «bpl'TY». Jltoboe coopyxeHrne HE MOXKET OBITH abco-
JFOTHO CBOOOHBIM OT PHCKA IMPOrPECCHPYIONIET0 OOPYIIeHHS, a, CIIeJOBATENb-
HO, HE MOXKET OBITh abcomoTHO Oe30macHbIM. VIMEHHO MoaToMy y4eHbIe oOpa-
THJIY TIPUCTAJIFHOE BHUMAHKE Ha TPOOJIeMY KHBYYECTH.

BriBoabl

B GonpmmHCcTBE cmydaeB cuctema «bpl TY» — 310 OonbIienponeTHsie, mpocT-
paHCTBEHHbIE, KOMOMHUPOBAHHBIE CHCTEMBI, TIPUHITUT PaOOTHl KOTOPBIX TOCT-
pPOEH Ha MHOTOCBSI3HOCTH M COBMECTHOH pabore. Takue pacdeTHbIE CXeMbI UCK-
JOYAIOT HAJMYUE «KITFOUYEBBIX)» 3JIEMEHTOB.

Bo3MOXXHOCTB perynmmpoBaHus 3a30pa MEXKIy TailkaMu B y3Ji€, KOMIEHCHPYS
HETOYHOCTH H3TOTOBJIEHHS, TMO3BOJSET BKIIOYNTH B pabOTy abCONIOTHO BCe
CTEpKHHU KOHCTPYKIIMH, 9TO TOBOPHUT O TOM, YTO KOHCTPYKIHS OyneT paborath
IO TIPEITUCAHHBIM el 3aKOHAM.

[HapaupHas paboTa y3710B MO3BOJSET TOYHO OMKCATh WX B PACUETHOW CXeMe U
TOBOPHUTH O COOTBETCTBUHU PACUECTHOM CXEMBI M NEHCTBUTEIHLHON pabOTHI KOHCT-

PYKIIHH.

[ToBcemecTHBIE HATYpPHBIE HCIBITAHUS TOCTPOSHHBIX OOBEKTOB ITOATBEPIUIH
COOTBETCTBHE PACUETHBIX MOJIENEN U IEHCTBUTEIHHON PaOOTHI KOHCTPYKITHI.
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PazpaboTanHbIe TPOEKTHI, COCTABICHHBIE PACYETHBIE MOJIENH, MaTeMaTHIECKHE
MOJIENH pa3pylIeHus] KOHCTPYKIUNA CBHUJIETENBCTBYIOT O CTOWKOCTH CHCTEMBI
«bpI'TY» x mporpeccupyromieMy o0pyIeHuro.

[TocTostHHBIF MOHUTOPHHT MOCTPOSHHBIX OOBEKTOB, HAYYHOE COMPOBOXKICHHE
CTPOSIIIUXCSI, M3TOTOBJICHUE BCEX CTAJUI MPOEKTHOW JTOKYMEHTAIINU (apXUTEK-
TYPHBIH TIPOEKT, CTPOUTENbHBIN MpoekT / KM, ueprexu cragum KMJI) mo3Bo-
JSI0T OOBEKTUBHO KOHTPOJIUPOBATH BO BPEMEHH H3MEHEHHE TEXHUYECKOTO
COCTOSIHMSI 3[aHUN W COOPYKEHUH W CBOEBPEMEHHO OCYIIECTBIATH MEPHI 10
HEJOMYLIEHUIO aBAPUHHBIX CUTYALHM.

YYuThIBas MHOTOCBSI3HOCTH M MHOTORJIEMEHTHOCTh TaKHX CHCTEM, OCOOEH-
HOCTH WX PAaCUETHBIX CXEM, MO)KHO CJIeNaTh BBIBOJ O HAJIEKHOCTH, Oe3omac-
HOCTH W JIOCTaTOYHOM YPOBHE JKMBYYECTH OOJBIICITPOJIETHBIX METAIITMIECKUX
MPOCTPAHCTBEHHBIX KOHCTPYKLUMI cucTeMbl «bpl TV ».
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