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Ipeonooicena memoouxa pacuema CmMamuyecku HeONPeOeIUMbIX JHCeNe300eMOHHbIX CMEPICHEbIX KOH-
CMPYKYULl ¢ yuemom @U3UYecKOU U 2ceoMempuieckol HeauHetiHocmu Oegopmuposanus. Ilpusedenvl ocHoGHbIE
COOMHOWEHUS, NO3GONAIOWUE OCYUeCMEIMb CIAMUYECKUN PACYem CUCmem ¢ NePeMEeHHbIMU JCeCMKOCIAMU 1O
OnuUHe INeMEHMO8, A MAKIHCe YUUMbIEANsb 2eOMEMpPUYecKU HeluHelnble dh@eKmpl, 6bI36aHHbIE OMKIOHEHUEM pu-
3uueckou ocu anemenmos. Ilpednodicennas memoouka anpoouposana IKCHEPUMEHMANLHO U Pearu308aHd 6 KOM-
NbLIOMEPHBIX NPOSPAMMAX, KOMOpble NpedoCmagisaom NpoeKMUpPOSWUKY KOMIIEKCHOE peuenue Nno pacdemy
CMEPIUCHEBBIX  JHCENE300eMOHHBIX KOHCIMPYKYULI 8 COOMBEMCmeUU ¢ MmpebosaHusMU NPOeKma CMmpOUmenbHblx
nopm Benapycu CHE 5.03.01 «Koucmpyxkyuu 6emonnvle u scenezobemonnvle. Hopmvl npoekmuposanusy.

CTGp)KHeBI:Ie JKeJIe300€TOHHEIE KOHCTPYKINHU MNOJYYHUIN IMHUPOKOEC PpaCHpPOCTPAHECHUC B IMPOMBINIJICHHOM
1 IpaXJaHCKOM CTPOHUTEIILCTBE W BKIHOYAKOT 3HAYWUTCIIBHYIO HOMCHKIIATYPY I/I3HCJ'II/H71 - OT IPOCTBIX CTATUYCCKHU
OIpeaCINMMBbIX 0aJOK U KOJIOHH J10 OPOCTPAHCTBCHHBIX CTATUYCCKHU HEOIPCACIIMMBIX JKEJIE300€ TOHHBIX Kapka-
COB. O)IHI/IM us3 HyTCfI CHMIKCHHSA pacxoda Marepualia B CTCPIKHEBBIX JKeJIE300€TOHHBIX KOHCTPYKIUAX SBJISICTCA
pa3pa60TI<a MCETOJAOB pacy€Ta, B KOTOPBIX HapsAdy CO CHCHI/I(l)I/I‘IGCKI/IMI/I CBOMCTBAMH eJe300eToHa - TpEeIInHaA-
MU, aHM30TPONMEH, HeynpyrumMu CBOHcTBaMU O€TOHAa U apMaTypbl - YUUTHIBAIMCh OBl TaKKEe OCOOEHHOCTH pa-
0OThI CTATUYECKHU HCOIIPCACINMbIX KOHCprKI.IPIfI, CBsA3aHHBIC C TICPCPACIIPCACICHUEM yCHJ’IPIfI U C BIIHUAHHEM
Z[e(l)OpMPIpOBaHHOI‘/’I pacquHoﬁ cxembl. Pa3Butue METOJAOB pacueTa CTATHYCCKU HCEOIPCACIHMMBIX CTPOUTEIIbHBIX
KOHCprKI_II/Iﬁ OrpaHUYMBAJIOCH BO3MOXXHOCTBIO HX p€aiu3allii IpPU COBPEMCHHOM YPOBHE IMMPOU3BOAUTEIILHO-
CTH MacCOBOM BBIYMCIIMTEIIFHOM TEXHUKH. PacdeT craTtudeckum HEOHpe,HeHHMoﬁ HpOCTpaHCTBeHHOﬁ CTep)KHeBOP'I
JKEJIe300€TOHHON KOHCTPYKIIMH C Y4YeTOM jauarpamMm aeopMHpOBaHUS OETOHAa W apMaTypbl, O0Opa3oBaHUA H
pa3BUTHA TPCIIUMH B CCYCHHUH, U3MCHCHHUS MCCTOIIOJIOKCHUS (1)1/131/1‘{601(0171 OCH DJJICMCHTA, BJIIMAHHA /:[e(bopMI/Ipo-
BaHUsA pacquHoi/'I CXEMbl U JpYyrux Q)aKTOpOB NpeaAOCTaBIsACT MPOCKTUPOBIIUKY ITOJHYIO I/IH(bOpMaI_II/II-O o
HaNpsHKEHHO-1e(OPMUPOBAHHOM COCTOSHMM KOHCTPYKIMM B LIEJIOM M O JII0OOH »JIeMEHTapHOH Miolazke Ipo-
U3BOJIGHOTO ITIONEPEYHOI0 CEUYECHUs], YTO IO3BOJUT OCYIIECTBIATH Pa3pabOTKy M SKCIEPTU3Y MPOEKTHBIX pelle-
HHI ¢ 0oJiee BBICOKOH CTENEHBIO HaACKHOCTH. Hanbonee BaXHBIM HaIrpaBJICHUEM COBCPIICHCTBOBAHUA METO-
JAOB pacyeTa SABJILACTCSA MNOBBINICHUC MX YHHBCPCAJIbHOCTH. Ba)KHO, YTOOBI AJITOPUTM HE HaKJIaAbIBaJl OrpaHU4Ye-
HUS HA BHU]J HaHpS[)KEHHO-ZIe(bopMI/IpOBaHHOFO COCTOsIHHUA, (1)OpMy MonepeuYHOoro CEUCHUA 3JIECMCHTOB, apMHUPpOBa-
HUCEC, CBOMCTBa OETOHA U apMarypbl, T€COMCTPUIO paC‘IeTHOf/'I CXEMBbI, TPAaHUYHBIC YCJIOBUA U T.O. Peammzamus JdaH-
HBIX BO3MOXKHOCTEH Tpe6yeT HE TOJIBKO 3HAYUTCJIBLHOTO YCOBCPIICHCTBOBAHUA CYIIECTBYIOIIHUX MCETOAHUK, HO H
pemeHus pssaa HOBbIX 3aJ1a4.

I[J'IS[ TMOJy4YCHUA H€06XOZ[I/IMI>IX OIIBITHBIX JaHHBIX OblIa M3TOTOBJIEHA MMPOCTPAHCTBCHHAA JKeJe300eToH-
Has CTaTUYCCKU HECOIIPEACINMasl MapHUPHO-HETIOABUIXKHAS OIlepTast JKeJIe300eTOHHAs pama (pI/IC 1)

Pama w3roTasnMBanack U3 OTAENBHBIX 37ieMeHTOB pasmepoM 1900 x 120 x 120 MM myTem coeanHeHUs py4HO#
JIyTOBOMH CBapKo#i 3aKkIafHbIX AcTaseH ¢ MOMOLIBIO CTAMBHBIX HAK/IANOK B TOpUAx 3/ieMeHToR. [IpononbHas apMarypa
obbeauHsIach B NPOCTPAHCTBEHHBIH KapKac, H3TOTOBJICHHbIH PH MOMOIIY KOHTAKTHO-TOYEYHOI CBapKu. ApMHpO-
BaHHe sneMeHTOB — 4T10ATSO0C (puc. 2); xapakTepHCTHKM apMaTyphl: f, =535 MIla, fi = 624 Mlla,

E, = 200000 MIla ; xapaktepucTuku GetoHa: f, = 23,8 MlIla, E, = 30500 MIla . [Tonepeunas apmartypa
ycraHaBiMBanach ¢ maroM 50 MM no Beeil AnuHe kapkaca. CocpenoToYeHHas Harpyska P npHKAagblBaiach K
TIPOTUBOJIEKAIUM PUTENSM paMbl COOTBETCTBEHHO B CEPEAHHE U B TPETH MPOJIETA.

OxcriepHMEHT olecrieynil MONMyYeHHe HeoOXOIUMBIX JaHHBIX O HedOpMUPOBAHUM CTaTHUECKH HEompese-
nUMOM NPOCTPAHCTBEHHOM paMel. B npouecce MCTIBITAHKUA KOHTPOIMPOBANUCH ClieYIOLINe TapaMeTphl; NPOruokl
pureneit ¥ croek pamsl, JeopMaiivi GeTOHA Ha HEKOTOPBIX YUACTKAX 31€MEHTOB (MPEUMYILIECTBEHHO B 30He Jeii-
CTBUS MaKCHMMAIBHBIX MOMEHTOB), FOPU3OHTAIBHBIE OMIOPHBIE PEAKLUMK, LHUPUHA PACKPBITHS TPEILIUH U HX pasBU-
Tie 110 HonepeYHoMy ceueHmo. ['eomeTpHueckas GpopMa 3KCIEpHMEHTANBHOH paMbl B IUTaHE U CXeMa Npuioxe-
HU% BHEWIHeit Harpy3KH MO3BOJINIIH MONYYHTh 110 [Ba 3JIeMEHTa paMbl, HAXOAAIMXCSA B HACHTUYHOM HaNpsSKEHHO-
JeOpMHUPOBAHHOM COCTOAHHH.
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Puc 2 TlonmepeuHnoe ceueHne IMEMEHTOB PAMEIL

Jns aHanu3a ce4eHHs, HOPMANBHOTO K MPOJOJBHON OCH 3JIEMEHTOR, UCTIONb3yeM Ae(OPMALMOHHYIO MO-
Ienb pacyera, KOTOpas MO3BOJNAET ONpeNeaTh KECTKOCTh CTEPKHEBBIX JIEMEHTOB NpH MoGO0N KOMOHMHANMK

BHYTpeHHuX ycunuit B, , B, @ , rne B, wB y — M3THOHAA KECTKOCTh OTHOCHTE/BHO OCelt X M Y cooTBeTCT-

BCHHO, @ — NPOAOJBHaA KECTKOCTD

PaCCManI/IBafl NONEePEeYHOC CCUYCHUE KaK COBOKYITHOCTH DJJIEMCHTAPHBIX IUIOIIAAOK, MPOAOJBHYIO XECT-
KOCTb DJIEMCHTa MOJydacM, CyMMHUPYs KCECTKOCTb BCEX JBJICMCHTAPHBIX IUIOIMAAOK CCYCHUS KomnoneHTsl H3-
THOHOM >KECTKOCTH JJIEMCHTA BBIYMCIISIOTCA W3 BLIpa)I(eHI/Iﬁ, CBA3BIBAIOIINX COCTaBJISIIOIIUE KPHUBU3HBI IIPO-
I[OJ'II)HOI71 OCH C I/ISFI/I6aIOH1I/IMI/I MOMCHTaMH

AJ'IFOpI/ITM OIIpEACJICHUA IapaMeTpOB HaprDI(eHHO-,Z[e(bOpMI/IpOBaHHOFO COCTOAHHA W KOMIIOHCHTOB XKC-
CTKOCTH JKEJIC300€TOHHBIX 3JIEMEHTOB IpeayCcCMaTpruBacT peajnu3aluio UTCPAMOHHOTO IIPOIECCa HUX BbIYUCIIC-
HUs 1OpU 3aJaHHOM YCHUJIHU OT BHEITHEH Harpys3kKu KpI/ITepI/IeM OKOHYaHUs Hpouecca IMOCICAOBATCIbHBIX IIpU-
OJMMKCHHUH SIBIISICTCS 3alaHHasl TOYHOCTb BBIYMCIICHUS Ha CMEKHBIX 3TallaX KPUBU3HBI HpOHOJ’ILHOﬁ OCH D2JICMCH-
TOB U IIOJIOKCHUS LICHTPa H3ruda ceueHUs.
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BnusHue BelUUUHBl BHYTPEHHUX YCUIIUI Ha JKECTKOCTh 3JIEMEHTa 110 HOPMAIbHOMY CEUEHUIO IIOJIyYEHO
B PE3YJbTaTe UYUCIEHHOIO 3KCIEPUMEHTA, IEMOHCTPUPYIOIIEr0 3aBUCUMOCTb >KECTKOCTH 3JIEMEHTOB 3KCIIEpU-
MEHTaJIbHOH paMbl OT COCPEIOTOYEHHOH Harpy3ku Ha KOHCTPYKIMIO. B COOTBETCTBUM C H3JI0XKEHHOH BbILIE
METOJMKON OBUIO MOJY4YEeHO pacrpejielieHHe 3HAuYeHHH W3ruOHO# (puc. 3) W mpomosibHOW >kecTkoctel (puc. 4)
npu (aKTHIecKOi KOMOMHAIMHM BHYTPEHHHX YCHIMI B COOTBETCTBYIOIIMX JJIEMCHTAX IIPH JICHCTBUM HA pamy
COCPEOTOYEHHOM HArpy3Kku P.

B purene pambl TIpH JEHCTBHH MPEUMYIIECTBEHHO HU3rHOAIOIIEr0 MOMEHTa B OJHON TUIOCKOCTH HOPMAib-
Hasl TpelluHa o0pa3yeTcs Mocje TOro, Kak M3ruOHas jKECTKOCTb 3JIEMEHTa CHU3MIach Ha = 40 % OT nepBoHauallb-
Horo ypoBHs. IToyHOe cHMXeHHe U3rHOHOI XKecTKocTH purens coctaBuio = 75 %. IIpogonbHas cxxuMaromas cuia
B CTOMKE HECKOJIBbKO HMBEJIUPYET CHIDKCHUE €€ M3TMOHOM MKECTKOCTH, HOpMallbHas TpelIMHa oOpasyercs Ipu
OOoJTbIIIeH BETMYMHE W3TMOHOW KeCTKOCTH. I'padmk M3MEHEHHs NMPOMOJIBHON JKECTKOCTH CTOMKH XapaKTepH3yeTcs
CHIDKCHHEM B Hadajle Harpy»KeHHs, Jajlee - HalU4UeM FOPU3OHTAJIBbHOIO Y4acTKa Iepe] 00pa30BaHUEM TPELIMHBI,
HEPEIOMOM B TOYKE 00pa30BaHUsI HOPMAJIbHOM TPELIMHBI, 3HAUUTENbHBIM CHUXKEHHEM BO BPeMsl Pa3BUTHS TPELIU-
HBI 110 BBICOTE CEUECHUS X HEKOTOPO cTabunu3anueil npouecca BILIOTh 10 Pa3pyLIEHUs] KOHCTPYKIHH.
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Puc. 3 3aBucuMocTh H3rHOHOM XKECTKOCTH Hanbollee 3arpyKeHHOro pureis (kpusas 1)
u HauboJee 3arpy>KeHHOM croiiku Ha oTMeTke 1,450 M (kpuBasi 2) OT COCPEJOTOUEHHON HATPy3KH HA pamy
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Puc. 4. 3aBUCHMOCTB ITPOJOJIBHOM JKECTKOCTH HauboIIee 3arpyeHHoi croiiku Ha otmerke 1,450 M (kpuBas 1)
n Ha ormeTke 0,900 M (kpuBast 2) U COBMECTHOM AEHCTBUU JBYX W3ru0OarOMUX MOMEHTOB
U IPOJIOJIBHOM CHIIBI OT COCPELOTOYCHHOI Harpy3KH Ha paMy
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IIPUKIIAJTHBIE HAVKHU. Cmpoumenbcmeo N1

PeByJ'H:TaTBI YHUCJICHHBIX 3KCHEPUMCEHTOB CBHUACTCILCTBYIOT O CyHleCTBeHHOﬁ HU3MEHYHMBOCTH XKCCTKOCT-
HBIX CBOMCTB K€JI€300€TOHHOTO 3JIEMCHTA Ipyu pa3jInvHbIX KOM6I/IHaHI/I$[X BHYTPCHHUX ycHJ’IHfI. CHIKCHUE XKe-
CTKOCTH KEJI€300€TOHHOIO JJIECMCHTa B paBHOﬁ CTCIICHU MPOUCXOAUT BCJIICACTBUC 06paSOBaHI/I$I HOpMaJIbHBIX
TPEIIUH U OTINYUA rokasatenei AuarpamMm ,He(bOpMI/IpOBaHI/IFI OeroHa Ha PacCTsaKEHUE U CIKATHUC. C YBCINYCHU-
€M IMPOAOJIBHOIO CKUMAIOMICTO YCHUIIUA HM3THOHBIC KECTKOCTH NEPBOHAYAJIBHO BO3pacTar0T, JOCTUIHYB HEKOTO-
poro MaxkCHUMaJIbHOI'O 3HA4YCHUsA, AaJIe€ € POCTOM HArpy3KH IIJIaBHO CHHIKAKOTCA. Poct I/I3I‘I/I6aR)HIGFO MOMCHTa
CHMIKACT HE TOJIBKO COOTBETCTBYIOIIYIO €My COCTaBJIAIOLIYIO H3THOHOMI JKECTKOCTHU, HO TAKXKE U CMEKHYI CO-
CTaBJIAOIIYIO. HpI/I HEKOTOPBIX 3HAYCHHUAX HpO,HOJ'IBHOﬁ C)I(I/IMaIOHIefI CUJIbl Ipe€acjibHasA BCJIMYHWHA I/IBFI/I6aIOH1€-
ro MOMEHTa MOXCT BO3pacTaThb. C pocToM I/I3FI/I6aIOHIel"O MOMEHTa MNPOAOJbHAA XCCTKOCTb CHUIKACTCA Ooitee
3HAYUTCJIbHO TP MCHBIINX 3HAUYCHUAX HpOﬂOJ’IBHOﬁ CHIJIBI.

BreruuciaeHnue KecTKocTel 3JIEMEHTOB KOHCTPYKIIMU IIpU HeﬁCTByIOHIPIX B HHUX BHYTPCHHHUX YCHIIUAX HE-
06X0,HI/IMO JJI1 OIIPEACIICHUA HaHpﬂ)l(eHHO-He(bOpMHpOBaHHOFO COCTOSIHUSL JKEJIe300C€TOHHOU KOHCTPYKOHH I10
METOAY KOHCYHBIX 3JICMCHTOB. OCHOBHOE YpaBHEHHUE METOJAAa KOHEYHBIX 3JICMCHTOB [Jid BBIYHUCIICHUA NEPEMEC-

IEHUM UMEET BUI
{6} = [kI'{F}, M

rae {F} — BeKTOp BHEIIHEH HarpysKu; [k ] - matpuua xecTkocTH cHCTEMBI.

Koo duumentsl MaTpuup! %ecTkocTH [K| BHIMMCIAIOTCS Ha 0CHOBE AeOPMALMOHHON MOZENH CeueHNs
u3 BeipaxeHui (1) npy Texyllel KOMOUHAIINK BHYTPEHHHX YCHUIHIL.

B ofiueM ciydae Harpy>keHus Npy NeHCTBAM B xene300eTOHHOM CTepXHe W3rubaroluXx MOMEHTOB W Npo-
JONBHOM CHIb! 3JIeMEHTapHbIE TIOLIAAKH CeYeHUa HAXOAATCA B PA3iMUHOM HANPsAXKEHHO-Ie(OpMHUPOBAHHOM CO-
crosHuH. Ux nedopMalHOHHBIE XapaKTEePHCTHKH PaziMdYHbl, B CBA3M C 3THM H3UYECKad OCh JIEMEHTa OTKJIO-
HAETCH OT CBOEro MEePBROHAYANBHOTO NMONOKEHHS. KOMMOHEHTH! OTKIOHEHUS hH3UYecKoit ocH OT AeiicTBus npo-
JONBHOM CHIIBI BHIMHCAIOTCSA IPH TeKylued koMOHHauMy BHYTPEHHHX YCHMI HAa OCHOBaHHM KacaTelbHBIX MO-
myne#t nedopMaimy Kaxa0# aneMeHTapHo# nomanku 6eToHa u apMatypel E(, o,

n
Z E(’C,S)IA(C,S)I (x(c,s)t - xO)
A — =1 s

n
Z E('C,S)l A(c,s)z
1=}

n (2)
Z E('C,S)IA(C,S)I (y(c,s)z - yO)
A, = 2= ,

n
t z E(’c,s)xA(c,s)z

=1

rIe Xg, Yo — PACCTOAHMA OT BHIGPAHHOH OCH [0 LEHTPa H3rnGa CEYEHUs; X (. 5, V(c s — PACCTOAHHA OT LieH-
TPa TAHKECTH JJIEMEHTApHOH MIIOLANKY 10 UeHTpa u3ruba ceueHus; A ), — IIOMIak 3NEMEHTAPHON NTOMAAKH.

KoppexkTupoBka KOOpAHMHAT Y3JIOB pPAcUeTHOM CXeMbl Ha KaKJOM JTalle pacdera HPOU3BOAMTCS IyTEM
CyMMHUPOBaHHUSI NEPEMELICHUH Y3JI0B CHCTEMBbI, IOJyYeHHBIX U3 ypaBHeHus (1), U oTkioHeHuil ¢usnyeckoil ocu
KOHEYHBIX AJIEMEHTOB, MOJTy9IeHHBIX U3 BRIpaKeHUs (2).

Jlnst pemennst 3aauu 0 HaNPsDKEHHO-Ie(OPMHUPOBAHHOM COCTOSHUHM CTaTUYECKH HEOIPEIeIHMBIX HEIH-
HeilHO neopMHpYEMBIX KOHCTPYKIHMH yCOBepIIeHCTBOBaHO mpemioxenne B.M. bonmapenko [1] o nByxypos-
HEBOM HTEpAllMOHHOM QJITOPUTME, CYyTh KOTOPOrO B COYETAHMH IPOLECCOB BHYTPEHHMX M BHEUIHMX HUTEpalvil u
pEIIeHNH 33Jadu C MOMOIIBIO TOCIIEeNOBATENBHBIX MPUOMKeHUH. J[aHHBIA alrOpuUTM pacueTa MPOCTPAHCTBEH-
HBIX paM HE Bceraa o0ecleurnBacT I'apaHTHPOBAHHYIO CXOIUMOCTH BCIIEACTBHE BO3MOXKHOM «pacKayku» HCKO-
MBIX BEIMYMH Ha COCEJHUX WTEpalMsX, T.e. PACXOXACHUS YHCICHHBIX 3HAUEHUII BHYTPEHHUX YCWIHH B psle
[IOCJIEIOBATENIFHBIX BHEIIHUX HTepaluid. DTO sABJIEHHE Hamboliee CHUIIBHO INPOSBISETCS B OOIIEM cllydae Harpy-
xeHus. C TeM 4YTOObl yMEHBIIUTHh «PACKayKy» W IIOJYYHTh pEIIeHHE ¢ MHHUMAJIbHBIM OOBEMOM BBIYHCIICHUIA,
HeoO0XoIuMMa OpraHu3alusl HUTEPallMOHHOTO IpoLecca C IUIABHO M3MEHSIOIIEHCS pacdyeTHOH MKEeCTKOCTBIO 3Jie-
MEHTOB. 111 TOro 4TOOBI JOBEPATH MOJYYCHHOMY PELICHUIO HEJIMHEHHOHN 3a1aud, HEOOXOJMMO MOBTOPUTH pac-
YET C MHBIM KOJIMYECTBOM INArOB HarpyxXeHws. s 3TOro BBENEHO MOHATHE «MAKPOUTEPALMOHHBIM IIPOLECC).
BrinonHenne MakpouTepauuii mojapasyMeBaeT MOBTOPHOE (IBYyX- WJIM MHOT'OKpPAaTHOE) pelIeHHe 3a1adyd C IOo-
CIIEYIOUIMM CpaBHEHHEM IOJYYEHHBIX pe3ysibTaroB. Ornepaiyst OCYLIECTBIACTCS /0 TONYyYeHHs peIIeHHs ¢
3aJIaHHOM TOYHOCTBIO.
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TakuM obpasom, mpelnaraeMbii METOH pacyeTa CTATHYECKH HEONpPENETHMBIX CHCTEM C YYETOM HeElH-
HeitHoCTH AeOPMHPOBaHKA BKIIOYaeT B ce0d TPH UTepaLEOHHBIX Ipoliecca:

1) BO BHYTPEHHHX HTepaLMAX — pacueT no aedopMauuoHHON MozaeaH K0IGPULIHMEHTOB MATPHLBI KECT-
KOCTH KOHEYHBIX DJIEMEHTOB FIPM 3aXaHHbIX BHYTPESHHHMX YCHIIHAX, NONYYEHHBIX B Pe3yNbTaTe BLITIONHEHMS OX-
Holi BHelHeH HTEpaLHH;

2) BO BHEILHHX MTEPALMAX — CTATHUECKMIT pacdeT CHCTEMbI IPU 3alaHHBIX JKECTKOCTAX 3JIEMEHTOB CUCTE-
MBI 110 METOy KOHEYHBIX 3MIEMEHTOB, HA KaXX A0 MOCAeayIOIEeH UTEpaMH HATPY3Ka CTYNIEHYATO YBEIHIHBAETCS;

3) MOAHOCTLIO BHLITIONHEHHBIH BHEWIHMH UTCpaUMOHHBIA NPONECC COCTABAAET OAHY MAKPOUTEPAlMIO.
Tlepexon Ha 6onee BHICOKHUIT YpOBEHb IPOUCXOAMT NOC/IE BLITIONHEHUA BCEX HEOOXOANMEIX UTEpaLMii Ha HIKene-
xaueMm ypoBHe. OBpaTHBIil epexolt OCyINeCTBIIETCS MOCe OJHOrO 1ara MTepaliy Ha BBIIIENEXKAIIEM YPOBHE,

Ha niepBoii BHEIHEH UTEpality MaTPULIA XECTKOCTH [K ](1) ONpeneICTCS NPY HYNIEBOM 3HAUEHUH BHYTpeH-
HUX ycuwnuil. Jlanee u3 pemieHHs cucteMsl ypaBHeHu#l (1) onpenenserca nepBoe NpUGIDKEHHE TONS Y3/0BBIX Me-
peMelieHHit {A5}(1) OT AeHCTBHA Harpy3K{ {F}l. BrIYuCaAOTCS BHYTPEHHHE YCHIUA {f}a) 3JIEMEHTOB CHCTEMBI,

Ha OCHOBAHUM KOTOPHIX (OPMHpPYyeTCs MaTpHLa KECTKOCTH [K ](2) I% BTOPOH BHeUIHel utepaiuu u 1.4. B nans-

HefiuieM Ha j-Tolt uTepauyM MaTpuua [K ]( ;) CTPOWTCS Ha OCHOBE {_15}( ,-1y» 43 petientns (1) onpenensiercs {5}( )

Ha OCHOBE KOTOPOro CHOBA BHIUMCASETCH {F}( ;) ¥ T.A. BHEWHKI UTEPALIMOHHBIN NPOUECC CUNTAETCS 3AKOHYEH-
HbIM, KOT/Ia TIO3TATHO NpPHIOKEHA BCA BHEWIHAS Harpyska {F}. KoppeKTHpOBKa reOMeTpHU pacueTHOMN CXeMbl,

HeoOXonuMas Ui y4yeTa IepeMelICHUs Y3JI0B UM OTKJIOHEHHS (U3UUECKOW OCH 3JIEMEHTOB CHCTEMBI, OCYIIECTB-
JeTCs Ha KaKIOM BHEIIHEeW uTepauuu. s 3TOro Ha OCHOBE M3BECTHHIX YCWJIMH B KOHEYHBIX HJIEMEHTaX BBI-
YHUCISIETCS T10JIe OTKJIOHEHWH (u3nveckoil ocu (2) M CyMMHUpPYETCS C y4YETOM HAlpaBJIEHHsS C IOJIEM Y3JIOBBIX
nepemenieHui (1) Ha npeapIayIIel HTepaiy.

KonnuecTBo MakpouTepalyif, COOTBETCTBYIOIIEE PEUICHUIO0 ¢ TpeOyeMoil TOYHOCTBIO, INpeJyiaraercst Ofl-
penenaTh cieayromuM oopasom:

- TlepBOHAYAILHO OCYMIECTBIISIETCS BHENIHHI WTEPALMOHHBIA pPacyeT ¢ MHHHMAILHBIM KOJIMYECTBOM
LIaroB Harpy>KeHUs;

- OCYILECTBISETCS HOBBIM BHEIIHMHA WTEPALMOHHBIA pacyeT, KOJMYECTBO ATAIllOB HArpy)XeHHUsS YBeEIHU-
YHBAETCH;

- CpaBHHUBAIOTCA JABa NPEABLIYIIUX pPE3yJibTaTa Ha COOTBETCTBHE IOCIEIHET0 33aJaHHOW TOYHOCTH, €CJIU
TOYHOCTh HE O0ECIIeYHMBAETCS, OCYLIECTBISETCS HOBBIH BHEUIHWN MTEPALMOHHBINA pacueT ¢ OOJIBIIMM KOJHYECT-
BOM 3TallOB HArpy>XEHHs JI0 TeX IOp, IOKa He BBINOJIHUTCS ycioBUe Tpebyemoil TouHoctu. IIpoBepka cxomumo-
CTH U OLIEHKA PE3YJIbTAaTOB 110 0XKHUJAEMOM TOYHOCTH MPOU3BOIUTCS 110 BCEM CEUEHUSIM U 3JIEMEHTAM.

Pacuer cumTaercs 3aKOHYCHHBIM, KOTJa Ha TEKyHIeH W NpenplAyliedl MaKpOHTEpalusX 3HAUCHHUS KECT-
KOCTEH, YCUJIMI B 3JIEMEHTaX U NepEeMELCHUH Y3JI0B KOHCTPYKIMHA COOTBETCTBYIOT 3aJaHHOW TOYHOCTH.

B pamkax mnpeacTaBleHHON METOJUKH IPEIUIOKEH CIOCO0 YIyUYIIEHHs CXOAMMOCTH HTEPalMOHHOTO
mporiecca MyTeM YCOBEPIICHCTBOBAHMS H3BECTHOTO METOJA «3aKpEIUICHHs MHUHUMAJbHBIX XecTkocrei». JlaH-
HBII MeTOJ MOTU(PHIMPOBAH TAKUM 0OOpa3oM, YTOOBI CTANO0 BO3MOXKHBIM IIPHMEHEHHE €ro B OTHOMICHUH IPO-
CTPaHCTBEHHBIX KOHCTPYKIHiA, HIMEIOLIMX B CBOEM COCTABE AJIEMEHTHI B OOILEM CITydae HarpyKeHusl.

[Ipu npumMeHeHUM MeTOJa KOHEYHBIX HJIEMEHTOB [yl pacdera KOHCTPYKIMH MAaTpHLBI KECTKOCTH 3Je-
MEHTOB CTPOSITCS M3 TPEIIIONIONKEHHUS O MOCTOSHCTBE Ne(OPMATHBHBIX CBOWCTB MAaTepHAIOB B MpeesaX KaxIo-
ro 3JeMeHTa. JT0 TpeOyeT J0BOJBHO I'YCTOM CETKH, BBI3BIBAIOIIEH 3HAYMTENBHBIA POCT pa3pellarouieil CUCTeMbl
YpaBHEHHH, [TO3TOMY ONTUMaJbHOE pa3OuMeHHe Ha KOHEYHBIE 3JIEMEHTHI MMeeT OOJIbIIOoe 3HA4YEHHE JJIS PacyeToB
Kene300eTOHHbIX KOHCTpyKuuil. C TeM 4yToObl oOecrneduTh HEeO0OXOIUMYIO TOYHOCTh pacueTa MpH MHHUMAaJIbHO
BO3MOXXHOM KOJIMYECTBE YPaBHEHHMH CHUCTEMBbI, BA)XKHO OLCHUTh MHHHUMAJIBHO HEOOXOJIMMOE KOJIHYECTBO KOHEY-
HBIX JJIEMEHTOB Ha OJAMH cTepXeHb. J[nd aHanu3a BIMSHUS JUCKPETH3AaLMM PACYETHOW CXEMbl Ha pe3yJbTaThl
pacueTra 1O HEIMHEHHON MOJENU CTaTU4YEeCKU HEOINpPEeNeIMMBIX KOHCTPYKIHMH ObUTM MpPOH3BEIEHBI CPaBHUTEIb-
Hele pacuetsl pam (Ernst, Smith, Riveland & Pierce, 1973) [2] mo pacueTHOl cxeme, B KOTOPOW KaXIbIi CTep-
*eHb BKModasl oT 1 1o 10 xoHewyHbIX 37eMeHTOB. COIOCTaBIeHHE pe3yJIbTaTOB pacueTa IpU pa3InyHOM crere-
HU JIMCKPETU3allMd PAacYETHOW CXEMbl paMbl MOKA3ajlo, YTO JUIS MOJYYEHHUsS pe3ysbTara C 3aJaHHOM TOYHOCTHIO
MUHHUMAJIBHO HEOOXOMMOE pa3OnueHNE CTEPIKHS UCCIIETyEeMON paMbl COCTABIISIET TPH KOHEUHBIX 3JIEMEHTA.

C oOMOIIBI0 MPEII0KEHHONH METOJUKH pacyeTa ObUIM MPOBEAEHBI YHCICHHBIE HCCIEI0BAHUS HANPSHKEHHO-
neOpPMHUPOBAHHOTO COCTOSIHHS Psla KeJIe300€TOHHBIX KOHCTPYKLHHA. B HMX YHCIe: CTaTHYECKH OMpeneUMbIe
OITHOTIPOJIETHBIE OallK¥, ABYXIIAPHHPHBIE CTATUYECKH HEONPEAETMMbIE PaMbl, TPEXKOHTYPHBIE PaMbl M JKCIe-
pUMEHTaJIbHAs IPOCTPAHCTBEHHAS pama.

CpaBHuTeNbHBIA pacdyer Oanok (Benmokrane, Chaallal, Masmoudi, 1996) [3], apMUpOBaHHBIX CTaNbHO
U CTEKJIOIJIACTUKOBOI apMaTypoi, MOATBEPAMW BO3MOXKHOCTh NPHUMEHEHHS IPEUIOKEHHON METOJIUKH JJsl pac-
YyeTa KOHCTPYKUMH C NPOU3BOJILHBIMH XapaKTEPUCTUKAaMH jauarpaMMm OeToHa W apMarypbl. CTEKIOIUIACTUKOBAs
apMaTypa umeet 0oJiee HU3KUI MO/YJIb YIPYTOCTH, YeM CTajbHas. MexXy TeM aHaJu3 JaHHBIX, TOJyYEHHBIX
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IpH pacyeTe ONBITHEIX OalloK, BBIBHII YAOBIETBOPHUTEIBHYIO CXOAMMOCTD C ONBITHBIMH JAHHBIMHU IIPH OMpese-
JIEHUM UX JKECTKOCTH U IPOYHOCTH, a TAKXKE IPOrMOOB Ha BCEX ATAllaX HAIPYKEHUs.

Ha ocHoBe IpOBENEHHBIX W3MEPEHUH IPU HCHOBITAHHM ONBITHOH Ke1e300€TOHHOI paMbl ObLIM HOCTpOE-
Hbl 3aBUCHMOCTH, CBS3BIBAIOIIUE COCPENOTOUYECHHYIO HAarpy3ky P ¢ JedopMmanusMy U BHYTPEHHUMH YCHIMSIMU
cucTeMbl. Pa3pymienne KOHCTPYKIMH HACTYIHIIO B pUrelie B 30He JeHCTBHS MaKCHMAIIBHOTO MOMEHTA B pe3yJIbTa-
Te JOCTWXXEHHS PACTSIHYTOM apMaTypoil mpejesia TeKy4ecTH IPH COCPeAOTOYeHHOM Harpyske P, paBHoil 29 xH
(pacuerHas paspymarommas Harpyska - 27,4 kH). IIpunosxeHHas B 0JHOM TpeTu mposieTa B JBYX IPOTUBOJIEXKAIIUX
pHUresiX cOCpeJOTOUYEHHAs! Harpy3Ka IpHBesla K TOPU30HTAIbHBIM IEPEMELIECHUSIM Y3I0B U 3JIEMEHTOB pamsl. [lo-
CKOJIbKY OT JeHCTBHS COCPEJOTOUEHHON HArpy3KU HMEPEMEIEHUS IPOTUBOIEXKAIIUX CETMEHTOB paMbl UMEIOT IIPO-
THBOIIOJIOXKHBIC HAIPABJICHNUS, a IIEPHIEHIUKYIIPHbIE UM PUTelIH IPEMSATCTBYIOT 3TOMY, TO B Hporecce aedopMu-
pOBaHUS IPOUCXOAUT «3aKPYUUBAHUE» PaMbl BOKPYI COOCTBEHHOH ocM cuMMeTpud. B pesynpTare pacuera IO
mpeJularaeMoi MeTofuKe OblIa ImodydeHa Ne)OpPMHPOBAHHAS CXEMa PaMBbl, IOJHOCTBIO COOTBETCTBYIOMAs (haKTH-
YeCKOU Ha BCceX ATallax HarpyXKeHUs.

Ha puc. 5, 6 nmpeacTaBiaeHbl ONBITHBIE IPOruObl purenell U croek pamsl (kpusble Exp 1 u Exp 2), a Taxke
JlaHHBIE, IOIYYEHHblE Ha OCHOBE pacdera 1o mpeplaraeMod Mmeromuxe (kpuas Calc) u nuHeiHoro pacuera
(kpuBas Linear).
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Puc. 5. 3aBucumocts nporu6a Hauboee 3arpy>KEHHOT0 PUrellsl OT COCPENOTOUSHHOM Harpy3KH Ha pamy
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Puc. 6. 3aBucumocts nporuda Hanboee 3arpy>kKeHHON CTOMKU OT COCPEIOTOUEHHOH Harpy3Ku Ha pamy
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2004 BECTHUK IIOJIOLKOI'O I'OCYJJAPCTBEHHOI' O YHUBEPCHUTETA Cepusa B

[IpencraBieHHble 3aBUCUMOCTH CBHJETEIBCTBYIOT 00 Y/JOBJIETBOPUTEIHHOM COBIIQJIGHUH Pe3yJbTaTOB
JKCHEpUMEHTa C pe3ysibTaTaMHu pacyera naedopManuii Mo MpeUIoKeHHOM MeToauke. PesymbraTel pacuera Ha
OCHOBE JIMHEHHON MOJENIH WILIIOCTPUPYIOT BO3MOXKHOCTh €€ NPUMEHEHHs TOJbKO Ha HAdaJbHBIX 3Talax Harpy-
JKEHHUS, KOTJla CHH)KEHHE KECTKOCTH JIEMEHTOB paMbl ellle He3HAUYUTEIbHO.

3aBHCUMOCTb OINBITHOW M PAaCYE€THON LIMPHHBI PACKPBITHS TPEIIMH B MPOJIETE PUrelis OT ACHCTBHS BHEIIHEH
Harpy3KH IpHUBeJIeHb! Ha puc. 7 u 8 (kpuBas 1 - 1o ONBITHBIM JaHHBIM; KpHBas 2 - pacyer I10 IpeajaraeMoil MeTo-
nuKe; kpuBast 3 - pacuet mo CHull 2.03.01 -84%).
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Puc. 7. 3aBucUMOCTh IMUPUHBI PACKPBITHS TPCIIHUH OT COCpeZ[OTO‘ICHHOﬁ HarpysKu B IIPOJICTE pUTCIIA
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Puc. 8. 3aBUCUMOCTb IIUPUHBI PACKPBITHS TPELIUH
0T COCPEJOTOUEHHON Harpy3Ku B Hauboulee 3arpy>KeHHOU cToiike Ha oTMeTKe 1,450 M

Bce pacueTHble faHHbIE MOIYyY€HbI IIPH pa3OUEHUM CTEP>KHEH paMbl HAa 3 KOHEYHBIX 3JIEMEHTA, YBEIHYe-
HUe (hparMeHTalud PacueTHOM CXEMbl HE OKa3ajlo BIMSHMSA Ha CXOJUMOCTb PE3Y/IbTATOB KaK IJIs pUrelel, Tak U
JUISL CTOEK.

C moMOIIBI0 TPEATIOKeHHOH METOJWKM Takxke OBUIO NMPOBEICHO CPABHEHHE OIBITHBIX M PACUCTHBIX 3HA-
YeHHI TepeMeIeHNH PUTeNie W CTOEK PaMbl, FOPU30HTAIBHBIX ONOPHBIX peakmuid u (HOPOBBIX AedopMarimit
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OeToHA B psaae ceueHuil. Bce ombITHBIE U PaCUCTHBIC IIapaMETpPhI He(l)OpMI/IPOBaHI/ISI IIOKa3ajIi YyOOBJICTBOPHU-
TCJIbBHYIO CXOAUMOCTH, YTO IMOATBCPKAACT MNPABUIBHOCTb HNPUHATBIX T'HIIOTE3 W AEMOHCTPUPYET BO3MOXHOCTHU
METOAMKH pacdye€Ta AOCTOBCPHO MOJACINPOBATH PCaJIbHYIO pa60Ty KOHCTPYKIIMM Ha BCEX IJTallaX HarpyKCHU:A
KaK CUCTEMBI B LICJIOM, TaK U €€ OT/CJIbHBIX 3JICMCHTOB.

BriBoabI

1. YcoBeplieHCTBOBaHA M JKCIEPUMEHTAIBHO alpoOUpOBaHA METOJMKa pacyera CTaTHYSCKH Heolpene-
JIMMBIX [POCTPAHCTBEHHBIX CTEPXKHEBBIX JKEJIE300CTOHHBIX KOHCTPYKIIMIA, MO3BOJIIONIAS YYHUTHIBATH IIPOU3-
BOJIHBIA BHUJl HAMpPSHKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUSI TIONMEPEYHOr0 CEYCHHS, apMHUPOBAaHHUE, CBOMCTBA
MaTepuagoB, TEeOMETPHUYCCKUE Pa3Mepbl KOHCTPYKIIMH, YCIOBHS 3aKperieHHs W T.0. Kpome TOro, MeToIuKa
MPEIOCTABISAET BO3MOKHOCTh YCTAHOBHUTH (DAKTHUECKOE PACTPEICICHUE YCHWIIME MO JTHHE JEMEHTOB, a TaKKe
MOJy4YNUTh HAa €IUHON METOJMYECKOH OCHOBE MH(GOPMALMIO O HANPSDKCHHO-Ae(GOPMUPOBAHHOM COCTOSHHH dIie-
MCHTapHBIX IUIOMIAJ0K MOIMEPEYHbIX CCYCHHH HA BCEX JTalax Harpy)KeHus. lIpeicTaBicHHAs METOIHUKA II03BO-
JSIET BBIMOJIHSTH KaK (DU3MYECKH HEJIMHEHHBI pacuer, 3a CUET MOATAHOM KOPPEKTHPOBKH (HH3MUECKUX Mapa-
METPOB CHCTEMBI, TAK M T'€OMETPHYCCKH HEIMHCHHBIN, 38 CUET ydeTa IEpeMEIIeHHs Y3JI0B KOHCTPYKIUH H OT-
KJIOHEHHsI (PH3UYECKON OCH €€ DIICMEHTOB.

2. BpINONHEHB! YKCIEPUMEHTAIBHBIC UCCICIOBAHNUS, TONTYyYeHBI HOBBIC JAaHHBIE O Xapakrepe nedopmmupo-
BaHUsI, 00pa30BaHMsl W Pa3BUTHS TPCUIMH B CTATHYECKH HEOMPEACIMMBIX IPOCTPAHCTBEHHBIX JKENC300CTOHHBIX
paMax, CBHICTENLCTBYIONIME O HEIPEPHIBHOM H3MEHCHUH JKECTKOCTH W IepepaclpeeieHHd BHYTPCHHUX YCH-
Ui B 3JIEMEHTaxX KOHCTPYKIMH BO BCEM JMANA30HE €€ HArPYKCHHUs.. DKCICPHMEHT IPOIEMOHCTPHPOBAI IIPO-
CTPAHCTBEHHBIH XapakTep PabOThl CTEPIKHEBBIX KOHCTPYKIHMH, COCTOSIIUX M3 IUIOCKUX paM, JKECTKO 00beIu-
HEHHBIX MEX1y COOO0M.

3. CoopmysnupoBaHa CHUCTEMa COOTHOIICHUI JUISI OMPENENCHUs] KECTKOCTH 3JEMEHTOB B BHJE, MO3BO-
JSIFOIIEM BBITIONHATh (DM3MYECKHA HEIUHEHHBIA PacyeT CTATHYECKH HEOMpPEACIMMBIX IIPOCTPAHCTBEHHBIX CTEPIK-
HEBBIX JKEJIC300CTOHHBIX KOHCTPYKIMH 110 METOAY KOHEYHBIX 3JE€MEHTOB. Ha OCHOBaHMH YHCIICHHBIX SKCIICpH-
MEHTOB YCTaHOBJICHO BJIMSHHE BHYTPCHHHX YCHJIMN Ha KOMIOHEHTBI JKECTKOCTH JKEIe300€TOHHOTrO JJIEMEHTa B
HOPMAJILHOM CCUCHUM.

4. ns obecrieyeHUs] HEOOXOAMMON TOYHOCTH pacdeTa MPEUIOKEH CHOCOO0 ONTUMATIBHOTO pa3OHeHHUs
pacyeTHOi CXeMbl Ha KOHEUYHBIC DJIEMEHTBI, YYHTBHIBAIOIIUHA (haKTHUECKOe HampsHKeHHO-Ie()OpMHUPOBAHHOE CO-
CTOSIHAE KOHCTPYKIMH. Ha OCHOBE YHCICHHBIX HCCIICIOBAHUI YCTAHOBIICHA MHHUMAIBHO HEOOXomumas CTe-
MIeHb TUCKPETU3AINH OJJHOTO CTEPIKHS pacUETHOM CXEMBI JUIs TOTYIEHHs PEIICHUS ¢ 3aJaHHON TOYHOCTBIO.
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