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[IpencraBieHsl mpuMepbl pacdyeTa BUOPAMOHHONW dSHEpPruu  OamoyHOM
KOHCTPYKIIUA JBYMs METOJAAMH: METOJIOM KOHEYHBIX 3yeMeHToB (MKD) u
CTAaTHUCTUYECKUM DHepreTuyeckum meronomM (OM). PacueTsl BBINONHEHBI IS
MIEPUOINICCKON KOHCTPYKITUH, COCTOSIICH KaK W3 0ajJoK OJMHAKOBOM JITUHBI, TaK
u u3 0ajgok, JUIMHBI KOTOPBIX TEHEPUPYIOTCS CIydalHbIM 00pazoM B
MIPENIOJIOKEHUH, YTO OHM MOAUMHSAIOTCS HOPMAJIBHOMY 3aKOHY PACIPENETICHHUS C
3aIaHHBIMU OJMHAKOBBIM CPEIHMM 3HAaYE€HUEM M HEKOoTopou aucnepcueil. Tem
caMbIM MOJENUpPYETCS pealibHas CUTyalMs, KOrJa pa3Mepbl 3JIEMEHTOB
KOHCTPYKLIMA HEW3BECTHBI TOYHO, a 3aJal0TCd B BUJAE CPEIHEW BEIMYMHBI U
norpemHocT. [lokazano, 4To 3HEpruM OAJOK B KOHCTPYKIIUH M3 OIMHAKOBBIX
3JIEMEHTOB, paccurTaHHble MKD, CylmecTBeHHO OTJIMYAIOTCA OT HHEpPruu
YCPEIHEHHBIX IO pe3yibTaTaM pPAacueTOB JUIsi KOHCTPYKIMHA W3 OayioK, JJIHHA
KOTOPBIX SIBJIAETCS CIy4allHOM BEIWYMHOW C OJMHAKOBBIM CPEIHUM 3HAYEHUEM.
T.e. pacuer MKD, wucnonp3yromuii B KauecTBE HCXOAHBIX JAHHBIX TOJIBKO
CpPEIHHE 3HAYEHMsSI XapAKTEPUCTHK KOHCTPYKIIMH, MOXKET JaBaTb HEKOPPEKTHBIE
pe3yabTaThl Il  pEabHbIX MEPUOJUYECKUX KOHCTPYKIUH. YCpelHEHHbIE
pe3yibTaTthl pacdeta MKD u OM otnnuarorcs He3HauuTeabHO. ChenaH BBIBOJ O
MEePCHEKTUBHOCTH MCIOJIb30BaHUSI B HWHXEHEPHBIX pacyetax OM, KOTOpbId B
cpaBuenuu ¢ MKD siBnisieTcss HaMHOTO 00JIe€ SKOHOMUYHBIM.

BBEJIEHUE

Haubonee pacnpocTpaHeHHBIMU B COBPEMEHHOM MPAKTUKE METOJaMH PacueToB B 00JIACTH
KOJICOAHUH CIIOXKHBIX MHXKEHEPHBIX KOHCTPYKLMH SIBISIOTCS METOJ KOHEYHBIX 3JIE€MEHTOB
(MKD) wu osnepreruueckuit meron (OM). DHepreTuueckuii MeETOJ YacTO Ha3bIBAIOT
CTAaTHCTUYECKUM dHEepreTudeckuM metogoM (COM), umest B BUIy OCOOEHHOCTH JOMYIIEHUIN
IIPU €ro NPUMEHEHUH. DTU METO/Ibl peaIM30BaHbl B BUJEe KomMepueckux nporpamm: ANSY'S,
NASTRAN, ABACUS (MK3), AutoSEA, SEAM, SEADS (OM) u np.

MKD sBnsieTcst 6osiee TOYHBIM M YHMBEPCAIBHBIM METOJIOM, MOCKOJIBKY B €r0 OCHOBE
JexaT (yHIAaMEHTAbHbIE YpaBHEHHS TEOPUH YIPYTOCTH, HO TPH €ro HCIOJb30BaHUU
BO3HHMKAIOT MPOOJEMBl BBIYUCIUTEIBHOTO XapakTepa, KOrjJa KOJHMYECTBO 3JIEMEHTOB,

HeO6XOIII/IMI>IX AJI1 TIPABUJIBHOT'O OIMMCAHUA KOHCTPYKIMHU, CTAHOBUTCA OYCHDL OOJIBIIINIM
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(0coOeHHO ISl TOCTAaTOYHO CIJIOKHBIX KOHCTPYKLMU C TIOBBIIIEHHEM 4YacToThl). [loaToMy
MKD npumensiercss 0ObI9YHO Ha WH(PA3BYKOBBIX M HU3KHUX 3BYKOBBIX YacTOTax, a OM — Ha
CPEIHUX U BBICOKHX.

dyHIaMEHTATLHBIM CBOMCTBOM JIFO0OW peaTbHOM KOHCTPYKIIMM M COCTaBIISAIONIMX €€
JJIEMEHTOB SBJIETCS HEONPEENICHHOCTh XapakTepucTuk. Hampumep, reomerpuyeckue
pasMepbl  3aJalOTCs € HEKOTOpOW morpemHocTbio. Hukorma HeW3BeCTHBI TOYHO
XapaKTePUCTHKU MaTepuaioB (IMJIOTHOCTb, MOAYJIH YIPYroCTH, KO3(h(UIHUEHTH MOTEph
W T. 1.), BEJIMYMHBI BO3JCHCTBYIOIIUX CHJI, TOYKH (00JIACTH) WX TPWIOKEHUS, IUIOMIAIN
Bo3zeucTBUS UM T. 1. OOHAKO MHXKEHEPHBIE PACUeThl  BBIMOJHAIOTCS  OOBIYHO  C
WCIIOJIb30BAHUEM CPEHUX BEJIMYMH B KayeCTBE HCXOJHBIX JaHHBIX. B maHHO# pabote
npeiacTaBieH npumep pacuera MKD sHeprum konebaHuii nepuogudecKkor OanouHOM
KOHCTPYKIIMM, TpPUYEeM B  KA4eCTBE  MHCXOJHBIX  JaHHBIX  HCIOJB3YIOTCS — Kak
JNeTEPMUHUPOBAHHBIC, TAK U ClydailHble BeaW4HHBI. [loka3aHO, YTO MCIOJIL30BAaHUE TOJIBKO
JNETEPMUHUPOBAHHBIX (CPEAHUX) BEIUYMH MOXKET MPUBOAUTH K ONIMOOYHBIM pe3yjbTaTam

pacuera. BeinonHseTcs Takke CorocTaBlieHue pe3yabTaToB pacueta MKD u OM.

1. KOHCTPYKUMA UTA IPUMEPA PACUETA

JUis pacdyeToB MCIOIB30BaHA KOHCTPYKILHMS, COCTOSAIIAs M3 YEThIpEX IOCIEI0BATEIbHO
COEJMHEHHBIX MOJ MPSIMBIM yIJIOM Oalok, npejacTaBieHHast Ha puc. 1. XKecTkue coequHeHus
06amok CcBOOOAHO OMHEpPTHl; B TakOoW KOHCTPYKLUMH TOJ JEHCTBMEM HONEPEYHON CHIIbI
BO3HHMKAIOT TOJBKO HOINEPEYHbIE KONeOaHMs, YTO YIPOIIAET pacyeThl U aHAINU3 Pe3yIbTaToB,
HO HE OrpaHW4yuBaeT BbIBOABL. [lomepeuHoe ceuenue Oamok S5x1 cMm (OaKu COETUHEHBI
MEXIy co00i BIONb JJIMHHOM CTOPOHBI CEYEHHWs), Marepuan — CTallb, KodhduiueHt
BHyTpeHHuX norepb — 0.01. I'apmoHnyeckas cuna NpuiIokeHa K CBOOOJHOMY KOHILY
6anku 1, F =1 H. MKD 1 OM paccunTsIiBaeTCs SHEPTHs MOTIEPEUHBIX KOJIeOaHu OaJIoK.

Puc. 1. KoHcTpykius 13 nociae10BaTeIbHO
COEJIMHEHHBIX 0aJIOK, UCIIOIb3yeMast IS
3 pacuera
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PacyeTbl BBIMONHSIOTCS A7 NEPUOAMYECKON KOHCTPYKIIMH, COCTOSIIEH M3 OJMHAKOBBIX
Oamok. Ilepuoguueckre KOHCTPYKIIMM BecbMa pachpocTpaHeHbl. Ilpumepamu Takux
KOHCTPYKUUHN SIBISIOTCS, THUIOBbIE MaHENbHBIE 3/aHUS WIM HMX OTIENbHbIE (parMeHTHI,
KOHCTPYKLUHU, TOJIKPEIUVIEHHbIE pedpaMu >KECTKOCTH, Hampumep, Kopmyc cynHa. [lpuuem
yCTaHOBJIEHO [1], 4YTO CHEWKEHHE YpOBHEW BHOpalMK TIPH PACTPOCTPAHEHUH IO
NEPUOANYECKUM KOHCTPYKLHMSAM, MEHbIIE, 4eM M0 Henepuogudeckum. [loatomy cmyuait
NEPUOANYECKON KOHCTPYKIIUH MPEACTABIAET O0NbIION UHTEpEC IS TPAKTUKH.

Pa3mepsl 251eMEHTOB pealbHOM KOHCTPYKIMH, KaK MPaBHIIO, 33JalOTCS B BHUJIE CPEIHETO
3HAYCHUsI W TIOTPEITHOCTH. B KadecTBe MCXOAHBIX MaHHBIX INPH HHXKEHEPHBIX pacderax
OOBIYHO HCIIONIB3YIOTCSI TOJNBKO CpeAHHWE 3HAaueHus. B nmaHHOW paboTe paccuuThIBaeTCs
sHEprus KosieOaHuii 0aT0OYHON KOHCTPYKIIUU, COCTOSIIECH KaK U3 OJMHAKOBBIX O0anmok (1 M) —
CTPOTO TIEPUOJMYECKON KOHCTPYKIUH, TaK W W3 OaJOK, IJIMHBI KOTOPBIX SBIISIOTCS
CIlydaifHBIMU BBIOOPKaMH HM3 HOPMAaJBbHOTO PACTpEACTICHUS CO CPEIHUM 3HAueHHEeM | M u
mucnepcueit 0,05 m.

[Tpu Takoil BeWYMHE TUCIIEPCHU PA3IMINE MEXKAY CIIy4alHbIM 00pa3oM reHeprpyeMbIMH
JUTMHAMH 0AJIOK MOXKET cOCTaBIATh 10 10 cM u 6omee. Ctonb Ooibioe pasnuane GopMabHO
OJIMHAKOBBIX JJIEMEHTOB HE XapaKTePHO ISl OOJBIIMHCTBA WH)KEHEPHBIX KOHCTPYKITHA.
OpHako Ha pacHpOCTPAaHEHUE SHEPTHMHM B KOHCTPYKUMUH BIHUSET HE COOTHOIICHHE JUTHH
HETIOCPEJCTBEHHO, a COOTHOIICHHWE MEXIy PE30HAHCHBIMH YacTOTAMH COCEIHUX OalloK,
3aBHUCSIIEE KaK OT pa3MepoB, TaK U OT MHOXKECTBA JPYTUX (PaKTOPOB: HAYAIBHOW KPHBH3HBI,
OCTaTOYHBIX U CTATHYECKHUX HANPSIKCHUH U T. 1. B KOHEYHOM HTOTE JIeiCTBHE COBOKYITHOCTH
3TUX ()aKTOPOB TPHUBOAUT K TOMY, YTO BEPOSTHOCTh COBIAICHUS PE30HAHCHBIX YacTOT
(GopMarTbHO OJMHAKOBBIX DJIEMEHTOB CHIDKAETCS. DTOT (hakT MPHUOIMKEHHO YYHTHIBACTCS
MIOBBIIICHHBIM 3HAUYECHUEM JHUCIIEPCUH UTHHBI OAJIOK.

PacdeTs! ObUTH BBITIOTHEHBI JUIS IECSITH BAPUAHTOB KOHCTPYKIIMH, OTIHMYAIOIIAXCS [UTHHOM

COCTABJISIIONIUX €€ 0aJoK, MPeICTaBIeHHbIX B Ta0muIe 1.

Tabmuma 1. JInuna 6anok (M), COCTaBIAIOMUX KOHCTPYKIMIO (CIy4yaiiHble BEIOOPKH U3
HOPMAJIBHOTO paclpeieNieHHsI CO CpeTHIM 3HaueHueM 1 M u qucnepeueii 0,05 m)

KOESE;;;I;HH Oanka 1 Oanka 2 Oanka 3 Oanka 4
1 0.9892 1.0071 1.0235 1.0501
2 1.0493 1.0350 0.9771 1.0060
3 1.0505 1.0574 0.9558 1.0926
4 0.9786 1.0182 0.9459 1.0120
5 1.0587 0.9244 1.0271 1.0177
6 1.0285 0.9319 0.9700 0.9944
7 0.9656 1.0308 0.9913 1.0109
8 0.9420 1.0415 0.9268 1.0102
9 0.9697 0.8558 1.0357 1.0653
10 1.0476 0.9948 0.9756 0.9647
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2. PACYET MKD

[Tpu monemupoBanun MKD OGanku pa3OuBanuch Ha CTaHIApTHHIE OAJOYHBIE JIEMEHTHI

JUIMHOW oKoJio 1 cM. DHeprus kosebaHuil O6anku ( £,) pacCUUTHIBAIUCh M3 KOMIUICKCHBIX

CMEIIEHUH B y3JaX CETKU 3JIEMEHTOB, MOJY4YEHHBIX B pe3yibTare pemeHus MKDO, mo
bopmye

0*Y M7, (1)

rae &, — aMIUIMTyZAa CMeIleHus B y3ne, M, — macca Oajku, npuxoasiascs Ha y3en, N —

YHCJIO Y3JIOB CETKH 3JIEMEHTOB.

Pacyersl sHepruu kojeOaHUN BBHIMOJIHSUIUCH HA PE30HAHCHBIX YaCTOTaX KOHCTPYKIUH,
pe3ybTaThl CYMMUPOBAINCH B OKTABHBIX MOJIOCAX YaCTOT.

Pesynbratel pacdyera sHeprum KojeOaHWil 0ajok (OTAeNbHBIE pe3yibTaThl 1Mo 10-TH
BapHaHTaM KOHCTPYKIMH W UX CpeIHHE 3HAu€HHUs) IMpeacTaBieHbl Ha puc. 2. OTaenbHbIE
pe3yJIbTaThl XapaKTepU3yIOTCs, B MEPBYIO o4Yepepb, OonbmuM pazdpocoM. U3 puc. 3 BuIHO,
YTO pa3dpoc 3HEPruil B LIEJIOM YMEHbBINAETCS C POCTOM YacTOThl M YBEJIUYUBAETCS MpU
YAQJICHUH OT UCTOYHHKA BO30YkIeHus (6anku 1).

Ha puc. 2 npencraBiieHbl Takke dHEPruu KosieOaHWW 0ajJoK KOHCTPYKIHMU TIPU PaBHOU
JuHe 6aok (1 M). B aTom citydae cHukKeHHE ypOBHEH SHEPIUU NP YJAJIEHUU OT UCTOYHUKA
3aMETHO MeEHbIe, yeM B cpeaHem mo 10 ciydaitneiM Bapuantam (puc. 4). Tak, s
KOHCTPYKIIMW U3 OJMHAKOBBIX OAJOK pa3HHUIIa dHEpruil kojebanuit 6anok 1 u 4 cocramiser
Ha BBICOKMX 4acToTax MeHee 5 ab, Toraa kak B cpeaHeM no 10 ciiyyalilHbIM BapuaHTaMm 3Ta
pasnuna okoso 10 nb. IlpuumHa B TOM, 4YTO COBNAJEHUE PE30HAHCHBIX 4YaCTOT A
OJIMHAKOBBIX 0AJIOK YBEJIIMYMBAET OOMEH dHEPrueil Mex1y HUMHU.

OTMeTuM, 4YTO DSHEPruM KoJieOaHWW OJMHAKOBBIX Oamok 2, 3 w 4 OKa3bIBAIOTCS
MPAKTUYECKH OJMHAKOBBIMH (puc. 40). OTOT pe3ysNbTaT corjiacyercs C JaHHBIMH,
IpEeJICTaBICHHBIMU, HAIpUMep, B [1], coriacHo KOTOpBIM nepenaj BUOpauu B KOHCTPYKIUU
C NEPUOAMYECKU PACHOJIOKEHHBIMU MPEMSITCTBUSMH HAOIIOAAETCA JUIIb HAa OAHOM-ABYX
NEPBBIX MPEMSITCTBUSIX, a Jajiee OcliablieHus BUOpalUU MPAKTUYECKHM HE IMPOUCXOJUT.
OnHako Tam ke [l] mpuBeneHbl pe3yJbTaThl HATYPHBIX M3MEPEHUM, MOKA3bIBAIOIIUE, YTO
CHIDKEHHE YPOBHEW BHOpanmuu IO HACTWIy NanyObl CyAHAa M BIOJb KOpIyca cyqHa —
KOHCTPYKLHUSM C TMPENSTCTBUSIMH B BUJE 3JEMEHTOB MOJKPEIUIAIONIEro Habopa, KOTOpble
CUMTAIOTCA MEPUOIUYECKUMU — HE 3aBUCHUT OT YJAJICHUs OT MecTa BO30YKJIEHHs BUOpaLIUU.
T. e. peanbHble KOHCTPYKIUHU, BUAUMO, HE 00J1a/1al0T CBOMCTBAMU MEPUOIUYECKUX.

TakuM 00pa3oM, UCIOJIb30BAHKE B KAYECTBE MCXOJHBIX JAHHBIX OJIMHAKOBBIX JUTMH OaoK
JTAeT 3aBBIIICHHYIO SHEPrui0 AJsl yAalleHHbIX Oayiok. B aeiicTBUTENbHOCTH BEPOSITHOCTH
COBMAJICHUSI TEOMETPUYECKHMX pa3MepoB (M PpE30HAHCHBIX 4YacTOT) Uil peajbHbIX
KOHCTPYKUUH OTHOCUTENIbHO Mayia. DopManbHO NEpPUOANYECKas pealbHas KOHCTPYKIHUS
dakTUyecKu HeE SBISETCS TaKoBOM. /[l mMonydeHHs KOPPEKTHBIX, COOTBETCTBYIOIIHUX
pEaTbHOCTH PE3YJbTATOB pacyeTa, MpaBUJIbHEE CUUTATh JJIMHY CIy4yalHOW BeauyuHOM. B
9TOM clly4ae Hauboiee BEPOATHBIN (YCPEOHEHHBIM) pE3yibTaT OKa3bIBACTCS HUKE
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MOJIyYEHHOTO MPHU OJIMHAKOBBIX JUIMHAX 0anok. Takoi pe3ynpTaT TOUHEE OTPa)KaeT MPOLIECChI
pacrnpocTpaHeHHs] BUOpalMy IO peajbHbIM KOHCTPYKIMSAM. OAHAaKo UIsl €ro MoJyudeHus
pacuer MKD crienyer BBIOJHUTH MHOTOKPATHO, MCIONb3YsI B KAYECTBE MCXOAHBIX JaHHBIX
BBIOOPKM M3 COBOKYITHOCTEW CIydyalHBIX BEJIMYHMH, XapaKTEpU3YIOLIUX TI'€OMETpUYECKUE
pa3Mepsbl, a B 00111eM cllyyae, TakKe CBOMCTBA MAaTepHAaIOB, MPUIIOKEHHbIE CUIIbl U T. 1. [lpu
3TOM TpeOOBaHUS K MPOU3BOAUTEIBHOCTU CPEJICTB BBIYMCIUTENBHON TEXHUKU, U Tak
JIOCTAaTOYHO BBICOKME Tpu pacdetax MKD, eme Oosnee Bo3pacTaroT, a TPYI0EMKOCTh

YBCIIUYMUBACTCA.
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Puc. 2. Dueprus konebanuii 0anok 1...4 koHcTpykiuu, pacuer MKD

++++ oTHesnbHBIE pe3ynbTaThl N0 10-TH BapuaHTaM KOHCTpyKLuH (Tadm. 1),
—O—— cpennue 3HaueHus no 10-Tu BapuaHTaM KOHCTPYKIIMH,
— U Qanku paBHOU AyuHbI (1 M)
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DNEeKTPOHHbIN XypHan «TexHuyeckas akyctuka» 2005, 9 6 (12)

Emax - Emim I[E

Puc. 3. PazHuna Mex1y MakCUMaJIbHBIMU U
MUHHMMAaJIbHBIMH 3HAYCHUSMHU SHEPTUU
koseOaHuit 6anoxk 1...4, paccuuTaHHBIMU
MKD nns 10 BapuaHTOB KOHCTPYKLIMH

—o— Oainka 1
—+—— Oanka 2

—0— Oanka 3
—{1+— Oasnka 4

31 63 125 250 500 1000 2000 4000 8000

CpPEAHETCOMETPHUICCKUE YaCTOThI OKTAaBHBIX I10JIOC, FI_I

E+10lgw , 1b E+10lgw , 1b

0)

a) 130 130

125} & 125} §

120 120

115 115

110 110

105 105
100 100
31 63 125 250 500 1000 2000 4000 8000 31 63 125 250 500 1000 2000 4000 8000
CPEHETEOMETPUUYECKUE YACTOTHI OKTaBHBIX 110J10C, I'1y CpeIHETe€OMETPHYECKUE YaCTOThl OKTaBHBIX MON0C, I'1g

Puc. 4. Dueprus xonebanuii 6anok 1...4 koHCcTpyKIuH, pacuer MKD.
a) cpenHue 3HaYeHus 1o 10-Tu BapuaHTaM KOHCTPYKLUH, 0) Oanku paBHOM JuiuHBI (1 M)

—o— Oanka 1, —+— Ganka 2, —<—— Oanka 3, —1— Oanka 4

3. PACYHET 5M

Cucrema ypaBHeHuUW sHepretuueckoro ©Oamanca (CYDB) 1 KOHCTpyKuuw,
MpEeJICTaBICHHOM Ha puC. 1, UMeeT BUJ

m+m, — 17y 0 0 E, W,

o T, 1, + 15, + 1], 173 0 E, _ 0 ’ 2)
0 171 TNy + 105 + 1054 143 E, 0
0 0 1] Ny +15 )\ E, 0

rae 1, ...1, — K03(ppUuueHTs BHYTPEHHHUX MOTEPh B OaNKax; 77, ... 77,; — K03 PULnueHTHI

HHEPreTU4ecKON CBsI3M 0anok; W, — MOILIHOCTb, BBoAUMas Oanky | cuwioit F; E, ... E, —

HEHU3BECTHbIE YHEPIUU KOJICOAHUHN, @ — KpyToBas 4acToTa.
KoadduumenTs sHepreTyeckoit CBsA3M 0aI0K pacCUUTHIBAIMCH MO (hopMyIie
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T..C. .
y &
y = i 3)
Y ol
rae 7, — KOod(hQUIHEHT TIPOXOKIEHHS (110 SHEPTUK) UTHOHBIX BOJIH U3 Oasku i B OalKy j;
¢, — TPYIIOBAst CKOPOCTh M3THOHBIX BOJH B Oanke i, L, — 1imHa Gankw i.

Jlis coenrHeHMst 6aloK MO MPSAMBIM YIVIOM KO3(Q(QHUIHUEHT MIPOX0KICHHUS YHEPTUN Uepes3
coerHeHue (7 ) moylydeH aHanutudecku [2] m coctaBinser 0.5 1 GalioKk OAMHAKOBOTO
MOTIEPEYHOr0 ceueHus (IIpy ATOM BUOpOU30IIALUs coenuHenuss — 3 1b).

PacdeTs! mokazanu, 4To BAMSHUE JUIMH 0aJOK B HEOOJBIIMX MpeesiaX, COOTBETCTBYIOIINX
JaHHBIM TaOJ. 1, MpakTHUeCKHW He BIUSET Ha pe3yibTaThl pacyera DOM. IlosTomy Humxe
IpeCTaBIeHbl pe3ynbTaThl, HoaydeHHsle OM st L = 1 M. KonebarensHas momHocts (W),
BBOAMMAs B KOHCTPYKLMIO IIONEPEYHOM CWiIOH, omnpenensnack kak MKD, Ttak u
PUOIMKEHHO.

BBoauMasi B KOHCTPYKIIMIO MOILITHOCTh C HMCIIOJIb30BAaHHEM DPE3YJIbTaTOB MOJECIUPOBAHMS
MKD onpenensinacs o popmyie

W = ;Re(F-v*), 4)

rie F — BosjeiicTByonas Ha 6anKky cuia 3aj1aercs npu Moxeauposanun MKD (1 H), v\ —
KOMIUICKCHO-COTIPSKEHHAs KoJiebaTeapbHasi CKOPOCTh B MECTE MPHIIOKEHUsT CHTbl. CKOPOCTh
CBs3aHa co cMmemleHneM (&), moiny4aeMmbiM B pesynbTare pemienus MKD, cooTHomieHuem
v=iwé . lTloatomy W = —a)(F . Imf)/ 2. Pacderpl, Kak U paHee, BBINOJIHSINCH Ha
PE30HAHCHBIX YacTOTaX, a pe3yIbTaThl CYMMHUPOBAIUCH B OKTABHBIX MOJIOCAX.

BBoaumas mourHocTh Ob1a onpenenena MKD s crneayromux KOHCTPYKIIUMA:

—  KOHCTpPYKLHUA U3 4eThIpex Oainok (puc. 1),

—  KOHCTPYKLHS U3 IBYyX 0ajok (puc. 5a),

— opaHa 6anka (puc. 50).

1 FJ, /4>

Puc. 5. Koncrpykiuu, ucrosiab3yeMble i pacueTa BBoAuMon MoriHoctu MKD

Bo Bcex ciyuasx BBOJMMAas MOIIHOCTh pAacCUMThIBaJach [UId JECSITH BapHaHTOB
KOHCTPYKLIUH, OTJIMYAIOIIMXCS JUIMHOW Oanok. /[nuHbl 6ajok, Kak M IpU pacdeTe SHEpruu
KOJICOAHNH KOHCTPYKLHMHU M3 YeThIpeX OaJoK, MPEACTABIIN co0O0N citydaliHble BBIOOPKU U3
HOPMAJIBHOTO pachpeieneHuss co cpeaHuM 3HadyeHueM | M u aucnepcued 0,05 m. J{muHbI
0aJIoK, UCTIOB3yEMBIE B pacueTax, MpeICTaBlIeHbl B Tabmunax 1, 2 u 3.

W. B. Npyweuknin, A. B. CMONbHNKOB
ConocraBneHne MeToaa KOHEYHbIX 3/IEMEHTOB U CTAaTUCTUYECKOro SHEpreTM4Yeckoro MeToaa Ans pacyerta
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Tabmuma 2. JInnaa aByx 6aok (M), (puc. 5a), COCTaBISIIONTUX KOHCTPYKIIHIO U3 IBYX 0alloK
(cmyuaiiHbpie BEIOOPKHU M3 HOPMAJIBHOTO pacIipe/ie]ieHHs CO CpEeHUM 3HaYeHuEeM | M 1
nucniepcueit 0,05 m)

BapHaHT KOHCTPYKIUU

1 2 3 4 5 6 7 8 9 10

Oanka 1 1.067 | 0.995| 1.018 | 0.919 | 1.076 | 1.021 | 1.010 | 1.100 | 0.959 | 1.008

Oanka2 | 0.986 | 1.094 | 0944 | 1.043 | 0.949 | 0.989 | 1.037 | 1.027 | 1.074 | 0.992

Tabnuua 3. J{nuna 6anxu (M), puc. 56 (cimydaiiHble BBIOOPKH U3 HOPMAJIBHOTO pacIipeieIeHus
co cpenuuM 3HaueHueM 1 M u qucnepcueit 0,05 m)

BapHaHT ] 2 3 4 5 6 7 8 9 10
KOHCTPYKLIHN
JUTHHA 0.966 | 0.949 | 0.938 | 1.014 | 0.979 | 1.003 | 0.982 | 0.977 | 1.019 | 1.036

PesynbraThl pacuera MOKa3bIBalOT, 4YTO pa30poCc 3HAYEHUH BBOAMMON MOILIHOCTH
OTHOCHUTEJIbHO HE3HAUYMUTEJIEH U COCTABIISIET HA CPEAHUX U BBICOKHMX 4acToTax okouso 2 nb s
BCceX BapuaHTOB (puc. 6). IlpuMepHO B Takux »K€ NpENesax MOXKET MEHAThCS DHEPrHs
KoJieOaHui KOHCTpyKuuH. [l mpumepa Ha puc. 7 TpeAcTaBIEHBl SHEPrHM KoseOaHuin
6anku 4, paccuntanuble OM IMpH JeCSITH BBOJAUMBIX MOIIHOCTSX, MOJy4YE€HHBIX NPH IEHCTBUN
cuiibl Ha ofHy Oanky (puc.56). B manmpHeWmmMx pacueTax HCHOJIB3YIOTCS CpelHue s
KaKI0W U3 TPEX KOHCTPYKIMI 3HAUE€HUsI BBOAUMON MOIIIHOCTH, paccunuTaHHbie MKD.

I/Vmax_VVmin"uB E+lOlga),IlE
12— T T T T T T T T 130 —
10 125 E
8
8 120
e 8
6 115 g
L
4 110 8 ]
2 105 1
L, ool
31 63 125 250 500 1000 2000 4000 8000 31 63 125 250 500 1000 2000 4000 8000
CPEAHETECOMETPUUCCKUE YaCTOThI OKTAaBHBIX I10JIOC, FI_I CPEAHETECOMETPUICCKUE YaCTOThI OKTAaBHBIX I10JIOC, FI_I
Puc. 6. Pazaniia Mexry MakCUMaJIbHBIMU Puc. 7. Dueprus xonebanuii 6anku 4 npu
Y MUHUMAJIbHBIMH 3HAUYE€HUSMU BBOANUMOMN pacuere DM cC HCTIOTH30BAaHHEM BBOJUMOM
MortrHocTH 1o 10 BEIOOpKam MOIIHOCTH, PACCUYUTAHHOUN MPH BO3JICUCTBUU
__%  ueTsIpe O6anmku CHWJIBI TOJIBKO Ha OJIHY Oanky, puc. 56 (10
— o— n&Be 6anku BapUAHTOB JJIMHHBI OAJKH, Ta0JI. 3)

— [— onHa Oanka

W. B. MNpyweukwnin, A. B. CMONbHNKOB
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[TpubimkeHHO BBOIMMAsT MOITHOCTh B OKTAaBHBIX ITOJIOCAX YAaCTOT PACCUUTHIBAIACH IO
dbopmyne

F?’ReZ,
=N, (5)
22,
rne Z, — uMIeIaHc OalKky IO OTHOLIEHHIO K AeicTByromel cuue, N (Af ) — KOJIMY€ECTBO

PE30HAHCHBIX 4YacTOT B OKTAaBHOH mojoce wmmpuHOM Af . MmnenaHc ompenensics Ha

PE30HAHCHBIX YacTOTaxX, T. €. MUCIOJIH30BaJIOCh MUHHMAaJIbHOE 3HAUCHHE HMMIIEHaHca OajKw,
B0O30yX1aeMoii Ha KoHIie [3]:

wmL
ZZFnﬁn ::444:14119 (6)

r7e m — MOTOHHAs Macca OankH, 77 — K03((OUIIMEHT BHYTPEHHUX MTOTEPb;

N(Af)=LAf4/B’Z) -, (7)

rae B — u3ruOHas xKeCTKOCTh OAJIKHU.

Pesynbratel pacdyera BBoAMMOH MomHocTh MKD (ycpeaHeHnHble) M HpUOIMKEHHO
(popm. 5—7) mpencraBineHsl Ha puc. 8§, U3 KOTOPOrO BHUAHO, YTO BBOJAMMBIE MOIIHOCTH,
paccuuTaHHbIe pa3HbIMU CIOCO0AMH (TOYHO M MPUOIMKEHHO) U C UCTIOIb30BAHUEM MOJeNei
pazHoil crenenu cioxHocTd (MKD) xopomo coBnamaroT. Pe3ynbraTel pacdyeTa 3HEPIUH
kosiebanuit OM B conoctasiennu ¢ MKD npenctaBiieHbl B ClIEAYIOLIEM pa3iere.

W +10lgw, oAb

W Puc. 8. BRogumas MOITHOCTb, pacCUMTaHHAsS
MKD u npubiamkeHHO
110 ©

— + uyetsIpe 6anky, puc. 1 (MKD)

—0—  1nBe Oainkw, puc. Sa (MKD)

— o— opxa Oanka, puc. 56 (MKD)

— [+ oxHa 6anka, puc. 50
(mpubnmxeHHo, popM. 5-7)

105f

100f

sl o
31 63 125 250 500 1000 2000 4000 8000

CPEAHETCOMETPUICCKUE YaCTOThI OKTaBHBIX I10JI0C, I'm
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4. COIIOCTABJIEHHME PE3VJIbTATOB PACUETA 5M 1 MKD

Ha puc. 9 npencrasnensl pe3ynbraTsl pacuera OM u MKD sHeprum xonebanuit 6anok
1...4 KOHCTPYKINH, U300pakeHHOU Ha puc. 1. 13 puc. 9 BunHO, 4TO

1. Pesynbrathl pacuera OM u MKD (ycpeanenusie mo 10-Tv BapaHTaM KOHCTPYKIIUH)
XopoIo coBnanaroT. X pasnuna ans Haubosee ynaneHHOU Oaiku (4) cocTaBiseT HE
Oonee 2 n1b Ha cpeaHux M BhICOKMX YactoTax. IIpu s3tom DM naer HemHoro Oonee
BBICOKHE YPOBHHU dHEepruu konebanuid. B okraBHbIX monocax 31.5 u 63 'y pe3ynbTaThl
pacueta OM 0Ka3bIBalOTCs 3aBBILIEHHBIMU 110 cpaBHeHHI0 ¢ MKD Ha 2-3 nb, HO
TOJIBKO TPU HCIIOJIb30BAaHUM BBOJAMMON MOIIHOCTH, ONPEAENEHHOW MOJEIUPOBAHUEM
MKD Ttonbko oaHO# Oanku (cM. puc. 8).

2. Pesynprartel pacueta OM mnonagaroT, Kak MpaBWIO, B JMANA30H 3HAYCHMI,
OTpaHUYEHHBI MaKCUMAaTbHBIMU 1 MUHUMAIIbHBIMU 3HEPTUAMHU, ToyueHHbIMU MKD.

3. OM paeT mpakTUYEeCKH OJAMHAKOBBIE PE3ybTaThl MPH Pa3HBIX CIOCO0AX OMpeIeIeHUS
BBOJMMON MOIIHOCTU. Takoil pe3ynbTaT SBISIETCS 0KMIAEMBIM, MOCKOJIBKY XOPOIIO
COBIMA/Ial0T BBOJUMbBIEC MOIIIHOCTH, OTIPEAETICHHbIC Pa3HBIMU CIIOCOOAMH.

4. Pesynbratrel pacueta OM u MKD (ycpeaHeHHbIE) COBIIAIAlOT BO BCEM HCCIIEIOBAHHOM
JMana30He 4YacTOT, BKJIIOYas OKTaBHBIE IIOJIOCHI, coOepXaliue He Ooliee OTHOM
PE30HAHCHOM 4acTOThl KoneOaHui oTaenbHbIX Oanok (31,5, 63 I'm u 125 I'n). Ilpu
5ToM B mosiockl 31,5 u 63 ' monanaeT mo J1Be pe30HaHCHbBIE YacTOTHI KojeOaHuit Beei
CUCTeMBl M3 dYeThlpex Oanmok, B moinocy 125Tm — Tpu. Cuuraercs, 4TO
DHEPreTHYECKUd METOJA JlaeT TMpHeMIIeMble pe3yibTaThl Mpu Oojiee BBICOKON
IUIOTHOCTH PE30HAHCHBIX 4acTOT. [lomyueHHbIe ke JaHHbIE MO3BOJSIOT HAAEAThCS Ha
paciidpeHre YacTOTHOTO JAuarna3oHa NpuMeHeHuss DM, HO B 5TOM HampaBiICHHUH
HEOOXOIUMBI JIOTIOJIHUTEIbHBIE UCCIICOBAHMUS.

3AKJIFOYEHUE

[Tpumep pacuera BuOpauuu (opManbHO NEPUOJUUECKOW Oalo4YHOM KOHCTPYKIHH,
BeImosiHeHHbIE MKD ¢ yuyetomM HeompeaeneHHOCTH JAJIUHBI OaloK  COCTaBJISIOLIMX
KOHCTPYKLIMIO, MOKa3aj, YTO NPU HCXOAHBIX JAHHBIX, MPEICTABICHHBIX B BHUJE CPEIHETO
3HaYeHUs BEJIMYMHBI C HEKOTOPOW TOIpEIIHOCThIO, pe3yibTaThl pacueta MKD
XapaKTepU3yTCs 3HAUUTENbHBIM pa3opocoM. Benuunna pa3dpoca, eCTeCTBEHHO, 3aBUCUT OT
JUCTIEPCUN MCXOHBIX JaHHBIX. Y CpEIHEHHBbIE Pe3yJIbTaThl pacyeTa 3aMEeTHO OTIMYAOTCS OT
pe3yJbTaTOB, IMOJYYCHHBIX IPU HCIOJIB30BAaHUM CpeIHUX (OAMHAKOBBIX) JUIMH OajloK B
Ka4eCTBE UCXOHBIX JaHHBIX.

B wumxeHepHOW NpakTUKE HMMEHHO CpEAHHE 3HAUEHHs BEIMYUH, XapaKTepU3YHOIUX
reOMETPUYECKUE pa3Mepbl, CBOHCTBA MaTepUAIOB M T. 1., HCIHOJB3YIOTCA B KauyecTBe
UCXOJHBIX AaHHBIX. OHAKO, KaK MOKa3bIBAIOT IMPEJCTABICHHBIC MCCIEAOBAHMS, 3TO MOXKET
IOPUBOIUTh K OIIMOOYHBIM pe3yibTaTaM pacdera sl MEePUOANYECKUX KOHCTPYKIHM,
IIOCKOJIBKY CTpOrasi HAEHTUYHOCTh XapaKTEpUCTHK SJIEMEHTOB, I03BOJIAIOLIAs CUUTAThH
KOHCTPYKLIUIO IEPUOUUECKOM, ABISETCS MATIOBEPOATHON JJIsl pealIbHbIX KOHCTPYKIUI.

W. B. Npyweuknin, A. B. CMONbHNKOB
ConocraBneHne MeToaa KOHEYHbIX 3/IEMEHTOB U CTAaTUCTUYECKOro SHEpreTM4Yeckoro MeToaa Ans pacyerta
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Jns momydenusi pesyibTarta, Oojee aJeKBATHO OIMCHIBAIOIICTO TOBEACHHUE peaTbHOM
KOHCTPYKITUH, TPEOYETCs BBITIOJIHUTHh KoMILIeKe pacueTroB MKD ¢ ucnonb3oBanueM HaOOPOB
JTAHHBIX, YUYUTHIBAIOIINX BO3MOYKHbBIC OTKIIOHCHHS! XapaKTEPUCTUK KOHCTPYKLIHMHU OT CPEIHHUX
3HaueHnii. OOBEM pacdyeToB MW, COOTBETCTBEHHO, CTOMMOCTH TIPH O5TOM, pa3zyMeeTcs,
YBEJIIMYMUBAIOTCS IO CPAaBHEHUIO CO CIYyYaeM HCIOJIb30BaHUS TOJBKO CPEIHUX BEIUYUH B
KauecTBe MCXOJHBIX JaHHbIX. OJHAKO pacueThl Ha TpUMEpe OATOYHOW KOHCTPYKIIHH
MOKa3aJii, 4YTO CpeAHHE pe3ysabTarhl, mnoxydeHHeie MKD, Xopomo coBmamawT
pesyiapTaTamMu  pacdeta OM, KOTOpBIM SBISETCS HAMHOTO 0o0Jiee IKOHOMHYHBIM.
DKOHOMHUYHOCTH OTPECIISIOT YIPOIICHHOS MOJICTUPOBAHNE KOHCTPYKIIMH, MEHBIIHNA 00BeM
MCXOJIHBIX JIAHHBIX, HEBBICOKUE TPEOOBAHUS K BHIYUCIUTEIILHON TEXHUKE.

OmauM U3 «y3kuX MecT» OM  sBisercs KoJjiebaTesnbHash MOIIHOCTh, BBOAMMAs B
KOHCTPYKIIMIO, KOTOPYIO HE BCErJa YAAeTCs PacCUUTaTh JUIsl PEaIbHBIX KOHCTPYKLIHUHU M
BO3/ICHCTBYIOIINX CHJI JOCTATOYHO TOYHO C MCIIOIH30BAHUEM IPUOIMKCHHBIX 3aBUCUMOCTEH.
s pacdera BBOJMMOM MOIIHOCTH MOXKHO ucnoib3oBatb MKD. Ilpu sToM He TpeOyertcs,
BUJIUMO, MOJICIIMPOBATH KOHCTPYKIIMIO MOJHOCTHIO. B paccMoTpeHHOM mpumMepe pacuera Jist
OTpeJieJICHUsT BBOJAMMOM MOIIHOCTH C TNPUEMJIEMON TOYHOCTHIO OKAa3aJIOCh JOCTATOYHBIM
BKJIFOYUTH B MOJIEJIb TOJIBKO 3JIEMEHT KOHCTPYKIIMHU, HA KOTOPBIN ACUCTBYET CHIIA.

[Iporeccrl pacripocTpaHeHUs] KOJIeOATEIbHON SHEPTHUH B KOHCTPYKIIUSIX, COCTOSIIUX W3
0asloK, TUIACTHH, 000JI0YEK, OOBEMOB, 3aNOJHEHHBIX CPEIOW, W WX KOMOWHAITMH HMEIOT
cxonHyo mpupoxay. [loaToMy mnpeacTaBiIeHHBIM MpPUMEp pacyeTa KaueCTBEHHO OMHCHIBACT
pacnpocTpaHEeHUE SHEPTUU, HE TOJHKO B OalOYHBIX, HO U B JPYTUX KOHCTPYKIHUAX, a
METOOJIOTHS pacyeTa U BBIBOJIbI UMEIOT, BUMMO, IOCTATOUYHO IIUPOKOE TPUMEHEHHE.

BrinonHenHbie ucciaeaoBaHus MOATBEPIAMIA, YTO DM sBIISE€TCS palMOHAIBHOW OCHOBOM
JUTSl MHKCHEPHOTO pacueTa BHOpaIlMi W IlyMa B CJIOXHOM COOPYXCHHH (COOpPYKCHHH,
COCTOAIIEM W3 MHOXECTBa 3JIeMeHTOB). B pamkax mpumenenus DM MKD nenecoobpazHo
UCIIOJIb30BaTh, HANpUMEp, IS OMNPEIETICHUS MOIIHOCTEH, BBOAMMBIX B KOHCTPYKIIMH
TUHAMUYCCKUMH CHJIAMH, WUIH IS ONpeiesieHuss KO3(PQPUIIMCHTOB YHEPTeTHUSCKON CBSI3U
AJIEMEHTOB KOHCTPYKIIMM B COCIUHEHHM, [JIi KOTOPBIX OTCYTCTBYIOT aHAJIMTHUUYECKHUE
3aBUCUMOCTH I K03 durmenTa npoxoxacHust. [ BBITOTHEHHUS TAKUX PACYCTOB MOYKHO
MOJICTTUPOBATh OT/ACIbHBIC ()parMeHThl KOHCTPYKITUH (HanpuMep, GyHIaMEHTBI, COSTUHEHUS
9JIEMEHTOB), a HE KOHCTPYKIMIO B 1enoMm. [loaToMy 3arpaTbl Ha HX BBITIOJIHEHHE

OTHOCUTCIBHO HCBCIINKU.
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Puc. 9. Dueprus xonebanuii 6anok 1...4 KOHCTPYKIIMHU Ha puC. 1

—+— pacuetr OM, BBOUMas MOIIHOCTh paccuntana MKD miist ueTsipex 0anok
(KOHCTpPYKITHH Ha puc. 1 B 11e10M)

__ % pacuer DM, BBoAMMAs MOIIHOCTb paccuntaHa MKD mis ogHol 6anku (puc. 560)

— 0 pacder OM, BBOaMUMAas MOIITHOCTh paccyuTaHa mo gpopmynam 5—7

— o pacuer MKD, cpennue 3Hauenus no 10-tu BapuaHTaM KOHCTPYKILMH,

__________ pacuer MKD, MakcuManbHbIe 1 MUHUMAaJIbHBIC 3HaUeHUs 110 10-TH BapraHTam
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