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[IpencraBinen cnocod oOmNpenelieHus C IMPUMEHEHUEM METO/Ja KOHEYHBIX
anemMeHToB (MKD) KO3 PHUIMEHTOB SHEPreTHYEeCcKOM CBSI3M, HCIOJB3YEMbIX B
CTaTUCTHYECKOM HHepreTudeckom wmetone (OM). Ilpu monmenupoBanuu MKD
CHCTEMBI, COCTOALICH M3 ABYX MOACHUCTEM, SHEPIHs, MPUXOIAIIAs B MOJACHCTEMY,
yIaJeHHYI0 OT HCTOYHMKA, IMOJIHOCTBIO morjomaercs. Crnoco0 mnpuMeHeH Ui
omnpezaeneHus: KO3pUIUEHTOB SHEPreTHUECKON CBA3H JBYX 0ajoOK, CO€AMHEHHBIX
MOJT MPSIMBIM YIJIOM. Pe3ynbTaThl YHCICHHOTO pacdera XOpOIIO COIJIACYIOTCS ¢
W3BECTHBIM QHAIUTUYECKUM  pElIeHWeM s TaKoro COETMHEHHUS
nonybeckoHeuHbIxX 6anok. C ucrnonb3oBanueM noxydeHHbx MKD ko3ddunmenton
CBSI3M DHEprusi KoseOaHUil KOHCTPYKIUMU B BHUJE (JIECEHKH» M3 YEThIpeX Oalok
paccuutana OM (mpuOIMKEHHBIM METOJOM). JTa e KOHCTPYKLHUS paccuMTaHa
MKD (tounbiMm Meroaom). I[lomydeHo xopoinee COBIAJEHUE TOYHOTO U
MPUOIMHKEHHOTO PElIeHU B OKTaBHBIX I0JIOCAX YaCTOT, COJAEPKAIIMX HE MEHee
JIBYX PE30HAHCHBIX YaCTOT KOHCTPYKLIUH.

BBEJIEHUE

Haubonee pacrnpocTpaHeHHBIMHM B COBPEMEHHOW MPAaKTUKE METOJaMH pacuyeToB
KojeOaHuN U 3BYKOM3IYYEHHS CJIOXKHBIX HHXKEHEPHBIX KOHCTPYKUUHN SBISIFOTCS METOJbI
KOHEUHBIX M TpaHMYHBIX 3JieMeHToB (MKD, MID) u »sueprernueckuii meron (OM).
DOHepreTMyeckuii MeTOJ 4YacTO Ha3blBalOT CTATUCTHYECKUM JHEPreTHUYEeCKHMM METOJIOM
(COM), umess B BUAY OCOOCHHOCTH IOMYIIEHWH TPH €ro NPUMEHEHUU. OTH METOIbI
peanu3oBanbl B Bujae kommepueckux mporpamm: ANSYS, SYSNOISE, ABACUS (MKD),
AutoSEA, SEAM, SEADS (OM) u np.

MKD B npuHLUIe SBISETCS JOCTATOYHO TOYHBIM U YHUBEPCATbHBIM METO/IOM, IIOCKOJIBKY
B €ro OCHOBE JeXaT (yHIaMEHTAJIbHbIE YPAaBHEHHUS TEOPUU YIPYrOCTH, HO TPU €ro
UCIOJIb30BAaHUN BO3HHMKAIOT MPOOJIEMBbl BBIYUCIUTEIBHOIO XapakTepa, KOTJa KOJIWYECTBO
AIIEMEHTOB, HEOOXOJMMBIX IJI MPAaBUJIBHOTO OMUCAHHS KOHCTPYKIIMHM, CTAHOBUTCS OYEHBb
001bIIUM (OCOOEHHO JIsi JOCTATOYHO CJIOKHBIX KOHCTPYKIUMH C MOBBIIICHHEM YacTOTHI).
[ToaTomy Ha mpaktnke MKD mnpumensiercss oOBIYHO Ha HHU3KUX 4YacToTax, a OM — Ha
CPEIHUX U BBICOKHX.
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IIpu pacuere OM paccMarpuBaercs CTALMOHAPHOE JHEPreTUYECKOE COCTOSHUE
MEXaHUYECKON CHCTEMbl U COCTaBJISIETCA OalaHC SHEPTHil, BBOJMMBIX U MOTJIOIICHHBIX B
CHUCTEME, a TaKXKe MEePeXOIAIUX U3 OJHOU MOJICUCTEMBI B Apyryro. [Ipu 3ToM Hcnoab3yroTcs
SHEPruH, YCpeTHEHHbIE IO BpEMEHH, IPOCTPAHCTBY MOACUCTEM (IJIMHE, TUIOIIAIU, 00BEMY) U
gacToTaM (MPOCYMMHUPOBAHHBIE B MOJ0CAaX 4acTOT). OCHOBHBIMH MPEUMYIIECTBAMU METOJa
ABJISIIOTCS  €r0  YCTOMYMBOCTh K HETOYHOCTHM MCXOAHBIX JIaHHBIX W OTCYTCTBHUE
HEOOXOAUMOCTH B JIETAJIbHOM ONMUCAHUU CUCTeMbL. [[03TOMY OH SIBIsieTCS MPUBJIEKATEIbHBIM
JUTSL TH)KEHEPHOTO pacyeTa 3ByKa U BUOPAIMH B CJIOKHBIX KOHCTPYKIUSX.

Ongnako DM — NPUHIUIHAIBHO MPUOIMKEHHBIH MeToa. KpoMe Toro, nmpuOiamkeHHbIMU
SBIISIOTCS TPUMEHSIEMBbIE B MeETOAe KOA(PQPUIMEHThI DSHEPreTUYECKOW CBSI3U MEXKIY
MOJICUCTEMAaMHU, IMOJIYyYEHHbIE aHAJUTUYECKH, B PE3yJIbTaTe PELICHUs ONpPEIEICHHBIX 3aj]1ad,
MIPU MTOCTAaHOBKE KOTOPBIX MCIIOIb30BAaHbI T€ WJIM UHBIE JOMylIeHUs. Vcronb30BaHue Takux
KO?((UIIMEHTOB OTPaHUYEHO TUANa30HOM YacTOT, B KOTOPOM CIpPaBEUIMBBI JOMYILIECHUS.
[TosToMy cuurtaercsi, 4ro wucnoiab3oBanue OM, B yactHocth COM, orpaHuyeHo
ONpE/ICTICHHBIM JMANa30HOM YacTOT, XOTS 3aKOH COXpaHEHHUs SHEPIMH — OCHOBa OM —
CIpaBeyIMB Ha JIOObIX yacToTax. Jlpyroil HeZoCcTaTOK NPUMEHEHUS AaHATUTHUYECKUX
pelieHuii s onpeaeneHus: Kod(GpPHUIMEHTOB CBS3U COCTOMT B TOM, YTO 3a4acTyl0 OHH HE
YUUTBHIBAIOT OCOOEHHOCTEH pealbHbIX KOHCTPYKIMM, KOTOphIE MOTYT CYIIECTBEHHO
OTJINYAThCA OT aKaJeMUYEeCKUX mojeneil. [[pumMeHeHrne K TaKuM KOHCTPYKLMSM H3BECTHBIX
AHAIUTUYCCKUX PEIICHUH, OYEBUIHO, JaeT JMOO BechMa MPHUOIMIKCHHBIC OIICHKH, JTHOO
BOOOIIIE HE MOXKET OBITH 00OCHOBAHO.

VYkazanuble HeJOCTaTKM DM He SBIISAIOTCS MPENSATCTBUEM JJIsl MCIIOJIb30BAHUSI METOAa Ha
MPAKTUKE, TTOCKOJIBbKY, BO-NIEPBBIX, HHKEHEPHBIE pacueThl B MPUHLIUIE MPUOIMKEHHbIE, BO-
BTOPBIX, UMEIOTCS IIyTH JJI IOBBIIIEHUSI TOYHOCTH PACUETOB.

OpnHUM U IepCIIEKTUBHBIX IMyTEH coBepllieHCTBOBaHUSA DM sBisierTcs ucrosnb3zoBanue MKO
JUIsL oTipesiesieHnss KO3(PPUIIMEHTOB YHEPreTUYECKOM cBs3u. [y MoeanpoBaHusi OTACIbHBIX
CBSI3aHHBIX TIOJICHCTEM TpeOyeTcss HAMHOTO MEHbBIIE KOHEYHBIX JJIEMEHTOB, 4YeM JUIs
MOJICTIUPOBAHMS CJIOXKHOM cuctembl B 1enoM. Ilostomy pemenne MKD Bo3MOxkHO ¢
HCIIOJIb30BAHUEM «PSOBOr0» KOMIIBIOTEPA BILIOTH JO AOCTATOYHO BBICOKMX YaCTOT, TAE JUIS
cucteMbl B 1enoM mnpumensercs OM. HccinenoBanuss mo wucnosibzoBanuto MKD s
omnpezeneHuss KO3(p(GUIUEHTOB SHEPreTUUYECKONM CBS3M IMPOBOTMINCH JUIS COEIWHEHUN
wiactud  (Hampumep [1,2]). B nmanHOil paboTe MBI pPacCMOTPHM  OMpeAciiCHUE
K03 (UIIMEHTOB YHEPIeTUUYECKOM CBA3M Ha MPUMEPE COSAMHEHHs 0aJIOK, MPUYEM OTIUYHBIM
ot [1, 2] cmoco6om.

1. TIPUHOUIINAJIBHASA CXEMA PACYETA OM

OCHOBHBIM 3TanoM IpH peanu3auuu IM SBISIETCS TOCTPOCHUE MAaTEeMAaTUUYECKOW MOJENN
KOHCTPYKIIMA — CHUCTEMBI YpaBHEeHHH 3HepreTuyeckoro Oamanca (CYDB). Marpuna CYDb
ONUCBHIBACT TMOTEPU B DIIJIEMEHTAX KOHCTPYKIUHU (MOJCHCTEMax) M MEXaHMYECKHE |
aKyCTHYECKHE CBS3U MoJicucTeM. B mpaBoif yacTu copeprarcs KojaedaTelbHbIe MOIIHOCTH,
BBOJMMBIE B TMOACHUCTEMbl. HeW3BEeCTHbIMH BETUYMHAMU SIBJISIIOTCSI 3BYKOBash WJIU
BUOpAIIMOHHAS DHEPrusi B TMOACHCTEMax, M3 KOTOPBIX OIPEACISIOTCS YPOBHU IIymMa U
BuOpanuu. «Kmaccuaeckas» CYDb numeer Bua
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MOJICUCTEMBI; (0 — KPYroBas 4acToTa.
KoadduunenTs! s3HepreTHueckoil cBsi3M, Kak yKa3blBalOCh, OOBIYHO PACCUUTBIBAIOTCS IO

AHAIUTUYECKUM 3aBUCUMOCTAM. OJHAKO Takue 3aBUCHUMOCTH UMEIOTCS JJIsi OrPaHUYEHHOTO
YHUCJia THUIOBBIX COEAMHEHUN TMOJACUCTEM W HE BCEraa MOryT OBbITh TNPUMEHEHBI B
MPaKTUYECKHUX PacueTax ¢ yBEPEHHOCThIO B MPUEMIIEMON TOYHOCTU KOHEUHOTO pe3ylbrara. B
MOCIIEAHEE BpEeMs MPEANMPUHUMAIOTCS MOMBITKH PACCYUTATH KOIPPUIIMESHTHI YHEPTeTHUECKOM
CBSI3U HE AaHAJIMTHYECKH, a YACIEHHO — C Hcnoiib3oBanueM MKD [1, 2].

2. UCIIOJIbB3OBAHUME MKD JJIA OITPEAEJIEHMA KOO®OUITUEHTOB
SHEPTETUYECKOM CBS3U

O6mas cxema ompeneneHuss Kodh(UIHUEHTOB YHEPreTHUECKON CBSI3U C MCMHOJIb30BAHUEM
MKD cocrour B craegyromeM. Co3naercss KOHEYHO-3JEMEHTHasi MOJIeNb IMOJICUCTEM
(971eMEHTOB KOHCTPYKIMH), BXOISALIMX B COCAUHEHHE, KOIPPUIMEHTHI CBSI3U KOTOPBIX
TpeOyercs Haiitu. K Mozenu mpuKiIaabBarOTCs BHEMIHME cuiibl.  Omnpenenstorcs
Kosie0aTeIbHbIE MOIIHOCTH, BBOJMMbBIC B IOJCHCTEMbI, U CMEUICHUS (JaBJICHHS) B y3Jiax
ceTku »dieMeHTOB. [lo cmeleHusM (JaBiICHHUSIM) OIpEAeseTcsl SHeprus KoseGaHuil
noacucteM. [lo UW3BECTHBIM SHEPrusiM U BBOAMMBIM  MOIIHOCTSM  ONPEIEIISIIOTCS
KOA(h(GUIIMEHThl JHEPreTUYEeCKOW CBSI3U, KOTOpPbIE UCHOJB3YIOTCS 3aTeéM B CHUCTEME
ypaBHeHui (1).

[Ipu onpeneneHnn TakuM ciocoOoM K03 (PHUIIMEHTOB dHEPTeTUUECKON CBs3H B padote [1]
paccMaTpUBAIMCh U30JIMPOBAHHBIE COSMHEHHS] OTPAHUYEHHBIX TUIACTUH ¢ Koddduurentamu
MOTEPh, COOTBETCTBYIOIIMMHU MaTepuany miuacTuH. Cucrtema ypaBHEHUH JUIsl ONpeaeTeHHs
KO?((UIIMEHTOB HHEPreTHUECKON CBSI3U 4YacTO OKa3blBAJIaCh IIOXO OOYCIIOBICHHOW, a ee
pellIeHrs B 3HAUUTEIHbHON CTETEHU 3aBUCAIIUMU OT MaJbIX U3MEHEHHI CBOICTB MOICHCTEM,
HalpUMep, TEOMETPUYECKHX pa3sMepoB. MBI paccMOTpUM M TPOBEPUM Ha IpHUMEpe
coequHeHUs Oanok crnoco® ompeaeneHuss Kod3(Q(PUIMEHTOB SHEPreTUYEeCKOW CBS3H,
COCTOSIIIMI B MOJICTUPOBAHUH MIPUCOEIUHEHHOM MOACUCTEMBI — OaJIKH, Ha KOTOPYIO CHJIa HE
NefCTBYyeT, — Kak Mojay0ecKoHeuHoil. IMeHHO Takasi MOJeNb UCIIONB3YETCs AJIsl IPOBEICHUS
(bu3NYECKUX SKCIEPUMEHTOB MO H3YYEHHUIO PACHpOCTpaHEHUs KoyeOaTeJbHON SHEpruu B
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HEOJIHOPOAHBIX KOHCTPYKIUAX (HAaIpUMeEp, IIPU UCCIEJOBAHUM IIPOXOXKACHUS SHEPTUU Uepe3
npenaTcTBus). Jns 3TOro B (PHU3MUECKUX SKCIEPUMEHTaX JeMI(PHUPYIOT TOACUCTEMBI,
yIaJeHHbIe OT BO30YXKIaeMOW, HANpUMeEp, NOTPYKAIOT YAAJICHHBIM KOHel OaJKu WiIH
11acTuHbl B necok. IIpu moaenuposanuu (B pacuerax MKD) nosnydbeckoHeuHast KOHCTPYKIIUS
3aMEeHsIacCh KOHEYHOM, HO C BBICOKUM KO3()()UIIMEHTOM BHYTPEHHHUX MOTEPb.

CorymacHO 3aKOHY COXPAaHEHHs DSHEpPruuM BBOAMMAs B CHCTEMY DSHEpPIrUs paBHA
HOTJIOLICHHOM:

NE=W/w. ()

Ecnmu Ganmka BXOTUT B cOCTaB KaKOW-JIMOO KOHCTPYKIMHU (KakK, HalpuMep, Ha puc. 1), To
MIOTEPH DHEPTUH KosieOaHui B BO30YyxmaeMol Oanke 00yCIIOBICHBI HE TOJBKO BHYTPEHHUMH
MOTEPSIMU B HEH, HO U OTTOKOM SHEPIHU B MPUCOSAMHEHHBIE KOHCTPYKIMU. OrnpenensieMblii
13 cooTHomEeHus (2) KodhHUIMEHT MOoTePh eCTh cyMMa Kod(uiimeHTa BHyTPEHHUX MOTEPh
(n) u xodddurmeHTa MoTepb, OMHUCHIBAIOIIETO OTTOK DJHEPTHMH B MPHUCOSIMHCHHBIC

KOHCTpYKIUU (KO3 uUIlEeHTa IHEPreTUYECKON CBA3M, 1],). YPaBHEHHE 3HEPreTUYECKOIro

OasiaHca Juisi MOJICUCTEMBI, B KOTOPYIO BBOJIUTCA SHeprus (Oanku 1 Ha puc. 1), uMeeT BU:

m+n)E=W/o. (3)

B 5ToM ypaBHeHHMH HE Y4YHUTHIBAaeTCs OOpATHBI NMPUTOK SHEPTUU U3 MPUCOCTUHEHHOU
MOJICUCTEMBI, T. €. CUUTAETCS, YTO BCS DHEPTUsl, YXOIMIas U3 BO30YXKITaeMOW IMOJICUCTEMBI,
IIOJIHOCTBIO TOIJIOIIAETCS B IPUCOCAMHEHHOM ITOJCUCTEME.

N3 ypaBaeHus (3) MOXKHO HATH KO PHUIMEHT SHEPTeTUIECKOM CBSI3U:

n.=W/(@E)-n. 4

3. PACYET KODDOUITMEHTOB SHEPTETUYECKON CBS3U BAJIOK

Paccmotpum mporieypy omnpesesieHrss HeM3BECTHRIX KO3(PHUIIMEHTOB CBSI3U Ha TIPUMEPE
KECTKOTo ['-00pa3Horo coeAMHEeHUs IByX OaoK, mpeacraBieHHoro Ha puc 1. Jlnuna G6anku 1
— 1.1 M, 6anku 2 — 0.9 m; monepeunoe cedenne obenx 6amok — 1x5 cm. Matepuan 6anku 2
Takou ke, Kak Oanku 1 (ctanp), HO UMeeT BbICOKUU Koddduiment noreps (0.9). DHeprus
BBOAMTCS B Oasiky 1 mocpeacTBOM MONEpeyHOW CHiibl (B IUIOCKOCTH pucyHka). [llapuupHas
oropa COEeIUHEHUS BBEACHA JJIs YIPOLIECHUS pacueToB M aHA/IM3a Pe3yJbTaTOB: B TaKOil
MEXaHUYECKOH crucTeMe BO3HUKAIOT TOJIBKO MONepeuHble (M3rnOHbIE KOIeOaHus).

b

Puc. 1. YrioBoe coequnenue 0aok, B
KOTOPBIX BO3HUKAIOT TOJIBKO MOIEPEYHbBIC
1 lF KoJebaHus

m
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[Tpu monemupoBannu MKD Oanku pa3OWBalMCh Ha CTaHAAPTHBIC OaTOYHBIC SJICMEHTHI
JUIMHON 1 cM. DOHeprusi koneOaHuil Oanku M BBOAUMAS DHEPrUsl PACCUUTHIBAINCH W3
KOMIUIEKCHBIX CMEILIEHUIN B y3JlaX CETKH 3JIEMEHTOB, IIOJIyYEHHBIX B PE3YJIbTAaTE PELICHUS
MKD. DHeprus nonepeyHsix konebanuii 6anku ( £ ) pacCUUTHIBAIOCH 1O (hopMyrie

N
E=;w22Mné’fa (5)

n=l
rae & — amIutMTyza CMeIeHus B y3i1e, M, — macca Gajku, npuxosimasics Ha y3en, N —
YHCIIO Y3JI0B CETKH 3JIeMEHTOB. [10CKOIBKY Oaika OJJHOPOIHAS M MOJEIUPYETCS MHOKECTBOM
OIMHAKOBBIX MEMEHTOB, T. €., MACCA BCEX HIEMEHTOB OJMHAKOBA, T0 E=w>ME? /2, M —

= .
Macca 6aJ'IKI/I, é — YCPCAHCHHBINU I10 y3J1aM KBaJpaT MOAYJIsA CMCIICHUA.

MoHoCTh, BBOAUMAs B 0AJIKy COCPEIOTOYCHHOMN CUIION, ONpeAessuiach o Gpopmyie

1 .
W=_Re(F-v'), (6)
2
rne F — BozneiicTByromas Ha Oanky cuia (IEHCTBUTENBHOE YHCIO, 33JaeTcsl Ipu
*
monenupoBanuu MKO3, 1 H), v — koMIiekcHoO-conpskeHHasi KojiebarenabHasi CKOPOCTh B

MecTe NPUIoXKeHHs cuitbl. CKOPOCTH CBsI3aHA CO CMEIIeHHEM (& ), OTy4aeMbIM B PE3yIIbTaTe
pemenns MKD, coornomenuem v=iw . Tostomy W =-@(F-Im&)/2. Muumas dacTh

CMEUIECHUsI B TOYKE MPWIOKEHUs cuibl 1o pacyety MKD Bcerga oxasbIBaeTcs
OTPULIATEIILHOM, TO3TOMY BBOAMMAsI MOIIIHOCTb BCET/Ia MOJIOKHUTENbHA.

PacueTsl nmnsi ogHOM OTHEIBHO B3ATOW Oajaku, BO30YXKIAEMOW TOMEPEYHON CHIIOH,
MOKa3aJu, YTO KOIPPHUIIMEHT NOTePh, OMPEICICHHbIN U3 COOTHOLIEHUS (2), COBMAIAET C €ro
3HaYEHHEM, BBEJCHHBIM B KayeCTBE MCXOAHOIO JaHHOrO Mpu MonenupoBanuun MKD, mpu
OTHOCHUTEJIbHO HEBBICOKUX 3HaueHUsX kodpduuuenrta noreps (menee 0.05). Ilpu yBenuueHun
kod¢dulMeHTa NmoTeph, BBEJECHHOTO B KAaueCTBE HCXOJHOTO JaHHOTO, pa3HULA MEXIY
BBEJICHHBIM U PACCUYMTAHHBIM KO3 UIIMEHTaMH NTOTeph yBenuuuBaercs. [Ipuunna B ToM, 4TO
B CMENICHMIX Oanku Bce Oosiee 3aMETHOM CTaHOBUTCA Oerymas cocTamisomas. [loatomy B
JanbHEHIMX pacdyetax koddduimeHnt notepsb B 6anke 1 npuaumaiics paBabiM 0.01.

PacueTsl BBOAMMOM MOIIHOCTH W dHepruu 1mo (opmynam (5) u (6) BBIIOJHSINCH HA
PE30HAHCHBIX YacTOTaX KoJIeOaHWM CHCTeMbl OaloK, pe3ylbTaTbl CYMMHPOBAIUCH B
OKTaBHBIX I10JIOCAX YacTOT. B pe3ynbrare aBTOMaTHUECKO# MpoLeayphl MOJAIBHOTO aHaIn3a
KoJe0aHuN CHCTEMbI Cpelld 3TUX YacTOT OKa3bIBAJIMCh PE30HAHCHBIE YAaCTOTHI HE TOJBKO
U3TMOHBIX, HO U TMPOJOJBHBIX KoyiebaHuil. Ha pe3oHaHCHBIX dYacTOTax MPOAOIBHBIX
Koje0aHuil, KOTOphle HE BO3HUKAIOT B pPAacCMAaTPUBAEMON CHCTEME, DHEpPruM KoseOaHuil
0anoK ¥ BBOJUMBIE MOIIHOCTH OTHOCUTEIIbHO HEBEIUKH, MOSTOMY BKJIaJ ATHX YacTOT B
CYMMAapHYIO HEPTUIO B OKTABHBIX 10JIOCAX HE3HAYUTEICH.

W BBOAMMas sHeprusi, U SHeprus KojeOaHuM, B OOIIEM cCiydae, 3aBUCAT OT TOYKH
NpWIOKeHUs: cuiibl. [loaTOMy pacderhl BBINOJHSUIMCH NMPHU ACHCTBUM CHIIBI B JBEHAALATH
MIPOM3BOJILHO B3ATHIX TOYKax (y3/1ax), a pe3yJabTaThl YCpeOHSUIMCh. Pe3ynbraThl pacuera 1o
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dopmyne (4) TpencTaBIeHbl HAa PHUC. 2, KOJIWYECTBO PE3OHAHCHBIX YaCTOT KOJIeOaHWI
CUCTEMBI U3 JBYX OaJoK, MOMAJarolUX B OKTaBHBIC IMOJIOCHI 4acTOT, — B Tadnwme 1. U3

pucC. 2 BUJHO, YTO Pe3ysbTaT pacueTa (1),) MPaKTUYECKH HE 3aBUCUT OT TOYKH IPUIIOKEHHUS

CHJIBI, €CITM KOJHMYECTBO PE30HAHCHBIX 4YacTOT KOJICOAHWH B OKTaBHOW TIOJIOCE TpHU
(manpumep, 250 u 500 I', Tabu. 1) u Goree.

KoaddunmeHT sHEpreTHUeckoil CBA3M BBIpaXKACTCs uYepe3 KOIPPHUIMEHT MPOXOKICHHS
SHEPrUM Yepe3 CoeqUHEHNE 0anokK (7 ):

— ch

= , (7)
e ol

rjie ¢, — IPYIIOBasi CKOPOCTh H3TMOHBIX BOJIH, L — JuIMHA BO30YK/1aeMOH OaKu.

Just T-o0pa3Horo coemuHeHUsT OanoK KOIPPHUIMEHT TMPOXOXKICHUS DSHEPTUU depe3
coequHeHue (7 ) monydeH aHanmutwuecku [3] u cocrtaBmser 0.5 myis Oallok OJMHAKOBOTO
MOTIEPEYHOT0 ceueHus (TIpu 3TOM BUOPOM30ISAIMS coequHenuss — 3 ab). Pesynbrarel pacuera
koadduimenTa HepreTuyeckoi cBsizu Oanok no dopmyne (7) mpu yciaouu, uto 7 =0.5
TaK)Ke MPEJICTABICHbI Ha pUC. 2, U3 KOTOPOrO OYEBHJIHO XOPOIIEE COBIAICHHE PE3yIbTaTOB
YHUCJIEHHOTO Y aHAJTUTUYECKOTO PacyeToB.

0.5

04

0.3 c— MK3
—a— aHanuT

0.2

0.1

'0.1 T T T T T T T T
315 63 125 250 500 1000 2000 4000 8000

KO3(PPULMEHT 3HEPreTUHECKON CBSI3N

cpegHereoMmeTpuyeCkne HYactoTbl OKTAaBHbIX NOJIOC,
My

Puc. 2. KoadgdummeHt snepreTudeckoil CBs3u 0aIoK, COSTUHEHHBIX MO MPSMBIM YTIIOM
(puc. 1), mpu yCIIOBHH, YTO SHEPTHS, TPOXOASIIAS Yepe3 COSAMHEHUE B OAJIKY 2, TOJIHOCTHIO

nornoiaercs (1,=0.9), paccunrannslii ¢ ucnonaszoBanueM MKD (cpennee o 12 Toukam

IIPWIOKEHUS CUJIbl) M aHAIMTUYECKU (TIpU yCa0BUM, UTO T =0.5), a TaK’K€ MUHUMAJIbHbIE U
MaKCHMaJbHble 3HaUeHUs, nonydeHHble MKD npu npuiioskennn cuibl B 12 pa3HbIX TOUKax

Tabmuua 1. KonndecTBo pe30HaHCHBIX YaCTOT KOJICOAHUI CUCTEMBI U3 BYX OaJIOK,
MIONAA0IIUX B OKTaBHBIE IT0JIOCHI YACTOT

31.5 63 125 250 500 1000 2000 4000 8000

1 1 1 3 3 5 9 11 19

W. B. pyweuknii, A. B. CMONbHUKOB
MNpuMeHeHMe MeToAa KOHEYHbIX 3/1IEMEHTOB Ana pacyeTa KO3 dULMEHTOB SHEPreTUYECKON CBA3M,
NCNONb3yeMbIX B CTaTUCTUYECKOM SHEpPreTMYeckoM MeToAe, Ha NpUMepe YrioBoro coeamHeHns 6anok



DNEKTPOHHbIN XypHan «TexHuyeckas akyctuka» 2004, 6 7(10)

4. TIPOBEPKA TIPUMEHUMOCTHU 5M HA ITPUMEPE BAJIOYHOM KOHCTPYKIUHA

Jns  mpoBepkH OpUMEHHUMOCTH DM paccumTaeM SHEpruro KojeOaHW  Oalok,
COCTAaBIIIIOLINX KOHCTPYKIHIO — «IECEHKY» M3 O0ajJoK C IIapHUPHO OINEPTHIMU
COECIMHEHUSIMU — TIpeACTaBIeHHYI0 Ha puc. 3. Pacuetsl BeimonauM OM u MKD, koropsblil

npeamnojgaracTcd TOYHbIM U 3aMCHAIOIIUM (1)I/I3I/I'-I€CKI/Iﬁ SKCIICPUMCHT.

>

1 lF
m

Puc. 3. Konctpykuus («ieceHka») U3 MocieI0BaTeIbHO COSUHEHHBIX 0aJ0K, B KOTOPBIX
BO3HUKAIOT TOJIBKO MOMEPEUHbIE KOJIeOaHHs

CYD3b st KOHCTPYKIUU, IPEICTABIICHHON Ha PUC. 3, UMEET BUJ

n, +n, Ny 0 0 E, W

o My My 1y + 1 N 0 E, _ 0 (8)
0 —MNx Ny +15, 154 Ny E, 0
0 0 _7734 774 +7743 E4 0

beiio  obHapyxkeHo, 4Yto pe3ynprar pacdera MKD cymiecTBeHHO 3aBHUCHUT  OT
HE3HAYUTENbHOTO M3MEHEHMs JUIMH 0alloK, COCTaBJISIIOIIMX KOHCTpyKIuio. Hampumep, Ha
prc. 4 u 5 npexcrasiens! suepruu (B b otH. 1072 Br) kone6anuii 6anok 1 u 4, BXOIAIHMX B
«JIECEHKY», B KOTOpOH OajKku HEMHOIrO OTJMYaloTci UIMHOHM (Tabi. 2), a Bce OCTalbHbIE
XapaKTepUCTUKU Oalok OAuHaKoBbl. PasHuma sHepruili koseGaHHil OalloK, OJMHAKOBO
pacCIoONOKEHHBIX B COCTaBe KOHCTpYyKIMHU, nocturaer 10 ab. I[Ipu atom DM naet npumepHO
OJIMHAKOBBIC PE3YJIbTAThl, HE 3aBUCAIIME OT JUIMH OayioK. [[is cpaBHEHUS pe3ylbTaToOB
pacueroB MKD u DM OyneM HCHoJb30BaTh YCPEIHECHHBIE pe3ynbTaThl pacueToB MKD mms
TpeX MoJIeeH (BapUaHTOB), TPUBEJICHHBIX B Ta0. 2.

Tabnuua 2. J{nunel 6anox (M), COCTaBISIONIUX WIECEHKY»

banka 1 banka 2 banka 3 banka 4
Bapuanr 1 1.1 1.05 1.0 0.95
Bapuanr 2 1.1 1.1 1.1 1.1
Bapuanr 3 1.1 0.9 1.1 0.9
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Puc. 4. Dueprus xonebanuii 6anku 1 1js Tpex BapuaHTOB KOHCTPYKIUH (pacuer MKD)
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Puc. 5. Dueprus xonebanuii 0anku 4 11 TpeX BapHaHTOB KOHCTPYKIMHU (pacuer MKD)

[TomoGHBIN MOAXO OOOCHOBAH TEM, YTO B PEAbHBIX KOHCTPYKIHMAX T'€OMETPUYECKHE
pasMepbl HEW3BECTHBI C aOCONIOTHOW TOYHOCTBIO, BCErJa JOIMYCKAeTCs HEKOTOopas
MOTPEIIHOCTh HM3TOTOBJICHUS JIEMEHTOB W KOHCTPYKIHMHM B IesioM. IlocKonbKy roObIe
pacueTsl JarT MPUEMIIEMbIE Pe3yJIbTaThl TOJBKO B Cllydae aJ€KBaTHON pacuyeTHOW MOJEIH,
TO U npu pacyere MKD mMojenbs KOHCTPYKIMM JI0JKHA YUUTBIBATh BO3MOYKHOE OTKJIOHEHHE
pasMepoB (M JPYrHMX CBOWCTB) OT uX (opManbHBIX (0XKHIaeMbIX) 3Ha4YeHUU. HHBIMU
CJI0OBaMH, J100ast GOpMaIbHO TOYHAS MOJIENIb KOHCTPYKIIMH HE COOTBETCTBYET B TOUHOCTHU €€
¢dakTrueckoMy coctosiHuio. [lo3ToMy pe3ynabTaThl OTHACIBHOTO EAMHUYHOTO pacueTa B
NPUHIUIIE HE MOTYT OBITh TOYHBIMU MPHUMEHUTEIBHO K peallbHOM KOHCTpYKIMU. OZHUM U3
CIIOCOOOB TOBBIIIEHUS TOYHOCTH pAacyeTOB SBJSETCS BbIOJIHEHHE pacueToB MKD s
HEKOTOPOr0 MHOYKECTBA MOJEIEH OJHOM M TOM KE KOHCTPYKLIMH, OTINYAFOLIUXCS
FEOMETPUUECKUMH pa3MepaMM M CBOMCTBAMH MAaTEpUAIOB B ONPEICIICHHBIX Ipejaenax, ¢
MOCJEIYIONIUM YCPEAHEHUEM PEe3yIbTaTOB M YKa3aHHEM UX BO3MOKHOTO pa30Opoca.

W. B. pyweuknii, A. B. CMONbHUKOB
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Ha puc. 6 npencraBiieHbl pa3HUIIbI YHEPTUN KOJIEOAHUN YEThIpeX OalloK, COCTaBIISIOIINX
«JIECEHKY», IOJIy4eHHbIX TO4YHbIM MeronoM (MKD, cpennee mno TpeM BapuaHTam
KOHCTPYKIIMK) U TPUOIUKEHHO C UCIMOJIb30BaHHEM OM (T. €. pasHUIAa MEXIy TOYHBIM M
NPUOJIMKEHHBIM peIICHUsAMH JUIsl Kaxkaou Oanku). [lpu pacuere DM  HCHONB30BAINCH
KOO QUIMEHTH YHEPreTUYeCKOil CBs3M, ONpe/AeICHHbIE M3 pe3ynbTraToB pacuera MKD
KoJieOaHui IBYX OaloK, Kak MOKa3aHo BhIIIE (CM. pasaen. 3); BBogumas sHeprus (W) Taxke
paccuntsiBasiack MKD.

Ha ocHOBaHMM MONY4YEHHBIX JaHHBIX MOXHO T'OBOPUTH O IMPUEMIIEMOMN AJs IPAKTHKHU
TOYHOCTH NPUOTMKEHHOTO pacueTa BO BCEM HCCIEAOBAaHHOM JMara3oHe YacToT.
HaOmroaeTcst TeHAEHLMST NOBBILIEHMST TOYHOCTH OM C MOBBILIEHUEM 4YacTOThl (IIpU
YBEJIMUEHUHU YUCIIa PE30HAHCHBIX YAaCTOT KOHCTPYKIMM B OKTAaBHBIX I10JIOCAX, CM. Ta0I’. 3).
AOcComoTHAs BEJIMYMHA OTKJIOHEHUS MPUOIMKEHHOTO PELICHUS! OT TOYHOTO Ha 4acToTax 0
1000 I'n (B OKTaBHBIX IOJIOCAX COJEPKUTCA OT JABYX JO IIECTH PE30HAHCHBIX YacTOT)
cocrapiseT MeHee 3 1b, a Ha yacrotax 1000 ' 1 BbilIe (B OKTaBHBIX II0JIOCAX COIEPKUTCS
OoJiee IEBSATH PE30HAHCHBIX YacToT) — MeHee 1.5 nb.

MOXHO TNpennosoK1uTh, YTO HCIOJb30BAaHUE IS aHANM3a OOJIBLIETo, YeM Uil Tpex
Mojieel, 00beMa JaHHBIX, Noay4eHHbIX MKD, M03BOIUT TOUHEE OLEHUTHh NOTPELIHOCTh U

IpaHULIbI IPUMEHUMOCTH DOM.

E (MKD) - E (EM), ab

'9 T T T T T T T
315 63 125 250 500 1000 2000 4000 8000

cpeaQHereomMeTpuYeckme YacToTbl OKTaBHbIX Monoc, My

Puc. 6. Pazauna mexny TouabiM (MKD) u npubnuxerasiM (OM) pemeHus My A1 KaKI0N U3
YeThIpex 0aJoK, COCTABIAIOIINX KOHCTPYKIIHIO Ha pucC. 3

Tabnuna 3. Yuciio pe30HaHCHBIX YacTOT, OMAJA0NINX B OKTABHBIC MOJIOCHI

31.5 63 125 250 500 | 1000 | 2000 | 4000 | 8000

onHa Oajnka 1 — 1 2 1 4 4 7 10

«JIECEHKAY 2 2 3 6 6 9 16 23 33
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3AKIIIOYEHUE

[IpencraBnen cnocod ompeneneHus KOIPPUIMESHTOB JSHEPTrEeTHUYECKONH CBSI3U ABYX
MOJICUCTEM, COCTOSIIIIMA B MOJCIMPOBAHUUA CUCTEMBI METOJIOM KOHEUHBIX 351eMeHTOB (MKD)
TakUM O00pa3oM, 4TO B MOJCUCTEME, YAAJEHHOW OT HCTOYHHMKA, INPUXOJALIAs SHEPrus
NOJHOCThIO  moryomaercs. Cnoco® mpUMEHeH [UIs  OmnpeAeiieHHs KO3 QPHIMEHTOB
DHEPreTUYECKON CBSI3U JIBYX COCIUHEHHBIX II0J TPSAMBIM YriaoMm Oanok. Pe3ymbraThi
YHUCJICHHOTO pacyera KOd(PPHUIMEHTOB HHEPreTHUECKOM CBA3M XOPOIIO COTJAcyroTCs C
M3BECTHBIM AHATUTUYECKUM PEUICHUEM JIJIsl TAKOTO COSTMHEHHUS MTOTyOeCKOHEUHBIX OaIoK.

C ucrnonpzoBanueM nonydeHHbIX MKD KO3 GHUIIMEHTOB CBSA3M SHEPreTUYECKUM METOJIOM
(OM) paccuuTana SHeprust KojaeOaHH KOHCTPYKIIMH B BHUJE IECEHKH» U3 YEThIpeX Oayok.
Orta ke KOHCTpyKIusi paccuntbiBaiack MKD (TtouneiM metomom). Ilpu 3TOM OBLIO
oOHapy>KeHO, YTO Ha pe3yibTarhl pacyera MKD CyliecTBEHHO BIMSIOT HE3HAUYUTEIIbHBIC
W3MEHEHHUs pa3sMepPOB (IIMHBI) 0aJoK, BXOAAIMX B KOHCTpYyKUHUIO. [loaTomMy i cpaBHEHUS
pe3ynbraTtoB mpuOmmKeHHoro pemienus (OM) c¢ tounbiM pemeHuem (MKD), B kadecTBe
MOCJIEAHETO HCIOJIb30BAINCH YCPEIHEHHBbIE pE3yJbTaThl pacueToB [UIsl TPeX MoAenei
0aJIOYHOU KOHCTPYKIHUHU («IECEHKH»), COCTOAIIMX U3 0alOK HE3HAYUTEIHHO OTIMYAIOIINXCS
JuHOH. [lomydeHo xopouiee coBnaieHue TOUHOTO U NPUOIMIKEHHOTO PEIIEHNH B OKTaBHBIX
[I0JIOCAX YacTOT, COAEpXkallUX HE MEHEE JBYX PE30HAHCHBIX 4YacTOT KOHCTPYKLHHU.
AOcCooTHAS BEIMYMHA OTKJIOHEHUS IPUOIMKEHHOTO PEIICHUS OT TOYHOTO COCTAaBUIIa MEHEe
3 nb. [lpu yBenuueHUM 4ucia pe30HAHCHBIX YAaCTOT B I0J0CAaX HAOJIIOAeTCsl TEHIACHIMS K
MOBBIIIIEHUIO TOYHOCTH MPUOIMKEHHOTO pacyera.
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