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[IpenacraBnensl  crmoco® ®W  mpuMep  ompeaesieHus K03 UIIUEHTOB
sHepreTruueckoit cBsaA3u (KOC), ncnonp3yeMpIX B SJHEPreTUYECKOM METOJIE pacuera,
C YYETOM HEOINpPENENCHHOCTH XapakTepuctuk mnojacucteM. [Ipu pacuere KOC
HCIIONB3YEeTCs METOJ, KOHEYHBIX 31eMeHTOB (MKD) CnyvailHpiMM BeIMYMHAMH
SBIISIOTCS JUIMHBI 0aJI0K, MOAYMHSIONIUECS HOPMAIBHOMY 3aKOHY paclpeesieHus C
OJIMHAKOBBIM CpelHUM 3HadeHueM. s npoBepku nonydeHHbIX KOC BbInoiaHeH
MpUMep pacyeTa BUOPAIMOHHOW AHEPrUM KOHCTPYKIMH, COCTOSIIENH U3 YEThIpeX
MOCTIeIOBATEIbHO COCTUHEHHBIX OalOK C HEOIpPENeNIEHHBIMU XapaKTepUCTHKAMH,
neyms metomamu: MKD wu sHepretmdyeckum metonom (OM). ITlokaszano, 4To
SHEepruu KosiebaHuii 6aJOK B KOHCTPYKIMH, paccuutaHHblie MKD u DM, xoporio
COBMAJAIOT KaK B YaCTHU CPEAHHUX 3HAUYEHUN SHEpruil, Tak U B YaCTH BEPOSTHOTO
pa3bpoca pe3yIbTaToB.

BBEJIEHUE

Haubonee pacripocTpaHeHHBIMU B COBPEMEHHOM MPAKTUKE METOAAMH PAcUETOB BUOpALIUU
1 3BYKa CJIOKHBIX WHKEHEPHBIX KOHCTPYKIIUH SBIISIOTCS METOJ KOHEUHBIX 37eMeHTOB (MKD)
U sHepretudeckuit meron (OM). OTu MeToAbl pealn30BaHbl B BUAE KOMMEPUECKHUX
nporpamMmm: ANSYS, NASTRAN, ABACUS (MKD3), AutoSEA, SEAM, SEADS (OM) u ap.

MKD sBnsieTcst 601€e TOYHBIM U YHUBEPCATBHBIM, HO JJOPOTOCTOSIIIIIM METOJIOM pacyera,
MOCKOJIBKY ~ TpeOyeT  MOCTpOeHHs  BechbMa  MOAPOOHON  MOAenM  KOHCTPYKIIUH,
BBICOKOIIPOU3BOJUTENIbHBIX ~ CPEACTB  BBIUMCIMTEIBHOM  TEXHUKM M YpE3BbIYAMHO
MPOAOKUTEIBHBIX BBIYMCIECHUN OCOOEHHO MpPU PELIEHUH TUHAMHYECKHUX 3a7ad B 00JacTH
BBICOKHMX 3BYKOBBIX 4acToT. [loatomy MKD mpumensiercs oObluHO Ha MH(PA3BYKOBBIX U
HU3KUX 3BYKOBBIX 4acToTax. DM mpuOIMmKEeHHBIH, HO 00Jiee SKOHOMHUYHBIA. DKOHOMUYHOCTh
OTIpPEACINAIOT YIPOLIEHHOE MOJAEIUPOBAHNWE KOHCTPYKIMH, MEHBIIUN O00BEM HCXOIHBIX
TAHHBIX, CPABHUTEIFHO HEBBICOKHE TPEOOBAHNUS K BHIYMCIUTEILHON TEXHUKE.

[Tpu pacyere DM Hago 3HaTh K03 dumenTsl sueprerudeckoit cesa3u (KOC) anemeHToB,
COCTaBISIONIMX KOHCTpyKuuio — moacucteM. KOC moacucreM MOryT ObITh ONpEIEIEeHbI
AQHAJIUTUYECKH, IKCIIEPUMEHTAIbHO WM yucieHHo. AHanutuyecku KOC omnpenenstorcs u3
KO3(pPUIIMEHTOB TPOXOXKICHHUS SHEPrHH uepe3 coeluHeHue mojacucreM. OHAKO Takue
K02(pPHUIIMEHTHI TPOXOXKICHHUS U3BECTHHI M3 aHAINTHYECKUX PEIICHUH JIUIIH JJIsT HEKOTOPBIX
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aneMeHTapHbIX TUnoB coenunenuit (I'-, T-, kpecTooOpaszHble coeUHEHUs TOTYOECKOHEUHBIX
0ajoK WM TIAcTUH U Hekoropwle npyrue [1, 2, 3]). s mpakTHYECKHMX pacueToB TakKou
MH(POPMALIMHU 3a4acTyI0 HEJOCTaTOYHO. DKCIIEpUMEHTANBHBIN criocod onpenenenus KOC, He
OTIIMYAsICh, IO CYTH, OT YHCJIEHHOro crocoba, paccMaTpuBaeMOro HUXKe, Tpedyer
OpTraHHU3aINH CI0KHOTO (PU3NIECKOTO IKCIIEPUMEHTA.

Yucnennsiii crnocod omnpeneneHuss KOC, B OCHOBE KOTOpPOro JEXHUT YHUCICHHOE
MOJIEJIMPOBAaHUE MOJCHUCTEM, BXOJAUINX B COelMHEHUE, Haubosee yHuBepcanieH. OH MOXKeT
ObITh IpUMEHEH A JMo0bIX coenuHeHuid. Yucnenno, Hampumep MKD, paccuuthiBaroTcs
SHEPTrUuu KOJICOAHWW TMOJCUCTEM IIPU BBEACHUHM JHEPTUU B KAXKAYIO M3 TOJCUCTEM IO
otaenbHOCTH, a KOC HaxomsTcs peleHHeM CHCTEMBbl  JIMHEWHBIX  YpaBHEHUH,
KOd(pUIIMEHTAMH KOTOPOH SBJISIOTCS JHEpruM Kojebanuit monacuctem. I[Ipu 3TOM He
WCIIOJIB3YETCSl HUKAKUX JIOMOJIHUTENbHBIX pomnyiieHuil. [Ipumep ompenenenus KOC ¢
ucrosnp3oBanneM MKD st coenwiHeHHMs IBYX Oanok mpejactaBieH B pabore [4]. bwuio
MOKa3aHo, 4TO npu ucnosibzoBaHuu KOC, MoayuyeHHbIX YUCIEHHO, pacueT DM KOHCTPYKIIUHU
U3 YeThIPEeX MOCIEeAOBATEIbHO COCIMHEHHBIX OaloK JaeT Jyd4llne pe3yJbTaThl, YeM IpHU
ucnosb3zoBannu aHanutuiyecknx KOC.

Takoil pe3ynapTar ObUI MOJYYEH MPU HCIOIB30BAHUU JETEPMUHUPOBAHHBIX HCXOTHBIX
naHHbIX. OgHAKo UIsi JMHO0O0W peanbHOW KOHCTPYKIIMA U COCTAaBISIFOIIMX €€ DJJIEMEHTOB
FeOMETPUUYECKHUE pPa3MEephl, XapaKTEPUCTUKU MaTepHasioB (IUIOTHOCTh, MOAYJIH YINPYTOCTH,
KOA(PUIIUEHTHl TOTEPh U T. [.), BEIMYMHBI BO3JCHCTBYIOIIMX CHJ, TOYKH (00nactu) ux
MPWIOKEHUS, IO BO3IEUCTBUS U T. . HUKOT/IA HEM3BECTHBI TOYHO. Kpome Toro, Ha
MEXaHHYECKHUE CBOMCTBA KOHCTPYKIIMU BIIMSICT MHOXKECTBO TEXHOJOTHYECKHX (haKTOPOB,
KOTOpbI€ MPAKTUUYECKH HEBO3MOXXHO KOHTPOJIMPOBATH: HayalbHasi KPUBU3HA, OCTATOUYHBIE U
CTAaTHYECKHUE HANPSOKEHUs, OCOOCHHOCTH CBapKd OJIIEMEHTOB H T. 1. TE€XHOJIOTHYECKUE
MOTPEITHOCTH TIPU MPOU3BOJICTBE JIIOOBIX W3ACIUNA MPHUBOAAT K TOMY, YTO MEXaHUUYECKHE
cBoOMCTBa (POpMaTBLHO HICHTUYHBIX KOHCTPYKIIMHA 3aMETHO pazinyarorcs [5, 6].

B pabore [7] mnpencraBmen mnpumep pacuera MKD BuOpauum KOHCTPYKUUH C
HEONpEIETICHHBIMI  CBOMCTBaMH. PaccMarpuBanach MEpUOAUYECKAs KOHCTPYKIHS U3
YyeTbipex (popMasbHO OJUHAKOBBIX OallOK, JUIMHA KOTOPBIX 3a/laBajlach B BHJE ClIy4ailHON
BEJIMUMHBI C OJMHAKOBBIM cpefaHum 3HaueHueM (1 M) ¢ Hekoropoit mucnepcueit (0,05 m).
Takum 00pa3zomM MoJETUpOBaIaCh KOHCTPYKLHUS C HEOMpPEIETCHHBIMU XapaKTEPUCTHUKAMHU.
beimo obHapysxeHo, uro pacdyer MKD mo aecstu HaGopaMm MCXOIHBIX JaHHBIX (CITyYalHBIX
BBIOOPOK M3 HOPMAIBHOM COBOKYITHOCTH C YKa3aHHBIMU CPETHUM 3HAYCHHEM H JUCTIEpCHeii),
JaeT BEChMa IIMPOKHUH «PyKaBy 3HAUCHUN dHEPTrUU KoyieOaHuil. DHEpruu KoyeOaHuii 6aIok B
KOHCTPYKILMU U3 OJMHAKOBBIX AJIEMEHTOB, paccuuTaHHble MKD, 3HaUMTENbHO OTIIMYAKOTCS
OT SHEPrui, YCPEAHEHHBIX MO pPe3yJbTaTaM PacyeToB JUIsi KOHCTPYKIMH H3 OalloK, AJTWHA
KOTOPBIX SIBJISIETCA CIy4YallHOM BEJIMYMHOM C OJMHAKOBBIM CPEIHUM 3HaueHueM. beul caenan
BBIBOJI O TOM, MpH pacyeTax LeraecooOpa3HO NPUMEHSATh BEPOSTHOCTHBIM MOAXOM, a
KOHEYHBIM pe3yJIbTaT MPEJCTABIATh B BUJE CPEAHETO 3HAUCHMSI U BEPOSITHOTO OTKIOHEHUS,
KOTOPOE€ 3aBUCUT OT JUCIEPCUM MCXOAHBIX JaHHBIX. Takoe MpeAcTaBICHHE KOHEYHOTO
pe3ynbrara pacyera Oojiee aJ€KBaTHO OIMCBHIBAET O0XXKHUJAaeMble BHUOPOAKyCTHUECKHE
XapaKTEPUCTUKHU CI0KHOU KOHCTPYKIMH, KOT/1a €€ CBOMCTBA HEM3BECTHBI TOUHO.

N. B. Npyweukwnin, A. B. CMONbHUKOB
OnpepeneHne Ko3hdULNEHTOB SHEPreTUYECKON CBA3KN ABYX 6anok ¢ ncnonb3osaHnem MK3:
BEPOSATHOCTHbIW MOAXOA,
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[Ipu wucnonp3oBanun DM wucXogHbiMH JaHHBIMH sBisitoTcs KOC, koaddummeHTs
BHyTpeHHUX notepb (KBII) m komebarenpHble HHEPrUU, BBOJAMMBIC B TOJCHCTEMBI. OTH
UCXOJIHbIE  JITaHHbIE B  JICHCTBUTEIIBHOCTH  SIBJISIOTCS  CIy4YalHBIMH  BEJIMYHMHAMM,
XapaKTePUCTUKU KOTOPBIX MOTYT OBITH OMNpeAeNieHbl SKCIEPUMEHTAIbHO WM YHCIEHHO.
IIpumep ompenenenuss KOC ¢ ucnonp3zoBannem MKD 11 cOeIMHEHUN CTPOUTEIbHBIX
naHeJsiel, pa3Mepbl KOTOPBIX 3a/1aBalIUCh B BUJIE CIyYalHBIX BEJTMYMH, NPEACTaBIEH B padboTe
[8]. B pabote [9] HeonpeneIeHHOCTh XapaKTEPUCTHK TUIACTHH MOJISTUPOBAIaCh TOYCUHBIMU
MaccaMH, CIy9alHbIM 00pa30oM pachpeleieHHbIME TI0 IUIacTHHaM. B maHHOW pabote
paccMaTpuBaeTcs BEPOATHOCTHBIN noaxo Kk onpeneneHuto KOC aByx 0anok B COSTUHEHUN C
npumenenneM MKD. IlpencraBien mpumep pacuera KOHCTPYKIMHM M3 YEThIpeX Oallok, B
KOTOPOM HCITI0JIb30BaHbI HalIeHHbIe TakuM o0pa3zom KOC.

1. OIPEJEJIEHUE KODOOUIIMEHTOB SHEPTETUYECKON CBSI3U MKD

Hns onpenenenns KOC cuctembl ypaBHeHu# »sHepreruueckoro Oananca (CYOB)
COCTaBJIAIOTCS ISl CIIy4aeB BBEACHUS PHEPIUU B CUCTEMY yepe3 KaKAYI0 U3 MOJCHCTEM IO
otaensHOCTH. Hanmpumep, Asst cucTeMbl U3 JBYX MOACUCTEM IOJy4YaeTcs CUCTEMA U3 YEThIpex

YPaBHEHUI JUI ompeesieHus YeThipex Heus3BecTHbIX: aByx KOC (7,,, 1,,) u nByx KBII (7,,
1,). IIpn m3BectHpix U onuHakoBbiX KBII (77) B moacucremax aHaJIMTUYECKOE pELICHUE

CHUCTEMBbI YpaBHEHM umeeT Buj [4]:

_ 77E21(E22 + El2)

> 5
EnEzz _EIZEZI
(1)
_ 77E12(E11 +E21)
21 D)
E11E22 _E12E21

rne E,,, E, E,, E,, — 3Hepruu B noacucremax, onpezensemole MKD. [lepBeiii nugpa B

UHJIEKCE COOTBETCTBYET IIOJICUCTEME, B KOTOPOW pacCUUTHIBAETCSl SHEPrus, BTOpas —
MOJICUCTEME, B KOTOPYIO BBOAMUTCS SHEPTUSI.

Takum Metoom Obutn nosrydeHbl KOC 1ByX 0MHAKOBBIX 0aJIOK, MOJCTAHOBKA KOTOPHIX B
CVY3b paBana pemenrie DM xopoio coBnajaromiee ¢ pemenrneM MKD nis KoHCTpyKIuH 13
YEeTBIPEX OJIMHAKOBBIX OAIIOK [4].

2. OIIPEJEJIEHHME KA3C IBYX BAJIOK CO CJIVUAMHBIMU
XAPAKTEPUCTUKAMU U CTATUCTUYECKHUE XAPAKTEPUCTUKHU KOC
Haiinem, nis npumepa, KOC coenunenust AByx 0anok, paccMOTpeHHoro B [4], puc. 1, npu
YCJIOBHHM HEOIPEJEICHHOCTH pa3MepoB Oanok. JKecTkoe coenuHeHne Oalok CBOOOJIHO
OIEpPTO; B TAKOM KOHCTPYKLUMHU IIOJ JEUCTBHUEM IIONEPEYHOM CHIIBI BO3ZHUKAKOT TOJIBKO
NOTIEPEYHBIE KOJIeOaHHsI, YTO YIPOIIAET PAacYeThl U aHAJIU3 PE3yJIbTaTOB, HO HE OTPAHUYHBACT
BeIBOAIBI. [lomepeunoe ceuenune Ganok — 5x1 cm (0anku coeMHEHBI MEXAY COOOH BIOJIb
JUIMHHON CTOPOHBI CEYEHMS ), MaTepUal — CTallb, KOAPGHUIMEHT BHyTpeHHUX notepb — 0.01.
["apMoHMuecKas cuiia Moo4YepeIHO NMPUIIOKEHA K CBOOOIHBIM KOHIIaM, F =1 H.

N. B. Npyweukwnin, A. B. CMONbHUKOB
OnpepeneHne Ko3hdULNEHTOB SHEPreTUYECKON CBA3KN ABYX 6anok ¢ ncnonb3osaHnem MK3:
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2 Puc. 1.

KoncTpykuus, ucronszyemas 11s
1 lF pacuera K9C MKD

Jns nonyyenus craructudyeckux xapakrtepuctuk KOC moacucreMm cieayeT BBINOJIHUTH
HECKOJILKO pacyeToB dHepruu kojaedanuiit MKD, npu KOTOPBIX B KAYECTBE MCXOIHBIX TaHHBIX
WCIIOJIB3YIOTCSA WX CiydaiiHble HaOopbl. 3ateM 1o dopmyrnam (1) paccuuteiBatorcs KOC.
Takum o6pazom ¢GopMupyeTcsi HEKOTopas BbIOOpodHas coBOKymHOCTH KOC, mo koTopoit
NpUOIMKEHHO ONPEACIAIOTCS CTATUCTUYECKUE XapaKTePUCTUKHU MeHepalbHONM COBOKYITHOCTH
KO9C noxcucreM, BXOISIINX B COSTUHCHUE.

[Tpu mMopemupoBanuu MKD Oanku pa3OuBaivch Ha CTaHIAApTHHIE OATOYHBIC SJIEMEHTHI
JUIMHOM OKoo 1 cM. DHeprum KoyieOaHWN OaJlOK PaCCUMTHIBAIUCh W3 KOMIUIEKCHBIX
CMEIIIEHUHN B y3JIaX CETKH AJIEMEHTOB, MOJYYEHHBIX B pe3yiibrare penieHus MKD. Pacuerst
BBIMOJHSUIUCh Ha PE30HAHCHBIX YacTOTaX KOHCTPYKIMH, PE3yJIbTaThl CYMMHUPOBAJINCHh B
OKTaBHBIX MOJI0CaX YaCTOT.

bbulo BBIMONIHEHO JEBATH PAaCcyeTOB, B KOTOPBIX JJIMHBI OaJIOK SIBISUIUCH CIIy4alHBIMHU
BbIOOpPKaMHU K3 HOPMAJIbHOIO pacIpelesieHus] CO CpPeIHHMM 3HaueHHeM | M MU aucnepcueit
0,05wm. Ilpum Takoil BeNMUYMHE MAUCTICPCUM PA3TUYHEC MEXKIY CIydyaHbBIM 00pa3om
TEHEPUPYEMBIMU JITHHAMU OalioKk MoKeT cocTaBisath 10 cm um Oonee. Ctonp Oonblnoe
paznuune (GopMajdbHO OJMHAKOBBIX JJIEMEHTOB HE XapakTepHO s OOJbIIMHCTBA
WH)XCHEPHBIX KOHCTpYKUMHA. OJIHAKO Ha pacHpoCTpaHEHUE SHEPruu B KOHCTPYKIUHU (Ha
K3C) BnmsieT HE COOTHOIICHHE Pa3MEPOB HEIMOCPEICTBEHHO, a COOTHOIIEHHUE MEXKIY
YacTOTaMU CBOOOJHBIX KOJIEOAHUN 3JIEMEHTOB, 3aBHUCAILIEE B PEAbHBIX YCJIOBHSIX Kak OT
pa3MepoB, Tak U OT MHOXKECTBA JAPYrux (pakTOpOB: HAaYallbHOM KPUBU3HBI, OCTATOYHBIX U
CTaTMYECKUX HaNpsHDKeHUH U T.J. B KOHeuHOM wuTore paeWcTBHE COBOKYMHOCTH 3THUX
(bakTOpOB MPUBOJIUT K TOMY, YTO BEPOSITHOCTh COBIMA/ICHUSI PE30HAHCHBIX YaCTOT (POpMaTIbHO
OJIMHAKOBBIX AJIEMEHTOB MPAKTUYECKON KOHCTPYKIMU CHUXKAETCA. DTOT (DAKT MPUOIUKEHHO
YUUTBHIBACTCS MOBBIIIECHHBIM 3HAYEHHWEM JAMCIIEPCHM JJIMHBI Oanok. BapuaHThl coequHEHMI,
115t KoTophix onpenensmuck KOC npeacrasieHs: B Ta0. 1.

Tabmuma 1. JInnaa 6anok (M), COCTaBISIFONIUX COeUHEHNE (BBIOOPKU U3 HOPMAJIBLHOTO
pacripeziesieHus co cpeaHuM 3HadeHueM 1 M u aqucnepcueit 0,05 m)

Bapuant coenuuenus

1 2 3 4 5 6 7 8 9

Oanka 1 1.067 | 0.995| 1.018| 0919| 1.076 | 1.021 | 1.010| 0.959 | 1.008

Oanka 2 0986 | 1.094| 0944 | 1.043| 0949| 0989 | 1.037] 1.074] 0.992

W. B. Npyweukwnin, A. B. CMONbHUKOB
OnpepeneHne Ko3hdULNEHTOB SHEPreTUYECKON CBA3MN ABYX 6anok ¢ ncnonb3osaHnem MK3:
BEPOSATHOCTHbLIW NOAXOA,
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Pe3ynbTaTel pacuera npeacrapiieHsl Ha puc. 2. Tam ke npencrasiensl KOC, noinyyeHHbie
no pesynbratam mojenupoBanusi MKD coenuHeHusi oquHaKOBBIX OajlOK M aHAIUTUYECKUE
sHaueHnss KOC. AmnamuthyeckuMu Mbl HaszbiBaeM 3HaueHuss KOC, paccuuTaHHble U3
Kod(dpuImenTa TPOXOXKIECHUS SHEPTHH Yepe3 COCAMHEHHE TOJMyOECKOHEUHBIX OalloK 10

opmyne 7, =7,c, / oL, [l], tne 7; — xoddduuueHt npoxoxaeHus (MO IHEPruu)
M3TMOHBIX BOJIH 13 Oanku i B 6anky j (7; =0,5); ¢, — rpynmnosas CKOpOCTh H3THOHBIX BOJIH

B Oanke i; L, — nnuHa Ganku i, L, =1 m.

KoC

10° — : : : : : . . . Puc. 2.

ol K9C nByx 6anox,
paccuntanisle MKO:

0 ~ ~
101 —— JEBATH Clly4alHBIX 3HAYEHUH 77, ,

w0l —— JIeBATH CIy4YalHbIX 3HAYEHUH 77, ,
O CPEIOHHE 3HAYCHUS 7], ,7],,

10°} a TaKKe

v KO3C g oguHakoBEIX 0alloK,

ananutnyeckue KOC

-3
10

<

-4
10" . .
31 63 125 250 500 1000 2000 4000 8000

CPEOHECTCOMETPUICCKUE YACTOTHI OKTABHBIX MOJIOC, I'm

U3 puc. 2 BuaHO, 4uTo pazdpoc 3Hayenuid KOC BecbMa 3HauuTENEH, 0OCOOCHHO B MOJIOCAX
9acTOT, COACPKAIIUX HU3IINE YaCTOTHI CBOOOAHBIX KoyiebaHmii 6amok (125...500 I'm). KOC
MaKCUMaJbHbl IPU PaBHBIX JIMHAX OaJloK, T.€. INPU COBMAJEHUM PE30HAHCHBIX YaCTOT
nojcucreM. HeGombIioe OTKIOHEHHE OT paBEHCTBA JUIMH MPUBOAUT K PE3KOMY YMEHBUICHUIO
KOC. Takume pe3ynbTaThl COIJIACylOTCS €  TEOPETHMYECKHMMM  IPEACTaBICHUSIMH,
HOJTBEPKICHHBIMU 3KCIEPUMEHTAIBHO, O IMPOXOXIEHUH BHUOPALMOHHOW 3HEPruu yepes
npersarctBua (2, 10]. C  mnosbieHneM 4actoTel «pykaB» KOC cyxkaercsa. Orninuune
K03(p(pULIMEHTOB CBS3U B ape 7),, U 77,, HE3HAUUTEIILHOE.

ITo nosyueHHBIM pe3yJjbTaTaM ONPEACIAINCH CTaTUCTHUUECKUE Xapakrtepuctuku KOC:
3aKOH pacIpelesieHus, cpefiHee 3HadeHue u aucrnepcus. Ecnu BbIOOpKHM AiIMH Oanok Juis
pacueta OBUIM CHENaHbI U3 COBOKYMHOCTH, TOAYUHSIOIIEHCS HOPMAJIBHOMY 3aKOHY
pacmpenenenusi, TO Hauboyiee MOAXOIAIMM 3akoHOM pactpenenenuss KOC sBusercs
HOpMallbHOE pacmperneneHue aecstuydoro Jsorapupma KOC. Ha Takoir ke 3akoH
pacripenienienust ykasbiBaercsa B pabore [8]. T.e. craructuueckue xapakrepuctuku KOC:

CpeliHee 3HAaUYE€HUE U CTAHJapTHOE OTKJIOHEHUE — OIPENEIAIOTCS Ul BeNUYuH 1g7,, n/wm
lg7,, , KOTOpbIE MPUMEPHO OJIMHAKOBHI B paccMaTpuBaeMoM npumepe. HopmansHoMy 3aKoHy
pacupeneneHns MOAUYMHAIOTCA TaKK€ CTAaTUCTUYECKUE  XAPAKTEPUCTUKH  BEIMYMHBI

1g(7712/7721 ) .

N. B. Npyweukwnin, A. B. CMONbHUKOB
OnpepeneHne Ko3hdULNEHTOB SHEPreTUYECKON CBA3KN ABYX 6anok ¢ ncnonb3osaHnem MK3:
BEPOSATHOCTHbIW MOAXOA,
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3. PACYET SHEPI'MM KOJIEBAHUM KOHCTPYKIIUU

3.1. KoHcTpykuus aJs pacyera
Hns  mpoBepku mosrydeHHBIX KOC  BBINOJHAIUCH pacyeThl SHEPrUM  KOJIeOaHMIA
KOHCTPYKIHH, PEJICTABICHHON Ha puc. 3.

Puc. 3.
KoHcTpykuus U3 nocinegoBaTesIbHO
3 COEJIMHEHHBIX 0aJIOK, UCIIOIb3yeMast IS
pacyera

3.2. Pacyer MKD

Pacuerst MKD Bbimonssuch i 10 BapuaHTOB KOHCTPYKIMH, B KOTOPOH JJIMHBI Oanok
SIBJISUTMCH CITy4ailHBIMU BBIOOPKAaMH M3 HOPMAJIBHOI'O PACHpPEENICHHs CO CPEAHUM 3HAUEHUEM
1 M u qucnepcueit 0,05 m (Tabim. 2), T. €. CTATUCTUYECKHE XapaKTEPUCTUKH OaJlOK TakKHe XKe,
Kak npu onpexnenenuu KOC.

Tabmuma 2. JInmnHa 6anok (M), COCTABIISIFOIUX KOHCTPYKIIHIO (CITy4aitHbIe BRIOOPKH U3
HOPMAaJIbHOIO paclpeesieHus Co CpeIHUM 3HadeHueM 1 M u qucnepcueit 0,05 m)

Bapuant Oarnka 1 Oarnka 2 Oamka 3 Oarnka 4
KOHCTPYKLHH
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

PesynbraThl pacdeToB TpeAcTaBiICHB Ha pHC. 4 (3TH pe3ylbTaThl BMECTE C OIMHMCAHUEM
MpoIIeTyPhl pacueTa ObLUTH MPEACTABICHBI B IPEABIAYIIeH paboTe aBTOpoB [7]).

W. B. Npyweukwnin, A. B. CMONbHUKOB
OnpepeneHne Ko3hdULNEHTOB SHEPreTUYECKON CBA3KN ABYX 6anok ¢ ncnonb3osaHnem MK3:
BEPOSATHOCTHbIW MOAXOA,
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E+10lgw, nb
140 — . . . . . . . . Puc. 4.

Pesynbrats! 10-tu pacuetoB MKD sneprun
Kosie0aHui 0anku 4 B KOHCTPYKLMU U3 YETBIPEX
6anok (puc. 3) npu UCOIH30BAHUH B KAUE€CTBE
MCXOJHBIX TAaHHBIX JUIS JUTHH OAJIOK CITy4YaiHbIX

BBIOOPOK U3 HOPMAJIBHOTO PACIIPENIEIIEHUS CO
cpenHuM 3HaueHueM 1 M u gucnepcueit 0,05 m

100

9ol n n n n n n n n
31 63 125 250 500 1000 2000 4000 8000

CPEAHETCOMETPUICCKUE YaCTOThI OKTaBHBIX I10JIOC, '

3.3. Pacuer OM

3.3.1. Cucmema ypaeuenuii sSHepeemu4eckozo 6aianca
B ocHoBe pacyera DM nexuT cucTeMa ypaBHeHHWil sHeprermyeckoro Oamanca (CYDB),
KOTOpast Ik KOHCTPYKIIUH, TIPEACTABICHHOM Ha PHC. 3, UMEET BH/

m+m, 1y 0 0 E, W

ol Ty 1 T T 1 — 15 0 E, _ 0 : )
0 11 TNy + 105 + 1054 43 E, 0
0 0 1134 Ny +143 )\ E, 0

rae 7, ...n, — KBII B 6ankax; 7,,...17,; — KOC 0anok; W, — MOIIHOCTb, BBOAUMAs OaIKy

| cunoit F'; E, ... E, — HEeU3BECTHBIC YHEPTUH KOJIEOAHUH, @ — KPyroBas 4acToTa.

B cucreme ypaBHenwit (2) cnywaiiHpiMu BenmunHamu sBIsIIOTCS KOC m BBOgmMas
motrHocTh. KBII 6ynem cuntath qeTepMUHUPOBAHHONW BEIMYHUHOM.

Jns mosydeHHsT KOHEYHOTO pe3yJibTaTa pacdeTa — DHEPruid KoJieOaHWUW IMOACHCTEM
(6amok 1...4) B BUIE CpeAHUX 3HAYCHUN U BEPOATHBIX OTKIOHCHHH — HAaXOJUTCSI HEKOTOPas
COBOKYyNHOCTh pemeHnii CYDbB, B KOTOpPOW HMCXOIHBIE JJaHHBIC MPEIACTABISIOT COO0M
BBIOOPKM W3 COBOKYITHOCTH CIy4yalHbIX 3HaueHuil. s QopmMupoBaHUS TaKUX BBIOOPOK
UCIIOJNIB3yeTCsl MHPOpMAIMs O CTaTUCTHUECKUX XapaKTEePUCTUKAX HCXOAHBIX JAaHHBIX Kak
CIIy4aiHBIX BEJIMYMH: 3aKOHAX PpACHpENeNICHUs, CpPEAHMX 3HAUYEHUSX, AMCIEPCHsIX. OTH
JTaHHBIE MOJy4YaeM ¢ ucnojb3oBanuem MKD.

3.3.2. Kosghgpuyuenmul snepeemuueckoul ces3u

C ucrnonb30BaHUEM cTaTUCTHUYECKUX XapakTepuctuk KOC, monydeHHbIX MO pe3yJibTaTam
pacueta MKD (paznen 2), npou3BOIWINCH ciydaitHbie BoIOOpkr KOC mis moacTaHOBKU B
CYDb. Tl'enepaums 3Hauenuit omHoro w3 KOC B mape, Tounee norapupma KOIC,
NPOU3BO/INIIACH C UCIIOJIb30BAHUEM CTATUCTUYECKUX XapakTepucTuk cooctBeHHO KOC nByx

banok (lgn, wmm lgn, ), reHepauus Broporo u3 KOC (77,) — ¢ wucnonb3oBaHHEM

CTaTHCTUYECKHMX XapakTepuctuk sorapudma ortnomenus KOC: lg(7,,/n,). Tem cambiM

N. B. Npyweukwnin, A. B. CMONbHUKOB
OnpepeneHne Ko3hdULNEHTOB SHEPreTUYECKON CBA3KN ABYX 6anok ¢ ncnonb3osaHnem MK3:
BEPOSATHOCTHbIW MOAXOA,
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JIOCTHTAJIOCh COOTBETCTBYIOIIEE PEAaNbHOCTH COOTHOIIEHHE, IpU KoTopoMm KOC B mape (77, u

7;;) OTIIMYAIOTCS HE3HAYMTENbHO Ha CPEHUX U BBICOKUX vacToTax. B CYOB noncrasisorest

K3C, paccunrtannsie no popmynam

nz'j = lo(lg%)6 ,

. 3)
=1, 1l /),

’71

A€ HHACKC «6» 03Ha4acT, 4YTO BCJIMYHHA B CKOOKax IMOoJIy4uCHa IyTeM cnyqaﬁHoﬁ BBI60pKI/I.

b

ITpumepsl renepanun KOC u otnomenus KOC B mape mpencraBieHbl Ha puc. S U 6
COOTBETCTBEHHO. TaM e i1 BHU3yallbHOTO COIOCTaBieHHs reHepupyembix KOC ¢
KOHKpeTHbIMU 3HaueHussMH KOC, nomydenssiMu MKD, mnpuBeneHbl MaKCUMalbHBIE U
muHuManbHble 3Ha4eHusd KOC u otHomenus KOC B nape, paccyuTaHHbIE B pasjene 2.

KBC
Puc. 5. KOC aByx 6amnoxk:

10°

— 1], TEHEpUPYyEMBIE B
COOTBETCTBUH C HOPMAJIbHBIM
3aKOHOM pacIpeeeHUs
Benmuunb 1g 77, (100 cnyyaiinbix

] 3HAUYEHUM Ha KaXXJI0M 4acToTe)

—&—  MAaKCUMaJIbHbIE U MUHUMAJIbHbIE

L 3HA4YEHUA 7],, , PACCUUTAHHBIE C

UCTIOJIb30BaHUEM DHEPTHIA
kose0anui, nonydeHubix MKO

oL N A (puc. 2)
31 63 125 250 500 1000 2000 4000 8000
CPEAHETCOMETPHUICCKUE YaCTOThl OKTaBHBIX IT10JIOC, FH
Rz Puc. 6.
2
10" — ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Otrnomenne K3C B nape 77, / N,
10t} ] —— 1,/n;; TeHEpUpYeMbIE B
) COOTBETCTBHH C HOPMAIbHBIM
10  § 1
3aKOHOM PacIpeIe/ICHHs
107} ] BenmumHbI g (17, /17,,) (100

CIIy4alHbIX 3HAYCHUM HA

-2 (V)

10 T Ka)XJIOM 9acToTe)

—&—  MAaKCUMaJIbHblE€ U MUHUMAJIbHbIE

3
10°} ]
3HAYCHUS 7),, /7],, »

paccuuTaHHbIE C
HUCIIOJIB30BaHHECM 3Hepl"HI71
CpeAHereoOMeTpUUECKHIE YaCTOThI OKTaBHBIX 110J10C, I’y KO J‘[e6aHHI7I’ MOy YEHHBIX MKDHD

-4
107 : : : : : : : :
31 63 125 250 500 1000 2000 4000 8000

N. B. Npyweukwnin, A. B. CMONbHUKOB
OnpepeneHne Ko3hdULNEHTOB SHEPreTUYECKON CBA3KN ABYX 6anok ¢ ncnonb3osaHnem MK3:
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3.3.3. Bsooumas mownocms

s monydeHusi CTaTUCTUYECKUX XapaKTEpPUCTUK BBOAMMON MolHOCTH pacdyeTsl MKO
BBITNOJIHSUIUCh PUMEHUTENBHO K CBOOOJHO OMNEPTOM Ha OJHOM KOHIlE Oalike, K KOTOPOW B
KOHCTPYKIIMU TIPWIOKEHa cwia (puc.7). 3aMeHa IOJTHOH KOHCTPYKIMH (parMeHTOM B
JTAHHOM IIPUMEPE PacyeTa BBIIIOJIHEHA C yYETOM TOTO, YTO IOJIHOE MOJEIUPOBAHUE PEAIBHON
CJIO)KHOM KOHCTPYKILIMM, HallpuMep CyJHa, B IIMPOKOM JHAaIla30HE YacTOT IPaKTUYECKH
HEBO3MOYKHO, WM [UISl OIpPENCIICHUs BBOAMMOM MOIIHOCTH MPUXOJUTCS OIPAaHUYMUBATHCS
(parMeHTOM KOHCTPYKIIHH.

JnuHa Ganku sBIsIACh CIydyallHOM BEJIMYMHOW CO CPEeIHUM 3HaueHueM | M u nucnepcueit

0,05 M. (cm. Tabn. 3). BBoanmasi MOLTHOCTB € UCIIOJIB30BAHUEM PE3YJIbTATOB MOJIEITUPOBAHUS
MKD onpenensnace no dopmyse W:Re(F v )/2, rae I — BosaeicTBytomas Ha Oanky

cuIa, Kotopas 3ajaercs npu moaenuposarun MKD (1 H); v' — KOMIUIEKCHO-COTPSKEHHAS
KoJiebaTenbHasi CKOPOCTh B y3JI€ MPHUIIOKEHUS CUIIBI.

B nmannoMm npumepe Obuto 0OHApyKEHO, YTO BBOJAMMAS MOIIHOCTh, PAaCCUUTAHHAS C
UCIIONIb30BaHUEM (pparMeHTa KOHCTPYKLWH, MPAKTHUYECKH COBMAJAeT C MOIIHOCTHIO,
MOJYYCHHOM IPU MOJEIMPOBAHUN KOHCTPYKIIMU U3 YEThIpeX OaloK HayMHAs C YacTOT, IJIE B
OKTaBHBIE ITOJIOCHI MTOMAJAI0T MEPBbIE Pe30HAHCHBIEC YaCTOThI 01HOM Oanku — 125 'y (puc. 8,
9). Ha Gonee HM3KMX YacTOTaxX pa3HMULA CPEAHMX 3HaueHHH (puc. 8) He3HauuTenbHa. Takue

pacyeTHbIE pe3yJIbTaThl COTIACyIOTCs ¢ AIKCIIEPUMEHTAIbHBIMU JAHHBIMH, Hatipumep [11].

1
F l Puc. 7. Konctpykuusi, ucnoyib3yemast 1Jist
% pacuera MKD BBOIMMOI MOIIIHOCTH

Tabmuua 3. J{nuna 6anku (M), puc. 7 (ciayvaiiHbie BBIOOPKH U3 HOPMAJIBHOTO pacrpeieIeHus
co cpenHuM 3HavueHueM 1 M u qucnepcueit 0,05 m)

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

N. B. Npyweukwnin, A. B. CMONbHUKOB
OnpepeneHne Ko3hdULNEHTOB SHEPreTUYECKON CBA3KN ABYX 6anok ¢ ncnonb3osaHnem MK3:
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Puc. 8.

Broaumast momHocTh (pacuer MKD):
—5— B oiHy Oanky, cpeanee no 10-tu
CIy4alHBIM JyinHaM Oaku (Tadu. 3);
—©— B KOHCTPYKLHIO U3 YEThIpeX Oalok,
cpennee no 10-tu ciyyaliHbIM
BapUaHTaM KOHCTPYKIMHU (Talu1. 2)

Puc. 9.

MaxkcumanbHble 1 MUHIMAaJIbHBIC 3HAUCHHS
BBOJMMOM MotHOCTH (pacuer MKD):
—— B oiHy Oanky, mo 10-Tu cay4aifHbIM

JuTMHaM Oanku (1ada. 3);

B KOHCTPYKIUIO U3 YETHIPEX OAJIOK,
1o 10-Tu ciy4aiiHbIM BapUaHTaM
KOHCTPYKLUU (Tadu. 2)

[To pesynbraTtam pacuera MKD (taxxe kak mis KOC) onpenensinch CTaTUCTUYECKHE

XapaKTepUCTUKH BBOJUMOW MOIIHOCTH: 3aKOH pachpeaeneHus (Haubosiee MOIXOASLINM

SIBIISIETCS HOPMAaJIbHBI 3aKOH paclpelesieHus1), cpeaHee 3HaueHue u aucrnepcus. [lo stum

JaHHBIM TPOM3BOAMIUCH CIydaliHble BBIOOPKH BBOJMMOW MOITHOCTH ISl MOJCTAHOBKU B

CVYOb.

Cﬂe;[yeT OTMCTUTL, UYTO JUCIICPCHUA BBOILHMOﬁ MOINHOCTH HAaMHOI'O MCHBIIC, YEM

mucnepcuss KOC B nmanazone uactor 125-8000 I'm (cp. puc.2 u 9). Iloatomy BiusiHue

p8.36p0C21 MOIITHOCTHU HAa KOHCYHBIC PE3YJILTATbI OTHOCHUTCIBHO HCBCIMKO U UM MOKHO OBLIO

OBl HpGHC6pC‘Ib, HCIIOJIb3YyA BO BCCX MNOCICAYIOIHUX pacyCTaxX CPCAHHUC 3HAYCHUA BBOILPIMOﬁ

MOIIIHOCTH.

N. B. Npyweukwnin, A. B. CMONbHUKOB

OnpeaeneHne Ko3pdOULMEHTOB SHEPreTUUECKOW CBSA3M ABYX 6asoK C Ucnosib3oBaHnem MK3:

BEPOSATHOCTHbIW MOAXOA,
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3.3.4. Pesynomamul pacuema M u ux conocmasnenue c MKO
PacueTsl OM OBUIH BBITIOJIHEHBI IIpu CiacayromemM o0BeEME HCXOOHBIX NAHHBIX:

— KDBC: 100 BbIOOpOK Al Ka)XJOTO COSAMHEHHsS B KaXKJIO0W OKTaBHOW IOJIOCE YacTOT U3
pacmpesieNicHusl, XapaKTEePHCTUKH KOTOPOro ompexaencHsl B pasmene 3.3.2.  Ilo

craructrieckum xapakrepuctukam KOC renepuposaincst oxud KOC u3 maper 77, u 77,

Bropoit KOC onpenensercs Ha OCHOBaHUM CTaTUCTUYECKUX XapaKTEPUCTHK OTHOLICHUS
K3C B mape (cMm. paznen 3.3.2).

— BBogumas momHOCTh: 100 BBIOOPOK M3 pachpeicsieHHs, XapaKTEPUCTHKHA KOTOPOTO
omnpeeneHsl B pa3zaene 3.3.3.

— KBII: nerepmunupoBanHas Bennuuna, 77, = 0,01.

Takum oOpazom, ObUI0 BbIMONHEHO 100 pacueToB, B KaKIOM U3 KOTOPBIX CIy4alHBIMH
BEJIMYMHAM SIBJSUTUCH 0AHOBpeMeHHO KOC u BBOgMMasi MOIITHOCT.

Pesynbrarel pacuera npuOIMKeHHBIM DM CpaBHMBAIOTCS C COBOKYMHOCTBIO U3 10-TH
pewenuii 6o1ee TounsiM MKD, mpencraBieHHbIX B pasaene 3.2.

Ha puc. 10 mpexacraBnensl sHepruu Konebanuit 6amok 1...4 B HEKOTOPHIX OKTaBHBIX
MOJIOCAaX YacTOT HUccieayeMoro nuamna3oHa, paccuntanusie MKD (10 3HaueHuil nis xaxmoi
OaJIKu B KaxJou mosioce 4acToT) u DM ¢ ucnonp3zoBanueM KOC u BBOIUMOI MOIIHOCTH,
TeHEpUPYEMBIX HA OCHOBAaHUM CTaTUCTHUECKUX XapakTepuctuk (100 3HaueHui).

Ha puc. 11 Te ke naHHBIE MPEACTABICHH B MHOM BHUJE: CPEIHUE SHEPIHH KOJeOaHUU U
TpaHUIIBl JOBEPUTEIHHOTO UHTEPBAIA KAXKI0W M3 0alOK KOHCTPYKIMHU, paccunTanHbie MKD u
OM.

N3 pucyHkoB BUIHO, 4TO pacueT DM xopomio cornacyercsi ¢ pacueroM MKD kak B yactu
CpPEHUX 3HAUYEHUW OHEprud, TaKk W B YaCTH BEPOATHOrO pa3dpoca pe3ynbTaToB.
OTHOCUTENBHO OOJIBIIIOE HECOOTBETCTBUE B mosioce 63 I’ 00ycIoBIEHO B MEPBYIO OYepehb
MOTPEIIHOCTBIO  OMpPENENICHUs BBOJUMOW MOIIHOCTA C HCIOJb30BaHMEM (hparMeHTa
KOHCTpyKuuu. B monocax 125-500 'y OM paet 3aHukeHHble Ha 2-3 n1b pe3ynbTaThl JUist
caMol yianieHHOH Oanku (4). 3To MOXKET ObITh CBSI3aHO C HEJIOCTATOYHO TOYHBIMHU OIIEHKAMH
cratuctuyeckux xapaktepuctuk KOC mpu ux onpenenenun MKD npu HeOonblioMm st
CTOJIb 3HaYHUTENBHOTO pazdopoca KOC obbveme BbIOOPKH (CM. puC. 2)

3AKIIIOYEHUE

B pabGore mpencraBimen mnpumep pacdeta KOC mnoacucteM ¢ HEONpeaeTeHHBIMU
cBoiicTBamu ¢ npumeHeHneM MKDO. OnpezneneHbl CTaTUCTUYECKUE XApPAKTEPUCTUKH: 3aKOH
pacnpenenenus, cpenHee 3HaueHue u gucnepcuss KOC nByX COENMHEHHBIX MO MPSMbIM
yriioM Oanok, JJIMHA KOTOPBIX SIBJISETCS CIyYalHOW BEIMYMHOW. OTH XapaKTEPUCTUKH
WCITOJIB30BaHbI I pacueta DM KOHCTPYKIIMU, COCTOSIIEH M3 YeThpex Oanok. Pesymbrarhl
pacuera COMoOCTaBJIEHbBI C COBOKYMHOCThIO penieHnidi MKD mjist Toil ke KOHCTPYKUHH, IJTMHA
0aJIOK KOTOpOW TakKe SIBIACTCS CilydaiHOW BennuumHOM. OOHapykeHo, 4To pacueT DM
Xopolo corjacyercs ¢ pacieroM MKD kak B yacTu cpeqHUX 3HAYCHUN DHEPIrHil, TaK U B
YaCTH BEpPOSATHOTO pazbpoca pesynbTaToB. Takum oOpazoMm, wucmnoib3oBanue MKD mms

N. B. Npyweukwnin, A. B. CMONbHUKOB
OnpepeneHne Ko3hdULNEHTOB SHEPreTUYECKON CBA3KN ABYX 6anok ¢ ncnonb3osaHnem MK3:
BEPOSATHOCTHbIW MOAXOA,
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onpeaenenuss KOC no3Bonsier He Toabko paccunThiBaTh KOC moacucreM B COCIUHEHUSX,
JUISl KOTOPBIX OTCYTCTBYIOT AHAJIMTHYECKUE PELICHUs, HO W OLIEHMBATh CTATHCTHUYECKHUE
xapaktepuctukn KOC kak ciyyailHOW BeJIWYUHBL. Takue XapaKTEpUCTUKH B CBOIO OUY€pE.lb
MTO3BOJISIFOT MOJYYHUTh SHEPTETUYECKUM METOJIOM B KAaUECTBE KOHEUHBIX PE3yJIbTaTOB pacyeTa
KoJIe0aHUM CIO0XKHOW KOHCTPYKIMHM HE TOJILKO HEKOTOPbIE CPETHUE 3HAUCHUS, HO U «PYKaBy,
XapaKTepU3yIOLIHi pa3dpoc pe3yabTaToB.

[IpencraBineHre KOHEUHOTO pe3yjbpTaTa pacyeTa B BUAE CPEAHETO 3HAYECHMS U BEPOATHOIO
OTKJIOHEHMSI QaJIeKBAaTHO OIMCHIBAET O0XHUJAAEMOE IIOBEJCHUE pPEAIbHBIX KOHCTPYKIUH,
XAPaKTCPUCTHKKU KOTOPBIX BCCTAA CJ'Iy‘-Iaf/'IHI)IM o6pa30M OTIINYAalOTCA OT HOMHMHAJIBHBIX
3HaueHui. lcnonb3oBaHHass B paboTe METONOJIOTHS OMNPENENIeHHs BHOPOAKYyCTHUYECKHX
XAPAKTCPUCTHKU KOHCTPYKIIMKU C HECOMPCACIICHHBIMU CBOMCTBAMH MOYKET OBITH IMPpUMCHCHA
JUIsL BEPOATHOCTHOIO pacyera 0osiee CIO0XKHBIX pealibHbIX KOHCTpykumid. Ilpu stom MKO
npuMeHsieTcss s (parMeHTOB KOHCTPYKLIMH, a I BCEH CIIOXKHOW KOHCTPYKIIMU

UCIIOJIb3YETCSl SKOHOMUYHBIA DM.

JIUMTEPATYPA

1. L. Cremer, M. Heckl, E. E. Ungar. Structure-Borne Sound, nd edition, Springer, Berlin,
1988.

2. B.T.Jlanynos, A.C.Huxkudopo. BuOpousomsuuss B CyIoBbIX KOHCTpyKuusx. JI.,
«Cynoctpoenue», 1975.

3. C. H. OBcsaHHukoB. PacnpocTpaHeHue 3BYKOBOH BHOpanuu B TpaKJAaHCKUX 3AAHUAX.
WznatenscTBO Tomckoro roCyJJapCTBEHHOT'O APXUTEKTYPHO-CTPOUTEIBHOTO
yHuBepcuteta, 2000.

4. W. B. I'pymeukuii, A. B. CmonbHuKOB. Onpenenenne kK03(pPUIHEHTOB YHEPTeTHUECKOM

CBSI3W JIByX OQJIOK C HCHOJB30BAHMEM METOJa KOHEYHBIX DJIEMEHTOB. DJIEKTPOHHBIN

xKypHan «TexHudeckas akyctuka», www.ejta.org, 2005, 24.

F. Fahy. Foundations of Engineering Acoustics. Academic Press, 2001.

Yang S. J., Ellison A. J. Machinery noise measurements. Oxford University Press, 1985.

7. W. B. I'pymenxuii, A. B. CMonpHuKOB. COINOCTaBIEHNE METO/Ia KOHEUHBIX 3JIEMEHTOB U
CTaTUCTHYECKOTO IHEPreTHUECKOro MeToa Ui pacyera BHOpaLUU B MEPUOIUYECKUX
KOHCTPYKUUSAX. DIIEKTPOHHBIN )KypHal « TexHuueckas akycTukay», www.ejta.org, 2005, 9.

8. C. Hopkins. Statistical energy analysis of coupled plate systems with low modal density
and low modal overlap. JSV. 2002, V. 251, No 2, pp. 193-214.

9. Phil Shorter, Robin Langley. Numerical and Experimental Validation of Hybrid FE-SEA
Method. NOISE-CON 2004, pp. 380-388.

10. B. 1O. KupninunukoB. M. H. Ky3pmuues. O06 yBenuueHHMM BHOPOM3OJSALMM HM3THOHBIX
BOJIH B TUTACTUHE BapbHPOBAHUEM (PUIBTPYIOMIMX CBOWCTB JIEMEHTOB MOJKPETIISIOIIETO
Habopa. AKycTuueckuii xxypHai, 1977, 1. 23, Boim. 3, ¢. 397-403.

11. V. Kirpichnikov, D. Liapunov, V. Savenko. On influence of resonance phenomena at
inside shell structures on vibration and sound radiation of transport means shells.
Proceedings of the 2-nd Symposium “Transport Noise and Vibration”, 4-6 October, 1994,
St. Petersburg, Russia, pp. 365-368.

SN

N. B. Npyweukwnin, A. B. CMONbHUKOB
OnpepeneHne Ko3hdULNEHTOB SHEPreTUYECKON CBA3KN ABYX 6anok ¢ ncnonb3osaHnem MK3:
BEPOSATHOCTHbIW MOAXOA,


http://www.ejta.org/

DNeKTPOHHbIV XypHan «TexHuyeckas akycTuka» 2006, 10 13 (14)

E+10lgw, 1b E+10lgw, nb
a) _ sshe 6) ' 125 Hz

801 80
701 1 701
601 ] 60l
50} ] 5o}
40l é i’» 4 40l 2 3 4
E+10lgw, 1b E+10lgw, 1b
B) o ' 500 Hz ' r) o __ lo00Hz
100} 1 100}

60} ] 60}
50} ] 50¢

. . 40 .

401 2 3 4 1 2 3 4
E+10lgw, nb E+10lgw, 1b
2000 Hz 8000 Hz

H) 110 T T e) 110 T
100 1 100
90+ ] 90}

Puc. 10. DHeprus konebanuit 6anok 1...4 B mojocax 4acToT:
CIUIOLIHbIE JINHUU — pacyeTsl OM ¢ ucnonb3oBanneM KOC, reHepupyemMbIX Ha OCHOBAHUU
cratuctudeckux xapakrepuctuk KOC, momyuenasix MK (100 pacueToB);
o — pacuetsl MKD (10 pacueToB)
a) 31,5 I'u, 6) 125 T'm, B) 500 ', r) 1000 I, o) 2000 I, e) 8000 'y

N. B. Npyweukwnin, A. B. CMONbHUKOB
OnpepeneHne Ko3hdULNEHTOB SHEPreTUYECKON CBA3KN ABYX 6anok ¢ ncnonb3osaHnem MK3:
BEPOSATHOCTHbIW MOAXOA,
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E+10lgw, nb E+10lgw, nb
1) 140 2) 140

100 100
31 63 125 250 500 1000 2000 4000 8000 31 63 125 250 500 1000 2000 4000 8000
CPEAHETCOMETPHUICCKUE YaCTOThI OKTAaBHBIX I10JIOC, FI_I CPpEAHETECOMETPHUICCKNE YaCTOThI OKTAaBHBIX II0JIOC, Fu
E+10lgw, nb E+10lgw, 0b
3) 140 4)

140

130

120

110

100

1 12 2 1 2 4 100
8 63 5 250 500 1000 2000 4000 8000 31 63 125 250 500 1000 2000 4000 8000

CPEAHETCOMETPUICCKUE HaCTOTHI OKTaBHBIX I10JIOC, Iy CPEAHETCOMETPUICCKHUEC YaCTOThI OKTABHBIX I10JIOC, T'u

Puc. 11. Cpennue sueprun kKonebaHuii 0aJ10K KOHCTPYKIIMH U TPAHUIIBI JJOBEPUTEIIEHOTO
MHTEpBaja Npu J0BEpUTENbHOU BeposiTHOCTH 0,95:
A pacuer MKD (10 pacueToB);

e pacuetr OM c ucnoas3oBanueM KOC, renepupyemMbix Ha OCHOBAHUHU
cratuctuyeckux xapakrepuctuk KOC, nomyuennsix MKD (100 pacueros);
BBO/IMMAasi MOIIIHOCTb — CIIy4yaifHasi BeIMYMHA JJ11 KOHCTPYKIUH U3 OJTHOM Oanku;

1) 6anka 1, 2) 6anka 2, 3) 6anka 3, 4) 6anka 4

N. B. Npyweukwnin, A. B. CMONbHUKOB
OnpepeneHne Ko3hdULNEHTOB SHEPreTUYECKON CBA3KN ABYX 6anok ¢ ncnonb3osaHnem MK3:
BEPOSATHOCTHbIW MOAXOA,
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