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[IpencraBneHsl pe3ysbTaThl U3MEPEHHH KOA((HUIIMEHTOB BHYTPEHHUX TOTEPh
(KBII) pa3HooOpa3HbIX CyHOBBIX KOHCTpykimid. OOHapyxeHo, uro KBII
KOHCTPYKIUNA CyJTHA OTJIMYAIOTCS OOJIBIIMM pa30pOCOM B 3HAYMTEIIPHOW CTETICHU
CIYyYallHOTO TMPOUCXOXJAEeHUSA. Ha OCHOBaHMM [aHHBIX HW3MEPEHUM OLICHEHBI
craructudeckue xapakrepuctuku KBII kak ciywaiiHoit Benuuusbl. [IpencraBieH
MpUMep pacueTa HIHEPreTHUYECKUM METOJOM pPACIpPOCTPAHEHHs] BUOpAIMU TI0
¢dbparmenty cyaHa. [Ipu 3TOM mpuMeHEH BEPOSTHOCTHBIN MOAXOJ, TJ€ B KaueCTBE
WUCXOJIHBIX JaHHbIX wucnoib3oBaHbl KBII, renepupyemMble Ha OCHOBaHHH
CTaTUCTUYECKHUX XAPAKTEPUCTHK, MMOTYUEHHBIX 110 TAHHBIM U3MEpEHU. Pe3ynbTaThl
pacdera JEMOHCTPUPYIOT BEPOSITHBIN pa3dpoc OKUAaeMON BHOpAMK yIaIEHHBIX
OT MCTOYHHMKA CYJIOBBIX KOHCTpYKUM 10 7—10 nb. TeM cambIM MOITBEpKICHA
11e1ecoo0pa3HOCTh MPUMEHEHHS] BEPOSTHOCTHOTO TOAXOJa M MPUOIMIKEHHBIX
METOJIOB JIJIsl pacueTa 3ByKOBOM BUOpAIMK | IITyMa Ha CyJiax.

BBEJEHUE

Jnst pacueToB 3ByKOBOM BHOpAIMH CyAOBBIX KOHCTPYKIUH U IIIyMa B MOMEIIEHUAX OOBIYHO
npuMeHsieTcs sHepretuueckuii meton [1, 2]. LlemecooOpa3HOCTh TPUMEHEHUSI UIMEHHO ITOTO
METOJla CBsI3aHA CO CJOXKHOCTBIO KOHCTPYKLUHHU CyJHA, COCTOSILEr0 U3 MHOXECTBa
pPa3HOOOpa3HBIX 3JIEMEHTOB, 4YeM OOYyCJIOBJI€Ha BO3MOXXHOCTh BBIIIOJHEHHUS TOJIBKO
NpUOIIKEHHBIX MPAKTUYECKHX pacueToB. B kadecTBe MCXOIHBIX JaHHBIX B CHCTEME
YpaBHEHUH SHEPreTHYecKOoro OanaHca HCIMOJNb3YIOTCA KOd()(PUIMEHTH BHYTPEHHHUX IMOTEph
(KBII) B moacucremax, K03 GUIIUEHTH YHEPTETUUECKON CBSI3M TMOJICUCTEM U KOJIeOATETbHBIC
MOIIIHOCTH, BBOAMMBIE B TIIOACHCTEMbl OT BHEIIHUX HCTOYHUKOB — MEXaHU3MOB U
o0opynoBanus cynHa. Ecinu ko duueHTsl S3HEpreTHYecKoi CBA3H U BBOJAUMBIE MOIIHOCTH
MOTYT OBITh PAacCUYMTaHBl C MPUMEHEHHEM aHAIMTHYECKUX 3aBHCHUMOCTed [3—8 u ap.] wiam
guciaeHHo [9-12 u ap.], To KBII moryT ObITE moavko uzmepewsi, IpUYeM B HATYPHBIX
ycioBusix. JlaHHbIe m3MepeHuil kodddurmentoB moreps (KII)' cymoBbIX KOHCTpYKuuil B

' Pasnuune mexny KBIT (dusmueckoii xapaktepuctukoir) u KIT (13MepseMoii BeTHUnHOI) 00bACHIETCS B
paszene 1.2
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IIMPOKOM JHAINa30HEe YaCcTOT YIaJI0Ch OOHAPYKUTh TOJIBKO B HECKOJIBKUX paboTax [5, 13]%. Ho
U B 9TuX paboTax JaHHbIE MpeACTaBICHbl BeChbMa CKYJIHO, U IO MpeABApPUTEIHLHOMY
MPEANOJIOKEHUIO aBTOPA JaHHOM CTaThU HE OTPaXKalT B IOJHOM MeEpe BO3MOXKHOTO
pazHooOpasus KII, cBs3aHHOTO ¢ peabHBIM pa3HOOOpa3ueM CyI0BbIX KOHCTpYKIui. [ToaTomy
u3mepenus KII, pe3ynbraTel KOTOPBIX MPEACTaBICHbl B JAHHOW CTaThe, OBbLIM BBIMOJIHEHBI HA
MHOXXECTBE KOHCTPYKLMM, KAKIYH0 M3 KOTOPBIX MOKHO CUMTATh BIIOJHE THUIIOBOM.
O6napyxeno uyto KII KOHCTpyKIHMii cyaHa, Ha KOTOPOM BBINOJHSUIUCH H3MEPECHHUS,
JIEMCTBUTEIIBHO MOTYT CYLIECTBEHHO pas3inyaTbCsa. Ha OCHOBaHMM MOJYYEHHBIX JaHHBIX
MPEIOKEHO HCIOJIB30BaTh TMPU pacyeTe 3BYKOBOM BHOpamMM MW IIymMa Ha CyJax
BEPOATHOCTHBIN moaxona, paccmarpuBas KII kak ciydaitHyto BennuuHy. [Ipumep pacuera
IIPEJICTaBJIEH B CTATheE.

1. KOD®OULIMEHTHI IOTEPH CYJIOBBIX KOHCTPYKIIUIA

1.1. Metoa n3mepenui

Omnpenenenne KII cynoBbIX KOHCTpYKLIMH NPOBOJMIOCH IO BPEMEHHOHN 3aBHCHUMOCTH
CHIDKEHMsI YpOBHEH BUOpaIuy 1ociie yapa KyBajinoi BecoMm 5 Kr. Meron, BUIMMO, BIIEpBbIE
npuMeHeHHbIM M. XekneM [14], ananornyeH ToMmy, KOTOPBIN MCIIONIB3Y€ETCs IPU ONIPEAEICHUN
BpeMenu peBepbepanuu B noMenienusx. KIT (7) paccuursiBaercs mo dopmyne 17 =2,2/ /T,
rne f— dactorta, [ y; T — Bpemst peBepOepanuu, ¢ (BpeMsi CHIDKEHUS] ypPOBHEH BHOpaIllui Ha
60 nb). Takoit MeTo U3MEPEHNUI OTHOCUTENBHO MPOCT MPU peAIU3allMK B HATYPHBIX YCIOBUAX
U HMMEET HEKOTOphbIe MPEUMYILECTBA M0 CPaBHEHHMIO C JIpYrMMH MeTojgamu. B uacTHocTH,
oOmensBecTHeld Meron omnpezneneHuss KII mo mupuHe pe30HaHCHBIX MAaKCUMYMOB HeE
3 PEeKTHBEH MPH BBICOKOH MJIOTHOCTH MO/ Kosie0aHui (Ha CPeTHUX M BBICOKHX YacTOTaX ISt
OOJIBIIMHCTBA KPYMHOTAa0APUTHBIX CYAOBBIX KOHCTPYKLUI), @ TaK)Ke MPU OTCYTCTBUH YETKO
BBIPQKEHHBIX PE30HAHCHBIX MAKCHMYMOB IIPH JIOCTATOYHO OOJBIINX MOTEPSX, YTO PEabHO
umeet mecto. K Tomy sxe, /U1 pacueTa BUOpaMu U IIyMa B TOJ0CaX 4acTOT (OKTaBHBIX WIIH
TPETHOKTABHBIX) HeoOXxoauMa nHpopmanus o 3HaueHusx KI1 B Tex sxe nosnocax gactor. Metox
onpeaenenuss KII mo mmpuHe pe30HAaHCHBIX MAaKCUMyMOB HE JaeT TaKhe 3HauyeHUs
HEINOCPEACTBEHHO. MeTOo/l, OCHOBaHHbIN Ha 3aKOHE COXPAHEHUS YHEPTUH, COTJIACHO KOTOPOMY
BBEJICHHAsI DHEPrusl paBHA MOTrJouieHHOH [15], mpencraBisiercs Oonee MOAXOMSAIIMM ISt
M30JIMPOBAHHBIX KOHCTPYKIMI, 4eM JUuld KOHCTPYKIMM B cocraBe cyaHa. Kpome Toro,
Ype3BbIYAHO OONBIION 00beM M3MEPEHHH NMPU pealn3aluy 3TOr0 METOAa HEMpUEMIIEM JUIs
HATYPHBIX YCIOBUH.

Crnenyer OTMETUTHh OAMH U3 HeJNOCTaTKOB MeTtona omnpexneneHus KII mo cnamy ypoBHei
BUOpAIMK, CBSA3aHHBIN C TEM, YTO aHAJM3 BPEMEHHOW 3aBUCUMOCTH CHWXEHHS YPOBHEH U ee
anmpoOKCUMAIS MPSIMOM JTUHHEH MPOU3BOJUTCSA BPYyUHYI0. B GONbIIMHCTBE CllyyaeB KpuBas

crajila ypoBHEW MMEET BechbMa CIIOKHYIO0, HEOJHO3HAUYHYI0 (OpMY, MOITOMY CYyOBEKTHBHBIC

? Hexotopsie cBeaerust o KIT cyoBBIX KOHCTPYKIHMIT PEICTABICHBI M B APYTHX paGoTax, HO HCIOIb30BATH ITH
JAaHHBIC B IPAKTUYECKUX pacyeTax 1o pa3HbIM MpHInHaM HeBo3MoxkHO. Hanpuwmep, B [4] KII momryuens! Ha
HEKOTOPOU ITPOMEKYTOUYHOM CTaIMU IIOCTPOMKHU CYy[IHA.

W. B. Npyweukunin
KoadpdurumeHTbl BHYTPEHHUX NOTEPb CYAO0BbIX KOHCTPYKLUMIA U UX UCMOSIb30BaHWE B pacyeTax 3ByKOBOW
Bubpaumm n wyma
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OIIMOKH BIIOJTHE BEPOSTHBI . BoJIee TOro, MOKHO TIPE/IIONOKHITE, 4TO CyOBEKTHBHAS OIIHOKA B
JTAaHHOM CJIy4ae SIBJISIETCSI OCHOBHOW COCTaBJISIIOIEH MOrpemHocT. CoryacHo pesysibTaTaM
ucciaenoBanuii [16] cyObekTHBHAs OmmMOKa TpHU H3MEPEHHSIX BPEMEHH peBepOepaluu B
peBepOepaliOHHBIX KaMepax MOXET OBbITh COMOCTaBHMMa MO BEJIUYMHE C OOBEKTHUBHBIMU
ommOkamu. U 3To mpu yCIIOBUH, UTO CIaJl YPOBHEH 3ByKOBOTO JIaBJICHHS B PeBEpOECpalnOHHOMN
KaMepe OOBIYHO BIIOJIHE OJHO3HAuHbIM. YucieHHas oOleHKa CyOBbEKTHBHBIX OIIHOOK
M3MEPEHU SBJISIETCA TMPEAMETOM CHEUUaNbHBIX HccienaoBaHuid. [loaTomy  oneHku
MOTPEIIHOCTH BOOOIIE HE BBINOJMHSUIMCH, a JJI CHI)KEHUS MOTPEIIHOCTH H3MEpPEHUs ¢
MOCTIEAYIOUM YCPEIHEHUEM PE3yJIbTaTOB BBINOJHSAINCH B HECKOJIBKMX TOYKax IpH yaape
KyBaJJIoll B HECKOJIbKMX JIPYTUX TOYKax, aHAJIOTMYHO TOMY, KaK PEKOMEHIYETCSI U3MEPSATh
BpeMs peBepOepanny B momenieHusx. [lonokeHue Touek u3MEpeHuil U y1apoB BEIOMPAIIOCH
cirydaifHeIM 00pa3oM. Ecim 1mo cyObeKTUBHBIM HKCHEPTHBIM OLIEHKaM pa30poc pe3ysbTaToB
OKa3bIBaJICS OOJIBIINM, TO IPOBOJWINCH JOMOJHUTEIbHBIE U3MEPEHHUS.

B HekoTOphIX ciydasx cnaj ypoBHEH BHOpaluu TOcie yJapa HE MOXKeT ObITh
arnMpOKCUMHUPOBAH C JOCTATOYHOM TOYHOCTHIO OJHOW MPSIMOM JMHUEH; TpeOyeTcs NBE WU
JTaKe TP JIMHUM, KaXJI0M 13 KoTopbix coorBeTcTBYeT cBOMl KII. OOpIuHO cunTaeTcs, 4To 3To
CBS3aHO C TE€M, YTO B IOJIOCY YaCTOT IOMAJaeT HECKOJbKO YacCTOT CBOOOJHBIX KoseOaHUil
KOHCTPYKIIMM C MOJaMH KojcOaHWH, HWMEIONMMHU pa3Hble KOI(PPHUIMEHTH TOTEpPh.
[IprMEHHTENBHO K CYJIHY — CIJIOKHOW KOHCTPYKIMH, COCTOSIIEN U3 MHOKECTBA JJIEMEHTOB,
3TOT (PU3HUYECKUI TTPOIIECC IMEET OCOOCHHOCTh, KOTOpasi IEMOHCTPUPYETCS HIKE Ha IPHMEpPE
0oJ1ee MPOCTOIl IKCIIEPUMEHTAIBHON MOJENN — «SILIUKaY.

«SmuK» COCTOUT M METaNIMYECKUX JUCTOB TONmMHON 0,7 MMm. Pa3zmepsl kaxaol u3
yeThlpex O00koBBIX cTeHOK — 0,6x0,9 M, BepxHeit — 0,6x0,6 M. CTEHKH «SIIUKA» HUMEIOT
pa3ublii ko3P duieHt norepb: KIT 60KOBBIX CTEHOK HECKOIBKO OOJIbIIe, YeM BEPXHEN CTEHKH.
Ha xpuBoii cmaga ypoBHel BuOpanuu OOKOBOMl CTEHKM B HEKOTOPBIX IOJOCaX YacTOT
OTUETJIUBO TMPOSBISAIOTCA N1Ba y4acTka (puc. 1a). JIunus crnaga ypoBHe# BHOpanuu BepxHel
CTEHKH BIIOJIHE OJJHO3HAYHO allllPOKCUMUPYETCS TOJIBKO OAHOU psiMOi TuHueH. MI3MepeHHbie
3nauenusi KII mpeacraBnensl Ha puc. 2, u3 koroporo BugHo, 4To KII GOKOBOW CTEHKH,
U3MEpPEHHbIE M0 KOHEYHOMY YYacTKy BPEMEHHOU 3aBHCHMOCTH YPOBHEW BUOpaIuu mocie
yaapa, npumepHo cooTBeTcTBYIOT KII Bepxneil crenku. Ilocne ynaneHus: BepXHEl CTEHKHU
BTOPOIl y4yaCTOK Ha KpUBOM cmaaa BuOpamuu OOKOBOW CTEHKH Impomagaer (puc. 10).
[TomydyeHHble pe3yabTaThl MOXKHO OOBSICHUTH cienytommM oOpaszom. Ilocme ymapa
KoyeOaTeNbHAs SHEPTUsl PACIPOCTPAHSIETCS IO BCEMY «SIIIMKY». B OOKOBBIX CTEHKax
3aTyXaHHe MPOUCXOAUT OBICTpEE, U B KAKOW-TO MOMEHT BPEMEHHU MX KOJIeOaHUS CTaHOBSITCS
00yCIIOBJICHHBIMHU MPUTOKOM SHEPTUH U3 BEPXHEH CTEHKH, I/ie BHyTPEHHUE MOTEPU MEHBIIIE.

AHAJIOTUYHBIE TPOLIECCHl MPOUCXOAAT, BUAUMO, B CYAOBBIX KOHCTPYKLUSX. YUYaCTOK
KpUBOH crniajia, cIeAyIoluil 3a HauyaabHBIM, MOXKET OBITh CBSI3aH C KOJEOAHUSMHU CMEXKHBIX
KOHCTPYKUUH, UMeroux cpaBHUTENbHO HU3KUN KII. T.e. HepaBHOMEpPHOCTh ciafia ypoBHEHR
nocie BO30YXKICHHS CIOKHOM KOHCTPYKIIMM MOKET OBITh CBs3aHA HE TOJBKO C pa3HOM

3 ABTOMATH3HPOBAHHbIH IIPOLIECC ONMPEIEICHIS BPEMEHH PeBEPOCPALIH, PEaTH30BaHHbII B HEKOTOPBIX
npubopax, JaeT XyAlIne pe3yabTaThl B ClIydae HEOJHO3HAYHOTO CIIajJa YPOBHEH, YeM pydHas o0paboTKa.

W. B. Npyweukunin
KoadpdurumeHTbl BHYTPEHHUX NOTEPb CYAO0BbIX KOHCTPYKLUMIA U UX UCMOSIb30BaHWE B pacyeTax 3ByKOBOW
Bubpaumm n wyma
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CKOpPOCTBIO 3aTyXaHHsl Pa3HBIX MOJ KOJICOAHWH KOHCTPYKIMH B IEIIOM, HO M C pa3HOU
CKOpPOCTBIO 3aTyXaHHs KOJICOAHWH OTHETbHBIX KOHCTPYKTHBHBIX 3JIEMEHTOB (BHUAMMO, B
MIEPBYIO OYEpPEIb CMEKHBIX ), KOJIEOTIOMNXCSl HA COOCTBEHHBIX MOJIaX.
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Puc. 1. CHmxenne ypoBHel BUOpaninu 60KOBOI CTEHKH MOCIIE yaapa Mpy HAIW4HH (a) U
otrcyTcTBUM (0) BepxHew creHku (okTaBHas monoca 1000 I')
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Puc. 2. KoaddumnmeHt norepb 60KOBOI CTEHKH, MOJYICHHBIH 110 HadaabHOMY (1) 1
CJIeIyIOIIEeMY 3a HUM, KOHEYHOMY (2), yyacTKaM BPEMEHHO 3aBUCMOCTH ypPOBHEH BUOpaIiuu
nocie yaapa, a raxoke KII BepxHeil creHkn

[To pesynpraram wusmepenuii KII, mpeacTtaBieHHBIX HHUXKE, MOXXHO BBIIBUTH (BEChbMa
YCIIOBHO, Pa3yMeeTcsl) 1B TPYMIbl KOHCTPYKIMIT: KOHCTPYKIIMH C OTHOCUTEIHHO BHICOKUMH U
OTHOCHUTENIbHO HU3KUMU noTepsiMu. Hanmuuume nByx wiam Oojiee y4yacTKOB Ha KPUBOM craja
XapakTEepHO B TEPBYIO Ouyepeab sl KOHCTPYKUMU ¢ BbICOKMMH morepsimu. Anamu3 KII,
IIOJIYYEHHBIX I10 Pa3HBIM YYacTKaM KPHUBOM cnaja, MOATBEPAWI, YTO KOHEUYHBIE YYaCTKH
KpUBOM cmaaa g KOHCTPYKLMU C BBICOKMMHM IIOTEPSIMH COOTBETCTBYIOT 3aTyXaHHUIO
KOJICOAHWH B KOHCTPYKIMSIX C OTHOCHTEIBHO MaJbIMH TOTEpsSMH. Takue KoieOaHHWs B
BO30Y’KJaeMOi KOHCTPYKIIUH C BHICOKUMH MOTEPSIMU BO3HUKAIOT BCIEACTBHE OTTOKA SHEPTUU
U TIOCJIEAYIOUIET0 OOPATHOTO MPUTOKA U3 COCEIHUX KOHCTPYKIMM C OTHOCUTEIBHO MallbIMU
HOTEPSIMH.

Takum o6paszoMm, KII koHCTpykumu, KoTOopas BO30y)KIaeTcsl MpU HU3MEPEHUsX, CIeayeT
OTIPE/ICIIATh 10 HAaYaJIbHOMY YYacTKy KPHBOM Craja ee ypoBHeW BuOparuu. MIMeHHO Tak
nostydensl KII, npencraBieHHbIE B HACTOSIIEN CTAThE.

W. B. Npyweukunin
KoadpdurumeHTbl BHYTPEHHUX NOTEPb CYAO0BbIX KOHCTPYKLUMIA U UX UCMOSIb30BaHWE B pacyeTax 3ByKOBOW
Bubpaumm n wyma
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1.2. ®usuyeckuii cmbica u3mepsiemoro KII

N3zmepsiemsnii KIT koHCTpyKIuu B cocTaBe KopItyca cyaHa (77, ) 00yclIoBiIeH BHyTPEHHUMHU
norepssMu B KoHcTpykuuu ( 77,, — KBII), oTToKOM 3Hepruu 3a mpenensl TOro ydacTKa
KOHCTPYKIINU, KoJeOaHUsl B KOTOPOM BO30Y3KAAIOTCS IIPU U3MEpeHusix (7, ), ¥ IOTEpsIMU Ha

u3inydenue (77, ):

nu:n6H+nCG+nl" (1)

Jnsa ounenku cocraBmsomux KII, moMumo mM3MepeHMI Ha IOJHOCTBIO ITOCTPOCHHOM M
000pyIOBaHHOM cyAHe, ObutM BbIMONHEHBI u3MepeHus KII ¢parmenTa KoHCTpyKIuw,
MOABEIICHHOr0 A M3MepeHuil Ha kpaHe, u KII xkoHcTpykiui cynHa Ha cramene, Korja
KOHCTPYKLIMU CBapeHbl, HO HUKAaKoe 000pyZoBaHUE He ycTaHOBJIeHO. OOHapyxkeHo, uyto KII
KOHCTPYKLUH IMOCTPOEHHOrO CyAHa HamHOro Oojbmie, yem KII Tex e KOHCTpyKUMH Ha
ctanese. B kauecTBe mpumepa Ha puc. 3 MpPEACTaBICHbI PE3YJbTaThl MOCIEAOBATEIbHBIX

n3Mepenuit KII s oqHOro 13 nepexpsITuil.

dparmeHT
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Puc. 3. KII nepekpbITHs Ha pa3HbIX CTaANUAX IOCTPOMKHU Cy/IHA

N3mepsiemprii KI1 ¢parmMenTa KOHCTPYKIIMU OOYCIIOBJIEH BHYTPEHHUMH IOTEPSIMH H

NOTEPSAMU Ha U3JIydeHue: 77, =77, +17, . YBenudenue uzMepsemoro KII nepekpbitus B cocTaBe

HE0OOpyOBaHHOTO KOpITyca Ha CTarelse, 0 CpaBHEHUIO ¢ (parMEeHTOM, CBSI3aHO B MEPBYIO
ouepe/ib C BOSHUKHOBEHHUEM OTTOKA SHEPTUU U3 KOHCTPYKIIUU B CMEKHBIE KOHCTPYKIIUU Yepe3
MOSIBUBIIMECS MEXaHUYECKHE CBSI3U (BHYTPEHHHE MOTEPU M MOTEPHU HA M3IYyYEHHUE B BO3AYX
MPAKTHYECKHU HE U3MEHSIOTCS). B manpHelinem, mo Mepe HachIleHUs CyiHa 000pyJOBaHUEM,
u3MeHsietcss B mnepByro oudepenb KBII, a oTTok sHeprur B CMEXKHBIE KOHCTPYKIHUH U
OKpYXalllylo cpeay npuMmepHo coxpansgercs. [lockonpky 3Hauenus KII koHcTpykimi
MOJIHOCTBIO TTOCTPOEHHOTO cyaHa HamHoro Oosbmie KIT xkoHCTpyKIuit HEOOOpYAOBaHHOTO
KOpITyca, MOXKHO yTBepkJaTh, uTo KII, n3mepeHHble Ha MOCTPOEHHOM CyIHE, MPAKTUYECKU
MOJIHOCTBIO O0YCIIOBJIEHBI BHYTPEHHUMU MOTEPSIMU B KOHCTPYKLUSAX, T. €. 3TH U3MEPEHHbIE
3HaueHus sBisitoTcs KBII koHCcTpyKInii.

W. B. Npyweukunin
KoadpdurumeHTbl BHYTPEHHUX NOTEPb CYAO0BbIX KOHCTPYKLUMIA U UX UCMOSIb30BaHWE B pacyeTax 3ByKOBOW
Bubpaumm n wyma
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1.3. Pe3yabTaTbl H3MepeHUH

N3smepenns npoBoawnuck Ha cyaHe qiuuHod 100 M, Bomomsmemenuem 2000 TonH. KBII
ObUTIM TONyueHbl A 19-TH pas3HBIX CyIOBBIX KOHCTpYKUUK (OopTa, AHMILE, BTOPOE IHO,
nepekpeiTue, IMaatdopma, MnepedopkHu, (QyHIaMeHT, omopHas pama). KoHCTpyKiuu
OTJIMYAIOTCSI TOJIIMHOM JIUCTOB OOIIMBKH, XapaKTEpUCTHKAMHU MOJKPEIUISIoNIero Hadopa,
MaTepuaioM (cTajb, ATIOMUHHUI, CTEKJIOIUIACTHUK); MHOTHME KOHCTPYKIMH OOJHIIOBAHBI
BUOPOIEMITPUPYIOMHUM TTOKPHITHEM, JHHUIIEC U OOpTa TpaHUYAT OJJHOM CTOPOHOU ¢ BOJOW; Ha
OOJILIITMHCTBE KOHCTPYKIIMM YCTaHOBICGHO pa3HOOOpa3Hoe o00O0pyJAOBaHHE, 3aKpETUICHbI
TPyOOIPOBOIBI, JJIEKTPUYECKHE KaOeau, JCKOPATUBHBIC IMOKPBITUS W T.I., MPHYCM,
HACHIIIIEHNEe KOHCTPYKIMH TakuM 000pyIOBaHUEM pa3inu4yHoO. T.e. KOHCTPYKIMH OTINYAIOTCS
pa3HoO0Opa3HBIMH OCOOCHHOCTSMH, KOTOpPBIE MOTYT CYIIECTBEHHBIM 00pa3oM BJIHATH Ha
s3HaueHuss KBII. JleiicTBuTeNbHO, U3 pe3yJIbTaTOB W3MEPEHUM, MPEACTaBICHHBIX Ha pHC. 4,
BUJIHO, 4TO KBII OoTIe1pHBIX KOHCTPYKIMHA MOTYT OTJIMYATHCS HA MOPSAOK.

0.1

0.01

KO3 PULIMEHT NOTEPE

0.001
64 125 250 500 1000 2000 4000 8000

cpegHereomMeTpuyeckme 4YacToTbl OKTaBHbIX MOJSoC, My

Puc. 4. KoaguumenTs! moteps 19-Tu CyI0BBIX KOHCTPYKITHI

AHanu3 pe3ysbTaTOB M3MEPEHMH I03BOJISIET BBIABUTH, HEKOTOpble Hambosee obuiue
3aKOHOMEPHOCTH. B wacTHOCTH, cpaBHUTENBHO BbicOKHE KBII XxapakTepHbI 1U1sl KOHCTPYKLIHH,
00JIMIIOBAaHHBIX BHOPOAEM(UPYIOLIMM MOKPBITUEM, U ISl TOPU30HTAIBHO PACHOJIOXKEHHBIX
KOHCTPYKUUH (mepeKphITHs, m1atdopmsbl). OcTaabHble KOHCTPYKIMH UMEIOT CPABHUTEIBHO
Huskuil KBII. Cpennne 3Hauenus Beicokux 1 Hu3kux KBII otnuuatores B 2-2,5 pasa

[TonoGHast kiaccudukanys KOHCTPYKIMHA COTJIaCyeTcsl C MCIOJb30BaHHOM B pabote [13],
I7Ie CYJIOBble KOHCTPYKLUH, pa3lIuyarolluecss BEIUYMHOW KOA(p(UIMEHTOB IOTEPb,
HOJPA3JeNIAI0TCS HA FOPU30HTAIBHBIC U BEPTUKAJbHBIC, T. €. Ha MEPEKPHITHI U MEepeOOpPKH.
HuTepecHo otmetuts, uto KBII, mpencrasiennsie B [13], u monydeHHbIe B HacTOALIEH paboTe
(ycpeaHEHHbIE 10 HECKOJbKUM TEpPEeKphITHUAM U  TepebopkaM, HEOOJUIIOBaHHBIM
BUOPOAEM(PHUPYIOIINM MOKPHITHEM) IPAKTHUECKH COBMafaoT Ha yactoTax 500—4000 It (cm.
puc. 5). Buaumo, Ttakue cpennue 3HaueHus KBII nelcTBUTENbHO XapaKTepHBI s
KOHCTPYKLUH OOJIBIIMHCTBA CY/10B.

W. B. Npyweukunin
KoadpdurumeHTbl BHYTPEHHUX NOTEPb CYAO0BbIX KOHCTPYKLMIA U UX UCMOSIb30BaHWE B pacyeTax 3ByKOBOW
Bubpaumm n wyma
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Puc. 5. KBII nepekpsiTuii 1 nepedopok, He 00IHIIOBaHHBIX BUOPOAEMITDUPYIOIIUM
nokpsiTieM, u KBII nepexprituii n nepedopok, npexacrasieHusie B [13] (De Jong)

Paznenenne KOHCTpyKIMI Ha aBE OOJBITHME KAaTErOpUHM BEChMa YCJIOBHO. B mpemenax
kaxoi u3 kareropuit KBII moryT paznuuarscs B 2—3 pasza u gaxe 6osee. [ niumrocTpanum
Ha puc. 6 TPEACTaBICHbl CPEHHE, MAKCUMallbHbie U MUHHUMabHble 3HaueHus KBII nByx
YKa3aHHBIX KaTErOpUil KOHCTPYKIIHIA.

Brmusane Ha KBII ocoGeHHOCTEH OTAENBbHBIX KOHCTPYKIIMA B TIpeaesiax KaTeropuil He
MNOTYUHSETCS KAKUM-TMOO YETKO BBIPAXKEHHBIM 3akoHOMepHOcTsM. [loaTomy Gonee
noJIpoOHOE pa3jesieHNue KOHCTPYKIUNA Ha KaTETOPUU C UCIOJIb30BAHUEM JTAHHBIX HACTOSIINUX
M3MEPEHUI BBINOJHUTh HE yaaercs. Bo3moxkHo, uro BiausHue Ha KBII Tex wim uHBIX
0COOEHHOCTEH KOHCTPYKIIMHA MOXET OBITh OOHApY>KEHO MpHu OoJiee MOAPOOHOM H3YUYEHUH.
OpnHako mpu pacueTax BUOpalMU U IIymMa MPOEKTUPYEMBIX CYIOB, C YYETOM pazHOOOpa3us
KOHCTPYKTHUBHBIX OCOOCHHOCTEW, KoTopble MoryT Biuath Ha KBII, npencraBisercs
HepealibHbIM Ha3HauuTh KBII, To4HO COOTBETCTBYIOMIME KAk A0 KOHKPETHOW KOHCTPYKIIUH.
[ToaTomy crenyeT HCMONb30BaTh HEKOTOPhIE 0OOOIICHHBIE JAHHBIE, U MOJTYYEHHBIX JaHHBIX
BIIOJIHE JOCTATOYHO JUISl MPAKTUYECKUX PACUETOB.

0.1
—0O— cpegHve

BbICOKME
— — MaKc.
BbICOKME
— — MMH.
BbICOKME
—&— CpefHue
HU3KMEe
Makc.
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HU3KME
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0.001
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Puc. 6. KBII nByx kareropuii CyJ0OBbIX KOHCTPYKIMI: C OTHOCUTEIBHO BBICOKUMU U
OTHOCHUTEJIbHO HU3KUMU MOTEPSIMU (CpelHNE, MaKCUMAJIbHbIE 1 MUHUMAaJIbHbIE 3HAUECHMS])

W. B. Npyweukunin
KoadpdurumeHTbl BHYTPEHHUX NOTEPb CYAO0BbIX KOHCTPYKLMIA U UX UCMOSIb30BaHWE B pacyeTax 3ByKOBOW
Bubpaumm n wyma
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1.4. MHMcnoub3oBaHue pe3y1bTATOB H3MEPEHU I

[Ipu ctone 3HaunmtensHOM pa3dopoce KBII ypoBHM BuOpanuu KOHCTPYKIMK CYJIHA,
paccuutanubie 1o cpemHuM KBII, MOryT cCymiecTBeHHO OTIMYaThCS OT (PaKTHUECKHUX
(M3MEpEeHHBIX) 3HAYeHHH ' . MOXHO MPEAOIOKATh, YTO INPH pacdeTe IelecooOpasHo
MCITOJIB30BaTh BEPOSITHOCTHBINA MOIXO/I, Toyarasi, uro pazopoc KBII B mpenenax ykazaHHBIX
BBIIIIE KATErOPUM UMEET cllydaitHoe poucxoxaenue. Craructuueckue xapakrepuctuku KBIT
KaK CITy4yalHOM BETMYMHBI MOTYT OBITh TIOJIYUYEHBI [0 TAHHBIM U3MEpPEHUI.

2. CTATUCTHUYECKUE XAPAKTEPUCTHUKU KBII

BriosiHe moaxoasIIMM 3aKOHOM pachpezieicHus u3MepeHHbIx 3HaueHuit KBII sBnsercs,
HOPMAaJIbHBIN 3aKOH pacmpeneneHus jgorapudma 3tor BenuduHsl (1g7). Ha ocHoBanum 3T0i#

TUNOTE3bl M (PAKTUYECKMX  JaHHBIX H3MEPEHHUH  OINpPENeNsIOTCS  CTaTUCTUYECKHE
XapaKTepUCTUKH BEJMUMHBL: Cpe/lHee 3HaUeHUe U CTaHIapTHOE OTKIOHeHue (aucnepcusi). [1o
9TUM XapaKTEpPUCTUKAM M 3aKOHY pacHpeleNICHHs MBI MOYKEM TI'€HEpUPOBATh CilydailHble
3HayeHuss KBII s ucnonb3oBaHus B BEpOSTHOCTHOM pacyeTe BUOpalMM U IIyma CyJHa.
Tounee, renepupytorcs 3HadeHus norapudma KBII, kotopsie 3aTem npeobpasyrores B KBII

1
no Qopmyne 7, =10*" (ummekc «g» O3HayaeT TeHepHpyeMmoe 3Hadenue). Ha puc. 7

npeacrasienbl 500 ciywaiinbix 3HadeHnit KBII B kakmoil OKTaBHOM mojioce, a Takxke
CTAaTHCTUYECKUE XAPAKTEPUCTUKU ITOW COBOKYITHOCTHU: CpPEHUE 3HAUCHUS (MaTeMaTUYECKUe
OKUJaHMs) ¥ TPAHUIIBl TOBEPUTEIHLHOTO MHTEpBaia MpU IOBepUTEIbHOU BeposiTHOocTH 0,95
(BO BCcex MOCIEQYIOIIUX pacyeTax JIoBepuTeiabHas BeposTHOCTh paBHa 0,95). [IpencraBnenst
TaK)K€ CpellHhEe, MaKCUMaJlbHble M MUHUMaJIbHbIE M3MepeHHble 3HaueHuss KBII. U3 puc. 7
BUJIHO, uTO reHepupyemble KBII BrosHe COOTBETCTBYIOT M3MEPEHHBIM.

3. BEPOSITHOCTHBIN PACUET KOJIEBAHMI KOHCTPYKIIUA

PaccmoTpuM BeposTHBIM pa30poc KOHEUHBIX pPE3yJbTaTOB pacyeTa BUOpALMU CYIOBBIX
KOHCTPYKIIWH, CBSI3aHHBIN ¢ HeomnpeaeneHHOCThio nHpopmanuu o KBII, Ha nmpumepe pacyera
BUOpanmu (parMeHTa yCIOBHOTO Cy/THA.

Jns pacyera ucnonb3oBaHa KOHCTPYKIUS U3 22 OJMHAKOBBIX CTAJIbHBIX IUIACTUH 3x3 M,
TOJIIMHOW 7 MM, TpeJCTaBlieHHass Ha puc. 8a. Pacuer BBINOMHAETCS SHEPreTHYECKUM
METOJIOM. DHEpPrusi BHEIIHUX UCTOYHHUKOB (W), paBHas | Ha Bcex yacToTax, BBOJUTCS B
HIDKHee niepekpbIThe (1). DHeprus konebaHuil INIaCTUH PaCCUUTHIBAETCS ITyTEM COCTABJICHUS
W pEIICHWS CHUCTEeMBbl ypaBHeHHI 3Hepretuyeckoro Oananca (CYBJ). Koaddurments
SHEPreTUYECKONl CBSA3M PpACCUUTHIBAIOTCS W3 M3BECTHBIX AHAINTHUYECKUX 3HAYCHUI
K03(pPpULIMEHTOB MPOX0XKIAECHHS Yepe3 COEAUHEHNUS IIJIACTUH, KOTOPbIe MPUMEPHO paBHbI 0,5 —
st yraoBoro coenumHenus, 0,2 — mus T-oOpasHoro, 0,1 — i KpecTooOpa3HOTO.
Y4uThIBaETCS PACIPOCTPAHEHHUE SHEPTHH TOJIBKO 110 KOHCTPYKLMH (TIOMEILEHHS] HE BKIIFOYEHBI
B CYDB). KBII nmiacTuH KOHCTPYKIIMH SIBJICTCS CIyYalHON BEIIMYMHOM, 32 MCKIIFOUCHHEM

4 Pasymeercsi, IMEIOTCS H APYTHE HCTOYHHUKH MTOTPEIIHOCTH PacueTa, KOTOPBIE 31eCh He PaCCMaTPUBAIOTCS

W. B. Npyweukunin
KoadpdurumeHTbl BHYTPEHHUX NOTEPb CYAO0BbIX KOHCTPYKLMIA U UX UCMOSIb30BaHWE B pacyeTax 3ByKOBOW
Bubpaumm n wyma



DNeKTPOHHBIV XypHan «TexHuyeckas akyctuka» 2007, 4 9 (12)

KBII mectu OOKOBBIX IIJJaCTHH CEpPOTO IIBETa, KOTOpBIM 3amaH paBHbIM 0,9, YTOOBI

npUOIMKEHHO CMOJIEIMPOBATh HEOOPATUMBIN OTTOK SHEPTUH 3a MpeAeIibl pacCMaTPUBAEMOT0

dbparmenTa cyaHa.

KBIT

10° — : : : : : : :

10 +

-4
10 1 1 1 1 1 1 1 1
63 125 250 500 1000 2000 4000 8000

CPEAHETCOMETPHUICCKHE YaCTOThI OKTaBHBIX I10JIOC, FH
Puc. 7. KoagdumumeHnTs! noteps:
M3MEpEHHBIC 3HaUCHHUS (CpeJHNEe, MAaKCHMaIbHbIC 1 MUHUMAJIbHBIC 3HAUCHHS);

TCHEPUPYEMBIC B COOTBETCTBUU C HOPMAITLHBIM 3aKOHOM PacIpeaeiiCHUs
BenuuuHbl Ig7 (500 3HaUeHUI HA KaXKI0M 9acTOTe);

cpennue 3HaueHus reaepupyembix KII, a Taxoke BepXHss U HUKHSISI TPAHULIBI
JIOBEPUTENIBHOTO UHTEPBaja IpHU JOBEPUTEIBHOU BeposiTHOCTH 0,95

[Ipouienypa pacuera aHAJIOTMYHA WCIONB30BaHHOW B [17] mpu OlEHKE BIUSHUA

HEOTPEACIICHHOCTH KOA(PPUITUSCHTOB YHEPTETHICCKON CBS3H MOJICHCTEM:

1.

2.
3.
4

Jnst moacucrem reHepupyrotTed cirydannbie 3HaueHus KBIT.

Haxopnsatcs pemenust CYOBb.

Takast mpoueaypa BBIIOJIHIETCSI MHOTOKPATHO.

I1o COBOKYIIHOCTH pELIEHUI ONPEAEISIIOTCS CTATUCTUYECKUE XapaKTEPUCTUKH
pe3yabpTaTOB pacyera.

Ha puc. 8(0) npeacraBieHsl 3HEPTHH KOJIeOaHM iepekphIiThii 1, 2, 3 1 4, 0003HAYCHHBIX HA

puc. 8(a), paccumtanubie s 500 cmydaitaeix HabopoB KBII (puc. 7); Ha puc. 8(B) —

JIOBEpUTENIbHBIE MHTEPBaJbl JAJII COBOKYIHOCTEW pE3yJIbTaTOB pacuera; Ha puc. 8(r) —

NIMPUHA 3TUX JOBEPUTENBHBIX MHTEPBANIOB, T. €. IIMPHUHA «PYKaBa» 3HAYCHUM DHEPIUH, B

KOTOPBIA MOTYT IOIAJaTh pe3yJbTaThl pacdera MpH HeolnpeaeneHHblx 3HadeHusx KBII. 13

pUC. BUHO, YTO AJISl YAAJIEHHBIX NMEpPeKpbITHil (2, 3, 4) mupuHa JOBEPUTEIBHBIX UHTEPBAJIOB

nocturaet 7—10 nb.

W. B. Npyweukunin
KoadpdurumeHTbl BHYTPEHHUX NOTEPb CYAO0BbIX KOHCTPYKLMIA U UX UCMOSIb30BaHWE B pacyeTax 3ByKOBOW
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Puc. 8. ®parmMeHT ycmoBHOTO CyIHA JUIsl IpUMeEpa pacdeTa (a) U pacCuuTaHHAsT SHEPTHsI

konebanuit mepekpeiTuii 1 (3enmeHsiid, ©), 2 (kpacHbli, O0), 3 (KENTHIH,

), 4 (uepHbIii, ©):

0) BCe 3HAUYCHUS, B) JIOBEPUTEIbHBIC HHTAPBAJIBI, T') IIIMPUHA TOBEPUTEIIbHBIX HHTEPBAJIOB

W. B. Npyweukunin

Ko3dhdUuUMeHTbl BHYTPEHHMX MOTEPb CYAO0BbIX KOHCTPYKLMA U UX UCMONb30BaHNE B pacyeTax 3ByKOBOWA
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3AKIIIOYEHUE

Koaddumment BHyTpenrnx noreps (KBII) — ognHa w3 BenWuYWH, HCMONB3YEMBIX IMPHU
pacueTe 3ByKOBOM BHOpAIlMH U IIyMa, BBIIIOJHSAEMOM MPH MPOSKTUPOBAHUH CyJIHA, KOTOPYIO
MO>KHO ITOJIyYUTh TOJIBKO U3MEPEHUAMU. [Ipy 3TOM U3BECTHBIE NaHHBIE HATYPHBIX U3MEPEHUI
KBII kpaiine orpanndensl. C 1eNbI0 TOTYYECHUS JOMOTHUTEIBHOW HHPOPMALIUU U3MEPEHHS
KBII BbInoONIHEHB! HA MHOKECTBE KOHCTPYKILINUN TUIIOBOTO CYy/IHA.

OCHOBHOI BBIBOJ IO pe3yJIbTaTaM U3MEPEHUI COCTOUT B TOM, uTO pa30Opoc 3HaueHuit KBII
KOPIIyCHBIX M BHYTPHUKOPIIYCHBIX KOHCTPYKLHUH CyJHA 3HAQYUTEJICH: MaKCHUMAaJbHbIC U
MuHuManbHble n3MepeHHsle KBII otnnuarorest Ha nopsinok. KBII 3aBucHT 0T cOBOKynHOCTH
MHOXeCTBa BecbMa HeomnpeeneHHbx ¢akropos. Hanpumep, KBII B 3HaunTenbHOM cTenenn
3aBUCUT OT HACBIIIEHHUS KOHCTPYKIMU CYJIOBBIM OOOpYZOBAaHHEM, T. €. OT KOJUYECTBA U
CBOWCTB MEXaHHM3MOB, O0OOpyIOBaHHS, TpyOONpOBOJAOB, KabOeieW, 3alMBOK U T.II.,
3aKpEIJICHHBIX Ha KOHCTPYKIIMH, a TAK)KE, BUAUMO, OT CBOMCTB KPEIIJICHUM.

AHanu3 Bcell COBOKYNTHOCTHM PE€3yJIbTaTOB M3MEPEHHUI MO3BOJSET BBIIBUTH HEKOTOPbIE
o0mue 3akoHOMepHOCTH. B wactHocTH, Gonee Bbicokue 3HaueHuss KBII xapakrepnsl s
KOHCTpyKUuWH, obmunoBanHbix BJIII, u 11 BHYTPUKOPIYCHBIX KOHCTPYKIHH (Haxe
HeoOnumoBanHbiXx BJIIT), pacmonoskeHHBIX TOpU30HTANBHO (TIepekphiTuii, mnatdopm). KBII
TaKuX KOHCTPYKLUH B cpeaHeM B 22,5 pasa 6onbiie KBII apyrux xoncrpykuuii. OnHako B
npejenax 3TUX IBYX KaTeropuil KoHcTpykuuid pazopoc KBII ocTaercst 3HaunTENBHBIM.

[Tpu GonbIIOM U B 3HAUUTEIBHON CTEeTIeHU ciiydaiiHoM pazopoce KBII oTaenbHbIX Cy10BBIX
KOHCTPYKLMH IIPM pacdyeTe HEBO3MOXXKHO HAa3HAYUTh KaXKIO0M KOHCTPYKIUH TOYHO
coorBercTBytomue ei KBII. HMcnonb3yrorcs Hekoropele cpenHue 3HadeHuss. OnHaKo
NPEICTaBICHHBII  IPUMEpP  BEPOSITHOCTHOIO  pacyeTa  JHEPreTUYECKUM  METOJIOM
BUOpAIIMOHHON 3HEPruM KOHCTPYKIMH (pparmMeHTa yCIOBHOTO CyAHA NOKa3al, 4yTo s
yIAJIEHHBIX KOHCTPYKLUHMI BO3MOXHBIM pa3zdpoc BHOpauuu (IIMpHUHA JOBEPUTEIILHOTO
MHTEpBaJla pe3yJIbTaTOB BEPOSITHOCTHOTO PacyeTa), CBI3aHHbII TOJBKO C HEONPEAEICHHOCThIO
3Hauennit KBII pocruraer 7-10 nb. HeompeneneHHOCTh Opyrux HMCXOAHBIX JaHHBIX,
UCIIOJIb3YEMBbIX B 3HEPIeTHUECKOM METO/IE pacueTa: KO3 PHUIUEHTOB 3HEPreTUUECKON CBSI3U U
BBOJIUMON MOIIHOCTHU [17] — mpuBeAeT K yBEIMUEHHIO BEPOSITHOTO pa3dpoca pe3ysbTaToB
pacuera.

[Tpu TakoMm OoJbIIOM pa3dpoce cpelHie pacyeTHbIe 3HAUE€HUs He JAl0T JOCTATOYHO SCHOTO
IpeCTaBiIeHNuss 00 OXXKUIAEMBbIX YPOBHSX BHOpanmu M nryma. bonee ajgekBaTHBIM sIBIseTCA
BEPOATHOCTHBIN MOAXOJ K pacdery, P KOTOPOM pe3yjbTaThl pacdyera MpeICTaBiIsIOTCS B
BUJIE CPEIHETO 3HAUYEHUS U BEPOSTHOTO OTKIOHEHUS.

OsxuaeMblil O0JIBLION BEpPOATHBIN pa30poc pe3ybTaToB pacuyera 0OyCIOBIEH peanbHOM
HEOIPEeICHHOCThIO (PU3MUECKUX XapaKTEPUCTUK CYJIOBBIX KOHCTpYKLHUH, B ToM uncie KBII,
pPacCMOTPEHHBIX B cTarbe. CIEACTBHEM 3TOrO SIBJISETCS NMPUHLUIHNAIBHAS HEBO3MOXHOCTH
BBIMOJIHEHUSI KAKMX-IMOO TOYHBIX pacyeToB U  11e1ecO00pa3HOCTh  HCHOJIb30BAHUSA
NpUOIMKEHHBIX METOJIOB, K KOTOPBIM OTHOCUTCS SHEPI€TUYECKUN METOI.

ABtop Onaronaput A. A. ['puiinHa 3a MoMoIlb B IPOBEIEHUHN U3MEPEHU.

W. B. Npyweukunin
KoadpdurumeHTbl BHYTPEHHUX NOTEPb CYAO0BbIX KOHCTPYKLMIA U UX UCMOSIb30BaHWE B pacyeTax 3ByKOBOW
Bubpaumm n wyma
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