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Cpenu UCXOAHBIX JAHHBIX MPHU pacyeTe 3ByKa U BHOpPALMM 3HEPreTHUECKUM
METOZIOM OCOOCHHO BaXHBI Ko3(duuumeHTsl sHepreruueckoir cps3u  (KIC)
MIOJICUCTEM, KOTOpBIE HapsAy ¢ KO3 (UIEHTaMH BHYTPEHHHUX MOTEPh COCTABIISAIOT
MaTpUIly CHUCTEMBl ypaBHEHHMH sHepreTuyeckoro Oamanca. KOC wmoryt ObITh
ONpENIeNIEHbl  AHAINTHYECKH, OSKCIEPUMEHTAJIBHO WM IyTeM YHCICHHOIO
MonenupoBanus. Haubonee yHuBepcaabHBIM, HO MeEHee pa3pabOTaHHBIM Ha
CEerOJHAIIHUN JIHb, SBIACTCA TOCJIEIHUNM cmoco0. B manHoit  pabote
npencrasiaeHo ompenenenne KOC nByx Oallok B yIJIOBOM COCIWHEHHH ITyTEM
MOJICJIUPOBAHUSI CUCTEMBl METOJOM KOHEUHBIX 3yeMeHTOB. [lokazaHo, 4TO
noJryyeHHble TakuM criocooom KOC oTnuyaroTcs OT aHaTUTUYECKUX 3HaYeHUH, HO
JAI0T JIydllMe pe3yJbTaThl INPH HCIONb30BaHUM Ui pacueTa BUOpanuu B
KOHCTPYKIIMH, COCTOSIIEH U3 YETHIPEX MOCIEA0BATEIFHO COSMHEHHBIX OaJIOK.

BBEJIEHUE

Haunbonee pacnpocTpaHeHHBIMU B COBPEMEHHOM MPAKTUKE METOJAaMH PacueToB B 00JIACTH
KOJICOAHUHN CIIOXKHBIX MHXKEHEPHBIX KOHCTPYKLHMH SIBISIOTCS METOJ KOHEYHBIX 3JIEMEHTOB
(MKD) wu osneprertuueckuii wmeron (OM). DHepreTuueckuii MeETOJ YacTO Ha3bIBAIOT
CTAaTHCTUYECKUM dHEepreTudeckuM metogoM (COM), umest B BUIy OCOOCHHOCTH JOMYIIEHUN
IIPU €ro NPUMEHEHUH. DTU METO/Ibl pean30BaHbl B BUJe KomMepueckux nporpamm: ANSY'S,
NASTRAN, ABACUS (MKD3), AutoSEA, SEAM, SEADS (OM) u np.

MKD sBrnisiercst 60ee TOUHBIM U YHUBEPCAIBHBIM, HO JOPOTOCTOSIIIMM METOJIOM pacueTa,
IOCKOJIBKY ~ TpeOyeT TIOCTpOEHHs BechbMa MNOAPOOHOM  MOJENH  KOHCTPYKIMH U
BBICOKOIIPOU3BOJUTENBHBIX ~ CPEACTB  BBIYMCIMTENBbHONM  TexHuUkH. Iloatomy MKO
npuMeHsieTcss OOBIYHO Ha HMH(Pa3BYKOBBIX M HHU3KHUX 3BYKOBBIX yacToTax. OM
npuOIVMKEHHBIH, HO 0ojee SKOHOMHUYHBIA. DKOHOMUYHOCTH ONPEACISAIOT YIPOIIEHHOE
MOJICIMPOBAHNE KOHCTPYKIMH, MEHBIINH 00bEM HCXOAHBIX JaHHBIX, HEBBICOKHE TPEOOBAHMUS
K BBIYMCIIUTEIBHON TEXHUKE.

[Tpu pacyere DM Hango 3HaTh K03 dumenTsl sHeprerndeckoit cesi3u (KOC) anemeHToB,
COCTABJIAIONINX KOHCTpyKuuio — moacucreM. KOC moacucteM MOryT OBITH pacCUMTaHBI
AHATUTUYECKH — U3 KO3(PPHUIINEHTOB MPOXOXKICHHUS SHEPTUH Yepe3 COSAUHEHHE TOICUCTEM.
OpnHako Takue KOd(UIMEHTH MPOX0KICHUS U3BECTHBI U3 aHAIUTHYECKUX PEIICHUH JIUIIb
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JUIST HEKOTOPBIX AJIEMEHTapHBIX TUTOB coenuHenui (I'-, T-, kpecTtooOpa3Hble COeAMHEHUS
MOJIyOSCKOHEYHBIX OaJloOK WJIM IUIACTUH W HeKoTopeie npyrue [1]). Jas mpakTHIecKux
pacyeToB TakoW WH(OpMaAIMKM 3a4acTyr0 OBIBaeT HEAOCTATOYHO. OKCIEPUMEHTAIbHBIN
crioco0 onpeaenennsi KOC He oTau4aeTcs Mo CyTH OT pacCMaTpUBAEMOI0 HUKE YUCICHHOTO
crocoba, HO SABISAETCS TPYJOEMKHM U JOPOTOCTOSIIMM, IMOCKOJIbKY TpeOyeT opraHu3aluu
CJI0KHOTO (PU3HUECKOT0 IKCIIEPUMEHTA.

B ocnoBe yHuBepcansHoro cnioco6a onpeaeneauss KOC (st m00bIX COSTMHEHHI) JTCKHUT
YUCIIEHHOE MOJICJIMPOBAHUE TOACUCTEM, BXOASmMX B coeauHenue. [Ipu stom MKD
PAcCUMUTHIBAIOTCS HHEPIHMM KOJEOAHWN IMOJACHCTEM IPHU BBEAECHUU DHEPIHUM B KAXKAYIO U3
MOJICUCTEM MO OTHenbHOCTH, a KOC HaxoasaTcs pelieHreM CUCTEMBbl JTUHEMHBIX YPaBHEHUH,
kod(puImeHTaMn  KOTOpOH  SIBIISIIOTCS  DHEPruM  KojeOaHwii  moxacucteMm. Ilpumep
onpeaenenuss KOC c ucnonb3oBanneM MKD nns coenvHeHUN MIAacTHH (CTPOMUTEIBHBIX
naHesnei) mpeactaBieH B pabore [2]. [lpudyem pasmepbl IJIACTUH 3a7aBajuCh B BHUJC
CIIy4aliHbIX BEJIMYUH, YTO OTPAXAET pEAJbHYI0 CHUTYyallll0, KOIJa XapaKTePUCTHKHU
KOHCTPYKLMU HEU3BECTHBI TOYHO. Takoil MoaXod K MPaKTUUECKUM pacdyeTaM IMpeICTaBIseTCs
€MHCTBEHHO MPAaBUJIbHBIM, OJIHAKO HE IMOKa3bIBAET JOCTATOYHO SICHO, Kak cooTHocsATcss KOC,
MOJlyYEHHBbIE AHAJIMTUYECKH U YHCIEHHO, M KOHEYHbIE pE3yJbTaThl pacueTa (SHEPTruu
KOJICOAHUH TOJICUCTEM), TIONYYCHHBIE C HCIONb30BaHueM Tex M apyrux KOC. B mannoi
paboTe Takoe CpaBHEHHE BBIMOJHIETCS Ha IpuMepe OaloK C JeTEpMUHUPOBAHHBIMU

CBOMCTBaMH B YIJ1I0BOM COCAVHCHUM.

1. OIPEJEJIEHUE KODDOUIIMEHTOB SHEPTETUYECKOM CBSI3U JBYX
INOACHUCTEM MKD

Hns ompenenennss KOC cuctembl ypaBHeHHi »Heprerumueckoro Oamanca (CYDB)
COCTABJIIIOTCS ISl CIIyYaeB BBEACHHUS PHEPTUU B CHUCTEMY 4epe3 KKAYIO U3 MOJCHCTEM IO
OTACJIBbHOCTH. Haan/IMep, AJI1 CUCTEMBI U3 JIBYX IMMOACUCTEM IMOJIYUaCTCAd CUCTEMA U3 YCTBIPEX

YPaBHEHUH Ul oOHpejeNeHus ueTblpex HeusBecTHwIX: AByX KOC (7,,, 17,,) ¥ ABYyX

K03((OULMEHTOB BHYTPEHHUX NOTEPH (77, 77, ):

mE, +n,E, —ny,Ey =W, / @,
mE, +n,Ey —n,E, =0

(1
mE, +1n,E, =1, Ey, =0;
Ey +0,Ey =B =W, 0,
rne E,,, E, E, , E,, — sHepruu konebanuil nmoxcucrem | u 2 (IepBbIil MHAEKC) NpH

BBE/ICHHM PHEPruM B mojacucreMy 1 u 2 (BTOpOil MHHAEKC), COOTBETCTBEHHO; W, u W, —

BBOJIMMBIE MOIIIHOCTH. DHEPIHH KOJICOAHUN U BBOJIMMBIE MOIIIHOCTH onpenenstores MKD.
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AHaTUTHYECKOE PEIICHUE CUCTeMbl ypaBHeHHH (1) mmeeT BUI:

W, o)E Wo)E, .
e EzEElzl/i)ézlzlElz ; (2) e EZEEll/f)L’vZIEH , (3)
n = W/ @)E,, — (W, | @)E,, : @) n, = W, /@)E, —(W,/@)E, _ (5)

E22E11 - E21E12 E22E11 - E21E12

[Ipu wu3BecTHBIX KOd(hGUIUMEHTaAX BHYTPEHHUX TMOTEPh J[UIA OIpEeNeieHHs] JABYX
HEU3BECTHBIX 7], U 7],, MOXHO HCIOJb30BaTh IO OJHOMY YPaBHEHHIO W3 KaKIOW Haphl,

HaIpumep:

mE, +1ny,E, —npE, =0,

(6)
mEy, +nyE, —ny,E,), =0.
Otcroga
" = E21(772E22 +771E12) ) 7, = E12(771E11 + 772E21). e
12 1)
E11E22 _E12E21 E11E22 _E12E21
HpI/I OJNHAKOBBIX BHYTpeHHI/IX HOTepﬂX B [IOACHUCTEMAX:
n, = 77E21(E22 +E12) . ) = 77E12(E11 +E21). ®)
” EnEzz _E12E21 E11E22 _E12E21

[Ipu wucnons3zoBanuu pemenuid (7) wm (8) He Tpedyercs ONpenessiTh BBOIUMYIO
MOIITHOCTb, YTO YIPOIIAET PacUeThl.

2. IIPUMEP OIIPEJEJIEHUA KOC JIBYX BAJIOK B YI'JIOBOM COE/IMHEHNN

Haiinem, mia nmpumepa, KOC coenuHeHuss AByX oauHaKoBbIX Oainok, puc. 1. Xectkoe
coeluHeHHe OajoK CBOOOJHO OMNEpPTO; B TaKOW KOHCTPYKLMHU TOJ JEHCTBUEM IONEPEUHOMN
CHJIbl BO3HMKAIOT TOJIBKO IIONEpeuYHble KoJeOaHMs, 4YTO YIPOINAeT pacdeTbl U aHaIu3
pe3yJIbTaToOB, HO HE OIpAaHMYMBAET BbIBOABL. /lyinHa Oanok — 1 M, momepeyHoe ceyeHue —
5x1 cm (Oanku coeMHEHBI MEXKAY COOOW BIOJIb JUIMHHON CTOPOHBI CEUCHUs), MaTepral —
ctanb, kKodpdunment BHyTpeHHHX moTrepph — 0.01. 'apMoHHMueckas cuiia MOOYEpETHO
IPUIIOKEHA K CBOOOHBIM KOHIIAM.

Puc. 1.
KoncTpykuus, ucrionszyemas 1jis
1 lF pacuera KOC MKD
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[Ipu mMonemupoBanuu MKD Oanku pa3OuBaivMCh Ha CTaHIAApTHHIE OAJOYHBIC AJIEMEHTHI
JIIMHOM okono 1 cM. DHeprum konebanuit Ganok (£,) paccCUUTHIBAICh U3 KOMIUIEKCHBIX
CMEIIIEHUH B y3JaxX CETKU JJIEMEHTOB, MOJYYEHHBIX B pesyibrare pemeHuss MKD, 1o
dbopmyne

1 N
E, =5wZZM,,§5, 9)
n=l1

rae ¢, — aMIUIUTy1a CMelIeHus B y3ie, M, — macca Oayku, mpuxojsmascs Ha y3en, N —

YHCJIO0 Y3JIOB CETKHU 3JIEMEHTOB.

Pacyerpl »Heprum KoneOaHUU BBINOMHSUIMCh HAa YacTOTaX CBOOOJHBIX KoyeOaHUI
KOHCTPYKLIMH, pe3yjibTaTbl CYMMHpPOBAJIUCh B OKTaBHbIX Mosiocax yacTtoT. Pacuer KOC
BBINOJIHSUICA 10 (hopmynam (8).

Anamutnuecku KOC onpeaensiuch mo ¢popmyie

T, C,
ij g
n, = (10)
T oL
rae 7; — KOo3(h(UUMEHT NPOXOKACHUS (10 SHEPIUU) U3TMOHBIX BOJNH U3 Oasku i B OaiKy j;
€, — TPYIIOBAst CKOPOCTh M3THOHBIX BONH B Oanke i, L, — numna 6anku i. Jins coenunenus

0aJoK MOJ NPSAMBIM YIJIOM KO3(GGUIMEHT MPOXOXKICHHUS SHEPruH uYepe3 coeAuHeHue (7 )
noxydeH aHanutudecku [3] u cocrasmseT 0.5 11 610K OTMHAKOBOTO ONEPEYHOTO CEYCHUS
(mpu 3TOM BUOpOU30IIALUS coenuHeHus] — 3 ab).

PesynbraThl unciieHHOro M aHanutudeckoro pacuetroB KOC mpencraBieHsl Ha puc. 2.
Pa3znuna pesynbraroB oveBHaHA. PaccMOTpuM, Kak 3TO BIHMSET Ha pe3yJbTaThbl pacueTa
SHEPruM KosieOaHuii 0aT0YHON KOHCTPYKIIUH.

K3C
10°
Puc. 2.
10t | PesynbTaTel pacuera KOC
— ¢ ucnoab3oBanueM MKD
. - o0 aQHAJINTHYCCKU
10° | ]
10"}
10°

31 63 125 250 500 1000 2000 4000 8000

CPEAHETECOMETPUUCCKUE YaCTOThI OKTAaBHBIX I10JIOC, I'm
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3. PACYET KOJIEBAHUI KOHCTPYKIU

s pacuera ObLIa MCMONB30BaHAa KOHCTPYKIMSA M3 UYETHIPEX OJMHAKOBBIX 0anok (1 m),
[OCJIEIOBATEIbHO COCIUHEHHBIX IO TPSAMBIM YIJIOM, TpEACTaBIC€HHas Ha puc. 3.

XapakTepucTUKH Oanok Te ke, 4to u npu onpenenenun KOC (pazgen 2).

Puc. 3. Koncrpykuus u3 nociie1oBaTeabHO
COEJIMHEHHBIX 0aJIOK, UCIIOJIb3yeMasi IS
3 npoBepku paccunTaHHbix KOC

B

m

Pacuersl BpimonHsmuce OM (mpubmmkeHHbiM MetogoM) u MKD (Gonee TOYHBIM
meTosoM). CYDb nns Takoil KOHCTPYKIIUK UMEET BH/T

m +m, — T 0 0 El VK

0) /v My, 1, + 1, 15 0 E, _ 0 , an
0 1 3+ + 15y 14 E, 0
0 0 T34 Ny M4 )\ Ey 0

rae 7, ...17, — Ko3(QQUIUEHTH BHYTPEHHHUX HOTEPD B OaANKaX; 77, ...7],; — KOIPPUIUECHTHI
SHepreTudeckoil cmsa3u Oanok; W, — MomHocTh, BBOoAMMas Oanky 1 cunoit F (1 H);

E, ... E, — Heu3BeCTHbIE YHEPrUM KOJICOAaHUH, @ — KPYyroBas 4acToTa.

YroObl MOXKHO OBUIO CpaBHHMBATH pe3ysbTaThl pacueroB MKD um DM, B mpaBoil yacTtu
ypaBHeHu# (11) ncronp3oBanack BBOAMMAs MOIIHOCTb, nonydeHHass MKD s KoHCTpyKuuu
u3 4-x 6anok npu nericteun cuiibl 1 H.

Ha puc. 4 npencraBieHsl SHEPrUM KojieOaHU 0aJlok KOHCTPYKLUH, paccuuTanHbie MKO u
OM. Bupano, uro pesynbratel pacuera MKD um OM xopomio coBmajaior, eciu B OM
ucnonb3zoBanbl KOC, monyyennsie MK3O. Hebonbiioe paznuuue pesynbraroB (MeHee 1 ab)
MOJKET OBbITh CBSI3aHO ¢ TeM, yTo npu onpenesnennn KOC MKD monenupoBanachk He mojaHas
KOHCTPYKILIUS, @ TOJBKO €€ (parMeHT U3 JBYX OajoK, MpUYeM C OTJIMYHBIMH OT OanoK B
KOHCTPYKLIMU TPAaHUYHBIMH YCJIOBUSAMH. K TOMy e mpu MOAenupoBaHMM (parMeHTa He
YUUTBHIBAETCSI OTTOK HSHEPrUU B IPUCOECIUHEHHbIE KOHCTpyKuuu. Mcnonb3oBanue B OM
aHanutuyeckux 3HaueHuid KOC, oueBHIHO, JaeT 3aHMKEHHbIE PE3yJIbTaThl JJIsi Hanbosee
yaaneHHou oanku (puc. 4(4)).
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E+10lgw , b E+10lgw , 1b
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CPEAHETCOMETPUICCKUE HaCTOTHI OKTaBHBIX I10JIOC, Iy CPEAHCTCOMETPUICCKHUEC YaCTOThI OKTABHBIX I10JI0C, Iy

E+10lgw , nb E+10lgw , b
3) 4)

130 130—

125 125} 8

120 120

115 115
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31 63 125 250 500 1000 2000 4000 8000

31 63 125 250 500 1000 2000 4000 8000

CPEAHETCOMETPUICCKUE YaCTOTHI OKTaBHBIX MOJIOC, I'n CPEAHECTCOMETPUYCCKUAC YaCTOTHI OKTaBHBIX I10JIOC, I'o

Puc. 4. Dueprus xonebanmii 6amok 1...4 KOHCTPYKIMHU U3 YETHIPEX OJAMHAKOBBIX OAJIOK,

—o— pacuetr OM, KOC nonyuenst MKD
pacuet OM, KOC ananutuueckue
_ o— pacuer MKD

Ha puc.5 Takke ImpencTaBiI€Hbl pacCUMTaHHBIE JHEPrUM  KoJeOaHWM, HO
CTpyIIIUPOBaHHBIE UHBIM 00pa3oM. M3 puc. BuaHO, uTo Ha yactoTax Bbime 1000 'y sneprun
Kosiebanuii 6anok 2, 3 u 4, paccuntanapie MKD, menbie sHeprun 6anku | U mpakTHYeCKd
OJIMHAKOBBI (pHC. 5a). DTOT pe3yJbTaT COMIACYeTCS C TEOPETUUYECKUMHU MPE/ICTABICHUSIMH
[4], cormacHO KOTOpPBIM TMepenaj BUOpalMM B KOHCTPYKIHMH C  TEPUOAWYECCKH
PAacHoOJIOKEHHBIMU MPENSATCTBUAMHU (B JAaHHOM Ciy4ae NPENATCTBUSMU SBIISIOTCS YIJIOBBIE
COCIMHEHMs) HaOJI0/aeTcsl JIMIIb Ha OJHOM-IBYX IIEpPBbIX NPENATCTBUAX, a Jajiee
ocnabieHus BUOpauy NMpaKTUIEeCKd He MpoucxoauT. Ha Takylo jke TeHISHINIO yKa3bIBaIOT
pe3ynpTathl pacuera DM npu ucnonb3oBanun KOC, nomyuenasix MKD (puc. 56). Ecnm xe
npuMmeHsitoTes aHanutrdeckue KOC, To cHmwKeHWe BUOpamuMu TpU yAAJICHUHW OT TOYKU
BO30YXICHHS 3aMETHO OOJIbIIE (pUC. SB).
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E+10lgw , b E+10lgw , 1b

0)

a) 130 130

125; @

120

115

110

31 63 125 250 500 1000 2000 4000 8000 31 63 125 250 500 1000 2000 4000 8000

CpeﬂHeFeOMeTpH'—leCKl/le YaCTOTHI OKTaBHBIX I10JIOC, Fu cpeﬂHereOMGTquecxne Y4aCTOThI OKTaBHBIX I10JIOC, Fu
E+10lgw . 1B

B) o Puc. 5. Dueprus konebanuii 6amok 1...4

KOHCprKHI/II/I n3 I-IeTI:IpEEX OJNHAKOBBIX

125} & OaJIoK

120 a) pacuer MKD
0) pacuer OM, KOC nonyuenst MKD
B) pacuet OM, KOC ananurnueckue

P C W Oanka 1
110

— 4+ Oamka?2
S —0—— oOanka3
31 63 125 250 500 1000 2000 4000 8000 6aﬂKa 4

CPECAHETCOMETPUICCKUE YaCTOTHI OKTaBHBIX MOJIOC, I'n

Takum oOpazom, wucnonb3oBanue KOC, momydennsix MKD mnpu moaenupoBaHHH
(¢parMeHTa KOHCTPYKIIMH, JAeT XOPOIIWE pPEe3yibTaThl pacdyeTa KOHCTPYKIHMU B LeioM. B
MPEACTABICHHOM TNpuMepe pacueT OM ¢ wucnonbs3oBanneMm Takux KOC mnpakTuuecku
coBnazaer c¢ pacuetoM MKD. Hcnonbs3zoBanue ananutnyeckux KOC pmaer xyamme
pe3ynbTaThl JUIsl YAAJIEHHBIX OT TOYKHU BO30YKIEHUS 3JIEMEHTOB KOHCTPYKIIHH.

OTMmeTHM, YTO Ha HH3KUX 4YacTOTaX HCCIIEJOBAaHHOIO JHara3oHa pPE3yJbTaThbl JABYX
pacueToB DM NpHUMEpHO OIAMHAKOBBI, HECMOTPSI Ha OOJIbIIEe, YeM Ha BBICOKHX YacTOTaX, U
3HaunTeNnbHOoe (Oosee yem Ha mopsgok) pazmmuune KOC. 3gecy Baxkno, utro KOC B 060ux

cimyyasx Gosbuie Kod(hdUUMEHTa BHYTPEHHUX MOTEPb W 4TO 77; = 17,. Jns coBnanenus
pe3ynbraroB pacuetoB OM ¢ MKD BaxHO Takke MNpPaBUIbHO ONPEIEIUTH BBOAUMYIO

MOIIIHOCTH (B JAHHOM MPUMEPE pacdeTa MOIIHOCTH 1S ipaBoi yactu CYOb Oblia monyueHa
MKD).
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3AKJIFOYEHUE

B paccmorpenHoMm mpuMepe pacudera ucnois3oBaHue B CYODb KOC, mnomydeHHBIX
gucieHHo (MKD), maer nyumume pesyasTaThl pacuera OM  BuOpanuu 06amodHON
KOHCTPYKLHWH, YEM ITPUMEHEHNE U3BECTHBIX AHAIUTUYECKHUX penieHui. [Ipuuem BaxHO, 4TO C
ucnonb3zoBanneM MKD KOC nonydens! HanpsiMyto, 6€3 KaKuX-TM00 TOMYIIEeHUN.

PesynbTatel pacuera OM coBnagaroT ¢ MKD HecMOTpsi Ha TO, 4TO MPHU MOACITUPOBAHUU
MKD ¢parmenta koHcTpykimn KOC omnpenensrorcss NPUOIMIKEHHO, TOCKOJIBKY —HE
YUUTBHIBAIOTCS OTTOK AHEPrHH U3 (parMeHTa B OCTAIBHYIO YacThb KOHCTPYKLMH U OOpaTHBIN
IPUTOK, a TaKKE HE MOJEIUPYIOTCS TIpaHWyHble ycioBua. Ecmum moxpenupoBate MKO
KOHCTPYKLHUIO LEJIUKOM, TO HaijaeHHble KOC OynyT TOYHBIMM B TOM CMBICIE, YTO HX
nojactanoBka B CYDb st onpeneneHus 3HEpruil 1act te ke pemenus, uro 1 MKD. Oxnaxo
B TaKOM ciy4ae pemieHue OM He TpeOyercs: BUOpaLlMOHHbBIE XapaKTEPUCTUKN KOHCTPYKIUU
yxe onpeneneasl MKD. Ontumanbaas komOunanus 9M u MKD cocTouT uMEeHHO B TOM, 4TO
s onpenenennss KOC MKD moaenupyroTest pparMeHTBI CII0KHOW KOHCTPYKIIMHU, BXOSIIIE
B COCJIMHEHUS, a pacueT KOHCTPYKIUH B LIEJIOM BBIIIOJIHSAETCS 00J1€€ SKOHOMUYHBIM DOM.
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