VIOUHEHHA CHJIOBOI HArpyXEeHHOCTH KApTEpa ITyTeM Y4eTa CMa304HOro €J104 [OJLIMMI-
HHMKOB MpH OIIEHKE YCHIHH B3aMMONEHCTBHA KONEHYATOro Baja C KapTepoM, CpaBHH-
TeNbHON OLEHKH IMKIHUECKOH MPOYHOCTH KOHCTPYKLMM M JPYTHMX MPAKTHYECKH BaM-
HbLIX HAIIPABNEHHAX.

BeinonueHHas padoTa AEMOHCTPHPYET WIHPOKHE BO3MOMHOCTH, NPEROCTABAREMBIE
CAD/CAE cucremamyu, OOBEIMHEHHBIMM, HampuMep, B pamkax CALS-texHonorit
(Continuous Acquisition and Life cycle Support), wupoko npuMensemsix 3a pyGexon
npy NPOEKTUPOBAHHUM H CONPOBOXIEHUM COBPEMCHHBIX ABHTaTesleil BHYIPEHHErO Cro-
paHus.

Paboma evinonnena npu noddepcke gredepansrotl yenesoti npozpammol «Hayunote
u Hay4ro-nedazozuteckue kadpel unnosayuonnotn Poccuus na 2009-2013 zodu:.

O HEKOTOPBIX MOJEJISIX CTPYKTVPEI BUBPOAKYCTUYECKUX
CUT'HAJIGB ITOPUTHEBBIX MALTNH

Haywmenxo A.XI. (HayuHo-npon3BoacTBeHHbIH neuTp «JuHamuxa»)

MaTemaTHueCKOE OMUCAHHE CTPYKTYpH BUOpoakycrrueckoro (B4) curaana, nony-
YeHHOro ¢ OMpeNeEHHDbIX Y3N0B nopluHesoi Mawuunel (JIM) ¢ yuerom xanata dopvu-
pOBAaHHMA W pacnpocTpatennsn B4 konebanuil, ARNAETCS JMaTHOCTHYECKOH Moenbto. Ta-
Kas MOJelb MO3BOMAET MPOH3BECTH CeNeKUMI0 HHPOPMATUBHBIX AHATHOCTHYECKHX MPH-
3HAaKOB HEWCIIPABHOCTEH U Je(eKTOoB.

ObobimeHIas Moienb CTpYKTYphl BA curnana [3, 4, 5], Bo36y»KaaemMoro pasnuuubi-
My MCTOUHHKaMU B [TM, MOCTPOCHA € YYeTOM HaIHYMA H B3aHMOACHCTBHA TPEX OCHOB-
HBIX HCTOYHHKOB BO30YKAeHHA BA konefauui 3 00LEKTE, KOTOPHIE HACHTHUUKPYIOT-
¢ [10 THNaM BO30YKaaeMbIx xoneGanni ~ cBoOOIHbIX 3aTyXaI0MX, BLIBYXCIEHHbIX He-
3aTyNaloWMX, C1yYaiiHkIX IUMPOKONONOCHBIX H Y3KOMOMNOCHBIX KoaedaHui. C uekio
(OPMUPOBAHHA aNroOpHTMOB IOCTAHOBKM AMAarHo3a no mnapaserpam BA curnana wxBa-
PHAHTHBIX K KOHCTPYKLUHMHM MalllMi M MEXaHU3MOB HeOGX0mMMO Ha OCHOBE 0GO0IeHHOM
MOIeNM pa3paboTaTh YaCTHblE MOLEAH CTPYKTYpbl BA cHTHana KOHKpPETHOH HeWcrpas-
HOCTH WiH Je(IeKTa.

HeypasHOBELUEHHOCTb JBHAKYLMXCA U BPAILAIOIHNXCA MacC ABIAETCA UCTOUHUKOM
CWIT HHEPLUHH Fg BPalAIOMHXCA H BO3BPATHO-NIOCTYNATCIIBHD ABHYHHXCS Mace, LeH-
TPOOEKHBIX CHJI HHEPUMM H MOMEHTOB 3THX CHJI, KOTOpBIE B OOLIEM Cy4ae OMHChIBa-
1oTes cnenyomnM obpasoM [1, 4, 5]

Fg(l)=FlSin(Q|l) . (1)
rie £2; — 9acToTa BpaUICHHS HEYpaBHOBELIGHHOM MacChl.

[Ipumeuanue: Janee napamerp ¢ (BpeMA) OIyIEH i YIPOWICHUA NPeICTaBICHUS
dopmy1.

C yyeToM npe/ACTaBNeH s [3, 5] MOXHO 3anHcaTh:

TOJTUrapMOHHYECKUE BOIACUCTBIS —  Foy =F(0.5+Fh)+F (0.5+Fh), 2)
CTOXacTHYECKUE BO31eCcTBIA — F.s =F,(0,5+Fh)+F (0,5+ th{!‘) i 3)
yAapHbie BO3ACHCTBAR — Fp=F(0,5+F,h})+F(0.5+Fhy), (4)

rie Fy — uMmmysascHBIe (yAapHble) BRIHYXKJalolMe Bo3aeicTBIA (Hanp., B3anMoaeicTBHe
3ybuarniX Hap, coyjapenss B 3yGuaToii my(Te) B o0mieM ciyuae, NMPeACTaBIfiOTCH B
BHJI¢ TOCNEA0BATEILHOCTH WMIIYJILCOB 33/]aHHOrO BMAA; [, — LIYMOBBIE CHJIBl, BO3HH-
KAIOWWeE BCACACTBUE TPEHHS KOHTAKTMPYIOUUHMX A€TANeH HilM ra3orHipoAMHaMMKH, KO-
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TOPBIH MOXKHO cuuTath Henvim wiymom E(1): /12 — HMITYJIBCHAS XApPAKTCPHCTHKA OMpee-

JIAET CTENeHb B3AUMOBIUAHUA Fy U Fy; hi’ — CTemeHb B3aHMOBIHAHUA F; n £ hf —

CTCTICHB B3aUMORIHAHHA Fy, i Fy.
PaccMOTpyM COCTABIAIOUIHE, CBA3AHHBIE TOIBLKO € Fy
Fye =F,(0.5+Fh%) < F,(0.5+ Eht)s (5) FEx=F05+Ehy):  (6) Eg=FO3+ED).  (7)

n

VcTOYHUMKH cTOXaCTHYeCKo# (LyMOBOI) COCTABNAIONICH — TPEHHE BPAINAIOLIMXCH 1
JBIDKYIIMXCA Yacrei MallHbl, ra30rMApOAHHAMHUYECKHH LYM — ONIMCHLIBAIOTCA Y3KOMO~
JIOCHBIM IIPOLECCOM ¢ LEHTPAIbHOH 4acTOTOH @, > NIAPAMETPbL KOTOPOTO 3aBHCAT OT

KOHCTDYKTUBHBIX OCOGEHHOCTCH MAILHHbI:

F,=F ()= }i]A{h(‘)COS[mikl + g, (O], ®)
rae l(na.ccmecxn ornbarowas Ag',,(’) u (asa (pé/..([) SBJSIOTCS ClyuailHbIMH BYHK-

UnAMY, MeUIeHHO (B MactuTabe w:fk ) H3MEHAIOU{UMHCA BO BPEMEHH.

B3anMOBAHSHHS 9THX COCTABISIOUIHX OMHCHIBACTCA € YHETOM BECOBBIX KOO(QHLN-
€HTOB (3HaxoM (*) oo3Hauena NpoUeaypa CBEpTKU GYHKIMM):

o
X _QXpqy_ _ X 4 K 3 1
S¥ —S“(l)—Fn(t)*h:(l)—kZ Agu)cos[mgkzwgk(r) I (9)
=1
Munyascnsie (yaapHble) BLIMYHCIAIOIME BO3JICACTBHA Fy BO30YANAIOT KOIEOaHHsA
S,z Ha coBCTBEHHBIX (PE30HAHCHLIX) YACTOTAX KO/eOanit KOpILyca 00BeKTa, 31eMEHTOB,

JIETANCH, Y3JI0B € YYETOM HMITYJIhCHOM XapakTepHETHKH h;(?), rapMOHHYECKHE BBHIHYIK-

J@foLie BO3EHCTBUS For — Sex © hg (). croxactnueckas cocTagmomas F,y — Syx €
Ut -

@) [3,4,5]

TOUIa AA JAaHHOIO Chy4yass MOXKHO 3aItMCaTh:
Ser=S5-(0.5+85)+55-(0.5+S%).  (10) S,5=S3-(05+5p), (11) Sx=5.-(0.5+8), (12)

rae SE=Fsin@u+h,=SEsin@p  (13)
COCTaBISIIONIAs CTPYKTYPLI BA CHIHaia ¢ YacTOTOM HEYPABHOBSIUEHHON CHIIbI;
x w0 Bl
S _p8 . _% Al g8
Sg=hg w(kz::l Ag, (t)cos[u)&kt+q>§k(t)])— gx Agk(!)coslimz__k t +(pék(l.)_‘ (14)

COCTABJLLIOMAY CTPYKTYPbl BA CHrHala OT CTOXACTHYECCKHX CHJIOBBIX BO3AEHCT-
BHH C y9eTOM WX RIMAHMA HA HEYPABHORCIICHHEIE CILIEL;
© M K
SE=3 ASY A?u{z A%sin[(uk(L—n(TOJrAlm)]}. (15)
n=0 m=l k=1
COCTaBAIONIAs CTPYKTYpbl BA currama oT yAapHBIX BO3REHCTBHI C yueToM HX
BIIAAHHA Na HEYPABHOBEMICHHBIC CIUIBI,

ST =F_ "= ElAgk(l)cos[mng(pgk(t)] (16)

COCTABJAIOUIAA CTPYKTYpbl BA cyrHasa oT CTOXaCTHYECKHX CHIOBBIX BO3ACHCT-
BHit C yueTOM XapaKTepHuCTHK BA Kanana;
n_y 0_J o g1
Ss—l“g'hg—l"lsm(Q]t)*hg (17)
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cocTaBisrollas BA CHrHaiia 01 ReypaBHOBEUICHHBIX CHII C VUCTOM HX BIMAHHA Ha
cmxacmqecwe CHJIOBBIE BO3JICHCTBHS;
S:‘Fs'l‘::’ OAS mzlAs {ZA sm[mk(l—n(TuhA(",)]} (18)

ki

COCT2BMANIOMAA CTPYKTYPEl BA curHana oT yJapHLIX CHJIOBLIX BO3ACHCTBHH ¢
y4eTOM XapaKTCPHCTHE BA kaHata;
S5 =Hsin(@)*hy, (19)

cocTas/istoinas BA CHrHala HEYpaBHOBEWICHHBIX CHII € YHETOM MX BAHAHHA Ha CH-

0BBIC BO3ACHCTBHS YIapHEIX HAPY3OK.

HecoocHOCTE (HECOBMAJECHNE HEHTPANLHBIX OCEH COCIMHEHHBIX BA0B) NPUCYTCT-
BVET BCEr/1a U €€ PAa3BUTHE (YBENHYEHHE) YACTO CIYKHT NPHUMHON HAPYLICHIA PaGoTO-
CTIOCOBHOCTH &rperaTtos M ABNACTCS OJIHOH M3 PacripOCTPaHCHHBIX HEHMCIIPAaBHOCTEH Npu
paBoTe ARYN MEXAHM3MOB COCAMHCHHBIX MY(TOH, HCCOOCHOH YCTAHOBKE (IOLIMIHHKOR
Bajia.

Xapaxtep BA cHruana npu HECOOCHOCTH 3aBHCHUT OT BEJHYHHBI H MECTA [PHIIONKE-
HHS HEYPABHOBEIIEHHBIX CHJI, KPYTSLIETO MOMEHTA, CBOHCTB M KauecTBa CMa3ouHOro
crof B TIOJLHNHMKAX, 3 TAlOKe COCTOAHMA MY(TBI, NOAILIKIHUKOB W MX onop. B Bubd-
pOaKYCTHUECKOM CHUTHaNE ODBIYHO NPUCYTCTBYIOT COCTABIAIONME C YACTOTOH BPalICHHL
poropa (000pOTHAA YacTOTa ;) 1t FApMOHMKH Billue 2°% TTpu OonpeneneHHbIX YCAOBHAX
BO3MOXKHO NOABICHHE HH3KOYaCTOTHOH BuOpalmu. MccnenoBaHMs [10KA3bIBAIOT, YTO B
40% cnyuaes npeodnanact 2,8 50 % -2 Q,,810% -3 Q,[1.2, 6].

Bripaxesns (2), (3), (4) MOXKHO HCNOMBI0BATh H IS MPCACTABICHHA 11apaMeTpos
BA crrHaia npd BO3HUKHOBEHHY HECOOCHOCTM BaJIOB NpHBOAA i NOTpelHTess, a TaKKe
nedeKTe COCANHUTCABHOM Mexay nuMu MyPTs. Ilpn 310M B 0BORX ciyyasx cuna Fy
MOKET OBITH IIPEICTABIEHA BEIPAXEHUCM:

9

F (0= 2 Fsin(@ ). Q =k-Q. (20)
k=1

Tlocne npeobpazosavus (2) ¢ yaetom (14), (15) 1 (20) nonyunm:

Q ©

Sex =[h§ M ; F, sin(_Qk()J-{O,M» Z Agk(l)cos[mgku-tpgk(t)}}ﬁ-

) ] : (21)
[ Z Fy sm(th)J [O S+ L A8 2 A {z Afsinfo (t-n(To+At )]lJ

n=0 m=l

M3 KOTOpOro BHAHO, Yto BA curHa: Sg MOJYJXPOBAH CTOXACTHYECKOM cocTaB-
sroLe Sﬁ (pc. 1 — pa3mpITHE CIEKTpaIbHOrO Mika Ha wacrore £, (2/;=12.5 Tu) u

4acTOTAMU MMITYIBCHOTO BO3OYKACHHA Ssg .
Packpaisas (11) ¢ yueton Boipaxenuii (20, (16), (17) nosry4sM BeIpaxeHUe:

Sox ={§|Agk(l)ms[mgkt+(pgl(t)]}-(0.5+[l:, sin(Q,mhg]) s (22)

M3 KOTOPOTO CieiyeT, UTO CIEKTPATIbHBIE COCTABIAIOLINE, BOSHUKAOUME NIPH HECO-
OCHOCTH, MOTYIHUDPYIOT CTOXacTHYECKYIO COCTaBfollyI0 BA cursana yaBoeHHOH WK
YTPOEHHOM 4aCTOTOH BpalleHHR Bana 2, (puc. 2).
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Puc. 1. Cnextp BA
CHrHana Py BO3HUK-
HOBEHHMH HECOOCHOCTH

BAJIOB

Puc. 2. Cnextp oru-
Oatoreit mymoBoii co-
crapiomeit BA cur-
HaJia B ojoce o1 3000

Ji0 5000 I'y rpy BO3-
HHEKHOBEHNM HECOOCHO-

CTH BAJIOB

Pacxmeax (12) ¢ yuerom seipaxkernii (18), (19), (20) nomyunm BeIpakeHHe:

zoAs zl AS {z A3 sin] mk(t—n(T0+Atm)]} x[0,5+[F1 sin@t)+h]]. 23)
o8 e

M3 (23) cremdyer BO3MOXKHOCTh MOMYJIALMH 9acTOT YAapHOTO BO3AEHCTBUSA (Hampy-
Mep, 4acToT Ne(eKTOB MOMUIMITHUKOB KaYeHHMs) FApMOHHKAMHU YACTOTHI BPAILCHNs Baa
Q,, B 4aCTHOCTH, YACTOTaMK BTOPO#i ¥ TPEThe# 0GOPOTHBIX IAPMOHHK (pHc. 3).

Moasaum 2pen - Puc. 3. Coextp BA
: . curHana, oTpaxaro-
Nl grastipast 2, H.[I/li;l M Olly.ﬂﬂ WHIO
: YIBOCHHOH 4acToTOH
BpalIeHHsA 2/ 4acToT

JieeKTOB MO~
= ; HUKOB fzpro
5 § . [IPH HECOOCHOCTH Ba-
) ; 0B

453 €4p0.2 [F B0V

IIpennoxennble MOjENU CTPYKTYpbl BA CuTIHana, COOTBETCTBYIOIIME HEYpaBHOBC-
MIEHHOCTH BPAINAIOIIMXCA MAcC H HECOOCHOCTH BaJOB, NOKasajta, 4To BA curHai, BO3-
Oy KIAEMBIH IPK STUX HEHCIPABHOCTSIX, MOYIHPOBaH CTOXAaCTHYECKOMH COCTABNAOLLES
11 YACTOTAMHM HMITYJILCHOTO B30y AeHus. [IpH 3TOM CreKTpajbHBIe COCTABIIAIOMHIE MO®
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YT MOMY/IHPOBATL CTOXACTAUECKYIO COCTABAIOWYIO BA CHrHala YacTOTOR BpallleHus
¥ YOBOCHHOH WK YTPOEHHOM YacToTof Bpawmerya. KpoMe Toro, cyuiectyeT BO3MOK-
HOCTE MOJIYTALMU YACTOT YAApHOro Bosjelicrsus (Hanpumep, yacror aedexros noj-
LIHITHHKOB KAYEHHA) rapMOHKHKAMH YacTOTHI BpalieHus Bana. Taxoe HenuueHnoe B3au-
Mogeﬂc'r‘sﬂe COCTABJAIOLLMUX BA curnana nossonser HCNONB30BaTh AHANK3 CHeKTpalib-
HEIX COCTaBIAOUMX orubaromelt BA curiana u nepelftn Kk GeapasMepHsIM OLEHKAM Be-
JMYMH HA OCHOBE TAKOTO NapaMeTpa, Kak riyGHHA MOIYIALMHM, HIH CTIKTPAaNbHEIX MH-
BapHaHT.
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ONPEJAEJEHHE MOrPEIMHOCTEN H3MEPEHUSA OCEBOI'O YCUIIHSA B
CTEPXKHE IIIATYHA

Hurnumn B.H. (KaMckas rocyaapcTBeHHas HHKeHEPHO-IKOHOMHYECKaA aKageMHs);
Huknmuu HA. (PYH)

CoppeMeHHOE Pa3BUTHE MOPLIHEBOTO [BHIaTENECTPOSHHA CBA3AHO CO 3HAYMTElNh-
HOIi CTeNeHs0 GOPCHPOBKY JM3ENA, A TAKCKE YIYYIICHHEM €ro dJKOHOMUUECKHX H 3KO-
JIOTHYECKHX TOKa3aTenell IpH OJTHOBPEMERHOM NOBHIIEHKH HajexHocTH. B paGore [1]
peaCTABAEHb PE3YBTATHL IKCIEPHMEHTANLHOIO HCCEN0BAHKA NPOIONEHOM CHIlBL B
CTepkHe LWIATYHa ¢ NOMOIIBI0 TEHIONATIHKOB H chOpPMHPOBAHEL TPeGOBAHKA K TOYHO-
CTW U3MepeHKii.

nOl‘pemHOCTH H3MEPEHHSA OCEBOr0 YCHIIHA B CTEp:KHE LIATYHA MOXHO [0OJpasic-
JIMTB H&: NOTPELLHOCTH TAPHPOBKH JATYMKOB; MOTPEIIHOCTH OT HenMHelHOCTH Nokasa-
HHIl [ATYHKOB; I1OTPEUIHOCTH, BEI3BAHHEIE TEMIEPATYPHEIM PEKHMOM LIAaTYH; TMO-
PEIIHOCTH OT H3TUDA CTEPIKHS B NIOCKOCTH KAYAHMS INATYHA; NOTPEIIHOCTH OT usrnba
CTEepKHA B IVTOCKOCTH HE]J[IEHJIHK}UIBPHOE ITOCKOCTH KayaHHs LIATYHa, BBI3BAHHLIE [0~
IPeLHOCTRIO H3TOTOBNEHHA (OPMbL LATYHA, KOICHYATOrO BANA, MOPLIHA U NOPLUIHEBOro
nansua.
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