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[Tpu cozanuu MHXEHEPHBIX KOHCTPYKIUH MOTOOHBIX paMHBIM Pa3BETBICHHBIM
TpyOOMPOBOAM CUCTEM OXJIAXACHHUS, CUCTEM BEHTHISALUUU U KOHAUIMOHUPOBAHUS
BO3HUKAIOT MPOOJIEMBI pacueTa BHEIIHErO ITyMa, CO3AaBaeMOro Mmpu padoTe 3THX
ycTaHOBOK. [lepBpIM 1m1aroM pemieHust 3TOM MpoOJIeMbl SBISETCS pacuer
pacripeieyiecHusi ypoBHEW BHOpanuii 1mo TakuMm cuctemaM. Hacrosmias pabora
MOCBSIIEHA pa3pabOTKe aNrOPUTMOB pacueTa pacIpOCTPaHEHUs! YIPYTUX BOJH IO
TaKUM YCTaHOBKaM.

BBEJIEHUE

B paGore [1] mpuBeneHbl anropuTMbl pacdyeTra pPaCHpPOCTPAHEHHUS YIPYTHX BOJIH,
MOJIy4YEHHbIE HA OCHOBE METOJa KOHEYHBIX BOJIHOBbIX »diieMeHToB (MKBD3) mpu
pacIpoCTpaHEHUHU BOJIH 110 HEPAa3BETBICHHON KOHCTPYKLMH MPU HAIWYUU IPOU3BOJIBHOIO
4yycia KaHAJIOB PaclpOCTPAHEHHUs YIPYIHMX BOJIH B OTIEIbHOM BETBM KOHCTpPyKUuU. B 3TOM
e paboTe yKa3bIBaJIOCh, YTO IPHU MCIIOJIb30BAaHUH anroputMoB MKBD 115 Hepa3BeTBICHHBIX
CUCTEM, HMMEETCSl NMPUHIUIHNAIbHAS BO3MOKHOCTb OIPEIEIICHUS DPACIPEAEICHUSI BEKTOPOB
KOJIEOATENbHBIX CKOPOCTEH, T.e. KuHemarnyeckux mnepemeHHblXx (KV) u BektopoB cui,
MOMEHTOB (T. €. JUHAMHUYECKUX mepeMeHHbIX (DV)) mo pa3BeTBICHHBIM KOJI€OATEIbHBIM
CUCTEMaM, UMEIOIUX KOHEYHOE YHCIIO Y3JIOBBIX TOYEK.

[Topsimok MaTpull UMIEAaHCAa WIM IPOBOAMMOCTH PAaBEH MOPSAIKY MATPHUIbl UMIIEIAHCA,
HEOOXOIMMOMY JUIS TIOJTHOM XapaKTepUCTUKH PACIPOCTPAHEHHUsI YIPYTHUX BOJH B OTJCIBHOU
BETBHU KOHCTPYKIIMH, YMHOKEHHOMY Ha YHCJIO YYUTHIBAEMbIX BETBEH C yUETOM OCOOCHHOCTEH
pacnupoCTpaHEHUsl YIPYIMX BOJH B KaXJIOM BETBM KOHCTPYKLMH, BXOJAIIMX B COCTaB
paccMaTpuBaeMOro ysja KOHCTpYKUUH. CTporo roBopsi, 3TO YHUCIO COOTBETCTBYET YUCIY
BCEX KOpPHEH IUCIEPCHOHHOTO YpPAaBHEHMS, ONMCHIBAIOLIETO IPOLECC PacIpOCTPAHEHUS
YOPYTHX BOJIH B pacCMaTpHBacMOM THUIE BOJTHOBOro 3neMeHTta (BD). ns GonbimmHCTBaA
TUnoB BD BHOJHE 1OCTATOYHO YUYHUTHIBATH TOJBKO PACHPOCTPAHSIOLIMECS THUIIBI YIPYIHX

BOJIH.
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Tak, Hanpumep, st BO B Buae ciiog M30TPONHOIO Marepuajia MOCTOSTHHOM TOJIIMHBI U
OECKOHEYHOW TMPOTSHKEHHOCTH JOCTATOYHO YUUTHIBaTh pACHPOCTpPAHEHHUE B  CIIOE
IIPOJIOJIBHBIX U CIBUTOBBIX BOJIH.

Jnst TOHKOW OECKOHEYHOW TIOJIOCHI TIOCTOSIHHOW IMMPUHBI W TOJIIMHBI JTOCTATOYHO
YUUTHIBaTh M3THOHBbIE, MPOJIOJIbHbIE M CIBUIOBbIE BOJHBI. Takum oOpa3om, Juisl pacuera
pacnpocTpaHeHus yIpyTUx BOJH B OJI0CE HEOOXOIMMO YUUTHIBATh YEThIPE KUHEMAaTUYECKUX
Y 4EThIPE TUHAMUYECKUX NIEPEMEHHBIX, @ UMEHHO:

— KUHEMaTH4YeCKHEe TEePEeMEHHBbIe, COOTBETCTBYIOIIME CKOPOCTH KOJEOAHWN TMOJOCH IO
HOpPMAJIU K €€ MOBEPXHOCTU U CKOPOCTH U3MEHEHHU yIjla OBOPOTAa MONEPEUYHOTO CEUEHUS
MOJIOCHl B TUIOCKOCTH PACTpPOCTPaHEHHs] M3TMOHBIX BOJIH, & TaKKe JBYM CKOPOCTSAM, B
HaIlpaBJIEHUSAX, COBMNAJAIOMIUX C IJIOCKOCTBIO IUIACTMHBI U COOTBETCTBYIOIIHUM
MIPOJIOJIBHBIM U CIBUTOBBIM BOJIHAM, PACIIPOCTPAHSIOIIMMCS B MOJIOCE.

— JMHAMHUYECKHE NIEPEMEHHBIE COOTBETCTBYIOT TPEM CHJIaM, JEMCTBYIOLIUM B TPEX B3aUMHO
MEPICHIUKYJISIPHBIX HATIPABICHUSX U U3THOAIOIIEMY MOMEHTY TPU U3THOHBIX KOJeOaHUIX
I10JIOCHI B TUIOCKOCTH PaclpOCTPAHEHHS BOJIHBI.

[Ipu BBIBOJE COOTHOILIEHUM PACHpPOCTPAHEHUSI YIPYTHMX BOJH B Pa3BETBICHHBIX
KoJIe0aTeNIbHBIX CHCTEMaX OyIeM MmoJiarath, 4YTo IpHU Mepexoie oT oAHoro BD k crnemyromemy
B3O reomerpuueckue pasMepbl KOHCTPYKIMM H3MEHSIOTCS TOJIBKO s OJHOM U3 BCEX
YUUTBHIBAEMBIX BETBEH KOHCTPYKIUH. [Ipu coOM0aeHIH 3TOTO YCIOBUS HET HEOOXOJUMOCTH
B BBINOJHEHUU ONEpPALMil, CBA3aHHBIX C HM3MEHEHHUEM MOpPSAJIKAa MaTpPUll MMIIEAAHCOB M
MIPOBOJIMMOCTEHN MPHU peann3aluy aropuTMOB pacuera. OcTanbHble BETBH pacCMaTpUBAEMOM
KOHCTPYKIMU HE U3MEHSIOT CBOEU JUIMHBI, HO 3JIEMEHThI MaTPUIIbl UX BXOJHOTO MMIEAaHCca
MOTYT MU3MEHATHCS NpHU nepexone oT ogHoro BO k cnenyromemy. B npenenax kaxagoro BO
MOPSIIOK  MAaTpUll HMMIEJAaHCa WM MPOBOJAMMOCTEW CHUCTEMbI OCTA€TCS IOCTOSHHBIM,
3aBUCSIIKM OT FEOMETPUH pacCMaTPUBAEMOUN CUCTEMBI.

N3menenue mnopsjaka MaTpull HWMIIEIaHCA WU TPOBOJUMOCTEH CHCTEMBbI MPOUCXOAUT
TOJIBKO TIPY U3MEHEHHH KOJIMYECTBA YUUTHIBAEMbIX HE3aBHCHUMBIX BETBEH pacHpoCTpaHEHUs
yOpyrux BOJH 1O KojeOartenbHOM cucteme. Ilpu pasBerBiennun BD cucremsl mopsaok
MaTpull HMMIEAaHca WM NPOBOJUMOCTEN cucTeMbl yBenuuuBaercs. [lpu caussaum BDO
CHUCTEMBI MOPSAIOK MaTPUI UMIIEaHCa WIH MPOBOAUMOCTEN CUCTEMbl YMEHBIIAETCSI.

[Tpexne, yeM MPUCTYNUTH K pacyeTy KojeOaTelbHOW CHCTEMBbl, HEOOXOMMO ONPEICTUTh
JUI Hee o0Ilee KOMUYECTBO y3J70B cUcTeMbl NK M OpUEHTHPOBOYHO ONPEACTUTH odliee
koiuuecTBo BD, Heobxoammoe 115 ee pacuera u 3a1ath ux oduiee konumuectBo NKV .

NK NK

NKV =NK+3 >[4l j)-N, i, /)], (1

i=l j=1
rae A(i, j)=0 IIPU OTCYTCTBUU CBSI3UM MEXKIYy Y3JIaMH 1, A(i, j)=1 IIpU HAJIMYUU CBS3HU

MEXIy y31amu i u j, N, (i, J ) — koanuyecTBo BD, Ha KoTOpBIE pa3OuBaeTCs JEMEHT CBA3H

MEXIY y3JIaMu [ U j .
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1. AJITOPUTMbBI PACUETA PA3BETBJIEHHbBIX SJIEKTPUYECKUX CUCTEM

METOAOM NCKIIFOUEHH A Y3JIOBBIX TOUEK

B npunnune pacyer pacnpocTpaHeHUsl YNPYTHX BOJH IO Pa3BETBICHHON KOJIEOATEIbHOM
CHUCTEME MPOU3BOIUTCS AHAJIOTMYHO pacyeTy paclpelesieHuss TOKOB U HalpsDKEHU B
Pa3BETBICHHOMN 3JEKTPUUYECKOM 1IENU MPU UCIOJIb30BAHUU METO/Ia pacueTa, OCHOBAHHOTO Ha
MIOCJIE/IOBATEIbHOM UCKIIFOUEHHUU Y3JIOBBIX TOYEK Lenu. [[puHIunuansHoe OTIuYiue COCTOUT
B TOM, YTO B K&XKJIOM D3JIEMEHTE PAa3BETBICHHOW JJIEKTPUUECKOM LEMU pealn3yeTcs
OJIHOKaHAJIbHOE PacHpOCTpaHEHUE SHEPruu SJIEKTPUUECKOro TOKa. B kauecTtBe mnpumepa
paccMoTpuM  mpeoOpa3oBaHHE Pa3BETBICHHOW DJIGKTPUYECKOW IIeMU C  3aJlaHHBIM
KOJIMYECTBOM Y3JIOBBIX TOUEK cxeMbl ( NK ).

I[Ipu NK =5 mnpeobpa3oBaHuEe pa3BETBICHHOM DSJIEKTPUUECKOW IENU C 3aJaHHBIM
KOJIMYECTBOM Y3JIOBBIX TOUEK CXEMBI, B IIPOCTEHMIIYIO 3JIEKTPUUECKYIO LEb, COCTOALLYIO W3
OJIHOTO CONPOTHUBIICHHUS, TPOU3BOIUTCS cienyromumM oopasom. Kaxxnomy BD cooTBeTcTBYyeT
y3noBast Touka uenu. Kaxaomy coenuHeHuto BD  COOTBETCTBYeT 3ieKTpUUECKOe
CONPOTUBIICHUE MEXKJy COOTBETCTBYIOUIMMH Y3JIOBBIMU Toukamu Lend. Kaxnmas ysnosas
TOYKAa CBfA3aHa C «3€MJIeH» 4Yepe3 COOTBETCTBYIOIIEE COIMPOTUBIEHHE (IPOBOAUMOCTD).
BenuurHbl NPOBOAMMOCTEN OJHO3HAYHO CBSI3aHBl C COOTBETCTBYIOIIMMH BEJIWYUMHAMU
CONPOTUBIICHUI WJIHM MTPOBOJUMOCTEN I KaKJOTO COCUHEHUS MEXAY y3JI0BbIMH TOUYKAMHU.
Pa3BeTBIICHHYIO AIEKTPUYECKYIO IIEMb JII000H CII0)KHOCTH MOYKHO TMPUBECTH K MPOCTEUIEH
LEIHU, COIepKAIIEeH OJUH y3€] U OJHY IPOBOJUMOCTb.

[Ipouecc nmnpuBeAeHUs  Pa3BETBICHHOM  JJIGKTPUYECKOM [emu K  MPOCTEHILEH,
MPOWJUTIOCTPUPOBAH Ha pHc. 1. OH ocylIecTBIsSETCS MyTeM MOCIe10BAaTEIbHOTO UCKITIOUEHUS
y3JI0B W3 DIIEKTPUYECKOM CXEMBblI IPU HCIOIB30BAHUM AJITOPUTMA, CYLHIHOCTb KOTOPOTO
COCTOUT B cuenytomieM. [lycTh W3 pa3BETBICHHOM SJEKTPUUYECKOW 1€ HEOOXOIUMO
UCKIIFOUYUTh 71 -}0 Y3JIOBYIO TOYKYy. JlJIi 3TOro NmpOU3BOIATCS BBIYMCIICHHUS B CIEAYHOLIEH
MOCIIEA0BATENBHOCTH (TIPU ATOM OOIIUI aNTOPUTM MOSICHIETCS MPUMEPOM UCKIIOUCHUS 5-0H,
4-oM, 3-eil u 2-0H y3JI0BbIX TOYEK JI CXeMbl, MPUBEICHHON Ha puc. 1).

1. Bpiuucnsiercs cymMMmapHas MPOBOJMMOCTb BCEX M JJIEMEHTOB, COCAUHEHHBIM C 7 -M

y3JI0M
st = Zy;n : (2)
i=l1
Juis y3na 5 310 cymma nposoaumocren Ys, Yo, Yo m Y.

2. Ecnmn y3en k wuMeeT CBsA3b C HUCKIIOYAEMBIM Y3JIOM 7, TO €ro IMPOBOJAUMOCTH IO
OTHOILIEHHUIO K «3emJiie» Oy/eT paBHa

* Yn}]nn
Yy =Yy +kT' ©)

sn

V3nbl 1, 3 1 4 UMEIOT CBSI3b C UCKITIOYAEMBIM Y3JIOM 5.
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3. Ecim y3en k, cBSI3aHHBINA C MCKJIFOYaeMbIM y3JIOM 7, CBSI3aH TAKXKE C Y3JIOM m , TaKkKe
CBSI3aHHBIM C Y3JIOM 71, TO IIPOBOJAMMOCTb MEXY y31aMu kK U m OyIeT paBHa

Y Y
¥ mn” kn
Y, =Y, +-"" 4)
sn
4. Ecnu y3en k, CBA3aHHBIN C MCKIIIOYAEMBIM Y3JIOM 71, HE CBA3aH C Y3JI0M 1 , CBA3aHHBIM C
b b b
Y3JIOM n , TO Y3CJI k cBs3BIBaeTCs C y3JIOM m TPOBOAUMOCTLIO, paBHOﬁZ

* Ymn Ykn

Y, = o (5)

sn

Jlns pacuera pa3BeTBICHHON IEKTPUYECKOM LU UCIIOIb3YTCS alITOPUTMBL:

e ANroput™m mnpeoOpa3oBaHUs COEAMHEHHS HECKOJbKHUX 3JIEMEHTOB, MMEIOIIUX OOIIYIO
y3JI0BYIO TOYKY, B COECJMHEHHE B BHJI€ 3aMKHYTOIO MHOIOYTOJIbHHMKA, MOKa3aHHOE Ha
puc. 1.

e ANTOPUTMBI, HEOOXOAMMBIC JUIsl pacyeTa pa3BETBICHHOM JJICKTPUYECKON IICTIH,
MOJTy4aloTCsl Ha OCHOBAaHUM HCHOJb30BaHUsl 3aKkoHOB Kupxroda s pa3BeTBICHHOMN
JNEKTPUYECKOM 1enmu, a Takke NPaBWl  pacyeTa CONPOTUBIECHUHM IIPU  HX
IIOCJIEIOBATEILHOM U NapAJJIEIIbHOM COECUHEHUSX.

UCKJIFOYEH y3en 5 HCKIIIOYEH y3el 4 WCKIIFOYEH y3€1 3  HUCKIIOYEH y3en 2

3 3 4
Y 1 Yy Y

Puc. 1. YyacTok npocTpaHCTBEHHOW KOHCTPYKIIMU U €T0 3JIEKTPUUECKast MOJEIb IPU yUeTe
OJIHOTO THIIA YIIPYTHX BOJIH B DJIEMEHTAaX CBA3M MEKIY Y3JOBBIMU TOYKAMU KOHCTPYKLIUU
(npeobpazosanue anekmpuueckoli cxemvl npu NOCIEO008AMENLHOM UCKIIOYEHUU
V3108bIX MOYEK)
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2. OCOBEHHOCTU INIPUMEHEHUA METOJIA KOHEYHBIX BOJIHOBBIX
DJIEMEHTOB JIJI PACUETA KOJIEBAHUI PASBETBJIEHHBIX
KOJIEBATEJIBHBIX CUCTEM

Jns pacdera pacnpocTpaHEHMs] YNPYTHMX BOJH IO 3JIEMEHTaM CIIOKHBIX HMHKEHEPHBIX
koHcTpykuui (MK) B 00macT HU3KUX M CPeIHUX 3BYKOBBIX YAaCTOT B NMPAKTUKE CO3IAHUS
TUX KOHCTPYKLUMH HpUMEHseTcs MeToJ KoHe4yHbIX 3yeMeHToB (MKD). OcHoBHbIE
JIOCTOMHCTBA 3TOT0 METOJOB COCTOSIT B BO3MOYKHOCTU IPOU3BOJAUTH pacdeTsl BuOpauuii K
1r000#1 cI0XKHOCTH. BMecTe ¢ TeM 3TOT METO] IMEET CIIeTyIOIINEe OTPaHUICHUS:

® 3aBUCHMOCTh pa3MEpOB JJEMEHTOB, Ha KOTOpble pa30MBAETCS pacCUUThIBacMas

KOHCTPYKLIMS, OT JUIMHBI YIPYTUX BOJIH AJISl OOHOPOAHBIX YYaCTKOB KOHCTPYKLIUY;

® HEOOXOJUMOCTb HPOM3BOJIUTH JONOJHUTEIBHOE AEJICHHE YYaCTKOB KOHCTPYKIMM Ha

OTJENIbHbIE 3JEMEHThl JUIsl NPAaBUIbHOTO OMMCAHUS PACIPOCTPAHEHUs YIPYTMX BOJIH B

MECTax pacloyIOKEHUs JIOKAJIbHBIX HEOHOPOJHOCTEH pacCUMTHIBAEMOI KOHCTPYKIMH.

B mponecce pa3paboTku HOBbIX KOHCTpyKuuid npumeHenne MKD He sBnsercs Hauboiee
ONTUMAJIHBIM CIIOCOOOM PELIeHUs OCTaBIEHHBIX 3a/1a4, TaK Kak:

® OTCYTCTBYET IIOJHAasl SICHOCTb O IPOILECCaX PpacCHPOCTPAHEHUs YIPYTUX BOJH IIO

paccMaTpuBaeMoOi KOHCTPYKIIMH;

® HE SCHO, KaK IPOUCXOJUT B3aUMOJAECHUCTBUE MEXKIY Ppa3IUYHBIMU THIAMH YIPYTUX

BOJIH;

® JI0CTaTOYHO CJIOKHO BBIOpaTh ONTHMAJbHBIM CIOCOO YIPaBICHHUS PAaCCUUTHIBAEMBIMU

napametpamu UK.

[To >TUM mpuumHaM, A ONKMCAaHUS NPOLECCOB PACIpPOCTPAHEHUs BUOpaIMii, KOraa HeT
IIOJTHOM SICHOCTH O (U3MYECKOH CYIIHOCTH IPOUCXOISLIMX SIBICHUH, MpEeANOYTHTEIbHEES
UCIIOJIb30BaTh TOYHBIE METOABI, OJIM3KUE K KJIACCUYECKUM IOJXO0/aM TEOpHH ynpyroctu. B
9TOM CIIy4ae UMEETCsl BO3MOKHOCTb KOHTPOJIMPOBATH!

e cTerneHb BO30YKAECHUS KOJeOaHui 371eMEHTOB KOHCTPYKIIMU AJIs1 JIFOOOTO THIIA BOJIH;

® CBA3b KaX/J0M (opMbl KojeOaHuil ¢ ApyruMu GopMaMu KosleOaHHii;

e pacrpeieseHHe aMILTUTY/] KoJeOaHUi Ka)10T0 THTIA BOJH JJis Beex dneMenToB MK

® pacrpezeieHUe U KOJUYECTBEHHOE COOTHOLIEHHE MEXIY MOTOKaMH SHEPrHH YNpYyrux

BOJIH BO BCEX JIEMEHTAX KOHCTPYKIMH Il Pa3JIMYHBIX TUIIOB BOJIH.

Takue MeToAbl pacueTa Jydlle MO3BOJSAIOT MOHATH (U3MUECKYHO NPHUPOILY HPOLIECCOB,
INPOMCXOJAIINX B PACCUUTHIBAEMOM KOHCTPYKLUH, U C(HOPMYJIUPOBATh IMPUHLUIBI, Ha
OCHOBAHHUU KOTOPBIX MOXHO CTPOUTh NPAKTUUYECKHE METOJUKH pPacyeTa HHTEPECyOLUX
napameTpoB ¢ npumenenneM MKD, a Takke pa3paboTaTh METOIbI  yIPABJICHHS
BUOPAIIMOHHBIMU U aKyCTUYECKMMHU XapaKTEPUCTUKAMU PacCMATPUBAEMbIX KOHCTPYKLIUH.

K wuymcny Takux METOIOB CIElyeT OTHECTH METOJ KOHEUYHBIX BOJHOBBIX 3JEMEHTOB
(MKBD) [1], koTOpbI#i SBISETCS ONTUMAIBHBIM CIIOCOOOM MPUMEHEHHUS METOJIa TPAaHUYHBIX
anementoB (MI'D). HeobxomumocTts paspabotku MKBD ocCHOBBIBaeTCS Ha YTBEP)KICHUH,
chaemaHHoM B kiaccudeckoit padore II. benepmxu u P. Barrepdunma nmo mpaktudeckomy
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npuMmeHeHnto MI'D [2], o ToM, 4YTO TpagULMOHHBIE BapuaHThl NpuMeHeHus MIDO k
OJTHOMEPHBIM CUCTEMaM He SBIsETCS (P (HEKTUBHBIM.

ITo cymectsy MKBD sBnsiercs panuoHanbHbIM criocoOoM npuMenenuss MI'D niist pacuera
pacnopoCTpaHEHUsl YIPYTUX BOJIH B CJIOXHBIX KOHCTPYKLHMSAX, MPUBOJALIMXCA K PEIICHUIO
OJIHOMEpPHBIX 3a/1a4. B coorBercTBUU ¢ MKBO:

e paccMmaTpuBaeMass KOHCTPYKLMs pa30MBAaeTcCss Ha KOHEYHOE YHUCJIO OJHOPOAHBIX

AJIEMEHTOB, Pa3MEPbI KOTOPBIX CBSI3aHbI HE C JJIMHAMM YNPYTHUX BOJH B KOHCTPYKIIMH, A C

BBIIIOJTHCHUEM YCJIOBHS OIHOPOJHOCTH KOHCTPYKLIHMM B Ipeleaax paccMaTpuBaeMoOro

BOJIHOBOTO 3JieMeHTa (BD);

® paccMaTpHUBaeTCsi OTAENbHBIA OJHOPOAHBIN BD OGeckoHeuHol mpoTspkeHHOCTH. [lis

3TOr0 3JEeMEHTa WJIM 3JIEMEHTOB, €CIM KOHCTPYKIMs pa3OuBaercss Ha BD pazmuunoro

TUIA, PEUIAlOTCs JHUCIEPCHOHHBIE YPAaBHEHMsSI M ONPEIEISIFOTCS CKOPOCTH  BCEX

HOPMAJIbHBIX BOJIH, KOTOpBIE IPEAINOJAracTCsl YUYUTBIBATh IIPU PELICHUM 337a4d O

pacnpoCTpaHEHUH YIIPYTUX BOJIH 110 BO HEOTHOPOIHON KOHCTPYKIUH;

® [IapaMeTpbl, XapaKTEPU3YIOLIUE PACHPOCTPAHEHUE YIIPYTHMX BOJIH IO HEOJHOPOIHOU

KOHCTPYKLIMH, Pa3AEsAI0TCS HAa KMHEMaTH4eckue M auHamudeckue nepemeHHsle (KV u

DV), u ans Bcex MepeMeHHBIX ONpeAestoTcs KO3(QPHUIUEHTH! UX CBSA3U C HEU3BECTHBIMU

aMIUINTYJaMH HOPMaJIbHBIX BOJIH. CBs3b Mexay Kaxaod DV u kaxnoit KV onuceiBaercs

MaTpulEeld HMMIIEJAHCOB WIM MaTPULEH IIPOBOJMMOCTEH pacCMaTpUBAEMOM OJHOPOIAHOU

KOHCTPYKLIMU IIPY COOTBETCTBYIOIIEM 3HAUE€HUU KOOPANHATHI;

® BBIBOJSITCS COOTHOILIEHHUS, ONPENEISIIOIINE MOPSAOK IepecyeTa MaTpUll MMIIEIaHCOB

(mpoBoguMoOCTEN) Harpy3kud OTAeabHOro BD K BXOOHBIM MaTpuliaM MMIIEIAHCOB

(mpoBoauMocTeit) 3Toro xe B3;

e Ha OCHOBAaHHMM yCJIOBUU HempepbIBHOCTH BeKTOpoB KV u paBHOBecust BekTopoB DV B

MecCTe KOHTaKTa pPa3M4HbIX BD, BBIBOAATCA COOTHOLIEHHUS, ONPEAEISIOIIUE MOPSAIA0K

nepecyera BXOJHBIX MaTpPUI] UMIIEIaHCOB HECKOIbKUX BD mpu ux cnusHuu B oqud BD k

MaTpUIle UMIEIaHCOB Harpy3ku atoro BO;

® BBIBOJATCS COOTHOLUEHMS, ONPEIEISIIOIIME IOPANOK IEpecyeTa BXOAHOM MaTpULIbI

IIPOBOAMMOCTEN BOJIHOBOI'O 3JIEMEHTAa IIPH €0 Pa3BETBICHUU HAa HECKOJIBKO BOJIHOBBIX

JIEMEHTOB, K MaTpuaM MPOBOJIUMOCTEN HArpy3KH 3TUX BOJIHOBBIX JIEMEHTOB;

® HAa OCHOBAaHUU HCIIOJIb30BAHHUSA COOTHOUIEHWM, IOJYYEHHBIX B TPEX MNPEAbIAYILIUX

pasnenax, OmpeeNsercs MaTpula BXOJIHBIX MMIIEJAHCOB WIM IPOBOAMMOCTEN Bcel

paccYMThIBAEMOl KOHCTPYKLIMM B MeCTaXx €€ BO30YXKACHUS JUHAMUYECKUMHU WIIH

KMHEMaTU4YeCKUMU BHEIIHUMHU BO3JEHCTBUAMM;

® T[IOCJIEZIOBATENIbHO, OT MecTa BO30YXIEHHS KOHCTPYKIMM ¥ JO €€ KOHIIOB,

ONpEENAIOTCS aMIUIMTYAbl HOPMajbHBIX BOJH s Bcex BD paccmarpuBaeMoit

KOHCTPYKLUU;

e B ciyyae HeoOxoammocTu, ompeaensercs pacnpenenenue KV um DV B mpegemax

oraensHoro BO mnm Bcex BD KOHCTpyKIMH, a Takke paclpelesieHue MOTOKOB SHEPrUU

BCEX YIPYTUX BOJIH, PACIIPOCTPAHSIOLIMXCS B UCCIIEyEMON KOHCTPYKIUH.

C. B. byapuH

MNprMeHeHne MeToAa KOHEYHbIX BOSIHOBbIX 3/1EMEHTOB AJ1 pacyeTa ynpyrnx BoJIH B pa3BeTBIEHHbIX
KkonebaTenbHbIX CUCTEMAX C YHETOM BO3MOXHOCTW PacnpoOCTPaHEHNS KOHEYHOrO YMCa BOSIH B KaXXA0WN BETBU
CUCTEMBI
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BaxxnpiMu nipeumymiectBamu MKBD 1o cpaBHeHUI0 ¢ IpyruMu MOAOOHBIMH METOJIAMHU

pacuera HeOJHOPOIHBIX KOHCTPYKLUH SBISIOTCS:

e ONEpPUPOBAHME C MaTPULIAMM HMIIEJAHCOB MW  IMPOBOJAMMOCTEH  HUCKIIOYAET
nepenojsinenne OBM B mpoliecce BBINIOJIHEHHUS] PacyeToB, KaK 3TO MMEET MECTO MpH
UCIIOJIb30BAHUM METOJOB HAUYaJbHBIX IapaMETPOB WJIM MPOTOHKH IPU BBIIOJIHEHUU
AQHAJIOTMUYHBIX PACUYETOB U MPU HATUYUHU HEOJHOPOAHBIX BOJIH B KOHCTPYKIIMH;

® BO3MOXXHOCTb KOHTposiupoBath KV u DV nmis n11060if HOpManbHOW BOJHBI U MOTOKU
SHEPIUU STHUX BOJH B JIIOOOH TOYKE PACCUMTHIBAEMON KOHCTPYKIMHM HE3aBHCHUMO OT
JpYrMX HOPMaJbHbBIX BOJIH;

® JCIOJb30BaHUE OrPAHUYEHHOI'O KOJIMYECTBA OTHOCUTENIBHO IMPOCTHIX COOTHOILEHUH,
HEOOXOIMMBIX JIJISl pacyeTa pacrpeesieHus] aMIUTUTY ] CKOPOCTeH KoeOaHuil M aMILTUTY
JUHAMUYECKHUX CHUJI IO CJIOKHBIM, HEOJTHOPOAHBIM KOHCTPYKLHUSM;

e HET HEoOXOJUMOCTH B  PEIIEHWH CHUCTEM YpaBHEHMI, MOPSIIOK  KOTOPBIX
MPOMOPLUMOHAJIEH YHUCIY OJHOPOAHBIX JJEMEHTOB, Ha KOTOpble pa30uBaeTcsi BCs
paccmaTpuBaemMasi KOHCTPYKIMA. MaKCUMaJIbHBIN MOPAIOK CUCTEM YPaBHEHHUM, KOTOPBIE
HEOOXOJUMO pellaTh NpU PACIPOCTPAHEHHM YIPYIHMX BOJH IO Pa3BETBICHHOMN
Kojie0aTeIbHOM CcHUCTEME, paBeH YHCIy aMIUIMTY]] HOPMajbHBIX BOJH, YYUTBHIBAEMBIX B
IIPOLIECCE BBIMIOJIHEHUSI PAaCUYeTOB il OTIENbHOM BETBU KOJeOATeIbHOW CHCTEMBI,
YMHOXEHHOMY Ha YHCIO HE3aBHCUMBIX KAHAJIOB PAcCHpOCTPAaHEHHUs YIPYTHX BOJH B
KQXJI0M U3 OJJTHOBPEMEHHO YUUTHIBAEMBIX BETBEM KOHCTPYKIIMH.

I[Ipu wucnons3oBannu MKBD MOXXHO paccyuThiBaTh BHOpPAIIMOHHBIC IMapaMETPhI

CICAYHOIHNX HECOJHOPOAHBIX KO0JIEOATEIIbHBIX CUCTEM:

® KPHUBOJIMHEHHBIX CTEP)KHEBBIX CHCTEM (pa3BETBICHHBIX U  HEPa3BETBICHHBIX
TpyOOIIPOBOJIOB THAPABINYECKUX CHCTEM Ppa3IMYHOIO HA3HAYEHUs, KOJOHH OypOBBIX
YCTaHOBOK C Y4€TOM BIIHMSHMS ITyJIbCAllMi OYpOBOI0 pacTBOpa U MPOAOIBHOIO HATSHKEHUS,
JIOTIacTEe! BUHTOB, INPY)KUH IPOU3BOJIBHOIO BHJA M CIOKHOCTH, BajOB MEXaHHMYECKHX
YCTaHOBOK C IIPOU3BOJIbHBIM paclpe/ieIeHUeM IUaMEeTPOB M0 JUIMHE U T. 11.);

e I[IpUBEJECHUA IIapAMETPOB CTEP)KHEH, HMEIOIUX CJIOKHOE IIONEPEYHOE CEUYCHHUE,
BBIIIOJIHCHHOE U3 TOHKOCTEHHBIX 3JIEMEHTOB, K IIapaMeTpaM 3KBHUBAJICHTHBIX CTEP)KHEU C
Y4YETOM BOJIHOBBIX SIBJICHUM B 3JIEMEHTAX UX IIONEPEYHBIX CCUCHUII;

® [IJJOCKMX U IIPOCTPAHCTBEHHBIX KOHCTPYKIIMM, COCTOSAIMX U3 CTEPKHEH IPOU3BOJIBHON
dbopMBl M BHIA COCOTUHEHWH WX B KOHCTPYKIHIO (OypOBBIX BBIIIEK, MOCTOBBIX
KOHCTPYKLHUK);

® CHUCTEM TpPOCOBOH MOJBECKM MOCTOBBIX KOHCTPYKLHH, TPOCOBBIX OYKCHPOBOYHBIX
CHCTEM CJIO)KHON (POPMBI U KOHCTPYKTHBHOT'O MCIIOJHEHUS U T. 1.}

® MHOTOCJIOMHBIX KOPIYCHBIX KOHCTPYKUHMH C MOAKPEIUIIOMUM HabopoM B OJHOM
HaIpaBJICHUY;

® OCECHMMETPUYHBIX IHIUHIPHUYECKUX 000JI0YEK MEPEMEHHOTO paauyca M TOJIIUHBI C

MOJKPEIISIONUM Ha0OpOM U mepedopKkaMu;

C. B. byapuH

MNprMeHeHne MeToAa KOHEYHbIX BOSIHOBbIX 3/1EMEHTOB AJ1 pacyeTa ynpyrnx BoJIH B pa3BeTBIEHHbIX
KkonebaTenbHbIX CUCTEMAX C YHETOM BO3MOXHOCTW PacnpoOCTPaHEHNS KOHEYHOrO YMCa BOSIH B KaXXA0WN BETBU
CUCTEMBI
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® KOHCTPYKUHH, COCTOALIMX W3 HPOM3BOJBHON CUCTEMbI IUIOCKONAPAJUIEIbHBIX CIIOEB,

JUId  ONpeAeNeHHUs HUX 3BYKOU3OJSALMHM, 3BYKOIOIJIOIICHUS, BHOPOIOIJIOIEHUS MU

NPUBEJICHUS UX MTapaMeTPOB K SKBUBAJIEHTHBIM MapaMeTpaM OJIHOPOJHBIX KojeOaTeIbHbIX

CHUCTEM.

Jlis mpoBesieHust pacyeToB pacnpocTpaHeHus: ynpyrux BosiH no MK B obmactu BbICOKHX
4acTOT U MOJy4YeHUs ycpelHeHHbIX 3HaueHudl KV u DV no npoctpaHcTBy U 10 4acTtoTe A
Bcex BD paccmarpuBaeMoil KOHCTpyKIMH OoJiee palMOHAJIbHBIM SIBJISI€TCSI NPUMEHEHHE
sHepro-cratuctuyeckux (OCM) meronoB pacyera BUOpoakycTuueckux xapakrtepuctuk UK,
KOTOpbIE ONEPUPYIOT UMEHHO C TAKUMM YCPEAHEHHBIMU XapaKTEPUCTUKaMU BUOpallMOHHBIX
U aKyCTHMYECKUX TNoJjied. YcnoBusiMH npumeHumMocth OCM MeTolO0B pacuera SBISIETCS
YCTaHOBJICHUE U1 KaXA0ro BD KOHCTPYKIMM 4YacTOTHOrO [Mana3oHa CyIIeCTBOBAaHUS
TP Py3HOro moist yupyrux BOJH. DTOT BONPOC MOXKET OBbITh pelIeH HpU HCIOJIb30BaHUU
MKBD. [lns pewenus 3aaa4 konedanuit K B 00macTi HU3KUX U CPEHUX 3BYKOBBIX YacTOT,
T. €. 4actor, rae oObiyHO mnpuMeHsitorcs MKD wumu MKD coBmectHo MID, BaxHO
YCTaHOBUTh KaKHE IEpPEMEHHbIE 0053aTeNbHO HEOOXOAMMO YUMTHIBATh i OOECHeueHHs
3aJJaHHON TOUYHOCTHU PacyeTOB, a KAKUMH MOXKHO ITPEeHEOpeyb.

ITpu pemienuu 3amau msnydeHus akycrtudeckux BonH MK npu mcnonb3oBannn MKDO n
MI'D BaXHO yCTaHOBMTb, Kakue (OpMbl KojieOaHUIl y paccMaTpuBaeMON KOHCTPYKIMH
HE00X0IMMO BBIICIUTH Ha (poHe Apyrux ¢opm kosnebaHuid. [y pemeHus 3TUX 3a/1a4 TaKkxkKe
MOKHO ucnoas3oBate MKBO. [Insa nposenenus pacueroB npu ucnoias3oBanud MKBDO s
Kaxoro tuna B3, Ha KoTOpble pa3OuBaeTcs KOHCTPYKLHUS, HEOOXOIUMO OINpPENEIUTh CBS3b
KV u DV ¢ ammmrygamu HOpMalbHBIX BOJIH IIPH PACIIPOCTPAHEHMM BCEX THUIIOB YIIPYIHX
BOJIH, KOTOPBIE MPEAIOJIAaraeTcsl yYUThIBATh IPU pacyerTe.

O61uee BripakeHue, ces3piBaromiee KV u DV ¢ ammintynaMu HOpMalibHBIX BOJTH, MOKHO
NpEeJCTaBUTh B BUJIE:

U(mxi)=3 A(m,k.x.i)-C(k.i).
. (6)
Q(m,x,i) = ZB(m,k,x,i) . C(k,i)

k=1

npu m=1,2,...r, tne m — uagexkc KV wm DV, k — HWHIEKC aMIUTUTYBl HOPMAIBLHOU
BONHBL, I — HoMmep BD, 2r — KOJWYECTBO HE3aBUCUMBIX HOPMAJIbHBIX BOJH B

paccmarpuBaeMoM BD paBHOE KOJIMYECTBY KOpHEW IMCIEPCHOHHOIO ypaBHEHUS, KOTOPbIE
YUMTBHIBAIOTCS TIPU ONMMCAHUU €r0 KOJIeOaHHi.

C. B. byapuH

MNprMeHeHne MeToAa KOHEYHbIX BOSIHOBbIX 3/1EMEHTOB AJ1 pacyeTa ynpyrnx BoJIH B pa3BeTBIEHHbIX
KkonebaTenbHbIX CUCTEMAX C YHETOM BO3MOXHOCTW PacnpoOCTPaHEHNS KOHEYHOrO YMCa BOSIH B KaXXA0WN BETBU
CUCTEMBI
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Breipaxkenust (6) o0pa3yroT cucteMy 2r anreOpanvecKux ypaBHEHHN OTHOCHUTEIHHO 27
HEW3BECTHBIX AaMIUTUTYZ HOPMAJIBHBIX BOJH C(k,i). Peakiust KOHCTpyKIIMM Ha ee
BO30Y>KJCHHE SBISICTCS CBOWCTBOM KOHCTPYKIIMHU, OIPEACTSEMBIM €€ HMIICJAaHCOM WU
MaTpullell UMIIETAHCOB, M HE 3aBHCUT OT CIIOCc00a €€ BO30YKICHUS.

Ecnu nnst ommcanuss kojneOaHUN KOHCTPYKIIMM HEOOXOAMMO F» JIMHAMUYECKUX WU F
KMHEMAaTUYEeCKUX MEPEMEHHBIX, UMIIEAHCHBIE XapaKTEPUCTUKN KOHCTPYKIIUU OMHUCHIBAIOTCS
MaTpullell UMIIETAHCOB, MOPSIIOK KOTOPOM TakKe paBeH . BennmunmHa oOpaTHas MMIIEIAHCY
HA3bIBACTCSI MPOBOAMMOCTBIO. DJIEMEHTHI BXOJHOW MATPHUIBI HMMIIEIAHCOB W BXOJHOMN
MaTpUIIBl  MPOBOJMMOCTEH  CHEAYIONIMM 00pa3oM  CBS3BIBAIOT KHUHEMATUYECKUE U
JTUHAMHUYECKHE ITepEeMEHHbIE:

r

O(m,0,i)= ; [Z(m,1,0,i)-U(£,0,1)],

: Q)
U(m,0,i)=">"[¥(m,z,0,i)- O(£,0,i)],

t=1
m=12,..r.

OmHUMH W3 OCHOBHBIX COOTHOIIICHUM, UCTIONB3yeMbix B MKBD, sBisitoTcst cooTHOIIEHUS
nepecyera 3J€MEHTOB MaTpPUIbl UMIIEJAHCOB HArpy3kH [uid i-ro BO k anemMeHTam BXOJIHOU
MaTpULbl UMIIEAAHCOB 3TOr0 ke BD.

Jnst penieHrs mocTaBIeHHOM 3a/1a4ll BOCIIONIb3yeMcs BbipaskeHueM (6). s pemienus sTon
CHCTEMbl HEOOXOJJMMO 33JaTh 2r I'PAaHUYHBIX YCIOBHUH, HO TaKOM BO3MOXHOCTH HET, TaK KaK
paccMaTpuBaeMblil i -biif BD coBepiuaeT cBsa3aHHBIe KoJeOaHUs co Bcel cucremon BD, u3
KOTOPBIX COCTOMT KOHCTPYKLHA. 3ajaBasi MaTpHIly MMIIEJAHCOB HAarpy3kH, Mbl 3a/aeM 7
IPAaHUYHBIX YCJIOBUS U3 27 TPAHUYHBIX YCIOBHM, HEOOXOIUMBIX Ui OINpPEICIICHUS BCEX

C(k ,i ) OIIHaKO, 9TOr'0 OKa3bIBACTCA NOCTATOYHBIM IJI PCIICHHA paCCManI/IBaCMOﬁ 3aga4u.

Homyctum, 4TO HaM 3a/aHbI €1e » TPaHWYHBIX yciaoBHs, a uMeHHO » KV Ha Bxoxe BO, T. e.

3amganel U (m,O,i). [Ipu »TOM yCOBUU, UMEETCS BO3MOKHOCTh BBIPA3UTh BCE HEM3BECTHHIE
aAMIUTUTYAbl HOPMAJBbHBIX BOJIH C(k,i) yepes nepeMeHHbie U (m,O,i) Y BEJIMYUHEI 3JICMEHTOB
MaTpHIbl UMIIEAAHCOB HArpy3ku. Jlanee, 3Has C(k,i), MOEM BBIPA3UTh JIIOOBIE TTIEpEMEHHBIE
IUTsl paccMaTpuBaeMoro BD Ha mobom ero kouie uepes U (m,O, i). CnenoBaTtenbHO, MOKEM
BeIpazuTh DV Ha Bxome BD, T.e. Q(m,O,i) uepes U (m,O,i). DJIEMEHTBl MaTpPHIIbI
UMIIEAHCOB Ha BXoAe i-ro BD monyuwmm, Tpynmupys claraeéMmble C OJMHAKOBBHIMU
WHJEKCAMHU m Yy epeMeHHbIX U (m,O,i) B BBIpQXKCHUU JJIA Q(m,O,i).

[Tocne moacTaHoBKY B (6) 3IeMEHTOB MaTpUIIbl HArpy3ku i-ro BD Z (m,t,x,i) nU (m,O,i)

IIOJIyYUM CUCTEMY YpaBHEHUI

2r

> [D(k.i)-C(k,0)]= F(j.i) ()
k=1

npu j=12,..,2r,

C. B. byapuH

MNprMeHeHne MeToAa KOHEYHbIX BOSIHOBbIX 3/1EMEHTOB AJ1 pacyeTa ynpyrnx BoJIH B pa3BeTBIEHHbIX
KkonebaTenbHbIX CUCTEMAX C YHETOM BO3MOXHOCTW PacnpoOCTPaHEHNS KOHEYHOrO YMCa BOSIH B KaXXA0WN BETBU
CUCTEMBI
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rae
A(j,k,0,i)
mpu =12, r;

DU = 5 )= S Al ki) 20— i) ®)
npu j=r+1,r i:;,..., 2r.

DJIeMEHTHI TIPABOM YaCcTU CUCTEMHI (8) paBHBI:

U(j,0,i) mpu j=12,..,r,
F(j,i)Z{ (/ ) pa j

0 mpu j=r+lLr+2,.,2r. (10)
Onpenennum C (k,i ), oOpariast MaTpUILy, COOTBETCTBYIOIIYIO CUCTEME ypaBHEHHH (8):
Clk,i)=>_[DI(k, j,i)- F(j.i)] (11)
j=1
npu k=1,2,..,2r, tne DI (k, J,i ) — DJIEMEHTBhl OOpaTHOW MAaTPUIlbl, COOTBETCTBYIOMICH
cucreme (8).
IloacraBnas F ( J»i ) B (11) moxem onpenenursb
C(k,i)=>[DI(k, j,i)-U(j,0,i)] , (12)
j=1
k=12,..,2r.
3Has C(k,i), ¢ yuetoM (11), Bepazum Q(m, O,i) yepe3 U (m,O,i):
2-r r
0(m,0,i)=>"| B(m,k,0,i)- > [DI(k, j,i)-U(;,0,i)]|. (13)
k=1 j=1

['pynmupyst crmaraemble B COOTBETCTBMH C BbIpaxkeHueM (7) ONpenenuM HMCKOMBIC
3JIEMEHTBI BXOJIHOW MaTpPHIIbl UMIIeJaHCcOB BO:

2r

Z(m,t,0,i)="Y" [B(m,k,0,i)- DI (k,¢,i)], (14)

k=1
m=12,..rut=12,...,r.

AHaJOTUYHbIE COOTHOIICHHUS MOXXHO 3amucaTh MPU OIpeIeJeHUH BXOJHON MaTpHIlbI
MIPOBOJIMMOCTH TIO 3aJaHHOM MaTpulle MPUBOJUMOCTH HArpy3Ku 3Toro xe BD.

W3 mocnenHero BBIPRXKEHUS BUAHO, YTO SJIEMEHTHI BXOJHOW MATPHUIBl HMIIEIAHCOB
JIEUCTBUTENLHO OIPEACISIIOTCS TOJBKO dYepe3 3aJaHHbIE BEIUYMHBI SJIEMEHTOB MAaTpPHIIbI
UMIIEAHCOB Harpy3ku ©u Kodpdumuentsl cBsizu Mexay KV u DV u ammmurynamu
HOPMAJIBHBIX BOJIH.

[Topsinok nepecuera BXOJHBIX UMIIEIAHCOB HECKOIBbKUX B nipu ux cnustHuum B oquH BO k
MaTpHIle UMIIEAAHCOB Harpy3ku 3Toro BD orpezaensieTcst mo COOTHOUICHUSM, MOJIYYEHHBIM

C. B. byapuH

MNprMeHeHne MeToAa KOHEYHbIX BOSIHOBbIX 3/1EMEHTOB AJ1 pacyeTa ynpyrnx BoJIH B pa3BeTBIEHHbIX
KkonebaTenbHbIX CUCTEMAX C YHETOM BO3MOXHOCTW PacnpoOCTPaHEHNS KOHEYHOrO YMCa BOSIH B KaXXA0WN BETBU
CUCTEMBI
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MIPU KCIIOJIB30BAaHUM YCIIOBUM HENpPEpPhIBHOCTH BekTOpoB KV mis BD, oOpasyrommx ysen
COCIMHEHMS U paBHOBECHUS BEKTOPOB DV, AEUCTBYIOMUX B Y3JI€ COCAUHEHUS.

B Gonee koHkpeTHOH (HOPMYIHPOBKE ATOT MOPSAOK IEpecyeTa MOKHO H3JIO0KHUTh Kak
OmpeJieJIeHUe MaTpullbl UMIEeAaHca Harpy3ku i-ro BD mo 3agaHHBIM BXOJHBIM MaTpHIlaM
nMIieganca Bcex BD, cauBaromuxcs B 7 -p1ii BO.

Pemenue 3Toit 3aaun BKITIOYAET B ¢€0s1 BBITIOJIHEHHUE CIIEAYIOIINX ONepaIuii:

e DV mna Beixoge i-ro BD Belpaxarorcsa uepes DV Ha Bxome n(i) BDO, koropsie

cnuBaroTcs B i-plii BO, Ha ocHoBaHMM yciioBusl paBHOBecusi BekTopoB DV Bcex BO,
BXOJISIIINX B COCIUHEHUE;

e DV na Bxoze n(i) BD mno 3agaHHbIM BXOJHBIM MaTpullaM HMMIEAAHCOB 3TuX BDO
BbIpaxatotTcs uepe3 KV Bxoze atux xe BO;

e KV mna Bxome n(i) BD, cnuBaromuxcs B i-biii BD, Ha OCHOBaHWU YyCIOBUS

HEMpephIBHOCTH BEKTOPOB Bcex KV Boipaxarorcs uepe3 KV Ha Beixoze i -ro BO;

® JICKOMBIE 3JEMEHTBhl MaTpPHUIbl MMIIEAAHCOB HArpy3ku ais i-ro BD Haxoxmarcs u3
BBIPQ)XEHUS, IOJYUYEHHOTO B MPEbIIYIIEM ITyHKTE, yTeM TPYIIUPOBKHU Ul Kaxaou DV

Ha BeIXoAe I-ro BD crnaraemsix npu oaumHakoBeix KV Ha Bbeixoge storo ke BD B

COOTBETCTBUU C BbIpaskeHueM (7).

[Topsinok nepecuera BXOAHOW MATPHULIbI IPOBOJUMOCTH i -ro BD mipu ero pa3eTBiieHHH Ha
n(i) BD k Marpuiie mpoBOAMMOCTEH HArpy3ku Bcex BD, Ha KOTOpbIe pa3BEeTBISICTCS I -bId

BO, Taxxke ompezaensercss M0 COOTHOILIEHHSM, MOJYYEHHBIM IPU UCIOJIB30BAaHUM YCIOBHUI
HenpepbIBHOCTH BekTopoB KV s Bcex BD, oOpasyromux y3en BETBJIEHUS U PaBHOBECHUS
BekTopoB DV, nelictByromux B y3iie coeauHeHus. [lopsgok mnepecyeTra COCTOUT B
ONpeIeTICHUU MAaTPUIbl POBOAMMOCTH HArpy3ku i -ro BO 1o 3agaHHBIM BXOJHBIM MaTpUIIaM
MIPOBOJIMMOCTH Bcex BD, Ha KoTOpbie pa3BeTBisieTcs 1 -blil BO.

[locnenoBarenpHOCTh  BBINIOJIHEHMSI — ONEpAaldid  AHAJOTMYHA  W3JIOKEHHOM  IIpH
paccMOTpEeHUM cilyyasi CIHsiHUSL HecKoiabkux BD B onun BD ¢ yuerom orinmums mpouecca
pa3BetBiieHusa BO ot npouecca cimsinug HECKOJIbKuX BO B ouH.

W3 u3510:K€HHOr0 CIAeAYEeT, 4TO JUIsl pacyeTa pacpoCTpaHEHUs YIPYTUX BOJH PA3TMUYHOIO
THIIA 10 CJIOKHBIM HH)KEHEPHBIM KOHCTPYKIUSM ¢ mpuMenenneM MKBD Heobxoanmo:

e onpenenuth cBa3b KV n DV ¢ aMmuTynamMu HOpMAalbHBIX BOJIH, YYUTBIBas, Kakue

HOpPMAJIbHBIE BOJIHBI PACIPOCTPAHSIOTCS B KOHCTPYKIIUH;

e 3amucaTh COOTHONIEHUS ISl CTBIKOBKM BD ¢ y4eTOM KOHKPETHOM I€OMETPUM HTOTO

y37a;

e ocranbHble anroputMbl MKBD onnHakoBbI 151 TIOOBIX KOHCTPYKITUH.

Hanpueiimum pazsutuem MKBD sBisieTcst MeTo[ KOHEUHBIX HUMIIEIAHCHBIX AJIEMEHTOB
MKMW, cymHocTh KOTOPOro u3iiokeHa B padore [3].

C. B. byapuH
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