OIIA.P.03 CTPOUTEJIBHASI MEXAHUKA
METO/ KOHEYHBIX OJIEMEHTOB B PACUETAX
CTEPKHEBBIX CUCTEM
VY4yebHOoe mocodue

H3nararoTcsa OCHOBBL METOJA KOHEYHBIX 3JIEMEHTOB CTATUKH, YCTOHYHBOCTH, TH-
HaMHKH CTEPKHEBBIX CHCTEM W mporpaMMupoBanue Ha dopTtpane. [Tocodne coot-
BETCTBYET y4eOHbIM nporpamMmaM no aucuuniauHe «CTpOMUTENbHAs MEXAHHKA aB-
TOMOOMIA» AN MOAMOTOBKH AWNIIOMHPOBAHHBIX CMIELHATHCTOB MO CNELHANbHOCTH
653200 nanpaenenus « TpaHCOOPTHBIE MALUMHBI U TPAHCMOPTHO-TEXHOJIOTHYECKHE
KOMTIIEKCED).

PekoMermyeTCcs CTYIEHTAM TIPH H3Y4YeHHW Kypca «CTpoHTENnbHAA MEXAaHHKA aB-
TOMOOMJIA» U NPH BBINOTHEHHH PACHETHO-NPOEKTHPOBOUHBIX PadoT.



BBEJIEHHE

O/HO W3 OCHOBHBIX HANPABJICHUH MO TPOCKTHPOBAHWIO KOHCTPYKIIHIA,
VAOBJICTBOPAIOLIMX COBPEMEHHBIM TPeOOBAHHUAM CHUXKEHUSI METAILIOEMKOCTH,
CBA3aHO C UX BCECTOPOHHUMH UCCIENOBAHUAMU HANPAKEHHOTO U nedopmupo-
BAHHOTO COCTOSHHI, CTPEMIIEHHEM K JIYULIEMY HCIIOJIB30BAHUIO HECYIIEHA CIO-
COOHOCTH KOHCTPYKLHH. BONpPOCH, CBA3AHHBIE C PAaCUETOM KOHCTPYKUUH BO3-
HHUKAIOT BO MHOTHX OTPaciisIX COBPEMEHHON MPOMBILLIEHHOCTH, B TOM YHCJIE!
aBUALMU, CYJIOCTPOCHHH, ABTOMOOMIICCTPOCHUHM, XHMHUYCCKOM MAIlMHOCTPOC-
HHUH, CTPOUTCIILCTBE W T. 1.

B nocneanue rosbl BO BCEM MUpPE NPOSBASETCA OONbLIONA UHTEPEC K Npo-
OnemMam BbIYMCIIUTC/IBHOW MEXAHUKH. ITOT UHTEPEC OOYCIIOBICH TEM, YTO ME-
XaHUKa KakK (pyHAaMEHTaNbHasg HAyKa YEPE3 HCCIIEAOBAHHUA, BBINOJHAECMBIE B
pPa3AUUYHBIX O0JAcTAX HAyKM U TEXHHUKH C HCIOJL30BAHUEM KOMIBIOTEPHBIX
TEXHOJIOTHUM, UTPAET OOHY U3 BEAYIIUX POJEH B TEXHUYECKOM IpOrpecce.

MeToabl MPOUHOCTHBLIX PacHETOB KOHCTPYKUMI (POPMUPOBATHCHL € pa3BU-
THEM CTPOUTEJIBHOH MEXAHUKH CTEPKHEBBIX CUCTEM, NIACTHH KU 00oJouek. Hc-
TOPUIO Pa3BUTHA CTPOUTENLHONW MEXAHMKH IOEJAT Ha ABA MEpHoAa: OO0 MOABJE-
HHAA BBIYHCIUTENBHLIX MAIIWH — 3TO KJacCHYECKad CTPOUTENLHAd MeXaHuKa
CTCPIKHCBBIX CUCTEM W TIOCJIC TTOABJICHUS BBIYUCIIUTEIIBHBIX MAIIAH,

IBM 3HAYNTEIIBHO pacIIMpuia PAMKH CTPOHTEILHOH MexaHuku. [TposiBu-
JIOCh TIPEUMYIIECTBO METO/IA MEPEMEIICHUH W CTAJI0 BO3MOXNKHBIM ITPHUMEHCHHE
METOJ0B pacuéra, KOTOPLIE NO3BOJISIIOT 00JIEE MOJIHO YUUTBIBATh TEOMETPUIO U
yCIA0BUSA padoThl KOHCTpYKUMA. CdopMUpoBaNioch HOBOE HAaNpaB/EHUE. Bbl-
YUCJIUTEIbHAS MEXaHHUKA 1e(hOpMUPYEMOTO TBEPAOTO TENA.

B cuny pa3snHyHbIX OOCTOATENLCTB AHANHTHUYECKOE pelleHHe AuQdepeH-
IHANLHBIX YpaBHEHUH 1 OOJBITWHCTBA MPAKTUYSCKH BAKHBIX 3a7a4 YCTaHO-
BHTH HEBO3MOYKHO, TTOITOMY TIPHOITHKEHHBIC YHCIICHHBIC METOJIBI pacyéTa KOH-
CTPYKIWH ABJIAKOTCHA €IMHCTBCHHO BO3MOKHBIM TTOJIX0JIOM B UCCIIC/IOBAHUN W
HOJYYEHUU NOPUEMIIEMbIX PE3YJLTATOB MPU PELICHUU MNPAKTUYECKH BAMKHBIX

3ajgat.



Pa3BuTHe BBIUUCAUTENLHOU TEXHUKH, LWUPOKOE €€ PacnpoCTPAHEHUE U
YBEJAMUYEHUE MOLUHOCTH IBM CnocoOCTBOBANU MOABAEHUIO TOUHBIX U BbICOKO-
NPON3BOANTENIBHBIX YHCICHHBIX METOJOB pacyéra W OOYCIOBWIH IIHPOKOE
BHEIPEHNE WX B PACYETHYIO MPAKTHKY NMPH NMPOEKTHPOBAHWHU KOHCTPYKIHA.

ITOMY OTBEHAOT COBPEMEHHbBIE METOAbI UCCASAOBAHUS HANPSKEHHOTO N
Ae(pOPMUPOBAHHOTO COCTOAHMI PA3IMUHBIX HHAKEHEPHBIX KOHCTPYKLHI, OCHO-
BAaHHbLIC HA O00Pa30BaHUM JTUCKPETHOW MOIEAU C MOMOLILKY 3JIEMEHTOB KOHEU-
HbIX pa3MepoB. KOHCTPYKLMIO MOKHO pacCMaTpUBaTh KaK HEKOTOPYIO COBO-
KYMHOCTb KOHCTPYKTUBHBIX 3JIEMEHTOB, COCIMHEHHbIX B KOHEYHOM YUCIE Y3-
JIOBBIX TOUEK. ECIN M3BECTHBI COOTHOLIEHUA MEXAY CHIAMH W NEPEMELIECHUA-
MU AJ8 KOKIOr0 OTACIBHOTO KOHewuHoro anementa (K3), To, ncrmons3ys wu3-
BECTHbIC NMPUEMbBI CTPOUTENILHON MEXaHUKH, MOYKHO OMKMCATh CBOMCTBA KOHCT-
PYKUHH U UCCEN0BATH €€ NMOBEAEHHE B LIEJIOM.

YUUCNeHHbIE METOAbl MWCC/IEAOBAHUI NpPeayCMaTpUBAKOT TNPUMEHEHUE
IBM nng Bcero npouecca pacuéra, T. €. OT BBOAA B MALIMHY CBEACHUI O reo-
METPUU U TOMOJOTMH KOHCTPYKUMH, €€ (PU3MYECKUX CBONUCTBAX M HArpy3Kax a0
NONYYEHNS OKOHUYATENbHBIX PE3yJbTATOB HAMPSKEHHOTO M Ae()OPMUPOBAHHO-
ro COCTOAHWNA. [IpUMEHNUTENBHO K pacuéTy KOHCTPYKUuii Hanbonee adexTHB-
HbIM, OUYEHb YAOOHBIM BBIUMCIUTENBHBIM METOAOM PELUEHUS MPHUKIAJAHbIX 3a-
Aay MeXaHWKU AepOpMUPYEMOro TBEPAOrO TEA SBJISETCH METOA KOHEUHbIX
anemeHToB (MK3). MKD cran (pyHaamMeHTaNbHbIM METOIOM MEXAHHUKU MO OI-
PEACNEHUI0 HANPAKEHHO-AS(HOPMUPOBAHHOIO COCTOSIHUS CJAOMKHBIX HHKEHEP-
HbIX KOHCTpYKUUi. [lpeumylnectso MKD nposBiseTcs B €ro YHUBEPCANLHO-
CTH TEXHWKH BBIMHUCIEHUH NPHU WUCTIONB30BAHKNH pa3nuuHbiX KD B MOaenn KoH-
CTPYKUMH. KOHEUHO-DNEMEHTHBIE MOISIN PA3IMYHBIX KOHCTPYKUHMI MOTYT
ObITb CBEJEHBI K CTEPKHEBBIM, NJIACTUHYATBIM, 000JIOUYEUHbIM WIH OOBEMHBIM
CUCTEMAM, HAXOAALUMCA NMOJ AEHCTBUEM NMPOW3BOJILHBLIX HArpy3ok. MK3 no-
3BOJIAET PACCUUTHIBATL CAOCMKHBIE HHKEHEPHbIE KOHCTPYKLUU C €AUHBIX MO3U-
UM, T. € B BO3MOXHOCTH 00pa30BaHUsl MJOCKUX U MPOCTPAHCTBEHHBIX Pac-
YETHBIX MOAENEH Ha OCHOBE CTEPKHEBLIX U MAOCKUX KO, Tak kak MaTpuUuHbIA

anmapaT METoJa HOCHT CTaHAApTHBIH XapakTep ana KD paznnunoii Gopmabi.



C pa3BHTHEM BBIYMCIIMTCIIBHONH TCXHUKW aKTHBHO pa3padaThiBAKOTCA aJiro-
PHTMHYCCKHE A3BIKM TTPOrpaMMHpOBaHus. (Cpe/ln MHOTMX TAaKWX A3bIKOB
GOOPTPAH no-npexHEeMy OCTAETCS PaclpOCTPAHEHHbIM W YIOTPEOISAEMbIM;
OO0JbIIMHCTBO NPOrpamMM IS BbIYMCINTENBHBIX 3a/a4 B PAa3IMUHBIX 00JACTAX
HAYKH U TEXHHKH cocTaBieno u coctapiaiorcas na ®OPTPAHE. Pocty momy-
JSPHOCTH A3BbIKa CIIOCOOCTBYET H TO OOCTOATENLCTBO, YTO B CHITY CBOCH CTPYK-
TYpbl OH OYCHb YJI00CH B AaJbHEHIIEM COBEPIICHCTBOBAHUN. [TOCTOSHHO T10-
SIBJISIFOTCS HOBBIC ONCPATOPHI, JIMAJIOTOBBIH pexkuM paboThl U T. J1.

Y4eOHoe nmocoOHe NpPEeIHaA3HAYCHO JUIA CTYJICHTOB M3YHAaKOUIMX KYpC MeE-
XaHHUKK NePOPMUPYEMOTO TBEPOro TeNa. B UX YMCIIO MOTYT BOHTH CTY/ICHTHI,
M3YYAKOIIKME ABUACTPOCHUE, CYJIOCTPOCHHUE, aBTOMOOWIECTPOCHHE, MPOMBbILI-
JIEHHOE U IPa*kAaHCKOE CTPOUTENBCTBO, TEXHUUECKYHO U MPUKJIAAHYH) MEXAHU-
Ky. JlaHHOo€e y4eOHOoe nocoOue OPUEHTHPOBAHO U HA UHKEHEPOB, 3aHUMAIOLLIHX-
CA PUKIIAAHBIMU 33J1a4aMH IPOEKTUPOBAHWSA PA3JIMYHBIX CTEPIKHEBBIX CHCTEM.

MKD3 npencraBnseT METOAMKY, NPEAHA3HAYCHHYIO IS BbIUMCIEHUS HA
BbIUKCIUTENbHBIX MAalIMHAX. B CBA3K ¢ 3TUM B NpeiaracMoM y4eOHOM MoCco-
OMM GONBIIOE BHUMAHHE YAENIESTCA BHIYMCIUTEILHBIM MTPOTpaMMaM.

B y4yeOnoM mocoOun paccMaTpuBaloTcsd OJHOMEPHBIE DJIEMENTBI, KOTOPEIE,
KaK MPaBuiIo, UCTIOJIB3YKOTCS B KAUCCTBE MPUMEPOB, TIOJTBEPIKIAIOIINX TCOPE-
THYECKHUE TIOJIOOKCHUS KOHCUHO-3JICMCHTHOIO aHAJIM3a TTPH M3YYCHUUW JIBYX W
TPEXMEPHBIX 3a]1a4 MEXAHUKH CILUIOLIHON CPEnbL.

g npakrtnueckoro npumeHeHus MK Tpedyercs He TOJIbKO OBJIAJICHUE
TEOPUEH, HO W MPEOJIOJECHUE 3HAYMTEIIbHbLIX TPYJAHOCTECH NPOrpaMmMHUpOBaHHUS
Ha 2BM. B cBsA3u ¢ 3TUM B yueOHOE NocoOue NOMELIEHBI pAl MOANPOrpamm,
PEATM3YIOIIUX PA3MUYHBIE CTAHIAPTHBIE JTaMbl pacdera CTaTHKH, YCTOHYUBO-
CTH, CBOOOJIHBIX M BBIHYMCICHHBIX KOJCOAHUN CTCPIKHEBBIX CUCTEM, C MOMO-

LI KOTOPBIX CTY/ICHT MOXKCT COCTaBUTH COOCTBCHHYIO NPOTrPaMMy.



1. CTATHKA

1.1. Cucremni koopHaT. CHJIbl H IepeMelllecHH

OcobeHHOCTbHY K3 CTEP:KHEBOrO TUMA SBASETCS TO OOCTOATENBLCTBO, UTO
3a7aBaeMblii XapakTep MoJA MEePeMELUEHUH BHYTPU JJIEMEHTA COBNAAAET C
ypapuenueM vrpyroil aunuun. [lostomy MKD nmg cTepKHEBBIX JJIEMEHTOB,
(PaKTHYECKH, IBIACTCS METOIOM TIEPEMEIIEHHIH, a He BAPHALIMOHHBIM METOIOM.

Omnaxo B MKD yuuTtniBaeTcs npogoabHas aedopmaiing cTepskHedi 1 o
CTEPKHEBBIM 3JICMCHTOM TOHUMACTCS HE TOJIbKO OT/ICJIbHBIA CTEPMECHb, HO W
J00as €ro 4acTh, T. €. OCHOBHAS CUCTEMA HE ONPEIACIACTCH MUHUMAIILHOM CTe-
MEHLH KUHEMATUYECKONH HEONPEACAUMOCTU CTEPXKHEBOM CUCTEMBI, UTO JIEXKUT
B OCHOBE pacu€THOM CXEMbl METOA NEPEMELLEHHUIA,

[Ipn 3TOM HCcnoab3yeTcd OObIYHOE MOHATHE METOAA NMEPEMEIIEHUH HKECT-
KWW y3eN, T. €., ACX0Od W3 YCJIOBUN HEPA3PBIBHOCTH MEPEMELIEHHH C YUETOM
HEAS(POPMHUPOBAHHOCTH KOHTYPA CEUYCHUS, A BCEX V3I0B (CEUEHUH conpske-
HUA CTEPKHEN) PaCuETHON CXEMbl MMEET MECTO PABEHCTBO JIMHEHHBIX U YIJIO-
BbIX [EPEMELICHUI.

[Ipexxne BCEro, HEOOXOAUMO ONPEAE/IMThCA ¢ CUCTEMAaMU KOOPAMHAT U
MPaBUIOM 3HAKOB,

B MKD pa3znuuaror o0y (rnodanbHy0, CHCTEMY KOOPAHHAT KOHCTPYK-

UWH) H MECTHYIO (JIOKANTBHYIO, CUCTEeMY KoopAanHat K3) cHCTEMBI KOOpAHHAT.
Ha puc. 1.1. npuBeaeHbl A€KapTOBBIE NPABbIE CUCTEMbI KOOPAWHAT.

YIJ

Puc. 1.1. CucTteMbl KOOpAHHAT



O6wme ocn koopounat X°, Y’ Z° samatorca nns Beelt konetpykunn. O6-
Ak CUCTEMA KOOPJIMHAT OCTACTCs HENOJBUIKHOH B npouecce achopmaliuu
KOHCTPYKIIMM U NEPEMEIICHUA Y3JI0B CONPSIKEHUA CTCPIKHEH ONPEACHsOTCS
OTHOCHUTEJIbHO YKa3aHHbIX Occii. B OCHOBHOM 0011as CUCTEMA KOOP/IMHAT WUC-
NOJb3YETCS MPU BBIBOAE YPABHEHMH A5 BCEH KOHCTPYKUMK (paspeluaroiias
CHUCTEMA ypaBHEHUH paBHOBecU). MeCTHbIE 0CcH KoopAuHAT X, Y, Z CBA3aHBLI C
onpeaenennniMi KD, Tak kak KD paznuunsim 00pa3oM OpUEHTHPOBANLI APYT
OTHOCHTENBHO APYTa, TO MECTHBIE OCH KOOPIWHAT TAKKE Pa3jWuHO OPHEHTH-
pOBaHbL, T. €. ¥ Kaxaoro K3 cros cucrema koopiauuar XYZ Mecrthas cucrema
KOOP/IMHAT UCTIO/b3YETCH B YPaBHCHUAX it oT/icsibHbIX K3, Cunam u nepe-
MELIeHUsM B y3nax K3 COOTBETCTBYHOT BEKTOPbI-CTONOUBL. (s 01HOIO 7-ro
y3aa KD B o01ueM cnydae (MpoCcTpaHCTBEHHAS 3a4a4a) B MECTHOMN CUCTEME KO-
OPAMHAT BEKTOPLI Y3JI0BLIX CU {P;} U nepeMellgeHuil {Z;} OyayT

P\.’ u
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rae P, P, I, — y3J0BbIC CUJIbl N0 HANPaBACHUIO OCCH X, ¥ U Z,
M, M. M, — y3JI0BbIE MOMEHTBI OTHOCHTEJIbHO COOTBETCTBYIOUINX OCEH;
u, v, w — COOTBETCTBEHHO JIMHEHHbIEC NEPEMELLIEHHS BOJIb OCEH X, ¥, Z,
@, @, .~ YIIOBBIE NEPEMELLIECHUS OTHOCUTELHO COOTBETCTBYHOLIMX OCEH.
OueBUAHO, BEKTOPHI Y3JOBBIX CHI M niepeMeuleHnid KO B obueit cucteme
koopanHar oyayT {P"} u {Z"}. CulloBbIMH BEJIMMMHAMH, COOTBECTCTRY HOLLIMMU

JIMHCHHBIM NEPEMELICHUSM SBJISIKOTCS CUJIbl P B BEKTOPE Y3JIOBBIX CUJI, & COOT-
BETCTBYIOLIMMU YIIOBbIMU NEPEMELLEHHUAM ABISKOTCA MOMEHThI M.

Ha puc. 1.2 npuBeacHbl NPUHATBIE NOJOKUTEAbHBIC HAMPABISHUS Y3/10BbIX
CUJ1 M JIMHEHHBIX nepeMelucHuil (1, 2, 3), a TakiKe y3J10BbIX MOMEHTOB U YIJ10-
BBIX miepemenieHuii (4, 5, 6), mOCnea0BaTeAbHOCTh KOTOPBIX COBMAJAET C TO-

CNEe0BaTENbHOCTHIO 3JIEMEHTOB B BEKTOpax cu1 {P"} u nepemetueHuit {Z°}.



Puc. 1.2. [lonokurenpHble HANPABIAEHW NEPEMELLEHUHA H CH

Takum 00pa3zom, NOJNIOKUTEIIBHBIC 3HAYCHUA CUJ1 U JIMHCHHbBIX NEpeMeELle-
HUI COBMANAKOT C MOJOXKUTE/ILHBIM HANpPaBACHUEM OCEH KOOPAMHAT, a Nojo-
JKUTEJIbHbIE 3HAYECHUSI MOMEHTOB U YIJIOBbIX NEPEMELUEHUI HANPABJIEHBL IPO-
THB BpALUIEHUA YaCOBOW CTPENKH, €CIIH CMOTPETH CO CTOPOHBI HAIpPAaBICHUS
0Cell KOOpaWHar.

TTpn pacuére CTEPXKHEBBIX CUCTEM NMPHUMEHACTCS TMNOTE3a MJIOCKUX CEUe-
HUH, T. € NPSANOJIArar0T, YTO OTPE30K, MPOBECACHHBIA NEPNEHANKYISAPHO HEM-
TPaJIbHOW JIMHWUW CTCPIKHA B HENCPOPMUPOBAHHOM COCTOSIHUMW, OCTACTCH HOP-
MajbHbIM K HEATPAJbHOW JIMHUU (OChb CTEpPXKHA, MPOXOAALlAs YEPE3 LEHTPbl
TSHKECTU CEUeHMiH) n nocne aedhopmauud. Mepoidl CMELIEHHS TOUYEK CEUEHUs
CNYIKUT YTOJ ¢ TOBOPOTA CEYEHHSA (Yroa MOBOPOTA HOPMAIH, OTMEPAEMON OT
HEACPOPMUPOBAHHOTO COCTOSTHUSA). CUNTAETCS, YTO 3HAYEHWE 3TOTO YIJIa PaB-
HO TAHISHCY YIJIa HAKJIOHA HEUTPAJILHON JINHUMN,

Ha puc. 1.3 npencraBieHbl NONOMKEHNWS CUCTEMblI KOOPAMHAT, NO3BOJISIO-
LLIME HAMNAAHO ONPEAES/IMThL 3HAK YIJIOBOIO NEPEMELLIEHHUS.

3HaK YIJIOBOrO NEPEMELIEHUA ONMPEACNAETCA CASAYIOWUM 00pa3oM. Y rno-
BOE MEPEMELLICHUE @ MONOKUTENBHOE, €CAU ITO MEPEMELLEHUE (BpallEHUE) B
MOJIOYKUTENBEHOM HAMPABJIEHHH MPHBOANT K COOTBETCTBYIOIUEMY TOJIOKHTENDb-
HOMY JIMHEHHOMY TEPEMEILEHHTO.

Takum 00pa3oM, YIIOBbI€ NMEPEMELLCHKS CEUYEHHS CTEPXHCHS, PacnoJlOyKeH-

HOro saoJjib 0CH )(, ONpcAC/IAIOTCA BbIPAXKCHUAMMU!
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Puc. 1.3. K onpenenenuro 3HaKOB yIJIOBBIX NEPEMELIEHUH

CooTHouieHust Mexy cuiiamu u nepemenicHusamu B MK3 B (opme nepe-

MELICHU A npeacTaBJiiOT coboii YPAaBHCHHMSL JKECTKOCTU (CT&TI/IHGCKI/IE YPaBHE-

HHUA METOOA HepeMelLleHlflﬁ B CTpOl/lTe.]IBHOFl M@X&HHKG).

Ypasnenuns xéctkocty mig KD aBnsioTca auHeHbIMA anre0pandyecKuMu

YpaBHEHUAMH PaBHOBECHS, KOTOPBIE UMEIOT MECTO B JIIOOOI CHCTEMe KOOpAH-

HaT W 3allUCbIBAOTCH B BUJIC

(K] {2} = 1P,



rae [K,] — maTpuua sxkéctkocTu #-ro K2,

{Z,} — BeKTOp y310BbIX Nepemelneduil K9,

{P,} — BeKTOp Y3510BBIX CHIT K3

DNEMEHTBI MaTpUILbI XKECTKOCTH KD npejicrarnstor coboil pecakiinm B y3Jjax
K3 or eauHuuHbIx nepeMelleHni. Tak kak y CTep:Hs ABa y3/a, TO BEKTOPbI
V3J10BbIX NEpEMELICHUI U y3J10B0oH Harpy3ku K3 OyayT coaepxkaTh no apa co-

OTBETCTBVIOIIUX BekTopa mepeMelleHuit {Z} u cun {P} Havana / ¥ KoHIA J

wirle) el

DNIeMENTBI BEKTOpa niepeMetiennit KD nipeobpazyrorest U3 MECTHOM CHC-

CTCPKHA, T. €.

TeMbl KOOPIMHAT XYZ B 00LIyI0 cucTeMy koopauuat X° Y"Z’ ¢ noMoLIbIO MaT-
PHIIbI OPTOTOHAIBHOIO MpeoOpPa3oBaHusl KOOPAHHAT [7}], COCTOAIIYIO K3 MOA-
MAaTpHUL] HAMPaBJSIFOMIAX KOCHHYCOB. IlycTh mpeoOpa3oBaHus MNEpeMELICHHH
CBSI3aHBI CISTYIOMINM 00pa3oM:
VAR VARVASY (1.1)
Tak Kak B JIOOOH CHCTEME KOOPAUHAT DAEMEHTHI Y3JIOBBIX CHJI COBEPLIAIOT
OJHHAKOBYIO padoTy, TO
(P20 =Py 4,
TOL/A Oy 4UM
WPy AL =P T2,
OTKYIa
P ={Py " IT.
Wi
(P =11]" (P} (1.2)
W3 mpuHATBIX npeobpazoanuii nepemerennii (1.1) cremyet npeodpa3zo-
BaHWE BEKTOPOB CHI (1.2). 31U npeodpa3oBaHns HA3BIBAKTCH KOHMPAZPAOU-
enmHbiMu [3].
Tak Kak B MECTHOH CMCTEME KOOpAUHAT YpaBHEHMs paBHOBecus K3
1P =K ]11Z3,



TO npeoOpasoBaHue MaTpulbl [K,] KECTkOCTH K3, BbIYUCICHHOW B MECTHOM
CUCTEME KOOPAMHAT, B OOLIYI0 CUCTEMY KOOPAMHAT BBHIMOJHAETCS CACAYIOLIMM
ofOpazom.

Cornacno BeipaxxenusaM (1.1) u (1.2) nomyuanm

P =111 KT 275,
Uiu
P =1K1{Z05,
rae [K!] — MmaTpuua xéctkocTi K3 B 001€eil cucTeMe KoopaHHAT:
[K31=IT]7 K] LT

Takum o0pasom, npeodbpasoBanue marpuibl keCcTkocTH K2 13 mMeCTHOMN
cueTemel koopanHat XYZ B o6y ro cuctemy koopaunar X° V0 Z° soinmonunsercs
C MOMOIIBID MATPHIBI OPTOrOHAJIBHOTO MpeodpaszoBanus koopanHar KD [7,],
KOTOpas ONpEeACNSCTCs U3 NpuHATON 3aBucumMoctH (1.1). Dto npeodpazoranne
Matpulipl [K,] U3 MECTHOI CUCTEMbl KoOpAUHAT B MaTpuuy [K'] B o0Lei cuc-
TEME KOOPAWUHAT Ha3bIBAETCHA KOHZpyvIHmHbIM. OCH Y U Z MECTHOW CHCTEMBI

KOOPAHHAT ABJIAKOTCA TJIABHBIMHA OCAMHW WHCPLHUH CCHCHHUS CTCPACHA.

1.2. KoHe4HbIC %1€MEHTBI CTEPKHEBbIX CHCTEM.

MaTpuubl KECTKOCTH

Pazauuaror cneayromme thnbl K3, KOTOpbiE UCHONb3YIOTCA B KOHEUHO-
JIEMEHTHBIX MOAEISIX CTepKHEBBIX cucTeM: KD depMmbl, paboTarouiye TOIbKO
Ha pacTsbkeHue-ckatne n 6anodnsie KO, B 0CHOBY pabOThl KOTOPBIX TOJOXKEH
u3rn0. B cBoro ouepenn, K2 depmbr paznensror Ha K3 nyockoit pepmel 1 KO
POCTPAHCTBCHHON (Pepmbl, a dasiounbiec K3 Ha K3, padorarouiuii ToJbKO Ha
u3rud, K3, padoraroimmii Ha pacrskeHue-oxarue u u3rud, Ha K3, paborato-

WUHA HA U3ru0d U KpyueHue, U 0aNn0UHbIA NPOCTPAHCTBEHHbINA K.

KD thepmer
Ecau crepikHeBas cucteMa o0pa3oBaHa W3 TEOMETPUUYSCKH HeH3MEHAEMBIX

(UTYp-TPeYTOJBHUKOB, TO TaKas CHCTeMa HasbiBaeTcd (epmoit. CormacHo on-
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PEOETCHUIO B Y3/1aX Pacu€THOH cXxembl (pepMbl PACTOJOKEHBI WAPHHPHI, a ¢
CTEPIKHU padoTalOT Ha PacTsHKEHHE-CKATHE.

K3 depmbl B MeCTHOH cucteme KoopauHaT XY — 3TO CTEPKEHb C OJHOA
CTENEHbID CBOOOIbI B KAXKIOM Y3JI€, HAMPaBIECHHOU B/10JIb OCH X — OCH CTepIi-

HA, T. € BEKTOP Y3/10BbIX NepeMelueHuil KD GpepMbl B MECTHON CHCTEME KOOp-

e

8, — COOTBETCTBEHHO MPOJOJIbHBIE MEPEMELIEHUS 10 HANPaBJIEHHIO

AUHAT COACPKUT ABa 3JCMCHTA.

rie &

ocH X B Hauane u koHue KO3.

Jis nonyueHuss MaTpuubl *KECTKOCTH KD HeoOX0oauMo 3a1aThbCsl HaNpas-
JEHUAMU €0 BO3MOXKHBIX Y3J10BbIX nepemelieHuid. [Ipyu 3ToM pekoMeHayercs,
4yTOObI BbIOPAHHBIE HAMPABJICHUSA BO3MOXKHbBIX V3J10BbIX NEPEMELICHUH B Ha4a-
JIe ¥ KOHIE CTEP:KHA COBMAJAIA, TaK KaK JTO yIpowaeT Matpuny |7,] oproro-
HaJbHOTO TIpeoOpazoBanus koopanHat KD u ganbHelinee GpopMupoBaHue mMar-
PULbI KECTKOCTH KOHCTpYKuuu [K"].

BbiOpaHHbIe HANPaBIEHUS Y3A0BbIX NepeMelleHull, akTHYECKU, onpeae-
JAI0T MPaBWJIO 3HAKOB B peweHndu 3agauyn MKD, T. e. onpemenqaioT moIokKH-
TETbHBIE HATTPABICHHA Y3JIO0BBIX MMEPEMEIEHAN W V3T0BBIX CHIT B KD u B 3agayue
B LICJIOM.

KECTKOCTH 3TO NPUPALICHUE HAIPY3KH OT CAUHUYHON Aedopmaluun. I3ne-
MEHTAMHK MATPHILbl HECTKOCTH K3 ABNAIOTCA PEAKIIMU B y3Jlax OT €AMHUYHbIX
nepeMeLleHu .

YTo0bl NONYUUTE MATPULLY KECTKOCTH KD HEOOX0AUMO NOCTPOUTD 3MI0PhI
BHYTPEHHUX CHJIOBBIX (DAKTOPOB OT MOCIENOBATEILHBIX €AHHWYHBLIX Mepeme-
MEHAH Y3MOB MO BBIOPAHHBIM HAMPABISHUAM H OMPEACHTL PEaKIWKW B y3aax
K3. TIpu 31OM peakius OT SAMHUYHOIO NEPEMEIICHHUS NOJIOKUTEIILHAA B TOM
CJ1yuae, €CJIM OHA COBIAACT C BLIOPAHHBIM (ITOJIOKUTCIIbHBIM) NEPEMEIICHUEM
B Y3J€.

OnpeaenéHHbie TAKUM 00pa3oM peaKuuu B y3aX OT €IUMHMUYHbIX NEepeMe-

WIEHUH U ONPEAENAOT MaTPULLy KECTKOCTU K3 B MECTHOH CUCTEME KOOpAUHAT.

11



[Topsanok maTpulbl xéEcTkoCTH KD paBeH yuciy creneHeil cBoOObl B €10 y3-
Jax.
Tak kak npu pacTsKEHUU-CKATUU CTEPKHA [14] npoaoasHoii cunoid N ab-

comoTHas aehopmarus 4 €ro OnpeaciseTcs: BBIPAKEHHEM

.

.

TO npu AepopMaluu 4f =1 3HAYEHHUE MPOAOJbHON CUIIbI SABISETCS KECTKOCTHIO

Al

CTCPXKHA TIpH PACTAKCHHH-CHKATHH H, CICOOBATCIILHO, 3JICMCHTOM MAaTpHIBI

skécTrkocTH KD:

rjae  — MoJyJb YIPYTroCTH MaTepuana,
I —njomanb CECUCHUS,
¢ — IJIMHA CTEPIKHS.

31'[10[)]')1 MpOAOJBHBIX CHJI N B CTEpPXKHE OT €AMHUYHBIX HGpEMG]_HeHI/Iﬁ

z =1 (0e3pazMepHbIX) NpUBEACHbI HA puc. 1.4.

Y EF

N N

Yn _

D& [OE)
W

Fr

Puc. 1.4. Dmopsl Npoa0ABHBIX CHJI OT €AMHUYHBIX MEPEMELICHUI

Marpuna xéctkocti KO (pepMbl B MECTHOH CUCTEME KOOPAMHAT Oy1eT

E _EF

_ ¢ £
.
£ £

12



Matpuuy x€ctkocTd KD (pepMbl MOKHO MOAYUHUTH U UCIOJIb3YA dHEpre-
TUYECKUE COOTHOILLEHUS TIPH ONPEASICHUHN NTEPEMELLICHUH, YTO XapaKTepHO 1Jis
MKD. lMotenunannHas sHeprusg D agedopMaiiviu CTepkHA TTPH TTPOA0TLHON je-
hopMaly OTpeIeNIeTCa BLIpaXKCHHEM

£ 2
N-dx
=f—. (1.3)
' 2LF
AbcomorHoe yiunenue-cixatue 1 (06o3Haunm ero U) crepiHs Ha Beeii
JUIMHE ¢ paBHO

/= (N_dx.
S B
Torma
_ N
EF
N=UFEF.
IloacTaBuB BbIpa:KeHUE NPOAOAbHON cuiibl N B (1.3), monyuum

L Ed L -
9= % (' dx. (1.4)

0

U’

el

3ajaéMed annpoKCUMUPYHOWICH QYHKIUMEH Y3JI0BbIX NEPEMEIICHUE npei-
NOJAracMoro ToJisl NepeMelleHuil, onpenenswolei aedopmauun BHyTpu K3
yepes3 nepeMelleHs Y3JI0B:
U=a+a.x. (1.5)
CrreryeT OTMETHTB, YTO YHCIIO HEU3BECTHBIX MOCTOAHHBIX ¢ PABHO YUCITY
cterneneit ceo0oan! y3nos KO.
DTH TIepEMEIIEHUS MOYKHO BBIPA3UTh 4Yepe3 HEHU3BECTHBIE TIOCTOSHHBIC

o, —a, B MATPUUHON Hopme

Ui=tu3=10]{e}. (1.6)
rie

[o]=1 x],
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3HaueHUsl KOMIIOHEHT BEKTOpa MOCTOSHHbBIX {a} HAXOAATCH U3 CUCTEMbI
YPABHEHUH, KOTOPbIC MOJYYAKOTCA B pe3y/bTare MOJCTAHOBKU B BbIPAKEHUE

(1.6) BMeCTO x 3HAYEHMH Y3JIOBBIX KOOpPOUHAT Hayana (x, =0) U KoHUa (x, =/)

KD u mpupaBHHBaHHA TEpeMeleHUd {f} COOTBETCTBYIOIIUM NEpEMEIeHHIM
V3N0B {Z,}, T. €.
-é‘.\.‘i Z] .
7 3= 5 (=1, =[] {a}, (1.7)

r7e {Z,} — BeKTOp V3JI0BBIX TIepeMeIeHuit »-ro KO;

] ﬁ ﬂ

Pemag cuctemy ypaBHeHuit (1.7), DOMyYUM ABE€ MOCTOSHHBIX HCKOMOTO

BEKTOpA {a}:
_ -l
{aj =1CT" {Z].
[Toncrasus B BeIpakeHue (1.6) BekTop {a}, moayaum
_ -1 - vl
U =1O1ICT {2, =Bl {Z4.
rje
lBl=lv, w1,
Ni, N2 — QyHK1MM POpMBbI (IIOJIOKEHMA) NOJISL IEPEMELLCHUA!

X
N=1-2, N =2,
A

Toraa noTeHuManbHas 3Heprus cTepskHA (1.4) BolpakaeTcsa vyepe3 (pyHK-

uH (POpMBI CIEAYIOLIAM 00pa3oM:

EF G e
9=7}|:(le1 + Nz, ) dx,
rae
1 1
N! = N =—.

1 _Z.v 2 y

B pesyapTare npeoOpa3oBaHuil IoTyYHM

EF(& 2N . 1 ¢
i e

4

HITH
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£ Z,
], +=24 |
0 52 o

Takum oOpa3omM, MOTEHLIMAIbHAS PHEPrUA CTEPKHA NMPU NPOJAOJbHOH ae-
(popMaLMK, BbIpaKeHHAs 4Yepe3 (PYyHKUMH (POPMbI MO NepeMelleHUi Oyaer
UMETH CIEAYIOLIMA BUA!

FF{1 2 1
= |-z -Zzz, +-z |. 1.8
? 2 [ A ] (18)

B COOTBETCTBHH ¢ MPHHIMNIOM MHHUMYMA MMOTEHUWATBHON SHEPrHH MOTY-

UM

3—9 -k 1z}

[TpousBoaHas no z; B BbipameHUu (1.8) ONPEACHSCT 3JACMEHTBI MEPBOI
CTpoKH Matpuup! [K,] mécTkocTH KO (hepmbl, yMHOYKEHHBIE Ha DIEMEHTLI BEK-

Topa {Z,} y3moBbIx epemerneanit KO:
03 IF2 I 2 e e

— —— T T T —
s —_ P

S LY

oz, 2 7 2 ¢
a TIPOW3BOJHAA TIO Z,, OTIPSHCSIAST DJIEMEHTHI BTOPOIT CTPOKH MaTPHIBI KECT-

kocTH KD (hepMbl, YMHOMKEHHbBIE Ha 3IEMEHTBI BeKTOpa {Z,}, T. €.

an I I
- z, + z,.
oz, ¥ ¢

Pasnuualor niockue U NpocTPaHCTBEHHbIE (EPMbL B COOTBETCTBUM C PAC-
noJoKeHeM cTepkHel, a Taxke KD mnockoil (epMbl U NPOCTPAHCTBEHHOIH,
KOTOPLIE OTJIHHAIOTCS MAaTPHIIAMH JKECTKOCTH B OOIIE CHCTEME KOOPIHHAT.

Tak kaK y MIoCKoi (pepMbl B Y371aX COSIHHEHHS CTEPIKHEN 0 IBE CTEMENH
cBo0ObL, TO U KD nuockoii Gepmbl B 00LIed cucreme KoopauHar X' Y’ — 910
CTEPIKEHDb ¢ ABYMS CTENEHAMH CBOOOIbI B KAXKIOM Y3IIE.

Bektop y3noBerx mnepemernennii KD nnockoit depmbl B obiieit cucteme
KOOPINHAT MPEACTABIAET CASAYIOUIII B,
5

X
il

oy _ J 5}1’
7'}= o[

51:]

3
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rne &.,..., 8° — NPOJOJLHBIC NEPEMELICHUS MO HANPaBJIcHUO oceit X°, Y’

i
HauaJic v koHne K3,

K nnockoii GepMbl NpUMEHSAETCA 71 MOAENMPOBaHUs Oal04HON U KOH-
COJIbHO-0aN0UYHOMH N0CKOH (hepMbl, LUNPEHIENbHOR W TPEeX LWAPHUPHOW apou-
HOM pepMBbl, (PepMBI C Pa3THIHBIMA BHIAMH PEUIETKH, PA3THYHBIM XapaKTEpOM
OUEepTaHUA U T. 1.

Ecnv ctepyknu (pepMBbl pacmioNIOsKEHBI B TPEXMEPHOM TIPOCTPAHCTBE — UME-
€M [POCTPAHCTBCHHYKY (epMy: OalICHHBIC KPaHbI, ONOPbl JIMHUHA JICKTPOIIC-
penay, Teiae U PaJiMOBbILLKH, IPYIHC NOAOOHBIC KOHCTPYKUKHK. B 3TOM Cilyyac B
y3/1aX COCAUHEHUA CTEPAKHEN N0 TPU CTENEHU CBOOOABL, TOra B BEKTOPE Y3J10-
BbiX nepemelleHuii KD gepMbl B 001l cUCTEME KOOPAMHAT LIECTh CTENEHEH

cBOOO DI

=1t

rae &, ,..., 5, — MPOAONbHBIC TEPEMEIICHNS B 001IeH CHCTEME KOOPANHAT B Ha-

yaje v KoHie KO3.

K3, pabomarowguit Ha pacmsicerue-cicamie u u3eud

[LnocKkUe CTEPIKHEBLIE CUCTEMbI MPEACTABIAKT CO00H Haubdoaee pacnpo-
CTPAHEHHYIO [PYINY CTEPKHEBLIX CUCTEM. ECAN vV CTEPXKHEBOU CUCTEMBI NJIOC-
KOCTb ACHCTBUA CHI COBMAAAET C MIOCKOCTBIO Ae(opMauunii, TO TaKkas CHCTEMA
Ha3bIBACTCA TUIOCKOH. B OOHOH MIIOCKOCTH pacmonOXEeHbl OCH, MPOXOASALIUE
UEpe3 USHTPbI TAKECTH MOTIEPEUHBIX CEUEHUIH, BCEX CTEKHEN CHCTEMbI M O1HA
U3 IIAaBHBIX OCEH MHEPUUU CEUEHHH CTEPKHEH pacroioKeHa B 3TOH [JIOCKO-
CcTH. EC/n y NIIOCKOH CTEPYKHEBOM CUCTEMBI BCE WJIM YaCTh Y3JIOB HECTKUE, TO
Takasg CUCTEMA Ha3bIBACTCA [UIOCKOW pamoil. Ang MoAenupoBaHud NpoU3BOJib-
HOU MNOCKOH CTEPKHEBOU CUCTEMBI UCMOjb3yeTcs K3, padortarowimili Ha pac-
TSOKEHWEe-CKaTHE W W3rnd. Bektop y3n0BbeIX nepemerueHnii KD 6yner
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rac ¢, ¢, —COOTBCTCIBCHHO YITIOBLIC NICPCMCIUCHHMA OTHOCHTC/IbHO OCH YA

Jna 6anounoro KD smiopel BHYTPEHHUX CHIIOBLIX (pakTopoB (pHuc. 1.5) oT
SOIUHUYHBIX TIEpeMelIeHni MOCTPOEHBI ¢ UCTONBL30BAHNEM TaOIWYHBIX 3HAYE-
HHI peakuui MeToa nepemMerennii [2].

3HAUuCHMS MOINCPCUHBIX CHJI BBIYMCIAKOTCH MyTEM JH(PHEpeHUNpPOBaAHUS

3MOP H3rudaroLINX MOMEHTOB!

Q0= M. =tigo,
dx

rac o — yroj HakK/I0Ha 3IMMHPLL M3rudarLX MOMEHTOB.

3HaK NoNepeyHoi CUbl ONPEAENSETCS HANPABACHUEM YI/IA HAKJIOHA 3H0-
pbl U3rudaroLMX MOMEHTOB. Hanpumep, 3HaueHus peakuuii (nonepeyHoi cu-

JIbI) OT ASHCTBHA SAMHUYHOTO MEPEMEILECHHS z, OVIVT MOJOKHTEIbHBIMH:

6l 6l , 12/
Py = F3 = (f—2+ 5 f = A

CrneayeT OTMETUTb, YTO MHIASKCHl Y PEAKLMU COOTBETCTBYHOT HOMEpam

CTPOK U CTONOLOB MaTpulibl ®ECTKOCTH KO (Tada. 1.1).
Tadnwmma 1.1

Matpuna skéctrkoctr K. pacTaKeHHE-CHATHE, H3THO

X
¢
0 121?1:
#-
0 61T 457
1= ! _,
e o I
! 4
0 _1215.1: _6]?.11__ 0 1215.]_,
( 0 ¢
0 61 215/, 0 6], AEJ,
i ¢ ¢ ¢* ¢

rae Jz — MOMCHT HHCPLHH CCHYCHHA OTHOCHTCIIBHO ITaBHOMH OCH Z.
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Puc. 1.5, DmOpsl 0T €/IHHHYHBIX TIEPEMETIIEHIH
MPH PACTAKCHHH-CHKATHH H H3THOC
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JAnga MmoaenupoBaHus NpOU3BOJILHONW CTATUYECKU ONPEeaeaMMOi U cTaThye-
CKM HeomnpeAaeaMMoil Oaliki, MPOM3BOJbHONH paMbl, TPEX LWAPHUPHOH paMbl,
JABYX IAPHUPHON apKH, Pa3InYHBIX KOMOMHHUPOBAHHBIX CUCTEM (LIEnb ¢ Oai-
KOH KECTKOCTH, 0ajika ¢ THOKOH apkoi u T. 11.) ucrosnws3yercs danounsii KO,
paboTarolIMil Ha pacTAKEeHUE-CxKAaTHe W KU3rud, n ero Moaudukauun — K3 ¢
NPOU3BOJIbHLIMU LIAPHUPAMHU B Y3J1aX.

Ecny HCKITIOUMTE U3 MaTpulbl xkECTkocTH KD, paboTalomero Ha pactsxke-
HUE-C)KaTHE W M3THO, TIEPBBIE W YETBEPTLHIE CTPOKH U CTOJOLBI, TO TOJIYYUM
MaTpUILy kECTKoCTH Oanounoro K3, padoTaroiero Ha u3rud (tadmn. 1.2).

Tadnuua 1.2
Marpuua xécrrocra K2: u3rud

[ 12ET
63
6EJ.  AEJ.

)

[K — 0 4
ATV 2RI, 6EJ, 12EJ,
6LJ.  2E].  6EJ, ALJ,

7 ¢ Iz ‘

10T KD MOKET HCIIOJIB30BAThCA TOJIBKO AJIA MOACITHPOBAHHA IIPON3BOJIb-
HBIX 68,.]'[01(j B TOM YHCJIC H MHOT'OTIPOJICTHLIX KaK CTATHUYCCKHW ONPCACITHMBIX,

TaK U CTATHYCCKHW HCOTNPCACITHMBIX.

KD, pabomarowguil na uzend u kpyuenue, 1 npocmpancmeetuviil K3

Jls MOAENMpOBaHUA NPOU3BOJIBHON IUIOCKO-NPOCTPAHCTBCHHON CTEPMCHE-
BOH cucTeMbl Ucnoab3yeTrcsa OanouHblii K3, paboTatommii Ha u3rud u Kpyue-
HHE. Y BeKTOpa y3JOBBIX mepeMelleHuid KD npa THHEHHBIX MepeMEelleHH] H

YETBIPE YITIOBBIX:

>

@x?
AN
@,
(/)\;
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Ecnv MOCTPOUTD 3MIOPBI KPYTALWX MOMEHTOB OT €JWHWYHBIX YIJIOB 3a-
KPYUUBAHWA CTEPIKHA W DMIOPBI W3rMOalONX MOMEHTOB OT €INHUYHBIX MEpe-
MELICHUI B TNIOCKOCTH X7Z (pucC. 1.6), TO MOMCHO NOJIYHYUTh MATPHILY HKECTKOCTH
K73, paGoratoinero Ha u3rud v KpyucHHE.

AHAN0TMYHO PACTKEHUIO-CKATUIO, IPU KPYUEHUU YION ¢ 3aKPYUUBaHUS

CTICP:KHS ONPCACISICTCS BLIPAUKCHUCM

rae M, — KpyTHLInil MOMEHT;
(r — MOIYJIb CABUTA,
Jy — MOMEHT MHEPIIMK CCUCHUS CTEPIKHSA NPH KPYUCHUH.

[Ipy @, =1 3HaUEHME KPYTALUErO MOMEHTAa M ABASAETCA U KECTKOCTbIO

CTEPIKHSA NPH KPYUCHUM,

JKECTKOCTh CTepokHS MpH KPYUEHMM SABIAETCA COOTBETCTBYOLUMMU 3Jic-
MEHTaMU MaTpulibl >kECTKOCTH KD, paboTaroliero Ha M3rud U KpyueHME
(Tabm. 1.3).

Tabmuma 1.3
Marpuna xécTkocTH Oamounoro KO:
H3THO, KPYUCHHE
[ 125,
VE
0 x
_OLJ, 0 41,

_ 0 £
k] 12k, 0 6lu, 121, ’

s ¢ £
0 _GJ iJ

X O 0 X
6EJ, 2. 6B, AR,

f ¢
¥

& % ¢ ¢

rae Jy — MOMCHT WHCPUHH CCUCHHA OTHOCHTCIIBHO IJIABHOW OCH MHCPLHH Y ce-

HCHUA.
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Puc. 1.6. Dnopsl 0T € ITMHHYHBIX MEPEMELIEHHH

MPH H3THOE H KPyUeHHH
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banounbiii K3, pabotaloliMii Ha W3rud U KpPyuyEHHUE, MCMOJbL3YETCA s
MOOEIHPOBAHMS TUIOCKO-MIPOCTPAHCTBEHHBIX paM. JJEMEHTBHI dTHX paM (Io-
CKas pama ¢ Harpy3Kkoi H3 ¢€ MiIoCKoCTH) paboTaroT HA H3THO N KPYUYCHUE.

PaMbl T10J1 MEXaHH3MbI U MAUIWHBI, & TAKKS BArOHHBIC PaMbl, YIOBJICTBO-
PAOLLKE STUM TPEOOBAHUIM.

Hcnonb3ys matpullbl kECTkocT K3, paboTalolero Ha pacTsiKeHUe-
cxkaThe W u3rud, a takxke KD, paboTaromiero Ha W3rHO M KpydeHHE, MOMKHO
c(hopMHUPOBATE MAaTPHILY KECTKOCTH GaNOUHOrO MpocTpaHcTBeHHOro KO3, ¢ 1me-
CTBIO CTEMEHAMH CBOOOALI B y31€e. banounsle npoctpancrennsie K3, kak mpa-
BUJIO, MCTIOJIB3YIOTCSA JUIS MOJCIIHPOBAHUS PAM CEIIBCKOXO3AHCTBCHHBIX Ma-
IV H, PAMHBIX KaPKAaCOB NMPOMBIIIJICHHBIX 3/IaHUH, aHTapOB U T. JI.

B Tadn. 1.4 npuseneHa marpuua kKECTKOCTH OANIOYHOTO NPOCTPAHCTBEH-
Horo K3,

Ilo aHaNOTHH MOKHO MOJYUYUTD B IBHOM BUAE U MAaTPHLBI )KECTKOCTH K3 ¢
MPOU3BOJIBHBIMHU [IAPHUpaMK B y3nax. OIHAaKo MpHU pealu3audyd alropuTMa
BBIYMCIICHUS 3TUX MATPHL MPOLLE MCMOJb30BaTh MPOLECC KOHAEHCAUWH, CYLL-
HOCTb KOTOPOTr0 3aKJII0YAETCH B CIICAYIOLIEM.

Kak oTmMeuanochb, y3a0Bble CUibl {P} M COOTBETCTBYIOIIUE UM Y3JOBbIE
nepeMetenus {Z} KD cBg3aHbl Mexkay coboil ypaBHEHHEM

[Ke] {2} =P}
ITO BBIPAKCHUE NTPSJCTABUM B OJIOUHOM BUJIC CIIC/YHOILIHM 00pa3oMm:

KAA KAB ZA P.J
IR
BBIMOTHUB YMHOKEHHE JIEMEHTOB MaTPHLL, MOJIYYHM
[Kit] {24} + [Kapl {Zs3 = {Pa},
[Ksal {Za} + [Kps] {25} = { P} (1.9)
IlyCcTh 10 HANPABJICHUAM Y3JI0BbIX NCPEMEUICHUA {Z;} PaclOJIOKECHbI
wapHupsl, Toraa {P} =0 u u3 1-ro ypasuenus (1.9) Oyier
[Ked] 124} =— [K.s] {25},
{Z4) =— [KH]-I | K5 {Z5}-
[NongcraBus {Z;} Bo 2-e ypaBHeHHE (1.9), MONyUUM cleayiolee BhIpakeHHe:
([K i8] = [Ki] [K‘L‘J]-l [Kis]) {76} = {Ps}.
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Takum obpazom, marpuua xéctkocti K3 € OAHUM WM HECKOJbKHMM
LwapHupamu [K] no HanpasleHUAM Y3J0BbIX NepeMeLleHuil {Z,} Oyner npea-

CTaBJIATH CNEAYIOLIYH MaTpPHULY:

£ 10 0
[K,--]—[O K.'H:|’

[Ki) = [Kis) = [Kui] [Kii]" [Kis]. (1.10)
CornacHo BbipakeHuto (1.10) npeoOpazoBaHus MaTpulbl sk€cTkocT K3

rae

0€3 LapHUPOB B Y3/1aX B MATPHULY KECTKOCTH C NPOU3BOJbHLIMU LLIAPHUPAMHU B
y3lax NOJIHOCTLIO COBNAAAET ¢ mpouedaypoil npamoro xona I'aycca. B stom
CIy9ae TPOUCXOANT WCKITIOUEHHE He BCEX HEH3BECTHBIX, a TOMBKO COOTBETCT-
BYIOIUM Y3JIOBLIM TIepeMEIEnnsIM {Z,}, B KOTOPBIX W PacroJIOKEHBI IapHH-
phl.

TTpusenenHoe npeodpazoBaHue MaTpUlLbl MECTKOCTH K3 MOKET ObITh BbI-
[MOJHEHO U B O0IICH CUCTEME KOOP/IMHAT. ITO NO3BOJIACT PEajin30BaTh LIAPHH-
pbl, Xapakrepisie re s KD, a nnst KoncTpykunu, T. €. B ocax X Y° Z° .

Ha puc. 1.7 mpenacrasiensl MIOCKHUE MAPHUPHBIE COSTUHEHUS CTEPIKHE:
JUHEHHbIC 10 ocu X (puc. 1.7, a)y u no ocu Y (puc. 1.7, 6), a Taroke wapHup no
yrily nopopotra ¢ceucHus (puc. 1.7, B).

a o B

Puc. 1.7. CxeMBbl BApHAHTOB MAPHHPOB B Y37IC: @ — CBODOTHOC TICPEMCIIICHAC TTO OCH X}

6 — ¢BOOOHOC TICPEMETIICHHE TI0 OCH 1 B — CBOOOIHOE YTIIOBOEC TICPEMETIICHHC

B Ttabn. 1.5 mpuBenensl BapuaHThl HanboJIee pacrpocTpaHeHHBIX MapHHp-
HBIX (CBOOOAHOE YTJIOBOE TEpPEeMEmIEHHE) COSTWHEHWH V3J0B COMPSHKEHUS

CTCPYKHCH,
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Tadomma 1.5

[TapHUpHEBIE COCTMHEHUA CTCPKHEH

Ne Hawnmenopanne Cxema Kouneuno-anemMeHTHAA
MO/1€J1b
1 Hpocmoi
UAPHUD —~ ; : 5
9, —O—

2 [Ipucoedunennsiit

=0

wapnup T —
1
3 Kpamuutit 3
uiapnup, é)
K3 Q
(72 4
—20O
&
4 ! pynnoeoit
UapHup , . 6

Peanmmzanns oTUX BapUAHTOB IMAPHUPHBIX COCTMHEHWH CTEPKHEH MyTEM

MOICITUPOBAHUSA Y3JIOB C UCTOJNB30BaHueM Oanounbix KD BeINONHASTCH Clie-

JYHOLIUM 00pa3oM.

IIpocmoii wapnup. K3 1-2 ¢ mapHupom B y3ne 2. K3 2-3 0e3 wapHupa.

lpucoeodunennoiit wmapnup. K3 2—4 ¢ mapuupom B y3ne 2. KO 1-2, 2-3

0€3 LIApHHUPOB.

Kpamnuwrit waprnup. KO 3-2, 4-2, 5-2 ¢ mapaupamu B v3ne 2. KD 1-2 0e3

IapHupa.

I pynnosoii wapuup. B wapaupHoe coeannenue seoaurca KD 3—4 ¢ wap-

HUpoM B y3i¢ 4. Octanbhbie K3 03 mapHupos.
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Caenyer oTMETHTD, YTO MATPHUILLbI KECTKOCTH KD B MECTHOH 1 B 00LICH
CUCTEMAX KOOPJIMHAT CUMMETPUYHbBIC, TAK KAK, COITIACHO TCOPEME B3AUMHOCTH
Makcsenna, UMEeT MECTO PABEHCTBO CIAEAYIOLIMX 3JEMEHTOB MAaTPULL:

k,=k,,
U TOJOKHUTETBLHO OTIPEACIEHHbBIS. JIEMEHTBI MaTpHIILI, PacIoJIOKEHHBIC Ha
[JIABHOHU jiMaroHaiu npeodaaladT 10 3HAUCHHUK) HAJl TOOOUHbBIMMU,

[Topsnoxk marpuubl xécrkocTn K3 paseH uncny creneHeil ¢eo0ojibl B €ro
y3aax. B cBA3M ¢ 3TUM NOPAJOK MaTpuLbl KECTKOCTH KD muockoil ¢epmbl B
obmel cucreMe koopauHat 4x4, a mopsaaoK MaTpuubl kécTkocTd K3 mpo-
cTpaHcTBeHHOH (pepmbl B 001IeH cucTeMe KOOpAHHAT 6X6.

[Mopsinox maTpun xécTrocTH KD, paboraromero Ha pacTaKeHne-cKarne u
u3rnd, u KD, paboTatoiiero Ha U3rnd U KpydeHue, B MeCTHOH M oO1eH cucre-
MaX KOOPAMHAT — 6%6, a NOPsIOK MATPULLbL HKECTKOCTH GANOUHOIO NPOCTPAH-
ctBeHHOro K3 pagen 12x12,

1.3. IlpeoGpazoBanue KOOpAUHAT

[IpuBeneHHBIE B MpEOdbIAYIIEM pas3lesie MaTPHIbI JKECTKOCTH OaJOYHBIX
KD mosydensl B MECTHOMN CUCTEME KOOPAWHAT XY/, Tak Kak 3JIEMEHTBI MaTpUIl
BBIPQKEHBI B MECTHOM CHCTEME KOOPIMHAT.

I1peoGpaszosanne K obweil cucteme koopaunar X' Y’ Z"HeoOXoauMo mis
(hOpMHUpPOBAHUA MATPHIIBI KECTKOCTH KOHCTPYKLIHH M pa3pelIaromeii CHCTEMBI
ypaBHEHWI paBHOBeCUA 3a1a4u. KpoMe >Toro, KoopauHaTel y3i108 K3 HeoOxo-
AUMO W YIOOHEE OTIPENIETATE B O0MICH CUCTEME KOOPIWHAT, a 3aTEM BBITTOJTHATE
npeodpazoBaHie B MECTHYIO CHCTEMY KOODIWHAT.

Yucso CTpok Marpulibl [ 7] OPTOrOHaALHOIO NpeodpasOBaHUs KOOPIMHAT
K3 paBHO unciy creneHeil ¢Bo00/1bl €ro y3/710B B MECTHOH CUCTEME KQOP/IMHAT,
a YHCJIO CTOJOLOB — YHCIY CTeneHeld cBo0OabI V3I0B B 00ILIEH CHCTEME Koop-
AWHAT.

B o0wmem cayuae st KD ¢ paziMyibIM KOJIMYECTBOM Y3JI0B MaTpUIla op-
TOTOHAALHOTO npeodpazosanusa koopaunat K3 [7,] cocroutr U3z marpun [£],

YKUCJIO0 KOTOPbIX paBHO YKCHy y3710B KO, T. €.
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{0 0
[7]=l0 . ©
0 0 ¢

>

a MaTpuua [{], B CBOK) QUEPE/b, COCTOUT M3 MATPHIl [A] HANPARAAOIIUX KOCH-
HYCOB OCEH, 3JIEMEHTaMH KOTOPOH ABJIAKOTCA KOCHHYChl YTJIOB MEKIY OCAMH

XYZ MECTHOU CUCTEMBI KOOPJUHAT U OCAMH X "Y*Z° obmeit crcTeMBl KOOP/U-

HAaT.
lmo /Ino /1}620
2= 4, 2. 2. (1.11)
A, A, A,

Tak xak y crepsxkHeBoro KD nBa y3ma, To MaTpuila OpTOTOHAJIBHOTO TIpe-

oOpa3oBaHHS KOOpIUHAT Oy aer

{0

[7]= . (1.12)
0 1

Ecam sauano MectHOM ¥ oOIICH cUcTeM KOOPAWUHAT COBIAJAOT, TC KOOD-

AUHATHI V3JI0B CTCPKHA B CHCTCMAX KOODPJIHHAT CBA3AHEI MElTpHLICfI Harpas-

JIFOIINX KOCHHYCOB [/] 3aBHCHMOCTBIO:

(8]
b

Huoke npuBeICHBI MATPHUITBI OPTOTOHATEHOTO MPEOOPA3OBAHUA KOOP IMHAT

[7}] st KO B mpuHATOMN NpaBoil cucTeMe KOOp/IMHAT.

K3 naocroti ghepro
KD ucrnons3yemsrit aa pacuéra miockod gepMsl ¢ BEIOpAaHHBIMHA MOJIOKH-
TENBHBIMH HAMPABJICHUSIMH U MOCIIEI0BATEIBHOCTRIO Y3JIOBBIX MEPEMENICHHH B

oOIel cucTeMe KOOPAWHAT TpeAcTaBIeH Ha puc. 1.8,

Puc. 1.8. K3 nnockoii Gpepmer
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Matpuua opTOroHalibHOro mnpeodpasoBaHus koopauHaT KD nmockoit
dbepMbl UMEET pa3MEPHOCTh 2x4, TaK KaK YKMCI0 CTeNeHel cBo0oabl y310B KD B
MeCTHOM cUcTeMe KOOpAUHAT paBHO ABYM, a UHCIIO CTeMenel cBOOOIBI Y3108 B
00LLEH cucTeMe KOOPAUHAT PABHO YEThIPEM, T. €.

VAR VA RVAY

WA B COOTBETCTBUH C TIOJIOKUTEIBHBIMHA HATPABIEHUAMH Y3JIOBBIX TlepeMe-
MIeHUI W WX TIOCNEeMOBATETLHOCTHIO SJIEMEHTHI BEKTOpa {Z,} V3NOBBIX JTHHEH-
HbIX [ECPEMELUCHHUI O 110 HANPABICHUK OCH X MECTHOH CUCTEMbl KOOPAHUHAT U
BEKTOpa {7} Y31OBBIX JUHEHHBIX MEPEMEIIEHUH MO HAMMPABIECHHIO OCeH X' u
Y’ oBureit cHeTeMBI KOOpAMHAT CBA3aHBI MEXIY cO00U clemyromei 3aBHcUMo-

CTBIO:
)
5 50
AR S 1A S
Ry /

(
X

{}
9y
rAe I, j — COOTBETCTBEHHO HAYAJIO U KOHELL CTCPKHA.

Ha puc. 1.9. npuBeaeHsl mecTHas 1 o0wwas cucreMsl koopauHatr KO mno-

CKOH (hepMbl, rae ¥, — BEKTOp €AUHWYHON JJIUHBbI.

YO

XO

Puc. 1.9. Cucrembl koopaunat K2 nnockoii pepmbi

Jlia KD nimockoii epMbl y BeKTOpa /, e TMHWYHOW JUTUHBI JIBA 3JIEMEHTA, a

TAKKE U Y Marpuubl [A] HANPABASAOWMX KOCUHYCOB: KOCUHYChI YIJIOB MEXAY
ocamu X-X"u X-Y".
[Tpu 3TOM

[]=[]. (1.13)
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Marpuua HanpaBiastolux kocuHycoB (A1 KD depmbl [A] ¥ [£] — BekTOpbI)
UMEET BUA:

[A]=14. 4] (1.14)

rac ;t\x“ s ﬂw,,— COOTBETCTBECHHO KOCHHYCBI VIVIOB MCEKIAY OCAMH X-XOI/I OCAMH

X‘YU
DJICMCHTBI MATPHIILI HANTPARJISONINX KOCHHYCOB M, CJIC/IOBATCIILHO, MaT-
pulibl [ 7] BBIYUCAAIOTCS CASAYHOLIKUM 00pa3oM.

Ocb CTCPXKHS OIIPEASTIACTCA BEKTOPOM VU,C ABYMA KOOPpIHHATAMH Y3J/IOB B

X -
V:j R RN
Y=V

Haﬂpaﬁﬂmomue KOCHHYCbI OCH X NOJIYHHUM ACJIICHUCM 3JICMCHTOB BCKTOPDA

oO0wel cucrteme KOoOpOHUHAaT:

V. Ha ero JaIuHy (HO}C)MI/I]T)OBaHI/Ie)j T. €. B BHIE 3JICMEHTOB BEKTOpa }, eAHMHUY-

)

HOW HJIMHBLI, KOTOPLIC ABJATOTCA W JJICMCHTAMH MATpHULLI [/1] HATIPABJIAIOMINX

A | ORI
poo Lo L (1.15)
. {Ax}_o} ! i {y? — yf”

N ) N (1.16)

Torpa, cornacHo (1.12) u (1.33), maTpuna oproroHaibHOIO npeodpasona-

KOCHHYCOB!

T ¢, — JUTAHA CTEPIKHS!

Husl KoopauHaT KD mnockoit (hepMbl BRIUHCIACTCA O hopMyie

i AL, 0 0
]=| = = o (1.17)

K32 npocmparcmeerinoil ghepmot
KD ucnosibzyemsblil Ui pacuéra npoCTPpaHCTBEHHOH (DEPMBI ¢ BRIOPAHHBI-
MU NOJIOKUTEJbHBIMU HAMPABJICHUSMU Y3JI0BbIX NEPEMELISHUHA W UX NOCNEn0-

BATEJbHOCTbLIO B OOUIEH CUCTEME KOOPAMHAT NpeACTaBaeH Ha puc. 1.10.
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Puc. 1.10. K3 npoctpanctennoii gepmbl

Marpuua oproroHaibHoro npeodpazopanus koopauHar K3 npocrpaHcr-
BCHHOI )epMbl UMEET PAa3MEPHOCTDb 2X6, TAK KAK YHCIO CTEMCHEH CBOOOabI y3-
JoB K2 B MeCTHOH cHCTEME KOOPJAHHAT PABHO JABYM, a YHCJIO CTEINIEHEH CBOOO-
Jbl Y3JI0B B 00IIICH CHCTEME KOOpAMHAT PaBHO ILIECTH.

B COOTBETCTBUM C MOJOKUTENLHBIMH HaNpaBIEHUAMH Y3JIOBBIX TMepeMe-
weHui KD u Mx noc/ieoBaTe/IbHOCTLIO 3IEMEHTHI BEKTOpa {7} Y3/10BBIX JIH-
HEHHBIX MepeMellleHH ¢ O HamparJeHHIO OCH X U BekTopa {Z'} y3NOBEIX JIU-
HelfHbIX TiepeMelleHnii o Hanpasnenio oceii X', ¥ 1 Z° cBsi3albl 3aBUCHMO-
CTBIO:

(4.
5

N s,
{Zf' } - (S‘_.,,- - [T; ]{Zr }_ [T; ]< (S‘g M
5
5'67

L

Ha puc. 1.11 npueeaeHsl MectHas v oOwas cucrembl KoopauHat K3 npo-
CTPaHCTBEHHOH ()epMBI.

YD

Vx

XO

ZO

Puc. 1.11. Cucremsr koopaurar KD rnpoctpaHcTBEHHON (pepMBbI
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QOueBnaHo, B 3ToM ciiyyae B oranuue ot (1.12) marpuua Hanpasisiiowmx
KOCHHYCOB Oy eT
U=l 2. 4.l
OCh CTEPIKHSA ONMpPeeNIAETCA BEKTOPOM ¥, ¢ TPEMA KOOPAWHATAMHM Y3JI0B B

o011e#t cucTeMe KOOp/IMHAT:

Toraa >1EeMeHTBI BEKTOPA V', CAMHUYHOW JJIMHBI WK HANPABJIAIOILNE KO-

CUHYCBI OCH X Oy Iy T
A, X0 = x
. 1 ‘;l lfl
er = ﬂ’kj.ﬁ = T _J}J - _J},'- ] (1 . 1 8)
ﬂ, \ i Zt’) _ 0

rae £, — IJIMHA CTePIKHA:

N [ Y ) R P (1.19)

Matpuua oproroHanbHoro npeodpasoranus koopauHat KO npocrtpaHcT-

BEHHOH (DepMBbI HIMEET BUT

[r]=| = = = _ (1.20)

K3, pabomatowii Ha pacmsiiceHue-coicamue u u32ub
bamounerii K3 wucnonb3syeMblil 11 pacuéta TMPOWU3ROJBHON TUTOCKOM
CTEP’KHEBOM CHCTEMBI ¢ BBHIOPAHHBIMU TIOJIOKUTE/IbHBIMUA HaIlpaBIEHMSIMU Y 3-

JIOBBIX TIEpeMEILIeHUH 1 CUJI IIpeAcTaBiieH Ha puc. 1.12.
is X

4

s
Y

A2 77.);:j::j:;.;;:::;:;: 7T 6 ;

Puc. 1.12. KO nnocko# cTep:KHEBOH CHCTEMBI
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B cOOTBETCTBUU C MPUHATBHIMH MNONOKUTENbHLIMU HAMPABIEHUIMH Y310-
BbIX mepemMelleHuii KD u MX nocnenoBaTeNbHOCTBIO 3JIEMEHTbI BEKTOpa {Z,}
Y3JIOBBIX JINHCHHBIX TICPEMCIICHUH ¢ 1O HATPABICHUIO OceH X, ¥ W yriioBoro
NEPEMELLEHUS (@ OTHOCUTEILHO OCU Z MECTHOH CUCTEMbI KOOPIMHAT M BEKTOPA
{Z°} y3710BbIX JMHEHHBIX MEepeMeLIeHNH M0 HanpapneHuto oceit X, ¥ u yrio-

) o
BOI'O IICPEMCIICHHIS OTHOCHUTEIBHO OCH Z( 06].[.[61/1 CHCTEMbI KOOPOHUHAT CBA3AHDbI

3aBHCHUMOCTLIO!
J., S5°
O 3,
P @’
=1 = e i=n )
Oy 5
i 3,
Py (/)(j

B otnuune ot K2 dpepmbl, uncio creneHeit ceo00abl y3y10B 0anounbix K3
B MECTHOI U B 0OLLIEH CUCTEMAX KOOPAMHAT OJMHAKOBoE. B CBA3M ¢ 3TUM Mat-
pHULBI OPTOrOHATIBHOTO MPeOOpa30BaHKA KOOpAUMHAT Oanounbix KD kBampat-
HBIE.

Martpuiia opToroHassHoOro npeodpazosanus koopauHat K3, padoTtatoure-
TO Ha PACTAKEHHE-CKATHE U U3THO, UMEET MOPAAOK 6X6:
A, Ao Ao 0 0 0

XX Lol

A, A, A, 0 0 0
F o} Ao A, A, O 0 0

[2]=

0 jl = O O O ﬂ’mﬂ &“_u i.\'zo . ( 1 2 1 )
0 0 0 A, 4. 4.
0 0 0 A, A. A,

Cucrembl koopauHatr K32, padoTarollero Ha pacTSKEHUEe-CKATHE U U3ruo,
OpUBEACHbL Ha puc. 1.13.

Kaxk ormeuanocs, ocu ¥ 1 Z sBISHOTCS IIABHBIMH OCSAMW MHEPIIMK CCUCHUA
CTEPKHS. 3agava TIockas, TO, OYeBUAHO, KOOPOHHATH! Y3J0B HAYala U KOHLA

K3 0yayT

Il
8
I
<

1)
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YO

Vy

Vz Vx

Z o
Puc. 1.13. CucteMsl koopauHat KD niockoii cTepKHeBOH CUCTEMEI

Tak kak ocu Z u Z' [apaaieibHbIE, TO KOCHHYCHl YITIOB MEXKIAY OCAMH Xz,
2-X" 2-Y " v-2°, Z-7° paBusl
ﬂ’ E):j’:x(J:ﬁ“:‘Jl:/%‘:[) = 0:\ l__:n: 1

AT

Hanpagisitowpe kocuHycol ocu X (1.18) Oyayr

A, A | Af —x!
I/\ = ;L'.‘Jn = i_wo = !_ Y ? -V ;O E)
A 0 e 0

HarpasJsirorgue KOCHHYCBI OCH T TTOJIYHAKOTCS KaK HAIIPABISOLINEC KOCH-
HYCBI BCKTOpA, NCPICHANKYJISIPHOIO O/HOBPEMCHHO K OcaM Z U X. DTo Ha-
MpaeJeHHe OCH Y B COOTBETCTBHH CO CRBOWCTBAMH BEKTOPHOrO MPOU3BEICHHUS

MORHO OIIPCOCIINTE KaK BCKTOPHOC TIPOHU3BCACHNC,

Ao 0] [r.
I/}_, = }\. an = VZ Pad [/.\" = 0 X ;\'A‘l’ﬂ
b i |o

BblpaBI/IM 3TO BCKTOPHOC IIPOH3BCACHHC HUCPC3 KOOPAHHATBI COMHOKHUTC-
neil. COMHOKHATEIIH MMpeaACTAaBHUM CJIC IYIOIITHM 06p330MZ
— 1 —
=0 o1}, v.=W%, 4. 0f
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J11s oJTy YeH s KOOPIMHAT BEKTOpA J7. cOCTABUM TAOMIULY COMHOXKUTENEH
0 0 1
A, A, O
3aKkpwIB B HEl TIEPBBIT CTONOETI, MOMYUNAM MEPBYIO KOOPANHATY

0 1
A, 0

xv

rI€ BBIPAXKECHHE, OKAHMIICHHOE BEPTUKANBHBIMU YepTaMu, — ONPEIEIUTENb
BTOPOTO MOPAAKA.
3aKkpbiB BTOPOH CTOMOCSH W B3AB OCTABIIWHCS ONPESACTUTENL ¢ 00paTHBIM

3HAKOM

HaXOIWM BTOPYIO KOOPIHHATY.
3aKpeIB TPETHH CTONOEI, TTOJYYHM TPETHIO KOOPAUHATY (OCTaBIIWIICS OTI-

peneuTeNs OpPeTCs CO CBOMM 3HAKOM).

0 0
ﬂ.\.’\.‘( ﬂ“ )
Taknm obGpazom
Vv v 0 | 0 1 0 0
y - ’ >< ’ - AIXVO 0 , - ﬂ\_\, O ’ i.ﬂf ﬂ.\,‘l‘0

PacKprIB OTIPEISTUTEITH BTOPOTO TOPSIKA, TTOTYTHM

0:0-h 1
V=3 Lh_,—0-0
Ao 0=0-h_,

150051
7»1 | {—(y?—yf’)
N
) e
TAC ¢, — AJIMHA CTEPIKHS, Bhuncasemas no gopmysie (1.16).

OKOHYATEJILHOC BBIPAKCHHE JUIS MATPHLBI OPTOTOHAIILHOTO 1Ppeodpa3ona-

Hus koopauHat K3, padoTarouiero Ha pacTsS:KeHUe-CokaThe u u3ruo, dyaer
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A A 0 0
A, A, 0 0

i 0 0 1 0

o0 04, A, 0 (1.22)
0 0 0 2, A, 0
0 0 0 0 0 1

Y damounoro K3, padoralomero Ha U3ru® 1 UCHoAb3YEMOro A1 MOIE/IH-
poBaHug OalKd, eANHad MaTpULA KECTKOCTH, TaK KaK MECTHasi CUCTEMa KOOp-

JIMHAT COBITANACT ¢ OOIICH.

banounetit K3, pabomarowguil Ha u32u0O u KpyueHue
bajounbiii K3 ucnonab3yemblit juis  pacuéra NpoOU3BOJIBHON MJIOCKO-

NPOCTPAHCTBEHHON CTCPAKHECBON CUCTEMbl C BbIOPAHHBIMU [OJOKUTE/IbHBIMU

HANPABJICHUAMH Y3JIOBbIX NEPEMEIICHUH M CUJ1 IPECTABIEH HA puc. 1.14,

Puc. 1.14. K nimocko-nmpocTpaHCTBEHHOH CTEPKHEBOM CHCTEMBI

B COOTBETCTBHM C TIOJIOKHTEIILHBIMU HATIPABJICHHUAMH Y3JIOBBIX TICPEME-
weHuid K3 1 uX nocneaoBaTelbHOCTLI) AIEMEHTBI BEKTOPOB {Z,} u {Z'} y310-

BLIX CBA3dHLI 3dBUCHMOCTDLIO!

5: 1 (Sg

P, .

?, | o,
Z3=10 =X =k o

et o

g).\:r' 4”3

?, ?,

381,[[21‘121 INIOCKAaA H, CJICA0BATC/IbHO, BbINUC/ICHUC MATPULIBEL OPTOICHAJILHO-
TO HpCOﬁp&SOBaHHH KoopauHaT COBHAOACT ¢ BBIYMHCICHHUAMH HDEI[BI,HYH_Ieﬁ 3a-

TavH.
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OTnMYKE TOJNBKO B MOCJIEA0BATENLHOCTH Y3JI0BbIX NepemetneHuid K3, uto
OPUBOAUT K U3MEHEHUAM, TPUBEACHHBIM HHKE.,

Hamnpapngtomme KOCHHYCBI OCH Z-

A::O 1
V=12, 4=40}.
. o

2%

Hanpasnstomme KOCHHYCbl OCH X

i, 0
X2 l , ]
V =44 ,+= x'=x
X pa% € ‘ J !
S B IR
A’_..U .}’_,r )’1

DIIEMEHTbI BEKTOPA ¥, €IMHUYHOHA NJIMHBL, COCTOALLETO U3 ONPEAEIUTENEH

}_

PackpeIB onpenenuTeny, moJydyuM HATPABIAIOUINE KOCUHYCBI OCH Y-

BTOPOI'O NOPSIIKA;

0 0
V.=V.xV, =

A ° /111'“ ,

1 0
0 ,%.ﬂ' g ,

10
0 A’.\.‘.}: "

XN

A 1 0
’/}' = /‘i’.}w“ = :— - (y;] - -’V;])
ﬁ, ) i X“ _ xs)

e J J

OKOHYATEIbHOE BbIPAKEHHUE A1 MAaTPHLbIl OPTOrOHANBHOIO NpeodpasoBa-

Hus koopaunat KD, paboTtaromiero na u3rud U kKpydeHue, OVJIeT UMETh Cle-

OVIOIINHA BHL;
1 0 0 0 0 0]
0 A, A, 0 0 0
02, A, 0 0 0
Zl=lg 6 0 1 o o (1.23)
0 0 0 A, 4,
0 0 0 A, A,

banounvrii npocmparncmeennorii K2
Y K3 ucnonb3yeMoro ajis pacuéra MNpou3BOJbHOH MPOCTPAHCTBEHHOM
CTEPXKHEBON CUCTEMbI B V313X N0 TPU JUHEHHBIX O U TPU YLAOBBIX ¢ NEPEME-

menud (puc. 1.15).
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Puc. 1.15. banounsiii npocTpancTBeHHbIH KD

DIIEMCHTBI BCKTOPOB Y3/10BBIX nepememeHHﬁ K2 cBsI3aHBI 3aBUCUMOCTBIO:

)

0
X7 51- T

0
5}';‘
0
531

3

=L Rz}=1}

S N T T

=
ey

._
1

28 S

B cBsa3u ¢ >tim Matpuua [7,] opTOrOHATBEHOTO

npeodpazoBaHus KOOPAH-

HaT OamouHOTo MpocTpancTBeHHoro KO uMeer nopsinok 12x12, a marpuiia [¢],

COCTOMT U3 ABYX MaTpull [A] HanpapaAKOUIUX KOCUHYCOB, T. K. IpeoOpa3oBaHusl

KOOPAUHAT BLIIIOJIHACTCS KAaK JJ151 ﬂHHCﬁHle, TaK U YITIOBBIX HGpGMG].[J,GHHﬁ:

A 0 o j‘xyn /1.\':“
[r]‘[o ,1} =2, 4, 4., [1]=
/‘tz.x-” ﬁ'__ o /1:__,)

A0 0 0]
02 0 0

(1.24)
0O 0 4 O
00 0 2

B ofmem ciywae B 3amaue pacu&ra NMpoOH3BOILHOI TIPOCTpaHCTBEHHOH

CTEPXKHEBOH CUCTEMBI IPH COBMELIIECHHUU OCEA X u X “ocu Y u Z MECTHBIX CUC-

TEM KOOPAMHAT 0al04YHbIX NPOCTPAHCTBEHHBIX KD MOryT HE coBnajaarb ¢ ocs-

) ) o
MH Y{ " Z{ 06[1161/1 CUCTCMBI KOOPJAWHAT, KAK Y INTOCKHUX CTCPMKHCBBIX CHCTCM

(puc. 1.13).
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B cBs3u ¢ 3THM HE0OX0MMO 3a/1aRraTh /a Kaxaoro KD crepkHeroil cuc-
TEMBI MMOJOKEHHE OJIHONW M3 3TUX OCeil Y unu Z MEeCTHOH CHUCTEMbI KOOPAHMHAT
KD oTtHocuTensHO oceii o0mmeit cucteMbl koopauHat. C 3TOH LIENbO, KpoMe y3-
JIOB { U j (Hauano U KOHEL CTEP:KHA), HA OCH Z MECTHOH CUCTEMBI KOOpIUHAT
K3 BBOauTCA jononHuTENbHbIM y3ea & (puc. 1.15), KOTOpbIi U 1103BOJISET ON-
PEIAEIUTDL [10JIOKEHHUE ITON OCH.

Ha puc. 1.16 npueaeHbl CHUCTEMBI KOOPAMHAT OAOYHOTO MOPOCTPAHCT-

BeHHOro KD.
YO

Vy
Vx

Vz

ZO

Puc. 1.16. Cucremsl koopauHaT 0a104H0r0 npocrpancteeHHoro K3

Hanpagnsiotime kocuHychl ocu X Beiuucnsiores no gopmyne (1.18), T. e.

rae (, — AJIMHA CTEPXKHSA, BeiuMcasemas no gopmyne (1.19).

DJIEMEHTEHI BEKTOpa V, €AUHHYHOH IJIHHBI KU Harnpap/IAROMHC KOCHHYCEI

ocu Z OyayT

A
Vo= A b= (1.25)
A

rIe 7, — PacCTOSHUE MEXAY V3JIaMH I K, BEIYUCIIIeMoe Mo hopMyie

B 0 b 0 0 0o
rif\‘ _\/(XA'_xl)Z+(.)}k _y:)z+("k _"‘.')2 -
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Torma HaIlpaBJICHUC OCH Y B COOTBETCTBUU CO CBOMCTBAMU BCKTOPHOI'O
MPOU3BEACHUA MOKHO OIPCAC/INTDb KaK BCKTOPHOC I[IPOU3BCACHHC!

/1sz j'.»r_ac‘J
I/}’ = I/Z X Vx = ﬂ:t'a X Aﬂ_u
/122u ﬂxso

BbINONIHYB BEKTOPHOE NPOU3BEICHUE, MOIYYUM DJIEMEHTHI BEKTOpa V),
€AMHUYHON JITTMHBI, COCTOSILIETO U3 ONPEASIUTENEH BTOPOTO NOPAAKA:

A’ 0 A‘ZSG

2y

Ay A

Xy

A, A0

2x

AL AL

xx

/l:xf’ /1::0
Ao A

i Xz

B

y

’

PackpbIB ONpeCIMTEN, MOJIyYUM HANPABJISOUIME KOCUHYChI OCH Y-

/lyxo ﬂ:yn ' )l'xsﬂ - )Lx_v“ ) /15:0
Lf\ = /1_1{110 = ;Lxxn ' '2':50 - /'i'zx0 ' &xso
/‘tyzo imo ' /1“0 - Amf’ R ﬂ'z_vo

B pesynprare nmojiydeHbl HAnpapisfIOLIUE KOCUHYCHI ocel X, ¥ u Z, 4uTo
onpenensier marpuny [7,] (1.24).

Bo3moxkeH u apyroi noaxon K BerauciaeHuto Matpuusl [75]. Ipu stoM me-
M0JIB3YETCS BCIIOMOTraTe/IbHasi CUCTEMA KOOPIAUHAT @y Z.

Ha puc. 1.17 npuBeneHsl 001Ias, MECTHass W BCIIOMOTATEJIbHASI CUCTEMBI
koopaurHat KO.

ye XY
Xﬂ

2’.? j-__-

Puc. 1.17. Cuctemel koopaunat KD:
a - ochk X CTEP/KHA He COBMAAeT ¢ ochio 1
6~ ock X cTepaus cOBNANAET ¢ ockio I
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Yrou a onpeaesisieT 0JI0KEHHE MMIABHOW OCH MHEPLUMU Z MECTHOM CHUCTe-
Mbl KoopauHaT XYZ KD 10 OTHOLWIEHHIO K OCH ¥ — BCIIOMOIaTEJIbHONH CUCTEMBI
KOOpAUHAT @yw#. [IpHuéM och # pacronokeHa B mIockocTH oceit X - Z° obieit
CUCTEMbl KOOP/IMHAT.

Ha puc. 1.18 npuBeneHo NpsAMOYTOJIBHOE CEUEHUE CTEPKHS U OCU CHCTEM
KOOP/AMHAT TIPU MOBOPOTE OCeH MECTHOH CHCTeMBl J0 COBMEIEHHs ocu X ¢
ocbio X ° (puc. 1.17, a). Takoe B3aUMHOE PACIONOKEHHE CHCTEM KOOPAMHAT
K3 Gonee HarnsaHO oTOOpakaeT yroJl o MOJIOKEHUs [JIaBHOM OCH UHEPUUU Z.

YSw

a z

Z%q

Puc. 1.18. K onpeesienuto yria o nojioKeHus MIaBHOH ocH UHEpIIUH £

B »TOoM ciydae HampaBasiollde KOCHHYCHl OcH X BBIUUCHAIOTCS T (op-

MyJje (1.18), a HanmpaBasOlIHE KOCHHYCHI Oocel ¥ M Z — no cnenywoumm gop-
MyJam

2 . 2
/1”(, = “ -2, sinal, /1_}.(, =\ J1- /10;:, ‘cos o,

Aidy  ALAA, A h.  ALALA,
‘\/1—;{% ‘, Nl—ﬂf}_u ’ ’\/1 Nl—/liﬁ, ’
AA, Ak, Ak AiAuA,

(1.26)

T AT © AL

Ecnu ixy(, =1 (puc. 1.17, 6), To MaTpuna [A] HampaBIAIOMHUX KOCHHYCOB

UMeeT BUJ
0 A 0
[2]=] - A |sinal 0 - A cosa|. (1.27)
—cosa 0 ’Sil’l a‘

TakuM 00pa3zoM, BBIYHCIEHHs KOCHHYCOB oceli mo dopmynam (1.18),

(1.26) u matpuubl [A] HanmpaBnsaOWUX KOCUHYCOB (1.27), onpeaessiior MaTpUIly
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[7,] opTroroHanbHoro npeodpa3zoBaHus KOOPAWMHAT 0alloUHOIO MPOCTPAHCTBEH-

HOTO K3, l'[yTéM MCIIOJIb30BAHHS BCIIOMOTATE/IbHOU CHCTEMBbI KOOPDJHHAT.

1.4. Ilpamoii meToa B popme nepeMelieHH

[Mpouenypa pacuéta MKD B (hopme nepemMewleHHi 3aKO4aeTCs B Cle-
ayromeM. KoHCTpyKOMA, ¢ y4eTOM €€ TeOMETPHH, pa3OuBacTCs Ha HEKOTOPOE
KoJnuecTeo K3, KoTopble CBA3aHbI MexkAy COO0O0H y3M0BBIMK TOUYKAMH (y31a-
MH), PacnoJIOKEHHbIMM HAa UX rpaHuuax. PacuérHad cxema 3aaayvu, CMOJIENU-
pOBaHHas TakuM 00pa3zoM COBOKYNHOCThKY K73, paccMarpuBaeTcsi Kak Juc-
KPETHAs, HArpy>KE€HHas y3JOBbIMU CUJIAMHU, KOTOPbIE CTATHYECKU IKBUBAJIECHT-
Hbl ASHCTBYIOLLUMM HA 3MEMEHT pacnpeneacHHbIM Harpy3kaM U rpaHUUHbIM Ha-
MPSHKEHUAM.

CornacHo MpUHILINTIAM pacyeéTa TUCKPETHBIX CHCTEM MepeMellleHHd BHYTPH
Kaxaoro KD onpenensiorcs depe3 nepeMelieHns pHHAIISKaNX eMY V3I0B.
JI1st 31010 HEOOXO0IMMO 3a/1aTh XapaKTep MoJjis NMEPSMCIICHUNH BHYTPH 3JICMCH-
Ta ¢ NOMOLIBK QYHKIMH NECPEMEIICHU .

OyHKUMKM OEPEMELUCHUI MO3BOJNAKT aMMpOKCUMUPOBATH NEPEMELUEHUS
BHYTPM 3JIEMEHTA MO M3BECTHbIM Y3J10BbIM MNEPEMELUEHUAM. ANNPOKCUMMU-
pyiolrie (PYHKIHHW TiepeMelieHni JOKHBI OLITh BBIOPAHBI TaKWM 00Opa3zoM,
qTOOBI YVIOBIETBOPATEL TPeOOBAHWAM HEMPEPBLIBHOCTH TIEpEeMEISHHN Mexmy
CMEKHBIMH DJIeMeHTaMu. Beibop ¢(yHKIMIT Tepemeniennii WrpaeT BaXKHYIO
posib B MK3, Tak kak HanpsizkEHHOE U 1ICPOPMUPOBAHHOES COCTOAHUSA JICMEHTA
ONPECASIOTCS €0 Y3JI0BbIMU NCPCMEILICHUSIMH,

[lonHas »Heprus {// cUCTEMbl (KOHCTPYKLUHU) MPEACTABAAETCA KaK (PYHK-

IS # HEM3BECTHBIX Y3JIOBBIX MEepeMeNIeHni z|, Tae m — 9ucao CTeneHei CBo-

00abl BCEX Y3/10B KOHCTPYKLUH.
CoraacHo BapuallMOHHOMY OpUHUMMY JlarpaH:ka BO3MOXHO 0Opa3oBaHUE

CHCTEMDI 1 TMHEHHBIX anredpanyeckux ypaBHeHui
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B pesynbTare pellueHus CUCTEMbl JMHEHHbIX anre0panyeckux ypaBHEHMA
PaBHOBECHSA 3a7a4M ONPEACTSAIOTCA UCKOMbIE Y3JI0BbIE NEPEMELLEHUS.

[lpn pacuére MKD xnHemMaTHYeCKH HEOMPENeNMMBIX CHCTEM HanbombiIee
pacTipoCTpaneHue TOMYYHIA CIEAYIomas MaTpUUuHas 3aBHCHMOCTDL OTIpencie-
HHUS BEKTOPA BHYTPCHHUX Y3JIOBbIX CHJI KOHCTPYKIIMKM B OOLIECH CHCTEME KOOP-
nuHat X' Y' Z°:

{S13 =[KN[A1([A]" [KL [A' (P} =
= [K'][4] 42"}, (1.28)
rae {S?} — BEKTOp BHYTPEHHMX Y3JIOBbIX CHAJl KOHCTPYKLUMM, COCTOSALLMA U3

0JI0KOB (KJICTOK) BEKTOPOB BHYTPEHHMX y3J10BbIX ¢l KO {S"};

[K?] — xBaznanaronamnLHas MaTpHia )KECTKOCTH KOHCTPYKIIHH, COCTOSTIIAS

u3 010k0B MaTpull xkEcTkocT K3 [K!] B 0011E# cucTeMe KOOpAMHAT,

[4] — MaTpuua COOTBETCTBHIT (CBA3H Y3JI0B) KOHCTPYKIHHU, COCTOAIAA W3

OnmokoB MaTpull cooTBeTCTBUI KD [A4,]:

{P"} — BEKTOD Y3/I0BOI HArPY3KU KOHCTPYKLIMM;

{Z"} — BEKTOP y3/10BBIX NEPEMEILICHHUI KOHCTPYKILMK,

BexTop y3/10B0ii Harpy3ku B o0luei cucteme koopauHar {P’} dhopmupy-
€TCS U3 COCPEAOTOUEHHbIX CUJ U MOMEHTOB, NPUIOKEHHbIX K Y3J1aM CONMpsKe-
nng KD pacuéTHOH CXeMbl KOHCTPYKIUHN, a TAKXKE W3 Y3IOBBIX CHJI U MOMEH-
TOB, KOTOPBIE CTATHYECKA DKBUBAUTCHTHBI AeicTBytomuM Ha KD pacnipenenen-
HbIM Halrpy3Kam.

KBaszuauaroHanbHas MaTpuua >kECTKOCTH KOHCTpYKUMU [K) ] npeactasas-

eT CO0O0H Creny oLy MaTpyLy.

(K" 0 0 0]
[KO]— 0O K 0 0
o o .o

L0 0 0 K|

rae n —uncyio K B pacuéTHOH cXemMe KOHCTPY KL,
[K)] — MaTpuLa KECTKOCTU F-r0 (1< r <n) K3 B 00LUEH CUCTEME KOOPAUHAT.
Kak ormeuanoch, Matpuua [K'] BLIMUCISAETCA C MOMOLLBbI KOHIPY3IHTHOIO

npeodpa3oBaHusl:
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[K71=[T.]" [K:] [T,
rne [K;] — marpuua xécrkoctu v-ro K3 B MecTHOlH cucreme koopauHar XYZ,
[7,] — MaTpuLa OPTOrOHAILHONO NPe00pa30BaHus KoopauHat »-ro K3.
Marpuua oproroHaabHoro npeodpasopaHusa xkoopauHat KO [7,] cocTont u3
MAaTpHULl HANpapAsSHOLIUX KOCUHYCOB, T. €. U3 3HAYEHUH KOCHUHYCOB YIJIOB MEX-
oy oCAMH MecTHOH 1 o01eit cucTeM KOOpaWHar.

Matprua [7,] cBA3bIBaeT BEKTOP Y3JOBLIX Tiepemerenuii K2 B mMecTHol
CUCTEME KOOPJMHAT {Z,} C BCKTOPOM Y3JI0BbIX nepemeticHuit K3 B obiuei
CUCTEME KOOPAMHAT {Z!} cleayrouumM o0pa3oM:

(Z}= T4z}

Marpula COOTBETCTBMA KOHCTPYKLUM [A] COAEPNKUT TOMOJOTHYECKYHO
MHGMOPMALIUIO, YKa3bIBAIOLIYH aapec, IO KOTOPOMY IOJBKHbI ObiThb pacopene-
JICHBI BJIEMEHTBLI MaTpuiL axkécTKOCTH [K'] BCex KD na none marpuubl [K'] wké-

CTKOCTH KOHCTPYKLHH.

]|

R

raoe [A,] — maTpuua cooTBeTCTBUH K3, 4uCio CTPOK KOTOPOH paBHO YMUCIY CTeE-
neHel cso0oabl 3108 K3, a uncio cTon0UOB paBHO YUCTY CTENEHEH ¢B00OAbI
Y3JI0B PACUETHOH CXEMBI KOHCTPYKIIVH.

Marprua cooTBeTCTBHH F-ro 3nemeHTa [A4,] — OyneBa marprua (LeJIounc-
JEHHas, T. €. 3JIEMEHThl MATPUllbl NPUHUMAKOT TOJILKO /1Ba 3HaueHusd: 0 u 1),
KOTOpPOH 3agaercs Tonojioruyeckas uH@opmanus creneHel cBoOOabl Y3J0B
r-ro K3 Ha nosie MaTpulilbl )KECTKOCTH KOHCTPYKUMU. Kak oTMeuanoch, CTPOKH
MaTpULbl — 3TO HOMEpa CTeneHel ¢Bo00Abl y310B K3, a ¢cTon0Lbl — 3T0 HOMEpa
cTeneHel cBoOOAbl Y3/I0B KOHCTPYKUUKM., Ha nepecedyeHuM COOTBETCTBYHOLLMX
HOMEPOB CTPOK M CTOJOLOB MaTpHIbl COOTBETCTBUI KD (KOHCTpYKUMK) CTa-
BHUTCH €OWHULA, & OCTATBHBIE JIEMEHTBI MATPHLIBI HYJIEBBIE.

Hanpumep, uucio creneneii o006l # B pacuéTHOH cxeme Oanku, Toraa

ans 6anouHoro K3 ¢ 1ByMs creneHsMu cBOGO/Ibl B KAXI0M Y3JIe U C HOMEpPaMHU
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V3JI0B B pacd4&THON CXeMe KOHCTPYKUWH |, 3 MaTpuiia COOTBETCTBHI [A,]| #-TO
KD popmupyercs cnemyrommm o0pa3om:

Howmepa creneneii cBoOOabI KOHCTPYKIIUA
1 234 506 ...n

4.]=

0
0 .
| Homepa creneneii crodo bl K3
0

- o © @

1
2
5
6

o o O O

0
1
0
0

o O O =

o o O
o O O

Matpuua KECTKOCTH KOHCTPYKLMH BBIYUCIAETCA MO (hopMyJie
[K"]=[4]" [KI] 4] (1.30)
Marpuia sKECTKOCTH KOHCTPYKIMH [K”] CONEpKHT 3aBHCHMEBIE YpaBHe-
HHA, OTIPEACIIAIOIINE 3aBUCUMOCTE HATPY3KHU W PEaKLIMi OMOpP, YTO HE TTO3BOJIA-
€T BbIIOJHUTh PCUICHUE CUCTEMbl YPABHCHUI PABHOBECUS 3aj1a4u, T. €. 00pa-
IICHUC MATPHIIbl KECTKOCTH KOHCTPYKIMU., UTOObI 00CCNCUNTL BO3MOMKHOCTh
PELIEHNS CHCTEMBI YpaBHEHHH, HEOOXOIUMO B MaTpuie kectkoctn [K°] uc-
KJIKOUUTL 3aBUCUMbIC YPABHEHUSA WIH PEATU30BATh YCIOBUS KUHEMATHUYECKOrO
3aKPENJIEHUS 3a[1aUl. B BUJIE CBA3CH, HAKIANIBAEMbIX HA Y3JI0BbIE MEPEMELLE-
HUS U OTPAaHUUYMBAIOLIUX CBOOOIY MEPEMELIEHUM 3a0a4H B IPOCTPAHCTRE (OM0-
pBI), U TOJYUYUTDL, TEM CaMbIM, MaTpULy KOXPOHULHUEHTOB CHCTEMBI YpaBHEHMH

paBHoBecus [K.]. Pasnuunble ¢cnocoObl peanusauuy yCIOBUH KMHEMATHYECKO-
ro 3aKperuieHUs 3a/1a4u noapodHO paccMOTpeHbl B § 4.2 3.

Taxkum oOpaszoMm, cucTeMa paspellalolIMX YPABHEHUH paBHOBECUS (Ju-
HEHHbIX anre0panyecKuX YpaBHEHHWH) 3a1a4ud MOKeT ObITh NPEACTaBICHA B
CIEOYIOIEM BHIE:

[K21{Z"}y=1{P°}. (1.31)

PeriicHue CUCTEMBI YPaBHEHHH TIO3BOJISICT OINPE/CIUTh BEKTOP Y3JIOBBIX
MEPEMEUICHUH KOHCTPYKITUH

(Z°y =K 4Py, (132)
YTO MO3BOJAET OMPENETNTL U BEKTOP {S°} BHYTPEHHUX Y3JOBBIX CHI KOHCT-

pyknuu B o0uiek cucreme koopaunar (1.28).
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OcHoBHble 050Kku anroputmMa MKD B opMe MeTona nepeMelleHuii u no-

CJ€A0BaTEAbHOCTh X BbIMOJHEHUS IPUBEAEHBI HA puc. 1.19.

' Uexomias UHGOPMALIMSE O KOHCTPY KLIAH

® Bextop y3/1080ii GKOOp,[lHHaTbl Y3JI0B B ® MarpuLibl 1 HIEKCOB
Harpysku {P 0 } o01IeH cucTeme H reOMeT pH e CKHE
KOOpAUHAT xapaktepuctuku K2
|
2 K copamHATE Y3II0B B 3 Marpuua wectoctu K
- MECTHOH CHCTEME —8 B MECTHOI CHCTEME
KOOPAHHAT koopausat [K ]
|
4 . 3 y 6
Marpuua Marpiua e cTkoCcTH MarpHua #ecTroCTH

OPTOTOHATEHOTO ™ K2 B obmeii cucreme konerpysuim (K]
npeﬁpmoﬂauun’ | woopmar [K ']

xoopnusar K3 [7,]

] . T

BexTop yanoeerx Kunemaruue cxmne
— TiepeMeLIeHH i —  AKPETUIEHHA -
mi’c‘lp}"hu“” m.r_c-'[p:,,,-mulh [K*]
Dy _ rgrDay=1 i}
1Z 1=K P}
2 Bexrop yanoebix L Bexrop yanoeex cua I K omronerTer
nepemewennit K3 — o ™ HanpsxeH il KD
K3 {5,
Ay o)

Puc. 1.19. Cxema aaropurMa npamMoro Meroaa B popMe nepeMeieHHii
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CopepikaHue UX COCTOUT B CIEAYIOLLEM,
1. O0pazoBaHUE PaCUETHOMH CXEMBI.
2. Beruncnenne matpun [K,] xkéctkoctn K3 B MecTHO# cHcTEME KOOpaH-
HaT XYZ.
3. Beiunucnexnue marpuu [7,] oproroHaibHoro npeoGpaszopanus K23,
4. Beiuucnenue marpuy [K)] sxéctkoctu KD B 001eil cucTemMe KoopauHaT
xX'y'z
[K21=[T]" [K][T]
5. ®OpMHPOBAHKE MATPHIIBI KECTKOCTH KOHCTPYKLHH:
[K°1=[4]" [K][A4]
6. DOpMUPOBAHHKE pa3peLIaAtOLIENd CUCTEMbl YPABHEHUI PABHOBECHA:
[KI{Z") = (P},
7. PemieHne CHCTEMBI YPABHEHHH, MO3BOJSIOUICE ONPEIENATh BEKTOP Y3-
JIOBBIX NIEPEMELISHUA KOHCTPYKLMK B OOLIEH CUCTEME KOOPAWHAT!
(Z°) = [KTHPY.
8. BbluuCAEHUE BEKTOPA BHYTPEHHMX Y310BbIX CUJI KOHCTPYKLMK B 0OLLEH
CUCTEME KOOPAWHAT.
11y =K1 [414Z°},
rae
SU

1

sy =1

10
S

H

9. BbIYUCAEHHUE BEKTOPOB BHYTPEHHUX Y3J0BbIX Cul KD B MECTHOH cuc-

TeME KOODPIVHAT:
WS =T8T (1.33)

10. BbIUUCNEHUE KOMIIOHEHTOB HanpakeHui B y3nax K B MECTHOM cucTe-

M€ KOOpPIHHAT.
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BbluncneHne HOpManbHbLIX HAMpskeHWH B ceueHusax KD, BbIMONHAETCA B
Havane v konne KD (Hauano — mepBblii HOMEp y3/la B MaTpUIle MHAEKCOB, KO-
HEIl — BTOPOI HOMED y3J1a B MATPUIIC WHICKCOB).

COorJIacHO NOJIOKUTEIIBHBIM HANIPABJICHUAM TTPOJIOJIBHBIX CHII N U MOMCH-
TOB M HOpMallbHbIC HANPSAXKEHUA B OANIOUHOM MPOCTPAHCTBEHHOM K3 Bblumc-

JAOTCA o Gopmyne

oog M M
F W

roe F — miomanb cedenus,

W, — MOMCHT COTIPOTHBICHHS CCUCHHSI OTHOCHTEIBHO OCH Y
W, — MOMEHT COIPOTHUBJIEHHUS CCUEHHS OTHOCHTENILHO OCH Z.
Crnenyetr otMeTuTh, 4T0 B MKD nMeroT Mecto cieayrommne npeodpazosa-
HUS BEKTOPOB Y3JIOBbIX [IEPEMEUICHHIA U Y3JIOBbIX CHJl U3 MECTHOH CHCTEMBbI
koopaMHaT XYZ B o0y cucremy X' Y* Z° cootsercrBenno (1.33) u HaoGo-
pOT:
2 =10l {43,
(ST =171 {S)}. (1.34)
TTpuBEeACHHASA TOCACIOBATEIBHOCTE pacuéTa u marpudHbiii anmapar MKD
HOCAT CTAHJAPTHBIA Xapakrep naa KD pasiMuHOro THHa U IpPeayCMaTpMBAKOT
npumeHenue IBM Ha Bcex dTanax pacuéra, T. €. 0T BBOAA B MAILMHY MH(Op-
MalHh O F€OMETPUH KOHCTPYKLHH, €€ (PH3MUYECKUX CBONCTBAX M HAIPy3Ke 10
MOJy4YeHHs OKOHYATENBHBIX PE3YNLTATOB  HAIPSKEHHO-Ie(GOPMUAPOBAIIIOTO

COCTOAHHA KOHCTPYKIHH.

1.5, Cucrema JIHHEHHBIX ANre0paM4YecKuX YPABHECHH

PelieHne CUCTEMbI JIMHEHHbIX anredpaMyecKuX YPaBHEHUH, KaK NpaBullo,
BbUIOJIHACTCA METOAOM MCKIOUEHUA laycca, METONOM PENKO3aNOJIHCHHbIX
MATPHUILL UM UTEPALMOHHBLIM MeTonoM laycca-3eiinens. UTepaluOHHbIE METO-
Al Hanbonee yaoOHbl W 4acTO MCMONB3YIOTCA OIS pEUIeHHs] HENMHEHHBIX 3a-

nau.
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B MKD cambiM OonblIMM ABISE€TCA MaccuB KoXpOULUEHTOB NpPU HEU3-
BECTHbIX pa3pellarollei CHCTEMb] JUHENRHBIX anredpanyeckux ypaBHEHUM pas-
HoBecud. BosmokHocTr anroputvMa MKD yBETMIMBAIOTCA 34 CUET COKpAIICHUS
TpeOyeMBbIX 00BEMOB XPAHUMOH TPOMEKYTOYHOH HHpopMmannu. [Toaromy 3Ha-
YUTEJbHOE BHUMAHUE YIACIAIOCH MPOOIEeMaM COKPAUIEHHOIO, KOMIOAKTHOIO
NPEACTABICHUS MATPULbL KOADPUUKUEHTOB, YTO MO3BOJAET HD(DEKTUBHO HUC-
MOJIb30BATH OTIEPATUBHYIO MaMsITh JBM.

Ecnu He TpeOyeTcs SBHOTO BBIpasKEHHS A dJEMEHTOB oOpaTHOH MaTpH-

ubt [K9]" (1.32), pexoMeHAYeTCs MX HE BbIMMCIATb, TAK KAK IOUYTH BCE, UTO
y
MOXKHO CcIeaTh ¢ MOMOLIBIO MAaTpUbl [K. ]|, MOMXET ObITh BLITONTHEHO H O€3

neé. [pn otoMm, ecrm [K] — penko 3arnosmennas MaTpHIa, To o0paTHas MaTpy-

ua Oyaet TpedOBaTh YPE3MEPHOIO 00BEMA MAMSITH.

OpHO U3 MpEeUMYIIECTB METoJa UCKAroYeHus ['aycca B anmroputme MKD
COCTOUT B TOM, 4TO HET HEOOXOAMMOCTH B BRIOOpE TiIaBHOrO Zyementa. Jlng
MaTpHII, KOTOPBIC HE ABJAIOTCS MOJIOKUTENLH0 ONPEACIEHHBIMA, BLIOOD TiIaB-
HOrQ JICMCHTA HEOOXOMM, TaK KaK Mbl JICJIMM HA 3TH BJICMEHTbHI W JIOJDKHbI
ObITh YBEPEHbI, YTO JICMEHTbL 00Pa3yeMOi MATPHIlbl HE CAUMLIKOM OOJIbLIKE,
O0JIbLINE JIEMEHTbL NPUBOAAT K OOJIbILIMM OLIMOKAM OKPYIVICHUS BbIYMCIICHUIA
U B Pe3YJIbTaTe MOTEPH TOUHOCTH.

Marpuua skecTkocTH KoHCTpykKunn [K° ] 1, ciemoBaTelbio, MaTpuna Ko-

>(DPUIHEHTOB MPU HEM3BECTHBIX [K.] CHCTEMBI JHHEHHBIX alreOpanvecKHx

ypaBHEeHHH paBHOBeCHS MKD SBIAIOTCA CHMMETPHUHBIMH U IOJOKUTEILHO
OTpeneIEHHBIMA.
[IycTh cuctema N ypaBHEHUH mpeacTaBicHa B OJ10YHOM BHIE [3]
[K] _ Kll Kll 61. — 1)1
KZ] KZZ 52 PZ ’
rie {J} — BEKTOP HEU3BECTHbIX BEJIMUKH;
{P} — BEKTOP U3BECTHbIX BEJIUUUH,
Y MaTpuil Ko3(p(OHUIIHEHTOB MPH HEM3BECTHBIX CHCTEMBI TMHEHHBIX YpaBHEHHH

CJICOYIOIMHUE pasMEPHOCTH:!
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K 1x1,

Ky Ix(NV-1),

(Ku}  (N—1)x1,

[K2]  (N=1D)x(N-1).

Metoa ucknroueHus 'aycca no3BoJsiCT YMEHbIIUTL PA3MEPHOCTL MATPH-
1bl [K] 1 10ay4nTh MATPUUHOE YPABHEHHUE pa3MEpHOCTH V-1 B BUAEC

(K143} = (P75,
rae
(KT = (K} K7 K3
(P} ={P}—(Ka} K/ .

Pa3z0uBag TouHO Tak ke Ha OyoKu Marpuy [K *]j 9TOT MPUEM MOKHO TO-
BTOpUTH. [Ipyu 3TOM OCHOBHOW omnepauueil OVAEST BBIYHCIICHHE CICAYIOIIETO
HPOU3BEICHUS

(Ko} K K

Tak kak K;) UMEET pa3MepHoCTh | X1, KOJMYECTBO onepatuii nponopLUHo-
HaibHo (N-1)°. Koraa pasMepHOCTb Matpuubl [K] Oyaer ceeaena k 1x1, no-
CIAEAHIO HEU3BECTHYIO 6, MOKHO OYET HAITH HENOCPEACTBEHHO.

Hcnonb3ys oOpaTHBIA X04, OCTaJbHBIE HEM3BECTHBLIE MOKHO OINPENenTh
U3 YPABHCHUSA

g =K' D= K] {Kin} {6},

Onucannas npoueaypa npeacTasisdeT co00i MpocTeRIIHI MPpAMON MeTo,
MPU HCTIOJIB30BAHWHU KOTOPOTO BCE JICMEHTHI MATPHILIBI XPAHATCS B OTICPATHB-
HOUW NMaMATH W YYaCTBYHOT B BBIYHCIICHUSAX.

HUcnonb3ys CBOWCTBO CUMMETPUM MATPULL XKECTKOCTH, MOXKHO COKPATUTH
YUCII0 ONEpalMii NO4YTH BABOE, NPOM3BOAS BCE ACHCTBUS TOJNLKO C YaCTbH)

MaTpPMllbl, PACMONOXKEHHOU Bbile AuaroHanu. [Ipu stom s pelnenus HeoOxo-

N? "
JUMO BBITTOITHHUTE OKOJIO ? OIICpanui.

Tunuunas mMarpuna sKECTKOCTH KOHCTPYKUHMH COACPKUT MHOIO HYJIEH, B
YAaCTHOCTHU, HA HEKOTOPOM PACCTOSIHUM OT JIMArOHAIM HAXOAATCA TOJILKO HYJIE-

BLIC YJICHDI.
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Takass mMaTpuua Ha3bIBACTCA JISHTOUHOMN, @ PACCTOSHUE OT IUACOHANBLHOTO
YJIeHa 3JIEMEHTA A0 MOCJEAHENr0 HEHYJIEBOrO 3JIEMEHTA 3TOMH KE CTPOKU Ha3bl-
BACTCA MOJOBWHOW WWMPWHBI JIGHTHI. JICHTOUHBIH XapakTep A3TOH MaTpuUbI
MOYKHO TTPOASMOHCTPHPOBATH, 3aMUCHIBasg €& B OJOYHOM BHAE, KaK MOKA3aHO

HHUXKC, I'/IC HYJICBAA NMOAMATpHUla 3daMCHACT "YacCThb IMOAMATPHLbI K]2 CcoJcpia-

LY HYJIH:
K, K, 0

[K]= K1T2 K,, Ky

0 Ky K,

B cuny cummerpun marpuusl [K] caegyioume MaTpulbl OvayT HMETh
pPa3MEpPHOCTH:
K 1x1,
{Ki2}  1xm,
[K22]  mxm,
[Ka3]  mX(N—1—m),
[K]  (N—1-mX(N-1-m).
[lp UCKMOYEHNN oAMaTPHILl K1, U3MEHAETCH TONLKO Kp;, Tak Kak MHy-
JieBas MOAMATPHLA HE N3MENAET Kz U Kis.

KosinuecTro onepanuii UCKAKUCHUS MPONOPHMOHAIIBHO #1°, @ O0ILISe KO-

1 &,
53]

R}

JINYECTBO ONEpaLnii — BEJIMUHMHE

WITH TTPHOTHIUTENBHO

nix

2 2

rac m,.. — MaKCHUMaAJIbHAA BCJIMYWHA MMOJIOBUHbI LWWHPHWHbBI JICHTI.

Hilay

Ha npakTrke noJioBWHa WHPHHBI JIEHTH 00bIYHO MeHblne 1/10 pazMepHo-
CTW MaTpPUllbl, U OTNIUCAHHbIA CMOCOO HUCIOJIL30BAHUS CBOMCTRA JIGHTOUHOCTH
MaTpHLLbl MO3BOJIACT YMECHBUIUTD YHCIIO APUPMETHUECKUX ONEPALMi NOYTH J10
3% OT 4MCAA BbIMNOJHICMbIX ONEPAUHH PH UCNOJIB30BAHUK METO/A, HE YUYM-

ThIBAKOUICTO JICHTOYHOI'O XapaKTepa MATPHLELL.
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KoHTponsHbkie BoNpockl.

1.

O 00~ &N b ol W o

—_— — =
o -~ O

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. B uém npeumywiecTBO MeTOAa MCKIKOUeHHs [aycca npu pelneHHu paspewarolen

YuuTBIBAETCSA MPOAOAbHAS AehOpPMALUS CTEPKHEH MPU PACYETAX CTEPHKHEBBIX CUC-

Tem?

. B uém 3akmouaetcs noHsaTue kECTKUM y3en?

. Kakue ocu koopauHat ucnonpssyrotr 8 MKD?

. Kakas runoresa npuMeHseTca NpH pacuéte CTEPHHEBBIX CHCTEM?
. Kaxue HeussecTHbie B MKD3?

. Kakue npeoOpa3oBaHus HA3bIBAKOTCS KOHTPArPAIUEHTHBIMU?

. Kakue npeoOpasoBaHus Ha3bIBAKOTCS KOHIPYIHTHBIMU?

. Kakas ctep:xkHeBas cuctema HaszbiBaeTcsa (epmoii?

. YUto ABnseTca JKECTKOCTBIO CTEP:KHA NMPH PACTAKEHUH-CKATHU T

CroabKo cTeneHer cBodopl B y3ne KD epMbl B MECTHOM cHCTEMe KOOPAUHAT?

. Yemy paBeH nopsanok matpuupl K3 depmbl B MeCTHOH cucTeMe KOOPAUHAT?

. Uemy paBHO 4MCNO HEW3BECTHBIX NOCTOAHHBIX ¢ B ANIIPOKCUMUPYIOLEH QyHKIMU

y310BbIX nepeMerienui K37

CKoJbko creneHei ceodoapl B y3ie KD miockoi depmbl B 0o0wen cucreme Koop-
auHar?

Uemy paBeH nopsaok Marpuubl xkéctkoctd KO mwiockoi depmbl B 001uel cucreme
KOOpPAUHAT?

Cxrompko cTemeHed cBoOOABI B y3ne KD mpocTpaHCTBEeHHOM (hepMBI B 00TIEH CHC-
TeMe koopauHat? Kakne?

Uemy paBeH nopsaaok Marpuupl :xéctkoctd KO npocTpancTBeHHOH pepmbl B 00LWIEN
CHUCTEME KOOPAHHAT?

Kaxue crepKHEBbIE CUCTEMbI HA3BIBAKOTCA IUIOCKOH, IUIOCKO-IPOCTPAHCTBEHHOM U
[IPOCTPAHCTBEHHOHU pamamu?

Uemy paBeH nopsaaok matpuy ke€ctkoctd K3 miockoi, niocko-npocTpaHCTBEH-
HOH U IPOCTPAHCTBEHHOH pam?

B uém 3arki0u4aercs CyLWHOCTD [IPOLECCA KOHAECHCALKH [1PH BbIYUCIEHHH MATPULIbL
xéctkocTy K3 ¢ mapuupom B ysie?

UTo ABIAETCA 3MEMEHTAMH MATPHULIBI OPTOrOHAIBHOIO NPE0OPa30BAHUA KOOPAHHAT
KD?

M3 kakux maTpuu (HOPMHUPYETCsl KBA3MAMATOHANbHAS MAaTPUUA KECTKOCTH KOHCT-
pykuuu?

W3 yero cocToMT MaTpHLa COOTBETCTBUIN KOHCTPYKUUK?

CHCTEMbI YpPaBHEHHH paBHOBecus B anroputme MKD.
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2. YCTOMYUBOCTDb

2.1. MaTtemaTr4eckas (popMyIHPOBKA 321a4H YCTOHINBOCTH

B pacuérax Ha yCTOMYMBOCTD Pa3IMYarOT CASAYIOMINAE IBA BAAA 3a0aY:

— MOTeps YCTOWYMBOCTH paMbl B DHJIEPOBCKOM CMbIc/e (3anaya JIMHEHHOM
TEOPUU YCTOHUUBOCTH ),

— MOTEPA HECYLIEH CNOCOOHOCTH CIKATOU3OrHYTONH pambl (3anaya HEJIMHEHHOM
TEOPUH YCTOHUUBOCTH).

bnaroaapsa u3ru0y npoaoabLHbIE CUJIbl BbI3bIBAKOT AOMNOJHUTENLHBLIE NMEpe-
MEINEHWs, KOTOPbIE MPH OONBIINX 3HAYEHWAX CHI MOTYT JOCTHTATh 3HAYH-
TeNbHOW BEIWYHHBI. PacuéT ¢ yuyeToM 2THX IOTIONHHTENBHBIX (PAKTOPOB, KOTO-
pblii Beaeres 1o AePOPMUPOBAHHON PAcUHETHON CXEME pambl, JICJHACT 3aja4y
HCJIMHCHHOW W HA3bIBACTCA ACHOPMAIIMOHHBIM PACUETOM.

Jnsa pelcHus HEJIMHECHHOM 33184 YCTOMUYMBOCTH UCHIOJIb3YETCS CIC/Y HO-
11€€ MATPUYHOE YPABHEHUE B O0LLECH CUCTEME KOOPAUHAT:

[K°J{Z°} + (G KZ°} = {P°}, (2.1
rae [K"] — MaTpuua skECTKOCTH KOHCTPY KLIMH,
[G°]— mMaTprua nOTEHUMANA HATPY3KH KOHCTPY KUK,
{Z"} — BEKTOP Y3JI0BbIX NIEPEMEILCHUN KOHCTPYKLIMM.

[Ipy pewieHnn 3TOTO MAaTPUUYHOTO YPaBHEHHS CHAavYasla IPUCBAWBAIOT HYJIH
BCEM IEMEHTam MaTpuilbl [G"] NOTEHLMANA HATPY3KH KOHCTPYKLMHN, YTO [TPH-
BOAMT K 33/1aY€ CTATUKK, T. €. K CUCTEME JIMHEHHbIX alreOpanyecKux ypaBHe-
HMIA:

[K'147°} = {P"}.

B pesysibrare peuicHus 3TOM CUCTEMBbl YPABHCHWUN, NMOJIYYCHHBIA BEKTOD

{Z" ) nepemMeliennii TOACTABIAETCS B CIEAYIOIIEE YPABHENHE:

[K 1P} =1{7" ),
YTO TIO3BONIAET TIONYYNTL BEKTOP {F° } Ha mepBoii UTepauny, KOTOPLIi HCMob-
3yloT B Matpuue [G'] u tem cambim pacemarpuBactes AehOPMUPOBAHHAA PAC-

ygTHas cxema. B pesyabTaTe NoJyuyaroT ViYy4lI€HHOE pelleHue AN BEKTopa
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{Z°%,. UTepainn TIOBTOPAIOTCS 10 TEX TOp, TOKa 1e OyIeT NOoNyYeHo CXo/s-
HIEECH PEUICHUE,

Pacuér NIMHEHHON 3a1a4M YCTORYMBOCTU NPOUBOJUTCH 110 HEACHOPMUPO-
BAHHOW pacuETHON cxeme 3aaaud. [Ipu 3TOM 33JIaHHBIE TOJILKO NPOAOIAbHBIC
CHUJIBI, HANpaBJEHHBIE BAOJb OCEH CTEPXKHEM, HE BBI3BIBAIOT IOMEPEYHOrO U3-
ruda CTEepAKHEH, T. €. HE OKa3blBAlOT BJIMSHHS HA BEIHUYMHBI M3rHOAIOIIUX MO-
MEHTOB U TOTIEPEYHBIX CUJI. Y CIIOBUA, CBA3AHHLIE C Pa3pylUIEHHEM KOHCTPYK-
[IVUH, BKJIIOUAIOT HEJIMHEHHYIO TEOPUIO TIOTEPHA YCTOWYUBOCTH, OAHAKO JIMHEH-
Hasl TCOPUs CIYKUT OCHOBOM /1A PEIICHUS 33/1a4M YCTOHYMBOCTH M NPE/ICTAB-
JIICT UHTEPEC NPU NPOCKTUPORAHUU OOJIBLIIOIO YUCIA KOHCTPY KILMIA,

JIns UMCIICHHON peaiu3allny JIMHEeHHON 3a/1a4u UCNOJIb3YETCA CCYHOIICS
MaTtpuuHoe ypapHeHHe MK B nepemenieHusx [3, 4]:

(K°1-[G"D (2"} =0. (22)

Boipaxenue (2.2) npeacrapiser cOO0H CUCTEMY JMHENHBIX OJIHOPO/IHbIX
ypaBHEHHi OTHOCHTENILHO Y3IOBLIX nepemetennii {Z°}.

Ilpu peuieHnn CUCTEMbBI YPABHEHUH 3a1aHHas HArPy3Ka MPUBOINTCS K OJ1-
HOMY TapaMeTpy P, KOTOPbIA BbIHOCUTCS M3 MATPULIbl TIOTEHLHAIA HATPY3KH
[G'], 1. ¢

(K°]-PIG"D{Z°} =0. (2.3)

PaBeHCTBO BO3MOXHO TIPH HEKOTOPBIX 3HAYEHUAX [, MPH KOTOPBIX Clie-

OYIOIWH ONpeaeIMTeNlb MaTPHLIBI 00pallaeTcs B HOJIb
det ([K'1-P[G"])=0. (2.4)

Tak Kak 3TOT ONPEACIUTENb UMEET MOPAAOK A, B O0UIEM CIIy4ae CYIIECT-
BVET # BEIIECTBEHHBIX KOpHEH {F}, KOTOpBIE ONMpeaeaatoT y3A0Bble CUIbI CHC-
TEMBI, a 3ajJada UX HaAXOKISHUA TpEAcTaBiageTr coOoii 3amady o COOCTBEHHBIX
3HAYCHHUAX.,

ITpu HaxXOKACHWUN COOCTBCHHBIX 3HAYCHUH HE MPHOCTAIOT K 3aITHCH OTIpe-
JEAUTEN B BUAE MOJIMHOMA, & PELIAETCsl YaCTHAs 3a7avya ypaBHEHM coOcT-
BEHHbIX 3HAYSCHUHA.

C 3TOH LEAbH BbIPAKEHUE NENUTCS HA P U YMHOXKAeTcss Ha 00paTHyo

marpuny [K°T
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1 ]! 0 ol 0 0y —
Tkl 2 =0
o [K°1[G°] 12} =5 (2, 25)

Bsens odoznavuenus:

A= X
[H]=[K'T'[G"]. (2.6)
MOJIY UMM XaPaKTEPUCTHUECKHE YPABHEHHUA COOCTBEHHbIX 3HAYEHUIA:
[H1{Z°} =3 {Z"}, 2.7)
rae [H] — xapakTepucTuieckas MaTtpuia (KajpaTHas MaTpULa U3BECTHBIX KO-

>PpHUMCHTOB),
A — cOOCTBEHHbIE uucaa (CKangpHas BEIMUMHA, COOTBETCTBYHOLIAS KpUTH-
YECKOI Harpyske).

MDOPMUPOBAHHE MATPHILLl TOTCHIMANA HArPYy3KM KOHCTpYkiuu [G'] B
olmeit crcreme koopannat X' Y" Z° BEIONHAETCA Tak iKe, KaK W MATPHULBI HKé-

CTKOCTH KOHCTpyKumu [K'], 1. €.
(K" ]=14]" [K1] 4],
[G"]1=1[4]" [G][4],
rae [G!] — kBasuguaronanbHas MaTpula MoTeHUHala HarPy3KH KOHCTPYKLIWH,

coctoswas u3 0g0koB marpuu [G!] noreHunana Harpysku K3 B oOiueit

CHCTCME KOOpAHHAT:

G800 0]
0 G' 0 0
[Go]= N :
0 0 . 0
0 0 0 G

rae n — unciao K3 B pacuéTHoll CXeMe KOHCTPY KLIHM.
Matpuna [(!] moTeninana Harpy3ku #-ro KD B obmieit cricteme koopau-

HaT BbIYUCIACTCS MO (QOPMYJIE, KOTOPas aHAIOrM4Ha (OPMYJIC BbIYHCIICHHUS
Matpulpl [K)] xecTkocTu K3, T. €.

[G1=[T]1" [GI[T],
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rne [G,] — maTpuua noTeHuunana Harpy3ku #-ro K3 B MecTHOH cMcTeMe Koop-
anHar XYZ,

BbluucaeHUE XapakTepUCTUHECKONW MaTpuubl [H] HEMOCPEACTBEHHO NO
BBIPAKEHUIO (2.6), T. €. MYyTEM BBLIYUCICHHA OOPATHONW MaTpuua >KECTKOCTU
koncTpykunn [K°]" neatdexTusro. Kak oTmeuanoch, eciu He Tpebyercs fB-
HOTO BbIpaKEHNS 0OpAaTHOH MaTpUllbl, TO PEKOMEHIYETCH €€ HE BbIYHUCIATD.

XapakTepuCTUUECKYHD MaTpuuy [H] MOKHO NOAY4YMTh, peluas METOAOM
MCKIIoYeHns [aycea CHCTEMY JIMHERHBIX YPaBHEHHH, Y KOTOPOoi Matprua [K' ]
— MaTpula Ko3(pPUUMEHTOB NPU HEU3BECTHLIX, a [G"] — MaTpuLa ¢cBOOGOIHbIX
UJICHOB.

CrenmyeT OTMETHTD, HTO PEMIEHWE CHCTEMBI YPABHEHUI BBITIOMHACTCS IS
Beex N cronbuos Marpuiibl [GY] norenunana Harpys3kn KoHctpykunn (N — no-
PANOK CUCTEMbl YPABHEHUH ), YTO PABHOCHJIBHO PELUEHUIO YPABHEHUI paBHOBE-
CUs NPU CTATUYECKOM Pacy€Te KOHCTPYKLMH C HECKOJIbKUMU BapuaHTaMu €€
narpy>kenus. [Ipw 3TOM KONMWYECTBO BApWAHTOB HATPY)KEHWUA B TIPOLECCE HC-
KJIOUEHUA HE BJIMACT HA npeoOpa3oBanus marpuubl [K'] B TpEyrosibHyO Mat-
puilly, a MOAUPULUPYET TOJbKO CTONOLbI MATPULIbI NOTEHLMAIA HAMPY3KH KOH-
crpykunn [G'].

Uro6b1 06CCICUNTH BO3MOXKHOCTb PELICHUS CUCTEMbI YPABHCHMIA, HEOOXO-
IMMO B MATPULE KECTKOCTH [K "] MCKIHOUMTD 3aBUCUMbIE YPABHEHMS, COOTBET-
CTBYIOIINE YCIIOBAS KUHEMATHYECKOTO 3aKperuienusa. B »Tom ciaydae npw on-
peneneHun coOCTBEHHBIX 3HAYSHHWH 10 ypaBHEHHAM (2.7) XapakTepucTHdecKas
marpuua [/] He COACPIKUT HYJICBBIX CTPOK U CTONOLOB. 3TO JIOCTUIACTCH My-
TEM WCKIIOYENHA W3 MATPHLBI JKECTKOCTH KONCTPYKUMH [K°] W mMaTpuubl mo-
TEHLMANA HAPY3KU KOHCTpYKLUUK [G"] CTPOK M ¢TONOLOB, COOTBETCTBYHOLMX
YCAOBUAM 3aKpemieHus 3agaun. Toraa ans onpenesieHus COOCTBEHHbIX 3HAYe-
HAN MOXKHO HCTIONB30BATh TIPAKTHYECKW BCE CTaHOapTHBIE TporpaMmbl [7].
Opnako Takoit moaxon TpeOyeT U3MEHEHHS pa3Mepa MaTPULBl KECTKOCTH KOH-
CTPYKIHH, YTO HEKETATENBHO.

O06eCICUUTh PEICHUE CUCTCMbl YPABHCHWI MOMCHO pealin3allneii yeioBhii

KMHCMATHYCCKOI0O 3aKpCIlJICHUA. B BHJIC CBHBGﬁ, HAKJIQ/IbIBACMbIX Ha Y3JIOBbIC
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NEpeMCIlCHUA W OIrpaHUYHMBAOLIMX CBOﬁOﬂy nepeMeLueHm‘/i 3agaiund B 1po-

CTPAHCTBE, U NONY'UUTh, TEM CAMbIM, MATPULY KOA(P(ULUUEHTOB CUCTEMbI YPaB-
HeHul paBroBecus [KL].

ITOT ¢NOCO0 3aK/KYACTCs B TOM, 4TO Pa3Mep MaTpPHIlbl KECTKOCTH KOH-
ctpykuun [K°] He u3MeHseTcs, a caMa MaTpula MOAU(DULIMPYETCs MyTeM NpU-
CBAWBAHWA CTPOKAM M CTONOUAM, COOTBETCTBYIONINM KHHEMATHUECKUM 3aKpe-
TUISHUSAM 3ala9¥, HYJIEBBIX 3HAUYECHWH, a KOMIIOHEHTY TJ1aBHOH TWaroHain rpH-
CBAaMBACTCs CJIMHMIIA, T. €. MOJMMUKALUA MATPUILLLl KECTKOCTU aHAJOIMYHA
MOAM(PUKALIMK NPU CTATUCTUUECKOM pacuéte. B pesysibrare nojayuum martpuily

[K7] k03hdUIUENTOB CHCTEMBI YPaBHENNH PaBHOBECHS C TIOPAIKOM PaBHLIM

MOPANKY MaTpuubl skéctkocT [K']. Kpome 7Toro HeoGX0ANMO NIPHCBONTE Y-
JICBBIC 3HAYCHUS JICMCHTAM CTPOK M CTOJIOLOB, COOTBCTCTBYHOILIMM KUHEMATU-
YCCKUM 3aKPEIUICHUAM 3a/1a4M, MAaTPULIbl NTOTCHLAANA HAIPY3KH KOHCTPYKLHUH
[G°]

[lpu ompenenennn COOCTBEHHEBIX 3HAYEHWH HYJIEBBIE CTPOKH XapakKTepH-
CTUUECKOH MaTpullbl [/] HE yHaCTBYHOT B UTCPALIMOHHOM TPOLECCE, YTO JIOJK-
HO ObITh MPE/AYCMOTPCHO B COOTBETCTRY HOLICH NOJANPoOrpamMme.

Eciin chopMupoBaTh CACAYIOLULYH) CUCTEMY JIMHCHHBIX anreOpanyeckux

YPABHEHHUIA:

[ =[G"], (2.8)

TO pemIeHue TOH CUCTEMBI YpaBHEHH MeToaoM HCKoueHHs ['aycca u onpe-
JACNAET XapakTEePUCTHUECKY O MaTpully [H] cornacHo BbipaxkeHuto (2.6).

YpaBHeHHS cOOCTBEHHbIX 3HauUeHuil (2.7) B 00lIEM Clyyae HMEKOT CTOJIb-
KO peLIeHUH, T. €. COOCTBEHHbIX 3HAYEHH A U COOTBETCTBYHOLUMX COOCTBEH-
HBIX BEKTOPOB {Z° )}, CKONBKO cTeneHei cBodobl z;.

B 3amade yCTOWYMBOCTH WHTEPECYET TOABKO HanOosbliee COOCTBEHHOE
YHCJIO, KOTOPOE COOTBETCTBYET KPUTUUECKOH CHIIE.

HaubGonbliee coOOCTBEHHOE HYKUCIIO MOKHO ONPENSANThL NPOCTbIM UTEpALU-
OHHbIM METOAOM (NMOCACAOBATENLHbIM NPUOIKEHUEM) [3]:

1) 3anaTh HEKOTOPOE 3HAUYEHUE BEKTOPA Z, KOTOPOE B NaJIbHEHALLEM HA3bI-
BAETCH Z, . [10CKONBKY COOCTBEHHBIN BEKTOD XapaKTEPU3YET HEKOTOPYIO COO-
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CTBEHHYIO (PYHKLIMIO CUCTEMbI, HAM HY>Hbl TOJbKO OTHOCUTENbHbIE 3HAUECHMS
KOMOOHEHT BekTopa Z. [107TOMY MOKHO CYMTaTh, YTO OAHA U3 HEU3IBECTHBIX
(CKaxkeM, z1) BCET/1a PaBHA CIIMHUILC.

2) Beravicants AZ;.

3) IIpoussenenne AZ,| npeacrapisieT cob0i BEKTOP, KOTOPBIA MOKHO 3a-
[IUCATh B BUJIE Ag2/p2, TTIE Agy — MHOXKMTEIIb, TAKOH, YTO KOMIIOHEHTA Z| BEKTOPA
Z,> OTISITh PABHA €IMHHIIE, @ OCTANbHbIE MEPEMEHHBIE Z), Z3, ..., Z, IPUHUMAIOT
COOTBETCTBYIOLLNE 3HAYECHUS.

4) CpaBHUTL Z,; ¢ Z,) WK B 00LLEM CIIYYAE Z,, € Zy,11y, ECIU OHU He OTIIN-
garoTcd (B TIpeeiax 3ajJanHoit TOUHOCTH) ApYT OT ApyTa, TO MOyYeHHOE MHO-
WECTBO 3HAUCHUI 00pa3yeT COOCTBCHHEII BCKTOP, @ MHOYKHTECITH TPS/ICTABIIACT
co00il HauOoJblIEE COOCTBEHHOE 3HAUEHKEe. B MpOTUBHOM Clyyae CHOBA BEP-
HYTbCSl K YHKTY 4.

B pesynprate nauGonbinuM cOOCTBEHHBIM 3HAYEHUEM CTaHOBHTCS TOCTE-
aytolnee 3HaueHne A. [locie 3Toro mpoiecc uTepani MOBTOPAETCA.

YcaoBdeM OKOHYAHHMS HTEPAIMOHHOIO MpOLECca ABJIAIOTCH CISAYIOIINE
JaHHBIe. MAKCUMaITBLHOE YHUCIIO UTEpallii U TOUHOCTL OTpeAesieHns coOCTREH-
HOTO YWcla (Manas MoJoKUTENbHAs BENWYKMHA). Bapbupysd B MCXOIHBIX JIaH-
HbIX 3HAYCHUAMU MAKCUMAJILHOIO YUCIIA MTEPAIIMA W TOYHOCTHIO ONPEACICHUS
COOCTBEHHOI'Q YMCJ1A MOMHO MOJIYUUTh KEJIACMbIA PE3YyJIbTAT.

Coaepxanue OCHOBHbIX 010K0B anroputMa MK3 nmociaenoBaTebHOCTh MX
BBITTOJHEHHS B 3a0a4€ YCTOHUYHBOCTH COCTOUT B CIAEAYIOIEM.

1. OOpa3oBaHue paCUETHON CXEMBI.

2. Beiuncnenne Matpuil | K| wéctkocT KD B MECTHOU CHCTEME KOOPIH-

HatT XYZ.
3. Bbruucnenue marpuu [G,] noteHuurana Harpysku K3 B MeCTHOH cucte-
ME KOOP/IMHAT,
4. Beraucnenne matpuu [ 1,] opTroronansHoro npeodpaszopanusa K2.
5. Bwuucnenne mMarpuil [K?] xéctkoct KD B 001eli cucreme koopanHat
XYz
[K71=[T]" [KI[T]
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6. Boruucaenue Matpull [G] noteHunana Harpy3ku K3 B o0leit cucreme
KOOpIWHAT:
[G1=[T1" [G][T.].
7. MOPMUPOBAHNAEC MATPHUIIBI KECTKOCTH KOHCTPYKIHH:
(K] =[4]" [K}] 4]
8. MDOPMHUPOBAHUE MATPHIIBI TIOTCHIIMAJIA HATPY3KA KOHCTPYKIIMH:
[G*1=14]" [GI]14]
9. MOPMHUPOBAHUE pa3pEIIAIOIICH CHCTEMbI YPABHCHHH PABHOBECHS
KT H] =[G’
10. Peuwienue paspeliatloliei CUCTeMbl YPABHEHMIA, NO3BOJIIKOLICE ONpenae-
JIMTh XaPaKTePUCTUHECKYH) MATPULLY
[H] =K [G].
11. Pemienune ypaBHEeHHH COOCTREHHBIX 3HAYEHUIA:

[H1{Z"} =2 {Z"}

2.2, Marpuiibl KECTKOCTH U MOTEHIUAJIA HATPY3KH

KOHCYHbIX 3JIEMCHTOB

Jist MOJICTTMPOBAHUS TIPOU3BOJIBHON TIIOCKOM paMbl NMPH pacuérTe Ha yc-
TOHYMBOCTh HCMOAB3YETCSH OanouHblit KD, paboTtaroliuii Ha pacTsKeHue-
cxaTue U u3rud, u ero moaupukauuu. B otnuuue ot §1.2 maTpully >kECTKOCTH
M MaTpuly TOTEHOWAda HArpy3KH TONYYUM XapakTEPHBIM AJ8 KOHEYHO-
IEMEHTHOHN MpoLemypbl CNOCOOOM: HCIOJNB3YEM HHEPTETHUECKHE COOTHOIIE-
HUS TPV OTIPE/ICIICHAN TIEPEMEIIICHUI,

B COOTBETCTBHY ¢ SHEPTETHUESCKUM METOIOM BBIPAXKEHHE NOTEHIMATBHOM
SHEPTHUH TePOPMALINN CHKATO-NIOTHYTOTO CTEPKHS OyAeT [4]

’—%? ('Y + j@"d——ﬂVﬁh (2.9)

0
riae V' —nporud crepkHs.
[TepBbiii MHTETPas 3TOIO BLIPWKCHUS ONPES/CISCT NOTCHIIHAIBHYH) dHEP-

M0 CTEPXKHA OPU OPOACJAbHOH AedopMaluu, BTOPON MHTErpal ONpenesseT
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NOTEHLUHANBHYIO DHEPTUI0 M3ruda CTEP)KHA, a TPETHH HMHTErpan yUWTbIBAeT
BJIHUAHUE OCEBOMN CoKUMAIOLIEH CHIbl P, KOTOpas BbI3bIBAET MNOTEPIO YCTOHUMBO-
CTH CTCPIKHS.

Jlanee HeoOX0/1IMMO BBIOPATH MOJIE NIEPEMEHICHHIA.

IIpyn pacTsLKEHMU-CKATUM UCMONb3YETCS anmpoKCUMUpyrowas QyHKuus
y310BbIX nepemettenunil U (1.5), a npu u3rnde — V' (1Ba HE3aBUCUMBbIX BUJA NE-
topmanmii). Tak kak y KD, pabGoTarolliero Ha pacTsi:keHUe-CKaTHe M H3THO,
IECTh cTeneHeit cBodoabl B y3nax (puc. 1.12), To u y nong nepemMeleHuii, 0o-
pazoBaHHOTO W3 ABYX (yHKIHI nepemerieHuii, OyaeT MecTh MOCTOSHHBIX
&, A, .

Eciv 3anaThCs CIICYHOUIAM NOJIEM JIMHEHHBIX MEPEMEIICHUIN

U=qa +a.x,
et (2.10)
V=a,tax+ax +ax,
TO YIOJI ¢, MOBOPOTA CCUCHUA CTECPIKHA — HTO NPOU3BOJIHAA nporuda V-
o s
=a,+2ax+3a.x". (2.11)

Puc. 1.12, Ha kotopoMm n300pakén Ganounslii KO, paboTtatommii Ha pac-
THHKCHUC-CIKATHE W W3TW0, TIOSCHACT MPUHATHIC HANTPABJICHUS CUJI U MOMCHTOR
W COOTBCTCTBYKOUIME UM TIepeMelIeHUs. OCHOBHBIC TIPCANIOJIOKCHUS TCOPUH
n3ruda CTepskHed NpUBOAAT K TOMY, YTO HAKJIOH CPEAUMHHON MOBEPXHOCTH
CTEPXHA W YIJIOBOE CMELICHUE B KOKA0M ToUke copnanaroT. 1103ToMy B Bblpa-

JKECHHH
v
ox
JHAYCHHUC HpOH?;BOI[HOﬁ MOJIOKHUTCIEHOS H PAaBHO ITOJIOKHTCIIBHOMY 3HAUCHHIO

P

TaHTeHCa yTiia HaKJIoHa HeHTpansHOH ocu. OOYCIOBIEHO 3TO TEM, YTO B IJIOC-

KOCTH XY BpalleHHE ¢. B MOJOXKUTEIBLHOM HAIpaBJICHWH BOKPYT ocH Z (Bpa-

UICHUE TPOTUB YaCOBOW CTPEJIKHW) BBI3BIBACT TMOJIOKUTEIBHBIE TIPOTUOBI V'
(puc. 1.12).
DTU NEPEMECLICHUSL MOXKHO BbIPA3UTh YCPE3 HCWU3BECTHBIC TMOCTOSIHHBIC

«,...,c,, B MAaTPHUHOI (popme
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U
ir1=1v r=[o]{a}. (2.12)
o
ox
rme
1 x0 0 0 0 &
ol=lo 0 1 x ¥ x| {3=4%
00 0 1 2x 3%

a6

3HauyeHHs KOMIOHEHT BEKTOpPA IIECTH MOCTOAHHBIX {a} HAXOIATCS U3 CHC-
TEMBI YPAaBHEHHH, KOTOPBIE MOJYYAKOTCA B pe3yJbTaTe MOACTaHOBKH B (2.10)

(2.11) BMecTO X 3HAaUEHNWH Y3TOBLIX KOOPAHHAT Havana (x, =0) W KOHIa ( x, =)

KD u npupaBHHBaHHs MepeMEIIEHHI {f} COOTBETCTBYIOLIMM MEPEMELIEHHIM

V3II0B {Z,}, T. €.

5.1 |=
5}?‘ Z,
7317015 e e, (2.13)
| |z
o, Z5
P 2
rac
(1 0 0 0 0 0]
0010 0 0
LS]lo0 01 0 o0
[ 1100 0 o]
0 0 1 ¢ ¢ ¢
0 0 0 1 27 3¢

{Z,} — BEKTOP y3JIOBBIX MCPEeMEIICHHI 7-10 K3,
Pemas cucremy ypaBHeHUH (2.13), mosryyuM MOCTOSHHBIC BEKTOpA {a )

{a} =[CT" {23, (2.14)
IloncraBus B BolpaxkeHue (2.12) Bexkrop {a}, noayuum
U =1011CT {2y = (B 42,3, (2.15)
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roe

N, 0O 0 N, 0 0
[B]=| 0 N, N, 0 N, N_|,
0 N N 0 N N

N - Ng — yukIm (opMBI TTOJTI TIEpEMETIIeHHH

X X 3x© 2x
No=1-2 N, =3 N, =1-2 =
¢ ¢ - e
2 3 3 2 2 2 3
N,=x- al +xq; .= a x ; NG:—X—+xﬂ.
A G A

[loTeHUManbHasg >HEPrusi CXKaTo HU30THYTOro CTep:kHA (2.9) BbIpaxkaeTcs

yepe3 GyHKIHuH GopMBI CISAYIOUINM 00pazoMm:

9——[(}\! z + Nz 4)dx+—J'(N ANz + Nz + Nz

(h

Fx—

——I(N;zz + Nz, + Nz + Nz ) dx
0

B cooTBeTCTBHH C INpUHOXUIIOM MHHUMYMA [OTECHIUAJIBHOK JHEPIHH:

2~ (IK1-PIGDZ] . (2.16)

rae [K,], [G;] — COOTBETCTBEHHO MaTpUIlA KECTKOCTH W MaTpHIla TIOTEHIHANA
Harpysku K3.

[Ipou3BoaHas no Z; B BbIpLkCHUM (2.16) onpeacnser NnepByr> CTPOKY
MaTpHibl KECTKOCTH [K,] (Tabn. 1.1) m matpuusl [G,] noTeHuHana Harpys3Ku
K?2. TIpow3roiHas nmo z, onpeaAcssieT BTOPYIO CTPOKY W T. 1.

Martpuua [G,] noteHuuana Harpy3ku K3:

0
o &
5¢
¢
0 01 f—s
T
[6.]=1 0O 0 0 0 ’
0o - o1 0 2
5¢ 5¢
¢ 2¢
0 01 -— 0 -01 =
i 30 15

riae P — KO3 pULMEHT OCEBOH CUJIbI.

61



AHanoTHYHO MOYKHO TIONIYYUTH B IBHOM BHIE MATPHULI JKECTKOCTH W TIO-
TEHIWaIa Harpy3ku mig KD ¢ mwapnupoM B Havaie u KOHLEe cTepkig. OueBH-
HO, B OTOM CJIYYa¢ COOTBETCTBYIOLIAA CTPOKA B BEKTOPE Y3JIOBbIX MEpEeMELIe-
Huil {Z.} 1 B Mmarpune [C] NPUHUMAIKOT HYJICBbIC 3HAUCHUSI.

OyHxuun Gopmel 418 K2 ¢ luapHupoM no yriy noBopoTa CeYeHUs B Ha-
yane CTePHKHA:

N =1-2 N, =2, N. = XX
¢ ¢ 2¢ 24
N, =0; No=m o N =S 2
' ' 2¢ 28 2 20

a juit K3 ¢ apHUpoM B KOHIIE CTEPIKHSA:

X X 3 x°
Ny=1-—] N, ==, N,=l-—+—.
¢ ¢ - 20 2F
3 3 3 3
3 x 3= x
N =x-2"4__:. N, =0; N =2+,
' 20 2¢° ‘ 26 28

[TonyyeHHbIE TAKUM 00pa3zoM MaTpUlibl MOTEHUKMaNa Harpy3ku K3 ¢ wap-
HUPAMH IO YTy MOBOPOTA CEUCHUA NMPUBEICHBI HUXKE.

Matpuua noteHiuaia Harpy3ku K9 ¢ lnapHupoM B Hauase CTEP/KHS

0
,
5¢
o 0 0
[G.1=P o o o o
0o -0 -
50 5/
14
T L
I 5 5 5]

. &
5¢
1 ¢

Gl1=r |° 5 3

0 0 0 0

o 6 1L, 6
5¢ 5 57

0o 0 0 0 0 0



B martpuiibl noTteHmana Harpysku K9 ¢ wapHupamu BBEACHbI QUKTUBHbBIC
CTCNCHU CBOOO/IbI, COOTBETCTBCHHO 3-51 U 6-51 (HYJICBBIC CTPOKH M CTOJIOILbI).
Takoi nojaxoj ynpowaer popMuposanne Matpullbl [G] noTeHmana Harpys-
KW KOHCTPYKUUU NpU peanusauuu Ha OBM, T. k. BO Beex y3aax K3 oaunako-
BOE YUCJIO CTENEHEH CBOOOBL, PABHOE TPEM.

Ecnu paccMOoTpeTh U3rud CTepsKHs B NI0CKOCTU XZ (puc. 1.15), To B 3TOM
cay4dae OTJIWYHE TOJBKO B TOM, YTO BpPALIEHHE B MOJIOKUTEIBLHOM HAMPABICHAN
BOKPYT OCH Y BBLI3BIBACT OTPULIATEIBLHLIE TIPOTHOLI V.

B ¢Bsizu ¢ 3THM B BbIPA:KCHUHK YIUld [IOBOPOTa ¢, CCUCHIA OTHOCUTCJILHO

ocH Y

P, = ——
X

3Ha4YeHHE MPOM3BOJHOH Nporuda CTePIKHA OTPULIATENIBHOE.

B pesysibrate MOryT ObITh NMOJYYEHbI MATPULIBL KECTKOCTU (Tada. 1.4) u
NoTeHLUMana Harpy3xku 0aao4yHoOro NPoCTPaHCTBEHHOTO K3,

MaTtpuua noreHuuana Harpysku [G,] 0a104HOro npoctTpaHcTBeHHOTO KO

0

o L
57
o o &
5¢
o 0 0 0
0 0 -0J 2¢
5
2/
o ol 0 o o
A Y 5 |
1= 14 0 0 0 0 0
5 6 0 0o —o1 o
5¢ 5¢
o o -% 0 o1 o o o 25
50 51
o 0 0 0 0 o 0 0 0 0
/ 2¢
0 0 -0l _ 0 0 0 01 0
30 15
¢ 2¢

0 01 0 0 0 -— 0 -—01 0 o o0 =%
I 30 5 |
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B otnuuue ot (2.10) B padore [4] ang KD npuHUMaeTcd caeayvroluas
(PYHKLMA NEePEMELLCHHUIA:
U=a +ax,

(2.17)

7 X
V=a +ax+a, cos == + o, cos—.
- - 4 (!

DTta (pyHKUUS NepeMELLEHUH B paae Cllyyaes AaeT 001ee TOUHbIE 3Ha4YEHUA
KPUTUYECKOM CUlbL.

Matpuua »écTrkocTH [K,] n moTeHumMana Harpysku [G,] K3, noayyeHHble ¢
WCTIONB30BaHHEM (PYHKUMK nepemeweHui (2.17), OyoyT

L ‘
{:,‘
0 11
({1..
2 0 _L l"'ia
[K]=;T I 20 4 n
g¢ | T 0 0 Ir
14 ¢
o 1 1
¢’ 2/ ¢’
L E A B T e
20 4 7 20 4 7]
o )
0o =
8¢
1 : - ¢
o —_*_ (”__1)_
G]=r 2 16 4 8
T 0 0 0 0
z 1.z .
8/ 2 16 8¢
1 »° x ¢ 1 & x ¢
— 2 3 0 =2 =
> 16 (73 > 16 (7 Vsl

Matpuubl noteHuuana Harpysku KO ¢ apHupom B Havale U KOHLE
CTEpYKHS C MUCTIONBb30BaHNEM (PYHKUHH nepemerenni (2.17) MoTyT ObITh MTOITY-
YeHBI B COOTBETCTBHH € TIPe00pa3oBanHsIMH, paCCMOTPEHHBIMHA BELITIE.

OUYEBU/IHO, ¥ CTEPIKHA, HE 3AIPYIKCHHOIO OCEBOH CHJIOH, KOApdUIIMEHT
OCEBOI CWJIbl paBeH HYJIHO (P=0) 1 HyJeBas MaTPUIA MOTCHIMAIA HATPY3KH,
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KonTpoabHbI¢ BONpPoOChL.

1.
2.

L AW

10.

11.

12.

14.
15.
16.
17.
18.

19.

20.

Kakue Bnabl 3a0a4 paznuualoT B pacuéTax Ha yCTOHUHBOCTb?

[Mo xakoit pacuéTHOM cxeMe BbINONHAETCA pacuéT NUHEHHOW 3aJaud yCTOHUYHMBO-
cTu?

Kak onpeaensietca 3HaK yrioBoro nepemewieHus’?

Ckonbko yHKUH# (popMBI Y NONS MepeMeLLEHHIT CKATO-U3OTHYTOTO CTEPKHA?

C noMOLUBbK KAKOTO MPeoOpa30BaHUs BBIYMCIAETCS MATpULA MOTEHLMANA HArpys-
ki KO B 00wefi cucreme koopanHar?

W3 kakux matpuu (opMHUpyeTcsl KBa3MAHArOHANbHAsA MATPHLA MOTEHLUWANa Ha-

rPY3KH KOHCTPYKUHH?

. EcTb nu paznnuune B GOpMUPOBAHHH MATPHLIbI NOTEHUHATA HATPY3KH KOHCTPYKUMH

0T POPMHPOBAHHA MATPHLbI )KECTKOCTH KOHCTPYKLHH?

Kakas cuna HaspiBaeTC KPUTHYECKOH CHIIOH?
0 0
B uem otnuune matpuupl [K" | skecTkocTH KOHCTpYKUHH OT MaTpHubl [ K. ] ko3d-

(pMUHEHTOB pa3pellaloLLel CHCTEMb] YpaBHEHHH?

KakuM MeToaOM BbIMOMHAETCA pelleHHe pa3pellalolliell CHCTEMbl YPAaBHEHHIA, no-
3BOJIAIOLIEE ONMPEENHTh XapaKTEPHCTHYECKY IO MATpHLLY?

KakuM MeToaOoM peKOMeHIyeTcs pellaTh YPaBHEHHs COOCTBEHHbIX 3HAYEHHH 17s
BLIYHMCIEHHS HAHOONBLIErO COOCTBEHHOIO YHCA B 3a4a4€e YCTOHYHBOCTH?

[1pu onpeneneHnH coOCTBEHHBIX 3HAYEHHH HYNEBble CTPOKH XapaKkTepHCTHYECKOH

MAaTpHUblI HE YHACTBYIOT B HTEPALUHOHHOM MPOUECCE,

. HO'-leMy B paccMaTpHBaEMOM aJIFCOPHTME HEMbL3A HCIOMb30BATh CTAHIAAPTHBIE NPO-

rpaMMbl OMpeaeneHHs cOOCTBEHHBIX 3Ha4eHHH?

Kakoe coOcTBeHHOE YHCIO COOTBETCTBYET KPHTHUECKOH CHIIE B 3aJaye YCTOHYHBO-
cTH?

Uto aBaseTca ycnoBHeM OKOHYAHHMA WTEPALLMOHHOIO MPOLECCA NMPH BbIYHCIECHHH
KPUTHYECKOM CHITbI?

Kakas BenuuMHa onpeenseT TOUHOCTh BLIUHCIEHHS COOCTBEHHOTO Yncna?

Yemy paBeH nNopsaaoK Marpuubl noTeHUHana Harpy3kn KO nnockoi pambr?
CKoNMbKO TIOCTOAHABIX o YV O mepeMermeriii K3 mmockoit paMui?

W3 ckombkux (pyHKIHHA miepeMelueHHid odpas3osaHo none nepememeHnd KO nno-
CKOH pambI?

MOKHO HCTONB30BATH MPOLECC KOHACHCALMH NPH BBIYHCIEHHH MATPHLBI MOTEH-
rana Harpy3kn KO ¢ mapaupom B y3me?
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3. IHHAMHUKA

3.1. MaTtemaTuveckasa GpopMyJIHPOBKA 321249 THHAMHKH

(Ce00O00HbBIE KOMCOAHIS

MaTpuuHoe ypaBHEHHE METOAAa KOHEUHBLIX 3JICMEHTOB B MEPEMELICHHSX
3a7auu cBOOOAHBIX KojedaHuit uMeeT Bua [3, 4]:

(K] [M'D{Z"} =0, (3.1)
raoe [K"] — maTpyua sKECTKOCTH KOHCTPYKUMU B 0oOLuel cucTeMe KOOpAMHAT
XYz
[M"] — MaTpuLa MacC KOHCTPY KLMH;
(7"} — BEKTOP AMIUIMTYJIHBIX 3HAYCHWUIN Y3I0BbIX MCPECMCIICHHH KOHCT-
PYKILMH.

Bripaxkenue (3.1) 3amaud CBOOOAHBLIX KOA€OAHMH MpeacTaBaseT coOoit
CUCTEMY NHUHENHbIX OJAHOPOAHBIX YPABHEHUH OTHOCUTENBHO Y3J10BbIX IMEpeMe-
weHnit {Z° 1. Bra cucrema ypaBHCHUIA MMEET HETPUBUAILHOC PCLICHHE, SCIIN
¢C ONPCACANTECIIb PABCH HYJIKO:

det (IK"]—¢"|M"])=0. (32)

3HaueHHs ¢, VAOBJETBOPAIONINE YpaBHEHHIO (3.2), MpeacTaBasioT codoit

coOcTBeHHbIE (cBOOOMHBIE) YacTOTHI KoneOanuit cucrembl. [lpn HaxoxkOeHHH

COOCTBCHHBIX 3HAUYCHUI HE MPUOCIaldT K 3aMUCK ONPE/ICIINTCIIS B BUIC NOJIN-

HOMA, a PeIIagTCs YacTHas 3a/a4a YPaBHCHUH COOCTBEHHBIX 3HaueHUi, ColeT-

BEHHbIE YKC/1a U COOCTBEHHbIE BEKTOPbI OMPEACIAKTCA UTEPALIMOHHbIM METO-
A0M.

C oToli tennio BeIpakenue (3.2) genurcs Ha qoz W yMHOMaeTcqa Ha oOpar-
Hyto matpuny [K°]":

(V' [K'T' K 1= K" T M ] (2"} =0
WJIH
(KT MY {20} = 1" (77},
Brens o0o3HaueHus
) =1/,
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[H]=[K°T" [M"],
MOJYUHUM YPaBHEHHUS! COOCTBEHHBIX 3HAUCHUIA:
[H] {Z°} =4 {Z"}, (3.3)
rae [H] — xapaktepucTHieckas MaTpuua,
A — COOCTBEHHBIE YHCIA (COOTBETCTBYIOIINE COOCTBEHHBIM YacTOTAM KO-
nebGannii).
®opmupoBaHue MaTpullbl [M"] Mace KOHCTPYKLUMH B 00LIEH CUCTEME KO-
opanHat X' Y° Z° BbINOJHAETCA TaK XKe, KAK U MATPULIbl KECTKOCTH KOHCTPYK-
uuu [K°], T. €.
[K°]1=[4]" [K}][4],
[M°]=[4]7 [M)] 14],
rae [M!] — kpa3uaMaroHajbHas MaTpulia MacC KOHCTPYKLMM, COCTOALLAS U3

O0nokos matpuil Macc KD [AM!] B o01meit cuctemMe KoopauHar:

M0 0 0
0 M) 0 0
0 . 0

M| =
M=
0 0 0 M|

rne 7 — yuciao K3 B pacu€THoi CXeMe KOHCTPYKLIMH,

[M?] — maTpuiia macc r-ro KO B o0lleii cicteMe KOOpIHHAT, KOTopas BbI-

yucasercs no popmye
(M 1=IT]" [M][T.],
rae | M,] — matpuua Macc #-ro KD B MECTHOM cHCTEMe KoopawHat XYZ,

[7,] — marpvua oproroHalisHOro npeodpasoBaHus koopjauHar r-ro K3
(§ 1.3).

Kak BUiHO, ¢ MaTreMaTnyeCKONH CTOPOHDI 33/1a4M YCTOMYMBOCTH M CBOOO/I-
HbIX KOJ€OaHUH MOJHOCTLIO COBNAAANOT, T. €. MATPUUHbIA annapat MKD Hocut
CTAHIAPTHbIN XapakTep AJ1s ITUX 3a0au.

Ecnu B 3amaue yCTOWYMBOCTH CTEMKHEBOW CUCTEMBI OTIEPUPYIOT C MaTpH-
[[aM{ MOTEHIIHANA HAarpy3KH, TO B 3aj1aue CBOOOAHBIX konebaHni — ¢ MaTpuiia-

MH MacCC.
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XapaKkTepUCTUUYECKYH MaTpuly [H] noayuarT, pewas METOAOM WCKIO-
yeHus Taycca CHUCTEMY JIMHCHHBIX YPaBHCHWIA, y koTopoil marpuna [K'] —
Matpula Kod(QULUMEHTOB MPU HEM3BECTHLIX, a [M'] — MaTpuua cBOOOIHLIX
YJISHOB.

Peanuzaims rpaHWYHBIX YCTOBUI KWHEMATHUYECKOTO 3aKpEMIeHNs KOHCT-
pykuuu B Matpule [K.] B 06eMx 3anauax NoAHOCTbIO COBMAAET.

Peiienue ypasHeHuii (3.3) no3BoJieT onpeacinuTb COOCTBCHHbBIC YUca A
W, CIEN0BATENbHO, COOCTBEHHBIE YACTOTHI (9 KONEOAHUR CUCTEMbI, & TAKKE BEK-
Top {Z°} aMIIATYINBIX 3HAYEHAH Y3IOBBIX TIepeMELeNi KOHCTPYKLUUN (co0-
CTBCHHBIH BEKTOP).

ConepxxaHue OCHOBHbIX 0J10k0B anroputma MKD nocienoBareibHOCTh UX
BBINOJHEHUA B 3a1a4€ CBOOOAHbIX KOJEOaHUA COCTOUT B CIEAYIOLLEM.

1. O0pa3zoBaHue PacUETHONH CXEMBI,

2. Boluucnenue Matpull [K,] sxkéctkocTd K2 B MECTHON cUcTeME KOOpAU-

HaT XTYZ.

3. Boiuncnenue matpun [M,] macc KD B MECTHON CHCTEME KOOPOWHAT.

4. Boluncnenue matpull [7,] opToroHansHoro npeodpazoBaHus KO.

5. Boluucaenue matpuu [K] xéctkoctd K2 B 00LLel cUcTEME KOOpAUHAT

xX'vz
[KP]1=[T.]" [K][T].
6. Boeruncnenune matpuu [M?] mace KD B 06wel cucreme KOOpAWHAT:
(M ]=[T]" IM]IT]
7. @OPMUPOBAHUE MATPHLbl HKECTKOCTH KOHCTPYKLMK:
[K*1=[4]" [K?] (4]
8. DOpMUPOBAHUE MATPHLIbI MACC KOHCTPYKLIMMK:
[M*]=[A]" [M1[A].
9. @OPMUPOBAHUE pa3pelUAOLLEH CUCTEMBI IMHEHHbIX YPABHEHUH PABHO-
BECHA;

(K21 [H]=[M"].
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10. Pemienne paspemiaroieii CHCTEMBI YPABHCHU, TTO3BOJIAIONICE ONPEIC-
JINTh XaPaKTCPUCTUICCKY RO MATPHILY:
[H] = [K:]" [M°]
11. Pemende ypaBueHUH COOCTBEHHBIX 3HAYEHHUH:
[H{Z'} =1 4Z"}.
Kax10i yacrore cOOTBETCTBYET CBOsA (hopma koJicOaHuii. COBOKYIHOCTh
4ACTOT COOCTBCHHbIX KOJCOAHWI COCTABJSKOT CHCKTP 4acror. HaumeHbluas
4acToTa COOCTBEHHBIX KOJIeOaHMIl HAa3bIBaeTCs 4YacTOTOH OCHOBHOTO TOHA.

Crenyolias 4acToTa — IEPBbIA 00epTOoH.

Buiryorcdennie konedans
MaTpudHOe YPaBHCHHUE JIBIKCHHS YIIPYrOW CHCTCMbI B KOHCYHO-
AJIEMEHTHOHN NOCTAHOBKE UMEET BU/L:
[M°1{Z°} + (K] (2%} = (P"}, (3.4)
ra¢ { 7' } — BEKTOP YCKOPCHHIA Y3JI0B KOHCTPYKITHH,
{P"} — BEKTOP y3JI0BbIX AUHAMMYECKUX CHJI,
JIJIsi TapMOHHYECKUX KoNeOaHHi HMeeM
{P")} = Pysinwt,
{Z°) = Zysinwt. (3.5)
IloacTapuB BeIpaskeHue (3.5) B (3.4), NONyYUM CHCTEMY JMHEHHBIX anreo-
pandecKuX YpaBHEHWI paBHOBECHS 3a1a4l BBIHY)XXACHHBIX KoJeOaHuii:
(K" 1- o M D {Z") = (P}, (3.6)
I7e  — 4acTOTa BO3MYILAKOIIEH CHIIBI.
Bekrop {Z°} aMINTATY AHBIX 3HAYECHNH Y3IOBBIX IEPEMEIICHHH KOHCTPYK-
KUK ONPEIENACTCA PELUCHUEM CHCTEMbI JUHENHHbIX anre0panieckuX ypaBHe-
HUH 331341 BbIHYKIEHHBIX KoneOaHuii (3.6):
(Z' = (K" -’ M) P}
CocpeoTOUEHHBIE MAaCChl YUUTHIBAIOTCS MYTEM WX CYMMHUPOBAaHHUS C CO-
OTBETCTBYIOIUMM 3NEMEHTaMU MATPULbl MACC KOHCTPYKLUHU, PACOI0KEHHbI-
MM Ha [JIABHOW AUArOHANM.

Yanosole cuiel {S°} r-ro KD onpenenstorces no popMyne
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(S =([K!]- o' [M]) (2"},

rae [K'] — matpuna kéctkoctH KD B 00uieit cucreme koopanHar (§1.4);

{Z"} — BEKTOp aMNJIUTYAHbIX 3HAYEHUN Y3/10BbIX MepemelleHuii K3,

OueBHAHO, B 3TOM CJyuae y310Bble Cuibl BekTopa {S,} KD B mecTHoil
CUCTEME KOOPIMHAT ONPEACNOTes 1Mo ¢GopmyJie aHAJOrMYHON Mpu cTaTuue-
CKOM pacuerTe:

1S4 =018}

B KOHEYHO-DIEMEHTHONH MOCTAHOBKE MATPHUYHAA 3ABHCHMOCTB OmNpenene-
HUSl BEKTOPA BHYTPEHHUX Y3JIOBbIX CUJI KOHCTPYKLHUH B OOLIEH CUCTEME KOOD-
JIMHAT B 3a/1a4€ BbIHY)XICHHbBIX KoJieGaHuii Oyaer

SOy =K A1 (A7 (K] —” (M) [AD (P° ),

rae [MY] — KBa3ujuaroHajbHas Marpuia Macc KOHCTPYKIIMM, COCTOsIAas W3
omokoB mMarpul Macc KD [M?] B ob1meit cictemMe KoopAWHaT.

BhipaxeHue BekTOpa BHYTPEHHUX Y3JIOBBIX CHJI KOHCTPYKIMH MOMKHO

npeacTaBuTh B BUIAC.

{ST=[KN AT [K T (P = [KIT [A] { 2"}, (3.7)
rae [K ] — caeayroias MaTpuua;
[Ko1=[A]" ([K']— " [M2]) [A] (3.8)

Cornacho (3.7) ¢opmuposanue Matpuubl [M"] Mace KOHCTPYKUUU B 00-
el CUCTEeMe KOOPAWHAT BBLIMIONHSAETCS TaK K€, KaK W MaTPHLLl JKECTKOCTH
koHcTpykumu [K], 1. €.

[K"]=[4]" [K}] 4],
[M°]=[A]" [M] 4],

Utobnl ofecneunTh BO3MOYKHOCTL pPelIeHUs CHCTeMBbl JTHHEeHHBIX anred-
PAMUCCKHX YPAaBHCHMI 3a/1aud BbIHYXKJICHHBIX KOJICOAHWI, T. €. BO3MOIKHOCTb
noayueHus Matpuipl [K°]", HeoOX0AUMO peanu3oBaTh YCIO0BUS KMHEMATUUe-
CKHX 3aKPCIUICHUIA 3a/1a4d B 3TOH MaTPHIIC.

Peanuzauust yCiioBUi 3aKperuiCHUs 3a/1a4K, T. €. Npeodpa3oraHue MaTpH-

ubl [K°] B MaTpuUy KO3()(PUUUEHTOB CUCTEMbI YpaBHEeHUH [K ', ], BbINONHAETCS

M

AHATOTHYHO MPEOOPA30BAHUIO MATPMIbL KECTKOCTH KOHCTpYKuuu [K"] mpu
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CTATHCTHYECKOM pacuéte B Matpuiy [K.] (§1.4). [pr 5TOM cHCTeMa THHEHHBIX

anredpanyeckKux ypaBHEHUH PaBHOBECHS BbIHYKAEHHBIX KOJAE0aHUI CUCTEMBI
Oyaer
0y _— 4]
(K27 =P} (3.9)

AR

CopeprkaHHe OCHOBHBIX OJOKOB alropuTMa pacueTa Ha BbIHYXIAEHHBIE KO-
NeOaHNg COCTOHUT B CASAYIOLIEM.
1. ObpazoBaHHe pacUETHON CXEMBI.
2. Boluncienue Marpuil xectkoctu [K,] u Matpuu mace [M,] KD B mecTHOMH
CUCTEME KOOpAMHAT XYZ.
3. BeluucaeHue Matpul, [7,] oproroHanbHoro npeodpasoBanus KO,

4. Beluucienne MaTpHil xeécTkocTh [K°] n maTtpur macce [M)] KD B oOueti
cncreme koopannar X' Y'Z°:
(KP1=171" KT
[M]=[1]" [M]IT]
5. bopMupoBanue mMatpuubl xkéctkoctr [K'] v Matpuus mace [M°] koner-
PYKLHH
K] =14]" [KI] 4],
[M°]=[4]" [M:][A]
6. GopMHpOBaNHE pa3pellaloied CHCTEMBI YpaBHEHHWI paBHOBECHA 3agaqu

BBIHYKISHHBIX KoJeOaHWi:
[K 0

IR RVAS RV AN}

7. PEIUCHUE CUCTEMbI YPABHEHHMH, NO3BOJISIKOLIEE ONPEICIIHTh BEKTOP aMIJIH-
TYJIHbIX 3HAYCHHUI Y3JIOBbIX NEPEMCLICHUI KOHCTPYKUMU B OOWICH cucre-
M€ KOOPAUHAT:

(Z') =KL P

8. Boruncienne BEKTOpa BHYTPEHHHWX Y3NMOBLIX CHA KOHCTPYKUUH B OOIICH
CHCTEME KOoOpOWHarT:

S0y =K 4] 27,

rae
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{03 =

$
9. BbluMCIEHUE BEKTOPOB BHYTPEHHUX Y3J10BbIX cuJl KO B MECTHOI cucTeme
KOOpIUHAT:
1S4 =171 {50}
10. BbluuCieHME KOMIIOHEHTOB HOPMaJlbHbIX Hanps:keHui B y3nax K3.

W3 ypaBHEHUs BbIHYKISHHbIX KoJeOaHuii cucteMbl (3.6) caenyer psaja va-
CTHBIX clydaeB. Hampumep, npHpaBHAB 4acTOTY @ BO3MYILAIONIEH CHUNBI HYIO,
BBITIOJIHASTCS CTaTHYSCKHH pacuéT, IpUpaBHAB HYJIIO MOTOHHYIO Maccy u KO,
MOJTYUHM pacyuéT Ha BBIHYXKCHHBIE KOJieOaHWS CHCTEMBI TOJILKO C VUETOM CO-
CPEIOTOYEHHBIX MACC.

3.2. MaTpuubl MACC KOHEYHbIX 3JICMCHTOB

Hnsg MoaenupoBaHUs NPOU3BOJILHON MJIOCKON paMbl MPWU PELUEHUM 3aday
AMHAMUKHK ucnonb3yercd KD, padotaiomunii Ha pacTakeHue-coxaThe U U3rud, u
ero mosudukanmn. Matpuna macc K3 moxkeT ObITh NIOJIYyYEHA W3 BBIPAMKCHHS
KMHCTHYCCKON IHCPIUN, KOTOPAs JUIA U30THYTOIO CTCPIWHS ¢ YUCTOM PO b-

HbIX Aedopmanuii uMeet sua [4];
1¢ 1: .
K=— g/ dx+=| puV " dx, 3.10
: !# > !# (3.10)

IJIC (¢ — MOTOHHAS Macca CTCPIKHS!
u=pkF,
p — TLNIOTHOCTH MACChl MaTepHala CTEPHKHSL.
[lepBoii WHTErpan BBIPAXNKEHHS OTPSACASET KHHETHUSCKYIO DJHEPTHIO
CTEPXXKHS TIPH TPOJONLHONH medopMaliii, BTOpol — KMHETHUECKYIO JHEPTHIO
n3rnba crepikHd. Ecau uenoas30BaTh NMOJIC JTMHCHHBIX TIepeMeIeHui (2.12) u

npeoOpa3oBaHmsl, PACCMOTPEHHbIE B § 2.2, TO KHHETHYECKAs SHEeprus OyaeT

y I
K= %I#(NIZI + Nz, ) dx +%j,u(N3z3 Nz, + Nz, + Nz Jlde . (3.11)
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B cooTtBeTcTBHH C [IPUHUHUIIOM MHMHUMYMA KUHETUYECKOM DHCPIruH IMoJy-

UMM BBIPAKEHUE, KOTOPOE onpeaenseT MaTpuuy mace K.

dK

b1tz

[1pou3Boanas mo z; B BeipaxkeHuu (3.11) onpenaenser neppyio CTPOKY Mat-
putbl Mace [M,], a Npou3BOIHAS 110 Z; — BTOPYHO CTPOKY U T. /1,
Takum oOpasom, marpuna macce KD, padortaroiero Ha pacTaKCHUEC-

CHKATHUC!

[M,]= u

N |
(RIS

Marpua mace K3, paloTarwmiero Ha pacTsKCHUCS-CKATUE W M3ru0
(puc. 1.12):

_(/ -

3

N E
35
11¢° ¢

0 210 105

- 0 0 _

6 3

LA N E
70 420 35
1377 7 0 e ¢
420 140 210 105

AHJIOIMYHO MOMKHO NOJYUYUTh MATpUilbl Mace At KO ¢ wapHupom (co-
OTBETCTBYHOLLIAA CTPOKA B BEKTOPE {7} U B marpuue [C] NPUHUMAKOT HYJICBbIC
3HauyeHud) (2.15), a Taxke KO, paboTarouiero Ha u3rnd 1 KpyueHue, u 0anou-
HOTO MpOoCTpancTBenHoro KD,

Tax ke, kKak ¥ B MaTpHLax MOTeHUKala Harpy3ku KD ¢ mapHupom mo yray
NOBOPOTA CCUYCHUS B HAYAJIC CTCPIKHS WJIM B KOHUE B marpuuax mace KD ¢
[IAPHUPOM 110 YIUTY MOBOPOTA CCUCHUS COOTBETCTBYHOIIMM CTPOKAM MU CTOJIO-

HaM MPHUCBAXNBAKOTCH HYJCBbLIC 3HAYUCHML.
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Matpuma macc KD, pabotaromero nHa pacTdkeHHe-CKaTHe W HM3THO, ¢

ITAPHUPOM TIO YTITY TIOBOPOTA CEUSHHUS B HaYae CTEPKHS:

,
3
¢
) 33
140
o 0 0
= | ¢ ¢
M =p|r 4 L
6 3
397 17¢
0o 2 0 0
280 35
I!r{l ({2 p"w
O L LA
i 280 70 105 ]

Matpuua macc KD, paGortaromiero Ha pacTSHKEHWE-CKATHE W H3rMo, ¢
LWAPHUPOM MO YTy TOBOPOTA CEUSHHS B KOHUE CTEPIKHS:

)
3
. 17
35
, 320
M, ]=u 35 105
¢ ¢
6 3
¢ ¢
o 3 s
280 280 140
0o 0 0 0 0 o

Martpuua macc K3, paboTaroiliero Ha u3rud u kpyueHue (puc. 1.14):

JREK
35
0O -
A 3 B
¢ £
gzo T
70 420 35
4 4
0o = 0 0o =
~ 6 a ~ 3 2
& G A
136 _£oue
L 420 140 210 105 ]
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Martpuia macc 6amounoro npoctpancTeennoro KO (puc. 1.15):

’
3
p.‘
o 1
35
£
0 0 13/
35
0 0 !
- 3 3
£ 4
0 0 _He 0 L
210 105
° 35 0 9 0 i
- 0 0 0 0 § J—
6 3
4 ¢* 4
0 2L o o o B&Z o, B
70 420 35
or ¢* ¢
0 0 = 0 13 0 0 0 13¢
70 420 35
¢ ¢
0 0 - 0 0 0 0 0o =
6 3
/'2 )3 ,'2 p3
0 13¢ 0_( 0 0 0 11¢ 0 A
420 140 ) 210 105 )
13¢- & 1167 A
—_—— 0 0 0 — 0 -——] 0 0 0 —
420 140 210 105 |

Matpuibl KECTKOCTH U MATPULLbl MACC MOCTPOCHBI C MPUMEHEHUEM ()Y HK-
UMI Y3/10BbIX NMEPEMELUCHUNA NMPEAnosaraeMoro nojs NepeMeELUCHU, npuuem
IS KOKION HCMONB3YIOTCS OOHHU W Te ke (PpyHKumu. [losTomMy maTtprua macc
COTNIacoBaHa ¢ OCHOBHOM MaTpwIeit JKECTKOCTH, U MATPHIIBI, MOCTPOSHHBIE Ha
ATOM NMPUHLIUTIE, HA3bIBAKOTCH CO2AUCOBAHHBIMU MAMPUYAMY MACC.

Hecoenacoearnnole mampuiyer NOABAAOTCA NPH pacuyéTax ANHAMHUYSCKHX
3a7a4, KOrga MaTpULbl KECTKOCTU U MATPULLbl MAcC B OOLUEH CUCTEME KOOPAM-
HaT pacCcMaTpUBAIOTCA He3aBUCUMO. lIpeanonaraercs, 4To MOXKHO NPONOPLUO-
HaJbHO Pacnpeae/uTh COCPEAOTOUYEHHbBIE MACChl MO CTENEHAM CBOOOIbI 3aaa-
uyn. [locTpoennsie TakuM oOpa3oM MaTpHIbl Macc Ha3bIBAIOTCH Mampuyamu
COCPEeOOmOYeHHbIX MACC, W OHW SBAAIOTCS HECOTIACOBAHHBIMH MaTpHIIAMHA.
Kak oTMeuanoch, COCpea0TOUSHHbIE MACChl YUHTHIBAKOTCA MyTEM HX CYMMHPO-
BaHHS C COOTBETCTBYIOILUMH 3JIEMEHTAMH COTJIACOBAHHOH MaTpHilbl MAacC KOH-

CTPYKLMH, PACHOJI0KEHHBIMU Ha IJIABHOM AHAroHasM.
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KoHTpo/ibHBIE BONIPOCHI.

1
2

[

. CucreMy KakuX ypaBHCHMI npeacTaBnset coboi 3a1ava CBOOOHBIX KONcOaHUHA?

. C moMoOImBE0 KaKOTO TIPeoOpa3oBaHUA BRIVHCTIACTCH MaTpuria mace KD B oOmei
CHUCTEME KOOPAWHAT?

. M3 kakwx matpun GopMupyeTes KBa3HIHATOHATEHAS MATPHIIA MacC KOHCTPYKIIHH?

. EcTh 1 pazmuvne B OpMUPOBAHWH MATPHIBI MACC KOHCTPYKUHH OT (OPMHPOBA-
HHSA MATPHIIBI SKECTKOCTH KOHCTPYKITHH?

. KakuM MeTOmOM BBIMOTHSETCA PEUIEHHE paspemaoiei CUCTEMBI YPaBHEHHH, TIO-
3BOITSTIONIEE OMPEACTHTE XapAKTEPHCTHUECKY O MATPHILY ?

. Kak Ha3bIBaeTCs HAUMEHBIIAN YACTOTA COOCTBEHHBIX KONMeDaHHH?

7. Kak Ha3pIBaecTcq COBOKYTTHOCTE YaCTOT COOCTBEHHEIX KoIcOaHwHii?

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Kakum MeTo1oM pekoOMEHIYETCS pPeInaTh YPaBHCHHS COOCTBCHHBIX 3HAUCHUH 71d
BEMUHCIICHHS COOCTBEHHEIX YHCEN (COOCTRBEHHEIX YACTOT) KONCOAHHH CHCTCMEI?

. CucreMy KakWX YpaBHCHHH TIPEICTABIACT cOOO0H 3amadya BEHYKACHHBIX komcdha-

HUH?

Kak y4uTBIBarOTCA COCPEAOTOYEHHBIE MACCHl CTEP:KHCBOM CHCTEMBI B JTHHAMHYC-

CKHX 3agavax?

Kakum MeTonoM peraeTes CHCTEMA YPABHEHHH, MO3BOJIAIOLIAS ONPENEIHTh BEKTOP

AMTUTHTY THBIX 3HAYEHHH Y3MOBBIX MEPEMENICHHH KOHCTPYKUWH B OOIIEH cHcTeMe

KOOpaAHHAaT?

Yemy paBeH nopagok Matpuisl Mace KD mmocko# pamsr?

M3 BRIpaKeHHA KaKOH SHEPTHH MOKET OBITh MONyueHa MaTpHua macc KJ?

CkonbKO MOCTOAHHBIX ¢ Y Mo nepememeHnd KO nmockoi pamer?

13 crompkux QyHKUMI TepeMenmieHUH 00pa3oBaHo Tone mepemewmeHuin KD nmo-

CKOH paMbI?

Mo’KHO UCTTONTE30BATE MPOUECC KOHACHCANH MMPH BEMHCICHHH MaTpHIEI Mace KO

C TAPHUPOM B y37¢e?

Kakme MaTpHIlsl Macc Ha3BIBAIOTCA COTIIACOBAHHBIMU MATPHIIAMH?

Kaxkie MaTpHIlbl Mace Ha3bIBAIOTCH HECOTMACOBAHHBIMU MATPUITAMHU?

Kakum 00pa3oM BRIMOTHACTCS CTATHYECKUH pacdéT B 3a7a4e BBIHYKACHHBIX KoJe-

Oanmii?

Kax BBITIONHHUTE paciéT Ha BEIHYKJICHHBIC KONCOAHWA CHCTEMBI TOITEKO ¢ YUCTOM

COCPEIOTOUCHHEIX Macc?

76



4. YUCJIEHHAA PEAJIN3BALINA MK

4.1. IIporpammbl 00111€r0 HAZHAYEHHSI

Matpuunsliii annapatr MKD HOCUT HAacTONIbKO OOLIMI XapakTep, 4To TEo-
PETUYCCKH BO3MOKHO COCTABUThH C/IMHYH) BBIMUCIUTCIIBHYIO MPOTrpamMmy, CIio-
COOHYIO PELIUTh MPAKTHYECKUM HEOrPAHMUYEHHOE YMCIIO Pa3HOOOpasHbIX 3a1ay
MEXAHUKU KOHCTPYKUMHA. BbIYKCIUTENbHBIE NPOrpaMMbl, OTBEYAKOLLKE 3TOH
IEeTW Adake B OrpaHMYEHHOM MaciTade, Ha3bIBAlOTCA TMpOorpaMmamMiu OOIIETo
Ha3HAYCHUS.

IIpencrasiennbie Ha OJIOK-cxeMme, u300paxéHHoi Ha puc. 4.1, ygersipe
4acTu aJIropuTMa SIBJIAIOTCS OOLIMMM MPAKTUYECKU NI BCeX mporpamm MKD
0011Iero Ha3HAYCHUS.

Ha craguu 6600 TpeOyercs uH(popMalus O Marepuane KOHCTPYKLUH, O
TEOMETPUU KOHEYHO-3JIEMEHTHOW MOMEIH, YCIOBUA HAarpy>KEHUs W 3aKperuie-
HusA 3aaauu. [Ipr MCrnoab30BaHUM CYTNEPITEMEHTHOTO MOAX0AAa MCXOAHAs WH-
(hopmarus 3amaeTcs U 1715 KaKI0H MOJKOHCTPYKIMK B OTAEILHOCTH.

1. Beop,

3agaHue huanyeckon moaenu,
reoMeTpuy, CBOCTB Matepuana,
Harpy3oK 1 rpaHUYHbIX YCIOBWM l

2. Bubnunoreka KOHEeYHbIX
ANeMeHTOB

MocTtpoeHue matemaTU4ECKUX

MogZernen ans KOHCTPYKTUBHbIX

3NEMEHTOB M NpUKNaabiBaeMbIX
Harpy3ok

3. Pewenune

HaxoxaeHue pelleHuns
anrebpanyecknx ypaBHEHUN,
COOTBETCTBYHOLLUNX
paccyYnTbIBAEMON KOHCTPYKLIMK

!

4. Beigog

A

BeiBoa pacyeTHbIX
nepeMeLLeHnA U HanpPsSXKeHUn

Puc. 4.1. biaok-cxema mporpaMmmbl 00LIET0 HA3HAYECHHS
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Ha stane peaausauuu nporpaMmbl, 03ariaBleHHON dubnuomexa KoHeUHbIX
IAEeMEHmMOE, OCYUIECTRIAETCA (POPMUPOBAHHE MATPHL] KECTKOCTH U MATPHL Op-
TOTOHANILHOTO TIpeoOpa3zoBaHus KOOPAUHAT I kaxaoro KD ¢ moMoIeio co-
OTBETCTBYIOUINX TIOATIPOTPAMM, @ TaKKE BLIYHUCIIEHUE MATPHIL KECTKOCTH KD B
OOLLCH CUCTEME KOOPAMHAT (CUCTEME KOOPAMHAT KOHCTpYKUMK), Ha 31Ol we
CTa/AMU J1S 33134 CTATUKH QOPMUPYCTCS Paspeliatollas CUCTCMAa YPaBHCHUM
PaBHOBECHS 17151 KOHEUHO-3JIEMEHTHOM MOAETH KOHCTPYKLIMH B LIEJOM.

Ilpu peanuzaupu MC3 nepBoHa4YalbHO BBIYHACAIOTCA MAaTpPUIbI KECTKO-
CTH CYMEPIIEMEHTOB U JaJlee, U3 MaTPHIL )KECTKOCTH CYMEPIIEMEHTOB (DOPMHU-
PYETCH CUCTEMA YPABHEHWH PABHOBECHUS IS BCEIT KOHCTPYKIIHH.

Ha aTane pewenue oCylmecTRASIOTCS ONMEPAITMA ¢ MOCTPOSHHBIMU Ha TIPe-
AbIYLIEM 3Tane aireOpamuyeCcKuMU YPaBHEHHUSIMHU, T. €. PELICHUE CHCTEeMbl
YPABHEHWUH PABHOBECUA C M3BECTHOH npapoil yacthro. Ilpu peanuszauuun MC3
TpedyeTCs OMeprupoBaTh BEMMUYUHAMH, KOTOPBIE OTHOCATCS K MOAKOHCTPYKIIH-
AM TET0H KOHCTPYKIHMH, W OCYIIECTRIATE ONEpaluni Ha c(hopMUpOBaHHbIX Ha-
YaNbHBIX YPABHEHHAX.

Ha srane 6s1600 BbIIACTCS UHPOPMALMA O HANPHKEHHOM U 1EQOPMUPO-
BAHHOM COCTOSHMUM KOHCUYHO-3JICMCHTHOH MOJIC/M 3aj1a4M, 3HAHUC KOTOPOro
MO3BOJIAET ONMPENEIUTh TPOMOPLUUH KOHCTPYKUUH U Pa3pELINTh Pa3TUUHbIE BO-
IpPOChI €€ MPOEKTUPOBaHUs. OOBIYHO 3TO pEIISHHE NPeCcTaBIseT coO0H BbIBeE-
JEHHBIA HA TIEYaTh MACCHB MEPEMEIICHHH Y3JI0B PACUETHOM MOIETH KOHCTPYK-
ITMU W MaCCWBBI BHYTPSHHWX CHJIOBBIX (DAKTOPOB W HATIPAKCHUI, BBIUYNCIICH-
HBIC B 3a/IaHHBIX y3J1aX WM OTHECCHHBIX K HCTIONB3YEMbIM COOTBETCTBYIOTIHM
K3. Mcnonb3yercsa u rpaduueckuii BbIBOA pe3yIbTaTOB pacyéTa, Hanpumep, B
BUAE rPauuecKoro n300pakeHus JUHUI [NaBHbIX HANPSXKEHUH HA HEKOTOPbIX
dIEMENTaX KOHCTPYKIMH MW MOI TIOTEPH YCTOMYHBOCTH W KoOJeOaHWH mpu
PEIIEHHUH COOTBETCTBYIOIIMX 3a0a.

[TpuBEACHHBIC YacTH NMporpaMM OOIIECTO HAZHAYCHHUS UMCIOT OJHY Xapak-
TEPHYIO YCPTY — MOJIYJIbHOCTh OCHOBHBIX Orepaiinii. XOopolro cocTaBIcHHAs
nporpaMMa JIOJDKHA MO3BOJUTh 110JIB30BATCIIIO BCTAB/IATL HOBBLIC OJIOKK Oniepa-
LMHA N0 MEpPE HaJOOHOCTH WM B TOM Cllydae, Koraa onpeacacHsl donee s Ppex-

THBHbIC CIIOCOObI PCalM3alM1 Y Ka3aHHBIX 0ﬂepaumfl. K stum onepauusamM OTHO-
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CATCA, HANpPUMEP, MCIOJAb30BAHHE HOBbIX TUMOB K3, yiyUlUEHHbIE METOAbLI U
CMoOCOObI PELISHUA CUCTEMbI JIMHEHHBIX YPAaBHEHHWH pPABHOBECHA, BbIBOI pe-
3yJbTaTOB pacuéra u Jap.

B HacTosmee BpemMs B PasHbIX CTPAHAX CO3/aHO 3HAYHUTCIBHOC KOJHYCCT-
BO YHUBEPCAJbHBLIX MNPOrPAMMHBIX KOMILIEKCOB, peanusyrommnx MK3 n MC3,
UCHOJIb3YEMbIX MPU UCCAEAOBAHUN HANPSKEHHO-ASOPMUPOBAHHOTO COCTOS-
HHS KOHCTPYKUUH. OOHHMH U3 CaMBIX CIIOXKHBIX U TPYIOEMKHX B pa3pa0oTKe H
B TO e BpeMs d(PPEeKTUBHBIX AN MPHUMEHEHUS TaKUX KOMIJIEKCOB SIBJSIOTCS
CHCTEMBI KHHEMATHYECKOTO aHaIM3a KOHCTPYKUMiA, 0CHOBaHHBIE Ha MCD.

TTporpaMMHBIN KOMIUICKC aBTOMATH3WPOBAHHOTO npockTuposanus JIMPA
MPEIHA3HAYEH IS WHPOKOTO Kpyra padoT, CBA3AHHBIX C TMPOLIECCOM pacyéra
HA NPOYHOCTb CTPOUTE/IbHBIX KOHCTPYKIMUA U MALIIMH PA3JIMYHOIO HA3HAUCHUA,
Pacuér MOKET BbINOJHATLCS MO MPOYHOCTH € YUCTOM JOJIOBEUHOCTH WJIM B
pEXHUME TPOBEPKH 3aJaHHBIX CEUYEHU. B cOCTaB MCXOAHBIX OaHHBIX BXOOUT
MHHHMaJbHasi HHPOPMALHA O FEOMETPHH, TPAHHYHBIX YCIOBHAX, CTPYKTYPE H
(PU3HKO-MEXAHUYECKHX CBOHCTBAX KOHCTPYKLIHH.

Pe3ynbTaTel pacuéra — nepeMeleHns, CHIIbI, pacu&THLIC coueTanusd, (op-
MBI U TIEpHOABI COOCTBEHHBIX KoJieObaHUii — BbIIalOTCA B TaONW4dHOW (hopMe H
CHA0XAaKTCS NPUBLIYHOMN JUIS MHKCHEPA UHJICKCALUCH.

Ilpn pacuére 4acTHbIX 3a7a4 (POCTPAHCTBCHHBIC PaMbl, KOPILYCa PElyK-
TOPOB 1p.) CEHAIM3UPOBAHHBI MOHHTOP KOMIJIEKCA HA OCHOBE HCXOAHBIX
OAHHBIX TEHEPUPYET CIEUUATU3UPOBAHHBIE BETBU, CUET MO KOTOPBIM B CMBICTIE
OBICTPOACHCTBUA, YA0OCTBA MOATOTOBKHA MUCXOAHBIX MTaHHBIX U UTEHUS PE3YJib-
TaTOB pacyéTa HE3HAYUTENBHO OTJINYASTCH OT CHEHHAM3UPOBAHHBIX TIPO-
rpaMM, OPUEHTHPOBAHHBIX HA PEUICHHE YACTHBIX 3a/1a4.

YnpasisOmue MOYJIM KOMILICKCA, MOJYJIM COCTABICHUA U PELICHUS CUC-
TEMbl YPAaBHEHMII PAaBHOBECUS W NPYrUe MOAYJH, ONPENENoIue rmOKOCTb,
YHHUBEPCANBHOCTD U OBICTPOACHCTBHE, HAMHMCaHbl Ha A3bIke AccemOnep. Pazne-
JIBI KOMILIEKCA TIPOTpaMM T10 OpPraHu3alid CEPBHCA, a TakKe MOAYJIH OMOIHO-
TekH KD, pacd4éTHBIX cOYEeTaHHil CHII, mombopa MaTepuala, onpeicyieHus Ou-

HAMWYCCKUX CHJI HAnmUcadbl HA s3bike TTJT/1.
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MDOPMHUPOBAHKUC YPABHCHUH PABHOBCCHS 33/1a4M MPOU3ZBOJINTCS MOCICI0-
BATCIBHO OTJACIBHBIMU TpynmiaMi. Koan4ecTBO ypaBHCHHNH m B KKJIOH Tpyn-
ne 3aBUCUT OT 00beMa Vv, BbLIEJICHHOIO B ONEepaTUBHOM namatu 3BM nas pas-
7€ U ILIUPUHbIL JISHTbI /2 CUCTEMbl YPABHEHHIA

m=v/h.

Ha 5ToM 3Tane MCNonb3yeTcs psl MPUEMOB, YCKOPAKOIIUX Mpouece (op-
MHUPOBANWA ypaBHeHUH. Tak, COCTABIAETCA BCITOMOTATEILHBIH MAacCUB, TTO3BO-
ngrotuit OBICTPO ONMpeAesNTE, Kakne KO Heo0XoanMo BBI3BATEL JJIS COCTaBJIe-
HUA TOW VITH WHOUW TPYTINGI YPABHEHHI. €CJIM MaTpULA XKECTKOCTH paccMaTpH-
Bagcmoro K3 (cornajicHue nposepsercs no pazmepam KO v tuny xkECTKOCTH)
COBNAJIACT ¢ PAHEE COCTABJICHHON s npeabyiywero K3, to uenonb3yercs
VIKE UMEIOIIASICA MaTpHLUA JKECTKOCTH.

Oobpamenne MaTpuIpl KOYPPHUIUENTOB CUCTEMA YPABHEHHH BBIMOJIHIETCA
MeTosoM [aycca. Ho BeIMHMCISETCA HE 00parHas MaTpriia, a TPEyroJibHAs, no-
JIYICHHAsS TTPH nIoMoun tipsMoro xona [aycca. OOpadorka npsaMoro xojaa I a-
YCCa BBITIOJTHACTCS MCTOJIOM TPYTTIOBBIX UCKIIFOUCHHHA, KOTOPBIH ObuT anpodu-
POBAH B YHUBECAJbHbIX BbluMCHUTEbHBIX  KOMIUIekcax ODKCIIPECC,
MHUPA'K, CYIIEP.

Onpenenenue Gpopm, nepuoaa COOCTBEHHbBIX KOJEOAHHH W TMHAMHYECKHX
HArpy30K MPOU3BOAUTCA METOAOM peayLupoBaHus. OnpeaeneHue nepemMerle-
HUH Y3JI0B 3a1a4d NMPON3BOAMTCS 00paboTkol CTOMOIOB CBOGOIHBIX YJICHOB
CHUCTEMBI YPaBHEHHH TIPIMBIM W 00paTHBIM Xo0M ['aycca. Beraucnenuto y3no-
BBIX cI KD mpeauiecTByeT COPTHPOBKA TOJYYEHHBIX Y3JIOBBIX MEPEMENICHAN
KOHCTPYKIIMH,

YHu(puKauus CCYSHUA NPOU3BOJUTCS HA YPOBHE PACUETHbIX COUETAHMIA.
[1pu >ToM And KaXOOH TpyNNbl YHHPHULIMPYEMBIX JIEMEHTOB MPOCMaTPHUBAIOT-
C4 OTHOCAILIMECS K HUM PACUETHBIE COYETAHWA W BBIOMPAIOTCS TE, KOTOPBIE CO-
OTBETCTBYIOT DKCTPEMAIBHBIM KPUTEPHSIM.

ITonOGop marepuana NMPOU3BOAUTCH TI0 XAPAKTEPUCTHKAM TIETJIH THCTEpE-
3uca. Ilpy 3TOM TOCNEAoBATEILHO CUUTHIBAIOTCA BHYTPEHHHE (POPMATHI U CO-
OTBETCTBYIOLUE PACUETHBIE COUETAHMA Y3J10BbIX CU 1S IKCIEPUMEHTOB UJH

rpynn YHUQUIUPOBAHHbIX 3JEMEHTOB.
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PaspaboTky 3apyOC)KHBIX YHHMBEPCAIBHBIX TPOTPAMMHBIX  KOMITJICKCOR
O0BIIOTO MaciITada BRITIOTHAIOT KPYIHEHITHS GUPMBI 1 00bhemHeHUS. Tak
pa3zpaboTka mupoko pacnpoctpaHeHHOR cuctembl NASTRAN Benach B CIIA
¢ 1964 nol969 rr. no 3aka3y HaluMoHaNbHOrO ynpaBlIeHHS [0 a’pOHABTUKE W
uccnenoBannaM kocMoca NASA mpy y4yacTHM MATH KpyMHEHIIMX (UPM, CBS-
3aHHBIX C a’POKOCMHYECKON MPOMBILIIEHHOCTEI). € TEX MOp CHUCTEMA
NASTRAN 110CTOAHHO Pa3BUBACTCS W COBCPUICHCTBYETCHA, 4 €€ CTOMMOCTH
OIICHUBACTCS B HECKOJIBKO MUJIJIMOHOR J10JIJIAPOR.

OnHoM U3 HauboJIee pacPOCTPAHCHHBIX 33 PYOSKOM KPYITHOMACIITAOHBIX
YHUBEPCAIbHBIX MPOIPAMM SBJACTCH «ABTOMATUUECKAS CUCTEMA KMHEMATHYE-
ckoro aHanuza» (ASKA) [5], koTopas MCIOJb3yeTCsl B AACPHON, a3pOKOCMUYE-
CKOM W MallMHOCTPOUTENBHOM MPOMBILUIEHHOCTH. [IporpaMma Hamucana Ha
a3pike FORTRAN u mpeacrtaBasieT coOoif mporpaMMHBIH KOMILIEKC, coaepka-
i 6onee 120 OTACHBHBIX TTPOTPAMM, OTIIHHAKOMIMXCH 110 (PyHKIIMOHAITBHBIM
HazHaucHuaM. Mojaynberas crpykrypa cuctemsl ASKA nozsosisicr ¢¢ passu-
BaTh, MpUcriocabiivBas Ui PCUICHUS HOBBIX 3a/ia4y. BBIUHCICHUSA 1O 3TOMY
KOMILJICKCY NPOrpamM MOTYT ObIThb BbIINOJHEHbI ¢ OObIYHOHA TOUHOCThLIO, Yac-
TUYHO JBOHHON Miu ¢ ABOHHOI. B 3aBucuMocTH 0T Tuna 3BM 3T0 COOTBETCT-
BYET MPEACTABAEHUIO YHCEN C KOJHYECTBOM 3HAYAIIMX ASCATHYHBLIX LH(P
MaHTHCCEHI OT 6 10 25.

Hcxonnbie manHbie npu pacuértax ¢ nomombld ASKA aenstes Ha JBe
OOJIBIIIME TPYTITIBI: TOTIOJIOTHYECKOE OMMCAHWUE KOHCTPYKIIMKW W YHUCJIOBBLIC HC-
XOAHBIE Aanuble. OYyHKIIMOHAIBLHBIE BO3MOXKHOCTA KOMITJIEKCA MTPOTPAMM Clic-
AYHOLIKE, PACUET NPU MajlbiX U O0JbIIUX MEPEMELICHUX, YUET MJACTUYHOCTH,
NOJI3Y4ECTH MATEPUAta U BJIMAHUS TEMICPATYPbl HA MEXAHUUECCKUE CBOMCTBA
MaTepHana, pelieHre 3a1a4y YCTOHUUBOCTH, TEPMOYIIPYTOCTHA M TEPMOILIACTHY-
HOCTH.

Kak w apyrue kpynHomacwrabuele 3apyoeikubie cucteMbl, ASKA comep-
XUAT Oonblyio Oubnnoteky KD (moamporpamMm BBEIYMCICHWA MATPHIl KECTKO-
ctu KD). CrangaprHas OubauoTeka cUcTeMbl conepskuT 42 tuna KD u nocto-

AHHO [IOIOJIHACTCH.

81



B paGote [5] npuBencHo onucanue pa3pabdOTaHHOTO aBTOPaMU NpOrpaMm-
Horo koMmmiekca KACKAJ-2, peanusyroiero MCD. bubauoreka K3 mpo-
rpaMMHOTO KoMmIiekca cogepskuT 8 TumoB KD: crepxeHn, paboTaromnii Ha
pacTskeHne—CkaTHe, 6anka, BOCTpHHUMAIONIAs U3THO W pacTsKeHne—CKaThe,
M WICCTh TUIMOB NjacTuH, padoTaloliMx B CBOCH MJIOCKOCTH MNPU MJIOCKO-
HANPSXKEHHOM W NJI0CKO-AC(HOPMUPOBAHHOM COCTOSIHUAX, HA W3ru0 W3 CBOCH
NJ0CKOCTH U KOMOMHUpoBaHHbIX (KD 000/104KH KaK COBOKYNHOCTU ILJIOCKUX
3JIEMEHTOB).

Takoii HaGOp 3JEMEHTOB MO3BOJSET PACCUUTLIBATL NPOCTPAHCTBEHHbBIE
OPTOTOHANBHBIE KOHCTPYKIIHH TIPH CTEPYKHEBOI, TIIACTHHYATOM W TIacCTHHYA-
TO-CTEPKHEBO Macanu3aunu. Peann3oBaHo HECKOJIBKO BApHAHTOB BO3MOYKHOM
pacnpeieiEeHHOR Harpy3KkM, 1€MCTBYOUIEH Ha 3JIEMEHTbI. PaCuéT KOHCTPYKUMH
MOXET ObIThb BBIMOJHEH B YIPYroi W ynpyromiactuueckoit obnactu. Komnneke
COCTOUT U3 77 nporpamm, U3 KOTOPbIX Y 34 cTaryc rosioBHoil 0ok, a y 43 cra-
TyC noanporpamma. AJAropuTMUUECKUA a3bik nporpammupoaHus FORTRAN.
MoaynbHasg CTPYKTypa NPOrpPaMMHONO KOMIJIEKCA NO3BOJIACT €r0 Pa3BUBATh,
nononuas oudnmnoreky K2 mporpamMsel HOBBIMH nieMeHTamMu. [1o cBonmM napa-
metpaM kommieke KACKAJI-2 He ycrynaeT OONbLINHCTRY 3apy0eiKHBIM KOM-
nnekcam. XapakTEPUCTHKU NPYrUX 3apyO0eiHbIX W OTEYECTBEHHBIX KPYNHO-
MacluTabHbIX YHUBEPCAbHbIX NMPOTPAMMHbBIX KOMIJIEKCOB OTJIMYAKOTCS HE3HA-
YUTEJIbHO.

Takum 00pa3oM, B HACTOALLEE BpeMa UMEETCA OO0/bIIOE KOJMYECTBO YHHU-
BEPCANbHbIX KOMIMJAEKCOB U ABTOMATUYECKUX CUCTEM KHHEMATHUYECKOrO aHaJu-
3a MO PacueTy CTEPIKHEBBIX W KOHTUHYANBHBIX cncteM MK3. Ho, HecMoTpsa Ha
OONBIIOE YUCIO MPOTPAMMHBIX KOMITJIEKCOB, CO3MIAHUE HOBBIX H COBEPIICHCT-
BOBAHMWE CYUICCTBYHOLUIMX CUCTEM MPOAOIKACTCH. 3TO OOBACHACTCA BO3MOYKHO-
CThI) JIOCTATOYHO TOYHOU OILICHKM HANPSIKEHHOIO WU JICPOPMHUPOBAHHOIO CO-
CTOSIHUH COKHbIX WHXEHEPHBIX COOPYKEHUH, CNOCOOCTBYET JyulLEMY HC-
NoJIb30BAHUIO HECYLUEH CNOCOOHOCTH KOHCTPYKLMIE U YMEHBIUEHUK) WX MACChI
Ha CTaAuW NPOSKTUPOBAHUA U NOBOAKH.

Onnako npumeHenne MKD k pacué€Ty CIOXKHBIX HHXKEHEPHBIX KOHCTPYK-
Wi, paCCMATPHBAEMBIX KaK MPOCTPAHCTBEHHBIE PACYETHBIE CHCTEMBI, 00pa30-
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BAHHbIE COBOKYMHOCTLIY OONBILIOTO YUcaa paznduHbix KD, npuBoaut K 6onb-
ol TpyAHOCTH. Cepbe3HBIM HEQOCTATKOM SBJSETCA W 3HAYUTENBHASA 3aTpara
TPYJla ¥ BPEMEHHW NPH MOJIOTOBKE WCXOJIHOH WH(OpMALIAK JUIs peasu3aliuv
MKD.

Hcxonnas uHGopMalug YHUBEPCAIbHbIX KOMILIEKCOB OUE€Hb CIIOXKHAS, KAK
NPaBuiIO, NPU ONUCAHUU KOHCTPYKUHMK (TONOJIOTMYECKUE U TEOMETPUUECKUE
XAPAKTEPUCTHKU KOHCTPYKUUH). CIOKHOCTE MOATOTOBKH TOMOJIIOTHYECKON Xa-
PAKTEPUCTUKHA KOHCTPYKLHUH pallMOHANIBHA I YHUBEPCANBHBIX MTPOTPAMMHBIX
KOMIIEKCOB ¢ QoNbLIoH OMOMHoTEKOH THMOB KD, 4TO MO3BOJNAET BBIMOIHHTD
pacuér MPaKTUYCCKU TIPOU3BOJIBHOW KOHCTPYKIIMU, 4TO W TPEOYETCH OT TaKWX
TPOTrPaAMMHBIX KOMTUIEKCOB.

H3yuyeHUE UCXOMHBIX JAHHBIX U UX MOJANOTOBKA /IS Pacyéra KOHCTPYKIIMK
BbI3bIBACT CCPLE3HbIC 3ATPYJAHCHUSA U TPEOYET JOCTATOMHO OOJIbUIMX 3aTpaT
CUJl U BpeMeHH. M3naetca cnenuanbHas JUTEpaTypa, NOMOTaroLlas u3yvyatb U

MOJIL30BATHCA YHHBCPCAJIILHBIMH KOMINICKCAaMH.

4.2. Oco0¢HHOCTH 00BEKTHO-0PHCHTHPOBAHHBIX NPOrpaMm

KpomMe yHMBEpCanbHbIX OPOrPaMMHBLIX CHUCTEM CO3MAKTCA NPOrPamMMbl
LETIEBOTO HA3HAYEHHA, T. €. MPOrpaMMBbl ¢ YHCIEHHON peanu3auueii na OBM
aNropuTMOB  pacyéTa KOHCTPYKUMH ONpeaenéHHoro Kiacca: OOBEKTHO-
OPUEHTHPOBAHHBIE KOMIUIEKCBI MPOrpamM, MO3BOJAIOLWIME  3HAYUTEIBHO
YMCHBIIUTE U YIPOCTUTh UCXO/IHYI0 HH(OPMALMKD, U KOTOPBIC 00Nce yAOOHBI
B OKCIJTyaTalvy.

OObEKTHO-OPUEHTUPOBAHHbBIE MPOTPAMMbI [0 ONPEACIEHUK) HANPSIKEHHO-
Ne(POPMUPOBAHHOIO COCTOSHUS KOHCTPYKIMHA, KaK U NPOrpaMmbl 00IICIO Ha-
3HAYEHHs, CTPOATCA MO MOAYJBHOMY MPUHLMUITY, MOAYJIH, B CBOKO OYepelb, MO-
I'YT COCTOATH U3 ONHONA WIIH HECKONBKUX noAnporpaMM. K OCHOBHBIM MOIYJISIM
OTHOCATCA CIEAYIOUIME. BBOA UCXOAHOH WH(popMalUuu, (JOPMUPOBAHUE MATPH-
bl MECTKOCTH KOHCTPYKIIMHW, BBOJI KUHCMATUYCCKUX YCIIOBHH 3aKPCIUICHUS
3a/1a9M, PCUICHUE CUCTEMBI PAa3PCUIAtONINX YPABHCHUH PABHOBCCHUSA, BBIYHCIIC-

HHS BHYTPEHHHUX CHJ1 U HANPKECHUH. MOIynb pELICHUS CUCTEMbBI Pa3peLlaro-

83



KX YPAaBHEHUH KENaTENbHO 00ECHEYUTb BO3MOXKHOCTbK) BbIIIOJIHEHUS Bbl-
YUCJIEHUH C IBOMHOM TOUHOCTLIO.

s nanboJsiee XapakTEpHOH TpOTpaMMBI LISJICBOTO Ha3HAYCHUA: pacuéra
MTPOU3BONILHOM TNockol cTepikHeBoit cucTeMbl [8], mpuBemeHa Omok-cxema
nporpaMmbl (puc. 4.2), KoTopas NOJHOCTbK) COOTBETCTBYET PACCMOTPEHHOMY
ANTOPUTMY Pacuéra MPsMbIM METOAOM B (POPME NCPEMEILCH U,

O0nem nporpamMbl 13,5 Kbdalit ucxognoro tekcra. Ilporpamma cocTouT
U3 ronoBHOH ynpapaswowmed nporpamMbel MAIN PGM u BcnoMoraTeabHBIX
MOANPOrpaMM.

Yupasngromas nporpaMmma MAIN PGM cocTonT W3 BBI30BOB MOATPO-
TpaMMm, BRITIOTHSIONINX CIISAYIONINE (PYHKIHH!

DAN — BBOJAMT B MAlIMHY HCXO/HYH) HH(OPMALKMD O KOHEYHO-
ANEMEHTHON MOJICSIM KOHCTPYKIMKU. [ DOCIEAY IOLIEro KOHTPOIS BCA MCXO1-
Hasg HH(OpMalUi BBIBOOHWTCA Ha MevyaTh B pa3BepHyToil (opme ¢ HeodOXoau-
MbIMHM TEKCTOBBIMU MOSCHEHUAMM.

GRYS — $opMHPYIOT BEKTOD Y3710BOIH HArpy3ku KOHCTPYKLMH B OOLIEH
CHCTEME KOOPAWHAT M0 HOMEPAM Y3JI0B, B KOTOPBIX MPUJIOKEHA HATPY3KA.

SUMMA — dopmMupyeT MaTpuIly *ECTKOCTH KOHCTPYKUHWH € UCTIOJIB30Ba-
HUEM MATPULLbL UH/ICKCOB. BbINOIHIET NPOBEPKY UCXOAHBIX JAAHHbIX [0 KOJIM-
yecTBY K9 B pacueTHON CXEME 3a/1a4U U LIUPKUHE NOJIYJIEHTBl MATPUILLbL HECT-
KOCTU KOHCTPYKIMH.

FMKOQO — BBIMOAHAET NMpeoOpazoBaHue MaTPHULBI JKECTKOCTH KOHCTPYKLIHH
B COOTBETCTBHH C KHHEMAaTHYECKHMH YCJIOBHAMH 3aKpeIUIeHHs 3amauu, T. €.
GOPMUPYET CUCTEMY DPA3pPCLIAOUIUX JIMHCIHHBIX alrcOpPaudecKux ypaBHCHU
PABHOBCCHS.

ZPER — BbINOJIHAET NpeoOpa3oBaHue CUCTEMbl Pa3peLlar0IIUX YPABHEHUH
PABHOBECHA NPU 38JAHHBIX Y3JI0BbIX NEPEMELLSHUAX.

PODAT — BeINONMHAET MpeoOdpa3oBaHue CUCTEMBI pa3peliaroliux ypaBHe-
HHI1 paBHOBECHS MPH 3aTaHHOM KECTKOCTH OMOP.

SOLKO — dopMHpYET ¥ peliaeT CUCTEMY pa3pellarollnX ypaBHEHUH paB-
HOBECHS, B PE3YJILTATE YCr0 BBIYUCIACTCH BEKTOP Y3JI0BBIX MEPEMEIICHUH KOH-

CTPYKIMU B O01CH CHCTEME KOOP/IMHAT, KOTOPbIH BBIBOJIMTCS HA NCUaATh.
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VSFST — dopmupyer BeKTOpbl BHYTPEHHHX CHIIOBBLIX (JaKTOPOB M HOp-
MaJIbHBIE HATIPAMEHNSA B CEUCHMAX Havana u koHua K3 B MECTHOI cHcTeme Ko-

OPAHMHAT H BBIBOIHT HX Ha NEYATh.

{ Beood :

T
|

[ or0enan ynpasiarowad

DAN / npozpamma

GRYS

= SUMMA

l

FMKQ

SOLKO [+

SOL

VSF

NAPST

|
|
|
|
|
|
|
|
|
|
|
|
|
-
|
|
|
|
|
|
_I

Ocmarnios

Puc. 4.2. bnok-cxema nporpaMmsl
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I pumep noonpozparmsl

- [lepemennbie, moMemieHnwie B 0611IyI0 06nacts COMMON:
FMGP (1000000)  MaccuB marpuiibl 3kECTKOCTH KOHCTPY KIIMH
P (10000) MaccuB BEKTOPa y3JI0BOH HArPY3KU KOHCTPYKIIMK
- Daiibl NOCAEN0BATENLHOIO JOCTYIA:
5 daiin BBOAA: M4 YTEHUS UCXOAHbBIX AaHHbIX U3 (aiina B naMaTb
8 ®daiin BeIBOIA: 114 3aTTHCH JAHABIX U3 TAaMATH B (haiin
2, 3.4 PaGoumne (aiinsl

c Yonpaensmowaa nporpamMa MATN

COMMON FMGP (1000000) ,P{10000)
open(5,file="ramaplos.inp',status='old'  form='formatted')
open{8,file="'ramaplos.out', status='unknown', form='formatted’)
open (2,status='scratch', form="unformatted')
open(3,status="scratch',form="unformatted')
open{4,status='scratch',f form='unformatted’)

REWIND 2

REWIND 3

REWIND 4

100 WRITE (8,1)
1 FORMAT (///5X, 'CraTuxa IICCKON CTEpPKHEBOH CHUCTEeMH')

CALL DAN
CALL GRYS (P)
CALL SUMMA (FMGP)
CALL FMKO (FMGP)
CALL ZPER (FMGP,P)
CALL PODAT (FMGP)
CALL SOLKO{FMGP,P)
CALL VSFST(P)
REWIND 2
REWIND 3
REWIND 4
GO TO 100
END

Onepatop ynpasieHuss GO TO no3BoJiSieT BbINOJIHATH MOCAEN0BATENbHO
PELICHUE HECKOJILKMX 3a/1a4 O/IHOBPEMEHHO.

OCHOBHbIE BCIOMOrATE/NbHbIE MNOAMNPOrPAMMbl BbIIOJHAKOT CJACAYIOLIHE
(yHKUUU:

CLST — BuUUCIFIET MaTPHILY HAMPaBISIOMMX KOCHHYCOB OCEH MECTHOM H
obuei cuctem koopauHaTt KD.

FMT — ¢opmupyer maTtpuuy OpTOrOHaJLHOTO Npeodpa3oBaHUsS KOOPIH-
HaT K3.
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MGST — BbluKcaseT MaTpuly xk€cTkocTd K3 B MECTHOH M 00Lluel cucte-
Max KOOPAWHAT.

SOL — petraer cucreMy THHEHHBIX anre0OpanyecKuX YpaBHEHHH MeToIoM
["aycca.

VSF — BbIYUCIISAET BEKTOPbl BHYTPEHHUX CHII0BbIX (pakTopos K3,

NAPST — BbIUMCHSCT HOPMaJbHBIC HANPAKEHHUS B CCYCHMAX HA4aIa U
koHua K3.

4.2.1. O0pazoBanne pacuéTnoi cxembl. CTPYKTYpa HCXOANBIX
AAHHbIX

Kputeprem BbiOopa GhopMbl U METONIA OMUCAHUS KOHCTPYKLHHU SIBASKOTCA
MUHHMYM MCXOAHON HMHE(OpPMALMK W MPOCTOTA €€ MOANOTOBKH. ANTFOPHUTMbI
peaauzauuu MK3, kak npaBuio, OTIHHAKOTCA CTPYKTYPOH U (popmMoii reomeT-
PHUYECKHX W TOMOJIOTHYECKUX XaPaKTEPUCTHK KOHCTPYKUHWHU. OMHCAHHEM KOH-
CTPYKUHMH (cnocod GOPMHUPOBAHUA MATPHLBI KECTKOCTH KOHCTPYKLHMH), T. €.
nexonHoH nupopMaumeli B peanu3yrowel nporpamme.

[1pu pacuére cTep)KHEBOH CUCTEMbI €€ MOAEJbL NPEACTaBIsAST COOOH Cuc-
TeMy, 00pa30BaHHYIO OCAMMW CTEPIKHEH, MPOXOAALLIMMHU HYepe3 LEHTPbI TAKECTH
nonepeuHbIx ceueHuit K3,

B o0wem caydae 3a y3ibl conpskeHns KD npuHUMAKOTCS CEUEHU, B KO-
TOPBIX:

— WU3MEHSETCA HANpaB/ICHUE OCH CTEPOKHS,
— MPUJIOKEHA COCPEOOTOUSHHAA HArpyska W (WaW) 3aJaHbl JUHEHHBIE WIN

YIJIOBbIE NMEPEMELLCHUA,

— MMEKTCA KUHEMATHYECKHUE 3aKPEMJIEHUA KOHCTPYKUWH, B TOM YHCIE C 3a-

JAHHOH NMUHEHHOH W (MJTH) YINOBOH )KECTKOCTBID,

— HU3MEHSIOTCA NFEOMETPUYECKHE XapPaKTEPUCTUKH CEUSHUS CTEPIKHA,
— HAXOAMWTCH MPOU3BOJIBHBIA LIAPHUP (b)),
— W3MEHSIOTCA XapaKTEPUCTUKH MATEpHalla CTEPXKHA.
KprBOMWHEHHBIC YaCTH MOACTUPYIOTCA HECKOJBKHMU MPAMOJHHEHHBIMHU,

B03M0HO ¥ AOMOJIHUTENBLHOS BBEAECHHE V3/I0B B PACUETHYIO CXEMY 1S MOJTY-
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yeHua Ooznee noxpoOHOi WHGOPMALIMK 0 HANMPAKEHHO-1e(OPMHPOBAHHOM CO-
CTOAHHHA KOHCTPYKLIHH.

Ecinn no juimHe CTepuKkHsA NPUIoKeHa pacnpeacieHHas (noroHHas ) Harpys-
Ka ¢. (puc. 4.3), TO OHA 3aMEHACTCH DKBUBAJICHTHOMH Y3J10B0Ii.

q q
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M — YHCIO DononHUTenbHex KD

Puc. 4.3. K onpeaeneHuio 3KBHBAIEHTHOH Y310BOH HArpys3KH

B stoM cayuae no AauHE CTEPIKHA BBOAATCH JONOJHUTENbHBIE Y3kl (Ke-
NATENIBLHO PABHOMEPHO) M, CJAEI0BATEILHO, A0MOJHUTENLHBIE KD 10 KOTOPBLIM
W pacrpenensercsa 3ajannas pacrnpeneiiennas narpyska. [Ipu Hcnoib3oBaHuu
JOTOJTHHTENBHBIX Y3I0B B MOJENh KOHCTPYKIMH BBOIHTCH HYMEPAIHS JTHX
y340B. Takoil npuem 3aMEHbl PaclpeaesICHHON Harpy3ku ¢ Ha SKBUBAJICHTHbIS
y3JI0BbI€ COCPEAOTOUCHHbBIE CUJIbI P 1 MOMEHTbI M NpuOIMKEHHbIH, HO 10CTa-
TOYHO TOYHBIH, IIUPOKO PACIPOCTPAHEH U HE TPEOYET HUKAKUX M3MEHEHHIl B
AATOPUTME pacyéra Mpu ero peajan3alum.

Jlanee BbinonHsercs Hymepauus y3iioB U K3, Hymepanus y3i0B nomkHa
ObITh BBIMOJHEHA TAKMM 00pa3oM, 4TOObI PazHOCTh HOMEPOB y3J70B KO Oblna
MUHMMaJIbHOU. HeM MEHbIIE 3Ta Pa3HOCTh, TEM MEHBILEC LIMPUHA JICHThI MaT-
pullbl KECTKOCTU KOHCTPYKLMM M, CAEAOBATENIbHO, MEHBLIE BpeMs CUETa Ha
OBM.

Kak mpaBuio, MUHUMYM MIHPUHBI JEHTH O0OECHEYNBAET MOCIEI0BATEb-

HOCTL HyMCpaluH Y3JI0B KOHEYHO-DJIEMEHTHOW MOIEINA MO CEUYSHUAM, pacino-
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JIOFKEHHBIM 110 JUIMHE KOHCTPYKUMH. [TIupuHa N0J0BHUHbLL JIGHTEl MATPHLLL HE-
CTKOCTH KOHCTPYKILWK BbIUUCIAETCH 110 hopmyJie
LENTA = (R+1) NS,

rae R — Hanbonbluas pasHOCTb HoMepoB y3n0B KO,

NS —yuncno crenenei csoOOIbI B y3I€.

Ha puc. 4.4 npeacrapieHa KOHEUHO-IJIEMEHTHAs MOJeNb (pacuéTHas cxe-
Ma) CTPONHILHON (PepMbl, 00Pa30BAHHOI OCAMN CTEPIKHEH, MPOXOAALIMMH He-
PE3 UCHTPbI THXKCCTH MNONCPCHHBLIX CEUYCHHI M HPHHATHLIC NOJIOMKHUTC]/IBHBIC Ha-
npaBJIeHUs Y3J0BBIX NepeMelieHnii (creneneii ceobobl yina) u cun (NS=2).
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Puc. 4. 4. KoHeuHo-31eMeHTHAA MOAENb MIOCKOH (pepMbl

3a y3abl KD npuHUMaloTcs CeueHHus coelMHeHMs cTepicHel (epmbl. Hy-
Mepauus y3n08 1 KD BbINOAHEHA CNIEBA — HANPABO M CHU3Y — BBEPX, T. €. MO
JUTMHE KOHCTPYKLIWH.
TTopsinok # Marpusl [K° | 5KECTKOCTH KOHCTPYKIMK paBeH
n=n,NS=12-2=24,
1€ A1, — YHCJIO Y3JI0B PACUETHON CXEMBI.
[IIuprHa MOJAOBUHBI JIEHThI MATPULBI KECTKOCTH KOHCTPYKIMU OYAET
LENTA = (3+1)2=28.
Takum obpa3zom, pacuéTHasg cxema oOpaszosana 21 KD depMbl u conepxur
12 y315108B.
Ha puc. 4.5 npugencHa pacuérHas cxema TpEXIPOJICTHON CTaTUUECKHU OIl-
penenuMoi OalKyu U MPUHATHIE MOJIOKUTENbHbIE HANPABICHUS Y3/J0BbIX NEpe-
MelleHui u cu (NS = 3).
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3a y3sibl K3 npuHUMaOTCs CCUCHMS, B KOTOPBIX PACNOJIOKEHbI LIAPHUPbI,
onopsbl M Harpy3ka. Llepsblid 1 yeTBepThiil K3 ¢ npoCcThiMU 1IAPHUPAMU 110 YI-
1y nosopota ceueHus. [lpuyem wapuup v nepsoro KD Bo BTOpoM y3ae, a 'y
YETBEPTOrO — B YETBEPTOM y3Jie. B 1mecToM y3ne pacuéTHON cxeMbl OaKu pac-
MOJIOKEHA YIIpyTo-oceaalomas onopa. Pacuérnas cxema TpEXTIPOJICTHON cTa-
THYECKU orpeaenuMoi damku obpazosana 6-10 danounsiMu KD u conepsxut 7

Y3JI0B.

g )
| 3 4 g § 7 X

Q@ 0 O 7Q

@
Lo

Puc. 4.5. PacuéTHas cxema 3-X IPONETHOM OaTKH

[Mopsnok 7 MaTpuis! K] 5KECTKOCTH KOHCTPYKIMH PaBEH

n=nNS=73=21.

[IrpuHa NONOBUHLL IEHTDI:

LENTA =(1+1)3 =6.

Crenyer OTMETHTB, 4TO Y JIAHHOH DAJIKW 110 IBS CTEMCHH CBOOO/IBI B Y3J1aX
(NS=2): porr® ¥ yroJa noBoOpoTa CCHCHHS, COOTBETCTBCHHO 2-51 W 3-91 CTEIICHM
cBoOoabl. Mcnonb3oBaHue MaTpulibl KéCTkocT K3 ¢ 3-ms cTreneHaMu cBoOo-
AbL B Y3JI€ MO3BOJAET BbIIOJHATH PACUETHI MPOU3BOIBHON IJIOCKON CTEPKHEN
CHCTEMBL

I pumep noonpozparMiibi
C BBOI M NEUYATE MHEOPMAIIMKM O KOHCTPYKUMHM

SUBROUTINE DAN

COMMON/MG/FMG (6 ,6) ,FMGO (6, 6) ,MAT (20)
COMMON/RAZM/KYZ0 , NS, KELEM, N, LENTA
DIMENSION JTEXT(20)

REAIL, MAT

READ(5,1) JTEXT
1 FORMAT (20A4d)

WRITE (8,2) JTEXT
2 FORMAT (//5X,202a4)

READ(5,3) KYZO,NS,KELEM,KMAT, LENTA
3 FORMAT (5I5)

N=KYZO*NS
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WRITE (8,4) KYZO,NS,KELEM,KMAT,LENTA

FORMAT (/18%X,'M C X O 1 HHE OAHHEE'/18X,
129 (1H*) //

83X, 'Vuyoe: v, IS/

23X,'Cr. cB. B yBue:',IS5/

33X, 'SneMeHTOBR ! vLIS/

43X, 'MaTepuanos: r,I5/

§3X, 'JlenTa: v,I5//

63%, 'HoMep MaTepmana Mogoyar ynpyrocTi')
DO 6 I=1,KMAT

READ(5,5)J,MAT (J)

FORMAT (I5,F10.1)

WRITE (8,7) J,MAT(J)

FORMAT (I10,F23.2)

RETURN

END

SUBROUTINE GRYS (P)

COMMON /UZL/COOR{2000,2)

COMMON /RAZM/KYZO,NS,KELEM,N, LENTA
COMMON/XAR/IE,IT,T(3),F,2I ,NMAT,WZ,6NY
DIMENSION P1(3},6XS(30,3)

DIMENSION MSVOB (6)

DIMENSION P (M)

INTEGER T

Do 1 I=1,N

P(I)=0.

READ(5,2) KYZGR

FORMAT (I5)

DO 5 I=1,KYZGR

READ(5,3) NYZGR, (P1(J),bJ=1,N8)
FORMAT (I5,3F10.2)
J=(NYZGR-1) *NS

DO 4 Il=1,NS

P{(J+I1l)=Pl(Il)

CONTINUE

WRITE (8,6) KYZGR

FORMAT (/3X, 'YaIoB ¢ HarpyBKoi M NepeMeweHmsym: ', I5//

114X, 'KoopOUHATH ',15X, '"BexTop Harpyzkm'/
21X, '¥s=en',8X,'X',9%X,'¥',17X, 'Px',9X, 'Py',9X, 'Mz"')

DO 9 I=1,KYZO

READ (5,7)J, (COOR(J,I1),Il=1,2)

FORMAT (I5,2F10.2)

Il=(J-1) *NS+1

J1=J*NS

WRITE (8,8) J,(COOR(J,I2),I2=1,2),(P(I2),I2=I1,J1)
FORMAT (I4,F12.2,F10.2,F19.2,2F11.2)
CONTINUE

READ (5,2)KELSH

WRITE (8,12) KELSH

FORMAT (/3X,'SneMeHTOB c wapHumpami: ' ,I5)
IF(KELSH)21,21,14

WRITE (8,15)

FORMAT (3X, 'T'paumuHNe ycyceusi: 0 - cesse'/

122¥,'1 - cmoboma B MCK'/
221X,'-1 - cBoGoma B OCK'/
33¥, 'omemeHT' ,2X, 'DXx',2X, 'Dy' ,2X, 'Rz")

DO 20 I=1,KELSH

READ (5, 17) NELEM, {MSVOR({(J) ,J=1, 6}
FORMAT (I5,6I2)

WRITE (8,18) NELEM, (MSVOB{J) ,J=1,3)
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WRITE (8,19) (MSVOB(J) ,J=4,6)
18 FORMAT (I7,17,2I4)
19 FORMAT (I14,2I4)
WRITE(2) {(MSVOB(J) ,J=1,86)
20 CONTINUE
REWIND 2
21 READ(5,31)IVID
31 FORMAT (I5)
WRITE(8,32)IVID
32 FORMAT (/5X, 'Uncno paliamMuHHX ceveHMit ceTepwHest: ', I13/)
WRITE (8, 33)
33 FORMAT (5X, 'TeoMeTpUuecKHMe XapaKTepPHUCTHMKM cedeHui K3'/
13X, 'Ceyenne' ,4X,'F' ,8X,'Iz' , 8%, 'Wz"')
DO 35 I=1,IVID
READ (5,34)I1, (GXS(I,J),J=1,3)
34 FORMAT (1I5,3F10.2)
35 WRITE(8,36)I1, (GXs8(I,J),Jd=1,3)
36 FORMAT(I7,3F10.2)
DO 38 I=1,KELEM
READ(S,37)IE,IT, (T (J),J=1,3) ,NMAT
37 FORMAT (615)
IV=T(3)
F=GXS(IV,1)
ZI=GXS (IV,2)
WZ=GXS (IV, 3)
WRITE(4)IE,IT, (T{(J),J=1,2) ,NMAT,F,ZI, W2
38 CONTINUE
REWIND 4
RETURN
END

4.2.2. ®opmMHpoBaNHe MATPHUBI ) KECTKOCTH KOHCTPYKIHH

[Ipu peanuzauuu anroputMa MKD (opmupoBaHue MaTpulbl KECTKOCTU
KOHCTPYKIINH HEMOCPENCTBEHHO TIO BhIpaxkeHuio (1.4) kpaitne Hex(phexkTHBHO,
TaK KaK MaTpHIa COOTBETCTBHI COCTOWT W3 €OWHHWIl U OOJBIIOTO KOJWYECTBA
HYJICH, YTO NPUBOJMT K HCPALIMOHATILHOMY WCIIOJIb30BAHUIO namsTH IBM.

B nporpaMmmHom komiuiekce [5] He dopmupyercs marpuia KECTKOCTH
xoncTpykunn [K'], a popmupyercs cpasy Matpua KodpHHULUHEHTOB TIPH HEW3-
BECTHbIX CUCTeMbI ypaBHeHuil [K.]. @opMuposanue Matpuilbl [K.] BbIIOIHS-

€TCA C NOMOLUIBK MONOAOZHYECKUX MAMPUHY. MATPHLLBI TUNOB Y3108 [7,] n ¢
MOMOUIBK MaTPUILbl CBsA3M Y3508 [C].

Martpuna tunos ysnos [7,] — OyjaeBa MaTpuLa, YUCIO CTPOK Y KOTOPOi
PABHO YUCTY Y3J10B PACUETHOMH CXEMbl KOHCTPYKUMU, & YUCIO CTOJOLOB PaBHO
MaKCHMallbHOMY YHCHY cTeneHel cBoOonsl y3noB. Ecan pacuéTHas cxema KOH-

CTPYKIIWH TIpeoyCMaTpUBacT HANWYHAE B /-M y3Ilie TIEpEeMEMIEHNs, COOTBETCT-
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BYIOLLETO j-il KOOpAUHATe, 31eMeHT MaTpuubl [7,] ¢;= 1, unaue ¢;,= 0. DnemeH-
Thl MaTpULbl CBA3U y3010B [(] YCTaHABNIMBAKOT COOTBETCTBUE HOMEPOB Y3JI0B B
00LLEH W MECTHOH CHCTEMAax HyMepaUHH.

Tako# moaxoa aaeT BO3ZMOYKHOCTb HCKITFOUNTB U3 CHCTEMBI YPABHEHHIH 3a-
BUCHMbIE YPAaBHEHMS, OMpPEACAIOLINE 3aBUCUMOCTb HArpy3KH U peakiuuii onop,
W MOJIYUHTb CHCTEMY YpaBHEHWH paBHOBECHS, I'leé KaKI0€ YpaBHEHHE Mpea-
CTaBJACT COOOM OAHO M3 YpaBHEHWH PABHOBECHS Kakoro-audo ysja, COOTBET-
CTBYIOLUEE NAHHOMY €0 BO3MOXKHOMY NEPEMELLUCHUIO,

PaccMmoTpeHHbiii noaxoa k (OpMUPOBAHMID MaTpulbl KOID(PULHMEHTOB
CHCTEMbI YPaBHEHHIT MO3BOJAIOT BBINOJHUTE PACUET MPAKTHUECKH MPOH3BOJIb-
HOU KOHCTPYKLUHHW. ANTOPHUTM 3TOro cnocoda >(hPpeKTHBHO UCTIONL3VIOT Onepa-
TUBHYIO namsaTh IBM: B KayK/10M y3J1¢ PACUETHOH CXEMbl KOHCTPYKIIMHM ICHCT-
BUTCILHOC YMCIIO CTENCHEH CBOOO/IbI U B CHCTEME Pa3pClIalOIINX YPABHCHUH
PaBHOBECUS MCKIHOUEHbI 3aBUCUMbIE YPABHEHHUS, COOTBETCTBYHOLUUE YCIOBUAM
KHHEMATUYECKOr0 3aKpemieHus 3aaauun. MckatoueHue ypaBHeHuid odecneunpa-
€TCSI OTCYTCTBUEM MEPEMELLCHUI B y3a1aX ¢ ONOpaMu Npyu GOPMUPOBAHUU MaT-
puusl THIIOB Y3108 [7,]. HemoctaTkoM 3TOr0 crocoba aBiseTcs CyLUeCTBEHHASA
CJIO’KHOCTD TIOATOTOBKH MCXOJHBIX JaHHBIX A8 00pa3oBaHWs MaTpPHIBl THTIA
V3JIOB U MATpULlbl CBA3U y3J10B. KpomMe Hymepauuu y3JioB pacu&rHON CXEMbl
KOHCTPYKLMK HECOOXOAMMO ONPESACATh YUCIO CTCINEHEH CBOOO/IbI KAMI0I0 y3-
Ja pacy€THOM CXeMbl KOHCTPYKLMHU {MaTprLa TUIA Y310B).

Kputepuem BbiOopa GopMbl U METOAQ OMMCAHMS KOHCTPYKLMU ABJSKOTCA
MUHUMYM UCXOAHOH MH(pOPMALUKU U NPOCTOTA €€ NoAroToBku. 1lpu dopmupo-
BaHWYW MaTPHUIIBI HKECTKOCTH KOHCTPYKIIMH MOYKHO MCTIONB30BATL TOMOJNOTHYE-
CKYIO MaTPHITY WHIEKCOB [T, v KoTopoii uncno cTondios pasHo uncny KD 3a-
Ja4U, @ YUCJIO CTPOK PABHO 4MCy y3Ji0B K3 [3]. DaeMEHThI MaTpuilbl HHACK-
COB npeacrapistoT co0oi Homepa y3i0B K3 pacuérnoii cxembl. Tloaroroka
MCXOAHbIX OaHHbIX U (OPMUPOBAHUE TaKOH MaTpHllbl MHAEKCOB Haubonee
npocTo.

[ pustep noonpoeparmol

¢ $OPMUPOCBAHUE MOJYNEHTH MATPULE XECTKOCTU KOHCTPYKLIMU
SUBROUTINE SUMMA (FMGP)
COMMON/RAZM/KYZO, N8 ,KELEM, N, LENTA
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COMMOM/MG/FMG (6, 6) ,FMGO (6, 6) ,MAT (20)
COMMON/XAR/TIE,IT,T(3) ,F,2I ,NMAT,WZ,NY
DIMENSION FMGP (N,LENTA)

INTEGER T

REAL MAT

KFERM=0
KSTR=0
LLENTA=1
DO 1 I=1,N
DO 1 J=1,LENTA
1 FMGP(I,J)=0.
WRITE (8,2)
2 FORMAT(/1X, 'Ssnement Tun MaTpuua magexcos', 6X,
1'F',9%,'Jz',5X, '"NMAT')
DO 10 K=1,KELEM
READ (4} IE,IT, (T{J),J=1,2) ,NMAT,F,Z2I, W2
GO TO(101,102,102) ,IT
101 CALL MGSTF
KFERM=KFERM+1
GOTO 4
102 CALL MGSTR
KSTR=KSTR+1
4 DO 9 1L=1,NY
ITI=T(L)
Kl=(II-1) *NS
DO 8 M=1,NS
K1=K1+1
K2=(L-1) *NS+M
DO 7 LL=1,NY
K3={(T(LL) -1) *NS
DO 6 MM=1,Ns
Kd={LL-1) *NS+MM
K5=K3+MM+1-K1
IF(K5)6,6,5
5 FMGP (K1,K5)=FMGP (K1,K5)+FMGO (K2 ,K4)
IF (LLENTA-K5)200,6,6
200 LLENTA=Kb5
€& CONTINUE
7 CONTINUE
8 CONTINUE
¢ CONTINUE
10 CONTINUE
WRITE (8,12) LLENTA,KFERM,KSTR
12 FORMAT (/3X, 'IPOBEPKA',/

13X, 'NlenTa MXEK: r,I5,/
23X, 'K9 depmu: ',I5,/
33X, 'Banounux K2: r,I5)
RETURN

END

4.2.3. ' paHuyHbI¢ YC10BUSA

['pannunsbie yeyoBus B MKD aBTOMATHYECKH YUHTHIBAIOTCH BEKTOPOM Y3-

noBoli Harpysku {P°}. B ToM ciy4ae, KOTAa IpaHula CBOOOIHA, SJIEMEHTHI
BEKTOPOM HArpys3KH, COOTBETCTBYIOIIHE PACHONOXKEHHBIM HAa TPaHHLE Y3/aM,

PABHBI HYJIIO.
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Kak oTMeuanoch, a5 BO3MOKHOCTH PEILISHHS CHCTeMBbl ypaBHEHWH (1.5)
HEOOX0AMMO B MATPHULIE KECTKOCTH KOHCTPYKLIMM [K "] UCKIIFOUUThL 3aBUCUMbIE
VPABHEHUS COOTBETCTBYHOLUME YCJIOBUAM KMHEMATUYECKOrO 3aKpPEeIIEHHS 3a-
a4y, T. €. ONopaM, U MOJYUUTb, TEM CaMbIM, MATPULY KOIPPHLHUEHTOB CUCTE-

Mbl ypaBHEH Ui paBHOBecHs [K)].

OnHaxo enareyibHo, 4TOObl MOPAJAOK MATPHLLbl KECTKOCTH KOHCTPYKLIMH
[K"] 6617 paBeH nopsaaky MaTpruubl KOX(PPHLMEHTOB CHCTEMBI ypaBHeHui [K. ],
T. €. HUKAKHe CTPOKH W CTOAOLLI MaTpuUbl KECTKOCTH [K°] He HoMKHBI HC-
KIHOUATLCS MpH Mpeodpa3zoBaHun €& B MaTpuly KOIMQPHULUMEHTOB CHCTEMbI
ypaBHeHuil [K)]. Jna npeoOpa3oBaHua MATPULbl HKECTKOCTH KOHCTPYKUMU B

MaTpuly KO3(h(PULMEHTOB CHUCTEMbl YPABHEHUHM pPaBHOBECUS MNPUMEHSIKOTCS
cnocoObl, aHANOTHYHbIE NPEOOPA30BAHUAM MPU PELUCHUM 3a0a4u, A1 KOTOPOH
3amansl TiepeMeienus [3]. HampuMep, 1pu W3BECTHOM TIEepPEMEIIEHHH, TTOI0-

KUM 7' = o, DIEMEHTBI NEPBO CTPOKM M NEPBOro CToNdua MaTpuibl [K']

MECTKOCTH KOHCTPYKIMH CTAHOBATCS HYJIEBBIMM, & YJIEMEHT INIABHOH JMaroHa-

JW — ¢AuHUYHBIM, TTpr 3TOM 3JIEMEHTHI MOJIM(ULIMPOBAHHOIQ BEKTOPaA-CTONI01A

{ P ”} Harpy3Ku CTAaHOBSITCS PaBHbIMU

P'=pP' K -« i=2,3,....n
[Tpy kMHEMaTHYECKOM 3aKpETNEHNH (MyCTh Z,' = 0) HeoOX0ANMO U3MEHHTD
MaTpUIly AECTKOCTH ONUCAHHBIM BbILIE CHOCOOOM. JIEMEHThl BEKTOpPA Ha-
'PY3KH OCTAKOTCS HEU3MEHHbIMU, Kpome £’ =0,

[1py BTOpPOM TIPHOIMKEHHOM, HO TOCTATOUHO TOYHOM, CITOCOOE BLITIOJHA-

CTCH YMHOIKCHUE COOTBETCTBYHOLICIO 3JICMEHTA IJIABHOM JIMArOHAJIM MATPULLb
8 “

[K"] Ha Gonbluoe uucio, Hanpumep 10° nepen Moaudukauueil COOTBETCTBYIO-

LICro 3JICMCHTA BCKTOPA HAalrpPy3KH. ﬂpn ZIO . 6y,tleT
Ki=K, 10, P°=K, -10"«a,
Ef? = Kg;f ! (KDOMe /= j = l)’
P'=P (anai=l).
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Takue noaxoabl MO3BONAIOT, HE UIMEHAS NOPSAOK MATPUULL KECTKOCTU
KOHCTPYKL MU, PEaIM30BaTh YCIOBUS 3aKpPEIIEHUs 3a04a4d U BBIMOJHATL pacué-
Thl HE TOJIBKO MPHW 33/[@HHOI HArpy3Ke, HO W (MJIM) NPH 38JTaHHBIX NIEPEMEINE-
HUSX.

3anaHHas KECTKOCTb (MOAATIUBbIE OMOPbI, KECTKOCTL Y3J10BbIX COCAUHE-
HUI) YUUTHIBAKOTCA NYTEM UX CYMMMPOBAHHA € COOTBETCTBYHKOILIMMU IJIEMEH-
TaMU MAaTPULBL KECTKOCTU KOHCTPYKLUMH, PACIIONOKEHHBIMU Ha [VIABHOHW nua-
TOHAJIH.

[ prnepor noonpozparim

o $OPMUPOBAHUE CUCTEME! YPABHEHWMH PABHOBECHS
SUBROUTINE FMKO (FMGP)
COMMON /RAZM/ KYZO,N8,KELEM,N,LENTA
DIMENSION ISS(3)
DIMENSION FMGP (N,LENTA)

READ(5,1) NG

1 FORMAT (I5)
WRITE (8,2) NG

2 FORMAT (/3X,'¥sace ¢ BexpemaeHusMm: ' ,I5)
WRITE (8,3)

3 FORMAT (3X, 'YcnoBusa Saxpennemmi: 0 - cease'/
124¥X,'1l - cBoBoma'/

23X, '¥sen',5X, 'Dx',3X,'Dy’',3X, 'Rz")
DO 10 Il=1,NG
READ (5,4)K1, (ISS(I),I=1,N8)

4 FORMAT(I5,3I2)
WRITE (8,5) K1, (ISS(I},I=1,6NS)

5 FORMAT (I6,I8,2I5)
DO 9 J=1,NS
IF{(ISS(J))9,6,9

6 K2=(K1-1) *NS+J

FMGP (K2,1)=1.

DO 8 J1=2,LENTA

FMGP (K2 ,J1)=0.

K3=K2+1-J1

IF(K3)8,8,7

FMGP (K3 ,J1)=0.

CONTINUE

CONTINUE

CONTINUE

RETURN

END

L= Yol e oI |

¢ PEAMMBALMS SAJAHHEX Y3JIOBEX NEPEMEWNEHUN
SUBROUTINE ZPER (FMGP,P)
COMMON/RAZM/KYZC, NS, KELEM, N, LENTA
DIMENSION FMGP (N,LENTA) , P (N)

READ (5, 1) KPER

1 FORMAT (14I5)
WRITE (8,2) KPER

2 FORMAT (/3X,'SBagaHHHX nepeMemenuii: ' ,I5)
IF{KPER)7,7,3

3 WRITE (8,4)
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4 FORMAT (3X, 'Veen CT. CB. 2aHgaHHOT'C IepeMelleHMSA')
DO & J=1,KPER
READ (5,1)NYZ, IPER
WRITE (8,5) NYZ,IPER
5 FORMAT(I&6,I20)
I=IPER+ (NYZ-1) *NS§
FMGP (I,1)=FMGP(I,1)*1.E8
P(I)=FMGP (I, 1) *P(I)
CONTINUE
7 RETURN
END

[}

c PEANMBALMSI CBASEN ¢ BANAHHOM XECTKOCTBW
SUBROUTINE PODAT (FMGP)
COMMON /RAZM/KYZO,NS,KELEM,N, LENTA
DIMENSION EMGP (N,LENTA)

READ (5,1) KPOD
1 FORMAT (10I5)
WRITE (8,2) KPOD
2 PORMAT (/3X,'Ceasell ¢ SafaHHOMR XE&CTKOCTLW: ',I5)
IF (KPOD) 8,8,3
3 WRITE (8,4)
4 FORMAT (3X,'¥sen CEARL KecrrocTr ')
DO 7 J=1,KPOD
READ (5,5) NYZ,NSV,GST
5 FORMAT (2I5,F10.2)
WRITE (8,6) NYZ,NSV,GST
€ FORMAT (I6,I8,F15.2)
I=(NYZ-1) *NS+NSV
FMGP (I,1)=FMGP(I,1)+GST
CONTINUE
8 CONTINUE
RETURN
END

~l1

4.2.4. Pemenne pazperuamomeil cHcTeMbl ypaBHeHHI

BcrenctBue CHMMETPHHM MaTPHIIBI U €€ NTEHTOYHOH CTPYKTYPHI TIPH pelle-
HWW JTAHEHHOH CUCTEMBI YPABHEHWH MOMKHO COKOHOMHTB NaMATh. [laMaTh JKo-
HOMUTCS Onaroaaps TOMy, YTO TOJbKO HEHYJIEBYH) HaCTh MaTPHLbl TpeOyeTCs
XpaHuTh B DBM. DTa yacTh JEHTOUHOH MaTpHLbl pacrojaracTci B MamsTH B
BUJE MpPAMOYrojibHOTO MaccuBa. CTpykTypa Marpuubl (puc. 4.6, a) sBNgeTCS
CJEACTBUEM PETYJIAPHOM HYMEPALMH Y3/10B PACUETHONH CXEMbI KOHCTPY KLMH.

[TosloBMHA LUMPUHBI JE€HTbl MATPULbl, ¢ YUETOM 3JIEMEHTOR IJIABHOH Aua-
TOHAIH, KaK OTMEYAIOCh, MOKET ObITh BEIYHCIICHA MO (hopmyTie:

LENTA = (R+1)NS,

rae R — HanGosbilas pa3HOCTb HOMEPOB y370B K3,

NS — unciao creneneii cBoOO/bI y3J1a.
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a 0 B
LENTA LENTA LENTA

7
2

LENTA+NS

DN

IBYF

IBYF

Puc. 4.6. K ucnons3oBanuro namaty 2BM npu peLieHun ypaBHEHUI:
a — CTPYKTYpa MaTpuLbl KO3 ()ULUUEHTOB; O — pazMelleHKe BCeii
MaTpULbl B 00beMe naMaTu /BYF; B — 6104HOE Pa3sMELICHUE MATPULbL

O0vem onepatuBHod namsatu /BYF (puc. 4.6, 0), HeoOXOaUMBIH 1N pas-
MELIEHUs BCcei marpuubl KOI(P(OUUMEHTOB CUCTEMbl YpaBHEHUH (N — uucio
YPAaBHEHUIA ), MOKHO ONpPEAeauTh No Gopmyae:

IBYF = N-LENTA.

JIg petieHns MeToO0oM UCKIMoYeHNs ['aycca OOMBITNX CHCTEM YPaBHEHHH,
KOTOPbIC HE MOIYyT ObIThb pasMEUICHbl B ONCpaTuBHOM namstn 3BM
(puc. 4.6, B), AIrOPUTM BbIYMCIICHUI MOXKET ObITh PCAJIM30BAH CJIC/LYHOLLIMM
o0pazom.

[lpenBapuTenbHO MaTpuua KO3PULUUMEHTOB CUCTEMbI YPABHEHUH 3aMUCHI-
BAETCA MPAMbIM JOCTYNOM BO BHELIHIOK NMaMATb MO YPAaBHEHHUAM Y3J0B pac-
YETHOM CXEMBI, T. €. JJIHHA KAKA0H 3annuch OyAeT paBHA MPOU3BEACHHUI)

NS-LENTA,

UTO, Kak oTMeuanoch, 3pdexkTuBHO npu NS=const, T. €. NpU KCNOJbL30BAHUU
npouenypbl MoaHpUKaun MaTpul xkéctkoctn K3, 3aTeM M3 BHEWIHEH namsaTy
CUMTHIBAKOTCA B ONEPATUBHYK NaMATb ko3(pduuueHTbl nepBbix NS+LENTA
YPaBHEHU, U KOIPPUUMEHTHI YpaBHEHHI NEpBOro ysna (nepebie NS ypaBHe-
HUil) UCNONBL3YKTCA 1a4 0OpeoOpa3oBaHus  KOI(P(UUUEHTOB OCTajbHbIX
NS LENTA ypaBHeHWH OOBIYHBIM CMOCOOOM, T. €. WCMOJNBb30BAHUEM MOAMNPO-
rpammbl SOLVE [3].
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Jlasnee ko3P PUUMCHTBI YPABHCHHI NECPBOTO y3j1a NEPeChlIaTes 00paTHO
BO BHCUIHKOW NaMATh, @ HA WX MECTO MEPEChLIAOTCs (C/IBUIAOTCS BBEPX) KO-
3(hULMEHTHl YPAaBHEHUH, KOTOPbIE OCTANUCh B ONEpaTUBHON mamaTtu. Ha me-
CTO, OCBOOOAMBUIEECS CHU3Y, CUUTLIBAIOTCA U3 BHELIHEH namMaTh Ko3(phuuueH-
TBI cneayiomnx NS ypasuenuii. Tak kak ko>phULHEHTH ypaBHEeHH (BTOpbIE
NS ypaBuenwii) BTOPOTO y371a W BCEX OCTANBHBIX YPaBHEHWH, Haa KOTOPLIMH
HEOOXOAMMO BhINOJIHUTh CJICAYOWMEA ar npeodpa3oBaHUMi, HAXOASTCH B OI¢C-
PATUBHOW NAMATH, MPOLECC BLIMUCICHWH MOBTOPSAETC.

Takum o0pazom, Npu NPIMOM XOJE UCKIIKOUCHUS KOAPPULIMEHThI YPABHE-
HUH Y3JI0B MEPECHIIAIOTCA U3 BHELIHEN NaMsaTW B ONEPATUBHYH) U 0OPAaTHO No
0oaHOMY pazy. Ilpu obpaTHOM Xonae nepecbiika KOIPPULMEHTOB B ONEpaTHB-
HYIO TAaMATE OCYIIECTRIAETCA B 0OpATHOM TTOPSIIKE.

B npuBenennomM anropuTMe pelienns ypaBHenwit fonee BaKHOH Kodude-
CTBEHHOH XapakTepuCTUKON aBnsieTcs LENTA — muMpuHa noJyaeHTbl MATPHILbI
KOPhHULMCHTOB ypaBHeHWH. Tpelyemblii 00beM ONCPATHBHOM NaMATH BbIYKC-
Jasercs no popmyie:

IBYF = (LENTA+NS) LENTA.

IIpu NS=I npouecc nepechbUlKd YPaBHEHWIA W3 BHELLHEH naMaTu B onepa-
TUBHYIO W 00paTHO OVAET BLITIOMHATLCS ¢ KaKALIM YPaBHEHUEM, W TpeOyeMmblit
00beM paboueit mamMsaT OyaeT MeHbIIe:

IBYF = LENTA®,

C noMolIb 3TOTO METOAA MOKHO PELIMTh MPAKTHYECKH HEOTPaHHUYEHHOE
YUCJIO JINHEHHBIX anredpanuyeckux ypaBHEHHWI NMPH YCIOBMM KOHEYHOCTH Mak-
CUMAJIbHOH LUWPHHDI JIEHTSI.

B oTaMuMe OT pacCMOTPEHHOIO alropuTMa MOAYJb PELUCHMS YPABHEHMH
HUCMOJIB3YET BCIO OMEPATHBHYK NMaMATh IBM, BBIIECICHHYIO A1 MATPUUBI KO-
3(p(PUUHCHTOB MPH HEU3BECTHBIX, T. €. HCKJIOUEHHWE YPABHEHUH MOYKET BBITION-
HATHCA Kak MO y3jaM Npu MUHUMAJbHOM OObEME ONEPATHBHOH MaMATH, Tak U
onokamu IBYF, ecin

IBYF > (LENTA+NS) LENTA.
OueBuaHo, yem Oouiblle onepaTHBHAsA NaMsaTh UCNOJb3YeMOi DBM, Tem

MEHBLIE BpEMSl PELLEHMS 3a]a4H.
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Pa3paboTaHHbli MOAYAb PELIEHMS CUCTEMbl JMHEHHBIX anreOpanyvecKux
ypaBHEHUH [9], peanusyrolMii paCCMOTPEHHbIA aJIFOPUTM, COCTOUT U3 YIIpPaB-
Jstoen nporpaMmel SOLW 1 clieIyIomnX MoAmporpaMm:

SOL1 — peamuzyeT npamoii xoxa [Naycca;

SOL.2 — peanuzyer o0parHbli X0/,

WRDA — BbINOJHACT 3aN1MCh YPABHEHUH M0 Y3J1aM BO BHEUIHIOH NAMATH B
(halin npsAMOro AOCTyMaA;

RDDA — cuMTBIBa€T YPAaBHEHUA U3 BHELUHEH AMATH B OMEPAaTUBHYIO,

MOVS — u3MeHseT HHIEKCH B YPABHEHHUAX MPU WX MEPECTaHOBKE.

[Ipunmiepsr noonpozpavis

SUBROUTINE SOLW(LENTA,NS,FMGP,ISTR,ISTL,P,N)
DIMENSION FMGP (ISTR,ISTL),P (N)

KB=ISTR/NS
KS=KB*NS
KY=KS
KB2=LENTA/NS+1
KB1=KB-KB2
KY1=KB1*NS
KY2=KB2*NS
NR=1
KR=KB
NF=1
NW=1
KW=KB1
I1=1
I2=K¥1
IT=0
1 CALL RDDA(NR,KR,NF,NS,FMGP,ISTR,ISTL)
NR=NR+KR
CALL SOL1(Il1l,I2,lenta,FMGP,ISTR,ISTL,P,N)
IF(IT)2,2,5
2 CALL WRDA(NW,KW,1,N%,FMGP,ISTR,ISTL)
NW=NW+KW
CALL MOVS (KY1,KY2,LENTA,FMGP,ISTR,ISTL)
NF=K¥2+1
KY=KY+KY1
I1=I2+1
IF(KY-N)3,4,4
3 KR=KBl
I2=I1+K¥1-1
GO TO 1
4 IT=1
I2=N
KR= (N+1-I1-K¥2) /NS
GO TO 1
5 IT=0
6 CALL SOLZ2(I1l,I2,LENTA,FMGP,ISTR,ISTL,P,N)
IF({IT)7,7,11
7 I2=I1-1
IF(Ks-I2)8,10,10
g8 I1=I2-KS+1
9 NR=(I1-1)/NS+1
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10

11

[}

20
30

KR=(I2-I1+1) /NS

CALL RDDA({NR,KR,1,N3,FMGP,ISTR,ISTL)
GO TO 6

IT=1

Il=1

GO TO 9

RETURN

END

SUBROUTINE RDDA (NN ,KZ,NF,NS,FMGP,ISTR,ISTL)
DIMENSION FMGP (ISTR,ISTL)

NW=NN

N1=NF

DO 1 K=1,KZ

N2=N1+NS-1

READ (11, rec=NW) ( (FMGP (I ,J) ,I=N1,N2),J=1,ISTL)
N1=N2+1

NW=NW+1

RETURN

END

SUBROUTINE WRDA (NN,KZ,NF,NS,FMGP,ISTR,ISTL)
DIMENSION FMGP(ISTR,ISTL)

NW=NN

N1=NF

DO 1 K=1,KZ

N2=N1+NS-1

WRITE (11, rec=NW) ( (FMGP (I,J) ,I=N1,N2) ,J=1,ISTL)
N1=N2+1

NW=NW+1

RETURN

END

SUBROUTINE MOVS (N1,N2,LENTA,FMGP,ISTR,ISTL)
DIMENSION FMGP (ISTR,ISTL)
K1=N1+1

K2=N1+N2

M=1

DO 2 I=K1,K2

DO 1 J=1,LENTA

FMGP (M, J) =FMGP (I,J)

CONTINUE

M=M+1

RETURN

END

SUBROUTINE SOL1(N1,N2,LENTA,FMGP,ISTR,ISTL,P,N)
DIMENSICN FMGP (ISTR,ISTL),P (N)
II=N2-N1+1

DO 30 I=1,II
IF(FMGP(I,1))30,20,30

FMGP (I,1)=1.*1E7

CONTINUE

DO 5 N3=N1,N2

II=N3-N1+1

I=II

DO 4 L=2,LENTA

I=I+1

IF(FMGP(II,L))1,4,1
C=FMGP(II,L)/FMGP(II,1)

J=0

DO 3 K=L,LENTA

J=J+1

IF (FMGP(II,K))2,3,2
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2 FMGE(I,J)=FMGP(I,J)-C*FMGP(II,K)
3 CONTINUE
FMGP (II,L)=C
JI=I+N1-1
P (JJ) =P (JJ) -C*P (N3)
4 CONTINUE
5 P(N3)=P(N3)/FMGP(II,1)
RETURN
END

SUBROUTINE SOL2 (N1,N2,LENTA,FMGP,ISTR,ISTL,P,N)
DIMENSION FMGP (ISTR,ISTL},P (N)
N3=N2-N1+1
IF(N2-N)1,2,2
N3=N3+1
CONTINUE
3 N3=N3-1
IF(N3)7,7,4
4 L=N3+N1-1
DO 6 K=2,LENTA
L=L+1
IF (FMGP (N3,K)})5,6,5
5 JJ=N3+N1-1
P (JJ) =P (JJ) -FMGP (N3 ,K) *P (L)
6 CONTINUE
GO TO 3
7 RETURN
END

[\

4.2.5. PesyabTarsl pacuéra

PelleHUE YPABHEHUI PABHOBECHS OLPEACISET BEKTOP {Z° ) y3J0BbIX I1E-
PEMELICHUA KOHCTPYKIIMU B O0LICH CUCTEME KOOP/IMHAT, KOTOPbIA BbIBOAUTCH
na nevats. Bektop {Z°} pacnpenensercsa no KD. Cornacrio Boipaxenwio (1.7)
BBEIUHUCITAIOTCS BEKTOpa {S,} BHYTPEHHUX y3710BbIX ¢ KD B MecTHO# crHcTeme
KOOP/IMHAT W BbIBOJATCA HA [ICYATH,

BbluuciaeHue HopMmaibHbiX HanpskeHuid [13] B y3nax K Boinoansercs B
COOTBCTCTBUU C IPUHATHIMUA [OJIOKUTCIbHBIMU HANPABICHUAMU Y3J10BbIX CHII
B IporpaMmax, peanuzyomux MKD.

Hopmanbible nanpsyxkenus B Havyaie n konue KD ¢gepmsl (nadamo — mep-
BBIF HOMED Y314 B MATPULIE UHIEKCOB, KOHELl — BTOPOH HOMED Y3J14) BLIUYHCIIH-
T0TCA 110 hopMyJie

H.K

_N
O, =F—.
F

Bepxuuil 3Hak B Qopmyae oTHocHTCs K Haualy K3 (pepmbl, a HUKHMIA
3HAK — K KOHILY.
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Ha puc. 47 npuBCACHBI HOMCPA TOUCK B Y3JIOBBIX CCUCHUAX HAvyala u

KOHIA K3, B KOTOPBIX BBIYUCIISIKOTCA HOPMAJIBHBIC HAITPSIKCHHS.

5, &

z

Puc. 4.7. K BMUCIICHHIO HANPSKEHUH B ceueHmax K3

HopMmaJibHBIC HATIPSIKCHUS B TOYKAX CCUCHMM Hadaya m koHua K3, pado-
TAIOLLErO HA PACTAKEHUE-CIKATUE U U3TU0, BBIYUCIAIOTCA 10 GopMynam

_N M
0,3 =0,, =+—F*—,
oW
G,, =0 ——T—E—T-—M“'
43 3.7 5 W

BepxHuii 3HaK B POPMYJIax OTHOCUTCS K TOUKAM CCYCHMUA HAYANA CTCPHKHS
(1-4), a HWKHKIA 3HAK — K TOUKam (5-8).

HopmanbHble Hanps>KeHHs B ToUKaxX cedeHHi Hadama W koHua K3, pabo-
TAIOLLEro HA U3rM0 M KPyUYeHHKE, BRIUUCIAIOTCS O opMyJIaM

<

Q
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[pumepsr noonpocpamm

¢ BEIUMCAEHME BEKTOPA BHYTPEHHUX CUIOBEIX $AKTOPOB M HAMPSKEHMI
SUBROUTINE VSFST(P)
COMMON /ORT/ CL(3,3),FT(6,6),X,¥,DL
COMMON/MG/FMG (6,6} ,FMGO{6,6) ,MAT (20)
COMMON/XAR/IE,IT,T(3),F,2I ,NMAT,W2 NY
COMMON /RAZM/ KYZO,N&,KELEM,N,LENTA
DIMENSION P{N)
DIMENSION PO (6),FO(6)
REAL MAT
INTEGER T

REWIND 3
WRITE (8,1)

1 FORMAT (/7X, 'BHyTpeHHMEe CUJIOBHe ¢dakTopu '/
13X, 'SmemenT', 3X, 'MaTpMua MHOekcoBR' ,4X,
2'Nx',10X, 'Qy',10X, 'Mz',10X, 'G')

DO 5 I=1,KELEM
READ (3) IE, T,NY ,NSM, FMGO, FT, F, WZ
NE=NSM+1
NSEM=NY *NSM
NSEO=NY*NS
DO 2 J=1,NY
Kl=(T{J)-1) *NS
DO 2 K=1,NS
Il=(J-1) *NS+K
Kl1=K1l+1
2 PO(I1)=P{(K1}/1.E5
CALL MPRD (FMGO,PO,FO,NSEO,NSE0,1,6,6,6,1,6,
CALL MPRD (FT, FO,PO,NSEM,NSEO,1,6,6,6,1,6,1)
GN=-PO (1) /F
GK=PO (4) /F
IF(WZ)11,11,10
10 GN=GN+PO(3) /WZ
GK=GK-PO(6) /WZ
11 WRITE (8,3) IE,T(l),{(PO{(J),6J=1,NSM),GN

3 FORMAT(I7,I14,F15.2,3F12.2)

WRITE (8,4) T(2), (PO(J),6J=NK,NSEM) ,GK

4 FORMAT(I21,F15.2,3F12.2)

5 CONTINUE

RETURN
END

4.2.6. OMUOKH OKpYIJieHus BbLIYTHCIeHHi

Kak ormeuanoch, marpuia K03QQUIUUMECHTOB CUCTEMbI YPABHEHUH JICHTOU-
Has, MOJIOKUTENBHO OMpEeAeNEéHHas, CUMMETpUYHad. JluaroHanbHble KO>(PQu-
LIUEHTHl MaTpUUbl MpeoONafaloT Mo 3HAYEHHIO Hal MOOOYHBIMH, M IOITOMY
TIPH PEUIEHUH CHCTEMBI YPABHEHWH HET HEOOXOJMMOCTH B BHIOOPE TJIABHOTO
ICMEHTA, T. €. B NPOLICCCE UCKITIOUCHUS TIPH JICJICHUH HA YJICMCHTHI, Pacliofio-
JKCHHBIC HA TJIABHOW JMArOHAIN, 3JICMCHTHI 00pa3yemoil Marpuilbl OyayT HE

CJHIIKOM BCJIMKH, YTO YMCHbLIIACT oLIMOKH OKPYTJIICHHI BbIUMCICHUH.
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[Ipu peueHuu 3a7ayu BO3HMKAKT OWKMOKHU B pe3ysbrarax pacuéra. Bo-
NEPBbIX, OLIMOKKM BO3HUKAKT NPU AUMCKPETU3ALUU KOHCTPYKUUU (OKpPYIJICHUS
WUCXOIHBIX JaHHBIX), a TAKKE BCIACACTBHE OKPYTIICHUI B X0€ CaMOro Impouecca
BBIUMCIEHUH [5].

OummbKa OKPYTIICHHS BBIYUCIICHWH BO3PACTACT ¢ YBEJIMUECHHEM yuca KD B
MOJICIM  KOHCTPYKIIMU. BO-NEpBbIX, 3TO NPHBOAUT K BO3PACTAHWKD YHCIA
apu(METUUYSCKUX ONEPALMIA, TaK KaK YBEIUYHUBACTCS YUCI0 YPABHEHUH CUCTE-
Mbl U, BO-BTOPbIX, 0 AeOpMallik B BEKTOpPE Y3J10BbIX nepemelleHuii K9
YMEHbIIAETCS, B CPABHEHUU C A0JIEA NEPEMELLICHUA IEMEHTA KaK TBEPAOro Te-
aa.

[Ipu TOYHOM pEIIEHHH TOJHON CHCTEMBI YPABHEHHH YKUCIIO ONEpaLi yM-
HOMCHUS PaBHO #'/3, THE 7 — YACTO ypaBHEHWH cucTeMmbl. JIIf JEHTOHILIX
MaTPHL YHUCJIO HEU3BECTHBIX B KAXKIOM YPABHEHHWHW MAJIO U PELICHUE CHCTEMBI
ypasHeHuit tpedyer #° - (LENTA —1) yMHOXCHMI.

JIns noayyeHUs PeLCHUs CUCTEMbl YPABHCHUN € TOUHOCTBIO /10 £ J1ECH-

THYHbIX 3HAKOB IIPH UCI10J1b30BAHHUK MCTOJA MCKJIIKOYCHHUA r aycca H€06XO,HI/1MO

3JEMEHTBI MATPHLbl KO3(POULUEHTOB IPH HEU3BECTHBIX [K.] M 3JIEMEHTbI BEK-

TOpa y310Boi Harpy3ku { P’} 3amaBaTh ¢ TOYHOCTBIO 10 £ + 7 TECATHYHBIX 3Ha-
KOB, T7IE
r=lIlgn

To4HOCTE BRIMUCICHUI MOYKHO TIOBBICHTH, €CITH MOJCTABUTE TOJYHCHHBIC
3HAYECHHS KOPHEH CUCTEMbI YPABHEHHUHN B MEPBOHAYAIBHYKY CUCTEMY YPaBHE-
HUH M BBIYUCIIUTDL HEBA3KY, 4, 3aTEM, UCNIOJIb3YS 3TY HEBA3KY B KQUECTBE HOBbIX
npaBbiX 4acTei, oNATb PEUIMTh CUCTEMY YpaBHeHUH. CymMMa 3TUX ABYX pellle-
HUHA AAaCT VYTOYHEHHOE pellleHHe. OIHAKO Yallle HEBA3KH HMCIOJB3YIOTCS M4
OLICHKH OLIMOOK OKPYIJIEHHS BBIYHCICHHIA.

Tounocts BuUMCIeHUH Ha IBM MOKHO TIOBBICHTL U B TOM CIIy4ae, €CJIH
pelraTh CUCTEMY Pa3peUIaoUIuX JJUHEHHBIX anrcOpanvyecKue ypaBHCHHUS DaB-
HoBecust MK3 ¢ aBoiiHOH TouHOCTHIO. B 3aBucuMocth ot Tuna BM 310 coot-
BETCTBYET NPEACTABACHUIO YMCEJ ¢ UMCIIOM 3HAYaIUX ASCATUUYHbIX Ludp. s

9BM tuna I1BM PC-coBmectumbiii 11K KonuuecTBO 3HAYALMX JECATHUUYHbIX
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HUU(P MAHTUCChI OOBIYHON TOUHOCTH, KaK NPaBUJIO, CEMb, a JIBOMHOW — OJMH-
HaJLATb.

JBOHHYIO TOUHOCTD KENATENLHO UCMOb30BATh TOJbKO MIPU PELLEHUH CUC-
TEMbl YpaBHEHUN paBHOoBecUs. Ho B 3TOM Ciyyae YBENUUMBAKOTCA UCMOJIb3YE-
MBI 00beM oTIepaTHBHOI MaMATH W BpeMst pellieHus.

B makere mpuknagnoix nporpamm Ha doprpane [7], BLIMTOIHAIOUIUX OTe-
pauun Haj Marpunamu, uMeercs nojanporpaMmMa CONVT, npeaHasHaucHHas
JUIs Tpeo0pa3oBaHus JIEMEHTOB MaTPHUILbl U3 00bIYHOH TOYHOCTHU B JIBOHHYHO
WJIM U3 JIBOHHOH TOYHOCTH B 0ObIMHYIO. B 3T0i noanporpaMme o/iHa MaTpuna
COAEPKUT ANEMEHTHI B (hopMe uucen oObluHON TOUHOCTH, a Apyrad — B (opme
YUCEN ABOHHON TOYHOCTH, YTO KpalHE HEepaLMOHANbLHO AN ONEPATUBHON na-
MaTH DOBM: paGounii mMaccHB onepaTHBHOW MaMsSTH N8 PEUIEHUS CHUCTEMBI
YPaBHEHHWH YBEJIUYHBACTCA B TPH pasa.

ITpennaraercsa Gonee 3phexkTHBHBIA anroputm npeobpazoBaHus Ko3(Pu-
LIMEHTOB CUCTEMbI YPAaBHEHUH U3 O0bIYHOH TOUYHOCTH B JIBOHHYIO, TIPH KOTOPOM
00e mMaTpuLbl KO3(pMUUHUESHTOB ¢ O0ObIYHOH U ABOHHOH TOYHOCTHIO COBMAAAIOT.
[IpeoOpa3oBaHue BBLIMOJHAETCA ¢ UCMONL30BAHMEM BHELUHEH namath DBM u
3aK/HUAETCS B CIEAYIOLIEM.

[Tycts MaTtpruioa kKOA(PPHULHEHTOB CHCTEMbI JTMHEHHBIX YpaBHEeHHUH cdop-
MHPOBaHa C OOBIYHOW TOYHOCTBHIO (KWKIOMY JJIEMEHTY MATPHUBI OTBEASHO
4 QaiiTa) U 3amMcaHa BO BHELIHIOW namMmaTh B ¢aia npsmoro aocryna NF no
VPABHEHHAM Y3JIOB, T. €. YHUCJIO 3anucei paBHo KNY — ydCny y3J10B pacuéTHOM
CXEMbl KOHCTPYKLIMH, a AJTMHA oJHOH 3anucu paBHa NS'LENTA. Ilpeobpazosa-
HUE MaTpHUbl KOIDPUUMEHTOB CUCTEMbl YPaBHEHUH M3 0ObIUHOH TOUHOCTH B
ABOHHYIO BbINOHAET noanporpamma DFORM, B KOTOpoii Kaxkaas 3anuchb BO
BHewHel mamatn muHolt NS-LENTA npeobpa3yeTcs B ABe 3aMUCH, Kaxkaas W3
KOTOPBIX TOKE OAUHOH NS LENTA, HO KaKaoMy >JIeMeHTY MaTPHULI OTBOOUT-
cs no 8 Gaiir.

ITpouecc npeodpaszoBanust B noanporpamme DFORM BeinosiHsercs clie-
JYHOLIAM 00pazom.

B uukne 1 yetHsbie 3nemenTsl MaccuiBa FMG (00ObIUHONM TOYHOCTU) 3aHY-
Ja0Tes. B unkne 2 (no 4ueny y3noB B KOHCTPYKUMM KNY, T. €. M0 UKUCay 3anu-
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ceif) n3 BHemHel nmamaTu ¢ (paitna npamoro moctyna NF cunThiBaeTcs mocnen-
HSA4 3amich (MpeoOpa3oBaHus BBITOIHSAIOTCS CHU3Y), SJIEMEHTHI KOTOPOI TMpH-
CBAaUBAIOTCS HEUETHBIM 3yieMeHTaM MaccuBa FMG. TIpeoOpaszoBaHHblii Maccus
FMG 3anuchiBacTcst BO BHEUIHIOKW NamMsTh (puc. 4.8).

FMG DFMG

% [x x5 ] %] % 1[*0:#0*0\

2% [ || % | % | % x|o|l*x|olx|o
2[*0*0*0
elofefe]]e *|olx]o]x|0o
o|uw|o|ale]s 5| s|w|ale|s

wrl 2121 31 41 516 el elolol|elsl||2eKmy

Puc. 4.8. Cxema npeoOpazoBaHud B TBOWHYIO TOYHOCTD

Takum oOpazoMm, vy anmemenToB maccuBa DFMG (nBoliHOW TOYHOCTH) B
nepBbix 4 Oaittax — 3HaucHue semeHTa maccusa FMG, a B cienyroummx — 0.

B npuseaennoit nonnporpamme DFORM maccuB FMG 3anucbiBaeTcst BO
BHEILHIOK MaMiTh B MOCJEIHUE NBE 3anucu. Tak kak (aiin npsamoro aoctyna
0CTaeTCs MPEKHUM, TO YMCIIO 3anuceii B (paiijie yBeINnIMBAETCS BIBOE.

MoxHO HCTONB30BATH OJIHY 3aMUCh, HO B 3TOM CIy4Yac MPU OINMUCAHUU
¢aiina npsamoro nocryna NF — cneuuuranus jaiunsl 3anucu B 0aiitax RECL
ONPE/ICITIUTCH BBIPAXKCHUEM:

RECL = LENTA-NS8.

Peluenne CUCTEMBI YPaBHEHUIH BBIMOJIHAETCA ¢ MAaTpuleh K03 OULIMEHTOB
ABOIHOI TouHOCTH — DFMG, KOTOpO# HazHavyaeTcs o0Las naMsaTh ¢ MaTpuLEi
00baHOM TounocTH FMG ¢ moMo1tIpio oneparopa obieit maMaTH:

EQUIVALENCE (FMG (1), DFMG (1)).
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Hpumep noonpozparirot

- [lepemennble BO pparmMenTe ynpasastowei nporpamMMsl 1 B DFORM:

DFMG Pa3smep paGouero maccuBa onepaTHBHOW NMaMsATH ABOMHON TOUHOCTH
(MaTpulla CUCTEMbl YPABHEHHH JBOHHOH TOUHOCTH)

FMG  PasMep pabouero maccvBa ONEpaTHBHON MamATH OObIMHON TOUHOCTH
(MaTpULa CUCTEMb] YPaBHEHUH 00bIYHON TOYHOCTH )

P BekTop y3n0Bo# HArpy3KH KOHCTPYKUHWH B OOLIEH CHCTEME KOOPAUHAT

NF Howmep ¢aiina npamoro aoctyna

ISTR  Ywcno ctpok B matpuue FMG

NS Yucno creneneit ceo6o1b1 B y31e KO

KNY  Yucno y3/10B B KOHCTPYKIIWH.

COMMON DFMG (100000), FMG (200000}, P (10000)
DOUBLE PRECISION DFMG, P
EQUIVALENCE (FMG (1), DFMG (1))
CALL DFORM (NF, FMG, ISTR, NS, ENY)
CALL SCL (DFMG, P)
STOP
END
c MpeoBpasopaHre MaTPMILH M3 OBHYHON B OBOMHYI TOYHOCTH

SUBROUTINE DFORM (NF, FMG, ISTR, NS, EKNY)
DIMENSION FMG (1)

K = ISTR*NS

Kl = R+l

K2 = K+K

DO 1 I =2, K2, 2
1 FMG (I) = 0.

DO 2 I = 1, KNY

NW = KNY+1-I

READ (NF, REC=NW) (FMG(J), J = 1, K2, 2)

NW = NW+NW-1

WRITE (NF, REC=NW) (FMG(J), J = 1, K)

NW = NW+1

WRITE (NF, REC=NW) (FM&(J), J
2 CONTINUE

RETURN

END

K1, K2)

4.3. [Ipumepnbl pacuéToB CTEPKHEBLIX CHCTEM

[MpuBenen mpuMep pacuéra pepmbl ¢ HCTTONB30BaHHeM niporpaMMel Exell,
a Taoke TadyJyisirpaMMbl PacYETOB NMPUMEPOB CTEPIKHEBBIX CHCTEM, KOTOPBIC
CO/ICPIKAT MEUATh BCEX MCXO/IHBIX JIAHHBIX: 0011y K HHPOPMALIMIO O PACUETHOH
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CXCME 33/1a4M, XapaKTCPUCTUKHU MATCpuUasa, KOOP/IMHATHI Y3J10B, HHPOPMAIIHIO
0 K3, y351ax ¢ KWHEMaTHUCCKUMH 3aKPCIICHUSIMU W T, 1.

IIpu BBOZE UCXOIHBIX JAHHBIX €AUHULbI U3MEPEHUI CUJIbL U AJIMHbBI MOTYT
ObITb BbIOpaHbl PACUETUYUKOM U ONPEAENSKOTCS COOTBETCTBYIOIIMMM €AMHULA-
MU M3MEpPEeHHu MOmyns YIpyrocTH mareprana. EquHnLbl u3mMepeHuii pesysib-
TaToOB pacuéra OyIyT Te *KE, UTO W BRIOpaHHBIC €AWHUIIBI U3MEPEHNH B MCXO]I-

HBIX JIJAHHBLIX 3a/1a4 1.

Cmamuka npou3eoabHOU HAOCKOU CIEPHCHEB0U CUCMEMDI

Ha puc. 4.9 npeicrapiicHa KOHCYHO-3JICMCHTHAsE MOJIC/Ib (DEPMbI, KOTOpAs
COACPAUT NATH Y3/10B M 00pasoBada cemMbio K3 n1ockoii pepmbi.

HMcxoaHbie naHHbIE!
i

P =70 kH, Py=2 kH, F.,;=64 cM", Fyop=40 cM", F0e =60 cM”, E=2-10" 17

3| 5] X

Puc. 4.9. [Inockaa depma

XapaxkrepucTuka MOICIH:

- V3108 3,

- KD depmbl 7.

Huse npuBeneH pacuér Gepmbl ¢ HCNOAb30BaHHeM nporpammbl Exell.
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- Boruucnenue mampuy scécmxocmu KO 8 MecmHoil clicmeme KOopoOuHam

HpCIlBaplflTeJ]bHO A1 KaKA0ro K3 Bbluucngerca ero JJIAHA, a 3aTEM KE-

1

CTKOCTHLIC XaPaKTCPHUCTHKH 7 Eaununsl l/IBMepeHl/lﬁ BCJIIMYKH. CUJIA — HbIO-

MOH, 1IITHHA — CM.

2-107-40 2-107-40
[K ]_ 1200 1200 _{ 666666,6667 —666666,6667}

_2-107-40  2-107-40 —666666,6667 666666,6667
1200 1200

3200000  —3200000
[x.]=1x.]- ~3200000 3200000 |’

[K;]=[K4]=[K7]={

1664100,5891 —1664100,5891
—1664100,5891 1664100,5891 |

[k.]- 13333333333  —1333333,3333
113333333333 13333333333 |

- Buruucnentie mampuy opmoconanvro2o npeobpasosarisi KO
Jna kaxxmoro KD 1o koopanHaTaM WX y310B corstacHo (1.10) BRIUUCTISIOT-

CSl BEKTODbI A HANPABJISIOUIMX KOCHHYCOB!

[r11=[r_\1=[0 - 0}, [n]:[m{‘ 00 0},

0 0 0 1 00 1 0
- 05547 08321 0 0
0 0 05547 08321/
05547 -08321 0 0
r.]=1r.]= .
0 0 05547 —08321

- Beruucaerue mampuy scécmxocmu K3 6 obuyetl cucmenme Koopounam
[KT=1T1" [K][T]
- QopMuUposaHe MAMPUYLL HCECMKOCHI KOHCMPYKYUU
[K"]=1[4]" [K'] [4],
I71C KBa3WMaroHaJibHasi MaTprIia KECTKOCTH KOHCTpYKIMK [K' ] hopmupyercs

COrJ1acHO BhlpaxkeHuto (1.3), a MaTpuua COOTBETCTBUI KOHCTPYKUUMK [A] OyaeT
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o 0 0 0 0 0 0 0 0

1
1
0
0 0 0
|

6 000 0 O0O0CO

1

0

00 00 O0O0O0

1

00 0 0 0 0

0 6 00 0 O0O0CO0O0

1

¢c 00 0 0 0 0 0

0

00 0 0 0
1

1

0 0 0 0

0 0 0 0

0 0 0 0 0

|

00 0 0 00000

1

0 0 0 0 0 0 0 0

0

0 0 0
1

|

00 0 0 0 0

0

0

0 00 0 0 00

0 01 0000000

0 0 0O
1

1

0 00 0 0 0

1

0 00 0 00

0

0 00 0 0 00

0 0 0 0O

0 0 0 0 0O
1

1

0 0 0 0

1

0 0 0 0 0

0 0 0

1

000 0 00

0

0

0 0 0 0 0 00

0 0 0 0

00 0 0 0
1

|

0 0 0 0O

0 0 0 0 0O

0

1

o 00 0 0 0 0 O0

000 00 00001

0 0 0 0 0 0

0 0 O
1

1

0

0

0 00 0 0 0 0

000 00 00010
0 00 0 0 00 O0O0

1

4]

- Qopmuposantie CucmeMvl YPAGHeHUIl PAGHOBECUs U €€ peltteHle

(P}, {Z°)V = [KTH(P").

[K14Z"}

1]

BbinonHup npeoOpazoBaHus Marpuiibl [K ], COMNACHO YCAOBUAM 3aKperl-

(V)

(]

JIeHUS, MOJIYUYUM CAESAYIOULYH CUCTEMY Ppa3pellarolliuX JUHEAHbIX YPaBHEHHUI

pPaBHOBECHA.

111



0 AN 0 0 0 0 0 0 0
0 22| |0 0S6'0SOTILE  9TF'OP089L  0SE'0SOZIS— O 000°00000TE— 0 0
0 22| |0 9TH9K0S9L  SPTTYS6SLY  9THOP089L— O 0 8€9'690TSI1—  9TH9POSIL
0002t 2| |0 0S6'0S0TIS—  9TH'Or089L—  1S8TGO9EST O 0 9TH'OP0S9L  0S60E0TIS —
0 20 0 0 0 I 0 0 0
= b X
0 22| |0 00000000TE - 0 0 0 000000009 0 0
0 'z o 0 8€9'690ZST1—  9ZH'9V089L 0 0 SOC'9EL818]  9TH'9H089L —
0000L—| |.Z| |0 0 9TH'OV0S9L  0S6'0E0TIS— 0 0 OTHOr089L—  0S6'0£0TIS
0 210 0 0 0 0 0 0 0
0 2] 10 0 0 0 0 0 0 0
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B pesyabTare peuieHud CUCTEMBI YPaBHEHHH OTIPEIENAETCd BEKTOP V3I0-
BBIX TICPEMEIICHUH KOHCTPYKIMHA B OOWICH CHCTEME KOOPAWHAT!
0
0
—0,4610423
-0,1575000
{Z"}: -0,0106771 |
0
—-0,0380192
0,0333751
—-0,0213541
0

- Boruucnente 6exmopoe vanoesix nepemeiyeriuii KO 6 oduyeti cucimeme Koop-

OuHam
— 1}
g =1411275
BexTop y3/10BbIX NepeMelleH {Z' } COCTOUT U3 CAEAYIOUINX BEKTOPOB

nepemeltennii K9:

0 7 0 7 0
4] O [} O 0 O
{Zl}: _ > {Zz}=<_ > {Zs}z _ >
0,4610423 0,0106771 0,0380192
—0,1575000 0 0,0333751
—-0,4610423 —-0,0106771 —-0,0106771
) —0,1575000 o 0 . ]
{24}: - s {Zﬁ'}: - > {Zé}: - 4 [
—0,0380192 —0,0380192 —0,0213541
0,0333751 0,0333751 0
-0,0380192
o 0,0333751
{71= -
—0,0213541
§;
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- Botuucnenue eexmopog y3noewix nepemeujeruil K9 6 mecmHoil cucmeme
KOOpOuHam
{Z,}=T]1{Z}}.
- Boluucnenue 6ekmopos 8HympeHHUX cunoguix hakmopos K2 6 mecmmoil

cucmeme KOOpOUHAm
(S} =[K]1{Z5.
Pe3yabTaThl BBIMUCIEHUS BEKTOPOB BHYTPEHHUX CUJIOBBIX (DAaKTOPOB (MPO-

A0JbHBIX cHiT) KO:
105000,000 34166,633 —~11117,051
{Sl}: 5 {S:}: > {83}: 5
~105000,000 —34166,633 11117,051
5.1 ~126194,293 5.1 — 44500122 5.1 34166,633
T 126194293 [0 V| 44500122 |7 Y07 |-34166,633]°
(5,1 {—6[594.?2633}

61594,72633

[10 3HAYEHHAM JIEMEHTOB 3THX BEKTOPOB (MPOA0JBHbLIX CHJI B HAYAJIC H

KoHLEe KDJ) crpourcs ammopa npoaoJibHbiX cui (puc. 4.10):

L

Nt
b

Lol

@O
105, (R

_l'/
4 S
o]
2

LL M
..

Fvd
Fa i
I
b

s

M, 1660 M, 1666

Puc. 4.10. Dmopa npojio/ibHbIX CHI
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(r
M3 yenosuit pasrosecks (EX = 0, £YV" = 0) y310B, B KOTOPbIX Pacroo-
JKEHbI ONMOPbI, ONPEACHAIOTCA TOPU30HTAIBHAA W TPH BEPTHKAJIBHBIX PEaKIMH
OMOP M BBINOJHACTCA CTATHUECKas NPOBEPKa:

28,0000 3, 1668 A M, 1668 34,1666

CTaruueckas NpoBepKa:
2X'=28+42-70=0,
2Y"=95,75-44,50 - 5125=0.
Huske npuseaeHsl TabyasrpaMMbl pacuéTa nmpuMepoB CTePIKHEBLIX CHC-
TEM, BBIMTOJIHEHHBIX 110 COOTBETCTBYIOWHM Nporpamman [8, 9, 10, 11, 12].

Taovasizpamma pacuéma nrockoil chepmoi

Muoocras depMa

MCXOIOHHE OAHHEE
dhdkkkhkkhkkdkkkkkkhkkkhkrhhhkhhr

Yajos:

Cr. cB. B yaiae:
3NIeMeHTOR :
MaTepuanor:
Jlenra:

RN,

HoMep MaTepmana MoAayie ynopyTrocTu

1 2000000.00
VBJOE C HArpy3KoM M MNepeMelleHMSMM : 2
KoopnmuaTs BexTop Harpysxmu

Yeen X Y Px Py Mz

1 .00 .00 .00 .00

2 .00 1200.00 -7000.00 .00

3 400.00 .00 .00 .00

4 400.00 600.00 4200.00 .00

5 800.00 .00 .00 .00
DJIeMeHTOB C WapHMpPaMM: 0
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Yucioc PaBIMYHHX CeYeHMIl cTepkHen: 1
TeoMeTpUYeCKMe XapaKTepUCTHKM cedeHMir K3

CeueHne F Wz
1 40.
2 64.
3 60.

SnemenT Tun MaTpuua MHOSKCOB F Jz NMAT
1 1 1 2 40.00 .00 1
2 1 1 3 64.00 .00 1
3 1 1 4 60.00 .00 1
4 1 2 4 60.00 .00 1
5 1 3 4 40.00 .00 1
6 1 3 5 64.00 .00 1
7 1 4 5 60.00 .00 1
MPOBEPKA
Jlerra MXK: 8
K3 depmMmu: 7
Bano4HHx K2: 0
¥Y3m0oB ¢ BaKperieHMsIMM ¢ 3
Ycnoeust BaxkpenneHuii: 0 - ceaSsb

1l - ceofoga
Yaen Dx Dy Rz
1 0 0
3 1 0
5 1 0]
BapaHHHX NepeMeleHn: 0
Ceasel ¢ 2aJaHHOM KECTKOCTLIO! 0

PEBYJNBTATH PACUYETA
deddkkddkhhkhhkdhkdhkdhkdhkdhkkdkkdkhhdhw

-5
Nepemewenus ysaoce (10 )

Yaen Dx Dy Rz
.00 .00
-46104.22 -15750.00
-1067.71 .00
-3801.92 3337.51
-2135.41 .00

Uk W=

BHYTpeHHMe CHIOBHe ©(AaKTOPH M HaNpsKSHUA
Marpuiia MHOSKCOB Nx Qy Mz G
10500.00 -262.50
-10500.00
3416.66
-3416.66
-1111.70
1111.70
-12619.43
12619.43
-4450.01
4450.01
3416.66
-3416.66
-6159. 48
6159.48

SneMeHT
1

2 -53.38
18.52
210.32
111.25

-53.38

102.65

nmbdOwe WeaNbBRWRERNDR
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Tabvasiepavma pacuéma mpéxnporemuoil banku (Puc. 4.5)

TpéxnpoleTHad CcT. onpeneauMas Sanxka

MNCXOIOHEE I AHHEBEE
kbbb dddd
¥YBICB!
Cr. cB. B yhJae:
SneMeHTOB !
MaTepHralos:
JleHTa:

[ 0 e R PH RN |

HoMep MaTepmana MoAayne ynpyrocTn

1 2000000.00
VBNOB C© HATPYSKOM M NepeMelleHMSIMM : 2
KoopauuaTH BerTop Harpybskm
¥sen X b 4 Px Py
1 .00 .00 .00 .00
2 30.00 .00 .00 .00
3 40.00 .00 .00 -100.00
4 50.00 .00 .00 .00
5 60.00 .00 .00 .00
6 90.00 .00 .00 .00
K 100.00 .00 .00 .00
SNeMeHTOER C WapHMPaMM: 2
TpaHuyHe ycaoBMa: 0 - cBabe

1l - cecBoma B MCK
-1 - ceoBoma B OCK

SneMeHT Dx Dy Rz
1 0 o] 0
0 0 1
4 0 0] 1
0 0 0
Uneno palIMyuHEX ceueHMNd cTepwHemn: 1
TeoMeTpHMYecK e XapaKTEepPMCTHMKM ced4eHMi K2
CeveHnune F Iz Wz
1 6.16 22.80 9.10
BnemeHT THn MaTpHMila MEOSKCOB F Jz NMAT
1 3 1 2 6.16 22.80 1
2 2 3 6.16 22.80 1
3 2 3 4 6.16 22.80 1
4 3 4 5 6.16 22.80 1
5 2 5 ) 6.16 22.80 1
6 2 6 7 6.16 22.80 1
NMPOBEPKA
JlenTa MKK: 6
K3 depmm: 0
Bamo4HHxX K3: 0]
YENOB ¢ BaKpelacHMSIMM: 2
¥Ycnorus S[akpernneHuii: 0 - cBABE
1 - cecboga
¥aen Dx Dy Rz
1 0 0 0
5 1 0 1
SagaHHHX NepeMelleHWH : 0
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Ceakell ¢ BafaHHOM XECTKOCTBIO: 1
Ysen CBsBE XécrxocTe
6 2 1000.00

PESYINbBTATH PACUYUETA

hhkhhhkhhhkhkhkhhhkhhhkhhhhhhhhhhhhhdhhkhhhhk

-5
NepeMewenuss ysnoe (10 )
Yaen Dx Dy Rz
1 .00 .00 .00
2 .00 -986.84 58.85
3 .00 -380.12 64.33
4 .00 299.71 69.81
5 .00 .00 -33.63
6 .00 -1666.67 -82.97
7 .00 -2606.00 -104.90
BuyTpeHHMNe CcHIoBHe daKTOpPH M HANpsSMeHUS
SJeMeHT MaTpuila MHOSKCOB Nx Qy Mz G
1 1 .00 50.00 1500.00 164.84
2 .00 -50.00 .00 -164.84
2 2 .00 50.00 .00 .00
3 .00 -50.00 500.00 .00
3 3 .00 -50.00 -500.00 -54.95
4 .00 50.00 .00 54.95
4 4 .00 -50.00 .00 .00
5 .00 50.00 -500.00 .00
5 5 .00 -16.67 500.00 54.95
6 .00 16.67 -1000.00 -54.95
6 6 .00 .00 1000.00 109.89
7 .00 .00 -1000.00 -109.89

Cmamuka npou3e60/1bHOIU RPOCHIPAHCMEEHHOU CIEPHCHEBOU CUCIMEMbl

Ha puc. 4.11. npexpcraBieHa mojenb NPOCTEHILEH MPOCTPAHCTBEHHOM
KOHCONM. J11sl MpOCTPAHCTBEHHOMN CTEP:KHEBON CHCTEMBI HEOOXOAMMA OPUEH-
TalMs TJIaBHBIX OCEl MHEpUMU cedyeHus cTepxkHa KD oTHOCMTENnbHO 00LIei
CHUCTEeMBbI KOOpAMHAT, 3a1aBaeMas yriaom ALPHA (puc. 1. 17). Jlng otoli 3ama-
yu yroil ALPHA ocu Z B MECTHOM CUCTEME KOOPAUHAT MO OTHOLIEHUIO K OCH
— BCTIOMOTATEIBHON CUCTEMBI KOOPJAWHAT QWi — JUIS BCEX CTCPKHEH paBcH
90°.
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Puc. 4.11. [IpocTpaHcTBEHHAA KOHCOIB
Tabyasiepamma pacuéma nPOCmPAHCmMEeHHON KOHCOAU

nPOCTPaHCTBeHHaH KOHCOJIB

MCXOOHEBHE OAHHEE

khkkhkhkhhkhkhhkhkhhhkhhkhhkhrxkhrxkh*%

Bydep: 2000000
Yanos: 4
CrereHell CE. B yhJe: 6
SJIeMeHTOR : 3
Nenra MEK (istl): 12
Crpox{ibyf/istl) : 142857
YpaBHeHMI: 28

Mogyne ynopyrocT Mogynes caBmIa

2000000.0 800000.0
YanoR ¢ COCPeNOTOHSHHONR HaTPYBROM: 1
BexTop ¥B5J0BOM HaArpyskm B XoYoZo
Yaen PXo PYo PZo MXo MYo MZo
4 -5.00 -5.00 -5.00 .00 .00

KoopouHaT yzaoe B XoYoZo

Ysaen Xo Yo Zo

1 .00 .00 .00

2 .00 .00 100.00

3 100.00 .00 100.00

4 100.00 100.00 100.00
Uncno paBsAMYHHX CeYeHMM cTepxHer: 1

T'eoMeTpM4YeCKMe XapaKTepMCTHMKM cedeHuii K3 B XYZ
CeueaHnne F Ix Iy Iz ¥ron Wy Wz
1 6.16 1.35 5.61 22.80 90.00 2.75 9.10

SneMenT Tun MaTpuua MHOeKCOE CedeHHMe

1 3 1 2 1
2 3 2 3 1
3 3 3 4 1
n°POBEVPIE KA
JIEHTA MXK: 12
K> $EPMEBI: 0
BAJIOUHEIX K3: 3
K3 C IWAPHHUPAMH: 0
YanoR ¢ BaKkpenIecHMsIMM 1

Ysen Yonoeus BaKpenaeHus
Dx Dy Dz Rx Ry Rz
1 0 0 0 0 0 0

BagaHHMX nepeMewenuir: 0

PE3YJIBTATH PACUYETA
hkdckkdkhdkhhdkhkkhhkhdkhdkhdkhkdhdkhkdhdkk

-5
NMepemeumennsa yanoe B Xo¥oZo (10 )
Ysen Dx Dy Dz Rx Ry Rz
1 .00 .00 .00 .00 .00 .00
2 7426.69 1827.70 -4.06 -54.83 222.81 -156.986
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3 7422.63 -12040.45 -37139.40 -4370.00 445.63 -102.13

4 13980.70 -12044.51 -488993.50 -458%2.81 288.41 -47.31
NevyaTe BCE® B CTepXHAX: 1
NevaTk HaATPAKEHMNA: 1
JonycKkaeMHe HAMPSTKeHIMS : 400.00

BHyTpeHHMe cHMIoBHe OGakxTopu (BC®) B XYZ

SnemeHT M.mHO. Nx Qy Qz Mx My Mz
1 1 5.00 5.00 -5.00 -.03 .02 -.03

2 -5.00 -5.00 5.00 .03 500.00 500.00

2 2 5.00 5.00 5.00 500.00 -500.00 -.03

3 -5.00 -5.00 -5.00 -500.00 .00 500.00

3 3 5.00 -5.00 5.00 .00 -500.00 -500.00

4 -5.00 5.00 -5.00 .00 .00 .00

HanpsixkeHMs B TOYKaAX cedeHMsT B XYZ

SneMeHT MaTpunia mugekcoB Gl G3 Gh G7
1 1 2 -.79 -.78 =-421.75 -54.32
3 3 4 -53.41 526.20 -.81 -.81

B ocTaJdbHHX sSaeMeHTaxX HanpsweHua < 400.0

Yemoniuueocme npouseonvroit R10CKOU cCEPHCHEBOTL CUHCIMEMbL

Ha puc. 4.12. npuseaena KOHEYHO-)JIEMEHTHAA MOIEID TUIOCKOH paMbl.
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Puc. 4.12. PacuéTHas cxeMa MIIOCKOH pamMbl

Tabysiepavma pacuéma

Pawma

NMCXOOHEBEBE HAHHEE
khkkhkhkrkhkhhkhhhhhkhhhrhhrhhr

Y3JIOB: 9
CT. CB. B ¥3IE: 3
SJIEMEHTOB: 8
MATEPHUAJIOB: 1
NOJIYJNEHTA MEK: 12
-6
HOMEFP MATEPHAJNA MOIYJNbL YNPYTOCTH E*10
1 2.00

KOOPIHMHATEI

Y3EN X Y
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1 .00 400.00
2 200.00 400.00
3 400.00 400.00
4 400.00 200.00
5 400.00 .00
6 600.00 400.00
7 800.00 400.00
8 800.00 200.00
9 800.00 .00
SJIEMEHTOR C WAPHMPAMI: 1

T'PAHMYHEE YCJOBMA: 0 - CBA3b
1 - CBOBEOIA B MCK
-1 - CBOEOJA B OCK
BNEMEHT X Y 2

7 0 o -1
0 0 o0
SNEMEHT THMII MATPHMUA HMHIEKCOB F Iz
1 1 1 2 24.00 32.00
2 1 2 3 24.00 32.00
3 1 3 4 24.00 32.00
4 1 4 5 24.00 32.00
5 1 3 [ 48.00 64.00
6 1 6 7 48.00 64.00
7 2 7 8 24.00 32.00
g8 1 g g 24.00 32.00
NPOBEPKA: MNONYNEHTA M{K 12
YBIOB C SBAKPEMNIEHWAMA: 3
YCIOBUS SAKPENJNEHMA: 0 - CBABRB
1 - CBOBCIA
YBEI X ¥ z
1 0 0 1
5 0 0 0
g 0 0 0
CBAREN C SAJIAHHOM KECTKOCTEI: 0
MAKCHMATIEHOE YMCIC MTEPALIMHA: 30
TOUHOCTE OINPEIEJEHMA COBCTBEHHOI'C BEKTOPA: .00010000
PEBYJIBLTATH PACUYETA
2 A2 S A R A SRS E LS E LS ER LT AL RS SR E SR L L R
KPUTMYECKAA CWIA: 8850.4660
-5
COECTBEHHHI BEKTOP (10 )
YBEJ DX DY RZ
1 .00 .00 1.00
2 .56 149.98 .25
3 1.12 -.18 -2.00
4 -165.84 -.08 .63
5 .00 .00 .00
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6 1.39 -396.37 -.
7 1.686 .18 5.
8 -6738.08 .08 18.
9 .00 .00

UMCIO MTEPALLMHN : 19

98
93
10

.00

Ce0000HbIE KONEDAHUA NPOU3EOILHOU RAOCKOI CHEPIHCHEGOU CUCMEMBbI

Ha puc. 4.13 npuBegeHa KOHEYHO-DIEMEHTHAS MOIENEL PaMEl, 00pazoBaH-

Has 6-10 KD u npencrapnseT coboit cucteMy, o0pa3oBaHHYI0 ocsaMu KD, mpo-

XOJIMIIAMHA YEPE3 LECHTPHI TSHKCCTH TONCPEYHBIX CCUCHUN CTEP:KHCH. BO BTO-

POM H HICCTOM Y3JIaX PACIIOJIOKCHBI COCPCAOTOUCHHBIC MAaTPHIBL.
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Puc. 4.13. Pacuérnas cxema IJI0CKOI paMbl

Tabviazparirid paceéma

Pama

HCXOQOHEHE OIAHHHBEE
khkkkhhkhhkhkkhkthhhhhdhrtrkhd

¥Y3JIOB: 7
CT. CB. B V3JE: 3
SJIEMEHTOB : 6
MATEFPVAJIOB : 1
NONYJIEHTA MXKK: 12

-6

HOMEFP MATEFPHWAIA MOOVJE VIPYTOCTH (E*10 )

1 2.00
¥3JIOB C COCPEJOTOYEHHBIMH MACCAMI : 2

KOOPIONMHATEI BEC

Y3EI X ¥ PX

1 .00 400.00 .00

2 200.00 400.00 .00

3 400.00 .00 .00

4 400.00 200.00 .00

5 400.00 400.00 .00

6 700.00 400.00 .00

7 1000.00 400.00 .00
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SJIEMEHTOB C IWAPHWMPAMH: 0

SJIEMEHT THMI MATPVUA MHIOEKCCOB F Iz NMAT
1 1 1 2 24.00 72.00 1
2 1 2 5 24.00 72.00 1
3 1 3 4 24.00 72.00 1
4 1 4 5 24.00 72.00 1
5 1 5 6 24.00 72.00 1
6 1 6 7 24.00 72.00 1
[NPOBEPEA: MNOJMYJEHTA MKK 12
YBJIOBR C 3AKPEINJIEHWAMHA : 3

YCJIOBMS SAKPEIJIEHMM: 0 - CBASb
1 - CBOEOOA

Y3EN Dx Dy Rz
1 0 0 0
3 0 0 0
7 0 0 0
CBASENA C SANAHHOW ¥ECTKOCTRD: 0
KOJMUECTRBO OMNPEIENAEMEX COBCTBEHHEX YACTOT: 1
MAKCHMAJIEHOE MMCJIO MTEPALMMA: 30
TOUYHOCTE ONPEIEJNEHMA COBECTBEHHOI'O BEKTOPA: .00010000
PESYJIBTATEH PACUYETA
khkhkhkhhkhkhhkhkhhhkrhrdkdhdrhrhkdrhrhdrhrdrdrhdrdhdd
-1
1-1 COBCTBEHHAS YACTOTA (C ): 26.777
-5
COBCTBEHHENT BEKTOP (10 )
Y3EN Dx Dy Rz
1 .00 .00 .00
2 100000.00 609219800.00 2387949.00
3 .00 .00 .00
4 -501943200.00 -938283.60 23943095.00
5 200000.00 -1876567.00 -9494044.00
6 99999.98 -3885952000.00 2489245.00
7 .00 .00 .00
UKMCIC MTEPALMHA : 6

Boinyacoennvte konedanun npou3801bH0i CIMEPHCHEBONH CUCMEMDbI

[Ipungs yactoty w = 0,8 ¢ Bo3mymatomeit cunsl (10 kH), BeImonHeH pac-
YET paMbl Ha BRIHYKIASHHBIE KoJleOaHus. B pe3ynprare pacuéra onpeaensioTcs
NEPEMELUEHUS V3J10B U BHYTPEHHHUE CUIIOBBIE (PAKTOPbI.

Tadynsepamma paciéma

PamMa

MCXOOHEE JdAHHEE
kkdkkdekkdhkhhkkhkhhkhkhkhhkhhdk

Y3JIOB: 7
CT. CB. B V3JE: 3
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SJIEMEHTOB : 6

MATEPHAJIOB: 1l
MCONYJEHTA MKK: 12
-1
YACTOTA BOSMYWAKIEN CHIE (C ) : 21.42160
-6
HOMEFP MATEPHAJIA MCOYVJE VIPYTOCTHM (E*10 ) OBEREM. BEC
1 2.00 .00785
Y3JOB C BOSMYUAKIMMY CHIIAMM: 1
¥Y3JIOB C COCPEJOTOYEHHEMWM MACCAMH: 2
KOOPIOHHATE BOSMYUAIMVE CHJIE BEC
Y3EN X b4 Px Py Mz X
1 .00 400.00 .00 .00 .00 .00
2 200.00 400.00 .00 .00 .00 .00 100
3 400.00 .00 .00 .00 .00 .00
4 400.00 200.00 .00 .00 .00 .00
5 400.00 400.00 .00 .00 .00 .00
6 700.00 400.00 .00 -1000.00 .00 .00 100
7 1000.00 400.00 .00 .00 .00 .00
DJIEMEHTCB C WAPHMPAMM: 0
SJIEMEHT THIN MATPULUA MHOEKCOB F Iz NMAT
1 1 1 2 24.00 72.00 1
2 1 2 5 24.00 72.00 1
3 1 3 4 24.00 72.00 1
4 1 4 5 24.00 72.00 1
5 1 5 6 24.00 72.00 1
6 1 6 7 24.00 72.00 1

NPOBEPEKA: MNOMYJIEHTA MKK 12
Y3JOR C BAKPENJEHWTMHA: 3

YCJIOBMA 2AKPEIUIEEMA: 0 - CBAS3L
1 - CBOEOOA

Y3EN Dx Dy Rz
1 0 0 0
3 0 0 0
7 ) 0 0
CBAREH C BAJAHHOM XECTKOCTER: 0

PE3Z3YJIBTATH PACYETRSA2
S i A a2 R R L R R

-5

NEPEMEINEHMA ¥Y3JO0B (10 )

Y3EN Dx Dy Rz
1 .00 .00 .00
2 68.81 344889.10 1485.03
3 .00 .00 .00
4 -3068682.90 -637.77 1489.33
5 137.62 -1275.50 -5524.78
6 68.81 -2572450.00 1528.73
7 .00 .00 .00
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BHYTPEHHME CHMAOBHE $AKTOPHI

3JIEMEHT MATPHMLA VMHIEKCOB Nx Qv Mz
1 1 -165.15 -430.39 -53413.13
2 165.14 404.36 -31190.04

2 2 -165.14 -243.03 31190.04
5 let.12 190.98 -73631.20

3 3 1530.87 -346.69 -45119.10
4 -1530.61 324.01 -22945.99

4 4 1530.61 -324.01 22946.00
5 -1530. 45 275.19 -82044.68

5 5 110.07 1339.47 155675.90
6 -110.10 -949.98 207262.40

6 6 110.10 -1253.35 -207262.40
7 -110.11 2453.71 -270401.05

KonTposbHbIE BOIPOCHL.

(98]

10.
11

12.

13.
14.

15.

1. Uto npeacTaraseT co0OH pacuEéTHad CXeMa CTCPIKHEBOM CHCTEMBI?
2.

. Kakue ceuenms CTep}KHeBOﬁ CUCTEMEI B €6 pvaéTHOﬁ CXCM¢ MMPUHHMAIOTCA 34 V3-

UTto saenseTca yanom conpsrenus K2 B pacuétroi cxeme dhepMor?

el conpskerna K37

. B ué™M npenMy1mecTBO peETYAIpHON HYMEPAIHH Y3108 PacHETHON CXEMEBI CTEPKHE-

BOH CHCTEMEI?!

. Kak geraucnsetcs 00beM omepatHBHOHN namatu DBM, HeoOxoaumerii 1 pereHns

paspelwaroInei CHCTEMBI YPABHEHUH PaBHOBECHS !

. Kak BpUmcngeTcs moJoBHHA HIHPHHBI JICHTBl MATPHObI KOB(l)(])HHHeHTOB paspc-

WArUIEH CHCTEMBI YPABHEHWH PABHOBECHS !

Kaxk MOACITHPYIOTCA KpHBOHHHCﬁHBIe YHACTKH CTep}KHeBOﬁ CHCTEMBI?

. B kako# cucreme KOOpAHHAT BBOAATCSA KOOPAHHATBL Y3IIOB pvaéTHOI‘;I CXEMbI

CTEPKHEBON CHCTEMBI?

UTo 3HAYMT SKBUBATICHTHAA y3710Bas Harpyska?

Kak onpeaenseTcsa SKBUBAJICHTHAS Y310Bas Harpy3Ka?

B kakolf cHcTeMe KOOPAWHAT BROJATCSH 3aJldHHBIC COCPEAOTOYEHHBIE CHITBI H MO-
MEHTEI, ACHCTBYIOIIHE HA CTEPIKHEBYIO CHCTEMY?

Uto mpeAcTaBIAIOT COOOHM 2IEMEHTHI MaTpHIE! HHAcKkcOoB KO depMbl u cTepxHe-
BBIX K27

CrrocodB! peanu3alil KHHEMATHUYECKHX VCITOBHH 3aKPEMICHHS 3a1avun?

B uem 0coOeHHOCTD TPHOTHIKEHHOTO CITOCO0d peann3alid KHHEMaTHIECKUX YCIIO-
BHMH 3aKpETIICHHA?

Kax yuyuTeBaroTed 3amaHHas JKECTKOCTE (TTOAATITMREIC OMOPET, JKECTKOCTH Y3ITOBEIX

COCTHHCHIH)?
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JAKUTIOYEHHE

B npepiaracmom nmocoOun pUBEIICHBI OCHOBHBIC 3aBUCUMOCTH QJIlTOPHUT-
Ma MKD, nociaegoBaTeabHOCTE pacuéTa, MaTpHILl KECTKOoCTH KD (depmsl, Oa-
Jounblx K3, MaTpull Macc ¥ MOTEHLMANa, Kak ¢ KECTKMMMU Y3J1aMM, TaK U C
wapaupaMu B y3nax. Ilpu nocrpoenun marpuil kéctkocti K3 ucnosb3oba-
JIMCh SITOPBI U3rMOAIINX MOMEHTOR OT €JIMHWYHBIX NMEPEMEHICHWH, UCTIONb-
3yeMbIE B KJIACCHYECKOH CTPOUTEIBHON MEXaHMKE CTEPKHEBBIX CHCTEM IIpH
PAacUETE CTATUUECKH HEONIPEACTUMbIX CUCTEM METOA0OM NepeMelleHuil. B To xe
BPEMSL [TOJYUEHUE MATPULBI KECTKOCTH, MATPUIL MACC W MOTEHIMANA HATPY3KH
KD BBINOJHEHBI U XapaKTEPHBIM JUIS KOHCUHO-IJIEMEHTHOMH TPOUESAYPBI CITOCO-
ooM. MKD mpenctaBngeT METOAUKY, NMPEAHA3HAYEHHYIO IJIS pacdyéTa KOHCT-
PYKUMA HA BbIYUCIMTCIIbHBIX MAalIMHAX. B CBI3U ¢ 3TUM Y/ICNCHO BHUMAHUE
BbIYUCIIUTEIIbHBIM [IPOrpaMMaM. YUCICHHON peanu3alinui pacyéra CTEPIKHEBbIX
cuctem MKD. CtpykTtypa nporpamm, peanmnsyommnx MKD, crpodarcd mo Mmo-
IYIBHOMY MPHHIKITY, T. €. TPOTPaMMBI COCTOSIT U3 MOIYJIEH, KOTOPbIE, B CBOKO
oYepenb, COCTOAT U3 OJHON WM HECKONLKUX moanporpamMm. B nocoduu npu-
BEAEHbI MOANPOTPAMMbI, pealr3yIOILIUE BCE ATallbl MOCAEA0BATENLHOCTH pac-
uéra, a TaKKe MOANPOrpaMMbl, peau3yrollue (OPMUPOBAHUE, BbIUMCICHUE
MaTpHIL KECTKOCTH, MATPUILL Mace v noTeHnmana K3, Bekropa y310Boi Harpys-
KH, BEKTOPOB Y3JIOBBIX [EpPEMEILECHUN W TaK Jajiee, ux onucanue. I1pu BeINOJI-
HEHUU PACUETHO-IPOEKTUPOBOUYHBIX PA0OT MO PacuéTy IUIOCKOH (hepMbl U CTa-
THUKH [UIOCKOH CTEPXHEBOH CUCTEMbI COACPHKATENbHAS YACTh {COCTABIEHUE HC-
XOIHBIX MATPHUIL U BEKTOPOB) BBITIOJHACTCA CTYJICHTAMHA BPYYHYH), 4 MCXaHM-
geckad (apupMernyueckue onepauuu) — OBM. JIng BoImonHeHHS apHMeTHYE-
CKUX onepanuii ucnoaszyercs nporpamma Exell. Jlanee pacuéT 3ToT K¢ 3a/1a4m
BBLIOJIHACTCH TOJIbKO ¢ MCHOJIB30BAHKUEM MPOrpaMmbl s IBM ¢ npenocras-
JeHneM TadyarpaMMbl pacuéra. 3agadn pacuéra MIOCKOH CTEPIKHEBOI CHCTE-
MbI Ha YCTOHYMBOCTD, Ha CBOOOAHBIE H BLIHYKACHHBIE KOIe0aHUA BBITOIHAIOT-
€Sl TOJIbKO C UCMOJIb30BAHUEM MporpamMm ajs 9BM.,

B 3akitoueHue B nocoOUU NpUBEAECHbL TAOYIAIPAMMbI PACUETOB NPUMEPOB
CTCPACHCBBIX CHCTCM.
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CIMUCOK OBO3HAYEHUIN

MecTtHag cructeMa KoopauHar

OO01as cucreMa Koop/uHaT

Bexrop-croadeit

ITpsamoyrosibHas Marpuia

Bekrop y3noBeix ciil KD B MECTHOUW cHCTEME KOOpAWHAT
VY310BbIC CWIJIBI 10 HANPABJICHUIO COOTBETCTBYHIMX OCEH

MECTHOI CUCTEMbI KOOPAUHAT
VY3J10BbIE MOMCHTbl OTHOCUTCIIBHO COOTBCTCTBYIOLIMX OCCH

MECTHO CUCTEMbI KOOPAUHAT

Bexkrop y3nosbix nepemeuicHuii K9 B MECTHOH cucteme Ko-
Op/lMHAT

JInHelinble nepeMeeHus Baoab oceii X, ¥, Z

YTIOBBIE MEPEMEILIEHUSA OTHOCHTENBHO ocell X, ¥, Z

Martpuna opToroHaIsHOTO npeodpazoBanus koopauHat KD
Marpuna HanpaBisSOIX KOCHHYCOB oceii XYZ u X°V° Z°
Bexrop y3toBbix cni K3 B 001neit cucreme KoopinHar
BekTop y3n0BbIx nepemeunicHuit K9 B 00uiel cucteme Koop-
AUHAT

Martpuna xkeéctkoctd KD B MeCTHOH cucTeMe KoopaunaT XYZ
Martpuna xkeéctkocTtd KD B o01Ield cucTeMe KoopautaT
Matpuua xkéctkoctu K3 ¢ 1apHupamu

Moayab ynpyroctu Marepuana

Monyns capura

JvHa crepxaa

AOCOJIIOTHOE YAJIMHEHUE-C3KATUE HA BCEH IJIMHE CTEPKHS
ILtowans ceuenns

MOMEHT UHEPLMHU CEUEHUS [IPU KPYUEHUU

MOMECHTBI MHEPIIMK CCYCHUS OTHOCHTCIIBHO TJIABHBIX OCCH
UHEPIAN

MOMEHTBI CONPOTUBJIEHUS CEUEHUA OTHOCUTENLHO [JABHbIX
OCel uHepuuu

IloTeHuUaNbHAA FHEPIUA CTEPKHA
BekTop BHYTPEHHUX Y3JI0BbIX CUJ1 KOHCTPY KUHUKU

KpazuguaronannHag MaTpULa XKECTKOCTH KOHCTPYKIHH

Marpuiia COOTBETCTBHH (CBA3KM Y3JI0B) KOHCTPYKIIMH
Marpuia coorsercTemit K3
BexTop y3/10B0H HArPY3KU KOHCTPYKUUK
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BekTop y3510BBIX TIEPEMEIICHWH KOHCTPYKITUH
Martpuua 3KECTKOCTH KOHCTPYKUHUU
Marpuna KodpPUIMEHTOR CHCTEMBI PA3PCIIAIONINX YPaBHE-

HUI paBHOBECUSA

BekTtop BHyTpenHux y31noBbeix cull K2 B o0l1eli cucteMe Ko-
OpOuHaT

BekTop BHYTpEHHHX Y3JI0BBIX CHJI K B MECTHOH CHUCTEME
KOOPIUHAT

HopManbHble HATIPAKEHUA

Marpuia norenurana Harpy3Kd KOHCTPYKITHH

XapaxkTepucTHuecKas MaTpuI@a

CoOcTBeHHbIE HHCTa

KBa3zujinaroHajibHas Marpuia NOTCHUMANA HATPY3KU KOHCT-
PYKUHH

Matpuua noreHuana Harpy3ku KO B MeCTHO# CHCTEME KO-
opauHaT

Marpuna noreHumana Harpyskn KD B obieii cucreme Koop-
JIAHAT

Koa¢punueHT oceBoii CHITBI B MATPUIC TTIOTSHITHANIA HATPY3-
ki KO

Marpuua mace KOHCTPY KU

CoOOCTBCHHBIC YACTOTHI KOJCOaHMI CUCTEMbI
KBa3ujinaroHajibHas MaTpUIA MACC KOHCTPYKIIMKU

Martpuna macc K3 B MECTHOM CHCTEME KOOpAUHAT

Marpuua mace K29 B 0011€i cuctemMe KoopauHar

BEKTOp YCKOPEHUH y3J10B KOHCTPYKUMKM

Hacrora BO3MYLIAKIICH CUIIbI

Kuneruueckas sneprus

[ToronHas macca CrepkHs

[[n10THOCTL Macchl MaTEpuana CTEPIKHsL

PacnpeneneHHas (OroHHas) Harpy3Ka

O0bem onepatuBHOU mamatu IBM, HeoOxonuMbliA 118 pe-
LIEHUS paspeliaOUCH CUCTEMbBI YPABHCHUI PABHOBECUSA
[MTupuna MOJOBHUHBI JIEHTHI MATPHLIBI KECTKOCTH KOHCTPYK-
1IN

HauGonsiast pa3HOCTE HOMEPOB y3J10B KO

Tuciio y3108 pacuETHON CXCMBbI KOHCTPYKLIHHA

Yucno ¢rencHeid ¢crodobl B y3iie KO

[Topsaox MaTpuLbl sKECTKOCTU KOHCTPY KLIMK
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MPEAMETHbINA YKA3ATEJ/Ib

AOCONKTHOE YATUHEHHE-CKATHE 13
Annpokcumupyrowas pyHkuus 14,
60

bubnuoreka KOHEUHbIX 371EMEHTOB
79

Bekrop 7

— y310BbIX cuil 10, 54

— y3710BbIX TiepeMeteHuit 10, 16
— BHYTPEHHUX Y3JIOBbIX CHJT 49
— cOOCTBEHHbIH 58

— BEKTOP yCKOpeHuii 70

Hedopmanus 13
3uauenund coOCTBEHHEIE 54

Konnencamg 23
Ko duiment oceoit cumbr 62

Matpuia O6ynesa 46

— JleHTouHasa 51, 98

— COOTBETCTBUIA »emenTa 45, 47

— — KOHCTpYKUMH 45

— 3KECTKOCTU »aeMenTa 13, 20, 21, 24

— — KOHCTpYKUuuU 47

— — KBa3uauaroHajabHas 45

— npeodbpa3zoBaHus koopauHar 27, 34

— HAmpaBJsOLLMX KOCHHYCOB 28

— KOPPUUMEHTOB pa3pellaronnX
ypaBHEHMii 47

— NOTCHILMANA HATPY3KH 3JIEMEHTA 62

— — — KOHCTPYKIHH 55

— Macc ajieMeHTa 74, 75

— COCPE/AOTOUCHHBIX Macc 76

— — KOHCTPYKIMK 71

— corjacoBannas 76

— HECOTJIacoBaHHasA 76
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Moayas capura 21
— ynpyroctu marepuana 13

Harpyska pacnpencneHHas 88
— SKBUBAJICHTHAs y3/10Bas 38
Hanpsxenus 103

Ocu koopauHat o0l1LKe 6
— — MECTHbIE 6

[TpeoOpa3zoBaHHE KOHTpArpajaueHT-
Hoe 10
— KOHIPY3HTHOE 11

Pama 17

— mutockas 17

— MJIOCKO-TIpocTpancTeeHnas 20
— MpocTpancTeennas 23

CBoiicTBO B3aUMHOCTH Makcgemna
27

COOTHOIIEHHA MKy CHIIaMH W TIe-
pPEMELLEHUAMHU 9

Ctenelsb cBodoabl 12

Y paBHEHUA KECTKOCTH 9

— — 14 3aemMeHTta 10

— PaBHOBECHS CTEKHEBOH CUCTEMbI
45

Y Ca0BKA rpaHUYHbIE 935

Mdepma 11

—ockas 16, 17

— NpOCTPaHCTBCHHAs 17
DyHKUMK Popmbl 15, 62

3Heprud achopManiuu crepikHs 14
— ——TnoTengnanoiag 14, 59
— — — KWHEeTHYeCKas 73
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