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1 BBEJAEHUE. 3AJAYU U COAEPKAHUE KYPCA

Lenpto kypca «TexHuUeckas MEXaHHKa» sBiseTcsl GopMUpOBaHHE y OyIyIIero crie-
[UAITKCTa CTPOUTEIHHOTO MPOQUIS MPENCTaBICHUN O MOIX0/1aX, METOAAX U YIMPOMIAIOIINX
MPUHIUINAX, TPUMEHSIEMBIX MIPU UHKEHEPHOM PACUETE IJIEMEHTOB CTPOUTEIBHBIX KOHCTPYK-
UM, B TOM 4ucle — 000J0YEK U COCYAOB, pa0OTAIONMUX B YCIOBUSX CJIOKHOTO HArPY>KCHHUS,
a TAaK)K€ UCTBITHIBAIOUIUX [TUKJINYECKH U3MEHSIOMINECS U TUHAMUYECKHUE HATPY3KH.

3agayaMu OCBOCHHS JAMCIUIUIMHBI (MOIYJIS) SABJSIFOTCSA TONMydeHue (PyHIaMEHTaIbHBIX
3HAHMKW O HaANPSKEHHO-E(HOPMHUPOBAHHOM COCTOSIHMM Teja B TOYKE, TEOPHSIX MPOYHOCTH, a
Takke O (PU3MYECKOW CYIIHOCTH NMPUMEHSAEMbIX B MHXKEHEPHOW MpPaKTUKE METOJ0B pacuéra
JIEMEHTOB CTPOUTENIBHBIX KOHCTPYKIUN U IPUOOPETeHUE 3HAHUM, KOTOphIE OYIyT CHOCOOCT-
BOBaTh (OPMHUPOBAHUIO CIEIUAINCTA, CIIOCOOHOIO pa3o0paThCsi B MHKEHEPHBIX MOAXO0AAX K
pacy€Ty U MPOEKTUPOBAHUIO CTPOUTEIIBHBIX KOHCTPYKIIAM.

HNuctunnuna "TexHudyeckass MEXaHHUKa ' OTHOCUTCS K MPO(ECCHOHAIBHOMY LMKy Ba-
puatuBHOU yacTu. Kypc Oasupyercs Ha AMCHMIUIMHAX: MaTeMaTWKa, (U3HKA, TEOpPETUUYECKas
MEXaHHKa, COMPOTUBIIEHNE MAaTePUAJIOB.

J1o u3yuyeHus Kypca CTyJEHT JIOJIKEH:

3HaTh: (yHIAMEHTAIbHBIE OCHOBBI BBICIIEH MAaTeMAaTHUKH, COBPEMEHHBIC CPEJICTBA BbI-
YUCIUTEIbHOU TEXHUKH, OCHOBHBIE (PM3NUYECKUE ABJICHUS, (DyHIaMEHTAIbHbIE MOHSTHS, 3aKOHBI
Y TEOPHUH KJIACCUYECKON (PU3UKU, TPUHIIUITBI M METOMABI pacu€Ta MPOCTEUIIINX FJIEMEHTOB KOH-
CTPYKLHUN IPU OCHOBHBIX BUJAX Je(hOpMAaLIHiA.

YMeTh: CaMOCTOSATENIHO UCIIOJIB30BaTh MATEMATUYECKHM aIllapaT, COACPKALIMNCS B JIH-
TepaType Mo CTPOUTENbHBIM HaykaM; paboTaTh Ha MEPCOHAILHOM KOMIIbIOTEpE, MOJIb30BaATHCS
OCHOBHBIMH O()DMCHBIMU TPUIIOKEHUSIMH, TPUMEHSTH MTOJIYYCHHBIC 3HAHUS 0 (pu3uKe, Teope-
TUYECKOW MEXaHWKE W CONMPOTHUBICHUIO MAaTEepUaAIOB MPU U3YyUECHUH Kypca.

BnageTs: nepBUYHBIMU HAaBBIKAMU M OCHOBHBIMU METOJIaMU MPAKTHYECKOTO HMCIOJIB30-
BaHUS COBPEMEHHBIX KOMIIBIOTEPOB ISl BBIMOJTHEHHS MAaTEMATHUYECKHX pPacuéroB, 0hopM-
JICHUS pe3yJbTaTOB pacy€ra, COBPEMEHHON Hay4yHOW TUTEpaTypol, HaBbIKaMu BeleHUus (u3u-

YCCKOT'O 3KCIICPUMCHTA.



6
[Ipouecc n3ydeHus MUCIUTTUHBI HAPABIIeH Ha (JOPMUPOBAHHE DIIEMEHTOB CIIETYIOIIUX
komnereHiuu B coorBerctBur ¢ ®I'OC BO u OIIII BO no ganHOMY HampaBJIEHUIO MTOJATOTOB-

KH.

a) oowexyromypuvix (OK):

BJIaJIEHUE KYJIbTYPOIl MBIIUIEHUS, CIOCOOHOCTHIO K 0000ILIEHHIO, aHAJIN3Y, BOCIIPUSITHIO
UH(OpMAIIH, TIOCTAHOBKE LIEJH U BeIOOPY myTel e€ noctmkenus (OK-1);

YMEHHE JIOTUYECKH BEPHO, apI'yMEHTHPOBAHO M SICHO CTPOUTHh YCTHYIO U NHUCBMEHHYIO
peus (OK-2);

TOTOBHOCTH K KOOIEpAIlUH ¢ Kojuieramu, padore B koyuiektuse (OK-3);

YMEHHE UCIIOJIb30BaTh HOPMATHUBHBIE MIPABOBBIC TOKYMEHTHI B cBoel aestenbHocTH (OK-5);

CTpEMJICHHUEM K CaMOPa3BUTHIO, MMOBBIMICHHUIO CBOeH kBanudukaimu u mactepctea (OK-6);

0) npogheccuonanvuvix (I1K):

UCIIOJIb30BaHME OCHOBHBIX 3aKOHOB €CTECTBCHHOHAYUYHBIX IMCHUIUIMH B MPOodeccHo-
HAJILHOW JCSTEIBHOCTH, MPUMEHSIET METOJbl MAaTEMAaTHYECKOro aHajau3a U MOJCIUPOBAHUS,
TEOPETUYECKOTO U IKCIIepUMEeHTaIbHOT0 nccnenosanus (IMK-1);

CIIOCOOHOCTD BBISIBUTH €CTECTBCHHOHAYYHYIO CYIHOCTH MPOOJIEM, BOSHUKAIOIINX B XO/IE
npo(eCCHOHANTBHON JIEATEIbHOCTH, MPUBJICYh UX JJIS PELICHUS COOTBETCTBYIOIIUN (DU3HKO -
maTemarudeckuii annapar ([1K-2);

3HAHKE HOPMATHUBHOW 0a3bl B 00JACTH MHXKEHEPHBIX M3bICKAHWH, MPUHIIUIIOB POCKTHU-
POBaHMsI 3IaHHH, COOPY)KEHHUH, HMH)KCHEPHBIX CHCTEM W O0OpYJOBaHMS, IJIAHUPOBKH M 3a-
ctpoiiku HaceneHHbix Mect ([TK-9);

BJIQJICHAE METOJaMH TPOBEICHHS WHXKCHEPHBIX M3bICKAHWH, TEXHOJOTHEH MPOEKTHPO-
BaHMs JeTalell ¥ KOHCTPYKIIMiI B COOTBETCTBHM C TEXHWYECKHM 3aJaHHUEM C MCITOJIb30BAHUEM
CTaHJaPTHBIX MPHUKJIAIHBIX PACUETHBIX U rpaduueckux mporpaMMHubix naketo ([TK-10);

CIIOCOOHOCTD MTPOBOUTH MPEABAPUTEIHLHOE TEXHHKO-9KOHOMUIECKOE 00OCHOBAHHE ITPO-
CKTHBIX pacu€ToB, pa3pabaThiBaTh MPOCKTHYIO W Pab0OYyr0 TEXHUYECKYIO TOKYMEHTAI[HIO,
0(hopMIIATH 3aKOHYEHHBIE IPOEKTHO-KOHCTPYKTOPCKUE PabOThI, KOHTPOJIMPOBATH COOTBETCTBHUE
pa3pabaThIBaCMbIX MPOCKTOB M TEXHHUYCCKOW JOKYMEHTALMHU 3JIaHHI0, CTaHIAApTaM, TEXHUYE-
CKHM YCJIOBUSIM M JIPYTUM HOpMATUBHBIM JoKkyMeHTam ([TK-11);

B pe3ynbraTe 0CBOEHUS NUCHUILIMHBI CTYIEHTBI JTOJIKHBI:
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-3HATh. OCHOBHBIC MPUHIIMIIBI M TTOJOKEHUS METOOB, a TAKIKE IPAKTUYECKUE MTPHEMBI
pacuéra cTep)KHEH, CTepKHEBBIX CHCTEM M 00OJIOYEK MPU PA3NUYHBIX CUIIOBBIX, AedopMaru-
OHHBIX ¥ TEMIIEPATYPHBIX BO3ICUCTBUSX;

-yMeTb. TPAaMOTHO COCTaBJISITh PACUETHBIE CXEMBI, OTMPEACIISATh TECOPETHUECKU U DKCIIE-
PUMEHTAIBHO BHYTPEHHUE YCUIIHS, HAPSHKEHUS, Ie(OpMAaIiy U TIepeMeIIeHus, moaouparb
HEOOXOMMBbIE pa3Mephl CEUYCHNH CTEP)KHEN U3 YCIOBHI MPOYHOCTH, KECTKOCTH M YCTOMYHBO-
CTH.

-BJIajleTh HABBIKAMM

— OompeaeNeHus HanpsHKEHHO-Ae(POPMUPOBAHHOTO COCTOSHUS CTEPKHEH MPHU pa3TUIHBIX
BO3JICHCTBUAX C IMOMOIIBIO TEOPETHYECKUX METOJIOB C HCIIOIB30BAHUEM COBPEMEHHOI BBIUKC-
JUTENEHON TEXHUKH, TOTOBBIX IIPOTPAMM,;

— BbIOOpA KOHCTPYKIIMOHHBIX MaTepUaioB U GopmM, oOecriednBaroImuX TpeOyeMble MoKa-
3aTeNu HaJeKHOCTH, 0€30MaCHOCTH, SKOHOMUYHOCTHU U 3()(HEKTUBHOCTH COOPYKEHHH.

JUis MOCTMKEHUS 3TOW LENH MPH M3YyYSHUH TEXHUYECKOW MEXaHWKH YYeOHBIM IJIAHOM
NpPeAYCMOTPEHBI JICKIIMOHHBIE W MPAaKTUYECKUE 3aHITHSA, CAaMOCTOSTENbHAs padoTa, a Takke

BBIIIOJIHEHUE PACYETHO-IIPOEKTUPOBOYHBIX PadOT.



2. OCHOBBI OBIIEN TEOPUHA O COITPOTUBJIEHUHA MATEPHAJIOB

2.1.Tlonsatue o HaHpH)KéHHOM COCTOSHHU B TOYKC YIIPYI'Ooro TCjia U €ro BUbL

HaHpH)KCHI/I}I ABJIAOTCA PEC3YyJIbTATOM B3aUMOJICUCTBUSL YACTHL TEJia, MOSBISIOIIECTOCS
IIpHU HArpy>XCHUM C€ro BHCUIHNMU CUJIAMH. I[eﬁCTBHIO BHCIIHUX CWJI, CTPCMAIINXCA U3MCHUTDH
PACIIOJIOKCHUC YaCTULl TCJIa HUJIM BBI3BATH UX CMCIOCHUC, INPCHUATCTBYIOT BO3HHKAIOIIHUC IIPH

OTOM B TCJIC HAIIPAKCHUA.

1 I 0y Ty
/TXY
—»O-X
X
owadka X g
1
Puc. 2.1. Puc. 2.2.

OTU HaNPSHKEHUS] OTPAHUYUBAIOT CMEUIEHUE HEKOTOPO Mayiol BelnuuHOU. B oHOM 1
TON ’K€ TOUYKE HAMPSIKCHHUS B Pa3HBIX HAMPABICHUSAX, KaK MPaBUIIO, OYIyT pa3iUYHBIMU H
TOJIBKO B OT/ICIILHBIX CIIy4asX HaArPYKEHUSI OHH MOTYT OBITh OJIMHAKOBBIMHU.

PaccmarpuBas HanpsbkeHUE B TOUKE A HArpy>KEHHOT'O Te€Jla, OTHECEHHBIE K MaJIbIM ILIO-
maakam (puc. 2.1), npuHaIICKAIIMM IBYM Pa3HbIM 4acTsSM Teja, pa3aesiéHHOro ceueHueM I—I,
MPOBEACHHBIM Uepe3 3Ty TOUKY, JETKO YOeIUTHhCA, YTO €CIU MO/ JSHCTBUEM BHEIIHUX Harpy-
30K IUJIOIIAJIKKM CTPEMSTCS OTOMTH OJHA OT APYroMl WM COJIU3UTHCS, TO MEXKIY HUMH BO3-
HUKAIOT COOTBETCTBEHHO PACTITHBAIONIME WIH COKUMAIOIIUE HOPMAIbHble HanpsdiceHus O, €c-
JIY TUIOIIA/IKU CTPEMSITCS CABUHYTHCS OJIHA OTHOCUTENIBHO APYTOM, TO B HUX BO3HUKAIOT KAcCa-
meJibHble Hanpsdcerus T; €CJIM )Ke OJIHA IJIOIIaJKa CTPEMUTCS OTOMTH OT APYroM, OcTaBasich €i
napajuieIbHOH B KaKOM-HUOYIb MPOW3BOJIBHOM HAIpaBiEHWH, TO B TaKOHW IIJIOIIAJIKE OJHO-
BPEMEHHO BO3HHMKAIOT U HOPMaJIbHbIE O U KacaTeabHbIE T HAMPSHKEHUSI, a UX PE3yIbTUPYIOIICH
ABJISIETCSI NOJIHOE HAnpsdiceHue p, BEKTOP KOTOPOro COBMAJAeT C 3TUM HampabiieHueM. llepe-
MEIIEHUE TJIOMIAIKU B 3TOM CIIy4yae MOXKET ObITh T€OMETPUUYECKH PA3JIOKEHO Ha JBa IepeMe-

ICHUs . B3AMMHOC YJAJICHUC U CIABUTI .
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B oOmiem cnyuae, BbIIENTMM B OKPECTHOCTH PacCMaTpPUBAEMOW B HArpyKE€HHOM TeJie
TOYKH DJJIEMEHTapHBIM 00BEM MaTepuajia B BUIE OECKOHEYHO MaJIOro TMapajuieenuena
(puc. 2.2).Ha ero rpassix BiIHSHUE YIaJICHHON YacTH TeJa JOKHO OBITh 3aMEHEHO COOTBETCT-
BYIOIIMMHU HAMPSHKCHUSIMH WM MX COCTaBJISIONIMMU (HOPMaJbHBIMU M KacaTebHBIMUA HAIps-
KCHHUSIMH), KaK MMOKa3aHO Ha pUCYHKE. [Ipy mpOU3BOIBHOM BBIOOPE TIOJOKEHHSI KOOPIUHATHBIX
MJIOCKOCTEH, B KaXJ0W U3 HUX, BOOOIIE TOBOPs, UMEIOTCS W HOpMaJIbHBIC, U KacaTelIbHbIC Ha-
npsikeHus. [l HUX BBOJATCS COOTBETCTBYIOIINE O003HAYEHHUS B MJIOCKOCTH XY. Oz, Ty, Tyy; B
INIOCKOCTH XZ Oy, Tyy, Ty, B INIOCKOCTH YZ Oy, Tyy, Ty,. 37€Ch NEPBBIA MHIEKC IOKA3BIBAET
OPUEHTAIUIO TUIONIAJIKK, B KOTOPOW NEHUCTBYET HAIpPsIKEHHE, T.€. KaKOW M3 KOOPJMHATHBIX
oceil oOHa MepneHANKYIsIpHa. BTOpol MHIEKC yKa3bIBaeT HAINpaBJICHUE HAMPSDKEHHS MO KOOp-
JTMHATHOM OCH.

[Ipy u3MeHEHHHM OpHUEHTAIlMU TpaHell BBIACICHHOTO J1eMeHmapHo20 Tapalienenumnena
HaNpsOKEHHS Ha €T0 TPaHsIX Takke OyayT M3MEHAThCS. Bcermga MOXXHO HalTH Takyl OpH-
SHTAINIO AJIEMEHTA, TP KOTOPOH B €ro TpaHsAX KacaTeIbHBIC COCTABISIONINE HAMPSIKECHUH
OyayT OTCYTCTBOBATh.

Te mmomanku, Mo KOTOPHIM HE ACHCTBYIOT KacaTeIbHbIC HANPSHKECHUS, HA3bIBAIOTCS 21d6-
HbIMU NI0WAOKaMu, 2 HOpMaJIbHbIe HAMPsDKEHUS Ha ITUX TJIOMIAJKAX — 2IAGHbIMU HANP-
orcenusmu. MOXHO JOKa3aTh, YTO B KXKIOH TOYKE JIFOOBIM 00pa3oM HArpyXeHHOTO Teja
BCET/Ia UMEETCS M0 KpalHed Mepe TP TJaBHbIE B3aMMHO MEPIEHANKYISIPHBIC TIOMIAIKH,
T. €. IUIOMIAJKH, B KOTOPBIX OTCYTCTBYIOT KacaTelbHbIC HampsikeHus. Hampapienus, ma-
paJUieibHbIE TIIABHBIM HANPSIKEHUSIM, HA3BIBAIOTCS 21A8HbIMU HANPAGIEHUAMU B JAHHOU
Touke. ['1aBHbIE HANpsKEHUs] NPUHATO 0003Ha4YaTh O1 O, O3 [IPU 3TOM HoJlararoT 0; > 0y >
O3, YTO MEKIY YKa3aHHBIMHM HalpPsHKEHUSMHU CYIIECTBYET CACAYIONIEE COOTHOIIEeHHE (TOHH-
Mas ero B anreOpandecKkoM CMBICJIE): 01> 05> O3.

HanpshxkéHHOE COCTOSIHKE, B KOTOPOM TOJIBKO OJIHO M3 TJIaBHBIX HaNpsoKeHHE (Jir000e u3
TpEX) He paBHO HYJIO, a JBa JAPYTUX PaBHBI HYIIO, HA3BIBAETCS 0OHOOCHbBIM WIIH JUHCUHbIM
(puc. 2.3,a). Ecau nBa raBHBIX HANpPSKEHUS OTJIWYHBI OT HYJIS, @ OJHO PaBHO HYJIO, TO
TaKkoe HampsHKEHHOE COCTOSHHE Ha3bIBACTCS 08yxocHbvim uin niockum (puc. 2.3,6). Cuy-
Jaii HAMPSOKEHHOTO COCTOSTHUS, IPU KOTOPOM BCE€ TPHU TIJIABHBIC HAINPSIKEHUSI OTIUYHBI OT

HYJISI, Ha3bIBACTCS MPEXOCHbIM UK 00bémHbiM (puc. 2.3,8).
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Oy Oy Oy 05
i o (le of e
i 1 1
Oy Oy 03 Gf
a) 0) 8)
Puc.2.3.

Kpowme toro, pa3nun4aroT 00HopoOnoe HanpsS)KEHHOE COCTOSIHUE TeJia, IPU KOTOPOM B
Ka)XJI0OM TOYKE KaKoTo-JI100 CEUEHHs U BCEX MapajuIeNbHBIX €My CeYCHHH HANpsDKEHUS OJU-
HAKOBBI, U HEOOHOPOOHOe HANIPSXKEHHOE COCTOSHUE, MPU KOTOPOM B Pa3HBIX TOUKAX JI0O0T0
CEUYEHHUs] pacCMaTPUBAEMOro Tejla WM JPYTUX NapaJUIeNbHBIX €MY CEUYEHUN HalpsKEHUs

Pa3JIMYHBI.
2.2.Ten3op HanpsHKEHUH.

B o6miem ciiyuae 00b€MHOE HANPSHKEHHOE COCTOSTHUE B TOYKE OMUCHIBAETCSI MaTPULICH

TPEThEro MopsiIKa
Ox Tyx Tzx
T, =|Txy Oy Tzy| (2.1)
Txz Tyz Oy
DTa MaTPUIIAa HOCHT Ha3BaHUE TEH30pa HANPSKCHMi, a e dIeMEeHTHI (HAIpsKeHUs) Ha-

3BIBAFOTCSI KOMITOHEHTAMHU TEH30pa HAIPSKECHHIA.
2.3.3aK0H MapHOCTH KacaTebHBIX HAMPSHKCHUN

CnenyeT OTMCTUTDH, YTO ITOKA3dHHBIC HA PUC. 2.2 HAMpsKCHUA NPUHATO CHUTATH 1OJIO-
KHUTCJIIBHBIMU. PaCCManI/IBa}I PaBHOBCCHUC JJICMCHTA, T.C. IIpUPABHUBAA HYJIIIO CYMMY MOMCH-

TOB BCEX CHJI OTHOCHTEIIBHO OCEH X, Y U Z OJYYHUM CIIEYIOIHNE PABEHCTBA
Txy = Tyxo Txz = Tz Tyz = Ty,
KOTOpBIE OTPAXKAIOT CYTh 3aKOHA MAPHOCTH KACATEIbHBIX HAMPSDKEHHN (YACTHYHO PaccMOT-

PEHHOTO paHee TpHU BbIBOJC Gopmyiibl XKypaBckoro): Ha JABYX B3aWMHO MEPICHIUKYISPHBIX

ImIomaakax COCTABJIAIOMIMEC KACATCJIbHOTO HAIPSAKCHUA, HOPMAJIBHBIC K JIMHUKU MCPECCUCHUSA
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IJIOIIAIOK, PABHBI [0 BEJIMYMHE, 4 [0 HANPABJICHUIO TAKOBBI, YTO CTPEMSTCS IIOBEPHYTH dJIe-
MEHT B IIPOTUBOIIOJIOXKHBIE CTOPOHBI.

Takum 00pa3oM, U3 €ro AEBATH KOMIIOHEHT TEH30pa HAPSHKEHUH B CHUITY 3aKOHA MTApHOCTU

KaCaTCJIbHBIX Hal'Ip}I}KeHI/Iﬁ MOI'yT OBITH 3aJaHbl TOJIBKO IICCTh KOMIIOHCHT.

2.4.HanpsokeHus: Ha HAKJIOHHBIX TUTOIIAIKaX

[TycTh TpebyeTcss HAlTH HOpMAJIbHOE U KacaTeJIbHOE HANPSKEHUsS B TOUKe A MpoBe-
JICHHOTO B HarpyxeHHoMm Tejie ceueHus (puc. 2.1).ITomeriaeM B Touke A Ha4aI0 CUCTEMBI
KOOPJMHAT U MPOBOJAMM CEYEHHUE, MapajjieIbHOE JaHHOMY, OTCEKalolllee Ha KOOPAUHATHBIX
ocsix OeckoHewHo Manbie oTpe3ku dX, dy, dzBeipe3aem 00pa3oBaHHBIN TETPadaAp U paccMaTt-
puBaeM ero paBHoBecHe. HampspkeHus o TpaHsM TeTpadapa i OoNbIIei sICHOCTH n300pa-
’KeHbI Ha JBYX pUCYHKax. CUMTaeM KOMITIOHEHTBI HampspkéHHOro coctosiHus (puc. 2.4,8) u

HAIMpaBJISIONUE KOCUHYCHI |;, M, N, BHEIIHEH HOpMaJK | K HAKJIOHHOM TpaHu TeTpadapa 3a/aH-

HBIMMU. HaHp}I)KeHI/Ie p 1o TOU I'paHu pasjiaracM Ha HOPMAJIbHYIO U KAaCAaTCIIbHYIO COCTABJIAIO-

II[1Ie - COOTBETCTBEHHO Oj U Tj, a TAKKe HA KOOPAUHATHBIC HATIPaBICHU py, [ P, (puc. 2.4,0).

Puc. 2.4.

Ecnu mromanb HakJIOHHOW rpaHd TeTpadapa paBHa dA, To miomaaud ero rpaHei, Hop-

MaJbHBIX K OCAIM X, y, Z, COOTBCTCTBCHHO pPAaBHBI:

dA =dAL,,dA, = dAN ,dA, = dAh,

CocTaBuM ypaBHEHUsSI paBHOBECHs paccMarpuBaeMoro sniemenTa. [Ipu satom puc.2.4,au

puc.2.4,6 paccmaTpuBaeM coBMecTHO. [t TeTpasapa:
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2. X = pxdA- 0oy jdA-T,ymdA-T,ndA=0,

2Y = pydA-Ty idA-oymdA-T,ndA=0,
2. Z = pdA-T,4dA-T,,,mdA-0,ndA=0.
Coxpaasi 3TH ypaBHeHHus Ha dA, MOTyunM:
Px = Oxli +TxyM + Tz
Py =Txyli +Oym + TN, (R.2

Px = Tzdi + TyM +0N;.

HpoeKHI/IH BCKTOpPA Ha 1I000¢e HaIlpaBJICHHUC paBHA CYMMC HpO@KHI/Iﬁ €ro COCTaBJIAOMINX

Ha 9TO HAIIPpAaBJICHUC, IIOOTOMY

g = pxli + pym + pzNn,

nin

gj = oyl + Oymz +o N+ 2Ty limy + 2Ty mn; + 21,015, (2.3)

1 =yp?-0f =\/pZ+ pl +p2-o?.

Jlasiee MOXKHO OCYIIECTBHTb IOJCTAHOBKY BBIPAXKEHUH py, p,, P, U Oj 4epe3 KOMIIOHEHTHI Ha-
NPsHKEHHOTO COCTOSTHUS U HATPABIISIOIINE KOCHHYCHI HOPMAJIH |.
B cuiy Geckoneunoit manoctu dr, dy, dzuanpsokeHust O ¥ Tj 10 HAKJIOHHOW TPaHU TETpa-

9Jpa paBHbl HOPMAJIbHOMY MU KAaCATCIbHOMY HAIIPAKCHUAM B TOYKC M naHHOTO CEUYCHMUS.

2.5.T'naBHbIE HANIPSHKEHUS U TUTOIIAIKU

Kak YKa3bIBAaJIOCh BBIIIC, I''TABHBIMH INIOHIaIKaMH B 3aJaHHOM TOYKE TeJia Ha3bIBalOTCs
IUIOIAAKK, B KOTOPLIX KAaCAaTCJIbHBIC HAIIPSAKCHUA PAaBHbI HYIIHO. HOpMaJ'IBHI:-Ie HaIpsi’KCHU A,
,HGI)’ICTBYIOIHHe I10 TJIaBHBIM IIJIOIIaJIKaM, Ha3bIBAOTCA I'NTABHBIMHW HAIIPAKCHUAMU.

PaCCMOTpI/IM MCTO OIIPCACIICHUA I''TAaBHBIX HaHpH)KeHI/Iﬁ.
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Ecnu rmaBHas miomanka CymecTByeT, TO B HEH p = Oj, U, CJAEI0BaTEIbHO, JJIs dTOU

IJIOMIAKHU

Px =0ili, py =0imy, p; =ajn;

[Moncraisist paBeHCTBa B (2.2) M UCTONB3YSl PAaBEHCTBO CYMMBI KBaJPaTOB HAINPABISIONINX

KOCHHYCOB CIUHHUIIC
2 4mP+n =1,

MMOJIYUYUM CHUCTCMY UYCTBIPCX ypaBHCHI/Iﬁ C YETBIPbMsI HCHU3BCCTHBIMH. I'TABHBIM HaIIPsS?KCHUEM

Oj 1 COOTBETCTBYIOIIMMHU HaIIPABIAIOIMMU KOCHHYCaMU Ii , M, N HOPpMAJIN K IJIaBHOM IIJIO-

1IaJIKe, TaK KaK eé MOJI0KEHUE HEU3BECTHO:
Oili = Oxli + Txym + T
OiMm =Tyyli +OyMy + TN, (2.4)

OiNj =Tz +Ty,Mm +0,N,

nin

(Ox —0j)lj +Tyym + TN =0
Txyli +(0y —0j)m + 1, =0
Txdi +Tyzm +(0,-0j)n; =0

12 +mP+n? =1

[IepBbie TpHu ypaBHEHUS MPEACTABIISIOT JUHEUHYIO OJHOPOJIHYIO CUCTEMY C HEU3BECTHBIMU
lj,my,n; xoropsre, Kak cieayer u3 e€ 4eTBEPTOrO YpaBHEHWSI, OJHOBPEMEHHO HYJIIO paB-

HATBCA HC MOTYT. Peuienue nuHeMHOU OI[HOpOI[HOﬁ CUCTCMBI OTJIMYHO OT HYJIA TOJIBKO B

TOM clly4ae, €ClIM €€ ONpeeIUTENb PABEH HYJIIO, T.€.

A — Gx g ) Gi T].f:v: T.‘:J: 0
xy Gy— Tey
Tz Iyz 0.—6G; (25)

PaCKpBIB ONpeCACIINTCIIb, IMOJYYUM KY6I/I‘ICCKOC YpaBHCHHUEC C HCU3BCCTHBLIM I''TaBHBIM

HanpspKCHUEM Oj.
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cl—1,0?+1,0,—1;=0.
(.6

B sTOoM ypaBHeHuHU:

Iy =g+, +e,;
I,=0..0,+0,0,+0,0,~1,—1,—1%;

2x

i 2 2 2
Ta= 00,0, + 2 TapTyeTan = Oplye = Oy T — T, Ty

Kaxk u3BecTHO U3 anreOphl, TpU KOPHS KyOUYECKOTO YPaBHEHHUS C JIEHCTBUTEIBHBIMU KO3(]-
¢burmenramu (2.6) MOryT OBITH JTHOO ACHCTBUTEILHBIMH YKCIAMH, THOO OJUH M3 KOpHEH Oy-
JeT NEeWCTBUTEIBHBIM YHCIIOM, & JIBA JIPYTHMe — KOMIUIEKCHBIMH COMPSIKCHHBIMU YHUCJIAMH.
3Ha4YuT, OJHO TJIaBHOE HANPSDKEHUE, a, CIEOBATEIIBHO, U OJIHA IJIaBHAs IJIOMAKA CYIIeCT-

BYIOT.

OnHaKo, Kak HeTPYIHO 0Ka3aTh, ypaBHeHue (2.6) B cuity cummetpuu onpeaenutens (2.5)
OTHOCHUTEJIbHO TJIABHOM JMaroHajau, UMEeT BCe TPHU JACHCTBUTEIbHBIX KOPHSI.

[Tpu moBOpOTE KOOPAUHATHBIX OCEH KOMITOHEHTHI HAMPSIKEHHOTO COCTOSIHHSI B TOUKE Telia
HU3MEHSIOTCS, a TJIaBHbIC HAIPSHKCHHS, MK KOpHU ypaBHeHus (2.6) (=1, 2, 3)ocTaroTcs HEU3-
MeHHBIMHU. OTCIOJIa CIIEIYET, YTO OTH YPAaBHEHUS OJUHAKOBHI WX X KOA()PUIIMEHTHI U CBO-
00/IHbIE YJIEHBI COOTBETCTBEHHO PaBHBI.

Koadduruents! |, , |, u cBoOOoaHbIN wiieH |3 ypaBHeHUs (2.6) Hazviearomcs uneapuan-
mamu (HE3aBUCAIIMMH OT BHIOOpA CUCTEMbI KOOPJAUHATHBIX OCEH) HAIPSDKEHHOTO COCTOSHUS B
JTaHHOM Touke Tena. M3 BeipaskeHus s |, B 4aCTHOCTH, CJIEIYET, UTO CyMMa TpeX HOpMallb-
HBIX HAIPSDKCHHUH T10 JIFOOBIM TPEM B3aUMHO MEPICHIUKYISIPHBIM TUIOMIAKAM, TPOXOISIIAM
yepe3 JaHHYIO0 TOUKY, TOCTOSHHA.

B 3akiioueHue oTMETHM, YTO €CJIM B Kaue€CTBE MCXOJIHBIX NPUHATH TiaBubie ocu |, Il, 11,
TO GOPMYIIBI JJIsI ONpEIeNIeHHs] HOPMAJIbHBIX U KacaTeJbHbIX HANPSIKEHUN HA MPOU3BOILHO
OpPUEHTHUPOBAHHOW MIomaake (HopMaiab N K KOTOPO#l oOpa3yer yrisl 01, O, © O3 C COOT-

BCTCTBYHOIIIMMH OCHMI/I) 3HAYUTECIBHO YIPOMIAOTCI:

On =O'1CO§C11+O'2CO§C(2 +0'300520(3

P =\/cho§a1+0%co§a2+o§co§a3, (2.7)

— 2 2
Th=vPn~=0On-
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2.6.KpyroBas nuarpaMmMa HanpspKEHHOTO cOCTOSIHUSE Mopa. DKCTpeMalibHble KacaTellbHbIe

HAIpsKCHUSA

VY npou3BOIBHON TOYKH TEA BBIPEKEM BJIEMEHT, 10 OECKOHEUHO MaJIbIM IpaHsIM KOTOPOTro

JCUCTBYIOT TJIaBHbIC HanpspkeHus (puc. 2.5,a).

Q)| g, 5
2
O
= T x@
/6,
¥(2) 10;
a) 6)
Puc. 2.5

C 1enpl0 yIpOIIEeHUS M300paKCHHMsI KOMITIOHCHThI HAINPSHKEHHOTO COCTOSIHHS 31€Ch U B
JalbHEHIIeM MOKa3bIBa€M TOJBKO Ha IMEpPEAHUX TpaHAX BBIPE3aHHOTO 3jieMeHTa (yCJIOB-
HOCTB). JIJ1s1 3TOr0 3JeMEHTA:

O, =0y, 0,=0,, 0, =03, Txy:-t,,zw-tmzo.

Haiinem O; u T;, B MpOM3BOJIBHON ILIOIIAIKE, IPOXOAIICH uepe3 ock Z (ock 3). s sToi
wiomaaku (puc. 2.5p):

I,=cosa, m;=sina, n;=0.

O6paTtumcst K dopMynaM mis ONpeieleHHs HOPMAlIbHBIX HANPSUKCHHH Ha HAKIOHHOW
IIomaaKe. 3anuuem
;= 0, cos? 0 + o, sin’ o, M
_G6;,+06;  ©0,—0,

cos 24,

b2 - @2.7)

Ha ocuoBanuu ¢popmyn (2.2) 1y1st 3TOH TUIOMIAAKH Oy1eM UMETh:
px =0iC0s0, py, =0ysina, p,=0,

a, CJIeJI0BATEIbHO, JUIsl KACaTeIbHOT'0 HAMIPSXKEHUS

1, =02 cod a + 03 sin® o - 02 co* o - a3 sin* a - 20,0, sin? aco a
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NN

T; :gsinm. (2.8

B3sB cucremy oceit 0, T (puc. 2.6)u OTI0XKUB 110 ocH O B BBIOpaHHOM MaciuTtabe O; U
O, IOCTPOUM Ha Pa3HOCTHU O;-0», KaK Ha AUaMeTpe, OKpYyXHOCTb. [IpoBeem U3 neHTpa ox-

PYKHOCTH JIy4, COCTaBISIOMIUN C OCBIO O yrou 20.

'l'/

Puc. 2.6

Hokaxem, uro orpe3kun OD u DC B macmitabe nuarpaMMbl COOTBETCTBEHHO PaBHBI

Oj u T;. JledcTBUTEINBHO,

o, —0, G —0,
+
2 2

OD =04+ A0, +0,D =0, + cos 2a,

nin

Ul +G'2 + UI_U
2 2

OD = 2 cos 201,

(2.9)
DC =0,Csin2q = ~0—’-2_—G—Isin 21,

CootBercTBytorue Boipaxkenus (2.6), (2.7)u (2.9) coBnamarmT, 4TO JOKa3bIBaeT HAIIE yT-
BEpIKJICHUE.

3Ha4nT, aOCIMCCHI TOYEK MOCTPOCHHOM OKPYKHOCTH B BBIOpAaHHOM Macintabe paBHBI HOP-
MaJIbHBIM, & OPJMHATBI — KacaTeJIbHBIM HANPSIKCHUSM, JTECHCTBYIONIMM TI0 IUIOMIAIKaM, IPO-
XOISIIUM Yepe3 och 3 (TpeThio TIaBHYIO och). Ciie10BaTebHO, aOCIUCCHI U OPAMHATH TOYEK
OKPY)KHOCTEH, MIOCTPOCHHBIX Ha Pa3HOCTAX Op-03 U O1-O3, Kak Ha auameTpax (puc. 2.7),pas-

Hbl HOPMAJIBHBIM M KaCaTCJIIbHBIM HAIIPAKCHUAM 110 IJIOIIAJAKaM, IPOXOoAAIIUM COOTBCTCT-
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BEHHO 4epe3 ocu 1 u 2 (mepByr0 U BTOPYIO IJIaBHBIC OCH). MOXXHO JOKa3aTh, YTO aOCIIMCCHI U
OpJMHATHI TOYEK 3aIITPUXOBAHHOW 00JIaCTH B BHIOpAaHHOM MacuiTabe COOTBETCTBEHHO paB-
Hbl HOPMAJIbHBIM M KacCaTE€JbHBIM HANPSIKEHUSM MO MPOU3BOJIBHO OPUEHTUPOBAHHBIM IJIO-

magkKaM, MpoxoaidmuMm 9€pe3 3aJaHHYI0 TOUKY.

T N
A3
Tmax A
A
2, | ] o
O 0 AO; O
O3
02 N
O
Puc. 2.7

[TocTpoenHas Ha puc. 2.7 nuarpamMma HOCHUT Ha3BaHHE KPYroBOW JAUArpamMMbl HAMPSOKEH-
HOT'O COCTOSTHUS (HANpsDKEHUI) B JaHHOM Touke Tena. OKpyKHOCTh, TOCTPOCHHAS HA Pa3HOCTH
01-03, KaK Ha JUaMETPE, Ha3bIBACTCS OMPEICIISIFOIICH.

BroiBoaml.

1. 'maBHBIEC HANPSHKEHUSI TOCTUTAIOT SKCTPEMAIIBHBIX 3HAUCHHUM, T. €. 0; - HAauOOJIbIlIee HOP-
MaJbHOE HAIMPSIKEHUE U3 BCEX HOPMAIIbHBIX HANPSKEHUH, SHCTBYIONIUX TI0 TUIONIAIKaM,
MIPOXO/ISIIIIAM Yepe3 JaHHYI0 TOUKY, a O3 — HaUMEHbIIIEE.

2. HauGompmme opmunarel  okpyxknocted I, | w1l - Oz43, O1A; 1 O,A4,- paB-
HBI UX pajguycaM M COCTABISIOT ¢ OCb0 O yron 24 = 90°.3naunt, HaubOIbIINE KacaTeb-

HBIC HAIIPAKCHUA B INIOIIAAKAX, IIPOXOAAIINUX YCPE3 OCU 3, lu 2, COOTBCTCTBCHHO PABHBI

T, —0; T;7—0; 5 0;—0;
1 "2z e a3 S
73 2 2

a TUIOIIAJKU, B KOTOPBIX OHU JIEMCTBYIOT, ACJIAT YIibl MEXKIY MEepBOW U BTOPOH, BTOPOU U

TpeTBeﬁ, TpeTbeﬁ u nepBoﬁ TJIaBHBIMH IIJIOIIaAKaMM ITOIIOJIaM.
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MakcuManbHOE KacaTellbHOE HaIpshKEHUE, NEWCTBYIONIEE MO IJIOMIaJKaM, MPOXOISIIUM
yepe3 AaHHYI0 TOYKY, PaBHO HAMOOJbIICH OpJUHATE 3aIITPUXOBAHHOW 00JIaCTU - paanyCy

O343. TlonoxkeHne 3TOH TUTONIAKY TTOKa3aHo Ha puc.2.8.

CienoBaTelbHO,

2.7.0KTadIpruecKie HAMPSHKEHUS U TUIOIIA IKH.

[Tnomaaka, paBHOHAKJIOHEHHAS! K HANPABJICHUSIM TPEX IJIaBHBIX HAIMpPsDKEHWM, Ha3bIBa-
€TCA OKTA3APHYECKOW, a JNEUCTBYIOIIME HA HEW HAINpPSIKEHUS — OKTA3IPUYECKHMU HaIpsiKe-
HUSMH. YKa3aHHbIE IUIOMIaAKU oTcekaroT Ha ocsax |, I, Il paBHBIE oTpe3ku u 0Opa3yroT B mpo-
crpanctBe okTayp (puc. 2.9).KocuHycsl yrioB Oy, O, ¥ O3 SIBJISIOTCS HANPABISIONIMMU KO-
CUHYCaMH JUIsl HOPMAJIU U TIO3TOMY CBSI3aHbl COOTHOLIEHUEM

082 0 - co82 tp - cos g = 1.

JInst  OKTadIpUyecKuX IIJIOMIAI0K

01= 0l =03 =0l U, CIIEAOBATEILHO,

HOZ[CT&BJ'IHH 9TO 3HAUYCHUC KOCHUHYCOB B BbIPAKC-

Hus (2.7)umeem

1
Ookr = '3' (01 '_}* 02 + 0‘3)

| o ¢4y
Poxs = ]/3 (01 +03+)).

‘, : 4 1
Toxr = Porr — Oorr = T [(oy — 02)% 4 (04 — 03)% + (0, — 03)?].
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OT1cro/1a OKOHYATEILHO UMEEM

Yoe =5V (01 = G - (0, — O T (0 — )"

2.8.JIuHeitHOe U MITOCKOe HAMPSHKEHHOE COCTOSTHUE

HccenenoBanue HapsHKEHHOIO COCTOSIHUS 3HAYMTENIBHO YIPOILIAETCA B Cilydae, Korja Ha Of-
HOM U3 T'PaHE! BBIIEICHHOIO 3JIEMEHTA OTCYTCTBYIOT KacaTellbHble HaNpspKeHus. Ene npoiue B
ClIy4ae, KOorja Ha 9TOM IpaHd OTCYTCTBYIOT TaKKE€ M HOPMaJbHbIE HAIIpsDKEHUs. B oToM ciydae
9Ta IUIOLIAJKA BBICTYIIAET B POJIM I[TIaBHOM IIOLLAIKH.

CBshKeM C HalpaBJICHUEM IJIaBHOM IUIONIAIKH, HapumMep, ock Z (puc. 2.14).

y o Ten3op HanpsHKEHUN B 9TOM CIIy4ae UMEET BU!
LY Ty ;
oy, T
1o <ol T
T,=| Ty 0Oy 0=
T o
—> X Xy Yy
T 0 O
7 xy
014 Torna kybuueckoe ypaBHEHHE JUIsl OIPECIICHUS ITIABHBIX HAIPSKEHUH
Puc. 2.14.

HMEET BUJL.

o° - (ox + oy)02 + (chy - T)Z(y)O =0

HerpynHo BUAETH, 4TO HA cCaMOM JE€JI€ Mbl UMEEM JIEJIO C KBAJIPATHBIM YPABHEHUEM, IIOCKOJIBKY
OJIMH KOpeHb o4yeBuacH 03=0.
CrnenoBarenbHO, pACCMOTPEHHBIN CITydail TpencTaBisieT OO0l MIOCKOe HAMPsHKEHHOE

COCTOAHUC. O‘IeBI/II[HO, 4TO I'NIaBHBIC HAIIPAXKCHUSA MOXKHO OIIPCACIINTD I10 (bopMyJIe:

o, t+0O 1 P
0200 oo Py (12 e

B psne cinyuaes, HanpuMep, IpU pacCCMOTPEHUH CIy4YaeB MIIOCKOT0 U3rubda uiu u3ruoa c

Oj

KPYYEHHUEM, MBI CTaJIKuBaeMmcs ¢ TeM, 4ro 0,=0. 3agaya ompeneneHus IIaBHBIX HANPSKCHUH
emie Oosee ynpoaerca. B aTux ciaydasx oObIYHO BBOAATCA 0003HAaUeHHs O,=C, T,,=T U Qop-

myna (2.10)npuHuMaeT BUI

c
o, :71%,/02+4T2 . (2.11)

Crny4ail TMHEHHOr0 HaNPsHKEHHOTO COCTOSTHUS, KOTOPBIA peaiu3yeTcsi MpU OCEBOM pac-
TSOKEHUU-CKATUM MBI paccMaTpuBaTh HE OyeM, MOCKOJIbKY OH JIOBOJBHO XOPOIIO M3YYEH B

Kypce "ConpoTuBiI€eHUE MAaTEPUAIIOB".
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2.9.TlonsTre 0 1ehOPMUPOBAHHOM COCTOSIHUM Teja B Touke. TeHzop aedopmariuii.

WNuBapunThl TeH30pa Aehopmanuii. ['maBHbIe Aedopmanum

Uccnenyem aedopmanuto ynpyroro tena. UtoObl onpenenuTs ee, He0OX0IUMO CPaBHHUTH TO-
JIO’)KEHUS TOYEK Tella 10 U mociie mpuiiokeHuss Harpy3ku. Ha puc. 2.10 nmokaszaHo Teso u

TOUYKa A, KOOPJAUHATHI

Puc. 2.10.

KOTOpOil 10 nedopmaumu x, y, Z.Ilox neiictBuem Harpy3ku Touka 4 NEPEMECTUTCS B HOBOE
MOJIOKEHHNE — B TOUKY A’ ¢ KoopauHaTtaMu x', ', Z'. OTpe3ok AA' Ha3pIBaeTCs nepemelie-
HHUEM TOYKU A.

PaznuyaroT ABa BuIa mepeMenIeHH: IepeMenIeHre BCETo Tena meaukoM 0e3 ero nedopma-
LIUM U NIepeMeLIeHNe, CBsI3aHHoe ¢ Aedopmanueil Tena. [lepemenienus nepBoro BUaa u3y4aroT-
Csl B TEOPETHMYECKOM MEXaHUKE KaK IepeMelleHus aOCOI0THO TBEPIOTo Tena. B conpoTusie-
HUHM MaTepUaJIOB PaCCMAaTPUBAIOTCS TOJIBKO IepeMElIeHUs, CBA3aHHbIe ¢ JedopMaliueii Tena.

[Ipoexknuu nepeMenieHuss ToYku 4 Ha KOOPAMHATHBIE OCH X, ¥ U Z paBHbl Pa3HOCTHU

COOTBETCTBYIOIIUX KOOPAMHAT TOueKk A u A"

u=x-x,
v=y' -y,
W=2 -2

H ABJISIOTCA (bYHKHI/I}IMI/I KOOPJWHAT TOYKH.
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u=ul(x, 4, 2,
=0{x, ¥, 2),
w=w(x, Y, 2).
Pa3nuia B BenuuMHax MepeMelleHni B pa3IMYHbIX TOYKAX Teja BBI3BIBAET €ro jaedopma-
IUIO.
beckoneuno manbiii mapamienenumnes dxdydz,Beipe3aHHbIil U3 YyIpyroro Tejaa OKOJO Mpo-
M3BOJILHOM TOYKH A, BCJIEACTBUE Pa3IMuus NMEepeMeleHni ero Touek negopmupyercs, T. €.
M3MEHSICA NIWHA ero pedep M MCKaXalTcs NepBOHAYAIbHO MPSMbBIE YIJIBI MEXKIY TpaHsi-
MHU.
Ha puc. 2.11u306paxensl nBa pebpa 3Tor0o mapamienenunena. pedpo 4B, mapamiens-
HOE ocH X, U pedpo AC, mapasuieasHoe ocH Z. [lnuna pedpa AB pasua dX, peopa AC — dz.

[Tociie nedbopmupoBanus Touku A, B u C 3aitmyT HOBBIE mosioxennss —A', B' u C'.

ou
u+a—zdz
2 <
W+§—WdzA
Z C
dz
-
~ W+de
wl A 0X
u u+ﬂdx
< > < 0X
dx
X

o >

Puc.2.11

IIpu 3TOM TOYKa 4 MONYYUT HNEPEMELIEHUE, COCTABISAIOLUIUE KOTOPOTO B IJIOCKOCTH
yeprexa u 1 W. Touka B, oTcTosimas oT To4ku 4 Ha OECKOHEYHO MaJIOM paccTostHuu dX, momy-
YUT MEPEMEILEHUE, COCTABISIOINE KOTOPOro OYIyT OTJIMYATHCS OT COCTABIIAIOLIMX IEepeme-

MCHUA TOYKH A Ha 0ECKOHEYHO MaJIyrO BEJIMYMHY 34 CYET U3MCHCHHUS KOOPAWHATEI X:
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du 1
u-'}_ﬁp_‘:dx’ w_l"_é}' £

B cBoro oucpclb, COCTABJLAIOIMIMUC TICPCMCIICHHUA TOYKHU C 6y,HYT OTJIMYaThbCA OT CO-

CTaBJIOIMUX TCPEMCHICHHUA  TOYKHU A Ha OECKOHEYHO MaJiyro BCJIWYHHY 3a CUET U3ME-

HCHUA KOOPAUHATHI Z:

dw
dz, w— = dz,

QJI{:D
LA e

U
JlmmHa nipoekiuu pedpa AB Ha ock x mocie nedopmanun Oyaer:
rpr Ou 4 L ou
A'B'=dx—u+ (utgods ) =de+ 3 dx.

[Tpoexkuus abcomtOTHOTO yIIuHEeHHUS pedpa AB Ha OCh X paBHa!

QAB=A'B”-nAB=§-’i ;
e

OTHOCUTENBHOE YIJIMHEHUE BJOJIb OCH X HAa3bIBAETCS JIMHEWHOU aedopmanueii mo Ha-

IIpaBJICHUIO OCH X. Ona paBHa:

.V
X7 AB T ox

AHaJOTHYHO TIOTYyYUM JHMHEWHbIE Ae(QOpMAaIiK 0 HAIMPaBICHUSAM KOOPAMHATHBIX OCEH Y

nz.
\
J’_uay’
o
& =3

Utak, nuneiinaa oegpopmayus no 11060my Hanpasienuio pasHa 4acmHol npou3eo0Holl co-
cmasnAoujell nepemewjeHUs 8 MoM HanpasieHuu no nepemMeHHol 6 Mmom Jice HanpasieHuu.
PaccmoTpuM u3MeHeHus yriioB Mexay pedpamu napauienenunena (cm. puc. 2.11). Tanrenc
yriia moBopoTa pedpa AB B minockocTu x(OZ paBeH:
ow dw
—dx | —w e
_ dx

o __B'B"_"(“”* 3%
g J_'Aan—" M(IJHE) ——-1+E‘$q
"

OrpaHnunBasiCh pacCCMOTPEHHEM TOJBKO MalbIX nedopmanuid, MOXHO mojarath {g 0; =

01 1 mpeHeOpeub TUHEHOW neopmarnmei €, Mo cpaBHEHUIO ¢ enuauUIeH. Toraa
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_ dw

oy ﬂﬁ;‘-

AHAJIOTHYHO HAXOAUM yToJl ToBopoTa pedbpa AC B 3TOH K€ TIOCKOCTH:

= du
gz
VYron capura B miockoctu XOZ,T. e. HCKaxxeHue npsiMmoro yria BAC, Ha3bIBaeTCs yTrioBOM

nedopmanueit u onpenesieTcss Kak CyMMa yriioB moBopota pebep A8 u AC:
dgw  Ou
Yax = % +&2ma—+~§z— .

AHaJIOTMYHO HaleM YTJIOBBIC I[e(l)OpMaHI/II/I B IBYX APYIrUX KOOPAHMHATHBIX IJIOCKOCTAX:

ou | Ov
?xy:"&'y_,'"i'gi ’

du | dw
"I?yz = a_z"‘!— EE .

Urak, yenosasa oegpopmayus 6 110601 niockocmu pagHa cymme 4acmHulix npou3800HbIX CO-
CMABNAIOWUX NepemMewyeHuss 8 Mol NIOCKOCMU N0 NepeMeHHbIM 68 NePNeHOUK)ISAPHLIX Ha-
npasieHusIx.

Taxum 00pa3oM, Mbl MOJTYYUIIN IIECTH OCHOBHBIX 3aBUCUMOCTEHN COCTABIISIOIINX JIMHEHHBIX U

VIII0BBIX AehopManinii OT COCTABIISIONINX TIEPEMEIICHUS:

o, s e e L 20
X Py ? "I’X}*_Té;"in g ?

oy dv , Ow
Y=ay YT w T (2.11)
o =20 . _ B0 0u |
z7 Pz ?zx‘““ax'i“"é';-

Onwu HOCcAT Ha3BaHue popmyn Komrm.

B npenene, xoraa pedpa mapaienenumeaa CTpeMsaTces K vy, popmyisl (2.11) onpene-
JAIOT JUHEWHBIE W YTI0BbIE nedopMaluu B TOUKe A.

[TpaBmio 3HAKOB JIJIsl COCTABJISIOMIKNX Jeopmanuu:

1. [Ton0KHUTENEHBIM JIMHEHHBIM Jie(pOpMaIisiM OTBEYAIOT Y/UIMHEHHS TI0 COOTBETCTBYIOIIHM

HallpaBJICHUAM, a OTPHULATCIBbHBIM — YKOPOUCHU.
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2. TTonoXXuTenbHBIM YIIIOBBIM Je(OPMAIUSIM COOTBETCTBYET YMEHBIICHNE YTIIOB MEXy TO-
JIO’)KATEIbHBIMU HAIIPABICHUAMU KOOPAUHATHBIX OCEH, a OTPULATEIBHBIM — YBEJIMUEHUE TEX
K€ yIJIOB.
PaccMarpuBas nuHelHyo qedopMalnio NpOU3BOIbHO OPUEHTHPOBAHHOIO BOJIOKHA HE-
CJI0’KHO BBIBECTH CIIEAYIOIIEE COOTHOIICHUE

12 + eym2 + aznz +Yyxylm+yy,mn+y,nl

€p = Ex

Kax HeTpyaHo 3amMeTHTh, 3Ta (hopMyIa 1Mo BHIY COBIIAIAET C BEIPAKEHHEM TSl HOPMAJIHLHOTO Ha-
NPSDKEHUS HA TIPOU3BOJIBHO OPUEHTHPOBAHHOW IUIOIIAJKE, B KOTOPOW KOMIIOHEHTBI JIMHEWHBIX Jie-
(opmarmii 3aMEeHEHbI Ha COOTBETCTBYIOIIE KOMITOHEHTHI HOPMAJIbHBIX HANPSDKEHMUH, @ KOMITOHEHTHI
YIJIOBBIX Ae(opMaluii — KacaTelIbHbIX HaNpsbkeHUH. TakuM ke 00pa3oM MOKHO IMPOBECTHU TOJHYIO
AHAJIOTUIO MEXKTY TEOPUEH HANPsDKEHU 1 1eOpMaITHid.

Takum 00pa3zoM, MOXKHO CKa3aTh, YTO COBOKYITHOCTh 3HAYECHUI

1 1
€x EVyx Eyzx
1 1
nyy €y Esz
1 1
nyz Eyyz €2z

o0pa3yeT CHMMETPUYHBII TEH30p BTOPOTO TEH30p BTOPOTO PaHTa, HA3bIBAEMBI TEH30poM Jedopma-
UL
Cpenu BCEeBO3MOXHBIX BOJIOKOH, UCXOSIIUX U3 paccMaTpUBAEMOM TOYKH, BCET]Ia MOXKHO
yKa3aTh TPU B3aUMHO TEPIICHIUKYISIPHBIX BOJOKHA, KOTOpPHIE U B e(hOPMUPOBAHHOM COCTOSI-
HUU OCTAIOTCS MEPIEHIUKYIIPHBIMU APYT K apyry. [Ipu sTom ux nuHelHble nepopmanuu Oy-
IyT UMETh DKCTPEMAaJbHbIC 3HAUEHUs. Takue BOJOKHA HA3bIBAIOT TJIABHBIMHU, a4 MX JIUHEHUHBIC
nedopmaiuu — TiaBHBIME JaedopManmsamu. HampaBieHusl TJaBHBIX BOJOKOH HA3bIBAIOT JIaB-
HBIMH HaINpaBJICHUSAMU JAePOopMaIuil WK TJIABHBIMU OCSIMH Jtepopmaruii.
MOo>KHO TT0Ka3aTh, YTO OMpE/IeNICHHE TIAaBHBIX JeopMalliii CBOAUTCS K PEIICHUIO KyOHMUYECKO-

T'O YPaBHEHHUS
A3 -B2 +BA B3 =0
rne By, By, Bs —mHBapuanTh TeH30pa aedopmalinii, KOTOpbIe OMPEACISIIOTCS 1Mo opMyiaMm:

Bl=ex+ey+sz
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_ 12 15 17
By =€xey T EyE; T €€y _Zny _ZVyz_Zsz
1 1
€z ZVyx Zyyx
1 1
B‘Szzr\/xy €y Zsz-
1 1
Zyxz Zyyz €z

O‘{eBPI,I[HO, qTo paCCMOTPCHHOC KY6I/I‘IeCKOe YPAaBHCHUC TAKIKC UMCCT TPH JICHCTBUTEIIb-

HBIX KOPHS A1 » 3— KOTOPBIC SBIISIOTCS BETMUMHAME TJIABHBIX JIe(OpMaIiil €1>€,>€3.

2.10.00606ménnsIi 3akoH ['yka. 3akon ['yka mpu miockoM HampspKEHHOM COCTOSIHUU

PaccMoTpuM 3KCniepMEHTaIbHO 0OOCHOBAHHBIE COOTHOIICHUS MEXAY KOMIOHEHTaMU
TEH30pa HANpsHKEHUH U TeH3opa aedopmaruii B obmem ciydae HarpyxkeHus. OrpaHuauMcs
pPaccCMOTpPEHUEM OAHOPOJHBIX M30TPONHBIX TeN B YNpPyrod craguu nedopmanuu, Ipu 3TOM
CKOPOCTH JiepopMaIlii yIUTHIBATh HE OyIeM.

Cnenysa ['yky 3anuiiem, 4To KOMnoHeHmbl 0ehopmayuii 6 OAHHOU moYKe mens A6J-
1omcs TUHEHHbIMU U 0OHOPOOHBIMU (PYHKUUAMU KOMNOHEHM 08 HANPANCEHUI 6 IMOLl MOU-
ke u (haobopom).

MaTeMaTHUeCK! 3TO MOYKHO 3aINCaTh TAK:
€x =C10x ¥ G20y +C1307 + C4Txy T C15Tyz + C16T 2%
€y =Cp10x +C220y +Cp307 + CogTyy * Coslyz + Copl 2x
€z =C310x T C320y *C3307 + C34Txy + C35Tyz + C36T 2x (2.12)
Yxy =C410x T €420y +C4307 + C44Txy + Ca5lyz + Ca6l 2x
Yyz =C510x +C520y + C5307 + C54Txy * Co5T y7z + C56T 2
Yzx = C610x + C620y +C307 + Co4Txy t Coslyz *+ CoeTl zx
371€Ch Cj — IOCTOSHHBIE, XaPAKTEPU3YIOIIHE CBOICTBA MaTEpHaa.
Jlist onpesieNienns IOCTOSHHBIX Cj BOCTIONb3YeMCsl SKCTIEPUMMEHTAIbHBIMY JAHHBIMH,

MOJIYUCHHBIMHU M3 OIIBITOB IO OAHOOCHOMY PACTSKCHHUIO IJIMHHBIX HNUIMHAPUYCCKUX WA

IPU3MATUYICCKHX 06pa3u0B " OIILITOB IO KPYUCHHIO TOHKOCTCHHBIX TPY6OK, XO0Ts, KaK ITOKa-
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KEM TI037JHEE, OHU MOTYT OBITh OTPEIEICHBI TOJIBKO U3 SKCIIEPUMEHTA 110 PACTSKCHUIO JJTHH-
HBIX [IWJIMHIPUIECKUX 00pa3IoB.
Cnauana oOpaTuMcs K SKCIIEPUMEHTAIBHBIM 3aBUCUMOCTSM, MOJYYEHHBIM U3 OMbITA IO
PACTSDKEHUIO JJIMHHBIX MPU3MATHYECKHX 00pasioB cwiamu P, mpu-

JIOKEHHBIMH K ero TopuaM. CoBmemas och X ¢ MPOJAOIbHONW OCBIO 00-

NEpCYHOro CCHCHHA, MCKAY KOMIIOHCHTAMMU TCH30POB HaHpﬂ)KeHI/Iﬁ nu

nedhopmaiuii, OTIMYHBIX OT HYJS, OyJeM 3aBUCHUMOCTH

¥
i z 0) 0)
y A e, =—X g =¢ :_IJ'_X
X1 X y €y =&z
3 E E

X
T pas3ua, a ocu Y 1 Z C IIIaBHBIMU LCHTPAJIBHBIMH OCSIMHU HEKOTOPOTO IO~
|
|
|
|
|

S CpaBHHBasi 3TH 3aBUCHMOCTH ¢ (2.12),umeeM:
d N | B
G1=g» Q217017 ", €417 051 = Ce1 = 0.
Puc. 2.12.

[IpoBonsi KpyroByro NIEpPECTAHOBKY (COOTBETCTBYIOIIMM OOpa3oM Me-

HsIs HAITPABJICHUA ocer X — Y - Z - X IOJYYUM JOIIOJHUTECIIbHBIC COOTHOLICHHS.

_Oy e =9y, _O _ e —_,9z
8y —E, Ex =&z = —HE, €, —E, Ex = Ey = —UE U, CJIEIOBATEIbHO, OIPEHAECIUM
KOHCTAHTHI:

1 K
C22=C33=E’ C12=C13=C23=C32=_E’ C4p = Cgp =Cgp =C43=C53 =Cg3 =0.

Janee oOpaTuMcsl K 3KCHEPUMEHTAJIbHBIM JAaHHBIM, MOJIYYEHHBIM NPU KPYUYEHUU JJIUH-
HBIX TOHKOCTEHHBIX TPYOOK COCPEIOTOYEHHBIMH MOMEHTamMu (puc. 2.13), mpUIIOKEHHBIMH 10
TopuaM. PaccMoTprM poOU3BOJIbHOE CEUYEHUE: OCh X COBMECTUM € 00pa3yrolei oopasiia, ochb y
— HalpaBHUM I10 KacaTeJIbHOU, OCh Z — 10 PaJUyCy CEUEHHUS.

[Ipu uncToM caBUre, UMEKOLIEM MECTO B PACCMOTPEHHOM Cilydae, AEHCTBYIOT TOJIBKO Ka-
CaTelIbHbIE HANIPSHKEHUS Ty,
(puc. 2.12,6). Bocnionb3yemcst 3akoHOM ['yKa Mpy YUCTOM CIIBUTE:

_ Ty

Yxy G

CpaBnuBas 3Ty 3anuch ¢ (2.12),3anuirem:

1
Cas =5 C14 =C4 =C34 =C54 =Cg4 =0.
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HpOBOI[H, KaK U paHbIIC IIEPECTAHOBKY ocen X — y — Z — X, JIETKO ONpEeaeINTh OCTaJIbHbIC

MMOCTOSIHHBIC:

1
C55=C66=6’ C15 = Cp5 = C35 = C45 = Cg5 = C16 = Cop = C36 = C46 = C56 = 0.

Puc.2.13

C y4€TOM HaliICHHBIX BEJMYUH Cjj , COOTHOMIEHUS (2.12)nepenuuiem B BUy:

€x =é[0x _U(Oy + cfz)] Yxy = %
ey =é[0y (o +0y)  Vye= % (2.13)
ezzé[cz_ll(cx"'cy) szz%

OTH COOTHOILIEHUS HOCAT Ha3BaHUs 0000mEHHOT0 3aKoHa ['yKa.
JlonmycTuM, 4TO IJaBHbIE OCH TEH30pa HamlpsDKEHWH B Touke Tesa u3BecTHbl. CoBMmelas
OCH KOOpAMHAT C IVIABHBIMH OCSIMH, HAIPSHDKEHHOE COCTOSIHME TeJla B TOUKE Oy/IeM XapaKTepu-
30BaTh TJABHBIMU HANpPsOKEHUSIMH O3, Op, O3 Ilpm 3TOM yrmoBeie nedopmaiiu, COTIACHO
0000ménnoMy 3akoHy ['yka oOpamatorcsi B Hyib. CienoBaTenbHO, B 00JaCTH MaIbIX YIPYTHUX
negopmanuii rIaBHbIE OCH T€H30pa HAIPSKEHUI COBMAJAIOT C IJIAaBHBIMU OCSIMU Ae(opManuil.

CootHomieHust 0000UIEHHOTO 3aK0Ha ['yKa B TJIaBHBIX OCSX MPUOOPETAIOT BUJL!
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1

€1 =E[01‘H(02 +03)]
1

€2 =E[02 —H(03+01)]

1
€3 :E[03 —M(01+02)]-

CymMupys 1oJty4eHHbI€ BBIPAKEHHUS, TOJTYYUM

E

€1+€2+€3:é(01+02 +03)‘2—;(01+02+03)= H(01+02 +03).

AHaJIOTUYHO IIOJIYUYUM

1-2u

Ex TEytE; == (0X+0y+cz). (2.13)

2.11.06nEmuas aedopmarnms

B mponecce nedhopmupoBanust usmensiercst 0obéM Tena. Ilogcunraem m3MeHenne oObEMa
OECKOHEYHO MaJIoro mapajuiesnenuena, 00béM kotoporo a0 nedopmuposanus dV = dxdydz.C
TOYHOCTBIO 10 OECKOHEYHO MaJjIbIX BEJIMYMH BBICLIETO MOPSAAKA MOKHO CUUTATh, YTO U3MEHEHUE
00bEMa CBSI3aHO TOJIBKO C U3MEHEHHUEM JUIMHBI pedep, HO He C YIIIOBBIMU Ae(opManusMu.

Jlnuna pedpa AB (cMm. puc. 2.11)pasnas dX no aedhopmanuu, nocie aehopMaiuu, Kak

yKa3bIBaJIOCh paHee, OyJeT paBHa:

dxlzdx(l-i—-g%).

Bocnosb3oBasiucs nepBoit popmysioii Komu (2.10),monyuum:

iy =dx (1 4-¢).
AHaJOTUYHO BBIYMCISAIOTCS UTMHBI ABYX APYTUX pedep mocie nedopmarmu:

dyl ::dy(l "!_E_p)s
dz,=dz (1 -+¢,).

O0béM mapaienenunena mocie AehOPMUPOBAHUS HAWAEM Kak MPOU3BEEHNE HOBBIX
JUTUH pedep:

dV,=dx, dy, dz, =dx (1 4-&,) dy (1 +&,) dz (1 4-¢,).

PackpbiBas ckoOKH, MOJTy4daeM:
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dVy=dxdy dz (1 e+ e, 18,88, 1868 +e8, | B_Taysz].
[TpeneOperas B ckoOKax BeIUYMHAMH BTOPOIO U TPETHETO MOPSIKOB MaIOCTH M YUUTHI-
Bas, uro dxdydz = dVpaaxoaum:
dVy=dV(l1+4e.+¢,+e,).

OtHOcuTenbHas 00BEMHAS AeopManus paBHa!

dVy—dV .
F: e, ST T
d'b:r e E'.I' 1 B}" B’z.

O06o03Hauast OTHOCUTENILHOE U3MEHEeHHEe 00bhEMa uepe3 0, momydaem:
A ! b =
B = BT ﬂ-y ‘I. E'-;f

[MpuanMas Bo BHUMaHUE BbIpakeHue (2.13)MOKHO OTMETHTH, YTO
_1-2u
E

PaccmotpuMm nanee ciyyail BCECTOPOHHETO CaTusl Marepuaia. B 3Tom ciiydae Mbl MO-

0 (ox +oy+ cz).

KEM 3anucath Oy =0y =0, =—0. Toraa OTHOCUTENbHOE U3MEHEHNE 00bEMA OyneT

1-2
g=-=_Hgzg5
E
Otcrona BuaHO, uTo Ha KodddunueHt [lyaccona |\ JOKHO OBITH HAIOXKEHO OTpaHHYe-

Hue P< 0.5, 10CKOJBbKY B MPOTHBHOM CIlyyae MPU BCECTOPOHHEM CKATHH O0BEM Tella yBelH-

YHUTCA B 06’I>éMe, a 3TO HCBO3MOKHO.

2.12 . TloteHmansHas 3HEprus yrnpyrou aepopmaruu

Haiinem yaenbHyr0 NOTEHUMAIBHYIO SHEPIUIO U, T.€. SHEPTHI0, HAKOIJIEHHYIO BCIIENICT-
BHE YyNpyrux nedopmanuii enuHuIeii o0béMa MaTepraia nmpu 00BEMHOM HAIpPSHKEHHOM CO-
crostHAA. JIJ1s 3TOTO paccMOTpUM KyOUK CO CTOPOHOM, paBHOU 1, HaXomsmuiics moa qeiCTBUEM

IJIABHBIX HAIIPSKEHUU 01,02, O3 . [Ipn mpocTom pacTsskeHUuu Mbl paHee MOJy4HIIn
1
uU=—-0E€.
2

O606mast 3ty hopmyiay Ha ciiydaid OJHOBPEMEHHOTO JCHCTBHUSI TPEX HAIPSIKEHHH, 1MO-

JTy4YuM
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W —10'8 —10'8 —10'8
50181 F 5 0282+ 03,

[ToncraBum croma BepaxkeHus nedopmanwii mo 3akony ['yka (2.12),B pe3ynbpTare moiy-

YUM BBIPAKCHHE MOTCHIMAILHON SHEPTUH JePOpMaIiK eAUHUIIBI 00bEMa (yIeTIbHO)

1
V=S 0% +0% +05 - 2(010, + 0103 +0203)]- @1

OOBIYHO YAETBHYI0 MOTCHIUAIBHYIO 3HEPTUI0 JAePOpMaIiy MPEJACTABIAI0 KaK CYMMY
SHEPTUil 3aTpayeHHBIX HA M3MEHEHUE 00BEMA W,; 1 u3MeHeHue Gopmbl (3HEprust Gopmonsme-
HEHHMS) - Wy

W=W,5 + Wd’ .

CoxpaneHue (OpMBI BJIEMEHTApHOTO 00bEMA MPHU €ro ACHOPMHUPOBAHHUH BO3MOIKHO
JWIIG B CITydae, KOT/la Ha €ro TpaHsaX JACHCTBYIOT OJMHAKOBBIE HOpMaJbHbBIC HAINPSDKEHUS, KO-
TOopbie 0003HAYUM Op.

Torpa, npuHAB BO BHUMAHUE, YTO ISl TAKOI'O COCTOSIHUASL 01=0,=03=0( 3alUIIEeM

1-2
9=—“300.
E
Onpenenum BeITUUYUHY Og U3 PaBEHCTBA
1-2 1-2
BZTM%O =="H(0y+0,+03),
Otkyna
_01+02+03 _
- 3 — Yokm -

Takum 00pa3oM, 4TOOBI ONMPEAETUTh BEIHYUHY W,; BOCIIOIB3yeMces hopmyioit (2.14),

MOICTaBUB BMECTO O1, O, O3 COOTBETCTBYIOIIEE 3HaUeHUE Op. IMeem

(1-24) 1‘2U(
2E 6E

UtoOb! HAWTH HEPTUIO (POPMOUZMEHEHHUS, 3AMUILIEM:

W, =é=[30%—60%]=3 08 = 0L +0p +03)°.

Wd’ =W—WO5.

Ocy1ecTBUB MOACTAHOBKY U CJEJIaB OYEBUIHBIC TPEOOPA30BAHUS, TIOTYUUM:

1+
Wi =6—E“ (01-02) + (02 ~03) + (03 ‘01)2]-
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OtmeTuM, 9TO 3Ta opMyJia JIETKO MOKET ObITh MoaydueHa u3 hopmyisl (2.14)c 3ame-
HOM 07 Ha 01-Og, O, Ha O,-O, O3 Ha O3-0).

B cBs13u ¢ 0c000# BaXKHOCTBIO MOJYYSHHBIX COOTHOIICHHH, OOBIYHO C CaMOTro Havaa
TEH30p HANPSHKEHUHN PACKIIaIbIBAIOT

T n= TO + DOv
rae Tg - mapoBOil TEH30p HANpPSHKCHUH, KOMIIOHEHTHI KOTOPOTO O0YCJIABINBAIOT M3MEHEHHE
00béMa 6e3 n3menenus: Gopmsl; Dg- neBuatop, KOTOpHIH 00yciaBIuBaeT N3MEHEHHE (HOPMBI

0e3 u3MeHeHus 00béMa:

Op O O 01—0p 0 0
TO: 0 Op 0 ,D0= 0 01—0p 0
0O O Op 0 0 01—0p

3. TEOPUHU INTPOYHOCTHU

3.1. OcHOBHBIE IOHATHS

[Ipu pacyéTe Ha NMPOYHOCTH PA3IMYHBIX KOHCTPYKLMH M MAIIMH HEOOXOAMMO YUMTHI-
BaTh, YTO MHOIHME MX DIEMEHTHI M JIETAIU pabOTalOT B YCIOBUAX CIIOKHOTO HAIPYKEHUS.

Kak ObIIIO yKa3aHO paHee, €ClI HANPSHKEHHOE COCTOSHUE JIMHEHHOE, TO OHO OINPEIEs-
eTcs OJHMM IJIABHBIM HAIPSKEHUEM, IIOCKOE HANPSHKEHHOE COCTOSHHME XapaKTEPU3yeTCs
IBYMs, 2 00BEMHOE — TPEMS ITIABHBIMH HAIPSIKEHUSAMHU.

IIpy BO3pacTaHMM AEHCTBYIOIIEH HArPy3KH IVIaBHBIE HAIPSKEHUS COOTBETCTBEHHO yBE-
JIMYUBAIOTCS, ¥ IIPH HEKOTOPHIX ONMPEAEIEHHBIX X 3HAUEHUAX HACTYNAET ONACHOE WM TaK Ha-
3bIBAEMOE IIPEAENHLHOE COCTOSIHUE MaTepHalla B UCCIIELYyEMOM TOUKE.

JIJ1sl TIaCTHYHBIX MATEPHAIIOB MPEAEILHBIM CUMTAETCS TAKOE HANPSIKEHHOE COCTOSHHE,
IpY KOTOPOM HAYMHAIOT Pa3BUBATLCS 3aMETHBIE OCTATOYHEIE 1e(GOPMAIHH.

JI1sl XpyIKUX MaTepHajoB IPEeIbHbIM CYMTAETCS TAKOE COCTOSHHME, KOTOPOMY COOT-
BETCTBYET HAYaI0 TPEMIUMHOOOPA30BAHMS.

OnacHoe (penenbHOe) COCTOSHUE MaTepUasa Hellb3s HUKOTIA IOMYyCKaTh, TOYTOMY IpH

pacuéTe Ha MPOYHOCTh OOBIYHO BBOJUTCS MOHATHE JOIYCKAEMOTO COCTOSIHUS, KOTOPOE yCTa-
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HABJIMBAETCS C YYETOM psfa TEXHUYECKUX U IKOHOMHUYECKHUX (PAKTOPOB MyTeM AEICHHS Ha-
IPY3KH, BBI3BIBAIOIIEH MPEIEIbHOE COCTOSHUE, HA KO HUIMEHT 3araca, OONbIINNA €INHUIIBL.

UToObI OIIEHUTH HACKOJBKO OMACHO TO WJIM MHOE HAINPSDKEHHOE COCTOSIHHE M OTpejie-
JUTH COOTBETCTBYIOIINI KOA(PHUIMEHT 3amaca, He00X0IUMO ObIIO ObI OMBITHBIM ITyTEM yCTa-
HOBHTDH 3HAUEHUS TIABHBIX HANPSHKEHHWU, IPU KOTOPBIX HACTYHAeT MpeAeibHOe HANPsKEHHOE
COCTOSIHHE. JTa 33/1a4a JTOBOJILHO MPOCTO MOXET OBITh pelleHa MPU OJHOOCHOM PACTSHKEHUU
WK cKaThd. B 3TOM citydae npenenbHOE 3HaYCHHE €IMHCTBEHHOTO TJIABHOTO HAMPSHKEHHS OII-
penensieTcs HeTOCPEACTBEHHO U3 OIBITa M MPUHUMAETCS PaBHBIM IPEeNy TeKy4ecTH O, — s
IUTACTUYHBIX MaTEPHUAJIOB U Mpeey IPOYHOCTH Oy— IS XPYIKUX MaTepHaJIOB.

Taxum 0O6pa3zom, eciy U3BECTHA pacyETHAS BEIMUMHA HAMIPSDKEHUS O, TO KO3 PHUITHESHTHI
3amaca OynyT

N,=0,/0 - [UI TUTACTHYHBIX MaTEPHAJIOB;

N,=0,/0 - 17151 XPYIKUX MaTepHAaJIOB.

[TockonbKy MpH MIOCKOM U 00BEMHOM HANPSIKEHHBIX COCTOSHHUSX COOTHOILICHUS MEXKIY
TJIABHBIMU HANPSDKEHUSIMU BO3MOYKHBI CaMbl€ Pa3IMYHbIe, TO MPAKTHYECKN OCYIIECTBUTH TaKUe
HKCIIEPUMEHTHI HEBO3MOKHO HE TOJBKO M3-3a UX OOJBIIOTO YMCIA, HO U U3-3a TPYAHOCTEH B MX
IPOBEICHHH.

CymecTByromas B HACTOSIIIIEE BPeMsl TEXHUKA JIJIsl SKCIIEPUMEHTAIBHOTO HCCIIEeIOBAHMS
CJIO’KHOTO HanpspKEHHOTO COCTOSHHSI TTO3BOJISIET MOKA MPOBOAUTH MCIIBITAHUS TOJIBKO JUIS OT-
PAHMYEHHOTO YHCJIa HEKOTOPHIX YACTHBIX CIy4aeB COOTHOIIEHUI MEXIY TIaBHBIMHU HAIpsDKeE-
HUSIMU.

OTO MPUBOIUT K HEOOXOTUMOCTH CO3/IaHUSI TAaKOM METOAMKH pacdéra, KOTopas MO3BO-
Jsu1a OBl OIICHMBATH CTENEHB OMACHOCTH JIF0O0T0 HANPSHKEHHOTO COCTOSHUS AJISi TOTO HITH WHO-
ro Marepuaia, OCHOBBIBAsCH TOJILKO HA PE3YJIbTaTaxX OIBITOB IPH IPOCTOM HArpyXeHH (pacTsi-
’KCHUH, CYKATUH WIH YHCTOM CJIIBUTE).

Pemenne 3Toif BaKHOW 3a/1a4M OCYIIECTBIISIETCS C TIOMOIIIBIO, TaK HAa3bIBAEMbIX, TEOPHIA

IIPOYHOCTH UJIM TEOPUU NPEAEIbHBIX HANPSKEHHBIX COCTOSHUM.

3.2.Copepxanue TeOpuid MpeAesIbHbIX HAMPSKEHHBIX COCTOSTHUN
BBoauTcs moHsITHE SKBUBAJICHTHOCTH (PaBHOOTIACHOCTH) HANPSKEHHBIX COCTOSTHUI: [[Ba
KaKUX-JTM00 HaNpsHKEHHBIX COCTOSHHS CUMTAIOTCS PABHOOMACHBIMU (IKBHBAJICHTHBIMH), €CIIU

OHU IIPU MPONMOPIHUOHAIBHOM YBCIMYCHHUU TJIABHBIX HaHpH)KCHI/Iﬁ B OTHO W TO K€ YHUCIIO pa3
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OJTHOBPEMEHHO CTAaHOBSTCA MpeAenbHbIMUA. OYeBUIHO, UTO B 3TOM Cllydae Kod(p(UIIMEeHT 3amna-
ca IMPOYHOCTH JUIsl 000MX HAIPSKEHHBIX COCTOSHUM OyleT OJJMHAKOBBIM.

Kak yxe oTmeuanoch, B Ka4eCTBE OJHOTO M3 PABHOONACHBIX HANPSKEHHBIX COCTOSIHHIMA
IIPUHUMAETCS. OJHOOCHOE PACTSKEHME, XOPOLIO M3YYEHHOE JKCIIEPUMEHTAIBHO, & B KaUECTBE
APYroro — HAMpsHKEHHOE COCTOSIHUE, OMACHOCTh KOTOPOTO IS TaHHOTO MaTepuasia HeoOXoau-
MO OLICHUT.

[Ipu 3TOM HYXHO CBA3aTh IJIaBHbIE HANPSKEHUS JBYX PABHOOIIACHBIX COCTOSIHUM KaKOM-
1100 3aBUCHUMOCTBIO. DTO MOXHO ClIelaTh, €CJIM U3BECTHA 00wIas 1yisi 000X COCTOSIHMN IpH-
YMHA pa3pylICHHUs MaTepuana Ipu Nepexoae B MpelenbHoe cocTossHue. OHAKO ONpeciIeHue
VMCTUHHOW MPUYMHBI pa3pylIeHUs MaTepraja OCTaeTcs MoKa HEPa3peleHHOM 3aadyeil. 1o mo-
BJIEKJIO CO3/IaHHME PA3JIMYHBIX TEOPUH IMPOYHOCTH, KaKJasl U3 KOTOPBIX OCHOBBIBAETCS Ha OIpe-

HeHeHHOﬁ TUIOTE3C O MPUYINHC HACTYIUICHUS IPEACIbHOTO H&Hpﬂ)KéHHOFO COCTOAHUA.

3.3.Kpurepun nmaacTUUHOCTU U pa3pylICHUs

Ilepsas meopus npounocmu I anunes.

CornacHO 3TOM TEOpUM NMPUYMHON HACTYIUIEHMS MPEAEIBHOTO HANPSKEHHOTO COCTOS-
HUS SBIISIOTCSA HaMOOJIbIIME HOpMaJlbHble HanpshkeHus. Ha3Banue 3Toil Teopun — teopust Hau-
OOJBIINX HOPMAITBHBIX HATPSKEHHH.

Ecnu 3a OCHOBY NpPUHATH METOX IPEACIBbHBIX COCTOSHUH, TO 3Ta TEOPUsS NPUBOIUT K

CJIEYIOIEH 3aIIUCH YCIIOBUS IPOYHOCTH:

5

pacu =01 R.
HenocratkoM 3TOM TEOpUH ABIAETCA HEYUET ABYX APYTHX IVIABHBIX HANPSIKEHUU O, O3.
OTa Teopus MOJATBEPKAACTCA JUIIb B OYEHb OIPAHMYEHHOM JMaINa30HE HArpy>KEHUsl, HApH-

Mep, IpU PACTHKEHUH XPYIKUX MaTepualioB. B HacTosiee BpeMst | Teopust He UCTIONb3YEeTCS.

Bmopas meopus npounocmu Mapuomma.
DTa Teopusi OCHOBaHA Ha TUIIOTE3€, YTO MPUUYMHON HACTYIUIEHUS MPEAEIbHOTO COCTOSI-
HUS SIBJSIFOTCS YJUIMHEHNS BOJIOKOH Marepuara.

B xauecTBe KpUTEpHSI IPOYHOCTH 3AIIUCHIBACTCS YCIOBHE

€max — €1 =&,
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rae €g=E€, — NpeAcabHasd ,I[e(l)OpMaHI/IH, IMMOJIYUYCHHAA M3 OIIbITAa I10 OCCBOMY PACTAKCHUIO. I[J'IH

nepexoja K HalpspDKeHUsIM UCTIONB3YIoTesa (popmyibl 3akoHa ['yka. Tak, 3anumem
1
&= E[ol - H(Gz + 03)],

(0)
a Ui €y — BBIpAXKEHHE €() :EO( 3/1eCh U Janee Og — NpelelibHOE HAMPSIXKEHUE U3 OIbITa IO

0ceBOMY pacTsikeHH0). OTKy1a
01-K(02 +03)< 0p.
Wi, nepexost K METOY MPEeIbHBIX COCTOsIHUM (Og 3aMeHsieM Ha R)
)y _
G%agu =01~ U(OZ + 03) <R.

371ech, B OTIIMYKAE OT NEPBOM TEOPUM MCIOJIB3YIOTCA BCE HANPSKEHUs Oy, Op, O3 , BO3HU-
Karolye npu 00bEMHOM HanpsKEHHOM cOCTOAHUU. ClieyeT OTMETHUTh, YTO 3Ta TEOPHs XOpO-
IO COTJIACyeTCsl ¢ HEeKOTOPBIMU JaHHBIMU HCTIBITAHWN, HAIIPUMEp, CKaThsi OETOHHBIX 00pas-
110B. O1HaKoO B OOJIBIIMHCTBE CIy4yaeB OHA HE JaeT JIOCTOBEPHBIX PE3y/IbTaTOB U B HACTOSILEE

BpCMs IMPAKTUICCKU HE IIPUMCHATCA.

Tpemovs meopusi npounocmu Kynonua.
DTa Teopusi CTPOUTCA Ha TUIOTE3€, YTO MPUUMHOMN MPEAEIbHOTO HAMPSXKEHHOTO COCTOSHUS SIB-

JIAKOTCA HaI/I6OHBHII/Ie KaCaTCJIbHbIC HAIIPSAKCHUA. B OCHOBY 3TOU TCOPHUH ITIOJIOKCHO YCIIOBHC
1-_maxs-[o
rac
—0,-03
Thac———
B oxoHYaTensHOM BUIE YCIIOBHE MMPOYHOCTH COTJIACHO 3TOM TEOPHH 3aMUCHIBACTCS B opMe:
() _ 1
Gpacq =01—-03< R.
O6I:-I‘IHO MBI UMEEM C yr[pOH_[eHHBIM IIJIOCKUM HaHpH)KéHHBIM COCTOAHHUEM, KaK HaHpI/IMep, n3-

rub ¢ kpydenueMm. B aTom cirydae, Bocmonb30BaBmuchk Gpopmysioi (11.16)moxydnm

ogyc?l =yJo? +41° <R. (3.1)

1910 yenoBue Briepesie mpeanoxkm B 1773r. KyiioH, KOTOpBIif, BIPOYEM, BOMPOCAMH IPOYHOCTH HE 3aHMMancs. Kak yciro-
BHE HACTYIICHUS IIACTHYCCKHUX AeOopMariuii 3TO yCIOBHE OBLIO MCITOI630BaHO B 1868 dpaHiry3ckuM HHKxeHEpOM
I'. Tpecka n matematuaecku copmynuposano b. Cen-Benanom.
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OtmeTum, uto Ill Teopust XopoIIo cornacyercs ¢ JaHHBIMU 3KCHEPUMEHTOB U IO3TOMY
OHa IIMPOKO IPUMEHSETCS] Ha MPAKTHKE, OCOOCHHO /AJs MaTepualioB, OAMHAKOBO COINPOTHB-

JISIOIIUXCS PACTSXKEHUIO U CKATUIO.
Yemesepmas meopusi npounocmu I yoepa — Muzeca

Ota Teopusi OCHOBAHA HA dHEPreTHYecKoM Kputepuu. [lepBoHadanbHO OBUIO MPEIIOKEHO
OLICHUBATh B KauyeCTBE KpUTEpUs IMOJIHYI MOTEHLUHUAIbHYI 3HEepruto aedopmanuu. OgHaKo
HKCIIEPUMEHTBI NOATBEPAWIIN JIMIIB CIy4au, KOI/la B KAUeCTBE KPUTEPHs IPUHUMAJIACh HE BCS
SHEprus, a JuIb dHeprust nu3mMeHeHus ¢Gopmel. [lostomy IV Teopus mpouHocTH CTpOUTCS Ha
TUIOTE3€, YTO MPUYUHOMN IPEIEIBHOTO COCTOSIHUS SIBISAETCS JOCTHUKECHHUE YICIBHON NOTEHIIH-
JIIBHOW SHEPruu (POPMOM3MEHEHHS] BEIWYHHBI, COOTBETCTBYIOIIEH MPEACIbHOMY 3HAYCHHIO
IIPY OCEBOM PACTSKEHUMU.

VYciioBue MpoyHOCTH B COOTBETCTBUU C 3TOW TEOPUEH UMEET BT

qu SWP.-

HOI[CT&BI/IB COOTBCTCTBYIOIIHEC BbIPAKCHUS, ITOJTYUCHHBIC HAMU PAHCC,

1+ 1+
W :G—EH[(Gl ‘02)2 +(0, ‘03)2 +(o3 ‘01)2] u W :G—EH[ZGOZ]’

npuaeM K popmyiie

1
o), =\ [2o1- 02 +(0- 03P + (05~ 01| < R

IIpencraBnser uHTEpEC BUA IMOJYYEHHOW (DOPMYINIBI B YaCTHOM Ciydae YIPOIIEHHOIO
IJIOCKOrO HarpsiKEHHOro cocTostHUs. [locTynum TakuM ke o0pa3oM, Kak OMMCAHO BbILIE MpPU
paccmotpenud |l Teopun npounocTw.

Bocnosas3yemest opmyioit (2.11) .OmycTuB odeBUIHBIE TPe0Opa30BaHMs, 3aMUIIEM:

2 2
M, + 075M
ch\.l/CL=V02+3TZSRHHH ch\z/czt:\/ - W ? <R,
u

a BBOJ XapaKTCPUCTUKY

2 B TakoM BHJE YCIOBHE HACTYIUICHWS IUIACTHYECKHMX aepopMarmii Obuto mpemrokero B 1904 r. MOTbCKAM YHEHBIM
M.I'y6eopm. A packpsut 310 yciaoBue B 1913r. Hemenkuii maremaTtuk P.Mmu3ec, KOTOPBIH paccMaTprBall KacaTeIbHbBIC Ha-
MPsDKEHUS Ha OKTadIpUYECKON IUIOIMAAKE KaK IMPOCTEHITYI0 (YHKIIUIO SKCTPEMATbHBIX KacaTelbHBIX HaNpspDKeHHWH. Brio-
CJIC/ICTBUH BBISICHUJIOCH, YTO WS JHEPreTHYECKOro KpuTepusi ObLia BblABHHYTa euie B 1856 r. aHriumiickum Qu3ukom
JI.MaxkcBemrom. ®usmdeckoe ke 000CHOBaHHE 3TOTO KPUTEPHUS IPHHAJICKUT COBeTCKOoMY akaa. B.B.HoBoxwuioBy.
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M('V) =\/M3+0,75M2

pacu Kp 1

v
MS R.

MPUXOAUM K BBIPAXKEHUIO!
u
Cnenyer orMeTuts, 4to |V Teopus naer HEKOTOPYHO SKOHOMMIO MaTepuaia 1o CpaBHe-

Huto ¢ |l Teopueli mpoyHoCTH.
3.4. Teopus npounoctu O. Mopa

BO BCEX paCCMOTpeHHHX BBIIIIC TeOpI/ISIX B KQUCCTBC KpI/ITepI/ISI HpI/IHI/IMaJ'IaCI:- BCIINYHMHA KAKOI'O
a1bo oxHoro (akropa (HampsukeHue, aedopmariius, sHeprus). O.Mop caenan MOMbITKY BbIBEC-
THU 3aBUCUMOCTDb HpOlIHOCTHBIX CBOﬁCTB MaTepI/IaJ'Ia OT BHUJa HaHpH)KéHHOFO COCTOSHUA. C 3TOI71
OCJIbO OH IPCAJIOKUIT UCIIOJIB30BATh KPYIOBBIC JHAI'PAMMbI HaHp}I}KeHI/If/i " UCIIOJIB30BATh TPU
BUIa I/ICHLIT&HI/IﬁI HpI/I OCCBOM paCTSI)KCHI/II/I, CKXaTnum " prIIeHI/II/I. I[J'ISI KaxKa0ro m3 HuUxX OH

T IIPEeUIOKUI CTPOUTH OIPEACIAIONNe KPYru pagny-
0103

coB R=

Cxarue Pactsokenue 2

> C [lycTh mpenenbHble HANPSKEHUS TPU CHKATUU

Kpyuen \
= BBIINIC, YE€M IIpHU PACTAXKCHUH, T.C. O( >00p' I[J'Iﬂ

pacTAKCHUA WA CKATHA OJHO M3 TJIAaBHBIX HaIIps-

’KEHHH PAaBHO HYJIIO, IOITOMY KPYTU IPOXOJIAT Yepes
Puc. 3.2. Hayano koopauHat (puc. 3.2).Ilpu kpydeHun neict-
1 BYIOT TOJBKO KacaTelIbHbIe HAalpsKeHUS
*+1. Ha »sToii amarpamMmme MOXXHO OTOOpa-
3UTh pE3yNbTaThl W JAPYTUX HCIIBITAaHHH,

IMOCTPOUB COOTBCTCTBYIOIIHUC OIIPCACIIATO-

O lIue Kpyru npeaeibHbIX Hanps>KeHUH.

C
Cy G %2 | ) Pactorenne Ecnu mpoBecTH OruOArONIyro JUisi 9THX
KPYIOB, KOTOPYIO Ha3bIBAIOT MPEIEIbHOM

orubaromiei, To B o0mem ciaydae 310 Oyzaer

< > > KpHBasi, KOTOpasl epeceyeT oCbh O B HEKO-

Topoil Touke C. DTy TOUKYy MOXHO pac-
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CMaTpUBaTh KaK MpENelbHbIM Kpyr Mopa B cilydyae BCECTOPOHHETO PACTSDKEHHUs, T.€. IMpH
01=02=03=0¢p.

Takum o0pa3oM, €clIu UMEETCS HECKOJIbKO MPeNeIbHbIX KPYroB M MX Orudarouias, To
MOYHO CUHTaTh, YTO HANPSHKEHHOE COCTOSIHUE, TJIABHBIM KPYT KOTOPOT'O KacaeTcsl OTHUOaroIIeH,
OyZeT Takke MpenelbHbIM, T.€. MBI MOXXE€M H300pa3uTh IMYHKTHPOM CEMEUCTBO MpPEIeTbHBIX
KPYTOB C Pa3IUYHBIMH COYETAHHUSIMU TJIaBHBIX HampspkeHu. Orudaroias ske onpeenseT 3aBu-
CHUMOCTb 3TUX HAIPSKEHUH OT BUJA HAPSHKEHHOTO COCTOSTHUS.

[TocTpoeHne AEUCTBUTENHLHON OTHOAIOIICH TpPEeACIbHBIX KPYroB, HEOOXOAMMOW s
OLIEHKH MPOYHOCTH, JIsI BCEBO3MOKHBIX HAINPSX)KEHHBIX COCTOSIHUM, HEBO3MOKHO, T.K. JUJIS 3TO-
ro nmotrpeboBagoch OBl OMBITHBIM ITYyTEM HCCIIEIOBATh OECKOHEYHOE YMCIIO HANPSIKEHHBIX CO-
crostHui. [ToaTomy Mop IpeayiokiT CIeAYIONYI0 CXeMaTH3allii0. OTHOAINIYI0 3aMEHSTh Ka-
CaTeJIbHOW JIMIIb K JIBYM TJIABHBIM KpPYyram, KOTOPBIE CTPOSATCS IO JAHHBIM OIBITOB HA OCEBOE
pacTsHKEHHE M CHKaThe. DTH KacaTelbHble (IPSIMBIC) M MPUHATO CYMTATh FPaHUIIAMH IIPOYHOCT-
HBIX COCTOSIHUM.

[lyctb MBI MMeEeM HaMNpsHKEHHOE COCTOSIHWE, TJIABHBIA KPYr KOTOPOTO KacaeTcsi ITUX
OpSIMBIX (B CHJIBI CHMMETPUH MOXHO PacCMaTPUBATh TOJIBKO OJIHY MPSMYIO, HarpuMep, BepX-
HIOI0), TO U3 1moa00ust TpeyroibHUKOB Co C3 Az u Cy A;Cy , UCTIONIB3YsI 3HAYCHHS TPECIbHBIX

H&Hpﬂ)KCHI/Iﬁ IIpU CKaTUU Oy ¥ IIPU PACTSKCHUH Oopa MOKHO ITOJIYUYUTb COOTHOIICHUC

(0}
O0c
NIn
01-—-03=0pp
Ooc

" YCJIOBHUC IPOYHOCTHU IIPUHUMACT BU

Opacq =O'1—KO'3S R.

0o
Koaddurnment K= 2 osponser YYUTBEIBATh Pa3HOE COIPOTHUBIICHUE MaTepHaia pac-
Op
C

TSDKEHUIO U ckaTturo. Eciau oHun OAHMHAKOBbI, TO K=1 u xacareiabHbIE K TJIaBHBIM Kpyram Iapal-
JIEIbHBI ocu 0. B 3ToMm ClIydac yCJIOBHC IIPOYHOCTHU COBIIAJACT C YCIIOBHUCM " TCOpHH, CIICHO-

BAaTCJIIbHO OHO NMPHMMCHHUMO KaK IJId XPYIIKHUX, TaK W JUJIA IJIACTUYHBIX MAaTCpHUajioB. HpI/I 3TOM

3 O.Mop — HeMelknii HHXEHEp B 00JIaCTH TEOPUH COOPYKEHUH TPEIIPHHSI TIEPBYIO TOMBITKY CO3/IaHUS TAKOW TEOPUHU B
1900r.



38

A XPYNKUX OepyTcs BMECTO Og, M Og. COOTBETCTBYIOIIUE MPEAENBI MPOYHOCTH, a JUIs ILIa-
CTUYHBIX — IPEJIEIIbl TEKYYECTH.

Teopus nmpounoctn Mopa maetr Hanbojee AOCTOBEPHBIC PE3YNIbTAThI AJS HAPSKEHHBIX

COCTOSIHMH, KPYI'M KOTOPBIX 3aHUMAIOT IIPOMEKYTOYHBIC ITOJI0KEHHUS MEXKAY ITIaBHBIMU Kpyra-

MH pacTsKeHMs M ckatud. [loxoxkee yciioBHe IPOYHOCTH, HA3bIBAEMOE YCIOBUEM IPOYHOCTH

Ky.]'IOHa —Mopa, MPUMCHACTCA AJIS1 OUCHKH ITPOYHOCTH I'PYHTOB B CTPOUTCIILHOM ICJIC.

3.5.O0benuHEHHAs TEOPHUS MPOYHOCTH

3acnyxuBaeT BHUMaHUS 0000IIeHHWE SHEPreTHYECKOW THMOTE3bl MPOYHOCTH,
npeanoxennoe II. II. banaH AW HB M H MO3BOJSIIEEC YUYECTh PA3JIUYHYIO MPOY-
HOCTbh MaTepuaja Ha pacTsKEeHHEe M cxaTue. YciaoBue npouHoctu, no II. II. banannu-

HY, HMEET BUJ

K
O'sxe = T (01 t0p+ O-.':3) +

+%\/(1‘K)2(01+02 +03)+4K[0f +0F +0f - (010, + 0,03 +0307) < 0op

Jlnsg MatepualioB, OJMHAKOBO COINPOTHUBIISIOIINUXCS PACTSKEHHUIO U CHKATHUIO, T. €. MPHU
K=1, runote3a baannnHa coBnagaeT ¢ 4eTBEPTON TMIOTE30M TPOUYHOCTH.
OnbIThl MOKA3bIBAIOT, YTO TUIIOTE3a banaHauHa B ONpeAeIeHHOM Auara3oHe HalpsKEH-

HBIX COCTOSIHUN JJa€T yAOBJIETBOPUTEILHBIE PE3YJIbTATHI.

3aciayKMBalOT BHUMAHUS MPEIJIOKEHHbIE B IOCIEIHEE BpPEMS TaK Ha3blBaeMble 0Obe-
IVHEHHBIE TUIIOTE3bl IPOYHOCTH, TI€ B KAYECTBE KPUTEPHUs IPOYHOCTH NMPUHHUMAETCS HE OAMH
¢axrop, a nBa unu gaxe tpu. [Ipod. A.b. D punman npeanoxun o0beTUHUTE BTOPYIO H
TpeThl0 runoressl npoynoctu. Axkan. H.H. /[aBuieHKOB HA OCHOBaHUM OIIBITOB C YYTY-
HOM, CTEKJIOM U T'MIICOM IPEeAJIOKHUI O0beAUHUTH NepByto runoresy u runoresy I1.I1. banan-
JMHA.
3.6.11oHsTHS O HOBBIX TEOPUSIX TPOUYHOCTH

[Ipennaranuce U Apyrue rumnoTe3bl NPOYHOCTH, KOTOPBIE B HAyYHOU JIMTEpa-
Type NPHUHATO HA3bIBATh 'HOBBIMH'.

[Ipodp. MM. ®unoHeHKko-bopoauY NPemIOKNI 3aMUCHIBATh YCIOBHE MPOYHO-
CTH B BUJIE HEKOTOPOIO MHOIOYJIEHAa BTOPOW MJIM JIaXXe TPEThEH CTENEHU OTHOCHUTEIBHO IJIaB-

HBIX HaHpﬂ)KeHHﬁ, coJcpiKaero OHpCHGHéHHOG YUCJIO MPOU3BOJIBHBIX ITOCTOAHHBIX, KOTOPBLIC
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ONPENEIISIIOTCS U3 OINBITOB, B TOM YUCJIE U U3 OIBITOB IIPHU CIOXKHOM HAIPSKEHHOM COCTOSIHUH.
OnHako MpUBEACHHBIC BBIIIE AUArpaMMbl pa3pylICHUsS XPYIKUX MAaTEpHAIOB SICHO MOKa3bIBa-
10T, YTO yCIIOBUE MPOYHOCTH MaTepHaia HE MOXKET OBITh BBIPAXKEHO OJHOW 3aMKHYTOU (DYyHK-
IMENW BO BCEM JMAIa30HE HANPS)KEHHBIX COCTOSIHUM.

JInst Xpynkux MarepuanoB Haubolsiee ONMpaBIaHHOM SBISIETCS, MO-BUIAUMOMY, OOBbEIU-
HeHHas runote3a npounoctu H.H. JlaBuaenkona.

MBeI paccMaTpuBaiy TUIOTE3BI MPOYHOCTH, ONMHUPASICh HA JTAHHBIE OIBITOB C ABYXOCHBIM
HanpsKEHHBIM COCTOSIHMEM. ONBITHBIX JAHHBIX, OTHOCSIIUXCS K TPEXOCHBIM HANPSKEHHBIM
COCTOSIHMSIM, 3HAQUUTEIBbHO MEHbIle. MMeromuecss OonbIThl CBUIETEIBCTBYIOT O TOM, UTO IPH
HAMPsDKEHHBIX COCTOSTHUAX, OJTM3KUX K TPEXOCHOMY CXKATHIO, MaTePUAIIBI, JaXkKe XPYIKHE, CIIO-
COOHBI BBIJICP)KMBATh BEChbMa 3HAUMTENbHBIC HaNpsiKeHUs. [Ipu paBHOCTOPOHHEM CXKATUH Ta-
KMX MaTepHalIOB, KaK CTajldb, ME/b, AJJIOMUHUMI, pa3pylICHUs] HE NPOUCXOIUT MPU TPOMATHBIX
naBiaenusx 5000—20 00MITa.

Ha ocHOBaHMU MMEIONIMXCS OIBITHBIX JAHHBIX MOXHO CUMTATh, YTO JJIS IJIACTHUYHBIX
MaTepHaioB MPU TPEXOCHOM HAINPSHKEHHOM COCTOSHUU YIOBJIECTBOPUTENbHBIE PE3YyJbTAThl Aa-
IOT SHEpreTHYecKas ruroTe3a GOpMOM3ZMEHEHUSI U TPEThs TUIOTE3a MPOYHOCTH. UTO jKe Kaca-

eTCA XPYIKUX MaTEpUAJIOB, TO Il HUX pekomeHnayercs runote3a H.H. JlaBuaenkosa.

4. CJIOKHOE COITPOTHUBJIEHUE

4.1.Kocoii u3ru6, o JHOBpEeMEHHOE IEUCTBHE U3rHda 1 MPOI0JTHbHON CUIIBI

N3rub Ha3bIBAIOT KOCLIM, €CIU IUIOCKOCTh AEHCTBUS M3rHOAaroIero MOMEHTa, BO3HUKAIO-
IIero B MONEPEYHOM CEYeHMM Opyca, HE COBIIaJlaeT HU C OJHOW W3 €ro riaBHBIX MJIOCKO-
CTEH.

Paznu4aroT miaockuit Kocoit u3rud ¥ MPOCTPAHCTBEHHBINH KOCOU U3THO.

ITpu nrockom Kocom uszube Bce Harpy3KH PacIioOKEHbI B OJTHOM MJIOCKOCTH, T. €. CYIIeCT-
ByeT 001mas it Bcero Opyca cuioBasi IiockocTh. ClaeaoBaTeabHO, YIIbl, COCTaBIsIEMbIE CH-
JIOBBIMU JIMHUSIMH C TJIABHBIMHU LIEHTPAJIBHBIMU OCSMH, BO BCEX MOINEPEUYHBIX CEUEHUsX Opyca
OJMHAaKOBBI. B paccMarpuBaemMoM citydae ympyras JUHUS Opyca — niockas Kpueds, HO, B OT-
Ju4ue OT NPsAMOTO M3ruba MIOCKOCTh, B KOTOPOM OHA paclojiokKeHa, He COBIAJAET C CH-
JO0BOHM MIOCKOCThI0. IMEHHO 3Ta 0COOEHHOCTH Xapakrepa jaedopmanuu o0yclIOBIMBAET Ha-

HMEHOBAHUE KOCOU U32UO.
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[Ipu npocmpancmeennom kocom useube Harpy3Kd, BHI3BIBAIOIINE N3THO, PACTIONI0KEHBI B pa3-
HBIX MPOJOJBHBIX MJIOCKOCTIX Opyca. COOTBETCTBEHHO YIJIbl MEXY IJIaBHBIMU L[€HTpPAIbHbI-
MU OCSMHU MOTIEPEYHBIX CEYEHUN U CHIIOBBIMU JTMHUSMH HE MTOCTOSIHHBI IO IJMHE Opyca.
VYupyras auHust 6pyca B 3TOM Cllydae — HpOCmpaHCMEeHHAs KPUBAS.
Cunel, nepneHauKyIsIpHbIE TPOJOJIBHONW OCH Opyca, HO HE COBIAJAIOLIMe MO HAlpaBJICHUIO
HU C OJJHOW M3 I'JABHBIX LIEHTPAJIbHBIX OCEH €ro MONepeyHoro Ce4eHus, BCerna MoryT ObITh
pasiokKeHbl Ha COCTABJSAIOIIME [0 3THUM OCAM. TOYHO Tak K€ M MOMEHTHI, JEeHCT-
BYIOIIME B MPOU3BOJIBHBIX MPOJOJBHBIX IIOCKOCTSX, MOTYT OBITh Pa3j0XkKEHbl Ha COCTaB-

JHIOMUE OTHOCUTCIIBHO TJIaBHBIX ICHTPAJIbHBIX OCeH.

4.2.0OnpeneneHue HaMpsHKEHUM, TTOJOKEHHUS HEHTPaIbHON JTMHUU U OMACHBIX TOYEK MPU
kocoM u3rubde. [IpoctpancTBeHHbIN U3ru0. Pacuérel o HOpMaIbHBIM HANIPSDKEHUSIM Ha
IIPOYHOCTH

Taxum oOpa3zom, anee Mo KocvlM U32ub oM TIOHUMACTCS TaKOW Clydaid u3ruba, nmpu

KOTOPOM IUIOCKOCTh M3THOAIOIIEro MOMEHTA HE COBMAAAET HU C OJITHOM U3 IIaBHBIX OCeil morie-
peunoro ceuenus (puc. 4.1,a). Kocoit u3rud ymo0Hee BCero paccMOTpeTh Kak 0JTHOBPEMEHHBIN
u3rud Opyca OTHOCHUTEIBHO TJIABHBIX OCEW X W Y momnepedHoro cedenus Opyca. s storo o6-
M BEKTOp M3rubaroniero MoMeHTa M, AeMcTByIOIIEro B MONEPEYHOM CeYeHUH Opyca, pac-

KJIaIBIBAE€TCSA Ha COCTABJIAIONINE MOMEHTA OTHOCHUTEILHO ITHUX OCel (pHc. 4.1,@:
My =MiSina; My =MIGosx. (4.1)

BBeném cleayrolee MIPaBUIIO 3HAKOB TUTS MOMEHTOB M, 5 My -
MOMEHT CUHUTACTCS MOJIOKHUTEIBHBIM, €CJIH B IICPBOI Y€TBEPTH KOOPAMHATHOM IJIOCKOCTH (TaMm,

1€ KOOPAHWHATBEI X U Y 00e HOJIO)KI/ITCJILHBI) OH BBI3BIBACT CKUMAIOIIUC HAIIPSKCHHA.

a)

o
0\ X
|

Heiimpaavuas
AUHUS

Puc. 4.1
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Ha ocHoBaHMM mpuHIMIIA HE3aBUCUMOCTU JEHUCTBUS CUJ HOPMAJIbHOE HAIPSKEHHE B IPO-
U3BOJIBHOM TOUKE, IPUHAJUIEkKAIIEH K [TONEepeYHOMY CEUEHHIO Opyca U UMEIoIIed KOOpIuHAThI
X, Y, OIIpeenseTcs CyMMON HAaNPsKEHUH, 00yCa0BIeHHEIX MoMenTamu My u My, T.e.
M, X
M X y +_ Y

ey

a(X,Y)= (4.2)

[Toncrasmnss Beipaxxkenust My u My u3 (4.1)8 (4.2), nomy4nm:

o(X,¥Y)=M IlsinO( +IlcosO(
X y

W3 kypca aHaIMTUYECKON reOMETpUU M3BECTHO, YTO TOCIEAHEE BhIpAXKEHHE MPEACTABIISET
co0oii ypaBHeHHE TUIOCKOCTH. ClIeIOBATENBHO, €CIU B KAXKIOM TOYKE CEYEHUS OTIIONKHUTH I10
HOpPMaJIi BEKTOP HANPSsDKEHUS O, TO KOHIBI BEKTOPOB 00Pa3ylOT T€OMETPUUECKOE MECTO TOYEK,

MPUHAJUISKAIINUX OJHOM IJIOCKOCTH, KaK U IIPU MOMEPEYHOM U3THoe.

YpaBHEeHUE HeumpaibHOU AUHUU, T.€. TECOMETPUUECKOTO MECTA TOYEK, T/I€ HOPMAJIBHOE
HarpsDKEHUE IPUHUMAET HyJIeBbIe 3HAUeHUs, HaiineM, nojnaras B (5.26)0 = O:
M M, X
| |

x y
Otkyna onpenensercs:
Myl |
y=——>"2X=—ctgd-* X. (4.3)
M, Iy Iy

OnacHvie mouxu ceueHusl
[Tockonbky cBOOOIHBIN wieH B (4.3) paBeH HYII0 HEHTpaIbHAs JIHHUS BCETa MPOXOIUT Yepes3
Hayayio KoopauHat. Kak BUIHO n3 BeIpaxeHus (4.3),3mopa HaNpsHKEHUI B MOMEPEYHBIX ceve-
HUSX Opyca JIMHEIHA, CIIeZ0BAaTENIbHO, MAKCUMAIbHbIE HANPSKEHUSI B CEUEHUH BO3HUKAIOT B
TOYKax Haubosee yAaleHHBIX OT HEUTpalbHOW JIMHUU. B TOM ciydae, Korja ceuyeHUEe MMeeT
npoctyro Gopmy (IPSIMOYTONBHUK, KPYT), IMOJIOKEHHE HAHOOJIee OMAcHBIX TOYEK JIETKO OIpe-
nensercsa BU3yalbHO. [Iisl ceueHWi, UMEIOIIMX CIO0XHYI0 (popMmy, HEOOXOIMMO NPUMEHUTH

rpadu9IeCcKuii MOIXO/.
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I[anee IMMOKaXEM, 4TO IIPU KOCOM n3rude HeﬁTpaHLHaﬂ JIMHUA HC NCPICHAUKYJIAPHA K IJI0C-
KOCTH JE€UCTBUS H3FH63IOHI€FO MOMCHTAQ, KaK 9TO BCCT/a BBIIIOJIIHAIIOCH ITPU ITOIICPECUYHOM HU3I'H-

Oe. [leiictBuTenpHO yriioBoi kodpdummeHT K; ciena momenta (puc. 4.1,0) paBeH:
K: =tga. (4.4)

VYT10BO# ke KOADPUITUEHT HEUTpaIbHOM JIMHUH, Kak 3T0 cienyet u3 (5.27),onpenensercs

BBIPpAKCHHUECM:

9o =K, =:Xl\l\illyzlxcth(. (4.5)

yMy 1y
Tak xax B o0mem cinyqae |y # |y TO ycioBue nepneHIUKyIIPHOCTH MPAMBIX, H3BECTHOE U3
. 1
aHAJMTUYECKON TeoMeTpuH, He cobmronaeTcs, mockoiabky K; # —— . bpyc, oOpa3Ho BbIpaxka-
K2
SCh, MPENOYUTAET U3rN0ATHCA HE B TUIOCKOCTH M3rM0AIOIEro MOMEHTA, 2 B HEKOTOPOU IpYyroi

TJIOCKOCTH, TJIE )KECTKOCTh Ha U3ru0 Oya1eT MUHUMAIBHOM.
Yenosus npounocmu u munsl 3a0ay, peuiaemuvlx Ha e20 0CHOGe

Pacuérel Ha MPOYHOCTH MPH KOCOM U3rHbe OyaeM MPOU3BOAHUTH TOJBKO MO HOPMAIbHBIM
HanpsDKeHUsIM. byneM cuuTaTh, YTO MOJIOKEHUE ONACHBIX TOUeK M3BecTHO. [Ipumem, 4to B
Touke 1 MEeHCTBYIOT MakCUMallbHBIE PACTATHBAIONINE HANPSIKEHUS, a B TOUKE 2 — MaKCHMAallb-
HbIE CXKMMAIOIINE HaNpspKeHus. KoopAnHATHI 3THX TOYEK 0003HAYMM COOTBETCTBEHHO X, Y,
(i=1, 2). CocraBuMm ycjioBHE NPOYHOCTH MPOEKTHPOBOUHOTO PAacdéTa, BOCIOJIL30BABIIKCH
ypaBHeHUEM (4.2)

M M
%leh+TlMSRv
X y

M M
\02\=|—X\y2\+|—y\x2\s R.. (4.3)
X y

3IIGCI> R{, RC - paC‘IéTHBIe COMMPOTHUBJICHHUA MaTCpUala COOTBETCTBCHHO HAa PACTAKCHUC U CiKa-
THUC.

I[J'IH 63J'IOK, MaTCpHuaJibl KOTOPBIX OJUHAKOBO pa60TaIOT Ha pacCTsAKCHHUC U C)KATHC
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My

Ol e =
max | |

My
y+—Yx<R. 4.4)

X I Yy

[Ipu npoBEepOYHOM pacyére ONpeAEISIIOTCS

R _R
K oy ke oy

U B KQUECTBE 3araca MPOYHOCTH OaJKi MPUHUMAETCSl MEHbIIIEE U3 MOJTYYCHHBIX 3HAUCHHN.
[Ipu u3BeCTHBIX pa3Mepax MOINEePeyHOro cedeHus: Opyca u3 yciioBuil nmpouHocTH (4.3)
win (4.4) HETPYIHO ONPEACTUTH OITyCKaeMOe 3HAaYCHUE HATPy3KH.
CroxHee BBIIIOJIHHUTH NMPOSKTHBIA PacdéT, OCKOIbKY B (hOPMYIIBI BXOJST JIBE T€OMET-

pUYecKue XapaKTepucTuku |y, Iy. B sTOM cnydae npuxoauTcs 3aAaBaThCs pa3MEpaMU ce-

YEHUs1 U MPOBEPATh UX PACYETOM Ha MPOYHOCTh. [Ipu HEYyHOBIETBOPUTENBHBIX PE3YJIbTAaTaAX
ClelyeT KOPPEeKTUPOBATh pa3Mephbl U BHOBb MPOU3BOJAUTH MPOBEPKY. 3ajaya CYIIECTBEHHO
yIpouaeTcs Al CeYEeHUM mpocToil GopMbl, HapUMep, TPSIMOYTOJIbHON, OCOOEHHO €cliu 3a-

AaHbl OTHOICHWA CTOPOH CCUCHMU.

4.3.BenuunHa u HaIIpaBJICHUC HpOFI/I6OB IIpu KOCOM n3rude. YCIoBHE KECTKOCTH U THIIBI 3a-

Jla4, pelIaeMbIX Ha €ro OCHOBE

BHemHue cuiibl, MPUIOKEHHBIC K Oajke, pa3jiaratoTcs 1o
TJIABHBIM IICHTPAJIbHBIM OCSIM CEYCHUH, B KOTOPBIX OHHU JCH-
ctBytOT (puc. 4.2).Eciim Ha Ganky NefCTBYIOT TOJIBKO CHIIBI, JIe-
XKalllie B IUIOCKOCTH, MEPICHANKYJISAPHONW TIABHOW LIEHTPAIBHOM
ocu X, TO U3rud Oyner mpsmbeiM. Torna HeWTpaabHOW JTUHUEH
ceueHus: OyIeT OCh X, W BOCIIOJIb30BABIINCH YHHUBEPCATbHBIMH

YpaBHEHHUSIMH YTJIOB IIOBOPOTa W MPOTHOOB, HaiieM mporud Oy

TCKYIICIO CCYCHMUA OanKu B HaIlpaBJICHUU OCH ). AH&HOFI/I‘IHO,

Puc. 4.2. MpU JIEHCTBUM; HA OANKy CHII, JIEXKAIIUX B MJIOCKOCTH, TIEPIEH M-
KYJSIPHOM OCH y, onpeaeauM O, — MPOrud B TEKyIIEM CEYCHUH T10
HaNpaBJICHUIO OcH X. [1o MPUHIUIY HE3aBUCUMOCTH JCHCTBUS CHIJI MPOTUO O TEKYIIEro ceue-

HUs OalKy U €T0 HaIpaBJeHUEe HaiijeM 1mo ¢popMyaam
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5
5=/85 +d, tg[3=6—y.

X

Jlis1 6asiok, UMErOIMX OOMBIION MPOJIET, AKTYaIbHBIM SBJISIETCS] BOIIPOC MTPOBEPKU

KCCTKOCTH. 33[[3‘-121 CBOJUTCA K OIIPCACICHUIO ITOJIOKCHUA CCUCHM A, B KOTOPOM HpOFI/I6

JOCTHUTACT HanOOJIBIIIETO 3HAYCHHUS 110 a0COMIOTHOM BEJIMUHMHE. I[anee HCIIOJIB3YIOTCA TC

K€ MPHUEMBI, KOTOPBIE pACCMOTPEHBI PAaHEE MPU PELICHUH 33a4H O IUIOCKOM IMONepey-

HOM u3rude B kypce "ConpoTUBICHHUE MaTepUaIOB".

4.4. BHeneHTpeHHOE pacTsokeHHe (CkaThe) CTep KHEH OOJBIIOH KECTKOCTH

N

AT

P

Puc. 4.6

BHeneHTpeHHOe cxaTne U pacTsHKEHHE KaK U KOCOU U3-
ru0 OTHOCHUTCA K CJIOXHOMY BUAY comnpoTuBieHus opyca. [Ipu
BHCIICHTPCHHOM PacTSOKEHUHU (CKaTHH) PaBHOJICHCTBYOIIAS
BHEIIHUX CHJI HE COBMANAET C OChIO Opyca, Kak MpH MPOCTOM
pacCTsHKEHHH, a CMEIEHa OTHOCUTEIBHO OCHU Z U TMapajuieibHa
eit (puc. 4.6).

IMycte B TOuKe A(Xa, Ya) NPHIOKEHA pPaBHOAECHUCTBYIOIIAS
BHEIIHUX cuJl P. Torma OTHOCUTENBHO IIaBHBIX OCEU X U Y PaBHO-

HeﬁCTBYIOHIaﬂ cuia P BBI3bIBAET MOMEHTHI.
Mc=Pla; M, =PXa. (4.9)

Takum 00pa3oM, NpU BHEICHTPEHHOM PACTSHKEHUH (CXKATHH) B
MOTIEPEYHOM CEeUeHUU Opyca BO3HUKaeT HopManbHas cmiia N,=P u

usruoaromme MoMeHTsl My 1 My .

4.5.OnpeneneHue HaMpsHKEHUH, MOJT0XKEHUSI HEUTPaTbHOU TUHUU U

OIIaCHBIX TOYECK

Ha ocHoBanumn IMpUHIMIIAa HE3aBUCUMOCTHU JICMCTBUS CUJI B IIpou3s-

BOJIBHOU TOYKE B ¢ KOoOpAuHaTaMHu X, Y HOpMAJIbHOC HAIIPSHKCHUE O ONPEACIACTCA CICAYONINM

BBIPAKCHUEM.
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, PX,

o

=P, PyAy X. (4.10)

Iy ly
HCHOJ’IL?»YH BBIPAKCHUA I KBAJIPATOB paaAnyCOB MHCPIUH CCUCHMUA.

. iz ly
X 4 Y 4’

MoskHO (5.35)mpeobpa3oBath K CIEAYIOIIEMY BHIY:

0=E 1+ yf*D)/+Xf*D( :
A |2 |2
X y

YpaBHEHNE HEUTPAIBHOW JIMHUM MOJYyYHUM, IPUPABHUBAS HYJIIO BBIPAXXEHUE JUIsI HOPMAJIb-

HBIX HANPSKEHUN O

P X, X
— 1+ y59/+ 52 =0. (4.11)
A 15 Iy
N3 (4.11) MOXKHO JIETKO OIPENENIUTh OTPE3KH, KOTOPhIE OTCEKAeT HEHTpalibHAs JIMHUS Ha

KOOpAMHATHBIX ocsiX. Eciu npupasasats X = 0, To momyyum:

ALY
i2
X

1 =0.

rJe @y — KOOpAMHATa TOYKH [IEPECCUCHHs HEUTPAILHON IMHUU U OCH Y.

Pewras 510 ypaBHEeHuUE, NOIyYUM:

AHanorn4HbIM 00pa3oM MOKHO OIPENEIUTh KOOPAMHATY IEPECeUEHUs: HEUTPaJIbHOU Ju-

HHUU U OCH X
i2
aX = —_y .
XA

Mo>KHO pemuTh U 00paTHYIO 337a4y — ONPEAETUTh KOOPAUHATHI MPUIIOKEHHUS CHIIBI P IpH
3aJlaHHBIX OTPE3KAxX dy U ay. Omyckas NpOoCTEHIINE BHIKIAJKH, IPUBEIEM OKOHYATENLHBIE BbI-

paXXeHUA.
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iy i2
X, =——; =-X,
A aX yA ay

HaunGonpmee HanmpspkeHMs!, Kak ¥ [P KOCOM M3rude, UMEIOT MECTO B TOUKE Hanbouee yaa-

JICHHOM OT HEUTPAJIbHOM JINHUU.

Venosue npounocmu u munvl 3a0a4, peuiaemuix Ha €20 0OCHO8e
[To TeM xe cOOOpa)KeHUsAM, UTO U MPU KOCOM HM3rMOe, OMACHBIMU TOYKAMH B CEUEHUU
OynyT TOYKH, HAanOOJIee yIaJeHHbIE OT HEUTPAITBHON JTMHUH.

[Tycth B Touke 1 AEHCTBYIOT MaKCHMaJIbHBIE PACTATUBAIOIINE, & B TOUKE 2 —MaKCH-
MQJIBHBIE COKMMAIOIIUE HANPSOKEHUS. Toraa yCciaoBHE MPOYHOCTH MPOECKTUPOBOYHOIO
pacuéra sl CTEP)KHs, MaTEpPUAl KOTOPOTO HEOJAMHAKOBO CONPOTUBIAETCA PACTKEHUIO

U CKATHUIO, UMEET BUN.

XpX
01=E 1+ p1+prI <R,
y X
XpX
0'2:E 1+ P22+yP2y2 SRC.
A iy is

I[J'IH CTCPIKHA, MaTCpHUaJl KOTOPOIro OJNHAKOBO pa60TaeT Ha pacCTsAKCHUC U CIKATHUC, 3AITUIICM

P[. XpX Ypy
‘0‘ =51t p2 + p2

max = 5| 1+ _ <R .
iy i

max

PackprpiBas yciioBHEe MPOYHOCTH, MOXKHO pellaTh, Kak W panbiie, 3 Tuma 3anad. [Ipu stom
caMoOl MpOCTOM ocTaercs 3ajada ompeeneHns KodppuirenTa 3anaca KOHCTpyKuuu. CpaBHu-
TEJIBHO IPOCTO PEIIAETCS 3a7a4a, CBA3AHHAS C OIPENEICHUEM MAKCUMaJIBbHON CHJIBI [P] Hau-
OoJiee CIIOXKHOM SIBIIIETCS 3a7jada MPOSKTHPOBOYHOTO Pacy€Ta, KOTOpasl PEIIaeTcsl TeM XKe IIy-

TCM, KaK U IIpU KOCOM n3ruoe.

4.6. S npo ceuenus
[Ipy BHELIEHTPEHHOM PACTSDKEHUU (CXKATUH) B OTIMYUE OT KOCOTO M3riba HeWTpalibHash JIMHUS

HE TPOXOJIUT Yepe3 LEHTP TsDKEeCTH ceueHus. Paccrosiane ot Havana koopaunat X0y 10 mpsiMoi
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ay+bx+c=0, xkak U3BECTHO U3 Kypca aHaJMTUYECKOW T'€OMETpHH, ompenensercs mno ¢op-

MyIie:

C

Va2+b2'

CnenoBaTenbHO, B JaHHOM ciydae (puc. 4.7):

1

OoC =

2
PARER
y

I

Torna, kak 3to cieayer u3 (4.12),mo Mepe TOro, Kak To4Ka IpH-

JIO’KEHUSI CWIIBI TIPUOIIMIKAETCS K MIEHTPY TSKECTH CEUCHUS, HEUTPANIb-  Heiimpanvias

Hasdg JIMHUA YAQAIACTCA OT HECTO.

(4.12)

y
1
O/

AUHUA

[Ipu Xp — 0, Yo —» O, momygaem OC — oo, Cusia B 1TaHHOM Cily4ae Puc. 4.4.

CTaHOBHUTCA HeHTpaHBHOﬁ, a HAIIPpAKCHUSA B 9TOM CJIydac pacCIipCaciic-

HbI IO CCYCHHUIO PABHOMCPHO. B Tex clIyduasx, Koraa HeﬁTpaHBHaﬂ JIMHUA TIICPECCKACT CCUCHUC,

B HCM BO3HHKAIOT HAIIPSKCHHUA PA3HOI'O0 3HAKA. B IMPOTUBHOM CJIydac B CCUHCHHUH BO BCCX TOY-

KaX BO3HHUKAIOT HAIPIKCHUA OJHOI'O 3HAKA. CJ'IeIlOBaTeJ'IBHO, B OKPCCTHOCTH HOCHTpaA TAXKCCTHU

BCCTr/1a CyHmICCTBYCT HCKasd O6JI8.CTI:, Ha3bIBacMasi }Z()p oM cedYyeHuAd, Takasd, 4TOo CCJIM TOYKa

(M
p \
0000000000 ~as,

Puc. 3.1.

NPUIIOKEHUST CUJIBI P pacronokeHa B Mpejaenax
yKa3aHHOW 00JacTH, TO B IOMEPEYHOM CEUCHHHU
BO3HHMKAIOT HAIPSDKEHHS JIMIIb OJHOTO 3HAaKa.
[Tpu 3TOM ecinm cuia NpUIIOKEHa MO TPAHUIIE SIA-
pa cedeHHUs, TO HEWTpaJbHas JMHUS KacaeTcs
KOHTYpa CEYEHHUSI.

JlaHHBIN (akT uMeeT OONbIIoe 3HAUCHUE
IpU TPOEKTHPOBAHUK KOJIOHH U3 XPYNKHX Mare-
puainos, (Hanmpumep, OeTOHA, KUpIKUYa | T.1.), KO-
TOpblE, KaK MpaBWIO, HMEIOT CYIIECTBEHHO
MEHBIIYIO TPOYHOCTh HA PACTSDKEHHE, HEXKEIH Ha
cxkarre. [1o3TOMy TIpU MPOSKTHPOBAHUM TAKHX
KOHCTPYKIMH HEOOXOAMMO MpPeayCMOTpPETh, YTO-

Obl paBHOJAEHCTBYIOIAs CXKUMarouas cuija Obuia
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pacmoJIOKCHA B ITpCACiIax s/apa CCUCHU.

4.7.U3rub ¢ xpyyenuem. PacuéTsl Ha MPOYHOCTD

PaccmoTpuM 0COOEHHOCTH TEOPUHM Ha KOHKPETHOM IPUMEDE.
[TycTh MBI IMeeM OpYC KPYTJIOro MONEPEYHOr0 CEUYCHUS B YCIOBHSX U3ruba ¢ KpydeHuem (puc.
3.1). Bocnonb3yeMcsi OMBITOM, MOJYYCHHBIM HAMHU IMPH PACCMOTPEHHHM KOCOTO HM3TH0a WU
BHEIIEHTPEHHOTO PaCTsKEHHS Opyca.

[lepenecém cuiny K LIEHTPY, U 0OpaTUMCS K MPUHLHUITY HE3aBUCUMOCTH ACHCTBUS CHUIL.
[TocTpouB 1 MpoaHATM3UPOBAB AMIOPHI, MPUBEIEHHBIE HA pUC. 3.1,0TMETHM, YTO OMACHBIM SIB-

JCTCA CCUCHHC B 3aJICJIKC. HpI/I TOM HU3THO INPpUBOIUT K IOABJICHHIO HOPMAJIbHBIX HAIIPAKC-

HUU
o LY
max — ’
W,
a KpYUYEHHE — KacaTeJIbHbIX HAIIPSKEHUN
. M
max —
Wp

Hpnqu, KaK OBLIO ITOKa3aHO paHEC, OTH HAIIPAKCHUA HeﬁCTBYIOT B OJHHUX H TCX KC TOYKAX,
JICKAIIX Ha MMOBCPXHOCTHU 6pyca B 3aACJIKC. HOBTOMy JJIA OTUX TOYCK MOXKHO BOCIIOJIb30BATh-

cst popmysiont (3.1)u 3anmcats cornacHo |l Teopuu mpoyHOCTH:

2 2
M
o) =2 +41% = +4 —V\fp

M
WM

Jlanee yureM, 4To Wp =2W, . Torna

2 2 2 2 1l
o) = [[MY (M :\/M”+MKP:Méac1)¢

K6 W, 2, W, W,

) _ ;.2 2
rae MON) = M2+ M2,
Takum 00pa3zom, ycIOBUE MPOYHOCTH B PACCMOTPEHHOM MIPUMEPE NMEET BH/I:

"
MS R,

Wu
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KOTOpI:-IfI IMOXO0K Ha BUJ COOTBCTCTBYIOIICTO YCJIOBHUS MPOYHOCTHU IMPH IIJIOCKOM IONCPCHHOM

u3ruoe.

5. JHEPTETUYECKUW METO/ ONPEJEJIEHVUS NEPEMEIIEHUHA B
CTEPXHEBBIX CUCTEMAX
5.1.0co0eHHOCTH Onpe/IeIeHus TepeMEIeHHI B TNIOCKUX CTEPIKHEBBIX cucTeMax (pa-
Max, pepMax, KOMOMHUPOBAHHBIX CHCTEMAaX)
Ilon cmepocnesoti cucmemoi MOHUMAETCS BCSKash KOHCTPYKIMS, COCTOSILAS W3
AIIEMEHTOB, UMeroIuX Gopmy Opyca. Eciu snemeHThl KOHCTPYKLIHU pabOTal0T TOJIBKO

Ha PaCTAKCHUC UJIM CKATUC CHU-

cTeMa Ha3bIBaeTcs Gepmoti

(puc. 5.1,a). depma cocTout U3

HIAPHUPHO OIEPTBIX MEXAY CO-

OOl MpsIMBIX CTEpKHEH, olpa-

3YIOIIMX TPEYTOJIbHUKUA W IS

P
t HEE XapakTEepHO MPUIIOKEHHE

lP BHEIIHUX CHJ B y3/1aX 3a/1aHHOM
l(P CHCTEMEL.
,

Ecim smemeHTB  CcTEpkKHEU
8 €

Puc. 5.1.

CHUCTEMBI pabOTalOT B OCHOBHOM
Ha M3rU0 WM KPydeHHUE, TO Ta-

Kasi cucTema HasbiBaeTcs pamotil (puc. 5.1,6).

Ecnu Bce 351eMEHTBI CTEP)KHEBOM CUCTEMBI PACIIOJIOKEHBI B OJJHOM MJIOCKOCTH, B KO-
TOPOM TaKXK€ JIEMCTBYIOT BCE BHEIIHUE CHUJIbI, BKJIIOYAs PEAKIMU OMOp, TO CUCTEMA Ha-
3piBaeTcs naiockou (puc. 5.1, a, 6).

Ecnu Bce 3nmeMeHThI 3aITaHHOM CUCTEMBI PACIOJIOKEHBI B OJHOM MJIOCKOCTH, & BHENI-
HUE CUJIbI JEUCTBYIOT B EPIECHAUKYIAPHON MJIOCKOCTH, TO CUCTEMA HA3bIBAETCS N1 0 C -
konpocmpancmeennot (puc.5.1,8). CrepkHEBbIE CHUCTEMBI, HE OTHOCSITUECS K

JABYM YKa3aHHBIM KaTeTOPHSIM, Ha3bIBAIOTCA npocmpancmeenHHbvimu (puc. 5.1,2).
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Bce crepkHEBBIE CUCTEMBI IPUHATO PA3AEHATh HA CTATUYECKU ONPEAECIUMBIE U CTa-
ThYecKu Heompeaenumsbie. [log cmamuuecku onpedenumor TOHUMAETCA Takas
CUCTEMA, JJI1 KOTOPOM YCHJIUS BO BCEX €€ DIIEMEHTaX MOTYT OBbITh ONpPEAENICHbI IO METO-
Jy CEYCHUH C MPUMEHEHUEM JIMIIb YPABHEHUN paBHOBECUs. ECiM 3TOrO cAenaTh HENb34,
TO TaKasi CUCTEMa Ha3bIBACTCSI CMAMUYEeCKU Heonpeoeiumoll.

Pa3HOCTh MEXKIy YMCIOM HEM3BECTHBIX YCHIIMH (peakiuii ornop U BHYTPEHHUX CHJIO-
BbIX ()aKTOPOB) M YMCIIOM HE3aBUCHUMBIX YPAaBHCHHI PaBHOBECHS, KOTOPBIE MOTYT OBITh
COCTaBJICHBI [JII pacCMaTpPUBA€MOW CHUCTEMBI, HA3bIBACTCS CMeneHbvlo cmamuie-
CKOU HeonpeoeiumoCcmu CUCTEMBI.

B kypce conpoTtuBieHrs MatepuaioB Mbl paCCMAaTPUBAIM METOJI HAYaJIbHbBIX Ia-
paMeTpoB AJI BhIUMCIIEHUS nepeMeleHuit B 6ankax. [Ipu Bcex 1O0CTOMHCTBaX 3TOrO Me-
ToAa OH 00JIaJlaeT OJHUM CYIIECTBEHHBIM HEJAOCTATKOM — MPHU OOJIBIIIOM KOJIMYECTBE
YYaCTKOB BBIYMCIUTEIbHBIE (DOPMYJIIBI CTAHOBSITCS BEChbMa TpoMo3akuMu. OCOOEHHO ATO
CYLIECTBEHHO B CJIy4ae KPUBOJIMHEUHON OCU CTEPKHEBOU CHCTEMBL.

B cBs3u ¢ aTuM, paccmMoTpum 0oJiee YHUBEpCAIbHBIM METOJ ONpEEICHUs MepemMe-
MeHUt —memoo0 Mopa, Ha3BaHHBIM TakK MO MMEHUM HEMEIIKOIO YYEHOro, Mpejjio-

’KHUBIIIETO €TO.
5.2.TloTennuanbHas 3HEPTrUs ynpyrou negopmaiuu B Opyce Majaoil KpuBU3HbI

M3MeHeHHe MOTCHIMANIBHON YHEPTUU YacTHI[ MaTepuania CHCTEMbI Mpu e Je-
dopmarym, co3aBacMol BHEITHUMH CHJIAMH, Ha3bIBAETCS MOTEHIIUAIBHON SHEpPTrHel
nedopmanmm.

B mporecce HarpyxeHusi cUcTeMa MOXET MPUUTH B KOJICOATEIIbHOE JIBUXKCHHUE.
[ToreHnnanpHass SHeEprus aedopManuyd Ha OCHOBAHHHM TEOPEM MEXaHWKH B JIFOOOM
MOMEHT BpeMeHH t{ paBHa paboTe BHEIIHUX CHJI, CHJI HHEPIIMH U CHJI CONPOTHBIICHUS,

,Z[CP’ICTBYIOIHHX HA TOYKU CUCTECMHEI.

42
u(t) = A(t) - jﬂ | Técosaﬂp—cosﬁ dd |d



51

riae U(t) - motennuanbHas sueprus aepopmanuu; A(t) - pabora BHEIIHUX CHI;, O - TEKY-

d25

miee nepeMemeHHe TO‘-IKI/I; m - Macca CI/ICTCMBI; —de - SHCMGHTapHaH cuJjia I/IHepHI/II/I:
dt

dd

adm - DJIEMEHTapHas CHJIa BHYTPEHHErO TPEHHUS, KOTOPYIO CUHTaeM IIPo-

MOPLIHMOHAIBHON CKOPOCTH TOYKU M HAIIPaBJIEHHON B CTOPOHY, €l IPOTHUBOIOJIOKHYIO;
Y - K03hHUIHEHT TPOOPIIMOHATIEHOCTH, 3aBUCAINNA OT MaTepuaia Tena; o - yroyi me-
KTy HampaBlICHUEM YCKOPEHUsS TOUYKH M €€ TepeMelleHrueM; [3 - yrosl Mexay Hampas-
JICHUEM CKOPOCTH TOYKHU U €€ IepeMelleHUEM.

Ecnau Be1u4YuHBI MPUITOKEHHBIX K TEJIy CUJ, JOCTUTHYB B KOHIIE Mpoliecca Ha-
rpyxkenus 3HaueHud Q; Q, Qs,...,Q,, B mampHEHIIEM OCTAIOTCS MOCTOSHHBIMH, TO
KoJiebaTeIbHOE JBIKEHHE TOYeK Tena OyaeT 3aryxaromum. [1oaToMy B TMOJOKEHUU
CTATUYECKOTO PAaBHOBECHS, TPU KOTOPOM YCKOPEHHS U CKOPOCTH BCEX TOUEK CUCTEMBI
pPaBHBI HYJIIO,

u=A4,
r7ie 4 — MOTCHIUAIbHAS YHEPTHUs AeOopMAIUH B IMOJOKEHUH CTATUYECKOTO PABHOBECHS,
A —paboTa BHENTHUX CHJI, COOTBETCTBYIOIIAs 3TOMY cocTOsiHHIO. CleoBaTenbHO,

du = dA.

B nanbueitmem nox Q; OyaemM MOHMMATh KaK BEJIMUMHY COCPEAOTOUYCHHOM CHIIBI,

TaK ¥ BEJIMYMHY MOMEHTA Maphl M Ha3bBaTh Q; 0000ménHON cuioi. [lox & Oynem mo-
HUMATh. JIJIi COCPEIOTOUYEHHON CHIJIBI — IepeMeIeHue TOYKU €€ MPUJIOKEHHUs IO Ha-
NPAaBICHUIO CHJIBI, JJIS Taphl CHUJI — IIOBOPOT IUIOCKOCTH €€ neiicTBus. HasoBem O
00001IEHHBIM MTEpEMEIICHIUEM, COOTBETCTBYIOITUM Q.

N3 3akona ['yka B cujlax W NepeMeleHusAX, KOTOPbIM T'JIacuT, 4TO 10 OIpe-
NeNEHHBIX MPEAeIOB MEX/Iy BHEITHUMH CHJIOBBIMH (AKTOPAMU U MEePEMEIICHU-
eM JIF00OW TOYKHM Teja Mo JIIoOOMY HalpaBJICHUIO CYIIECTBYET JHHEHHAs 3aBU-
CUMOCTB, JJs 1 OOOOIMIEHHBIX CHJI, JEUCTBYIOIIUX HAa MEXAHUYECKYIO CHCTEMY

(puc. 5.2,a), noxy4uM CUCTEMY M JIMHEWHBIX ypaBHEHUH, B KOTOPHIX O; BHIPA)KEHBI de-

pe3 Qi
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n

0 = 229;iQ; (=1, 2,...n) (5.1)
i=1

3pech kod(dunuents! O npu Q Ha3BIBAIOTCS €IMHUYHBIMHU TEPEMEINEeHUSIMHU UM T10-
AAaTAUBOCTAMU. TakuMm 00pa3zoM, O — HepeMelieHle CEYeH s, B KOTOPOM MPUIIOXKEHA |-
5 00001IEHHAS cUIIa TTO €€ HANPABJICHUIO, PU JEHCTBUU HAa CUCTEMY TOJIBKO €IMHUYHOU
0e3pa3mMepHOl 000ONIEHHON CHIIBI, MPUJIOKEHHONW BMECTO M MO HampaieHuw Q.
Wnn xopode: & — MepeMelieHne CeUeHNs M0 HAIPaBICHUIO | OT 0000IMEHHOH eanHNY-
HOUW CHJIBI, IPHJIOKEHHOM 10 HANpaBJIeHUIO |. EMuHIYHBIE epeMenieHnst moKa3aHbl Ha
puc. 5.2p.

Beipazue w3 cucremsr  (5.1)

00001IEHHBIE CUJIBI gyepe3

0000UIEHHBIE  TepeMelIeHus,

IIOJIyYUM CUCTEMY U YPABHEHUU

n
Q =2C;o (=1,2,n)

=1
3neck Cjj — KECTKOCTb 110 HANPABJICHUIO | OT €JMHUYHOIO [EPEMEIICHHS 110 HAlpaB-
: Aj y
nenuto 1, mpudem Cji = N rae A — ompenenuTens cucTeMsl ypaBHeHu# (5.1), Ay, —

anreOpandeckoe JONOJIHEHHEe 37IeMeHTa §; 3Toro ompeaenutens. Ecam kaxgas 0000-
m¢HHAsT CWia MOJyduT OecKkoHewHO manoe mpuparierne AQj;, To Kaxaoe 0000meEHHOe

nepeMeleHue OJIyYuT OECKOHEYHO Masioe nipupamienne Ad. Toraa npuparienue pabdo-
TBI
AA= 3 (Q +AQ A,
=1
a muddepenian padoTel ecTh AUdPepeHIIral NOTCHIUAITLHON YHEPTUU AedhopMaIuu

du= %Q,desi , (5.3)
i=1
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5.3.Teopema Jlarpanxa
Pab6ora, a, cienoBaTenbHO, U MOTEHITHAIBHAS YHEPTHUSA JehOPMAINH SBIISIOTCS

dbyHkIuenn 0000MIEHHBIX TEpeMeIIeHUN

u= U(61,52,...,5n) .
[ToaTOMYy, Kak M3BECTHO U3 MaTEMAaTHYECKOTO aHAIIN3A,

n
du= >.do; .
i=1

ComocTaBnsist 310 Beipaxenue ¢ (5.3) momyuum:

ou _
E_Q' : (5.4)

®opmyna (5.4) BeipaxkaeT meopemy Jlazpansca. wacmuas npou3so0ndas om no-
MeHYUaIbHOU IHepeuu oegopmayuu o 0600WEHHOMY nepeMeeHuto pasHAemcs co-
omeemcmayrujell 0600WEHHOU cule.

5.4.Teopembl 0 B3aUMHOCTH pabOT U NIEpeMeENIeHUM
HecnoxHo q0ka3ath, 4T0 MaTPHUIIBI Hcij H U Héji H CUMMETPHUYHBI, U, CIIEI0OBA-
TeabHO Ojj =Qjj. DTO PaBEHCTBO BBIPAXKAET MeOPeMy 63aAUMHOCIU Nepemeuenuil,

KOTOpas [IaCUT. eOUHUUHbLE hepeMeweHUsl ¢ OOUHAKOBLIMU, HO NepecmasieHHbIMU UH-
oeKcamul, paeHbl.
Kak cnenyer u3 (5.1), iuddepeHnmanst nepeMenieHnii MOKHO MPEICTaBUTh B BU-

Ie.
n
d5j 2‘25“(](3 (=1, 2,...n).
=1
[ToncraBum nosrydeHHoe BbipaxkeHue B (5.3) 1 yuTéM moyrydeHHOE BHIIIE PABEHCTBO
djj =90jj . Homyunm

du=(011Q +...+9011Q))dQ +....+ (O Qq +...+ Oy Qp) -

CrnenoBatenbHO, MpuHUMas Bo BHuManue (5.1), umeem

du= ﬁaidq . (5.5)
i=1
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5.5. Teopema Kactuimano

Pabota siBsercst pynkumeit 0000meHHbIX cr U = U(Qq,Qo,...,Qn) , moaTomy

du=3Y4q (5.6)
ComnocTaBuB NoayYeHHOe Bhipaxkenue ¢ (5.5),monyunm
ﬂ = 6I .
0Q,

[Tonyuyennas popmyna BoipaxkaeT meopemy Kacmunuano: uwacmmuas npou3eoonas
om NOMEHYUAIbHOU dHepauu dedopmayuu no 0600WEHHOU cule pagHaemcs COOmeemcn-
gyrowiemy smotu cuie 0600WEHHOMY nepemMeujeHuro.

5.6.Teopema Knaneiipona

YroOer momyunts U=U(Qq,Q2,...,.Q) cnenyer npounterpuposats (5.6) mo mpa-

BWJIYy MHTETpUpOBaHUs mojiHoro auddepenunana. Tak, 1 1Byx 0000OMIEHHBIX CHII,

I[eﬁCTBYIOIHHX Ha CUCTCMY, 3alIMIICM

ou

a—(}lzaiiQi +6iij’ (5.7)
ﬂza'iQi"'E’"Q' (5.8)
aQJ J =]

Torna u3 nepBoro paBeHcTBa (5.7) MOXKHO MPEACTABUTH

Qf
u=5;j ~-+8;QjQ + f(Q)), (5.7)

rne f(Q j)—HCI/IBBCCTHaH ¢ynkuus Toaeko oT Qj. [t onpeneneHus 3TOH QyHKIHH

npoaudpepenuupyem Beipaxkenue (5.7)no Q. Mmeem

ou _ . df@Q))
a—6,JQ,+ de .

Jlanee Bocnonb3yemcs npeacrabienuem (5.8). [lonydum
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df (Q;)

Ji-l )] 1) <l .
dQj

OTKYJia, YUYUTHIBAs, YTO 5”- =9 ji » TIOJIy4lM

2
f(Qj)=5ij7J+Uo,

rac UO - IPOMU3BOJIbHAA ITOCTOAHHAA.

[TogcTaBuB mosiydeHHOE BhIpakeHue B popMmyiy (5.7)0yaemM UMETh
1:.A2 15 A2
U=20i Q7 +9jQQj +50iQf + o (3-8

[Ipuaumas Bo BHMMaHue, uto npu Q =Q j =0 momkHO cienoBaTh paBeHCTBO U =0,

toraa Ug =0.

O606mas (5.8) 1 n00OOMEHHBIX CHIT, IEHCTBYIONIMX HA CHCTEMY, MTOJIYIUM

n n
2 Z5J|Q Qi -

j=1li=

I\JlH

210 BBIPAXKCHNEC MOKHO 3allMCaTh B BUJC

n
% z QJ 26J|Q| , a, yautbiBas (5.1), -B popme
i=1

=5 2.Qj9 . (5.9)

Ota popmyna BeipaxkaeT Teopemy KiameiipoHa: ¢ nosooicenuu cmamuieckoco
PpagHoBecuss NOMEeHYUAIbHAS dHepeus oepopmayuu pasHa cymme noa08uH Npoussede-

HULl 0000WEHHBIX CUL HA COOMBEMCMBYIoWuUe UM 0000 EHHbIE NepeMelyeHsl.

5.7.11oTeHuunanbHas 3HEPTUs AePopMaIiu yIpyro cCucTeMbl

Jlanee BbIpa3uM NOTEHLIMAIBHYIO HEPTUio JAedOopMali CUCTEMbI Yepe3 BHYT-

pEHHUE CUIIOBBIE (DAKTOPHI.
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C oTOl 1enblo IBYMsI MONEPEYHBIMH CEUYEHUSMH,
pacCTOsIHHE MEXIy KOTOPBIMH 110 OcH ydacTka dS— Oec-
KOHEYHO MaJio, BBIpEKEeM Ha 1-M ydyacTke cucTembl (pHC.
5.1, a) snement. CHIIBI YIIPYTOCTH B TIONIEPEUHBIX CEUCHH-
AX 3JIEMEHTa MOTYT MPUBECTUCH K IIECTH BHYTPEHHUM CH-
70BbIM (pakTopam (puc. 5.2), KoTopbie ISl HEro JTOJLKHBI

paccMatpuBaThcs Kak 0000ménnble cuibl. [lom mew-

CTBHEM 3TUX 0O0OOMIEHHBIX CHJI IPABOE CEUCHHE DIIEMEHTA
MEPEMECTUTCS OTHOCUTEIHHO JIEBOTO, KOTOPOE CUHUTAEM
HenoABIKHBIM. [lepemerenus cedyeHus B HampaBIeHUAX oced x, ¥, ZoT Q,, Q, N u
MIOBOPOTHI €ro okojo oceil x, y, Zom My, M,, My OynyT B3aUMHO OpPTOTOHAJbHBI, IO~
ATOMYy 000OIMEHHOE MEePEMEICHIE, COOTBETCTBYIOIIEE KAKIOMY BHYTPEHHEMY CHUJIO-
BOMY (QakTopy, Oyner mepeMelnieHue, BEI3BaHHOE UM caMuM. Wnu mo-apyromy: xaoic-
Oblil BHYMPEeHHUL CUN080U hakmop Oydem cosepuiams pabomy moabKo HA CO30AHHOM
um (Ha coocmeennom) nepemewgeruu. Ha 3Tom ocHoBaHuu dU — MOTEHIIMATIbHAS SHEP-
rus JeopManiy dJIEMEHTa MOXKET OBITh HaiiieHa, Kak CyMMa MOTEHIIMAJIBHBIX JHEp-
ruil gedopmaiu, ONpeAeIeHHBIX MPU ASHCTBUU HA AJIEMEHT KaKJIO0r0 BHYTPEHHETO

CHJIOBOT'O (I)aKTopa OTICJIBHO.
= + + + + +
du=duy  +duy y duy, +duy +dug, dqu :
[Ipu BbIUMCIEHUN COOTBETCTBYIOIIMX CIAraeMblX, BXOIAUIUX B 3Ty (popMyiy, BOCIOIb-

syemcs teopemoii Knametipona (5.9). Tak, paccmarpuBas usru6 momernroM M, (puc.

5.3,a), 3anumeM:

M, do
_ M x0ox
a) o) duy, =—"5—, rae dBy- noBopot
dQ,
e
) iy IPaBOr0 CEYEHHs DIEMEHTa, OC-
ANMy N
1 g TAIOIIErOCsl IUIOCKHM TIPU YHUCTOM
4 »
% IIL’ / u3rude otHocutenbHo ocu x. [lpu-
as

HHMMasAd BO BHHMMAHHC BBIBCACHHOC

paHee MpU PacCCMOTPEHUU TIIOCKOTO
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n3ruda COOTHOIIIEHUE

doy _d%y _ My
ds ds2 Ely’
3aIIUIIEM
dexzﬂds
El
Torma
M,do, M2
duy . =X = VX gg
X 2 2EI
MydBy M
[To anamorun 3ammmem duyy. = =
y 2 2EIy

AHaJOTHYHBIM 00pa3oM, paccMaTpuBas JACHCTBUE KpyTsmiero MmomeHta M, (puc. 5.3,

0) ¥ 0CeBYI0 pacTaruBaroyo cuiy N, morydanm:

2
_Md ME Ndd N
duy ke _ Mic 4o duy =——2=—ds.
k= 2 2le 2 2EA
VYroxa casura Yy anemenra (puc. 5.4,a) ¢
a) A 0) pasmepamu b, ds, dy (puc. 5.4,6) nepemera-
; -7 A 7y eTcs 10 BhICOTE cevenus h, mosromy mist om-
A%/)\
N - Y |
7::* ‘::;:_,/ ! <3 AA SF penencHus dUQy HPUIETCS CHavaja BBIYHUC-
a
< :nI &/ - - %/’ 7/ :n; JIUTH d(dUQy) - TIOTCHITUAJILHYIO JHEPTHIO
7 e 3 % / a X
2/,1" ] /ﬁ:j % nedopmaru 3Toro 3yeMeHta. KacareiabHbie
[l (v
' s b CHJIBI YIPYTOCTH, ICHCTBYIONIHME 1O TPaHsIM

dJIEMEHTa, TapajUIeIbHBIM  HEHTpaIbHOMY
Puc. 5.4.
CJIOI0, HOPMAJIBHBI K TIEPEMEIICHUIO, U, ClIe-
JOBaTeIbHO, UX paboTa paBHa Hymro. [l snementa; T,0bdy - cuna, neifcTByromas 1o
I'paHy, COBIAJAIONIEH C monepeuHsIM cedeHneM; dd, =Y, dS -nepeMerieHne 3Toi TpaHH.

Torma
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d(dqu) =%szbdyyzyds.

onc
Bocnosnssyemest popmyioii Kypasckoro Ty = 3: 5 Y BCIIOMHUM 3aKOH ['yka
X
(omc)\2
Tzy _ Qy Qy(Sx )
[IPY YUCTOM CJIIBUTE — Torz[a, d(d = dsdy.
Y Yzy = G Gl,b ( UQy) 2G|2b Y

2
&ds.

3nech  BBEJEHAa  XapPaKTEPUCTHUKA
2GA

OTkyma  cienyer dUQy =Ny
A ‘ (omc) f
—2 f dy - 3aBucsIIas TOILKO OT (POPMBI CEUCHUH.
x h

CoBepIIeHHO aHAJIOTUYHO MOIYYUM HOpMYITy:

QZ
d = ds.
U, =Nx SGA

3HavyeHuss Kod(PGUIMEHTOB JIsI HEKOTOPHIX (OpPM CeUeHUM MpUBEICHBI B Ta0. 5.1.

Tabmuma 5.1.
3HaueHus KOdPOULIUCHTOB Ny, Ny M PasINYHBIX (OPM CeUCHHIT

dopma N _E T
ceueHus t 1

Nx =Ny 10/9 6/5 2,00 3,14

Taxum 0Opa3omM, MbI TOTYUUITH:

du=duy +du,\,|y +duy, +duy +duQy +dug, =

2 M2 2 2 2
_ Mg My Mg N nyQy N, & lds. (5.10)
2| Ely Ely Gl EA GA "GA

BBozst 0603HaUEHHS: N — YHCIIO YYACTKOB CUCTEMBI, § — [UTHHY 1-TOTO y4acTKa, MOIyYrM

JJIs1 CUCTCMBI.

2 2 2
1 n M2 M§ Mg N Q
u==Y | Y + Ny > r]XQX . (5.11)
2 EIX Ely le EA GA *GA
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5.8.0mnpenenenue nepemeniennii merogom Mopa

Cytp MeTon Mopa B caeaytomeM. Ecniu He0OX0auMO ONpenenuTh NepeMelieHle B
3aIaHHOM TOYKE MO 3aJaHHOMY HaIpaBJICHUIO, TO HAPAIY C 33JJaHHOW CHCTEMOIl BHEII-
HUX CHJI B 3TOM TOYKE MPUKIAAbIBACTCS BHElIHee ycuiaue F = 1 B uHTepecyromum Hac
HaIlPaBJICHUH.

Janee cocTaBiseTcsi BIpakKeHHE MOTCHIIMATbHON YHEPTUU CUCTEMBI, COCTOSIIIIEN U3 N

YYaCTKOB € Y4Y€TOM OJHOBPCMCHHOTI'O I[CﬁCTBPI?I BaﬂaHHOﬁ CUCTCMbI BHCIITHUX CHJI U CH-

el F:
(M, +M F) (M, + M,F)?
Us=2 + 2 dz +
'—1|{ Gl i= 1|ji 2E 1y
+§J(M " MyF )2 (N +NFP o (5.12)
‘3 JKx(Q“GXF)Z az+ 3 IKy(Qy+6yF)2d
=1, 2GA i=1|; 2GA

rae K., K, — 6e3pasMepHbIe BEJIMYHHBI, 3aBUCSIIHE OT T€OMETPUYECKON (POPMBI CEUEHHUS
U YUYUTHIBAIOT HEPABHOMEPHOCTh pacHpee/iCHUs] KacaTeIbHbIX HAMPsHKEHUN B CEUCHUH
npu nonepeuHoM usrude. Tak, Hampumep, ansd npsamoyronsHuka K=K, = 1,2,a nnd
JAByTaBpa IpH u3rude B miockocT ero crenku K = A/Act, rae A — miomaab BCero ce-
4yeHus ABYTaBpa, Act — mnomanb creHku; Ny, Qx, Qy , Mz, My, My — BHyTpennue cuio-
BbIe (DAKTOPHI, BO3HUKAIOIIIKME B MOMEPEYHBIX CEUCHUSAX 3aIaHHOM CTEPIKHEBON CUCTEMBI;

NZ,QX,Qy, I\WZ,I\WX, I\Wy— BHYTPEHHUE CHUJIOBBIE (DaKTOPHI, BOZHUKAIOIIUE B TOMEpeY-

HBIX CEUCHUSX 3aJJaHHOW CHCTEMBI, OT JeicTBus ycunus F = 1.
Huddepennupys Boipaxenue (5.12)mo F, u nmonaras mocie storo F = 0, Haxoaum

HCKOMOC IICPCMCIICHUC B HCKOMOM TOUKE B HY>XHOM HalIpaBJICHUU.

M
\Fo ZI Mz gz § MMz, 3 MMy g7,
i=1] Glk i=1] E'x i=1) Ely
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vy N NaNz 7, » [ XXX KxQuQx g7, » [ Y=Y KyQyQy dz. (5.13)
i=1], EA i=1], GA =1, GA

[TomyueHnHble HHTErpabl Ha3bIBAIOTCS MHTErpajgaMu Mopa U MIUPOKO MPUMEHSIOTCS
NPY BBIYUCIICHUH TTEPEMEIICHNUN CTEPKHEBBIX CHCTEM.

Jliist cucteM, 3JIEMEHTHI KOTOPBIX paOdOTal0T Ha PACTSHKEHHE WM CKaTue (Harmpumep,
IIIAPHUPHO—CTEPIKHEBBIE CUCTEMBI — epMbl), B hopmyie Mopa (5.13)oTiinyeH ot Hyss
OyZeT TOJBKO cjaraeMoe, cojepraliee MpoaosibHbie cuibl. [Ipu pacuére Oanok umu
paMHBIX CHUCTEM, paOOTaIONMX B OCHOBHOM Ha M3THO, BIUSHUAE MMONIEPEYHONU U TPOI0Th-
HOW CHJIBI Ha TIEpEMEIICHHE HECYIIECTBEHHO U B OOJBIIMHCTBE CIy4yaeB MX BIIMSHHE HE
yuuThIBaeTcs. B ciydae mpocTpaHCTBEHHON pabOThI CTEPXKHS WM CTEPKHEBOU CHCTE-
MBI, 3JIEMEHTBI KOTOPO# pabOTaroT, B OCHOBHOM, Ha M3TUO W KpydeHue, B hopmyie Mo-
pa 0OBIYHO OTPaHUYMBAIOTCS PACCMOTPEHUEM CIIaraeMbIX, COACPIKAIIMX M3THOAIOIINe U
KPYTSAIIAE MOMEHTHI.

[TonpoOGHO paccMOTpuM cCitydaid, korjga Opyc paboraeT Toyibko Ha m3rud (My # 0,
N, =M, =M, = Q= Q, = 0).B sroii curyaruu Beipaxkenue (5.13)npuHumaer Bux:

0= My dZ 514
ElljI El ( )

Cornacuo (5.14) s onpeneneHusi epeMeIeH!s] TPOU3BOJILHON TOYKH B IPOM3-
BOJILHOM HampaBJIeHUH, TOCJIE0BATETLHO HEOOXOIMMO BBITIOIHATH CIEAYyIOIIEe:

- [TocTpouts 3mr0py MOMEHTOB My OT 3aJJaHHOM CHCTEMBbI BHEIIHUX CHII;

- Uckmrovast BHEIIHUE CUJIBI U B TOUKE, IJie HEOOXOIMMO ONPEAEIUTh NepEeMEICHIE
10 33/IaHHOMY HAIPaBJICHUIO, IPUKIIAIBIBACTCS SAMHUYHOE ycumre (cuma — eciu Tpedy-
eTCs ONpPENeNIUTh JIMHEHHOEe MepeMelIeHrne; MOMEHT — €Cii TpebyeTcs ONpeaesuTh yr-
JIOBOE TEPEMEIICHHE), U OT JEHCTBHUS SIUHHUYHOTO YCHUJIHSI CTPOUTCS SIOPa MOMEHTOB
M,

- ITo dopmyse Mopa (5.14)BerauciisieTcss HICKOMOE ITepeMeIeHue.
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5.9.Cnoco6 Bepemiaruna

Ecnu npunste EI = const,ro nepemenienre B HEKOTOPOU TOUKE CTEPHKHS ONMPEIENACTCS

KaK MHTETpaj OT MPOU3BEACHUS IBYX (DYHKIIUH MOMEHTOB — My U I\Tx. B o0miem Bune

uHTEerpan Mopa MOKHO BBIPa3uTh CleAyIoLel GopMyIoi:
1 |
== [ f1(2)fo(2z)dz. 5.15)

YacTo BCcTpeyaroTcs CiIydad, KOT/Ia Ha Y4acTKe CTepP)KHS JIUHOU | HeoOX0auMo BBI-
YUCIUTh HMHTErpall Mopa mnpu yCIOBUH, YTO TO KpailHeil Mepe oaHa u3 (QyHK-

il — nmuaeiHas (puc. 5.2).I1ycts f, = b + kz, Torna u3 (5.4) momyuunwm :
| | |
| =DJ fl(z)dz+ | zfl(z)dz: bQ; +[zdQq =
0 0 0

bO; +kQ; 7 = Qb+ kze )= Q1 fa(z)

rae Qg — mromaas smopsl fy; fo(Zc) — opauHaTa TUHEHHON 3MIOPHI MO LIEHTPOM TShKE-

(5.16)

CTH KPUBOJIMHEWHOM 31mropkI (puc. 5.5).

N
J’1=f1(Z) Q
T~
B Z
0l 7z _dz g
TS
Zy.m
N y2=f2(Z) //
/
_— b+k'zu.m. Z
0 /
Puc. 5.5.

[IpuBenénHoe pelieHrne HOCUT UMS PYCCKOTO yueHoro Bepemiaruna, BrepBbie €ro
nosyunBiiero. Takum obpaszoM, 1o cnoco6y Bepewacuna onepauus UHTETPUPO-
BaHMsI BbIpakeHus (5.4) B cilyuae JTUHEHHOCTH XOTSI Obl OJHOM M3 TMOJBIHTETPATBHBIX

(GyHKLIMIA CYIIECTBEHHO YMPOIIAETCS U CBOJAUTCS K MEPEMHOKEHUIO TIOIIAIA KPUBOJIU-
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HEIHOU SMIOpHI HA OPAWHATY BTOPOH (IMHEWHOW) PyHKIIUU N0 IEHTPOM TSKECTH KpPU-
BOJIMHEWHOM.
Hcnone3ys crocod Bepemaruna, npuBeaéM pe3ynbTaThl BBIUMCICHHUST UHTETPAJIOB
Mopa asns AByx HanOoJiee 4acToO BCTPEUAIOIINUXCS CITyYaeB:

1.006e ¢pynkmu f; u f, — muaeitabie (puc. 5.6),Torna

| =6(2ab+2od+ad+bc); (5.17)

2. Oynkuus f; — kBanparnas mapabona, f, — nunelinas ¢ynkmus (puc. 5.7). Takas
CUTYyalHs BCTPEYAeTCs, KOTJa Ha y4acTKe JUIMHOH | mpuiiokeHa paBHOMEPHO pacIipese-

JIEHHAsl Harpy3Ka (, Toraa

+
| =2fafte (5.18)
3 2
’ ” y gl?
rie f — “crpenka” kBagpaTHOM napa6oist (puc. 5.7), | =g
yl N\ yl N\
a ¢ a ¢
" 7
yzl\ y2/\

Puc. 5.6. Puc. 5.7.

B o6miem ciydae, eciu miiommaas Q 3mropsl MOMEHTOB HMEET CII0KHYIO TE€OMETPHIO U
IpECTaBIIeTCS BOBMOXKHBIM €€ pa3ouTh Ha twiomann Qy (k= 1,2,3,...) uMeromue sJe-
MEHTapHYI0 T€OMETpHIo, To mHTerpam Mopa | oT mpousBenenus 3mopbl ) HaA MIOPY

MOMEHTOB M, MOXeT OBITh MPEJICTABIICH B BUJIE:

QM) =1(Q, M) +1(Qp,M) +1(Qg, M) +.... (5.19)
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6. METOJ, CWJ, PACYET CTATHYECKM HEONPEJIEJUMbBIX
CTEPKHEBBIX CUCTEM

JUts pacu€ra yCHIud B CTaTUYECKH HEOIPENECIMMBIX CTEPKHEBBIX CUCTEMAX Cy-

HIECTBYIOT PA3JIMYHbIE METO/IBI. 31€CH PACCMOTPUM MEM OO CUJI.

6.1.CraTndecku HeompeaeanMbie CUCTeMbl. HeoOXoIMMbIe U JINIITHUE CBS3U

Ecnu paccMatpuBaTh BHEIIHUE CBSI3U, TO MOKHO OTMETHUTh, YTO MOJIOKEHUE KECTKO-
ro Tejla Ha IUIOCKOCTH XY XapakTepU3yeTcs TPeEMs HE3aBUCUMBIMHU IapaMmeTpa-
MU — KOOpJUHATAMH X, Y U YTJIOM ITOBOPOTA pacCMaTPUBAEMOM TUIOCKOCTH. Takum oOpa-
30M, HEOOXOAMMOE JIJIs PABHOBECHSI YHUCIIO HAIOKEHHBIX BHEIITHUX CBSI3€H JOJDKHO OBITH
paBHO TpéM (IO KOJMYECTBY HE3aBUCHUMBIX ypaBHEHH# paBHOBecus — 2. X =0, 2y =0,
2>m=0). Ecau miockas cucrema coctout u3 D gacreit, KaKayr0 M3 KOTOPHIX MOXKHO
paccMaTpuBaTh KAk JKECTKOE TEJO, TO KOJIMYECTBO MAapaMETPOB, OMPEACIAIOIINX MOJIO-
KeHue 3Tou cuctemsl, OyaeT paBHo 3D. Kaxaplil mapHup, COeTUHSIONMNNA BE YacTU
CHUCTEMBI, Pa3peIIAECT JUIIb UX B3aWUMHBIN MMOBOPOT, YCTPAHSSA BO3MOXHOCTh UX B3aWM-
HBIX CMEUIEHUN — CJIEJOBATEILHO OH YMEHBIIAET KOJIWYECTBO BO3MOXKHBIX IEpeMelle-
HHUM CHCTEMBI Ha JBE €AWHULBI. Kpome 3TOro, Kaxaplil ONMOPHBIA CTEPKEHb YCTPAHSIET
BO3MOXHOCTb NIEPEMEIICHHS] CUCTEMBI B COOTBETCTBYIOIIEM HampaBiieHuu. Takum oOpa-
30M, IMOJCYUTATh CTENEHb CTATUYECKOW HEOMPEACIMMOCTH CHCTEMBI, OMNPEICIISIEMYIO

BHEILITHUMU CBSI3IMU, MOKHO 10 clieiytonieil popmye:
W=3D-21-C,

rne D —umcno yacredt (“auckoB”) cUCTEMBI, Kaaas W3 KOTOPBIX MOXKET paccMaTpu-
BaTbCAd KaK aOCOJIFOTHO JKECTKOE Teio, [// — KONMYecTBO IIAPHUPOB B CUCTEME, COEMIU-
HAOMUX “MUcku”, C — YHUCIO OMOPHBIX CTEpKHEH. JlJig CTaTUYECKH ONpeAeIUMbIX CHUC-
tem W =0.IIpu W<O0 cucrema sBisieTCsl CTATHUECKH HEOTIPEACITUMOM.

Hawnbonee xapakTepHbie THUITBI BHEIIHUX CBS3EH M WX CXEMATHYHBIE M300pa’KeHUS
PacCMOTPEHBI IPU U3YUYEHUU TEOPUH TIIOCKOTO U3ruoa.

Ha puc. 6.1moka3zana miockasi pama, IMEoIIas B IepBoM (@) ciiydae TpU BHEITHHE

CBSI3H, & BO BTOPOM ciydae (6) — maTh. 3HAYUT, B IEPBOM Cllydae pama MMeeT Heo0Xo-
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JUMOE JIJIsl CTaTUYECKOM OMpeleIMMOCTH KOJIMYECTBO BHEIIHHUX CBSI3€i, a BO BTOPOM
e — JIB€ JOTNOJHUTENbHbIE BHEUTHUE CBsI3U. OIHAKO B 00EUX CUTyallUsX pama cTaTuye-
CKH HeompenenuMa, T.K. KOHGUTyparus e€ TakoBa, 9TO HE MO3BOJIIET ONPENCIUTh YCU-
JUs BO BCEX €€ DIIEMEHTAX, UCIOJb3ys TOJIBKO ypaBHEHUs paBHOBecus. Clie10BaTENbHO,
JUTSl OKOHYATEJIbHOT'O OTBETA Ha BOMPOC O CTATUYECKOW OMpPeeTMMOCTH CUCTEMBI HEOO-
XOJIUMO TIPOBEJICHUE COBMECTHOTO aHAJIN3a HAJIOKEHHBIX HA CUCTEMY BHEIIHUX U BHYT-
pPEHHUX CBsizel (Oosiee moAPOOHO ATOT BONPOC PACCMATPUBACTCS B KypCe CTPOUTEIbHOMN

MEXaHHKH).

a) 0)

Puc. 6.1.

6.2.DKBHUBaJICHTHAS U OCHOBHAS CUCTEMA METOA CHUJI
CyTh MeTOMA CHJ 3aKII0YaeTCs B TOM, YTO 3aJaHHAs CTATHYECKH HEOMpeaeanmast
CHUCTEMa OCBOOOKIAETCS OT JOTIOJHUTEIBHBIX CBS3€H KaK BHEIIHUX, TAaK U BHYTPCHHUX,
a UX JICUCTBHUE 3aMEHSIETCS COOTBETCTBYIOIIMMH CHJIAMH 1 MOMEHTamMu. VX Benm4auHbI, B
JanbHEHIIIEM, MMOJOMPAFOTCS TaK, YTOOBI MEPEMEIICHUS CUCTEMbI COOTBETCTBOBAIA TEM
OBl OTpaHUYEHUSIM, KOTOPHIC Ha HEE HAKIIAIBIBAIOTCS OTOPOIIEHHBIMU CBS3SMHU.
Cucrema, ocBOOOXKIAECHHASI OT IOIOJHHUTEIBHBIX CBI3€H, CTAHOBHUTCS CTATUYECKU
onpenenumoi. OHa HOCUT Ha3BaHUE OCHOGHOU cucmemsl. JIJIs KaXI0W CTaTHYCCKU
HEOIpPeACIMMON 3aJaHHOM CHUCTeMBI (puc. 6.2,a) MOKHO 1MOA00paTh, KaK MPABHIIO, pa3-
JUYHBIC OCHOBHBIC cucTembl (puc. 6.2,6, ), 0OIHAKO HX JOJIKHO OOBEIAUHATH CIICAYIO-
mee yCJIOBHE — OCHOBHAsI CHCTeMa JOJDKHA OBITh CTATUYECKH OMPEETMMON U TeOMET-
pUYECKH Heu3MeHseMou (T.e. HE JOJ/DKHA MEHATh CBOKO IeoMeTpuio 0Oe3 aedopMariuii

DJICMEHTOB).
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a) 0) 6)
—>
H s H
X TX4 Xo AX, | Xo
=) (s = C‘r
Pl Pyy % F -
X, Xy
2 X: X,
v X7 v
Xo X,
Puc. 6.2.

PaccMmoTpum crctemy, KoTopasi IBaKAbI cTatudecku Heompenenuma (puc. 6.3,a). 3ame-
HUM B OCHOBHOHM CHCTEME JeHCTBHE OTOPOIICHHBIX CBSA3€W HEM3BECTHBIMU YCUIHMSAMHU X3 U X
(puc. 6.3,0). IlpunsTas ocHOBHas cucteMa OyaeT paboTaTh TakXkKe, KaK M 3aJaHHas, €Clid Ha
HEe HAJIOXKHUTHh YCIIOBHE OTCYTCTBHS BEPTHUKAIBHBIX IepeMelieHnii B Toukax A u B (T.e. B Tex

MecCTax, rac B SaHaHHOﬁ CUCTEME CTOAT Ol'IOpBI):
yA(P’ X1’X2) :0; yB(Pl Xl’x2) =0 (6-1)

YpaBuenus (6.1) Ha3bIBAIOTCS ypasHEeH U -

MU coemecmuocmu Oegopmayuil U TMPU UX

BBITONHEHNH (DaKTHHECKH yCTaHaBIMBaeTcss ye- 4) l 0 , l

JIOBUE DKBUBAJEHTHOCTU MEXAY 3aJaHHOM U OC- ;LE; mif TX XT
HOBHOM CHCTEMOW NPU ACUCTBUM BHEIIHEH CHIIbI 1 ’
P wn HemsBecTHBIX ycunuid X; u X, . Ha ocHoBaHuu ; i
NPUHIMIA HEe3aBUCUMOCTH neicTBus cui (6.1) Puic. 6.3

MOJKHO IIPE€ACTABUTH B CICAYIOIIECM BUIC!

Ya(P)+ Y.(X) +Yi(X2) =0,

6.2
Yo(P)+ Yo (X0) + Y, (X5) =0 (62)

rie Ya(P), Ya(P), Ya(X1), Ya(X1), Ya(X2), Ya(X2) — BepTuKanbHbIe mepemerieHus Touek A u B oc-

HOBHOM CHCTE€MbI COOTBETCTBEHHO OT JercTBUsA cun P, X1, Xo.

6.3.Ka"noHnueckue ypaBHEHUSI METOJIa CHJT

BBoas 0603HaueHus 01, 015, Aip — BEpTUKAIbHBIC TIEPEMEICHHS TOUYKH 4 OCHOBHOM

CHUCTEMBI, COOTBETCTBEHHO, OT IIOCJIENOBATEILHOrO AeuctBug cui Xy =1, X,=1, or
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BHEIIHEH CHIibl P; &1, Opp, App —BepTHKAJIBHBIC MEPEMEICHUs TOUkH B 0CHOBHOM cuc-

TEMBI, COOTBETCTBEHHO, OT MOCJIEA0BATEILHOIO AeHCTBUA cuil X, = 1, X, =1, oT BHemI-

HEW Cuiibl P, ¥ yuuTbhIBas CYIIECTBOBAHUE JINHEWHOCTHU CBSI3UM MEXKIY CHJIOW M Iepeme-

IIIEHHEM, CUCTeMY ypaBHeHHH (6.2) MOXKHO ITpeoOpa3oBaTh B KAHOHHUYECKOH (opMme:
011X1 + 012X +Bp =0,

6.3
621X1+622X2 +A2p =0 ( )

[locnenHue ypaBHEHUsI HOCST HAa3BaHUSl KAHOHUYECKUX YPABHEHUL Memooa

cun.
Jlnis BeIUuCIeHUS KO3(PGUIUEHTOB IPU HEM3BECTHBIX X; U X UCMONB3YIOT (GOpMy-
my Mopa:
IMimj
6”' = [——=dz, (,] =1,2). (6.4)
o El

Jlerko BUAETH, YTO 6ij =90 ji » TO CBOWCTBO HA3BIBACTCS 3aKOHOM N1APHOCMU KOI (-
¢ uyuenmos npu Hem3BecTHBIX. CBOOOTHBIE K€ KOAPDUIIMESHTHI ONIPEALIIIOTCS 1o hopmyIe:

™
Aip = j%dz. (6.5)
0

[Tocne pemienus cuctemsl (6.3) onpeaensoTcs BEJIMUYUHBI HEU3BECTHBIX YCHITHN X
u X, . Ecnu ux 3HaueHus noiay4yminuch OTPULATENBHBIMH, 3TO O3HAYAET, YTO PEATbHO OHU
JNEUCTBYIOT B HAINPABICHUU NPOTUBOIOJIOXKHOM MpUHATOMY. OKOHYaTelbHas 3II0pa

MOMCHTOB OIIPEACIIACTCA 110 3aBUCUMOCTH
Mok =M, + M1 [ X1+ Mo [ Xo. (6.6)
Dmropa TonepedHbx cuil Qok MOXKET OBITH MOCTPOEHA TI0 SIMIOPE MOMEHTOB Moy C
HUCIIOJIB30BaHHUEM 3aBUCUMOCTH Q = E W BCJIMYUH IIPUIIOKCHHBIX K CUCTCMC YCHHHﬁ.

6.4. IlpuHiuns! pacyéra MPOCTHIX CTATHYECKU HEOIIPEIETMMbIX OaloK

Pacuér cratnuecku HCOIIPCACIINMBIX 0aJI0K C MCIIOJIb30BaHUEM MCTOAA CUJI IIPOU3BOAUTCA

B ONPEIEIEHHOM NOPsAJIKE, KOTOPBIil pa30epeM Ha KOHKPETHOM IIPUMEpE.
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Jns Ganku (puc. 6.4)3anano: I, = 2I,, P=ql, m=ql?.
Tpebyemcs:
1. Onpenenurs CTENEHh CTATUYECKON HEONPEAETUMOCTH CHCTEMBI M COCTABUTH YPaBHEHHE

COBMECTHOCTH JehopMalinii;

q
P m
2.Ompenenuts KOG GUIMEHTHI W PEIIUTh Ka- o l W
. Wi; - ’

HOHHYECKOE ypaBHEHHE METO/1a CHIT; b2 L/2
[

v

3.IlocTpouts 3MmIOpEI MOMEHTOB M ¥ TOMEPEYHBIX 6.4
Puc. 6.

cun Q.
Pewenue nposodumcsa 6 credymwwei nociedosameibHoOCmMu'.

1.0npenensercs cTeNeHb CTATUYECKON HEONMPEAEIUMOCTH CUCTEMBl U CO-

CTaBUTh YpPaBHEHHUE COBMECTHOCTH AedopMaLUuil.

Ucnonw3ys popmyny s onpeaenenust W, moacunraeM CTeNeHb CTaTHYECKOW HEOMpe-
JeTMMOCTH CUCTEMBI.
Nmeem: D=1,111=0,C=4 - W= 31 - 20 - 4=-1, cnenoBaTeIbHO CUCTEMa OJIUH pa3 CTa-
TUYECKH Heollpeieanma.

OCHOBHYIO CUCTEMY IOJIYYUM IIyTEM OTOpPaChIBaHUS ONOPBI B TOUKE 4 U 3aMEHbI €€ Jeil-
CTBUSI HEU3BeCTHBIM ycmineM X; (puc. 6.5). KanHoHnnueckoe ypaBHeHHE METO/a CHJI B JaHHOM

Clly4ae 3amuilieTcs B CIAeAYIOIIeM BU/IE:

y P=ql,=2ql
P q m=qli=4ql;
EJ

Puc. 6.5
011Xy +Ap = 0.

2.0npedensawomcsa Kodppuyuenmosl u pewaemcsa KAHOHUYECKOe YpABHEHUE
mMemooa cun.

Ot cunbl X; crpoumM smopy My (puc. 6.6). s onpeaeieHnss BETUYHHBI O11 BOCIIONb3Y-

emcs BeipakeHueM (6.4). dakrudecku 3mopy My HY)KHO YMHOKHUTB caMy Ha ce0sl ¥ TIPOUHTET-

pUpOBaTh 3TO NIPOU3BCIACHUE:
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1= JMlmld - 242t ] o P -2

T%&MMM%%MWMW@ Jlns ompeneneHuss cBOOOMHOTO KO3 dHIIMEHTa B Ka-
_ 1, .
X=1 2, 9n. My HOHMYECKOM YypaBHEHHH CTPOMM B OCHOBHOH cHCTEME

Puc .6.€

S0Py MOMEHTOB Mp OT BHemHeH Harpy3ku (puc. 6.7)u B

4q2 COOTBETCTBHH C (6.5)monmyuaem:
2

Alp ——IM Mde_

| I
-- 2 [(szmqlguqlgmz)—élmzw%Eﬂ2+zlz 2 3) +

2
2 é:llz [:I]z LZIZ __ 51 qlg
3FEIlI 8 2 12E1

[Tpu Beruncnennn Ajp OBIIO YUTEHO, UTO MIOPHI M) U Mp UMEIOT pa3HbIN 3HAK, T.K. BBI3bI-
BalOT PaCTsDKEHUE Pa3HbIX BOJIOKOH — 00 3TOM FOBOPHUT OTpHLATENbHBIN 3HAK 1pu Ajp. Kpome
3TOr0, KPUBOJIMHEHHBIN y4acTOK B 3miope Mp OblI MPeACTaBIeH KaK Pa3HOCTh TPANleLUH U Ia-
paboIMYecKoro cerMeHTa.

Hamnuinem ypaBHEHHE COBMECTHOCTH Ae(opMaIyii B BULIE
El 611D<1 +EI A]_p - 0,
H, IoACTaBJIsAA HaﬁHeHHBIe BCIIMYNHBI HepeMemeHI/If/'I, MOJIyYHM.

51 17
a3, =22 |4,0 a X, ==2ql,.
2 LA 12CI2 TKYyHAa A1 16q 2

3.Hocmp0umb NP bl u32u6ai0u;ux MOMEHRNMOB U NONEPEYHbBLX cun. OkoHYa-

TEJIBHYIO MI0PY U3rHOAOIIMX MOMEHTOB MOIYYUM 10 (hopmyIie:

MOK:MP-I-M].G;:-%qIZ'
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a)
In. Myg )
17 Jabls / 4ql;
2
quz
Wi@éq@ %ﬁ»
0) In. Qux K l
& 161"
s AU
169" 58 70
quz L quz

Puc. 6.8

7. JAHAMUAYECKOE JEMCTBUE HATPY30K

7.1.001mume cBeaeHus

B npenpiaymux riaBax pacCMOTPEHBI pacYEThl JIEMEHTOB CTPOUTEIBHBIX KOHCTPYKITHIA
MPEUMYIIECTBEHHO Ha CTATUYECKYI0 HArpy3Ky. B peanmbHBIX yCIIOBUSX HEPEIKO MPUXOIUTCS
CTAJIKMBAThCS C Harpy3KaMu, MEHSIOIIMMHU CBOE 3HAYCHHUE, MOJIOKCHUE WIIM HAIPaBJICHUE B KO-
POTKHE TPOMEKYTKU BpeMeHHU. Takue Harpy3Ku, Kak OTMEYalIOCh paHee, Ha3bIBAIOTCS OUHAMU-

YecKkumu.

7.2.Y4€T cun MHEpLUHU NP pacyETe IBIKYIIUXCS C YCKOPEHUEM Tell

Pacuér Ha nuHaMHUYECKyIO0 Harpy3Ky CYLIECTBEHHO YCJIOXHSETCS IO CPaBHEHHIO C pac-
4ETOM Ha HArpys3Ky, MPUKIaIbIBaeMyl0 cratndecku. [Ipuunna 3akmoyaercs B 0oJiee CIOKHBIX
METOJIax OINpEENICHNs YCWIMM U HalpsyKEHUH, a TaKKE MEXAaHMUECKHX XapaKTEepUCTUK Mare-
pHaoB, pabOTaOIIMX B YCIOBUSIX TMHAMHUYECKOT0 Harpyxenus. OJlHako B TeX ciayyasx, Korjaa
W3BECTHBI CHJIBI MHEPLIMH, OINPEAEIICHUE YCUIIMN MPOU3BOJUTCS TAK K€, KaK IIPU CTATUYECKOM
Harpy»eHUH,— € MOMOILBIO Memooa cedenuti. ITOT MOAXO0Jl OCHOBAH HAa U3BECTHOM U3 TeOpe-
THYecKoil Mexanuku npuHiuie JI' AnamGepa’, cormacHo koTopoMy BesKkoe JBMIKYIIEecs Teso

MOKHO CUHUTATh HAXOAAIHUMCS B COCTOSHHUU MIHOBCHHOI'O PAaBHOBECHS, CCIIN K HCﬁCTByIOMHM

4 1 ' T
Kawu JIepon /' Anmambep (J. L. D' Alembert, 1717—1783)$paniysckuii MaTeMaTHK 1 ¢uinocod. B
1743r. on BuepBbie chopMyarpoBai oOLIHMe IpaBuiia COCTABICHUS TU(PepeHINATEHBIX YPaBHEHNUH TBIKEHHS
Tr00BIX MaTepUATIBHBIX CHCTEM, CBE/IS 3a/1a4l JUHAMHKH K CTaTHKE.
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Ha HETO BHEIIHUM CHJIaM J00aBHUTH cuiry MHepiuu. OHa paBHA MPOM3BEICHUIO MAacChl M Tena
Ha €ro YCKOPEHHE @ U HaIlPaBJeHa B CTOPOHY, IPOTUBOMOIOKHYIO YCKOPEHHUIO.

PaccmoTpum mpakTudeckyro HHKeHepHYIo 3anady. [lycts rpy3 Becom Q moganmMaetcs ¢

HOCTOSIHHBIM ycKopeHueM a (puc. 7.1,a). lnst onpenenenus yeunus B Tpoce Ny paccedém ero B

NPOHM3BOJIBHOM MECTE M PAacCCMOTPHM paBHOBECHE cuUcTeMbl (puc. 7.1,6), mpenedperas coOCT-

BCHHBIM BECCOM TpOCa.

3Z=0; Ng—G—F;=0.

// L

=

jWEH
_{

Ly

ST

\
A\

Cuna uHepuMy NOJHUMAEMOTI0 Ipy3a
Fi=ma=(G/g)a,
rjie § — yCKOpeHHEe CBOOOJHOTO MaJCHHS, paBHOE 9,81M/02.
[TomcraBisis BeIpa)KeHHE WHEPIIMOHHON CHUIIBI B ypaBHEHUE PABHOBECHS, ITOTydaeM
Ng— G - Ga/go,
OTtkyna
Ng= G(1+a/g). (7.2)

Beipakenue B ckoOkax (7.1) xapakTepu3yeT OTJIMYKE YCHIHS B TPOCE MPU PAaBHOYCKOPEH-

HOM HOZ[”béMC rpy3a G ot yCUiinA, BOSHUKAIOMICTO ITPHU €T0 CTATUYCCKOM IPUITOKCHUHN. CJICI[O'

BaTCJIbHO,

Nd = Nskg,
rae Ndd — ycuine npu craTiueckoMm HarpykeHuu; Kyq = 1+alg — ounamuueckuii kos¢hhuyu-

eHm
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Taxum oOpaszom, ycunue om OuHamMu4eckou Haepy3Ku pagHO YCUIUIO OM CIMAmMuYecKoll Ha-
2pY3KU, YMHONCEHHOMY HA OUHAMUYEeCKUL KO duyuenm.

[TpommmiocTprupyeM cKa3aHHOE KOHKPETHBIM IPUMEPOM.

[TycTh Tenexxka ogHOOATOYHOTO MOCTOBOTO KpaHa mpoiieToM L=10 M, BHIMOIHEHHOTO U3
nBytaBpa Ne 40, mogHUMaeT paBHOYCKOpeHHO pacuétHbii rpy3 Q=70«H (cm. puc. 7.1,a). On-
peIeNuTh yCUIINEe HATSDKEHHS TPOca U MPOBEPUTH MIPOYHOCTH KpaH-0alku, €CIU 3a MEpBYIO ce-
KYHZY TPY3, HAXOSIIMICS MOCepeANHE MPoJeTa, NoaHsuIca Ha pacctosiaue S=0,5m. Pacuérnoe
comporuBienne cramun R=235 Mlla. Kosddunument ycmosuit padots Y, = 0,9. Becom Tpoca
npenebpeus. Bec kpan-6anku yuects ¢ koddduumentom nagesxaoctu Y 1,05.

[TocTpouM pacué€THyrO cxeMy KpaH-OasKH.

Gy

EEEEREEEREIERENE! &1 IEEY C 57Ol 1EenpI0 PacCCMOTPUM camMo€ HeOJIaronpu-

LE

vz L ”%' STHOE TIOJIOKEHHE KPAaHOBOW TenexKku (puc. 7.2).

L L

Onpeoenenue ycunus 6 mpoce. s BbI-
Puc.7.2. YHCIIEHHs TMHAMHYECKOTO Kod(pHIMeHTa HEOO-
XOJUMO HaWTH yCKOpeHHue a. Bocnonb3dyemcsi U3BECTHBIM U3 KHHEMATUKU YpaBHEHHUEM PaBHO-
MEPEMEHHOI0 JABWXKEHHUS MPU HYJIEBOW HAYaJIbHOM CKOPOCTH s=at’/2, roe s— paccTosiHue,
npouaeHHoe 3a Bpems t. Torna
a = 2s/f- = 2x0,5/1 m/c® =1 m/c’
Y TUHAMUAYECKUH KOd(DPUIIUEHT
kg = |+a/g= 1+1/9,81= 1,1.
Ycusue oT AMHAMHYECKOTO HArpy>KeHHsl CortacHo 3aBucumoctu (7.1)
Ng = Gxky = 70x1,1xH = 77H.

IIposepxa npounocmu kpan-6aixu. banka paboraer Ha U3rud OT COOCTBEHHOTO Beca MH-
TEHCUBHOCTBIO (], MPUKJIIABIBAEMOI0 CTaTHUECKH, U Beca Trpy3a G, mpUKIaabIBaeMOro, AUHA-
muuecku (puc. 7.2). Hanbomnbimii u3rubaromuii MOMEHT HaiieM Kak CyMMY MOMEHTOB OT Ha-
IPY3KH, 00YCIIOBIEHHON COOCTBEHHBIM BECOM KPaHOBOH Oaku Mg M OT NEeHCTBHA NOJHUMARO-
mierocs rpysa Mg (¢ yuérom auaamuyeckoro 3¢ dekra), T.e.

2
Mmax=%+GdeL=O,587El02 [18+77110/4=200xH [ m .

3neck pacu€THbI Bec 1 M anmuHBI AByTaBpoBOi Oamku Ne40
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g=pj9ys =5709810105=587(H/m),

rae P - JMHEHHAS IUIOTHOCTh 0ajKu (Kr/M), MPUBOAMMAs B COPTAMEHTE.

[To HalineHHOMY M3rH0aOIIEMy MOMEHTY MPOBEPSIEM HANpPsDKEHUS B Oalike, UMEIoLIel co-

TJIaCHO TOM ke TabiuIle MOMEHT conpoTuBieHus ceuerns W,=953 oM. [Tonyuaem:

Mmax _ 200010°

= 21001.0° 172 = 210M11a
Wy 953010

T.e. mpounocTts OGanku obecnedeHa.

7.3.Pacuéter Ha ynap

PaccmoTpum ciydail mpoJOIBHOIO yaapa rpysa o HenoABWKHOMY Teny. IlycTs

Puc.7.3.

rpy3 Becom G mamaer ¢ BHICOTHI N HAa HETOABIIKHBIA CTEPKECHb
(puc. 17.1).CkopocThb Tejla B MOMEHT yjaapa ONpeaesieTcs 1Mo u3-

BECTHOU (popMyiie CBOOOTHOTO TAJEHUsI V =./2gh. 3Ta CKOPOCTh

3a OYEHb KOPOTKHM IPOMEXYTOK BPEMEHH yAapa, UCUUCISIEMBIN
THICSTYHBIMM WJIM COTBIMH JOJIIMM CEKYHIBI, YIAAET A0 Hyss. bia-
rojapst OOJILIIIOMY YCKOPCHHIO (3aMEIJICHHIO) BO3HHMKACT 3HAUH-
TeIbHAs CHJIA WHEPUMH, KOTOpAas ONpENENsieT JACHCTBUE ynaapa.
OpnHako onpezeseHne yCWIHM U HaIPsDKEHUH NPU yiape ¢ oMo-

b0 YyCJI0BUA JANHAMHUYCCKOI'O paBHOBECHUA (anHana

JI'AnamOepa) 3aTpyJAHHUTEIBHO, TaK KaK CHJIBI MHEPIIMM HEU3BECTHBL. B 3TOM ciyuae

IMPUXOJUTCH IMICPBOHAYAIIBHO MCKATh IICPEMCEIICHU A, MUCITI0JIb3Ys 3aKOH COXPAaHCHHA DHEP-

THUU.

K=U,

rae K — KuHeThueckasi sHeprus yaapsmoiero rpy3a; U — norenuuanbHas sHeprus nedop-

Mal1 yaapsa€mMoro 3JICMCHTA.

PaGota, coBepiaemas BecoM majaroiiero rpysa, 0yet paBHa

W=G(h +Aly),

rae Alg - mepemenieHue B TOUKe yaapa, paBHOE YKOPOUCHHUIO CTEPIKHSI.

TotenmmanbHas sHeprus gedopmarmn npu cxatun, U=A12 EA/(2]). U3 5Tux aByX ypaBHEHHit

Imojaydacm



73
G (h +Alg=A13EA/(21), umm AIZEA - G21A13 - Gh2EO.

Pa3nenuB Bce wieHbI 3TOr0 ypaBHEHUs Ha EA, TONy4UM

A2 —ﬂzAld “Slon=o
EA EA

Ho GI/EA =Alg;— ykopoueH#e CTepKHs OT cTaTHYecKu npuiokeHHor Harpy3ku G. Torma
AlZ = 2AIGAly = Al 2h = 0.

PemuB sto KBaJApaTHOC YPAaBHCHUC OTHOCUTCIIbHO Ald’ IMoJIy9Yum

Aly = Alg ++/A12 +2hAl

OcraBnss 3Hak iroc (Tak kak Alg>Alg) momydaem oKOHYATETHHO

Aly = Al (L T+ 2h/ Al ) = Al (K (7.2)

rae Ky — auHamuyeckuit kKodhpuimeHT.
Pa3nenuB 00e yacTu MmocieAHEero ypaBHEHUS Ha JUIMHY CTeP)KHS | U YMHOXXHMB Ha MoO-
Oyab ynpyroctu E, mepeleM Ha OCHOBaHWH, 3aKoHa ['yka oT medopmaruii K HanpsHKeHH-

M.

Gg=0y (1 +\/14+2h/AL) =0,K,.

N3 mony4yeHHBIX (HOPMYIT BUIHO, YTO TUHAMUYCCKUE HATTPSDKCHHSI M TICPEMEIIICHUS 3aBUCSIT
OT cTatndeckoil gedopmarmm yaapsemoro tena. Yem Oounbline cratudeckas aedopmanus (mpu
MPOYUX PABHBIX YCIOBHSX), TEM MEHBIIIC JUHAMHUCCKUE HATPSIKCHUS.

Bor mouemy s cMArdeHus yjaapa TNPUMEHSIOT —TMPOKIAIKU (PE3UHOBBIC, TPYKUH-
HbI€), Jaroliue 0osbinne aedopMaliuu.

[Ipu cxumaromemM yaape Bo n30exaHue MPOI0JIbHOIO U3rnda AMHAMUYECKUE HAIPSKEHUS
HE JIOJKHBI IPEBOCXOUTh KPUTHUECKUX HAIPSIKEHUI

Yacmmuvle cayuau

1. Ecimm h = 0, 1. e. IMeeT MeCTO 8He3anHOe npunodICeHue HaspysKu, TO U3 TOIYUYEeHHBIX POop-

myn nonyunM Aly = 2Alg;. [Ipu BHe3amHOM NMPHIIOKEHUU HATPY3KH AeQOopMali U HampshKe-
HUS BABOE OOJIbIIE, YEM NIPU CTATUYECKOM JIEUCTBUU TOH K€ Harpy3Ky,

2. Ecnu BeicoTa mamenus h 3HaunTenbHo Oojbiie cratndyeckoi pedopmaruu Alg , TO mj1s on-

peaeneHus AMHAMUYecKoro ko3 @uiimeHTa noiayyum cieayronlyo npuoiImKkeHHyo GopMmyiy:

K,=1 -|-_\/1 +28 /AL, m\[zﬁmfﬂ.
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7.4.1lonsiTE O BOJHOBOM TEOpUHU yaapa
PaccmoTpenHbIe Bopoch! pacyéra Ha yJap, OCHOBAHHBIE Ha IPECTaBIEHUH CUCTEM ¢ Oec-
KOHEYHO OOJBIINM YHCIIOM CTETIeHEeH CBOOOIbI CHCTEMAaMH C OJJHOW CTETIEHbIO CBOOOIBI, SIBIIS-
I0TCS1 BechbMa NMpHOIKeHHbIMU. [IpnyeM, yeM Oosblel )keCTKOCThIO 001a1aeT paccMaTpuBae-
Masi CUCTEMa, MOBEPraIlasics yAapHOil Harpy3Ke, TeEM MEHEE TOCTOBEPHBIMU OyAyT pe3yJib-
TaThl PaCYETOB IO NIPUBEJICHHBIM BBILIE (OPMYIIaM.

Jlnis monmydenus: Oosiee aleKBaTHOW KapTHUHBI CIEIYET BOCIOIB30BATHCS 00Jiee CI0XKHOMN
BOJIHOBOH Teopuel yaapa. CornacHo 3TOM TEOPUHM BO3HMKAIOIIAS B HAYaJIbHBIM MOMEHT yAapa
negopmanys B TeJI€ 3aBUCUT TOJIBKO OT CKOPOCTH BO3JEHCTBHUS M HE 3aBUCUT OT Macchl yja-
psemoro tena. [Ipu 3TOM BO3HMKaeT Tak Ha3bpIBaeMasi BOJIHA aedopManuu. JTa BOJIHA Pacmpo-
CTpaHsAETCA C ONPEIECICHHON CKOpoCThio. Ilocie Toro, kak BoJIHAa TOMAET 10 NMPENATCTBUSA, OHA
OTpa3UTCS U MOUJET C TOU K€ CKOPOCTHIO B 0OpaTHOM HampasieHud. [Ipu sTom Oyznetr umeTsb
MECTO SIBJICHHE HAJIO)KEHHUS BOJIH. DTO SIBJIEHHME TECHO CBSI3aHO C M3y4aeMbIMM B (PU3MKE MPO-
neccaMu AuQpakuud U UHTEpPEpeHnru BoiaH. TakuM oOpa3oM, cyMMapHble nedopManuu B
KaX/10M CeYeHUH OyyT U3MEHATHCS BO BPEMEHH I10 CJI0KHOMY 3aKOHY.

Teopust ynapa, y4uThIBaroIlass BOJHOBOM XapakKTep BO3JEHCTBHUS, pacCMaTpPUBACTCS B

CIELHAJIbHBIX KypCaXx.

7.5.CobcTBeHHBIC KOJIEOaHHS C OTHOM CTENEHBIO CBOOOIBI
Hike paccMaTpuBaIOTCsl OCHOBHBIE MTOJIOKEHHS TEOPUHU KoJieOaHMid CHCTEMBI C OJTHOM CTe-
MEHBIO CBOOOIBI. ITOT BONPOC OCOOCHHO BAXKEH MPH N3YYECHUHU BO3ACUCTBUS BUOPAITMOHHOM

Harpy3Ku B Pa3JIMYHbIX CTPOUTCIIbHBIX KOHCTPYKIHAX.

PaccmoTrpum 6aiky ¢ cocpeioTOueHHON Maccoit

m, MPUKPEIJICHHON B KaKOW-IMOO TOYKE Ha PaccTosf-

HUM a OT JieBoi omopsl (puc. 7.4). Ilpeamnonoxum,

9YTO Macca camMoi Oajiku 1O CPaBHEHHIO C MAacCol m

Puc.7.4. MaJjia ¥ €0 MOKHO TipeHeOpedb. Och N30THYTOH Oaku
OTIPENIENICTCSl B 3TOM CIIydae BEIMYMHOW OTKJIOHEHHUS MAaCChI, T.€. BCETO TOJBKO OJTHUM
napaMeTpoM, IOITOMY TaKyro OAJIKy Ha3bIBAIOT CUCEMOU C OOHOU CMENEHbI0 C80000bL.

Ecnmu mMaccy m OTKJIIOHHTB OT TIOJIO)KEHUSI PAaBHOBECHSI M OTITYCTHTh, TO Oanka BMe-

CTe C Maccoi HavHeT KoJyieOaThes. Takue KojaeOaHus Ha3bIBAIOT CO6CI’}’16€HHblMu, W c60-
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000HbIMU. BenencTBue cuil compoTUBIICHUS Koje0aHus OyayT MOCTENEHHO 3aTyXaTh U
yepe3 HEeKOTOpoe BpeMs 0ajika BHOBB MPUAET B CBOE UCXOIHOE MOJI0KEHHE.
Jlnst Toro ytoObl MOMy4nTh aUQdepeHIranbHoe ypaBHEHUE, ONMCHIBAIOIIEE KOJIe-
OaHMsI, paCCMOTPHUM JBHKEHUE MACCHI B IPO-

U3BOJIbHBI MOMeHT Bpemenu t (puc. 7.5).

O0603HaUNM OTKJIOHEHHE MAacChl OT ICPBOHA~

YajbHOTO ToJOXeHus 4vepe3 §. Ha wmaccy

Puc.7.5. JNENUCTBYET CWJIA MHEPLMHU, KOTOpas, KaK W3-
BCCTHO, paBHa Macce, HOMHO)KeHHOﬁ Ha YCKO-
pEHUE, U HAlpPaBJIEHA B CTOPOHY, MPOTUBOMOJIOKHYIO YCKOPEHUIO. YUTs, YTO YCKOPEHHUE
OTIPENEISIETCS] KaK BTOpask MPOU3BOAHAS OT MPOTHOA, MOTYYUM CHUITY HHEPIIUH, PABHYIO
d2&
m 2
dt

[Tporu6 ot 3TOM CUIIBI MOKHO HANTH TaK:
§=0ql, (7.3)
rne 017 — MPOTUO OT CUJIBI, PABHOUM €IMHMUIIE, TPUIOKEHHON B TOUKE MPHUKPEIUICHUS Mac-
cbl. Benmnuuny 8,1 JIeTKO ONpeaeNuTh JIFoObIM U3 METOJI0OB, OMMMCAHHBIX pa3i. S

[ToncraBuB B ypaBHeHue (7.3)3HaucHUE |, MOTyUIUM

- d’g
OTKyJ1a
dae, $%€=0 (7.4)
dt? ’
rac
1
2=
méll

Kak m3BecTHO M3 Kypca Au(QepeHIIHaIbHbIX ypaBHEHHUH, peineHue ypaBHenus (7.4)

UMEET BUJ
& = A cospt + A, sindt, (7.5)
rae A, 1 Ay - IPOU3BOJIBHBIE IOCTOSIHHBIE.

Yka3aHHbIE TOCTOSTHHBIE OyJIeM OTHICKUBATH B BUJIE
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A = Asinv, A = Acosv.
Torna Beipaxkenue (7.5)mpumer Bua

& = Asin(dpt +v).

Janee 3anmuiiemM (GopMyITy A ONPEEICHIS] CKOPOCTH JIBIKYIIIEHCS] MacChI

% :§:A¢cos(¢t+v).

(7.6)
B ypaBuenusx (7.5), (7.6)conepxarcs aBe MOCTOSIHHbIE A M V, KOTOpPbIE HAXOIATCS U3 Ha-
YaJIbHBIX YCIOBHM:

IIput - O

E:EOI
dg _
it =\p.

Torna u3 ypasuenwii (7.5), (7.6)umeem:

Asinv =&, Adcoddt+v)=V,.

PeHIaﬂ 9THU ypaBHeHI/Iﬂ, HaxoauMm
T
g r '}

Asund
= _J

2
V,
| A= g2 +| 20 ,v:arc'[gb‘io
\ A ¢ Vo
\W \ I'paduk n3mMeHeHns epeMenieHrs BO BpEMEHHU MoKa3aH
Ha puc. 7.6. OueBUIHO, YTO HAMOOJIBIIEEC OTKIOHEHUE B Ty

WIN JAPYTYIO CTOPOHY OyZIeT, Korma Sin((l)t +V) =1. Ilpu sTOoM

3TO MaKCUMAaJIbHOE OTKJIOHEHUE OYJEeT paBHO MOCTOSHHON A,
MpeACTaBIAOMEe co0oi aMIuTyay kosiebanuii. Bpems 7T, 3a KoTopoe coBepIIaeTcss OIUH

TIOJTHBIH UK KOJIEOAHUI HA3BIBACTCS Nepuoo0oM KOaeOaAHUI.

Hecnoxno nmokasarh, 4TO 4acToTa COOCTBEHHBIX KOJIeOaHUM YBCIIMUYUBACTCA C YBCINYC-

HHEM kecTkocTh Oanku El u YMCEHBIIAETCS C YBEJIIMYCHHUEM MAacCChl MU IpoJeTa oanku | .

7.6. BeiHyXIeHHBIC KOJIeOaHUs YIIPYTroil CUCTEMBI

Eciu Ha cuctemy aeiicteyer cuna P (t),

N3MCHAOIAACA BO BPEMCHU 110 KaKOMy-JII/I6O

3aKOHY, TO KojieOaHus OajKu, BRI3BAaHHBIC JCH-

CTBHUE ATOM CHIJIbI, HA3bIBAIOT 6blHy9fC()€HHblMl/l.
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[Tocite mpUITOKEHHsT CHITBI HHEPLUH OAJIKy B OTKIIOHEHHOM COCTOSIHUHM MO>KHO pacCMaTpHBaTh
KaK HaxoJsIyrocs B paBHOBecuH (puc. 7.7).Ilepemerienue & Teneps yxe HY)KHO ONPEACITHTH OT
aByx cuit — I u P (t):
g=3yi + P(t)),

rJie, KaK U paHplie 617 — MPOTrUO OT CHJIbI, PABHOH €AMHHMIIE, TIPHIOKEHHOH B TOUKE MPUKPEII-
JICHHST MACCBI.

Pemenne 31o¥ 3a1aum Ooee CI0KHOE, TOCKOIBKY CBOAUTCS, B OTIIMYHE OT PACCMOTPEH-
HOT'O BBIIIIE CITydasi, K PACCMOTPEHHIO HEOHOPOAHOTO TU(PPEPSHIINATHBHOTO YPABHEHHUSI.

PaccmarpuBas ciyuall, Korja BHEIIHsS CHJIa MPEJICTaBIsET COOOM MEpUOAMYECKYIO0 Ha-
IPY3Ky, HampuMmep, BHOPAIMOHHYIO, M3MEHSIONIYIOCS [0 TapMOHHYECKOMY  3aKOHY
P(t) = PsinBt u umetormryio yactory 0 (3Ta XapaKTepUCTHKA OOBIYHO HOCUT HAa3BaHUE YACMOMA

BbIHYICOCHHBIX KOIeOAHULL), MOXXHO TIOJYYHTh BBIPAXKECHUE I HAWOOJBILNETO MepeMEIICHUS

CHUCTCMBI B BUJIC:

Emax = EemM s
P‘ , \ rae &, - NepeMeIeHe OT CTATHYECKH IPUIOKEHHON
e / \ cwibl P, 1 —k03pPUIMeHT ITMHAMHUYHOCTH, OTIpeie-
50 / JsIeMBIi TIo (hopMmyIIe:
20 \ _ 1
=1 1-=
PN ¢
T

b3 10 48 20 6/ 37€Ch ¢ , KaKk W paHblle, 4acTOTa COOCTBEHHBIX KOJIe-

Puc. 7.8 OaHUIl CHCTEMBI.
JIJ1st McClIeIOBAHUS 3HAUCHHS JUHAMUYECKOTO

kod(duimenta npeacraBum rpaduk (puc. 7.8) 3aBUCHMOCTH ab6CO0OMHO20 3HAYESHUS BETUUNHBI

L B 3aBUCUMOCTH OT IapaMerpa — .

W3 sToro rpaduka BUIHO, UTO B TOM CITy4ae, KOTJa 4aCTOTa BRIHYKJICHHBIX KoieOaHuii 0
MPHUOTIKAETCSI K 9aCTOTE COOCTBEHHBIX KOJIeOanmii § , quHaMuyeckuil kodddumment 6e3rpa-

HUYHO YBCIIMINBACTCA. OTO SIBIICHHE IMOJIY4YHNJIO HAa3BAHUC PE3OHAHC.
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8. MHPOYHOCTDH MATEPHAJIOB HPHU HAITPAKEHUSAX,
HNEPUOJUYECKU UBSMEHAIOINXCSA BO BPEMEHUA
8.1.IlonsaTue 06 yCTaJIOCTHOM pa3pyLIEHUH U €r0 NPUUNHBI

bonpmuHCTBO AeTane MallMH U MEXaHU3MOB, a TAK)KE DJIEMEHTHl HEKOTOPBIX CTPOU-
TENbHBIX KOHCTPYKLHUH pabOTaroT B YCIOBUAX HANPSDKEHUH, NEPUOINYECKH MEHSIOIIUXCS BO
BpeMeHu t.

TepMHUH «yCTamoOCTh» COXpPAHWICS C MEpBOW MonoBUHBI XIX B., Korna ObITOBAjIO OLIM-
004YHOE MHEHHE, YTO METaJUI M0/ BIUSHUEM NEPEMEHHBIX HAIIPSDKEHUN Iepepoxkaaercs, mpe-
BpAIAaeTCs U3 IUIACTUYHOTO «BOJIOKHMCTOIO» B XPYIKHH 3€pPHUCTBIM. B NEHCTBUTENBHOCTH
IIPOLIECC YCTAJIOCTHOTO pa3pylICHUs HE CONPOBOXKAAETCA CTPYKTYPHBIMU M3MEHEHUSMH, HO
TEPMHUHOJIOTUSI YKOPEHUIIACH.

K cTpouTenbHbIM KOHCTPYKLMAM, IOJABEPKEHHBIM YCTAJIOCTHBIM SIBJICHUSIM, OTHOCATCS
MOJIKPaHOBbIE OANKH, OaNKu pabOYUX TUIOMIAJA0K M AJIEMEHTH KOHCTPYKIMH OyHKEpHBIX U pa3-
IPY304YHBIX 3CTaKaJ, MHOTOKPAaTHO BOCIPHMHHUMAIOLIME HATPY3Ky OT IOJBM)KHBIX COCTaBOB,
KOHCTPYKIIMH IIOJ ABUIATEIH, & TAKXKE BBICOTHBIE COOPYKECHHS THUIIA aHTCHH, IPOMBIIIJIEHHBIX

TpyO, OallleH, MauT U MOJABEMHO-TPAHCIIOPTHBIX COOPYKEHUM, UCIBITHIBAIOIINE BETPOBYIO Ha-

TPY3KY.

8.2. Buspl UKIIOB HANPSKEHUN

BBesieM 0CHOBHBIE TOHATHS.

COBOKYITHOCTD TIOCJICIOBATEIbHBIX 3HAUCHUI IMEPEMEHHBIX HANPSHKCHUN 3a OJMH NEpH-
OJ1 UX U3MeHEeHHs T Ha3bIBAETCS YUKIOM.

[{uki1 XxapakTepu3yeTcss MAKCUMATbHBIM Oy, MUHUMAIBHBIM Opmin B CPETHUM O =(Omax
Omin)/2 HanpspKeHUSIMH, KO(GGUITUEHTOM aCUMMETPUH  P=0pmin/ Omax ([OCT 23207—78upeny-
cMmarpuBaeT Uil ko3 duumenta acummerpun obo3Hadenne R. 31ech Bo n3bexxanue coBmaje-
HHUSL C CUMBOJIOM Pac4€THOTO COMPOTHUBIICHHS MaTepHaja HCIOIb3yeTcs Apyroe o003HaUYeHHE
p, mpunsroe B ritaBe CHull ) u ammuntynoi 0, =(Omax—0min)/2.

Ecmu p= -1, 0, = 0, 0,= Omayx TO UK Ha3biBaeTcs cummempuynvim (puc. 8.1,a). B oc-

TAJILHBIX CITyYasX MUKJIBI SBISTIOTCS acuMMeTpudHbIMHE (puc. 8.10).



79

o
a) O
\/ Omln
-
o)
O \ o,
6) 0O O t
\\ Z ;;O-mln
T
0)
Omax Oa
m
t
8 O
) T
0)
2) O t
-
Puc. 8.1

Eciu MUHMManbHOE WIIM MaKCUMAJIBHOE HAIPSDKCHUE PAaBHO HYIIO, TO IUKJI HAa3bIBACTCS
omuynesvim. Ipu pactsokenuu B 3ToM citydae P = 0, Opyin = 0, O = 0, = Omad2 (puc. 8.1,6).

Ecnu anrebpanueckue 3HAKH HAMPSKEHUH Opge ¥ Opin OJWHAKOBBI, IUKJI Ha3bIBACTCS
OJTHO3HAYHBIM HJIM 3HAKOMOCTOSHHBIM (puc. 8.1,2); eciiu 3HAaKW HEOJUHAKOBBI — 3HAKOIIEpe-
MeHHBIM puc. 8.1,a,6).

Pa3pymienue, BbI3BAHHOE€ MHOTOKPATHBIM TOBTOPEHHUEM IEPEMEHHBIX HaIps-
KEHUH, Ha3bIBACTCS YCMAIOCHHbIM, 3 CTIOCOOHOCTh MaTepHaia MPOTUBOCTOSTH TAKOMY
Pa3pyLICHUIO — CONPOTUBICHUEM YCTAIOCTH.

B cnydae 3HaKkOnepeMEHHOTO LMKJIA TPEIIMHA TO PACKPBIBAECTCS, TO 3aKPBIBAETCA

(puc. 8.2).
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[Ipu 3akpeiTHH €€ HEPOBHBIE MOBEPXHOCTU HAAABIMBAIOT JAPYT Ha Jpyra, oOMu-
HalTCS U criaaxusarorcd. [lo mepe Bo3pacTtaHus yMclia [UKIOB TPEIIMHA MOCTENEHHO
NPOHHUKAET BIIIyOb, emie 0ojee yBelM4HMBas KOHIEHTPAIMIO HAIpPsDKEHWH (HAa KOHIIAX
TPELIMHBI BO3HUKACT 00bEMHOE HANPsHKEHHOE cocTosiHue). Korna HanpshkeHus B Hepas-
PYLIEHHON YacTH CE€YEHUs!, KOTOpas BOCIPUHUMAET BCIO HArpy3Ky, OKaXKyTcsl HACTOJIbKO
OOJBIIMMH, YTO MaTepual HE CMOXKET MX BbIJEPKaTbh, MPOU30IAET BHE3AMHOE HEYAEp-

XuMoe paspylieHue. Kaptuna nznoma umeer cBoeoOpasubiii Bux (puc. 8.3).

Puc. 8.3

B ceuenun KOHCTPYKIHH OTUYCTIMBO BHUAHA IJiagKasd, MHOTAa OTIIOJIMPOBAHHAA 30-
Ha 1 BHCAPCHUA YCTaHOCTHOﬁ TPCHIMHBI U PE3KO OTINYANOIIAsACA OT HECC HICPpOXOBATas

MaToBask MOBEPXHOCTh 2 TUIMYHO XPYIKOTO Pa3pylIeHHUS.
8.3.TlonsaTue o mpenesne BBIHOCIUBOCTH

Hpeﬂen BBIHOCJIMBOCTHU JIA PA3JIMYHBIX KOHCTPYKIUMOHHBIX MATCPHUAJIOB OIIPCACIIACTCA
9KCIICPUMCHTAJIBHO. Anamus BbIXOJa U3 CTPOSA pa3IMIHBIX KOHCTPYKHI/Iﬁ U MHOI'OYHCJICHHBIC

OKCIICPUMCHTAJIbHBIC UCCIICAOBAHUA ITOKA3bIBAIOT, YTO YCTAJIOCTHOC PA3PYHICHUC IMPOUCXOOUT
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MIPU HANPSDKEHUSX HUKE HE TOJIBKO MpeJiena MPOYHOCTH, HO YacTo U Mpejesa TeKy4ecTH, ycTa-
HOBJICHHOTO CTaTUYECKUM HCITBITAHHEM.

Ha puc. 8.2npuBenen rpagux n3MeHeHUs

COTPOTHBJIEHUs YCTaJlOCTH — KpuBas Bémepa®

cranmu Mapku CT3 B 3aBHCHMOCTH OT 4YHCIA 7

CUMMCTPUYHBIX HUKIIOB. AcumnToTra 3TOU KpHu-

BOIl XapakTepH3yeT HaIpsHKEHHE YCTaJIOCTHOTO

paspymieHus Ipu Ny 10, HasbiBaeMoe mpexe-

JIOM BBIHOCJIMBOCTH. YKa3aHHOE YMCJIO LIMKJIOB

Puc. 8.2.

NPUHUMAIOT 3a 0a3y ucnsimanuii. ONbITH OKa-
3BIBAIOT, YTO HE Pa3pyIIUBIIUKACS 32 9TO BPeMs CTAIBHOW 00pa3ell BBIACPKUT CKOJIBKO.YTOTHO
0O0JIBIIIOE YHCITO IIUKJIOB IMPU JAHHOM MAaKCHMAJIBHOM HanpsDKeHUH. TakuM o0pa3oM, 1o 6a3oun
cieayeT MOHMMAaTh MPEIBAPUTEIIBHO 33/1aBaeMyI0 MPOJOJDKUTEIBHOCTh UCIIBITAHUN 00pa3IoB
Ha yCTaJoCTh.

OG6o3HaYMM Npejien BHIHOCIUBOCTH PU M3rHO€E Op, IPU KPYYEHHUH Tj , IPU PACTHKEHHUU
(cxatun) Oy 34€Ch HHIEGKC P MO-NIPEKHEMY YKa3bIBaeT 3HauUeHHE Kod(dHIeHTa aCHMMeTpUH
nukia. Toraa mpeaen BEIHOCIMBOCTH MPH CUMMETPUYHOM ITUKIIEe M3THba mojaydaer o0o3Have-
HUE 0.1, KpY4YCHHS - T.; pacTsHKEHUsS - 0. [Ipy OTHYJIEBOM IMKJIIE UMEEeM COOTBETCTBEHHO Oy,
Tou Ogt -

Eciu 00pa3isl mogBEeprHYTh UCIIBITAHUIO HAa YCTAJIOCTh MPU KAaKOM-JIHOO acCUMMETpUY-
HOM IIMKJIE, TO KpHBasl yCTAJIIOCTH PACIIOJIOKHUTCS BBIIIE, YeM P CUMMETpHUYHOM Itukie. Cre-
JI0BaTENbHO, IpH JII000M BHUje aedopMupoBanus (M3rud, KpydeHue, pacTsHKCHHE) HarpyKeHHe
C CHMMETPUYHBIM [IUKJIOM HanboJiee onacHo.

KpuBas ycTanocTu alloOMHUHHUEBBIX CIIJIABOB HE MMEET aCUMIITOTHI, MOATOMY 0a3y HCIIbI-
TaHUW JJI HUX YBEITUYHBAIOT (nbaSZlOB). TO >xe OTHOCUTCSI K HEKOTOPBIM JIETHPOBAHHBIM CTa-
JIIM, TIOABEPTHYTHIM 3akajike. K TakuM MarepuanaM MOHSATHE TMpejeria BEIHOCIUBOCTH, CTPOTO
TOBOPs, HEMPUMEHUMO. 3a XapaKTEPUCTHKY HUX COMPOTHBICHHUS YCTAIOCTH (OTHOCSIIYIOCS K
CIIaJAI0IEMy Y4acTKy KpuBoi Bénepa) npuHUMAIOT npeden oepanuiento 6blHocausocmu O,
— HanOoJIbIlIee MAKCHMAIIBHOE 10 a0COTIOTHOMY 3HAYCHHIO HAIPSHKEHHE ITUKIIA, TIPU KOTOPOM

oOpaser ele He pa3pymaeTcs Mociie onpeaesi€HHOro (3a1aBaeMoro) 4rcia HUKIoB N<Nyae J1st

> A. Bénep - A. Wohler (1819—1914) —HeMenkuii yueHbIM U MHXKEHED, C SKCIIEPUMEHTAIBHBIX Pa0oT
KOTOpPOTro OepéT HavYaI0 U3yUYeHHE YCTATOCTH MaTEPHUAIIOB.
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AJTFOMHUHHCBLIX CINIABOB, UCIIOJIB3YCMbIX B CTPOUTCIBLCTBEC, IPUHUMAIOT YHUCIIO n=2><106, HC BBI-

XOA1Iee 3a paMKH HHKHH‘ICCKOﬁ JOJITOBCYHOCTHU MCTAJINIMYCCKUX KOHCTPYKHHﬁ.

8.4. IlnarpaMMa npenenbHbIX aMIUTUTY/]

DKCIMEepUMEHTAIbHO YCTAHOBJICHO, YTO TMPEJaE)I BBIHOCIMBOCTH IPH ACUMMETPUYHOM
UKJIE OOJIbIIE, YEM MPU CUMMETPUYHOM, U 3aBUCHT OT CTEIICHW aCUMMETPUH ITUKJIA!
R= Omin
O max
[Tpu rpadryeckoM M300paKEHUU 3aBHCUMOCTH TIpejiesia BBIHOCIUBOCTH OT K03 puiiu-
€HTa AaCHMMETPUU HeoOXomuMmo sl Kaxaoro R ompenenuts CBOE 3HadeHHWE mpeaaia
BBIHOCIHBOCTH. CenaTh 3TO 3aTPYAHHUTENIBHO, TaK KaK B JUANa30HE OT CUMMETPUYHOTO
[UKJIa 0 MPOCTOr0 PACTSKECHUU yKJIaJbIBaeTCsa. beckoHeYHOe KOINYEeCTBO CaMbIX Pa3HO-

oOpa3HbIX LUKIOB. ONBITHOE omnpeliesieHne OR,. JAJIS KaXJO0ro BHJAA LHUKJIA U3-32 00JIb-

[IOT0 KOJIMYeCcTBa 00Pa3IoB U ATUTEILHOTO BPEMEHH MX UCIIBITAaHUS MMOYTH HEBO3MOXKHO.
Benencreue yka3aHHBIX IPUYMH IO OFPAaHUYEHHOMY 4YMCIY OIBITOB JUIA TPEX-
YeThIpeX 3HaueHUU R cTposT AuarpamMMmy npeaesibHbIX LHUKIOB.
IIpedenbHblM YuKIOM HA3bLIBAIOM MAKOU, Y KOMOPO20 MAKCUMATbHOE HANPAICEHUE PAGHO

npeoeny 8bIHOCIUBOCU, T. €.0pax = OR - 110 ocH opauHAT AHarpaMMbl OTKJIaJbIBAEM 3HAYCHHE
aMITUTYAHOTO O,, a 10 OcH adcuucc — cpelHero O, HaIOpsLDKEHUI IpeaelbHOro MUKIa.
Kaxnas nmapa HanpsikeHUd O U Oy, ONpeAesstonias npeaesbHbIl LHUKI, n300paxaeTcs

HEKOTOpO# Toukoil Ha auarpamme (puc. 8.3).Kak mokaszan OmeIT, 3TH TOYKH B 00IIEM
ciydae pacmnosararoTcs Ha KpuBod AB, KkoTopas Ha ocu OpJAMHAT OTCEKAET OTPE30K, PaB-

HBIMN npeacilty BBIHOCIMBOCTH CHUMMCTPHUYHOTI O

Gy

a
_3' nukina O_q (opu 3ToM nmkie 0,,=0), a Ha ocH

abcuucc — OTPE30K, paBHBIA INpeneny Hpoy-
HOCTHU. B 3TOM ciydyae Ae€MCTBYIOT MOCTOSHHBIE

BO BPEMCHH HANIPSKCHUA:

Opp Omax = Omin =0 =0-1.

Takum oOpa3om, auarpamMma MpenelIbHBIX

LIHUKJIOB XapaKTepHU3yeT 3aBUCHUMOCTb MEXKAY

BCINYNHAMU CpPCOAHUX HaHp}I)KeHI/Iﬁ n BC-
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JUYAHAMH TPEAETbHBIX aMILUTUTY]T IUKJIA.
Jlro6as Touka M, pacmnosio)keHHasi BHYTPU 3TON THarpaMMbl, COOTBETCTBYET HEKOTOPO-

My LUKIY, onpeensieMomy BennunHamu 04 (ME) u 0., (CM).

Jns onpeneneHust O gy M O min K12 U3 Touku M nposoaar orpesku MN u MD no nepe-

CedeHUs ¢ ochio abcuuce noj yriom 45k ueit. Toraa (puc. 8.3):
NE=EM =ED=0,4; 0o =0OD=0OE+ED=0,,+0,;

Omin =ON=0OE-NE=0,,-0,.

8.5. DakTopsl, BIUAIONINE HA BEIUYHHY MTPE/Iesia BBIHOCIUBOCTH

W3 Gonpmioro uncia (GpakToOpoB, BIUSIONIMX HA COMPOTHBICHHE YCTAJIOCTH, Hamboiee
CYIIECTBEHHA KOHLIEHTpAlMs HamnpspkeHuil. B Mecrax, rje BOZHHKAIOT HauOOJNbIINE Hampshke-
HUs (OOBIYHO B 30HAX M3MEHEHHSI CEUCHUS HJIM HApYyIICHHS TOBEPXHOCTHOTO CJI0s1), 00pa3yeTcs
TpeuwHa. E€ 3apoxknenune, 01HAKO, €Ile He CBUAETEIBCTBYET O TIOTEPE HECYIIEeH CIIOCOOHOCTH
KOHCTPYKIMH, KOTOpasi MOCJIE 3TOr0 MOKET BBIACPKATh JO HECKOJIbKUX MHJUIMOHOB ITHKIIOB!
[Ipu omHOPOAHOM HAMPSHKEHHOM COCTOSIHUU TOSBICHHIO BHUAMMOM TPEIIMHBI MPEIIIECTBYET
85—90 %o06mero yncia MUKIOB U JUIh 0koJi0 10 Y% mpuxoanTcs Ha 3aBEpIIAIOIIYIO CTATUIO
pa3pylIeHuUS.

Jpyrumu dakTopaMu, ONpeAessIOIIUMEI BBIHOCIUBOCTD, SBISIOTCS. aOCONIIOTHBIE pa3-
MepBI MOTIEPEYHOT0 CEUYSHHUs KOHCTPYKLUH, KaueCTBO 00paOOTKH MOBEPXHOCTH, arpeCCUBHOCTD
BHEIIHEW Cpeibl, 9yBCTBUTEILHOCTh MaTepHaia K aCHMMETPHUH IIUKJIa. B 11e10M, OmbITH MOKa-
3bIBAIOT, YTO Y€M KpYITHEe KOHCTPYKIHS, TeM HUXKE Mpees €€ BBIHOCIUBOCTH. DTO SIBICHUE
Ha3bIBAIOT MacmTaOHBIM 3 dexTom. Uem BhImie KauecTBO 00pabOTKH MOBEPXHOCTH KOHCTPYK-
IIUH, TEM BBIIIE €€ CONMPOTHUBICHHUE YCTAIOCTU. J{JIs1 KOJTMYECTBEHHOW OIEHKU BIMSHUS ITOTO
(akTopa BBOAUTCA CIIENHATBHBIN KO UIIHEHT, Ha3bIBaeMbIll K03 punmenTom kadectna. Jlo-
TMYHBIM TPEICTaBIISETCS BIUSHUE BHEIIHEH Cpellbl Ha YCTAJOCTHYIO IPOYHOCTh. ATpecCHBHAs
cpe/a NpUBOIUT K YXYALICHUIO KaueCTBa MOBEPXHOCTH H, TEM CaMbIM CHM)KAeT CONPOTUBIICHHUE

YCTaJIOCTH.
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8.6.[IpuHnumb! pacuéra 2IeMEHTOB KOHCTPYKIIMA Ha TPOYHOCTh MIPH MEPEMEHHBIX Ha-
MPSHKEHUSIX

ITpoBepka 3JIEMEHTOB CTPOMTENBHBIX KOHCTPYKLHH HAa IMPOYHOCTHh IPH LUKINYECKOM
Harpy>K€HHMM OTHOCUTCS K pacdy€éraM IO IIEpBOM TIpYIIIE MNPEACNbHBIX COCTOSAHUH. Pacdér

CTaJIbHBIX 3JIEMEHTOB MIPOU3BOIUTCS 110 hopMyJie

Opmax < ORwv,
rae 0 — kod(hdUIMEeHT ydera Yuclia IUKIOB Harpyxeuus N> 10°, BBIYKMCIAEMBIN COTIIACHO
rnase CHull; Rv— pacuéTtHoe conpoTHBIEHHE YCTANOCTH, IPUHUMAEMOE 110 TOW K€ IJIaBe MC-
X0/ 13 HOPMATHBHOTO COMPOTHUBICHUS cTanu R, W — kosddunuent, 3aBucsamuii ot anre6-

panveCKOro 3Haka HarOOJIBIIIEro 10 a6COJHOTHOMy SHAYCHUIO HAIIPAKCHUA.

9. PACUET TOHKOCTEHHBIX OBOJIOYEK

9.1.TlonsaTre 0 MOMEHTHOM U O€3MOMEHTHOM TEOPHUAX pacuéra 000I0UYeK

bynem roBoputh, 4TO TEJIO CHUMMETPUYHO OTHOCUTEIBHO OCH, €ClU JIr00as Ijoc-
KOCTb, IIPOXOAAIIAs Yepe3 3Ty 0Ch (0ceBast INIOCKOCTH), SBISIETCS IUIOCKOCTHIO €ro CHIIOBOW U
reOMETPUYECKOW CUMMETPHH.

OO6b1yHO 000JI0UYKa 3a7a€TCsl CBOEH CpPeIMHHOW MOBEepXHOCThIO. OO0M0YKa, CpennH-
Hasi MOBEPXHOCTb KOTOPOHM SBIJISETCS IOBEPXHOCTHIO Bpalll€HUs, HA3bIBAETCS 00OIOYKOM
BpauieHus. PaccMorpum Takyro 060i0uky (puc. 9.1a). HazoBem: ochto 000104kH — OCh
MOBEPXHOCTH BPALICHMS; MEPUINOHAIBHBIM CEYEHUEM — CEYEHHE 000JI0UKH OCEBOM IIIOCKO-
CTBIO; OKPYXXHBIM (KOHHYECKHM) CEYEHUEM — CEUCHUE 000JIOYKH KOHHYECKOH MOBEPXHOCTHIO,
HOPMAaJIbHOM K €€ CPEIMHHOM ITOBEPXHOCTH, BEPIIMHA KOTOPOU JIEKUT HA OCH; MEPUIHAHOM
— JIMHUIO NEPECEUYEHUs CPEAUMHHON MOBEPXHOCTU C OCEBOM INIOCKOCTBIO; MapajllesIbl0 —

) JIMHUIO TIEPECEUYCHUsT CPEAUHHON TTOBEPX-
9 5 d)

HOCTM C Ha3BaHHOM BBIIIE KOHUYECKOU
Peps) 7 Mepuduan D
e po OBEPXHOCTHIO.

7 — ﬂ) C Y MTapannens = )

y G O6o03HaYUM: P, — pPaanyC KPHUBHU3-
t H
ek a
LS Hbl MEPUIUAH uc. 9. . P— OT K
{\‘L..N7 L . - epuaunana (puc. 9.1, 6); p— oTpe3o
" ; ~

HOpMaJId K CPEJAMHHOW MOBEPXHOCTH, 3a-

Puc. 9.1. KJIIOUEHHOM MEXIYy CPEIUHHOM IMOBEPXHO-
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CTBIO M OCBbIO 000104ukH; O1—IIeHTp KpUBHU3HBI Mepuauana; O,— HEeHTp KPUBU3HBI OKPY>KHO-
ro CeUeHHs, JekKAIIUI Ha OcH 000JI0UKH; t — TONIMHY 000504KH; p = p(S)— naBieHue, Ko-
TOpPO€ JOJDKHO M3MEHSATHCS TOJNBKO B HANPABICHUH MEpPUAHMAHA, YTOOBI 000s04Ka OblLIa oce-
CUMMETPUYHOH; S —KOOpAMHATa, OTCUNTHIBAEMas B HalpaBJIeHUH Mepuanana. Pamuyc pm u
OTPE30K P; ABJISIOTCS TJABHBIMHM PaMycaMy KPHUBU3HBI CPEAMHHOW MOBEPXHOCTH B JIAaHHOM
touke. [Ipeamonaraem, 4ro:
-000JI0YKa TOHKOCTEHHAs, T.e. Pmin/t>20, T Pmin— HAUMEHbBIIUN U3 TJIABHBIX PAIUyCOB
KPUBU3HBHI,
- JaBJICHHE HM3MEHSETCS B HAIPaBJICHUU MEPHAMAHA JOCTATOYHO IJIABHO, B YACTHOCTH K
000JI0YKe HE MPUKIIAAbIBAIOTCS COCPETOTOYCHHBIE CUIIBI,
- MEpHUIMaH HE UMEET Pe3KNX N3MEHEHUI KPUBHU3HBI, B YACTHOCTH, U3JIOMOB,;
- ONOpHBIE YCTPOWCTBA 0OOIOYKH TAKOBBI, UYTO PEAKTUBHBIE CHJIBI HANIPABIEHBI MO KacaTellb-
HOW K MEpUAUaHY,
- obostouka HemoJorag, T. e. (puc. 9.1,6) h/d >0,15.

9.2.0Omnpenenenne HaIpsHKEHUH B 000JI0YKaX IO 0€3MOMEHTHOM Teopuu

JIByMs O€CKOHEYHO ONM3KMMH MEPUIUOHATBHBIMA M ABYMS OECKOHEYHO OJM3KHMH
OKPYXKHBIMH CEYEHHMSIMH BbIpe3aeM U3 006os0uku anemMeHT ABCD u paccmaTtpuBaeMm ero pas-
HoBecue (puc. 9.2). Eciiu nmpuHSATHIE MPEIIONI0KEHUS BBIIOIHSIIOTCS, TO HOPMAJIBHBIC HAIpsi-
KEHMsI, TEHCTBYIOIKE 10 TPaHIM 3JIEMEHTa, MOXKHO CUMTATh PACIPEIEIICHHBIMU 110 TOJIINHE
paBHOMepHO. CocTostHHE O00OJIOYKH, MPU KOTOPOM HANPSDKEHHS PACHpeieNsioTcs Mo eé
TOJIIIMHE PAaBHOMEPHO, Ha3bIBAaeTCsl O€3MOMEHTHBIM, a TEOPHs pacuéra TaKoH 000I0UYKH —
6e3mMoMeHTHOH. O603HaUMM: O, — MEPUAMOHATIBHOE HANpPsLKEHUE; Oy — OKPY)KHOE HaIpshKe-
HUE.

B cuny oceBoil cuMMeTpun KacaTellbHbIE HaIlPsKEHUs
[0 TpaHsAM 3JIEMEHTA, COBMNAJAIOLIUM C MEPUAMOHAIBbHBIMU
CEUYEHUSIMHU, paBHBl HYJIO, CJIEI0BATEIbHO, IO CBOHCTBY

MapHOCTHU KaCaTCJIbHBIX HaHpH)KCHI/Iﬁ OHU pPaBHbBI HYJIIO H

IO Ir'paHsiaM, COBIIaJarOMUM C OKPYKXHBIMU CCUCHUAMMU.

BOCHOHB3yeMC$I ClICAYIOMMMHU PaBCHCTBAMU JIJII MaJIbIX YIJIOB

sin B, = d6,,,, sinde, = db..
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Haiinem npoexkmuio cui, IEMCTBYIOIMIMX HA 3JIEMEHT, Ha och ). [Ipogenaem 3Ty onepa-
1y moouepenno. M3 puc. 9.3 mpoeknust cwi, aeicTByromux mno rpaHsm AB u  CD,

paBHa
m
— 0, tpdb, cos (? = dﬂm) = o,ptd0,do,, .

[To anamorum, mpoekuus CHJ, NEUCTBYIOIIUX MO Ipa-

HiM AB u CD. paBHa

—G,P,,td0,,do, .

HpoeKHI/IH CUJI HAaBJICHUMA, PACIHPCACIICHHBIX IIO IIO-

BerHOCTH 2JICMCHTA, paBHa
pp.p0,do,, .
CKJI1a/IbIBasi BBIIMCAHHBIE BHIPAKEHHS M IPUPABHUBAS CyMMY K HYJIIO, TIOJTy9UM

Sw , G P
;"

Pm P

[Tonyuennyto popMyny Ha3biBaloT ypaBHeHUeM Jlamnaca.
B npaktuueckoM pacuére O, ONpeAeNsieTcs U3 YCIOBHUS PaBHOBECUS OTCEYEHHOM YacTH

o0oioukH, a O; u3 ypaBHeHUs Jlamraca mociie moJCTaHOBKU B HETO

HalJAEHHOTO 3HAYCHUS O

9.3. Vuer kpaeBoro 3ekra B MIIMHAPUIECKUX 000JT0UKaAX

B Mecrax, rje moBepxXHOCTb COCyJa MMEET pPe3KHil M3JI0M, Kak,
HaIrpuMep, B MECT€ COCTUHEHUS IIWIMHAPUIECKON U KOHMYECKOW WU
cepruyecKoil YacTel, paaualibHasi COCTABIISIONMIAS Me-

PHIMOHAIBHBIX HANpPsOKEHUH O, SINO HE ypaBHOBe-
0)

ol R——— IIeHa, 4TO Moka3zaHo Ha puc. 9.9.0ta cocrapmsronias

10 IEPUMETPY KOJIbI[A CO3/IACT PaHAIbHYIO HATPY3KY
g = &0, sina,

CTPEMSIIIYIOCS COTHYTh KPOMKH IHJIMHIPUYCCKOM

o6os10uku BHYTPH (puc. 9.10,a). [lnsa ycrpaHeHus 31o-

ro u3ruba CTaBUTCS pPeOpPO JKECTKOCTH (pacropHoe
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KOJIBIIO) B BUJIE€ YrOJIKAa WM MIBEJJIEPa, OMOSCHIBAIOIIETO COCY/ B MECTe Iepesioma. ITo pedpo

MIOMOTaeT BOCIPUHATH PAAHAIBHYIO Harpy3Ky (], 4To moka3ano Ha puc. 9.100. U3 ycnoBus

paBHOBECHSI MOIYKOJbIIA, MOTYYSCHHOTO MyTEM pa3pe3a pedpa >KeCTKOCTH MO0 AUAMETPY, JIErKo

YCTaHOBHTH, YTO B peOpe BozHHMKaeT cxkumaromas cuina N = R, eciiu nmpubInkeHHO HE YUHUTHI-
BaTh COBMECTHOM pabOThI pebpa u 000I0UYKH.

OnHako MOCTaHOBKA pedep MKECTKOCTH IMOJHOCTBIO HE YCTpaHsSeT m3ruba CTEHOK COoCyna,

TaK KakK pedpo KECTKOCTH CTECHSET pacIIMpeHne Kojen 000I0YKH, TPUMBIKAIIUX K pedpy. B

pe3ynbrare oOpa3yroniue 000JI0UYKH BOJIU3H PACTIOPHOTO KOJIbIIA HCKPUBIISIOTCS. DTO SBIICHUE

HOCUT Ha3BaHUE kpaesozo 3¢ghghexma. OOmas Teopusi kpaeBoro 3g¢dexra paccmMaTpuBaeTCs B

CIIELIMAJIbHBIX Kypcax.
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