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6 1 BBEAEHVE

1 BBEJAEHUE B IIPEIMET

1.1 OcHoBHbIE MOHATHS M 321aYH HAYKH O CONPOTHBJIEHUN MATEPUAJIOB.
Kpatkas ncropudeckas cnpaBka

B mnpouecce cBoel NpPOWU3BOACTBEHHOW JEATENBHOCTH YEJIOBEK CO3/1a€T U
UCIIONb3YET MHOXECTBO pa3lMYHbIX KOHCTpykKuuid. K wuX dwciny oTHOcATCS
BCEBO3MO>KHBIE MAIIMHbI U MEXaHU3MbI, IPUOOPHI, CTPOUTENBHBIE COOPYKEHUS U T.J.
Bce oHu B mporecce mMpOEKTUPOBAHUS PACCUMTHIBAIOTCSA TaK, YTOOBI MPHU JEHCTBUU
3aJlaHHBIX HAarpy30kK o0ecreyuBagach UX MPOYHOCTh, )KECTKOCTh U YCTOMYUBOCTbD.

Conpomusnenue mamepuanos - 3mo HAYKA 00 UHHCEHEPHBIX Memooax paciema
HA NPOYHOCHb, IHCECMKOCMb U YCIMOUYUBOCb DJIEMEHMO8 MAUUH U COOPYIHCEHUU.

[lon npounocmvlo TOHUMAIOT CIOCOOHOCTh KOHCTPYKIMU U €€ JeTane
BBIJIEP)KUBATDH OIPEJEIEHHYIO HATPY3KY, HE pa3pyIIasCh.

[on srcecmrocmoio noapa3zyMeBaloT CIOCOOHOCTh KOHCTPYKIIMH U €€ 3JIEMEHTOB
NPOTUBOCTOSITH BHEIITHUM Harpy3kaM B OTHOIICHUU Jeopmanuu (M3MeHeHHE (GOPMBI
u pasMmepoB). [lpum 3amaHHBIX Harpy3kax aedopMmainuyd HE JIODKHBI IPEBBIIIATH
OTIpPEJICTICHHON BEJIMUMHBI, YCTAaHABIMBAEMOH B COOTBETCTBHUHM C TpeOOBAHUIMU,
MPEABABISEMBIMU K KOHCTPYKLUU.

Yemotiuusocmouro Ha3bIBalOT CIIOCOOHOCTh KOHCTPYKIUMU WJIH €€ AJIEMEHTOB
COXPAHSTh ONPEEICHHYIO Ha4YaJbHYIO (hOPMY YyIPYroro paBHOBECHS.

YToOBl KOHCTPYKIIMS B 1I€JIOM OTBeYana TpeOOBAHUSIM MTPOYHOCTH, )KECTKOCTH U
YCTOWYMBOCTH, 4, CJel0BaTeiIbHO, ObUIa HAJEKHOM B 3KCIUTyaTalldd, HEOOXOAUMO
npuaath €€ JjeMeHTaM Haubojee paluoHaIbHYI0 (GOopMy U, 3Has CBOMCTBa
MaTepHalioB, U3 KOTOPHIX OHH OYIyT U3rOTOBISATHCA, ONPEACIUTh COOTBETCTBYIOLINE
pa3Mepsbl B 3aBUCUMOCTH OT BEIMYHMHBI U XapaKTepa IEUCTBYIOIINX CUJI.

Ha nepBeiil B3I, MOXKET MOKA3aThCsA, YTO JJIS HAJEKHOTO CONPOTUBIICHHUS
AJIEMEHTOB KOHCTPYKI[MM BHEIIHEH HArpy3Ke IOCTaTOYHO YBEJIMYHUTh UX pPa3MeEphI.
JIeHCTBUTENIBHO, MHOTAA 3TO NPUBOJMUT K KEIaeMbIM pe3ynbTaTaM. OIHAKO B TEX
ClIy4asiX, Korja cOOCTBEHHBINM BEC COCTABIISIET CYLIECTBEHHYIO YaCTh JIEUCTBYIOMIUX Ha
KOHCTPYKIIMIO Harpy3ok, yBEJIMYEHUE Pa3MEPOB €€ dJIEMEHTOB, a 3HAYUT M BECA, HE
MPUBEIET K MOBBILICHUIO NMPOYHOCTH. YBEIWYEHUE PA3MEPOB IBMKYIIMXCS JAeTalIei
MEXaHW3MOB U MAallMH MPUBOJAUT K BO3PACTAHUIO CHJI MHEPLUH, NOBBIIIAET HATPY3KY,
a ITO HEXKEJIATEIIbHO, TOCKOIBKY TAKXKE MOXKET IPUBECTH K Pa3pyLICHUIO.

C mnoMoLpI METONOB CONPOTUBJIEHUS MaTEpPUATIOB BEIYT IPAaKTHYECKUE
pacueTbl W OMNPEHCNISIOT HeoOXoauMbie (HaIe)KHBIC) pa3Mepbl JeTalied MalluH U
Pa3JINYHBIX CTPOUTENBHBIX COOpYX EeHUU. OJHOBPEMEHHO C YCIOBUSAMU HAJEKHOCTH K
KOHCTPYKIIMU TPEIBSABISIOTCS TpeOOBaHUS €€ JNEUIEBU3HbI U JIETKOCTU. TpeOoBaHus
HAJISKHOCTU M HauOOJIbIIeH SKOHOMUU MpOTUBOpedar Apyr npyry. IlepBoe oObI4HO
BEJICT K YBEIUYCHHUIO pacxoja Marepuana (Bcerjaa JiM yBEJIUYCHUE Beca MPUBOIUT K
POCTY IPOYHOCTHU ?), BTOPOE ke TPeOyeT CHIKEHHSI 3TOr0 pacxoja. DTO MPOTUBOPEUHE
ABJIAECTCS BAXKHEUILIUM 3JIEMEHTOM HAYYHBIX METOJIMK, 00 YCIIaBIMBAIOIINX Pa3BUTHE
HaykH «CONpOTHUBIICHUE MATEPUATIOB.



1.1 OCHOBHbIE NOHATUSA HaykKn O COnpoTuBIeHNN MatTepurarnonB 7

B HekoTopbIX ciydasx WHXXEHEpYy, IOMHUMO OCHOBHBIX TpeOOBaHMA —
HAJIeKHOCTH M HAMOOJbUIEH SKOHOMHUHU, NPHUXOAMUTCS MPHU BHIIOJHEHUH PacCyeTOB
YIIOBJIETBOPSTH U JAPYTUM YCJIOBHSIM, HAapUMEp, TPeOOBaHUSIM OBICTPOTHI MOCTPONKHU
(Ip¥  BOCCTAHOBIICHHM PAa3pYIICHHBIX COOPYXCHUI), MHUHUMAIbHOrO Beca (mpu
KOHCTPYHUPOBAHUH CaMOJICTOB) H T.JI.

CompoTuBieHUE MaTepuajgoB B TEOPETUYECKOM dacTu Oasupyercs Ha
MaTeMaTUKe M OMHUPAETCS Ha 3aKOHBl U TEOPEMbI OOLIEH MEXaHUKU U B MEPBYIO
ouepe/ib Ha 3aKOHbI CTaTUKU. be3 3HaHUS OCHOB TEOPETUUYECKOM MEXaHUKHU M3yUeHUE
Kypca CONpOTHBJICHHUS MaTEpHaIOB HEMbICIMMO. B oTiauume oT TeopeTuyeckoiu
MEXaHUKU COMNPOTUBIECHUE MAaTEpUaJIOB pacCMaTpUBAaET 3a7auu, B KOTOPBIX Hauboiee
CYILIIECTBEHHBIMU SIBJISIIOTCSI CBOMCTBA Oeghopmupyemuvlx mei, a 3aKOHbI TBUXKEHUS Tella
KaK >KECTKOI'O IIeJIOr0 HE TOJIbKO OTCTYIMAIOT Ha BTOPOU IUIaH, HO U B PSJE CIy4acB
ABIIIOTCS TIOTIPOCTY HECYIIECTBEHHBIMH.

B npaxkTudeckoil yacT CONpPOTUBIIEHHWE MaTepuanoB OazupyeTcs Ha (U3UKE U
MarepuanioBeeHnu. CONMpOTUBICHUE MAaTepUaioB HE HCUEPIBIBAET BCEX BOIPOCOB
pacyera Ha MPOYHOCTb. METOJAbl CONPOTUBICHUS MATEpPUATIOB HE OCTaIOTCS
NOCTOSHHBIMU. OHU HM3MEHSIOTCSI BMECTE ¢ BO3HMKHOBEHHMEM HOBBIX 3a/1ad M HOBBIX
TpeOoBaHMii MpakTUKU. [Ipy BeneHUH MHKEHEPHBIX PAacyeTOB CIEAYyeT MOMHUTh, YTO
ycrexX TMpaKkTHYEeCKOro pacuera JEKHUT HE CTOJbKO B MPUMEHEHUH CIIOKHOIO
MaTeMaTUYEeCKOT 0 amnmapara, CKOJbKO B YMEHUU BHHUKATh B CYLIECTBO HCCIEAYEMOIO
o0ObeKTa, HalTH HamOOJee YyAauyHbIE YIPOLIAIOLIUE TMPEANONOKEHUSI W JOBECTU
pacyer 10 MPOCTHIX YUCITOBBIX BBIKIIAOK.

CompoTuBiieHHEe MaTepualnoB, KaKk M BCAKas Jpyras HayKa, HUMEET CBOIO
HCTOPHUIO, UCTOKU KOTOPOU YXOZST B TNIyOb BEKOB. B HEKOTOPBIX Cilydyasix CTPOUTENH
JAPEBHEHIIUX COOPYX EeHUH (OMUpasch, MO-BUAMMOMY, HA WUHTYHUIIMIO M OIBIT CBOMX
NPE/IIECTBCHHUKOB) Ha3HAYaJIM pa3Mephbl 3TUX COOPYKEHHI HACTOJBKO YAa4yHO, YTO
UX TBOPEHHMS BBI3BIBAIOT YAMBJICHHE W BOCXMIIEHHWE M B HAllM JHU. B npyrux xe
Clly4astX, HaoOOpOT, BO3BOJHUMBIE COOPYKEHHSI OKa3bIBAIUCh JIMOO CIHIIKOM
MacCCHUBHBIMHU, JHOO HEJAOCTATOYHO NpoyHbIMM. Ha 0a3ze ymoOMSHYTBIX YCIEXOB H
HeyJlay cTaja CKJIaJbIBaThCs HayKa 0 MpoyHOCTH. OCHOBBI €€ ObLIN CHOPMYTUPOBAHBI
B TPY/aX BEJIMKOro UTajabsiHcKoro yderoro I'. Tamunes (1564-1642), koTopblii IEpBBHIM
poBeJl M OmHcall ONbITHl MO W3rulOy Oanok. OH BHepBbIE IMOCTABUI BOIPOC O
HEOOXOMMOCTH  TPOBEACHUS  AHAJUTUYECKUX  pAcueToB Uil OILICHKHU
COMPOTHUBIISIEMOCTH CTEp)KHEH IEHCTBUIO BHEMIHMX cuil. HekoTopwle TeopeTuueckue
npeanoceuik  [anunes okazanuch omuOouyHbiMH. Hampumep, OH HOpaBHIBHO
YCTAaHOBWJI, YTO CONPOTHBICHHE M3rudy Opyca NpSIMOYrOJbHOTO CEUYEHUs
MPOIMOPLIMOHATIEHO KBaJIpaTy BBICOTHI CEUeHMUS, HO KoahpuIeHT
MPOMOPLIMOHATILHOCTH UM ObLT BBIYUCIIEH HEBEPHO.

Crnenyromield BeXoi B pa3BUTHH HAYKH O TTPOYHOCTH OBLIO OTKPHITHE OCHOBHOI'O
3akoHa  jgedopmupoBaHuMs — ynpyrux —Ten  (medopmanms — yopyroro  Tena
NPOMNOPLIMOHATbHA JCHCTBYIONIMMHE Ha HET0 YCWIMSAMH), ONMyOJMKoBaHHOro B 1678
rojy anriauickuM ydeHsiM P. 'ykom. DOTa 3aBHUCHMMOCTb H3BECTHA II0JI Ha3BaHUEM
3akoHa ['yka, KOTOpBI MMEET UCKIIOUUTENFHO Ba)KHOE 3HAYEHHE B CONPOTUBIECHUU
MaTepHaioB.



8 1 BBEAEHVE

B Poccun niepBblie nccineaoBaHus B 00JaCTH MPOYHOCTH ObLIK MpoBeaeHbl B 40-
x ronax XVIII Beka. Baxueimuii Bkiag B pa3BUTUE TEOPUU U3ruda M yCTOMUHUBOCTH
CTepkHEeW  BHec  merTepOyprckuii  akamemuk JI. Dimep  (1707-1783). Ero
3aMeyYaTeNIbHbIM COBPEMEHHUKOM ObLT M300peratenb-camoyuka M.IT. Kynmuoun (1735-
1818), koTOpBIN CHPOCKTHPOBAT JCPEBSIHHBIN apouyHbli MOCT uepe3 HeBy. DTomy
MpoekTy nanu Onectsmyro oueHky JI. Ditnep u [. bepuymin. B nauane XIX Beka
HMIMPOKYI0 HM3BECTHOCTH TMONYYarOT paboThl ¢paHiry3ckoro ydenoro Haee (1785-
1836), HammcaBIIero MEpBbIi CHCTEMATHUYECKUI KypC COMPOTHUBICHHS MaTepHAaJOB.
CUNBHBIN TOTYOK K PA3BUTHIO HayKa O MPOYHOCTH MOJYYHJIa B IEPHUOJ] CTPOUTEIHCTBA
KEJIE3HOIOPOKHBIX MOCTOB. K 3TOMY mepuomy OTHOCSATCS TPYyAbl BbIIAIOLIETOCS
pycckoro yuenoro J[.M. XKypasckoro (1821-1891), monyuuBiine npu3HaHHE BO BCEM
MHUpE.

B konie X1X - Hayane XX Beka BaXHbIE UCCIEAOBAHUS B 00JACTH IPOYHOCTH U
ycTounBocTu O0bUTH npoBenieHbl X.C. ['omoBunbiM, @.C. SAcunckum, N.I'. byOHOBBIM,
A.B. T'agonuubimM. bosbiast ponas B pa3BUTHH HAYKU O CONMPOTUBIIEHUH MAaTepHUAJIOB, a
TaK)ke B MpoNaraHjie U pa3BUTUM HIeH, cPopmupoBaBIIMXCA K Hadyanmy XX Beka,
npunamnexana C.I1. Tumomenko. Hanucanupie UM y4eOHUKHU MOJYYUIN BCEMHUPHYIO
U3BECTHOCTb.

B mnocnegnue roapl BO BCIO IIMPh pPa3BEpHYJACh OTEUYECTBEHHAs HayKa o
MPOYHOCTH, KOTJa HaJl BOMPOCAMHU IMPOYHOCTH CTajdu paboTaTh yXKe HE OTACNIbHbIC
yUY€HbIE, a IleJible HaydHble IIKoJbl. Benymwue pabotHuku stux mkoi: H. H.
Hasuaenkos, B. 3. Bnacos, H. 3. benses, C. B. Cepencen, A. A. Ymanckuii, 1. M.
Pa6bunosuy, H. B. Kopnoyxos, H. H. Adanacees. I'pynmna asropos Bo rnase ¢ C. JI.
[ToHoMapeBbIM yI0CTOEHA TOCYIAPCTBEHHOW MTPEMUU 3a Tpy “ PacdeT Ha MPOYHOCTH B
MaluHax” .

1.2 PeaqbHblii 00BEKT U pacyeTHasi cXeMa.
OcHoBHBIE THNIOTE3BI 0 Ie(POPMUPYEMOM TeJie

B comportuBiennn matepuanoB, KaK M BO BCSKOW OTpaciyd €CTECTBO3HAHMS,
UCCIIEJOBAaHME BOIpOCa O NPOYHOCTH pealbHOro OOBEKTa HAUYMHAETCS C BbIOOpaA
pacueTHOM cxeMbl. [IpucTtymas kK pacuery KOHCTPYKLHUH, CIEIyeT, MPEeXKIEe BCEro,
YCTAaHOBHTH, UTO B JJAHHOM CJIy4ae SIBJISIETCS CYIIECTBEHHBIM, a YTO HECYIIECTBEHHBIM,
HEOOXOIMMO TIPOMU3BECTH CXEMaTH3alUi0 OO0BEKTa W OTOPOCHTH BCE€ (HaKTOPHI,
KOTOpblE HE MOTYT 3aMETHBIM OOpa3oM MOBIUATH Ha pabOTy CHUCTEMBI B LEJIOM.
Taxoro pona ynpolieHue 3a1auu Wik BEIOOP €€ CXEMBI BO BCEX CIydasiX COBEPIIEHHO
HEO0OXOIUMBI, TaK KaK PEIIEHUE C MOJHBIM yYETOM BCEX CBOWCTB peajbHOTr0 OOBEKTa
ABJIAETCS] MPUHLUIHUAIBHO HEBO3MOXHBIM B CHIIYy UX OYEBUHOW HEMCUEPIAEMOCTH.
Hanpumep, TpeOyeTcss mpou3BecTH pacueT Ha MPOYHOCTh KaHaTa NOJbEeMHUKa. B
IEPBYIO OYepeb HAJ0 YUYECTh BEC MOJHHUMAEMOIO I'py3a, YCKOPEHHUE, C KOTOPBIM OH
JBUKETCS, a MU OOJBIION BBICOTE MOJBEMA M BEC camoro kaHarta. B To ke Bpems
3aBeIOMO HaJ0 OTOpPOCHUTH BIMSHUE TaKUX HECYIIECTBEHHbIX (AKTOPOB, Kak
a’pOIMHAMUYECKOE CONPOTHUBIICHNUE, BO3HHUKAIOLIEE IMPU HOIBEME KIETH, CHIIbI
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0apoMEeTpUUYECKOro JaBJICHHMs Ha pa3HbIX BBICOTaX, HM3MEHEHUE TEMIIepaTypbl U
BBICOTHI U JIpyrue (haKTopsl.

Peanvuviii 06vekm, 0c60002cOeHHbILL OM  HeECYUWeCmBeHHbIX 0CobeHHOCmell,
HA3bl18AEMCSl PACYemHOU CXeMou

JUiss OAHOTO W TOTrO K€ pEeaIbHOro OOBEKTa MOXKET OBITh MPEIIOKEHO
HECKOJIBKO PACUYCTHBIX CXEM, B TICPBYIO OUYepeab B 3aBUCUMOCTH OT TpeOyeMou
TOYHOCTH M OT TOTO, KaKas CTOpOHa SBJICHUS HMHTEPECYET HUCCISAOBATENS B JaHHOM
KOHKPETHOM ciiydae. Tak, eClii B yIIOMSIHYTOM IPUMEpe MOIbEMHHUKA HYKHO OIICHUTH
TOJIBKO MPOYHOCTh KaHaTa, TO TPy3 U KIETh JOIYCTHUMO PaccMaTpUBaTh KaK JKECTKOE
1IeJIOe ¥ CBECTH UX K CHJIe, MPUIIOKEHHOM Ha KoHIle KaHata (puc.l.1, a).

Ecnu sxe HeoOX0IMMO PEIIUTh BOIPOC O MIPOYHOCTH CAMOM KJIETH, TO €€ HEJIb3sI
CUMTAaTh aOCOJIOTHO TBEPABIM TEJIOM. Ee KOHCTPYKTHBHBIC OCOOCHHOCTH HAaJIo
paccMaTpWBaTh OTACIBHO M B COOTBETCTBHHM C O3THM BBIOWpATh JJIsI HEE HHYIO
pacuetHyio cxemy (puc.l.1, 6).

® o,

Y P

Pucynox 1.1

Ecnu ayis omHOro M TOro ke oObeKTa MOXKET OBITh MPEISIOKEHO HECKOJIBKO
pacyeTHbIX CXEeM, TO, C JIPYyroil CTOPOHBI, OJHOW pAaCUETHOM CXeMe MOXKET OBITh
IIOCTaBJIEHO B COOTBETCTBUE MHOI'O pa3In4HbIX 00beKTOB. [locieanee 06CTOATENBCTBO
ABJISIETCS. BECbMAa Ba)KHBIM, TaK Kak, UCCIEAys HEKOTOPYIO CXEMY, MOXHO IMOJYYHUTh
pELICHNE LIEeJIOT0 Kilacca 3a/1a4, CBOIAIIUXCS K JAaHHOM cXeMe.

Tak, nampumep, Ha pucyHKe 1.2 NpuUBEAEHBI PACUYETHBIE CXEMBbI, KOTOpHIE
MOYHO paccMaTpuBaTh, KakK:

a) BHEIICHTPCHHO CXATblil CTEp)KeHb (KOJIOHHA CBEPJIMJIBHOIO CTaHKA, YacTh
KJICTH TIPOKATHOTO CTaHA M T.JI.);
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0) pamy mToA JeclicTBMEM Harpy3ku (Kapkac TIONEpEeYHHKA IieXa, KIETh
NPOKATHOT'O CTaHA M T.JI.);
B) Hepaspe3Hywo 0anky (JKeIe3HOJOPOXKHBIH MOCT, BAJIOK MPOKATHOTO CTaHA U

HlCI '

T.1.).

Pucynox 1.2

[Ipu BBIOOpE pacueTHON cXeMbl BBOJIUTCA pAJ JOMYHIEHUH, M3 KOTOPBIX
OCHOBHBIMHU SIBJISIFOTCS CJIETYIOLIHE:

a) TIepBOE JIOMYIIECHUE MPEIYCMATPUBACT CXeMAMU3AYUIo CEOUCME Mamepuaid,
COTJIACHO KOTOPOMY MaTepHal KOHCTPYKIIMH CUUTACTCS OJHOPOIAHOW CIUIOIIHOMN
Cpeoii U SBISIETCS H30TPOITHBIM.

“ Cnnownocms”  (unu  “ nenpepwvienocmuv”) o3nauaem, 4mo 6ecb 00bEM
KOHCMPYKYUU NOJIHOCMbIO 3ANOJHEeH 8euecmeom U He CO0epICUm Nnycmom.
[Ipennonaraercs, 4To MaTepuall CIUIONIb 3aMONHIET QopMy Tela. ATOMHCTHYECKAs
TEOpHs TUCKPETHOT'O CTPOSHUS BEIIECTBA BO BHUMAHUE HE IPUHUMACTCH.

OonopooHocms 03Hauaem He3A8UCUMOCHb C8OUCNG MAmMepuala om elUdUHbl
gvl0eleHHo20 U3 mena 00véma. B JNeHCTBUTENBHOCTH MaTepual B  CHILY
MOJICKYJISIPHOTO CTPOCHHsSI HE MOXKET OBITh OTHOPOIHBIM. DTO KacaeTcs U METaJlIoB,
CTPYKTypa KOTOPBIX COCTOMT H3 MHOXECTBA XAOTHYECKH PACTOIOKECHHBIX
KpucTauioB. OJHAKO YyKa3aHHbIE OCOOCHHOCTH HE SBISIOTCS CYIIECTBEHHBIMH,
MOCKOJIBKY pe4Yb UAEeT 00 WCCIeAOBAHUM KOHCTPYKIHH, pa3Mepbl KOTOPBIX
MPEBBIIIAIOT HE TOJIBKO pa3Mephbl aTOMOB, HO M pa3Mepbl KPUCTAIUTHUECKUX 3EPEH.

Hzomponnou cuumaemcs cniowinas cpeoa, ecliu OHA umeem OOUHAKOBblE
ceolicmea 60 6cex e20 uYacmax U Nno 6ceMm HAanpasieHusm. Y anuzomponHvix
Mamepuanos ceoucmea 6 pazludHbIX HanpasieHusax pasiuynvie. K aHU30TpOINHBIM
MaTepuagaM OTHOCSTCS JpPEBECHHA, CBOMCTBA KOTOPOH BIOJL M IOMEPEK BOJOKOH
CYIIIECTBEHHO Pa3JInYHbl, apMUPOBAHHEBIE MaTepUalibl, Oymara, TKaHH | Jp.;

0) MaTepuan KOHCTPYKIIMH paboTaeT B mpejiesax yupyrocTH.
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Ynpyeocmoio nazvieaemcsa ceolicmeo mena 60ccmanagIu8ams nepPeOHAUANbHbIE
pasmepvl u gopmy oemanu nocie CHAMUA HASPY3OK, 8bI36AGUUX Oedhopmayuio.

Hepopmayuu, komopvle ROIHOCMbIO UCHE3AIOM NOCAe CHAMUS HAZPY3KU,
Haswvisaromest ynpyeumu. ONBIT MOKA3bIBACT, YTO Je(HOPMAIIUU SBISIOTCS MOTHOCTHIO
YyIOPYTMMH JIMIIb [0 TEX I[IOp, II0Ka Harpy3ka He MPEBBIIIAET HEKOTOPOro
OIPEICIIEHHOr0 3HAYEHHs, 3aBUCSIIEr0 OT YIPYTHX CBOMCTB JaHHOrO MaTtepuaia. Ilpu
Harpy3kax, OOJBIIUX 3TOrO Tpejaena, aehopMalds UcUe3aeT yKe He MOJHOCThio. B
TaKUX CIIydasx MojHas aedopManms CKIaIbIBa€TCS M3 YIPYrod M OCTATOYHOM
(mIacTHYeCKOM);

B) nedopMaliy Tejia MaJibl 0 CPABHEHHIO ¢ pazMepamu 1ehopMUPYyEeMOTo Tea.
DTO MO3BOJISIET yYpaBHEHUE CTATUKU COCTABJIATH sl HeaehOpMUPYEeMOro Telia U B
BBIBOJIaX MCIOJIb30BaTh aHATIU3 0€CKOHEYHO MaJIbIX BEJTUYHH;

r) 0 HEKOTOPOro Mmpejeiia HarpyXeHust aeGopMaiidi Teji MPOMOPILHOHATBHBI
Harpy3ke. 9To JOMYIIEHHUE C JOCTATOYHON TOYHOCTBIO JJIsI MPAKTUKHU MOATBEPKAAETCS
ONBITOM M Ha3bIBaeTCA 3aKOHOM ['yKa;

1) MPUMEHUM TPHHIHUI CYIEPIIO3UIIMH, TO €CTh MPUHUMACTCS, 4TO 3PPEKT OT
CYMMBI BO3JIeHCTBUH paBeH cyMMe 3((HEKTOB OT KaXKI0T0 BO3ACHCTBHUS,

¢) BBOJMTCS TMIOTE3a IUIOCKMX CEUYCHHM, COIIACHO KOTOPOH CEUeHUs, TNIOCKUE
U TEpPIeHAMKYISIpHbIE K ocu A0 jAehopMalud, OCTAIOTCA IUIOCKUMU |
MEePIEHIUKYISIPHBIMUA K OCH M TIOCJIE Ie(OpMaIIiH.

Kpome pomymienuss o cXxeMmaTu3alldd CBOWMCTB MaTepuasa, YYHUTHIBAIOT
cxemamuszayuro 2eomempuy peaibHOro oObekTa. Kaxknas KOHCTpYKLMS COCTOMUT M3
OTAEJNBHBIX AeTaleld U 31eMEeHTOB. C TeOMEeTPpUUECKOM TOUKHU 3PEHUSI OHU MOTYT UMETh
Bu Opyca (cTepikHs ), 000JIOUKH, IIACTUHBI HJIH MacCHBa.

bpyc (unu cmeporcenv) - meno, o0no u3z usmepenuti komopozo (Onuna)
3Hauumenvho 6oavute 08yx opyeux (puc.1.3).

Llenmp
msdicecmu

CceyeHu:

Ocb 6pyca (munus,
COCOUHAIOWAS
YeHmMpaibHble

Ilonepeunoe ceuenue opyca Mo4Ku ecex

(nepnenouxynapuo k ocu bpyca) nonepeunvix
ceuenuil bpyca)

Pucynok 1.3
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CrepskHHU OBIBAIOT CILIOIIHBIC, TOHKOCTEHHBIC | oJibie (puc.l.4).

& g o

Pucynok 1.4

Cpenu crepkHell B CBOIO OYepellb pa3inyaloT Oalikv, KOJIOHHBI, CTOMKUA U Jp.
OT0 molpa3/ieIeHuEe CBA3aHO TJIaBHBIM 00pa3oM C Ha3HAYEHHEM CTEep)KHEW U Tou
pOJIbI0, KOTOPYIO OHM WrparoT B KOHCTpyKUusix. Hanpumep, mnousarue “Oanka”
ynotpeoasiercss sl CTepHed, paboTaroux Ha M3rud, a TMOHATHS “KOJOHHA" U
“croiika” — NIl BEPTUKAJIbHBIX CTEPKHEH, KOTOphle pabOTalOT MPEUMYILIECTBEHHO Ha
cKaTue, U T.1.

Obonouka — smo meno, y Komopoeo 00un pasmep (Moauuna) 3HaA4UmenIbHo
Mmenbute 08yx opyeux (puc.l1.5, a).
ITnacmuna - niockas obonouxa (puc.1.5, 6).

Obonouxu IInacmunvi
(monxocmenmvie pesepsyapul, (pyHOamenmuvle naumol, niockue
KOMJIbl, KYNOLA 30AHUIL) OHUWA, KPBIUWKU Pe3ep8yapos)

7 L7
a o
Pucynok 1.5

Maccus — meno, y xomopoeo ece mpu pasmepa cousmepumvl (pynoamenmot,
HOONOPHble CIEHK).

ITomumo cXeMaTu3anuu CBOICTB Martcpuajia 1 rcoMCTprun 00BEKTOB YUYHUTBIBAIOT
cxemamusayuro cucmem CcuJil.
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B compoTuBicHHMM MaTepHaIOB IPH CXEMAaTHU3allMd PpPeajbHBIX O0BEKTOB
BBOJIUTCSL TIOHSATHE COCPeOOMOYEHHOU Cuibl, KaK CWJIbI, KOTOpas IepeaacTcs Ha
9JIEMEHTBI KOHCTPYKIIMH 4Yepe3 IUIOIIAIKY, pa3MepaMu KOTOPOH MOYKHO IpeHeOpeub
10 CPaBHCHHIO C pa3MepaMu caMoro sjieMeHTa. Hampumep, mpu pacuére Opyca,
IIOKa3aHHOIo Ha pucyHke 1.6, MOXKHO paccMaTpuBath rpy3 P Kak cuily, IPUIOKEHHYIO
B Touke (puc.1.6, 0).

Pucynok 1.6

Takoe ympolleHue SBISETCS €CTECTBEHHBIM, TaK KaK pa3Mepbl IUIOMIAJIKH, 110
KOTOpOHM MPOMCXOJHUT Mepelravya CUIbl Ha Opyc, Mallbl 1O CPaBHEHHUIO C OOIIMMHU
pa3mepamu Opyca. SICHO, 4TO B peajbHBIX KOHCTPYKIHMSX Hepeaada YCUIINN B TOUKE HE
OCYIIECTBMMa M COCPEIOTOUCHHAsI CHJIA MPEJICTABIIAET COOOM MOHATHE, CBOMCTBCHHOE
TOJIBKO PACYETHOM CXEME.

Pacnpeodenennvimu Haepyskamu Ha3bIBAIOT CHIIbI, TMPUIOKECHHBIC HEMPEPHIBHO
Ha TMPOTSHKCHUM HEKOTOPOW JUIMHBI WM IUIOMIAauM KOHCTpykuuu. CIioi mecka,
HACBINIAHHBI HA TPOTyap, TMPEJACTABISICT COOOW pPACIPENEICHHYI0 HarpysKy.
CoOCTBEeHHBIN BeCc OalIKM KaKOTO-TUOO TMEePEKPBITHS MPEICTABIIIET COOOH HArpys3Ky,
pachpelieiecHHy0 10 JUIMHE DJJIeMEeHTa. PacmpenesicHHas Harpy3ka MOXET ObITh
paBHOMEpHAs WM HEpaBHOMEpHasI.

3aMeHa  pacHpeleNiCHHbIX CHJ  COCPEIOTOYCHHOH  pPaBHOJICHCTBYIOIICH
BO3MOXKHA TOJIBKO B TOM Clly4ae, KOr/ia MPOU3BOJIUTCS aHalu3 Opyca B IIEJIOM, TO €CTh
B 00bEMax, CYIICCTBEHHO IPEBBIIIAIONIUX O0BEM KOHTAKTHOW 30HBL. Ecimum B
paccMotperHoMm mipumepe (cm. puc 1.6, 6) HEOOXOIUMO MPOU3BECTH PacUET caMoi
NPOYIIMHBI, B KOTOPOW TOJBEIICH I'Py3, TO HUCIOJIB30BAHHE COCPEIOTOUCHHON CHIIBI
CTAaHOBHUTCS HEJIOMYCTUMBIM.

CocpeloTOUYCHHBIC CHITBI U3MEPSIFOT B eMHMIIAX CHIIbl (HbroToHax — H, kH).

PacnipenencHHble HArpy3Kd BBIPQKAKOT B CIUHHIIAX CHJIBI, OTHECCHHBIX K
emuanne mwiomann (kH/M?) win k equanne mmuast (kKH/M).
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1.3 BHeninue cUJIbl M BHYTPEHHHE YCUJIHSL.
Mertoa ceyeHui

Buewmnumu mnaswvigaromes  cuivl, 6030elicmeyiowjue co CMOpoHbl mejl, He
8X005AWUX 6 paccmampugaemyto cucmemy. BHeNIHIE CUIIBI pa3AeNsitoTCs Ha 00bEMHbBIE
Y IOBEPXHOCTHBIE.

Obvémmubie cunpl pacupesieseHbl M0 00bEMY Tela U MPHIIOKEHBI K KKI0H ero
yactuile (Cuiaa Beca, Cujla MAarHUTHOTO TIPUTSHKEHUS).

llosepxrnocmubie cubl TPUIIOKEHBI K YYACTKaM ITOBEPXHOCTU U XapaKTEPU3YIOT
HEIMOCPEJICTBEHHOE KOHTAKTHOE B3aUMOJICHCTBHE paccMaTpUBaEeMOro OObEeKTa ¢
OKPYKAIOIIUMH TEIIAMU.

B 4mnciio BHEMIHUX CUJT BKIIKOYAIOTCS U peakyuu cesa3ell, TOMOIHSIOINX CUCTEMY
CHJI 10 PAaBHOBECHOM.

[lycTh cTepkeHb HArpy>kKeH Jir000i, HO B3aMMHO YPaBHOBEIIECHHON CHCTEMOM

cun Py, Po...P, (puc. 1.7).

A 4
| - |
| : |
| | | 2
U 1|_._._| ....... _|r ..... I _Z
bl
//// [ ///
-~ P N\
P, ~ \ P,
Pucynox 1.7

[lpu yBenWUYEHWUM STUX CHJI MOXET HACTYNMHTh MOMEHT, KOTJa CTepKEHb
pa3pyLINTCS WK ero AehopMalns CTAaHET CIUIIKOM OOJBIION.

OTH TPOIECCHl MOTYT MPOUCXOIUTH TIOTOMY, YTO B OTJCIBHBIX MECTaX BHYTPH
CTepKHsI BO3HUKAIOT YCHJIMS, BEIMYMHBI KOTOPBIX JOCTUTAIOT BEJIMYMH CHJ
MEXMOJICKYISApHOTO creruieHusi. (CrenoBaTeNbHO, HEMOCPEACTBCHHONW MPUIHMHON
pa3pylLICHHs SBISIIOTCS T€ 8HYMpeHHUe YCUaus, KOTOPble BOZHUKAIOT B CTEP)KHE MPHU
JCHCTBUM 3aJIaHHBIX HArPy30K.

BennuuHbl BHYTPEHHHUX YCHJIMHM OMPEIEISIIOTCS METOJOM CEUeHUH, KOTOPBIN
Ha3bIBAIOT Takke MeToa PO3Y (10 nmepBbIM OYKBaM CJIOB).

CyIIHOCTD €ro 3aKI04YaeTcs B CIACAYIOIIEM.

- Paccexaem (MBICTICHHO) CTEPKEHD MO CEYCHHUIO A, B KOTOPOM CJICAYET ONPEACTUTh
BEJIMYMHY BHYTpeHHHX ycuinil (puc.1.8). OObIYHO CTEpKEHBb PAaCcCEeKAIOT MIOCKOCTHIO
MEPIICHIUKYISIPHOU K OCU CTEPIKHS.

- Omobpacwieaem KaKyr-1u00 4acTh cTepkHs (OOBIYHO Ty, K KOTOPOH MPUIOKEHO
OoJIbIIIe CHII).
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Pucynox 1.8

- 3amensiem CWIIbI, JEHCTBYIOIIME HA OCTABIIYIOCS YaCTh, TIIABHBIM BEKTOpoM R

U TJIaBHBIM MoMeHToM M.
- Ypasnosewusaem 0CTaBIIYIOCS 4YacTh, TAaK KaK O PACCEYEHHUSI CTEPKHSA OHA
HAXOJMJIACh B PABHOBECHH.

CnpoeKkTupoBaB IJIaBHbIM BEKTOpP W TVIABHBIM MOMEHT BHYTPEHHHUX CUJ Ha OCH
X,Y,Z, ONy4nM IIECTh BHYTPEHHHMX CHUIOBBIX (pakTopos (cMm. puc.1.8): tpu cuusr (N,

Qx, Qy) u tpu momenta (My, My, M,).

OTU BEJIIMYMHBI HA3BIBAIOT GHYMPEHHUMU YCUMUAMU B CEUCHUH CTEP>KHS, IS
KOTOPBIX TPHUHSTHI CICAYIONINE HA3BAHUS

N - mpogonbHas cuna;

Qx , Qy —momepeunsie cub;

My, My —usru6aromue MOMeHTE,

M, —xpyTstmii MmomenT (nHOrIa 0603HauaoT M,,).

DTUM 4YeTHIPEM BHAAM BHYTPEHHMX YCHJIMI COOTBETCTBYIOT 4YETHIpE BHIA
nedopMalu CTep>KHS

1 Pactskenne (Wi cKaTHe), NP KOTOPOM B IIONEPEYHBIX CEUEHHAX BOZHUKAET
TONIBKO MpoaosbHas cua N.

2 CxBur, Ipy KOTOPOM B IIONEPEYHBIX CEUEHUAX BO3HUKAET TOJIBKO IIONEpeYHas
cuna Q, (wm Qy).

3 W3ru6, npu KOTOPOM B HOIEPEUYHbIX CEUCHUsX BO3HHKaeT Tonbko M, mm My

(aucThiif m3rub). Eciu B ONEpEYHBIX CEUEHUAX BO3HMKAeT U nonepeunas cuna Q, to
TaKOW BUJ U3rn0a Ha3bIBAETCS NONEPEYHBIM.
4 KpyuyeHue, Tpu KOTOPOM B TMOMEPEYHBIX CEUYEHUAX BO3HHMKAET TOJBKO

kpyrsimii Moment M, = M,
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14 Hanps:keHus NOJHbIE, HOPMAJbHbIE U KacaTeJbHbIE.
OO0uue NPUHUMIIBI PacyeTa 3JIeMEHTOB KOHCTPYKIMHU

Y1005l OXApPAKTCPHU30BATh 3aKOH PACHPCACIICHUA BHYTPCHHUX CHUJI 110 CCUCHHIO,
HCO6XOIII/IMO BBCCTU MCPY HUX HWHTCHCHUBHOCTH. 3a TaKyI0O MCPY IMIIPUHUMACTCI
HaIIPAKCHHUC.

HCll’lp}ZOf(,’eHueM Hasvleaemcsia 6HYMpPEHHAA CUujla, OnHEeCeHHAsA K eOuHuue
I’ZJZOZ/L;CZOM 6 OaHHOU MOoYKe pacemampueaemoco ceverusl.

HaHpH)KeHI/ISI ABJAKOTCA PE3YJIbTATOM BSaHMOHCﬁCTBHH qacTun TCjla Ipu €ro
Harpy>XCHUU. Buemnue cuibl CTpEMATCA U3MCHHUTH B3aMMHOC PACIIOJIOKCHUC YaCTHU,
4 BO3BHHUKAKOIIUC IIPU I3TOM HANPSKCHUA MPCIATCTBYIOT CMCHOICHHUIO YaCTHUII,
OoTrpaHHUYUBaAs €TO B OOJIBIINHCTBE ClIy4dacB HCKOTOpOﬁ MaJIOH BEJIMUYMHOM.

Paccmotpum ceuenue A Hekotoporo tena (puc.l1.9).

Y
PL  DF |t, DR

t 4% | S
/X//A

Pry/
Pucynox 1.9

B OKPCCTHOCTHU TOYKH K BBIACIIUM JJICMCHTAPHYIO ITUIOIIAAKY DF, B IIpcaciax

KOTOpO# BbIsABJIEHA BHyTpeHHss cuna DR. 3a cpennee HanpsokeHue Ha ILIOIIAIKE
MIPUHUMAETCS] OTHOILLICHHE

Ecmu ymenbars miomanky DF, “crarusas” eé B touxy K, To B npenene
MO>KHO MOJIYYUTh HANPSXKEHUE B TOUKE!

= pcp_

. DR_
lim =—=p.
oFe o DF

BekropHas BenuurHa P IMpeacTaBiser coboi nonnoe nanpsiicenue B touke K.

HanpskeHue uMeeT pasMepHOCTh CHUJIbl, AenénHoil Ha mnomans (Him? =1la),

wi (MHIm? =Mlla).
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PasHonelicTByromas BHyTpeHHHX cui DR Moxer ObITH pasnoxkeHa Ha TpH

cocrapnsromue; HopmManbHyo DN u nse kacarensusie DQy 1 DQ.
C UX MOMOMIBIO MOYKHO OIIPEAEIMTH HOPMAJILHOE M KACATENbHOE HAIPSKEHHMS.

Hopmanvnoe nanpsiocenue o6o3nadaetcs S u onpezensercs mno Gopmyie
. DN _
Iim — =s.
DF® 0

Kacamenvuvie nanpsocenus U, n Uy onpenensrorcs ciemyromum o6pazom

. DQ . DQ
lim ==t lim —=t,.

DF®O0 DF DF®O0

Eciu  uepes touky K B Tejie IPOBECTH APYTYIO CEKYIIYIO TUIOIIAIKY, TO TOJHOE

HalpsKeHUe P OyAeT UMEThb Ipyroe 3HaueHue.

CogokynHocmv  HanpsxjceHuil, OeluCmeyIwWux no pasiuyHblM NIOWAOKAM,
NPOBEOEHHbIM Yepe3 OAHHYI0 MOYKY, HA3bIBACMCS HANPANCEHHbIM COCMOSHUEM 8
mouxke.

B pe3ynbTaTe pacueToB HYKHO MOJYYUTh OTBET HA BONPOC, YAOBIETBOPSAET WIH
HET KOHCTPYKIIMS TeM TpeOOBaHUSAM HaJIEKHOCTH, KOTOPbIE K HEW MPEAbSIBISIOTCS.

Haubonee pacnpocTpaH€HHBIM METO/IOM pacuéra AeTalieid MalluH U 3J€MEHTOB
COOPYKEHUN Ha MPOYHOCTH SIBISIETCS paAcuém NO OONYCKAEMbIM HANPANCEHUIM, TIPU
KOTOPOM Ha OCHOBAaHHMM aHaIM3a KOHCTPYKLUHH BBISBISAETCS B TEJI€ Ta TOYKA, B
KOTOpOM BO3HUKaeT HaubOonbliee HampspbkeHue. llocnegHee comocraBisieTcs ¢
MPEAEIbHON BEIWYMHOM JJIsl JAaHHOTO MaTepualia, U 3aTEM JEJaeTCs 3aKII0YEHUE O
MIPOYHOCTH KOHCTPYKIIUU.

B HEKOTOPBIX chydasx HCHOJB3YETCS METOJ pacuéma no pa3pyularoujum
Haepyskam. B 3TOM MeToje MNyTEM pacuéra HE OINPEeNesstoTCs HaIpsKEeHHs, a
HaxOIWUTCS TpeAeNbHAas Harpy3ka, KOTOPYK) MOXKET BBLAEPKATh KOHCTPYKLHS, HE
paspymiaschb WIM HE U3MEHss CyHIeCTBEHHO cBow  (opmy. I[lpenenbHas
(paspymiaromias) Harpy3ka COMOCTABISCTCS C JCHCTBYIOIICH, B pE3yJbTaTe 4Yero
JIEJIat0TCs BBIBOJIBI O CTEMEHU MTPOYHOCTH KOHCTPYKIIMH B pabOUUX yCIOBUAX

Metonbl pacuéta BBIOMpAIOTCS B 3aBUCMMOCTH OT YCIOBUUA PabOTHI
KOHCTPYKIIMM U TpeOOBaHM, KOTOpble K Hed mpeabsBistorca. Eciam HeoOxomumo
N00UTHCA HAMMEHBIINX U3MEHEHUI (OPMBI KOHCTPYKIUH, IPOU3BOAUTCS pacuém no
oonyckaemvim nepemeujenusm (pacuém Ha oicécmrxocmsp). OTO HE HCKIIOYACT
OJTHOBPEMEHHOM POBEPKHU KOHCTPYKLUMHU HA POYHOCT.

ComnpoTuBIEHNE MATEPUATIOB JAET H3JIOKEHUE NPAKTUYECKH MPUEMIIEMBIX
CPEACTB JUIsl PELIEHUS BOIPOCOB, CBS3aHHBIX C ONPEACICHUEM HANPSKEHUH,
nedopmaiuii u nepeMenieHuit. bonee moapoOHbIe pacyeThl JAtOTCS B APYTHX Kypcax.
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2 PACTAKEHUE U C’)KATHUE

2.1 BHyTpeHHUEe YCWINS B NMONEPeYHbIX CeYeHHAX.
IMocTpoenue 3mM0PHI NPOIOJIBLHBIX CHI.
OnpenesieHue HaNpsizKeHUs1 B ONEPEeYHbIX CEYeHUAX

Ilo0 pacmsascenuem nonumaemcsi maxKou 6UO HASPYHCEHUS, NPU KOMOPOM 8
nONepeyHbIX ceueHusx opyca (CmepaicHsI) 03HUKAIOM MONbKO HOPMAIbHbLE YCUNUSL, d
8ce npouue 6HympeHHUe CUN08ble PaKmopvl pasHbl HYJIO.

{ |4 ﬁiﬁ @
vawwd
¢ | e 5 CERE - |
: | = i > |
Pucynox 2.1

[lepenaua  Harpy3ku Ha  CTEpKEHb  MOXET  OBITh OCYIIECTBJICHA
pasnuuHbiMu criocobamu (puc.2.1). Bo Bcex ciiydasx cucTeMa BHEIIHMX CHJI o0pasyer
paBHOJEHUCTBYIOIIYIO P, HampaBlieHHYIO BIOJb OcU cTepxkHs. [loaTtomy pacuerHas
cxema oauHakoBa (puc.2.1, 2), ¥ MPOJ0IbHOE YCHIIUE B TFOOOM ceueHHH paBHO P.

Ha crepxeHb MOryT AEHCTBOBATH HECKOJBKO CHJI BAOJIb OCH CTepxHs. [Ipu
ATOM TIPOJIOIBHOE YCHIIHE OYJIeT MEHSITHCS 10 JJTMHE CTEPHKHSI.

Oniopoti  Hazwvieaemcs epaguueckoe u300paxdceHue UIMEeHeHUs YCUNUS U
HAanpscenust N0 OJUHe CIMEPIHCHSL.

Oniopy CTposST Ha 0a3060iu AuHuU, OT KOTOPOU MOJOXKUTEIbHbIE 3HAUYCHHUS
yCeuaui (MM HaIpsKCHMI) OTKIIAABIBAIOT BBEPX, a OTPUIIATCIIbHBIC - BHU3.

DII0pY 3aUmMpuUxo8bl8aiom moabko NepruneHInKyJIsipHo 60a30BOM JTUHUU.

IIpooonvHoe ycunue pasHo cymme npoekyutl Ha OCb CMEPHCHA 6CeX BHeUHUX
CUJL, NPUTIONHCEHHBIX C OOHOU CIMOPOHbBL OM CEYEHUS.

Ilpooonvnas cuna cyumaemcsi NONOHCUMENbHOU, eClU OHA  Bbl3bl8aAem
pacmsoicenue, U OMpuyamenbHou, ecii 8bl3bl8AEN CHCATNUE CIMEPIHCHS.

JInst mocTpoeHus SIIOpbl HEOOXOAUMO BBIUMCIUTH 3HadeHUs N Ha Kaxaom
y4acTKe.
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PaccmoTpuMm cTepikeHb, HarpyKEHHBIH 0CEBBIMU cHitaMHu (puc.2.2).

P 6P P 4P
— el | — — - —
: !
I Y
I
RN | N1
> i >
¥
I
=) 6P | N,
— — = N - > —
|
T
5P
4P
5 S
Pucynox 2.2

OmnpenenuM mpoaosibHy0 cuiy N; Ha KaXIOM ydYacTKe, HCIOJBb3Ys METO]
ceuenuit (meron PO3Y).

1 Haiinem npogonbhyto cuny N; Ha yuactke AB:

- Paspeoicem ctepxenn ceuenueM |-l Ha yuactke AB (puc.2.2, a).

- Ombpocum TIPaByIO 4acTh CTEPIKHSI.

- 3amenum nerictBue OTOPOIICHHON YacTH MpoaobHOM cunoi N; (puc.2.2, 6),
KOTOPYIO HANpaBUM B TMOJOKUTCILHOM HAMpaBICHUU, TO €CTh Tak, 4TOObI Nj
pacTsAruBaia npaByro 4acThb CTCPIKHI.
- Vpaenosecum paccmaTpuBaeMylO0 4YacTb CTEPXKHS, S YEero COCTaBUM
ypaBHEHUE CYMM TPOCKIIMI BCEX CHJI HA OCh CTEPIKHS:

P+N;=0, orkyna N;=-P (yaactox AB cxar).

2 Haiinem nponosnbnyto cuny Ny Ha yyactke BC:

- Paspeowcem CTEpXKEHb CEUYECHUEM

(cM. puc.2.2, a).

- Omb6pocum TPaBYIO YacTh CTEPIKHS.
- 3amenum nercTBAE OTOPOIIEHHOM YacTh MPoaoibHOM cuitoit N, (puc.2.2, 6),
HaIpPaBJIECHHOU OT Tea.

B Jobom MecTte ywactka BC
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- Ypasnosecum paccmatpuBaeMyro 4acTh CTEPXKHSL:
P—6P+N,=0, ortkyma N,=5P (yuactox BC pacTsHyT).
3 AnanornyHo Haigem npononbHyto crmty N3 Ha yuactke CD:
P—6P+P+N3;=0, N3=4P (yuactok CD pacrtsnyr).
[To HaiineHHbIM 3HaUeHUSAM octpouM 3mwpy N (puc.2.2, 2).

PaccMoTprM  HampspkeHHs,  BO3HUKAIOIIME B IIOMIEPEYHOM  CCUCHHH
pacTIHYTOTrO CTepKHA. Ilpw 3TOM OyneM MOJb30BaThCS 2Unomesou NAOCKUX CedeHuUll
(eunomesou bepuynnu), cOrlaCHO KOTOPOH nonepeuHvle ceueHusi CMepiCHsl, NIOCKUE
00 deghopmayuu, ocmaromces NIOCKUMU U NOCTe Hee.

[TpomonbHoe ycuiue N sBIsSeTCS PaBHOACHCTBYIOIICH BHYTPCHHHX CHII B
ceuenuu (puc.2.3).

P

| '

| 5

! 3~
P | = N=P
— | -

I

S

/
Pucynok 2.3

EcTecTBEeHHO MPEIIOIIOKUT, YTO JUIS OJHOPOAHOTO CTEPXKHS BHYTPCHHHE
CWJIBI PacHpe/IeIICHBI 10 CEYCHUI0 paBHOMEpHO. Tora HampsokeHHe BO BCEX TOYKax
OyneT OquHAKOBO:

(2.1)

rae N - nmpononsHas cuna, H;

F - [UIOLIa b IONEPEYHOTO CCUCHHS, M.

BrickazaHHOE TIPEAMNONIOKEHNE O PAaBHOMEPHOM pacIpeeieHUd BHYTPEHHUX
YCWIMH 1O TIONEPEYHOMY CEUCHHIO CTEpXHs CIPaBEeIJIUBO JIUIIb ITOCTOJIBKY,
MOCKOJBKY W3 PacCMOTPEHHS UCKIIOYAIOTCS YCIOBUS €r0 3aKpEIUICHUS Ha KOHIAX.
31ech PYKOBOJCTBYIOTCA IPaBHJIOM, KOTOPO€ TIPUHATO HA3BIBaTh HPUHYUNOM
Cen-Benana (bpaniysckuit yuensiii X1X B.).
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[Tpuniun Cen-Benana siBisieTcss oOUIUM, HO MPUMEHUTENBHO K CTEPXKHSIM OH
MOET OBITh CQOPMYIUPOBAH CIEAYIOIIUM O0pa3oM: 6 ceueHusx, O00CMmamoyHo
VOANEeHHbIX OM MeCm NPUNIONCEHUS BHEWHUX CUTL, HANPAICEHUS MAN0 3A8UCAM OM
Ccnocoba HazpyHcenusl.

DTO 3HAYUT, YTO NPHU U3YUYEHUHU PACTAHYTOTO CTEPHKHS JOCTATOUYHO MPUHUMATH
BO BHMMAHHE TOJIBKO PAaBHOAECHCTBYIOUIYI0 BHEIIHUX CHJ, HE HHTEPECYACh
0COOEHHOCTSIMU MPUIIOKEHUS HATPY3KH.

dopmyoii (2.1) 1 BceMu MOCICIYIOIUMH BBIKJIAJIKAMHM, BBITIOJHCHHBIMU IS
PACTAHYTOTO CTEpKHs, MOKHO IIOJb30BaThCS W I ClIy4as CKHUMAIOLIEW Harpys3KH,
TaK KaK C)KaTUE OTIMYAETCS OT PaCTsHKEHUS TOJIKO 3HAKOM MPOI0JIbHOM cuitbl P.

2.2 le¢ropmanium npy pacTsizKeHUM - COKATHH.
3akon I'yka. Koagppuuuent Ilyaccona

Pasmepsl pacTSIHYTOrO CTEpPXKHS MEHSIOTCSA B 3aBHCHMOCTH OT BEJIWYHHBI
HMPHUJIOKEHHBIX CHIL.
PaccmoTpum pacTsaHyThIi cTepikeHb (puc.2.4).

| —
b b i | | b b
________1 —) L — — 1

| | DI I

Pucynok 2.4

Eciu 10 HarpyxeHuss cTepkHs ero maiuHa Obuta pasHa |, To mocne
Harpyxenns ona craner pasuoii |+Dl. Bemnunna Dl nassBacres a6comommusim
yonuHenuem cmepdicHa. Tak Kak Y4YacTKH pacTSIHYTOTO CTEp)KHS HaXoadTcs B
OJIMHAKOBBIX YCIIOBUSX, TO OMHOCUMENbHAs Oedhopmayusi € IO OCU CTEP>KHS OCTAETCS

OIIHOﬁ U TOM Xe U paBHA CBOEMY CPCAHCMY 3HAYCHUIO 110 JJIMHE I .

B npenenax manbiX yaJIWHEHUHN IS OJABJISIIONIETO OOJIBIIMHCTBA MaTEPUAIOB
CIpaBeIUB 3aKkoH I yka 6 omHocumenvhou gpopme, KOTOPbIA YCTaHABIUBACT NPAMYIO
NPONOPYUOHATLHOCTb MeHCOY HANPANXCEHUEM U OMHOCUMENbHOU Oedhopmayuel:

(2.2)
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S =ek

’ (2.3)
riae E - moxynes ynpyroctu nepsoro poja (Moayias FOHra).

Monynbs ynpyroctu siBiaserca (U3MYECKONM KOHCTaHTOM wmatepuana. Ero
ONPENEIISIIOT IYTEM JKCIEPUMEHTA, €r0 Pa3MEPHOCTh Ta kK€, 4To U S, T.e. [la, Mlla.
Jlist Hambosnee MPUMEHSEMbIX MaTEpUAOB MOJYJb YIPYTrOCTH UMEET CIEAYIOIINe
3HAYECHUS:

cramp - E=(2,0,2,1)40° MIla; uyryn - E=1,240°> MIla;

Menb - E=1,O>§_O5 MIl1a; JEPEBO - E=1,O>§_O4 MI]a.

[MoacraBus B hopmyiy (2.3) dopmyast (2.1) u (2.2), nonyuum

(2.4)

U3 dopmynsr (2.4) sicHo, 4To 4YeMm OOJbIe €e 3HAMEHAaTelb, TEM MCHBIIE
nedopMaiusi, To €CTh TEM XKecTde CcTepxkeHb. [loaTomy BenmuuHy EF HaszbiBaioT
HCECMKOCMbIO CHEPIHCHSL.

Takum oOpazoMm, deopmayus npu pacmsdceHuu npsamo NPONOPYUOHAILHA
VCUUIO U 0OPAMHO NPONOPYUOHATLHA HCECKOCMU CIEPIICHSL.
dopmyia (2.4) npeacrapiset coboit 3akon I'yka 6 abcontomuou hopme.

[Ipu pemieHnr MHOTUX MPAKTUYECKUX 3a/1a4 BO3HUKAET HEOOXOIUMOCTh HAPSAIY
C YIUIMHEHUSIMU, OOYCIIOBJICHHBIMU HANPSHKEHUSIMU S, YUUTHIBATh TAKXKE YIJIMHE-
HUS, CBSI3aHHBIE C TEMIIEpaTypHBIMH BO3JAEHUCTBUAMH. B 3TOM ciyyae mNOJIHYIO
abCoMIOTHYIO JedopMalio paccMaTpUBAIOT Kak CyMMY CHJIOBOM nedopmanuu u
YUCTO TEMIIEPATyPHOI:

_ Nl
E>F

rIie a - TeMIIepaTypHbIi KO3 UIIUCHT JIMHEHHOTO PACIIMPCHHS MaTepUaa,
(s mpuMepa: acram = 125407, Qe = 165>§.0'7);
Dt - pa3HOCTB TeMIepaTyp J0 U IMOCJIe HarpeBaHusl.

CrepxHH, pabOTalOIUe HA PACTIKCHHE WIM CHKATHE, UCHBITHIBAIOT MOMHUMO
MPOJIOJIbHBIX JIe(hOpMallHii U TIONICPEYHBIC.

[lpu pacTsbkeHun Opyca ero JumHa yBenuywiack Ha DL, a mwupuHa
yMeHbIWIach Ha BenuwumHy Db=Db-b;, wm Da=a-a; (cm. puc.l.2). Ilpu »sTom
OTHOCHUTEINIbHAs TornepeuHas aedopMmarus i H30TPOMHBIX MaTepHalioB MO BCEM
MONIEPEYHBIM HAITPABICHHUSIM OJIMHAKOBA!

Dl +alDt,
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Da Db

a b
OmnbIT oKa3biBaeT, 4to € ¢B 3...4 paza MeHblIle, YeM €.
Abconromuas eenuyuna OmHOUIeHUsI OMHOCUMENbHOU nonepeunoll degopmayuu
et x omuocumenvHOU NPOOOALHOU Oehopmayuu € Ha3vLleaemcs KodIhhuyuenmom
oepopmayuu uru kosgppuyuenmom Ilyaccona:

el
m=|"_|, (2.6)
e
Koaddunment nonepeunoit negopmanuu N Tak ke, Kak U MOAYJIb YIPYTrOCTH
E, sBisercs XxapakTepucTUKON yIpyrux CBOMCTB MaTtepuaa.
qu/ITBIBaSI, 4TO MpOoaO0JIbHAA U TTOIICPCUHAS IIC(i)OpMaI_II/II/I BCEeraga HUMCHOT
IMPOTHUBOIIOJIOKHBIC 3HAKH, ITOJIYUYUM e¢= - me

S
WITH et= - mr—. (2.7)

E
[Tpn coxaTuy HaANpsSOHKEHUE HAJO CUYMTATh OTPHIATEIBHBIM. [ ompenencHus
YUCIIOBOM BEIMYMHBI M HEOOXOMMMO TIPH PACTSHKCHUH WA TP CKATHH
MPU3MAaTHYCCKUX OOPa3IOB 3aMepATh OJHOBPEMEHHO IPOJOJBHYIO U IONEPEUHYIO
nedopMaruu.
Benmmunna [ kxomebnercs ot O mo 0,5.

(2.5)

g cramm W= 0,25+0,33; pesunsl U =0,5;
oponsel U = 0,32+0,35; kamug M = 0,16+0,34,
gyryna W = 0,23+0,27; mpooku U = 0.

kayuyka U= 0,47,

Crenyetr NOMHUTH, 4TO L = CONSt TOJBKO B Mpejeiax 3akoHa ['yka.

2.3 KoapunueHT 3anaca npo4HOCTH.
Jlonmyckaemble HANIPSAKEHUS.
YcaoBus NPOYHOCTH U KecTKOCTH. Buabl pacueToB

Kak yxe yka3plBajgoch, ACTald MallMH M JPYrHe KOHCTPYKIMH JOJKHBI
yIOBJIECTBOPSITh YCIOBHIO MPOYHOCTH M JKECTKOCTH. PasMepsl neraneii HEOOXOAMMO
no00paTh Tak, YTOOBI MO ACHCTBHEM MPUIIOKEHHBIX HATPY30K OHH HE Pa3pylIaanuch
Y HE MOYYHIu AepopManuu, MpeBhIIIaOIINe JOMyCKaeMbIe.

B wacTHOCTH, B MaITUHOCTPOUTENBHBIX JIETANSIX, KaK TIPABHUIIO, HE JOMYCKAIOTCS
OCTaTOYHBIE JeOpMaInu.

Kak pa3pymienne neranu, Tak W e€ aeQopMalliii CBS3aHBl C BEIUYMHOU
ACHCTBYIOIIUX B HEH HamNpsHKEHUH. 3HAYUTENbHBIE OCTaTOYHBIE JedopMaluu
MOSIBIIAIOTCST B CiTy4ae MPUMEHEHHUs IJIACTHYECKOTO MaTepuaia, KOrja HampsoKeHUs
JIOCTUTHYT TIpeieNia TeKydecTH. PaspylieHune HacTymaeT, Korjaa HamnpsKeHUs
JOCTUTHYT BEJIMYHMHBI BPEMEHHOTrO compoTuBieHUs. [Ipu »TOM B ciydae XpymKOTO
Marepuaia jaepopManuu OyayT HE3HAUYUTENbHbIMU. TakuMm o0pa3oM, 01 demaneu,
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U320MOGNIEHHbIX U3 NIACMUYHO2O0 MAamepuand, ONACHbIM HANpAdCeHUueM cledyem
cuumams npeoes mexKyyecmu ST, a u3 Xpynkoz2o — 8pemMeHHoe conpomuesieHue Sg.

Benmnunna npenena TeKydecTH ST U BPEMEHHOTO CONPOTHUBIEHUS Sp JIETKO
MOXXET OBbITh TOJIydeHa u3 onbiTa. HecmoTrps Ha 3T0, BBIOOp JOMYCKAaeMOIo
HaIpsKEHMS, TIOJI0KEHHOTO B OCHOBY pacydeTa Ha MPOYHOCTh, OKA3bIBAETCS JTOBOJIBHO
CIIOXHBIM. JTO OOBSCHSIETCS HEOOXOAUMOCTBIO YUYECTh CIEAYIOINE OOCTOSTENbCTRA!

- HEOJHOPOAHOCTh XapaKTEpUCTHUK MaTepuasna, B pe3yJbTare KOTOPOu
MEXaHMYECKUE XapaKTepUCTUKU MarTepuasa, MOJy4yeHHble Ha pa3HbIX o00pasmax
JaXe U3 OJJHOTO MPYTKA, HECKOJIBKO OTIIUYAKOTCH;

- BeJIMYMHA W XapakTep HauOONBIIMX HArpy3o0K, JEHCTBYIOIIUX Ha
pPacCUYMTHIBAEMYIO JI€Talb, OOBIYHO TOYHO HEU3BECTHBI,

- pe3yJIbTaThl pacuera SBJISIOTCA MPUOIMKEHHBIMH, TaK KaK B OCHOBY BBIBOJIA
(GbopMyI1 MOJT0KEHBI AOMYIICHHS, @ pACYETHBIE CXEMBI YIIPOILEHHO OTPAXalOT XapaKTep
paboThl paccUMTHIBAEMbIX KOHCTpYKUUU. IloaToMy He TOJNBKO JOMycKaemoe
HaMpsHKeHUE JOJDKHO OBITh BHIOPAHO MEHBLIUM OIMACHOTO, HO M HEOOXOAUMO HUMETh
HEKOTOpbIM 3amac, 4ToObl OO0ecHne4YuTh MPOYHOCTh Jake B ciydae HauOoiee
HEOJIAronpUsITHOIO COYETAHUS TIEPEUUCICHHBIX (DaKTOPOB.

Honyckaemoe nanpsdicenue - 3TO HauOonbllee HANPSIKEHHE, IPU KOTOPOM
rapaHTUPYETCs] IPOYHOCTh KOHCTPYKIUU.

Jlonmyckaemoe HanpspkeHue | S MOKET OBITh OIpeiesieHo 1o (popmye

[s]=°".

rie S ¢ - omacHoe Hanpsvkenue (S T WM S g);

N - ko3 puiKeHT 3anaca IPOYHOCTH, MOKA3BIBAIOLINI, BO CKOJIBKO pa3
JOIyCKaeMO€ HaIPsSKEHUE MEHBIIE OMTACHOTO.
Koaddumment 3amaca mpoyHOCTH 3aBUCUT OT OTBETCTBEHHOCTU KOHCTPYKIIHH,
yCIIOBUM pabOThl, TOYHOCTH pacdeTa, pekruMma Harpy>KeHus U Ipyrux (paxTopos.
JIns TIacTUYHBIX MaTEepUajoB B CIy4ae CTAaTUYECKOW HArpy3Kd OIACHBIM
HaIpsKEHUEM CIEAYET CUMTATh Mpeell TeKydecTd. Toraa

s’ sy
S | = =
s 1===

BCJII/I‘{I/IHy 3daraca IpPOYHOCTH JIA cTaneu Ipu CTaTUYECKOM Harpyske

npuHuMaroT pasroii Ny =1,4...1,6.

I[JISI XPYIKUX MATCPHUAJIOB IIPpHU CTaTUYECKOM Harpy3kKe OIIACHBIM HAIIPsSKCHUCM
ABJCTCA BPCMCHHOC COIIPOTHUBIICHUEC, U TOT 1A

s]=S0-52.
n Np

3anac nmpouHocTH 00bIYHO npuHuMaT g =2,5...3,0.
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XpyllKue MaTepualibl JIy4dllle CONPOTUBIISIIOTCSA CKATHIO, 4 IUIACTUYECKUE —
PACTAKCHHILO. BBIBOII BCJINYHHBI [S] BCCbMad BaXCH, TaK KaK OT IMIPaBHIIBHOTO
YCTaHOBJICHHS [S ] 3aBUCUT MIPOYHOCTH U OE30MACHOCTH MPOCKTUPYEMON KOHCTPYKIIUH,
a4 TaKXC JOKOHOMHUYCCKAA CTOPOHA — KOJHUYCCTBO 3aTpavyuBACMOro Marcpuja.
YcTaHOBJIEHUEM BCJINYHNHEBI AOITYCKacMOoro HaIIPAKCHUA [S] 3aHUMAIOTCA
rocyJ1apCTBCHHBIC HOPMHUPYIOIIHE OPraHbI.

B 06H_ICM ciIy4dac yCJIOBUC ITPOYHOCTU MOKHO 3aIIMCATh CIICAYIOIIUM 06pa30M:

s £[s].

HpI/IMeHI/ITeJIBHO K pacCTAXKCHHIO (C)KaTI/IIO) ycaosue npoyHoCmiu BBITJIIANUT TaK:

S :g3[s]

2.9)

Nmes YCIIOBUC TPOYHOCTH, MOKHO BBIIIOJIHUTDL mpu suoa pacdemos.

IIpoexmuposounbiii. V3BECTHBI HArpyKe€HHUE, MaTepuall ([S]), reoMeTpus
nonepeyHoro cedeHus. Heo6xonumo onpenenuTs pa3Mepbl CEUSHUsI

N
F3 —=

]

IIposepounbiii. V3BECTHBI HArpyXeHUE, MaTEpHall, pPa3Mephl IONEPEUYHOTO
ceuenusi. Heo6xo1uMo mpoBEpUTH BHIMOJIHEHUE YCIOBUS POYHOCTH

Smax

=Nmegfs].

Onpeodenenue necyweti cnocoobnocmu. VI3BecTeH XxapakTep Harpy>KeHus, MaTepuai,
pa3mMepsl cedyeHus. TpedyeTcst onpeeanTh, KaKyt0 MAKCUMAIbHYIO HAIPY3Ky MOXKET
BBIZIEPKATh CTEPKEHD

NrexE[s P F.

VYcnoBue KECTKOCTHM HaKJIaJbIBaeT oOrpanuyeHuss Ha nedopmanuu. s
pactsikeHus (CKaTHs) YCIOBUE )KECTKOCTH UMEET BUJI

NI
DI £[DI] — D] 29)

IIo YCIIOBUIO JKCCTKOCTHU BLITIOJIHAKOTCA TC K€ BUIABI PaCUCTOB, YTO U 110
YCIIOBHUIO ITPOYHOCTHU
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3 PACYET CTATHYECKHU HEOITPEAEJINMbIX CUCTEM,
PABOTAIOIIUX HA PACTAKEHUE U C)KATHUE

3.1 CraTnyecku onpeeJuMble H CTATHYECKH HeolpeaeJ MMble CUCTEMBbI.
CreneHb cTaTH4eCKO HeonpeaeIuMOCTH

Bo Bcex npumepax, KOTOpble MBI paccMaTpUBaJIU O CUX TOp, PACTATHUBAIOIINE
WM CKUMAIOIINE YCUIIUS B CTEPKHAX ONPEIEISUIM U3 YCIOBUNM PaBHOBECHUSI TBEPIIOTO
tena. Tak, B ciydae moaBecku rpy3a Q (puc.3.1) Ha aByx ctepkusiax AB u AC mbl
MoxkeM Hailtu ycuiust Ni v N, pacTsaruBaromiye 3Tu CTEPKHH.

B C

A A

la la

Pucynox 3.1

W3 ycnoBuii paBHOBECHS TOYKM A TPU CHIIBI, IIPUIIOKEHHBIE B 3TOM TOYKE,
JIOJDKHBI YIOBJIETBOPATH IBYM yPAaBHEHHSAM PAaBHOBECHS. CyMMa IIPOEKIMH 3THX CHII
Ha KaXIyI0 U3 JBYX KOOPIMHATHBIX OCEH JOJDKHA PaBHATHCA HyIo. Takum oOpasoMm,
YMCIIO0 HEW3BECTHBIX yCWIMH (IBa) PaBHO YMCIly YpaBHEHUI paBHOBecHs (1Ba), U 00a
yeunust Ni u Np MoryT ObITh Haliensl U3 5TUX ypaBHEHMI. DTa 3a1a4a Ccrmamuyecku
onpeoenumas.

Nuaye Oymer oOcroath neno, ecau rpys (Q momsemen Ha Tpex CTEpKHAX
(puc.3.2). B 5ToM ciydae T. A HAXOQUTCS B PABHOBECHH I10J JEHCTBUEM YETBIPEX CHIL
Q, N1, No u N3, npudem Tpu nmocinenHux SBISIOTCS HEU3BECTHBHIMU. YPaBHEHHH XKe
paBHOBECHS [IBa, T.€. KOJUYECTBO HEU3BECTHBIX YCHIMH IIPEBBIIAET KOIUYECTBO
YPaBHEHUH CTATHKH.

Pucynox 3.2
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Cucmembl (KOHCMPYKYUU) HA36IBAIOMCL CHIAMUYECKU HEONPeOeUMbIMU, eClU
KOAUYeCmE0 Heu38eCmublX peakyuul cesa3ell 6 HUX npegvluiaenm Koaudecmeo YpasHeHul
PABHOBeCUsl, KOMOPble MONCHO 3ANUCAMb OJi OAHHOU CUCEMbL CUL.

Takum 00pa3oM, KOHCTPYKILIUS, U300pakeHHas Ha pUc.3.2, ABIIAETCS CTATUYECKH
HEONPEACIUMOU.

CrerneHb CTaTUYECKON HEONPENETMMOCTH CUCTEMBI OIPEACIIIETCS KOJIUYECTBOM
“mumHnx”  cBazed. “JIMIIHMUMHU® CBA3M HA3BIBAIOTCS JUIIbL MOTOMY, YTO OHHU HE
ABJIAIOTCS. HEOOXOJMMBIMU Jii OOECIEeUEHUsT PABHOBECUS OCTAIBHBIX AJIEMEHTOB
KOHCTPYKIIMHU U €€ TeOMETPUYECKON HEeu3MeHIeMOCTH. “ JIMHue” CBsI3u MOTYT OBITh
HEOOXOIUMBI C TOYKH 3PEHHS IPOYHOCTHU U KECTKOCTH JINOO KOHCTPYKTHUBHO.

Pasnuya medxrcoy uuciom Heuzgecmuvlx YCUMUL U KOIUYECMBOM YPAGHEeHUll
CMamuKu, KOmMopoe MOJNCHO cocmasums OJisi OAHHOU KOHCMPYKYuu, onpeoesiem
yucno " IWHUX"  Heu3BeCMHuIX UIU CMeneHb CMamuieckou HeonpeoeIumMocmu
KOHCIMPYKYUU.

CornacHO ONpENENCHUIO CTETNICHh CTATUYECKOH HEOMPEeAeTUMOCTH S MOKHO
HalTu 1o popmye

S=ng- ny, (3.1

rae N —KOIUMYECTBO HEUM3BECTHBIX PEAKLIUN CBA3EH,;
Ny — KOJIMYECTBO ypaBHEHUI paBHOBECHS.

PaccmoTtpum eme psin koHCTpyKIwid (puc. 3.3).

MW Lzl ,///// :// /"/// 1///// 4 gI7774

 [) . [) o , O [-] o ;0 [- M-
¢ ¢ ¢

a O 8

Pucynok 3.3

Bce mnokazannble Ha pucyHke 3.3 KOHCTPYKIIMM MOTYT OBITh pELIEHBI C
IIOMOIIBIO TUIOCKOH MapajuieIbHON CUCTEMBI CUJI, U1l ONPEAETIEHUS PeaKMii KOTOPOil
HEOOXOJIMMO COCTaBUTh JIBa ypaBHEHHUsS. Takum 00pa3oM, COIJIACHO OIPEAENICHHUIO,
nepBass  KOHCTpykius  (cM. puc.3.3,a), KOTOpas UMeeT JBa CTCPXKHS U,
COOTBETCTBEHHO, [IBE€ pEAKLUWH, SBISETCS CTaTHYECKH oOlpeaenuMon. Bropas
KoHCTpyKIuUs (cM. puc.3.3, 6) Ipu TpeX HEU3BECTHBIX PEAKIIUAX CTEPIKHEH UMEET OJHY
“IUIIHIO” CBSI3b W SIBJISIETCS OJWH pa3 CTAaTUYECKH HeompeaenauMon. TpeTws
KOHCTpyKIuUs (cM. puc.3.3, 6) — IBaXKIIbl CTATUYCCKH HEOIPEISITUMA.
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3.2 CtaTn4yecKHu HeonpeaeauMble 321241 NIPH PACTAKEHUH U CKATHH.
Ili1an permreHust TAKMX 3a1a4

Cratnuecky HEONPEAEIUMBIE CUCTEMBI PACCUUTHIBAIOT IIyTEM COBMECTHOTO
pelIeHns YpaBHEHU, IOJIYYEHHBIX B PE3YJIbTATE PACCMOTPEHUSI CTaTHUYECKOA,
reOMETPUYECKON U (PU3NYECKON CTOPOH 3aJ1ayuu.

Cmamuueckas CmopoHa 3a0ayu. CocraBisgem YpPAaBHCHHA  PAaBHOBCCHA
OTCCYCHHBIX 3JICMCHTOB KOHCTPYKINH, COACPKAIMUNX HCU3ZBCCTHLIC YCHUIINUA.

l'eomempuueckass cmopona 3aoauu. VI300pakaeM KOHCTPYKIMIO B JBYX
nojoxenusx (mo u mocine jgeopManuu) W YCTaHABIMBAeM CBS3b  MEXIY
nepeMenieHusIMi Ui~ epopManusiMu  OTAEIbHBIX BJEMEHTOB  KOHCTPYKIIHH.
[lony4yeHHble ypaBHEHUS! HA3BIBAIOTCS YPABHEHUAMU COBMECIHOCMU 0ehopMayuii.

Qusuueckas cmopona 3adayu. Ha ocHoBaHuum 3akoHa ['yka, 3ammMcaHHOro B
abcomotaoii  popme (popmyna (2.4)), BbelpaxkaecMm AehopMaIMK  DJIEMEHTOB
KOHCTPYKIIMM Yepe3 ACHUCTBYIOIINE B HUX HEU3BECTHBIE yCWiIus. B ciyuae usmMeHeHus
TeMneparypel K JaedgopmarusiM, KOTOpPbIe BBI3BaHBl BHEIIHUMU  YCWIHSIMH,
HEO0O0X0aUMO J100aBUThH JeopMalluu, BBI3BAHHBIC TEMIIEPATYPHBIM YJIMHEHUEM.
[ToacTaBnsieM MONyYEHHbIE BBIPAKEHHUS JepopMaliud B ypaBHEHUS COBMECTHOCTH,
MOCJI€ Yero MOCIeAHUE OYIyT CO/IepKaTh HEU3BECTHBIC YCUITHS.

Cunme3. PemaeM ypaBHEHUS CTaTHUKH COBMECTHO C  YpaBHEHHUSIMU
COBMECTHOCTH JieopMaluii, 3alMMCaHHBIMU B YCUJIUSX, U HaXOJAUM HEU3BECTHBIC
YCHITHSL.

PaccMoTpyuM HECKOIBKO MPUMEPOB.

Ilpumep 1

K crampnomy crepkuio (puc.3.4, @), 3aKpelicHHOMY OOOHMMH KOHIIAMH,
npuiokeHa ocepas cuia P. Onpenenuts ycuinsi, BO3HUKAIOUIME B BEPXHEH U HMKHEN
YacCTAX CTEPKHS.

1 Ra
YOI I IIY4
A A A
a C C
' R
b P
v B B
S
| R
a 4]

Pucynox 3.4
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Yemanaenusaem cmenens cmamuyeckou HeonpeoeiuMocmuy CmepI*CHSL.
(1Be peaxiyu, OHO ypaBHeHHe cTatukn). S=2- 1=1,

CnenoBatesibHO, CUCTEMA OJIMH pa3 CTATUYECKU HEOMpeeanma

Cmamuueckas cmopona 3a0aqu. OCBOOONUB CTEP:KEHD OT cBsi3eit (puc.3.4,0) u
MPUJIOKHUB IO €r0 KOHIIaM HEM3BECTHBIE PEaKliy, 3aMEHSIOUIUE ACHCTBUS CBA3EH,
3aMuilieM YpaBHEHUE PaBHOBECHS, IPUPABHSB K HYJIIO CYMMY MPOEKIMI BCEX CUII Ha
OCb CTEPIKHS:

SY=R,+Rs- P=0. (3.2)
T'eomempuueckas cmopona 3a0ayu. Tax Kak KOHIIbI CTEPXKHS 3aKPEIICHBI, TO
ero o0mas JUIMHA He U3MEHUTCS MO AeHCTBUEM CUIIbl P.
CnenoBaTeiabHO,
DI =0. (3.3)
Dusuyeckas cmopora 3a0aqu. B MoNepeuHbIX CEUCHUSX BEPXHEH YacCTH CTEPIKHS
NENCTBYIOT YCHIJINS, PaBHBIE peakiu Rp , a B onepeyHbIX ceYeHUAX HIKHEN 9acTH —
ycunust paBHble peaknuy Rg . BeipasuM gedopmanuy yactell cTepsKHS 4epes3 ITU
YCHIIHSL:

Nac = Ra;
Ngc =- Rs.
Cie10BaTEIbHO, DI= Ra>a - A: )b.
EF EF
Cunmes: D |:RA>a- RB)b:O.
EF EF
Otkyna RA>a- RB>b:0,
T.€. Rp= M . (3.4)
a

[ToacrasuB (3.4) B ypaBHenue (3.2), onpenensieM HCU3BECTHBIC PEAKIIHH:

Re’b, r.-P=0.

a

a b
[Mony4yaem: Re =—P, Ry=——P.
Y 5 a+b AT a+b

OTu pelieHusi MOKa3bIBalOT, YTO Oojiee KOpOTKas, a clieJoBaTeNbHO, Oonee
’KECTKas 4acTh CTEP:KHs BocnpuHuMaeT 6onbiryto yacts cuiel P ( Ra> Rg).

Ilpumep 2

I'py3 Q moxmBemien Ha Tpex crepxkHsax (puc.3.5). [lycte kpaitHue CTepkHH,
MMEIOIIME paBHbIC IUIOMAAM IIONEPEYHOr0 CEYEHUs], — CTAJIbHBIC, CPEIHUN XKe

CTCPIKCHb — MCIIHBIﬁ. I[JII/IHa CPCOHCTO CTCPIKHA |3, KpaﬁHHX Il’ AOITYCKaCMbIC
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Hanpsokenus ais cranu [S.], a ans memu [S,]. Tpebyercs ycTaHOBHTH pasMepbl
MOINEPEYHBIX CEUCHUHN ATUX CTEPKHEMN.

IIpexxne Bcero, yCTaHOBUM, KakM€ BHYTPEHHUE YCWIUS MOTYT BO3HHUKATh B
KaXJIOM cTepkHe. [I0CKONIbKY CTepKHU COCTMHEHBI MEXAY CO0O0I0 IMapHUpaMHu, TO B
HHMX MOTYT BO3HHUKATh TOJNLKO oceBble ycunus (mpoponsubie yeuaus N). Cumraem nx

PACTATUBAIOIIUMH, T.¢. HanpasisieM cuibl Nj or Toukn A (cm. puc.3.5, 6).

N1 L 5 N3 N2
212
aja >
X
v Q
4 Q
a 6 v y
Pucynok 3.5

Vemanasnueaem cmenens cmamuveckon Heonpeoenumocmu — (HEM3BECTHBIX
peaxuuii - 3, ypaBHeHUl paBHoBecHs - 2). S=3- 1=1.
CucreMa OJIMH pa3 CTATHYECKH HEONPEAETUMA.

Cmamuueckasi cmopona 3adauu. Jiid ompeneneHus YCUIUH paccMOTPUM
paBHoBecue Touku A (cm. puc.3.4, 6). CocTaBisieM JiBa BO3MOXXHBIX YpaBHCHHUS
PaBHOBECHS:

aXx=0; N, sina - N; sina =0. (3.5)
ay=0; Q- N;cosa - N3- N,cosa =0. (3.6)

W3 ypaeuenus (3.5) cnenyer, uro N; = Ny, Torna ypasuenue (3.6) mpumeTt Bu:
Q- 2N;cosa - N3 =0. (3.7)

T'eomempuueckas cmopona 3adavu. Ilon nevictBueM cuiibl Q Bce TpU CTEPIKHS
yumaasioTes (puc.3.6). T.k. Ni u N, paBHBI M1y c000#, 1 cTepKHU 1 1 2 U3 0HOTO

MaTcepuaia, TO UX YAJIUHCHUSA DI 1 H DI 2 6YIIYT OAMHAKOBBIC, U TOYKA A OIIYCTUTCA
10 BCPTUKAJTIN BHU3S. O06o3HaunM YAJIIMHCHUC TPETHCTO CTCPIKHA - DI 3 YIIJII/IHeHI/ISI

JUITMH BCEX TPEX CTEP>KHEH OyAyT COBMECTHBI, T.€. M Mocie AedopMaiiid CTepKHU
OCTAalOTCA COCIUHEHHBIMU B T. Aj.

JIiisi HaXOXKJICHHUST HOBOTO TOJIOKEHUSI TOYKU Pa3beIUHUM (MBICJICHHO) CTECPXKHU U
M300pa3uM Ha 4yepTexe HOBbIE JUIMHBI KpaHuxX ctepxkHeit CCy u BB;, yBenIn4uB ux
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JIJIMHY Ha A | 1=4B1 = ACi. Ina Toro 4to0bl HAaUTH HOBBIE MOJOKEHUS TOUKH A1,
HEOOXOJMMO CBECTH BMecTe yuiMHeHHbIe crepkHU CCi u BBi, Bpaias ux BOKpPYT
touek B u C. Touku By u C; cOBNAAyT B T. A1, ABurasce no ayram CiAi, Bi1A;

B D C

D|3 Ay

Pucynok 3.6

Benencreue manoctu nedopmariuii 1yru MOXKHO TPUHATH 32 MPSIMBIE OTPE3KH,
neprneHaukyisapasie kK CC1 u BB;. HoBoe nonoxenue crepxueit BA; u CA; moka3zaHo
MMYHKTUPOM. [IOCKOJNIBKY KOHEI[ CPEIHET0 CTEPIKHS TOXKE MPUKPEIUICH IIAPHUPOM, TO U
OH TIOMNAJIET B T. A1, @ yIUIMHEHUE A | 3 Oyzer paBHO oTpe3Ky AA41. U3 reomeTpuyecknx

COoOOpaXeHU HaXOaUM, YTO
AB,=AA cosa wm Dl;=Dl;cosa. (3.8)

DQusuueckas cmopona 3adauu. IlycTh TUIOMANN TONMEPEYHBIX CEUYCHHUH CTEpIKHEH
oynyt F1=F, u F3, monyns ynpyroctu cranu — E., menu — E,,.
[Mpumenum 3akoH ['yka B abcomtoTHO# Gopme (popmyna (2.4)).

_ Nyqly DI, = Nalg
EC Fl EM F3
[ToacraBuM mOIydYeHHbIE 3HaYCHHS B ypaBHeHHs (3.8):
N,I N ;I
Torna 11 - "33 cosa - (3.9)
EC Fl E m F3
U3 AABC crenyer, uro | 3 = | 1 C0Sa . Torna N, = Ng EcFy cos?a . (3.10)

F
MT3
Cunmes. Pemas copmectHo ypaBHenus (3.7) u (3.10), moayuum:

Q - 2Nj Ech1 cos3a - N;=0-
Em F3

Otkyna Ny = Q ;

1+2 EcF1 (o634
Em Fs3
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N, = Q =P 0s2a = N,
1+2 5P o634 EmFs
Em F3

N3 nonmydeHHbIx popMys BUIHO, YTO BeMurHa yeusinid N 3aBUCUT HE OT
aOCOJIFOTHBIX BEJIMYUH 1Uiomiaaei F u moayneit E, a ot ux otHomeHuii. 3agaBasich

Pa3IMYHBIMU COOTHOLICHUSIMU N = —1, MBI OyJIeM TOTy4YaTh pa3IMuHble KOMOWHAIIUN
3
yewtuit N1, Np, Ns. Tlo BenuunHaMm 3THX YCUITUN U TOMTYCKA€MbIM HANIPSIKEHUSIM

Ny

1

MO>XKHO HAWTHU U BEJIUYUHBI IUIOIMIAEN Fl " F3 13 yCJIOBUS, UTO £ [S c]’ TOTZIa

WM HaXOIuTh momans F3 u3 popmyssl 3 £[S M], Tormaa
3
Fl = F3n.

B cTaTtudecku HEONpEACIMMBIX CHCTEMaX, BAPbUPYS COOTHOIIEHUEM TUIOIIAICH
MOTICPEYHBIX CCYCHHM CTEpKHEH, MBI MOYKEM OCYIIECTBIISATH Pa3IUYHBbIC BapUAHTHI
pacupeneneHusT YCWIHA MEKIY CTCP)KHSMHM, YIUTBIBAsI, YTO YCHUJIUS PaCIpeIeIstOTCs
MIPOITOPIIMOHATILHO JKECTKOCTH CTEPKHEH: Y4eM OOJIbIIIE )KECTKOCTh JIAHHOTO CTEPIKHS,
TeM OOJIBIIYIO JOJII0 YCUIIUS OH Ha ce0Ost OepeT, U Ha00O0POT.

3.3 Bausinue HETOYHOCTH H3rOTOBJIEHUS HA yYCWiing 1 HATIPSKCHU A
B CTATHYICCKH HEONIPEACINMBIX CUCTEMAX

Ilpu useomosnenuu 8csiK020 pooa cOOpPyHceHull Helv3s obecneuums aOCOIOMHO
MOYHOe 6bINOJHeHUe pasmepos ux uacmeu. Bcezoa Heobxooumo npouszeooumo
pacyemovl C BO3MOJNCHOCMbIO mMeX UIU UHBIX HeDOIbWUX HemoyHocmell npu
uszeomognenuu Oemaneu. Ecau mbl umeem Oeno €O cmamuyecku onpeoerumou
cucmemot, mo makue HemoOYHOCMU He 6bl308YM HUKAKUX HANPANCeHUU 8 MOl
cucmeme.

Tak, nanpumep, ecinu crepxerab AB  (puc.3.7) OyneT caenan HEMHOTO KOpoue,
YeM MPEeAroIarajioch Mo YepTexy, TO 3TO BBI3OBET JIMIIIL Jerkoe nckaxenue AABC.

B C

A
EElQ

Pucynox 3.7
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CoBceM wuHaue cebs MOBCACT CTATHYCCKU HCOIIPCACINMAA KOHCTPYKIUA

(puc.3.8).

Ny

d

Pucynok 3.8

[lycth cpennuit cTep:keHb OyeT celnaH Kopode Ha BEIMYUHY AA=d .

OnpenenuTs yCwIMs, KOTOpPBIE BO3HHKHYT B KaXJIOM CTEpXKHE, €CIM HX
COCIMHUTH B IPOCKTHOE IOJIOKEeHHE. [Ipearnonoxum, 4To BCE CTEPIKHU PACTSIHYTHI,
T.€. HanpaBuM ycuius N; oT Touku 4.

Ycmanasnusaem cmenens cmamuueckou HeonpeoeaumMocmu.

S=3-1=1.
Cmamuueckas cmopona 3a0a4u.
a X=0. Njsina- Nysina =0, re. Ny =N,.
aY =0;N;cosa + N3 +N,cosa =0; umm 2N;cosa + N3 =0.  (3.11)

Dl
T'eomempuueckas cmopona 3adauu: DI 5 + L =d. (3.12)
COSsa
N, N;l
@usuueckas cmopona 3adayu: Dl | = - 1 1; Dl = 33 (3.13)
EcFy EmFs
Cunmes. IloactaBum ypasHenue (3.13) B ypaBuenue (3.12) u yurem, 4to
|
L=—, I,=1:
COosa
N5l cosa NI
Torja 3 + 1 d. (3.14)

E.F; EFcofa

Perrast coemectHo ypaBuenus (3.11) u (3.13), onpeaenum yeumust Ni u Na:

N, = dE, F, N, =- N =N,
I 21 E,.Fs @ 2cosa
- U
%% 2E.Fcosag
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3nak “+” nmepen ycunueM N3z mokasbIBaeT, 4TO CTEPkKEHb 3 PACTSIHYT, KaK Mbl U
npeamnoiarany, a 31ak “¥” mepen N; u N, mokaspiBaer, 4to cTepkHU 1 U 2 CXKaThI.

[IpuBeneHHBI pacdeT MOKa3bIBACT, YTO HETOYHOCTH HM3TOTOBIICHHUS BICKYT 3a
cO0Oi HaAmNpsHKEHUS B CTEPXKHAX JakKe NMPH OTCYTCTBHUHM BHEUTHUX BO3ACHCTBHI Ha
KOHCTPYKITUIO, T.€. BO3BMOXHOCTH TOSIBIICHUS HAUAIbHbIX HANPAACEHUL TOKE SBISETCS
OCHOBHBIM CBOWMCTBOM CTaTWYECKH HEONPEIEIMMBIX CUCTeM. Eciin Bce TpH CTepKHS
OyayT cleimaHbpl M3 OJHOTO MaTepwaja M HWMETh OJWHAKOBYIO IUIONMIAAb, TO IPHU
neiictBuu rpy3a Q pacTsaruBaroiiee yCuiIne B CpelHeM CcTepkHe OyneT Ooubline, YeM B
KpailHMX, T.K. HadM4Yhe pPacCMOTPEHHOW HETOYHOCTH BBI30OBET J00aBOYHOE
pacTaruBaroniee yCWINE B CPEAHEM CTEp)KHE W CKUMAOIIUME YCWIHS B KpalHHX
CTepXHsIX. B 9STOM mpumepe HajauMuMe HaYalbHBIX HANPSKEHUN YCHUIIMBACT
HEPaBHOMEPHOCTH pa0OTHI CTEP)KHEW U TIOITOMY SIBJISICTCSI BPEIHBIM.

Ecnmu Obl cpemnuii crepkeHb OBUI JJIWHHEE MPOSKTHOTO IIOJIOKECHHUS Ha
BEJIMYMHY d , TO HaYaIbHbBIC HAMPSKEHUS U3MEHWIH Obl 3HAK U HECKOJIBKO BBIPOBHSITU
Obl HEpaBHOMEPHOCTHh paclpeieNieHUs] YCHIMA MEXAYy CpeJHUMH W KpailHUMU
CTepKHSIMH 107 Harpy3koil Q. B aToMm cinyyae paccMOTpeHHOE CBOMCTBO CTaTUYECKU
HEOINPEACTUMBIX CHCTEM ObUIO OBl HCIONB30BAHO I YIYYIIEHUS PaOOTHI
KOHCTPYKIIUH.

3.4 HanpskeHusi, BOSHMKAKIIHE IPH U3MEHEHUHU TeMIepaTypbl

B anemenmax cmamuuecku HeonpeoenuMvlX CUCMEM HANPI’CEHUs MO2ym
Mmakodice BO3HUKHYMb Om U3MEHeHUs memnepamypul. [06801bHO 3HAUUMENbHbBIE
HANpsdCceHuss 2mMo2o0 Mmuna 603HUKAIOM 6 PelbCax, C8APEHHbIX 6 0OH) HeNnpepbleHYIO
aunuto. Ilpu uzmenenuu memnepamypuvl peibco8 no OMHOWEHUIO K MOU, NPpU KOMOPOU
npoussedeHa C6apKa, 6 HUX BO3HUKAIOM pacmszugawue Ulu Ccxcumarujue
Hanpsicerust. Imy 3a0a4y MONCHO CXEMAMUUPOBANb 8 MAKOM 8UOe. OaH CMepHCeHb
(puc.3.9), 3awemnennolii HenoOBUICHO KOHyamu npu memnepamype ti; onpederums,
KaKue 803HUKHYM 8 HeM HANPSNCeHUss NpU usMeHeHuu memnepamypul 00 1;.
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Pucynok 3.9

CrepkeHb CTpeMUTCS YUIMHUThCS U Oyner naButh Ha omopbel A u B. Co
CTOPOHBI 3TUX ONOpP Ha CTEpPKEeHb OYAyT AehcTBOBaTh peakuun Ra = Rs. OHu Oyayr
BBI3BIBATh CXKATHE CTEPKHs. VX BEIWYMHBI HENb3d HAWTH C TOMOIIBIO JIMIIb
YPaBHEHUW CTATHKH, T.K. UMEEM JIBE HEU3BECTHBIE PEAKLIHUH MPHU OJHOM CTATUUYECKOM
YpaBHEHUH PABHOBECHS:

S=2-1=1.
Cmamuueckas cmopona 3a0auu. Ra - Rg= 0, T.e. Ra= Ra. (3.15)
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I'eomempuueckas cmopona 3aoayu. T.K. 00a KOHLIA CTEPXKHS JKECTKO 3aKpEIICHBI,
TO €ro JjJMHa HE W3MEHMTCS, T.e. MoJIHAas Aedopmallusi, BbI3BaHHAs JEHCTBHUEM
Temneparypsl 1 yeunus N, 6yner pasna 0: Bl =0.

Torna DI, =Dl . (3.16)

OT10 u OyJIeT ypaBHEHHE COBMECTHOCTH JiehopMaIuu
Duzuueckas cmopoua 3a0a4u.

NI
[ockonbky N=- Ry miu N=-Rg, 10 Dl :E, (3.17)
rje a - K03 OUIUEHT TMHEHHOTO PACTXKCHUS,
Dt=t,—t - nepenan Temneparyp.
Cunmes. TloncraBum ypaBhenue (3.17) B ypaBHenue (3.16), moayduum

alpt- 2al - ¢
OTKy/la R, =aDtEF
| S:E:&:aEDt.
F F

[lpuBeeHHBIN pacyeT MMOKa3bIBACT, YTO HAMPSIKCHUE, BbI3BAHHOC HM3MCHEHHUEM
TEMIIEPATyphl B CTEP)KHE TOCTOSIHHOTO CEYCHHUS C H)KECTKO 3allEMJICHHBIMU KOHIIAMH,
3aBUCUT JIMIIb OT MOAYJsSl YIPYrOCTH Marepuaia, ero Kod(QQHUIMEeHTa JIMHCHHOIO
pacmipeHusi & ¥ Pa3HOCTH TEMIIEpAaTyp W HE 3aBUCUT OT JUIMHBI W IUIOUIAJIH
TIOTIEPEYHOTO CCUCHHSI CTCPIKHSI.

Ecnu pa3mepsl cedeHus WM MaTepuall MCHSIOTCS 1O JJIMHE CTEPXKHS, TO ITO

N
Hazo yuects ipu pacuere DI, re. DI = 3 (=—=-+a;1;Dt). (3.18)
t=1 it

Ecnu crepikeHb MMEET BO3MOKHOCTh YJIMHHThCA, Ha Benauuuny O, To ero
nedopmarus 6yner papua DI =d .

WNHorma B CTAaTHYECKH  HEONPEICIUMBIX  KOHCTPYKIHMSAX  MPHUXOTUTCS
OJTHOBPEMEHHO YYHTHIBATH BIUSHHC BHEUIHCH HArpy3Kd, U3MEHCHHS TEMICpaTyphl U
HETOYHOCTHU U3rOTOBJICHMS. PellieHne Takux 3a/1a4 BO3MOXKHO JIBYMS Ty TSIMHU.

1-4 nyms — 3TO OgHOBpEeMEHHBIH y4eT Bcex ¢akropoB. B sTom ciydyae B
ypaBHCHHUE COBMECTHOCTH JedopMalvii  JOJKHBI  OBITh  BKIIOYCHBI  YIICHBI,
OTpaXKaroIUe BIMSHUE BCEX ITHUX 0OCTOATEIbCTB. [loJydeHHBIC MPH 3TOM YCUJIHS U
HAINPSKCHUS SBISIFOTCS OKOHYATEIBHBIMH.

2-11 nyme — pa3JeiabHbId YUET YCWINM, BBI3BAHHBIX HArpy3Kou, TeMnepaTypoil u
HETOYHOCTBIO M3roTOBJIEHUS. Pemaercs kak Obl HECKOJBKO OTIEIBHBIX 3aJad, B
KOKJIO0M M3 KOTOPBIX YUYUTBHIBAETCS TOJBKO OAMH U3 (akTopoB. OKOHYATEIbHBIC
YCUJIUS M HAIPSKEHUS! ONPEACNIAIOTCS MyTeM alreOpanyeckoro CyMMHUPOBAHUS ITHX
BenuuuH. [locnenuuit myTh yacto ABisieTcst 0oJiee SICHBIM U YAOOHBIM, BbI3bIBas JIMIIb
HEOOJIbIIIOE YBEJIMYECHHE KOJIMYECTBAa BBIKIAMOK. OH HOCUT Ha3BaHUE cnocoba
cynepnosuyui.



36 4 N3r'nb

4 N3I'b

4.1 llousaTus 00 usrude 6aaxku. Buabl onop U onopHbie peakummu.
BuyTpennue ycuius B 0ajike, MX onpejesieHne U MNPaBujio 3HAKOB

Ilo0 wu3cubom nonumaemcs maxkou 6UO HASPYIICEHUs, NPU KOMOPOM 8
NONepeyHbIX CeUeHUsX Opyca 803HUKAIOM U32UOaoujue MOMEHMDbL.

H3eub mnasvieaemcss uucmvlm, eciu  uzeUOAIOWUNL  MOMEHM  SA6I1emCsl
€OUHCBEHHBIM CUTLOBLIM PAKMOPOM, a NonepeuHbvle CUlbl OMCYMCMEYIom.

Opnako OoJbIIEH 4YacThl0O B TIOTNEPEUYHBIX CEUCHHUAX Opyca HapsAay cC
M3rU0aroNMM MOMEHTOM BO3HHKAIOT TAaKXE M IOINEPEYHbIE CWIBL. B 3TOM ciydae
U3rub HasbIBaeTCs nonepeunsim. Kinaccudukaims BUIOB U3rn0a MPOU3BOJUTCS M TI0
JIPYTHM MpU3HAKaM, HEKOTOPBIE U3 KOTOPBIX OYAYT PaCCMOTPEHBI B TaJIbHEHIIIEM.

Cmepoicenv, pabomarowutl Ha useub, Hazvigeaemcs oankoi. K cxeme «bamka»
CBOJISATCS MHOTHE MAIIMHOCTPOUTEIbHBIC KOHCTPYKIIMH (0aka MOCTOBOTO KpaHa,
BaJIOK IMPOKATHOI'O CTaHa, 3y0 IIECTEPHU U T.1I.).

BHauase orpaHHYIUMCs paCCMOTPEHHEM MPOCTEHIIIETO CiTydas u3ruoa 0asoxk,
IIPY KOTOPOM BCE€ 3aJJaHHBIC HATPY3KH JICKAT B OJHOM IJIOCKOCTH, Ha3bIBACMOM
cunosoti. Ha puc.4.1 mokazana 6ayka, y KOTOpO# CHIIOBas INIOCKOCTh COBIAJIACT C
INIOCKOCTBIO YZ.
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Pucynorx 4.1

Ha pacdetHo# cxeme 0anKy NpUHATO 3aMEHSTH €e ochbio (cM. puc.4.1, 6). Ilpu
ATOM BCE€ HArpy3KH JOJKHBI OBITh MPUBEACHBI K OCU OaJIKH, a CUJIOBas INIOCKOCTh
OyJeT COBMAaTh C MIOCKOCTHIO YepTEXKa.

bayiku uMeroT Te UM UHBIE OMOPHBIE yeTpolicTBa. KOHCTpYKTUBHBIE (hOPMBI
OTOp BechMa pazHooOpa3Hbl. [lJs pacuera xe OHM CXeMaTU3UPYIOTCS B BUJIE TPEX
OCHOBHBIX THUIIOB OTIOP
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Llapnupno - nenoosudicnas onopa (puc.4.2, a) NpensITCTBYeT NePEMEIICHUTO
0aJIky B IBYX HaIllpaBJICHUSIX, U MIOATOMY B HEW BOSHUKAIOT JIBE PEAKIIUU —

BeprukaibHas Va (i Ya) u ropusontanshas H p (unun X).

VA VA V, V
ol RS
a o 6 2
Pucynox 4.2

KOHCTpYKTHBHO MIapHUPHO-HETIOIBI)KHASL OITOPA MOKET OBITh BHITIOJIHEHA U3
IBYX cTepxkHei (cM. puc.4.2, 6 u g). IHorna ee 0003HA4al0T TPEYTrOJIbHHUKOM
(cM. puc.4.2, 2). JlanHas omopa He MPEISITCTBYET MOBOPOTY OaJIKH.

[lapnupro-noosuscnas onopa (puc.4.3, a) IPenATCTBYET MEPEMEIICHUIO OaTKK
TOJIBKO B OJTHOM HalpaBJICHHH, IOATOMY €€ PEaKIUs HaIllpaBjIcHa MEePIICHIUKYIIPHO
OIIOPHOM MTOBEPXHOCTH KATKOB.

y IR IR R R
# A
a o 8 2 0
Pucynox 4.3

WHorma mapHUPHO-TIOABHIKHYIO OMOPY CXEMATHYHO H300PaKaroT ¢ OJTHUM
katkoM (cM. puc.4.3, 6) unu 6e3 Hero — ckob3sias onopa (cMm. puc.4.3, 6). B
HEKOTOPBIX CIydYasx MAPHUPHO-TIOJABMIKHYIO OIOPY BBITOJIHSIOT B BHJE CTCPIXKHS
(cM. puc.4.3, 2 1 0), peakIis KOTOPOIo HampaBiicHa BIOJb €0 OCH.

JKecmroe 3awemnenue (3awemnenue uiu 3a0eixka) IPensaTCTBYET IBYM
JIMHENHBIM U YTJI0BOMY MEPEMEIICHHUAM U TIO3TOMY €TI0 PEAKLIMS COCTOUT U3 TPEX

COCTABJIAIOIMX . ropu3oHTanbHOM cunbl Hp (mmu X)), Beprukansuoli cunsl Va
(nmm Yp) u peaktuBHOro Momenta My (puc.4.4, a).
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A o
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Pucynox 4.4

WHoraa 3ameMicHie H300paKaloT U BBIMOJIHSIOT B BHIe KOMOMHAIINN
MOJIBHYKHOM W HEMOABMXKHOMU orop (cM. puc.4.4, 6) Win Tpex cTep:KHen
(cMm. puc.4.4, ).

Bce T onopsl MOTYT OBITH KECTKHE U MOAATIUBBIC. JKECTKHE OMmophl He
1e(hOPMUPYIOTCS, a MOAATIUBbIC 1eOPMUPYIOTCS, T.€. COCTOAT KaK Obl U3 MPYKHUHOK,
JIOMYCKAIOIIMX ONpeAe/iCHHbIC IEPEMEIICHHUS OT IePeIaBaeMbIX Ha HUX CHII.
YcioBHbIe 0003HAYCHHS Y HUX T€ )K€, TOJIBKO CTePIKHH 3aMEHSIOTCS MPYKUHAMHU
(puc.4.5). BeIBatOT ONOPBI M CMEIIIAHHBIC — B OJJHUX HAIIPABJICHUAX MMOJAATIUBBIC, 4 B

IPYTUX HET.

Pucynox 4.5

banka, nokasanHas Ha puc.4.6, HazeBaeTcs npocmoii (08yxonopHoti).

. SN

npojiem KOHCOJlb

Pucynox 4.6

Paccrosinue MCKAY OIIOPpAMU HA3BIBACTC RPOJIEMOM.

Konconwo na3piaercs 6anka, 3aKkperyieHHas OAHUM KOHIIOM U HE UMEIOIast
apyrux omnop (cm. puc.4.4, a), Wiv 4acTh OAJIKK, CBEIINBAIOIIASCS 32 OIOPHI
(cM. puc.4.6).

Kaxk u3BecTHO, AJig onpejienieHus] HEM3BECTHBIX OMOPHBIX PEAKLUN JIJIS TIIOCKON
CUCTEMBl MOKHO COCTaBUTh TpU YpaBHEHUsS cTaTuku. [loatomy Oanka Oyner
cmamuyecky OnpeoeiuMol, €clld YHUCIO HEU3BECTHBIX OINOPHBIX pPEaKIud He
NpeBbIIaeT TpeX, B TMPOTUBHOM ciy4ae Oajka CUHMTACTCS Cmamuiecku
Heonpeoeatumol.
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BHelnue Harpy3ku, JSUCTBYIOIME HA 0aJIKy, CBOASTCS K COCPEIOTOYCHHBIM
cwiam P (xH, MH), napam cuin M (kH-mM, MH M) 1 paBHOMEPHO HIIH HEPABHOMEPHO
pacrpeeieHHbIM 0 JUIMHE OaJIKK Harpy3kam ¢ HHTeHCUBHOCTBIO ( (puc.4.7, a).

R M P (¢ R M P M q Rs
R ) @
77777~ o I %
a o
Pucynox 4.7

PaBHOMCpHO PacpCaciICHHbIC HAI'PY3KU XAPAKTCPU3YIOT UX MHTCHCUBHOCTBIO
q, T.C. BEJIMYHUHOU Harpy3kKu, HpHXOIIHH.ICﬁCH Ha CIUHUNY JJIHWHHBI 6aJIKI/I, u
BBIPpAKAIOT B KHWJIOHBIOTOHAX Ha MCTpP, MCTrd HBIOTOHAX Ha MCETP (KH/M, MH/M)
MHTEHCUBHOCTD HCPABHOMCPHOTO pPACHPCACIICHUA HAI'PY3KHM MCHACTCA II0 OJIMHC

6anku u o6o3nauaercs (2).
CroCOOBI 6b1YUCTEHUSA ONOPHBIX PeaKyuii N3yIaloT B Kypce TEOPETHYECKOl
MexaHuky. [I03TOMy OCTaHOBUMCS 371€Ch HA HEKOTOPBIX NPAKTHIECKHX BOIIPOCAX.

1 Onopsl 06614YHO 0003HaYarT 6ykBaMu A 1 B. Tpu HEU3BECTHBIE pEAKIMN

MOKHO HaiTH U3 CIIEAYIOLINX YPaBHEHUH PABHOBECHS:
a) CyMMa IIPOEKIMI BCEX CUII Ha OCh OaJIKu paBHa HyJIIO:
a X=0 um & Fyy =0, orkyma maxonsar H (mm X);
0) cyMMa MOMEHTOB BCEX CHII OTHOCHTENLHO MmapHupa A paBHa HyIIO:
am A=0, orkyna Haxomsr Rg;
B) CyMMa MOMEHTOB BCEX CUJI OTHOCUTEILHO InapHupa B pasHa HyIo:

é M B =0, orxyna maxoxar Ry.

2 Ecnn Ha Oanky JeHCTBYeT paclpeaesieHHas Harpy3Ka, TO AJis ONpeaesIeHus
peaKkLnil €€ 3aMEeHSI0T PAaBHOACUCTBYIOLIEH, KOTOPAsl paBHa IUJIOIIAAU SIIOPbI
Harpy3kH M MPUIIOKEHA B LICHTPE TSXKECTU ITOU SIIOPHI.

3 Haiinenusle peakiiuu 06s3amenvHo cliedyem nposepums, 1Jjisl 4ero y100HO
WCITOJIB30BaTh WJIM PAaBEHCTBO HYJIFO CYMMBI ITPOCKITUU BCEX CHJI HA BEPTUKAIBHYIO OCh
o
aY =0 , umu ycnoBue paBEHCTBA HYJIFO CYMMBI MOMEHTOB BCEX CHJI OTHOCHTEIBHO

kaxoit-mu6o touku C, otnuunoii or 4 u B, T.e.

aMc=0.
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[Ipy BO3AEHCTBMM BHEIIHUX HATPY30K B JTF00OOM CEUEHUH OalIKi, HAIPHMED B
ceyennu |- (cM. puc.4.7, 6), MOTyT BO3HUKHYTb JBa ycuus: nornepednas cuia Qp u
u3rubaroumii Moment M.

Ilonepeunas cuna Q pasua cymme npoexyuii 6cex HEUWHUX CUL, RPUTONCCHHBIX
C 0OHOTL CIMOPOHbL OM PACCMAMPUBAEMO20 CEUEHUS, HA OCb, NePNEeHOUKYNAPHYIO OCU
oanxu.

Uszubaowuii momenm M paeen cymme momenmoe écex snewinux cun ¢ 00Hol
CMOPOHbL OM PACCMAMPUBAEMO20 CEHEHUS. OMHOCUMENbHO YEHMPA MANCECHU IMO20
ceyeHus.

VeranosuM cienyromue npaeuna 3nakos s Q u M B Gankax npu usrute.

Ilonepeunas cuna Q 6 ceuenuu cuumaemcs nonoHCUMENbHOTL, €CIU 6HEUHSA.

Cula CMpemMumcsi NOBePHYyMb OMCEYEHHYIO 4acmb OAIKU RO X00Y 4dCO80U
cmpenku (puc. 4.8).

pl q l Ej 1

Q>0 Q<0
Pucynox 4.8

N\
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Hszubarowuti momenm M 6 ceuenuu cuumaemcs nonosicumensuvim, eciu on
gbl3bI8aem cocamue eepxnux eoaokon oanxu (puc. 4.9).

Pucynox 4.9

VunTeiBas npasuia 35akoB 1us M | ciaeayer mogdepKHyTh, 4TO 9ni0py
u32UbArOUWUX MOMEHMOE CIMPOSIM HA CHCAMDBIX 6010KHAX.
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4.2 Tloctpoenue >mop Q u M B 6ankax

Paccmorpum mopsgok nocrpoenus smop Q u M nnsa manbonee xapakTepHBIX
CJIy4aeB HarpyXKeHus 0ajok.

Ilpumep 1. Cocpedomouennas cuna Ha c60000HOM KOHYE KOHCOU

banka (puc.4.10) umeer nuiib OAMH ydacTok. Hadano koopauHaT BeIOMpacM B
KpaiiHell 1eBoil Touke A 0ajaku, OCh Z HaNpaBIIsIeM BI0OJIb OCHU OaJKu BIIPaBO.

y P
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Pucynok 4.10

Borunciisiem Q u M B npoussonsrom ceuennn K ¢ abenmccoit Z Cnpasa ot
paccMaTpuBaeMoro CeYeHwus JeHCTBYeT TOJIBKO oHa cuiia P, mostomy

Q(2=P; M(2=- PxKB=- P(I - 2.

Kak BUIHO U3 3TUX ypaBHEHUH, TONEPEYHAs CHJIa OJUHAKOBA BO BCEX CEUEHUAX
6anku, mostromy smopa Q umeer Bun npsamoyronsauka. ®yuxuus M(Z) nuneiina. s
MOCTPOEHUsT ee  rpauka JOCTaTOYHO TOJYYHUTh JBE TOYKM — B Hayalie U B
KOHIIE Y4YacTKa!

- ipu Z=0 (ceuenne A) M, = - Pl;
- nipu Z= | (ceuenne B) Mp= 0.
I[To >TuM gaHHBEIM cTpouM >mopy M. 3ameTHM, 4TO MOJNOKHUTEIBHBIE OPIUHATEI
smop Q u M oTknansiBaem BBepX OT 0a3bl.
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Ha puc. 4.10 mrpuxosoii nunueii AB; mokaszana 6anka B 1epOpMHPOBAHHOM

coctogaun. Kak BUIHO H3 PHUCYHKA, CXKATbl HHUKXHUC BOJOKHA oanku. Ecmm

COBMECTUTh OA3MCHYIO JIMHUIO SMIOPHI U3THOAIOUIMX MOMEHTOB C OChIO OaJIKH, TO
smopa M okaskeTcst Kak ObI MOCTPOECHHOM Ha CHKAThIX BOJOKHAX.

Ilpumep 2. Pasnomepno pacnpedenennas nazpyska na koruconu (puc. 4.11)

y q 1/2

|
Y4
A K C $
Z

Pucynok 4.11 2

HOHCpC‘{HYIO CUiIy u 1/13r1/16a10m1/1ﬁ MOMCHT B IIPOU3BOJbHOM CCUYHCHUU K 6YIICM

BBIUMCIIATh KAaK pe3yJbTaT ACUCTBUSA PACHPEACICHHOW HArpy3KH, PacCloJIOKECHHOMN
CJIEBA OT CEYECHUS:

Q(2)=- q>AK =- qz

AK 72
M(2)=- gxAK x~=- q=_.
(2)=- gx S 45

CrnenosatensHo, nonepeunas cuna Q(2Z) usmensercs no 3akony npsMoii nunuwy,

a wmsrubaromuii MmomenT M(Z) — mo mapaGomuyeckomy 3akoHy. Jlis IOCTpOEHHMS
smropbl QQ BeIYMCIISEM OPAMHATEL B IBYX TOUKAX

-mpu Z=0 Q A =0;
-mpu z= 1 Qg =-ql
U COCJIMHSAEM 3TH TOYKH MpsiMoi (cM. puc.4.11).

quTBIBaH, 4qTO 3IIropa M KpI/IBOJII/IHeP'IHa, oJA €€ IMOCTPOCHUA BBIYUCIIICM
OPJAMHATHI B TPEX CCUCHUAX.
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- mpu Z=0 M, =0;
! |
- mpu Z= 5 g’
2
_ __dl
- Ipu Z—I MB__7

" IMpOBOAUM YCPEC3 MMOJIYYCHHBIC TPH TOYKHU KPUBYIO — napa60J1y.

Ilpumep 3. Hazcpysxa, pasnomepro pacnpeoeneHnas no ecetl Ouxe npoiemad
osyxonopnoti 6anxu (puc. 4.12)

y

Pucynok 4.12

B nanHOM ciyuyae HEOOXOAMMO CHayaja ONPEAENIUTh ONOPHBIE PEAKLMH, IS
YEro COCTABUM YpPAaBHEHUS DPABHOBECHS, a HUMEHHO CYMMbl MOMEHTOB BCEX CHJI
OTHOCHMTENBHO OInop. PaBHOjelcTByIOmas pacnpeneneHHoii Harpysku pasHa (I, a

JIMHUSA €€ JICHCTBUS MPOXOJIUT uepe3 cepenuny 0anku. [loaromy

8 M, =Rgl- qI%:O; 8 Mg =Ryl - qI%:O.
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|
N3 ypaBHEHUN HaX0aUM Ra= :% .
2 v —(. _ ql ql _
Cnenaem mpoepky: @ Y =0; Ra- ql+Rz=0; —-qgl+—=

CrienoBaTenbHO, pEAKIIMU HAWI€HBI BEPHO.

Beruuciasasa IIOIICPECUYHYIO CHUIIY U I/I?)I‘I/I6aIOH_II/If/'I MOMCHT B IIPOU3BOJIPHOM
CCUCHHNU K KakK pe3yibTar IICﬁCTBPIH CuJI, PacCIOJOKCHHBIX CJICBA OT CCUCHUA K,
_ gl _ql_ o7
IMOJIYYUM Q(Z)— RA - qz——' qz M ( ) RAZ qz——z 7 .
O‘ICBI/IIIHO, 4TO J3III0pa Q 6YIICT OorpaHn4cHa HAKJIOHHOM HpHMOﬁ, a 3Iopa M

MpeCTaBIsAeT CO00N CUMMETPUUHYIO Mapaboily ¢ BETBSIMHU, HAIIPABICHHBIMHU BHU3.
JI7151 MOCTPOEHMUS AIIOP BHIYUCIISIEM:

Qo)=2: oM=- 4.

2 2
\ & I 12 I 12
M)z MEL=Te - i mn)=Fa- Toso.

Smopst Q u M nocrpoens! Ha puc. 4.12.

Ilpumep 4. Cocpedomouennas cuna, NpUiLoONCeHHdasi K 08YXONOPHOU baike

B nannoM cinydae umeeM Ha Oanke (puc.4.13) nsa yuyactka: AC u CB.

y
P
) a b A
A — K1 C K,) _ B ,
7437-\2‘—- I I A
1
Z

Pucynok 4.13



4.2 MocTpoeHue anop Q u M 45

IIpexne Bcero, HailieM ONOPHBIEC PEAKIUU:

a Mg=0; Ral-Pb=0; RAZPTb;

Pa

T-
Cnenaem mposepky: & Y =0; Rp- P+Rg=0; PTb- P+$‘:O.

4 M,=0; Pa- Ryl =0; Ry=

Peakuuu HaiiieHbl IPaBUIBHO.

Boruncisiem Q u M B mpousBonbHOM ceuennu K7, paciionokKeHHOM Ha y4acTKe

AC:

(O£ z £a): Q(z):RA:T.

CrnenoBarenbHO, BO BCEX CEUYEHHUAX Y4YacTKa ITONEPEYHBIE CHJIBI OJUHAKOBBI U
smropa Q uMeeT BU IPSIMOYTONIBHUKA.
Wsrubaromuii Moment M(Z) usmensieTcs 1o TMHEHHOMY 3aKOHY:

Pb
M(z)=R,z =4

I[JISI IIOCTPOCHMA IIIIOPHI BBIYUCIIICM OpAWHATHI HAa IPaHUIIaX y4acTKa.

mpu 21=0 M,=0; mpu 2z =a MC:PTab.

B npoussonsHom ceuennu K na yuactke CB (&£ 2, £1), paccmarpusas
NENCTBHUE CUJI, PACIIONOKEHHBIX CIIpaBa OT HETO, NOJIYYUM

QUz)=- Ro=- 125 M(2)=Rs KzB="2(1- 2,).

Kak u ma ywactke AC, smopa Q na yuwactke CB Ttaxke umeer Bun
HPAMOYTOJdbHKKA. J{J1st mocTpoeHus 3mopsl M HaxoauM 3HAYEHHUS OPJMHAT B TOUKAX

CuB:
=2 Mo == 2(1-2)="2% npn =1 Mg =0

B pesynbrare momyuaeMm OHOIOpHl, TNpenCTaBiIeHHbie Ha puc. 4.13.
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OnM MOKa3bIBAIOT, 4YTO IPHU Z; =& HA DIIOPE Q nonyuaercs ckauok,
paBHBIﬁ I10 a6COJIIOTHOﬁ BCIIMUUHC BHCH.IH@fI CHJIC P B 9TOM CECUCHUU.
Pb+Pa_P(a+b)_
| | |

P, da Ha 3IIope M B 9TOM CCUCHHMH UMCCT MCCTO HU3JIOM.

Ilpumep 5. CocpedomouenHuiti MoMenm 6 npoieme 08YXONOPHOU OAIKU

(puc.4.14)
y
M
A74§;———K1~\ CE‘ Ko _ B 7
Z;

Pucynok 4.14
HaxoauM OnOpHbIE peaKIuM, HATPABUB HX BBEPX:
a Mg=0; Ryl- M =0;
o
aM,=0 RI- M=0.
M M
U3 ypaBHenuii Haxoqum Ry =- T; Rs :T.

Cnenaem mposepky: a4 Y =0; Ry +Rg=0; - T+T =0.

Peakuuu HaiiieHbI IPaBUIBHO.



4.2 MocTpoeHune anop Q u M 47

Mensiem Hampasienne Rp Ha obparnoe. Otmerns Ha ywactkax AC v CB

npoussosbHEe ceueHns K u K>, 3anuceiBaem ypasaenus nius Gynxouii Q u M :
- ns yuactka AC (O£ 2z £a)

Q2)=- Ry=- 11 M(2)=- Ryz=-

- st yaactka CB (£ 2, £1)

QA2)=- :-'V'T; M(z)= Rg XK ,B=- MT(I-Z).

Ha ocHoBanuu 5TMX ypaBHenuii crpoum osmopel Q u M. Dmopa M
pacmoiokeHa YacTUYHO IO OChI0, YaCTUYHO HaJ OChl0. [IOCKONBKY OHa MOCTpoeHA
Ha CKATBIX BOJOKHAX, BUAMM, u4To Ha y4yacTke AC cKaThl HIKHUE BOJIOKHA OajKH, a
na yyactke CB — BepxHue. ITOMY COOTBETCTBYET N300paXKEHHAs IITPUXOBOM JTMHUEN
nedopMUpoBaHHAsI OCh OAJIKH.

Herpynno Buaers, 4to mpsmble Ha smope M na yuactkax AC u CB
napamuienbHel. OOpaTUM BHUMAaHHE Ha TO, YTO TaM, TJl€ MPUIOKEH BHEIIHUNA MOMEHT
(ceuenne C), na smope Q uzmenenuii Het, a pynxius M(x) nperepnesaeT paspsis, U
na smope M nonyuaercs ckadok, paBHBIM 10 BETMYMHE BHEIIHEMY MOMEHTY.

B uwacTHOM cnmyuyae, KOTrJa MOMEHT TPWIOKEH B OIIOPHOM CEUYCHHH, Ha
OCHOBAHHMHU NPHUBEACHHBIX Bhime Gopmyn mpu a=0 nomyunm smopsl, H306paKeHHbIE
Ha puc. 4.15.

9

Pucynok 4.15
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5 U3T'ub. IOCTPOEHUE JIIIOP

5.1 AuddepenunanibHblie 3aBUCUMOCTH MEKIY
HHTEHCHMBHOCTBHI) paclpejejleHHON Harpy3ku (,
nomnepe4yHoit cujaoii Q u um3rubarwmum Mmomentom M

[Tycth Opyc 3aKperuieH MpOou3BOJIBHBIM 00pa3oM (puc.5.1) u HarpyxeH B 001eM
cllydae pacrpe/ieieHHON Harpy3Kkoi uateHcusHocT (= f ( Z).

[Ipunaroe HampaBiaenue a1 (], coBnajamwliee ¢ OCbl0 y, OyIeM CUHUTaTh

IIOJIOKUTCIIbHBIM.
Y M a@ }Q 10dz
P M | M-+dM
i - ( ) 1 on
ST 0] 0.3 o) G | ¥®
Z dz dz
a o
Pucynox 5.1

BBIJICJII/IM Ha Yy4aCTKE, TA€ HCT COCPCAOTOYCHHBIX CUI WU MOMCHTOB, MaJIbIi

orpesok (010, mmnoit dZ (cm. puc.5.1,6). OH HaxoAUTCS B PABHOBECHH MOJ
JeWCTBHEM BHEITHEW Harpy3kH, a TakKe MOMEPEUHbIX CUJI U U3THOAIINX MOMEHTOB,

npunoxenHeix B ceuenusx O1 u O.
[TockoNbKy B OOLIEM Clydae BHYTPEHHUE YCUIIUS MEHSIOTCS BIOIL OCU OallKu,

10 B ceuenun (1 npumem ux paBapivu Q u M, a B ceuenun O, Heckombko
oomprmumu: Q +dQ, M +dM . Buyrpennue ycumus, kak oObIMHO, M300pa3zuM B

NOJIOKUTENLHOM HampaBleHuu. B mpenenax manoro orpeska Oz Oyaem cumTaTs
Harpy3ky ( pacnpeneiaeHHOW paBHOMEPHO.

CocTaBuM ypaBHEHUs paBHOBecHs >aemenTa 0zZ:
8 Fy =0; Q+qdz- (Q+dQ)=0; (5.1)
a Mg, =0; Qdz+M +qdz%z-(M +dM ) =0. (5.2)

U3 ypasuenus (5.1), coxparus na Q, momyunm

_dQ
= (5.3)
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dz
U3 ypasuenus (5.2), cokpatu Ha M u npenebperas uirenom (dz— xak
BEJIMYMHOM BTOPOIO MOPSIKA MAJIOCTH, HaleM
dM
Q=—-. (5.4)
dz
[ToacrasuB (5.4) B (5.3) mony4nM 3aBUCHMOCTh
d*™m
= 5 (5.5)
dz

Coortnomenust (5.3)...(5.5) Ha3wIBalOT OJughghepenyuanvruvivu 3asucumocmsamu
npu uzeube, U3 KOTOPHIX MOXHO YBUJIETh, YTO nonepeunas cuira Q npedcmasnsem
co601l nepsyio npouzsoonyio om uzeubarowezo momenma M no onune 6pyca (popmyna
(5.9)).

Ilpouzeoonas owce om nonepeunot curet Q no Oaune Opyca Oaem
UHMEHCUBHOCMb 6Hewnell pacnpeodenennou nazpysku ( (Gopmymna (5.3)).

A u3 dopmynsl (5.5) BumHO, YTO 6émopas npouzeooHas om uzeubarOweo
momenma M no onune 6pyca pagHa UHMEHCUBHOCTU PAChpedeleHHOU Haspy3Ku (.

[Tomy4eHHBIC 3aBUCUMOCTH MOTYT OBITh HCIIOJIb30BaHBI IIPH MIOCTPOCHHUH SITFOP

QuM.

5.2 Anaaus nuddepenuuanbupix 3apucumocteit mexxay (, Q u M.
IlpaBuwiia MOCTPOEHHS JMIOP BHYTPEHHHMX yCHJIMIA

N3 cootHomenuit (5.3)...(5.5) MoxHO caenaTh HEKOTOpbIE OOIIHE BBIBOJBI
0 Xapakrepe »mop u3rubaromux moMmeHToB M u monepeunsix cewenmii cun Q u

COCTaBUTh CIEAYIOIINE NPasula NOCMpOeHUs INIOP:.
1 Paccmorpum cnywaii, xorma ( =0, T.e. Ha paccMaTpUBaEMOM y4acTKe

OaJKu OTCYTCTBYET pacnpe/iejEHHas Harpy3Ka.
Torna coriacuo dpopmynam (5.3)...(5.5):

dQ
—==09=0,
dz 9

nmonysaem Q=const=C;, a M =C;z+C,.

CrnemoBarenbHo, Ha ydacTKax, Tjie HeT pacnpenenenHoi narpysku (g =0),
smopel Q orpaHWYeHbl NPAMBIMH, NapailedbHBIME  0a30B0M JuHUH, a dmopsl M
MPEACTABIAIOT COOON HAKIIOHHBIE IPSIMbIE, TAHTEHCHI YTJI0B HAKJIOHA KOTOPBIX DPAaBHBI

Q (puc.5.2).
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S @
©
m @ M.-

Pucynox 5.2

2 Ecnu Ha HEKOTOPOM YyYacTKe:

a) Q>0 (cm. puc.5.2, a), 1.e. tga>0, to smopa momento M Bospacraer

(TpH IOCTPOEHHUH SIIOPHI ClIEBa HAMPABO), T.€. BIOJb IMOJOKUTSIHHOTO HAIMpPaBICHHS
ocu Z (cm. puc.5.2, a);

6) Q<O0,re. tga<O, ro smopa momenros M y6riBaer (cm. puc.5.2, 6).

3 Ha yuwactkax, rme K Oajke MNPWIOKEHA PaBHOMEPHO pacipeaesieHHas
marpyska (=const =C (puc.5.3), osmopa mnomepeunoii cuimel Q  cormacuo

dopmyine (5.3) orpaHnveHa HAKJIOHHOH MPSIMOK

Q=Cz+C,,

a JIIropa 1/13r1/16a10mer0 MOMCHTA - KBaIIpaTI/I‘{HOﬁ napa60J10171
2

M :c%+clz+cz.

q q

@

I &M

N4

a 4]
Pucynok 5.3
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[Tockonbky smopy M cTporm Ha cKaThIX BOJOKHAX, TO BBHITYKIOCTH KPUBOM
HampaBjJieHa B CTOPOHY,  NPOTHBOIOJOXXHYIO  HAMPABJICHUIO  JICUCTBUS
pacrpenenenHoi Harpy3ku ( (cm. puc.5.3).

2 B ceuenmsx, rae Q =0, xacarensnas x smope M napannensna 6azosoit
nmuann (M. puc.5.3), a 3mauenne M — skcrpemansno. Ecmn Q mepexomur — uepes

HOJIb, MCHSISl 3HAK ¢ &+HT Ha & T, To M =M o (cM. puc.5.3, a), a ipu U3MeHeHUH

7 e

3Haka ¢ & ff ma & - M =M, (cm. puc.5.3,6).

3 B ceuenusx, rae k 6ajike MPUIIOKEHBI COCPETOTOYCHHBIE CHUITBI:
a) masmope Q OyayT ckauku Ha BenuuuHy 5>TUX cuia (puc.5.4) u ¢ yueTtom nx

3HAKOB, IPHYCM CICAYCT OTMCTHTH, YTO IPH IIOCTPOCHHUH DJBHIOP CJICBA HaIpPaBO
HaIpaBJICHHUEC CKa4YKa COBIAAACT C HAIIPABJICHUECM CHUJIbI,

0) ma smope M OyayT M3IOMBI, OCTpHS KOTOPHIX HAIPABJIECHBI IPOTHB
HAIPaBJICHUS COCPEIOTOUCHHON CHIbl (CM. puc. 5.4).

l | 1 |

»
»

1L B ? HIREREREEN @
il |
' < &

Pucynox 5.4

4 B cedeHusx, rae K Oanke TMPUIOKEHBI COCPEIOTOYECHHBIE MOMEHTHI
(puc.5.5), na smope M GynyT ckauku Ha BeOTMYHMHY BHENIHMX MOMEHTOB C YYETOM MX
3HAKOB, IPUYeM JMHUK 3miopsl M 10 ckayka W IMOCie HEro MapajvieibHb, a Ha
smope Q usmenennit ne Oyner. Cienyer, OJHAKO, OTMETHTh, YTO, €CJIU B OJHOM

CCUCHHH IIPUIIOKCHBI U CHUJId, © MOMCHT, TO CHUJIa BBI3bIBACT IICPCIIOM W HAPYyIIACT
mapaJiuICJIbHOCTD.
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I ©

T T e @
paatllii

Pucynok 5.5

5 Ecmm nHa KOHIICE KOHCOJM HJIIM B KOHIIEBOM O1Iope K OaJke IMPUII0KCH
COCpCIIOTO‘ICHHBIﬁ MOMCHT, TO B 3JTOM CCUCHHHU I/IBFI/I6aIOH_II/Iﬁ MOMCHT paBCH

BHeIHeMy MoMeHTy (puc.5.6, ceuenne C).

M, “ A
C) B
—
I
Pucynok 5.6

Ecnu xe B mIapHUpHOM OMOpPE BHEIIHMKW MOMEHT OTCYTCTBYET, TO B HEU
m3rubaronuii momenr M =0 (cM. puc.5.6, ceuenue B), YTO HMEET MECTO B
OOJIBIIMHCTBE CIIyYaeB.
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5.3 XapakrepHble ce4YeHUs.
HMpunuun nocrpoenust >mop Q u M ans 6anok no xapakrepubim

ceyenusiM. IlpoBepka NMpaBWILHOCTH NOCTPOEHHS IMIOP

Hau6Gonee yno6no crpouts smopsl Q 1 M 1o xapakrepHbiM ceueHusM.

XapakmepHvimu ceueHusMU CUUMAlOmcs cedenus, 8 KOMOPbIX NPUNONCEHDbI
COCpeoomouennvle Culbl UMU COCPeOOMOYEHHble MOMEHMbL, HAYUHAEMCS UIU
3aKaHuueaemcs pacnpeoenennas Hazpyska, ceuenus, 6 komopvix Q obpawaemcs 6
HYTb, A MAKHCe 8 MeCmax U3MeHeHUs HaANpasleHuss OCU CIMEPICHA UIU BETUUUHbL €20
HONepeuHo2o ce4etusl.

MO>XHO PEeKOMEHA0BATH CIAEAYIOMIMHI MOPSJOK TOCTPOCHHUS SMIOP:

1 Haiitu omopHbie peakimu (A7 KOHCOJIM PEaKIMA MOXKHO HE HAXOIUTh M
CTPOUTH JMIOPY OT “CBOOOJHOrO” KOHIA OalK¥, HO TPH ATOM OYyJIeT HEBO3MOXKHO
OCYIIECTBUTh MPOBEPKY MPABUIBHOCTU TIOCTPOCHHS SITIOP).

2 OTMETHUTh XapaKTePHBIC CEUCHHS.

3 Boruucauth 3Hadenus (Q B XapakTepHBIX CEYEHHMSX, 3aTEM, “IBHIasch’
BIOJIL Oanku (KedaTelnbHO ClieBa Hampaso), moctpouts smopy Q, ucnombsys

BBIIICOIIMCAHHBIC ITpABUJIA.

4 BplyuCIUTL 3HAYECHHS M B XapaKTCPHBIX CCUHCHUAX. HOCTpOI/ITB OIIIOPY
M IO 3TUM 3HAYCHUAM, HCIIOJIB3Ys IMMPUBCACHHBLIC PAHCC IIpaBUJIA.

HpOBepKa MMPaBHIIBHOCTU  ITOCTPOCHUA OITHOPHBI Q u M CBOJUTCA K

MOCTPOCHHUIO DJIIOPbl  NpPH  “ABUKEHUU , TMPOTHUBOIOJIOKHOM MEPBOHAYATHLHOMY
(manpuMmep, crpaBa HaleBo). Kpome »3Toro cieayer oOpaTHTh BHHMaHHUE Ha
HanpapJIeHHE CKAaYKOB M HAKIOHOB NIpAMBIX Ha osmope M .

Paccmotpum npumep moctpoeHust S0Pl 11 O0aliK, TOKa3aHHOM Ha puc .5.7.

1 Cnauvana onpenenum peakiuu ornop. [IockonbKy BCce BOSHHUKAIONIIUE — CHIIBI
HaNpaBlieHbl BEPTHKAIBHO, TO TOPU3OHTAJbHAS pEaKlus MIaAPHUPHO-TIOABUKHON
OTMopbI OyJIeT paBHA HYIIIO.

JIsI OIIPEACIICHUA R u COCTaBUM dABHCHMUS PaBHOBCCHA B BHUJIAC CYMMBI
A

MOMCHTOB BCCX CHJI OTHOCHUTCIIBHO TOUYCK Bu A:

SMg=0; - Ry,>6+P>5+(q>2°4+M =0 Orkyna Rp =51 kH.
SM,=0; Rg*6+M-0>2°2- P>1=0 Tonyyaem Rg =15 kH.

OcyuiecTBisieM TPOBEPKY HAWJICHHBIX PEaKIUM:
SY=0; Py- P- >2+Rg=0; 51- 30- 1852+15=0.

[onyyaem ToxzuectBo. Cienosarensio, Ry u Rg Haiinenst BepHo.
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Y P=30xH
" g=18 kHIM

I / M=12 kH

Abyd 2!"!:} lll{l l4| !5 - B 7
7/%;=5le : — 7727

| Ro=15kH
1m 2 M 3m
Z5=1,17m
<>
51 5
|
o |||
|
N é @, xkH
!
i 15
!
; /]\4maX::63,25
=g
AT TN 57
rel )
S 45
i @
Pucynox 5.7

2 O6o3HaunM 6 XapakTepHbIX cedeHui (cM. puc.5.7). OOBIYHO UX HYMEPYIOT
apaOckumu 1 pamu.

3 Bynem crpouts smopel Q u M, “aBurasces” crnesa Hamnpaso.
Bce mnaiinennsie 3Hauenms Q um M B xapaxrepHBIX ceueHMAX cBexmeM B
Tabnuiy 5.1.
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Ta6muma 5.1
Ceu. Q, xkH M;, kH-m
1 1Q=R,=5] M, =0;
2 | Q,=R,=51; M, =Ra>1=5]
3 | Q3=Ra-P=21 M;=M3 =51,
4 | Qu=Rp-P-qg*2=-15 | M, =Rp>3- P>2- >2°1=57;
5 | Q5 =Qy =-15 Mg =M, - M =45
6 | Qs =Q5 =-15. Mg =Rp26- P>5-(22°4- M =0.

4 Otnoxum monydennsie 3nauenus Q u M; or coorBercTByOIIMX 6a30BBIX
nuHui B BeIOpanHOM Macmrtabe (Macmrabel Q m M MoxHO BBIOMpaTh He3aBHCHMO
apyr ot apyra). CoeIMHAM MOJTyYEHHBIE TOYKH IPAMBIMH (32 HCKIIFOUYCHUEM  YYacTKa
3- 4 ma smope M ).

1 Cormacno mpapunam 2 u 4 smopa M ma yuactke 3-4 orpanmueHa
KBaJ[paTUYHOW TapadoJioil, BBIMYKIOCTh KOTOPOW HaIpaBlieHa BBepX (HaBCTpedy
HaMpaBJICHUIO Harpy3ku Q).

[TapaGona ummeer oskctpeMym M =M max B touke K, tme Q =0.

Koopaunary 310l Toukn Zy ymnoOHO HAXOAUTH MO Gopmyrie

Q
Z, =-<ae (5.1)
K g

e Q,,, — 3HaYeHHE MONEPEYHON CHJIBI  ClieBa OT OKCTPEMyMa,

T.e. B HameM ciydae Q.. = Qg =21 kH,

( — UHTEHCUBHOCTh pACIPEIEICHHON Harpy3KHu.

21 117 m.
8

Otkyna M max=R,>217- P>117- q>117°0,585 = 63,25 xH-m.

Ormnoxxum Ha smope M touky M max=63.25 xH-m u nocrpoum
napabouy.
[TocTpoeHHrEe DHIOP 3aKOHYEHO. 3ALITPUXYEM OIIOPBl  NEPREeHOUKYAAPHO
0a30BOI1 JINHUMU.
IIposepum NPaBUIBLHOCTD IIOCTPOEHUS DITIOP.
1 B ceuenuax 1 u 6 HET BHEMIHUX COCPENOTOYEHHBIX MoMeHTOB, T.e. M =0,
yTo M oTpaxeHo Ha omope M .

Haiinem Zj =
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2 Ha yuactkax 1-2 u nanee no touku K Q>0 - smopa M Bospacraer. Ha
ocranbHoi uwactn Oanku Q<0 - smopa M yGoiBaer.

3 Ha smope M B ceuenmsax 1, 3 u 6 BugHbl u3n0Mbl (06BEIEHBI KPYKKAMH),
OCTpUE KaXJOT0 M3 KOTOPBIX HAMpaBICHHO HAaBCTPEUYy CHJIaM, COOTBETCTBEHHO,

RA’ P nu RB

4 TIposepum moctpoenue smopbl Q, “mBurasce” crpasa HaEeBO:
Qs =-Rg =-15kH (3Hak «», T.k. Rp crpemurcs noBepHyTh Oaiky
OTHOCHUTEIILHO CEYCHUs 6 MPOTUB X0/1a YaCOBOM CTPEIIKH);

Qs = Qg =-15 kH (na yuactke 6-5HeT COCPEIOTOYCHHBIX CHII);
Q4 =Qg =-15kH (cocpenorouennsiit MomenT M He Biusier Ha smopy Q );

Q3 =-Rg +(°2=21kH (pacupenmenennas Harpy3ka (  cTpeMHTCS
IIOBEPHYTH 0AJIKY B IOJIOKHUTEILHYIO CTOPOHY, T.€. IO X0y YaCOBOM CTPEIKH);

Q=-R3+q°2+P=51«H (cuna P rtoxe monoxurensua);

Q; =Q, =51xH = R,.

3 Tloctponm smopy M |, “ neurascs” crpasa Haseso:

Me = Rg°0=0;

Ms =Rg*3=45 xHwm (cuna Rg Bbi3bIBaeT ckaTve BEpXHUX BOJOKOH,
nostomy smopy M crpoum BBepx oT 6asbl);

M4 =Mg+M =57 xH-m (ckauok BBepx);

M3 =Rg?*5+M - (q>2°1=51 xHwm (sa yuactke 4-3 KBajparTH4Has
napabojia HanpasjieHa BHITYKIOCTbIO BBEPX);

M, =M3; =51 kHm (cuma P He Bnuser na smopy M).

M;=Rg’6+M-(>2>2- P>1=0.

IIpoBepka OKOHYEHA.
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5.4 TIlocTpoeHne >M0p AJsl pam

Pama — xoncmpyxkyus, cocmoswas u3  NPAMOAUHEUHBIX — CIMEPHCHEU,
coeduneHHbIX dcecmrumu yaiamu. Ocb pamvl npedcmasisiem coool JOMAHYI0 JTUHUIO,
O0OHAKO KANCOBLU €€ NPAMOJIUHEUHBLU YUACTOK MONCHO PACCMAMPUBAMb KAK OAIKY .

BepTukanbHO pacnonioKeHHbBIE CTEPAKHU PaMbl IPUHATO HA3BIBATH CMOUKAMU, &
TOPU30HTANIbHBIE — pucensimu. JKeCTKOCTh y3JI0B YCTpPaHSAET BO3MOXHOCTh B3aUMHOTO
MOBOPOTA CKPEIUIEHHBIX CTEP)KHEW, T.€. B Y3JIOBOM TOYKE YIIIBI MEXKIY HUX OCAMU
OCTAIOTCSI HEU3MEHHBIMHU.

PaMbl UMEIOT OJIMH MJIM HECKOJIBKO KECTKUX Y3JIOB. B KECTKOM y371€ TOpIIbI
COCIUHSIEMBIX CTEpKHEU HE UMEIOT OTHOCHUTENIBbHBIX MOCTYNATEIbHBIX
MEPEMENICHHI, a TaKX€ OTHOCUTEIbHBIX MMOBOPOTOB. Kaxaplii NpsSMOJUHEHHBIN
y4acTOK paMbl MOXXHO paccMaTpuBaTh Kak Oaliky W CTPOHUThH BMIOPY MJI KaXKJAO0TO
y4aCTKa OTHAEJIBHO.

B ornuume oT 0OBIKHOBEHHBIX Oalnok B cedeHusx pamel, kpome M u Q,

neficTByroT ente npomponbHeie  cuibl N . CremoBarenbHo, 1 paM HEOOXOAUMO
crpouts dmopsl N, Q u M .

I[JISI CHJI N u Q COXpaHAIOTCA paHCC IPUHATHIC IIpaBHJIa 3HAKOB.

- N >0, ecnu npogonbHbIE CHIIBI BBI3BIBAIOT PACTKEHHUE;
- Q>0, eciu monepeyHble CUIIBI CTPEMSATCS BPAIATh YACTH PACCEUEHHOM paMbl

(OTHOCHTEJIBHO TOYCK, OJU3KUX K CEYCHHUIO) TI0 YaCOBOM CTPEIIKE.

Jns M cnenmanbHOro mpaBuiia 3HaKOB HE yCTAHABIMBAIOT, @ IIPU COCTABICHUH
BBIDAKEHUM ISl  M3rMOAONIMX MOMEHTOB NPUHUMAIOT KAaKOW-TMOO MOMEHT
MOJIOKUTENIbHBIM IO COOCTBEHHOMY YCMOTPEHHIO.

Pemrenre 3amaun HauMHAKOT C ONPENEIICHHMS ONOPHBIX peakuui. Ecnum pama
UMEET  ONOpYy B BHMJAE JKECTKOW 3aJ€NKH, TO PEAKUHUH, KaK MpPaBUIO, HE
OTPEJIEIISIOT, @ TOCTPOCHHE S0P BEAYT CO CBOOOIHOIO KOHLIA PaMBI.

Yeunusa onpenenstoT B XapaKTEpHbIX CEYEHUSAX pambl, T.€. B Hadalle U B
KOHIIE YYaCTKOB W B Y3JIOBBIX CEUEHMsX. HM3eubarowuti MomMeHm B CEUEHUU
OTIPEJIENISIIOT TaK K€, KaK W JUisl Oallki, a  OmKIA0bleaom Ha CHCAmbIX BOJOKHAX
pambl. OpJIMHATHI YCWIIUM OTKIAABIBAIOT HNEPHEHOUK)ISIPHO K OCH PaAMBI.

PaccMoTpuM npumep MocTpoOeHuUs SMIOPHI A 0anKu, NOKa3aHHOM Ha puc.5.8.
Onpenenum peakuu omnop:
2

3 Mg=0; M- R x{a+h)+Pxd- a)+q%:o
R1:18,4KH; C2

AMA=0; M +P>(d+b)+q3- Ry {a+b)=0
Ry = 404 «H.

a X =0, R,=q>c=15«H;
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PZZZKE d=22m
- - - M =10xH *m
7 B, 8, CIG 514
E :“4 il ,;A__»RZ = 15KH
§ 1 |4 R, =184xH
! %[ N
, O I
Ry =404xH} 1 ©
_ o8 4
A1 2
777
a=1m b=2um
Pucynok 5.8

[Iposepka: éY:O; - R1+R3- P=0
- 184+404- 22=0; 404 =404.

PaccraBum xapakTepHble CEUYEHUSI U NPOHYMEPYEM HUX TakK, 4YTOObl OHH
CXOJUINCH K OJJHOMY Y371y, Hanpumep, K y3iy C.

OnpenenuM 3HA4YEHHs MPOJIOJNIBHBIX CHUJI B XapaKTEPHBIX CEUECHMSIX, JUJISI YEro
HEO0OXOIMMO CIPOELMPOBATH CUJIbI, TPUIIOKEHHBIE K YACTU PaMBbl, JIEKaIEH MO OJHY
CTOPOHY OT paccMaTpuBaeMoro ceueHusi. Takum oOpa3om, noayyaem:

N; =N, =0; Ny =N, =- Ry =- 404xH;
Ng=Ng =- R, =-15xH; N, =Ng=0.
[To otuM nansbM ctpoum smopy N . OHa uMeeT BU IBYX NMPAMOYTOJbHHUKOB,

PACIIOJIOKCHHBIX HA IIPABOM pUI'CIIC U HA CTOMKE.
OHpCIICJII/IM SHAYCHUS IMOIICPCUYHBIX CHUJI B XAPAKTCPHBIX CCUCHUAX. B mro6om

ceueHuM Ha yuacTke 1-2 nomepeunas cuna paBHa R3 ¥ uMeer momoxkwurensHoe
3HauY€HUe, T.K. CTPEMUTCS NOBEPHYTh Y4YacTOK IO 4yacoBoil cTtpeinke. Ha ydactke 5-6
nonepeyHas CHjIa TaKKe MOJIOKUTENbHA M paBHa Ry, a Ha yuactke 7-8 momepeunas

cuna orpunarenbHas u pasHa P. B ceyennu 3 nomepeunas cuna emé pasua O, a
3aTeM, M0 Mepe NPUOIMKEHHs] K CEYeHHIO 4, OHAa BO3pPACTaeT U JIOCTUTAET 3HAYEHUS

CC, uMest mpu 3TOM OTPHUILIATENBHBIN 3HAK.

Q= =Ry =404«kH,; Q3 =0; Q, =-q>c=-15«H;
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Qs =Qs =Ry =184«H,; Q; =Qg=-P=-22xH.

OHpCIICJII/IM 3HA4YCHUA I/IBI‘I/I6aIOH_II/IX MOMCHTOB B XapaKTCPHBIX CCUCHHIX,
PYKOBOJCTBYACH BBINICIIPUBEICHHBIMH IIPaBUIIAMM.

M, =0; M, = Ra = 40,4xH Xu; M, =M, = 40,4xH Xu;
2

M4=R3a—q%=216KH><M; M =M =10xH Xu;
Mg =M - Rb=-268xH xu; M, =0; M,=-Pd=-484kH Xu.

IMoctpoum smropel Q u M (puc.5.9). IlpasunsHocTs noctpoenus smopsl M
IPOBEPHM IyTEM CYMMHpPOBaHus MOMeHTOB B y3iie C.

404 18 18
® 5 | |@
15 15 é \
22
o 22
204 @ kH 404 404
’ +) @, H
216 B

[IpoBepka
I S T
F 484 | Al
— 216

404
7 Dmopa M
@ , KHm OCTPOCHA BEPHO.

Pucynox 5.9
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6 CJIOZKHOE HAIIPSA’KEHHOE COCTOSHHUE
6.1 JIuHeliHOe HANPSIZKEHHOE COCTOSIHNE

[Ipy wW3yueHHMH HaOpsHKEHUH B MpU3MaTHUYECKOM Opyce, MOJIBEPKEHHOM
OCEBOMY pacTshkeHuIo cunoii P, Mbl paHee paccMaTpuBanM TOJNBKO HAIPSHKEHHS I10 |
MIONEPEYHBIM CEUEHUSIM, MEPIICHANKYISIPHBIM K OCH CTEPIKHS.

BbruncnuM  HampsikeHus, JCUCTBYIOIIME 10 KaKOMY-JIMOO HaKJIOHHOMY

ceueHnIo. PaccMOTpMM NpPU3MATHYECKMH CTEpKEHb, pACTAHYTBIA cuiamu P
(puc.6.1, a).

3,

Pucynox 6.1

Pa3znenum ero Ha aBe yactu ceueHueM MN, cOCTaBISAIONIUM Yroji O C Momepey-

HpIM cedeHreM MK, meprneHIuKyISpHBIM K OCH. 3a HOJOKUTENLHOE HAIpaBIeHUE
OTCYETa ITOT'O yIja IIPUMEM HAIPaBICHUE IIPOTUB X014 YaCOBOU CTPEIIKHU.
OGo3Hauum miomans ceuenus MK depes FO, a momans cedeHus MN

0603HaunM uepes F, . ITpu aTom

F,= 0

= . (6.1)
COS a

JI71s1 Hax0XKICHUST HAMPSHKEHUS 10 cedeHHIo MN oTOpOCUM MBICIIEHHO BEPXHIOKO
yacTh cTepxkHs (cM. puc.6.l, 6) W 3aMEHMM JCHCTBHE €€ Ha HHXXHIOIO 4YacTh

HaIlPAKCHUAMHA p(X’ KOTOPBIC paBHbI

0 = P :Pcosa
¢ F Fo

o

=6, COS 0, (6.2)
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P

Tac GO = — - HOPMAJIbHOC HaIIPAKCHUC 110 IIomaake mk,

Fo
IEPHEHIUKYISPHON K OCH CTEPIKHS.
JI71s1 TOro 4ToOBI IIPH JHOOOM yIJIE HAKIOHA & UMETH JENIO BCEra ¢ OJHUMH H
TEMU K€ BUIAMU HaHpH)KeHHﬁ, paSJIO)KI/IM HaHpH)KeHI/Ie pO! Ha IBC COCTaBH’IIOH_H/Ie:

B TUIOCKOCTH IMN ¥ neprneHauKyIsIpHO K Heil (puc.6.2, a).

e

Pucynox 6.2

Takum oOpaszoM, HampsbkeHus [, , JAedcTByomme ©O Iomazake [N,
3aMEHSIEM JBYMsI B3aMMHO MEPHEHIUKYISPHBIMU HANPSHKEHUSIMUA. HOPMATbHbIM
Hanpsoicenuem Gy W KacamenbHblM Hanpsaxcenuem T,. BenuuuHbl 3THX IBYX

HaHpH)KeHI/Iﬁ 6YIIYT MCHATBCA B 3aBHCUMOCTH OT HU3MCHCHHUA VYIJIa a MCIKIAY
HOPMAJIBIO K INIOHNIAAKE U HAIIPABJICHUCM paCTHI‘I/IBaIOH_Ieﬁ CHUJIBI.

G, = P,COS0 = 6,C0s°a, (6.3)

(03

T

- : 1 .
4 = PySINo =0cpSinocosa = Ecosm 20. (6.4)

[Ipumewm clrienyroliee npaguio 3HaKos.
Hopmanvuvle muanpsiswcenuss 60yoem cuumame NONOACUMENbHLIMU, €CIU OHU
8b13b18AI0M PACSAICEHUE.
Kacamenvnoe mnanpssicenue 6ydem cuumames NOJIOHNCUMETbHLIM, €ClU  OHO
CMPeMUmMCcs. NOGEPHYMb PACCMAMPUBAEMYIO YACMb IAEeMEeHmMd OMHOCUMENbHO €20
yeHmpa no xo0y 4aco8ou CMpenKu.

Ha pI/IC.6.2, 0 TOKa3aHbI MOJI0KHTECIIbHBIC HaIlpaBJICHUS HaHpH)KeHI/Iﬁ GOL u
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[Ipu nro6om yrie HaKJIOHA MJIOMAAKU A& MBI Bcerja OyneM UMeTh 10 JIUIIb
C JBYMs BHUJAMH HaIpsDKEHUM, JEHCTBYIOIIMX B KaXJAOW TOUYKE MPOBEICHHOTO
paspe3a. ¢ HOPMAJIbHBIMH M KacaTeJIbHBIMU HaNpsDKEHUAMH. OTH JBa BHUJA
HaIpsDKEHUH COOTBETCTBYIOT JBYM BHAaM JedopMaiivii, KOTOpbIE HCIBITHIBACT
Martepual CTePKHSI.

BoimenuM #U3 pacTSAHYTOTO CTEpPXKHsSI ABYMS HAKJIOHHBIMHU TapajuieIbHbIMU

ceuenusmu 1-1 u 2-2 Tonkwuii cnoit marepuana (puc.6.3).

Pucynok 6.3

Ha KaXAYIO IINIOCKOCTb HCﬁCTBYIOT HOPMAJIBHBIC  HAIIPAKCHUA (¢ L

pacTATUBAOIIUEC 3JICMCHT, U KaCATCJIbHBIC TOL’ BBI3BIBAOIIIUEC CABUI CCUCHUU 1‘1 u

2-2, napasienbHo OHO IPYroMy.

Takum 06pa3oM, IPUCYTCTBHE THX JABYX BUJOB HANPSKEHUI COOTBETCTBYET
HAJIMYMIO JBYX BUIOB jedopManmii: mpogonsHoil aedopmaiuu (YIIMHEHHE WIH
YyKOpOUeHHE) U Ae(pOPMALMH CIABHIa. JTOMY COOTBETCTBYIOT JBa BUJA PAa3pPYIICHUS
MaTepuana, KOTOpble HaOMIOAaeM IIPH MPOBEACHUH JabOPaTOPHEIX paboT — nymem
ompuiéa (pacTSKEHHE CTAaIBHOrO 00pasua) W nymem coeuza (CKaTHe YYT'yHHOTO
obpa3iia).

Jlns Toro 4ro0bl YOEAUTHCH B JOCTATOYHOM COIPOTUBICHUM MaTepuaia
CTEpKHS Pa3PyLIEHUIO OTPBHIBA, HEOOXOIMMO yCTAHOBUTH HAaMOOJBINEE 3HAYCHUE
a =0° (cm. popmymny (6.3)).

MakcumyM xe T, nonyaurest npu SiN2a =1, 1.e. npu 28= 90 na= 45°(CM.

dbopmyny (6.4)). BennunHbl HanOOJBIINX HANPSHKEHUN PAaBHBI:

maxc, =og :Fi; maXTa:%GO. (6.5)
0
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Takum oOpa3oMm, Haubonvuiue HOPMANbHbIE HANPANCEHUS. OelcmEYIom No
naowaokam, NepneHOUKVIAPHbIM K OCU CMEPHCHA, HAUOOIbUIUe KacamenbHble
HAanpsicenust 0elcmayiom no niowaokam, CoOCmasisstouuM y2oJ 45 ¢ HanpaeieHuem
OCU CMepoICcHsl, U PABHbL NOJIOBUHE HAUOOILUUUX HOPMATbHBIX HANPANCEHULL.

6.2 IlonsiTHe O IJIABHBIX HANIPSKEHUSIX.
Buabl HanpsizKEeHHOT 0 COCTOSTHUSL MaTepuaJja

MBI 03HAaKOMHJIKCH C TIOBEACHHEM MaTepraia Py OCEBOM HIIM, KaK €ro 4acTo
Ha3bIBAIOT, MPOCTOM pACTSHKEHHMM M CKaThd. Ha mpakThke, OIHAKO, BO3MOKHBI
Cllyyad, KOrJa II0f IEHCTBHEM BHEIIHHX CHII DIIEMEHT MaTephalia IOIBEpPraercs
PAaCTSHKEHUIO MM CKATHIO IO IBYM HIIM TPEM HAIpPAaBICHHAM, T.C. HAXOIUTCS B
YCIOBHUAX CLONCHO20 HANPANCCHHO20 COCIMOSIHUAL.

BbL10 MOKa3aHo, YTO IPH MPOCTOM PACTSHKEHHH BO3MOKHBI HAIIPSHKECHUS IBYX
BHJIOB. HOpMajbHbIe M KacatenbHbie. M3 dopmyn (6.3) u (6.4) ciaemyer, 4To 1O

CEUEHUsIM, MEPIEHAMKYIAPHEIM K ocH pactsanytoro crepxkas (2=0), Bosnukaror
TONbKO HopManbHble Hampsbkenus (7 =0), mo ceyenusm, mapauienbHbBIM €r0 OCH

@=90), et an HOpPMAaIIbHBIX, HM KacarenbHbix Hanpsokeruii (0 =0 u 7 =0).

IInowaoku, Ha KOMOPLIX Hem KACAMENbHbIX HANPAJICEHULl, HA3bLEAIOMCSL
2NAGHBIMU;, HOPMATIbHBLE HANPANCEHUS HA DMUX NIOUWAOKAX HAZbIEAIOMCS 2AGHLMU
HANPANCCHUIMU.

B Teopuu yOpYrocTd OKa3bIBAE€TCsA, 4YTO B KAXKIOH TOYKE IrHOOOro
HAIPSHKEHHOIO TeJIa MOYXKHO IIPOBECTH TPY B3aMMHO IEPHEHIUKYISPHBIE IIIABHBIE
IUIOIIA[KH, YEPE3 KOTOPBIE IEPENAIOTCS MPU 2AA6HbIX HANPAJICEHUs, U3 HHUX IBa
MMEIOT DJKCTPEMAIILHBIE 3HAYEHUS. OIHO SBISAETCA HAUOONbUWUM HOPMAJIBHBIM
HAIPSHKEHUEM, IPYTOE — HAUMEHbULUM, TPETE — NPOMEIICYNOUHOE.

B Kax10ii TOUKE HANPSHKEHHOTO TENA MOKHO BBIIEIUTH DIEMEHTAPHbIN KYOUK,
IpaHsAIMH KOTOPOTO SBJISIOTCS 2nasHvle niaowaoxku (puc.6.4). Marepuan kyOuka
pacTArMBaeTCA WM CKHMAETCS TPEMS B3aMMHO MEPINEHAUKYISPHLIMH TJIaBHBIMH
HAIPSHKEHUAMH, TIEPENAOIIMMUCS YEPE3 ITH TPAHM.

B ciydae mpoCTOro pacTsKEHUs OJHA IIIaBHAs IUIONIAAKa B KaIOHW TOYKE

nepnenaukyiaspaa k ocu crepxus (@=0), a aBe mpyrue mapasenbHbI DTOH OCH
(@=90). Tak kak 1o mepBoOl TIJIABHOM IUIOINAJKE HOPMAILHOE HAINPSDKEHUE HE
pasno mymo (o1 0), a o AByM ApyruM oHO 0OpaIaeTcs B HYIb, TO IIPH IIPOCTOM

PACTAKCHHUHN WU CKATHUU B KaXXJI0M TOYKE CTCPIKHA U3 TPCX IIABHBIX HaHpH)KeHI/Iﬁ
TOJILKO 0OHO HE PaBHO HYJIFO. OHO HAIIPABJIICHO ITapajlyICJIbHO paCTHI‘I/IBaIOH_Ieﬁ CHJIC N
OCH CTCPIKHA. Takoe HaIIPAKCHHOC COCTOAHHUC MAaTCpHajld HA3BIBACTCA JUHEUHBIM.



64 6 CNNOXHOE HAMNPAXEHHOE COCTOAHNE
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Pucynox 6.4

Ha npakTtuke BcTpeuaroTcs ciiydau, Korja 3JIEMEHT MaTepuala, B Buje KyOuka,
MOABEPracTCsl PACTSIKEHUIO WM CHKATHIO MO JIByM B3aUMHO MEPIECHAMKYISIPHBIM
HaIIPaBJICHUSIM WJIU TIO BCEM TPEM.

Taxoil cnydail pacnipeienieHus] HalpsKEHU B MaTepuale, Koraa 06a TJIaBHBIX
HaIpsKEHMS HE PaBHBI HYJIIO, HA3bIBAETCS NJIOCKUM HANPANCCHHBIM COCMOSAHUEM.

Ecnm ke Bce mpu rmaBHBIX HAIPSIKEHUS HE PABHBI HYJIO B PACCMAaTPUBAEMOI
TOYKE, TO HAJIMIIO CaMbIi 001U ciaydail pacnpeneseHus] HanpsbKeHW B MaTepuasie
— 00veMHOe HanpsadceHHoe cOCmosHue, IPU KOTOPOM dJIeMEHTapHbI KyOuK OyaeT
MOABEPraTbCsi  PACTSHKEHHIO  WJIM  CKATHI0O 1O  BCEM  TPEM  B3aMMHO
MEPIEHANKYJIIPHBIM HaIPaBICHUSM.

['naBHbIE HamNpsDKEHHWs] YCJIOBUMCS B JalibHEHIeM o00o3HayaTh OyKBamu

S1,S»> u S3. Hymepauuio riaBHbIX HaNpsOKCHUH YCTAHOBMM TakuM OOpasoM,

4yroOBl S; 0003HAYalo0 HauOoJbIIEE IO aureOpanyecKod BeIUYMHE, a S 3—

HauMeHblee HanpsbkeHue. Takum o0pa3oM, JOJIKHO COOTI0AATHCS YCIOBHE
S1>S,>S,.

C)KI/IMaIOH_II/Ie HaIIPpsKCHUA YCIIOBHUMCH, KakK u MpeiKac, CUHUTAaTh
OTPpHUIATCIBHBIMHU,; IIO3TOMY, €CJIM, HAIIpUMEDP, IJIABHBIC HAIIPSIKCHUS 6YIIYT HUMCTDH
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snauenus +40MIla, - 60MIla, + 100MIla, to nymepanus HanpsKeHWH JOIDKHA
OBITH TAKOM:

S 1=+100MI1a, S ,=+40MI]a, S 3= - 60MIIa.

Takum 0Opa3zomM, cieayer pa3iauyarh TPU BUA HAMPSHKEHHOTO COCTOSTHUS:

1 Obvemnoe nanpsicennoe cocmosinue — KOTJa BCE TPU BHUAA TJIaBHBIX
HANPSHKCHUH HE paBHBI HYNIO (HAlpuMep, Ciiydall pacTsKCHHS WU CXKATHS 110 TPEM
B3aWMHO TIEPIICHAUKYIISIPHBIM HAIPABJICHUSM).

2 [Inockoe HanpsodicenHoe cocmosaHue — KOTJa OJIHO TJIaBHOE HANpsKEHUE
paBHO HYJIO (CiTydail pacTsHKEHUS MITH COKATHS IO JBYM HAINPABJICHUSIM).

3 Jluneiinoe HanpsodicenHoe cocmosiHue — KOTJa JBa TJIaBHBIX HaNpPsKEHHS
paBHBI HYJIIO (CITydail pacTsHKEHUS MITH COKATHS BIOJIb OJHOM OCH).

6.3 Ili1ockoe HANIPSIZKEHHOE COCTOSIHUE

JIns mpoBEpPKH NMPOYHOCTH Marepuasia Mpy INIOCKOM HAIPSY)KEHHOM COCTOSIHUU
HEOOXOMMO HaWTH HauOOJbIIME 3HAYEHUS HOPMAIbHBIX M  KacaTeJIbHBIX
HaIPsKESHUM.

Paccmotpum anement (puc.6.5), rpaHu KOTOPOTo SBISIOTCS TiIaBHbIMH. Ha HUX

JIeUCTBYIOT TNaBHble HampsbkeHus S U S o, a S 3 =0 (maBHoe HampaBieHwue,
COOTBETCTBYIOIIEE S 3 , MAPAJLUIETBHO INIOCKOCTH depTexa). O0a 3Tu HampsHKEHHS
(S1uS ) OyneM cUuTaTh PaCTATUBAIOIINMU.

[IpoBenem Takoe cedeHHe, HOpMamb [ K KOTODOMY COCTaBHT C

HarpasyienueM | yron @ 4. Ilo aToMy cedeHnto OyayT AEHCTBOBATH M HOPMAJbHBIE

S, u KacatenbHbie | 5 HampskeHus, 3aBucAIEE HOT S | U S 5. C HampaBIeHHEM
|1 Ta >xe HOpManb N, cocraBuT yrom a.,.

[Ipumensiss npunyun cynepno3uyuu, T.€. paccMaTpuBas [TaHHOE IIJIOCKOE
HaIllPpAKCHHOC COCTOAHHUC KaK HAJIOKCHUE IBYX OPTOIOHAJIBHBIX OIHOOCHBIX
HANPSHKCHHBIX COCTOSHUM U UCTIONB3ys Gopmyiy (6.3), MokeM 3amucars:

_ 2 2 _ 2 2 0
=01€0S%a, +0,008"ay =01€0S°a, +0,C08"(ay +907),

O

WK o, = 0'1C082a1 + 059 nzal. (6.6)

T, = %[Glsi n20,, + 6,9 n2(12] :%[Glsi N204 +6,SN2( 0o + 90°)|,

nim

_S1-Sy

t, sinZa . (6.7)
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Pucynok 6.5

B dopmynax (6.6) u (6.7) norosicumenvrvim cauTaeTCst Yroj, HampaBiCHHBIN
npomue Y4aCoBOM CTPEJIKH, OTCUMUTBHIBATH ATOT YroJl Beerjaa OyaeM OT Hauboavbuie2o
(asreOpanyecKy) TIIaBHOTO HATPSHKEHHS.

[Monw3ysce dopmynamu (6.6) u (6.7) mis HanmpsDKEHHE MO IUIOMIAAKE A-a
(cMm. puc.6.5), 7erko HaxoAuM  HampskeHus 1o  Iwomanke  D-D, et
NEPICHANKYJIIPHOH, HMMEIONIEH HOpMaidb Ny, COCTaBISIONIYID C HalpaBlICHHUEM

HaMOOJIBIIEro rIaBHOro HanpskeHus yron D=a,+90° :

o = 01C0S°B +0,SiN°B = 6105”0y +90°) +6,8iN(ag +90°),

501051
op =018 n2a1 + azcoszal. (6.8)

rﬁ=o1_—20-28in2,8=01_—2028in2(a1+900),
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mojay4dacm

Tﬂ :-TSiHZal. (69)

M3 nonydeHHbIX (POPMYIT BBISICHUM CBOWCTBA HANPSHKECHUH, TEHCTBYIOIMIHUX 110
B3aMMHO TEPICHANKYIIPHBIM IUIOIIAIKAM.
Cnoxum nowieHHo Gopmysis (6.6) u (6.8) u moayuum

S, +Sp =S1+S, =congt. (6.10)

DTO CBOWCTBO MOXET OBbITh CHOPMYIMPOBAHO TaK: CYMMA HOPMANbHbLIX
HanpsijceHuil no 08yM 63aUMHO NEPREHOUKYISAPHBIM HIOWAOKAM NOCMOSHHA U PAGHA
cymme 2NAGHbIX HANPSIHCEHUIL.

CpasuuBas Beipaxkenus (6.7) u (6.9), nonyunm

t, =-tp. (6.11)

CrenoBaTeibHO,  KACAMENbHble — HANPSJICeHUss  no  08YM  G3AUMHO
NEePREeHOUKVIAPHBIM NAOWAOKAM PABHbL NO GeIUUUHE U NPOMUBONOTIONCHBL NO 3HAKY .
DTO CBOWCTBO OOBIYHO HA3BIBAIOT 3AKOHOM HAPHOCHU KACAMETbHbIX HANPAHCCHUI,
OpuYeM OHO HMMEET MECTO BO BCEX CJydasx, KOIJa HMEIOTCS KacaTelIbHBIC
HAIPSHKEHUS.

U3 popmyn (6.6) u (6.7) BUAHO, YTO BEIMYMHBI HOPMAJIbHBIX M KacaTeIbHbIX
HAINPSHKCHUH 110 JIF000H TUTOMIAIKE 3aBUCAT OT yIJia HAKJIIOHA STOW TUIOIIAIKH.

Hccnenoras ypaBaenue (6.6) Ha SKCTpeMyM, TOIYYUM, 4TO

max S,= S; mpua =07),
(6.12)
mn S,= S5 (mpu a = 90°),

T.€. HauOOJIbIIIcE U HaUMCHBIIIEE HOPMAJIBHBIC HAIIPSKCHUSA B HaHHOﬁ TOYKE — 3TO

IJIABHBIE HAIPSOKEHUS S1 M S, NEUCTBYIOLIME IO B3aMMHO IEPIECHANKYISPHBIM
IJIOIIAKAM.
HauGonbiee 3HaueHne KacaTelbHbIX HANPSDKEHWM, KaKk BUJIHO U3 (OpMYIIbI

(6.7) 6yner npu Sin2a=1, a=45°

O1- 0
-1 72 (6.13)

maxr, =

CrnemoBaTenbHO,  Haubonvuiue  KAcamenbHvble  HANPAICEHUS  PABHbI

NOLYPA3HOCU 2IABHBIX HANPSNCEHUL U OeliCEYIOm NO NIOUAOKAM, HAKIOHEHHbIM K
2/IABHBIM NILOWAOKAM HA yeon a=45°,
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7 CJIOKHOE HAITPA) KEHHOE COCTOSHHUE

(mpoxosnkeHue)
7.1 Ilpsimasi u oOpaTHAas 321244 B IUIOCKOM HANPSIKEHHOM COCTOSTHUM

B TCOPHUHN HAIIPAKCHHOI'O COCTOAHUA MOKHO Pa3srpaHUYUTh JIBC OCHOBHBIX
3a1a4H.

Ilpamasa 3a0aua 3axkitodyaeTcss B TOM, 4YTO TpeOyeTcsi HaWTH HOpMaJlIbHbIE U
KacaTesIbHbIC HAIPSDKEHHS Ha MPOM3BOJNIBHBIX uiomankax (S 5 u ), ecnn u3BectHs
II0JIOXKEHHUS TJIaBHBIX IIJIOIIAI0K U COOTBETCTBYIOIIME UM IJIABHBIE HAIIPSIKEHUS S | U

S 5. JlaHHas 3a1a4a OblJIa pacCMOTPEHA B IIPEABIAYIIEH JIEKIHH.

Obpamnas 3aoaua TnpeaycMaTpUBAeT HAXOXKJIEHUE TJABHBIX IUIOHIAJOK U
ITaBHBIX HampsbkeHWH (07 M Op) IO H3BECTHBIM HOPMAQJIBHBIM M KacaTelbHBIM

HanpspkenuwsMm (0,7, u Op ,Tb), JNEUCTBYIOIIMM HA JIByX B3aUMHO

MEPIEHINKYJIAPHBIX IUIOMIAAKaX, KOTOPBIE MPOXOJAT YEpe3 paccMaTpUBAEMYHO
TOYKY.

JInss 9TOro peiuMM COBMECTHO cuctemy ypaBHeHuit (6.6), (6.7) u (6.8)
OTHOCHUTEIIBHO 01, Op H HOIY4YNM:

o1 = aacosza +o4S no - 7,9N2a,

e ) | (7.1)
0y =0,9N"a +0,C08"a+7,8N24.
[TooxeHue TIIaBHOM TUIOMIAAKN OTIPEICTUM 10 GopMyJIe
2t
tg20 = - —%—. (7.2)
O'a'O'ﬂ
Hckmarouns yron a g, HauaeM:
ST RN o
01— A0, O-ﬁ 0, O-ﬁ T Z,
28 9!
1 (7.3)
_ 1€ 2 20
0r=—RAo, to -\/0 ‘o) +4r” 7.
=20 w0yl oy Practl
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7.2 I'padpmyeckoe onpeesieHue HanpsukeHuit (kpyr Mopa)

. .S t
PCH_ICHI/Ie HpHMOI/I 3a1a4U, T.C. BBIYHUCIICHUC HaHpH)KeHI/II/I a u a , MOKHO 3aMCHUTDH
I‘pa(i)I/I‘{eCKI/IM HOCTpOCHI/IeM.

Bo3bMeM cHuCTeMY NPSIMOYTOIBHBIX KOOPJAMHAT C OCAMH © U { (puc. 7.1).

t i
Sa Sa

Sb Day t,

t

/ a X2a s s, - Sa

© S», Q c Ki/A S1
Do

Si

Pucynox 7.1
OtnoxuM Ha ocu O orpeskn OA u OB, H300paskarolye B OnpeIeIcHHOM

o o
MacIuTabe YHCIOBbIe BemuanHbl L 1 © 2 (0ch S yIOGHO pacloiaraTh HapajuIeiIbHO

o
HaHOOIBIIEMY [IABHOMY Hanpsikennio ~ 1). Ha ¢urype o6a 91 HanmpsikeHus

MIPUHSATHI PACTATUBAIOIIUMHU U OTJIO0KEHBI HA OCH S B nonoxurensHoM HaIlpaBJICHUH.
Ecnu Ob1 01HO 1iin 002 HaNpsHKEHUs: ObUTH COKMMAIOUTUMU, MBI OTJIOXKUIN ObI UX B
MPOTHUBOIIOJIOXKHOM HaIpaBJIeHUH (BJICBO MO OCH S )-

[Toctpoum Ha otpeske AB, kak Ha AMameTpe, Kpyr ¢ HeHTpoM B Touke C,
KOTOPBIM HOCUT Ha3BaHUE Kpyra HanpspkeHud uim kpyra Mopa. Toraa aiis

HaXOXKICHUS Sa U KacaTeIbHOIO HAPSHKEHUS & [10 IUIOINAAKe, HOPMaJlb K KOTOPOM
COCTABIISIET ¢ HAMOOJBIINM TJIABHBIM HANPSKEHHEM yroil & | Hajl0 IOCTPOUTH TIPU
Touke C IeHTpabHBIN yro 2a , OTKJIaJbIBas €ro MOJIOKUTEIBHOE 3HAUCHHE OT OCH

S MIPOTHUB X0J1a 4acoBOM cTpenku. Touka Dy kpyra HanpspkeHuit Oyaer
COOTBETCTBOBAThH BHIOpaHHOM muiomiaake - koopauHaTel OK,; u DaK, cooTBeTCTBEHHO

paeuer S5 nlg.

DTO JNETKO 0Ka3aTh. M3 yepTexa HaXOAUM paJnyC Kpyra HalpsiKEHUN
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AB_OA-OB_s,-s,
2 2 2

W13 npssmoyronsHoro tpeyronsHuka K, D, C umeem

CD, =AC=BC=

K, D, =CDsin2a :%sinZa =t, .

Janee

OK, =0B+BC +CK, :SZ+51-252 +Sl_282c052a =

S,-S S,-S
:sz+1Tz(1+c052a):sz+1722cosza:

=s,+s,00s°a - S ,€0s°a =S ; C0S°a +S ,Sin“a =S ..

Takum oOpa3zoMm, KOOPAMHATHI TOUYEK OKPYKHOCTH OINPEIEISIIOT HaNpsKeHUS.
Bennmuunsl S, u3MepsioTcss oTpe3kamu 1mo ocu S . Bemmumnmsl t, wu3mepsiorcs

OTPEC3KaMH, IMapaJuICIIbHBIMHU OCHU t . IonoxxurenbHbIE t a HalIpaBJICHBI BBCPX.

Onpenenus MOCTPOCHHEM Kpyra HampspkeHus S, u U5, m3o0pasum ux Ha

YEePTEkKE BBIICICHHOTO 3JICMEHTA, YUUTBIBAsI 3HAKH dTHX HAINpsDKEeHUH (M. puc. 7.1).
HamoMHMM, YTO MBI YCIOBWJIMCH OTCUMTBIBATH YIoJl @ , OIPEICISIONINI

MIOJIOKEHHE BHEIIHEW HOpMalM K pAacCMaTpUBAaeMOM IUIOLIAJKE, BCETIa OT JIMHUHU

ACUCTBUS  Haubonvweco (anreOpanyecku) TIaBHOro HanpsbkeHus. CoBMeECTUM

II03TOMY JIMHHIO JEHCTBHA HAWOOJBIIETO IIIABHOTO HANpsKEHUS S q C OCBIO S Ha
Kpyre, T.e. Toukoi B. Torna nuuus BD,, HaknoHeHHas k ocu S nof yriiom a , Oyzaer
napajuleJibHa HOpMaJIM K pacCMaTpyuBaeMOM IUIOIIAIKE, a 3HAYMT, apajulelbHa S 4 ; a
muaust BD, Oymer mapauiensha U, W nepmeHaukynsipHa Apyroil B3aHMMHO

HEPIEHIUKYIAPHOW IUIOCKOCTH. I ONpENeNeHHOCTH IpUMeEM, 4T0 S5 >S ), a
ty >0.

Cnenyer nmoq4epkHyTh, 4TO ABE ToUkH Kpyra - D, u Dy, Xapakrepusupyrommue
HaNpsUKEHWs Ha JIBYX B3aMMHO IIEPIEHIMKYIAPHBIX ILIOMIaKaxX (a) u (b), BCErza
JeXar Ha KoHIax ogHoro nquamerpa D,y Dy .

IToctpoeHHsblt Kpyr Mopa IOJHOCTBIO OIIMCHIBAET HAIIPSHKEHHOE COCTOSHUE
0
ajeMeHTa, n3o0paxkeHHoro Ha puc./.l, 6. Ecnu Mensats yron a B npeaenax ot —90

0 o
J0 +90 , TO HAaKJIIOHHBIC IIJIOIIAAKH (a) u (b) 3aUMyT IIOCJICOOBATCIBHO
BCCBO3MOKHBIC ITOJIOXCHMUA, a TOYKHU Da u Db OIMHUIIYT MOJIHBIN KpyT.
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Takum o0Opa3zoM, 3Hasl TJaBHBIE HANPSOHKEHUS U1l TUIOCKOTO HaIMpsHKEHHOTrO
COCTOSIHUSI, MBI MOXEM C IIOMOIIBIO Kpyra HamnpspKeHUH BCECTOPOHHE HW3YYHUTh
COCTOSIHME MaTepHaja B TOUKE, T.€. PELIaTh NPAMYIO 3a0ay) .

[Tpu momoun xpyra Mopa MOXXKHO TakXke pemlarb oopammuylo 3adayy, T.€. IO

HanpsHKeHMSIM S 5 , S pp u t a t b HaXOIWTh IJIaBHBIC HANIPSDKEHUS 01 U 09.
OtmeTuM B cucteMe koopaunat S u t (puc.7.2) Touky D, ¢ xoopmunaTamu

(S 4. 15)urouky DB C xoopauHatamu (S, , T ).

t) st
S1 t, Sp
h—
ta Sl SZ
Sa S1 Sa
ta
S?
S1 __)tb
Jr Sh
S2 a o
Pucynok 7.2

Tak kak Touyku Da u D ﬁ y COOTBCTCTBYIOIINC B3AaMMHO IICPIICHAUKYIISAPHBIM

IJIOIIAIKAM, JTOJKHBI JIEKATh HA MMPOTHBOMOJIOKHBIX KOHIIAX JUaMeTpa Kpyra, TO
Touka nepecedyenus muaun Dy D  COCBIO S J1acT LEHTP Kpyra C. OnucriBas u3

touku C kpyr paguycom CD, wm CD 3 IOJyIHM Ha OCH S OTPE3KH OAu OB,

n3o0pakaromye riasuelie HanpsokeHusa: OA=o01, OB=05.

I[JISI OIIpCACICHUA TIIOJIOKCHMUA T'JIaBHBIX IJI1I01IIa 10K HaﬁHeM noJroc
HANDPANCEeHUA.

C oroit OCJIBIO U3 TOYKHU Da IMpOBCACM JIMHUIO IMApaAIICIIbBHO JIMHHUH IICﬁCTBPIH

HaIlPAKCHUA S a: T.€. TOPHU3OHTAJb. Touka M MePCCCUCHUA 9TOM JIMHUU C

OKPYKHOCTBIO U ABJIACTCA IMOJKOCOM. COCIII/IHSISI IIOJIFOC M C TOYKaMH A u B, IMOJIy4YnuM
HaIlPpaBJICHUS T'JIABHBIX HaHpH)KeHI/Iﬁ S 1 U S 2 COOTBCTCTBCHHO. I'maBHEBIC II0Ima K
MNCPICHAUKYIIAPHBI K HaﬁﬂeHHBIM HaIlpaBJICHUAM TI'JIAaBHBIX HaHpH)KeHPIﬁ.
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Ha puc. 7.2, 6 BHYTpH HCXOAHOIrO (HApy»KHOr0) 3JEMEHTa C HANPSIKCHUSIMHU

S a: S b 4 ta , t b BBLACJICH 3JIEMEHT, OFpaHquHHBIﬁ T'JIaBHBIMHU IINIOIIAAKaMH, Ha

I'paHAX KOTOPOT'O IOKA3aHbI I'NTABHBIC HAIIPAKCHUA S 1 S 2

HaﬁHeM 3HAUYCHHUA TJIaBHBIX HaHpH)KeHI/Iﬁ S 1 H S 2, COOTBCTCTBYIOIMX

orpeskam OA u OB. Nmeewm:

OueBUaHO,
__ S, *+s
OC = a b;
2
3, -Sp 0
CA=CB=CD, =,/CK2 +D,K2 = §Tb: 1 2
%]

[Moacrassis Beipaskenus (7.5) u (7.6) B Beipaxkenus (7.4), mony4aum:

.2
Sa tSp Ba-Spo 2
S{=———+ [C———F +t7;
2 2 5
.2
Sa tSp Ba-Spo 2
Sy =—————- |G——— 7 +t];
2 2 5

nim

Slzéé%a *Sp +\/(Sa 'Sb)2+4t§

Szzéé%a *tSp '\/(Sa 'Sb)2+4t§

Ot Gopmyisl coBnaaaT ¢ Gopmynamu (7.3)

(7.4)

(7.5)

. (7.6)

YuureiBas IIPUHATOC IIPABUJIO 3HAKOB, HaﬁHeM BBIPpAKCHUC JII TAHI'CHCA YIJIa

HAKJIOHA TJIABHOTO HANPsDKEHUst S 1 K ocu S . M3 yeprexa ciemyer, 4ro
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MKb MKb B -ta
AK, OA-OK, S;-S,

Tak xak TOYKHU Da u D ﬁ’ COOTBCTCTBYIOIINUEC B3dMMHO MNCPIICHANUKYIIAIPHBIM

IUIOIIA/IKAM, JIOJDKHBI JIEKAaTh HA NPOTHBOINOJIOAKHBIX KOHILAX JUAaMETpa Kpyra, TO
Touka nepeceuenust munn Dy D p C OCBIO S JacT LEHTP Kpyra C. OnuceiBas u3

touku C kpyr pagmycom CD, mwm CD fp» TIOJIYYHUM Ha OCH S OTpE3KH OA u OB,

uzo0pakaroiue riaasubie Hanpsokenus: OA = 01, OB = 0.

7.3 O0beMHOE HANIPSAZKEHHOE COCTOSTHHE.
O0600mennbIii 3akoH I'yka

[Ipu uccnenoBanuu nedopmanii ¥ BOIPOCOB MPOUYHOCTH NPHU OOBEMHOM U
IUIOCKOM  HamNpsDKEHHBIX  COCTOSHUSAX OyAemM mpenmnonarat, 4YTO MaTepuan
noauuHsieTcs 3akony ['yka, a gepopManiiv Masbl.

N3yuas mpocTtoe pactshkeHue (c)kaTe), Mbl BBISICHUJIM, YTO OTHOCHTEIbHAS
MpoJ0JibHAs eopMmalivs noguYuHseTcs 3akony ['yka

e = —, (7.7)
a OTHOCUTeNbHas nomnepedynas nedopmaims (¢ yuetom kodddurmenrta Ilyaccona)

S

eC=-ne =-m—
paBHa E. (7.8)
YcTaHOBUM 3aBUCHUMOCTH MEXKIY AedopManusMyd U HAMpsSKEHUSIMU B 0OIIeM
cily4ae 00bEeMHOT0 HAMPS)KEHHOT'O COCTOSIHMSI, TO €CTh 3aluilieM 00OOIIEHHBIN 3aKOH

I'yka.

Paccmotpum nedopmarnmio anmementa tena (puc.7.3), BBIOpaB 3TOT JEMEHT B
BUJIe IPSAMOYTOIBLHOIO Mapaesenuneaa, no rpaaam (&, b u C) xoroporo neiicTyror

S1,595,S
rnapHble HanpskeHus 1’2223 (g BeIBoja IpejnonaraeM, 4to BCE OHH
MOJIOKUTEITBHBIE). S,

|
[
| et
|

b+ Db
b
N
\
N
w ||
h
_
hy
h
__I_|_
K
\ ':
\ |
N
N
N

Pucynox 7.3
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Bcenencrue nedopmanmu pedpa 3IeMEHTa U3MEHSIOT CBOIO JIJIHHY U CTAHOBSITCS
pasueiMu & +Da, b +Db, ¢ +Dc.

3 =
Bennunnbl a a C , HA3bIBAOT I''TABHBIMH YIJIMHCHUAMHA
" IMpeaACTaBIIAIOT co0OM OTHOCUTEIBHEIE YAJIMHCHU: B TJIABHBIX HAITPABJIICHHUAX.

HpHMCHHH MPpUHOMIT CYIICPIIO3UITNH, MOKHO 3aIIUCATh

€1 =€ 1€ +€ (7.9)
€1 € €. 01
roe -1, ©1, OTHOCHUTEILHOE YIJIMHEHUE B HANPABJIECHUH - 1, BHI3BAHHOE,
COOTBETCTBEHHO, HANPSIKEHUSIMU 01 02y 03,

HOCKOJIBKy HaITpaBJICHHUC 01 JJIA HAIIPSDKCHU A 01 ABJEACTCA MPOAOJIBHBIM, a JJIA

HaANPSDKEHU T 02,03 _ nornepeyHbIM, puMensis hopmyisi (7.3) u (7.4), Haxoaum

S, S,

s
e,="Le =-m2e =-m=
E E E

[ToacraBuB monydeHHbIe yaauHeHus B hopmyay (7.5), Oynem uMeTh

_S1 .S, s3_1

€1 =—-M—=-M— ——[51' (52 "‘53)]

E E E E (7.10)
AHaJIOFI/IqHBIC BBIpa)KeHI/IH HOquI/IM N OJIs1 T'JIaBHBIX YIUH/IHCHI/Iﬁ B prrI/IX

HaIlpaBJICHUAX. B pe3yiabTaTre O606H.ICHHBII>1 3aKOH FYKa BBIPA3UTCA CJIICAYIHOIINMHU
COOTHOIUCHUSMMU.

1 ¢ i

€1 =E'01_ uloy +o3)),
1 ¢ i

82=E_02' ﬂ(01+03)-’ (7.11)
1 ¢ i

€3 =E-03 - ﬂ(Ul"'Uz)_-

Ot (i)OpMy.]IBI " BBIPAKAIOT 3dBUCUMOCTD MCKIY JIMHEUHBIMU JIC(i)OpMaI_II/IHMI/I u
T'IaBHBIMU HAIIPAKCHUAMUA B O6H_ICM clIydac TpEXOCHOI'0 HAIIPAKCHHOTO COCTOSHHA.
OTCIOIIa JICTKO MOXHO IIOJIYYUTb 3aKOH FYKa IJIA IIJIOCKOI'O HAIIPsSKECHHOT'O

coctostHus. Hanmpumep, n1s cyvas 02 = OyJeM UMeTh
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75
1
€1 :E(O'l' #03)’
€ =—£(a t+o )
2= - \91 3) (7.12)
b3 = (o - poy)
E

B kauecTBe 3aBUCUMOCTU MCIKIAY IIC(l)OpMaLII/IHMI/I N HAIIPSXKCHUAMU MOKHO CIIC

YCTAaHOBUTL CBA3b MCKAY OTHOCHUTCIBbHBIM U3MCHCHHUCM oboneMa
HaIlPAKCHUAMMU.

V.4 T1JaBHBIMHA

Jlo nedopmamuu snement 3anuMan oovem Vg = abC. B nedopmuposanzom
COCTOSIHUU €r0 00beM U3MEHHUTCS U CTAaHET PaBHBIM

V =(a+ 4a)(b + 4b)(c + 4c) =ab +@%+@%+A—CQ:
ag bg@eg cg
=abd1+ e )(1+e)(1+63) =Vo(L+ 61 +2p +a3 + 6185 + 6083 + 8361 +E1663).

VYuuTbiBas HE3HAYMTENIbHYIO BEIWYUHY nedopmanuil, MOCIECAHUMHU YEThIPbMsI
YJIeHaMH MOXeM IpeHeOpeub. Torna oTHOCUTENbHOE U3BMEHEHHE 00bemMa

VYA
= =g, te, +e;.
Vo

(7.13)

BrelpasuB raBHbIE YJIMHEHUS Yepe3 TJIABHBIC HAIPSDKCHHUS TIPU  TTOMOIIU
dbopmyiel (7.11), HOAYyYUM OKOHYATEIBHO

1-2n
= (s{+s,+s3) (7.14)
B HYaCTHOCTH, Ipu PaBHOMCPHOM BCCCTOPOHHEM CXKaTuu, Koraga
01=09=03=-[.
__b
Sv K’
- E (7.15)
Tac -7 _ - .
3(1- 2m)

Bemnunna K maswiBaeTcs mooyrem obvemmoti depopmayuu

N3 dopmynsl (7.15) BumHO, 4TO TpU AehopManuu Tela, MaTepuans KOTOPOTo
umeer kodpdunuent Ilyaccoma MM=0,5 (manpumep, pesuHa), o0beM Tejda HeE
MEHSETCSI.
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8 PACUETHI ITPU CJIOKHOM HAIPS)KEHHOM COCTOSIHUMN.
TEOPUHU ITPOYHOCTH

8.1 3agauu Teopuii NPOYHOCTH

Baxneimenn 3amadyeil MHKEHEPHOTO pacyera SBISIETCS OLEHKAa IPOYHOCTH
JETaIu N0 U3BECTHOMY HANPSKEHHOMY COCTOSIHUIO, TO €CTh IO M3BECTHBIM TJIABHBIM
HaMpsDKeHUsIM B Kaxxaoi Touke Tena. Haunbonee mpocTo 3Ta 3ajaya pemiaercs Mpu
OpOCThIX BUAAX JAepopMaluyd, B YaCTHOCTH, IMPU OJHOOCHBIX HANPSKEHHBIX
COCTOSIHUSIX, TaK KaK B 3TOM CJIy4ae SKCIEPUMEHTAIBHO JIETKO YCTAHOBUTH 3HAUYCHUE
npeebHBIX (OMACHBIX) HAPSKCHU.

OmnacHoe (mpenenbHOE) HANMPSDKEHHOE COCTOSHHE — 3TO TaKoe COCTOSHUE,
[P KOTOPOM IPOHUCXOAUT KaUECTBEHHOE N3MEHEHUE CBOMCTB MaTepralia- MeEPEXo] OT
OJIHOTO COCTOSIHMS K IPYyrOMY.

JInst TUTaCTHYECKOro MaTepuayia OTMACHBIM (IPEIeIbHBIM) OOBIYHO CUHUTACTCS
HaIps)KEHHOE COCTOSIHUE, COOTBETCTBYIONIEE BOSHUKHOBEHUIO 3aMETHBIX OCTAaTOYHBIX
nedopmaluii, a I XpymKoro — TakKoe, MPU KOTOPOM HAYMHAETCS pa3pyllieHHe
Marepuana, TO €CThb:

o _ \I, Ot , TIe ST —Ipeaen TeKy4ecTH IS INTACTUYHBIX MaTEPUAIOB,
° = % Og S — Opeles MPOYHOCTU ISl XPYIIKMX MaTepPHUAIOB.
[IpenenbHOE HAIpPSKEHHOE COCTOSIHUE MOYKET paccMaTpPUBATBCS Kak Mepa
IIPOYHOCTHBIX CBOMCTB MaTepuana. Korja Benercs pacuer KOHCTPYKIMU Ha IPOYHOCTh
M0 JIOMyCKaeMbIM HANPSKEHUSIM, HAPSHKEHHOE COCTOSIHME B HanboJiee OacHOM TouKe
UCCIIEAYEMOTO Tea CONOCTABIIETCS € MPENeiabHBIM I AaHHOro Marepuana. Ha
OCHOBaHUU 3TOTO CONOCTABJIEHHUS NI€JIA€TCS BBIBOJA O MPUIOJHOCTH KOHCTPYKIuHU. B
ClIy4ae OIHOOCHOTO HANPsKEHHOIO COCTOSIHMS 3a7ada pPelaeTrcs BecbMa IPOCTO.
[Ipon3BOANUTCS WCNBITAHHE HA PACTSHKEHUE WM CHKATHE W OMNPENEseTcs ONacHOe
HanpsbkeHue. [10 onacHbIM HanpsiKEHUSIM YCTaHABIMBAIOT JONYCKaeMble€ HAIPSKEHUS

Ha pacTsixenue [S4]| nmm cxarue [S.], ucnonssys ussecTHbI KO3 dULMEHT 3amaca
npo4yHocTH. Takum o0paszoM, ycrosue npounHocmu npu OOHOOCHOM HANPANCEHHOM
cocmosinuy IPUHUMAET BUJ

S1E[S+] umu sz£[s]

PaccMoTpuM Temepr BOIPOC O MPOYHOCTH MaTrepuajia IIPU  CIOKHOM
HAIIpsSDKEHHOM  COCTOSIHMM, KOIrJa B TOYKax J€Tald JBa WM BCE TPU IJIaBHBIX
HaIpspKeHus S1, S, S3 HE paBHBI HYIIIO.

B s1tHXx ciyyasx, Kak IOKa3bpIBAIOT ONBITHI, OIIACHOE COCTOSHUE JIsi OJHOTO U
TOr0 JK€ Marepuaja MOXET HMETh MECTO I[PU pa3IMYHBIX 3HAYCHUSX TIJIaBHBIX
HalpsHKEHUN Slo, SZO, Sgo B 3aBMCHUMOCTH OT COOTHOIIECHUM MEXAy HUMHU. B sToMm
Clly4ae SKCIIEPUMEHT HE IO03BOJISIET MOJYYUTh HEOOXOAMMBbIE pPEe3yJbTaThl MO JBYM
npuyrvHaMm. Bo-nepBbIX, TPYAHO OKCHEPUMEHTAIBHO OCYIIECTBUTH KEIAEMOE
HEOJHOPOJHOE HANPSIKEHHOE COCTOSIHUE B JAHHOU TOUYKE, a BO-BTOPBIX, BAPUAHTHOCTH
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HaIIPAKCHHBIX COCTOSIHMM CJIMIIKOM BEJIMKA. HOC—)TOMy HCO6XOIII/IMO HaWTH crnoco0
COCTAaBJICHUA YCJIOBI/Iﬁ IMPOYHOCTH IIPU CIO0KHOM HAIIPSKCHHOM COCTOSHHH, ITOJIB3YsACh

BEINYMHAMHU St U Sp, MOIYYECHHBIMU IIPU UCIBITAHUU HA PACTIIKEHUE U CHKATUE, TO
€CTh MpHU JMHEHHOM HAINpPSHKEHHOM COCTOSHUHU. TakuMm 00pa3oM, 3ajiaya MpPOBEPKHU
MPOYHOCTH JIeTajdu B OOIEM ciiydae, Korja BCe TPH TJaBHbIE HANpPsDKEHUS HE PABHBI
HYJIIO, CTaBUTCS TaK.

1 OnpenensaioT pacyeToM TpH IJIaBHBIX HANPSXKEHUI S1, So, S3,

2 BriOuparoT Marepual, AJis KOTOPOro MpHU MOMOIIU Ja00PaTOPHBIX UCIIBITAHUM
Ha MPOCTOE PACTSHKEHUE WIIM C)KAaTUE HAXOUAT BEJIWYMHY OIACHBIX HAIPSKEHUU St

WY S U YCTAaHABIMUBAIOT JOMYCKAEMOE HANIPSKEHUE.
PaccmotpuM, kak JuHEHHOE HampsbkeHHOe cocrosaue (puc.8.1) moxer
TEOPETUYECKH UMUTUPOBATH CIIOKHOE HANIPSXKEHHOE COCTOSHUE.

.,

Sl S]_ Sg;{g S3K8

s !

Pucynox 8.1

Cocmosnue a cuumaemcss pPasHOONACHbIM cocmosnulo D, eciu 6 08yx
HANpsNCEHHbIX COCMOAHUAX KOIPPuyuenmol 3anaca NpoYHOCMU PAGHbL.

OKeusaieHmuoe HanpsdceHue — MO MmakKoe HanpsiceHue, Komopoe ciedyem
co30amov 6 pacmaHymom obpaszye, 4moObl €20 HANpI’CEHHOEe COCMOosAHUE Obllo
PABHOONACHO C 3A0AHHbIM.

Ecnu BenmuuuHa S Hxp HaiijieHa, T.€. BRIpaKeHa KaKUM-TO o0pa3om uepes S1, So,
S3, TO 3aJayy O Mepe OIACHOCTU CJIO0KHOI'O HAIPSKEHHOIO COCTOSIHUS MOYKHO
CUMTATh PEUIEHHOW. Bech BONMPOC 3aKIIFOYAETCS B TOM, KaK BBIPA3UTh S Hip 4epe3 S,

So, S3. I 3TOro paccMOTPUM HEKOTOPBIE THUIIOTE3bl MNPEACIbHBIX COCTOSIHUM,
MOJIO)KEHHBIE B OCHOBY T€OPUH MPOUYHOCTH.

8.2 IlepBasi Teopusi NPOYHOCTH
(Teopusi HAMGONBLIINX HOPMAJILHBIX HATIPsIZKeHUIt, Teopusi ['ammies)

CornacHo mepBOM TEOpHM TMPOYHOCTHU, BBICKa3aHHOW emie [anuneeM wu
noanepkanHoi Jlame (1833r.) u PankunbiM (1856r.), npenMyIiecTBEHHOE BIMSHUE Ha
MPOYHOCTH OKa3bIBACT BEJIMYHMHA HAHOOJIBIIIEr0 HOPMAIbHOTO HAIPSHKECHUS.



78 8 TEOPUU NMPOYHOCTU

CnedosamenbHo, CO2NACHO NEPBOL Meopuu npoYHoCcmy HapyIIeHHe MPOYHOCTU
B 0O0IlleM ciydae HampsHDKEHHOTO COCTOSTHUS HACTYNUT TOTrJa, KOTJa HauOoJblIee

0
HOpMaJIbHOE HAMpPSKEHUE TOCTUTAET OMACHOTO 3HAYCHUSA S .

[locnennee ycTaHaBIMBAEeTCA TPH TMPOCTOM PACTHKEHUH WIH CKAaTUU Ha
oOpa3nax M3 JaHHOTO MaTepuaia. YCJIOBHE HApYIICHHS MPOYHOCTH TPU CIOKHOM
HANPSHKEHHOM COCTOSTHUM UMEET BH/T

— < O. — < O
S1=S:+ ;s3] =s_. (8.1)
YcnoBue npouHocTH ¢ ko3duimeHTom 3anaca N uMeeT BUA
S1E[S+]umS3z£[S],

0
e [o]= “7 . (8.2)

Takum 06pa30M, nepBasa TCOpUA NPOYHOCTU HU3 TPCX TIABHBIX HaHpH)KeHI/Iﬁ
YUHUTBIBACT JIMIIb OJHO — HaI/I6OJIBH_Iee, mojaras, 49To ABa APYIrHX HC BJIMWAKOT Ha
IMPOYHOCTbD. OmnpITHAA IMPOBCPKA IMOKA3BIBACT, YTO 3Ta TCOPUSA NPOUYHOCTHU HC IIPUTOHA
JJIA OOJIBIIMHCTBA MATCPUAIIOB U JACT YAOBJIICTBOPUTCIIBHLIC PC3YIIbTATHI IJIsI BECbMa
XPpYIKUX MATCPUATIOB (KaMeHB, KUPIINY, KCpaMUKa, THCTPYMCHTAJIbHAA CTAJIb U T.H.).
Hcnons3oBaHue ee IIpu OMPCACICHUN pa3MEPOB IICTaJIeﬁ IIpu CJIOKHOM HAIIPSAKCHHOM
COCTOSHHHN OAaCT U3JIMIITHUC PA3MCPLI. HO3TOMy €10 N30€eraroT M0JIb30BaThCS.

8.3 Bropasi Teopusi NPO4YHOCTH
(Teopusi HAMGONBLIINX JUHEHHBIX AedopManuii, Teopust Mapuorra)

Bropass Teopuss MpOYHOCTH TPUHHMAET B KAauyeCTBE KPHUTEPHUS MPOYHOCTH
HauOONBIIYI0 1O aOCONIOTHOM BeNIWYMHE JHUHEHHYI0 jaedopmarmio. Takoe
NPEJJIOKEHUE BIIEPBBIC OBLJIO BBICKA3aHO, MO-BUAMNMOMY, (DPaHITY3CKUMH YUCHBIMU
Mapuortom (1686r.) u Hamee (1826r.), a 3aTeM MNOAIEPKUBAIOCH IPYTHMHU
¢bpannysckumu yueHsiMu — [loncene (1839r.) u Cen-Benanom (1837r.). CormnacHo
ITON TEOPHH HapyuileHue NPOUYHOCMU 8 0Owem Cayiae HANPANCEHHO20 COCMOSHUSA
Hacmynum moeoa, Ko20a Haubovbuias TuHeuHas oegopmayus oocmueaem onacHo2o

0
3HayeHus € .
YcnoBue pa3pylnieHus] UMEET BUJ

Yema/=e°, (8.3)

YcioBrue NpOYHOCTH:

80
emax| £ €] = . (8.4)
Hcnonws3ys 0000IIeHHbIN 3akoH ['yka, BeIpasuMm ycioBue mnpouHoctu (8.4) B

HaIIPAKCHUAX. HYCTB HauOOJIbIIIEC OTHOCUTEIILHOE YIUIMHCHUE €4, TOTJ1a

1
Emax = €1 :E[Ul' (o, +03)]-
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[IpuHSAB MpU MPOCTOM PACTSHKCHUU JOMyCKaeMOe HaIpsbKeHHe [S], TeM caMbiM
MBI /111 HAUOOJIBIIEr0 OTHOCUTEIBHOTO YJIJTMHEHUS JOMYCKAEM BEJIMUUHY

[=17

[MoncraBuB BbIpaxkeHus 1is Emay U [€] B ypaBuenue (8.4), monyuaum

1 o
— |01~ m\op toz)|==-—
E [ 1~ #los 3)] E
um oy - plo, +03)E [0]. (8.5)
Kak BuaHO 13 BeipaxkeHus (8.5), ¢ momyckaeMbIM HY)KHO CpaBHUBATh HE TOJBKO

TO WX HWHOC TJIABHOC HAIIPSAXKCHUC, a HX KOM6I/IHaI_II/IIO, TaK Ha3bIBACMOC

oksusanenmuoe (npusedennoe, pacuemnoe) HanpsXCeHue:
I _
Oskg — 01~ :U(O-Z + 0-3)- (8.6)
OmnbITHAas MPOBEPKa ITOM TEOPHM YKa3bIBaCT HA COIJIACYIOIIHUECS PE3yJIbTaThI
JMIIB IS XPYIKOTO COCTOSIHHUS MaTepuana (JIerMpOBaHHBIA YyTyH, BHICOKOIIPOYHBIC
ctanu). Ee nmpuMeHeHne HEIOMyCTUMO IS MaTEPHAIOB, HE MOMYUHSIONIMXCS 3aKOHY
['yka uim HaXOASIIMXCS 3a Pe/IeIaMH POIMOPIHOHATBHOCTH.

8.4 Tperbsi TEOPHUSA NPOYHOCTH
(Teopusi HAMGONBIINX KAaCATeIbHBIX HANPsKeHN i, Teopus Kynona)

B Tpetbeii Teopur MPOYHOCTH B KAYECTBE KPHTEPHUS MPOYHOCTH MPHHUMACTCS
BEJIMYMHA HAMOOJBIIETO KacaTeIbHOTO HAIpsHKCHUS. OJTa Teopus TNpejIoKeHa
Kymnonom B 1773r. u moarBepikacHa ombiTamu Tpecka (1864r.), I'ecta (1900r.) u
Apyrux ydeHbIX. COrjacHO 3TOW TEOPHH HApyuleHue NpouYHOCmU 6 obujem ciyyae
HANPSNCEHHO20 COCMOSIHUSL HACMYRUM mo20d, Ko20a Haubovuiee KACAMenlbHOe

0
Hanpsicenue docmuzaem ceoe2o npedeivhozo 3uavenus U . Tlocnennee onpenenseTcs

B MOMEHT pa3pyIlIEHUs IPU IPOCTOM PACTIKEHHUM.
VYcnoBue pa3pyuieHus UMEET BUJ

tmax =1t ° (8.7)
YcioBrue IpOYHOCTH:
TO
Trax £ — - (8.8)
n
0

o
Tak kak cormacHo BbIpaxeHHIO (6.13) T o« 25(0'1 - 0'3), a 7° Z?, TO

ycaoBue paspyiienus (8.7) u mpounoctd (8.8) MOXKHO BbIpa3suTh uepe3 TJIaBHBIC
HANPSDKECHUS TaK:

S;—S3=5S° (8.9)
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niimn
S1—S3E[s]. (8.10)
9KBI/IBaJICHTHOC HAIIPAKCHUC B 3TOM CJIy4dac 3aIlIUIICTCS TakK.
i _
Osg — 01~ S3- (8.11)

TpeThs TeopUsi MPOUHOCTH XOPOILIO MOATBEPKIACTCS OMBITOM JJIsi MaTepHUAJIOB,
OJIMHAKOBO palOTAIONIMX Ha PaCTSKCHHE M CkaThe (HampuMmep, MsArkas crajib), U
MIO3TOMY MMEET JOCTATOYHO IHUPOKOE pacnpocTpaHeHue. Hempocratok ee 3akimrodaercs

B TOM, YTO OHA HE YUMTHIBAET CPEHErO MO BEJIMUYMHE IJIaBHOTO HANPSIKEHUS Sy , UTO
BHOCHUT B pacueThl norpemuocts 12...15 %.

8.5 YeTBepTasi TeOpHs NPOYHOCTH
(3HepreTuueckasi Teopusi popmonzmeHeHusi, reopus ['ydepa)

CornacHo 3TOW TEOPUHM onacHoe cocmosuue (mexkyuecmv) 6 00wem ciyyae
HAaNpsd’CeHH020 COCMOAHUSL HAcmynaem moz0da, Koz20a YOelbHas HNOMeHYUdlbHas
9Hepeus opMousMeHeHus oocmuzaem coe2o npeoenvHoz2o 3Hadenus. llocnennee
MOYKHO OINPEJICIUTH IIPU MIPOCTOM PACTSIKEHUU B MOMEHT TEKYYECTH.

VYcnoBre HACTYIUICHUSI TEKYUYECTH

Uo= (Ug)r (8.12)
YcioBrue IpoOYHOCTH
Uop £ [Ug] 1 (8.13)
[loTenuuanbHass sHeprus (HOPMOM3MEHEHHS TPH CJIOXKHOM HAIPSKEHHOM
COCTOSIHUU paBHA

1+
Ugp = 3—E/u oy + 02 + 0§ (0102 +to,03+ 0301)]. (8.14)
[Ipu mpocToM pacTsHKEHUH B MOMEHT TeKyuecTH (S1 = ST, S, =S3=0) umeem
1+ 1+p 2
Uop) = (8.15)

3E T
Cnenosatenbho, ycinoBue (8.13) mocie moacranoBku (8.14) u (8.15) moxHO
3arMcaTh B BUJIC

\/012 + 0% + ag - (0102 +toy03t 0301) =oT (8.16)

nim

J2lor- 02 4027 09 +(o5- 01| =or. 17

YcnoBue nmpoyHocTH OyAET UMETh BUJ

\/%[(01' 0,)° +(02- o3)° +(o3- 01)2]£0T =[o]. (8.18)
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DOKBUBaJIEHTHOE HanpsbkeHue o 1V teopun

1
02{/6 = 5[(01' o, ) + (o2~ 03)° +(03- 01)2]- (8.19)

OnpITl  XOpOWIO TMOATBEPKIAAIOT YETBEPTYHD TEOPUIO I  IIACTUYECKUX
MaTepUajoB, OJMHAKOBO pa0OTAOIIMX Ha pacTskeHue-cxkatue. HacrymieHnune
TEKY4YECTH 0TOOpaKaeTcsi YeTBEPTOU TEOpUEH JTydllle, 4YeM TPETheH.

Bce wu3ioxeHHbIE TEOpPUM OTHOCATCA K M30TPOIHBIM Marepuasiam. s
AHU30TPONHBIX MATEPUAIIOB OHU HENPUT OIHBI.

8.6 Teopust npounoctu Mopa

Teopust mpounoctu, npemynoxenHas O. Mopom B Hauanie XX Beka, UCXOAUT U3
HPEIIONOKEHUSA, YTO HNPOUHOCHMb MAMEPUANos 8 oOwem Cciyyae HaAnpsANCeHHo20

COCMOAHUA 3asucum, cilaeHbiMm 06p6130ﬂ/l, om GelUYUnbl U 3HAKA HAUubOIbULEe20 Siu
HAUMeHbULeCO S3 2/1A6HbLX HCll’lp}ZOf(,‘eHulj. CpCIIHCC I10 BCJIIMYMHC T'NIABHOC HAIIPAKCHUC

JUIIb HE3HAYUTENIbHO BIUSAET HA MPOYHOCTh. OMBITHI MOKA3bIBAIOT, YTO HENOYYET S
JaeT norpemHocTs He 6onee 12...15 %. YcnoBuem npodnoctu no teopur Mopa ans
MaTepuaios, Y KOTOPBIX [S _,_] 1 [S . ], Oyner:

cq- EJ’% o3 £[o.]. (8.20)
DKBUBAJICHTHOE Hanp[fmceime 1o reopun Mopa
M (&)
G, =01- [G—:'-]Gg. (8.21)

[lpu OIMHAKOBOM COMPOTUBIICHUU METAJUIa PACTSHKCHHIO M CXKATHIO, TO €CTh
npu [S +] = [S ) ], pacuetHas ¢opmyna (8.20) cosmamaer ¢ ¢opmynoit (8.10),
nostyueHHoi o |l Teopuu npounoctu.

JlocTouHcTBa Teopru Mopa OecCOpHBI, TaK KaK OHW OCHOBAHBI Ha OIMBITHBIX
JTAHHBIX.

OcHOBHbBIE HEOOCMAMKU:

a) HEOOXOJAMMOCTH psiia CIIOXKHBIX OIBITOB C IUIOCKUM H OOBEMHBIM
HANPSHKEHHBIMUA COCTOSTHUSIMU;

0) Teopus HE YYHMTBHIBACT BJIMSHHUSA HA MPOYHOCTH MPOMEKYTOYHOTO TIIABHOTO

HaIpsoKeHus So.

JIis mpakTHYECKHUX pacdeToB cieayeT pexkomenmoBath |V (wmm [11) Teopuio
MIPOYHOCTU JIJIi MAaTepUaJIOB, OJMHAKOBO palOOTAIOIIUX HA PACTSHKEHHE M CHKaTHe, U
Teoputo Mopa — mJIsi MaTtepuangoB, Pa3IMYHO COMPOTHUBISIONIUXCS PACTSHKECHUIO U
cokatuio (xpynkux). JJis HUX B HAcTosIee BpeMs Moka emie npumensiercs || teopus
MIPOYHOCTH.
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9 CABUT

9.1 YucThblii CABUT U1 €r0 0COOEHHOCTH

Ha npumepe pacTsbkeHHs W CKaTHsi ObUIM BBISIBIICHBI HEKOTOpPBIC HamOoJiee
BAXHBIE CBOWCTBA HANPS)KEHHOTO COCTOSIHUS. [Ipu pacTsskeHUHM B 3aBUCUMOCTH OT
OPHMEHTALIMYU CEKYIIMX IUIOMIAI0K Ha TPAHSAX BBIICICHHOIO MPSMOYTOJIBHOIO JIEMEHTA
BO3HUKAIOT HOPMAJIBHBIE M KaCaTEIbHBIC HAMPSIKEHUS.

Coguzom Hazvieaemcs U0 HAZPYIHCEHUsl, NPU KOMOPOM 8 NONEPEUHOM CedeHuU
CMEPIHCHS BOZHUKAIOM MOJIbKO nonepeunsie cuivl Q.

Hedbopmanuio caBura ¢ JOCTATOYHOW CTEMEHBIO MPUONMKEHUS MOXKHO
MOJIYYUTh TPAKTUYECKU, €CIU Ha paccMaTpuBaeMbli Opyc ¢ MPOTHUBOIOJIOKHBIX
CTOpOH OyIyT ACHCTBOBAaThH JIBE PaBHbIE CHIJIbI, MEPICHAUKYJISIPHBIE K OCH Opyca u
HaMpaBJIE€HHbIE B MPOTUBOMOJIOKHBIE CTOPOHBI. [IpuMEpOM TakKoro IEUCTBUS CHII
MOJKET SIBJIATHCS pe3Ka HOXKHHMIIAMHA METANTHYCCKUX JIMCTOB WK pyTheB (puc. 9.1).

P
a.'. C a CI
= - : i
b(| d b
P . 6 6 i

Pucynorx 9.1

JleBast yacth Opyca (cMm. puc.9.1, a) oTaensercs OT MPaBOW MO HEKOTOPOMY
ceuenuto ab. Ilpu caBure nUHUM JEHCTBUS CHMJI PACIIONOKEHHl BeChbMa OJIHU3KO.
Boo011ie ke B IMpaKkTUKE CABUI B YHUCTOM BHE MOJYYHUTH TPYAHO, TaK Kak OOBIYHO
nedopMals CIBHra CornpoBoxaaercs uaruoom (cm. puc.9.1, 6).

Hcnone3ys meton ceuenus (cM. puc.9.1, 6), naxogum, uro nepeunas cuna Q B
ceuennu ab (uu Cd) pasua Buemneit Harpyske P.
Ionepeunas cuna Q Be3biBaeT nossnenue B cedenun ab mmomamsio F
KacaTeJIbHBIX HAIPSKEHHHI: ordF =Q.
F
[IpuHuMas KacaTelbHble HAIpPsHKEHUS T paclpefeeHHbIMU 1o miomany F
TIONEPEYHOIO CEYEHUS PABHOMEPHO, OYIEM UMETH
Q=P=F>1,
o)

= (9.1)

OTKyJa T
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PaccmoTpuM 4acTHBIN ciydail COBHIa, npu KOMOPOM HA Yemblpex 2pPaHsx
gvloenennoco  onemenma  (puc.9.2,a)  6osHuxkailom — mMoOIbLKO  KAcamevhvle

Hanp}Z.?fceHWZ.
TaKOC HaHmeeHHoe COCTOJSHHUEC HA3BIBACTCA YUCMbBIM CO@UZOM.
\
t b ) t
_C
b —— B,
— I
B sy 7, — .
IIS 3 II S 3 t b l
1
t a II t a S
1 1 V' —
/ B K A
1
1 1 t n
a|
II S 1 _ ,§ §— IdJ Kb
) - d N
a ¥ i b S }\Das
3 1
a 4]
Pucynox 9.2

Haiinem BeTMYMHY U HANpaBJICHUE TIaBHBIX HANPSHKCHUH MPU TAKOM
HANPSHKCHHOM COCTOSIHUHU. J[JIs1 3TOT0 BOCIOJIB3YEMCsI IIOCTPOCHUEM KpyTa
HanpspkeHud (puc.9.2, 6). [TockonbKy B JaHHOM CiTy4ae

TO, IIOCTPOUB KPyT HaHpH}KeHI/H\/’I, HaxoauM, 4ToO

S]_:'ngt, (9.2
d TJIaBHBIC TINTOIIAIKHN HAKIIOHCHBI K I'PaHAM 3JICMCHTA 1104 YI'TIOM 450

Tpeths ry1aBHas IUIONIAAKA COBIAIACT C HEHATPYKEHHOMU (pacagHON IpaHbIO
AJIEMEHTA, CIEA0BATEIBHO,

So= 0. (93)
Paccmorpum nedopmaruio snementa abcd (cm. puc.9.2, a). Iockonbky 1o
IpaHSIM »D3JICMCHTa HET HOPMaIbHBIX HAIpPSKECHUH, TO BJIOJb TpaHeW HET W
yUIMHEHHH. B TO Xe Bpems nuaroHans aC, coBmajaroiias ¢ HalpaBleHUEM S 1,
yuHAeTcd, a auaroHans DO, cosmajmaromas ¢ HalpaBaeHHEM CHKUMAIONIETrO
HanpspkeHus S 3, ykopauuBaercs. B pesymbrate kBagpar abCd npespamaercs B
pom6 a'b'c'd.
Takum 00pazoM, AehopManys YUCTOTO CABUTA XapaKTEPUIYETCS U3MCHCHHEM
MIEPBOHAYATILHO MPSMBIX YTJIOB.
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9.2 le¢ropmanusi npu caABUTeE.
3akon I'yka npu casure

Bosnee HarisgHOE NipecTaBiICHUE O AePOPMALIUHU SJIEMEHTA MOXKHO IOJYYHUTh,
3aKpernuB oJHy U3 rpanei (puc.9.3).

Ecnu rpans AB 3akpenuts HenoaBkHO (puc. 9.3), To moj aeicTBHEM
KacaTeNIbHBIX HanpsbkeHui rpanb CD casuHeTcs mapamienbHo AB Ha HEKOTOPYIO

senunny DD1=CC,=DS nassiBaemyto abcomomuvim cosuzom. Inement ABCD
IEPEKOCUTCS, MPSAMBIE YIIIbI IPEBPATATCSA B OCTPhIE MIIU TYIIbIE, U3MEHUBLINCH HA
yron Y. DTOT yroi § Ha3bIBAETC OMHOCUMENbHBIM COBU20M W YoM cosuza. On

CIIYXUT MCpOﬁ HNCKAXCHUS YTJIOB MIPAMOYTOJIBHUKA.

A4S /

C,
—C D\ D:
DI
9
a
v A B
Pucynox 9.3
[TockonbKy MBI HIMEEM JIEJI0 C YIPYTUMU JeGOpMaIUsIMH, TO 3TOT yroJ Oyaer
AS
BECbMa MaJIbIM: y=1gy =—. (9.4)
a

Mo3xHO I10Ka3aThb, 4TO BCJIMYHHA y MMPOIIOPHUOHAIbHA HAIIPAKCHHUAM T.

YcTaHOBUM CBS3b MCKAY YIJIOM CABUTA y N KaCaTCJIbHBIM HAIIPAKCHUCM T. HpI/I

MCPCKOCC DJICMCHTA NHAT'OHAJIb AD YAJIIUHACTCA. 910 YAJIIMHCHUEC MOKXHO CBA34aTh C
IICﬁCTBYIOH.IHM HaIlPAKCHUCM Tu YTJIOM CABHI'A y .

Al = AS>cos45 |

Al _ AScosAS 1 AS
TOr/1a E=—= X455 = —x—.
I a 2 a
Hcnone3ys hopmyny (9.2), monydnm €= %y : (9.5)
C napyroit cTOpOHBI, YIUIMHEHHE AUAroHal I, BbI3BAaHHOE JEHCTBUEM TJIABHBIX
HANpSDKEHUH Gq =T U Op =- T, MOXHO Haiith u3 dopmyn (7.7), yauThIBasi, 4To
-0N- 1
03—0. g:gl:E (Gl-ux(;z):% (1+“)_ (96)
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[ToacTaBuB monydenHoe 3Hadenue B (9.3), moayuum

T _Y
— 1+ -
E( w) 5
T= E (9.7)
OTKVJIa - Y. .
d 21+p) "

Takum 06p2130M, OMHOCUMENbHBIU COBUL g U KacamenbHoe HAnpAisiCceHue t

NPAMO nponopyuoHalbHsbl, m.e. npu cosuee Hanpsoicenue u coomeemcemeyrouiasn emy
OmHocumesibHAaA OQQbOpMClLﬂ/l}Z C643dHbl 3AKOHOM FyKa

E
Bemuunny  ———=  o0o3HauaoT OykBoi G u Ha3BIBAIOT MoOyiem
2(1+ M)
ynpyeocmu npu coguze Wid MoOyiem Yynpy2ocmu 6mopoco pood.
dopmyiia
E
G=——"— (9.8)
2(1+ )

BBIPAKAET 3aBUCUMOCTh MEXAY MOJYJIEM YOPYrOCTH HIpPU CABUTE U MOAYJIEM
YOPYTOCTH IPHU PACTSIKEHUU.

Mexny Benuunnamd E u O s oHOro w Toro ke Marepuana MMEETCS
CJIEIYIOLIEE COOTHOILICHHUE

G»0/4E.

Hcnons3ys dopmyiy (9.6), popmyny (9.5) MmoxHO 3amucaTh Tak:

1=7G

(9.9)

[Monyyennas ¢opmyna (9.9) Hocur Ha3Bauue 3axowa Iyka npu cosuce 6
OomHOCUmMenvHoU ¢opme ¥ TIONHOCTHIO aHAJOTMYHAa C 3akoHOM ['yka mnpu
pacCTsHKEHUU:

o= ¢E.
[Toacrasum B Beipaxkenue (9.7) kacarensHoe Hanpsokenne [ mo popmyie (9.1)
u yroi casura Y no ¢gopmyie (9.2) u nomydum

AS= E (9.10)

GF
Hannas gopmyna npeacrasisier codoi 3akon I yka npu cosuee 6 abcontomuoti
¢opme, KOTOPBIH TJIACUT, YTO AOCONIOMHYLUL COBUS HNPAMO NPONOPYUOHALEH
cosuearowel cuie, PAcCMOAHUIO MeHCOY COBUAEMbIMU 2SPAHAMU U  O0OPAMHO

nponopyuonanen ocecmkocmu npu cosuce (GF). 3akon I'yka mns nedopmanmu
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cABUra aHaJOI'M4CH (1)OpMy.IIe JJIs1  BBIYMCIICHUA a0COJIIOTHOTO YAJIIMHCHHUA IIPpH

Pl

PACTSKEHUU Al= —

EF

9.3 IlpakTHYecKHre pacyeThl HA Cpe3, CMATHE W Pa3pbIB
3aKJIENOYHBIX, 00JTOBBIX H CBAPHBIX COeJINHEHMIH

JHledbopmarniusi cABUra B YUCTOM BHJIE HA MPAKTUKE (DaKTUIECKH HE
BCTpeuaeTcs. B peanbHBIX YCIOBUSAX CABUT OOBIYHO COTIPOBOXKIACTCS CMSATUEM
MOBEPXHOCTEN KOHTAKTUPYIOUIUX JIEMEHTOB U U3TMOOM, BBI3BAaHHBIM HOPMaJIbHBIMU
HanpspkeHusiMu. KpoMe Toro, kacaTenbHble HAPSXKEHUS MO CEYEHUSIM, 110 KOTOPBIM
MIPOUCXOAUT CIBUT, pacipeaesaoTca HepaBHoMepHO. Ha npakTrke, 0JIHAKO, C LEJbIO
YIPOIIEHUS pacyeTa YKa3aHHON HEPaBHOMEPHOCTBIO paCIIPEAEICHUS HAMPSHKEHUM
peHeOPEralT U CUUTAIOT, YTO HAMIPSKCHUS 110 ceueHuIo (IpU CABHIE) H I10
MOBEPXHOCTH (IIPU CMSTHH) PACIIPEICIAIOTCS paBHOMEPHO. B yacTHOCTH, Takue
JONYIIEHUS TPUHUMAIOTCA MPU paCUYETE 3aKJICTOK, IMOHOK, IIUIMIIOB U T.]I.
PacueTHble HanpsiKEHUS TIPU 3TOM OTIMYAIOTCS OT IEHCTBUTEIBHBIX, & IOTOMY UX
CJIEYET CUYUTATh YCIOBHBIMU. ECIM U3BECTHO IOMYCKAeMOE HaNpsHKEHUE Ha Cpe3

[t ], TO JICTKO 3aI1McaTh YCJIOBHC IIPOYHOCTH Ha CPE3.

(9.11)
OTKYJla MO’KHO HalTH TLIOMIAIhL Cpe3a Fep 3 % (9.12)
T
AHAJIOTMYHO BBITJISIIMT U YCJOBHE MPOYHOCTH IS CMSITHS:
P
S.., :F—£[s ol (9.13)
M

ITpumep 1 Paccuurats Gonrosoe coenunenue (puc.9.4), ecnmu P = 8 xH.

A A-U
[\
]Lé“ﬂ\(_;
- _\X\
QO »

m ANEN N "
3 \ P
U1

Pucynox 9.4
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Tommuna ckpemisieMbix auctos = 8 mm, [t ] = 60 MI1a, [S ]cn = 200 MITa.
Cuna P = 8 kH ctpemurcs cpe3arh CoeMHEHKE 110 cedeHuto MN.

_P_ 4P
VcmoBre IpoYHOCTH mpH cpe3e § = — = — £ [T]
F pd
-3
OTCIOIIa d = ﬁ = MA )<|_OO = 1,30]‘4
T ><[r] n X60

[IpoBepuM CTEHKM OTBEPCTUM JeTaled Ha cMmATHE. [l mpoCTOTHI pacdera
NPUHATO CYUTATh, YTO JABJICHUE PABHOMEPHO PACIPEAECTACTCA IO MPOCKIUU
MOJYUMJIMHIPUYECKON MMOBEPXHOCTU CTEHKH BBICOTOU 0. Torma mromanb cMATHS

F., =dd,
P 8x10 3
5>xd  0,8x10 31,3410 2
Ecau Opl okaszasiock, 4to G, > [G] e+ TO HEOOXOMMMO OBLIO OBl JUAaMETP

0oaTa YBCIINYHNTH, OIIPCAC/IMB €0 U3 YCJIOBUS COIIPOTHUBIICHUS CMATHIO.

P
ds Ao (9.14)

Ha cpe3 taxke mpuHSTO (YCIIOBHO) PACCUMTHIBATH M CBAPHBIC COCIUHCHHMS.

HaunGonee pacnpocTpaHeHbl COSTUHEHHS BCTHIK M COCIMHEHUS C TIOMOIIBIO
YTJIOBBIX U BaJTUKOBBIX MIBOB. COETMHEHUS 8CMbIK IPUMEHSIOTCS, KOT1a
COeUHSEMbIC JTUCThI HAXOATCS B 0IHOM r1ockoctH (puc.9.5, a, 6).

OTKyJa c =76,8MIIa < [G] o

CM

22 S\

a 6 8

7,50
j’l A-A

.
b4
é

I
2

o]

A

Pucynok 9.5
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CoeauHEeHUs C TTIOMOIIBIO V2/106bIX IBOB BBITOIHIIOTCS, KOT/Ia COSTUHICMBIC
JUCTHI MapajlieIbHbl WIN MEPIeHIUKYISIpHbI (cM. prc.9.5, ).

Ecnu HampaBieHue yriioBoro msa MeprneHAuKYISIPHO K IEHCTBHIO CHIIBI, TO
II0B Ha3bIBaeTCs 10606bim (cM. prc.9.5, 2). I1IBbI, mapaiie/ibHble YCHIINIO,
Ha3bIBalOTCs Prancosvimu (cM. puc.9.5, 0).

Eciu He y4uTBIBAaTh HAIUIBIBBI, TO B pa3pe3e yriIoBOi MIOB UMeeT HopMy
paBHOOCAPEHHOTO MPSMOYTOJILHOrO TpeyroabHuKa (puc.9.6)

m=0,7k
;>/<£ Ky
& %N N
C d
¢ —~>C
| ////////,
Ky 2
A
Pucynox 9.6

Paspyuienue mBa OyaeT NPOUCXOJHUTH 10 €10 MUHUMAJILHOMY CEUEHHIO
ABCD. 3a pacuernslii pazmep 1Ba, KpOME €T0 JUIMHBI, IPUHUMAIOT BEICOTY M
TPEYTOJIbHUKA, PABHYIO m =k cos45° =0,7k

rie K — BbicoTa kaTeTa cBapHOro IIBA.

PacyeTHas ILIONIAb CEUYEHHS [IBA COCTABUT F = ml = 0,7k |

rae | —pacuernas niuna msa.

Pacuer cBapHBIX COEAMHEHUM, KaK U 3aKJICTIOUYHBIX, YCIIOBHO BEJIETCS B
MIPEIOJIOKEHUHU PABHOMEPHOTO PAaCTIPEICICHUS HANPSHKEHHUM 110 CEUCHHUIO I11BA.

Paccmotpum pacuer (py1aHroBBIX U JIOOOBBIX IIBOB, T.€. IIIBOB,
COTPOTHUBIISIIONTUXCS ICUCTBUIO KACATEIbHBIX HANIPS)KEHU. Y UUTHIBAsI, UTO
COTNPOTHUBJICHUS CTaJIU CPE3Y HUKE, YEM PACTSHKEHHIO, COCTABIISAIONICH HOPMaTbHBIX
HaIpPsDKEHUN B JTIO0OOM IIBE NMPeHeOperarT U pacueT IIBOB YCIOBHO MPOU3BOIST Ha
cpes, Mpernoarasi, 4To KacarelibHble HapsHKEHUs PABHOMEPHO PacipeaeIsIoTCs o
CEUCHHIO.

[Tpu pacueTe JIOOOBBIX IIIBOB COSAMHEHHUS BHAxXJIECTKY (prc.9.7) yduThIBAIOT
00a 11I1Ba ¢ IIONIAJILI0 CEUCHHUS. 3a1'II/IIJ_IeM yCJIOBUE MPOYHOCTH CBAPHOTO IIBA MPU

P
COCIMHCHHNH BHAXJICCTKY. T=—= [ ]

F 14k|
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Nunekc “3” o3Hauaet, 4To U3JEIUS CBAPUBAIOTCS DJICKTPUIECKON TyTron

R

Pucynox 9.7

Ilpumep 2

Omnpenenuts pa3Mepbl (QJIAHTOBBIX IIBOB, COCAUHSIOMIMX Mojockl (prc.9.8).
Pactarusaromas cuna P = 14 xH, a gonyckaemoe HanpsikeHUe IS METajula IIBa Ha

cpes [t ] , =110 MIla . Onpenenuts pacyeTHYIO JUIMHY CBAPHOTO IIBA I .

A—A
o, =08cm
A
E A [EERENNNREREN
A P Y
E NS b =10 cu %’ g
1| Y [EERENNNREREN
o
! 0o =1cm
B If — -
Pucynok 9.8
P

W3 ycnoBus NpOYHOCTH MIBA Typgx — F_ £ [T] 5"

ITnomas onacxoro ceuenust F, = 2ml = 216,c0545° =1,415, .

P 140x0°
1,4%, 41| 1,4x1x10 2x110

PacueTnyro nnunHy mBa I f HakgeMm, a00aBUB K JJIMHE IIBA | ewe 10 MM,

Torna | = X100 =0,091m =9,1cm.

YUUTBIBAs BO3MOKHBIN Henposap: | b= 1+1,0=9,1+1,0=10,1 cm.
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10 TEOMETPUYECKUE XAPAKTEPUCTUKHU
IJIOCKUX CEYEHU

10.1 CraTru4yecKre MOMEHTHI IVIOCKHX CeYeHMM.
Omnpenenenne HEHTPA TAKECTH CI0KHON GUIYpPBI

[lpu pemieHun 3amad, CBSI3aHHBIX, B OCHOBHOM, C W3THOOM, BO3HHUKAET
HEOOXOAMMOCTh OMEPHPOBATh HEKOTOPHIMH TEOMETPUUYECKUMHU XapaKTEPUCTHKAMU
MOTIEPEYHBIX CeUeHUil. B cuily cBOero y3koro NPHUKIAJAHOTO 3HAYEHHUS B Kypce
reOMETPHUU OHH HE U3YYarOTCS.

K eeomempuueckum xapaxmepucmuxam ommuocamcs niowaou nonepeuHsix
ceuenuil, MOMEeHmMbl UHEPYUU, MOMEHMbL CONPOMUBTEHUSL, PAOUYCbl UHEPYUU.

Bo3bpMeM HekoTopoe momepedHoe ceuenue Opyca (puc.10.1). Cesbkem ero ¢
cucreMoi koopauHat X, Y.

y

]

y

Pucynox 10.1

IIo anamoruu ¢ MOMEHTOM CHJIbI OTHOCUTEJILHO OCH 3aIlMIIIEM MOMCHT IJIomaaun
F OTHOCHUTCIIBHO OCH, KOTOpBIﬁ HAa3bIBACTCA cmamu4eCKum MOMEHMOM.

S, = QydF .S, = g«dF, (10.2)
F F

rae unaekc F y 3Haka MATerpana ykaselBaeT Ha TO, YTO UHTEPUPOBAHUE BEAETCS I10
BCcel mmuomanu cedeHus. Kaxaplii W3 MHTErpajioB MpeACTaBIsIeT cO00M CymMmy
npou3BeieHui daeMenTapHbX wiomanok OF Ha paccTosHMe 10 cooTBeTCTBYMOmIEH
ocH (x wm y). Enunuia usmepeHns CTaTHIeCKOro MOMEHTa —M3, MM um em®,

IIpy mnapannenbHOM MEPEHOCE OCEH BEIUMYMHBI CTATUYECKUX MOMEHTOB
MEHSIIOTCA.

Y2 V1
X2
bl X
Z_\
dF |y, -
0, !
X
0, ?

Pucynox 10.2
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PaccMmoTpuM Be mapel mapamienbHbIX oceld X1, V1, U X2, V2 (puc.10.2). Ilyctp
paccTosiHME MEXIy OCAMHU X1 M X PaBHBI @, a MEXKIY OCAMH V1 U Vp paBHBI D.
I[Ipeanonoxum, uro F n le ,Syl u3BeCTHHI. TpebdyeTcs onpenenuThb sz : Sy2

W3 pucynka: Xo = X + b; Yo, =Y, ta.
HckoMble cTaTHueCKUE MOMEHTBI OYTyT paBHBI:

S, =oly;+a)dF; S, = p(xg+b) dF;
F

F
2 1 2 1

Takum 00pa3oM, npu napaiieibHoM NepeHoce ocell CMAmu4ecKuti. MOMEHMm
MEHAEeMCs HA 6elUduH)y, pPA6H)I0 npou&’@eOeHulo nJZOLL;CZOu Ha paccmosrue Meﬂfcay

OCAMU.

2 Yo

+ bF . (10.2)

Bennuuasl & win D MoryT ObITh IIOOBIMH, Kak TOJOKHUTENBHBIMH, TaK H
oTpunareabHeIMU. [103TOMYy MX Bcerja MOXHO MOA00paTh (IpHyYeM €IUHCTBEHHBIM
00pa3oM) Tak, uToObl npousseaeHue PF = SYl’ a aF :le. Torma cratuueckue

MOMEHTBI SX2 U Sy2 o0palarTcs B HYJIb.

Ocb, omHOCUMENbHO KOMOPOU CMAMUYecKUlli. MOMEHM paseH HYJio,
Hazvieaemcs yenmpanvrou. Cpeld CeMencTBa MapajlyIeIbHBIX OCEM OHA SIBIACTCS
€IUHCTBCHHOM.

Touka nepeceueHus YEeHMPAIbHBLIX OCEU HA3LIBACMCS YEHMPOM MAMICeCmu
ceyeHusl.

Takum oOpa3omM, KOOPJUHATHI IIEHTPA TAKECTH

a=y,= ;1 . (10.3)
AHaJIOFI/IqHO, AJ1d OCH y:
b=x.= S (10.4)
- .

IlyreM moBopoTa oOcCe€il MOXKHO TIOKa3aTh, YTO CTATHYECKUHA MOMEHT
OTHOCHUTEIILHO BCSIKOW OCH, MPOXOJISIICH uepe3 IEHTP TSHKECTH, PaBeH HYIIH0 (Touka
NPUIOKEHUS PAaBHOJICHCTBYIOIICH CHIT Beca).

JJist BBIYMCIICHUSI CTATUYECKUX MOMEHTOB CIIOKHOU (PUTYpHI €€ pa30uBaloT Ha
MPOCThIE YaCTH, I KaXJOW M3 KOTOPBIX HM3BECTHHI IUowmanp F; u mosjoxxkenue
LIEHTpA TAKECTH.

Torpa cratuueckuii MOMEHT IJIOIIAU OYIET:

S =Ry tRy, +tK+RYy, =
Sy = FX + B +K+FX, =

Il Qo
_T
<

Il Qo
_T
X
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ITo popmynam (10.3) u (10.4) MOKHO HAWTH KOOPAMHATHI IIEHTPA THKECTH
CJIOHOU (PUTYPBI:

_ Sy _ é‘l':i * _S ElFi »i
X, = == ;Y. = = . (10.5)
F o aF F i F

i=1 i=1
10.2 MomMeHTBHI HHEPUMH IIOCKHUX (PUTryp.

Buabl MOMEHTOB HHEpPUNH

Ocesbim (unu dK6aMOPUATLHBIM) MOMEHMOM UHEPYUU NIOWAOU Pueypbl
Hazvleaemcs uHmezpail no NIoOuaou Npou38edeHUs d1eMeHMApPHbIX NIOWAOOK HA
K8a0pamwvl UX paccmosiHus 00 OAHHOU OCU.

Tak, oceBble MOMEHTHI HHEPHHHM MPOU3BOJIbHOU ¢urypsl (puc.10.3)
COOTBETCTBEHHO PaBHBbI:

I, = oy°dF; 1, = ox°dF. (10.6)
F F
y
dF
“
X
0
Pucynok 10.3

Tonsapuvim mMomenmom uHepyuu NIOWAOU Queypvl OMHOCUMENIbHO OAHHOLL
mouxu (noaroca) Hazvleaemcsi UHmMeSpanl no NIOWAOU NPOU3EEOCHUsL IeMEHMAPHbIX
NIOWAOOK HA K8AOPAMbL UX PACCMOSAHUL 00 NOJIOCA.

— 1 2
|, = ¢y “dF. (10.7)
F
Ecim qcpe3 MOJI0C MPOBCACHA CUCTCMA B3AaUMHO IICPIICHAUKYIIPHBIX oceun X,

y (em. puc.10.3), To
r=x*+y-°.

W3 Beipakenus (10.7) umeem

o= o+ y2)dF =1, + 1. (10.8)

F

y
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BennuuHbl OCEBBIX U MMOJIPHBIX MOMCHTOB MHCPIHUHN BCCrAa IOJIOKUTCIIbHEI.
UeHmp06€9iCHblM MOMEHRMOM UHepYyUU Has3vleaemcs uHmezcpal no I’ZJZOZ/L;CZOM
np0u3eedeﬂuﬁ dJleMEHMAPHbLX I’ZJZOZ/L;CZOOK HA Ux paccmosdrus om KoopOuHamezx

oceu X, .

Iy = oxxy dF. (10.9)
F

B 3aBucHMMOCTH OT MOJIOXKECHHS OCei, ICHTPOOEIKHBII MOMEHT HHEPIIUU MOYKET
ObITh TONOKUTENbHBIM (prc.10.4, a) unu orpunareiasHsiM (puc.10.4, 6), a Takke
paBeH Hyo (puc.10.4, s).

x{ dF dF_)-X d%—x x JF
y y y y
X X X
O O O
a o 8
Pucynok 10.4

Ocu, OmHOCUMENbHO KOMOPLIX YEHMPOOEICHbIt MOMEHM UHEpYuu pageH
HYII0, HA3bI6AIOMCSL 2NAGHBIMU.

Ocp cuMMeTpun (QUrypbl BCErjaa sIBISETCS TIaBHOW OChbIO, TaK Kak KaxKIou
nosnoxutenbHoil Bemunne XYdF B mepsom u TpeTheM KBagpaHTaX COOTBETCTBYET
Takas K¢, HO OTpHUIlaTeJIbHasi BO BTOPOM M 4eTBepTOM KBajpanrtax (cMm. puc.10.4, g).
Hpyras rnaBHas och OyJeT NepreHIUKYIsIpHA K OCH CUMMETPHH.

I'nasnvie ocu, npoxoosawue uepez YeHmp MANCECMU CeYeHUs, HA3bI8AIOMCSl
2NIABHBIMU YEHMPATIbHBIMU OCAMU.

B pacuere uHTEepecylOT Bcerjaa TIJaBHbIE LEHTPAJbHBIE OCH U MOMEHTHI
MHEPIUN OTHOCHTENBHO HHUX. EJMHMIA M3MEpeHHS MOMEHTOB HHEPLHH — M, a

4 4 4
TaKXKe MM , CM , IM .

10.3 MoMeHTBHI HHEPUHHU MPOCTHIX CeYeHN I

BpuriciuM ~ MOMEHTBI ~ MHEPLUMU  NPAMOYIOJbHHUKA  OTHOCUTEIIHHO
HEHTPAIBHBIX OCEH X, , V., TapaJuleNbHbIX ero cropoHam (puc.10.5).
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Jlns ompeneneHUss MOMEHTa WMHEPIMH OTHOCUTEIBLHO OCH X, BBIICIUM
AIIEMEHTAPHYIO IUIOMIAJIKY B BHUAE Y3KOTO

NpAMOYTONbHUKA  BbicoTON QY
v mupuHoii D, nnomans xoroporo dF =bdy.
g
dy
h/2 =
c Xc
h/2
b
Pucynok 10.5

OKOHYATEIBHO: (10.10)
OueBUIHO, UTO
|, = bh” (10.11)
y 19 :
Wurerpan He wusMenutcs, ecnmu Bce mnonocku OdF =bdy cmectuts
napamtensHo ocu Xe (puc.l10.6).
Ye
dy, J /
24 v |
dF /
Xc
- /
b

Pucynok 10.6



10.3 MOMEHTbI MHEPL MM NPOCTbIX CEYEHUN 95

Takum oOpa3oM, MOMEHT HWHEPUUH HNAPALIEJOrPpaMMa OTHOCUTEIHHO
LHEHTPAJTIbHON OCH X, NapaJijieIbHOW OCHOBAaHUIO, PaBEH

| = bh®
12
Haiinem MOMEHT MHEPIIMH TPEYrOJbHAKA OTHOCHTEIBLHO OCH X, IPOXOISIICH
yepes ero ocHoBanue (puc.10.7).

y
dy dF

b(y)

h/3

b

Pucynox 10.7

Boigenum anemenrtapuyio mosnocky OF, mapamnensHyio OCHOBaHHIO |
HMCIOIIYIO BBICOTY dy U IIUPUHY b(y):

dF =b(y)dy.

O‘{CBI/IIIHO, 4TO IMPHUHA ITOJIOCKH, HaXOHHmeﬁCH Ha paCcCTOAHUM ) OT OCH X,

_b,
b(y)—h(h y).

CrnenoBaTeabHO,
h 3
b bh
= dF =¢o—(h- d 10.12
gy ¢ h( Y)y y= 12 (10.12)

BeluncnuM MONSIpHBI MOMEHT MHEPLMU KPyra OTHOCUTENBHO €ro LEHTpa.
JI71s1 BBIYMCIIEHUS OJASPHOTO MOMEHTA NHEPLIMM BBIEIMM 3JIEMEHTAPHYIO MOJOCKY B
Busie Tonkoro konbua (puc.10.8) tommmuoit dr u mnunoit 2Pr . Inomans Takoro
JJIEMEHTA

dF =2prdr .

ITonspHBIE MOMEHT UHEPLIUU

4
or 2dF = 2por 3 ar p__g

. 10.13
2 32 ( )
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Yo

7.
N

D

Pucynok 10.8

Ha ocuoBanuu popmyiisr (10.8)

lL=1,+1,,

r

quTBIBaH, 4dTO B CUITYy CUMMCTPHU Kpyra I x = I Imojay4dacm

y!

(10.14)

10.4 MoMeHTBHI HHEPUMH OTHOCHTEIbHO OCeH,
napajjieJbHbIX HeHTPAJbHbIM

BriBenem dhopmyiibl mpeoOpa3oBaHrss MOMEHTOB WHEPIIUU MPU MapauIeIbHOM
TIEPEHOCE OCEU.

[TycTh M3BECTHBI MOMEHTHI UHEPIIMM OTHOCUTENIbHO LIEHTPAIbHBIX ocell X, Y u
paccrosiaue Mexay ocsimu X, Y u X1, Y1 (puc.10.9). TpeOyercs onpeneanT MOMEHTHI
VHEPLUU OTHOCHUTEIBHO OCeU Xi, Y1, NApajuIeibHBIX LEHTPAIBHBIM ocaM X, Y.
CornacHo oInpeaeneHuro

— N 2 . — \ 2 . — \
F F F

Koopnunatel m1000# TOYKM B HOBOM CHCTEME KOOpAWHAT X1, Y1 MOXHO
BBIPA3UTh U€pe3 KOOPAUHATHI B CTAPBIX OCSX:

X =X+b; y; =y+a.
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y
Y1 X

b X \

Y1

O
Pucynox 10.9

[MoacraBum >ti 3Ha4YeHUs B popmysisl (10.15) u nomydunm
Iy, = Ay +a)°dF = oy°dF +2agydF +a® odF =1, +a°F
F F F F

Bropoe ciaraemoe sBAsS€TCI  CTATUYECKMM  MOMEHTOM  OTHOCHUTENIBHO
IEHTPANIBHBIX OCEH, M MOITOMY OHO paBHo Hymo, T.e. QY AF =S =0.

F
— 2
Torna le - Ix +a“F : (10.16)
I1o ananorum,
— 2
Iyl —Iy+b , (10.17)
|X1y1 =1y *+ abF. (10.18)

®opmynasr (10.16) u (10.17) mo3BONSIOT chaenaaTh CIEAyIOIIEe 3aKI0UYCHHUE:
MOMeHm UHepyuu @ueypbl OMHOCUMENTbHO NH000U OCU pPAGeH MOMEHmM) UHepyuu
OMHOCUMENLHO YEHMPAIbHOU OCU, NAPALIeIbHOU OAHHOU, NII0C NpPOoU3geoeHue
niowaou ueypvl Ha K8AOPAm pacCmosiHUusL MeHcOy dMUMU OCAMU.

Ha ocnoBanuu ¢opmyns (10.18) 3akmroyaem, 4TO yeHmpoOElHCHbLL MOMEHM
UHepyuu  OMHOCUMENbHO  JI000U  CUCHeMbl  NPAMOY20TbHBIX — OCell  pageH
YEeHMPOOENHCHOMY ~ MOMEHMY  OMHOCUMENbHO  CUCTNeMbl  YEeHMPAIbHbIX — ocel,
NapanienibHblX OAHHbIM, NAC NPou3sedenue Niowaou @ueypbl Ha KOOPOUHAMbL €€
yenmpa msxHcecmu 8 HO8biX OCSX.

Koopnuuatel @ u b cieayer nmoactaBisiTh ¢ y46TOM 3HAKA

®dopmyisl (10.16) u (10.17) moka3bIBaroT, YTO U3 BCEX MOMEHTOB HHEPIIUU
OTHOCHUTEJIBHO psijia apaJICIbHBIX OCEH IEHTPAIbHBIC MOMEHTHI HHEPITUU
HAaWMCHBIITHE
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11 TEOMETPAYECKHUE 2(APAKTEPI/ICTI/IKI/I
INJIOCKUX CEYEHHUMU (npomosrxeHnue)

11.1 3aBucuMOCTH MeKIY MOMEHTAMH WHEPIIUN
MPHU MOBOPOTE KOOPAMHATHBIX OCei

[TycTh W3BECTHBI MOMEHTBI HWHEPUUHU MPOU3BOJIbHOW ¢urypsl (puc.11.1)
OTHOCHUTEJIBHO KOOPAUHATHBIX ocel X U Y.

Ixzc‘)yZdF; Iyzc‘)xzdF; ly = Oy dF. @11
F F F

Pucynox 11.1

TpeOyercs onpenenuT MOMEHTBI HHEPLIMM OTHOCUTENBHO IPYrux oceil Xp Vi,
MOBEPHYTHIX OTHOCUTENBHO Oceil X, Y Ha HEKOTOPBIHA yroi a.

BhizenuM U3 cedeHus Kakyro-HHOyab snemenTtapHyio miomanky OF  Boxpyr
touku A ¢ xoopaunatamu (X,Y) OTHOCHTENBHO MpeKHEH CUCTEMBI KOOPAUHAT:

x=0B, y=AB.
KOOpIII/IHaTBI TOM XKe I10Ma K OTHOCUTCIIBHO HOBOM CHUCTEMBI KOOpAWHAT 6YIIYTZ
X, =0C, y, =AC.

BrIpasum HOBBIE KOOpAMHATHI X1, Y1 uepe3 crapeie X, Y u yrosa @, nNpoBOIs
scriomorarenbubie auann CD u BE mapannensno ocu Oy, a BD napannensno ocu
OX1. Honyuum
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X; =0C =OE + BD = xcos a + ysin a;

Y1 = AC = AD - CD = yCoS o - Xsin o . (11.2)

CormacHo OIIPCACIICHUIO

R a2 e _
|x1—|9}’1d|:1 |y1—|9deF1 |xy—|9><1Y1dF. (11.3)

[Toacrasus Beipaxenue (11.2) B Beipaxkenue (11.3), moayuum:

ly, = dxcoss + ysina )? dF =cosa ox% dF + sin2a oxy dF +

F F F
+sin“a oy” dF = IyCOSZa +1, 8N + | ySiN20; .
F
Ix, = d(ycosa - xsina )* dF =1,cos%x + 1 sin°a - |,,Sin2a .
F
l,y = dlycosa - xsina)(xcosa +ysina )dF =
F

: : e 0
:(cosza - smza)c‘)xde +%sm2a§()y2dF - o XdF 3
F

F %

YuuteiBas Beipakerue (11.1), momyumm:

le = | ,cos’a + lys %o - | SN2 (11.4)
_ . 29 .
Iyl =1,8n oc+|yC0320c+|XyS|n2a; (11.5)
_ - ly o
|X1y1 = | ,COS20 +Tsm2a_ (11.6)

®opmyasr (11.4)...(11.6), monaydeHHbIE MPH IMOBOPOTE JIOOOH CHCTEMBI
PSIMOYTOJIBHBIX OCEH, CITPABEIIUBLI U JJIs IEHTPAIbHBIX OCEH.
CknazsiBas Beipakenus (11.4) u (11.5) mouneHHO, HAXOUM
+ = + =
le Iyl e+l =1,. (11.7)
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Takum oOpasoM, npu noeopome npsaMOy20IbHBIX OCeEl CYMMA MOMEHMO8
UHepyuu He UMEHAEMCs U PABHA NOJAPHOMY MOMEHMY UHEpYUuu OMHOCUMENbHO
Ha4ana KoopouHam.

[Ipu moBopoTe cucteMbl KoopAauHAT Ha yroj a=90° umeeM

1 - y; Yq Ix; leyl —- Ixy (11.8)

11.2 Onpenesienne HANPABJIEHHS TJIABHBIX OCEH.
I'maBHBIE MOMEHTHI HHEPIIUHT

Kaxk YKE 0TMCHAJIOCH, HauOoJIbIIIEE MPAaKTUYCCKOC 3HAYCHUC MMCIOT I'JIABHBIC
HCHTPAJIBHBIC OCH, I_ICHTpO6e}KHBII‘/'I MOMCHT OTHOCHUTCIBHO KOTOPBIX PABCH HYIIIO.

Bbynem o6o3Hauats ux 6ykBamu U, V. CiieioBaTenbHO, | uw — 0.

I[JIH ONIPCACICHUS IMOJOKCHHUA TTIABHBIX HCHTPAJIBHBIX ocen HCCI/IMMeTpI/I‘IHOI‘/II
(1)I/II‘ypBI IMOBCPHEM TIPOU3BOJBbHYIO HAYAJIbHYIO CUCTEMY HCHTPAJIBHBIX ocert X u y

na yroia a (puc.11.2), npu kotopom | x1yy = I, =0.
y
v
u
ao X
O
Pucynox 11.2
U3 dpopmyist (11.6) nomyunm
Iy - Iy _
Ixycos2ao+Tsn2ao =0. (11.9)
Otkyna
2l
tg2a, = % (11.10)

Yy X
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[Tonyuennsie u3 Beipaxkenus (11.10) nBa 3HaueHus yria &g OTIAMYAIOTCS APYT

OT Jpyra Ha 900 1N Jarl0T HaM IIOJIOKCHHSA TI'JIaBHBIX oceii. Kak merko BUACTD,
MEHBIIMN M3 HATUX YTJ0oB 110 aOCOIIOTHOI BEJIMYUHE HE MNPCBLIIIACT — . B

L{aaneﬁmeM MBI 6YIICM IMOJIb30BATHCA TOJIBKO MCHBIIIUM YIJIOM.
HpOBCIICHHYIO mog J9THUM VYIJIOM (HOJIO)KI/ITeJ'IBHBIM nim OTpI/II_IaTCJIBHBIM)

TJIaBHYIO OCh Oynem o6o3HavaTh U.
3HaYeHHE TJIABHBIX MOMEHTOB WHEPITUH MOXKHO MOJIYYUTh U3 00IHX (HOpMY

nepexoja K nosepHyThM ocsiM (11.4) u (11.5), mpunss a = ag:

|, = 1xcos%ag + 1 ysin“ag - 1,,sin2ay, (11.12)

l, =143 n2a0 +1 yC082a0 +1,SiN2ag. (11.12)

CocraBuB u3 Beipaxenuid (11.11) u (11.12) cymmy U pa3HOCTh U BBITNIOJHUB
psin npeoGpasoBanuii, mony4nm Beipakenne s |y u |y, nckmrouus yron ag:

I%:%glx+ly)i\/(lx- I, +a2, a (11.13)

Taxum o6paszom, popmyisr (11.14)...(11.17) mo3BOJIAIOT ONPEACTUTD MOJ0KECHNE
IJIABHBIX OCEH M BEJIMYUHBI INIABHBIX [IEHTPAIbHBIX MOMEHTOB HHEPIUH.

Ecnu Tenepp BMECTO MPOU3BOJIILHON HAYAJIBHOM CUCTEMBI Oceil X, Y NPUHATH
rJIaBHBIE OCH, TO (POPMYIIBI ITEpeX0/ia K MOBEPHYTHIM OCSIM OYAYT UMETh BU]I:

_ 2 in2, .
IX1 =l,cos8%a+ 1, Sn“a;

ly, =18 na +1,c08% ; (11.14)

_1 . 2
Ilel _E(Iu_ I, )Sin“2a.

BaxxHo oTMETHUTH, YTO TJaBHbIE MOMEHTBHI MHEPLUUHM 00JaJal0T CBOHCTBOM
SKCTPEMAIBHOCTH. B  3TOM 1erko  ybemuthess, npoauddepenuuposas |

X1
(cm. popmyny (11.4)) no nepemennoin A :
dly, | |
o =-1ysin2a + 1 sin2o - 1, X2C0S200 =
| yt |

=- 2(1 ,c0s20 +Tx>sin2ai =-21,

1Y1 ’
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Ortcrona cienyer, 4TO HpOU3BOOHAsE 0bOpawaemcs 8 HOMb Ol mex ocell,
OMHOCUMENILHO KOMOPHIX YEHMPOOEHCHDIL MOMEHM UHePYUU PABeH HYI0, MO eCmb
IKCMPEMAIbHble 3HAYEHUST UMEIOmM MOMEHMbl UHEePYUU OMHOCUMENbHO 2lIABHbIX
ocell.

Y4YuTBIBasI, YTO CYMMa MOMEHTOB UHEPIIUH OTHOCUTEIIHLHO JIBYX B3aUMHO
MEPICHANKYIIPHBIX OCEH ABJIACTCS BEIMIMHOM IMOCTOSTHHOM, MOYKHO 3aKITIOYUTh, YTO
OTHOCHUTEIHPHO OJHOW M3 TJIaBHBIX OCEH MOMEHT HHEPIIUY UMEET MaKCUMaJIbHOE
3HAYEHWE, & OTHOCUTEIIBLHO JPYTOf - MUHUMAJIBHOE.

MOXXHO pPEKOMEHOBAaTh CICAYIONUN nOpsO0oK onpeoenenusi HNOA0NCEeHUs.
2/IABHBIX YEHMPATbHBIX OCel U BETUYUHBL 2IABHBIX YEHMPATLHBIX MOMEHMO8 UHEPYUU
CLOIACHO20 NPOPUIISL, COCMOAWE20 U3 NPOCIbIX YACMEl.

1 PazouBaem (urypy Ha MpOCTHIC YACTH, JIJII KOTOPHIX TUIOIIAJIH M TIOJI0KCHHE
WX IIEHTPOB TSAKECTH JIETKO ONPEICITHTD.

2 BriOupaem IpOM3BOJIBHYIO CHCTEMY IMPSMOYTOJIBHBIX OCEH, 10 OTHOIICHHUIO
K KOTOPBIM OIpEIesieM KOOPAMHATHI IIEHTPA TSOKECTH 3aJaHHOW (HUTYpHI TIO
bopmynam:

n n
a F xx a Ry,
XC = iy = |:1n : yC :% = |:1n . (1115)
ak ak
i=1 i=1

3 IIpoBoauM LieHTpalbHBIE OCH X, Vj KaXKIoW (pUrypsl Tak, 4ToObI Hanboee
JIETKO MOXKHO OBUIO BBIUHCIIUTH MOMEHTBI HMHEPUUH 3THX (uryp (CoOCTBEHHBIC
MOMEHTBI HWHEpIMH). 3Has WX, HAXOJUM MOMEHTBI HMHEPIMU CJIOKHOU (UrypsI
OTHOCHUTENFHO IICHTPAIBHBIX OCEH, MapauIeIbHBIX COOCTBEHHBIM OCSM KaXKIOU
COCTaBHOM yacTu GUTYpBHI, 10 GpopmyiiaM, morydeHHbIM 13 Gpopmyi (10.16) - (10.18):

3 2
Iy=a(ly +&’F);
i=1
A 2
ly :_a1(| y TaF ); ( 11.16)
=
A
Ixy = a-(lxi +aiqui )
i=1
4 OmnpenensieM 1o hopmyiie
2IXy
tg20y = — 2
ly- 1y

yrojl HAKJIOHA TJIABHBIX LEHTPAIBHBIX OCEM 1O OTHOMIEHWID K HW3BECTHBIM
IEHTPAJIbHBIM OCSM (UTYpHI, MPUUEM, OCh, MPOBEACHHYIO IMOJI MEHBIIUM YIJIOM
(MOJIOKUTEIBHBIM WM OTPHUIATEIbHBIM) OymeM o00o03HadaTh OykBoi U, a

NEePHeHANKYIAPHYIO K Hell — OyKBOi V.
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5 OmpenensieM 3HAYCHHS TJABHBIX IICHTPAJIBHBIX MOMEHTOB HMHEPIUH II0
dopmynam (11.13).

6 MOKHO BBINIOJHUTL MPOBEPKY, KOTOpas KOHTPOJUPYET MPABUILHOCTD
apru(PMETUICCKUX BHIYMCICHUI:

8y +ly =1y +ly;

|
6) IUV - IXCyCCOSZOCO +%Sin2ao =0.

11.3 MomMeHTBI CONPOTUBJIECHUS

OcesblM MOMEHMOM CONPOMUBTEHUS HA3bIBAEMCS OMHOUWEHUe MOMEeHmMA
uHepyuu OMHOCUMENLHO OAHHOU OCU K PACCMOAHUIO OM Heé 00 Hauboaee YOaléHHOU
MOYKU NONEPEYHO20 CeYEeHUs.

W, = Ix LW, =2 (11.17)

y
Ymax Xmax

Enununia usmepeHruss MOMEHTOB COITPOTHUBIICHUS — oM.

MOMEHTBI CONPOTUBIICHUS] OTHOCUTEILHO TJIaBHBIX IEHTPAJIbHBIX OCEH UMEIOT
MPaKTUYECKOE 3HaUCHUE. BhIUMCINM MOMEHTBI CONMPOTUBIICHHUS] HEKOTOPBIX MTPOCTHIX
buryp.

1 IlpsiMOyroJibHUK:

b’ , ,
VYL S R L YR Lo L (11.18)
Ymex N6 6
2
b®*h ) ,
|
w, =Y =12 _b™h Wy:w (11.19)
Xrex P 6 6
2
2 Kpyr
3
W =W, = iy mR R 0D »0,1D°. (11.20)
R R 4R 4 32

JIns  KoableBOro cevyeHusi (Tpyd6a) OrpaHUYMMCS KOHIICHTPHUCCKUMHU
OKPYKHOCTSIMU:
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|, _7D*-d*) _zxD°

X
D 32D 32

W, =W = (1- a*)»0,1D3(1- a*),

d

rae o= B — OTHOIIEHUE BHyTpeHHero auaMerpa O TpyObl k eé Hapy)HOMY

nuamerpy D.

HOJZ}ZprlM MOMEHNOM CONPOmMuUeleHuUsd HaA3vleAdont OMHOUWeHUe NoJAIPHO2CO
MOMEHRMA UHEPpYUU K pACCMOAHUIWO Om notoca 00 Haubonee yaaﬂéHHOTj mo4Ku
CEYCHUSL.

=_ P
g Pmax
g kpyra:
| 3 3
w =2 TR _mO7 on3 (11.21)
R 2 16
J1s1 KOJIbIEBOT O CEYEeHMS .
| 7xD3
— P — 4N _ 3 4
W, 5= 16 (1- a*)=0,2D3(1- o*). (11.22)

Kak BuauMm, MOMEHT COINPOTUBJICHUS HE TMOJYUHSIETCS NPUHLUIY
CyHEPIO3ULIUH.

11.4 TlousiTHe 0 paguyce U FJIUICE HHEPUUH

MowmeHT uHepuuu GUrypbl OTHOCUTEIBHO KAaKOH-IMO0 OCH MOXHO MPEACTaBUTH B
BU/JIE TPOU3BEACHUS TUIONIAAN (PUTYPHI HA KBaApaT HEKOTOPON BEJIMYUHBI,
Has3bIBaeMoOu paguycoM Muepuun

|, = oy°dF = F %,
F

rae ly - paanyc MHEPUUH OTHOCUTEIBHO OCH X.

Otcrona
. [
Iy = F ) (11.23)
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AHAJIOTUYHO

(11.24)

I'maBHBIM OCHTPAJIBHBIM OCAM MHEPIUU COOTBCTCTBYIOT I'JIABHBIC PAINYChI

HHCPLUHU
: I : I
iy = ‘/F“; Iy = ‘/FV' (11.25)

Hanpumep, mis npsamMoyrojbHuka, n3obpaxenHoro Ha puc.10.5, riaBHbIe
paanyChl UHEPIIMHU PABHBI:

. Jent o n . . _[p*h _ b

i = = S I = .
% Y1z2bh 2437 Y 12bh  2./3

['naBHbIi paanyc uHepuuu s kpyra (cm puc.10.8) paBen

[TocTporM Ha TIJIaBHBIX IICHTPAJIbHBIX OCSX HMHEPIUH (DUTYphI DILIUIC C
MOJIyOCSMH, PaBHBIMHU TJIABHBIM PajdycaM MHEPILHH, MPUYEM BIOIb OCH U OTIOXKUM
otpes3ku ly,a Baonb ocu 'V - orpesku |, (puc.11.3).

Pucynok 11.3

Takoil osmnurc, Ha3bIBaeMbll 2auncom uHepyuu, 00JATAET CIEAYIOLIUM
CBOMCTBOM: paAuyC MHEPLUMH OTHOCHUTEIBHO JIO00M UEHTpaJlbHOM  OCHU
onpenensAercss Kak neprneHaukyinsp OA, NpoBeleHHbIM W3 LEHTpa JJUIAICA HA
KacaTeNbHYI0, [TapauIeNIbHYI0 pACCMAaTPUBAEMOM OCH.
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12 KPYUYEHHUE

12.1 lonsiTne o kpyyennu. [locTpoeHne 3M0pPbI KPYyTAIIMX MOMEHTOB

Ilo0 Kkpyuenuem noumumaemcss makou 6u0 HASPYIHCEHUS, NPU KOMOPOM 8
NONepeuHbIX CEeYeHUAX CMEePICH B803HUKAem MOAbKO Kpymawun momenm. Ilpoune
cuiioBble  (hakTOphl (M3rHOAIOIHEe MOMEHTBI, MPOJOJBHBIE K IOMEPEUYHBIC CHJIBI)

paBHbI HYyI10 (prc.12.1).
MM

CrepxeHb, paboTaroInil Ha KpydeHUE, HA3bIBAETCS BAJIOM.

Pucynox 12.1

Jlns  KpyTsIIero MOMEHTa, HE3aBUCHUMO OT (OpPMBI CEUCHHS, TMPUHSITO
CIIEIYIONIEE Npasuio 3HAKos. eciii HabI0AaTeNlb CMOTPUT Ha MOMEPEYHOE CEUECHUE CO
CTOPOHBI BHEIIHEH HOpMaaud M BUJIUT MOMEHT M, ,, HaNpaBIEHHBINA 10 X00y 4aco8ol
cmpenku, TO MOMEHT CYHUTaeTCs noaodcumenvHviM. llpu NPOTHUBOMOIOKHOM
HaIpaBJICHUM MOMEHTY MPUIHUCKHIBAETCS 3HaK «MuHYyc». Ha puc.12.1, 6 B ceuenun A
MOKa3aHHBIN KPYTAIIUA MOMEHT SIBJIICTCS TTOJIOKUTEIbHBIM.

3Haxu KpYTAIMIMX MOMEHTOB TIPOIIE OINpPENSsATh IO HANPaBJICHUIO BHEITHUX
MOMEHTOB. KPYTSAIIUI MOMEHT B CEYEHUU M, CUUTAETCA IONOKUTEIBHBIM, €CIH PH
B3TJISI/IE CO CTOPOHBI CEUCHUS BHEUHEel HOPMANU CKPYYUBAIOWULI MOMEHM HANPABIIeH
npomue xooa uacoeoul cmpenxu (cMm. puc.12.2, 6).

KpyTsiuii MOMEHT B JTFOOOM CEYEHUU PAaBEH CyMME MOMEHTOB BCEX CHJI C OJTHOM
CTOPOHBI OT CEUCHUSI OTHOCUTEILHO OCH CTEPIKHS.
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M;=50 kHu M,=350 M3=300 M,=400 Ms=200 xHm

Of 1/> 2/> 3/ 4{ 5

2 | | | | Lo
—d-€=F=—%+-= I —]_. r—rr—1._[ =1l I =112
17| | | | | 4
0 1 2 3 4 5
o0 11T
M JKH>m
200
300
600

Pucynox 12.2

VYKa3aHHBIM TPAaBUJIOM 3HAKOB PYKOBOACTBYIOTCS TMPU TOCTPOCHUHU SIIOP
KpYTSIIMX MOMEHTOB. PaccMoTpuM mnpumep TMOCTPOCHHUS DJIIOPHI  KPYTAIIUX
MOMEHTOB. I1ycTh Ha Basl ACHCTBYIOT MOMEHTHI M1, M,... Ms (cMm. puc.12.2).

Ha pa3nbix yudacTkax Bajia KPYTSAUIMA MOMEHT OYJET HUMETh Pa3IuuHYIO
BEJINYUHY.

Yactp Bana cieBa OT MIECTEPHH, K KOTOPOM MPWIOKEH BHEIIHUN
(ckpyuunBaronuil) MOMEHT M1, HE HarpyKeH M, €ClIi peHeOpeYb TPEHHUEM B OIOpE,
TO MOKHO CYHMTaTh KpyTAIUi MoMeHT B ceuennn 0-0: M,,,0=0.

Yacte Bana cnpaBa oT M;=50 xkH-m OyneT HaAXOAUTHCS B PABHOBECHUU IO
NEHCTBHEM MOMEHTA M1 M KPyTALIEro MOMeHTa B cedeHuu 1-1, 1.e. M,,1. Ilockonbky
gHewHuti Momenm M; HanpaBleH NPOTHB XOAA 4YaCOBOW CTpENKH, TO M,,1 Oyner

NOJ102AHCUMETIbHBIM.
MKpl = M]_ = 50 kHm.

B ceuennn 2-2 kpyTAmui MOMEHT M,,» OylneT paBeH CyMMe BHEIIHHUX
MOMEHTOB C YYE€TOM UX 3HAKOB!

MKp2= Ml-M2= MKpl-Mzz - 300 kHm.

Jlanee, paccyasi aHaJIOTUYHO, TIOJTYUUM:
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MKp3= My -M> - Mz = Msz -M3= - 600 xH>u;
MKp4: MKp3+ M,y= - 200 kH>u,
MKp5 = MKp4+ M5: 0.

Ha ocnosanuu nonyyeHHbIX GeIUYUH KPYMAUUX MOMEHMO8 NOCHMPOUM UX
NPy, OMKIAOLLBASL 8 ONPEOENEHHOM MAcuimabde opouHamsl om 6a3060U JTUHUU.
Tpumem nonodicumenvhvle 3uavenus My, omxnadvieams esepx, Xoms MoOACHO

NPUHAMb U OpY20e NPeOnoloNHCeHUe.

Pacnpeoenenue kpymsawux momenmos no onune eana nokazawo Ha puc.12.2,
OmMKyOa 6uo0HO, Ymo HAWOONBIIUN CKPYyUYHBAIOMIMN (BHEIIHHMI) MOMEHT HE BCerja
SBIISIETCSI HAMOONBIIUM KPYTSIIUM MOMEHTOM Ha Bany. Ilpu pacueme dice 8anog Ha
KpyYeHue 8 (opmMynax UCHONb3VIOMCSA 3HAYeHUs: KPYTAIUX MOMEHTOB, KOmopbvie
HeoOX00uMo opams u3 dnwp.

Hnocoa mpebdbyemcea paccuumams 6an Npu  U38eCMHOU  Nepedasaemoll
mownocmu N u uucne o6opomoe sana N . Kax uzeecmmno uz Kypca meopemudeckot
MeXanuxku, MOMeHm cosepuiaem pabomy na yeae nosopoma. Ob6O3HAUUE Y2N08YI0

ckopocmo sana W, natidem, umo 3a epems 1 ean nosepnemcs na yeon | , (8
paouanax)

n
j =wt=P0¢
30
a moment M, cosepumt paGory
_ L pn
A=M_j =m PO
xp | D30
Torma MomHOCTL (paboTa 3a €AMHUILY BPEMEHH)
A_M,pn
N=2=el
t 30
OTcrozia clleyer, 4To
N
M,, =955 (12.1)

rae N - MOITHOCTD, NepeaBaeMas BajioM, kBT;
N - yacTora BpalleHus1, 00/MUH;
M., - kpyTammii MomeHT, KH-M.
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B cmapoti mexuuueckot aumepamype UCHOIB306ANACHL BHECUCEMHASA
eouHuya Mmowpocmu — jaowaounas cuna (n.c.). Eciu nepedasaemas 6aiom
MOWHOCb UBMEPAEMCS 8 J1.C., MO

N
M, =716—.
Kp n

12.2 Hanpsiskenust u nedopManiui Npu Kpy4eHUu KPyrjiaoro Bajaa

[Ipu pacuete Baja Ha Kpy4deHHUE PEIIAIOT JIBE€ OCHOBHBIC 33/1a4d: OMPEACISIOT
HaMpsDKeHWs,, BO3HUKAIOIIME B CEYEHUHM, U HAXOJAT YIVIOBbIE IIEpPEMEICHUS B
3aBUCUMOCTH OT BHEUTHUX MOMEHTOB. Pelienne 3Tux 3a1au CylecTBeHHO 3aBUCUT OT
dbopMbl ceueHuss U MPEACTaBiIseT OOJBLIYIO CJIOXKHOCTh IS IIMPOKOTO Kiacca
TOHKOCTEHHBIX CTEpPKHEH.

[Ipu pacuere 3agaud O Kpy4yeHUHM Bajla UCIONB3YIOT 2unomesy NIOCKUX
ceuenuii, B OCHOBE KOTOPOW TMOJIOKEHO MPEANOIoKEeHUe, 4To Mpu aepopManuu
KPYYEHHUS KPYTJIbIE MOIMEPEUHbIE CEYEHHsI OCTAIOTCA IJIOCKUMHU M TOBOPAYMBAIOTCA
OJIHO OTHOCHUTEJILHO JPYroro Kak >KeCTKOE LEJI0e.

OnpIThl MOKA3bIBAIOT, YTO TMPHU CKPYYMBAHUU Bajla KPYIJIOrO CEUYCHHS

momentom M (puc.12.3) mpoucxomuT  CcleAyloliee.  Bce  0Opasyrolue
MOBOPAYMBAIOTCS HA OJIMH U TOT K€ Y201 cosuea g; paanychl, HAaHECEHHbIE Ha

TOpPUOCBOM CCUCHHUH, II0CIIC IIC(i)OpMaI_II/II/I HC HCKPHUBIIAIOTCS; PACCTOSIHHUA MCKIY
CMCKHBIMH CCUHCHUAMMU IPAKTHYCCKH HC MCHAIOTCH, T.C. CCUCHHUA 1-1mu 2-2 (CM.

puc.12.3, a), noBopauuBasch APYr OTHOCHTENLHO ApYyra Ha yeon 3akpyuusanus O ,
COXPAHSIOT MEKIy coboii paccTosiue 0z,

A\t dF

Pucynok 12.3
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UtoObl ompenenuTh HaNpsSKEHUS B TOMNEPEYHBIX CEUYCHHUSX CTEpXKHS,
paccMOTPUM, IIPEKIE BCETO, CIMAMUUECKYI0 CIOPOHY 3a0au.

[locKONbKYy IpU KPY4YEHHUHM B CEUYECHHHU JIEWCTBYET €IMHCTBEHHBI CHUIIOBOM
bakTop — KpyTAluid MOMEHT M,,, KOTOPBIA BBI3BIBAET TOJBKO KacaTellbHbIC
HaIpsDKEHMs, B KAayeCTBE YPAaBHEHMS PABHOBECHS COCTAaBUM CYMMY MOMEHTOB
OTHOCHUTEJIBHO OCH BaJa!

SM,(R)=0;, M,,- ggtdF=0
F
nim

M, = Qrtdr, (12.2)
F

riae t - kacaTenpHOE HAINPSDKEHHUE, ISHCTBYIONICE HA DIIEMEHTAPHOM TUIOIIAIKE
dF, pacronoxxeHHOH Ha TPOU3BOJIBHOM pPACCTOSIHUM OT LEHTpa CEYCHUS
(puc.12.3, 6).

XapakTtep  paclpeleieHUus  HampsOKCHHH 10 CEYCHHUIO  BBISCHUM,
PACCMOTPEB 2eoMeMPULeCKyt0 KapmuHy oeghopmayuy Baja Mpyu KPyICHHUH.

JInst 3TOro JByMs TOMEPEYHBIMH CEUYCHUSMHU BBIICIMM M3 Opyca SJIeMEHT
AmuHOM dZ, M3 Hero JAByMS IHJIMHIPUYSCKUMH MOBEPXHOCTSIMHU C pajuycamu I H
r +dp BeLICTMM BJIeMeHTapHOE KoJbilo (puc.12.4).

Pucynok 12.4

[lpaBoe TOpIIEBOE CEYCHHE IMOBOPAYUBACTCS MPU KPYYCHUH OTHOCHTEIIBHO
aesoro Ha yroi dj . OOpa3syromas jJuHus 4B MoBOpaYMBaeTCs MPU STOM Ha yroi g u
3aHuUMaeT nojoxenue AB;. Otpe3ok BBy pasen rdj wmm gdz.

CrenoBaTeabHO,
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g=r —. (12.3)
dz
VYron g npeacraBisgeT coOOl HE YTO MHOE, KaK yroyl CABUTra IMIMHIPUYECKON
HOBCpXHOCTI/I. BCJII/I‘H/IHa dL 0603HaqaeTc51 O6BI‘{HO ‘{CPCB Q U HAaA3bIBACTCA
Z

OMHOCUMENBbHBIM Y2IOM 3aKpydueaHus MW TIPCACTABIIICT coOoit yYrojl B3aMMHOTI'O
IMOBOPOTA ABYX CC"ICHHIZ, OTHECEHHBIN K PaCcCTOSIHHUIO MCXKY HUMU .

di
Q = a. . (12.4)
dz
Bennunna Q AHAJIOTMYHAa OTHOCUTCIIBbHOMY YIJIMHCHUIO ITPH
pacTsDKCHUU (Dl / |). BBojs 0603Hauenue Q, noayyum
g =0Qr. (12.5)

Teneps paccMOTPUM Pu3uUecKylo CMOPOHY 3a0a4u, YCTAHABINBAIOIIYIO CBSI3b
MEKIy HampsokeHueM U aedopmanueii. IIoCKOIbKY IpH KPYYEHUH KaXKIbIi IEMEHT
BaJla MCIBITHIBAET AePOpPMALUIO CABUIa, TO, MOJACTABIAA B 3aKOH I'yKa IpH CIBUTE
(9.7) 3nauenue yria casura (12.5), monygaem

t =Gg =GQr. (12.6)
W3 dopmynsr (12.6) BuaHO, YTO KacaTelbHbIC HANpsLDKCHHS t  TpsIMo

MIPONOPLUUOHAIIBHBI PACCTOSHUIO I OT LEHTPA CEUYECHHS] U MaKCUMAaJIbHOTO 3HAYEHHUS
OyIyT JOCTUraTh y MOBEPXHOCTH MPU [ = I

t o =t, =GQ.
[Moacrapnsis ypaBuenue (12.6) B ypaBuenue (12.2), Oynem umetsb

M,, =GQ ¢y “dF =Gq |, ..
F

Omciooa noayuum @Gopmyny OJisi OMHOCUMENbHO20 Yeld 3aKpYyYUBAHUs
KpY2l1020 CIMEPIHCHSL
d M
=9 T (12.7)
dz Gl,

Ipoussenenue (G|, Ha3BIBAIOT HCECMKOCMbIO CMEPIHCHA NPU KPYHEHUU.

U3 ypasrenus (12.7) nerxo onpenenuts d :
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. M, _dz
d =—2—, (12.8)
Gl,
OTKyJIa
M
] Gir (12.9)
rac I — PaCCTOAHUC MCKAY CCUCHHUAMHU, IOJIA KOTOPBIX OIIPCACIIACTCA

B3aMMHBIN yroj moBopota | . Beipaxenue (12.9) mpexacraBisier coboit zaxon [yka
npu Kpydeuuu.

Tenepp moxacraBum B ypaBHeHue (12.6) 3HaueHue Q COIIACHO BBIPAKCHUIO
(12.7) u noay4uum

(12.10)

Taxum 00pazoM, kacamenbHvle HANPANCEHUSL 8 NONEPEUHOM CeHeHUU
pacnpedenenvl 800.1b paouyca no JUHeHOMY 3aKOHY U UMelom Hauboabliee 3HaYeHue
8 moukax Hauboee yoaieHuvlx om ocetl cmepoichsi (puc. 2.5)

Pucynok 12.4

MakcumanbHOE KacaTelbHOE HalpsbKeHHe, IEUCTBYIoee Ha epudepun
CTEPKHS,

M M
—_kp —_kp
I, W,
I, } 3
Trac er = — NOJIAIDHBIU MOMEHNT CONPOMUBIEHUA, CM .

max
CDOpMy.IIBI MOJEIPHBIX MOMCHTOB COIIPOTHUBJICHUS ITPUBCACHBI B JICKIIUHN 11.
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12.3 Yci10BMSI IPOYHOCTH M KECTKOCTH

Ycnosue npounocmu npu kpyuenuu MOXKHO 3alMCaTh, UCHIOIB3Ys GOPMYITy IS
ONpEIENICHNS] MAKCUMAJIBHOTO KaCcaTEIbHOTI'0 HANPSIKEHUS -

, (12.12)

rae [t ] — JIONyCKAaeMO€e HampsKeHHe IPU KPydeHHH (YHMCTOM CIBUTE).

OObIUHO [t ] = 0,6[8 ]

IIpoexmuposounblii pacyem COCTOMT B ONPE/EICHUH JUaMeTpa Baja. 3Has
MOMEHT COIPOTUBIIEHHMS ISl KPYTJIOTO CEYEHHUS

D3 3 M . (12.12)
0,2[7]

ITomumo pacd€Ta Ha IPOYHOCTL 6dlbl paccHdumbsvledrom U HA IHCECMKOCNb,
OFEJ)aHI/I‘H/IBaH IIOTOHHBIC YIJIbI 3aKPYYHWBAHUA HeKOTOpOﬁ HOHYCKaCMOﬁ BEJIMYMHOM

[q

HalJEeM JUaMeTp Baja

M
=% £lql|, 12.14
Orrenx i, la] (12.14)

OTKyJla TaK)KE€ MOKHO HAaWTH JUAMETp BaJia.
U3 08yx HatiOeHHbIX Ouamempos npuHuMaemcs OOIbUIULL.

Hpumep. TTonoOpats auameTp Bana (cM. puc.12.2), eciu [t ] =120MIla.
BriGupaeM HaHOONBIINI KPYTSIIMA MOMEHT Ha Bally, HCIOnb3ys amopy M xp
(em. puc.12.2): M, gy =600 kH >m.
U3 popmysel (12.12)

M 3
D3 3w = (8000 55— 292 s
0,2x] V0,2x120

Buibupaem D = 300 aum.
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13 YUCTHIN U3I'UB

13.1 Borunc/jieHue HOPMAJBHBIX HANPSIKEHUI IPH YUCTOM M3rude.
3akon I'yka npu u3rude

Paccmotpum Hanbosiee npocToi citydail u3ruba, a UMEHHO Yucmulii u32uo.

HOII YUCMBIM U32UOOM NOHUMAEMCsl MAKOU 6U0 HAacpyotCerHusd, npu KoOmopom 6
nonepevyHvlx Cce4yeruslx 6pyCCl B6O03HUKAIOM MOJIbKO u32u6a10u;ue MOMerRmbl, a
nonepeyvHvle Cujlbl 06pau;aiomc;1 6 H)Jlb.

Jliist Tex yyacTkoB Opyca, T1ie coOMoaaeTcsl 3T0 yClIoBUE, U3rMOaIOIMi MOMEHT

dMm _
=Q.Ecm Q=0,70 M =const),
dz
Venosus 4ucTOro u3ruba MOTYT BO3HUKATh MPH  PA3IMYHBIX BHEIIHHX

Harpy3kax. [TokaxxeM HEKOTOpbIe XapakTepHbie puMepsl (puc.13.1).

OCTaCTCA ITOCTOAHHBIM (BCHOMHI/IM, qTo

. P R=P R=A P
e L B il B
N 1 |

SN |
N I | a | a
@ =
©
20 20 @ P
Pa Pa
a o
Pucynox 13.1

Konconphas 6anka (cMm. puc. 13.1, @) nmoasepraeTcs YUCTOMY M3TMOY Ha BCEi

ee JJIMHE | , a Oanka Ha omopax (cMm. puc. 13.1, 6), HarpyKeHHass CUMMETPHYHO
cunamu P (manpumep, BaromHas OChb), HCIBITBIBAET YUCTBIA M3rM0 Ha yd4acTKe
MEXIy OTIOpaMHU.
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OTBekasch OT OCOOCHHOCTEN MPUITIOKEHUS HATPY3KHU U YCIOBUHM 3aKPEIUICHHUS

Opyca B 1I€IIOM, PacCMOTPUM TOIBKO TOT ero ydactok, rae M=const u Q=0
(puc.13.2)

Pucynox 13.2

Ha rpanmiiax 3Toro y4acrka JeHCTBYIOT TOJIBKO MOMeHTHI M, mox neiicTBrueM
KOTOPBIX Opyc m30orHercs. Tak kak B J0OOM cedeHHH Opyca BO3SHHKACT OAWH U TOT
’Ke M3ruOaroIuii MOMEHT, TO B CIy4dae OJHOPOAHOTO Opyca M3MEHEHUE KPHUBH3HBI
JUIS BCEX YYacCTKOB OyAeT ogHUM H TeM xke. CIeI0BaTeNbHO, npu YUCmom uzeube oco
00HOPOOHO20 Opyca npuHumaem Gopmy 0y2u OKPYHCHOCMU.

PaccmorpuMm cpennee ceuenue crepxkus A-A (em. puc.13.2, a). Touku sroro
CEUCHHUS TIO0 YCIOBUSM CHMMETPUHM HE MOTYT TOJIy4YaTh MPEUMYIIECTBEHHBIX
CMEIIICHWH HH BIIPAaBO, HU BJIEBO, TOCKOIBKY W Ta, U APyras CTOPOHBI MOJHOCTHIO
paBHoIpaBHBL. CieI0BaTENBHO, 3TO CEYCHUE OCTAeTCs TUIOCKUM. Paspesaem rpy3 Ha
JIBE paBHbIE YacTh ceueHueM A-A, mojayyaeM y4acTKu BABOE MEHBIIE, HAXOAAIMECS
B TEX JK€ YCJIIOBHSX, YTO W IEIbIA ydacTok Opyca (cm. puc.13.2, 6). [Ins kaxmoit u3
MOJTyYEHHBIX TIOJIOBHH MPHUBEACHHBIC PACCYKICHUS MOTYT OBITH MOBTOPEHBI. JTOT
MpOIECC JENICHUS MOKHO TPOAOKHTH W najibine. ClieoBaTelbHO, 6Ce ceueHus
00HOPOOHO2O0 Opyca npu  4ucmom useube He UCKPUBIAIOMCA, a  JUlLb
nosopauusaromcs. CKa3aHHOE HE OTHOCHUTCS K KpaeBbIM 30HaM, Tll€ B CHITY
OCOOCHHOCTH TPHJIOKCHUS BHEUTHUX CHJI BO3MOXKHBI MECTHBIE OTCTYIJICHHS OT
yKa3aHHOW 3aKOHOMEpHOCTU. B cooTBeTcTBUM ¢ mpuHIunoM CeH-Benana kpaeByro
30HY CJIEIYeT UCKIIOUUTH.

B 3aBHCHMOCTH OT HampaBlicHHs H3ruOaromero Mmomenra M oxHU BOJOKHA
OaJIKM pacTsAruBaroTcs, a JApyrue — cxumaworcs. Hamnpumep, nHa puc.13.2
pacTATUBAIOTCA BEPXHUE BOJIOKHA, & CKUMAIOTCS — HIDKHHME. Tak Kak aedopmaiius
MPOJIOJIBHBIX BOJIOKOH TIO BBICOTE OalIKM MEHSETCS HENpPEephIBHO, TO Ha KaKOM-TO
YpPOBHE MOXHO HaWTH U TaKhe BOJIOKHA, JJIMHA KOTOPBIX NpH HM3rude ocraercs
HEU3MEHHOM.

CoBoKynHocmb G0NOKOH, He MEHAIoWUX c8oeli ONUHbl npu useube 0aKu,
HA3b180eMcsl HeUmpaibHbiM cioem (H.c.).
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BosokHa, mpuHamnexanme HEHTpaabHOMY CJOI0, A0 nedopManuu Jexar B
omuoit mrockoctn (puc.13.3), a B 1eOpMHPOBAHHOM COCTOSHHH OOpa3yioT
HEKOTOPYIO IWIMHIPUYICCKYIO TMOBEPXHOCTh. Kaklioe MmomepedHoe ceueHue Oallku
NepeceKaeTcs ¢ HeUTPATbHBIM CIIOEM T10 TIPSIMOM, KOTOpasi Ha3bIBACTCS HelmpaibHOU
Junuetl (K. 1.) CCYCHHS.

___________________________

------- -

y4

“vdF
| —_
- Heumpanvnuiii « 7'4 dN = s dF
| caou \ Cunosas
I HIOCKOCTb

Pucynok 13.3

[Tpu miockoMm U3rude HEUTPANIBHBIN CIOM OKa3bIBACTCS MEPIICHANKYISIPHBIM K
cunosoli naockocmu (T.e. TUIOCKOCTH, B KOTOPOW MPHJIOXKCHBI BHEIIHUE CHIIBI),
a 3HAYWT, HEUTpajbHas JIUHUS TMEPHEHIMKYISPHA K CUJIOBOM JIMHUU B CECUCHUH.
bynem cuurarh, uro och X (cMm. puc. 13.3) mpoBeneHa B CEUEHHMH TaK, YTO OHA
COBIIJIaCT C HEHTpaIbHON JUHHEH (HO IMOJIOKEHHE IMOCICIHEH 10 BBICOTE CEUCHUS

II0Ka HCI/ISBeCTHO). CunoBas MIOCKOCTh Ha pI/IC133 COBIIaAacT C INIIOCKOCTBIO yZ u
ABJACTCA IINIOCKOCTBIO CHMMCTPUU CCUCHU S OaJIKH.

Jlist omnpeneneHus: HOPMAJIbHBIX HaMpsDKEHUH B JIIOOOW TOYKE TOMEPEYHOTro
ceueHusi OaJlku BBIJEIMM BOKPYT JIO0OM TOYKM C KOOpAMHATAMH X U )
(cm. puc.13.3) snementapuyio mnomanky OF, o6osmauum aeifcTByromyio Ha Hee
cuny N = s dF. PaccmarpuBaemass yacTh Gaiku HAXOAUTCS B PABHOBECHH MOJ
feiicTBUeM BHEWHMX cwi, obpamaromux napy M, u nopmaneubix yeunuit AN,
3aMEHSIONMX OTOpOIIeHHYI0 4YacTh Oanku. [lockonbKy 3akoH pacmpenesieHus

HOPMAJIbHBIX HAaNpsSKEHUH S 1O CEYEHUI0 HEW3BeCTeH, TO 3ajJada Mo HX
OTPEJICTICHUIO SIBJISIETCS CTaTMYECKH HEONPEeAeNIUMON, IS PACKPBITUS KOTOPOU
HEO0OXOJIUMO PAaCCMOTPETh TPU CTOPOHBI 33Ja4M: CTATHUYECKYI0, TEOMETPUUECKYIO U
(bu3HUECcKyIO.
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Cmamuveckas cmopona 3a0auu 3aKIKOYAETCSs B COCTABICHHM YPaBHEHHH
pasrosecust. ITpu uncrom msruoe Q= Q= M,,= 0. IIpoekims maper M Ha mo6yio
OCb TaKkKe paBHa Hym0. [l03TOMy M3 HIECTM YpaBHEHHMI PAaBHOBECHS MOMKEM
COCTAaBHUTh TOIBKO TPH:

a Ry =0; & dF =0; (13.1)
F
AMy(R)=0; ¢ xdF=0; (13.2)
F
aM (R)=0; M- ¢p ydF=0. (13.3)
F

[lepexonst K eeomempuueckoi cmopoHe 3a0ayu, PaccMOTpuUM aedopMaIuio
sJIeMEHTa OaJIK¥, OFPaHUYCHHYIO IBYMS CMEKHBIMH MOTIEPEYHBIMHU CEYCHHAMH MM
u N-N (puc. 13.4, a), oTcToAMMMHU APYT OT Apyra Ha pacctosauu dZ, u, npuHsaB BO
BHUMAHUEC THUIOTE3y IUIOCKUX CEUCHHUM, pPacCMOTPHM ero AehOopMHUPOBAHHOE
cocrostaue (puc.13.4, 6).

m A
_ _a_():____:_bo, _
a!—y—! b
ml dz In
a 9]

Pucynox 13.4

Ceuennss MM u N-N ocTarOTCA TIOCKMMH U MMOBOPAYMBAOTCA HA YIoJl dj .
[psiMonuHeiinblil 31eMenT dgllg HelTpanbsHOro ciios npespaimiaercs B ayry (¢ b¢)
¢ paguycoM I , a BOJIOKHO, HAXOJAIIE€ECs HA PACCTOSHUM ) OT HEUTPAIBHOIO CIIOA, -

B KpUBOJIMHEIHOE BOIOKHO &b ¢ pammycom kpususnbl (I + ). OTHOCUTENBHOE
YJUIMHEHUE 9TOT0 BOJIOKHA PaBHO!

o= dub-ab
ab
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IToncrasnsem B JaHHyI0 (QopMyny JJIMHBI aibl = ( r+vy )dj 51
ab=r dj

(r+y)dj -rd
r dj |

WITH e=". (13.4)
I

Qusuyeckas cmopoxa 3a0aqu 3aKI0YaeTCs B UCTOIB30BaHUH 3aKkoHa ['yka.
Kaxxmoe BOJIOKHO Oaiku UCTIBITHIBACT ehOPMAIIUIO PACTSHKEHUS UIIN CIKATHS.
CrnenoBatenbHO, 10 3aK0HY ['yKa:

s=Ee:E1. (13.5)
r

Takum 00pa3oM, IpH YHUCTOM H3rHOE HANPSHKCHUS B IMOMEPECYHOM CECUCHHUH
WU3MEHSIOTCS 0 JIMHCHHOMY 3aKOHY.
[ToacraBum ypaBuenue (13.5) B ypaBuenue (13.1):

EYE=0,  um  CoydF=0
Fr F'F

Otkyna dydF =0.
F

U T0Jy4yaeM e=

DTOT HMHTErpajl MPEICTaBJIACT CO0OM CTATUYCCKMA MOMEHT IUIOINAIH
OTHOCHUTEIILHO OCH X (0Ch X — HeHTpayibHas JHHUSA). Tak KaKk CTaTUYECKU MOMEHT
pPaBEH HYJIIO, TO HEUMPAlIbHAs JUHUS NPOXOOUM uYepe3 YeHMpP MsICecmu, TO eCTh
koopounama y B BbipaxeHusx (13.4) u (13.5) momydaer ompenereHHOCTb:
KOOpOUHAmMaA Y Omcq4umvleaemes om yeumpaipHou ocu. TOYHO TaK K€ TOIydaeT
OIPEICIICHHOCTh ¥ BeJIMUUHA I KaK paouyc KpuusHvl HeUmpaibHO20 ClO5.

Iloocmasum ypasnenue (13.5) 6 ypasnenue (13.2):

E sydF=0
s

Xy

E
Tak kak rElO, TO ?c‘)XdeZO; toects |, =0.
F

HOCJICJIHCC 0O3HA4acT, YTO OCU } U Z — TJIaBHBIE OCHTPAJIBHBIC OCU CCUCHUA.
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Takum oOpa3om, eciu cuiloBas MJIOCKOCTh COBHAAAET C OAHOM M3 TJaBHBIX
LHEHTPAJIbHBIX OCEW CeueHHUs, TO HU3rud OyJaeT IUIOCKUM, UM HEWUTpasbHBIA CIOU
CEYEHMsI COBIIANAET C APYrOX INIABHOW LIEHTPAIbHOU OCBIO.

[ToacraBum ypaBuenue (13.5) B ypaBuenue (13.3):
E Y
— &y dF=M. (13.6)

Otkyna

(13.7)

— \
Tac IX - Oyzdl:- MOMCHT HHCPLHUU CCUYCHUA OTHOCHUTCIBHO HCUTPAJIBHOU
F
JIMHUH.

®opmyna (13.7) B mpoBeZIcHHOM pacueTe Oblila BCIOMOTaTeIbHOM, OJJTHAKO OHA
UMeeT U OOJBIIOE CaMOCTOSITENIbHOE 3HaueHHe. E€ MOXKHO TpaKkTOBaTh KakK 3aKOH
I'yka npu uzeube, NIOCKOIBKY OHA CBS3bIBAaeT AedopMaliuio (KpHBH3HY HEHTPAIEHOTO

cnos 1/r) ¢ neiicTByromuM B cedeHMH MoMeHToM. IIpou3BeeHHe E|X HOCUT
2

Ha3BaHWe Jicecmkocmu cewenus npu useube, H”". Y3 dpopmynsr (10) BuaHo, 49TO

ecnu  Oanka W3roTOBIEHa u3 oxHopoxHoro Marepuana (E=const) u wmmeer

nocrosiuaoe cedenue (I=CONSt), to nmpu uucrom wmsru6e (M=coNst) oce Gamku

UCKPUBJIISIETCS 110 AYI€ OKPYKHOCTH (1/r =const, u, 3nayut, r =CONSt).

[ToacraBum ypaBuenue (13.6) B ypaBhHenue (13.5) u moiayuum BETUUYHHY
HOPMAJIBHOT'O HANPSOKEHUS B MPOM3BOJIBHOM TOUYKE CEUCHHS, PACIONOKEHHON Ha

BBICOTC y:

(13.8)

Beipaxxenne (13.7) mokaspIBaeT, 4TO HOPMAIbHble HANPSAICEHUs Npu uzeude
MEHSAI0MCA NO 8blcome cedenus no auneunomy 3axony. Ilpu 3TOM OHU MOCTOSHHBI 11O
mmpuHe ceueHus. Kpome storo, u3z ¢opmysnsl (13.8) ciemyer, 4To HE3aBHUCHMO OT
GbopMbl M pa3MepoOB CEUYECHHs HAMNPSIKEHUS] B TOYKAX HEUTPAIbHOW JMHUM PaBHBI

HyJII0. BenuumHa HOPMAJIBHOIO HANpPSDKEHUS S JMHEWHO BO3pPACTAET IO MEPE
yOAJIEHWsT OT HeWTpanpbHOM JHMHUU. [Ipm >TOM HanpsDKEHUS  OKa3bIBAKOTCS
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MOCTOSIHHBIMU M0 MIUpHUHE cedeHus. CienoBaTenbHo, 3Mopa s JIF0ObIX CEUeHHH,
UMEIOIIUX TOPU3OHTAJIBHYI0 OCh CHMMETpUHM, Bcerga Oyner HMETb BUJ,
npejcTaBlieHHbIN Ha puc.13.5.

o TN wn Y | s
N2

Pucynok 13.5

/-
EI——\
U

13.2 ¥YcJiioBHEe NPOYHOCTH NPHU U3rude

MakcuManbHOe HalpsDKeHHE TMpu M3ru0e BO3HUKAET B TOYKax, Haumbolee
YAAJICHHBIX OT HEUTPAJIIbHOM JINHUU

S oy = e Yo (139)
I X
Ota dopMyna SBISETCS OCHOBHOW MPH pacyeTax Ha MPOYHOCTH MPHU U3THOC H
cripaBeJIIuBa JiJisl 0ajok ¢ Jr000i hopmMoil ceueHusl.
OO0b1yHO hopmyity (13.9) mpeoOpasyroT CiIeayIOIIUM 00pa3oM:
M

S o = mex
(! Yo )

Bennunna IX/ ymax Ha3bIBACTCA OCEBbIM MOMEHMOM CONPOMUBTEHUA,

o 3
o6o3nauaercs Oyksoit W u msmepsierca B e’
Takum oGpazom,

s = Vmx (13.10)

Haubonee SKOHOMUYHBIMH SIBISIIOTCA Takue (OPMBbI MONEPEUHBIX CEUEHUH,
JUIsE KOTOPBIX C HauWMEHbIIEH 3aTpaTod Marepuana MOoJydaeTcs HauOoblIas
BeanunHa MomenTa comnporusienus W, Jlns panuoHansHo paboraromieil Ha M3ru6
0aJIk He0OXOIMMO, OUYEBHJIHO, IO BO3MOKHOCTH PAa3MECTUTh TUIOLIAAN OTEPEYHBIX
CEYEHUI MOJajblIe OT HEUTPAJIbHOM OCU. Tak BO3HUKIM [BYTABPHI, IIBELUIEPHI U
Apyrue TOHKOCTeHHbIC podmin. [Ipn n3rnbe B BEPTHUKAIBHOW TUIOCKOCTH (M3rHO
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OTHOCUTEIILHO OCH X) Takhe NpoGWIM MAalT CYIICCTBEHHBIH BBIMTPHIII B Bece
(cM. puc.13.5) 1o cpaBHEHHIO ¢ TPOYUMHU POPMAMU TOTIEPEIHOTO CCUCHHSI.

MoOMeHTBI  CONPOTUBIICHUS CTaHAAPTHBIX NpoQuiiei JaHbl B COpPTAMEHTE.
[loaToMy mpu HX pacyeTre OTHagaeT HeOoOXOIUMOCTh MPOU3BOAUTH T'POMO3IKHE
BBIUMCIICHUS, CBSI3aHHbIE C WX omnpeneneHueMm. g mnpocteimux — ¢duryp
(IpSIMOYTOJTBHUK, KPYT, KOJBIO) (HOPMYJIBI JJIsi OMPEACICHHS OCEBOTO MOMEHTA
COTNPOTHBIICHHSI U3BECTHBI (M. pazaen 11).

VYcnoBue NpoYHOCTH npu uzeubde Oanku ¢ CUMMEMPUYHBLIM CeYyeHUueM UMEET

(13.11)

(13.12)

Ecnu matepuan Oanku paboTaeT pas3iMyHO HA PACTSIKEHUE M CXKATHE, TO
HE00X0MMO, YTOObI MaKCHUMaJbHbIE PACTATHUBAIONINE HAIMPSIKCHHUS HE MPEBBIIATN

[S,]; a MakcuManbHbIE CxMMarolHe — [S ], To ecTh

S ElS, ] S ElS.]
pacm corc
3amnmcas BBIPAKCHUA JIJIA S max uS max " 3Has JOITyCKACMBIC HAIIPAKCHUA,
pacm core

MO>KHO HalTH pazmepsl ceueHus. M3 NByx HallIeHHBIX pa3MepoB 6epéM OOJIBIIHIA.

IIpumep. [TogoGpars Oanky AByTaBpPOBOIO MONEPEUHOTO CEYEHUS AJI CXEMBI
Harpy»XeHus, npejacraBieHHoro Ha puc.13.1, a, ecnu [S ] =160 Mlla.
U3 popmyssr (13.11)

W s M _ 2007

* [s] 160

N3 copramenta (OCT 8239-72) BbiOupaem aBytaBp 18, y KoToporo
W, =143cn’.

X10° =125 cud.
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14 TONEPEYHBIN N3I'Ub

14.1 Kacarte/ibHble HANPsizKEeHHUs NIPH NONepevHOM u3rude.
®opmy.ia KypaBckoro

[Ipy uyncToM wu3rubGe B TMOMEPEUHBIX CEUEHUAX Opyca BO3HUKAIOT TOJIBKO
U3rubaronme MOMEHTBI, KOTOpPbIE BBI3bIBAIOT HOpMalibHbIe HampsikeHus. B cioyuae
nonepeyHo2o uzeuba 6 cedeHusx Opyca 603HUKaem He MoabKO U3LUOAIOWUL MOMEHM
M, 1o u nonepeunas cuna Q.

Cuna Q mnpencrapnsger co6Goil PaBHOAEHCTBYIOIIYIO D3JIEMEHTAPHBIX  CHJI,
JeKAIUX B IIOCKocTH ceueHus (puc 14.1) mox AecTBUEM KOTOPBIX B IMOMEPEYHBIX
ceueHMsIX Opyca BO3HHMKAIOT HE TOJILKO HOPMaJibHbIE O, HO U KacaTellbHbIe
HaIpsKEHUS T.

|y

N
.

N

~
%

\

(L L L L0010/

N
(N

\ Nz

Pucynok 14.1

Bo3HHKHOBEHHE KacaTeJbHBIX HAIPSIKEHUN T COMPOBOXKIAETCA MOSIBICHUEM
yraoBeiX nedopmaruit. [loaTomMy, KpoMe OCHOBHBIX CMEIIEHHUM, CBOMCTBEHHBIX
ypcTOMy M3ruby, Kaxknas oieMeHTapHas miomanka cedenus OF momywaer
HEKOTOPBIC JIOTIOJTHUTEIBLHBIC YIJIOBBIE CMEIICHUsS, OOYCIOBJICHHBIC CIBUTOM. Tak
KaK KacaTelIbHbIE HANpPsHKEHUsI pacIpelesieHbl 10 CEUYCHUI0 HEPAaBHOMEPHO, TO TaK
K€ HEpaBHOMEPHO OyayT pacrpeieiieHbl U YTI0BbIE CMEIEHUsI. ITO 3HAYUT, YTO TIPU
MONIEPEYHOM M3THOE, B OTJIMYKME OT YUCTOr0 U3rubda, rmornepeyHbie ceueHust Opyca He

OCTArOTCS TUIOCKMMHM, OHM UCKPUBISIOTCS (MK JETUIAaHUPYIOT), Kak 3TO MOKa3aHO Ha
puc. 14.2.



14.1 dopmyna >KypaBckoro 123

Pucynok 14.2

OJIHaKO Ha BCJIIMYMHC HOPMAJIbHBIX HaHpH)KeHI/Iﬁ HCKAaXCHUC IINIOCKOCTHU
IMOIICPCUYHBIX CCUCHMU 3aMETHBIM o6pa30M HE CKa3eIBaercsi. B YaCTHOCTH, CCJIHU

nonepeynas cwia Q HE MEHseTCAd MO JJauHEe Opyca, TO HOPMAaJIbHbIC
HaIPSKEHUSI MOTYT OBITh ONPECIICHBI 110 YK€ U3BECTHOU (popMyiie

Y (14.1)

®opmyna (14.1) BbIBeneHA IUIsl Cilydas YMCTOrO M3rMOa, OJHAKO OHA JacT
COBEPILIEHHO TOYHbIE PE3yJbTaThl U B Ciy4yae MornepeyHoro uizruoda. [eictBurensbHo,
npu Q= CONSt uckpuBIeHne BCcex ceueHuii IPOMCXOAUT OAUHAKOBO (cM. puc.14.2,6).
[Ipu mnomepeuHoil cwile, H3MEHsIOLIENCS BAOIL OcH Opyca, (opmysl,
BBIBEJICHHBIC NIl CIy4yas YUCTOrO M3ruda, JAaroT A 0 HEKOTOPYIO MOTPEUIHOCTD.

2
Ona oyeHb Majla M 3aBHCHT OT COOTHOIICHUS (h/ I) , TAC I — JJIMHa 6pyca.

XapakTepHoli ke 0cOOEHHOCTBIO Opyca saBimsercs To, uro Beamuuna N/ 1 odens
Maja M COOTBETCTBEHHO MaJIOM OKa3bIBae€TCs yKa3aHHas MOTpelIHoCTh. Bcé
CKa3aHHOE TaéT OCHOBaHUE MPUHATH TUIOTE3Y IJIOCKUX CEUEHHUH U 1JIs1 MONEPEYHOT 0
u3ruoa.

Bropoii 0cO0EHHOCTHIO MONEPEYHOro U3rubda SBJISETCS HaJu4yhe HOPMaIbHBIX
HaIpsHDKEHUH B MPOAOJIBHBIX CEUEHUSX Opyca, TO €CTh HApsDKeHUH “ HaJlaBITuBaHUs "
MEXIY BOJIOKHAMH. OTH HANpsSOKEHUS BO3HUKAIOT TOJBKO MpPU NEPEeMEHHOU
nonepeynoii cmwie Q wu wuMeroT BechbMa Manyr BenMuMHy (MCKIIOYas M3
paccMOTpeHuss  ocoOble  00JacTH, B  30HE  KOTOPBIX  MPHUKIAJBIBAIOTCS
COCPEIOTOYCHHBIC CHIIBI).

Takum 00pa3zoM, B mpejenax yKa3aHHBIX JOMYIIEHUN (pOpMYIbl, BbIBEICHHbIE
JUTSL OTIpEIeNIEHHUs] HOPMAJIbHBIX HAMPSDKEHUH U KpUBU3HBI Opyca IIPpHU YMCTOM U3THOeE,
MPUMEHUMBI K CIIy4ar0 MONepeyHOro u3ruoa:
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M M 1_M
s =—Xxy: s =_—X. —=_X
Vi S mx W, r El,

Buvisedem ghopmyny ons onpeodenenus T 6 npocmetiwem ciayiae uzeuba OAiKu
NPAMOY20IbHO20 Nonepeurnozo ceyenusi (6npouem, hopma ceueHusi e 6ausiem Ha
cooepaicanue Gopmyinl).

Ilpu smom coenaem creoyrowue npeonoioHceHUs.

@) HanpaeieHusi KACamelbHblX HaAnpsxceHuti T cO8Nadaiom ¢ HAnpasieHuem
evizbisarowetl ux nonepeurotl cunvt Q;

0) KkacamenvHvle  Hanpsdxcenus T, Oelucmeyiowue NO  NIOWAOKAM,
PACHONOHCEHHBIM HA OOHOM U MOM JHCe PACCMOAHUU Y OM HeUmpaibHOU OCU, PABHbI

Mmedxncoy coboll.

Boluucniums smu nanpssiceHus npowe 8ce2o uepes napuvle UM KacamenbHble
HAanpsiceHust, 03HUKaloujue 8 NPOOOIbHbIX CeueHUusx opyca.

Paccmorpum Ganky mmuHoi | (puc.14.3). JIByms OAM3KMMH TIONEpedHBIMH

ceuenusmu 4181 n A,B5 Brinenum snement 6anku (puc.14.3, a) nnunoit dz

P
51 Iranil z ’ X 5 B g
B B = C— y wean NS T

/

i@& Al A2 m—"_
¥ Qlt - -Ho AT L, A
z 1 dzlp /) \
[ Z
LI
- I A A
ST 1az| ™ Al_az |
Q@ | QM
TR
(I @ a 6 ¢
|
|

®

M(2) M(2+dM
Pucynok 14.3

Kak BumHo wu3 osmop (cMm. puc.14.3,a), B oboux ceuenmsax Q u M
MOJIOKUTENIbHBI U PABHBI COOTBETCTBEHHO!

B ceueHuu A1B1 Q:Q(Z); M=M (Z),
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B ceueHuu A-B> Q:Q(Z); M=M (Z) +dM ,

YTO U MMOKa3aHo Ha puc.14, 6.

[TpogoaBHBIM TOPU3OHTABHBIM CEYCHHEM, MMPOBEIEHHBIM HAa PACCTOSTHUH Y OT
HelTpanbHOro cios (cM. puc.14.3, 6), pasgenuM D>JIEMEHT Ha JBE 4YacTH M
paccMOTpHM YCIIOBHS paBHOBeCHsI BepxHel yactH (puc.14.4).

<

. dF F

;

Y1

%

\/b//
Pucynok 14.4

PaBHoseiicTBylomas Hopmanbhbix cun S OF | nelictByronux Ha jneByio rpanb
BBIJICJICHHOTO NTapaJlIeJIeIUIIE1a, PaBHA

N, = (s dF, (14.2)
F*

*
rne F - nmomans yactu nmomepeynoro ceyenus or yposHs Y 10 Hapy:KHON
MOBEPXHOCTH OAJIKH.
[Moacrasnsist B popmyny (14.2) dopmyny (14.1) u yuuThiBasi, 4TO B KaKIOM

ceuernn M, u | mocrosuus, noxyanm

M
Nl:l_ @lldF,

X

rae Y —Tekyuias opaunata mwiomanku dF .
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Beipaxxenue (yldF — CTaTMYECKHM MOMEHT OTHOCUTEIBHO OCH X
*

F
OTCEUYEHHOW YacTH IUIOIIAAH, T.€. IUIOIIAJIH, PACIOJ0KEHHOM BBIIIE YpOBHS Y.
*
OGo3nauum ero uepes S, . Torma

AHQJIOTUYHO HaiIEM PaBHOJCHCTBYIOIIYI0 HOPMaJIbHBIX CHUJI, AEHCTBYIOIIYIO
Ha MPaBYIO I'PaHb MapaJJIEIEIUIIE1a:

+ + 4
NZ:MxéyldF:(M dM)>6X
e §
PaznocTth ATHX cuil
N2 - Nl = dMI—>6X (14.3)
X

JOJKHA YpPaBHOBELIMBATHCS KacaTeNbHBIMM CHJIAMU B MPOJOJIBHBIX CEUECHHSIX
DJIEMEHTA, T.€. Ha HW)KHEH rpaHu napauienenunena (cMm. puc. 14.4)

B kaudectBe mepBOro MpuONMKEHUS MPUMEM, YTO KacaTesIbHbIe HapsHKeHUs
pacrpee/icHbl 0 INHPUHE CEYEHUS paBHOMEpPHO. Torma pesynbTupyromas 1
KacaTeNbHBIX YCUIIUHI, JENCTBYIOIINX HA HIKHEN TPaHU NapaJUleenuIie/ia, paBHa

T =t >bdz. (14.4)
[TpoekTupyst Bce CHITBI, ICHCTBYIOIINE Ha TapaslIe/IeuIIe ], Ha OCh Z, TOJyYHM:
&R,=0; N;+T-N,=0. (14.5)
[ToacraBus B BeipaxkeHus (14.5) popmysst (14.3) u (14.4), Haxoaum:
dM >S,
LSS
'y
OTKyJla KacaTeJIbHOE HANpPSHKCHUE

t :d_Mxi
dz b,
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YuuThIBasi, 4TO cOrjacHo 3aBucuMocTH (5.4)
dM _ Q
dz

HaxXo0JuUM OKOHYAaTCIBHO

oS
N

, (14.6)

rine Q — nonepeunas cuna B ceuenun (MuGO nana, TM6O GEPEM U3 BIHOPHI IS

TOTO CEYEHUS, I KOTOPOTO ONPEIECIISIEM HANPSIKEHUE T);
*
Sx — CTaTHYECKMH MOMEHT OTCCUEHHON dYacTh Iiomaad (OTCeueHHE

BBINOJIHSIEM Ha YPOBHE TOYKH, B KOTOPOH OIMPEICIIAETCS HAIPSDKEHHKE);
| \ —MOMEHT MHepLHHK BCEro ceYeHHs: OTHOCHTEIBHO HEHTPaIbHOI OCH;
b — mupuna ceyenus na yposHe paccMaTpuBaeMoil TOUKH.

[Tonyuennas ¢popmyina (14.6) Hocut HazBanue gopmynvl Kypasckozo.

Kypacknii JImurpuit UBanoBuu (1821-1891) — wusBecTHBI pPYCCKUU
yu€HBIA, BIEPBbIC JABIIUN 00IIee HCCIIeIOBaHUE KacaTeNbHBIX HAMPSIKCHUN TPHU
nonepeyHoM u3rude. CrpoeKTUPOBa U MOCTPOMIT Pl YHUKATBHBIX METAJUIMUECKUX
KOHCTPYKIIMH, B YaCTHOCTH, METaJUTMYECKUM b [leTponasioBckoro codopa.

HOHY‘ICHHO@ BBIPpAKCHHUC IIO3BOJISAACT BBIYUCIIUTD BCIIMYMHY KaCATCIIbHBIX
HaHpH)KeHPIﬁ, BO3HUKAIOMIHUX B IIPOJOJBHBIX CCUCHUAX 6pyca. HaHpH)KeHI/ISI B

IMOIICPCUYHBIX CCUCHUAX pPABHBI HM, KdK ITaPHBIC. 3aBUCHUMOCTL T OT y B CCUCHUH

*
onpeacisicTCa B 3daBUCHUMOCTH OT CTATHUYCCKOIO MOMCHTA SX HpI/I IIoaxoac K

BEPXHEH KPOMKE CEUEHHMS IUIONIA/b 3alITPUXOBAHHON YAaCTH CEUYCHUS YMEHBIIAETCS
* s
no Hynsa. CrenoBaTesnbHO, Sx =0. Ilpm moaxome K HIDKHEH KPOMKE

3alITPUXOBAHHAA YaCTh OXBATHIBACT BCc€ ceueHue. Tak kak och X — OCHTpAJIbHAA, TO U

*
snece Sy = 0. Tloaromy kacamenvivie nanpsdicenus, Kak 310 cienyeT u3 HopMyIIbl

(14.6), 6 6epXHUX U HUNCHUX MOYUKAX CEYEHUsL PABHBL HYTIO.
HecmoTps Ha TO, 4TO THUIIOTE3bI, TIOJIOKEHHBIE B OCHOBY BBIBOJIa (DOPMYIIHI T,
CIIPABEJIMBBI TOJBKO ISl Y3KHX CEUYCHUH (% >2), Ha NPAaKTHKE €I MOXKHO

II0JIB30BATHCA OJIA JIFOOBIX CCYCHUH.
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14.2. KacaTe/ibHble HANPSIZKEHHS B 0ajIKaX NMPSIMOYT0JIbHOT0
U ABYTAaBPOBOIO Ce4YeHU I

[TocTpouM 3mI0py T AJIs MPSIMOYToJIbHOI0 cedeHus (puc.14.5).

Pucynok 14.5

CTaTI/I‘{eCKI/Iﬁ MOMCHT OTCC‘IéHHOﬁ HJIOH_IaIII/IZ
* * *
S =F xy.,
* . o * h
rae F — IIOIAb OTCEYEHHOU YaCTH, F =D >‘( E -y ) ;

*
yC —KOOpANHATa OCHTPA TAXKCCTU OTCEUYEHHOM IJIOIIA U

ah 0O
* h 2 %] 1 h 0] 1)?' 0]
= - = == __ - — 4+ V==—Xx— 4+ V=
Ye =5 2 2 2 YT
. e x 2 > 20
Torna S, =F xy. :ﬁ 1- 4%:
8 h* &

2 2
0 S. =S =2p AL 0=

Ilonyyaem mpu y =

MomeHT HHCPIHUH IIPAMOYIOJIBHUKA.

| b
X 12

CrnenoBaTesbHO, KacaTeJIbHOE HAIIPSDKEHUE OYIET paBHO:
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bl, 2 bh h?
anpuy = 0
3.Q
= _ X< 14.
X2 bh G40

Tak kak B 3aBUCUMOCTB JIJIs1 KacaTeJIbHOTO HANPSHKEHUST KOOpAWHATa Y BXOJIUT
BO BTOPOW CTEMEHH, TO 3MIOpa T MO BBICOTE CEYEHHUsS H300pa3uTCs KBaJpaTHOU
napabonoit (cMm. puc.14.5, 6), B To BpeMsi Kak 3I0pa HOPMAJbHBIX HAMPSKCHUNH O
U3MEHSCTCS MO0 JUHEHHOMY 3akoHy (cMm. puc.14.5, ). Kak BumHO H3 3MIOpHI
(cM. puc.14.5, a), HopMallbHBbIE HANPSDHKCHHS TOCTUTAIOT HAUOOJBIIMX 3HAYCHUN Ha
HApY>KHBIX MOBEPXHOCTAX OAJIKK M paBHBI HYJIIO Ha HEUTPAIbHON JTUHUU.

Ecnu Obl cTepKeHb WCHBITHIBAI HE W3rHO, a YHCTBHIA caBur (cpes), TO tcp

pacrpenensiock Obl 1o ceueHuro papHoMepHo. Toraa Gopmyny (14.7) MoxHO ObLIO
OBl 3amucaTh CIEAYIOIIUM 00pa3oMm:

L -Q

t e = L5t @ o

p rie

Jliist KpyrJioro nomnepeuHoro ceucHus (puc.14.6) BoIBeICHHBIC BBIIIEC THIIOTE3bI
0 XapakTepe pacmlpelcleHHs KacaTelbHBIX HampsbkeHMd [ He BBIMOJHAIOTCS.
OnHaKoO C IOCTaTOYHOM CTENEHBIO TOYHOCTH MOKHO IOJIaraTh, YTO BEPTUKAIBHYIO
COCTaBJISIFOIIYIO KacaTeJIbHBIX HANPsKEHWH, BO3HUKAIOIIMX B MOMNEPEYHOM CEUCHUU

Ha YPOBHE ) OT HEUTPaJIbHOW JIMHUM, MOXKHO BBIYMCIUTB 10 (hopmyne Kypasckoro.

i @ @

T max

N

Pucynok 14.6

HpOBCIIH Hpeo6pa3013aHI/151, AHAJIOTHYHBIC ITPCABIAYIINM, ITOJIYy4YacM
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2 ¢
Q& O

t =
xR2 R

Wl
QIO

Torna 1 =133t

PaCCMOTpI/IM ABYTABpPOBO€ CCUCHHUC.

Tak xak nByraBpoBbie (puc. 14.7) u TaBpOBBIE CEUEHUS OAOK MOXHO C
U3BECTHHIM  NPHUOJMKEHUEM  paccMaTpuBaTh  KaK  COCTaBICHHBIE U3
NPSIMOYT'OJIbHUKOB, TO K HUM TaK)K€ MOYXHO MPUMEHUTD BBIIIEU3TI0KEHHYIO TEOPHIO.

O ©)

C ! T __ "]

AL

| d

i A
/ h Hal-3 vy _ 3= Tmax

!

| *

i I yC

o \ATL\I(_ N —
o 3 2
Bbxl 7 2

Pucynok 14.7

YroObl cTpouTh Odmiopy t, HEOOXO0AMMO ONpeAeIuTh KacaTeabHbIC
HanpspkeHus B Toukax 1, 2, 27, 3 (em. puc.14.7).
Touxa 1 (HaXoAWTCS HA HAPYKHOM TTOBEPXHOCTH JIBYTaBpa):

t,=0, TaKKaKSj(ZO.

Touxa 2, pacrionoXeHHast YyThb-4yTh HUXKE JIMHUHU TIEPEX0/ia OT MOJKH K CTCHKE
(c™. puc.14.7, 6):

o5, 6 5

b, b,

Touka 2', pacmoyio)KeHHass 4yThb-4yTh HHUXKE JIMHUH IEepexoja OT IOJKH K
crenke (cMm. puc.14.7, 6):
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Q>6X(2) Q? T

dx,

>>1,.

Touka 3 (Haxooumcs na neumpansbHol TUHUL):

to aeaeh 6la ool
S =1 (= B k=S A SO0
Q% 82 o2& ol

ta = =t .
7 dx, dxlx mex

Kak Buaum npu omnpenerseHUM HANPSXKEHWM B Toukax 2 v 2°, OTCeu€HHas
IUIOIIAAb JUISl HUX OJMHAKOBA, a NIMPUHA CEUCHHS MEHseTCs (Touka 2 4yTh-4yTh
HIDKE JIMHUM TEPexojia OT MOJIKK K CTEHKE, a Touka 2 - Bbie). [Ipu onpenencHun

t 3 Gepém cTaTHuecKuit MOMEHT MOJICeYeH s U Iupuny cevenus —d .

Smopa { wumeer Bux, moxasammslii Ha puc.14.7, a UMEHHO H3MEHSETCS II0
napaboIM4YecKoMy 3aKOHY, MMEET CKauOK B MECTe Iepexojia OT OJHOW MIMPUHBI
CEUYECHHUS K IPYrou.

[Tonmy4yeHHble pe3yabTaThl HO3BOJISIIOT ClIETATh HEKOTOPBIE OOIINE 3aKIIOYSHUS
O pacrpeiesIieHny KacaTelbHbIX HAMPSKEHUN B CEYEHUSIX MPU MMONEPEUHOM U3THOE:

1 Bupg smropsl 1, B IPOTHBOMONOXKHOCTE 3MIOpe S , 3aBUCUT OT (OPMEI
ceUeHHUsI OANKH.

2 B xpaitHux, HauOoJiee yJajdeHHbIX OT HEUTPaJbHON JIMHUU TOYKAX CEUCHHMS
KacaTeJbHbIC HanpsDKeHusIt Bceraa paBHBI HYITIO.

3 HauGonpineil BenMunHBI KacaTelbHble HampsokeHus [ s GonbnmMHCTBA
BHUJIOB CEUYEHMS Yallle BCEro JOCTUIAOT HA HEUTPAJIbHOW JIMHUU CEYECHUsI, IPUYEM
bopmyny XKypasckoro (14.6) MOKHO TpEJCTABUThH B BUJIC

t,= kg, (14.8)

rae K — ko> uuuent, 3apucsmuii ot Gopmel cedenus. s IpaMOyroibHUKA
k=1,50; nns xpyrnoro ceuenns k=1,33.

4  ®opmynoii JKypaBCKOro MOMHO IIOIb30BATHCA IS BBIYUCIICHHS
KacaTelbHBIX HAIPSKEHUH B JTIOOBIX TOUKAX MACCHBHBIX IPOQUIIEH.
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15 PACYHET HA ITPOYHOCTD IIPU U3T'NBE

15.1 AHaan3 HANPSIZKEHHOT 0 COCTOSTHUS 0AJIKH
NPHU NONEePeYHOM u3rude

Honyuennsie popmynsl a1 S u U mpu mnockoM usrube 1a0T BO3MOKHOCTD
3anMcarh YCJIOBHS MPOYHOCTH, HEOOXOAMMBIEC ISl TPOBEPKHU MPOYHOCTH U MOa00pa
CEUYeHMI neranel, paboTaromux Ha U3ru6. YToObl MOTYYUTh 3TU YCIOBHS, BBISICHUM, B
KOKOM HanpsHDKEHHOM COCTOSIHUM HaXOMSITCS 3JIEMEHTBI CTEP>KHsI, HCIBITHIBAIOLIETO
TJIOCKHUH U3ruo.

PaccmoTpum Oanky, Harpy>KeHHY10, Kak yKa3aHo Ha pucyHnke 15.1.

Pucynox 15.1
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HOCTpOI/IM OIIIOPBI MMOMCPCUYHBIX CUJIT Q, I/ISI‘I/I6aIOIJ_II/IX MOMCHTOB M, a TaKXKcC

HOopManbHBIX S (cM. puc.15.1, 6) u xacarensHbix U (cM. puc.15.1, 6) HampsoKkeHUid.
BenuunHbl ¥ HampaBiICHHUS HAMPSIKCHUH 3aBUCAT OT CXEMbl HArpy)KCHHUs, pa3MepoB
OalKkl M PpaCIOJIOKEHHUSA 3JIEMEHTOB. HampaBiieHHs HANPsKCHHHA OIMPEaesSIOTCs

HETOCPEACTBEHHO Ha ocHoBanuu smrop M u Q.

Boiienum anmemenTsl 1 v 2 B KpallHUX Toukax ceueHus Oanku (cm. puc.15.1, 2).

3necet = 0,S = S,,4y, ¥ 2NEMEHTHI HCHBITHIBAIOT IIPOCTOE PACTSKEHHUE HIIH CXKATHE,
T.€. HAXOAATCS B JUHEWHOM HANPSIKEHHOM COCTOAHHUH. [I0CKOJIBKY 31F0pa MOMEHTOB
M crpoutcs Ha CKaThIX BOJIOKHAX, MO3TOMY dyeMeHT 1 ckar, a 3jgeMeHT 2 —
PACTSHYT.

Onementsl 3 u 4 (cm. puc.15.1, 0) BbIIEICHBI B TOYKAX HEHTPAIBHOIO CJIOS,
rne S =0,1=1,,, nodromy B uX rpaHix IeHCTBYIOT TOJNBKO KacaTeIbHbIE
HaIpsDKCHMS, a CaMM DJIEMEHThl HCTBITHIBAIOT YHUCTBIM CABUT. UTOOBI BBISICHUTH
HampaBlIeHUE KacaTelbHBIX HampspkeHumii 1, oOpaTtiM BHMMaHHE Ha 3HAKH
nonepeunsix cun Q B coorBeTcTByrOmMX cedenuwsax. Hampumep, B ceueHMH a-a
nonepeunas cuna Q monoxkwurensna. CTpeMsACh NOBEPHYTh 00€ YACTH PACCEUEHHOM
Oaky 1o Xoay 49acoBoil cTpenku, QQ IelicTByeT Ha JIEBYIO CTOPOHY CEYEHHS BBEPX.
Tak mMeHHO W OyayT HampaBieHBI KacareibHble HampsokeHus {. Ha ocrambHbIX

rpaHsx HamnpaBieHus [ ompenmensiorcss MO 3aKOHY MApHOCTH KacaTelbHBIX
HaIPSKECHUM.

B snementax 5 u 6 (cm. puc.15.1, €), BBIACICHHBIX B MPOM3BOJIBHBIX TOYKAX,

IICﬁCTBYIOT N HOPMAJIbHBIC S u kacareibHble { HaIIPpsKCHUA, IMOITOMY TOYKH
HaXOIATCA B INIOCKOM HAIIPAXKCHHOM COCTOSHUU.

Benuuunvl Hanpsasicenuii mozym Ovlims HaOeHbl NO popmynam, NOIY4eHHbIM 8
npeovlOyuUx 21aeax.

- JUTSL DJIEMEHTOB 1, 2:
M
S =—; t =0;
max = \ns
- JUTSL DJIIEMEHTOB 3, 4.

Smax
) bl )

X
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- JUTSL DJIEMEHTOB 5, 6:

[Ipu nmomepeuHom wu3rude Oanku Marepuan €€ HaXOAUTCS B HEOAHOPOIHOM
IIJIOCKOM HaIIpS)KEHHOM COCTOSIHUH.

YcnoBHe MPOYHOCTH JTOJDKHO OBITH 3allMCAaHO JJIS TaK HA3bIBAEGMOH OndacHOl
mouxku Oanku, TO €CTh TOW mMOuKU, 20e Mamepual HAXooumcs 6 Haubolee
HANPANCEHHOM COCMOSHUU.

OmnacHol TOYKOM OyeT 0JiHA U3 CICAYIOIIUX TPEX TOUCK:
a) TOYKa, IJIe HOpMaJIbHOE S HAMPSKCHHUE JOCTUTACT HAUOOJIbIICH BETMUNHBI;
0) Touka, re KacaTeabHoe | HanpspDKeHHME HOCTHraeT HauOOJIbIIEH BETMYHHEI,

B) TOYKaA, TAC S U t, XOTA W HC NIPHUHHUMAIOT HanOOJIBIINX 3Ha"ICHI/If/'I, HO B
CBOEH KOM6I/IHaI_[I/II/I CO34ar0T HaubOolee HCBBII'OJHOC COYCTAaHHUC, T.C. CO3IAr0T
HauOoJIbIIIeE DKBUBAJCHTHOE HAIIPpAKCHUC T10 HpI/IHHTOﬁ oJIA pacdceta TCOPHUH
IMPOYHOCTH. HpI/I 9TOM TaKas TOYKa MOJKET OBITh HE OJHa.

llepsas onacnasi mouxka OyneT pPACIONOXKEHA B KpPalHMX BOJIOKHAaX TOIO
CeueHMsl, TJe M3rHOaroNMii MOMEHT HMMEET HauOoJblliee 3Ha4YeHUe (Hampumep,
toukn 1 m 2 Ha puc.15.1, 2). HampsbkeHHOE cOCTOSIHME B TakoWl TOYKe OyIer
JUHEHHBIM, U YCIIOBUE MPOYHOCTH 3AIUIIETCS B BUJIE

SWZMTWHXE[S]. (15.1)

Bmopas onacnas mouxa HaX0IUTCsI HA HEUTPATbHON JIMHUK TOTO CEYCHUS, T/e
ToTIepeyHast cujia uMeeT Hauboubinee 3HadeHue (Ha puc. 15.1 310 Touka 6 u BooOIIIe

mobas ToYKa Ha ydacTke HelTpanbHoro ciod, rae Q=Qnay). B Takoii Touke GymeT
YUCTBIM CABUT, U YCIOBUE MPOYHOCTH 3aMMIICTCS B BUJIC

(- QmaxS™
max bslx

[t]. (15.2)

[Tonoxxenune mpemvweti onacHoli mouky HE CTOJIb OMPECICHHOE.

Ho rnme Obl ona Hu Obuia BeIOpaHa (cM. puc. 15.1, ¢), B Hell OyaeT IUIOCKOE
HaIpPsHKEHHOE COCTOSIHUE, MPH KOTOPOM TJIaBHBIC HAIPSDIKEHHS PACCUMTHIBAIOT TI0
bopmynam:
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1
s1=0[(sa +sp)*+y(sa - sp ) +a ]
5220;

S3=21(sa *5p)* (s - 55 )2+ 421,

DKBUBAJICHTHOE HAIPSDKCHUE B TAKOM TOUYKE MOYKET OBITh PACCUMTAHO IO Pa3IHUHbIM
TeopusaM pouyHocTH [cM. dhopmyisl (8.1), (8.6), (8.11), (8.19), (8.21)]:

9K

O-;Le =0, - (o, +03);

S”I_Sl-83£[8]

o9KE

s iH—;[(sl-s2)2+<s2-s3)2+<s3-s1)2] £[s]

oM =¢, - [G+]G
1 [G_] 3

) " =O'1;

Jus  pacyera 0ajok M3 IUIACTUYHBIX  MaTepHAIOB  PEKOMEHAYETCs
MOJIb30BAThCSl YCIOBUSMM TPOYHOCTH, nodydeHHbiMU 1o |l u IV  Teopusm.
[loncraBuB S1, S U S3 B JaHHbIE TEOPUM MPOYHOCTH M MUMES B BUJIY, UYTO Ha
ANeMEeHT Oajkuh JEHCTBYIOT OJHOBPEMEHHO HOpMajbHble M  KacaTelbHbIC
HaIpPsHKEHUS, TTOTYUHM

S5 =VS “+4 * £[S];
, (15.3)
s =\s?+3x2£[s]. (15.4)

JlanHasi mpakTHKa TPUMEHEHMs] W pacdyeTa OajoK TOKaszajga, 4YTo B
MOJABJISIONIEM OOJIBIIMHCTBE CJIyYaeB OMACHON TOUKOW SIBISCTCS KpaWHSS TOuKa

toro omacHoro ceuenusi, rae M = Mgy Tlo3TOMY TpaKTHYECKU npo6epoumblil
pacyem 6aNOK HA MPOYHOCTh COCTOUT B CIEAYIOLIEM

1) wHaxomsT onacmoe ceuenue, T.e. CEYCHHE, B KOTOPOM JCHCTBYET
HanOOJBIINI 110 aOCOJIOTHON BEIWYUHE HW3rHOaronuii MOMEHT Mgy, VI YETro

crpostt amopy M,
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2) onpecaACHIlOT MOMCHT COIIPOTHBJIICHHUA  CCUCHUA W OTHOCHUTCIIBHO
HeﬁTpaHBHOﬁ JJMHUH CCUCHUA (HO Ta6JII/II_IaM COPTAMCHTA HUJIN BBI‘{I/ICJICHI/ICM);

3) MNPUMCHAIOT TOJIBKO OAHO Yycijiosue npodYHocmu, KOTOPOC MW HA3BIBACTCA
OCHOBHbIM .

M max
S o = £[S ]

[To sroit cxeme misi OONbIIMHCTBA Tpoduiied (Kpyrioro, mpsiMOYroJibHOTO,
JBYTaBPOBOT0) JIET'KO BBITIOJIHHUTH MIPOCKTUPOBOYHBIN pacyeT, B pe3yJIbTaTe KOTOPOTO
MOYHO HalTH pa3Mepbl CEYEHNUs, 3Hasi MOMEHT COIIPOTUBIICHUS

, M max
> .
[s]
OnpenenuB HEOOXOJWMBIH MOMEHT CONPOTHUBICHHUS Oalku U TPUHSB
onpeAenéHHbId  NMPOQUIb TONEPEYHOTO CEUYEHHUs, TMOAOHPAIOT €ro pa3Mephl.

PaccmMoTpuMm HekoTOpble TpUMeEpbl pacueTa OaJoK MO OCHOBHOMY YCIIOBHUIO
MPOYHOCTH.

(15.5)

15. 2 IIpumepsl pacyeTra 6AJOK 0 OCHOBHOMY YCJIOBHMIO IIPOYHOCTH

Ipumep 1. Ha OGanky neiicTByeT paBHOMEpPHO paclpejiesieHHas Harpyska

(puc.15.2). Marepuan Gamku Ct3 ([S]=160 MIla). Tpebyercs mnomoOparh
pasIMuHbIE BAPHAHThI CEYEHUIA: KPYT, IPSAMOYTOJILHHUK, IBYTaBP.

A Ri=40 kH =20 xHlm R=40,xH

A 4 Y

& &

4 m
40
+
@
M ax=20
40
@ v

Pucynox 15.2
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OnacupiM  OyzmeT cedenue mnocepeaune mnponera, rae  Mpya=20 kH-m.
OnacHpIMH OyZyT TOYKHM JTOrO CEYEHHs, HAMOOJEe yNaleHHBIE OT HEHTPaIbHOM
nuHAA. Y CIOBUE IPOYHOCTH Ul HUX CIIEAYIOIIEE:

-3 -3
S = M max _ 2040 £160b WP4% 3 2040 ~ x10% =125 8.
max X
W, Wx 160

=0,1D3%3 125p D3 $/1250 =10,83 cu,
npuanmaem D=11 cm =110 mm. Torma W,,= 0,1-113: 130,5 e,

Hns  kpyea W

M max M max

S - 1S -
ds — = pac [ ] x100 % = W Wpac :me Wpac.
[s ] M max W pac
M pac

Jns npsamoyzonvhuka

2 2
M:ﬁ:‘h:z‘:%:%yﬁs 125b b3 3/%6 =572cm.

Jlns dsymaspa npurmvaem Ne18, Wx=148 cu® (TOCT 8239 - 89).

PaCCMOTpeHHBIﬁ BBIIIC ITPUMCP pacdCTa Ha NPOYHOCTL IIPpU U3rude OTHOCUTCS
K TOMY CJIy4adro, Koria OIMaCHOM TOYKOH SIBJISICTCS OJHa U3 TOYCK KpaﬁHHX BOJIOKOH
OaJIKM U HaIIPAKCHHOC COCTOAHUC B HeM JIuHeirHoe. B IO AaBJIAOIIICM OOJBIINHCTBE
ClIy4acB 3TOI'o pacducTta AOCTATOYHO. OIIHaKO BCTPCHUAKOTCA CJIydaH, KOraa OIllaCHasd
TOYKa 6YIICT MNpUHAOICIKATD HeﬁTpaHBHOMy ceueHuro. B aToM ToOuke Marcpuaja
WCHBITBIBACT YMCTBIN CABUI', U JII pacducTta CJICAYCT IIOJIb30BATHCA YCIIOBUCM
IMPOYHOCTHU 110 KAaCATCIIbHBIM HAIIPAKCHUAM

_ Qmax S)r(nax
mex bl

X

t £f]

Takoe MonoXeHnue MOKET UMETh MECTO TOoraa, Koraa rpu 0O0IBIINX IMOIICPCYHBIX
CHJIaX B CEUEHHIX OanKu HCﬁCTBYIOT HC3HAYUTCIIBHBIC I/ISI‘I/I6aIOH_II/Ie MOMCHTHI.
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INpumep 2. Ha  Oanky  (puc.15.3) JCHCTBYyET pPaBHOMEPHO
pacnpenenennas narpyska (= 120 kH/m. Ceuenne 6Ganku JBYTaBpPOBOE,

matepuan Ct 3, [S] = 160 MIla, [t] = 100 Mlla.

REASKH o180 ety Re=4pKH
0,5m
45
= @
M3KC: 516 -
45

\ o

Pucynok 15.3

[TonGepeM cedeHHe M3 YCIIOBHS MPOYHOCTH 110 HOPMAIBHBIM HAINPSKEHUSM,
B3sB Hanbonbmui Moment M . =5,63xH Xu (cm. puc.15.3):

M max
S max = Wi £[s],

Otkyna
-3
s M mex _563x10

x10% =352 cn®
[s ] 160

[To copramenty mnoxompaem asyrasp 10, W,(=39,7 em®, 1,=198 en®,
=23 cv’.
[TpoBepUM IIPOYHOCTH 110 KACATETbHBIM HAPSKEHHSM
Q Smax
t max — HE—X £ [t ] )

X
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_ 45X10 3 %3x0°°
0.45310 219851078

Takum oOpa3om, OMacHOW TOYKOW OKa3bIBAC€TCS HE KpaWHss TOUKa CEUYCHUS,
rae aeucTByeT Mgy, @ TOUKa, MpHHAAJIEKAILAS HEUTPAILHOMY CIIOK TOIO CEYEHHUS,

=116.23 [t ] =100 MITa.

[omygaem 1 5

rae Q=Qnax. B 3T0i1 Touke monydaercs HeJOMyCTUMOE nepeHanpskenue (~16 %) n

I09TOMY ClleyeT NpuHATh AByTaBp 12, a ne ayrasp 10. [omyuunocs 510 moromy,
4TO MPOJIET OAJIKU HE BEJMK, a Harpy3Ka 0oJibIasi.

15.3 [HosHbIi pacyeT 6aJ0K HA NPOYHOCTH

Ipumep 3.Tpebyercs mogodpath AByTaBpoBOe ceueHue st Oanku (puc.15.4).

Marepuan C13, [S]=160 MIla, [t]=100 MI1a.

CTpOI/IM OITIHOPHBI Q u M, Ha OCHOBAHHWU KOTOPBIX 3aKJIHOYACM, YTO OIIaCHBIMHU
TOYKAMH OaJIKH MOT'YT OKa3aTbCs TAKUEC TOYKH.

a) touka 1 (cm.puc.15.4, 6) B ceuennu C, rme M=Mp=9,6 kHu;

0) Touka 3 Ha HEWTpaIbHOM JIMHUM B CEYEHUH chpaBa oT omopel A, rae

Q=0Qnax=18,6 kH u M=-8,7 kH>u;

B) TOYKa 2, PACIIOJIOKCHHAA B MCCTC COCAUHCHHA CTCHKU IBYTaBpa C HOJIKOﬁ,
B TOM K€ CCUYCHUU, T.C. CIIpaBa OT OIIOPHI A

Brauane nogbepem ceueHnue, cunrtas ornacHou Touky 1 B ceuenuu C.

s yCcnosusd npoiHocmu umeem

M max _96x10 3
[s] 160

W 3 x10% =600 cm ®

ITo copramenty (TOCT 8239-89) nondupaem — nsyrasp 33, W, = 597 e’
,=9840 cn *, S=339cnm’, t=112mm, b=140mm, d=7mm.
Torna nanpsxenue B Touke 1 cedenns C pasHO
_Mmax_ 960 °
Wx  597510°°

=160,8 Mlla.

max

Dt0 Gonbiie gomyckaemoro [S] na 0,5%, uTo BHOIHE AOMYCTUMO.
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,0=100 KkHIm

1,32

18,6

13,2

!
3,23 | 9,6

94,2

< 69,3

136,1 3,47

o
Pucynok 15.4
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[lpoBepsieM  OPOYHOCTH B mouke 3 ceuenns A, B KoTtopom
Q = Qnax =191,5 kH. Tlo ycnosuto npounoctu (15.2) nonyuaem

Qi S 19151073339 107 °
e bix 07 X10™ 2 x9840 X10” 8

[IpoBepuM TIPOYHOCTHL B mouke 2. Marepuan Oalkd IUIACTHYHBIN, MO3TOMY
UCIIOJIb3YEM YETBEPTYIO TEOPUIO IPOYHOCTH:

Soxp . =S+ ZE[s].

B ceuenun A neiicteyror M = 87,1 kHm nu Q = 191,4 kH, nosromy

=100MIla pt |

-3 _ -2
sy =My, = B7100°°H165-112)40°° _ 13p 17
I X 9840 >10°
NOAKU -3 -6
= QS _ 191410 >(1;1 X112 ><15,9i )40°° _ oo avra,
blx 0,7 X10" © 984040

sV = /13612 +3%693)? = 181MITa,

9K6

yro 6ombmie [ S]=160 MIla.

[lepenanpspkeHre B OaCHOM TOYKE 2 OMACHOTO CEUEHUsI OAIKU COCTABIISET
oko0J10 17 %, 4TO HEeIOMYCTHUMO.
[ToaTomy BMecTO AByTaBpa 33 ciieayeT NPUHATH AByTaBp 36.

3akaHuMBash HUCCIEIOBAHUE HANpsOKeHWM B Oanke mnpu u3rube, cieayer
c/ieJIaTh HEKOTOPbIE 3aMeuanust U OONOIHEHUSL:

1 Tlonnas mpoBepka MPOYHOCTH OaNoOK 00s3aTelibHA IS HECTaHJaPTHBIX
TOHKOCTEHHBIX TTpOduIeH.

2 IlpoBepsis MPOYHOCTHh OaaKM, HEOOXOIMMO TaKXKe OMPEACTUTh BEIUUUHBI
IJIaBHBIX HANpsKEHUH. B psije ciyyaeB BaXKHO TaKKe 3HATHh M HANPABJICHUS TJIaBHBIX
HalpsDKeHWM BO BceX Toukax Oanku. B dacTHocTH, 3TO HEOOXOIUMO TIpH
KOHCTPYUPOBAHUU KEJIE300€TOHHBIX 0ajoK, B KOTOPHIX apMaTypy HEOOXOJUMO
pacrionaratb B  HampaBJICHUW HAUOOJIBIIMX  PACTATHBAIOIIMX  HAMPSKCHUH.
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16 CJIOKHOE COINIPOTUBJIEHUE

16.1 [lonsiTHE 0 CJIOKHOM CONPOTUBJICHUHU

[Mlon  cmoXHBIM  compoTHBICHHEM (WM CIOKHBIM  HarpyXCHHEM)
MOJIPa3yMEBAOT  Pa3JMYHbIC KOMOWHAIIMM paHEe PACCMOTPEHHBIX  IPOCTHIX
HArpy>KEHHBIX COCTOSHHN OpycheB (pacTsiKeHHE, C)KaTHE, CABHUT, KPYYCHHE WIIN
U3ruo).

Huoice 6yoym paccmompenur.

- OJIHOBPEMEHHBIH HM3rH0 B JABYX TIJIABHBIX IIOCKOCTAX (CIIOKHBIH W KOCOM
U3ruo);

- 0OHOBPEMEHHOe paACmAdNCeHUe UTU cocamue ¢ U3UOOM, 8 HACMHOCMU,
BHeYeHMpPeHHOe pacmadiceHue-cocamue;

- 00HOBpeMeHHOe Oelicmaue u3euba U KpyueHus ¢ pacmsjcenuem unu oe3 Heeo.

Ye20-1u60 NPUHYUNUATLHO HOB020 3A0A4U CIONHCHO20 CONPOMUBILEHUS NpU
00CMAMOUHO JHCECMKUX — OPYCbAX He BHOCAM, M.K. CO8MeCmHOe Oelcmeue Cul
NpUBOOUM K HANPSANCEHHOMY COCMOSHUIO, KOMOopoe Modicem Obimb NOLYYEeHO Nymem
CYMMUPOBAHUS HANPANCEHHBIX COCMOAHUL, BbI36AHHBIX KANCOLIM OMOEIbHbIM 8UOOM
NPOCMO20 HazpydceHus. Y mes onpedenums HOPMAlbHble U KACamebHble HANpsHCeHUs
8 OMOENbHbIX MOUKAX 00beMa CMepitHCHA U 3HAs CHOCcOoObl nepexooa K 2lasHbIM
HANPANCEHUSAM, MONCHO 3amem, NONb3YACL MOU UIU UHOU meopueti NPpOYHOCMU,
npou3zeecmu Npo8epKy NPOYHOCMU OAHHO20 CMEPMHCHA. AHanocuyHo moeym Ovimb
HatloeHvl Oepopmayuu Uiy nepemewjenus 6pyca nymem CILONCEHUS NepemeujeHul,
noxyyaemvlx npu  OomoenbHblX Oojnee npocmulx Hacpyxcenusx. Ha npaxmuxe
bonvuuncmeo demareti pabomaem 8 YClOBUAX CIOHCHO2O CONPOMUBTIEHUS.

16.2 CiaoxHBINA M KOCOM U3ruod

CnoxHbpIM (HEIJIOCKMM) HM3rMOOM HA3bIBACTCS TAKOH BHJ HArpy)KEeHHs, MPHU
KOTOPOM HAarpy3Kd JCHCTBYIOT B HECKOJBKHMX IIOCKOCTAX, MPOXOMASIIUX 4Yepe3 OCh
oanku (puc.16.1, a).

Pucynox 16.1
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Ecnu naepysku oeticmeyrom 6 00HOU niockocmu, He cognaoarweli Hi ¢ 0OHOU
U3 2ABHBIX NIOCKOCMEll, Mo MaKoul 6uo uzeuba Hazvisaemes kocvim (puc.15.1, 6).

Paccmotpum kocoit u3ru6d crepxkus (puc.16.2), y KOToporo miockocTh u3ruba
HE COBITAJACT C IIAaBHBIMM INIOCKOCTIMH XZu YZ

y
Mx

Pucynox 16.2

Msrubaromuit  Mmoment M (cm. puc.16.2) MOXKHO pasoOKHTh Ha JIBE
COCTaBIIAIOIINE 110 HAIIPABJICHUSIM TJIABHBIX OCEH MHEPIIMU CEUCHMUS:

M, =Mcosa,

" (16.1)

y =Msna,

riae M —w3rubaroruit MOMEHT B JAaHHOM CEYEHHH B CHIIOBOM TNIOCKOCTH P-P).
HopmanbHble Hanps>keHUs B TOUKE C KOOpAUMHATAMH X,Y MOYKHO OIpPENEIUTh
cymmoii Hanpsokeruid or My u M y» HCTIONE3Ysl PUHIKII CYNEPIIO3UIIUY:

(16.2)

nim

(16.3)
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dopmyiiet (16.2) u (16.3) mo3BOJSIOT ONMPEETUTh HOPMAIIbHBIC HATIPSKCHUS B
000 TOYKE TOMEPEYHOTO CCEUCHUS TpPU CIOKHOM WM, Kak TOBOPAT emig,
npocmpancmeenHom uzeube. M3rnbarommii MOMEHT M KOOPAHMHATHI TOYEK, B
KOTOPBIX ONPEICISIFOT HAIPSKCHHUSI, TTOJICTABIISIOT B (JOPMYJIBI CO CBOUM 3HAKOM.

VpaBHEHUE HEHTpanbHOM JMHUM B cedeHMu Haiigem, nomaras S = 0 u
0003Ha4asi KOOPAMHATHI TOYCK HEUTPATbHOU JIMHUK (H.J1.) uepe3 Xp u Yo

Y cosa + %o sina =0. (16.4)
I | y
Omo ypasHenue npedcmasisiem coO0U ypasHeHue npamotil, npoxoosuell yepes
Hauano xoopounam (yewmp msdcecmu ceyeHusl), NOCKOIbKY 00paujaemcs 6 HoJb
npu Xo = Yo= 0.
Ilonoocenue  HeUmMpanvbHOU  TUHUU — XApaKmMepuzyemcs — e€  Yelo8biM
Koa¢hhuyuenmom

tg =—=- I—tha : (16.5)

Ananuz nocieoneti popmyivl noKazvieaem, Ymo:

- Ipu KocoM M3rude, B OTIMYHUE OT MIOCKOI'0 MPSIMOro u3ruda, HelTpanbHas
JUHUA HE NEPHEHAUKYISIPHA CUIIOBOU JIMHUH,

- UCKpHUBJEHHE ocu Opyca Mpu KOcoM M3rubde MpoucXoauT B Tuiockoctu N-N,
HOPMAaJILHOW K HAINpaBJICHUIO HEHTpaNbHOM JuHUU (CcM. puc.16.2, 6); 3Ta IOCKOCTh
HA3bIBACTCA MJI0CKOCMbIO U32uoa,

- HanpasjeHue IIockocTH u3ruta (1g] ) MoxeT ObITh IEPIEHIUKYISIPHO K

IUTOCKOCTH JeiicTBUs BHemiHed Harpysku (fga ) Tosibko Torma, Korjma MOCIETHSS

COBMAJaeT C OJHOM W3 IVIABHBIX IUIOCKOCTeil Opyca mmm korma |y = |y (xpyr,

KBaJpaT M T.J.); B OOIIEM Cllydae YroJ HakJIOHa | HeWTpaiabHOW iuHUU N-N He
PaBEH YNy d HaKJIOHA CUJIOBOU MIOCKOCTH.

Tak kak »mIOpa HOPMAalbHBIX HANpPSOKEHUH B CEUeHUM Oaiku JIMHEWHA, TO
MaKCHMajbHOE HaNpsHKCHHE BO3HUKAeT B TOUYKe, Hamboyiee YHAJIEHHOW OT
HelTpanpHOW JsmHMU. [lycTs KkoopamHaTel 3ToM TOukum (X1, Y1). Torma wu3
ypaBHeHus (16.2) monyuyaem:

S = & y + _y X (16 6)
maXx I 1 I 1. "
X y
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Kozcoa ceuenue cummempuuno omunocumenbHo odeux ocell, onpedeieHue
HAUOOABLWUX HAPYICeHUUl 3Hauumenvho ynpowaemcs. Tak, 015 NpAMOY20ibHO20
ceueHuss 1e2Kko yOeoumuvcs, YMmMoO MAKCUMANbHOEe HanpsdceHue Oyoem 6ce20d 8
VeNl08bIX MOUKAX NPAMOY2OJbHUKA, U OJIS1 HUX 1e2KO 3anucamy.

— |le + My
Omax — | Ymax | X max
X y
170101
M M
Oy =—X +—2. (16.7)
W, Wy
[Ipu moadope CEYEHHs U3 YCI06USL NPOYHOCIU NPU KOCOM u32ube
(16.9)
W, .
IPUXOMUTCS 3a1aBaThCd COOTHOIIEHHEM —- (1Ba HEM3BECTHBIX HEIb3S HAWTH W3
y
OJTHOTO HEPAaBEHCTBA) M IIYTEM IOCJIEAOBAaTENbHBIX MOmbITOK Haxomuth W, uW,,,
W, _h
yaoBierBopsitomiue yciaopuio (16.8). B ciydae npsMoyroapbHOro ceUeHus —-— = E
y

h

[ToaToMy, 3amaBasch COOTHOIICHUEM E, u3 ycioBus  (16.8) MoxHO HaWTH

BCIIMYNHY WX " pa3sMCPbI MOTICPCYHOTO CCUCHUA.

na onpedenenusi npocub0o8 8 pasiudHbiX ceueHusx OaiKu npu Kocom useuode
Mak dice, KAk U npu onpeoeeHuu HanpsdiceHull, UCNOIb3yemM Cnocob Cynepno3uyulL,
m.e. CIOJCeHUs Oellcmeyiowux cui. s 3mo2o packiaovigaem Oetcmayiouyio
HA2py3Ky NO 2NABHbIM NIOCKOCMAM, OnpeodeisemM COCMAGIAuYio NOIHO20 npocuba,
m.e. nepemewjeHue 6aIKu 8 Kaxcoou 21a8HOlU NIOCKOCU.

Cymmapnwiii npoeub f (puc.16.3) onpedenumca xax 2eomempuueckas cymma

f=f2+f7. (16.9)

npoauboe fyu fy :
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Pucynok 16.3

HaHpaBHCHI/IC HpOI‘I/I6OB f mpun KOCOM n3rude B KaXIO0M CCUYCHHU 6YIICT

COBMaJaTh C IUIOCKOCThbIO M3ruba N-N, mepneHAuKyIsIpHONW HEUTpanbHON JTUHUU

(#.71.) B nanHOM Cceuenum.
B kadecTBe mpumepa BbIYHCIMM HAMPSDKCHHS B YIJIOBBIX TOYKAX OIACHOIO
ceuenus Oanku (puc. 16.4).

h=12cu

b j%
|
g

"

b -
ST L _ 4 _
oo

I ) s —

s .

s .
L |
/ 1=12m |
! P,
"P=3kH
Pucynok 16.4

1 Pasznoxum Harpy3Ky II0 I'IaBHBIM IIJIOCKOCTSM.

P, =Pcos30 =3>0,866 = 2,6 xH,

P, =Psin30=3x05=15«H.



16.2 CrnoXHbI 1 KOcon narnb 147

2 Harpy3uMm 0anKy COOTBETCTBYIOIIEH HArpy3ko B BEpPTHKAIbHOU
mwiockoctu (puc.16.5) u moctpoum smoper Q, u |V|y . AHaJOTMYHO TOCTYNHUM C
TOPU30HTAIBHON ILUIOCKOCTHIO (pHc.16.6).

Bepmuxanvnuas nnockocmo

2,6 xkH Py = 216 KH
312 xtom)” | f
2,6 2,6

@ ,KH
W @,KH-M

Pucynok 16.5

3,12

Topuzonmanvras niocKkocmob

15xH P.=15xkH

1,8 KHW( T? '

/

15 ) 1,5’ .
_ @, xkHwm
y W

Pucynox 16.6

OnacHoe ceueHne OaKu COBIIaAacT C CCUCHUEM B 3aJCJIKC.

3 PaccraBuM B yrJIOBBIX TOYKaX onacHoro ceueHust (puc.l16.7) 3sHaku
M3ruOArONIUX MOMEHTOB, a CJICIOBATEIbHO U HANPSOKCHUH, cCUUTast
PACTATHUBAIOIIANA MOMEHT MOJIOKUTEIBHBIM, a CKUMAIOIIUN — OTPUIIATEIbHBIM.
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Y
DO DD
M, M, M, M,
B C
X N
N j o , MIla
~ ] =49
'~ 88,75
A D '\\. Y
M, M, M, M, S
©6 &6 P
o
88,75

Pucynox 16.7

HaﬁﬂeM HOPMAJIBHBIC HAIIPSDKCHUA B YIJIOBBIX TOYKaX CCYCHMA .

M, My _-312x10° 18x10°

SpA=

Tac

Tornma

W, W, 96x0° 32x0°

=-88,/5Mlla,

2 2
’ _bh :4><12 :960]‘43;
6
2 2
Wy = hb = 12>4 =32cm°,
6

Sc=-s ,=88,/5Mlla.

<
X
<
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VYToJ1 HaKJIOHA HEHTPaAJIbHOM JTMHUHU HaiaeM 1o ¢popmyiie (16.5):

M 3 3
g =Y xx oo 1, =20 —57603, Iy—&—64cm
N 12 12
3
me. g = o AH2 ~=058X9=52.
312X12X12 >4
[ony4aem j =49°

3uas Hanpsokenue B Toukax A u C ¥ paBeHCTBO HyII0 S Ha HEWTpaabHOU
JIMHUH, CTPOUM 31I0py S (cM. puc. 16.7).

4 OnpenensieM MmoyiokeHUue HelTpanpbHoll  auHUKM. OHAa MPOXOAUT Yepe3 LEHTP

tsokectd cedenns u yepes || u |V ksagpanter (puc.16.8).

88,75

Pucynok 16.8
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17 CI1OKHOE COITPOTUBJIEHUE (nmpoao/ikeHue)

17.1 BHeneHTpeHHOE pacTsKeHNE U CKATHE

PaccmoTpuM dacTHBIM ciiydald CIIO)KHOTO CONPOTHUBJICHUS, Korjga Opyc
pactaruBaeTcsi (MM COKMMAETCS) CHIIAMH, MapajljIeIbHBIMH OCH Opyca, Tak, 4To
JIMHHS ISHCTBUS PaBHOACHCTBYIOIICH HE COBIaaaeT ¢ ochio opyca (puc.17.1, a).

4 py Y I my Y

X

[ [
=% Xp \
w X T/ — w Ile

Pucynox 17.1

Buo mnazpysicenus, npu KoOmopom paéHOOCUCMEYIOWas 6HEWHUX CUL He
co6naoaem ¢ 0cblo CMepICHs, A CMeweHa OMmHOCUMELbHO 20 OCU U OCMAemcs el
napanienbHa, Ha3vléaemcs 6HeYEeHMPEHHbIM PACMANCEHUCM UL CHCATNUEM.

Touka NpUIOKEHHUs PaBHOAEHCTBYIOIIEH P Ha3bIBAETCS NOMOCOM CUbL.

IIycTh TOYKa MPHIOKECHUS BHEIIHMX CHJI HMEET KOOPIAMHATHI Xp, Vp. IIpu
TaKkoM Harpy3ke B IFOOOM MONEPEYHOM CEYEHHHU Opyca AEHCTBYIOT IIPOJOJIbHAS CUIlA
N = P u usru6aromue momentsl (cM. puc.17.1, 6):

M, =Px; M, =Py,.
Takum 06pa30M, BHCIHCHTPCHHOC PaCTAKCHUC-CIKATHUC OKa3bIBACTCsA

HUACHTUYHBIM KOCOMY I/IBI‘I/I6y. B ornuuue ot MMOoCJICAHCTO, OJHAKO, B ITOIICPCYHOM
CCUCHHUU 6pyca BO3HHUKAKOT HC TOJIBKO 1/13r1/16a10m1/Ie MOMCHTBI, HO WU IPOIOJIbHAA

cumta N=P.

B mpoM3BONILHON TOYKE ¢ KOOpAMHATAMU X, Y HOpPMalbHOE HANPSIKEHHE S
OyleT CKIaabIBaThCA M3 HAIpsHKEHHH 0ceBOro pacrsukenus (cxarus) cuwiod N wu
Hanpspkennii ot unctoro usruda momentamu My, My

(17.1)
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O4eBMIHO, IIPOCTPAHCTBEHHAs OIOpPa 00pasyeT IUIOCKOCTH (IIOCKOJIBKY
BXOJAT B YPABHEHHE B IIEPBOM CTEIECHM), HE MPOXOIANIYIO 4Yepe3 LEHTP TIKECTH
ceuenus (tak kak npy X =Y =0 o1 0).

[oxcrasus B ypasuenus (17.1) smecto N, My, M y X 3HAUCHHS, HOIyHM

P> P>x
s=r 4 yIOy P x.
Foa 0,

P

BeiHecem — 3a CKO6KI/I, BbIpasiM MOMCHTBI HHCPHOHUHU 4YCPC3 PAINYChI

uaepiun  (Jy = i)%F , Jy = i32/|:) ¥ nonyduM (GOpMyJIy Ul OIpEIcICHHUS

HOPMAJIbBHOTO HAIIPAKCHUS B HpOHSBOHBHOﬁ TOYKEC CCUCHUA

P& -
o=—%+ L y+—x7 (17.2)

Fe i>7 i)° ¢

X y @

[Tepemennbivu B ¢dopmynax (17.1) u (17.2) sBasioTcs 1Ba MOCICIHHX
cllaraeMbIX, OTpakalolMX BiIUsSHUEC M3rnba. Tak kak Mpu H3ruOe HaUOONbIINE
HaANpsOKEHUsT OyayT B TOYKax, HauOoJIee yaaleHHbIX OT HEMTPAJIbHOM JIMHHUH, TO, KaK
U TIPU KOCOM M3ru0€, HaJl0 OTHICKUBATH MOJOKEHUE HEUTPAIBHOM JIMHUH.

O003HaYUM KOOPJMHATHI TOUKH, IPUHAICIKAIICH HEHTPAIbHON JTUHHUH, Yepe3
Xo 1 Yo. Ha nelitpansnoii munun S =0, 10 ecTh

O

0'——(;1+ypxy0y+ pXXO .

F i 2 |y B
X

Tax kak g 10,10 1+ _yg Yo +- 2 X =0. (17.3)
iy iy

=0.

Tac Xp ,yp - KOOPpAWHATBI TOYKHU HIPUTTOKCHUS paBHoneﬁCTBonmeﬁ BHCIIHUX

CHIT,
X0, Yo - KOOpAMHATHI TOYEK HA HEMTPAILHOMN JIMHUY.
VYpaBuenune (17.3) mpencraBisieT coO00H ypasHenue HeumpanibHol JTUHUU, U3
KOTOpPOTI'O0 BHUJHO, YTO HEWTpalibHAas JIMHUSA HE MPOXOAUT Yepe3 LEHTP TKECTU

CCUCHU.
Y1005l INOCTPOUTHL ITy MNpPAMYR0, IIpPpoOHIC BCCTO BbBIYUCIIUTL OTPEC3KH,

OTCeKaeMble €10 Ha 0csiX koopanHaT. O603HaunM 311 oTpe3ku X, u Y, (puc.17.2).
Yro6sI HANTH OTPE30K X, , oTcekaeMsblit Ha ocu OX, Hano B ypaBHeHuu (17.3)

MOJIOXKUTE X5 = X, Yo =
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X
Xp

Yp y

Yu

H.JL.

SB

Pucynox 17.2

Tornma nosnyunm

OTtkyna x, =- L. (17.4)

AHajioru4Ho, mosjaras Xo = 0, Yo = Y, , nonydum

[
y, = - 21—, (17.5)
Yp

W3 Beipaxennii (17.4) u (17.5) BuaHO, 4TO ecnu Yp U Xp IOJIOKUTETBHBI, TO
oTpe3kn X, u Y, OyayT OTpHLATENbHBI, TO €CTb HeUmpanbHas JUHUA B8Ce20d

pacnonodicena 8 Keaopawme, NPOMUEONONONCHOM MOMY, 8 KOMOPOM HAXOOUMCSL
MOYKA NPUTONCEHUS] GHEUIHEU CUTILL.

Teneps, npoBos MapauieibHO HEUTPAIbHOM JIMHUU KacaTelbHbIE K KOHTYPY
ceveHus, HaiijieM HauboJjee HampshkeHHble TOUKd A u B B pacTanyToil U cxatoii
30HaX CEYCHHUS U TIOCTPOMM DIIOPY HOPMAIbHBIX HanpspkeHud S (cm. puc 17.2).

HaHpH)KeHI/ISI B 3TUX TOYKAX U YCJIOBHA IPOYHOCTHU UMCIOT BU

e X X, 0
G, =0 =P§i+ypy’*+ > 2t fo.] (17.6)
pacm X y @
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%1 ypyB XpXB O

O =0 = PEE - i£o. ] 17.7
BUUTm O EF 0 3 D

JIsisi TONEepeYHbIX CEUCHHH C BBICTYNAIOUIMMH YIJIaMH, Y KOTOpPBIX 00¢
TJIaBHBIE OCH WHEPIMH SIBISIOTCS OCAMHU CUMMETpUU (MPSAMOYTOJIBHUK, JABYTaBp U
Ap.), KOOpAUHATHI X, Y YIJIOBBIX TOYEK OJHOBPEMEHHO JOCTHUTAIOT MAaKCHMaJbHBIX
3HaueHuil. [loaromy popmysel (17.6) u (17.7) MOXKHO 3amucath B BUJIE:

(17.8)

17.2 siapo cevyenusi

HeiitpanpHass JvHHA B OOIIEM Clydae MOXKET IPOXOIUTH Kak depes
HOIEPEYHOE CEUYEHHE, TaK U BHE ero. JlelCTBUTENLHO, eciii cuia P IpuiioxkeHa B
uentpe TsokectH (X, = y, = 0), 10, cormacro ¢opmyram (17.4) u (17.5),
HEeHTpanbHas JMHHSA IPOXOIUT B OECKOHEYHOCTH, W HAIMPSDKEHUS B DTOM Ciydae
pacrpeieieHbl 0 CEYEHUI0 paBHOMEPHO. 1o Mepe yBeTUYeHUsT SKCIIEHTPUCUTETA €
HEeHTpanbHas OCh OyAeT MPUOIMKATECS K HEHTPY TSHKECTH cedeHusi. KoHcTpykTopy
KeJIaTeJbHO 3HATh 3apaHee, KaKoi 3KCIIEHTPHCUTET MPH BBIOPAHHOM THUIIE CEUCHHS
MOJKHO JONYCTUTh, HE PHUCKYS BBI3BATh B CEYEHHUU CTEPIKHS HAMPSIKEHHH PasHBIX
3HAKOB. DTO Ba)KHO 3HATHh NPU KOHCTPYHPOBAHHM CTEP)KHEH W3 MaTepHajoB, I0-
pasHOMYy pa0oTaloIMX Ha pacTsHKeHHMe U ckarhe. IIpeicraBiaser HHTEpeC
YCTAHOBUTL 00JaCTh TaKMX yHaleHHd cuibl P oT ocH, Ipu KOTOPBIX 3IIOpa
HOPMaJIbHBIX HAIIPSHKEHHI IO CEYEHUIO OCTAETCS OJHO3HAKOBOIA.

gOPOM ceyenusi Hasviéaemcst ooOaaAcCmb 6OKpYy2 Yyenmpa miaxdcecmu Ce4eHU:l,
NPUNIOJICERHUE CUTIbL P 6HYmMpu KOmOPOIJ ebl3bledem 60 6cem NonepevHomM CcedYeHuu
HANpPANCEeHUs 00H020 3HaKA.

I[JISI IMOCTPOCHUA sAApa CCUCHHA H€O6XOIII/IMO 3a1aBaTbCs PaA3JIMIHBIMHU
ITOJIOKCHHUSIMU HeﬁTpaHBHOﬁ OCM M BBIUHCIHUTH COOTBCTCTBYIOIIHMC TOYKH

npriIoKkeHus cuibl P o hopmynam, BeITekaromum u3 ypasaenuii (17.4) u (17.5):

.2 2
[ ly
xp:-i, Yp=-— (17.9)
a a
X y

BhIucieHHbIe KOOPAUMHATBL Xp, Yp ONpPEENAIOT TOUKH, JEKallie Ha TPAHUIIE
sapa ceuenus (puc.17.3).
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N

o
w

N

Pucynok 17.3

IIpyn moBOpoOTE HENUTPAIBHOW JTUHUU BOKPYI HEKOTOPOM HEMOABHUKHOU TOYKHU
KOHTYpa CEUYEHMS TOYKAa NPWIOKEHUS CWIbl NEPEMEIIAETCs BJOJIb HEKOTOPOU
KPUBOH, TaK Kak Xp, Yp ¥ X, Y CBsI3aHbI JTUHEHHO (cm. puc.17.3, a). s noctpoeHus
A]lpa CeUEHUs1 KaKoro-mubo MHOTOYroJIbHHUKAa HEOOXOJUMO MPOBOJIUTH KacaTelbHBIE,
COBMAJAIONIME C €ro CTOPOHaMH. Sapo cedyeHuss OyAeT MOBTOPATH (opmy
norepevHoro ceueHus (cM. puc.17.3, 6).

IlocTpouM sApo cedeHus s mpaMoyroabauka (puc.17.4) co croponamu b

1 N.CoBMecTuM BHaYane HEHTPaNIbHYIO JTUHHUIO ¢ OJHON M3 CTOPOH HPSAMOYrOJILHUKA
(monoxenue |-1). [Ipu 3TOM KOOPAMHATHI HEUTPATLHOW JIMHUU PaBHBI

b
X, =-— H:¥,
1 5 y
| Y o
T . T
h / 1 X
h/6 3
IV 2 IV
| b/6 1
b

Pucynok 17.4
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d YUUTBIBAA, 4YTO

5 J,_bh® _h2 5, Jy bdh _b?

| —, | —,
*F 12bh 12" Y F 12bh 12
u3 ¢popmyi (17.9) nonyuum

Yp =0; Xp= 7" % (Touka 1" ).

CoBMECTHM TeHeph HEHTPaIbHYIO JIMHHIO C JAPYrol CTOPOHOH (IOJI0KEeHHE
[1-11). KoopauHaThl HEHTpaIbHOW JIMHUU B 3TOM MOJIOKCHUH PABHBI
X, =¥, y = >

Torna KOOPAWHATHI TOYKH 2’ sapa CCUCHHUA

AHaANOrMYHO OmpeieisieM KOOpAUHATHI Touek 3’ u 4.

Tak Kak mpu nepexojie HEMTPAIbHOW JTUHUU C OJHOM CTOPOHBI HA APYT'YIO OHA
MOBOPAYMBAETCS BOKPYT YIJIOBOM TOYKM CEUYEHMS, TO TOYKA MPUIIOKEHHS CHIIBI
nepeMenaeTcsi mo npsmMou, o0paszys KOHTYp snpa. Takum o0pa3oMm, s0po ceueHus
NpPAMOYIroJbHUKA OyIeT pomb6om C JAWAroHalsIMH, pPaBHBIMH OJHOM TpeTu
COOTBETCTBYIOIIEH CTOPOHBI CEUCHHUS.

[Moctpoum siapo amst KpyrJioro ceueHus (puc.17.5)

y

Pucynok 17.5
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B kpyre Bce UeHTpanbHble OCH — TIuaBHble. lloaTOoMy mnpu KacaHuu
HelTpanbHOi UK |-l B mr060# Touke okpyx)HOCTH Touka 1’ sapa ceuenus Gyner
JIeXKaTh HA TOM K€ TUAMETPE C MPOTHUBONOJIOKHON CTOPOHBI OTHOCHUTENIBHO LIEHTPA

TAXKCCTHU.
Ilonoxenue HCﬁTp&HBHOﬁ JIMHUM OIIPEACIACTCS KOOPANHATAMU.

X,=-R;, 'y, =¥.

Torna koopauHaTel Touku 1’ smpa:

_pd?xx _d
Xp= 4. g
64>pd®>d 8

Yp =0.

Takum o6pasomM, ouepranue sapa — kpyr paguyca d/8 um R/4.

PaccMOTpuM npumep HarpyxeHUs CTEp)KHS BHEUCHTPEHHO MPUIOKCHHOM
cunoii. Onpenenum Hanpsokenust B toukax A, B, C u D crepxus marpyxennoit
cunoii P=400 xH (puc.17.6). Pasmepsl ceuenus (B CAaHTUMETPAX) JaHbl HA PUCYHKE.
OnpenenuTs TakKe NOJ0KEHNE HEUTPAIbHOW JINHUH.

P =400 kH y

ONOM DM, (ONOMOM,

y)

|

120//:5 4 A B C
|

a o
Pucynok 17.6
Hanpsoxenus npu pactsbkeHuu (cxxaTun) ompeaensercs mo Gopmyite (17.1):
M
o=N My y+—Lx
F o Jy Jy

nim (O
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1 OHpCIICJII/IM MOMCHTbBI HHCPIUU ITOIICPCUHOT'O CCUCHHA.

_ 20«23 12x0°

J =2880 cu”, J, = = 8000 cu* .
X 12 y

2 Paccmorpum neiictBue cuiibl P Ha Kakayro yriioByI0 TOYKY CEYeHHS H

paccTaBUM 3HAKH OTACIBHBIX ClIaracMbIX BeIpaxenus S (cm puc.17.6, 6).
3 Onpenenmum Hanpsoxenns B toukax A, B, C u D, yumreBas 3maxn
cootsercrByomux Hanpspkeruit (N, My, My):

400403 1 .\ 4x1072 56 X107 .\ 5x107% X10X1072 ¢

0 - :
A 10 é 24040 2800x10°® 8000x40°
-3
. % (- 0,00416 +0,00857 +0,00625) = 42,64 Mila;
. _40040°2 1 4X0°6x307 5x10°x0x107°0_
B 10" é 240x10*  2800x10°® 800010 5
-3
:—402(§10 (- 0,00416 - 0,00857 +0,00625) = - 25,92 MITa;
400 x0%& 1 4x10°x6x10° 5x107°x10x10°9_
¢ 10 § 240x10* 2800107 8000x10°
-3
:%(- 0,00416 - 0,00857 - 0,00625) = - 75.92 MM]a
__400x07°2 1 4X07°>6x10° 5x07°x10x1070_
° 10" § 240x10*  2800x10°® 8000x10°
-3
_ % (- 0,00416 +0,00857 - 0,0625) = - 7.36 MMI1a
4 OnpenensieM MOJIOKeHUE HEUTpaIbHOM JIMHUMN
2
| J
X, =- Yy = y —-@—-6,66@14,
X,  Fxx, 24056
2
)= i _ Jy ] 2880 =30 cn

[MTokakeM MoJIoKEHUE HEHTpanbHOM TMHUK Ha ceueHuH (cM. puc.17.6, 6).
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18 CJIOKHOE COIIPOTUBJIEHUE (npomo.kenue)

18.1 U3ru6 ¢ kpyyeHneM KpyrJbIX BaJ0B

[Tpu pacCMOTPEHHH KPYUCHHUS MPEITIOIAransochk, YTO B MOMEPEYHBIX CEUCHUAX
KPYIJIOTO CTEPYKHS BO3HHKAET TOJIBKO KPYTAIINi MOMEHT. OIHAKO TaKUe JeTallH
MalllMH, KaK BaJibl, pEIKO paboTaIOT Ha YHCTOE KpyueHue. Jlaxe MpsMOii Ball Ipu
paboTe U3rubdaeTcsi COGCTBEHHBIM BECOM, BECOM IIKUBOB, HATS)KEHUEM PEMHEM H T.II.
Takum 06pa3oM, GOJBIIMHCTBO CKPYYMBAEMBIX 2JIEMEHTOB MalIiH paboTaroT Ha
COBMECTHOE JIECTBUE U3rn0a M KPyUCHHU.

[Ipu neficTBUM W3rnba W KPyYeHHS B IMOIMEPEUHBIX CEUYEHHSX Bajla BO3HHKAET
ISTh BHYTPEHHHX CHJIOBBIX (DAKTOpOB: KpyTsmmii momeHt M, wusrnbaromme
momenTtsl M, n M, nonepeunsie cumbl Qyu Q.

Takum 00pa3oM, B JIIOOOM IIONEPEYHOM CEUYCHHU OIHOBPEMEHHO BO3HHKAIOT
HOpMaJIbHbIE HANpPsOKEHHS OT M3ruba B JBYX IUIOCKOCTSX, a TaKKe KacaTelbHbIE
HaIpsDKEHHsT OT u3ruba W KpydeHws. J[s pacyera Baja B MEPBYIO OYEPEIb JIOJKHEI
OBITE TOCTPOEHHI MIOPHI M3rHbaromux Momentos M., M, u xpyramero M, ,=M,. nsa
3TOr0 HArpy3KH, ICWCTBYIONIME Ha BaJl, PACKJIaJbIBAEM HA COCTABJIAIOIINE BJIOJIb
KOOPJMHATHBIX OCEM, a 3aTEM CTPOUM SITIOPHI:

— WBrUOAONIMX MOMEHTOB OTHOCHTENBHO BepTHKambHOW ocu (M) ot
TOPHM30HTANBHBIX poekuuii Py, Poy,..., Pux;

— M3ru0aroiX MOMEHTOB OTHOCHTENBLHO Topu3oHTanbHOH ocu (M) ot
BepTUKaIbHBIX mpoekunii Py, Poy,..., Pny

— KpyTsammx MoMeHTOB (Myp).

PaccmoTpum pacuer Basia Ha mpumepe (puc.18.1).

Pa3noxxum Harpy3ku Ha TOPU3OHTAIBHBIE U BEPTUKAIBHBIE TNIOCKOCTH M CTPOUM
smropsl m3rubaromux MomeHtoB My n My (em. puc.18.1, 2 u e). Mimest atu smrops,
MOXKEM JJId Ka)KJIOro CEUYCHHs Bajla HAWTH IIOJHBIA W3rHMOAromuid MOMEHT M,
(cm.puc.18.1, oc) Kak reOMEeTPUYECKYI0 CYMMY 00EUX COCTABIISFOIIUX

— 2 2
My = (M2 +M2.

Jlns kaxaoro cedeHuss Mbl OyZeM HMETh CBOIO IJIOCKOCTb H3THOAIOIIETro
MOMEHTA, HO TaK KaK BaJ UMEET KPYIJIOE MONEPEYHOE CEYEHUE, Y KOTOPOTO MOMEHTHI
COTNPOTHUBJICHUS] OTHOCUTEIBLHO BCEX IIEHTPAIbHBIX OCEH OJIMHAKOBHI, TO 0€3 BIUSHUS
Ha pe3yJbTaThl pacyeTa Mbl MOXKEM COBMECTHUTh IJIOCKOCTH M3THOAIOIMINX MOMEHTOB
IS OCe CEYEHMH W IOCTPOMTHL CyMMapHyro osmopy M., pacmonaras ee B
IUIOCKOCTH YepTexa. Tak Kak CyMMapHbIM MOMEHT B Pa3HbIX CEUEHUSIX MOKET UMETh
pa3HbIC HANPABJIEHHUS, TO JaXXE MPU OTCYTCTBUU PACHPENCIICHHBIX HArPy30K JIOpa
M, MOKeT GBITE KPUBOJIUHEHHOM.
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Pucynox 18.1

Jlns ofmiero cirydas 5TO JIETKO MOKasaTh aHamutudecku. Ilycts My =a+ bz,
My=c+ dz (rze &, b, Cu d —nocrosnubIe KO3PDUIMEHTI).

Torma M, =\/MZ+M2 =./(a+b2)? +(c+d2)?.
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BripaxeHue, crosiee moja pagukaioM, JIMIIb B HEKOTOPBIX CIydasX sIBISETCS
kBajpatoM (Hanpumep, mpu C= d= 0), a B GompbmMHCTBE ClIy4aeB DJIIropa
KpUBOJIMHEIHHA. Benmuuunel usrubaromero mMoMeHta M, BBIUMCIAIOT IMIIb IS
ceueHni, B KoTopbix Ha osmiopax My u My mmerorcst mepenmomsl. Dtn BenudHHSI
OTKJIAJBIBAIOT TI0 OJHY CTOPOHY M COCAMHSIOT BOTHYTOH mapabonoi (cm. puc.18.1,
oic). [lanee cTpouM >Mropy KpyTsimux MomeHToB M, (cm. puc.18.1, 3) n oTEICKHBaeM
OIIACHBIE CEYEHMSI, COUCTAIONINE OTHOCUTENBHBIN dKkcTpeMyM M, u M,,,. OnacueivMu
MoryT ObITh ceueHus 1, 2 u 3. Teneps B ONaCHOM CEUEHHH MOTYT OBITh HaWJEHBI
onacHble TOYKU. OUEBHIHO, OIACHBIMU MOTYT ObITh ToukM A u B (puc.18.2) (Touky,
HauOoJsiee yJajeHHbIE OT HEUTPAJIbHOW JIMHUHM, TMOJOKEHUE KOTOPHIX JIETKO HAWTH,

T.K. | =a, a HeWTpasbHas JuHUsA N-N IepHIeHINKYISIPHA CHIIOBOM JIMHKH).

B /P

Pucynox 18.2

CrtpouM 31opsl S;, OT U3rKOAKIIETO0 MOMEHTA, KOTOPhIE MEHSIOTCS

IPONOPLUUOHAILHO PACCTOSHUIO TOYEK OT HEUTpanbHOM uHuu. B Toukax A u B
HOpMaJIbHBbIC HAITPSIPKEHUSI OT U3THOa U KacaTelIbHbIe OT KPYYCHUSI UMEIOT

OIHOBpeMeHHO Haubosbimue 3Hauenus (I oT u3ruba B THX TOYKAX PABHBI HYIIIO U
BooOme t ;<<t,,).

2 2
S —_ Ml/l32 — MX +My
usze W W !
(0]8) ocC
— M Kp
Typ = —Wb .

Beimenum snemeHTapHyro wactuny Matepuana (puc.18.3) B OKpecTHOCTH
HanboJiee OMacHOM TOUKH (HAarpuMep, B OKPECTHOCTH TOYKH B ).

[lo deTblpeM rpaHsM JEHUCTBYIOT KacaTelIbHbIE HANPSKEHUS, @ K IBYM U3 HUX
MIPUJIOKEHBl HOPMAJIBHBIE HAIPSKEHMS, OCTaJbHbIE JIBE TpPaHU COBEPIIEHHO
CBOOOJHBI OT HampsbkeHud. Takum oOpa3zoM, mpH KU3rude ¢ KpydeHUEM JJIEMEHT B
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OIMACHOW TOYKE HAXOIWUTCSA B IUIOCKOM HAaNpsDKCHHOM COCTOSHUM, KaK W B
nzrudbaemom oOpyce.

A

Pucynok 18.3

[TosToMy 34ech TJaBHbIE HANPSDKEHHWS HAAO0 OMNPEACNSITh 10 TEeM XKe
dhopmynam, 4TO U TIPU U3rUde:

1 0+\/02 +412] , 03 Z%

0'125

o - \/02 +412].

Paznuia mexay dbopmynamu s MONEPEUHOr0 U3ruda U u3ruda ¢ KpyueHuem
JUIIb B TOM, YTO B TOCJIEIHEM CJydae KacaTEIbHbIE HAIPSIKEHHUS BBI3BIBAIOTCS
KpYTSIIMM MOMEHTOM, a NpH u3rube — mnomnepeyHol cuiol. s mnpoBepku
NPOYHOCTH Bajla MbI JOJDKHBI ONPEACTUTh JKBUBAJICHTHBIC (IIPUBEICHHBIC)
HalpsDKEHHWST 10 COOTBETCTBYIOIIEM TEOpUHM NPOYHOCTH M CPABHUTh HUX C
J0MycKaeMbIMU. B CBsI3U € TeM, 4TO Bajbl OOBIYHO MU3rOTABIUBAIOTCS U3 TNIACTUYHBIX
MaTepraoB, MOKHO UCIOJIb30BATh TPETHIO U YETBEPTYIO TEOPUHU IMPOYHOCTH:

11— 2 2 )
O ke ~ A\ Ouse + 4TKp £ [S ]’
(18.1)
v _ 2 2
O ke ~ A\ Ouse + STKp £ [0-]

3amenum Hanpsokenus S u U, uepes usrubaromumii u KpyTAMUK MOMEHTSHI

o — Mu32 . _ MKP — MKP

T — .
use Woc Kp Wp 2Woc

HOIICTaBI/IB HUX B TCOPHUHU NPOYHOCTH, IMOJTYIUM I10 TpCTBCﬁ TCOPHH ITPOYHOCTH.

; 5 £[0'].

2 M
[ 1 — Mu32 Kp
29K6 +4

W02C (ZWOC )
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M2 +M?2
Otkyza o\ -\/ e ? £ [o] (18.2)

3K6

I[To yeTBepTOIt TEOPHH MPOYHOCTH (IHEPrETUUCCKOM)
2 2
vV _ Mu32 +3 M £[O‘]
9K6 a2
Woc (2W0c )

2
v M2, +0,75M7, bl
nim 03}(@ - 0 (183)
WOC
®opmyner (17.2) u (17.3) mo cBoell CTPYKType COBEPIICHHO COBMAIAIOT C
dopmymnamu (17.1), mosTOMYy HpoBepKa MPOYHOCTH KPYIJIOTO Bajla Ha COBMECTHOE
JEUCTBUE KpyUeHHUs U U3rruda MOXKeET ObITh 3allMCaHa B BUJIE

o

(18.4)

rac NpuBCACHHBIC MOMCHTHBI, SKBUBAJICHTHBIC IICﬁCTBHIO TPpCX MOMCHTOB, PAaBHbI

(1] I— 2 2 _ 2 2 2
an _\/Muse +MKP _\/MX +My +MKP (185)

WU M,LZ:\/M

2, +0,75M2, \/M +M2+M2 . (18.6)

use

Nmes YCJIIOBUC TIPOYHOCTH, MOKHO OCYH_ICCTBJIHTB npoeKmupoeotmbzﬁ pacuem

W, 3 M,
WM TOJ00p CEYEeHHMsI Baja: oc [0]
3
rd
[TocKonbKyY W = = =0, 1d3,
r

HOJTy4aeM d3 3 My
0 1[0]

Pacuernl Ha MNPOYHOCTL M JKECTKOCTD. ITo YCIIOBHUIKO ITPOYHOCTH,
HauOoJIbIIee KacaTeIbHOE HAIIPAKCHUC HC JOJDKHO IPEBLIIIATE JOITYCKACMOTO, T.C.

e = £ 1],

r
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OTCIOIIa Ipu M3BCCTHOM KPYTAIICM MOMCHTC M AOIIYCKACMOM HAIIPSKCHUN
MOXHO OIIPpCACINUTDb HeO6XOHHMBIﬁ MOMCHT COIIPOTHUBJICHUA CCUCHHA, 4 3dTCM H
HeO6XOHHMBIﬁ paanyc wWwin OIUuaMceTp BaJld, T.C. BBIIOJIHHUTH HpO@KTHpOBO‘IHBIﬁ

3 M np
pacuer: W 3 —3, e [T] =(0,5, 0,6 [0'].
[t ]
JIJ1s1 CILUTOIIHOTO CEYEHUS W, = 0,2D3.
MK
Y4
Otkyna D33 .
0,2[7]
d _
JIAsg 1OJoro Baja Hajo IOMHHUTb, 4TO, 3aJaBasch OTHOLIEHUEM — = O

3
%(1- a*)=0,2D3(1- a*)..

(puc.18.4), moayuaem Wp =

A
\J

Pucynox 18.4

X M Kp
OKOHYATEIBHO: D33 i
0,2[‘[](1- a’)
ITo yCIIOBHIO KECTKOCTU MaKCUMANIBHBIM OTHOCUTENBHEIN (aOCOMIOTHBIN) YTom
=_"P g£lg
3aKpY4YMBAHUS HE JOJDKEH IPEBBIIATE JOMYCKaeMoro, T.e.. Omax = G .
"
M
| 3 P
Otkyna r

ol

M
TTOCKOINIBKY [UIsl CIUIOIIHBIX KPYTJIbIX ceuenuit |, = 01D*, 10 D3 4 L
0,1[0|G
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CIIMCOK PEKOMEHAYEMOM JIUTEPATYPBI

OcHOBHAs ¥ 10MOJIHUTEJIbHAA JIUTEpaTypa

1 benses H.M. Conporusnenue matepuanon. - M.: Hayka, 1976. — 608 c.

2 JapxoB A.B. Conpotusnenue matepuanos/ A.B.Jlapkos, I'.C.1Hmupo. - M.:
Brrcmr. mik., 1989. - 624 c.

3 Mupomo6oB MN.H. Tlocobue k pemieHuo 3aiad 1Mo COMPOTHUBICHUIO
MartepuasioB. - M.: Hayka, 1975. — 240 c.

4 O6onosckuii b.A. ConpoTuBICHHE MaTEpPHaIOB B MpUMepax M 3agadax/
b.A.O6onoBckuit, C.E.Xanun. - Xapokos: U3n. Xapsk. yu-ta, 1971. — 380 c.

S5 Omnip marepiajiiB 3 OCHOBaMH T€OPii NPYyXKHOCT1 i miuactuyHocTti: Y 2 4., 5
kH./ B.I'.ITickynos, B./l.1lleBuenko, M.M.Py06aHn T1a in. - K.: Buma mk., 1995. — 490 c.

6 Ilucapenxo I'.C. Omip wmarepiani/ I'.C.Ilucapenko, O.JI.KBiTKa,
€.C.Ymaucekuii. - K.: Buma mk., 1993. - 360 c.

7 Conpotusnenue marepuanos/ [Tox pex. A.®.Cmuphnosa. - M.: Beicmi. 1ik.,
1975. - 480 c.

8 CoOopnuk 3amau o conporusienuto Mmarepuaios/ [lox pex. B.K.Kauypuna.
- M.: Hayka,

9 ®econocneB B.U. Conporusienue marepuaios. - M.: Hayka, 1986.- 540 c.

MeTonnueckue ykazanus, pazpadoTanHble Ha Kadeape

1 Meroguueckue ykazaHus K JgabOpaTOpHbIM paboTaM 1O JUCUUILINHE
«ComnpoTuBieHre  MaTepuasioB» (I CTYIEHTOB  BCEX  MEXaHUYECKHX
cnenuanbHocteit)) Coct.. OBuapenko B.A., Huxudopo D.A., 3unuenko T.II.,
INamapuuk A.I1. — Kpamaropck: II'MA, 1996.

2 Metoauyeckue ykKa3aHUSI K CaMOCTOSITEIbHOM paboTe MO JUCUUILINHE
«Comnpotupnenue matepuano» Coct. OBuapenko B.A. - Kpamartopck: JJI’'MA, 1992.

3 MeronuyHl BKa3iBKA [0 pO3paxyHKoBO-rpadgiyHux 3aBaaHb Nel-3 3
aucuuiuting  “Omip MarepianiB” (s CTyACHTIB JAeHHOT (OpPMU HaBUaHHS YCiX
MexaHiuHuX crierianbHocteit)/ Yki.: Opuapenko B.A., 3inuenko T.I1. — KpamaTopchbk:
JJMA, 1999.

4 Meronuueckre ykKa3aHUSi K KOHTpOJbHbIM paboram Nel u Ne2 mo
aucuuiuinHe  «CONMpOTHBICHUE MaTepuaioB» (Ui CTYIEHTOB 3a04YHON (OpPMBI
oOydyeHuss Bcex MexaHuueckux crenuanbHocteii)) Coct. OBuapenko B.A. —
Kpamaropck: II'MA, 2000.

S5 Metoauyeckue ykazaHus K KOHTposbHBIM pabotam Ne3 u Ned 1o
aucnuiuinHe  «CONMpOTHBICHUE MaTepuaaoB» (Ui CTYIEHTOB 3a04HON (OpPMBI
oOydeHus Bcex MexaHuueckux crernuanbHocteit)/ Coct.: Ouapenko B.A., Comomun
H.A. — Kpamaropck: II'MA, 2000

6 MeToauyeckue yKazaHus K KOHTPOJBHBIM paboTaM MO JIUCUUILINHE
«CONpOTHUBIICHHE MAaTEpUANOB» (i1 CTYICHTOB 3a0YHOM (QOpPMBI  OOyUYCHHS
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cnenuanbHocTd  «MHPOpMaNMOHHBIE  TeXHOJOrMH  HpoekTupoBanusn»)/  Cocr.
OBuapenko B.A. — Kpamatopck: JII'MA, 2000.

7 MeToauyH1 BKa3iBKU /10 pO3paxyHKOBO-TpaiuHMUX 3aBAaHb 3 JUCUUILUIIHU
“Omip wmartepianiB” (s CTYACGHTIB JeHHOI (OpPMU HaABYaHHS CHEIIaTBHOCTI
“Indopmartiitai TexHomorii mpoekryBanHsa”)/ Yki. OBuaperko B.A.- KpamaTopchbk:
JJMA, 2000.

8 Meronuueckue ykazaHusi K KypcOBbIM pacyeTHO-Tpaduueckum padoTtam 1o
auctuminde “ ConporuBinenue matepuano”. 3amanus 4-6/ Coct.. Conomun H.A.,
HenbmukoB A.JO. - Kpamatopck: II'MA, 2001.

9 Meroauyeckue YykasaHusi K KOHTpOJIbHOM pabore: “lHcnbiTanue Ha
BBIHOCIIMBOCTh M TOCTPOEHUE KPUBOM yCTAIOCTH ¢ moMolibio O9BM” no gucnuruine
“Comnporusnenue marepuanos”/ Coct. Xmuctyn B.C. — Kpamaropck: KW, 1986.

10 Meroauueckue ykazaHHs K BBIMOJIHEHHUIO pacdyeTHO-Tpaduyueckoi paboTh
“Onpenenenue BHYTPEHHHMX YCWUIUW B Oaikax” mo aucturuimHe “ ConmpoTHUBICHHUE
matepuanioB”’/ Coct.: OBuapenko B.A., TI'azenroBckas JI.A.- Kpamartopck: KHUU,
1986.

11 Meroauueckue yKazaHus IS NOpenojaBaTesiel Mo  MPOBEIACHUIO
npaktrueckux 3aHsaTuit/ Coct.. OBuapenko B.A., Xmuctyn B.C., 3unuenko T.II.,
INamapuuk A.I1.- Kpamaropck: KU, 1988.
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[Tpunoxenne A

CTPYKTYPA DK3AMEHALIMOHHBIX BUJIETOB U JIBI'OTbI

DK3aMeHAIlMOHHBIE OWJIeThl 10 aucuuIuinHe «COMpPOTUBICHUE MaTepUaIoB»
coJiepKaT CeMb 3aJJaHUi, KOTOPhIE OIICHUBAIOTCS CIEAYIONIMMHU OaJsIaMHU:

TEOpeTUYECKUi Borpoc - 26 GaysioB

3amaua Nel - 40 GannoB
3amaua Ne2 - 20 GannoB
MuKpoBomnpoc 1 - 3,5 6aina
MHUKpPOBOMPOC 2 - 3,5 6aina
MHUKpOBOIPOC 3 - 3,5 bamna
MUKpoBoIpoc 4 - 3,5 6aina

Bcero: 100 6annoB

Cormacno npunarord B JII'MA cucrteMe OLEHKM pe3yJIbTaTOB 3K3AMEHOB CTYJEHT
MOJIy4aeT CIeAYIONINE OLEHKH:

KOTJIMYHO» 3a 90...100 6amn1oB,

«XOPOIIO» 3a 75...89 OGamios,

«yJOBJIETBOPUTENBbHO» 32 55...74 0Gaos.

Kpome storo, Ha kadempe TEXHHUECKOW MEXaHUKH MPEIyCMOTPEHBI CIIEAYIOIINE
Jib2ombl TIPU cladye dK3aMeHa U CTYJICHTOB, KOTOPHIE B TEUEHHE ceMmecTpa paboTanu
TUTAHOMEPHO, BOBpPEMS U TMPAaBWJILHO BBHIMONHSIN U 3ammmani PI'P u ¢ mepBoil mombITku
pelIany 3aJaul KOHTPOJIbHBIX padoT:

- ipu pertuHTe 4,5 1 BBIIIIEe — BBICTABIISETCS OLIEHKA «omiuyHo» 0e3 cjaun dK3aMeHa
(“aBTOMaTOM”);

- nipu peittunre 4,0...4,4, o KeIaHUIO0 CTYJIEHTa, BHICTABIIACTCS dK3aMEHAI[MOHHAS
OLIEHKA «XOpOII0>» 0e3 cauu 3k3amMeHa (“aBToMaroM”), eCiiM JKe CTYJICHT UICT Ha DK3aMEH,
TO OH ocBOOOkAaercs oT BeinoiaHeHus 40...50 % 3aganuii mo sK3aMeHaIlMOHHOMY OUIIETy ¢
3a4eTOM €My MaKCHUMAaJbHBIX OAJIOB 1O 3aJJaHUSM, OT KOTOPBIX CTYIEHT ObLIT OCBOOOXK/ICH;

- npu peuruare 3,0...3,9 cryment ocoboxmaercs ot 20...25% 3amaHus
9K3aMEHAIIMOHHOTO OWieTa C 3a4eTOM €My MAaKCHUMAalbHBIX OasioB 1O 3aJaHHsM, OT
KOTOPBIX OH ObUT OCBOOOXK/ICH;

- ecJIM PK3aMEHaIlMOHHas OlLIeHKa, ornpeaenseMas B 6amiax oT 0 710 5 ¢ ToUHOCTBIO 110
0,1, HIKe, YeM UTOTOBBIA PEHUTHHT, TO 1O STUM JABYM IOKa3aTEJSIM OTPEICISETCS CPEIHss
apudMeTnIecKas OIeHKa, KOTOpasi ¥ BHICTABIIIETCS B 9K3aMEHAIIMOHHYIO BEJOMOCTb.

Ha sK3aMeH BBIHECEHBI 6C€ 8ONPOCHI JAHHOTO KOHCIIEKTA, IEPeYeHb KOTOPHIX
IPUBEJIEH B COMIEPIKAHNH.

3adaua Nel Bo Bcex Ouerax UMeeT OAMHAKOBOE cojepkanue: «I[1ocTpOUTh SIIOpsI
N, Q u M u nono6pars ceuenne pambl 13 yCIOBHS TIPOYHOCTH HA H3THO.

[epeuens 3adau No2 npusencH B npuiodicenuu b.

[epeueHb MUKPOBONPOCOS IPUBENIEH B npuniodxcernuu B.

B npunooswcenuu I ipueieH ipuMep SK3aMEHAIMOHHOTO OHJIeTa.
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ITpunoxenue b

THUIIbI DK3AMEHALIMOHHBIX 3AJIAY Ne 2

OnpenenuTs nepeMEIEHUE T. A, eciiu
E = 2*10° MIla, F = 10 cm?

EF
C

OnpenenuTts HauOOJbIIEE HATIPSHKEHNE

S max U ITOJIHOC YIUII/IHCHI/Ie CTep}KHH,
eci E = 2¥10° MIla, F = 15 cm?
2F

Py 2Py 3P

OHpCIICJII/ITB KaCaTCJIbHOC HAIIPAKCHHC

B Touke K ({ ) mpu Q =80 xH

4 cm

8 cm

OHpCIICJII/ITB HauOoJIbIIIEEe HOPMAJIbHOC

HanpspkeHue S max npu M =40 kH-wm

%

6 cMm

14 cm

& NN\

20em | 2) 10 CNL!_

OHpCIICJII/ITB HauOoJIbIIIEE KacaTeILHOE

nanpsixenue U max npu Q =50 xkH

24 cm

4 cm

20 cm

OnpenenuTh HOPMAIBHOE HAPSKEHHE
Sk npu M =60 kHm.
30 cm

K
24 cm
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ITpunoxenue B

MHUKPOBOITPOCBI
JJIA IOATOTOBKHU K IK3aMeHy

Tema «OcHo6Hble noHAMUSA COnpomuBIEeEHUAL Mamepualoe»

1 Yro u3yqaer Hayka «COMPOTHBICHUE MATEPUATIOBY»?

2 Yo Ha3bIBAETCS MPOYHOCTHIO, JKECTKOCTHIO H YCTOMYMBOCTHIO?

3 Uro Takoe pacueTHas cxema?

4 Yo Takoe CTEPKEHb U €r0 OCh, TUIACTHHKA, 0007I09Ka?

5 Yro mpencrapinsieT coOO0 MOHATHE «CIUIONTHAS Cpela» U KaKOBBI €€ CBOMCTBA?

6 Kakue nedopmariu Ha3pIBarOTCs ynpyrumu ? [macTuaapiMu?

7 Kakne marepuassl Ha3bIBAIOTCSI aHU30TPOTTHBIMHA ?

8 B yem 3akirto9aeTcsi MeTo 1 CeUSHM ?

9 B uem 3akiouaetcs runote3a bepHyiuiu (rumnoresa mioCKUX ce4eHHit)?

10 Kak HanpaBieHa, kak 0003HadaeTcst U Kakoil BU AeopMaIiuil BHI3bIBACT:
a) MpooJIbHas cuiia? 0) morepeyHast cuia? B) M3rHOarONHii MOMEHT?
r) KpyTSAIIUA MOMEHT?

11 B 4yem 3akit09aeTcsi MPUHIIMII CYIEPIO3UIHN ?

12 Ymo npedcmasnsem coboii, umo xapaxmepusyem u no KaKoul hopmyie 8bl4uciaemcsi.
a) npeden nponopyuonaibHocmu? 6) npedein ynpyeocmu? 8) npeden meepoocmu?
2) npeoden npoYHOCMU U 8PEMEHHOe CONPOMUBIEHUe?

13 Kakue u CKOJIbKO BHYTPEHHUX YCHUIIMK BO3HUKACT B CTEP)KHE MIPU €T0 HATrPYKCHUU:
a) B IpoCTpaHcTBe? 0) B MJIOCKOCTH?

14 Yemy paBHa U KaK OIpeNEsIeTCs B CEYCHUHU

a) MpoJoJIbHAs cuia? 0) morepeyHas cuna?
B) M3TrUOAIOIINI MOMEHT? T') KPYTSIIIUI MOMEHT?

Tema «PacmsasiceHue-corcamue

15 Yemy paBHA MPOJI0JIbHAS CHJIA B CCUCHUH CTEPIKHS ?

16 Yto Ha3pIBaeTCs pacTsLKEHHEM (CraTHeM)?

17 Yro nazpiBaercs smropoid? Kak cTpouTest armopa mpoa0IbHBIX CHIT?

18 Kak onpezensiercst 3HaK IPOI0JIbHOM CHITBI B CEUCHUH ?

19 Yo Takoe abCOIOTHOE YIITMHEHHE ? OTHOCHTEIBHOS?

20 Kakoit Bug umeet 3akoH ['yka rnpu pacTspkeHun (CKaThH):

a) Juis a0COITIOTHOM AedopMarium’?
0) JUIs OTHOCHTENBHOM JehopMaIuu’?

21 Yto Takoe MOAYSb YIPYTOCTH IEPBOTO POJa U YEMY OH PaBEH s CTAIN ?

22 Kak cBsi3aHBI MEXIy COOOH MPOI0JIbHAS U TIOTIEpevHas AeopMaIuu CTepiKHS ?

23 Uto xapakrepu3yet kodhdunuent [Tyaccona? Uemy oH paBeH JUTsl CTATH?

24 Kax pacrpenensroTcss HOpMalbHbIE HATPSDKEHHS 10 CEYEHUIO CTEP)KHS MPH PACTSKEHUH -
CKaTUH M KaK OHH OTIPEJIEIISTIOTCS ?

25 YUemy paBHa JKECTKOCTh TPH PACTIKEHUU-CIKATHH ?

26 Yto Takoe IOMycKaeMOe HANpsDKEHHE U Kak OHO BbhIOMpaercs (ompenernsiercs)? Ykaxure
(bU3NIECKUN CMBICI U Pa3MEPHOCTH BXOISIIUX B OPMYITY BEITHUHH.

27 Kaxoii BUJ] IMEeT ruarpaMma pacTsDKEHUS JUTSt MAIOYTIIEPOAUCTON CTan?

28 Uto Takoe ynpyras ¥ IiacTuaeckas aedopManus ?

29 Kak mo amarpamMme pacTsDKEHHs OMPENeITUTh YIPYTyI0 M TUIACTHYECKYIO COCTaBIISIONINE
nedpopmarun?
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30 YTo Takoe craTHYECKH HEOmpeaAeanMble 3aaa4un? Kak onpenensercs cTeneHb CTaTHUeCKOM
HEOTIPEICIIUMOCTH ?
31 B uem 3akirodaeTcs MpH pacdeTax CTaTUIECKH HEOTPEIEITUMBIX CUCTEM CMBICIT:
a) CTaTHYECKOM CTOPOHBI 3a/1au? 0) TeOMETPUUESCKON CTOPOHBI 331441 ?
B) (pusnveckoil CTOPOHBI 3a71a4n?
32 Kak mpou3BOAUTCS y4eT HETOYHOCTH M3TOTOBIICHUS IETalel MPH pacdeTax CTaTUYeCKU
HEOTIPEICITUMBIX CUCTEM?
33 Kak nmpou3BOMTCS yUeT BIUSHUS TEMIEPATYphl HA YCHIIUS M HANPSHKCHHUS B CTAaTUYECKU
HEOTIPEICIIMMBIX CUCTEMAaX ?

Tema «H3zeu6. [locmpoenue sniop. Pacuemul Ha npouHoCcmb»

34 Yrto nHazwBaercs m3rnbom? Kakme Buabl m3rnOoB ObiBatoT? Kakoit m3ru® Has3pIBaeTCs
YUCTHIM ?

35 Uro Ha3bIBaercs Oankoit? Konconpo?

36 Kakue BHyTpeHHHE yCHIIMS BOHUKAIOT B OalIke IpU U3rude?

37 Uemy paBHa TioniepeydHas cuiia B cedcHun ? [[paBuiio 3HaKOB.

38 Uemy paBeH M3THOAIONINI MOMEHT B IOTIEpEYHOM ceueHuu ? [IpaBuiio 3HaKOB.

39 Uro Takoe xapakTepHbie ceueHus? Kak onu BeIOMparorcs?

40 KakoBbl nuddepeHIraibabie 3aBUCHMOCTH Mexay (, Q m M npu m3rube? Kak onu
WCTIOJIB3YIOTCS TIPU TIOCTPOCHHH JITIOP?

41 KakoBel ocoOeHHOCTH mocTpoeHus smop Q uw M Ha ydwacTkax, rae umeercs
pacripenenieHHasi Harpy3ka (?

42 KakoBbl ocoOeHHOCTH TOCTpoeHMss »Hmop Q w M B TOUKax MPHIIOKEHUS
COCpPEA0TOYEHHBIX!

a) cur? 0) MOMEHTOB?

43 Ilpu xakuX yciIoBHAX Ha dmmrope M Bo3HHKaeT 3kcTpemyM ? Kak oH ompenensercs?

44 B kakux cilydasix 3I0pa u3rudaroimmx MoMeHToB M: a) yObiBaeT? 0) Bo3pacraer?

45 Kak J1okasatb, 4T0 MOMEPEUYHOE CCUYCHHE IPH YUCTOM M3THOE OCTACTCS IJIOCKIM ?

46 Yto Ha3bIBaCTCSI HEUTPAIBHBIM CI0EM ? HEHTPAIbHOW JIMHUECH ?

47 Ot 4ero 3aBUCHT PaANyC KPUBU3HBI HEHTPAILHOTO CIIOS?

48 Yemy paBHA KECTKOCTb MTPH H3THOE?

49 Kak ompenenstoTcsi HOpMalbHbIE HampspKeHUs npu uirunbde? Kakod BUA MMEIOT SITIOPHI
HOPMAJTbHBIX HAIPSDKEHUH ?

50 B Kkakux TOYKax CEYEHHs HOPMAJbHBIC HANPSHKCHUS DPAaBHBI HYIMIO? MaKCHMAIIbHBI?
[Touemy?

51 Kak onpenensitoTcs: KacatelbHble HanpspkeHus pu u3rude (hopmyna XKypasckoro)?

52 Kaxoii BUJ] IMEIOT 3ITIOPBI KacaTelbHBIX HANPSHKEHUH pu n3ruode? [IpuBenTe mpuMepsi.

52 B xakux TOYKaxX KacaTelbHbIC HAMIPSDKEHUS PaBHBI HYIO ? MaKCUMaJbHBI ? [Tlogemy?

54 WM3o0pa3uTe SHI0pY MU3MEHEHHUs KacaTeNbHbIX HAINpPSIKEHUI IO BBICOTE MOMEPEYHOTO
CEUeHUsl TaBPOBOMU OAJIKU.

55 U3zoOpa3ute smiopy W3MEHEHHUs KacaTeIbHBIX HANPsSHKEHUH 10 BBICOTE TMOIMEPEYHOTO
CeueHUs JBYTaBPOBOM OaJIKU.

56 Kakue ceyeHust SBISIOTCS palioOHATbHBIME ITpu u3rube? [louemy?

5/ 3anuumuTe yCcIO0BUE MPOYHOCTH IMpH M3rude s Oanku MPOM3BOJIBHOIO MOMEPEYHOTO
CCUCHMS.

58 3amummTe ycioBHue MPOYHOCTH MPH M3THOE sl OalKH CHMMETPHYHOTO IPOU3BOJIEHOTO
CCUCHMS.

59 Kakoe ceueHne Ha3bIBACTCS OTTACHBIM ?
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Tema “ Hanpsoicennoe cocmosiHue 6 mouke”

60 Uto Ha3pIBaeTCs HANPSHKEHHBIM COCTOSTHUEM B TOUKe? BUIbI HaNIPsHKEHHBIX COCTOSTHUH.

61 Kakue miomaaku W HampsDKEHHWsT HA3bIBAlOTCS TIaBHBIMH? Kak ompernensiercs yroi
HAKJIOHA TJIABHOM IIJIOMIA KU ?

62 Kak ompenesnsitoTcsi HarpspKeHHs Ha HAKJIIOHHBIX TUIOMIAIKAX TP PACTSHKECHUN ?

63 Kak onpenenstoTcst HanpsHDKeHUsT Ha HAaKJIOHHBIX TUTOIIAJKaX MPH TUIOCKOM HAIPsDKEHHOM
COCTOSIHUU ?

64 3anumute 0000meHHbIH 3ak0oH ['yKa.

65 ChopmynupyiiTe 3aKOH TApPHOCTH KacaTeIbHBIX HAIPSDKEHUH.

66 Uemy paBHa cyMMa HOPMAJIBHBIX HAaNpPsOKCHHH, ACUCTBYIONIMX HA JBYX B3aMMHO
MEePIEeHANKYISIPHBIX TUIOMIAIKaX B JIF000# Touke Tema?

67 Chopmymupyiite ycioBus mnpouHoctd 1o | u |l reopusim nmpounoctu. X nmpumeHeHue u
HEJO0CTaTKHU.

68 Chopmymupyiite yciroBus npoynoct o |1 u IV teopusm npounoctu. X mpumMeHeHHE 1
HEJO0CTaTKH.

Tema «FeOMempuLteCKue xapakmepucmuxku niocKux ceqyenu»

69 Chopmynupyiite u 3anumuTe GOpMyIIbI s HAXOKIACHUS:
a) CTaTHYECKMX MOMEHTOB MOTIEPEYHOTO CEUCHHS;
0) OCeBBIX MOMEHTOB MHEPIIMHU MOTIEPEYHOTO CCUCHHS;
B) MOJISIPHOTO M IIEHTPOOEKHOTO MOMEHTOB MHEPIIMH MTOTIEPEYHOTO CCUCHHUSI.
70 Yemy paBHBI OCEBbIE MOMEHTBHI HHEPIMU. a) MPSIMOYTrOJIbHHKA? 0) TpeyrojbHUKa?
B) Kpyra?r) KoJjbia?
71 YkaxuTe 3aBUCUMOCTH MEXKy MOMEHTAMH MHEPIUU OTHOCHTEIBHO OCEH, MapajlIebHbBIX
[eHTpabHBIM. Kak onpenenstorcss MOMEHTHI HHEPIUH IS CIIOKHOTO TIOMEPEYHOTO CEYCHUS ?
72 YKaxuTe 3aBUCUMOCTh MEXy MOMEHTaMH HHEPIIUU TIPU TIOBOPOTE OCEH.
73 Kakuie ocu Ha3pIBarOTCS TJIaBHBIMU ? LleHTpanbHbIME?
74 ]l KakuX ocell eHTpoOSKHbIE MOMEHTBI MHEPIIMH Beeria paBHbI Hymo? [louemy?
75 Kaxk onpe/ieisieTcs MoJIOKEHUE IICHTPa TSHKECTH CII0KHOTO TIOTIEPEYHOTO CCUSHUs ?

76 Yemy paBHa cymMMa OCEeBbIX MOMEHTOB uHepimu (Jy + Jy) OTHOCHUTEJIHO JBYX JIFOOBIX
B3aMMHO TEPIICHINKYISIPHBIX oceii? JlokaxkuTe 3T0.

77 Kak omnpenenuTh yroi, Ha KOTOPbIH HEOOXOAMMO MOBEPHYThH LIEHTPAIbHBIE OCH, YTOOBI
OHHM CTaJIM TJIABHBIMU ?
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ITpunoxenue I

JlonOacckasi rocyJapCTBEHHAs MallIMHOCTPOUTEIbHAS aKaJIeMust
CrnenuanbHOCTH Cemectp 3
VYueOHas AUCHUILINHA: ConpoTuBieHne MaTEpPUAJIOB

IK3aMEeHALUOHHBII OuteT No

Teoperuueckuit Bompoc (26 OamnoB). BHemHue cuibl M BHYTpeHHHE ycwiusi. Meron
cedyeHuil. HanpspkeHus noJiHble, HOpMaJIbHBIE U KacaTelIbHbIE

3amaua Ne 1 (40 6aiios). [lis 3aganHoi noctpouTh 3mopbl N, Qu M .
F e — Y [Tomo6path nuaMerp
b P nonepeusoro
C CEYCHMS PAMBI,
a eciu [s] = 150 MIla

MT 7&7‘

3amaua Ne 2 (20 6ayioB). OnpeneniuTh mepeMenieHue T. A 1 abCOoTIOTHOE
ymnHeHne crepxis, e E = 2%10° MIla, F =10 oM.

EF
q Pl |c

— e

Muxkposompoc 1 (3,5 6amia). B uem 3akimtodaercs runotesa bepuym?

Muxkposomnpoc 2 (3,5 6amia). Chopmynupyiite yciaoBus npoynocty o | u 1l Teopusim
MIPOYHOCTH. VX MpUMEHEHNE U HETOCTATKH. Y KAKHUTE
(bu3MYSCKHUI CMBICT U Pa3MEPHOCTH BXOSAIIMX B POPMYITY
BEJINYHH.

Muxkposonpoc 3 (3,5 6amura). Uemy paBHa cymMMa 0CeBBIX MOMEHTOB HHepLwH (J + J)
OTHOCHUTEJIBHO JIBYX JIFOOBIX B3aUMHO MEPIICHIUKYIISPHBIX OCCH?
Jokaxwure 370.

Muxkposomnpoc 4 (3,5 6amia). Kakre BHyTpeHHHE YCUIIHs BO3HUKAIOT B OaJike MpH U3rude?

VYTBepkIeHO Ha 3aceaHuH Kadeapbl TEXHUYECKON MEXaHUKU
[IpoTokos Ne ot roja.
3aB. kadeapoi DK3aMeHaTOP
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KOHCIIEKT JIEKIUIA

10 TUCIUIUINHE

COITPOTUBJIEHUE MATEPHUAJIOB

(1151 CTY/IGHTOB BCEX MEXaHUYECKHX CIICUATBHOCTEH
OYHOU ¥ 3304HOM (HOpM 00yUCHHS)

YACTH 1

CocraBurenu. KyroBoii Jleonun Brnagumuposud,
3unyenko Tamwuia IlaBnoBHa,
OBuapenko Brnagumup AuapeeBuy

Penakrop Hynuenko Enena AnekcaHapoBHa

Iloamn. B meu.

Puzorpad. neuatpb Yennmeu.n. 11,0
Tupax 100 5k3. 3aka3 No_338

dopmat 60x84/16
Vy.-u3a.1. 8,0

JNI'MA. 84313, r. Kpamaropck, yn. Hlkanunosa, 72



