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[Tocobue oxBaThIBa€T HECKOJIBKO pa3ienioB Kypca «CompoTHBIEHHE MaTEpUaIOBy,
BCTpEUAIOIIeecs] MpHU PEUICHUH MPAaKTHYECKUX WHKEHEPHBIX BOIPOCOB pacyeTa Ha
MPOYHOCTh, KECTKOCTh M YCTOMYMBOCTb KOHCTPYKLUHHM MAaIIMHOCTpoeHusa. B gaHHOM
nocoOuM JAIOTCS 3aJaHus Ha JabopaTopHbIe pabOThI, MOPSIOK U MPUMEDP BHITTOTHEHUS
pabotr no temam «M3rub», «Kpydenue». OCHOBBIBaACh Ha PACCMOTPEHHOM MpUMEpE,
CTYJIEHTBl CaMOCTOATEILHO CMOTYT BBINOJIHUTH JabopatopHyro padoty. Ilocobue
IpeIHa3HaYeHO I CaMOCTOATEIBHOTO M3YYEHMs MpPEAMETa U MOATOTOBKH K 3a4eTy U
sK3aMeHy 1o Kypcy «ConpoTHUBIEHHE MAaTEPUATIOBY.

JlanHoe mocoOmWe TMpeAHAa3HAuYeHO /Jsi CTYJASHTOB, H3YYalOUUX IUCIUILUIUHY
«CompoTHBICHINE MaTEpHUaIOBy» KaK OTICIbHBIN MPEAMET, MW KaK OJUH W3 Pa3/eiioB
TakKuX JAUCHUIUIMH Kak «Mexanuka», «llpuknagnas wmexanuka», «TexHuueckas
MEXaHUKA.

[Tocobue npeaHazHavy€HO AJIsl CTYIEHTOB MHKEHEPHBIX CIIEUANbHOCTEHN BceX (popm
obyuenusi: 15.03.02 Texnonoruyeckue MamuHbl U obopyaosanue, 18.03.01 Xumuueckas
TEXHOJIOT U, 19.03.02  IlpomykTel  mUTaHUA W3  PACTUTEIBHOTO  CBHIPBA,
20.03.01 Texnocdepnas Oe3omacHocTh, 29.03.02 Texnomornu W MNPOEKTUPOBAHUE

TEKCTUJIBHBIX n3aenui, 29.03.05 KonctpynpoBanue u3aeiani Jerkoi IPOMBIIIJIEHHOCTH.

CocraButenu:  Xus0Oymiuna C.®D., kana. ¢pus.-mMart. HayK
3apunos /[.M., kana. ¢pus.-mat. HayK

Penienzenr: [TataunoB H.C., kaH/. TEXH. HAYK,
Huszamytaunos M. X., KaHJ. TEXH. HAYK

© ®I'bOY BO «Ydumckuii rocyaapcTBEHHBIH

HePTIHON TeXHUYECKHUI YHUBEpCUTET», 2018
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BBenenue

CornpoTuBiieHHE MaTEpHAIOB pEIIAaeT YKa3aHHbIE 3a/aud, OCHOBBIBAACH KaK Ha
TEOPETUYECKHX, TAK U Ha ONBITHBIX JAHHBIX, UMEIOIIHUX B 3TOM HAyKe OJIMHAKOBO Ba)KHOE
3HaueHue. B TeopeTHyeckodl dYacTH CONPOTHUBIICHHE MaTepuajoB Oa3upyercs Ha
TEOPETUYECKOW MEXaHWKE M MaTeMaTHKe, a B SKCIIEPUMEHTAJbHON — Ha (QU3HKE M
MatepuanoBeieHnd. CONpOTUBIIEHHE MAaTEpPHAIOB HE HMCUEPIBIBAET BCEX BOIPOCOB
MEXaHUKU JeQopMUpYyeMOro TBEPAOro Tela. DTUMH BONPOCAMU 3aHUMAIOTCS TaKue
CMEXHBIE ITUCHUIUIMHBI, KaK CTPOUTEIbHAs MEXaHUKa CTEP)KHEBBIX CHUCTEM, TEOpHs
yIPYroCcTH U TEOpUs IUIACTUYHOCTH. OJHAKO OCHOBHAs pOJIb MpPU PELICHUM 3ajad Ha
IPOYHOCTh NPUHAJUIEKUT COMPOTUBIICHUIO MaTepuaioB. [Ipu BcéM pazHooOpa3uu BUIIOB
KOHCTPYKTHUBHBIX 3JIEMEHTOB, BCTPEYAIOIIMXCS B COOPYKEHHUAX M MaIIUHAX, UX MOXKHO
CBECTHM K CpPaBHUTEIbHO HEOOJBLIIOMY 4YHCIy OCHOBHBIX (opm. Tenma, mmeromme 3TH
OCHOBHbIE (DOPMBI, U SBISIOTCA OOBEKTaMU pacuy€ra Ha MPOYHOCTh, XKECTKOCTh U
YCTOMYUBOCTb.

Y4eOHOe METOIMYEeCKOe MOCOOME COCTABICHO C IIEJIbI0 OKa3aHUS METOJUYECKOU
MOMOILM CTYJIEHTaM IPHU BBINOJHEHUU Ja00paTOpHBIX padboT nmo Kypcy «ConpoTuBiieHHE
MatepuanoB». Ilepen BbIMoOTHEHHWEM JabOpaTOpHON pPabOThI HEOOXOIUMO H3YYUTh
COOTBETCTBYIOIIMK pa3znen Kypca «ConpoTHBIEHHE MaTEepUalioB» IO  JIEKLHSIM,
PEKOMEHIyeMbIM y4ye€OHMKaM W YYEOHBIM MOCOOMSM, TaKXKe YyKa3aHWSIM, JaHHBIM B

BBOJIHOM Y4aCTH HACTOSIIETO IT0OCOOUS.



OcCHOBHBIC TEPMHHBI U ONIPe/ieTeHUS

ConporuBijieHHe MaTepHAJIOB — Hayka 00 HMHXKEHEpPHBIX METOoJax pacuéra Ha
IIPOYHOCTb, )KECTKOCTh U YCTOWYMUBOCTD AIEMEHTOB MAILIMH U COOPYKEHHM.

IIpouyHocTh — CIOCOOHOCTH KOHCTPYKIIMM, €€ YacTel W Jerajieidl BBIICPKUBATh
ONpeeIEHHYIO HAarpy3Ky, HE pa3pyLIasch.

KécrkocTh — CHOCOOHOCTh KOHCTPYKIIMM U €€ 3JIEMEHTOB MPOTUBOCTOSITh
BHEIIIHUM Harpy3kam B OTHOIIEHUU Aedopmaiiuii (u3meHeHue Gopmbl U pa3MepoB).

[Ipu 3amaHHBIX Harpy3kax aedopmaiuu He JOJHKHBI MPEBBIIATH ONPEAETIEHHBIX
BEJIMYMH, YCTAHABIIMBAEMbIX B COOTBETCTBUU C TPEOOBAHUSIMU K KOHCTPYKITUH.

YcTOHYHBOCTL — CHOCOOHOCTh KOHCTPYKIMM U €€ DIEMEHTOB COXPaHSATh
onpeenEHHYI0 Ha4albHYy10 (h)OpMY yIPYroro paBHOBECHS.

OcHOBHBIMU O0OBEKTaMU pacuéra SBISIOTCA Opychsi (CTEpXHH), IJIACTHUHBI,
000JIOYKH, MACCHUBHEIC TEJIA.

Bpyc — a10 aerans ynnuHEHHONW (OPMBI, Y KOTOPOI BBICOTA U IIMPUHA MAaJbl IO
CPaBHEHMIO C TPETHUM pa3MEpPOM — JUIMHOM, T. €. TPETHil pa3Mep — 3HAUUTEIbHO OO0JIbIIe
IBYX JIPYTHX rabapuTHBIX pasmepos: L >>bu L >>h.

bpyc ycnoBHO paccMaTpuBarOT B BHJE COBOKYITHOCTH NApaJUIENIBHBIX WM HOYTH
napajyielbHbIX MPOAOJBHBIX BOJOKOH. CeueHus Opyca, HOpPMalbHbIE BOJIOKHAM,
Ha3bIBAIOTCS IOMEPEYHBIMU CEUCHUSIMH.

[Ipsimoit Opyc, paboTaroIIMil Ha PaCTSKEHUE — CKATHE, HA3BIBAIOT CTEPIKHEM.

[Ipsimoit Opyc, paboTarommii Ha U3rud — KpyyeHue, Ha3bIBalOT OAJIKOM.

[Ipsimoit Opyc, paboTaromnii Ha KpyYEeHHE, Ha3bIBAIOT BaJIOM.

OcHoBHbIMU (akTOpaMu pabOTHI Opyca SIBISIFOTCS: HArpy3KH; YCHIIUS B CEUCHUSX;
nedopManyu; nepeMenieHus CCUeHUH.

ITonepeuyHoe ceyeHHne — 3T0 ceueHUe Opyca IUIOCKOCTHIO, MEPIEHAUKYIISIPHON €ro
ocu. Ilo cxeme Opyca pacCUMTBHIBAIOT Bajbl PEAYKTOPOB, MPUBOJOB, OaqKU U CTONKHU
KPaHOB, 3JIEMEHTHI KOHBEWEPOB, TPAHCIIOPTEPOB U MHOT'OE JIPYTOE.

Crep:keHb — 3TO TOHKHMI M JJIMHHBIA OpyC, y KOTOPOTO pa3Mepbl MOMEPEUHOTO

CCUCHUS HUYTOKHBI I10 CPaABHCHHUIO C I[J'IPIHOﬁ oCH.



IlnacTuHOM Ha3bIBaeTCs TEJNO, Y KOTOPOrO OAWMH M3 TPEX pa3MepoB (TOJIIMHA)
3HAYUTEIBHO  MEHbIIE JABYX Jpyrux. IlmactuHbl MOTryT  OBITb  KPYIJIBIMH,
IPSIMOYTOJIBHBIMU M UMETh APYTUE OUEPTAHUS KOHTYpa.

O0osi0uka mpenacTaBiIsieT cOOOM TENO, OTPAaHUYEHHOE JBYMSI KPUBOJIMHEHHBIMH
HOBEPXHOCTSAMU, OJIN3KO PacHoIOKEHHBIMU IpYT OT apyra. [lo popme 06010uKkn ObIBatOT
WIMHAPUYECKNE, KOHUUECKHE, CPEPUUECKUE U JIp.

MaccuBHOe TeJ0 — 3TO TEJO, Y KOTOPOro BCE TPU pa3Mepa OJHOIO MOPSAKA.
PeanbHble Tena moOJ JCHCTBHEM HArpy30K WIM HM3MEHEHHUS TEMIEpaTypbl MOTYT
nehopMHUpPOBATHCS, T. €. U3MEHATH CBOIO (JOPMY U pa3MepBI.

Paznuuarot nedopmanuu ynpyrue, miacTUYECKUe U OCTATOYHbIE.

OcHoBHbIE BUIBI Ae(hOpMaLIUIA:

® DACTSDKEHHE U CKATUE;
e caBur (Wim cpes);

® KpYYECHHE;

e u3rud.

CoueraHue OCHOBHBIX BHUAOB JAepopMaluyd MPUBEAET K CIOXKHOMY BHIY
nedopmarum.

PacTrsiskeHne MUIM C/KaTHe BO3HHMKAET, HAPUMEp, B Cilydae, KOrjga K CTEP)KHIO
BJIOJIb €r0 OCH MPUJIOXKEHbl MPOTUBOIOJOXKHO HampaBiieHHble cuibl. Ilpu 3TOM
IIPOUCXOIUT ITOCTYIATEJIBHOE NEPEMEIIEHHE CEUEHUN BJIOJIb OCU CTEP)KHS, KOTOPBIN
YIUIMHAETCS, a IPU CKAaTUH yKOpadnuBaeTcsl. FI3MeHeHne nepBOHAaYaIbHOM JJIMHBI CTEPKHS
L, o6o3naueHHoe AL, Ha3biBaeTcs aGCOJIOTHBIM yIJMHEHHEM (IIPU PACTSHKEHUM) WITU
a0COIIOTHLIM yKOpoYeHueM (mpu cxatuu). OTHOIIEHHE aOCONIOTHOTO YJIMHEHUS
(ykopouenusi) AL k mepBoHavyaslibHOM JIMHE L CTEp)kHS WM ero ydyacTka Ha3bIBaeTcs
CPeIHHM OTHOCHTEJIbHBIM YyIJIMHeHHeM (yKopouyeHMeM) Ha jiuHe L wim cpemnei
JIMHEIHOM OTHOCUTEILHOI e opMalueil CTEP>KHS UK €r0 yJacTKa U 0003HAYaeTCsI:

. AL
@ =
CnaBur, uim cpe3, BO3HUKAET, KOI/Ia BHEIIHUE CHUJIbI CMEILAIOT JIBa MapajuleIbHbIX

INIOCKHUX CCUCHHA OAHO OTHOCHUTCIBHO APYroro Inpu HCU3MCHHOM pPaCCTOAHHUHU MCKIAY

HuMHu. BenuumHa cMmenieHuss AS Ha3bBaeTcsl A0COJMIOTHBIM CcABHUIToM. OTHOIIEHHE
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aOCOJIIOTHOTO CIBUTA K PACCTOSHUIO MEXKIY CMEIIAIOIUMUCS TUIOCKOCTSIMHU (TaHTEHC
yIja) Ha3bIBa€TCd OTHOCUTENbHBIM CABUIOM. BcneacTBue ManocTh yria y MOXKHO
IPUHSATD:
AS
Qy=y~=—.
a
Kpyuenmne BO3HMKaeT mpH ACUCTBUM Ha CTEP)KEHb BHEIIHUX CHJI, 00pa3yOLIUX
MOMEHT OTHOCHUTENIBHO €ro ocu. Jledpopmanuss KpydeHHs CONPOBOKIAETCS MOBOPOTOM
NONEPEYHBbIX CEYEHUIl CTEpXKHS APYr OTHOCHTEIIBHO Jpyra BOKpPYI €ro OcCH. YToll
IIOBOPOTa OJHOIO CEYEHMs] CTEPKHS OTHOCHUTEIBHO JAPYroro, HaxOJSLIErocs Ha
paccTosiHuM L, - yroma 3akpy4urBaHus ¢.
OTHoOIlIEHHE YIIa 3aKpYYMBaHUA ¢ K JUIMHE L HA3pIBa€TCS OTHOCHUTENbHBIM YIJIOM

3aKpyuynBanus 6.

0=2.
L

M3rund 3axirodaercsd B MCKPUBJICHUU OCH IPSMOIO CTEPXKHS WIM B U3MEHEHHH
KPHUBU3HBI KDUBOTO CTEPHKHS.

[Ipoucxonsmiee npu u3rube nepeMenieHre KakoH-Tu00 TOYKH OCH CTEepPXKHS
BBIPAXKAETCd BEKTOPOM, HAa4yajg0 KOTOPOTO COBMEIIEHO C IEPBOHAYAIBHBIM I10JI0KEHUEM
TOYKH, & KOHEI[ ¢ — C MOJIOKEHUEM TOW K€ TOYKH B Je(POPMUPOBAHHOM CTepkHE. B
INPSAMBIX CTEPKHAX IIEPEMEIICHUS TOYEK, HaIpPaBJICHHbIC MEPHEHAUKYISPHO K
HAaYaJIbHOMY TOJIO’KEHUIO OCH, HA3bIBAIOTCS MPOrudéaMm W, a HauOOJbIIMK U3 HUX — Y.
[Ipn u3rube Takke MPOMCXOAUT MOBOPOT CEHYEHHI CTEP>KHS BOKPYT OCEH, JEXKAIIUX B
IIJIOCKOCTSAX CEYEHHM, OTHOCHUTENIBHO CBOMX HAYaJbHBIX IIOJIOKEHUH YIUIBI II0BOPOTA
CeUeHHH — Oy,

IlepemenieHus1 — N3MEHEHUE TOJIOKEHUS IIOBEPXHOCTHBIX WIM BHYTPEHHUX TOYEK
JeTaayd NpU BO3AECHCTBUM BHEIIHUX CHII. llepeMeleHHs BO3HUKAIOT MPU PACTSKECHHH,
CKaTUH, CIIBUre, U3TU0e, KpYUEHUH.

BHemiHue cHIbI — 3TO AaKTUBHBIE CWJIBI, NPWJIOXKEHHBIE K pPaccMaTpuBacMOMn
JETaJM, a TAK)KE PEAKTUBHBIC CUJIbI, BOSHUKAIOIME B OIOPax.

AKTHBHBIC BHEIIIHUE CHUJIbI ACIATCA Ha 00BEMHEBIE U ITOBCPXHOCTHEIC.



OO0béMHBIE CHIIBI — 3TO CUJIbI, TPWIOKEHHBIE K KAKI0M 3JIEMEHTAPHON YaCTHYKE
neranu (Cuibl Beca, MHEPIUU U Jp. ).

IloBepXHOCTHBIE CHWJIBI — 3TO CHJIbI, NPUIIOKEHHBIE K IOBEPXHOCTH JETaIU
pa3uuHbIM criocoOoM. [ToBepXHOCTHBIE CHIIBI MOAPA3EIAIOTC HA COCPEIOTOUYCHHBIE U
pacrpeenéHHbIE.

CocpenoTodyeHHasi cujIa — 3TO CWJIA, IPUIOKEHHAS Ha IJIOMIAKE, TPEHEOPEKUMO
MaJiol 10 CPaBHEHHMIO C IOBEPXHOCTHIO JAeTalnu. B pacu€THhIX cxemMax IPUHUMAIOT
MPUJIOKEHUE COCPEIOTOUEHHOM CUIIBI B TOUKE.

Pacnpenenénnas cuiia  — 3TO CHIIa, TPUJIOKEHHAS HA TUIOMIAJKE, COU3MEPUMOM C
MTOBEPXHOCTHIO AETAJIH.

BHemiHnii CKpPy4YHMBamOUIMii MOMEHT BbI3bIBACTCS BHEUIHMMH I[apaMH CHIL,
JNEUCTBYIOIIUMU OTHOCUTEIIBHO T€OMETPUYECKOM OCH CTEpXKHA U JIeKAIMMHU B
IJIOCKOCTSX, NEPHNEHIUKYISPHBIX K OCH CTEPXKHS, HO HE MPOXOISAIIMX 4YEepe3 LIEHTP
TSYKECTH MOMEPEYHOr0 CEUCHUS BaJa.

BHyTpenHMe CWJIBI — 3TO CHUJIbI, BOZHHMKAIOIIME BHYTPU Teja, MPEHSTCTBYIOIINE
JIEVUCTBHUIO BHELIHUX CHII.

OrnpenensitoTcsi BHYTPEHHUE CHJIBI METOJAOM CeYeHHil, T.. JeTalb MBICIEHHO
pa3pe3aercss IUIOCKOCTBIO Ha JIBE 4YacTM M OJIHA M3 HHUX YpPaBHOBEIIMBAETCA
NPOTUBOACHCTBYIOIIMMU  BHYTPEHHHUMHU  CHAJIaMH.  BTopas  4acTb  MBICIEHHO
oTOpachIBaeTcsl.

Jlist paccMaTtpuBaeMoW YacTH Tak e, KakK JJis 1ejaoro Opyca, COCTaBISIOTCS
YpaBHEHUS PAaBHOBECHS 10 3aKOHY CTATHKHU.

Hanpsi’keHue — WHTEHCUBHOCTh BHYTPEHHETO YCHJIUSA, TMPUXOAIIECTOCS Ha
€AUHUIY TEOMETPUYECKOW XapaKTEPUCTUKH PACCMATPUBAEMOTO CEUEHHUS, HampuMmep,

IUIOIIAIN CEUYCHMS.



OcHoOBHBIE THIIOTE3bI (OIYLICHUSA)

1. Martepuan AeTaau CYMTaeTCs CIUIONIHBIM (0€3 MyCTOT) U OJHOPO/IHBIM.

2. Yrpyrue cBOWCTBa MaTepualia BO BCEX HAMPaBICHUSAX OJMHAKOBBI, T.C. MaTepHAI
Tena 00J1aaeT ynpyroi u30TPOITHOCTHIO.

3. Teno cuutaercs aOCONIOTHO YHOPYTUM, €CIAM TIOCHE YCTpaHEHHs MPUYHH,
BBI3BIBAIONINX Je(OPMAIIMIO OHO TOJIHOCTHIO BOCCTAHABIIMBACT CBOM IEPBOHAYATHHBIC
pasmepbl u ¢Gopmy (abcodroTHasE YHOPYrocTh). OTO JOMYIIEHHE CHPaBEJIMBO IPHU

HAIpsHKCHUAX, HC IIPCBBIIAIOIINX IMPCACIT YIIPYTOCTH O y:

4. Jlebopmamuu  maTepuasnia KOHCTPYKIIMM B KaXIOM TOYKE  MPSIMO
MPONOPLUOHANIBHBI HANIPSIKEHUSIM B 9TOM Touke (3akoH ['yka). 3akoH ['yka cripaBenivB

JIMIIb ITPH HAIIPSKCHUAX, HC IIPCBBIIIAIOIINX ITPCACII IIPOIIOPIUOHAIBHOCTH O "

5. leopmariu Masbl MO0 CpaBHEHUIO C pa3MepaMu JICTallu.

6. PesynpTaT BO3ACHCTBHSA Ha KOHCTPYKIMIO CHCTEMBI HArpy30K pPaBEH CyMMeE
pe3ynbTaTOB BO3JCHCTBUSA KaXKJIOW HArpy3Kd B OTIEIBHOCTH (IIPUHIUIT HE3aBUCUMOCTH
JNEeUCTBUS CUJT WM TIPUHIUIT CYTIEPIIO3ULIIH ).

7. TlomepeyHoe cedeHue, TIOCKOe 10 Aedopmariii, oCTaéTcsl MIOCKUM M TOCIe

nedopmaruu (runore3a bepuyim).



L, I a

a,b,H, h,d

OcHOBHBIE yCJI0BHBbIE 0003HAYEHUS

JInHeHbIE pa3Mepbl
— JJIMHBI CTEPXKHS, OAJIKY BaJia UM UX YYaCTKOB

— TpUBEIEHHAS JJIMHA CTEPXKHS

— pa3Mephbl MONEPEUYHOTO CEUCHUS

— pacCTOsTHUE — pa3Mep Pa3ABUKKU JIEMEHTOB COCTABHOTO CEUCHUS
— KOOpAWHATa MPOU3BOJIBLHOU TOYKU CEUCHHUS

— JIMHEHHAas BeJIMYMHA HETOUYHOCTH M3TrOTOBJICHUS (HaTHF)

I'eomeTpuyeckre XapaKTEePUCTUKH IVIOCKUX CEYEHUH
— IUIOLIAJb MONEPEYHOTO CEYEHUSI CTEPIKHS

— CTaTUYECKHME MOMEHTHI IUIOMIAJd (UTYphl MONEPEYHOIO CEUECHUS

CTEP>KHSI OTHOCUTEIBHO ocet X, Y, Z

— KOOPJMHATHI UEHTPA TSHKECTU CCUECHUS
— OCEBBIE MOMEHTbI HHEPLINU CEUCHUS

— UEHTPOOECKHBIN MOMEHT UHEPLIUU

— TMOJAPHBIA MOMEHT UHEPLUH

— paanychl UHEPIUU

— OCEBBIE MOMEHTBI COIIPOTUBIICHUS

- HOH}IpHBII;'I MOMCHT COIIPOTHUBJICHUA

Hanpsizkenust
— HOPMAJIBHOE HANPSIKEHUE

— KacCaTCJIbHOC HAIIPSAIKCHHC

- A0IIYCKacMOC HOPpMAJIbHOC HAIIPSKCHUC
— AOIIYCKAacMOC KaCaTCIbHOC HAIIPSIKCHHUC
— MaKCHUMAaJIbHBIC HAIIPSAKCHUSA

— ko3¢ duLMeHTHI 3amaca MPOYHOCTH U YCTOWYUBOCTH

— K03 (GUIHMEHT YMEHBUICHUS HAMIPSKEHUS TP MPOJAOILHOM U3rHoe

10



Al

HepopMaunu U nepeMenieHUus
a0COJI0THAS MPOI0IbHAS AepopMalus

OTHOCHUTEIFHOE MPOJOJIBHOE YATUHEHHE
yroJI 3aKpy4MBaHUs IPU KPYUEHUU
OTHOCHUTEIbHBIN yTOJl 3aKpy4YUBaHUS

(W1 yroJs moBOpoTa CeYeHus Ipu U3rude)
nporud 6anku

THOKOCTb CTEPKHS

yroJi caBura, OTHOCHUTEIbHBIN

11



BBoaHast yactnb

Ecnu k cTepKHIO MPUIIOKEHBI BHEIIHUE CUJIBI (TTApbl CUJI, COCPEIOTOUCHHBIE CHUJIIbI
YU pPaBHOMEPHO pacCIpelesIEHHbIE CHJIbI), JIEKallMe B IUIOCKOCTH, MPOXOJSALIEH uepes3
MPOJIOJBHYIO OCh CTEP)KHSI M HAIIPABIICHHBIC MEPIICHANKYJISIPHO K MPOJOJIBHOW OCH, TO B
CTEp)KHE BO3HUKAET MPSAMOM TIOCKUN n3rnb. CTepikeHb, paboTarouil Ha U3rud, MPUHATO
Ha3bIBaTh OAJTKOM.

Ecnu  mimockocTh AEHCTBUS CHJT  ABJSIETCA IUIOCKOCTBIO CHUMMETPHUHM, TO B
MONEPEYHBIX CEUECHUSAX BO3HHMKAKOT JBa BHYTPEHHUX yCWUJIMd M JBa BHUAA
nehopMaIlMOHHBIX TIEpEMEIIEHUH - MPOTrud U yroJ MmoBopoTa.

B nmexaproBoll IpAMOYrOJbHOW CHUCTEME KOOPAMHAT, €CIA BEPTUKAIBHOM OCBIO
Ha3HayeHa OCh Y, TMPOJOJIbHOM OChIO TPUHATA OChb Z, TO TIONEPEYHOM OCHIO,
NEPHNEHIUKYJIAPHONU K TIOCKOCTU YOZ, ocTaérca och X, OTHOCUTEIBHO KOTOPOMl B 3TOMU
MJIOCKOCTH BO3HUKAET OJWH M3 BHYTPEHHHUX CHJIOBBIX (DAKTOPOB - M3rHOAIONIUA MOMEHT
M,, a B mmockoctu YOX BO3HUKAET BTOPOM BHYTPEHHUU CUIIOBOH (haKTOp - momepeyHas
cuna Qy, IefcTByIOIAs B HAMPaBJIeHUU OcH Y.

VYcnoBust il 3HAKOB HANpPaBJIICHUM BHEIIHUX CUJI NIPU COCTABJICHUU YPaBHEHUM
paBHOBECHS TS TIEJION OaJIKu:

® MPUHUMAEM IMOJIOKUTEIBHOE HAMPABICHUE BHEIIHUX COCPEIOTOYCHHBIX H
PABHOMEPHO PACIpPENEIEHHBIX CHJI BEPTUKAJIBHO BBEPX CO 3HAKOM «ILIFOCH
(B CTOPOHY IMOJIOKUTEIILHOTO HANPABICHHS OCH Y);

® [IOJIOXKWUTEJIbHOE HAIPaBJICHUE BpAIICHUS 3aJaHHBIX BHEIIHUX MOMEHTOB
MIPUHUMAEM CO 3HAKOM «ILTIOC» MPU YCIOBUHU UX JIBUKEHHS MPOTUB YaCOBOU
CTPEJIKHU.

B ciyyae orceu€HHOi yacT Oanku:

e M3TMOAOIMM MOMEHT M, BO3HUKAIOIIMH OT BHCIIHUX MOMCHTOB,
JECUCTBYIONIUX B JICBOM OTCEYEHHOM 4YacTW OalKu, BpallalOIIMX Oanky
OTHOCHUTEIIBHO LEHTPA TSHKECTH IPOU3BOJBHOTO CEUCHUS B HANPaBICHUU
JNBH)KEHUSI YACOBOM CTPEJIKH, IPUHUMAETCS CO 3HAKOM «ILTIOC», & IS MPAaBOU

OTCEYEHHON YacTH HA000POT;
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e rmomepeyHas cuia Q;, BO3HUKAwOIIAs B CEYCHUH, YPaBHOBEIIMBACTCS
BHEIIHUMH CWJIAMH, ACHCTBYIOIIMMH IO OJHY CTOPOHY OT cedeHus. Ecnu
BHEIIHME CUJIbl HalpaBi€Hbl B IOJOKUTEIBHOM HaNpaBlIEHUU ocu Y i
JeBOM OTCeYEHHOW 4acTu Oajku, TO MONEepedHas Cuila MPUHUMAETCS CO
3HAKOM «ILTIOCY», a JUIS IPaBOM OTCEUEHHOM YacTh Ha00OPOT.

HopMmanbHOoe HanpskeHUE B CEUEHUSAX B O0ILEM CITy4ae UMEET BUA:

G—Mxy
u J !

X

rlie 0, — HOpMAJIbHOE HANIPsDKEHUE IIPU U3TU0E;
M, — n3rubaronyii MOMEHT OTHOCUTEIIBHO IIONEPEYHOHN OCH X
Y — paccTosiHuE 10 OCH X
J, — 0CceBOl MOMEHT UHEPLIUU.

I[JI)I MNpAMOYTOJIBHOI'O CCUHCHNA MAaKCUMAJIbHOC HAIIPSXKCHUC!

> _maxMXy _maxM, h _maxM,
e J e J, 2 W

X X X

rae h - Beicora 6anku;

J

W, — oceBoit MoMeHT conpoTuBicHus, W, = —*—;

ymax

h

Ymax — TOJIOBHHA BBICOTHI OQJIKH, Y, . ==

VYcnoBre NpOYHOCTH 110 HOPMAIIbHBIM HaNPSKEHUSAM:
max M

- X <[o].

max W

X

o)

KacarensHoe HanpsikeHue:

QS,
bJ

X

rae Q — momepeyHas cuia;
S, — cTaTu4ecKknii MOMEHT IUIOIIAN CEYCHNUS;

b — mupuna 6ankwu,

J, — 0CceBOl MOMEHT UHEPLIUU.

13



VYcnoBue IMPOYHOCTH IO KAaCATCIIbHBIM HAITPSKCHUAM:

= Dme MAXS, ry
bJ

X

[Ipu n3rube nox AeMCTBUEM HAarpy30K BO3HHUKAIOT JIBA BUA NMEPEMEIICHHI: TPOrHO

Oaku Y H YroJ IIOBOpOTa IOICPCYHOTO CCUCHUS (9, T.C. JIMHCWHBIC H YIJIOBBIC

MCPCMCIICHUA.

CoBOKYITHOCTh MPOTrHOOB U YIJIOB MOBOPOTA CEUYEHHUH 00pazyeT Tak Ha3bIBAEMYIO

U30THYTYIO OCh, WJIA YIPYTYIO JINHUIO OAJIKH.

BenuuuHbl HpOFI/I60B H YIJIOB IIOBOPOTa 0aJKu MOKHO OIIPpCACINTL pa3JIMYHbIMU

METOJAaMHU U CIIOCO0aMMU.

OCHOBHBIMHM U3 HUX SBJISIIOTCS:

L4 MeTOIl HavYaJbHbIX IIapaMETpPoOB

ei:eﬁé M, (z-a)+ Y R0 +Zq,

yi:90'2+yo+é ZM +ZP +Zq'

X

6

rae o, Yo yroJI IOBOPOTA U MPOTUO B HA4asie KOOPIUHAT;

G — MPUWJIOKECHHBIE BHEIIHUE HATPY3KHU;

Zq.

Z — KOOpAuHaTa C€Y€HHA, B KOTOPOM OIIPEACIIICTCA NICPEMELICHUC,

a, b, ¢, d — paccrosiHue ot Havara KOOPAMHAT JI0 TOYKH MPHIIOKEHUS HATPY3KU (JJIsI

J — 10 HaYaJia pacnpeIeJICHHON Harpy3Ku).
e Meroax Makcsessia-Mopa
1
0,)=—|M M.dz
yZ ( Z) EJX j z z

rae Yz — mporuo;
0

Z — yTOJI IOBOPOTA CEYCHUSI,

M
14

Z — YpPaBHCHHUC I/I3I‘I/I6aIOH.ICFO MOMCHTA OT 3aJaHHBbIX CHIJI;



Ml

2 — ypaBHEHHE U3TUOAIOIIETO MOMEHTA OT €IMHUYHON CHIIBI (MOMEHTA).
e Cpnocod Bepemarnna

1
yz(@):gzg'\”é

rae {2 — mromans SMops! M, OT BHEIIHEW HArpy3KH;

1
Mc _ OpJMHATa JMIOPhl OT €AMHUYHOM CUJIbI (MOMEHTA) MOJ LEHTPOM TSHKECTU

AMIOPBI M.

Kpydennem Ha3piBaeTcs TakoWl BujJ jAedopManiviv, MpPU KOTOPOM B JIHOOOM
MONEPEYHOM CEYEHUM Opyca BO3HUKAIOT TOJBKO KPYTAIIMEe MOMEHTHI. [lpuumHoit
nedopmalii Ipu KPyUYEeHUU SIBJISICTCS BHEIIHUM BpAlalOIMii MOMEHT, MPUIIOKEHHBIN B
MJIOCKOCTH, TIEPIICHIUKYJIIPHON OCH Opyca.

JIs HarJaIHOTO M300pa)Ke€HUsl pacrpeieieHuss KPYTAUIMX MOMEHTOB BIOJIb OCH
Opyca CTpOUTCS dMMIOpa KPYTAUIUX MOMEHTOB. KpyTsiuii MOMEHT B JIFOOOM MOTIEPEUHOM
CEUEHUHU YUCJIEHHO PaBEH ajreOpandeckoil CymMme BHEIIHUX MOMEHTOB, MPUJIOKEHHBIX K
OpycCy cIipaBa WJIH CJIeBa OT CEUCHHUS.

KpyTsimuiik MOMEHT CUMTAETCSl MOJIOKUTEIIBHBIM, €CIU MPU B3IJISJIE CO CTOPOHBI
CECUCHMS PE3YJIbTUPYIOIINN BHEIIHUNA MOMEHT, MPUJIOKEHHBIA K PacCMaTpUBAEMON 4acTH
Opyca, OyzeT HampaBjIeH IPOTHB YaCOBOM CTPEIIKU, U HA00OPOT.

VYcnoBue mpodyHOCTH Opyca MpU KPYYEHUU 3aKIH0YACTCs B TOM, YTO HauOoOJbIIee

BO3HUKAIOIICC B HCM KAaCATCIIbHOC HAIIPSIKCHUC HC TOJIZKHO IMPCBBLIIIATH JOITYCKACMOI'O!

M
rzw—:S[TK]

-
rae [ K] — JOMYCKAaeMO€ HANPSHKEHUE IPU KPYUEHUU;

P — MOMEHT CONpPOTHUBICHUS KpPYYEHUIO, PAaBHBIM I KpPYIVIOTO CEYEHUS

3
74 0,200

P16 M.

15



Jlepopmarust mpu Kpy4eHUH MPEACTaBIsAeT co00il MOBOPOT MOMEPEYHOTO CEUCHHS
Opyca BOKPYT OCH KpY4YE€HHS U Ha3bIBA€TCS YIJIOM 3aKpyUUBAHUS.

TpeOoBaHue KECTKOCTH K OpyCy COCTOMT B TOM, YTO YTOJ 3aKpyduBaHusi 1 M
JUIMHBI Opyca HE JIOJDKEH MPEBBIIIATH OMNPEIEICHHOW BEJIMYMHBL. YTOJ 3aKpy4HBaHUs
ydyacTka Opyca qumHoi | onpenensiercs o ¢popmysie
_ M, I

G-J,

%

G-J
rac P — )KECTKOCTh CEYCHUSI IIpU KPYUCHHUH.
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JlaGopaTopnas padora Nel — UccsienoBanme ctaTuyecky onpeaeTuMon 0ajaKku
HA U3ruo

Hean: nns Oanku, 3aKpEIUIEHHONM TOPU30HTAJIBHO W HArpy>XeHHOW IUIOCKUMH
MOTEPEYHBIMU  CcHiIaMHu  (pUCYHOK 1.1), MOCTpOUTH H3MIOpHI TOMEpedyHbIX cuil Q u
u3rubaomux MoMeHToB M. McxonHble JaHHBIC AJI BBIMOJIHEHHUS PaOOTHl B3SITh U3

tabaunel 1.1 u pucynka 1.2.

M

F

_—

Pucynok 1.1. — Cxema Oanku ¢ Harpy3kamu

Ta6muma 1.1 — MicxonHple 3HaUSHUS IS pacyeTa

P, xH M,xHm | q,kH/™m a b Cc d
1 20 15 25 1 3 1 -
2 15 10 20 2 4 1,5 -
3 10 5 15 1 5 1 2
4 25 20 30 3 1 0,5 -
5 30 15 10 1 4 1 -
6 20 25 20 4 2 1,5 -
7 10 20 15 2 1,5 4,5 2
8 15 30 20 15 6 2 -
9 15 10 5 5 2 1 1
10 10 15 6 1,5 5 2 -
11 25 20 10 1,5 3 2 1
12 30 25 20 2 1,5 4 1,5
13 12 10 8 2,5 4 1,5 -
14 20 16 5 2 3,5 1 2
15 10 5 15 1 1 3 1,5
16 15 8 10 2 2 1 1,5
17 25 15 35 1 1,2 2,5 2
18 20 10 5 3 2,5 1,5 1
19 14 18 10 3 4 2 -
20 10 20 6 1,5 2 3 -
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i [l gl
Cxema 3 Cxema 4

Cxewma 7 Cxewma B

Pucynoxk 1.2. — CxeMbl 6aJI0K C Harpy3Kamu
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Cxema 9 Cxewma 10

by
3

Cxema 15 Cxesa 16

Pucynox 1.2. — Cxemsl 6aok ¢ Harpy3kaMu (TIpOJ0JIKEHUE)
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Cxewma 19 Cxewma 20

Pucynok 1.2. — CxeMbl 6aiok ¢ Harpy3kamu (MpoJ0JIKEHUE )
IIpuMep BbINOTHEHHUS

Hean:
JUist  OalIk¥, 3arpyKEHHOM TUIOCKUMHU TONEPEYHBIMU CHJIaMu (PUCYHOK 1.2)

MIOCTPOMTH AMIOPHI OMEPEUHBIX CHI Q 1 M3rnOaroIMX MOMEHTOB M.

HcxoaHbie JaHHbBIE IPUHSATHI IO HOMEPY BapUaHTa

Hannble u3 Tabmuis! 1.1; cxema no pucynky 1.2: P =15 xkH; M = 25 xH'm; q = 20
kH/M; a =1 M.

Pewenue:

1. Onpenensem peakuuu 60anku. CocTaBUM ypaBHEHUS MOMEHTOB:

Y M, (F)=0, > M,(F)=0.

20



N, Jmapa 1,

_‘[iz
;q.

I
15xkH I
, T
| 26.45H  |26.4xH
Xk '
e
: Tnropar A,
I
I
I
I
[
[
- [
1j_} : 25eHm
! ! v
N : v
i L
\‘“ | s
'-.,.". -.F# KN
95 dxHw

Pucynoxk 1.3. — 3agannas cxema Oanku U 3IIOPHI ONepeyHbIX cuit Q u

U3r10aroImx MOMEHTOB M
21



P-a—(q-6a)-2a+R;-7a+M =0;
_129-P-M 12-20-2-15-25

R =26,4 xH;
I

P-9a+(q-6a)-5a—R,-7a+M =0;

R, = P-9+30q+M 2135+600+202108,6 L

7
BrimonHnuM npoBepky:

ZFky =0; -P+R,—q-6a+R;=-15+108,6-120+26,4=0,

2. O603HaUYMM XapaKTEpHbIE CEYECHUs OaJIKH, KOTOPBIE COOTBETCTBYIOT ToukaM C,
D, A E, B, L.
Crpoum smropy nonepeusbix cuil Q. Ompenenum 3HaueHHs MONEPEYHBIX CHI B
XapaKTEPHBIX CEYECHUSX:
Q. =—P=-15 kH;
Q, =—P=-15 kH;

b=~

nes _ _ P _ qa =-15—-20=-35 KH,

NSEs

W =—P—ga+R,=-15-20+108,6="73,6 kH;

A

Q.=-P—-qg-6a+R,=-15-20-6+108,6 =—-24,6 «H;
neg QE :—26,4 KH,

B =

v~ QI + Ry =—26,4+26,4=0;

B
Q- =0.
CoenMHUB KOHIBI OTJIOKEHHBIX OpJUHAT MPSMBIMU JTUHUSIMH, TOJIYIUM 3I0PY Qy.
Omopa Qy Ha yuactke AE mepecekaer HyineByro nuHHIO B Touke K. Bemmunny
OTpe3Ka Xk ONPEACTUM UCTOIb3Ysl MOJ00UE TPEYTOJIbHUKOB:

736 26,4
X Da—Xy

; 13,6:5—-73,6-X, =26,4-X,; X = 3,68 m.

DTO CEYEHHME CUMTAETCS TAKXKE XapaKTEpHbBIM st a1mtopbl Qy u M.

3. Crpoum »nmiopy M,. Omnpemenum u3ruOarmuyie MOMEHTHl B XapaKTEPHBIX
CEUYCHUSIX:
M. =0.
22



M, =—P.a=-15 xH-m.
MA:—P-Za—qa-%:—15-2—20-1-0,5=—40 KH M.

M. =-P-7a+R,-5a—(q-6a)3a=-15-7+108,6-5—20-6-3=78 xkH"m.

My =—P(2a+x,)+R,- X —q(a+ XK)a+2xK -
=-15-5,68+108,6-3,68 —20-4,68- 2,34 =95,4xH M.

M, =M =25 kH-m (paccmoTpena npaBast yacts Oanku BL).

M, =M =25 kH'm.

Ctpoum smopy My Ha ydacTKax MEXIy XapaKTEPHbIMU CEUCHUSIMU:

yuyactok CD — Ha ydacTke MpUJIOKEHa COCPEIOTOYCHHAs CHIIA, MOITOMY
amropa My ssBisieTcs: npsAMOo JInHUEW, coenunsronen 3Hauyenus 0 u —15 kH-wm;
yuyactok DA — Ha ydacTke JEHCTBYeT pachpesesieHHas Harpys3ka, Mo3TOMY
smopa My nuzobpaxaercs napadbosoit Mmexay 3HaueHussMu —15 u —40 kH-M;

y4acTok AE — BBUIy HalMuusg pPacHpeAcsieHHON Harpy3ku osmmopa My
ABIISIETCS Tapaboiioi, a Tak Kak smiopa Qx Ha ATOM ydacTKe MepeceKkaeT
HYJIEBYIO JIMHHIO, TO Mapadojia UMEeT IKCTpEMajbHOE 3HAYEHUE (BEPILUHY),

nostoMy osmtopy My crtpoum 1o Tpem Toukam: M,=-40 xH-m;
M, =954 kH-M; M_ =78 xH-™m;
y4acTOK EB — Ha y4aCTKE HET pacIpeleleHHON HAarpy3Ku, MO3TOMY 3IIOpa

M, n300paxkaercs NpsMOM JIMHUEH, coenuHsomen 3Hadennss M =78 kH-'m
u M; =25 kHm;

yuyacTok BL — Ha ydacTke HET Harpy3ku, MO3TOMY 3Iopa My sBIAETCS

IIPSIMOM, NTapaJuUIEIIbHON HYJIEBOU JIMHUH.
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JlabopaTopnasi pabora Ne2 — UcciiefoBaHHe HA POYHOCTD M KECTKOCTH
CTATHYECKHU ONpeaeTuMoil 0aJaKku npu u3ruode

Heas:
JUTS OaJIKH, 3arpyKEHHOW TUIOCKUMH MTOTIEPEYHBIMU CHIIaMH (pUCyHOK 2.1):
® IIOCTPOUTH JIIOPHI MOTIEPEUHBIX cuil Q ¥ M3rNdarOMX MOMEHTOB M,
® 13 YCJIOBHS NMPOYHOCTU MO HOPMAJIBHBIM HANIPSDKEHUSAM TT0100paTh ISl OaKu
aByTaBpoBoe, npsimoyronsHoe (h = 2b), kpyrioe, xonsiesoe (o = d/D = 0,8)

ceyeHusi. CpaBHUTH Beca 0aoK ¢ MOA0OpaHHBIMH MMONIEPEUYHBIMU CEUEHUSIMU.

‘I"fl |+. 11".!1 _H_._'_'_'_,_;- q

R R R I T W [ -2

b
& o - o o A
| == I >

Pucynox 2.1. — Cxema Oanku ¢ MonepeuyHbIMU HArpy3KamMu

Hcxonubie manHbIe B3SITH U3 TaOMUIB! 2.1 1 110 pUCYHKY 2.2.

IHopsizok pacyera

1. CocTaBUTh pacuETHYIO cXeMy Oallk¥, HarpyKEHHON BHEIITHUMH CHIJIAMH.

2. OnpeeNnuTh peakiuy OIop.

3. Onpenenuth BHyTpeHHUE yerns Q u M 1Mo ydacTkam M IOCTPOHTH BX JITIOPY.

4. BpIMOAHUTH pacdy€T MPOYHOCTH OAJIKH MO JOMYCKaeMOMY HOPMaJbHOMY
HaMPSHKEHUIO0, OTIPE/ICTINB OMACHOE CEUCHUE OaJIKU 0 AIIOPE U3TMOAIOIINX MOMEHTOB JIJIst
JIByTaBpa.

5. Ompenenuth Oe€30MacHbIE pa3Mepbl MOMEPEUHBIX CEUEHWH I 3aJlaHHBIX
BapUaHTOB TIpOdHIIEH.

6. BeiOpats Hanbosiee SJKOHOMUYHBIN BapUaHT CEYEHUs OAJIKH (110 BECy).

CnenaTs BBIBOJEIL.
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Tabnuna 2.1 — 3HadyeHust Harpy30K JJIs a0k

Kon zamaans Juavucans sarpy3ok: P, kH: g, sHfw; W kH-w
| o |F=40 g =20 P =40 A =h0 g =20 F=31 M=E0
1 =40 =15 =30 M =h0 g =20 =310 M =60
2 JP=30 ig1=20 P =40 M=KD g1=20 P =41 M=30
2 0 |F=30 gz=15 P =40 M=KD g=13 =410 M=60
1 =6 g =20 P =40 A =h0 g:=15 W=D g:=15
2 =60 =15 =30 M=KD g.=15 W=D g, =20
3 0 =80 g1=20 =30 M=E0 g1=20 =60 gi=15
1 =80 =15 =30 A=hi g:=15 M =0 g =20
2 |F=40 A =30 P =40 P=30 g, =20 =310 g.=15
4 0 =40 M= P =40 Py=30 g:=15 =510 =20
1 |P=30 A=H0 LW =6 M=RK0 g1=20 Py =40 gi=15
2 JF=30 ML=t UL =6 M-=R0 g.=15 P =40 g, =20
5 0 =30 |g=—30 [P =—31 M=T70 |g»=—30 JF=50 |[Wx=60
1 =30 |gz=20 P2 = 50 M=T70 |q:=—30 =50 |W=T0
2 =50 |gi=—30 Py =—30 M==60 |g=—30 M=-30 [W==60
i 0 =350  |gz=20 [P=—30 M=6l  |g:=20 =30 |W=T0
1 =70 |g1=—30 [P =—3l M=T0 |g:=20 M=060 |g:=20
2 =70 |gz=20 P2 = 51 M=>060 |g:=20 JM=060 |q=—30
7 0 =60 |g=30 P2 =50 M==60 |g=—30 M=T0 |g:=20
1 =60 |g:=20 P2 = 5 M=T0 |g:=20 M=T0 |q=—30
2 =30 |uW=-T0 |F=-30 FPa=350  |gy=—30 [Fa=50 |g:2=20
B o =30 |W=00 P =—3i Py=50  |g,=20 |Fy=350 |g,=30
1 =50 |JW=T0 |W=-T0 M=ol |g=—30 P=-30 |g:=20
2 =50 |M=ii LW =—Ti M=>560 |g:=20 =30 |q=-30
9 o =25 g =10 =25 M =50 g, =10 = —40 | My=—40
1 =25 g=—30 Po=—40  [M=50 g, =10 Py=—40 | =50
2 =40 |gi=10 Py= 25 M=—40 |gq=10 =25 Mx=—40
10 0 |P=—40  |g=30 =25 M=—40 |g,=—30 |[F=15 M=50
1 =30 |g=10 F=25 M=50 |g,=30 [M~-40 |g,=30
2 WM=350  |g=30 =—40 |MyE=—40 |g,=30 M=—40 |g,=10
11 0 =40 |g=10 Fo=—4l1  |[M>=—40 |q:=10 M=30 gr=—30
1 P=—40 |g=—30 Fa=—40  [M=50 g,=30 =50 g, =10
2 =25 My=50 7= 25 Py=—40 |g,=10 P, =—40  |g,=—30
12 0 =25 M=—40 =125 Pa=—40 |g:=—30 [Fa=—40 |q=10
1 FPe=—40 M= 350 L= 50 M==40 |q:=10 Py =25 gr=—30
2 P=—40 [W=—40 M= 50 M=—40 |g.=—30 |F=215 g,=110
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Pucynok 2.2. — CxeMbl 6aJIOK C ONEPEUYHBIMU Harpy3KaMu
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Pucynok 2.2. — Cxembl 6aJIOK ¢ MONEPEUHBIMU Harpy3kamu (Mpoa0HKEHHE)
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P,

25

Pucynox 2.2. — Cxembl 0anok ¢ MOnepeyHbIMU Harpy3KaMu (TIPO0JIKEHUE)




IIpuMmep BbINOJHEHUS

Hean:
JUIs OaJIKH, 3arpy»KCHHOU IJIOCKUMH ITOTIEPEYHBIMU CHIIaMU (pUCYHOK 2.3):
® [IOCTPOUTH SITIOPHI MONEPEUHBIX CHIT Q ¥ M3rndaronMx MOMEHTOB M,
® 13 YCJIOBHS MPOYHOCTH IO HOPMAJIBHBIM HANIPSDKEHUSAM 10100paTh JUIs OaaKu
aByTaBpoBoe, npsamoyroasHoe (h = 2b), kpyrioe, koasieoe (oo = d/D = 0,8)

CCUCHMI. CpaBHHTB Beca 0aJIoK ¢ l'IOIlO6paHHI>IMH MMOIICPCUYHBIMU CCYCHUAMMU.

JH' |+- JH} &l

a = a i
T | - “‘I-!I 8

Pucynok 2.3. — 3aganHas cxema Oainku

Hcxonnpie nanHble NPUHATHI IO HOMEPY BapruaHTa

Jlanublie 3 Tabauib 2.1; cxema no pucyHky 2.2:

M; =60 xH-™m; [G] =160 MlIlIa;
M, =80 xH-Mm; [r] =160 MlIlIa;
g = 20 kH/wm; E=2-10° MlIlIa;
a=2m. G =0,8-10° MITa.

CocraBisieM pacu€THYIO CXeMy Oallki, Harpy>KeHHON aKTUBHBIMU U PEAKTUBHBIMU

cunaMu (pucyHok 2.4).

¥
Y :
4 'Ih* ;H] — *'HI / 4 *}'H
Y A A& A |
II—
- . | - o [ry )

Pucynok 2.4. — Pacuetnast cxema Oajiku
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3aMeHsIeM JHCTBUE 3aKPETIEHUH KOHIIOB OAJIKK ONTOPHBIMU PEAKITUSIMHU.

VYcaoBus A 3HAKOB HANpPaBJICHUM BHEIIHMX CHJI: MPUHUMAEM TOJOKUTEIHHOE
HaIpaBlIEHUE COCPEIOTOYCHHBIX U PABHOMEPHO paclpeeIEHHBIX CHII BEPTUKAIHLHO BBEPX
CO 3HAKOM «ILTIOC» (B CTOPOHY TOJIOXHUTEIBHOTrO HamparieHus ocu Y). [lonoxurenbHoe
HalpaBlICHUE BPAICHUS 33/IaHHBIX BHEITHUX MOMEHTOB MPUHUMAEM CO 3HAKOM «ILTIOCH
IIPH YCIIOBUH MX JABMKCHUS MTPOTUB YaCOBOU CTPEIIKH.

[Tpon3BonpHO Ha3HAUYaeM peakiuu Ya U Yg B MOJOKUTEILHOM HAPABICHHH.

1. Onpenensem peakuuu omnop Ya U Yg. CocTaBiasieM MOMEHTHBIE ypaBHEHHS

BHEILIHUX CUJI OTHOCUTEIILHO OMOPHBIX KOHIIOB Ok A U B.
> m,=0, -M,+(q-2a)a—M,+Y;-3a=0.
—60+20-4-2-80+Y,-6=0 = Y;=-3,3 xH.
> mg=0, -M,—(q-2a)2a—-M,-Y,-3a=0.
—-60-20-4-4-80-Y,-6=0 = Y,=-76,7 xH.
3HaK «MHMHYC» YKa3blBa€T HA NPOTHBONIOJIOKHOE JEHCTBUTEIBHOE HAIPABICHUE
peaxKuuu.
CnenaeM NpoBEPKY:
d>Y=0, -Y,+q-2a-Y,=0, -33+20-2-2-76,7=0
CyMMa mpoekiHii BceX BEPTHKAJIBbHBIX CHUJI Ha OoCh Y oOpaTuiachk B Hyllb. DTHUM
MTOATBEPKAECHA TPABWIIBHOCTD ONPEIEIICHUS PEAKLIAMN.
[Ipu mocTpoeHnn 3MIOp BHYTPEHHUX YCUIIMA U3MEHSIEM HaIpaBJICHUE PEAKUUN Ha

IMPOTHUBOIIOJIOKHOC u 3HaK 3HAa4YCHUA pCaKHHﬁ, IMOJIYYCHHBIX B pacqéTe.

OTKOppEeKTUPOBAaHHAS pacy€THAs cXemMa Ha pucyHke 2.5.

¥ . :
“ 1 B | m
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Pucynox 2.5. — OTKoppeKTHpOBaHHAs pacueTHAs cxemMa OaJIKu
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2. YcTaHaBIMBaeM TpaHUIIBl yYACTKOB 0K U HYMEpYeM UX:
| yaactok A-C; Il yaactok C-D; Il yaactox D-B.
3. OmpenenseM BHyTpeHHHE yCHIIUSA B Oallke U cTpouM 31mopbl Qy u M,.
CocraBisieM MaTeMaTU4YeCKHE BBIpOKEHUS (QyHKIMIA momnepedHsix cun Q; s
Ka)XJI0T0 yJacTKa Oallku, UCTIONb3YS METOJ] CEUCHUH.
[Tomepeunast cuna Qj;, BO3HHMKArOIIasi B CEUYCHWUH, YPABHOBEIIMBACTCS BHEIIHUMHU
CUJIaMH, ICUCTBYIOIIMMHU 110 OJJHY CTOPOHY OT C€UCHHUS.
| yaacTok:
Q =-Y,+0qz; 0<z<a; a=2m
. |
2=0: Q) =—Y,=—76,7xH.
71=2: QY'(Z:Z) =-Y,+0a=-76,7+20-2=-36,7 kH.
Il yqactok:
Q' =-Y,+q(a+z,); 0<z,<a; a=2wm.
z=0: Q/ (20) = Yo =—16,7+20-2=-36,7xH.
2=2:Q},, =—Y,+0a=-76,7+20-(2+2)=33xH.
Il ygacTok:
Q' =+4Y,; 0<z,<a; a=2wm.
. 1l
z=0: Q/ (o =+Ys =33kH.
. 1l
2=2:Q/ (=Y, =33kH.

Ctpoum smropy nomnepednbix cui Q; (prcyHok 2.6).

CocrapisieM MaTeMaTUYECKUE BBIPAKEHHS (DYHKIMI HM3rHOaOIMX MOMEHTOB M,
JUTSL KQXA0r0 y4acTKa Oaliku, MCTIOJIb3Ysl METO/l CEUEHUN.

IIpu HaMuuKu paBHOMEPHO paCHpPENEIEHHOW HArpy3KH BBINIOJHIAEM HCCIEI0BAHUE
(GyHKUIMU U3ru0aromero MOMeHTa Ha MaKCUMYM JUIsl ONIPeIeNIEHUs] BETUUUHBI My U €ro
TOYHOT'O TTOJIOKEHHUS.

BHenrHue MOMEHTBI, IEHCTBYIONINE B JIEBOM OTCEUEHHON YacTH OajIKy, Bpallarolye
0aJKy OTHOCUTEIIBHO LEHTPA TSHKECTU MPOU3BOIBHOTO CEYCHMSI B HATIPABICHUH JBUKCHHUS
YaCOBOW CTPEJKH, MMPUHUMAIOTCS CO 3HAKOM «ILIKOC», a ISl TPABOM OTCEYEHHOW 4aCTH

Ha000POT.
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Pucynok 2.6. — Dnropsl nonepeunsix cuil Qy ¥ U3rudaromux MoMeHToB M,

| yuacTok:
nglga; a =2wm; M)!(Zl):Ml_YAzl+(qlzl)%'
2,=0: M, ,, =60 xkH'm.

2
z,=2: M), = 60—76,7-2+20-2? =-53,4 kH'm.

UccnenyeM QpyHKIIMIO M3ru0aroIiero MOMEHTa Ha MaKCUMYM Ha KaKJIOM y4acTKe.

M, _,
=0, y
dz —>Qy:0,—YA+qzl:Oz>zlz—A=m=3,85M.
dMX_Q qg 20
dz

AOlcrucca Z; He TPUHAJICKUT MIEPBOMY YUACTKY.

OnHa mMOKa3bIBaCT TOJIOKEHHE MAKCHMMaJIbHOTO MOMEHTa BOJIM3M KOHIIA BTOPOTO
ydacTKa Ha NpOAOJKEHUHU apadoIMuecKol KpUBOW MEPBOTO y4acTKa.

Il ygacTok:
0<z,<a; a =2wm; MX“(ZZ):M1+M2—YA(a+zz)+q(a+zz)(a+TZZ).
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2
z,=0: MX"(ZZ:O) = 60+80—76,7-2+202? = 26,6 xH-m.

. I (2+2)2
z,=2: M/, , =60+80-76,7-(2+2)+ 20--=—===-66 xHm.

Onpez[emleM 3HAYCHUC MAKCUMAJIBHOT'O MOMCHTA Ha BTOPOM Y4YaCTKC.
Q' =-Y,+q(@a+z,)=0=12,=76,7/20-2=1835 m.

Omnpenensiem akctpemyM M, ipu z, =1,835 M.

a+z
M;I(22:1,835) =M, +M, _YA(a+ Zz)+ q(a+ Zz)(TZ) =
2
=60+80-76,7-(2+1835)+20- @ = —7,074xH M.
Il yaactok:
0<z,<a; a=2m; M" =-Y,-z;

z,=0: M, =0xHwm.
z,=2: M

X (z5=2

y=—33:-2=-6,6 kH'm.
BbiBoA: 3HaueHHE MAKCHUMAJIBHOTO M3THOAIONIErT0 MOMEHTa TPUMEM IO
ITIOCTPOECHHOM 3MIOPE.

Ctpoum smropy usrubaromux momentoB M,. Ilo smtope max M X'(leo) =60 xkH-m.

4. BeimonHgeM pacy€éT HA MOPOYHOCTh MO JIOMYCKA€MbIM HOPMAaJbHBIM U
KacaTeJIbHbIM HANPSKCHUSIM JJIsl IBYTaBpa U CTPOUM BIIOPY G U T MO BBICOTE OIMACHOTO
ceueHus A.

B HEM 0HOBpEMEHHO JEHCTBYIOT MaKCUMAaIbHBIM M3THOAIOIMUM MOMEHT MaXM, u
MaKCHUMaJjbHas rornepeynas cuiaa maxQ,,.

VYcnoBue IPOYHOCTH IO JOITYCKACMbIM HOPMAaJIbHBIM HAIIPSKCHUAM.

_\maxM

o =——2<|ol
max WX [ ]
Onpenensiem HEO0XOIUMBIIT MUHUMATIBHBIA MOMEHT COIIPOTHUBJICHUS .
maxM,| 60-10°
W, 2:‘ = -10° = 375cm’.
[o] 160

Bei0op npoduisi momepevyHoro ce4eHwsi M0 MOMEHTY comporusjgeHus WX u

MOCTPOCHHUE NP HOPMAJIbHBIX H KaCaTECJIbHbIX Haﬂpﬂ)KeHl/lﬁ IO BBICOTE CCUCHUA
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e BriOupaem IByTaBpOBOE CEUCHHE.

ITo 'OCT 8239-89 Cranb npokatHasi. banku a1ByTaBpOBBIE.

JlByTasp Ne 27, Wy = 371 cm® mnu mByTasp Ne 27 «a», Wy, = 407 cm®.

[TpoBepsiem npoyHOCTH AByTaBpa Ne 27 M0 HOpMaJIbHBIM HAIPSDKCHUSIM.

W, = 371 CM3, F = 40,2 CM2, Jy = 5010 cm?, Sy = 210 CM3, TOJIIIIAHA CTEHKU
d = 6,0 MM, mupuHa MoJI0K b = 125 mm.

_|maxM,|  60-10°

h W, 371-10°

o =1617MIla < [o|=160MITa.

[IpeBblllieHrEe HAMPSDKEHUN COCTABISECT O = %-100% =11% u He BBIXOAWT 3a

Mpeesbl JomycKkaeMbIx 5%.
JIByTaBp Ne 27 «a» B 3TOM Ciydae MOKHO HE IPUMEHSTb.
IIpoBepka MPOYHOCTH IO AOIYCKAEMbIM KacaTeJIbHbIM HANPSKEHUSIM
JlonyckaeMble KacaTelIbHbIE HAINPSKEHUS OINPENEIAIOTCS B 3aBUCUMOCTH  OT

HOPMAaJIbHBIX HAMPSHDKEHUH [G] IO COOTHOIICHUIO [1'] =0,6- [O']
[z]=0,6-160 = 96 MITa. ITpunumaem [r]= 90 MITa.
YcnoBue  TPOYHOCTH  TO  KacaTenbHBIM  HAMpPSDKEHUAM Il CTCHKH

S 110 .210-10°
T = ‘Q‘LX <|r]. Torma r_, = 76,7-10 21'0 107 _ 53,6MI1a < [r]=90MITa .
J.d 5010-10" -6

XapakTepucTtuku aByTtaBpa Ne 27 COOTBETCTBYIOT YCIOBHSIM MPOYHOCTH MO
HOPMAaJIbHBIM U KAaCaTEJIbHBIM HAIIPSKECHUSM.

NMeeTcss MpeBBIIEHUE TONYCKAEMBIX HOPMAJBHBIX HANPSKEHUHW B JIOIYCTUMBIX
npeaenax 6 = 1,1 % <5 %.

Brruncnsiem 3HaueHUs HAIPSIKEHUN, PACHpENeSIEHHBIX II0 BBICOTE IONEPEYHOIO

CCUCHMUSI.

3aBUCHUMOCTh HOPMAJIbHBIX HANPSKEHUI OT KOOPAUHATHL Y. ¢ = — 2.y .

J

X

N3 popmynsr BugHo, uto mpu Y = 0 o = 0, T.e. BAOJAL ocu Z pacmojiaracrcs
HEUTPAJIbHBIN CIIOM, B KOTOPOM HET HOPMAJIbHBIX HAIIPSKEHUM C.
Tak xkak B opMyJie nepeMeHHas y COACP>KUTCSA B NIEPBOMl CTENIEHU, HANIPSIKEHUS G

HN3MCHAKOTCA 110 JII/IHCIZHOM}’ 3dKOHY.
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HOG)TOMy A1 TIOCTPOCHHA OIIOPbl  HOPMAJbHBIX HaHpH}KeHI/Iﬁ JOCTAaTOYHO

BBIYUCJIIUTD HAIIPAXKCHUA B IBYX XdPAKTCPHBIX TOUYKAX:

h

Yi» = iE :
6

y=1 o= 910 27101517 MiTa;

2 5010-10* 2

6

y = _D o= 60-10 " -(— 270) =-161,7 Mlla;

2 5010-10 2

Ctpoum 31m10py HOPMAJIbHBIX HANpPsKEHUN (pUCYHOK 2.7).

T, MIIa T, MIIa
0 1617 I g

19.5; 40.6

270

125 |161.7 0 2

PucyHnok 2.7. — Dniopsl HOpMaJIbHBIX U KaCATEIbHBIX HAMPSKEHUI

B ceueHMHU ByTaBpa Ne27

§ maxQ,|s,
3aBHCHMOCTb KacaTeJIbHbIX HAPSYKEHUN OT KOOPAMUHATHL V. 7, = ———— < [T]
J.d
X
N3  dopmynbl BUIHO, UYTO KacaTelbHbIE HAMNPSOKEHUS 110 BBICOTE CEUCHUS
U3MCHSIOTCS B 3aBHCHMOCTH OT IEPEMEHHOro COOTHOIIeHHS Sy/d (T. €. OT IIUPHUHBI
MOMEPEYHOr0 CEUYEHUST B HCKOMOM YPOBHE W 3HAUYE€HUSA CTAaTHUYECKOIO MOMEHTA
COIIPOTHBJICHHUS CEUCHHUS BBIIIIE ICKOMOTO YPOBHS).
N3meHeHne KacaTelNbHBIX HAMPSHKEHUW MPOUCXOIUT IO 3aKOHY MapaboImvecKou

kpuBou. IllupunHa ceueHuss y AByTaBpa MEHSETCS IO BBICOTE M MUMEET 3HAYCHHE IS

crenkd d = 6 MM, 1 moaku b = 125 mm.
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‘maxQ ‘
CooTHOLIEHHE "\ g BHIOPAHHOTO JBYTaBpa OCTA€TCS IOCTOSHHBIM:

X

maxQ,|  76,7.10°
J_ 5010-10°

=15,3-107".

B crenke AByTaBpa B 3aBUCHMOCTH OT y N3MCHACTCA BCINMYMHA SX B IIpcaciax
3
OSSXSmaszzzlo CM .

[Mpu Yo =0d =6 MM, Sy = Spax = 210 oM.

r=153.10* 220°1C

=53,6MlIla, 7 =7, =53,6MlIla.

Ilpn y,, =+ d=6mMm,S5,=0, 7=0.

N | o

JIyist mocTpoeHusi mapaboIMyecKod KpUBOW AMIOPHI T HEOOXOJMMO HUMETh €Iié He
MEHEE JBYX 3HAYCHHUM Y.

Hasnauum emé 18a ypoBHs OPH Y, , ¢ IMUPUHOM N0aKK b = 125 MM.

IIpu vy, , 22_222_20_9;28:130’1 MM 1 b =125 Mm.

S . = bty,, =125-9,8-1301=15,9-10" mm’.

4
Tioa) = 15,3-10™* % =19 5MIla.

Mpu y,, =1301mm  d=6mm, S, =159-10° mm’

4
T4n =153-10° -% = 40,6 MITa,

CtpouM »5miopy  KacaTeIbHBIX — HANpSOKEHUM JUIsl  XapaKTEepHBIX  yPOBHEH

HOTIepeYHOro ceueHus aBytaBpa Ne 27 (cMm. pucyHok 2.8).

OnpenenseM MUHUMAJIbHBIM HEOOXOAMMBIA MOMEHT CONPOTUBICHUS ISl IPYTUX
TUTIOB CEYECHUSI.

5. OnpenensieM Oe3omnacHble pa3Mephl MOMEPEYHBIX CEYEHUM UIsl Kpyra, KoJblia U
PSIMOYTOJIbHUKA.

® Kpy20o80€e cedeHue.

3
w =™ g :#32\/\@ _ 3231 e
32 n 314

36



2 2
314155 jees 0
s 4 4
® KOJbYesoe ceyeHue.
3
w, =" 4)=D=; 32Wx4 _| 3281 186
32 r(l-a*) \314(1-08")
2 2
e = ”'2 1-a?)= w(1—0,82)=160,3 MM,

®  NPAMOY2O/IbHOE cedeHUue ¢ COOMmHOWeERUeEM Cmopor h = 2b:

TpeOyemblif MOMEHT COIPOTHUBIICHHUS

2 2 3
W, = bh _ b(20) _2 =d :31/3371,0 =8,2 Mm.
6 6 3 2

h=2b=164mm. F, =bh=82-16,4=134,9 mm’.

6. CpaBHuBaeM Beca 0ajoK ¢ MOJ0OpaHHBIMU MOTIEPEYHBIMU CEUCHUSIMHU.

CpaBHeHue Beca 0ajJoK OJMHAKOBOW JUIMHBI aHAJIOTMYHO CPAaBHEHUIO UX TUIOMIAEH

TIOTIePEYHBIX ceueHHH (Tabuia 2.2).

Tabnuua 2.2 — CpaBHeHue Beca 0aoK pa3HbIX Mpoduiiell monepeyHbIX CeYeHU

[Tpoduns ceuenus JIByTaBp Kpyr Konbuo [IpssMOyTOJIBHUK
Fi, MM 40,2 188,6 160,3 134.,9
CootHOmIEHNE

. F 1 4,7 4,0 3.4
IJIOIAJIE N E

1

BriBOJ

* Haumenwmmii Bec umeer aByTaBpoBas Oanka. CiemoBaTenbHO, MO YCIOBHUIO

MPOYHOCTH Oajika ¢ TakuM NpodUiIeM TOMEPEYHOT0 CEUYCHHs SBISIETCS HamOoJee

YKOHOMUYHOM.

» Xyammii BapuaHT TPEICTaBIsAeT Oajika ¢ KpyroBbiM ceuenneM. E€ Bec mouru B 5

pa3 MPEBBINIAET BeC OAIKU C ABYTABPOBBIM MPOQPHUIIEM IMOMEPEIHOTO CEUCHUS.
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JlabopaTtopnasi pa6ora Ne3 — UcciienoBaHue TPAHCMHCCHOHHOTO Bajia HA
NPOYHOCTH H KECTKOCTH NPHU KPYYEHHUH

IICJIL: IJI1 TPAHCMHUCCUOHHOT'O BaJia ITIOCTOSHHOI'O KPYIJIOTO IMMOIICPEUYHOIr0 CCUHCHUA

TpeOyeTCs ONPECIUTh €ro AMAMETP U3 YCIOBUN MPOYHOCTH M KECTKOCTH (pUCYHOK 3.1).

PI/ICYHOK 3.1. — Cxema PAacCIIOJOKCHHUA IIKMBOB Ha BAJIC

OO01ue na"HHbIE:

MaTepuai Bajla — CTallb;

moxayas casura G = 0,8- 10° MI]a;

JoImyckaeMoe HamnpsbkeHue Ha casur [1] = 40 Mlla;

JI0IyCcKaeMblii yroi 3akpyunBanus [0] = 0,4 rpag/m.

Hcxonnbie gannblie B3aTh U3 Tabmui 3.1, 3.2, 3.3 u pucynka 3.2.

IMopsanok pacuera

1. Berueptuth B MaciuTade pacyéTHYIO CXeMy Baja.

2. OnpenenuTh BEIUUUHY MOITHOCTH, MIOBOIMMOM K BEAyIIEMY IIKUBY |
TPAHCMHUCCHUOHHOIO BaJa.

3. OnpenenuTth BEJIMYMHY CKPYUYUBAIOIIMX MOMEHTOB, MPUJIOKEHHBIX K IIKKUBaM 1,
2,3,4.

4. OnpenenuTsb KPyTALIMEe MOMEHTHI [0 yYaCTKaM Bajia U MMOCTPOUTH UX IMIOPY.

5. OnpenenuTsb Moa0KEHNUE ONaCHOTO CEUYEHHUS U HAWTU JUaMeTp Basia U3 YCIOBUUN
IIPOYHOCTH U KECTKOCTH.

6. OnpenenuTh KacaTellbHbIE HAMTPSHKEHUS 10 Y4acTKaM U IOCTPOUTH UX 3II0PY.

7. OnpeaennThb yribl 3aKpy4YUBaHUS 110 YYaCTKaM U MTOCTPOUTH UX 3II0PY.

8. Cnemars BBIBOEL.
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Tabmuma 3.1 — MonHOCTH Ha BEIOMBIX IITKUBAaX U JUTMHBI YYAaCTKOB Baja

. N N3 Na | Iy Ly L3
EJ EBT kBT KBt ob/MEE M M M
1 40 20 10 400 1.0 0.5 0.5
2 50 25 15 600 0.5 1.0 0.5
3 35 20 30 200 0.5 0.5 1.0
4 60 30 20 400 0.4 0.4 1.0
5 25 40 20 200 0.3 0.5 1.0
6 40 20 20 600 0.4 1.0 04
7 60 30 20 200 0.5 0.5 1.0
8 35 20 30 600 0.4 1.0 0.4
o 40 40 20 300 0.4 0.6 1.0
10 30 20 30 400 1.0 0.4 1.0
11 60 30 20 200 0.6 0.6 04
12 35 40 30 600 0.4 1.0 04
13 60 40 20 300 0.5 0.6 1.0
14 25 40 20 400 0.4 0.4 1.0
15 40 20 20 200 0.6 0.6 04
16 60 30 20 300 0.3 0.6 1.0
17 25 40 20 600 0.4 1.0 04
18 30 40 30 200 0.6 0.6 0.4
19 40 20 20 400 0.4 0.4 1.0
20 35 20 30 350 1.0 0.4 04
21 60 30 20 300 0.3 0.6 1.0
22 40 20 20 400 0.4 0.4 1.0
23 30 40 30 300 1.0 0.6 1.0
24 25 40 20 600 0.4 1.0 04
25 40 20 20 350 1.0 0.4 04
26 35 20 30 300 0.4 0.6 04
27 60 30 20 400 0.4 0.4 1.0
28 30 40 30 200 0.6 0.6 04
20 50 45 35 350 1.0 0.4 0.4
30 25 40 20 200 0.6 0.6 04
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Tabmuma 3.2 — CkpyunBatomye MOMEHThI M; 1 OTHOIIICHHE TUaMETPOB ¢lj KOJIBIIEBOTO

40

ceueHus
M Ma M3 € a3 a4
EaprasT
EH-u —

1 3.0 1.0 3 1.2 0.5 1.0
2 0.5 0 1.0 1.0 1.5 2.0
3 1.5 -1.0 3 1.5 1.0 1.5
4 0.4 —0.8 3 1.0 1,0 2.0
5 1.5 0 2.0 20 1.0 0.6
6 3.0 -5.0 0 1.2 1.5 2.0
7 1.0 1.0 0,5 14 0.6 1.0
8 0.1 —0.3 0.2 0.5 0.5 1.0
9 1.0 2.0 3.0 1.5 1,0 0,5
10 2.5 -1.0 1.5 2.0 1.5 2.0
11 0.5 0 3 1.0 0.5 1.0
12 3.0 1,5 -1.5 1.8 1,0 1.0
3 20 3.0 0 0.8 1.0 0,5
14 1.5 -1.0 0.6 1.0 1,0 0,5
15 3.0 -3.0 5.0 1.0 1.5 2.0
16 2.0 -1.0 3.0 0.5 1.0 0,5
17 0 —-2.0 1.0 0.8 0.5 0.8
18 5,0 -3.0 1.2 0.7 0.4 0.6
19 1.5 0 25 1.0 2.0 0,5
20 0.4 —0.8 1.0 2.0 1.0 1.0
21 0.2 0.4 0 1.0 20 1.5
22 2 1.0 3.0 1.0 20 0,5
23 0 5.0 20 0.5 1.0 1.0
24 3.0 2.0 1.0 1.2 1.8 2.0
25 20 40 0 1.5 1.5 1.0
26 0.5 0 1.5 0.5 1.0 0,5
27 0 3.0 2.0 0.2 0,5 1.0
28 3.0 2.0 4.0 1.5 1.0 2.0
29 0 3.0 20 0.5 1.0 0.8
30 1.0 3.0 -1.0 0.5 1,5 1.0




Tabnuna 3.3 — J{auHbI y4acTKOB, MaTepHall U 10MYCKaeMblii OTHOCUTEIbHBINA yToJl

3aKpy4MBaHUs Baja

I Iy I3 Is [8].
BapnmanT MaTepran )
TPamM
M

1 033 0.50 0,20 0,33 C1. 3 2
2 053 0.30 0.45 0,23 Cr. 4 1
3 0.40 0.20 0,60 0,30 C1. 5 4
4 0.25 0.25 0,55 0,55 10 5
5 0,63 0.45 0,25 0,50 | Crams 20 3
6 0.15 0.35 0,10 0,45 30 6
7 0.20 0,30 0,40 0,20 40 1
g 033 0.55 0,35 0,15 50 4
0 055 0.25 0,55 0,25 40X 2
10 0,70 0.10 0.45 0,13 s 3
11 0.13 0.45 0.10 0,70 5
12 035 0.35 0,50 0,20 4
13 0.40 0.30 0,20 0,60 5
14 0.25 0.55 0,35 0,25 3
15 0,63 0.50 0.45 025 | aryes JIC59-1 5
16 0.13 0.45 0,35 0,10 2
17 0,20 0.20 0,30 0,40 5
18 033 0.15 0,55 0,35 1
19 053 0.25 0,25 0,53 5
20 0,70 0.15 0,10 0,45 4
21 0.25 0.65 0,65 0,23 3
22 0.15 0.65 0,25 0,33 4
23 0,63 0.25 0,25 0,63 AJL-13 2
24 0.25 0.25 0.65 0,63 3
25 0,63 0.25 0.65 025 | AmoMmHRe- 1
26 0.25 0,65 0,25 0,65 | Brie ciiiaEH 6
27 0,63 0.15 0,35 0,25 Aq16 5
28 033 0.25 0.65 0,15 4
29 0.15 0.25 0.65 0,33 6
30 0.25 0.15 0,35 0,63 5
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Pucynok 3.2. — CxeMa pacrosioKeHust IIKMBOB Ha By
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Pucynok 3.2. — Cxema pacnosioxeHusi HIKUBOB Ha BaJly (MPOJA0HKEHHE)
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Pucynok 3.2. — Cxema pacnosioKeHus! IIKUBOB Ha BTy (IIPOJIOKEHHE)
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Pucynok 3.2. — Cxema pacrnosioxeHus: HIKUBOB Ha BaJy (IIPOIOKEHHE)
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IIpuMep BbINOTHEHHUS
TpaHCMHUCCUOHHBIN BaJl IOCTOSHHOTO KPYTJIOTO ITONEPEYHOTO CEUEHUS ITOCAXKEH Ha
HNOJAIIMITHAKOBBIX ornopax. K mkuBy 1 moaBOauTCsA MOIHOCTB, KOTOpas IepenaéTcs yepes
mKuBEI 2, 3, 4 — N; (kBT).
-1
YacroTa BpauieHus Baja N 00°MuH .

[lonoxeHue IMKUBOB C HOI[BOI[PIMOﬁ 151 OTBOI[PIMOﬁ MOITHOCTBIO YKA3dHO Ha CXCMC

pucynka 3.3.
M,
[t
L 04 | 06 | 10
Pucynok 3.3. — PacueTtnas cxema Bana
Tpedyercs:

— OTPEICNUTh TUaMETpP Bajla U3 YCIOBHUS MMPOYHOCTH U KECTKOCTH;

— MOCTPOUTH 3Mmopbl M, T, A@.

Hcxonubie nanHple misg pacu€ra MO BapUaHTy __ B3SATHI W3 Tadnuisl 3.1 u
pucysnka 3.2.

Marepuan Basia — ctaib;

Moxayns casura G = 0,8- 10° MI1a;

JIoIycKaeMoe HanpsbkeHue Ha casur [1] =40 Mlla;

JoIycKaeMbIid yroi 3akpyunBanus [0] = 0,4 rpan/m;

notpebisemast MoitHOCTh N, = 40 kBT; N3 = 40 kBt; Ny = 20 xBT;

gactoTa BparnieHus N = 300 o6/muH;

paccrostaus Mmexay mkuBamu I = 0,4 m; 1, = 0,6 m; 13 =1,0 m.

1. CocraBnsieM © BBIYEpYMBAEM pACUETHYIO cXxeMmy Baia (pucyHok 3.3).

Omnpenensem xapakrepubie yuactku I, I, III u ux rpanunst 4, B, C, D (pucyHok 3.4).
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2.54
o (LTI

21.0
0.45 Jmopa @,
] [ —3
0 0 paz -10

Pucynok 3.4. — Pacuetnas cxema Basia. Ontopsl M, , 1, ¢

2. OmpegenseM BEIUYUHY MOIIHOCTH, TOABOJMMON K BeAylleMy IIKHBY |
TPAHCMHMCCUOHHOTO BaJa.

MomHOCTh Ha BEYILIEM IIKUBE paBHA CYMME MOTPEOII€MbIX MOITHOCTEH

N,=> N, N; = N, + N3 + Ny =100 kBr.

3. Briuucisiem ckpyurBaroniyie MOMEHTHI Ha IIKUBAX:

M, = 9,55& = 9,55@ =318 kH'm,
n 300

M, =955\ 127 H w,
n
N3

M, =9,85- = =127 kHow,
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M, = 9,55& =0,64 xH'™m.
n

4. ]Ins onpeneneHust KpyTAIUX MOMEHTOB HCIIOIb3yEM METO]T CEUEHUM.

Boruucisiem KpyTsiire MOMEHTHI Ha BaJly IO Y4acTKaM:

I yaactoxk: M,, =M, =0,64 xkH-Mm;

II yqactok: M,, =M, —M, =0,64-318 =-2,54 xkH"m;

I ygactok: M, =M, -M, +M, =0,64-318+1,27 =-1,27 xH"m;

CtpouM »3Imopy KpyTsSmmx MOMeHTOB (pucyHok 3.4). Ilo smrope KpyTsmux
MOMEHTOB BUHO, YTO HanboJiee HArpy>KECHHBIM SIBJISIETCS] BTOPOHM Y4acTOK Baja.

5. OmnpegensieM OlacHOe CEYECHHE.

N3 smropel M, BHIOHO, YTO OMACHBIM CEYEHUEM OYIET CEUeHHUe, IIe MOCAKEH
BeJylIUil IIKMB 1, Tak Kak B 3TOM cedyeHuu M, HMeeT MakCHUMallbHOE 3HA4YCHUE
vax M, = 2,54 kH-m.

OnpenensieM HAUMEHBITYIO BEJTUUMHY IMaMETPpa Bajia 10 YCIOBUIO IPOYHOCTH.

maxM, ..

YcaoBue NpOYHOCTH 7, = W

P
TpeOyemblii MOASIPHBIA MOMEHT COTMPOTUBIICHUS TIOTIEPEYHOTO CEUCHUSI U3 YCIIOBUS
max M,

7]

[lonspHBII MOMEHT KaK TEOMETPUYECKAS XAPAKTEPUCTUKA BBIYUCISETCA 10

npouHoctu W, =

3

7d
0 eW, 6 =—.

3

_ maxM,

[7]

16-|M . 108
Otkyna d >3 ‘ kz‘ :3\/16 2,54 1? =0,068 M, d =68 mmM.
7[[2'] 7-40-10

OnpenensieM HAMMEHBITYIO BEJIMYMHY TUAMETPA MO YCIOBHIO KECTKOCTH.

[IpupaBHSAB MpaBble YACTH, TOTYYUM

YcnoBue )KECTKOCTH 10 YITTy 3aKPYYMBAHUSA B Ipagycax:

] o 4
180 maXng[go], Jp=180 maka’ Jpzﬂ‘;'
T GJ, r G-[6°] 32

max @° =
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ad*  180° max M,

Ilpu dBHHBaAs IpaBbIC 4aCTHU, I10JIy4acM = .
pup P N e T G o]

OTKy1a HaXO UM HEOOXOIUMBIM IUAMETP IO YCIOBHIO KECTKOCTH:

d>a 32‘Mk2‘ .180024\/32-2,54.103.1800
= 7[6[90] T 7['8'1010°7Z'-0’4°

=0,082 m, d =82 mwm.

W3 HaliIeHHBIX JHAMETPOB IO YCJIOBHSAM HIPOYHOCTH M KECTKOCTU BBHIOMpPAEM

Oounbiice 3HaueHHe 0 = 82 MM, KOTOpOE OKPYIJIsieM JI0 OOJBIICTO M3 psida HOPMAJIbHBIX

pa3mepoB (cm. npunoscenue B) d = 85 mm.

3 3
Hast d = 85 MM MomeHT compotuBienust W, = 7ZZLd6 =z 0,085 =1,21-10" M°, a
4 4
MOMEHT MHEPIUH J, = 7z3d2 _Z 0,085 =51-10"° m*.

6. Onpenensiem KacaTeabHbIC HAPSHKEHUS IO yYACTKaM U CTPOUM UX JIIOPY.
KacarenbpHble HanpsKeHUs B JIF0OOM CEUEHUU BaJla BBIPAXKalOTCS 3aBUCHMOCTBIO

Mki
T, =
W

P

Brrancisem kacaTteabHbIC HanpspKCHU 110 YyYaCcTKaM BaJia.

3
T, = M,, _ 064 104 =5,3 MIla;

W, 121-10
p— . 3

T, = My, = 2,54 1? =-21,0 MIlIa;

W,  121.10

3

=My 1271076 5 M,

W, 121-10°
Dmopa KacaTeIbHBIX HANPSDKEHHM MOKa3aHa Ha PUCYHKeE 3.4,

7. OnpezenseM yriibl 3aKpy4MBaHUs MO YYaCTKaM U CTPOUM BITIOPY ;.

@, =0;
M, | 0,64-10°-0,4
—@ +—KL 04 '~ =0,45-10"° pax;
(DB ¢A GJP 8’108 '5’1'1076 p I[
M., .I 254-10°-0,6
— @ 422 _-045.10"° -2 '~ =-31.10"° pag;
ve TP TG, 8-10°-51.10° P
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M, I 127-10°-10
— 4w __37.10° — ’
Yo =% "6y, 8.10° .51.10°

=-6,3-10"° pagz;

BriBoa
e [lockonbKy OKOHYATEJIBbHO IUAMETP BaJla MPUHSAT IO YCIOBHUIO JKECTKOCTH
Oosipllie, YyeM TpeOOBaJICS MO YCIOBHIO MPOYHOCTH, JMIOpa KacaTeIbHBIX
HANPSKEHUHN MTOKA3bIBAET JOBOJBHO 3HAYUTEIIbHYIO HEAOTPYKEHHOCTh BaJa.
e MakcuManbHbIE KacaTelbHbIe HaNpsKeHWs: cocTaBisitoT okono 50 % ot

nomyckaemoro HanpsbkeHus: max z = 21,0 Mlla < [t] = 40 MlI]a.
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OO0mue MOJIOKEHUsI M YKAa3aHHSA M0 BBINOJTHEHHUIO JJA00paTOPHO padoThI

Ilepen BbIOJIHEHHEM J1A0OPATOPHOUM PabOTh HEOOXOAMMO 3aMKCATh MOJHOCTBIO €€
Ha3BaHUE, ycloBue (1e/b), BCE MCXOJHBIC JIaHHbIE M BBIYEPTUTH 3aJaHHYI0 cxemy. Ha
3aIaHHOM CXEM€ JOJDKHBI OBITh YKa3aHbl YCIOBHBIMH OOO3HAYEHUSMH BCE BHEIIHUE
Harpy3Kku, COOTBETCTBYIOIIME BapHaHTy 3aJaHus. PerieHue TOKHO COMPOBOXKIATHCS
KpPaTKUMH TOCJIeI0BAaTEIbHBIMU, O€3 COKPAILIEHUSI CI0B, OOBICHEHUSIMU U YepTEKaMu, Ha
KOTOPBIX BCE BXOJAIIME B PACUET BEIMUUHBI JOJKHBI ObITh MOKa3aHbI TOJBKO B YCIOBHBIX
obo3nauenusax. Ilpm wucnonp3oBaHuM (HOpMynT ©  JaHHBIX, OTCYTCTBYIOIIMX B
PEKOMEHIyeMOM JUTEPATYpe, HEOOXOAMMO KpPAaTKO M TOYHO YKa3aTh HMCIOJIb30BaHHBIN
uctouyHuk. IloacraHoBka 1udp AOHKHA BBITOIHATHCS MOJHOCTBIO, 0€3 COKpAIEHUM.
Bbrancnenust JOMKHBI BECTUCHh C TOYHOCTBIO 70 TPEX3HAYHBIX IUGPpP C 00SI3aTEIBbHBIM
yKa3aHUEM pPa3MEPHOCTH MOJYYEHHOro pesyibTaTa. llopsaok W mocienoBaTeNnbHOCTD
BEITIOJTHGHUS J1a0OpaTOpHOW pabOTHl MPUBEACHBI B TPHUMEpPAx BBIMOTHEHUS KaXIou
paboTHI.

KonuyecTBo paboT, 00beM Kak/10M U CPOKU BBIMOJIHEHUS ONpENeNsitoTes Kadenpoit
B COOTBETCTBHUU C MPOTPAMMOM MO0 YIEOHON JUCIUIUIMHE U YYeOHBIM Ipadurom.

CTyaeHT JOJKEH B3STh IJISl KaXJIOW padOThl M3 TAOJMIBI U PUCYHKA JaHHBIC B
COOTBETCTBUM ¢ HoMmepoMm cBoero mudpa. [locnennsss uudpa mmdpa COOTBETCTBYET
cXeme, MPENOCIIeIHSA — JaHHBIM K 3aja4e.

Pa6oThb1, BEIIOTHEHHBIE C HAPYIIEHUEM 3TUX YKa3aHUH, paccMaTpuBaThCs He OyayT.

B ueprexkax MOMKHBI OBITH MPOCTABIEHBI YMCIIOBBIE JAHHBIE COOTBETCTBYIOIIETO
BapuaHTta (He OykBeHHble 3HaueHus!). PacueTsl MPOWM3BOAUTH TOJBKO C YHCIOBBIMH
3HaYCHUAMHU. YepTexk IToJDKeH OBITh aKKypaTHBIM W HaryIHBIM. Pemenue 3amaum
HEOOXOJMMO CONPOBOXAATh KPATKUMH TIOSCHCHHSAMHU (Kakue (OpMYyibl UM TEOPEMBI
IPUMEHSIOTCS, OTKyJa TOJYyYaroTCs T€ WIM HWHBIC PE3yNbTaThl W T.I.) U TMOAPOOHO
u3JlaraTh BECh XOJI pacyeToB. YUepTeKH W CXEMbl B TEKCTOBOW YACTH BBIMOIHSIOTCA B
KapaHJalie B COOTBETCTBMHM C TpeOoBaHWsIMU EauHON CHCTEMBI KOHCTPYKTOPCKOM
nokymentaruu (ECKJl). Bce rpadukm u dSmiopbl JOMKHBI COJAEPKATh YHCIIOBBIC
BEJTUYMHBI B XapaKTEPHBIX TOUKAX U PA3MEPHOCTb.

HeoOxogumo  yka3piBaTh pa3MEpHOCTh BCEX BEIWYMH U TOJAYEPKUBATH
OKOHYATEJIbHBIE Pe3yNbTaThl. Pelienust mporu3BOAUTh B MEXKIYHAPOIHON CUCTEME €TMHUIL

(CH). OcHOBHBIE €IMHULIBI IPUBEICHBI B TPUIIOKEHUU.
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HaunmenoBanue,

Hpuiaoxenue A. ExuHuubI usmMepeHuni

o0O3HaUYCHHE WU npaBujia IMPHUMCHCHUSI OCHOBHBLIX CIHWHMUII

u3MepeHus pusndeckux BeanunH ycranonieHnsl [[OCT 8.417-2002 [6].

M, KT, C

CM, MM

xH, MH

H/m?

MH/m?

Br, kBT

M, kI, C

k[ /em?

Kl''M

J.C.

Mexaynapoanas cucrema equnul (CH)

METp, KHUJIOTPaMM, CEKyH/a; €IWHUIIBl JUIMHBI, MAacChl, BpPEMEHHU
(OCHOBHBIE €AMHUIIBI)

JIOJIbHBIE €IMHUIIBI JUTUHBI (CAHTUMETP, MUJUTUMET)P)

HbIOTOH, equanna cwibl (1 H~ 1/9,81 xI' = 0,102 kI")
JIOJIbHBIC €IMHUIIBI CHJIbl: KHJIOHBIOTOH, METaHBIOTOH

(1 xH=10°H; | MH = 10° H)

eJIMHUIIA HanpsDKeHUs U naByienus (1 H/m? ~ 1,02-10° k[ /em?)
JI0JIbHAS €TMHUIIA HATIPSHKEHUS U 1aBJICHUS

(1 MH/M® = 10° H/m® = 10,2 xI'/em®)

JOKOYJb, equnuia padotsl (1 [k = 1/9,81 kI'-m =0,102 xI"-m)
BAaTT; KWJIOBATT — €IMHULIBI MOIIIHOCTH

(1 kBt =102 xI"-m/c =1,36 1.c.)

Texnuueckas cucrema equnun (MKI'CC)
MeTp, Kuiorpamm-cuia, cekynaa (1 xI' = 9,81 H)
tonna-cua (1 T=10°xI' = 9,81-10° H = 9,81 xH)
eAMHUIIA HATIPSDKCHUS U JTABJICHUS
(1 xI/em® = 9,81-10° H/m® = 0,0981 MH/M)
equauIa padotsl (1 kI''M = 9,81 JIx)
BHECUCTEMHAsI €IUHUIIA JIOMAANHAS CHJIa

(1 m.c. =75 xI""m/c = 0,736 xBT)
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Ipuioxkenue B. Psaabl HOpMaJIbHBIX JTMHEHHBIX pa3MepoB

Psibl HOpMaJIBHBIX JMHEHHBIX pa3MepPOB (IMaMETPOB, UIMH, BBICOT, IIYOMH) IO

I'OCT 8032-84.

Ra5 | 1.0 1.6 2.5 4.0 6.3
Ral10]11.0 1.2 1.6 2.5 3.2 4.0 5.0 6.3 8.0
Ra20)110 1.1 12 14|16 1.8 25 28 32 40 45 50 56163 7.1 80 90

(S ]
o cllo | o

[

b2

Ra 40 1.0 1.05 1.1 1.15]16 1.7 1 19125 26 28 3 40 42 45 48163 67 7.1 75
2 13 14 15120 21 2 24132 34 36 38]50 53 56 60|80 85 9.0 95

Ras | 10 16 25 40 63

Ra10] 10 12 16 20 25 32 40 50 63 80

(3]
LS
(=)}

Ra20)10 11 12 14 |16 18 20 22125 28 3 40 45 50 5663 71 80 90
10 10,5 11 115116 17 18 19125 26 28 30140 42 45 48|63 67 71 75

Ra 40

12 13 14 15120 21 22 24|32 34 36 38]50 53 56 o608 85 90 95
Ra5 | 100 160 250 400 630
Ra 101100 125 160 200 250 320 400 500 630 800

Ra 201100 110 125 140]160 180 200 220|250 280 320 360|400 450 500 560]630 710 800 900
100 105 110 11,5|160 170 180 190|250 260 280 300|400 420 450 480630 670 710 750
125 130 140 150|200 210 220 240|320 340 360 380|500 530 56 600|800 850 900 950

Ra 40

54



