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OBIIME YKA3AHUS K BBIITOJIHEHHUIO
KOHTPOJIBHBIX PABOT

HacTosee mocoOue coctaBieno i ctyaeHToB Tynl'yY nuctaHimoHHON (Gopmbl
o0Oy4deHus1, COBMEIIAIUX yueOy ¢ paboToi M U3ydarolmux Takue Kypcbl, kak «Co-
NPOTUBJICHUE MaTepHalioBy», «MexaHuka nepopmMupyemMoro TBepaoro Tenay», «Tex-
HUYECKas MEXaHUKa» U UM MOJOOHBIE, LI€JbI0 KOTOPBIX SIBISETCS OBJAJCHUE METO-
JaMH U NpUEMaMM pacu€ra dJIEMEHTOB KOHCTPYKIIMH HA IPOYHOCTH, KECTKOCTh U
YCTOUYUBOCTb.

3aHATUA 110 3TUM KypcaM 0053aTelbHO JOJIKHBI COMPOBOXKAATHCS PEIICHUEM
3aJ1a4, TaK KAaK TOJIBKO IPU CAMOCTOSATEIBHOM BBIIIOJIHEHUU PACUYETOB MOXKHO
BBIpa0OTaTh HEOOXOAMMBbIC HABBIKM aHAlIN3a PACUYETHBIX CXEM JJIEMEHTOB Ma-
IIMH, 3JaHUN U COOpYyXEeHUH. YUeOHBIMU NJaHAMU MPEAYCMOTPEHO BBIIOJIHE-
HUE OT OJHOW JO IIECTH KOHTPOJBHBIX PalbOT, BHIIMOJIHEHHE KOTOPHIX TpeOyeT
OCBOEHHS OCHOBHBIX Pa3Je€JI0B U3y4aeMOro Kypca.

B 3amavax, mpemnaraeMsbIX CTyIEHTaM AJs CaMOCTOSITEIbHOIO PEUICHUS U
BXOJAIIMX B JAHHOE MOCOOUE, pacCMaTPUBAIOTCS TUIIOBbIE PACUETHI IEMEHTOB
WHXECHEPHBIX COOPYKEHUM, MAIIUH U MEXaHU3MOB.

OcHOBHBIC ITOJIOKCHHS BBITTOJTHCHUS KOHTPOJIbHBIX pa60T:

1. Kaxaplii CTyJE€HT BBIMOJHAET KOHTPOJIbHBIE pPabOThI, MPEAYCMOTPEHHbBIE
yueOHbIM rpadurom. Madopmanus o koaudecTBe paboT, mepedHe 3aaad, BXOIs-
IUX B Ty WJIM MHYIO KOHTPOJbHYIO paboTy, nmomemaercs Ha caiite UHTepHeT-
Nucturyra Tynl'Vy.

2. KontpoisibHbie pabOThl MOTYT OBITh BBINIOJHEHBI B TEKCTOBOM WJIU TI'padu-
YEeCKOM KOMIBIOTEPHOM pEeIaKTope, Ju00 B PYKONMCHOM BHUJE B TETpaaH, UIU
Ha nuctax Oymaru Qopmara A4 ¢ mocieayroiiei onudppoBkoi n3odpaxenus. B
OKOHYATEJIbHOM BHJE KaXK/1asi KOHTPOJbHAas paboTa qokHA OBITH MpeICcTaBlIeHA
B BUJI€ OJTHOTO KOMIbIOTepHOTO ¢aitna. Ha TUTyapHOM JNHCTE NOJKHO OBITH Ha-
NMCaHO Ha3BaHHME y4eOHOTrO 3aBeJCHHUS, Ha3BaHHUE MPEIMETa, HOMEP KOHTPOJb-
HOW pabOThHI, HOMEpa pelIaeMbIX 3aj1ad, GamMuiius, UM U OTYECTBO CTYJCHTA,
HOMEp y4eOHOW Tpymnibl, HOMEp 3a4u€THOW KHUXKHU, WHIAMBUAYAJIbHBIN MU
CTyleHTa, GaMUIIUs U MHUIMAIBI TIPEnogaBaTelis NpoBepsomero padory (Tbio-
Topa). Bce mucThl J0KHBI OBITH MPOHYMEPOBAHBI, @ HA BTOPOM JIUCTE B COJIEP-
YKaHUU JOJDKHBI ObITh yKa3aHbl HOMEpa CTpPaHUIl KoM 3anauu. B Hauvane pe-
HMICHUS] KaXJ0HM 3aJa4u MPUBOJUTCS 3aMUCh COOTBETCTBUS HHIWBHUIYAJIbHOTO
mudpa cryaeHTa OykBam pycckoro andaBuTa.

3. Ucxonuble JaHHBIC AJISI BHIMOJTHEHHUS KOHTPOJBHBIX pabOT MOJKHBI OBITH
BBIOpaHBl M3 TaOJIUIl JAHHOTO y4eOHOro MOCOOMS B COOTBETCTBHH C MHIUBHUIY-
aJbHBIM IH(GPOM CTYACHTA.

OH coctouT U3 mectd uudp HomMepa 3a4€THOW KHMKKU CTYIEHTAa, K KOTOPBIM
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JOTIOTHUTEIBLHO Yepe3 Aehrc TOMUCHIBAIOTCS JBE MOCISAHUE IU(PHI TOTO Ke HO-
Mepa 3a4€THOM KHUkKU. Hampumep, eciiu y cTyneHTa 3a4€THasi KHUKKA UMEET HO-

mep 361291, To ero uHANBUAYATbHBIN MHU(P TPH BHITTOJIHEHUN KOHTPOIBHBIX padoT
oyner 361291-91.

[Tox BeIMUCAaHHBIMU ITU(PAMU CTABATCS MEPBbIe OYKBBI pyccKoro aiadaBura:
361291-91
a6ezoe-ic3

Bce BepTHukanbHble CTOMOIBI TAOIUI] HCXOAHBIX JAHHBIX K 3ajauaM 0003Ha-
YeHbl onpeaenéHHol OykBoil. 13 kaxmoro takoro crosndua Tabnuibl BeIOUpaeTcs
YHCIIO0, CTOAIIEE B CTPOKE, HOMEP KOTOpPOil COOTBETCTBYET HOMEPY COOTBETCT-
Bytolel OykBbl. Hampumep, 1uist puBEAEHHOTO BBILIE IPUMEPA UHIUBUTYAIbHO-
ro mudpa cryaenta s pemeHus 3aaadu Nel u3 tabnuubl 1 ganHoro mocobus
BBINKMCBIBAEM CJIEIYIOIINE UCXOIHbIE TAHHBIE:

Homep cxemovl — 1, P;=35 kH, P,=85 kH, P;=110 xH, a=0,3m, b=0,4 m,

c=0,5m,A,=6 en’, A,=10 em’.

4. Ilepen peuieHneM Ka)KAOW 3a7jaud HYXKHO BBINKCATh MOJHOCTBHIO €€ YCIOBHE,
YHCIIOBBIC TAHHBIE U HOMEP PAaCUETHON CXEMbI, COCTAaBUTh B MacIITabe aKKypaTHBIHA
4epTEX M yKa3aTh HAa HEM BCE BEIMYMHBI, HEOOXOAUMBIE IJIs pacuéra, U B OyKBEH-
HOM U B IU(POBOM 0003HAUCHUH.

5. Pemenune 3agay JOJDKHO CONPOBOXKIATHCS KPAaTKUMU OOBSACHEHUSMH U
yepTekaMu, Ha KOTOPBIX BCE BXOJSIIME B PACUET BEJIMUYUHBI CIEAYET YKa3bIlBaTh
B YHCJAaX, COOTBETCTBYIOIIMX BAapHAHTY, IIOJYYEHHOMY C MCIIOJb30BAHUEM HH-
nuBuayaidpHOro mudpa cryaenta. Kaxnywo Gopmyny B pacuére ciaeayer cHaua-
Ja 3anucath B OyKBEHHOM BHJIE, 3aTE€M MOJACTaBUTh BMECTO KaKJ10W OYKBBI CO-
OTBETCTBYIOIIEE YMCIOBOE 3HAYECHUE U, HE MPUBOJS IPOMEKYTOUYHBIX BBIUMCIIE-
HHUMH, 3alIUCaTh OTBET C YKAa3aHUEM Pa3MEPHOCTH ONpeaensieMol BeandnHbl. 1H-
KEHEPHBIC Pacu€Thl BEYTCS B IECATHUHBIX APOOIX.

6. HGHpaBHHLHO BBIIIOJIHCHHASA KOHTPOJIbHAA pa60Ta BO3BpAIIACTCA CTYACHTY
AJIA UCITPAaBJICHUA.

Bce ucnpasienust B paboTy ciielyeT BHOCUTb B CTPYKTYPY JOKYMEHTa BMECTO
omMOOYHBIX 3amucei. Takum o0pa3oM, OKOHUYATEIBHBIN TOKYMEHT JOJDKCH IMpe-
CTaBJSITh COOOM €IMHYIO MOJHOCTHhIO O(DOPMIICHHYIO KOHTPOJIBHYIO paboTy ¢ Bep-
HBIM pernieHueM. OH MTOBTOPHO OTCHUIACTCS HAa MPOoBEepKy. OTAEIbHO OT pabOThI UC-
MIPaBJICHHS HE PACCMATPUBAIOTCSL.

7. Ilpu cnave sk3aMeHa WM 3a4€Ta BCE MOJIOKEHHBIE KOHTPOJbHBIE PAOOTHI
JOJKHBI OBITH BBIIIOJIHEHBI U 3aUTEHBI.



PexoMenayemas aureparypa

OcHoBHAasA
(1J11 CTYI€HTOB MAIIIMHOCTPOUTEJbHBIX CIeNHAJIbHOCTEN)

1. Kocrenko H.A. ConporuBnenne marepuanos/ H.A. Koctenko u ap. // YueOHuk
JUIs1 CTYJIEHTOB BTY30B. M311-Bo «Briciias mkona», 2009. — 488 c.

2. Maxkapos E.I'. ConpoTuBiieHre MaTEpUaIOB C UCIOIb30BAaHUEM BBIUUCIUTEIIb-
HbeIX komiuiekcoB/ E.I'. Maxkapos // B 2 ku. Ku.1. OcHoBHO# Kypc. YueOHOe 1moco-
oue. U3n-Bo «Brictias mxkoimay, 2009. — 406 c.

3. Caprcsin A.E. ConpoTuBiieHrEe MaTEpHAIOB, TEOPUHU YIPYTOCTH U TJIACTUYHO-
cti. OcHOBBI TeopuH ¢ mpumepamu pacuetoB/ A.E. Capracs. — M.: Breicas mikona,
2002. - 287 c.

4. ®eonocweB B.U. Comnporusnenue marepuanos/ B.M. @eonocwes. - M.: Uzna-
tenbcTBO MI'TY um. H.D. baymana, 2005. — 592 c.

OcHoBHAA
(1J151 CTYIEHTOB CTPOUTEJIbHBIX CIIEUAJIBHOCTEH)

1. Anekcannpos A.B. ConportuBienue marepuaiioB. - M.: Beicur. mk., - 2009. -
560 c.

2. Caprcsn A.E. ConpoTHBIEHHE MAaTEpUATIOB, TEOPUHU YIIPYTOCTU U IIACTUYHO-
ctu. OCHOBBI TEOPUH C MPUMEPAMH pacyeToB. - M.: Beici. k., - 2002. — 287 c.

3. Bapaansu I'.C., Aunpees B.U., AtapoB H.M., I'opmikoB A.A. ConpoTtuBiieHne
MaTepUaIoB ¢ OCHOBAMHU TEOPUU YIPYTOCTH U MacTUUHOCTH. - M.: Undpa-M, 2010.
—478 c.

JlomoTHUTEIbHANA

1. Koo B.A. Conportusienne MarepuainoB. PykoBoACTBO i pelieHus 3a1au
U BBITIOJIHEHUS JJaOOpaTOPHBIX U pacueTHo-rpaduyeckux padbot// B.A. Konnos, C.H.
Kpusomanko, U3a-Bo «Beicmas mkona». U3a. 3-e, crepeorunnoe, 2009. — 351 c.

2. Kocrenko H.A. Conpotusnenue marepuanon/ H.A. Koctenko u ap.//YueOHuK
JUISl CTYZEHTOB BTy30B. M31-Bo «Bricmiasg mkomna», 2009. — 488 c.

3. Conpotunenue Marepuanon/ [log pen. akang. AH YCCP I'.C. ITucapenko.-
Kwues.: Buma mxona, 1986. — 775 c.

4. Iucapenxo I'.C. CnpaBounuk mno conpotuBieHuto Marepuainos/ I'.C. Iluca-
penko, A.Il. fikosnes, B.B. MaTtBeeB — Kues.: Buma mikosna, 1988. — 736 c.

5. Muponwb6oB U.H. u np. Ilocobue k penieHuto 3ajgad mo COMNPOTUBICHUIO
MarepuaynoB. — M.: Bercui. mxkosa, 1985. — 399 c.

6. Pynuupsin M.H. u np. CnpaBouHoe nmocodue 1no conpoTUBICHUIO MaTepua-
70B. - MuHck: Beicm. mkona, 1970. — 410 c.

7. ConportuBnenue matepuanoB. Yactb 1. OcHOBHbIE BHUIBI AedopMaIuid.
Yue6. mocooue/ NU.10. Boponnna, I1.B. Jlees, K.E. 3anecckuii, H.A. Kanynona,
A.K. ITerpenko, A.C. Cammans. Iloa. peagakn. H.H. ®otuesoit. Tyna, MU3a-Bo
Tyal'y, 2011. — 428 c.



SAJAYN, BXOJALIUE B KOHTPOJIBHBIE PABOThI

3ATAYA Ne 1
Crynenuatslii Opyc HarpyxeH cuiamu P, P, u P;, HallpaBJIC€HHBIMHU BJOJIb
ero ocH. 3aJaHbl JJIMHBl Y4acTKOB @, b, ¢ ¥ NJIOLAAU UX MOMEPEYHBIX CEUYECHUHN

A n A,. Monynp ynpyroctu mMarepuaina E=2-10 MIla, nipenen TeKy4ecTH
oy =240MIla u 3amac OpPOYHOCTU IO OTHOUIEHUIO K IPEIENy TEKy4eCTH
nr = 1,5 .

Tpebyercs:

1) mocTpoUTh MIOPHI MPOAOJBHBIX CUJI N, HANPSIKEHUU G U MPOJOJIbHBIX
nepemMenieHui 4;

2) NpOBEPHUTH, BBIMOJHAETCA JIU YCIOBUE TPOYHOCTH.

PacuyérHple cxXeMmbl BBIOMPAIOTCS IO pHUC.l, YHCIOBBIE JaHHBIC OEepyTCs W3
Tabun. 1.

/ Ay, 4, Ay,
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Puc. 1. PacuéTHble cxeMbl K 3agaue Ne 1



Taoauna 1

YucaoBble 1aHHbIE K 3aga4e Ne 1

Howmep | Homep Cuina, kH JlnvHa ydacTtka, M [Lnomanse nore-
CTPOKHU | CXEMBI pEYHOro cevyeHusl,
o cM’
puc. 1 Pl P2 P3 a b c Al Az
1 1 40 90 100 0,3 0,5 0,6 5 10
2 2 45 80 120 0,3 0,5 0,5 4 12
3 3 50 85 110 0,4 0,6 0,4 6 14
4 4 35 70 115 0,4 0,6 0,6 4 10
5 5 40 75 100 0,5 0,4 0,3 5 15
6 6 50 80 95 0,5 0,4 0,4 6 18
7 7 60 70 120 0,3 0,2 0,5 4 12
8 8 45 60 115 0,4 0,3 0,6 7 10
9 9 35 65 110 0,2 0,4 0,4 8 14
0 10 30 90 95 0,5 0,5 0,3 6 16
3 xK a | e xK r 0 B

METOJUYECKHUE YKA3AHHUA K PEIITHHIO 3A/JAYH Nel

OcHosHble meopemuyecKue céedeHus u pacuémusle opmyvt

PaccmoTpum Takolt BUJ HArpy>kKeHHs, Kak pacTsokeHue (ckaTue), Ipu KoTo-
pPOM B MOMEPEYHBIX CEYEHUSIX Opyca BO3HHKAIOT TOJBKO MPOJIOJIbHBIC CHUIIBI, Ha-
MpaBJICHHbIE BJOJb €r0 OCHU, BCE OCTaJbHbIC BHYTPEHHUE YCUIIUS PABHBI HYIIO.

IIpononpHas, uiu HOpMabHas cuia, N CUMUTAETCS MOJOKUTEIbHOU MPHU pac-
TSOKEHUW M OTpUIlaTeNbHOM npu cxxkatuu. E€ BennunHa MOKeT ObITh HalijileHa ¢
NOMOIIbI0 METO/Ia CEYECHHUI: OHA YUCICHHO paBHA airedpanyeckoil cymme Mmpo-
eKIU Ha och Opyca BCeX BHEIIHUX CHUJI, MPUIOKEHHBIX K Opycy MO OJHY CTO-
POHY OT paccMaTpUBaEMOTO CEYCHHUS.

JlelicTBy1O11asi B MOTIEPEYHOM CEUYEHUHU MPOJ0JbHas cuiia N paBHOMEPHO pac-
peaenseTcs M0 BCEeMY CEYEHHIO M, KaK CIEICTBHUE ITOT0, HOPMaJIbHbIC HAMPS-
KEHUS O TaKXKe paBHOMEPHO PacHpeessiioTCs M0 BCEMY CEYEHHUIO.

Wx BenmuyuHa ompenenseTcs no Gopmyie

) =g ) (11)
rae N - mpoaosibHAas cuja B MONEPEYHOM CEYCHUU;

A - ero miomasib.

(B HekoTOphIX yuyeOHHMKaxX M YUYEOHBIX MOCOOMAX TUJIOMIaAb 0003HAYaECTCs
JTATUHCKOU OyKBO# F).



B cucreme CU cuna BeipaxkaeTcss B HbloToHax (H), mimomans monepedHoro
CeueHHs - B KBaAPATHBIX MeTpax (M’), HOPMAJIbHOE HAMPSDKCHHE - B MACKAIIX
(ITa).

B cucremax, otauunbix oT CH, cuina MoXeT OBITh BhIpaXK€Ha B KMJIOTpaMMax,
a HaNpsDKEHHUE B KUJorpaMmax, JAEJNEHHBIX Ha CAHTUMETpP B KBajapare. Berpeua-
IOTCSI U APYTHE €IUHUIIBI U3MEPCHUS.

AOGcomoTHOE yIIMHEeHUE Opyca MpHU PacTsIKEHUHU ONpeeseTcs mo Gopmyie

Al=1. -1, (1.2)
rae [ - HavanpHas JiuHa Opyca;
[, - niuHa Opyca nocie aedopmanum.
OTHOCUTENBbHOE YIIWHEHUuE Opyca (OTHOCUTENbHAs TPOJOJbHAA aedop-
Marus)

Al
== (1.3)

[Ipu pactsiskenun Al >0 u € > 0, mpu c)XKaTUU 3TU BEJIUUYUHBI OTPUIATEIbHBI.
AOCONIOTHOE MONIEPEYHOE CYKEHUE
Ab=b, —b, (1.4)
rae b - mepBOHAYaAJIbHBIN MOTIEPEYHBINA pa3zmep Opyca;
b, - BeJIMYMHA NONEPEYHOT0 pa3zMepa Opyca mocie HarpyKeHHus.

€

OTHOCHUTEIBRHOE TIOMEPEYHOE CyKeHHE (OTHOCHUTENIbHAS TornepedHnas aedop-
MarIus)

_a
0

AGComoTHAs BEIMYMHA OTHOIIEHHS € /€, 0003HaYaeMas L, Ha3bIBAETC KO-

¢unmentom Ilyaccona. OHa sBIs€TCA NOCTOSHHOMN /I KaXXA0TO MaTepuaia u Xa-
paKTepU3yeT ero ynpyrue cBoicTBa:

€

(1.5)

“:

(1.6)
oA

MG)KI[y HOPMAaJbHBIM HANPAKCHUEM W OTHOCHUTCIBbHBIM YIJIWMHCHUCM CYIIC-
CTBYCT IIpsAMasd IpOoMoOpOruOHAJIbHAA 3aBUCUMOCTL, HA3bIBACMasl 3dKOHOM FYKa

o=¢tk, (1.7)

rae E - xkoappuuneHT nponopuoHaIbHOCTH (MOAYIb YIPYTOCTH IIEPBOTO POJIa,
unu moayie FOHra).

Monynb ynpyroctu — 3To ¢pu3znveckas xapakTepUCTUKa MaTepuania, u3mepse-
Masi B T€X JK€ €JIUHUIIAX, YTO U HOPMAJIILHOE HAIMPSKEHUE.
Al
YuutsiBas, 4To © =Z u e =7, MO>KHO 3aMucaTh BHIPAKEHUE JJISl BBIYUCIIE-
HUsS aOCONIOTHOTO YJIMHEHHS Opyca B BUE
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NI
Al=—. (1.8)
E A
JInst cTyneH4aToro cTepkHs U (WJIKM) CTEP>KHS C HECKOJbKUMHU MPOA0JIbHBIMU
Harpy3kaM# yJUIMHEHUE MOJACUYUTHIBACTCS KaK ajreOpamdeckas cymMMa yIJIHHe-

HUM ydacTKOB Opyca, B penenax KoTopbix N, £, A TOCTOSIHHBI:

(1.9)

Ecnu xe BenuunHsl N 1 A U3MEHSIIOTCS MO JJinHE Opyca, ero abCOJII0THOE
yUIMHEHHUE BBIUHUCISETCS MO GOopMyIie

N(z)dz
I()

ey (1.10)

HNcnonb3ys COOTHOIIEHUE Opax < [O], HA3bIBaEMOE YCIOBUEM MPOYHOCTH,
MOJKHO PEIIUTh TPU OCHOBHBIX 33J]a4M COMPOTHUBJICHHUS MAaTEPHUAJIOB.

1. TlonoOpaTh cedyeHue pacTsHyToro (ckaroro) Opyca, IpH KOTOPOM €ro
IpPOYHOCTH OyneT obecneueHa. PacuéTHas ¢popMysa B 3TOM cilydae UMEET BUJ

N <[o], (1.11)
A
rae N - mpojojibHas cujia B ONTACHOM CEYCHHMHU Opyca (CedeHHH, B KOTOPOM JICH-
CTBYET MaKCHMaJIbHOE€ HOPMATbHOE HANIPSIKEHHUE);
A - TI0maab MONEePEYHOr0 CCUCHUS Opyca;
[6] - nomyckaeMoe HalpspKEHHE MaTepuala opyca.
Otcrona onpeaenseTcsa He0OXoAuMas MIOAAb €r0 CEUYCHUs

azN (1.12)

[c]
3Has GopMy CEYEHHS M €ro IIIOMIAAb, MOXKHO OMPENEIUTh JTUHEHHBIE pa3Me-
pbl CEYEHHUs WU O COPTAMEHTY MoA00paTh TpeOyeMblil CTaHIapTHBIA Mpo-
¢unb: yroiok, mBeyiep, AByTaBp U T. 1.

Jlomyckaemoe HampspkeHue [G] nubo 3amaercs 3apaHee, MO0 HaAXOMUTCS IO
bopmyie
o
[G]= OI1aCH

: (1.13)

TJ€ Ognacy = Oy - IPEEI TEKYUYECTH JJISI INTACTUYHBIX MAaTEPHUAJIOB;
Oonaci= O - BPEMEHHOE COIPOTUBIICHUE U XPYIIKUX MAaTCPUAIIOB;
n - 3amac nNpoO4YHOCTU MaTepuania .
2. OnpenenuTts AOMYCKAEMYIO HAarpy3Ky, €CJIM U3BECTHBI IPOUYHOCTHBIE CBOM-

CTBa MaTepuala u IJIOMaAb MONEPEYHOro ceYeHus opyca.
Pacuétnas popmyna, BEITeKarOmas U3 yCJIOBUS MPOYHOCTH
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N < 4[o], (1.14)

MO3BOJISIET BBIYMCIUTH HaWOOJIbIIIEE 3HAYEHUE MPOJOJbHOU cuibl N, aei-
CTBYIONLIEH B OMAacCHOM CEYEHHUH W, CIENOBATEIILHO, BEJIMYWHY BHEUIHUX HATPY-
30K, IPUJIOKEHHBIX K OpycCy.

3. [IpoBenenre MOBEPOYHOTO pacuéTa MPOIHOCTH Opyca.

[Ipu moBepoyHOM pacuére Harpy3Ku, pa3Mepbl U MaTepuani, U3 KOTOPOro u3-
TOTOBJIEH OpYyC, CUUTAIOTCSA M3BECTHBIMU. Boluncisercsa Hauboblliee HOpMalb-
HOE€ HANps)KEHUE B OMACHOM MOIMEPEYHOM CEUYEHHHU U CPaBHUBAETCA C JOIYyCKa-
E€MbIM:

N <161, (1.15)

o} =—<
max
A

Ecnu G < [O], TO mpoyHOCTH Opyca oOecrmedeHa.

ITPUMEP PEHIEHUSA 3ATAYH Ne 1

CryneHuaTslii Opyc HarpyxeH cuinamu P;, P,, P;, (puc. 2, a).
TpebyeTcs mOCTpOUTH AMIOPHI MPOAOJBHBIX CUI N, HOPMaJbHBIX HaIpsKe-
HUW O, IpPOAOJIbHBIX NEepeMEIleHu A U MpOBEPUTH, BBIIIOJHAETCS JU YCIOBUE

—6cm? _
HI|A 6cm Y |1 /142_14CM2 MPOYHOCTH.

11! > YucnoBble JaHHBIE K 337a4€ BbI-
a):ﬁ___/_@?ﬂﬂi{_ B=90 xH };:ioKH ouparorcs mo Tabin. 1.
10 C B A Hanpumep: B =40 xH,
A il Ly 7, P, =90 xH, P;=110 xH,
a=0,5m|b=0,5m| c=0,4m a=0,5m, b=0,5m, c=0,4m,
6) - |4|0 M40y, A =6en’, y=1den’.
% 50 50 JIn4 BCceX BapMaHTOB IPUHUAMA-
160 160 286 cred. S
) 28,6 T T®TTT] G. Mila E=2-10"Mlla;or =240MIla;
‘ L np=15.
833 |37
267 267 1. IToctpoenue >mropsr N.
2 LI {of [ [T A mm Ha Opyc HOeHCTBYIOT TPU CHIIBI,
0,667 0,875 0,818 CIIe0BATENLHO, IMPOAOJILHAS CHIIA

0 €ro JJuHe OyIeT HU3MEHSTHCS.
PazbuBaem Opyc Ha y4yacTKu, B Ipe-
Jenaax KOTOpbIX MpOJoJbHas cujia
Oyaetr moctosiHHOW. B nmanHom ciy-
yae rpaHullaMU Yy4acTKOB SIBJISIIOTCS
CEUEHHUs, B KOTOPBIX MPUI0KEHBI cuiibl. O003HauuM ceueHus 6ykBamu 4, B, C,
D, HaunHas co cBOOOJHOr0 KOHIIA, B JTAHHOM CJly4yae IIpaBoro.

Puc. 2. PacuéTrHas cxema Opyca v SIIOPbI:
a - pacuyéTHasi cxemMa; 0 - JMIPA MPOA0JIb-
HBIX CIJI; B - 3MI0OPA HANIPSIZKEHUI;

2 - 3MI0PAa NMPOAO0JbHBIX NepeMenieHn i
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Jlna ompeneneHus MPOJOJBLHON CHJIBI Ha Ka)XJO0M y4acTKE paccMaTpuBaeMm
MPOU3BOJILHOE TOINEPEYHOE CEUYCHHUE, CHJa B KOTOPOM OIpeAesieTcss Mo Mpa-
BUJIy, IpUBEAEHHOMY paHee. UTOObI HE ONpeAeisiTh MPEeABAPUTEILHO PEAKIIHUIO
B 3ajieJIKe D, HaunHaeM pacu€Thl cO CBOOOJHOTro KoHIla Opyca 4.

VYyactok AB, ceuenne /-I. CrnpaBa OT Ce€UeHHUs ACHCTBYET pacTATHBArOLIast
cuna B (puc. 2, a). B cooTBeTCTBUU C YIOMSHYTBIM paHee MPABUIIOM, MOJIyda-

cM
NAB =+Pl =40 xH.

VYuactoxk BC, ceuenue 2-2. CnpaBa OT HEro pacHoJOKEHbl JBE CHJIbI, Ha-
IpaBJCHHbIE B pa3Hble CTOPOHBI. C y4€TOM NpaBuiia 3HAKOB, MOJYYUM
Npc=+A -P, =40-90=-50 xH.
Yuactok CD, cedenue 3-3: aHAJIOTUYHO MMOJIy4aeM
Nep=+A-P—-P=
=40-90-110=-160 xH.

[To naitnenHsIM 3HaYeHUsIM N B BBIOpaHHOM MacmiTabe CTPOUM JMIOPY, YUHU-
ThIBasi, 4YTO B MpeAellax KaXJoro YydacTKa MOpOJO0JibHAs CUJIa IOCTOSHHA
(puc. 2, 0)

[TonoxurenpHble 3HAUY€HUSI N OTKJIaAbIBAEM BBEPX OT OCH JMIOPHI, OTpUIIA-
TEJIbHbIE — BHU3.

2. IlocTpoeHue 3MIOpBI HANPSKEHUN O.
ITo hopmyne (1.1) BeluncisieM Hanps)KEHUs B MOMEPEYHOM CEUECHUU JJIs Ka-
XKJIOTO ydacTka Opyca:

3
=NAB — 40 104 =2,86.10712=28,6M1'Ia;
AAB 14-10~ CM
3
o=28C =010 g3 3MITa;
Apc 6-10"
3
o=2Yep _ 160 lf = 267MTla
Acp 6-10~

[Ipu BBIUMCIEHUU HOPMAJbHBIX HAaNpPSKEHUN 3HA4YEHHS MNPOAOJBHBIX cuil N
OepyTcsl Mo 3nrope ¢ y4€TOM HMX 3HAKOB. 3HAK IUIKOC COOTBETCTBYET pacTsikKe-
HHIO0, MUHYC — CKaTHIO. DII0pa HANPS)KEHUM NTOKa3aHa Ha puc. 2, 6.

3. IlocTpoeHue 3m0pbl NPOAOJIBHBIX TEPEMEIICHHUH.
JI1st MOCTPOEHUS SMIOPHI NEPEMEIIEHUM BhIUMCIsiEM a0COJIIOTHBIE yIJIMHEHUS
OTAEIBHBIX YYACTKOB Opyca, ucmnoinb3ys 3axkoH ['yka (1.8):

Nyg-lyg _ 40-10°.04

= 4=o,571-10‘4m;
E-Agp  2.10°-10°-14-10"

Alyp =

13



. — . 3-
Algc = Npc -lpc = 550 12 05 1 =—2,08'10_4M;
E-Agc  2-10°-10°-6-10~
3
AZCD=NCD lep o =160-107-05 ¢ 67 104w,

E-Acp  2.10°-10%.6-107%

OnpenenseM mepeMeneHnsl CeUeHn, HAUYWHAsA C HETIOJBUIKHOTO 3aKpeTIéH-
Horo koHna. Cedenue D pacmojioKeHO B 3aJeJIKe, OHO HE MOXKET CMEIIAaThCs U
ero MmepeMeIIeHre PaBHO HYITIO:

AD = 0

Ceuenue C mepeMecTUTCS B pe3ysbTaTe U3MeHEeHUs AIuHbI yyactka CD. Ile-

pememenue ceuenus C onpeaensercs mo Gopmyie
Ac=Algp =—6,67-10"%m.

[Ipu orpunarensHOM (CKUMarome) cuiae Touka C CMECTUTCS BIIEBO.

[Tepemenienne cedeHust B ABIASETCS PEe3yJIbTaTOM W3MEHCHUS JUIMH Y4aCTKOB
DC u CB. CknaapiBasi uX yAJWHEHUS, TOJTy4aeM

Ag=Algp+Alge =—6,67-1074=2,08-107 =-8,75-10™* u .
Paccyxasi aHaJlOTUYHO, BEIYUCIIAEM NEpEMEIICHUE ceueHUs A:
AA =AZCD +AZBC +AZAB =
=—6,67-107%=2,08-107% +0,571-107% ==8,18-10™* wm.

B BriOpanHOM MacmiTabe OTKIaJAbIBAEM OT MCXOJTHON OCU 3HAYCHUS BBIUWC-
JeHHbIX nepeMeniennit. CoeJMHUB MOJyYEHHbIE TOUKH MPSIMBbIMU JIUHUSIMH, CTP-
OUM JIIOpPY NepeMeleHuit (puc. 2, 2).

4. [IpoBepka mpoyHOCTHU Opyca.

yCJIOBI/Ie HpO‘-IHOCTI/I 3aIlIlUChIBACTCA B cnez[y}omeM BUC:
Omax < [0].
MakcuManbHOE HAIPSIKEHHUE Opyy HAXOAUM IO DIIOPE HANPSKEHUU, BHIOU-

pasi MakCUMalibHOE 1O a0COJIIOTHON BEUYHUHE:
Omax =267 Mlla.
DTo Hamps>KeHue eMcTByeT Ha yuyacTke DC, Bce C€UEHHUSI KOTOPOTrO SBIISIIOT-
Csl OMACHBIMH.
Jlormyckaemoe HamnpsiKeHue BerauciaseM mo ¢popmyse (1.13):

[0]=2r =241 6oMITa.

9

CpaBHI/IBaSI Omax 4 [(5], BUIUM, 4YTO YCJIOBHC IMPOYHOCTHU HC BBIIIOJIHACTCA,
TaK KaK MaKCHUMaJIbHOC HAIIPS)KCHUC ITPCBLIIIACT JOITYCKACMOC.
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3ATAUA Ne 2

AOGcontoTHO )EcTKUMl Opyc AB onupaeTrcs Ha MapHUPHO-HEMOIBUKHYIO OTO-
Py U NPUKPEIJIEH ¢ TOMOUIBIO MIAPHUPOB K JIBYM CTAJIbHBIM CTEPKHSIM.

TpeOyercs mogoOpaTh ceUeHUs CTEPKHEH MO YCIOBHUIO UX MPOYHOCTH, MPHU-
HSB 3aIac IPOYHOCTHU IO OTHOLICHHUIO K IIPEAEIY TEKYUYECTH Ny =2,5.

CooTHOIIEHUE HJIOI[I&I[GI\(JI IMOIICPCUYHBIX CCUCHUM CTCp)KHGI?I YKa3aHO Ha pac-

YETHBIX CXEMaxX, MOJYJb YIIPYTrOCTHA CTAJIM JIJIsl BCEX BapUAHTOB £ =2- 10° MITa.

CTyneHThl CTPOUTENbHBIX CHEIUATbHOCTENW TOTMOJHUTEIBHO ONPEACIISIIOT 10~
MyCKaeMyIo CHIYy, UCIIOJIB3YsS Pacu€T MO MpeaebHON IPy30M0ABEMHOCTH, U Cpa-
BHHUBAIOT €€ C 3aJJaHHOM.

YucnoBsie nanHbIe OepyTcs U3 Ta0d. 2, pacu€THBIE CXEMBI — IO PHUC. 3.

Taoauna 2
YucuaoBble JaHHBIE K 3aga4e Ne 2
Howmep
Howmep pacyer. Pa3zmep, m Cuna P, | Mapka [Ipenen
CTPOKH CXEMBI kH CTalu | TEKY4ecTH,
o MIla
puc. 3 a b c
1 1 1,2 1,6 1,0 3 20 250
2 2 1,2 1,5 0,8 5 30 300
3 3 1,4 1,4 1,0 4 40 340
4 4 1,4 1,6 0,9 2 20 250
5 5 1,4 1,5 0,7 6 50 380
6 6 1,3 1,4 0,8 5 30 300
7 7 1,5 1,2 1,0 3 40X 800
8 8 1,5 1,1 0,9 4 20 250
9 9 1,2 1,5 1,0 6 40 340
0 10 1,2 1,6 1,0 4 40X 800
3 K a 0 B r r

METOAUYECKHUE YKA3AHHUA K PEIIIEHUIO 3A/TA9H Ne 2

OcHoeHble meopemuyecKue c6e0eHus u pacuémuvie Qopmyivt

B 3amaue Ne?2 paccmarpuBaercsi CTaTHUYECKM HEOIpenenMas KOHCTPYKLHS,
CTEPIKHEBBIE DJIEMEHTHI KOTOPOW padOTalOT HA PACTSKEHUE WIH CKATUE U YHUCIIO He-
U3BECTHBIX CHJI, MPHJIOKEHHBIX K aOCOJIOTHO KECTKOMY Opycy, MPEBBIIIAET BO3-
MO’KHO€ YHCJIO YPAaBHEHUN CTaTHKHU.
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Puc. 3. PacuéTrunie cxeMbl K 3agaude Ne 2
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Pa3zHocTh MeEXIy 4YMCIIOM HEW3BECTHBIX YCHJIMM M YKUCIIOM BO3MOKHBIX YpaBHE-
HUW CTAaTHKH OIpPEIEISAET CTENEHb CTATUYECKOW HEOIPEIEIUMOCTH CUCTEMBI. Y paB-
HEHHUS, HEJAOCTAIOIIUE JJIs OMPEACIICHUS YCWIMN B CTEPKHSAX, MOKHO TOJYYUTh,
paccMaTpuBasi BO3MOXKHYIO Jie(opMaliiio CUCTEMBI. Y CIIOBUE, BBIPAXKAIOIIEE 3aBU-
CUMOCTh MEXKIYy AepopManusIiMU OTACIBHBIX AJIEMEHTOB CUCTEMBI (KOHCTPYKIIHH),
Ha3bIBACTCS ycaosuem cosmecmuocmu degpopmayuii. OHO TOTYHYaeTCsl U3 T€OMETPH-
YECKUX COOTHONICHUH MEXIy AehopMaIusMHi JIEMEHTOB KOHCTPYKIUHU. Mcmoms-
3yeMble MPU PEIICHUH 3aJa4d pacu€THbie (HOpPMYJIbI MPUBEIACHB B METOJAMYECKUX
yKa3aHUSAX K peleHnro 3agauu Ne 1.

Meton pacuéra cTaTUHYECKH HEONPEASIUMON CUCTEMBI IO MIPEAEIBHOMN Ipy30-
NOABEMHOCTHU (IO pa3pylIalolIUM Harpy3kam) JOCTATOYHO MOAPOOHO M3JI0KEH
B yueOHOM JIUTEepaType U B JAaHHOM MOCOOUH pacCMOTPEH HAa KOHKPETHOM IpHU-
Mepe.

INPUMEP PEHIEHUSA 3ATAYH Ne 2

Kéctkuit Opyc 4B 3akperiéH, Kak MOKa3aHO Ha puc.4, W HarpyXeH CHIJIOH
P=5kH.

Tpebyercst monoOpatTh ceYeHUs CTEPKHEH U3 yCIOBUS UX MpOYHOCTH. Yucio-

BbI€ JJAaHHBIE K 3aja4e OepyTces u3 Tabdu. 2. [lnsg qaHHOM 3a1auyu IpUMeM
a=1,2wm; b=1,4wm; c=1,0m; marepuan — ctaisb 40,

6, =340MIa, n, =2.5, E=2-10"MIIa.

BrluncnuM cTeneHb CTaTUYEeCKON HEONpeIeIuMOCTH.

XKeéctkuit Opyc AB 3aKpemyiéH ¢ MOMOLIBIO MIAPHUPHO-HENOABUKHON OMOPHI U
noAAepKUBaeTcs AByMs AeOpPMUPYEMBIMU CTaJIbHBIMU CTepkHAMH AE u BK.
Ha omnope C (puc. 4) — aBe cocTaBusionue peakuuu Z¢ u Y¢, peakiuu B CTepxK-
HSIX HaIpaBJICHBI BJIOJb UX OCEH M MpuUIoXKeHb K Opycy 4B B Toukax A u B.

HanpaBinenue 3TUX peaklui peKOMEHIYETCs YCTAaHOBUTH IOCJIE aHalIU3a BO3-
MOYXHOTO J1€(OPMUPOBAHHOTO COCTOSIHUSI KOHCTPYKIUH.

‘P=51<H Mep=14u

A, ¢ EB
é lec=1M !a=1,2M
I A
Sy FE

Puc. 4. Pacuéruas cxema

JIns II0CKOW CUCTEMBI CHJI B OOIIIEM Ciydae €€ MPUI0KEHUS K KOHCTPYKIUU
MO>KHO COCTaBUThH TOJBKO TPU HE3aBHCUMBIX ypaBHEHHUs paBHOBecus. B pac-
cMaTpuBaeMou 3ajgade K Opycy AB NPUTOXKEHO YEThIPE HEU3BECTHBIX YCUJIIUS:
JIBE peaKklMu B HIApHUPE U JBa YCHJIUA B CTEPXKHAX. Pa3zHOCTH MeXIy YHCIOM
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Hens3BecTHRIX ycunmudd (Nj, Ny, Zc, Yc) W 4UCIOM YpPaBHCHUN CTaTHKU
(XM =0, 22=0, XY =0) nokasslBaeT, 4TO [JJs OIPEACICHUA OSTUX He-

U3BECTHBIX HEOOXOIMMO COCTaBUTH €IIE 00OHO ypaBHEHHUE, B KOTOPOE BXOAMUIIHU
OBl MHTEpPECYIOLME HAC BEIUUYMHBI. Takoe ypaBHEHHE UM HECKOJIBKO MOJOOHBIX
YPaBHEHUU MOJKHO IMOJYYUTh M3 T€OMETPUUECKUX 3aBUCUMOCTEH MEXAy Je-
(GopMausAMU 3JIE€MEHTOB 3aJaHHON KOHCTPYKIIUU.

Takum o0Opa3oMm, CTENEHb CTATHYECKOW HEOMPEAEIMMOCTH KOHCTPYKLIHHU
paBHa

n=4-3=1.
WNnu roBOpST, 4TO KOHCTPYKLHSA 1 pa3 cTaTUYECKU HEONpeaenuMa.

PaccMmoTpum koHCTpykIuio mocie aedpopmaiuu e€ aneMeHToB (puc. 5). Ilox
NelcTBUEM CHIIbl P XKECTKUM Opyc MOXKET MOBEPHYThCA BOKpYr Touku C, mpu
3ToM ctepxHu AE n BK 6ynyt nepopmupoBanbl. Touku 4 u B OnMCHIBAIOT MpHU
OBOpPOTE Opyca AYrH OKpPYXKHOCTEH, KOTOpPbIE BBHAY MAJOCTH IEpEeMELICHUN
3aMEHAIOTCS KacaTeIbHBIMU, T.€. CUATAETCS, YTO 3TH TOUYKH MEPEMEIIAIOTCS IO
nepnenaukynsipaM k paauycaM AC u BC stux ayr. Touka 4 cMemaeTcss BHU3 U
3aHUMAET MOJO0XKEHUue Aj, Touka B - BBEpX, 3aHHMas NOJIOKeHUE B). bpyc, kak

a0COJIIOTHO JKECTKUM DJIEMEHT KOHCTPYKUUHU, — NoJoxeHue A Bj. OdeBuaHo,
4TO CTepkKEHb AL cKaT U cTal Kopoue Ha BenuuuHy AA; =Alj. CoeJuHUB TOUYKH
K n By, HaxoIMM Ha 4epTexke MOJNOoKEeHNe cTep:kHA BK mociue ero aedpopmanuu.
OnycTuB NEpHEeHAUKYIAP M3 TOYKM B Ha NEPBOHAYaIbHOE IOJOKEHUE OCH
CTEPXKHA — NpsAMy0 KB, HaXO4UM TOUKY B».

B, #°
A (le/ , 9 BZ
T — A /
ab _ - / B "
E ! K A\45°

Puc. 5. Cxema KOHCTPYKIUH nocJie 1eopManuu e€é 3JieMEeHTOB

Otpesok BBy =Aly - ynnuHenue crepxHsa BK.
HelictBurensHo, Aly = KBy — KB, u crepxeHb KB pacTsHyT.

BrisicHUB HamnpaBlieHUE YCUIIMN B CTEPIKHAX, MOKA3hIBAEM BEKTOPHI ATUX YCH-
JUi Ha cxemMe HeaeGOpMUPOBAHHOTO COCTOSHUS KOHCTpykiuu (puc.4) u
COCTAaBJIsIEM ypaBHEHHUE €€ paBHOBECUS:

S Me=0: —Ny-(c+a)+P-a—N,-sin45" - b=0. (2.1)
OnpeneneHus COCTaBIAKMUX pEaKLUU IIapHupa Zc-, Yo Ui pelieHus IaH-
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HOW 3a/1auu He TpeOyeTcs, U JIBa APYTUX YPABHEHUSI CTATUKHU HE COCTABIISIIOTCS.
JIns BblUMCIIEHUS YCUJIMH B CTepKHAX Ny U Np HEoOXOOUMO MUMETh ellé OJ-

HO ypaBHECHHE, HA3hIBAEMOE YpPaBHEHHEM COBMECTHOCTH aAedopmaruii. 31O
ypaBHEHHE IOJIy4aeM U3 T'€OMETPUUYECKUX COOTHOIICHUM Mexay aedopmaius-
MU 3JEMEHTOB 3aJaHHOM KOHCTpyKuuH. [Ipu 3TOM BBHAY ManocTu aedopmamnui
W3MEHEHHEM yIja HakJoHa cTepxkHs BK mnpeHebOperaeMm, cuuTas UTO
ZBBBy=45".

Torna
BB,
sin450
N3 nonodbus tpeyronbHukoB A AC n B BC HaxoIuM COOTHOUIEHHE MEXIY Jie-

BB, =

dopmanusimu crepxkHeit Al u Aly:

A4y BBy AL Al
AC BC’ a+c 4inas0.p’
a+c 1,2+1
All:-—o. )= — 12;
b-sin 45 1,4-0,707
Al} =222-Al,. (2.2)

[TonydyeHnHast 3aBUCUMOCTD (2.2) Ha3bIBACTCA YCIOBHUEM COBMECHMHOCMU Oe-
Gdopmayuii.

OnpenenseM JUIMHBI CTEP)KHEN IO 3aJaHHOU CXEeMe KOHCTPYKIIUH:

a 1,2
h=a=12m; b= =———=170m.
in45° 0,707
sin45 ;

AOCONIOTHBIC Y/UIMHEHUSI CTEP)KHEH MOXKHO BBIPA3UTh 4Yepe3 YCHIIUS, WC-

nosb3ys ¢popmyny ['yka (1.2):

_Mih M, A12=N2l2 _ Ml
Ei4 EA E~4y E-1,34
[TonctaBuB BeIpaxkenus (2.3) B ycioBHe cOBMeCTHOCTH Aedopmaruii (2.2),
MOJyYUM

Al (2.3)

N, 1,70

NMel2 s 0. . Ny =242N,. (2.4)

EA E-1,34

Pemas cucremy ypaBuenuit (2.1) u (2.4), onpenensieM yCUIUS B CTEPKHAX
Ny, N,. lns aToro noacrasum 3Hadenue N; u3 (2.4) B ypaBaenue (2.1):
—242N, (c+a)+Pa—N,sind5°b=0;
— 242N, (1+1,2)+5-1,2— N, sin45° 1,4 =0.
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[Tomyuaewm:
N> =0,950kH;
N1 =2,42-095=230xH.
OnpenenuB ycunus B CTEPKHAX, MEPEXOAUM K MOA00py MIOMaael uxX morme-
PEUHBIX CEUYCHUM.
Jnsa 3apmannoro marepuana no ¢opmyiue (1.13) BeiuuciauM gomyckaeMoe Ha-
npsHKEHUE

6
Or _ 340107 36 105112 = 136 MITa.

[o]=

OHpe,ZICJUIGM HaIIpAKCHUA B CTCPIKHAX U BI)I6I/IpaCM OoJbIICE:

3
o = N1 23107
4 A
3 3
o, = N2 095107 073110
4 13-4 A

[Tnomans ceuenus 4 nmoadbupaeM MO yCIOBUIO NPOYHOCTH Hamboliee Harpy-
KEHHOTO CTepkHsA. Tak Kak Oy Oojbllie G), UCIOJb3YEM YCIOBHE IMPOYHOCTHU

INCPBOTO CTCPIKHA:!

3
o, <[o]; %3136-106 Ia;

A420,169-107* Mm% =0,169cm?.
[Inomanu ceyeHn CTEP)KHENW MPUHUMAEM B COOTBETCTBHUU C 3aJaHHBIM COOT-
HOILLIEHUEM:

A =A=0169cm?; Ay =13-4=13-0,169=0,220 cm>.

Onpenenenue n0mMyckaeMoi CHIIbl P IO YCJIOBHIO 3aJauyd IIPOU3BOIUTCS IO
peneabHON rpy3010JbEMHOCTH KOHCTPYKIUH.

IIpenenbHBIM COCTOSIHUEM KOHCTPYKLHMM HA3bIBAETCS TAKOE COCTOSHHUE, NPU
KOTOPOM OHAa Ha4MHAeT Ae(opMUpPOBATHCS 0€3 YBEINUEHUS HATPY3KU.

B naHHOM npuMepe 3TO MPOU3OHIET B TOM Ciydae, KOrJa HaIpsKECHUsS BO
BCEX CTEPXHAX JOCTUTHYT Ipejiesia TEKYy4YeCTH

01 =02 =05 .
Ycunus B cTepkHsIX OyIyT ONpeaenaTbes o Gopmynam

Ni=0,-4;; Npy =0, Ap. (2.5)
Harpyska, cOOTBETCTBYIOIIAsi HPENEILHOMY COCTOSHHIO, HA3bIBAETCS Npedeiib-

Hou. E€ BeIMUMHY MOYKHO HaWTU U3 YpaBHEHUS IPEAEIBHOIO PAaBHOBECHS, KOTOPOE
II0JTy4aeTcsi U3 ypaBHeHus (2.1) mociie noAcTaHOBKU B HEro 3HaueHul Ny, Ny :
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-0 4 -(c+a)+Pnp ca—0y A -sin45" - b =0.

P, =l 61 Aj (c+a)+0, Ay sind5’ b]:

P

%[340 10°.0,169-107% - (1+1,2)+340-10°.0,22-107% - sin45° - 14] 16,7-10° H.

Jlomyckaemast Harpy3ka c y4€ToM 3aJlaHHOTO KoddduiuenTa 3amnaca
By _167-10°
Ny 2,5

Py = =6,68-10° H = 6,68 kH.

Benuunna nomyckaemoid Harpy3ku IpH pacdére Mo MpeaesibHON Ipy30IMoab-
EMHOCTH TOJdydaeTcss OONbIIei, yeM Ipu pacuére Mo JOMyCKaeMbIM HampsixKe-
HUSM:

Py, 6,68
=

3

Paznuua cocraBusieT 34 %, 4TO ABIAAETCS PE3YyJbTATOM Pa3HBIX MPEAINOJIONKE-
HUM 00 OMTaCHOM COCTOSHUM KOHCTPYKIIMHU: MPH pacdy€Te Mo JOMyCKaeMbIM Ha-
NPSKEHUSIM ONAaCHBIM CUMTAETCS COCTOSIHUE, INPU KOTOPOM TOJBKO B OJHOM
CTEpKHE HAMNPSHXKEHUE TOCTUTAET Npejena TeKydecTu. g cTaTUYeCKH Heompe-
JeIUMBIX CHUCTEM pacu€T Mo MpelebHON Tpy30MoabeMHOCTH NaéT Oojiee KO-
HOMHYHOE PEUICHHE MPU HA3HAYECHUH PA3MEPOB CEUYECHHUS, U UM HIUPOKO IOJIb-
3YIOTCSI B CTPOUTEIILHOU IIPAKTHUKE.

=1,34.
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3ATAUA Ne 3

K cranpHOMY Opycy Kpyrjoro momnepeuyHOro CEYEHUsl MPUI0KEHBI YEThIpe
KpyTamux MmoMenra My, Mo, M3, X, Tpu U3 KOTOPBIX U3BECTHHI.

Tpebyercs:

1) ycTtaHOBUTH, MPU KAKOM 3HAYEHUHM MOMEHTa X yroJ moBOpOTa MpPaBoro
KOHIIEBOT'O CEYECHUS PABEH HYJIIO;

2) npu HaliIeHHOM 3HAY€HUU X MOCTPOUTH AMIOPY KPYTAIIMX MOMEHTOB;

3) npu 3aJaHHOM 3HAYE€HUU JIOMYCKAEMOT0 HANPSHKEHUS [T] onpenenuTh qua-
METp Bajla U3 YCIOBHUS €r0 MPOYHOCTH U OKPYIJIUTh BEIWUYMHY JHAMETpa J0
Onwkaiiield OoJbIed cTaHAApTHOW BenW4uHBI, paBHOU 30, 35, 40, 45, 50, 60,
80, 90, 100 mwm;

4) nmpoBepUTH, BBINIOJHIETCS JIU YCIOBUE KXECTKOCTU Opyca MpU BHIOpAaHHOM
[HaMeTpe, ecid TOMyCKaeMblil yroa 3akpyunBanus [0]=1 rpan/m;

5) TOCTPOUTH AMIOPY YIJIOB 3aKPYUHUBAHUS.

JI7st BcexX BapuaHTOB MPUHSITH MOYJIb cABUTA isl cTanu G = 8-104MHa.
Yucnosele NaHHbIE OepyTcs U3 Taba. 3, pacy€THbBIE CXEMBI — IO pucC. 6.

Tab6auna 3
YuciioBble JaHHbIE K 3a1a4e Ne 3
Howmep
Howmep pacu. Pasmep, M MowmenT, kH- m [t],
CTPOKH CXEMBI MIla
o
puc. 6 a b c M, M, M,
1 1 0,8 0,4 1,0 2,0 1,6 1,0 35
2 2 0,6 0,5 0,5 1,8 1,7 1,2 40
3 3 0,4 0,7 0,7 1,7 0,9 0,7 50
4 4 0,6 0,4 0,6 1,5 0,8 1,5 45
5 5 0,5 0,8 0,4 1,3 2,0 1,4 60
6 6 0,7 1,0 0,8 1,0 1,7 2,0 40
7 7 1,0 0,7 1,0 1,6 1,5 1,6 35
8 8 0,4 0,6 0,5 1,4 1.6 1,8 70
9 9 0,7 0,4 0,6 1,5 0,8 0,9 80
0 10 0,5 0,5 0,4 0,9 1,0 1,5 60
3 K a 0 B r hi§ e
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M, M, M, X
1 72 25 2

13 7 z 6 Vi -
Y=ttt —tH-—- Yyt —H—-
N AR T \WR < N T \N| \\A \"{
N _a b c a N a C a b

M, M, M, X M, M, M, X

PN AN AL S N Y-S S LR~
-t —4H—1 Y-t —4—-
J | P N AN, < J )" AN VA VA v
N a b a C N a b C a

sy o M M X M M X
-t —u-—1 Y-t —4u—
N < \N| A5 < N T \N| A"} A\
N a a b C N a c C b

sy o M M X g M M M X
YAttt —tH—-- Yt ——-
J P VT S N | NI VA N VA
N _ a C a b N a b a c

M, M, M, X M, M, M, X

53 .4 ) 4 ~ r 10 P ~ 7z 7
e e i R e e i
N o b L N L L o o
N a b C a\T N a C b a

Puc. 6. Pacuérnblie cxeMbl K 3agade Ne 3

METOAUHYECKHE YKA3AHHUA K PEIIIEHHUIO 3A/TA9HU Ne 3

OcHosHble meopemuyecKue c6e0eHus u pacuémusie opmyvt

bpyc, HarpykeHHbIM MapaMu CHJI, IIIOCKOCTU JEUCTBUSA KOTOPBIX MEPIIEHIU-
KYJSIpHBI €0 OCH, UCIBITHIBAET J1e(POpMaLUI0 KpyuyeHUsl. BHYyTpeHHUM CUIOBBIM
(dakTOpoM B MOIMEPEYHOM CEUEHHUHM Opyca B ATOM Ciydyae SIBJISICTCS KPYTSIIUN

MOMCHT MKp , BCJIMYUHY KOTOPOTO OIIpCACIIAIOT MCTOJOM CCUCHUM.

Ha ocHoBaHMM 3TOro MeToa MOXHO C(HOPMYJIHPOBATh IPABUIO JJIs ONpee-
JEHUS KPYTSAUIEro MOMEHTa B CEUEHUM Opyca: KpyTSAILIMA MOMEHT B JIIOOOM ce-
yeHUH Opyca YHCIEHHO paBEeH aJIreOpamdyeckoil CyMMe KPYTSLIUX MOMEHTOB,
PACIIOJIOKEHHBIX MO OJHY CTOPOHY OT 3TOTO CEYEHHMS; IPU ITOM KPYTAIIUNA MO-
MEHT, NPUJIOKEHHBIN K OpycCy, CUUTAETCS] YCIOBHO MOJIOKUTEIbHBIM, €CIIU IPHU
B3IJIsA/I€ BAOJb OCH Opyca C JIEBOrO KOHIIA Mbl BUJIMM €I0 HallpaBJIECHHBIM IO XO-
Jly 4aCOBOW CTPEJIKH.

Pa3zmepsr u ¢opma momepedHoro cedeHus Opyca B pacuérax Ha KpydyeHHE
YUYUTBIBAOTCS IBYMSI TEOMETPUYECKUMH XapAKTEPUCTUKAMU: MOJSIPHBIM MOMEH-
TOM MHEpUHHU [, ¥ NONAPHEIM MOMEHTOM CONpOTHBICHHUA W, . Jlnd Kpyriaoro
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CEUYEHHSI OHHM BBIYUCISIOTCS 1O CIEAYIOUUM GOopMyIaM:

4
nd 4
1,="% <014 3.1
P="3, (3.1)
W —“—“’3~02d3 (3.2)
p 16 M M M

rae d- auaMmeTp CeYeHMs.
Kpyrsimuii MOMeHT M, BBI3BIBACT B CCUCHUSIX KACATCIbHBIC HAIPSIKCHHS

Tp , BEIYHCISIEMBIX 110 hopMyIte

P, (3.3)

rie MKp- KPYTSAIIMH MOMEHT B C€UeHHUH Opyca;
I, - IONAPHBIA MOMEHT HHEPLMH CCUCHHU;

P - paCCTOAHUE OT LCHTpPA TAXKCCTU CCUCHUA OO TOYKHU, B KOTOpOI?I OIIpCaciIi-

IOTCA HAIIPAKCHUA.
YcnoBue IMPOYHOCTH 3aIIMCBIBACTCA B BUIC

Mmax
g = 8P <1, (3.4)

"o

roe MM | MakcuManbHas M0 MOIYITIO BEJIMYMHA KPYTSIIETO MOMEHTA, OMPe/e-
Kp

JIIEMOTO 110 31m0pe M, ;

W, - IONAPHBIH MOMEHT CONPOTHBIICHHS;

[T] - nomyckaemoe KacaTeIbHOE HAMPSIKEHHE.
HedopMmanus npu KpydeHUHU XapaKTEepU3yeTcs YriioM 3aKkpyduBaHus @O(pan):

M,
P
- 3.5
? Gl (3-3)
rie [ - nnuHa Opyca;
G - MOJayJb ciBUTA (MOAYJb YIPYTOCTH BTOPOTO POAA).

VYroi 3aKpyunBaHus HA €IUHUIIC TJTUHBI Opyca Ha3bIBAETCS OTHOCUTEIIBHBIM yT-
JIOM 3aKpy4MBaHUs U BBIYHUCISIETCS O (popmyiie

M
o=—"2 (3.6)
G1,

VYcaoBue XKECTKOCTH HaKJIaAbIBaACT OIpaHUYCHUC Ha BCIMYHMHY OTHOCHUTCIIb-
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HOT'O yrjia 3aKpy4YMBaHUS:
emax S [e] s
rae [0] - momyckaeMblil yroJ 3aKpydrBaHUS.
VYcenoBue x€cTkocTu ¢ yuéTom dhopmyibl (3.6) uMeeT BUT

max

Kp
Gl <[0]. (3.7)

INPUMEP PEHHIEHUSA 3ATAYH Ne 3

Jlns 3amanHOTO Opyca Kpyriioro cedeHus (puc. 7, a) ONpeneuTh BEIUYUHY
MOMEHTa X, pU KOTOPOM YTroJ MOBOPOTa CBOOOJAHOTO KOHIIA Opyca paBeH HY-
JTF0, TIOCTPOUTH JMIOPHI KPYTAIUX MOMEHTOB U YIJIOB 3aKpYyYHBAHUS, TO00pATh

AMaMeTp CEYEeHHS MO YCIo-

ye: a =0,8 m; b=1,0 m;

c=0,4 m; M;=2 xkH- m;
M>=0,9 kH-m; M3 =1xH-wM;
1,34 [t]=40 MIIa; G=8-10" MITa.
0,44 D 0,34 1. OmpenesicHue Beu-
| | M, ,kH:u VHBI HEU3BECTHOTO KPYTS-

%) IIEro MOMeHTa X.

1,56 bpyc xkécTko 3anenaH
JI€BBIM KOHIIOM A, TpaBbId
6 ~ J/l,y P, pao koHel £ cBoOoaHEIH. B ce-
0,0027 yenusx B, C, u D npu-
00123 0,008 JIOKEHBl MU3BECTHBIC KPYTS-
mue MOMeEHTHI. g ompe-
JICJIEHUSI HEU3BECTHOTO MO-

MeHTa X UCIOJb3YEM YCIO-
BUE pPABEHCTBA HYJIO YrJa

My=IkHm X BUIO MPOYHOCTH M MPOU3-
)4 i !ﬁ Z .4 BECTH INPOBEPKY Opyca Ha
Aol 0 e
7 \ \ = =

0)

Puc. 7. bpyc, padoraoumuii Ha Kpy4eHue:
a - pacuéTHas cxema;
0 - 3NI0PA KPYTALIUX MOMEHTOB:

MOBOpPOTA ceueHus E.
Yron moBopoTa cedyeHHs E OTHOCHUTEIBHO ceueHHUs A ompenensercs Kak
CyMMa yIJIOB 3aKpYYHMBaHUS OTIAEJIBHBIX YYaCTKOB:

OE =0 4B +OBCTPCD +ODE =
AB BC CD DE

=M1<p l4B MKp ZBC+M1<p ICD+MKp ZDE=O (3.8)
Glp G-Ip Glp Glp

Kpyramue momenTer M

xp» BXOIUIIINE B BeIpaxeHue (3.8), ompenensiorcs mo
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MPUBEJACHHOMY BBIIIE IPABUITY.
BrruuciieHust HAaUMHAEM C HE3AKPEIJIEHHOTO KOHIA:

MOF = X;
MEP =X +M3=X+10;

MoC =X +M3=My=X+10-09=X+0,L;
(3.9)
M =X +M3—My—M; =X +1,0-09-2= X —19.
Ucnonb3ys Beipaxenus (3.9) u cokpamas Ha Gl,, NpUBOJAUM ypaBHEHHUE

(3.8) k BUAY
X-19Ya+(X+0)b+(X+1,0)c+X-a=0.
(X-1,9)-08+(X+0,1)-1+(X+10)-04+X-0,8=0

Pemas 3To ypaBHenue, nonyuaem X = 0,340 xkH-m.

IIpumeuanue: eciu 3HadeHHEe X MOJYYUTCS CO 3HAKOM MUHYC, HAIlpABJICHUE
KPYTAIIEro MOMEHTA 3aJaHO HENpaBWJIbHO. B nanHomM mpumepe X momoxure-
JIEH, CJIE0BATEIbHO, HAIIPABJICHHUE KPYTSLIEr0 MOMEHTA, IOKa3aHHOE Ha puc. 7,
IIPABUJIBHO.

2. [TocTpoeHue >MIOPHI KPYTAIIUX MOMEHTOB.
Hatinennoe 3nauenue X = 0,34 kH-m noacrtaBisem B BoipaxkeHus (3.9), BbI-
YUCHAS, TAKUM 00pa3oM, BEJIUUYUHY KPYTAIIEr0 MOMEHTA HA KaXXJOM y4acTKe:

MOE =034xH vy M) =134KH

BC . A AB _
MKp =0,44kH - ™m; MKp =-1,56xH - m.
[To HalimeHHbIM 3HaUYeHUSIM M xp CTPOUM DIIOPY KPYTAIIMX MOMEHTOB. s

ATOro paccMmarpuBaeM nocienoBaresibHo yuactku ED, DC, CB u CA. Kpyrsauue
MOMEHTBHI, IEUCTBYIONIME HA 3TUX YUACTKAX, YK€ BHIUUCIICHBI.

BenuunHa KpyTAIIero MOMEHTa Ha KaXXJ0M y4acTKE HE 3aBUCHUT OT MOJIOXKE-
HUSI CEYEHHUS B Mpeleax ydacTka (KpyTAIIUd MOMEHT MOCTOSHEH), MO3TOMY
3MI0Opa KPYTSIIMX MOMEHTOB OrpaHMuY€Ha OTpe3KaMH MHpsMbix (puc. 7, 6). Ilo-
CTPOEHHAs 3MI0pa IMO3BOJISIET HANTH ONACHOE CEYeHHue, T.€. TaKoe, B KOTOPOM
JNEeMCTBYET MAaKCUMAJIbHBIN (IT0 MOAYJIIO) KPYTSIIUA MOMEHT.

B paccmatpuBaemMoM mpumepe OmacHbIMH OyJyT CEYEHUsS B Mpejenax ydacT-
Ka AB; pacu€THOE 3HaU€HUE KPYTAIIETO MOMEHTA

M,?;,ax =1,56xH - m.

3. ITonGop aAuaMeTpa MomepeyHOTO ceueHus Opyca.
Hcnonp3yem ycinoBue npouHocTH (3.4)
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L <1
"o
d3
YuuteiBas, 4To Wp = , BRIPA3uM JUaMETP U3 YCIIOBHS IIPOYHOCTHU
max

23 16 Mg, |

kg
max

IloacraBnsass M =1,56 xHM u [1:]=40-106Ha, BBIYMCJISIEM JUAMETP MOIe-

Kp
PCUYHOTO CCUCHUA, OKPYIJIAA €TI0 O0 CTaH,ZIapTHOP'I BCJIIMYHHBIL:

6
n-40-10

3
s> Jm 005843 = 58,400 60w
4. ITpoBepka yclIOBUS KECTKOCTH.

VYcnoBue xEcTKOCTU 3anuckiBaeM B popme (3.7):
max

<101,
G <!

[To ycnosuto 3agaun [0]= 1 rpan/m. [lepeBonas 3HaueHHe yria U3 rpagycHON
MepBbI B paJIMaHHYI0, TOJy4aeM

T
0]=1rpag/Mm=—-1=0,017
[6]=1rp ™

1
M

BrruuciseM BeIpa)keHUE, CTOALIEE B JIEBOM YaCTU yCIOBUS KECTKOCTH, OIpE-
JEJIUB MPEJBAPUTEILHO BEJIUYNHY NOJIPHOTO MOMEHTA UHEpLIMHU Opyca:

4 4

1p=“d 0067 5710704,
32

Mg 1,56-10° 1

=— -=0,015—.

Gl 8.107-1,27-10~ M

CpaBHeHHE JE€BOW M MPaBOW 4YACTEW YCIOBHS KECTKOCTH MOKA3BIBAET, YTO
OHO BBINOJHSETCA:

1

O™ 0,015 <[0]=0,017--.
M M

5. IlocTpoeHue 3MI0PHI YIiI0B 3aKpPYyUYUBAHHUS.
BrluncnsieMm yribl 3akpyynBaHMs 110 yyacTKaM, UCToab3ys popmyay (3.5):

AB

M1 ~1.56-10°-

w A8 1’1506 1008 & =—0,0123 pao;
Gl 8-10""-1,27-10~

Oyp =
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MECIge  044-10°.1

¢pc = = =0,0043 pao;
Gl,  8-10'%.127-107°
CD 3
MEP 103.
op =2 L3AA0T04 5653 00,
D 10 —6
Gl 8-10""-1,27-10
DE
M, 1 103
opp = PE_ 03HA0T08 6 6027 pao.

Gl,  8.1010.127.107

Yron IMOBOPOTAa KaXAOTO0 CCUCHUA paBCH CYMMC YIJIOB 3aKpydHUBaHHSA COOT-

BETCTBYIONIMX y4acTKoB Opyca. CyMMUpOBaHUE YTJIOB HaYMHAEM C HE3aKper-
JIEHHOTO KOHIAa A:

¢ 4 =0, Tak KaKk ce4eHHe B 3a/I€TIKE HETIOABIIKHO;

©0p =045 =-0,0123 pao;

Oc =045 +0pc =-0,0123+0,0043 =—-0,008 pao ;

Op =045 +0pc +0cp =—0,0123+0,0043+0,0053 =-0,0027 pao ;

O =043 +0pc +9cp +0pr =-0,0123+0,0043 +0,0053+0,0027 =0.

[To BEIYUCICEHHBIM yTiaM MMOBOPOTAa CEYSHHUI MOCTPOEHA AIIOpa YIIOB 3aKpy-
yuBaHus (puc. 7, 8).

PaBenctBo @p =0 sBisgeTcd NPOBEPKOM peLIEHMsS, TaK KaK HEU3BECTHBIN

KPYTSAIIAH MOMEHT X OTpeAessics U3 yCIOBHS PaBEHCTBA HYJIO yrja MOBOPOTA
CBOOOJIHOT'O KOHIIa Opyca.
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3AJTAUA Ne 4

JInst AByX 3aJJaHHBIX CEUYEHHUM, COCTOAIIMX M3 HECKOJbKHUX AIJIEMEHTOB WU
UMEIOIIUX BBIPE3bI, OMPEACTUTD MOJOXKEHHUE TJIaBHBIX [IEHTPAIBHBIX OCeil HHEep-
UM U BBIYUCIUTH BEJIMYMHBI MOMEHTOB MHEPIIUU OTHOCUTEIILHO 3TUX OCEH.

[lepBoe cedenue mis pacuéra BeIOMpaeTcs MO puc. §, BTopoe — 1Mo puc. 9.
Pasmepsl 3neMEHTOB cedyeHMH W HOMEpa MPOKATHBIX Hpoduieit Oepyrcs u3
Tabmn. 4. [lpu pacuére ceueHus, COCTOSAIIETO M3 MPOKATHBIX NMpOoduiIei, yroiok
CIelyeT IPUHUMATh B COOTBETCTBUU C 3aJJaHHBIMU pa3MepaMH; OH MOXKET ObITh
PaBHOOOKHUM HUJIM HEPABHOOOKHM.

METOAUYECKHUE YKA3AHHA K PEIIIEHHIO 3A/TA9HU Ne 4

OcHoeHble meopemuyecKue c6e0eHus u pacuémuvie Qopmyiot

PaccmatpuBaemasi 3ajgaya OTHOCUTCS K paszaeny "l'eoMeTpuueckue Xapak-
TEPUCTUKH TIOCKUX Guryp".

[Ipu pacuére Ha U3rulb, KpydeHHe U APyrue BUIbI 00Jee CI0KHOTO HAarpyxe-
HUS JUISL OLIEHKU NMPOYHOCTU U KECTKOCTU Opyca HEIOCTATOYHO 3HATh TOJBKO
IJI0IIaAb €r0 MOMEePEYHOr0 CeYEHHs, TPeOyeTCsl ONpeneNsTh Apyrue reoMeTpu-
YECKHE XapAKTEPUCTUKH CEUYECHHUS: CTAaTUYECKUMH MOMEHT IUIOIIAJAH, OCEBBIE,
HEHTPOOEKHBIN U MOJSIPHBIA MOMEHTHI HHEPLIHH.

Tabdauna 4
YucoBbie JaHHBIE K 3a7a4e Ne 4
Howmep
Homep pacyer. Pazmep [IpokaTHslii Tpod UL
CXEMBI
ctpoku | (puc. 8,9) a, cM noJyioca HIBEJIEP JIByTaBp YTOJIOK
1 1 10 160x10 10 12 75%75%8
2 2 20 180x10 12 14 75%50%6
3 3 12 180x6 14 10 90x90x6
4 4 14 200x10 14a 16 80x50%6
5 5 22 200x6 16 12 80x80x8
6 6 15 160x8 16a 18 70x45%5
7 7 18 210x8 14 14 75%75%6
8 8 16 220%x10 12 16 80x50%6
9 9 20 220%8 14a 10 70x70x6
0 10 25 180%8 10 12 63x40x6
3 XK a § B r
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PaccMoTpuM mpou3BOJIBHYIO MIIOCKYI0 GUTYPY IIOMAAbI0 A, OTHECEHHYIO K
cucteme koopauHat xOy (puc. 10).

y OO6o3naunM: dA - mnjomaab 3JIEMEHTApHOU
MJIOMIAJIKH; X, ) — PACCTOSHUE OT €€ IIEHTpa TsKe-
CTH 10 OCEUW KOOpAUHAT.

@,dA Bripaxxenus Buaa
L\ Se=[ydd; S, =[xdd (4.1)
y A A
X HAa3bIBalOTCS CTaTHYECKUMHW MOMEHTAMH IJIOIIAIU
Olx OTHOCUTEIIBHO OCEW X U ) COOTBETCTBEHHO.
3Hasgs BEJIMYMHBI CTATHYECKUX MOMEHTOB IJIO-

maau GUTrypbl, MOXHO BBIYMCIUTH KOOPAUHATHI €€
LIEHTpa TsKeCTU. Ecnu 3ajaHHOE CEYEeHUEe MOXKHO
pa30uTh HA YacTH, JUISI KOTOPBIX M3BECTHBI MOJO-
KEHUS UX LEHTPOB TSHXKECTU W BEJIMYUHBI IJIOMIAJEH, KOOPAMHATHI LEHTPA TH-
KEeCTH Bcel PUrypsl onpeaeisoTcs no Gopmyiam

Puc. 10. Ilnockas purypa

. _Sy_xcl A1+x62 A2+---+xcn An'

< 4 A+ Ay +-+ A, ’
(4.2)

_ Sy _ Vg A +ye, AZ""""'ch Ay

YeTy A+ Ay +-+ A, '

rac n - 4YUCJIO 9JICMCHTOB, Ha KOTOPOC pa36HBaeTcs[ CCUCHIUC,
Ai - IJomaan OTACJIIBHBIX 3JICMCHTOB CCUCHMA,

Xe. s Ve, - KOOPAUHATBI HEHTPOB TAKECTHU 3TUX 3JIEMCHTOB B BBI6paHHOﬁ CHUCTC-
i I

M€ KOOpJIMHAT X, ).

LeHTp TSAXKECTH JSKUT HA OCH CUMMETPUU CEUCHUS, @ €CIIM TAKUX OCEH HECKOIb-
KO — B TOUKE UX MEPECCUCHUSI.

MomeHnTaMu UHEpUUU (OCEBBIMM MOMEHTAMHU MHEPIUH) OTHOCHUTEIBbHO OCel
X U Y COOTBETCTBEHHO HA3bIBAIOTCS MHTErPAJIbl BUJA

I,=[y*d4 I,=[x"dA. (4.3)
A A
Jns mpoctedmux ¢GUryp M OPOKATHBIX Npoduiedl BEIUYUHBI MOMEHTOB
UHEPLUU MPUBOJATCA B yUeOHOU U cripaBoYHOU nutepatype (cM. [lpunoxenue).
Bripaxxenue
Iy, = jxy dA (4.4)
A

Ha3bIBACTCA LIEHTPOOECKHBIM MOMEHTOM HHEpUHHU. OCH, OTHOCUTEIBHO KOTOPBIX
LHEHTPOOEKHbII MOMEHT MHEPLUU PABEH HYJIIO, HA3bIBAIOTCS TJIABHBIMU OCSAMHU.
Ecau xotst Obl oHA U3 BHIOPAHHBIX KOOPAMHATHBIX OCEH SIBISETCA OCHIO CHUM-
METpHuH, TO 00€ 3TU ocHu OyayT rinaBHbIMU. OceBble MOMEHTHI MHEPLUU OTHO-
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CHUTEJIbHO TJIaBHBIX LEHTPAJIBHBIX OCEM HA3bIBAIOTCS TJIABHBIMHU LIEHTPAJIBHBIMU
MOMEHTaMM MHepUHU. OHU SABISIOTCS SKCTPEMAJIBHBIMU 10 BEJIMYUHE: OJUH M3
HUX MaKCHUMAaJIEH, IPYrO¥ MUHUMAJEH.

OceBoOil MOMEHT MHEPIIMH COCTABHOI'O CEYEHUsS BBIUUCIAECTCS KaK CyMMa oce-
BBIX MOMEHTOB HMHEPILHHU OTACIBHBIX COCTABISIOMUX (QUTYP OTHOCUTEIHHO OJI-
HOM U TOoM ke ocu. Ilpm 3ToM HEOOXOAUMO MOMHHUTH, YTO B Tabiuuax cop-
TaMEHTa MPOKATHBIX Mpouiieil MOMEHTHl MHEPIUU MPOCTHIX JIEMEHTOB OIpe-
JI€JIEHbl OTHOCUTEJIBHO MX COOCTBEHHBIX LIEHTPAJIbHBIX OCEH, KOTOpPBIE IMOKa-
3BIBAIOTCS Ha yepTexkax. L[eHTpanbHble OCH COCTaBHOU (HUTYPBI OOBIYHO HE COB-
najgarT ¢ TaOJUYHBIMU, U JJIS1 BBIYMCICHUS MOMEHTOB MHEPLUU NOJOOHBIX Qu-
Iryp IPUXOIUTCS HCIIOJB30BaTh 3aBUCUMOCTbh MEXIY MOMEHTAMH HWHEPLUUU OT-
HOCUTEJIBHO IapaJUICIbHBIX OCEH:

Iy =1y +a’4;

5 (4.5)
1 y= 1 o0 +b° 4.
rac [ X ] y - MOMCHTHI I/IHepHI/IH CCUCHUI OTHOCUTCIIBHO HpOI/IBBOJILHBIX Oceﬁ;
[xo’lyo - MOMCHTBEI HHepHI/II/I CCYUCHUA OTHOCUTCIIBHO HeHTpaJILHLIX OCGP'I;

A - nnomaas QUrypsI ;
a n b - paccTosHHE MEXIY OCAMH X,X) U V,)() COOTBETCTBEHHO.

INPUMEP PEHIEHUSA 3A/IAYU Ne 4

3anano ceuenue (puc. 11), coctaBieHHOE M3 MPOKATHBIX Npoduieil: mpe-
aepa Ne 16a u nByx HepaBHOOOKHUX YyroakoB 80x50x6. TpeOyeTcs BBIYUCIUTH
TJaBHbIE [IEHTPAJIbHBIE MOMEHTHI HUHEPIIUU CEUCHUS.

> A

fﬁl
3 Q
] \Q \\\\\\.i\\ \\\\\\\\\/
C 1)
s ﬂ h‘*’ L. x, “W\\/J 2 x
]/’:g =W SRS \§>C2 Y,
: / =) =y v Y x’
Ay Xo=11,7
_ 30 160 50
&=91,7

Puc. 11. PacuéTHasi cxema nepBoro ce4eHus
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1. 3 Tabmuir copTaMeHTa BBIMUCHIBAIOTCS TEOMETPUUECKUE XapaKTEPUCTUKH
MPOKATHBIX MpoduIeH, COCTABISIONINX 3aJJaHHOE CCUCHUE.

@urypa Nel — IlIBennep Nel6a: pazmepst # =160 mMm, b = 68 MM, miIomAAb
ceuenus 4 =19,5 CM2; OCEBbIE MOMEHTBI UHEPLUHU [;1 =823(:M4,I)€1 =78,8CM4,

KOOpAHMHATa HEHTPa TAKCCTH Z( = 2CM.

CuMmmMmeTpuuHble GUTYPBI B pacu€Te MOKHO 0003HAa4YaTh OJTHUM HOMEPOM.
durypa No2 — HepaBHoOokuii yromok 80x50x6: rmiomagb ceyeHus
Ay =7,55 CM2, OCEBBIC MOMEHTBHI HHEPLUHU I)g =49 CM4, 1;12 =148 CM4, KOOp-

JUHATHI LIEHTPa TsKEeCTU Yo =2,65cM, xog =117 cm.

Ilpumeuanue. Eciiu B cOCTaB CeUCHUS BXOJUT MPSIMOYTOJIbHUK, TO IS HETO
no ¢popmynam (4.6) cieayeT BHIUMCIUTD IIONMIA]lb U OCEBbIE MOMEHTHI HHEPILIUU

b-h3 h-b3
— I y=a
12 12
['eoMeTpruuecKkrue XapakTEPUCTUKHU JPYTUX HNPOCTHIX IUIOCKUX (QUTYyp mpuBe-
JICHBI B HpI/IHO}KeHI/II/I JaHHOT' O HOCO6I/I51.
B COOTBETCTBHUU C 3aJdaHHBIM BapI/IaHTOM CCUCHUA BBIIIOJIHACTCA qCpTé)K B

macirabe 1:2 ¢ ykazaHHueM XapaKTePHbIX Pa3MepOB.
Ha geprex HaHOCATCSA HEHTPHI TsKkecTH mBemiepa Cyu yronka Cy u IpOBO-

A=b-h; I, = (4.6)

IATCSL UX COOCTBEHHBIE LICHTPAJIBHBIE OCH X|, V] U Xp, V) (cM. puc. 11).

2. OnpenelieHUE MOJIO0KEHUS [IEHTPA TAKECTH 3aJaHHOTO CEYEHUS.

3aJlaHHOE CE€UEHHE MMEET OJJHY OChb CUMMETPHUM, KOTOPas SBIISIETCS TJIaBHOM
IIEHTPAIBHOM 0ChI0. BBIOMpaeM UCXOMHYIO CUCTEMY KOOPAMHAT: 0Ch abcuuce x~
COBMENIIAEM C HUXKHEU IpaHUIEN CEeYeHUs, a OCh OPJAUHAT ) - C OChbKO CHMMET-
pun. Koopaunate! Touexk Cju Cy JIErKO ONPENEIIOTCS 10 YEPTEKY.

Ucnonsiys hopmyny (4.2) 1 y4uThiBasi CAHMMETPHIO CEUCHUSI, BEIUYUCIIAEM OP-
JTUHATY ero IeHTpa TSIKECTH 1o hopmyJie
Ve 4 +2'yc2 A

A +2-4)

Ye =

rae A; - mnomane msemiepa, 4y =19,5 CM2,
V¢, - OPAMHATA TOUKHU i, Ve, = 6,8—2,0=4,8¢cm;
A - IIomans OXHOTO yronka, 4, =7,55cm;
Y, - OPIMHATA TOUKHU Gy, Ve, =Y0 = 2,65cM.

[Tocne moacTaHOBKYM YHCIOBBIX 3HAYCHUU MOJydaem
4,8-19,54+2-2,65-7,55
= =3.86cMm.
19.5+2-7,55
OTknaabiBas HalileHHOE 3HAueHue y,. =3,86 cu Ha OCH ) BBEPX OT OCU X,

Ye

HaxOoJuM ITOJIOKCHHUC HCHTpPA TAKCCTHU BCCIO CCUCHUA Cnu IIpOBOAUM TJIABHBIC
OCHTPAJIIBHBIC OCH X , ).
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Ilpumeyanue. Ecan ¢purypa umeer 1Be OCH CUMMETPUHU, LIEHTP TAXKECTH Je-
KUT Ha UX IEPECEYEHHUM, TO BBIUUCIEHUM IJIs ONpPEIEIICHUS €ro IOJIOKEHUs
IPOU3BOJAUTH HE HYXKHO.

3. BeluncieHnue riaBHBIX OCHTPAJIIBHBIX MOMCHTOB HHCPLHHUU CCUHCHHA OTHO-

CHUTEJBHO OCEM X U ) .
Onpenenstorcs Mo 4YepTEKY PACCTOSHUS:
- MEXKAY OCAMU X U x1: a; =6,8—3,86—-2=0,94 cu;

- MEXKAY OCAMU X U Xp: ap =3,86—2,65=121cwm;
- Mexay ocaMu Yy U y1: b =0 (Tak Kak oCM y M )| COBINAJAIOT);
- MEXIY OCAMU Y U Vo: by =8+1,17=9,17cm.
['maBHBIE LIEHTPAJIBHBIE MOMEHTBI MHEPLUU COCTABHOTO CeyeHus [, U Iy

BBIUHCIAIOTCS 10 hopmynam (4.5):
I =1l+211 =(1)€1 +ai A1)+2(Ig +a3 Ay);
(4.7)
_ 7l i _ 41 2 11 2
1, =1,+21y —(Iy1 + b A1)+2(Iy2 +b5 Ay).

[Tocne moacTaHOBKHM YHMCIOBBIX 3HAaUCHUM B popMyibl (4.7), mojyyaeM:
I, =(78,8+0,94%-19,5)+2-(49+1,217-7,55) =216,l cm?;
I, =(823)+2-(14,8+9,17%-7,55) =21223cu”.

BTOPOW BAPUAHT PEIIEHUS 3AJTAUU Ne 4

3anaHo ceuenue (puc. 12). Pazmepsl ceueHus 3ajlaHbl B CAHTUMETpPaXx.

@\yl B3 by |7 b /@>

vy

4

1,5a =30 cm
0,7a =14 cm
a=20cwm

Q

XCZ XC3

x=19,5 cm
xCl

a=20cm a=20cm

Puc. 12. PacuéTHasi cxema BTOPOro ceyeHust
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TpeOyeTcs onpenenuTs TIIABHBIC IEHTPAIbHBIE MOMEHTHI HHEPIIUHA ITOTO Ce-
YCHUS.

1. 3amanHOE ceueHHe BeIUEpUMBAETCA B MaciTade 1:2 u pa3buBaeTcs Ha mpo-
crevimue ¢urypsl: kBaapat (1), npsmoyroiabHuk (2) U kpyropoe orsepctue (3).
Ha gepTexe moKa3bIBalOTCA LEHTPBI TAKECTH cocTaBisAomuX Guryp (touku Cj

u Cp3) M NPOBOAATCS MX TJABHBIC LECHTPANBHBIC OCH X1,)]; X2,V U X3,)3

(puc. 12). Ilnomaam 1 MOMEHTHI HHEPLIHHU COCTABISIOMHUX GUTYP OTHOCUTEIBLHO
UX IEHTPATbHBIX OCEH BBIYHCISAIOTCA MO M3BECTHBIM (opmynam (cMm. [Ipunoxe-
HHUE).

@urypa 1 — Kazgpat (20 cmx20 cm).

A =a® =207 =400 cm?;

4 4
JO 28 207 aaas
M 120 12

®durypa 2 — [IpamoyronsHuk (20 cmX30 cMm).
A =a-1,5=20-1,5-20 =600 cm>;

3 3
1(2) _da (L5a) =2O (1,5-20) =4SOOOCM4;
12 12
3 3
72 (L,5-a)a _ (1,5-20)-20 90000 ent
2 12
durypa 3 — Kpyr (d = 14 cm).
2 2 2
A3=7td _T (0,7a) _T (0,7-20) =154CM2;

4 4

—1885¢cm”.

03 _mdt _m 07 _n-(07-20)°
13 V3 64 64 64
2. OnpeneseHue MOJIOKEHUS LEHTPA TAXKECTH COCTABHOTO CEUEHMUS.
[lenTp Ts>KecTU cOocTaBHOU (UTYpHI JIEKUT HA €€ ocU cUMMeTpuu x. Bemo-
MoraTenbHas och y’ COBMEIIAETCs C JIEBOM rpanuleil ceuenus. Koopaunara ne-

HTpa TSAKECTU BCEro cedeHus x, B cucreme xOy’ ompexaensercs mo Gpopmysie
(4.2):

xcl -A1+x62 -A2 —xc3 -A3
A1+A2—A3 .

Xe =

IIo gepTexy ompenesores abeuuccest Touek €y n Cy 3¢

X, =L5a=1,5-20=30 cm;
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Xey =Xy =0,5a=0,5-20=10cm.

[Tnomanp kpyra moacrapiseTcs B popmyny (4.2) co 3HAKOM MHUHYC, TaK Kak
IJI0IIalb OTBEPCTUSI MPUHATO CUUTATh OTPUILIATEIILHON BEIMYNHOM.

HOI[CTaBJI}IH YHUCJIOBBIC 3HAYCHMU A, HonyqaeM
. ~30-400+10-600—10-154
¢ 400+600—154

OtknansiBas Ha ocu x oTpe3ok OC =19,5 cm, Haxoaum Touky C - LEHTp TS-
AKECTH COCTABHOIO CEUEHUs M MPOBOJUM TIJIABHYIO IIEHTPAIbHYIO OCh y, Mapai-
nensHyto ocu ) (puc. 12).

=19,5¢cm.

3. Bpruucienue MOMEHTOB HMHEPUMU OTHOCHUTEIBHO TJIaBHBIX I[EHTPaJIbHBIX
oceu X, ).

Hcnonb3zyem hopmyisl (4.5), kak u B mpeapiayiiem npumepe. Ilepen mocaen-
HHUM cCJlaracMhbIM B CKO6KaX CTaBUTCA 3HAK MHUHYC, TAK KaK MOMCHTBI MHCPIHUH
OTBCPCTHUA CHUTAIOTCA OTPULHATCIbHBIMMA !

1 2 2 2 3 N
I, = (1§Cl> + 4y af )+(1§2> + 4 az)—(l)(%) + Ay a3);
(4.8)
1) 2\, (2 2,03 2
1,="+4 +(I>7 + A by) =17 + A3 b3).
y =+ A+ T+ A by) = (177 + 4303)

MoMeHTEHI HHCPIHNHU COCTABJIAIOIIHNX Q)Hryp OTHOCHUTEIBHO COOCTBEHHBIX IJIa-

BHBIX LIEHTPaJbHBIX Oceil BbluMcIeHbl paHee. Ocu X|, X7 U X3 COBHAJAIOT C

TJIaBHOU HGHTpaHLHOﬁ OCBIO X BCEH Q)Hrypbl, IMOOTOMY PaCCTOAHUA MCKIY OTHU-
MU OCAMH U OCbIO X pPaBHBI HYJIIO:
a 1= a 2= a 3= 0.
Ilo YCPTCIKY HAXOAUM PACCTOAHUC MCIKAY OCSIMU ) U N
by=a+05-a-x.=204+0,5-20-19,5=10,5 cm.
" paCCTOAHUC MCIKIAY OCAMU Yy U »
by =by=x,—-0,5a=19,5-0,5-20=9,5 cm.

HOI[CTaBJ'I}ISI YHUCJIOBBIC 3HAUCHUS B (4.8), BBIYHCIISICM T'JIABHBIC LICHTPAJIbHBIC

MOMCHTBI HHEPIIUHU COCTABHOI'O CCUCHMHSA:

I, =13333+45000—1885 = 56448 cm?;
1, =(13333+400-10,5%) +(20000+600-9,5%) — (1885+154-9,57) = 115800 cm™ .
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3ATAUYA Ne 5

Jlist 3ajaHHBIX cXeM 0allok Tpedyercs:

- TOCTPOUTH AMIOPHI MOTEPEUHBIX CHJI U U3THOAIONIUX MOMEHTOB;

- mog00paTh MOTIEPEUHBIC CEYCHUS 0AJIOK MO CICAYIONIUM BapUaHTaAM:

a) 1 ctanbHoO# Oanku (puc. 13, a) — IByTaBpOBOE; MPSIMOYTOJIbHOE BHICOTOM
h 1 ocHOBaHHEM b TIpU COOTHOUICHUU CTOPOH Ah/b=2; KpyTriioe — AUaMETpoM d.
[ToctpouTts 3mi0py pacnpeaeieHus HOPMaIbHBIX HANPSIKEHUN MO BBHICOTE JIBY-
TaBpa JJIsl OMMAaCHOTO CEUCHUS.

0) nist uyryHHou 6anku (puc. 13, 6) — popmy cedenust BpiOpaTh mo puc. 14,
OTIPEJCNIUTh pa3Mephl CEUCHUS] M3 YCIOBHUS MPOYHOCTU TO JIOMYCKaeMbIM Ha-
npsbkeHusaM. [locTpouTs 3mopy pacupeneneHus HOPMadbHBIX HampsKEHUH IO
BBICOTE OTIACHOTO CCUYCHHS.

B) sl cTanmbHOW Oanku (puc. 13, ) — ceueHue, COCTOSIIEEe M3 JABYX IIBEI-
JEPOB.

Yucnosele naHHble OepyTcss U3 Tabia. 5, pacuéTHble cxeMbl — o puc.13.

Taoauna S
YuciaoBble JaHHbIE K 3a1a4ue Ne 5
Jlinna | WHTEH- Jlommyckaemoe
Howmep Cuna MoMeHT |y4yacT-| CHUBHOCTh HamnpsiKeHue,
pacu. Ka pacmpene- [G] , MIla
Howmep| cxembl JIEHHOU
CTpokH | (pHuc.
13, 14) Harpy3ku
P P m my a, q, Hyryn
Cranp
kH |xH |xH-wMm | xkHMm M kH/m [c]l. | [o]p
1 1 40 | 90 10 10 1 10 200 600 120
2 2 45 80 12 10 1,5 15 160 700 150
3 3 50 85 15 14 2 20 180 500 100
4 4 35 70 12 12 1 10 250 800 150
5 5 50 80 10 15 2 10 160 600 120
6 6 60 | 70 10 12 1 15 180 700 150
7 7 45 60 12 10 1,5 20 180 500 100
8 8 35 65 10 10 1 10 160 800 150
9 9 40 | 75 13 10 1 10 160 650 130
0 10 30 | 90 18 12 2 15 220 750 200
3 xK a § B r xK e 3 3
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METO/JHYECKHE YKA3AHHA K PELLIIEHHIO 34A/TA9H Ne5
OcHoenble meopemuueckue c6e0eHuUs u paciémusle Qopmyot

ITpu u3rube B monepeyHoM cedeHUH Opyca, KOTOPBIH B 3TOM CiIy4ae Ha3bIBaeTCs
0asKoi, BO3HUKAIOT J]Ba BHYTPEHHMX ycwius: nomepedHas cuwia Q m msrubaromuii
MOMEHT M, .

IlorepeyHoil CHIJIOM B CEUYEHMM HA3bIBACTCsl BHYTPEHHEE YCHWIINE, YUCIIEHHO
paBHOE anreOpanvyeckod CyMMe MPOEKLUMH BCEX CWJI, IEHUCTBYIOLIMX Ha OasKy IO
OHYy CTOpPOHY OT pacCMaTpUBacMOIO CEYEHMs, HAa HOpPMaJlb K OCH OaJsKH.
Ilonepeunass cwila CUMTAETCA IOJOXKUTEIBHOM, €CIM OHA CTPEMHUTCS BpaIlaTh
OECKOHEUHO MaJjblii 3J€MEHT OalKu M0 XOay 4YacoBoM crTpenku. OOparHoe
HaIlpaBJICeHUE BPAIICHUs] COOTBETCTBYET OTPHIATEIBHOM TIonepeuHoi cuie (puc. 15).

& el

Puc. 15. IIpaBuiio 3HaKOB AJIs1 NONEPEYHON CHIIBI

N3rubaromuM MOMEHTOM B CeUeHHMH Oallki Ha3bIBA€TCS BHYTPECHHEE YCHIIWE,
YUCJICHHO PaBHOE alreOpamuecKoidl CyMMe MOMEHTOB BHEIIHHMX CHJI, IEUCTBYIONTUX
Ha OajKy IO OAHY CTOPOHY OT pacCMarpUBaEMOr0 CEYEHHs, OTHOCHTENIBHO €ro
HeHTpa TsokecTu. M3rubaroimuii MOMEHT MOJIOKHUTEINIECH, €CIIH MO/ €r0 BO3JEHCTBUEM
Oanka W3rubaeTcss BBITYKIOCTBIO BHU3; MpHU M3rMOE BBIMYKIOCTHIO BBEPX
M3ru0aroIMii MOMEHT CUMTAeTCs OTpUIareabHbIM (puc. 16). Dmiopa u3rubaromiero
MOMEHTa CTPOUTCSI CO CTOPOHBI CXKATOrO BOJOKHA Oajiku, KOTOPOE HAXOJUTCS C
BOTHYTOM 4acTu OaJIKu.

[TonoxxutenbHble 3HaYEHHUS] U3TMOAIOIIET0 MOMEHTa OTKJIAIbIBAIOTCS BBEPX OT
OCH DITIOPHI, OTPUIIATEIHHBIC. BHU3.

Ipumeuanue: CTyneHTbl CTPOUTEIBHBIX CHEIUATBLHOCTEH CTPOSAT JMIOPY
M3TUOAIONIET0 MOMEHTAa CO CTOPOHBI PACTSHYTOTO BOJIOKHA, YTO HE BIMSIET Ha
pe3yabTaThl pacu€ToB O0AIOK HA TPOYHOCTH U KECTKOCTb.

I

= &

Puc. 16. IlpaBuiio 3HaKoB I H3ru0AIOIEr0 MOMEHTA

[Ipu pemenun 3aaad, CBA3aHHBIX C pacu€ramMu OajloK Ha MPOYHOCTh U
KECTKOCTH, CTPOATCA TpadUKU U3MEHEHUS! dTUX YCWIMM MO JJIMHE Opyca — 3MIOPHI
NOMEepPEeYHbIX CHUJI M M3rudaroumx MOMEHTOB. llenbio mocTpoeHuss smwop Opu
pacuéTtax Ha TMPOYHOCTh SBISAETCS HAIISAHOE MPEJICTABICHUE HU3MEHEHUS
BHYTPEHHUX YCUJIUW B CEUCHUH B 3aBUCUMOCTH OT €T0 MOJIOKEHUSI U ONPEEICHUE
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HanboJiee HarpyKEHHBIX YYaCTKOB OaKH.

JInst Toro 4T00bl YCTAHOBUTH 3aKOH U3MEHEHUS BHYTPEHHUX YCHJIMH MO AJTU-
He Oanku, BRIOMpaeTCs MPSAMOYTOJIbHAS CHCTEMa KOOPJAUHAT, OCh abCIUCC z Ha-
MpaBJseTCs BAOJb OCH OajKu, a OCU X, Y COBMEIIAIOTCA C TJIABHBIMU IIEHTPalb-
HBIMHM OCSIMHM MHEPLUHMU MOIMEPEYHOTO CEYEHMs. 3aTEM 3alMCHIBAIOTCS aHAJIUTHU-
YECKHUE BBIPAXKECHUS MJISI MONEPEYHOW CHJIBI U M3TMOAIONIEr0 MOMEHTa B BUJE
GyHKIUM OT abcuucChl z, OMpeAeNarouleld MOJ0KEHHE pacCMaTPUBAEMOTr0 Ce-
yeHus. CocraBuB ypaBHeHus Q(z) u M (z), abcuuccam Jar0T IMOCIEA0BATEIBHO

KOHKPCTHBIC 3HAYCHHS W BbIYUCIAOT BCIWMYHHBI Q u M OTKJIaabIBasd HUX B

X
IIPUHATOM MaciiTabe OT ocH SIIIOPBI BBCPX MW BHH3, CTPOA, TAKHUM O6paBOM,

rpapuku GpyHkuuid Q(z) u M, (z) — SHIOpBl NONEPEUYHBIX CUJI U M3rHOAIINX

MOMEHTOB.
[Ipu n3rube Oanku B €€ MOMEPEYHOM CEUCHUU BO3HUKAIOT HOpMabHbIC U Ka-
caTesibHbIe HanpskeHus. HopmanbHble HapsiKEHUS ONpPEneNstoTces no Gopmye

Ix

rac Mx - H3I‘H6&I-OH1PII>1 MOMCHT B paCCMAaTpUBACMOM CCUCHUU,

I, - MOMEHT UHEPLUHU IONEPEYHOI0 CEYCHUS OTHOCUTEIILHO HEUTPAILHOU OCH;

¥ - pacCTOsSIHUE OT HEUTPAJIIbHOM OCH /10 TOUKH, TJE ONPEEAeTCs HAMPsKEHNUE.
VYcnoBue NpoOYHOCTU MPU U3TUOE IS TUTACTUYHBIX MaTEPUATIOB

M
— X
Gmax - < [G]a (52)
Wx
rac Wx - OCEBOU MOMEHT COIIPOTUBJICHHA 1IPpHU I/ISFI/I6€, BBIYMCIIIEMBIN OTHOCUTEIHHO

HEUTpabHOU OcCH. |11 MPOCTBIX TEOMETPUYECKUX (PUTYP €ro BBIYHCIISIOT 10 (hop-
MyJam:
2
bh nd>
IUIA IpAMOYroabHuKa W, =——; nmua xpyra W, =——.
6 32
MOMEHTBI COPOTHBIICHUS MPOKATHBIX Npoduieii MpuBOASTCS B TaOIUIAX COP-
TaAMCHTA.
JInst XpynKuX MaTepHalioB (4yTr'yH, BBICOKOYIJIEPOAUCTBIE CTAM), UMEIOLINX CY-

IMECCTBCHHO PA3JIMYHBIC IMPCACIIbI IIPOYHOCTU IIPpU PACTAKCHUU Gep U CKaTun O,

Tp€6yeTC}I IMPOBCPKa UX IIPOYHOCTH II0 HanOOIbIINM pacTaruBaromuM O, W HaH-

p
OOIBIINM C)KUMArOIIM HAIMpsHKCHUAM O :

max max
_M: M

Gp —ypS[G]p, Gc_

ycs [G] Co
Ix X

c
rne [o] p = % , [o]. =%; N — 3amac MPOYHOCTH.
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ITPUMEP PEHIEHUSA 3AJTAYH Ne 5

TpeOyercs MOCTPOUTH AMIOPHI MOMEPEUHBIX CUJI U U3TUOAIONIUX MOMEHTOB H
nog00paTh pa3Mepsl MOMEPEYHOrO CEUYCHHs CTaNbHOU Oanku (puc. 17) nns pas-
JUYHBIX (OPM CEYEHUS: JBYTaBpOBOW Oanku, Oaiku MPSIMOYTOJIbBHOTO CEYEHUS
co cTopoHaM® & u b tipu h/b = 2 M Kpyrioro momnepeyHoro cedenus. bamnka BwI-
MOJIHEHA U3 CTaJU C JonmyckaeMbIM HanpsbkeHuem [6] =190 Mlla;
a=1wm; g=10 xH/m.

Y
‘ R, q=10KH/m B =20kH ARz
H, Y Y Y Y z
e
N Bsz —10kH C D
a=I1m . a=Im a=Im
|

Puc. 17. PacuéTHag cxema 0aJIKu

1. OnpeneneHre ONOPHBIX peaKLHH.
Ha cxeme mokaseiBaem omopHsle peakuuu Ry, H 4, Rp. Beprukanbueie pe-

dKIIWKW HAIIpaBJIsICM BBCPX U 3alIMCBIBACM YPaBHCHHUSA PABHOBCCHUA!

ZZ = O;HA = O;
YMp=0; Ry -3+10-2-10-1-1,5-20-1=0.
Otcrona R, 4=5kH;
M 4=0; —Rp-3+20-2+10-1-1,5-10-1=0;
Rp =15kH.
[IpoBepuM NpaBUIBHOCTH BHIYMCIECHUM, COCTABUB €IIE OJJHO YpaBHEHUE PaB-
HOBECHS:
YY=0, Ry+A—-q-1+P +Rp=0;
5410-10-1-20+15=0;
30-30=0.

YcnoBue paBHOBECHUS YOBIECTBOPSETCS, peaKIIMU ONPeAesIeHbl TPaBUILHO.

2. ITocTtpoenue smtopsl Q.

MpeiciieHHO pa3OuBaeM Oaliky Ha ydyacTKH. ['paHMIaMM y4acTKOB SIBJISIOTCS
CEeUeHHUs, B KOTOPBIX K OaJike MPUI0KEHBI COCPEIOTOUYCHHBIE CHUJIBI WJIM Tapbl
CWJI, HAYMHAIOTCS WJIM 3aKaHYMBAIOTCS paclnpelesi€HHble HAarpy3Kd, UMEIOTCS
NpPOMEXYTOUYHbIE IMapHUpBl. B paccmaTpuBaemoii 0anke TpaHUUYHBIMU ceye-
HUsIMH OynyT ceueHust 4, B, C u D. JIng xaxaoro U3 TpEX y4yacTKOB 3allUILIEM
aHaJTUTUYECKOe BeIpaxkeHue Q (z).

Yuactok AB, 0<z<Im. PaccmoTpuM NpOHU3BOJILHO BHIOpAaHHOE CEYEHUE C
a0cuuccolt z. Paccekas 0ajJiky B 3TOM CEUEHHMHU Ha JIB€ YaCTU U OTOPOCHUB Tpa-

43



BYIO 4aCTh, BBIUUCISIEM alreOpandyeckyro CyMMy MPOEKIUl Ha OCh ¥ BCEX CHII,
JNENCTBYIOIINX HAa OCTABIIYIOCS YACTh:
O(z)=R,=5kH .

ITonepeyHas cuia HE 3aBUCHUT OT MEPEMEHHOMN z HAa MPOTSKEHUHU BCETO yda-
CTKa, CJE€J0BaTENbHO, 3M0pa () OrpaHMyYeHa MNPsIMOi, MapaaieabHOH ocH adc-
nucc. OTI0XKHUB OT OCH DSHIOPHl BBEpX B BhIOpaHHOM Macmrtabe J5 xH
(puc. 18, 6), cTpouM >MIOPY HA ITOM YUaCTKeE.

Yuactok BC, [m<z<2m. AnreOpaudeckasi cymMMma MPOEKIHUN BCEX CUJI HA
OCb ) ClJieBa OT CeUeHHUs ¢ abcIuccou z

O(z)=R4+PF —q(z-1)=5+10-10(z-1);
0(z)=25-10z.

[lonryyeHHOE BBIpAXEHHUE SBISICTCA YPAaBHEHHEM HAKJIOHHOM MPSAMOMU, KOTO-
pasi MOKeT OBITh MOCTPOEHA MO JABYM JIeXKaIlMM Ha HeW Toukam. Jns e€ mo-
CTPOCHUS HAalJIeM 3HAUYCHHUS MOTIEPEYHON CHUJIBI Ha TPAHUIIaX YYaCTKOB Oallku

z=1m, Q(dm)=15kH; z=2m, Q(2m)=5kH.

Yuacrok CD, 2m<z<3m.llonmepedyHas cuiia Ha PACCTOSIHUM z OT Hayaja Ko-
OpIAMHAT

O(z)=R4+P—q-1-P,=5+10-10-1-20=-15kH.
Tak kak mormepeyHasi cujia HE 3aBUCHUT OT MEPEMEHHOM z, HA MOCIETHEM Y4YacTKe
smtopa () orpaHdyeHa MpsMoi, mapajuieabHoN ocu 0anku (puc 18, 0).

Y
‘RA:5KH q=10xH/m B=20xH ARB:J SxH
Y z
a)
N Bsz it |© 2
a=Im a=Im a=Im
15
’ AT
0) ENEEEERER 0, kH
‘_
15 15
15
Ny
5
6) | e TTTT1] M, ,kH-m
10

Puc. 18. PacuéTrHas cxema 0aJjku (a). JM0pbI MONEPeYHbIX
cUJI (0) ¥ M3rudaIOIIMX MOMEHTOB (8)

3. IlocTtpoenue smropel M, .

AHanuTH4YECKOE BBIPpAXCHUC MIJIsI BBIYMCIICHUSA H3r1/16a}0mero MOMCHTa B
CCUCHHH Z H€O6XOI[I/IMO 3aIlIucCaTb IJId KaXXA0ro ydacTKa Oanku.
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YuacrTok AB:

M,(z)=Ry-z=5-z.

Ha »ToM yuacTke Oanku M3THOAIOMMII MOMEHT BO3pacTaeT Mo JUHEHHOMY
3aKOHY M 310pa M, OrpaHUYeHa HAKJIOHHOW NpsIMOW. Berauciss ero 3HaueHus
B CEUEHMSX Ha rpaHUIlaX ydyacTka, CTpOMM B macuitabe (puc. 18, B) smtopy M,
Ha C)KaTOM BOJIOKHE

z=0,M,(0)=0; z=1lm, M, (Im)=5kH - m.

Yuacrok BC:

12
M) =Ry 4 A=) -1

2
w?sz%zﬁ—li

=5-z4+10(z-1)—

[TonydeHHOE ypaBHEHHUE SBJISICTCS YpaBHEHHEM KBaJpPaTHOU 1MapadoJIbl |, MO-
CKOJIbKY ToTiepeyHas cujia Q Ha ydacTke BC HE U3MEHSCT 3HaK, dKCTpeMyMa Ha
sntope M, He Oyner.

OHpe,ZICJIHM 1/13r1/16a10111m?1 MOMCHT Ha I'paHUIAX y4aCTKa:

z=1m, M, ,(Am)=5kH - m;

z=2m, M, (2m)==5-22+25-2-15=15xH - m.

OTy0)KHMB BBEpPX OT OCH OAJKHU HaWJIEHHbIE 3HAUCHUS, TPOBOJIUM KBAJIPATHYIO
napaboJly BBIMYKJIOCThIO BBEpX (HABCTpPEUYy BEKTOPY YCHIIMS paBHOMEPHO pac-
npeaeéHHON Harpy3KHu).

Yuactok CD:

M (z2)=R4 - z+PA(z=1)—q-1(z=1,5)-P (z-2) =
=5-z4+10(z-1)-10-1(z-1,5)-20(z-2) =
=—15-z+45.

B npenenax mocieaHero ydactka Oanku (2m<z<3m) U3rHOAIOMIUA MOMEHT
JUHENHO 3aBUCHUT OT aOCLHMCCHI Z, M AII0pPa OTPAaHUYEHA IPAMON JIMHUEH.
IIpn z=2m, M, (2m)=15kH - m, npu z=3m, M ,(3m)=0.

Omtopel Q u M, nmoka3aHbl Ha puc. 18.

ITo smrope M, HaxoguM ONACHOE CEYEHHE OAJKH — CeYeHUEe, B KOTOPOM H3-
ru0amImui MOMEHT MaKcuMalieH mo a0comoTHOM BenuuuHe. g 3agaHHOU

OaJIKU M3ru0aroIIMii MOMEHT B OIMIACHOM CEYECHUU M;nax: 15 xH-m.

N3 ycnoBus mMpoOYHOCTH ONpeaeuM TpeOyeMblii MOMEHT COMPOTUBIICHUS Ce-
YCHUS

max 3
w2 MP™ _15:10
[6]  190-10°
Homep nByTraBpa HaxoauM MO pacyETHOMY 3HAUEHHUIO MOMEHTA COMPOTHUBIIE-
HUA Wx ) I/ICHOJIB?:y}I Ta6JII/IIILI COpTaMCHTa HpOKaTHOﬁ CTalIn.

=78.9-10"%M> =789 e
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OO6b1YHO, 4YTOOBI COOJIFOJAIOCH YCIOBHE NPOYHOCTH, B COPTAMEHTE HIILYT
Onmkaiiiee HanOoabmee 3HadeHue W,. Haubonee 6im30k k TpeOyeMoMy Mo-

MEHT conpoTuBieHus AByTaBpa Nel4, pasubiit W, = 81,7 e’

[TocTpoum smropy pacnpeaesieHuss HOpMalbHbIX HANPSHKEHUH 10 BBICOTE CEYEHUS
CTaJIbHOM IBYTaBPOBOI1 OAKH.

HopmasibHble HampsiKeHUs B MONEPEYHOM CeYeHUHU Oalok mpHu u3rube ompene-
nstores o popmyne (5.1). o mmpune cedeHuss HOpMalbHBIE HAMPSDKEHUS paciipe-

JEJSII0TCA PaBHOMEPHO. 3aBUCUMOCTh MEXAy O U ) JIMHEWHAs, HOpMaJIbHbIE HaIps-

JKEHUS TIPSIMO MPONOPUHOHAIBHBI PACCTOSHUIO CJIOSI BOJIOKOH OT HEMTPAJIBbHOM OCH,
COBMNAJAIOUIEH C ITTABHOM LIEHTPAIbHOU OCBIO X.

Breruncinum MAaKCHUMAJIbHbIC

y * 183.6 HOpMAaJIbHbIC HAaOpsDKCHHUSA B JBY-

\ | / TaBPOBOM CEUEHUU OAJIKU

| = s My _ 15-10° _
W, 817-107°

6
- =183,6-10"ITa =183,6 MlIa.
! O, Mlla ) )

MuHuManbHble  (CKUMAIOIIHE)

HAIPSOKEHUS B JIBYTaBPOBOM CeUe-

~— +t HUU 10 a0COJIIOTHOM BeTU4uHE OYy-

183.6 IyT paBHBI MAaKCUMAaJIbHBIM pacTsi-
THBAIOIINM HAIPSKCHHSIM.

Dnropa u3rudarmx MOMEHTOB

B JIaHHOM TIpEMepe Oblia MOCTpoe-

Ha Ha CXaTbIX BOJOKHax. B omac-

HOM CEuYeHHH, CyJs 1o smrope M,

_—

Puc. 19. Pacnpenenenue HOpMaabHbIX
HAINIPSAKEHU I 10 BBICOTE CTAJIbHOM
ABYTaBPOBOM 0aJIKH

(puc. 18, B), u3rubaromuii MOMEHT OTJIOKEH BBEPX, CJIEIOBATEIHHO, BBIIIEC HEH-
TpaJbHOH OCH B CEUCHHH JByTaBpa MPOUCXOJMUT C)KaTHE IMPOJOJbHBIX BOJOKOH, a

HUXKE — PACTSHKEHUE, YTO OTPa’kaeM Ha 3Iope O COOTBETCTBYIOIIMM 3HAKOM.
Bri0OpaB macitad, CTpOUM MIOPY pactpeesieHUss HOPMAIBHBIX HAMPSHKEHUH 110
BBICOTE CTaJbHOM JBYTaBpoBO Oanku (puc. 19).

[TonObupaem mpsAMOYrojibHOE CEYEHHUE JJIsI PACCMOTPEHHOW BBIIIE CTAJILHOU
0ajKu, MOMEHT CONTPOTUBIICHUSI KOTOPOTO OMPEALIAETCS ¢ YU€TOM TOTO, YTO €ro
BBICOTA B 2 pa3a OoJiblie mupuHbl (£ =2b):

2 2
6 6 3

Wx

OTrcrona

2 2
Kpyriioe nonepeyHoe ceueHHE UMEET MOMEHT COMPOTUBIEHHUS

b=%/3Wx =i/3'78’9 =49lcm, h=2b=2-491=982cwm.
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W =" _789 en’.
32

JlnameTtp kpyra

J =%/32-Wx =%/32-78,9 930 em
e T

Paccmotpum eémopoii memoo nocmpoenus snwop BHYTPEHHUX YCUIIUM, JACH-
CTBYIOIIHUX B ceueHUsX Oanku. OH COCTOUT B TOM, UTO MOMEPEUHBIC CUIIBI U U3-
ru0aromre MOMEHTHI BBIYHUCISIOTCS HAa TPAHUIAX yYaCTKOB O€3 3alHUCH ypaBHE-
Hui Q(z), M(z), a COOTBETCTBYIOIIKE YMIOPHI CTPOSATCS HAa OcHOBaHUU AU de-

pEHIHANBHBIX 3aBUCUMOCTEN Mexay O, M, q:

0= _dQ _d*M

dz ’ 1 dz 472

3aBucuMocTy (5.3) MO3BOJISIIOT YCTAHOBUTDH CIICAYIONIME XapaKTEpHbIE OCOOEH-
HOCTH 3ITIOP MONEPEUYHBIX CUJI U U3rMOAIOIIUX MOMEHTOB:

Ha yuactkax, rae HeT pacnpeaciaéHHOW Harpy3ku, osmopa () orpaHuyeHa
NPSMBIMH, MTapayieTbHBIMA OCU Oaliku, a 3mopa M — HAaKIIOHHBIMU MPSIMBIMH.

Ha yuacTtkax, rae npuiokeHa paBHOMEPHO pacrpejaeiéHHas Harpys3ka HH-
TEHCUBHOCTBIO ¢, 3M0pa () OrpaHUY€Ha HAKJIOHHBIMU NPAMBIMH, a 3mtopa M -
KBaJpaTHBIMU MapabojaMu, BBIMYKIOCTh KOTOPBHIX HaMpaBlieHa HABCTPEUY BEK-
TOPY PaBHOMEPHO pacnpeesIEHHON Harpy3KHu.

Ha yuactkax, roe Q >0, usrubaromuii MOMEHT Bo3pacTtaet; eciu Q<0 - u3-
ru0aromuiit MOMEHT yOBIBaeT.

B ceuenusx, rue k 6anke NpUIIOKEHBI COCPEAOTOYCHHBIE CHIIBI, HAa 31I0pe O
OylyT CKauyKyd Ha BEJIMYMHY NPUJIOXKEHHBIX CUJ, a Ha 3mope M — nepeaomsl,
OCTpHE KOTOPBIX HAMPABICHO MPOTHUB JACHCTBUS ITUX CUJL.

B ceuenusx, rae k Oajike MPUIOKEHBI Mapbl CUJI (COCPEIOTOUYEHHBIE MO-
MEHTBHI), Ha dmiope M OynyT CKauKy Ha BETUYUHY STUX MOMEHTOB.

Ecnu Ha ydacTke Oajnku MMeeTcsi paBHOMEPHO paclpeaeiaéHHas Harpys3ka u
sntopa ( B Mpejesax ydyacTKa M3MEHsieT 3Hak, TO B cedeHuu, rae O = 0, Ha
sntope M OyZieT 3KCTPEMYM.

[Ipumeps! ucnonb3zoBanus AU epeHIATbHBIX 3aBUCUMOCTEN Npu pacuére Oa-
JIOK TIPUBOJISITCS] HUXKE.

: (5.3)

PaccmotpuM 3amady moabopa cedeHus: Oankd, W3TOTOBJICHHOW M3 XPYIKOro Ma-
tepuana. banka (puc. 20) u3roraBiuBaeTcs U3 UyryHa U UMEET CEYEHUE, TOKa3aHHOE
Ha puc. 22.

TpeOyeTtcs onpeaenuts U3 pacu€ra Ha MPOYHOCTh MO JOMYCKAEMbIM HAIPSKEHU-
SIM pa3Mepbl OTIEPEYHOTO CEUCHUS, €CIIM MaTeprai OalKd - YyTYH C JOMYCKaeMbIM
HanpspkeHueM Ha cxatue [6],=700 Mlla u na pactskenne [G],=140 Mlla,
a=1wm; g= 10 kH/m.

47



q=10xkH/m M=20xHm

\ yvy)l

A A B C D
P=20xH a=Im a=Im a=Im

- T\

Puc. 20. PacuyéTHas cxemMa 4YyryHHOH 0aJIKu

JUIs HaXOXAEHUSI OMAcCHOTO cedeHus: cTpoum 3mopel M u (. OYeBUAHO, YTO
naHHas 0ajgKa UMEET TP ydacTKa:

AB(0<z<1m), BC(1m<z<2m), CD (2m<z<3m).

JUist TOro 4ToOBl HE BBIYUCIATH ONOPHBIE PEaKLUU, pACCMOTPUM OalKy, HauMHas
¢ yuactka AB. Haiinem nonepeyHyro CUiy U M3rHOAIOIIMI MOMEHT B Hayajie 3TOro
yudacTka. MpIcieHHO pacceuéM OajKy B C€YeHHUU 4 Ha JABE YacTU U OTOpPOCHUM IIpa-
Byto €€ yacTh. CneBa Ha OCTaBIIYIOCS YacTh JECHCTBYET TOJIBKO COCPEIOTOYEHHAS
cuna P, paBHas 20 kH. IIpoekTupys 3Ty cuily Ha HOpMaJlb K OCH OajKu, MOJIydaem

0(0) =20 xH.

Paccekas Oanky B ceueHuu B, U MOCTynasi aHAJIOTMYHO, HAXOJAUM BEJIUYHMHY I10-
NEPEYHOW CHJIBI B 3TOM CEYEHUM — OHA paBHA aNreOpanyecKoll CyMMe MPOEKIIHMA
CWJI, JIEWCTBYIOUIMX HA OCTABIIYIOCS JIEBYIO YacTh OAJIKM, Ha HOPMaJIb K €€ OCH:

Om)=P—-q-1=20-10-1=10xH ,
rie 20 kH - npoekuusi COcpe0TOUEHHOM CHIIbI P Ha HOpMaJlb K OCH OaJIKH;

10-1 kH - nmpoexuusi paBHOACUCTBYIOIIEN pacpEACIEHHON HArPy3KHU.

N3rubaromumii MOMEHT B Havasie neporo ydactka M(0) = 0; B KOHIIE ydacTKa OH
paBeH anreOpanveckoil CyMMe MOMEHTOB OTHOCHTEIHHO TOYKU B OT cOCpeIoTOuECH-
HOU cwibl P =20xH u pacupeaenéHHON Harpy3Ku:

M,(Am)=P-1-¢-1-0,5=20-1-10-1-0,5=15xH - m..

Crpoum smtopsl Q U M, 171 NEPBOTO yyacTKa OalKH.

Bri0paB Maciitad, oTkIaapBacM BBEPX OT ocu 3mtop (O U M, TOJIOKUTEIbHBI!)
HaliJICHHbIC 3HAYEHUS MOMEPEYHbIX CUJI U U3rudarommnx MoMenToB. Ha smtope O co-
eluHsAeM NpAMO JnHuel Touku ¢ koopauHatamu (0, 20) u (1, 10), a Ha snrope M,
IPOBOAMM KBaJpaTHYIO apadoiy BBITYKIOCTIO BBepX uepe3 Touku (0, 0) u (1, 15).

[Toctynas aHaIOTMYHO, BBIYUCIIAEM HONEPEUYHBIE CUIIBI U U3THOAIOLINE MOMEHTHI

B Hayajie U KoHlEe y4acTkoB BC u CD.
Yuacrok BC: 1mu<z<2wm;

O (1 m)= 10 «xH, 0O (2 m)= 10 xH;
M, m)=15xkHm, M,(2m)=25«kHm.

OTnouB BBEpX BBIYMCIEHHBIC 3HaUeHUsA O U M, , CTpPOMM SMIOPHI BHYTPEHHUX
ycwimii Ha BTOpoM ydacTke Oanmkm. Kak cremyer w3 nuddepeHmaibHbIX 3a-
BUCHUMOCTEMH, 3TH SMIOPBI OTPAHUYEHBI IPSIMBIMU JIMHUSIMU.

Yuacrok CD: 2m<z<3m;

0 (2 m)= 10 kH, O (3 m)= 10 xkH;
M, (2m)=45«kHm, M3 m)=55kHnm.
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B Havane nocnenHero yyacTtka K Oajike MpUIIOKEHA Mapa CUJl, YTO BBI3BIBAET I10-
SIBJICHUE CKayka Ha sMiope u3rubaromux MmomeHtoB. Ha yuactke CD pacnpenenén-
HOW Harpy3ku HET, NO3TOMY JIIOpel (), M, OrpaHUYeHbl NPSAMBIMU JIMHUSMHU

(puc. 21).
OxoHuarenbHbIN BUJ 3MI0p O, M, MOKa3aH Ha TOM K€ PUCYHKE.

y
q=10xH/m M=20xHm
4 z
v B C DE
P=20xH a=Im a=Im a=Im
20
10 10 10
0) 0, kH
45T T
25
15
8) M, ,kH-m

Puc. 21. Pe3yabTarbl pac4yéra 4yryHHoO# 0a/Ku: a - pacyéTHas cxemMa OaJIKH,
0 - 3NI0pa NMONePeYHbIX CUJI, 6 — IMIOPA U3THOAOIIMX MOMEHTOB

OmnacHoe ceyeHne HaXOAUTCS B 33/I€TIKE M pacu&THBINA M3rHOaronii MOMEHT
M =55 kH-wm.

Jlist onpeienieHus: pa3MepoB MOMEPEYHOTO CEUYCHUST HEOOX0IMMO HAWTH U3 YCIIO-
BUSL TIPOYHOCTH OQJKH OCEBOW MOMEHT CONPOTUBIICHHS OTHOCUTEILHO €ro Heil-
TPaJIbHOM OCH.

3aganHoe cedeHue (puc. 22) UMeeT OChb CUMMETPHH, U JUIsl ONPENeICHUs M0JIO0-
KEHHS €T0 IEHTPA TSHKECTU JIOCTATOYHO BBIYUCIUTH TOJIBKO OJIHY €r0 KOOPAWHATY -
OpAMHATY V.

Pa306bém 3amannyio Gurypy Ha JABE IPOCTHIC YACTH: MPSIMOYTOIbHUK (1) U momy-
Kpyr (2). B xauecTBe MCXOAHBIX OCel MPUHUMAEM TJIaBHbIE LIEHTPaIbHBIE OCH M-
MOYTOJIbHUKA X;, V;. Torja opauHaTa IEeHTpa TSHKECTH Beel (GUTYpBI ompenenuTces
o ¢hopmyiie

Vidy+ oy 1,56-617 +(3+0,424)1-0,51°
A+ 4 2¢- 3t +0,5mt>

OnpenennB MOJOKEHUE LEHTPA TAXKECTH, MPOBOJUM IJIaBHBIE LIEHTPAJIbHBIE OCU
X, ¥ COCTaBHOU (pUTYypHI.

Ye = =1,90¢.
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Puc. 22. IlonepeuHoe cedyeHue YyryHHOU 0aJaKu

Bprauciasem MOMEHT HHCPIOHUHN 3aJaHHOT'O CCUYCHHA OTHOCUTCIIBHO rJIaBHOM OCH-

o k
TpaIbHOI OCH X ;

1, =10 +72) =

; 2
_| 2607 St) +(1,5t=1,90)% 662 |+ 0,1 1t4+(3,424t—1,9t)2'% =9,221,

[Tpu pacuére Ha MPOYHOCTH OANOK, U3TOTOBICHHBIX U3 XPYNKUX MaTEPHAIIOB, JJIs
CEUYEHUHN C OJHOW OChI0 CUMMETPHUHM HEOOXOJAMMO BBIYUCIATH JIBA MOMEHTA CO-
IPOTUBJICHUSI OTHOCUTEIBHO OCH X :

- L =9,22t4= 2305
X y 2,1t U
1 max
oL =9,22t4= 1853
X y 1,9¢ ’
2 max

W3 sm10pel M3rudarommx MOMEHTOB (puc. 21), TOCTPOEHHOM Ha CKaTOM BOJIOKHE,
CJIETyeT, YTO B OIIACHOM CEUEHUHU BEPXHHUE BOJIOKHA OaJKU C)KaThl, @ HUKHUE PacTsi-
HYTHI. Y CIIOBHE MPOYHOCTHU ISl OMACHBIX TOYEK B PACTSIHYTOM 30HE CEYEHHUS WMEET
BUJ{

X 3
Mpsx . 55:10

6
— <[6],; =140-10°.
Wy P 4853

* (3 (3
) HpI/I PacCMOTPCHUM IIOJIYKpPYyTa, IITaBHOU LECHTPAJIBHON OChIO KOTOPOI'O ABJISACTCA X , HCIIOJIb30-

BaHbI puOmmKeHHsie 3HaveHns: Vo = 0,424t¢; [ Xy = 0,11z 4
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Otrcroma ¢ =0,0433 M =4,33 cm.
OmnacHO# TOUKOH B C)KaTOM 30HE SIBISETCA TOYKA, HAauOoJee yAaIeHHAs OT OCU X
Ha PACCTOSHHUE Viax = 2,1¢. YCI0BUE MPOYHOCTH GAJIKHU 110 JIOMYCKAEMbIM HAIPsKe-

HUSIM Ha C)KaTue
3
M ax 55-10
L, < [G]c:)fc ; 3
Wy 4,39¢
Orcroma 1=0,0262 m = 2,62 cMm.
B pacuére mo HOpMaJbHBIM HANPSOKEHUSIM W3 JIBYX HAWJICHHBIX 3HAYECHUU [

IpUHUMaeM OoJblliee, YTO 0OECIeunBaeT MPOYHOCTh Marepuana Oajku, Kak B pac-
TSAHYTOM, TaK U B CKAaTON 30HAX.

=700-10°.

OxonuarenpHo: f = 4,33 cM.

[TocTpouMm 3mIOPHI pactpeesIcHUs HOPMaTbHBIX HANPSOKCHUH 1O BBICOTE T10-
T0OpaHHOTO BBIIIEC CCUCHUS YYTyHHOU Oanku. HopmasibHbIe HANpspKeHHS B TO-
MepeYHOM CEYeHHMH Oanok mpu u3rude ompenensirores mo Qgopmyrne (5.1). ITlo
IIUPUHE CEYCHUS, KaK YXKE YIOMHUHAJIOCh, HOPMAJIbHBIC HAMPSKCHHs pacrpeaess-

I0TCS. PABHOMEPHO. 3aBUCUMOCTb MEKy O U ) TMHENHAsl, HOPMAJIbHbIC HAIIPSKECHUS
PAMO TPONOPUUOHAIBHBI PACCTOSIHUAIO CJIOSI BOJIOKOH OT HEMTPAJIbHOM OCH, COBIIA-
JTAIOIIIEH C TIIABHOU LEHTPAIIBHOU OCBIO X.

JIist ayTyHHOM OalTK¥M BETMYMHA MAKCUMAJTBHBIX (PaCTATHBAIOIINX ) HATIPSHKCHUH

Mmoo 550903
Wy  485-(433-107%)°
MunumanbHbIe (CKUMAIOIINE) HAMPSKEHUS
M max 55-10°
Omin = 7 = 2.3
x 4,39.(4,33-10 %)
BpiOpaB macmtab, CTpoMM BIHIOpPY paclpeiesieHuss HOPMAJIbHBIX Hamps-

YKEHUH 1O BBICOTE YYT'YHHOU Oanku (puc. 23).

=139,7-10° ITa =139,7 MITa.

Omax =

=154,3-10%T1a = 154,3 MIIa.

%%

1397

Puc. 23. Pacnpenenenue HOpMaJIbHbIX HANPAKEHUH 110 BBICOTE
YYIT'YHHO 0aJIKH
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PaccmoTpuM mpumep moadopa COCTaBHOTO CEYCHUS CTATLHOM OalKu.
Jlnst 6anku (puc. 24) mogo0paTh CEUCHHE, COCTOSIINE U3 ABYX CTAIBHBIX IIIBEII-

aepoB. [lycte a =2 m; g =10 kH/m; M =10 xHwm; P=30 kH; [c ] =190 MIla.

y
lRA g=10xH/m  ARp

AT > M=10xkH-Mm -
A B A
I a=2m | a=2m ,P =30xH

a=2m
I 1

Puc. 24. PacuéTHag cxeMa 0aJIKH

OnpenenﬂeM OIIOPHBIC PCAKIINH:
SMp=0;, R -4-M—-P-2=0; R,-4—-10-30-2=0;
R, =17,5kH.
SM, =0; —M+q-4-4—Rg-4—P-6=0; —10+10-4-4—Rp-4—30-6=0;
RB = —7,5 kH.
OTMeTUM, YTO MOMEHT paclpeAeI€HHOW Harpy3Ku OTHOCUTEIBHO ONOPHI B paBeH
HYJII0, a pCaKIuAa BTOpOﬁ OIIOPBI HaIIpaBJICHA HE BBECPX, KaK IIOKAa3aHO Ha puC. 24, a

BHMU3.
IIpoBepka NpaBUIIBHOCTU BBIYMCIIEHUS OIMTOPHBIX PEAKIIMM:

>Y=0; Ry—q-4+Rp+P=0;
17,5-10-4+(=7,5)+30=0; 47,5-47,5=0.

Peaknuu onpeneneHbl NpaBUIBHO.
Omtopel O, M, CTpOSATCS aHAJIOTWYHO JIIOpaM HpeablAyHiero npumepa. Bupg

AMIOP MOKa3aH Ha puc. 25.
y

R=17,5kH q=10xH/m |RB=7,5KH
) M=10xH-m v ~
a ;
Z§ A Cl iB A
’ a=2m a=2m | a=2u P=30xH
17,5 17,5 |
0) & L. 0, kH
2,5
z=1,75m | M
| 30
40 3 | 40
25
8) /\’rrrr M, ,kH-m
107

Puc. 25. Pe3yabTaThl pacuéra: a - pacuéTHas cxemMa 0aJIKu,
0 - 31I0pa MONEePEeYHbIX CUJI, 6 — IMIOPA U3rNOAIOIIUX MOMEHTOB
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Ha cpennem ydactke Oajiku, Kak BUIHO 1O puc. 25, 6, nonepeyHas cujia MEHseT
CBOI 3HaK. B Tom ceyenun Oanku, rae Ha ganHoM yudacTke Q=0 (ceuenue C), Ha
AMIOpE U3rHOAIOIINX MOMEHTOB Yy mapaboisl Oyaet skctpemyMm. Haiiném ero, Hampu-
Mep, Yepe3 Harpy3KHu, pacroio>KEHHBIE JIEBEE 3TOTO CEYCHHUS.

_ Ry 175

q 10

23 1,75
Mc=-M +RA(2+Z())—C]7=—10+17,5(2+1,75)—10 ’

Oc=Ry—q-zp=0; z =175Mm.

=40,3xH - m.

ITo smrope M, HaxoIMM BEIMYMHY M3THOAIONIETO MOMEHTA, MAKCUMAJIBHOTO I10
MOJLYyJIIO
M =403 xH - m.

Ceuenue 6anku moadupaeM U3 yCIoBHs MPOYHOCTHU npu n3rude. Tpebdyemblil Mo-
MEHT COTIPOTUBIICHUS CEUEHUsI, COCTOALIETO U3 BYX IIBEIEPOB

3
ma .
W >Mx X =40,3 10
X = 6
[6]  190-10

OceBoil MOMEHT COIPOTHUBJIEHUSI OJAHOrO IIBeiepa OyJeT B /Ba pa3a MEHbIIE -
W, =106ca°.

[To TabGnuie copraMeHTa MPOKaTHOM CTaIu HAXOAUM, YTO OJMKaWIIUA HAauOOJIb-

MM MOMEHT COINPOTHUBJIECHHUS CceYeHHsT uMeeT wmBemiep Ne 18, mist KOoToporo

=2121-107% M3 =212,1 eni°.

W, = 121en’. Opnnako, B 3TOM citydae npoduiab OyaeT HeaorpyxeH. Ecnu BeIOpath
HmIBeJUIep ¢ ONMKAMIIMM MEHBITUM MOMEHTOM COINPOTHUBJICHUSI ceueHus (1Mo copTa-
MeHTy — 210 mBesuiep Ne 16a, niusa xoroporo W, =103 e’ ), TO BO3HUKHET TepeHa-

npsikenue B 2,96%, uro gomyctumo (pazpemiaercs — 10 5%).

Wrak, npuanmaem mseiep Ne 16a, s koroporo W, =103 e’
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3ATAUA Ne 6

JIns MByX 3aJlaHHBIX IJIOCKUX paM IMOCTPOUTH IMIOPHI U3THOAIOIIMX MOMEH-
ToB. CXeMBl paM W YHWCIIOBBIC JaHHBIC IJIs PEIICHHS 3aJadd BBIOMpAIOTCS W3
TabJ. 6 u mo puc. 26.

Tabauua 6
Yucaosble JaHHBIE K 3aga4e Ne 6
Howmep Howmep Pa3zmep
CTPOKH pacu. Cuia, kH MowmenT, kH-m a, M
CXEMBI
(pI/IC. 26) Pl P2 P3 nm my
1 1 10 12 6 4 6 2
2 2 8 4 1 5 5 1
3 3 2 4 2 6 4 2
4 4 10 6 4 2 8 2
5 5 6 4 4 4 6 2
6 6 8 6 6 6 4 1
7 7 2 2 6 5 2 2
8 8 2 5 4 2 8 2
9 9 5 10 2 4 4 2
0 10 2 4 4 5 4 1
3 K a § B r i

METOAUYECKHE YKA3AHHUA K PEIIIEHHIO 3A/TA9H N 6

OcHosHble meopemuyecKue c6e0eHus u pacuémusie opmyivt

Pamoii Ha3bIBaeTCs CTEpP)KHEBAs CUCTEMA, COCTABHBIE YACTHU KOTOPOU BO BCEX
UJIM HEKOTOPBIX y3J1aX KECTKO CBSI3aHBI MEXIy coOoi. B minockoit pame ocu eé
2JIEMEHTOB JIEKAT B OJHOW IJIOCKOCTH, COBMANAIONMIEN C INIOCKOCTBHIO MPUIOKE-
HUSI BHEIIHUX HArpy3ok. Och paMbl mpejcTaBisieT co00i JOMaHylo JIMHUIO, Ka-
KB TPSAMOJMHEHHBIN y4aCTOK KOTOPOH paccMmaTpuBaeTcs kak Oanka. dudde-
peHIMaIbHbIE 3aBUCUMOCTH MeXy O, M, g, nonydeHHbIe Jjisi OaJKu, U BBIBOJIBI,
BBITEKAIOIIUE U3 ATUX 3aBUCUMOCTEW, CIIPABEIJIMBEI U JJIS1 OTACIIBHBIX 3JIEMEHTOB PAMBL.
BHyTpeHHUE ycHuIus, BOSHUKAIOUIUE B MOMEPEUYHOM CEUEHUH CTEPHKHS MIOCKOU
pambl, B 00IIEeM cllydyae MPUBOAATCS K TPEM CUIIOBBIM (haKkTOpaM: MPOJOJTHLHOU
cune N, monepeuHoi cuie (O, u3rubaromeMmy MOMeHTyY M.

OcHOBHBIE NPUHUUIIBI MOCTpOEHUA Am0p O, M, N 1 NI0CKUX paM T€ Ke,
9TO U I 6anok. JIOMOJTHUTENIbHO OTMETHUM, YTO TPAaHUIIAMHU yYYaCTKOB TaKKe
SBJISIIOTCSl CEUEHUsI, B KOTOPBIX COCUHSIOTCS cTepKHU (y37bl pambl). Eciu pama
uMeeT 6osiee OJTHOM OTOPHI, CIAEAYET N0 MOCTPOCHUS IO, HAUTH ONIOPHBIE
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Puc. 26. Cxembl pam K 3aga4e Ne 6
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peakIuu, KOTOphle B MaJbHEHIIIEM pacCMaTPUBAIOTCS KaK BHEIIHWUE HArPy3KH.
AHanutndeckue 3aBUCUMOCTH st (Q(z), M(z), N(z) 0ObIYHO HE 3alMCHIBAIOTCS.
BuyTpenHne ycunus BBIYHCISIOTCS HA TPaHUIAX yYYaCTKOB M B XapaKTEPHBIX
TOYKax, T.€. TaM, IJie H3ru0aronuii MOMEHT IKCTpPEMaJeH.

OpauHATHl AMIOP OTKIAABIBAIOTCS MEPINEHIUKYIIPHO OCH PaMbl, TIPH ITOM
smopa M CTyAeHTaMHU MAaIIMHOCTPOUTENBHBIX CHEHHATBHOCTEH CTPOUTCS CO
CTOPOHBI CKATOTO BOJIOKHA CTEPXKHSI, a CTYJCHTAMU CTPOUTEIHHBIX CIICIIHAIb-
HOCTEH — CO CTOPOHBI PACTAHYTOTO BOJIOKHA.

INPUMEP PEHIEHUSA 3AJIAYH Ne 6

Jlns 3agaHHOM pambl (puc. 27, a) NIOCTPOUTH SMIOPY U3THOAIOINX MOMEHTOB
IIPU CJIEAYIOUIUX UCXOIHBIX NaHHBIX: a= 2 m, P;= 6 kH, P,= 8 kH, my =7 kHm.

a) 6)
Y —
f;t P8t AR=9,5kH
a a , A/ B
2 T A
a N
A R=6kH| D S
—— e B
) REILSKH | &
" lc  Vi=oxns| -
a - AN pm=TkHm
a=2m | a=2m |
|

8) 22 19
22 Wmﬂmm
E F B

2 D M, kH-m

C A
10— [
10 7

Puc. 27. 3anannasi cxema pamsl (a), pacuéTHas cxema (0),
3MI0PAa U3rHOAKIUX MOMEHTOB (6)

B cooTBeTCTBUHM ¢ UCXOJHBIMU TaHHBIMU 3aJ1a4U CTPOUM (PAKTHUUYECKYIO pac-
48THYI0 cXxeMy pambl (puc. 27, 6), Ha KOTOPOUW yKa3biBaeM €€ T€OMETPUUYECKHUE
pa3Mephl, BEIMYMHBI BCEX BHEIIHUX HArpy30K, a TaK)KE OMOPHBIX peakiuil mo-
CJie UX BBIYMCIICHUS.
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OmnpenensieM onopHsle peakuuu pambel. Ha pacu€THON cxeme IOKa3bplBaeM
BEKTOPBI OMOPHBIX peakuui R, n H, MapHUPHO-HENOABUKHON ONIOPBI A U BEK-
TOp Rz HA MAPHUPHO-NOJABUKHOU onope B. BeanuuHbl peakuuil OnpeacisoTCs
U3 YPAaBHEHUU PAaBHOBECHS PAMBI:

22=0, PRA-H,=0; Hy 4 =P =6xH,;

ZmB =0; RA-2+I112 +HA'4—PI'2—P2-2=O;
—mz—HA-4+P1-2+P2-2

R == =
4 2
=—7—6-4-|2-6-2+8-2=_1’5KH;
ZmA=O; —RB-2+m2+Pl-2=O;
my+ B -2 .
Rp=2TTNZ_THO2 g 5ip

2

JInst mpOBEpPKU MPABUIIBHOCTH BBIYKMCIIEHUS] OMTOPHBIX PEAKLIHUN MOJACUYUTHIBACTCS
CyMMa IPOEKIUN BCEX CHUJI, IPUIIOKEHHBIX K paMe, Ha BEPTUKAJIBHYIO OCh )

2Y =0; RA—P2 +RB =0;

(-1,5)-8+4+9,5=0;
-9,54+49,5=0.

PaBeHCTBO 3TOM CyMMBI HYJIO TOBOPUT O TOM, UYTO PEAKIUHU OIPEAECICHBI
IIPaBUJIBHO.

Peaknust R, momydanack OTpUIATEIbHONW. DTO 3HAYMT, 4TO (HAKTUUECKU OHA
NEeMCTBYET B HaNpaBJICHHUHU, MPOTUBOIMOJOXHOM BbIOpaHHOMY paHee. MeHseM
€ro Ha cxeMme, M B JalbHEHIuX pacdyérax OyJeM CUUTATh BEPTUKAIBHYIO PEaK-
LIAI0 Ha onope 4 HalpaBJIeHHOW BHU3, U paBHOU R4 =1,5«H .

PazbuBaem pamy Ha y4acTKH, TpaHHUIBI KOTOPBIX (puc. 27, 6) 0003HAYCHBI
JATUHCKUMHU OyKBaMu. B rpaHUUYHBIX CEUYEHMSX KaXKJOTO ydacTKa HaXOJUM Be-
JUYUHBl U3TMOAIOIMX MOMEHTOB M OTKJIAJbIBAEM IIOJYYEHHBIE 3HAYECHUS CO
CTOPOHBI CKATOTO BOJIOKHA.

C uenpro BBIUMCICHUS U3TM0AIOEr0 MOMEHTA PACCEKAEM MBICIEHHO paMy B
UCCJIEIyeMOM CEYEHUHU Ha JIBE YAaCTU U OTOpachiBaeM OJIHY U3 HUX, a 3aTEM IO/I-
CUHUTBHIBAEM aJNreOpamyecKyrd CyMMY MOMEHTOB BCEX CHJI, IPUIIOKEHHBIX K OC-
TaBIIEHCA YacTU, OTHOCUTEIbHO paccMaTpUBAEMOTO CEYEHHsI. DTa CyMMa paBHa
BEJIMYMHE U3ru0aronero MOMEHTa B TAHHOM CEYEHUH PaMBbl.

PaccmoTpum mocienoBaTeabHO CTEPKHHU paMbl, HaunHas co crep:kHsaA AC,
KOTOPBI MMEET JIUIlb OJUH y4acTOK. MBICIIEHHO paccekasi CTep>KeHb B Hayalie
ydacTka (JieBee TOUKH A) U oTOpackiBasi JEBYIO YacTh pPaMbl, BHIYUCISIEM H3THU-
Oaromuii MOMEHT B Hayalle y4yacTKa:

M 4 =my =T7kHm (cxkKaTble BOJOKHA IIPU 3TOM OyIyT HAXOJUTHCS CHU3Y).

B xonne yuactka (Touka C) BeJMuMHA M3rHOAIONIEr0 MOMEHTA paBHA anreo-
pan4ecKko¥ CymMMe€ MOMEHTOB OT JE€UCTBUS MOMEHTA m)y U peakuuu R,. MomeHT

nmy n3rudaer CTCPIKCHDb AC Takum O6p8,30M, 49TO €ro CxKaTbI€C BOJIOKHA pacCIioja-
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raloTcs cuHuzy. byaem cumTaTth ycinoBHO u3ruOarommuii MoMmMeHT B cedueHuu C,
BO3HUKAIOUIUKA OT JAEHCTBUS MOMEHTa my, IMOJOXKUTEIbHbIM. Torma wus-

rubarmnuii MOMEHT B TOM )K€ CEUCHUM OT JEUCTBUS peakiuu R, cleayeT Ccuu-
TaTh MOJIOKUTEJIBHBIM, TaK KaK 3Ta CUJA TAaK )K€, KAK U MOMEHT 71, , BBI3bIBACT

C)KATUE HUKHUX BOJIOKOH CTEPKHS.

HN3rubarmommuiit MoMeHT B ceueHuu C

MC =my +RA 2=T7+15-2=10xHm.

[TonoxxuTenbHOE 3HA4YEHHE H3rUOAIOIIEr0 MOMEHTa O3HAyaeT, YTO CXKAaThble
BOJIOKHA CTEpKHS B ceyeHun C mo-mpexxkHemy ocTaroTrcs cHuly. OTkiiajbiBas B
MacmTabe MOJyYeHHBbIE 3HAUCHUS HW3TMOAIOMMX MOMEHTOB MEPHEHIAUKYISIPHO
ocu ctepxkHa AC BHU3 (CO CTOPOHBI CKAThIX BOJIOKOH), CTPOMM Ha 3TOM Y4acTKe
smopy M (puc. 27, 8), koTopasi OyaeT orpaHUYeHa MPSMON JIMHUEH, TaK KakK K
paMe He IPUJIOKEHBI pacupeaeIEHHbIE HATPY3KHU.

[lTepexonum k cienytouemy crepxHio — CE, KoTopblii pa3OuBaeM Ha JBa yda-
ctka — CD u DE.

Yuacrok CD. Usrubaromuii MOMeHT B cedyeHuu C, KOTOPOE MPUHAIIEKHUT
onHoBpeMeHHO cTep)kHAM AC u CE uzBecten: M =10 xHwm.

Coxatbele BoJIokHa ctepxkHs CE B cedeHun C HaxXxOIUTCS CIIEBA OT €ro OCH,
ciengoBaTelbHO, MOMEHT M- = 10 xHm Hao OTIIOXKUTH BIIEBO. M3rubaromuii Mo-
MEHT B cedueHuu D

Mp=my+R, -2+H4-2=T+15-246-2=22kHnm.

[TonoxurenbHOE 3HAYEHHE M3rUOaOIIEro MoMeHTa M O3HayaeT, 4YTo CxKa-

ThIE BOJIOKHA CTEPKHS, KaK U B ceueHun C, pacloJIOKEHBI CIeBa.

Yuacrok DE. M3rubamoumuii MOMEHT B Ce€4€HHHU D, KOTOpOE MPUHAIIEKUT
Tenephb paccMarpuBaeMomy ydactky DE, Mp = 22 xHm. Haxonum u3rubaromniuii
MOMEHT B CEUCHHHU £

Mp=my+R, -2+H-4-F-2=7+15-246-4-6-2=22xHnm..

ITepen MOMEHTOM OT CWJIbI P; MOCTaBJIE€H 3HAK MUHYC, TaK KakK cuia P; CxKu-
MaeT BOJIOKHA, pachojiararoliuecs cupaBa OT ocu cTepxkHs. [lojoxuTenbHoe
3HaueHue MoMeHTa My = 22 kHm o03Ha4daeT, 4YTO CKaTbhle BOJOKHA B CCYCHHUH
pacnoJjiararoTcs cjieBa.

OTtkiiagpiBasi OpAUHATHI MIOPHI NEPIEHIUKYIJISIPHO OCU CTEPIKHS, KaK 3TO Jie-
JaJI0Ch paHee, CTPOUM JIIOPY Ha yuacTke DE.

[TocTpoenue 3mopbl U3rudAOIIUX MOMEHTOB AJs CTEpkHSI BE y1o0HO mpo-
M3BOJIUTh, IEPEMEIIAsiCh OT CEUCHUs B clipaBa HAJEBO.

Crep:xenb BE. Pa3zOuBaem ero Ha aBa ydactka: BF u FE. U3rubaromuii Mo-
MEHT B CE€4YeHUH B paBeH Hymw0. B ceuenunm F' ydactka BF CTepKHSA W3THU-
OaroIUii MOMEHT paBeH MOMEHTY OT JIeMCTBUs cuibl Rz = 9,5 kH. Ero BenuuuHa

Mp=Rp-2=9,5-2=19xHm (cxKaTble BOJOKHA HAXOAUTCS CBEPXY).

VYuactoxk FE. VM3rubamuiuii MOMEHT B CEYEHUM F, MpUHAJIEKAIIEM STOMY
y4acTKy, u3BecteH: M= 19 kHu. B koHme ydactka (ceueHue E) m3rubaromiui
MOMEHT
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Mp=Rp-4—P-2=95-4-8-2=22xkHnm.
IIepBoe ciaraemoe, MpeaCTaBIAIONIEE MOMEHT OT NEUCTBUS CUIBI Rp, BBI3bI-

BAIOILIEH CKATUE BEPXHUX BOJOKOH CTEPXKHS, IPUHATO IMOJOKUTEIbHBIM. [lepen
BTOPBIM CJIaraéMbIM MTOCTABJIEH 3HAK MUHYC, TaK KaK C)KaTble BOJOKHA OT JI€HCT-
BUsl cuibl P pacnonoxeHbl cHU3y. IlonoxxutenbHoe 3HaueHHME M3ruOaoIIETo

MOMEHTA B CEYEHUU E 03HAYAET, UTO CHKAThIE€ BOJIOKHA CTEPkKHS B 3TOM CECUYCHUHU
HaXOJSITCS CBEPXY OT €ro Ocu. BhlumMcieHHble OpAMHATBHI OTKJIAJIBIBAIOTCS Ha
3MI0pPE BBEPX OT OCU CTEPIKHS — CO CTOPOHBI CKATHIX BOJIOKOH (puc. 27, 8).

Crnenayer oOpaTuTh BHUMaHHME Ha TO, YTO NPU MEpeXoje depe3 y3el H3TH-
Oarmuii MOMEHT MO MOJAYJIIO HE MU3MEHSETCS M 3II0pa pacroliaraercs no oJaHy
CTOPOHY OT KOHTYpa paMbl (BHYTPU WJIM CHAPYKH). DTO YCIOBUE COOII0OIaETCH,
€CJIM B y3JI€ paMbl HE MPUJIOKEH COCPEIOTOUYCHHBIN MOMEHT (Iapa Cul).

PaccMoTpum emé o npuMep MOCTPOCHHUS IMIOPBI M IS paMBbl.

TpeOyeTcss MOCTPOUTH AMIOPY U3THOAIONIMX MOMEHTOB ISl paMbl, MOKa3aH-
HOU Ha puc. 28, a.

Ucxonnsie nannbie mid pacuéra: a= 2 m, P;= 6 kH, P,= 8 kH, m;= 9 xHwm.

a) m, 0) m =9 kH:m
a a . C B
..ID IAI = B
;31 . c”§ B=8xH
P P=6xH
2a 1 s A <1
=
N
SyOE
77 [Ta=2m | a=2m
6)

12 212

19 E

Puc. 28. 3agannasi cxema pamsl (a), pacuéTHas cxema (0),
3MI0Pa U3rudaKIMX MOMEHTOB (6)

Jlns pambl, )KECTKO 3aIlIeMJIEHHONW OJJHUM KOHIIOM, IOCTPOCHUE SMIOPHI U3THU-
OarIIMX MOMEHTOB PEKOMEHYETCSl HAUMHATh C HE3aKPEIJIEHHOTO ceueHus (ce-
yeHue 4 Ha puc. 28, 6), He ONpeeisisi OMOPHBIX PEAKIUM.
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Crepxenb AB (puc. 28, 6) uMeeT OJJUH y4acTOK, B Ha4yajie U KOHIIE KOTOPO-
IO BBIYUCIAIOTCS U3rHOa0IINe MOMEHTHI:
M;=0, Mpg=PF-2=6-2=12kHm.
OTtkianpiBaeM HaWJICHHBIE 3HAYEHHUS CJIeBa OT OCH CTEP>KHS CO CTOPOHBI €ro
CKaThIX BOJIOKOH (pucC. 28, ), U COEIUHSEM IOJYyYCHHbIE TOYKHU MPSIMOU JIMHHUEH
(pasnomepro pacnpedenénnot Hacpy3xku Hem!).

Crepxenb BD umeet nBa yuyactka - BC u CD. Bpuncngiorcs u3rudarommue
MOMEHTEHI B ceueHusax B, C, D.

B ceuennn B wmsrubaromuii MoMeHT Mp = 12 kHm, Tak Kak TpH Mepexojie gepes
y3eJ BeJIMYMHA M3rHOAIONIer0 MOMEHTAa HE M3MEHSAETCS, CKaTbhle BOJIOKHA CTEPKHS
pacIoyararTCsi CHU3Y.

B ceuenusix C u D usrubaroniyie MOMEHTBI

Mc=R-2=6-2=12xkHn; Mp=HF-2-P-2=6-2-8-2=—4kHnm.

B nociienneM BbIpa)k€HUH MOMEHT, 3aBUCAILMN OT CUJIbI P;, YCIOBHO IMPUHSAT I0-
J0XUTENBHBIM. [IpH 3TOM cxKaTble BOJIOKHA CTEPKHS BD OT IEMCTBUS 3TOIO MOMEH-
Ta PACIOJIAraeTcsi CHU3y OT OCH CTEPkKHSA. MOMEHT OT cuibl P, B 3TOM Ciiy4ae OTpH-
LaTEJICH, TaK KaK OT ACHCTBUS CUJIbI P, BOJIOKHA, PACIIOJIOKEHHBIE CHU3Y, PACTATHU-
BatoTcsa. OTpuniaTenbHOE 3HAYCHHE W3TMOAIoIero MOMEHTa B ce4eHnu D, 03Havaer,
YTO C)KATO€ BOJIOKHO TEIEpPh PAaCIIONaracTcs TEIepb HE CHHU3Y, a CBEPXY OT OCH
crepkHsi. OUeBHIHO, 4TO 3Mt0opa M Ha yyacTke BD orpaHudeHa NpSMbIMUA JTUHUSMH.

Crepxenb DE nmeeT TOJIBKO OJIMH YYacTOK, B Hadajae KOToporo (ceuenue D)
OPUIIOKEH MOMEHT my =9xHm. M3rubaromuii MOMEHT B ceueHUU D CTEpKHS

DE:
MD =P1 -2—P2 -2+m1 =6-2-8-24+9=5kHnm.

HaiinenHoe 3HadueHHE OTKJIAABIBAEM CIIpaBa OT OCHU CTepkHsA DE, Tak Kak OT
NEeNUCTBUS CHJIBI P; c)KaTble BOJIOKHA I C€YEeHUSA [ PacIoJIOKEHBI CIIpaBa, U
nepesa MEPBBIM CJIATAEMBIM B BBIPAXKEHUU JJIsl BBIUUCIEHUSI M3THOAIOIIETO MO-
MEHTAa IMOCTABJIEH 3HAK ILIKOC, YTO O3HAYAET CKATHUE BOJIOKOH CIIpaBa OT JAEUCT-
BHS BCEX BHEIIHUX CHJI, IPHJIOKEHHBIX K paMe.

N3rubarommuii MOMEHT B CEUEHUU £

ME =Pl-2+P2 -2—m1 =6:-248:-2-9=19xHwm.

3aech 3HaK (IUIIOC UM MUHYC) Iepes KaXAbIM cllaraéMbIM BbIOpaH B COOT-
BETCTBUHU C BBEJIEHHBIM paHEe MPABUIIOM.

ITo HaliieHHBIM 3HAUEHUSAM U3THOAIOLIUX MOMEHTOB I cTepkHs DE noctpoeHa
sntopa M (puc. 28, ), orpaHuYeHHas MPSIMOM JTMHUEH.

60



3ATAUA Ne 7

Jlnst 3aiaHHOM cTaTUYECKU HEeoNpeaeTuMon 6aiku TpedyeTes:
1) packpbITh CTaTUYECKYIO HEONPEAEIUMOCTH;
2) NOCTPOUTH AMIOPY U3rHOAIOIIUX MOMEHTOB;
3) nogoOpaTh ABYTABPOBOE CEUECHUE MO YCIOBUIO MPOUYHOCTHU OaJKu;

4) onpeAenuTh yroji nmoBopoTa ceueHus L u nporud B ceueHuu K.

JInga Bcex BapHMaHTOB NPUHATH: JomyckaeMoe HampsikeHue [6] = 160 Mlla,

MOJAYJb yIpyroctu £ =2- 10° MITa.

YucnoBele 1aHHbIE OepyTcs U3 Taba. 7, pacy€THbBIE CXeMBbI — 1O puc. 29.

Taoauna 7
YucaoBble JaHHBIE K 3aga4e Ne 7
Homep | Howmep Harpyska
pacd.
CTPOKH | CXEMBI q, P, P, m, Pa3zmep
no kH/m kH kH kH-Mm a, M
puc. 29
1 1 5 10 10 4 1,0
2 2 4 8 5 6 1,5
3 3 8 6 8 4 1,0
4 4 10 8 12 2 0,8
5 5 12 5 7 5 1,2
6 6 6 7 10 7 1,0
7 7 5 10 6 3 1,2
8 8 10 11 9 4 0,8
9 9 8 8 7 5 0,6
0 10 7 5 10 6 1,0
3 3 XK § B r

METOAUYECKHUE YKA3AHHUA K PEIIIEHUIO 3A/TA9HU Ne 7

OcHoeHble meopemuyecKue c6e0eHus u pacuémuvle Qopmyiot

1. Onpeoenenue nepemewenuti memooom Mopa. Bwiuucnenue ummeepana
Mopa memooom nepemnodicenus 3nop
Pacuér crarnyecku HeonmpeaeIuMbIX KOHCTPYKIIUNA TpeOyeT BHIUMCICHUS Te-
pPEMELICHUN UX CEUCHUI.
YHUBEpCAIbHBIM CIIOCOOOM OTpEACICHUs MEPEeMEIeHUN SIBISIETCS JHEpre-
TUYECKU. B npuMeHeHnu Kk 6ajKkaM U MJIOCKUM pamMaM 3TOT METOJ MPUBOIUTCS
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Puc. 29. PacuéTHbie cxeMbl
CTATHYECKH HeompeaenMbIX 0aJI0K K 3a1ade Ne 7

K BBIYUCJIICHHUIO UHTCI'paJia Mopa'

M
A= Zj P ’dz (7.1)
=1y, E;-1;
rae A - ICKOMOe nepemenieHue (JIMHeHHoe MepeMeleHue Uil yroJl IOBOpOTa);
[; - nuHA ydyacTKa OajJKu HIIM PaMbl;

E; I; - n3rubOHas XECTKOCTh 3TOT0 y4acTKa;
M p; - n3rudaromuii MOMEHT OT BHEIIHEH HAarpy3Kd B IIPOU3BOJBHOM CEYEHHM Ha

yqacTke /;
M; - u3rubarommii MOMEHT OT €IMHMYHON HATPY3KH B TOM XK€ CEUCHHH;
7 - 9ACII0 YYaCTKOB /;, Ha KOTOPBIE pa3OuBaeTcs JaHHas Oalka Wik pama.
Jlist onipenenenus nepemenienus no gopmyne Mopa HeoOXoauMo:
1) paccMoTpeTh Tak Ha3pIBaeMOE TI'py30BoO€ (3aJaHHOE) COCTOSHHUE KOHCT-
PYKIIUM, 3alliCaB BBIPAXKEHHS JJIs BBIYUCICHUS BHYTPEHHUX YCHIJIMH, ICHl-
CTBYIOIIUX B IPOU3BOJBHO BEIOPAHHOM IMOMEPEYHOM CEYCHHUHU KaXKOT'0 CTEPIKHS
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OT JICMCTBUS BHEIITHUX HArpy30K;

2) paccMOTpeTh €IMHUYHOE COCTOSIHUE, JJISI YETO CHATh C KOHCTPYKIIMH BCE
JNEeUCTBYIONINE HA HEE HATPY3KU M MPUIIOKUTH B CEUEHUHU, MEepPEMENIeHUE KOTO-
poro ompenaesseTcs, N0 3aJaHHOMY HalpaBJICHUIO €AUHUYHYIO CUJy (IIpU oIpe-
JeJICHUU JTUHEWHOTO MepEMEIICHHUS) NN €JUHUYHBI MOMEHT (TIPU BBIYUCICHUHU
yIJIOBOTO MEPEMELICHUS);

3) 3anmucaTh BBIPAXKEHUS JJIsI U3THOAIOMMUX MOMEHTOB, NEHCTBYIONIUX B MPO-
U3BOJIbHO BHIOPAHHOM MOIMEPEYHOM CEYEHUU KaXKJOTO CTEPXKHS OT €IMHUYHOU
HaTrpy3KH;

4) cocTtaBuTh UHTErpail Mopa u, mociie UHTETPUPOBAHUS MO ydacTKaM Bcel
KOHCTPYKIMHU, BBIYUCIUTh HCKOMOE MEPEMEIICHUE.

Ecnn uckomoe nepeMelnieHne nojayqyuioch OTPULATENbHBIM, TO 3TO O3HAYAET,
YTO JEUCTBUTEIBLHOE MEpPEMENICHHUE MPOTUBOMOJIOXKHO MNPUHATOMY HampaBlie-
HUIO €IMHUYHON Harpy3Ku.

NuTerpan Mopa MOXXHO BBIYHCIATH TpadOaHAIMTUYECKH, €CIU TpeaBapu-
TEJBHO MOCTPOEHBI SMIOPBl MOMEHTOB OT 33JaHHOW U €IMHUYHON HArpy3oK.

Pacuérnas popmyna B 3TOM cilyuyae MMEET BUJ

M Wp; Vi
A= zl | Pll- zl g} —LLrr (7.2)
l; L

rae MWp; - IIOMAAb 3MI0pbl M p; OT 3alaHHOM Harpy3KHu Ha y4acTkKe /;;
y; - OPAMHATA SIIOPEI M ; OT eMHUYHOM HArPy3KH, PACTIONOKEHHAS MO/
LICHTPOM TSKECTH 3MI0pbl M p; Ha ydacTke /;.

DTOT cmoco0 BBIYMCICHHS MHTETpaja Mopa Ha3hIBACTCS «IEPEMHOKCHUEM
3IIOP», HIIM TIpaBHIOM BepelraruHa.

MeTtoa mepeMHOKEHUS dMIOP MPUMEHUM ISl ONPEeIICHUs TTIepEeMEIICHUHN B
KOHCTPYKIUAX, COCTOSAIINX M3 MPSIMOJUHEHHBIX 3JIEMEHTOB, XECTKOCTh KOTO-
PBIX B TIpeaeax OTACIbHBIX €€ YUaCTKOB IOCTOSHHA.

Jlns onpenesieHus nepeMenieHnid mo Bepemarnay Heo0X01MMO:

1) MOCTPOUTH AMIOPHI BHYTPEHHUX CUIOBBIX ()aKTOPOB OT ACUCTBUS BHEITHUX
CHJI, TIPY M3THOE — STMIOPY U3THOAIOIINX MOMECHTOB;

2) TMOCTPOUTH JIMIOPHl BHYTPEHHHUX CHJIOBBIX (PAKTOPOB OT JEHCTBHS €IU-
HUYHOW CHIJIBI (MOMEHTA), IPUJIOKCHHON B CEUCHHH, IIEPEMEIICHUE KOTOPOTO
ompeneNsieTcs, M0 3aJaHHOMY HampaBJIeHHUIO (MPU U3THOE — NMHUIHYIO DTIOPY
M3rudamIuX MOMEHTOB);

3) BBIYMCIUTH HMCKOMOE TMEpPEeMEINIeHUEe I KaXJIOTO ydacTKa MyTeM YM-
HOXKCHUS TUIOMIAJN HEJIMHCHHOW SMIOPHI HAa OpJAMHATY JIMHCHHOW SMIOPHI, B3s-
TYIO TIOJT TIEHTPOM TSDKECTH HEIIMHEWHOW, W JICJICHHS pe3yJbTaTa Ha KECTKOCTh
paccMaTpUBaeMOro y4acTKa.

OpaMHaTel y; Ha 3Mope M, BBIYUCISAIOTCS M3 MOJA00MS COOTBETCTBYIONIMX

TpeyroiabHUKOB (puc. 30).
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B Tex cmyuasx, koraa o6e >MIOpbl MPSIMOJUHEHHBI, MOKHO YMHOXAaTh IJIO-
majap J10001 U3 HUX Ha OPAUHATY APYrOH MOJ LEHTPOM TSIKECTHU MEPBOM.

Ecnm amropa OT BHEIIHEW HArpy3Ku UMEET CIIOKHBIM BUJ, TO PEKOMEHIYETCs €€
IPEICTaBUTh B TAKOM BHJIE, YTOOBI BBIUMCIEHHUE €€ IUIONIAN U TOJOKEHUS LEHTPa
TSDKECTH OBLTO HanOOoJIee IPOCTHIM.

[IpousBeneHue Mp;y; OTPULIATEIBHO, €CIU JIMIOPHI OT BHEIIHUX HAarpy3okK U

€UHUYHON CuJbl (MOMEHTA) MPOTHUBOIIOJOXKHBI MO 3HAKY, T.€. PACIOJIOKEHBI
II0 pa3Hble CTOPOHBI OT OCHU CTEPXKHSA. DTO O03HAYAET, YTO HAIPABICHUE IEpe-
MEILEHHS IPOTUBOIOJIOKHO HAIPABIECHUIO €AUHUYHON CUIIBI (MOMEHTA).

2. Cmamuuecku Heonpedenumole 6anku. Memoo cun

banka Ha3pIBaeTCs CTaTUYECKU HEONPEAECIUMON, €CIU BHYTPEHHUE CHUIOBBIE
dbakTopsl B €€ MOMEPEYHOM CEUEHUHM HE MOTYT OBITh OMPEICNICHBI TOJBKO W3
ypaBHeHUU ctaTuku. CTaTUuecKas HEONPEAEIMMOCTh OOYCIIOBJIEHA HAJUYHEM
JIMIIHUX CBSA3E€H, TO €CTh TaKUX CBSI3€U, KOTOPHIE HE ABISIOTCS HEOOXOAUMBIMU
71 00ecTieueHrs] TeOMETPUYECKOM HEU3MEHSEMOCTH KOHCTpYKIMH. B Oankax
JUIIHUMU CBA3SIMU CIIYKAT JOTOJHUTEIbHBIEC OMOPHI.

Pa3zHoCTh MEXAYy UMCIOM OMOPHBIX PEaKIUi OANKH M YUCIOM BO3MOXKHBIX
YPAaBHEHHUU CTATUKHU HA3BIBAETCSA €€ CTENEHBIO CTATUYECKOW HEOMPEACIMMOCTH,
WJIA YUCJIOM "MUIIHUX" HEU3BECTHBIX.

OnHuM U3 METOJOB, HUCHOJb3YeMbIX [JIsI pacu€Ta CTAaTUUYECKH HEOIpe-
NEIUMBIX CUCTEM, SIBISAETCS METOJ CUJL.

Pacuér HaumnHaercs ¢ BbIOOpa TaK HA3bIBAEMOl OCHOBHOW CHCTEMBI pac-
CMaTpuBaeMOW KOHCTpyKIuHU. CTaTUYECKH ONpeAeanmMasl CUCTeMa, MoJiydaemas
W3 3aJlaHHOW OTOpachIBaHWEM JMIITHUX CBSA3€H, HA3BIBACTCS OCHOBHOW CHC-
temoil. Kak mpaBuiio, Ui 3aJaHHOW KOHCTPYKIIMM MOKHO NPEIJIOKUTH He-
CKOJILKO BapPUAHTOB OCHOBHBIX CHUCTEM, U3 KOTOPBIX JJIs JaJbHEHUIIEro pacyéra
BbIOMpaeTca oauH. [Ipu pacuére cTraTuyecku HeompeneauMon Oainku yao0HO
yIalATh BHYTPEHHIOKO CBSI3b, TOMENIAsl MIAPHUP HA MPOMENKYTOUHOU OIMOPE UIU
B kEcTkoil 3amenke (puc.31). B atom ciaywyae nuiiHeld HEW3BECTHOU OyaeT
OIMOPHBIA MOMEHT.

O,

a1 Q:’\ Mp
|

| _

: M
/A D B

Puc. 30. IIpumep npumenenus npasuia Bepemaruna
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Puc. 31. Cxembl cTaTHYeCKH HeolpeaeJJUMbIX 010K () U COOTBETCTBYIOLIUE
UM OCHOBHBIE CHCTEeMBbI (0)

Ecin OCHOBHYIO CHCTEMY 3arpy3WUTh 3aJaHHBIMU HAarpy3kamy M pEeakUUsIMU
OTOPOILIEHHBIX CBSI3€, MOJYYUM SKBUBAJECHTHYIO CHUCTEMY, KOTOpas IpU ompe-
JEJICHHBIX BEJIWUYMHAX 3THUX peakuuid nedpopMHUpYeETCs TaK K€, KaK 3aJaHHas
KOHCTpyKIUs. Peakiun X; oTOpOIIEHHBIX CBA3EH ONpeneseTcs U3 0YeBUIHOTO
YCIOBHUS: IEPEMEIICHHUS 110 HAIpaBJICHUAM X; B DKBUBAJICHTHOM CUCTEME JOJI-
JKHBI PABHATHCSA HYIIO. [[JIs1 KOHCTPYKIIMM C OJHOW JIMIIHEH CBSA3BIO 3TO YCIO-
BHE 3aIIMCHIBACTCA B BUJIE OJHOTO KAHOHUYECKOI0 YPAaBHEHUSI METOJA CUJL:

011X +A1p =0, (7.3)

rie O;; - MepeMelIcHIe B OCHOBHOM CUCTEME 10 HAIpPaBICHHIO X; OT AeHCTBHS
eIMHIUYHON CHIIBI X | =1 WM eTMHUYHOrO MOMEHTA X 1=1;
A|p - IEepeMEIICHUE B OCHOBHOU CUCTEME I10 HAIIPABICHUIO X; OT JEHCTBUS
BHEIIHUX HATrPY30K.
Jlnst BerumciieHus: O;; U Ajp HEOOXOIUMO MPEIBAPUTEIBHO MOCTPOUTH IIIHO-

PBI M3rubAOMNX MOMEHTOB: M; - OT eIMHUYHON cuibl (MOMeHTa) X =11 Mp

- OT BHEIHKMX Harpy3ok. Koadduiuent d;; npu X; BEIUUCIICTCA YMHOKECHHEM
SMIOPHI M| Ha 3Ty ke 3II0PY, a A|p- nepeMHoxeHuem amwop Mp u M. Cumso-
JUYECKU 3TO MOXKHO 3alUCATh TAK:

1 — — 1 .
8= — (M, -M;): Ajp=—(Mp-M,). 7.4
11 EI( 1-My) 1P EI( p-My) (7.4)

OHpe,ZIGJICHI/IeM pPCaKuu Xi N3 KaHOHHUYCCKOI'0O YPaBHCHHA 3daKAHYHNBACTCA

PACKpBITHE CTATUYECKOW HEOMPEAeNUMOCTH OajJKU C OJHOM JHUIIHEH CBSI3BIO.
OcTasibHBIE OMOPHBIE PEAKIIMH BBIYMCISIIOTCS M3 YPaBHEHUW paBHOBECHUS, CUH-
Tas Tenepb X; U3BECTHOW BEJIUYUHOM.

[lepemenieHnss B CTaTUYECKU HEOMPEAEIUMON CHUCTEME IMMOCIE PACKPBITUS €€
HEONPEICIMMOCTH HAXOIATCS HENOCPEACTBEHHBIM BBIYHCIECHUEM HHTErpala
Mopa, 1u00 nepemMHOKEHUEM IIIOP.

JInst BbIYUCIEHUs Mporuba B KaKOM-TUOO cedeHHH Oalku clenyeT Mo Ha-
MPABJIIEHUIO UCKOMOIO MEPEMEIIEHNSI K OCHOBHOM CUCTEME MPUIIOKUTh €IUHNY-
HyI0 cuiy P =1 (Ipu BBIYMCIEHUHU yIJla HOBOPOTA - €UMHUYHBINA MOMEHT M =1)
¥ HOCTPOUTH DIIOPY M3TUOAIOIMUX MOMEHTOB M OT AeHCTBUS STOH €IMHUYHOMI
Harpy3ku. MickoMoe nepeMenieHre BbIYUCISeTCs IyTEM IEPEMHOKEHU OKOHYA-
TEIBHOM DIIOPHI M3TUOAIOIIUX MOMEHTOB A Ha BHOBB MOCTPOEHHYIO 0Py M.
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ITPUMEP PEHIEHUSA 3ATAYH Ne 7

Jlnst craTuyecku Heomnpenenumon 0anku (puc. 32, a) Tpedyeres:

1) packpbITh €€ CTATUUECKYIO HEONPEAEIUMOCTB;

2) mOCTPOUTH 3MIOPY M3rHOANIMX MOMEHTOB OT JIE€HCTBUS BHEIIHUX (IIPO-
JNETHBIX ) HArpPy30K;

3) nono6paTh 1BYTaBpOBOE CEUEHHE OATKU U3 YCIOBUS €€ NPOYHOCTH;

4) onpenenuTs yroj moBopoTa ceueHus L u nporud 6anku B ceueHuu K.

YucioBrwle JAaHHBIC K 3a1a4€:
g =6xH/M, m=4xHM a=12wm;[c]=160MIla; E=2-10"MIla.

1. BerunucaseMm cTeneHb CTaTUYECKONW HEONPEASTIUMOCTH OaJIKH.

[To ycnoBusIM 3aKpeIIEHUS] UMEEM YEThIPE OMOPHBIX PEAKIHMU: ABE HA OMOPE
A n o ogHolt Ha onopax B u C. JIng MJIOCKOW CUCTEMBI CHJI MOXXHO COCTaBUTh
TOJILKO TPHU yPaBHEHUS PABHOBECHS, MO3TOMY CTENEHb CTATHYECKOW HEOIpe-
neJIuMocTH Oankum n=4-3 =1, T.e. cucTemMa OJUH pa3 CTATHYECKH HEOII-
peaenuma.

2. BriOupaeM ocHOBHYIO cuctemy. Jliist aTOro paspesaem 0anky Hal CpeaHEH
OTIOpPOM, TEM CaMbIM, YCTPaHsIsS JUIITHIOK CBSI3b, U BCTABIISIEM HAJ OMOPOU MPO-
MEXYTOYHBIA MapHUp. «JIWIIHEH» HEW3BECTHOW B ATOM cliydae OyJeT H3TH-
Oaroumuii MOMEHT B onope B, koTopwiii oOo3nauaem X;. Ha puc. 32, 6 nokaza-
Ha OCHOBHAs CHCTEMa. 3arpykas OCHOBHYIO CUCTEMY MPOJETHBIMU HArpy3KamMu
U JIMIIHEW HEU3BECTHOM, MOJIyyaeM 3KBUBaJCHTHYIO cucteMy (puc. 32, 6). [oc-
TOMHCTBO TPUHATONW OCHOBHOHM CHCTEMBI B TOM, UTO KaXKJBIA MpOJET paboTaer
KaK CaMOCTOsITeNIbHAasl 0ajKa W MPH MOCTPOCHHUH DIIOP MOXKET pPaccMaTPUBATHCS
OTAEIBHO.

3. CtpouM B OCHOBHOM CHUCTEME 3MIOPY U3rH0AIOIINX MOMEHTOB OT 3aJaHHOM
Harpy3ku Mp.

Paccmotpum yuactok AB (puc. 32, 6). Tak kak Ha 3TOM y4yacTKe Harpy3okK
HET, JJIsl TOCTPOCHHUS SMIOPHl JIOCTATOYHO 3HATH BEJIWUYMHBI U3THUOAIONIUX MO-
MEHTOB B ceueHusix A u B. Ha onope 4 no ycinosuto M = m = 4 kH-m; Ha oniope
B u3rubaronuii MOMEHT paBeH HYJIO (OMOPHBIH MOMEHT X; HE YYHUThIBaeM),
3II0pa MOMEHTOB OTPAHUYEHA NPSIMOU JINHUEH.

PaccmoTpum yuactokx BC (puc. 32, ). OnopHbiii MOMEHT X; 3/1eCh TaKKe He
YUYUTBHIBAEM.
Bcnencteue cumMMeTpuu MpoOJIETHOM HArpy3ku peakiuu onop OynyT oJuHa-
KOBBIMU:
g-2a 6-2-12
2

RB =RC= 7,2KH
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Puc. 32. Ctatnyecku Heonpeaeanmas dajika:

a - 3aJJaHHAasI CHCTEMA; 0 - OCHOBHAN CHCTEMa;

3.C.
o.c.

3.C.

M P KH-m
M 11
M, ,KHMm

1

M, kH-m
'TIFII ’ 1
M P "

6 - JKBUBAJICHTHasl CUCTEMA; 2 - I'Py30Basi 31ropa MP;

0 - exuHUYHasi dmopa M ; e - smopa M X3

Jc - OKOHYATeJbHAs JMI0pa M 3 - JII0Pa 0T eJUHUYHOT0 MoMeHTa M, ;

u - 3II0Pa 0T eAMHNYHOI cuibl M p
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Nzrubaromuii MOMEHT B MPOU3BOIHHOM CEUCHUU Z

2 2

qz 6z
M(z)=Rpz——=72z——
(z)=Rp 5 5

U DITI0pa U3ruOaroIero MOMEHTa OTpaHuYeHa KBaIpaTHON apaboIoi.
CtpouM 3Ty mapaboity 1mo TpéM JIeKalTuM Ha Hel TOUKaM:

ZR =0, MB =0;
6-1,22

z=12M, Mpax =7,2-1,2— =432xH-wm;

zZc =2,4M, MC =0.
Omropa M p nokasana Ha puc. 32, e.

4. CtpouM smopy M7 oT exuHH4HOro MoMeHnTa X| =1. BHemmHioro Harpysky

m "W ¢, IPpUI0KEHHYIO K 6anke (puc. 32, ), HE YUUTHIBACM.
B ceuennsix 4 u C usrubaroniyge MOMEHTHI PaBHBI HYJIIO, @ B CEUEHHUH B U3ru-
Oaromuii MOMEHT paBeH eIMHHLIE. Jnwpa M| nuHelHa, €€ BUJ NOKa3aH Ha

puc. 32, 0.
5. CocTaBisieM KaHOHUYECKOE YPAaBHCHHUE METOA CUJI
d11X1+Ap=0.
Beruucnsem kodQpPpuuuenT &)1 npu HemsBecTHOM. Jlust sTOro smopa M| yM-

HOXKaeTcs cama Ha ceOs. UTOOBI ynIpOCTUTh BRIYUCICHUS, pa30WBaeM dIIOpY Ha
IBa TpeyrojbHuka ADB u BDC w nnomajab KaXxJI0T0 U3 HUX YMHOKAaeM Ha Op-
JIWHATY, PACIOJIOKEHHYIO B HEHTPE TSIKECTH Ka)XJ0ro u3 Hux (puc. 32, 0):

1
811 = — (@71 + Ty 7n);
11 EIl_(wlyl ™y7)

1 2
o =—-36-1=18;, y; =—;
Ql ) V1 3

1 2
™ =—-24-1=12; 3, ==.
V) ) 2 3

ITocne IIOJCTaAaHOBKH YU CJIOBBIX 3HAYCHUH UMEEM

2
8y =—.
11 El

Jlns onpenenenus Ajp mepemHoxkaem smopsl M p u M (puc. 32, 2, 9). Ilio-
11a]1b TapaboIMYECKOTO CETMEHTA BBIUUCIISETCS 110 (hopMyIie
Wpap = ﬁv
12
Ile ¢ - THTCHCUBHOCTD PacIpeeIEHHON Harpy3KHu;
[ - nmuHA ydacTka 0ajKu Mo Harpy3KOH.
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BrruucnseMm cBOOOIHBIN WIEH KaHOHMYECKOTO YpaBHEHHS Ajp:
— 1
Arp=(Mp-My)=—r(Op - y1 +Op3 - 12);
® —1436—72' _L
P1 2 ) | 3’
3
6-2,4 1
Wpy =————=0691; =—.
P2 12 Y2 2

HpOH?)BeI[}I COOTBCTCTBYIOIIMUC BBIYUCIICHUA, I10JIYyHaCM

5,856
Aip o
Torma kaHoHWYECKOE ypaBHEHHE MPUHUMAET BH]I
2 4 3856,
EI EI
OTKYa HaXOJHUM
5856

X = 5 =-293 kH M.

OTpI/II_[aTeJ'H)HOG 3HAa4YCHUC X; TOBOPHUT O TOM, YTO CJICAYCT M3MCHUTH HaIIpaBJIC-
HHUC MOMCHTA X] Ha 06paTHO€.

6. CTpouM 3M0py U3ru0ar0INMX MOMEHTOB.

Cuurtasgs MOMEHT X|; BHEUIHEW HAarpy3KOil, MOKHO ONPEAEIUTh OMOPHBIE pe-
aKlMU, paccMaTpuBas KaXKAbld MpojeT Oalikku OTIEIbHO, a 3aTeM MOCTPOUTH
SMIOPY MOMEHTOB OOBIYHBIM CIOCOOOM, KaK 3TO BBIMOJHSJIOCH JJISI CTATUYECKU
ompeaenumoii 0anku. B maHHOM ciydae yJoOHee BOCTIOIb30BATHCS YK€ MOCTPO-
€HHBIMU 3TIOPaAMU.

DKBHUBAJICHTHAas CHUCTEMa HAaXOJUTCS MOJ JEHUCTBHUEM 3aJaHHBIX MPOJETHBIX
HAarpy30K U BBIUYMCIEHHOTO MOMeHTa X;. ClneioBaTebHO, OKOHYATEIbHAS SII0pPA
M3rudarIUX MOMEHTOB MOXKET ObITh MPE/ICTABICHA CYMMOM JBYX 3IIOP

M = MP +MX1'

IlepBas smropa yxe noctpoeHa (puc. 32, 2), a BTopas MOJydaeTcsi YMHOXKe-
HUEM opJuHaT ’mopbl M (puc. 32, 0) Ha BBIUMCIEHHOE 3HaueHue X;. Dmwopa

MX1

(puc. 32, 2, ), cyMMHpYsl OpJAUHATHI 3MIOP B XapaKTEPHBIX TOUYKAX:
M, 4 =4+0=4xH-Mm; Mp=432-147=285xkH " ™m;
Mp=0-293=-293kH-Mm; M =0.

ITo HaliieHHBIM 3Hau€HUAM M CTPOUM OKOHYATEIBHO 3MIOPY HU3THOArOIIUX
MOMEHTOB (puc. 32, o).

Jlist IpoBEPKU MPaBUIBHOCTU Pacu€TOB U MOCTPOCHUS 3MIOPHI U3THOaOIIUX
MOMEHTOB MOKHO HCIOJIb30BaTh YCJIOBHME PAaBEHCTBA HYJIO YIrja IOBOPOTa
CMEXHBIX CEUEHUW Oanku HaJ cpeiHed omopoi (IepeMelleHHe IO Halpas-
JEHUIO OTOPOIIEHHOW CBSI3M). DTOT Yroj BBIYHCISAETCS MEPEMHOKEHHEM OKOH-

MoKa3aHa Ha puc. 32, e. 'eoMeTpuyecKku ckiaabiBaeM dmopsl Mp u M x,
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YaTeNbHOM S0Pl MOMEHTOB (puc. 32, o) Ha smopy M7 (puc. 32, 0). Ilpu ne-

PEMHOKEHUM 310py M ynoOHO HpeaCcTaBUTh B BUJAE TPEX TPEYTrOJbHUKOB, I1O-
Ka3aHHBIX NYHKTUPHBIMH JIMHUSIMH Ha puc. 32, orc, U napaboJIU4YecKOro CerMeH-
Ta.

Yron moBopoTa CMEXHBIX CEUYEHHUM OajKu HajJ CpelHEl Omopod BBIYMCIUM
METOJIOM IIEPEMHOKEHHUS dIIOP:

1 _ _ _ _
Op = E((Dm + WYy + 313 +W4V4).

HJ'IOH_[aI[I/I OIIOP U COOTBECTCTBYKOIUEC OPAUHATHI IO UX NCHTPAMHU TAKCCTHU

1 1
0 =—43,6=7,2, y =
| 5 Y1 3
1 _ 2
W =——:293-36=-5274; y,=—;
2 3
o ——1-293-24——3516' y —%‘
3 2 5 ) 9 ’ y3 3’
3 3
ql 6-2,4 _ 1
‘T2 12 Y475

OTIPECIISAIOTCS IO COOTBETCTBYIOMIUM dMmtopaM (puc. 32, o) u (puc. 32, 0).
Hrak,

1 _ _ _ _
Op = E((Dm + WYy +3Y3 +WyY4) =

=L 72 50742 Z3516.2 46912 1) =
E[ 3 3 3 2

5,856—-5,860 _ 0,004
El El

0.

[Tony4yeHHBIH pe3ysNbTAaT CBUIIETEIBCTBYET O TOM, YTO SMIOpa M3TrUOAOIMIMUX
MOMEHTOB MOCTpOEHA MpaBuJibHO. HebomnbIasi MOrpemHoCcTh, HE MPEBbIIAIONIas
5 %, BO3HUKJIA B pe3yJIbTATe OKPYTIICHUM.

7. [lonbupaem cedueHune OAITKH MO YCIOBUIO MPOYHOCTH.
[Ipu u3rube ycnoBue NpoOYHOCTH UMEET BU/]T
M max M max
X <[6] wm W,>—2
Wy [o]

[lo smiope M (puc. 32, o) HAXOAMM MaKCHMalbHbIH MoMeHT MI™ = 4

kH-M, a mo ycnoButo 3anaun [6] = 160 MIla. IloacTaBmusisa 3Th 4uciaa B MOCIHEI-
HIOI0 (GOpPMYJITy, TTOJYYUM BEIMYUHY TPEOYyeMOTro MOMEHTA COMPOTHUBJICHHS JBY-
TaBpa:
3
W, ZLO6=25-10_6M3 =25cm’.
160-10
[lo Tabnuiam copraMeHTa MPOKATHOW CTalu MOAOMpAaeM HOMEpP AByTaBpa U
BBINIMUCHIBAEM €T0 T€OMETPHUUECKHUE XapaKTEPUCTUKH:
nBytasp Nel0, W,=39,7 cm’, I, = 198 cm”.
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(MomeHT conpoTHBIEHUS TI0JOOPAHHOTO ABYTaBpa 00JIbIIe TPeOYyeMOTo pacueT-
HOTO, HO MEHBIIIETO pa3Mepa B TabJIuIe HET, T03TOMY npuHuMaeM AByTaBp Nel0).

8. OnpenenseM nepemMeneHus.
OnpenensieM yroj noBopora ceueHus L.
JI71st 3TOTO NPUIOKUM B CEYEHUU L OCHOBHOW CUCTEMBI €IMHUYHBIA MOMEHT

m =1 1 TOCTPOUM 3BMIOPY MOMEHTOB M s, (puc. 32, 3). Yroa noBopoTa cedeHUs
L Be1uucasgeM, nepeMHoxas smopsl M u My, (puc. 32, o, 3):

— 1
GL =MXMm =—(0)1y3 +0)2y4);
EI,

oy =%-4-3,6=7,2; V3 =%; W, =—%-2,93-3,6=—5,274; V4 =%;

Ely 3 2 3 EI,

_3042-10°
2-10'1.198.107®

0, =7,68-107 pax.

Onpenensem nporud B ceuenuu K.

[IpunoxuM B ceueHHH K OCHOBHOM CHCTEMBI €JUHHYHYIO cuily P =1 u moct-
pOHM OT Hee dmopy MoMeHTOB M p (puc. 32, u). Tak kak cuna P =1 npumoxe-
Ha B cepelinHe npojeta AB, onopHble peakuuu OyJIyT paBHBI:

Ry=Rp=0,5.

OmnpenensgeM MOMEHTBI B XapaKTEPHBIX TOUKaX ydacTKa AB:

My=0; Mg=05-1,8 =09m; Mp=0.

[Iporu6 B ceyenum K BBHIUUCIAETCA IIEPEMHOXEHHEM smwop M u Mp
(puc. 32, orc, u). Ilnomaae npu 3ToM OepeM C 3mophl M, a COOTBETCTBYIOIIAs
OpaMHaTa Ha smope M p paBHA BeIMYHMHE CpPEeJHEH JIMHMU TPAIElHH, TO €CTh

anredpandyeckoi mojaycymme €€ OCHOBAHUM:

s =%-0,9-3,6=1,62; ys = 42,93

=0,535

a5 1,62:0,535-10° _0.867-10°
El, El, EI,
p 0,867-10° 0,867-10°
k —_ —_—
El, 2.10'1.198.1078

PesynbpraT moaydeH co 3HaKOM IUIIOC, MPOTruO HANpaBJIEH B CTOPOHY IMPHIIO-
)KEHHOM €IUHUYHOMN CUJIBI, TO €CTh BHU3.

=0,00219Mm=2,19 Mmm.
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3AJTAUA No 8

KopoTkuii 4yryHHbIli OpycC, MONEpPEYHOE CEYEHUE KOTOPOTO MOKAa3aHO Ha
puc. 33, cxxkumaercs cuinoi P, mpuiiokeHHou B Touke A, B unu C .

Tpebyercs:

1) BBIYUCAUTH HAMOOJBIIKNE PACTATUBAIONINE U COKUMAIOIINE HANIPSOHKEHUS B
€ro MonepeyHoM CEYEHHUH, BBIPA3UB UX YEPE3 BEIUUYUHY CoOKUMAIOIIEel cuibl P

2) U3 ycioBHS MPOYHOCTH Opyca HAWTH AOMYCKaeMylo Harpysky Py,,, eciu

3a/1aHbl TPEIEIBl MIPOYHOCTH Ul YyTryHa HA PACTSIKEHUE Ogp U CIKATHE Oge. 3a-
nac NpoOYHOCTH NPUHATH 1 = 1,5.

UucnoBsie faHHbIe OepyTcs U3 TalJl. 8§, CXeMbI MONMEPEUYHBIX CEYEeHUN Opyca -
o puc. 33.

Tadoanna 8
YucaoBblie 1aHHbIE K 3a1a4e Ne 8
Howmep Pa3zmep, m Koaddunuent Touka | IIpenen npounoc-
pacu. MPUJIO- ™™, MIla
Homep | cxemsl KEHUS
CTPOKH o a b o B CUJIBI Cep Oge
puc. 33
1 1 0,10 0,18 0,3 0,8 A 120 500
2 2 0,12 0,16 0,4 0,5 B 380 1400
3 3 0,06 0,20 0,5 0,6 C 380 1400
4 4 0,06 0,22 0,6 0,8 A 280 1000
5 5 0,08 0,16 0,3 0,5 B 280 1000
6 6 0,08 0,22 0,4 0,6 C 120 500
7 7 0,10 0,18 0,5 0,7 A 120 500
8 8 0,10 0,20 0,6 0,8 B 280 1000
9 9 0,12 0,22 0,3 0,6 C 380 1400
0 10 0,12 0,26 0,5 0,5 A 380 1400
3 XK a 0 B T bi i

METOAUHYECKHE YKA3AHHUA K PEIIIEHUIO 34A/TA49H Ne 8

OcHogHble meopemuuecKkue c6e0eHUs U paciémusle Qopmynnl
PaccmatpuBaemblil B 3ajaue Opyc MCHBITHIBAET TaK HA3bIBAEMOE BHEIICHTPEHHOE
cxatue. [1oo eneyenmpeHnviM cocamuem TMOHUMAETCS TAKOW Cilydail HAarpy>KEeHHUs
Opyca, Ipu KOTOPOM CXKHMMAIOIIasi CUjia MapajijielibHa ero MpoJ0JIbHOM OCH, HO HE
MPOXOJIUT Yepe3 LIEHTP TAKECTH monepeyHoro ceueHus (puc. 34). Koopaunatsl Tou-
KU IIPUJIOKEHUSI CUITbI 0003HAUEHBI Xp, Vp.
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g5da 3

Puc. 33. Cxembl nonepevyHbIX ce4eHU Opyca
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[Ipy BHELEHTPEHHOM NPHIIOKEHUU CHIIBI B IONEPEUHBIX CEUEHUAX Opyca
BO3HMKAIOT TPHU CHJIOBBIX (DakTOpa: mpojaoibHas cuia N = P; usrudaromue Mo-
MeHTBl My =P-y,u M, =P x,.

HopwmaiibHble HaNpsiK€HUs B IPOU3BOJBHOM TOUYKE C KOOPAUMHATAMU X, ) PaBHbI
anredpanvyeckoi cymMMe HalpspKeHU OT BO3IEUCTBUS ATUX TPEX CHIIOBBIX (PAaKTOPOB

N M M, x
S 2o Al (8.1)
4 I, I,
[Tocne HecnmoxHBIX MpeoOpa3zoBaHuil Gopmyiia AJisl BBIYUCICHUS HAMPSKESHUN
IpU BHEIIEHTPEHHOM C)KaTUU NMPUBOJUTCS K BUIY

o

1 X, x P XX
0=P(—+M+L)=—(l+y‘;y+iz), (8.2)
A I, Iy A i iy

rae P - cuia, cxxumaroias opyc;
A - mo1a s NONepevHoro ceueHus opyca;
I, I, - rIaBHBIE LEHTPAIbHEIE MOMEHTEI HHEPLIMU IIONIEPEYHOrO CEYEHHUS,
Xp, Yp - KOOPAUHATHI TOUKU IIPUIJIOKEHUS CUIIBI;
X, ) - KOOPAUHATHI TOUKHU IMONEPEYHOrO CEYECHUS, B KOTOPOU BBIUUCISFOTCS
HaIpsOKEHUS,
I, W [, — IJIaBHBIC LICHTPaJIbHBIC pa-
JIAYChl UHEPLIUU MTONEPEUHOTO CEUCHUS.
]il P g Koopaunate! xp,yp 1 X,y B hopmyity
AT X JUISL  BBIYMCJIICHUS HANPSKECHUU MOJ-
/;r A(xP" Vp )  CTaBIANOTCA C y4€TOM HUX 3HAKOB B 3a-
|
I
I
I
I

Z)

paHee BBIOpaHHOW CHCTEME KOOp-
JAHAT.
[Ipr BHEIIEHTPEHHOM CXKaTUU MOXK-
- HO MPHUJIOKUTh BHEIIHIOIO CHIIY TaKUM
/j——j__{; < 00pa3oM, 4TO B NONEPEYHOM CEUECHUHU
“ - Opyca BO3HHMKHYT HE€ TOJbKO CXHU-
MarIlhe, HO M pacTIrMBalIIUMe Ha-
Puc. 34. BHeneHTpeHHoe c:kaTHe  ypspkeHns. I paHuIel MeXIy UYacThIO
opyca ceueHus, B KOTOPOW BOJIOKHA Opyca
pacTAHYThI, U TOW YACTHIO, T/I€ OHU CXKAThI, SIBISIETCS MpsiMas JUHHS, B TOUKAX
KOTOPOU HaNps>)KEHUsSI paBHbI HYIIO.
DTa npsiMasi JUHUS HA3bIBACTCS H)1e60U, UIN HeumpdalbHOU JAuHueu. Y pas-
HECHHUE HYJIEBOU JTUHUHU UMEET BU]

AP 77777777 77777777772

1+ 222 2P ), (8.3)
i2 i2

O4eBUHO, YTO HEUTpaNibHAS JTUHUS HE MPOXOIUT Yepe3 LIEHTP TAHKECTH ToIepe-
gHOTO cedyeHus. [y e€ mocTpoeHus He0OXOAMMO 3HATh BETUYMHY OTPE3KOB, KOTO-

74



pBIe OHa OTCEKaeT Ha OcsAX KoopAuHAT. X BenmuunHa onpenessiercs no popMyinam

2 2
Ly Iy
Uy =———, ay=——"—, (8.4)
xXp yp
T€ ay U @) - OTPE3KHU, OTCEKACMbIE HEUTPaJIbHOW JINHUEW COOTBETCTBEHHO HA OCSIX

KOOPJIMHAT X, );
['maBHBIE LIEHTpaIbHBIE PAaAWyChl HHEPLUH CEYCHHUS I, W I, OIPEACIAIOTCA II0

dbopmynam
[1
ix=,/17f; iy = 7y. (8.5)

[Ipy BHELEHTPEHHOM CXXAaTUM ONACHBIMHU SBISIIOTCS TOYKH, Hambojee yjna-
JIEHHBIE OT HYJIEBOM JNUHUH. EciiM npeaessl NPpOYHOCTH MaTepualia Ha pacTsike-
HHE W C)KATHUE PA3JIMYHBI, YCIOBHUS NPOYHOCTU 3AIMUCHIBAIOTCS OTHEJIBHO IS
OITACHBIX TOYEK B PACTAHYTOM M CKATOU 30HAX:

P XX
oM = L (42 Py<[o],;

Vi
p ok ok (8'6)
ngax=—(1+yp§ +-L>—)<[o],
A i iy

* * o o
rae X, y - KOOpPAMHATHI TOYKH, HauOojee yJaJCHHOW OT HYJEBOM JMHUU B
pacTsIHYTOM 30HE;
skok skok o
X ,)y -TO K€ B CKATOU 30HE.

KOOpI[I/IHaTBI TOYCK OIPCACIIAIOTCA IO YCPTCIKY C y‘-IéTOM HX 3HAKOB, a4 BCIMYMHA
C}KI/IMaI-OHlCﬁ CHJIBI IIOACTABIISICTCS B q)OpMYJ'II)I CO 3HAKOM MHUHYC.

ITPUMEP PEHIEHUSA 3AJTAYH Ne 8

KopoTkuii uyryHHbII Opyc € 3aJaHHBIM NOINEPEYHbIM cedyeHuem (puc. 35)
CKUMaeTcsl Cuiiol P, npuioxxeHHoi B Touke D. OnpenenuTs U3 yclIoBUs MPOY-
HOCTH Opyca A0MycKaeMoe 3HaueHue CUibl Py, .

Uucnosele nanubie K 3anaue: a = 0,08 m; b = 0,12 m; o = 0,5; npenensl npo-
YHOCTH YYTYHa IIPH PACTKCHHU O, = 280 MIlla, npu cxatun O, = 1000 Mlla;

3arnac NpoOYHOCTH MPUHATH 1 = 1,5.
1. Onpenenenrne reOMETPUIECKUX XapaKTEPUCTUK MOMEPEYHOTO CEUECHUS.
3amanHoe ceuyeHue (puc. 35) paccMaTpuBaeM Kak CJI0XXHOE, COCTOSIIEE U3
JBYX MPSIMOYTOJIbHUKOB: OOJBIIOTO CIJIONIHOTO CO CTOPOHAMU a U b u mpsiMo-
YroJbHOT'O OTBEpCTHUS cO cTopoHamu 0,5a u 0,6b.
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3a MCXOAHbIE KOOpJIMHATHbIE OCU NpUHHUMaeM ocu ); U x. Ha puc. 35 B
TOM CHUCTEME KOOPAMHAT IOKa3aHbl IOJIOKEHUS IEHTPOB TSXKECTH NPSAMO-
yroiabHUKOB (Touku C; u C;) WU WX TJIaBHbIE UEHTpPaJbHbIE OCH X;, V;, X2, V).
IlenTp TsxecTu Bcero ceueHust ooo3HaueH 0ykBoil C. OH pacnonaraercss Ha OCH
CHUMMETPHUH X, IOITOMY BBIYUCISETCA TOJBKO OJIHA €r0 KOOPJIMHATA X( !

_ Ay —Apxy

A -4
rne A;u A, - mionaau 00dbIIOro MPSIMOYTOJIbHUKA U OTBEPCTHS;

X; M X; - KOOPAUHATBI UX LEHTPOB TIKECTH.

[loncuuTeiBa€M T€OMETPUUYECKUE XAPAKTEPUCTUKU IOMEPEUYHOTO CEUYEHMS
opyca.

[Inomanu coctaBustomux GUryp

A =12-8=96 cM?; Ay =4-7,2 =288 cm?.

XC

Yy [Inomane ceuenuss Bceh u-
a,=2,37 cm I .
- - YpbL:
Hyeeas A= - A=
) Y| P e 1 :
’ ; =96-288=672 cm” =
/7 _
. . / =672-107% cm?.
N o 4 AOcCIHHCCHI IIEHTPOB TSIXKECTH
3/S LSy g L1 xxxy) ”
S| & ~ » = -— JAA0MUX GUTyp:
TS I 1/ 2 = 0: =24
N\ N = Vv X7 ) X2 4 CM.
103 m
// 4 5 Abcuucca IEHTpa TSKECTH
l BCeU urypsl:
/ 964-0,072 4 . _96-0-288-24 _ .
B 8=012n _ €7 96-28%8 T

[leHTp TsXKECTH CEUEHUA Jie-
KUT Ha ocu x (Touka () cieBa
oT Touku C| Ha pacCTOSSHUU Xc. [ TaBHbBIE LIEHTpaJbHBIE OCU CEUYEHHUS - X, V.

['naBHBIE LEHTpaJbHbIE MOMEHTHl MHEPLUH COCTABHOTO CEUYEHHS OTHOCH-
TEJIbHO OCEN X, ¥ BBIYUCIISIIOTCS C MOMOUIbI0 3aBUCUMOCTEN MEXAYy MOMEHTaMHU
WHEPLIUMHU OTHOCHUTEIILHO MapajljieIbHbIX OCEH, OHA U3 KOTOPBIX LEHTpaJIbHAsA:

2 2
Io=(Uy +A1a7) -y, + Ay a3);

Puc. 35. Ilonepeunoe ceuenue 6pyca

2 2
Iy =([y1 + 4 b )—([y2 + 4, by).
MoOMEHTBI HHCPpUHUU MPAMOYTIOJIbHUKOB OTHOCHUTCJIIBHO COOCTBEHHBIX TIJIaB-
HBIX NCHTPAJIBbHbIX ocen PaBHBI

_ba® _12.8°

=512 em* =512-10"8m%;
1T 12

[x
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_ab’_8.12°

I, = =1152 em® =1152-10"8m%;
1T 12
3
o= 384 ent =384 1084
27 12
4.7,2°3 4 8 4
b, =27 =1244 v =1244-1000%,

PaccTosiHusi MeXly TJIaBHBIMU LIEHTPAJIbHBIMU OCSIMU X, ¥ U COOCTBEHHBIMU
IJIaBHBIMU LIEHTPATBHBIMU OCSAMHU COCTABIISIOMIUX (QUTYP ONPENENSIOTCS M0 Yep-
TEXY.

PaccTossHue Mexay ri1aBHOUM LEHTPAIBHON OCBHIO X U OCSIMU X 7,X:

a; = a; = 0, Tak Kak TJaBHBIC [EHTPAIBHBIC OCH X; U X COCTABIAIOMUX (QHUTYD
COBIIAJAIOT C NJIABHOW LEHTPAJIbHOU OCHIO X CEUECHHUS.

Paccrosnusa mexay TiIaBHOW LHEHTPAIBHOM OCBIO Y U OCSIMU V;, Vst
b;=1,03cm, b,=1,03+2,4=343cm.

[loncTaBuB HaiijleHHbIC BEIUYMHBI B (DOPMYIBI JJISi BBIYMCICHUS TJIABHBIX
LHEHTPAJIbHBIX MOMEHTOB MHEPUHUU U YUYHUTHIBAS, YTO OCEBOM MOMEHT WHEPUHU
OTBEPCTHUS YCIOBHO CUUTAETCS OTPULATEIbHBIM, OJIyYaeM

1, =512-384=473,6cm" =473,6-107° m*;
I, =(1152+96-1,03%) - (124,4 +288-3,43") =790,6 em* =790,6-10~ w*.

KBazpaTsl ritaBHbIX HEHTPAIBHBIX PAIMYyCOB HHEPLHUHU

i)% = Ix = 473,6 =7,05 em? = 7,05- 10~ M2;
A 672
I

i§ _ly 7906 1,76 cm? =11,76-10% M2,
A4 672

2.0npenenieHue MOJOXKEHUS HYJIEBOU JIMHUMU.
ITo ycnoButo 3agaum cuna P npuiioxkeHa B Touke D, KOOpJAHHAThl KOTOPOW B CHU-
CTeMe TJIaBHBIX IEHTPAJIbHBIX OCEH X, y onpeaenstorcs no puc. 35:

xp=—(6-1,03)=-4,97 cMu=—4,97-10" u;

yp=4cm=4-10"m.
OTpe3ku, oTceKaemMble HYJ€BOW JUHUEN HA OCAX KOOPIMHAT X, V:

i
a,=—2=- IL76 5 37 em=237-10"2 u:
X —497
P
2
a, _ e TS g6 em=—176-10"2 .
Vp 4

Ha ocsx KOOpAUHAT X, ) OTKJIAAbIBAIOTCS B MaciiTabe BEJTUYUHEI H&I?II[GHHLIX
OTPC3KOB, U IIPOBOJAUTCS HYJICBAsA JIMHUS.
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3. BpruncineHne MaKCHUMAJIbHBIX HOPMAJIBHBIX HANPSKEHUH B IONEPEYHOM
cedyeHuu Opyca.

MaxkcuManpHble HANPS)KEHUSI BOSHUKAIOT B TOYKax, Haubojee yJaleHHbIX OT
HyJIeBOM JuHMU. B paccmarpuBaeMou 3agade 310 TOUuku D u E. B Touke D Ha-
NPSDKEHUS CKUMAIOIINE, B TOUKE £ — pacTATUBAIOLIUE.

KoopanHaTel onacHbIX TOYEK HAXOAATCA MO puc. 35:

X =xp=6+1,03=703cM=7,03-10"20; Y =yp=—4 cm=—4-10"2 u;

* *

X =xp=-497 cM=-4,97-10"2m; Y =yp=4cm=4-10"m.
MakcumaiarHbIe pacTATruBarOIUEe U CKUMAIOIMINC HAIPAKCHUA BbIPAKAIOTCA
yepe3 BHEIIHIOK Harpys3Ky;
% *
Yy XX
)4 + )4
LI,

1
max _
Gp ——P(Z'F

):

=_P.[ 1 +4.(_4)+(—4,97).7,03}0’0631,1)1=631.p£2;

67,2 4736 790.6 om2 M
skek X x**
Gi.nax=—P(i+yp[y + 1} ) =
X y
=—P-[ L 44 +(_4’97)'(_4’97)} =0,0799-Pi=799-P£.
67,2 4736 790,6 oM M2

Jonyckaemast Harpy3ka P,,, OnpenensieTcsa U3 yCiIoBUN MPOYHOCTH Opyca 1o
pacTATMBAIOIIUM U C)KMMAIOLIUM HAIpPSHKEHUSIM.

JlonyckaeMble HaNpsHKEHUs ONMPEAENSIOTCS MO MCXOJHBIM JaHHBIM JJIS pac-
TSXKEHUsI U JJISl COKaTUsl XPYNKOro mMaTepuana, B paccCMaTpUBAaeMOM cllydyae 4y-
ryHa:

0)
Ha pactsmkenne  [6], =—7 =21—850=187 MHa=187-106£2;
n , M
Ha cxatue [G]. =%=%=667 MIIa =667-106£2.
n

D M

max <

W3 ycnoBus IPOYHOCTH MaTepuana Opyca Ha pacTsuKeHHE O

[o], ompe-
JeJISIeTCSl BEJIMYMHA JOMYCKaeMOM Harpy3Ku

631 Py, <187-10°, otkyna P, <296,4-10°H =296,4 kH.
max S

¢ =lole
799P),, <667-10° u Pl <834810° H=834,8 kH.
B kauectBe nomyckaemMoM Harpy3kd NMPUHUMAETCS MEHbIIAs U3 ABYX IOJY-

YEHHBIX, YTO 00€CIeUnBaET IPOYHOCTh Opyca KaK 10 pacTATHBAIOUINM, TaK U 110
COKMMAIOIIUM HaNPsHKEHUAM, TO €CTh Fy,, =296,4 kH.

N3 YCJIIOBHA IIPOYHOCTH HA CKATHE O
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3AJAYA Ne 9
CtanbHOUW Bajl MOCTOSHHOTO CEYEHMs BpAIAeTCs C 4acTOTOW n (00/MUH) H
nepenaet mouHocTh N (kBm). TpeOyercs mogobpaTh AuaMeTp Bajia U3 YCIOBUS
€ro NPOYHOCTU IPU COBMECTHOM JEHCTBUM U3ru0a U KpYUEHUs, €CIIU U3BECTHBI
npejes TEKy4ecTH MaTepualia 6, U KO3 PUIMEHT 3anaca IpoOYHOCTU A, = 3.
YucnoBele naHHbIE OepyTcs U3 Taba. 9, pacu€THble cXeMbl o puc. 37.
HeoOxoaumble xapakKTepUCTUKU MaTepuaia mpuBeaeHsl B Tabm. 10.

METOAUHYECKHE YKA3AHHUA K PEIIIEHUIO 34A/TA49H Ne 9

OcHosHble meopemuyecKue c6e0eHus u pacuémusle opmyot

Pacuér Basa Ha CTATUYECKYIO MPOYHOCTh HAYMHAETCS C OMPEAEICHUS AEUCT-
BYIOIIMX Ha HEro Harpy3ok. Harpy3ku Ha Bayl mepenaroTcs yepe3 LIKMBBI WU
HiecTepHU. 3Has BEJIMYMHY IepeaaBaeMod MOUIHOCTH N M 4UCIO 00OpPOTOB B
MUHYTY 7, MO)KHO ONpPEJEIUTh BEIUYUHY KPYTAILIEr0 MOMEHTA, AEHCTBYIOLIETO
Ha y4acTKe Bajla MEXJy IIKMBaMU 10 Gpopmyiie

M,, =102 S3ON How (1 kBr=1020M 1,02KH—'M) .

(9.1)
m-n C C
HO BCIIMYUMHC KpYTHH_[CFO MOMCHTA BBIYUCJIIAKOTCA Opr)KHBIC yCI/IJ'II/IH, HpI/IHO)KeH-
HBIC K IIKHWBAM H ICPCAAIOMIMCCA Ha BaJl. 3TI/I yCiinAg pacCKJIaaAblBarOTCA Ha BCPTH-
KaJIbHBIC 1 TOPU30HTAJIbHBIC COCTABJIAIOIINC.

Yeunus, mnepenaroniygecss Ha Bajl yepe3 IIECTEPHIO 3y0daToro 3aleruieHus
(puc. 36):

M, =P2;P= 2My ;  P,=Pcosa,; Py = Psin .
2 D

vy

(o] P\ _ &
I

Puc. 36. IlpuBeaenre OKPYKHbIX YCHJIUM, 1eHCTBYOLINX
Ha IIEeCTEPHIO 3y0UaToro 3auenieHusi, K 0CH BaJja
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Puc. 37. Pacuérubie cxeMbl BAJIOB
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YucaosBble JaHHLIE K 3aga4e Ne 9

Tadoauma 9

Homep | Howmep Pasmep, m N, n,
CTPOKH | pacH. Mapka
CXEMBI cTanu
o a b c Dy D, kBt | 00/MuH
puc. 38
1 1 0,5 0,3 0,3 0,4 0,6 20 120 5
2 2 0,4 0,5 0,5 0,2 0,6 15 380 45
3 3 0,3 0,7 0,3 0,3 0,5 10 380 40X
4 4 0,4 0,3 0,5 0,2 0,4 16 280 3
5 5 0,6 0,8 0,4 0,4 0,6 18 280 40XH
6 6 0,4 0,5 0,3 0,3 0,6 12 120 35
7 7 0,5 0,3 0,3 0,2 0,5 14 120 4
8 8 0,6 0,4 0,5 0,5 0,5 20 280 30XI'T
9 9 0,4 0,6 0,3 0,4 0,4 15 380 3
0 10 0,8 0,4 0,7 0,3 0,5 17 380 30
3 K a 0 B r i K e
Tao6auua 10
MexaHuyecKue XapaKTepUCTHKHU CTaJIel
IIpenen IIpenen [Ipenen BBIHOCIMBOCTH
Mapka TEKY4eCTH MPOYHOCTH TIpU U3rude MpU KPYYEHUH
CTallu O, Mlla O, , Mlla o_1, MIla T_1,Mlla
3 250 420 195 115
4 280 460 220 -
5 280 520 220 130
30 300 500 235 125
30XI'T 750 950 450 260
35 320 540 260 155
40X 500 730 320 200
40XH 650 820 360 210
45 280 560 250 150

Ilpumeuanue. Ecnu 1., B Tabnuile HE 1aHO, TO UCHOJB3YETCA IMIHUPUUYECKAS
dbopmyna 1, = 0,6 6.;.

Yeunus, nepenarondecs Ha Ball yepe3 MKUB peMEHHOM nepenauu (puc. 38):

M,, =2t

2

D D D

——t—=t—;

f= KD

2M

b

D

0=3t; Oy=Qcosa; O, =0sino.
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0 0

Puc. 38. IIpuBeaenre OKpyKHbIX YCHJIUM, 1eHCTBYOLINX
Ha IIKUB PeMEHHOM Mmepeaayu, K OCH BaJia

Harpy3ku, geicTBylommue Ha BaJl, BBI3BIBAIOT €r0 KPy4YeHHE W M3THO B JBYX
B3aMMHO NEPHNEHIUKYISPHBIX MIOCKOCTAX. s pacuéra Bajla Ha NMPOYHOCTH
cleqyeT NOCTPOUTH DIIOPHI U3rn0arONIMX MOMEHTOB B BEPTUKAIBHON M, U ro-

pu3oHTaIBLHOU M y MIOCKOCTSX U 3MIOPY KPYTAIIMX MOMCHTOB M Kp -

YcnoBue MPOYHOCTH Basia 3alMCHIBACTCS JUISI OTTACHOTO CEYEHHS, B KOTOPOM
pacu€THBIN (MPUBEICHHBI) MOMEHT UMEET MaKCUMAJIbHYIO BEITUYNHY.

I[To TpeThbelt runoTe3e MPOYHOCTH PACUETHBIH MOMEHT B OITACHOM CCUCHHH BbI-
YUCISIETCS TI0 (popMyIIe

2 2 2
M, =\/Mx + M5+ Mg, (9.2)

rne M p- PACYETHBI MOMEHT;
M., M y - U3rubaroIe MOMEHTHI B pacCMaTpUBaEMOM CEUCHHUH BaJja;
M Kp - KPYTALIUHA MOMEHT B 3TOM K€ CEUCHUH.

Ecnu mosioxxeHue OomacHOro CEe4eHUsi HE OYEBUIHO, BBIUYUCIISIIOTCS PACUYETHBIE MO-
MEHTBI JIJIsl HECKOJIBKMX CEUEHUM Balia U JJis JajJibHEHIero pacuéra BpIOMpaeTcs ce-
YeHUE C HAaMOOJBIITUM PACUETHHIM MOMEHTOM.
N3 ycnoBus npo4yHOCTH Basia
M;’)l’laX M;’)l’laX
W = 3 <[o], (9.3)
u nd
32

rne M ;,nax - MAKCUMAJIbHBIN PACUETHBI MOMEHT;

Wu - MOMCHT COIIPOTUBJICHUA CCUCHUA IIPH I/IBFI/I6G;
[(5] - JOIIYCKAacMO€ HAaIIPsKCHHEC, OIPCACIIACMOC IO IIPEACIY TCKYYCCTH O

c

¥ 3a11acy MPOYHOCTH /1, OTHOIIECHHEM [G]=—1
n

T

BBIYHCJIIACTCA Tpe6yeMoe 3HAYCHHUC NHaMCTpa BaJla

32Mmax
d=3—£r (9.4)
n-[o]
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ITPUMEP PEHIEHUSA 3AJTAYH Ne 9

CranpHOHM Ball MOCTOSIHHOTO cedeHus (puc. 41, a) Bpamaerca ¢ MOCTOSHHOM
yIJI0BOM cKOopocThio n = 120 00/MHUH U nepegaeT yepe3 UIKUB AuamMeTpom D, =
0,6 m, momHOCTh N = 20 kBT.

[TonoOpaTh nuaMeTp Baja U3 YCIOBUS €r0 MPOYHOCTH, €CJIU BajJ U3TOTOBIICH
u3 ctanu Mapku Ct. 50 ¢ npenenom Tekyuectu marepuana 6, = 380 MIla u xo-
3 puLMeHT 3anaca MPOYHOCTU MO OTHOUICHUIO K MPEeNTy TeKy4ecTH n,= 3.

OcTasbHbIE YUCIIOBBIE TaHHBIE K 3aJa4e€:

a=03m b=03m ¢c=0,2m;, D;=0,3 m.

1.Onpenenenue Harpy3ok, Nepearonuxcs Ha Bal.

Ha puc. 41, a noka3zaHnsl ycuiusi, NpUJIOKEHHbIE K HMIKUBY (ceueHue D) U K
nmecTepHe (ceueHue B).

KpyTamuiit MOMEHT, nepe1aBaeMbli 4€pe3 IMIKUB HA BaJ:

30-N=1’02.30-20
TN 120

Harpy3ku, neiicTByroniue Ha Baj, ONPEIENSIOTCSA C YUYETOM TOTO, YTO OKPYXK-

HbIC yCHJIUS, NMPUJIOKEHHBIEe K mKkuBaMm (puc. 39, 40), nmpu nmepeHoce UX B LIEHTP

MOMEPEYHOr0 CEUEHMs Baja MPUBOJITCS K CHUJIaM, U3rHOAIOMUM €ro B JBYX

IJIOCKOCTSX, M CKpYUYHMBAKWIIEeMy MOMEHTY (puc. 41, 6).

M, =1,02-

=1,62 xkHm.

Yi |
wo=pD2 pl2Mi 206200
2 D, 0,3
Fy, =P, =P=108xH;
P r,=p,=0.
Puc. 39. lllecrepus B
M =2fD2—tD2= D2
Y . 2 2 2
7 l=2MK=2.1’62=5,4KH
S X D, 06
D O=1+2t=3t=3-54=16,2 xH;
6021‘ Qg =0, =0sin60° =16,25in60° = 14,03 kH;
{

0, =0,=0c0s60° =16,2cos60° = 8,1 kH.
Puc. 40. Illxus D

PacuétHas cxema Baja nokasaHa Ha puc. 41, 0.
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a=0,3m b=0,3m | c=0,2m

y P %Qx
6) A Mo ¢ My :
X a=0,3m ”'|B b=0,3m 77777 ¢=0,2m D
1,62
6) y M, , kH-m
Ry=0,72xkH ‘ p=10,8xH Rey241kH LQy =14,03kH
2) A C <
/ D
&< B 77377
0,216
0) | ee==T=T"1 | | | W Mx,KH'M
2,806
R(=2,7xH R, =10,8xH le=8,le
C z
e) A
“ B 777 D
X
onc) I‘“~‘~U.LLLL M,, kHem
aarfuﬂtl.l.mw
1,62

Puc 41. PacuéTtHasi cxeMa U 31IIOPbI MOMEHTOB BHYTPEHHMX
YCWINH B ONEPEYHBIX CEYCHUSIX BaJIa

2. [locTpoenue >m0p U3rudAIOMMUX U KPYTSIIIUX MOMEHTOB.

N3 ycimoBui Harpy>KeHusl Baja CJIEAYET, 4YTO OH MCHBITBIBAET KPYUCHHE Ha
y4yacTke BD TOCTOSHHBIM KPYTSIIUM MOMEHTOM MKp =1,62 kH M, smropa ko-

TOPOro MOKa3aHa Ha puc. 41, 6.

Cxema Harpy3ok, MPUJIOXKEHHBIX K BaJly B BEpPTUKAIbLHOU IJIOCKOCTH, MpE-
cTaBiieHa Ha puc. 41, 2. JIng mocTpoeHus 3MIOpbl U3rHOAONIUX MOMEHTOB OT
NEeNUCTBUSA ATUX CHUJI, Baj pacCMaTpHUBAETCAd KaK MpocTas JByXOmopHas Oajka,
JUJI1 KOTOPOH ClieyeT BRIYUCIUTD BEpTUKAJIbHBIE OMOPHBIE PEaKIIUU:
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dYmy=0; 10,8-0,3+14,03-0,8—Ryc 0,6 =0;

Ryc =2411«kH;
> me =0; RyA -0,6-10,8-0,3+14,03-0,2=0;
RyA =0,72 xH.

[IpoBepka BEIYMCIECHUN ONTOPHBIX PEAKIIMM:
>Y=0; 0,72-10,8+24,11-14,03=0.

Brraucnsem I/I3FI/I6aIOHII/IC MOMCHTBI OT HeﬁCTBHH BCPTUKAJBHBIX CHUJI B Xa-
PAKTCPHBIX CCUCHUAX BaJja:

M=0; MP=R, -a=0,72-03=0216kH-m;

D C
M =0; M =—ch=—14,03-0,2=—2,80 kH - M.
[To BBIYMCIEHHBIM 3HAYEHUSIM MOCTPOCHA AIIOpa H3TUOAIONIUX MOMEHTOB
M,, or nelcTBus CUJ, PACIHOJIOKEHHBIX B BEPTUKAJIBHOU IIJIOCKOCTHU

(puc. 41, 0).
Ha puc. 41, e moka3anbl Harpy3Kku, MPUJI0XKEHHBIC K Bajdy B TOPHU30HTAIbHOMN

IIOCKOCTH (U1t HAIJIAJHOCTH YEPTEXKaA cxema ImosepHyTa Ha 90°).
JlJiss TOCTPOEHMSI S0Pl U3TUOAIOIINX MOMEHTOB OT JACHCTBHS STUX CHJI BBIYHC-
JISIFOTCSI TOPU30HTAIBHBIE OTIOPHBIE PEAKIIUHN:
dYmy=0; Ry -0,6-81-08=0; R, . =108 xH;

Ymc=0; R, -0,6+81-02=0; R, =-2,7«H.

IIpoBepka ompenencHus rOPU30HTAIBHBIX ONMOPHBIX PEAKIIAN:
> X =0; Ry + Ry, =0 ==2,7+108-8,1=0.

N3rubaromye MOMEHTBI B XapaKTEPHbIX CEYEHUAX BaJia:
A_qo B = ca=-27-03=— oM
M, =0, My =R, -a=-27-0,3==081 xH-m;

MP =0, M5 =-0,-02=-81-02=-1,62 kH-m.
I1o BBIYMCICHHBIM 3HAYCHHSIM MOMEHTA CTPOUTCS dmmiopa M, (puc. 41, o).

3. [lonGop nomnepeyHoro ceueHus (onpeaeaeHue 1MaMeTpa Baia).

Marepuain Bana — ctanbs Mmapku Ct. 50, nomyckaemoe HaNnpsKEHUE UIsI KOTO-
pou

(61=22 =339 _ 157 M.
Ny 3

OmnacHbIM 11 Bajia aBisgeTcs ceueHue C, Tak KaKk B ’TOM CEYEHHUU JEUCTBYET
KPYTSAILIUI MOMEHT, @ U3TM0aoIie MOMEHThl B BEPTHKAIbHON M FOPU30HTAJb-
HOM MJIOCKOCTSX MakKCUMalbHBI (puc. 41, 6, 9, o).

Benanunnbl MOMeHTOB B ceueHuu C :
ch =2,806 xH - m; M)’C =1,62 kH - m; MKpc =1,62 xH-m.
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Pacu€THBIT MOMEHT IO TPETHEM TMITOTE3E NPOUYHOCTH

max _ 3 ,C _ 2 2 2 _ 2 2 2 _
M = 1§ —\/MxC+MyC+MKpC—\/2,8O6 +1,62% +1,62% =3,62 kH - .

Hckomblil nuameTp Bania:

32\ Mmax ) 103
d>3 P =3\/3’2 3,62 1% =0,0662 M.
n[o] n-127-10

[Ipuanmaem nuametp Baja d=66 mM.




3ATAYA Ne 10

JIns cTallbHOTO Bajla MIOCTOSSHHOIO CEYEHUsI, PACCMOTPEHHOTO B IPEAbIAYIEH
3ajJlaue, BBIMIOJHUTh MPOBEPOUYHBIN pacyéT Ha MPOYHOCTh MPHU HAMPSIKEHUSX B
€ro MOIEpPEYHbIX CEUYEHMAX, HUKINYECKH HU3MEHSIomUXCcs BO BpeMeHHu. Cunra-
€TCsl, YTO HOpMaJIbHbIE HANIPSHKEHUSI U3MEHSIOTCS IO CUMMETPUUYHOMY IUKITY, a
KacaTeJbHbIE — MO MYJIbCAIIMOHHOMY.

B pacuére yuecTh BIAMSHHUE HAa MPOYHOCTH Bajla KOHLEHTPALMU HaNPSIKEHHUI,
C0371aBaeMOi HAJIMYUEM IIMOHOYHBIX KAHABOK B CEUCHUSX, I'JI€ UMEIOTCS IIKHU-
BbI, U BIUSHUE MPECCOBOM HACAJIKU MOJIUIMITHUKOB — B OMOPHBIX ceueHusnx. O0-
paboTKa MOBEPXHOCTH Bajia — TOHKasi 00ToYKa.

HopmaTuBHBIN 3amac ycTaaloCTHON MPOYHOCTH NPUHATH [n] = 1,5.

VYeunus, npuinoXeHHbIe K Bally M BXOJSIINE B pacuéT, OepyTcs U3 pelIeHUs
3agaun Ne 9; MexaHWUYEeCKue XapaKTEepUCTUKH MaTepuana — u3 1adn. 10. HeoO-
XOJMMBbI€ CIIPABOYHBIC JIaHHBIC MPUBOJSITCS B METOJAMYECKUX YKAa3aHUSIX K JaH-
HOW 3aJaye.

METOAUYECKHUE YKA3AHHA K PEIIIEHUIO 3A/TA9HU Ne 10

OcHoeHble meopemuyecKue c6e0eHus u pacuémuvle Qopmyiot

OCHOBHBIE MMOHATHS.

MHorue netajiu MalluH B IPOLECCE IKCILTyaTallu MMOJABEPTatOTCs JEUCTBUIO
HanpsDKeHUM, MUKIMYECKA U3MEHSIONMUXCS BO BpeMeHu (puc. 42), 4TO MPUBO-
JUAT K MOSBJICHUIO MUKPOTPEIINH, UX POCTY U, KakK CIEIACTBUE 3TOTO, K pa3py-
HIeHWI0 Matepuaia. PaspyiieHue moj AelCTBUEM MOBTOPHO-NEPEMEHHBIX Ha-
NPSOKEHUN HAa3BIBACTCS YCMANOCHMHBIM pa3pyuieHuem WA YCmaiocmspio mame-
puana.

Cnocob6HOCTh MaTepuana COMPOTUBIATHCS YCTAJIOCTHOMY pa3pylICHUIO Ha-
3BIBACTCS @bIHOCAUBOCTMbIO. [IpOBEpOUHBII pacy€T Ha BHIHOCIUBOCTH CBOJUTCH K
BBIUHMCJICHUIO 3aIlaca yCTaJOCTHOW NMPOYHOCTH W CPABHEHHUIO €ro ¢ HOPMAaTHUB-
HBIM.

>

1S
N8, _
N A

T I = 7

Gy

Gmin

S

Puc. 42. I'paduk u3MmeHeHNs] HUKJINIECKOTO HANIPS:KEHUSI BO BpeMeHU
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1. XapakTepuCTUKU IIUKJIOB HAMPS>KEHUH.

Hanpsixkenus, mepuoandecku U3MEHSIOIKNECS BO BPEMEHH, HAa3bIBAIOTCS LIUK-
nuueckuMu. Ha puc. 42 mokazaHa 3aBUCUMOCTH IIUKJIMYECKOTO HAMPS)KEHUS OT
BPEMEHH.

OCHOBHBIEC XapaKTEPUCTUKH LIUKIIA:

O nin - MUHUMAQJIbHOE HANIPSDKEHUE [IUKIIA;
O nax - MAKCUMAIIBHOE HANPSIKECHUE;

— Omax t Omin

O, > - CpeHEe HAIPSKEHUE [TUKIIA; (10.1)
Omax ~Omin
o, = 5 - AMIUTUTYIHOE HAIPSIKEHUE ITUKJIA.
Kaxnplii UK xapakTepusyeTcs ero KoapGuiueHToMm acuMMeTpuu
G .
p=—1un (10.2)
Gmax

YacTHBIMM Clly4assMU LUKJIOB SABJISIOTCS CUMMETPHUYHBIN U MYJIbCAllMOHHBIN,
rpaduKu KOTOPBIX MPUBEICHBI Ha puc. 43.

OCHOBHBIE XapaKTEPUCTUKH ITUX IIUKIIOB CIEIYIOUIUE:
CUMMETPUYHBIN [TUKJIT

G -
Omin = —Omax> Om =0, Oy =Opax; ©= ML = —; (10.3)
O max
MyJIbCAIMOHHBIA THKJI
Omin =0; 0,, =0, =050.x; 7¥=0. (10.4)
¥e G
S S
N B &
N
Oy |o | /T\ 7 a \\/LDV T
5 ! -
@ \L/ Om=0 Gmin=0
T

a o
Puc. 43. lukiabl HANPSIKEHUH: d - CAMMETPUYHBIN; 6 - MyJbCANMOHHBIU

2. Ilpenen BEIHOCIMBOCTH.

MakcumanbHOE HampsKeHUE IUKIa, MPU KOTOPOM CTaHAAPTHBIA 00pazery
BBIZICP)KMBAET HEOTPAHMUYCHHOE YHUCIIO IIMKJIOB HArpy>XeHWH, HE pa3pyliasch,
HA3bIBACTCA NpeoeloM 8blHOCIUGOoCmuY MaTepuana. J{na npeaena BEIHOCIUBOCTH
OPUHATO 0003HAYEHHE G, (7 - KOOPPUIUEHT ACUMMETPHUHU ITUKIIA).

JUIst CHMMETPpUYHOTO IMKJa 7 = - 1,

[TosToMy mpenen BBIHOCIUBOCTH, OMNPEACISEMBI TpPU YUCTOM U3THOE,
o0o03HayaeTcs G_, a MIPU YUCTOM KPYUEHUH T.;.
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3. Koaddumnuent camkeHns mpeaesia BBIHOCIUBOCTH.

Ha BenuumHy mnpejaena BBIHOCIMBOCTH MaTepuajia, KpoMe KodpduuueHnta
ACUMMETPHU IUKJA, BIUACT LENBbIH PAa pa3IudHbIX (aKTOPOB, B MEPBYIO OYe-
pelb KOHYeHmpayus HAnpsaiCeHull, pasmepsvl oopazya uiu O0emanu, Kaiecmeo
0bpabomku nogepxHocmu.

st Toro 4To0bl YU4eCTh BIUAHUE dTUX (HAKTOPOB, BBOJSTCS COOTBETCTBYIO-
mue Kod(QPUIUEHTHI, BEJIUYUHBI KOTOPBIX OMPEENAIOTCS AKCIEPUMEHTAIbHO
UJIA U3 TEOPETUUYECKUX MPEANOCHIJIOK U MPUBOASATCS B CIIPABOYHOMU JUTEpaType.
[Ipu pemeHnn paccMaTpuBaeMOW 3aJjauyd MCHOIb3yIOTCA Tabuuubl 11-14, B xo-
TOPBIX MPUBOASTCS:
ks, k;- addexTuBHBIC KOADPUIIMEHTHI KOHIICHTPAIIUH 11 HOPMAJIbHBIX U KacaTellb-

HBIX HANPsDKEHUN U KO3 (OUIIMEHTHI CHIKEHUS MpejieNia BBIHOCIUBOCTU TIPH
MIPECCOBOM MOCAAKe MOIMUITHUKOB (Tada. 11, 12);
;- KOO(PPUIIMEHT YyBCTBUTEILHOCTH MaTepuaia K aCHMMETpUH 1HUKIa (Tadm. 13).
€5, €7 - KOODPUIIUEHTHI BIUSAHUS a0COIIOTHBIX Pa3MEpPOB CEUCHUSI COOTBETCTBEHHO
JUIsl HOPMAJIbHBIX U KacaTeJIbHbIX HanpspKeHUH (Tali. 14).
Koaddurment BiusHust kadyecTBa 00paObOTKH MOBEPXHOCTH 3 ompeesnseTcs
1o rpadukam, NpUBEACHHBIM Ha puc. 44.

CoBMecTHOE BIMSHHE BCEX YKa3aHHBIX (PAKTOPOB Ha BEIUUYMHY Mpejesa Bbl-

HOCJIMBOCTH JI€TAJIM YUYUTHIBAETCS KOO PUIITMEHTAMU CHUKEHUS TIpejiesia BEIHOC-

JIUBOCTHU IIO HOPMAJIBHBIM M KacCaTCJIIbHBIM HAIIPAKCHUAM kGd’ kTO’ BBIYUCIIA-
€MBIM T10 IMIHUPUIECCKUM POpPMYJIaMm:
ks 1 ke 1
kg ==%4+——1,  ky =—+—-1. (10.5)
0 0
e&s P er P

4. 3amac ycTajaoCTHONW MPOYHOCTHU (BBIHOCIUBOCTH).
3amac yCTaJOCTHOW MPOYHOCTH MO HOPMAJIbHBIM HANpPSKEHUSM MPU CUM-
METPUYHOM LIMKJIE HATPYKEHUS onpeesercs no Gopmyne

61
Ng =

==l (10.6)
kG()Ga

rac O_; - IPCACI BEIHOCIMBOCTH MaTCpHralia,

O, - aMINUIUTYJHOC HAIIPSXKCHUC ITUKJIA.

3amac ycTaJoCTHONW MPOYHOCTH MO KacaTeJbHbIM HANPSKEHUSIM MPU HECHM-

METPUYHOM ILHUKJIE onpeaensercs mo hopmye
T

ata + \IITTm
rac Tq - Ipcaci BEBIHOCIIMBOCTH MAaTCpUuajia IIpU KPYUCHUHN,
Tas T - AMINIATYIHOC U CPCAHCC HAIIPAKCHUA LUKJIIA.

o= (10.7)
T

3amac BBIHOCIMBOCTHU Baja MPH COBMECTHOM JAEHCTBUM HU3ruba U KpydeHUs
omnpeensieTcs no aMnupudeckoit popmyse
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nsn
OLIGBI/I,ZIHO, YTO BBIYMCJICHHBIN 3aIlac BEIHOCIUBOCTH JOJKEH OBITH HE MCHEE

HOPMAaTUBHOTO.

Tadauna 11
ddpdexkTuBHbIEC KOAPPUIMEHTHI KOHIIEHTPAIUN HANIPSKeHn Ky, k,
JJISL BAJIOB CO IINOHOYHBIMHM KAaHABKAMH

DddexTuBHBIC IIpenen npounoctu marepuana 6,, MIla
KO3 hUITEHTHI
KOHIICHTpAIun
ko, k: 400 | 500 | 600 | 700 800 900 1000

ks - mpu n3rude 1,30 | 1,38 | 1,46 | 1,54 1,62 1,69 1,77
k. - mpu kpyuenuu | 1,20 | 1,37 | 1,54 | 1,71 1,88 2,05 2,22

Ta6auma 12
Ko>¢dunuenTsl cHUKeHUs Npeaesia BLIHOCIMBOCTH BaJjia
NPHU NMPECCOBOii MocajaKe MOIIMITHUKA

Koadpdunuenter | Juamerp | Koadduuuents! kg /€5 u ki /€, nus npenena
IIPOYHOCTU MaTepuana o, , Mlla

MM 400 | 500 | 600 700 | 800 | 900 | 1000
30 2,25 | 2,50 | 2,75 | 3,00 |3,25] 3,50 | 3,75
ks/€g 50 2,775 | 3,05 | 3,36 | 3,66 |3,96| 4,28 | 4,60
=100 | 2,95 | 3,28 | 3,60 | 3,94 4,25 | 4,60 | 4,90

30 1,75 1 1,90 | 2,05 | 2,20 |2,35| 2,50 | 2,65
kil€er 50 2,05 | 2,23 | 2,52 | 2,60 |2,78| 3,07 | 3,26
=100 | 2,17 | 2,37 | 2,56 | 2,78 [2,95] 3,16 | 3,34

Taoauna 13
3HaveHus: KOIPPUIUEHTOB YYBCTBUTEJIbHOCTH MaTepuaJjia
K aCHMMETPHUH IHMKJIA Vs, Yo

Marepuan Vs (I
Yranepoaucras crtanb 6g=400...500 MIla 0,05 0,0
Yraepoaucras W JETUPOBaHHAs CTAIb 0,10-0,15 0,05
og=500...800 MIIa
JlerupoBanHnas crans 6g==800...1200 MIIa 0,15-0,20 0,05 -0,10
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Puc. 44. 3aBucumoctb kK03 PpuuneHTa KayecTBa 00padoOTKH
NMOBEPXHOCTH [3 OT mpe/esia MPOYHOCTH MaTepHuaJia
1 - 3epkanbHOE MOJIMPOBAaHME; 2 - TOHKOE HIJIM(OBaHKE;
3 - ToHKas 00TOYKA; 4 - HAJIMYHME OKAJTUHBI

Taoauna 14
3HavyeHue MaclITAOHOTO (PpaKkTopa €,= €,
B 3aBHCHMOCTH OT JuaMeTpa Baja d
Matepuan Kosddunmentsl €,= €, npu nuamerpe d, MM
10 20 30 40 50 70
Yriepoaucras cTaib
op=400...500 MIla 0,89 0,92 0,88 0,85 0,82 0,76
YriepoaucTas ¥ JIETUPO-
BaHHas CTaJIb 0,97 0,89 0,85 0,81 0,78 0,73
o =500...800 MIla
JlerupoBaHHas cTaigb
op=800...1200 MIla 0,95 0,86 0,82 0,77 0,74 0,69

ITPUMEP PEHIEHUA 3ATAYH Ne 10

[Ipou3BecTn NpoOBEPKY Ha YCTAJIOCTHYIO NPOYHOCTh Bajlia, pACCMOTPEHHOTO B
3amaye Ne 9. B pacuére NpUHATH, YTO HOPMAJIbHBIE HANIPSI)KEHUS U3MEHSIOTCS 110
CHUMMETPUYHOMY LHKILY, @ KACATEJIbHBIE - MO MYJbCALIUOHHOMY.

VYuecTh ¢GakTOpbl, CHUKAIONIME TPE/ie] BBIHOCIUBOCTH: KOHIIEHTPALMIO Ha-
NpsDKEHUN, pasMepsl U ciocod o0paboTku moBepxHOCTH AeTanu. HopMaTuBHBIN
3amac yctajlocTHoOM nmpouHoctH [#] = 1,5. O6paboTka MOBEpXHOCTH Bajia — TOH-
Kas o0TouKa.

HeobOxoaumbie naHHBIE IS TPOBEPOYHOrO pacuéTa Bajia B3ATHI U3 YCIOBUS

3agaym Ne 9.
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1. Onpenenenre MakCUMaabHBIX HAPS)KEHUI B CEUEHUH.
Jlnst paccUuThIBA€MOro Baja ONAacHbIM siBisieTcst cedeHue C, I1€ MOMEHTHI
MakcumalibHbie (puc. 41).
JuameTp Basa ObLI ONpeeeH NPpU PELIeHUH Npeablaymen 3agaun Ne 9.
d =66 mm =66 - 10~ m.
BoruncnisieM MOMEHTBI COIPOTUBIICHUS CEUCHUS Basla TP €0 U3TU0e M KPYUCHHH:

nd>  m(66-1073)3

-6 _3
w,. = =282-10 " ™m;
usze 32
3 -3.\3
WKp=“d Z 6610 7) _ 56.4.1070 2,
16

ITo smropam momeHTOB (puc. 41 6, o, 0) HAXOAUM KPYTAIIHUN U U3rHOAIOIIHE
MOMEHTHI, AeicTBytomue B cedeHun C: kpyrsamuid MoMmeHT M,= 1,62 xkHwm;

usrudaromue MomeHTsl M, = 2,806 kH-m n My= 1,62 x-Hwm.

MakcumaabHbIC HOPMAJIbHBIC HAIIPAKCHUA OT COBMECTHOTIO I[CﬁCTBHH HU3ru-
0OB B ABYX IINIOCKOCTIX:

2
_\/m=\/(2,806-103)2+(1’62'103)2 =114-10°TTa =114 MITa

o =
e Woise 28,2-107°
MaKCI/IMaHBHBIC KaCaTCJIIbHBIC HaHpﬂ)KeHI/Iﬂ OT prquI/Iﬂ
3
t = 16210 - =28.7-10°TTa =28,70 MITa.
Wep 56,4107

2. OnpeneneHne XapakTEPUCTUK HUKINYECKUX HANIPSIKECHUM.

[To ycnoBuio 3amayd HOpPMallbHbIE HANPSKEHUS HU3MEHSIOTCA IO CUMMET-
PUYHOMY LMKILY, CI€J0BATEIbHO

0,,=0; O0,=0,x =114MIla; r=-1.
KacarenpHble HaNps>)KEHUS U3MEHSIOTCS MO MYJIbCAMOHHOMY LHKITY
Ty =T, =0,5Tpax =0,5-28,70=14,35 MIla; r=0.

3. MexaHuueckue XxapakTEpUCTUKHU MaTepuaia.

Heobxoaumble XapaKTepUCTHKU MaTepuaia BbIMHUChIBalOTCS u3 Tabu.10 (B
JTAaHHOM TpUMepe — U3 crpaBouyHuka): nisa craiu mapku Ct.50: o1 = 380 Mlla;

0g = 700 MIla; 6.1 = 300 MlIIa; t.; = 180 MIIa.

4. Beruucienue Ko3(hpUIIMEHTOB CHUKEHUS Mpeaeia BBIHOCIUBOCTH.

N3 tadn. 11 — 14 BeimuceiBaroTcss KO3QPUUUEHTH, HEOOXOIUMBIE JJISI pacyé-
Tta. Ceyenue C ABIAETCS ONMOPHBIM, U KOHLEHTpALUs HANpsHKEHUH CO34aeTcs
MPECCOBOM MOCAAKOMN MOJIINITHUKA.

Ucnone3ys nanusie Tadn. 12 (nmpu o, = 700 MIla u d = 66 mm), nyTéMm nu-
HEWHOW MHTEPNOJSAINNA HAXOUM
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ks =3,70; ke =2,65.
€ €1
ITo puc. 44 onpenensieM ko3P OUIIUESHT BIUSHUS KaueCcTBa 00paOOTKH MOBEP-
XHOCTH IIPU TOHKOW 00TOUKE:
B=0,88.
KoaddunmeHT 9yBCTBUTEIHPHOCTH MaTepHalia K aCUMMETPHH IHKJIAa Oepércs u3
Tabin. 14:

v, = 0,05.

Koaddunumentsl cHukeHHS Mpejesia BBIHOCIMBOCTH € Y4€TOM BCEX pac-

CMOTpPEHHBIX (PAKTOPOB UMEIOT CIACIYIOIINE 3HAUYCHUS:
kg 1 1

kg, ==% +——1=37+———1=384

% es B 0,88

kra=ﬁ+l—1=2,65+i-1=2,79.
e P 0,88

5. Onpenenenue 3amnaca ycTaJIOCTHON MPOYHOCTH.
3amac ycTaJoCTHOM MPOYHOCTH NPHU U3Tru0€ U KPYUCHUU:

o1 300

N~ = = =
® ks,0, 384-114

o T _ 180 _
Yok, Ty W Ty, 2.79-1540,05-14,35

5 5

5

3amac ycTajaoCTHOW MPOYHOCTHU MPU COBMECTHOM JEUCTBUHM M3THOA U Kpyue-

HUSA:
no Mol _ 0,69-4,23

Jn2+n2 10,692 +4,232

3amac ycTajloCTHOM MPOYHOCTH Baja He 00CCIICYeH, TaK KaK OH MEHBIIEC HOP-
MaTUBHOTO. /lnameTp Basia HEOOXOIMMO yBEJIMYUTH MW BBECTU YIIPOUHSIONIYIO
00paboTKy.

Ilpumeuanue. Ecnu OmMacHBIM SBJISETCS CEUYCHHE, B KOTOPOM HACAXCH IIKUB,
TO KOHIICHTpALMs HANPSOKCHUH CO3/AacTCS 3a CYET IIMOHOYHOW KaHABKU W IS
omnpenenaeHus Kod3pPuuueHToB kg, ki, €; U €; HY’)KHO UCTIOIB30BaTh Taba.11 u 13.

=0,68<[n]=15.
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SAJAYA Ne 11

KCHUA NOITYCKACMBIX HaHp}I)KeHHﬁ Ha C}KaTI/Ie);

CTH 7,.

MBI — 1O puC. 45.

94

JIn cTaabHOTO CTEPKHS JJIUHOM /, c:xmMaemoro cuiiot P, Tpedyercs:
1) momoOpaTh pa3mMepbl MONEPEYHOrO CEUEHUSI CTEPIKHS U3 YCIOBHUS €ro yc-
TOWYMBOCTHU MPHU JOMYyCKAaEMOM HaNpsKeHUU Ha cxkatue [6] = 160 MIla (pacuér
MPOBOJAUTH METOJIOM IMOCJIE0BATEIBHBIX MPUOIMKEHUH 0 KOADDUITUESHTY CHU-

2) HAWTHU BEJIWYUHY KPUTUUECKOU CHIIBI U KO3 (PUIIUEHT 3amaca yCTOMYHBO-

YucnoBsle NTaHHBIE il pacué€Ta CIeAyeT B3ATh U3 Ta0d. 15, pacuéTrHble cxe-
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Puc. 45. PacuéTHble CXeMBbI C:KATHIX CTEPKHEH M UX MoNepeYHble CeUeHUs




Taoauna 15
YucaosBble 1aHHbIE K 3a7a4e Nell

Howmep Howmep pacu. Cuna Jnuna
CTPOKH CXEMBbI P, xH CTEPKHS
1o puc. 45 [, M
1 1 500 2,5
2 2 480 3,9
3 3 450 2,8
4 4 300 3,2
5 5 350 2,7
6 6 370 3,5
7 7 360 3,0
8 8 460 2,7
9 9 370 2,6
0 10 400 3,1
3 K 0

METOAUYECKHE YKA3AHHA K PEIIIEHHIO 3A/TA9HU Ne 11

OcHoenble meopemuuecKue c6e0eHus u pacuémuuvle GopmyJiv

[Ipu cxatum ruOKOro CTEpKHS OCEBOW CHUJIOM BO3MOXHA IOTEps €ro yc-
TOWYMUBOCTHU, NIPU KOTOPOU OCh CTEPKHSA WCKPHUBIAETCSA W HadajbHas MPAMOJIH-
HeliHasg ¢opMa paBHOBecHs HapymiaeTcsa. MuHHMMalbHas CHKUMAaloLas Cuia,
IIPEBBIIIEHUE KOTOPOM BBI3BIBAET NOTEPIO YCTOWYMBOCTH, HA3BIBACTCA KpUmu-
YyecKkou Cuiou.

IIpn pacuérax cXKaTblX CTEP>KHEHM HA YCTOMYMBOCTH BCTPEYAIOTCS CIEAYIO-
1IM€ OCHOBHBIE 3aJjaUH:

1. Beiuucienne BeTMYUHBI KDUTHUYECKOW CHUJIBL;

2. OnpeneseHne J0MyCKaeMOTO 3HAaUYCHUs CKUMAKOIIE CHIIBI;,

3. ITog6op ceueHus: CTEPKHA MO yCIOBUIO €r0 YCTOWUYUBOCTH;

4. OnpeneneHue 3amnaca yCTOMYUBOCTH CTEPIKHS.

Bennyuna kpuTHUECKOM CHIIBI BBIUUCHsETCS M0 Gopmye Ditnepa unu JcuH-
CKOTO B 3aBUCUMOCTH OT THOKOCTH paccMaTpUBAEMOTO CTEPKHS.

[lox eubxocmuio crepxHs MOHUMAETCA Oe3pa3MepHasi BEJIMUYHHA, BbIYUCIsIeMas
o ¢hopmyiie

n=HtL (11.1)
'min
rae /- JMHa CTepIKHS,
Imin - MUHAMAJIBHBIN PaANyC HHEPLUHU ITOIIEPEYHOIO CEUCHUS;
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U - ko punmeHT, 3aBUCSIINN OT CITOcO0a 3aKpPEIJICHHsI KOHIIOB CTEPKHS.
Ero 3Hauenus mist Hanbosee paclipoCTPaHEHHBIX CIIOCOOOB 3aKpEIICHUS TPHUBEC-
HBI B Ta0JI. 16.
dopmyna Dinepa TpUMEHNMA TPU YCIOBUU, YTO KPUTUUECKOE HATPSIKCHHUE,

P
K
paBHOC Tp, HC MPCBLIIIACT Ipcacaa NpONnOpHUOHAIBHOCTU MaTCpHala CTCp-

*Hs. OOBIYHO ATO YCJIOBUE BhIpaxaeTcs Gopmyinoi

=Y W (11.2)
rac an - IpcaciibHas FH6KOCTB CTCPIKH.
I[JI}I KaXXJI0T0 MaTcpuajia knp OoIIPCACIICTCA 110 BBIPAKCHHUTO
E
Mp =T |——, (11.3)
Gnu

rae E - MOayJib YIPYTrOCTH MaTepuana;
Oy, - IPEEIl IPONOPLMOHAIBHOCTH MaTepUaa CTEPIKHS.
Hanpumep, ais craan mMapkn Cr.3 npu E = 2-10° MIla n 0., = 200 MIIa
npenenabHas rHOKOCTb A,, = 100.
Ecnu pacué€THas THOKOCTh cTepkKHs OOJIbllIe WJIM paBHA NpEAebHOM, TO IS
BBIYMCIICHUSA KPUTHYECKOHN CHIIBI MpUMeEHsieTcst popmyina Ditnepa:
2
P, =L1m2m. (11.4)
(W)
Ecnu rubGkocTh MeHbIIIe MpenenbHOM, TO s BBIYMCICHUS KPUTHUECKOW CHUIIBI UC-
HOJIB3YETCS AMIIUpUYecKas GopMyia, IpeIoKeHHas SICHHCKUM:

By =(a=b-A)-4 (11.5)
(st cramm Ct.3 a=310Mlla, b=1,14 MIla).

Hapsiny c pacuéramu mo dopmyne Dinepa uiau SCHHCKOTO MpHU pacuérax
CXKATBIX CTEpP)KHEW HAa YCTOMYMBOCTH IIMPOKO MPUMEHSETCS METOJ, B KOTOPOM
YCIIOBUE YCTOMUMBOCTH CKATOTO CTEPIKHS 3aANHUCHIBAETCS B CIEAYIOUIEM BUJIE:

%s (61, = ¢ - (ol (11.6)

rae N- cKUMarolas Cuia;
A - oA b NONEPEYHOr0 CEYEHUS CTEPHKHS;
[G], - nomyckaeMoe HANPsHKEHUE TP PACUETE CTEPIKHS HA YCTOMUUBOCTD;
[O]c - momyckaeMoe HanpspKEHUE MaTepuana CTEPKHS IIPU CKATHH;
¢ - KOO(DPUUMEHT CHUKEHHUS TOITYCKAEMOI'0 HaIPSKEHHUS.
Bennuuna ko3 duipenta @ 3aBUCUT OT THOKOCTU CTEPXKHS A U MaTepuala,
U3 KOTOpPOro oH u3rortosiyeH. [lns manoyraepoauctoil cranu (Ct.3) ero MOXHO
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ompeaenuTs mo tabiu. 17.
Taoauna 16
Koa¢duuuenrsl npuBeeHus JJIMHBbI L
B 3ABHCHUMOCTH OT CII0C00a 3aKpeIJIeHUs] KOHLIOB CTePKHSA

R R 1
Cxema
3aKpETUICHUS
Koaddunuent
w 2 1 0,7 0,5
Taomauna 17

Beauuunbl ko3¢ punuentos ¢ aias craau Cr. 3
B 3aBHCUMOCTH OT THOKOCTH A

A ¢ A ¢ A ¢

0 1,00 70 0,81 140 0,36

10 0,99 80 0,75 150 0,32

20 0,96 90 0,69 160 0,29

30 0,94 100 0,60 170 0,26

40 0,92 110 0,52 180 0,23

50 0,89 120 0,45 190 0,21

60 0,86 130 0,40 200 0,199

YcnoBue yCTOMUMBOCTH TMO3BOJISIET HAWTHU JOMYCKAEMOE 3HAYCHHUE CKUMAI0-
e CUIIBL:
P=N=A4-¢0 - [C]cx- (11.7)

[TockosibKy yCI0BHE YCTOMUMBOCTH BKJIIOYaeT B ce0s aBa napamerpa P u ¢,
3aBHUCAIIME JOPYr OT JApyra, MpH TOA00pE CEUEeHUs] CTEPXKHS CIEeIyeT ucC-
MOJb30BaTh CHOCO0 MPOO0, 3aKIIOYAIOUIUICS B TOM, YTO 33JalOTCS 3HAYECHHUEM
OJHOTO W3 MapaMeTpOB, HANIPUMEP O, ONPEACNIIOT U3 YCIOBUS YCTOWYMBOCTHU
NJI0IIA/lb CEYEHHMS, @ 3aTEM MPOBEPSIOT, YAOBJIETBOPSAETCA JIU YCIOBUE

N _
g =0 [G]cm-
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Ecnu ycnoBue yaoBIETBOpSiETCS, TO pacy€T Ha 3TOM 3aKAaHYMUBAETCS, €CIU

* .o
HET, TO 3aJaK0TCA HOBBIM 3HAYCHUCM () W aHAJIOTHUYHBIM PACUYCT MOBTOPACTCA OO

TeX MOp, MOKa yCIOBUE YCTOMYHUBOCTH HE OYJET YyIOBIECTBOPEHO.
3amnac yCTOMYHUBOCTH 1, CXKATOTO CTEPKHSA

Y
P
n, =% (11.8)

MOKa3bIBaeT, BO CKOJILKO pa3 KpUTHYECKas cuja OOJIbIe 3aJJaHHON WM JOIyC-
KaeMOU.

ITPUMEP PEHIEHUSA 3ATAYH Ne 11

P | Y CranbHOUW cTepxkeHb JiIuHOU [ =2,8 M
% 3aJaHHOKW (OPMBI TMOTEPEUHOTO0 CCUYCHUS
ME //

cxxumaetrcsa cusot P =411 kH (puc. 46).
Tpebyercs:
1) momoOpaTh pasMepbl MOMNEPEUHOrO
CEUeHHUsl CTepXkHs (pacu€T MPOU3BOIAUTH
METOJIOM  MOCJIeJOBATEIbHBIX  MPUOJIH-
// KEeHUM 1Mo kodpdunueHty ¢);
2a 2) HalTH BEIUYHUHY KPUTHUYECKOU CHUJIIBI
P, ¥ BBIYHCIHTH 3amac YCTOHYUBOCTHU
Puc. 46. PacuérHas cxema c:kaToro CTCpXHS 7, Marepuan CTEpKHS CTallb
CTEp:KHs M ero nonepeuynoe ceye- Cm.3; I0IyCKaeMOe HaNpPsIKEHUE Ha CXKa-
HHUE tue [6].=160 MlIIa.

Ja
\

4
NN

7777

1. OnpeneneHne reoOMETPpUUECKUX XAPAKTEPUCTUK CEYEHUS CTEPXKHS 4Yepes
MCKOMBIN pa3Mep CEUEHHUs a:
IJIOIIA/Ib CEYEHUS
2

A=3a-2a—%=5,21a2;

pasmep a
A

5,21
['maBHBIE IEHTpaTbHBIE MOMEHTHI HHEPIIHHU
_ 2a-(3a)3 na®

. =445
12 64
3 4

)= 3a-(2a)” ma =1,95a4.
12 64

MuHUMaJIILHBIM MOMEHT UHEPLUU
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4
Iin =1, =1954".

MuHUMaJIIBHBIN painyC UHEPIIUU

] 4
i [fmin _ |15 6,
4 521a°

JIist 3a1aHHOTO BapuaHTa 3aKkperuieHus mo Tabia. 16 BeiOupaercs kodhuiu-
€HT NpUBEIEHUS JUIMHBL L = 0,7.
['ubKxocTh cTEpKHS

w _07-28 321
imn 0,61l a
2. IlonOop monmepeyHoro ceueHus CTEPIKHS.
3 yCII0BUA yCTOfI‘IHBOCTI/I iomanb MonepeYHoro CCUCHUA

Az
(P'[G]cnc

Kaxk YKa3bIBaJIOCh BbINIC, B YCJIOBHH yCTOfI‘-IHBOCTH HCU3BCCTHBIMU BCJIU-
YUHAMHA ABJIIAKOTCS (p )41 A, KOTOPbBIC MOJKHO HaUTH METOAOM IMOCICA0OBATCIIbHBIX
HpH6HH}K€HHﬁ, JJIA 94€Tr0 3aJacTCa 0AHa N3 HEU3BCCTHBIX BCIIMYHH - (.

s mepBoro npubnumxenus npumem @ = 0,5.
Torma cOOTBETCTBYIOIIAA TUIOMIAAb NONEPEYHOTO CEUEHUS CTEPKHSA

3
4 = 41110

= 6=51,4-10‘4Mz.
0,5-160-10

Haxonum napamerp a:

—4
g = | Ao PLAIO T 5072
521 521

[IpoBepsieM, COOTBETCTBYET JHU JONycKaeMas Harpyska jsi moJo0paHHOTO
CeueHus 3aJlaHHOM cuie.

I'nOkocth cTepxkHs npu ap = 3,14- 1072
21 21
a2l 3 .
ai  3,14-10"
[Io Tabn. 17 cnemyeT HaAWTH COOTBETCTBYIOWIMNA Kod(pduuueHt ¢. 3HayeHUs

=102.

A =102 B Tabnuue HET, MOITOMY HCKOMOE 3Ha4eHUs KOA(PQUIMEHTa (@ orpe-
JEAETCs INHENHON MHTEPIIOJSALUEN:

Inpu A =100 Q100 = 0,60,

HpI/Iﬂ,: 110 D110 :0,52;

* - 0,6-0,52
01 =9102 =P100 —WUW—IOO) = 0’6_T

-2=0,584.

COOTBCTCTByIOHIaﬂ I[OHYCKaeMaH CHJIa
Pyon, =01 - 4 -[0]=0,584-51,4-107*-160-10° = 480,3-10° H = 480,3 kH.
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Pacxoxaenne mexay 3aJaHHOW CHIJION U MTOJTYyYEHHOU

Piao _Pdonl‘ B ‘411—480,3

100% =16,9%.
3a0

[TonoOpaHHOE cedueHUE HE yAOBJIETBOPSET YCIOBUIO YCTOWUMBOCTH, TaK Kak
JOIyCKAaeMOE PACXOXKJICHUE MEXIy CHJIAMHU 3aJaHHOW M IOJYYCHHOW pacuér-
HBIM ITYTE€M HE JOJDKHO MpPEeBBIMATH 5 %.

BrruuciieHust moBTOPSIOTCA €€ pas.

BTopoe nmpubnmkenue: HoBoe 3HaUueHUE KOd(PDUIIHEHTA @, OMPEaSTISIeTCS 110
BBIPKCHUIO:
@1+ 05+0,584
G2 = >

Bce BbIUMCIICHHS, BBITOJHEHHBIE MPH TIEPBOM MPUOIMIKEHUH, TTOBTOPSIOTCS, HO

IIPY HOBOM 3HAYCHHUH P = (;:

3
411-10 6=47,4-10‘4Mz; ay =3,02-1072m; A =106;
0,542-160-10

(0,6—0,52)-6

=0,542.

4=

0y =0,6— =0,552;

Pyon, =3 Ay -[6]=0,552-47,4-107* 160-10° = 418,6 kH;

P3a0_P00n2‘ _‘411—418,6

100% =

100% =1,85% < 5%.

3a0
PacxoxkaeHne Mexay cuiiaMu cocTaBisieT MeHee 5 %, uTo npuemiemo. Toraa uc-
KOMBIH pasMmep a =a, =3,02- 1072 M= 3,02 cm.
3.0npeneneHne KpUTUIECKON CUIIBI.
st mogoOpaHHOro ceueHus: pacuérHasi THOKOCTh CTEPKHS
3,21 3,21
A= = 7= 106,3.
a 3,02-107
[Ipenenbuas rubkocth aist ctanu mapku Ct.3 paBua 100, mo3ToMy KpuTHie-
CKYIO CHITy CJI€JIyeT BBIYUCIATE IO opMmyste Ditnepa, Tak Kak A>A,, .
MuHUManbHBIA MOMEHT UHEPIUU MPUHATOTO CEUCHUS CTEPIKHS
4 4 4
Linin =1, =195a" =195-3,02" =162 cm .

Kpurnueckas cuna

mElyy, w0 -2-101.162.107

P, = in — . =862-10° H =862 kH
3armac YCTOﬁqHBOCTH CIKATOTI'O CTCPIKHA:
P
ny,=—" _892 510,
P 411
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HNPUJTOKEHUE

Copmamenm npokamuou cmaiu
u
2eomempuyecKue XxapaKmepucmurKu
HEeKOMmMopbvlX NI0CKUX ceueHuu
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