Kpyuenue
UtoObl BO3HUKIIA Jedopmaiusi Kpy4yeHHUs, BHEIIHHE CKPYYMBAIOIIME MOMEHTbI
JOJIKHBI JIEWCTBOBATh B MJIOCKOCTH IMOIEPEUHOro ceueHust opyca. Torma B momnepeu-
HBIX CEUEHMSIX BO3HUKACT BHYTPEHHUM CHIJIOBOM (akTop — KPYTAIIUA MOMEHT M
(H -m, kH -m), paBHBIA CyMMe BHEIIHUX MOMEHTOB, JICHCTBYIOIIUX HA OTCEUCHHYIO
yacTh Opyca.
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HanpsizkeHusi npu Kpy4eHuH

[Ipn KpyyeHHH B NONEPEYHOM CEUECHHHM BO3HUKAIOT KacaTelbHbIC HANpPSHKEHUS T
(I1a, MIla), BeKTOp KacaTeJIbHOTO HAMPSHKEHUS JICKUT B IJIOCKOCTH MOTIEPEYHOTO Ce-
YEHUS.

HarnpsikeHns B KaKI0M TOUKE CEUEHUS MEPIICHIUKYIISIPHBI paJInyCy, IPOBEICHHOMY B
ATy TOYKY, W NPONOPLUHUOHAIBHBI PACCTOSHUIO OT TOYKHA JI0 LEHTPA CEUYCHHS.
HauGonbiue HanpsokeHrs BOSHUKAIOT HA TPAHULIE CEUCHMUS.
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Ceazb Hanpﬂofcenuﬁ C Kpymauium MOMEHRmMom
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0 — painyC-BEKTOP TOUKH CEUEHHsI, B KOTOPOM ONMpENENSIeTCs HanpsuKeHHe, Pa=0A4
Jp, W), — reomeTprueckie XapakTepiCTUKH CEUCHHS.



Feomemputzecxue xXapakmepucmuku, ucnojibzyembsle 6 pacuemax Ha Kpyuenue
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[TossipHBIE MOMEHT UHEPLIUU CCUCHUS (M):

F — muromiaae ceueHus.

J,=[p°dF,
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[TonsipHBI MOMEHT CONTPOTHBIICHUS CEUCHUS (M'):
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Pmax - HauOOIBIIIHE PACCTOSAHHA OT HCHTPA 40 I'PAHUIIBI CCYCHMU.

Kpyznoe ceuenue
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Jedopmanuu npu Kpy4YeHUuu:

VYron 3akpyduBaHusi ¢ (pad) — yroi, Ha KOTO-
pBIi TTOBEPHETCS pPACCMaTPUBAEMOE CEUYCHUE
OTHOCHUTEIHHO HETIOABUKHOTO:

@ZM@ |
GJ,
OTHOCHUTEINBHBIN YToia Bapr‘H/IBaHI/ISI:
MK
0=2=""| bao/m),
| GJ,

| — mMHA yyacTka HarpyxXeHus,
GJ |, - )KECTKOCTh CCUCHHUSI IPH KPYUCHHH.

3akon I'yka npu Kpy4eHuu:

r=Gpb,

G — Momyib caBura (XapakTepu3yeT JKeCTKOCTh MaTepuaiia Ha CABUT M KPYUYCHHE),
s cramu G=8-10% MITa,

P — paaunyc-BEKTOP TOYKH CCUCHUS, B KOTOpOﬁ OIIPCACIIACTCA HAIIPAKCHUC.

YcioBre NPOYHOCTH NIPH KPYYCHUM:

M.,

Tmax :W—S[T]’
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Jonyckaemoe KacatensHoe Hanpsokenue [7]~(05+06)[o].
U3 ycnoBus MPOYHOCTH MOXKHO ONPEAETUTH JHAMETP KPYIJIOTO CEUCHHUS:

JIONTyCKaeMblii OTHOCUTEIIbHBINA YO/ 3aKpyUUBaHUS [9] ~005paol m.
W3 ycrnoBus )K€CTKOCTH MOXKHO OTIPEETUTH TUAMETP KPYIJIOTO CEUCHHUS:
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3agaual

JUIa cTaTUYecKy ONpeeIuMOro Opyca KpyIvioro IonepedyHoro Ce4eHns Heo0X0uMo:

OIIPENEIIUTh PEAKTUBHBIM MOMEHT B KECTKOU 3a/1EJIKE;

ONPENCIIUTh KPYTSIIME MOMEHTBl METOJOM CEYEHHUH, NOCTPOUTH DIIOPY
KPYTALLIUX MOMEHTOB;

3Has OTHOIIEHHUE AMAMETPOB JUIS y4acTKOB Opyca, BbIpa3UTh FreOMeTpHUe-
CKME XapaKTEPUCTUKHU CEYEHUN Yepe3 OJUH U3 TUAMETPOB,;

3aIucaTh TEOPETUYECKUE 3HAYEHUs KacaTelbHBIX HAIPSHKEHUU, Ompere-
JIUTH OITACHBINA Y4acCTOK;

COCTaBUTh YCIIOBUE IPOYHOCTH AJI OMACHOIO ydacTka; noaoOparh aua-
METpHI MorepeuHbIx cedennid d, D, mcxo/s U3 yCIioBHs MPOYHOCTH;

BBIYUCIIUTH paboure 3HAYCHUS HAIPSHKEHHM, OCTPOUTD AII0PY KacaTelb-
HBIX HAIPSHKEHUM;

BBIYMCIIUTD YIUIBI 3aKPYYMBAHUSA (P YYAaCTKOB U IIOJIHBIM YIOJI 3aKpy4HBa-

HUS (), Opyca,
BBIYHCIIUTH YTJIOBBIC MEPEMEIIECHHUS TTOTICPEYHBIX CeUeHUH Opyca, MoCTpo-

UTH JIIOPY YIVIOBBIX NEPEMEIICHUN MOTIEPEYHBIX CEUEHUM.

HNcxonnpie TaHHBIC:

Marepuan 6pyca - J1aTyHb,

Moy casura G=4 10* MITa=4 10" I1a.

Jlomyckaemoe HanpskeHue npuHath 7| =100 Mila .

CkpyuuBatomuii MoMmeHT M=10 kH m; nnuna yuactkoB Opyca a=0,1 m.
d, D - uckoMbIe IMaMeTphI onepednsIx cedenuii 6pyca (D/d = 2).

Penienne

OnpenenuM peakTUBHbIH MOMEHT Mp, Bo3HMKaromui B 3asienke 4. YpaBHEHUE paB-
HOBecHs Opyca — CyMMa MOMEHTOB OTHOCUTEIBHO MPOAOILHOM OCH Z:

M, =0: Mo+ M—-2M+M=0 = M,=0

Omnpenenum KpyTsIIMe MOMEHTHI Ha KaKJIOM Y4acTKe Harpy»KeHus, oJb3ysICh METO-
JoM cedeHui. JIBuraemcs mo 6pycy oT cBOOOJHOTO KOHIIA K 3a]IEJIKe!
| yqactokx (0<z<2a): M;=-m; =—M,



Il yaactok (2a<z<4a): My=—my +my =—M +2M =M,

Il yqactox (4a<z<5a): Mz=—my+m,=—M +2M =M,

IV ygactox (5a<z<6a): My=—m +my, —my3=—M +2M —M =0.
Hpumeuanue: KpyTamuii MOMEHT B CEUCHUM CUMTAETCS MOJOXKUTEIbHBIM, €CIIH OH
HaIpaBJIeH B CEYCHUHU NPOTUB YaCOBON CTPEIIKH.

Ho, npaBmiio 3HAKOB JUIs KPYTSIIMX MOMEHTOB MOKHO BBECTU HPOU3E0IbHO, YIUTHI-

Basl, 4TO BHCITHNC MOMCHTLI, HAIIPABJICHHBIC B PA3HBLIC CTOPOHBI, CO3/1aI0T KPYTAIIUC
MOMCHTBI ITPOTUBOITIOJIOKHBIX 3HAKOB.

Crpoum 3mI0py KpyTAIIMX MOMEHTOB , OTKJIAAbIBasl IOJOKHUTEJIbHBIE 3HAYEHUS
BBEPX OT HYJIEBOW JIMHWHU, OTPULIATENIbHBIE — BHHU3 OT HYJEBOM JMHUU. 3HAUYCHHE
KpPYyTSIIETO0 MOMEHTa Ha IOCJIEIHEM Y4YacCTKE JOJDKHO COBIIACTH CO 3HAYEHUEM PEaK-
TUBHOTO MOMEHTA B KECTKOU 3a/CIIKE:

M,=M,=0

BBIpaSI/IM IMOJIAPHBIC MOMCHTEI COIIPOTHUBIICHUSA ITOIICPCYHBIX CEUYCHUM qcpe3 JuaMcCTp

d (D=2d).
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MakcumainbHbIe KacaTebHbIe HAPSKEHUS B MMOMEPEUHBIX ceYeHusaX Opyca (Ha rpa-
HUIIC CCUYCHUS):
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OnacHbIMM y4aCTKaMU SIBJISIFOTCS TIEPBBIA U TPETHM YYacTKU HarpyxkeHus. CoctaBum
yCJIOBHE MPOYHOCTH ISl OMACHOTO y4yacTKa Bajla M onpenenuM auametp d u3 ycio-
BHSI IPOYHOCTHU:



M
Tmax = ‘ z'1,3‘ :5d_SS[T]

dzei/SM =%/ 5'100600HM2=0,07937m:79,37m
[z] V100-10° H/ m

D=2d =158.74 mwm

Brrauciaum kacaTenbHbIC HaIpsI7KCHUS .

r=— %3 _ 510000 [iMs =-100-10° /72 =-100 Mila
d (0,07937)° m
10000 H u

—125-10% I1a =125 MIla

M
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? a3 (007937) 23

M 5 10000 H m
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*TTd% T (00793748
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CrpouM 3m10py HOPMAJIBHBIX HAIPSIKEHUM 7, OTKJIAAbIBas MOJOKUTEIbHBIE 3HAYE-
HUsl HaIllpSKEHUM BBEPX OT HYJIEBOMW JIMHUM, OTPULATEIbHBIE — BHU3 OT HYJIEBOM JIU-
Huu. Ha omacHOM yuyacTke HalpspKEHHE PaBHO JOMYyCKAaeMOMY IO aOCOJIIOTHOW Be-
JMYMHE, HA OCTAJIbHBIX yYacTKax — 00j1ee HU3KUE HATIPSKECHMUSL.

OnpenenuM yribl 3aKpyYMBaHUs Y4aCTKOB Opyca:
M,  —M-2 M.
0= 11— 1 =200
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3necs G — Moaysb caBUra Matepualia (€ro >XeCTKOCTb),
JUTMHBI y9acTKOB Harpyxkenus |, =2a, |, =2a, I3 =a, |, =a
[TomHpIi yros 3aKkpyurBaHus Opyca paBeH CyMMe YTIIOB 3aKPYYUBaHUS YIACTKOB!
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=-875 =-0,0022 pao =
40000-10° H / 1% - (0,2)* 1
— 00022 - 389 _ 0126 2pao
T



Onpenenum yrioBble MEPEMEILICHHS ONEPEUYHbIX CEYEHUMN, COBMAIAIONIUX C TPaHu-
[IaMU y4aCTKOB Harpy>keHus. J{puraemcsi no 6pycy ot 3aJieJIKu K CBOOOJHOMY KOHILY.
Yron moBopoTa paccMaTpUBAEMOIrO CEUEHHUs CKIIAJBIBAETCS W3 yria MOBOpPOTa
MPEAbIAYIIEro CEYEHUs U yria 3aKpyYrBaHUsl y4acTKa MEX]Iy CEUCHUSIMHU.

Ceuenune A — HEMOABUKHO, TaK KaK OHO KECTKO 3aIlEMJICHO

ceueHue A (KecTkas 3aJieIKa): AQ =0;

ceueHue B : AS = 4’2 + ¢, =0;
ceuenue C. Ag = AS, + 3 =10 ,OLZ;
Gd
ceuenue E: AS :Ag + @, = 11,25%;
Gd
ceuenue K: A; = Ag + ¢, =—8,/5 égﬁ

VYron noBopoTa KpaiHero npaBoro ceueHusi K J0KeH ObITh paBeH MOJHOMY YIiTy
3aKpy4yuBaHUs Opyca:

Ma
M =815 "= .
? ca* "

Ctpoum 3MI0pYy YIJIOBBIX MEPEMEIICHUN, COCIUHSAS IEPEMEILICHUS B CCUCHUSX A4, B,
C, E, K npssMbIMA HaKJIOHHBIMH JUHUSAMH. [lomokuTeabHas 00J1acTh SIIOPHI COOT-
BETCTBYET CEUCHHUSM, OBEPHYBIIIMMCS B CTOPOHY BHEIIHETO MOMEHTA My, IPUHSITO-
ro MOJIOKUTENIbHBIM. OTpHUIIaTeNIbHAs 001aCTh IMOPHI COOTBETCTBYET CEUEHUSIM, T10-
BEPHYBIIIUMCS B CTOPOHY BHEITHUX MOMEHTOB M; U M3, IPUHATHIX OTPULIATEIIHHBIMHU.

IIpaBuiia KOHTPOJIA MIOP:

Dnropa KpyTSIMX MOMEHTOB CTYIEHYaTasi, CKAUYKH Ha SIIOPE NPOUCXOIST 1O
MECTY MPUJI0KEHUS BHEIIIHUX MOMEHTOB HA BEJIMYHUHY 3TUX MOMEHTOB.

Omnropa KacaTelIbHBIX HAIpsOKEHWM  CTyleHyaTas, CKadykd Ha JIMope
MPOMCXOJAT II0 MECTY MNPHUJIOKEHUSI BHEIIHUX MOMEHTOB U II0 MECTY MU3MEHEHUs
JIAaMETpPa MOMEPEYHOr0 CEUCHUS.

O6Js1acTy OJIOKUTENIBHBIX U OTPUIIATEIBHBIX 3HAYEHUHN Ha JII0OpaX MOMEHTOB
Y HAIPSIKEHUH JOJIKHBI COBIIAIATh.

Onropa YriaoBbIX MEPEMENICHUN NONEPEYHbIX CEYECHHM KYCOYHO-JIMHEHHAS.
[TonoxutenbHass 00J1aCTh SMIOPhI  COOTBETCTBYET CEUCHHSIM, IOBEPHYBIIUMCS B
HAMpaBJICHUM BHEIIHETO MOMEHTA, MPUHSATOrO MOJIOKUTEIbHBIM. OTpulaTeIbHAS
00J1acTh AMIOPHI COOTBETCTBYET CEUCHUSIM, TTOBEPHYBIIMMCS B HANPABJICHUU BHEII-
HEro MOMEHTA, MPUHSATOTO OTPUIIATEIHLHBIM. YTOJI OBOPOTa KpaHEro CBOOOIHOTO
CEUYEHUS PaBEH MOJHOMY YTJy 3aKpy4ynBaHus Opyca.
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