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DTta BeJMUMHA JOJ/KHA COBMajaTh ¢ (78.2), Tak KaK 3HayeHHe u He
MOXKET 3aBHCeTb OT cnocobGa Brluuciennsi. CpaBHUBasi 00a BblpakKeHHS,
NOJTyYHM , :
E .
G=5+"—. 78.4
2(14p) (78.4)
3ra (popM%ﬂa ycTaHaBJ/HBAeT CBsi3b Mexay MopyneM fOura E, kosddu-
uventoM llyaccona p u momynem capura G. Vicnonb3yst ee, a Takxe
dopmyanl (77.10) u (77.4), noayuum :

E'=K+4G. (78.5)

§ 79. Kpyuenne

1. Hedopmanyu, o KOTOPHIX 1718 peds A0 CHX Top, Obl1H fedopmany-
SIMH OOHOPOOHbIMU, T. €. TAKHMH, KOTJa Bce OGECKOHEUHO Majibie 3Je-
MEHTHl Tesa JAe(POopMHPOBaHbl OAMHAKOBO. Jegopmayuu xpyuenus u
useuba, K U3y4eHHIO KOTOPBIX MBI 0O palLlaeMcst, 28450mca degopmayusmu
HEOOHOPOOHbIMIL. DTO 3HAUHUT, YTO B 3THX cJayuasx AedopMauH{d BHYTPH
TeNa MEHSIOTCH OT TOYKM K TOMKE.

Bo3bMeM OfHOpPOAHYIO IIPOBOJOKY, 3aKpENHM ee BeDKHHH KOHeL,
a K HHXXHEMY KOHLY IPHJIOXKHM 3aKPYyUHBAIOIHe CHJBI, CO3JaroLlHe
Bpaiammui MoMeHT M OTHOCHTENLHO TNPOAOJBbHOH OCH IIPOBOJIOKH.
IIpoBosioKa 3aKpyTHTCA — KamJAblii paAHyC HUXKHETO OCHOBaHHS ee
ToBepHeTCs BOKPYT NPOAOABHOH ocH Ha yrog ¢. Takas nedopmanus
HasbiBaerca kpyuenuem. 3akoH ['yka i nedopMmaniH KpyueHHs 3arH-
cbiBaeTcsl B BHJE

M=f(P, . ) . (791)

rie [ — mocTosiHHAS NS JAHHOM TNPOBOJOKH BeJWYHHA, Ha3blBaemas
ee modysem Kpywenus. B oTinuue oT paHee BBeJeHHBIX MoayJed E,
K, E', G v xoadduuuerTa B, Mooysb KpyueHus 3q8UCUm He MOAbKO Om
Mamepuasa, Ho U Om 2eOMEMPUHECKUX PA3MEPO8 1N POBOAOKU.

2. BoiBeneM BelpaxkeHue 1 Moay/s KpyueHus f. CHauana caenaem
3TO I UMJIHHAPHYECKOH TPYOKH pajuyca r ¥ AMHHBI [, pejmnosaras,
YTO TOJILMHA 87 CTEHKH TPYOKH OueHb MaJsia 110 CPABHEHHIO C PAJHYCOM 7.
Ilnomans ocHoBauus TpyOKu ecTh 2mr8r. MomeHT cHJ, JeHCTBYIOUIHHA
Ha 5T0 OocHOBaHHe, 6yner M = 2mnrdr tr, TAe T — KacaTeJbHOE Hanps-
JKEHHe B TOM K€ OCHOBaHHH. IlpHM KBasuCTaTHYeCKOM 3aKpYy4YHBaHHH

TIIPOBOJIOKH Ha yroJ ¢ coBepiuaercs pabora A =1/2Mcp=%4f. Pa3zge-

JUB ee Ha o6beM TpyOKH V = 2nrldr, HalineM NJIOTHOCTb yNpyro#
3HEPrud IpH JedopMalHH Kpy4YeHUS

= “’7136’. (79.2)
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Ty e BeJIMUMHY MOXKHO BLIPA3MTh UHaue. BripexkeM MpicieHHO U3 TPYO-
KH GECKOHEUHO KOPOTKYIO YacTb, H306paxeHHYIo Ha puc. 205. B pesynb-
TaTe 1eopMaIUU KpyueHHs GeCKOHEYHO MakIi nemeHT TpyGkH ABDC
nepefirer B nonoxenne A'B'DC. dro ectp capur. Takum oGpasom,
1ebOpMalHIo KpyueHHs MOXKHO pPacCMaTpHBaTh KaK HEOAHOPOIHbIA
casur. IlnoTHocTs ympyrofl SHepruM NpH CABHTE JaeTcsl Bhlpaxke-
guem (78.2). [IlpupaBHuUBas ero Bulpaxke-
Huo (79.2), HaXoJAUM HCKOMOe COOTHOLUEHHE

f — 2TEGlf36f . (79.3)

Ecau crenka TpyGKH HMeeT KOHEUHYIO TOJLIHHY,
TO MOAYJ/b [ HalileTcs UHTETrpUpOBaHHeM Nocael-
HEro BHIpAXKEHHA Mo 7. IDTO Jaer

f =" i =1, (79.49)

rjle r, — BHYTpPeHHHUH papnyc Tpy6KH, a 7, — Ha-
pyxHbli. 15 cnjolHOA NpPUBOMIOKH pajuyca r

Puc. 205. 1G4 (79.5)

3. DKcnepHMeHTaIbHO MOAYJ/b KPYYeHHS MOXKHO H3MepHTb, Habuio-
Jasi KpYyTHJAbHBE KoJe0aHHs TAXKeNI0ro Tea, NOABELIeHHOTO K HHKHEMY
KOHILy TIPOBOJIOKH. DTH KoJefaHus OyLyT TapPMOHHYECKHMHU C TIEPHOOM

T =21 ]/77 (79.6)

(cM. § 42). Ecin MOMeHT HHepiluH Tesa | H3BeCTeH, To, H3MEPHB NepHO
Kosebauuit T, MOXKHO BBHIYHCTHTD 10 3TOH PopMyJie MOLY/b KpydeHHs f.

3A0AYH

1. JIBe npoBOJIOKH OJMHAKOBON IJHHBI CAEMAHEl H3 OJHOTO H TOTO Ke MaTepHana,
HO JHaMeTp BTOPOH H3 HHX BABOe GoJblie, YeM nepBod. B ofoM U3 ONLITOB HUXKHEE
OCHOBaHHe KaXJ0# NpOBOJIOKH OLLIO 3aKPYy4YeHO OTHOCHTEJNbHO ee BepXHEro OCHOBa-
HHSl Ha OJJUH H TOT Xe yroj. B ApyroM onbiTe NPOBOJIOKH GBUIH CBApeHbl CBOUMH
OCHOBAHHAIMU TaK, YTO OCb OIHOH H3 HHX CAeJasach MNPOJOJIKEHHEM OCH APYIoi;
3aTeM HUXKHee OCHOBAaHHME NOJNYYHBLIGHCH COCTaBHOH MPOBOMOKH G6BHUIO 3aKpydeHo
OTHOCHTEJIHO BEPXHero Ha HeKOTOpHH yroJi. HailTu oTHoweHus ynpyrux sHeprui
NPoBOJIOK B OGOHX CJAyYasix.

OtBer. 1) glsl, 2) g‘-:lﬁ.

U, 16 5

2. Hlap, nofBelleHHHI Ha NPOBOJOKE, COBEPLIAET KPYTHAbHBlE KOMeBaHHS
¢ nepHoaoM T BOKPYT BepTHKaAbHO# ocH. HaiiTu nepuog Koebanui Toro xe wapa 77,
€CJIM NPOBOJIOKY, HA KOTOPOH OH 6Ll MojBelIeH, 3aMEHHTb LHAHHAPHYECKO# TPYGKO#
Toit K€ JVIMHBl 1 MacChl C BHELIHNM PaguycoM R M BHYTPEHHHM pajHycoM r H H3TOTOB-
JeHHOH H3 TOro Ke MaTepHata.

Y
OrtBetr. T'=T VW.



§ 791 KPYUEHHUE 399

3. OnpexenuTe yAJHHEHHe CIUPANbHOH NPYXHHEI, €C/IH PacTArHBAWOMIME CHIIBI
neHCTBYIOT BJOJb ee ocH. lllar cipanu cuuTaTh npeHeOpeKMMO MaJlbM 1O CPaBHEHHIO
¢ papuycoM BUTKa R. Moay/b Kpyuenusi NPOBOJIOKH, H3 KOTOPOH H3roTOB/IeHa CNBpaib,
CYMTATb H3BECTHELIM. :

Pemenne. Ilpoussenem MeicjieHHbIl pa3pe3 MPOBOJOKH HPYKHHH B IPOH3-
BOJIbHOf TOUKe A MJIOCKOCTDBIO, NPOXoAsilell yepe3 och NPYXKHUHH (pHC. 208, a). [Tyctsb
F; — cuna, ¢ KoTopoli HHXKHSIS 4acTb NPYXKHHBI AeficTBYeT HAa BEpXHIOIO B MeCTe pas-
pesa. l1a paBHOBecHA HEOOXOAHMO, 4100w Fy = —F, rje F — pacTaruBamomas
cusa, JNedCTBYIOIlas Ha BepPXHIOW YacTb MpY:KHHH. Tak Kak CHabl F u F| 06pa3yoT
napy, T0 MOMeHT 3TOi Napbl He 3aBHCHT OT BbIGOPA TOUKH, OTHOCHTEJbHO KOTOPOH OH
GepeTcst. DTOT MOMEHT NepNEHAMKYJAPeH K IJIOCKOCTH pa3pe3a H paseH M = FR.
13-32 MaNOCTH 1Iara BHTKA MOXHO CUHTaTh, YTO MOMEHT B TOYKe A HampasjeH BIOMb
ocH TpoBOJIOKH. HTo6H paccMarpuBaeMasi 4acTb APYKHHBI HAXOAH/NAch B PaBHOBe-
CHH, HeOGXOAHMO, 4TOGB BO3HUKJO KpyyeHHE NMPOBOJIOKH BOKPYT €€ OCH, KOMIEHCH-
pywouiee MomenT M. Korzaa pacrsirupatoniue cuabl F JleHCTBYIOT BAO/BL OCH NPYKHHEI,

~ 6)

Puc. 206.

BEJIHYHHA MOoMeHTa M He MeHsieTcst BJOJb NPOBOJIOKH, a NOTOMY KpyueHHe ee 6yner
paBHoMepHbiM. TTycTb di — anement gaunbl npososoku. Toj AelicTBHeM MomenTa M
OH 3aKPyTHTCs Ha yron d¢ = M/f,, rie f, — MoAy/b KpyueHHs paccMaTpHBAEMOTO
sjemenTa. OGo3HauuM f MOJyJb KDYYeHHS BCell NPOBOJIOKH (eC/H ee BbIIPAMHTD).
Tak Kak MoAy/b KpyueHHsd OGpaTHO NMPONOPLMOHANEH AJUHE NPOBOJNOKH [, To f =

= f;v, a ToToMy dcp=—f—l—. B pesyabrare sakpyunBaHus siaemenra dl Ha
° \ ° MRdl  FR2dl
yron dp HWKHHA KOHell NPOBOJIOKH OMYCTHTCH Ha dx= R d¢ =-—f— = A
Hnrterpupys no AjayHe Bcell MPOBOJIOKH, HaleM YAIMHEHHE NPYXKHHH ¢ ’
2
=IF (19.7)
BBeseM k03(hGbULHEHT YIIPYTOCTH NPYKHHbI no gopmyae F = kx. Toraa
k= 155 . (79.8)

4. PaccMoTpeTh Ty e 3ajady AJs cayuasl, KOra DacTATHBAIOLIME CHJbL Jei-
CTBYIOT He BJOJIb OCH NPYXHHH, a BI0/JAb OJHOH H3 06pa3yoliuX LUAHHIPHYECKOH IO~
BEPXHOCTH, Ha KOTOPYIO OHA HaMOTaHa.
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PemenHe. Mpic/eHHO BbIAeJHM INPOH3BOJbHLIE y4YacTOK NpoBoJokd AB
(pmc. 206, 6). Cunbl, AeficTBYIOLIHE HA €rO KOHUEL, MEPNEHAMKYJSPHBEI K TJIOCKOCTH
pUCyEKa (mapajJiebHb TNPOJOJLHON OCH TPYXHHB). Kakaas M3 9TUX CHI paBHa
BHewHeH cuie F, npunoxeHHo# k npyxuue. Culy, HanpapJeHHYIO K HaM, H306pa3uM
TO4YKOH, OT HAC — KpeCTHKoM. MoMeHT M cHJ1, MPUOXKEHHEIX K BBIIEJEHHOMY Y4acTKY,
TepreH AHKYJIApeH K Xopae AB-u paBen M = 2FR sin (a/2). Paasioxum 3T0T MoMeHT
Ha cocTaBisiiomyio M, BIOJIb NPOBOJOKH H COCTABISIOWYIO M, IEPEHARKYNSAPHYIO

K Helt. EC/TH NpY:KuHA COAEPKHT MHOTO BHTKOB, TO COCTABIAIONLYI0 M MOKHO He YuH~

TeiBaTh. OHA BHI3LIBAET M3rHG MPOBOJOKH BOKDPYT OCH, MapalleibHoll pamuycy OB.
Ho sierxo BHaeTh, uto Taxoil MOMeHT H3ruGaeT yyactok AC B OfHY CTOPOHY, 8 Y4acToK
CA’ — B NPOTHBOMOJIOKHYIO, TAK YTO B IEJOM NPH GOMbLIOM YuCJe BHTKOB H3rHO
MPaKTHYECKH He BJIMAET HAa YAJIMHEHHE NPYXUHb. MoMeHT M, pasen M sin (a/2) =

= 2FR sin? (@/2). dneMeHT NpOBOJIOKH JiMHEL d! OH 3aKPYTHT Ha yroda dq;:ﬂ =

1

__ M di .
A M CMECTHT CBOGONHBIH HOHELl TMPYXHHE Ha BEJHYHHY
' o AR @ _AFR? o . 4FRS .«
- dx=AD .dy =AB sin —2—-dcp— L, sin = dl——fK sint - do.

B omuuke ot npexbiayiero ciyuyas, KpyueHHe MPOBOJOKH HeoAHOPOAHO. Muterpa-
pys no Bcefl A/IMHe TIPYXKHHB M CUMTAS YHUCIO BUTKOB. LEMLIM, IO YYHM
3 FR2

“TTF

§ 80. Haru6

1. PaccmoTpuM H3ru6 ofZHOpPOAHOro 6pyca (6ajKH) MPOU3BOJLHOrO MONEPEUHOTO
CeyeHHsl, KOTOpPOe, OJHAKO, AONKHO OCTABATLCH OJMHHAKOBHIM HA MPOTSMEHUH BCe
Jaunbl 6pyca. Ilycets go aedopmanuy 6pyc umen npsmoJduHelnyio ¢gopmy. Ilposens
ceuennss AB u A’B’, HopMmaJbHble K ocu 6pyca, MBICIEHHO BHIPEXKEM M3 HErO GeCcKo-
HeuHo Mmanbliil anement AA’B'B (puc. 207, a), AuHY Kotoporo ofo3Haunm /.. Beuay
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Puc. 207.

GeCKOHEUHOH MAaJIOCTH BBIJEJIEHHOTO 3JEMEHTa MOXHO CYATarTb, 4YTO B pe3ynnpTare
u3ruGa npsimuie AA’, NN’, BB’ u Bce NpsiMble, HM Napasje/bHble, TEPEHAYT B OKPYK-
HOCTH C IEHTPaMH, JleXKaluMH 1a ocH O, MepleHAHKYJISPHOA K IVIOCKOCTH PHCYHKA
(puc. 207, 6). 3ta ocb HasBIBACTCS 0CoH0 useuba. Hapyxubie BONOKHA, Jexallue BEILIC
auaan N N', npu #3ru6e yasuHsIOTCS, BOJOKHA, JeKaluue HHxKe JHHHH NN, — yKo-
paumBatorcst, JlsiuHa auHuH NN’ ocTaeTcsi HeM3MeHHOH. 3T1a JHHUA HA3BBAETCs Hedm-
paabrod aunued. TIpoxogsiee yepes Hee cedenne (HexeopMHpOBaHHOro) Gpyca



