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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
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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
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IJIOCKOCTBIO, MEePNeHIHKYASPHOH K MIockocTH pHc. 207, a, Ha3bIBACTCH HEUMpPans Holm
ceueruen. TakuM 06pasoM, BCe HapyKHble BOJOKHA 6y11yT HaTAHYTHI, BCE BHYTPEHHHE —
cxatel. [lyete R — PAIHYC KPHBH3HEL HeHTpaanon auaud NN'. Torza /, = Re,
rje o — UEHTPANbHBII yroJ, ONHPAIOIHMACA HA AYrY NN’. PaccMOTpHM BOJIOKHO
6pyca, Haxoadmleecs Ha PACCTOSIHHH § oT HelTpasibHoro ceuenus. (Beaunuuna § noJio-
JKHTEIbHA, eCJIM BOJIOKHO HaxXOAMTCS Bblle HefTpadpHOro ceuenust (puc. 207, 6) u
OTPHUATEIbHA, EC/TH OHO HAXOAHTCA uixe.) Ecan 6pyc He CJOHIIKOM TOJICT, TaK 4TO
[ €| < R, To AHHA paccMaTpHBAeMOro BOJIOKHA 6yaer [ = (R + &), a yniuuenne
Al-— {— Iy = Ea. CJIe}lOBaTeJIbHO HaTsKeHHe, JeficTByollee BAOJb paccMaTpuBa-

€MOro BOJIOKHA, T_Ea— E‘é
A

, HIH

3

T=E i (80.1)
HatsixenHe, TakuM 06pa3oM, MeHSIeTCs JIHHEMHO ¢ paccTosinneM . Hime HeATpalb-
HOTO CeYEHHS OHO OTPHUATEIbHO, T. €. ABJAETCS AaBjeHHeM. CyMMa CHJI HATSMKeHHS
W AaBJeHHs, JeHCTBYIOLIMX B cedeHHH AB, MOXeT GbiTh H OTIHUHOM OT Hyast. OnHako
B 3TOM CJIyuae Ha H3rH6 Gpyca GyleT HAKAILIBATBCA PACTSIKEHHE WIH CXKATHE ero,
OJHHAaKoBoe AJA BCeX BOJIOKOH. OHO MOXeT 6bITb queHO 0C060 H HCKJ/IIQUEHO U3 paC-
CMOTPeHWs, KOTAA peds WAeT o6 Harube B YHCTOM BHie. [109TOMY MBI GYIEeM CURTATH,
gro CyMMa BCEX CHJl HAaTAXKEHHS, }IeﬁCTBy[OU.LHX B KaxJ0M HOpMaJIbHOM CEUYEeHHH 6pyca,

paBHa HYJIO, T. €. S'c dS=0 wunu B cuay (80.1) S‘g dS =0, rfe dS — s1eMeHT mio-

IANH PacCMaTPHBaeMOro MomepeyHoro ceuenus. MHTerpuposanue Bejercd 10 BCeMy
nonepedyHoMy cedenno 6pyca. Orciofa BHAHO, YTO HeHTpalbHAS JHHHSA H HEHTpanbHOe
ceyeHHe MPOXOAAT Ueped LEHTP TAKECTH nornepeuHoro cedeHus 6pyca. Ma cooTHowenns

\ T dS=0 cneayer, YTO MOMEHT CHJ HaTsdxeHus M., IeficTBYIOINX Ha cedeHue AB,

HE 3aBHCHT OT TOr0, OTHOCHTEJIBIO KaKol ocH oH Gepetes. Jlmsi Berancenns M, npowe
BCEro B3ATb OCb, MEPHEHIUKY/SPHYIO X IJIOCKOCTH PUCYHKA H NPOXOISAIIYIO 4epes
Touky N. Oqesmmo,

M= S gras =L S £ dS,
Hag
E
My=-5 1, (80.2)
rie sBézero 06Go3HaueHHE
I={g2ds. (80.3)

BesinunHa / Ha3blBACTCS MOMEHMOM UHepYUY TIONEPEUHOTO CedeHHsA Gpyca Mo anasio-
THH C COOTBETCTBYIOHMIEH BeJIMUHHON, BBOAHMON NMpPH PaCCMOTPEHHH BpAIIEHHA Tesa
BOKpPYr HenojBHxHOH ocH. OfHaxe, B OTJHYHE OT IOCJEJHEH BeJHUYHHBI, HMEIOIIEH
pasMepHOCTb MAcChi, YMHOMXEHHOH Ha KBaapar AJHHE], (80.3) ecTb uHCTO reoMerpi-
yecKasd BeJHYHHA C Pa3MEPHOCTbIO YeTBepPTOH CTeneHH AMHHBL

MoxHo Bocnosb3oBarbcst GOpMYJIaMH JjIsi MOMEHTOB HHEPLHH, BbIBeIEHHBIMH
B § 36, 3amMeHHB BCIOAY Maccy m Ha ILIOWAAb NoliepeuHoro ceveHus S. Ecin nonepey-
HOe cedyeHHe 6pyca HMeeT (GOPMY HpAMOYroJbHHKA C LIHDHHOH @ H BBHICOTOH &, To

ab3 .
1= (80.4)
ﬂ.’lﬂ prrOBOFO nonepetmoro CeUueHHuA pa,uuyca r
4
1=E£~. (80.5)

Jna unnunapuyeckoft TpyGel ¢ BHYTPEHHHM JHAMETPOM r; H HAPYIKHBIM ry

I =% (ri—ri). (80.6)
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Hanpasum ocb X BIONb HelTpanbHOR JHHKHH HegedopMHpoBaHHOTO 6pyca. Och Y
HanpasHM K Hell nepreHHKyJIsIPHO H pacnosloxuM B IWIOCKOCTH u3ru6a. Torpa ypas-
HeHHe HeHTpanbHOH JIMHHH H30THYTOro 6pyca MOXKHO NpeJCTaBHTb B BHIE y = Y (X).
Ilo wu3BectHoli ¢opmyne

1 Yy’

R~ Oy

Ecau u3ru6 man (y' < 1), To KBajpartoM 1NpOH3BOJHOH MOXKHO NpeHe6peub. B 2roM
HPHOTHIKEHHH

My =Ely". (80.7)

2. BolpexeM NpoH3BOJIbHYIO (KOHEUHYIO MM GECKOHEUHO Manyio) 4dacth 6pyca,
MBICJIEHHO TIpOBeAS B HEM JBa HOPMaJbHBIX CeueHHs. B cocTossHHH paBHOBeCHs MOMEHT
YNPYrHX CHJ HaTsKeHHs, JeHCTBYIOUMX Ha TOpPLAaX BLIPE3aHHOH 4acTH, IOKeH OLTh
ypaBHOBellleH NpPOTHBONOJOXKHO HanpaBJeHHbIMH MOMEHTaMH BCeX MPOYHX BHELIHUX
CHJl, JeHCTBYIOU[MX Ha pacCMaTPHBaEMYyI0 4acTb, JTO [JaeT METOJ pellleHHs 3ajay
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Puc. 208, Puc. 209,

Ha H3rH6. OH HAJIOCTPHPYETCA NpHMepaMH, NpPHBOAUMBIMH HHXKE, a TaKKe 3ajauyaMH
K 3ToMy naparpady.

IMpumep 1. OnHopoaunlii cTepKeHb A B JieXXHT HA IBYX CHMMETPUYHO pPacnoJo-
sHeHHHIX onopaX C ¥ D (puc. 208). K KoHuam cTepxHs A H B NpHJIOXKeHb paBHbie H
OJIHHAKOBO HampabjieHHble cuibi F. OnpenensM ¢opMmy CTepKHSI B COCTOSIHHH
paBrOBecHS, mnpenefperas BeCOM CaMoro crepknsd. F3 cuMMeTpHH sAcHo, 4yTO B
paBHoBecuH omnopbl C M D 6ynyT AaBuTb Ha CTEpXKEHb C OJAHHAKOBLIMH CHJAMH
F; u F;, Kaxnas H3 KoTophix paBHa F. [IpoBeneM B cTep:kHe HOPMaJbHOE CeyeHHe
yepe3 MPOU3BOJILHO pacnofioXkeHHylo Touky O. JIOCTaTOYHO pacCMOTpETb paBHOBECHE
OlHOH W3 YacTeill CTep)KHs, HanpuMep dactH OB. Ynpyrue uaTskeHust B cedenuu O
CO37aI0T BpaillAlOLH# MOMeHT M,, onpenensieMbiii gopMynon (80.2). Tapa cun F, u F
CO3J@eT NpPOTHBOMNOJIOXKHO HanpasleHHbi MoMeHT M == Fa, rje & — paccTosiHue
MexRY Juauamu geficteugd cun Fy u F. Kak n My, MoMenT M He 3aBHCHUT OT NOJIOKeHHS
OCH, OTHOCHTEJILHO KOTOpoil oH Gepercsi. KpoMe Toro, MoMeHT M He 3aBHCHT OT 10J10-
xeHHa Touky 0. OH OIHHAKOB BJOJb BCEro CTCPKHs. YpaBHeHHe paBHORechHs M, =
= M npunumaer Bui [E/R= Fa. VI3 Hero cnenyer, 4to paguyc KpHBU3HH R ofu-
HaKOB BO BceX TOUKAaX HeHTpaJbHOH JuuMH cTepxkHfl. CliefoBaTellbHO, R COCTOSIHHH
paBHOBeCHS cTepxkeHb 6ylIeT HMeTb OpMY IyTH OKPYXKHOCTH, KaK 3TO H306paxKeHO.
Ha puc. 208 NyHKTHPHBIMH JIHHHSMH.

JlAs1 NeMOHCTPALMH MOXKHO B3fTh JePEBAHHYIO JOCKY H BKOJOTHTb B Hee TBO3JH
e Toukax A’, B’, C, D. Eciiu MeXly 5THMH FBO3/SIMH 3aJI03KHTb THOKYIO CTAbHYIO JIH~
HeliKy, To oHa npuMeT $opMy AYrH OKPYMKHOCTH. 3T0 AaeT NpaKTHUECKHH crocol uep-
YEHHUS OKPYIKHOCTEH, KOrla OOBIYHBI YepPTeXHbIi LHPKYJb OKA3bIBAETCS HEIIPHUTOMHbIM
(HanpHMep, B C1yYae OKPYKHOCTel odeHb GOMbILIOTO PagHyCa).

[Tpumep 2. Onpenennm cTpesy nporuéa 6allKy, XKeCTKO 3aKPENIEHHON B CreHe
OJHHM K3 CBOHX KOHIOB (puc. 209). Ha xpyroii koHen 6anku AeHCTBYET COCPeJOTOYEHH S
cuna F. Becom camoil 6anku GyleM npeHe6peratb. Crpesofi Mporu6a M HasnBaeM
CMellieHHe CBOGOJHOTO KOHLA OaiAKH Tof HeHCTBHEM INpHJOXKEHHOH CHabl F.
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INomecTuM Hauato KOOpAHHAT B Touke O, B KOTOPOH HeHTpanbHas JHHUS GaqkH
mepeceKaeTcs C MJIOCKOCTLIO cTeHHl, Yepes MPOM3BOJBHYIO TOUKY B (x) (C KoOopAHHa-
Toi x = OB) nposegeM HopMankHoe ceueHue. (N5 paBHOBeCHS HeOGXOAHMO, YTOGH!
cuaa Fy, peficteyroman Ha yacth BA co ctoporsl 4actn OB, 6hila HanpaBaena BeepX
i paBHssack F. Bumecre ¢ F oHa o6pasyer mapy cu1 ¢ moMeHToM M = F (I — x),
rge ! — pauBa Gankn. MoMeHT CHA HaTAXKEHHA BO3bMeM B NPHOIHIKEHHOM BHAE
(80.7), cuurtas, 4to MpOrH6 Man. ATO NPUBOAUT K Y aBHEHHUIO

Ely" =F (I~ x).
(Ock y nanpapieHa B CTOPOHY BOPHYTOCTH, T. e. BHu3. [Ipu Takom ycioBHM BTopast

MPOU3BOAHAA y'’ MONOKHTENbHA, # 00e YACTH MOCAEAHEr0 COOTHOWIERHE HMEIOT OfHHA-
KoBhle 3RaKH.) MinTerpupys 310 ypaBHenue ORMH DPa3, NOAYUHM

, F x
Y __Eix<[~—2~>+c.

[Mocrosiunas wnterpupoBanua C paBHa HyJIO, Tak Kak npH x = 0, T. e, B Tou-
xe 0, KacaTeabHad K HeHTpaJbHOR JMHHH ropH3oHTanbHA. MHTerpupys BTOPHYHO
¥ y4YHTHIBafA, 4yTo B Touke O (T. e. MpH

x= 0) y = 0, uaiinem £ £ £
4 2 'y
Fx2 x
r=5i7(1=%). @0y C(z)t 0 }
A f 1 P
Tonaras sgeck x = I, HaXoAuM CTpeny FASUR) ; - %
nporu6a NS T e
A=12 @9 A~
T3EI’ ) )
Mpumep 3. Onpepennm crpeny £
nporufa uentpa OGankH, Jexaied Ha Puc. 210.

ABYX omnopax, ecau K ee cepepude O

TPHAOMEHa cocperoToueHHaa cuia F,

nanpasnenHas BHu3 (puc. 210). Becom Ganku, KaK H B OpeapaylieM mpHMepe, mpe-
neGpexem. BenencTeue cHMMeTpHH cuna F pacnipeieuTCs MexXAY OnopamH NOPoBHY.
[MoMecTuM Hayallo KOOpAHHAT B TOYKY A HeHTpalbHOH JIHHHH, DPacHOJIOKEHHYO
Han hesodl onopoit. OrtceueM MBHICAEHHO CJleBa 4acTh GafiKH, NpoBeAs HopMajibHOe
CeueHMe yepes NPOHU3BONLHYIO TOukY C (x) (C KOODAHHATOA X), pACNO/IOKEHHYO JeBee
uentpa O (x < 1/2, rie { —nanua Ganku). CipaBa Ha OTC@YEHHYIO HacTh 6anKH 6yjeT
ReficTeopats cHia F/2, uanpasieHHas BHH3. MOMEHT BHEWHHX CHJ, ReHCTBYIOWHX
Ha OTCEUEHHYIO 4acTh, Oyger M = (F/2)x. YpaBHeHHe PasHOBeCHS MPHHHMAeT BAA

2 2

Teneps och Y HAMpaB/aeHa BHH3, T. €. B CTOPOHY BhinykjaocTs Ganku. [Tpoussonnan '’
oTpuuatenpna. [lo 3Toil MpHuHHe NpaBast uaCTb B3ATA CO 3HAKOM MHHYC. Kuterpupys
NoyueHHoe ypapHeHHe H yunThiBas, uto y' = O npu x = {/2, y= 0 npu x = 0,
Hanjaem

Ely = — Ex <x<—l~>. (80.10)

Fx l
—__ 2 e 4x2 - L 80.11
y 48E1(3l 4x2) <x§2). ( )
Nonaras 3pecs x = {/2, HaxoduM cTpeny nporr6a
Fi3
= 80.12
A=z (80.12)

3T0T pesyibTaT MOKHO TaKike noiyduts H3 dopmyssl (80.9). eificTeHTesHo,
B Touke O' KacaTesibHasi K HeATPajbHOR JIMHUM H30THYTOR GajlKH FOPH3OHTAIbHA
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(puc. 210). Ecan MelcieHHO pa3spesaTs 6ajKy HOPMa/lLHLIM CEUEHHEM, MPOBEJECHHBIM
yepe3 O, Ha gBe paBHble YaCTH, TO Kaxjaa MOJNOBHHA GYAeT SKBHBaleHTHa Gaike,
JKECTKO 3aKpenJieHHOH OJHHM KOHIOM B Touke 0" H ToABep:keHHOH Ha CBOGOJHOM
KOHIle JeHCTBHIO COCpeloTouenHofl cuibl F/2, HanpasnenHol Beepx. CireoBaTe/bHO,
cTpena nporuGa ueHTpa Ganku Hafigetcsi u3 cdopmyant (80.9), ecsn B Hel ClesaTh
sameny F — F/2, | - /2. D10 paer
A 1 F/INs FB
=372 \2) T WED

T. €. NpexkHui pesyabtar (80.12). _

Ilpumep 4. Onpenennm crpeny mporu6a HeHTpa OZHOPOAHOH GalKH C XKECTKO
3aKpenyieHHBIMH KOHIL@MH NOJ, IeHCTBHEM COCPEIOTOUEHHOH CHIIEl F, TPHJIOKEHHOH K ee
cepenute (puc. 211). Cuoa 6yjem npene6peraTh Becom 6anku. Korja 6anka cBoGofHO
Jexana Ha AByX onopax (puc. 210), BAHAHME TOCAENIHHX CBOAWIOCH K cHaam F/2

H F/2, ¢ XKOTOpLIMH TOuYeuHHIE ONOPHl A2aBWIH Ha Ganky. B ciydae Gaqku ¢ XeCTKO
3aKpeNJieHHLIMH KOHIIAMH Pe3yJbTHPYIOIasa CHJI peakinit onopsl, AeHCTBYIOUIHX

F
£ P

£
2
” 0
z{% =2 = O (1 Tb 8z) YA
. \\ \\\ //,// "z‘
I NS x|
I
F - oLy

Puc. 211, Puc. 212,

N

Ha Kakoi#l-1u6o KoHel 6a/kH, mo-NpexneMy paBua F/2. Ho mOMHMO 5TOrO CHJHE
PeakllHy CO3JAl0T Bpallalouinii MoMeHT M, geficTBylomuil Ha 6anky. IlosTomy BMecTo
ypasHenus (80.10) Hajo nucath

Ely"::—-gvx—{—M <x< vvvvv >, (80.13)

CuMTas BpallaTe/bHH{ MOMEHT A HEH3BECTHHIM H MOJJIEXKALLMM ONpele/ienHio. Y pas-
HeHne Halo PeudTh NpH yoioBusx: 1) y' = 0 mpu x =0, 2) ' = 0 npu x = /2,
3) y= 0 npu x = 0-Dr10 faer

Fl
M=,
Fx? 4
y=m<l—-3'x>, (80-14)
_FB
TI92EIT

ITpwwmep 5. Paccmotpum Tenepb u3ru6 Gaiky 1oy, AefCTBHEM COBCTBEHNOTO Be-
ca P, npeanojaras, 4To 0flHH KOHell ee 3aKpeTl/IeH B CTeHe, a Apyro# ceobofen (puc. 212).
Jns paBHoBecus Beeli 6aNKH Heo6XOAUMO, YTOGH! CTeHa JeHCTBOBA/A Ha KoHell 6anku O
C CHJIOH, HanpaB/eHHOH BBepx pasHOH ee Becy P. IlpoBeieM HOpMajbHOE CeueHHe
Yepe3 NPOM3BOJILHYIO TOUKY B (x) HefitpanbHOH JNKHHH (C KoopiHHatoit OB == x).
B npumepe 2 npu peleHRH ananor H4HOH 3aJaul Mbl HCXOLH/IH M3 YCIOBHS PaBHOBECHS
yactd Gankn BA. Tak e MOXKHO 6bL10 6L OCTYTIHTb M NPU PEWIEHHH PacCMaTpUBae-
Mol 3anaun. OOHaKO Mbl XOTHM Teliepb BOCTO/NB30BATECS YCAOBHEM paBHOBECHA
Apyro# uvactH 6ankd, OB, uto6hi moKa3aTb, KaK HOCTYNaTh B 3ToM cayuae. Ilycts
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F — cuna, pefictByiomas Ha mpaBbifi KOHElL paccMaTpHBaeMoil uyacTH 6aikn OB
co ctoponsl uactn BA. Bec uacti OB pasen Px/l. N paBHOBeCHs 3TOH yaCTH HeoG-
xonuMo yesosue P = F 4 Px/l wiu F = P (1 — x/l}. Ha snement 6anku df peil-

d . .
CTBYeT cHJsa Beca P 7§ Momenrt Ml BCEX BEPTHKA/IbHBLIX CHJ, ACHCTBYIOIIUX HA YACTb

OB, He 3aBHCHT OT HOJIOXKEHHs OCH, OTHOCHTENbHO KOTOPOH oH Gepercs. Bo3bMem
B XayecTBe TAKOBOMH-0Ch, MPoxoAsALLyio ueped xoHen O. [Tonyunm

X
M, = Fx+ S Pg%:Px—P’zﬁ;.
0

Croza Hafio 106aBHTD elile MOMEHT FOPH3OHTANbHBIX CHI YIDYrUX HANpsKeHHi, AeHcT-
BYIOUIHX Ha 3aKkpenJienHblil Koner 0. O6osHayas 3TOT MOMeHT My, 15l IOTHOTO MOMEHTa
CuJI, JelcTBYIOWHX Ha YacTe OB, MoxeM HamucaTb

M=Px—P;—;+M2. (80.15)

~

[MocTosinHyio M, MOXKHO HAHTH H3 YCIOBHS paBHoBecHs Beelt 6anku OA. Ha ee cBoGoa-
HOM KOHUE He JeHCTBYIOT HHKAKHe CH/bl M YNpyrue Hanps:kenus. [TostoMy, nonaras
B (80.15) x = I, Mbl HaiileM NOJIHbI MOMEHT CHJI, 1eHCTBYIOLIKX Ha BCIO 6anKky. B paBHo-

2
’l~+M2 —0. Omcioma M, =

BECHH OH JIOJDKEH pAaBHATbCA HYJIO, T. €. PI-P:?—

= — P{/2. 310 paer

2
M=px—pP2._p}t

57— P 5 (80.16)

YpaBrenHe paBHOBecHd yacTh GajikH OB npHHHMAaeT BHJ

. x2 l
Ely"=— Px+P -2—1—}-P 5 -

Peittas ero npu yeaosuax: 1) y' == O npu x == 0, 2) y = 0 npu x = 0, nosyunm

P p P x
LI IV BRI N
Y=3ET " —EEI N T HEI T (80.17)
TMosaras 3aech x = [, HaXO4HM CTPesy NporuGa cBOGOAHOTO KOHLA GasKH
P
—_ 3
A-—SEII. (80.18)

Ec/ii Ha cBOGOAHBI KOHell GalKH [eHCTBYeT eule BHEmHSAA Cia F, HanpapieHHAas
BHH3, To BMecTo dopMyJ (80.16) 1 (80.18) HeTpyAHO mOJSYYHTH

x2 Pl

M=F(x—))+Px—P 3 — ", (80.19)
B/F P

PesyabTupyrowuii nporu6, TakuM o6pasoM, paBeH CYMMe NMPOrHGOB, MNOJYYaOLHXCH
MpH pa3feJbHOM H He3aBHCHMOM JeHcTBHH cHl F H P. DTOT pesynbTaT CrpaBelJinB
IJ151 JIIOGBIX MaJbIX AeopMalHi, 2 He TOJIbKO JJisl AedopMaHil H3rH6a, YTo Hemocpel:
CTBEHHO CJ/leAYyeT M3 MPHHLHMA CyNeprno3HiHy. .

Hpumep 6. Ynpyruit crepxkenb AB QJuHul [ CIABNUBACTCS C KOHLOB ABYMs
PABHBIMH H [POTHBOINOJIOXKHO HANpapsJ/eHHbIMH CHIaMHA F, GeHCTBYIOIHMH BAOJb OAHOH
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npsamoit (puc. 213). KoHupl cTepKHA, 3aKpernJieHHHe B [IapHHPaX, MOTYT CBOGOAHO
nepemenaThCs N0 HampaeJeHHIo feficTBHA cui. [IpH H3BeCTHON BeJHUMHe HArpyakH F
cTeprkeHb HaUMHAeT H3rHOaThCs B CTOPOHY. 3TO NMOKasblBaeT, UTO NOMHMO CXKAaToro
COCTOSIHHA CTeDPIKHS BOSMOXKHBEI M JpyTHe paBHOBecHble cocTosinus ero. Ha puc. 213

X
65
A Y

Prc. 213.

M306pakeH CTePXKeHb B TAKOM H3OTHYTOM cocTosiHHH. Hanpasum och X
BIOJL NPOJOJbHOR OCH HefedOPMUDOBAHHOTO CTEPXKHA, a och Y —
B6OK B CTODOHY #H3rH6a. YpaBHeHHe PaBHOBeCHS H3OTHYTOrO CTePXKHSA
HMeeT BHI,

Y+ k2y=0, (80.21)
rae BBeAeHO oGo3HaueHHe
£
EI’
Of1Lee pellleHHe 3TOTO YPaBHEHHS eCTb
y=C cos kx+ D sin kx,

k2 (80.22)

rie C W D — nocrosiHHble HHTerpupopanus. Ec/MH Hauano Koopiu-
HAT NOMECTHTb Ha OTHOM H3 KOHUOB CTepKHsl, TO AOJLKHO GbiTh C = 0.
1o crepyeT M3 TOro, 4To mpH x = 0 opAMHaTa JoJxHa o0paumarbcs
B Hyan. Ha napyrom konue, T.e. npH x = [, OpAMHaTa y. Takxe

paBHa HYJI0. 3HauMT, JNO/KHO Takke Gbith D sin k= 0 *). Ecan sin kl £ 0, 10
D = 0, a notoMy y == 0. B 5ToM cayuae crepKeHb MOXKeT GHITh TOJIbKO C3KaT, HO He
usoruyt. Ecou e sin &l = 0, 1. e. kKl = =, 27, 3n, ... , To npsIMO/IUHeliHas paBHOBEC-
Has opMa CTepKHS XOTS M SIBASETCH TeOPETHUECKH BO3MOXHOH, HO, Kak Jerko

N
F

,l'
\-YM

Puc. 214,

JioKa3aTb, oHa GyzneT ueycroiuupoil, CrepKeHb npHHUMaeT GOpMy AYTH
CHHYCOMZIHl B COOTBETCTBHH C YypaBHeHHeM y = D) sin kx, npuuem mo-
cTosiHHass D 3aBUCHT OT BeJMUMHBI mnporu6a, T. €. B KOHIE KOHIOB
OT BeJIMYUHBI Harpy3kd. 3HaueHus [ u F, cOOTBeTCTBYIHOLIHE HaHMeHb-
weMy KopHio (kI = m),
n ElI mE]

{ =p="n F M F= = (80.23)
Ha3bIBAIOTCH COOTBETCTBEHHO Kpurnuueckoli OauHot u npedeabrold Ha-
epyskod TPH TIPOJOABLHOM M3ruGe. DTH BeJHUHHBI MOXKHO paccMarpH-
BaTh KaK NpejeJbHble 3HaueHUs AMHHBL WIM HAarPYy3KH, NPH KOTOPBIX
CTep’KeHb HayHeT M3rHOaThCA B CTOPOHY, €CJAHM TOJNBKO A0 3TOTO OH He
Obl1 paspyilieH AeHCTBYIOUIMMH CHJIaMH.

Eciu 06a KoHLa CTep:HS KECTKO 3aK penJieHHl (puc. 214), To Hago
y4eCTb AOMOJHHTebHbIE MOMEHTHl CHJ, JeHCTBYIOLIHE Ha KOHLaX CTep-
XHf, TNOAOGHO TOMY, KaK 3To jeJajoch B npuMepe 4. Bmecto ypasne-
Hus (80.21) Tenepb Hajo pellarts ypaBHeHHe

y” -+ Ry =k2C,

rae C — mocroArHas, NoAdexkaumas onpepeneHno. Ofiee pelueHkhe
3TOTO ypaBHEHHH:

y=Acos kx+ B sin kx+C.

Yenosue y = 0 npu x = 0 gaer A +C = 0. W3 BToporo ycnoBust y' = Onpux = 0
nonyuaem B = 0, rax uto

y=A (cos kx—1).

*)} Crporo rosopsi, nof ! afiech clieiyeT NOHMMAaTb He AJHHY CaMOrO CTepIKHS,
4 paccTosiHHe BIOJb NMPAMOR MeXAY KOHLAMH H30THYTOTO CTEpPIKHSA. 10 PaCcCTOSHHE,
OUEBHIHO, MEHSETCS] C H3MEHEHHEM Harpy3KH H fIBSeTCS BeJIHYHMHOH, NoJiexallel
onpefenerno. ONHAKO NPH ManbiX AehOPMALHMIX TaKoe YTOYHEHHe HECYIeCTBEHHO,
H NI0J | MOXHO MOHHMATb JMHHY CAMOTO CTEpIKHS,
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Hago eme notpe6opats, 4To6k & 1 y* o6pauanych B HY/b H Ha APYTOM KOHIIE CTEPIKHA.
310 JaeT ABa HOBHIX yc/0BHA: 1) cos kl = 1, 2) sin k! = 0. U3 HuxX nonyuaem Al =

= 2m, 4n, ... KputHyeckas . j/Ha B 3TOM c/yyae B [Ba, a NnpejeibHas Harpyska —
B 4eThIpe pa3a GoJblile, YeM B NpebllyHIeM:
on ETl 42E]
1=?=mvﬁp F=—p. (80.24)

Ec/y oHH KOHeLl CTE€PXKHA XKECTKO 3aKpenJeH, a npyroﬁ 3aKpenJied B wiapHupe,
TO AJA Te€X XK€ BEJHUHH I10JyyacMm

n ET mE]
1 =3 1/-71—;:, F=W' (80.25)

3AAAYM

1. OnpegenHTe cTpesy nporu6a LeHTpa OJHOPOLHOM GalIKH NOJ NeiCTBHEM coBCT-
BeHHOTO Beca P, ec/in 6ajika JIeXHT CBOKMH KOHULAMH Ha JBYX ONOpax.
5 P
384 ET °
2, To ke ans 6alKH, OGOUMH KOHILAMH JKECTKO 33K EINJIeHHOH B CTeHe.
1 P3
384 ET °
3. Onpegenuth pacnpefenenue Beca P Ganxu, Jexallelf Ha Tpex onopax A, B, C
(puc. 215). Cpennss onopa C pacrosomeHa NOCEpeiHHE MeX]y KPalHHMH O[O-
paMmi A H B ¥ CMeHleHa Ha A BHH3 OTHOCHTE/ILHO
TOPH30HTANbHON IJIOCKOCTH, B KOTODOIi JiexaT Kpaii- fy
HHe OTOpHI.
Pemeunne. Ilpn paBHoBecuu F, +F, +F3 = 17 )
= P, npHueM B CHIy CHMMeTpHH F, = F,. Mbic-
I T

JIEHHO y6epeM ONopbl, 3aMeHHB HX CHJIaMu Fq, Fy, Fs, T
nuM 6anky nocepedune. Ot atoro nedopmauuu G6anku [\ JAY A
A 8

OTtBeT A=

OTBeT. A=

C KOTOPLIMH OHH J1aBHJIH Ha 6anky. Kpome toro, 3akpe- L

He H3MeHATcs. Bocnosnbayemcs QopMyaamu  (80.9) A

4 (80.18). TTox neficTBueM cuaibi F, JeBHH KoHel Galnky

NOJHHMETCS OTHOCHTEJLHO CpelHed ONOpbl Ha BellH- Puc. 215.

YHHY y1=§% \—2-> . [og ne#ictBHEM CO6CTBEHHOTO

P 1 [1\3
Beca TOT e KOHel, ONYyCTHTCS BHH3 HA yp = - | . O6Liee nogusATHe BBEPX

2 8ET\2
6yner y; — Y. Ilo ycaosHio oHo paBHO A. B pesyabraTe nomy4um
-3 24ETM 5 48ETH
h=h=gP+=F h=gP-——7F

Koraa Bce TpH onopbl HaXOAATCA HA OAHOMN BLICOTE, TO

3p,  F=3p

Fy=Fy=. 2

16
B 3toM cayyae pacnpeseseHue Beca GanKkH MeXIy TPEMS ONOPAaMH He 3aBHCHT OT €e
YyOPYTHX CBOHCTB, XOTsi 6e3 yueTa NOC/JeAHHX 3alaya CTAHOBHTCS HeompejpeteHHOH
(cp. § 44). Ora He3aBHCHMOCTL OGBACHSAETCSE TeM, YTO Mbl He YYHTHIBATH jAedopMaliu
caMHX omnop.

4. Taxe 3anaua, o onopa C (puc. 215) He HaxoflUTCS NocepeilHe MEKAY. OLio-
pamu A u B (AC = a, CB = b).
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PeweHue. [IloMecTHM Hadalo KOOpJAHHAT B HeHTpalbHOM CeueHWH HaJ OIO-
poit A, nanpaBuB ocb X BHpaso, a och ¥ — BHU3. HanxcaB ypasHeHHe paBHOBECHH
anst yacteit AC (x << a) u CB (x == a) ¥ HHTerpHPYS HX OpH yCJaoBHIX y = 0 mpH
x=04x= a1+ b=1, a Takke Yy = )\ OpH X = @, NOJTYIUM :

F

v g F T g @) =),
Fy (] — _

yz_g.,(z._x)+_3-(%lﬁ")[bz_(1—x)21—%¥ﬁ;‘l[ba—.(z_x)a] (= a).

Hanee, Hago moTpe6oBaTh, 4ToOb B Touke C y Galku He GbLIO H3JMOMa, T. €. YTOOH!
fiepBble NPOH3BOJHLIC OGOMX BEIDAXKEHHHM B TOuKe x = aq coBnajajiu. HakoHel, Hago
. Y4€CTbh, YTO NIPH PABHOBECHH CYMMa BCEX BHELIHHX CHJ H HX MOMEHTOB, JeHCTBYIOIHX
Ha 6aKy B LeJoM, paBHbl HYJI0. B pe3yabrare noryunm

3E] P 3a2+ab— b

Fr=Zgptty a@tb
_3EI,  P3b+ab—a?
=2 * s “oarn

3EI (a+0b) P 3ab + a2+ b?
fomm—gp Mg

5. [uannppuyecKuil cTepxedb H TPy6Ka OJMHAKOBOH IJHHBI M MAcchl, H3rQOTOB-
AEHHKE M3 OJHOTO M TOrO K€ MarepHana, JexaT CBOMMH KOHIAMH Ha IBYyX omopax
H NPOrH6aioTcsl Moj ACHCTBHeM cobeTeriHoro Beca. Onpefie/TuTh OTHOLICHHE HX CTpes
nporu6a A;/Ay, €CAK PajUyC CTEPKHA PaBeH r, a HAPYKHbIH panyc Tpy6xu R.

A 2R2 —r?
OTtBeT L="0
r

6. Eciu Ha [Be ONCpH NOJOKHTL KOHLAMH GYMaKHBIR JIKCT, TO OH mporuGaercs
H Majaer noX JeficrBMeM coGcTBeHHOTo Beca. EciM Ke JIMCT cKaraTh B CIVIOWHOH
HM/IHHAD HIH CBEPHYThb B TPYOKY, CKJIEHB €ro Kpasl, To NOJyYHBLIHECS Te/la BeAyT cels
KaK TBepAsie. Fx MoxXHO 1axke HarpyKaTb Ge3 3aMeTHOro Nporu6Ga. BeiuHCIHB MOMEHTLI
HHEPUHY [y, [y, I3 COOTBETCTBYIOIIKX MONEPEUHBX CeUeHHH, 06 bACHUTD ABAeHHe. [auHa
Jucra 6ymard (paccTosiHHe MexJy onopamH) /, WHPHHA @, TOJMUHHA A.

OrBerT. 11=»1—2ah3, 12:7‘& (oh)?, 13=§52cz3h.

7. W3 xpyraoro 6pesna puaMetpa D TpeGyeTcsl H3TOTOBHTL GalKy MPSMOYIOJb-
HOTO NONIEPEYHOr0 CeUeHHS, YTOGH! ee H3rHO OblT MUHUMATBHEIM . OnpefeuTh WAPHIY a
¥ TOJLIMHY A Takoh GanikH.

D V3
OrBer. a= 5 b= 5 D. 3anaya CBOZMTCH K HCC/IENOBaHHIO 3KCTpe-
MyMa BeIpaKeHus ab® mpH AONOJHHTENbHOM YCIoBHE a? + b% = const.

§ 81. CxopocTh pacnpocTpaHeHHsl MPOAOJNBHLIX YNPYFrHX BO3MYLIEHHH
B CTEpPIKHAX ‘ ’

1. Ecau B KaKoMm-1H60 MecTe yIpyroi cpefibl BO3HHK/A AedopManus,
TO MO NpeKpalleHHH BHEIHHX BO3JEHCTBHH OHA He OCTAaeTCsi Ha MecTe,
a pachipocTpaHsaercs B cpefie BO BceX Hampas/eHHAX. B Takux ciyuasx
rOBOPSAT O PACIPOCTPAHEHUH B CPELe yrnpyeux 0smyuwjeHuti WIH GoAH.
IIpuMepaMH MOTI'YT C/IyKHTb 3BYKOBEIE BOJIHBL B TBEP/bIX TeJaX, HHIKO-
CTAX HJH raszax. 3akpeldM, HallpHMep, B FOPH3OHTAJILHOM MMOJOKEHHH
IJIMHHBIA XKeJle3HbIH cTepxKeHb. Ec/H yRapHTh MOJOTKOM MO OJHOMY



