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OCHOBHBbIE NOJTIOXEHUA

N3rub ¢ KxpyyeHUeM CTep>KHs BO3HUKAET TOI/A, KO BHEIIHUE CUIIbI (BKIIIO-
Yasi U peakUuy BHEIIHUX CBA3EH) CO3Jal0T HA YYaCTKax CTEPHKHS MOMEHTBI CHJI OT-
HOCHUTEJIBHO MPOJ0JIBHON OCH CTEPKHS (IPUMEM 32 MTPOJIOJIBHYIO OCh — OCh X) U KO-
OpJAMHATHBIX OCEH y Uz, JIEKAIUX B IUNIOCKOCTU PACCMAaTPUBAEMOIr0 MOMNEPEYHOTO
cedeHusd. JlJig Kpyraoro momnepevyHoro CeueHus: CTEPKHS JH0ObIe OCH MOMEPEYHOro
CEYEHMS], IPOXOIALIME YEPES €r0 LEHTP TSHKECTH — IJIaBHBIE LEHTpaibHble ocu. [1o-
TOMY OCH ) U Z ABJISIFOTCS [JJAaBHBIMU LIEHTPAJIbHBIMHM OCSIMU MHEPLUU MONEPEYHO-
IO CEYEHUH.

AP o

Puc. 1

XapakTepHbIil BUJI TaKOrO HAarpy>KeHHs nokasaH Ha puc. 1. CrepxkeHb (Ban),
yCTaHOBJICHHBII Ha onopax 4 u B, UMeeT KeCTKUe TUCKHU | U 2, TITOCKOCTh KOTOPBIX
HepIEHINKYJIIpHA TPOIOJILHOW OCH CTEp>KHS X. B IIIOCKOCTH 3TUX AMCKOB COOT-
BETCTBEHHO B Toukax K; u K, npuioxensl cuisl P; u P,

[Tonoxenne Touku K; Ha OKpyXHOCTH paguyca O; K; 3agamum yrioM o g,

Mexay ocblo y ¥ paguycom O,K,. Ilonoxenue Touku K, Ha OKpY>KHOCTH panuyca
O, K, 3agagum yrioMm O, Mexay oceto ¥y u paauycoM O,K,. Eciu ocs y 1o co-
BMeIEeHUs ¢ paguycoM O,K; mOBOpavyuBaeTCs MPOTUB YAaCOBOU CTPENIKH, TO YIOJ
O ; CUATACTCA MOJOKUTEIBHBIM, €CIIU 110 YaCOBOM CTPEIKE — TO OTPULIATEIIbHBIM.

[Ipennosioxum, 4TO TMHUKM IEUCTBUS CUI P; 1 P, COCTaBISIOT C KacaTeJIbHbI-
MU K OKPYKHOCTAM B TOYKax K; u K, COOTBETCTBEHHO yribl O; U O,. [lonmaraem

TaKKe, 4YTo MoJ AeicTBUeM cuill P; u P, cTepKeHb HaXOAUTCS B COCTOSTHUU MOKOS
WIM PaBHOMEPHOTO BpalleHusi (COCTOSHUU CTaTH4ecKoro paBHoBecus ). [lokaxem,
YTO CTEP>KEHb MPU TAKOM HarpyX€HUU OYJET UCIBITHIBATh U3THO C KPYUECHHUEM.

1. COCTABJIEHME PACYETHOW CXEMbl CTEPXHS

IIpu cocTaBiieHMM PacCUETHON CXEMBI CTEPKHS CUJIbl P; u P, , TPUIIOKEHHbBIE B
toukax K; u K, BHE MPOJOJIBHON OCH CTEPKHS, HEOOXOAUMO MPUBECTU K MPOJIOJIb-



HOU OCH CTEpKHsI, BEIOpAB B KAYECTBE IIEHTPA MPUBEACHUS IS CUiibl P; Touky O, a
st cuiibl Py — touky O, . Touku O; u O, — 3TO TOUYKH TEPECEUCHUs] TIIIOCKOCTU
JTUCKOB 1 1 2 ¢ IPOIOJILHON OCBIO CTEPIKHS.

ITpu nmpuBepaenun cunbl P, u3 Ttouku K, B Touky O, HEoOX0auMO J00aBUTh

MOMEHT CWIbl P, OTHOCHTEIBHO LIEHTpa HMpuBeAeHHUd (MOMEHT M ;). Moayns Mo-
MeHTa M, paBeH

M, = OK, [P [¢tosa,, M, =PUD% , (1.1)

rne B, = F cosd; — MOayllb OKPYKHOH COCTaBIIsAIOIIE cuibl B (MOIyJb IpOEK-
UK cuibl | Ha KacaTellbHYIO K OKPYXKHOCTU B Touke K,); D, — IuaMeTp OKpyx-
HocTu ¢ paguycom O K, .

IIponienypa onpezneneHus: CUI1 1 MOMEHTOB B psifie 3a7a4 MOXET ObITb 00paT-
Hoii. ITo mocTaHOBKe 3aJayy BHa4ya1e MOKET ObITh ONpE/eIeH MOIY/Ib MOMEHTA CHU-
nel B} otHocuTensHO Touku O, (MomeHT M,). 3aTteM IpU U3BECTHOM 3HAUYEHUH

AnaMeTpa Dl MOJKET OBITh OIIp€ACIICH MOAYJIb IIPOCKIKWHK CHJIIbI })1 Ha KacCaTCJIbHYIO

B Touke K, ¥ MOAynb cuibl )

2M 2M
Pn:—l , PIZPU/COSCYIZ—1 (1.2)
D, D, cosq,
Ilpn mpusenenuu cuwiel P, u3 toukn K, B Touky (), HE0OX0AUMO NOOABUTH
MOMEHT CUJIbl P, OTHOCUTENBHO LIEHTpa mnpuseneHus (MomeHt M,). Moayns Mo-

MeHTa M, paBeH
M, = O0,K, [P, M, :Pzzg%a (1.3)

rne P, = P, cosd, — MOJyjb OKPYXHOH cocTapisitomeii cuiisl P, (MOIyJb MPOEK-
My cuiibl P, Ha KacaTesbHYI0 K OKPYXHOCTHU B Touke K,); D, — nuamerp oKpyx-
HocTu ¢ paguycom O, K, .

Ecnu o ycnoBuio 3ajjaun BHavyajle yaeTcsl ONpeAeIuTb MOIyIb MOMEHTA CHU-
a6l P, otHocutensHO Toukn (O, (MomeHT M ,), TO mpH U3BECTHOM 3HAUCHHH M-
MmeTpa [, MOXKET OBbITh OIpPENEICH MOJYNb IPOEKUUU CUIbl P, Ha KacaTEeIbHYIO B
Touyke K, ¥ Monyns cunsl P, T. €.

2M 2M
P,=—2, P=P,/cosa,=—2— | (1.4)
D, D, cosa,
Ha puc. 2, a B muiane nokasaH Juck 1 (ecau cMOTpeTh Ha JUCK 1 cO CTOPOHBI
MPOAONIEHOI ocH x), Toukn K, u O, cuna P, npusenennas xk Touke O, 1 MOMEHT

M, , paBHBII MOIY/TI0 MOMEHTa cHiIbl F, oTHOcHTenbHO Touku O, .



Ha puc. 2, 6 B mane nmoka3aH JUCK 2 (ecu CMOTPETh Ha AMCK 2 CO CTOPOHBI
NpoA0IIEHOI ocu x), Toukn K, u O,, cuna P,, npuBenennas k touke O,, 1 MOMEHT

M ,, paBHBI MOAyTIO MOMeHTa cuiibl P, oTHOCHUTENnbHO TOUkU O, .

0)
Puc.2

Tak xak cunbl B, u P, MOTyT OBbITh pacrosio’keHbl K OCH ) O] pa3HbIMH yT-

namu O, u O, (puC. 2), 1enecoodpasHo STH CHIIbL [OCIE NPHBEICHMS HX K TOY-

kam O, u O, pasnoxuts Ha cocrapisomue P, P, v P, P, , nuHnn neicTeus

z o
KOTOPLIX MapaJuIi€JbHbl COOTBETCTBYIOIIUM OCAM ) U Z. B sTom CJIydac MbI IIpH-
XO0OMM K C€IHWHBIM IINIOCKOCTAM HArpy>KCHHSA CTCPIKHA (Harpy}KCHI/IC B ITIIOCKOCTHU
Yy — X, Harpy>K€HHE B MJIOCKOCTU Z — X ).

Ha puc. 3, a B maHe nokasas Juck 1, cunsl Py, u P, a Taxoke MoMeHT M.

6)

Puc.3

Hpoekuuu cuin P, u P, Ha KOOPAMHATHBIC OCH V M Z MOTYT OBITh HAalJICHBI KaK

F,=Fcosa,, F.=Fsina, . (1.5)



Ha puc. 3, 6 B ruiaHe nokasaH AUCK 2, CHIIbI sz u P, , a Takxe MOMeHT M, .
[Ipoexnuu cui sz U P,, Ha KOOPAMHATHBIE OCH y U Z MOTYT OBbITh HAalJICHBI KaK

P, =P, cosa ,, P, =P sma,, . (1.6)

EcTtecTBEHHO BO3HHKAET BOMPOC: a KAaK OMNPEICIUTh Yribl O s 10, (yrnml

MEXKAy OCbIO ) U JIMHMAMHU JieiicTBus cun B, u P,), ecnu 3a1aHbl MOJI0KEHUS TOUKU

K, (yron Q,,) n touku K, (yron Q,,), TMHUM JI€HCTBUS cUibl P} OTHOCHUTENIBHO

KacarenbHOU B Touke K, (yron Q,), IMHUM AEUCTBHS CUIIbl P, OTHOCHTENBHO Kaca-

TenpHOM B Touke K, (yron 4, ).

PaccMoTpuM 17151 5TOTO BO3MOXKHBIE CXEMBI TPHIIOKEHHUS TIPONU3BOIBHON CHITBI
P B Touke K mox yrimom O k xacarenbHOH (puc. 4, a, 0).

y y

Puc.4

OrpannunMcs ciaydaem, Korjaa cuia P HampaBlieHa B 30HY MEXIy TOUKor O u
KacaTeJbHOU K Touke K . 3716Ch BO3MOKHO PACCMOTPEHHUE ABYX CXEM:
1) cuma P, npunoxxeHHas B Touke K , CTpEMUTCS MOBEPHYTH AUCK BOKPYT TOYKU O
MIPOTUB YaCOBOM cTpeiku (puc 4, a);
2) cuna P, npuiiokeHHast B Touke K , CTpEMUTCS MOBEPHYTH AUCK BOKPYT TOYKU O
0 9acoBO# cTpetike (puc 4, 0).

B mepeoMm ciydae (puc.4, a) yroan o , OIpeAeiuTCs KaK
T
a,=0,+(+a), (1.7)
BO BTOpOM ciyuae (puc.4, 0)
T
apzak—(5+a). (1.8)
O6mreit popmyIiol, OMMCHIBAIOIICH 00a CITydasi, SIBISICTCS

T
apzaki(5+a), (1.9)



IJI€ 3HAK «IUTFOCY» MIPUHUMAETCS B cliydae, eciii cwia P B Touke K CTpeMUTCs mo-
BEPHYTbH JUCK NMPOTUB YACOBOM CTPENKH; 3HAK «MUHYC» MPUHUMAETCS B CiIy4ae, ec-
mu cuna P B Touke K cTpeMuTCs MOBEPHYTH IMCK MO YaCOBOM CTpEJIKE.

Tak kak B moctpoeHHoi Hamu cxeme (puc. 1) cuna P cTpeMuTcs MOBEPHYTb

JcK | 110 4acoBoii cTperike, 3HaUCHHUE yria O , onpenenntes mo popmye (1.8)

a =ak1—(g+a). (1.10)

pl
Ha cxeme, n3o0paxeHnHoi Ha puc. 1, cuna P, cTpeMuTcs NIOBEPHYTh  JTUCK 2
IPOTUB  YAaCOBOM  CTPEJIKH. HosTomy 3HaueHne yrna @ ,, OIPEACTUTCS 110

dbopmyie (1.7)
T
ap2=ak2+(5+a). (1.11)

3aMeTuM, 4TO 3HayeHus yria a,; (i=1,2) 6epyres ¢ yuetom ero 3HakoB. Ecin
OCh y [0 COBMelleHus ¢ paanycoM-BekTopoM OK moBopaumBaeTcs IMpOTHB 4aco-
BOM CTPEIKHU, TO Yroa O, CUYUTAECTCA MOJIOKUTEIbHBIM. ECau oCch ) 10 cOoBMemIe-
HUs ¢ paguycoM-BekTopoM OK moBopauuBaeTcs IO 4acoOBOW CTPEINIKE, TO Yroa O,

CUMTAETCS OTPULIATEIIbHBIM.
N300pa3uM pacueTHyr CXeMy CTEp)KHS C JEWCTBYIOIIMMHM Ha HETO CUJIaMU
Ha puc. S.

A M, P, M P,
i (2 (L

P

no

B
& X
Vd

2y
Puc. 5

Tak Kak CTep>KEHb HAXOJUTCSI B COCTOSIHUM CTaTUYECKOTO PABHOBECHS, TO U3
YCJIOBUM PABHOBECHUS CIIEIYET, YTO CYMMa MOMEHTOB CHJI OTHOCHUTEJIBHO MPOJ0Jib-
HOM OCH X A0JIKHA ObITh paBHA HYJIIO:

Z M (P)=0.
Ecnu npenebpeus TpeHueM B onopax A u B crepxkHs, TO

ZMx(Pi)z_MI +M, .
W3 ycnoBust paBHOBECHUS ClIeLyeT

-M,+M,=0, M,=M,, gt%zﬁt%, (1.12)
A _D,

OTKyJa —= = (1.13)
5 D



T. €. B YCJIIOBUU CTaTUYECKOIO PABHOBECHUSI OTHOIICHUE OKPYKHBIX COCTABJISIOIINX
cun B, u P, 0o0paTHO NponopuuoHaJIbHO OTHOLIEHUIO AUAMETPOB OKPYKHOCTEN

D, u D,, Ha KOTOPBIX JIeKAT TOUKHU NpunoxkeHus cui (touku K, n K,).

PaBenctBo (1.13) mpu u3BecTHBIX 3HaUeHHAX D, n [, 1MO3BOIAET ONpENEIUTh
P,, (ecnu HaiineHo 3Hauenue P, ) wiu, Hao0opoT, onpenenutsh B, (ecau HailneHo
3HaueHue P,):

D D
PZtZPItFl > Plt:PZtHZ . (1.14)

2 1
Ucnonb3yss OpUHUMI HE3aBUCUMOCTH JCHCTBUSI CHUJI, PACUYETHYIO CXEMY
cTepxHs (pUc.6, a) MOXKHO NPEJACTABUTH B BUJIE CIAEAYIOUIUX PACUETHBIX CXEM:

M
A ! Plz M 2 PZZ B
e 2
a \/ b c 7
Ply PZy
a) pacueTHas CXxeMa HarpyKeHUS CTePIKHS
A B y
7 <
a b c 77 . X
P., P,,
0) pacdeTHas cxema Harpy>Ke€HHs CTeP>KHS
B IUIOCKOCTH ) - X
A PlZ PZz B
% & X
77 X
a b C y

B) pacyeTHas CXeMma HarpyXeHHsl CTEpKHS
B IIIOCKOCTH Z - X

A M M. B
%/a r b A/II/,C /;”X

I') pacueTHas CXeMa Harpy>KeHUsl CTePIKHS
MIpU KPyUEHUH

Puc. 6
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— pacyeT CTep>KHS Ha U3TH0 IPU €ro Harpy>KeHUU B INIOCKOCTU Y — X (puc. 6, 0);

— pacueT CTep>KHS Ha U3ru0 Ipu ero Harpy>KeHUH B IIOCKOCTH Z — X (puc. 6, B);
— pacueT CTep>KHSA Ha Kpy4deHHE IpU €ro HarpyxeHuu MomeHtamu M, u M,,

MJIOCKOCTH JICMCTBHSI KOTOPBIX COBIAJAIOT C TUNIOCKOCTSIMH JUCKOB | U 2 U MepIeH-
TUKYJSIPHBI TPOJIOJIBHOM OCH CTepXkHH (pHcC. 6, I).

2. ONPEOQENEHUE BHYTPEHHUX CUITOBbLIX ®AKTOPOB
B MOMEPEYHbLIX CEYEHUAX CTEPXHA

JUtst KaKIOM CXeMbl HarpyKeHus cTepkHs (puc. 6, 0, B, I') ONPEAEISIOTCS
BHYTPEHHUE CHJIOBBIE (DAaKTOPHI B MOMEPEUHBIX CEUCHUSX.

2.1. HazcpyxxeHue cmepiXHs1 @ nyiockocmu y — X
Cxema Harpy>xeHusd CTCp:KHA B IIJNIOCKOCTH )y — X NPCACTABJICHA HA PUC. 7, a.

B nornepeyHpIX CeuCHUAX CTEPHKHs BO3HMKAIOT MOIEpeyHble cuibl ) 1 u3rnbaio-

mye MOMEHTsl M _.

A B .
7 | Y74
%/;7{/ a b C 7

P, P,,

a) pacyeTHas CXeMa Harpy>KeHUs CTepPIKHS
B IUIOCKOCTH ) - X

‘YA Ye
X

P, P,,

0) pacdeTHas cxema CTEp)KHSI C y4eTOM
ONOPHBIX peakuuii Y, u Y,

Puc. 7

Jns ux omnpeneneHus HeoOX0IUMO BHaYalle HaiiTu onopHble peakuuu Y, u Y,
(puc. 7, 6), ucrionb3ys ypaBHEHHsI paBHOBECHS BUIA

S M, (B)=0, S My(B)=0.

U3 IEPBOro ypaBHCHHUA, KOTOPOC MOXKHO ITPECACTAaBHUTH KaK

—Yy(atbto)+tP, lat+Ph (atb)=0,

10
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R, i+P, (a+b)

HaxXOIUM Y, = @+b+0)
a c

N3 BTOpOro ypaBHEHNUs Z M 4(P)=0 crenyer, 4To

Y (atb+tc)-R (b+c)-PF, =0,

_ B+ +P, T
(a+b+c)
[Toce onpezeneHust OMOPHBIX peakiuii Y, u Y, npucTymaem K OnpeaeieHUro

OTKyJ1a Y,

HOHCpG‘{HOﬁ CHJIBI Qy )41 I/I3FI/I6aIOHl€FO MOMCHTAa MZ B IMOIICPCYHBLIX CCUYCHUAX

CTCPIKHA Ha PA3JIMIHBIX YHIaCTKax

E_(zpiy)f’
y = U
= (ZPiy),;

rae ( ZPW )y~ CyMMa TPOEKUMH Ha OCh ) BHEWIHMX CHII (BKIIOYas M PEaKUuu

0 (1.15)

BHEILIHUX CBSI3€M), JEHUCTBYIOUIMX HA YacTh CTEPXKHS OT €ro Hadajga (TO4ku A) 10
paccMaTpuBaeMoro cedeHus; ( Z P,),— cymMMa mpoeKLyi Ha OCb y BHELUHHX CHUJI

(BKJIOYAst U PEeaKLUU BHELIHUX CBA3CH), AEHCTBYIOUIMX HA YacThb CTEPXKHS IOCIE
paccMaTpUBaEMOI0 CEYEHUS 10 KOHLIA CTEPKHS.

Wzrubaromuii MOMEHT M, B TPOU3BOJIBHOM MOMEPEYHOM CEUEHUU CTEPHKHS
ONPENEIIAETCS Haj -M y4acTKe Kak

L ETIMARL
Y THISMLA(P)] )

rae [ z M (P)] 4~ CyMMa MOMCHTOB OTHOCHTE/IBHO OCH Z IIONCPEIHOTrO CCUCHHS

i=1,2,...,n, (1.16)

BHCIHUX CWJI (BKJIOYAs M PEAKIMU BHEIIHUX CBsI3€ii), JACHCTBYIOIIMX HA YacTh
CTepKHS OT €ro Hadaja JI0 PaccMaTpuBaeMoOro cedeHus; [ ZM A(P)], cymma
MOMEHTOB OTHOCHUTEJIbHO OCH Z BHEIIHUX CHJI (BKJIIOYasi M PEAKIIUU BHEIIHUX CBS-
3eil), IEUCTBYIOIIMX HA YaCTh CTEPIKHSI [TOCIIC PACCMATPUBAEMOI0 CEYCHUS 10 KOHIA
CTEPIKHSI; j — TEKYIIUil HOMEp y4acTKa; # — YUCIIO YYaCTKOB.

[Ipouenypy onpezenenns nonepedHod cuibl () M M3rMOAKOIETO MOMEHTA

Mz B IMOIICPCUHBIX CCUHCHUAX CTCPIKHA MOKHO HAWUTH B MCTOAUYCCKHUX YKa3aHUAX
[5-6]

11
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2.2. HazpyxeHue cmepiXHs1 8 MyIocCKocmu z — X
CxeMa Harpy»XeHusl CTEPKHsI B INIOCKOCTU Z — X MpPEACTaBJI€Ha Ha puc. §, a.

A Plz PZz

)

b

a) pacueTHas cXema Harpy>KeHHs CTep KHS
B IUIOCKOCTH Z - X

N
Vi
A

0) pacdeTHas cxema CTEep)KHS C y4eTOM
ONOPHBIX peakuuii Z, u Z,

Puc. 8

B IMOMNMCPECUYHBIX CCUCHUAX CTCPIKHSA BOZHHUKAIOT IIOIICPCUHBLIC CUJIbI QZ 1 U3TH0Aaro-

e MOMeHTel M . Jlns ux ompeaeneHuss HeOOXOIMMO BHaudajie HAWTH OIMOpPHBIC

peakuuu Z , u Z, (puc. 8, 0), UCIONB3ysl YypaBHEHHsI pABHOBECHS B
S M, (P)=0, S My(P)=0.
W3 nepBoro ypaBHEHHs, KOTOPOE MOYKHO MPEACTABUTH KaK
Zgla+tb+c)— R La-P.(a+b)=0,
_B.la+P.(ath)
- (a+b+c) '
13 Broporo ypasuenus » M, (P) =0 cnenyer, uto
~Z(a+b+c)+ P(b+c)+ P, =0,
_P.(b+0)+ P
"~ (a+b+c)

HaXoJuM Zy

OTKYyJ1a Z,

ITocne onpeneneHust ONOpPHBIX peakuuid Z, U Z, NPUCTyNaeM K oIpejelie-
HHIO MOIepeyHOH cutbl (. 1 n3rubarorero MoMenTa M | B ONEPEUHBIX CEICHUSX

CTCPIKHs Ha PA3JIMYHBIX YU4aCTKax

Q:%wz&»,
- HSR),

(1.17)

12
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rae (Z F.),— cymMMa NpOeKUMA Ha OCb Z BHEUIHMX CHJI (BKIIOYAs M PEAKLUH

BHEILIHUX CBSI3€M), JEHUCTBYIOUIMX HA YacCTh CTEPXKHS OT €ro Havajga (Touku A) 10
paccmatpuBaemoro ceuenns; () F.),~ cymMMa NPOeKUMH HA OCh Z BHELIHHMX CHII

(BKJIIOYAst U PEaKLUU BHEIIHUX CBA3CH), ACHCTBYIOUIMX HA YacThb CTEPXKHS IOCIE
paccMaTpUBaEMOI0 CEYEHUS 10 KOHLIA CTEPKHS.

Wsrubaromuii MOMEHT M, B IPOU3BOJIBHOM IIONEPEYHOM CEYEHHH CTEPIKHS
ONPENENSETCS Haj — M Y4aCTKE ONPEIEIAETCS KaK

M (P)].,
v ELEMR,
UTE Y M(R)]

rne [y M (F)],~ cymMMa MOMEHTOB OTHOCHTENBHO OCH Z TONEPEYHOTO CEUEHHS

i=12...,n, (1.18)

BHEIIHUX CHUJI (BKJIIOYAsh M pEaKIMU BHEIIHMX CBsA3€H), ACHCTBYIONIMX Ha 4YacThb
CTEp’KHSI OT €ro Hayaja JO0 paccMaTpUBAEMOI0 CEYCHMS; [z M (F)],— cymma

MOMEHTOB OTHOCUTEIBHO OCH zZ BHEIIHHMX CWJ (BKJIKOYAs U PEaKUWUU BHEIIHUX CBS-
3eil), JEHUCTBYIONIMX HA YAaCTh CTEPKHSI IMOCIIE pACCMATPUBAEMOTr0 CEUEHHUS 10 KOHIA
CTEPKHS; j — TEKYIIIMI HOMEP YYacTKa; # — YUCJIO YYaCTKOB.

Ipouenypy ompenenenust nonepeyHon cuibl (), M U3rubaroero MOMEHTa

M | B nomnepeyHbIX CEUEHMAX CTEPHKHsS MOKHO HAWTU B METOJUYECKUX YKa3aHUSIX
[5S—6].

2.3. HaepyxeHue cmepiHsi MoMeHmamu M, u M ,, nnockocms delicm-
eusi KomopbIx neprieHOUKYJsIsipHa rnpPoodoJsIbHOU OCU CMeP)KHS
CxeMa HarpyxeHust cTepkHi MoMmeHTamu M, u M, mnpexncraBieHa Ha

puc. 9,a. [Inockocth nefictBus MoMeHnToB M|, u M, nepneHAUKyIspHA IPOLOJIb-
HOU OCH CTEPHKHS.

A S
o -

J b I/, C

a) pacuyeTHasa cxeMa CTCPIKHS, UCIBITBIBAOIICTO KPYUCHNE

0) pacueTHas cxema CTepIKHs, HCIIBITHIBAIOIETO KPYUYCHHE,
KOT/Ia BHEIIHUE CBSI3U HE CO3/1al0T peaKiui

Puc. 9

13
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Ecnu npenedpeus TpenueM B onopax A u B, To cBsi3u, orpaHMYMBAaIOIINE BO3-
MOKHOCTb IIOBOPOTa CTEPKHS BOKPYT IMPOAOJIBHOM OCU X, OTCYTCTBYIOT. COOTBET-
CTBEHHO OTCYTCTBYIOT M pEaKLMU Takux cBsized. CTepykeHb NMpU OTOpachIBaHUU
BHEIITHUX CBS3€H OKa3bIBaeTCsl Harpy>keH Juillb MoMeHTamu M, u M, . Ilpuuem u3

YCJIOBHSI CTATUYECKOTO PABHOBECUS Z M (P)=0 umeem
-M,+M,=0, M =M, .
KpyTsimit MoMeHT M | B ONEPEUYHBbIX CEUCHUAX CTEPXKHS BOHUKAET JIMIIb HA

YaCTH CTEPKHS, OTPAaHUYEHHOIO IUIOCKOCTAMU JeiicTBust MomeHToB M, u M,. Ha
cxeme, MpeJICTaBICHHON Ha puc. 9, 0, 3TO Y4acTOK cTepxHs JutnHow b . Kpytsmmii
MOMEHT M | B IONEPEUYHBbIX CEYEHHAX ITOTO y4acTKa ONPEIEIUTCS KakK

_E_[ZM)C(PZ')]J‘:_(_MJ:MP a<x<a+bh,

CHY MAP)], =M, asx<a+h, -1

rae [y M (F)],~ cymMa MOMEHTOB OTHOCHTENBHO MPOJIOIBHOM OCH X TIap CHI,

JICHCTBYIONIMX HA YacTh CTEPXKHS OT €ro Hayajga J0 PacCMaTPHUBAEMOIO CCUYCHUS;
[> M (F)],~ cymmMa MOMEHTOB OTHOCHTENBHO MPOJOIBLHON OCH X Map CHJI, AEH-

CTBYIOIIMX HA 4aCThb CTCPIKHA IIOCJIC paCCMATPUBACMOI'0 CCUCHU .

3. HANPAXEHUA B TOYKAX NOMNEPEYHOIO CEYEHUA NPU U3ITMBE
C KPYHMEHUEM

Paccmotpum nonepeunoe ceuenue crepkus (puc. 10), uCIBITHIBAIONIETO U3THO
C Kpy4yeHHeM. B momepeuyHoM ceueHuH AEUCTBYIOT CIIEAYIOIINE BHYTPEHHUE CHUIIO-
BBl (haKTOpBL: IONEepedHble Cuitsl O u 0., mrudaromue MoMeHTsl M ,u M,

KpyTsuii MoMeHT M .

Puc. 10. BHyTpeHHuUe cunoBbie (HakTopsl B IONEPEUHOM
CEUEHHMH CTEPXKHS MPU U3rude ¢ KpyueHUueM

14
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[TnockocTh neWcTBUSA U3rMOArOIIMX MOMEHTOB M , H M _ npoxomut uepes

TIaBHBIC IIEHTPAJIBHBIC OCU )Y U Z MONEPCUYHOro CCHYCHUA. HCHOJ’IBB}UI IIPUHIMUIT HC-

3aBUCUMOCTHU ,Z[CﬁCTBPIH CWJI, MOXXHO 3aJady OIpPCACIICHUIA HaHp}I}KCHI/Iﬁ B TOYKax
IMOMNCpEYHOIro CCUCHUA CBECTH K 3aJadaM OIIPCACIICHUA HaHp}I}KCHI/Iﬁ B TOYKax IIO-
MNEPEYHOIO CCUCHUS IIPpHU IMOINECPCUYHOM 1/13m6e, paccMaTtpuBasd OTACIbHO IIOIICPCU-
HBIA M3THO CTCPIKHA B IJIOCKOCTH ) — X U HOHCpe‘{HHﬁ 3ruo CTCPIKHSA B IINIOCKO-

CTH Z — X, a TaKXKe OIPE/ICIICHUS KacaTeNbHbIX HanpspkeHuit T(M ) B TOYKax Io-
MEPEeYHOr0 CEYEeHNUs OT JeHCTBUS KpyTsIiero Mmomenra M .

KacarenbHble HanpspkeHus T(M ) B NPOU3BOJIBHOM TOYKE MONEPEYHOro Ce-
YEeHUs1, UMEIOLIEN KOOpaAUHAThl y U z (puc. 11, a), npyu Kpy4eHUH CTEPKHSA KPYIJIO-
IO NOMEPEYHOI0 CEUYEHUs ONPEACIAIOTCA 10 PopMyJIe

M
(M= p (1.20)

p

— [.2, .2 .
rae P =4/y° +z° — paccrosgaue oT paccmarpuBaemoit Touku C 1o touku O mpo-
JIOJIbHON OCH CTepXKHs; J, — IHOJSPHBI MOMEHT MHEPLHH [ONEPEYHOTO CCUCHHUS

OTHOCHUTCIBHO TOYKHU O, Y U Z— KOOPAUWHATBI TOYKH, I'IC ONPCACIAIOTCA KaCaTCJIb-
HBIC HAITPSAKCHUA.

Puc. 11.

MakcumanbHbIE 110 MOJYJIO KaCaTCJIbHBIC HAIPAKCHHUA BO3HHUKAIOT B Hauobo-
JICC YAAJICHHBIX TOYKaAX IIONICPCHHOTO CCUCHMHA HA PACCTOSAHHUH, PABHOM PAIUYCy

Kpyra,

T (M ):Mp :M Jo; :DC (121)
max x Jp max Wp > max ) >

3
c

rae D, — nuamerp kpyra; W = — TOJISIPHBIA MOMEHT COMPOTHUBJICHUS MOTIe-

pPEYHOTO CEYCHHUSI.

15
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[Ipn monepedHoM H3ruO€ NpH HArpy)KEHUU CTEPKHS B IUIOCKOCTH ) —X B

MPOU3BOJIBHON TOUYKE MOMEPEYHOTO CEYCHHUSI BO3HUKAIOT HOPMAIIbHbBIC HAIPSKECHHS
O(M ) ot netictust mrudaroniero momenta M _(puc. 11, 0)

M
=y, 1.22
7 y (1.22)

V4

o(M.)=-

rae J_— MOMEHT MHEpUUM IOIEPEYHOr0 CEYEHHs OTHOCUTENBHO OCU  Z;
Y —KOOpJHMHATA TOYKH I10 OCH ).

3Hak «MHUHYC» 03HA4YaACT, YTO IIPHU IOJIOKHUTCIBbHbIX 3HAUYCHHAX 1/13m6a}01uer0
MomeHTa M , B TOYKax IIOIIEPEHHOI0 CCUCHUA, UMCIOLICTO ITOJIOXKXHUTCIIbHBbIC KOOP-

AWUHATBI ), BOBHUKAIOT HOPpMAJIbHBIC HAIIPSXKCHUS CKATHA.

KacarenbHble HanpspkeHust T (Qy) B IIPOU3BOJIbHOW TOUYKE MOIMEPEYHOro ceye-

HHs OT JCHCTBUS NONEPeYHOM cunbl (), MOryT ObITh Onpesiesiens! 1o dopmyie JKy-

PaBCKOTO

*

QySZ
JZbZ ,

~ * ~
rac Qy_ 3HAUYCHUC IIOINICPCYHON CHJIbI B ITOIICPCUHOM CCHCHHMH, Sz_ CTaTU4YCCKHNU

1(0,)= (1.23)

MOMCHT OTHOCHUTCIIbBHO OCH Z YaCTH IIOIICPECYHOI'0 CCUCHMI, paCHOHO)I(CHHOﬁ Hal
TOYKaMH IOIICPCYHOI0 CCUCHUA C KOOpAHATAMU ) (Ha pHuc. 12, a 9Ta 4aCThb CC€YC-

HUS 3aLITPUXOBaHAa); b — JUIMHA OTpe3Ka IMONEPEYHOrO CEYEHHMs, MapauIeIbHOTO
OCH Z W IMPOXOASUIEr0 Yepe3 TOUKH ¢ KoopauHatamu ) (puc. 12, a).

y
. b R y
C : y ‘ Tmox(Qy)
|
Z VA 0
a) 0)

Puc. 12.

KacarenbHble HanpsKkeHus T(Qy) pacrnpeiesieHbl 10 BHICOTE MOMEePEeYHOro ce-

YeHUs 10 HeMMHEHHOMY 3aKoHy (puc. 12,0). MakcuManbHOTO 3HAYCHUS KacaTellb-
HbIE HANPSHKEHUS JJIs1 KPYTJIOrO MOMEPEYHOro CEYEHUs JOCTUTAIOT B TOUKAX, JIexKa-
IUX HA OCH Z , IPUYEM

16
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rmaX(Qp:g% |

rae A — miom@ap monepevyHoOro CeUeHHsI.

[lpu momepeyHoM HM3ruOe MPU HATPYKCHUH CTEPXKHS B IUIOCKOCTH Z — X B
MPOM3BOJIBHOM TOYKE MOMEPEUHOr0 CEYCHUSI BOZHUKAIOT HOPMAJIbHBIC HAMPSHKCHHUS
0(M ) or neiicteus usrnGaromero momenta M | (puc. 11, 6)

(1.24)

M
U(My):J—yZ, (125)
y
rac Jy_ MOMCHT HMHCPpHOHH IIOICPEYHOro CEYCHHUA OTHOCHUTCIBHO OCH ),
Z —KOOpAauHaTta TOYKHU I10 OCH Z .
Kacatenbnbie Hanpspkenust T((Q).) B IPOM3BOJIBHON TOYKE MONIEPEYHOTO ceue-

HHUS OT JEUCTBHS HONEPEYHOH cwiibl (J. MOTYT OBITH OHpenesieHbl Mo (opmyIe
Kypasckoro

*

0.5,
bey

~ * w
rac Qz_ 3HAQUCHUC TIONCPCYHOMU CHUJIbI B IIOINCPEUHOM CCUCHHU, Sy_ CTaTU4YCCKHNU

1(0.)= (1.26)

MOMEHT OTHOCHUTEJIBHO OCH ) YaCTH MOMEPEYHOTO CEUCHHUS, PACTIOIOKEHHON OT OT-
pe3ka by B CTOPOHY OcH z (Ha puc. 13, a 3Ta 4acTh CEUECHUS 3aLITPUXOBAHA); by—

JUTMHA OTpe3Ka MOIMEPEYyHOro CEUeHUs!, MapaieIbHOTO OCH V' W MPOXOJISAIIETO Ye-
pe3 TOUKM ¢ KoopiuHaTamu z (puc. 13, a).

y
y
Z
7 0
. N— Tmox(Qz)
a) 0)
Puc. 13.

Kacatenbnbie Hampsbkenuss T((),) pacnpeneieHbl 10 IIHUPHHE MONEPEYHOTO
CEUeHHUs MO HeIMHEeHMHOMY 3akoHy (puc. 13, 6). MakcuMmanbHOro 3HauU€HUs Kaca-

17
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TEJIbHBIE HAIPSDKEHUS JUI KPYIVIOrO MOIEPEYHOr0 CEYEHMs JNOCTUTaloT B TOYKAaX,
JIeXKAIMX HA OCH ), IPUYEM

QZ

>

A

Tmax (QZ) =

rae A — mioniaab MOnepeyHoOro CEYEHUsI.
Ocp z, rIe pacnoyIoKEHbl TOYKU MONEPEYHOIO CEYEHUS C MAKCUMaJIbHBIMHU
(0,), n0Ch Y, Iie PACTONOKEHBI TOUKU MONEPEYHONO CEYEHHs ¢ MAKCUMATb-

(USHINN

Tmax
HeMu T, (Q,), nepecekaoTcs B IEHTPE TSHKECTH IIONEPeYHOro ceyeHus. B Touxe

MEPCCCUCHUA (B HCHTPC TAKECTU TOICPEUHOIO CC‘-IGHI/IH) MaKCHUMAJIbHBIC KaCaTCIIb-
HBIC HAITPSAKCHUA

_ 2 2 _
T ax _\/Tmax (Qy) + T ax (Qz) -
rne Q= Qy2 + (7 — nonepeyHasi CHIIa B CSUCHUN.

HopmanbHable HanpsikeHUs: 0 B MPOU3BOJIBHON TOYKE MOMNEPEYHOTO CEUCHHUS
OT peficTBus n3rubaromux Momenros M, u M | cyMMupYrOTCs

M. M,
o=0(M, )yto(M,)=—-——=y+ z. (1.27)

J, J,
B monepedyHoM CeYEeHUU CYIIECTBYIOT TaKWe TOYKU (0003HAYMM KOOPAMHATHI ATHX

TOYEK ), U Z,), Al KOTopeIX O = 0, T.e.
M

z

- +—2z,=0.
7 Yo 7 o

z y
U3 JaHHOTO paBC€HCTBA CJICAYET, YTO

W |
|-

Mz Jy
S E——— N

J. M,

YunteiBasi, 4T0 U KPYIIIOro MONEPedHOro ceveHus J , =J _, moiy4um

Zy= —2y,. (1.28)

V4

=k . Torna

O0603HaYUM OTHOILIEHUE
y
zo=ky, . (1.29)
OT0 ypaBHEHHE MPSIMOU JIMHUU, TPOXOAIIEH Yepe3 Hauauo KOOpaAuHaT (LEHTp TH-
’KECTH MOMEPEYHOr0 CEYCHHUS) C YTIIOBBIM KO3 PHUIIMEHTOM
M
k=tg 3, th=MZ , (1.30)

y
rae [B— yron Mexay KOOPIMHATHON OChIO ) W JIMHHEH, B TOYKaX KOTOPOH HOp-

MAaJIbHBIC HAIIPSAKCHUA PaBHBI HYJIIO.

18
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OTa nuHUSA HA3bIBACTCS HYJIEBOW (MM HEWTpanbHOW) nuHuel. Ee monoxenue
OTHOCHUTENILHO ocH ) onpenensercs yriom 3. Ecau yron 3> 0, To OH J0JDKEH

OBITH OTJIOKEH OT OCH Y MPOTHUB 4acoBOM cTpenku (puc. 14, a). Ecim yron 3<0, To
ATOT YTOJ IOJDKEH OBITh OTIIOKEH OT OCH ) TIO 4acoBow cTpenke (puc. 14, 6).

y y

Z JA

HyneBasa NMHNA
HyrneBas JIMHUA

a) >0 6) B<O
Puc. 14

PaccMoTpuM  moNOkeHHME  TIPOM3BOJIBHOMU
Toukn C MOMEPEeYyHOro CEYEHUs OTHOCHUTEIIBHO B Y
HyneBol auHuu (puc. 15). Touka C umeer koop-
AVHATBL y U Z B CHCTEME KOOPAMHATHBIX OCEH

V,z. BBenem HOByIO CHCTEMy KOOpPAMHAT ), U Coe oY E
Z, , IPOXOASAIIUX Yepe3 LEHTP TAKECTH MoIeped- z:

HOT'O CEUEHMs TaKUM 00pa3oM, 4To ochb ), coBma- Z 0

JaeT C HYJEBOM JIMHHMEH, a OCh Z, INEPHEHIUKY- D )
nsipHa HyneBou yiuHuM (puc. 15). KoopaunaTsl 7
Toukd C B HOBOW CHUCTEME KOOPJIUHATHBIX OCEH,
MOBEPHYTHIX OTHOCUTEJILHO OCE ¥ U z Ha yroi

[3, MOryT OBITH ONpEENEHbI KaK Puc.15

y,=ycosB+zsinf,
z, =zcosB—ysinf . (1.31)
3aMeTuM, YTO MOJYJIb KOOPAMHATHI Z, ONpeIeNseT paccTosHue oT Touku C 10 Hy-

JIEBOM JIMHUH.
B npousBosnbHON TOuke C, MMEOUIEd KOOPAUHATBI ¥ U Z, HOPMAJIbHBIE Ha-

IMPSPKCHUA (0} OIIPCACIIAIOTCS KaK

o=-"fy+—2gz (1.32)

19
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[TpeoOpazyeM maHHOE PAaBEHCTBO CIEAYIOMINM 00pa3oM:

M MJ
o=—2(z-
J( JMy)

y
Y‘II/ITLIBa}I, 4qTO JIA KPYIJIOro IOIIEepCHYHOIO CCUCHMHA Jy :Jz’ a4 OTHOHIICHHUC

== tg [5, noIy4uM
M, g [, monyu
M .
My c—1g B - yE;cosB ysmB‘
J, cos B
Ho u3 (1.31) z, = zcos B — ysin 3. Torna
M, z
o=-2gn_ (1.33)
J,  cosp

T. €. HOpMaJIbHbIE HAMNPSOKEHUS O B IMPOU3BOJIBHONW TOUYKE MOMEPEHYHOrO CEYEHUS
IPONOPLUUOHAIBHBI KOOPJAUHATE Z, JTOU TOYKH (MOAYNb Z, OHpPEAEseT PaccTos-
HUE OT PACCMAaTPUBAEMOM TOUKH JIO0 HYJIEBOW JIMHUM).

OnacHbIMU TOYKaMH OyAyT T€ TOYKH MOMEPEYHOTO CEUEHUs, KOTOpble Hanbo-
Jiee yJajaeHbl OT HyJIeBOM JIMHUU. [[7151 KpyToro momnepeyHoro Ce4eHus 3To0 TOUKu D
u E (puc. 15), rae oce z, nepecekaeT npoduis cedeHus. Tak kak (z,) . =7 (Tae

max
r — paauyc prra), TO B OIIACHBIX TOYKAaxX BO3HHUKAIOT MAKCUMAJBbHBIC IO MOIYJIIO
HOPMAJIbHBIC HAIIPSKCHU S

:‘My‘DZr :‘My‘
" J, cosB W, cosp

o , (1.34)

y

J

rac W = =X _ OCEBOM MOMEHT COIIPOTHUBJICHUS ITOIICPEIYHOTIO CCUCHMUS.

Ty

, cos B =—=sin B , MOXKHO BbIPa3uTh 0, KaK
y M,

M| r 1
O, .. = [ = , :
J. sinf W, [sinf

z

(1.35)

Pacuer O max B OIIACHBIX TOYKaX IIOICPCYHOI'0 CCUCHUA CICAYCT BECTH B OIldC-

ax

HOM CCYCHHUMN CTCPIKHA. EcTecTBEHHO BO3HMKAET BOIIPOC: a I/IC HAXOAUTCs OIIaACHOC

M
‘ ‘Eli a TaKxe, ‘ITOI[J'I}I—E<,B<E
W cosf’ 2 2

y

ceuenue? Ecim O =
2

1 5 o M 1 1 T
=,/1+t , a =—= . 10 = M+ M,
cos B &P &P M’ cosB M, [V

4 MAaKCUMAaJIbHBIC 110 MOYJIFO HOPMAJIbHBIC HAIIPSKCHUS

20
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am:Wi M:+M: =M7 M, =M +M:, (1.36)

y y
rne M., — MOIyib OJHOTO U3rMOAKOIIEero MOMEHTA.

Torna omacHbIM MO HOPMaJbHBIM HANpPSKEHUSAM OyJIeT TO MONEPEeYHOE CEUEHUE
CTepXHS, B KoTopoM M mocturaeT HauOOJBIIETr0 3HAYCHUS.

use

Wrak, B TOYKax KPYIjiaoro IornepevyHoro CeYeHus, yAaJeHHbIX OT LIEHTPA TsKe-
CTH Ha PaCcCTOSHUM, PABHOM PaAuyCy Kpyra, BO3HUKAIOT MaKCHUMAaJbHbIE 110 MOAY-

usze

JJIO HOPMAJIBbHBIC HAIIPAXKCHUSA Gmax: N MaKCHUMAJIBHBIC II0 MOAYJIIO KacCa-
y

TCIIBHBIC HaHpH}KCHI/I}I oT ,Z[CﬁCTBI/IH prT}IHIGFO MOMCHTA M X
\Mx
/4

p
B HOCHTPC TSHKCCTHU IMONCPEIHOTIO CCUCHNA BO3HUKAIOT MAKCUMAJIbHBIC KaCa-

TCJIBHBIC HAIIPSIKCHUA OT I[eﬁCTBHH HOHGpC‘-IHOﬁ CHJIBbI

T (O =§% 0=,0.+0; . (1.38)

Kaxk nmpaBusio, 6osiee onacHbIMU SIBJSIFOTCS niepudepuiinbie Touku Kpyra. [Ipoananu-
3UpYEM HANPsHKEHHOE COCTOSIHUE B ATUX OMACHBIX TOYKAX.

Bbigenum B OKpeCTHOCTH OMAcHOM TOYKH 3JIEMEHTApHBIN 00beM (puc.16, a), o
rpaHsaM KOTOPOTO ACHCTBYIOT HOPMaJlbHbIE HANPSOKEHUA O M KacaTelIbHbIEC HAIPs-

T ..M. = (1.37)

KeHus T, (110 rPaHsiM, COBIAJAIOIMM C IIONEPEYHBIM CEYCHUEM CTEPIKHA).

T

6)

Puc. 16

[Io nmepneHAuKyJIIpHBIM T'PaHAM, IUIOCKOCTh KOTOPBIX MPOXOJUT Yepe3 IMpo-
JOJBHYIO OCh X, IECTBYIOT TOJIBKO KaCcaTEJIbHbIC HANPSHKEHUA T, (IIEPBBIA MHIEKC

COOTBCTCTBYCT HaIIPAaBJICHHWIO HOPMAJIM K I'paHH, a BTOpOfI HHACKC — HAIIPpaBJICHUIO
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caMoOro KacateslbHOro Hampsbkenus). Ha puc. 16, a HanpsbkeHHs Ha HEBHIMMBIX
IpaHsX YCJIOBHO HE ITOKa3aHbl, YTOObI HE 3arPOMOKIaTh PUCYHOK.

Pemenue oOpaTHOI 3a1auu IIPYU aHAJIM3€E HAIIPSDKEHHOTO COCTOSIHUS B OITACHOM
TOUKE (OIIpEJIeICHUE TTIaBHbIX HAIPSKEHU O, U O ) NPU U3BECTHBIX HOPMaJIbHBIX

(0,#0, 0,=0)u xacarenpHblX T , U T, HampsbkeHUH B IBYX B3aMHO IEpIIEH-

IUKYJISPHBIX TPAHAX JIEMEHTApHOTO 00heMa OCYIIECTBUM IyTEM MOCTPOCHUS KPY-
ra Mopa (puc. 16, 6).

Jliist aTOTrO MpOoBeAeM KoopauHaTHele ocu O u T (puc. 16, 6). Ha ocu O oT-
noxuM otpe3ok OC|, COOTBETCTBYIOIIUI B ONpENENIeHHOM MaciiTabe HOpMalIbHO-

My HampspkeHuto O . 3 toukn C; moctpoum otpe3ok C,D,, COOTBETCTBYIOLIHH B
MacmTade 3HaYEHUIO KacaTelbHOro HanpshKeHus T . Tak Kak BO B3aMMHO NEPIEH-

IVMKYJISIPHOW IpaHU HOpMallbHblE HampsbkeHus O,= 0 (u3o0pakaromias 3TO Hamps-

JKeHHE TOUKA Ha OCU O COBIIAJAa€T C HAYaJIOM KOOpAHWHAT — TOYKOU O) )41 I[CﬁCTBYI-OT
TOJILKO KacaTeIbHbIC HAIPSIKCHUS T TO U3 Touku O CTPOUM OTPE30K 0D2 , COOT-

tx?

BETCTBYIOLIMI B MaclITa0e KacaTeIbHOMY HAIPSDKEHUIO T,
ITo 3akoHy NMapHOCTU KacaTelbHBIX HANPSHKEHUM cienyer, yro T, = T .. Ilo-

sromy otpesku OD, u C,D, paBubl Mexay coboii. Coenuanm touku D, u D, . Ile-

pecequHe otpeska DD, ¢ ocblo 0 mpomsoiiner B Ttouke O, mpuuem OO, =

=0,C|= 2 . Paqmycom O, D, u3 touku O, mpoBeneM OKpYKHOCTb, KOTOpas Iepe-

cedeT ocb O B Toukax A u B. Otpe3ok OA B macmitabe COOTBETCTBYET INIABHOMY
HanpspKeHUto 05, a 0Tpe30ok OB — rinaBHOMY HanpshKeHUIO O .
Pamuyc O,D, oxpy*HOCTU paBeH

0, — 0,

O,D, = (1.39)

C npyrotii croponst O, D, — runoteny3a npsimoyroasHoro Tpeyroasanka O,C, D, n

0D, = J(0,C,)* +(C\D,)* - %g +72 (1.40)

[TpupaBuuBas pasenctsa (1.39) u (1.40), moayuum

O' — 0,
EEH+T w0, —0, =0, +412 . (1.41)

2

Otpesok OB = OO0, +O,B. Hepexoz[ﬂ K HalpsDKEHUAM, UMEeM

o, = +72 . (1.42)

Otpesox OA = 0,0 — O, 4. Tlepexons K HaNpsHKSHUSIM M yUUTHIBas, 4to O, < 0,
MOJTyYUM
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use

w

¥

Ecan ydecTs, 4TO B ONaCHOM TOYKE MONEPEYHOro ceuenus 0,= 0, =

careNbHble HanpspkeHus T = T , TO TIpU U3rude ¢ KpydyeHUueMm

oy -
max X W

p
CTCPIKHS KPYTJIOTO IMOMCPEYHOTI0 CCUCHHUA B OIMACHBIX TOYKaX CCYCHUA

%Jj M?
FM@+“w:+;, (1.44)
20, oW, H W
_ 2
M W H o M
0'3: __use __ — use — + )ZC (1.45)
2Wy :2Wy L] Wp

Ecnu ydyecTb, 4TO At KPYIJIOTO MOMEPEYHOT0 CEYCHUS MOJIIPHBI MOMEHT COIPO-
TuBneHust W, =2W , T0 nocieHue paBeHCTBA MOXKHO IIPe0Opa3oBaTh K BUIY

Gl :%(Mme-'-\lMuz% +M)2c)9 (146)

W
y

03 - 21/1V (Mu3e - VM332 +M)2c) (147)
y

2 2 2
Ecim Tenieps yuects, uto M, =M+ M7, o

VM M2 = (M2 AM M = M, (1.48)

rac MO — MOAYJIb I'TaBHOTO MOMCHTA BHYTPCHHUX CHII B IIOINICPECUHOM CCUCHHU IIPU
IMPUBCACHNHN UX K HCHTPY TAKECCTHU CCUCHH.

Torna
+
o, = I DM”“ M, , (1.49)
W 2
y
ale we ~ M,y (1.50)
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4. PACYET HA NPOYHOCTb NPU U3IT'MBE C KPYYEHUEM CTEPXHA
KPYIrnoro rnornePE4YHOro CEMEHuUA

HpI/I pacdceTe Ha MPOYHOCTHb B OIIACHBIX TOYKAX OIIACHOI'O CCUCHHA aHAJIU3UPY-
€TCA HCPABCHCTBO

Gake S[U], (151)
rae O, —OKBHBAJCHTHBIC HOPMAJbHBIC HAIPSIKCHHUS, YYUMTHIBAIOIIME TJIABHBIC Ha-
npsokeHus 0,, 0,, O, 10 IVIaBHBIM IIJIOIAJKaM B OIACHOM TOYKE; [G] — JO0ILyC-
KaeMbIC HaNPsDKCHUS JJIs1 MaTepuajia CTCPIKHS.

Jlns BeluMcaeHus O,,, MOKHO BOCIIOJIB30BaThCs (POPMyJIaMU COOTBETCTBYIO-

6
IMX TEOPUH MPOYHOCTHU. [10 TpeTher Teopur NPOYHOCTH
(09K6)3 = al _03 : (152)

YuuThIBas BeIpaXEeHUs 11 O, U O, NOJIy4YUM

2 2 2
MO _ \/Mx +My+Mz _ (an)3
/4 /4 w

y y y

(0,.); = , (1.53)

rne (M,,); = M, = \/M Z+M §+M ? — NpUBE/IEHHBIl MOMEHT B TIONIEPETHOM Ce-

YEHUHU, BBIYMCIICHHBIN 10 TPETHEH TEOPUHU POYHOCTH.
ITo yeTBepTOM TEOPUHU POUYHOCTH

(O 6)s :\/% [(01 _02)2 +(0, _03)2 +(0, _03)2] . (1.54)

[Ipu u3rube ¢ KpyyeHUEeM CTEpPHKHS KPYIJIOro MOMEPEYHOr0 CEYEHHSI B OKPECTHOCTH
OMAaCHOW TOYKU OJIHA U3 IIaBHBIX IUIOIIAIOK 3JIEMEHTAPHOTr0 00beMa HaXOUTCS Ha
OOKOBOM MOBEPXHOCTH CTEPXHS W HOPMaJIbHBIC HAIPSKEHUS TaM OTCYTCTBYIOT .
Torna, npuanMas, urto 0, = 0, Hoxy4uM

1
(O )4 :\/5 (2012 + 2032 —-20,0;) = \/al2 "'032 —0,0; .

Tak kak ¢ yuetom Beipaskenuii (1.49) u (1.50) g 0, u O,

1 2 42 1 2 _ 2
0-12 +o-32 _ 5 E{Wuse 0 , 0-1 Ij)-:; _ - E{\/[use 0 ,
w, 2 w; 4
1 P +M: 1 2 =M.
TO ol +0;- 0,0, = — e * My . e ~ My W TIOCIIE
w, 2 w; 4
y 2, 2 1 2,30
npeoOpa3oBanuii nomyunm 0, +0;— 0, [0, = W(M o+ ZM 2.
y
Torna skBUBaJICHTHBIC HANIPSIKEHUS 110 4-1 TECOPUM MPOYHOCTHU
1 2 2 (Mn )4
o =— M’ +0,75M> ="~ 1.55
( 9K6)4 W \/ use X W ( )

y ¥

24



25

rae (M,,), =\/MZ, +0.75M? = [M!+M?2+0,75M? — npupenennrii mo-
MEHT B MIOTIEPEYHOM CEUEHUH, BEIYUCICHHBIN 110 4-if TEOPUU POYHOCTH.

Bepnemcs teneps k ycnosuto npounoctu (1.51) 0, < [G ] , KOTOpOE C y4eTOM
(1.53) u (1.55) 3anumieM kak

M, ),
~wliclo]l, i=3 wm i=4, (1.56)
W
y
rie WHICKC I = 3 03HAayaer, YTO MPUBEIACHHBIA MOMeHT (M np)l. BBIUMCIISICTCS I10

TpPEThel TEOPUHU MIPOYHOCTH C UCIIOIb30BaHueM (Gopmyisl (1.53),
(M,,,); = M2 +M+M? (1.57)

a MHIEKC [ = 4 03HAYaeT, YTO NPUBEACHHbIH MOMEHT (M, ), BBIYMCIAETCS 1O YeT-

BEPTON TEOPUH MPOYHOCTHU € UCTOTIB30BaHUEM Popmyisl (1.55),
(M,,)s =M}, +075M} = (M} +M? +075M} . (1.58)

PacyeT Ha NPOYHOCTH MOKET NIPOBOAUTHCA KAk NMOBEPOYHBIN U CBSA3aH C aHa-
JM30M BBINIOJIHEHUSI HepaBeHCTBa (1.56) mpu u3BecTHBIX 3HaueHUsAx M, oceBoro

np°
MOMCHTA COIIPOTHUBJICHHSA IMOIICPECUHOI'O0 CCUCHHA Wy 1 JOIIYCKA€CMOI'0 HAIIPsAKCHUS
[0 ] . PacueT Ha mpOYHOCTH MOXKET NMIPOBOAUTHCS KaK NMPOEKTUPOBOYHBIN U CBS3aH,
KaK MpaBuiio, JUOO C omnpeaeIeHuEM Wy, abo c ompeneneHueM [0] U BBIOOpOM

MaTepuana.
[Ipy TPOEKTUPOBOYHOM pacueTe, KOTJa HEW3BECTHOW BEIMYUHOW SIBISICTCS
W, , u3 popmyist (1.56) cienyer
(M np )i
o
JUJ1st KpyTI0TO KOJBIIEBOTO CEYCHHSI CTEPIKHS

mD’-d’) mD’ d
W, =" Sl = T —de gy 1.60
y 32 T ) | (1.60)

rae D, — nuaMeTp BHEIIHEH OKPY)KHOCTH KOJBLEBOTO CeYeHHs; d, —Iuamerp

W,z ,1=3 wi i =4. (1.59)

BHYTPEHHEHN OKPYKHOCTH KOJIbLIEBOTO CEYEHUSI.

Ecnu 3amano cooTHouieHue FC =k, o quamerp D, MOXeT OBbITh OIpENeNIeH U3

c

32(M,,),
n(1-k>)|o]’

(1.59) c yuerom (1.60) xax D, =3 a nuamerp d, =kD.,. (1.61)
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3AKINOYEHUE

B MeTtonuyeckux yKazaHHSAX M3JI0XKEHbI OCHOBHBIE TIOJIOKEHHUSI pacuera
CTEPKHSI KPYTJIOro MOMEePEeYHOro ceueHus nmpu u3rude ¢ kpyuyenuem. [lokazana oco-
OCHHOCTb COCTaBJIEHHUSI PACUETHOM CXEMBbI CTEPXKHS, KOrJa TOYKH MPUIIOKECHHUS
BHEILITHUX CHJI JIeXkKAT BHE MPOI0ILHOM ocu ctepxHs. [IpuBenensl GopMysibl 715 BbI-
YHCIICHUSI YIUIa Of ,, ONPE/ICISIOIIETO MOJIOKEHHUE JIMHUN ICHCTBHS CUIIBI P OTHOCH-

TCJIbHO KOOPAMHATHBIX ocerl H MO3BOJIAIOIICTO JETKO HaXOJAHWTh COCTAaBJIAIOINMC
ATOU CWJIbI, IMapalJICIbHBIX KOOPAWMHATHBIM OCAM Yy H Z IIOIICPCUYHBIX CEUYCHUM

CTEPKHS.

Ha ocHOBe mnpuHLMIA HE3aBUCUMOCTH JEHCTBUSA CHJI CXEMa HarpyXeHus
CTEPIKHSI, UCTIBITHIBAIOIIETO U3TU0 C KpyuEHUEM, IIPEJCTABISIETCA B BUE TPEX He3a-
BHUCHMBIX CXEM HArpyXeHHs: M3ru0 CTEp>KHSA MPH HArpy>XeHUH €ro B IJIOCKOCTH
Yy —X, U3rU0 CTEpXKHA MpPH HAarpy)KEHHUH €ro B IUIOCKOCTH Z — X, Kpy4deHHUE
CTEPKHSL.

[lokazana mporenypa pacdyeTa CTEp>KHsS NPU HArpyKEHHH €ro B IUIOCKOCTH
Y — X, IPU Harpy’>kK€HUH €ro B INIOCKOCTH z — X, NPH KPYYEHHH CTEP>KHSI, KOTOpPas
OPEANOJIaracT ONMpEAEICHUE PEAKIIMI B ONOpax U ONpPEAEICHUE BHYTPEHHUX CHUIIO-
BbIX (DAKTOPOB B MOMEPEUHBIX CEUCHUAX CTEPIKHS.

Janbl hopMyIIbl 17151 pacyeTa HOPMAJIbHBIX HAMPsHKEHU B TOUKAX MOMEPEYHO-
O CEYCHHs CTCPXKHS OT JICHCTBHS M3rMOArOIMX MOMEHTOB M, n M, Kacarens-

HBIX HAIPSOKEHUU OT JEUCTBUS KPYTALLEro MOMEHTa M . B IONEPEYHOM CEYCHUHU,
OT JeiicTBUs norepedHbix cuit O, u Q. OnpenencHo MoI0KeHUE ONACHBIX TOYCK B

NONEPEYHOM CEUEHUU CTEPHKHS, & TAKIKE OMMACHOE CECUCHHUE.

Ha ocHoBe nmoctpoenust kpyra Mopa nokasaHa npoleaypa OnpeIesICHUs IiaB-
HBIX HaIlpSOKEHUM B OMACHBIX TOYKAX MomnepedHoro cedeHus. llpusenena nmocieno-
BaTEIbHOCTh paciyeTa Ha MPOYHOCTh KPYIJIOTO CTEPKHS , UCIIBITHIBAIOIIETO U3THO C
KPYYEHHEM.
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IHPUJIOKEHHUE

3aganue : U3rud ¢ KpyuyeHneM CTEP KHSI KPYIJIOro MonepevyHoro cevyeHus

TexHuueckoe 3agaHue:

JUts nepenaun MmoutHocTd N ciyKuT 3yOuaTas nepefava (Beqymuid Bai - I, Be-
nombiil Ban - III, mpomesxyTounslii Bai - I1). Yactora BpaiieHus: TPOMEXYTOYHOTO
Bajia Ny, HAMPaBJICHUE BpalIEHUs MOKa3aHO Ha cxemax puc. 17 - 19 [lpunoxeHus.
Cunbl B3aMMOIEUCTBHS 3y0UaThIX KOJIEC HAMPABIIEHBI MO JUHUSAM 3alleIJICHUs, pac-
MOJIOKEHHBIM TOJA yriaoM 0=20° K KacaTelbHON COMpPSKEHHBIX OKPY>KHOCTEH
3yOuaTeIx Kosiec. Kaxyro U3 3THX CHII MOYKHO Pa3jOXUTh HA OKPYXHYIO P, U pa-

avaneHyr0 P, cocraBmsatomme, npudeM P =04 F. JlnameTpsl CONPSKEHHBIX

.
OKpPY>KHOCTEH 3yOuaThIX KOJIeC MPOMEXYyTOuHOro Bana paBHbl D; u D,. Ilotepeit
MOIIIHOCTH Ha TPEHHUE B MOJUIMITHUKAX U B 3alleTJICHUH npeHeOpedb. Cxembl 3yOua-
THIX TIepeaad u300paxkeHsl Ha puc. 17 - 19 Ilpunoxenus.

Tpebyercs:

1. OnpeaenuTb BETWYMHBI U HANpPABJICHUS CUJI, JEUCTBYIOIIMUX Ha 3yOuaThie
Kojieca IPOMEXYTOYyHOro Bana Il W mpuBeCTM HX K ULEHTpaM TSHKECTH
COOTBETCTBYIOIINX CEUCHUH Baja .

2. TlocTpouts 3mropsl KpyTamero My u usrudarommx My u M, MOMEHTOB.

3. IlocTpouTh »3MI0pYy CYMMApHOIO M3rMOAIONIET0 MOMEHTA, IOJIb3YACh

dopmynoit M = 1/I\/|§ + I\/IZ2 :

4. HaiiTu 1oyoKeHUe OMAaCHOIO CEYEHUS] U ONPENEIUTh MAaKCUMAJIbHbINA ITPUBE-
J€HHBIM MOMEHT M,,, IO TPETLEN TEOPUU IPOYHOCTH .

5. [TogoGpate auameTp Baia d mpu 3aJaHHOM 3HAYEHUH [O] W OKPYTJIHUTH ITO
3HaAYEHUE 10 OJIMKANIIEro OOJIBIIETO.

I/ICXOILHI)IC JAHHBIC, OIIPCACIAIOINEC 3HAYCHHUA MOIIHOCTHU N, HaCTOThI

BpalleHUs] ny , TMAMETPOB COMPSIKEHHBIX OKPYKHOCTEH 3yOouatbix kojec Dy u Dy,
JUIMH y4aCTKOB MPOMEXXYTOYHOTO Bajla a, b U C, IpeacTaBieHbl B Ta0. 1
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NCXOIHBIE JAHHBIE

K PacuyeTHO-IIPOESKTUPOBOYHOMY 3a/TaHUIO
M3rub ¢ kpyyeHHeM CTep:KHS KPYIJIOro MmomnepeyHoro cevyeHust

Tabmuma 1

Homep YacroTta MormHOCTb Jonyckaembie
CTPOKHM | BpalleHUs N, kBt JInvHa y4yacTKOB , M JnameTpsl HaIPSKEHUS
ny, 00/MUH KOJIEC , M [a] , MIla
a b c D, D,

1 400 40 0,1 0,1 0,1 0,3 0,1 120

2 500 40 0,1 0,1 0,12 0,32 0,12 100

3 600 40 0,1 0,12 0,14 0,28 0,14 140

4 700 45 0,14 0,1 0,16 0,3 0,16 160

5 800 45 0,16 0,18 0,14 0,32 0,15 100

6 900 45 0,16 0,2 0,18 0,34 0,14 120

7 1000 50 0,18 0,2 0,16 0,36 0,12 130

8 1100 50 0,18 0,22 0,10 0,38 0,18 140

9 1200 60 0,2 0,2 0,16 0,4 0,18 150

10 1400 60 0,2 0,18 0,22 0,35 0,16 160




