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B cooTBeTrcTBUM ¢ y4eOHBIM IJIAHOM U IUIAHAMU CTYJEHTOB CIELIMAIIBHOCTU
23.05.01 «HazemHbIe TPpaHCHOPTHO-TEXHOJIOTHUUYECKUE CPEICTBA» 10 TEOPETHUUYECKOU
MEXaHUKEe BBIMOJHAIOT pacueTHo-Tpaduueckyto padoty (PI'P). Ona cmocobcTByer
NPUOOPETEHUIO HABBIKOB PEILICHUS 3a/lad MO OCHOBHBIM pa3jieiaM JUCUUILIUHBI U,
KaK CIJIEJICTBUE Jy4lleMy OCBOeHUI0O Marepuana. CylIeCTBEHHOH MOMOIIBIO
CTYJIEHTaM IIpU PEIICHUH 33]a4 SBJISIIOTCS MPUMEPHI PEIICHUS aHAJIOTMYHbBIX 3a7]a4,
OCHOBHOW IIEJIBI0 KOTOPBIX SIBIISIETCA Ppa3bsCHEHUWE XOJA pELICHUsA, HO HE
BOCITPOM3BECTU €r0 MOJHOCTHIO. ITpu BBINOJHEHUNU 3alaHUil BCe MpeoOpa3oBaHus U
YHCIIOBBIE PACYEThl JOJKHBI OBITh 00S3aT€TbHO MPOJAENAaHbl C HEOOXOJUMBIMU
MOsSICHEHUsIMU. B KOHIIe pelieHuid T0KHbI ObITh JJAHBI OTBETHI.

Meroauyeckue ykasaHus MO PELICHMIO 3aaa4, Bxomamux B PI'P, narorcs s
KaXKJI0M 337241 MOCJIE €€ TeKYUYECTH Mol pyOpHuKoi — « YKazaHus».

Coneprkanue pacueTHO-Tpaduueckoit paboThl

Pabota Brirouaet 1o 1-2 3agaun 1Mo KaxJaoMy U3 TPEX pasJielioB:
3aganue 1 — Cratuka

3aganue 2 — Kuaemaruka

3amanue 3 — JluHamuka

KonuuecTBo 3a7a4 3a7aeTcs MpenojiaBaTesieM.

B xaxnmoit 3agade maercst 10 puCyHKOB U TaOJUIA C TEM K€ HOMEPOM, YTO U
3aj1a4a, CoOJeprKaiasi JOMOJHUTENbHBIE K TEKCTY 3ajauu ychoBus. Hymeparus
PUCYHKOB JIBOWHAsl, IPU 3TOM HOMEPOM PHUCYHKa sBJsieTCs Iudpa, cTosias mnocie
touku. Hampumep, puc. C.1.4 — sto puc. 4 x 3amaue C.l. Homepa ycrnowuit
(BapmanTa) oT «0» 110 «9» yka3aHbl B 1-0M cTOJIOIE TaOIHUIIBI.

Homep pucyHka cTyfeHT BbIOMpaeT 1o mpeanocieaneit nudpe mmdpa, a
HOMEp BapuaHTa B Tabnuie — rno nociueaHeil. Hanmpumep, ecnu mudp okaHunBaeTcs
qucioM 25, To 0epyT puc. 2, a Bapuant Ne 5 u3 TaOIuIb.

Pa3nen Cratuka — 3agaun C1 u C2

Pasnen Knnemaruka — 3amaun K2 u K3

Pa3zpen Jlunamuka — 3agauu JI1 u /I8

Jluteparypa:

Jlykamesuu, H.K. Teoperuueckas wmexaHuWKa: YydYeOHHMK il BY30B /
H. K. JlykameBuu. — 2-¢ wu3zg., ucnop. u jgomn. — MockBa : M3matensctBo IOpaiiT,
2021. — 266 c. — (Beicmiee ob6pazoBanue). — ISBN 978-5-534-02524-8. — TekcT :
anekTpoHHbi  //  OOpaszoBatenbHas 1iatrgopma IOpait [cait]. — URL:
https://urait.ru/bcode/471234.

Teopernueckass Mexanuka. KpaTkuii Kypc: y4eOHUK Js  BY30B /
B. II. beptses, JI. A. bynatos, A. I'. Murses, B. b. bopucesuu. — 2-¢ uzn., nepepao.
n gom.— Mockpa: HWsmarensctBo IOpaiit, 2023. — 168 c.— (Bricmee
obOpazoBanne). — ISBN 978-5-534-13208-3. — Tekctr : DIEKTPOHHBIA //
OopasosarenbHas miathopma FOpaiit [caitr]. — URL: https://urait.ru/bcode/517437.
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3aganne 1 - CTATHKA —3amaun C1 u C2

JAJAYH K KOHTPOJIBHBIM 3AJAHHAM

CTATHKA

Zapaqa C1

HecTran paMa, pacMOADMCHAEAA B BEpTHEANLHOR TIROCEOCTH
{pee. ClLO— CLY, rada. Cl), sexpenacsa B Todwe A WApAHpHO, & B
To4Ee B NpEKpENACHE HAH K HEECCOMOMY CTEDINHIC © WAPHEDAME Ha
KOEOAX, HIH K MEPHHPHOA ONOPS HA KATHAX.

B rouxe C & paMe npHBRSAH TPOS, NepeXANYTHRA vepes Gaow o Hecymufl
Ba ¥oHLe rpys eecoM P = 356 kH. Ha pawy peficfeylorT napa cHi © Momes-
vou M= 100 xH.N A gpe CHAH, 3HENEHAS, HANPABNEHHA H TOMKR DERAO-
MEUNR KOTOPHX YHA3IHW B TalaHue (RABpHMEp, B yeaonuax Ne 1 na pawy
AefcTBYRT CHAA Fs nog yraom 16° & ropusedTansEofi OcH, TIPEAOHCHHEN
8 Toune D, n cwaa Fy moa yraow B0 x ropezcnTanueoll ocw, HPEAOMCHEAR
o oroaee E, 8 T.0).

Onpeneants peasuen ceRzcd B Toamex A, B, peapBacMee fedcreyn-
LWHMH BArpyIxamMH. [IpE oHOHTETENLAMHY pactHeTaX OPHHATL 4 = 0.6 o

¥roaanna, 3anate Cl — B8 paEHOBeCHe TEAA 003 EcfCTEHCM DpOH3-
BoteEOR mrockod cRcTeMi CAL. TIpH ee pRINeHHE YHeCTh, YTO HETAMEHRA
ofitHX BETBCH HETH, mepeRHsyToli Depes GAOM, HOTES TPeHHCM Opemefipe-
ramT, GyOyT COHHEKOBHMEH. YPaBRCAHE WOMERTOR Oymer Godce DPOCTHM
{COREPMETL MEHEIDE BEHABCCTHEX), €CAR GpaTh MOMEHTH OTHOCHTCABED
TOMKH, TAE NEpeceNaloTCA JHHHRE AefcTEHA [BYyZ peaxusfi ceazed. [lpe
BLFIHCARHEK MOMEHTS cHIW F wacro yaofHo pasnomeETs ee HA COCTERAMG-
wue F*u FY, pan metopus naews Aerks onpeaetmmTed,
reopencd Baprusona: Torna moF) = mo )+ mdFr).
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Mpumep C1. JKecrkan naactuna ABCD (puc. Cl) nmeer B Touxe A He-
MOABKXHYIO WAPHHPHY ONOPY, a B TOUKE B — NOABKXKYO WAPHHDHYIO
ONOpy Ha KaTKax. Bce neficTRyloume HarpysKM M pasMepH MOKa3amel
Ha PHCYHKe.

Hamo: F=25kH, «=60° P= I8 xH, y=75°, M="50 kH.u,
B=230°a=05M Onpesenntb: peakuud s Togkax A m B, puani-
BaeMhe AeACTBYIOMHMH HArDY3KaMH.

Pewenne. 1. PaccMorpam naactHas, TIp KOOpaH-
HATHHE OCH Xy H p ficTylOmHe Ha y cuas cuny F,
napy Cai ¢ MOMEHTOM M, HaTsxenwe Tpoca T {no HozyTIo TI= P)u
peaxuun coasei X, ¥4, Ra (p pruproR onopu A

P ZBYMA ee cocTa peakuKs WapHHDHON ONOPH Ha
Karkax pHO OMOPHOH H).

2. Jlar noayuenHof MAOCKOH CHCTEMBl CHJ COCTABHM TPH YpaBHEHHA
p . Mpx H MOMEHTA CHAHM F OTHOCHTENBHO ToukH A
BOCII B T.& P cuny F na cocrae-

ARomke F’ F (.F'= Feosa, F”=Fsina) u yurem, uto mu(F)=
= mAF)+ m4F"). Tonyunm:

ZFhu=0, Xa+ Resinp— Fcosa+ Tsiny = 0; [4)]
ZFiy =0, Y4+ Racasp+ Fsinu— Teosp=0; @)
SmaFy=0 M —Rgcosp+4a+ Feosu-2a— Fsinu-3a— Tsiny-2a = 0.
[©]
y feZnt Ja
R
ol f 2l 7
53 ) !
~ s 47, b
8 I A P
b \” X4 X

Puc. C1

MoactasHs B cocTap/eHHHE y A YHCIOBHE 3a4aHEbIX
BeJIHUHH H PEUIHB 3TH YP P
OrBetT: X4= —85 kH; Y,‘ —233 xH; Rp=7,3 kH. 3uamn

YKasWBanT, 4To caabl K4 n ¥4 wanpantens mpotaponoromuo nokasam-
HeM Ha prc, Cl,
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3apava C2

KOHCTPYKUHA COCTOHT H3 MECTKOTO YrOAbHHKA H CTEPXKHSH, KOTOpue
B Touke C WIH COBAMHEHH ApYr ¢ JApyroM wapHepro (pHe. C2.0 —
C2.5), nan cmoGogHo onupaoTcAa Apyr o apyra (puc. C2.6 —C29).
BHemHHMH CBA3AMH, HANOXKEHHHMH HA KOHCTPYKIHIO, ABJIAKNTCA B TOuKe A
HJH IIAPHHD, HAW JKECTKAA 3ajleNxa; B TOYKe B HWAH IAajKkas IMOCKOCTh
(puc. 0 u 1), Hau wesecomn® crepxeds BB’ (puc. 2 ¥ 3), wan mapuup
(puc. 4—9); B Touke D HAH HeBecoMH# cTepxens DD’ (puc. 0, 3, 8), uau
WAPHHPHAA ONOPA HA xatkax (puc. 7).

Ha xaxayw xoscrpykumio aefictByloT: mapa cHi ¢ MomenaToM M =
=60 kH-m, p pacrp asi HArPYSKa HHTEHCHBHOCTH § =
=20 kH/mM u eme gBe CHABL. 3TH CHbI, HX HANPABAEHHN H TOWKH OPH-
JowenHA ykasaHw B TaGn. C2; rtam e B cronbue <Harpysemnuifi
y4aCTOK» YKa3aHO, HA KAKOM YYaCTKe NeACTBYeT pacnpeiefieHHad Harpys-
Ka (Hanpumep, B ycaoskax N 1 Ha KoHCTpykumio aecteywor cuna Fp mox
yraom 60° X ropH3oHTanbHOR OCH, MPHACKEHHAA B TOuKe L, cuna Fy nop
yraom 30° K rOPH3OHTAJBHOMA OCH, NPHIONKeHHAA B Touke £ , B narpyska,
pacnpejeiensan Ha ysactike CK).

Onpenenurs peakuuu cased B Toukax A, B, C (nam puc. 0, 3, 7, 8
eme u B Touke D), BiI3BaHANE 3afaHAHMA Rarpyskamu. [Ipr oxowuaTens-
HHX pacyeTax OPHHATE @ = 0,2 M. Hampasaenne pacnpeneaewnon HarpysxH
HA PASAHYHBIX MO PACMOJNOMEHHIO ydacTKax ykasaHo B raGr. C2a.

¥xkasanun. 3anava C2 — sa paBHOBecHe eI, xcs
nof AeficTBHEM IUIOCKOH cucTeM cHA. [IpH ee pelueHHH MOKHO HAH
pacCMOTPeTh CHaYala PaBHOBECHE Beefi CHCTEMB! B LEAOM, a 3aTeM PaBHO-
BECHE OJHOrG H3 TeA CHCTEMH, M306pa3HB €ro OTAENBHO, HAH e cpasy
PACUICHHTB CHCTEMY H PaccMOTpeTh PaBHOBECHE KaMJIOrO M3 Tel B OTAeAb-

5

HOCTH, Y4TA MPH 3TOM 3aKOH O P H npo
crepsi. B sapavax, rae HMeeTcsl XecTkas 3afiefka, yuecrh, uTO ee peakiHA
mpeAcTaBaseTcA CHAOH, MOAY/b'H HAmp KOTOpof THH, W Ta-

pofi CH/JI, MOMEHT KOTOpPOF TOMe HeH3BECTEH.

A

Puc. C2.1
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Cuna Xy Harpyxedusii
ﬁ ~ e, yHacTox
oy A A 5
Fy=10 kH | F; =20 kH | F3 = 30 gH | Fy = 40 xH
e | @ @ = & & -
sf [of | 2 [s8 |8 [«5 |2 [g5 | E
5 |58« % (EEz| G [E3«| % |EEs| ®
=S |22l § [FEE| & |GeE| § |Re=| 4
0 K 60 — - H 30 —_ - CL
1 - -_ L 60 - - E 30 CK
2 L 15 — - K 60 — — AE
3 — -_— K 30 - - H 60 CL
4 L 30 — - E 60 | — —_ CK
5 — — L 75 - - K 30 AE
6 E 60 - — K 75 - - CcL
7| —| =] # |60 | 3| |- CK
8 - | = K 30 | — | — E 15 cL
9 H 30 — - — L 60 CK
Ta6nuua C2a
Yuactok Ha YrodbHHKE Yuacrok Ha CTepHKHe
BepPTH-
TOPHAOHTAALHBRA KanbHbif puc.0,3,5,7,8 pue. 1,2,4,6,9
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Mpumep C2. Ha yronwunk ABC (£ ABC = 90°), koveu A koropora
JKECTKO 3anenad, B Touke C onmpaercs crepxess DE  (puc. C2,a).
Crepxerib uMeeT B TOuke D HENOABHAKHYI WApPHHPHYIO ONOPY H K HeMy
npuAoKeRa cuaa F, a K yro. —p DHO pacip Ha
yuactke KB Harpyaka HATEHCHBHOCTH § H [apa ¢ MOMENTOM M.

HDawo: F=10 wH, M=5 xH-.m, ¢=20 xH/M, a=02 wm.
Onpenenuts peaxuux B Toukax A, C, D, BH3BaHHHE 3ajaHHEIMH
Harpy3KkaMmu.

P 1. las onp peaxkuui p CHCTeMy H pac-
CMOTPHM cHauana pasnopecHe crepxus DE  (puc. C2,6). Tlposenem
KOOpAMHATHHE OCH Xy H H300pasHMm HeACTBYIOILHE HA CTEPKEHb CHJAH:
cuny F, peaxumio N, HaNpaBleHHyI0 NepPHeHAHKYNAPHO CTEPIKHIO, H COC-
rasnmomue Xp W Yp peakusu wapuupa D. [las momyueHHoH miockod
CHCTEMBl CHJI COCTABNAEM TDPH yDABHEHHA PaBHOBECHA:

ZFu =0, Xp+F—Nsin60° =0; m
ZFy=0, ¥Yp+Ncos60° =0; 2)
Z mp(Fs) =0, N-2¢— F-5asin60° = 0. (3)

2. Tenepb paccMOTPHM DaBHOBecHe yroibHHKa (puc. C2,6). Ha mero
ReficTBYIOT CHAA AaBAeHHA crepxua N/, as mpot
Peakuun ﬁ. paBHOMEPHO pacnpeze/eHHan Harpyska, KOTOpPyK 3aMeHAeM
cunok Q, npusoxernod B cepenune yuactka KB (uncienso Q = g-da =
= 16 kH), napa cun ¢ Momentom M K PeakuKA KecTROf 3a7eMKH, CAra0-
mascid H3 CHJH, KOTOpYI0 MpeAcTaBHM COCTAaBJAIOUHMH .—fﬁ, FA, H napel

Puc. C2
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c MoMeHnToM M, dasa sroft naockofi cHCTEMBl CHA TOXKE COCTaBJAEM TpH
ypaBHeHHA PaBHOBECHA:

Y Fee=0, Xa+ Qcos60° 4+ N'sin60° = 0 ; (4)
¥ Fiy =0, Y4 —Qsin60° — N'cos60° = 0; (3)
Sma(Fy) =0, Ma+M+Q-2a+ N'cos60°-4a+ N’sin60°-6a = 0.(6)

IIpA BHUHCAEHHH MOMEHTA CHMHI N’ pasnaraem ee Ha COCTaBAAKILKE
Vi u Ni u npumensiem Teopemy Bapunbona. [loacTaBkB B COCTaBACHHbIE
YpaBHEHHA YKCJOBble 3HAYCHHA 3a[@HHBLIX BEJHYHH H DEIIHB CHCTEeMY
ypapHennii (1)—(6), nakizem nckomule peakuus. IIpu pelrenny yuHTHBaEM,
YTO uECseHHO N’ == N B CHJY paBeHCTBa AeHCTBHA M NPOTHBOAEHACTBHA.

Orper. N=21,7 kH, Yp=—108 xH; X, =88 kH, Xa=
= —26,8 kH, Y, = 24,7 kH, My = —42,6 kH- M.

3uakH ykaswBalor, 4to cuan ¥p, X4 W moment M, HanpaBJeHwl
NpOTHBOAOIOKHO NoKa3aHHbLIM Ha PHCYHKaX.

3aganue 2 —- KUHEMATHUKA —3agaun K2 u K3

3anaua K2

MexaHH3M COCTOMT H3 CTYMEHWATHX Koaec [—J3, HAXOARUIHXCA B 3a-
LENNeHHH HJAH CBA3aHHLX peMenHoft mepepaued, syGuarofi pefikn 4 u rpy-
3a 5, NPHBA3AHHOrG K KOHLY HHTH, HAMOTaHHON HA ONHO H3 Koaec
(pre. K2.0 — K2.9, tabn. K2). Paguycw crynenefi kojiec paBHE COOTBET-
cTBeHHO: ¥ Koneca | —ri=2 oM, Ri=4 ¢cM, y Koneca 2 —ry =6 cm,
Ry=28 cM, y Koneca 3 —ry=12 cM, Ry=16 cm. Ha ofoneax
Konec pacnosoxent Toukia A, B u C.

B croabue «/lano» TaGAHIE YKa3aH 3aKOH ABHMEHHA WIH 3aKOH H3Me-
HEHHA CKOPOCTH BEAYUIEro 3BCHA MEXAHH3MA, rAe @i(f) — 3axoH Bpalienus
woneca [/, sif) — saxon geumenus pefikn 4, ©if) — 3aKOH H3IMEHeHHF
yracsofl CKOPOCTH Koaeca 2, vs(f) — 3aKOH M3MCHCHHA CKOpOCTH rpysa §
H T.1. (Besge ¢ BHpANEHO B pajHamax, s — B CaHTHMeTpax, ! —B ce-
®yrnax). [NonoxnTensHoe Hanpamaende AR @ H ® MPOTHB XoAa uacosoli
CTPEJIKH, ANA S4, S5 H Vs, Us — BHHI.

Onpefennts B MOMEHT BpemeHH [y =2 ¢ ykalannue B TaGaHue
B cron6uax «Hafith» cKOpocTH (v — JHHeAHBIE, @ — YTJIOBHE) H YCKOPEHHA
(a — nuHeliHpe, & — YrJIOBHE) COOTBETCTBYILULHX TOYEK WAH Tea (us —
CKOpOCTb Tpy3a § B T. ).

Yxaszanus. 3agava K2 — Ha HcoenopaHWe BPALaTe/IbHOrO JIBHXKEHMS

Ta6auwna K2

Howmep Ha#itu
YCHOBHA Hano
CKOPOCTH YCKOpeHHst
0 se = YTt —1* v, Uc &, as @
1 u;=24({;1_3)) va v o a:, a
2 @1=28"—9 o4, w2 €2, Gc, s
3 m,=7!—-3zt’ vs, Wy €2, Qs Oa
4 9o =3t —t vs, © &1, as, s
5 o1 = 5¢t—2 Us, Og e, Qc, ai
6 b2 22(‘3—3’) 05, @ &1, dc, ds
7 vy = 35‘9 —8 U4, ®3 &3, Gy, 5
8 s = 21 5t Ve, 2 &1, ac, a4
9 a3 = 8t —3F vs, U €2, Qg G
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TBEPAOTO Tea BOKPYr HEMOABHKHOR
ocu. [1pH pelueHiH 3a/1aUH YUecTs, 4To,
Korja ABa KoJeca HaxOAATCA B 3a-
LENnJeHHH, CKOPOCTh TOYKH sauemie-
HHA KaXJOro Kojeca OfHA W Ta e,
a Koraa ABa Koseca CBA3aHbLi pemMeH-
HOM mepenauedl, TO CKOPOCTH BCEX TO-
4eK peMHS W, CJ€10BATE/BHO, TOHYEK,
sexauiux Ha ofoae Kamaoro M3 ITHX
Koaec, B AAHHBA MOMEHT BpEMeHH
YHCACHHO OLHHAKOBH; NMpPH 3TOM CYH-
TaeTcs, uTO peMenb mo ofody Kofeca
He CKOMBb3HT.

Mpumep K2. Pefika /, cTyneuua-
Toe Koneco 2 ¢ pagwycam# R: ¥ r2 W Kodeco J paauyca Rs, ckpenieHxoe
C BajJoOM papgWyca ri, HaXxOAATCA B 3auenyieHHH; Ha BaJ HaMOTaHa HHTb
¢ rpyaom 4 na kokue (prc. K2). Pefixa asuxerca no 3akony si = f({).

Mauo: Re=6 cM, ra=4 cM, Rs=8 cM, r;=3 eM, s =3
(s — B cautumerpax, ¢ — B cexynaax), A — Touxa oGona xoneca J, fi =
=3c. OnpeaeauTh: s, Vs 3, G4 B MOMEHT BpeMent = /).

P Ye A 06 aTb CKOPOCTH TOUEK, JIEKAILHX HA BHeMI-
Hux obonax konec (paguyca R;), wepes v;, a TOYEK, JeHAUUHX HA BHYTPeH-
HHX o6ojax (paauyca ry), — uepes w.

1. OnpepeaseM cHauana yriosbie CKOPOCTH BCeX KOJeC Kak (yHK-
UMK BpeMeHH {. 3Haf 3aKOH ABHIKeHHs PefikH /, HAXOAHM €e CKOPOCTh:

=5 = 9. (1

Tax Kak pefika H Koaeco 2 HaxOMATCA B 3aLENJEHHH, TO Uz = ) HJIH
@2Re = v). Ho koneca 2 n 8 Toe HaXOLATCH B 3alENNEHHH, Cle10BATERL-
HO, Uz = U3 WIH @r2 == 03Ra. M3 STHX paBeHCTB HAXOAHM

BB, 3
S e R A A @

Toraa 4151 MOMEHTa BPEMERH f; = 3 ¢ noayuum wy = 6,75 ¢

2. Onpenensiem vq. TaK Kak vy= Ug==wyrs, T0 Tpn fi=3 ¢ v4=
= 20,25 cm/c.

3. Onpenensem ey YuuTHBas BTOpOe W3 paBeHcTB (2), moayunm e; =
= @y = 1,5¢ Toraa npu f, =3 ¢ gg=4,5 c™2. i

4. Onpenennem ay. Jas Toukn A da= @ac+0an TAE GHCICHHO
a4y = Ries, Gan = Rsol. Torna ans momenta Bpemend f| = 3 ¢ HMeeM

@4 = 36 cM/c?, a4, = 364,5 cm/c?;

ay= ak+ ain = 366,3 cm/c?.
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Ta6anua K36 (k puc. K3.5 — K3.9)
¥raw, rpan Jano Haitrn
ol
: § Wy, S|.' ug, ag._“ v @ a e a
E gl = ] v ) 0 | 1/c|1/c?| m/c|m/c?| TOURK [3BEHA[TOHKH|IBE
o |i120| 30| 30| %0150 2 | 4 | —|—|B,E|AB} B |AB
1 0l 60| 90| 0120 — | — | 4 6|A E|DE} A | AB
2 | 60|150| 30{90| 30} 3|5 |—|—|B,E|AB| B |AB
3 0[i50} 30| 0| 60| —|— | 6 8|A, E1AB| A |AB
4 | 30t120)120| 0| 60} ¢ | 6 |— | —|B,E|DE| B |AB
5| o0f120| 90|90 | 60| —{ — | 8 | 10|D, E|DE| A |AB
6 o)150| 90| ol120]| 5|8 |—|—|B E|DE| B |AB
7 | 30]120] 30| 0| 60] — | —] 2 5|4, E|AB| A | AB
8 | 90|120]|120|9 [1650| 6 | 10| — | — |B, E|DE}| B | AB
9| 60| 60| 60|90 | 30} —|—| 5 41D, E|AB}| A | AB
Puc. K3.0 Pue. K3.1
Pue. K3.2 Puc, K3.3
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Bee CKOPOCTH H YCKOPCHHA TOYEK, @ TAKIKE HanpapieHHA YIVIOBBIX
«gkopocred nokasaHe Ha puc. K2,

Orser: w =675 ¢! ve=2025 cufe; ea=45 ¢ % a;=
= 366,3 cm/c%

3apaya K3

Tnockui MeXaHH3M COCTOMT H3 crepkHeil 1, 2, 3, 4 v nonsyna B win E
(puc. K3.0 — K3.7) unu na crepxuedt [, 2, 3 u monayuoe B u E (puc. K3.8,
K3.9), cOoeaHHEHHBIX APYT ¢ APYroM H ¢ HENMOABHMKHBIMH onopamu Oy, O
IWapHHpaMK; Touka D HaxofuTes B cepekne crepxus AB. JIiHHE cTepx-
Hell paBHH COOTBETCTBeHHO [, =04 M, lo= 1,2 M, ly= 1,4 M, [y =06 M.
[Monoxenue MexanusMa onpefensierca yraamu «, B, v, ¢, 0. 3HaueHus
ITHX YIM0B H JPYTHX 3alaHHHX BeAHYHH yKkasaun B T1a6a. K3a (m1s
pac. 0—4) wau 8 taGn K36 (ana puc. 5—9); npn stom B Taba. K3a
@1 B Of — BEAHYHHB TOCTORHHME.

Onpefe/nTs BeJHUKHE], yKa3ahHsie B TaGaduax B cronbuax «Hairus.

Jlyroswe CTpeNKH HA PHCYHKAX MOKA3HBAKT, KAK NPH MOCTPOCHHH
HEPTEXKA MEXAHH3MA JOKHK OTKNAJMBATHCA  COOTBETCTBYIONIHE YTJIN:
N0 X0y HAH APOTHB XONA Naconoli cTpeaxm (HanpHMep, yroa y Ha pHc. 8
cnenyer oriomuts or DB mo Xomxy vacoBoit cTpeaxn, a Ha pue, 9 —
NIPOTHB X0/l HACOBOH CTPEJKH H T. [i.).

TMocrpoenne weprexka HavHHATh CO CTEPHKHA, HaNpapielHe KOTOPOro
ONpefileNIAeTcs YIIOM «; MOI3YH ¢ HAMPABNAOUAMHE AnA Gonbmed Karnsf-
HOCTH pasHTh TaK, KaK B npumepe K3 (cm. prc. K36).

3anaunse Yr/OBYK CKOPOCTh H YTJIOBOE YCKOPEHHE CUHTATh HaNMpaB-
JEHHBIMH NPOTHB Yacosofl CTPeKH, a 3adaHHBe CKOPOCTD Up H YCKOpEHHE
ag— of ToukH B k b (Ha pmc. 5—9).

Ta6anua Kda (K puc. K3.0 — K3.4)

- ¥Yrau, rpag Nauo Hafitu

&2

5 2 o, | o v @ a &

T §, [\ B ¥ P ] 1/c I;é TO4eK H|3BeHa
0 0 60| 30 0 120 6 — | BLE | DE| B AB
I [9 |120|150) 0|3 | — | 4 | ALE |AB| A | AB
2-43 | 60 30| 0120 5| — | B, E |AB| B | AB
3 160{150(150(90 | 30| — |5 | A,E |DE} A | AB
4 |3 | 30|60 0)150| 4 | —1 D,E |AB| B | AB
5 |9 |120(120{9% | 60| — | 6 | A,E |AB} A | AB
6 |90 |160 (12019 | 30| 3 | — | B.,E |DE| B | AB
7 0] 60] 60} 01201 — | 2 A E |DE} A | AB
8 |60 |160(120|{9 | 30| 2 |\ —| D,E |AB| B | AB
930 [120[150] 0} 60| — | 8 A E |DE| A | AB
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2 A g
Puc. K3.8 Puc. K3.9

Yxasanua. 3aaaya K3 — na HccaenrobauHe MAOCKONAapasacAbHOO ABH-
menns Teepmoro Teaa. Iipu ee p nas onp pocteft
TOYEK MEXAHW3MA H YIVIOBHX poctefl ero caenyer
30BaThCA Teopemofi O MPOEKUHAX CKOPOCTEH ABYX TOUEK TeAa H NOHATHEM O
MrHOBEHHOM [EHTPE CKOPOCTEH, MPHMEHAR 3Ty TeopeMy (WA TO NMOHATAE)
3 y saeny B H

Tlpu onpeneAeHHE YCKODEHHMN TOUEK MeXAHH3MA WCXOMATH H3 BEKTOP-
HOTO papencrsa dg= a4+ aha -+ ajs, rae A — T0uKa, yCKOpeHHe d; KOTO-
poﬁ HJH 3aJaHO, WJIH HENocp 'BEHHO P Mo YCAOBHAM 3aAaquH
(ecnm Touka A ABHMETCS MO Hyre OKPYXHOCTH, TO dq= ay+ai); B —
To4Ka, YCKODEHHE (s KOTOPO HYXHO Onpeseints (O cayuae, KOrAa TouKa B
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HaltTH cKOpOCTb Toukn D, nphHAAexauledl OAHOBPEMEHHO crepxuio AB.
Jlast 3TOrO, 3HaM U4 W Up, CTPOHM MIHOBEHHWR nentp ckopoctedl (MLC)
ctepxun AB; sto Touka Cs, JieXalmas Ha MepeceyeHHH NepNeHAKKYIspos
K EA H 53. BOCCTABJ/ICHHBIX ‘W3 Towek A W B (k 5,@ nMepneHAHKYAAPEH
cTep I). Ilo PABIEHHIO BEKTOPA U4 ONpelensieM HaNpaBieHHe
noopota crepxkua AB pokpyr MLIC Cj. Bexrop Up MEPHEKAKKYARpeH
otpesky Ci;D, coenunsiouleMy TodkH £ H Ci, M Hanpanien B CTOPOHY
nosopota. Besuununy vp mailieMm B3 nponopuus

un ug
—_———— 3
Cb " CB @
YroBu suuucnute C3D n C3B, sameruw, yto AAC:;B — npamoyroas-
uefi, Tak Kak ocTpse yrisl 8 Hem paeinl 30° m 60°, u uro CiB =
= ABsin30° = 0,5AB = BD. Torna ABCiD ABAfETCA PaBHOCTOPOHHHM
u C3B = C3D. B pesyawtarte pasencrso (3) naer

vp=vg =046 M/c; Tp L CiD. 4)

Puc. K3a

Pue. K36

TOXE /ABHXKETCA MO Jyre OKPYAHOCTH, CM. NPUMEYaHHE B KOHUE pac-
CMOTPEHHOrO HHXKe mpuMepa K3).

TNpumep K3. Mexaunam (puc. K3a) coctout w3 ctepxnedi 1, 2, 3, 4 1
neasyHa B, COeIHHEHHbIX APYr ¢ APYTOM H C HENOJBHXKHBLIMH ONopamMi O
O wapHHpaMH.

Hdapo.-a=60° p=150°, y=90°, ¢ =30°, 0= 30°, AD= DB,
h=04u Lb=12M =14M o,=2c", &,=17 ¢~? (nanpapaenus
@) H e — NMPOTHB XOAa uacoBOA ctpenkH). OnpepenwTts ug Up,

Tak KaKk Touka E npHHaANexHT OnHOBpeMmerno crepxuio OE, Bpa-
malomemyes Bokpyr Oy, 10 vg L 04E. Torna, soccrasnas w3 touex E u D
NepneHRHKYAAPL K cKOpocTsM vz W up, noctporm MUC C» crepwna DE.
Tlo HanpasieHmI0 BEKTOPA Up ONPeiedsieM HANpPaB/eHHe MOROPOTA CTEPXK-
#n DE sokpyr nentpa Cy. BekTop Ug Hanpasaen B cTopoHy MOBOPOTA STOrO
crepwua. HMa puc. K36 puano, uto LGC:ED = ZC:DE = 30°, otkyna
C3E = C3D. CoctasHB Teneps Nponopuwio, Hafinem, uro

Wz, Gg, E3.

Pewenne. [. CTPOUM NONOKCHHE MEXAHH3MA B COOTBETCTBHH C 3aLa- L U_", ve=vp=0,46 m/c. 5)
HpMH yraami (puc. K36: Ha 3TOM pHCYHKe H306pa)aeM BCe BEKTODbE GE G
CKOpocTeR).

4. Onpegensiem wg. Tak kak MLIC, crepsxus 2 uasecter (touka Cs) M

2. Onpenensem vy Touka B nprHaptexur crepxHio AB. Utobw waf- CoD = 15/(2c0s30°) = 0,69 M, TO

TH Up, HAJO 3HATh CKOPOCTh KAKOH-HHOYAL APYroil TOUKH STOLO CTEPXKHA
= v
H HanpabrenHe vg. [lo mawnbiM 3ajaum, yuHTBIBAA HanpaBieHHE oy,

= C—[.,D =067 ¢ (6)
MOKeM OMNpefeaHTb v4; YHCACHHO 2

5. Onpegensiem ap (puc. K3s, na
KOTOpaM H300paxcaeM BCE BEKTODbLE
yckopennfi). Touxa B npuHagAe)HT
crepxHi0 AB. UtoOw HaiiTh ag HANO
3HaTh YCKOpeHHE Kaxoi-Hubyab Apy-
rofl TOUKA cTepxuA AB u TpaekTopuio

va=wili=08 m/c; v, LOA. (1))

Hanpaenenne Up Haiaem, yuts, 4TO0 Touka B npHHAMIERHT OfHO-
BPEMCHHO NOA3YHY, ABHKYLCMYCH BAOAbL HAaNpasdsAlOUHX MOCTYyNaTeJbHO.
Teneph. 3JHan ‘:'A H HanpasJeHHE l;g, BOCNOAB3YEMCA TQOPEMDI“‘[ O NMPOEKUHAX
cxopocreil AByx Touek Tena (crepikus AB) Ha npAMYI0, COCAHHAIOILYID
sTH Toukd {(npamans AB). CHauana no 3Toil Teopeme YCTaHaBAHBAEM, ToukH B. INo nanHEIM 3anaqH MoXeM
B KAKylD CTOPOHY HANPABACH BEKTOP Up (MPOEKUHH CKOPOCTER AOMMMM ompenenuTh @4 = aj-}-a%, rae wme-
MMETh OJIHHAKOBLIE SHE.KI(). 3319“. BRIYHCAAR 3TH NPOEKUHH, HAXOLHM JIEHHO

vgc0s30° = v c0860° u vy = 0,46 M/c. (2)
af = ey =28 m/c%

ah = oty =16 w/. A7)

3. Onpeacnsem vg. Touka E nphuamiexut crepxkuio DE. Caenosa-
TEJIbHO, N0 AHAJOIHH C NPEAbIRYULHM, YTOOL! onpeaenHThL Ug, HALO CHavana

Puc. K38
40 41

Bektop @} uanpaenen Baoae AQ., a a%— mepuenmMkyaspuo AOi;
#300paxaeM STH BeKTOpH Ha weprexce (cM. puc. K3B). Tak kak Touka B
ONHOBPEMEHHO NPHRAMJIENHT NMON3YHY, TO BEKTOD Eg mapajjenes Hanpas-
amowum nonayna. MaoGpamaeM BekTop 4 Ha ueprexe, moaaras, 410 OH
Hanpasied B TY e CTOPOHY, 4TO H Us.

Jlns onpepeneHHst Gp BOCHOABIYEMCH PABEHCTBOM

g = @3+ dh 4 aha+aba ®)

H3o6paxac Ha uepTexe BeKTOpH dy4 (BAoab BA or B k A) u aha
(8 w6y cropony nsipao BA); dba = @il Haiiaa

B 370M cAydae dp TAKKE CAEAYeT NPeACTABHTD ABYMSA COCTABIAION HMH
(as = ab+ ab) B HcxonmHOE ypapHenHe (8) nmpuMeT BHA

@ht @ 5= a3+ da+aba+ doa . (13)

[Mpn stom Bexrop df (cM., Hanpumep, pHc. K3.0) Gyfer HanpamieH BAOTL
BO,, a BekTOp @5 — nepnenRKyAspHo BO; B 2106y cTopony. Yncrosne

ai, @i u da CA TAK }e, KaK B PaCCMOTPEHHOM NMpHME-
pe (B wacTHOCTH, MO yCAOBHSM 38Aaun MOWeT SuTh af =0 wmn aj =0,
ecnu Touka A JBRKETCH MpAMONHHEAHO).

w3 ¢ nomoubl nocrpoeniore MUC Cs crepxua &8, nonyunm
: va Ua

= _ ~1 _ 2
A= Ticos30® = 0,66 ¢~ u dha=061 m/c’. (9)

Takum ofip Y ., HX B paBeHcTBO (8), KeH3BeCTHH
TONBKO WHCAOBHE SHAYEHHN Gp H Og4; HX MOMHO HalTH, CNPOCKTHPOBAB
ofie uactH pasencrsa (8) iHa kaxme-HWGYAb ABe OCH.

YroGul onpeneaHth dp, CNPOEKTHPYyeM ofe uwacTH paseHctBa (8) Ha
uanpasneswe BA (ocb x), NEPNEHAMKYAAPHOE HEH3BECTHOMY BEKTOPY
aps. Toraa monyunm

agcos 30° = a}c0360° — afcos30° + i . (10)

11 BP

® (9), nafinem, uro

8o (10) u BCEX n3 (7)

ap =072 m/c?. (11)

TaK Kax noayusaoch as>>0, T0, CAEAODATENLHO, BEKTOP dp HANpPAB/CH
Kak nokasaHb Ha pre. K3s.

6. Onpenensiem e;. Uto6u wafiTn es, cHayana onpeneanM ahs Jas
storo obe wuacTH pasescTBa (8) cnpoekTHpyem Ha HanpasieHHe,
nepnenaukyasipioe AB (ock y). Toraa nonyunm

— apsin30° = asin 60°+ ¢} sin 30° +aba . (12)

Mogcrasue B p B0 (12) BCeX -H3
(11) u (7), nafizem, uto ahs = — 3,58 m/c’. 3nax ykaswisaer, 4TO Hanpas-
JieHHe A%, NPOTHBOMOJOKHO NoKasaHHomy Ha puc. K3s.

Teneps H3 paBencTBa a4 = esly moOAYIHM

lakal

By = —— = 2,56 ¢ %,
[

Orber: wvy=046 mfe; vy =046 m/e; w: =067 ¢'; ag=
= 0,72 m/c"; g3 =256 ¢2, .

Mpusewanye. Ecnmu Touxa B, yckopenHe KOTOpoii ompeaenseTcs,
ABHXETCA He mpAMcIHHedAHO (HanpHmep, Kak Ha puc. K3.0 — K3.4, rae

B nBuxerca mo OKpyMHROCTH paauyca O:B), To manpamienue dp 2apaHee
HEH3BECTHO.

42

3uauenne o} TaKe pHuMcAAeTcA no dopuyae d = vhfp = v/l
rae | — papuyc okpyxkuoctH (28, a vp OmpenensieTcA Tak Xe, KaK CKO-
pocTh n0Goft Apyroft TOUKH MeXaHH3MA.

IMNocne storo B pasencrse (13) OCTATCH HEHSBECTHHIMH TOABKO
3HaveHHA a's M Gjy H OHM, KAK H B PAcCMOTPEHHOM NpPHMepe, HaxXomATcd
npoektupopanuem ofeux vacrelt papencrsa (13) wa ase ocu.

Hafina a, MOKeEM BRUHCIHTL HCKOMOE YCKopexue az = /] a',)’-(—(aﬂ’.
Beanuuua ajy CAYKHT A7 HAXOKIEHHS €45 (KAK B PACCMOTPEHHOM NPHMEPE).
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IHHAMHKA

3anava J1

Tpys D maccoft m, monyaus B Touxe A HauyanbHYl0 CKOPOCTE Ug,
ABHMeTcA B H3OTHYTOR TpyGe ABC, pacnonokennofi 8 BepTHKaAsHOR
JLI0CKOCTH; yHaCTKH TPYGH WK 063 HAKNOHHME, HAN OAHK FOPHIORFATbRK,
a gpyrofi nakrounmd (pac. 11.0 — /1.9, 1aba. A1).

Ha yuacTke AB Ha rpy3 KpoMe CHJIN TAXECTH AeHiCTBYIOT MOCTORHHEA
cuna @ (ee Ha P ) H CHAA COMPOTHBACHHA
cpenst R, 3apHCAIMAR OT CKOPOCTH U rpysa (Hampamiena NpOTHB ABHNKe-
HHA); TpeHHeM rpy3a o Tpy6y Ha yuactke AB npenedGpeub.

B Touke B rpys, ne Hamenss caoefl CKOPOCTH, MepexofuT HA ywacTok BC
Tpy0h, rAe HA HEro KPOME CHAB TAMKECTH MEACTBYIOT CHA& TPeHHA
(xosuunent Tpennsi rpysa o TpySy [=0,2) u nepemennas cuaa F,
npoexuna Kotopoll Fx Ha ock ¥ 3anama B TaGaHue.

Cuutas rpys matepuansHof Toukol W 3Has paccrofine AB = [ Han

50

A1 I
o
fi2
CF
Pac. 112 Pic. 1113
B0 §A N
9
t
0

Puc. [11.4 Puc. 1.5

Puc. [11.6

Puc. J11.8 Pue. 1.9

BpeMsl #i ABHIKEHHA UPY3a or ToukE A Ao ToukH B, HafiTn 3aKOH ABHH(EHHA
rpysa Ha yuacrke BC, 1. e. x = f({), rae x = BD.
lfmllml. 3apaua [l — Ha wATerpmpomanue AHdepeHUHATLHBIX

TouKH (p OCHOBHOR 3ajadé AHHAMHKKH).
Penmme Jajaun pasGrBaercA Ha [Be wactH. CHayala HYKHO COCTaBHTH
H OPOKHTEr PHPOBATH 08

YpaBHeHHe NBHMKEHHA TOUKH (rpysa) Ha yl:ame AB, yq'm HauajbHEe
YCAOBHA. JaTeM, 3HaA BPeMs NBHXEHHA rpy3a Ha yuactke AB HAH fauHy
STOr0 yuacrTka, OMPENeNHT: CKOPOCTH rpy3a B Touke B. ra ckopocTh 6ymer
Hauaibuodl ANA ABHKEHHA rpysa Ha ywactke BC. [locae store myxuo
€OCTABNTL H WP pHpoBaTh AnpHep ¥p

rpy3a ma yuactke BC TOXe C yueroM HauaiabHHX yci0BHE, Begs orcuer
BPEMEHH OT MOMEHTA, KOMAA FPY3 HAXONHTCA B Touke B, M noaaras
B 10T MoMeHT f=0. [Ipu wuuter Ha
yqactke AB B caydae, Korja safana AaHHa i YYACTKA, WeAecoo6paIno
mepeliTH K NEPEMEHHOMY X, YuTs, YTO

du, doy
@ T
Ta6anua Ol
Homep
yeaos | m, xr oy, Mfc | Q, H R, H Lw | F, H
Bt
0 2 20 6 | 040 — |25 2sin(4f)
1 24 12 6 | 080 |15 | — 6f
2 45 24 9 0,50 — |3 3sin(2f)
3 6 14 22 0,60* 1] — — 3cos(21)
4 1,6 18 4 0,40 — |2 4cos(4d)
5 8 10 16 0,50* 4 — — 6sin(2/)
6 18 24 5 0,37 — 2 o
7 4 12 12 | 082 |25 | — —8cos(4f)
8 3 22 9 | 050 — |3 2cos(2f)
9 48 10 12 0,20* 4 —_ — 6sin(4f)

Purc. O1.0 : Puc. A1.1
51

Tipumep N1. Ha septuxancnom yuactke AB
1py6u (puc. JI1) sa rpys D maccolt m mefictaywr
CHJA TAXKECTH H CHAA CONpOTHBNEHRA R; paceTonnHe
ot ToukH A, riie v = vy, A0 ToukH B pasno [, Ha ma-
KknoHHoM yuyactke BC ka rpys peficTsynoT cHaa
TAMecTH M nepemennas cuna F = F({), sajaunan
B HBIOTOHAX.

Mano: m=2kr, R = pv’rae p= 04 kr/m,
vo=05m/c, [=2,5m, F.=16sin(41). Onpene-
AMTB: x= f(f) — 3aKkoH JBHXKEHHA rpysa Ha
yuactke BC.

Pewense. 1. PaccMoTpiM ABHXKEHHe rpysa Ha Pue. JII
yuacTke AB, cuWTaA rpys MaTepHanbHOH TOUKOR.

M3o6paxaem rpys (B MPOXIBOILHOM TONOKEHHH)

H neﬁnay:omne Ha ero cuanl P = mg u R. Mp och Az H coc
boep AbHOE Yp TPY3a B NPOSKUHHA Ha 3Ty OCh:
du,

m

do,;
= ZFi: HIH Mo,

e =Pi+R:. (1)

df

Ianee naxonum P, = P = mg, R. = — R = — po®; nojuepkuaem, uro

B YPaBHEHHH BCE€ MEPEMEHHLIC CHJAW Han0 06R3aTENbHO BHPa3sHTh Wepea
BEAHYHHB, OT KOTOPHWX OHH 3ABHCAT. Yura eue, 4to v =0, NOAYUHM

: Haw uT —( me —u’) @)
Beenem man cokp it oG
- -1 __mg 2.2
k - 02 m ', n B 50 m*/c?, 3)

rie npH noacuete npueAto g=2 10 m/c?, Torna ypashehme (2) MOKHO
NIPELCTABHTE B BHIE
202 o 2k’ —n) )
dz :
Pasjeasin B ypaeHeHun (4) mepemennble, a 3arem Oepsi or ofeHx wacteit
HHTErpabl, noAydnm

:Rud!; = —2kdz n In(v*—n) = —2kz+C,. ®

Mo HauanbHLM YCAOBHAM npk z =0 v = vy, ut0 Azer C;= In(vi—n) ®
ua pasenctsa (5) waxomnm In (v —n) = —2kz+In(vi—n) wan In(o?—
—n)—In(v§—n) = —2k2. Orciona

2
_”..__._"_= Y T

In
w—n vi—n
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B peayasrarte naxoanam
v? = n+ (v} —n)e~ " . (6)

IMonaran B pasercree (6) z==1=2,5 M u 3amenna kb H n HX 3Haye-
HHAMHA (3), onpenenuM CKOPOCTb Up rpy3a B Touke B (ve=§ M/c, uncio
e=27):

vl =50—25/e=40,7 u vy =64 M/c. (7

2. PaccMoTpHM TEnepb ABHXKEHHE rpysa Ha yuactke BC; naitnewnan
CKOPOCTh Uy GyAeT ANA JBHIKEHHA HA 3TOM YUacTKe HaYanbHOA CKOPOCTBIO
(vo = vg). Hsocpumem rpys (s npunsannhnou MNOIOXEHHH) .H AeACTBY0-
wre Ha Hero cuanl P = mg,N F,, u F. Nposesem u3 Touxs B ocn Bx H
By u cocTaBuM nugepeHIHaNBHOe YP rpysas
Ha ock Bx:

P

do,
MTSP' + ¥+ Frpe+Fe

HAH
dos .
mT- mgsina— Fop+ Fy 8)

tae Fp=fN. [lns onpenenenua N coctasiM ypasH¢HHe B MPOEKUHH Ha
ocb By. Tak Kax ay = 0, nonyunm 0 = N — mgcosa, otkyna N = mgcosa.
Caenonarentro, Fy, = fmgcosa; kpome Toro, F, = 16sin(4#) # ypabHeHne
(8) nmpumer Bug

m—dd;‘ = mg(sina— feosa) + 16sin(4f) . (9)

Pasnenun oe dactm pasencTBa Ha m, .BHYHCAHM g(sine— jcose) ==
= g(sin30°—0,2c0s30°) = 3,2; 16/m =8 H noOACTaBUM ITH 3IHade-
uua B (9). Torna nomyuum

du,
dt

=-3,2-|;8.sin(4l). (10)

Ymuoxan obe yacrd ypasuenns (10) va df u HuTerpupys, nafzem
v;= 3,21 —2cos(4f)+ C; . (1)
ByJ.lEM Tenepb OTCYHTLIBATL BPEMA OT MOMEHTa, KOrja rpys HaxoAHTCA

B Touke B, cuurasi B stor Moment f= 0. Torna npu { =0 v = vy = vy,
rae vp gaercs pasedcraom (7). [Moxcrasnsa stu sennunnn B (11), noayunm

Co=vp+2c0s0=64+2=284.
Ipu waiinennom 3naveddn Cp ypasuenne (11) maer

dt
Uy =

= 3,2 — 2cos(4/)+ 84 . (12)
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Orcona, Tak kKak mg = P, To
Fip=F—=M/R—03P = 08P —1,1P—03P = —0,6P. (1n

3uak YKasnisaer, 4TO CHJa Fw HanpasfeHa MPOTHBONOJOKHO
MOKA3AHHOMY Ha PHCYHKeE.

Tloncrapasn suadenHa F., 0 N u3 pasencra (11) u (10) B Hepapen-
crso. (9), nomyunm 0,6P<1,27Pf, otkyna [=0,47. Caeposatensno,
HaHMeHbWHA KOIQOHLHEHT TPeHHA, NpH p
GapaGana 6e3 CKOMbXKEHHA [y = 0,47.

3apaua J18

Beprukaabkuit Ban AK (puc. J18.0 — [18.9), mpawmawoumiica ¢ mo-
it yraosoit p 10 @ = 10 c™', 3aKpeniieH MOANATHHKOM B TOY-
ke A u um KHM MO B TOuke, ykasauuoi B TtaGa. /18
B cToabue 2 («48 = BD DE EK = a). K Bany }ecTko npHKpenieHs
TOHKHA OAHOP crep maccoft m = 10 &r, cocroamufi
u3 vacrell I u 2 (paamepu yacTel CTEepIKHA NORAa3aHHl Ha PHCYHKEX,
rae b=0,1 m, a ux MmaccH m; ¥ Mz NPONOPUHOHAILHH [NHHAM), H HE-
BECOMBIft cTepiKeHb ANnHOA [ = 4b ¢ Toueuwoll Maccoll my = 3 Kr Ha KOHIE;
ofa CcTepHA JeXaT B OAHOM MIOCKOCTH. TOYKH KPEIVIeHHS cTepaHed
ykasaun 8 TaGauné B cronbuax 3 W 4, a yraw o, B, ¥, ¢ Raun B oTOnG-
uax 5—8.
lNpexeGperan BecoM Bala, ONPENE/HTh PeaKUMH TIOANATHHKA H NOA-
wnnruka. [Ipx noacuerax npuuars a = 0,6 .
¥xasanua. 3anava /18 — Ha NpHMeHEHH® K H3YHEHHIO ABHMKEHHA CHC-
temul npunuuna ManamSepa. Ilpu pewrenns sajnadd ywectsh, 4TO Koraa

Ta6auua 18

TMoawan-| Kpenaeune B Touke B, T 9,
Homep HHK B @, rpai | rpaa | rpan
yeaonus TaouKe rpan
IOMAHOT(Y HEBECO-
CTEpXHA Mmoro - pHC. HC.
CTEPIKHA 0—4 —9
1 2 3 4 5 6 7 8
0 B D K 45 135 226 60
1 K B b 60 240 150 45
2 K E B 30 210 120 60
3 D K B 60 150 240 30
4 K D E 30 120 210 60
5 E B K 45 225 135 60
6 E D K 60 60 150 30
7 K B E 30 30 120 60
8 D E K 60 150 30
9 E K D 30 120 210 60

82

Ymuoman sgeck 06e yacTH Ha df ¥ cHoBa WHTerpHpy#, Haiizem
x= 1,66 —05sin(4) +8,4{+Cs. (13)

Tak kak npu { = 0 x =0, To C3 = 0 H OKOHYaTe/NLHO HCKOMEI 3aKOH
ABHXEHHSA rpysa Gyaer

x = 1,60 4-8,4t—05sin(41), (14)

TAe x — B MeTpax, [ — B CeKyHAaxX.
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K

Puc. [18.3 Puc. [18.4 Puc. 185

Puc. 118.7 Puc. 118.8
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CHIALL HHEPLLHH HacTHI TeNa (B AanHOA 3a/1a4e CTEPXKHA)
HMeloT pasHoaeicTBylouyio R", To uncaeHno R* = mag,

nefietBus cHAR R* B oBuiem Cayyae He NPOXOAHT yepes
Touky C (cM. npemep /8).
Mpumep A8. Bepruanbuuit Ban anunoil 3a(AB =
= BD = DE = a), saxpennessnil noanstaukom A n
nofwHnuuKoM D (puc. I18, @), spamaerca ¢ nocTosy-
HOM YrioBoi CKOpocTLio w. K Bany iectko npukpenfen
B Touke E noMauniit 0XHOPOAKBI cTepiKedb mMaccoll m
H aanHolt 10b, coctonutuit Ma AByx uactedi / u 2 as
TOMKe B npHKpendeH HesecoMmfl CTEpMKeHb AAHHOL
Puc. J18.9 {=5b ¢ Toueunol maccoit m; na Kouue; o6a CTepKHS
JIEKAT B OAHOH MAOCKOCTH.

Oavo: w=8 ¢, m=m+me=10 kr, nz =2 Kr, o= 30°,
p=150° ¢=60° a=03 M, =0, m. Onpeaenuts: peaxiHu
noanATHkKa A B nojwMnuEKa D, npexeGperas BecoM Bana,

Pemenue. 1. Mso6paxaem (c Y4eToM 3ajJaHHLX YrJ0B) BaJ H npH-
KpENAeHHHE K Hemy B Toukax B u E crepxuu (puc. I8, 6). Maccw n
Beca vactell I m 2 NOMaHOro cTepKHA TIPONOPUHOHAIbRN [JHHAM 3THX
yacrefi B COOTBETCTBEHHO pasebl my = 0,6m; mg = 0,4m;

Py = 06mg; P, = 04mg; Py = myg. [4Y]
2. [lns onpefleleRnA HCKOMBIX PeaKuHil paccMOTPHM JABHXKEHHe 3afaH-
Hokl KOH cHCTEMB! H mp npunun JanamGepa. Mposenem
¥1.
£ 3
_ =
Ty 2
Dol 7 R U
. 4 A

5 G B =

- AN ™

B . [ =

¥ 50 LS =)
P 3
x by h, & :
;“ f_L:‘S "
J A Xq :
4 x
g)
Pue, 118
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A€ ac— ycKopewue ueutpa Macc € Tena, HO JAHHHS:

{PpauLaoLUHecs BMECTE ¢ BAJOM KOOpAHHATHHE ocH Axy Tak, 4TolH cTepx-
MW JIeXaJNH B NJOCKOCTH Xij, H nzoﬁpaﬂum B,EECTBY]OIL(HE Ha CHCTEMY CHJIbI:
(MKTHBHHE CHAM — CHAN TrmecTH Pi, Py, Ps ® peaxumn cpAsei —
COCTaBAANIHE PEAKUHH NOANATHHKA x‘, ?4 H pPECaKOHI0 WHAHHADHYECKOro
nommunmEka R p.

Cornacio npriunny Ilanambepa, MPHCOSAHHEM K 3THM CHAAM CBAH
KHEPUHH SJEMEeHTOB OAHOPOAROTO JIOMAHOTO CTEPXKHA K rpy3a, cudTas €ro
MaTepHanabHOA TOUYKOH.

Taxk kak Ban Bpamaerca PAaBHOMEPHO, TO 3JeMEeHTHI CTePHHA HMEIT
TONLKO HOPMaJbHHE YCKOPEHHS Gk, HANpaBIEHHME K OCH BpamleHus,
8 YHC/ICHHO dpp = ﬁ)ﬂ.‘n, riae FI. — pacCTofHHA 3JIEMEHTOB OT OCH BpallEHHHA.
Toraa cunsl MHepUH FJ GyAyT HAMpaBJEHH OT OCH BPAIIEHHS, a WHCTEHHO
Fl = Amsin = Amso’hs, TAE Amty — Macca snementa. Tak kak nee FJ mpo-
NOPUHOHANLHE Fs, TO 3MIOPHL STHX NAPAJ/eAbHLIX CHI HHEPLUHH CTepKES
06pasyloT Ans uacTH [ TPEYTONBHHK, a JAS YacTH 2 — NPAMOYTOABHHK
{puc. 18, 6). !

Kamym H3 NOJYYEHHBIX CHCTEM Napa/ie/ibHEX CHI HHEPUHH 3aMEHHM
ee p ficTBy A, p it T y Bektopy 3THx cui. Tak Kax mo-
Aynb TASBHOTO BEKTOpA CHA HHEPIHH JI060OF0 Tela HMeeT 3HaueHHe
R"= mae, TAe m — macca Tela, Gc— YCKOPCHWE €ro UeHTpa Macc,
TO A% YacTefl CTEPHKHS COOTBETCTBEHHO TIOMYUHM

Ri'= myag;, R§ = mag,. (2)
Cuaa unepunH toveurod maccn § fo/xHa GWTb Hanpapnena B CTOpo-
Hy, NIPOTHBONOJICKHYIO ¢ YCKOPEHHIO H YHC/eHHO GyAer paBHa
F§ = maas . 3)
YckoperEsi TeHTpoB Mace yacteli / H 2 cTepXKHA H rpysa 3 paBHH:
ac = 0’1, Goy= whes, @y = @’hs3, “)
rae fici, hoy — PAcCTOSIMHA UEHTPOB MacC yacTefl CTEPXKHA OT OCH Bpalle-
HHA, a h; — COOTBETCTBYIOUIEE PACCTOAKHE rpy3a:
hey=3bsin30° = 0,15 u,
hea=6bsin30° =03 ™, (5)
hs = [sin60° = 5bsin60° = 0,43 M.

Tloacrasus B (2) 1 (3) snaenun (4) u yura (5), noAyusM uHCAOBHIE
snavenns R, Rf u Fi:
Ri= 0,6ma’hg, = 57,6 H,
Rf= 0,4mo*hey = 76,8 H, {6)
FY= mso’hy = 55,0 H.
Tpu stom aunue peficteus pasnopedcrsyiomux R w Ri npoitpyr
uepes LEeHTPH TsIKecTell COOTBETCTBYIOWIHX 3MIOP CHA HHepunH. Tak, JHHUA

85

RefcTBuA RY NPOXOAKT Ha pacCTOAHHE -§-—H OT BepUIHHB TPEYTONBHHKE

E, rpe H = 6bcos30°.

3. Cornacro npuuuuny [lanamGepa, NpHJIOKEHHHIE BHEUIHHE CHAM
(aKTHBHBIE ¥ peaKUMH CBR3eR) M CH/IN HHEPUHH 06pasyloT yp 8BHOBEUIEHHYIO
cucreMy cuil. CocraBuM ans 3Toft NIOCKOH CHCTEMbl CHA TPH YPaBHEHHA

pasHopecun. Tlonyynm

ZFex=0; Xa+Ro+RI+R{—F§=0;
2Fy=0; Y4—Pi—P,—P;=0;
SmiF) = 0; — Rp-2a— Pihcs — Poftcs-t Pshy — 7
—RTH, — RIH:+ F§H: = 0,

rae My, Ha, Hs — naesn cun Ry, RS, FY orwocutensmo touxn A, pasume
(npx noacuerax yureno, uro H = 6bc0s30° = 0,52 m)

Hy=3a—(2/3)H =055 M, Hy=23a—(H12b)=0,8 m,
Hy=a-+} lcos60° = 0,55 m . @)

FHoncrasus 8 ypaewenua (7) COOTBETCTBYIOULHE BeJHYHHW H3 pa-
seHcTs (1), (5), (6), (8) m pewHs 3Ty cucremy ypaBuennir (7), uahimem

HCKOMbIE peaKiHu.

Otser X,=—33,7H; ¥Y,=117,7 H; Rp= —45,7 H.
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