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3AJJAHUE JI-1

Unrerpuporanue qudpepeHna bHBIX YPaBHeHHUH ABHKEHUSN
MaTepUaJIBbHON TOYKH

Martepuanbnas Touka M Maccoii m, MoIy4HB B TouKe A HaYyaJIbHYIO CKO-
PocTh Vj, NBUKETCSA B H3OIHYTOM Tpy6e ABC (puc. 1.1, 1.2), PacIoI0XKeHHON B
BEPTUKATIBHOM IUIOCKOCTH. YYacTKH TpyGhl Wik 062 HAKIOHHEIE, WM OJUH TO-
PU3OHTAIIBHBIA, @ APYrO¥ HAKIOHHKIA. YT0J HaKIoHa TPpYOE 0=30°.

Ha yyacTke AB Ha MaTepHaibHyIO TOYKY AelficTBYeT cuia TsoKecTH P,

nocTosHHas cuna Q (ee HampaBieHHe yKa3aHO HA PUCYHKAX) U CHJIA COIPOTUB-
JIeHUs CpelIbl R, 3aBuCAIAs OT CKOPOCTH V' rpysa (HampaBieHa cuia IIPOTUB
Asmxenus). Tpernem rpysa o Tpy6y Ha yuactke 4B npeHedperaem.

B touke B maTepuanbHas TOYKa, He M3MEHss BEJUYMHBI CBOEH CKOpO-
CTH, IEPEXOAUT Ha y4acToK BC TpyGsl, I/l Ha Hee ACHCTBYET chila TAKEeCTH P,
cuna TpeHus (Koa(ouuuenT tpeHus rpysa o tpyoy 7=0,2) u [epeMeHHas cuia
F, MPOEKLUA KOTOpOil Fy Ha och X NpuBejeHa B Tabmune JI-1.

HzeecTHO paccrosuue AB=/ win BpeMs /; ABHOKEHUSA OT TOYKU A OO TOY-
ku B. TpebyeTcs HaliTH 3aKOH ABMIKEHHUSA MaTepHATbHOM TOYKH Ha ydactke BC
: x=f{1).

Yxazauue. Pemenue 3amaun pas6uBaeTca Ha gBe yacTh. CHayana co-
CTaBJIsIeM U MHTEIPUPYEM METOJOM pas/esIeHHA NepeMeHHbIX AudhepeHnuas-
HOC ypaBHEHUE IBU)KEHUS MaTepHabHON TOYKH Ha yyacTKe AB, y4uThIBas Ha-
dalbHbIe yCioBUA. B ciydae, koraa 3ajana 1imMHa otpeska AB, LenecoobpasHo
MEPEUTH OT MHTErPUPOBAHMUA 110 ¢ K MHTEIPUPOBAHUIO 1O MEPEMEHHOMN Z C I10-
MOILBIO (GOPMYJIBI:

Wy _dVy &, d,
dt dt dz dz
3Hasl BpeMs JIBI)KEHNs Ha y4acTKe AB WM JUTHHY 3TOrO y4acTka, ornpeje-

JIEM CKOPOCTh MaTepHaIbHON TOYKH B KOHIE Y4acTKa, B Todke B. DTa cKo-
POCTE NPUHMMACTCA 32 HaYaJdbHYIO NPU MCCIEJOBAHUU [JBHXKEHUS MaTepUailb-
HOI Touku Ha y4acTke BC. ITociie 5TOro COCTaBisieM U UHTETPUPYEM nudde-
PCHIMAIIBHOE YpaBHEHUE ABUIKCHHS MaTepUaIbHON TOUkU Ha y4yacTke BC.
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Tabnuua J1-1
Ne Puc. m Vo, Q, R, 7 i . Fy,
Bapu- (xr) | m/c H H M c H
daHTa
1 1 45 | 18 | 9 | uv | 045 - 5 3sin2t
2 2 3 32 | 4 | w” | 08 | 25| - | -8cosdt
3 3 2 2 2 | wv | 04 | - | 25 | 2sindt
4 4 6 14 | 18 | w” | 0,6 | 5 - | -3cos2t
5 5 1,6 18 4 uv | 04 - 2 4cosdt
6 6 12 | 22 2 | w” | 08 | 05 - 6t
i T 2 5 2 uv | 04 - 2.5 2sin4t
8 8 24 | 12 | 6 | w” 048 1,5 | - 6t
9 9 1,8 | 15 6 | wuv | 03 | - 3 ot2
10 | 10 4 12 [ 12 | w” | 08 [ 25| - | -8cosdt
11 11 2 20 | 6 | uv | 04 | - | 25 | 2sindt
12 12 | 4,8 5 12 | u” | 024 ] 5 - -6sin2t
13 | 13 | 1,2 [ 24| 2 | wr] o4 | - 1 | 4cos4t
14 | 14 | 24 12 | 6 |w?”|08]05] - 6t
15 | 15 4 100 | 6 | ur| 08 | - 5 3sin2t
16 | 16 | 24 | 12 | 2 | w? 048] 1,5 | - 6t
17 1 6 25 | 18 | w” | 06 | 5 - | -3cos2t
18 2 2 26 | 3 | uv | 06 | - 5 | 2cos2t
19 3 4 2 4 | w” |02 | 5 - | -6sindt
20 4 1,6 | 18 | 4 | uv | 04 | - 2 | 4cosdt
21 5 6 14 | 18 | w06 | 5 - | -3cos2t
22 6 21 | 28 | 3 [ ur |05 | - 3 8sin2t
23 7 24 | 1,2 | 2 [w” |08 | 1,5 ] - 6t
24 8 2 20 | 6 | wr | 04 | - | 25 | 2sindt
25 9 8 10 | 16 | u” | 08 | 15 - | -6cos2t
26 | 10 | 1,8 [ 15 | 6 | wr] 03] - 2 ot2
27 |11 | 25 | 1,5 8 | w”|075] 25 | - 3sin2t
28 | 12 3 22 | 9 | wr | 06 | - | 25 | 2cos2t
29 | 13 2 28 5 | u” ] 06 | 05 - | -3cos2t
30 | 14 | 45 | 18 | 9 | wr | 05| - 3 8sin2t
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IIpumep BoInoaHeHus 3aganns -1

Ha BeprukansHoM yuactke AB TpyGsl (puc.3) Ha Touky Maccoit m=1 kr
JICUCTBYET CHJIa TAXKECTH M CHJIa CONMPOTHBIICHHUS R=uv’. CkopocTts Matepu-
allbHOM TOYKU M B HavabHBI MOMEHT BpeMeHn (=0 B Touke A paBHa HYIIIO.
Hnuna ydactka AB=2 (m). Ha HakioHHOM yudactke BC tpyOs (0:=30°) Ha mate-
PUATBHYIO TOUKY N€HCTBYET CUJIa TAKECTH, CHIIa TpeHUs (K03 PuIuenT TpEeHHUS
/=0,2) u nepemeHHas cuia Fx=16sin(3t) . TpebyeTcs onpenennuTs 3aKoH BH-
KEHUs MaTepHalIbHOM TOYKU Ha y4yacTtke BC.

Pemrenue

PaccMoTpuM 1BuXeHHME MaTepuaibHON TOUKM Ha yyacTke AB. N306pa-
3UM Ha YepTeXe MaTepUaIbHYIO TOYKY M B NpPOU3BOJBHOM MoNokeuuu. Ha
TOUKy JefiCTByIoT cwisl P u R. Beeem ock z B HaIpaBIeHUU OT TOYKH A K
Touke B. CoctaBuM quddepeHuyanbHoe ypaBHEHNE ABMKEHNS TOYKH B IIPOEeK-
L1H Ha OCh Z

= .. 58)07%)
dt L Fr

m

YuutsiBas, uto Pz=mg, R;= —qu > V=V,

MOTYYUM
dv 9 av u
m—=mg—uVv<, umu — =gV
& TeTR & E g
Puc. 1.3 M
Brenem o0603HaueHne b= 8 % =0,5 (1/m).
m

Torna (1) 3anumercs tak
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dv
E=g-bV2 : (2)

Tax kak B ycioBuu 3ajjauy 3a1aHa JIHHA Y9acTKa AB, To nenecoobpasHo
TIpH UHTETPUPOBAHUU NIEPEUTH OT IEPEMEHHOM’ ¢ K IIePEMEHHON z B ypaBHEHAH
(2). loMHOX)MM Ha dz npaByIo 1 JIEBYIO YaCTH ypaBHEHMS (2), MOTyYHM

dv
dzd—t=(g—bV2)ct s TR gZ;:V , TO UM€eM

vav =(g— b2 )i 3)

Paznienum nepemenHsle B ypaBHeHNH] (3) M BHIYHCIAM HHTErpaibl OT 00eux
4YacTell paBeHCTBA

714
———g_bV2=dz : -2—lbm(g—bV2):z+cl. @)

W3 HayaneHbIX ycnoBuit Vy=0, z;=0 CIIEAYET, YTO

1

IToxcraBum (5) B (4), monydum

2 el
2b g g

Tax xak ymHa ydacTka Tpy6sl AB = 2 (M), TO CKOPOCTB B KOHIIE y4yacTka B
Touke B Oyznet paBHa

—2bz -2:0,5-2
pE=g! ‘; 0 905 =20(1—;13] :

Ve=4,15 wmlc . (6)

Paccmotpum nBrykeHMe MaTepHalubHON TOYKM Ha yuactke BC. H3zobpa-
3MM B POU3BOJIEHOM MOJIOXKCHUH TOYKY M JEHCTBYIOIIME Ha Hee CWiIbl P=mg,
N, Frp u F. BBeieM OCH KOOPAMHAT X M ¥ M COCTABUM aidbepeHIHaTBEHOE
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YPaBHCHUE NBUKEHUA TOYKH B IIPOCKIIHH HA OCH X uy

av _
m—d—=mgsma—FTP + Fy (7)
t

0=N-mgcosor . (8
Haiinem cumy N u3 ypasaenus (8)

N =mgcosa

U3 storo pasenctra u 3akona Kynona Fpp=fN ONpeJIesIUM CUJTYy TPeHUs
Frp = fmgcoso

IloncraBuM 3HayeHus cun TpeHus u Fy B ypaBHenue (7)

m%:mg(sina—fcosa)+l6sin(3r) . 9)

Paznienum obe yactu ypaBHeHUs (9) Ha m ¥ moACTaBMM 4YHCIIEHHBIE 3HAYE-
HYS [TapaMeTPOB

g(sina — fcos Oc) = 9,8(sin30° —0,2c0s30° )= 32

dVrX =3,2+16sin(3¢) . (10)

HNmeem
YMHoxas 06e yacTu ypaBHeHus (10) Ha df v MHTErpHpys, MOTyYHM
16
Vy =32t -—3-cos(3:)+ € . (11)
W3 navansHoro ycnosus V(0) = Vp u (6) monydum
1
C, =415+ ?60050 =9,48

IToncraBum 3Hauenue C, B (11)



136

dx 16
Vy =—=32t——cos3t+9,48
dt 3
YMHOxaeM 06e 9acTu ypaBHeHHUs Ha df U HHTETPUPYEM IO ¢
, 16 .
x=1,6¢ —331n3t+9,48t+C3 . (12)

W3 HavaneHoro ycnosus x(0)=0, nonyuum C;=0 . ITocTapiseM 3HAYCHIE
Cs B (12) n HaxouM 3aKOH JBHIKEHHS TOYKH HA y4yactke BC

x =162 —?sin3t+9,48t :



