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Metoanyeckre peKOMEHJAIMK K OpraHU3alMy 1 BBIIIOJIHEHHIO CAMOCTOSATEIBHOM paboThl COCTaB-
JIEHBI B COOTBETCTBUH C paboyueil mporpaMMoil TUCIUTUIMHEI.

CamocrosarenbHas paboTa 00ydarOIIMXCsl BKIIOYAET BBIMOJIHEHUE PACUeTHOW paboThI, U3ydeHHE
TEOPETUYECKOr0 Kypca M MOJArOTOBKY K 3k3ameHy. CamoctosiTenbHas paboTa OOydyaroluxcs Takxke
BKJIFOUAET BCE BU/IbI TEKYILLIETO KOHTPOJIA.

KouTponb pe3ynbTatoB caMOCTOSTENBHON pabOThl MPOBOAUTCS MMYTEM OMPOCa HAa ayAUTOPHBIX
3aHSTHSIX.

[IpumepHas TemMaTuKa CaMOCTOATEIbHOW pabOThI CTYJEHTOB

Kon
pasznena, HanmenoBanue paboTh
TEMBbI
1 CraTtuka
2 Kunemarunka
3 JnHamuka

[TpumepHas TemMaTKa pac4eTHOM paboThI

Kon
paszena, HaumenoBanue paboTsl

TEMBI
1 VYcnoBus paBHOBECHs IPOU3BOJIBHOMN INIOCKOW CHCTEMBI CUII
2 Kunemaruka Touku
3 CrnoxxHO€E IBUYKEHUE TOUKU
4 JlnHaMuKa TOYKH
3) Teopema 00 U3MEHEHUM KMHETUYECKOM SHEPTUU MEXaHUYECKOU CUCTEMBI

Pacuernast padora No 1

Tema: Ycnosusn pasnosecus npou3601bHoU NJIOCKOU CUCHEMBL CUT
Tun 3a0anus — pacyeTHas pabora.

3agaua C1. XKecTkas paMa 3aKkpeIuieHa B TOUYKE a IIAPHUPHO, @ B TOUKE B IPUKPEIUICHA WIH K
HEBECOMOMY CTEPKHIO C IIApHUPAMU WM K MapHUpHOU onope Ha kaTkax (puc. C1.1-C1.10). B Touke C
K paMe MpuBsA3aH TPOC, NEPEKUHYTHIN uepe3 OJI0K M HecyIIMii Ha KoHIe Irpy3 BecoM P =25 kH. Ha pamy
NEeNCTBYIOT napa cuil ¢ MomeHToM M = 60 kHM 1 1Be cuiibl, BETMUMHBI HAllpaBJIEHUS U TOUKU MPUIIOXKE-
HUS KOTOpbIX yka3zaHbl B Tabn. Cl. B mocneanem cron6ue Tabn. Cl ykazaH y4acToK, HA KOTOPOM Jei-
CTBYET PAaBHOMEPHO pacCIpeesICHHAs Harpy3ka MHTEHCHBHOCTH (. HampaBieHue nerictBus pacmpene-
JICHHOM HAarpy3ky Ha TOPU30HTAIILHOM Y4aCTKE — BHU3, HA BEPTUKAJIIEHOM — BJIEBO.

Onpenenuth peakuu cBa3eil B Toukax 4 u B, BeI3bIBaeMble JeMCTBYIOIUMU Harpy3kamu. [Tpu
OKOHYATEJIbHBIX pacueTax NpUHATH a = 0,5 M.
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Cunsl Pacnpenenen-
_ _ F3 =30 Fs =40 |Has Harpy3ka
Ho- F1=10xH | F=20 xH kH kH q=10 kH/m
vep | F | o | e | B
Ba- ,lﬁ'ﬁl B 27, E e TTH
,(E{I; Touxka I;quia Touxka Touxka YyacTok
MPUJIO-| OL1 noI:Ke— O [OpWIO- O3 [IPUITIO-| O4 | TPUITOKECHHS
JKEHUA JKEHUSA JKEHUSA q
HUSA
1 H 30 - — - - K 60 KL
2 - — D 45 E 60 - - LC
3 K 45 - — - - E 30 KL
4 - — K 60 H 30 - - LC
5 D 30 - — - - E 60 KL
6 - — H 30 — - D 45 LC
7 E 60 - — K 45 - - KL
8 - - D 60 - - H 45 LC
9 H 60 — — D 30 — — KL
10 - - E 45 K 30 - - LC

Taomuuna C1

VYkaszanus. [Ipu pemennu 3agaun Cl crienyer ydecTh, 4TO HATSDKCHHS 00EHX BETBEH HUTH, Tie-
PEKHHYTOM Yepe3 OJIOK, OYIyT OTMHAKOBBIMH, KOT/Ia TPEHHEM MpeHeOperaoT. Y paBHEHHEe MOMEHTOB 0y-
net OoJiee POCTBIM (COEPKATh MEHBIIIE HEU3BECTHBIX ), €CJIM COCTABJIATH YPaBHEHHE MOMEHTOB OTHO-
CHUTEJIbHO TOYKH, IJI€ MEPECEKAIOTCS JTMHUHU JCUCTBHS ABYX peakiuii cBsi3eil. [Ipu BRIYMCICHUH MOMEHTA
BEKTOPA CUIIBI F 4acTo yJ00HO pa3lioKMUTh €€ Ha COCTaBIAomMe F 1 F”, [ KOTOPBIX MIIEYH JIErKO
OIIpeENAIOTCS, M BOCIIONB30BaThes TeopeMoii Bapunbona, Torna Mo(F) = mo(F') + mo(F").

Ipumep pemenus 3agaun C1. XKectkas pama ABCD (puc. C1) umeer B Touke A HENOIBHKHYIO
IIAPHUPHYIO OMOpY U B Touke D — moABIKHYIO MAapHUPHYIO onopy (Ha KaTkax). [leficTByrolume Harpy3ku
1 pa3Mepsl mokaszansl Ha puc. Cl. B Touke £ K pame NpUKPEIUIEH TPOC C MOJBEIIEHHBIM I'PY30M, BEC KO-
toporo P. Ha pamy neiictBytor cuna F, mapa cmii ¢ MoMeHTOM M M paBHOMEpHO pacrpejeieHHas

Harpy3ka MHTEHCHUBHOCTH (.
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K 3anmaue Cl1

Pemenne. Paccmotpum paBHOBecue pamsbl. [IpoBeneM KOOpauHATHBIE OCH Xy M IOKaXeM JAeH-
CTBYIOILAE HA PaMy HArPy3KU: CHIy F, Iapy CHJI C MOMEHTOM M, HaTskeHue Tpoca T (1o moaymio T = P
) U peakluHu CBSI3eH X,, Y, R, (peakuuio HEMOJABUKHOM IIApHUPHON onophl A n300pakaeM IByMs €€
COCTaBJISIOLIMMHU, peakliys WapHUpHOW onopel D Ha kaTkax HampaBieHa NEpHEHAMKYISIPHO OMOPHOU
IJIOCKOCTH). PaBHOMEpHO pacmpeesieHHyI0 Harpy3Ky 3aMeHHM PaBHOACHUCTBYIOIIEH COCPeTOTOUYECHHON
cunort Q = g-21 = 10-2-0,5 = 10 xH, BexTOp KOTOpOI MPHIIOKEH K cepeaune oTpe3ka AE (Touka L) u
HaMpaBJieH B CTOPOHY JIEHCTBUS HATPY3KU.

Jli1s momy4eHHOM IUIOCKOM cHCTEMBI POU3BOJIBHBIX CUJI COCTaBUM ypaBHEHUs paBHoBecus. [Ipu
BBLIYMCJICHUH MOMEHTA CHJIbI F OTHOCHTENBHO TOUKH A pasioxuM eé Ha cocTaBisiomue F' = F coso u
F"=Fsin a:

2 Fx=0, XatRpsinB—-F cosa—-Tsiny +Q=0;

> Fy=0, Ya+RpcosB—F sina+Tcosy =0;

>ma(FK) =0, -M+RpcosB2l +Fcosa3l —Fsina2l +

+Tsiny2l — Ql =0.

[ToncTaBuB B COCTaBIIEHHBIE YPaBHEHHUS YHCIIOBBIEC 3HAUCHHS BCEX 3aJJaHHBIX BETMYMH U PEIIUB
3aTeM ITH ypaBHEHUs, Ha1EM UCKOMBIe peakiuu cBszeit: Xa = 4,89 kH; Ya =-22,5 kH; Rp = 35,57 xH.

BoinonHuM npoBepKy NpaBUIbHOCTHU perieHust 3agaun. CocTaBUM ypaBHEHHE MOMEHTOB OTHOCH-
TenbHO Touku D:

>mp(F) =0, -M+Fcosa3l-Tcosy2l +Tsiny2l — Ql-Ya2l =
=-40+30-0,5-3-0,5- 25.0,707-2-0,5+
+25.0,707 -2 - 0,5- 10-0,5-(-22,5)2 - 0,5 =0.
ITomy4yeHHBIN pe3yabTaT TOBOPUT O TOM, YTO 3aj]ia4a pelIeHa BEPHO.
OtBeTt: XA = 4,89 kH;
Ya =-22,5 kH;
Rp =35,57 kH.
3HaK «MUHYCY» TIepe]] BETUIUHON YA 03HAYAET, UTO ITA CHJIa HMEET HalpaBJIeHne, 00OpaTHOE yKa-
3aHHOMY Ha puc. Cl1.



PacueTrHast padora No 2

Tema: Kunemamuxka mouxku
Tun 3a0anus — pacueTHasi padora.

3agaua K1. /[BmwxeHre TOYKH B IUIOCKOCTH XY 3a1aHo ypaBHeHusMu X = fi(t), y = f2(t), rne X u y
— B MeTpax, t — B cekynaax (tadmn. K1, Kla). Halitu u n300pa3uTh TpaeKTOPUIO TOYKH (JIMHUIO, KOTOPYIO
TOYKA OMKCHIBACT MPU CBOEM JBHXKCHHH, CUMTAs, YTO JBMIKCHHUEC HAYMHACTCS B MOMEHT Bpemenu t = 0).
OmnpenenuTb CKOPOCTh U YCKOPEHUE TOUKH, a TAKIKE € KacaTeJIbHOE M HOPMAaJIbHOE YCKOPEHHUSI B MOMEHT
BpemeHu { = 1 ¢ ¥ painyC KpUBU3HBI B COOTBETCTBYIOIICH TOYKE B ATOT KE MOMEHT BPEMEHHU.

Yka3zanus. 3agada K1 pemaercst ¢ momomipo GopmMyi, o KOTOPBIM ONPENENSIeTCs CKOPOCTh U
YCKOpEHHE TOYKH B JEKAPTOBBIX KOOpAWHATAX (KOOPAWHATHBINA CIOCOO 3aJaHMsl ABMIKCHHUS TOYKH), a
Takxke (popMyI, M0 KOTOPBIM OTNPENENIIOTCS KacaTeIbHOE M HOPMAJIbHOE YCKOPEHUS TOUKH.

B nmanHoii 3a/1a4e Bce MCKOMBIC BEJTMUUHBI HY)KHO OIPEACTUTH TOJBKO JUISI MOMEHTA BPEMEHH t =
lc. B HEKOTOPBIX BapHaHTax 3a/la4d NPU ONPEICICHHH TPASKTOPHH WM TPH MOCISAYIOIINX pacyeTax
(ISt MIX yIPOIIEHUSs) CIEAYET YIECTh 3HAKOMBIE U3 TPUTOHOMETPUHU (HOPMYJIBI:

cos 20 =1 — 2sina = 2cos? o, — 1:
sin 2o, = 2sin o - COS a.

Tabmuna K1
ITocnenuss VYpaBHeHUE
udpa Bapu- JIBUOKCHUS TOUKH [Tpumevanus
aHTa x = fi(t)
1 4 cos (nt/6) y = fo(t) mns Bapuantos ot 00 10 29 (1Be mo-
2 2 — 4cos (wt/6) cienHue UQPHI BapUaHTa) B3STh U3 CTOJIONA
3 2 cos (mt/6) — 3 2 tabn. Kla
4 4 -2t
5 ot y = To(t) ms BapuanToB ot 30 10 69 (1Be TO-
5 2t cienaHue g psl BApUaHTa) B3STh U3 CTOJIONA
3 tabn. Kla
7 t—4
8 8 sin (nt/6) — 2 y = f2(t) mns Bapuantos ot ot 70 10 99 (1B
9 2 sin (mit/6) nocieHue nugpel BAPHAHTA) B3STH U3
0 2 — 4sin (nt/6) cronbua 4 tabn. Kla
Tabmuma Kla
TMoce s VYpaBHenue arkenus Touku Yy = fa (t)
undpa BapuaHTa Jl1s BapuaHTOB s BapyaHTOB Jl1s BapuaHTOB
ot 00 o 29 ot 30 1o 69 ot 70 mo 99
1 2 3 4
1 12 sin (wt/6) 22 +2 4 cos (nt/6) — 2
2 4 — 6 cos (mt/3) 8 sin(mt/4) 14 — 16co0s (nt/6)
3 —3 sin? (mt/6) (2 +t)? 4 cos (mt/3)
4 9 sin (nt/6) — 4 2¢ —10 cos (nt/6)
5 4 cos (mt/3) — 2 2 +2 cos(nt/4) —4 cos (nt/6)
6 —10 sin (wt/6) 2 —3t? 8 — 12 cos (nt/3)
7 2 — 6 sin? (1it/6) 2 — 2 sin(mt/4) 2 COS (mt/6)
8 2 sin (nt/6) — 2 (t+1) 2 — 8 cos (nt/3)
9 8 cos (nt/3) + 5 2t 8 cos (nt/6) — 4
0 3 — 8 sin (nt/6) 4 cos(mt/4) —8 cos (mt/3)




IIpumep pemenns 3agaun K1 J[BrkeHne TOUKY B IUIOCKOCTH XY 3a/1aHO YpaBHEHUSIMU

= -2 C0S (Etj+ 3:
4

— H T
y=3sin (th— 1,

rae X, Y — B MeTpax, t — B ceKyH/ax.
Haiiti 1 ©306pa3uTh TPAEKTOPUIO TOYKH (JIMHHIO, KOTOPYIO TOUKA OMKMCHIBACT IPH CBOEM JIBHIKE-
HUM, CUUTas, YTO JABMKEHUE HAUMHAETCA B MOMeHT BpemenH t = 0). Onpenenurs cKOpocTh U YCKOPEHHUE
TOUKH, a TAKIKE €€ KACAaTEIbHOE M HOPMAJILHOE YCKOPEHHS B MOMEHT BpeMeHU t = 1 ¢ M paguyc KpUBH3HEIL
B COOTBETCTBYIOLIEH TOUKE B 3TOT e MOMEHT BpeMeHH. [10ka3aTh BEKTOPHI CKOPOCTH M YCKOPEHHS ITOM
TOYKH.
Pemenue. /115 onpeenenys ypaBHEHHs TPAGKTOPUHU TOUKH UCKIIIOUUM M3 3aJJaHHBIX YPaBHEHUI
nBrokeHus Bpems t. M3 ypaBHeHUH ABMKEHHUS HAXOAUM BBIPAKEHHS COOTBETCTBYIOIIUX (DYHKITHIA,
COS(Et) _3=x. sin(ftJ _y+1
4 2 4 3
BO3BOIUM 066 qacTu ypaBHeHI/Iﬁ B KBaI[paT U CKJIadbIBACM:
[Tonyunm

@7 (v+1)
2z 2

Oto ypaBHeHue 3iuiuica (puc. K1). Haiiiem Ha TpaekTopuu 1osioskeHue TOUKU M, onpesenus ee
KoopauHathl ipu t =1 c:

Xt=1¢ = —1,59 Mm;

Yi=1c = 1,12 M (puc. K1).

Puc. K1
CKOpOCTh TOUKH HaiJIeM 1O €€ MPOEKIMSIM Ha KOOPMHATHBIE OCH:

_dx mw .. (m. ). _dy 3=m T, ). — 2 2
Vx=—=Zsin| —t|; Vy==L=""cos| ~t|; V= VZ+VZ,
th2(4)ydt4(4j x T

nput=1c

Vx=1,11 m/c; Vy= 1,67 M/C;

V =2,0 m/C.

AHAJIOTHYHO Hai/IeM YCKOPEHHE TOYKH M ONPEIETHM KacaTeIbHOE U HOPMAIbHOE YCKOPEHHS U
pannyc KpUBU3HBI TPACKTOPHH:

N dv, _«? T, ) _dVvy 372 . (n).
a, =—*=—cos|—t|, a,=—> =-—sin| —t|;
d 8 4 dt 16 4



a,V,+a,V 2
a=.al+a?; a == A= a?-a?; o= V.

an
IIput=1c
ax = 0,87 m/c?; a: = -0,6 m/c?;
ay=-1,30 m/c?; an=1,67 m/c?;
a=1,57 m/c?; p=2738m.

[TokakeM BEKTOPBI CKOPOCTH M YCKOPEHHSI JIJIsi COOTBETCTBYIOIICH TOYKH M TpaeKTOpHH (CM. PHC.
K1).
Otser: V =2,0 M/c; a = 1,57 M/c?; a-= —0,6 M/c?; an= 1,68 m/c?;
p=2,38m.

Pacuernast padora Ne 3

Tema: Cnoacrioe osuricernnue mouxku

Tun 3a0anus — pacyeTHas paboTa.

3amaua K2. [TnactuHa BpaiaeTcs BOKPYT HEMOABIKHON OCH 10 3akoHY @ = ¢(t), 3a1aHHOMY B
tabn. K2. [TomoxxuTenpHOE HampaBiIeHHE OTCYETa yIia (¢ TOKAa3aHO Ha PUCYHKAX JYTOBOW CTPEIKOU
(puc. K2.1-K2.10). Ha puc K2.8, K2.9, K2.10 ocb BpaiieHust iIiacTUHbI IPOXOIUT yepe3 Touky O1 nep-
MEeHAUKYJSPHO MJIOCKOCTH uepTexka (IUlacThHa Bpamaercs B cBoeil miuockoctu). Ha puc. K2.1, K2.3,
K2.5, K2.6 ock BpaleHus miacTUHbI BEpTUKalIbHA, a Ha puc. K2.2 K2.4, K2.7 — ropuzonransHa. [lo nna-
CTHHE JBIDKETCS Touka M cornacHo 3akony S = OM = s(t) (tab. K2). Ha Bcex pucynkax To4yka M moka-
3aHa B MOJIOXKEHUH, TIPU KOTOPOM S = OM MOJ0KUTENIBHO.

HaiiTi aGcomoTHYI0 CKOPOCTh U a0COTIOTHOE YCKOpEeHUe TOYKU M B MOMEHT BpeMeHH t = 1c.

Puc. K2.2
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Puc. K2.3 Puc. K2.4



Yka3zanusi. HpI/I PCLIICHUHU 3a1a49U K2 CJICAYCT NBUKCHUC TOYKHU I10 INIACTHUHE CUUTATh OTHOCH-
TCJIIbHBIM, BPAlIaTCIIbHOC ABUKCHUC CaMOM IIJIACTUHEI — INEPECHOCHBIM U BOCITIOJIB30BATLCA TCOPEMAMU O

Puc. K2.9

CJIOKCHHUHU CKOpOCTeﬁ " O CIIOKCHHUH YCKOpeHHﬁ.

[Tpexne Bcero HEOOXOUMO OIPENIENIUTS, I71€ B MOMEHT BpeMeHH t = 1 C OyneT HaXOAUThCs TOUKa
M, v 1300pa3uTh €e UMEHHO B 3TOM IOJOXEHUH (a HE B MPOU3BOJIBHOM, IIOKa3aHHOM Ha PUCYHKE K 3a-
naue). B cinyuasx, korga Touka M nBUxKeTCs Mo ayre paauyca R, monoxenue Touku M ompenensiercs

Puc. K2.10

yrinoM OCM.
Tabnuna K2

Howmep 3akoH JBWKeHUs Iula- | Pazmep R, 3aK0H JIBHKEHUS
BapHaHTa ctusbl ¢ = o (t), pax M Toukd S = S(t), M

1 4 (1) 1,2 7 R (4t - 2t)

2 3t - 8t 1,6 ZR(@2-F)

3 6t° - 12t 1,0 ZR(2-1)

4 - 2¢ 1,6 ZR(2t'-3r)

5 102 - 5t° 0.8 ZR(3t-1)

6 2(t - 1) 2,0 ZR(E-2Y

7 5t — 4t2 1,2 ZR (-2t

8 15t - 3¢ 0.8 2 R(t-2t)




Howmep 3akoH JBWKeHUs Iuia- | Pasmep R, 3aK0H IBUKEHUSA
BapHaHTa cTHHBI @ = @ (t), pax M Touku S = S(t), M
9 213 — 4t 1,0 ZR (@t -21)
10 6t> - 3t° 2,0 ZR(t-2t)

IIpumep pemenus 3agaun K2. [nactuna Bpamaercs BOKpYr TOpU30HTAIbHON OCHU 110 3aKOHY

= 2t? pax (MONOXKUTENBHOE HAMpPABIEHHE OTCYETA YINa ¢ TOKa3aHo Ha puc. K2 xyrosoit crpenkoii). o
3

nyre paauyca R = 0,5 m aBuxercst Touka M 1o 3akony s =OM = R — M; mooXuTeIbHOE HaNpaBIeHNE

oTcueTa KpUBOJIMHEHHOHN KoopauHaThl s oT O k D.
Onpenenutb abCOMIOTHYIO CKOPOCTD Vag M 20COTIOTHOE YCKOPEHUE 8ag B MOMEHT BpemeHu t = 1c.
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Pemenue: PaCCMOTpI/IM JIBIDKEHHME TOUKU M Kak CJIOKHOC, CHUTAaA €€ ABUKCHUC I10 AYT'C OTHOCH-
TCIJIBHBIM, a IBUKCHUC BMCCTEC C IUTACTHHOM - MEPEHOCHBIM.
OHpeI[CJ'II/IM BCC XapPAKTCPUCTHUKU OTHOCUTCIILHOTO U IIECPEHOCHOTO JBYKEHHH.

OTHocureabHOE ABHIKCHHUEC. 910 ABVKCHUC MMPOUCXOJUT I10 3aKOHY

S:OM:ﬁ
4

(7t —2t?),

CHayana ycTaHOBHM, Izie OyaeT HaxoauThes Touka M Ha nyre AOD B MOMEHT BpeMeHH t=1C.

3)
[Tonaras B ypaBHeHuM aBvokeHHs t=1c, momyuum S; = E 7R . Torna ZOCM =

JKEM Ha pUCYHKEC TOUYKY B IMOJIOKCHUU, OTIPCACIACMOM 3THUM YIJIOM.

Tenepb HaxXO0JUM YUCJIICHHBIC 3HAYCHUA Vo, ,

_ds_;zR3

Vom — e
dt 6

2,

aT

T
! om

_ dv,,

om

= 7Rt; a,,

no.
ud, :
2

—__om __

p om

TAE Pom= PAAUYC KPUBU3HBI OTHOCUTEIILHON TPACKTOPUH.
Jlns momenTa Bpemenu t=Ic, yuutsiBas, yto R = 0,5 M, nomyuum:

R

4

om

M/c;a =

om

%M/cz; a"

%M/CZ .

S
R

z_ 30°. IMoxa-
6

2

om




3HaKH [OKA3bIBAIOT, YTO BEKTOp V. HAIpaBJIEH B CTOPOHY IOJOKHTEILHOTO OTCUETA S, BEKTOP

T —nN
a,, - BTyXe CTOPOHY; BEKTOp d,, HampasieH K uentpy C mo paguycy MC.
IepenocHoe ABMKeHHe. DTO JBUKEHUE [UIACTHHBI (BpalleHHe) IPOMCXOIMT MO 3aK0oHy ¢ = 2t2,
Haiinem yrioByro CKOpOCTh ® U YIVIOBOE YCKOPEHHUE € IEPEHOCHOIO BPALLCHUS:

0= d_(p =4t e= d—a):4.
dt dt

Takum o6pazom, npu t = 1c;

o=4c?t g=4c?
JUist OnpeieneHns Vney B Q e HAWIEM CHAYANA PACCTOSHME TOUKU M oT ocu Bpamenus: h = KB

= 2R — R-c0s30°.

Torna B MomeHT Bpemenu t =1c¢ momyuum: h = 0,57wm.
Viep = -h=4-0,57=2,28 m/c;

a® =¢-h=4%0,57=2,28 m/c?;

nep

a® =@?>-h=42-0,57=9,12 m/c®.

nep

[TokasbiBaeM Ha PHCYHKE BEKTOP V nep € yHETOM HAIPABIEHHMS © U BEKTODH! &, (HANPABIEH K

OCH Bpallenus), @,. (HampasieH Kak V nep).

KopuonucoBo yckopenue. Tak Kak yroia MexIy BEKTOpoM V ., ¥ BEKTOpOM (@ paseH 30°, TO
YHCICHHO B MOMEHT BpeMeHu t = ¢

Qiop=2| Von|| @ | sin30°=2m/441/2=3,14/c%

Hanpasienue BeKkTOpa @ «op HAIEM, CIPOCIUPOBAB BEKTOP V o Ha IUIOCKOCT, TIEPIEH/IUKY-

JSIPHYIO OCH BpalieHus (IIPOEKIKs HalpaBJIeHa IPOTHBOIIOIOKHO BEKTOPY d . ), U IIOBEPHYB 3aTEM ITY

nep

HPOEKIHMIO B CTOPOHY M, T.€. [0 XOAy Bpalienus Tena, Ha 90°. M300pakaeM BEKTOP d xop HA PUCYHKE.

Onpenenenne Vs . Tak kak V; = V. +V | a Bextopsr V. u Viep B32HMHO IEPIEHMKYIISPHBI,

Tiep 2
TO B MOMEHT BpeMeHu t =Ic

Vas = \JV2 +Vv2 = " +(2.28)% =24 m/c.

omH nep

Omnpenesienue aqs. [1o TeopeMe 0 CII0KEHUN YCKOPEHUN
- == —n 6]7
a.=a,, +a,, +a,, +a. +a,

I[J'IH OIIPEACIICHUA dq6 TPOBEAEM KOOPAUHATHBIC OCH Mxyz H BBIYHUCIIUM ITPOCKIHUU BEKTOpPA aa6

Ha 3TH OCH. YUTEM IIPU ITOM, YTO BEKTOPBI amp , arfe‘; JeXat Ha IIPOBECHHOI OCH X, a BEKTOpBI d

—nN

a pacnosokeHsl B INOcKocTH Myz. [Tomyuum s MmoMeHTa BpeMeHu t = 1c:

om! anep
Aasx = QA xop + aff;p = 5,42m/c%;
dasy=-a, cos60°+a. cos30°=0,74 m/c?%
dasz=-a,, cos 60°-a. cos30°+ ay, =727 wm/c.
Orcroa HaXOMM 3HAUEHHE das B MOMEHT BpeMeHH f1 =1c:
=, [aZ, +a?, +aZ, =91 M/c,
OTBeT: Vo= 2,4 M/cC;

A, =9,1m/c%

Pacuernas padora Ne 4




Tema: /lunamurka mouxku
Tun 3a0anus — pacuetHas pabdora.

3agaua /1. Teno D, umeroiee maccy m, oJIy4uB B TOUKE 4 Ha4aJIbHYIO CKOPOCTb Vo, IBUKETCS
B U30THYTOHN TpyOe ABC, pacnoyioxeHHOH B BepTUKaabHOU mockocTH (puc. J[1.1-/11.10). Ha ygacTke
AB Ha Teno, KpoMe CUIIbI TSXKECTH, IEUCTBYIOT TOCTOSIHHAS CUJjla Q , HAaIllpaBJIEHHAs B/IOJIb TPYOBI, U CHIIa
TpeHus. B Touke B Teno, He u3MeHsIs BEIMYUHBI CBOEU CKOPOCTH, TepexoauT Ha yuyacTok BC u nBuxercs,
CKOJIB3s 10 TpyOe. [Ipu 3TOM Ha Teno, KpoMe CHIIbI TSHKECTH, JEHCTBYIOT CHJIbI TPEHUS U IMEpEeMEHHAst
cuna F, BelIMYMHA IPOEKIUU KOTopoii Fx Ha ock X 3an1aHa B Tabn. J{1. TaM ke npuBeeHbl BEIUUHHBI M,
Vo, Q, paccrosinue mex iy Toukamu A u B (I = AB) wiu TaB — BpeMsi IBUIKCHHUS TeJ1a OT TOUKH A JI0 TOUKH
B u xosddunment tpenus f tena o Tpyo0y.

Cunrtas TeJ0 MaTepUAIbHOW TOYKOH, HEOOXOIMMO ONPEACTUTh 3aKOoH JaBmxkeHus x = (i) Ha
yuactke BC.

Ykazanus. Pemenne 3anaun /{1 pazduBaercs Ha nBe yactu. CHavana Hy>KHO COCTaBUTh U TIPO-
MHTETPUPOBATH METOJIOM pa3/ielieHus IepeMeHHbIX quddepeHInaabHoe YpaBHEHNE ABIKEeHUs Touku D
Ha y4acTKe AB, yuuThIBas HaYaJbHbIC YCIOBUA. 3aTeM, 3Hask BpeMs JIBM)KCHUS Ha yuacTke AB (taB) mim
ero auHy |, onpenenuTh, KaKyro CKOPOCTh OyIeT UMETh TEJIO B TOUKE B. DTa CKOPOCTh Oy/IeT HauaIbHON
g BukeHus Tena Ha ydactke BC. [locne 3Toro Heo0X0JuMO COCTaBUTh U IPOUHTETpUPOBaTh Audde-
peHIIManbHOE YpaBHEHUE IBIDKEeHUs Ha yuacTke BC Toxe ¢ yueToM Ha4aJlbHBIX YCIOBUM.

Puc. J11.4
A DO B

i

]
-
)
[l
bes

B D B
30 =| |

I
o

Puc. J11.7 Puc. /11.8



A L =f

B D @
D =il ) Y
C -] A D@B
I = 30°
X

Puc. 19 Puc. /11.10
Tab6muma /11
Homep Ba- m, xr | Vo,m/c | Q,H f ILbm | taB, C Fx, H Haiitu
puaHTa
1 2,4 12 5 0,2 1,5 - 4 sin (4t) V1
2 2 20 6 0,4 — 2,5 | -5cos (4t) X1
3 8 10 16 0,3 4 — 6t V1
4 1,8 24 5 0,3 — 2 2 cos (2t) X1
5 6 15 12 0,2 5 — 5 sin (2t) V1
6 4,5 22 9 0,3 — 3 3t X1
7 4 12 10 0,1 2,5 — 6 cos (4t) V1
8 1,6 18 4 0,4 — 2 3 sin (4t) X1
9 4,8 10 10 0,2 4 — 4 cos (2t) V1
10 3 22 9 0,3 — 3 4 sin (2t) X1

Ipumep pemenus 3agaum 1.

Ha BeptukanbHOM ydactke AB TpyOs! (puc. [[1) Ha rpy3 Maccoil M AeHCTBYET cuila TSHKECTH U
TIOCTOSIHHAs CHJla conpoTuBienus R . Jlnuna yuactka AB |1=2 M. B Touke 4 rpy3 MMEET HadalIbHYIO
ckopoctbVo= 6 M/c. Ha nakimonHom ydyactke BC Ha rpy3 IeMCTBYET CUJia TSKECTH, CHIIa TpeHUs (Kod(-
(buIMeHT TpeHus rpy3a o mwiockoctsh paBeH f) u mepemennas cuna F = F(t), 3a1anHast B HBIOTOHAX.

Hano: m=5xr; R=40H; Vo= 6 m/c; la=2 m; f =0,2; Fx= 45 sin (3t).

OnpenenTh: 3aKOH JIBIKEHHS Tpy3a Ha yuacTke BC: X = x(t).

Pemenne. PaccMoTpuM ABMKEHME Ipy3a Ha ydacTKe AB, cuuTasl rpy3 MaTepHalbHON TOUYKOM.
N306pakaem rpy3 (B MpOU3BOIBLHOM MOJI0KEHUH) U ACHCTBYIOIINE HAa HeTo cuilbl P u R .

?thﬁ
3




[TpoBoaum ock AZ B HampaBIeHUH ABHKEHUS Ipy3a U cocTaBiisieM quddepeHiaibHoe ypaBHe-
HUE JIBU)KEHUS I'py3a B IPOEKIIMHU HA 3Ty OCb:

dv. dv.
m—2=YF,, wm m—==P,+R
i e a2 C
Hanee naxogum Pz = P =mg, R; = -R.

ITpu Vz =V nonyuum

dv dv R
m—=mg-R uimm — =¢g-——. 1
a it O m 1)

Torna, pa3nensist B ypaBHeHuH (1) nepeMeHHbIC U HHTETPUPYs 00€ YacTH PaBEHCTBA, IIPHHSB J ~
10 m/c?, nomyuum

V=(g—%)t+€1=2t+cl. (@)

N3 navanpnpix ycnmoBuid npu t = 0 ckopocth V = Vo, uto gaér C1 = Vo. Torma ypaBHeHue (2)
MIPUHUMACT BUJT

V=2t +6. ©)
YuureiBas, uto V = % , IOJIy4YUM
% =2t+6.
Otkyna npu pa3zesieHud NepeMEHHBIX U UHTErPUPOBAHUN
=12+ 6t + Co. (4)

N3 navanpHbix ycnoBuil npu t = 0 u HavasbHOU KoopauHare Zo = 0 HaxoguMm Cz = 0, cienoBa-
TEJIBHO
z=1>+ 6t. (5)
C yuérom ycroBuii 3aga4n npu Z = lap = 2 M B TOUKEe B MOYKHO HAWTH BpeMsi t = TAB JBHIKCHHUS
rpy3a o y4actky AB:

2=t’+6t wm t?+6t—2=0.

W3Biekast kopau, mosryunM t1 = 0,3 C; t2 = —6,3 C, B pusudeckoMm cmbicie t =  tag = 0,3 ¢. Torma
10 ypaBHEHHUIO (3) CKOpOCTh B TOUuKe B

Ve =21taB *+ 6 = 6,6 M/cC. (6)

Tenepp paccMOTpUM JIBHKEHHE I'py3a Ha yuacTke BC; HaliieHHast CKOpOocTh VB OyeT AJsl IBUKe-
HUS Ha ATOM y4acTKe HadalibHOU ckopocThio (Vo = V). M300paxkaeM rpy3 (B IpOM3BOJILHOM MTOJIOKEHHUH)
Y TTOKa3bIBAEM JECHCTBYIOIIUE HA HETO CUIIBI P,N,FUuFm. [Tposeném u3 Touku B ock BX 1 coctaBum
muddepeHManbHOe ypaBHEHHE JBI)KEHUS Ipy3a B MPOEKIIMU Ha 3TY OCh!
dV,,

dt

m—% =P, + N, +F, +Fy. (7)

Omnpenenum MPOEKINH CUT Ha OCh X:
Px=P sin 30° = 0,5mg; Nx=0; Fx =45 sin (3t);
Fipx=—N=—fP cos 30°=-0,17mg,
TOr/1a ypaBHeHUE (8) IpUMET BUL
m%%—=05mg+45ﬂn(m)—017mg:033mg+45ﬁncm) 8)

Pa3nenuB 06e yacTy paBeHCTBA HA M = SKr ¥ npuHUMast § ~ 10 M/C2, momyunm

d;ix =3,3+9sin(3t) . 9)

Ymuoxkas 00e yactu ypaBHenus (9) Ha dt u uHTerpUpYsI, HAUAEM Vi




Vx = 3,3t — 3cos (3t) + Ca. (10)

Ha yuactke BC Oyaem OTCUMTHIBATh BpeMs OT MOMEHTA, KOT/Ia TPY3 HaXOJIUTCS B TOUKE B, cunTas
B 3TOT MOMeHT t = 0. Toraa mpu t = 0 ckopocth rpy3a V = Vo = Vg = 6,6 M/c. [loacTaBisist 3TH BETHUNHBI
B ypaBHeHue (10), momyuum

C>=Vg+ 3cos (0) =6,6 +3=9,6.
[Ipu naitnennom 3nauenuu Cz ypasuenue (10) maér

V, :3—): =3,3t—3cos(3t) +9,6.

YMmHOKkas 00e yactu Ha dt 1 CHOBa MHTETpUPYs, HAUIAEM
x = 1,65t% + 9,6t —sin (3t) + Ca.

Tak kak Ha yyactke BC nipu t = 0 HayanbHasa koopauHata X = 0, To C3= 0. OKoHYaTEIBHO 3aKOH
JBUKEHUS IPy3a MPUMET BUJT

X = 1,65t? + 9,6t — sin (3t),
rie X — B MeTpax, t — B ceKyHiax.
Otser: X = 1,65t? + 9,6t — sin (3t).

Pacuernast padora Ne 5

Tema: Teopema 06 uzmenenuu KuHemu4eckol IHEPZUU MEXAHUUECKOTL
cucmembl

Tun 3a0anus — pacyeTHas padoTa.

3agauya JI3. Mexanudeckas CHCTEMa COCTOUT U3 TPY30B 3 U 4 (K0o3PPHUIHMEHT TPEeHUs TPy30B O
wiockocTh f = 0,1), CIUTONIHOTO OTHOPOAHOTO IIJIHHPUYECKOTO KaTKa 5 U CTYIIEHYAThIX IIKHBOB 1 1 2
¢ pamuycamu cryrneneid Ry = 0,3 m; r1= 0,1 m; R2= 0,2 m; r2= 0,1 M (Maccy KaxJ10ro IIKHWBa CYUTATh
paBHOMEpHO pachpeieNieHHOi 1Mo ero BHemHeMy oboxay) (puc. 13.1-/13.10, tabn. J13). Tena cucrembl
COCJIMHEHBI JIPYT C JIPYrOM HUTSMH, HAMOTAHHBIMH Ha IIKHUBBI; YIACTKU HUTEH MapaijieIbHbI COOTBET-
CTBYIOLIUM IUTOCKOCTSM. [lox netictBuem cuibl F = F(S), 3aBucsineit oT nepeMenieHns S TOYKH MPHII0-
KCHUS CHJTBI, CUCTEMA MTPUXOINUT B JBMKCHHUE U3 COCTOSTHUS TIOKOsL. [1py MBMKCHUH CUCTEMBI Ha IIKUBBI
1 1 2 1eHCTBYIOT MOCTOSIHHBIE MOMEHTBI CHJT COMPOTUBIICHUHN, paBHbBIE, COOTBETCTBEHHO, M1 U Mo.

Onpenenuth 3HAYCHUE NCKOMOU BEJIMYMHBI B TOT MOMEHT BPEMEHH, KOT/Ia IIEPEMEICHNE TOUKH
NPUIOKEHHs CUIIbI FpaBHO S. Vickomas BennuuHa ykaszaHa B cTonoue «Haiitu» tabn. I3, rae Vs — cko-
pocTb rpy3a 3; Ve — CKOpoCTh LIEHTpa Mace KaTka 5; 1 — YrioBas CKOpocTb Tena 1 u T.a.

Ykazanus. [Ipu pemenun 3amaun /I3 cineayer ydecTb, YTO KMHETUYECKAs] SHEPTUS CUCTEMBI
paBHa CyMM€ KHMHETHYECKOW 3HEPTrHil BCEX BXOJAIIUX B CUCTEMY TEII, 3Ty SHEPTUI0 HYKHO BBIPA3UTh
gyepes Ty CKOPOCTh (JTMHEHHYIO MK YTIIOBYIO), KOTOPYIO B 3ajaue HaJ0 onpeaAenuTs. [Ipu BeraucieHnu
KWHETHUYECKON SHEpPruy KaTKa, JABWIKYIIETOCs IUJIOCKOIMAPAIIENIbHO, ISl YCTAHOBJICHUS 3aBUCHUMOCTH
MEK]y €ro yrioBOH CKOPOCTBbIO U CKOPOCTBIO €0 LIEHTPA MacC HY)KHO BOCIOJIb30BATHCS IOHATHEM O
MTHOBEHHOM IIEHTpe cKopocTel (kuHemaTuka). [Ipu onpenenenun paboThl Bce MepeMeIIeHus CaeayeT
BBIPA3UTh Uepe3 3a/IaHHOE MIEPEMENICHUE S, YUTsI, 9YTO 3aBUCHUMOCTh MEXKTy TIepEeMEIICHUSIMH 371eCh OyIeT
TAKOM ke, KaK ME¥K]1y COOTBETCTBYIOIIUMH CKOPOCTSIMHU.

Ecnu mo nanubim tabn. /13 mMacca rpysa paBHa 0, TO 3TOT Ipy3 Ha 4epTeke U300pakaTh HE HAJIO.
[IIxuBel 1 1 2 Bcerna BXOJAAT B CUCTEMY



Ta6muma /13

Homep | Macca ten ccrems, kr | VLOMEHT CHI CO- | Nlpmicymast | Tlepene- Haii-
BapH- npoTtusiieHus, Hm CHIA menue S, "
aHTa ms my ms Mma ms Ml M2 F = F(S), H M

0 2 0 0 6 4 0 0,8 50(2 + 3S) 1,0 V4
1 6 0 8 0 2 0,6 0 20(5 + 2S) 1,2 5
2 0 4 0 8 6 0 0,4 80(3 +4S) 0,8 Vs
3 0 2 10 0 4 0,3 0 40(4 + 5S) 0,6 V3
4 8 0 0 6 2 0 0,6 30(3+2S) 1,4 o1




5 | 8]ofl6 | 0] 4] 09 0 |403+59)| 1,6 | Vs
6 |o|6 |08 2 0 08 |60(2+5S)| 1,0 | o
7 ol 410|016 06 0 |308+3%)| 08 | ws
8 |6|0o|8|o0o]| 4] 03 0 [5002+5S)| 1,6 | Ves
9 |0o|4|o0|10] 8 0 04 |503+28)| 1.4 | Vi

IIpumep pemenns 3agauun /3.

Mexanunueckas cucrema (puc. /[3) cocTouT U3 CIUIOMIHOIO HWIMHAPHUYECKOro KaTKa 1, cTyneHya-
TOT0 LIKMBA 2 ¢ paguycaMu cTyneHe Rz u Iz (Macca 1IKMBa paBHOMEPHO pacIpejieieHa 0 ero BHEUl-
HeMy 0001y) ¥ Tpy3a 3 (kodhHIHEeHT TpeHHs rpy3a o IockocTh paseH f).Tema cucTembl coeMHEHbI
JPYT € ApyroM HUTSIMH, HAMOTAHHBIMH Ha IIKUB 2.

[Tox neiictBueM cunbl F = f(S), 3aBucsIeit ot nepemMenieHuss S TOUKH €€ MPHIOKEHUS, CHCTeMa
MIPUXOJUT B IBUSKEHHUE U3 COCTOSIHUS MOKOsL. [1pu 1BUKEHUM Ha MIKUB 2 IEHUCTBYET MOCTOSTHHBI MOMEHT
M3 cri1 cCOonpOTHBIICHHUS.

Hano: mi=4 kr; my=10kr; m3=2kr; R2=0,2m; r2=0,1 m; f=0,1; M2=0,6 Hv; F =2 (1 + 25)
H.
OnpenesuThb: cKOpocTh Ve, IEHTpa Macc KaTka, koraa S =51 =1 m.

Pemenue. PaccMOTpuM IBIDKEHHME HEM3MEHSIEMOM MEXaHUYECKON CHCTEMbI, COCTOSIICH 13 Ted 1,
2, 3, coeaMHEHHbIX HUTAMU. M300pa3um Bce NEHCTBYIOIIHME HAa CUCTEMY BHEUIHHE CHIIbI: aKTHUBHBIC

—TP  —TP
F, P,,P,, P,, MOMEHT CONIPOTHUBIIEHUA M?2, peakuuu N,, N,, N, ¥ CHJIbI TPEHUS Fi uFs .

Hns onpenenenusi Vci BOCHOJIB3yeMCsl TEOpPEMOW 00 M3MEHEHUM KMHETHYECKOM YHEPrUu CH-
CTEMBI:

€
T-To=2A. 1)
Ompenensem To u 7. Tak kak B HaYaJIbHBII MOMEHT CHCTEMa HaXoJmiIachk B mokoe, To 7o = 0. Be-
nrunHa 1 paBHA CyMMe SHEPrUid BCEX TeIl CUCTEMBI:

T=T1+ T2+ Ts. (2)

Puc. 113

y‘lI/ITBIBaH, 4yTOo TEIO 1 ABUIKCTCS TNIOCKOIApaJJICIIbHO, TCJIO 3- MMOoCTYNaTeJbHO, a TCJIO 2 BpaIlla-
€TCA BOKPYT H@HOJIBPI)KHOf/i OoCH, ITOJYUYHUM

_mVg +Iclo)12_ S My
o2 2 2 2

©)



Bce Bxopsimue croaa CKOpoCTH CIIEAYET BBIPa3sUTh yepe3 uckomyto Vc;. IIpuHsaB BO BHUMaHUE, YTO
ToyKa K1 — MTHOBEHHBIH IICHTP CKOpPOCTeH KaTka |, 1 0003HauMB paauyc KaTka uepes I1, HOIyduM
V \Y \Y R
__ & _"G. _ G . _ _ 2
—R—_1032—_1V3—032R2—VC1_ (4)
1¥1 rl r2 r2
Kpowme Toro, Bxoasuiue B ypaBHEHHE (3) MOMEHTHI HHEPLIMU UMEIOT 3HAUEHUS
lc; =0,5my- 2 2 =m2-R2. (5)

©,

[ToncraBuB Bce BenmuuuHsbl (4) 1 (5) B paBeHCTBA (3), TOJTYYHMM KHHETHYECKYIO SHEPTHIO CHCTEMBI:
3 1 Ry 1 R;
T:(Zml+zm2r_§+zm3r_§}/é:27vczl ' )
2 2

Haiiném cymmy paboT Beex ASMCTBYIONIMX BHEITHUX CHJI IIPU TOM IMEPEMEIEHNH, KOTOpoe OyaeT
UMETh CHCTeMa, Korjia Touka C1 MpoiAeT myTh Si, UIS 9eT0 YYTEM, YTO 3/IeCh 3aBUCUMOCTh MEXIY IMepe-
MEHICHUSIMH OyJIeT TaKOM ke, KaK U MKy COOTBETCTBYIOIIUMHU CKOPOCTSIMU B PaBEHCTBAX (4), T.e.

S R,
=—=,5,=§5 —=.
P2 I 3 dl I,

B pesynbrare nonyunm
5
A(F) = | 2(1+2S)dS = 2(S, +S?);
0

A(R) = PS,sin60%  AM,) =My, =M, 2
r
A(P, i Ry .
A(P;) = —P;S5sin30° = —P;S; r—sm 309
2
™ ™ o R
AR")=-FTS, =N S, =—fP,cos30°S, —2

I

Pabota ocTanbHbIX CHII paBHA HYIO, TaK Kak Touka K1 — MTHOBEHHBIN LIEHTP CKOPOCTEH, TOUKa
O HenoJBMKHA, a peakls N, NEPICHAUKYIAPHA IIepeMelIeHHIo Tpy3a 3. Torna 0OKOHYaTeIbHO

S AL =2(S; +S7) +PS,; sin60°—M, S P381& (sin 30° + f cos 30°). (7)
f2 ry
C yuyeTrom 3HauCHHIA 33JJaHHBIX BEIMYHH TIOJTYYUM BEIUYHHY pabOT BCEX CHIL:
>A; =8,96. 8
[ToncraBuB BeipaxkeHus (6) u (8) B ypaBuenue (1) u yuutsiBasi, uto 7o = 0, momyunm
27- V¢, = 8,96.

Ortcroz1a HaX0JJUM UCKOMYIO CKOPOCTb.
Otser: V¢, = 0,58 M/C.



