Teopernueckas mexanuka. [Ipakruka.
[Tocne n3yueHus Matepuana 1o JEeKIuU, TpeOyeTcsl OTBETUTh Ha MOCTaBIEHHBIE BOMIPOCHI.
Bonpocwt 0na camoxonmponsa

Paznmen 1. CTATUKA

1.  Yro uzyuaer craTuka?

2. Kakumu Tpemsi (axTopamu ompenensercs Cuia, JACUCTBYIOIIas Ha TBEPIOE
TEN0?

3. HazoBure ycnoBusi paBHOBECHUS] CHCTEMBI CXOISALIUXCS CHIIL.

4. Yro Ha3zpiBaeTcs mapoil cui? Uem xapakrepusyercsl AEHCTBHE Mapbl CUJ Ha
TBepaoe Teno? Kak HanmpaBJieH U YeMY pPaBEH 10 BEIMYUHE BEKTOP-MOMEHT Iapbl?

5. Ha3oBwute yciaoBue paBHOBECHUS CUCTEMBI Iap CUII?

6. Uro Ha3pIBaeTCSI MOMEHTOM CHJIBI OTHOCHTENBHO JaHHOW Touku? Kak
BBIOMpAETCs 3HAK 3TOr0 MOMEHTA?

/. VI3MeHHUTCS U MOMEHT CHJIbl OTHOCHUTEIBHO JAHHOMW TOYKU TMPU MEPEHOCE
CHUJIBI 110 JIMHUHU €€ IEUCTBUA?

8. B xakowm cirydae MOMEHT CHJIBI OTHOCUTEIBHO TOYKM paBeH Hymo? [IpuBeauTe
MPUMEPBHI.

9. Yro Ha3bIBaeTCs TJIaBHBIM BEKTOPOM JAaHHOU cucTeMbl cui? UTo HasbIiBaeTcs
TJIAaBHBIM MOMEHTOM CUCTEMBI CHJI OTHOCUTENILHO JJAHHOW TOYKU?

10. HazoBute OCHOBHBIE aKCMOMBI CTATHKHU.

11. Yto mHaspBaeTCI MOMEHTOM CWJIBI OTHOCUTEIHLHO HaHHOW ocu? Kak
BBIOMpAETCs 3HAK 3TOr0 MOMEHTA?

12. B kakux ciiy4asix MOMEHT CHJIbl OTHOCUTEIILHO OCH PaBEH HYJO?

13. Kakwue cuiibl Ha3bIBaIOTCS PaBHOACHCTBYIOIIMMU U YPAaBHOBEIIMBAKOITUMUCS?
UeM OHU OTIIMYAIOTCS APYT OT Apyra?

14, Kak omnpeaenuTh UEHTPHI TSXKECTH JIUHUH, TOHKON MIaCTHUHBI, TBEPAOIrO Tesa?

Pazoop munuunozo npumepa no cmamuke. Odpamumsp 6HUMAHUE HA KAYECME0
PUCyHKa, 0603nauenusn u nosacHenus no xooy pewienus. Illoooonas 3aoaua 6
KOHmMpObHOU padome.



Hano:P=10 kH, M=5 kHm, Qnax=3 kH/m, 0=60° a=2 m, b=6 m, C=2,5 m, d=1,5 m,
pacnpeoenennas Hacpyska deticmeyem Ha yuacmxe KC.

Onpedenums: peakiuu cBs3el B onopax A u B.

RAx A

Puc.1.5

Pewenue. JIns omnpeneneHuss peakuuil BbIOMpaeM pPaclojOKEHHE Oced X -
TOPU30HTAJIBHO, Y — BEPTUKAIBHO U M300pa’kaeM JIEHCTBYIOIINE HA CTEP’KEHb BHEIIHUE

cuibl U peakiuu Rg, Rax, M.

(o)

PaBHOZIEHCTBYIONIYIO PACIpPENCIICHHON HArpy3ku NPUHAMAeM, Kak Q:T c

TOYKOW €€ MpWIOKEeHUsT Ha paccTosHuu 2/3b ot Toukum K. J{ng monydeHHOW IMJIOCKOM
CHUCTEMBI CHJI COCTABJISIEM TPU YPABHEHUS PABHOBECHS:

Y Fi=0;, P-R, —Rycosa=0;

D> Fi=0; Rysina—Q=0;

> M, =0; Ry(c+d)-Pc—-M,—M —Q(a+2/3p)=0.

[ToncraBUB YHCIIOBBIE 3HAYCHUSI W PEUIUB CUCTEMY YpaBHEHUM, ONpEAesiemM
HMCKOMBIE PEAKIINH.

Omeem: Rp=4,8 kH, Rg=10,4 kH, Ma=-64,8 xHwm. 3Hak munyc y peakuuu M,

YKa3bIBA€T HA TO, YTO €€ HAIIPABJICHUC ITPOTUBOIIOJIOKHO, YEM HAa PUCYHKC.



Pa3nexn 2. Kunemartuka.

Bonpocut ona camokoumponsn

1. Yto u3yuaer paszuen TEOPETUYECKON MEXaHUKN KHHEMaTHKa?

2. Uto Ha3bIBACTCS 3aKOHOM JABUKECHUS TOUKH?

3. Uto npencrapisieT coO0M TpaeKTOpHUEH TOUKH?

4. Kakoe JBWKEHHE TeJa Ha3bIBA€TCAd IUIOCKUM WJIM IJIOCKOMApaJIeIbHBIM
NIBIDKEHUEM?

5. Kak HanpaBiieHbl €CTECTBEHHbBIC KOOPIMHATHBIC OCH B KKJI0W TOYKU KPUBOM?

6. Uto xapakTepu3yroT co00i KacaTeIbHOE U HOPMAJIBHOE YCKOPEHHUS TOUKU?

7. Ilepeunciute OCHOBHBIC BUBI IBUKEHUS TBEPJIOTO TEa.

8. Kak ompeenuTh CKOPOCTH 1000 TOUKH IIJIOCKON (pUTyphI?

9. Kakyro TOUKy MJIOCKOH (PUIypbl Ha3bIBalOT MTHOBEHHBIM LIEHTPOM CKOPOCTEH
(MILC) 1 kKakOBBI OCHOBHBIE CITy4au OMPEICICHUS €T0 MOJIO0KEHUS?

10. Kaknmu napaMeTpaMu ONpeaensieTcs MOJIOKEHNE TBEPIOTO TeJa, OJHA U3 TOUEK
KOTOPOT'O HEMOABUKHA?

11. Kakue nBIKEHUS HAa3bIBAIOTCS a0COIFOTHBIM, TIEPEHOCHBIM, OTHOCHTEIIHHBIM?

12. Kak onpeaenuTs o MOAYJIO KOPUOJIUCOBO YCKOPEHHE?

13. B xakux ciy4asix KOpUOJIMCOBO YCKOPEHHUE PABHO HYJIIO?

Tunuunwviii npumep no Kunemamuke (R000OHAA 3a0a4a 6 KOHMPOJIbHOU
pabome).
[To 3amaHHbIM ypaBHeHUsAM JBWkeHus tTouku X=f(t) u y=f(t) ycraHoBHUTH
TPAGKTOPUIO TOYKH U OMNPEACIUTh CKOPOCTh, KacaTeJbHOE, HOPMaJbHOE M TIOJIHOE
YCKOPEHHE TOYKH B MOMEHT BpeMeHHM t;. OnpenenuTs paauyc KPUBHU3HBI M YCTAHOBUTH

XapakTep JBUKEHUS TOUKHU (YCKOPEHHOE, 3aMEIJIECHHOE, PABHOMEPHOE).
Jano: t1=1¢c, X=6- cos(%tj -2.,Y :16-sin2(%tj -14.

Onpedenums: ypaBHEHHE TpaekTopuy, V, @, a_, an, p.



Pewenue. Jlna onpeneneHuss ypaBHEHUS TPACKTOPUM TOYKU HCKIIOYUM U3
3aJaHHBIX YpaBHEHUM JBWKeHUsA Bpemsa t. Tak Kak BpeMs BXOAUT B apryMEHTHI
TPUTOHOMETPHUUECKUX (DYHKITUH, TO IJI1 UCKITIOUeHU t, ucronnszyeM Gopmyny

sin® ¢ +cos® o =1.

ITepBoe ncxoqHOE YpaBHEHUE MTPEACTABUM KaK

X+ 2 (7[ j (x+2)2 Z(n j
~———=co§ —t|, mm | ——| =cos| =t |,
6 6 6 6

y+14 . (7«
a BTOPOE UCXOAHOE ypaBHEHHUE MPEACTABUM B BUJIC T sin Et :

CKJI&I[BIBaH IIpaBbIC M JICBBIC YaCTH 3THUX ypaBHeHHﬁ, Inojrydacm

2
y+14+(x+2j 1

16 6

[Tocne npeoOpazoBaHus HAXOAUM YpaBHEHUE TPACKTOPHUH

2 2
y =16—16(X%2j _14-= 2—16(%2) ,

2
y=2 —16(%2) - mapabona.

CKOpOCTB TOYKHU HaﬁIICM I10 €€ MPOCKIMAM Ha KOOPAWMHATHBIC OCHU:

v, = dx =(6- cos(ztj -2) = —zsin(zt],
dt 6 6

v, = dy _ (16-sin2£5tj —-14) = 167 2-sin(£t)cos(ztj = 16—”-sin(ztj,
Yoo dt 6 6 6 6 6 3

npu t=1 ¢ nomywaem 3HadeHus mpoekuuil ckopocrei Vi=-1,57 cm/c, V=725 cm/c, a

nosmyio ckopocts, kak V = V2 +V7? =/(-157)? +7,25* =7,42 cw/e.

AHAJIOTUYHO ONPENEIUM YCKOPEHUE TOUKHU:

dv : (7[ ) n’ (7[ j
a, =—>=|—-msIin| -t || =——cos| —t|,
dt 6 6 6

!

dav, (16zr . (7[ j 167% . (7[ j
a,=——=——:8In —t = sin| —t |,
Yoodt 6 3 18 3




mpu t=1 ¢ momyuaem a,=-1,42 cm/c? a,=7,58 cM/c? M TOTHOE YCKOPEHHE

a=.ja’+a’ = /(-1,42)* +(7,58)" =7,7dcml c*.

KacarenbHoe yckopeHHe a_onpeaeiauM 1o Gopmyie

a :anX +V,a,
T V !
torna mpu t=1 c, momyuum: aT:(_1’57)'(_1'74421)2+7’25'7’58=7,7 cM/C?. 3Hak “+”

IMOKAa3bIBACT, YTO IICPCMCIUICHNC YCKOPCHHOC.

HopmanibHOE yCKOpEeHHE ONpeaenuM, HCIOJb3ys YXKE H3BECTHbIE 3HAUYCHMUS:

a, =Ja* —a’ =\/7,71* = 7,7* = 0,39 cm/c’.

Pannyc KpuBU3HBI TPACKTOPUH p OTIPEACIUM O PopMyJIe:

B \/_2 7,42
a, 0,39

n

=114117cm.

[Tonyyennyto TpackTopuio y=f(X) 1 HalijieHHbIC BEKTOpa CKOPOCTEH U YCKOPEHUH

n3o0paxaeM Ha puc. 2.8 B nmoJsioxkenuu npu t=1 c.

Puc. 2.8

Omeem: V=742 cm/c, a=7,71 cm/c®, a=7,7 cm/c?, a;=0,39 cm/c?, p=1141 cm,

NEpEMEILICHNE TOYKHA YCKOPEHHOE.



Pazgen 3. IMHAMUKA

Bonpocut ona camokonmponsn

1. ChopmynupyiiTe OCHOBHBIC 3aKOHBI MEXaHHUKH.

2. Kakoe ypaBHEeHHE Ha3bIBAaCTCSI OCHOBHBIM YPAaBHCHUEM JTMHAMUKHN ?

3. Kakue ypaBHEHMs JUHAMUKM Ha3bIBAIOTCSI E€CTECTBEHHBIMU YpPaBHEHUSIMHU
JBIDKEHUS MaTepUaIbHOU TOUKU?

4. KakoBbl JIB€ OCHOBHBIEC 33/1a4il JMHAMUKU TOYKH?

5. UTo Ha3bIBAIOT MOMEHTOM MHEPILHUH TeJIa OTHOCUTEIBHO MJIOCKOCTH, OCU U TOUKHU?

6. UTo XapakTepu3yeT UMITYJIbC CHIIBI?

7. Chopmynupyiite Teopemy 00 U3MEHEHUU KOJIMYECTBA JBUKEHUS MaTEpUAIbHON
TOYKH.

8. Kak omnpenensiercs paboTa MOCTOSIHHOW MO MOJYJIIO M HANpaBICHUIO CHJIBI Ha
MPSIMOJIMHEMHOM TIepEMEIICHUH?

9. Kak BEIMHCIUTE pabOTy CHIIBI TSHKECTH B paOOTY CHIIBI YIIPYTOCTH?

10. CdopmynupyiiTe TeopeMy 00 HU3MEHEHMM KHHETHYCCKOW DSHEPTrUH
MAaTEPUATIbHON TOUYKU U MEXAHUYECKON CHCTEMBI.

11. Kako#i Bug umeetr auddepeHimaipHoe ypaBHEHUE BpAIICHUS TBEPIOIro Teia
BOKPYT HEMOABUKHON OCHU?

12. B 4yem 3akimodaeTcs CyIIHOCTh npuHIumna Jlamambepa?

13. Kak popmynupyercsi IpUHIIUAI BO3MOXKHBIX MepeMeIeHui?

14. Kak popmynupyeTtcs 30J10TO€ MPABUIIO MEXAHUKHU ?

15. Kakoii Bus umeet oO1iee ypaBHEHHE TMHAMUKH ?

Pa3zoop munuunozo npumepa no ounamuku mouxku. Oopamums 6HUMaHue Ha

Kauecmeo pucyHka, 0003HaAYeHUA U NOSACHEHUA NO xopremenuﬂ.

B pe3ynbTaTe noayd4eHHOro TOJIYKA TEJI0 HAYajao CKOJIb3UTh MO MMOBEPXHOCTU 4B U3
TOYKH A C HayaJdbHOM CKOpPOCTBIO Vja, PacmoyioKEHHOW MOA YIJIOM ¢ K TOPU30HTY B
tedeHuu t cekyHj (puc. 3.9). KoaddunueHT TpeHusl CKOIbKEHUS Tella O TTOBEPXHOCTh
paBern f. Ilpoiins mo mimockocTH paccrosiuue AB=|, marepuanbHas TOYKa MOKUAAET

MOBEPXHOCTL CO CKOPOCTBIO VB 1 magacT Ha TOPU30OHTAJIBHYIO IIIOIIAAKY B TOYKY C co



CKOpOCThIO V¢, MPU 3TOM OHO HaXOAWJIOCH B Bo3ayxe T cekyHn. [lpu pemienun 3agauu He

YYUTHIBATH CONPOTHBIICHHE BO3/yXa.
Hano: Na=2 m/c, 0=30° h=3m, f=60°, 1=2 ¢, 1=0,4.
Onpeoerums: d, |, ypaBHeHHE TpackTOpuH Teia Ha yaactka BC.

Pewenue. B cBsi3u ¢ TeM, 4TO NPU JIBUKEHUH MaTEpPUATbLHON TOUKH OT 4 K C, CUJIBI

Pa3/IMYHblI HAa y4aCTKax AB n BC, pasacinM TPACKTOPHUIO ABHIKCHHA TOYKHW HA 49aCTH H

paccMOTpUM e JABMKEHUE Ha y4acTKe AB, 1moj nelcTBHEeM CWI: CUiIbl Tshkectu G =mg,

CHUJIBI TPCHUA Ifmp, HOpMaHBHOﬁ PCaKIHHU OIIOPHbI N .

X,
A/F, N
Gy '
Pg . .‘\‘/0\\'
Gl L C

D
E——77 77777,
y d

Puc. 3.9
CocrtaBuM nuddepeHiraibHOe ypaBHEHHE Ha OCh X'
mx, = > F;=Gsina—F,,
roe G=mg, F,,=fN, 3mzece N =Gcosa =mg cosa

Torma m¥, =mgsina — fmgcosa wnwm, pazaenus Ha M

X, =gsina— fgcosa



U IBXK/Ibl IPOUHTETPUPOBaAB U PepeHInaTbHOE YPAaBHEHHE, TOTYYUM:

X, =(gsina — fgcosa)t + C,,

2
X, =(gsina - fgcosa)%+clt +C,.

OHpC,ZIeJII/IM IMOCTOAHHBIC HHTCTPUPOBAHHUA H3 HAYAJIBbHBIX YCHOBHﬁ: Koraga TO4YKa

Haxonmnack B Touke 4. mpu t=0 % =V, =2 wm/c, X, =0. [loacraBuB 3TH 3HAUYEHUS B

ypaBHEHUs, IOMyYeHHbIE TTpHU uHTerpupoBanuu, s t=0 naxogum C;=2, C,=0.

Torma ypaBHEHMS, XapaKTEPU3YIOIIKE CKOPOCTh M YPAaBHEHHUE IBHKCHMS Tella Ha

y4acTke 4B UMEIOT BU:

X, =(gsina — fgcosa)t + 2,
2

X, =(gsina — fgc05a)%+ 2t.

Jlnst MoMeHTa t=7=2 C, KOrJa Telo HaXOOUTCs B Touke B umeeMX, =V, X =1, u

IMOACTABIISAA UX B YPABHCHUC ABUKCHUSA, I10JIy4acM

V; =(9,8-sin30°-0,4-9,8-c0s30°)-2+2=5,01 m/c.

2

I:(9,8-sin30°—O,4-9,8-cos30°)-2?+2.2=7M.
PaccmoTpum Temeps ABUKEHHE rpy3a Ha ydactke BC; HaljeHHash CKOpocTh Vjp

OyzeT aisl IBMKCHHS HA 3TOM yYacTKe HadabHOM ckopocThio (V,=Vg). N300pakaem rpys

(B mIpPOM3BOJILHOM TIOJIOKEHWH) M JCHCTBYIOIIME Ha Hero cuwiy Tsbkecth G =mg.
[IpoBomuM u3 Touku B ocu Bx u By um coctaBuM nuddepeHimanibabple ypaBHEHUS

JBUXCHUS TEJIA.

m¥, => F,; =0; myj=>F,=G.
PaznenuB 06e yacT Ha M U ABAXKIBI TPOUHTETPUPOBAB, MOTYIUM:

X=0; y=g;

X=Cs; y=0t+C,;



2
X=Ct+C;; y=g%+C4t+C6.

bynem Tenepb OTCUMTHIBATH BpeMsl OT MOMEHTA, KOI'Jla TEJIO HaXOOUTCA B TOYKe B,
cuutas B 31oT MoMeHT t=0. Torma, mpu t=0 V=V3=5,0/ m/C unu B mpoeKknusx Ha
KOOpAMHATHBIE ocu: X, =VyC0Sa, J,=Vgsina, X,=0, y»,=0. IloxcraBmas t=0 B
YpPaBHEHHMs, ITOJNYYCHHBIX B pe3ylbTaTe HHTerpupoBanus, mmeeM: X,=C,; y,=C;;
X, =C,; ¥, =Cs. CnepoBarensno: C, =V, cosa; C, =Vysina; C,=0; C, =0.

B pesynbpTare HaX0AUM ypaBHEHMS IPOEKIIUU CKOPOCTH TeJa:

X =V, cose, y=0t+V;sina

Y YPABHEHHUSI €T0 JBUKECHHUS
t? :
X=Vgcosa-t, y= gE+VB sina - t.
B moment Bpemenu t=T, Teno nmamaetr B Touky C, AJis KOTOPOM XapaKTEpPHO, YTO
x=d+h-ctgp= d+3-ctg60°=d+1,73, a y=h=3m. IloacraBisiss 5TH JaHHBIC B ypaBHCHHS

ABUIKCHU, ITIOJTYUHUM!

d+1,73=V,cosa T,

2

h:3:g%+VBsina-T.

3nas h=3 M u V3=5,01 wm/c, u3 mocinemaHero BBIpAKEHHsS HaXoauM 7T, pEIIuB

KBa/IpaTHOE YPaBHECHHUE:

3=49T%+5,01-sin30°-T wmmu 4,9T% +5,01-sin30°-T —3=0,

T, =-1078 c; T,=0,56 c.
Bpemss otpumarenbHbiM  ObITH  HE  MoXeT, 3Hauut, 1=0,56 <c. Ortcroona

d =5,01-c0s30°-0,56 —1,73=2,43-1,73=0,7 m.
Jlyis Toro 4ToOBl ONpPENENUTh YpPaBHEHHE TPACKTOPHHM HYKHO HCKIIOUUTH BpeMs U3
OJTHOTO M3 YPaBHECHUH JABMKEHUS (ClIEIaeM 3TO U3 TIEPBOTO YPABHEHUS), U MOACTABUM BO

BrOpoe. Ecnm ¢ _ X TOT 1
Vg -COsx



2 2
y=39_X +Vgsina * 9 _X + XV - tga.
2\ V;cosa Vgcosa 2\ V;cosa

Omeem: d =0,7 M, | =7 M, y:g£

2
> ] + XV - tga .

V, cosa

B kommponwvnou paoome x00 pewienua 3aoay 0agamv ¢ NOACHEHUAMU, KAK 6
npeocmaseHHbIX nPpUMepax.



