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1. KOHCHOEKT JEKIIUIA
1.1 Jlexmus Ne 1 (2 gyaca)
Tema: «Ctatuka. BBeleHHe B TEOPETHYECKYH) MEXAHUKY»
1.1.1 Bomnpocsl JieKIuu
1. Craruka. Ctpykrypa Kypca. McTopuueckas crpaBka.
2. AKCMOMBI CTaTHKH.
3. CBsi3H, peaKkIuu CBs3Eil.

1.1.2 Kparkoe coaep:kaHue BONPOCOB

1. Craruka. CTpykrypa Kypca. UcTopuyeckas cipaBKa.

Teopetnueckas MexaHHKa U €€ MECTO CpPEIM ECTECTBEHHBIX U TEXHHYECKHX HayK. MexaHuka
KaK TeopeThyeckas 6aza psaa o0JiacTeil COBpEeMEHHON TEXHUKH.

3HaHuE TEOPETHUYECKOW MEXaHWKHU HEOOXOIMMO IMPHU HM3YYEHHH 3aKOHOB JIPYTHX €CTECTBEHHBIX
HayK. OTO HayKH, IEPBOHAYAIbHO BXOJIUBIINE B COCTaB TEOPETUUECKON MEXaHUKH 10 MEpPE HAKOIICHUS
3HAHUH, OTJICNUBIIUECS OT TEOPETUYECKONW MEXAHUKHU U MOJTYYUBIINE CAMOCTOSTENIFHOE 3HAUEHUE, XOTS
TEOpPETUYECKass MEXaHUKU OCTaeTcs I HHUX HaydyHoW O0a3od. 3HaHME TEOPETUYECKOW MEXaHUKH
HEOOXOAUMO IJIsi pacueTa pa3UuyHbIX COOPYKEHUMU, MPOECKTUPOBAHUS, MPOU3BOJICTBA U IKCILTyaTalluu
MAaIlliH U MEXaHU3MOB.

OcHognble ucmopuueckue 3mansvl pa3gumusi MEXAHUKU.

MexaHuKa sBJISETCS OJHOM M3 JAPEBHEHMIIMX HayK. B Te mamekue BpemMeHa, KOIZA 3alpocChl
MIPOM3BOJICTBA CBOAMIIMCH TJIABHBIM 00pa3oM K YJIOBJIETBOPEHHUIO HYXKJ CTPOUTEIbHOW TEXHUKH,
HAa4YMHAET pa3BUBAThC YUEHUE O IpocTeiinxX MamunHax (00K, pplyar, HaKJIOHHas! MJIOCKOCTh, BOPOT) U
HayaJbHbIC TIOHATUS O paBHOBecuHU Tes. OOOCHOBaHHE HAYall CTATUKU MOSIBISIETCSA YK€ B COUMHEHHUAX
Apxumena (287 -212 mo H.3.). OQHAKO CBEIEHUS M0 MEXAHHWKE MPEJICTABIISUITH COOOU PsJ OTICIBHBIX
pa3po3HEHHBIX paboT, He 00BETMHEHHBIX Hay4yHOW cucTeMoil. B co3manum Takoil cucTeMbl OOJIBIIYIO
ponb ceirpanu Tpyabl [anuneo Tamumnes (1564 - 1642), BnepBble copmynupoBaBIIEro Hjeu 00
MHEpIMH BEIeCTBa, YCKOPEHUH, 3aKOHBI CIIOKEHHs TBMKEHUH U ckopocTel, maaeHus tea. C MOMeHTa
BbIxosa B cBeT B 1687 1. coumHenus Mcaaka Hwiotona (1643 - 1727) "MartemaTudeckue Havaia
HaTypajibHOH Guiocopuu" MOKHO CUUTATh, YTO MEXAHUKA AEHCTBUTEIIBHO CTajla HAyKOil.

[Tocnenyroiiee pa3BUTHE MEXaHUKH, ONHUpAOLIMecs Ha OU(@epeHIHanbHble U HHTErpajibHbIC
HCUUCIICHUS, CBS3aHO C pa3pabOTKON aHAIUTHYECKMX METOJIOB, OCHOBBI KOTOPBIX OBLTH 3aJ0)KEHBI
tpyaamu JI. Ditnepa (1707 - 1783), XK. lamamb6epa (1717 - 1783), XK. Jlarpanxka (1736 - 1813).

OrpoMHOe 3HaYeHME Ul Pa3BUTHS MEXAaHUKH MMEIH paboThl OTEYECTBEHHBIX y4deHbIX M.B.
Octporpazackoro (1801 - 1861), I1.JI. Uebniena (1821 - 1894), CB. Kosanesckoii (1850 - 1891), A.M.
Jlsmynosa (1857 -1918), U.B. Memepckoro (1859 -1935), K.O. Huonkosckoro (1857 - 1935), A.U.
Kpsutos (1863 - 1945), ULE. XKykosckoro (1847 - 1921), C.A. Hannbiruna (1869 - 1942).

OcHosHble noHAmMuUA U onpedeneHus Cmamuku.

Abconromno meepooe meno (meepooe meno, meio) — MaTEPUAIILHOE TEJI0, PACCTOSTHUE MEXY
JHOOBIMHM TOYKaMH B KOTOPOM He u3MeHsieTcst. CreicTBue pa3mepsl U popma Tesna He U3MEHSIOTCS.

Mamepuanvnas mouxa — T€110, pa3MepaMy KOTOPOTO 1O YCIOBHSIM 3a/1a4l MOYKHO MpeHeOpeyb.

Cs0600H0€e meno — TeNo, Ha epeMeIleHe KOTOPOro He HAJI0)KEHO HUKAKUX OTPaHUYECHUH.

Heceoboonoe (ceazannoe) meno — T€10, Ha IEPEMEIICHUE KOTOPOTO HAJIOKEHBI OTPAaHUYCHHUS.

Cesa3u — Tena, TPEMATCTBYIOIIHME IEPEMEIIEHUI0 paccMaTpuBaeMoro oOBeKTa (Tena WiIH
CUCTEMBI TE).
Mexanuueckas cucmema — COBOKYMHOCTh B3aMMOCBSI3aHHBIX MEXIy CO0OM Ten WiH

MaTepuaIbHbIX TOYEK.

TBeproe Teno MOXKHO pacCMaTpuBaTh KaK MEXAHMUYECKYIO CHUCTEMY, IIOJIOKEHUSI U PACCTOSTHUE
MEXy TOYKaMHA KOTOPOU HE U3MEHSIOTCS.

Cuna — BEKTOpHasl BEIMYHMHA, MEpa MEXaHUYECKOTO BO3/AEUCTBHS Ha MATEPUAIIbHYIO YaCTHUILy CO
CTOPOHBI IPYTUX MaTepUaIbHbIX OOHEKTOB.

Cuna Kak BEKTOp XapaKTEpU3YeTCsl TOUYKOM MPWIOKEHMs, HAIpaBJIECHUEM JEHCTBUS U
abcomoTHBIM 3HaueHneM. Eaunniia uamMepeHust Moayis cuiibl — HeloToH.



Cuny, pAelcTBHE KOTOPOW 3aJaHO, HA3bIBAIOT AKMUBHOU CUNOU, CUTY TPOTUBOJCUCTBUS
Ha3bIBAIOT peaxyuell.

2. AKCHOMBI CTATHKH

1. Axcuoma pasnosecus. JIBe CuIbl, JAEUCTBYIOLUIME Ha TBEPIOE TEJIO, COCTABISIOT
YpaBHOBEUICHHYIO CUCTEMY CHJI, €CJIM OHU PaBHBI MO MOAYNIIO U JCUCTBYIOT MO OJHOM HpsIMOM B
MIPOTUBOIIOJIOKHBIE CTOPOHBI.

F1 A B Fo
Fp — - Fl
2. Axcuoma npucoedunenuss (UCKIIOHYEeHUs]) YPABHOBeuleHHOU cucmemvl cuil. JlecTBre

CUCTEMBI CHJI Ha TBEPJOE TEJIO HE U3MEHUTCSH, €CIM K HEH MPUCOSAMHMUTH WM UCKIIOYUTh U3 HEe
T00YI0 YPaBHOBEIIEHHYIO CUCTEMY CHIL
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3. Axcuoma o napannenocpamme cun. Cucrtema IBYX CHII, HPUIIOKEHHBIX B OIHOM TOYKE
TBEpJOrO Tejd, MMEET paBHOJACHCTBYIOLIYIO, IPHWIOKEHHYIO B TOH K€ TOYke. Bektop
PaBHOJICHCTBYIOIIEH SBIISIETCS IUArOHAJBIO MapauIeIorpaMMa, TOCTPOSHHOTO Ha 3TUX CUJIaX.

4. Axcuoma npomusooeticmsus. 1lpu NEUCTBUU OJHOTO TBEPJOTO TeJa HA JPYroe€ BO3HHUKAET
cujia MPOTUBOACHCTBUSA, paBHAs IO MOJIYJIIO, IPOTUBOIOJIOAKHO HANPABJICHHAS IEUCTBYIOIIEH CUIIE.

5. Axcuoma ceazeu. Beskoe HECBOOOAHOE TEJIO MOXKHO paccMaTpUBaTh Kak CBOOOJHOE, €CIU
€ro MBICJIEHHO OCBOOOJIUTH OT CBA3EH, 3aMEHMB UX JIEHCTBUE COOTBETCTBYIOIIMMHU PEAKLIUIMH.

3. CBsi3u, peakuuu cBs3eil.

YcnoBuMes Ha3bIBaTh TENIO CBOOOTHBIM, €CIIH €ro IEpeMeIeHHs] HUYeM He OTpaHu4eHbI. Terno,
MepeMELIEHUS] KOTOPOro OTpaHUYEHbl IPYTMMHU TEIaMH, Ha3bIBA€TCsl HECBOOOIHBIM, a Tea,
OrpaHUYMBAIOIINE NTEPEMENIECHUS JaHHOTO Telna, cBI3siMU. Kak y)xe ymoMuHanoch, B TOUYKaX KOHTaKTa
BO3HUKAIOT CUJIbI B3aUMOJCHCTBUS MKy JaHHBIM TEJIOM U CBsI3IMU. CUJIbl, C KOTOPBIMH CBSI3U
JNENCTBYIOT Ha JAHHOE TEJI0, HA3bIBAIOTCS PEAKIIUSMU CBA3EH.

Cunpl, He 3aBUCSALINE OT CBsI3€H, HA3bIBAIOTCS] AKTUBHBIMU CHJIaMU (33JaHHBIMH), @ PEaKIINH
CBSI3€H - MACCUBHBIMU CHJIAMHU.

B MexaHuKe IpUHUMAIOT CIIEYyIOIIEe MOJI0KEHNE, Ha3bIBAEMOE MHOTAA IPUHIIUIIOM
0CBOO0XKJAEMOCTH: BCAKOE HECBOOOTHOE TEJI0 MOYKHO PaccMaTpuBaTh Kak CBOOOIHOE, €CIU JIeHCTBHS
CBSI3€M 3aMEHUTDb UX PEaKUUsIMHU, IPUIOKEHHBIMU K JAHHOMY TENYy.

B craTuke nosHOCTBIO ONIPENENNTh PEAKIIUU CBS3E€H MOYKHO C TOMOLIBIO YCIOBUM MU
ypaBHEHUI paBHOBECHS Tela, KOTOpPbIe OYyT YCTAHOBJIEHBI B AaJbHEHNIIIEM, HO HAaIlPaBJIEHUS UX BO
MHOTHX CITy4asiX MOXHO ONPEAEIUTD U3 PACCMOTPEHUS CBOMCTB CBA3EH:



1.2 Jlexknmus Ne2 (2 yaca)
Tema: «OcHOBHasi TeopeMa CTATHKU. YPABHEHNsI PABHOBECHSI»
1.2.1 Bonpocsl JieKIuun
1 Cuina u napa cuit. [Ipoekiiuu cuit Ha Ocu U IJIOCKOCTH.
2 AnrebpanyecKkuii 1 BEKTOPHBIM MOMEHTBI CHJI OTHOCHTEIIBHO TOYKH M OCH.
3 AnreOpanyeckuil 1 BEKTOPHBIM MOMEHTHI Hap CHIL.
4 OcHOBHas TeOpeMa CTaTUKH. | JTaBHBIM BEKTOP U TJIABHBIA MOMEHT CUCTEMBI CHUJI.

1.2.2 KpaTtkoe cojaep:xkaHue BOIPOCOB

1. Cuaa u nmapa cuJ. Ilpoekuun cuJ1 HA OCH U IJIOCKOCTH.
JU1st OLIeHKH BpaIiaTebHOro 3¢ (eKTa CUibl BBOJUTCS MMOHATHE €€ MOMEHTA.

PaccmoTpum cuny F , IPUJIO’KEHHYIO B TOuke A TBepaoro Tena (Puc.1).

Puc.1

—

Iepnenaukyasip h, onyumeHnsbiii u3 uenTpa O Ha JHHHIO AeicTBUS CHIbI [, Ha3bIBaeTCs
IUIeYOM CHJIbI [~ oTHOCHTEIBLHO HeHTpa O.

Tak KaK BEKTOp CHIbI ' MOXKHO TIepeMentaTh BI0JIb JUHUHU €€ JEHCTBHS, TO BpallaTebHbINH

3¢ deKT cuibl OyAeT 3aBUCETh:

1) ot Moayns cwibl F u anuHbl mwieya h;

2) oT nosoxenus mwiockoct nopopora OAB, poxoasmei yepes uentp O u cuy F;
3) OT HampaBJIEHHUs TOBOPOTA B 3TOM TIIOCKOCTH.

[TycTh Bce cHIIBI JIEKaT B OHOM MJIIOCKOCTU. B 3TOM cityyae miockocTh MOBOPOTA [yl BCEX CHII
SBIISIETCS OOMIEH M B TOTIOJIHUTENTLHOM 3aJ[aHU HE HyXaeTcs. HampaBieHne moBopoTa MOXHO
OXapakTepHU30BaTh 3HAKOM, CUMTasl YCIOBHO MOBOPOT B KAKOM-HHOY/Ib OJTHOM HaIlpaBlIeHUH
MIOJIOKUTEIILHBIM, @ B TIPOTUBOTIONIOKHOM - OTPHLIATEITEHBIM.

I[J'IH KOJIMYCCTBCHHOI'O U3MCPCHU BpAllIaTCIIbHOT O 3(1)(1)6‘I(Ta BBOJUTCA CIICAYIOMICC ITOHATUC O
MOMCEHTEC CHIJIBI:

MomeHTOM cHiIbl ' 0THOCHTEIHHO neHTpa O Ha3pIBaCTCS BEIMYNUHA, PaBHAS B3ITOMY C
COOTBeTCTBYIOHH/IM 3HAKOM npomBeneHmo MO)Iy.]'IH CHJIBI HA }IJ'H/IHy Ijicya.
O003Ha4aTh MOMEHT CHJIBI OTHOCUTENBHO LEHTpa O OyeM CHMBOJIOM 4, ( F). CrnenoBaTebHO:
[

m,(F)=+F-h (8.3)

Ecnu cuna ctpeMuTes: NOBEPHYTH TEJI0 BOKPYT eHTpa O MPOTHUB X0/1a YaCOBOM CTPENIKH, TO
OyZeM cuuTaThb MOMEHT MOJIOXKHUTENbHBIM, a €CJIU 10 X0y YAaCOBOM CTPEJIKU -MOMEHT OTPHULATEIbHBIN .

OTmeTHM cieayroume cBoicTBa MOMEHTA CHIIBL:

1) MOMEHT CHJIBI HE U3MEHSIETCS TP MEPEHOCE TOUYKU MPHUIIOKEHUS CUIIbl BAOJIb JIMHUU
JIeNCTBUS,

2) MOMEHT CHJIBI OTHOCUTENBHO LIeHTpa O paBeH HyII0 TOJIBKO TOTJa, KOT/Ia CHjla paBHA HYIIO
WM KOT/1A JIMHMSL IEHCTBUS CUIIBI MPOXoAuT depe3 eHTp O (m1e4o paBHO HYIIO);

3) MOMEHT CHJIbI UNCIIEHHO BBIPAXKAETCs YABOSHHOM MIoWanbo AOAB -

m, (F) = +2n1AOAB
ITapa cuii. MOMEHT mapsl CHUIL.



[Tapoii cnn Ha3bIBAaeTCS CHCTEMA M3 JIBYX PaBHBIX IO MOAYJIIO, MAPAIIICTbHBIX M HAIIPABICHHBIX
B IIPOTHBOIOJIOKHBIE CTOPOHBI CHJI, ICUCTBYIOLIMX Ha aOCC™NTHO TBEPOE TeNo (puc. 2).
E

Ifr
Puc.2

[1nockocTs, mpoxoasamas 4yepe3 JIMHUM JEUCTBHS CUII ITaphl, Ha3bIBAETCS IUNIOCKOCTHIO 1EUCTBUS
napsel. Paccrosiare d Mexay JTMHUSAMU ISHCTBHS CHII TIAPBI - TJICYOM Taphl.

MomeHTOM napbl Ha3bIBa€TCS BEJINYMHA, PABHAS B3SITOMY C COOTBETCTBYIOLIIUM 3HAKOM
MPOM3BEICHUIO MOJIYJISI OIHOM M3 CHJI aphl Ha ee tiedo : M ==+F - d

Teopema AnreGpanyeckas CymMMa MOMEHTOB CHJI TMapbl OTHOCUTENBHO JF000T0 LIEHTPA,
JIeXKAIIETO B TUIOCKOCTH €€ JCHCTBHUS, HE 3aBUCUT OT BHIOOPA 3TOTO IIEHTPA U paBHA MOMEHTY Taphbl.

2. AredOpanyeckuii 1 BEKTOPHbI MOMEHTBI CHJI OTHOCHTEJILHO TOYKH U OCH.

Tena, mpensATCTBYIONINE TEPEMELICHUIO PACCMAaTPUBAEMOT0 00BEKTa, Oy/IeM Ha3bIBATh CBS3SIMHU.
Cuna, ¢ KOTOpOH CBS3b ACHCTBYET Ha paccMaTpUBaeMblii OOBEKT, MPEMSATCTBYS €ro MepeMElICHHUIO,
Ha3bIBaeTCs peakyueli cea3u. Ilpu ompeneneHnn BO3MOXHBIX PEaKUUil CBA3M CIEIYyEeT MCXOAUTh W3
TOrO, YTO pPEAKUUs 3TO CUja, NPENSATCTBYHOUIas IMEPEMELICHUI0 paccMaTpuBaemMoro Tena. Peakuus
HaIpaBJieHA B CTOPOHY, IPOTUBOIOJIOKHYIO TOM, Ky/1a CBSA3b HE I103BOJISIET IEPEMELLIATHCS TEIY.

I'naokas nosepxwocmsv OTpaHUYHMBACT IEPEMEIICHHUE M0 HOPMAad K TMOBEPXHOCTH OIOPHI.
Peaxmus HampaBneHa 1o oOIIel HOPMaIH B TOUKE KacaHusl.

Ulapnupnas noosudichas onopa OTpaHUYMBAET MEPEMEIICHHE Tela MO HOPMajil K OMOPHOM
IJIOCKOCTH. Peakiius HarpaBiieHa o HOpMail K OTIOPHOM MOBEPXHOCTH.

Llapnupnas Henodgudcnas onopa TPOTUBOJCHCTBYET TOOOMY MEPEMEIICHUIO B IUIOCKOCTH,
MepNEeHIUKYISIPHON K ocH mapHupa. [Ipu pacuerax peakiuio, Kak paBuiio, MPEACTaBISIOT B BUIE IBYX
COCTaBJISIONINX 10 ocsiM X 1 Y.

Hlapnupnoii nesecomvlli cmepiceHb TPOTHUBOACHCTBYET IEPEMEIICHUIO Tella 10 JIMHUH,
COCNIUHSIIONIEH IEHTPHl IapHUpPOB. Peakiust OyneT HampamjieHa MO JUHWUU, COCIMHSIONIEH IEHTPHI
IaPHUPOB.

I'nyxaa 3adenka TPOTUBOAEUCTBYET JIOOOMY NEPEMELIEHUIO M BpallleHHIO0 B IiockocTu. Ee
JNEHUCTBUE MOXHO 3aMEHUTh CUJIOW, MPEACTABICHHOW B BHJIE€ JABYX COCTABJSIONIMX M MAapod CHI C
MOMEHTOM.

1AL

3. Anre0Opanyeckuii M BEKTOPHbIH MOMEHTBI Iap CHJI.

PaBHOHCﬁCTBymmaH R ABYX CXOIOAIIUXCA CHUJI F1;F2 HaxoaguTCsa Ha OCHOBaHHHM AKCHOMBI O

napajjejorpaMmme Cuil. FCOMCTpI/I‘-ICCKa}I cymmMa a000ro yucia CXOOAINXCA CHII MOXKET OBITh
OIpEaAcICHA MYTEM ITOCIICA0OBATCIBHOI0O CIIOXKCHUA IBYX CUIT — croco0 BCKTOPHOT'O MHOI'OYT'OJIbHHKA.

—

BriBona: cucmema cxoosuuxca cun (F n) npueooumes x oonoii pasnooeiicmeyroweti cune R .

X v
>
o
<<




AHaJIUTHYECKH PaBHOJCICTBYIONIAS CHJIa MOKET OBITh OIpe/eieHa Yyepe3 ee MPOeKIUU Ha OCH

KOOpIMHAT
o2 p2, p2
R—1lRX+Ry+RZ .

CoryacHO TeopeMe: npoeKyust pagHOOeCmEyiouell Ha 0Cb PABHA CYyMMeE NPOEeKYUll ClaeaemblX
cun Ha amy oco. Ry = F1x + Fax + F34, unu B o01iem Buje

Ry =2 Fix.
PaBHOHeﬁCTByIOHIaﬂ OHpeI[eJIHeTCﬂ BLIpa>KeHI/IeM

R-JSF+8F‘+5F "

Hanpasnenue BekTopa paBHOJAEHCTBYIOLIEH ONPENEIIAETCS KOCUHYCAMH YTJIOB MEXIY BEKTOPOM

2R 2Ry 2.Fe
R R

, COSy =
YTTR

R uocamu X, Y, Z

cosa = . Cosf = , The o, B,y



1.3 Jlexkmus Ne3 (2 gaca)
Tema: «HacTHbIE C1y4au NPUBEJICHUSA CHCTEM CHII»
1.3.1 Bonpocsl JieKuun
1. YcnoBust paBHOBECUSI CUCTEMBI CHIL.
2. CocTaBlIeHHE U UCIOIb30BaHUE YPABHEHUN PAaBHOBECHS.
3. Penienue 3a/1a4 Ha oNpeziesieHUe peakliui CBA3HU.

1.3.2 KpaTtkoe coaep:kaHue BOIPOCOB

1. YcinoBusi paBHOBECHSI CHCTEMBI CHJI
W3 0CHOBHOM TEOPEMBI CTATHKH CIIEAYET, YTO JIF00asi CHCTEMa CHJI 1 MOMEHTOB, JICHCTBYIOIINX
Ha TBEPJIOC TEJI0, MOXKET ObITh MPUBEACHA K BHIOPAaHHOMY IIEHTPY U 3aMEHEHA B 00IIeM cliydae
IJIABHBIM BEKTOPOM U IIABHBIM MOMEHTOM.
Ecnu cuctema ypaBHOBeIIeHa, TO mmoyrydaeM yciioBusi paBHoBecusi:R=0, My=0. 13 3tux
YCJIOBUH JIJISl IIPOCTPAHCTBEHHOM CUCTEMBI CHIT ITOJTy4YaeTCsl IIECTh YPaBHEHUH PAaBHOBECHSI, U3 KOTOPBIX
MOFy’T 6I>ITI) OHpCI[eJIeHI)I IIISCTh HCU3BCCTHLBIX .

>xi=0, YMix=0;
> yi o, ZMiy:O; (1)
2z =0, > M;;=0.

Jis maockoi cucTeMbl cull (Harmpumep, B IIOcKocTH OXY ) U3 3TUX YpaBHEHMI MOJTy4al0TCs
TOJIBKO TPU:

> xi=0;
2i=0; (2)
2Mo=0,
npudeM ocu ¥ Touka O , OTHOCHUTENBHO KOTOPOW MHUIIETCSI ypaBHEHUE MOMEHTOB, BRIOMPAIOTCS
MIPOU3BOJIBLHO. DTO MepBas (pOpMa ypaBHEHHI paBHOBECHSL.
YpaBHEHUs paBHOBECHSI MOTYT OBITh 3alMCaHbl HHAYE:
>xi =0;
> Mp=0; (3)
ZMBZO.
Oto BTOpasi popma ypaBHEHHI paBHOBECHS, TprdeM och OX He JOHKHA OBITH
MepIeHINKYNIIpHA IMHUHU, TPOoXoAsiel yepe3 Touku A u B .
> Mp=0;
>Mg=0; (4)
ZMCZO.
Ot1o TpeThs Gopma ypaBHEHHI paBHOBeCH:, prueM Touku A , B u C He TomKHBI JIekKaTh
Ha oHOU npsiMoi. [IpennouTuTenbHOCT HanucaHust GopM ypaBHEHUIN paBHOBECHS 3aBUCUT OT
KOHKPETHBIX YCJIIOBUH 3a/1a4l U HABBIKOB PEIIAIOLIETO.
[Ipu nelicTBUMU HA TEJIO TIJIOCKOW CUCTEMBI MapaJUIeIbHBIX CHJI OJHO U3 YPABHEHUI UCUYE3AET U
OCTal0TCs JBa ypaBHEHUs (PUCYHOK 1, a):
2xi =0;
> M,=0. (5)
|

Ay

ry

Pucynok 1



JIJ1s1 IIPOCTPAHCTBEHHOM CHCTEMBI TTapaLIEIbHBIX CHII (PUCYHOK 1, 6) MOT'YT OBITH 3aIIUCaHBI
TPU YpaBHEHHUSI PABHOBECHS:
>z =0;
> Mix=0;
ZM iyZO.
JI1st cHCTEMBI CXOAAIIUXCSA CUII (JIMHUU JENCTBUS KOTOPBIX IIEPECEKAIOTCSA B OJHOM TOUKE)
MO>KHO HAITMCATh TPU YPABHEHMS LISl IPOCTPAHCTBEHHON CUCTEMBI:
2xi =0;
2yi=0;

>zi=0
" JIBa YpaBHCHUA IJIsA MJIOCKON CHCTEMBI:
2xi =0;
2 Vi =o.
B ka)x710M 13 BBIIEIPUBECHHBIX CIyYaeB YUCIO HEU3BECTHBIX, HAXOAUMBIX IIPH PEIICHUN
YPAaBHEHUH, COOTBETCTBYET YMCIY 3alIMCAaHHBIX YPABHEHUN PABHOBECHSI.
2. CocTaBiieHHe U UCIIOJIb30BAHNE YPABHEHUI PABHOBECHS.

PaBHOBecHE INIOCKOH CUCTEMBI TapaJICIbHBIX CHJI.

y//\

3 M
¥ Fy =0 Xmy(F)=0

2 )
O
ITPUMEP.

Onuopoauslii Opyc AB ecTKo 3azead B CTeHy , 00pa3ys ¢ Heii yron (X . Beicrynaromias u3

CTEHBI YacTh Opyca UMEeT JJIHHY b M u Bec P. Buytpu yrina DAB nexut unnusap Becom Q
Kacaromguiicst Opyca B Touke E, mpuuem AE=a . OnpenenuTs neakiuu 3a1eiKH.

<

M\\\\\\N

Paccmotpum paBHOBecue Opyca.

>Fy,=0 Xp+F-cosa=0 .
>Fy=0 Ypa-P-Fsina=0 MAAﬁ X P
ZmA(Ifk)ZO A

—F-a—Pé-sinoHMA:O

3. Pemienne 3a1a4 Ha onpeae/ieHUe peakuui CBsI3HU.
Jlano: P1=2xH; P2=12xH; P3=6xH; a=3u, o= 60°_

Omnpenenuth peakuu ornop Gepmbl OT 3aJaHHOW HATPY3KU U YCHIIHS B CTEPIKHSIX.
Pemenmue:



Onpenenenne peakiuii ornop. PaccMoTpuM BHENIHUE CHITBI TPUJIOKEHHBIE K (hepme: cuitbl P1,

P2, P3 u peakiuu onop - Fe,
J1J1st IIOCKOM CUCTEMBI CHJI COCTaBUM TPU YPABHEHHSI PABHOBECHSI.

h=ga-sindl® =2 598

S M (F)=0 -F-2,598 +F, sinf0° 15+ F, -cos60°- 2,598 + F, 45-R, -9 =0
—F 2,598+ F, sind0° 1,5 +F,  cosf0® 2598 + F, -4.5

9

S A, =0 -F+F cos0°+%, =0

X, =-P cosl®+P, =9xH

> F, =0 PF+F sinél*-R -T, =0

Y, = F, + F, -sinfil® - R, = 10.04xH
IIposepka

S M (R)=0 B 239%+F, sinfl®-75- F cos60® 2598 +F, - 45-F, 9=0

R, = = 7.154xH

10
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1.4-1.6 Jlekuus Ne4-Ne6 (6 wacos).
Tema: «Acnosib30BaHue YpaBHEHUH PaBHOBeECHS
1.4.1-1.6.1 Bonpochl JeKuuu
1. CraTnueckasi onpe1eIMMOCTb.
2. CousieHEeHHbIE KOHCTPYKIIUH.
3. [IpuBeneHNe CHCTEMBI CHII K PaBHOICHCTBYIOIICH.
4. luBapuaHTBI CUCTEMBI CUII.
5. YpaBHEHME LIECHTPAIBHOU OCH.

1.4.2-1.6.2 KpaTkoe cojiep:kaHue BOIPOCOB

1. Cratuyeckasi onpeaeJiMMoCTh.

Craruueckas cUCTEMa Ha3bIBAETCSA CTATUYECKH ONPEACIIMMOM, €CIIH YUCIIO ONOPHBIX PEAKIUN
COOTBETCTBYET YUCITY CTEIEHEW CBOOO/IbI, M BETMYMHBI OTIOPHBIX PEAKIIUM 110 TPUHIUITY
MEXaHUYECKOI0 PABHOBECHS MOYKHO OIPEICINTh U3 BETMYMH BHELIIHUX HATPY30K.

Bce npyrue cucteMbl Ha3bIBAIOTCSI CTATUYECKU HEOTPEICTUMBIMHU.

Jns pacuéra Bcex CTaTUUECKH ONPEASIMMBbIX CUCTEM JOCTATOYHO PEIIATh YPaBHEHUS
paBHOBECHUS:

Ocazka omnop, TemMrepaTypHble BO3CHCTBUS M HETOUHOCTH COOPKU B CTATHYECKU OMPEACTUMBIX
CUCTEMax HE BJIMSIOT Ha paclpe/ieiCHUE U BETUYHHY YCHIIUM.

2. CouleHeHHbIE KOHCTPYKIIUH

PaBHoBecue couneHeHHBIX Ten. JKelne3HOMOPOKHBIE M CTPOUTEITBHBIE KOHCTPYKIIUM MOTYT
COCTOSITh U3 COWICHEHHBIX MEXIy co0oil Ten (0anok, ¢pepm). KomuuecTBO HaIOKEHHBIX CBSI3€H MOXKET
MPEBBINIATh YUCIO HE3aBUCHUMBIX YpaBHEHUN paBHOBECHS, KOTOPHIE MOXHO COCTaBUTH MJIA
paccMaTpuBaeMoOM KOHCTpPYKIMHU. Takue 3a1auu sIBISIOTCS CTaTUYECKH HeomnpeaeauMbiMu. CTerneHb
CTATUYECKON HEOINPEASTMMOCTU JUIsl TUNIOCKUX CHUCTEM paBHa: rae J[ — 4ucio ®KEeCcTKUX AUCKOB, XK —
YHCIIO JKECTKUX 3a/eiok, III — 4nciao HemoABMIKHBIX MIAPHUPOB (OMOPHBIX U COSAUHSIOMIUX JUCKHU
Mexay coboi, C — 4uciio MapHUPHBIX CTEPKHEH (OMOPHBIX MM COENMHSIOMINX TUCKU MEXIy coOoi)
WJIY TIOJIBM>KHBIX IIAPHUPOB

3. [IpuBeneHune cucTeMbl CUJI K paBHOAEH CTBYOIIEH

Cuuibl Ha3bIBAKOTCS CXOAAUIMMUCS, €CIIH JIMHUU JIEHCTBUSI BCEX CHUJI, COCTABIISIIOIINX CUCTEMY,
MEPECEKAIOTCS B OJTHOM TOUKE.

Teopema: Cuctema CXOIAIINXCS CUIJT SKBUBAJIIEHTHA OJTHOM cuiie (paBHOJCHCTBYIOIIEH ), KOTOpas
paBHA CyMMe BCEX ATUX CHJI M TIPOXOJIUT Yepe3 TOUKY MEPECeUCHUs UX JTUHUN JEHCTBUSA.

[Tycts 3amana cucrema cxoasmmxcs cul Fy, Fo, F3, ..., Fy, mpuioxeHHBIX K a0COMIOTHO
TBepaOMYy Temy (puc. 2.1, a). [lepeHeceM TOUKH MPUTTOKEHHS CHII TI0 JIMHUSIM UX JIEUCTBUS B TOUKY
nepecedeHus 3Tux nuHuii (21, 6). [lomyunnu cuct cuit, mpui K ogHoM Touke. OHa YKBUBaJIEHTHA
3amanHon. Cnoxkum Fi u Fp, momyuum ux paBHomencTBytomyo: Ry=F;1+F;. Cnoxum R ¢ Fs:
R3=Ry+F3=F;1+F,+F3. Cnoxkum Fi+F+Fs+...+F,=R,=R=4F;. U.T.1. BMecTo mapaiienorpaMmMoB MOXHO
MMOCTPOUTH CUIIOBOM MHOTOYTONBHUK. [1ycTh cuctema coctout u3 4 cui (puc 2.2.). OT KOHIIa BEKTOpa
F1 otnoxum BekTop Fo. Bektop, coenunstomuii Hayano O u koHer BekTopa Fp, 6ynet Bekropom Ro.
Hanee otioxxum BekTop F3 momenias ero Hayano B koHue Bektopa F,. Toraa mel mosiydum BekTop Rsg,
unymuii ot Touku O K KoHITy BekTtopa F3. Touno Tak ke mo6aBum Bektop Fa; mpu 3T0M moaydum, 94To
BEKTOp, UAYIIUI OT Hayaja nepBoro Bekropa F1 k KoHIy Bektopa Fa, sBisercs paBHoaencTByromen R.
Takol mpocTpaHCTBEHHBI MHOTOYTOJIbHUK Ha3bIBA€TCS CHIIOBBIM. Eciii KOHeI] mocneaHel CHIIbl He
COBITIAJIAECT C HAYAJIOM TE€PBOM CUJIbI, TO CUJIOBOM MHOTOYTOJIBHUK Ha3 Pa30MKHYTBIN. Ecin mi1g Hax
PaBHOICHCTBYIOINIEH UCH MPaB FEOMETP, TO ATOT CIIOCOO HA3 TEOMETPUIECKUM.
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https://ru.wikipedia.org/w/index.php?title=%D0%9E%D0%BF%D0%BE%D1%80%D0%BD%D0%B0%D1%8F_%D1%80%D0%B5%D0%B0%D0%BA%D1%86%D0%B8%D1%8F&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B5%D0%BF%D0%B5%D0%BD%D0%B8_%D1%81%D0%B2%D0%BE%D0%B1%D0%BE%D0%B4%D1%8B_%28%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0%29
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D1%80%D0%B0%D0%B2%D0%BD%D0%BE%D0%B2%D0%B5%D1%81%D0%B8%D0%B5

Puc. 2.2

Boruuciienue paBHoaeiicTBYIOLIEH

JU1sl aHaIMTUYECKOTrO OIIpEieTIeHUs paBHOAEHCTBYIOLIEH HalineM ee mpoekuuu Ry, Ry, R; Ha ocu

JIEKapTOBOM CUCTEMBI KoopauHaT. Mimeem
RXZZFkx, Ry:ZFky y RZZZsz. (2)
Toraa Benmu4rHA PaBHOICHCTBYIOIIEH OMPEACTUTCS CISAYIOMEH PopMyIIOi:
R R+ R +R: (3)
W

[ w N m
F= Il(Z Fy. ,'J" p(Z Fy, )-’ | {Z F,. j‘j _ )
k=1 E=I

k=1

Jliist ornpeniesieHus HallpaBiIeHUs paBHOAEHCTBYIOLIEH R* Bocmonb3yemMcst 0ObIYHBIMU

BBIPKCHUSIMHU JIJIs1 HAPABJISIOIINX KOCUHYCOB!
cosa=RyR, cosp=RJ/R , cosy=RJR . (5

3nech a, f, y - yIIIbl MEXAY MOJOKUTEIBHBIM HAlPaBICHUEM OCEel KOOPIUHAT U
PaBHOJEHCTBYIOLIEH.

PaBencrBa (2)-(5) no3BOSIOT ONpEeAETUTh MOIYJIb U HAIIpaBJICHUE PaBHOJACHCTBYIOLIEH 1O
3aJIaHHBIM [TPOEKIMSIM COCTABIISIOIINX CHIL.

B cnyuae miockoi cucTeMbl CXOSIMIMXCS CHII OCH KOOPJUHAT MOXKHO B3SITh B INTIOCKOCTH
AecTBUs cui U Toraa popmyisl (2)-(5) ynporarorcs.

4. IHBapuUaHTBI CHCTEMBI CHJI

NHBapuaHThI B CTaTUKE, TAKUE BEIMYMHBI, I PACCMAaTPUBAEMOIN CUCTEMBI CHJI, KOTOPBIE HE
M3MEHSIOTCS IPU U3MEHEHUH LIEHTPa MPUBEACHHUS.

Bunsl nHBapraHTOB:

1) BexTopHBIit MHBAPHAHT - IMIaBHBINA BEeKTOp cucteMsl cuil (R);

2) CxanspHblii HHBapUAHT.

CkansspHO€E MPOU3BENECHUE TIIAaBHOIO BEKTOPA HA IVIABHBI MOMEHT HE 3aBUCHUT OT LICHTpa
MIPUBEICHHUS.

ITpoekuyst rI1aBHOIrO MOMEHTA Ha TJIaBHBIM BEKTOP HE 3aBUCHUT OT LIEHTPA IPUBEACHHUS.

YacTHble cjy4an NpuBeJeHUs CHCTeMbI CHJI:

1) [MpuBeneHue K mape CHil.

B sToM ciiydae cuctema cuil IpUBOJUTCS K OJTHOU mape.

2) [IpuBenenme K paBHOJACHCTBYIOIIEH.
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1.7-1.8 Jlekuus 7-8 (4 uaca).
Tema: «OnpeneneHue HEHTPOB TAKECTH»
1.7.1-1.8.1 BonmpocCkI JJeKIIUN
1. IlenTp napasienbHbIX CUJL.
2. CriocoObl ornpeeneHNs TOJI0KEHHS LIEHTPa TAKECTH.
3. [lonoxeHue HEHTPOB THKECTH HEKOTOPBIX T U PUTYD.

1.7.2-1.8.2 KpaTkoe coaepxaHue BOIPOCOB

1. HenTp mapajjieJibHbIX CHJI.

Paccmotpum cuctemy n cuit Pj, mpuitoskeHHBIX B Toukax A; (X, Vi, Zi) ¥ nmapauiesbHbix ocu OV C
optom | (puc.2).

Ecnu 3apanee UCKIIIOUUTH CIy4yall CUCTEMBbI, SKBUBAJICHTHOM Mape Cuil, HETPYAHO Ha OCHOBAHUH
IpeblayIero naparpada J10kazarh CylecTBOBaHUE €€ paBHOAeCTBYomEH R.

Onpenenum koopauHatel meHTpa C(Xc, Ve, Zc) MapaliebHBIX CHJI, TO €CTh KOOPJIHHATHI TOYKH
MIPUIIOKEHUS PAaBHOJEHCTBYIOMIEH 3TOM CHCTEMBI.

Bocnonb3yeMmcs ¢ 3Toi 11en1b10 TeopeMoid BapuHboHa, Ha OCHOBaHUH KOTOPOM:

Mo (R) = ZMo (P).

-~

Puc.2

BekTop-MOMEHT CHUITBI MOKHO TPEJCTaBUTh B BHJI€ BEKTOPHOTO MPOU3BEICHUS, IIOATOMY:

MO(R) = reXR = XMy (Pi) = Z(riXPi).

VYuuteiBast, uto R = Ryl, a P;j = Pyl # BOCHONB30BaBIINCH CBOWCTBAMH BEKTOPHOIO
MIPOU3BEICHUS, TIOTYUUM:

I'CXRV'| = Z(I'i XPVi'|),

rc'RV><| = Z(I’i'PViXD = Z(ri'PVi)XL

WJIN:

[FCRV — Z(I’i Pui )]X| =0.

[TocnenHee BBIpaKEHHUE CIPABEIMBO TOJBKO B TOM CiIydae, €CJIM BBIPAKEHUE B KBAJIPATHBIX
cKoOkax paBHO Hymto. [losToMy, omyckast MHACKC V M YUUTHIBas, 4TO paBHOJEHCTBymomas R = XP; ,
OTCIO/IA TIOJTYYHM:

ro = (ZP;i r)/(ZP)).

[TpoekTHupys TmocCieaHee BEKTOPHOE PABEHCTBO HAa OCH KOOPJIWHAT, IOJIYIHMM HCKOMOE
8bIpadiCeHUe KOOPOUHAM YEeHMPA NAPATLIETbHbIX CUT

Xc = (Zpi Xi)/( Epi);

Ye = (ZPi yi)/( ZPy); (2)

Zc = (Epi Zi)/( Epi).

2. IleHnTp Ts:KECTH TBEPAOIO TejA.

Paccmotpum TBepaoe teno Becom P u o0bemom V B cucteme koopauHat OXyz , rie ocu X u 'y
CBSI3aHBI C IOBEPXHOCTHIO 3€MJIH, a OCh Z HAIllpaBJICHA B 3€HUT.

Ecnu pa3bute Teno Ha 3neMeHTapHble YacTu 00beMoM AV , TO Ha KaXAYIO €ro 4acTb Oyjaer
JIEHCTBOBATh CUJia IPUTsDKeHHs APj, HanpaBiieHHas K 1ieHTpY 3emutd. [Ipeamnonoxum, 4To pa3Mepsl Tena
3HAUUTENIBHO MEHBIIE pa3MepoB 3eMIIM, TOTJa CUCTEMY CHJI, IPUJIOKEHHBIX K 3JIEMEHTAPHBIM YacTsIM
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TeJla MOXXHO CUMTATh HE CXOJIAIICHCS, a mapajyienbHO (puc.3), ¥ K HE NPUMEHUMBI BCE BBIBOJIBI
MPEIbIAYIIEH IT1aBbl.

Puc.3

Onpeoenenue. lLlenmpom msdicecmu meepoo2o mena HA3bl8AEMCs YeHMpP NApalielbHblX CUTL
MANCECTNU DTIEMEHMAPHBIX YaCmel Imo2o meid.

HanomuuMm, 4TO yoenvuvim ecom 3AEMEHTAPHOM YacTH Teja Ha3bIBAETCs OTHOIICHHE €€ Beca
AP; k 006vemy AVi: vi = APy/AV;. [Iy1s5 0THOPOIHOTO Tejia 3Ta BEIUYHHA SBJISCTCS MOCTOSHHOM: i =y =
P/V.

[ToncraBnss B (2) AP; = vi ‘AVi BMmecto Pj, yuuTbiBas mocjielHee 3aMe4aHue U COKpalias
YHCIUTENb U 3HAMEHATENb HA Y, MOIYYUM B8bIPAJ’CEHUS KOOPOUHAM YeHmMpa msdicecmu 0OHOPOOHO20
mena.

Xe = (ZAVi'Xi)/(ZAVi);

Yo = (ZAViYi)/(ZAV); 3)

Zc = (ZAVi'Zi)/(ZAVi).

[Ipu onpeneneHnu HEHTPaA TAKECTH MOJIE3HBI HECKOJIBKO TEOPEM.

1) Ecniu ogHOpOHOE TEJI0 MMEET IUIOCKOCTh CHMMETPHUH, TO LEHTP TSHKECTH ero HaXOAWUTCS B
9TOM IIOCKOCTH.

Ecin ocu x M y pacnoyioKUTh B 3TOM IUIOCKOCTH CHUMMETPUHM, TO JIA KaXJIOH TOYKH C
KOOpJIUHATAMH X V;,Z; MOXHO OTBICKAaTh TOYKY C KOOpAUHATAMH X;V;, —Z;. Ml koopauHaTa zq 1o (3),
OyIeT paBHa HYIO, T.K. B CyMMe IP;z; BCe WIEHbl MMEIOIUE MPOTHUBOIMOIOXKHBIE 3HAKH, MOMAPHO
YHUYTOXKAIOTCS. 3HAYUT IEHTP TSHKECTH PACIIONOXKEH B IMJIOCKOCTH CHUMMETPHH.

2) Ecnu onmHOpOAHOE TENO MMEET OCh CUMMETPHUH, TO IIEHTP TSHKECTH Tella HaXOAUTCA Ha 3TOM
OCH.

JleficTBUTENBHO, B 3TOM CIIy4ae, €CH OCh Z MPOBECTU MO OCU CUMMETPHUH, JUIsl KAXKIOM TOUYKHU C
KOOPAMHATAMM X; ¥;, Z; MOKHO OTBICKaTh TOUKY C KOOPJAUHATAMHU —X;—V;, Z; M KOOPJAHUHATHI X U V,
BBIUKCIICHHBIE IO (hopmynam (3), OKaKyTCsl paBHBIMH HYIIIO.

AHaJIOTUYHO J0KAa3bIBAETCS U TPEThS TEOpEMa.

3) Ecnu omHOpOAHOE TENO MMEET LEHTP CUMMETPHH, TO LIEHTP TSAKECTH Tella HaXOJIUTCS B 3TOM
TOYKE.

W emé HeCKOIBbKO 3aMEUYaHuil.

Ilepeoe. Eciiu T€10 MOKHO pa3/IeINTh HA YaCTH, Y KOTOPBIX U3BECTHBI BEC U TIOJIOKEHHUE TIEHTPA
TSOKECTH, TO HE3aYeM paccMaTpuBaTh KXYyl TOYKy, a B ¢opmynax (3) P; — ompenensats kak Bec
COOTBETCTBYIOIIEH YACTU U X;V¥;, Z; — KaK KOOPJAMHATHI €€ LIEHTPa TSHKECTH.

Bmopoe. Eciiu Te510 01HOPOJIHOE, TO BEC OTAENIBbHON YacTu ero F; =V} -y, rae y- yAenbHbl Bec
Marepuaia, u3 KOTOpOro CAelaHo Teno, a Vi - 006EM 310 uactu tena. M popmynet (3) mpumyT Oosee
ynoOHsbIi Bua. Hanpumep,

xc=LPx /P=2V ¥y x/V-y =X Vx/V.

W ananoruuno, vy = L Vv [V, zpo = X Viz; /V, tne V = Y V; - 00bEM Bcero Tena.

Tpemove 3ameuanue. 11ycTb TENO UMEET BUJ TOHKOW TUIACTUHKH TLIOMIAAbI0 F M TOMIIMHOM t,
nexamieit B ockoctu OXy. Iloacrasnss B (3) AV = ¢AFi, noayuum koopounamel yenmpa msicecmu
0OHOPOOHOU NIACMUHKU.

Xe = (ZAFix) | (ZAF);

Ve = (ZAFi~yi) / (ZAFi).

e = (ZAFi'Zi) / (ZAFi).
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TA€ ¥;¥;,Z; — KOOPAWHATHI IEHTPA TSHKECTH OTAENbHBIX MacTuH; F = ¥ F, — o0mas rionaas
Tena.

Yemeépmoe 3ameuanue. ]Iy Tena B BUAC TOHKOTO KPUBOJMHEHMHOTO CTEP)KHS JIMHOW L ¢
TUIOMIA/IBIO TIOTIEPEYHOTO CEUCHHUs @ dIeMeHTapHbIi 00beM AV = a-AL;, mostomy koopournamul yenmpa
MANCECU MOHKO20 KPUBOTUHELHO20 CMepJicHs OyIyT PaBHBI:

Xc = (ZALi'Xi)/(ZALi);

Yo = (ZAL;yi)/ (ZAL); 4)

e = (ZALi'Zi)/(ZALi).

Tae x;V;,Z; — KOOPAWHATEI [IEHTPA TAKECTH i-ro yuactka; L = ¥ AL;.

OTMeTHM, YTO COIVIACHO ONPEAEICHUIO LIEHTP TSKECTHU - ITO TOYKA FEOMETPUUYECKAs; OHA MOYKET
JIeXaTh U BHE MIPEICNIOB JaHHOTO Telia (HarpuMmep, s KOJbIa).

3. llenTp Tsi2KecTH 00BEMA, NJIOIAAU U JTUHUM.
1) HenTp Ts:KecTH AYrH OKPY:KHOCTH. PaccMorpum ayry AB paguyca R ¢ meHTpaabHBIM
yriaoM AQE = 2a. B cuiny cuMMeTpun EHTp TSHKECTH 3TOW AyTH JIexuT Ha ocu OX (puc. 4).

. 1
Haiinem koopaunaty x, 1o gpopmyine xg = Z I 1y ¥dl. Jlnst 9TOrO0 BBIICIUM Ha Jyre 4B snemeHt

MM’ nnmunoro dl = Rdi, OJI0KEHUE KOToporo onpeaensercs yriom . Koopaunara x anementa MM’
Ooyner x = Rcosgp. Tloacrasisist 3tu 3HaueHus x ¥ dl ¥ uMes B BHIy, YTO WHTErpaj JOJKCH OBITh
pacIpoCTpaHeH Ha BCIO JUIMHY JYyTH, [OJIYIUM:

g o

1 R? 2R*
Xp= —jxd{ =— J‘ cospdg = — sine

rae L - muna nyru AB, paBHas R = 2a.

OTtcro/1a OKOHYATEIHHO HAXOIUM, YTO LIEHTP TSKECTH AYTH OKPYKHOCTH JICKHUT Ha €€ OCH
CUMMETPHUH Ha paccTossHUM OT 1ieHTpa O, paBHOM ¥ = Rsina/a,

TIe YyroJl o U3MeEpPSETCA B paguaHax.

2) IleHTp TSZKECTH ILUIOIIAAM TPeyroJbHMKA. PaccMOTpUM TpPEyroyibHUK, JeXaluili B
wiockoctu OXY, KOOpAWHATHI BEPIIMH KOTOporo u3BecTHBI: A; (Xi,Yi), (I = 1,2,3). Pa3duBas TpeyroabHHUK
Ha y3KH€ TMOJIOCKH, NapajlieIbHbIe CTOPOHE A14, , IPUAEM K BBIBOAY, YTO LEHTP TSKECTH TPEYTOJIbHUKA
JOJDKEH TIpUHAIe)KATh Meauane Az M3 (puc.S),

y A% Y,)
Q

Alx.Y)

Puc.5

Pa30OuBas TpeyroJapbHHMK Ha MOJIOCKH, MapajuleIbHbIe CTOPOHE A243, MOXKHO YOEIUTHCS, YTO OH
JIOJKEH JiexaTh Ha Meauane A1 Mi. Takum obpazom, yenmp msasgcecmu mpey2oibHUKA JIedHCUm 8 mouke
nepeceuenus e2o MeouaH, KOTopas, Kak U3BECTHO, OTIEINSET OT KaXKI0W MEeIUAHbI TPEThIO YaCTh, CUUTAS
OT COOTBETCTBYIOIIEH CTOPOHBI.
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B uactHoctn, mnsi menumansl A1Mj MOJNy4uM, YYHUTBIBas, YTO KOOPAMHATHI TOYKU Mj; — 3TO
cpenHee apupMeTHIeCKOe KOOPIMHAT BEpIIHH Ay U Aj':

Xe = X1+ (2/3) (Xarr — X1) = X1 + (2/3):[(X2 + X3)/2—X1] = (X1 + X2 +X3)/3.

Takum oOpa3oM, KOOPAMHATHI LEHTPa TSKECTH TPEYTOJIbHHKA TMPEACTABISAIOT COOOM cpeaHee
apuMeTHIecKoe U3 KOOPIUHAT €r0 BEPIIH:

Xe =(L/3)2Xi ;Yo =(1/3)2y;.

3) LleHTp TsZKECTH IJIOMIAAN KPYroBOro ceKTopa. PaccMoTpum cekTop Kpyra paauyca R ¢
LEHTPATBHBIM YTJIOM 20, PACIOJIOKEHHBIM CHMMETPUYHO OTHOCUTENBHO ocu OX (puc.6) .

OueBugHO, uTo Y = 0, @ pacCTosIHUE OT LIEHTPA Kpyra, U3 KOTOPOTrO BBIPE3aH 3TOT CEKTOP, J10
€ro IEHTpa TSHKECTH MOYKHO OIPECIIUTH 10 (hopMmyIie:

Xp= %J‘ xdF. (5)
y
\ O+
R -
Tl
of- } 2d | "
23R

Puc.6

[Ipoie Bcero 3TOT MHTErPajl BHIYUCIUTD, pa30MBasi 00IaCTh MHTETPUPOBAHUS HA DIIECMEHTAPHBIC
cekTopbl ¢ yriaoM de. C TOYHOCTBIO 0 OECKOHEYHO MANBIX MEPBOTO MOPS/IKA TaKOH CEKTOpP MOXKHO
3aMEHHTh TPEYTOJIBHUKOM C OCHOBaHMEeM, paBHBIM R-d¢ u BbicoTo# R. ITiomaap Takoro TpeyroibHUKA
dF=(1/2)R*d@, a ero LEHTp TSKECTH HAXOIMTCS HA PAcCTOSHHH 2/3R OT BepmmHBI, mo3TOMY B (5)
TIOJIOKHUM X = (2/3)5-005([). [Toncrapmnsis B (er) F = aR?, nonyunm:

1 2 1, R
X,= R |3 Rcas::pi Redgp= 30 cospdp =
i X
Rsin R
= % iz =3 [sina — sin(—a)] =

2Rsing

3 (6)
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1.9.-1.10 Jlekuus 9-10 (4 gaca).
Tema: «Tpenue»
1.9.1-1.10.1 Bonpochl ekun
1. Tpenue ckonbxeHus. Yromn TpeHusl.
2. Tpenue kaueHwsl.
3. [Ipumepsl Ha paBHOBECHE CHJI, TPUIIOKEHHBIX K TBEPAOMY TETy MPU HATMYUU CHJI CLICTUICHUSL.

1.9.2-1.10.2 KpaTkoe coepkaHue BOIPOCOB

1. PaBHoBecHe IpH HAJIMYIUHA CHJI TPECHUH.
CI/IJ'Iy TPEHUSA BKIIFOYAKOT B YKMCJIO aKTUBHBIX CHUJI U AaJI€€ 3aJavy pCliaroT OOBIYHBIM 06p330M.
azadya CBOAUTCA K paCCMOTPCHHUIO ITPEACIIBHOI'O IMMOJIOXKCHU A, KOTIa CUJIa TPCHUS JOCTUTACT CBOCTO

HAaUGOIBIIEro 3HAYCHHs £ T . B 3TOM CIIydae Peakiyio MepoXoBaTON CBA3H H300PaKAIOT IBYMS
WNoOF 7 N
cocrapmsonnmu &V iy Fe rpe o =70 3arem cocrasnsior o6brambIe yCJIOBHUSI PaBHOBECHS

F N
CTaTHKH, IIOACTABJISAIA B HUX BMCCTO Fm BCIIMYUHY f':' " peuias MoJIy4CHHbIC YPaBHCHUSA, OIIPCACIISIIOT
HNCKOMBIC BCIINYUHBI.

ECIIH [OJIOXKCHHE PABHOBECHS HE SIBISIETCS IIPE/ICIIBHBIM, TO CHIIA TPeHUs.  He paBHa &y ee
BEJIMYMHA JOJKHA HAXOJUTHCS U3 YCIOBHI paBHOBECHS KaK HEM3BECTHAs TIEpEMEHHAs!.
[Tpu reoMeTpHUECKOM pELICHUH PEaKLHUIO MIEPOXOBATON CBA3M yA00HEee n300pakaTh OJIHOM

cuoit & | koTopast B IIpesieIbHOM MOJIOKEHHH PABHOBECHS OY/IET OTKIOHEHA OT HOPMAIH K

IMOBCPXHOCTHU HA YIOJ T .

2. Kos¢ppuuuent Tpenus. [lpeaenbHasi cuia TpeHusi. YroJ1 1 KOHYC TPEHHS.
ITycte nBa Tena | u |l B3auMoAeNCTBYIOT APYT C IPYroM CONPUKACAICh B TOUKE A.
Bceerna peakumio R 4, IeicTBYIONIyIO, HAIIpUMep, CO CTOPOHBI Tea || u mpuitoxkeHHyio K Tey

|, MOKHO Pa3JIOKUTh HA JABE COCTaBIISIOIIUE:
1) §/ , HampaBieHHYIO MO OOIIEH HOpManu K MOBEPXHOCTH CONPUKACAIOIIUXCS TeN B
A

TOYKE A;
2) TA, JIeXKAIYIO B KacaTeIbHOM MJIOCKOCTH.

Ot cocTapisromme (J W 7 ) Ha3bIBAIOTCA: NA - HOpMaJIbHasl peaKIys,
A A

T - cuna TpeHus ckombxkeHus. Cuina 7' IpemsTcTByeT cKonbkeHuto Tena | mo temy Il. Ecnu
A A

MMOBEPXHOCTHU UCATIBHO TJIAIKUE, TO TA = O B PCAIBbHBIX YCIOBUAX
MMOBEPXHOCTHU HICPOXOBATHI © BO MHOTUX ClIydasaXx npeHe6peqL CHJION TPEHUA HCIIb34.
Ecnmu Harpyska HCIOCTATOYHA JJII HAPYLICHUA ITOKOs, CIPABCIJIMBBI CICAYIONIUC YpPAaBHCHHA

paBHOBECHS: N—-—P=0,S5S—-T=0.Orcrona CJeIyeT, 4TO N =P, S =T . Takum obpazom,
MOKa TEJI0 HAXOIUTCS B TIOKOE, CUJIa TPEHUSI OCTAETCs paBHOM culie Ha HUS HUTHU S.
B 3aBUCUMOCTHU OT HeﬁCTBHﬂ AKTUBHBIX CHJI HaHpaBJ’IeHI/IV A,I,GJICHBHOP'I peaKHHH MOXKET

MeHATbCS. ['eoMeTprueckoe MECTO BCeX BO3MOKHBIX HANpaBieHui mpejienbHoil peakiuu R obpasyer
KOHUYECKYIO MOBEPXHOCTh — KOHYC TpeHus. Ecnu koadduiueHT TpeHus f BO BCEX HANpPaBIIEHUAX

OJIMHAKOB, TO COTJIACHO KOHYC TpeHHUs OyIeT KpyroBbiM. B Tex ciydasx, xorjga KodpQHUIHEeHT TpeHUs
f 3aBHCHT OT HampaBliEHHUSI BOBMOXKHOTO JBIKEHHUSI TEJIa, KOHYC TPEHHUS HE OYIET KPYTOBBIM.
PaccmotpuMm Temepb ciywail, Korja akTUBHbBIE CHJIbI, JEHCTBYIOLIME HA TENO, MPUBOJATCS K
OJIHOM paBHOJACHCTBYIOIICH If, COCTABJISIFOLIAsl Yol (¥ C HOPMAJIbIO K MOBEpPXHOCTH. Takas cuia
OKa3bIBaeT JBOSKOE JIEWCTBHE: BO-MEPBBIX, €€ HOpMajibHas COCTaBISAIOIIAsS |fn orpezenser

HOpPMaJIbHYIO cocTaBisiomyio N peakiuuu moBepXHOCTH M, CIIEOBATEILHO, IPEACIbHYIO CHIIy TPEHUS

Tmax = fN . a Bo-BTOpEIX, €€ KacaTenbHas cocTapasomas [F cTpeMutcs 3Ty cuily npeoaoneTs. Eciu
T
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yBEJIMYMBATh MOIYJb CHIIBI |-, TO mpornopironansHo OyayT Bo3pactarh obe cocrassiomue. OTcroaa

MOXKHO 3aKJIIOUYHUTh, UTO COCTOAHUEC ITOKOSA UJIN ABMXKCHHUSA TCJIa HE 3aBUCUT OT CHUJIbI F H OIIpEaACTIACTCA
TOJIBKO YI'JIOM a - 4CM MCHbBIIC 3TOT YroJi, TCM MCHbBIIC TCHACHI W K HAPYHICHUIO PABHOBCCHIO.
I[JISI AHAIIMTUYCCKOI'0 pCIICHUSA 3ala4 COCTABUM YCJIOBUA PaBHOBECCHUA TCJIA:

>F, =0 T-Fsina=0, >F,=0, N-Fcosa=0, T<1N.

13 ypasuennii maitnem T = FSina, N = F COS u, noncrasnsas B HepaBencTBo, Haiinem
tg o< f WJIM, YIUTBIBASA tg o< tg Q- CnenoBarenbHO, IpU PABHOBECUU TeNa ¢y < Q-

OTO0 03HAYaEeT, YTO €CIM PAaBHOJACHCTBYIOIAs aKTUBHBIX CHJI HAXOAUTCS BHYTPU KOHYCaA TPEHUS,
TO YBEIMYCHHEM €€ MOMIYJI Helb3s HAPYIIUTh PABHOBECHE Teja: Al TOTO, 4TOOBI TEJIO HAYalo
JIBMYKEHHME, HEOOXOAUMO (M JIOCTATOYHO), YTOOBI PAaBHOJAEHCTBYIOIIAs aKTHMBHBIX CHil | Haxomumack
BHE KOHYCa TPEHHUSL.

3. Tpenue kauenusi. Koappunuenr TpeHuss kaueHus.
PaccmorpuMm nmnuHzp (KaToK), MOKOSIIUICS HA TOPU3OHTAIBHOW IUIOCKOCTH, KOTJa Ha HETO

NEWCTBYET TOPM30HTAIbHAS AKTHBHAs cuia S ; KpoMe Hee, JAEHCTBYIOT cuiia TsokecTd PP, a Takke
HOpMaJIbHAs peakuus N 1 cuia Tpenus T .

Kak 1okasbIBaeT OMbIT, PH A0CTATOYHO MAJON BEITMYUHBI CHIIBI S [MJIMHAP OCTAETCSA B MOKOE.
Ho stot daxt Henb3s 00bsACHUTH, €CIIU yIOBIETBOPUTHCS BBEIEHUEM CUJI, U300paKEHHBIX HA PUCYHKE.
CornacHo 3TOH cXeMe, T.K. paBHOBECHE HEBO3MO>KHO TIJIaBHBII MOMEHT BCEX CHJI, JECHCTBYIOIIHUX Ha
WMIMHAP ] = — Sy, OTIMYCH OT HyJIS M OTTHO U3 YCIIOBUM PAaBHOBECHSI HE BBIITOIHAETCS.

R R R o o
HpI/IqI/IHa BBIIBUBIICTOCA HECOOTBETCTBUA COCTOUT B TOM, YTO B HAIIMUX PACCYKACHUAX MbI

IIPOIOJKAEM T0JIb30BAThCs MpeACTaBICHHEM 00 aOCOIIOTHO TBEPJOM Telle M MpEArnoiaraeM KacaHHe
UWIMHIpA C TOBEPXHOCTHIO, MPOUCXOIAIMIMM 10 oOpasywomel. [[ns ycTpaHeHHs OTMEUEHHOTO
HECOOTBETCTBHSI TEOPUU C ONBITOM HEOOXOIMMO OTKA3aThCsl OT TUIOTE3bl a0COIIOTHO TBEPAOTO Tesla U
y4ecTb, YTO B JIEHCTBUTEIBHOCTH LWIMHAP U IUIOCKOCTh BOMm3u Touku C nedopmupyrorcs u
CYILECTBYET HEKOTOpas IUIOLIAAb COIPUKOCHOBEHMsS KOHEUHOHM WIMpUHBL. Bceiencresue 3Toro B ee

[paBoOil YacTH IIJIMHIDP TPHXAMACTCS CHIbHEE, YeM B JICBOM, M MOJNHAS peakius R NpUIoKeHa
npaBee Touku C.

[Tony4yeHHas Temepb cxema ACHCTBYIOIIMX CHJI CTATUYECKH YIOBICTBOPHUTEIbHA, T.K. MOMEHT
napsl (S, 7) MokeT ypaBHOBecuThcs MomeHTOM Taphl (N, P) . Cumras jnepopmanuio maoi,
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3aMEHUM 3Ty CHUCTEMY CHJI CUCTEMOW, M300paKeHHOW Ha pHCYHKEe. B oTimune oT mepBoi cXeMbl K
WJIMHAPY NPUIIOKEHA rapa cuil ¢ MoMeHToM M = Nh.

OTOT MOMEHT Ha3bIBA€TC MOMEHTOM TpeHHs KadeHHs. COCTaBMM ypaBHEHHUS DPaBHOBECHS
mwmaapa: S — 7 =0,N — P =0, —Sr+Mt =0.
ITepseie nBa ypasHenus naor 1 =S, N = P, aus tpersero ypaBHeHus MOXKHO HallTH [ .

Torna & = Sr/ P. Kak BumHo, ¢ yBenuueHHeM MOy aKTHBHOM CHJIBI S pacTeT pacCTOSHHE
h. Ho 3To paccTosHHe CBA3aHO C IUIOMIAAbI0 TIOBEPXHOCTH KOHTAKTA M, CIEAOBATEIbHO, HE MOYXKET
HEOTPAaHUUYEHHO YBEJIMYMBATHCSA. DTO 3HAYMUT, YTO HACTYMAeT TaKOE COCTOSHUE, KOTJa YBEIMYEHUE
cunbl S TpuBeleT K HapyLIEHUIO paBHOBecus. O003HAYMM MaKCHMAllbHO BO3MOXKHYIO BEIMYUHY
6yKBOil O . DKCIIEPHUMEHTAILHO YCTAHOBJIEHO, UTO BEIMUMHA O MPOIOPIHOHANBGHA PAAUYCy IIIHHAPA
¥ PasiIMdHa JUIS Pa3HBIX MAaTEPHANIOB. Ny = 0.

CnenoBaTenbHO,  €COIM  MMEET  MECTO  paBHOBecHME, TO  BelmomHserca N < 0.
Bennunba O HasbiBaetcst KOOOUIMEHTOM TpeHus KadeHns. OHa HMeeT pa3sMEePHOCTb JUTHHBL
VcioBue MOXKHO Takxke 3amucarb B Bune M , < ON . YuutsBas, uto M L= Sy, nonyanm

s<on-

r
OueBHIHO, YTO MAKCHMAIbHbLIA MOMEHT TpeHus Kauenus Nf tmax = ON nponopuyoHaeH Cuie

HOPMAaJIbHOT'O J1aBJICHUS.
B copaBouyHBIX Ta0NMIaX MPUBOAUTCSA OTHOMIEHWUE Kod(h(dHIMEHTa KadeHUs K paguycy

mmmanapa (4 = O / r) 1715 pa3IMYHBIX MaTEpPUasIOB.

1.11-1.13 Jlekuust 11-13 (4 uaca).
Tema: «CKOPOCTH M YCKOPEHHSI TOUYEK MPH PA3THYHBIX CIIOCO0AX 3a1aHUS TBHKEHHS
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1.11.1-1.13.1 Bonpocsl JieKIHH

1. OcHOBHBIE TOHATHUS pa3/ena.

2. KuaemaTnka TOUYKH.

3. OmpeneneHre CKOPOCTU TOYKW TMPHU 33JlaHUU €€ JBUKECHUS BEKTOPHBIM, €CTECTBEHHBIM U
KOOPJMHATHBIM CITOCOOOM.

4. OnpeneneHue yCKOPEHUST TOYKU MPH 3aJaHUH €€ JBUKCHHSI BEKTOPHBIM, KOOPJIWHATHBIM U
€CTECTBEHHBIM CITOCOOOM.

1.11.2-1.13.2 KpaTkoe coaep:kaHie BOIPOCOB

1. OcHOBHbBIE MOHATHS pa3jaea.

Kunematukoi (0T rpeueckoro «KMHeMa» — JIBH)KEHUE) HAa3bIBAETCS Pa3/iesl MEXAHUKH, B
KOTOPOM M3Yy4aloTCsl TEOMETPHUECKUE CBOICTBA ABMXKEHUS Tel 0e3 yueTa MX MHEPTHOCTH (MacChl) U
NEUCTBYIOIMX HAa HUX CHUIIL.

B kuHemaTuke = HM3y4yalOT =~ 3aBUCUMOCTH  MEXJY  IPOCTPaHCTBEHHO-BPEMEHHBIMU
XapaKTepUCTUKAaMU MEXaHUYECKOro ABMKEHMs. [103ToMy KMHEMaTuKy Ha3bIBalOT TaKKe reoMeTpuei
JIBYKEHUSL.

OcHOBHOI 3a71aueii KHHEMATHKH SIBJIICTCS] HAXO0XK/ICHHUE MTOJIOKESHHS TeJla B IIOOOH MOMEHT
BPEMEHHU, €CJIM U3BECTHBI €T0 MOJIOKEHHE, CKOPOCTh U YCKOPEHUE B HaYaJIbHBI MOMEHT BPEMEHHU.

OOBIYHO KMHEMAaTHKy MOJpPA3ACsioT HAa JIBE YaCTU — KHHEMAaTUKY TOYKM U KHUHEMATUKY
TBEPJIOTO Tela.

MexaHnueckoe IBUKEHUE - TO U3MEHEHHUE TI0JI0KEHUs Tell (WK YacTel Tejla) OTHOCUTENbHO
APYT Ipyra B IPOCTPAHCTBE C TEYEHUEM BPEMEHHU.

Jlis onpenenenns MoyIoKeHUs ABUKYIIErocs Tesa (MM TOYKH) B pa3Hble MOMEHTHI BPEMEHHU C
TEJIOM, 10 OTHOILIEHHUIO K KOTOPOMY M3Y4aeTcCsl IBUKEHUE, )KECTKO CBSA3bIBAIOT KaKYyI0-HUOYIb CHCTEMY
KOOpJMHAT, 00pa3yIollyl0 BMECTE C 3TUM TEJIOM CUCTEMY OTCUETA.

Teno orcyera - Teso (WM rpymnmna Tei), IPUHUMAEMOE B IaHHOM CJIy4yae 3a HEMOJIBUKHOE,
OTHOCHUTENILHO KOTOPOI'0 paccMaTpUBAETCs JBUKEHHUE IPYTHX Tell.

Cucrema oTcyera - 3TO ccTeMa KOOPAMHAT, CBA3aHHAs C TEJIOM OTCUYETa, U BHIOPaHHBIHM criocod
u3MepeHus Bpemenu (puc. 1).

Puc.1

N3o06paxarh cucteMy otcueTa Oy/eM B BHJE TPEX KOOPAMHATHBIX Ocell (He MoKa3bIBasi TEJO, C
KOTOPBIM OHH CBSI3aHBI).

JIBuKeHue Tell COBEpIaeTcsl B MPOCTPAHCTBE C TEUEHUEM BpeMeHHU. [IpocTpaHCTBO B MEXaHUKE
MBI pacCMaTpUBaeM, Kak TPEXMEPHOE EBKIINA0BO IIPOCTPAHCTBO.

Bpewms siBrisieTcst ckansipHOM, HEMPEPHIBHO U3MEHSIONMIEHCA BEIMUMHON. B 3agauax KuHEMaTUKU
BpeMs t MpUHUMAIOT 3a HE3aBUCHMOE IepeMeHHoe (aprymeHT). Bce apyrue mepeMeHHbIe BEIUYMHBI
(paccTosiHUSA, CKOPOCTH U T. JI.) PACCMaTPHUBAIOTCS KaK M3MEHSIOUIMECS ¢ TEYeHUEM BpEMEHH, T.€. Kak
¢byHKIMK BpeMeHH 1.
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B Teopernyeckoil MexaHMKE NpPH HM3MEPEHHMU MPOCTPAHCTBA 32 OCHOBHYIO €AMHUILY IJIMHBI
IIPUHUMAIOT METpP (M), @ 3a OCHOBHYIO €IMHHIy BpeMEHHM — CeKyHay (c). Bpems mpeamnonaraercs
OJIMHAKOBBIM B JIFOOBIX CUCTEMaxX OTCYETa (CUCTEMax KOOPAMHAT) U HE 3aBUCHUMBIM OT JBM)KEHUS THX
CHCTEM OTHOCHTEIBHO JpYT npyra. Bpems o6o3nadaercst OyKBOil M paccMaTpHBaeTCsl Kak HENPEPHIBHO
M3MEHSIOIIAsACS BEJIMUMHA, IPUHUMaeMasi B KauecTBe apryMeHTa.

IIpn wu3MepeHuMM BpEMEHHM B KUHEMATHKE pa3IU4alOT TaKUE IIOHATUS, KaK IPOMEXKYTOK
BPEMEHHU, MOMEHT BPEMEHH, Ha4aJIbHbIIl MOMEHT BPEMEHHU.

[TpoMeXyTKOM BpEeMEHHM Ha3bIBAaeTCS BpeMs, MPOTEKAIolee MEXAY IBYMS (U3HYECKHUMU
ABJICHUSIMU. MOMEHTOM BpPEMEHM Ha3bIBAIOT TIPAHUIy MEXIY IBYMsS CMEXKHBIMU IPOMEXYTKaMU
BpeMeHH. HagallbHbIM MOMEHTOM Ha3bIBAa€TCsl BPEMsI, C KOTOPOT0 HAYMHAIOT OTCUYET BPEMEHH.

JUis pemieHus 3ajad KMHEMAaTHKH HAJ0, YTOObI M3ydyaeMoe ABMKEHHE ObUIO KaK-TO 3aJaHO
(ommucano).

2. KunemaTtuka TO4YKH.

Kunemartnyecku 3aaaTh ABM)KEHHE WM 3aKOH JIBWXKEHMs Tena (TOYKM) - 3HAUUT 3a1aTh
TMIOJIOKEHUE ATOTO TeJia (TOYKH) OTHOCHTEIHHO JaHHON CHCTEMBI OTCUETA B JIFOOOH MOMEHT BPEMECHHU.

OcHoOBHas 3ajjaya KMHEMAaTUKH TOYKH M TBEPJAOrO TEla COCTOUT B TOM, YTOOBI, 3Hasi 3aKOH
IBUKEHMSI TOYKU (Tesia), YCTAHOBUTb METOJbl ONPEICIICHHUsS BCEX KUHEMATUYECKUX BEJIUYUH,
XapaKTepU3YIOIUX JaHHOE JBH)KEHUE.

TTonoKeHHe Tella MOKHO OIPEIETHTh ¢ HOMOMLIBIO PAAUYC-BEKTOPA  HIJIM C IOMOIILIO
KOOp/MHAT.

Pajiyc-BeKTOp # TOUKM M - HallpaBJIEHHBIHA OTPE30K MPAMOM, COEIUHSIOMMUIA Haualo orcyera O
¢ Toukori M (puc. 2).

Koopannara X Touku M - 3T0 MpOEKINs KOHIA paanyca-Bektopa Touku M Ha ock OX. OOBIYHO
HOJIB3YIOTCS IPAMOYTOJIBHOM cucteMoil koopauHat Jlexapra. B aTom ciiyuae nosnoxenue Touku M Ha
JIMHUM, IIJIOCKOCTHU U B IPOCTPAHCTBE ONPEIEIISIOT COOTBETCTBEHHO OJJHUM (X), ABYMS (X, ) U TpeMms (X,
Yy, Z) YMcaIaMH - KoopAauHatamu (puc. 2.1).

Yi

Ry

wrY

Puc.2.1

MartepuanpHas TOUKaA - TEJIO, pa3MepaMu KOTOPOTO B JAHHBIX YCIOBUSX MOXKHO MPEeHEOpeUb.

DTOI MOJIEIbIO MONB3YIOTCS B TE€X CIy4asiX, KOI/ia JMHEHHbIE pa3Mephl pacCMAaTPUBAEMBIX Tell
MHOI'0 MEHbIIIE€ BCEX MPOUYUX PACCTOSHUN B TAHHOM 3a/ja4ye WIIK KOTJa TEJIO ABMXKETCS MOCTYNaTeNbHO.

OcHoBHOM 3ajauell KUHEMATHKU TOYKH SBJISETCS M3yYE€HHUE 3aKOHOB JBMXKEHHSA TOYKHU.
3aBUCHMOCTh MEXAY MPOU3BOJIBHBIMHU MOJOXKEHUSIMU ABUKYIIEHCS TOUYKU B MPOCTPAHCTBE U BPEMEHU
ONpeseNsieT 3aKOH €€ JABM)KCHMS. 3aKOH JBIKEHUS TOUYKHM CUUTAIOT M3BECTHBIM, €CIH MOYKHO
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OTIPEACTUTH MOJIOKEHNE TOUKH B IPOCTPAHCTBE B MPOU3BOJIbHBIN MOMEHT BpeMeHU. [lonoxkenue Touku
paccMaTpuBaeTCs M0 OTHOIIEHUIO K BBIOpaHHOU cHcTeMe KOOPAMHAT.

[ToctynarenbHbIM Ha3bIBAETCS ABMXKEHUE Tella, IPU KOTOPOM MpsiMasi, MPOXOAsIIas Yepes
Tr00bIe IBE TOUKH TeJIa, IEPEMEIIAeTCsl, OCTaBasCh MapajiebHON camoii cebe. [Ipu mocTynareasHOM
JIBUKEHUH BCE TOUKH TE€JIa OMHUCHIBAIOT OJIMHAKOBBIE TPACKTOPUU U B JIF000I MOMEHT BPEMEHU UMEIOT
OJINHAKOBBIE CKOPOCTHU U yCKOpeHus. [1oaTomy a1 onycaHus Takoro JABMKEHUS Tella JOCTaTOYHO
OIHMCaTh ABMKEHUE €r0 OJJHOM MPOU3BOJIBHOM TOUKH.

B nanpreiimem noj cioBom "Teno" Oyaem moHuMaTh "'MaTepuanbHas Touka'.

JIuHMs, KOTOPYIO OMUCKHIBAET JBUXKYIIEECS TEJIO B ONPEICICHHOMN cUcTeMe OTCUYeTa, Ha3bIBaeTCs
TpackTopueil. Ha mpakTuke ¢popMy TpaeKTOpUH 3aJar0T C MOMOIIBI0 MaTeMaTiHueckux dpopmyn (y=f(x)
— YpaBHEHHE TPACKTOPHH) WIH U300paKal0T HA pUCyHKe. Bu TpaeKTopuu 3aBUCUT OT BbIOOpa
cucTeMbl otcuera. Hanpumep, TpaekTopueil Tena, cBOOOIHO Maaroniero B BaroHe, KOTOPBIN IBUKETCS
PaBHOMEPHO U MPSIMOJIMHENHO, SIBJIsIeTCA MpsiMasi BEpTUKAJIbHAS JIMHUS B CUCTEME OTCUETa, CBSI3aHHOM ¢
BaroHOM, M mapadoJa B CUCTEME OTCUeTa, CBA3aHHOU ¢ 3eMIIei.

3. OnpeaesjieHne CKOPOCTH TOYKH NPH 32JaHUM ee JABUKeHHUS BEKTOPHBIM, eCTeCTBEHHbIM
U KOOPAUHATHBIM CIIOCO00OM.

OpnHol M3 OCHOBHBIX KMHEMAaTHMUYECKUX XapaKTEPUCTHK JABM)KEHMSI TOUKH SIBJISIETCS BEKTOpHAs
BEJIMYMHA, HAa3bIBA€Masi CKOPOCTHIO TOUKU. [IoHATHE CKOPOCTH TOUKM B PpaBHOMEPHOM IIPSIMOJIMHENHOM
JBUKEHUM OTHOCUTCS K YHCITY 3JIEMEHTAPHBIX MOHSITHH.

CKOpOCTb - MEpa MEXaHUYECKOT0 cocTOsiHUS Tesa. OHa XapakTepu3yeT ObICTPOTY U3MEHEHHUS
MIOJIOKEHHS TeJIa OTHOCUTEIHHO JaHHOW CHCTEMBI OTCYETA M SIBIISICTCS BEKTOPHOU (DU3UIECKOI
BEJIMYUHOM.

Enununa n3mMepenus: CKopocTd — M/c. HacTo HCIONb3YIOT U APYTHE SAMHULIBI, HAIIPUMeEp, KM/4:

1 xm/gac=1/3,6 m/c.

JIBuKeHHEe TOYKM HAa3bIBAETCS PAaBHOMEPHBIM, €CIIM INPUPALIEHUS pajuyca-BEKTOpa TOYKH 3a
OJIMHAKOBbIE TPOMEXYTKH BPEMEHU PaBHbBI MeXx 1y co0o0il. Eciu npu 3ToM TpaekTopueil TOUKH sBIISeTCS
npsiMasi, TO IBUYKEHUE TOUKU Ha3bIBa€TCA MPSIMOJIMHENHBIM.

J111 paBHOMEPHO-IIPSIMOJIMHENHOTO IBUKECHUS

Ar=vAt, 1)

r7ie V — IOCTOSIHHBIM BEKTOP.

BexTop V Ha3bIBaeTcs CKOPOCTHIO MPSIMOIMHEHHOTO M paBHOMEPHOT'O ABMXKEHHUS MOJHOCTBIO €r0
OIIpeAeseT.

U3 cootHomienuss (1) BHIHO, YTO CKOPOCTh MPSMOJMHEWHOTO M PaBHOMEPHOTO JIBUKEHUS
ABIseTCA (PU3NYECKON BETMUMHON, ONpeAeNstoiell nepeMenieHne TOUKH 3a enHuIly Bpemenu. 13 (1)

_Ar
umeeM = At

Hanpaesnenue eexmopa V ykazano na puc. 6.1.

ar M U
M
r
i
0
Puc.6.1

[Tpu HepaBHOMEPHOM JIBMKCHHH dTa opMyJia He TOIUTCS. BBeeM cHavaia moHITHE O CpeTHEH
CKOPOCTH TOYKH 32 KaKOH-HHOYIb TPOMEKYTOK BPEMEHH.
Onpeodenenue ckopocmu MouKUu Npu KOOPOUHAMHOM CNOCOOE 3A0AHUSL OBUNCEHUS

=+ dr o
Bekrop ckopoctu TOUKH vV = ;> YIUTBIBas, 4TO =X, Iy=Y, =2, HaujaeM:
dx dy dz
vo=—7, V,=—, ¥, =—.
*odt" Y dt’ ¢ dt
Takum 00pa3oMm, MPOEKIMH CKOPOCTH TOYKM Ha KOOPJIWHATHBIE OCH pPaBHBI IEPBHIM
IIPOU3BOJHBIM OT COOTBETCTBYIOIIMX KOOPAUHAT TOYKH I10 BPEMEHHU.
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3Has MPOEKIMH CKOPOCTH, HalJEeM ee MOAYNb W HampasieHue (T.e. Yrisl o, P, Y, KOTOpbIe
BEKTOp V 00pa3yeT ¢ KOOPAWHATHBIMH OCSIMU) 110 (pOpMYyTIaM

. 5 5
V= *.,Il vy + vy v
v 1, v,

o ¥ =
cose =—, cos5f=—, cosy=—
v v v

WNrtak, yucneHHas BeIWYMHA CKOPOCTM TOYKM B JAHHBIA MOMEHT BPEMEHU paBHaA IEpPBOU
MIPOU3BOJIHOM OT paccTOsHUS (KPUBOJIUHEHHONW KOOPAUHATHI) S TOUKH 110 BPEMEHHU.

HanpaBneH BEKTOp CKOPOCTH 110 KacaTEIbHOM K TPACKTOPUH, KOTOPasi HAM Hallepe]l U3BECTHA.

Onpeoenenue ckopocmu mouKu npu ecmecmeeHHOM Cnocobe 3a0anust O8UNCEHUS

BenuunHy cKOpOCTH MOXKHO ONPENeNUTh Kak npenein (Ar — mmHa xopast MM;):

. Ar . Ar As  Ar  As

U7 A%0Ar T ai%oAr As  idods 4itoAr

roe AS — nnuHa ayru MM;. TlepBblil penen paBeH €IUWHMIE, BTOPOU MpeAea — MPOU3BOIHASL

ds/dt.
CrnenoBaTenbHO, CKOPOCTh TOUKH €CTh I1EPBasi IPOU3BO/IHAS 10 BPEMEHHU OT 3aKOHA JBUYKEHUS:
ds .
v=—=23%.
dt

HanpaBneH BCKTOpP CKOPOCTH, KaK OBLIO YCTAHOBJICHO paHEC, II0 KacaTeJbHON K TPaCKTOpPHUM.

Ecnu BenmmymnHa CKOPOCTH B AAHHBIA MOMEHT Oy/eT OOJIbIIe HyIIsA, TO BEKTOP CKOPOCTH HANPABIISIETCS B
IIOJIOXKUTEIbHOM HaIPaBICHUU

4. OmnpenejieHde YCKOpeHHMsl TOYKH TPH 33JaHUM ee JIBH/KEHHS BeKTOPHBIM,
KOOPJAUHATHBIM U €CTEeCTBEHHBIM CIOCOO0M.

yCKOpeHI/Ie — BCKTOpHas @HSHHGCK&H BCJIMYMHA, XapaKTCpU3yrouad 6LICTpOTy HU3MCHCHUA
CKOpPOCTH. Ono IMMOKAa3bIBACT, HA KaAKYIO BCJIMYHUHY U3MCHACTCA CKOPOCTh TCJIa 3a CAMHUIY BPCMCHHU. B

(%) M
CU equnMLIel yCKOPEHUS SBISIETCS METP HAa CEKYHAY B KBajJpare {;) .

IlycTe B HEKOTOpBII MOMEHT BpeMEHM { NBMXKYILNAsACS TOYKA HAXOAUTCS B TOJIOKEHUU M U

MMEEeT CKOPOCTh V, a B MOMEHT t; mpuxoauT B nojioskenre M1 u umeer ckopoctsb V; (puc. 8).
M v

Puc.8

Toraa 3a MPOMEXYTOK BpeMeHH At=t;-t CKOpOCTh TOUKH MOJydYaeT MpHpalieHue A7 = v, — v
JI1 OCTpOeHus BEKTOpa A% OTJIOKHMM OT TOYKH M BEKTOp, paBHBIii Vi, M OCTPOMM NapaslIeIorpamm,
B KOTOPOM JMaroHaibio OyjaeT #, a ofHol u3 cTopon ©. Torma, oueBHIHO, BTOpas CTOPOHA U OyjeT
u300paXkaTh BEKTOp A#. 3aMeTHM, 4YTO BEKTOp A# BCErjia HampaBjieH B CTOPOHY BOTHYTOCTH
TPaeKTOPHUHU.

OTHOIIEHHE NPUpPAIIEHUs BEKTOPA CKOPOCTH AT K COOTBETCTBYIOIIEMY MPOMEXYTKY BPEMEHH
At ONpeJIeNAeT BEKTOP CPEHEro YCKOPEHHs TOUKH 32 3TOT HPOMEKYTOK BPEMEHH:

G = Av/AL.

BeKTop cpelHero yCKOpeHHs MMEeT TO K€ HampaBleHHe, YTO M BEKTOp AT, T.e. HaNpaBleH B
CTOPOHY BOTHYTOCTH TPa€KTOPHUHU.

VcKOpeHHeM TOYKH B JaHHBI MOMEHT BpeMeHM t Ha3bBaeTCs BEKTOpHAs BEIMYMHA &, K
KOTOPOHl CTPEMHUTCS CPEIHEEC YCKOPEHHE G, IIPH CTPEMIICHHHM MPOMEKYTKA BpeMeHH At K HyIlo:
BekTop yckOpeHHMs TOYKM B JaHHBI MOMEHT BPEMEHHM DaBEH IIEPBOM IPOU3BOJHOM OT BEKTOPA
CKOPOCTH HMJIY BTOPOU ITPOU3BOJHON OT paguyca-BEKTOpa TOYKH IO BPEMEHHU.
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VCKOpeHHe TOYKHM PaBHO HYJIO JIMIIb TOT/AA, KOTAA CKOPOCTh TOYKH V TMOCTOSHHA KakK IO
BEJIMYMHE, TaK M 110 HANPABIEHHIO: 3TO COOTBETCTBYET TOJLKO MPSIMOJMHEWHOMY M PaBHOMEPHOMY
JIBHYKEHHUIO.

[Ipu npsIMOJIMHEMHOM JBMXKEHUHU C BO3PACTAIOIIEH 110 MOJIYJIIO CKOPOCTBIO (puC. 9, a) BEKTOPHI
@ u vy coHanpasiensl (@ TT¥g) M HPOEKIUs YCKOPEHHUs Ha HAIIPAaBIEHHE JIBUKEHUS TI00KUTEbHA.

[Tpu nIpsAMOTMHEHHOM JBM>KEHUH € YOBIBAIOIEH MO0 MOJYJIIO CKOPOCTHIO (pHC. 9, 6)
HAMpaBIIEHHUs BEKTOPOB @ U Vg MPOTUBONONOXKHEI (& TL ¥y ) M NPOEKIHs YCKOPEHHs Ha HAIIPAaBICHHE
JIBHKEHHUSI OTPHIIATENBHA.

a = (] 3 .
a U %
Oe 3 o - Oo—d—o—-»—»
M % M ¥

Puc.9

Onpedenenue yckopeHus npu KOOPOUHAMHOM CROCOOE 3a0AHUSL OBUINICEHUS
=+ dv
BekTop ycKopeHHs TOUKH @ = — B IPOCKLIMH HA OCHU MOJy4aeM:
dv, d¥x dv, dy o = dv, d’z
= dt  dt?

— LT o - ¥
dt  dt? ¥ooodtr  di?

By =
Wi
a,=v,=% a,=10,=¥ a;=1t;=Z

T.€. IPOCKLUUsA YCKOPEHUS TOYKHM HA KOOPIAUHATHBIE OCU pPaBHbBI IIEPBBIM NIPOU3BOAHBIM OT

MPOEKIUI CKOPOCTH WIIM BTOPBIM IMPOU3BOJHBIM OT COOTBETCTBYIOIUX KOOPJIMHAT TOUYKH IO BPEMEHH.
Monysb 1 HampaBiIeHUE YCKOPEHHS HalayTes U3 Gopmy
—_—
a= 1‘I|Q§+ ay +az;
Gy Gy Gz
COSH; = =’ cosf5 = = OS5y = =
rzae o1, Pi1, Y1 - yriibl, o0pa3yeMble BEKTOPOM YCKOPEHHUS C KOOPAMHATHBIMU OCSIMH.
OnpedeneHue yCcKoOpeHus npu ecmecmeeHHoM chnocobe 3adanus O0sudicenus. Kacamenvnoe u

HOpManbHOe YCKopenue mouku

I[Ipy ecTeCTBEHHOM CHOCO0E 3a/aHUs JBUKEHHUS BEKTOP @ ONpEIENSIOT MO ero IMpOeKIUsIM Ha
ocu Mtnb, nmeroniie Hayano B Touke M U JBMKYyIIuecs BMecte ¢ Heto (puc.11). D1tu ocu, Ha3pIBaeMble
OCSMHU €CTECTBEHHOIO TpPEXI'PaHHUKA (MM CKOPOCTHBIMU (€CTECTBEHHBIMH) OCSMH), HaIpaBJIECHBI
clieAyloIKUM o0pa3oM: ocb Mt - BHONb KacaTelbHOM K TPAaeKTOPUU B CTOPOHY IOJIOKUTEIBHOTO
oTcyeTa paccTosiHus S; ocb MN - 1Mo Hopmanu, Jexameld B CONpHKAcarouleicss IMIOCKOCTH U
HAITPaBJIICHHOW B CTOPOHY BOTHYTOCTH TPacKTOpHHU; ocb MD - mepreHAnKyIsIpHO K MEPBbIM IBYM Tak,
yTOOBl OHAa OOpa3zoBasa ¢ HUMH IpaBylo Tpoiiky. Hopmans Mn, nexamas B comnpukacaromeiics
IUIOCKOCTH (B IUIOCKOCTH CaMOM KpPHBOM, €clii KpuBas IUIOCKAas), HA3bIBAETCS IJIaBHOM HOpMalblo, a
HepIeHIUKYIIspHAs K Hell HopMmanb MD - GuHOpMabio.

EctecTBeHHBIE OCH — 3TO MMOJABUYKHBIE OCH, CBA3aHHBIE C ABWXKYIIelcs Toukoil M 1 obpa3zyromiue
MpaByI0 NPSIMOYTOJBHYIO CUCTEMY KoopauHart. [1nockocTs, mpoxosias yepe3 00e HopMmaiu (TJaBHYIO
HOpMaib N u OuHOpManb D), Ha3piBaeTCs HOPMANBHOW IUIOCKOCTHIO. KoopanWHaTHas IIOCKOCTb,

HPOXOJIAIIAs Yepe3 KacaTeIbHYI0 HOpMab N, HA3bIBACTCS COIPHKACAFONICHCS TUIOCKOCTBIO.
vy
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dv d’s 2
—=—: a,
dt dt- ol
[Ipoekius yCKOpEeHHs TOUKH Ha KacaTeJIbHYI0 paBHA MEPBOM MPOU3BOIHON OT YUCIECHHON
BEJIMYMHBI CKOPOCTH WJIM BTOPOI MPOU3BOAHOM OT pacCTOSIHUS (KPUBOJIMHENHOM KOOpIMHATHI) S NO
BPEMEHH, a IPOEKIUsI YCKOPEHUS Ha TJIaBHYIO0 HOpMaJlb paBHA KBAJApaTy CKOPOCTH JACJIICHHOMY Ha
panuyc KpUBU3HBI TPACKTOPHH B JAHHOM TOYKE KPUBOI; MPOEKIIMS YCKOPEHHUS Ha OMHOpMAaJb paBHA
uyio (a,=0).

a, =
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1.14-1.15J1exkuus 14-15 (4 yaca).

Tema: «IIpocTeiilnne IBUKEHUSI TBEPAOIo0 TeJIa)
1.14.1-1.15.1 Bonpocsl JIeKIUH
1. IlocrynarenbHOE IBUKEHUE TBEPAOTO TENA.
2. BpamarenpHoe IBHKEHUE TBEPAOTO Tea.
3. [Tnockoe aBUKEHHE.

1.14.2-1.15.2 KpaTkoe coep:kaHue BOIPOCOB

1. MocTynare/ibHOe IBUKEHUE TBEPAOIO TeJIa.

B kuHemartuke, Kak U B CTaTUCTHKE, OyJeM pacCMaTpUBaTh BCE TBEp/bIE Tela Kak aOCOIIOTHO
TBEp/IbIC.

AOCONIOTHO TBEPAbIM TEJIOM Ha3bIBAeTCs MaTepuanbHOE TeJIo, TreoMeTpuyeckas (opma
KOTOPOT'O U pa3Mepbl HE U3MEHSIOTCSA HU MPH KaKUX MEXaHHMYECKUX BO3JICHCTBUAX CO CTOPOHBI IPYTUX
TeJl, @ paCCTOSIHUE MEXKIY JIFOOBIMU JIBYMsI €0 TOYKAMH OCTAETCSI TOCTOSIHHBIM.

Kunemarnka TBepIOro Teia, Takke Kak M JUHAMHUKA TBEPAOTO TeNa, SIBISETCS OJHUM H3
HauOoJiee TPYAHBIX PA3/IENI0B Kypca TEOPETUYECKONH MEXaHUKH.

3amaun KHHEMAaTUKY TBEPAOTO Tejla PaclagatoTcs Ha JIBE YaCTH:

1) 3amaHMe IBMXKEHUS U ONpeE/eieHHE KUHEMAaTHYECKMX XapaKTepUCTHK JABMXKEHHs Tela B
LEJIOM;

2) omnpeesieHue KUHEMaTHUECKUX XapaKTePUCTUK JBIXKEHUS OT/AEIbHBIX TOUYEK Tela.

CymiecTByeT ATh BUI0B IBUKCHHUS TBEPAOTO TeJa:

1) noctynarenabHOE IBUKEHUE;

2) BpallileHHue BOKPYT HETIOABM)KHOM OCH;

3) nockoe IBUKEHUE;

4) BpalieHne BOKPYT HEMOABUKHON TOUKH;

5) cB0OOIHOE IBUKEHUE.

[TepBbie ABa HA3BIBAIOTCS MPOCTEUIITMMHU ABMKEHUSIMUA TBEPIOTO TETA.

Haunewm ¢ paccMOTpeHust TOCTYNaTeIbHOIO IBUKEHUS TBEPJOTO Tea.

[TocTymaTensHBIM Ha3BIBACTCS TAKOE IBIKEHHE TBEPIOTO TENa, MPH KOTOPOM Jro0ast mpsiMas,
IpOBEJEHHAsT B JTOM Tele, IEePEeMEIIAeTCs, OCTaBasCh MapalieNIbHOM CBOEMY HadalbHOMY
HaIpPaBJICHUIO.

[TocTynaTenpHOE ABUXKEHHE HE CIIelyeT CMEUIMBATh ¢ IpsAMoauHeHbIM. [Ipu noctynareasHOM
JBIDKEHUH TEJIa TPACKTOPHH €r0 TOYEK MOTYT OBITh JIFOOBIMHI KPUBBIMU JIMHUSIMHE. [IprBenem mpumMepsl.

1. Ky30B aBTOMOOWIISI HA TPSAMOM T'OPU30HTAIBHOM Y4aCTKE JIOPOTH JABUKETCS MOCTYMATENbHO.
[Tpu 3TOM TpaeKTOpUM ero TOYeK OyIyT IPSIMBIMH JTHHHASIMHU.

2. Cnapuuk AB (puc.3) mpu BpameHun kpuBommnoB O1A u OB Takke naBwxkercs
MOCTYyMaTeNbHO (T00asi MPOBEJCHHAsT B HEM IMpsMas OCTAeTCs NapalieIbHOW €€ HavdaabHOMY
HanpaBiIeHuI0). TOYKU CrIapHUKa JBUXKYTCS IIPU 3TOM 110 OKPYKHOCTSIM.

Puc.3
[TocTynarenbHO OBUXKYTCS MENATN BEJIOCUIEAA OTHOCUTEIBHO €ro paMbl BO BPEMs JBHUKEHUS,
MOPIIHYA B IWJIWHIpAaX JBUTATENsi BHYTPEHHETO CrOpaHUs OTHOCUTEIBHO IMJIMHAPOB, KaOWHBI KoJieca
0003penust B mapkax (puc.4) OTHOCUTEIBHO 3eMITH.
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Puc.4

CpolicTBa IOCTYNATEJIBHOIO JIBUKEHHUS ONPENCNAIOTCS  CIEAYIOIIEH TEOpeMoil: IpHu
MIOCTYIATEIbHOM JBM)KEHUHU BCE TOUKH TEJa ONMCHIBAIOT OJMHAKOBBIE (IIPH HAJIOKEHUU COBIIAJAIOIUE)
TPACKTOPUU U UMCIOT B Ka)KIUﬂﬁ MOMCHT BPECMCHH OAMHAKOBLIC IO MOAYJIIO U HAITPABJICHUIO CKOPOCTHU
U YCKOPEHHMSL.

g nokazaTenbcTBa PacCMOTPUM TBEPJAOE TEJO, COBEPIIAIOLIEE IOCTYNATEIbHOE ABMXKEHUE
OTHOCHUTENIbHO cucTeMbl orcyera OXyz. BozpMeM B Tene Be NPOU3BOJIbHBIE TOUKH A U B, MOJOKEHUS
KOTOPBIX B MOMEHT BpeMeHH t OnpeesIaroTcs pajiiycaMi-BeKTOpaMu 74 U 75 (pHC.5).

........_......L-..._G.g (O o= v

Puc.5
—

[IpoBenem BexkTop AE, COENUHSIOUMI 3TH TOUYKH.

Torna FB = 'El + E

IIpu sTtom ummHAa AB 1OCTOSIHHA, KAaK pPAcCTOSIHUE MEXKIAy TOYKAMH TBEpAOro Tena, a
HampaBieHue AB ocraeTcs HEM3MEHHBIM, TAaK KaK TeJO JABMXKETCS IMOCTYNAaTelbHO. TakuMm o0pazom,
BEKTOp AB BO Bce Bpems ABW)KEHMs Tena ocraeTcss nocrostHHbIM (AB=const). BcnencrBue storo,
TpacKTOpuUs TOUKM B momydaercs n3 TpaeKTOpUU TOUKH A NapajuleIbHBIM CMELICHHEM BCEX €€ TOYEK
Ha IIOCTOSIHHBIM BEKTOp AB. CrnenoBarenbHO, TPaeKTOpUHW Touek A M B OyayT IeHCTBUTEIbHO
OJIMHAKOBBIMHU (ITPU HAJIOXKEHUH COBIAAAIOIINMHU) KPUBBIMHU.

Jns HaxoxaeHus ckopoctel Touek A u B mpoauddepeHunrpyeM obe yacTh paBEHCTBA IO
Bp@MGHH._}HOJ‘IyT_{}I/IM .

drg dry; d(AB)

dt  dt  dt

Ho npou3BoHas OT IOCTOSHHOTO BEKTOpa AB paBHa Hy0. IIpou3BOIHbIE e OT BEKTOPOB 7y U
g TI0 BDEMEHM JIaF0T CKOPOCTH ToueK A 1 B. B pe3ysbTaTe Hax0auM, 4TO

vy = 'EBJ

T.€. YTO CKOPOCTU TOUeK 4 U B Tena B 1000H MOMEHT BPEMEHH OJJMHAKOBBI M TI0 MOJYJIIO, ¥ IO
HampaBlieHuI0. beps oT o0enx yacTeil MoJly4eHHOTO paBeHCTBA IPOU3BOHBIE IO BPEMEHHU:

dv, dvg

dt  dt

CrnenoBaTenbHO, YCKOPEHHS TOUEK A M B Tema B 110001 MOMEHT BPEMEHHU TOKE OJMHAKOBHI 110
MOJYJIIO U HaIIPABJICHUIO.

Tak xak Touku 4 u B ObLIM BBIOpaHBI MPOW3BOJILHO, TO W3 HAWJEHHBIX PE3yJbTAaTOB CIEAYET,
YTO y BCEX TOYEK Tella UX TPAEKTOPUH, a TaKKe CKOPOCTH M YCKOPEHUs B JII0OOW MOMEHT BpPEMEHH
OynyT oguHaKoBEl. TakuM 00pa3om, Teopema JTIoKa3aHa.

W3 TeopeMsl ciieyeT, 4TO MOCTYNATEIbHOE JBUKEHHUE TBEPIOTO TENa ONPEAEIAECTCS ABUKECHUEM
KakoH-HUOyAb OAHOM M3 ero Touku. CrenoBaTenbHO, M3y4EHHE MOCTYNATEIbHOIO ABMIKEHHS Tena
CBOAMTCH K 3a/1a4ye KUHEMAaTUKE TOUYKH, HAMH YK€ PACCMOTPEHHOM.

[Ipy MOCTyNaTenbHOM JBHKEHHH OONIYK JUIS BCEX TOYEK Tela CKOPOCTh 1 HA3bIBAIOT
CKOPOCTBIO TIOCTYNATENLHOIO JBIDKEHHS Tela, a yCKOPEHHE @ - YCKOPEHHEM IMOCTYHaTeIbHOIo
JIBUKEHUS Tesla. BEKTOpBl © M @ MOXKHO N300paaTh NPUIOKEHHBIMH B OO0 TOUKE TeNa.

5
HIH Q4= A4ag.
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3amMeTuM, 4YTO NIOHATHE O CKOPOCTM W YCKOPEHUH Tella MMEKT CMBICT TOJBKO IpHU
MOCTYNATEIbHOM JBHKEHUU. BO BCEX OCTAIBHBIX CIydasX TOYKU TENA, KAK Mbl YBUIUM, JABUKYTCSA C
Pa3sHBIMU CKOPOCTSIMH U YCKOPECHUSIMH, U TEPMUHBI <<CKOPOCTbh T€JIa>> WJIHN <<YCKOpEHHE Teja>> NI
ATUX JBHKECHUHN TEPSIOT CMBICIL.

2. Bpamare/ibHoe 1BUKeHU e TBEPIOI0 TeJia.

JU11 KUHEMAaTHYEeCKOTr0 OIIMCAHUS BPALIATENbHOTO IBUKEHUS a0COIIOTHO TBEPAOIO TeIa BOKPYT
HENOJIBUYKHOM OCH UCIIONIb3YIOTCA T€ 5K€ BETMUMHBI, YTO U JJIs1 ONMCAHUs ABM)KEHUS MaTepUaIbHOU
TOUYKHU IO OKPY’KHOCTH.

BpamarteJbHbIM IBHKEHHEM TBEPAOIo TeJla BOKPYT HEMOABUKHONW OCH HA3bIBAETCS TAKOE
€ro JBM)KEHUE, IIPU KOTOPOM KaKue-HUOYAb 1BE TOUKH, IPUHAAJIEKAIINE Ty (UM HEU3MEHHO C HUM
CBSI3aHHBIE), OCTAIOTCS BO BCE BPEMs IBUKEHUS HETIOABMKHBIMU (puUC.9).

[TpomexyTOK BpeMeHH, B TEUEHHE KOTOPOI'0 TEJI0 COBEPILIAET OJIMH MOJIHBIM 000pOT BOKPYT OCH,
— nepuon BpauleHus. Bennunna, oOpaTHas nepuoay, — 4acToTa BpaleHHs.

[Tpoxoadmias yepe3 HEMOABUKHbIEC TOUKH A U B nipsimasi 4B Ha3bIBaeTCs OChIO BPAILICHHS.

Tak kak paccTOsHUS MEXAy TOUKaMHU TBEPJAOro Teja JOJIKHBI OCTaBaTbCSl HEM3MEHHBIMHU, TO
OYEBHJIHO, YTO IPU BpaIlATEILHOM JBHXEHMH BCE TOYKH, NPUHA/IEKAIIME OCH BpalleHUs, OyayT
HETIOJBIKHBI, @ BCE OCTaJbHBIE TOYKH TelNa OYAyT ONHUCHIBATH OKPYXHOCTH, IIOCKOCTH KOTOPBIX
NEePIEHANKYIIIPHBI OCH BPAILIEHUs, a LIEHTPHI JIe)KAT Ha ITOH OCH.

s onpeneneHust MOJNOXKEHHUS] BPAIAIOIIErocs Tejla MPOBEAEM 4Yepe3 OCh BpallleHUs, BJIOJIb
KOTOPOHM HampaBuM ocb AZ, MOJYMJIOCKOCTh - HEMOABHKHYIO M IOJIYIUIOCKOCTh, BPE3aHHYIO B CaMO
TEJI0 U BPAIIAIOIIYIOCS BMECTE C HUM (puc. 9).

Torga monoxeHwe Tena B JIOOOM MOMEHT BPEMEHU OJHO3HAYHO OMNPENENNUTCS B3SATHIM C
COOTBETCTBYIOIIMM 3HAaKOM YIJIOM @ MEXAY ATUMHU MOJYIUIOCKOCTSIMH, KOTOPBIM HAa30BEM YTIOM
MOBOpOTa Tejda. byneM cuuTarh Yroia ¢ TOJOXKHUTEIbHBIM, €CIM OH OTJIOXKEH OT HEMOABHKHOMN
IUIOCKOCTH B HAMpaBIIEHWW TPOTUB XOJa YacOBOW cCTpenku (s HaOmogaTens, CMOTPSIIEro C
MOJIOKUTEIBHOTO KOHIA OcH AZ), U OTpULIATENIbHBIM, €CJIU [0 X0y YacoBOM cTpenku. M3MepsaTs yroa @
Oynem Bcerjga B paauaHax. UToObl 3HATHh MOJOXKEHHE Tela B JIOOOW MOMEHT BpPEMEHHU, HAJ0 3HATh
3aBHCHMOCTb YIJIa (@ OT BpeMeHH t, T.e.

o=f(t).

VYpaBHEHHE BBIpaXaeT 3aKOH BPAIIaTeIbHOTO JBWKEHUS TBEPJIOTO TEIa BOKPYT HEMOJBHKHON
OCH.

[Tpu BpamareabHOM JBUKEHUH a0COIIOTHO TBEPAOIO TeJIa BOKPYT HETOABUKHONU OCH Yol
nOBOPOMA paouyca-6eKmopa pasiuiHblx mouex meid 0OUHAKOBHI.

OCHOBHBIMH KHHEMATHYECKUMHU XapaKTEPUCTHKAMHU BpaIaTEIbHOTO JIBMXKCHHS TBEPIOTO Teja
SBJIAIOTCS €r0 YIJI0Bask CKOPOCTh M U YIVIOBOE YCKOPEHHUE €.

Ecnu 3a mpomexyTtok Bpemenu At=t;-t Tesio coBepiiaet moBOpoOT Ha yroa AQ=@1-(, TO YUCIECHHO
CpPEJHEN YIJIOBOM CKOPOCTBIO TEla 3a 3TOT MPOMEKYTOK BPEMEHM OYNET (ep = i—f. B npenene npu
At—0 Haiinem, 4To

i = Z—f WA O= ¢,
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Takum 0Opa3oM, YHCIIOBOE 3HAYEHUE YTIIOBOW CKOPOCTH Teja B JAHHBIA MOMEHT BPEMEHU PaBHO
MEePBOM MPOU3BOIHON OT yIJia MOBOPOTA MO BPEMEHH. 3HAK (® OIpENessSeT HAMpaBJICHHUE BpaIlCHUS
Tena. Jlerko BUIETh, YTO KOT'/Ia BpallleHHe MTPOUCXOAUT MPOTUB X0J1a YaCOBOM cTpeniku, »>0, a Korja 1no
XO0Jly 4aCOBOH CTpenkH, To ®<0.

PasmepnocTh yrioBoi ckopoctu 1/T (T.e. 1/BpemMs); B KadyecTBe €AMHUIIBI U3MEPECHUS OOBIYHO
MPUMEHSIIOT pajl/C WK, 4TO TOXe, 1/¢ (c™h), Tax kak paauaH - BeIMYKUHA Oe3pa3zMepHast.

VYIJIOBYIO CKOPOCTB Tella MOKHO M300pa3Th B BUJE BEKTOPA w, MOAYJIb KOTOPOTO PaBeH || u
KOTOpBIM HampaBlieH BIOJb OCH BpAIIEHUS Tela B Ty CTOPOHY, OTKyAa BpalleHUE BHIHO
MIPOUCXOJSIIMM MPOTUB XoAa yacoBor crpenku (puc.10). Takoit BeKTOp omnpeaensieT cpazy U MOIYJb
YIII0BOI CKOPOCTH, M OCh BpAIllEHHs, U HAIIPaBJIEHUE BPAILIEHHS BOKPYT 3TOH OCH.

g

17
Puc.10

VYToJ1 MOBOPOTA U YIIIOBasi CKOPOCTh XapaKTePHU3YIOT JIBMIKCHUE BCErO aOCOIOTHO TBEPIOTO
Tena B 1esoM. JInHeHas CKOpOCTh KaKOW-T100 TOYKH aOCOTOTHO TBEPAOTo Teja MPONOPIIHOHATIEHA
PaCCTOSIHUIO TOYKH OT OCH BpAIllCHUS:

2
‘L‘JZEJ.JRZZTE‘-I?R:?R

HpI/I PaBHOMCPHOM BpalllCHUHN a0COIIOTHO TBECPAOTO TEJIa YTJIbI TIOBOPOTA TEJIA 34 T00bBIe
PaBHBIC MPOMEKYTKHU BPEMEHU OAVMHAKOBBI, TAHICHIIWAJIBHBIC YCKOPCHUA Y PA3JIMYHBIX TOYCK TCJIa
OTCYTCTBYIOT, @ HOpMAJIbHOC YCKOPCHUC TOYKHU TCJId 3aBUCUT OT €€ PACCTOAHUSA O OCU BpAILICHUA:

vi o 502 §
A, =—=wR=4n"%"R = —
" R _. T=
Bekrop @, HampaiieH O painyCy TPAEKTOPHUH TOUKH K OCH BPAILICHUS.
YrnoBoe yCKOpEHHE XapaKTepU3yeT U3MEHEHHUE C TEYEHUEM BPEMEHU YIJIOBOM CKOPOCTH TeEna.

Ecnm 3a mpomexyTok BpemeHun At=t;-t yriioBas CKOpOCTh Tella U3MEHSIETCS Ha BEIMYUHY A®=®1-0, TO

R

A
YHUCJIOBOC 3HAUCHUEC CPECAHETO YIIJIOBOI'O YCKOPCHUSA TEJIA 3a OTOT ITPOMEKYTOK BPECMCHU 6y,[[eT Eep = ﬂ_t

B npenene npu At—0 naiigewm,
de d
fTdt  at?

Takum 00pa3oM, YMCIOBOE 3HAYEHHE YIJIOBOTO YCKOPEHHs, Tela B JaHHBI MOMEHT BpEMEHHU
PaBHO IEPBOM MPOU3BOAHON OT YIJIOBOW CKOPOCTH WJIM BTOPOM IPOM3BOAHOM OT yria IMOBOpPOTa Teja
10 BPEMEHU.

Pa3mepHOCTH yriaoBOro yckopeHus 1/T? (l/BpeMSIZ); B Ka4eCTBE €IMHHUILIBI U3MEPEHHS] OOBIYHO
IPUMEHSIETCS. pajy/c” WiTH, 49TO TO XKe, 1/¢% (c-9).

Eciu Monyns yrioBoil CKOpPOCTH CO BpPEMEHEM BO3pacTaeT, BpallleHHE Tejla Ha3bIBaeTcs
YCKOPEHHBIM, a €ClM YObIBaeT, - 3aMe/UIeHHbIM. JIerko BHIETh, YTO BpalleHUEe OyleT YCKOPEHHBIM,
KOT'/Ia BEJIMUMHBI ® U € UMEIOT OJMHAKOBBIE 3HAKH, U 3aMEJIEHHBIM, - KOTJ]a pa3HbIE.

VYrnoBoe yckopeHue Tena (IO aHAJIOTHUU C YIJIOBOW CKOPOCTHIO) MOXKHO Takke HM300pasuTh B
BU/JIE BEKTOpA €, HAIIPABIEHHOTO B/I0JIb OCH BpatieHus. [Ipu atom
dew
dt’

HAH £ = @ = .

=
£ =

3. ILi1ockoe ABMKEeHUE
[TnockonapamuiensHbiM (WUIH TIOCKMM) HA3bIBAETCS TAaKOe JBM)KCHHE TBEPJAOIO Tella, IpH,
KOTOPOM BCE€ €TI0 TOYKH MEepPEMEIIAI0TCs NMapauieIbHO HEKOTOpOoi (pukcrpoBaHHOU TuIOocKOoCcTH [ (pHC.
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28). Iliockoe NBHXKEHHE COBEpLIAIOT MHOTME YaCTH MEXAaHHW3MOB M MAlllMH, HalpuMep Katsiieecs
KOJIECO Ha MPSAMOJIMHEWMHOM Yy4YacTKE IIYTH, WIATyH B KPUBOLIMIIHO-IIOJ3YHHOM MEXaHHU3ME U Jp.
YacTHBIM ciiydaeM IUIOCKONApalIeIbHOTO JBYDKCHMS SIBJISETCA BpalllaTEIbHOE IBH)KCHHE TBEPIOTO
TeJla BOKPYT HEMOABUKHOM OCH.

I G777 77777777
Puc.28 Puc.29

PaccmoTpum ceuenue S Tena kKakoW-HHOyAb IUIockocTH OXY, TapajlienbHOW TMUIOCKOCTH 1
(puc.29). Ilpum muiockomapauleIbHOM JBHXKEHUU BCE TOYKM Tejla, Jexalmue Ha npsaMmoid MM,
NEePIEHAUKYIIIPHON TEYEHHUIO S, T. €. INIOCKOCTH /1, IBUXKYTCSI TOKAECTBEHHO.

Orcroga 3akirodaeM, 4YTO Ul M3YYEHHUs JABMXKEHHS BCEro Tejla JIOCTaTOYHO M3Y4YUTh, Kak
IBIDKETCST B IJIOCKOCTH Oxy ceueHue S 3TOro Tena WIM HeKoTopas Iutockas ¢urypa S. Ilostomy B
JaTbHEHIIeM BMECTO TIOCKOTO JIBM)KEHUS Tenla Oy/ieM paccMaTpuBaTh ABIKEHHE IIOCKOH (GUTYpHI S B
ee IJIOCKOCTH, T.€. B I1ocKkocTu Oxy.

[Tonoxenne ¢urypsr S B 1uiockoctd Oxy OmpenensieTcs TIOJ0KEHHEM KaKoro-HUOyIb
IIPOBE/IEHHOTO Ha 3TOH urype orpeska AB (puc. 28). B cBoro ouepesp nonoxeHue orpeska 4B MOXHO
OIpEJIeNINTh, 3Hasl KOOPIUHATBI XA U YA TOYKH A U Yroi ¢, KOTOpPbIM 0Tpe3ok 4B oOpa3yeT ¢ OChIO X.
Touky A, BBIOpaHHYIO [UIS ONpEAEICHUs TOJOKEHUs ¢GUrypsl S, OyaeM B JalbHEHIIEM Ha3bIBAaTh
MIOJIFOCOM.

[Tpu nBHXEeHUH (QUIypBl BEIUYUHBI XA U YA MU @ OyayT uaMeHsATbca. UTOOBI 3HATh 3aKOH
IBW)KEHUS, T. €. IMOJIOKeHUEe (QUrypsl B miaockoctd Oxy B 1000 MOMEHT BpEMEHM, HajJ0 3HATb
3aBUCHUMOCTH

.= G yvi=£@), p=£0G

YpaBHEeHMs1, ONPEENSIONINE 3aKOH TPOUCXOSIIEr0 IBUKEHMSI, Ha3bIBAIOTCS YPAaBHEHUSIMU
JBMKEHUS IJIOCKOH (pUrypsl B ee mitockocTH. OHM e SBIISIOTCS YPaBHEHUSAMHU IIJIOCKONApaIeTbHOTO
JBUKEHMSI TBEPAOTO Tela.

[TepBble 1Ba U3 ypaBHEHMH JIBUKEHHUS OIPEIEISAIOT TO ABMXKEHHUE, KOTopoe (urypa copepiiaia
ObI IIpU @=CONSt; 3TO, OUEBUAHO, OY/ET MOCTyNaTeIbHOE JBI)KEHUE, IPU KOTOPOM BCE TOUKU (PUTYpBHI
JIBUKYTCS TaK JKe, Kak mnomtoc A. TpeTbe ypaBHEHUE OIpeleiseT IBUXKEHHE, KoTopoe (urypa
coBepuiania Obl IpU X4 = const U Yy = Const, T.€. KOr/a Moyitoc 4 HEMOJABUKEH; 3T0 OyleT BpallleHue
¢urypsl Bokpyr noiroca 4. OTCIoa MOKHO 3aKJIIOYUTh, YTO B OOILIEM ciydae JBHIKEHUE IUIOCKOU
¢Gurypsl B ee MJIOCKOCTH MOKET pacCMaTpHUBAaThCs KaK CIararolieecss U3 MoCTyNnaTreabHOro JIBUKEHUS,
IIPU KOTOPOM BC€ TOUKM (UTYpHI ABMXKYTCS TaK *e, KaKk MOJIC A, U U3 BPAIIATEIbHOTO JBMKEHHS
BOKpPYT 3TOT0 MOJIOCA.

OCHOBHBIMH KHHEMaTHYECKUMHU XapaKTEPUCTHKAMHU PACCMATPUBAEMOIO JIBUKEHHUS SBISIOTCA
CKOPOCTb M YCKOpPEHHE TIOCTYNAaTeIbHOTO JBUKEHHS, pPaBHbIE CKOPOCTH M YCKOPEHHIO IOJIoca
Troer = Vi, @nger = @g, @ TAKKeE YIJI0Basi CKOPOCTb ) W YIJIOBOE YCKOPEHHE £ BpALATEIBHOTO
JBUKEHMSI BOKPYT TOJIIOCA.

Omnpenenenue CKOPOCTEH TOUYEK MIIOCKON (PUTypHI

bbuto oTMedeHo, YTO IBMKEHUE MIIOCKOW (UTYphl MOXKHO paccMaTpUBaTh KaK Ciararoleecs us3
MOCTYIATENLHOTO JIBUKEHHUS, IPU KOTOPOM BCE TOUKHU (DUTYPBI IBUXKYTCSI CO CKOPOCTBIO ¥4 TOJIOCa A,
U M3 BpaIIaTeIbHOTO ABMXKEHUS BOKPYT 3TOro moiroca. [Tokaxkem, 4To cKOpOCTh Jt000W TOUukH M
(burypsl CkiIajbpIBaeTCsl TEOMETPUUECKH M3 CKOPOCTEH, KOTOpble TOYKa MOJIY4YaeT B KaXJIOM M3 ITHX
TIBYOKEHUH.

B camom nerne, nonoxkenue 1000i Touku M GUrypsl onpeensieTcs Mo OTHOMIEHUIO K ocsiM Oxy
PaJIyCOM-BEKTOpOM 7 = 7y + 7/ (puc.30), rae #- pamuyc-Bektop momoca A, 7' =AM- BekTop,
OTIPENICNIAIONINI TON0KEHHEe TOYKHM A OTHOCHUTENIBHO oceil Axy', mepeMemaronmxcsi BMecTe ¢
MIOJIIOCOM A TOCTYNAaTeNbHO (ABMKEHHE (PUIYphbl MO OTHOILEHUIO K 3TUM OCSIM IPEICTaBIseT cOo00ii
BpallieHue Bokpyr nomoca 4). Torga
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af  df, df

Pog =— = — 4+ —

MT 4T dr | dt
B nosryueHHOM paBeHCTBE BEIWYMHA

dry - gr'
= V4 €CTh CKOPOCTH ITOJIIOCa A; BeITMYnHa K& — paBHa
dt ’ dt

CKOPOCTH 174, KOTOPYIO TOYKa M TMOIy4aeT HpU 73 = const, T.e. OTHOCHUTENBHO ocell Ax'y', wim,
WHaue TOBOPSI, IPU BpalleHHH (PUTYpPbI BOKPYT noitoca A. Takum o6pa3zom, U3 IpeabIAyIIero paBeHCTBa
JNEHCTBUTEIIBHO CIENYET, YTO

Ty = T4 + Vya-

CKOPOCTh T4, KOTOPYIO 0 TOYKa M 1nionyyaet npu BpaleHUH (pUrypbl BOKpYT MOJIr0ca A:

Vpa = OMA Paga L MA,

TJIe ® - YIJIOBasi CKOPOCTh (PUTYPHI.

Taxkum 06pazom, cKOPOCTh J1t000M TOUKH M TUIOCKON (PUTYphI TEOMETPUUYECKHU CKJIAbIBACTCS U3
CKOpPOCTH KaKOH-HUOYAb IpYyroil TO4ku A, NPUHATOW 3a IOJIOC, M CKOPOCTH, KOTOPYIO Touka M
noJiydaeT MpM BpalleHHH (HUTYphl BOKPYT 3TOr0 Momoca. Moyilb M HalpaBIE€HHE CKOPOCTH Ty
HaXOJATCs IOCTPOEHUEM COOTBETCTBYIOIIETrO NapaenorpaMma (puc.31).

Puc.30 Puc.31

Omnpenenenne CKOpoCcTeil ToUeK MIOCKOM (PUryphl ¢ TOMOIIbIO MTHOBEHHOTO LIEHTPA CKOPOCTEH.

Harnsiiaelii MeToq onpeseneHns CKOPOCTed TOUeK MIIOCKOM (UTypbl (MM Tela MpH IIOCKOM
JBUKEHHH ) OCHOBAH Ha IMOHSATUU O MTHOBEHHOM ILIEHTPE CKOPOCTEH.

MrHOBeHHBIM LEHTPOM CKOPOCTeil Ha3bIBaeTCs TOUKA MJIOCKOH (PUTYpbI, CKOPOCTh KOTOPOH B
JaHHBI MOMEHT BPEMEHHU paBHA HYIIIO.

Jlerko yOeauThbes, 4TO ecinu (PUrypa JABMIKETCS HEMOCTYNATEeNbHO, TO TaKas TOYKa B KaXkKIbIH
MOMEHT BpeMeHHM t CcyliecTByeT W MPUTOM eAMHCTBEeHHas. [lycTh B MoMmeHT BpemeHu t Touku 4 u B
IJIOCKOM (DUTYypBl UMEIOT CKOPOCTH 1, M Ty, HE MapallielbHble Apyr Apyry (puc.33). Toraa Touka P,
Nexkamas Ha IepecedeHHH MNepIeHAUKyIsIpoB Aa K BekTopy ©, U BD K BekTOpy w5, M OymeT
MTHOBEHHBIM IIEHTPOM CKOPOCTel Tak Kak 5 = 0. B caMoM Jele, eciu JOIyCTUTh, YTO T = 0, TO
10 TeopeMe O MPOEKIHUAX CKOPOCTeH BEKTOP ¥ JOJKEH ObITh OJHOBPEMEHHO TEpHEeHUKYIApeH U AP
(Tax Kak 7, 1L AP) u BP (Tak Kak ¥z L BP), 4TO HEBO3MOKHO. 13 Toif 5ke TeopeMbl BUIHO, 4TO HUKAKAS
Jpyras Touka (Urypsl B 3TOT MOMEHT BPEMEHHU HE MOXKET UMETh CKOPOCTb, PABHYIO HYJIIO.

Puc.33

Ecnu Tenepb B MOMEHT BpEMEHH ¢ B3AThb TOUKY P 3a MOJIOC, TO CKOPOCTh TOUKH A OyIeT
By =Tp+TPpy=Tpa, TAK KK T = 0. AHAJOTMYHBIN pe3yIbTaT MOMydaeTcs A 000l apyroit
Toukd urypsl. CienoBaTreiabHO, CKOPOCTH TOUYEK INIOCKOH (PUTyphl OMpPEAESIOTCS B JaHHBII MOMEHT
BPEMEHU TaK, Kak eclIi Obl IBUKEHUE (QUTypbl ObUIO BpallleHUEM BOKPYT MTHOBEHHOTI'O IIEHTpPa
CKOpOCTeﬁ. HpI/I 3TOM Vi = wPA (V3 LPA); v; =wPB (g L PBluT.a.
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U3 paBeHCTB, CIEAyeT elle, YyTo -+ =-Z  TOYeK IUIOCKOW (UTYPBI MPOMOPIMOHAIBHBI HMX

A
paccrosgausim ot MIIC.

ITosryueHHbIEe pe3yabTaThl IPUBOJAT K CIIEIYIOIIUM BBIBOJIAM.

1. JIns ompenelieHUs MIHOBEHHOTO ILIEHTpa CKOPOCTEH HAJ0 3HATh TOJBKO HAIPABIICHUS
CKOpOCTeH ¥, M T KAKUX-HUOY/b IBYX TOYEK A U B MIOCKOH (QUryphl (UIM TPAEKTOPHH 3THX TOYEK);
MI'HOBEHHBIHN LIEHTP CKOPOCTEH HaXOJUTCS B TOUKE NIEPECEUCHMS TIEPIIEHIUKYIIIPOB, BOCCTABICHHBIX U3
TO4YEK A ¥ B K CKOPOCTSAM 3THUX TOUYEK (MJIU K KacaTeJIbHbIM K TPACKTOPHUSIM).

2. Jlna ompeneneHus CKOPOCTH JIIOOOM TOYKM IUIOCKOW (UIYpbl, HaJo 3HAaTh MOAYJIb U
HaNpaBJIeHUE CKOPOCTU KaKOW-HUOYIb ONHOW TOUKH A (UTYypHl M HAlpaBlIEHUE CKOPOCTH APYrou ee
touku B. Torma, BoccTaBuB U3 Touek A ¥ B NepHEHIUKYIApbl K 1, M 5, HOCTPOUM MTHOBEHHBI
LIEHTp CKOpOCTeii P 1 110 HANPABIEHUIO ¥, OINpPEIEIMM HampasleHue nosopora (urypsl. Ilocie sToro,
3Has 1, HaWJeM CKOpPOCTh 1wy, JIF000H TOukM M TwIocKoi ¢urypsl. HampapieH BeKTOp Ty
NEPIEHAUKYISIPHO PM B CTOPOHY MOBOPOTA (pUTYPBHI.

3. VYrioBas CKOpOCTb  IUIOCKOW (UIYypbl paBHa B KaXIbIH JaHHBIA MOMEHT BpPEMEHHU
OTHOILLICHHUIO CKOPOCTH KaKOH-HHOYAb TOYKM (UIYpbl K €€ PacCTOSHHUIO OT MIHOBEHHOI'O ILIEHTpa
cKkopocten P:

w = vy /PE.

PaccMoTpuM HEKOTOpPBIE YaCTHBIE CiTydau ONPEIEICHUsI MTHOBEHHOI'O LIEHTPA CKOPOCTEH.

a) Eciu miockonapaiienbHoe JBHKEHHE OCYIIECTBISIETCS IyTeM KadeHHs O0e3 CKOJIbKEHUs
OJIHOTO IMJIMHJIPUYECKOTO Teja MO MOBEPXHOCTH JAPYroro HEMOJBUIKHOIO, TO TOYKa P KaTsAuerocs
TeNa, Kacarollascs HENOABWKHONW IOBepXHOCTH (puc.34), uMeeT B JaHHBIE MOMEHT BpPEMEHH
BCIIEIICTBUE OTCYTCTBHSI CKOJBKEHHS CKOPOCTh, PaBHYIO HYTIO (¥p = 0), U, CIIEI0BATENbHO, SBIIETCS
MI'HOBEHHBIM LIEGHTPOM cKopocTel. [IpumepoM Cily’)KUT kaueHue KoJieca 110 PEJIbCy.

6) Ecin ckopocTr Touek A U B TIOCKOH (UTyphl MapajuleIbHbI APYT OPYTY, TpU4eM JTUHusS AB
HE TEpPNEeHMKY/IApHa 1, (puc.35,a), TO MIHOBEHHBIH LEHTP CKOPOCTEH JIGKHT B OECKOHEYHOCTH H
CKOPOCTH BCEX TOYEK MapailieibHbl 7. IIpM 5TOM U3 TEOpeMbl O IIPOEKIHUIX CKOPOCTEH CIIEIyET, YTO
VoSS = vac05a  T. €. ¥y = vz, AQHAJIOTUYHBIA pe3yibTaT IOJydaeTcsl JUIsl BCEX JPYIHMX TOYEK.
CnenoBaTenbHO, B paccMaTpUBaeMOM CiIydae CKOPOCTH BCEX TO4YeK (UTyphl B JIaHHBIM MOMEHT
BPEMEHHU paBHBI JAPYr IpYry U IO MOJYJIIO, U IO HAalpaBlIeHUIO, T.e. (UTrypa MMeeT MTHOBEHHOE
MOCTYNATENbHOE pAaCIpe/ie]IeHue CKOpOCTeH (Takoe COCTOSHUE JABW)KEHHS Tejla Ha3bIBAIOT elle
MT'HOBEHHO MOCTYNATeIbHbIM). YTJIOBasi CKOPOCTh « Tella B 3TOT MOMEHT BPEMEHH, KaK BHIHO paBHA
HYJIIO.

]
]
1]

Puc.35

B) Ecin ckopoctu Touek 4 u B miIockod GUTypsl MapauieabHbl IPYT APYTY U MPU 3TOM JTHHUS
AB TiepHeHAMKYyJApHA 1,, TO MIHOBEHHBI LEHTp ckopocTeil P ompenensercs MOCTPOEHHEM,

33



MOKa3aHHBIM Ha puc. 35,0. CnpaBeaIMBOCTh MOCTPOSHUH CIIEyeT W3 MpOmopiuu. B aTom ciydae, B
OTJIMYUE OT MPEABIAYIIUX, JUIsl HAXOXKJIEHUS LIeHTpa P Hajao Kpome HallpaBieHUM 3HATh €lle U MOIYJU
CKOpOCTEN vg u 4.

r) Eciiu M3BECTHBI BEKTOP CKOPOCTH 75 KaKOH-HUOYIb TOUKM B (UIypHI U €e yIioBas CKOPOCTh
&, TO TIOJIOKEHHE MTHOBEHHOTO LIEHTPA CKOPOCTEN P, JIEkKANIEro Ha MEPNEHINKYIIpe K w5 (puc.35,0),
MOKHO HalTH Kak BP = vy /fw.
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1.16-1.18 Jlekuus 16-18 (6 yacos).
Tema: «CocTaBHOE IBH:KEHUE TOUYKN»

1.16.1-1.18.1 BonpochI JeKIUU

1. OTHOCUTEIBHOE, IEPEHOCHOE U A0COJIFOTHOE IBUKEHUE TOUKH.

2. Teopema o cnoxeHun ckopocteit u yckopenuid. Teopema Kopuosnuca.

3. Moaysnb u HanpaBjIeHUE KOPUOJIUCOBA YCKOPEHHUS.

4. Ilpumepsl HA MPUMEHEHHE TEOPEM O CIOKEHUU CKOPOCTEH M O CIOKEHUU YCKOPEHUH mpu
MOCTYIATEIbHOM MTEPEHOCHOM JIBU)KEHUH.

5. IlpumMepsl Ha TMPUMEHEHHE TEOPEM O CIOXKEHUU CKOPOCTEH M O CIOXKEHHH YCKOPEHHl B
ciiy4ae, KOrjia IEpeHOCHOE JBMKEHUE — BpallleHHE BOKPYT HEMOIBH>KHOU OCH.

1.16.2-.1.18.2 Kpartkoe coaep:kaHue BOIPOCOB

1. OTHOCHTEIbHOE, IEPEeHOCHOE U A0COTIOTHOE IBHKEeHHE TOYKH.

Jlo cux mop MbI M3y4alli IBU)KEHHE TOYKH WM TeJa 0 OTHOIICHHIO K O/THOU 33/1aHHOH cucTeme
orcueta. OHAKO B psiJie CIydaeB NPU PEHICHUM 3a7ad MEXaHHKH OKa3bIBAETCS IeJIeCO00pa3HbIM (a
MHOTa U HEOOXOIMMBIM) PacCMaTPUBATh JBM)KEHHE TOYKH (MIIM TeJla) OJHOBPEMEHHO I10 OTHOIICHHIO
K ABYM CHCTCMaM OTCUYCTA, M3 KOTOPBIX OJHA CUUTACTCA OCHOBHOHN WIIH YCJIOBHO HCHOHBHX(HOﬁ, a
Apyras OIpeleNIeHHBIM 00pa3oM ABHKETCS 10 OTHOLICHUIO K INEepBOi. JIBMKeHHe, coBepliaeMoe Mpu
3TOM TOYKOH (MJIM TEJIOM), Ha3bIBAIOT COCMABHbIM WIHN CodcHbiM. Hampumep, map, KaTSIuMics 1o
nany0e JBIDKYLIETOCs Mapoxo/a, MOKHO CYMTATh COBEPILIAIONIMM I10 OTHOLICHUIO K Oepery CioxkXHOe
JABIMDKCHUE, COCTOALINCEC M3 KadCHUA II0 OTHOIICHHIO K Hany6€ (HOI[BI/DKHBJI CcucremMma OTC‘IGT&), u
IBIKEHHE BMECTE C MayyOol mapoxojia Mo OTHOLICHHIO K Oepery (HemoABMIKHAS CHUCTEMa OTCUETa).
Takum myreMm cloXKHOE [BM)KEHHE Iapa pasjaraercs Ha [Ba Oosiee HPOCTHIX M 0ojee JIeTKO
UCCIIETyEMBIX.

Z

£
Puc.1

PaccmoTpum TOUKy M, OBMXKYILYIOCS 1O OTHOLICHHMIO K MOJBMXKHO cucteme otrcuera OXyz,
KOTOpast B CBOIO OUepe/b KaK-TO JIBUIKETCSI OTHOCHUTENBHO ApYroil cucremMbl orcuetra O1X1Y1Z1, KOTOPYIO
Ha3bIBa€M OCHOBHOM MJIM YCJIOBHO HemojABMXHOM (puc.l). Kaxnas u3 3TUX cuCTeM OTcueTa CBs3aHa,
KOHEYHO, C OIPEICIICHHBIM TEJIOM, Ha UepTeke He MOoKa3aHHBIM. BBenem cieayromue onpeaeaeHus.

1. [IBmxeHue, coBeplaeMoe TOUYKOM M 10 OTHOUICHUIO K OJBMXKHOM cucTeMe oTcueTa (K ocsiM
Oxyz), Ha3pIBaETCS OmMHOCUMENbHbIM O8udiceHuem (Takoe IBW)KCHHWE OyAeT BHJIETh HaOJI0JaTelb,
CBSI3aHHBI C 3TMMM OCAMM M IEPEMEILAOLIUICSA BMECTE C HUMHU). Tpaektopus AB, onuchiBacMmas
TOYKON B OTHOCHUTEIILHOM JIBUYKEHUH, HAa3bIBAETCSI OTHOCUTEIBHOM TpaekTopruend. CKOpocTh TOUKH M 1o
oTHoIIeHHI0 K ocsiM OXyZ Ha3bIBae€TCSl OTHOCHTEIILHON CKOPOCTBIO (0003Hauaercs #,.), 8 YCKOPEHHUeE -
OTHOCHTEILHBIM yCKOpeHHeM (0603HauaeTcs a,.). 3 onpesienenus claemyeT, YTo NPy BHIYUCIEHUH T, U
4, MOXKHO JBHkeHHE ocell OXyZ BO BHUMaHHE He IPHMHUMATE (PacCMaTpPUBATh UX KaK HEMOBHKHBIE).

2. ]JlBwkeHue, coBepiiaeMoe MOJIBWXKHON cuctemoit orcdyera OXyZ (M BCeMH HEHW3MEHHO
CBSI3aHHBIMH C HEI0 TOYKaMHU MPOCTPAHCTBA) MO OTHOLICHHIO K HEmoJABMXHOM cucreme O1X1YiZ1,
SIBJICTCS AJI1 TOUKU M nepenocuvim 08UMCeHUEM.

CKOpOCTh TOW HEM3MEHHO CBS3aHHOW C MOJBMXHBIMH ocsiMU OXyZ TOUKM M, ¢ KOTOpOil B
JAHHBII MOMEHT BpPEMEHM COBMAJaeT ABMKYLIascsd Touka M, Ha3bIBaeTCSd MEPEHOCHOM CKOPOCTBIO
TOuKH M B 3TOT MOMEHT (0003HayYaeTcs 1), a yCKOPEHHE TOH TOYKH M - MEPEHOCHBIM YCKOPEHHEM

Touku M (o603Hauaercs d,). Takum obpasom, ‘mep = Vms Gnep = @m:
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Ecnu npencraButh cebe, YTO OTHOCUTENIBHOE JIBUYKEHHE TOYKH MPOUCXOAUT MO MOBEPXHOCTU
(MM BHYTPH) TBEPIOTrO TEla, ¢ KOTOPBIM KECTKO CBA3aHbI MOABMKHBIE ocu OXYyZ, TO mepeHOCHOU
CKOPOCTBIO (MU YCKOpPEHUEM) TOUYKH M B JaHHBI MOMEHT BPeMEHHU OyIE€T CKOPOCTh (MJIM YCKOPEHHE)
TOHM TOYKHM T T€JIa, C KOTOPOU B 3TOT MOMEHT COBIAAaeT TOYKa M.

3. JIBm>keHue, coBepIiIaeMoe TOUKOI M0 OTHOIICHUIO K HEMOABUKHON cucteme orcuera O1X1Yy171,
Ha3bIBAaCTCS abcoomubim WM clokHbIM. Tpaekropus CD 3Toro nBuxeHus Ha3bIBaeTCsl aOCOITIOTHOM
TpPAaeKTOpUEH, CKOPOCTh - a0CONIOTHOM CKOPOCTBIO (0003HAYAETCA Thg) U YCKOPEHHE - a0CONIOTHBIM
ycKopeHHeM (0003HAYAETCA d q¢).

B mpuBeneHHOM BbIIIE NpHUMEpE ABM)KEHHE IIapa OTHOCUTENBHO MaixyObl mapoxoaa Oyaer
OTHOCHUTEJNIbHBIM, & CKOPOCTh - OTHOCUTEIBHON CKOPOCTBIO IIapa; JBMXKEHHE MapoXxo/a M0 OTHONICHUIO
K Oepery OyneT aJis 1mapa NepeHOCHBIM ABMKCHHUEM, a8 CKOPOCTh TOM TOYKHU MaTyObl, KOTOPOH B JaHHBII
MOMEHT BpEMEHH KacaeTcs map OyJeT B 3TOT MOMEHT €ro NMEePEeHOCHON CKOPOCThIO; HAKOHEIL, IBH)KEHUE
1apa 1mo OTHOLIEHHIO K Oepery OyJer ero abCONIOTHBIM JIBMKEHHUEM, a CKOPOCTb - a0COIIOTHOM CKO-
POCTBIO 1I1apa.

[Ipu wcciaenoBaHUM CIOXKHOTO JIBWKCHHS TOYKH IMOJIE3HO NMPUMEHSTH «IIpaBHiio OCTaHOBKHY.
s Toro, uToObl HEMOJBWKHBIM HAOIIOJATeNh YBUAEN OTHOCHUTEIbHOE [BH)KEHHUE TOYKH, HAIO0
OCTaHOBUTH TIEPEHOCHOE JIBUKCHUE.

Torga OyzaeT MPOUCXOIUTH TOJIBKO OTHOCUTENbHOE ABM)KEHHE. OTHOCUTEIbHOE JIBUYKEHUE
craHeT abcomoTHBIM. Ml HA000pOT, €CIIM OCTAHOBUTH OTHOCHUTEIIBHOE JBIDKEHHE, MEPEHOCHOE CTaHET
aOCONIOTHBIM | HETIO/BHIKHBIN HAaOI0AaTeNb YBUIUT TOJIBKO 3TO MEPEHOCHOE ABMKECHHUE.

B mocnegnem ciydae, mpu ONpeAEICHUU NMEPEHOCHOTO TBM)KEHUS TOYKH, OOHAPYKHBACTCS
OJIHO OY€Hb BaXKHOE 00CTOATENbCTBO. [IepeHoCcHOe IBM)KEHHE TOUKH 3aBHCHUT OT TOTO B KaKOH MOMEHT
OyZleT OCTAaHOBJICHO OTHOCHTENIBHOE JBHKEHHE, OT TOTO, IJIe TOYKA HAXOIHWTCA Ha Cpeae B ITOT
MoMeHT. Tak Kak, BOOOIEe TOBOps, BCE TOYKH CpEIbl IBIKYTCS MO-pazHoMmy. [losToMy sornunee
OIIPEACIISATh NEPEHOCHOe OBUNCEHUE MOUKU KAK AOCOIIOMHOe 08UdNCEHUe MOl MOYKU cpedbl, ¢ KOMOPOU
coenadaem 8 OaGHHbIUL MOMEHM 0BUICYUASACS MOYKA.

2. Teopema o cJji0:keHHH cKOpocTel u yckopennii. Teopema Kopunoamnca.

[Tycts HEKOTOpast Touka M coBepIIaeT ABIKEHHE MO OTHOIICHUIO K cucrteme orcueta OXyz,
KOTOpasi cama JIBUXKETCS NMPOU3BOJIBHBIM 00Pa30M IO OTHOLIECHHIO K HEMOJBHMXHON CHUCTEME OTcueTa
lelylzl, (pI/ICz)

KoneuHo, abcontoTHOE JBM)KEHUE TOUYKM M ompenensiercss ypaBHEHUSIMU

x = x(t),

y = y(t),

z = z(t).

OmHocumeﬂbHoe deuofceHue — 6 Oeuofcymuxwl OCAX ypaeHeHuﬂMu
x; = %, (t),

¥ =1(2),

z, =z (L),

VYpaBHEHU, ONpenensiomux MNePEeHOCHOe MABM)KEHHE TOYKH, HE MOXET OBITh BOOOIIE.
Tak kak, IO OINpEAENICHUI0, NEPEHOCHOE IBHKEHHE TOYKH M — 3TO JBHUKEHHUE OTHOCHUTEIBHO
HETOJBIKHBIX Ooceil Toi Touku cucteMbl O1X1Y1Z1, ¢ KOTOpOH COBMAgaeT TOYKa B JAHHBIM MOMEHT.
Ho Bce TOUKM NOJBMKHON CUCTEMBI IBHXKYTCA ITO-PA3HOMY.
[TonoxeHne MOABMKHOW CHCTEMBI OTCUETa MOMKET OBITh TaKXKE ONpEAETIeHO, €CIU 33/1aTh
MoJIOKEHHEe TOUKH O paznycOM-BEKTOPOM o, NPOBE/ICHHBIM M3 Havasa HEIOABUKHON CHUCTEMBI
OTCUETa, U HATIPABJICHHS ¢IMHUYHEIX BEKTOPOB 1,J, k noBMKHEIX ocelt Ox, Oy, Oz.
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Puc.2

[Ipoun3BoabHOE IEPEHOCHOE ABUKEHUE TTOABUKHOW CHCTEMBI OTCUETA CJIATAECTCS U3
MOCTYMATENbHOTO JIBUKEHUST CO CKOPOCThIO ¥ TOUKU O U ABUKEHUSI BOKPYT MTHOBEHHOM OCH
Bpaienusi OP, noxoasuie yepe3 Touky O, ¢ MTHOBEHHOHM YTiIOBOM CKOPOCTBIO w,. Benencraue
MIEPEHOCHOT0 I[BI/I)KGHI/I}I HO,Z[BI/I)KHOI/I CHUCTEMBI OTCUETa pam/lyc ~BEKTOpa Ty U HalpaBJIeHUs
eIMHHYHBIX BEKTOPOB 1,], k namenstores. Ecn BEKTODBI 7o, 1, ], k 3a/1aHbl B (DYHKITUU BPEMEHH, TO
MIEPEHOCHOE JBUKEHUE MOABUAKHON CUCTEMBbI OTCUETA BIIOJHE ONPEIEICHO.

[Tonoxxenue Toukn M MO OTHOUIEHWIO K IOJBH)KHOM CHUCTEME OTCUETAa MOKHO OINPENEIUThH
pagnyCoM-BCKTOPOM EM; ,31.,,, =xi+ }-':f + zE, I/1e KOOPAUHATHI X, Y, Z TOUKU M U3MEHSIOTCS C TEUHEHUEM

BPEMEHU BCJIEJCTBUE IBUKEHHS TOUYKU M OTHOCUTEIBHO NMOJABUKHOM CUCTEMBbI OTCUeTa. Ecim paguyc-
BEKTOP P 3a7aH B (QYHKIMH BPEMEHH, TO OTHOCHTENILHOE JBMKEHHE TOUKH M, T.e. JBUKEHHE JTOM
TOYKH OTHOCUTEILHO ITOJIBIKHOM CHUCTEMBI OTCUETA, 3aJIaHO.

ITomoxxenme Touxku M OTHOCI/ITGJII)HO HETNOJIBMXKHOU cucTembl otcueta O1X1Y1Z1, MOXKET OBITH
onpez[eneHo pa,[[I/IyCOM BeKTOpOM r.,,- I/13 pucC.2 BUJIHO, YTO

rw—r[,+pl.,,-—:r"u+x1+}j+zk 1)

Ecnu oTHOcHUTENbHBIE KOOPAMHATHI X,Y,Z TOUKH M U BEKTOPHI E:EE onpezaeneHsl B (QYyHKIIUU
BPEMEHH, TO CJIArarolIeecs] U3 OTHOCUTEIIBHOTO U MEPEHOCHOTO JIBUKEHU COCTABHOE ABUKEHUE TOUKHU
M, T.e. IBIKEHHE dTOM TOYKH I10 OTHOIICHUIO K HEIOJABMKHOM CHCTEME OTCUETa, TaKKe HaJ0 CUMTATh
3aJIaHHBIM.

CKOpOCTh COCTAaBHOTO JBHMKEHHUS TOYKM M, winu abCONIOTHAas CKOPOCTh 9TOM TOUYKH, paBHA,
O‘-ICBI/II[HO, MPOU3BOJAHOM OT pajinyca-BeKTopa ﬁw Touku M 1o Bpemenu t

= dry/dt.
H03T0My, nn(bdgepeﬁunpys[ DaBEHCTBO (1) mo Bpemenu t, mosyunm

dr di dj dk
= arp
1 —+x +z—+xl+V]+ zk 2
@ dt dt Y dt dt ] 2)
Pa3o0nem cnaraeMble B MpaBoil 4aCTH 3TOTO PaBEHCTBA HA JIBE TPYIIIBI MO CIEAYIOIIEMY
MPU3HAKY. K nepBoii rpyrmine oTHECEM Te claraeMble, KOTOPBIE COAEPKAT MPOU3BOIHBIE TOJIBKO OT

OTHOCI/ITCJIBHBIX KOOpIII/IHaT X,¥,Z, a KO BTOpOI/I TC CJIaracMbIC, KOTOPBIC COACPIKAT IMTPOU3BOJAHBIC OT
BCKTOPOB T'E.J 1 j, k T.C. OT BCJIMYUH, USMCHAIOMUXCA TOJIBKO BCICACTBUC MMEPECHOCHOT'O ABUKCHUS
HO,Z[BI/I)KHOI/I CHUCTCMBI OTCUETA

—+

‘i?’},.. =xi+ }-‘f+ zh; (3)
i dj dk
Vs =ﬁ,xd tytz (4)

Kasx[ast u3 TPy cIaraeMblX, 0003HAYEHHBIX Yepe3 ¥, U ¥, MPeACTaBIseT co0oii, o kpaitneii
Mepe, 0 Pa3MEePHOCTH HEKOTOPYIO CKOPOCTh. BhIsICHUM (hU3UYECKUN CMBICIT CKOPOCTEH iﬂ, U1,

CKOpOCTh 7, KaK 3TO CIelyeT M3 paBeHcTBa (3), BBIYUCIAETCS B IIPEANONOKEHHH, YTO
M3MEHSIOTCA TOJIBKO OTHOCHTENbHBIE KOOPIAMHATHI X,Y,Z TOUKH M, HO BEKTOPHI T, ?EE OCTaroTCsA
MOCTOSIHHBIMH, T.€. TOJBWXHAsE cucTema orcueta OXyZ kak Obl YCIIOBHO CYHTAETCS HEMOIBUKHOM.
WTak, CKOPOCTh 1, MpeICTaBIseT cOO0i OTHOCHTENbHYIO CKOPOCTh TOUKU M.

CKOpOCTh ¥, BRIUUCISIETCS TaK, Kak OyATO OBl TOuka M HE JBUTANIACh OTHOCUTEIILHO TIOIBUKHON
CHCTeMBl OTCYETa, TaK KakK MPOM3BOAHBLIE X,Y,Z B paBeHCTBO (4) He BXoAAT. I103TOMY CKOpOCTb 7,
MPEJCTaBIsET COOON NEPEHOCHYIO CKOPOCTh TOUKH M.
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)

Urtak, 1, = U,.+0,.

DTO paBEHCTBO BHIPAKAET TEOPEMY CIOKEHHMS CKOPOCTEHd B Ciydae, KOrja IEepeHOCHOE
JIBHYKEHHE SBJISETCSA MPOM3BONIBHBIM: aOCOJTIOTHAS CKOPOCTh TOYKHM M paBHA F€OMETPUYECKON CymMMe
=q= 2

MIEPEHOCHOM U OTHOCUTEILHOW CKOPOCTEH 3TOM TOUKHU
[Tpumep 1. Koneuko M nBwkeTcs 1o Bpamaromiemycst crepkHio (puc.3) tak, uro OM=s=3t

(cm) m ¢ = 2t (pan).

Puc.3

Panee ObLIO yCTAaHOBJIEHO, YTO TPACKTOPHS OTHOCHUTEIBHOIO JBWXXCHHUS — MpsMas JIMHUS
COBIAJIAIOIIAST CO CTEP)KHEM, H JBIDKCHHE 3TO ompenensercs ypaBHeHueM S=S(t). Tpaekropus re-

5
PEHOCHOTO JBMXKCHHSI TOYKH M B MOMEHT BpeMeHH t— okpykHOCTh paamyca OM=s
[TosToMy OTHOCHUTENBHAasi CKOPOCTb ¥, = § = 6t cm- ¢t 1 HampaBieHa IO KacaTeIbHOW K
9

TPAaeKTOPHUU BIIOJIb CTepxHs (puc.3). [lepeHOCHAst CKOPOCTh KOJIEUKA, KaK TMPU BPAIIEHUH BOKPYT OCH
> =0M-w=5¢=3t>-2==6t>cu-c”', HanpaBieH BeKTOp 5TOil CKOPOCTH MO KacaTelbHOH K
TPAEKTOPUH IIEPEHOCHOTO IBHKEHUS, EPIEHIUKYIIAPHO CTEPIKHIO

AGCONIOTHAS CKOPOCTh KOJEUKA Ty = Vg + U, BenMuuHa ee, T.K. Ty L .

vy = U2+ v =6Vl +ti oMl

Teopema cnoxxeHnus yckopeHui. Y ckopenune Kopuonuca

VYckopeHre cOCTaBHOTO JIBMXKEHUS TOUKU M, UM aOCOJIIOTHOE YCKOPEHHE 3TOW TOYKH, PAaBHO
OYEBUHO, IPOU3BOJHON OT aOCOIIOTHOW CKOPOCTH TOUYKHU M 10 BpeMeHH t
a, = dv,/dt

[ostomy, nudpepeHIHpyst paBEHCTBO 110 BPEMEHH, MOJIYIUM

i e dt  dff  d%k di . dj _dk

(i *r+xdt +}d +Zdt +x1+}1+21+2(x +}'dt+zdt

Pa3nenum crnaraemble npaBoil 4acTH 3TOTO paBeHCTBa Ha TPU TPYIIIbI

K mepBoii rpynme oTHECEM claraeMble, COIepKalue TOILKO HpOI/I3BOI[HBIe OT OTHOCHUTEJIBHBIX
KOOpI[HHaT X y uz, HO HE COJIEPIKAIIIME TPOU3BOIHBIE OT BEKTOPOB T 1), K

a =i+ i j + 2k
Ko BTOpO# rpynme oTHeceM ciaraeMble, KOTOPbIE COAEPKAT TOJIBKO MPOU3BOIHBIE OT BEKTOPOB
1)15="

To: L k, Ho He coAep Kalue MMPOU3BOAHBIX OT OTHOCUTECIIBHBIX KOOPAUHAT X,Y,Z

. dt  d¥  d%
=1+ = — + z
< dte dt=
Ocranacs erie ojHa rpyIia claraéMbiX, KOTOpPbIe HE MOTJIM OBITh OTHECEHBI HU K TIEPBOM, HU KO
+ 3 7
, Z, 1,j,k. O603HAUNM ITYy

@
5 dt
BTOpOI/I TaK KaK OHH conepmaT HpOI/I3BO}IHBIe OT BCEX nepeMeHme X y,

IpYMILy ClIaraéMbIX Yepe3 dy
7 dk

= 2(% di + 5 =

ﬂ. = .'X.' — Z_

K dt | Cdt”

Kax(/:[aﬂ 13 BBIACJICHHBIX rpynn HpCI[CTaBHHCT CO6OI>'I, 110 KpaI/IHCI/I Mepe I10 pa3MepHOCTI/I

HEKOTOPOC YCKOPCHUC. Briacanm (I)H3H‘l€CKHﬁ CMBICJI BCEX TPCX YCKOPCHUU: Ay, g, 2y
YckopeHue aq.., Kak 3TO BHUJIHO U3 PAaBC€HCTBA, BBIYHUCIACTCSA TaK, KaK €CJIU OBl OTHOCHUTEJIHLHBIE
™ b 2
+ 3 77

=
KOOpAXHATHI X,Y,Z U3MCHSJIUCh C TCUCHUCM BPCMCHH, a BEKTOPHI Ty, 1, , k ocTaBaluCh HEHU3MEHHBIMU
38

T.€. MOJABMKHasI cucreMa orcuera OXyz kak Obl MOKomsIack, a Touka M nsuranack. [loatoMy yckopenue
Touku M. Tak Kak yckopeHue (M CKOpPOCTb)

@, TIPEJICTABISIET COOOM OTHOCUTEIBHOE YCKOPEHHE



OTHOCHUTENILHOTO JBUKEHHSI BBIYHMCISETCS B IMPEANOJIOKEHHH, 4YTO IOJABM)KHAs CHCTeMa OTcueTa
HAaXOJQUTCSI a IMOKOE, TO JJsi ONpPENENCHHUS OTHOCHTEIHHOTO YCKOpPEHUs (M CKOPOCTH) MOMKHO
M0JIb30BAThCS BCEMU IPABHIIaMU, U3JI0KEHHBIMU paHee B KWHEMATHKE TOUKH.

YCKOpeHHe @, KaK 3TO BUIHO U3 PABEHCTBA, BHIYUCIIACTCS B NPEANOIOKEHUH, YTO CaMa TOYKa
M TmoKOUTCSI IO OTHOIICHHIO K MOJBMXKHOM cucteme orcuera OXyz (X =const, y =const, z =const) u
nepeMeniaeTcs BMecTe ¢ 3TOU CHCTeMoﬁ OTCYeTa IO OTHOIICHUIO K HETOJBUKHOW CHCTEME OTCUYeTa
O1x1y121. TTo3TOMY yCKOpEHHE @, MPEACTABISET COOO0M [EPEHOCHOE YCKOPEHUE TOUKH M.

TpeTps rpymnna ciaraeMbiX ONPeAesieT YCKOPEHUE ak, KOTOpPOE HE MOXET OBITh OTHECEHO HE K
di dj &k
OTHOCUTEIBHOMY YCKOPEHHUIO a?,, TaK Kak COJAEPHKUT B CBOEM BBIPAKCHUM IIPOM3BOJHBIE ——,—~, —~ HE K
IIEPEHOCHOMY YCKOPEHUIO EE, TaK KaK COAEP’KUT B CBOEM BBIPAKEHUU IIPOU3BOJHBIC X, T, £
Hpeo6pa3yeM npaBy}o 4acTh PaBEHCTBA, PUIIOMHUB, YTO

dr = S d} S 5 dk
it =g ¥ 1 i =y X J; E=mﬂxk.

[Toacrasisist 3TH 3HaYEHUS TNPOH3BOJHBIX B PABEHCTBA, T0JTYYHM

ak—E(m X X1+ @, X x] + @, xx.ic}

I ak = Zma * '[x1+ xJ +xa.

31ech BEKTOp 1 + x] + xk €CTb OTHOCHTEIbHAS CKOPOCTb ¥, TOUKH M, TI03TOMY
Gy = 28, X Ty,

3. Moaysb ¥ HanpaBJieHHe KOPHOJINCOBA YCKOPEHHSsl.

VcKopeHue dy HasbIBAIOT yckopenuem Kopuonuca. Beugy toro, uro yckopenume Kopuonmca
MOSIBJIIETCA B CIIy4ae BpalEHUs IOJBUKHOM CHUCTEMbI OTCUETa, €r0 Ha3bIBAIOT €Il€ MOBOPOTHBIM
YCKOpPEHUEM.

C ¢wusnueckoil TOUKM 3pEHHS] TMOSBJICHHE IMOBOPOTHOTO YCKOPEHHS TOUYKH OOBSCHSIETCS
B3alMHBIM BJIMSIHUEM IIEPEHOCHOTO U OTHOCUTEIBHOTO ABM)KEHUH.

Urak, yckopenue Kopuonuca TOYKM paBHO MO MOAYJII0 W HANpPaBICHUIO YIBOCHHOMY
BEKTOPHOMY MPOU3BEACHUIO YIJIOBOW CKOPOCTH MEPEHOCHOTO JIBUYKEHHUS Ha OTHOCUTEJIbBHYIO CKOPOCTb
TOYKHU.

PaBeHcTBO, KOTOpOE TENEPh MOKHO COKPAILIEHHO 3alKicaTh B BUJIE

Ay =0, + 0y +dp

IPEJICTaBIISIET TEOPEMY CIIOKEHUSI YCKOPEHUH B Cllydae, KOTr/ia IEPEHOCHOE JBUKEHHE SIBISETCS
NPOU3BOJIHBIM:  a0CONIIOTHOE YCKOPEHME TOYKM paBHO BEKTOPHOW CyMMe MEpEeHOCHOTO,
OTHOCHUTEJILHOTO U TOBOPOTHOI'O YCKOPEHUI. DTy TEOpeMY 4acTo Ha3bIBatOT TeopeMoii Kopuomnuca.

N3 dpopmyisl crieayer, 4To MOAYJIb IOBOPOTHOTO YCKOPEHUs OyAeT

@y = 2w, V,5ing

rie @ - Yronl MeXIy BEKTOPOM zM BEKTOPOM ¥,.. UTOOBI ONpeNeuTh HAmpaBjeHHE
TIOBOPOTHOTO YCKOPEHHS @y, HY’KHO MBICIIEHHO IEPEHECTH BEKTOP &, B TOUKY M M PyKOBOJCTBOBAThCS
MpaBWJIOM BEKTOpHOW anredpbl. CorjmacHO 3TOMY TMpaBUIy, BEKTOp @ HYKHO HampaBisaTh
TIEPIIEHNKYIIAPHO K TLIOCKOCTH, OTpENENsIeMOoil BEKTOpAaMH &, M 1,, M TaK, 4TOOBI, CMOTpPS C KOHIIA
BEKTOpa @, HaOmoAaTeNdh MOT BHAETh KpaTYaiIImii MOBOPOT OT i, K ¥, MPOMCXOASANIMM IPOTHB
JIBH>KEHUS YaCOBOW CTPEIIKH.

Jlnst onpeiesieHus HAIPABIEHUS dj MOYKHO TaKKe MOIb30BaThes cieaylomuM npasuiaom H. E.
JKyKOBCKOT0: 4TOOBI HOIy4UTh HAIPABIECHHE TIOBOPOTHOTO YCKOPEHHUS @y, JOCTATOYHO COCTaBJISFOILYIO
¥, OTHOCHTENBHOH CKOPOCTH ¥, TOYKH M, TIepIeHIMKYISApPHYI0 K BEKTOPY ., MOBEPHYTH (B
IJIOCKOCTH, TEPIEHAUKYIAPHON K BEKTOPY ,) Ha HPAMON yrol BOKPYT TOYKH M B HampaBleHHH
MePEHOCHOTO0 BpamieHus (puc.4).
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Puc.4

Ecnu nepeHocHOE JBUKEHHUE MOABUKHOM CUCTEMBI OTCUETA €CTh ITOCTYNATEIbHOE IBU)KEHUE, TO
w,=0 W MO>TOMY IOBOPOTHOE YCKOPDEHHE & TOYKHM TAaKKe€ PaBHO HYJI. IIOBOPOTHOE YCKOpEHHE
PaBHO, OYEBHMIHO, HYIIIO M B TOM CIIydae, KOTJa @, B JAHHBI MOMEHT BPEMEHHU 00pamaeTcs B HyJlb.

Kpowme Toro, moBopoTHOE YCKOPEHHE TOUKH MOXKET, OUEBUHO, 00paIllaThCs B HYJIb, €CIIU:

a) BEKTOp OTHOCHTEIBHON CKOPOCTH ¥, TOUKHM IIapajielieH BEKTOPY YIJIOBOH CKOPOCTH @,
MEPEHOCHOTO BpAILEHUS, T.€. OTHOCUTEIbHOE [BUKEHHE TOYKU IPOUCXOIUT IO HAMPaABICHHUIO,
HapajuieIbHOMY OCH IEPEHOCHOTO BpAIllCHHUS;

0) TouKa HE UMeeT ABMKCHUS OTHOCUTEIHHO MOABMKHON CUCTEMBI OTCUETA UM OTHOCUTENbHAS
CKOpPOCTb 17, TOYKH B JAHHBIA MOMEHT BpeMeHHU paBHa Hy/io (7, = 0).

Herpyano copMmyanposats Gonee y100HOE MPABUIIO ONPEIEIEHNS HAIPABICHHUS BEKTOPA ..
HY)KHO CHPOEKTHPOBATh BEKTOP OTHOCHTEIBLHON CKOPOCTH %, HA INIOCKOCTh IEPHEHIUKYISAPHYIO OCH
MEPEHOCHOTO BpAIllEHUsI U 3aTeM MOBEPHYTh ATy Mpoekiuio Ha 90 TpaaycoB B IJIOCKOCTH IO
HAIPABICHUIO TIEPEHOCHOr0 BpalleHus. KOHEYHOe MON0KEHHE HPOEKIMH BEKTOpA 1, YKakKeT
HaIpaBlieHuE KOPUOJIKNCOBa YCKopeHus. (Dto npasuiio 6but0 npepioxero H.E. XKykosckum).

4. IlpuMepbl HA MPUMEHEHHE TEOPEeM O CJI0KEHHMH CKOPOCTEH M 0 CJI0KEHMH YCKOPEeHUil
MPH MOCTYNATEILHOM MEPEHOCHOM ABHKEHHU.

Ha xnmuH ¢ yrmom HakioHa o moioxeH Opycok. [lox neilcTBHeM CHIIBI TSDKECTH OpYCOK
OIyCKAaeTCsl CO CKOPOCThIO V. HailTu CKOpOCTH KiIMHA.

P

-

&

Puc.17
Pemenwue. 1) [Tox neiicTBeM CUIIBI TSKECTU OPYCOK IBHIKETCS] BHU3, BBITECHSIS KITUH H
3aCTaBJIsis €0 MIepeMeNIaThes BpaBo. M300pa3um cucTeMy Teil B IBYX COCTOSTHHSX.

S R
™
*,

A

2) O6o3HaunM TepeMelleHHe KIMHA Sg, a MepeMelieHue opycka Sg. M3 pucyHka jerko Hailtu
CBA3b MEXKy HUMH: 56 = 5x " LG
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dsg dsg

— =—Ftga
3) IpomuddepeHuupyemM MOIyueHHOE COOTHOIIECHHE IO BpeMEHH dt  dt U yd4TeM
d5g a5,
Ve =——.
dt

B pe3ynbTare nojy4uM ypaBHEHHs KMHEMATUYECKON CBs3H Vs = Vi " LG

2

Vg = —
onpejieieHue CKOpocTH  ° gt ’

5. IIpuMephl HA NPUMEHEHHE TeopeM 0 CJIO0KEHHH CKOPOCTeil U 0 CI0KEHHU YCKOpPEeHUil B
ciay4dae, KOra IMepeHoCHoe IBHKeHHe — BPallleHHe BOKPYT HEIOABHKHOH OCH.

Ha ropr3oHTabHOM IUIOCKOCTH HaXOAMUTCS KaTylllKa, HA KOTOPYIO HAMOTaHa HUTh. Paxnyc
HaMOTaHHOT'O CJI0S HUTOK paBeH I, HauOombIni paanyc KaTymku paBeH R. CBoOOIHBIN KOHEL HUTH
IIEPEMEIIAIOT C YCKOPEHHEM dk. Halith ycKOpeHHe LEeHTpa Macc KaTYyLIKH dc U YIIIOBOE YCKOPEHHUE &,
€CIIM KaTyIlKa JABMKETCs 0€3 MPOCKaIb3bIBaHHUS.

e .

[ ey

e E ox

R /"/

oy

“
Pemenue. Pemmum 3ala4y B COOTBETCTBUU C IIPHUBCACHHBIM AJITOPUTMOM.

1. M300pa3um KaTyuiky B JBYX COCTOSTHUSIX.

k- “ I
) 5o | .
e, Epe—
/-"f R‘\\ - K " x
s “x\ :
Jf 5
\ T \ [ i ,r"
B .-
r
h_,/ S
\\'\-. M / SC \ A r//.f/
"rar_ .-"’ o
T 0 7
5o

2. VI3 pucyHKa HaiineM cBA3b Mexay nepeMenieHusmu. Ilycts nentp macc C nepemectuiics Ha
paccrosinue Sc. [Ipu 3ToM TOuka A 3aHsIa HU)KHEE MOJIOKEHUE, a paanyc, coequHsonmii Touku A u C
MOBEPHYJICA Ha yrou ¢. IIpm oTCyTCTBUM NpOCKanb3bIBaHMs JIMHA Ayrd AM paBHa NEepeMEIICHUIO
LIEHTpa Macc. YUYUTHIBas CBSI3b MEXKAY JUIMHOW AYT'H U YIJIOM (0, ONIMPAIOIIHUMCS Ha 3Ty AYTY, IIOJIy4aeM
50 =AM = ¢R.

Haiinem nepememenne xonna Hutu K. Ilpu moBopoTe karymky Ha yros ¢ Todka B 3ansna
BEpXHee MOJIOKEHHE, B PE3yJIbTaTe Yero CBOOOHAsI YaCTh HUTH YBEJIMUMIIACh Ha JJIMHY IYTU Sy = I.
CrnenoBaTenbHO, NMEpEeMEIIEHNEe KOHIA HUTU IPOUCXOAMT, BO-TIEPBBIX, 3a CUET NEPEMENICHUs CaMOu

KaTYIIKH, BO-BTOPBIX, 3a cyer yBEJINYEHHS CBOOOJHOTO y4acTKa HHTH:
Sy =S~+5Ss. =R +pr=p(R+r).
3. Baxasl  npoauddepeHnupyeM  MOJAYYEHHbIE  COOTHOLIEHMS 110  BPEMEHH:
dZs. die dlsey diyp
a2 a2t e T e (R +7) u ydTeM onpe/eneHns YCKOPEHUS
dls. d2sg dZep
ATz KT gz FT g
B pe3yabTare HOJTYYHM ypaBHEHUS KHHEMATHYECKOM CBSI3H B BUJIE
- = R, ay =&(R+7r).
W3 5THX COOTHOILECHHUI BBIPA3UM UCKOMBIE BEJIMYHMHBI YepPE3 JaHHBIE YCIOBUS 3aa4H:
R g
G = kR "TR+r
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1.19 Jlekuus 19 (1) (2 yaca).
Tema: «/luHamMuKa TOYKI

1.19.1. Bonpochl JeKuuu

1. AKCHOMBI JUHAMUKH.

2. Jlnnamuka cBoOoaHOW MaTepuaibHON TOUkH. CoctaBieHne AuQQepeHIUaATbHBIX YpaBHEHUI
JIBMKEHUS TOUKH.

3. CnocoOsl pelieHus BTOpo 3aaul TUHAMUKH.

1.19.2 Kpartkoe copepkaHue BONPOCOB

1. AKCHOMBI TMHAMUKH.

JlMHaMUKOI Ha3bIBAETCA pa3/iesl MEXAaHUKH, B KOTOPOM M3YYarOTCS 3aKOHBI JBUKCHUS
MaTepUalbHBIX TN MMOJ IEUCTBUEM CHIL.

ITox MaTrepranbHON TOYKOM TOHUMAKOT MAaTEPUATILHOE TEJIO CTOJIb MaJIbIX Pa3MEpOB, YTO
pa3iauyreM B ABM)KEHUU OTJIEIBbHBIX €r0 TOUEK MOXKHO IPEeHeOpeyb U MOJI0KEHHE KOTOPOTO MOXKHO
ONPEACIUTh KOOPAUHATAMH OJIHOW U3 €r0 TOYEK.

Touky OyzaeM Ha3bIBaTh U30JIMPOBAHHOM, €CITH HA TOUKY HE OKa3bIBAECTCS HUKAKOTO BIUSHUS,
HHUKAKOTO JEHCTBUS CO CTOPOHBI IPYTUX TEJ U CPEIBI, B KOTOPOM TOUKa ABUKETCS. KOHEUHO, TpyIHO
MIPUBECTH MPUMEP M0100HOTO cocTosiHMs. Ho mpeacTaBuTh Takoe MOXKHO.

[Ipu BpamarebHOM ABUKEHUU TEJIA TOUKHA MOTYT JIBUTaThCsSl HEOJAMHAKOBO, B 3TOM CJIy4ae
HEKOTOPbIE MOJIOKEHUS JUHAMUKHN MOKHO IPUMEHSTh TOJBKO K OT/IE€IbHBIM TOYKAM, & MaT€pUaIbHBIN
00BEKT paccMaTPHUBATh KaK COBOKYITHOCTh MAaTEPHUAIBHBIX TOUCK.

3aKOHbI TUHAMUKHU

B ocHOBe quHaMUKWU JIeKAT 3aKOHBI, YCTAHOBIICHHBIE ITyTEM 0000IIEHUS PE3YIbTAaTOB IIEJIOTO
psiZa ONBITOB M HAOIIOACHUI HAJ IBHYKEHUEM TeJl U IPOBEpEHHbIE OOUIMPHOI 00I11eCTBEHHO-
HMCTOPUYECKOM MPAKTUKOMN uenoBeuecTBa. CHCTEMAaTUYECKH 3TU 3aKOHBI ObUTH BIIEPBBIC U3JI0KEHBI U.
HproroHoM.

[TepBbIit 3aKOH (3aKOH MHEPIIMH ), OTKPBITHIN [ anmuieem, riacuT: CyleCTBYIOT TaKUE CUCTEMBI
0TCYETa, OTHOCUTEIBHO KOTOPBIX TEJIO MOKOUTCS WIIM IBUKETCS MPSIMOJIMHENHO U PABHOMEPHO, €CIIM HA
HEro He JEUCTBYIOT APYTye TeJla WK JEMCTBUE 3TUX TEJl KOMIIEHCHUPOBAHO WM B APYrOil
(GhOpMyIHpPOBKE: €CIIM CyMMa JIEHCTBYIONIMX HA TEJO CHII PaBHA HYIIO, TO TEJIO ABUKETCS PABHOMEPHO U
MPAMOJIMHENHO WM HAXOJIHUTCS B IMOKOE.

JIBr>keHue, coBepiaeMoe TOY-KOW IPU OTCYTCTBUU CHUJI, HA3bIBAETCS JABUKEHUEM 110 HHEPLIUU.

3aK0H MHEPIIMH OTPAKaeT OJTHO U3 OCHOBHBIX CBOMCTB MaTE€pHUH - MPeObIBATh HEU3MEHHO B
JBUKEHUU U YCTAHABJIMBAECT JUJISI MATEPUAJIBHBIX TEJI SKBUBAJIEHTHOCTb COCTOSHUM ITOKOS U IBUKEHHUS
o uHepuuu. M3 Hero cienyet, uro eciiu F=0, To Touka MOKOUTCS UK JBUKETCS C TIOCTOSIH-HOM 110
MOJIYJIIO U HaIlPaBJICHUIO CKOPOCThIO ( =const); yCKOpEHHe TOUKH MPHU 3TOM paBHO Hymi0: = 0); ecnu
K€ JIBH)KECHUE TOYKH HE SIBJISIETCS] pABHOMEPHBIM U MPSIMOJIMHENHBIM, TO HA TOUKY JCHCTBYET CHJIA.

Cucrema orcyera, IO OTHOUIEHHIO K KOTOPOH BBIMOIHSIETCS 3aKOH UHEPIIMH, HAa3bIBACTCS
MHepIUAIbHON CHCTEMO oTcueTa (MHOI/Ia €€ YCIIOBHO Ha3bIBAIOT HENOABMKHOK). [1o JaHHBIM ombiTa
11 Hate CoJ-HEeYHOM CUCTEMbl MHEPLIMAIbHOU SBJISIETCS CHCTEMa OTCUYETa, Hayajlo KOTO-poi
Haxonautcs B ieHTpe CoJHIIa, @ OCH HallpaBJIEHbl HA TaK Ha3bIBa€MbI€ HEMOABM>KHBIE 3Be3/1bl. [Ipu
pelieHny O0IBIIMHCTBA TEXHUYECKUX 3a/1a4 MHEPIHUAIbHOM, C JOCTaTOYHOM JUIsl MPAKTUKUA TOUYHOCTHIO,
MOKHO CUHTaTh CHCTEMY OTCUETA, )KECTKO CBSI3aHHYIO C 3EMIIEH.

CucreMsbl oTCueTa, B KOTOPHIX HE BBIMOJIHIETCS MEepBbIN 3akoH HploTOHA, Ha3bIBalOTCS
HEMHEepIHMaIbHBIMU. HenHepuaabHbIMU OyIyT CUCTEMBI, IBUKYIINECS C YCKOPEHUEM, HITH
Bpalllalouecs.

Bropoii 3akoH (OCHOBHOM 3aKOH JUHAMUKH) TJIACUT: MIPOU3BEICHNUE MacChl TOUYKU Ha
YCKOpPEHHE, KOTOPOE OHA MOJYyYaeT MO ICUCTBUEM JAaHHOM CUJIbI, paBHO MO MOJYJIIO 3TOM CUJIE, a
HaIpaBJIEHUE YCKOPEHUSI COBIAAAET C HAIPABICHUEM CUJIbI

Tpetwnii 3akoH (3aKOH paBEHCTBA JICUCTBUS M MPOTHUBOICHCTBUS) YCTAaHABIMBACT XapaKTep
MEXaHUYECKOTO B3aUMOACHCTBUS MEXKY MaTe-pUAIbHBIMU TeslaMu. st IByX MaTepHalIbHBIX TOUEK OH
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[JIACHT: JIBE MAa-T€pUAJIbHbIE TOUKHU JEHCTBYIOT APYT HA Apyra ¢ CUJIAMH, PABHBIMHU 10 MOJIYJIIO U
HaIpPaBJIEHHBIMU BJIOJIb ITPSIMON, COEUHSIONIEHN 3T TOUKH, B IPOTUBOIIOIOKHBIE CTOPOHBI.

3aMeTHM, 4TO CHUJIBI B3aUMOJIEHCTBHUS MKy CBOOOTHBIMU MaTepraib-HBIMU TOUKAMU (MU
TeJIaMH ), KaK MIPUIIOKEHHBIE K Pa3HBIM 00bEKTaM, He 00pa3ylOT YpPaBHOBEIICHHON CUCTEMBI.

YeTBepThlii 3aK0H (3aKOH HE3aBUCUMOTO JeHCTBUA cuil). [Ipu 0qHOBpEeMEHHOM JIeHCTBUH HA

MaTEpUaIbHYIO0 TOUKY HECKOJIBKUX CHUJI YCKOPEHHE TOUYKHA OTHOCUTEIBHO MHEPIIMOHHOM CHCTEMBI
OTCueTa OT JIEUCTBHS KaXJIOW OTAEIIBHON CUJIbl HE 3aBUCUT OT HAJIMYMUS JIPYTUX, IPHIOKEHHBIX K
TOYKE, CUJI U IIOJIHOE YCKOPEHUE PABHO BEKTOPHOU CyMME YCKOPEHHM OT ACUCTBUS OTAEIBHBIX CHIL

2. Jlmnamuka cB0oOOAHOI MarepuajbHOi TOuYkH. CocraBienne H(PepeHIHATBHBIX
YPaBHEHHUH IBUKEHHH TOYKH.

C nomorsio qudepeHnnanbHbIX YpaBHEHUH IBUKECHHUS PEIIACTCs BTOpast 3a7ada THHAMUKH.
IIpaBuia cocTaBieHUs TAKMX YPaBHEHUH 3aBUCST OT TOI'0, KAKUM CIIOCOOOM XOTUM OIPEIETUTh
JBAKEHHUE TOYKHU.

1) Onpeoenenue dsusicenus mouKu KOOPOUHAMHBIM CHOCOOOM.

-

PaccmotpuM cBOOOAHYIO MaTepuaibHYIO TOUKY, ABHKYIIYIOCS MOJ neicTBueM cul F, Fa, .., F,.
[IpoBenem HemoaBuxkHBIE kKoopauHaTHbe ocu OXyz. [IpoekTupys o0e yactu paBeHCTBa ma = 3, F, Ha

X «
OTH OCH H yYUTBIBAS, YTO @y = —— H T.]L., TIOJyqHM ougepenyuanvrvle ypasHeHus KpUGoOIUHEHHO20
O08UIICEHUsL MOYKU B TIPOCKUHUAX HA OCH MPSAMOYTOJbHOW JI€KAPTOBOM CHUCTEMBI KOOpPIWHAT:

d2x dly d?z
magz =) B mgz=) For myz=) Fur

Z

I

Tak xak JIGI\/'ICTBYIOHII/IC Ha TOYKY CHJIbI MOTYT 3aBUCETH OT BPEMCHH, OT IMOJIOKCHHA TOYKHU U OT
€€ CKOpPOCTHU, TO IPABLIC HaCTU ypaBHCHI/Iﬁ MOTYT COHCPKATb BpCMHA t, KOOpAWHAThI TOYKH X, ), Z U

dx dy d= o
IMPOCKIHNU €€ CKOPOCTH ;, d_:;’ ; HpI/I OTOM B ITPABYIO YaCTh KaXXJI0r'o U3 YpaBHCHHUU MOI'YT BXOJIHUTH

BCE€ 3TH TIepeMeHHBIC. UTOOBI C TOMOIIBIO ATUX YPAaBHEHHI PEIINTh OCHOBHYIO 3a7a4y TWHAMUKH, HAJO,
KpOME JEHCTBYIOIIMX CHJI, 3HAaTh €Il€ HAYaJIbHBIE YCIIOBHS, T.€. IOJOKEHHUE U CKOPOCTh TOYKU B
HavYaJIbHBIA MOMEHT. B koopauHaTHBIX ocsix OXYZ HavaJlbHBIE YCIIOBHUS 3aJ1al0TCs B Buje: npu t=0

I X=X ¥=M 2= Fp
Vy = Vg, Uy = Wy, Ty =1

o
3Has JEWCTBYIOIIME CHIIbI, MOCJIE€ WHTETPUPOBAHMS YPaBHEHWW HaWJIeM KOOpPIWHATHI X, Y, Z
JBIDKYILEHCS TOUKHU, KaK (YHKLIUU BpeMeHH {, T.e. HaliieM 3aKOH JBMXKEHHS TOUYKH.

3. Cnnoco0bl penieHusi BTOPOI 3a1a4u IMHAMHUKH.

OO01mue TeopeMbl JMHAMHUKY TOYKU

Jns pemieHnst MHOTHX 3a/1a4 AWHAMUKH, OCOOEHHO B TUHAMHKE CUCTEMBI, BMECTO METO/1a
MHTETpUPOBaHUs MU PEepeHIINATBHBIX YPaBHEHUN ABMKEHUS OKa3bIBaeTcs 0oJiee y100HbIM
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II0JIb30BaThCs TAK HA3bIBAEMBIMH OOLIMMH TEOPEMaMHU, ABJISIOIIMMUCS CIEICTBUSIMH OCHOBHOTO 3aKOHA
TUHAMMKH.

3Ha4yeHue O0IUX TEOPEM COCTOUT B TOM, YTO OHU YCTaHABJIMBAIOT HAIJISIHbIE 3aBUCUMOCTH
MEX/1y OCHOBHBIMU JUHAMMUYECKUMHU XapaKT€PU-CTUKAMU JBUKEHHSI MAaTEPUAIIbHBIX TEJl U OTKPBIBAIOT
TEM CaMbIM HOBBIE BO3MOKHOCTH MCCJICIOBAHUS ABM)KEHUN MEXaHUYECKUX CUCTEM, ITUPOKO
pU-MeHseMbIe B MH)KEHepHO npakTuke. Kpome Toro, o0mmue TeopeMbl HO3BO-JIAIOT U3y4YaTh
OTJENbHBIE, IPAKTUYECKU BaKHBIC CTOPOHBI JAHHOT'O SIBJIC-HU, HE U3y4as sBJICHUE B LieaoM. Haxowern,
IpUMEHEHHE O0IIMX TeopeM N30aBIIsIeT OT HEOOXOUMOCTH MPOJIEIBIBATE ISl KAKIOH 3a/1a4H Te
Olle-PallMd HHTETPUPOBAHUS, KOTOPBIE Pa3 U HABCEr1a IPOU3BOJATCS IIPU BBIBOJE 3TUX TEOPEM; TEM
cambIM yIIpolaeTcs npoiecc pemenus. Ceifuac Mbl pac-CMOTPUM, KaK BBIIJIAJAT 3TH TEOPEMBI JUIs
OJIHOM MaTepualbHOU TOYKHU.

KonuyecTBo nBHKEHHS (MMITYJIbC) TOUKH

OCHOBHBIMU JMHAMUYECKUMU XaPAKTEPUCTUKAMU JIBHYKEHUS TOUKHU SBJISIOTCS KOJIUYECTBO
JBUKEHUSI U KUHETUYECKAsl SJHEPIUsL.

KonuuecTBoM JBHKEHUS TOUKU HA3bIBACTCS BEKTOPHAs BEJIMUMHA DPaBHAs IPOU3BEICHUIO
Macchl TOUKHM Ha BEKTOp €€ CKOpocTH. HampaBiieH BEeKTOp Tak ke, KaKk U CKOPOCTh TOUYKH, T. €. 110
Kaca-TeJIbHOM K €€ TPacKTOPHUHU.

Kunernueckoii sHeprueil (Miau )KUBOM CUJION) TOUKH HA3bIBAETCS CKaJIApHAs BEJIMUMHA , paBHAs
IIOJIOBUHE NPOU3BEICHHS MACChl TOUKU HAa KBaJApaT €€ CKOPOCTH.

Heo0OxonuMocTh BBeI€HUS JBYX AMHAMUYECKUX XapAKTEPUCTUK O0BSAC-HIETCA TEM, YTO OJHOMN
XapaKTepUCTUKON HEJb3sl OXBAaTUTh BCE OCOOCH-HOCTH JIBUIKEHUS TOUKH.
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1.20 Jlekuust 20 (2) (2 uaca).
Tema: «Kosedoanus»

1.20.1 Bonpocsl JieKIuU

1.CBoOoHEIC KOJIEOaHMS.

2. 3aryxaromme KoiaeOaHusl.

3. Beiny1eHHbIe KOJIeOaHus!.

1.20.2 KpaTkoe coaep:kaHue BONPOCOB

1.CBoOoanbIe KoICOAHMS.

JBuxkenust, 006Jaaaromye TOl WK HHOM CTENEHBI0 MOBTOPSIEMOCTH, HA3bIBAIOTCS KOJ1eOAHUAMMU.

B TtexHuke koneGaHus MO0 BBINONHSIOT ONpeeiIeHHbIC (DYHKIIMOHAIBHBIE OOS3aHHOCTH
(MasATHUK, KoJeOaTeabHBIH KOHTYp, T€HepaTop), JUOO BO3HHMKAKT KaK HEU30EKHOE IPOSBICHHUE
¢u3nyecKkux CBOWCTB (BUOpALMs MAIIUH M COOPY)KCHUH, HEYCTOMYMBOCTH U BUXPEBHIC NOTOKU IMPH
JBUYKEHUU TeJ B ra3ax).

Ecnu 3HaueHust GpU3MUECKUX BENWYHMH, U3MEHSIOMNXCS B MPOIECCE JBMKEHHS, MOBTOPSIOTCS
Yyepes paBHbIE MPOMEXYTKH BPEMEHHU, TO TaKOe IBUKEHHE Ha3bIBaeTCA nepuoduueckum. Ilpumepamu
MEPUOINIECKOTO JBIKEHHUS MOTYT CIIY)KUTh JIBIKCHHE TUTaHeT BOKpYr CoJHIIA, ABMKEHUE TIOPIIHS B
UWIMHIPE JBUTATENsT BHYTPEHHEro CropaHuss W 1p. B 3aBUCHUMOCTH OT (QHU3WYECKOW MPHUPOJIBI
KoJe0aTenpbHOTO TIpolecca M «MEXaHHW3Ma» €ro BO30YKACHHUS pPa3In4aloT MEXaHWYEeCKHe U
ANIEKTpOMarHuTHele KoseOaHusi. KonebarenpbHyr0 cucTeMy BHE 3aBUCHUMOCTH OT €€ (hU3HUecKOi
MPUPOJIBI HA3BIBAIOT OCUUAIAMOPOM. [IpUMEpOM OCHMIIIATOPA MOXKET CIIY>KUTh KOJIEOIIOIIUICS Tpy3,
MO/IBEILICHHBIN HA MPYKUHE WIH HUTH.

Ilonnvim Konebanuem Ha3bIBAIOT OJIMH 3aKOHYEHHBIN LIMKJI KOJI€0ATENIbHOIO JBUKEHUS, MOCIE
KOTOPOTO OHO MOBTOPSIETCS B TOM K€ MOPSIIIKE.

[To cnocoOy BO30YXkIeHUsT KOJeOaHUs ENAT Ha: c60000Hble (COOCTBEHHBIE), TPOUCXOIAIINE B
NPEJCTaBICHHON camMoii cebe cHucTeMe OKOJIO TIOJIOKEHHMsS paBHOBECHUs TII0CJIEe Kakoro-imodo
MEPBOHAYAILHOTO BO3ICHUCTBUS;  GbIHYHCOEHHble — TIPOUCXOISIINE TPH MEPUOANIECKOM BHEUTHEM
BO3CHUCTBUY (Hampumep, KojebaHus MOCTa MpH MPOXOXKICHUHM MO HEMY Moe3Ja WM packauuBaHHE
YeJIOBEKOM Kauenel); napamempuueckue — NPOUCXOAIINE NIPU U3MEHEHNU Kakoro-inbo mapamerpa
Kose0aTenbHON CUCTEMBI; aemoKonedanus — TPOUCXOIAIIME B CUCTEMax, CaMOCTOSTENIBHO
PETYJIHPYIOIIMNX NOCTYIUICHUE BHEIIHUX BO3JICUCTBUM.

Cobcmeennvie KoneOaHUs SBISIOTCS HE TOJBKO CaMbIMH PAacCIpOCTPAHEHHBIMHM, HO U CAMBIMU
BOXHBIMH C TOYKH 3PEHHUsI TEOPUH KOJIeOaHWil, TaKk KaK YCIOBHS BO3HHKHOBEHHS M XapaKTep BCeX
JAPYTUX TUIOB KOJIEOaHUH CYIIECTBEHHO 3aBHCAT OT XapaKTepa COOCTBEHHbIX KOJIeOaHUH.

Haunewm c n3yuenus cBOOOIHBIX KojeOaHU TOUKH 0€3 ydeTa cuil conpoTuBieHus. PaccMorpum
TOUKY M, IBHXKYIILYIOCS NPSAMOIMHERHO MO AeiicTBHEM OIHOM TOJIBKO 60ccmanasnugarowieii cunvt F,
HaIlpaBJIEHHON K HENOJBIKHOMY LEHTpY O M NPONOPLHOHAIBHOM PACCTOSHHUIO OT 3TOrO LEHTpA.
poekius cuisl F Ha ock Ox (puc.1) OyzmeT paBHa

Fy=-cx.
g <~ "?’-——I

1
I J—
Puc.1
Cuna F, kak BUIMM, CTPEMUTCS BEPHYTh TOUKY B paBHOBeCHOe nojoxenue O, rae F=0; orcrona
Y HaMMECHOBAHHE «BOCCTaHABIMBAIOIIAD) CHIIA. I[puMepOM TakOM CHIIBI SABJIAETCS CHJIA YIIPYTOCTH.
KoadduureHT ¢ nponopunoHaIbHOCTH Ha3bIBAETCS HCECIMKOCHbIO YRPY2020 I/1EMEHMA.
JIrobGast apyrasi cuia, Heynpyras 1o MpHpoJie, HO yIOBIETBOPSIOIIas COOTHOLIEHHI0 F = — CX,
Ha3bIBACTCS K6A3UYNPY2OUl.
Haiinem 3akon nemwxenus Touku M. Cocranisist quddepeHimaibHoe ypaBHEHUE TBUKECHUS
MOJIy4UM
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Jenst o6e yacTu paBeHCTBA Ha m ¥ BBOJS1 0003HAUCHHE

£ R
— m‘_.
m o
NPUBEJIEM YPABHEHUE K BUY
da
m— + wax = 0.
dt? 0

YpaBHeHUE TIPEACTABISIET COO0I0 Oupepenyuanvroe ypagnenue c60000HbIX KOeOAHUN npU
omcymcmeuu conpomueienus. PelieHne >TOro JMHEHHOro OJHOPOIHOTO auddepeHInaIbLHOTrO
ypaBHEHHSI BTOPOTO MOpsiAKa MuryT B Buae X=e". [Tomaras x=e"™, MONY4HM IS ONPEICICHUS N TaK
Ha3bIBAEMOE XapaKTEPUCTUUECKOE YpaBHEHUE, UMEIOIIEE B ITAHHOM CITydae BUJT n? +wi = 0. [Tockombky
KOPDHH 3TOTO XapaKTEPHUCTHYECKOTO YPAaBHEHMsS SBISAIOTCS YUCTO MHHMMBIMU (ny, = +ik), TO, Kak
W3BECTHO U3 Teopuu TuddepeHINaTbHBIX ypaBHEHUH, 00IIIee peleHue UMEET BUT

X=Cisinmot+Cycosmot, rae C; u C7 - MOCTOSHHBIE HHTETPUPOBaHUs. ECIIM BMECTO MTOCTOSITHHBIX
C; u C, BBECTH IOCTOSHHEBIE d U ¢, TAKHE, UYTO Cy = Acosa, C; = Asing, TO MbI IIOJTY4YUM
x = A(sinwgtcosa + coswytsing) wim x = A sin(wyt + a).

DT0 Apyroil BHJ pEIICHUS, B KOTOPOM MOCTOSHHBIMA WHTETPHPOBAHMS sABISOTCI A U a. UM
yloOHee MoJb30BaThCs AJis OOLIUX UCCIIeIOBAHUIA.

CKOpOCTh TOYKH B paCCMATPUBAEMOM JIBH)KCHUH paBHA

V. =% = Awgrcos{wgt + ).

HecMoTpst Ha Gousbiioe pazHooOpasue KoJjieOaTeIbHBIX MPOILECCOB, BCE OHM COBEPIIAIOTCS IO
HEKOTOPBIM OOIIMM 3aKOHOMEPHOCTSM M MOTYT OBITh CBEIEHBI K COBOKYITHOCTH MPOCTEHIINX
MePUOINYCCKUX KOJIeOaHUH, HA3bIBAEMbIX TAPMOHHYCCKUMHU.

2. 3aryxaomme KoJieOaHuA.

PeanpHO cBOOOAHBIE KOJICOAHHS IOJA JEWCTBHEM CHJI COINPOTHUBICHHS BCETAA 3amyxaiom.
OOmscHseTCs 3TO JEHCTBUEM CHJI, TOPMO3SILUX JABWKEHHE, HAlpUMeEp, CUJI TPEHHUsI B MECTe I0j/iBeca
IIpU KOJIEOaHUSX MAsATHUKA, UM CHJION CONPOTUBIIEHUS cpelibl. B 3TOM ciydyae sHeprusi MeXaHu4ecKux
KoJIeOaHUH TOCTENEHHO pacxojayercs Ha pabdoTy HmpoTUB ATUX cuil. IloaTomy cBoOOAHBIE KoseOaHUs
o JEMCTBHEM CHJ CONPOTHBJIEHMSI BCErJa 3aTyXalT. 3aTyXaHMe HapyllaeT MHepHOAUYHOCTb
KoJieOaHUH, TOTOMY OHHU YXe He SIBISIOTCS epuoIudecKuM mnpoueccoM (puc.10).

[TycTe TOuka coBeplIaeT JMHEHHOE IapMOHHMYECKOe KosebaHue B Bs3Koil cpene. M3 ombita
U3BECTHO, 4YTO CHJIa CONPOTHBIIEHHS CpEAbl 3aBHCUT OT CKOPOCTM M HalpaBjI€Ha B CTOPOHY,

dx
IMPOTHUBOIIOJIOKHYIO CKOPOCTH. HpI/I MaJlbIX CKOPOCTAX: Fl':un.p = —-Tv = —T‘;, rae I — IMOCTOIHHAasA

BEJIMYMHA, Ha3bIBaeMas K02 puyuenmom conpomueienusi cpeovi.
VYpaBHeHUe KoeOaHU:

dx x dx
m—s=—kx —r—.
dt= dt
r & a
Beenem 0003HauYeHUS: —= 24, —= w5, Toraa auddepeHnraibHoe ypaBHEHHE 3aTyXarolero
KOJICOaHUA:
dx
+ 26— + wiy = 0, 1
dtL ,ﬁ o ( ]

rae B — Koaq)(bHuHeHT 3aTyxaHus, My — COOCTBeHHas 4acTtoTa koneOanus. [Ipu oTcyTcTBHH
TpeHust =0, ypaBHEeHUE NpPHUMET BMJl ypaBHEHHUs JUIsl CBOOOJHBIX He3aTyXarolux KoseOaHuii. B
pesyibTare pemieHus ypaBHeHUs (1) MomyyuM 3aBHCHMOCTb CMELIEHHMsS X OT BpPEMEHHM, TO €CTb
YpaBHEHHE 3aTyXaroIIero KojiedaTeIbHOTO JBUKEHUS:

x = Age PFtcos(wt + @gy). (2)

Bolpakenne Age #t  HasblBaeTCs aMIUIMTY/OH 3aTyxaromero KoneOaHus. AMIUIMTyja
YMEHBIIAETCS] TI0 SKCIIOHEHIIMATFHOMY XapaKTepy ¢ TEYCHHEM BPEeMEHH U TeM ObICTpee, YeM Ooublie
kodpduuuent 3aryxanus. Orubaromas Ha rpaduke 3aBucur oT . Uem oHa Oosible, TeM Kpyde
orubaromas, To ecTh Koyiebanus OpicTpee 3aryxatot (puc.10.1).
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Puc.10.1

[Tyrem moacraHoBku ¢(yHKIHMH (2) U €e MPOM3BOJHBIX MO BpeMeHH B ypaBHeHue (1), MOXKHO
HANTH 3HAYCHHUE YITOBOM YaCTOTHI: w = +jwy — .

[Tepuon 3aTyxaroumx KojieOaHui paBeH:

2m

T = f—'—_"l
vy —B*

C yBenuueHHeM TpeHUs Mepuo] KojiebaHWil Bo3pacTaeT, a npu P=wmo nepuon T=vo. Ilpu
JanbHEeHIeM yBEIHMYEHUH [ MepHoj CTAHOBUTCS MHHUMBIM, a JBWKCHHME TOUKH anepuoouteckKum —
BbIBEJICHHAs M3 TIOJIOKEHUS] PAaBHOBECHsI CHCTEMa BO3BpalllaeTcs B IIOJIOKEHHE DPAaBHOBECHS, HE
cosepuiast konedanuii (puc. 10.2).

X/\

v

0 t
Puc.10.2

Kputnueckoe 3aryxaHue («yCHOKOEHHE») HMEET OOJbIIOe 3HAUY€HHE B H3MEPUTEIbHBIX
npubopax, Takux Kak OaJUTMCTUYECKUE TraIbBAHOMETPbI, KOTOPbIE HCTIBITHIBAIOT PE3KUE UMITYJIbCUBHbIE
BO3JICHCTBHS B IIOJIOKEHUU HYJIEBOI'O CMEILLECHHUS.

HarnsanHol XapakTEepUCTHMKOM 3aTyXaHMs SBISETCS OTHOLICHHWE 3HAYEHWM JBYX AaMIUIMTYJ,
COOTBETCTBYIOLINX MPOMEXYTKY BPEMEHU B OJUH MEPUOJ]. DTO OTHOILEHUE HA3BIBAIOT OeKpeMeHmMOoM
samyxanus 9:

A, Age Pt -
Apgr Age FERT) =

Ero wnarypanbHblif norapudm ecte Oe3pa3mepHas BEJIMUYMHA, Ha3bIBaeMasi J102apuUpMuyecKum

0eKpeMeHmoM 3amyxXaHusi.

Ay
= 8T.
Arsr
Jloeapugpmuueckuii Oekpemenm 3amyxanusi — BEIMYMHA, oOpaTHas 4ucCiHy Konebanuii N, 1o
WCTCUCHUH KOTOPHIX aMILTUTY/Ia KOJICOAHUH YMEHBIIIACTCS B € pas.

g =

-

& =1In
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1
HpOMe)KYTOK BPpEMCHU T = E’ B TCYCHHUC KOTOPOro aMIlIMTyJa 3aTyXaroullcro KoJieOaHus

yObIBaeT B e pa3, Ha3bIBAIOT 8pemeHem penakcayuu. Toraa BeIpaKeHUE Ui JIorapu(pMuyeckoro
T 1

JIEKPEMEHTA 3aTyXaHus IPUMET BU: & = - WM g = -

Jobpomnocms xKonedaTenbHON CUCTEMBI:

T
Q= 5

3. BbIHY:KIeHHbIEe K0JIe0aHUsA

PaccMoTpuM  BakHBIM ciiydall  KoJieOaHWIA, BO3HHKAIOUIMX, KOIJIa Ha TOYKY, KpoMe
BOCCTaHABJIMBAIOIICH CHUJIbI T:", JIEUCTBYET €llle MEPUOIMYECKU M3MEHSIONIAsACS CO BPEMEHEM CUJia 6,
MPOEKIUs KOTOPOH Ha ock Ox paBHA

Q=Qosinpt.

DTa cuiia Ha3bIBaCTCs 8o3Myuarowelt cuiou, a Koineoanus, IpOUCXOISIINe TP ICHCTBUU TaKOU
CHUJIBI, HA3BIBAIOTCS 8bIHYHCOeHHbIMU. Benmnmunna P SBASICTCS uacmomotu 603Mywaroweti CUbl.

Bosmymaromieii cuinoit MoskeT ObITh CHJla, U3MEHSIONIASCS CO BPEMEHEM U IO IPYrOMY 3aKOHY.
MpbI orpaHuYHMMCS pacCMOTpPEHHEM ciydas, korga Qy ompenensieTcs yKa3aHHBIM PaBEHCTBOM. Takas
BO3MYIIAIOLIAs CUJIA HA3BIBACTCS 2APMOHUUECKOU.

PaccMoTpuM JBH)KEHHME TOUKHM, Ha KOTOPYIO, KPOME BOCCTaHABJIMBAIOIIECH CHUIIbI 15’, JEUCTBYET
TOJIBKO BO3MYIIIAIOIIAs CHJIa 5 . AuddepeHnnanbHoe ypaBHEHUE IBIKESHUS B 3TOM ClIydae

r

m Fr i —cx + @psinpt.

Pazenum 00e yacT 3TOT0 YpaBHEHHS HA 71 U TIOJIOKUM

Qo

—_— = PD'

m

Torpaa, yuuThiBasi 0003HaUEHUE, IPUBEAEM YPaBHEHHE JBUKECHUS K BUIY
tigx+ 2y = P,sinpt

— + wyx = Fysin pt.

dil o o P

VYpaBHeHUe ABISIETCS Oughdepenyuanvubim ypasHeHuem GblHYHCOEHHbIX KONeOaHUull mouKku npu
omcymcemeuu conpomuénenus. Ero pemeHueM, Kak H3BECTHO U3 Teopuu IudepeHInaIbHbIX
ypaBHEHUH, OyaneT x = x4 + x4, [Ie x4 - O0lllee pelieHne ypaBHeHHs Oe3 NMpaBoi yacTH, a x, - Kakoe-
HUOY/Ib YaCTHOE PEIICHUE TIOJTHOTO YPaBHEHHS.

[Monarast, uto p = K, Oy/ieM UCKaTh pelIeHHe x, B BUIC

X2 = A- sinpt,

rzie A - MOCTOsSIHHAs BEJIMYMHA, KOTOPYIO HAJ0 MOA00paTh Tak, YTOObI PaBEHCTBO 0OpaTHIIOCH B
ToxaectBo. [loacrasiss 3HaueHNE x, U €70 BTOPOH IMPON3BOIHON B ypaBHEHHUE OY/IeM UMETh:

—pAsinpt + k2Asinpt = Pysinpt.

TO paBeHCTBO Gy/IeT BBIMOTHATHCS mpH mo6oM t, eciin A(k?-p?)=P mmm

Fy
A=—F—7
Wo—P
Takum 06pa3om, HICKOMOE YaCTHOE peleHne 0yier

Po
= —F— s sinpt.
0o~ P
Tak xaKk x = x4 + x4, a O0ILIEE pEIIEHNE UMEET OKOHYATEIBHO BHL

X

-
r

. Py .
x = Asin(wgt + a) + ———= sinpt,
wy —p°
rae A U @ - MIOCTOSIHHBIE MHTETPUPOBAHMUS, ONpEIEIsIeMbIe 110 HaYadbHBIM JaHHBIM. Perenue

MTOKAa3bIBAET, YTO KOJIEOAHUSI TOUKU CKJIA/bIBAIOTCS B 3TOM ciiyyae u3: 1) konebOanuil ¢ aMmrutyaon A
(3aBHCsIIEH OT HaYaJbHBIX YCIOBHIA) M YacTOTOH K, Ha3bIBAEMBIX COOCMBEHHbIMU KOLeOaHUusMU, U 2)
KojeOaHui C aMmauTyaol A (He 3aBHUCSIIEH OT HayalbHBIX YCIOBUH) M YacTOTOH p, KOTOpPbIE
HAa3bIBAIOTCS GbIHYIHCOEHHBIMU KONEOAHUAMU

['paduik BEIHYKIEHHBIX KOJIEOAHUI TTOKa3aH Ha puc.16.
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UYacToTa p BBIHYXICHHBIX KOJeOaHUH, KaK BUJTHO, paBHA 9acTOTE BgsMymaIOLueﬁ CHUJIBL.
AMIUTUTYY 3TUX KOJeOaHMIA, €CITU pa3eInuTh YMCIUTEIb U 3HaMEHATe b Ha K, MOJKHO ITpeCTaBUTh B

BHJIE:
Py dp

w2 —p2| 11— (P2
lwg =Pl 11 )’

N F e} .
rae dp=— = :D, T. €. §p €CTh BEJIIMYMHA CTATUYECKOT'O OTKJIOHEHHUS TOYKHU MOJ JICHCTBHUEM
o

cwibl Q. Kak Buawm, A 3aBHCHT OT OTHOIICHHS YaCTOTHI p BO3MYIIAMOIICH CHIIBI K YacTOTE g
COOCTBEHHBIX KOJIEOAHUIA.
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1.21-1.22 Jlexknus 21-22 (3-4) (4 uaca).
Tema: «/luHaMuKa cucTeMbD)
1.21.1-1.22.1 Bonpocsl JieKIMHU
1. OO1me cBoOMCTBa CUCTEMBI MAaTEPUAIIBHBIX TOYEK.
2. BHemrHye 1 BHYTPEHHUE CUJIBI CUCTEMBI M KX CBOMCTBA.
3. MOMEHTBI HHEPITUH.

1.21.2-1.22.2 KpaTkoe coep:kaHue BOIPOCOB

1. O0mue cBoiicTBa CHCTEeMbI MATEPHAIBbHBIX TOYCK.

Mexanuueckoii cucmemori MaTepUAIbHBIX TOUYEK WIH TEJl HAa3bIBAETCS TaKas UX COBOKYITHOCTbD,
B KOTOpOM IOJIO)KEHNE WIN ABM)KEHHUE Ka)XJ10M TOUKHU (MM Teja) 3aBUCUT OT NOJIOKEHUS U JIBUKCHUS
BCEX OCTAJIbHBIX.

Mamepuanvnoe abconromno meepooe meno Mbl Takxke OyIeM pacCMaTpUBaTh KaK CHUCTEMY
MaTepHalbHbIX TOYEK, 00Pa3YIOIIMX 3TO TEJIO U CBSI3aHHBIX MEXAY COOOM TaK, UTO PACCTOSHUS MEXIY
HUMU HE U3MEHSIOTCS, BCE BPEMS OCTAIOTCS TOCTOSHHBIMU.

KnaccuueckuM IpUMEpOM MEXaHUYECKOW CUCTEMBI SIBIISIETCA COJIHEYHAsl CHCTEMa, B KOTOPOH
BCE TeJIa CBA3aHbl CUJIAMU B3aUMHOIO NMPUTSLKEHUA. JpyruM npuMepoM MEeXaHUUECKON CUCTEMbI MOXKET
CIly’)KUTh J00as MallliHa WJIM MEXaHU3M, B KOTOpPBIX BCE Tejla CBS3aHbl LIAPHUPAMH, CTEPXKHIMH,
TpOCaMH, PEMHSIMHU U T.I. (T.e. pa3jIMUYHbIMM T'€OMETPUUYECKUMH CBsA3sIMH). B 3TOM ciiyyae Ha Tena
CUCTEMBI IEHCTBYIOT CHJIbI B3aUMHOIO JIaBJICHUS MU HATSKEHUS, IIEpeaBacMble Yepe3 CBA3H.

COBOKYIHOCTh TeJ, MEXKJY KOTOPHIMH HET HUKAaKHX CHUJ B3aUMOJEUCTBUS (Hampumep, rpymnmna
JETALIMX B BO3/lyX€ CaMOJIETOB), MEXaHUYECKYIO CCTEMY He 00pa3yer.

B cooTBeTcTBUM CO CKa3aHHBIM, CUJbI, AEMCTBYIOLIME HAa TOYKH WJIM TEla CUCTEMbI, MOXHO
pa3leNIUTh Ha BHEIIHUE U BHYTPEHHMUE.

Brewnumu Ha3bIBaIOTCS CUIIBI, IEHCTBYIOIME HA TOYKU CUCTEMbI CO CTOPOHBI TOUEK WM TEl,
HE BXOJAIIMX B COCTaB JAHHON CUCTEMBI.

Buympennumu Ha3bIBalOTCS CUJIBI, JEHCTBYIOIIME HA TOYKHU CUCTEMBI CO CTOPOHBI JIPYIHX
TOYEK WJIM TeJl ITOU ke cucTeMbl. bysem 0003HauaTh BHEIIHUE CHUJIbI CUMBOJIOM - f’:"E', a BHYTpEHHHUE -
Fi,

Kak BHemIHue, Tak ¥ BHYTPEHHUE CHJIBI MOTYT OBITH B CBOIO OY€peab WU AKMUGHBIMU, UIH
peakyuamu ceaseil.

Peakyuu ceaszeii N NpOCTO — peakyuu, 3T0 CUIbl KOTOPbIE OTPAHUYUBAIOT JBUKECHHE TOYEK
CUCTeMbI (MX KOOpJIMHAThl, CKOPOCTh W Jp.). B craTuke 3TO0 OBUIM CUJIBI 3aMeHstOIME cBsi3u. B
JMHAMUKE JJIs1 HUX BBOJUTCS Oosiee o01ee onpeeneHue.

AKMueHbIMU UNU 3A0A6aAeMbIMU CUTAMU HA3BIBAIOTCS BCE OCTAJbHBIE CHIIBI, BCE KpoMe
peaKuui.

HeoOxoaumocTh 3T0M KilacCU(pUKALUN CHIT BBISICHUTCS B CIEAYIOUINX IJ1aBax.

Pa3nenenue cui Ha BHEIIHME M BHYTPEHHUE SIBISETCS YCIOBHBIM M 3aBUCHUT OT TOTO, ABH)KEHUE
KaKOM CHCTEMBI Tel Mbl paccmaTpuBaeM. Hanpumep, eciam paccMaTpuBaTh JIBHKEHHE BCEM COTHEYHOU
CHCTEMBl B IIEJIOM, TO cwia NpuTsbkeHus 3emian K ComiHiy OyAeT BHYTpEHHEH; MpU H3YYeHHH Ke
IBUKEeHHs 3eMun 1o e€ opoute Bokpyr CollHIa Ta ke cuiia OyJeT paccMaTpuBaThCS KaK BHEILIHSS.

2. BHellHHMe U BHYTPEHHHE CHJIbI CHCTEMBbI M MX CBOMCTBA.

BHytpenHue cuiibl 001aJa10T CIeTyIONMMH CBOMCTBaMU:

1. I'eomempuueckaa cymma (2n1aenwlit 6eKmMOp) 6cex 6HYMPEHHUX CUNL CUCHIEMbL PAGHAEMCA
Hy/10. B caMoM Jierie, 1o TPeTbeMy 3aKOHY IMHAMUKH JIFOOBIC JBE TOUKU CHCTEMBI (PHC.1) ICHCTBYIOT
JIPYT HA APYTa ¢ PAaBHBIMH 110 MOJYJIO ¥ MPOTHBOIONOKHO HAMPABICHHBIMU cuiaMu Fis u Fiy, cymMmma
KOTOpBIX paBHa HY0. Tak Kak aHAJOTHYHBIA pe3yabTaT MMEET MEeCTO JUId JIIoOOW mapbl TOUYEK
CUCTEMBI, TO

3.
ZF,; - 0.
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Puc.1

2. Cymma mMomeHmog (21a6Hblil MOMEHM) 6CeX 6HYMPEHHUX CUTI CUCHEMbl OMHOCUMENbHO
100020 yenmpa uau ocu pasHaemcsa Hyaw. J{eicTBUTEIBHO, €ClId B3STh MPOU3BOJIbHBIN HIEHTP O, TO
u3 puc.l BUIHO, 4TO ﬁu{ﬁg}+ ﬁu{ﬁjlj = 0. AHaQJIOTUYHBIN pe3ylbTaT MOJYYUTCS TPH BBIYUCICHUH
MOMEHTOB OTHOCHUTENILHO ocH. Clie1oBaTeNnbHO, U ISl BCEH CHCTEMBI Oy IeT:

Zﬁu(ﬁf} = 0 nam me {ﬁ:} =0

s JOKa3aHHBbIX CBOMICTB HEC (1 (1848 OJHAaKo, qTo BHYTPCHHHUC CHJIbI B3anMHO
YPaBHOBEIIMBAIOTCSA M HE BJIMSAIOT HA JIBUKCHUE CHUCTEMBI, TaK KaK 3THU CHJIbI MPUIIOKCHBI K PA3HbIM
MaTCpraJIbHbBIM TOYKAM HJIM TCJIaM W MOI'YT BbI3bIBATb B3aMMHBIC IICPEMCIICHUA 3THX TOUYCK MJIKA TCII.
YpaBHOBEIICHHBIMH BHYTPEHHHE CHJIBI OYAYT TOTJIa, KOTJa paccMaTpuBaeMasl CHCTEMa MPEICTaBIISIeT
c00010 abCOIIIOTHO TBEPIOE TETIO.

3. MoMeHTBI HHEPIUH.

[TonoxeHne IEHTpa MacC XapaKTepU3yeT pacHpelCiCHHEe MAacC CHUCTEMbl HE MOJIHOCTHIO.
Hanpuwmep (puc.3), ecnu paccrosaus h ot ocu Oz kax10ro U3 OMHAKOBBIX IAPOB A ¥ B yBEIUYNTH HA
OJTHY M Ty K€ BEJIIMYHMHY, TO TIOJIOXKCHUE IIEHTPa MAacC CUCTEMbl HE U3MCHHTCS, a PacIpe/ie]ICHUe Macc
CTaHET JIPYTUM, B 9TO CKaXKETCs Ha JBMKEHUH CUCTEMBI (BpamieHne BOKpyT ocu OZ mpu mpodnx paBHBIX
YCIOBUSX OyJET MPOUCXOAUTh MEJICHHEE).
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[ToaToMy B ME€XaHMKE BBOJMTCS €II€ OJIHA XapaKTEpUCTHUKA paclpelesieHus] MacC - MOMEHT
uHepuuu. Momenmom unepyuu mena (cucmemsl) omHocumenvho oanuou ocu OZ (uru ocegvim
MOMEHMOM UHEPYUU) HAZbIBACTCS CKANAPHAS 6eNIUYUHA, PAGHASL CYMMe NPOU3BEOEHULl MACC 8CEX MOYeK
mena (cucmemsl) Ha K6AOPAmMvl UX PACCMOAHUL OM MO OCU

I; = ) myhi.

MOMEHT MHEPIUU UMEET Pa3MEPHOCTh [KF‘MZ]

U3 onpenenenus cueayeT, 4TO MOMEHT HHEPITUH Tela (MM CUCTEMbl) OTHOCUTETHLHO JIF000i ocH
SIBJISIETCS] BETUYMHOM MOJOKUTEIBHON U HE PAaBHOU HYJIIO.

3aMeTUM Tak»Ke, YTO MOMEHT UHEPIIMH Tella — 3TO TEOMETPUYECKas XapaKTepUCTUKa Tela, He
3aBUCSIIAS OT €ro JIBHKEHUS.

OceBoli MOMEHT MHEPLUU UTPAET MPU BPALIATEIHLHOM JABUKEHUU TeJa TAKYIO KE POib, KaKyro
Macca IpH MOCTYMATEIBHOM, T.€. YTO 0CEe80U MOMEHM UHePYUU A6IAemcs Mepoli UHePMHOCMU mena
npu  8pawAmMenbHOM O8UdCeHUU W 3aBUCUT OT PACHpPENENICHHs MAacChl Tella OTHOCUTEIBHO OCH
BpAILICHHUS.

CornacHo popmyrne MOMEHT HHEPIIUHU Tella paBeH CyMME MOMEHTOB MHEPIIUU BCEX €ro Jacreit
OTHOCHTEIILHO TOM ke OCH. JIJIs1 OMHON MaTepualbHON TOYKH, HaXOMASIIEHCS Ha paccTossHuA h oT ocw,
I = mh?,
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YacTo B X0J€ pacyeToB IMOJIb3YIOTCS MOHATHEM paauyca UHepuuH. Paouycom unepyuu Tena
OTHOCHUTENBLHO 0cU (JZ Ha3bIBACTCA JTMHEWHAS BEIMYHMHA 0, OIIPEIeNsieMas paBeHCTBOM

Iz=M-pg,

rae M - macca tena. M3 onpeneneHus ClenyeT, 4TO paJlyC MHEPLUU T'€OMETPUYECKU PAaBEH
paccTosiHUIO OT ocd OZ TOH TOUYKH, B KOTOPOM Ha/l0 COCPEIOTOUNUTh MAcCCy BCEro Teja, YTOObl MOMEHT
MHEPIUH OJHOM ITOM TOUKH OBUT paBEeH MOMEHTY MHEPIIMH BCETO TEa.

B cnydae cruomHoro Tena, pazbuBas €ro Ha 3J€MEHTapHbIe YacTH, HailleMm, 4To B Ipenele
CyMMa, CTosllas B PaBEHCTBE [; =X mghi, oOpaTurca B uHTerpai. B pesynbrare, yduThIBas, 4TO
dm = pdV, rae p - IIOTHOCTH, a V - 00beM Tela, IoJTyIuM

Iz = [yyh*dm wma Iz = [, ph*aV

WHrerpan 31ech pacrnpocTpaHseTcs Ha Bech 00beM V Tena, a INIOTHOCTh o U paccrosHue h
3aBUCAT OT KOOPAUHAT TOYEK TeJa.

MOMEHTBI MHEPLMH HEKOTOPBIX OJHOPOJHBIX TEIL:

1. ToHkuii OTHOPOIHBIN cTepkeHb IMHBI | M Maccel M. Bpl4MciIMM €ro MOMEHT HHEPLUH
OTHOCHUTEIIBHO OCH AZ, IepIEeHANKYIISIPHON K CTEP>KHIO U MPOXos1eit uepes ero koHen A (puc.4).

A Z

©
o
il

- .

T
Puc.4

Hanpasum Bmons AB xoopauHaTHyo0 ochk Ax. Torma nns mr000ro 3JI€MEHTapHOTO OTpe3Ka
JUIMHBI OX BenmmumHa h=X, a macca dm = pydx, Tae py = M/l - Macca eIMHMIBI JJIHHBI crepxHs. B
pe3yibrare

L

) - I3
I, = jx‘dm = pif xedx = Pig-
5 o
3ameHsis 3/1€Ch P1 €r0 3HAUEHUEM, HaliJIeM OKOHYATEJIbHO:

I L M3
==l .
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A MOMEHT MHEPIIMH TOHKOTO OJIHOPOHOTO CTePiKHS UTHHBI | 1 Macchl M OTHOCHUTEBHO OCH
MPOXOIAILETO YEPE3 CEPEANHY U NMEPIEHAUKYIAPHYIO CTEPIKHIO PaBEH

I, = — MI2

4712

2. ToHkoe Kpyrioe oJHOPOIHOE KOJIBIO paanyca R u maccel M. Haiiem ero MOMEHT MHEpIUHU
otHocuTenbHO ocnu CZ, TepneHIUKYISIPHON IIOCKOCTH KOJbIIA W TIPOXOJSIICH dYepe3 ero IeHTp
(puc.4,a). Tak Kak Bce TOUKHM KoJblia HaxoasaTcst o ocu Cz Ha paccrosaun h=R, T0

Ic= kaﬂ': = (ka)Rz = MRZ,

CrenoBaTenbHO, 1s Kobna I- = MR?,

Od4eBHIHO, TAKOH e PE3yNbTaT MONYYUTCS AJII MOMEHTAa MHEPIUU TOHKOW IMIMHIPUYECKOMN
00ooukn Maccel M 1 paanyca R OTHOCUTENBHO €€ OCH.

3. Kpyrnas ogHopojHas MijacTHHA WIKM HWIMHAP paguyca R um maccel M. BbluMciIuM MOMEHT
WHEPIMHU KPYTJIO IIACTUHBI OTHOCUTENBHO Oocu CZ, MEPNEHIUKYIAPHOU K IUIACTHHE W MPOXOASIICH
yepe3 ee HeHTp (cM. puc.5,a). Jjis 3TOro BBIIEIMM 3JEMEHTApHOE KOJIBIIO paauyca I U mupunbl dr
(puc.5,6).
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[Tnomane 3TOrO KOJBIIA paBHA 2mrdr, a Macca dm = p,2mrdr, Tne pz=M /mTR?- Mmacca
€AMHUIIBI TUTOIIAIN TJIACTHHBI. TOoTrIa UIsl BBIIEJICHHOTO 3JIEMEHTAPHOTO KOJIbIla OyaeT
dLe = v2dm = 2mp,ridr,
o R 1 o
a JUIs BCEH IUIACTUHBI [- = 2mp, fD ridr =-mp,R*. 3ameHss 30eCh p; €ro 3HAUYCHUEM, HalaeM

1, 2
OKOHuaTenbHO e = MR*=.

Takast ke GpopMyia MOITYIUTCSs, OUYEBUIHO, U IS MOMEHTA WHEPLUH [, OJHOPOTHOTO KPYTJIOTro
UITHHIpa Macchl M u paguyca R oTHOcHTenbHO ero ocu OZ (puc.5,8).

4. llpsmMoyronbHas IUIacTHHA, KOHyC, map. Omyckas BBIKIAIKH, MOPUBEACM (OPMYIIBI,
OTIPEAETSIONIME MOMEHTHI HHEPIINH CIACAYIOIINX TeJ:

a) CIUIOIIHAS NPSIMOYTOJIbHAs IuTacTHHAa Macchl M co cropoHamu AB = a u BD = b (och x
HarpaBJieHa BJ10JIb cTOpoHbI AB, och y - Boab BD):

I —1\'1'2]2 I —1\'f 2
2—3! ’ Y—alﬂ_.

0) IpsAMOIl CIUIOIMIHOM KpyTJbIi KOHYC Macchl M ¢ paanycoM ocHoBaHUS R (ochb Z HampaBieHa
BJIOJIb OCH KOHYCA):

I, = 0,3MR?;

T') CIUIOIIHOM miap Maccel M u pajauyca R (0ch Z HanpasJieHa BIoJb auamerpa): [ = 0,4MR?,
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1.23-1.24 Jlekuus 23-24 (5-6)(4 uaca).
Tema: «OcHOBHBIE TeOpeMbl ITMHAMHUKID)
1.23.1-1.24.1 Bonpocsl JieKUHHA
1. Teopema 00 M3MEHEHNH KOJIMYECTBA IBUKEHMSL.
2. Teopema 0 MOMEHTE KOJIMYECTBA ABHXKEHHUSL.
3. Teopema 0 IBMXKEHUU IIEHTPA MacC CUCTEMBI
4. TeopeMa 0 KHHETUYECKOM YHEPTUU CUCTEMBbI

1.23.2-1.24.2 KpaTkoe cojep:kaHie BOIPOCOB

1. Teopema 00 U3MeHEeHUH KOJIUYECTBA IBUKEHUSI.
Teopema 06 usmenHenuu KoIUYeCmea 08UNHCEHUS (UMNYIbCA).
PaccmoTpuM cucteMy, COCTOAIIYIO U3 # MaTepUaabHbIX TO4eK. COCTaBUM JUIsl 3TOM CUCTEMBI
muddepeHranbHble YpaBHEHHS JBH)KEHUS U CIIOKUM X IMOYWICHHO. Toraa moixy4uM:
myd; = Zf‘f +ZF_’I‘
ITocnenHsst cymMMa 1o CBOMCTBY BHYTPEHHHUX CHJI paBHa HyJr0. Kpome Toro,

Z My dy = %(Z m;fT_f’;f) = %

OKOHYATEIBHO HAXOINM:

d Sy df o s
S (Emr)-L- e

YpaBHEHHE BBIpaKaeT TeOpeMy 00 U3MEHEHUU KOTUYECTBAa ABMXKEHUS (MMITYJIbCa) CUCTEMBI B
muddepeHIMATBHON (OpME: HPOU3BOOHAL MO 6PDEMEHU Om KOJIUYEeCHEad O6UdCeHUs (UMNYIbca)
cuUCmeMbl PAGHA 2e0MEMPUYUECKOL CYyMMe 6cex OCUCMmEYIouWUX Ha cucmemy eHewiHux cuia. B
MPOSKIMSIX Ha KOOPJAWHATHBIC OCH Oy/IeM UMETh:

dQy s, 40y Z—ﬁ dQ; Z—o
dt _ZFR’I’ ar - Lfe g T L

Haiinem apyroe Beipakenue Teopembl. [lycTb B MOMEHT t=0 KOJIMYECTBO NBMXCHHS CHCTEMBI

- —+ 4 -+
paBHO g, @ B MOMEHT t; CTaHOBUTCS paBHBIM 3. Torna, ymHOXkast 00e 4acTu paBEeHCTBA d—f =Y F Ha
dt u uHTErpUPYS, MOTYIHM:

— —

@1— Qo= Ef;:ﬁfdt

1501041
Q—Qp= 255

TaK KaK MHTETPaJbl, CTOSIIUE CIIPaBa, JAIOT UMITYJIbChI BHEILIHUX CHUII.

VYpaBHEHHE BhIpakKaeT TeOpeMy 00 U3MEHEHUHN KOJIUYECTBA ABHKEHUSI CHCTEMBI B MHTETPAIbHON
bopme: usmenenue KOIUUECMEA OBUINHCEHUA CUCIEMbL 3A HEKOMOPbLIL RPOMENCYMOK 6PEMEHU PAGHO
CYMMe UMNYIbCOG OCUCMEYIOU{UX HA CUCHEMY 6HEUIHUX CUJI 3a MOM JHce RPOMENCYMOK 6DEMEHU.

B nmpoek1musax Ha KOOpAHMHATHBIE OCH Oy/1eM UMETh:

Qix — Quox :Z-S'f-_ra Qi — Qor :ZSE}-J Qiz — Qoz = ZS:“'

VKaxeM Ha CBA3b MEXKy JIOKa3aHHOW TEOPEMOii M TEOPEMO¥i O IBUKEHNH LIEHTpa Macc. Tak Kak
5 =M Tj”._r TO, TIOJICTABJISSL 3TO 3HAYEHUE B PABEHCTBO U YUUTHIBAsI, UTO % =a;, MBI MOJTy4UM
Mdc=XF;.

CrnenoBaTenbHO, TEOpEMa O JBIDKCHHMH IIEHTpa MacC M Teopema 00 M3MEHEHHWH KOJMYeCTBa
JBUKEHHSI CHUCTEMBI TPEICTABIAIOT CO00#, MO CyIIeCTBY, ABE pa3Hble (HOpPMBI OJHOW M TOH Ke
TeopeMmbl. B Tex cimydasx, Korja u3ydaeTcsl IBM)KCHHE TBEPJOTO Tesa (WM CHCTEMBI Tell), MOXKHO B
paBHOI Mepe MOIb30BaThCs 000 U3 ATUX HOopM.

[IpakTuueckass IEHHOCTh TEOPEMBI COCTOMT B TOM, YTO OHA IO3BOJBSIET HCKIIOYNATH W3
paccMOTpEHHs Hamnepe]l HEU3BECTHbIE BHYTPEHHUE CUJIbI (HApUMEp, CUIIbl JaBJCHUS APYr Ha Apyra
YaCTHIL YKUIKOCTH).

2. Teopema 0 MOMEHTe KOJIMYECTBA JIBHKEHUSI.
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I'maBHBIM MOMEHTOM KOJIWYECTB JABHKCHU A (I/IJ'II/I KHHETHYCCKOM MOMCHTOM) CHCTEMBI

OTHOCHUTCIIBHO [JaHHOI'0 ILCHTpa O Ha3pIBacTCAd BEIMYMHA L[:., paBHadg FGOMCTpI/I‘ICCKOﬁ CyMMC
MOMCHTOB KOJIMYCCTB ABMXCHUA BCEX TOUCK CUCTEMBI OTHOCUTCIIBHO 3TOI'0 EHTPA.

EL\ = Z mn{mkﬁ-]-

Teopema MOMEHTOB JIJIsl OJIHOW MaTePHAIBHOM TOYKH OyIeT CrpaBeUInBa I KaXKI0H U3 TOYEK
cucteMbl. ClieIOBaTENbHO, €CIIM PACCMOTPETh TOYKY CHCTEMbI C MAaCCOM 1M1y, HMEIOIIYI0 CKOPOCTh 17,
TO JIJIs Hee OyeT

d
: — [mig (my VJ{}] mﬁ'[Fk )+ mu(Fk}
-+,

e Fk u FE! - paBHOJACHCTBYIOLIME BCEX BHEIIHMX W BHYTPCHHUX CHJI, JICHCTBYIOLIMX Ha
JaHHYIO TOUKY.

CocraBJisisi TaKue YPaBHEHUS JIJISl BCEX TOUEK CUCTEMbI U CKJIAIbIBAS MX MOUWICHHO, TOJTYYHM:

d - e =
— & 4
Zlmo(m )] = ) mo(Fe)+ ) mo(E).
Ho nocJICAHAA CyMMa IIO CBOﬁCTBy BHYTPCHHUX CHUJI CUCTEMbI paBHA HYIJIHO. Torz[a HaﬁﬂeM
OKOHYAaTCJIbHO:

22N

Ilonyuennoe ypasHenue @vipasxcaem Cre0yIOWyl0 meopemy MOMEHMO8 OJisl  CUCTNeMbl.
MPOU3BOAHASA MO BPEMEHM OT IJIABHOIO MOMEHTA KOJIMYECTB JBH)KEHUS CUCTEMbI OTHOCHTEIBHO
HEKOTOPOr0 HEINOJABW)KHOIO ILIEHTPAa, paBHA CyYMME€ MOMEHTOB BCE€X BHEIIHHUX CHJI CHCTEMBI
OTHOCHTEJIBHO TOTO K€ LIEHTpA.

[Tpoektupys 00e yacTu paBeHCTBA Ha HEMOBUKHBIE OCH OXVZ , TONYUUM:

de me{ } dLY Zmi’{ } dLZ Zmz(F}

YPaBHeHI/ISI BBIPAXKAIOT TeopeMy MOMEHTOB OTHOCI/ITeJ'IBHO 0001 HEMOIBUKHOU OCH.

B xuHemaruke ObUIO MMOKa3aHO, YTO JIBUYKEHUE TBEPJOTO Teja B OOIIEM cllyyae claraercs u3
MOCTYMATENbHOIO JBUKEHHUSI BMECTE C HEKOTOPHIM MOJIIOCOM M BpPAIATEIBHOTO JBUKEHUS BOKPYT
sToro noitoca. Eciu 3a mostoc BeIOpaTh LIEHTP Macc, TO MOCTYNATENIbHAs YaCTh JBUKEHUS TEJla MOXKET
OBITh M3yUeHAa C IIOMOIIBI0 TEOPEMBI O IBIKEHUU IIEHTpa Macc, a BpallaTeabHas - C TOMOIIbIO TEOPEMBI
MOMEHTOB.

[IpakTHueckass IIEHHOCTb TEOPEMBI MOMEHTOB COCTOMT €Il€ B TOM, YTO OHa, AHAJIOTMYHO
TeopemMe 00 M3MEHEHMH KOJIMYECTBa JABUKEHUS, MO3BOJISIET TIPU U3YYCHUH BPAIIaTeIIbHOTO JBUKCHUS
CUCTEMBbI UCKJIKOYaTh U3 PACCMOTPEHMS BCE HANepel HEU3BECTHBIE BHYTPEHHHUE CHIIBI.

3. Teopema 0 ABM:KEHMM LIEHTPA MacC CHCTEMbI
B psane cinywaeB muid omnpeneneHusl XapakTepa JBUKEHUS CUCTEMBbI (OCOOEHHO TBEpPAOIO Tena),
JOCTaTOYHO 3HATh 3aKOH JIBWXKEHMs ee LieHTpa Macc. Hampumep, ecian OpocuTh KaMeHb B 1€Nb, COBCEM
HC HY>XHO 3HATh KaK OH 6y)1eT KYBBIPKATECA BO BPEMS I10JIETA, BAXKHO YCTAHOBUTH IOMAACT OH B LECJIb
WK HeT. J{J1s1 3TOro JO0CTaTOuHO PacCMOTPETh ABM)KEHHE KaKOH-HUOYIb TOUKH 3TOTO Tefa.
Yr1oObl HAWTH DTOT 3aKOH, 06paTI/IMC$I K YpaBHCHUAM JABUKCHHA CUCTEMBI U CJIIOKHUM IMOYJICHHO
HX JICBBIC U ITPABBIC YaCTH. TOFHa MMOJIy4YHM:
3 =+ .
mkak=ZF;+ZF;. (1)
[TpeoOpasyem neByto yacTh paBeHcTBa. VI3 hopMysibl A1 paanyc-BeKTOpa IIEHTpa MacC UMEEM:
= =+
M1 = Mr. (2)

Bepst oT o6eux uactell 3TOro paBEeHCTBAa BTOPYIO MPOU3BOJAHYIO IO BPEMEHU U 3ameuasi, YTo
TPOM3BO/IHAS OT CYMMBI PABHA CYMME MPOU3BOJHBIX, HaWJ1eM:

d T'k d Tr_-
=M—F,
ka dt? dt?

N

kaak = M&,_—. (3)
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rac n':',’,a_—- chOpeHHe HeHTpa MaCC CUCTCMBEI. TaK KaK IIO CBOﬁCTBy BHyTpeHHI/IX CHUJI CUCTEMBI
—-+.
Y. F} =0, 10, MOJICTABIIsAs BCEC HAMICHHBIE 3HAYCHUSI, TIOJYYHM OKOHYATEIBHO:
. 3

Mic=) Fe. Q)

VpaBHEHHE M BHIPAXKAET TEOPEMY O IBHKCHHH IIEHTPA MACC CHCTEMBL HpPOU36EOeHUEe MACCh
CUCmemsbl Ha YyCKoOpeHnue ee uenmpa macc pasHo ZeomempuquKOﬁ cymme é6cex oeﬁcm@y’om”x Ha
cucmemy enewnux cui. CpaBHUBas ¢ YypaBHEHUEM JIBHIKEHHSI MATEPUAIILHOM TOUKH, ITOJIYYaEM JPYTOe
Bpra>KeHI/Ie TCOPCMBL. Uenmp macc cucmemol oguofcem(fﬂ Kak mamepuailbHana mouKka, macca
K0m0p012 paeéna macce écell cucmemol U K K0m0p0ﬁ NPUTIOIHCEHBL 6C€ 6HeulnUue CUJlbl, ()eﬁcmeylomue

Ha cucmemy.
[TpoekTupys 06e 4acTu paBeHCTBA Ha KOOPAHHATHBIC OCH, ITOTYIHM:

dled_- = dz_'_!.:'f_- g dzz,a_— =
M=) B MGE=) By Muz=) R

OTH ypaBHEHHs TPEACTABISIOT CO00I0 Oughpepenyuanvhuvie ypasnenus 08usCeHUA UeHmMpa
Macc B IPOCKIUSAX Ha OCH JEKapPTOBOI CUCTEMbI KOOPIMHAT.

3HaveHHE JI0Ka3aHHON TEOPEMBI COCTOUT B CJICIYIOIIEM.

1) Teopema naetT 000CHOBaHME METOJaM JIMHAMUKH TOYKH. V3 ypaBHEHUI BUIHO, UTO peuieHus,
Komopule Mol NOYUAEM, PACCMAMPUBAA OAHHOE MEN0 KAK MAMEPUANbHYI0 MOYKY, Onpedesiom
3AKOH 08UMNCEHUS YEHMPA MACC INO20 mend, T.e. UMEIOT BIIOJIHE KOHKPETHBIN CMBICI.

B uvacTHOCTH, eciiu Teno ABMKETCS MMOCTYNATENbHO, TO €r0 ABMKEHHUE MOJTHOCTBIO ONPEesieTcs
IBUKEHHEM IIeHTpa Macc. TakuMm o0pa3oM, MOCTyHaTelbHO MABMXKYIIEecS TeI0 MOXHO Bcerja
paccMaTrpuBaTh KaKk MaT€pHalIbHYI0 TOUKY C Maccoi, paBHOM Macce Teia. B ocTalbHBIX ciyyasx Teso
MOKHO paccMaTpHUBaTh KaKk MaTepUalbHYIO TOUKY JIMIIb TOTJa, KOT/a MPAKTUYECKH JJIsl ONpeaeTeHUs
I0JIOXKEHHUS TeJa JOCTaTOYHO 3HATh [OJIOKEHHUE €ro IIEHTpa Macc.

2) Teopema mo3BOJIIET IPU OMpEACNICHUN 3aKOHA IBUKEHHS LIEHTpa Macc J000HM CUCTEMbI
UCKJIIOYaThb U3 PAacCMOTPEHHs] BCE Halepesl HEU3BECTHblE BHYTPEHHHE CHIIBI. B 3TOM coctouT ee
MpaKkTUYeCKasi IIEHHOCTb.

Tak nBHYKEHHE aBTOMOOWIIS MO TOPU30HTAIBHOMN IMIOCKOCTH MOXKET MPOMCXOAUTH TOJIBKO MOJ
JEMCTBHEM BHEUIHUX CWJI, CHJI TPEHUs, NEUCTBYIOLIMX Ha KoJieca CO CTOPOHBI Aopord. Y TopmokeHnue
aBTOMOOMJISL TOXE BO3MOXKHO TOJIBKO 3TUMHU CHJIaMH, & HE TPEHUEM MEXIYy TOPMO3HBIMH KOJOJKaMHU U
TOPMO3HBIM OapabanoM. Ecnmu mopora rmaakasi, To Kak Obl HE 3aTOpMa)KMBaJIM KoJieca, OHH OyAyT
CKOJIb3UTh U HE OCTAHOBSIT aBTOMOOUJIb.

Wnu mocne B3pbIBa NETAMIET0 cHapsiaa (MoJ AelcTBUEM BHYTPEHHUX CHII) YacTH, OCKOJIKHU €ro,
paszieTsTcs Tak, 4To LEHTP Macc UxX Oy/eT ABUTaThCs MO MPEXKHENH TPAEKTOPHH.

TeopeMoll O ABMKEHUU IIEHTPA MacC MEXaHUYECKON CHCTEMBbI CIENYEeT MOJb30BAaThCS IS
pelIeHns 3a/1a4 MEXaHUKHU, B KOTOPBIX TpeOyeTcs:

- 110 CUJIaM, IPUJIOKEHHBIM K MEXaHHYECKOM cucteMe (uallle BCero K TBEpAOMY Temy),
OTIpEICTUTh 3aKOH JIBH)KEHUS LIEHTpa Macc;

- MO0 33JJaHHOMY 3aKOHY JIBM)KEHMS TeJ, BXOISIIMX B MEXaHMUECKYIO CHUCTEMY, HAWTH
pEeakIy BHENTHUX CBS3EH;

- MO 33JaHHOMY B3aWMHOMY JABWXEHUIO TEJ, BXOJSIIMX B MEXAHHYECKYIO CHUCTEMY,
OTIpEENTUTh 3aKOH JIBH)KEHUS 3TUX TeJl OTHOCUTEILHO HEKOTOPOU HEMOABUKHOM CHCTEMBI OTCUETA.

C nomoumipr0 3TOM TEOpPEMBl MOXKHO COCTaBUTb OJHO U3 YpPaBHEHUHN JIBHIKEHUS
MEXaHMYECKON CUCTEMBbI C HECKOJIIbKUMH CTETIEHSIMU CBOOO/IBI.

IIpu pemiennn 3a1a4 4acTO MCIOJIB3YIOTCS CIEICTBUS U3 TEOPEMBI O ABM)KEHHUH LIEHTPA
MacC MEXaHUYECKON CUCTEMBI.

CnenctBue 1. Eciu ri1aBHBIA BEKTOpP BHEIIHMX CHJI, TPHJIOKEHHBIX K MEXAHMYECKOU
CUCTEME, paBeH HYJIO, TO IIEHTP MacC CHCTEMbl HaXOAMTCA B TOKOE WM JBHXKETCS PaBHOMEPHO U
npsiMonuHeiino. Tak Kak yCKOpeHHe LeHTpa MacC paBHO HYIO, 4 = 0.

CrnenctBue 2. Ecnu mpoekius TIaBHOTO BEKTOpA BHEIIHMX CHJI HAa KaKyH-HHOYAb OCh
paBHa HYJIIO, TO LIEHTP MAacCc CUCTEMBbI UJIM HE U3MEHSET CBOETO MOJIO0XKEHUSI OTHOCUTENLHO TaHHOM OcH,
WM IBUYKETCSI OTHOCUTENIBHO HEE PABHOMEPHO.
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Hampumep, ecnu Ha Teo HAYHYT JIEWCTBOBATh JIBE CHJIBI, 0Opa3zyromue napy cui (puc.12), To
neHTp macc C ero OyJeT ABUTaThCs IO MPEKHEH TPaeKTOpuHU. A caMmo TeJo OyAeT BpaIlaThCsi BOKPYT
1eHTpa mMacc. VMl HeBayKHO, T/Ie IPHIIIOKEHA Mapa CHII.

Kcratu, B cTaTuke MbI IOKa3bIBAIH, YTO JCWCTBHUE Maphl HA TEJIO HE 3aBUCUT OT TOTO, TJIe OHA
MPUIIOXKEHA. 37IeCh MBI TIOKa3alli, YTO BpalleHUE Teja OyJeT BOKPYT leHTpaibHoi ocu C.

ya

—— e —

e
ﬁ . £ Cvc
\—r

4. TeopeMa 0 KHHETHYECKOIl JHEPTUHN CHCTEMbI _

KuneTndeckuii MOMEHT MEXaHMYECKOW CHCTeMBbl Ky OTHOCHUTENBHO HEMOABHXKHOTO IeHTpa O
SIBIISICTCSA MCpOf/'I_’I[BI/I)KeHI/ISI CHUCTEMBI BOKPYT 3TOro 1entpa. [Ipu pemenun 3aay 0ObIYHO MPUMEHSITCS
HE caM BeKTOp Kj, a ero mMpoeknuu Ha OCH HEMOABUKHON CHCTEMBl KOOPJUHAT, KOTOPBIC HA3BIBAKOTCS
KMHETUYECKUMHA MOMEHTaMHU OTHOCUTEIbHO ocu. Hampumep, K; - KMHETHYECKHII MOMEHT CHCTEMBI
OTHOCHUTEIBHO HemoaBmkHou ocu Oz .

Kunernueckuii MOMEGHT MEXaHHMYECKOM CHCTEMBbI CKJIAIBIBACTCA M3 KHHETHYSCKHMX MOMCHTOB
TOYEK U TeJl, BXOASAIIUX B 3Ty cUCTeMy. PaccMoTpuM crocoObl onpeaeneHusi KHHETHUYECKOTO0 MOMEHTA
MAaTEpHAIIbHON TOYKHU U TBEPJIOTO TEJIA IMPU PA3JIUYHBIX CIydasx UX JIBIKCHHS.

Jlns matepuaqbHOH TOYKM C MAacCOW i, MMEIOIIEH CKOpoCTh Vi, KMHETMYECKUH MOMEHT
OTHOCHUTEIILHO HEeKOoTopod ocu Oz ompenensieTcs Kak MOMEHT BEKTOpa KOJHMYECTBA JABWKCHHS 3TOM
TOYKH OTHOCHUTEIHHO BHIOPAHHOM OCH:

— 5 =

K. =mg(mg V) = 7 % (my Vi),

KuneTnueckuii MOMEHT TOYKH CUMTAETCS MOJOKUTEIbHBIM, €CJIU CO CTOPOHBI MOJOKUTEITBHOTO
HAMpPAaBJIEHUS OCU JIBUKEHUE TOYKH IMPOUCXOAUT IPOTUB YACOBOM CTPEIKH.

Ecnu Touka coBepiiaeT CIOXKHOE JBUKEHHE, Ul ONpEeNCHHUs e¢ KMHETUYECKOro MOMEHTa
CJIeTyeT BEeKTOP KOJIMYECTBA JIBYDKEHUST My Vy paccMaTpuBaTh Kak CyMMY KOJHYECTB OTHOCUTEIIBHOTO U
NEPEHOCHOTO ABWKCHHIT (puc.15)

My Ve = myp Vi + my Vs

Torna

K.= mz{mk I_;’k} = mz{mkﬁkr} + mz{mkﬁka}'

Ho V. = ihg, TOE hg - PACCTOSAHUE OT TOYKHU 10 OCU BPALLECHHU, U

mz(my Vo) = mywh, - h, = mywh?

Puc. 15

BTOpYI0 COCTaBJIAIONIY0 BEKTOPA KHHETHYECKOTO MOMEHTA m,(m; %, ) MOXKHO OIpENeNuTh TaK
)K€, KaK ¥ MOMEHT CHJIbI OTHOCUTENBbHO OcH. Kak M 1J1s MOMEHTa CHIIBI, BENMYUHA m,(m,iL,) paBHA
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HYJIO, €CJIM BEKTOP OTHOCHUTEJIBHON CKOPOCTH JIEKUT B OJHOW IUIOCKOCTH C OCBhKO TMEPEHOCHOIO
BpallCHHUSL.

Kunernyeckuii MOMEHT TBEPAOTO TCJIa OTHOCUTCIBHO HCIOABMIXHOIO IEHTPA MOXKHO
OIMPCACIIUTL KaK CYMMY ABYX COCTABJIAIOMIUX: IEPBAA M3 HUX XAPAKTCPUIYCT MOCTYHATCIbHYIO YaCThb
ABMKCHUSA TEJIa BMECTE C €0 HEHTPOM MaCC, BTOpasd - ABUKCHHUE CUCTCMbI BOKPYI' IECHTpa MacCcC:

R, = iig (M) + Foc.

Ecau Teno COBCPUIACT MOCTYNATCIIbHOC ABMIKCHUC, TO BTOpAad COCTABJIAOIIAA paBHA HYJIIO

'F_(: re = ﬂ-

HaunbGonee mpocTto BbIUKCISAETCS KUHETMUECKOM MOMEHT TBEPJIOrO Teja IPU €ro BpallleHUuu
BOKPYT HETOJIBUKHON OCH

K;=1w,

rac fz - MOMCHT MHEPLUHU TEJIa OTHOCUTCIILHO OCH BpallCHU.

TeopeMa 00 U3MEHEHNH KMHETHYECKOIO MOMEHTA MEXAHUYECKOH CHCTEMBI Inpu €€ JIBUKCHUU
BOKPYT' HETOJBIKHOTO IIEHTpa (OPMYIUPYETCS CIACAYIOIUM O0pa3oM: HOIHAA NPOU3EOOHAA NO
8peEMEHU Om 6€Kmopa KUHEMmUUECKO20 MOMeEeHma MEXAHUUECKOU CUCHEMbL OMHOCUMETbHO
HeKomopozo HenooBuUICHO20 uenmpa O no eenuuune u HaANnpaejleHuI0 pasna 2;id6HOMYy MOMEHN)
6HEeWIRHUX CUujl, NPUI0IHCEHHbBIX K MEXAHUUECKOU cucmeme, onpe()eﬂenuomy OMHOCUMETIbHO mO020o rce

uenmpa
-
dHD _ J—?'E
dt o
18 n = rpe n 2 = o
rae Mj =Xi-ym,(Ff) =3X}-,7 ® F; - [JIaBHbI{ MOMEHT BCEX BHELIHUX CHUJI OTHOCUTEIBHO
uentpa O.

HpI/I PECIICHUHA 3ala4, B KOTOPbIX pacCMaTpuBAKOTCA TEjla, BpallalOmIUCCsa BOKPYT
HCHOIIBI/I)KHOﬁ OCH, HCIIOJIB3YIOT TCOPEMY 00 W3MEHEHUH KHHETHYECKOI'0 MOMEHTAa OTHOCHUTEIHLHO
HCHOﬂBH)KHOﬁ ocHu

T
aK +
T =M= ) meE)
k=1

Kak u IJid TCOPEMBI O JBHIKCHHM HCHTpa MacC, TeopEMa 00 HM3MEHEHUHM KHHETHYECKOIO
MOMCHTA UMCCT CIICACTBHA.

CJ'IG)ICTBI/IG 1. Ecou rnaBHBEIM MOMEHT BCEX BHEIIHUX CHJI OTHOCHTEIBHO HEKOTOPOro
HCMMOABUIKHOTO MEHTpAa PpaBCH HYIHO, TO KUHETHYECKUH MOMEHT MEXaHHYEeCKOH CHUCTCMBI
OTHOCHUTCIIBHO 3TOT'0 HEHTPA OCTACTCA HCU3MCHHBIM.

CJ'ICI[CTBI/IC 2. Eciu rmaBHBIE MOMEHT BCE€X BHEIIHHUX CHJI OTHOCHUTEIBHO HCKOTOpOﬁ
HCHO}IBI/I)KHOﬁ OCH paBC€H HYJII0, TO KUHECTHYCCKUN MOMEHT MEXaHHYECKOM CHCTEMbl OTHOCHTEIIHLHO
3TOH OCH OCTAETCS HEM3MEHHBIM.

TeopeMa 00 M3MEHEHUU KHHETUYECKOr0 MOMEHTA MPUMCHACTCA IJIA pCIICHUA 3aaa4, B KOTOPBIX
paccMaTpruBaCTCA  JIBUKCHUC MEXaHU4YEeCKOMH CHUCTCMBI, COCTOHH_Ieﬁ U3 HOCHTPAJIBHOIO  TCJIa,
Bpalaromerocss BOKPYT HGHO,HBI/I)KHOI\/’I OCHh, U OJHOI'0 HJIIM HECKOJBKUX TECJ, ABMIKCHHUE KOTOPBIX
CBA3aHO C UTCHTPAJIIbHBIM.. CBsI3b  MOXKET OCYHICCTBJIATHCA IIPpU TMOMOIIN HHTCﬁ, TCJIa MOTrYyT
NEpEMEIIATECA IO MOBEPXHOCTHU HECHTPAJIBHOTO TCJIa WM B €ro KaHajaxX 3a CUCT BHYTPCHHHX CHIL. C
IIOMOIIBIO HaHHOﬁ TCOPEMBI MOKHO OIPECACIIUTL 3aBUCUMOCTD 3dKOHA BPALICHUA IECHTPAJIBbHOI'O TCJla
OT ITOJOKCHUA NN JIBHXCHHA OCTAJIbHBIX TCII.
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1.25 Jlekuus 25 (7) (2 uaca).
Tema: «KAHaTUTHYECKAS] MEXaHHKA)
1.25.1 Bonpopchl jJeKIun
1. ITpuanun Janambepa.
2. CuJibl MHEPLIHH.
3. [Ipumeps! npumeHenus npuHuuna lanamoepa.

1.25.2 KpaTkoe coaep:kaHue BONPOCOB

1. Ipunuun Janamobepa.

Bce wMerompl pemieHus 3ajad  JUHAMMKM, KOTOpPBIE MBI JO CHX IIOp paccMaTpHUBallH,
OCHOBBIBAIOTCSI HA YPABHEHUSX, BHITEKAIOIIMX WIM HEIIOCPEACTBEHHO U3 3aKOHOB HBIOTOHA, WK Ke U3
O0IIMX TEeOopeM, SIBIAIOLIUXCA CIEACTBUSAMHM ATHX 3akoHOB. OJHAaKo, 3TOT IyTh HE SBJSAETCA
€IMHCTBEHHBbIM. OKa3bIBaeTCs, YTO YpPABHEHUS ABW)KEHMSI MU YCJIOBHUSI PABHOBECHS MEXaHUYECKOU
CHCTEMbl MOXKHO IOJIyYHTb, ITOJIOXKUB B OCHOBY BMECTO 3aKOHOB HbroTOHA Apyrue obuiue moyioxeHus,
Ha3blBacMbl€ IIPUHLMIIAMU MEXAHUKU. B psne ciydaeB NpUMEHEHUE dTUX NMPHUHIMIIOB MO3BOJISIET, KaK
MBbl YBUJUM, HaiiTu Oosiee 3¢ (eKTUBHBIE METO/bl PELIEHUs COOTBETCTBYIOLIUX 3afady. B 3Toil riase
OyZeT pacCMOTpEH OAMH U3 OOIIMX MPUHIUIIOB MEXaHWKH, Ha3bIBaeMbIi npuHIMIoM lamambepa.

[TycTh MBI MIM€EM CHCTEMY, COCTOSIIMX U3 N MaTepUaIbHBIX TOUECK. Bblaeanm kakyro-HUOyAb U3
TOYEK CHUCTEMBI C Maccou my. Ilox nelicTBuEM NMPUIIOKEHHBIX K HEW BHEIIHUX M BHYTPEHHUX CHII I:‘;:' u
f;f (B KOTOpBIE BXOIAT M AKTUBHBIC CUJIbl, U PEAKLUUU CBA3M) TOYKA IOJy4aeT IO OTHOLICHHUIO K
MHEPIMOHHOM CHCTEME OTCYETA HEKOTOPOE YCKOPEHHE @y

BBez[eM B paCCMOTpeHI/Ie BEJIMYHHY

R ku = —mydy,

MMEIOLIYI0 Pa3MEPHOCTh CHJIbl. BEKTOpHYIO BEIMUYMHY, PaBHYIO IO MOXYJIIO IPOU3BEACHHIO
Macchbl TOYKH Ha €€ YCKOPEHHE W HAIPaBJICHHYIO IPOTHUBOIOJIOKHO ITOMY YCKOPEHMIO, HA3bIBAIOT
CHJIONW MHEepIMH TOYKHU (MHOTAA AanamMOepoBOi CHIION HHEPLIUN).

Toraa oka3bIBaeTCs, YTO JBMIKEHHE TOUKH 00JIaZaeT CIEAYIOMIUM OOIUM CBOWCTBOM: €CIH B
KaKIbIN MOMEHT BPEMEHH K (bakTHUeCKH NEHCTBYIOIIMM Ha TOUKY CHJIaM 15’9 U f;: npubaBUTh CHITY
MHEPIHH F‘,{ , TO TIOJTY4EHHAs CHCTEMA CHIT OyIeT ypaBHOBELLIEHHOH, T.€. OyAeT

FE' + Fz + F“ =0.

3T0 BbIpaK€HHE BbIpakaeT npuHuMn Jlamambepa g ogHOW MarepuanbHOU Touku. HetpynHo
yOeIUTHCS, YTO OHO SKBHUBAJEHTHO BTOPOMY 3aKOHY HLI—OTOHa u Ha06op0T B camom nerne, BTOpOI/I
3aK0oH HBIOTOHA JUIS PacCMATPHBAEMON TOUKH JAeT Mydy = Fk + F‘,{ I[lepeHocs 31€ch YleH Myd, B
IIPaBYyIO YaCTh PABEHCTBA U IIPUAEM K IIOCIEJHEMY COOTHOILECHHUIO.

IToBTOpSIs MIpOJIETIaHHBIE BBICIIEE PACCYXKACHUS 110 OTHOLICHUIO K KaXJOW M3 TOYEK CHCTEMBI,
NPUIEM K CIIEAYIOIIEMY pe3ysbTaTy, BeIpakatomieMy npuHuun lanamOepa Uit CUCTEMBL: eciu 8 110001
MOMEHM 8pEeMEHU K KaXCcOOU U3 MOYeK CUCMEMbl, KpoMe PaKmuiecku 0etiCmeyiowux Ha Heti 6HeUHUX U
BHYMPEHHUX CUT, NPULONCUMb COOMBEMCMBYIOWUe CULbL UHEPYUU, MO NOJYUEeHHA cCucmema cui oyoem
HAaxoo0umuCsi 6 pagHOBeCUU U K Heli MOJHCHO OyOem npuMeHsAms 6ce yPasHeHUs. CIAamuKu.

3nauenue npuHiuna Jlanambepa cOCTOUT B TOM, YTO IPU HEMOCPEICTBEHHOM €ro MpUMEHEHUU
K 3a7ayaM JMHAMUKU YpaBHEHHs IBIMKEHHsSI CHCTEMBI COCTABISIOTCS B (OPME XOPOIIO H3BECTHBIX
YpaBHEHUI PaBHOBECHS; UTO JEJIaeT €JUHOOOpa3HbIN MOAXO0J] K PEIICHHIO 3a7a4 M OOBIYHO HaMHOTO
YIPOIAET COOTBETCTBYIOLIME pacuéTel. KpomMe TOro, B COEOUHEHMM C MPUHIMUIIOM BO3MOXKHBIX
nepeMenieHni, KOTOPhI OyneT paccMOTpeH B cienyiomied riaBe, mpuHIun JlamamOepa mo3Bosiser
MOJTYYUTh HOBBIM OO METOA pelieH s 3a/1a4 JMHAMUKY.

[Tpumensist npuniun JlanamOepa, cieayeT UMETh B BUAY, UTO Ha TOUKY MEXaHUYECKON _CHCTEMB,
JBIKEHHE KOTOPOM HW3y4aeTcs, JEHUCTBYIOT TOJBKO BHEIIHWE W BHYTPEHHHUE CHIIbI Fk u F‘k ,
BO3HHKAIOIIME B PE3YyNbTATE€ B3aUMOJECHCTBUSA TOYEK CHCTEMBI IpYyr C APYrOM M C TelaMH, He
BXOJAIIMMH B CUCTEMY; IIOJ ACUCTBUEM ITHUX CHJI TOUKH CUCTEMBI U JABUXKYTCS C COOTBETCTBYIOLIUMHU
YCKOPEHHAMH dy. CHIIBI € UHEPIUH, O KOTOPHIX TOBOPUTCS B NpuHIuIe JlanamGepa, Ha JBUKYIHECS
TOYKH HE JACUCTBYIOT (MHAYe, STH TOYKM HAXOAMJIHCH Obl B TIOKOE WM JBUTAIHCH 0€3 YCKOpEHUH U
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Toraa He ObUTO OBl M CaMHX CHJI MHEPIMH). BBeAeHNE CHiT MHEPIMH - ATO JIMIIb MPHEM, TTO3BOJISIOMINI
COCTAaBJISITh YPAaBHCHUA JUHAMUKHU C TTIOMOIIBIO 60.1166 MPOCTBIX MCTOAOB CTAaTUKMU.

W3 cTaTuKu M3BECTHO, YTO TE€OMETPHUECKAsI CyMMa CHJI, HAXOMSIIUXCS B PABHOBECUH, U CyMMa
WX MOMEHTOB OTHOCHUTEIIBHO JTF000T0 1eHTpa O paBHBI HYIIO, TPUYEM IO TIPUHITUITY OTBEPICBAHUS 3TO
CIpaBEIIMBO JUISI CHJI, JACUCTBYIOIIMX HE TOJILKO Ha TBEPIOE TEJIO, HO M Ha JIIOOYI0 H3MECHSIEMYIO
cucrebmy. Toraa Ha ocHOBaHWM TpuHIUIA J[amambepa T0JKHO OBITh:

= R Pu
D Fe+Ei+En =0,
— 2 — 2

D [o(ED) + ig(F] = 0
Bgeném 0603HauCHMS:
_’:..'. -’.‘.L —.tu — -.ru
R =¥ FY, My =_§]m[,.(Fk ).
Benuuuuer R* u My npencraBistitor co00i TIaBHBIM BEKTOP ¥ IIABHBI MOMEHT OTHOCHTEIIBHO

HeHTpa O cucTeMnl CHII HHEPLIUU. B pPE3yabTaTC, YUYUTBIBASA, YTO I'COMETPHUICCKAsA CyMMa BHYTPCHHHX
CHJI U CyMMa NX MOMCHTOB paBHBI HYJITO, ITOJIYYHUM U3 PABCHCTB!

= =g = —

RU+ » FF=0, M¥+ Y my(ES)=0. (16)

[Ipumenenue ypaBuHenui (16), BbITekamommx u3 npuHiuna JlamamOepa, ymnpoimaer Mmporecc
pelieHus 3aa4, T.K. 3TU ypaBHEHUS HE COAEepPkKAT BHYTPEHHUX CHIL.

B MMpOCKIHMAX Ha OCH KOOpJAWHAT OSTHU PaBCHCTBA OalOT YpPaBHCHHA, aHAJIOIMYHBIC

COOTBCTCTBYIOIIITUM YPABHCHUAM CTATHUKHU. YTo0OBI MOJIB30BATHCA ITUMH YpaBHCHUAMU IIPpU PCILICHUU
3aaa4, HaJO0 3HATb BBIPAXKCHHUC INNIABHOI'O BEKTOPA U I'NTaBHOI'O MOMCHTA CHJI HHepHHfI.

2. Cuiibl MHEpPUHH.
VYckopeHue TOYKM B HEHMHEPLUAIbHOM CUCTEME OTCYeTa MOXHO B COOTBETCTBUM ¢ (2)

MPEACTABUTH B BUAE: D = Dre +a. (3)
[ToncraBuM Beipaxenue (3) B ypaBHeHue (1) u nmomyunm:
Mmay, = F —ma. (4)

OTO W €eCThb ypaBHEHUE JBUKEHHS MaTepUalbHOW TOYKH OTHOCHTEIBHO HEMHEPIHAIbHOMN
CUCTEMBI OoTcueTa. Eciu B HEMHEpUUAIbHON CHUCTEME OTCUETa ONMPEAENATh CUIY KaK BEKTOp, pPaBHBIN
MIPOM3BE/ICHNI0 MacChl MaTepUalbHONM TOYKM Ha €€ YCKOpEHHE B 3TOH cHCcTeMe OTcueTa, TO IpaBas
yacTb ypaBHeHUs (6.4) W sBISETCS CHUIIOW, ACWCTBYIOIIEH HAa MaTepUANBbHYIO TOYKY, ABMXKYIIYIOCS
YCKOPEHHO B HEMHEpLUAIbHONW CHUCTEME OTCYeTa. JTa CHJa CcJaraercsi U3 JIBYX CYIIECTBEHHO
pa3auyuHbIX cocTaBistonux. [lepBas ocraBistomias F sensercs pe3y/nbTaToOM B3aUMOJEHCTBUS TEN U
MPOSIBISIETCS B MHEPLUAIBHOM CUCTEME OTCYETA.

CoBceM MHOM XapakTep UMeeT cocTaplsiomas — ma. OHa BOSHUKAET He M3-3a B3aUMOIeHCTBHS
Te, a W3-3a YCKOPEHHOrO JBW)XEHHUS CHUCTeMbl oTcuera. OHa Ha3bIBAETCs IMOCTYNATEIbHOW CHIION
uHepuuu. Ilpu nmepexome k Opyrodl yCKOPEHHO ABMXKYIIEHCS CHCTEME OTCYETa MEHSIOTCA U CHIIbI
WHEpPUUHU. DTU CUJIbI UHEPUUU OTIUYAIOTCA OT HACTOSIIMX CHJI, BOZHUKAIOLIUX MPU B3aUMOJEHCTBUU
Ten. Bropoe oTiMume COCTOMT B TOM, YTO CHJIbl MHEPUMHM HE TMOAUMHSIOTCA 3aKOHY JEHCTBHUS U
MPOTUBOAECUCTBUS (TpeTbeMy 3aKkoHy HbroToHA).

[Tpu onucaHuu IBUKEHUS TNl OTHOCUTENIbHO YCKOPEHHO ABIKYILENCS MOCTYNATebHO CUCTEMBI
OTCYeTa Hapsy C CUJIaMH, OOYCIOBJICHHBIMH B3aMMOJEHCTBHEM Tel IPYr C APYroM, HEOOXOJUMO
YUUTBHIBATh TaK Ha3bIBAEMbIE CUJIbI MHEPLIUU f;m OTH CUIIBI CJIEIYET MOoJIaraTh PaBHBIMHU IIPOU3BEACHUIO
Macchl Tella Ha B3ATO€ C OOpaTHBIM 3HAKOM YCKOPEHHUE IBUXKYIIEHCS HEWHEPIHATBbHOW CHCTEMBI
OTCYeTa OTHOCHTENIBHO HHEPIHATBHOM CHCTEMBI:

;.

Fin = —ma. (5)

COOTBeTCTBeHHO, ypaBHeHI/Ie JOBHUKXCHHUS B HeI/IHepHI/IaJIBHOI?'I CUCTEMEC OTCUECTA 6y)1'eT NMECTH BUI
Y el

May = F + F,y. {(6)

Cy1iecTByeT MHOTO SIBJIEHHM, KOTOpPbIE MOTYT ObITh HHTEPIPETUPOBAHBI KaK MPOSIBICHUE CHUJIbI
uHepiun. Korzma moe3n HaOHpaeT CKOPOCThb, MAaCCaKUPbl B BAarOHE HCHBITHIBAIOT JCHCTBHUE CHIIBI,
HaIlpaBJIECHHON NPOTUB IBHKEHHUS MO€3/1a. JDTO U €CTh cwia MHepuuHu. CWIbl MHEPLMH BBI3BIBAIOT
Neperpy3Ku, JIEHCTBYIONIME Ha JIETYMKAa NpU OOJNBIIMX YCKOPEHHUSAX camojiera. Ecium B yCKOpEeHHO
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JBIDKYIIEMCSI BaroHE BHUCHT MIAPUK Macchl M, TO CHJIa WHEPIHH OTKIIOHSIET €ro B CTOPOHY,
MIPOTUBOIIOJIOKHYIO YCKOpeHuIo (puc.l).

y/\
a
—ts
>
X
¥ A5 L7 0 AV S & (7 (0 S3F 4 W0 4T 57 40 4

Puc.1

Hutb OTKJIOHSETCA Ha TakoW yroi, 4roObl pe3yJabTHpYOLIas ABYX CHII ('mﬁ + T_:) cooOmiana
IIapMKy YCKOPEHHE &, C KOTOPHIM JBUKETCS BaroH. OTHOCHTENLHO CHCTEMbI OTCYETA, CBA3AHHOU C
BaroHOM, ILIAPUK IIOKOUTCA. DTO MOXKHO OOBSCHUTH, _CCIIM BBECTH CHITy HMHEPIMH f;,H = —ma,
YPaBHOBEIIHMBAIOLIYIO PE3YILTUPYIOILYIO IBYX CHIl Mg U T,

BBenenue cuil uHEpUMH /aeT BO3MOKHOCTb ONUCHIBATH JBM)KEHHUE TENl B JIIOOBIX CUCTEMAax
OTCYETA C IOMOIIBIO OJJHUX U TEX KE YPABHEHUN JBUKCHHUS.

Cunbl unepyuu umelom xapaxmephvie 0COOeHHOCMU: OHA HE OTPaXKaroT B3aMMOJCHCTBHE TEl, a
00YCIIOBJIEHBI XapaKT€POM HEMHEPLHAIbHBIX CUCTEM OTCYETA, [I0ATOMY Il CHJI MHEPLIMU HEPUMEHUM
Tpetui 3akoH HproToHa. XapakTepHBIM CBOMCTBOM CHJI MHEPLMH SBILIETCS MX IPONOPLHMOHAIBHOCTH
Macce Tena. biaromapss 3TOMy CBOMCTBY CHMJIBI MHEPLMH OKa3blBAIOTCS aHAJOTWYHBIMU CHJIAM
TArOTeHUs. JIBM)KEHME Tel MOJ JIEHWCTBHEM CHJI MHEPLHMHM CXOAHO C JIBUJKEHHEM B IPaBUTALIHOHHOM
nosie. B xauectBe nmpumepa MOKHO NPUBECTH HEBECOMOCTH, BOSHHKAIONIYIO B CBOOOJIHO Ma/Ia0LIEM

mudre. B cBoboaHO nanaromeM mdre Bec & Tesna Maccoil M Bceraa paBeH HyIO: (. = 0.

I[eI/ICTBHTeJIbHo
G = mg, a= ﬁ.
GHE—G+FHH—m§ ma—mg mg (7N

PaccMoTpuM cuitbl MHEPIIUMH, BOSHUKAIOIIME BO BPALAIOIINXCSA CUCTEMAX OTCUETa.

Llenmpobesicnas cuna unepyuu.

PaccmotpuM aBa citydast posiBICHUS IIEHTPOOSHKHOM CHITBI HHEPIIUH.

ITpumep 1. PaccMoTpuM Bpalaromuiicss JUCK ¢ 3aKPEIUIEHHBIMU Ha HEM CTOMKaMU C IIapuKaMH,
MOJIBEILIEHHBIMU Ha HUTSX (puc.2). [Ipu BpalieHun aucka ¢ MOCTOSHHOM YIJIOBOW CKOPOCTBIO ® IIapUKU
OTKJIOHSIFOTCSL Ha HEKOTOPBIM yros, TeM OOJBLINI, YeM Jajbllle OH HaXOJUTCS OT OCH BpallEHUS.
OTHOCHUTENBHO WHEPUUATBHOW CHUCTEMBbl OTcYeTa (HEMOIBI)KHOM) BCe IIAPUKU JIBUXKYTCS IO
OKPYXKHOCTH COOTBETCTBYIOIIETO pajuyca R, mpu 3TOM Ha mIApUKK JEHCTBYET pe3yJbTHpYOIIasl cuiia
F=P+T (puc.3).

1O
I

| @
O
Puc.2
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W

O

Puc.3

CoracHo BTopoMy 3akoHy HproToHa
F=m-a,=m-w*"R, (8)
yuuThIBas, uTo F/P=tga, MoxHO 3amucarhb
. w?R
go = !
g

T.C. yroJl OTKJIOHCHHA HIapHKa 3aBUCHUT OT erIOBOfI CKOpPOCTH MW OT €ro yAajJCcHusa OT OCH

BpalllCcHUA JHUCKA.
OTHOCHTEILHO HeI/IHepHHaJILHOfl CHUCTCMBI OTCYCTA, CBSI3aHHOM C Bpamaromumumcsa JHUCKOM,

[IAPUK HAXOJUTCS B TIOKOE.
-+ -+
OTO BO3MOXKHO B TOM Cily4dae, eciii cuiia F (8) ypaBHOBENIEHA CUIIOH HHEPLIUK F;, HAa3bIBAEMOM

LIEHTPOOEIKHON CHUIION WHEPIUH:

F, = —F = —-mw*R. (9)

3. Ilpumepsl npuMeHenns npuHnuna Jlanamoepa.

-1
Jlano: @ =4c ~; m1=22kr; m2=12xkr; a=1,9m; B=1n; c=0.3m; o = 30°; |, =0.61; |, =Lu

Ornpenenutsb: peakuy NOANATHUKA U TOAIUITHUKA.
Pewienue:

H.

1 0é6m

o

N
N
NAAS AN

=
~SHT
B
B

r
S 51

194

N3006pa3um Ha yepTexe Bajl ¢ NPUKPEIIICHHBIM K HEMY CTePKHIMHU. Pl =mg = 220H

P, =m,g =120H
Jnst  ompeneneHuss MCKOMBIX PEAKIHUM PAacCMOTPUM JIBMKEHHE 3aJaHHOM MEXaHWYECKOM
cucreMbl W mnpuMeHuM npuHiun JamamOepa. IlpoBemem KoopauHAaTHBIE OCH U HM300pa3uM
nencTBytonme Ha cuctemy cuibl. CornacHo npuHnumy J{amamOepa npucoeguHUM K 3THM CHJIaM CHITBI
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uHepuuu. Tak Kak Bajl BpallaeTcsi paBHOMEPHO TO AJIEMEHTHI CTEP>KHS HUMEIOT TOJbKO HOpPMAaJIbHbIE

yckopenns: Sy , HANPABICHHBIE K OCH BPAIIICHH.
PaccTosiHusI IEHTPOB Macc COOTBETCTBYIOIIUX YACTEH CTEPKHA O OCH BpAIICHUS

he, =0,4m

he, =1,5in30° = 0,5
VY CcKOpeHHsI IEHTPOB Macc
a., =w°h,, =6,4m/c’
a., =0°h., =8mlc’
Cunpl nHEpPUMHU

R’ =ma., =1408H
R, =m,a., =96H

Cornacno npunnuny JlanamOepa mpuitokKeHHbIe BHEITHUE CUITBI M CHITBI HHEPLUH 00pa3yoT
YpaBHOBEUIEHHYIO cucTeMy cuil. CoCcTaBUM JIJIsl HEE IECTh YPABHEHUM PaBHOBECHS.

>F,=0 X,-Xz-B +R;=0
> F, =0 Yv,=0

ZFkZ:O Z,+R'+Z,=0

> M, (F)=0 RI-06+Z,-19=0

>M,(F)=0 P, -06+P, -H,-Ri-H,+Xy-19=0

FI[C IJie4n CUJI paBHbI

H, =16-1-c0s30°=0,734m

Otkyna

x, = 06- leéHz R2H. 75741

= _R'-06 = —44,46H

Z,=-R'-Z,=-9634H

Y, =0

X, =Xg+P, —RY=4526H

Oter: X, =—7874H Z,=-4446H Z,=-9634H Y, =0 X, =4526H
Cunel X, Z; Z, HanpasiaeHsl IPOTUBOIOIOKHO HAITPABJICHHBIM HA PUCYHKE.

B
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1.26-1.27 Jlexknus 26-27 (8-9) (4 uaca).
Tema: «lIpyHIUI BO3MOKHBIX NepeMeLeHUIT»
1.26.1-1.27.1 Bonpocsl JieKIUH
1. O600IeHHBIE KOOPAWHATHI M YHCIIO CTeTeHel cB0001bl. Bo3MoXHBIE TepemMenieHus
MEXaHU4ecKOM cucteMsl. MneanbHble CBA3H.
2. IIpumepsl MpUMEHEHUsI IPUHIUIIA BO3MOKHBIX TIEPEMEIICHUH K ONPEIETICHUIO PEaKIUiA CBS3EH.
3. O0riee ypaBHEHHE JUHAMHKH.

1.26.2-1.27.2 KpaTkoe coaep:kaHne BOIPOCOB

1. O0001meHHbIE KOOPAUHATHI U YUCJI0 cTeneHell cB000abl. Bo3MoKHbIE TepeMeleHust
MeXaHH4YecKkoi cucrembl. UaeanbHble CBSI3H.

ObobwennviMu KoOpOUHamamu Mbl OyJIeM Ha3bIBaTh IapaMeTPhbl, KOTOPHIE OIPEACISIOT
MOJIOKEHUE MAaTEPUAIBHON CHCTEMBI.

OT0 MOryT OBITh OOBIUHBIE [EKAPTOBBI KOOPAMHATHI TOYEK, YIJbl MOBOPOTA, PACCTOSHUS,
IIOIIAA1, OOBEMBI U T.I.

Taxk Ha puc.7 nosoxxeHue 6amouku 4B 1 BCeX €€ TOUEK BIIOJHE OINPENEISAETCS YIIIOM .

B

Puc.7
[TonoxxeHne ToUeK KPpUBOIIUITHO-IIATYHHOTO MeXaHu3Ma (pUc.8) MOKHO ONPEEIUTh 3aJaHUEM
yria MoBOpOTa ¢ KPHUBOILWIIA WJIM PACCTOSHUEM S, ONPEAENAIOIMM IOJIOKEHUE MOi3yHa B (mpu
0 <@ <mn).

Puc.8

[Tonoxenue chepuueckoro masiTHUKA (puc.9) onpenensieTcs 3alaHleM ABYX MapaMeTpoB, YII0B
W 1P
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MuHHMaTbHOE KOJIMYECTBO HE3aBUCUMBIX JPYT OT Ipyra 0OOOIIEHHBIX KOOPIMHAT, KOTOPBIX
JOCTaTOYHO, YTOOBI TOJHOCTHIO W OJHO3HAYHO OMPEICIHUTH IOJIOKEHHE BCEX TOUYEK CHUCTEMBI,
Ha3bIBAIOT YUCTIOM CMeneHell c60000bl STOW CUCTEMBI.

BooOmie mist mo0oil MaTepuaabHOW CHUCTEMBl MOXKHO HA3HAYUTh HECKOIBKO 000OIIEHHBIX
KoopauHaT. Hanpumep, y KpHUBOUIMITHO-IIATYHHOTO MeXaHW3Ma (pHc.8) yka3aHbl JBe 00OOIICHHBIC
KoopauHaThl @ W S. Ho 3TO He 3HAYWT, YTO y MEXaHW3Ma JIBE CTEIEHU CBOOOJBI, TaK KakKk OJHY
KOOPJIMHATY MOKHO ONPEICITUTh Yepe3 APYTryIo:

s=a-cosg+.b?—a’sin’g

A BoT y MasTHHKA (puc.71) aBe cTereHH CBOOOJBI, T.K. ONPEICIISETCS ero MOJI0KCHUE IBYMS
HE3aBHCHUMBIMH O0OOIIEHHBIMU KoopauHaTamu. Kcratu, ecnm AjMHA MasTHUKA W3MEHSIETCS, TO IS
OIPEICICHUS MOJIOKESHUS TOUKU M moTpedyeTcs eiie OJuH mnapamerp — o0o0iieHHas koopaunara |
JUTMHA HUTH. U y MasTHUKA CTaHYT TPU CTETICHH CBOOO/IBI.

O0o001IeHHbIE KOOPAWHATEI B 00IIeM ciaydae OyneM 0003HadaTh OyKBOH (.

[Tycte MaTepuanbHas CUCTEeMa UMeEET S cTemneHei cBoOoxabl. I[lomokeHue ee ompenenseTcs
00001IeHHBIMA KOOpAMHATAMH: 1, 02, U3, .., Oks---» Us. .

HerpyaHo yOemuThCs, 4TO ACKAPTOBBI KOOPAWHATHI N TOYEK CHCTEMbI MOXKHO OIPEICIHUTh KaK
GbyHKIIUN 0000IIEHHBIX KOOPIUHAT U BPEMEHHU:

X = x:":'?lﬂ?!: G3r s Gz t}i
Yi=M¥ (QL G2,03, e s Gz t},
& = ZE(QLQEJQEJ LT I-'}_, (l = 1.12.13.1 "'.ln}' (5}

Tak y mastHuKa (puc.9) koopauHaThl TOUKU M
Xy = lsingy cosg,,

Vi = lsing;sing;,

Zy = lcosgy

ecth QyHKIMU KoopauHaT |, @y U @, u Bpemenu t, ecnu | = I(t).
COOTBETCTBEHHO, W PAJAMyC-BEKTOP TOYECK CHUCTEMbI MOXHO OMPEICIUTh Kak (YHKIIHIO
0000I1IEHHBIX KOOPJMHAT U BPEMEHU:

Fz' = ?_":'(ti‘p 2 QEJ wany Ei‘g; t}.l (E' = 112131 "-Jﬂ-}' (6)

2. Ilpumepsl NpUMeHeHUs] NMPUHIMIA BO3MOMKHBIX IepeMelleHHil K OmNpeleIeHHI0 peakui
cBsA3eil.

CocraBuM auddepeHnnanbHoe ypaBHEHHE ABMKEHUS Oanodku AB, KoTopas nepeKaTblBaeTcs
0e3 CKOJIbKEHHUS 110 IUIMHAPUYIECKOM moBepxHOCTH (puc.14). nuna 6anouku AB = |, Bec — P.

B monoxenun paBHOBecus Oajlouka pacrosarajach MOPH30OHTaJIbHO U LEHTp Tskectu C ee
HaxXOJWICAd Ha BEpXHEW Touke IWIMHApa. bamouka nMeer ofHy creneHb cBoOoxabl. [lomoxenue ee
onpenensieTcss 0000IMEeHHON KOOPAUHATON — yriioM ¢ (puc.76).

S-sin

Ieosy

Puc.14

65



Pemenne. Cucrema xkoHcepBatuBHas. [losTomy ypaBHeHue Jlarpanka cOCTaBUM C MOMOIIBIO
NOTEHIMAIBHOM sHepruu [I=mgh, BeIYHCIEHHON OTHOCHTEIFHO TOPU30OHTAIBHOTO MOJ0KEHUs. B Touke
KacaHWsi HaxXOJWUTCS MTHOBEHHBIH WEeHTp ckopocted u CC,=s=rp (CC, paBHO UIMHE IYyI'd
OKPY>KHOCTH C YTJIOM ).

[ToaTomMy h = rcosg + 5 sing —r (cM. puc.76) u Il = mgr{cose + @psing — 1).

Kunernueckast sneprus (6ajgka coBepuiaeT IIOCKONapauieIbHOe TBUKEHHUE)

1 ) 11 .11
T=—m1ﬂ;+5jcm‘=—m.5"¢1‘+——m£‘qp‘+§m(r‘qﬂ‘+ﬁi‘}qp‘.

. 2 ] 2 212 5 e
aXOJMM HEOOXOMMBIC IPOM3BOIHBIC JUI YPABHeHMA M == — Z-+ = = 0:
er _ (2 2+132)- da arT _ 2y -2_,_(2 2_,_132)--]

A VAT ATy Tl R A U TR A4 &

aT . am

%0 = mripp?; " = mgr{—sing + sing + pcosg) = mgrocosp.

CocrasisieM ypaBHEHUE

m =

2ripg? + (T"zfpz + % Ez)qﬁ] — mrlpg® + mgrecosp =10

WJIH, OKOHYATEIIBHO,

(T':fp: + liz)qﬁ + 2@’ + grocose = 0.

12

3. O01ee ypaBHeHH e JTUHAMUKHA

[To mpununy [lasamOepa MaTepralbHYIO CHCTEMY, JBIDKYIIYIOCS IO JICWCTBUEM HEKOTOPBIX
CHJI, MO’KHO pacCMaTpUBaTh HAXOJAIICHCS B PABHOBECHH, €CIIU KO BCEM TOYKAM CHCTEMbI TPUIIOKHUTH
WX CHJIBI MHEPIUH. 3HAYUT MOXKHO BOCTIOJIB30BATHCS M MIPUHITUIIOM BO3MOXKHBIX MTEPEMEIIICHUH.

B ypaBnenue pa6ot (1) mobaButcs eme cymma paboT CHJI HHEPIUU TOUEK HA MX BO3MOMKHBIX
MePEMETIICHHSIX

Y. F.8s;cosa; + ¥, F*%8s,cosB; = 0. (3)
Wnu mo npuHIUITY BO3MOXHBIX CKOpOCTEH (2):
Y. Fv;cosa; + 3, FE**v;cosf; = 0 4)

OTH ypaBHEHUs Ha3bIBAIOT 00uwium ypagnenuem ounamuxu. OHO MO3BOJSET peuiaTh OONbIION
KJIacC 3a/1a4 Ha UCCJIeI0BaHUE ABMXKEHUS JJOBOJIBHO CIIOKHBIX MATEPUAIIbHBIX CUCTEM.

VYpaBuenus (3) u (4) mokaspIBalOT, YTO B JH0O0H (DUKCUPOBAHHBII MOMEHT BPEMEHU CyMMa
AJIEMEHTApHBIX padOT aKTUBHBIX CHJI M CHJI MHEPIMH Ha JIIOOBIX BUPTYaJbHBIX NEPEMEILEHUAX pPaBHA
HYJIIO TIPH YCIIOBHH, YTO Ha CHCTEMY HaJIO’KEHBI /I€AJIbHBIE U YAECP)KHUBAIOLINE CBA3H.

Cunpl HHEPUMH TOYEK U TBEPJIBIX TEJI, COCTABISIOUINX CUCTEMY, ONPEAETAT YKE YMEEM.

CrouT MOTYEpPKHYTh €Ile€ OJHO BaXHOE JOCTOMHCTBO 3TOr0 MeTOJa, OOLIero ypaBHEHUS
JUHAMHKU, — PEaKINK CBsI3el (MeaIbHbIX) UCKIFOYAIOTCS PU UCCIEA0BAHNN ABUKEHUS CUCTEMBI.

WNHorga 3T0 ypaBHEHHE MOYKHO HCIIOJIB30BAaTh JJIS MCCIEAOBAHUS JBM)KCHHS MEXaHMYECKHX
CHCTEM U B T€X CIIy4asX, KOIJla He BCE CBSA3H SIBJISIFOTCS UAEaIbHBIMU, HAIPUMEP, KOTJ]a UMEIOTCS CBS3U
¢ TpeHueM. Jlns 3Toro cieayeT K aKTUBHBIM CHJIaM J00aBUTh T€ COCTABJISIOIIME PEaKIHi, KOTOphIE
00yCIIOBJIEHBI HATMYUEM CUJI TPEHUS.

PaccmoTpuM mpouenypy Mcnonb30BaHus ypaBHeHHUs (3) i cocTaBieHUs AU QepeHraibHbIX
YpaBHEHUN JBUKEHUSI CUCTEM C IBYMSI CTETIEHSIMHU CBOOObI:

1. 300pa3uTh MEXaHUUECKYIO CUCTEMY B ITPOU3BOJIbHBII MOMEHT BPEMEHH.

2. TlokazaTh Ha pHUCYHKE aKTHBHBIE CHJIBI W MOMEHTBHI, a TaKKe CHJIbl M MOMEHTHI,
COOTBETCTBYIOIIME HEUICATBHBIM CBSA3SIM (HAIpUMEp, CUIIbI TPEHHUS).

3. Onpenenuts riIaBHbIE BEKTOPHI U TTIABHbIE MOMEHTBI CHJI HHEPIIUH.

4. BeiOpatb 000011I€HHBIE KOOPIMHATHI B YUCIIE, PABHOM YUCITY CTENeHEeN CBOOObI CUCTEMBI.

5. JlaTtb BUpTyalnbHOE TepeMeIIeHNe, COOTBETCTBYIOIIEE OJHOM U3 CTETIEHEH CBOOOIBI CHCTEMEI,
cCuuTas MpHU ATOM BUPTyaJbHBbIE NEPEMEIICHUs, COOTBETCTBYIOIINE OCTAJIbHBIM CTEHEHSIM CBOOOIHI,
PaBHBIMH HYJIIO.

6. BBUMCIUTH CyMMY »3JIEMEHTApHBIX pabOT BCeX CHJI UM MOMEHTOB (cM. m. 2 u 3) Ha
COOTBETCTBYIOLINX BUPTYaIbHBIX NEPEMEILEHHUIX U IPUPABHATH 3Ty CYMMY HYJIIO.

7. IloBTOpUTSH 11. 4 - 6 U1 Ka’KJOTO HE3aBUCUMOTI'O ABUKEHUS CUCTEMBI.
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[Ipn nmpumeHeHHH OOIIEr0 ypaBHEHHUS AWHAMHUKHA K CHCTEMaM C ABYMS M OOJBIIMM YHCIOM
CTEICHEH CBOGOI[BI, B CBA3HM C TPOMO3IAKOCTBIO BBIKJIAAOK, MOXHO HCIIOJb30BATh CJICAYIONIUC
PEKOMEHJallnH:

1. Cnenatpb nmpenrnosioXeHue o HallpaBJIeHUN YCKOPEHUM TOYEK CUCTEMBI.

2. HanmpaButh Ha pPUCYHKE CHJIBI HHEPUUH B CTOPOHBI, INPOTHBOIOJIOKHBIC BHIOPAaHHBIM
HAINPABJIEHUAM COOTBETCTBYIOIIUX YCKOPEHUN.

3. OmpenenuTh 3HAKU 3JIEMEHTAPHBIX pabOT CHJI MHEPLIUHU B COOTBETCTBHHU C X HAIIPaBICHUSIMU
Ha PUCYHKE U U30paHHBIMU HAIPABJIECHUSMU BUPTYAJIbHBIX IEPEMELIEHUI TOUEK CUCTEMBI.

4. Ecnu MCKOMBIE YCKOPEHHSI OKa3bIBAIOTCS MOJIOKUTEIBHBIMU, TO C/ICJIAHHBIEC TPEINOI0KECHUS
O HaIIpaBJICHUAX YCKOpeHI/If/'I MNOATBCPKAAIOTCA, CCIIM OTPULATCIBbHBIMH, TO COOTBCTCTBYIOIIUC
YCKOPEHHS HAallPaBJICHBI B IPYTYIO CTOPOHY.
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2. METOANYECKHE YKA3AHUSA IO MPOBEJEHUIO IPAKTUYECKHX 3AHATHI

2.1-2.2 TlpakTu4yeckoe 3ausitue Nel-Ne2 (4 yaca).
Tema: «Cratuka. [limockas cucreMa CXOASIIUXCs CHI

2.1.1-2.2.1 3aganue 1jsi padboThl

1. Peakiuu cBsizei.

2. CucremMa CXOISIINXCS CUIL.

3. AHanuTHYeCcKHii crocol perieHusl.

2.1.2-2.2.2 KpaTkoe onucaHue MpPOBOAUMOI0 3aHSITHSI:

1. [Tnockas cucreMa Tpex cxoasmuxcs cui F1 F> u F3 HaxoauTcst B paBHOBeCHH. 3a/1aHbl MOTYJIH CHUT
F1=3HuF,=2H, aTaxxe yribl, o0pa3oBaHHbIC BeKTOpaMu cui F1 u F, ¢ monoxuTeIbHBIM
HaMpaBJI€HUEM FOPU30OHTAIBHOM ocu Ox, COOTBETCTBEHHO paBHbIC a1 = 15 u ap = 45. Onpeaenuts
Moyb cuiibl F3. (4,84)

2. Cunet F 1= F, = 10 H u F3 Haxopgstcs B paBHOBecHH. JIMHUM NEHCTBUS CHIT MEXTy COO0H 00pa3yroT
yruiel o 120°. Onpeaenuts Moayiab cuitbl F3. (10)

3. Onpenenuth Bec Oaku AB, eciu U3BECTHBI CHIIbI HaTsDKeHUs BepeBok F1 =120 H u F, = 80 H.
3anansl yriasl o = 45° u f= 30° mexny Beprukansio u BepeBkamu AC u BC cootBeTcTBeHHO. (154)

%

4. Crepxxau AC u BC coeJuHEHBI MEX1y CO00M U ¢ BEPTUKAIbHON CTEHOM MOCPEICTBOM
mapHupoB. Ha mapuupnsiii 6ont C aeiictByeT BepTukanbHas cuina P= 1000 H.
OnpenenuTs peakluy 3TUX CTeP>KHEH Ha mapHUpHBIN 60aT C ecliu yribl, COCTaBIseMble
CTEPKHSIMU CO CTE€HOMH, paBHBI: o0 = 30° u B = 60°.

Omesem: 866 H; 500 H.

5. DnekTpuueckas jamma Beca 20 H mojBemieHa Kk NOTOJIKY Ha IIHYpe AB U 3aTeM OTTAHYTa K
creHe BepeBkoi BC. Onpenenuts HaTsKeHUs: Ta mHypa ABu T BepeBku BC, eciu U3BECTHO, YTO
yroa o= 60°, a yron § = 135°. Becom mHypa 1 BepeBKHU MpeHEOPeUb.

OtBet: Tp=14,6 H; T¢=10,4 H.

S
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2.1.3-2.2.3 Pe3ybTaThl U BHIBOJIbI:

B pe3ynbrate mpoBeaeHHs MPAKTUYECKOTO 3aHATHSI CTYICHT OCBOUT OCHOBHBIE TEOPETHUECKHE
OCHOBBI MEXaHUKH, METOJIbI COCTABJICHUS M UCCIICIOBAHUS YPAaBHEHUH CTATUKH, HAYYHUTCS COCTaBIIATH
U pacCUMTHIBATH MEXAHWYECKYI0 CHCTEMY II0 YpPaBHCHHSM CTATHKH; OBJAJCET HAaBBIKAMH
HCIIOJIb30BAHMS METOIOB TEOPETHYCCKONH MEXaHHUKH MPU PEIICHUN PAKTUYCCKUX 3a/1a4.

2.3-2.4 llpakTnyeckoe 3ansaTue Ne3-Ned (4 yaca).
Tema: «OcHOBHas TeopeMa CTaTUKU. Y paBHEHUS PABHOBECHUS»

2.3.1-2.4.1 3aganue ajs padoThl

1. 'eomeTpuueckuii ciocod perieHus 3a1auu.

2. OnpeneneHne MPOSKIIMK CUJIB HA HAIIPaBJICHHE.

3. Onpenenenue MPOEKIMH CUJIbl Ha IMIIOCKOCTb.

2.3.2-2.4.2 KpaTkoe onucanue NpoBOJUMOI0 3aHATHS:

1. ira crepxkus AC u BC coenuHEHBI MIapHUPHO B Touke C, K KOTogoﬁ yepes 0ok D monBemen rpys 1
BecoM 12 H. Onpenenutsb peakiuio crepxxus BC, ecinu yroi, o= 60°. (-6)

2. Hununap Becom G ynepKuBaeTcs B paBHOBECHHU C MIOMOLIbIO BepeBKU AB. HopmanbHas peakuus
onopHoi nosepxHoctd N =40 H. Onpenenuts HaTsDKEHUE BepeBKU F, eciiv n3BecTHHI yriibl o=45° u 3
=30°. (56,6)

=

3.I'py3 P=20 xH noxammaercst mara3uHHbIM KpaHoM BAC mocpecTBOM IENH, TEPEKUHYTON
yepes 0110k A u yepe3 610k D, koTopsIil yKkpemieH Ha cTeHeTak, uTo yroia CAD= 30°. Yrisl Mexay
crepxxasiMu kpana: ABC= 60°, ACB = 30°. Onpenenuts ycunus Qiu Q, B crepxkusax 4B u AC.
Omeem: Q1: O;Qz :-34,6 kH.

4. Ognoponnsiil map Beca 10 H ynepxxuBaercs B paBHOBECUHU ABYMs Tpocamu AB u
CDpacmonoXeHHBIMU B OJTHOW BEPTUKAIBHON IMIOCKOCTH U COCTABISIOMUMHE OJHH C APYTUM
yroua 150°. Tpoc 4B HaKJIOHEH K TOPU30HTY NOJ yriaoM 45°. OnpeaenuTh HaTsI)KEHUE TPOCOB.
Omsem. Tg= 19,3 H, Tc= 14,1 H.
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5. OTHOPOHBIN CTEPKEHDb AB NPUKpPEIJIEH K BEPTUKAIbHON CTEHE MOCPEICTBOM IapHUpa 4 1
yaepkuBaeTcs moJ yriom 60° Kk BEepTUKIH MpH moMonu Tpoca BC, 00pa3yromero ¢ HUM yroJ
30°. OnpenenuTh BEIMYUHY U HalpaBJIeHUE peakuu RmapHupa, eciiu u3BECTHO, UTO BEC
crepkHsa paBeHd 20 H.

Omeem: R= 10 H, yeon (R, AC) = 60°.

6. [llapuk B Beca P moaBeIeH K HEMOIBUKHOW TOYKE A TOCPEICTBOM HUTH AB U JIS)KUT HA
MOBEPXHOCTHU TIIaAKOU cdephl paauyca I paccTosiHHE TOYKU A 0T moBepXxHOCTU cepbl AC
=d,uinna Hutu AB = | , npsimas AO BeptukanbHa. OUpeaeIuTh HaTsKEHHE THUTH U PCAKIIHIO

Qcdepsri. Pannycom mapuka npeneOpeusb.
r

—Px_—_ 0=pP_—
Omeem. T=P X @ Q=P

d+r’
-1
J
2

=

o¥

7. Bec ognopoaHoro TpamboBouHOTO KaTtka paBeH 20 kH, paguyc ero 60 cm. Onpenenuts
rOpU30HTaIbHOE ycunue P, HeoOXoaumoe sl epeTacKUBaHUs KaTKa Yepe3 KaMEeHHYIO TITUTY
BBICOTHI 8 CM, B TIOJIOKCHUH, YKa3aHHOM Ha PUCYHKE.

Omeem: P = 11,5 kH.

2.3.3-2.4.3 Pe3yJabTaThl M BHIBO/BI:

B pesynbrate npoBeaeHHs MPAKTUYECKOTO 3aHATHS CTYIEHT OCBOUT OCHOBHBIE TEOPETHUECKHE
OCHOBBI MEXAHUKH, METOJIbI COCTABJICHUS U UCCJIEAOBAaHUSI YPABHEHUIN CTAaTHKU; HAYYUTCS COCTABIISITh
U pacCUMThIBaTh MEXAHMYECKYI0 CHCTEMY II0 YpaBHEHMSM CTAaTHKH; OBJAJ€eT HaBbIKAMU

HUCIIOJB30BaHUA MCTOO0B TGOpCTH‘-IGCKOfI MCXAaHUKU ITPU PCHICHUU MMPAKTUYCCKUX 3aqay.
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2.5 IlpakTuueckoe 3ansitue Ne5 (2 yaca).
Tema: «HacTHble cirydan mpuBEACHUS CUCTeM cil. [1mockas cucteMa mpou3BOIBLHO PACIIONOKEHHBIX
CHII»

2.5.1 3apanue 1J1s1 padoThl

1. Anrebpanyeckoe MOHATHE MOMEHTA.

2. YcinoBue paBHOBECHUS MJIOCKON TPOU3BOJIBHOM CUCTEMBI CHUJI.

3. XecTkas 3amemKa.

2.5.2 Kparkoe onucaHue mMpoOBOAMMOT0 3aHATHSA:
*4.7;4.8;4.13;4.26.4.9,4.11,4.15

1. Onpenenuts peakiuto onopsl D ecnu cunet Fi= 84,6 H, F, =208 H, pa3zmepst AB=1wm, BC=3 M, CD
=2wm. (130)

2. Ha Ganky AB neicTBYIOT pacipeieliecHHas Harpy3ka HHTeHCUBHOCThIO =2 H/M u cuita F = 6 H
Ornpenenuth peakiuo onopsl B, ecnu anuna AC = Y5 4B, yros 0=45°. (4,08)

Qmax

30°

3. OnHoponaHas 6anka Beca 600 H u anuHBI 4 M omupaeTcss OJHUM KOHIIOM Ha TJIaAKUN 1M0J, a
MPOMEXYTOUHON TOUKON B — Ha cT010 BBICOTH 3 M, 00pa3ys ¢ BepTukanbto yroua 30°. banka
yAEpKUBAETCS B TAKOM TMOJIOKEHUU BepeBkoil AC, nmpoTsHyTo# 1o noxy. [Ipenebperas TpeHuem,
ONpeNeNnuTh HaTs)KeHNe BepeBKU 1 U peakuuu Rgcrtonba u Re

mnoJja.
Omeem: T= 150 H, Re= 173 H, R= 513 H.

4. K rimaakoi cTeHe MpHUCIOHEHA OJTHOPOHAS JIECTHUIIA AB 1o yriiom 45° K TOPU30HTY; BEC
nectaunpl 200 H; B Touke DHa paccTossaum, paBHOM 1/3 IIMHBI IECTHUIIBI, OT HUKHETO KOHIIA
Haxoautcs yenoBek Beca 600 H. HaiiTu cunbl 1aBieHus J€CTHUIBI HA ONIOPY A U HA CTEHY
Omeem:X; =300 H, Y,=—800 H, X = —300 H.

y
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5. OnpenenuTh peakiuu onop A u B 6anku, HaXOASAIICHCS O 1eHCTBHEM JABYX
COCPEIOTOYCHHBIX CUJI M PABHOMEPHO paclpe/ieIeHHON Harpy3Kku. IHTEeHCUBHOCTD
pacmpeneIeHHON Harpy3Ku, BEIMUYUHBI CHJI U pa3Mephl YKa3aHbl Ha PUCYHKE.
Omeem: X, = 2,6 xH, Y,=4,2 xH, Xg= 15,6 kH,

4 Z
g=Jr/m §
é5°
g 1418 =L
E o
b e Zu——[
in ¥ In
ar

2.5.3 Pe3yabTaThbl M BHIBO/IbI:

B pesynbprare mpoBeneHus MPaKTUYECKOTO 3aHITHS CTYJEHT OCBOUT OCHOBHBIE TEOPETUUYECKHE
OCHOBBI MEXaHUKHU, METOJIbl COCTABIICHUSI U UCCIIEIOBAHUSl YPAaBHEHUN CTaTUKH;, HAYUYUTCS COCTaBISAThH
U PpacCUMTHIBATh MEXAaHUYECKYI0O CHCTEMY IO YpPaBHEHHUSIM CTaTHUKH;, OBJAQJCET HaBBIKAMU
HCIIOJIb30BaHMS METO0B TCOPETUUECKOM MEXaHUKH MTPU PEIICHUH MPAKTHYECKHUX 3a/1a4.

2.6-2.7 llpakTuyeckoe 3ansaTue Ne6-Ne7 (4 yaca).
Tema: «[lnockas cucrema cui. Cucrema tei. PackpbiTre cTaTn4eckoil HeonpeenéHHOCTH.
[TpocTpaHcTBEHHAs! CUCTEMa CXOISAIIMXCS CHUI»
2.6.1-2.7.1 3aganue st padoThI
1. IlonsTHe pacnpeneneHHol Harpy3ku. CTaTHyecKasi HeOPEIEICHHOCTb.
2. [IpuMeHeHHEe aKCMOMBI ACHCTBUS U IPOTUBOACHCTBUS MPU paboTe ¢ CUCTEMOH Tel.
3. cnonb30BaHne ypaBHEHUI PAaBHOBECHSI.
2.6.2-2.7.2 KpaTtkoe onucanue NpoBoAUMOro 3aHSITHS:
1. Vkaxute HOMep CTaTUYECKHU ONPEAECTUMON KOHCTPYKLHUH. (2)

@ F

2.Ha Ganky 4B nefictByet napa cui ¢ MomeHTOM M= 800 H * M. Onpenenuts MOMEHT B 3ajienke G eciu
AB=2wmu BC= 0,5 m. (200)

3. Ompenenuts peaximto onopsl A B kKH, ecu cuna F= 3 xH, yron o =30°, pasmepsr AB =BC. (3)

4 L
a4 4

<&

] = -
A
ocf>my
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4. ]IBa cTepkHSI COETUHEHBI B mapHupe B. OnpeneauTs MOMEHT B 3azienke A, eciau cwibl F1= 60 H, F, =
50 H. (240)

”’ A

i
1
|
\
|

L e LRV AR S

5. Onpenenuts peakuuu onop 4, B Cu mapuupa DcocraBHoil 6anku, n300pakeHHON Ha pUCYHKE
BMECTE C Harpy3Kom.
Omeem: X;=-28 kH, Ya=-4,4 kH, Yg = 22,2 kH, Yc=5 kH. Xp = 0, Yp=%5kH.

y q.—_- l Zf 7/” 6‘ T . ir
R
iy 7 AR
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6. Onpenenuts peakuu onop A, B, Cu mapuupa DcocraBHo#t 6anku, n300paxeHHON Ha PUCYHKE
BMECTE C Harpy3Koi.
Omeem: X;=3 xH; Ya= 13,8 xH; Yg=-6,6 xH; Y. = 10 xH, Xp=0; Yp=£5 xH.

7z
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7. Ha rnankoif TOpu30HTAIBHOM MJIOCKOCTH CTOUT MEPEBUKHAS JICCTHUIIA, COCTOAIIAs U3 JBYX
gacteit ACu BC nnunsl 3 M, Beca 120 H xaxnas, coennnenHsix mapHupom C u BepeBkoil EF;
paccrosiune BF= AE = 1 M; nenTtp Tsoxkectu Kaxaou u3 yacteit ,AC u BCHaxoauTcs B €€
cepeaune. B touke DHa paccrosaun CD= 0,6 M cTouT uenoBek, Becsamui 720 H. Onpenenuts
peakIuu MmoJjia ¥ MapHupa, a Takke HaTshkeHue 7 BepeBku EFecm yrom BAC =ABC=45°.
Omeem:R=408 H, Rg= 552 H, X, = +522 H, Y= +£288 H, T'= 522 H.

VA

2.6.3-2.7.3 Pe3yabTaThl U BHIBO/BI:
B pesynbrare npoBeieHHs MPaKTUUECKOTO 3aHATHS CTYICHT OCBOUT OCHOBHBIC TEOPETHUYECKUE
OCHOBBI MEXaHHWKH, METObI COCTABIICHHUS M MCCIICOBAHMs YPaBHEHUI CTaTHKH, HAYYUTCS COCTABISTh
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U paCCUUTbIBATb MEXAaHUYCCKYI0O CHUCTEMY II0 YpaBHCHUAM CTAaTHUKHU, OBJAACCT HaBbIKaMHU
HUCIIOJB30BaHUA MCTOO0B TeOpeTI/I‘-IeCKOI\/'I MCXAaHUKU ITPU PCHICHUU MMPAKTUYCCKUX 3a1ay.

2.8 IlpakTuueckoe 3ansiTue Ne§ (2 yaca).
Tema: «IIpocTpaHCTBEHHAs cUCTEMA CXOMSIIMXCS CUID»
2.8.1 3ananue 1J1s1 padoThl
1. ITonaTHE MPOEKIIUU CUITBI HA CKPEILMBAIOIIEECs] HAIIPaBICHUE.
2. YpaBHEHHS paBHOBECHS ISl POCTPAHCTBEHHOM cxopsIieics cuctemsl cuil. Chepuueckuit
(1apoBoit) mapHup.
2
.8.2 KpaTkoe onucanue mpoBOAMMOro 3aHITHS:
1.Tpu crepxusa AC, BCu DC coenunens! mapaupHo B Touke C. Onpenenuts ycwine B crepxkHe DC,
eca 3aaanbl cuiia F=50 H u yron a = 60°. Cuia F Haxoautcs B iockoctu Oyz. (—86,6)

2. Jlns mogpema TsoKeIbIX etaneit nmpumensiercst penora AOCB u nebenka D. Onpenenuts ycunue B
crepxHe AC, ecnu Bec moguuMaemoro rpysa 1 pasen 60 H, poc DCE nexwurt B muiockoctu Oyz, yrisl, =
60°, f=45°. (—19,1)

-

3. I'py3 Q= 100 H nomeprxuBaercst 6pycom AQ, MTapHUPHO 3aKPETUICHHBIM B TOUKE 4 1 HAKIIOHEHHBIM TTO]T
yriioM 45° K TOpU30HTY, ¥ IBYMsI TOpU30HTaTbHBIMU TietisiMi BO u CO oaunakoBoit mmuabl; CBO = BCO=45°.
Haiit ycunme S B Opyce u HatTsbkenvst 7 TieTeid.

Omeem: S=—141 H, T="71 H.

4. I'py3 QBeca 1 kH mozgemen B Touke D kak ykazaHo Ha pucyHke. Kperuienust crepkHeit B Toukax 4, Bu D
mapHupHele. OnpenenuTb peakuuu onop 4, B

uC.

Omsem: Ry=Rs=2,64 xH, R;=3,35 xH.
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5. Haittin ycrmst S 1 S B crepokasix AB m AC m yemime T'B Tpoce AD,ecin nano, uro CBA = BCA= 60°, EAD=
30°. Bec rpy3a P pasen 300 H. ITnockocts ABC ropmontansha. Kperienus crepxueli B Toukax 4, Bu C

IIapHUPHOE
Omesem: T= 600 H, $= S;=-300 H.

2.8.3 Pe3ybTaThl U BHIBOJBIL:

B pesynbprare mpoBeneHus MPaKTUYECKOTO 3aHITHS CTYJIEHT OCBOUT OCHOBHBIE TEOPETUUYECKHE
OCHOBBI MEXAHUKH, METOJIbl COCTABIIEHUS U MCCIIEIOBAHUSI YPABHEHUI CTATHKU; HAYYUTCS] COCTABIISTh
U PpacCUMTHIBATh MEXAaHUYECKYI0O CHCTEMY IO YpPaBHEHHUSIM CTaTHUKHU;, OBJAQJCET HaBBIKAMU
WCIIO0JIb30BAHUS METOI0B TEOPETUUECKOW MEXAHUKH MTPU PEIICHUH MPAKTUYECKUX 3a/1a4.

2.9-2.11 IlpakTuyeckoe 3ansitue Ne9-Nell (6 yacos).
Tema: «IIpocTpaHcTBEHHAsI MPOU3BOJIbHAS CUCTEMA CHUI»
2.9.1-2.11.1 3aganue 1Jst padoThI
1. IlonATHE MOMEHTa CUJIBI OTHOCUTENIBHO LIEHTPA U OCH.
2. MOMEHT CUJTbI OTHOCUTENIHHO CKPEIIMBAIOIIETOCS C JIMHUEH JICUCTBUS CUIIBI HAITPABIICHUS.
Teopema BaprHbOHa 0 MOMEHTE paBHOACHCTBYIOIIEH.
3. HunuHapuieckuii MOAIIUITHUK.
4. YpaBHEHUSI paBHOBECHUS MMPOU3BOJIBLHON MPOCTPAHCTBEHHON CUCTEMBI CHIL.
5. Pabora moansTHUKA B IPOCTPAHCTBEHHON KOHCTPYKIIUU.
6. CoueTtanue CBsI3€l UUIMHIPUYECKUIN MOAIIUITHUK — CKOJIB3s1as 3a1eika. OnpeneneHue
LIEHTPOB TSAKECTH.
2.9.2-2.11.2 Kparkoe onucaHue NpoBOAHMOIO0 3aHATHSI:

1. MomenT cuitsl F oTHOCHTENBHO TOYKH A 110 Moayitto paBeH M, (F) = 50 H*m u nanpasien mo

nuaronamn AC napamtenenuneaa. OnpeaeauTb MOMEHT 3TOH CHIIBI OTHOCUTENbHO ocu Oz, eciiu OA4 =
0,3Mmu AC=0,5 m. (—30)
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2. K Touke 4 npsMOyroibHOTO Mapajuienenumneaa npuioxena cuina F =4 *kH. Onpenennts MOMEHT
o 4
3TOM CHJIBI OTHOCUTEIBHO ocu Oy, eciu pasmepbl a= 10 M, b=6 M, ¢=20 m. ( 8 X 107)

Z

3. OnpeneauTh MOMEHT pacipe/ieIeHHON Harpy3ku oTHocuTeabHO ocu Oy, ecnu ( || Oz. [lano: =3
H/m, O4=2wm, AB=3 m. (31,5)
Z

4. K xonenuaromy Bany OA B Touke B nof yriiom, oo = 60° k ropu3oHTy npuioxena cuia F=10H,
KOTOpasi ypaBHOBELINBACTCSI Mapoil cuil ¢ MoMeHTOM M. Onpeenuts MOIyJIb MOMEHTa, ecin cua F ||

Oxzub=0,9 m. (7,79)

5. Ogaopoanas mrta OABC Becom G = 30 H ynepxnBaercsi B TOPH30HTATIHLHOM IMOJIOKCHUN
mapaupamu O, 4 u Tpocom BD. Onpenenuts HaTsDKEHUE Tpoca, eciiu a=2 M 1 yroi a= 60 ° (30)
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6. Ha ropu3oHTaIbHBIN BaJ, JEXKaIIMH B HOJIIUIIHAKAX A U B, ICHCTBYIOT: C OJIHOM CTOPOHBI, BEC Teja
Q=250 H, npusszannoro k mkuBy C paguyca 20 cM IOCPEJCTBOM TpOCa, a C IPYyroil CTOPOHBI BEC Tela
P =1 xH, nageroro Ha crepkeHb DE,Heu3MeHHO CKpeIICHHBIHN C BaJIOM AB 1o/ NpsiMbIM yriaoM. [{aHbl
paccrostaus: AC =20 cm, CD= 70 cm, BD= 10 cm. B nosioxenun paBHOBecus cTepkeHb DEOTKI0HEH
ot Beptukanu Ha yros 30°. Onpenenuts paccrosiuue | 1ieHTpa Tsxectu Tena P ot ocu Bania AB u
peaxiuu MoIIMITHUKOB A U B.

Omeem: 1= 10 cm, Zp= 300 H, Zg=950 H, X,=X3 = 0.

108

" ¢ pee—T | __4
1 L > 3% S

7. C moMol11p10 BOpOTa, CXeMaTHUECKU M300paXEHHOT0 Ha pUCYHKeE, yaepkuBaercs rpy3 Q=1 kH
Pamuyc 6apabana R= 5 cm. yimHa pykostku KD= 40 cm; AD= 30 cm; AC =40 cm; CB= 60 cwm.
Bepeska cxoaut ¢ 6apabaHa 1o kacaTelbHON, HAKIIOHEHHOW K TOPU30HTY 1oA yrioMm 60°. OnpenennTsb
naBiieHue P Ha PYKOSATKY U peakluu onop A U B pu TOM HOJI0KEHUU BOpPOTa, Korja pykositka KD
TOPU30HTAJIbHA.

8. Ha ropm3oHTanbHbIN Ba)l AB HacaxeHbI 3y0uaToe kojeco C paauyca 1 M u mectepHs D paguyca 10
cM. Jlpyrue pa3meps! ykazansl Ha pucyHke. K konecy C no HanpaBleHUIO KacaTelbHOUM MPUII0KEeHa
ropusonTtansHas cuiia P=100 H, a x mectepre D,takxe mo kacaTeIbHON, TPHIIOKEHA BEPTUKATIbHAS
cwia Q.Onpenenmuts crty Q U peakiuy MOIIMITHAKOB A U B B MOJIOKCHHHA PABHOBECHS.

Omeem:. Q=1 xkH, X,=-10 H, Xg =-90 H, Zo=-900 H, Zg=-100 H.
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9. OgHopoaHas npssMoyroiibHas Kpseiiika Beca P =400 H ynepxxuBaercst mpu oTKpeITOi Ha 60° Ha
ropu30HTOM TIpoTuBOBecoM Q. OnpenenuTh, mpenedperas TpeHrneM Ha osioke D,Bec Q u peakiuu
mapHupoB 4 u B, eciiu 610k D ykperuien Ha ogHoi BepTukamu ¢ A u AD=AC.

Omeem: Q=104 H, X; =100 H, Z,= 173 H, Xg = O, Zg=200 H

10. OmHopoaHas npsMoyrosbHast pama Beca 200 H mpukperuiena Kk cTeHe Mpu MOMOIIH [IIApOBOTO
mapHUpa A U NeTau B yaepKUBaeTCsl B TOPU30HTAIbHOM MOJI0KEHUH BepeBKOM CE, MpUBSI3aHHOHN B
touke C pambl ¥ K TBO3/10 E, BOMTOMY B cTeHY Ha 01HOM BepTtukanu ¢ A, mpuaem ECA= BAC = 30°.
OrnpenenuTh HATSHKEHUE BEPEBKU U OTIOPHBIE PEAKIUU.

Omsem: T =200 H, Xa=86,6 H, Ya= 150 H, Zy =100 H, Xz =Z =0.

K o4

2.9.3-2.11.3 Pe3yabTaThl U BHIBOJbI:
B pe3ynbrate mpoBeaeHHs MPAKTUISCKOTO 3aHATHSI CTYICHT OCBOUT OCHOBHBIE TCOPETHYCCKHE

OCHOBBI MCXaHUKH, METOAbI COCTABJICHHUA U UCCIICAOBAHUA ypaBHeHI/II\/’I CTATUKHU, HAYUUTCA COCTABJIATH
U paCCUUTbIBATL MEXAHUYCCKYI0O CHUCTEMY II0 YpPaBHCHUAM CTATUKHU, OBJAACCT HAaBbIKaAMU
HUCIIOJb30BaHUA MCTOO0B TCOpCTH‘ICCKOﬁ MCXAaHUKHU IIPU PCHICHUU MTPAKTUYCCKUX 3a1ay.

2.12 IlpakTnyeckoe 3anaTHe Nel2 (2 yaca).
Tema: «IIpuBenenue cucTeMsl CUII K pocTeiiemMy BUy. TpeHne ckoapxeHns U kadeHus. Llentp
TSKECTI

2.12.1 3apanue A5 padoThl

1. IloHsTHE II1aBHOTO BEKTOPA U INIABHOTO MOMEHTA. [IoHATHE YaCTHBIX CITyyaeB IPUBEIECHUS

CUCTEMBI CHIL.

2. YpaBHEHME LIEHTPAIBHOM OCH, IPUMEHEHNE HHBAPUAHTOB CUCTEMBI CHIL.

2.12.2 Kparkoe onucanue nMpoBOUMOro0 3aHATHS:

1. OnpenenuTh HEOOXOAMMYIO 3aTSKKY 00JITa, CKPETJISIONIETO IBE CTAITBHBIEC MOJIOCHI,
paspsiBaembie cunoid P= 2 kH. bonTt mocTtaBieH ¢ 3a30poM U He JOJKeH paboTaTh Ha cpes.
Koapduuuent tpenus mexay aucramu pases 0,2,

Ykazanue. bont He mommkeH paboTaTh Ha cpe3, MOITOMY €0 HAJ0 3aTAHYTh C TaKOW CHIIOHN,
YTOOBI Pa3BUBAIOIICECS MEXKAY JTUCTAMU TPEHUE MOTJIO MPEAOTBPATUTh CKOJbKEHHE JUcTOB. Cuia,
NEHCTBYIOMIAs BJOJIb OCU 00JITA, M SIBJIICTCS HCKOMOM 3aTSKKOM.

Omsem: 10 xH.
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2. BaroH, cnyckaronuiics no ykiaony B 0,008, 10CTHIHYB HEKOTOPOU ONpeaeICHHOM CKOPOCTH,
JIBUIKETCS 3aTeM paBHOMEpHO. ONpeneuTh COMPOTUBIICHUE RKOTOPOE UCTIBLITHIBACT BaroH mpu
3TON CKOpPOCTH, eciii Bec BaroHa paseH 500 kH.

YKJIOHOM MyTH Ha3bIBACTCSI TAHTEHC YIJjla HAKJIOHA MyTH K TOPU30HTY; BCIEICTBHE MAIOCTH YKJIOHA
CHUHYC MOXKCT 6bITB IMPUHAT PaBHBIM TAHI'CHCY 3TOI0 yrJjia.

Omeem: R= 4 xH.

3. [Toe3a mogHUMaeTCs O MPSAMOJIMHEHHOMY TTyTH, uMermeMy ykioH 0,008, ¢ mocTossHHON
CKOPOCTBIO; BEC Moe3/1a, He cunTas snekTpoBosa, 12000 kH. KakoBa cuna taru P3nexkTpoBo3a,
eciu compoTuBieHue ABMKeHUI0 paBHO 0,005 cuibl JaBleHUs Moe3a Ha PeybChl?

Otset: P = 156 kH.

4. OnpenenmTh KOOPAWHATHI IEHTpa TSHKECTH YETBEPTH KOJIbLIA, TOKA3aHHOTO Ha PHCYHKE.
OtBeT: Xc = yc = 1,38 cm.

4

Z

5. Haiitu nieHTp TsbKecTH JBYTaBpOBOrO MPOGHIIs, pa3Mepbl KOTOPOTO YKa3aHbI Ha PUCYHKE.
OtBeT: X. = 9 cm.

RN

2.12.3 Pe3yabTaThl H BHIBOJbI:

B pe3ynbrate npoBeaeHHs MPAKTUYECKOTO 3aHATHS CTYI€HT OCBOUT OCHOBHBIE TE€OPETHUECKHE
OCHOBBI MEXAHUKHU, METOJbI COCTABIICHUS U UCCIIEIOBAaHUS YPaBHEHUIN CTaTUKH; HAYUYNUTCS COCTABIATH
U pacCUMThIBaTh MEXAHMYECKYI0 CHCTEMY II0 YpPaBHEHMSM CTAaTHKH; OBJAJ€eT HaBbIKAMU
HCIIOJIb30BAHMS METOZ0B TEOPETUUECKON MEXAHUKH MPU PEIIEHNN IPAKTUYECKUX 3a/1a4.

2.13 IpakTuyeckoe 3ansaTue Nel3 (2 yaca).
Tema: «Tpenue ckonbxkeHus: u KaueHus. LIeHTp TsoxkecTH»
2.13.1 3apanue ajsi padoThI
1. 3akons! Kynona. Koa¢¢unment tpenust ckonbxenus. Konyc tpenus.
Koaddumnment tpenus kauenus. OnbiTHOE ompenencHue Kod(PhUIIMEeHTa TPEHUsI CKOJIBXKEHUS U
KaueHUsl.
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2. lentp mapammenbHbix cui. LIeHTp TSKECTH OJHOPOAHBIX TEN, IJIACTUH, cTepxkKHEW. LleHTp
TSKECTA KOHCTPYKLIUU.
2.13.2 Kparkoe onucanue NpoBOAUMOIo 3aHSITHSI:

1. Onpenenuts KOOPIUHATY X¢ IEHTPA TSHKECTH TUIOIIAAR KPyroBoro cekropa OAB, ecnu paauyc r=0,6
M, a yroi, o=30°. (0.382)

2. OnpeieuTh KOOPANHATY Xc IIEHTPA TSHKECTH 3aITPUXOBAHHOM IIOMAAU (GUTYpPBI, €CIM paguyc I =
2 m. (-0,126)

2.13.3 Pe3yabTaThl U BBIBO/BI:

B pesynbrare npoBefeHHs MPAKTUYECKOTO 3aHATHS CTYACHT OCBOMT OCHOBHBIC TEOPETUYECCKUE
OCHOBBI MEXaHUKHU, METOJIbI COCTABIICHUS M UCCIICIOBAHUS YPABHEHUHN CTATUKH, HAYYUTCS COCTABIISATH
M pPacCUYMTHIBATh MEXAHMYECKYH) CHCTEMY II0 YPaBHCHHUSM CTaTHKH; OBJQJICET HaBBIKAMU
WCIIOJIb30BAHMS METOIOB TEOPETUUECKON MEXaHHUKH TIPU PEIICHUU MPAKTUYCCKUX 3a/1a4.

2.14 IlpakTnyeckoe 3ansaTHe Nel4 (2 yaca).
Tema: «Knnemaruka. TpaekTopus U ypaBHEHUS JBUKEHUS TOUKN»
2.14.1 3apanue 1151 padoThl
1. 3agaua kunematuku. ['onorpad paauyc-Bekropa Touku. OcH €CTeCTBEHHOTO TPEXTPAHHUKA.
2. YpaBHEHMsI JBMKEHUS TOUKH IIPU PA3JIMYHBIX CIIOCO0ax 3aaHus e€ IBMKEHUSL.
3. BapuaHTbl Iepexo10B OT OJJHOTO cr1oco0a 3aJaHusl JBUKEHUS K IPYroMy.
2.14.2 Kparkoe onucanue NpoBOAUMOI0 3aHATHS:

1.3agaH0 ypaBHEHUE OBUWKEHUS TOUKH =3t + 4 1). Onpenenuts KOOPIAUHATY ¥ TOYKH B MOMEHT
BpeMeHH, Koraa =5 m. (4)

2. 3aJ1aHbl ypaBHEHUS JBHKCHHS TOUKH X = 2t, y = {. Onpenenuth BpeMs t, Korja pacCTOSHHAE OT TOUKH
710 Havaja KoopaAuHatT AocTurHet 10m. (4,47)

3. Ilo maHHBIM ypaBHEHUSM JIBUKEHHUS TOYKU HAMTH YpaBHEHUS €€ TPAeKTOPUH B KOOPAMHATHOM Gopme
W yKa3aTh Ha PUCYHKE HAIIPaBJICHHUE ABWKCHHS X = 3t- 5, y= 4 -2t.
Omeem: llonynpsimas 2x + 3y -2 =0 c Ha4aJoM B TOUKe X = -5,y = 4.

4. I1o 3a7aHHBIM YpaBHEHUSM JIBI)KEHUSI TOUKY HAWTH ypaBHEHUE €€ TPAeKTOPUH, a TAKKE YKa3aTh

3aKOH JIBUKCHHSI TOYKH 110 TPACKTOPHUHU, OTCYUTHIBAS PACCTOSHUE OT HAYAITBHOTO MOJIOKCHUS TOUKH.
— 212\ — A2

x =31y =4t

Omeem: Tlonynpsimas 4x — 3y = 0; s= 5t%,
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5. Ilo 3a1aHHBIM ypaBHEHUSIM JBIKEHHS TOUKW HAWTH YpaBHEHHUE €€ TPACKTOPHH, a TAKXKE YKa3aTh
3aKOH ABUKCHUA TOUYKH IO TPACKTOPHUU, OTCUUTHIBASA PACCTOAHUC OT HAYAJIbHOT'O IMOJIOKCHUS TOYKH.
x = acosit, y=asint

Omeem: OTpe3ok npsamon X+Yy-a=0, npuuem 0=x=q; s=aV2 sin?t

2.14.3 Pe3yabTaThbl H BHIBOABI:

B pesynbprare mpoBeneHus MPAKTUYECKOTO 3aHATHS CTYJIEHT OCBOUT OCHOBHBIE TEOPETUUYECKUE
OCHOBBI MEXAaHHMKH, METOJbl COCTABJICHHUS W HWCCICIOBAHUS YPAaBHCHUN KHHEMATHUKH; HAYIHTCS
COCTaBJISITh M PACCUUTHIBATH MEXAHUUYECKYI0 CHCTEMY II0 YpaBHEHUSM KHHEMATHUKH; OBJAJEET
HaBBIKAMU HCIIOIb30BAHUS METOJAO0B TEOPETUUECKOM MEXAHUKH MPHU PEIICHUH MPAKTUISCKHUX 3a/1a4.

2.15 llpakTuyeckoe 3ansaTue Nel5 (2 yaca).
Tema: «CxopocTh 1 yckopeHue Touku. CriocoObl 3a1aHusl JBUKEHUS TOUKID
2.15.1 3apanue A5 padoThl
1. Onpenenenne CKOPOCTH MPH Pa3IMYHBIX CIIOCO0AaX 3a7aHus ABHIKEHHUS.
2. [lonsTue yckopeHus. Beuncienue yckopeHus Ipy pa3iMyHbIX cioco0ax 3aJaHus JBUKECHHUSL.
3. uddepenuupoBanre BeKTOpa MOCTOSHHOIO MOAYJIS IO HE3aBUCUMOMY CKaISIpPHOMY
apryMeHTYy.
4. KacareiapHO€ ¥ HOPMAJIBHOE COCTABJISIOIINAE YCKOPEHUS.
5. Buasl nBrkeHus Touku. Kpurepuu ux pacrio3HaHuUs.
6. I'padpuxu 1BMOKEHUS.
2.15.2 Kparkoe onucanue nMpoBOUMOro 3aHSATHS:

1.CxopocTb aBrkeHust Touku V=2t + 3] Onpenenuts yroi B rpagycax MexI1y BEKTOPOM CKOPOCTH U
oceio Ox B MOMeHT BpeMenu t=4 ¢ (20,6)

2. CamoreT npu nocajike KacaeTcs 0CcaJOYHOM MOJIOCH! C TOPU30HTAIbHOM cKOpocThio 180 km/u.
[Tocne mpobera 1000 m camoner ocranaBnuBaercs. OnpeaenuTh MOYJb CPETHETO 3aMeJICHUS
camornera. (1,25)

3. Cxopoctb aBToMoOmIst 90 km/4. OnpeenuTs MyTh TOPMOKEHHUS JO OCTAHOBKH, €CJIH CPEIHEE
3aMeiieHne aBToMoOmIst paBHo 3 m/c. (104)

2.15.3 Pe3yabTaThl M BBIBOBI:

B pesynbprare nmpoBeneHHs] MIPAKTUYECKOTO 3aHATUS CTYJEHT OCBOUT OCHOBHBIE TEOPETUUYECKHE
OCHOBBI MEXAaHHMKH, METOJbl COCTABJICHHUS W WCCICIOBAHUS YPAaBHCHUN KHHEMATUKH; HAYYUTCS
COCTaBJSATh M PACCUUTHIBATh MEXAHMUYECKYI0 CHCTEMY IO YpPaBHEHUSM KHHEMATHUKH; OBJAJEET
HaBBIKAMU UCIIOJIb30BAHUS METOI0B TEOPETUUECKON MEXAHUKHU TIPH PEIICHUH MPAKTUIECKUX 3a/1ad.

2.16-2.18 lIpakTuyeckoe 3ansTue Nel6-Nel8 (6 yacos).
Tema: «CocraBHOe nBux)eHHe Touku. [IpocTelimue npmxenus TBEpAOro Tena. [lnockoe ABukeHne
TBEPIOTO TEJIA»
2.16.1-2.18.1 3apanue s padoThl
1. [lepeHoCHOE, OTHOCUTENHHOE U A0COTIOTHOE JBUKCHHUS.
2. CKOpOCTh TOYKHU B COCTABHOM JBUKCHUHU.
3. YckopeHue TOUKH B cOCTaBHOM JiBHKeHHH. JlononHuTensHoe (KoproincoBo) yckopeHue.
4. IloctynarenpHOe ABM>XKEHHE TBEPAOTO Tena. CKOPOCTH M YCKOPEHHUS TOYEK TBEPAOIO Tena MpH
MOCTYTATEIbHOM JIBUXKEHUU.
5. Bpamenue tBépaoro tena. [loHsTHE YIIIOBOW CKOPOCTH M YTIIOBOTO YCKOPEHUS KaK BEKTOPHBIX
BeMYuH. COOTHOILIEHUS MEXY JTUHEUHBIMU U YTJIOBBIMU KHHEMATUUYECKUMU XapaKTePUCTUKAMU.
6. Teopema 0 POEKIMAX CKOPOCTEW ABYX TOUEK TBEPAOIrO Tejla Ha JIMHUIO, COCIUHSIONIYIO TH

TOYKH.
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7. IloHsiTHE MTHOBEHHOTO IIeHTpa cKopocTel. COOTHOILIEHHE MEXAY YCKOPECHHMSIMU JIBYX TOUYEK
TBEPOTO TeJla COBEPIIAIOIIETO TIOCKOMApauIeIbHOE JBUKEHHUE.
2.16.2-2.18.2 KpaTtkoe onucanue mNpoBoUMOro0 3aHSITHSA:

1. TIpOeKIHH CKOPOCTH TOYKH BO BPEMS ABHIKEHHS ONPEICISIOTCS BhIpaKkeHuaMit: i=0,2 t2, W=3 m/c.
Onpenenuts KacarelnbHOE YCKOPEHHE B MOMEHT BpeMeHu t=2,5¢. (0,385)

2. ABTOMOOWIIb IBUXKETCSI TI0 TOPU3OHTAIBHON JOPOTe ¢ MOCTOSHHOW CKOPOCThIO V=90 KM/4.

OnpenenuTh paguyc 3aKpyrieHHs JOPOTH B MOMEHT BPEMEHH, KOTIa HOPMAIIbHOE YCKOPEHHE LIEHTpa
2

aBTOMOOMIIA a, = 2,5 m/c”. (250)

2
3. 3agaH 3aKOH JIBWKEHUS TOUKH 110 Tpaekropuu: S=0,5t°. OnpenenuTs yroma B rpagycax Mexay
BEKTOPaMH CKOPOCTH U IOJIHOTO YCKOPEHUs TOUKU B MOMEHT BpeMeHH 1 = 3 ¢, Korja paguyc KpUBU3HbI
p = 4wm. (66,0)

4. HopManbsHOE yCKOpEHUE TOYKH M AHCKa, BPAIaloIIerocs BOKPYT HETIOBUKHONW OCH, PaBHO 6,4 M/C
2, Omnpenenutsb yrioByl CKOPOCTh ® 3TOTO AKMCKa, eciu ero paauyc R = 0,4 m. (4)

5. [1o rpanu npu3Mbl, ABMKYIIEHCS CO CKOPOCTBIO Ve , CKOJIB3UT KOHEII cTepkHs AB. Ilpu kakom yrie a
B rpajiycax abCOOTHAsI CKOPOCTh TOUYKH A OylIeT paBHAa CKOPOCTH MPH3MBI V ¢? (45)

2 Tras
6. [Toe3n ABIKETCS CO CKOPOCTHIO 72 KM/, TIPH TOPMOYKEHHH OH TIONTyJaeT 3ameyieHne, papHoe 0,4 m/c”. Haiiru,
3a KaKoe BpeMsI JI0 MPUX0/1a Moe3/]a Ha CTAHIIMIO U Ha KaKOM OT Hee PacCTOSHUH IOJKHO OBITh HAYaToO
TOPMOYKEHHE.

Omeem: 50 ¢, 500 m.

7. Ioe3n, umest HaYATBHY!O CKOpOCTh 54 kM/4, Tiportrent 600 M B iepbie 30 ¢. Cuunrtast IBIKEHHE TIOe3/1a
PaBHOMIEPEMEHHBIM, ONPEIETTUTH CKOPOCTh M YCKOPEHHE Moe3/1a B KOHILIE 30-i CEKYH/IbL, ECJI PACCMaTPUBAEMOE
JIBVKEHUE TT0€3]1a IPOUCXOIUT Ha 3aKpyriieHn: paanyca R=1 km.

Omeem: v=25 m/c, ©=0,708 m/c’.

8. 3akpyriieHre TPaMBafHOTO ITyTH COCTOUT M3 IBYX JyT pamuycoM pr= 300 M u pp =400 m. LIeHTpabHbIe yriTbl
a3= ap = 60°. [TocTpouTs rpadvk HOPMATEHOTO YCKOPEHHS BATOHA, WAYIIETO 0 3aKPYITICHHIO CO CKOPOCTHIO
V=36 KM/M.
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9. [Toe3 IBIKETCS paBHO3AMEICHHO I10 JTyre OKpYKHOCTH paauyca R=800 M 1 ipoxomut myTh S= 800 M, umest
HaYaIbHYIO CKOPOCTH W= 54 KM/4 ¥ KOHEuHYI0 V= 18 km/4. OnpeieNnTh OJIHOE YCKOPEHHE TI0e3/1a B Havajie v B

KOHLIE JTyTH, a TAK)KE BpEMsI IBU>KEHUSI T10 3TOU JIyTe.
Omeem: Wo= 0,308 m/c?, 0o = 0,129 m/c?, T=80 c.

10. Haiitu TpaeKTOopuro TOYKH M IIaTyHa KPUBOLIMITHO-IIOI3YHHOTO MexaHu3Ma, ecim I = | = 60 cm, MB= Yl
@=4mt (t— B cexyH1ax), a TAKKE OMPEICIUTH CKOPOCTh, YCKOPCHHE U PaZiyC KPUBU3HBI TPACKTOPUH TOUKH B
MOMeHT, koraa ¢ = 0.

2 2
Omeem: Dmric 1’5? + 23]?:1 NV=80m cm/c, w=16007" cm/c? , p~=4cm.

11. Haiiti ckOpOoCTbh MOJ3yHA B HECHTPAIFHOTO KPUBOIIIMITHOTO MEXaHM3Ma IPH JIBYX TOPH30HTAIBHBIX U JIBYX
BEPTUKATHHBIX TIOJIOKESHUSIX KPUBOILIHIIA, BPAIIAIOIIECrocs BOKPYT Basia O ¢ YIIIOBOM CKOPOCTHIO M =1,5 pay/c,
ect O4=40 cm, AB =200 cm, OC =20 cm.

Omeem: vi=v3 = 6,03 cm/c, v, =v4 =60cMm/C.

12. Kpusormrn OA mmisb! 20cM BpalaeTcst paBHOMEPHO C YITIOBOH CKOPOCTHIO o= 10 paz/c v mprBoaUT B
nprkenre maryH AB nvnbl 100 cM; non3yH B nBukercs o BepTukaii. Hailti yriioByro CKOpoCTh U YIJIOBOE
YCKOpEHHeE I1IaTyHa, a TAKKe YCKOPEHHE MoNI3yHa B B MOMEHT, KOT/Ia KPUBOLLIUI U IIaTyH B3aUMHO
NePHEH/MKYIISIPHBI M 00pasytoT C TOPH30HTATIBHON OChIO YIIbI 0=45°

u =45°.

Omeem: =2 pan/c, &= 16 pamcz, g =1565,6 eMm/c2.
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2.16.3-2.18.3 Pe3yabTaThl U BHIBOJBI:

B pe3ynbrate nmpoBeaeHHs MPAKTUICCKOTO 3aHATHS CTYJICHT OCBOUT OCHOBHBIE TCOPETHYCCKHE
OCHOBBI MEXaHHKH, METOJIbI COCTABJICHHSI W WCCICJAOBAaHUS YPABHCHUW KWHEMATHUKH, HAyYUTCS
COCTaBIIAITh M PACCUYUTHIBATH MEXAaHHYCCKYI0 CHCTEMY II0 YypaBHCHUSM KHHEMATHKU; OBJAICCT
HABBIKAMHU HCII0JIb30BAHMS METOJ0OB TEOPETHUSCKON MEXAHHUKH MPU PEIICHUH TPAKTHYCCKUX 3a/1a4.

2.19 IpakTuyeckoe 3ansaTue Nel9 (2 yaca).
Tema: «/lunamuka Touku. IlepBas ocHOBHas 3aaya TMHAMUKH TOYKU. BTopas ocHOBHas 3ajaua
TMHAMUKA TOYKH»
2.19.1 3apanue aJst padoThI
1. 3aKOHBI AMHAMUKH.
2. TlocnenoBaTesbHOCTh PEIICHUs 3a4a4l JTUHAMUKH.
3. AuddepeHunanbHble ypaBHEHUS ABHXKEHUS TOUKH B KOOPJMHATHON U €CTECTBEHHON (hopMax.
4. YactHble ciaydyau perieHus Tud@epeHIHaTbHbIX YpaBHEHUH IBM)KEHUS B KOOPAMHATHON M
€CTECTBEHHOH (opMmax.
5. Omnpenienenue MOCTOSTHHBIX HHTETPUPOBAHUS TU(PGEpEeHIIMATbHBIX YPAaBHEHUN ABHKCHHUSL.
6. JlBuxkeHue Tena OpOIIEHHOrO MOJ YIJIOM K TOpU3OHTY. JIBHKeHHE TOJ AEMCTBHEM CHIIbI
3aBUCSLIEN OT CKOPOCTH.
2.19.2 Kparkoe onucanue NpoBoANMOro 3aHITHS:

1. derans maccoit m = 0,5 KT CKOJIB3UT BHU3 110 JIOTKY. [1o/1 KakuM yriiom K TOpU30HTaIbHON
TLIOCKOCTH JOJIKEH PACIIONAraThCs IOTOK, JUTS TOrO 9TOGbI ACTATb ABHTANACh C YCKOPEHHEM a = 2 M/c?
VYron BbIpa3uTh B rpagaycax. (11,8)

2. OnpenenuTs MOYJb PAaBHOJEHCTBYIOIIEH CHJI, IEUCTBYIOIIMX HA MAaTEPUAIbHYIO TOUKY MAacCOd m =
3 Kr B MOMEHT BpeMeHH {= 6 ¢, eciu oHa aBmkeTcs o ocu Ox cornacHo ypaBHenuto x =0,04 £, (4,32)

3. B maxre omyckaetcs paBHoyckopeHHO TudT macen 280 kr. B mepseie 10 ¢ on npoxoaut 35 m. Haiitu
HaTsDKEHUE KaHaTa, Ha KOTOPOM BUCHT JIU(T.
Omeem. 2548 H.

4. T'py3 M maccei 0,102 xr, moiBeIIeHHBIH HAa HUTH JUIMHBI 30 CM B HEMOABMXKHOM Touke O,
MPEACTABISIET COO0M KOHMYECKUN MASTHHK, T. €. OMUCHIBACT OKPYKHOCTh B TOPHU30HTAITHHOU
MIJIOCKOCTH, IPUYEM HUTH COCTABIISIET C BEpTUKANBIO yrou 60°. Onpenenuts CKOpOCTh V Ipy3a U
HaTsbkeHue T HUTH.

Omeem:v=2,1 m/c, T=2H.
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5. Tspkesoe Temo CIrycKaeTcs Mo IIaJKOH MIIOCKOCTH, HAKJIIOHEHHOM 1moJ1 yriioM 30° K TOpU30HTY.
HaiiTh, 3a kakoe BpeMs Teso npoiaer nyth 9,6 M, eciu B Ha4aJIbHBI MOMEHT €r0 CKOPOCTh paBHSJIACh
2 m/c.

Omeem: 1,61 c.

2.19.3 Pe3yabTaThl U BBIBO/BI:

B pesynbrate npoBeaeHHs MPAKTUYCCKOTO 3aHATHS CTYJCHT OCBOUT OCHOBHBIC TCOPETHYCCKHE
OCHOBBI MEXAaHHMKH, METOJbl COCTABJICHUS U WCCIICIOBAaHUS YPaBHCHWH JUHAMHUKHU; HAYUUTCS
COCTaBJIATh U PACCUMTHIBATH MEXAHHMYECKYIO CHCTEMY 110 YPAaBHEHHSIM JTUHAMHUKH; OBJIAJICET HAaBbIKAMH
WCIIOJIb30BAHMS METOIOB TEOPETUUECKON MEXaHUKH MPU PEIICHUU MPAKTHYCCKHUX 3a/1a4.

2.20 IIpakTnueckoe 3ansitue Ne20 (2 yaca).
Tema: «Konebanus. KonebarensHoe ABIKEHUE TOUKN
2.20.1 3apanue aJsi padoThI
1. CBoGonnbie konebanus. Crarmueckas nedopmanusi. Yacrora, mepuon, HavaimpHas ¢asza H
aMIUTUTYAA.
2. 3aryxaromue kosnebanusa. HauanpHble ycnoBus. JlekpeMeHT W jJorapu(MUYEcKuil JeKpeMeHT
Kosie0aHui. Y ca0BUe NEPUOAMYHOCTH U allepUOJUUHOCTH JIBUKEHUS.
3. BeIHY)KICHHBIE U BBIHYICHHBIC TIPY HATUYAW CONPOTHBIICHHS.
2.20.2 Kparkoe onucanue NpoBOAUMOI0 3aHATHS:

1. Ha matepuanbHyro Touky Maccoit m = 20 Kr, KoTopasi ABUXKETCS [0 TOPU30HTAJIBHOM NPSAMO1,
JefCTBYeT cuiia conpoTuBiieHus R =0,2V%. 32 CKOJIBKO CEKYH/JI CKOPOCTbh TOYKU yMeHbuTcs ¢ 10 10 5
m/c? (10)

2. IuddepennunanbHoe ypaBHEHHE KOJIeOaTeNbHOTO IBMKEHUS Tpy3a Mmaccoit  m=0,5 kr,
MIOJIBELLIEHHOTO K MpYyKuHe, uMmeeT Buf ¥ + 60y = 0. Onpenenuts KodpHUIUEHT )KECTKOCTH MPYKUHBIL.
(30)

3. [Ipu ckopoCcTHOM cITyCcKe JBDKHUK Macchl 90 KT CKOIB3WII 1O CKIOHY B 45°, HE OTTaIKUBAsICh
nankamu. Kospdunwent tpernst gk o cuer f = 0,1. ConpoTuBieHre Bo3ayxa IBUKCHUIO JbDKHAKA
MPOIOPIIMOHAIILHO KBaJpaTy CKOPOCTH JIbDKHUKA U TIpH ckopoctu B 1 M/c paBHo 0,635 H. Kakyro
HauOOJIBIIIYIO CKOPOCTHh MOT Pa3BUTh JDKHUK? HacKOIBKO yBETHUUTCS MaKCUMalIbHASI CKOPOCTh, €CITH
Mo100paB JTyYIIyIO Ma3b, JIBDKHUK YMEHBITUT Kodhdunuent tpenus go 0,057

Omeem: v 1 max= 29,73 M/C; CKOPOCTh YBETUUUTCS 10 V 2 max—= 30,55 m/c.

4. I1pu yrne 6pocaHus a cHapsA1 UMEET FOPU30HTAIbHYIO JadbHOCTh 1, . OnpenenuTs ropu30HTaIbHYIO
JabHOCTh MpH yriie Opocanusi, paBHOM o/2. CONpOTHBIIEHUEM BO3yXa MIPeHeOpeyb.

OtBeT: lyp=
2cosa

5. I'py3 Q,manas ¢ BeicoThl h= 1 M 6e3 Ha4aIbHOW CKOPOCTH, yIapsAeTCs 00 YIPYTryi0 rOPU30HTATIBHYIO
0aJKy B ee cepeuHe; KOHIIbI OaKu 3aKperuieHbl. HamucaTs ypaBHeHHE JalbHEHIIEro IBUKECHUS TPy3a
Ha OaJsike, OTHECs IBUKEHUE K OCH, IPOBEICHHON BEPTUKAIBHO BHU3 U3 MOJIOKEHHSI CTATUYECKOTO
paBHOBeCHs rpy3a Ha Oaike, €cIM CTaTUYeCKHi Mporud Oanku B ee cepeauHe MpH yKa3aHHOM Harpys3ke
paBen 0,5 cM; Maccoli OanKku MpeHeOpeyb.
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Omeem: x = (—0,5 cos44,3t+ 10 sin44,3t) cm.

2.20.3 Pe3yabTaThbl U BHIBOABI:

B pesynbprare mpoBeneHus MPAKTUYECKOTO 3aHATHS CTYJIEHT OCBOUT OCHOBHBIE TEOPETUUYECKUE
OCHOBBI MEXaHUKH, METOJBl COCTaBJIICHHS W WCCJICIOBAHHMS YPaBHCHUM JWHAMUKH, HAayIUTCS
COCTaBJISITh U PACCUUTHIBATh MEXAHUYECKYIO CUCTEMY IO YPAaBHEHUSIM IMHAMUKH; OBJIa/ICET HaBBIKAMU
HCIIOJIb30BaHMS METO0B TEOPETUUECKOW MEXaHUKH ITPU PEIICHUH MPAKTUYECKUX 3a1a4.

2.21-2.22 MlpakTuyeckoe 3ausaTue Ne21-22 (4 yaca).
Tema: «/lunamuka cucremsl. Teopema 00 U3MEHEHUU KOJIMUYECTBA ABHIKEHUS
2.21.1-2.22.1 3aganue ajs padoThl
1. Kosnn4ecTBO IBMXKEHUS TOUKH, TBEPAOIO TeJa U MEXaHUYECKON CUCTEMBI.
2. [lonstue ummnyinsca. IlpuMeHenne cieacTBUN U3 TEOPEMBI
3. Teopema o nBuxkeHHH 1IeHTpa Macc. IloHATHe LeHTpa Macc MEXaHUYECKOW CHCTEMBI.
4. [lpumeHeHue caeICTBUN U3 TEOPEMBI.
5. Omnpenienenue riIaBHOro0 BEKTOPa CUCTEMBI C TIOMOIIBIO TEOPEMBI.
2.21.2-2.22.2 KpaTkoe onucanue MpoBOAUMOro 3aHSITHS:

1. TpyOka Bpamaercsi ¢ yrioBoi cCKOopocThio ® = 10 pan/c. OTHOCUTENEHO TPYOKH IBUXKETCS mapuk M
Maccoi m = 0,2 Kr co ckopocTbio Vy =4 m/c. OnpeaenuTs MOAY/Ib KOIMYeCTBa IBUKEHHS IIapHKa B
MOMEHT BpeMeHH, korjaa paccrosiaue OM =0,4 m.(1,13)

773

M

2. OpHOpOIHAS TIPSMOYTOJIbHAS TIACTHHA Maccoi m = 12 Kr Bpammaercs ¢ yriioBoi ckopocThio @ = 10
pan/c. OnpenenuTh MOIYJb KOJHUUECTBA IBHIKEHHS TUIACTUHBI, eciii pasmepsl |3 = 0,6 m, |, = 0,8 m. (60)

3. OnpenenuTb KOOPAUHATY X, LIEHTPa Macc KPUBOLIMITHO-TIOJI3YHHOT'O MeXaHu3Ma Ipu yriax ¢ = 90 u
a =30, ecnm macca kpuBomwma 1 paBHa 4 xr, a Macca maryHa 2 paBHa 8 kr. lllaryn 2 mymnoii 0,8 m
CUHUTATh OJTHOPOIHBIM cTepkHeM. Maccoit mon3yHa 3 mpenedpeus. (0,231)

4. TTo mepoxoBaToil HAKIIOHHOMW MJIOCKOCTH, COCTABIISIONICH ¢ TOPU30HTOM yroi a=30°, cyckaercs
TsDKEII0e Tesio 06e3 HauallbHOU CKopocTH. ONpenenuTh, B TCUCHUE KaKOro BpeMeHu 1 Teslo MporIeT MyTh
amunbl | = 69,2 M, eciiu koadduruent tpenus f = 0,2.

Oteer: T =5 c.
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5. Haiitn uMmysibc paBHOICUCTBYIONICH BCEX CHUI, ACHCTBYIONTUX HA CHAPSAI 32 BpEeMsl, KOTJa CHapsII U3
HavyaJbHOTro nojiockeHus O TIepeXoauT B HauBkICIIee rmooxkenue M. Jlano: Vo= 500 m/c; ap = 60°; v1 =
200 m/c; macca cHapsiza 100 kr.

Omeem: Ilpoexuun umiyibca paBHoAeicTBytomeil: S,=-5000 H*c, S,=-43300 H*c.

¥

z-

6. Kosteco KaTUTCSI CO CKOJIBKEHUEM 110 TOPU30HTAILHOM MPAMOH M0 AeHCTBHEM CHITBI F,
n300paKeHHO# Ha pucyHke. Haiitu 3akoH aBrxenus nentpa mace C Koeca, eciid Ko3)OUIHeHT
TpeHus ckoibkenus paset f,a F=5fP, rne P—Bec koneca. B HawanbHBIi MOMEHT KOJIECO HAXOAMIOCH B
IOKOE.

Otser: x, = 2fgt?.

L
N

7. Tpu rpy3a maccel M1 =20 xr, M, = 15 xr u M3 = 10 Kr coeTuHEHbI HEPACTSHKUMOW HUTHIO,
nepeOpouieHHoN yepe3 HenoBrxkHbIe 0s1oku L u N.ITpu onyckanuu rpysa M1 BHU3 Tpy3 Mo
nepeMeIaeTcs Mo BEpXHEMY OCHOBAHUIO YEThIPEXyrojbHON yceueHHoU nupamuiel ABCD maccer M =
100 xr BrpaBo, a rpy3 M3 nognumaetcs o 60koBoi rpanu 4B BBepX. [Ipenebperas TpeHueM MexIy
yceueHnHo# mupamuaoit ABCDwu mosoMm, onpeaenuTs nepemenienne ycedeHHon nupamusl ABCD
OTHOCHTEJILHO T10J1a, €CIIU Tpy3 M1, omycTuTcs BHU3 Ha 1 M. Maccoil Hutu npeHebpeys.

Omeem: Bneso Ha 14 cm.

8. [ToiBM>KHO¥ MMOBOPOTHBIN KpaH JIsl PEMOHTA YIUYHON 3JIEKTPOCETH YCTAHOBIICH HA aBTOMAIIIMHE
Mmaccsl 1 1. JIronbka K KpaHa, ykperieHHasi Ha cTepkHe L,MokeT moBOpaunBaThCsi BOKPYT
rOpU30HTAIBHONU ocu O, NEPIEHUKYIIIPHON IIJIOCKOCTH PUCYHKA. B HauanbHBI MOMEHT KpaH,
3aHMMABILIUH TOPU30HTAIBHOE MOJIOKEHUE, U aBTOMAIlIMHA HAXOAWIUCH B Tokoe. OnpenenuTsb
IIepEMELIEHIE HE3aTOPMOKEHHON aBTOMAILIMHBI, €CJIM KpaH NoBepHyJcs Ha 60°. Macca 01HOpOAHOTO
crepkns L mmuner 3 M paBHa 100 kr, a monbku K=200 xr. [leaTp macc C monbku K oTcTOUT 0T ocu O
Ha pacctostaun OC = 3,5 M. ConpoTHBICHHEM JABMXCHUIO MTPEHEOPEUb.
Omeem: HanpaBo Ha 32,7 cM.
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2.21.3-2.22.3 Pe3yJabTaThbl U BHIBOABI:

B pe3ynbrate mpoBeAeHHs MPAKTUIECKOTO 3aHATHSI CTYICHT OCBOUT OCHOBHBIE TCOPETHYECKHE
OCHOBBI MEXaHHMKH, METOJbI COCTABJICHUS U HCCIICIOBAaHUSA YPAaBHCHWH JHHAMHUKH; HAyYHUTCS
COCTaBIISATh U PACCUUTHIBATH MEXaHMYECKYIO CHCTEMY 10 YPAaBHCHHUSM JIMHAMUKH; OBJIAJICCT HABBIKAMU
MCIIOJIb30BAHMS METOJIOB TEOPETHUUYCCKON MEXaHHUKH MPU PEIICHUN PAKTUYCCKUX 3a/1a4.

2.23-2.24 llpakTnyeckoe 3ansaTue Ne23-24 (4 yaca).
Tema: «OcHOBHBIE TeOpEMbI TMHAMUKH. Teopema 00 H3MEHEHNN KHHETUYECKOTo MoMeHTa. Teopema 00
W3MCHCHUN KHHETUYCCKON YHEPTHI)
2.23.1-2.24.1 3apanue ajst padoThl
1. MOMEHT KOJIMYeCTBa JBMKCHUS TOUKH. KHHETHYEeCKMii MOMEHT TBEPIOTO Tea B
MOCTYIATEILHOM, BPAIATEIbHOM M TUIOCKOIIAPAJIICIIBHOM JIBUKCHUSX.
2. MOMEHT KOJIMYeCTBa ABMKCHUS MEXaHHUECKON CHCTEMBbI. 3aKOHBI COXPAHCHUS KHHETUIECKOTO
MOMEHTA.
3. Kuaetndeckasi SHEpPTHsl TOUKH.
4. Kunetnueckasi SHEprusi TBEPIOTO TeJia MPH MOCTYIATEIbHOM, BpaIlaTeIbHOM U
TJIOCKOTIAPAJUICITIEHOM JIBUKCHHSIX.
5. Kunetndeckasi JHeprusi MEXaHUYECKOW CUCTEMBI.
6. Onpenenenue pabOThI CUJIBI U TTAPhI CUJL.
2.23.2-2.24.2 KpaTkoe onucanue MpoBOAUMOI0 3aHATHS

1. CkopocTh MaTepuaIbHON YTOUKH Maccoit m = 1 Kr onpenensiercs BoipaxkeHunem V=2 ti + 4 tj +5k.
OmnpenenuTs MOTyJIh MOMEHTA KOJTMYECTBA IBMYKEHHUSI TOYKH OTHOCHTEIBHO Hayajia KOOPAMHAT B
MOMEHT BpeMeHH t = 2 ¢, Korja ee KOOpJUHATHI X = 2M, Y = 3M, Z = 3M. (10)

2. TpyOka paBHOMEPHO BpalaeTcs ¢ yrioBoi ckopocTeio ® = 10 pan/c. ITo TpyOke ABHKETCS MapuK
Maccoid m =1 xr. OnpeaenuTs MOMEHT KOJIMYECTBA JIBIYKESHUS IIAPUKA OTHOCUTEILHO OCH BPAIICHUS
TpyOKH, Korna pacctosaue OM = 0,5 M U CKOPOCTh MIapUKa OTHOCUTEIBHO TPYOKH V, =2 M/c. (2,5)

3. OnHoponHbIi cTepykeHb MHOM | = 1 M 1 Maccoii m = 6 Kr BpalaeTcs ¢ yriioBoi ckopocthio ® = 10
pan/c. OnpenennTh KHHETUYECKU MOMEHT CTEPXKHsI OTHOCHTENbHO 1eHTpa O. (20)

4. I'py3 maccoit m=0.4 kr nmoxBemieH Ha HUTH AIMHHON L=1M. Kakyio paboTy coBepIaer cuia TsHKEeCTH
rpy3a IpH MepeMEIEHHH €r0 B BEPTUKAIBHOM IIIOCKOCTH M3 MOJIOKeHus 2 B mostokenue 1.(-3,92)
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5. T'mppka M nipuBsizaHa K KOHITY HepacTshkumoi HUTH MOA, wacth koTopoii OA mpomylieHa yepes
BEPTUKAIbHYIO TPYOKY; THpbKa ABMXKETCS BOKPYT OCH TPYOKH 1O OKpyKHOCTH paauyca MC = R, nenas
120 06/muH. Meienno BrsiruBas HUTh OA B TpyOKY, YKOPAUMBAIOT HAPYKHYIO YaCTh HATH JIO JUTUHBI
OM;, ipu KOTOPO# TMpbKa OMUCHIBAECT OKPYKHOCTH paguycoM R/2.Ckoibko 000pOTOB B MHHYTY
JIeJIaeT TUPbKA M0 3TOW OKPY>KHOCTHU?

Omeem: 480 06/MuH.

6. OgHOpoaHBINM KpyrIIbli Auck Macckl M = 50 kr u paanyca R= 30 cM katutcs 6e3 CKOJIbKEHUS 110
TOPU3OHTAILHOM TUIOCKOCTH, Jiesiast BOKPYT cBoeit ocu 60 06/MuH. BEIYUCIUTH TTITaBHBI MOMEHT
KOJIMYECTB ABM)KEHUS TUCKA OTHOCUTENBHO Ooceil: 1) mpoxosiieit uepe3 HeHTp AucKa
MEePIEHIUKYIISIPHO TIOCKOCTH JIBIXKEHHUS; 2) OTHOCUTEIFHO MTHOBEHHOU OCH.

Omeem: 1) 14,1 KF*MZ/C; 2)42,3 Kr*m/c.

7. BeIYuCIUTh TJIaBHBI MOMEHT KOJIMYECTB JIBH)KCHHS TUTAHETAPHOH TIepe/layd OTHOCUTEIBLHO
HETIOIBM)KHOM OCH Z,COBIaaoNIeH ¢ ochio BpamieHust kpuomuna OCs. Hemoasuxuoe kojeco | u
MOABMKHOE KOJIeco 3-0AMHaKOBOro pajaunyca . Macca koineca 3 paBHa m. Koneco 2 Mmaccel my umeer
panuyc rp. KpuBommn Bpaniaercs ¢ yriioBol CKOPOCTBIO, IPOEKIHsI KOTOPOW HAa OCh Z paBHA ;.

Maccoit KpuBoOIIHXIIia npeHe6peqL. Koneca cunrath OIHOPOJAHBIMU NHUCKAMH.

. _my 2r +3r)+ 8m (r +1y)
OtBer: Lo,= . (r+n)w,

8. Jlns1 onpeneneHus MOMEHTa TpeHuUs B 1arndax Ha BaJl HacaxxeH MaxoBUK Macchl 500  kr; panuyc
WHEPIMU MaxoBUKa p =1,5 m. MaxoBuKY COOOIIIEHA YTJIOBasi CKOPOCTh, COOTBETCTBYIOIIAS /1 =
240 06/MuH; Ipe1oCTaBICHHBIN camMoMy cebe, oH ocTaHoBuIICs yepe3 10 MuH. OnpeaenuT MOMEHT
TPEHMUSI, CYUTAsI €TO MOCTOSHHBIM.

Omeem: 47,1 H*m.

2.23.3-2.24.3 Pe3ybTaThl M BHIBO/BI:

B pesynbprare npoBefeHHsS MPAKTUYECKOTO 3aHATHS CTYACHT OCBOMT OCHOBHBIC TEOPETHUYECKHUE
OCHOBBl MEXaHUKH, METOJIbl COCTaBJICHHS W UCCIEJAOBAHUS YypaBHEHMH JUHAMUKH; HAYyUYHUTCS
COCTaBIISITh U PACCUNTHIBATH MEXAHUYECKYIO CUCTEMY I10 YPaBHEHUSIM ITMHAMUKH; OBJIa/ICeT HAaBBIKAMHU
UCIOJIb30BaHUS METOJIOB TEOPETHUECKOM MEXaHUKH MPH PEILICHUH MPAKTHUECKUX 3a/1a4.
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2.25 IlpakTnueckoe 3aHsitue Ne25(2 yaca).
Tema: «Ananutnueckas mexanuka. [Ipunnun /lanambepa (MeTox KUHETOCTATUKH)»
2.25.1 3ananue aJsi padoThI
1. Onpenenenne ri1aBHOro0 BEKTOPA M [VIABHOIO MOMEHTA CUJI MHEPLMH IPUMEHUTENBHO K TOUKE,
K TBEPJOMY TeJly COBEpPLIAIOIIET0 pa3Hble ABUKEHHSI, K MEXaHUYECKOM cucreMe.
2. [Mpunmun [Janambepa.
3. IlpumeHeHne NpuHLIKIIA IS ONPEAETICHHUs JUHAMUYECKUX PEaKIMi MOJIINITHUKOB.
2.25.2 Kparkoe onyucanue npoBOAUMOro0 3aHATHS:

1. I'py3 maccoit m=60 Kr 1mo/iBeIeH Ha HUTH, KOTOpas HaMaThIBaeTCcs Ha OapabaH, BpaIlaloIIHics
cornacHo ypasHeHuto ¢p=0,6 t2. OnpenennTs HATsSHKEHKME KaHaTa, eciy paauyc =0,4m. (617)
¥

2. MatepuanbpHas TOYKa Maccoit M=12 Kr mojBellieHa Ha JIByX OJIMHAKOBBIX MpykuHax. Ha Hee
neiicrByet cuia F=20 H. Onpenenuts MOIYIIb YCHINS B OJTHOM MPYKUHE, €CITH B IAHHOM ITOJI0KCHHUH
MaTepuajbHasg TOUYKa UMeeT yckopenue a=3m/c?. (174)

3. OnpenenuTh, ¢ KAKUM YCKOPEHUEM a HAJIO ABUTATH KIWH | MO TOPU30HTATILHON HANIPABJISIIOIIEH,
9TOOBI MaTepUaIbHas TOUYKA 2 HE CKOJb3HIIa TI0 HAKJIOHHOM MOBEPXHOCTH KIIMHA. (5,60).

4. C KakuM yCKOpPEHHE (® OMycKaeTcs rpy3 BecoM P, mogHumMas rpy3 Becom Q ¢ mMOMOIIBIO MOIUCIACTA,
n300pakeHHOro Ha uyepTexe ? KakoBo ycimoBre paBHOMEPHOTO JABMKEeHUS Tpy3a P? Maccamu 0710k0B 1
Tpoca NnpeHeopeyb.

VYkazanwue. Yckopenue rpy3a Q B ueThIpe paza MEHbIIE YCKOpeHus Tpy3a P.

4P—-Q P 1

16+4Q’ Q 4

(O1B. w = 4g
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K 3ajsase 4| 18,

5. I'py3 A Becom P4,0mycKasch BHU3 0 HAKJIOHHOM 1ockocTu D, oOpa3yrolieil yroi o ¢ Topu30HTOM,
IIPUBOAUT B IBUKEHHE TIOCPEICTBOM HEBECOMOM U HEPACTSKUMON HUTH, IepeOpOIIeHHON yepe3
HenoABWKHBIN 6110k C, rpy3 B Becom P,. Onpenenuts ropu30HTAIbHYO COCTABIISAIOUIYIO AaBICHUS
HaKJIOHHOM mtockoctu D Ha BbicTym noia E.

(OrB. N = P, by Sina- Py

cosa)

K sapave 41.19

2.25.3 Pe3yabTaThl M BBIBOBI:

B pe3ynbrate nmpoBeaeHHs MPAKTUYECKOTO 3aHITHSI CTYIEHT OCBOUT OCHOBHBIE TEOPETHUECKHE
OCHOBBI MEXAaHHWKH, METOJbI COCTaBJICHHUS W WCCIICIOBAaHUS YPAaBHCHWH JMHAMHUKH; HAYUUTCS
COCTaBIISATh U PACCUUTHIBATH MEXAaHUYECKYIO CUCTEMY 10 YPAaBHEHUSIM TUHAMUKH; OBJI/Ie€T HaBbIKAMU
WCIIOJIb30BAHMS METOIOB TEOPETUUECKON MEXaHUKH MPU PEIICHUN MPAKTHYICCKHUX 3a]1a4.

2.26-2.27 llpakTuyeckoe 3ausTue Ne26-27 (4 yaca).
Tema: «[IpuHITUT BO3MOXKHBIX TIepemernieHunii. O01iee ypaBHEHIE TUHAMUKI)
2.26.1-2.27.1 3ananue ajas padoThl
1. Ilpumenenne mpuéMOB TUHAMUKY JJIS PEIICHUS 3a]]a4l CTATHKH.
2. [ToHsTHE BO3MOXHBIX MepeMelieHnii cucteMsl. Uncno creneneit cBo0oabl. BosmoxHas pabora.
3. Knmaccudukanus cszeil.
4. Iopsiiok AeMCTBHIA TPH MPUMEHEHUH OOIIEro ypaBHEHUS JUHAMUKH.
5. [Ipumepsl IpUMEHEHUs 00IIEeT0 YPaBHEHUS TUHAMHUKHY.
2.26.2-2.27.2 KpaTkoe onucanue MpoBOAUMOro 3aHSTHS:

1. OnpenenuTh OTHOIIIEHUE MEXTY BO3MOXXHBIMH TIEpEMEIICHUSIMU 0S4 U 0Sp Touek A u B matyna AB
LIApHUPHOIO YeThIpeXx3BeHHHUKa. (1,15)
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2. OnpenenuTh OTHOIICHUE MEXTY BO3MOXXHBIMH YTJIOBBIMHU TepeMenieHusMu 0¢ maryHa AB u oo
kpuBommna OA, eciau nuuHbsl OA = AB. (1)

3. F'opuzonTtansHas 6anka AC 3anemana koHIoM C B BEpTUKAIBHYIO CTEHY U Harpy»KeHa Mopou CUII ¢
MomeHnToMm M, = 600H * m. banka AB, onuparoiiasicsi Ha OJABM>KHYIO OITOPY CBOUM KOHIIOM B,
HarpyxeHa napou cui ¢ MmomeHToM M; = 400H * m. OnpenenuTs MOAYIL MOMeHTa 3ajeiku. (400)

4. Onpenenuts yckopenue nentpa C katka 1, ecnu tena 1 1 2 — 0IHOPOJIHBIE CIUIONIHBIE HUIUHAPHI C
OJIMHAKOBBIMM MaccaMu M paauycami. (2,45)

7. Onpenenuth MOYJIb CHIIBI F, o AeiicTBHEeM KOTOpOoii Teno 1 Maccoit M = 1Kr mogHUMAaETCs 1o
1IEPOXOBATOM HAKJIOHHOM IJIOCKOCTH C TIOCTOSHHBIM yckopenueM o=1m/c?. Kosdpuuuent tpenus
ckonpxkenuns f=0.1 (6,75)

F

Jo*
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5. Ha weprexe n3obpaxkeHa cxema KoJIOAOUYHO-0aH1a)KHOTO TOpMO3a BaroHa TpamBas. OnpeaenuThb
3aBUCHMOCTBH MEXIy @, b 1 ¢, mpu Hamuuuu KoTopoii konoaku A u B oz nevictBuem cuibl F
MPIKUMAIOTCS ¢ OJTMHAKOBBIMHU 10 MOZYJIIO crilaMu K 6anaaxam kosiec C u D. Haiitu Takke BeTUUUHY
aToM cuiibl. Kosjeca cuutath HENOABUKHBIMH.

a a+b+c a+b
(OtB.— = ;0 =F—
b c 2b
..L_f
a g

(=
>
A

K 3anave 46,16,

6. Tpu rpy3a P xaxaplil coeiMHEHbI HEBECOMOU HEPACTSKUMOM HUTHIO, TepeOpOLIEHHON Yepes
HEMOJBI)KHBIA HeBecOMbIH 010K A. /IBa rpy3a jiexar Ha IJ1akol TOpU30HTAIbHOM IJIOCKOCTH, a
TPETUI Irpy3 NOJBELIEH BEPTUKAIBLHO. ONpeneanTh YCKOPEHNUE CUCTEMbI U HATS)KEHUE HUTU B CEUEHUU

ab.
(Ot8.0 =2g,T =~ P)

Vs A

K aaaaue 47.1,

7. Ba rpy3a, M;Becom Piu M,Becom P,, MOABENIEHBI HAa IBYX THOKUX HEPACTSKUMBIX HUTSIX, KOTOPHIE
HaBEpPHYTHI, KaK YKa3aHO Ha YepTexke, Ha OapabaHbl, UMEIOIIUE PAINYChI 17U T, W HACAXKCHHBIC Ha
0OIIYIO OCh; TPY3bI IBMXKYTCS IO BIMSHUEM CHJIIBI TsDKeCTU. ONpeaesuTh YIII0BOE YCKOPEHUE €

0apabaHoB, peHeOperas KX MaccaMH U Maccoi HUTEH.
Pry—P1yy

(OtB. £ =g

2
PIT% +P21‘2

0

K aaaue 73,

8. Katox A BecoM Q, cKaThIBasICh 0€3 CKOJIBKEHHS 110 HAKJIIOHHOM INTIOCKOCTH BHHU3, TIOJHUMACT
MOCPEJICTBOM HEBECOMOM HEepacTsHKUMON HUTH, epedpolieHHoi yepe3 610k B, rpy3 C Becom P. IIpu
sToM 010K B Bpamaercst BOkpyr HenoaBmkHOU ocu O, MepreHIuKYISIPHON K ero tiockoctu. Katok A
1 6510k B — oqHOpOIHBIC KPYTIIBIE TUCKH OJMHAKOBOTO Beca M paanyca. HakimoHHas MIOCKOCTh
oOpa3yer yroi o ¢ ropu30HTOM. ONpeaenuTh YCKOPEHUE OCH KaTKa.
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K sspage 47.11,
9. I'py3 B BecoMm P nmpuBoauT B [BMKEHUE HMIMHAPUYECKAN KaTOK A Becom Q u paguyca I mpu
MOMOLIY HUTH, HAMOTAaHHOU Ha KaTok. OnpeaenuTs yCKopeHue rpysa B, eciiu katok katutcs 6e3
CKOJIBXKEHUS, a KO(P(UIIMEHT TpEeHUs KaueHUsI paBeH f.Maccoit 6i1oka D npenebpeusb.

p_tk
j— 27
(OtB. @ = 89 3Q+8p)
&7

K sagaue 47,12,

2.26.3-2.27.3 Pe3yabTaThl U BHIBOJBI:

B pe3ynbrate nmpoBeaeHHs MPAKTUICCKOTO 3aHATHS CTYICHT OCBOUT OCHOBHBIE TCOPETHYCCKHE
OCHOBBI MEXaHUKH, METOJbl COCTABJICHUS W UCCICAOBAHUS YypPaBHCHHWN JUHAMUKH, HAYUUTCS
COCTaBIISATh U PACCUUTHIBATH MEXaHUYECKYIO CHCTEMY 10 YPAaBHCHUSIM JIMHAMHUKH; OBJIAJICCT HaBBIKAMU
UCIOJIb30BaHMS METOZIOB TEOPETUUECKON MEXaHUKH MPHU PEIICHUH MTPAKTUYECKUX 3a/1ay.
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	В кинематике изучают зависимости между пространственно-временными характеристиками механического движения. Поэтому кинематику называют также геометрией движения.
	Обычно кинематику подразделяют на две части — кинематику точки и кинематику твердого тела.
	В теоретической механике при измерении пространства за основную единицу длины принимают метр (м), а за основную единицу времени — секунду (с). Время предполагается одинаковым в любых системах отсчета (системах координат) и не зависимым от движения эт...
	При измерении времени в кинематике различают такие понятия, как промежуток времени, момент времени, начальный момент времени.
	Промежутком времени называется время, протекающее между двумя физическими явлениями. Моментом времени называют границу между двумя смежными промежутками времени. Начальным моментом называется время, с которого начинают отсчет времени.
	Основной задачей кинематики точки является изучение законов движения точки. Зависимость между произвольными положениями движущейся точки в пространстве и времени определяет закон ее движения. Закон движения точки считают известным, если можно определи...
	Направление вектора v указано на рис. 6.1.
	Определение ускорения при естественном способе задания движения. Касательное и нормальное ускорение точки
	Относительное движение – в движущихся осях уравнениями
	Теорема сложения ускорений. Ускорение Кориолиса.
	Решение. 1) Под действием силы тяжести брусок движется вниз, вытесняя клин и заставляя его перемещаться вправо. Изобразим систему тел в двух состояниях.
	На горизонтальной плоскости находится катушка, на которую намотана нить. Радиус намотанного слоя ниток равен r, наибольший радиус катушки равен R. Свободный конец нити перемещают с ускорением aK.  Найти  ускорение  центра масс катушки aC и угловое уск...
	Решение. Решим задачу в соответствии с приведенным алгоритмом.
	Тогда, учитывая обозначение, приведем уравнение движения к виду
	Таким образом, искомое частное решение будет



	Теорема об изменении количества движения (импульса).
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