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1. KOHCIEKT JIEKIIUI
1.1 JTekuusi Ne 1 (2 uaca)
Tema: «CTaTuka»
1.1.1 Bomnpocs! IeKIMH
1. Craruka. Ctpykrypa Kypca. lctopruueckas cripaBka.
2. AKCHOMBI CTaTHKH.
3. CBsi3U, peakiuu CBsi3eil.
4. Cuna v napa cui. [Ipoekiyy cui Ha OCH U TIJIOCKOCTH.
5. Anrebpanueckyii U BeKTOPHBIN MOMEHTBI CHJI OTHOCUTE/IbHO TOYKH U OCH.
6. AnrebpanuecKkuii 1 BeKTOPHBIM MOMEHTBI TIap CHIL.
7. OcHOBHasi TeopeMa CTaTUKU. [ 71aBHbI BEKTOP U I71aBHbIA MOMEHT CUCTEMBI CHJI.

1.1.2 Kparkoe cogep>xaHue BONPOCOB

1. Craruka. CTpykTrypa Kypca. Acropuyeckas crpaBKa.

TeopeTrueckasi MeXxaHUKa U eé MeCTO Cpe/ld eCTeCTBEHHbIX M TeXHUUYeCKUX HayK. MexaHHKa
KakK TeopeTHyeckasi 6a3a psifja 00yiacTeii COBpeMeHHOM TeXHHUKH.

3HaHMWe TeOpeTUYEeCKOW MeXaHWKU HeoOXOAMMO TpY W3YUYEeHWUM 3aKOHOB JIPYTHX €CTeCTBEHHBIX
HayK. JTO HayKH, NepBOHA4Ya/IbHO BXO/JUBILIME B COCTaB TEOPETUUECKOW MeXaHUKH 10 Mepe HaKOTLIeHUsI
3HAHWM, OTAE/UBIINECS OT TeOPeTUUYeCKON MeXaHWKU U MOJIyurBIIIe CaMOCTOSITe/TbHOe 3HaueHue, XOTs
TeopeTHUeCKasi MeXaHWKM OCTaeTcs [yl HUX HayyHol 0a30il. 3HaHHe TeopeTUYeCcKoW MeXaHUKU
HEoOXOZIMMO [I/I1 pacyeTa Pas3/IMUHBIX COOPYKEHUH, MPOEKTUPOBAHMS, TIPOM3BOACTBA U IKCILTyaTar|uu
MalllMH ¥ MeXaHU3MOB.

OcHo8Hble ucmopuuecKkue 3manbl pa3gumusi MEXQHUKU.

MexaHuKa SIBAsieTCS OJHOM W3 ApeBHeWIIMX HayK. B Te [Janekue BpeMeHa, KOTZA 3arpocChl
MPOM3BO/ICTBA CBOAWIMCH IJIaBHBIM 00pa3oM K YIOB/IETBOPEHHIO HYXKJ, CTPOUTENbHOW TEXHUKH,
HauMHaeT Pa3BUBATHCS yueHHe O MPOCTeUIMX MalirHax (6JI0K, pelyar, HakKJIOHHask TJIOCKOCTh, BOPOT) U
Haya/ibHble TIOHATHSI O paBHOBecuy Tesl. OOOCHOBaHWE Hauasjl CTAaTUKH IOSIBJIIETCS Y>Ke€ B COUMHEHMSIX
Apxumena (287 -212 o H.3.). OfHaKO CBefieHUs TI0 MeXaHHWKe TIPeJCTaB/IsId COO0M psifi OTAe/bHBIX
pa3pO3HEHHBIX PabOT, He 00BEIUHEHHBIX HAayYHOW CUCTEeMOH. B CO3JaHMM TakOW CHCTEMBI OOJBIIYIO
ponb ceirpanmu TpyAbl Tamumeo Tamunes (1564 - 1642), BriepBble cOpMy/IHMpOBaBIero uaed o6
VHepLIMY BelllecTBa, YCKOPeHUH, 3aKOHbI CIOKeHUs ABWXKEeHUN U cKopocTel, masieHus Ten. C MoMeHTa
Bbixola B cBeT B 1687 I. coumHeHuss Vcaaka HptoToHa (1643 - 1727) "MaremaTthueckue Haudasa
HaTypaibHOU putocodrr” MOXKHO CUMTaTh, UTO MeXaHWKA JeMCTBUTE/ILHO CTajla HayKOM.

[Tocnenyroljee pasBUTHE MeXaHWKH, OMUparolecs Ha Audd@epeHLManbHble W WHTErpajbHble
WCUMC/IEHUS], CBSI3aHO C Pa3pabOTKOM aHaIUTHUECKUX METO/I0B, OCHOBBI KOTODBIX OBbUTH 3a/I0KEHBI
tpygamu JI. Stinepa (1707 - 1783), XK. danambepa (1717 - 1783), K. Jlarpanxka (1736 - 1813).

OrpomHOe 3HaueHWe /il Pa3BUTUs MEXaHWKU MMeM paboThl OTeUeCTBEHHBIX yueHbIXx M.B.
Octporpaackoro (1801 - 1861), I1.J1. Yebsmiera (1821 - 1894), CB. Kopasnerckoit (1850 - 1891), A.M.
JIsmynoBa (1857 -1918), U.B. Mewepckoro (1859 -1935), K.3. Luonkosckoro (1857 - 1935), A..
KpsuioB (1863 - 1945), N.E. KykoBckoro (1847 - 1921), C.A. Yarieiruxa (1869 - 1942).

OcHogHble noHsimusi U onpedeaeHusi CMmamuku.

AbcomomHo mgepdoe meno (meepooe mesno, meno) — MaTepualibHOE TeJ0, PACCTOSTHUE MEXIY
MIOOBIMM TOUKaMH B KOTOPOM He u3MeHsieTcst. CrieicTBUe pa3Mephbl U opMa Tejla He U3MEHSIOTCSI.

MamepuanbHasi mouka — Tesio, pasMepaMH KOTOPOTO TI0 YC/IOBUSIM 3a/laudl MOXXHO IpeHeOpeub.

C80600HOe meso — TeJlo, Ha IepeMelrieHre KOTOPOTo He HaJIOKeHO HUKAKUX OrPaHUYeHHUH.

Heceobo0Hoe (ces3aHHOe) mesno — TeJlo, Ha TepeMellieHre KOTOPOTo HaloXKeHbl OrpaHUUeHMS.

Ces3u — Tena, MPeNSTCTBYIOIHE TePEMEITIEHHI0 PacCMaTprBaeMoro 00beKTa (Tela Uk CUCTEMBI
Ten).

MexaHuueckass cucmema — COBOKYITHOCTb B3aMMOCBSI3aHHBIX MeXAy CO0OW Tesl WH
MaTepHuabHbIX TOYEeK.

TBepoe Teno0 MOXKHO pacCMaTpvBaTh Kak MeXaHUUYeCKYH CUCTeMY, TIOJIOXKEeHUsI U pacCTOsTHUe
MeX/ly TOUKaMH KOTOPOU He U3MEeHSIFOTCS.



Cuna — BeKTOpHasl BeJIMUMHA, Mepa MeXaHWYeCKOro BO3/JIeMCTBUSI Ha MaTepuabHYI0 YaCTHULy CO
CTOPOHBI IPDYyTUX MaTepHa/IbHbIX 00BEKTOB.

Cuna Kak BEKTOpD XapakTepu3yeTCs TOYKOM TIPWIOXKEHHWsl, HarpaB/ieHUueM [JeuCTBUS W
abCoJTIOTHBIM 3HaUeHHeM. EfuHuIa u3MepeHust Mofy/st Cuiibl — HbIOTOH.

Cuny, gelicTBMe KOTOPOM 3aJjaHO, HA3bIBAIOT AKMUBHOU Cuioll, CWIy TIPOTHBOJENCTBUS
Ha3bIBalOT peakyuell.

2. AKCMOMBI CTaTUKH

1.Akcuoma pasHoeecusi. [IBe Cwibl, [OEUCTBYIOLLME Ha TBepAOe Tejlo, COCTaBJSIOT
YPaBHOBELIEHHYI0 CUCTEMY CWJ, €C/Id OHM DaBHbI MO MOAY/II0 W AEWCTBYIOT IO OJHOW MpsIMOW B
TPOTUBOIIO/IO’KHbIE CTOPOHBI.
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2. Akcuoma npucoeduHeHust (UCKAOUeHUs) YPaeHOBeleHHOU cucmembl cul. [IefcTBre CUCTEeMBI
CWI Ha TBepZioe Tel0 He WU3MEeHUTCS, eC/IM K Hel TPUCOeJUHWTb WIM WCKITIOUNTh U3 Hee JHo0yHo
yPaBHOBEIIIeHHYH0 CUCTEMY CHJI.

e, = F = F

3. Akcuoma o napaanenoepamme cuia. CucTema [ByX CHJ/, TIPUJIOXKEHHBIX B OJHOW TOUKe
TBEP/IOTO TeJla, UMeeT PaBHO/IeHCTBYIOLYI0, TIPUIOXKEHHYIO B TON

F
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’Ke Touke. BeKTOp paBHOAEUCTBYIOLLIEN SIBIISIETCS

|

F+F =R
1 2

[MaroHasbo rapasiesiorpaMmma, NOCTPO@HHOIO Ha 3TUX CUJIax.

4. Akcuoma npomugodelicmeus. Ilpy felicTBUM OFZHOTO TBEpPZAOro Teja Ha Jpyroe BO3HUKAeT
CuJia IpPOTUBO/ENCTBUS, paBHasi 10 MOZY/II0, TPOTHUBOMOIOXXHO HarpaB/ieHHas [1eHCTBYIOLLEeN CUe.

5. Akcuoma ceszeli. Besikoe HecBOOOZHOe TeI0 MOXKHO pacCMaTpyBaTh Kak CBOOOJHOe, eC/i ero
MBICTIEHHO OCBOOO/IUTE OT CBsi3eid, 3aMeHUB UX [IeMCTBHEe COOTBETCTBYHOLLUMH PeaKIUSIMU.

3. CBs13H, peakjuy CBsi3eH._



YcnoBUMCs Ha3bIBaTh Tesl0 CBOOOAHBIM, €C/IU ero repeMelleHus HUueM He orpaHuueHbl. Teso,
repeMeIreH|s: KOTOPOro OrPaHUYeHbI IPYTUMU TeJlaMH, Ha3bIBaeTCsl HECBOOOIHBIM, a Tea,
OrpaHUUMBAlOIIMe TiepeMelljeHHs] JaHHOTO TeJla, CB3siMU. Kak y)ke yTIOMMHAIOCh, B TOUKaX KOHTaKTa
BO3HHUKAIOT CUJIbl B3aUMO/IeHICTBUSI MEX/Y JaHHBIM TeIoM U CBsI3siMU. CUJIbI, C KOTOPBIMU CBSI3U
JIeHiCTBYIOT Ha IaHHOE Tesl0, Ha3bIBAOTCS PeaKLUsIMU CBSI3eil.

Cunbl, He 3aBUCSIIME OT CBs3eid, Ha3bIBAIOTCS aKTUBHBIMU CUJIaMU (3a[jlaHHBIMU), @ peaki[u1
CBsi3eil - TaCCUBHBIMU CUJIaMH.

B MexaHuKe NMPUHUMAIOT Crie[ytolllee T0JI0yKeHe, Ha3biBaeMoe MHOT/Ia TIPUHLIUTIOM
0CBOOOXKaeMOCTH: BCSIKOe HECBOOOZHOE Tesl0 MOXKHO pacCMaTpyBaTh Kak CBOOOAHOe, eC/iv [1eNCTBHUS
CBsi3ell 3aMeHUTh UX peaklUsiMU, IPUI0XKEeHHBIMU K IaHHOMY TeJy.

B cTaruke MoO/IHOCTBIO OMpeIeNITh PeaKL[UH CBsi3eid MOYKHO C TTOMOILbIO YCJIOBUN WITH
ypaBHEHWI PaBHOBECHS TeJla, KOTOpbIe OyAyT YCTaHOBJIEHBI B Ia/IbHEHIIIeM, HO HallpaB/IeHUst UX BO
MHOTHX CJTy4asiX MOXKHO OTIPeZIe/TUTh U3 PACCMOTPEHUSI CBOWCTB CBsI3ei:

4. Cuia v napa cui. IIpoekiuu ¢l Ha 0CH M IVIOCKOCTH.

7151 oLileHKY BpaiiaTeibHOro 3¢ddekra cuibl BBOOUTCS TIOHATHE ee MOMEHTa.
Paccmotpum cuny ', IPUIOXKEHHYHO B TOuke A TBepgoro Tena (Puc.1).

Puc.1

INepnenukynsip h, onyimenHsbit u3 nenrpa O Ha IMHHIO AefiCTBUA CHIbI [,
Ha3bIBaeTcs IUIEYUOM CWIbl [© OTHOCUTeNAbHO HeHTpa O.

Tak Kak BeKTOp CWIbl ' MOXXHO TepeMellaTh B0JIb IMHUY ee JeMCTBUS, TO BpalljaTe/IbHbIN
3¢ deKT cuibl OyzeT 3aBHUCeTh:

1) ot moaynst cusiel F u fyivHe rijieva h;
2) OT TooKeHUs: TI0CcKoCTH ToBopoTa OAB, npoxogsiiieit uepes LieHTp O U cuny F ;
3) oT HaripaB/eHUs TIOBOPOTA B 3TOM IJIOCKOCTH.

[TycTb BCe cubl ie)kaT B OJHOM MJIOCKOCTU. B 3TOM cityuae nioCKoCTh NOBOPOTA /11 BCEX CUJ
AB/sieTCs1 00ITeld U B IOTIOJTHUTETbHOM 3aJJaHUU He Hy>KzaeTcsl. HarpaBieHre oBOpoTa MOXKHO
0XapaKTepu30BaTh 3HAKOM, CUMTasl yCJIOBHO MOBOPOT B KAKOM-HUOY/b OIHOM HaripaB/ieHUA
TOJIOXKUTEJIbHBIM, a B TIPOTHUBOIIO/IO)KHOM - OTPULIATe/IbHBIM.

17151 KOTMYeCTBEHHOTO U3MepeHHs BpalllaTe/IbHOro 3(deKkTa BBOAUTCS C/ielytolliee MOHSITHE O
MOMEHTEe CUJIbI:

MomeHTOM ci/ibl [ OTHOCHTE/NIbHO HeHTpa O Ha3biBaeTCsl BeJIMUMHA, paBHasl B3SITOMY C
COOTBETCTBYIOLLIMM 3HAKOM MPOU3BEJE€HUI0 MOAY/IS CUJIbI Ha IJIMHY Tieya.

O0603HauaTh MOMEHT CHJIbI OTHOCUTEILHO LieHTpa O Oyaem cumBosom m, (F). CriemoBaresibHO:
m,(F) ==F -h (8.3)

Ecu cuna ctpeMUTCs TOBEPHYTH Telo BOKPYT LieHTpa O MPOTHB X0/la YaCOBOU CTPEJIKH, TO
OyzieM cuMTaTh MOMEHT TIOJIOKUTE/TBHBIM, a eCJIH TI0 X0y YaCOBOM CTPEJIKA -MOMEHT OTPHIIATEe/IbHBIN .

OTmeTUM crieflytolie CBOMCTBA MOMEHTA CUJIbL:

1) MOMEHT CWJIbI He U3MEHSIeTCsI TPU TTePeHOCe TOUKU MPUIOXKEeHUsI CUJIbI BAO/b JIMHUN
JeMCTBUS;

2) MOMEHT CHUJIbl OTHOCUTE/ILHO LjeHTpa O paBeH HyJ/II0 TOJIBKO TOI/Ia, KOT/la CHjla paBHa HYJIHO
WJTK KOTJla TMHUS JeMCTBUSI CU/bI TPOXOAUT uepe3 LieHTp O (T1e4o paBHO HY/HO);

3) MOMEHT CHJIbI UMC/IEHHO BhIpaxkaeTcs yaBoenHoi moiaasio AOAB .

m,(F) =2n1AOAB



ITapa cui. MOMeHT Tapbl CUJL.
[MTapotii cut Ha3bIBaeTCs CUCTeMa M3 /IByX PaBHBIX 10 MOAY/IIO, Tapasiie/ibHbIX U HarpaBIeHHbIX
B ITPOTHBOIIO/IOKHbBIE CTOPOHBI CHJI, IEMCTBYIOIIMX Ha abCOJTIOTHO TBepaoe Tesio (puc. 2).

F1I
Puc.2

[TnockocTsk, MpoxozsiLias uepe3 JUHUMW JeUCTBUS CUJI Maphl, HA3bIBAETCS MJIOCKOCTBIO JeMCTBUS
napbl. PaccrosiHve d Mexxay TUHUSIMU JeHCTBUSI CUJI TIaphl - T1/IEUOM Taphbl.

MomeHTOM napbl Ha3bIBaeTCsl BeJIMUKHA, paBHAsl B3SITOMY C COOTBETCTBYIOLLIMM 3HAKOM
MIPOM3BEIeHUI0 MO/Y/Isl OMHOM W3 CHJI Taphbl Ha ee tieyo : m =+F -d

Teopema Anrebpanyeckasi CyMMa MOMEHTOB CHJI TIapbl OTHOCHUTEJIbHO JTFOOOTO LIeHTpa,
JIeXKAIIero B IJIOCKOCTH ee JeMCTBUS, He 3aBUCHUT OT BbIOOpa 3TOTO 1IeHTpa U paBHAa MOMEHTY Taphl.

5. AnredpanyecKuid 1 BeKTOPHbIN MOMEHTbhI CHJI OTHOCHTE/TbHO TOYKH U OCH.

Tena, MpeNSTCTBYIOIHE TIePeMEIeHHI0 pacCMaTpUBaeMoro 00beKTa, OyZileM Ha3biBaTh CBSI3SMHU.
Cuna, ¢ KOTOpOU CBs3b [IeHCTBYeT Ha pacCMaTpPHUBaeMblii OOBEKT, TIPENSITCTBYS €ro IepeMelleHHIo,
Ha3bIBaeTcs peakyueli cessu. [1pu ompeiesieHNN BO3SMOKHBIX PeaKLUi CBSI3U C/ieflyeT UCXOAUTb U3 TOTO,
YTO peakLysi 3TO CUJjIa, MPEeNsITCTBYIOLIas NepeMellleHH0 paccMaTpyuBaeMoro Tesa. Peakiiysi HampaB/ieHa
B CTOPOHY, POTHBOIIO/IOXKHYIO TOM, KyZia CBSI3b He M03BOJIsIeT MepeMellaTbCs Tesy.

I'nadkas noeepxHocmb OrpaHWYMBaeT IepeMellleHue I0 HOpPMaiud K TOBEPXHOCTH OMOPBL.
Peakuyisi HampaB/ieHa 110 0011ieli HOpMasi B TOUKe KaCaHusl.

IIlapHupHas nodsuxcHasi onopa OTrpaHUUMBaeT IepeMellleHHde Tejla M0 HOpMald K OIMOPHOM
rI0ckocTy. Peakiiusi HaripaB/ieHa M0 HOpPMaJid K OTTOPHOM MOBEPXHOCTH.

LllapHupHasi HeNoOOBUXCHAsI onopa TIPOTHUBOJEMCTBYeT JIFOOOMY TiepeMelleHUI0 B TUIOCKOCTH,
repreHUKY/ISIPHOM K OcH 11apHUpa. [1py pacueTax peakijuio, KakK MpaBUJIo, MPeACTaB/IsOT B BUJe IBYX
COCTAaBJIIOLIUX 110 0CAM X U Y.

IlapHupHblli Hegecomblll CmepceHb TIPOTUBOJIEICTBYeT TIepeMelleHHI0 Tejla [0 JIMHUWY,
COeAUHSIIONIeN LeHTPhl LIapHUpPOB. Peakijusi OyzneT HarpaBieHa IO JIMHWH, COeJUHSIOIIEN IeHTPbI
[IIaPHHPOB.

Iyxas 3adenxka TIPOTHUBOJEMCTBYeT MHOOOMY TepeMelleHHI0 M BpallleHWI0 B II0CKoCcTH. Ee
JleficTBMe MOXXHO 3aMeHWTh CWJ/IOW, TpeACTaB/ieHHOW B BHJE [BYX COCTaB/SIOIIMX W MapoM CUl C
MOMEHTOM.

DAL

6. Anredpanueckuii 1 BEeKTOPHBIN MOMEHTHI Map CHJI.

PapHozelicTByIomast R /iByX cxojsimxcs cun F F, HaXoguTcs Ha OCHOBaHMM aKCHOMBI O

napasizieiorpaMMe cui. leomerpuueckas CymMma mo00r0 uHCiIa CXOASIIMXCS CAM MOXeT ObITh
OoTpefiesieHa IyTeM I10C/Ie[J0BaTeIbHOTO CJIOKEHHUSI IBYX CHJI — CIIOCOO BEKTOPHOI'O MHOTOYTO/IbHUKA.

BriBoa: cucmema cxoosiwjuxcs cun (F ) npusodumcs K 0OHoll pasHoOeticmaytoujeli cuie R .
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AHanmuTHYeCKy paBHOZEHMCTBYIOIIAs CUla MOYKET OBITH OTIpeZie/ieHa uepe3 ee TIPOEKL[UM Ha OCH

KOOpJUHAaT
— 2 2 2
R —,/RX +R +R; .

CornacHo TeopeMe: npoekyusi pasHodelicmaylowjell Ha OCb pasHa CyMme npoeKyull c1azaemblx
cun Ha amy ocb. R, = Fi + Fo + F3,, Wi B 00111eM BHze
Rx = Z Fkx
PaBHOzelicTBYIOLL[asl OMIpe/ie/isieTCsl BbIpaXkKeHneM

R=|XFS+SF)V+(XF).
Haripa/ieHre BeKTOpa paBHO/eICTByIOLIel orpe/ieiseTcs KOCUHYCaMU YITIOB MeX/ly BEKTOPOM

R M OCSAMH X, Y, Z
F E F
cosa 2%; cos f3 2%; cosy :L, rae o, 3,y

R




1.2 JTexuus Ne2 (2 yaca)
Tema: «OcHOBHas TeopeMa CTaTUKH. YPaBHeHHsI paBHOBeCHSI»
1.2.1 Bonpocel jieKnu#
1. YciioBusi paBHOBECHST CUCTEMBI CUJI.
. CocraBneHue U MCIO/Ib30BaHUe YPaBHEHUH PaBHOBECHS.
. Pemienuie 3as1au Ha oripesiesieHUe peakLyii CBSI3U.
. Cratnueckas onpezemmoCTb.
. CounleHeHHbIe KOHCTPYKLIUH.
. [IprBeieHre CUCTEMBbI CUJT K PAaBHO/EHCTBYIOLLEH.
. 'HBap1aHTbI CUCTeMBI CUJL.
. YpaBHeHHUe LIeHTpa/lbHOU OCH.

OO U, WN

1.2.2 KpatKoe copep;xaHue BOIPOCOB

1. YcnoBus paBHOBeCHsI CHCTeMBbI CHJT
VI3 0CHOBHOI TeopeMbl CTaTUKH CJieflyeT, YTo Jr00bast cuctemMa CHU/T i MOMEHTOB, JIeMCTBYIOIINX
Ha TBEpP/I0€e TeJI0, MOXKET ObITh MpHBe/ieHa K BELIODAHHOMY 1IEHTPY U 3aMeHeHa B 0011[eM ciTyuae
IJIaBHBIM BeKTOPOM U IVIaBHBIM MOMEHTOM.
Ecnu crucrema ypaBHOBellleHa, TO TojiyyaeM yc10BUs paBHoBecusi: R=0, M,=0. 13 3tux
YCJIOBUH /17151 IPOCTPAHCTBEHHOM CUCTEMbI CHJI M0J1y4aeTcsl IeCTb YpPaBHEHUM paBHOBECHS], U3 KOTOPBIX
MOT'YT OBbITb OTpe/e/IeHbI IIIeCTh HEM3BECTHBIX:
ZX,' =0, ZM,'X=0;
Ly,  XLMy=0; (1)
ZZ,‘ =0, ZM,'Z=0.

[nst mnockou cucTemMbl CU (HampyuMep, B TJIOCKOCTU OXy ) 13 3TUX YpaBHEHUM IMOTy4aroTCs
TOJTbKO TPU:
2xi=0;
2yi=0; )
XM,=0,
TIpUYEeM OCH U TOUKa O , OTHOCHUTE/IbHO KOTOPOU THIIETCS ypaBHEHHE MOMEHTOB, BHIOMPAIOTCS
TPOU3BO/IbHO. JTO NMepBas popMa ypaBHeHU PaBHOBeCHSI.
YpaBHeHUs pABHOBECHSI MOTYT OBITh 3aMiCaHbl HHAYE:
ZX,' =0;
> M4=0; (3)
ZMB:O'
910 BTOpas (popMa ypaBHEeHUI paBHOBeCHS, MPUUEM 0Ch OX He JI0/DKHA ObITh
nepreHVKy/sipHa TMHUU, TIPOXO/sieil uepe3 TOUKU A U B .
2Ma=0;
Y.M3=0; (4)
ZMCZO.
JT0 TpeThs (hopMa ypaBHeHUI paBHOBecHsl, IpuueM TOuKU A , B u C He [JOJDKHBI JIe)KaTb
Ha ofiHoM TipsiMoii. [IpeAnouTHTeIbHOCTL HaNMCcaHUsl POPM ypaBHeHU PaBHOBECHSI 3aBUCUT OT
KOHKDEeTHBIX YC/IOBUM 33/laud ¥ HAaBBIKOB peLlIatolero.
[Tpu feficTBMM Ha TesO TVIOCKOW CHUCTeMbI Tlapasijie/IbHbIX CUJI OJHO W3 YpaBHeHUM Hcue3aeT U
OCTalOTCs /1Ba ypaBHeHus (PUCYHOK 1, a):
ZX,' :0;
Y.M,=0. (5)



Ay

PucyHok 1

17151 pOCTpaHCTBEHHOW CUCTeMbI Tlapasie/IbHbIX CU/ (PUCYHOK 1, 6) MOTYT OBITh 3arucaHbl
TPU ypaBHEHUsl PABHOBECHS:
ZZ,’ =0,
2.M;=0;
ZM iy=0-
st cucTeMbl CXOASIIUXCS CUI (JIMHUM [1eHCTBUSI KOTOPBIX MepeceKaroTCsl B OIHOM TOUKe)
MO>XHO HAITMCATb TPHU YPABHEHUA OJis HpOCTpaHCTBEHHOﬁ CHCTEMBI.
ZX,' =0;
2Yi=0;
ZZ,' =0
" [1Bd YpdBHEHUA OJIA TZIOCKOU CUCTEMBI:
ZX,' =0;
2.Yi=o.
B Ka>KZIOM U3 BBIIIETPUBEAEHHBIX C/TyUd€B UHMC/I0 HEUM3BECTHLIX, HAXOAWMBIX ITIPU PpEIlIeHNN
ypaBHEHHﬁ, COOTBETCTBYET UNC/TYy 3alIMCAHHBIX ypaBHeHI/II‘/JI paBHOBeCHS.

2. CocTaB/ieHHe M MCII0/1b30BaHHe YPaBHeHHI paBHOBeCH.

PaBHOBecHe MI0CKOW CUCTEMbI apa//IeIbHBIX CHJIL.

Yy

ZFky =0 2 m,(Fy) =0

I[TPUMEP.

OpHopogHblii 6pyc AB >kecTKo 3a/ie/1aH B CTeHy , 00pa3sysi ¢ Heil yron (X . BeicTynatoias u3
CTeHbI YacTb Opyca umeet jyiuHy b M u Bec P. BHyTpu ymia DAB nexuT upuHap BecoM Q
Kacarotuiics 6pyca B Touke E, mpuuem AE=a . Onpesenursb peakilyuu 3a/ieKH.

PaccMoTpuM paBHOBecHe Gpyca.
JF, =0 X,+F -cosa=0
X F, =0 Y,-P-F sina=0

|-<
R

Smuy(F,)=0 -F-a-P L sina+M 4, =0
2 M 4

3. PemreHue 3a/ja4 Ha onpeje/ieHHe PeaKIuil CBSA3H.

AR



Tano: P1=2&H; P2=12xH; P3=6xH; a=3u, o= 60"
OnpezennTh peakliuu onop ¢epMbl OT 33J,aHHOM Harpy3ku U yCUIIWSL B CTEPIKHSIX.
Peiienue:
OmnpegenenHye peakjuii onop. PaccMOTpyM BHeLLIHME CUJIbI TIPUIOJKeHHbIe K (hepme: cusibl P1,
P2, P3 u peakuyu onop Fe: Fe .
[17151 II0CKOM CUCTeMBI CHJT COCTaBUM TPU ypaBHEHHUsI paBHOBECHS.
h=a- sndl® =2 508
S M (F) =0 -F 2,598 +F, sin60° 15+ F, cos60° 3,598 +F, 45-R, -9=0
— P 2592+ P, - sinfi0®-15 + P, - cos60® - 2,598 + F, - 4,3
o
S F, =0 -F+P cos0®+X, =0
X, =-F cofl®+F, =9xH
S A, =0 F+F sinél°-R,-%, =0
¥, = F, +F, - sind0°— R, =10.04xH
ITpoBepka
S M (F=0 P 2.598+F, sinél® 75— F, cos60° 2398 +F, 45-%, 9=10

R,= = T154xH

4. Ctaru4yeckas onpeje/iMMoCThb.

CraTthueckasi cMCcTeMa Ha3bIBaeTCsl CTaTUUECKU OMpeZe/IMMOM, eC/TM UWC/I0 ONODHbBIX peaklni
COOTBETCTBYeT UMCJTy CTereHel CBOOO/IbI, ¥ BEJTMUMHBI OTIOPHBIX PeaKLWH 10 IPUHLIAITY
MexaHUYeCKOr0 DaBHOBECHS MOXKHO OIpeJie/IUTh M3 BeJIMUMH BHELIHHUX Harpy3o0K.

Bce gpyrue cucteMbl Ha3bIBatOTCS CTAaTUYECKU HeOIpe/ieTMMbIMHU.

[ns pacuéTa Bcex cTaTUUeCKU OMPeZe/IMMbIX CUCTEM [JOCTaTOYHO pelllaTh YpaBHEHUSsI
paBHOBeCHUS:

Ocajika oriop, TeMriepaTypHbie BO3/eHCTBUsI U HETOYHOCTH COOPKHU B CTaTUUECKH OTpeZe/TUMbIX
CUCTeMax He BJ/IMSAIOT Ha pacrpe/iesieHye U BeJIMUUHY yCUTUM.

5. Cou/teHeHHbIe KOHCTPYKIIMH

PaBHOBecue couleHeHHBIX Ten. JKene3HOZOPOXKHbIE W CTPOUTEe/bHbIe KOHCTPYKLIMM MOTYT
COCTOSITh U3 COUJIEHEeHHBIX MeXay coboit Ten (6anok, dhepm). KommuecTBo Ha/moXKeHHBIX CBs3el MOXKET
MpeBbIlIaTh YMC/JAO HEe3aBUCHMBIX YpaBHEHUM paBHOBECHS, KOTOpble MOXHO COCTaBUThb [i/Isl
paccMaTpyBaeMoll KOHCTPYKLMU. Takue 3afiaud SIBASIFOTCS CTaTMUeCcKu HeorpegenuMbiMu. CTereHb
CTaTUYeCKOH Heolpe/ie/IMMOCTH /I IJIOCKMX CUCTeM paBHa: rae [I — uMc/io )KecTKux JUCKoB, K —
YMCJ/I0 JKeCTKUX 3a/ienoK, I — uncio HenoJBW)KHBIX IIAPHUPOB (OTMOPHBIX M COEJUHSIFOILIUX [UCKU
Mexay cobol, C — UnC/Io MapHUPHBIX CTeP)KHeH (OTMOPHBIX WK COEAUHSIFOIIUX JAUCKH MEXIy CO00i)
W/ TIO/IBWKHBIX I1IaDHUPOB

6. IlpuBefeHne cucTemMbl CHJI K paBHO/|eUCTBYIOLIEN

Cu/ibl Ha3bIBAKOTCS CXOASLLMMUCS, €C/IA JIMHUU JIeMCTBUS BCEX CUJI, COCTABJISIIOLUX CUCTEMY,
repeceKaroTCsl B OJHOM TOUKe.

Teopema: CucteMa CXOZSILIMXCS CHAT SKBUBaJleHTHA OJJHOM cuiie (PaBHOAENCTBYOIIei), KOTopasi
paBHa CyMMe BCeX 3TUX CWI M POXOJAWT Yepe3 TOUKY [epeceueHus: uX JTUHUN [|eMCTBUS.

[TycTh 3az1aHa cuctema cxopsiuxcs cun Fi, Fa, Fs, ..., Fp, IpUio)keHHBIX K aOCOTIOTHO
TBepZoMy Teiny (puc. 2.1, a). IlepeHeceM TOUKYM NIPUIOXKEHUS CHJI 110 JIMHUSIM UX [IeMCTBUS B TOUKY
riepeceveHust 3TUX uHUM (21, 6). [Tomyuriu cUCT cum, TPy K ofHoM Touke. OHa SKBUBa/IeHTHA
3aganHom. CnoxxuMm Fy u F,, momyunm mx paBHogelcTByo1y10: Ro=F+F,. Cnoxum R, ¢ Fs:
R3=Ry+F3=F;+F,+F;. Cnoxum F;+F+Fs+...+F,=R,=R=4aF;. U.T.1. BMecTo napa/uiesiorpaMMOB MO>KHO
MOCTPOUTH CUJIOBOM MHOTOYTOMbHUK. I1ycTh cuctema coctout u3 4 cun (puc 2.2.). OT KoHLja BekTopa F;
om10kuM BekTop F». BekTop, coepunstonumii Hadano O u KoHel]| BekTopa F,, Oyznet BekTropoM R,. lasnee
oT10)KUM BekTop F3 momelnast ero Havyaso B KoHLe BekTopa F». Torna mMbl nonyunm Bektop Rs, uaymmi
ot Toukr O K KoHIy BekTopa Fs. TouHo Tak >ke 106aBUM BeKTOp F.; 1Ipu 3TOM MOTyurM, 4TO BEKTOP,
WAYLIMM OT Havyasia nepBoro Bektopa Fi K koHLly BekTopa F., sBnsercs paBHogelcTBytomel R. Takon
MPOCTPaHCTBEHHbIN MHOTOYTO/IbHUK Ha3bIBaeTCsl CUIOBbIM. ECM KOHell Moc/iefjHel CU/Tbl He COBMa/jaeT
C Ha4ya/IoM IepBOW CUJIbI, TO CUJIOBOM MHOTOYTO/IbHUK Ha3 DAa30MKHYThIMA. Eciy a1s Hax
PaBHO/IENCTBYOIIIEH UCIT TIPaB TeOMETP, TO 3TOT CIIOCo0 Ha3 reoMeTprye CKUM.
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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
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_(%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0)
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

Puc, 2.2
Bobiunc/ieHHe paBHOAEHCTBYHOI e
[nst aHamMTUUeCKOro ompe/iesieHus1 paBHO/IeHCTBYOIIel HaliZieM ee mpoekiuu R,, R,, R, Ha ocu
JleKapTOBOU CcHCTeMbl KoopuHat. iMeeMm

Ry =X Fi, R =XFy, R=XF. 2)
Torga BeMuMHa paBHOZEMCTBYIOILEH OTNpeiesTUTCs CeayroLeid hopMysioi:
. = 2 3 )
F1=,H.'R_{. +R+ R 2
15001

[ W N N
A= ||(z FJ.'.I' ‘J-‘ t r(z F.'h /’i_j I {ZF#: ,-j_j ’ )

k=1 k=1 k=1

7151 oripesiesieHUsi HaMpaB/IeHUs1 PaBHOJEMCTBYoLel R* BoCmonb3yemMcst 00bIUHBIMU
BbIP&)KEHUSIMU [1J1s1 HAMPaB/ISIOIIUX KOCUHYCOB:

cosa=RJ/R, cosf=R/R , cosy=R/R . (5)

3pecs a, B, y - ymibl MeX[y NOJOKUATE/IbHBIM HallpaB/ieHUeM OCell KOOpAMHAT U
PaBHO/EMCTBYOLIEN.

PaBeHcTBa (2)-(5) 103BOJISAIOT OMpeie/TUTh MOAY/Ib 1 HallpaB/ieHe PAaBHOAEUCTBYOIIIel 110
3a/JaHHBIM TIPOEKLIMSM COCTaBJISIOIIUX CUJL.

B citydae nyiockoil cucTeMbl CXOZSILMXCSI CUJT OCH KOOPJMHAT MOXKHO B3$ITh B IJIOCKOCTH
JlericTBUs CUi U Toraa opmyiel (2)-(5) ynporaroTcs.

7. IHBapMaHTBI CUCTEMBbI CHJI

VIHBapuaHTHI B CTaTHKe, TaKWe BeJIMUMHBI, [/I1 paCCMaTpUBaeMOM CUCTEMbI CUJI, KOTOPbIe He
V3MEHSIFOTCS TIPU U3MeHeHHWH LieHTpa NpYBeZleHusl.

Buib1 MTHBapUaHTOB:

1) BeKTOpHBIV MHBApUAHT - [JIaBHBIM BeKTOp cucTeMsbl cui (R);

2) CkansipHbl{ MHBapHaHT.

CkansipHOe NIpou3Be/ieHue [JIaBHOTO BeKTOpa Ha IVIaBHbI MOMEHT He 3aBUCUT OT LieHTpa
TIpUBE/|eHUSI.

[Tpoek1jus I71aBHOrO MOMEHTA Ha IVIaBHBIM BEKTOP He 3aBUCUT OT LieHTpa IpUBeeHusl.

YacTHble c/iyyad IpUBeJeHUs CHCTeMbI CHIT:

1) IIpuBeseHre K nape CUJI.

B sTOM Cs1yyae cuctema cy NpyUBOJUTCS K OJHOM Tape.

2) [IpuBefeHMe K paBHOAEKUCTBYIOLLEH.

1.3 JIeknus 3 (2 uaca).
Tema: «TpeHue»
11



1.3.1 Bonipocskl jieKuuu

1. IleHTp napasienbHbIX CUIL.

2. CriocoOblI ompeziesieHHst TT0JIOXKEHHS [IEHTPA TSHKECTH.

3. [Tono)keHue LIeHTPOB TSHKECTH HEKOTOPBIX Tesl U GUryp.

4. TpeHure CKObXeHUsl. YTOJT TPeHUs..

5. TpeHue kaueHusl.

6. IIpumeprl Ha paBHOBeCHe CUJI, TIPWIOKEHHBIX K TBEPLOMY TeJly TIPY Ha/IMUMU CUJT CLIeTI/IeHUs].

1.3.2 Kparkoe coaepxaHue BOIIPOCOB

1. IlenTp napa/uie/IbHBIX CHJIL.

Paccmotpum cuctemy n cun Pj, IpUIo)KeHHBIX B Toukax A; (Xi, Vi, Z)) ¥ napasienbHbix ocu Ov ¢
optoM [ (puc.2).

Ecsv 3apaHee WCK/IIOYUTD C/lydal CUCTeMbl, SKBUBAJIeHTHOU Tape CUJ/I, HETPYJAHO Ha OCHOBaHUU
npebiAylero naparpaga fjokasaTh CyljeCTBOBaHUe ee paBHOZeHCTByoLlei R.

OnpegenvM KoopauHatel LeHTpa C(Xc, Yc, Zc) Mapaiie/bHbIX CUI, TO €CTh KOOPAWHAThl TOUKU
TIPUIOJKEHUS] PaBHOZIEMCTBYIOLLeH 3TOU CUCTEMBI.

Bocnons3yemcs ¢ 3Tol 1je/bio TeopeMoli BaprHbOHa, Ha OCHOBaHWHM KOTOPOM:

Mo (R) = ZM() (Pl)

Puc.2

BekTop-MOMeHT CHJIbI MOXKHO TPeJCTaBUTh B BH/ie BEKTOPHOIO POX3Be/eHNUs, [TI03TOMY:

Mo(R) = rCXR = ZMOI' (P,) = Z(riXPi).

YuuteBasi, uro R = Ry, a P; = P, | u BOCHONb30BaBIINCh CBOWCTBAaMU BEKTOPHOTO
TPOM3Be/IeHNs, [IOJyYUM:

reXRyl = Z(ri XPyrl),

rC'RVXl = Z(ri'Pvin) = Z(ri‘ij)Xl,

150108

[rch - z‘4("‘i Pvi )]Xl = 0

[TocnegHee BbIpakeHWe CIpaBeJIMBO TOIBKO B TOM CJiyyae, eC/M BbIpakKeHUe B KBaJpaTHBIX
ckoOkax paBHO Hymo0. [To3TOMy, omycKast MHJEKC V U YUWThIBasi, UTO paBHOAeMCTByromasi R = XP;,
OTCHOZA TIOJTYYMM:

re = (ZP, r,)/(ZP,)

[IpoekTupysi 10OC/IeqHee BEKTODHOE PpAaBEeHCTBO HAa OCU KOOPAMHAT, TOJyYuM HCKOMOe
8blpajiceHue KOOpOUHam YyeHmpa napanienbHblX CUi:

Xe = (Zpl Xi)/( ZP,),

Ye = (EPi y)/( ZPy); (2)

Ze = (ZP, Z,')/( ZPI)

2. IleHTp TsKECTH TBEPAOIO TeJa.

Paccmorpum TBepioe Teno BecoM P u ob6bemom V B cucteme koopauHat OXxyz , T7e OCH X U Y
CBsI3aHbI C [I0BEPXHOCTBIO 3eMJIH, & OChb Z HallpaB/leHa B 3eHUT.

Ecmu pa3buth Teno Ha sneMeHTapHble YacTh 0O6beMoM AV, , TO Ha KaXIyH €ro 4yactb OyzeT
JleHiCTBOBAaTh Cuia NpUTsKeHus: AP;, HanpaB/ieHHas K LieHTpy 3emsiu. [IpeanonoxxuM, uto pa3mepsl Tena
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3HauMTebHO MeHbllle pa3MepoB 3eMJH, TOr[a CUCTEMY CWJ/I, TIPUIOXKEHHBIX K 3/IeMeHTapHbIM 4acTsM
Te/la MOXXHO CUMTaThb He CXOZSLIEeNcs, a mapasie/ibHOW (puc.3), U K Hell TIPUMEHUMBbI BCe BbIBOJbI

rpe/ibiAylilei raBbl.
Z

\ .
]
B ]|
<

Puc.3

Onpedenenue. IJlenmpom msdcecmu meepo0o20 mend HA3bIBAeMCS YeHmMp NApa/aienbHblX CUi
msicecmu 31eMeHmMapHbIX uacmetl 3moz2o menda.

HanomHuM, 4TO yOenbHbIM 8ecoM 371eMeHTapHOW YacTy Tesjla Ha3blBaeTCsl OTHOLIEHUE ee Beca
AP; kK 06bemy AV:: yi = AP/AV,. [Ins oqHOPOAHOTO TeJla 3Ta BeJIMUMHA SIB/ISETCS MOCTOSTHHOM: Y; =y =
P/V.

[Moacraensas B (2) AP; = y; *AV: BMecto P;, yuuTbIBasi MOC/eHee 3aMeuyaHue W COKpaljas
YMC/IMTENb W 3HaMeHaTe/lb Ha 7Y, TO/MyUYdM BbIPadCeHusi KoopouHam yeHmpa msicecmu OOHOPOOHO20
mena:

X = (EAVix)/(2AV);

Ye = (ZAVy)/(EAV); 3)

z. = (ZAViz)/(ZAV).

[1pu onpefienieHnH LieHTpa TSHKECTH T10J1e3HbI HECKOIBKO TeOpeM.

1) Ecniu ofHOpOAHOE Tesio MMeeT MJIOCKOCTh CUMMETPUM, TO LIEHTP Ts)KeCTU ero HaxOAWUTCS B
3TOU MJIOCKOCTH.

Ecru ocu x ¥ y pacronoxuTb B 3TOM TJIOCKOCTA CHMMETDPHH, TO JJIsi KaXKAOW TOUKU C
KOOpPZAMHATAMU X, ¥i, £; MOXKHO OTBICKAaTh TOUKY C KOOPJMHATaMHU X Vi, —Z;. U KoopauHara z¢ mo (3), Oy-
JeT paBHa HYyMoO, T.K. B cymme IF;Z; Bce ujleHbl HWMeIOIINe TPOTHUBOMONMKHBIE 3HAKW, TIOTIApHO
YHUUTOXXAKOTCS. 3HAUUT LIEHTP TSUKECTH PacIioiOyKeH B MJIOCKOCTH CUMMETDPUH.

2) Eciv ogHOpOAHOE Telo UMeeT 0Cb CUMMETPUM, TO LIEHTP Ts)KeCTH Tejla HaXOAUTCS Ha 3TON
ocH.

[elicTBUTe/IbHO, B 3TOM CJly4ae, eC/IM OCb Z MPOBECTU T1I0 OCU CUMMETDPUM, [1Jisi KaXKA0W TOUKH C
KOOpAUHATaMM X Vi, Z; MOXKHO OTBICKaTb TOYKY C KOOpDJWHAaTaMW —X; —¥i Z; W KOOPAMHATHI Xr U Vg,
BbIYMC/IEHHBIE TI0 opMysiaM (3), OKaXKyTCsl paBHbIMU HYJTIO.

AHaJIOTMUHO 10Ka3bIBAETCS U TPEeThsl TeOpeMa.

3) Ecnu ogjHOpOJHOE Teslo MMeeT LeHTP CUMMETPUH, TO LIEHTP TSKeCTH Tejla HaXOAUTCS B 3TOM
TOUKe.

W e1mé HeCcko/bKO 3aMeyaHUi.

ITepeoe. Ecnv Teno MOXHO pa3zeuTh Ha YaCTH, Y KOTOPbIX U3BECTHBI BEC U MOJ0XKEHUe L[eHTpa
TSDKeCTHU, TO He3ayeM pacCMarpuBaTh KaXK/Ayk TOuky, a B ¢opmynax (3) P; — omnpezensite Kak Bec
COOTBETCTBYIOLL[EM YaCTH U X ;i ¥;» Z; — KaK KOOPJWHAThI €€ LIeHTpa TSHKeCTH.

Bmopoe. Ecnv Teno ofHOPOAHOe, TO BeC OT/esbHOU uacTu ero F; = V; *¥, rje ¥- yaenbHbIN Bec
Marepuasa, U3 KOTOpOro CJieslaHo Tesio, a Vi - 00béM 3Toit yactu Tena. M ¢popmysnel (3) mpumyT 6ostee
yho0HbIN BUj. Haripumep,

xe=hPxi/[P=3V, 'y x/V-y =EVix,/V.

U ananoruuno, ¥¢ = L Viy:/V, zc = EViz;/V, tne V = X V; - 00béM Bcero Tesna.

Tpembe 3ameuanue. IlycTb Te0 ¥MeeT BWJ TOHKOW TJIACTUHKYU MUIOLIAAbI0 F U TOMILWHOM t,
nexxaueit B miockoctu Oxy. Ilopcraensis B (3) AV, = t-AF;, noayuum koopouHambl yeHmpa mscecmu
OOHOPOOHOU NAACMUHKU:

Xe = (ZAFIX,) / (ZAF,),

Y= (ZAF,y,) / (ZAFI)
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Zc = (ZAF,Z,) / (ZAF,)

re X Vi Z; — KOOPAMHATHI [IeHTpa TSHKeCTU OTAebHBIX MiactuH; F = XF; — obas miomazib
Tena.

Yemeépmoe 3ameuaHue. [11s Tena B BUJle TOHKOTO KPHUBOJMHEMHOTO CTepXKHS JAMHOU L C
T/IOIIA/IbIO TIOTIEPEUHOr0 CeUeHHs d d/ieMeHTapHbIM 00beM AV; = a-AL;, T0o3TOMy KOOpOUHAMbI YeHmpda
msidcecmu MOHKO20 KPUBOAUHELIHO20 cmepicHsl OylyT PaBHBI:

Xc = (ZALIXI)/(ZALI),

ye = (XALyy)/(ZALy); 4)

Zc = (ZAL,Z,)/(ZALI)

e X3 Vi, Z; — KOOPJAMHATHI LIEHTPa TSKECTH i-ro yuyacTka; L = X AL;,

OTMeTHM, UTO COIVIaCHO OTIpeZieJIeHUI0 LIeHTP TSAKeCTH - 3TO TOYKa FreOMeTpUYecKast; OHa MOXKeT
JIeXXaTh U BHe TpeJie/ioB JaHHOTo TeJla (Harpumep, /IS KO/bLia).

3. IleHTp TsHKeCTH 00BbEMA, TJIOMAUA U THHUHU.
1) LleHTp TsHKeCTH AYrM OKPY)KHOCTH. PaccmorpuMm ayry AB paaudyca R c 1jeHTpa/bHbIM
ymioM AOB = 2Za. B culy cMMMeTpuM LIeHTpP TSDKeCTH 3TOM yTH JIeXXUT Ha ocu Ox (puc. 4).

v 1
Haiizem kooppuHary ¥¢ mo popmyse X¢ =7 J",:L_}xd.i, [nst 3TOTO BBIIEMM Ha Ayre AB 3/ieMeHT

MM’ pnuHoto dl = Rd@, mono)keHre KOTOpPOro onpeziensercs yrioMm @. Koopaunara x snementa MM’
oymer x = Rcosy. TloactaBnsss 3TH 3HaueHWs X U dl ¥ vMes B BHUAY, UTO WHTerpaj [A0/DKeH OBITh
pacripocTpaHeH Ha BCIO A/IMHY JyTH, MOy 4iM:
1 R? 2R
Xp= EJ‘ICH = T cosgdg = Tsma,
A -

rge L - gnvHa ayru AB, paBHas R = 2a.

OTcrofa OKOHYaTeIbHO HAaXO/JUM, UTO LIEHTP TSDKECTH AYTH OKPY>KHOCTH JIE)KUT Ha ee OCU
CUMMETPHH Ha pacCTOsSTHUU OT 1jeHTpa O, paBHOM *c = Rsina/a,

rJie Yroj & u3MepsieTCs B paJjiaHax.

2) IleHTpP TSDKeCTH IUIOIIQAM TpeyrojibHMKa. PacCMOTpUM TpeyroibHUK, JeXXalud B
nockocty Oxy, KOOPJUHATHI BEPIIIMH KOTOPOTO U3BECTHBI: A; (X.,Yi), (i = 1,2,3). Pa3buBasi TpeyroibHUK
Ha y3Kue TI0JIOCKH, Tlapasijie/ibHble CTOPOHe AjA;, TIPUIEM K BBIBOJY, UTO LIEHTP TSDKeCTU TPeyro/ibHUKa
JIOJDKEH TIpUHaJiexxarb meauane As M;(puc.5).

v ARy

A(X,.¥,)

Puc.5

Pa3buBasi TpeyroabHUK Ha TOJI0CKH, TapaslieNibHble CTOpPOHEe A,As, MOXKHO yOequTbCs, UTO OH
JO/DKeH JiexkaTb Ha MefuaHe A;M;. TakuM obpasoM, yeHmp msdicecmu mpey2obHUKA AeHCUm 8 mouke
nepeceueHusi 20 MeOuaH, KOTopasi, Kak U3BeCTHO, OTZe/sieT OT KaXX/I0M MeZiaHbl TPEThIO UacTb, CUMTAs
OT COOTBETCTBYIOLI|ell CTOPOHBI.
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B uactHocTH, ansi MeguaHbl AiM; TIO/lyduM, YUWThIBasi, YTO KOOPAMHATBHI TOUKU M; — 3TO
cpenHee aprdMeTUUeCKOe KOOPAUHAT BepIuH A, U As:

Xe= x1+(2/3)(xan — x1) = x1 + (2/3)[(x2+ Xx3)/2—x1] = (X1F X2 +X3)/3.

TakuM 00pa3oM, KOOpAMHATHI LIeHTPa TSPKECTH TPeYyroJibHUKa TIPeACTaB/sioT coboit cpenHee
apudmeTHUeCKoe 13 KOOP/IMHAT ero BepIlyH:

Xe =(1/3)Zx; ; y.=(1/3)%y:.

3) LeHTp TKeCTH IUVIOMIAU KPYroBoro cekropa. PaccmoTpum cektop Kpyra paguyca R c
L|eHTPa/IbHbIM YIJIOM 20!, PaCTOJI0KeHHbIM CHMMEeTPUUHO OTHOCUTeNbHO ocu Ox (puc.6) .

OueBuziHO, uTO Y. = 0, a pacCTOsiHUEe OT LIeHTpa Kpyra, U3 KOTOPOro BbIpe3aH 3TOT CeKTOp, 10 ero
L|eHTpa TSDKeCTH MOYKHO OMpeZie/iiTh 1o (hopmyiie:

1
X, = FJ‘ xdF. (5)
F

y

23R
Puc.6

I[Tpoiiie BCero 3TOT UHTErpas BLIUMC/INTE, pa3buBast 00/1acTh UHTErPUPOBAHUS Ha d/IeMeHTapHbIe
cekTopbl ¢ yrioM d@. C TOYHOCTBIO /10 OECKOHEUHO MaJbIX TEepBOTO TOPSi/IKA TaKOH CEKTOP MOXKHO
3aMeHHUTh TPEYrOJbHUKOM C OCHOBaHMeM, paBHbIM RxI@ u BbicoToM R. I1nomjaap Takoro TpeyroiabHUKa
dF=(1/2)R*dg, a ero LeHTp TSXKECTH HaXOAWTCA Ha PacCTosHUM 2/3R OT BepliiMHbI, Mo3ToMy B (5)
TIOJIOXKUM X = (2/3)ER-coscp. [Topcragsnss B (i) F = aR?, nonyuum:

1 J‘ZR 1R2d _ R J‘ o
Xe=—p3 | 3Rcoses =3, | cosedp=
-

aR<
-
Rsing |+ R _ ) _ 2Rsina
=3 —a_th[ﬂna sin{—a)] = I (&)

4. PapHoBecHe MPU HAJTUUYMHU CUJT TPEHUS.
Cuny TpeHMsI BK/IIOUAIOT B UMC/IO aKTUBHBIX CHJT U Jlajiee 3aZiauy pelaroT 0ObIYHBIM 00pa3oMm.
ajZilaua CBOJUTCA K PACCMOTPEHUIO TpeZie/IbHOTO TOJIOKEHHUs], KOTZia CUla TPeHUsl JOCTUraeT CBOero

HanGO/BIIEro 3HaueHus ¥ & . B 9TOM C/Tyuae PeakIyiio [IepOXOBATOil CBSI3U M30GPaKaIOT ABYMsI
W 7 N
cocrapmsnonpmu & u £ 2 e Fm =to . 3aTeM COCTaBJISIIOT OObIUHBIE YC/IOBUSI pABHOBECHUST

7 A
CTaTHKH, IIOACTaB/IAA B HUX BMeCTO o Be/IMUNHY fu U pelllad MMo/IydyeHHbI€ YDABHEHMs, OITpe/ie/IA0T
HCKOMBIe Be/TMUHHBI.

EC/M TOJIOXKeHH e paBHOBECHsI He SIB/ISIeTCS TIPeie/IbHbIM, TO CHIa TpeHHst & He paBHa £ i ee
BeJIMYMHA [J0/DKHA HAXOJUTHCS U3 YC/IOBUM PaBHOBeCHs KaK Her3BeCTHasl IiepeMeHHasl.
[Tpu reoMeTpHUYeCKOM pellieHnH PeakIvIo IIePOX0BATOM CBsA3U yaoOHee n300paXkarb OfHOM

cunoit & | KoTopast B npe/je/TbHOM TOI0)KeHHH PaBHOBECHS OyzeT OTK/IOHeHa OT HOPMaJsi K
TIOBEPXHOCTU Ha yroil %
5. KoagpuiuenTt Tpenus. IIpegenbHas ciuia TpeHHs. Yo/l U KOHYC TPeHMS.
[Tyctb aBa Tesia 1w 11 B3aMMOfeMCTBYIOT APYT C APYTOM COTIPUKACasiCh B TOUKe A.
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Bcerga peakijuio R 4, [eWCTBYIOLIYIO, HAllpUMep, CO CTOPOHbI Tena Il u mpuio)keHHy0 K Teny
I, MO’KHO pa3fioXKUTh Ha [jBe COCTaBJISIIOLIME:

1) IN ,, HampaB/eHHYIO MO 00Iell HopMaly K TTOBEPXHOCTU COTIPUKACAIOIIUXCS Tes B
Touke A;
2) 1, nexaiiyro B KacaTeabHOM TJIOCKOCTH.

Otu cocrapnsitompe (IN , u 1',) HaswiBatorcsi: IV , - HOpMasibHasi peakLus,

I, - cuna TpeHUs cKombkeHus. Cuna I, TIpensiTCTBYeT CKO/bXeHUto Tesa I mo Teny II.
Ecnu noBepxHOCTH HeanbHO magkue, To 1, =0. B peanbHBIX yC/I0BUSX

TIOBEPXHOCTH IIIEPOXOBAThl M BO MHOTHX C/Tydasix MpeHeOpeub CUIONW TPEHUS Heslb3s.

Eciu Harpyska HefjocTaTouHa /il HapylleHUsl TIOKOsl, CIIpaBe[/IMBbl C/IeAYIOLMe YpaBHEHUsI
pasHoBecus: N - P =0, S- T =0. Orcrona cnenyet, uro N =P, S =T . Takum o6pa3om, IoKa TeJsio
HaxOJUTCS B TIOKOe, CHjia TPEHUsI OCTAeTCsl PaBHOW CUJ/ie HAaTSDKeHUs HI - 5.

B 3aBUCMMOCTH OT [JeWCTBUS aKTUBHBIX CHWJ/I HarpaBAeHW . _ pefle/lbHON peaklid MOXKeT
MeHSITbCS. [eoMeTpruecKoe MeCTO BCeX BO3MOXKHBIX HarlpaB/IeHUH Tpe/ie/IbHOM peakiiuu R obpasyer
KOHMUYECKYIO TIOBEPXHOCTb — KOHYC TpeHMs. Eciu ko3dduruent TpeHuss [ Bo Bcex HampaB/IeHUsX
O/IMHAKOB, TO COIVIACHO KOHYC TpeHus OyzieT KpyroBbiM. B Tex ciyuasix, korga ko3hduiyeHt tpenus |
3aBHCHUT OT HallpaB/IeHUs] BOBMOXHOTO JIBM)KEHUS Tejla, KOHYC TPeHUsI He Oy/1eT KPyroBbIM.

PaccMoTpuM Tereph Ciyuaii, Korjja akTWBHbIE CWJIbl, JeWCTBYIOLLME Ha Tejio, TIPUBOASTCS K
Of[HOM paBHOAeHCTByOIell [, coctasnsitoiiast yron (! ¢ HopMasnbio K moBepxHOCTH. Takast cuiia
OKa3bIBaeT [BOSIKOe JeHCTBHe: BO-TIePBBIX, ee HOpMasbHas cocTapiswooujas I, ompegenser
HOPMaJIbHYIO COCTaBJISIFOIIYI0 [N peakL[ii MTOBePXHOCTH U, CJIe/l0BaTe/IbHO, MpeJe/IbHYI0 CUITY TPeHHUs
T... =N , a Bo-BTOpBIX, ee KacaTenbHasi cocTap/sitonas J~_ CTpeMUTCS 9Ty culy rpeooneTs. Ecu
yBeJIMUMBaTh MOAY/Ib CWIbl F, TO MPOMOPLMOHANBHO OyayT Bo3pacTath 0be cocrassstomuye. OTcroia
MOJKHO 3aK/IFOUMTh, YTO COCTOSIHUE TIOKOSI W/TU IBV)KEHUSI Tesla He 3aBUCUT OT CW/Ibl ' U OrpefensieTcs
TONBKO yIioM (X - ueM MeHbILie 3TOT yroJjl, TeM MeHBbIIIe TeH/eHL|sl K HapyLIeHUI0 PABHOBECUIO.

17151 aHanMMTUUeCKOTO pellieHus 3a/jJaul COCTaBUM yCJIOBUSI PABHOBECHS TeJa:

XF, =0, T-Fsina=0, *F,, =0, N-Fcosa=0, T=<fN,

U3 ypaBuenuii Haiigem T =Fsina, N =FC0SQ U, MoOACTaB/isisi B HepaBeHCTBO, HaizeMm
tga < f wm, yunteisas (g0 <tg@ . Cnegopare/bHO, TIpU paBHOBeCHM Tena O =@,

OTO 03HayaeT, UTO €C/IM PAaBHOZAEUCTBYIOIIAsi aKTUBHBIX CUJI HAXOAUTCS BHYTPU KOHYCa TpeHUs,
TO yBeJIMUEHHWEM ee MOAY/sS Hesb3s HapyIIUTh paBHOBeCHe Teja: [ijis TOro, 4ToObl Teso Hayasio
[IBIDKeHUe, HeoOX0quMOo (M A0CTaTOYHO), UTOObI PABHOEMCTBYHOIAsl aKTUBHBIX CUI J~ Hax0Julach
BHe KOHYyCa TPeHHUsl.

6. Tpenue kaueHus. KoadpuipeHT TpeHUs KayeHH.

PaccmoTpuM LUIMHDP (KaToK), TIOKOSIIIMNCSA Ha TOPU30HTANbHON TJIOCKOCTH, KOT/la Ha Hero
JleMCTByeT TOpU30HTa/bHAsl aKTHBHAas CUla S ; KpOMe Hee, JIEMCTBYIOT CU/a TSDKeCTH PP, a Takxke
HOpMaJlbHasi peakiyst N Y cusia TpeHus T .

Kak 1oKa3bIBaeT OIbIT, [P J0CTAaTOUYHO MaJIOi BeTMUMHBI CHJTbI S I[WIMHAP OCTAeTCs B TIOKOE.
Ho stoT akT Henb3si 00BSICHUTD, €C/IN Y0BIETBOPUTHLCS BBEJEHHUEM CHJI, U300pa’keHHbIX Ha PHUCYHKE.
CornacHO 3TOM cxeme, T.K. PaBHOBeCHe HEBO3MO)KHO IJIaBHBbIi MOMEHT BCeX CHWJI, AEeWCTBYIOIIUX Ha
mHap M, =- Sr, oTivyeH OT Hy/s M OJHO U3 YCJIOBHM PaBHOBECHSI HE BBIIOJIHSAETCS.

B s
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[IpyuviHa BBISIBUBILErOCsS HECOOTBETCTBUSI COCTOMT B TOM, UTO B HAILLMX PACCY>KJEHUSIX MBI
MPOJI0/DKAaeM T0/Ib30BaThCsl TIpe/iCTaB/eHreM 00 abCOIOTHO TBEPAOM Tejle W TpeJIionaraeM KacaHue
LWIMHApPA C TIOBEPXHOCTBbIO, TIPOUCXOAAIIMM Ti0 oOpasywoieit. [lisi ycTpaHeHHsI OTMeUYeHHOTO
HECOOTBETCTBHS TEOPHH C OMBITOM HEOOXOAMMO OTKa3aThCsl OT TMITOTe3bl abCOMIOTHO TBEPAOTO Tena 1
yuecTb, UTO B [JeMCTBUTENILHOCTH LWIMHADP W TUIOCKOCTh BOMM3M Touku C gedopmupyroTcs U
CyLL|eCTBYeT HeKOTOpas IJIOL[a/ib CONPUKOCHOBEHNSI KOHEYHOM IIMPUHBL. BeencTBre 3TOro B ee rpaBou
YyacTy LIWIMH/P NIPWKUMAaeTCsl CU/IbHee, YeM B JIeBOM, U MOJIHasl peaklysi R TIpUIO)KeHa MpaBee TOYKU
C.

[TonyueHHasi Tereph CXeMa JEMCTBYIOIIMX CHJI CTaTUYeCKH Y/OBJETBOPUTE/bHA, T.K. MOMEHT
napbl (S,T ) MOXeT YpaBHOBECHUTbCS MOMeHTOM mapbl (NN, P) . Cuurtas gedopMaiyio Maow,
3aMeHUM 3Ty CHUCTeMYy CHJI CHCTeMOW, M300pa’keHHOW Ha pUCYHKe. B oTiMume OT mepBOd CXeMbl K
LWIMHZIPY TIPU/IoKeHa rapa cui ¢ momertom M, =Nh,

OTOT MOMEHT Ha3bIBaeTCsi MOMEHTOM TpeHMsi KaueHHs. COCTaBUM ypaBHEHHs DPaBHOBECHS
mwmsgpa: S- T =0,N - P =0, - Sr+ M, =0,

ITepsoie aBa ypaBHenus gatot I =S, N =P, a u3 TpeTbero ypaBHeHus MOXKHO Haktit M , .

Torma h =Sr/P. Kak BUAHO, C yBeJIMUe€HWEM MOJY/Is aKTUBHOW CH/IbI S pacTeT pacCTosiHUe
h . Ho 310 paccrosiHue CBsi3aHO C TUIOIIA/IbIO TIOBEPXHOCTH KOHTAKTa W, CJIe[OBaTe/IbHO, HE MOXKET
HeorpaHUUeHHO yBe/JMUMBaTbCs. JTO 3HAUMT, UTO HACTyTaeT Takoe COCTOsSIHUE, KOT/la yBeJTuueHue CUTbI
S mnpuBefeT K HapylleHUIO0 paBHOBecHs. O003HAUMM MaKCUMa/IbHO BO3MOXKHYIO BesuunHy h OykBoi
O . DKCIepyMEeHTalbHO YCTaHOB/IEHO, UYTO BeJMYMHA ¢ TIPONOPLMOHAIbLHA PajuyCy LWIMHApA U
pas/IMuHa 11 pasHbIX MarepuanoB. Ny =0 .

CnemoBaresibHO,  €CJIM WMeeT  MeCTO  paBHOBeCcHMe, TO  BbimodHsiercsi  h <§.
BenmmurHa O Ha3sbiBaeTcs KO3(QQUIMEHTOM TpeHHs KayeHus. OHa UMeeT pasMepHOCTh [JIMHbIL.

Ycnosue MOXHO Takke 3armmcate B Buge M, <ON. Yuwuteas, uro M, =Sr, nonyuum
S <—N.

r
OueBH/IHO, UTO MAaKCUMa/lbHbIi MOMEHT TpeHusi KaueHuss M ;™ =ON mporopioHaneH cuie

HOPMa/IbHOTO /IAB/IEHMSI.
B CripaBouHbIX TaGIULAX TIPUBOAUTCA OTHOLIeHHe KO3(h(UIeHTa KaueH s K PafuyCy LAIMH/Apa
(A =0/r) pnsa pasnvuHBIX MaTepHasoB.

1.4 JIeknus 4 (2 uaca).
Tema: «CKOpPOCTH M YCKOPeHHsI TOYeK MPH Pa3/IMYHbBIX CII0C00ax 3a/|JaHUsI JBIDKEHHS»

1.4.1 Boripocskl 1eKiuu

1. OcHOBHBIE TIOHATHSA pasjena.

2. KriHemaryvKa TOUKH.

3. OnpejeneHre CKOPOCTH TOUKW MPU 33JlaHUM ee [BUWKEHUS BEKTOPHBIM, eCTeCTBEeHHbIM U
KOOP/IMHATHBIM CIIOCOO0M.

4. OripefiesieHVie YCKOPeHUs] TOYKU TPU 3a[jlaHUM ee BVKEHUS] BeKTOPHBIM, KOODAWHATHBIM U
€CTeCTBeHHBIM CITIOCOOOM.

1.4.2 KpatKoe copep;xaHue BOIPOCOB

1. OcHOBHbIE IOHATHA pa3jea.
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Kunematuikoli (0T rpeueckoro «kKuHeMa» — JIB>KeHUe) Ha3bIBaeTCs pa3zie/l MexaHUKH, B
KOTOPOM HM3y4YaroTCsl TeOMeTpHUYeCcKHe CBOMCTBA /IBWKeHUs Tesl 6e3 yueTa UX MHEePTHOCTH (Macchl) U
JeMCTBYIOIINX Ha HUX CHUJL

B  KuHemaTMKe  M3y4yalOT  3aBUCMMOCTHM  MeXJAy  TPOCTPaHCTBEHHO-BPeMeHHLIMU
XapaKTepUCTHKaMU MeXaHW4YeCKOTo [BWKeHHsl. [103TOMy KMHeMaTWKy Ha3bIBalOT TakK)Ke reoMeTpuei
JIBDKEHUSI.

OcHOBHOM 3aiaueli KWHEMATHKU SIB/ISIETCSI HAX0yK/IeHHe T10JI0XKeHHs Tesia B TF000i MOMEHT
BpeMeHHU, eC/IM U3BeCTHhI ero ToJIoXKeHre, CKOPOCTh U yCKOpeHre B Haua/lbHbIi MOMEHT BPeMeHHU.

OObIUHO KWHEMaTWKy TOfpa3fe/sioT Ha JiBeé YaCTh — KUHEeMaThKy TOUYKM M KUHeMaTHKy
TBEpZOro Terna.

MexaHHYecKoe [IBI)KEeHHE - 3TO W3MeHeHUe TI0NI0XKeHUs TeJT (WK JacTeld Tesla) OTHOCUTETbHO
JIPyT [IpyTa B MPOCTPaHCTBE C TeueHHeM BpeMeHH.

7151 oripesiesieHUs TTOJI0XKEHHsT ABVKYILErocs Tesia (UM TOYKW) B Pa3Hble MOMEHThI BpDeMeHH C
TEJIOM, TI0 OTHOIIIEHHIO K KOTOPOMY W3Yy4aeTCsl IBWKEHUE, )KeCTKO CBSI3bIBAIOT KaKyI0-HUOYb CUCTEMY
KOOpZMHAT, 006pa3yIolyo BMeCTe C 3TUM TeJIOM CUCTeMY OTCUeTa.

Teno orcueTa - Tes0 (WK rpymmna Tes), IpUHUMaeMoe B JAHHOM C/ydae 3a HeloJBI)KHOe,
OTHOCHTEJIbHO KOTOPOTO PacCMaTPUBAaeTCsl JBM)KeHHe IPYTUX TeJl.

Cucrema oTcueTta - 3TO CUCTeMa KOOP/IMHAT, CBsI3aHHasi C TeJIOM OTCYeTa, U BBIOPAHHBIH Cr1ocob
n3MepeHus BpemeHH (puc. 1).

Puc.1

M306pakaTh cucTeMy oTcueta OyneM B BHjle TPeX KOOPAMHATHBIX Ocel (He TMoKa3bIBasi TeJo, C
KOTOPBIM OHU CB$I3aHbl).

[IBr>KeHUe TeJl COBepILIAeTCsl B TIPOCTPAHCTBe C TeueHHeM BpeMeHHU. [IpOCTpaHCTBO B MeXaHUKe
MBI pacCMaTpUBaeM, Kak TpeXMepHOe eBKJTH/I0OBO TIPOCTPaHCTBO.

Bpemsi siBnisieTcst CKasiipHOM, HeMPepbIBHO U3MeHSsIOIIelics BeTMUMHOM. B 3afjauax KMHeMaTUKH
BpeMsl t TIPUHUMAIOT 3a He3aBHUCUMOe TepeMeHHoe (aprymeHT). Bce apyrue repeMeHHble BeTUUMHBI
(paccTosiHUsI, CKOPOCTH U T. [.) paCCMaTpPUBAIOTCS KaK M3MEHSIIOIUecs: C TeueHHeM BpeMeHH, T.e. Kak
(yHKIIMM BpeMeHH t.

B Teopernueckoli MexaHHKe TIPU W3MepeHHH TPOCTPAHCTBA 3a OCHOBHYIO €[WHUI[Y [TUHbI
MPUHUMAaKOT MeTp (M), a 3a OCHOBHYHO e[MHHLy BpeMeHU — ceKyHAy (c). Bpemsi mpenmnosnaraercs
OJJMHAKOBBIM B JIFOOBIX CHCTeMax OTcueTa (ChcTeMaX KOODJMHAT) U He 3aBUCUMbBIM OT ABWXKEHHUS 3TUX
CUCTeM OTHOCHUTENBHO JIPYT Apyra. BpeMst o603HauaeTcst OyKBOM M pacCMaTpUBAeTCsl Kak HerpephIBHO
M3MEHSIOIasiCsl Be/TMUMHA, IPUHUMaeMasi B KaueCTBe apryMeHTa.

[Tpu u3MepeHUM BpeMeHH B KWHEMaTHUKe Pa3/IMYaroT Takue TOHATHS, KaK POMEKYTOK BpeMeHH,
MOMEHT BpeMeHH, Haua/lbHbIii MOMEHT BPeMEeHH.

[TpoMe)XyTKOM BpeMeHH Ha3bIBaeTCsl BpeMs, TpOTeKarolliee MeXAy [AByMs (u3nuecKUMH
sB/IeHUSIMU. MOMEHTOM BpeMeHM Ha3bIBalOT TPAHUIy MEXIy [ABYMs CMEeXHBIMU TPOMEXYTKaMu
BpeMeHHU. Haua/lbHBIM MOMEHTOM Ha3bIBaeTCsi BpeMsi, C KOTOPOTO HAYMHAIOT OTCUeT BPEMEHHU.

[lna pelnieHyst 3aziad KMHEMAaTHUKWA Hazo, UTOOBI M3yuaemoe [BWKeHHe ObUIO KaK-TO 3aJjaHo
(omrcaHo).

2. KuHemMarukKa TOYKH.

Kunematnuecku 3a/iaTh [JBIDKEHMe WM 3aKOH [BWXKeHHs Tesa (TOYKW) - 3HAUMT 3a/aTh
TI0JIO’KEHHEe 3TOTrO TeJla (TOUKH) OTHOCUTE/IbHO [aHHOW CHCTeMbI OTCUeTa B JIF0O0OM MOMEHT BpEMEHH.
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OcHoOBHas 3ajjaya KWHEMAaTMKW TOYKW U TBEpPAOro Tejla COCTOMT B TOM, UTOObI, 3Hasi 3aKOH
[IBIDKEHMs] TOYKM (Tesa), yCTaHOBUTb MeETOABl OIIpefie/ieHHsl BCeX KHUHeMaTU4yeCKUX BeINuuH,
XapaKTepU3yHOLIUX [JaHHOe JIBU)KeHUe.

TIo/oKeHKe Te/la MOXKHO OITpeZIe/UTh C TIOMOIIBIO PAZjuyC-BEKTOPA T MM C TIOMOILIBIO
KOOpZUHaT.

Pazjuyc-BeKTOp © TOUKM M - HarpaB/IeHHBI OTPe30K TPAMOiA, COeUHSIONIMIA Haua/Io oTcueTa O
¢ Toukoii M (puc. 2).

KoopauHata x ToukKu M - 3TO TIPOEKIHsl KOHI[a painyca-BeKTopa Toukd M Ha ock OX. OObIYHO
T0JIb3YHOTCS IPSIMOYTOJIBHOM CUCTeMOU KoopAuHaT [lekapTa. B aToMm ciyyae rosokeHue Toukd M Ha
JIMHWY, TUIOCKOCTH Y B TIPOCTPAHCTBE OIpeZesissioT COOTBETCTBEHHO OJHUM (X), ABYMS (X, Y) U TpeMs (X,
Y, Z) UMC/IaMM - KoopAuHaTtamu (puc. 2.1).

Yl

Puc.2.1

MarepuanbHasi TOUKa - TeJI0, pa3MepaMy KOTOPOTO B JJaHHBIX YC/IOBUSIX MOYKHO TIpeHeOpeyb.

OTOU MOZEJbIO TI0JIb3YIOTCS B TeX Cyvasix, KOrja JUHelHble pa3Mepbl pacCMaTpPUBAEMBbIX Tes
MHOTO MeHbIlle BCeX MPOUYMX PacCTOSIHUM B [JaHHOMW 3a/jaue WX KOTJja Teslo JBKETCS MOCTYIaTe/lbHO.

OcCHOBHOM 3ajjaueii KWHEMAaTMKU TOUKM SIBJISIETCS U3yueHHe 3aKOHOB [IB)KEHHS TOUKH.
3aBUCHMOCTb MeX[y MPOU3BOIbLHBIMU TOJIOXKEHUSIMU [IBWKYILEHCSI TOUKU B MPOCTPAHCTBE M BPEMEHHU
onpefensieT 3aKOH ee [BWKEeHUsl. 3aKOH [BWKEHUSI TOUKM CUYMTAKOT W3BECTHBIM, €C/Id MOKHO
orpe/ie/UTh T0JI0)KeHWe TOUKU B MPOCTPAHCTBE B MPOM3BO/IbHBINA MOMEHT BpeMeHU. [lono)keHre TOUKH
paccMaTpUBAEeTCs TI0 OTHOIIIEHHIO K BEIODAHHOM CUCTeMe KOOp/UHaT.

[TocTynarenbHbIM Ha3bIBaeTCs JBUKEHHeE Tesla, [IPY KOTOPOM IpsiMasi, TIPOXOZsllas uepes
nro0ble IBe TOUKH TeJla, TIepeMel|aeTcs, 0CTaBasiCh Mapasie/bHON caMmoit ceGe. TIpu mocTynarelbHOM
JIBIDKEHUU BCe TOUKH TeJla ONTMCHIBAIOT OJJMHAKOBbIE TPAeKTOPHH U B TF0O0I MOMEHT BpeMeHU UMErOT
O[JMHAKOBbIe CKOPOCTH U yCKOpeHus. [1loaToMy A/1s1 orivcaHus TakKoro JBUKEHUS Tesla JOCTaTOYHO
onucaTh JIBW)KeHUe ero OIHOM TTPOU3BOJIbHOM TOUKU.

B panbHeliem mog, cjioBoM "'Tesio" OyzieM MOHUMaTh "'MaTepraibHasi Touka'.

JIuHMS, KOTOPYIO OMUCHIBAET [BIKYLLEECs Te/I0 B ONpeJe/IeHHOM CCTeMe 0TCYeTa, Ha3bIBaeTCs
TpaekTopueil. Ha nmpakTrke (opMy TpaeKTOpPHH 3aZIal0T C TIOMOIIIbI0 MaTeMathueckux dopmyn (y=f(x)
— ypaBHeHHe TPaeKTOpUX) WK U300pa)karoT Ha PUCYHKe. Buji TpaeKTopuM 3aBUCHT OT Bbibopa
cucteMbl otcueta. Hampumep, TpaekTopueit Tena, CBOOOAHO MaflaloIero B BarOHe, KOTOPBIM IBMXKETCS
PaBHOMEPHO U MPSIMOJIMHEIHO, SIB/ISIETCS MpsiMasi BePTHKa/bHasi JIMHUSL B CUCTEMe OTCUeTa, CBSI3aHHOM C
BaroHom, U napabosia B CUCTeMe OTCYeTa, CBS3aHHOMU C 3emiet.
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3. OnpepeneHde CKOPOCTH TOUKM IPH 33/laHUM ee [IBIDKeHUsI BeKTOPHBIM, eCTeCTBEeHHbIM
¥ KOOPAWHATHBIM CIIOCO00M.

OpHOM U3 OCHOBHBIX KWHEMaTWUUeCKUX XapaKTepHUCTUK JBW)KEHUS] TOUKU SIB/ISIETCSl BEKTOpHasi
BeJIMUMHA, Ha3biBaeMasi CKOPOCThIO TOUKU. [ToHSTHE CKOPOCTH TOUKU B PaBHOMEPHOM TIPSIMOTMHEHHOM
JBVDKEHUH OTHOCUTCS K UYMC/TY 3/IeMeHTapHbIX IMOHSITUM.

CKOpOCTb - Meépa MeXaHU4YeCKOTO COCTOsTHUS Tesla. OHa XapaKTepu3yeT ObICTPOTY U3MeHEHUsT
T10JI0)KEHUS TeJjla OTHOCUTETbHO JAHHOW CUCTEeMbI OTCUeTa U SIB/SIeTCS BEKTOPHOM (hM3HUeCcKor
BeJIMUMHOM.

EgunuLa u3mepeHust CKOpOCTH — M/C. HaCcTo UCTIONBb3YIOT U APYTrye eIUHULIbI, HallpuMep, KM/u:

1 km/yac=1/3,6 m/c.

[IBr>KeHre TOUKM Ha3bIBAaeTCsl paBHOMEDHBIM, eC/IM TMpUpalleHusl pajuyca-BeKTopa TOUKU 3a
O/IMHAKOBbIE MPOMEXKYTKH BPEMEHH paBHbI MeXKy co00M. Ec/ti mpu 3TOM TpaeKTOpHel TOUKH SIB/ISIETCSI
rpsiMasi, TO [IBW)KEHUe TOYKM Ha3bIBAeTCs TPSIMOTMHENHBIM.

st paBHOMEPHO-NPSIMO/TMHENHOTO IBUYKEHUS

Ar=vAt, @))

r/ie V — MOCTOSIHHBIM BEKTOD.

BekTop v Ha3bIBaeTCs CKOPOCTBIO MPSIMOJIMHEHOTO U pAaBHOMEDPHOTO [IBWKEHUSI TIOJTHOCTBIO €ro
orpeeser.

N3 cootHouienuss (1) BUJHO, UTO CKOPOCTh TIPSIMOJIMHEMHOTO W PaBHOMEPHOIO /IBWKEHUS
sByisieTcs: hU3MUECKOW BeTMUKMHOW, ompeiesisitolieli epeMellieHre TOUKU 3a eIUHULy BpeMeHHU. M3 (1)

Ar
v=—
vMeeM At
HanpaeneHue sekmopa v ykazaHo Ha puc. 6.1.
\ ar M v
¥ I{;I
"
rﬂ
a
Puc.6.1

[Tpu HepaBHOMEPHOM JBW)KeHUU 3Ta (hopMysia He roauTcs. BBejeM cHauasia MIOHSITUe O CpeJjHeid
CKOPOCTH TOYKHM 33 KaKOU-HUOYAb MTPOMEXXYTOK BPEMEHH.
OnpedeneHue ckopocmu mouku npu KOOPOUHAMHOM chocobe 3a0aHusi O8UNMCEeHUs

BEKTOP CKOPOCTH TOYKHU Tj"'} = E, YuuThbIBad, 4To Iy=X, Iy=y, I.=Z, HaﬁAEMZ
dx dy dz
v, = E, w, = E, Ve = E
Takum o6pa30M, MpoekKngru CKOPOCTU TOYKM Hd KOOPAWHATHBIE OCH DpdBHbBI II€PBbIM
MPOU3BOAHLIM OT COOTBETCTBYIOLIMX KOODAMHAT TOUKH MO BDEMEHMH.
3Hasi IpOeKLMM CKOPOCTH, HaliJileM ee MOAY/Ib U HaripaB/ieHue (T.e. /bl @, 3, y, KOTOpPble BEKTOD

v obpa3syeT C KOOpAWHATHBIMH OCSIMH) TI0 (hopMysiam

v= *.,Il vi + vf + vl
Ty vy, Vg
cosa =—, cosf=—, cosy=—
v v v

Wtak, uucieHHass BelMUMHA CKOPOCTM TOYKM B JlaHHbI MOMEHT BpeMeHM paBHa I[1e€pBOM
MIPOM3BO/IHOM OT pacCTOsIHUS (KPUBOIMHEWHOM KOOPAWHATBI) S TOUKU 110 BDEMEHH.

HanpagsieH BeKTOp CKOPOCTH 1O KacaTe/IbHOU K TPaeKTOpUH, KOTOpasi HaM Harepe/z; U3BeCTHa.

OnpedeneHue ckopocmu mMoYKuU npu ecmecmeeHHOM cnocobe 3a0aHust 08U CEHUs

BennuuHy CKOpOCTH MOKHO OmpefiesiiTh Kak rpesen (Ar — anvHa xopasl MM,):
_ Ar i Ar As i Ar i As
VT 0tZ0Ar T arS0Ar As  AtSoAs AtSoAf
rge As — ayvHa gyru MM,. TlepBblii Tipefiesl paBeH efWHHLIe, BTOPOM Mpefen — MPOWU3BOAHAas
ds/dt.

CJ'IE,I:[OB&TEIII—:HO, CKOPOCTBb TOUKHU €CTb I1epBad IIPpOMU3BOAHAA 110 BDEMEHH OT 3dKOHA ABWKEHUS:
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_ds__
f,—dt—s.

HarpaBsieH BeKTOp CKOPOCTH, KakK ObLJIO yCTaHOBJEHO paHee, 10 KacaTe/lbHOW K TpaeKTOpPHHU.
Ecimu BeMurHa CKOPOCTH B JJaHHBIN MOMEHT OyzieT OosibIiie HyJsisl, TO BEKTOP CKOPOCTH HAIpaB/sieTCs B
T10/I0)KUTE/IbHOM HarpaB/ieHUU

4. Ormpepe/ieHMe YCKOPeHMsI TOUKH TIPM 33/laHUM  ee [BIDKeHUsI BeKTOPHBIM,
KOOPAMHATHHIM H €CTeCTBEHHBIM CII0CO00M.

YckopeHre — BeKTOpHasi pu3nuecKasi BeJIfurHa, XapakTepu3ytolijasi ObICTPOTY U3MeHeHUst
ckopocTH. OHO TIOKa3bIBaeT, Ha KaKyl0 BeJIMUMHY W3MEHSIETCS CKOPOCTh Tejla 3a eIMHUITY BpeMeHH. B

CH envHuLel yCKOpeHUs SIBJISIETCS METP Ha CeKyHAY B KBajpare (ﬁ)

HYCTB B HeKOTOprﬁ MOMEHT BpeMEHHU t IBH)KYILAsICsl TOUKA HAXOAUTCS B ITOJIOXKEHNH M u umeet

CKOPOCTB V, @ B MOMEHT t; IIpUXOAUT B MOJIOKEHUE M; u uMeeT CKOpPOCTb V; (puc. 8).
v e
l} v

Puc.8

Torza 3a IpoMeXyTOK BpeMeHU At=t;-t CKOPOCTb TOUKH [10/1ydaeT IpupallieHye AV = 51 —7. HOna
TIOCTPOEHMST BEKTOpa AT OT/IOKUM OT TOUKH M BEKTOD, paBHbIM Vi, U TIOCTPOMM Ilapasjenorpamm, B
KOTOPOM JMaroHanbio Oyzer 51, a OfIHOM U3 CTOPOH v, Torma, oueBHAHO, BTOpasi CTOpOHa W Oyzer
n300pakaTb BEKTOP A¥. 3aMeTum, 4TO BEKTOD A BCerja HarpaBjeH B CTOPOHY BOI'HYTOCTU
TPaeKTOPHU.

OTHollIeHKe MpUpalleHus BeKTopa CKOPOCTU AT K COOTBETCTBYIOLI|eMY IIPOMEXYTKY BpeMeHu At
OTpe/ie/IsIeT BEKTOP CPe/JHEro yCKOPEHUs TOUKH 3a 3TOT NPOMEXYTOK BPEMEHM:

Qep = Av fAE,

BekTop cpesHero yckopeHUss UMeeT TO JKe Harpas/ieHHe, YTO U BeKTOp m}’, T.e. Halpas/eH B
CTOPOHY BOTHYTOCTH TPAeKTOPHH.

YckopeHUeM TOUKU B ,anHL_{ITI MOMEHT BpPeMEHU t Ha3bIBaeTCsA BeKTOPHAsl BeJTMUMHA 5, K KOTOpOM
CTPEMUTCSI CpejHee yCKOpeHue @ IpU CTPeMJIeHUM IIPOMeXyTKa BpeMeHU At K Hy/mro: Bekrtop
YCKOPeHHsI TOUKU B JJaHHBbI MOMEHT BpeMeHH paBeH IepBOM NMPOM3BOJHOU OT BeKTOpa CKOPOCTH WU
BTOPOM ITPOM3BOJJHOM OT pafinyca-BeKTopa TOUYKH 10 BpeMeHH.

YckopeHre TOUKM paBHO HY/IK JIMIIL TOIZA, KOLZJA CKOPOCTb TOUKU V TIOCTOSIHHA Kak I10
BeJIMYMHe, TaK W IO HalpaB/eHHIO: 3TO COOTBETCTBYET TOJIBKO IMPSIMOIMHENMHOMY U paBHOMEpPHOMY
JBIDKEHHUIO.

ITpy npsiMO/TMHEHOM IBJKEHHWH C BO3pacTarollieid 10 MOAY/II0 CKOPOCThIO (PUC. 9, a) BEKTOPbI a
Y Vg COHaIIpaBJIeHbI (5 [l 'LTE.’) Y TIPOEKLIMsS YCKOPeHHs Ha HallpaBJ/IeHHWe [BIKEeHHs ITOJIOKUTEe/IbHA.

[Tpu npsiMo/IMHEHOM JBIKEHUM C YObIBaroIlell 1o MOZY/IH0 CKOPOCThIO (puc. 9, 0) Harpas/eHus
BEKTOPOB auvg IIPOTHBOITIO/IOKHBI (5 Tl TT[;) Y TIPOEKLINA YCKOPeHMsI Ha HallpaB/IeHHe JBIKeHHS
OoTpuljaTe/ibHa.

a i
i g, g B0
O Qo—-ﬁ—-—h-—h—x
M M
Puc.9

OnpedeneHue yckopeHuUst npu KOOPOUHAMHOM Cnocobe 3a0aHust O8UMCEHUS]
=+ dv
BekTOp yCKOpeHHsi TOUKM & = —— B IPOEKLIUM HA OCH IT0/TyYaeM:
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dv, d*x dv, d%y dv, d?z
= = = = ﬂ,zz

dt  dt?

N

a, =%, =X, ﬂ‘,}. = ‘L"}. =% a;=1;=E,

T.e. MPOEKLUSI YCKOPEeHHs TOUKM Ha KOOPAWHATHbIe OCHU paBHbI MEepPBbIM IIPOWU3BOJHBIM OT
MPOEKLMHA CKOPOCTH WM BTOPBIM MPOM3BOAHBIM OT COOTBETCTBYIOIIMX KOOPAMHAT TOUKU MO BPEMEHU.
Mopynb 1 HarlpaB/ieHHe YCKOpeHHsl HalayTcst u3 hopMyn

a= ﬂla§+ ay +az;

By Qy az

COS0 = = cosfy = = CO5yq = =2

rae o1, Bi, Yi - yIVibl, 0Opa3yeMblie BEKTOPOM YCKOPEHUs C KOOPAMHATHBIMU OCSIMMU.

OnpedeneHue ycKopeHusi npu ecmecmeeHHOM cnocobe 3adaHusi dgudiceHusi. KacamenbHoe u
HOPMA/IbHOE yCKOpeHUe mMoYKU

IIpu eCTeCTBeHHOM criocobe 3a/jaHus [BIKEHHST BeKTOp @ OTpeJeNsioT 10 ero TMpoeKLHsM Ha
ocu M1nb, umerone Hayano B Touke M U JBIKYLMecs: BMecTe ¢ Heto (puc.11). 3Ty ocu, Ha3biBaeMble
OCSIMM eCTeCTBEHHOTO TpeXrpaHHMKa (WIM CKOPOCTHBIMM (€CTeCTBeHHbIMU) OCSMM), HarpaB/ieHbI
criepyroiM 06pa3om: ock MT - BO/b KacaTeIbHOUM K TPAeKTOPUM B CTOPOHY IM0JIOXKUTETbHOTO OTCYeTa
paccTosiHUA S; 0Cb Mn - Mo HOpMa/y, JieXallled B CONPHKAaCarolecsl IVIOCKOCTA U HarpaB/ieHHOM B
CTOPOHY BOTHYTOCTH TpaeKTopuu; ocb Mb - meprneHAMKY/ISIPHO K TIepBbIM JBYM TakK, UTOObI OHa
obOpa3oBajia ¢ HUMU MpaByr TpPoWKy. Hopmase Mn, fiexxarias B COTNPHUKACAIOIIENCS TUIOCKOCTH (B
IJIOCKOCTU CaMOM KpWBOM, eClId KpuBas TIUIOCKasl), Ha3blBaeTCs IVIaBHOM HOpMarbio, a
reprieHAVKY/sIpHast K Hell HopMasib Mb - GUHOpMasbio.

EcTecTBeHHbIe OCH — 3TO TIOABW)KHBIE OCH, CBSI3aHHbIE C JIBIKYIIelcsi Toukoi M 1 obpasyroiiue
TIPaByIO MPSIMOYTOJILHYIO CUCTeMy KoopzauHar. [1nockocTs, npoxozgsimas uepe3 obe HopMand (TJIaBHYHO
HOpManb N U OuWHOpManb b), HasbiBaeTCsi HOPMaJbHOM TIOCKOCTHIO. KoopauHaTHasi TJIOCKOCTB,
NIPOXOZAIIIas yepe3 KacaTe/bHYI0 HOpMaJb N, Ha3bIBaeTCs conplfKacafomeﬁCH MIJIOCKOCTBIO.

:

] -

dv  dis 2
G, =—=—=; a
Toodt  dt? " op

1.5 JIekuus 5 (2 uaca).

Tema: «IIpocTeiimmne fBH)KeHUs] TBEP/0r0 Tej1a»
1.5.1 Boripocel 1eKuum
1. IlocTynarenbHOe JBU)KEHME TBEPAOIO TeJa.
2. BpartuarenbHOe ABWKEHWe TBEPJOTro Tesla.
3. [1nockoe nBr>KeHUe.

1.5.2 Kparkoe coaepkaHue BOIIPOCOB

1. ITocTynare/sibHOE ABV)KEHHE TBEPAOro Tesa.

B kuHeMaTvKe, Kak U B CTaTHCTHKe, OyleM pacCMaTpHBATh BCe TBep/ble Tesia Kak abCOMHTHO
TBep/ble.

ABCOJTIOTHO TBEpABIM TEJIOM Ha3bIBAeTCS MaTepUaabHOe Tejlo, reoMeTpruuecKast popmMa KOTOpOro
Y pa3Mepbl He M3MEHSIFOTCSI HU TIPU KaKUX MeXaHWUeCKUX BO3[eWCTBUSIX CO CTOPOHbI APYrHX Ter, a
paCCTOsTHUE MeX/y JTFOObLIMU BYMsI €0 TOUKaMH OCTaeTCsl TTIOCTOSTHHBIM.
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KunemaTtuka TBepAoro Tena, Takke Kak M JUHAMHUKA TBEpPAOrO Teja, SIBASETCS OJHUM U3
Hanbosee TPYAHBIX pa3/e/ioB Kypca TeOpeTHUeCKON MeXaHHKH.

3ajjauM KMHEeMaTWKK TBEpZOro TeJja pacnaZatoTcs Ha [iBe YacTu:

1) 3ajmaHue ABWKEeHUs U Ompefie/ieHMe KUHEeMaTUUeCKUX XapaKTepHUCTHK J[BWKEHUs Tela B
Liesiom;

2) omnipefie/ieHMe KUHEMAaTHYeCKUX XapaKTePUCTUK ABWKEHUS OT[e/IbHbIX TOUEK TeJa.

Cy1ecTByeT NSITh BUZOB JBWKEHHUsI TBEPOro Tena:

1) nocTynarensHOe IBUKEHUeE;

2) BpalljeHHe BOKPYT Hello/[BUYKHOMN OCH;

3) MJI0CKOe [IBUYKEHUE;

4) BpallleHre BOKPYT HellOo/IBU’KHOM TOUKU;

5) cBoOOHOE JBIKEHUE.

[TepBbie ABa Ha3bIBaIOTCS MPOCTEUIIIMMHU IBIKEHUSIMU TBEPAOTIO TeJa.

HauneM ¢ paccMOTpeHMs IOCTyNaTeIbHOTO ABUKEHUS TBEPZOTO Tesa.

[MocTymnaTenbHBIM Ha3bIBaeTCs TaKoe [BM)KeHHe TBepJOro Tesa, MpPU KOTOPOM Jitobasi TipsiMasi,
TpoBeJleHHass B OSTOM Tejle, IIepeMellaeTcs, OCTaBasiChb Mapa/ule/lbHOW CBOEMY HaualbHOMY
Harnpas/IeHUIO.

[TocTynarensHOe ABM>KeHUE He CjiefyeT CMeLIMBaTh C NMpsAMO/IMHeHbIM. [1py mocTymnarensHOM
JBIDKEHUM Tejla TPaeKTOPUU ero TOYeK MOTYT ObITh JIF0ObIMU KPUBLIMU JTMHUSIMU. [IpriBesieM ripyMepsI.

1. Ky30B aBTOMOOM/IS1 HAa TIPSIMOM TOPU30HTA/IBHOM yUacTKe JOPOTH [IBKDKETCS TIOCTYTaTe/TbHO.
[Tpu 5TOM TpaeKTopuu ero Todek OyayT NMPSMBbIMU JTUHUSIMHU.

2. Crnapuuk AB (puc.3) npu BpaujeHuud kpuBowmnoB O;A u O,B Takke paBwkercs
nocTtymnarenbHO (/r0basi TIpoBefieHHass B HeM TIpsMasi OCTAeTCsl TapasuiellbHOM ee HaualbHOMY
HaripaB/ieHHI0). TOUKHY CriapHuKa JBUKYTCS TIPU 3TOM M0 OKPY>KHOCTSIM.

Puc.3
[TocTynatenbHO ABWXKYTCS Tieflajii BeloCHIlela OTHOCUTETbHO ero paMbl BO BpeMs [IBUKEHUS,
TIOPILIHU B LIW/IMHJPAX JIBUTraTesisi BHYTPEHHEro CropaHvsi OTHOCUTENbHO LWIWHAPOB, KaOWHBI Kojeca
0003peHus B rapkax (puc.4) OTHOCHUTE/TEHO 3eMJTH.

Puc.4
CBoliCcTBa TMOCTYMaTe/NbHOTO [BW)XKEHHWs OIpeJe/sitoTCS  C/IeAyIolell  TeopeMoil:  TpHu
MOCTYyTIaTe/IbHOM /IBV)KEHUM BCe TOUKHU TeJla OMMCHIBAIOT OJ[MHAKOBbIe (TIPU Ha/IOKEHUM COBIIA/IAIOII[HE)
TPaeKTOPUU U UMEIOT B KaXK/blii MOMEHT BpeMeHU O/[MHaKOBbIe TI0 MO/Y/IH0 U HarlpaB/IeHHIO0 CKOPOCTH U

YCKOpEeHMUS.

[ mokasaTtenbCTBa PAacCMOTPUM TBepZioe Teslo, COBepIlalollee TOCTYTATe/IbHOe JBM)KEHHE
OTHOCHUTE/ILHO cucTeMbl oTcueTa Oxyz. Bo3bMeM B Tesie [iBe MPOU3BOJIbHBIE TOUKHU A U B, Ti0o/105KeHUs
KOTOPBIX B MOMEHT BPeMeHH t OTpe/ie/ITFOTCs PajjuyCaMU-BeKTOpaMH 7 U 5 (PUC.5).
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Puc.5
—

[TpoBenem BekTOp AEB, COeAUHSIOLIMN 3TH TOUYKH.

Torga FB = :r_;}q +AB.

[Ipu sTOoM pnvHa AB TIOCTOSIHHA, KaK pAacCTOSHME MeXKJy TOUYKaMW TBepAOoro Tena, a
HarpaB/ieHe AB ocTaeTcsi HeM3MEeHHBIM, TaK KaK Tejio JABWKETCS MOCTyIarelbHO. TakuMm o0pasom,
BeKTOp AB BO BCe BpeMsi ABWKEHHUsl Tejla OCTaeTCs MOCTOSHHBIM (AB=const). BcienctBue storo,
TpaeKkTopusi TOUku B TOJIyYaeTCs U3 TPAEKTOPUU TOUKH A mapaiesibHbIM CMeLeHHEeM BCeX ee TOYeK Ha
MOCTOSIHHBIM BekTop AEB. CrieoBaTeqlbHO, TpaeKTopuud ToueK A W B OygyT [gelcTBUTENBbHO
OJMHAKOBBLIMHU (TIPU HaJI0XKEHUU COBIAAAIOIIMMI) KPUBBIMHU.

Ina HaxokIeHWst ckopocTeli ToueK A W B mpoauddepeHiupyeM 06e uyacTH paBeHCTBa IO
Bpemenu. [Tonyurm

dfy dr, d(AB)

dt  dt dt

Ho npousBogHas oT noctosiHHOro BekTopa AB paBHa Hy/t0. [Ipou3BoHbIE )Ke OT BEKTOPOB U
T TI0 BPEMEHM /]At0T CKOPOCTH TOUeK A v B. B pesysnbrare HaxoAuM, 4TO

¥y = Vg,

T.e. YTO CKOPOCTH TOUeK A ¥ B Tesa B /000M MOMEHT BpeMeHH OAWHAKOBBI U 110 MOJY/IIO, U 110
HarpaB/ieHut0. bepst oT 006enx yacTei MolyueHHOTO paBeHCTBA MPOU3BO/HBIE 110 BpEMEHHU:

dv, dvg

dt  dt

CnenoBatenbHO, YCKOpeHUs1 ToueK A u B Tena B 000 MOMEHT BpeMeHH TOXKe OJMHAKOBBI TI0
MOZYJIO Y HarpaBJ/IeHUIO.

Tak Kak TOukr A ¥ B Ob1/11 BBIOpaHbI IPOU3BOIBHO, TO U3 HalZIeHHBIX Pe3y/IbTaToB CIeAyeT, uTo
y BCeX TOYeK Tejla WX TPaeKTOPHM, a TaKKe CKOPOCTU U YCKOPeHUsl B 000N MOMEHT BpeMeHU OyayT
oJMHAKOBbI. TakuM 0Opa3oM, Teopema JJ0Ka3aHa.

N3 Teopemsl criefyeT, 4TO MOCTYMaTe/bHOE JBU)KeHUe TBEPJOro TeJia OrpeessieTCsl JBUKeHueM
Kakou-HUOyap ofHOW W3 ero Touku. CriefjoBaTenbHO, M3ydeHHE IIOCTYTATeJbHOTO [IBIDKEHUS TeJla
CBOJIUTCSA K 3ajlaue KUHEMaTUKe TOYKH, HaMU y>Ke PaCCMOTPEHHOM.

[Tpu mocTyTaTeTbHOM [IBHXKEHUH OOILI[YI0 [ BCEX TOUeK Tesla CKOPOCThb ¥ Ha3bIBAIOT CKOPOCTBIO
MOCTYIaTe/IbHOTO /IBMJKEHHUS Tesa, a YCKOpeHue a- YCKOpPeHreM TMOCTYIMaTe/JIbHOTO JBW)KEeHUS TeJia.
BexkTopsl T Ud MOXKHO M300pakaThb TIPUIOKEHHBIMH B TF000 TOUKe Tesia.

3aMeTdM, UTO TIOHSTME O CKOPOCTA W YCKOPEHUM Teja UMEKT CMbBICI TOJILKO TIpU
MOCTYyNaTe/bHOM [JBIKeHUU. BO Bcex OCTa/lbHBIX ClydasX TOUKU Tesa, KaK Mbl YBUAUM, ABWXKYTCSH C
pa3HbIMU CKOPOCTSIMU U YCKOPEHHUSMU, U TEPMUHBI <<CKOPOCTb Tejla>> WIU <<yCKOpeHUe Tejia>> MJis
3TUX JIBUYKEeHUMN TePSIFOT CMBICII.

+ 3
HIH Q4 = Qg

2. BpaiuarenibHoOe JBW)KeHUe TBep/oro Tesa.

151 KUNHeMaTHU4eCcKOTo OIMMCaHus BpalljaTe/IbHOTO JBMXeHUs aOCOFOTHO TBEP/IOTO Tejla BOKPYT
HETOJBI)KHOM OCH UCTIO/NB3YHOTCS Te ’Ke BeJIMUMHBI, UTO U [ ONMCAHUS [JB)KeHUs MaTepranbHON
TOYKH TI0 OKPY>KHOCTH.

Bpamiare/ibHbIM IBH)KeHHEM TBepPAOro Tejia BOKPYT HEelOABW)KHOM O0CH Ha3bIBaeTCsl TaKOe ero
JIBIKeHMe, TIPU KOTOPOM KaKue-HUOY/Ib [iBe TOUKU, TIPUHAJ IeKallue Tefy (UId HeM3MeHHO ¢ HUM
CBsI3aHHbIE), OCTAIOTCSI BO BCe BpPeMsi JIBMXKeHUsT HeTOBKHBIMU (puc.9).

ITpoMe)XyTOK BpeMeHHU, B TeUeHHE KOTOPOTO TeJI0 COBEPIIIAeT OMH MOJIHbIM 000POT BOKPYT OCH,
— Tiepuoy, BpalieHus. BemmunHa, obparHasi mepuojy, — 4acToTa BpalljeHusl.

[Tpoxopsiiiast uepe3 HeMOABW)KHBIE TOUKH A U B ripsimasi AB Ha3bIBaeTCsl OChIO BpallleHHsl.
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Tak Kak pacCTOSiHUsI MeX/y TOYKaMU TBePJOro TeJja [JO/DKHbI OCTaBaTbCs HEM3MEeHHBIMU, TO
OYEBH/IHO, UTO TIPM BpalllaTeJbHOM [BIDKEHHUH BCE TOUKU, MPHHAJIeXKAI[He OCH BpallleHus, OymyT
HETIO/IBWKHBI, a BCe OCTajbHble TOUKUA Tera OyJyT OMMCHIBAaTH OKPY’KHOCTH, TUIOCKOCTH KOTOPBIX
TrepreH/IUKY/IsIPHBI OCU BpallleHus], a LIeHTPhI JieXKaT Ha 3TOW OCH.

[y ompeznenieHUs TIONOXKEHUsT BPALL[AIOIIErocsl Tela TPOBeJeM depe3 OCh BpallleHusi, BZOJb
KOTOpOM HampaBUM OCh Az, MOMYIUVIOCKOCTh - HEMOABWKHYIO U TIOMYILJIOCKOCTh, BPE3aHHYHO B CaMo
Tesl0 U BpallarolyoCcs BMecTe C HUM (puc. 9).

Puc.9

Torma monokeHue Tena B /000 MOMEHT BpeMeHM OfIHO3HAYHO OIpEJeUTCs B3AThIM C
COOTBETCTBYIOLLIUM 3HaKOM YIJIOM (@ MeXAYy 3THUMM MOMYIUIOCKOCTSIMHM, KOTOPbIM Ha30BeM YIVIOM
NI0BOpOTA Tesia. byzem cunTtarh yrom ¢ rosiokKUTebHbIM, €C/IM OH OT/IOXKEeH OT Helo/BI)KHOM MJIOCKOCTH
B HarpaB/IeHUH TIPOTHB XOJja YacOBOM cTpenku (f/s Habsogaresis, CMOTPSILIEr0 C TOMOKUTETbHOTO
KOHIIa ocu Az), U OTpHLIaTe/IbHbIM, €CJ/IU 0 XOAY YacoBOM cTpenku. M3MepsTh yron ¢ OyzeM Bcerza B
pagraHax. YToObl 3HaTh MOJIO’KEHUeE TeJia B /000 MOMEHT BpeMeHU, Haflo 3HaTh 3aBUCHUMOCTD YIIa ¢
OT BpEMEHH ¢, T.e.

o=1(1).

YpaBHeHMe BbIpakaeT 3aKOH BpalllaTe/IbHOIO /IBWKEHHsI TBEPJOro Tejla BOKPYT HeroBIKHON
OCH.

[Tpu BpaljaTe/sIbHOM [IBM)KEHUU aOCOIOTHO TBEPZOTrO Tesla BOKPYT HETOJBY)KHON OCH ye/ibl
nogopoma paouyca-eekmopa pasaudHblx Mouek mead 0OUHAKOBDIL.

OCHOBHBIMM KMHEMaTU4YeCKUMHU XapaKTepUCTUKaMU BpalllaTe/IbHOIO [JBKeHUs TBepZoro Tejia
SIBJISIFOTCA €r0 YIVIOBask CKOPOCThb ® U YIVIOBOE YCKOpeHUe E.

Ecnu 3a npoMexxyToK BpeMeHr At=t;-t TeJio coBepllaeT MOBOPOT Ha yroya AQ=@:-@, TO YUCTIEHHO
CpefHell yIJIOBOW CKOPOCTBIO Tejla 3a 3TOT POMEXKYTOK BpeMeHH OyZeT ey = i—f B nipenenie npu At—0
Hauzem, qTod

e .

W =—" W1 0=@.

Takum 06pa3om, urCIoBOe 3HaYeHHe YIJIOBOM CKOPOCTH Tesia B JaHHBI MOMEHT BpeMeHH PaBHO
NepBoy MPOM3BOAHOM OT yIVia IOBOPOTA 10 BpeMeHHU. 3HaK o OIpeZesiseT Harnpa/ieHue BpallieHs Tena.
Jlerko BuzIeTh, UTO KOIZia BpalljeHue NPOUCXOAUT NPOTUB XO/la YaCOBOW CTpesiKH, >0, a Korga 1o xony
4yacoBOM CcTpenky, To ®<0.

PasmepHoCTb yrioBoii ckopoctu 1/T (T.e. 1/Bpemsi); B KaueCTBe eAWHHLIbI M3MePeHUs] 0OBIYHO
NPUMEHSIIOT Pajl/C WM, 4To ToXe, 1/c ('), Tak Kak pajuaH - BeJiMurHa Ge3pasmepHasi.

VITIOBYIO CKOPOCTb Tesla MOXKHO M300pasuTh B BUJe BEKTOpa i, MOZAY/Ib KOTOPOTO paBeH || u
KOTOPBIM HarpasJ/ieH BJ0J/Ib OCH BpAlL{eHUs Tesa B Ty CTOPOHY, OTKY/Za BpalljeHre BUJHO MPOUCXOZASILINM
MPOTUB X07ia yacoBol cTpenku (puc.10). Takoii BeKTOp omnpezessieT cpa3y U MOAY/b YIJIOBOW CKOPOCTH,
Y OChb BpallleHUs], ¥ HarpaBJieH!e BpallleHWsl BOKPYT 3TOM OCH.
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Puc.10

Yros1 TOBOPOTA U YI/IOBasi CKOPOCTh XapaKTepH3YIOT [IBIKeHNe BCero abCoM0THO TBEPAOTO Tefa
B 1lesioM. JIvHeliHasi CKOPOCTh KakoH-11M00 TOUKK abCOTIOTHO TBEPZOTo TeJla MPOIOpLIMOHaIbHA
PaCCTOSIHUIO TOYKU OT OCH BpaIL[eHHsI:

2
'r:-:mR:ZTrﬁR:FR

I[Tpu paBHOMEPHOM BpallleHUH abCo/I0THO TBEPZOro Tesla YIVIbl TOBOPOTA TeJla 3a JitoOble
paBHbIe TIPOMEKYTKH BpeMeHH OJJTHAKOBbI, TaHTeHIIMaIbHble YCKOPeHHUs Y Pa3/IMYHbIX TOYeK Tesla
OTCYTCTBYIOT, 8 HOpMa/IbHOe yCKOpeHre TOUKH TeJla 3aBUCUT OT ee PacCTOSIHUSA [0 OCH BpaLljeHHsT:

T::I‘ ¥ ¥ ¥ 41-[‘
Gy, = i w R =4m“f°R = T2

—_

BexkTop @, Harpas/ieH 110 pajuyCy TPaeKTOPUM TOUKU K OCH BpalljeHus.

YroBoe yckopeHue xapakTepusyeT M3MeHeHHe C TeYeHHeM BPeMEeHU YIVIOBOM CKOPOCTH TeJa.
Ecm 3a npomexxyTok BpemMeHU At=t;-t yIyioBass CKOPOCTb TeJla U3MeHsIeTCsl Ha Be/IMYMHY Aw=w1-0, TO

R

A

YKC/IOBOE 3HaueHWe CPeIHero YIVIOBOTO YCKOPEHMS TeJia 3a 3TOT MPOMEXYTOK BPeMEeHH OyleT &qp = ar
B nipezene ripu At — 0 Haiiziem,

de dip

fTdr  at?

TakuM 00pa3oM, UKMCIOBOe 3HAUEHHWe YIVIOBOTO YCKOPEHUSs, Tejla B JIaHHBbI MOMEHT BpeMeHH
PaBHO I1epBO MPOU3BOJHOM OT YIVTIOBOM CKOPOCTH WX BTOPOU MPOU3BOJHOM OT yIvia IOBOPOTA TeJjia Mo
BPEMEHHU.

Pa3mepHOCTh yIIoBoro yckopenust 1/T? (1/Bpems®); B KaueCTBe eJVHMILbI U3MEPEeHHUs 00LIYHO
NPUMEHSIeTCs pajy/c’ WK, uTo To e, 1/c* (c-2).

Ecm Mopynb yIyioBoM CKOPOCTM CO BpeMeHeM BO3pacTaeT, BpalleHWe Tesa Ha3bIBaeTCs
YCKOPEHHBIM, a ecJiv YObIBaeT, - 3aMe/ljIeHHbIM. JIeTKo BUJIeThb, UTO BpalljeHre Oy/leT YCKOPeHHBIM, KOTza
BeJIMUMHBI O U € UMEIOT O/IMHAKOBbIe 3HAKU, Y 3aMe/lJIeHHbIM, - KOT/la pa3Hble.

YroBoe yckopeHue Tesia (10 aHa/IOTHH C YIJIOBOM CKOPOCTBIO) MOXKHO TaKKe M300pasuTh B BU/E
BEKTOpa &, IL{iEE"IpaBJIeHHOFO B/I0/Ib OCH BpalleHus. [1py sTom

I

dt’

HIH £ = @ = .

=
£ =

3. IL1ocKoe BYDKEHHE

[TnockonapaniensHeIM (WIM IIJIOCKMM) Ha3bIBaeTCsl Takoe [JBW)KeHHWe TBepJOro Tena, IIpH,
KOTOPOM BCe ero TOYKM IepeMelatoTCs Mapa/ule/lbHO HEKOTOPOW (PMKCUPOBAHHOW MockocTu I1 (puc.
28). Ilnockoe [BWKeHHe COBepLIAIOT MHOTME YaCTH MeXaHW3MOB M MalllWH, HarnpuMep Karsijeecs
KOJIeCO Ha TPSIMO/IMHENMHOM YydyacTKe IMyTH, LIaTyH B KPHUBOLIMITHO-IIOJ3YHHOM MexaHu3Me W Jp.
YacTHeIM CJlyyaeM IUIOCKOTMAapayle/lbHOTO [BW)KEHUS SIBJIIeTCSl BpalllaTesIbHOe [BW)KeHUe TBepZOoro
TeJla BOKPYT HeNOABWKHOW OCH.
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Puc.28 Puc.29

PaccmoTpum cedeHne S Tena KakoW-HUOyAb Twiockoctd OXy, Tapa/uienbHOW TIocKocTu I1
(puc.29). Ilpu 1IOCKOTapas/ie/ibHOM [IB)KEHUMM BCe TOUKM Tesa, JieXkallue Ha mnpsmoid MM,
MepreHUKY/ISIPHON TeUeHUIO S, T. e. IVIOCKOCTH [1, ABMKYTCS TOXK/@CTBEHHO.

Orcrofa 3ak/o4yaeM, 4TO /s U3y4YeHWs [BWKEHWsS] BCEro Teja [OCTAaTOYHO M3YUUTh, Kak
JIBIDKETCST B TIOCKOCTU Oxy ceueHue S 3TOTO Tejla WM HeKoTopas ruiockasi ¢urypa S. Ilostomy B
Jla/ibHeHIleM BMeCTO TJIOCKOTO JBMKeHUs Tesia OyZieM paccMaTpuBaTh ABW)KeHUe TIOCKOM Gurypsl S B
ee IVIOCKOCTH, T.e. B IJIOCKOCTH OXy.

[Monoxxenue ¢urypsl S B TwiockocT Oxy ompefiensieTcsi TOJIOKeHHeM KaKoro-HUOyIb
TpOBeJIeHHOT0 Ha 3Toi ¢urype otpe3ka AB (puc. 28). B cBoto ouepefib ToioxkeHre oTpe3ka AB MOXXHO
OTIpe[ie/iuTh, 3Hasi KOOPAWHATHI XA U Ya TOUKU A M yTon ¢, KOTOPbIi 0Tpe3oK AB obpa3syeT C 0CbiO X.
Touky A, BBIOpaHHYIO [Jisi OTpe/ielieHUs TOJoKeHuss (urypel S, OygeM B JaibHellleM Ha3bIBaTh
TI0JIFOCOM.

[Tpu fgBWKeHWM (QUIYPbI BEUUMHBI Xo M Ya W @ OyayT u3MeHsAThCS. UTOOBI 3HAaTh 3aKOH
JBIDKEHUs], T. e. TIoJoKeHHe ¢Gurypel B TwiockocT Oxy B 1000M MOMEHT BpeMeHH, Ha/lo 3HaTb
3aBUCHMOCTH

x, = A, v =£), @ =fI(0.

YpaBHeHus1, onpefie/IstoLe 3aKOH IIPOMCXOASILEr0 ABY)KEeHNS, Ha3bIBalOTCS YPaBHEHUSAMU
JBYDKEeHUsI TJI0OCKOUM (UTyphl B ee 110CKOCTH. OHU JKe SBJISIIOTCS ypaBHEHUSIMU T7I0CKOMapasielbHOro
JIBIDKEHUS TBepZoro Tesa.

[TepBhble Ba U3 ypaBHEHUM JBW)KEeHHUsI OMNPEeZEsOT TO JABWKEHHe, KOTopoe (hurypa coBepliana
ObI TIpU @=const; 3T0, OUeBUIHO, OyZleT MOCTyMare/IbHOe /B)KEeHHe, TIPH KOTOPOM BCe TOUYKH (DUTYPBI
JOBIWDKYTCS Tak e, Kak nomoc A. TpeTbe ypaBHeHue ompefesisieT [ABWKeHHe, KOTopoe ¢urypa
coBepIasna Obl 1pU x4 = cONSst U V4 = CONSL, T.e. KOT/JA MOMIOC A HeTIOABIKEH; 3To OyzeT BpareHue ¢u-
r'ypbl BOKPYT Tomoca A. OTCroja MOXKHO 3aK/TFOUMTh, UTO B 00IIeM CiTydae JABM)KeHUe II0CKOW (pUrypbl
B ee IJIOCKOCTM MOJKET pacCMaTpuBaThbCd Kak Cjararoljeecss W3 NOCTYNaTelbHOrO [BVDKEHUs, IPU
KOTOPOM BCe TOUYKH (DUryphl ABWXKYTCS Tak >Ke, Kak IMO/I0C A, ¥ U3 BpalljaTeJIbHOTO JBM)KEHUsI BOKPYT
3TOro MOJoCa.

OCHOBHBIMM KHWHEMaTUUeCKUMU XapaKTePUCTUKAMM pPacCMaTpUBaeMOr0 [BWKEHMS SIBISIFOTCS
CKOPOCTb M YCKOpEHHe TOCTyNare/bHOIO [BW)KEHHUS, paBHble CKOPOCTM U YCKOPEHMIO II0JIr0Ca
Doner = Vay Opoee = @ 2, @ TAKXKe YIVIOBasi CKOPOCTh w U YITIOBOE YCKOPEHHe £ BpallaTe/IbHOTO JIBWKEHUS
BOKPYT MOJIIOCA.

OnpegeneHne CKOpPOCTel ToYekK MI0CKON ourypbl

Bbu10 0TMeueHo, UTO ABWKeHHe TJIOCKOM (Urypbl MOXKHO pacCMaTpUBaTh Kak Cjararolieecs U3
MOCTYIaTeIbHOTO ABV)KEHHs], TIPU KOTOPOM BCe TOUYKH (DPUI'YPbl ABMXKYTCSI CO CKOPOCTBIO 14 MO/MI0ca A, U
13 BpalaTe/IbHOTO JBWKEeHUs] BOKPYT 3TOTO Tomoca. [TokakeM, UTo CKOPOCTD JiF000ii Touku M (urypsr
CKJ/Ia/IbIBA€TCSI TEOMETPUUECKH U3 CKOPOCTEM, KOTOpPbIe TOUKa MOoJTyyaeT B KaKJOM M3 3TUX JBIKEHUU.

B camom fesne, monoxkeHue m000¥ Touku M (urypsl ornpeesnsieTcsi o OTHOLIEHHIO K ocsiM Oxy
Pa/IyCcOM-BeKTOpOM 7 =74 +7' (puc.30), e 7i- pajuyc-BeKTOp momoca A, 7' = AM- BEKTOD,
OTIpe/IeJISFOILMI MOJIOKEeHHe TOUKH M OTHOCHUTE/IBHO oceil AxY', mepeMeraroiuxcst BMeCTe C MoJIF0COM
A moctynaTenbHO (ABW)KeHWe (Uryphbl TI0 OTHOILEHHIO K 3TUM OCSM TIpe/iCcTaBiisieT co00i BpalljeHre
BOKpyT nomoca A). Toraa
df df, d7F

Ve

- =

“dt dar | at

B 10/1ly4eHHOM paBeHCTBe BeJMuYMHa % = T4 eCTb CKOPOCTD TO/FOCA A; BeJMUMHA XKe d—: paBHa
CKOPOCTH T4,4, KOTOPYIO TOUKa M TMOJTydYaeT IpH Ty = const, T.e. OTHOCUTEILHO oceit Ax'y', umm, uHaue
rOBOpS, NPY BpalleHud (QUrypel BOKpyr momoca A. Takum o6pa3som, M3 TpeAbiAyIlero paBeHCTBa
JeCTBUTE/ILHO C/IEJYeT, UTO

Uy =Va+ }3\4@

CKOPOCTb ¥4, KOTOPYIO TOuKa M Mo/yyaeT MpH BparileHru GUrypbl BOKpYT nomoca A:

Vyga = WMA Paga L MA,

rie o - yIJIOBasi CKOPOCThb (DUTYPBI.
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Takum 00pa3oM, CKOpPOCTh JI000# TOUKH M TI/I0CKOM (DUTyphbl TeOMeTPUUeCKH CK/IaZIbIBaeTCs U3
CKOPOCTH KaKOW-HUOyb ApPYyroi TOUKM A, TPUHSTOM 3a TOMIOC, U CKOPOCTH, KOTOPYKO Touka M
TIo/TyyaeT TIPU BpAILleHMM (UTYphl BOKPYT 3TOT0 TOIIOCA. MoOJynb M HampaBeHHe CKOPOCTH Uy
HaxoJATCS TOCTPOEHUeM COOTBeTCTBYIOLLero napasuiesorpamma (puc.31).

Lrl',;

Puc.30 Puc.31

OnpepgeneHne cKOPOCTEN TOUYEK MNOCKOWN hurypbl C MOMOLLbH MTHOBEHHOIO LeHTpa
CKOpOCTEN.

HarnsiiHeiii MeTof;, oripefie/ieHHsi CKOPOCTel TOuek IJIOCKON (urypbl (MM Tesa TIPU TJI0CKOM
JBIDKEHWH) OCHOBaH Ha MOHSITUM O MTHOBEHHOM LIEHTPe CKOPOCTeH.

MrHoBeHHBIM [IEHTPOM CKOPOCTe# Ha3bIBaeTCs TOUKA IJIOCKON (UTypbl, CKOPOCTh KOTOPOU B
JlaHHbII MOMEHT BPeMeHHU paBHa HYJIIO.

Jlerko  ybemuThCs, uTO eciv (Urypa JBMDKETCS HEMOCTYIaTebHO, TO TaKas TOUKA B KaXK[bIH
MOMEHT BpeMeHHU ¢ CyllleCTBYeT U MPUTOM e/AMHCTBeHHAs. [Iycte B MOMeHT BpeMeHH t TOUKU A U B
TJIOCKOM (DUTryphl UMEIOT CKOPOCTH U4 U T, He napasuiesibHble Apyr ApYTy (puc.33). Tor,qa TOouka P,
Jeallias Ha repeceveHvH TepreHAuKy/spos Aa X Bektopy ¥4 U Bb K Bekrtopy vB, u Oyzer
MTHOBEHHBIM IIeHTPOM CKOPOCTeil TaK Kak vp = 0. B caMoM /ie/le, eC/ii JOMYCTHTb, 4TO Up = 0, TO O
TeopeMe 0 MPOEKLUAX CKOPOCTeil BeKTOp T'p OKEH ObITh OJHOBPEMEHHO MepIeH Ky speH i AP (Tak
Kak 74 L AP) u BP (TaK Kak v L BP), 4To HeBO3MOXXHO. V3 TOM ke TeopeMbl BHHO, UTO HMKaKas
Jipyrasi Touka (Urypbl B 5TOT MOMEHT BpEMEHU He MOKET UMeTb CKOPOCTb, PABHYIO HYJIIO.

Puc.33

Eciiv Tenepb B MOMEHT BpeMeHHU ¢ B35ITh TOUKY P 3a Mo/oc, To CKOPOCTh TOUKU A Oyzet

¥, = Up + Vpy = Ppy, TaK KaK ﬁp = 0. AHa/IOTUUHBIN pe3y/bTaT MOayYaeTCs /ISl JIFo0oH APyTou
TOUKU purypsl. CriefjoBaTe/lbHO, CKODOCTH TOUEK TIJIOCKOH (DUT'yphbl OIpefie/isstoTCs B JaHHBIM MOMEHT
BpPeMeHH TakK, Kak ec/ii Obl IBIKeHre (GUrypbl ObIIIO BpalljeHreM BOKPYT MTHOBEHHOT'O LIeHTpa
CKOpOCTEﬁ. HPI/I yTOM ¥a = tPA {ﬁﬂ 1 PA): vy = wPE {ﬁg 1L PElnu T.4.

W3 paBeHCTB, crieiyerT ele, 4To ;—1 = :—: TOUEK I/IOCKOM (PUTypHhI MTPONOPLIMOHAIBHBI UX PACCTOsI-
HusaM ot MIIC.

[TonyueHHbIe pe3y/nbTaThl IPUBOAAT K C/€yHOIIUM BbIBOJAM.

1. ,Z[nﬂ Onpefe/ieHHs MTHOBEHHOTO LieHTpa CKOpPOCTeM HaZ0 3HaTh TOJIBKO HarpaB/eHUs
CKOpOCTeil 14 U ¥ KaKUX-HUOYIb JBYX TOUeK A M B IUIOCKOH (Urypbl (WM TPaeKTOPHH THX TOUEK);
MIHOBEHHBIW LJEHTP CKOPOCTEeM HaXOAUTCS B TOUKe NepecedyeHusl MepreHAuKy/IspoB, BOCCTAB/IEHHbIX U3
TOYeK A U B K CKOPOCTSIM 3THX TOYeK (WM K KacaTelbHbIM K TPaeKTOPHSIM).

2. [na ompepeneHuss CKOPOCTU JIOOOW TOYKH TUIOCKOM (UTyphl, Hafl0 3HaTb MOAYIb U
HarpaB/ieHue CKOPOCTH KaKOW-HUOyAb OFHOW TOUKM A qmrypbl W Harpas/ieHue CKOpOCTH Jpyrou ee
Touku B. Torga, BocCcTaBuB U3 TOUeK A v B nepneHJuKy/IpbI K 4 ¥ Ug, MOCTPOUM MTHOBEHHBIW LIEHTP
ckopocTeii P U 10 HalpaB/IeHUIO Ty OIpe/ieMM HarpaB/eHHe TT0BOpoTa ¢urypsl. I1oc/e 3Toro, 3Hast v,
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[9) o o ==+
, Hal{[IeM CKOPOCTh 17y JIF0OOM TOUKM M riiockoi ¢urypel. HampaBieH BEKTOD ¥ TiepIieHAUKY/ISIPHO
PM B cTOpPOHY MOBOpPOTa (PUTYPHI.

3. YrnoBasi CKOpPOCTh ¢ TUIOCKOM (UIyphl paBHa B KaK/blii [JaHHbIM MOMEHT BpeMeHU

OTHOIIIEHUI0 CKOPOCTH KaKOW-HHOy[b TOUKHM (Urypbl K €e PACCTOSHHIO OT MTHOBEHHOTO I[eHTpa
ckopocreii P:

tw = vz [PE,

1.6 JIekuus 6 (2 uaca).
Tema: «CocTaBHOe ABVIKEHNE TOUKH»
1.6.1 Bonipocskl jieKuu
1. OTHOCHTE/IbHOE, TIEPEHOCHOE U abCOTFOTHOE TBI)KEHUE TOUKH.

2. TeopeMa 0 C/I0)KeHHUH CKOpoCTel U yckopeHui. Teopema Kopuosuca.
3. Mogynb ¥ Harpas/ieHre KOPUOIMCOBa YCKOPeHUS.

4. TlpuMepsl Ha MpUMEHEHUe TeopeM O CIOKEeHHWH CKODOCTeH M O CJIOKEHUM YCKODeHWW TpH
MOCTYyNaTe/lbHOM MEePEeHOCHOM JBVKEHUH.

5. IlpuMepbl Ha TNpUMeEHEHWe TeOpeM O CJIOKEHWM CKOPOCTeH U O CJIOKEHUM YCKODeHUW B
C/lyyae, Korjja mepeHoCHOe /IBWKeHre — BpalljeHre BOKPYT HeloJBM)KHOU OCH.

1.6.2 Kpartkoe coaepkaHue BOIIPOCOB
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1. OTHOCHUTE/IBHOE, IEPEHOCHOE U A0COTITHOE ABM)KEHHE TOUKH.

1o cux mop Mbl U3y4asiu IBWKeHHe TOUKW WM TeJla 10 OTHOLLIEHUIO K OIHOM 3a/lJaHHOM cucTeMe
orcueta. OHAaKO B psifie C/IydaeB IPU PeLIeHWM 3aJad MeXaHWKM OKa3bIBaeTCs Lieslecoo0pasHbIM (a
MHOIZa ¥ HeoOXOAUMBIM) pacCMaTpUBaTh ABWKeHUe TOUKU (WM Tesla) OGHOBPEMEHHO IO OTHOLIEHUIO
K /IByM CHCTeMaM OTCYeTa, U3 KOTOPbIX OJHa CUMTAeTCs OCHOBHOM W/IM YC/IOBHO HEMOJABWKHOM, a
Apyrasi ornpejie/ieHHbIM 00pa3oM [BIDKETCSI 110 OTHOLLEHHIO K TepBoil. [IBMKeHHe, coBepllaemMoe TNpu
3TOM TOYKOM (WM TeJIOM), HasblBaIOT COCMABHbIM WU CA0XCHbIM. Harpumep, map, KaTsmuucs Io
nanybe [BIDKYILLErOCsl Mapoxofid, MOXKHO CUMTaTh COBEpLLIAIOL[MM 10 OTHOILIEHUIO K Oepery cioxHoe
JBIDKEHHe, COCTOsilljee W3 KaueHWsi 10 OTHOLIeHWIO K TanyOe (TIOABWKHAs CHUCTeMa OTCYeTa), U
JBIDKeHHe BMecTe C ramayboil mapoxoza Io OTHOILLIEHHIO K Oepery (HemoJBW)KHasi CHCTeMa OTCYeTa).
TakuM TyTeM C/IO)KHOe [BIDKEHHMe Illapa pasjaraeTcsi Ha fBa Oormee TpOCThIX U Oosee Jerko
HCCllelyeMbIX.

=

Puc.1

PaccmoTrpum TOUuKy M, ABWXKYILYIOCA 1O OTHOLLIEHUIO K IOABMXXHO cucTteMme orcyeta Oxyz,
KOTOpasi B CBOIO O4Yepe/ib KaK-TO [JBKETCS OTHOCUTENBbHO JIpyroi cucreMel orcueTta O:X1yiZi, KOTOPYIO
Ha3blBaeM OCHOBHOM WM YCJOBHO HenoJBWXKHOM (puc.l). Kaxkzmas U3 3TUX CUCTeM OTCYeTa CBsi3aHa,
KOHEYHO, C OMpe/ie/IieHHbIM TeJIoM, Ha YepTe)ke He MoKa3aHHbIM. BBeZieM criefiytolye onpe/eseHusl.

1. [IBvrkeHue, coBepliaeMoe TOYKOW M 1O OTHOLIEHUIO K MOABW)XHOM CUCTeMe oTcyeTa (K 0CsM
Oxyz), Ha3bIBaeTCsI OMHOCUMenbHbIM O8udiceHueM (Takoe [BWKeHUe OyzeT BuUZeTb Habmoparesib,
CBSI3aHHBIM C 3TUMU OCSMM U TlepeMeLIarollMnics BMecTe C HuUMM). Tpaektopusi AB, onucbiBaemas
TOYKOM B OTHOCHTE/IbHOM [IBM)KEHWH, Ha3bIBaeTCs OTHOCUTE/IBbHOM TpaekToprel. CKOpocTh TOUKU M 1o
OTHOILIEHUIO K 0csiM OXxyz Ha3bIBaeTCS OTHOCHUTEBHOW CKOPOCTHIO (0003HauaeTtcs i), a yckopenue -
OTHOCHTE/ILHBIM YCKOpeHHeM (0o603Havaercs a,). M3 onpesie/ieHys CiefyeT, UTo TIPY BHIYMCIEHUH T U
d, MOXKHO JIBIDKeHHe oceli OXyz BO BHUMaHKe He IPUHUMATh (PacCMaTPUBATh UX KAK HEIO/BIDKHBIE).

2. JIBwkeHuWe, cCOBeplIaeMoe TIOABWKHOM cucteMoil orcueta Oxyz (M BCEMM HEH3MEHHO
CBSI3aHHBIMM C HEK TOYKAMM IIPOCTPAHCTBA) IO OTHOLIEHWIO K HeNOABWXHOU cucreMe Oixiyiz,
SIBJIIETCS IJ151 TOUKU M nepeHOCHbIM 08UHCEHUEM.

CKOpOCTh TOM HEHW3MEHHO CBSI3aHHOW C MOABWXHBIMU OCAMH OXyzZ TOYKA m, C KOTOPOU B
JlaHHbIi MOMEHT BpEMEHM COBI1aJjaeT ABMXKYILAsACs ToukKa M, HasbiBaeTcs MePeHOCHOW CKOPOCTBIO
Toukd M B 3TOT MOMeHT (0603HauaeTcs ¥s), a YCKOpeHMe 3TOHM TOUKM M - NePeHOCHBIM yCKOpeHHeM

Touku M (0603Hauaetcs 4s). Takum o6pasom, Vuep = Ums Gnep = Gm

Eciu nipesicTaButh cebe, UTO OTHOCHUTE/BHOE [BW)KEHHWE TOUKHM MPOUCXOUT TI0 TMOBEPXHOCTH
(MMM BHYTpM) TBEpZOTO Tejla, C KOTOPBIM JKECTKO CBsi3aHbI TOABIDKHBIE ocu OXyz, TO T€PeHOCHOMN
CKOpPOCTBIO (WM YCKOPeHHEeM) TOUKM M B JJAHHBI MOMEHT BpeMeHH Oy/leT CKOPOCThb (MM YCKOPEeHHE)
TOW TOYKU T TeJjla, C KOTOPOU B 3TOT MOMEHT COBIIaziaeT Touka M.

3. IBr>KeHHe, COBEPIIIaéMOe TOUKOH TI0 OTHOIIEHHIO K HEeMOABWKHOM crucTeMe otcueta O:XiyiZi,
Ha3bIBaeTCsl abCcoMOMHbIM UMK CIOKHBIM. Tpaektopusi CD 3TOro ABWKeHHUs] Ha3bIBaeTCst abCOFOTHON
TpaeKTopHeii, CKOPOCTh - abCOMIOTHOMN CKOpPOCTHIO (0603HAYaeTCsl Tgz) M YCKOPEHHEe - abCOMOTHBIM
yckopeHHeM (0603HaYaeTcs d q¢).

B mnpuBesieHHOM BBIlIE TpUMepe ABWKEHHWe Ilapa OTHOCUTEIbHO TanyObl mapoxoja Oyzer
OTHOCHTE/IbHBIM, 8 CKOPOCTb - OTHOCUTE/IbHON CKOPOCTBIO I11apa; /IBMKEHHE 1apoxo/a M0 OTHOLIEHHIO
K Oepery OyzeT [jis1 11apa MepeHOCHBIM [IBI)KEHUEM, a CKOPOCThb TOM TOUKHM Tany0bl, KOTOPOU B JAaHHBIH
MOMEHT BpeMeHH KacaeTcs m1ap OyZieT B 3TOT MOMEHT ero TIepeHOCHOUM CKOPOCTBIO; HAaKOHeL], IBIDKeHHe
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I1apa 1o OTHOIIEeHUIO K Gepery OyzeT ero abCO/TIOTHBIM ABM>KEHHEM, a CKOPOCTh - abCOMIOTHOMN CKO-
POCTBIO I1apa.

[Tpy ucc/ie[0BaHUM CJIOXKHOTO JIBWDKEHHSI TOUKU TI0JIE3HO TPUMEHSITh «IIpaBUIO0 OCTaHOBKM».
Inst Toro, uToOBI HEMOABWKHBIA HAOMOAATENh yBUIEN OTHOCUTETbHOE J[BIDKEHWe TOYKH, Hazo
OCTaHOBUTb TIEPEHOCHOE JIBVKEHHE.

Torma OyzeT NMPOMCXOAWTH TOMBKO OTHOCHUTENbHOEe [BMKeHWe. OTHOCHTENTbHOEe — [IBIDKEHUE
ctaHeT abcomoTHBIM. V1 Ha00OOPOT, eC/IM OCTAHOBUTH OTHOCUTE/ILHOE /IBIDKEHHWE, TEPEeHOCHOEe CTaHeT
abCOMIOTHBIM M HETIO/IBMKHBIN HAaO/IOAATe /b YBUAUT TOJIBKO 3TO TIEPEHOCHOE JBIKEHHe.

B mocnegHeM ciyuyae, TIpU OMpe/e/ieHUH TIEPEHOCHOTO JIBVDKEHHUS] TOUKH, OOHApy)KUBAeTCs
OIHO OYeHb Ba)XKHOe 00CTOsITeNHCTBO. [lepeHOCHOe /IBIKEeHHME TOYKH 3aBHUCHUT OT TOTO B KAaKOW MOMEHT
OyZieT OCTaHOBJIEHO OTHOCHUTE/LHOE [BW)KEHWE, OT TOro, I[ile TOuKa HaXOAUTCS Ha Cpeje B 3TOT
MoMeHT. Tak Kak, BOOOILe TOBOpSi, BCe TOUKW Cpe/bl [JBWXKYTCS TO-pasHoMy. IlosTomy sorudHee
OTIPeZIeNISATh NepeHOCHOe O8UJCeHUe MOUKU KaK abcomomHoe OgudiceHue moti mouku cpeobl, ¢ Komopotl
cognadaem 8 OAHHbILl MOMeHmM 08UNCYUJAsICSl MOUKA.

2. Teopema o c/10)keHUHM CKopocTel U yckopenn. Teopema Kopuosmca.

[Tyctb HekoTOpast Touka M coBepllaeT [ABWKEHHE MO OTHOLIEHWIO K cucteMe orcueta OXxyz,
KOTOpasi caMa JIBMKETCS TTPOM3BOJIbHBIM 00pa3oM MO OTHOIIIEHWIO K HETIOIBV)KHOW CHCTEMe OTCUeTa
O:1x1y121, (puc.2).

KoHeuHo, abCo/TFOTHOE [JIBM>KEHHE TOUKM M OTpe[iesisieTCsl ypaBHEeHUSIMU

x = x(t),

y = (1),

z = z(t).

OmHocumenbHoe 08udCeHUe — 8 OBUNCYUJUXCS OCSIX YPABHEHUSMU
x1 = x4(2),

y1 =1 (8),

z; = z(t).

YpaBHEeHUH, ONpeeNSIONUX IePeHOCHOe [BIDKEHHEe TOUKU, He MOXKeT ObITh BOOOIIIE.
Tak Kak, M0 oOmpeje/eHHt0, MepeHOCHOe [BWKeHHWe TOUKM M — 3TO [JIBU)KeHHe OTHOCHTeIbHO
HEMO/BWXKHBIX OCel TOU TOUYKU cucTeMbl O1X1y1Z;, C KOTOPOM COBMaZJaeT TOYKa B JaHHBIM MOMEHT.
Ho Bce TOuKY MOABU)KHOM CHCTEMBbI ABWKYTCS TI0-Pa3HOMY.
[Tono)keHre TOABWKHON CHUCTEMBI OTCUETa MOKEeT ObITh TakK)Ke OIpe/esieHO, eClMU 3aJaTh
rosiokeHre Touku O painyCcoM- BEKTOPOM T3, POBeZIeHHBIM U3 Hauajia HermoJBW)KHOM CUCTeMbI OTCUeTa,
¥ HalIpaB/IeHNs! eJMHAYHbIX BEKTOPOB 1, ], k MOJBWXHBIX oceit Ox, Oy, Oz.

X
Puc.2

[Tpor3BobHOE TIepeHOCHOe [IBKeHUe TO/IBKHOW CUCTeMbl 0TCUeTa C/1araeTcs U3
MOCTYIIaTe/IbHOTO IBUKEHUSI CO CKOPOCTBIO Vg TOUKK O U ABUXKEHUS BOKPYT MrHOBeHHoﬁ ocu
BpaiteHusi OP, noxogsiieii uepe3 Touky O, C MTHOBEHHOW yT/IOBOU CKOPOCTBIO W Bcnencreue
TepeHOCHOr0 /Z[BI/DKEHI/IH HO,E[BI/I)KHOI/I CHCTeMbI OTCYeTa pa/I[I/ch -BeKTOpa Tou HaripaBJ/IeHUs
e/[MHAYHBIX BEKTOPOB 1,], k nsmenstorcs. Ecm BEKTODBI 7y, 1, ], k 3a/jaHbl B (DYHKI[UU BPEMEHH, TO
TepeHOCHOe /IBMKeHHe MOABMKHOU CUCTeMbl OTCUeTa BITOJIHE OTpe/ie/ieHo.

[TonokeHne TOUKW M MO OTHOILEHUIO K TIOABW)KHOM CHCTeMe OTCYeTa MOXKHO OIpe/ieNUThb
PajiiyCOM-BEKTOPOM fyp: pyuy = X1 + V] + zk, T/le KOOP/MHATHI X, y, Z TOUKM M U3MEHSIOTCs C TedeHHeM
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BpeMeHH BC/Ie/ICTBHe /{BIKEHUST TOUKH M oTHOCHTE/NIbHO TOBW)KHOM CHCTeMbI oTcueTa. Ecmu paauyc-
BEKTOp Py 3ajaH B (DyHKLUM BpeMeHH, TO OTHOCUTE/IBHOe [BIKEHHe TOUKH M, T.e. [ABUKeHHe 3TOH
TOUYKH OTHOCHTEJTLHO TTO[BUKHOM CHCTEMBI OTCUeTa, 3a/[aHo.

[Tonoxxenne Touku M OTHOCHTE/bHO HETIO/IBWKHON cUcTeMbl oTcueTa O:X1YiZi, MOXKET OBbITh
Orpe/ie/IeHO Pa/iiyCOM-BeKTopoM m 13 puc. 2 BUJTHO, UTO

m—rﬁ+pM—TD+x1+}j+zk (D)

Ecmu oTHocuTesnbHbIE KOOPAWHATHI X,y,Z TOUKU M U BEKTOPbI ﬁfj orpesiesieHbl B (QYHKIUU
BpeMeHHU, TO cjiararolijeecss U3 OTHOCHUTE/LHOTO 1 MepeHOCHOT0 ABMXeHUM COCTaBHOe JBMKeHUe TOUKU
M, T.e. IBW)KEHHe 3TOM TOUKH IO OTHOIIIEHHUIO K HETIOABM)KHOM CHCTeMe OTCUeTa, TaKyKe HaJl0 CUMTaTh
3a/laHHBIM.

CKOpOCTh COCTaBHOTO [IBMKEHHSI TOUKH M, vnu abcomroTHasi CKOPOCTh 3TOM TOUKH, paBHa,
OLIEBI/I,E[HO HpOI/IBBO,E[HOI/I OT pa/inyca-BeKTopa Ty TOUKK M 10 BpeMeHH t

= Li:r".,,- Jdt.
HoaTOMy, ,II[I/ICl)(bEPEHL[I/IpyH PaBEHCTBO (1) mo BpemeHHU t, TIOTYUYUM

d*.r" dr dj d.f::
- ary 7
5 —+x bz — x4y +z.ic. 2
27 dt dt Y dt dt v 2)
Pa3o6nem ciiaraeMble B MpaBOM UaCTH 3TOTO PAaBEHCTBA Ha JiBe TPYIIIIbI 10 CIeyIOIeMy
[IPU3HAKY. K nepBoli rpynne oTHeceM Te cjiaraemble, KOTOpble COZlep>KaT MPOU3BOJHbIE TOJBKO OT

OTHOCHUTEJIbHBIX KOOPAWHAT X,Y,Z, 4 KO BTOpOﬁ - Te CJlaraéMble, KOTOpbIe€ COAep>KdaT IMPOU3BOAHBLIE OT
+ 37

BEKTOPOB 1, 1, ], k, T.e. OT BeJIMUMH, N3MEHAIOLNXCA TOJIBKO BC/IeACTBHUE MMEPEHOCHOI'O ABUXXKEHUA

HO,E[BI/I)KHOﬁ CHCTeMBbI OTCUeTa

7, = xi+y] + ZE‘ (3
+ s df dj  dk

7y = = +z—. 4

Ve =ToX itV G T ae )

Ka)kasi U3 TPYII ClaraeMbIX, 0603HaueHHbIX yepe3 ¥, U Ve, MpejcTaB/seT coGoii, 10 KpaiiHeil
Mepe, 110 Pa3MepPHOCTH HEKOTOPYIO0 CKOPOCTb. BbICHUM (U3MUeCKUit CMBICT CKOPOCTeH Ty U Vs,

CKOpPOCTb Ty, KaK 3TO C/lefyeT M3 paBeHCTBA (3), BBIUUCIAETCS B TPE/TIONOKEHHH, UTO
M3MEHSIOTCS TOJBKO OTHOCHTE/IbHbIe KOOPAMHATHI X,y,Z TOUKA M, HO BEKTOpBI Ty, f,jtﬂ OCTaroTCst
TIOCTOSTHHBIMH, T.e. TIOZIBKDKHAs cucTeMa otcueta OXyz Kak Obl YCIIOBHO CUMTAeTCsT HETIOABIDKHOM. MTak,
CKOPOCTB T Tpe/iCTaB/IseT coboli OTHOCHUTE/TbHYIO0 CKOPOCTh TOUKH M.

CKOpOCTb V¢ BLIUMC/IAETCS TAK, Kak OyATo Obl TOUKa M He [[BUrasach OTHOCHUTEbHO HO;[BI/I)KHOI/I
CHCTeMBI OTCUeTa, TAaK KaK NPOM3BOJHBIE X,y,Z B PaBeHCTBO (4) He BXOAAT. I103TOMY CKOpOCTb s
ripeficTaBsieT CO60H _TIePEHOCHYI0 CKOPOCTb TOUKM M.

UTaK, ¥y = Up.+7. (5)

OTO paBeHCTBO BbIpa)KaeT TeOpeMy CJIOKeHHsl CKOpOCTeil B cCjyuyae, Korja TIepeHOCHOoe
[BIDKeHUe sIBJISIeTCsl TIPOU3BOJIbHBIM: abCO/IOTHAasi CKOPOCTh TOUKM M paBHa reoMeTpUUecKOd Cymme
MePeHOCHOU U OTHOCUTE/IbHOM CKOPOCTEeM 3TOM TOUKHU.

[Tpumep 1. Komeuko M BWXKeTCs IO BpallaroIeMycss CTepkHio (puc.3) Tak, uto OM=s=3t>
(cM) 1 @ = 2t (pap).

Puc.3

PaHee OBbUIO YCTaHOBJIEHO, UYTO TPAeKTOPUsS OTHOCUTEBHOTO [ABWKEHUS — TIpsiMast JIMHUS,
COBMaJarolljasi CO CTeP)KHeM, U ABW)XeHHe 3TO orpefessieTcsi ypaBHeHueM s=s(t). Tpaekropusi Tie-
PEHOCHOTO /[BWKeHUsi TOUKA M B MOMEHT BpeMeHU t— OKpPYKHOCThb paguyca OM=s.
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[To3TOMy OTHOCHMTE/bHAsA CKOPOCTh ¥, = § = 6t cM-¢~ 1. M HampapjeHa II0 KacareabHOH K
TpaEKTOpI/II/I BJlO/Ib CTepskHs (puc.3). [lepeHOCHast CKOPOCTh KOJieuKa, KakK TMpPU BpallleHUH BOKPYT OCH,
=0M-w=5p=3t"-2=6t"cm-c”!, HanpaBleH BeKTOp 53TOi CKOPOCTM MO KacaTe/lbHOH K
TpaEKTOpI/II/I TePEHOCHOTO /IBWKEHHS, NePHeH/UKY/ISPHO CTePXKHIO.
AbGcostoTHasi CKOPOCTh KOJIeUKa Uy = U + ¥,. BenuuuHa ee, TK. Vs L Uy
vy =V +vE=6tV1+tZemecl

Teopema cnoxkeHUs1 yCKOpeHUM. YckopeHre Kopuosuca.
YckopeHHe COCTAaBHOTO JBVW)KeHUsi TOUKM M, uiu abCo/OTHOe YCKOpeHHe 3TOM TOUKH, PaBHO,
O‘-IEBI/I,ZLHO HpOI/IBBO,Z[HOI/I oT abCOTFOTHOM CKOPOCTH TOUKU M TI0 BpeMeHH t

= dv, /dt
HOBTOMy, AudhepeHLMpys PaBeHCTBO 110 BPEMEHH, MOJTyYnM
. _+d‘+dj d2k ‘+d;+
Qg =T X ¥ ¥ dt tit ,

dt= dt= dt
Pa3zenum craraemble paBoii UacTH 3TOTO paBeHCTBa Ha TPY TPYTIIIBL

K mnepBoi rpynme oTHeceM cjiaraeMble, COZieprKalliyie TO/ILKO TPOU3BOAHBIE OT OTHOCHTE/IBHEIX
KOOpJUHAT x,y Uz, HO He cofiepKaliiiie NPOM3BO/IHbIE OT BEKTOPOB o1, k:

5 =i+ 57 i+ k.

_Ko Bropoii rpynre oTtHeceM cjiaraeMble, KOTOPbIe COZEPKaT TOJIBLKO IPOU3BOJHBIE OT BEKTOPOB
Ty, L], k, HO He cofeprkalie MPOM3BO/IHBIX OT OTHOCHTE/TbHBIX KOOPJUHAT X,Y,Z:

5w dt  d¥ d%

2 :Tﬂ+xdt‘ +yv— 372 +ZE'

Ocranacs ellje ofjHa IpyIia cjaraeMblx, KOTOpble He MOIVIM ObITh OTHECEHbI HY K MIePBOM, HM KO
BTOPOM, TaK KaK OHM COJep)KaT TPOU3BOAHbIE OT BCEX MepeMeHHLIX X, Y, Z, i,],k. O603Haumm 3Ty
TPyIIy C/laraembiX Yepe3 Qy: .

di dj dk
a Yt iar)

Kaxgass 13 BbIJje/IeHHBIX TPYMI TpeJCTaB/seT coboi, Mo KpaI/IHeI/I Mepe TIO Pa3MepHOCTH,
HEKOTOPOe yCKOpeHHe. BBISICHUM (PM3MUeCKUH CMBIC/T BCEX TPeX YCKOPEHUH: ., g, Ay,

YCKOpeHHUe @, KaK 3TO BUJHO U3 PABEHCTBA, BBIUUCIISIETCS TaK, KaK ecju Obl OTHOCHUTE/IBEHBIE
KOOP/IMHATHI X,y,Z U3MEeHS/IACh C TedeHHeM BpeMeHH, a BeKTOPHI 7y, 1, ], k 0CTaBa/lIiCh HEM3MeHHbIMY, T.e.
TIOJ[BIDKHAs cHCcTeMa oTcyeta OXyz Kak Gbl TIOKOM/IAch, a Touka M zipuranack. [103TOMy yCKOpeHHe d,.
npe/icTaBsieT coOOW OTHOCHTENbHOE yCKOpeHHMe Toukd M. Tak Kak yckopeHue (M CKOPOCTB)
OTHOCHUTEJIbHOTO [JBV)KEHHsI BBIUUC/ISETCS B IIPeANOJIOKEHUHM, UYTO IIOABW)KHAs CHUCTeMa OTcyeTa
Haxo[UTCSl a I[IOKOe, TO [J/s1 OIpefe/ieHHs] OTHOCHTE/IbHOTO YCKOpPeHHWs (M CKOPOCTH) MOKHO
T10J/1b30BaThCsl BCEMU paBUIaMHU, U3/I0KeHHBIMU paHee B KUHeMaTHKe TOYKU.

YcKopeHHe @, KaK 3TO BUJHO M3 PaBeHCTBA, BLIUUC/IACTCS B TIPe/TIONIOKEHNH, 9TO caMa Touka M
TOKOUTCSI TI0 OTHOILIEHHIO K TIOABWXXHOM cucTeme otcueta Oxyz (x =const, y =const, z =const) u
repeMelaeTcss BMecre C 3Toﬁ CUCTEMOM OTCYeTa IO OTHOIIEHHIO K HEeMNOJBIKHOW CHUCTEMe OTCcueTa
O1x,y1z:. [loaTOMy yCcKOpeHue d, TIpe/iCTaBNsIeT Co6Oit TepeHOCHOe yCKOpeHHe TOUKHU M.

TpeTbst IPyIINa C/IaraeMbIX ONpe/ienseT YCKOpeHHe &y, KOTOPOe He MOKET ObITh OTHECEHO He K
di 4] £k
OTHOCHTE/IbHOMY YCKOPEHHIO d,, TaK KaK COZIeP)KUT B CBOEM BBIP)KEHUU TPOU3BOJHbIE 3.0 5 HE K
=+ . m ow
TePeHOCHOMY YCKOPEHHIO @., TaK KaK COIEP>KUT B CBOEM BbIpa)KeHHH TTPOM3BO/IHbIE X, ¥, £
Hpe06pa3yeM NPaBYI0 YacTb PaBEHCTBA, PUIOMHHUB, UTO
T gt g, gk
ae° 7 dt 7 dt =
HO/I[CTaBJIHH 9TH 3HaYeHHs! POU3BOJHBIX B PABEHCTBA, IOy 1M
ak—Z(mExx1+mE><x;+m xxk}

WIH Gy = 20, X {x1+ xj + xa

d, = 2(%

= = - -+
3A€Cb BEKTOp X1 + xj + xk eCTb OTHOCHUTEe/IbHAas CKOPOCTb 1% TOUYKH M, IMO3TOMY
Gy = 280, X U,
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3. Moaynab u | HaNpaB/ieHHe KOPHO/THCOBA yCKOPEHHUS.

Yckopenue dj Ha3bIBAIOT yckopeHuem Kopuonuca. Beupy Toro, uro yckopenue Kopuomuca
TOSIB/ISIETCS B CJlyyae BpallleHWs TMOABW)KHOM CUCTEMbl OTCUE€Ta, €ro Has3bIBalOT ellje ITOBOPOTHBIM
YCKOPEeHHEeM.

C ¢wusmueckodd TOUKMA 3peHHs] TIOsiB/ieHHe TIOBOPOTHOTO YCKODEHHWsSI TOYKH OOBSICHSeTCs
B3aMMHBIM B/IMSTHUEM [ePEHOCHOTO U OTHOCUTEIBHOTO JBUKEHUH.

Wtak, yckopenue Kopuonuca TOUYKM paBHO 1O MOAY/IK0 UM HAalpaBleHUIO YIBOEHHOMY
BEKTOPHOMY TPOU3BEJ€HHIO0 YIJIOBOM CKOPOCTH TMEPEHOCHOTO [IBW)KEHHSI Ha OTHOCUTEbHYH) CKOPOCTb
TOYKHU.

PaBeHCTBO, KOTOpOe Terepk MOXXHO COKPAIL|eHHO 3alucaTh B BUZe

-

d, = a +a,.+ag

TMpe/iCTaB/IsieT TeOpeMYy CIOKeHUs] YCKOPEHUU B C/yuae, KOrja MepeHOCHOe ABWXeHUe SIB/ISIeTCs
MPOM3BOJIGHBIM:  abOCO/IFOTHOE ~ YCKODeHHe TOYKM DPaBHO BeKTODHOM CyMMe  TepeHOCHOrO,
OTHOCUTEJILHOTO M OBOPOTHOT'O YCKOPEHHH. DTy TeOpeMy 4acTo Ha3bIBatoT TeopeMor Kopuomnuca.

W3 dhopmyrisl ciemyeT, 4To MOAY/b TIOBOPOTHOTO yCKOpeHUs Oyaer

fy = 2, 1,.5ina

TJie ¢ - YrOJl MeXJly BeKTOPOM WeU BEKTOPOM z, qTOGbI orpee/IUTh HallpaB/ieHre [TI0BOPOTHOI'O
YCKOpeHus ay, HY>KHO MBIC/IEHHO TepeHeCTH BeKTOp @e B TOUKY M U PyKOBOZCTBOBATbCSl INPaBUJIOM
BeKTOpPHOU anrebpel. CornacHO 3TOMY _TpaBuiy, BEKTOP @ HY)XHO HarpaB/sTh TepIIEHAVKYIIPHO K
TJIOCKOCTH, OTpejie/isieMomn BEKTOPaMHU @, " #),, U TaK, YTOGBI, CMOTPH C KOHLIA BeKTOpa a, Habsrozarens
MOT BH/IeTb KpaTuaiIlifii TOBOPOT OT Be K z, MPOMCXOZSAIIMM MPOTUB JBW)KEHHUSI YaCOBOU CTPEJIKHU.

L5 ornipefeneHys HaripaB/eHUs ) MOXKHO TaKXKe TO/Tb30BATLCA C/IE/YIOIIMM MPAaBU/IOM H. E.
)KyKOBCKoro YTOOBI TOJTYYHTb HArpap/IEHKe NOBOPOTHOTO yCKOPeHNs dy, » AOCTAaTOYHO COCTAB/IAIOLIYHO
¥, OTHOCHTe/bHOM CKOPOCTH ¥, TOUKU M, MepreHJUKYIIPHYIO K BeKTOPY W, MOBEPHYTH (B MJIOCKOCTH,
NepreHUKYy/ISIDHON K BEKTOPY Eg) Ha TMpSIMOM yroJ1 BOKPYT TOUKU M B HaripaB/ieHWU MePeHOCHOT0 Bpa-
jeHus (puc.4).

Puc.4

Eciiu mepeHOCHOe JBM>KeHHe TTOJBM)KHOM CHCTeMbI OTCUeTa eCThb MOCTyIaTe/bHOe ABMKEHUE, TO
©,=0 ¥ M03TOMY TIOBOPOTHOE YCKOpeHHe & TOUKM TaKXe paBHO Hy/mo. [IoBOPOTHOE yCKOpeHHe paBHO,
OUEBH/HO, HYJTIO ¥ B TOM C/Iy4ae, KOIla @s B JaHHBIA MOMEHT BpeMeHH 06paljaeTcst B HyJlb.

Kpome Toro, moBOpoTHOE YCKOPEHHE TOUKW MOYKET, OUeBUIHO, 00OpaIaThCsi B HY/b, C/IH:

a) BEKTOp OTHOCHTE/LHOM CKOPOCTH ¥, TOUKM Iapasile/ieH BeKTOPY YITIOBOH CKOPOCTH &g
MepeHOCHOT0 BpallleHHsl, T.e. OTHOCUTeNbHOe [BW)KeHHWe TOUKA TIPOMCXOAUT TI0 HarpaBieHUIo,
rapa’siieJlbHOMy OCH ITepeHOCHOTO BpallleHus;

0) Touka He UMeeT ABV)KEHUsI OTHOCUTETBLHO TOJB)KHOM CHCTEMbI OTCUeTa WK OTHOCHUTE/IbHAs
CKOPOCTb ¥, TOUKH B JaHHBIA MOMEHT BpeMeHHU paBHa Hy/o (. = 0).

HetpyzHo chopmynmpoBats 6osee ymob6HOe MPABHJIO OTIPe/ie/leHks HarpaB/leHHs BEeKTOpa a.
HY)KHO CIPOEKTMPOBAaTh BEKTOP OTHOCHTE/ILHOW CKOPOCTH ¥, Ha IIOCKOCTb TepreHAUKY/IAPHYI0 OCH
MepeHOCHOTO BpallleHusi W 3aTeM TIOBepHyTh 3Ty TMpoekiuio Ha 90 rpagycoB B MIOCKOCTH  TI0
HalpaB/leHUI0 TIePeHOCHOTO BpallleHHs. KOHeYHOe IIO/IOKeHHWe TpOEeKLUM BEeKTOpA T, YKakKeT
HarpaB/ieHHe KOPHUOIMCOBA yCKopeHus. (3T1o mpaBuio 6bu1o nipeayioxkeHo H.E. XKykoBckum).
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4. Tlpumepbl HAa MPUMEHEHHE TeOpeM O CJIOKEHHH CKOPOCTell M 0 C/IOKeHMH YCKOPeHHi
MPH MOCTYNaTe/IbHOM MEePEeHOCHOM JABI)XeHHH.
Ha xMH c ymioM HakjaoHa O Tofo)keH Opycok. Ilog aelicTBUeM CHITBI TsDKECTH OpyCOK

OITyCKAeTCsl CO CKOPOCThIO Vs. HalTH CKOPOCThH K/IMHA.

o

-

A&
Puc.17

Pemenue. 1) o feiicTBUEM CHIIBI TSDKeCTH OPYCOK JBMKETCSI BHU3, BBITECHSISI K/THMH U
3aCTaBJIsisl ero repeMellaTbCsl BIipaBo. V3006pa3um cucTeMy Tes B BYX COCTOSIHHUSIX.

i

-
AR X

EN

o

AR
L'\

2

2) O603HaUMM TiepeMellieHHe KIMHA Sy, a TiepeMeleHre Opycka Ss. VI3 puUCyHKa JieTKO HalTu
CBSA3b MEX/y HUMM:S6 = Sx " LG
dsg dsg
- il Y
3) IlpoguddepeHiiipyeM TMoMyyeHHOe COOTHOILIEHWEe 110 BpeMeHW dt  dt 9%, yurem
dsg ds,
T-J’E = dk =
orpejesieHre CKOpoCTH di dt
B pesysibTaTe No/y4uM ypaBHEHHs] KHHEMATHUeCKOM cBa3uts = Vi " L.

5. Ilpumepbl Ha NPUMeHeHHe TeopeM 0 C/IOKeHHHM CKOPOCTeil U 0 C/I0)KeHHH YCKOPeHUH B
CTy4yae, KOrjia epeHOCHoe IBH)KeHHe — BpalljeHHe BOKPYT HelmoABI)KHOM OCH.

Ha ropusoHTanbHOM MI0CKOCTH HaXOAUTCS KaTylllKa, Ha KOTOPYO HaMOTaHa HUTb. Paauyc
HAaMOTaHHOTO CJI0Si HUTOK PaBeH I, HauboJIbIIKI paZnyc KaTyku paBeH R. CBOOOHBIN KOHeL] HUTU
repeMellaroT C yCKopeHUeM ak. HallTh ycKopeHHe LieHTpa MacC KaTyIIKHU ac U yIJIOBOe YCKOPEHHUe €,
eCJIM KaTylllKa JIBUKeTcsl 6e3 MpoCKab3biBaHUS.

e ¥ o
\ *

72N
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Perenue. Pemnm 3aziauy B COOTBETCTBUM C IPUBEI€HHBIM a/lTOPUTMOM.
1. Vi306pa3um KaTyIKy B IByX COCTOSTHHSIX.

L
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2. VI3 pucyHKa HalJieM CBsi3b Mex/y nepemeleHusiMu. [lycte nieHTp Macc C nepemecTuics Ha
paccrosiHue Sc. IIpy 5ToM Touka A 3aHsIa HYKHee T0JIOJKeHHe, a pafinyc, CoOesuHSIoIMU Touku A u C
TIOBEpHYJ/ICS Ha yros ¢. IIpy oTCyTCTBHMM MpOCKa/ib3blBaHUA JjiMHA Ayrd AM paBHa IMepeMelleHHI0
LIeHTpa MacC. YUuuTbIBasl CBSI3b MeX/Y JIUHOW [yTH U YIVIOM (9, ONMPAIOIIMMCS Ha 3Ty YTy, [1o/ly4aeM
5 =AM = ¢R.

Havinem nepememenne koHua HutH K. [Ipm moBopore karymky Ha yron ¢ Touka B 3aHsia
BepxHee TIOJIO)KeHHWe, B pe3y/bTaTe yero cBoOO/HAs YaCTh HUTHU YBEJIMUMU/IACh Ha JJIMHY JYTH Sy = Q°T.
CnepoBarenbHO, IepeMellleHye KOHLJA HUTH TPOWCXOAUT, BO-TIEPBBIX, 3@ CUeT IepeMelleHus] Camou

KaTyIIIKH, BO-BTOPBIX, 3a cueT yBeJIMUeHUSI cB06OHOTO y4JacTKa HUTH:
Sg =5+ 5, =R +pr=0(R+7).
3.  [OBaxael  mipoauddepeHLpyeM  TIOMy4YeHHble ~ COOTHOIIEHWS [0  BpPeMeHH:
d?s. die dls; dzqﬂ(R+ )
- =— - =— T
dt- dat? "’ dt dt*© u yuTem oIpejeyeHus YCKOpeHUs
d?sc d sy dZyp
Qe =—TT5 A =——=" £ = -
©7 g2’ TR gqr? dt?
B pe3ysbTare MOJIyuYrM ypaBHEeHUs KHHeMaThueCcKou CBSI3U B BUJIE
ar- = =R, ag = (R +71).
W3 3TUX COOTHOLLIEHUI BbIPAa3UM MCKOMbIe BeJTMUMHBI Uepe3 JaHHble YC/I0BUS 3a/jauu:
R g
ar=a £= .
CT KR+ R+r

1.7 JIeknun 7 (2 gaca).
Tema: «/IuHamuka Touku. Kosedanus»

1.7.1. Boripocs! JIeKI{MH

1. AKCHOMBI JUHAMUKU.

2. luHamMuKa cBOOOAHOM MarepuanbHOW Touku. CocrtaBneHve uiddepeHIMaTbHbIX yPaBHeHHUM
JIBYKEHUST TOUKH.

3. Crioco0bI peltieHHst BTOPOH 3afiaudl IMHAMUKH.

4.CBob0ogHBIE KO/TeOaHusI.

5. 3aryxatoriye KonebaHuUsl.

6. BeiHyK/IeHHBIe KoyieOaHHsI.

1.7.2 Kpartkoe coaepkaHue BOIIPOCOB

1. AKcuoMbI AMHAMMKH.

JvHaMHKOM Ha3bIBaeTCs pa3zen MeXaHWKH, B KOTOPOM M3y4YarOTCsl 3aKOHbI [IBUYKEeHUS
MaTepuasibHbIX TeJl TI0J, AeCTBUEM CHJI.

[Tox maTepuanbHOM TOUKOW MOHMMAKOT MaTepuaabHOEe TeJI0 CTO/Ib MaJbIX pa3MepoB, UTO
pa3ureM B ABW)KEHUH OT/eTbHBIX ero TOUeK MOYKHO TpeHeOpeub U IMOJIoyKeHHe KOTOPOT0 MOYKHO
onpeJeUTh KOOPJVHATaMU OJHOM U3 ero TOYeK.
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Touky OyzeM Ha3bIBaThb W30JUPOBAHHOM, €C/IM Ha TOUKY He OKa3bIBaeTCsl HUKAKOTO BIIUSTHUS,
HMIKaKOTO [JeMCTBUS CO CTOPOHBI [IPYTUX TeJl U CpeZibl, B KOTOPOM TOYKa JBrkeTcs. KoHeuHo, TpyaHO
TIpUBeCTH MpUMep nofobHoro coctosiuus. Ho ripeacTaBUTh Takoe MOYKHO.

[Ipu BpauarenbHOM JABW)KEHUM TeJla TOUKU MOT'YT IBUTaThbCs HEOLVMHAKOBO, B 3TOM C/Iyvae
HEKOTOpbIe M0JI0KEeHUST IMHAMUKHA MOYKHO TTPUMEHSITh TOJIBKO K OT/le/TbHbIM TOYKaM, a MaTepraibHbIi
00BEKT pacCMaTpUBATh KaK COBOKYITHOCTb MaTepHaTbHbBIX TOUEK.

3aKOHbI TUHAMMKHU

B ocHOBe IMHAMUKY Jie>KaT 3aKOHBI, yCTaHOB/IEHHbIE TTyTeM 000011eHHsT pe3y/IbTaToB LieJI0r0
psifia OTIBITOB U HaOJIFOZIeHM Ha/l IBM>KeHHEM TeJl U TIpoBepeHHbIe 00IIMPHO 0011jeCTBeHHO-
HCTOPUUECKOM MPAaKTUKOW deroBeyecTBa. CHCTeMaTHUeCKH 3T 3aKOHBI ObITH BIiepBbIe M3/10)KeHbI M.
HerotoHOM.

[TepBrlii 3aK0H (3aKOH UHEPLIMM), OTKPBITHIM ["anueem, [J1aCUT: CyL[eCTBYIOT TaKhe CHCTeMbI
0TCYeTa, OTHOCUTE/ILHO KOTOPBIX Te/I0 MOKOUTCS U/IW JABW)KETCS IPSMOIMHEMHO U paBHOMEPHO, eC/Id Ha
Hero He [IeMCTBYIOT JpyTrHe Tesla Wi JelCTBHe 3TUX TeJl KOMIIEHCUPOBAHO W/ B IPYrOM
(hopMyMpOBKe: ec/i CyMMa JIeMCTBYIOIIUX Ha TeJlo CHJ/I paBHa HYJIO, TO TeJIO ABW)KETCSl PABHOMEPHO U
MIPSIMOJIMHEHO WINA HaXOAUTCS B TIOKOe.

[IBrb>kKeHue, coBeplllaeMOe TOUKOM MPY OTCYTCTBUU CHUJI, HA3bIBAETCS IBWKEHUEM 10 UHEPLUH.

3aKOH MHepIMY OTPa)KaeT OJJHO U3 OCHOBHBIX CBOMCTB MaTepuu - IpebbIBaTh HEM3MEHHO B
JBIDKEHUU U yCTaHaB/IUBAeT il MaTepyabHbIX Te/l S5KBUBAJIeHTHOCTh COCTOSIHUM TTOKOS U 1BV KEHUS
o uHepumu. U3 Hero ciepyert, uto eciau F=0, To TOuKa MOKOUTCS WM IBWKETCS C ITOCTOSTHHOM 110
MO/Iy/TF0 U HarlpaB/IeHUI0 CKOPOCTBIO ( =const); yCKOpeHHe TOUKHU TPH 3TOM PaBHO Hy/0: = 0); ec/u xe
JIBIDKeHUe TOUYKU He SIB/ISIeTCSl paBHOMEPHBIM U MPSIMO/IMHEHBIM, TO Ha TOUKY JIeMCTBYeT CU/a.

Cucrema oTCcueTa, MO OTHOIIEHUIO K KOTOPOU BBITOMHSIETCS 3aKOH MHEPLIMM, Ha3bIBaeTCs
HHepIl[MaTbHOM CUCTeMOU oTcueTa (MHOTZA ee YC/IOBHO Ha3bIBalOT HEMOABMKHOM). 1o JaHHBIM OITbITa
n7s1 Hatert COJIHEYHOUM CUCTeMbl MHePLMaIbHOU SIB/ISIETCSl CUCTEMa OTCYeTa, Hayaslo KOTOPOU
HaxouTcs B LjeHTpe CosHL{a, @ OCY HallpaB/ieHbl Ha TaK Ha3blBaeMble HeroBrKHbIe 3Be3/bl. [Ipu
pelieHny OOJIBIIIMHCTBA TEXHUYECKHX 3a/lau WHEepIMaIbHOM, C I0CTaTOYHOH /1/1s1 PAKTUKKU TOYHOCTBIO,
MO)KHO CUATaTh CUCTEMY OTCUeTa, )KeCTKO CBSI3aHHYIO C 3eMJieil.

CucremMbl OTCUETa, B KOTOPHIX HE BBIMIOTHSAETCS MepBbIi 3aKOH HbI0TOHA, Ha3bIBAKOTCS
HeuHepLMaabHbIMU. HerHepiaabHbBIMU OyAyT CUCTEMBI, IBKYIIUECS C YCKOPEHUEeM, WU
BpalllaIyecs.

BTopoii 3akoH (0CHOBHOM 3aKOH IMHAMUWKH) TJIaCUT: IPOU3Be/jeHre MacChl TOUKH Ha
YCKOpeHHe, KOTOpOe OHa MoJtyvaeT I0J, IelCTBHMeM JJaHHOM CUJIbI, PaBHO I10 MOZYJ/IFO 3TOM CUJle, a
HampasJ/ieHUe YCKOPeHUsI COBIaJjaeT C HarpaB/leHUEeM CUJIbI

TpeTuii 3aKOH (3aKOH paBeHCTBA JAEeUCTBUS U NIPOTUBOAEUCTBUS) YCTAHAB/IMBAET XapaKTep
MeXaHU4eCKOro B3auMO/IeMCTBUSI MEX/y MaTepUaJbHbIMU TenaMu. J1jisi AByX MaTepuabHbIX TOUEK OH
[JIaCUT: [iBé MaTepUaJibHble TOYKU JeHMCTBYIOT APYT Ha Apyra C CUjaMH, PABHBIMU 10 MOAYJ/IIO U
Hanpae/IeHHbIMHU BZIO/Tb MPSIMOM, COEJUHSIIOLEN 3T TOUKH, B POTUBOMNO/IOXHbBIE CTOPOHBI.

3aMeTHM, UTO CHJIbI B3aMMO/IEHCTBUS MEXKY CBOOOHBIMHM MaTepHaTbHbIMUA TOUKaMH (WU
TeJlaMH), KaK TIPUJIO’KeHHbIe K pa3HbIM 00beKTaM, He 00pa3yroT ypaBHOBEIIIeHHOW CUCTEMBI.

YeTBepThIi 3aKOH (3aKOH He3aBUCUMOTO JieHCTBUs cuil). [Ipy 0oAHOBpeMeHHOM [IeMCTBUY Ha
MaTepua/bHYI0 TOUKY HECKOJIbKHUX CUJ1 YCKOPeHUE TOUKU OTHOCHUTEeTbHO MHEPLIMOHHON CUCTEMBbI
oTCueTa OT [|eHCTBUS KaXK/I0M OTJe/IbHOW CUJIbI He 3aBUCUT OT HA/IMUUSl APYTUX, TIPUIOKEHHBIX K
TOYKe, CHJI U M0JIHOe YCKOPEHUe PaBHO BEKTOPHOM CyMMe YCKOPeHUH OT JAelCTBUSL OT[e/IbHbIX CHUIL.

2. /luHaMMKa CBOOOJHOW Marepua/bHOM TOUuKUH. CocraBienue guddepeHIHATBHBIX
yPaBHeHMi! IBIDKEHHUS] TOUKHU.

C nomortpio guddepeHIMaTbHBIX YPaBHEHUN JBI)KEHUSI pelliaeTcst BTopast 3aJjaua JUHAMUKU.
[TpaBua cocTaBIeHUsI TAKUX YPaBHEHUH 3aBUCAT OT TOTO, KAKUM CIIOCOOOM XOTHM OTIPEe/Ie/TUTh
JBIDKEHHE TOUKH.

1) Onpedenenue dgudiceHUss MOUYKU KOOPOUHAMHBLM CNOCOOOM.
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PaccMoTpuM CBOOOIHYIO MaTepUabHYI TOUKY, ABMIKYIIYIOCS TIO7 eMCTBHEM CHIT Flj F« S
[TpoBeseM HermoABMKHBIE KOOpAUHATHBIe ocu Oxyz. [IpoekTupyst obe yacTu paBeHCTBa Mma = EF'k Ha

g5 <
5TU OCU U YUHUTBIBAs, UTO Gy = —— U T.J., NIO/Iy4HM ougpepeHyuanbHble ypagHeHUs1 KPUBOAUHELIHO20
OgudiceHUs1 MOYKU B TIPDOEKLMSAX HAa OCHA MPSMOYToJbHOW [1eKapTOBOM CHUCTeMbl KOOpJAWHAT:

dZx d} d?z
mga= ) B mgz= ) By mgz=) Fer

Z

I

Tak kKak AeﬁCTBYDMHe Ha TOUKY CWJIbI MOT'YT 3dBHUCETb OT BDEMEHH, OT IMOJIOKEHUS TOUKH U OT

ee CKOpOCTH, TO IIpdaBble YdCTH ypaBHEHI/II/I MOIr'yT COAEPXATb BpeMsA t, KOOpAWHATLI TOYKU X, Y,z
d_', d

dt’
BCe OTH HEPEMGHHBIG.LITO6BI C HOMOH.[BI-O 9THUX ypaBHEHI/II/I pemnrTh OCHOBHYIO 3a44d4y AWMHaAMHWKH, HA0,

Kpome ,E[EﬁCTBymuUdX CWJ, 3HATH ellle Haua/IbHbIe YC/I0BUsA, T.€. IIOJIOKEHHE KW CKOPOCTb TOYKU B
Hava/bHbIM MOMEHT. B KOODAWHATHBIX OCAX Oxyz Haua/IbHbI€ YC/IOBUA 3a4dK0TCA B BUE: TTPU t=0

dx
MpoeKru ee CKOpPOCTHU — g HpI/I 3TOM B IPABYIO UdCTb KaXKA0Io M3 ypaBHEHI/II/I MOT'YyT BXOAUTH

I X=Xp ¥=W. IZ=Ip
Uy = Vg vy =V Vp = v

3Hasg [eUCTBYyIOLMe CW/bl, 10C/Ae WHTerpMpOBaHMSl ypaBHEHUM HalJleM KOOpAMWHAaThl X, Y, Z
JBIDKYLLEMCS TOUKY, KaK (DyHKL[MM BPEMEHH (, T.e. HaiileM 3aKOH [IBW)KEHUSI TOUKHU.

3. Crioco0bI penieHusi BTOPO# 33/jaud JUHAMHKH.

OO011e TeopeMbl TUHAMUKYA TOUKH

st peliieHrst MHOTHX 3a/lad JUHAMHWKH, 0COOeHHO B IMHAMUKe CUCTEeMbI, BMECTO MeTo/ia
VMHTerpyupoBaHus quddepeHIaIbHbIX YpaBHEHUN ABY)KEHUsT OKa3bIBaeTcst Oosiee ynoOHBIM
TI0/Th30BaThCsl TaK Ha3bIBa€MBbIMU OOII[UMH TeOpeMaMU, SIBISTFOIIIMMUCS C/Ie/[CTBHUSIMHA OCHOBHOTO 3aKOHA
JIUHAMUKH.

3HaueHue 00X TeOpeM COCTOUT B TOM, UTO OHH YCTaHAB/IMBAIOT HAI/ISIAHbIE 3aBUCUMOCTH
MeX/ly OCHOBHBIMU JUHAMUUeCKUMU XapaKTePUCTUKAMU [IBU)KEHUS] MaTepUasibHbIX Tesl U OTKPbIBAIOT
TeM CaMbIM HOBbIE BO3MOKHOCTH UCC/Ie/IOBaHHUsI [IBU)KeHHUI MeXaHUUeCKHUX CUCTeM, IIIUPOKO TpH-
MeHsieMble B MH)KeHepHOH TipakThKe. Kpome Toro, o61iye TeopemMbl TI03BOJISIFOT U3yUaTh OT/e/bHbIE,
TIpPAaKTUUYeCKU Ba>kKHble CTOPOHBI JJAHHOTO SIBJIeHUs], He u3yuas siBJieHue B 11eioM. HakoHell, ipumMeHeHre
001mux Teopem n30aBsisieT OT HeOOXOAUMOCTHU TIPO/IE/IBIBATE /IS KXKI0M 3a/lauu Te Oreparyun
VMHTerpUpOBaHUsl, KOTOpbIe Pa3 U HaBCer/ja MPOU3BO/SATCS MPU BbIBOJIE 3TUX TeOPeM; TeM CaMbIM
ympoljaeTcs rpotiecc pereHus. Celyac Mbl paCCMOTPUM, KaK BBIIVISIAAT 3TH TeOPeMbI JJ1s1 OLHOU
MaTepyaibHON TOUKHU.

KonmuecTBo ABWKeHUs (MMITY/IbC) TOUKU

OCHOBHBIMU IMHAMUYECKUMU XapaKTePUCTUKaMU JBU)KEHUSI TOUKU SIB/ISIFOTCSI KOJIMYeCTBO
JIBIDKEHUS U KUHETHUYeCKast SHeprusl.

KonuuecTBoM AiBMKeHUs1 TOUKW Ha3biBaeTCsl BEKTOPHAs Be/IMUMHA PaBHasi IPOU3BeZieHUI0
MacChbl TOUKM Ha BEKTOP ee CKOpOCTU. HaripaB/iieH BEKTOp TakK ke, KaK U CKOPOCTb TOUKH, T. €. TI0 Kaca-
TeTbHOU K ee TPaeKTOPHH.
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KuneTtnueckoii sHeprueit (Uiv >KMBOM CUJION) TOUKK Ha3blBaeTCsl CKa/lsipHasi BeJIMUMHA , PaBHasi
T10JIOBMHE MPOU3Be/IeHHsI MaCChl TOUKU Ha KBaZipaT ee CKOPOCTH.

Heob6xoqumocTh BBe/IeHUsI IBYX JUHAMUYECKHX XapaKTePUCTUK OObSCHSIETCS TeM, UTO OFHOU
XapaKTePUCTHUKOW HeJb3si OXBATUTb BCe 0COOEHHOCTH JIBWKEHHST TOUKH.

4.CBo0oHbIe KO/Ie0aHuA.

[Bwkenus, 0bmazarolye TOW WX UHOM CTeTIeHb0 MMOBTOPSIEMOCTH, Ha3bIBAOTCSl KO/1e0aHUsIMU.

B TexHuke kosebaHusi MO0 BBITIOMHSIOT ONpefeneHHble (YHKLHMOHATbHBIE 0053aHHOCTH
(MasATHUK, KonebaTe/lbHBIM KOHTYD, TeHepaTop), /MO0 BO3HUKAIOT KakK Hen30e)XXHOe TIpOsiBleHHe
¢u3nueckux CBOWCTB (BUOpALMsi MallliH M COOPY)KeHUH, HEyCTOWYMBOCTH M BUXPEBbIe TIOTOKU TPU
JBIDKEHUM TeJl B Ta3ax).

Ecmu 3HaueHust py3nuecKuX BeMUYMH, W3MEHSIIOIIMXCS B TPOLiecCe BM)KEHUS], MOBTOPSIIOTCS
yepe3 paBHble NPOMEXYTKA BPEMEHH, TO Takoe [BI)KEHWe Ha3blBaeTCsl nepuooudeckum. [Iprimepamu
MepUOJMUeCKOTO JBWKEHUsI MOTYT CAY)XXKUTh JBM)KeHHe TjlaHeT BOKPYr CosHLa, [JBV)KeHUe TOpLIHS B
LUWIWHpe [BUrarensi BHYTPEHHEro cropaHvs 4 JAp. B 3aBucuMoOcCTHM 0T (M3UUeCKOW TPUPOJbI
KojiebaTeslbHOTO TIpoIlecca M «MeXaHW3Ma» €ero BO30YXKIEeHUs pa3MualoT MeXaHWUecKue u
3/IeKTPOMarHuTHbIe KosiebaHusi. KosiebaresnbHyt0 CHCTeMy BHe 3aBUCHMOCTH OT ee (hy3MuecKoi
MIPUPOJBI HA3bIBAIOT ocyuaassmopom. IIprumMepoM OCLIIATOPA MOXKET CTY>KUTb KOIeO/IOIUICs TPy3,
TMO/BelIeHHbIN Ha MPY)KUHEe WK HUTH.

ITonHbIM Ko/leGaHueM Ha3bIBAalOT OZIMH 3aKOHUYEHHBIN LMK/ KosiebaTeslbHOrO ABVKEHUs], MOCIe
KOTOPOT'O OHO MOBTOPSIETCS B TOM JKe MOPSIJIKe.

ITo criocoby Bo30yXaeHUs KosieOaHUsI [e/iAT Ha: €60000Hble (COOCTBEHHBIE), TIPOUCXOMAIINE B
Npe/iCTaB/ieHHOM camoii cebe cucTeMe OKOJIO TIOJIO)KEHHSI DPaBHOBeCHsi TI0C/ie  KaKOro-anbo
MepBOHAYA/IbHOTO BO3J€MCTBUS;  8bIHYHCOEHHble — TIPOMCXOZsIIMe TPU MepUoJUYeCcKOM BHELIHeM
BO37IeHiCTBUM (HarpumMep, KosiebaHUsi MOCTa TIPU TIPOXOXKJEHWU T10 HeMy T0e3Zla WM pacKauMBaHHe
YyesIOBEKOM Kadeslell); napamempuyecKue — TIPOUCXOZSIIMe TIPU W3MeHeHWH Kakoro-imbo rapameTpa
KosiebaTeslbHOM  CHUCTEMbl; a68MOKo/1e6aHusi — TIPOWCXOASIMe B CHUCTeMaX, CaMOCTOSITe/IbHO
Pery/MpyroIIUX MOCTyTJIeHUe BHEIITHUX BO3/|eHCTBUM.

CobcmeeHHble KonebaHUs SIB/ISIFOTCSI He TOJIBKO CaMbIMM PACIIPOCTPaHEHHBIMH, HO UM CaMbIMHU
Ba)KHBIMU C TOUKM 3DEHHUs] TEOPUH Koyie0aHWii, TaK KaK YC/IOBUs BO3HMKHOBEHHSI U XapakKTep BCeX
JPYTUX TUIOB KosieOaHUH CyI1leCTBEHHO 3aBUCST OT XapakTepa COOCTBEHHBIX KosieOaHHUH.

Haunewm c u3ydeHusi cBOOOJHBIX KoieOaHMI TOUKK Oe3 yueTa CHJ COTIPOTHB/IeHUs. PaccMoTpum
TOUKy M, JBIDKYILYIOCS TIPSMOJIMHEIHO 0, AIefiCTBHEM OJJHOW TOBKO 8occmaHasausaioujeli cust F,
HarpaB/IeHHOM K HeMNoABWKHOMY LeHTpy O W TpOMNOpLMOHAAbHON pacCTOSIHUIO OT 3TOrO LieHTpa.
TIpoexiust cuiibl F Ha ock Ox (puc.1) 6yzeT paBHa

F,=-cx.
g <~ "?’-——d'

]
PR,
Puc.1
Cuna F, Kak BU[UM, CTPEMHTCS BepPHYTh TOUKy B paBHOBecHoe rosoxenue O, rie F=0; orcioga
Y HaUMeHOBaHue «BOCCTaHaB/IMBaoLash» cuia. IIpruMepoM Tako! CUIIBI SIBJISI€TCS CHJla YIIPYTOCTH.
KoadduiireHT ¢ MpornopiiioHaIbHOCTH Ha3bIBAETCSI HCECMKOCIbIO ynpy2020 3/1eMeHmd.
JIrobast apyrasi cuma, Heympyrasi 0 TIPUPO/ie, HO YAOBIETBOPSIOIIAsl COOTHOIIeHuo F = — cx,
Ha3bIBaeTCS Keasuynpyzoll.
Haiinem 3akoH fBrkeHust Touky M. CocraBnss juddepeHLianbHOe YpaBHEHUE [IB)KEHUS
M0JIy4YrUM

dix
dt?
Ienst 06e yacTh paBeHCTBa Ha M U BBOZs 0003HAUEHHe
c

m_
npuBeJleM YpaBHEHHE K BUIY

m —CX.
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dix

mE + wpx = 0.

YpaBHeHUe Tipe/icTaB/isieT co00i0 duggepeHyuanbHoe ypagHeHue c60000HbIX Ko/1eOaHUll npu
omcymcmeuu conpomue/ieHusi. PellleHuWe 3Toro JaWHeWHOro ofHOpoAHOro AuddepeHIaIbHOTO
ypaBHEHMsI BTOPOTO TIOpsiiKa WIyT B Buzie x=e". [Tonarasi x=e", MOMyuyuM [ijisi OTIpe/ie/IeHHs] N Tak
Ha3bIBaeMOe XapaKTepUCTUUYeCKOe ypaBHeHHe, UMelollee B JAaHHOM ciydae Bug n° +w©; = 0. [T0CKOMBbKy
KODHH 3TOTO XapaKTePHUCTUUYECKOTO YpPaBHEHHUsl SBJSFOTCS YHMCTO MHUMbIMU (M2 = Eik), TO, Kak
W3BEeCTHO U3 TeopuM AuddepeHIaibHBIX ypaBHeHUM, 0011iee pellieHre UMeeT BU/

X=C;sinwot+C,cosmot, e C; u C; - NOCTOSTHHbIE UHTErPUPOBaHus. EC/TM BMeCTO MOCTOSIHHBIX C)
u C, BBeCTU MOCTOSAHHBIE d U &, TaKue, 4To £y = Acosa, C; = Asing, TO Mbl NIOJIyYUM
x = A(sinwgtcosa + coswgtsing) wim x = Asin(wyt + a).

OTOo Apyrod BUJ, pellieHus, B KOTOPOM TOCTOSIHHBIMH WHTErpPUPOBaHUs fABSIOTCS A U w. VM
yAoOHee T0J/Ib30BaThCs /ISt OOLUX UCC/IeOBAaHUH.

CKOpOCThL TOUKU B pacCMaTpUBaeMOM JIBM>KEHHH PaBHA

V. = & = Awgcos{wgt + a).

HecMmotpsi Ha Gosibiiioe pa3HooOpa3ue KojiebaTenbHBIX TPOLIECCOB, BCE OHU COBEPILAIOTCS TI0
HEKOTOPbIM OOIIMM 3aKOHOMEPHOCTSIM M MOTYT OBbITh CBeJjeHbl K COBOKYITHOCTH TPOCTEMIINX
MepUOJUeCKUX KojiebaHUH, Ha3bIBa€MbIX FapMOHHUYECKUMHU.

5. 3aryxaromye KojiedaHus.

PeanbHO cBOOOAHBIE KoneOaHWS TIOfA [JeMCTBHEM CHJI COTIDOTUB/IEHWs BCerjila 3amyxarom.
OOBsICHSIETCS 3TO JIEMCTBUEM CHJI, TOPMO3SIIUX JABW)KEHHE, HalpuMep, CHU/ TPEHHsI B MeCTe TIofiBeca
1py KosiebaHusIX MasTHUKA, WK CUJIOW COMPOTHBIIEHUSI Cpelibl. B 3TOM ciydae sHeprusi MexaHudeCKUX
Kosie0aHMii TOCTeTIeHHO PacxXoAyeTcst Ha paboTy mpoTuB 3TuX cui. [To3ToMy cBOOOHBIE KOsleOaHUsI 0/
JIeMICTBUEM CUJT COTIPOTHB/IEHUSI BCerjja 3aTyXaloT. 3aTyxaHWe HapyllaeT MepUOJUYHOCTh KoeOaHWM,
TOTOMY OHHU y>Ke He SIBJISIFOTCS TIepUoAnuecKruM rpotieccom (puc.10).

[TycTh TOuka coBepllaeT JMHeWHOe TrapMOHHUYeCKoe KosjebOaHWe B Bs3KOM cpefe. M3 ombiTa
W3BECTHO, YTO CW/a COMNPOTUB/IEHUS] CpeAbl 3aBUCUT OT CKOPOCTM M HarpaBlieHa B CTOPOHY,

dx
TIPOTHUBOIIO/IOKHYHO CKOPOCTH. HpI/I MaJ/IbIX CKOPOCTAX: -F.':urrp: —TrY = _T'E; rge r — IIOCTOsSSTHHas

BeJIMUMHA, Ha3biBaeMasi koaghguyueHmom conpomueneHust cpeobi.
YpaBHeHHe KonebaHui:

dx dx
m ek —kx — T‘E.
BeemeM 0003HaUeHUS: ﬁ= 2p, £= w3, Torja aubdepeHIMaNbHOe ypaBHEHHE 3aTyXaloL|ero
Koe0aHuMs:
d?x dx
252 + Zﬁa + wpx =0, (1)

rae B — Ko3hdUIMeHT 3aTyxaHusi, W, — COOCTBEHHash yacToTa KonebaHus. IIpu OTCyTCTBUU
Tpenusi (=0, ypaBHeHue TIpUMET BHJ ypaBHEHWs [ii CBOOOAHBIX He3aTyXawoIluxX KosebaHuil. B
pe3ysbTaTe pelieHUs ypaBHeHUs (1) MOMyYMM 3aBMCHMOCTb CMEIEHWs X OT BpPEMEHHM, TO €CTh
ypaBHEeHMe 3aTyXarollero KoiebarelbHOroO JABWKEeHUSI:

x = Age Ptcos(wt + @y). (2)

Bripaxenne Age F°  HaspiBaeTCs aMIUIMTY[OM  3aTyXawoomiero KosmeGaHus. AMIUIUTYIa
YMEHbIIIAeTCs TI0 SKCMOHEHIMATbHOMY XapaKTepy C TeueHWeM BpeMeHH U TeM ObIcTpee, ueM 0oJibiiie
ko3 durment 3aryxaHusi. Orubaroijasi Ha Tpaduke 3aBuUcUT OT 3. Uem oHa Oosblile, TeM Kpyue
orubaroiijas, To ecThb KojiebaHus OpicTpee 3aryxatoT (puc.10.1).
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Puc.10.1

[Tytem mofcTaHoBKU GyHKIMU (2) ¥ ee TPOU3BOAHBIX 10 BpeMeHU B ypaBHeHHe (1), MOXKHO
HalTV 3Ha4eHre YIVIOBOM YacCTOThL: w = ,/wy — 2

[Tepuop 3aTyxaroimx kone0aHUi paBeH:

2T

T=—
{me — 52
Vwg — B

C yBenuueHVWeM TpeHHUsl TiepHOf KosiebaHWI Bo3pacTaeT, a NMpu [(=w, mepuop T=co. Ilpu
JaTbHeNIIeM yBeJMUeHnd [ Mepuofi CTaHOBUTCS MHHMMbBIM, a [IBM)KEHHE TOUKH anepuoouuecKum —
BbIBe/IeHHasi W3 II0JIOKEHWsS] paBHOBECHS] CHUCTeMa BO3BpAlLlaeTCsl B TOJIOKEHUWEe paBHOBeCHUs, He
coBepiasi Kosiebanuii (puc. 10.2).

K.ﬂ'\.

W

0 t
Puc.10.2

Kpurnueckoe 3aryxaHue («yCIOKOeHHWe») uMeeT Oofbliioe 3HaueHHMe B U3MeEPUTE/IbHBIX
nprbopax, TakKux Kak OanircTiueckue raqbBaHOMETPBI, KOTOPbIE MCIIBITHIBAIOT Pe3Kre UMITY/IbCHBHbIE
BO3/IefiCTBUS B M0JIOXKEHUU HY/IEBOTO CMeLlleHusl.

HarnsijHol XapakTepuCTHMKOM 3aTyxaHMs SIB/sIeTCSl OTHOLLEHWe 3HauyeHHi JIBYX aMIUIATYZ,
COOTBETCTBYIOIIMX MPOMEXYTKY BPEMEHHU B O/IMH Tepuoj. JTO OTHOILIEeHHE Ha3bIBalOT OeKpeMeHMmMoM
3amyxaHusi 6:

Ae _ Age™® o
Apsr  Age FEHTD T =

Ero HarypasnbHbIM siorapudM ecTh Oe3pa3MepHasi BeMUMHA, Ha3blBaeMasl /102apumuueckum

O0eKpeMeHmMOM 3amyXaHUs:

£ — BT,
t+T

Jloeapugmuueckuli OekpeMeHmM 3amyxaHusi — BeJIMUMHA, oOpaTHast uuciay KonebGanuii N, 1o
HCTeUeHUH KOTOPBIX aMIIUTY/ia KojieOaHW YMEHbBIIIAeTCs B e pas.

g =

o

&d=1In
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1
IIpomekyTOK BpeMeHH T =, B TeueHHe KOTOPOIo aMILIUTY/a 3aTyXakoLLero KoebaHus yObIBaeT

B € pas, HasbIBAIOT 6peMeHeM pe/laKcaquu Torma BbIpakeHHe /7Sl JIOTapUPMUUECKOTO JeKpeMeHTa

3aTyXaHus TIPUMeT Buj: & = ; W ¢ ;-

[[o6pomHocmb KojiebaTe/IbHOM CUCTEeMBI:

¢= 8

6. BoIHY)K/IeHHbIe KojleDaHust

Paccmorpum B&)KHLI_I?I ciydaii  kKonebOaHWiA, BO3HUKAIOIIMX, KOTJja Ha TOUKY, Kpome
BOCCTaHaB/IMBAaKOLeN CWIbl F, NeUCTByeT elle MEePUOAUUYECKU HW3MEHSIOIIascs CO BpeMeHeM cuia i,
NIPOEKLUs KOTOpoM Ha ocb Ox paBHa

Q=Qosinpt.

OTa cuia Ha3bIBaeTCsl go3mMywaroujeli cuioll, a KonebaHus, MPOUCXOSILMe TIPH /1eHICTBUM TaKOH
CWIbl, Ha3bIBAIOTCSl 8bIHYHCOeHHbIMU. BemunHa P siBrisieTcst uacmomoti gosamywjaroujeli Cusbl.

Bo3smyijarorieit cunoli MokeT ObITh CH/la, U3MEHSIOLAsICs CO BPeMEHEeM U 110 JPYTOMY 3aKOHY.
Mkl orpaHMYMMCs pacCMOTpeHHeM ciydvas, Korza Qx ompefenseTcs yKa3aHHbIM paBeHCTBOM. Takas
BO3MYILL[AIOLI[asi CHJIa HAa3bIBAeTCSI 2APMOHUUECKOLL. .

PaccMoTpuM /IBWKeHMe TOUKM, Ha KOTOPYHO, KpOMe BOCCTaHaB/IMBArOLeNd CWIbl F, JNelCTBYeT
TOJIBKO BO3MYIArOILasl CUla 5 OuddepeniianbHOe ypaBHeHNe ABYKEHUS B 3TOM C/lydae

-
=

m Frshe —cx + Qysinpt.
Paszenum 06e 4acTH 3TOr0 ypaBHEHUsI HA M U TTOJIOKUM
o

=P
m o
Tor,qa, yuuThIBasi 0003HaUueHue, TIPUBeJeM YpaBHEHHe [IBIKEHUS K BUAY
@ x+ P, [

wpx = Pysin

dt2 0 psIp

YpaBHeHUe SBsETCS OuggepeHyuanbHbIM ypagHeHUem B8bIHYHCOeHHbIX KoaebaHull mouku npu
omcymcmeuu conpomuseneHusi. Ero pelieHWeM, Kak HW3BeCTHO W3 TeopuM AuddepeHLIManbHBIX
ypaBHeHUH, OyzleT x = xy + X5, T/e X4 - 00lljee pellleHHe ypaBHeHHUs1 Oe3 TIPaBOM uacTH, a X, - KaKoe-
HUOY/b UaCTHOE pellieHue MOJTHOTO YPaBHEHUs!.

[Tonaras, uto p = k, OyZieM UCKaThb pellieHne x ; B BU7ie

1, = A-sinpt,

r7e A - MOCTOSTHHAsT BeIMUKMHA, KOTOPYIO HaZlo 1Mo/o0paTh Tak, 4TOObl paBEHCTBO 00paTUIOCh B
TOX/eCTBO. [loficTaB/isisl 3HaueHe X ; U er0 BTOPOM MPOU3BO/IHOM B ypaBHeHUe Oy/leM UMeTh:

—pAsinpt + k?Asinpt = Pysinpt.

DTO paBeHCTBO Oy/ieT BLIOMHATHCS MPH Tt000M t, ecsid A(k*-p®)=P, wiun

0

A= = 3
wy — P
Takum 06pa3om, HCKOMOe YacTHOe peliieHre OyzeT

Py
X3 = —F——gsinpt.
wy—p
Tak Kak x = x3 + x5, a 00IIlee pellleHre UMeeT OKOHYATe/IbHO BUJ
x = Asinlwyt + a) + —smpt
Wy —P°

rae A U « - MOCTOSIHHbIe MHTErpUPOBaHUS, Orpeie/isieMble 0 Haya/lbHBIM JaHHbIM. PeliieHue
MOKa3bIBaeT, uyTo KoseOaHUsl TOUKM CK/IAZbIBAIOTCS B 3TOM Ciydae u3: 1) KoneGaHMi C aMIUIATY0d A
(3aBUCSAIIIEH OT HavaJbHBIX YCJIOBHMI) M 4acTOTOW K, Ha3bIBaeMbIX COOCMBEHHbIMU KoaebaHusimu, U 2)
KojiebaHui C aMIyMTyIod A (He 3aBHCsIIel OT Hadya/JbHBIX YCJIOBUH) M UYaCTOTOM p, KOTOpbIe
Ha3bIBAIOTCS 8bIHYHCOEHHbIMU KONeOaHUsMU

I'padvik BBIHYKEHHBIX KOJleOaHWM IMOKa3aH Ha puc.16.
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YacToTa p BeIHYK/IeHHBIX KO/iebaHu, KaK BUAHO, PaBHA YaCTOTEe BO3MYIIAIOIIEN CHJIBI.
AMIUIUTYy 9TUX KoslebaHui, eC/Iv pase/uTh YUCUTe b U 3HaMeHaTe/b Ha k%, MOXKHO TIpe/iCTaBUTh B

BU/JIE:
Py %

w—p? |1—( }
5. = 2o _ e o
rhe %0 =z =, T. e. 6p €CTh Be/IMUNHA CTATUYECKOTO OTK/IOHEHHs TOUKH 107, JeHiCTBHEM CHIIbI

Qo. Kak BuiUM, A 3aBHCUT OT OTHOILIEHUSI YaCTOThl P BO3MYILAFOILEH CUJIbI K YaCTOTe (o COOCTBEHHBIX
KoJieOaHUM.

1.8 JIekuusn 8 (2 uaca).
Tema: «/JluHaMHKa CUCTEMBI»
1.8.1 Bonipochl jieKuuu
1. OO1Me cBOMCTBa CUCTEMBI MaTepPUAIbHBIX TOUEK.

2. BHelllHWe ¥ BHyTPeHHHE CUJIbI CUCTEMbI U MX CBOMCTBA.
3. MoMeHTBI UHepLY.

1.8.2 Kpatkoe cojep;xaHue BOIPOCOB
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1. OOuHe CBOMCTBA CHCTEMbI MaTepPHA/IBHBIX TOUYEK.

MexaHuueckoli cucmemoti MatepyabHbIX TOUEK WM TeJl Ha3bIBAeTCS TaKasi UX COBOKYITHOCTb,
B KOTOPOW MOJI0)KeHWe WM JIBM>KeHWe KaXkKAoW TOUKU (WK Tesa) 3aBUCUT OT TOJIOXKEHUS] U JBYKeHUs
BCEX OCTa/IbHBIX.

MamepuanbHoe abGcoalomHo meepooe mesno Mbl Takke OylneM paccMaTpyBaTh KakK CHCTEMY
MarepyabHbIX TOUeK, 00pa3yIoIIUX 3TO TEI0 M CBSI3aHHBIX MEXKJY COOOH Tak, UTO paCCTOSTHUS MEXIY
HUMU He U3MEHSIIOTCS, BCe BPeMSsI OCTAIOTCS TOCTOSTHHBIMH.

Krnaccuueckum mprvMepoM MeXaHW4eCKOW CUCTeMbl SIBJSIeTCSl COJIHeUYHasl CUcTeMa, B KOTOpOW
BCe Tejla CBSI3aHbl CHJIaMH B3aMMHOTO TIPUTSDKEeHUs]. [[pyrvM MpUMepoOM MeXaHHU4eCKOH CUCTeMBI MOYKET
CJTy>KUTh JIF0Oasi MallliHa WM MeXaHW3M, B KOTOPBIX BCe Tejla CBSI3aHbl IIADHUPAMM, CTEP>KHSIMHU,
TPOCAaMU, PeMHSIMH U T.II. (T.e. pa3MUHBIMM T'eOMETPUUYECKHMH CBs3fMH). B 3ToM ciyuae Ha Tena
CUCTeMBbI IeMCTBYIOT CH/Ibl B3aUMHOTO JIaB/IeHUs] UK HaTsDKeHUs, Tiepe/iaBaeMbie yepe3 CBS3MU.

COBOKYITHOCTh TeJl, MEXKy KOTOPbIMU HET HUKAKHUX CH/I B3aUMOJeHCTBHUsSI (HarpuMep, Tpya
JIeTSIIUX B BO3/IyX€ CAMOJIETOB), MEXaHUUECKYH0 CUCTeMY He oOpas3yer.

B cooTBeTcTBMM CO CKa3aHHBIM, CH/bI, JEMCTBYIOIMEe Ha TOUKW WM Tejla CHUCTEMbI, MOYKHO
pa3ziesuTh Ha BHEIITHUE U BHYTPeHHHe.

BHewHUMU Ha3bIBAIOTCS CHUJIbI, JEHCTBYIOIME HA TOUKHA CHCTEMBI CO CTOPOHBI TOUEK WJIH TeJl,
He BXO/SIINX B COCTAB IAHHOM CUCTEMBI.

BHympeHHUMU Ha3bIBAIOTCS CHJIbI, IeHCTBYIOL[HE Ha TOUKH CHCTeMBI CO CTOPOHBI /IPyTHX TOYeK
WK TeJT 9TOM JKe CUCTeMbl. ByzieM 0603HayaTh BHEIIIHHE CHJIbI CKMBOJIOM - F5, a BHyTpeHHHe - F',

Kak BHelllHMe, TaK M BHYTPeHHHE CH/IbI MOTYT ObITH B CBOIO Ouepelb WIH AKMUEHbIMU, WIU
peakyusimMu ceszell.

Peakyuu ces3etl Wiy TIPOCTO — peaKyuu, 3TO CHIbI KOTOPble OrPAaHAUYMBAIOT ABW)KEHHE TOUeK
cucTteMbl (MX KOODJWHATBI, CKOPOCTb W Ap.). B cTratwMke 3T0 ObUTM CHIBI 3aMeHsIOINHME CBs3U. B
JUHAMHKe /i1 HUX BBOJUTCS Oosiee 00lrjee oripeesieHue.

AKMu@HbIMU UAU 3a0aedeMbiMU CU/AAMU Ha3bIBAIOTCS BCe OCTa/lbHble CHU/IbI, BCe KpOMe
peakLuii.

HeobxoqumocTh 3TOM KilacCU(UKAI[UM CUT BBIICHUTCS B CJIEYIOIIUX T/IaBaXx.

Pa3geneHve cul Ha BHEIIHHE W BHYTPEHHHE SIB/ISIETCS YC/IOBHBIM M 3aBHCUT OT TOTO, [IBWKEHHE
KakoM cucTeMbl Tell Mbl paccMaTpuBaeM. HampuMep, ec/ii paccMaTpvBaTh JABW)KeHHe BCel COMTHeUHOM
CHUCTEMBI B 1IeJIOM, TO CW/a TPUTsOKeHUs 3eMau K ConHily OyzeT BHYTpPeHHeM; IMpPU W3yUeHHH >Ke
IBIDKeHUs 3eMutd 1o eé opbute Bokpyr CoJiHIIa Ta ke cuia OyleT pacCMaTpUBaThCs KaK BHEIITHSS.

2. BHelllHHe U BHYTPeHHHe CH/IbI CHCTeMbI M MX CBOMCTBA.

BHyTpeHHMe cuiibl 00/1aZat0T CIeAYIOIIMMI CBOMCTBAMHU:

1. I'eomempuueckass cymma (2/1a6HbIll 8eKMMOp) 8cex 8HYMpPEeHHUX CU/ CUCHeMbl PAGHsiencs
Hymo. B camoMm [efie, 0 TPeTbEMY 3aKOHY /JJMHAMHUKH JIHO0bIe /IBe TOUKU CHCTeMbl (PUC.1) AeHCTBYIOT
ZIpYT Ha J]pyra C paBHBIMHU TI0 MOZY/IFO U TIPOTHBOIIONOXKHO HarpaB/IeHHBIMU cumaMu > U Fyy, cymma
KOTODPBIX paBHA HY/MH0. Tak KaK aHa/IOTUUHBINA pe3y/bTaT UMeeT MeCTo [ist TF000M raphbl TOUeK CUCTeMBI,

TO
.
Z Fi=o.

Puc.1

2. Cymma MomeHMO8 (2/1aeHbIli MOMeHIM) 6éceX 6HyMpeHHUX Cu/ CUucmeMbl OMHOCUMEe/AbHO
/1106020 YyeHMpa uau ocu paeHsiemcsi Hy/mo. [1eliCTBUTeILHO, eC/TU B3SITh TIPOW3BOJIBHBIN 1IeHTp O, TO
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u3 puc.l BugHo, uto Mgl F, )+ my(E, ) = 0. AHanoruuHbIA pesy/sTaT TOMYUYHTCS NP BBIUUCTEHHM
MOMEHTOB OTHOCHTe/IbHO ocH. CrezioBaTesibHO, U [J1s1 BCel crcTeMbl OyzeT:

Zﬁu(ﬁf} = 0 unm me {T:L‘} =0

U3 JAO0Kd3dHHBIX CBOMCTB He aieayer OAHakKO, UYTO BHYTPpeHHHWE CHW/IblI B3dHWMHO
YPaBHOBEIIMBAKOTCA W HE BJ/IHAKOT Ha ABWXKEHHE CHUCTEMbI, TdK KdK 3THW CHWJIbI TIPHU/IOKEHbI K PA3HbIM
MaTepHua/ibHbIM TOYKdM W/INW T€/IdM W MOT'YT BbI3bBIBATH B3dMMHLIE TMEepeMEIEeHUA 3TUX TOYEK WJIN TeJl.
YPaBHOBEH_IEHHbIMI/I BHYTPpE€HHHE CHJIbI 6y,E[YT TOI'/ld, KOrga paCCMdTpHBaeMass CHUCTeMd IIpeACTaBJ/IsdeT
06010 abCo/MOTHO TBEpAOoe TeJsio.

3. MoMeHTBbI UHepLH.

[TonoxeHne 1LjeHTpa MacC XapakTepu3yeT pacripe/ile/leHe MacC CUCTeMbl He I10JIHOCTBIO.
Hanpumep (puc.3), ecu paccrosiHusi h ot ocu Oz Ka)KA0ro U3 OfAMHAKOBBIX I1apoB A U B yBeMUUTh Ha
O[HY U Ty >Ke BeJIMUMHY, TO TOJI0)KeHHe LieHTpa MacC CUCTeMbl He U3MEHUTCS], a paclipeiesieHre Macc
CTaHeT [IPyTUM, Y 3TO CKa)KeTCsl Ha JBV)KeHWUU CUCTeMBI (BpalleHre BOKpYTr ocu Oz Ipy MPOYMX PaBHBIX
yC0BuUsiX OyZieT IpOUCXOAUTh MeJTIeHHee).

Fy
e B
i .:Ir! ;, .
A N - -
| [ ] 1 K LR | k|
Mt S
A j ;ﬁ 8
;,:.. e dl‘fl
Puc.3

[TooToMy B MexXaHWKe BBOAMTCS ellle OfHAa XapaKTepHUCTHKa pacripefie/ieHUss MacC - MOMEHT
vHepLMu. MomeHmoM uHepyuu mena (cucmembl) OmMHocumenbHo OauHol ocu Oz (uau oceebim
MOMeHMOM UHepyuu) Ha3bleaemcs CKaASIpHAs 8eAUUUHA, pa8HAs CyMMe Npou3eedeHull Macc ecex mouek
mena (cucmembl) Ha KBAOPAMbl UX pACCMOsIHULI om 3motl ocu

.irz = mkhi.

MoMeHT UHEpPI[H UMeeT Pa3MepHOCTh [Kr-M?]

W3 omipesienieHusi cyiefiyeT, UTO MOMEHT MHEPLIMU Tesia (MM CUCTeMbI) OTHOCUTEBHO M000i ocu
SIB/ISIETCS BEJIMUMHOM TOJIOKATE/TbHOW U He paBHOM HYJTIO.

3aMeTUM Tak)ke, UTO MOMEHT WHEPLIMH Tejla — 3TO reoMeTprUUecKasl XapakKTepUCTHKa Tefa, He
3aBUCSIIAs OT ero JBIDKeHMUSI.

OceBoilf MOMEHT WHepLMU UrpaeT MpHU BpalljaTeJlbHOM JBM)KEHUM Tesla TaKyl >Ke POJib, KaKyko
Macca Npy MOoCTyIaTeabHOM, T.e. YTO 0Cesoll MOMeHM uHepyuu s18/15emcsi Mepoll UHepmHoCcmu mesaa npu
gpawjamenbHOM O8UMCEHUU U 3aBUCUT OT paclipe/ie/ieHUsi MacChl Tejla OTHOCUTETbHO OCH BpallleHHsl.

CornacHo ¢opmysie MOMEHT MHepLMM Tejla paBeH CyMMe MOMEHTOB MHEepLIMM BCeX ero yacTei
OTHOCHTEJIbHO TOM >Ke ocH. [Iiss ofjHOW MarepranbHOM TOUKH, HaXo/sIlelcst Ha pacCcTossHUM h oT ocwy,
I; = mh?,

Yacto B XOfie pacueTOB IOJIb3YIOTCS TOHATHEM pajlyca WHepuuu. Paduycom uHepyuu Tena
OTHOCUTe/IbHO 0cu Oz Ha3bIBaeTCs JIMHeNHas BeJIMUMHa Py, OTpefie/isieMasi paBeHCTBOM

Iz=M"pg,

rae M - macca Tena. VI3 onpezienieHusi cieflyeT, UTO pafilyC WHEPLIMM reoMeTpUYeCcKU paBeH
paccTosiHiio oT ocu Oz TOW TOUKH, B KOTOPOM HaJl0 COCPEJOTOYUTH MacCy BCero Tesa, UToObl MOMEHT
VHEpI[UM OTHOM TOUM TOUKM ObI/T paBeH MOMEHTY MHEPIIUM BCEro Tejia.

B cnyuae cruiomiHoro Tesia, pa3duBasi ero Ha 37eMeHTapHble YacTH, HalifieM, 4To B Tpejesie
cymMa, crosiias B paBeHCTBe [z =Xmghi, obparutcs B uHTerpas. B pesyibrare, yuuThIBas, 4TO
dm = pdV, e p - IJIOTHOCTB, a V - 00beM Tesia, TIoyUYruM

Iz = [yh?dm wma Iz = [, ph*aV

I/IHTEFpaJ'I 3/1eCb PACIIPOCTPAHAETCA Ha BeCb obvem V Teja, a IVIOTHOCTh & M pacCcCTOsHHe h
3dBHCAT OT KOOpAWHAT TOYEK TeJid.
MomeHThbI HMHEPLIMN HEKOTOPBIX OAHOPOAHBIX TeJI:
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1. ToHKHI OAHOPOJHBIM CTep)KeHb AJMHbI | U Macchl M. BbluMCIMM ero MOMEHT WHepLUU
OTHOCHUTEJIbHO 0CU Az, IeprieHIUKY/ISIPHOM K CTePXKHIO U TIPOXOJsiielt uepes ero koHel| A (puc.4).

A z

Ty
o
=ple —p—

- .

T
Puc.4

HanpaBum Boss AB KoopArHaTHYI0 0ch Ax. Torza Jiist 1r000T0 371eMEeHTapHOTO OTPe3Ka JJTHHbI
dx BenmuurHa h=x, a Macca dm = pydx, rne py = M/l - Mmacca eqUHULIBI IJTMHBI CTEPXKHSI. B pe3ynbrare

) ', I3
I, = jx‘dm = plj x°dx = pq—.
0 3
0
3ameHsisl 34eCh p1 €ro 3HaYeHWeM, HailieM OKOHYaTe/IbHO:

I ! M3
= — .
473
A MOMeHT HWHEPLMHU TOHKOTO OAHODPOAHOTO CTEPKHA AJTMHBI l 1 MaccChbl M OTHOCUTE/ILHO OCU
TIPOXOZALLIero uepes CepeiUHy U MeprieHAUKY/ISIPHYI0 CTEeP)KHIO paBeH

== MP
AT

2. ToHKOe Kpymyioe OZHOPOAHOE KO/bLo pasuyca R n maccel M. HaliieM ero MOMeHT WHepLMU
oTHOCUTeNbHO ocu Cz, TeprneHJUKY/ISIPHOU TVIOCKOCTH KOJbLld M TNPOXOAdALLed 4Yepe3 ero LEeHTP
(puc.4,a). Tak Kak Bce TOUKU KOJIbL]a HaXoASTCs OT oci Cz Ha paccTosiHuM h=R, TO

I = kaRz = (ka)ﬁ'z = MR2,

CrenoBarebHO, Ansi Konblja Ie = MR?,

OueBUIHO, TaKOW K€ pe3yabTaT MOAYUMTCS [JIi MOMEHTa WHEepPLMUM TOHKOW LIMIUHJpUYeCKOU
000/10ukK Macchl M U pajuyca R OTHOCUTE/TbHO ee OCH.

3. Kpyrmiasg ogHOpoAHas TjiaCTMHA WY LWIMHAD paguyca R v maccel M. BblumciuM MOMEHT
WHEepLYU KPYIVION MJIaCTUHbI OTHOCUTENbHO Ocv Cz, MeprieHUKY/ISPHOM K TUIaCTUHE W MPOXOJsLen
yepe3 ee 11eHTP (CM. puc.5,a). /11 3TOTO BbIe/TUM 3/IeMeHTapHOe KO/bL[0 pajuyca I' U IIUPUHBI dr
(puc.5,6).
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Puc.5

TInoma/ 3TOro Ko/blla paBHa 2mrdr, a Macca dm = pa2mrdr, tae Pz = M/TR?- Macca e[UHUIBI

TUIOLA/I T/IaCTHHBL Tor/a [i/1st BblZieJIeHHOTO 3/IeMeHTapHOro KoJblja Oyzer
dLy = ridm = 2mp,ridr,
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. R 1 .
a 1 BCell macTuHbl I = 2mp; [ r¥dr =-mp,R*. 3ameHss 37ech P2 ero 3HaueHHeM, HaiizieM
1 3 -
oKoHuaresibHO Ic = - MR*,

Takast ke (hopmysa MOTyUNTCSs], OUEBUHO, U [i/I1 MOMEHTa UHepLWH [; OHOPOJHOIO KpYIJIOro
LWAIMHAPA Maccbl M 1 paauyca R oTHocuTesibHO ero ocu Oz (puc.5,8).

4. TlpsimoyrosipHasi IUlaCTMHA, KOHyC, Map. Ormnyckas BbIK/IaJK{, IpuBedeM (OpPMYJIb,
onpejesstoLe MOMEeHTbl MHepPLUU C/IeJVIOLUX TeJl:

a) CIUIOLLHAsi TIPSIMOYTo/ibHasi myiacTuHa macckl M co cropoHamu AB = a u BD = b (ochb x
HarpasJ/ieHa BJI0JIb CTOPOHBI AB, 0Cb y - Bosb BD):

[ —1\'fb2 I —1\'f 2
2—3! ' ir—alﬂ-J

0) TIpSAMOM CIIOIIHOM KPYT/IbIA KOHYC Macchl M ¢ paguycoM OoCHOBaHUsI R (OCh z HarpaB/ieHa
BJ10JIb OCH KOHYCA):

I, = 0,3MR?;

I') CIUIOLIHOM 11ap Macchl M 1 paguyca R (0Ch z HaripaB/ieHa BIo/Ib auameTpa): Iz = 0,4MR?,

1.9 JIekuus 9 (2 uaca).
Tema: «OCHOBHbIE TeOpeMbl JUHAMHKH»
1.9.1 Bonpocskl /1eKLun
1. Teopema 00 M3MeHEHUH KOTMUECTBA JBMKEHUSI.
2. TeopemMa 0 MOMEHTe KOJTMUECTBA JBUKEHUSI.
3. Teopema 0 ABWKeHUU LieHTpa MacC CUCTeMbI
4. Teopema 0 KWHETUUECKOM 3HEPTUH CUCTEMBbI

1.9.2 Kparkoe copep)xaHue BONMPOCOB

1. Teopema 00 H3MeHeHHH KOJTMUECTBA ABH)KEHHS.
Teopema 06 usMeHeHuUU Ko/iudecmsa 0BUXeHUS (UMNY/1bca).
PaCCMOTpI/IM CHUCTEMY, COCTOALNYIO M3 N MaTepHAJ/IbHBIX TOYEK. CocTtaBuM AJIsA 9TOU CUCTEMBI
,ELI/ICI)d)epeHL[I/IaJIBHLIe YPaBHEHHSA OBXEHHUA W CJIOXKHUM HX ITOYJIEHHO. Tor,z[a MMOJIyUnMm:
myd; = JE,"-E + 1":,"
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[Tocnennsisi cymma no CBOMCTBY BHYTPEHHUX CHJI paBHa Hy/to. Kpome Toro,

Z T‘J“l;l.ﬁ;l. = %(Z T‘J“l;l.F;l.) = %

OxoHuarenabLHO HaXOoauM:

ZEmi)--T

YpaBHeHUe BbIpa)KaeT TeopeMy 00 U3MeHEeHUHW KOJIMUeCTBa [BIDKEHHUS (MMITy/IbCa) CUCTEMBI B
nuddepenianbHOl (opMme: npou3eo0Hass nNo epemMeHU OM Ko/auuyecmea oOsudiceHusi (umny/bca)
cucmemMbl pagHa 2eoMempuyecKkoll cymMme 6cex OeliCm@ylOWUX HA cucmemy 6HewHUX cui. B
MIPOEKIUSIX Ha KOODJUHATHBIE 0CH OyzieM UMeTh:

d o g0, 4 d "

UV, Ve, LV

dt dt dt

Haiigem fpyroe BoipaeHue TeopeMbl. IIycTb B MOMeHT t=0 KOJMYECTBO /BMKEHUsS CUCTEMBI

paBHO 5[}., a B MOMEHT f; CTaHOBUTCSI PABHBIM 51. Torga, yMHOXast 00e 4yaCTH paBeHCTBa E =3 j!E';f Ha dt
M MHTETPHPYS, MOy unM:

Q@ —Qp= Efu_Fkﬂdt

W

ST o -

Q1 —Qo=1X5;

TaK KaK MHTerpaJbl, CTOSIINE CIIPaBa, Aal0T UMITY/IbChI BHEIITHUX CHIL.

YpaBHeHUe BbIpaKaeT TeopeMy 00 M3MeHEeHUH KOJTMUeCTBa IBWKeHUsI CUCTEMbI B MHTETPa/IbHOU
(bopme: uszMeHeHUe Ko/UYecmeda 08UMCeHUs! CUCTeMbl 3d HeKOMOPbIll NPOMeXCyIMmoK epeMeHU pagHO
cymMme umMny/ibCo8 0elicmeylouwjux Ha cucmemy 6HeWHUX CU/I 3a MOM Jce NPOMeNCYMOK epeMeHU.

B ripoekiusx Ha KOOpAWHATHBIE OCH OyleM UMeTh:

Qix — Qox = Zsfw Qe — Qow :Z 55_1.-4 Qiz — Qoz = Z Ska

YkakeM Ha CBsI3b MEX/y /IOKa3aHHOW TeOPeMOH U TeOPEMOH O JIBUKEeHUHM 11eHTpa Macc. Tak Kak
Q = MV 1o, MO/ CTaB/IsAS 3TO 3HaYEHMEe B PaBEHCTBO U YUMTbIBas1, UTO % = @ ¢, MBI TIOTTyYUM
Mdc = T F;.

CnenoBatenbHO, Teopema O JABWKEHMM IleHTpa MacC U Teopema 00 M3MeHEeHUM KOJIM4YecTBa
[IBIDKEHUST CUCTEMBI TIPE/ICTaB/ISIOT COOOMH, TI0 CYITIeCTBY, /iBe pa3Hble (POPMbI OTHOU U TOH K€ TEOPEMBI.
B Tex ciyuasix, Korja usydaeTcs ABM)KeHUE TBEepPZOro Tena (WM CUCTEMBI Tel), MO)KHO B PaBHOM Mepe
TI0/Tb30BaThCs M000H U3 3TUX (hopMm.

[IpakTHueckass L|eHHOCTb TeOpeMbl COCTOUT B TOM, UTO OHAa II03BOJISIET WCK/IKOUWTL U3
pPacCMOTpeHUs1 Harepesi HeM3BeCTHble BHYTPeHHUe CUJbl (HampuMep, CU/bl JaB/ieHusl ApPYyr Ha Apyra
YaCTHUL] KUJKOCTH).

2. Teopema 0 MoMeHTe KO/IMUECTBA ABVIKEHUS.

[71aBHBIM  MOMEHTOM ~ KOJIMYECTB [BIDKEHHs] (WM KMHETUYECKOM MOMEHTOM) CHCTEMBI
OTHOCHUTEJILHO JJaHHOTO IieHTpa O Ha3biBaeTCsl BeIMuMHa Ly, paBHasi reoMeTpUYeCckol CyMMe MOMEHTOB
KO/TMUeCTB JBM)KEHHUSI BCEX TOUeK CUCTeMbl OTHOCUTEBHO 3TOTO LIEHTpA.

Lo =) mo(mi).

Teopema MOMEHTOB [ijisi OAHOM MaTepuabHOM TOUKM Oy[eT CripaBe[jivMBa /ISl KaXKJ0W U3 TOUeK
cucremsl. CriejoBaTe/IbHO, €C/IM PAaCCMOTPEeTh TOUKY CUCTEMbI C MacCOi My, UMEIOIIYH0 CKOPOCTb Uk, TO
IS Hee OyzeT
d — =+ P
ar [mo(micVi)] = Mo (E) +mig (B,

rae iE';f u E;,j - PaBHO/IEMCTBYIOL[Me BCEX BHEIIIHUX W BHYTPEHHHUX CHJI, J€MCTBYIOLIUX Ha [JaHHYIO
TOYKY.

CocTaB/isisi Takue ypaBHeHUs [I/isi BCeX TOUeK CUCTeMbI U CKJIa/ibiBasi X MOUYIeHHO, MOTyUrM:

d — e =,
— 4 L
= limo(mbi)] = ) wio(Fe) + ) o(E.
Ho mnocnepnsas cymma 1o CBOMCTBY BHYTPEHHMX CWJI CUCTeMbI paBHa Hy/Ir0. Torma Haupgem
OKOHYaTeJ/IbHO:
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ITonyueHHoe ypaeHeHue @blpajcaem cAedylOwylo meopeMy MOMEHMO8 O CUCmeMbl:
MPOM3BOJHAsE 10 BpPeMeHU OT IJIaBHOTO MOMeHTa KOJMYeCTB [IBWKEHHsI CHUCTeMbl OTHOCHTE/bHO
HEKOTOPOTO HEeNOJBI)KHOTO IL[eHTPa, paBHa CyMMe MOMEHTOB BCeX BHEIIHHUX CHUJ CHUCTEMbI
OTHOCHTEJ/IbHO TOTI'O JKe LieHTpa.

[TpoekTupys 00e yacTy paBeHCTBA Ha HETIOABIDKHBIE 0CH OXyZ , TIONMyUUM:

dLX me{ } dLY Zmr’{ } dLZ Zmz(F}

YpaBHeHI/IH BbIPa)KaroT TeopeMy MOMEHTOB OTHOCI/ITeJIBHO mo0o¥ HEeTOIBIXHOU OCH.

B kuHemaTHKe ObUIO TIOKa3aHO, UTO /IBWKEHHE TBEPJOrO Tesa B OOIeM cijiyuae CjaraeTcs U3
MOCTYNaTe/bHOTO ABWKEHUS] BMeCTe C HEKOTOPBIM T0J/IF0OCOM U BpalljaTe/IbHOTO [IBUYKEHHsSI BOKPYT 3TOTO
nosroca. Ecim 3a mosmroc BeIOpaTh IIeHTP Macc, TO TOCTyTaTe/lbHasi YacTh JBI)KEHUS Tella MOKET ObITh
M3yuyeHa C TIOMOIIbI0 TeOpeMbl O ABWKEHWU L[eHTpa MacC, a BpalllaTe/bHasi - C MOMOILLBI0 TeopeMbl
MOMEHTOB.

[TpakTrueckasi 1JeHHOCTb TeOpeMbl MOMEHTOB COCTOMT ellle B TOM, YTO OHAa, aHa/JIOTWUUYHO
TeopeMe 00 W3MeHEeHUM KO/IMYeCTBa [BVDKEHUS, TIO3BOJIsSIeT MPH W3y4YeHWH BpalllaTe/TbHOTO BVKEHMUS
CHCTeMbI MCK/TFOYATh U3 paCCMOTPEHUs BCe Harepe/l Hen3BeCTHbIe BHYTPEHHUE CHUJIbI.

3. Teopema 0 ABM)KeHHUM LIeHTPa MacC CUCTEeMBI
B psiie ciyuaeB [jisl onpefiesieHUsT XapakTepa JIBW)KeHHs CUCTeMbl (0COOEHHO TBepZOro Terna),
JIOCTaTOYHO 3HATh 3aKOH /IBW)KEHMs ee LleHTpa mMacc. Hampumep, ecii 6pocUTh KaMeHb B 11e/lb, COBCEM
He HY)KHO 3HaTb KakK OH OyZleT KyBbIDKaTbCsl BO BpeMs I0/IeTa, Ba)KHO YCTAaHOBUTH IOTMAZleT OH B Iiefb
WM HeT. [17151 3TOro J0CTaTOUuHO PaCCMOTPETh JIBW)KEeHHEe KaKOW-HUOY/b TOUKU ITOTO Tesa.
YrtoObl HAalTH 3TOT 3aKOH, 0OpPAaTUMCS K ypaBHEHUSIM JIBVKEHHUSI CUCTeMbl M CI0)KUM TI0UIeHHO
VX JIeBble U NIpaBble YacTy. Torga nonyuynm:
5 =+ .
mkak=ZF§+ZFk‘. (1)
ITpeo6pa3syem /ieBy10 YacTh paBeHCTBa. V13 hopMyrbl [j1s paiiyc-BeKTOpa LeHTpa MacC UMeeM:
= =
My = Mre. (2)

Bepst oT 00enx yacTeii 3TOr0 paBeHCTBA BTOPYIO IMPOW3BOJHYIO 10 BpPeMEHM U 3amMeuasi, uTo
TMPOM3BO/HAS OT CyMMBI PaBHa CyMMe MPOM3BO/HbIX, Hauzem:

d Tk d Tr_-
=M—7-
ka dt? dt?’

= =
kaﬂk = Mac. (3)
=+ ~
rge dc- YCKOpeHWe LieHTpa MacC CUCTeMbl. Tak Kak IO CBOWCTBY BHYTPEHHMX CH/ CUCTEMBI
—+.
= (0, TO, TIOZICTABJ/ISIA BCe HalIeHHbIe 3HAaUeHUs, [TOTYUYUM OKOHYaTe/IbHO:
¥ F =0, To, moacra ce Hauze e 3Haue 0] OKOHYaTeJIbHO:

Mic= ) Fr. ®

YpaBHeHUe U BbIpa)kaeT TeopeMy O [BI)KeHUM LieHTpa MacC CHUCTeMbl: npou3eedeHue MAcChbl
cucmembl Ha yCKOpeHUe ee YeHMpa MAcC pdeHO 2eoMempu4ecKoll cymme ecex Oelicmeylowjux Ha
cucmemy eHewHuXx cus. CpaBHUBasi C ypaBHEHUEM [IBH)KeHHs] MaTepUaJbHON TOUKH, M0JIyyaeM JIpyroe
BbIDAKEHHE TEOPEMbI: YEeHIMp MAcCC cucmembl O8UdCeNncsi KAK mamepuanabHAsi Movkd, mdcca
Komopotl paeHa macce eceli cucnmembl U K KOMopoU Npusi0oXdceHbl éce éHewHUe CU/bl, 0elicmeyloujue
Ha cucmemy.

IpoexTupys 00e yacTy paBeHCTBa Ha KOOpPAWHATHBIE OCH, TIOTYUYUM:

d .'X-',d_- dz}-’f_— -+ dzzt— =+
SYh, wE-TE, iE-Yi
3TI/I ypaBHEHI/IH TIPEZICTAB/ISIIOT c00010 OugpepeHyuanbHble ypasHeHus OgudiceHUsl YeHMpa

macc B POeKILUsAX Ha OCU JIeKapTOBOW CUCTeMbl KOOP/UHAT.
3HaueHHe JOKa3aHHOW TeOpPeMbl COCTOUT B CJIEYIOLIEM.

49



1) Teopema aeT 060CHOBaHHEe METOZAM JUHAMHUKY TOUKH. V3 ypaBHeHUI BUHO, UTO peuwleHusl,
Komopble Mbl no/jyyaem, paccmampueasi OaHHOe me/a0 KaK mMamepua/ibHylo MOYKy, onpeode/siom
3aKOH 08UJiCEHUSI YeHMmpa MAcc 31mozo med, T.e. UMEIOT BIOJIHE KOHKPETHBIN CMBICII.

B yactHOCTH, ec/iu Tesio JBUXKETCS MOCTyIaTebHO, TO €r0 ABWKeHUe MO/THOCTBIO Orpe/iensieTcs
JBIDKEHHEeM LleHTpa Macc. TakuMm o0pa3oM, TOCTYyIaTe/NbHO [BIDKYILeecs TeJ0 MOXKHO Bcerja
paccMaTpuBaTh Kak MarepuasnbHYH TOUKY C MacCOM, paBHOM Macce Tesa. B ocTanbHBIX C/lyuasix Teso
MOKHO pacCcMaTpuBaTh KakK MaTepua/bHyH TOUKY JIMIIb TOT/|a, KOTr/ja MPaKTUUeCKU [Jis OrpejereHus
TMOJIOKEeHUSI Tesla J0CTaTOYHO 3HAThb MOJIOKeHHUe ero LieHTpa Macc.

2) Teopema TMO3BOJIsSIeT TPU OTpe/e/ieHUH 3aKOHA [JBI)KEHWs LieHTpa MaccC JitoOoW CHUCTeMbl
WCK/II0YaTh W3 PacCMOTPeHMs] BCe Harlepe[, HeM3BeCTHble BHyTpeHHHe CU/bl. B 3TOoM coctout ee
MpaKTUuecKas LIeHHOCTb.

Tak ABVDKeHHe aBTOMOOW/IS MO TOPU30HTAIbHOU TVIOCKOCTH MOXKET MPOMCXOAUTH TOMBKO TIOf
JIleMICTBUEM BHELLHUX CHWJ, CUJ TPEHUS, [JeMCTBYIOLIMX Ha Kojeca CO CTOPOHBI oporu. VI TopmokeHMe
aBTOMOOW/ISI TO)KE BO3MOYKHO TOJIBKO 3THMH CHJIaMH, a He TPeHHeM MeXJy TOPMO3HBIMH KOJIOJKaMH U
TOpMO3HBIM OapabaHom. Ecim fopora razikasi, TO Kak Obl He 3aTOpMaKHMBalM Kojieca, OHH OymyT
CKOJIb3UTb ¥ HE OCTAHOBSAT aBTOMOOW/Ib.

W nocne B3pbiBa JeTsLero cHapsiga (Mof AeiicTBeM BHYTPEHHHX CHUJI) YaCTH, OCKOJIKU €ro,
pa3JeTaTcs Tak, YTo LEHTP MacC uX OyZieT ABUraThCs TI0 TIPE)KHel TPaeKTOPHH.

Teopemoii O [ABWKEHMM LieHTpa MacC MeXaHWYeCKOM CHUCTeMbl cjefyeT I10/b30BaTbCs AJis
peliieHus 3aJja4 MEXaHUKH, B KOTOPBIX TpeOyeTcs:

- TI0 CWIaM, TPUIOKEHHBIM K MeXaHWUeCKoW cucTeme (dalille BCErO K TBEPJOMY Tesy),
OTpeJie/IUTh 3aKOH [IB)KEeHUS LIeHTpa Macc;

- MO0 3a/laHHOMY 3aKOHY [BWKEHWs TeJ, BXOAAL[UX B MEeXaHWYeCKylH) CUCTeMY, HalTU
peaki[uu BHEIIIHUX CBsi3el;

- TI0 33JJaHHOMY B3aUMHOMY JBI)KEHHUIO Tesl, BXOJAILIUX B MeXaHUYeCKYl0 CUCTEMY,
OTpeJie/IUTh 3aKOH [IBM)KEHUSI 3TUX TeJl OTHOCHUTE/IbHO HEKOTOPOIl HEeMOABWKHOW CUCTeMbI OTCUeTa.

C mnoMoOLbI0 3TOM TeopeMbl MOXXHO COCTaBUTh OJHO W3 YpaBHEHUM [JBIKEHUS
MeXaHHUUEeCKOM CUCTeMbI C HECKOJIbKMMH CTeTIeHsIMA CBOOOZBI.

[Tpu pelieHyy 3ajjau 4acTO MCHOb3YIOTCS C/IeACTBUS U3 TEOPEMBI O JBWKEHUU LIeHTpa
MacC MeXaHUYeCKOi CUCTEeMBI.

CnenctBue 1. Ecnu raBHBIA BEKTOP BHEIIHWX CHJ, TIPUIOKEHHBIX K MeXaHW4yeCKOW
CUCTeMe, paBeH HY/I0, TO LIEHTP MacC CUCTeMbl HaXOAWUTCS B TOKOe WM [IBMXKETCSI PABHOMEPHO U
npsAMo/HHeitHO. Tak KaK yCKOpeHHe LieHTpa MacC PaBHO Hy/mo, a¢ = 0.

Cnenctre 2. Eciv mpoeKuusi IJIaBHOTO BEKTOpa BHEIIHUX CHJI Ha KaKy-HUOYIb OCh
paBHa HY/IO, TO LIEHTP MacC CUCTEMbI UM He U3MEHSIeT CBOEro MOJI0KeHUs1 OTHOCUTENBHO JaHHOW OCH,
WU JBUKETCS OTHOCUTEIbHO Hee paBHOMEPHO.

Hampumep, ec/ii Ha Teslo HauHYT JIeMCTBOBAaTh [IBe CHJIbI, 0Opa3yroliue rapy cui (puc.12), To
teHTp Macc C ero OyzeT ABUTAThCS TIO TIPEXKHEH TPaeKTOpyu. A camo Teso OyZeT BpaiaTbCs BOKPYT
LieHTpa Macc. V1 HeBa)KHO, TZie TPWIO)KeHa rapa CHJI.

Kcrary, B cTaTvike MBI [J0Ka3blBajd, UTO JeMCTBUE Mapbl HA Te0 He 3aBUCUT OT TOrO, IJe OHa
TIpUJIOXKeHa. 3/1eCh Mbl TMIOKa3aju, 4To BpalljeHHe Tesia OyzeT BOKpYyT LieHTpanbHoM ocu C.

4, Teopema 0 KHHEeTHYeCKOM JHEPruv CUCTEMbI _

KuHeTnueckuii MOMEHT MeXaHUUeCKOM CHCTeMbI Ky oTHOCUTe/IbHO HEMoABW)XXHOI'O LIEHTPA 0]
ABJ/IAETCA MepOI‘/JIﬁ,E[BI/I)KEHI/IH CHUCTEMBI BOKPYT 3TOIO LIEHTPA. HPI/I pelieHrnr 3da4a4 00BIYHO MMPUMEHSATCA
He CdM BEKTOD K[}., d €ro IIpoeKIHH Ha OCH HEHOABH)KHOﬁ CHUCTEMBI KOOPAWHAT, KOTOPbI€ HA3bIBAKOTCA

50



KUHEeTUYeCKMMH MOMEHTaMHu OTHOcHTenbHO ocu. Hampumep, K, - KMHETMUeCKMI MOMEHT CUCTeMbl
OTHOCUTEJILHO Hero/[BIKHOU ocu Oz .

KuHeTnueckrii MOMEHT MeXaHW4eCKOM CHUCTeMbl CK/Ia/bIBAaeTCs M3 KWHEeTMUYEeCKMX MOMEHTOB
TOYEK U TeJl, BXOASIMX B 3Ty cUCTeMy. PaccMoTpuM €riocoObl ompesiesieHUsi KWHETHUECKOTO MOMEHTa
MareprasbHOM TOYKH 1 TBEPAOTO Tela MPU PA3MYHBIX CTyYasix UX ABIKEHHSL.

Hnst MaTepua/ibHOM TOYKU C MacCoOd My, umetolledd ckopocTb Vi, KMHETMUeCKUMA MOMEHT
OTHOCHUTE/IbHO HeKOoTopol ocu Oz oripefiensieTcsi KAK MOMEHT BEKTOpa KOJMUeCTBa JBWKEHWSI 3TOU
TOUYKM OTHOCHUTE/IbHO BLIODAHHOM OCH:

= i3 =

K = ma(m V) = 7ie x (myVi).

KuHeTnueckrii MOMEHT TOUKH CUMTAETCS TIOJIOXKUTETbHBIM, eC/Id CO CTOPOHBI TTO/IOXKUTETEHOTO
HarpaB/ieH!s OCHU JBW)KeHHE TOUKU MPOUCXOJUT MPOTUB YaCOBOW CTPEJIKH.

Ecmm Touka COBepIIAeT CJIOKHOe [BIDKEHWe, A/isi ONpe/ie/ieHHs] ee KMHETHYECKOro MOMEHTa
c/ielyeT BEeKTOP KOJMUeCTBa JABWKeHUs1 MV, paccMaTpuBaTh Kak CyMMY KOJIMUeCTB OTHOCUTETHLHOTO U
TIePeHOCHOIO0 ABIDKeHUH (pUc.15)

My Vy = my Vi +my Vo,

Torga . . .

K;= mz{mk Vk} = mz{mkar} + mﬂ'{mkaE}'

Ho Vi, = wh,, rae hg - paccTosiHUE OT TOUKU [0 OCH BpALI[eHUS, U

mz(m Vo) = mywh, - h, = mywh?.

Puc. 15

BTOpYIO COCTaB/ISIOIIYI0 BEKTOPa KMHETHYECKOrO MOMeHTa . (m; %, ) MOXKHO onpeseuTh Tak
e, KaK ¥ MOMEHT CH/IbI OTHOCUTeJHO OCH. Kak U /11 MOMeHTa CHIIbl, BeJMuMHa m(m;iL,) paHa
HY/IF0, €C/IM BEeKTOD OTHOCHTE/JIbHOM CKOPOCTH JIKUT B OJHOW IUIOCKOCTA C OCBIO II€PeHOCHOTO
BpalLleHuS.

KvHeTnueckyii MOMEHT TBepZOrO Tela OTHOCUTEIBHO HENOJBWKHOIO LieHTpa MOXKHO
orpe/ie/IMTh KaK CyMMYy [BYX COCTAaBJISIOLMX: IlepBas U3 HUX XapaKTepusyeT IIOCTYIaTe/lbHYI0 4acTb
JIBIDKEHMs Tejla BMeCTe C ero LIeHTPOM Macc, BTopas - [IBIKeHHe CUCTeMbl BOKPYT LieHTpa Macc:

Ko = mo(MV.) + K.

Ecnu Tenio coBepiiaeT nocrynarenbHOe JBY)KEHHE, TO BTOPasi COCTaB/ISIOLasi paBHA HYJTHO

E =0

Haubosiee mpocTo BBIUMC/ISETCST KAHETUYECKOM MOMEHT TBEepAOro Tesa TPU ero BpallleHuu
BOKPYT HEIOJABWXHOU 0CH

K.=1wm,

rae [; - MOMEeHT MHepLMKA Tejla OTHOCUTE/IbHO OCH BpallleHHUs.

TeopeMa 00 M3MeHeHHWM KWHETHUECKOTO MOMEHTa MeXaHUYeCKOW CHUCTeMBI NpU ee [BWKEeHUH
BOKDYT HETIO[BI)KHOTO LieHTpa (OpMyIMpyeTcsi CAeAyIOIyMM 00pa3oM: NoAHAsi Npou3eooHast no
6peMeHU OmM @eKMopa KUuHemu4yeckoz0 MOMeHMAa MexaHUYecKoll cucmembl OMHOCUMEAbHO
HeKomopozo HenoosucHo20 yeHmpa O no eequUYUHe U HANPAG/AEHUI0 PAGHA 2/1A6HOMY MOMeHMmy
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6HEWHUX CU/I, NPU/IOHCEHHDbIX K MeXAHUYeCKol cucmeme, onpedes1eHHOMY OMHOCUNEe/AbHO Mo20 Jce
yenmpa _

dHD _}E

. g MDJ

dt _

roe Mg = 1mp(F9} Y= 1rk - IJIaBHbI MOMEHT BCeX BHEIIIHUX CUJI OTHOCUTE/IbHO
uentpa O.

[Ipy pellileHMy 3afay, B KOTOPBIX paCCMaTpPUBAIOTCS TeJia, Bpalllatoluecs BOKPYT HelOABMKHOU
OCH, HCIIOTIL3YIOT TeOpeMy 00 M3MeHeHUH KMHeTUYeCKOTO MOMEHTAa OTHOCHUTETbHO HeIlOB>KHOU OCH

df':'

Kak un ps TGOPEMbI O JBWKEHUM LIeHTpa Macc, TeopeMa 00 W3MeHeHWM KUHETHYeCKOTO
MOMEHTa UMeeT CJIefCTBU.

CnenctBve 1. FEciy r1aBHBIM MOMEHT BCEX BHELIHMX CWUJ OTHOCUTE/IbHO HEKOTOpOIo
HEIOJBWKHOIO LIeHTpa paBeH HY/I, TO KUHETUYeCKUd MOMEHT MexaHW4yeCKou CUCTeMBbI
OTHOCHUTEJ/IBHO 3TOI'0 L|eHTPa 0CTaeTCsl HeM3MeHHBIM.

Cnencreue 2. EmM mIaBHBIM MOMEHT BCeX BHEIIHWX CWJ OTHOCHUTETIBHO HEeKOTOpOU
HEIOJBW)KHOM OCH paBeH HYJ/II0, TO KWHEeTUYeCKUM MOMEHT MeXaHMYeCKOM CHUCTeMbl OTHOCHUTEbHO
3TOM OCH OCTAeTCsl HeW3MeHHBIM.

Teopema 00 M3MeHeHHH KWUHETUUECKOTO MOMEHTa MPUMeHsIeTCs Jisi pellieHUs 3a/lau, B KOTOPhIX
paccMarpuBaeTCs [IBWKEHHMe MeXaHW4eCKOM CHUCTeMbl, COCTOsLleM U3 LIeHTPa/JbHOIO  TeJla,
BpalllaolLerocsi BOKPYr HeloJBWKHOW OCH, U OJHOTO WM HECKOJIBKUX TeJl, IB)KeHUE KOTOPbIX CBS3aHO
C LeHTpa/bHbIM.. CBSI3b MOXKeT OCYILeCTB/ISITbCS NPU IIOMOIIM HUTEH, Tejla MOTYT IepeMellarbCs 110
MOBEPXHOCTH LIEHTPA/IbHOTO Tejla WM B €ro KaHasax 3a cueT BHYTpeHHMX cui. C MOMOLIbI0 JaHHON
TeopeMbl MOXXKHO OIpe/ie/IMTh 3aBUCMMOCTh 3aKOHA BpallleHHs LIeHTPaJbHOIO Teja OT ITOJIOKeHUST WU
JBWKEHHUsI OCTaJIbHBIX TeJl.

2. METOJUYECKHWE YKA3AHUWSA ITO BBITTO/THEHWTO JIABOPATOPHBIX PABOT
2.1 JIaboparopHas pabora Nel ( 2 gaca).
Tema: «Onpeje/ieHHe CKOPOCTH M YCKOPEHHUS] TOUKH 110 3a/{JaHHBIM YPaBHEHUAM /{BHKEHU»
2.1.1 Ilenb paboTbr: HayunThCst onpeesnsTe CKOPOCTh M yCKOPeHHe TOUKH 110 3a/|JaHHBIM YPaBHEHUSIM
JIBIDKEHUS
2.1.2 3apaun padoThI:
1. Hayuutbcs orpeziesiaTb MOAY/Ib CKOPOCTH
2. HayuuTbcs onpezie/iiTb MOZY/Ib YCKOPeHUs
3. Hayuutbcs onpeziesisitb KacarejbHOe YCKOpeHue
4. HayuuThbCo olpeziesiasTb HOpMa/lbHOe YCKOpeHue
5. Hayuutbcs onpesienisitb pajuyC KpUBH3HBI
2.1.3 Ilepeuens NpuGOpPOB, MaTepPUaJIOB, MCIO/Ib3yeMbIX B J1a0opaTopHOH padoTe:
1. nporpamma Mathcad
2.1.4 Oniucanue (xox) padoThI:
[To 3a1aHHBIM ypaBHEHUSIM [BI)KEHUsI TOUKA M yCTaHOBUTH B/, ee TPaeKTOPUU U JI/Is MOMeHTa
BpeMeHHU t = t;(C) HaliTU M0JI0)KeHHe TOUKU Ha TPaeKTOPUH, ee CKOPOCTh, M0JIHOe, KacaTe/lbHOe U
HOpMaJsbHOe YCKOPEeHHS, a TaKKe PainyC KPUBU3HBI TPAEKTOPUH B COOTBETCTBYIOLLEM TOUKE.
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YpaBHeHUsI [IBUYKEeHUS t,(c)

x =x(t).cm y =y(t).cm

2t +3 - ot 0.5

Pemienue.
1. Mopy/ib CKOPOCTH TOUKH OmpejesisieM mo dopmyiie: v =,/v; +v; (1)

v, =xl(t) =(2t* +3)1=4t (cm/c),v, =yUt) =(- 50)1=-5(cm/c)

v,(0.5) =4 -0.5=2(cm/c), v,(0.5) =-5(cm/c)

v =V} +v? =/2° +(-5)* =29 ~5.39(cm/c)

— 2 2
2. AHa/I0TMYHO, MOJly/Ib YCKOPEHHUs TOUKH onpeje/sieM 1o dopmyne: d =./a; +a, (2)

a, :xl]]Kt) :vg(t) :(4t)|:| :4(@]\/1/(‘2) ,a, =(t) :Vg(t) =(- 5)|:| IO(CM/C2)

a :\/ax2 +a; :\/42 +(0)? =316 =4(cm/c?)

a, v, +a, v

3. Kacare/ibHO€ YCKOpeHHe TOUKH ompejeisieM o gopmysne: da, = ~(3)

a ~4-2+0-(-5)
’ 5.39

3Hak “+” npu dV/dt mokasbIBaeT, UTo JBMKeHHEe TOUKH YCKOPEeHHOe U, C/ie[j0BaTe/IbHO, HarlpaB/ieHus!

1%

~1.48(cm/c?)

—_

a.u V
: COBIIa/IatOT.

4. Hopma/ibHOe yCKOpeHHe TOUKH onpeze/siercs mo gopmyse: a, =-/a’ - a’

a, =.Ja’ - a’> =\/4* - (1.48)* =/13.8096 =3.72(cm/c?)
5. Papnyc KpUBU3HBbI TPAaeKTOPHHU B TOM TOUKe, rje npu t = 0,5 ¢ HaxoguTCa Touka M:
v’ 5.39°

a 3.72

n

~7.81(cm)

[Tonb3ysick ypaBHeHHeM (2), CTpOUM TpaeKTopuio (puc. 1) U rMoka3biBaeM Ha Hell MoioykeHue ToUKu M B

— —
-

. E V. u
3a/1aHHBIIA MOMEHT BpeMeHH. Bektop ! cTpouM 1o cocTassomum

|14 v
° , IIppy4yeM OH HallpaBJ/ieH

— —
—

T0 KacaresbHOM K TPAaeKTOpPUU TOUKU. BekTop ¢ Haxo[MM Kak I10 COCTaB/ISIFOLIUM

— —

a
*, TaK U I10

d: U dn
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3. METOAUYECKWE YKA3AHWS 110 ITIPOBEJIEHUIO ITPAKTUYECKUX 3AHATUN

3.1 IlpakTuueckoe 3anaTue Nel (2 yaca).

Tema: «Craruka. [110cKast crcTema CXOASIIMXCS CUIT»

3.1.1 3aganue ansA padoTsI

1. Peakuu cBsizeid.

2. Cucrema CXOASALIUXCS CUTL.

3. AHanmuTHYeCKUl Criocob perieHwsl.

3.1.2 Kparkoe onyucaHue MpOBOAMMOr0 3aHATHSA:

1. I1nockas cucrema Tpex cxopsamuxcs cun Fi Fr u F; HAaX04WUTCS B paBHOBeCHU. 3aJjaHbl MOAY/Mu cun F;
=3 Hu F, =2H, a Takxe yribl, 00pa3oBaHHbIe BeKTopamu il F; u F, C T0/I0XKUTeTbHBIM
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HaripaB/ieHMeM TOpU30HTabHOM ocu OX, COOTBETCTBEHHO paBHbIe a1 = 15 U a» = 45. OnpeieuTh
Mony/b cunbl Fs. (4,84)

2. Cunbl F 1= F> = 10 H u F; HaxoAsTCsl B paBHOBeCUU. JIMHUY IeMCTBUS CUJT MeXKIy co00i oOpa3yioT
yrbl 110 120°. OnipegenuTs MoAy/ab cumbl Fs. (10)

3. Onpenenith Bec Oanku AB, ecii U3BeCTHBI CH/IbI HaTsbKeHHs BepeBoK F; = 120 Hu F, = 80 H.
3agansl yriisl o = 45° u = 30° Mexxay BepTuKasbio U BepeBKamu AC 1 BC cooTBeTCTBeHHO. (154)

4. Crepxxau AC v BC coeyiHeHbI MeXXAy CO00M U ¢ BepPTHKAIbHOW CTEHOM MTOCPeICTBOM IIapHUpPOB. Ha
mapHUpHbIA 6onT C AelicTBYeT BepTuKaibHas cuia P = 1000 H.

OmnpenenuTh peaki[i 3TUX CTep>KHel Ha IapHUpHbIN 60T C, eC/u yIyibl, COCTaB/IsieMble CTEP>KHSIMHU
co cTeHOM, paBHbI: a = 30° u 3 = 60°.

Omeem: 866 H; 500 H.

s

5. Dnektpuyueckas yamra Beca 20 H nozBellieHa K OTOJIKY Ha LIHYpe AB U 3aTeM OTTSIHyTa K CTeHe
BepeBkor BC. OnpesienuTh HaTsbkeHUs: T4 mHypa AB u T¢ BepeBku BC, ecy M3BeCTHO, 4TO yIoJl Q =
60°, a yron 3 = 135°. Becom 11Hypa 1 BepeBKU TTpeHeOpeyb.

OtBeT: To-14,6 H; Tc=10,4 H.

3.1.3 Pe3y/nbTarhl U BHIBOJbI:

B pe3ynbrare npoBefieHUs] TIPAKTUUECKOTO 3aHSITUSI CTY[€HT OCBOUT OCHOBHbIe TeOpeThUecKue
OCHOBBI MEXaHHKH, METOZbl COCTaB/IeHUs U UCC/IeOBaHUsI YyDAaBHEHUIN CTaTUKW; HAYUUTCSI COCTaBJISITh U
paccunThIBaTh MEXaHUUECKYI CHUCTEMY TI0 ypaBHEHHSIM CTaTWUKU; OBJa/leeT HaBblKaMU WCIOIb30BaHUS
MeTO/J0B TeOPeTUYECKOW MeXaHWKM MPU pellleHUuH MPAaKTUYeCKUX 3aad.

3.2 IIpakTuuyeckoe 3aHAaTHe Ne2(2 yaca).

Tema: «OcHOBHas TeopeMa CTaTUKW. YpaBHeHUsI paBHOBeCUSI»
3.2.1 3aganue A padoThI

1. FeomeTpuueckuii criocob perieHus 3a/1auul.

2. OnipefiesieHre MPOEKLMK CUJIbI HA HAarlpaBjIeHUE.

3. OnpenenieHre TIPOEKLIMU CUJ/TbI HAa TJIOCKOCTb.

3.2.2 Kparkoe onvcaHue NPpOBOAUMOro0 3aHATHUA:
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1. Ba crepxxast AC u BC coeyiHeHbI IapHUPHO B Touke C, K KOTOopoi uepe3 610k D mopgeliieH rpy3 1
Becom 12 H. Omnpegenuts peakijuio crepxxast BC, eciu yron, a= 60°. (-6)

2. Hununzap Becom G yaep>KvMBaeTCsl B paBHOBECHUM C MOMOLLbIO BepeBKU AB. HopMasibHasi peakijys
oropHoii moBepxHocTd N = 40 H. OnpezsenuTh HaTshkeHMe BepeBKU F, eciyd U3BeCTHbI YI/ibl a= 45° U [3
= 30°. (56,6)

3. I'py3 P= 20 kH nopHrMaeTcst MarasuHHbIM KpaHoM BAC nocpezcTBOM Lieny, IepeKUHYTOH yepes
610K A 1 uepe3 010K D, KOTOpBIH YKpeTUieH Ha cTeHeTak, uTo yron CAD= 30°. YIibl Mex1y
crep>xHAMU KpaHa: ABC= 60°, ACB = 30°. Onpezenuts ycunus Qi Q: B crepxuax AB u AC.
Omeem: Q;= 0;Q, = -34,6 kH.

4. OpHopognsiy map Beca 10 H yzeprkvBaeTcsi B paBHOBeCUH [ByMsl TpocaMu AB U
CD,pacronokeHHbIMU B OJJHOM BepTUKa/IbHOM TJIOCKOCTU U COCTAaBJISIOLMMU OJJUH C PYTUM yTroJ
150°. Tpoc AB HakJ/IOHeH K FTOPU30HTY M0/ yIvioM 45°. Onpefe/iuTh HaTsyKeHWe TPOCOB.

Omeem: Tg= 19,3 H, Tc= 14,1 H.

5. OpHOpOAHBIN cTep)keHb AB npuKperieH K BepTUKa/JIbHOM CTeHe NIOCPe/ICTBOM LapHUpa A U
yaepKuBaeTcs oz yriioM 60° K BepTHKa/u npy oMol Tpoca BC, obpa3yroiriero ¢ Hum yrou 30°.
Ornpezie/nTe BeJIMUMHY U HallpaB/ieHUe peakLuu RiapHUpa, eCii U3BeCTHO, UTO BeC CTepykHsA paseH 20
H.

Omeem: R= 10 H, yzon (R, AC) = 60°.
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3.2.3 Pe3ynbTarsl U BHIBOJbI:

B pe3ynbrare npoBefjeHUs] TIPAKTUUECKOTO 3aHSITUSI CTY[€HT OCBOUT OCHOBHbIe TeOpeTHYecKue
OCHOBBI MEXaHHKH, METOZbI COCTaB/IeHUS U UCC/IeJ0BAaHUSI YDABHEHUM CTaTUKW; HAYUUTCSI COCTAaBISITh U
paccunThIBaTh MEXAaHUUECKYIO0 CUCTEMY T0 ypPaBHEHUSIM CTaTHKU; OB/a/ileeT HaBblKaMH MCIOIb30BaHUS
MeTO/J0B TEOPeTUYECKOW MeXaHWKU MPU pelleHUH MPAKTUYeCKUX 3ajad.

3.3 IIpakTuueckoe 3anaTue Ne3 (2 yaca).

Tema: «HacTHble ciyvau npuBefieHust cucteM cui. [1nockas crucreMa NpoOM3BOJIBHO PacIioioXKeHHbIX
CUI»

3.3.1 3apaHue 1 padoTbI

1. Anrebpanueckoe TOHSATHE MOMEHTa.

2. YciioBUe paBHOBeCHS TJIOCKOM TIPOM3BOJIBHOM CUCTEMBI CHII.

3. JKecTkas 3aje/Ka.

3.3.2 Kparkoe onucaHue nNpoBogMMOro0 3aHATHA:

1. Onpegenuth peakyuto onopsl D ecim cunbl Fi= 84,6 H, F> =208 H, pasmepst AB = 1 M, BC=3 M,
CD =2 wm. (130)

DG
A &5 D
zzﬁ -

2. Ha 6anky AB J1eMCTBYIOT pacripeziejieHHasl Harpy3ka HHTeHCMBHOCThIO ¢ =2 H/Mu cuna F = 6 H
Ornpe/ieIuThb peakiuio ornopsl B, ecimu aymHa AC = '/3 AB, yron a=45°. (4,08)

Imox

30°
3. OnpefiennTh UHTEHCUBHOCTD ( max PACTIpe/ie/IeHHOM Harpy3Ky, TIpU KOTOPOU peaklys 11apHupa B
paBHa 346 H, eciu pa3mepel AB = 8 M, AC = 6 M. (400)
4. K m1aiKoi cTeHe NIPUC/IOHEHa OJHOPOAHas iecTHULA AB o[ yriioM 45° K TOpU30HTY; BEC JIeCTHUL[BI
200 H; B Touke D Ha pacCTOSIHUM, paBHOM 1/3 [JIMHBI JIeCTHUL[BI, OT HA)KHEro KOHLA HaXOAUTCS

yesioBek Beca 600 H. HaliTu cumbl jaBieHust JieCTHULIBI HA OTIOPY A U Ha CTeHY
Omeem: X, = 300 H, Y, =—800 H, Xz =—300 H.

o
T -
! & SNSRI

5. Onpefie/iTh peakiuu orop A u B 6a/IKu, HaXoZSIIIelcst 1o, IeHiCTBHEM ABYX COCPeJOTOUEHHBIX CHJT
Y PaBHOMEPHO pacripe/ie/IeHHON Harpy3ku. IHTeHCMBHOCTh pacripe/ie/IeHHOW Harpy3KW, BeJTMUWHBI CHJT
Y pa3Mephbl yKa3aHbl Ha PUCYHKeE.

Omeem: X, = 2,6 kKH, Y4 = 4,2 kH, X5 = 15,6 kH,
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3.3.3 Pe3y/nibTarhl U BHIBOJbI:

B pesynbrare npoBefieHUs] IPaKTUUECKOTO 3aHSATHUS CTYAEeHT OCBOMT OCHOBHbIE TeOpeTHYeCcKHe
OCHOBBI MeXaHUKH, METO/Ibl COCTaBJIEHUS] U UCC/Iel0BaHUS1 ypaBHEHUI CTaTUKU; HAYUUTCSl COCTABJIAT U
paccurThIBaTh MeXaHUUeCKyH0 CUCTeMY I10 YpaBHEHUSIM CTaTHKH; OBJaJieeT HaBblKaMU UCII0/Ib30BaHUS

METO 0B TEOPETHQECKOﬁ MEXaHHWKHU IPU pEeLIe€eHNH MPaKTUYeCKUX 3aJd4.

3.4 IIpakTuueckoe 3ansarue Ned (2 yaca).

Tema: «Ilnockast cuctema cun. CucrteMa Tes. PacKpeiTHe cTaTUYecKol HeorpeenéHHOCTH.
ITpocTpaHCTBeHHas cUCTeMa CXOLALMXCS CHUII»

3.4.1 3apaHue /1 padoTbI

1. TTonsiTne pacnipefesnieHHOU Harpy3ku. Ctatuueckast HeONpeeIeHHOCTb.

2. TIpuMeHeHWe aKCUOMBI JIeHCTBUS U TIPOTUBOAEHCTBYS TIPH paboTe C CUCTEMOM TeJl.

3. Vicnonb3oBaHWe ypaBHeHUH PaBHOBECHS.

4. TToHsiTHe MPOEKLIMM CUJIbI Ha CKpellMBaroljeecsl HarlpaB/ieHue.

5. YpaBHeHUs1 paBHOBeCHs [J1s1 IPOCTPAHCTBEHHOMW cXofselics: cucteMsl cuil. Chepryeckuii
(1IapoBoit) 1apHUP.

3.4.2 Kparkoe onucaHue nNpoBoj1MMOro 3aHsITHUA:
1. YkakuTe HOMep CTaTUUeCKU OIpeJeMMOMN KOHCTPYKLUU. (2)

@ F

7.

2. Ha 6anky AB feiictByeT niapa cui ¢ momeHToM M = 800 H * M. OripefieiuTh MOMeHT B 3ajiefike C,
ecru AB=2wmu BC = 0,5 m. (200)

-

4. [1Ba cTep>KHsI CoejMHeHbI B I1apHupe B. OnipenennTs MOMEHT B 3aenke A, eciv cuibl F;= 60 H, F»

= 50 H. (240)
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5. OnpefeniTh peakiuu orop A, B, C v iapHupa D cocTtaBHOM 0asiku, W300pakeHHOM Ha PUCYHKe
BMeCTe C Harpy3KOu.
Omeem: X, = -2,8 kH, Ya=-4,4kH, Yg = 22,2 kH, Yc=5 kH. Xp =0, Y,=+5kH.

4 g=1751/m 6 rﬂ 57
i EﬁA P 4
Ay é’% C 14

Y=t == It I~

3.4.3 Pe3y/nbTarhbl U BHIBOJbI:

B pe3synbrare TmpoBefeHUs TIPAKTUUYECKOTO 3aHATHUS CTYZJEHT OCBOUT OCHOBHbIE
TeopeTHUeCcKrue OCHOBbl MeXaHUKH, MeTO[bl COCTaB/IeHHsI W WCCAeJOBaHUSI YyPaBHEHWW CTaTHKW;
HayuyuTCsl COCTaB/ATh M PaCCUUTHIBaTh MEXaHWYEeCKyH) CUCTEMY MO YpPaBHEHUSIM CTaTUKHW; OBJaJieeT
HaBbIKaMU MCI0/Ib30BaHKSI METOZIOB TeOPeTHUECKOM MeXaHUKH MPY PellieHU NPaKTUYeCcKrX 3a/ad.

3.5 IlpakTuueckoe 3anaTue Ne5 (2 yaca).

Tema: «IIpocTpaHCTBeHHas IPOU3BOJIbHAS CAUCTEMA CHJI»

3.5.1 3apaHue 1 padoTbI

1. IloHATHEe MOMeHTa CUJIbI OTHOCUTE/IBHO LIeHTpa U OCH.

2. MOMeHT CUJIbI OTHOCUTEIBHO CKPELLMBAIOIerocs C JMHUeN 1elCTBUSI CUJIbl HallpaBJ/IeHUS.
Teopema BaprHboHa 0 MOMeHTe paBHO/IEMCTBYIOLLEH.

3. HunuHapuuecKuii OIIUITHUK.

4. YpaBHEeHUs] paBHOBECHS TIPOM3BOJILHOM MPOCTPAHCTBEHHOUW CUCTEMBI CHJI.

5. PaboTta noAnsiTHYKA B TPOCTPAHCTBEHHOW KOHCTPYKIIWH.

6. CoueTaHue CBsi3eil UIMHAPHUYECKWIM TIOALLMITHUK — CKOJb3silas 3ajenka. OnpesesieHe LIeHTPOB
TSDKECTH.

3.5.2 Kparkoe onycaHue MPOBOJMMOr0 3aHATHUA:

1. MowmeHT cunbl F oTHOCUTENBHO TOUKU A 110 Mozy/to paBeH M, (F) = 50 H*m 1 HaripaBrieH 1o
nuaroHanu AC niapasuienenurneza. OnpeeMTh MOMEHT 3TOM CUJIbI OTHOCUTeTbHO ocu Oz, ecnu OA =
0,3mMmuAC = 0,5m. (—30)
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2. K Touke A TIpSIMOYTO/TLHOTO Tapasuiesiernurea npunokeHa cuna F = 4 *kH. OnpezneuTs MOMEHT
5TOM CUJIBI OTHOCHUTEILHO ocu Oy, eciu pasmepsl a = 10 M, b =6 M, ¢ =20 m. ( 8 X 10%)
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3. Onipefie/iiTh MOMEHT pacripe/ie/ieHHOM Harpy3Ku oTHOcUTeibHO ocu Oy, ecnu q | | Oz. daHo: g = 3
H/™m, OA =2 M, AB =3 M. (31,5)

4. K konenuaromy Bany OA B Touke B nog ymiom, a = 60° K ropu30oHTY TipuiokeHa cuia F =10H,
KOTOpasi ypaBHOBeIIINBAeTCs Mapoii cui ¢ MoMeHToM M. Onipeie/iiTh MOAY/Ib MOMeHTa, eciu cuna F ||

A

0,

Oxzu b = 0,9 m. (7,79)

3.5.3 Pe3y/nibTarsl U BHIBOJbI:

B pe3ynbrare rpoBefieHUs] TIPAKTUUECKOTO 3aHSITUSI CTY[€HT OCBOUT OCHOBHbIE TeOpeTHUecKue
OCHOBBI MeXaHHKH, METOZIbl COCTaB/IeHUsI U UCC/IeOBaHUSI YDAaBHEHUIN CTaTUKW; HAyUUTCSI COCTaBISITh U
paccunThIBaTh MEXaHUUECKYI CUCTEMY TI0 ypaBHEHHUSIM CTaTWKU; OBJa/leeT HaBbIKAMU WCIOIb30BaHUS
MeTO/JOB TeOPeTUUYeCKOW MeXaHWKU MPU pellleHUuH MPaKTUYeCcKUX 3a/ad.

3.6 IIpakTuueckoe 3ansarue Ne6 (2 yaca).

Tema: «[IpuBefieHre crCcTeMbI CUJI K TIpoCTeliiieMy BUy. TpeHue CKObKeHUs U KaueHust. LIeHTp
TSAKeCTH»

3.6.1 3aanue 1s1 paboThI

1. [ToHATHe IM1aBHOTO BEKTOpa U I7IaBHOrO MOMeHTa. [IoHATHe YyaCTHBIX C/lyyaeB MPUBEJEHNs] CUCTEMBI
CUJL

2. YpaBHeHUe LIeHTPa/IbHOM 0CH, IPUMeHeHHe NHBapUaHTOB CUCTeMbI CHUJI.

3. 3akonbl Kynona. KoaduieHT TpeHus ckonbxeHusi. KoHyc TpeHus!.

Kosddurment TtpeHuss kaueHusi. OIBITHOe orpefieneHre Ko3(P@uliieHTa TpeHHs CKOMbXeHUs |
KaueHwusl.

4. llenTp napasienbHbIX cy. LIeHTp TsDKeCcTH OZHOPOJHBIX Tesl, IUIaCTUH, CTep)kHed. LleHTp TsbkecTn
KOHCTDPYKLUH.

3.6.2 Kparkoe onucaHue npoBoj1MMOro 3aHsITHA:

1. OnpesiemMTh KOOPAUHATY Xc LieHTPa TsKeCTH Itolany Kpyrosoro cekropa OAB, eciu paguyc r=0,6
M, a yrona, a= 30°. (0.382)
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2. OnpefienniTh KOOPAMHATY Xc LieHTpa TS)KeCTH 3allITPUXOBAaHHOM TUIOIIau GUTYDbI, eC/Id pPajuyC I =
2 m. (-0,126)

3. OnpezienTh HEOOXOAMMYO 3aTSHKKY 00/ITa, CKPETUISIOIIeTo ZiBe CTajbHbIe TI0I0CHI, Pa3phiBaeMble
cuoit P = 2 kH. BonT nocTas/eH c 3a30poM U He [jo/bkeH paboTtath Ha cpe3. KoadurmeHT TpeHus
MexXzy cramu paseH 0,2,

Ykasanue. bont He fio/mkeH paboTaThk Ha cpes, I03TOMY ero HaZlo 3aTsIHyTh C TaKOi CH/IOH, UTOObI
pasBUBaroLLieecss MeXXy JIMCTaMU TpeHUe MOIVIO NIpeIoTBPaTUTh CKOJIbKeHHe TucToB. Cuia,
JelCTBYyIOLast BAOJIb OCH 60T, U SIB/SIeTCS] HICKOMOM 3aTsHKKOM.

Omeem: 10 xH.

4. BaroH, cnyckatouuiics 1o ykiaony B 0,008, JoCTUTHYB HEKOTOPOU OIpe/ie/ieHHOM CKOPOCTH,
[BIDKeTCS 3aTeM paBHOMepHO. Ornpe/ie/IuTh CONPOTHB/IeHHEe R,KOTOPOe WCIIbIThIBAeT BarOH MpU 3TOU
CKOpOCTH, ecy Bec BaroHa paseH 500 kH.

YKJ/IOHOM IMyTH Ha3bIBAaeTCsl TAHIEHC YIJIa HAaKJIOHA MyTU K TOPU30HTY; BC/I€ICTBUE MaJOCTH YKJIOHA
CUHYC MOXXET ObITh MPUHST PaBHLIM TaHTeHCY 3TOTO YIVIA.

Omeem: R= 4 kH.

3.6.3 Pe3y/nbTarhl U BHIBOJbI:

B pe3ynbrare npoBefieHUs] TTPAKTUUECKOTO 3aHSITUSI CTY[€HT OCBOUT OCHOBHbIe TeOpeTHUecKue
OCHOBBI MEXaHHKH, METOZbl COCTaB/IeHUs U UCC/IeOBaHUsI yDAaBHEHUM CTaTUKW; HAYUUTCSI COCTaBISITh U
paccunThIBaTh MEXaHUUECKYI CHUCTEMY TI0 ypaBHEHHSIM CTaTWUKU; OBJa/leeT HaBblKaMU WCIOIb30BaHUS
MeTO/J0B TeOPeTUYECKOW MeXaHWKM MPU pellleHUuH MPAaKTUYeCKUX 3aad.

3.7-3.8 IlpakTnueckoe 3ausaTue Ne7-8 (4 uaca).

Tema: «KruHematuka. TpaeKTOpUsi U ypaBHEHUS IBUKEHUS] TOUKU»

3.7.1-3.8.1 3aganue ansa padoTsI

1. 3apaua kuHeMartuku. ['ogorpad paguyc-Bekropa Touku. OcH eCTeCTBeHHOTO TPEXTPaHHUKA.
2. YpaBHeHUs1 ABV)KEHUsI TOUKH TIPU Pa3/IMUHbIX Crioco0ax 3aJjaHust e€ [BIKEeHUSI.

3. BapuaHThI mlepexo/ioB OT OIHOTO criocoba 3a/jaHusl ABWKEHUS K APYTOMY.

3.7.2-3.8.2 Kparkoe omnucaHue MPOBOJUMOr0 3aHATHUA:
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1. 3apaHo ypaBHeHWe JBWKeHUs1 TOUKM r=3ti + 4 tj. OnpegenuTb KOOPAUHATY Y TOYKU B MOMEHT
BpeMeHH, Korzaa r=>5 M. (4)

2. 3ajaHbl ypaBHEHUS ABW)KEHUSI TOUKU X = 2t, y = t. OripegenuTb BpeMs ¢, KOT[a paCCTOSHUE OT TOUYKH
[lo Hauasia KoopAuHat gocturHet 10m. (4,47)

3. Ilo faHHBIM ypaBHEHUSIM JBW)KEeHHUSI TOUKM HAUTH ypaBHEHHs ee TPaeKTOpHHY B KOOPJAMHATHOU (opme
Y yKa3arb Ha PUCYHKe HarlpaB/ieHue ABWKeHus X = 3t- 5, y= 4 -2t.

Omeem: [lonynpsmas 2x + 3y - 2 =0 c Haua/l0M B TOUKe X = -5,y = 4.

4. Ilo 3alaHHBIM yPaBHEHUSIM [IBU)KEHUSI TOUKU HAUTHU YpaBHEHHE ee TPAeKTOPHH, a TaKKe yKa3aTb
3aKOH /IBVDKEHMS TOUKH I10 TPaeKTOPUH, OTCUMThIBAs PACCTOSIHUE OT Haua/IbHOI'O T10JI0’KEeHUSI TOUKHU.

x =31%y =4t

Omeem: Tlonynpsamas 4x — 3y = 0; s= 5t°.

5. I1o 3ajaHHBIM ypaBHEHUSIM [BW>KEHUs] TOUKM HAaWTH ypaBHEHUE ee TPaeKTOPHUH, a TAKXKe yKa3aTh
3aKOH /IBVDKEHMS TOUKH I10 TPaeKTOPUH, OTCUMThIBAs PACCTOSIHUE OT Haua/IbHOI'O T10JI0’KEeHUSI TOUKHU.

X =a cos’t, y = a sin’t.

Omeem: OTpe30K MpsIMOii x+y-a=0, mpuuem 0=x=qa; s=qV 2 SNt

3.7.3-3.8.3 Pe3y/IbTarhl M BHIBOABI:

B pesysnbrare rnpoBezieHUs1 IPaKTUUECKOTO 3aHATUS CTYLEHT OCBOWUT OCHOBHbIE TeOpeTHUecKue
OCHOBBl MEXaHWKH, METOZbl COCTaB/JIeHWS M WCCIeJOBaHWS ypaBHEHUM KWHEMaTWuKW; HayuWuTCs
COCTaB/IATb Y PACCUMTBHIBATh MeXaHWUYEeCKyl0 CUCTeMy I10 ypaBHeHUsM KWHeMaTHKH; OBJajieeT
HaBbIKaMU MCI0/Ib30BaHUS METOZ0B TeOPeTHYEeCKOM MeXaHUKU MPY PellleHUH NPaKTUYeCKux 3a/ad.

3.9-3.10 ITpakTnueckoe 3aHsaTue Ne9-Ne10 (4 yaca).

Tema: «CKoOpoCTb 1 yCKOpeHHe TouKd. CriocoObl 3a[jaHus IBIKEHUST TOUKH»

3.9.1-3.10.1 3apanue 15t paboThI

1. OnpeneneHrie CKOPOCTH TIPY Pa3AYHBIX CrIoco0ax 3a/iaHus ABYKEHUSI.

2. TlonsiTvie yckopeHuUsl. BeiuncieHre yCKOpeHUs MPU pa3/InyHbIX criocobax 3aJjaHust JBHKEHUS.

3. JuddepenipoBaHye BeKTOpa MOCTOSTHHOT'O MOZY/IS 110 He3aBUCUMOMY CKa/IsIpHOMY apryMeHTY.
4. KacarenbHOe 1 HOPMaJIbHOe COCTaBJISIOIIME YCKOPEHHSI.

5. Buzpbl aBrkeHus Touku. Kpurepun ux pacrosHaHus.

6. ['paduku [BUKEHUSI.

3.9.2-3.10.2 Kparkoe onucanue nNpoBojMMOro 3aHATHA:

1. CkopocTh gBUKeHUsl TOUKU v = 2ti + 3j OnpefenuTs yroj B rpajycax Mexxy BeKTOPOM CKOPOCTH U
ocbto Ox B MOMEHT BpeMeHH t =4 ¢ (20,6)

2. CamorieT npy MoCa/iKe KacaeTcsl T0Ca/l0UHOM 0JI0ChI C TOPU30HTaIbHOW CKOPOCThiO 180 KM/u.
ITocne mpo6era 1000 m camorneT octaHaBnvBaercsi. OnpeieIiTh MOAY/Ib CPEAHETO 3aMe | TIeHHS
camorerta. (1,25)

3. Ckopoctb aBromMobuis 90 km/4. OripefieIuTh MyTh TOPMOXKEHUST I0 OCTAHOBKH, €CJTH CpefiHee
3aMe/ijieHre aBTOMOOm/ISE paBHO 3 m/c. (104)

4. IToe3n ABUXKeTCS CO CKOPOCTBIO 72 KM/U; IIPYU TOPMOXKEHUU OH I10J1ydaeT 3ameieHue, pasHoe 0,4
M/c?. HaiiTu, 3a Kakoe BpeMs /10 TIPUX0/ia 10e3/a Ha CTaHLUI0 U Ha KAKOM OT Hee PacCTOSTHUM [JO/DKHO
OBbITb HAUaTO TOPMOKEHHE.

Omeem: 50 c, 500 m.

5. Cunras nocazjouHyr0 CKOpOCTh camosieta paBHoU 400 KM/4, OnipeZie/uThb 3aMe/iJIeHue ero Npu
nocazike Ha myTu [ = 1200 M, cuuTasi, UTO 3aMe/ijieHHe TTOCTOSTHHO.

Omeem: w= 5,15 m/c%.

6. [Toe3n, uMest Haua/IbHYIO CKOPOCTH 54 KM/4, nipoutes1 600 M B riepsble 30 c. CumnTas ABrKeHue 1oesza
paBHOIIepeMEeHHBIM, OIpe/le/IMTh CKOPOCTh U YCKOPeHHe roes3zia B KoHLe 30-1 CeKyH/bl, eC/iu
paccMmaTrpuBaeMoe JBWKeHYe T0e3/1a IPOMCXOJUT Ha 3aKpyIyieHuu pajuyca R=1 k.

Omeem: v= 25 m/c, w=0,708 m/c>.

3.9.3-3.10.3 Pe3y/ibTaTbl U BHIBOADI:

62



B pe3ynbrare npoBefeHUs] TIPAKTUUECKOTO 3aHSTUSI CTY[€HT OCBOUT OCHOBHbIe TeOpeTUYecKue
OCHOBbI MEXaHWKH, METOAbl COCTaBA€HUSI M WCC/Ie[OBaHUS YpPaBHEHWW KUHEMAaTWKH; Hay4YUTCs
COCTaB/IAITb M PpaCCUMTHIBATL MEXaHMUECKYI0 CHUCTEMY [0 YypaBHEHUsM KUHEMaTHKH; OBJajieeT
HaBbIKAMM MCIO/Ib30BaHUS METO/I0OB TEOPETUUECKOM MEeXaHUKH TPU PelleHrH MPaKTUYeCKUX 3a/ad.

3.11-3.12 IIpakTueckoe 3aHsaTHe Nel11-Nel2 (4 yaca).

Tema: «CocTtaBHOe ABrKeHUe TOUKHU. [IpocTeiiiivie 1BrkeHrs TBEPAOrO Tesa. [1nockoe aBrKeHMe
TBEPJIOro TeJia»

3.11.1-3.12.1 3apaHue s padoTsI

1. TlepeHOCHOE, OTHOCUTETEHOE 1 aDCO/TIOTHOE IBVKEHUS.

2. CKOpOCTb TOYKU B COCTAaBHOM [IBWKEHUH.

3. YcKopeHHe TOUKW B COCTaBHOM [IBKeHUH. JloronHuTtensHoe (KoproircoBo) yCKopeHue.

4. IloctynaresbHoe ABWXKeHHe TBEpAOro Tesna. CKOpPOCTM U YCKOPEHUs TOYeK TBEDZAOro Tesa IpU
TOCTYTaTe/IbHOM JIBMJKeHUH.

5. Bpaienue tBépgoro Tena. [loHATHe yIJIOBOM CKOPOCTH Y YIVIOBOIO YCKOPEHUS KaK BEKTOPHBIX
Be/TMUMH. COOTHOLLEHUST MEX/Y JIMHENHBIMU M YITIOBBIMU KMHEMAaTHYeCKMMU XapaKTepUCTUKaMHU.

6. Teopema 0 NpOeKLMAX CKOPOCTeH JBYX TOUEK TBEPZOrO Tesa Ha JIMHUIO, COeIMHSIOLYI0 3TH TOUKH.
7. IloHsATME MTHOBEHHOTO LjeHTpa ckopocTeld. COOTHOLLIEeHUE MeXY YCKOPEHUsSIMU [IBYX TOUeK TBEPZOro
TeJsia COBepLIAKOLIero M0CKonapasienbHoe JBIKeHHe.

3.11.2-3.12.2 Kparkoe onucaHie NPOBOJUMOr0 3aHATHUA:

1. TIpoeKIMU CKOPOCTH TOUKHU BO BPEMS JIBUXKEHHs OTPeIeIAIOTCs BhIpakeHuamu: v,=0,2 t %, v,=3 m/c.
OrnpeseuTh KacaTenbHOe YCKOpeHWe B MOMeHT BpeMeHu t=2,5c¢. (0,385)

2. ABTOMOOM/Ib IBMXKETCSI TI0 TOPU30HTA/ILHOM I0pOTe C TIOCTOSTHHOM CKOPOCThIO V=90 KM/U.
OrnpesietuTh painycC 3aKpyIvieHUs JOPOTY B MOMEHT BpeMeHH, KOr/jla HOpMaJ/lbHOe yCKOpeHUe LjeHTpa
aBToMobua a, = 2,5 m/c% (250)

3. 3aJiaH 3aKOH JBWKEHMsI TOUKM I10 TpaeKTopuu: s = 0,5 t 2. OnpesenuTs yro B rpagycax Mexxiy
BEKTOpaMH CKOPOCTH U TIOJTHOTO YCKOPEHUSI TOYKH B MOMEHT BpPeMeHHU {; = 3 C, KOrJja pajuyC KpUBH3HbI
p = 4m. (66,0)

4. HopmasibHOE YCKOpeHHe TOUKM M /IMCKa, BPalljarolierocst BOKPYT HEeroABWKHOM 0CH, paBHO 6,4 m/c °.
Ornpesie/TUTh YIJIOBYHO CKOPOCTh  3TOTO JIMCKa, eciv ero paauyc R = 0,4 m. (4)

M

5. Io rpaHu npu3MBbl, IBUXKYILIENCSI CO CKOPOCTBIO V., CKOMBb3UT KOHeL] cTep>xHs AB. Tlpu kakoMm yriie o
B Tpajiycax abCO/IFOTHAsI CKOPOCTh TOUKH A OyzleT paBHa CKOPOCTHU TIPU3MBI V ? (45)

6. [Toe3n ABHUKETCS CO CKOPOCTBIO 72 KM/4; IPU TOPMOXKEHHHU OH T0/1ydaeT 3aMezjieHre, pasHoe 0,4
m/c’. HaiiTy, 3a Kakoe Bpemsl /10 TIPHXO/ia [0e3/ja Ha CTAHIMIO M Ha KaKOM OT Hee PAaCCTOSTHUM J0/DKHO
OBbITb HAUaTO TOPMOXKEHHE.

Omeem: 50 c, 500 m.
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7. IToe3n, umest HaYaIbHYO0 CKOPOCTh 54 Km/4, npoten 600 m B nepBeie 30 c. CunTas JBUKeHUe Toe3a
paBHOIIepeMEeHHBIM, OIpe/le/IMTh CKOPOCTh U YCKOPeHHe Toe3zia B KoHLle 30-1 CeKyH/Ibl, eC/inu
paccMaTpuBaeMoe JIBKeHHe T1oe3/a POUCXOAUT Ha 3aKpyIVieHUH paguyca R=1 k.

Omeem: v= 25 m/c, w=0,708 m/c>.

8. 3akpyryieHre TpaMBalHOIO MyTH COCTOMT U3 ABYX AYT paauycoM p;= 300 M u p, = 400 m.
LlenTpanbHble yribl o= o> = 60°. [TocTpouTh rpadvik HOpMaTBLHOTO YCKOPEHUs BaroHa, UAYLero mno
3aKpYIVIEHUIO CO CKOPOCTBIO V=36 KM/M.

9. IMoe3 ABWXeTCSl paBHO3aMe//IEHHO T10 Ayre OKPY>KHOCTH paguyca R=800 m u npoxoaut nyTh s= 800
M, Mesl Haua/IbHYH0 CKOPOCTb Vo= 54 KM/4 U KOHeuHy10 v= 18 km/4. Oripeie/IuTh TOJIHOe YCKOpeHue
roe3/ia B Hauase U B KOHLIe JyTH, a TaKKe BPeMs [JB)KEHUS 110 3TOU Jyre.

Omeem: wo= 0,308 m/c?, wo = 0,129 m/c?, T= 80 c.

3.11.3-3.12.3 Pe3y/1bTaThl M BHIBOADI:

B pesynbrare npoBe/jeHUs] IPaKTUUECKOIO 3aHATUS CTYAEeHT OCBOMUT OCHOBHbIE TeOpeTHYeCKHe
OCHOBBI MeXaHWKH, METOZbl COCTaBJIeHHsS W WCCIeOBaHWS ypaBHEHUM KWHeMaTWUK{; Hay4uWTCs
COCTaB/IATh M pPAaCCUNTBbIBaTh MeXaHUUeCKyH) CHUCTeMy I10 ypaBHEHWsM KHHeMaTHKH; OBJajieeT
HaBbIKaMU MCI0/Ib30BaHUSI METOZ0B TeOPeTHYeCKOM MeXaHUKU MPY PellleHUH NPaKTUYeCcKuX 3a/1ad.

3.13-3.14 I[TpakTuueckoe 3aHATHE Ne13-Ne14 (4 uaca).

Tema: «/IvuHamuka Touku. [lepBasi 0CHOBHas 3a/1aua JMHaMUKWA TOUKW. BTOopast ocHOBHas 3ajaua
JVHaMUKU TOUKW»

3.13.1-3.14.1 3apjanue 151 paboThI

1. 3aKOHBI JMHAMUKM.

2. TlocnenoBarebHOCTS pellieHUs 3aaud JUHAMUKH.

3. AuddepeHipanbHble ypaBHEHUS IBUKEHUS] TOUKUA B KOODIMHATHOM M eCTeCTBEHHOM (opMax.

4. YacTHble ciayyad pelleHus AudQepeHLManbHbIX YpaBHEHWM [BWKEHHWs B KOOPAWHATHOM U
ecTeCTBeHHOU (popmax.

5. OnpefienieHue MOCTOSIHHBIX MHTETPUPOBaHUs AU depeHLIManbHbIX YPaBHEHUH [IBKEHUSI.

6. [IBr>keHue Tesa OPOIIIEHHOTO TIOf YIJIOM K TOPU30HTY. [IBM>KeHUe Tof, JeMCTBHEeM CHJIbI 3aBUCSIIeN
OT CKOPOCTH.

3.13.2-3.14.2 Kparkoe onucaHue MPOBOAUMOr0 3aHATHS:

1. Jetans maccou m = 0,5 Kr' CKO/Ib3UT BHU3 N0 JIOTKY. [107 KaK¥M yIJIOM K FOPU30HTAa/IbHOU IIJIOCKOCTH
IIOJDKEH PacriojiarathCsi JIOTOK, JIJIsi TOTO YTOOBI [ieTajib JBUraaach C yCKOpeHHeM a = 2 mM/c*? Yroin
BBIPA3UTh B rpagycax. (11,8)

2. OnipefenniTh MOAY/b PaBHOJEMCTBYIOIIEN CUJI, IeMCTBYIOLMX Ha MaTeprabHy0 TOUKY MacCol m =
3 KI' B MOMEHT BpPeMeHH t= 6 ¢, eC/Id OHa ABUKeTCs 110 ock OX coriacHo ypasHeHuo x =0,04 t2. (4,32)
3. B miaxrte onyckaeTcsi paBHOyckopeHHO audT Macen 280 kr. B nepsbie 10 ¢ oH npoxoguT 35 M. Haiitu
HaTsDKeHHe KaHaTa, Ha KOTOPOM BHUCHUT JTU(T.

Omeem. 2548 H.

4. I'py3 M maccer 0,102 K1, ofBelieHHbINM Ha HATY AyIMHBI 30 CM B HENOABWKHOM Touke O,
Tipe/icTaBIsieT OO0 KOHMUeCKU MasiTHUK, T. €. ONMChIBaeT OKPYKHOCTh B TOPU30HTA/IbHOM
IIJIOCKOCTH, IPUYEeM HUTb COCTABJIseT C BepPTUKa/Ibio yros 60°. OnpefennTs CKOPOCTh V Ipy3a U
HaTspkeHUe T HUTHU.

Omeem: v=2,1wm/c, T=2 H.
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5. TspKesioe Tesio CIycKaeTesI TI0 T71a/IKOM TJI0CKOCTH, HaK/IoHeHHOM mnof, yriioMm 30° K ropr3oHTy. Haiitu,
3a Kakoe BpeMs TeJl0 MpouzeT nyTh 9,6 M, ec/iu B Haua/IbHbIM MOMEHT ero CKOPOCTb paBHs/Iach 2 M/C.
Omeem: 1,61 c.

6. B mmaxTe omyckaetcs paBHOyckopeHHO T Macen 280 kr. B niepBbie 10 ¢ oH npoxoaut 35 M. Haiitu
HaTspKeHUe KaHara, Ha KOTOPOM BUCHUT JIUQT.

Omeem. 2548 H.

7. Kamenb mMacchl 0,3 Kr, NpyBsSI3aHHbIN K HATH JJIUHBI 1 M, ONTHUCHIBAaeT OKPY>KHOCTb B BePTUKaTbHOU
10CcKOCTU. OnpefieIUTh HAUMEHBIIYIO YIJIOBYF0 CKOPOCTh () KaMHSI, IPX KOTOPOM MPOU30i/IeT pa3phiB
HUTH, eC/I1 COTPOTHBIIeHHe ee pa3pbiBy paBHO 9 H.

Omeem: wmin= 4,494 pap/c.

3.13.3-3.14.3 Pe3yabTaThl U BHIBO/bI:

B pe3ynbrare npoBefieHUs] TIPAKTUUECKOTO 3aHSTUSI CTY[€HT OCBOUT OCHOBHbIe TeOpeTHYecKue
OCHOBBI MEXaHUKU, METO/Ibl COCTaB/IeHUsI U UCC/IeIOBaHMsl YPaBHEHWUN JUHAMUKM; HayYUTCSl COCTaB/ISITh
M pacCuMThiBaTb MeXaHUUeCKyl0 CHUCTeMy I[10 YypaBHEHUsSIM [JWUHAMUKW; OB/aJieeT HaBbIKaMU
WCII0/Ib30BaHUsI METO/JOB TeOPeTUYEeCKOM MeXaHWKH TIPU pelleHrH TTPaKTUYeCKUX 3a/1ad.

3.15 IIpakTnueckoe 3ausaTue Nel5 (2 yaca).

Tema: «Konebanwst. KonebarenbHoe [BXEHUE TOUKH»

3.15.1 3apanue J/1s1 padboThI

1. CBobopHbIe Konebanust. Cratnueckast Aedopmarpst. YacToTa, iepro], HauaibHast a3a v aMIuIATYZA.
2. 3aryxawomuye Kosebanus. HavanmbHble ycioBusi. [leKpeMeHT W jiorapuMUYecKHil JeKpeMeHT
Kojie0aHMA. YCI0BHe MEPUOAUYHOCTH U allePUOJUYHOCTH JBHXKEHHUS.

3. BeIHY)X/IeHHbIe Y BbIHYK/|€HHbIe [IPYU HaJIMUYUU COTIPOTUBJIEHUS.

3.15.2 Kparkoe onucaHue IpoOBOJUMOr0 3aHATHSA:

1. Ha maTepuanbHyt0 TOUKy Maccoii m = 20 Kr, KOTopasi IBWKETCSI 110 TOPU30HTaIbHOM MPSMOH,
JlefiCTBYeT C1jla ConpoTHBIeHus R =0,2v2. 3a CKO/IBLKO CeKYH/ CKOPOCTh TOUKM YMeHbIUTca ¢ 10 1o 5
m/c? (10)

2. InddepenrmanbHOe ypaBHeHHe KosiebaTelbHOTO /IBVXKeHHs Tpy3a Maccoit  m=0,5 KT,
TMO/[BEIIIEHHOT0 K Tpy>KKHe, uMeeT BUf ¥ + 60y = 0. OnpeaenuTb KO3QQPULMEHT KeCTKOCTHU MPY>KHHBI.
(30)

3. IIpu CKOPOCTHOM CITyCKe JIbDKHUK MacChl 90 KI' CKOJIb3WJI TI0 CKJIOHY B 45°, He OTTa/KUBasiCh
nankamu. Koadduiment tpeHus bk o cHer f = 0,1. ConpoTuB/ieHHe BO3yXa ABWKEHUIO JTbDKHUKA
MPOMNOPLIMOHABLHO KBaZIpaTy CKOPOCTH JIbDKHUKA U TPY CKOpocTH B 1 M/c paBHoO 0,635 H. Kakyro
HaubOJIBIIIY0 CKOPOCTb MOT Pa3BUTh JILDKHUK? HaCKOMBbKO YBEeTMUMTCSI MAaKCUMaJlbHasi CKOPOCTh, €C/TH
noZio0paB JydIiyto Ma3b, TbDKHUK YMEeHBIIUT Ko3dduipeHt Tperus 1o 0,05?

Omeem: Vv 1 max= 29,73 M/C; CKOPOCTb YBEJIMUUTCH [0 V 2 max= 30,55 M/C.

4. Ipu yrne 6pocaHust a CHapsi/i UMeeT TOPHU30HTAIbHYIO AATbHOCTh 1,. Onpee/iiTh TOPU30HTAIBHYHO
JaNBHOCTD TIpH yIvie 6pocaHusi, paBHOM o/2. COnpOTHB/IeHHEM BO3/yxa NpeHeOpeub.

L

OTBeT: lg/2:: cos o

5. I'py3 Q,majasi ¢ BeICOTHI h= 1 M 6e3 HauaIbHOUM CKOPOCTH, yAapsieTcsi 00 yIpyryt0 ropu30HTa/IbHYIO
OanKy B ee cepe/iviHe; KOHI[bI OA/TKK 3aKperyieHbl. HamcaTh ypaBHeHHe [a/IbHEHIIEero JB>KEeHUS rpy3a
Ha Gasike, OTHeCs JIBWKeHHe K 0CH, TIPOBe/IeHHOM BepPTHKATbHO BHU3 U3 TOIOKEHHUST CTaTHUUeCKOTO
paBHOBeCHs rpy3a Ha Oasike, eC/I CTaTUUeCKU porud 6anku B ee cepeiiHe MPY yKa3aHHOM Harpys3ke
paBeH 0,5 cM; Maccoii 6aiku rpeHebpeus.
Omeem: x = (—0,5 cos44,3t+ 10 sin44,3t) cMm.
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3.15.3 Pe3ynbTarhl ¥ BHIBOABI:

B pe3ynbrare npoBefjeHUs] TIPAKTUUECKOTO 3aHSITUSI CTY[€HT OCBOUT OCHOBHbIe TeOpeTHYecKue
OCHOBBI MEXaHUKU, METO/Ibl COCTaB/IeHUs Y UCC/IeJOBaHUsl YPaBHEHWN JUHAMUKU; HayYUTCSl COCTaB/ISITh
M pacCuMThiBaTb MeXaHUUeCKyl0 CHUCTeMy I[10 YypaBHEHUsSIM [JWUHAMUKH; OB/IaJeeT HaBblKaMU
HCII0/Ib30BaHUs1 METOJ0OB TeOPeTUYEeCKOM MeXaHWKU TIPU PeLleHUH TTPaKTUYeCKUX 3a/ad.

3.16 IlpakTnueckoe 3ausaTue Nel6 (2 uaca).

Tema: «/InHamuKa cucteMbl. TeopeMa 00 M3MeHeHUN KOTMYECTBA JABVKEHUSD»

3.16.1 3apanue s padoThI

1. KonmuecTBO IBW)KEeHUS TOUKH, TBEPJOTO Tejla U MeXaHUUeCKOM CUCTeMBI.

2. [Tonsitue umrysnbca. [IpuMeHeHye CieICTBUM U3 TeOpeMbl

3. Teopema 0 BW)KeHHH LieHTpa Macc. [ToHsiThe [ileHTpa MacC MeXaHU4eCKOW CUCTEMBI.

4. TlpyuMeHeHMe C/Ie[ICTBUI 13 TeOPEMBI.

5. OnpeziesieHre I71TaBHOTO BEKTOPA CUCTEMBbI C TIOMOLL[bI0 TEOPEMBI.

3.16.2 Kparkoe onucaHue NPOBOJUMOr0 3aHATHUA:

1. TpyOKa BpariaeTcst C yrJIoBOM CKOPOCThIO @ = 10 paz/c. OTHOCUTENBHO TPYOKH JBWKETCS 1IapuK M
Maccor m = 0,2 Kr co CKOpoCThIO V. =4 M/c. OnipefiemuTb MO/ b KOJIMYeCTBa JABWKEHUS 1l1apyKa B
MOMEHT BpeMeHH, Korga paccrosHue OM =0,4 m.(1,13)

(A
M

w
0

2. OgHopoHast MPSIMOYTO/IbHAs TJTaCTMHA MacCcoi m = 12 Kr BpalljaeTcsi C YIJIOBOM CKOPOCThIO w = 10
paza/c. OnpezieliTh MOAY/b KOJTMUECTBA ABWXKeHUsI T/IaCTUHBI, ecsiu pa3Mepsl I; = 0,6 m, 1, = 0,8 m. (60)
3. OnpefenyTh KOOPAMHATY X, LIEHTPa MacC KPUBOLLIMITHO-TI0/I3YHHOTO MeXaHu3Ma Mpu yriax ¢ = 90 u
a = 30, ecmm Mmacca KpyBouna 1 paBHa 4 KrI, a Macca wmaryHa 2 pasHa 8 kr. [llaryn 2 gimsou 0,8 m
CUMTaTh OIHOPOJAHBLIM CTep>kKHeM. Maccotii Ton3yHa 3 npeHebpeus. (0,231)

4. Hai'Tu UMIy/bC PaBHOAEMCTBYIOIEN BCeX CUJI, JeUCTBYIOLIMX Ha CHapsiZ, 3a BpeMsi, KOrjla CHapsif, U3
HayabHOTO 1osioykeHus: O repexoAuT B HauBbICLIee ToiokeHre M. laHo: vo= 500 M/c; ap = 60°; vi =
200 m/c; macca cHapsza 100 kr.

Omeem: Tlpoekiuu uMIyabca paBHogelcTByolel: S,=-5000 H*c, S,=-43300 H*c.

¥ M
e U

zl
5. Kosieco kaTtuTcst o CKOMbXeHUeM Mo rOPU30HTaIbHOM NPSIMOM 107, JeHCTBUeM CUbI F,
n300pa’keHHOM Ha pucyHKe. HaliTi 3aK0oH JBM>KeHUs LieHTpa Macc C Koneca, ecyid KoappuieHT
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TPeHUsI CKOJIbKeHUsI paBeH f,a F=5fP, rne P—Bec koneca. B Haua/lbHbIM MOMEHT KOJIeCO HaXOAU/IOCh B
TI0KOe.
Omeem: x. = 2fgt’.

w

3.16.3 Pe3ynbTaThl M BHIBOABIL:

B pesysbrare rnpoBefieHUs! IPaKTUUECKOI0 3aHATUS CTYLEHT OCBOWUT OCHOBHBIE TeOpeTHYecKue
OCHOBBI MeXaHWKH, METO/bl COCTaB/IEHHsI U UCC/Ie[J0OBaHUsS YPaBHEHUN JUHAMUKW; HAyUHUTCsl COCTaB/IATh
M pacCuuThiBaTb MeXaHWYeCKyl0 CUCTeMy I10 YpaBHeHUsM [WHAMUKY; OB/aJieeT HaBbIKaMU
VCTI0/Ib30BaHUs METO/I0B TeOPeTHUUeCKOM MeXaHHUKHU MPU pellleHny NpakKTUUeCKUX 3a/au.

3.17-3.18 IIpakTuueckoe 3aHATHE Ne17-Ne18 (4 uaca).

Tema: «OcHOBHBIE TeOpeMbl IMHAMUKU. TeopeMa 00 M3MeHeHUH KUHeTHUeCcKOro MomeHTa. Teopema 00
M3MeHeHUM KUHeTUUeCKOM SHepryun»

3.17.1-3.18.1 3aganue ajis1 paboThI

1. MoMeHT KonuuecTBa ABWKeHUsI TOUKU. KuHeThueckuii MOMEeHT TBEPZOro Tesla B IOCTYIaTe/IbHOM,
BpalljaTe/IbHOM U TJI0CKOIapasljie/lbHOM [IBU)KEeHHUSIX.

2. MoOMeHT Ko/M4ecTBa [IBIKeHUsS] MeXaHUUeCKOW CUCTeMbl. 3aKOHbI COXPaHeHUs] KNHeTUYeCKOro
MOMEHTa.

3. KvHeTnueckas 3Heprusi TOYKHU.

4. KvHeTHuecCKas 5Heprusi TBEpO0ro Tesa Mpy MOCTyIaTe/IbHOM, BpalljaTe/IbHOM U
IJIOCKOIIapasule/IbHOM JIBMKeHUSIX.

5. KuneTnueckasi sHeprusi MexaHu4eCKOou CUCTEMBI.

6. OnpefiesieHrie paboThI CU/BI U TIApPhI CHJI.

3.17.2-3.18.2 Kparkoe onucaHue MPOBOAUMOr0 3aHATHS:

1. CkopoCTb MaTepuabHOM YTOUKU Maccoit m = 1 Kr oripefieisieTcsi BoipakeHueM v=2 ti + 4 tj +5k.
OrnpesieTTh MOZYy/Tb MOMEHTA KOJIMYeCTBa JABWKEHUS] TOUKHM OTHOCUTEJ/IbHO Hauajia KOOpJWHAT B
MOMEHT BpeMeHH t = 2 C, KOrJja ee KOOpAWHAThI X = 2M, Yy = 3Mm, Z = 3Mm. (10)

2. Tpybka paBHOMEPHO BpaIllaeTcsi C YIJIOBOM CKOPOCThIO @ = 10 paz/c. TTo TpyOKe ABMXKETCS IapUK
Maccor m =1 kr. OnpeZielMTe MOMEHT KOIMUeCTBa JABM)KEeHUS 11apuKa OTHOCUTE/IbHO OCH BpallleHus!
TpyOKH, Korza paccrosiaue OM = 0,5 M ¥ CKOPOCTb IIapvKa OTHOCUTEILHO TPYOKH v, =2 Mm/c. (2,5)

3. OgHOpOoAHbIN cTep)keHb JuHOM | = 1 M 1 Maccoit m = 6 Kr BpalllaeTcsl C YI7IOBOM CKOPOCTbIO @ = 10
paz/c. OnpegenuTb KNHETAYECKUM MOMEHT CTEep>KHSI OTHOCUTe/bHO LieHTpa O. (20)
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4. T'py3 maccoit m=0.4 Kr moJBeIeH Ha HUTH AyIMHHOM L=1m. Kakyto paboTy coBepiiaeT cumia TsHKECTH
rpy3a Npy NepeMeLeHUH ero B BePTUKAaIbHOU IIJIOCKOCTH U3 NOI0XKeHUs 2 B nnoniokenue 1.(-3,92)

A

1 —————

2

5. T'vpbka M nipuBsi3aHa K KOHLy HepacTshkuMmor HUTH MOA, dacTtb koTopoii OA nponylleHa uepes
BePTHKA/IbHYI0 TPYOKY; THPbKa IB)KETCS BOKPYT OCH TPYOKH 110 OKpYy>XHOCTH paauyca MC = R, nenas
120 o6/muH. MepieHHo BTsiruBast HUTh OA B TPyOKY, yKOpauMBarOT Hapy)KHYH0 UYacTb HUTH [0 I/TMHBI
OM;,, Tipu KOTOPO# I'MpbKa OMMCHIBAeT OKPY>KHOCTh pasuycoM R/2.Ckoimbko 000POTOB B MUHYTY Jie/laeT
TMpbKa I10 3TOH OKPY)XKHOCTU?

Omeem: 480 06/MuH.

6. OfTHOPOAHBINA KPYI/IbIi qucK Maccel M = 50 Kr u paguyca R= 30 cM KaTUTCs 0e3 CKOTbKeHHUSI T10
TOPU30HTATLHOM TIJIOCKOCTH, fiesiast BOKPYT cBoeii ocu 60 06/MUH. BEIUMCIUTD I7IaBHBIM MOMEHT
KOJINUEeCTB [IBW)KEeHHUs IUCKa OTHOCUTEBHO Ocel: 1) mpoxojsiier yepe3 LIeHTP J1CKa
TMepreHAUKY/ISIPHO MJIOCKOCTU ABWXXEeHUSI; 2) OTHOCUTEIbHO MTHOBEHHOM OCH.

Omeem: 1) 14,1 kr*m?/c; 2) 42,3 Kr*m?/c.

7. BBIUMC/IATD T71aBHBIM MOMEHT KOJIMUeCTB ABW)KeHUsI TiJlaHeTapHOU Tepe/iauyl OTHOCUTEeTbHO
HeToJBIXHOW OCH Z,COBIAaZatoliei ¢ ocbio BpailleHus: KpuBoiuumna OC;. HemoasmxHoe koneco | v
TIOZIBWKHOE KO0JIeCO 3-OZ/MHAKOBOro paauyca r. Macca koseca 3 paBHa m. Koseco 2 Maccel m; uMeeT
pazuyc r,. KpyuBomn BpairjaeTcs ¢ yrjioBOM CKOPOCTBEO, TIPOEKLMSI KOTOPOM Ha OCh Z PaBHa ®,. Maccou
KpHBOIIIHIIA TipeHebpeub. Kojsieca cuMtaTh OJHOPOAHBIMU AWCKAMHU.

m, (2r + 3 )+ Bm (r+r

Omeem: Lo,= p:

(r+ 1 )w,

8. [lns1 onpefiesieHys MOMeHTa TpeHUs B Liarngax Ha Bajl Haca)keH MaxoBUK Maccel 500  Kr; pajuyc
VMHepIMY MaxoBUKa p =1,5 M.MaxoBuKy coo0IieHa yriioBasi CKOPOCTb, COOTBETCTBYOIast n = 240
00/MuUH; IpefjocTaB/ieHHbIN caMmoMy cebe, OH octaHoBU/ICS yepe3 10 MuH. OripefieTMTh MOMEHT TPeHUs,
CUrTast ero MOCTOSTHHBIM.

Omeem: 47,1 H*m.

3.17.3-3.18.3 Pe3yabTarhl U BHIBO/bI:

B pe3synbrare npoBefieHUs1 MPAKTUUECKOTO 3aHSATUSI CTYJEHT OCBOWUT OCHOBHbIE TeOpeTHUeCcKHe
OCHOBBI MeXaHUKH, METO/[bl COCTaB/IeHUs U MCC/Ie[0BaHNsl YypaBHEHNH JJUHAMUKM; HAyUWTCSl COCTAB/ISATh
M pACCUMTBHIBAaTb MeXaHWYeCKyl) CHUCTeMYy [0 YpaBHEHUsIM [WHAMWKH; OB/aJleeT HaBbIKaMU
VICTIO/Tb30BaHUS METO/J|0B TEOPETUUYECKOM MeXaHUKU TPU pellleHnH NpaKTUueCKUX 3a/au.
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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 этих систем относительно друг друга. Время обозначается буквой и рассматривается как непрерывно изменяющаяся величина, прини­маемая в качестве аргумента.
	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 определить положение точки в пространстве в произвольный момент времени. Положение точки рассматривается по отношению к вы­бранной системе координат.
	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 ускорение ε, если катушка движется без проскальзывания.
	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).
	Решение.
	3. Касательное ускорение точки определяем по формуле: (3)


