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B mpennmaraemom 3amaHuu OCHOBHOE BHHIMAaHHE OYIET yIEJICHO IpHUMeE-
paM pelleHus 3aJad [0 TeMaM pa3IMYHbIX pPa3felioB MeXaHwku. s
ycrenrHo paboTsl Haa HEM Bam OyneTr mojie3HO HCIONB30BaHNE COOTBET-
CTBYIOIIIET0 MaTepHalia IKOJIBHBIX YYeOHUKOB MO (hPU3UKE.

§1. KunemaTuka

B xunemamuxe ycranaBInMBalOTCS MaTEeMaTHUECKHUE COOTHOIICHHS MEX-
Iy pa3nM4YHBIMU XapaKTEPUCTUKAMU MEXaHUUECKOTO JIBUKEHMSI, TAKUMH KaK
nepeMelleHne, NPOUICHHBIN MyTh, CKOPOCTh, YCKOPEHHE, BPEMs IBIKECHHUSL.
[Ipu 3TOM MexaHWYecKoe IBUKEHUE paccMaTpuBaeTcs 0e3 BBISICHEHUS MPH-
YHH, €TO BbI3bIBAIOILUX.

[IpocTpaHCTBEHHOE MONIOKEHHE Tela (MaTepUabHOW TOYKH) ONpEaes-
eTcs ¢ moMouIblo e€ paduyc-gekmopa T WU, YTO PaBHOCHWIBHO, COBOKYII-
HOCTH TpEX uMcen X,Y W Z, MPEACTaBIIOLMX COOOW MPOEKUHMU panuyc-
BEKTOpa Ha COOTBETCTBYIOLINE OCH JAEKapTOBON CHUCTEMBI KOOpAMHAT. /[gu-
Jlcenue mena onpeoeneHo, eciu U3BeCmHA 3A8UCUMOCHb PAOUyC-8eKmopa

om epemenu ¥ (t) wn useecmmuvl ckanapuvie gynryuu X(t), y(t) u z(t).
JI715 paBHOMEPHOTO MPAMOJMHENHOTO JBMKEHHMS, T. €. sl JIBHKEHHS C
TOCTOSIHHO CKOPOCTEI0 ¥ =Const, dynkuus F(t) nveer Bu:
r(t)=r+at, 1)
JUTSL PABHOTIEPEMEHHOTO JIBHYKCHUSI C IOCTOSTHHBIM YCKOpEHHEeM a = CONst

=t2

F(t)=ﬁ,+50t+%. @

B stux ¢dopmynax [, XapakTepusyeT HauyallbHOE IOJIO0KEHHE Tela U
NpeACTaBiIsieT coOOH ero paaumyc-BeKTOp B HAdalbHBIH MOMEHT BPEMEHHU
t =0, COOTBETCTBEHHO U,— Ha4aJbHasi CKOPOCTH Tena rpu t =0.

3aBUCUMOCTb McHOGEHHOU cKopocmu U (WM MPOCTO cKopocmu U) Tena
OT BpeMeHH t mpu paBHONEPEMEHHOM ABHXKCHUH TOIydYaeTcs MyTEM Iud-
(hepennpoBanus (2) M0 BpeMEHU U UMEET BH/I:
o(t) =7, +at. 3)
YacTo B mporecce pemieHus 3a1ad A yn1oOCTBa NPUXOIUTCS HEpexo-
IUTh OT OJHOW CHCTEMBI OTCUéTa (YCIIOBHO HA30BeM €€ HEMOJBMKHON) K
JOpyroi cuUcteMe OTCU€Ta, ABWXKYIICHCS OnpeAeiaEHHBIM 00pa3oM OTHOCH-
TEJIbHO TIepBO. B 3THX cityyasx HeoOXOAMMO 3HATh TakK Ha3biBaeMble (op-
MyJbl IpeoOpa3oBaHMs pajnyCc-BEKTOPOB, CKOPOCTEH M YCKOPEHHH Tel B
pasmUYHBIX cucTemax otcuéra. Tak, eciu odna cucmema omcuéma O8u-
JHcemesi NOCMynamenbHO OMHOCUENbHO OpY2ol, YCIOGHO HENOOSUNCHOL,
Mo Cnpaseonussl ciedyouue COOmHouleHUs U yKa3aHHBIX BEJTMYUH:
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¥ — ¥ = 7y et | A __ A A

Fr=r+r, 0=9,+0, d=4a,+4a,
rae T u ['— paamyc-BeKTOPbI MaTEPUALHON TOYKHA COOTBETCTBEHHO B He-
HOABMKHON M IABIXKYILEHCA cucTeMax oTcuéra, [,— paJuyC-BEKTOp Hadasa

koopauHat (Touku O') ABMKYIIEHCS CHCTEMbI OTCYETA B HEMOABHKHOM CH-
cTeMe 0TcuéTa. AHAIOTUYHBIE 0003HAYESHUS UCTIONB30BaHbI B MPUBEAEHHBIX
(hopmMyIax st CKOPOCTEH U YCKOPEHHI MaTepUATbHON TOUKH.

W3 mocnennelt popMyibl BBITEKAET BaXXHOE CIIEACTBHE, a MMEHHO: MPHU
d, =0, xorja cKopocTh NOCTYNATENBHO ABMKYIIEHCSA CUCTEMBI OTCUETA T10-
CTOSIHHA, YCKOPEHUSI MaTepUaibHOM TOUYKU B HEHOJBIKHOW M ABMKYLIEHCS
CHCTEMax OTCYETa OJJMHAKOBEI.

IIpu pemennn 3axa4d OpIBaeT y100HO 3aMUCHIBATH BEKTOPHBIE KHHEMATH-
YECKHe YpaBHEHUS B MPOEKIHUAX HA OCH KoopAWHAT. B ciydasx, korma Tpa-
CKTOpuUsA TCJia JIC)KUT B OILHOI71 IIJIOCKOCTHU, MOXHO OTrpaHUYUTHCA ABYMS KO-
opavHatHeIMU ocsiMu OX u Oy, Tak 4T0OBI MCXOJHbBIE BEKTOPHBIE YpaBHE-
HUA CBOJWIMCH K ABYM CKaJISIPHBIM. I[JISI 9TOI'0 HYXHO BCEro JIMIIb COBMEC-
cTuTh TIOCKocTh XOY ¢ IMIOCKOCTBIO TPAaeKTOpHU Tena. Tak, Hampumep,
BEKTOpHbIe ypaBHEeHUs (2) U (3) OyAyT COOTBETCTBEHHO SKBUBAJICHTHHI CH-
CTeMaM CKaJIsIpHBIX ypaBHeHui (4) u (5):

2

X(t) =Xg + vg,t + axzt ,

v, (t) =0y, +a,t,

(4) ()

2

a,t v, (t) =1y, +ayt.
y(t)=y0+voyt+y7, Y vy

3mech X(t), y(t); X9, Yo Voxs Uoys Uxs Uy 8y, 8, — MPOCKLMK HA OCH Ox mu
Oy BekTopoB F(t); Fy; Uy; 0 1 @ COOTBETCTBEHHO.

ITpu paBHOMEPHOM JBMKEHUHM Tella MO OKPYKHOCTH
BEKTOP CKOPOCTH HW3MEHSETCS TOJBKO IO HAIPABJICHUIO,
0CTaBasiCh HEM3MEHHBIM 110 MOJIYJIIO ¥ HAIPaBJIEHHBIM 10
KacaTeJbHOM K OKPYXKHOCTU. [Ipy 3TOM BEKTOP yCKOPEHUS
HAINpaBJieH K HEHTPY OKPYKHOCTH TEPIEHINKYIIPHO BEK- Puc. 1
TOPY CKOPOCTH, T. €. 10 HopMaiu N K TpaekTopuu (puc. 1). :

Takoe yCKOpEeHHE 4acTO Ha3bIBAIOT YCHMPOCTHPEMUMETbHBIM I HOPMATb-
HbIM, €r0 MOJlyJIb PaBeH

<

a, =—, (6)

rae R— paanyc okpyxHocTu. OT1a e GopMylia CIpaBeainBa U MPH IBUXKE-
HUH TeJa ¢ MOCTOSIHHOM 10 MOJIYJII0 CKOPOCTBIO U IO MPOU3BOJIBHOU KpH-
BOJIMHEHHOH TpaekTopuu. B 3ToM cinydyae R ecTs pamumyc KpUBH3HBI Tpaek-
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TOPUU B paccMaTpuBaeMoi Touke. BekTop yckopeHus
d, HampaBJeH K LIEHTPY KPUBU3HBI MEPIEHIUKYIIAP-

HO BEKTOPY CKOPOCTH M XapaKTepH3yeT HU3MCHEHUE
CKOPOCTH IO HAIPaBJICHHUIO.

Ecimu ke ckopocTh M3MEHSCTCS HE TOJBKO I10
HAIpaBJICHHUIO, HO U 10 MOJYJIIO, TO ¥ BEKTOpa yCKO-
peHust d KpoMe HOpMaJbHOHW cocTaBisttomieit (6) Oy-
JICT elIé Tak Ha3bIBacMas MAHSeHYUAIbHAsE COCTaB-
Asomas d_ , HalpaBleHHas I0 KacaTelIbHOW 7 K Puc. 2
TPaeKTOPHH B JaHHOH TOUKe (PHC. 2) B CTOPOHY BEKTOpa CKOPOCTH WIIH TIPO-
THB HETO B 3aBUCHUMOCTH OT TOTO, YBEIIMUYUBACTCS MM YMEHBIIIACTCS MOIYIIb
CKOpoCTH Tesia. MoyJib TIOJHOTO yCKOpeHus d 1o Teopeme Iludaropa Oy-

JIeT paBeH
a=.a’+a’.

Pemenne xuHeMaTHUECKUX 3a/lad CBOAMTCA K HCIOJIB30BAHMIO YKa3aH-
HBIX BbIIIE ()OPMYN U ypPaBHEHUH B KOHKPETHBIX COPMYITUPOBAHHBIX YCIIO-
BUSIX.

3amaua 1. HeoOxomuMo mepenpaBHThbes depe3 peky mmpuaoir H . ITox
KaKuM yIJIoM <« K TCUYCHUIO NOJIKHA IUIBITH JIOJKA, ‘ITO6I>I MEPEIIPaBUTHCA
Ha TIPOTHBOMOJIOKHBINA Oeper 3a MUHUMalTbHOE BpeMsi? [ 1e okaxkeTcs noaka,
neperibiB pexy? Kakoit myts S oHa mpoi- y
JIET, €ecli CKOPOCTh TEYEHUs peKu IIo-
CTOSIHHAasl M paBHa 0,, a CKOPOCTb JIOJIKU - - - - - -
OTHOCHUTCJIBHO BOABI NOCTOAHHA W paBHa ’02 __ . — -
5,7 et ol e

Pemenne. [Tomectum Havaio O Hermo- -
JBIDKHOW CUCTEMBI OTCUETA B TO MECTO, T'Ie SN TV - -
nojaka oTyanuBaeT ot Oepera. Ocu KoopaH- Uy O
HaT HalpaBUM TaK, KaK II0Ka3aHO Ha puc. 3.

Ilpu TtakoM BBIOOpE CHCTEMBbI OTCUETa Puc. 3
HayaJIbHbIE KOOPAMHATHI JIOJKU PaBHBI HYJIIO:
X =0, ¥, =0.

CKOpOCTh JIONKM U B BBIOPaHHON cuUCTeMe OTCUETa paBHA BEKTOPHOM
CYMME€ CKOPOCTH TCUCHUSA 51 " CKOPOCTH JIOAKHU OTHOCUTEIIBLHO BOABI 772 , TO
eCcTh

V=0,+70,.
[penmnonoxum, 4To BEKTOp 0, cocraBisieT ¢ Oeperom yron « . Ilo-

CKOJIBKY JIOJIKA IBHXKETCS MPSMOJIMHEIHO U paBHOMEPHO, TO, 3alKCaB ypaB-
HeHue (1) B IpoeKusaX Ha OCH KOOPIUHAT, TOTyIUM:
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x=(v, —v,c052)-t,

y=(v,sina)-t.

Bpems t , HeoOXoauMOe AT MEpPENpaBbl
yepe3 pPeKy, HaXOAUM U3 TOCIEIHEr0 ypaB-
HeHHs mnpu ycinoBun Y=H, a wuMeHHo

t —L. 3HaueHue 1 OyneT MHHH-

" v,sina
MaJIbHBIM, €CIH SiN @ MaKCHMAaJCH, T. €. IPH

a=ml2. Orcroma t _H, JTOT Cityyai
Uy

T
nokasad Ha puc. 4. [Ipu « =5 ypaBHEHHE Puc. 4
st X mpuHaMaer BuI: X =oujt. [To3ToMy, KOraa J1oJKa OKaKeTCsl Ha Jpy-
9
min — __ H.
2
JnmuHy S mpoiAeHHOTO OIKO# myTH HainéM mo Teopeme [Iudaropa:

S=yX?+H? :Uﬂafvf+v§.
2

3agauya 2. Teno OpocarOT ¢ TOBEPXHOCTH 3€MJIM, COOOIIUB €My Hauajlb-
HYIO CKOPOCTb T, HalpaBJICHHYIO MOJ YIJIOM & K TOpH30HTY. IIpeHeOpe-

rom Oepery, cvemenue X Baonb ocu OX Oyner paBHO X =t

ras CONpPOTUBJICHUEM BO3/yXa, HAMIUTE HOPMAIBHYIO W TAaHTCHIIMAIBHYIO
COCTABIIAIOIINE YCKOPEHH Tejla Ha BeIcOTe N, KOT/a TeNo enié He JOCTHTIIO

HaWBBICIICH TOYKH TPACKTOPHH. Haﬁl[PITe TAKIKC BpeMsA tn nogbéma Teaa Ha

BBICOTY N ¥ TOPH30HTANBHYIO MpoeKIuio | mepemerieHus Tena B 3TOT MO-
MEHT BPEMEHH.

Pemenne. HanpaBum ocu NEKapTOBOH NPSIMOYTOJIBHOW CUCTEMBI KOOpP-
JMHAT TakK, KaK Mmoka3aHo Ha puc. 5. Havano orcuéra O moMecTuM B TOUKY
OpocaHus. 3amuineM HadallbHbIE YCIIOBHUs JBIKEHHs Tena: X, =0, Y, =0,

Uox =0 COS ¢, on =7, sina . HpI/I OTCYTCTBUU COIIPOTUBJICHUA BO3AyXa

TEJI0 ABUIKETCA C ITOCTOAHHBIM YCKOPECHUEM, PABHBIM YCKOPECHHUIO CBO6OIIHO-
I0 naacHUusA g, HaIllpaBJICHHBIM BCPTHUKAJILHO BHMU3. HpOCKL[I/II/I YCKOPCHUA

TCJIa HA OCU KOOpAWHAT PABHBI: ax = 0, ay =—0. C y‘-IéTOM CKa3aHHOI'O KHu-

HEMaTHYECKHE ypaBHEHUS paBHONEpEMEHHOTro NBkeHHS (4) 1 (5) B HameM
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Clly4yac IIpUHUMAaIOT BUJ.

X=(v0 COSa)t, v, =, 0084,
_ gt? () o (8)
y=(vgsina)t - vy =TSN —gt.
ITycts mpu t=t, Temo gocrurio Beicothl h, Torma y=h, x=1I. B atom

clly4ae ypaBHEHUs cucteMsl (7) Iaror:

2
I =(vocosa)t,, h=(7y,sina)t, _o

4 K3 MOCJICAHCTO YPABHCHHA HAX0JUM
1 . -
t =—(vosma—~fv§ S|n2a—2gh).
g

Btopoe 3HaueHune t, (co 3HAKOM «+» mepe] KBaJApaTHBIM KOPHEM) COOTBET-

CTBYET CIIy4aro, KOTJa TEJO «IIePEBAINIO» 3a HAUBBICIIYIO TOUKY TPaeKTO-
PHH ¥ BHOBb OKa3aJ10Ch Ha BbIcOTe h Hax 3eMnéil. ITOT ciydaid o yCIOBUIO
3a[a4M HAC HE UHTEPECYET.

B mMomenT Bpemenu t =t npoekuus | mepemenienus tena paBHa

| =(v,cosa)t, :%-(UO sing —[v} sin’ a—29h).

MOILyJ'II/I HOpMaIII)HOI/I 1 TaHTCHIIMAILHOM COCTaBJIAIOIINX yCKOpCHI/IH TEC-
Ja 6y,I[YT COOTBCTCTBCHHO PaBHbI y

a,=gcospS, a =-gsinpg,
rae [ — yroi, KOTOPBIH COCTaBisIeT
¢ ropu3oHToM (ocbto OX ) BeKTOp 0
CKOpOCTH Tella B MOMEHT BpPEMEHHU
t=t (puc. 5). Yron f nerxo
OTIpEJIeNINTh, 3allUCaB ypaBHEHUS
cucremsl (8) npu t=t , a UMEHHO
vCos f=1,CoS,
vsin B =v,sina —ot,.

HelicTBUTENBHO, Puc. 5
v, COS

Doy

0 Dox

v=Jvl+v2 =\Jvi-2gh u cosf=
v

v, COS

ﬂ/vé —2gh .

Otcrona S =arccos
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§2. Iunamuka

B ounamuxe MexaHW4YeCKOe BUKCHHE U3y4YaceTCs B CBS3H C MIPHUYUHAMH,
BBI3BIBAIOIIMMHU TOT WJIM MHOW €ro XapakTep. B MHepUMalbHBIX CHCTEMax
OTCUéTa ATUMH TPHUYNHAMH SIBIITIOTCS DPA3NHYHBIC 83AUMOOEUCHEus pac-
CMaTpUBAaEMOT0 Teja C IPYTUMHU TEJIaMH, YTO BBIPAXKAETCA B HAIUYUU CUJ,
JEHCTBYIOLIUX Ha TENO.

B ocHoBe quHaMuKK MaTepUallbHOM TOUKH JiexKaT 3akoHbl HproTOHA.

1-Wi 3aKOH: meno HAxoo0umcs 8 COCMOSAHUU NOKOSL UTU PABHOMEPHO20
NPAMOTUHEUHO20 OBUdNCEHUSE 00 MeX NOp, NOKA 8030€lCmEUsi O CMOPOHDbL
Opyaux me He 86180V €20 U3 IMO20 COCMOAHUSL.

Cucrema oTcyéra, 10 OTHOIICHHIO K KOTOPOU TEJN0, CBOOOIHOE OT BHEIII-
HUX BO3JICVCTBUN, TOKOUTCS WM JIBHXKETCS PABHOMEPHO U MPSIMOJIMHENHO,
Ha3bIBACTCS UHEPUUATIbHOI CUCIEMOIl omcuéma.

2-i_3aKOH. 6 UHepYUAIbHbIX CUCHMeMAaX Omcyéma YCKoperue a mena

npAMO nponopyUoHaTbHO pasnodeiicmayloweii F - 6cex cun, Oelicmayiouux

HA Meno co CMOPOHbL Opyeux mei, 0OpAmHO NPONOPYUOHANLHO Mdacce m
- _ F

mena u Hanpaeneno 6 cmopony F . d= o

3-if 3aK0H: mena delicmayiom Opye Ha 0py2a ¢ CULAMU, PABHbIMU NO MO-
OYIII0, NPOMUBONONONCHLIMU NO HANPABIEHUIO U NPULOHCEHHBIMU COOM-
6eMCmMEEeHHO K 83AUMOOEUCMEYIOWUM MENAM.

B umHepuumanbHBIX cHCTeMax OTcYE€Ta BCE CHIIBI OOYCIIOBIICHBI TOJBKO
B3aMMOJICHCTBHEM TEJ, 9TH CHJIBI BO3HHUKAIOT MapaMH M K HUM HPUMEHHM
3-i1 3akoH HproToHAa.

®dopmyiy, BeIpaxkarolyto 2-ii 3akoH HploTOHa, MOKHO 3amucaTh Oolee

ynobHo: F =ma . OmHako Takyro 3alich HE CIeIyeT TPAKTOBaTh KaK paBeH-

CTBO ABYX cil F 1 ma. DTo ecTh BbIpa)KEHHE PABHOJEHCTBYIOIIEH CHIIBI

F yepe3 Maccy Telna M BBI3BAHHOE 3TOM CHIION -
yCKOpeHue. B IHMHaMMKe B3aUMOJEWUCTBHS TeEIN I S R
CUUTAIOTCS 3aJAHHBIMU, IIO3TOMY BBIPAKECHHUS :
JUIsL CUIL, BXOJSIIUX B 3aKOHBI JUHAMUKH, JOJIXK- :
1
;

HBI OBITH B3ATHI U3 IPYTHUX Pa3fenoB GU3NKH, TAe U . 1:":;,
HU3Yy4YaeTcs X Mpuposa. Teno 1
Bo MHOrux 3ajadax mpHXOIUTCS pacCMaTpH- 777 5/
BaTh TPEHHWE TeN Apyr o apyra. llpu Hamuuuu 9y
TpeHHs ciily R, ¢ KOTOpOW OfHO TEO JEUCTBY- Puc. 6
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eT Ha Jpyroe, yIoOHO paccMaTpuBaTh KaK BEKTOPHYIO CyMMY ABYX CHII

(puc. 6): cunbl N, HampaBIeHHOW MEPHEHIUKYISIPHO K MOBEPXHOCTH KOH-
TakTa (3TO — CUIA HOPMANBLHO2O O0AGNeHUs WIH CUNA HOPMATLHOU peaKyuu

0n0pbl), " CUJIbI TPCHUA Frp’ HaHpaBJ’IGHHOﬁ 0 KacaTeJIbHOM K IMOBCPXHO-

CTH KOHTAKTa.

Y1006cTBO 3aKII0YaeTCs B TOM, YTO IIPHU CKOJIBKEHUH T€JT OTHOCUTEIHHO
JOpyT Apyra MOIYJIH 3THX COCTAaBIISIONIMX CBSI3aHBI MEXIY cOoO0O0H 3aKOHOM
Kynona — AMOHTOHA, yCTaHOBJIEHHBIM 3KCIIEPUMEHTAIBHO:

F, = uN. ©)
Koadduument TpeHus CKOMBKEHUS £ 3aBHCUT OT pojJa CONPHUKACAIO-

muxcs nmosepxHoctei. OObIMHO TpeHeOperaoT cnaboi 3aBUCUMOCTBIO CHJITBI
TPEHHs OT IUIOIIAIM KOHTAKTa M OT BEJMYMHBI OTHOCHTEIFHON CKOPOCTH U

Tell.

st TpeHns nokos 3akoH (9) He MPUMEHUM, T. K. IPH TOCTOSIHHOM CHJIe
N MOmynb CHJIBI TPEHUS MOKOS MOXKET M3MEHATHCS OT HYJIS 10 HEKOTOPOTrO
MaKCHUMaJIbHOTO 3HaYCHMs, OOBIYHO HECKOJIBKO MPEBBILIAIONIETO CUILY Tpe-
HUSI CKOJIBKEHHS AJISl 3THX IOBEPXHOCTEH (Tak Ha3bIBaeMoOe€ sileHue 3a-
cmos). Ho mns mpocToThl MakCHMallbHOE 3HAYEHHWE CUIIbI TPEHHS IOKOS
TaKXXe NPUHUMAIOT paBHBIM UN .

Ecnu Teno MokeT KaTUThCs 10 TOW WM MHOM MOBEPXHOCTH, TO U3-3a Je-
(dopmau MaTepHana 3TOH IMOBEPXHOCTHU TEPe KaTSIIMMCS TEJIIOM BO3HH-
KaeT cuia mpeHusi KaueHus, KOTopas oOpaTHO MPONOPLUUOHAIBHA PAJANYCY
kaTsmierocst tena. OOBIYHO CHJIA TPEHHs KaueHMS rOpa3[g0 MEHBILE CHIIBI
TPEHHs CKOJIBKEHHS, U €10 TIOTOMY TIPEeHEOpEeraroT.

[Ipu nBYOKEHNH TBEPAOTO Tea B KUIKOCTH WM ra3e BO3HUKACT CUid CO-
npomuenenus, 3aBUCSIIAs OT CKOPOCTH JBI)KEHHS Tela OTHOCHUTEIBHO Cpe-
Jb61 (GKUJIKOCTH, Ta3a). JTa cuiia MOXKET OBITh MPSMO NPOMOPIMOHATIBHA KaK
caMoi yKa3aHHOW CKOpPOCTH, TaK M KBajpaTy ckopoctu. [Ipu sTom «cormpo-
THBJICHUE MTOKOS», aHAJIOTUIHOE TPEHHIO TIOKOsI, OTCYTCTBYET.

[pu pemreHny 3amad cieayeT TakkKe UMETh B BHIY, YTO OCHOBHOE ypaB-
HEHHUE TMHAMUKH, BhIpaXkaromiee 2-i 3akoH HploToHa, SBISETCS BEKTOPHBIM
ypaBHeHHeM. OHAKO 4acTo OBIBaeT TakK, YTO CHJIBI, ACHCTBYIOLIHE HA TO
WIN UHOE TEJO, JISKAT B OJHOM MIIOCKOCTH. Torna MOXHO BBIOpaTh CUCTEMY
orcuéra, ocu OX m Oy koropoill OyAyT NMPHHAIEKATH TUIOCKOCTH Jei-
CTBHSL CUJI, M YKa3aHHOE BEKTOPHOE YPaBHEHHE CBEAETCS K JIBYM CKaISIPHBIM
(B IpoeKIusIX Ha BBIOpAHHBIE OCH).

3anaya 3. J[Ba rpy3a mMaccaMu M, U M, TOJABEIICHHI Ha HEBECOMOH M
HEPaCTSHKUMON HUTH, MEPEKHHYTON depe3 HeBecoMblil Omok. Ompexpenure
YCKOPEHHUsI TPy30B B Mpollecce WX JBWXKEHHUs. TpeHueM B OJOKe mpeHe-
Opeds.
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Pemtenne. [Ins1 onucaHusi ABMKEHUSI CUCTEMBI 37€Ch OyAET HOCTATOYHO
onHOW KoopauHaTHOH ocu Oy, KOTOpYIO HampaBUM BEPTHUKAILHO BHUS3.

ITycTts Tpy3 M, ABMKETCA BHU3 C YCKOPEHHEM d,, a Ipy3 M, — BBEpX C
yckopeHueM &, (puc. 7). Ha xaxplit U3 rpy30B JEHCTBYIOT CHJIA TSKECTU U

CWJIa HATSDKCHUS HUTH, U300paKEHHBIC Ha PUCYHKE. 3allUIeM ypaBHEHHUE
2-ro 3akoHa HeroTOHA B mpoekIusx Ha ock Oy s KaKI0TOo rpysa:

ma, =mg-T,
—-m,a, =m,g—T,.
[TockonbKy HUTb U OJIOK HEBECOMBI (MX MACChl paBHbI HY/I0), TO T, =T,.
U3 HepacTs:KMMOCTH HUTH CIIEAyeT PpaBeH-
CTBO MOAYJIEHl YCKOPEHHHM IDYy30B: 8, =4a,.

Pemass mosnyuyeHHble ypaBHEHUS € Y4ETOM
JIBYX MOCJIEAHUX PABEHCTB, HAMAEM:

- a|
m-m, '
m, +m,

Ecimm m <m,, TO HampaBIcHHA YCKOpe-

a=a-=

HUI Tpy30B OYAYT MPOTHBOMOJIOXKHBIMH TEM, Puc. 7
KOTOpBIE MBI BEIOpAI H3HAYAIBHO Ha pPHC. 7.

* 3agaya 4. Jlocky ¢ Haxo[sIMMCs Ha HeH OPYCKOM YAEP)KUBAIOT B I10-
KO€ Ha HAaKJIIOHHOW TUIOCKOCTH C YTJIOM
HAaKJIOHa K  ropu3oHty o = 60°
(puc. 8 a).

Paccrosiare ot Opycka 10 Kpasi TOCKA
S =49 cm. Jlocky u Opycok OJHOBpe-
MEHHO OTITyCKAaIOT, W JOCKAa HA4YWHAET
CKOJIB3UThH 110 HAKIIOHHOHW TUIOCKOCTH, a
Opycok — 1o nocke. Koadduument tpe-
HUSl CKONBXKECHHS MEXIy OpYCKOM H Puc. 8a

Jockoit g4 = 0,3, a Mexay NOCKOH M HAKIOHHOHM miockocTeio y,=0,4.

Macca nocku B Tpu pasa Oosnbliie Macchl Opycka. 1) Onpenenure yckopeHHe
OpycKa OTHOCHUTEIBHO HAKJIOHHOM IJIOCKOCTH HPH CKOJILKEHHH OpycKa Io
nocke. 2) Uepes kakoe BpeMsi OpyCOK JOCTUTHET Kpast JOCKH?

(M®TH, 2001r.)

© 2013, 30T M®TU, Yyrynor Anekceii FOpbeBiu
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3mg

Puc. 86
Pemenne. Bribepem cucteMy KoopAWHAT M W300pa3uM CHIIBL, JCHCTBY-
IolIMe HA OPYCOK M JIOCKY, Ha puc. 80. 3aMETUM, 4TO CHJIa HOPMaJIbHON pe-

akupu N, ¥ cuia TpeHus CKoibxeHus F

o1 ACHCTBYIOT Ha OPyCOK Maccou

M ¥ 00YCJIOBJIEHBI €r0 B3auMOJACHCTBHEM ¢ Aockoi mMaccoit 3m . [To TpeTs-
eMy 3akoHy HBIOTOHA Takue e 10 MOAYJI0, HO IIPOTUBOIOJI0KHO HalpaBs-

nennble uM cuibl N, m F |, neficTByroT co cTOpoHBI Gpycka Ha ITOCKY.

Touky WX MPUIIOKEHUS K IOCKE Ha pUC. 80 MPOCTPAHCTBEHHO Pa3HECEHBI IO
COOOpaXeHHUSIM YA00CTBa BOCHIPHUATHS 4YepTeka. CMBICT OCTAJIBHBIX CHII
SICeH U3 UX 0003HAYCHUH.

Ilycts 8, u @, — yckopeHus Opycka U JOCKU COOTBETCTBEHHO OTHOCHU-
TEJIbHO HAKJIOHHOH IUIOCKOCTH. Tor/a mo BTopoMy 3akoHy HploToHa B mpo-
exnusx Ha ocu OX u Oy MOXKHO 3ammcath s Opycka:

ma, = mgsina —F,_,,
0 =N, —mgcose,
JUIS JOCKU.:

3ma, =3mgsina +F,_, —F,_,,
0=N, —N;-3mgcosa.
K stum YpPaBHCHUAM HCO6XO,Z[I/IMO )_'[O6aBI/ITB BBIPAXXCHUSA JI CUJT TPCHUS:
FTpl = FTpl = N, Fsz = N,
Pemast coBMecTHO 3aIMCaHHbIC YpaBHCHU, HAXOUM:

© 2013, 30T M®TU, Yyrynor Anekceii FOpbeBiu
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a, = g(sina - wcosa) ~ Tm/c?,

1 - 2

a, = gg(3sma + (14— 41, )OS ) ~ 6,4m/c.
BuguM, 9T0 JOCKA JABMKETCS M0 HAKIOHHOM TUIOCKOCTH C YCKOPEHHEM,
MCHBIIUM, YEM 6pyCOK. 3aMeTI/IM, YTO ABUIKCHUEC TOCKH HE BJIMACT HA YCKO-
peHuc al . DTO CBSA3aHO C TEM, YTO U IpHU HBH)KyHIeﬁCH, U 1pu 3aerHHéH-

HOM focke cuia tpenust F

[Tycts Opycok mocTur Kpas JAOCKH uepe3 Bpemsi t ¢ MOMEHTa Hadaja

JABUXCHMUA. 3a 310 BpeMA 6pyCOK n JOCKa HpOfII[yT OTHOCHUTCJIIbHO HAKJIOH-
2 2

t
us,= 22 COOTBETCTBEHHO (3TO — KHMHE-

Mex 1y OpyCKOM U JOCKOH OfiHa U Ta XKe.

HOH IUIOCKOCTH MyTH S, =

MaTHuecKue CooTHomeHus ). Mx pasHocts S, — S, Oyzaer paBHa IyTH, Npoii-
JEHHOMY OpYCKOM TIO JJOCKE, TO €CThb — Ha4yaJbHOMY PAacCTOSHHIO S OT

—a
Opycka 1o kpast gocku. Torna S=S, — S, = % -t?, oTkyna
2S
t= |—— -
& —-a
C y4€TOM BBIp@OXECHUM 11 &, U @, TOIyYHM
t= 35 ~1,2c.

2(, - 11) gcosa

Oteer: 1) 8 ~ 7m/c’; 2) t~1,2c.

* 3agaua 5. C TOpU30HTANBEHON MOBEPXHOCTH 3€MIJIM OPOCHIIH MU, U OH
yraj Ha 3eMJI0 co ckopocThio U =9,8Mm/c mox yriom £ =30" k ropu3oHTY.
Monysb BepTHKaJIbHON COCTaBIISIIOLIECH CKOPOCTH B TOUKE OpocaHus ObUT Ha
20% Oombie, yeM B Touke HaneHus. Haiitu Bpems moné€ra msiya. CunuTaTh,
YTO CHJIa COINPOTUBIICHHS ABMKEHHIO MS4a CO CTOPOHBI BO3JyXa MPSMO
MPOTOPIHOHANBHA eTo ckopocTu. (MDTHU, 1989 1.)

Pemenne. Cuna conpoTuBiIeHHs BO3/1yXa HANpPAaBJIECHA [IPOTHB CKOPOCTH
v wmsya u paBHa —Ko, rae K — koaddurment nponoprmonansHocTi. Paso-
O0béM Bpems ! moséra MsYa Ha CKOJb YrOJHO Mallble MHTEPBaJbl BPEMEHHU
At; . Ins pou3BOJIBHO B3SITOTO MHTEpBala BpeMeHHn At, 0603HauMM cpen-

HHUI BEKTOpP CKOPOCTH Msda Ha 3TOM MHTepBaie uepe3 U, (puc. 9) u 3amu-
IIIeM ypaBHEHHE BTOPOTo 3akoHa HpI0TOHA /U IBM)KEHUS MYa:

© 2013, 30T M®TU, Yyrynor Anekceii FOpbeBiu
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. Av, Y
mg —ko, =m—=, -
At 7 Ui
- 0
- 01
rae M- macca Ms4a, AU, — H3MCHCHHC Ay <@ >
= N
CKOpPOCTH MsAYa 3a Bpems At,. 3mech Mbl £ 4 ” mg \
\
BOCIIOJIb30BAJIUCH OIPEIEIEHUEM YCKOpe- 0 LTI 7
HUs & = AU, | AL;. fe=~kui -
u
CrpoenupyeM HalMcaHHOE YypaBHEHHE
Ha ock Oy, HampaBlIEHHYI BEPTHKAJIbHO Puc. 9
BBEPX, M YMHOXUM o00e dvactu ypaBHeHus Ha At. Torma

—-mg - At; —ko, -At; =m-Av, , tne v, u Av,, — npoekimu Ha ock Oy cko-
POCTHU U UBMCHCHUA CKOPOCTU MsAYa COOTBETCTBCHHO. 33MCTI/IM, YTO 3a UH-

TepBal BpeMEeHH Af, N3MEHEHHE BEPTUKAIBHOH KOOPAMHATHI Ms4a
Ay, =v, -At;. C yu€rom storo mnomydaem: —Mmg-At—k-Ay,=m-Av, .
AHanornussle ypaBHEHHS OyIyT CIPaBEIIMBEI 1A JIFOOOr0 HHTEpBana At .

Eciu clI0KHTB 3T ypaBHEHMS UL BCEX MHTEPBAIIOB BpeMeHHU At, , TOIIy4uM
— *

-mg-t—k-Ay=m-Av,. ()]

3mece Ay u Av,— U3MEHEHHE KOOPJMHATHI MsYa 110 OCH Oy u m3meHe-

HUe npoekiuy Ha ock Oy CcKOpOoCTH Msua 3a BcE Bpems mnoséra t. B Harei
3amade Ay =0 (xameHb ObLI OpOILIEH C 3eMJIM M yIaj Ha 3eMIII0, T. €. KO-
HEYHAas W  HayajbHas  KOOpAWHATHI  Ms4a  OJMHAKOBBI), a
Av =u,—v, =-usinf-12usin f=-2,2usin f. C y4€rom 3TOr0 U3 ypas-
HeHus (¥) HaXoauM

t=2,23sing~11c. *
g

3agaya 6. CaHKM CKOJIB3AT IO JIEASSHOW TOpKe, uMeromei GopMmy IOyru
okpyxHOCTH (puc. 10a). B HekoTopoit Touke A, ompenenseMoil yriom o,
CHJIa HOPMAJIBHOTO JIaBJICHWS CAHOK Ha TOPKY YMCIEHHO paBHA CHJIE TSXKe-
¢t caHok. OnpenenuTs ycKkopeHue caHok B Touke A. Tpenwmem u pasmepa-
MU CaHOK IpeHeOpeyb.

Pemenue. Ilo ycnoButo 3amaun cuiga N, ¢ KOTOpOW CaHKH JIaBsT Ha
TOPKY B TOYKe A, YHMCIICHHO paBHA CHJIC TSDKECTH, JICHCTBYIOINIEH HA CAHKU.
ITo Tpethemy 3akoHy Hpl0TOHA ropka AeMCTBYET Ha CAHKU C TaKOU K€ IO
BEeNTMYMHE CIJION. B HameM ciaydae 3To — crjla HOpMaJbHOM PeaKIiH OTIOPHI

© 2013, 30T M®TU, Yyrynor Anekceii FOpbeBiu
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N (puc. 106). Utak, N = N'=mg.

ITonuoe YCKOpEHUEC d CcaHoOK B TOuke A CKJIaAbIBACTCA U3 TaHI'CHIIKMAJIb-
HOM d_ W HOpMalbHOW &, cocTapisAromux. C yd€ToM 3TOro 3amuileM ypas-
HCEHHUEC BTOPOT'O 3aKOHA Hrrorona I ABUKEHUA CaHOK B MPOCKIUAX HA B3a-
HWMHO NCPHICHAUKYJIAPHBIC HAIPABJICHUA T U n:

ma, =mgsina; ma, =N —mgcosc.

Puc. 10a Puc. 100
Orcrona Haxomum @, =gsina, a, =g(1-cosa). 3neck Mbl ydmn, 4TO
N =mg . Toraa MOy YCKOPEHHS CAHOK PaBeH

=Ja’+a’ =gfsin*a+(1- 2 =g 2(1- =2gsinZ.
a=,/a’+a’ g\/sm a+(1-cosa) =g,/2(1-cosa) gsm2

Hanpaenenue BekTtopa & OmpefenuM C IMOMOIIBIO yIiia ¢, KOTOPBIH

BEKTOp @ COCTaBIISIET C HAIIPABJICHUEM 7 !

..
tg¢_an_1—c03a_ 2sin
a  sina

(04
=tg—.
Zsing-cosg 2

2 2

§3. Cratuka

B cmamuxke n3y4aercs paBHOBecue Ten. Hapsimy ¢ Momenbio MaTtepHuanb-
HOU TOYKH, 3/1eCh B OOJIBIIMHCTBE CIIy4aeB HCIIONIb3YETCS M0o0enb abConom-
HO meépoozo mena, T. €. Tena, GopMa M pa3Mepbl KOTOPOTO CUUTAIOTCS
HEU3MEHHBIMHU.

Bynem cumrtaTth, YTO meno Haxodumcsa 8 pasHosecuu 8 HeKOMOpPOu Cu-
cmeme omcuéma, eciiu 8 9Mou cucmeme Omc4éma OHO NOKOUMCA.

Ycnosuem pasnosecus mamepuanvbHoli MOuKY 8 HEKOMOPOU UHEPYUATb-
HOU cucmeme OMCYEMa s8Aemcst PAGeHCME0 HYI0 CYMMblL 8CeX Cuil, Oeli-
CMBYIOWUX HA MAMEPUATLHYIO MOYKY:
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2.F=0 (11)

Yenosuem pasnosecus abconromno meépooco mena 6 HeKOMOpPou uHep-
YUANbHOU cucmeme OmMCUéma sA6AAEeMcsi PABEHCMBO HYMIO0 CYMMbl 8CeX

BHEeUIHUX CUJl Fi’ ()eﬁcmsyiou;ux Ha meijo, U pa6eHCcmeo HYNI0 CYyMMbl MO-

MEHMoe6 Mi 6Cex GHEUIHUX CUNl OMHOCUMENbHO 000U OCU 6 npocmpat-
cmee:

Zﬁ:o; ZMi:O. (12)

IIpuBenénHbIE BbIIIE BEKTOPHBIE YPAaBHEHUS MOYKHO 3allHUChIBaTh B MPO-
eKUUIX Ha M00yI0 KOOPIUMHATHYIO OCh. [IpH 3TOM Kakmoe W3 MOJTy4eHHBIX
paBeHCTB OyAeT 03Ha4aTh, YTO MPH PABHOBECHH Tella CyMMa MPOEKIUH Ha
COOTBETCTBYIOILIYIO KOOPAWHATHYIO OCh BCEX CHJI, BXOSIIUX B BEKTOPHOE
YpaBHEHUE, paBHa HYJIIO.

B cayuae, koraa BeKTOp Cuilbl, JEHCTBYIOLIEH HA TBEPAOE TENO, JICKUT B
TUIOCKOCTH, TIEPIEHAUKYISIPHON OCH BPALIEHUS, MOMEHM IMOU CUNbL PABEH
nPOU3BE0eHUI0 MOOYIS CUlbl HA €€ naeuo, T. €. PaCCTOSIHUE OT JIMHUU AeH-
CTBUS CWJIBI 10 OCH BpamieHns. Ecin se BEKTOp CHIIBI HE EPIEHANKYIISPEH
OCHU BpALICHUS, TO MOMEHI MAKOU CUbl PAGEH MOMEHMY MOl e€ coCmas-
naowet, Komopas nepneHOUKYIAPHA 0CU 8PAUYEeHUS.

Br16op ocu BpalueHus Ui HaIlMCaHUsl YPaBHEHHSI MOMEHTOB B CHCTEME
(12) ocymecTBisieTcs NPOU3BOJIBHO, UCXOMS U3 COOOpaXeHUH yno0cTBa pe-
IIEeHUST KOHKPETHOH 3a7aun. YpaBHEHHE MOMEHTOB OYIET TeM MpOIIe, YeM
Oonpiie cun OyayT UMETh PaBHBIE HYJIF0 MOMeHTHI. [Ipu cocraBieHnn ypas-
HEHHUSI MOMEHTOB HYXXHO ITOMHHUTb HPAGUNIO 3HAKOG: MOMEHMAM, Gbl3bl8aI0-
WUM épaujenue meia no 4acoeoli cmpenke OMmHOCUMENbHO 8bIOPAHHOU OCU,
NPUNUCHLIBAIOM 3HAK «+», a MOMEHMAM, 6bI3bIAIOWUM EpaujeHue NPOMmue
4aCcoB0U CMPEnKU, — 3HAK «—).

Crenyet, 0JJHaKO, UMETh B BHILY, YTO C(OPMYJIMPOBAHHBIEC YCIOBHS PaB-
HOBECHS SBISIIOTCS HEOOXOJUMBIMH, HO HE JOCTATOYHBIMH YCIIOBUSMHU.
JleficTBUTENBHO, IPY BBIMOJIHEHUH 3THX YCJIOBUN U MaTepHallbHas TOYKa, U
TBEPOE TEJNO MOTYT HE TOJNBKO IMOKOUTHCA (HAXOIUTHCS B PAaBHOBECHH).
Tak, mMatepuanpHasi TOYKa MPHU BBIIOJHEHWH YCIIOBHSI PAaBHOBECHSI MOXKET
JIBUTaTbCsS PaBHOMEPHO U MPSIMOJIMHEWHO. AHAJIOTMYHO, LIEHTP Macc TBEp-
JIOTO TeJNa MOYKET JIBHraThCs PaBHOMEPHO M NPSIMOJIMHEWHO, & CaMmo TEIo
MOJKET BpaIIaThCs BOKPYT HEHTPA MACC C TOCTOSTHHOM YTJIOBOM CKOPOCTHIO.
Ho ecnu n3BecTHO, 4TO MaTepuagbHasi TOUYKa WU TBEPAOE TENIO HAXOATCS B
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PaBHOBECHH, TO OTCIOJa 00s3aTeNbHO (HEOOXOAUMO) CIEAYET BBIMOIHECHUE
COOTBETCTBYIOIIUX YCIOBUI paBHOBECH:!

B mexaHmke Ba)KHOE 3HaUEHUE MMEIOT TOHATHUS YeHmpa Mdcc Tena u
yeumpa msaxcecmu Tena (MOApazyMeBaeTcs MOJIETh aOCONIOTHO TBEPIOTO
tena). Ecnu Teno maccoit M MBICICHHO pa30WTh HAa MHOXECTBO CKOJIb
YTOZHO MaJIbIX 4acTel ¢ MaccaMu M, M,, M;, ..., K&XKIYI0

M3 KOTOPBIX MOXKHO CUMTAaTh MaTepUaIbHOM TOUYKOH, TO
MPOCTPAHCTBCHHOE TMOJIOKCHUE I-i MaTepHabHOW TOYKH

C Maccoil M, MOXHO ONPEENUTh PaaUuyC-BEKTOPOM I

(puc. 11). Ilpu 3TOM OYEBHIHO, YTO

Zmi:M.

Puc. 11
Llenmpom macc mena (unu cucmemvi men) Hasvigaemcs mouxka C
(puc. 11), paouyc-sexmop T, xomopoii onpedensiemcs no gopmyne

A > mf
C M - (]

MoOHO MOKa3aTh, 4T0 1) MOJOKEHHE IEHTPa MacC OTHOCHUTEIBHO Tela
HE 3aBHCHUT OT BbIOOpa Hadana xoopauHaT (O, 2) MEHTP Macc OJHOPOIHOTO
HEHTPaTbHOCUMMETPHUYHOTO TEJla COBIAJAeT C €ro IEHTPOM CHUMMETPHH,
3) meHTp Macc OJTHOPOJHOTO OCECHMMETPUYHOTO Tella JISKUT Ha OCH CHM-
METpUH Tena.

Kpowme Toro, B psiae ciayyaeB npu pelIeHUH 3a4a4 MOKHO MBICIIEHHO CO-
CPEIOTOYNTH B IIEHTPE MacC BCIO Maccy Tela M, CYUTas TeJ0 MaTepHalbHOM
TOYKOM, MPUMEHSATH 3aKOHBI MEXAHUKU JJI1 MaTEPUAIbHON TOUKH.

Llenmpom msdxncecmu mena, HAX00AWE20Cs 8 NOJe MALOMEHUs, HA3bl-
8aIOM MOYKY NPUNONCEHU PAGHOOelCMBYIoWeli 8cex Cul msdcecmu, oeli-
CMBYIoWUX Ha 6ce yacmu menq. JTa CUJlA HA3bIBACTCS CUNOU MAdICECmU,
JEUCTBYIOLIEH Ha TEJO. m o

B omHoponxom mone Tsokectn (Hanpumep, BOMM3U 10-  (——H()
BEPXHOCTH 3€MJIM) IEHTP TSHKECTH Tella COBMAJAeT C €ro X,
LEHTPOM Macc. 3aMEeTUM, 4YTO yeHmp macc cywecmeyem |
He3a8UCUMO OM NOJIsL MANCECMU, 8 MO 8peMsl KaK 0 yewmpe < [ —>
MAdCECU UMEEem CMbICT 2080PUMb MOJLKO NPU HATUYUU Puc. 12
maKozo nos.

Hampumep, meHTp Macc ¥ HEHTP TSHKECTH TaHTeINH, PeACTaBIISIONIeH co-
0oii 11Ba mIapuka ¢ MaccaMu M, U M,, COEIUHEHHBIE KECTKMM HEBECOMBIM

crepykHeM JuuHbl | (puc. 12), coBmagaroT u pacrnonaraiorcs B Touke C
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OTCTOSILIIEH OT IIapHKa M, Ha PacCTOSHHE X = LI (moxaxkuTe 3TO ca-
m +m,

MOCTOSITENILHO). B OTCYTCTBHE MOJIST TSHKECTH IIEHTP MAcC TaHTEeNH OCTaéTcs
B Touke C, TOrJa Kak MOHATHE IIEHTPA TKECTU TEPSET CMBICIL.

3agaua 7. Kakyio ropu3oHTaIbHYIO CHIY HYXXHO MPHIOKUTH K OPYCKY
Maccoil M, HaxXoAsImeMycs Ha TJIaJKOW HaKJIOHHOW IUIOCKOCTH C YIJIOM Ha-
KJIOHA ¢, 4TOObI OH HE JABUTaNCS?

Pemenne. Ha Opycok (puc. 13) meiicTByroT cuia TsbkecTd MG, cuia

HOPMAJIbHOTO [1aBJICHHS N O CTOPOHBI HAKTOHHOM IIOCKOCTH U cHma F
KOTOpYI0 Hano HaWTH. (Cuiia TpeHUs! OTCYTCTBYET, ITIOCKOJIBKY [TOBEPXHOCTh

NN N S NN

>

Puc. 13 Puc. 14 Puc. 15
HAKJIOHHOM IJIOCKOCTH Tiajikas.) Tak kak OpyCOK HaXxOJUTCS B MIOKOE, 3aITH-
mem ycaosue (11) paBHOBecus: 6pycka, cuutas €ro MaTepHabHONW TOUKOM:

mg+ N +F =0. B npoekiusx Ha och OX, HalpaBIIEHHYIO BJIOJIb HAKIIOH-
HOH utockoctH (puc. 13), aTo ypaBHenue naér: Fcosa—mgsina =0. Ot-
kyna F =mgtga.

3agaua 8. Oxmoponnas Ganka (puc. 14) maccoir m(mg=1200H) u
JUIMHOM 2M oOmnupaercs O IIAJKWHN IOJI M TJaJAKUi BeIcTyn B Ha BhICOTE
1,5m nHag monom. banka cocrasinsiet ¢ Beptukansto yron =30 u yaepxu-

Baetcs BepéBkoit AC, HaTsHyTOH y nona. Halinmure cunmy HaTshKeHUs BEpEB-
KM M CHJIBI PEaKLuii 110J1a U BBICTYIIA.

Pemenne. Ha Ganky neiictBytotr (puc. 15) cuna tsxectn Mg (mpuito-

JKEHHAsl K IEHTPY TsbkecTn Oanku — Touke O ), cHila HATSOHKCHHS HUTH |

(npunoxennas k 6anke B Touke C ), cuia N HOPMAJIbHOHM pEeakLUu CO CTO-
poHBI ToNa (npwiIokeHHass B Touke C W HampaBleHHAs MEePIeHANKYISIPHO
MoJTy, T. K. MOBEPXHOCTh TIaJKas W TPEHUS HET) U cuja Nl HOPMaJIbHOM
PeaKuy co CTOPOHBI BBICTYMNA (MPUJIOKEHHAs! B Touke B u HampaBiieHHas

NEePIEHIUKYISPHO OanKe 1Mo TOW XK€ MPUYMHE OTCYTCTBHSI TpEHUs). 3aru-
mem ycnosus (12) paBHOBecust amsi Oajiku, MPeIBapUTEIHHO CIPOEIIMPOBAB
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yka3zaHHble cwibl Ha oc O'X u O'y W BbIOpaB Uil BEIYHCICHHS MOMCHTOB
9THX CHJI OCh, IPOXOAALIYIO Yepe3 TouKy C NepneHIuKYISIPHO MIIOCKOCTH
pucyHka 15:

O'x: N,cosa—T =0, O'y: N,sina+N-mg=0,

Ocv C: N, :|BC|—mg-|OC|-sina =0.

Mowmentst cunt T 1 N otHOCHTEnBHO ocH C OKa3aIuch HyIEBBIMH, T10-
CKOJIbKY JIMHUM JEHCTBUS 3THUX CHJ MPOXOAAT uepe3 Touky C wu, cienosa-
TENbHO, UX IUIEYM paBHBI HYIIO. B 3THX ypaBHEHHMAIX |BC| =|AB|/COSa =
=+/3 M, 1 TaK KaK HEHTp TSIKECTH OAHOPOAHBIX CHMMETPHUYHBIX TEI PACTIO-

JNOEH B MX TEOMETPUUECKOM ILEHTpPE HIIM HAa OCH CHMMETpHH (B HAIIEM
ciyyae — nocepeauHe Gaiku, B touke O ), 10 [OC|=1m. A

PemnB monydeHHYIO CHCTEMY U3 TpEX ypaBHEHHIA, \6

HaliéM F L \@
o] 0
Nl=mg-®-sma=2oo\ﬁH,T=Nlcosa=300H, ‘

[ joc| ]
N=mg-|1-——sin“a [=1027 H.
[BC|

* 3agava 9. JludpepeHIManbHbIN BOPOT IPEACTABIISLET
co00i1 ZiBa CKPEIUIEHHBIX COOCHBIX LWJIMHJIPA pajuyca-
mMu R=10cMm u r=8cM, Ha KOTOpbIE HAMOTaH TPOC
(puc. 16). Tpoc nepekuHyT Yepe3 MOJBWKHBINA OJNOK, U Puc. 16

€ro KOHIIbI 3aKperuIeHbl Ha IuTHHApax. [Ipu Bpamienun pykostkn OA u-
HOH L =20cM BOKpYr HENMOJABM)XHOW TOPHU30HTANBHOM ocu munuHapoB O
TPOC HaMaThIBaeTCsl Ha OOJBIION HWIMHIDP U CMAaThI- 4 %

BaeTCAd C MEHBIIETO, a TPy3, MOJBEHICHHBIM K IO- N 6
JBIOKHOMY OJIOKYy, TIOJHUMaeTcs. MaccaMu IHIINH- LINGA R

JPOB, PYKOSTKH, TPOCa, TOABMKHOTO OJIOKA U TpeHu- I ‘%’

€M B Ocsix npeHeOpeub. YCKopeHHe cBOOOIHOIO Ia- T T

JleHUs TIPHHATH paBHBIM ¢ =10 m/c’. T T
Haiinute wmuHumansayto cuny F, kotopyro

HEOOXOIUMO TPWIOKUTH K PYKOSITKE BOPOTA, YTOOBI
nogHuMaTth rpy3 wmaccod mM=140kr. (M®PTU, 7
2008r.) :
" L

Pemenne. M300pasum nHa puc. 17 cunbl, aei- [ Lo
CTBYIOIIWE HA IHUJIUHAPHI U TPy3, Tae depe3 | 000- 1
3HAa4YeHAa CHUJIa HATSDKEHHS TPOCa, CB3BIBAIOIIETO IO- mg
JOBWKHBINA 00K ¢ quddepeHnranbHbpIM BOPOTOM, de- Puc. 17
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pes3 Tl — CHUJIa HATSKCHHUA TPOCa, HA KOTOPOM K NOABHKHOMY 6J10Ky IOoJBEC-
IICH I'Py3, a 4€pe3 MJ — CHlia TSLKECTU I'py3a.

HOCKOJ’IBKy Maccoil MOABUAKHOTO 0JI0Ka MOXKHO HpeHerqu, TO B IIPOCK-
oUAX Ha OCh OlX MOHO 3a1ucaTb

2T -T, =0.
I[J'ISI Tpy3a, HaXOAAIICTOCA B paBHOBCCUH, B IIPOCKIUAX HA TY K€ OCb UMECM!
T,—mg=0.

s MOMEHTOB cuil, AeiicTBYomMX Ha AuddepeHIHaIbHbIH BOPOT, OTHOCH-
TEJIBHO OCH BOPOTa, Npoxosmei yepe3 Touky O, crnpaBeqyinBO ypaBHEHUE:

TR-Tr-FL=0.
Pemrag coBMecTHO TPpU HAIIUCAHHBIX YpPaBHCHUA, HaﬁHéM
R-r

F=——mg=70H. *
2L

§4. Umnyanc. PaGora. JHeprus

PemieHre MexaHHYECKHX 3a/lad 4acTO O0JIerdaeTcsi MPUMEHEHHEM 3aK0-
HOB M3MEHEHUSI U COXpaHEHHS UMITyJbca W dHepruu tena. OcoOeHHO -
(I)CKTI/IBHI)IM SABIACTCA HUCIIOJIB30BAHUEC 3THUX 3aKOHOB B TCX ClIydasdX, KOraa
JICHCTBYIOIME CHJIbI TIEPEMEHHBI BO BPEMEHH M HEIMOCPEICTBEHHOE pellie-
HUC ypaBHCHI/Iﬁ JUHAMHUKH C ITIOMOIIBIO METOJ0B SHCMCHTapHOP'I MaTeMaTu-
KU 3aTPYIHHUTEIBHO.

HarnomHuM, 4TO umnynbcom mena Ha3blBaeTCs BEKTOpHAs BEJIMYMHA P,

paBHasi IPOU3BEICHHUIO MAcChl M TENa Ha ero CKOpocTh U P =mM7.
Hmnynvcom cucmemot men P Ha3pIBAIOT BEKTOPHYIO CYMMY HWMITYJIBCOB
BCEX TeJ, COCTABJIAIOIINX 3Ty cucteMy. Hampumep, eciau cucrema COCTOUT
U3 TpEX TeN ¢ umIyiabcaMu [Py, P, U P, TO UMIIYJIbC TAKOH CUCTEMBI Tel
pase" P=p, + P, + Ps.
B o6mem cirygae UMIyJIbC Tena B MPOIECCE ABMKCHIS MOKET U3MEHSTh-

CA KakK IO BECJIMYMHE, TaK U 110 HAIIPAaBJICHUIO. HpI/I OTOM CIIpaBCAJINB 3dKOH
USMEHEHUS Uumnyilibca meid. npupaujerue umnyibca mejla paéHo npousee-

Oenuto pasrooelicmayioweu cunvl F na npomesxcymox epemenu At, ¢ me-

yenue xomopoeo owna Oeticmgyem Ha meno. AP =F -At. IlpousBenenue

F.At HasBIBAIOT UMAYIbCOM CUTbl. AHATOTMYHOE COOTHOLICHHE CIIpa-
BEJUIHBO U JUISi CHCTEMbI TeJI, TOTBKO B 3TOM CIIydae 1Mox F Haxo MoHHMATh
PaBHOEHCTBYIONIYIO TOIBKO BHEIHUX CIIT: npupawjenue AP umnynsca cu-
cmemvl mell paeHO UMNYAbCY pagHoOelicmaylowyeti F euewnux cun, Oeii-
CMBYIOWUX HA CUCMEMY . AP =F -At. BuyTpeHHue cuibl B3aUMOJECHCTBUSA
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MEXJy TellaMH, BXOISIINMHU B CHCTEMY, HE MOTYT U3MEHUTh UMITYJIbC CH-
CTEMBL.

W3 cka3aHHOTO CIEeNyeT 3aKOH COXPAHeHUs UMNYIbcd CUCTEMBI Tell (WIH
OTJENBHO B3STOrO Tena). Munynvc cucmemvl men (mena) coXpansemcs

(m. e. AP =0) npu 106bix 63aumodeticmeusx mei Cucmemvl, eciu UMRYIbC

paeHodeucmeyioweu F enewnux cun F - At pasen Hyno. IT0 BO3MOXKHO B
KaKOM-TTH0O 13 TPEX CIIydaen:

1) ecau BHEIIHUE CHJIBI HAa CUCTEMY (TEJIO) HE JACHCTBYIOT BoOOIIE (CH-
cTeMa U30JIMPOBAHHAs);

2) ecau paBHOAEHWCTBYIOMAass F BHENTHUX CHII, ACHCTBYIOIIMX Ha CHCTE-
My (TeJ0), paBHA HYJIIO;

3) ecu IPOMEKYTOK BpeMeHH Atl, B TedeHHe KOTOPOro Ha CHCTeMY (Te-

JI0) JEHUCTBYIOT BHEIITHUE CHJIBI, Mall (At — O), a paBHOJEHCTByIOIIas F
oTrpaHUYcHA 110 MOIYIIO (He OECKOHEYHO OOIbIIIAs).
Berpeuarores cuTyanmm, Korja UMITYJIb5C CUCTEMBI Tell (Tesa) B 11eJIOM He

COXPAaHACTCA, HO COXpaHAEemcCA npoexKyus Px HUMIIyJIbCa Ha HCKOTOPOC Ha-

npasnenne OX (AP, =0). 9To BO3MOXKHO B TPEX CiIydasix:

1) ecnu BHEIIHME CHJIBI, NIEUCTBYIONIME HA CUCTEMY (TEJO), HAPaBIICHbI
nepreHauKysipao ocu OX;

2) ecmn npoekuusa F, Ha ocs OX paBHOzelcTByromEed F BHEIHHX CHI
paBHa HYIIIO;
3) ecinu NpoMeKyTOK BpeMeHu At mail, a mpoekuus F, orpaHudeHa 1o

mogymo (|F,|# ).

Yacto npu peIICHUM 3aaad [JIsA ONPEACIICHUA UMITYJIbCa CUCTEMBI TEII
ObIBacT yI[OGHO BOCIIOJIB30BaTbCA IMOHATHUEM UYeHmpa Macc pacCMaTpuBac-

MOU cucTeMbl. MOXKHO MOKa3aTh, YTO umnyise P cucmemvl men pasen npo-
usgeoenuro maccot M cucmemor (m. e. cymmvl macc men, 6X00AUWUX 8 CU-

cmemy) u ckopocmu U, 0sudicenus e€ yenmpa macc (mouku C): P=M7g,.

B cBsizu ¢ 3THM cripaBeIIMBa meopema 0 08UNCEHUU YeHMPA MACC.! YeHmp
Mmacc cucmemvl men 0BUNCEMC MAK, KAK 08U2AIACL Obl MAMeEPUAIbHASL
MOoYKa, Macca Komopou pasHa macce CUCHeMbl, 0O Oelcmeuem Cuibl, pas-
HOU BeKMOPHOU CyMMe 8CeX 8HeWHUX cull, delicmeyiouux Ha cucmemy. Vic-
N0JIb30BaHue c(HOPMYIMPOBAHHON TEOPEMBI MTO3BOJISIET MOPOH CYIIECTBEHHO
YIPOCTUTH NPOLECC PELICHNUS 3a1aUH.

W3MmeHeHne uMItylibca Tena (CUCTeMBI) XapaKTepu3yeT JEHCTBUE CHIIBI B
TeYeHHEe KOHKPETHOTO MPOMEXYTKa BpeMeHHU. [l XapakTepHCTUKHU JIeii-
CTBHSI CHJIBI Ha OTIPE/ICIIEHHOM MEPEeMEIEHIH CIYXKUT (pu3ndecKas Beludu-
Ha, Ha3bIBaeMasi MeXaHuyeckou pabomotl.
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[lycts MaTepuanbHas TOYKA JBUXKETCS IO He-
KOTOpOI He 00s3aTelIbHO MPSIMOJIMHEHHOW TpacK-
topun (puc. 18). [lycTh Takke Ha MaTEpPUATBHYIO

TOUKY JeicTByeT cuna F , koTopas B o0mem ciy-
Yyae B IpoLEecCce NBMKEHHUS MOYKET MEHATHCA Kak
M0 MO0, TaK W IO HampapieHuio. Pazo0ném
TPACKTOPHIO Ha MHOXKECTBO CKOJIb YTOHO MajbIX
YYacTKOB, KaXKIbIH M3 KOTOPBIX MOYKHO CUHTATh

FS N
N\
v

Puc. 18

IPSIMOJIMHEHHBIM, & CHIy F Ha KaKIOM TaKOM y4acTKE MOXKHO CUHTATh
nocTosiHHOM. PaccMoTpum Manoe nepemenienue AS;, i=12,...

Pabomoui AA cunvr F na manom nepemewenuu AS; nazviearom eenudu-

HY, PABHYIO CKANAPHOMY NPOU3BEOEHUIO BEKIMOPO8 Fu Agi D AA = F -A§i.
ITo onpeneneHunIo CKaIsIpPHOTO MTPOU3BEACHUS MOXKHO 3aIIUCATh:
AA =F-AS;-cosa; =F; -AS, =F - AS, .,

TZIe o; — YroJl MEXIy BEKTOPaMu Fu A§i, Fs; — npoexuus F na nanpas-

JIEHHE ASﬁi,ASi'F — NPOEKIUs A§i Ha Harpasienue F.

Pabota A cunbl F Ha BCEM ydacTKe TpaeKTOPHH paBHA alreOpandecKoit
cymme pabor AA, coBepliaeMblX cuilod F Ha KaXIOM M3 MalbIX y4acT-

KOB, Ha KOTOpPBIE pa3duTa Tpaekropus: A= ZAA Korna na marepuanbHyto
i
TOUYKY JEHCTBYIOT N chil, ux oOIas pabota A paBHa anreOpanmdecKoi cyM-

n
Me paboT KaxI0i U3 CHJ B OTACIBHOCTH: A= Z A, 1=12,..,n
j=1
Ecnmu MBI MMeeM J1elio He ¢ MaTepHalbHON TOYKOM, a ¢ TBEPIBIM TEIOM
WM CUCTEMOH Tell, TO JaHHOE BBILIE OIpeAeIcHHe padOThl OCTAETCs CIIpa-

BCUIMBBIM, HO B 3TOM CJIy4da€ HAaJ0 TOJIBKO UMCTh B BUAY, UYTO IIOJ AS crte-

IyeT MOHUMATh nepemeujerHue mouku npunoxcenus cuavi F. Vrnopuposa-
HHE 3TOTO OOCTOATENBCTBA 3a4aCTYI0 HMPUBOJUT K OLIMOOYHBIM Pe3yibTa-
TaMm.

YacTto roBopar o pabore, KOTOPYIO COBEPINAET MIIM MOXKET COBEPIIHUTH
HaJl TEJIOM Kakoe-ibo Apyroe Teno. 31ech, BO M30exxaHue HeJopasyMeHHH,
HaJ0 4€TKO TIOHUMATh, YTO TI0 ONpPEeNIEHHI0 paboTy HaJ TE€JIOM COBEpIIAET
cuna, 0elicmeyIowas Ha He2o CO CMOPOHbL PACCMAMPUBAEMO20 OPY2020 Me-
aa.

CriocoOHOCTh KOHKPETHOTO Tella COBEpIIaTh PadOTy XapakTEpH3YIOT C
MOMOINEI0 2nepeuu. Kuaetndeckoit sHeprueit K aBmkymelics MaTepuaib-
HOM TOYKH Ha3bIBAIOT MOJOBUHY MTPOU3BEIEHHUS MacChl M TOYKH Ha KBaJpar
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eé ckopocTH v, T.e. K=mov? /2.

s ompeneneHusl KWHETUYECKOW SHEPTHH KOHKPETHOTO TBEPIOTO Telna
€ro cIielyeT MBICIICHHO pa30uTh HA MHOXKECTBO MAaTEpUAIILHBIX TOUYeK. Ku-
Hemuueckas snepeuss K mena 6yoem pasna ancebpauyeckoii cymme KuHe-

. miviz
muyeckux snepeuii K, 3THX MaTepHalbHBIX Touek: K = Z K, = ZT
i

B cjIyuac, Korga Tejo Maccoil M JBMKETCS MOCTYNATCIbHO (He BpaIlia-
HCI)), CKOPOCTH ©U; COCTAaBJIIOIHUX €ro MaTCpHaJbHbIX TOYCK B KaXXIbIi

KOHKpETHBIﬁ MOMCHT BPEMEHH OAMHAKOBBI U paBHBI CKOPOCTU U IOCTYIIa-
TEIHHOI'O0 ABIDKEHUS Teda. Torga KHHeTHYeCKas OHEPrus K Takoro tema B
COOTBETCTBHH CO CKa3aHHBIM BBIIIE B KAXKIbIH MOMEHT BPEMCHH paBHa

mov® o
K=iZKi=Z 5 :7Zmi'

OueBHIHO, YTO Zmi =m, rome M— Macca Tena. CiaeaoBaTeiabHO, KuHe-
i
muyeckas snepeuss K mena maccou M, 08udiCywe20cs noCmynamenbHo co
2

CKopocmblo 0, pdeHa K= . Ecim nBmkeHue Tema He IOCTYTIATEIBHOC

(mpucyTCTBYET BpallleHne), TO JAJI HaX0XKACHUS €0 KUHETHYEeCKOW SHEPTHU
3Ta (hopMyIia HEIIOCPEICTBEHHO HE ITPUMEHNMa !

Taxk, HanpuMmep, B ciTy4ae, KOra OJHOPOIHBIA 00pydY Maccoid M KaTUTCA
0e3 MMPOCKaJIBb3bIBAHUS CO CKOPOCTBIO U IO TOPU30HTAILHON IMOBEPXHOCTH,

ero KMHeTHYecKas SHeprus papHa K = mo?,

Kunerndeckas sHeprus Tela ecTh Mepa ero IBWKeHus. [Ipupawenue Ku-
Hemuyeckou snepeun AK paccmampueaemozo mena pagno cymmaphoul pa-
bome A gcex cun, delicmeyrOwWux Ha meno:

AK = A (13)
3necs AK — pa3zHoCTh Mexy KOHeuHbIM K, U HauanbHbIM K, 3HaueHu-
amu kuHetndeckoil sHeprun AK = K, —K,. YTBepxnenue (13) HazpiBaercs

meopemou 00 USMEHEeHUU KUHEeMU4eCcKoU SHep2Uul.

CuJibl, IEHCTBYIOIINE HA TEJIO, MOTYT Pa3IM4aThCs 110 CBOCU MPUPOJC U
CBOIcTBaM. B MexaHWKe CIIOKUIIOCH, B YaCTHOCTH, pa3JIeIeHue CHJI Ha KOH-
CepBAaTHUBHBIC U HEKOHCEPBAaTUBHBIC. KoHcepsamusHbimu (AT NOMEHYUATb-
HbIMU) Ha3bIBAIOTCS CUIIBI, pa00Ta KOTOPBIX HE 3aBUCHUT OT TPACKTOPUH JBH-
JKEHUS TeJa, a ONPEJIENIIeTCs TOJILKO HaYallbHBIM M KOHEUHBIM €T0 TMOJIOkKe-
HueM. TakuMu CUIaMHM SIBJISIIOTCS, HAPUMED, CHJIA TSHKECTH U CHIIa YIPYro-
ctu. B o0mem crmyuae paboTa JOOBIX KOHCEPBATUBHBIX CHII MOXET OBITh
MpEeJICTaBJIeHa KaK YOBbLIb HEKOTOPOH BeMWUYWHBI [/, KOTOPYIO HA3bIBAIOT
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HOMEHYUANbHOU IHepaueli TeMa:
A=1I —1II,. (14)
(YOBUIb BeMYUHBI OTIMYACTCS OT NMpUpalieHus 3Hakom: 17, —I1, =—All.)

Hanpumep, noteHumansHas SHeprus Tena Macchl M, HaXOZSIIErocs Ha
BBICOTE N Haja MOBEPXHOCTHIO 3eMIIH, paBHA [] =mgh, eciu 3a «HyJIeBOU
YpOBEHBY» YCIOBHO MPHHATA MOBEPXHOCTH 3eMid. [loTeHImansHas sHeprus
TeNa, HaXOJIIErocs MOJA JeHCTBUEM YIpPYrol cuibl aedhOopMHpPOBaHHON
npyuHbl, paBHa /7= kx’/2, rae X— BenuumHa AedOpManyH (CKATHS HIIH
pacTsDKeHHUS ) IPYKHUHBI, K — K03 (DUIMEHT KECTKOCTH NPYKHUHBI.

Hexoncepsamuenvimu Ha3bIBaIOTCS CHIIBI, paboTa KOTOPBIX 3aBHUCHUT OT
(GOpMBI TpAacKTOpUH U TpoiaeHHOro myTH. st Takux cui paBeHCTBO (14)
HEeCpaBeUIBO (TIOHATHE MMOTSHIMATBHON SHEPTUM He mpuMensercs). He-
KOHCEPBATUBHBIMH SIBIISIIOTCS, HAIIPUMED, CUIIA TPEHHUS CKOJBKEHHS, CHIIBI
COTIPOTHBIICHHSI BO3yXa WU JKUIKOCTH (3aBUCSILINE OT CKOPOCTH).

OU3NYECKYI0 BEIUYNHY, PABHYIO CyMME KHHETHYECKOW M MOTCHIINATh-
HOWM B3HEpruil Tena, Ha3bIBAIOT €ro Mexanuyeckou sHepauei E =K +I11.
Mo’kHO TOKa3aTh, YTO MPUPAIICHHE MEXaHUIECKOW PHEPTHH PAaBHO CyMMap-
HOW paboTe 4 HEKOHCEPBATHBHBIX CHJI, JEHCTBYIONINX Ha TEJO B IMPOIECCEe
nerkeHns. CleioBaTenbHO, ecii HeKOHCEPBAMUBHble CUNbl OMCYMCIMEYIOM
WU MAKOBLL, UMO He CO8epuiaom pabdomsl HAO MeloM 8 meyeHue uHmepe-
CYIOWe20 Hac 8pemenu, mo MexaHuyecKas 3Hepeus meida oCmaémcs nocmo-
auHoU 3a 3mo 8pemsa: E =const. DTo yTBep)KICHHE H3BECTHO KaK 3dKOH
COXpAHEeHUsL MEXAHUYECKOU IHePIUl.

B3aumopeiictBust Ten, u3yyaemble B MEXaHHKE, OTIMYAIOTCS OOJBIINM
pasHooOpazueM. YacTHBIM Cly4aeM TaKUX B3aUMOJICHCTBHI SIBISIOTCS
cmoaxkHnogenust Ten. Cpeau HUX BBIIEISIOT TAaK Ha3blBaeéMble yNpyrue M He-
ynpyrue cTojakHoBeHus. CielyeT OTMETUTh, YTO B y4eOHOM uTeparype Ha-
OirotaeTCsl HEKOTOpas HEONpPEeIeNEHHOCTh TEPMHHOIIOTHH Ha STOT CUET.
3nech Mbl OyZieM Ha3bIBaTh CTOJIKHOBEHUSI, IPH KOTOPBIX COXPAHSETCS CyM-
MapHas MeXaHW4ecKas DHEPTHsl Tell, abcoaomuo ynpyeumu (WA MPOCTO
ynpyeumu). Tak, HanpuMep, B OOJNBIIMHCTBE CIIy4acB MOXHO CUHTATh abco-
JIOTHO YIPYTHM IEHTPaIbHOE CTOJIKHOBEHHE JIBYX CTANBHBIX IIAPOB.

CTONKHOBEHUS, NMPH KOTOPBIX HM3MEHSETCS CyMMapHas MeXaHHYecKas
SHEPTHUs B3aUMOJIEHCTBYIONINX Tell, Oy/eM Ha3bIBaTh Heynpyeumu. VizmeHe-
HHE CyMMapHOH MEXaHHYECKOW 3HEPrHH NMPH TaKUX CTOJIKHOBEHHSX Xapak-
Tepusyercs e€ yOBUIbIO M COMPOBOXKIAETCS, HAIPUMED, BBIIETICHHEM TeTIa.
[IpruéM KOMMUYECTBO BBHIJECTUBILEHCS TEIUIOTHI B TOYHOCTH PaBHO YOBLTH
MEXaHMUYECKOH PHEPruM cucTeMbl. Eciin Tena mocie CTOJIKHOBEHHUS ABHKYT-
sl KaK equHOe 11esioe (C OIMHAKOBBIMU IO BETTMYMHE M HAIIPABJICHUIO CKOPO-
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CTSMH), TO TAKOE CTOJIKHOBCHUE OYE€M Ha3bIBATh AOCOIIOMHO HEYNPYUM.

3agaya 10. C HaKJIOHHOW MJIOCKOCTH OAHOBPEMEHHO 0€3 HadalbHBIX
CKOPOCTEH HAaUMHAIOT COCKAJIb3bIBATh OPYCOK M CKAaTHIBAaThCs 0€3 MPOCKab-
3pBaHus 00pyd. [Ipu xakoMm ko3 HUIMEHTEe TPEHUS! CKOJNBKEHUS MEKIY
OpyCKOM ¥ HaKJIOHHOW IIOCKOCTBIO 00a Tena OyayT ABUTATHCS, HE OOTOHS
Ipyr apyra? Yroj HakjIoHa IVIOCKOCTH K TOPU30HTY PaBEH .

Pemenue. 113 TMHaMUKKM M3BECTHO, YTO YCKOPEHHE &, OpycKa, CKOJIb3d-

IEro 10 HaKJIOHHOM IJIOCKOCTU BHU3, PABHO & = (sin a-— ycosa).

[Tycts 00pyd CKaThIBaeTCSl C HAKJIOHHOW MJIOCKOCTH B TEYCHUE BPEMEHU
t. 3a 3T0 BpeMs ero LEHTp Macc MpoHaeT myTh |, paBHbIA AJTMHE HAKIIOH-

HOM IIJIOCKOCTH. HyCTL CKOPOCTh LI€HTpAa MaccC o6pyqa B KOHIIC 3TOI'0 IIYTH
2

at
paBHa v . M3 KMHEMAaTHKU U3BECTHO, 4TO | :27’ v=a,t (rme a, — ycko-

pEHHeE LIEHTpa Macc o0pyya).
[Ipupamenre KHHETHYECKOH »Heprud oOpyda 3a Bpems t paBHO

AK =K, —K,. Tockoneky K, =0 (mo ycnosuro), a K,=Mv’, rie M —
Macca oopyda, To AK =Mo?. C apyroii CTOpoHEI, 110 TeopeMe 00 H3MeHe-

HUW KWHETHYECKON DHEpPruu 3Ta BENWYMHA paBHA paboTe BCeX CHII, NEH-
CTBYIOIINX Ha 00pyd B TeueHne BpemeHu t. C yu€ToMm 3TOro nmeem:

Mv* = Mglsine,
roe Mglsina — pabota cuibl TsDKeCTH (TIOKQKUTE 3TO CaMOCTOSTEIBHO).

Cuna HOpMaJIbHOH peakuuu onopsl paboThl HE COBEpIIAeT, TaK KaK HaIpas-
JieHa TIePIEeHANKYIISPHO MEepEeMEIEeHHI0 LIEHTpa Macc o0py4a. PaboTa cuisl
TPEHUs TaKXKe PaBHA HYIIIO, TaK KaK 00pyd KaTUTcs 6€3 MpOCKaib3bIBaHUS U,
CJIeIOBATENIbHO, B KaXKIBIH MOMEHT BPEMEHHU CKOPOCTh TOYKH KacaHHs 00-
py4a ¢ HAKJIOHHOH IIOCKOCTBIO (TOYKH NPHIJIOKEHHS CHIIBI TPEHHS) pPaBHA
HYJII0. YUUTHIBasi KMHEMAaTHUYECKUE ypaBHEHHS,

HaloéM a, =%Sina. Tena He OyayT OOroHSATH

1
Jpyr apyra, eciu @, =4a,. Orcrona p = Etga .

3agauya 11. Ha noaBu»XHOUM TeE)KE MACCOHU

M , HaxojsIIeics Ha TOPU30OHTAIBHON IUIOCKO- | M |
CTH, C IIOMOIIBIO JIEFKOTO CTEPXKHS, KOTOPBIMA ) )
MOKET CBOOOJHO BpalaThcs BOKpPYr Touku O

(puc. 19), noaserieH MaJleHbKHUIA IIAPUK MACCOU Puc. 19

m . Brauane cucrema nokomnack. Illapuky KpaTKOBpEMEHHBIM YJIapOM CO-
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O0IIaIOT TOPU3OHTAIBHYI0 CKOpOocTh v . Ha Kakyio HamOONBIIYIO BBICO-
Ty H o cpaBHEHHIO C NEpBOHAYAIbHBIM YPOBHEM IIOAHHUMETCS IMIAPUK?

CuuraTh, YTO YToJl OTKJIOHEHHUS CTEPIKHS OT BEPTHUKAIN He TpeBbimaet 90°.
Tpenrem u Maccoit Konéc Tenexku npenedpeys. (MHCTUTYT Kpunrorpadum,
cBs13u ¥ nHpopMatukn Axagemun ®Ch P®, 2005 r.)

Pemenne. B ropu3oHTaIbHOM HANpaBICHHA HA CHCTEMY «IIAPHK—
TEJCKKA» HUKAKUE CUIIBI HE JCUCTBYIOT (TpeHus Her). Cuiia ympyrocTu
CTEepKHS, HA KOTOPOM TIOJIBEIICH INAPHK, SIBISETCS BHYTPEHHEW CHIIOW, W
UMITYJIbCa CUCTEMbl U3MEHHUTHh HE MOXET. TakuMm o0pa3oM, MPOEKIUs UM-
MyJIbCa CUCTEMBI «IIIAPHUK — TEJICKKA» HAa TOPU30HTAILHOE HAIpaBJICHUE CO-
XpaHsiercsi. B HavanbHbI MOMEHT OHa Obllla paBHA MU, & B MOMEHT JIOCTH-
JKCHUS IApHUKOM MaKCHUMaJILHOH BBICOTHI H IIapyK U TCIJICKKA ABUKYTCSA C

OIIMHAKOBOH CKOPOCTBIO U; B FOPU30HTANLHOM HampasieHuu (Ha puc. 19 —
BrpaBo). C y4éTOM COXpaHEHHS MPOEKIMU UMITYJIbCa Ha HATPABJICHUE JIBH-
KEHUS TEJEKKN UMEEM:
mo=(m+M)uv,.
Cuuras IMOTCHUHAJIBHYIO JHCPIUI0 HIapuKa B II0JI€ CHUJIBI TAKECTU B
HAYaJIbHBI MOMEHT PABHOM HyJIIO, MOKHO 3allMCATh 110 3aKOHY COXPAHEHHUs!

N v° (m +M )vlz
MEXaHUYEeCKOW IHEPTUH: =mgH + —
N Mov°
W3 nByx HamMcaHHBIX YpaBHEHUH Moidy4daeMm oTBeT: H = ———.
2(M +m)g

3agaua 12. Teno ABIKETCS CO CKOPOCTBIO U; =6M/C U JOTOHSET TaKoe
e TeJIo, IBHKYILEECS CO CKOPOCThIO U, =3M/c (BIOJb TOM K€ MPSMO).

Omnpexenure CKOPOCTH TEJ MOCIE LEHTPAILHOTO a0COMIOTHO YIPYTroro yaa-
pa. (MUBM, 2006 r.)

Pemenme. Y aap Ha3bpIBaeTCs LIEHTPATBHBIM, €CJIM CKOPOCTH TeJl A0 yaapa
HaIpaBJIeHBI BJIOJb JIMHUM, COCAMHSIONICH IeHTphl Macc Ten (puc. 20 a).
3ajlaHHBIE CKOPOCTH U, M U, HAIPaBIICHBI BJIOJIb OAHOH npsMoii. Hampasum
ocb OX mapajuiesbHO 3TOH MPSIMOM B CTOPOHY IBMKeHus Ten. IlycTs cko-
pOCTH TeJl Mocie yaapa paBHbI U, U U,. DTH CKOPOCTH B JaHHOM CIIydae
MOTYT OBITH TOJIbKO mapasuiensHbiMu ocu OX . [IpenmnonoxkuTensHO Hampa-
BMM HX TaK, KaK Moka3aHo Ha puc. 20 0.

CucteMy Ten OyaeM cUUTaTh 3aMKHYTOH (B YCJIIOBMHM MHOTO HE OTOBOpE-
HO). Ilo 3aKoHy coXpaHeHHsI UMITyJIbca CyMMAapHBI UMITYJIbC TeJ OO yAapa
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paBeH CyMMapHOMY WMIIYJBCY TeN IMociie yaapa. B mpoeknusx Ha och OX
MO3KHO, CJI€I0BATEIBHO, 3alUCaTh:

Mo, + Mo, = Mu,, + M, (15)
Y y
m — m — m - m —-
| 0, ] 2 | i, ] 4
L~ | | | | | I I
>
o x 0 *
Puc. 20a Puc. 200

rae u,, ¥ U, — NpoeKuu Ha ock OX BEKTOPOB U, U 1, COOTBETCTBEHHO.
(Ecnn HampaBrieHMs: BEKTOPOB 1, U U, BBIOpaHbI IPABWIBHO, TO U, =U;, &
U,, =u,.) Ilo ycinoBuio ymap aGCONIOTHO YNpPYTHif, CIEZOBATENBHO, CyM-
MapHasi MeXxaHH4ecKasi SHeprus Tell coxpansercs. Toraa
2 2 2 2
mo. mo mu mu

Ly —2 =—L 42 (16)

2 2 2 2
[Ipu 5TOM, B CBSI3M C BBIIIC CKAa3aHHBIM, HE3aBUCHMO OT 3HAaKa IPOCKIUH
Uy, U Uy, !

2 2 2 2
wo=u," mou, =u,’. 17)
Ileperpynmupyem cinaraemeie B (15) u cokparum Ha M. Toraa momydnM:
Oy — Uy = Uy =0y (18)

AmnanornuHo ypaBHeHue (16) npeoOpaszyem K Buay:
2 2 2 2
v —u =u,"-0v,.
Wmu ¢ yu€rom (17)
2 2 _ 2 2
Up — Uy = Uy — Uy
Bocnonb3oBaBmmch anredpandeckoi GopMyiol JUisi pa3HOCTH KBaJpaToOB,
MOYKHO 3aIHCaTh:

(Ul — Uy, )(Ul + Uy, ) = (uzx -0, )(uzx + Uz)-
IMockonbky v, —uy, =U, —0, (CM. BBIIE) W, O4EBHAHO, U, —u, #0 u
U, — 0, #0, TO COKpaTUB Ha ITU BBIPAKEHMUS, IOTYUUM:
U Uy = Uy + 0, (19)
Beorantas (18) u3 (19), Haiiném u,, =v,. CruaasiBas (18) u (19), nonyuum
U,, =0, . Bugum, 4T0 %, M U, NOIYYUIUCH HNOJIOXKHUTEILHBIMU. 3HAYUT
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HaIlpaBJIeHHs CKOpOCTed 1, U U, yka3aHsl Ha puc. 20 6 BepHO. B paccmat-
pHUBaeMOM cilydae Tena B pe3yjbTaTe yaapa «0OMEHUBAIOTCS CKOPOCTIMH:
u, =v, =3m/c, u, =v, =6M™/c.
* 3agauya 13. JIérkuil IUTAaCTHIIMHOBBIN IIAPHK
Maccbl M JIETHT CO CKOPOCTBIO U W CTalKUBACTCS C
MAaCCHUBHOU IJIUTON, ABMKYIIEHCS HABCTPEUY IIAPUKY
co ckopocthio # (puc. 21). Kakoe koimuecTBo Terl- v
JIOTHI BBIACTUTCS NPU a0CONIOTHO HEYNPYIOM CTOJIK- M —0O
HOBEHUH LIapHKa ¢ mnToi? Maccy M miuTel cuu-

TaTh MHOT'O OOJIBIIIEH MaccChl MapuKa (M >> m). 0 X

Pemenne. Hampasum ocs OX B CTOpPOHY JBHKE- Puc. 21
HUS IUTUTH, Kak moka3aHo Ha puc. 21. Ilycts ’
U,— COBMECTHasi CKOpPOCTh IUIUTBHI C IIAPUKOM IIOCJIE CTOJKHOBEHMs (Ha

puc. 21 He mokazana). Cuutasi, 4TO MOCIIEC CTOJKHOBEHUS TUIUTA C IAPHUKOM
JIBYDKYTCSL B TOM JK€ HAMPABICHHUH, YTO Y TUTUTA IO CTOJKHOBEHUS, IO 3aKO-
HY COXpaHEHHUS UMITyJIbca (CHCTeMa Tell 3aMKHYTa) MOYKHO 3alMcaTh B IPO-
eknusax Ha ocb OX ypaBHEHHE:

Mu—mo=(M +m)u,.

Mu —mo M m
Ortcrona ckopocTh U, paBHa: U, = = u- v
M +m M +m M +m

[Ipeobpazyem 3T0 BEIpaXeHHE CIETYIOIIAM 00pa3oM:

m

e Mm 4 mm . lmu_ Mm
M| 1+— M|1+— 1+—  1+—
) ) e

m
Cuutasi OTHOILIEHUE m Omm3kuM K Hymo (o ycioButo M >>m) u

0.

o m
r[peHe6pera;1 UM IO CPABHCHHIO C CIOAWHULICU (V <<l) B 3HAMCHAaTCJIC

YMEHBIIIaeMOT0, & BEIUUTAEMOE 10 TOH ke IMPUUNHE 0TOpackIBasi BOBCE, I0-
Jy4uM U, =U, TO €CTb IIOCJIE CTOJKHOBEHUs LIAPUK C IUIMTOM IBUXKYTCA C
TOM K€ CKOPOCTHIO, UTO W IUIUTA 10 CTOJKHOBEeHHs. IHBIMU ciioBammu, CKO-
pocTh IUIUTHI HE M3MeHMnack. Ilepeliném B cucteMy OTCUETA, CBA3AHHYIO C
IUIMTON. B cBETE CKa3aHHOTrO 3Ty CUCTEMY OTCUYETA MOKHO CUUTATh UHEPLIM-
anbHOM. B Hell ruMTa MOKOWTCs, a IApHK 0 yJaapa JBHKETCS HaBCTPEUy
IUINTE CO CKOpocThlo ©+u. ClenoBarenbHO, TMEped  CTOIKHOBEHHEM
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(u +v)2

m ,
K= . Ilocire cTOMKHOBEHUS B BBRIOPAHHOM CHCTEME OTCUETA TITH-

Ta U MIApUK MOKOSTCS, UX CyMMapHas MEXaHUYECKasi YJHEPrusl paBHA HYIIO.
YObUIh CyMMapHOH MEXaHWYEeCKOW YHEPrHH Tel paBHA NCKOMOMY KOJHYe-
CTBY TEILIOTHI
2
m(o+u
ILICEL)

2
3apauya 14. Illap maccoii M =2Kr, IBWXKYILUHICA CO CKOPOCTBIO

v, =2M/c , CTAJIKUBACTCS C MIAPOM MACCOi M, =1Kr, IBMKYILHMCS CO CKO-
pocteio v, =3M/c. B pesyipTare CTONKHOBeHHs miapbl ciaunatTces. Ompe-

JEJIUTE KOJWYECTBO BBIACIUBIICHCS HpPU CTOJIKHOBEHUM TEIUIOTHI U COB-
MECTHYI CKOPOCTh LIAPOB MOCJE CTOJKHOBEHHS. B MOMEHT CTOJIKHOBEHUS
CKOpOCTH LIAPOB B3aMMHO MEPICHANKYJISIPHBL.

Pemenne. M3 ycnoBusa 3amaum clenyer,
YTO CTOJIKHOBEHHE aOCOIOTHO HEYIPYToe, U
MOCJIe HEro Mmaphl OyIyT IBUTAThCS KaK OHO
nenoe (puc. 22). Cumras cuctemMy Ten 3a-
MKHYTOH, 10 3aKOHY COXPAHEHUS UMIIYJIbCa
AMEEM:

mo, + m,0, =(m, +m, )u, N
rae U— COBMECTHas CKOPOCTh CIHIIIHXCS
[IapoB IOcjie CTOJIKHOBeHUs. Hammcannoe
ypaBHEHHUE MPOUIUTIOCTPUPOBAHO HA pUC. 22. m
BozBeném o0e wactu 3TOro ypaBHEHHS B
KBajgpar: Puc. 22

— - — 2 .
M, + 2MM, 0y O,+ M0,°= (M, +m, )" G
ITockombKy MO YCIIOBUIO CKOPOCTH U; U U, B3aUMHO NEPHEHIUKYISPHBI, TO
UX CKaJSIPHOE IPOU3BEICHNE PAaBHO HYNIO: U - U, =0. YuuThIBast Takke, 4To

=2 2 =2 2 =2 2 2,2 2,2 2 2
o’ =v;,0," =v;, U° =U°, monydum Mo +m;o; =(m +m,) u’.

OTkyna MOJlyJIb HCKOMOM CKOPOCTH U paBeH mJ, (mm)u
2.2 2.2
ﬂ/m v, +Mv;, 5 Mm
u z#z__zljwc.

m, +m, 3¢
HaHpaBJ‘IeHI/Ie CKOpPOCTHU U cocraBisieT yroi o ¢
HalpaBJIEHHEM CKOPOCTH U; (pHc. 23), mpuuém
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m,v, 3
tga = —22 == (cm. puc. 23).

mov, 4
HCKOMOE KOJMYECTBO TEIUIOTHI, BBIICIUBLICHCS TIPU CTOJKHOBEHHH, OyIET
PaBHO YOBUIH CyMMapHON MEXaHMYECKON SHEPTHH II1APOB:

2 2 2

0- mo, | Mo, _(ml +m, )u
2 2 2

KoHTpoJbHBIE BONIPOCHI

1. MarepuanbHasi TOYKa IBMKETCA IO OKPYKHOCTH PaJHycoM 2M .
Haiinute myTh u nepeMeiiieHiue TOUKH 3a BpeMs, B TEYCHHE KOTOPOro pajnyc-

BEKTOP TOUKH MOBepHYJics Ha 90° OTHOCHTENHHO CBOErO MEPBOHAYAILHOIO
nojoxeHus. Hauano paagnyc-BeKTopa COBIAAAET C LIEHTPOM OKPY>KHOCTH.

2. Mstu ObL1 OpOILIEH ABaXKABI C TOBEPXHOCTHU 3€MITH BEPTHKAIBHO BBEPX.
Bo BTOpOIi paz emy cooOIMIA CKOPOCTh, B 4 pa3a 0OJIbIINYIO, YeM B IEPBBIi
pa3. Bo ckombko pa3 BeIIlE TOJHUMETCS M4 TIPH BTOPOM Opocannu? Msd B
nonére He Bpamaercs. COnpoTHBICHHEM BO3TyXa MpeHeOpeyb.

*
3 .Touku A u B mBmxyrcst Bmonb oanoit koopaunatHoi ocu OX . Ilpu
5TOM KOOpJMHATA TOYKM A H3MeHseTcs 1o 3akoHy X, =4—t°. B To ke

BpeMsl OTHOCHTEIBHO TOUYKH B Kkoopiaunara Toukm A omnmchiBaeTcs ypas-
HeHueM X, = 2t° —4t —2. HaiiguTe o 5TUM JaHHBIM YCKOPEHHS TOUEK 8,

U Ag ¥ UX CKOPOCTH Up M U B MOMEHT BpeMeHHu t =1C ¢ MoMeHTa Havana
JIBIDKCHUS.

*

4 . Touka ABWKETCS B IIOCKOCTH XY BJIOJb OCH X C IMOCTOSIHHOM CKO-
pocteto v, =0,5m/c, a Bosb ocu Y Tak, 4TO ypaBHEHHE TPACKTOPHU UMEET
BUJT y(x):4xz+16x3. Haiiti 3aBUCHMOCTBH CKOPOCTH JIBM)KCHHS TOYKH
B10abL ocu Y OT BpeMmenw, nojnaras, 4ro npu t =0 Touka maxomumach B
Havase KOOp/HHaT.

5. [IpoBosioka BBIAEPKHBACT I'Py3 MakCHMalbHOW Maccel M. =500kr
B COCTOSIHUM NOKOsA. C KaKUM MaKCHMaJIbHBIM YCKOPEHHEM MOXKHO TTOJIHH-
MaTh Tpy3 Maccel M=400Kr, MoJBEIICHHBIH HA 3TOW TPOBOJIOKE, YTOOBI

OHa He o0opBaack?
6. Bpycok maccoit m=10Kr MOJOXWJIA Ha HAKIIOHHYIO TUIOCKOCTh C YT-

oM HakioHa o =60" k ropuzonty. KodGuIMEHT TpeHUsS CKOJbKEHUS

© 2013, 30T M®TU, Yyrynor Anekceii FOpbeBiu
29



2013-2014 yu. rog, Nel, 11 kn. ®usuka. OCHOBHBIC 3aKOHBI MEXaHUKHU

MEKIy OpyCKOM M HaKJIOHHOH IUIOCKOCTBIO paBeH | =0,1. Yemy paBHa cu-

Jia TpeHUs, AeUCTBYIOIIAst Ha OpyCOK?

7. B ycnoBHsX MpeapIIyniero KOHTPOIBHOTO BOIIPOCA ONPEICTHTE, YEMY
paBHa paBHOJEHCTBYIOIIAs BCEX CHII, JEHCTBYIOMINX Ha OPYCOK.

8. B ycnoBusix KOHTpOIbHOTO Borpoca Ne6 ompeznenute, ¢ KaKUM yCKO-
peHreM OyIeT CKOIBb3UTh OPYCOK IT0 HAKIIOHHOH TTOCKOCTH.

9. C 6GankoHa, Haxozsierocs Ha Beicore h=10M Hajg 3emiéi, Opocun
BBEpX MAYMK Maccoid 0,5Kr 1moJ HEKOTOPBIM yIJIOM K TOPH30HTY CO CKOPO-

cTei0 v, =10M/c . Msauuk B monére He Bpamaercs. IIpuHsaB 32 ypoBeHb OT-

cdeTa MOTCHUWAILHOW SHEPTUM TMOBEPXHOCTh 3€MIIH, OMpEAeTHTe, 4YeMy
paBHa MeXaHUUYECKasi SHEPIUs MAYMKa B MOMEHT Opocanus. ConpoTHBICHH-
€M BO3/1yXa IpeHeOpeyb.

10. B ycioBusiX mpeApAymero KOHTPOJIBHOTO BOTIPOCA OMpPEAETHTE Me-
XaHWYECKYIO SHEPIHI0 MSIYMKA B MOMEHT €r0 MaJeHHUs Ha 3eMIIIO.

11. B ycnmoBusX KOHTPOJBHOTO Bompoca Ne9 ompenenaute CKOPOCTh Ms-
YHKa B MOMEHT €ro0 MaJIeHUsI Ha 3eMJIIO.

12. Ilo TOpU30HTANIEHBIM pelibcaM €O CKOPOCThI0 U =20KM/4 IBMKETCS
no uHepuuu atgopma mMaccel M =200kr . Ha Hee BepTHKaNbHO magaeT
kaMmeHb Maccel M=50kr u octaércsa Ha mmatdopme. Uepes HEKOTOpoe Bpe-
Ms B IUIaTGOpMe TOYHO IO KAMHEM OTKPBIBAETCS JIIOK, KAMEHb IIPOBAJINBA-
eTcs BHU3 Ha 3eMiito. C Kakod CKOpOCThIO U JBMXKETCS MOCJE ATOTO ILIat-
thopma? Tpenuem npereOpeyb.

3agaun

*
1 .Tlo TOPHU30OHTAJIbHOU MOBEPXHOCTH CTOJIa IPOTATUBAIOT C TIOCTOAHHOU

CKOPOCTBIO U TOHKYIO JIeHTy mmpuHoit d . Ha neHTy Bbe3kaeT CKomb3smas

4 ) -
o CTrojly MOHE€Ta, HuMCAd CKOPOCTb E'U, 4,0 0
3
d

HaIPAaBJICHHYIO MEPICHIUKYIAPHO Kparo JICH-
THl (puc. 24). MoHeTa CKOJB3UT MO JIEHTE U
\v

MOKU/IAET €€ CO CKOPOCTHI0 U OTHOCHUTEIBHO

CTOJIa TIOJ HEPaBHBIM HYJIIO YIJIOM K Kparo

nentsl. 1) Haiinure Moy CKOPOCTH MOHETHI Puc. 24
OTHOCHTENILHO JICHTHI B Havalle JIBWKEHUs 1o JyeHTe. 2) Haiinure ko3hdu-
IUEHT TPEHUS CKOJIBKEHUS MEX Ay MOHeTo u ienToid. (MDTH, 2004r.)
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2. TOHKMIA OXHOPOAHBIN *)ECTKMi cTepkenb AB mox-
BEILIEH y TJIAJKON CTEHKH C TIOMOUIBIO JIETKON HEpacTsHKU-
moii Hutn BC, kak mokazano Ha pucyHke 25. Konernr A
CTEp>KHsI HE 3aKPEIIEH U OmHupaeTcs o cTeHky. Onpenenure
YOI &, KOTOPBIH COCTaBJIS€T HUTh C BEPTHUKAIBIO, €CIH

yron 3 =45".(MI'V, xum. dax. 2003r.)

3. K onHOMY KOHITy JIEFKOW HEPACTSHDKUMOM BEpEBKH, ITe-
peKkuHyTOl uepe3 OJIOK, MoaBelieH rpy3 Maccoit m=10kr
(puc. 26). C kakoii cunoii F HyXHO TSHYTh BEPTHKAIBHO
BHHU3 32 JPYroil KOHeI| BepEBKHU, YTOOBI IPy3 MOIHUMAIICS
BBEpX C ycKopeHHeM a=1m/c’?

%

4 . Ha riamkodi TOPH30HTAIILHOW MOBEPXHOCTH CTOJA
HaXOJUTCA KIIMH C YIIIOM ¢ IIpHU ocHOBaHuU (puc. 27). bpy-
COK Maccoil M, OJIOKEHHBIN Ha KJIMH, OMyCKaeTCsl C HEKO-

-
TOPBIM TIOCTOSIHHBIM yCKOPEHHEM OTHOCHTENBHO CTOJIa, F
HAIPABIICHHBIM 110X yrioM [ K ropusonty (B> a). Ompe- v
Puc. 26

nenute Maccy M kmuna. TpeHueM Mexay GpPyCKOM U KITH-
HOM mpeHeOpeus. (MHCTUTYT Kpunrorpaduu, cBsS3u U WHPOpMATHKH AKa-
nemuu OCB).

:|a
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Puc. 27 Puc. 28

5. BeprukanbHas CTEHKa IBMKETCS TOPU30HTAJIBHO C YCKOPEHHEM 4,
TOJIKas Tepesi co0oit mpsMoyronbHbBIN Opycok (puc. 28). Onpenenure Benu-
YMHY MUHUMAJIBHO BO3MOXHOTO KOA(HUIMEHTa TPESHHUS MEXIY OpyCKOM U
CTCHOM, NpU KOTOpoM Opycok He manaet. (HoBocuOupckuii rocymapcTBeH-
HBI YHUBEPCHUTET).

6. Ha nérkoii mutn qyuaod L Bucut map. Ilynst JeTHT rOpu3OHTAIBHO
CO CKOPOCTBIO Uy, NpPOOMBAET INAp M TNPOAOILKAET JIETETh B HNPEKHEM
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HaIllpaBJICHUU. B pe3yabTaTe MaKCHUMaJIbHBINA YroJ1 OTKJIOHCHUS 1Iapa Ha HU-

™ okazancs o = 60°. Macca mapa B 10 pa3 Gosiblie Macchl IyJiu.
1) Haiiti ckopocTs mapa cpasy mocie BpUIeTa U3 HETO ITyJIH.
2) Haiitu ckopocTs BeuteTeBIel u3 mapa mymu (MOTH, 1997r.).

7. Ha rnankoil ropu3oHTaqbHONM MOBEPXHOCTH CTOJIA TIOKOMTCSI TOPKa C
JBYMsI BEpIIMHAMH, BBICOTBI KOTO-
peix H u 3H . Ha neBoii Bepuinne
ropku (Bbicotoit 3H ) wmaxomurcs
mraiiba maccoir M (puc. 29). Macca 3H
TOPKH 5M, e€ MOoBepXHOCTh TiaJ- 5m H
kasg. OT HE3HAYMTENBHOTO TOJYKA
BIIPABO I1aii0a MPUXOTUT B JBHIKE-
Hue. Haiitu ckopocTe miaiidbl Ha
npaBoil BepinHe Topku (Bbicotoir H ), ecnu: 1) ropka 3akperieHa Ha CTO-
ne; 2) ropka He 3akpervieHa. CanTaTh, YTO MIPH ABIKEHUH Iaiida He OTpHI-
BaC€TCd OT MOBCPXHOCTU I'OPKH, a MOCTYNATCIIbHO ABMXKYIAACA IOpKa — OT
noBepxHocTH crosa. (M®TU, 1997r.)

m

Puc. 29
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