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T'PEYECKHUMN AJIGABUT

A, a — ampda; B, B — Oera; ?, vy — ramma; A, d — genpra; E, € — sncuion,
7, — m3era; H,n — ota; ®, 0 — ™T1a; I, 1 — Mora; K,k — kanma; A, A —
nam6aa; M, u — mro; N, v — Hio0; E, £ — kcu; O, o — omukpon; I1, 1 — mu; P, p —
po; £, o — curma; T, 7 — Tay; V, v — uncuion; @, ¢ — ¢u; X, y — xu; ¥, y -
rcu, ), ® — oMera.

®YHKIAW, TPON3BOJIHBIE ®YHKIAN

[Tycts y = f (X) — ¢dyHKIM, 3a1aHHAS B OKPECTHOCTH HEKOTOPOW TOUKU X, Ha
9HCIIOBOM ocu X, U mmycTh AY = f (X, + AX) — f (Xy) — ee npupaienne B OKpeCTHOCTH
9TOU TOYKHU, COOTBETCTBYIOILEE IPUPALLECHUIO apryMeHTa AX = X — Xg .

[Ipenen oTHOLIEHUS

f (X +Ax)— f(x A

f'(x)= lim (% )= T00) _ lim 2

Ax—0 AX Ax—0 AX
Ha3bIBaeTcsl mpousBoaHoW ¢yHkumu Y= f(X) B Touke X,. pyrue oGo3HaueHU

. , df (x) d
IPOM3BOIHOM B Touke X — f (X), d( ) f( ), — yx, y.
X
[TpousBomHas ecth Mepa CKOpOCTI/I MU3MEHCHHUS y oTHOCUTENIbHO X . IlycTh
y=f(X, X, ..., X;) — nericTBuTeNbHAS QYHKIUS N TEPEMEHHBIX Xq, Xo, ..., X, . Ya-
CTHasi TpOW3BOAHAs mepBoro mopsaka GyHkmuur Y = (X, Xy, ..., X,) 1O X ecTbh
npeaen

lim f(x +AX, Xpo oo X)) = F 04 X, s X)) _ OF _ 0y
Axg—0 AXq X axl
OTa Npou3BOAHAsA €CThb MEpa CKOPOCTH M3MEHEHMsI Y OTHOCUTEIBHO X; NP (PUKCH-

= 1, (% Ko o %)

POBAHHBIX 3HAYCHUAX OCTAJIbHBIX HC3aBHCHUMBIX IICPCMCHHBIX. AHaJIOTUYHO o1pcac-

JIAIOTCS. YacTHBIC MPOM3BOAHBIC MO Xy, X3, ..., X, . Kakgas dacTHas HpoM3BOIHAS
of . .

o MOXeT OBITh HaliieHa IOCPEJCTBOM B3ATHS TNPOU3BOAHOW OT (yHKUIUH
X

f (X, X5, ..., X;) MO Xy, eciu ocTanbHbIe N —1 HE3aBUCUMBIX NEPEMEHHBIX paccMart-

pUBAIOTCS KaK MOCTOSIHHBIE.
CBOICTBA MMPOU3BOJHBIX

[Tyctb 3anansl 1Be HezaBucuMble pyakmuu f(X) u g(x). Torna:

L (f)+9(x) =f ()+9 ().
2. (f(x)-9(x))' = '(x)-g(x) + T (x)-9'(x).



N [f(x)j’z (9900 F(X)-g'(%)

2
9(x) 9°(x)
Bropoit npousBomHON (yHknmu Yy = f(X) mo X Ha3zpiBaeTCs NMPOM3BOAHAS OT
o v [} d2y !
nepBoii mpou3BoaHoM mo X f'(X) :d—zz Yy’ uunraercs d aBa Y mo OX ABaKIbI.
X

TN®PEPEHIUAJ ®YHKIMHA

@Oynkus Yy = f(X) HassiBaeTcs auddepeHnupyeMoil B TOYKE X, €CJIU e MPH-
paieHue Ay, COOTBETCTBYIOIIECE IPUPALIECHHUIO apryMeHTa AX B 3TOM TOYKE, MOKET
ObITh TpencTaBiieHo B Bujae Ay = AAX+ a(AX)AX, tae A=const, a(AX) — Gecko-
HeyHo manas ¢yHkuus npu AX — 0. ['maBuas yacte AAX mpupamienus Ay, TUHEH-
Hasi OTHOCHUTEILHO AX, HasbiBaeTcs nuddepenimanom ¢pyukiuu Yy = f(X) B Touke X
u obo3znavaercs dy, df (x) wm df . Koadpdumment A paBeH mepBoii MpOU3BOIHOM
ot ¢pyakmuu f(xX) > A= f'(x) m dy = f'(X)Ax wm dy = f'(X)dx, tak kak dX=AX.
[Ipumenenue nuddepenimana Kk TpUOIMKEHHBIM BBIUMCICHUSM OCHOBAaHO Ha HC-
M0JIb30BAaHUU PUOITUKEHHBIX PaBEHCTB: Ay = dy ; f (X +AX) =

=~ f(X)+ f'(Xg)AX.

MPOU3BOJHBIE HEKOTOPBIX ®YHKIIUI

1. (C)(const) =0. 2. (x) =1. 3. (x)" =nx"L. 4. (lj __1

X X2

5, (ij — —%. 6. (&) 14 (Q/?) 1 g ey=e

n n+ 2\/; nn Xn_l

X
9. (™) =ne™. 10. (@) =a"Ina. 11. (In x)' :l. 12. (sinx)' = cosx.
X

13. [(sinCx)’ = C cosCx]. 14.(cos x)' = —sin x. 15. (tgx)' = ——— =sec’x.
cos? X
! 1 2 ! 1 [

16. (ctgx) =— =—cosec“x. 17. (arccosx) =-— . 18. (arctgx) = )

(ctgx) sin® x ( ) 1- 2 (arctgx) 1+ x?

: 1 u)  wu'—uv

19.(arcctgx) =— .20, — | = .

(arcctgx) 1+ X2 (vj v?2



HEOIIPEJEJEHHBIA MHTEI'PAJI

Oynkmms F(X) HaspBaercst mepBooOpazHoit (ynkumum f(X) Ha wHTepBaye
(a, b), ecm F(X) mudpdepenmupyema Ha (a, b) u F'(x) = f (X) . AnamormaasiM oOpa-
30M ompezensercs neppooopasznas Gpyukuuu f (X) B mo00# Touke uHTEpBaa (a, b).
Ecimm F(X)— omna u3 nepBooOpasubix ¢yHkiuu f(X) Ha mHTepBaye (a, b),
TO Jro0ast apyras nepBooOpasuas f(X) Ha sTom muTepBane mmeer Bua F(X)+C,

rae C — HeKoTopas MOCTOSIHHASL.
MuoxectBo F(Xx)+C na maTepBane (@, b) Bcex mepBooOpa3HbIX (YHKIHH

f(x) ma (a, b) maseBacTcs HeompeaeneHHbIM HHTerpajgoM ot ¢yHkiuu f(X) Ha
ATOM MHTEpBaie M 0003HAYACTCS J' f(x)dx=F(x)+C, rne F(x)— kakas-1mbo mep-

BooOpa3zHas g pynkuu f(X) Ha (@, b); C — nmpowusBosibHAS TOCTOSHHAS.
Omnepaiys HaXOKIACHUS BCeX mepBooOpasHbix (yHkiuu f(X) HaspiBaeTcs WH-

TErpUPOBAHUEM ATOU PYHKIUU.

CBOMCTBA HEONPEJAEJEHHOI'O UHTEIPAJIA

1. [Af(x)dx=A[ f(x)dx rae A=const. A=0.
2. [(F(x) 2 @(x))dx = [ f(x)dx+ [(x)dx.

TABJINLA OCHOBHBIX HEOITPEJAEJIEHHBIX UHTETPAJIOB

n+1

1. dex C: 2Ix dx=>_+C. 3. jdx:x+C. 4.j%:ln\x\+c.

n+1

5. jaxdx——+C 6jexdx eX +C. 7jsmxdx——cosx+C
Ina

8. [cosxdx =sinx+C. 9j =tgx +C. 10[ = —ctgx + C.
C0s® X sin? x
dx 2 2
11. =arcsin— +C——arccos +C. 12. =In(x ++/x“+a%) +C.
Ve a’ - x* a I\/x +a’
13[\/7 In‘x+ x? —a?|+C.

14.] 2 —iarctg§+C :—iarcctg§+c.
a’+x% a a a a
1 a+Xx
15. =—1In +C.
Iaz_xz 2a |a—x




OIIPEJIEJIEHHBIV UHTEI'PAJI

Iycrs dyukuus f(X) 3amaHa Ha otpeske [a, b]. PasoGbem 3TOT OTpe3ok Ha N OT-

PE3KOB [X,_1, X |, mpuuem a =Xy < ¥ <...< X, =b. ConocraBum 510 pasbucHue ¢

n
unrerpanbHoii cymmoit Y f(§,)AX, , tae AX, =X, — X1, & €[Xy_1, Xy |. Hotpe-
k-1

OyeM, 4TOOBI max[xk_l, Xk] — 0 npu yucne pazdoueHuit N — . COOTBETCTBYIONIUN

IMpCaciI I/IHTeraHBHOﬁ CYMMBI HA3bIBACTCA OIIPCACIICHHBIM HHTCIPAJIOM U 0003Haya-
b

n
eTCs jf(x)dx&—- Jim Z f( A%, . Ecim F(X) mepooOpasnas ¢ynkuuu f(x), T0
nN—oo k=1

a

b
crpaBerBa popmyia Hetorona—Jleiibnuma I f(x)dx=F (X)IE’1 =F(b)-F(a).
a
CBONCTBA ONPEJEJJEHHOI'O HHTEI'PAJIA
b b
1.jAf (X)dx = Aj f (x)dx (A=const).
a a

2. ?( f(x) £ g(x))dx :.? f (x)dx i?g(x)dx.

a a

3. I f(x)dx = ZJ' f (x)dx, ecnu pynkuus f(X) yerna Ha otpeske (—a; a).
-a 0
a

4, I f(x)dx =0, eciu pynkuus f (X) neuerna Ha (—a; a).
-a

b b
5. _[ fdp=fo Ig —_[(pdf ,rne T =1(X) u @=0(X) HEIPEPHIBHBI 1 KIMEIOT CBOH
a a

npousBonHbie. Dopmyia (5) HasbiBaeTcst (HOPMYIION HHTETPUPOBAHHS IO YaCTSIM.

KNHEMATHUKA

Teepnoe Teno, pazMepamMu KOTOPOTO B YCIOBUSIX JaHHOW 3aJa4d MOYKHO IIpe-
HeOpeub, Ha3bIBAETCs MaTEpHAIbHOM TOUKOM (yactuuei). Ecau pasmepsl Tena Beiu-
KH, TO T€JO Pa30MBaIOT HA CUCTEMY MaTepUajbHbIX TOUYEK, K KaXIOM M3 KOTOPBIX
OPUMEHSIOT PU3NYECKUE 3aKOHBI U TIOCJE 3TOT0 MPOU3BOJAT CYMMHUPOBAHUE JIJIS MO-
Jy4eHHUsT KOHEYHOro pesynbrara. llosmokeHne mMaTepHanbHON TOYKM WA TBEPAOTO
TeJa B IPOCTPAHCTBE MOYKHO ONPEIEIUTh TOJIBKO 110 OTHOLIEHUIO K JPYTrOMY, ITPOU3-



BOJIHO BBIOpAaHHOMY Telly, Ha3bIBAEMOI'O TeJIOM OTcuera. BriOpaHHoe TakuM oOpa-
30M TEJO YCIOBHO CUUTAETCS] HEMOABUKHBIM U OTHOCUTEIBHO HETO pacCMaTpPUBAETCS
MOJIOKEHUE WM JBUKEHUE UCCIEeNyeMOl MaTepuaibHON TOYKU WJIM TBEPAOIO Teja.
Teno orcuera u 4yachl 00pa3yrOT cucTeMy otcyeTa. /{11 KOTMYecTBEHHOTO ONUCaHUS
JBUKEHUS MATEepUaIbHOM TOYKU C CUCTEMON OTCUETA JKECTKO CBSI3BIBAIOT CUCTEMY
KoopauHat. Hanbosee 4acTo UCTONB3YIOT A€KapTOBY (MIPSIMOYTOJIBHYIO), MOJISPHYIO,
chepuiecKyto U HUIMHAPUYECKYIO CUCTEMbI KOOPIMHAT.

L R TR
\

[TonoxeHne MaTepualbHOM TOYKHU B MPOCTPAHCTBE, B AEKAPTOBOM CHUCTEME KO-
OpJIMHAT, OmIpesenseTcs paauycoM-BekTopoM T =W +Zk + B (cMm. pwuc.), mpoBe-
JCHHBIM U3 TOYKM HAOJIIOJIEHUS B TOUKY HAXOXKJIEHUS MCCIIETyeMON MaTepuaIbHOU
TOUKH, TH€ 1, ], K — e/IMHHYHBIC BEKTOPHI HA COOTBETCTBYIOIINE OCH KOOPIAMHAT
0, O,Z . Ecnu maTepuanbHas TOYKA HAXOAUTCS B TOYKE A IIPOCTPAHCTBA TO
TX=i V4 aZk A#, rjae fp — BEKTOp, HAYMHAIOIIMICSA B Hayalle KOOPAMHAT U
3akaHuuBaromuiica B Touke A. X, ¥V o, Z ,— IPOEKIUU BEKTOPa fp Ha OCH KOOp-
muaat X, O, Z. Ilepemenienne MaTepuanbHOi TOUKM M3 TOUKH A B TOuKy B xapak-
TepU3yeTcs BEKTOpoM mepemereHust Ar =TIz — Iy . B mpoekuuun Ha ocu nekapToBoii
CUCTEMBI KOOPAUHAT OH PABEH

A= g= N AYy= §¥- N AL= £ A

Monyib BEKTOpa nepeMeleHus paBeH

AT =YX Xp) 2 ( Z A2 +(5— A

Bektop ckopoctu (MrHOBEHHOM CKOPOCTH), XapaKTepu3yeT OBICTPOTY U Ha-
IIPABJICHUE JIBM)KCHMS YaCTULIBI B KKl MOMEHT BpeMeHH. OH omnpeaensercs Kak
nepBasi IPOU3BOAHAS OT pajnyca-BeKTopa I 110 BpeMeHU

y - ar_oX T+do j+ 0z
dt dt dt dt




CrnenoBaTelbHO, MPOEKLIUU BEKTOPA CKOPOCTH HAa COOTBETCTBYIOLIME OCH Je-
KAapTOBOM CHCTEMBI KOOPJIMHAT PaBHBI

vy B, 4
dt dt dt
BekTop yckopeHusi MarepuaibHOM TOUYKH, MMOKA3bIBAIOLIUN OBICTPOTY H3MEHE-
HHUs HAIIpaBJICHUE U MOAYJISI BEKTOPA CKOPOCTU, PABEH
2 i 2 2 2 - dv, . .
d::dwzdi(iz+d2j+ 2k:d\dyi+ Y+ —2Kk.
dt dt  dt dt dt dt dt dt

HpOGKHI/II/I BCKTOpPaA YCKOPCHUA Ha KOOPAWMHATHBIC OCHU PABHBI

d¢ dv, _ d¥ dv,  d%z av,

a=

a, =———= ,Qy=—==">, a, =——=
*odt? dt Y gt? dt T 7 g2 dt
Moaynau BEKTOPOB CKOPOCTH M YCKOPEHUS PaBHBI
M = \/\/XZ +V, +V7  |a|=4/a% +al +af .

BekTop ckopocTr HanpasieH IO KacaTeJIbHOW K TpaeKTopuu. Ero MoxHo npen-

cTaBuTh B BUjae V =V 7T, rae T— eAMHUYHbIA BEKTOp, KacaTeJIbHBIM K TPACKTOPUU U
HaIpaBJeH B Ty € CTOPOHY, YTO U BeKTOp V .

3Has 3aBHCUMOCTb MOAYJISI CKOpocT V' OT BpemeHH t (‘V (t)), MOXHO BbIUHC-

JUTh IyTh, IPOM/IEHHBIN YacTHLIEH 3a IPOMEXYTOK BpEeMEHH OT t; 10 t,, mo gpopmyne

t
S = [V(t)dt,
[
rae V — Mojysib BEKTOpa CKOPOCTH.
B ciiyuae KpUBOJIMHEHHOTO JBUKEHUS YACTHIIBI MO MIOCKOCTH (KPUBOJIUHEM-
Hasg TPACKTOPHS) YCKOPEHHE YaCTHIbl MPEACTABUMO KaK CyMMa TaHT€HIHUAJIBHOTO
(d,) u HopmamnbHOTO (&,,) ycKOopeHuil: d =4, +a,,.

- V.
TanreHnumansHOE yCKOpeHHE . :ET XapaKTepU3yeT ObICTPOTY M3MEHEHUS

Moyl ckopocTd. OHO HampaBJE€HO MO KacaTeIbHOM K TpaeKkTopuu. Moayib TaH-

__av
I'CHIUAJIBHOI'O YCKOPCHHA PAaBCH ‘ar‘ =—

dt
V2
HopmaneHoe yckopeHnue a, :Fﬁ XapaKTepu3yeT OBICTPOTY M3MEHEHHS Ha-

npasiieHus! ckopocTH (R — paanyc KpUBU3HBI TPAEKTOPUHM B MECTE HAXOXKJICHHS Ma-

TepuagbHOW TOYKM). EnnHM4HbBI BekTOp N L T ¥ HanpaBieH B CTOPOHY BOTHYTOCTHU
2

_ VvV
Tpaekropuu. Moayib ‘an‘ = R Monaynbe BEKTOpa yCKOPEHUS paBEH

2 2 2
a|=/a’+a; = (dvj o

dt R



¥Yriy noBopora A@ Teina, COBEPIIAOIIETO BPAIATEIBHOE ABUKEHNAE, MOYKHO
IIOCTaBUTh B COOTBETCTBUE BEKTOP A, [0 MOAYII PaBHBIM AQ W HalpaBiICHHBIHI
BJIOJIb OCH BpAILlEHUs TeJla TAKUM 00pa3oM, 4ToObl U3 KOHIIA BEKTOpa A( BpallleHUE
Tela MPOUCXOAWIO NPOTHB YaCOBOW CTPEJKU. Torga BEKTOP YIVIOBOM CKOpPOCTH

I [ = do
®=—-, a YIJIOBOTO YCKOpEeHHUS [3 = o

CBs3b MEXYy JUHEUHBIM U YTJIOBBIM CKOPOCTSIMHU OCYILECTBIIAETCS MOCPECT-
BoM (popmyibr V :[(TJF'], rae I —paguyc-BeKTOp, NPOBEACHHBIM U3 MPOU3BOJIbHOM

TOYKH, JIEKAILIECH HA OCH BPAILLCHUS, B MECTO HaXOXKJACHHUS MAaTEPUaAJIbHOU TOUKHU. JIu-
HEWHBbIE YCKOPEHUSI CBSI3aHbI C YTJIOBBIM YCKOPEHUEM M YTIIOBOM CKOPOCTHIO (hopmy-

JaMH¥ @, :cozR, a, =BR.
INPUMEPBI PEHIEHUS 3AJTAY

3amaya 1. BekTop CKOpOCTH MaTepHaIbHONW TOYKH 3aJacTCs ypaBHEHHEM
V =Ati - Bt3j7 +Nt°Kk . Haitru: painyCc-BEKTOpP, MOAYJIb PagUyCa-BEKTOPA, MOLYJIb
BEKTOpa CKOPOCTH, YCKOPEHHE W MOJYJIb YCKOPEHHsI MaTepUATbHOW TOUYKH, €CIIH B
MoMeHT Bpemenu t =0, X =0, 0=0,Z=0.

Pemenne. JIyis pemieHust 3TOH 3aJa4d HEOOXOJIMMO O3HAKOMHTHCS C (u3UUe-
CKHMHU TIOHATHUSAMH: PaJINyC-BEKTOP, MMPOCKIIMH paarlyca-BeKTOpa Ha OCH JICKapTOBOM
CHUCTEeMBI KOOPJIMHAT, MOJIYJIb pajuyca-BeKTOpa, BEKTOP CKOPOCTH U MOJIYJIb BEKTOpa
CKOPOCTH B JIEKAPTOBOM CHUCTEME KOOPAWHAT, BHIPAKEHHWE BEKTOPA CKOPOCTU dYepe3
MIPOU3BOIHYIO 110 BPEMEHU OT PaJyca-BeKTOPa, MPOCKITUU BEKTOPA CKOPOCTH HA OCH
JIEKapTOBOM CHCTEMBI KOOPJAMHAT Yepe3 MPOU3BOIHBIC IO BPEMEHHU OT TIPOCKITHIl pa-
JNyCa-BEKTOpa Ha COOTBETCTBYIOIIUE OCH KOOPAMHAT, BEKTOP YCKOPEHUS M BhIpaKe-
HHE €ro Yepe3 MPOU3BOIHBIC TT0 BPEMEHH OT Pailyca-BEKTOpa U BEKTOPa CKOPOCTH U BbI-
pakeHHEe YCKOPEHHS Yepe3 MPOCSKIMHA Ha OCH KOOPAWHAT, MOYJIb BEKTOPA YCKOPSHHUSI.

AHanmm3 GopMyJIbl 1T CKOPOCTH M3 YCIOBHUS 3a/1aud MOKa3bIBAET, YTO MPOCK-
M BEKTOpa CKOPOCTH HAa OCH JICKAPTOBOW CHCTEMbl KOOPJHWHAT PaBHBI
V, = At, Vy = Bt3, V, = Ct°. B o0l11IeM clly4ae BEKTOpP CKOPOCTH OIpEIesieTcs Kak
niepBasi IPOU3BOAHAS PaIuyca-BEKTOPA 110 BPEMEHHU:

y - dr_dXg do j+ dz K=V, +V,]+Vk,
dt dt dt dt
e i, T, kK — CIIMHUYHBIC BEKTOPHI, 3a/1af01ue ocu kKoopauHart (X, 0, Z).

CJ'IGI[OBEITGHBHO, MOXKHO 3aIItucaTb

9O _y - at d—ozvy = Bt®,
dt dt

dO =V, dt = Atdt, dO =V, dt = Bt*dt, dZ =V,dt = Ct°dt. Taxum oSpasom, npumum

K nuddepeHnnanbHbBIM YpaBHEHHSIM, B KOTOPBIX MEpEMEHHbIE pa3jieneHbl. Pemnienne
MOJIy4YUM, UHTETPUPYSI JIEBBIE U IIPABbIE€ YACTU YPABHEHHUM C HCIOJIb30BAaHHWEM Ha-

d—f:vZ =Ct°,



YaJIbHbBIX JAaHHBIX:

X t 2 2 2 2
[dO =] Atdt > x = Al ‘5 _AC_AD —>x:A—t,
S 2 2 2
y t 4 4 4 4
Jdo =Bt —»y=2 [y B B, _BC
S a 4 4 4
z t 6 6 6 6
Joz = jetfdt > 2= [y =S C2 U
g 6 6 6
— At2 - Bt4 = CtG —’
Pannyc-Bektop 3anuiiercs B Bujae f = > I+ 2 ]+ 6 k . Moayns paguyca-
2 2 2
; At? Bt* Ct®
BEKTOpa PaBEH \r\ =\l 7 + e + el Monaynb BEKTOpa CKOPOCTH €CTh

BEITMYMHA M = \/ (At)? + (Bt®)? + (Ct°)?. BekTop yckopeHus 3ammiieM Kak BTOPYO

MPOU3BOAHYIO 110 BPEMEHU OT PaJNyCa-BEKTOpa WM MEPBYIO MPOU3BOAHYIO OT BEK-
TOpa CKOPOCTH, & €r0 MOAYJIb — YEPEe3 BTOPYIO MPOU3BOAHYIO OT MPOEKIMI paanyca-
BEKTOpa WJIM 4Yepe3 MEPBYIO0 MPOU3BOJHYIO OT MPOEKLUHUHA BEKTOpa CKOPOCTU Ha OCH
KOOpAMHAT

d’r d’°X. d?0. d*Z

2( a4 2 (nid 2/ ~46
d“(At /2)T+d (Bt /4)7+d (CtZ/G)IZ,

a= i+ +—— k=
dt?>  dt? dt? J dt? dt? dt? dt
/ v, . - - 3y _ 5y .
g 0V v dVy o dv, o d(AD; d(BE); d(CF)
dt dt dt dt dt dt dt

= AT +3Bt?] +5Ct*k.
= _ 2 212 442
Monyab BEKTOpa yCKOPEHHUS \a\ = \/ (A)° +(3Bt°)” +(5Ct™)~.

3apaua 2. YpaBHeHUE JABUKEHUS YaCTHUIBI IO OKPYXKHOCTU paauycoMm R 3ana-
HO Yepe3 yroil (¢ Kak (PyHKIUs BpeMEHU § = Bt3. Haiitu: BEKTOp yrjia ¢, BEKTOp yr-
JIOBOM CKOPOCTH, MOAYJIb BEKTOPA YIIIOBOM CKOPOCTH, YTJIOBOI'O YCKOPEHUS, MOAYJIb
BEKTOpA YTJIOBOI'O YCKOPEHUS, BEKTOP JIMHEMHON CKOPOCTH, MOYJIb BEKTOpA JINHEH-
HOM CKOPOCTH, BEKTOPHI TAHT€HIMAJIBHOIO U HOPMAJIBHOTO YCKOPEHUI YaCTHIIbI, MO-
IyJI1 BEKTOPOB TAHI€HLIMAIBHOIO U HOPMAJIBHOI'O YCKOPEHUN YaCTULIbI, BEKTOP IIOJIHOTO
JIMHENHOT'O YCKOPEHHUS YaCTULIbI, MOAYJIb IIOJHOTO JJMHEWHOIO YCKOPEHUS.

Pemenne. /Iy pemeHust 3Toil 3aga4d HEOOXOAMMO O3HAKOMHTHCS C (pusmye-
CKUMH TOHSTHSIMU: KPUBOJIMHEWHOE JBUKEHUE YACTULbI (YaCTHBIM Ciaydyail KpHUBO-
JMHENHOT O JIBM)KEHHS — JBUKEHUE MO0 OKPY>KHOCTH), YroJl IOBOPOTAa U BEKTOp yria
[I0BOPOTA, BEKTOP YIVIOBOM CKOPOCTH M €ro MOAYJb, YIJIOBOE YCKOPEHHE U MOLYJIb
BEKTOpa YIJIOBOI'O YCKOPEHMS, BEKTOP JIMHEMHOW CKOPOCTH M MOAYJIb BEKTOpaA JIU-
HEWHON CKOPOCTH, BEKTOPHI TAHICHIIMAJIBLHOIO U HOPMAJIBHOTO JIMHEHMHBIX YCKOpeE-
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HUM 4acCTHULI, BEKTOP MOJHOr0 JUHEHHOTO YCKOPEHUS U MOAYJIb IMOJIHOTO JIUHEHHO-
IO YCKOPEHUS YaCTHLIBI.

B ycnoBum 3amaun 3amaH yroja (¢ B CKaJSPHOM BHJE KaK (YHKIHS BPEMEHHU.
Monynb yrioBoil CKOPOCTH () HAaJeM KakK NEPBYIO NMPOU3BOAHYIO IO BPEMEHHU OT

d
yria @, (ozd—(tp. BekTops!l yrioBoi CKOpOCTH U yrila OBOPOTa COBIIAJAIOT IO Ha-
MIPABJICHUIO M HAIIPaBJIEHBI MO OCU BPAILEHUS YaCTHIIBI TaKUM 00pa3oM, 4TOObI U3
KOHIIa ATUX BEKTOPOB BPALIECHUE YaCTHULIbI MPOUCXOAUIO MPOTUB YACOBOW CTPEIIKH.
Ecnu B kauecTBe ocu BpalieHusi BbIOpaTh och Z, TO B BEKTOPHOM BHUJIE YIJIOBasi CKO-

—

. - d L
pocTh 3amuiiercs: (HopMyIIoit (o:d—f[P , @ MOJIyJI BEKTOPOB (0 M () BBIPA3SITCS 4epe3

do,

IPOEKIUU 3TUX BEKTOPOB HA OCb Z —> M, = . BekTop yrioBoro yckopeHusi Haxo-

JIUTCS1, KaK NepBasi MPOU3BOJIHASL OT BEKTOPA YIJIOBOW CKOPOCTH WJIM BTOpas MPOU3BO/-

L= do  d%§ d q2
Hasi OT yriia ¢ B:—O):—;P, a mpoekuus Ha ocb Z — f3, :&:#_ 3anucas
dt  dt dt dt
de d(Bt®) y
CO:E:T ¥ BBIIONHUB JudepeHnnpoBanne, HalIeM YIIIOBYIO CKOPOCTh

o =3Bt?. Yruosas CKOPOCTb 3amucaHa B CKaJIpHOM Bujae. UToObl 3amucath €€ B
BEKTOPHOM BHJI€, MBI JOJDKHBI 337aTh €AUHUYHBIN BeKTOp (Hampumep K ), Hampas-
JICHHBIN BJIOJIb ocH Z . Torma BEKTOp
d¢ de, - d(Bt®)- -
¢_do, ¢ _dBY) ¢ gk
dt dt dt

®=

= do d e -
Bekrop yrioBoro yckopeHus paBeH [3 = a(3 Btz)k = 6Btk . Moaysp BekTOpa
yTII0BOTO ycKopeHus [3=6Bt. Bekrop nuHeiHOTO ycKOpeHUs d MOXKET OBITh 3aIu-
CaH Yepe3 ero MpOoeKINi Ha OCh T, COBMAAOIIYIO M0 HAMPABICHUIO C BEKTOPOM JIH-
HEHOU ckopocTH V ¥ MepHeHAUKYISPHYIO €l OCh N M eIUHUYHBIC BEKTOPHI T U N

HaIpaBlIEHHbIE BIOJb dTUX Oocel d =a_T+a,N. [Ipoekuun a_u a, CBA3aHBI C JH-

2
. A\ v 3
HCUHOU CKOpOCTBIO COOTHOUIICHUAMU aT = E’ an = ? . TOFILa JJIA BCKTOpa JIMHCU-
. dv. Vv?._ 5
HOT'O YCKOpeHI/ISI MBI MOQOJXKEM 3aliucaTrb ad = arr + ann = E‘C + Fn . BeKTOp JIMHCU-

HOM CKOPOCTH CBsI3aH C YIJIOBOHM CKOPOCThIO (hopmyioit V z[Cof']. ITo monxynto OH

paBeH V = orsSino, rae o — yroj Mexay BeKTopaMu @ u . DTOT yroj IpH JBHKE-
aun 1o okpyskeocT paer 90° 1 sin90° =1, 1. e. V = wR, rme R — paguyc oxpyx-
HOCTH. W3 pellieHus 3a/1auyn Mbl 3HAEM () = 3Bt?. CienoBareinsto, V = oR =3Bt’R.
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dv _ d (3Bt°R)
dt

2 2
=6BRt. a, :\%:%:JR. N3 pemenus 3agaum

Torga a, =

d(Bt?)

CTERYET, 410 O =—_—" = 3Bt®u a, = (3Bt?)*R. Bekrop HONHOrO IMHEHHOrO yC-

V2 2
KOopeHHsl OyJer paBeH d=a T+ a,f = Ef + F* =3BR7 + (SBtZ) RA, a Momynb

ero 3anuiercs Gopmysoi a = \/ (3BR)? + (3Bt?)*R? .

3agaua 3. Teno aBmxercs 1o 3akony V =oi +fXj. [Ipu t =0, x=y=0. Haii-
TH: YPaBHEHUE TPACKTOPHUH, MOAYJIb CKOPOCTH, BEKTOP YCKOPECHHS M MOJIYJIb BEKTOpa
YCKOPEHHSI, paJryC-BEKTOP U MOAYJIb paJinyca-BEKTOpA.

Pemenne. [Ipu pernieHun 3a1a4u HEOOXOAMMO BOCTIONB30BAThCS 3HAHUAMHU, T10-
JYYCHHBIMH U3 TEOPHUHU WM TPH PEIICHHUH MPEABIAYIINX 3a7a4. AHAIU3UPYs ypaBHE-
HHUE, JUIS BEKTOpa CKOPOCTH MOYKHO 3aIucaTh

V=V,i+V,J+V,k >V =ai +BX.
CnenosarensHo, V, = a, Vy =Bx, rne V, u Vy — MOPOEKIMU BEKTOpa CKOPOCTH Ha
OCH JIEKAPTOBOW CUCTEMBI KOOPAMHAT.

JIJ1st onipeieNieHrst TPAaeKTOPHH IBFDKCHHSI TeJla HE0OX0IMMO HAalTH KOOPIMHATHI

X u Y. HMcnonp3yeM ypaBHCHHSI KHHEMATHKH

~ X t
VX:%—?:OL—)dCN):Vth—)C):J'df):jadt:at‘gzoct, O=at, (1)

0 0
dc’) } . y t t t2t tZO t2 )
Vy:EzﬁX—>dO=Vydt—>O:E|;dO:J;Bth:gBatdt:aBE‘o:aBE =B~ @

o X
Jlnst onpenenenHusi TpaeKTOpUM HaiijieM BblpaxeHue s t u3 ypaBHenus (1) t=— u
o

2
. @) . ~
nozcraBuM B ypasHeHue (2): O =af— -0 = 2£ O?. Taxum 00pa3om, TpaekTo-
o o
pusi SIBIISICTCS JaCThIO napaboJIbL. Moyb CKOPOCTH paBeH

V= \/VXZ +V)}2 = \/ o + (Bx)? . [IpoeKIMH BEKTOPA YCKOPEHHS BHIPA3HM 4ePe3 IPOH3-

BOJIHBIE TI0 BPEMEHHU OT COOTBETCTBYIOIIMX MPOEKIIMI BEKTOpa CKOPOCTH Ha OCH Jie-

. dv, d(a)
KapTOBOH CHUCTEMBI KOOpJIMHAT. a, = S dt 0 :
dvy d@px) ,dO
ay = dty = (g " ) =B ot =Bo. Jns HaXOXKACHUA paJnyca-BEKTOPa BOCIIOIb3YEM-
N , t2
Csl BBIPOKCHUSAMH JJIsi €r0 MPOeKIuid, koTopblie Hamutd Beime: O =al, O :BE'
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2
Cnemosarensio, [ =01 +0f =ati+ B%] . Monayns pamuyca-BeKTopa paBeH

= l(at)’ + t22.
o

3agaua 4. CranbHON mIApUK KAaTUTCS MO KPYroBomy xenody paaunycom R. Ero

CKOPOCTh M3MEHsETCs 1Mo 3akoHy V =aW/S |, rie oo — mocrosiHHas, S — myTh, MPOi-
JNEeHHBIA TenoM. HalTu MoJIHOE YyCKOPEHUE IapUKa U 3aBUCUMOCTb yTJIa MEXAY Ha-
MPaBJICHUSIMU TIOJTHOTO YCKOPEHUS U CKOPOCTHU OT S .

Pemenue. [1o ycrnoBuio 3aauu CKOpOCTh sIBNsieTCA (PYHKIIMEH TyTH U JIJIsl Ha-
XOXKIEHUS! TAHT€HLUUAJIBLHOTO YCKOpPEHHUsT HEO0OXOJMMO HCMOJb30BaTh KMHEMaTHYe-
CKHE YpaBHEHUS

dv. (dV\dS
LS o
dt dS /) dt
CkopocTh ecTh (yHKIUS TyTH U MIPOU3BOIHAS OT CKOPOCTH MO MyTH OyAeT pas-
dV d(oc\/—) “ [TpousBoanass — =V paBHa ckopoctu. Torna TaHreHuu-
Yds T ds 25 dt '
anibHOE yckopenue u3 (1) OyaeT paBHo @, = @ y-_¢ S = a—z
TS s 2
VZ a’S
HopwmainbHoe yckopenue a,, = ) = R Yron Mexay HalpaBiICHUEM IIOJIHOIO
a, 2a’S 2S
YCKOPCHHUSI X CKOPOCTBIO ompeensercs u3 g =—=——=—.
a a‘R R

T

42
oS
[lonHOE ycKOpeHue a = \/a + a ~

3agaua 5. TBepaoe Teno BpamaeTcsi BOKPYT HEMOABUKHOM OCH TaK, 4TO €ro yr-

JIOBasi CKOPOCTh M3MEHSIETCS CO BpeMeHeM 110 3aKoHy o = At?. HaiiTi 3aBHCHMOCTD
OT BPEMEHH yIJIa IOBOPOTA TeJa U €r0 YIIIOBOE YCKOPEHUE.

Pemenue. YriioBas CKOpOCTh CBsI3aHa C yFJ]OM HOBopOTa dbopmyoii

d(p 2 At3 t Ats
— de = odt. OTkyna Haxoaum d odt = | At“dt = =—.
o~ do= y Q= I 0= g I 0=
VYTII0BOE YCKOPEHHE CBA3aHO C YIIIOBOM CKOpOCTBIO COOTHOIIIEHUEM
B="4 do d(dAtt ) _ont,
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33[[3‘-[1/1 AJIA CAMOCTOATECIbHOI'O PCIICHUSA

1. Touxa aBmxkercst 1o 3akoHy T = Ati — Bt?] + C(1—t3)K. Haittu V (t), V (1),
a(t), a(t), yron ¢ mexny Bextopamu V u 4.
2. Yactuna ABMXKETCS MO OpsIMOM co ckopocTbro V =at — Bt2 . Hantn myTs,
HPOWICHHBII TEJIOM 0 OCTAHOBKH, 1 MUHUMAJIBHYIO CKOPOCTh Tena Vi, -

3. MarepuanbHasi TOYKa JBMXKETCS MO MPSMOM IO 3aKOHYy X :oc+[3t+yt2.

Haiitu ckopocTh U yCKOpeHHE TOYKH KaK (DYHKIIHMIO BPEMEHHU.
4. Paanyc-BeKTOp MaTepHalbHOW TOYKHM MEHSIETCS CO BPEMEHEM IO 3aKOHY

r=Ai —Btj + Ct?k . Haiiru BexkTop ckopocru (V ), Moxyis Bekropa ckopoctr (V),
BEKTOp ycKopeHus (8), MOAysIhb BEKTOpa yCKopeHus (a) .

5. MarepuanbHasi TOYKa JBWXKETCS IO OKPYKHOCTH paguycom R Ttak, 4rto
S(t) = At + Bt?. B kaKoii MOMEHT BpeMeHH t TAHTCHIMANBHOE U HOPMAIbHOE yCKO-
peHust Oy1yT paBHbI?

JIMHAMUMKA MATEPUAJIBHOM TOUKHU. 3AKOH COXPAHEHUSI
NMITYJBCA

B ocHoBe nuHamuku nexart 3akoHbl HeroTrona. IlepBsiit 3akoH HerotoHna dop-
MYJIUPYETCS CIASAYIONTUM 00pa3oM: BCSIKOE TEJIO COXPAHSET COCTOSHHE ITOKOS WU
paBHOMEpPHOro W mpsiMojuHeitHoro aprokeHus (8 =0), moka Bo3ACHCTBHE APYrux

TEJI HAa OTO TEJO HE 3aCTABUT €r0 M3MEHUTH 3TO cocTosiHUE. [lepBriit 3akoH HbproTOHA
yKa3bIBa€T Ha TO, YTO CYLIECTBYIOT TAKUE CUCTEMbI OTCYETA, OTHOCUTEIBLHO KOTOPHIX
TeJla COXPAaHSAIOT COCTOSIHUE MOKOS MM PABHOMEPHOI'O MPSIMOJIMHEUHOTO JABUXKEHUS,
€CIIM Ha Teja He JACHCTBYIOT CHJIBl MJIM CyMMa CHJI paBHa HYJIO. Takue CUCTEMBI OT-
cyeTa Ha3bIBAIOTCSl MHEPIUATIbHBIMU. M3 3TOTO ClienyeT, uTo nepBbiii 3akoH HproTOHA
BBINIOJITHAETCS TOJIBKO B MHEPIIMAIIBHBIX CUCTEMAaX OTCUETA.

Ecnu Ha MarepuaibHyO TOYKY JACHCTBYIOT JIPYTME Tela, MPOUCXOIUT U3MEHEHHUE
COCTOSIHUS JIBJKCHHSI, TEJIO BBIXOAUT U3 COCTOSIHUS MOKOS WJIM PABHOMEPHOTO U MPSIMO-
JUHEUHOTO JIBUYKEHUS, MEHSETCSI CKOPOCTh TeNa, T. €. TeJI0 NPUoOpETaeT YCKOPEHHE.

DTO BO3JEUCTBUE XapaKTepuzyeTcs: (PU3NYEeCKONW BEITUYMHOMN, HAa3bIBAEMOU CH-
JIOU (If) , KOTOpasi SIBJISIETCA KOJIMYECTBECHHOW XapaKTEPUCTUKOW JEUCTBUSA HA TEIIO

JPYroro Tena uiu ¢guzndeckoro nossi. Eciau neiicTBoOBaTh OAHOM M TOM e CHIION Ha
pasHbIC Teja TO ATH TeJla MPUOOPETAIOT Pa3IMYHBIC YCKOPEHUS, T. €. Pa3Iudue B yC-
KOPEHHUSIX 00YCIIOBJICHO TaK)K€ CBOMCTBOM CaMHX TeJI. DTO CBOMCTBO XapaKTepHU3yeT-
cst 0co000i BEIMUMHOM, Ha3bIBAEMOI Maccoil Tena. Macca xapakTepusyeT HHEPTHOCTD
TE€Ja, T. €. COMPOTUBIISIEMOCThY» TENA BO3ACHUCTBUIO CUJIBI.
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COBOKYIIHOCTB TeJN, IBUKEHNE KOTOPBIX pacCMaTPUBAETCs B JaHHOM 3a/1ade, Ha-
3BIBACTCS MEXAHUYECKOU CUCTEMOM. MIMITyIbC MEXaHMYECKOW CHCTEMBI OIPENEsIeT-
Csl KaK BEKTOpHAsi CyMMa UMITYJIbCOB TeN, 00pa3yIoMIMX MEXaHUYECKYIO CUCTEMY:

n —
P=P+P+Ps+..+Py=20, B=mV.
i1

Cuibl B3aMMOJICUCTBUSL TEN, BXOMAIIMX B MEXAHUYECKYIO CHUCTEMY, HA3bIBAOTCS
BHYTPEHHUMH cviiaMy. Curiibl, IEHCTBYIOIIME HA TEIA MEXaHUYECKOW CUCTEMBI CO CTOPO-
HBI T€JI, HE BXOAIIMX B MEXAaHUYECKYIO CUCTEMY, HA3bIBAIOTCS] BHEITHUMHU CHJIAMU.

Bropoy 3akoH HbrOTOHA MTO3BOJIAIOT YCTAHOBUTH 3aKOH M3MEHEHUSI MUMITYJIbCA.
Bropoii 3akoH Hpl0TOHAa KOJMYECTBEHHO CBS3BIBAET U3MEHEHUE JIBUXKECHHUS MEXAHU-
YECKOM CHUCTE€MbI C CHJIaMH, BBI3BIBAIOIIUMM ITO H3MEHEHHME JBUXKCHUS W TJIACHT:
CKOPOCTh M3MEHEHUSI MMITYJIbCA MEXAHUYECKOM CHUCTEMBI PABEH PE3YJIBTUPYIOLICH
BCEX BHEIIHUX CHJI, ICUCTBYIOIIUX HA CUCTEMY:

% = pr'ge”m (B nuddepenmanbHon Gpopme)

WJIN

t
Ap = j prBe};eHmdt (B uHTErpaNLHON GopMeE).
[

Ecnu Macca mocTostHHAst 1 Mbl UIMEEM JIETI0 ¢ MATEPUATIBHOU TOYKOM, TO

p_dmV) &V _a ma-z

dt dt dt ’
B Ttakom Buze BTOpoO 3ak0OH HbhIOTOHA HA3bIBAETCS OCHOBHBIM YPAaBHEHUEM JIMHAMU-
KU MaTE€pHaIbHOM TOYKH, WJIM OCHOBHBIM YPaBHEHUEM JUHAMHUKHU IMOCTYIATEIBHOTO
JIBUKCHUS.

Ecau Ha MCXAHHUYCCKYIO CUCTCMY BHCIIHHUC CHUJIBI HEC ,Z[CI;’ICTBYIOT, TO OHA HAa3bI-

< ( u) I[ o lf BHEIIIH _O
BacTCd 3aMKHYTOU (HM30JUPOBAHHOM). Jis1 3aMKHYTOU CHCTCMbI pes = nu

d . ~
—ﬁ:O. PaBeHCTBO HYIJIIO MPOW3BOAHON TOBOPUT O TOM, YTO P =CONnst, T. e. mud

dt

3aMKHYTOM CHCTEMbI BBIMOJHACTCS 3aKOH COXPAHEHUS] UMITYJIbCA: UMITYJIbC 3aMKHY-
TOW MEXaHWYECKOM CHUCTEMBbI OCTAETCS MOCTOSHHBIM. 3aKOH COXPAHCHHS MMITYJIbCa
MOHO B HEKOTOPOM MPUOTUKEHUU TPUMEHSTh U ISl HE3aMKHYTBIX CHUCTEM, €CIIU
PE3YJbTUPYIONICH BHEIIHUX CHUJI MOXKHO MpeHeOpeub. DTO BO3MOXKHO, €CJIM 3TH
BHEIITHUE CUJIBI ACHCTBYIOT MTHOBEHHO, T. €. IPOMEXYTOK BPEMEHH JCHCTBUS BHEIII-
Hel cuiibl Mad (yaap, B3pbIB). Eciiu pe3yibTupytolias BHEITHUX CHII HE paBHA HYIIIO,
HO OJIHA U3 €€ MPOEKINI Ha IeKapTOBy cucteMy koopauHat (Hanmpumep OX ) paBHa Hy-
JH0, TO TPOEKIMS HMITyJibCa CHUCTEMbl HAa OSTO HANpPaBICHHE COXPaHSETCS:

dpy
—2 =0 = const.
qt — Py

Ecnu nmeercss mexaHudeckass CUCTEMA, COCTOSIIAs U3 CUCTEMBI MaTepUaIbHbBIX
TOYEK, TO IIEHTPOM Macc (IIEHTPOM HMHEPIIMN) TaKOW CUCTeMbl Ha3bIBaeTcs Touka C,
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ITOJIOKEHHUE KOTOPOU 3a4a€TCS PaguyCOM-BEKTOPOM

Mol +... + Myl

MMy ..M,

3nech I, — paguyc-BEKTOp HAXOXAEHUS MaTepUaJbHOM TOYKM Maccoid M, OT-

HOCHUTEJIBHO JTI000H (PMKCHPOBAHHOMN TOUKU CHCTEMBI.
NMiynbC cucTeMbl MaTE€pHaIbHBIX TOYEK (TBEPIOrO TEja) PaBEH MpPOU3BEIE-
HUIO CyMMAapHOM MacChl YaCTHUL] CUCTEMBI M Ha CKOPOCTh LEHTpPa Macc V, CUCTEMBI

~ - o dr _ dV d
(tBepmoro Tema): p=mV, >V, =—%, 8 =—= >~ . Bropoii 3akon Herorona
dt dt  dt
- Mma. = dV FBHemH
IS CHOTEMBI MATEpHATLHEIX TOUeEK Hepes yexoperme: M = - == Fpe, ™.

Tperuit 3akoH HprOTOHA II1acuT: CHIIBI, C KOTOPBIMU B3aUMOJICHCTBYIOT JIBE Ma-
TEPUATbHBIC TOUKH, PABHBI MO BEINYUHE, IPOTUBOIOIOKHBI 10 HAMPABICHUIO U Ha-

IIPABJICHBI BAOJbL MPSAMOM, COCIAMHSAIOMICH 3TH TOYKHU: Fl2 = —F21 Cnenyer orme-
TUTb, YTO BTOPON M TPETUHN 3aKOHBI HbpIOTOHA BBINOJIHAKOTCSA TOJBKO B MHEPLUAIIb-
HBIX CHCTEMax OTCUETa.

[Ipexne yeM NpUCTYNIUTH K PELIEHUIO 3aJay, PACCMOTPUM OCHOBHBIEC CHIJIBL,
JNEUCTBYIOIIME HA TeJIa.

Cuiia TKecTH
[Tox BO3ACHCTBIEM NIPUTSDKEHUS K 3eMJIe BCE Tella B OTCYTCTBUE JIPYTHX CHII, Ta-
Jar0T Ha 3eMJII0 ¢ OJMHAKOBBIM B JIaHHOM TOYKe 3eMiid yCKopeHueM §, T. €. Ha TeJo

—

Maccor M gerictByer cwia Tsokectd F =mg . Cuna TspkecTH NMpHOIM3UTENIHHO paBHA
. = ~ Mm
CHJIC TPABUTALMOHHOTO B3aMMOAeHCTBIs Tea u 3emmn: F =G —— (r=R;+h). Pas-
r

JUYUE MEXTY dTUMH CHUJIaMH OOYCJIOBJIEHO TE€M, YTO MOBEPXHOCTb 3eMJIM HE SIBJISIETCS
MHEPLHUATBHON CUCTEMOM OTCYETA.

Cuiia conpoTuBJIeHHS
Cuna conpoTuBIIeHUs (BSI3KOTO TPEHMS) BO3HUKAET NPHU JABUIKEHUU TBEPAOTO
TeNla B JKUAKON WM ra3000pa3Hol cpeae. DTa cuiia MpONnoplHruoHaIbHA IEPBOM WU

BTOPOH CTENEHU CKOPOCTH Tena B 3Tou cpene: .~V ,V 2,

Cuia Tpenust
Cuia TpeHus (CyXoro TpeHus) BOSHUKAET MEXK]ly MOBEPXHOCTSIMU TBEPABIX TEJ
KaK B CIy4ae MOMNBITKY BhI3BaTh CKOJIbKEHUE OJHOTO TeJla MO APYyroMy (Cuiia TpeHHs

MTOKOS FTp'0 ), TaK U MIPU CKOJIbKEHUU MOBEPXHOCTHU OJHOTO TeJla OTHOCUTENIBHO MO~

BEPXHOCTH APYroro Tena (Cuiia TpeHus cKombxkenust F ). Ciiia TpeHus CKOJIBKCHHS

Fes SUN, roe p — ko3GGUIMEHT TpeHus, 3aBUCALIMA OT HMPUPOJBI U COCTOSHUS
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Tpymmxcs nosepxHocteit, N — cuna peakiuy ornopsl. Cuiia TPEHHs CKOIBKEHHS Ha-
IpaBJieHa MPOTHBOIOJIOKHO HAMPABIECHUIO CKOPOCTH ABMXKYILIErOCs Teda OTHOCH-
TEJIBHO TeJla, ¢ KOTOPBIM OHO collpukacaercs. Ecin cuiia, npuioxeHHas K Tely, Ha-
npaBjieHa BAOJb MOBEpXHOCTH U oHa < UN , Teno He Oyner aBurarbesa. B aToMm ciryuae
BO3HUKAET CUJIa TPEHMs IOKOsI, HAalpaBJE€HHAas [IPOTUB CHUJIbI, JEWCTBYIOIEH HA TEJIO U
paBHas ei. BennumnHa cunbl TpeHust MeHsiercst B npenenax oT 0 mo Fgs ;565 =HN . B

npejenax dTUX 3HaYeHUH Fgy; KOMIEHCHPYET AEHCTBHE OCTANBHBIX CHJI, NPEMATCTBYIO-

IMUX OTHOCUTCIIbHOMY ABHMKCHUIO COITPOTUBIIAIOIINXCS HOBCpXHOCTefI.

Cuna ynpyrocru
Fjisg =—kx, roe k—koadduuuent ynpyrocrn, X —abcomornas aepopmanust
(Xx=Al= ‘I — IO‘). 3HaK MHHYC TOBOPHT O TOM, 4TO F;5 HampasieHa npoTus aedop-

Maluu, T. €. CTPEMUTCS] BEPHYTh TEJIO B HEAEPOPMUPOBAHHOE COCTOSTHUE.

CuJjibl HHepIHMH

Cuibl MHEpUMU BBOAATCS JUIsl TOTO, YTOOBI ONMCAaTh JBUKEHHE TEla OTHOCHU-
TEILHO HEMHEPIMATIBbHONW chucTeMbl oTcuera K', JABMKyIIEcss YCKOPEHHO OTHOCH-
TEJIbHO MHEPLUAIBHON CUCTEMBI OTcUeTa K , U ABIISAIOTCA NICEBJOCUIIAMMU:

a) HeMHEepUHalbHAs CHCTEMa OTCUYETa JIBMKETCS MOCTYNAaTENbHO OTHOCHTEIBHO
MHEPIHAIBHOM CHCTEMbI OTCUETa ¢ yckopenueM d, (F, =-Ma, rae m — macca Tena,
d, — YCKOpEHHUE CUCTEMBI OTCUETA);

0) HemHepLHaIbHAsI CHCTEMA OTCUETA BPALIA€TCsl OTHOCUTEIBHO UHEPLUAIBHON
CUCTEMBI OTCYETA C YIJIOBOW CKOPOCThIO . Cuia MHEpLMH, IEUCTBYIOIIAs Ha He-
IOJIBUYKHOE TEJIO B TAaKOM HEMHEPLHAJIbHOW CHCTEME OTCUETa, Ha3bIBACTCS LEHTPO-

OeXHOU (Fﬁé = —mcozf', rae I —BEKTOp, HAIPABJICHHBIM OT OCH BpAIIEHHUs A0 LIEHTPa

- .
Macc tena). Ecimu Teno ABWKETCS CO CKOPOCTHhIO V' OTHOCHTEIBHO Bpallaromieics
CHUCTEMBI OTCUETa, TO Ha TEJIO NEWCTBYET TaKXKe CUJia MHEPIINHU, Ha3bIBaeMas CH-

noit Kopuonmuca Fe s = 2m[\7'63] :

Ecnn 00bekTOM HCCleOBaHUS SBISETCS MaTepuaibHas TOYKA WM €CJIH Tello
JIBWKETCA TIOCTYMaTeIbHO, TO JUIsI PEIICHUS 3a/lad HCIOJB3YyeTCs BTOPOH 3aKOH
HpioToHa (OCHOBHOE ypaBHEHHE AMHAMHKH MaTEpPHATbHOW TOYKU — JTWHAMUYECKOE
ypaBHEHUE).

HCKOTOpLIG (1)PI31/I"I€CKI/I€ OIIPCACIICHUA, NCITOJIB3YCMBIC ITPHU PCIICHHUU 3a4a4

AOCOJIFOTHO yHOpyruM Ha3bIBaeTCs yAap, NPH KOTOPOM IOJIHASI MEXaHUYECKas
JHEPrus He MEHseTca. MexaHn4decKkas dHEprus He MEePEeXOAUT B APYTHe BUABI DHEP-
ruu. [Ipu paccMoTpenun abCoONIOTHO yIPYyToro yjaapa cieayeT UCIO0Ib30BaTh 3aKOHBI
COXpaHEHUs UMITYJIbCa U MOTHOM MEXaHUYECKOMN (KHHETUYECKOMN ) SHEPTUU.

[Tpu aOGCcom0THO HEYNPYTroM yaape Tell IMOcCie yaapa Teja JIBHKYTCS BMECTE C
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OIWMHAKOBBIMU CKOPOCTAMMU. Mexannueckas (KI/IHCTI/IquKaﬂ) OHCPIrud 4aCTU4YHO HJIN
IMMOJIHOCTBIO IIEPCXOJUT B APYIHC BHUJbI SHCPIUU. MexaHuueckas 9HCPIrusia HC COXpa-
HACTCA. COXpaHSICTCSI HUMITYJIbC CUCTCMEI.

ANTOpUTM peLIeHHUs 3a1a4

1. Cnenatbs pUCYHOK.
2. BriOpaTh 0JTHO TEJIO U U300pa3UTh BCE CUIIbI, JIEWCTBYIOIINE HA HETO.
3.3anucaTh OCHOBHOE YpaBHEHHUE IMHAMHUKU B BEKTOPHOM BUJE

mi=F+F +..+F, (1)

rne F, F, ..., F, Bce BHEIIHUE cuibl, I€HCTBYIONIME HA CUCTEMY.

4. BeiOpaTh OcH KOOpAMHAT.

5. CnpoexktupoBaTh ypaBHeHHe (1) Ha BeIOpaHHbIE ocu KoopAuHAT. [IlyHKThI 2—5
MOBTOPUTH VISl BCEX TEJT CUCTEMBI.

6. CocTaBuUTh YpAaBHEHMS MPOCKIUN BCEX CHJI HA COOTBETCTBYIOIIME OCH KOOP-
JAVHAT, JONOJHUTH 3Ty CUCTEMY YpPaBHEHHM, UCXOAsl M3 YCIOBHS 3a/layd, APYTMMHU
YPaBHEHUSIMH, YTOOBI YHCIIO HEU3BECTHBIX PABHAJIOCH YUCIY YPAaBHEHUH, U PEIIUTH
ATy CUCTEMY ypaBHEHUH.

ITPUMEPBI PEHIEHUA 3AJTAY

3agaya 1. Ha neOosmpmoe teiro maccoil m

y JeXalllee Ha TIJIaJKOM TOpPU30HTAJIbHOW IOBEPXHO-

CTH, B MOMEHT BpeMeHHU t =0 Hayama neicTBOBATH

- ~ CHJIa, MOAYJIb KOTOPOM 3aBUCUT OT BPEMEHH IO 3a-

N F koHy F =kt , rme K — mocrosHnas. HampaBnenue

/( ATOM CWJIBI BCE BPEMs COCTABJIIET YIOJI (¢ C TOpHU-

777  30HTOM. HailTu CKOpOCTH TE€Ia B MOMEHT OTPBIBA OT

— ;;;;,L777§7—j( IUIOCKOCTH U IIyTh, NMPOUIAEHHBIM TEIOM K ITOMY
Frp mg MOMEHTY.

AHaM3 yCIIOBHS 3aJayd: B COOTBETCTBHM C
YCJIOBUEM 3aJlayu Ha TEJO JIEUCTBYIOT cuiia TsikecTd (M{ ), cuiia peakiuu moBepX-

Hoct (N ) ¥ ciila U3 yCIIOBHS 3a/a4H, 3aBHCAIIAs TOIBKO OT Bpemenn ( F =kt).

JUis peuieHus 3aJa4yd HEOOXOAMMO: CAENIaTh PUCYHOK ¢ OO03HAYEHUEM BCEX
JNEUCTBYIOIIUX CUJI; COCTaBUTh OCHOBHOE JMHAMUYECKOE ypaBHEHME; BHIOpATh CHUC-
TeMY KOOPJMHAT U CIIPOEIUPOBATH 3TU CUJIBI HA OCH KOOPIMHAT.

Pemenune. /[nHaMu4eckoe ypaBHCHHE 3alMINETCS B BHJIC BEKTOPHOTO ypaBHE-
dv Lo = .
HUS mE:mg +N+F . Ocp OX pacnosioxxuM Ha IUIOCKOCTH, IO KOTOPOUM IBH-

xetcst Teno. Ock OY — nmepnenaukyisipua ocu OX . Torma ypaBHeHHe ABUKEHUS B
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IMPOCKIUAX Ha OCHU KOOPpAUHAT UMCECT BU/]

OX m dd\{[x =ktcos ¢, (1)

oY 0=mg— N —ktsin ¢. (2)

MowmeHT oTpbiBa Haxoautcs u3 yciaoBus N =0 u u3 ypaBHeHus (2) Haxoaum

MOMEHT BPEMEHH, B KOTOPBI MMPOUCXOTUT OTPHIB TEJIa OT MMOBEPXHOCTH:

- 3)
ksing

Bropoe ypaBaenue moxHO 3anucath B Buge mdV, = ktcosedt . [Ipounrerpupo-

tos =

BaB 3TO YPaBHEHUE, Mbl Y3HAEM CKOPOCTH JIBH>KEHUS Teja M0 MOBEPXHOCTH. B cooT-
BETCTBUM C YCJIOBHEM 3aJIauyd MHTErpall OyJieT OMpe/IeICHHBIM C Tpe/ielaMy WHTET-
pupoBanus ckopoct oT 0 10 V' u BpeMenu ot 0 HyJist 10 t:

t2

V t 2
m[dV =kcose[tdt - mV ‘X =kcosg- bV _ktcose
0 0

4
. (4)
CkopocTh Tella B MOMEHT OTpbIBa OINPENEIUM, IOJCTaBUB B ypaBHEHUE (4)
ypaBHeHHue (3)
_ mg®coso
2ksinp
[TpoiigeHHbIN TETOM MyTh JO MOMEHTa OTphIBA HaWIeM, UCHONB3Ys (OpMyIy
JUISL ITyTU Y€pe3 CKOPOCTH:
t,\\ t,\\
ds o ' kt? cos ki®coso|ts.  mPgcos
V=="ds=Vdt—ss= [ Vdt= | Py == SP oo (NI 2P
dt 9 o 2m 6m 6k “sin“o

703

y 3amaua 2. Teno Maccoil M TSHYT MO IJIaKOU
TOPU30HTAIBHOM ITOBEPXHOCTH C CHIIOW, pPaBHOU

F =amy, roe o — moCTOSIHHBIN M0 MOAYIIIO BEKTOP,
F coBmamaromuid C HanpaBJIE€HUEM  BEKTOpPA CHIIBL.

/ VYo, 1oA KOTOPBIM AEHCTBYET CUJIA, U3MEHSETCS T10
~\® _ sakomy ¢=As, rae A — NOCTOSHHAS, S— IyTb,

| IPOMICHHBIN TEJIOM M3 Ha4albHOro moyoxenus. Or-

b 777X penenuTh CKOPOCTh Tena KaK (QYHKIIHIO ITyTH S .
mg AHanu3 yCIOBUS 3aJaud: W3 YCIOBHs 3a1aduu
HaJ0 ONpENEIUTh, KAKUE CHJIBI JEUCTBYIOT Ha TEJIO.

|

310 cuna Tspkectu (MG), cuna peakuun nmoBepxHoctd (N), cuia, cOOTBETCTBYROMIAS
YCJOBHIO 3a71a41 (F = &mx) :

s permenus 3aa4yu HEOOXOAUMO: 3aMKucaTh TUHAMUYECKOE YPAaBHEHUE BTOPO-
ro 3akoHa HploTOHA; cenaTh pucyHOK ¢ 0003HaYE€HUEM U HAIpPaBJIECHUEM BCEX CUII,
BBIOpaTh cHCTEMY KOOpAMHAT (OT BBHIOOpa HANpaBlieHUs OCEH KOOPAMHAT 3aBHCHUT
IPOCTOTA WJIM CJOXHOCTh PEHICHHS 3a7jaud), CIPOELUHUPOBATH BCE CHUJIbI HAa OCH
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KOOpJMHAT.

Pemienne. B Hamem cIydya€ NUHAMHWYCCKOC YPABHCHHUC 3allUIICTCA B BHJC

mE =mg + N + Gimy, , MOCKOIbKY MOBEPXHOCTh IVIAJKAS, TO CHIIA TPEHUS OTCYTCT-
ByeT. [Ipoekiinu Ha OCH KOOpIUHAT:
OX moél—\::Fcos(p, (1)
OY 0=-mg+ N +F sin¢. (2)

Honw B neBoii yactu ypaBHeHuUs (2) yKa3bIBae€T Ha TO, YTO TEJIO JABUMKETCS IO
noBepxHOCTH (B10Jib ocu OX ) u He coBepiiaeT ABMKeHus o ocu OY .

VYcnosue N =0 ectb ycinoBue OTpbIBa Tena, T. €. B TOYKE X, COOTBETCTBYIOIIEH
ycioButo Mg =F sin ¢ , Teo He compukacaeTcs C IOBEPXHOCTBIO M IPH

F sin ¢ > Mg nosBiseTcst OTIMYHOE OT HyJIsl YCKOPEHHE @, , T. €. TENO MOAHUMAETCS

HaJl TOBEPXHOCTBIO.
VYuuTeiBas ycnoBue 3agauu, ypaBHeHue (1) MoxeM 3anucarh B BUJIE

m%—\::amx-cos As. (3)

JIJist HaXOXKACHUST 3aBUCUMOCTH CKOPOCTH OT ITyTH HEOOXOJMMO TPOBECTH MH-
TETPUPOBAHUE 3TOTO YPABHEHUs. AHAIN3 MOKA3bIBAECT, YTO B 3TOM YPABHEHUU IPHU-
CYTCTBYIOT TpH TiepeMeHHble (S, V, t), a mHTerpupoBaHue MPOBOTUTCS IO JABYM.

Heobxoaumo BbIpa3uTh OJHY M3 3THX MEPEMEHHBIX yepe3 ABe Apyrue. Tpu 3T me-

ds
pGMeHHI)IG CBJs3aHBbI MG}KI[y CO6OI/I KHMHCMAaTHUYCCKUM ypaBHeHI/IeM V :E’ rac dSI/I

dt OeckoHeuHo Manbie mpupanicHus S u t. M3 kuHeMaTHUeCKOro ypaBHEHUS TOJY-

\Y
yum dt :$ U MOJICTAaBUM 3TO BbIpakeHue B ypaBHeHue (3): mV (Z— =oym-Ccos As.
S

Paznenmum nepemennsie MVAV =maoy -COSAS dS ¥ IpOMHTErpUpyeM 3TO ypaBHe-
Hue. Ilo ycioButio 3agaum TeJl0 HaYMHAET JABHraTthcs U3 To4yku S=0. B 3T0#t TouKe
V =0. Torna unrerpan OyaeT ONpeAesieHHbIM C MpeeiaMu nHTerpupoanus S ot 0
mosuV or0moV:

\Y S
IVdV :Iax-cosAs-ds.
0 0
HOI[BIHT@Fp&HBHLI@ BBIPAXKCHUSA ABJIAIOTCA T aOJIMYHBIMU. BEIHOCHM ITOCTOSIHHBIE
34 3HAK MHTCrpaia 1 3aliluCbIBaCM

\Y S 2

IVdV = ocx_[cosAs-ds, V——\i:%sin As[:.

5 5 2 0 A 0

[ToxcraBuB BEpXHUM U HUXKHUU MPENIEIIBL, 711 CKOPOCTH HAWIEM BBIPAKEHUE
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V:,/za—xsinAs.
A

[Ipexne yeM MPUCTYNHTH K PEIICHUIO 3aJay HAa 3aKOH COXPAaHEHUS UMITYJIbCa,
BBEJIEM HEKOTOpPbIC (pU3ndecKue onpeieIeHusl.

AOCOJIIOTHO yIpYyrUM Ha3bIBAaeTCs yaap, MPU KOTOPOM IOJIHAST MEXaHU4YeCKas
SHEPTUsl HE MeHsieTcsl. MexaHnueckasi SHEprusl He MEePEXOIUT B APYrUe BUJIBI DHEP-
run. [Ipu paccMoTpennn abCONMIOTHO YIIPYTOTO yAapa CAeAyeT UCIOIb30BaTh 3aKOHBI
COXpPaHEHUS UMITYJIbCA U MOJTHON MEXaHUYECKOW (KUHETUYECKOW ) SHEPTUH.

[Ipn abCoNMOTHO HEYNPYroMm ynape Ted Hocie yAapa Tejla JBUKYTCS BMECTE C
OJINHAKOBBIMHM CKOPOCTSIMU. MexaHnnueckas (KHHETUYECKasi) SHEPrusi YaCTUYHO WU
MOJIHOCTBIO MIEPEXOIUT BO BHYTPEHHIOIO SHEPruto (TemioTy). Mexanuueckas (KuHe-
TUYEeCKasi) SHeprus He coxpaHsercs. CoxXpaHSeTcss MUMIYJIbC CUCTEMbI U TOJIHAS
SHEprus, T. €.

EKI/IH.HEI‘-I = EKI/IH.KOH + Q )

3agaya 3. [Hap mMaccoil M, neTAmMIA CO CKOPOCThIO V;, coBepIaeT adCOIFOTHO
YOPYIUH yAap ¢ MOKOSIIMMCS IIapOM Maccod M, U OTCKAaKHUBACT IIOJ IPSMBIM YI-

jaoM. HaliTu ckopocTH IIapoB MOcCi€ CTOJIKHOBEHHUS U YIoOJl, IO KOTOPBIM OTCKOYMII
BTOPOM 1Iap.

Jlnst peuieHus 3TOM 3ajadyu HEOOXOAUMO IPOAHAIU3HPOBATH (PU3NYECKHUE MPO-
LECCHI, MPOUCXOALIUE C MapaMu O U NOCII€ CTOJIKHOBEHHUS, O3HAKOMUTHCS C (PU3H-
YEeCKUMHM TEPMHUHAMHM M 3aKOHAMM: UMITYJIbC, 3aKOH COXPAHEHHUS HMMIIYJbCa, 3aKOH
COXpaHEHUSs YHEPTUU.

Pemenne. CrenaeM pHCyHOK, COOTBETCTBYIOIIMI YCIOBHUIO 33Jaud, U 0003HAUYUM
HarpaBJieHUs] BEKTOPOB MMITyJIbCa JI0 U TIOCJ€ yJapa B BEIOPAHHOW CHCTEME KOOPIUHAT
(ocb OX BIONL HANpaBleHUs JBWXKEHHUSI TMEPBOrO IIapa JI0 CTOJKHOBEHUS, OCh

y \%
M 51'

O- O

—/
L
X 2

OY —nepnenaukymsipaas ocu OX ). 3anuiieM 3aKOH COXPAHCHUS UMITYJIbCa U KUHE-
TUYECKON SHEPTUU:

mV; =m V! + MV,
1
mey)? _m')? | Mv;)° 1)
2 2 2
CnpoenupyeM BeKTOpHOE ypaBHeHUE (1) Ha OCHM KOOpAUHAT:
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OX mV,; =MV, cosa, )
oY 0=mV,'—MV,sina. 3)
VYT01 0. HEeU3BECTEH W, YTOOBI UCKIIOYHUTH €T0 M3 ypaBHEHWH, BO3BEIEM ypaB-
HeHus (2) u (3) B KBaJpaT U CIOXKHUM:
(mV,)? = (MV, cos a)?
4

(mV;)? = (MV, sina)? , (4)

m*((V)? + (V)*) =M *(V,)?,
TaKuM 00pa3om,
sin®a +cos® o =1.
[IpoBens maremMaTuueckue IpeoOpa3oBaHus U NEPErpynnupoBaB ypaBHEHHUE IJIs KU-
HETUYeCKOH 3Hepruu, u3 (1) nomyunm Gopmyiy

m((V1)* - (V1)*) =M (V,)*. (5)
Paznenum pe3ynbmpy}omee ypaBHeHHe (4) na ypaBHeHue (5), Ioay4um
(Vl i +(V1) =M, orkyza V, =V, M =m . (6)
(V1) -(Vp)? m+M
HOI[CTaBJIHeM (6) B pesynbTUpyIOIIEe ypasHeHue (4) u naxoaum V
2I 52 2m
m 1+ M —m?(Vy)? =1 - v mo_am
(V)*( ) 2(V,)? (V1) (V5)? = (Vp) =Vy— M M

JUJis HaxoKJIeHus yria o, pa3JeiuM IMepBble JBa ypaBHEHUs U3 (4) Opyr Ha apyra u

HaligeM
oV [Mom
\ m +M

3agaya 4. [[pIpsABYIO TENEKKY Maccoil m,
3arpy3wid MECKOM U Hadalld TSIHYTb C IOCTO-

ssHHOUM cunot F . V3 oTBepcTusi B TelekKe me-
COK BBICBINIAETCSI C TMOCTOSIHHOM CKOPOCTBIO

AN

€a o
p—-. HalTu 3aBUCHMOCTB CKOPOCTH U yCKOpE-
n

TN

_ N’ X HUA TCIICKKU OT BpeMeHI/I.
mg necka

Pemenue. 113 YCJI0BuUA 3a1a49M CJIICAYCT, YTO MacCCa TCJIICIKKU C IICCKOM U3MCHAT-

Cs CO BPCMCHECM 110 3aKOHY
m=my—pt. (1)
CkopocTh Tenexku sBisgercs Gpyukuuei Bpemenu V (1) . [To HanpaBieHHIO ABHKECHHUS
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TEJEKKU HanpaBuM och OX .
3anuineM 3aK0H U3MEHEHHS UMITyJIbCa B UHTErpaibHON (opMme:

Pxon t _’
j dp = j Fdt,
Prau 0
Ap = pKOH - pHaq = Ift’ (2)

—

rae nox F nmonumaercs cymma Bcex BHEIIHUX cuil. CrpoenupyeM ypaBHeHue (2) Ha
ocb OX':

Pxon = Prau = Ft |

t
(m, —put) V+[ pvdt=Ft,
[Tpoaudpepeniuporas 310 ypaBHEHHUE, MTOTYUUM

—MV+(m0—ut)C:j—\t/+pV:F.

dVv F
CrnenoBareslbHO YCKOPEHUE TEIEKKU Ol —— =
dt  my—pt
CkopocTsV HailieM, IpOMHTETPUPOBAB BbIPAXKEHHUE
gy = rdt
Mg — ut
v t
F
o oMo~
VIg =——In(mp —pt)lg
OKOHYATENBHO MTOTYy4YaeM
V="n—"o ,
o My —ut

3amaya 5. [lyns maccoit M JIETUT CO CKOPOCTHIO V; U momnasaer B map maccod M

JIeKAIIMK Ha Kparo cTosa Ha BeicoTe h. HaiiTu umnyibc mapa v myJy npu yaape o
noJ1 (yaap abCOMIOTHO HEYNIPYTHiA).

Jlnst perieHus 3aa4u HEOOXOJUMO O3HAKOMUTHCSI C 3aKOHOM COXPAHEHUS UM-
nyJibca Mpu abCOIOTHO HEYTIPYTOM yape.

AHaJIM3 YCIIOBUS 3a/lauyd: M3BECTHBI Macca M CKOPOCTh IYJIM M Macca HENox-
BH>KHOTO 111apa, BBICOTA HA KOTOPOW PACIIOJIOKEH 1Iap.

23



Pemenue: J[ns1 pemenus 3a1a4u cieaeM puCyHKU, OOBSICHSIONINE TPU COCTOS-
HUS cucTeMbl. [lepBoe cocTosiHUE: MyJisl JIETUT CO CKOPOCThIO V. 3amuiieM 3aKoH
COXpPAHEHUS UMITYJIbCA U 3aKOH COXPAHEHUSI SHEPTUU JJIsl ITOTO COCTOSIHUSL:

pcncﬂ = m\71 )
mV,2
ECI/ICTI = 21 + (m +M )gh

Btopoe cocrosinue: myns ynapsiercs B map M 3actpeBaeT B mape. [Ipoucxoaut
COBEPILICHHO HEYNPYruid yaap. 3amuiieM 3aKOHbl COXPAHEHUS UMITYJIbCA U U3MEHE-
HUSI SHEPTUU JJI51 3TOTO COCTOSHHUS:

rae V, — CKOpOCTb IIyJIM U 11apa KaK OJHOIO LEJIOTO.

TpeTI)e COCTOsAHHUC: Hy.]]ﬂ n Hlap y,Z[ap}IIOTCH O IIO0JI. 3aHI/H_HeM 3dKOH COXpaHeHHH
I/IMHyJ'Ibca nu 3HeerH JJIs1 9TOI'O COCTOAHUA:
p = mV3 y

cucr3 —
(Mm+MVZ
E="——"-7"2,
2
rac \73 — CKOPOCTH IIYJIM U IIapa B MOMCHT yAapa O IT0JI.
AHaJII/IB HepeXOJ:[HBIX COCTOSHUU; HpI/I nepexoz[e CUCTEMBI U3 HepBOFO COCTOJI-
HUSI BO BTOPOE MPOUCXOIUT a0COJIOTHO Heynpyruit yaap. [Ipu 3Tom BhIMOSHSETCS
3dKOH COXPaHCHHA UMITYJIbCA U HC BBIITOJIHACTCA 3aKOH COXPAHCHUA SHCPIUH.
Pr=p > mVy=(M+M)V,,
v, = ™
A .
m+ M
[Ipu nepexone U3 BTOPOro COCTOSIHUSI B TPETHE COCTOSIHUE BBIMOJIHAETCS 3aKOH
N3MCHCHUA I/IMHyJIbca " 3aKOH COXpaHeHI/ISI 3HepFI/II/II
AP=(M+MN; —(Mm+M)N, =(m+M)g ,
rac [ BpCM MaJACHUA 1Iapa U ITYJIU C BBICOTHI h .
BriOupaem ocu koopauHat, Kak Moka3aHo Ha pucyHke. [Ipoekiun uMiyibca Ha
9THU OCHU PaBHBI
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mv;
m+M’

2
t
BpeMH MMaaCHU:A IIYJIM W IIapa € BBICOTHI CBA3aHbBI COOTHOLICHHCM h 27 n

t= 2h . Torna Vay =+/2gh . Cxopocts V3 10 MOZIyII0 paBHA
9

2

2
’\73‘ :\/V32x +Vyy = SLLA

+2gh.
(m+M)>?
NMmynibe cUCTEMBI IIap—ITyJisi B MOMEHT yJiapa o 1oJj OyJ1eT paBeH
m?V,?
Pe=(M+MN;=(M+M), [———+2g
3 3 (Mm+M)?

33[[3‘11/1 AJA CAMOCTOATCIbHOI'O PCIICHUA

1. Tema Maccamu My ¥ M, CBSA3aHbl HUTBIO U JIBUTAKOTCS II0J JEHCTBHEM IIO-
CTOSIHHOM cuiibl F , HampaBieHHOUM noxa yrioM o k ropuszonty. Kosdduiument tpe-
HUS MEXJy 000MMU TeJIaMu U TTIOBEPXHOCTHIO OJIMHAKOB M paBeH L. Haiitu yckope-

HUE TEJl U CUIIY HATSKEHUS HUTH MEXIY TEJIaMU.
2. llapuk moABeCHSIM Ha HHUTU IIMHON | M packpyTHIM B TOPH30HTAIBHOU
TUTOCKOCTH TaK, YTO OH IMOJHSIICS Ha BeIcOTy h. HaliTi CKOpOCTh BpallieHus IapuKa.

3. Yactuna maccoil My neTuT co ckopocteio V; Broab ocu OX . Yacruma mac-
COi M, JIETUT CO CKOpPOCThIO V, mox yrioMm o k ocu OX . YacTuus! coBepuaroT co-
BEPLICHHO HEyNpyruy ynaap. HalTu uMmIynbC CUCTEMBI MOCIE ynapa U BBIICIIHB-
LIYIOCS IIPYA 3TOM TEILIOTY.

4. B BaroHeTKy Maccou My, IBHXKYINYIOCS IOJ JEHCTBHEM IOCTOSHHOW CHIIBI
F , HachImarOT MECOK cO CKOPOCThIO [i. HaliT CKOPOCTh M yCKOPEHUE BarOHETKU KaK
(GYHKIMIO BPEMEHHU.

5. B Teno maccoit My, BUCsIee Ha HEBECOMOM HEpacTsHKMUMOW HUTH UTMHOH |,

nomnanaer Imyjas Maccou M, U 3acTpeBaeT B HeM. Halitm yckopeHue Tena B TOYKE
MAaKCUMAJIBHOTO MOIbEMA.
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3AKOH COXPAHEHUWSA DOHEPTUN

DOHeprusi — KOJMYECTBEHHAsh Mepa BCEX BUIOB JABWKEHHUS U B3aUMOJICUCTBUS,
I7i€ TI0J1 IBM>KEHHEM MOHUMAIOTCA JIF0Oble M3MEHEHHUS B CUCTEME C TEYEHUEM BpeMe-
HU. CKOJIBKO €CTh BUJIOB JIBXKCHHS U B3aUMOJICHCTBUS B IPUPOJE, CTOJIBKO U BUOB
sHepruu. [losHast s3HEPrUst €CTh CyMMa BCEX BUAOB YHEPTUH.

Ecnu cucrema 3aMKHyTast, TO 3aKOH COXpaHEHUsI YDHEPTUU POPMYIHUPYETCs clie-
OYIOIIMM 00pa3oM — TOJIHASL SHEPTUsl 3aMKHYTOW CUCTEMBbI IOCTOSIHHA, T. €. SHEPTHUs
HE MCYE3a€T B HUKYJAa U HE BO3HUKAET U3 HUYETO, HO OHA MOKET MEPEXOUTh U3 Of-
HOro Buza B apyroi. [Ipouecc npespameHuss 0OJHOrO BUa YIHEPTUU B IPYrOM Ha3bl-

r2 r‘2
BaeTcst paboroir A= j(lfd?) = J Fcosadr, rone df — sneMeHTapHOE MepeMelnicHue
h h
TeJIa U3 MOJIOKEHHSI C PaliyCOM-BEKTOPOM I B MOJIOKEHHUE C PATUYCOM-BEKTOPOM
I,, 0. — yrojl MEeAy HallpaBJIEHUEM CUJIbI U BEKTOPOM IIE€PEMELICHUS.

Mexanunyeckast SJHEPTHs €CTh CyMMa KHHETUYECKOMN U MOTEHIUAIBHON YHEPIUN:
EMCX = EKI/IH + EHOT )
mv 2
2
[ToTeHuManbHast SHEPTUsl — SHEPTU B3aUMOJECHUCTBUS TEJ APYT C APYrOM HIIH
OTJENIbHBIX YacTel OJHOro W Toro e Tena. Hampumep: 1) sHeprus B3aumonelcTBHS
tena ¢ 3emneit: E_ . =mgh + const, rae const 3aBucut oT BEIOOPA HYJIEBOTO YPOBHS;

5 kx?
2) BHeprusi B3aUMOJEHCTBUS JPYr C JAPYTOM BUTKOB IPYXHHBL: E; ;g ==, e k —

Kunernueckas OHCPIUA —I3HCPTUA ABUIKCHUA EKHH =

KO3(QUIMEHT YHNPYrOCTH NPY>KHUHBI, X = ‘I - |0‘ — abCoIOTHOE yIJIMHEHHE (CKaThe)

IIPYKUHBI.
3aKOH M3MEHEHUsI MEXAHMYECKOW IHEPruy MpHU HAIMYUKA HEKOHCEPBATUBHBIX
CHJI 3aIIMCBIBAETCS BBIPAKEHUEM

AEMCX = E EMeX.Ha‘I = AHeKOHCGpB.CI/IH '

KoncepBaTuBHBIE CUIIBI — CUJIBI, PaOOTa KOTOPHIX HE 3aBUCUT OT (DOPMBI U JIJTHU-
Hbl TPACKTOPHUH, a 3aBUCUT TOJBKO OT HAYAJIBHOTO M KOHEYHOTO IOJOXEHUM Tela.
PaboTa kOHCepBaTUBHBIX CHJI IO 3aMKHYTOM TPACKTOPUHU paBHA HYJIIO.

HekoHcepBaTHBHBIE CHIIBI — 3TO CHUJIbI, padOTa KOTOPBIX 3aBUCUT OT (POPMBI U
JUIMHBI TpaeKTopuu. HekoHCcepBaTUBHBIE CUIIbI PEBPALLIAIOT MEXAHUYECKYIO IHEPTHUIO
JIBUKEHUS] BO BHYTPEHHIOK SHEPrut0. K HEKOHCEpBATHBHBIM CHJIAM OTHOCSITCSI CHJIBI
TPEHUs1, COTIPOTUBIICHUS CPEJIbI, TUIacTHUecKue Aeopmanuu u 1. 1. PaboTa 3tnx cui —
MEHBIIIE HYJISI, T. K. HAIIPABJICHBI IIPOTUB HAIPABIICHUSI [IEPEMEILICHUS TETIA.

MEX.KOH
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[TPUMEPDBI PEHHEHW A 3AJTIAY

3agaua 1. Teno Maccoli M COCKaIb3bIBAET C IOJOTOM MOPKH BBICOTOH h M 1iiu-
HOI ocHOBaHUsA | 1 ocTaHaBnmuBaeTcs y ee moaHOXMUA. Hailth MUHUMaIbHYIO paboTy,
KOTOPYIO HaJ0 3aTPATUTh, YTOOKI 3aTSHYTH TEJIO HAa TOPKY.
X

1

I[J'ISI pEIICHUA 3aaa49n HCO6XOI[I/IMO O3HAKOMHUTLBCA C 3aKOHOM COXpPAaHCHHA I10JI-
HON MEXaHHYECKOU 9HCPIUHU, HCKOHCCPBATUBHBIMHA CHJIAMHU, TUHAMHUYCCKHUM YPABHC-
HHCM BTOPOI'O 3aKOHA HeroTona.

Pemenne. /{5 pemenns 3aa4uu MCIOIB3YEM 3aKOH M3MEHEHMS MOJHOW MeXa-
HUYECKOM HEPTUM C YYETOM HEKOHCEPBATHUBHBIX CW. PaccMOTpHM 1Ba COCTOSTHHS
CHCTEMBI: MIEPBOE COCTOSTHUE — TEJIO0 HAXOAUTCS B HAYaJIbHOM BEPXHEM MOJIOKECHUU
Ha TOPKE U OMYCTWIOCh HA OCHOBAHUE TOPKHU (PHUC. a) U 3alHIlIeM 3aKOH U3MEHEHUS
MEXaHUYECKON SHEPTUHU I 3TOTO COCTOSHUS

AE = EKOH - EHaq = Arp’ EHaq = mgh’ EKOH =0.

MunumanbHasi padoTa Oy/aeT BbINOJIHEHA, KOI/IAa K TeJly NPUJI0KeHa MUHMMAIbHas
cuja:

F](ﬂ/IH( MIA{ = Fong )

PaccMoTpuM cocTositHue, KorJa Teno mogHuMaercs Ha ropky (puc. 0)). CocraBum
JMHAMHYECKOE ypaBHEHHE BTOPOro 3akoHa HpIOTOHA AJis 3TOTO ciaydas W caenaeM
PUCYHOK ¢ 00O3Haue€HHWEM HampaBiieHHUs] Bcex cuil (cMm. puc. 0). Beibepem cucremy
KOOPJIMHAT U 3aIUIIEM MPOEKIIUU BCEX CHUJI HAa OCH ATOM CUCTEMBI KoopauHaT. ['opka
noJiorasi ¥ 3a7jaiuM yroJ o, KOTOPBIM OHa cocTaBisieT ¢ ocHoBaHueM. Cuia, KoTopas
BBITIOJTHSACT MUHUMANBHYIO paboty (4,,,), OyJeT MUHIMaIbHOM, KOTria TeIO HOHH-
MaeTcsi ¢ MOCTOSHHON CKOPOCTBIO, T. €. yCKOpeHue Tena paBHo Hy’wo (8=0) .
ma=F,,+mg+N+F —>0=F  +mi+N+F —>F  =-(m3+N+F_ ).
Jliss HaXOKJEHUS BBITIOJHEHHOW 3JIEMEHTApHOW PaOOTHI MBI JOJDKHBI KOKIYIO U3
ITHX CHJI YMHOXHTH CKAJIIPHO Ha 3JIEMEHTapHOE repemenienue Tena dr :

m(gdr) — mgdr cosa = dA,, (Ndr) — Ndrcosa = Ay =0(cosa. = 0),
(FysdF) — Fysdrcoso = Ay, drsino = dh
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u uHTerpupoBanue mo dh macr Ham MuHEMaNTEHYIO paboTy:
h h
Ang + A, =—| mgdh — [ mgdh = —2mgh.
0 0

MunumanbsHas paboTa, 3aTpayeHHas Ha MOJIHITHE Tejla Ha TOPKY, OyJZleT paBHa

A =2mgh.

MUH

K ly ynp
m, + m,
0 lmg'
a 0

3anava 2. /[pa kyOuka mMaccoil M, =M, = M CBA3aHbI IPY>KMHOH, UMEIOILEN KO-

3pPUIHEHT KECTKOCTH K , M TOCTaBJIIEHBI BEPTHUKAIbHO. Hackombko Hamo cxkartb
MPY>KUHY, YTOOBI TPU OCBOOOKIEHUH €€ HIKHUI KyOMK OTOpBAJICS OT MOACTABKU?

Pemenne. PaccMOTpyuM /1Ba COCTOSIHUS CHCTEMBI: IIEPBOE COCTOSIHUE (PHC. a): Ipy-
’KMHA MaKCHMMAJIbHO CKaTa X; = ‘Z - ZO‘ . B aTOM cocTosHMM cucTeMa o0OnaaeT sHepruei
~2

k

rne B — norennuanbHasi SHEprus HIKHEro Kyouka, E;;  — moreHuuaneHas sHep-
H.K B.K
I'vsl BEpXHEro Kyouka, E; — noreHnumanbHas sHEprus CokaToi MpyKUHBIL.
np

Bropoe cocrosHue (puc 0): mpyKMHa MAKCHMMajJbHO PACTAHYTa X, :‘12 —IO‘. B

3TOM COCTOSIHUM CHcTeMa 001ajaeT SHepruei

kx5
—E. - 5 2
E,=Ei +E +A s =0+mg(l, + &,) + >
Bo BTOpoM cOCTOSIHMM Ha HUKHUW KyOUK JIEHCTBYIOT CUJIbI M, N, F yip - B

MoMeHT oTpbiBa N =0 j151 BTOPOTO COCTOSIHHSI MOYKHO 3aIliCaTh JUHAMUYIECKOE
ypasuenne mg+ N +F, =0, rne Fx =k , u B npoexuusx va ocb OX (cm. puc.)
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Tak xak Ha CUCTCMY HC HeﬁCTBYIOT HCKOHCCPBATUBHLIC CHUJIBI, TO 3aKOH COXPAaHCHUA
9HCPIrUH BBIIIOJIHACTCA U MOKHO 3aIIMCAaTh

ko kx?
mg (f — 1)+—£¥!g=l (o + 2)+72’
kx? mg k mg.,
—MmgX, + —==m +— :
9% 2 g " 2( )
2.2 4 202 1 19m2q2 4
kxf—2<rngx1—3m g 0, - ng_\/4m g°+12m-g _ mg + 2mg |
k 2k r
_3mg
X = <
mg
Bropoe 3Hauenue x, =—x; = R COOTBETCTBYET PACTSIKEHHUIO (COCTOSTHUE 2) TpY-

KHUHBI.

3agaua 3. Benpom Maccoit m u o0beMoMm V 3a4yepnblBalOT BOJY, MIIOTHOCTD
KOTOPO# paBHa p, Ha riiyOouHe h. Beapo Bucut Ha 1ienu, Macca 0JTHOTO METpa KOTO-

poii paBHa M. Kakyro paboTy HaJo COBEpUINTH, YTOOBI BHITSIHYTh BEAPO C BOJOW U3
Kosuomaia?

Pemmenmne. OHpe,Z[GJ'II/IM MMpUpanICHucC HOTGHHH&HBHOﬁ OHCPIrUn CUCTCMBI:
EH = EKOH_EHa‘I'
Ha‘—IaJ'H)Haﬂ IIOTCHIIMAJIbHAA 3HeprI/IH CUCTCMBI 6y,[[eT OHpeﬂeHﬂTBCﬂ IIOTCHII -
JIbHOW HEpPruei Benpa ¢ BOJOW, HaXOMAIIUXCS HA TIyOWHE KOJOJIA, W TOTCHIIH-

AJIbHOW DHEPIUM PACTAHYTOU LICIIN:
2

h
Aia+:—(m+pV)gh—m0g7:O,

rac pV — MacCa BOJbI, BCIIMYHMHA E 3a1aCT OCHTP MaACC LCIIU YC = —E, a IIOTCHIIH-

aJIbHasA OSHCPIUA LOCIU OIIPCACIIACTCA ITOJOXKCHHUCM ILICHTpa MACC HOCIIM M pPaBHaA

h .
myg > Ecnu 3a HyneBoi ypoBeHb IIPUHATA NOBEPXHOCTH 3eMiau, T0 E , =0 u

myh
A'I' =A= Eé’|‘|’ — Eia+:(m+pV +T)gh

3amaua 4. Temo Maccold M COCKaJIB3BIBACT C TIIAAKOW TOPKH BbICOTOM h M m0-
nagaeT Ha 10cKy Maccod M . [locka nexxut Ha riaaaxoil nosepxHoct. Haittu paboty
CHUJIBI TPEHUS MEXIY JOCKOU M TEJIOM, COBEPIICHHYIO 3a BCE BpEMs IBUKCHUSA Tella
110 npocke. Ilepexon ¢ ropku Ha JOCKY IIJIaBHBIN.
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Pemenue. BOCHOJILBYCMCH 3dKOHAMH COXPAHCHUA JHCPIruvu U HMITYJIbCA. Pac-
CMOTPHUM TPHU COCTOAHUA CUCTCMBI. Teno HaxoauTcs Ha BCPIIMHC T'OPKU U ITOKOUTCH.
B sTom cocTostHum oHO 06J'Ia,Z[aeT MOTEHIIUATIBHON BHGPFHeﬁ

E, =mgh.
Teno HaxoauTCA Y INOJHOXHA T'OPKH. HOTeHLII/IaJ'IBHaH OHCPIruAg Mepeijia B KUHCTH-
YCCKYIO OHCPIUIO JABHUKCHUA TCIIA:
_mv?

K 2 !

E

rae V — CKopocCTb Tella y TOJAHOXKHS TOPKH.
Tak kak ropka riagkas, CUJIbl TPEHHSI OTCYTCTBYIOT U BBINOJIHIETCS 3aKOH COXpaHe-

HHA DHCPIUu:

mv 2

mgh = —>V =,/2gh.

[lepen momagaHuemM Ha OCKY Yy €€ MOJHOXHS TENIO MPUOOperno uMIyiabc p=mV .

Teno HaxoaAuTCsa Ha JOCKC M OHHU ABUIalOTCA BMECCTC KaK CAHMHOC LICJIOC. B stomMm co-
CTOJAHHNH CUCTEMA TCJIO — OJOCKa 06nanaeT HMITYJIbCOM

p=(m+MM
Y KHHETUYECKOUN IHEPrueu
(m+ M)V,
Eq = T

Tak xak Ha CUCTEMY TCJIO — NOCKa HC ,IICfICTBYI-OT B HAIIPpABJICHUUN OX BHeEHIHME CH-
JIbI, TO ITPOCKINA px = plX =0 , T. €. BBIIIOJIHACTCA 3aKOH COXPAaHCHUA UMITYJIbCa

p=pomV=(m+M)V,

m m+/2gh
v, = v = IVeIn
m+ M m+ M
Mexay TeJloM U JI0CKOM cyliecTByeT cuia Tpenus. CiaeqoBaTeabHO, U3MEHEHUE Me-
XaHUYECKOW YHEPTUU PaBHO pabOTe CHIIBI TPEHUSI U MOXKHO 3aMKCcaTh 3aKOH U3MEHe-

HHUS TOJTHOM MEXaHUYECKOM SHEPTUH:

OTKyJia
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(M+M)N? mv?

E.-E =A,— — =

K1 K Al‘p 2 2 ATp
s _(m+M)(m«/2gh)2_m h——M "

P 2 m+ M & miMm e

3agaua 5. CaHku JUIMHOM |y CKOMB3AT MO riafgkoMy JbIy cO CKOpocThio V M

BBI€3KAIOT HA MOCBINAHHYK MECKOM Aopory. [IpoaBuHyBHIIMCH MO OPOTE€ Ha pac-
crossane | =3l,, onn ocranaBnmmBatotcsa. Haliti koo duiment Tpenuns |1 10poru.

I[J'I?I peiCHuA 3aaa4u HGO6XOI[I/IMO MMPOAHAJIM3HUPOBATL YCJIOBHUA BBIITOJIHCHHA
3aKOHa COXpaHCHUA MEXaHNYECKOU OHCPIUH.

Pemenne. J[BrkeHHEe CaHOK OT HAYAJIBHOTO JO KOHEYHOTO IMOJIOKEHUS MOXKHO
pa3OUTh Ha YEThIpE COCTOSHUS (CM. puC.). B epBOM COCTOSHHUM TEIO CKOJB3UT IO

[JIaJIKOMY JIbJIy CO CKOpPOCTbIO V U OHO 00JIaJJaeT B 3TOM COCTOSSHUM KMHETHYECKOM
2

sHepruen E; = . B cocrostuu 4 teno ocranasnuBaerca u £, =0. 3anumem 3a-

KOH M3MCHEHUs MeXaHn4ecKou sneprun: B, —E, ., = Ay

— - . N -
o = Ny N, Fip2 N =0
-1 - FTpl I
SNAAAAANAAAAANY
0'x _ X
lo mg mg 3¢,
cocmosnue 1 cocmosnue 2 cocmosinue 3~ cocToHne 4

B coctosiHun 3 TEno MOJHOCTBIO CKOJB3UT IO LIEPOXOBATOM JOpore, W cuia
TPEHUs B 3TOM Cllydae paBHa Fg; =pumg . CocrosgHue 2 — 3T0 COCTOSIHHE, KOT1a CaH-

KH1 I[JIPIHOﬁ IO HaJIBUT'alOTCA Ha IICPOXOBATYIO HOPOTY. B »TOM cocCTOsSIHUM Ha CaHKHU
HeﬁCTBYIOT YCTBIPC CHUJIBI: CHJIa TAXKCCTH mg , CHJIa pCaKIuu OIIOPbI CO CTOPOHBI JIbJId

—

N;, cuia peakumu onopsr co croponsl goporu N, u cuma tpenust Fp,, 3aBucsmas

- . mg
TOJIKO OT CUJIBI PEAKIIMHU OIOPbI CO CTOPOHBI foporu Fyz, = LN, . 3nece N, =—=X. Ilo
0

YCIIOBHIO 3aJa4M JABMXKEHHUE IO JIbAy npoucxoauT 6e3 Tpenus (Fgs; =0). Cuna Tpenus

F.pa sBIISETCS PyHKUMeR X . Pabora cunsl tpennst F, na yuactke 0l pasna

lo lo lo 2
Aoézz—I“deX:—J‘ugxdxz_ug de:_“%%l%:—“ mglo'
0 0 0 00 0

Ha yuactke |y —3l,, paBaom 2|y, cuna Tpenus mocrosHHa u paBHa Fy53 =pumg

1 paboTa CHJI TPEHHs Ha 9TOM yuyacTke paBHa Agyy =—pmg2l,. 3anumewm 3akoH us-
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meHenust onepruu E o, —E,,, = A, ¢ ygerom Beex cui:

mvZ  umgl ) V2
0- =— 0 _2umgly >V =5ugly > p=—-.
5 > umgly HGlp = 1 51,

3anaq1/1 AL CaMOCTOATCIIBHOI'O PCHICHUA

1. BepeBky mnmmHo# |y 1 mMaccoit m, nexanryro Ha TJIaAKOH TOPU30HTAIBHON

MOBEPXHOCTH, 3aTSATUBAIOT HAa HAKJIOHHYIO IJIOCKOCTh, MMEIOIIYI0 KO3(PPUIUCHT
TPEHMS | M PACIOJIOKEHHYIO O] YIJIOM o K ropu3oHty. Haiitu paboty, 3aTpaueH-
HYIO Ha NIEPEABUKEHUE BEPEBKHU, €CIIU NIEPBOHAYAIIBHO OJIMH KOHEL[ BEPEBKU JIEKAIT Y
OCHOBAHUs HAKJIOHHOM IUIOCKOCTH.

2. OmHOpOAHKIH Kabenb uIMHOW | mepekuHyT yepe3 OJOK U HaXOAMTCS B paB-
HOBECHUHU. JIErkuM TONUKOM KaOesb BBIBOJUTCS U3 IOJIOKEHUs paBHOBecus. Haiitu
CKOPOCTh Kabelisi B MOMEHT COCKaJIb3bIBaHUs ¢ Oyioka. TpeHueM nmpeHeopeyb.

3. Bona BeiOpackiBaeTcs M3 INIAJKOTrO IUIAHTa CEYEHUEM S IO YIJIOM O K To-
PH30HTY Ha BBICOTY N, BbIIe KOHIA HUTaHTa. Pe3epByap, B KOTOPBIA MOTPYKEH
nuiaHr, Ha h, Hmwke BbeixogHoro otBepetus. Eciam KIIJl ycranoBku paBeH m, TO Ka-

KOBa MOIIIHOCTh MOTOpa?
4. Hebounplioe Teno Maccol My mokouTcs Ha nonycdepe paguycom R. B teno

CTPEJISIOT MyJIeld Maccol M,, JeTsien co ckopoctbio V,,. Ilynst 3actpeBaet B Tene u

OHO HAYMHAET COCKaJb3bIBaTh ¢ Moiycdepbl. Ha kakoil BBICOTE OT CTOJa TEIO OTO-
pBeTCs OT noiychepsi?

5. Ha yamky mpy>KuHHBIX BecoB maccoii M mamaeT ¢ BbICOTHI h HeOoubIoe
TEJI0 Maccoid M W MpHIMIaeT K Becam. HallTh MakcuManbHOE CKAaTHE MPYKUHBI Be-
COB, ecJi KO3 (OUIIUEHT YIIPYTOCTH NPYKUHBI K .

MOMEHT UHEPIIUU

MowmeHnT uHepuuu | — Mepa MHEPTHOCTH Tella NP BpallaTEIIbHOM JABUKEHUU.
MoOMEHT MHEpUUHU 3aBHCHT OT MAacChl T€la, €€ pacupeneseHus no o0beMy Tena U
BBIOOpA OCH, OTHOCUTEIBHO KOTOPOW BBIYMCIIAECTCS. MOMEHT MHEPLHH MaTepuaib-

y y 2 .
HOH Touku onpenensercss popmynoit | =M~ roe m; — Mmacca MmaTepuanbHON TOUKH,
I, — €€ pacCTOsHHE 10 BIOPAaHHOU OCH.

JUis onpeneneHus MOMEHTa MHEPIMKA TBEPJIOrO Tela €ro pa3OMBAIOT HA CHCTEMY
MaTepHaIbHBIX TOYEK (3JIEMEHTAPHBIX MACC), ONPEAEISIFOT MOMEHT MHEPLUH KaXKA0H Ma-
TEpUAILHON TOYKH (3JIEMEHTapHOW MacChl) OTHOCUTENBHO OCH U, MPOBENS CYMMHUPOBA-
HUE NOJTYYEHHBIX JAHHBIX, ONPEIENIIIOT MOMEHT MHEPLIMU TBEPJIOTO TeNa KakK LEI0ro:

| = Amr?,
i

rne Am, — sjgeMeHTapHas Macca; I[ — pacCTOSTHHE 3TOW 3JeMEHTapHOM Macchl TBEp-
JIOTO Tela JI0 OCH. DJIEMEHTapHYI0 MacCy MOXHO BBIPAa3UTh Uepe3 IUIOTHOCTh TBEp-
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noro Tema Am=pAV , rae p — o0beMHas IIOTHOCTh, @ AV — 3JIeMeHTapHbIN 00beM

TBEPJIOTO Tejla, CYMMUPOBAHUE 3aMEHUTh UHTETPUPOBAHUEM U (HOPMYJITy ISl OIpe-
ACJICHUS MOMCHTA MHCPUUHN 3alIMCaTh B BUJIC
| = [ preav.
v)

Ecnu TBepioe T€I0 OHOPOIHO C TIOCTOSIHHOM TUIOTHOCTBIO IO BCEMY 00beMy
(p = const), To p MOXKHO BBIHECTH 3a 3HAK MHTErpaJia U 3amucaTh

l=p [ rav.
V)
Haubonee mpocTo MOMEHT UHEPIIUU ONPEACNACTCS ISl CHMMETPUYHBIX TE€TT OTHOCH-
TEIBHO OCEH, MPOXOAAIIMX Yepe3 LIEHTP NHEPLUUH (TJIaBHBIE OCH MHEPLIMH) UIIU YEpe3
ocu CI/IMMeTpI/II/I OI[HOPOI[HOFO TEJ1a, ABJIAOIINECCA BCEraa r'iaBHbBIMHU OCSIMU I/IHepI_[I/II/I.

2
Ecau och mpoxoAut yepes HEHTp Macchl Tena, To | =yMmR 5, rae R, . — Makcu-

MaKC
MaJbHOE PACCTOSHUE OT KOHIAa TBEPAOrO Tejia A0 OCU BpPAILEHUS, Y — MOCTOSIHHAS,
3aBucsIIas oT PopmMbI TETA.

Jlis omnpeneneHnss MOMEHTa MHEPLUUHM TBEPIOrO Tejla OTHOCHTENBHO JI000HM OcH,
PacIoIOKEHHOM Ha paCCTOSTHUM @ OT OCH MHEPIUH, IPOXOJAIIEH Yepe3 LIEHTP UHEPIUU
TBEPJIOrO Tela, UCob3yercs TeopeMa llTeitHepa (Teopema o epeHoce ocelt HHEPIIMN)

| =1, +ma’,
rae |, — MOMEHT MHepIMU TBEpAOro Tela OTHOCHTENIBHO OCH, MPOXOMICH uepe3
LEHTp MHEepUuH (LIEHTP Macc) TBEPAOro Tela W NapajyIeIbHOW MCXOJHON ocu; a —
paccTosiHue OT OCH WHEPIMH, MPOXOISIICH uepe3 ICHTP WHEPIMH TBEPIOro Teja
(O0"), 10 ocH, OTHOCHTEIBHO KOTOPOI MbI OIPEAC/ISEM MOMEHT HHEPLHH TBEPIOTO

. I
Tena u mapamiensHoit OO, m — macca TBep0TO Tea.

[TPUMEPBI PEHIIEHU A 3AJTAY

Am 3agaua 1. Haiitu MomeHT uHepuuu OECKOHEYHO TOHKOTO
KOJIbLIa MACCOM M W paguycoM R OTHOCHUTENIBHO OCH, MPOXOISILIEH
R 4yepes3 LEHTP KOJbLA U MEPIEHANKYJIIPHOM ITIOCKOCTH KOJIBLIA.
X
Pemenne. /{51 pemienus 3aaud HE0OOXOAUMO O3HAKOMUTHCS
C (U3NYECKHMMH TMOHATUSIMH: MOMEHT HHEpPUUU MaTepHalbHOU
TOYKHA, MOMEHT UHEPIIUU CUCTEMBI MATEPUAIIBHBIX TOYEK, MOMEHT HHEPLIMU TBEPAOTO
Tenaa, MOMEHT UHEPLMU CUMMETPHUUHBIX Tel, TeopeMoil Lllteiitnepa (Teopema o nepe-
HOCE OCEW MHEPLMH), BCHOMHHUTD ONpPEE/IEHUE LIEHTpa Macc.
Y1o0Ob! NpUMEHUTH (POPMYITy MOMEHTA UHEPLIMU MaTEPUAIbLHON TOUKH

| =3 AmR? 1)

JUISl HAXOXJIEHUS MOMEHTA MHEPIMHA TOHKOTO KOJbla, pa3OuBaeM KOJIbIO Ha OECKO-
HEYHO MaJlble (dJIeMEHTapHble) Maccbl AM; (cM. puc.). Tak Kak KOJBLIO TOHKOE, MO-
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eMm cuutath Ri =R, r1e R — pamuyc i-ii OECKOHEYHO TOHKOHM KOJIBIIEBOH 30HBIL, R —

pamuyc OECKOHEYHO TOHKOTro Kousbia. Torma B dopmyne (1) R? MOXHO BBIHECTH 3a
3HaK CYMMBbI:

| =R*YAm;.
1

Tak kak ) Am;=m, 1o | = MR?. MOMEHT MHEpLHH GECKOHEYHO TOHKOTO KOJNbIA
i

paBeH | = mR2.

3agauya 2. HailTu MOMEHT WHEpUUU Of-
VA Z; HOPOJHOIO JUCKa Maccod M, pamuycoMm R oT-
HOCHUTEJIHO OCH: 1) MeprneHANKYISPHON TUCKY
U TPOXOJIAIICH Yepe3 ero HEeHTp; 2) MepreH -
KYJIIPHOW TIJIOCKOCTU JIUCKA M KacaTeJbHOU K
00pazyrolei.

Pemienne. Pa3OuBaem nuck Ha GeCKOHEY-
HO TOHKHE KOJIbLIA BBICOTOM N, paBHOW TOJI-
[IMHE JAKUCKa (BeTMYMHA TOCTOSIHHAS JJIST BCEX
OECKOHEYHO TOHKHX KOJIell), muprHoi dr ka-
KJIOTO U PagNycoM I 3TOro OECKOHEYHO TOH-
KOT'0 KOJIbI[a. MOMEHT HHEPLIMHU TaKOTO KOJIbIIa HaiieM 1o ¢popmyiie

dl = r2dm. (1)

Jluck omHoponHbii (p = const). Beipasum maccy dm depe3 00bEMHYIO IUIOTHOCTh H

AIIEMEHTAPHBIN 00heM OECKOHEYHO TOHKOTO KOJIbIIA:
dm=pdV, (2)
rje p — 00beMHas TUIOTHOCTh, 0V — 3yleMeHTapHbId 00beM OSCKOHEYHO TOHKOTO JIHC-

ka. B Hamem ciyyae 00eM OTHOPOIHOTO TUCKa paBeH V = ar’h, a g depeHiman
2
dv :h%dr:hhrdr. 3)
r
[ToncraBnsem ypaBHenus (2) u (3) B (1)
dl =r?pdV = r2p2rhrdr = 2rnphr?rdr = 2nphridr .
U3 ycnoBust 3amauu sicHo, 9To I' m3MeHsercst oT 0 mo R. DOTu 3Ha4YeHUS 33/1aI0T HaM

IIpeENbl HHTETPUPOBAHUS.
Torta MOMEHT MHEPIIUU JUCKA PABEH

nphR*
—,

B sT0i1 hopmyiie HykHO nepelTu 0T 0OBEMHOM IIOTHOCTH AMCKA K €ro mMacce,
KOTOpas 3aJjaHa B yCIIOBUU 3aJauu:

R R R4
| = [ 2mphrdr = 2mph [ rdr = anhTI(? .
0 0
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_mrhR*  mrhR*  mR?
v 2r’h 2
Jns HaxoXXIeHUsI MOMEHTa MHEPLMU OTHOCUTEIBHO OCH, KacaTelbHON K o0pa-
3yrouien, npuMeHuM teopemy lllrelinepa:
| =1, +ma’,

p:m, V=nR?h u |
V

rne a=R.

MomeHT nHepuuH aucka oTHocuTenbHo ocn OO’ kacarenbHOM K 00pa3yrolleH,
2

Oynet paseH | :%erR2 :ngz.

3agauva 3. HailTu MOMEHT MHEPIMU OJHOPOAHOTO

YA
niapa Maccoil M u paguycoM R OTHOCUTENIBHO OCH, IPO-
jT/_R\ XOJAILEH Yepes ero LEeHTp.
[ — = A\ Pemenne. OueHp 4acTo [UId HAXOXKIECHUS MOMEHTA
h 5 UHEPIMH CIOXHBIX LEHTPATLHO-CUMMETPHYHBIX TEJI HC-

MOJIB3YeTCs MIPHUEM, KOT/Ia TeJIo pa30nBaeTCsl He Ha DIIEMEH-
TapHBIE MACChl, CHMBOJIM3UPYIOIINE MaTepHAIbHBIC TOUYKH,
a Ha dJIeMEHTapHbIe OoJiee MPOCTHIC Tela, MOMEHTHI HHEP-
TN KOTOPBIX U3BECTHBHI.
R B namem ciydae pa3oObem miap Ha OECKOHEYHO TOH-
kue mucku toimuaoi dh, rme h — paccrosiHue ot eHTpa
rapa 70 3JIeMEHTapHOTo JIUCKa (CM. pHC.), I — pamnyc KaXI0ro JIEMEHTapHOTO IUCKA.
W3 pucyHka sicHO, 94TO B HallleM ciIydae uMeeM JBe nepemeHnbie h u I . [ljis anemeH-

TapHOIO0 JUCKAa MOMEHT MHEPLUMH OTHOCHUTEIBHO OCH, NMPOXOASAIIEH Yepe3 €ro LEHTP,
2

paBen dl = (cMm. mpenpiayiryto 3anady). [TocKoJIbKY AMCK OJHOPOMAHBINA, TO

MOJKHO HCpGﬁTH OT MacCHhI K 00bEMHOM IIOTHOCTH U 3aITMCaTh

di — rédm pr2dv

2 2

DnemMeHTapHbI 00beM PJIEMEHTAPHOTO JIMCKA PABEH
dV =nr?dh,

rae I' — paguyc djeMeHTapHoro aucka; dh — ero tommuua. Torna MOMEHT MHEPIMH
TaKOro JIMCKa paBeH

_ préar?dh M
> .
AHanmu3 3Toi (POpMyIIbI TTOKa3bIBAE€T, YTO OHA COJEPKHUT JBE 3aBUCAIIUE IPYT OT
npyra, nepeMeHHbie I' u h, a wHTErpHpOBaHKEe HYXHO TMPOBECTH IO OJHOH Iepe-
MeHHOMU. 3 prcyHka BugHO, uto ' ¥ h CBsi3aHBI COOTHOIIEHHEM
RZ=r?+h* > r?>=R%-h?,
[ToncraBum 3710 3HaueHue I B popmyiny (1) u nmpouHTerpupyem ee B mpenaenax

di
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or0 oo R:

R 2 R 2 h2y2 R
- pr r’d h rcp(R2 h) dh:n_z')j(R4—2R2h2+h4)dh=
0 0

R 5
:“—ij“dh——jzR h dh+“pjh4dh_"p(R NPT CLLL .
2 ; 2 35
1 5, 2 L1 5
= ZmpR3(L- = +2) =—"mp(-R%) .
PR g g =yl )15

MBI BBIYMCIIAIA MOMEHT HHCPUWH ITOJJOBHHBI IIapa. HOCKOHBKy map—Teiio
CUMMCTPUYIHOC, TO MOMCHT MHCPIHUH BCCTO HIapa IMOJIyYUM, YMHOXKHUB PC3YyJIbTAT HA

18 5 8 5
. | =2="70R° = —7pR°>.
IBa 1 mp 1 Tp

m 4 3
BhIpasuM IJIOTHOCTH IIapa 4yepe3 maccy p =V V =—nR°. MoMeHT HHEpIUH

3

mapa paseH | =§mR3.

Z 3apaya 4. HailTu MOMEHT MHEPLUU

TOHKOTO CTEP)KHS Maccod M, mauHou |

dx OTHOCUTEIIBHO OCH, MPOXOJsIIed dYepes
€ro LEHTP MEePIEHIUKYIISIPHO CTEPAKHIO.

—(/2 X 42 X
Pemenne. IIpoenem ocp OX BHOJIH
cTepkHsa u BeiOepeM O B 1ieHTpe cTepKHsA. Torga ero Konei OyaeT UMETh KOOPIH-

(.
HaThbI —E )41 E . PazbuBaem CTCPIKCHb Ha OCCKOHEYHO MaJlble QJICMCHTAPHBIC MACChI

dm=pdV , tne dV - osieMeHTapHBIH 0O0BEM DJIEMCHTAPHONH MacChl, PaBHBII
dV =Sdx (S =const — miomaape NOMEePEeYHOT0 CeYCHHS CTepxHs, dX — 3eMeHTap-
Hasl TOJIIIMHA JIEMEHTapHON Macchl dM). MOMEHT WHEPIHMH 3JIEMEHTApPHON MacChI

dm, kak MarepuaiabHON TOYKH paBeH dl = x2dm. CymMmupoBaHue (MHTETpUPOBAHUE)

Bcex dl A4aCT MOMCHT MHCPIHUHN CTCPIKHA
| |

3 I 3 3

5 2pSI°  pSl

L= [ dl = [ x2dm=2[ pSx?dx = 20S *_12 = - .
J j Ip P ls == =

V) '

2
B 3T0l popMysie MOMEHT HHEPLUHU HAXOAMUTCS Yepe3 0ObEMHYIO INIOTHOCTh BELIECT-

m .
Ba p. YUUTHIBas, 4TO P = vE aV =S|, HaliieM MOMEHT MHEPIIUU CTEPIKHS Yepe3 ero
ml? 1

Mmaccy: | :E, y:E.
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3amaya 5. HailTu MOMEHT WHEPIMH TOHKOW TaacTuHbl pasmepom |, H, Ah
(Ah << 1) u (Ah<<H) orHOCHTENBHO OCH, JIeKALIEH B IUIOCKOCTH ILIACTUHBI IIep-
nenaukynsapro |, mapamnensno H u mpoxopsieii yepes HEHTp Macchl IJIACTHHEL

5 Pemenne. Pa30uBaem mmiacTUHy Ha
: é//’x OECKOHEYHO TOHKHE CTEeP)KHH MAacCou
dm =pdV mapamwtensabie ocu OO’ . Mo-
MEHT HWHEPUUU TaKOTO 3JIEMEHTApHOIO

—1)2

crepxust paser dl = pHAhx?dx (cm. 3ana-
gy 4). IIpoBens HHTErpUpOBaHUE, ITOITYYUM
MOMEHT UHEPIIMH [IACTUHBI

/2
I = [dl = [ pHAhX dx =
v) -2

/2 3 3
=2 [ pHAX?dx = pH Ah 212 _ pHANIT
! 3 12

Boipa3uB Maccy miiacTHHbI Yepe3 00beMHYI0 IVIOTHOCTH M 00beM

_ m _ m
P=V TIHAR'
HOquHM MOMCHT I/IHepLII/II/I ITIJIACTUHDBI
| — m_l2
12

3agauu 1711 CaMOCTOSTEIIBHOTO PEIICHUS

1. HaifTu MOMEHT MHEPLHMH KOHYCa Maccod M, paguycoM OCHOBaHUs R oTHO-
CUTEJIBHO OCH, COBMA/IAIOIIEH C OCBIO CHMMETPHH.

2. HaiiTu MOMEHT MHEpIMU MPSIMOYTOJILHOIO MapajvieienuIieia Maccoii M u pas-
mepamu |, H, h otHOcHTeNmbHO OcH, apayuteibHONH H 1 mpoxosiiel yepes ero IeHTp.

3. HaiiTu MOMEHT HMHepUMM IIapa mMacco M U paanycoM R OTHOCHUTEIHHO
ocH, MPOXOJIALIEH uepe3 LEeHTp 1Iapa, U UMEIOLIEro OOKOBYIO CPepUUYECKyIO MOJIOCTh
pamnycom R/2.

4. HaliTu MOMEHT MHEPIMH TOHKOM IUIACTUHBI Maccod M u umerouiei popmy
NPSIMOYTOJIBHOTO TPEYTOJbHUKA C KaTeTaMu & U D OTHOCUTEIBHO OCHU WHEPIHH,
COBIIAJAIOIICH C KAaTETOM a.

5. Haift MoMeHT uHepiiuu nojycdepbl Maccoii M u paguycoM R oTHOcHTENb-
HO OCH, COBMA/IAIONIECH ¢ TMaMeTpOM OCHOBAHUS MOIyChEpHI.
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MOMEHT CWJIbI, MOMEHT UMITYJIbCA U 3AKOH COXPAHEHUAA
MOMEHTA UMIIYJIbCA

Bekropnas Benuuuna M =[F’F], rae I — paauyc-BEKTOp TOYKU IMPUIIOKEHUS

cHibl F OTHOCHTEIBHO HEKOTOPOil Touki O, HA3BIBAETCS MOMEHTOM CHIIBI OTHOCH-
TenbHO TOYKH O. MOMEHT CHIIBI XapaKTepU3yeT CIOCOOHOCTh CHIIBI BpallaTh TEJO
BOKPYT TOYKH, OTHOCHUTEIIBHO KOTOPOW OH BBIYMCIISETCS. BelnmunHa MOMEHTa CHIIBI
M =rF sina, rae o — yron Mexny Bektopamu I u F . Bemnunna | =rsino Hassl-

BaeTcs 1uiedyoM cuiibl. [1nedo cuiibl ecth pacctostHue oT Touku O 70 mpsiMoid, BIOJIb
KOTOPOM JEUCTBYET CHJIA.

—

BekTophast BenmunHa L = [Fr)], rae I — paanyc-BEKTOp YaCTHULIBI OTHOCHUTEIb-

HO HekoTopoi Toukn O, a P = mvV - UMILYJIbC YaCTHUIIbl, HAa3bIBAETCS MOMEHTOM
MMITYJIbCA YaCTHUIbl OTHOCUTENBHO TOUKHU O .

ITycTh TBepOE TEIO BpAIIaeTCsi BOKPYT HemoaBrkHON ocu OZ ¢ yrioBoii cko-
pocThio . JIroGas Touka 3TOTO Teyna ABMKETCS MO OKPYKHOCTH paguycom . Mo-
IyJb MOMEHTA UMITYJIbCAa 3TOM TOUYKH OTHOCUTENBHO LIEHTPA OKPY>KHOCTH PaBEH

L=rp=rmV =mre.

[Tpoekuus moMeHTa ummynbca Beero tena Ha OZ , L, = lw,. OcHOBHOE ypaB-

HEHUE JUHAMUKH BPAIATEIbHOTO JIBHXKEHHSI BOKPYT HEMOJIBH>KHOM OCH

dL,  do,

dt dt ’
Ecnu mpoekIimsi cyMMapHOro MoMeHTa BHemmHux cuin M ;"™ =0, To mpoekrmst
L
MOMEHTa MMITYJIbCa Ha 3Ty OCh coxpansieTcsi: —-= =0 — L, =const. Beimonusercst
3aKOH COXPaHEHHUsI MOMEHTA UMITYJIbCA.
[TPUMEPLBI PEIIEHU A 3AJAY

3apava 1. /IBa nucka, MMEOMUX MOMEHTHI uHepuuu |; u |,, Bpamarorcs Bo-
KpYT OJIHOM OCH, NEPIECHAUKYIAPHON IUIOCKOCTU JUCKOB, HAa PAa3HBIX BBICOTAX C YI-
JIOBBIMH CKOPOCTAMHU (; U (,. BepXHUHI IUCK NaJaeT Ha HWKHUM U OHU HAYUHAIOT

Bpawarecs BMecTe. HallTh yCTaHOBHMBIIYIOCS YIJIOBYIO CKOPOCTH JUCKOB U OIpeJie-
JINTh, KaKasi YaCTh MEXAHUYECKON SHEPTUU NEPENUIET BO BHYTPEHHIOK.

®, Pe-

HICHHE. Jna pere-
I, E= — .

2 0 ayn HeoO-

HHUA 3a- 1

XOIMO o ) 03HAKO-
MUTBCS |1E — 3 g |1+|2 C (1)1/131/1‘—16—

—
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CKUMHU BCIMYHMHAMH: — MOMCHT HUMIIYJIbCA, 3dKOH COXpPAaHCHHA MOMCHTA HMIIYJIbCA,
KHHCTUYCCKAA SHCPT WA BpallaTCJIbHOTO JIBHUKCHUA.
B cooTBeTCTBMHU C 3aKOHOM COXpaHCHHUA MOMCHTA UMITYJIbCa Mbl JOJIKHBI 3aIllv-

carb L, =L, . B HauaabHBII MOMEHT BPEMEHH JUCKU PA3bEIAUHEHBI M BPAIIAIOTCS

C pa3/IMYHbIMU YIJIOBBIMH CKOPOCTSAMMU. MomeHT HMIIYJIbCa JIA TaKOM CHCTEMBI pa-
BCH CYMMC MOMCHTOB HMIIYJIBCOB KaXXJI0ro #MW3 [JHCKOB B OTIACIIbHOCTHU!

—

L. = Lo, + LL®, (B coorBeTcTBUM ¢ pucyHKOM). Ilocie nageHust TMCKU BpallarOTCs

BMECTE C YIJIOBOM CKOPOCTBIO (D M MOMEHT MMITyibca X paBeH Lg; =(I,+1,)®.

Bo3pMmeM mpoekuuy BEKTOpa MOMEHTa UMIlyJibca Ha ock OZ coBNajaroulylo ¢ Ha-
IpaBJICHUEM YTJIOBOM CKOPOCTH, U 3aIIMIIEM 3aKOH COXpaHeHHs: Ly . = lioy + 1,m,,

Lyeii =i+ 15)o = Ly oy = Ly o - [IpUpaBHSIEM 3Ha4YEHMS STUX MOMEHTOB HMITYJIb-
COB U HalIeM YCTaHOBUBIITYIOCS YTJIOBYIO CKOPOCTh COBMECTHOTO BPAIIEHUSI ICKOB:

Lo, + ,o
— _ 1M 2
I, + 1
1 2
Kunetnueckas OHCPIvsi BpallaTCJIbHOTO JABUKCHUA 3aIIMChIBACTCA B BUJIC
2
lo
E=—.

2

OTHollleHHE Pa3HOCTH KUHETHMYECKHX YHEPruil HayajdbHOTO U KOHEYHOIr'O CO-
CTOSIHMI K HayaJdbHOW KMHETHYECKOW PHEPTrUu AACT HaM Ty 4acTh SHEPTUH, KOTOpas
nepeiieT BO BHYTPEHHIOI SHEPTHIO:

AE 1o + 105+ (I, + 1L)o? Ll (o, - 0,)?

Eise lo? + 1w} l,o? + 1,05

3amauya 2. J/[Ba aucka ¢ 0OJJMHAKOBBIMM pa-
quycaMd U MoMeHTamu uHepuuu |, > |, pac-
I |, kpyTuam BOKpyr oceil, MPOXOIANIMX YEPE3 HX
HEHTPHI, MEPICHANKYISIPHO IIOCKOCTH JTUCKOB
70 OJMHAKOBOM YTJIOBOM CKOPOCTU (D) U IIPH-
BEJIM B COIPUKOCHOBEHHE (cM. puc.). Uepes
1, |, HEKOTOPOE BPEMS M3-3a CHJIBI TPEHHMS THUCKH
NPUXOJSIT B HOBOE IMOJOKEHUE PaBHOBECHSI.
Haiitn n3ameHenne MOMEHTa UMITyJIbCa U U3Me-

HEHUE PHEPTUU B 3TOM IpOIIecCe.

Pemenune. PaccmoTpum mporeccsl, NPOTEKAOIIUE B JAaHHOM BpaIIATEIbHOM
IBUKCHUMU.

HavaneHabiii MOMEHT. J[MCKM BpalaroTcsa MO OTAECIBHOCTH C OJIMHAKOBBIMHU YT-
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JIOBBIMU TAMH L. = 1@ (09 B MOMEHT COIPUKOCHOBEHUS IUCKOB MEX-
0 CKOpOC Li 3. = l1®y + 1,®y. B MOMeHT conpukocHOBE CKOB MEX

Iy HUMH BO3HHUKAaE€T CWJIAa TPEHHs, YIVIOBAas CKOPOCTb MX HE YCTAaHOBWJIACH U IIPU
ATOM IIPOLECCE 3aKOH COXPAHEHUS MOMEHTA UMITYJIbCA HE BBIITOIHIETCS.

ITocie HEKOTOPOro MPOMEXKYTKa BPEMEHH YIJIOBAasE CKOPOCTh CTAHOBMTCS yCTa-
HOBHBIIICHCS (O M JUCKH BPAIIAIOTCS C 3TOW YCTAHOBUBIICHUCS CKOPOCTHIO HABCTPEUY
apyr apyry Lg; =1,®—1,® (3HaK MuHyC, T. K. HanpapJeHHs BEKTOPOB yIJIOBOM
CKOPOCTHU AMCKa 1 1 qucka 2 paBHBI IO MOAYJIO M MPOTUBOIOJIOKHBI IO HaIlpaBJie-
HUI0O @) =®, ®, =—®. Torga aus U3MEHEHUS MOMEHTA HMIIYJIbCA NIEPBOrO JIUCKA

MO>KHO 3aIHcaTh
[Ipoananusupyem ¢GopMysbl U3MEHEHUS MOMEHTAa HMMIIyJbCa IEPBOIO U BTOPOIO
IuckoB. B atux ¢opmynax pammycsl Ry =R, =R, cuibl TpeHUs B COOTBETCTBUU C

TpeTBI/IM 3aKOHOM HI)IOTOHa HpOTI/IBOHOHO)KHBI 10 HaHpaBHCHI/IIO nu paBHI)I 110 MOI[y—
JIFO FTpl = FTp2 , MOMCHTBI CHJI paBHbI 110 BCJIIMUHUHEC U HaHpaBHeHHIO:
M Frpl =M Frp2 -
IL—1,)_
( 1 2) @
I, +1
I/IBMCHCHI/IG MOMCHTA I/IMHyJ'H)CEl B HAYAJIBHOM U KOHCYHOM COCTOAHUAX paBHO

(=19’ NN
Ui —h) . 11209
AL = Gy =L = (1= 106 = (1 = )by =~ E—2htog = (1, + 1) = 2.
1t 1 1t 1
Pa3HOCTI) KHUHCTHUUCCKUX 3HepFI/Iﬁ BpaHlaTeHBHOFO JABHNXKXCHUSA OJVCKOB B KOHCY-
HOM 1 HAYAJIBHOM COCTOSHUAX JAaCT UBMCHCHHUC KHHeTquCKOﬁ 3HepFI/II/I.

2 2 2 I1 I2 (l,+1,)
Z 3amava 3. Jluck pamguycom R, maccoit m

PacKpyTHiin A0 YIJIOBOHM CKOPOCTH My U IIOJIOXKH-

JM IUIAMIMSI Ha TOPU3OHTAJIBHYIO MOBEPXHOCThH C
koa¢purenTom Tpenus |. Hailtu MOMeHT uM-

IyJibca JUCKa yepe3 Bpems L.

Pemienne. [l pemreHns 3agadym 0O3HAKOMbB-
TECh C YCJIOBHUSIMM BBIITOJIHEHUS 3aKOHA COXpaHe-
HUsS MOMEHTa HMMIyJibca. V3MeHeHHe uMITyibca

CHCTCMBI 3aIIUIICTCA B BUAC

t t
AC=C- Do [M dt =L 4 [M dt, (1)
0 0

rac L — KOHEYHBI MOMEHT HMIIYyJIbCa, KOraa JHUCK JIC)KUT Ha IIOBCPXHOCTH.
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2
_ . mR~ _ .
LO = |0)0 = T(DO — HaYaJIbHbBIU MOMCHT I/IMHy.Hbca JHUCKA A0 COHpI/IKOCHOBeHI/IH cro

C IMOBCPXHOCTHIO, MBH — MOMEHT BHemHux cuj. Ha JUCK HGIZCTBYIOT BHCIIHHUC CH-

— —

JIBI: mg — CHJIa TAXKCCTU JUCKA, N — cunma PCaKOU OIIOPHI, FTp — CHJIa TPCHUA, BO3-
HHUKaromasa MCKIAY AUCKOM M IMOBCPXHOCTBIO. MomeHT HUMIIYJIbCa HM3MCHACTCA 110

JICHCTBUEM BHENIHETO MOMEHTa cHIl. Paccmotpum, kakue u3 Tpex cun (Mg, N, F )
CO37aI0T MOMEHT CHJIbI, HAIIPaBJICHHOM BAOJb ocH BpaiieHus. [Ipu BeIOpaHHOM HaMu

HaIIpaBJICHUU OCH Z MOMEHT CHJIBI CcOo31acT TOJIBKO CHJIa FTp' HpOCKHI/IH MOMCHTAa

t
UMITyJIbca NEpBOro AMCKA Ha ock Z Oyzer paBHa L, = LOBEJ.I\/I dt, (3Hak muHYyC, T.
0

—

K. M_, HampaBiieH B IPOTUBOIOJIOXKHYIO OCH Z CTOPOHY). [[/1sl HaXOXKIEHUS MOMEH-
Ta CHIJI MFTp pa3o0beM IMCK Ha KOJbIAa C AJIeMEHTapHOW Maccod dm u oObeMoM
dV . Ha xomero pamumycom I' m mmpuoit dr neiictByer cuia tpenus dFgy =pgdm,

rae dm=pdV — dV =2rhrdr snemeHTapHBI 00BEM IUIOCKOTO KOJIBIIA paarycoM I
U TonmuHou dr . MOMEHT CHJIbI TPEHUS, JICHCTBYIOIICH Ha KOJIBIIO, PAaBCH

dMg.. =rdFys = 2npughrdr —p = .
Faa 00 pHg p TCRZh
MomeHT cuil, cO3aBaeMbli CUIIOM TPEHUS, PABEH
R 2nughmr?dr  2ugmr?

Mg, =
Fos £ nhR? 3R?

[IpouHTErpUpyEM BBIPAKEHUE

2
IR = ZumaR.
0 3H g

t 2
[Mg dt=Mg t—>L=L, —%pngt =%m0 —%ungt
0

3anaua 4. [lunaap maccoit M u paanycoM R HauMHaeT cKaThIBaThcs 0€3 Mpo-
CKaJIb3bIBAHMS C HAKJIOHHOM TUIOCKOCTH, PACIOJI0KEHHOU TMOJ| YTJIOM O K TOPHU30H-
Ty. HaiiTu MOMEHT uMItysibca HUJIMHpa yepe3 Bpems t .

Pemrenue. B HavanbHBII MOMEHT BPEMEHHM LMJIMHAP MOKOUTCS U €0 MOMEHT
UMITYJIbCA PAaBEH HYJIIO (LO :0) Y U3MEHEHHE MOMEHTA MMIIyJIbCa €CTh BEJIMYMHA

t

AL=L- Eogﬁ I M dt. Hunuaap cockanb3bIiBaeT 0€3 TPeHUS (Ipr =0) U eIUHCTBEH-
0

HOM CWJIOM, CO3aI0Ie MOMEHT CHJI, SIBJIAETCS CHJIa TSKECTH. B mpoekuuu Ha och Z

B BBIOpAaHHOM CHCTEME KOOPJIMHAT MOMEHT CHJIbI paBeH

t
Mj =M, =Rmgsina — AL =L =[M dt =mgRtsina.
0
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3agauga 5. C BbICOTHI N MO HAKJIIOHHOW IUIOCKOCTH CKaThIBaeTCs 0e3 MpOoCKalib-
3bIBaHUS WIMHAP U IIap C OJMHAKOBBIMU MaccaMH U paguycamu. Bo ckoibko pa3
JMHENHask CKOPOCTh WIMHpA OyIeT MeHblle TUHEHHOM ckopocTu mwapa? Bo ckoib-
KO pa3 Imap cKaTuTcs ObicTpee?

Pemenue. 1o ycinoBuo 3a1a4u HEOOXOAMMO HAWTH OTHOLIEHHWE —2-, T. €. He-
R
00XOMMO HalTH CKOPOCTH CKAaThIBAHUS IIapa W MIIMHAPA. JTH BEJINYMHBI HalIeM

M3 3aKOHa COXpaHeHusi sHeprum E =E rne E — IIOTEHIIMAaJIbHAA

Ha4.110T KOH.KUH ° Ha4.110T

OHCPIrug TCJIa Ha BBICOTC h, E — KHMHCTHUYCCKasd SHCPIrusd TCjIa Y OCHOBAHUA

KOH.KHWH
wiockocTd. Tena coBepiIaloT MIOCKOE JBUKEHHE U MOJIHAs KMHETHYecKas YHeprus
mv? lo’ Y mV
paBHa Egf =——+——>0=—, 1ae
2 2 R

— KHHCTHUYCCKAA JHCPIrusia IOCTyIIa-
(02
TCJIBbHOI'O IBMIKCHHA LICHTPA MACC TCJIa, a T — KHMHCTHYCCKAasA SHCPI'UA BpallaTClib-

HOT'O IBHMXKXCHMA TCJIA.
IIo YCJIOBHIO 3aJa49M MACChI TCJI U MOMCHTBI MHCPIUH 1Iapad U TUIMHAPA 3a/{aHbI

2 1
(Im = ngz, I, = > RZJ. Kunernueckas sHeprus 1mapa paBHa

2w 2 2 2

' 2 2 2 5 2R 10

Kunerndaeckast 3HEpTys MAIUHAPA
I Vi 2

mv.®> " R) mV, mR%/

Een =—0—+ R) L - =§mVH2.

' 2 2 2 4R 4

[ToTeHnManbpHas YHEPIUs MIapa paBHA NOTEHUMAIBHON YHEPIUU LUIIUHIPA, T. K.
MX MAacChl ¥ panyChl OAMHAKOBBI U OHU HAXOAATCSA HA OJHOM BBICOTE, T. €.
EHOT.H = EHOT.IH = mgh )
3anuieM 3aKOH COXPaHEHUS MEXaHUYECKOM SHEPIHH Uil 1apa U UWINHAPA U,
B351B MX OTHOULIEHUS, HAlIEM OTHOLIEHUs CKOPOCTEM:

2
mV 2 "H(VFEH) mv2 2mR¥ 2 7
= w "~ my?

mgh:EKI/IHIH: o+ = o+ 2 - I !
' 2 2 2 5 2R 10
2
2 I \i 2 Ay 2
mV; 0 MRV,
mgh:EM,..: 0 + R :mV —+ 0 :Emvz’ Vﬂ = E_
e 2 2 4R?> 4 °"v, \28

0
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Jlnst oTBeTa Ha BTOPOM BONIPOC HEOOXOAMMO HANTH OTHOIIEHUE BPEMEHU CKAThI-
BaHM 11apa K BPEMEHU CKAaTBIBAHUS LIUJINHIPA.
[IpoiiaeHHbIN MyTh (IJIMHA HAKJIOHHOM IUIOCKOCTH) CBSI3aH CO CPEIHEN CKOpo-
CTBIO IBUKEHHUSI U BPEMEHEM JIBUKEHUS
I =(V)t.
JIBr>KeHHe UIMHIpa U Iapa paBHOYCKOpeHHbIE. [loaTomy
Ve -V, V,
vy=e i Yey _g
2 2

Tak Kak nNpoWAeHHbIE NyTH UWIMHIAPA W I1apa OJUHAKOBBI, TO OTHOUIEHHE BPEMEH
JIBUKEHUS

t, V, V30
3az[aqH AJIs1 CaMOCTOATCIIBHOI'O PCIICHUSA

1. Hlapuk momnamaer B BOJOBOPOT Ha paccTosiHuu Ry oT meHtpa BopoHKH. Bo
CKOJIBKO pa3 YBEJIMYMUTCS €ro yrioBasi CKOPOCTh Ha pacCTOSIHUM R, OT neHrpa?

2. [1nanera Bpaimaercs BOKPYT 3B€3/IbI 110 SJUTMIITUYECKON OpOUTE C TOIyOoCSIMU a
u b. Haiiti oTHOIIICHHE MUHUMAILHON K MaKCHUMAJIbHOW YTJIOBBIX CKOPOCTEH IJIaHETHI.

3. Jluck maccoit mu pagumycoM R pacKpyTHIM JO YIJIOBOM CKOPOCTH (® M TIOJIO-
KWK Ha cToj1. Yepes Bpems U oH octanoBuiics. Haiitu ko3 dummenT Tperus crona.

4. Mlap pannycoM R HauMHaEeT CKaThIBATHCA C HAKJIOHHOW MJIOCKOCTU JJIH-
HOW | M pacmoso)eHHOH MoJ yriaoM o K TOPU30HTY. HallTh KOHEYHYIO YTIIOBYIO
CKOPOCTH LIapa.

5. YenoBek mMaccoil M HaxoAauTCs Ha Kpaw miaaTtdopmsl Maccoil M u paauny-
coM R, Bpamaromeics ¢ yriaoBoil CKOPOCTbIO (. HaliTu yriioByro CKOpOCTh ILIaT-

q)OpMBI C YCJIOBCKOM, C€CJIM YCJIOBCK IICPEMCCTUIICA B LICHTP HHaT(l)OpMI)I.

OCHOBHOE YPABHEHMUE JIMHAMUMKU BPAINATEJIBHOI'O IBUXE-
HUA

OCHOBHOE ypaBHEHHE IMHAMHKY BPAILATEILHOTO JBUKCHHUS
7 dide
B, =1 3% o
e | — MOMEHT MHEpLMH TBEPIOTO TeNa, B, — MPOEKIHUs yIIOBOTO yCKOPEHHUS Ha OCh
0z, M&¥ — npoexuus momenta i — BHemHel cunbl Ha ock OZ . Ock OZ BBIOUpaeT-

sl BIOJIb OCH BpallleHUs] TBEPOro Tena. YpaBHeHue (1) siBiseTCsl aHaIoroM OCHOBHOTO
yYpaBHEHUSI TUHAMUKUA MaTEpUaTLHOU TOUKH (BTOpOil 3aKkoH HbroTOHA).

INPUMEPBI PEHIEHUSA 3ATAY
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y 3agaua 1. C xakoii cunoil F, nanpasien-
HOM MOJ yIJoM O K FOPU30HTY, HaJ0 TalIUTh
KOJBII0O Maccoil M u paauycoM R mo moBepx-
HOCTH, 4TOOBI OHO He Bparaioch. Koadduuuent
TPEHUSI MEXTy KOJIBIIOM U TIOBEPXHOCTBIO |L .

Pemenue. [ pemenus 3agaduu HEOO0XO-
= Y JHUMO clieJlaTh PUCYHOK C 0003HAu€HHEM BCEX

P JNEUCTBYIOIIUX CWJI, UX HANPABJICHUEM, TOUKOU
MPWIOKEHUSI W BBIOpATh CHCTEMy KOopauHaT. B o0mieM citydae KOJBIIO JOJDKHO CO-
BEpILIATh KaK MOCTYMATEILHOE, TAK U BpAIllaTEJIbHOE JBM)KCHUE. 3alUIleM sl TaHHOTO
TE€JNa OCHOBHBIC YPaBHEHUS JUHAMUKU MOCTYMATEIBHOIO U BPAIATENILHOTO ABMKEHUS C
YYETOM BCEX JEHCTBYIOMIMX Ha TEJIO CHUII.

ma=mg+N+F+F_,

1B, :Mz,mg +MZ,N +MZ,F +Mz,06'

UToOBI KOJBIIO HE PACKPYUYUBAIIOCH, YTIIOBOE YCKOPEHHUE TOJDKHO OBITH PAaBHO
ayao (B=0). Oce OZ BbIOMpaeM 1O IpeoiaraeMoii OCH BpalieHus (0Ch Kojeca)

NEPIEHAUKYJIIPHO €ro MJIIOCKOCTH U HAMPAaBIEHHOM 3a 3Ty IUIOCKOCTh OT HaOoza-
tensi. Toraa npoekuuu MOMEHTOB cuil Ha ock OZ OynyT paBHbBI:
Mg =0, My, =0, Mg, =RFs: Mg, =—RFsina.

[ToacTaBuB 3TH 3HaYEHUS TPOCKIUIA MOMEHTOB CHJI B TUHAMUYECKOE YPaBHEHHE
BpalIaTeIbHOIO JBHKEHUS, ITOIYYUM
: : Fos
RFy = RFsina, Fes =Fsino — F =——. (1)
SIina
[Tpoexunu cun Ha ocu OX u OY (mocTynarenbHOE ABMXKEHUE KOJIBIIA)
OX ma=Fcosa-Fg,
oy 0=N + Fsino.—mg ,
N N =mg - Fsina — Fgz =puN =p(mg — Fsina)
)
O6bequnuB ypaBHenus (1) u (2), monyyum
® A cuibl F 3nauenue

, T, mg - Fsina) = Fsingg > F=—HM9__
T 2 k(Mg ) (1= wsina

3apaya 2. Yepes Osiok (auck) maccou My u

paguycoM R mepekunHyTa HUTh, Ha KOHIIAX KOTO-
PO BHUCAT Ipy3bl Maccou My >m,. Haiitu ycko-

m| ¢ pEeHuE TPy30B.

Pemenne. JIyisi pemieHus 3aadyd HEOOXOIH-
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MO CJIeJIaTh PUCYHOK C 0003HAYEHHEM BCEX, JIEHCTBYIOIIMX B CUCTEME CHII U YKa3aThb
UX HAaIpaBJE€HUS B BBIOPAHHOW cHUCTEME KOOpAMHAT. B Haleil cucreme pacnosiokKeHsbI
Tpu Tena; 0ok (auck) u aBa rpy3a (cMm. puc.). ['py3sl cOBepIIalOT MOCTyNnaTeaIbHOE
JBUYKEHUE, C OJJUHAKOBBIMU 110 MOJYJIIO YCKOPEHUSIMHU &, a OJIOK — BpalllaTeIbHOE, C
YTJIOBBIM YcKopeHueM f. J[is 3TuX Tpex Ten 3anuieM JUHAMUYECKUE YpaBHEHUS

ma = m g +T;,
M = RT!]-[ RT,' ] +[ Rmyg ] +[ RN ]
HpOeKHI/H/I CuJl, MIPUBCJACHHLIX B YPABHCHUAX, Ha BBI6paHHBIe OCH KOOpAHWHAT
paBHBI

oY ma=mg-T, 1)
oY —-mya=-T,+myqg. (2)
[Ipoekuu MOMEHTOB CHJI [ﬁmog’ } U [QN} Ha ock OZ paBHBI HYJIO, T. K. 3TH

CHJIBI IIPHIIOKEHBI K IICHTPY Macc, pacIioIoKEHHOM Ha ocu BparieHus 0yioka (R =0)
OZ Ip=RT/ -RT,. (3)
Cunbl 'Fll = —'I?l 51 le = —fz pPaBHBI 110 MOJYJIIO W MPOTUBOIIOJIOXKHBI O Ha-
MIpaBJICHUIO U ypaBHEHHUE (3) MepenuIieTcs B BUIC
IB=RT, —RT,. 4)
CnoxwuB ypaBuenus (1) u (2), noayuum
a(m +my)=(m —my)g — (T, - Ty).
B stom ypaBHennn HensBecTHo (T; —T,), KoTOpoe HaxoAuTCs U3 ypaBHEHHS (4)

moR?

C Yy4€TOM, 4TO MOMCHT MHCPLUHUHN NUCKA paBCH | = , d IOACTaBHUB 3THU 3HAYCHUI,

HoJIy4uM f3 = a
=

am —-m
a(ml+m2):(ml—m2)g—70—>a: (m Z)r?] :
my +m, + 70
y 3agaya 3. Ha xarymky B BUAE IBYXCTY-

neHyaroro 0joka Macco m, paauycamu I u R,
PacrojIOKEHHYI0 Ha IOBEPXHOCTH CTOJIA, HAMO-

—

TaHa HUTh. 3a HUTh TAHYT ¢ cuiol F moj yriom
0. K TOPU30HTY, KaK IMOKa3aHo Ha pucyHke. Haii-
TH YCKOPEHHE KaTYIIKH, €CJIU €€ MOMEHT WHEp-
mun | .

P Pemenue. ITon nelictBuem cuibl F Kartyii-
Ka COBEpIIAET JBa THUIIA JIBMXKEHUS — MOCTyMHaTeldbHOE W BpamarenbHoe. Craenaem
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PUCYHOK C 0003HAaYECHUEM BCEX CHII M UX HarpaBJICHUCM W 3aIlIMIICM JUHAMHWYCCKUC
YPaBHCHUA NOCTYIIATCIIbHOI'O U BpallaTCJIbHOI'O HBHX(GHHﬁ.

[TocrynarenpHOE 1BMXKEHHE MA = MQ + N+F + Ipr.

BpauarensHoe apmkenne 1p =M mg T My +Mg + MTp :

B npoexknusx Ha BEIOpaHHBIE OCH KOOPAUHAT MOJYIUM

OX ma=Fcosa-Fg, (1)
OZ IB=rF-RFsy. (2)
W3 ypaBHeHnwuii (8) Haxonum Fgy =—ma+ F cosa , u mogcraBuM B ypaBHeHue (2)
la (Fr—FRcosa) FR(r—Rcosa)

—=Fr—(Fcosa—amR —>a=
R ( ) | - mR? | - mR?

3apaya 4. Ha karymky maccod M, paauy-
camu ', R u Momentom usepuuu |, pacnoio-
KCHHYI0 Ha BBICOTe N Ha TJIaJKoi HAKIOHHON
IUIOCKOCTH C yTJIOM HAaKJIOHA 0. K TOPU3OHTY, Ha-
MoTaHa HUThb. KOHEll HUTH 3aKpeIuleH Tak, 4YTO
OHa pacCIOJIOKEHA MapajljIeNIbHO IUIOCKOCTH. 3a
KaKo€ BpeMs KaTyIlIKa CKaTUTCS C IUIOCKOCTU?

Pemenne. Cumbl, JeHCTBYIONIME HA KaTyIll-
Ky, IIOCTOSIHHBI. JTO 3HAYMT, YTO YCKOPEHHUE €€ TaKKe IOCTOSHHO (& =Const) u B
ATOM cllydyae HY>XKHO NMPUMEHHUTH (OPMYIIbI Ui paBHOYyCKOpeHHOro aBikeHus. Ka-
TYIIKA, CKAaThIBAsCh MO HAKJIOHHOM MIOCKOCTH 0€3 HayalbHOW CKOPOCTH, MPOUIET

at? 2l
myTh | = - Bpems, 32 KOTOpPOE OHa CKaTUTCA C TNIOCKOCTH, PaBHO t =, [— . (1)
a
C apyroii cTOpOHBI, U3 pucyHka umeeM | = ——. Jlnsg HaxoxaeHus: BpeMenu t
sina

HE0OXO0IMMO HAWTH YCKOpPEHHUE a.

[To ycnoBuro 3a1aun cujia TPEHUSI MEXKAY KAaTYIIKOW U HAKJIOHHOUW IIJIOCKOCTBIO
OTCYTCTBYET M BpAIIAIOIINI MOMEHT OyJIET CO3AaBaThCS TOJIHKO 32 CYET HAMOTAHHOM
Ha KaTyWIKy HUTH. [[MHaAMU4YecKHne ypaBHEHUS IS ITOCTYIATEIBHOIO U BpalaTelb-

HOTO JIBIDKCHHS C YYETOM BCEX IEHCTBYIOMIMX CHJI MMEIOT BHA Ma = MG + N+F,
[Tpoekiur MOMEHTOB cril Ha ock OZ , MPOXOIAILEH Yepe3 HEHTP KaTYIIKH, PaBHbI
Mpg =0, My =0, Mg =rF.

Torzxa IMPpOCKIMU CUJI U MOMCHTOB CHUJT HAa BBI6paHHBIe OCH KOOPpAWHAT PAaBHBI

OX ma=mgsina - F, (2)
oY 0=N-mgcosa, (3)
Oz IB=rmgsina=rF. 4)
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Jns naxoxeHus BpeMeHu t OyzieM MCTob30BaTh TONBKO (2) 1 (4) ypaBHEHHSI.
Bocmonb3yemcst hopmysioil, CBS3BIBAIOIICH JIMHEWHOE W YIIIOBOE YCKOPCHHUS

a
(a =fr - =—), U TOJICTaBUM 3TO 3HadeHue B B ypaBHeHue (4). Torma ypaBHe-
r

a a
nue (4) mpuaumaer Bup | —=rF —> F =1— . IloacraBum 3HadeHue F B ypas-
r r
HeHue (1) u nonydum
: a I : mgsina sina
ma:mgmna—l—g,a@n+—5):mgmna,a: g i _9 P (5)
r r m+—- 1+ 5
r mr

[Tpr paBHOYCKOPEHHOM JBHXCHUH ITyTh, MPOXOAMMBIA KATYIIKOH, 3alTUCHIBACTCS
CIeAYIOIUM 00pa3oM:

2
at 2S
S=——, a= DU
2 t
. h
rae S=I| mmHa HAKIIOHHON IUIOCKOCTH U W3 pHUCcyHKa | =—— . IMoxcraBuMm 5TO

Sina
3HaueHue a B hopmyny (5) u nonquM

2I t sina mgyna gsina

2 I I
r mr
[ToncTaBuM 3TO 3HAUEHHE YCKOPEHHUs B ypaBHEHHE (5) W ompeneauM BpeMs CKaThl-

BaHM KAaTYIOKHU C IINIOCKOCTH. Ono PaBHO

I
2h(1+ j
1 |2h I
t= : mr* - — | 1+——

gsinasino  sina’\l g mr
pIII7974 3agaya 5. Ha mwmHap maccoit m u paguycom R Hamo-
TaHa HUTh. CBOOOMHBIN KOHEIl HUTH 3aKPEIUIEH Ha IMOTOJIKE, U
UWIMHJP OTITyCcKaroT. Haiitn yckopeHre s apa.

=,

7 R Pemenue. [{umuaap coBepmiaer mOCTyNaTelIbHOE JBU-
JKEHME LIEHTPa MacC U BpallaTesibHOE ABWXKEHHE. {1 nocTy-
MaTeJIbHOTO JIBUKEHHS JUHAMUYECKOE YPABHECHUE JABUKCHUSA

“MeeT BUJ Ma =mg +T , TIe MJ — cHlia TSKECTH, T — cuna

ma
g HaATSOKEHUs HUTH. BpibepeM cucteMy KOOpJIWHAT, KaK MOKa-
3aHO Ha pUCYHKE. B 3TOM ciydae AMHAMHUUYECKOE YpaBHEHHE BPALIATEIbHOIO JIBUMKE-

HUs ipuHuMaet Bua 1 =M mg - B POCKIHAX HA OCH KOOPAMHAT 3alHUIIeM
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oY ma=mg-T, (1)
0z IB=Rmg. (2)
JInst HaxoXKACHUsT MOMEHTa MHEPIUU LWJIUHIPA, OTHOCUTEIBHO OCH, MPOXOIs-
1Iel, KaK IOKAa3aHO Ha PUCYHKE, BOCIIOJb3yeMcs TeopeMon [lIteinepa:
mR?

|=1,+mR2 =" Rz _ 32 g2
2 2 R
2
[ToxcraBuUB 3TH 3HAYEHUS B YpaBHEHHUE (2) MOJIyYUM a = 3 g.

33,,[[3‘11/1 L CaMOCTOATCIIBHOTO PCIICHUA

1. llIap mMaccoit M u paauycoM R mojaBeieH Ha HUTH JIMHON |, 3akperuieHHON

Ha CTEHKe 3a BepxHIoio Touky. lllap onupaercs o crenky. Haittu koadduiment tpe-
HUSI CTEHKU U CUJTY HATSKEHUS HUTH.
2. Jluck maccoit M u paguycoM R packpyTuiu 10 yIJIOBOM CKOPOCTH ®©g U IO-

JIOKWJIM TUTAIIMST Ha TOPHU3OHTAIBHYIO MOBEPXHOCTh C KOA(DPHUIIMEHTOM TPEHHS |L.
Uepes kakoe BpeMsi JUCK OCTAHOBUTCS?

3. Crepxkenb, Maccord M, mamuHoW | u oObemoMm V packpyTWid 110 YTIJIOBOW
CKOPOCTH )y BOKPYT OCH, NEPHEHINKYJSIPHON CTEP)KHIO M MPOXOJIICH Yepe3 ero

nenTp. Cuna COnpoTUBICHUS €JUHULIBI 00beMa cTepxkHs F, =—KV, roe V — nauHei-

Hasi CKOPOCTh cTepkHs. Kakast yrioBast CKopocTh OyJIeT y cTepKHsI uepe3 Bpems t?

4. Ha nByxcryneHuyaThlii quck maccod M, pagmycamu R u 2R U MoMeHTOM
uHepruu | Hamoranbl HUTU. OJHA HUTH MPUKPEIUIEHA K MOTOJIKY, a K CBOOOTHOMY
KOHIly BTOpPOM IIpUBs3aH Ipy3 Maccorn M. Haltu yckopeHue rpysa.

5. Humuaap maccod M u paauycoM R neXuT Ha OBYX Mono3bsx. Ha mumusmp
HaMOTaHa HUTb, CBOOOHBINA KOHEL KOTOPOW CBEILMBAECTCA MEKIY MOJ03bIMU. 3a HUTh
THYT ¢ cunoit F . Haifti kod(QUIMEHT TPEH S MeXTy LAIHHAPOM U TIOJI03bSIMH, HIPH
KOTOPOM €I1€ HET ITPOCKAIb3bIBAHN.

I'”APMOHMNYECKHNE KOJIEBAHUA

JIBI>KEHHST MaTepHAIbHOM TOYKH (MAaTepUAIbHOTO 00BEKTA), IEPUOTUIECKH T10-
BTOPSIOIINECS BO BPEMEHHM, HAa3bIBAIOTCS KOJeOaTEIbHBIMU JIBIKCHUSMHU, WU KOJIe-
OaHUsMH, a CUCTEMa, COBEpIIaroias KojeOaHus, Ha3bIBaeTCs KojaeOaTeIbHON CHCTe-
MOM.

CBOOOHBIMU KOJICOAHUSMH HA3bIBAIOTCA KOJeO0aHUs, KOTOPBIC IMPOUCXOJST,
€CJIM CHUCTEMY BBIBECTH M3 IOJIOKECHUS PABHOBECHUS U OTIIYCTUTh €€, T. €. JCUCTBUE
BHEIITHUX IEPEMEHHBIX BO3JIEHCTBUI Ha KOJEOATEIBLHYIO CHCTEMY OTCYTCTBYET.

BrinykeHHbIE KOJ€0aHUs BOSHUKAIOT B CUCTEME MOJI BIUSHUEM NIEPEMEHHOIO
BHEIITHET O BO3ACHCTBHA.

Konebanus Ha3pIBAIOTCS MEPUOMUYECKUMHU, €CIIA 3HAYCHHS BCEX (DU3UIECKUX
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BEJIMYMH, XapaKTePU3YIOIIUX KOJIEOATEIbHYIO CUCTEMY M U3MEHSIOIINXCS MIPU €€ KO-
JeOaHmsIX, TIOBTOPSIIOTCS Yepe3 paBHbIC MPOMEKYTKH BpeMeHU. [IpomMexxyTok Bpeme-
HU, PaBHBIN OJHOMY MOJTHOMY KOJIEOAHUIO CUCTEMBI, Ha3bIBAETCS NEPUOJIOM KojieOa-
auit (T). CoOCTBEHHOW YacTOTON MEPUOIUICCKUX KOJCOAHNH HA3bIBACTCS BEIIMYMHA

1 .
V =_—, U paBHasid YHCJIY IIOJHBIX KOJIC68.HI/II/I, COBCpIIACMBIX 34 CAWMHUIY BPCMCHM.

[{uxknudeckor Ui KPyroBod 4acTOTOM MEPUOAMYECKUX KOJIeOaHWM Ha3bIBACTCs Be-
27 o
JIMYUHA © = 27TV :?, W paBHas YHUCIY MOJHBIX KOJeOaHUM, COBEpIIaeMbIX 3a 27

€IUHUL] BpEMEHU.
[Mepuoanueckre koneOanus BeauunHbl X(t) HA3BIBAIOTCSA TAPMOHHUYSCKUMHU KO-

neGaHusIMH, eciii BenunHa X(t) MEHseTCs 1Mo 3aKOHY CHHYCa WM KOCHHYCA.
X(t) = Xpsin(omt + oy ), (1)
X(t) = Xpcos(mt +a.,), (2)
rae X(t) — oTKIOHeHWe MaTepHabHOW TOYKH OT TIOJIOXKEHHUS PaBHOBECHUS B MOMCHT
BpPEMEHHU t; X; — MaKCUMaJIbHOE OTKIOHEHUE YaCTULbl OT IOJ0KEHHS pPAaBHOBECHS U
3Ta BEJMYMHA HA3bIBACTCS aMIUIMTYIOM KojeOaHus; oy, O, — HadyajabHblE (ha3bl KO-
nebanus: @ = ot +o — ¢aza kosedanus B 110001 MOMEHT BPEMEHHU.
Jlunamudeckoe ypaBHEHHE KOJICOaHUS MPYXUHHOTO MasiTHUKA (BTOPOU 3aKOH
HproToHa) 1o 1elCTBUEM YIIPYTOUM CUJIBI Fynp =kx, rme K — ko3 durtuert ynpyro-

CTHUu HPY)KHHBI, 3aIIUCHIBACTCA KaK
d?x
— =
dt
3HaK MMHYC YKa3bIBa€T Ha TO, YTO CHJIa yIIPyrOCTH HAIpaBjeHa IPOTHB Ha-

IIPABJICHUS CMELICHUS I'Py3a MassTHUKA Maccor M.
Jlunamuyeckoe ypaBHEHHE KOJeOaHUi (PU3NUECKOro MasTHUKA TOJ] IEUCTBUEM

—

CHJIBI TsKeCcTH F = mq 3aIIMCBhIBACTCs B BUJC

—kx.

2
dcop .
— =-mglsin ¢,
dt
rac | — MmomeHT 1505(510)0050%¢ (1)I/IBI/ILIGCKOFO MasATHHKA, (p — YI'OJ OTKIIOHCHHA MasATHHKA
OT ITIOJIOKCHUA PAaBHOBCCHA, | - paCCTOAHHUEC OT TOYKHU IMOABECA 10 LCHTPA MAaCChHI.

[Mpu maneix 3Ha4eHUsX BenwmuuHbl X(I) MpYy>KMHHOTO MasTHUKA M MaJlbIX 3Ha-

2

YeHus yraa ¢ | Sing = o, d—(p =—-mgl¢ | konebanus NPY>XKUHHOTO ¥ (PUIUIECKOTO

2
t
MasITHUKOB SIBJISIFOTCSI TAPMOHUYECKUMH W COBEPIIAIOTCS 10 3aKOHY CHHYCA WJIM KO-
cunyca (ypasuenus (1), (2)).

2 k Kk m
Bemmuussl oy =——> oy =,/— | T =2n ol JUISL IPY>KHHHOTO MasiTHUKA |
m

m
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> mgl I mgl
0g=———->0y=,[— | T =2r,/—— | — 111 GU3n4ecKOro MasiTHUKAa Ha3bIBAIOT-
I mgl I
Csl IIUKJINYECKUMU (KPYTOBBIMHU) YacTOTaMHU (B CKOOKax repuojaMu) konedbanuit. To-

raia IMHAMHUYICCKOC YPABHCHUC KoJIcOaHU I IMPY>XUHHOT'O MaJATHHUKA UMCCT BUJ
2

d“x ..
—— +ogx=x"+wix=X+wox=0.

dt®
JIMHAMHUYECKOE ypaBHEHUE KOJIe0aHui (PU3NYECKOr0 MasTHUKA
d%p mgl n mgl mgl
P M g+ M=+ =0,
a2 1 L TR

Pemennem 3TOro ypaBHEHUS SBISIOTCA QYHKIOHH ¢ = @ Sin(oyt +  wm
¢ = g Cos(ayt +

[TPUMEPEI PEHIEHUA 3AJJAY

Fap2 3amaya 1. Apeomerp, NMOKOSAIIUICS B
KUAKOCTH TUIOTHOCTBIO P , MOATOJIKHYIH

FApl BHM3 M OH Hayaj COBEpIIaTh KoJIeOaHUS.
Haiitu nepuon manbix KojiebaHUM apeoMeT-
{ Pa, ecim ero macca M, a MoWaiL nome-

1 X PEYHOro ceyeHus Tpyoku S .
¢ ]
h h Pemienne. B cocTossHMM MOKOSA 4YacTh
apeoMmeTpa morpykeHa Ha riayoumny h. Ha
\ Hero OyayT NEMCTBOBATh CHIIA TSDKECTH U

cuia Apxumena, paBHasi CHIIE TSKECTH, Bbl-
mg mg TECHEHHOUN apeOMETPOM KUJIKOCTH:

ﬁAp = My, = S

IJic P — IUIOTHOCTB JXUAKOCTH; Sh =V — 00beM BBITECHCHHON apeOMETPOM JKHIKOCTH.
Jlunamuueckoe ypagnenue 0 3mo20 cOCMOAHUS UMeen U0
Kornma apeomeTp TOJKHYJIM BHH3, OH MOTPY3WJICS HA TUIyOMHY h+ X W AMHAMH-
YECKOE€ YPaBHEHUE JJISI 3TOT'0 COCTOSIHUS 3aMUIIETCS B BUJIE
B npoeknusax Ha ocu koopauHaT ypaBHeHud (1) u (2) 3anumnryTcest Kak
OX  0=mg-pShg — mg =pShg, (3)
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d?x
OX mazmﬁzmg—pSg(h+x). (4)

[ToxcraBum B ypaBHeHue (4) ypaBuenue (3) u, mpoBeis mpeoopa3oBaHus, MOIY-
quM GHopMyITy
d%x d*x
Mm—-=—pgSX - M—-+ pgSx =0. (5)
dt® dt®
VYpaBaenue (5) sBasercs nuddepeHanbHbIM ypaBHEHUEM KojeOaHul apeo-

d2x  pgS
MeTpa B )KuAKOCTH. OTCIOa UMEEM d—2 +——X=0. DTo TMHAMHUYECKOE YpaBHECHUE
m

y 2 _ PYS _|PgS y
TFApMOHUYECKUX KOJIEeOaHUH, Ile Wy =—— > ®y =,/—— U MNepuoja KojeOaHUii
m m

m
apeoMmeTpa paBeH | =21, [—.
\ pgS

y 3agaua 2. [Ipyxwuna c koshdu-
IIUEHTOM JKeCTKOCTH K cToWT Ha cTo-
ne. C Beicotel h, rme h orcunrtriBa-
€TCSI OT BEPXHETO IMOJIOKCHHUS TpYy-

h l O KUHBI 10 TOYKU PAaBHOBECHS KOJeO-
s '_'-'I %, Lo MOWIEroCs MapuKa, Ha MPYKHHY Ma-

t’ X X [ _ IX AlaeT WapUK MACCoH M 1 mpuiHnacT

N\ 0 | v Kk mpyxuHe (aOCONIOTHO HEYNpPYTuid

yaap). Haiitu ammuryny konebGaHui
mapuka (h orcumTeiBaeTcs OT Bepx-
HETO0 Kpasi MPYy>KUHBI).

Pemenne. B MOMEHT CONPUKOCHOBEHHUS LIapHKa C MPY>KUHOW o0pazyercsi cuc-
TeMa IapUK—TpPYyKUHA, TI€ TEJIOM, COBEpIIAIOIINM KoJeOaHus, sBseTcs mapuk. B
Ha4YaJbHBI MOMEHT IIapHK oOnamaeT moTeHIHManbHoi sHeprui E . = mgh. Koneu-
Hasl DHEPTUS COCTOUT U3 MOTEHLIHAIBHON SHEPIUU MOKOSIIErOCs IapuKa, B HIKHEM

2
€ro MOJIOKECHUH U DHEPIMH NPYKUHBI E = T MQX, rae X — MaKkCHUMaJlbHas Jie-

dbopmanus mpyKUHBI, TTPU KOTOPOH CKOPOCTH IIApHKa paBHA HYITIO
kx? kx?
Eon = Enan —>7— mgx = mgh —>7— mgx —mgh =0,

LCE J(mg)? + 2kmgh
i .
2
[lapux Oyzmer coBepmaTh KoJNEOaHHUA OT X = mg + \/ (mgk) + 2kmgh

o1



2
) X; + X
o = mg \/ (mgk) + 2kmgh . AMIUIUTYa KONeOaHuii MIapyuKa paBHa X; sap = %
\/(mg)z + 2kmgh
Xyvake = k '

[lapuk Oyner KoaedaThCsl C aMIUIUTYJOM X OKOJIO NOJIOKEHHUS! PABHOBECHSL.

3amaua 3. Ha nBa oMHAKOBBIX Jiicka | U 2 , pacioyioXKEeHHBIX HA paccTostHud | u
BpAIAIOIIMXCSA ¢ OJUHAKOBBIMHU YIJIOBBIMU CKOPOCTSIMU HABCTPEUY JPYT IPyra, KIaayT
JUTMHHBIA cTepkeHb. KoappuimeHT TpeHns Mex1y AUCKaMu U cTepxkHeM W . Haittu ne-

PO MAJTBIX KOJIEOAHUN CTEPHKHSI.

y
Ny N,
Z @X ?C# (/2
0 cl Frpo X
mg o
Q)]

Pemenne. AHanu3 ycioBus 3a7a4M MOKa3bIBACT, YTO HA CTEPIKEHb JACHCTBYIOT
cunsl: MG, Ny, No, £, o F . luHammdeckoe ypaBHEHHE HMECT BUN
ma =mg + N; ar—pl,\l2 +1§2 + F
d°x
U npoekuus ero Ha ocs OX md—2: Fipt = Frpo =H(N; = N,) . B atom ypasrnenuu
t
HeusBecTHa pasHocTh (N; —N,). Halinem oty pasHocTb, 3amucaB ypaBHEHHE TH-

HAMUKH BpaliaTeIbHOTO JBUXKEHUS OTHOCHUTEIBHO OCH, MPOXOASIIEeH uepes
CepellMHy CTEpXXHS M MEPIEHIUKYIIPHON CTEPKHI0O, OTHOCHTEIbHO KOTOPOW
IPOUCXOAT KOJIeOaHUS CTEPIKHS.

I I
Torma IB= N1§+ mgx — NZE . CrepkeHb HE COBEpIlAeT BpPAIIATEIHLHOTO

TBUKEHUS BOKpYT ATOM OCH, T. e. B=0 u
I I 2mgx

0=N;—+mgx—N,——>N; —N, =——— .

'\E{@@@egeﬂunﬁﬂoe YpaBHEHHE KO1eOaHMIi CTepHKHSA IPUHAMAET BUT

2
md ;(:—zumgxacozzzigaTzh L
dt | | 2ug
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3agaua 4. Ou3nyeCcKUl MASTHUK NPEACTaB-
nseT coboit crepykeHb Maccoit M, mmmHOH |, Ha
KOTOPOM pAacIOJIOKEHbl TPU Tpy3a OJMHAKOBOMU
Maccbl M. I'py3bl pacmoyioKeHbl OT OCH TOJABeca

W~

1, 2
< Ha PaCCTOSTHUX gl, gl u |. Onpenenuth mepuo

KOJIeOaHUM CTEPIKHS OTHOCUTEIILHO OCH TTO/IBECA.

Pemenne. ®usnueckui MasATHUK IMPEIACTAB-
JseT COO0M CHCTEMY, COCTOSIIIYIO U3 YEThIPEX TEI:
g pl o > m, CTEpPXKE€Hb U TPHU I'Py3a, MOJIBEUICHHBIX B Pawmq:

HBIX MecTax cTepkHs. [lepmon koiiebaHmii Takon
CHUCTEMBI 3aITUILIETCS B BHUE

]
M9l
{+ . My rae | — MomeHT uHepuu GU3NIecKoro MasiTHUKA,
MPEACTABIAIONMNA cCOO0H CyMMy MOMEHTOB HHEP-
AU T€JI, BXOASIIUX B CUCTEMY.
I = ICTep)K + Irpl + Irp2 + Irp3'
1

MoMeHT uHepuuu CTEp’KHSA paBeH | :§M|2 Y MOMEHTBI MHEpPLUHH I'PY30B Kak

T =2n

CTepX

MaTCpPUAIbHBIX TOUCK PAaBHLI

1)? 2\ )

Mowment nnepuun ¢pusudeckoro mastanka paser | =1 + 1, + 1, + 1.
2
=itz Az e miz o=tz e ™ g 243) = Tviz s omiz
3 9 3 3
:Iz(%M +2mj—>|=|2?"v'+%.

IlenTp Macc MasiTHUKa HaXOIUTCS O popMyIie
M I—+1ml +gml +ml

2 3 3 _IBM +1 8) (M +4m)
M+m+m+m  6(M-=3m) 2(M +3m)’
Macca Bcelt cuctemsl papga M, =M +m+m+m=M +3m.
[lepuox xonebanuii Gpu3HUECKOro MasiTHUKA OyJeT paBeH

| 2 [I(3M +14m)
megr. 3\ g(M +4m)

ro -

T=2n
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3agava 5. OgHOPOIHBIA CTEepKeHb JmHOM | co-
BEpIIAET Mayble KoJieOaHUsI BOKPYI TOPU30HTAIbHOM
OCH, IEPHEHANUKYIISIPHON CTEPKHIO U MPOXOIAILEH Ye-
pe3 MPOU3BOJIbHYIO TOUKY CTepkHsA. Halitu paccrosnue

Z MEXK/ly LIEHTPOM CTEPKHS U OCBIO IOJBECA, IIPU KOTO-
/ pOM rnepuo KosiebaHui Oy 1eT HauMEHBIITUM.

Pemenune. Crepxenb OyAeT coBepliath KojieOa-
HUS TOJ JEUCTBUEM CHUJIbI TSKECTH, U YPAaBHEHUE €ro

JIBIDKEHUS UMEET BU

d2o d%p mgx

—=—MgXep > —-+—0 =0,
dt® dt* |
\ / raec X— pacCrosHue OT HpOHSBOJ’ILHOﬁ OCH IIOJABECa
CTCPKHA OO0 MLCHTpa Macc, | — momeHT HHCPLHUN

CTEP>KHSI OTHOCUTEIBLHO MPOU3BOJIBHOM ocH moaBeca. Ileproy komebaHuii Takoro mMa-
SITHUKA paBEH

T=2n I— (1)
mgx

JI14 Hax0XKIeHUsST MOMEHTA MHEPIIMH BOCIOJIb3yeMcs Teopemon [lteiinepa

I—imI2+mx2, (2)
12

1 .
rac Eml2 — MOMCHT HHCPHHH OTHOCHUTCIIBHO OCH, IPOXOoAAlICH 4YCPC3 MLOCHTP

crepxHs. [TogcraBum (2) B (1):

JIisi HaXOXAEHUSI PACCTOSHUS X, MPU KOTOPOM Iepuoja OyAeT HauMEHbLINM,
2
|

X
HEO0OXO0JMMO HCCIIeI0BaTh (PYHKIIMIO + — Ha dKCTpemMyM, T. €. npoauddepen-

g
LUPOBATh €€ 0 X U NPHUPABHATH K HYJIIIO:
d, I” x , 1P | |
— +—)=0->X"=—>o>X="—"=->T =21 |—.
dx 12gx g 12 V12 g+/3

3ajaun 7151 CaMOCTOSATEIIBHOTO PEIICHUS

1. 3emutro poOCBEPIWIN 110 AUAMETPY U B 00pa30BaBIIyIOCS IIAXTy OpOCHIIN Te-
70 Maccoil M. Haiftu nmepuos Manbix KoieOaHuil Tena B maxTe.
2. Tenmo maccoit M moaBecuiH Ha MPY>KUHKE J)KECTKOCTHIO K M OTKIIOHWJIM BHU3
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OT ITIOJIOKCHUSA PAaBHOBCCHUS HA BCIIMYHNHY XO, 3aCTaBUB €TI0 COBCPpHIIATH KoJieOaTelb-

HbIE JIBM)KCHUS. 3aT€M Ha pPACCTOSIHUU X—ZO OT ITIOJIOKEHMSI PABHOBECUS NOCTaBUIIN
mwnty. HaliTu nepro HOBBIX KojeOaHuil Tena.

3. Ha nHO cdepuueckoil yamku ¢ paanycom cepsl R monoxuiu maitdy mac-
coil m. Halitu nmepuoj MajbIx KoJieOaHH MIaiobl.

4. CTepKeHb Maccoii M u JyMHOMW | 1mapHUpHO 3aKpervieH B BepxHel Touke. K
HUKHEMY KOHITYy CTep>KHS, (MEPIEHANKYIISIPHO K HEMY) MPUKPENHIIN MPYKHUHY, C KO-
3P PUITUESHTOM JKECTKOCTH K W BBIBEIM W3 IOJIOKCHHS paBHOBecus. Haiitm mepuon
KoJIe0aHUI U IPUBEJICHHYIO JUTMHY CTEPKHSL.

5. llapuk maccoit M JeXUT HA MOBEPXHOCTU U MPUKPEIUIEH B BEPXHEU TOUKE
ABYMsI TOPH30HTAIBHBIMH TIPYKHHAMH, KOI(PQHUIUESHTH yNPYrocTH KOTOPBIX K; |

K, . Onpenenuts nepro MalibIX KoJieOaHHH IapyuKa, €CIIM MPOCKaIb3bIBAHUS MEXKIY
IAPUKOM U ITIOBEPXHOCTHIO HET.

SATYXAIOINMUE U BBIHYXKJIEHHBIE KOJIEBAHUA

Bo3zneiicTBue Ha koJie0aTeNbHYIO CUCTEMY BHEIIHMX CHJI (CHJIbI TPEHHSI, COMPO-
TUBJICHUS CPEJbI U T. J1.) IPUBOAUT K 3aTyXaHUIO Koiebanuil. Paccmorpum Hanbosee
IPOCTOH cilyvail kojieOaHUsl MaTepUalbHOM TOUKHU B BA3KOU CpeJie.

dx
Cuna CONpoOTUBIIEHUS CPEIbl 3aBUCUT OT CKOPOCTH JBHIKEHUS TOUYKHU pr U TpHU

HEOOJIBIITNX CKOPOCTAX IPOIIOPHHUOHAIIBHA el u HaIIpaBJICHA B CTOPOHY, IIPOTHUBOIIO-

dx
JIO)KHYK CKOPOCTH (—ra, rae ' — mocTosIHHAs BEJIMYMHA, Ha3biBaeMas Kodhuim-

CHTOM CONPOTHUBIICHUS U XapaKTepu3yromas Gpusndeckue cBoicTBa cpelibl). JTa cria
nobasutcs k ynpyroit cune (—kx) m muddepennnanbHoe ypaBHEHHE 3aTyXarolInuX

KoJIeOaHUI UMEET BU

d®x o1 9 d°x  k_ rdx

—2——X—r— —2——— —_—— .

dt dt  dt m  mdt

BeeneM o603HaueHuUs K = cog,L = 2B u 3anuIIeM ypaBHEHHE B BUJIC
m

d?x 2 dx d?x dx
—=—0gX—2p— > —+ X+ 2—=0. 1
o2 0 Bdt g2 T Bdt (1)

Benuunna @ Ha3biBaeTcs COOCTBEHHOM 4acTOTOM He3aTyXaromuxX (CBOOOIHBIX)

- r
KOJIeOaHUN CUCTEMBI, 3 = om Kod(pULIMEHTOM 3aTyXaHUSI.
m

Pemenuem ypaBuenus (1) ssusercsa ynkmus X(t) = xwe‘ﬁ 'cos(wt— , rue

®= a)g —PB? - uwacrora 3aryxaromux konebanuii, a A(t) = xme‘ﬁ ' ammmryza 3a-

TyXarIIHUX KOJICOAHH.
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OTHoOlIeHHE 3HAYCHWH aMIUIMTYAbl 3aTyXaloIUX KOJIeOaHUM, OTIUYAIOIINXCS
A(t) _ bt
Alt+T)
TyXaHus, a ee jorapudm — JorapupMUIECKUM JIEKPEMEHTOM 3aTyXaHHUsL:
At T 1
A= In—() =BT =—=

At+T) © N

JpyT OT Apyra Ha MEepUoa | M paBHOE , Ha3bIBAETCs JIEKPEMEHTOM 3a-

rac T=— — INpPpOMCIKYTOK BPEMCHHU, B TCHCHHUC KOTOPOI0 aMIUIMTYy/Jida 3aTyXaHHA KO-

nebaHusl yMEHbIIWIACh B € pa3 M Ha3bIBaeMblil BpeMeHeM penakcanuu; N — ducio
Kosie0aHUii, B TeYEHUE KOTOPHIX aMILTUTY/1a YMEHbIIUIACh B € pa3.
JIoOpOTHOCTHIO KOJIeOATEIHHOM CHCTEMBI Ha3bIBAaeTCs Oe3pa3MepHas BeIMUrHA

27 27
Q= 1_e 26T - 1_e2k"

[Ipu manbIx 3HaYEHUSAX A KOJIeOaHUs, IOYTH HE 3aTyXaroUIHe:
o T T
LBl 2B
rae Ty — mepuox CBOOOAHBIX KONEOaHWH, g — LMKINYECKas 4acToTa CBOOOIHBIX
KoJIeOaHUH.

BoinyxieHHble KOeOaHUs BOZHUKAIOT, €CJIM KPOME YNPYTOW CHIIBI U CHUJIBI CO-
IIPOTUBJIEHUSI CPEMBI HA KOJIEOIOUIYIOCS CUCTEMY JIEHCTBYET N0OABOYHAs NMEPHOIU-
YEeCKH JICUCTBYIOIIAsl CUJia. YpaBHEHUE JBIKEHUS (BTOpod 3akoH HeroToHa) 3amu-
IIETCS B BUJE

2 2
md—;‘:—kx—r%+ £ o S 28 w2 = F (1),
dt dt dt® dt

Eciu BbIHyXparomiass cuia HM3MEHAETCS [0 TapMOHMYECKOMY 3aKOHY
F, (t) = FycosQt , To m1s BBIHYKIECHHBIX YCTAHOBHMBIIMXCS KOJIEOAHUH aMILTUTYa

paBHa

A= Fo

B 2 212 22
my(0? - Q%) + 4p20
IIpu pe3oHaHCe aMIUIUTY/Ia, COOTBETCTBYIOIIAS PE3OHAHCHOMN YacToTe, paBHA

F,/m
'Abe:s = %, 4 PE3OHAHCHAA JaCTOTa O = cog - [32 :
2By =B

BOJIHBI

Teno Ha3biBaeTcs ynpyrum, a ero aedopmaiusi, BbI3biBaeéMasi BHEIIHUM BO3CHi-
CTBUEM, Ha3bIBaeTCs ynpyrou nedopmaiieil, eciii OHa MOJHOCThIO MCYE3aeT MOoclie
MpeKpalieHus 3Toro Bo3aencTaus. [Iponecc pacnpoctpanenus KojeOaHul B yIpyrou
CpeZie Ha3bIBAa€TCs BOJHOM. YTpyras BOJIHA HA3bIBAECTCS MPOJOJIBHOM, €CIIU YaCTHUIbI
Cpellbl KOJEOIIOTCS B HANPABJICHUH PACTIPOCTPAHEHUS BOJHBI. [IpogoiabHbBIE BOITHBI

56



CBSI3aHBI C 00BEMHBIMU JIe(hOpMaIIUIMU YIIPYTOU CPEIbl U PACIIPOCTPAHSIIOTCS B JIIO-
0ot cpene — TBEpAOH, KUIKON MM Ta3000pa3HON. YTpyras BOJHA Ha3bIBAETCS IO-
NEPEYHON, €CIIM YaCTHIIBI CPEbl KOJEOMIOTCS, OCTaBasICh B TIOCKOCTSIX, TIEPIICHIH-
KYJISIPHBIX HAIpPaBIICHUIO PACIpOCTpaHEHUs! BONHEIL. [lomepeunbie BOTHBI CBSI3aHBI C
nedopMaIusIMu CABUra YIPYrol Cpeibl M pacCHpOCTPaHSIOTCS TOJIBKO B KPUCTAILIH-
4eCcKuX Tenax. BoiHa Ha3bIBaeTCS TapMOHUYECKOH, €CIIM N3MEHEHUE COCTOSTHUS Cpe-
Tl TIPOUCXOANT IO 3aKOHY CHHYCa HJIM KOCHHYyca. ['eoMeTprueckoe MecTO TOYEK,
KOJICOTFOIIMXCS. B OJIMHAKOBOHM (pa3e, Ha3bIBacTCsl BOJIHOBOHM MOBEPXHOCTHIO. I'eo-
METPUYECKOE MECTO TOYEK, JO KOTOPBIX JTOXOJHWT BOJIHA K MOMEHTY BpeMeHH t, Ha-
3pIBaeTcst (hpoHTOM BONHBL. [lo opme BomHOBOTO (PpoHTA CHHYCOMAAIbHAS (KOCH-
HYCOHUJaJIbHAs1) BOJIHBI JIENSATCS Ha IUIOCKHE U cepuueckue. YpaBHEHHE IIIOCKON
CHUHYCOM/IaJIbHOW BOJIHBI, pACIIPOCTPAHSIOIIEHCS B HaNpaBieHUuu ocu X ,
S = Asin(ot —kX +0y),

I7e S — OTKIOHEHHE YaCTHUIIBI CPEIbl OT MOJIOKEHHS PABHOBECHSI B MOMEHT BpeMeHH t ;
A —MakcuMabHOE OTKIIOHEHHE YaCTHUIIBI CPEIbl OT TIOJI0KEHUSI paBHOBECHS (AMILTUTY-

21
Jla BOJIHBI); (D:?— KpyroBasl 4acToTa BOJHBI (T — mepuoj BOJHBI, ® =27V, V —

2t 2n ©
COOCTBEHHAsI YacTOTa BOJIHBI); K =—— =—— =— — Ha3bIBA€TCS BOJHOBBIM YHCIIOM,

A VT
A =VT — paccTosiHue, Ha KOTOPOE PACIPOCTPAHSETCS CHHYCOHWJAlbHAs BOJHA 3a
BpeMsI paBHOE MEepHOAy KojeOaHuil, Ha3bIBACTCS IJIMHOW BOJHBI; Ol — HadalIbHAS
¢aza BOJHBI.

. . A .
YpaBHeHUE chepuuecKoil CHHYCOMAATBHON BOJHBI S = —SIN (mt —kr+o, ) .
r

y 1 0°S
HuddepennpanbHoe BOJTHOBOE YpaBHEHUE YyHPYrod BOJHBI AS :\78—2, rje
t
0% 9% o?
A =—5+— +—_— —oneparop Jlamiaca B 1eKapTOBOH CHCTEME KOOP/HHAT.
ox® oy® oz
E G
dazoBasi CKOPOCTh YNPYIUX HPOAONBHBIX V, = |— U nomepeuHblx V, = [—

Yo,
BOJIH, T/Ie P — 00BEMHasl INIOTHOCTh cpenbl, E — Momyns FOura, G — Moaynb casura.

IIPUMEPBI PEIIIEHHUA 3A/JAY

3agaua 1. MatemaTudecKuil MasiTHUK C JIOTApU(YMHIESCKIM JEKPEMEHTOM 3aTy-
XaHWs Ay IOMECTHIA B Cpely, B

e ey dF KOTOpOH KOI(PDUIIMEHT COMpo-
¢ TUBJIEHUS B N pa3 Ooibiie, 4eM B
nepBoit cpene. Haiitu norapud-
@ gr MHUHYCCKHii JEKPEMCHT 3aTyXaHH:
MasiTHAKa BO BTOPOH cpejie.
dF,
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Pemenune. B cooTBETCTBHM C YCIOBHEM 33aud KO3(DPUIMEHT CONMPOTUBIICHHUS
BTOPOU CpeJibl CBsI3aH C KOA((PUIIMEHTOM CONMPOTUBIICHUS MEPBON CPellbl COOTHOIIIE-

r
HUEM I = NI, . 13 Teopun u3BecTHO, 4TO 2B =— =TI =2BM —=> B =nf,.
m

JlekpeMeHTa 3aTyxaHus B IEPBOM cpejie paBeH

Mo =BoTo =0 —0Z0f - 223 = > 00l =B +0D). ()
@y —Po
Hcnonb3ys 3HaueHHe AEKpPEMEHTA 3aTyXaHUsl BO BTOPOU Cpefe, yTeM MaTemMa-
TUYECKUX TMPeoOpa30BaHUN IMOTYYUM 3HAUYCHHUE JIEKPEMEHTA 3aTyXaHUS BO BTOPOI
cpene:

Aog =npsL+A%). (2)

Paznenus (2) na (1), nonyyum

2 2 2

7‘—2 = L”Z‘) — 22+ 0505 = 05 + NS - AE (145 —n?hd) =n?Ag,
Ao 1+Xg

- kg .
J1+22(1-n?)

3agaua 2. Jluck Maccoit m u paauycoM R monaBecuim Ha COBEPIIEHHO YIPYTOi
HUTH 3a LIEHTP U NPUBEIN B KOJIEOATEIbHOE JBUKEHUE B TOPU3OHTAIBHOM MIIOCKOCTH
BOKPYT BEPTUKAIbHOW OCH. MOMEHT ynpyrux cui HUTH paBeH M Fynp = 00 Cuna

CONPOTHUBJIEHUS BHEIIHEW CPE/Ibl, IEUCTBYIOIIAsl HA €UHUIY TUIOIIAAN JUCKA, paBHA
F. =nv. Haiitu nepron Manbix konebaHuii AUCKA.

Pemenune. Ha nuck neiicTBYIOT BHEUIHUE CWIIBI, U KOJeOaHUs ero OyayT 3ary-
xaromumu. J{Jis HaxoXIeHus Mepro/ia 3aTyXalouux KojiedaHui JucKka HeoOX0AMMO
3anucarb OCHOBHOE YpaBHEHHE TMHAMUKHU BpPaAIaTEIbHOTO JABMKEHHS C YUYETOM BCEX
CHJI, IEUCTBYIOLIUX HA JTUCK.

I B - Fynp + M FC
B npoeknun Ha och
OZ 1B=-Mg, —Mg, (1)
R2
rae | :T— MOMEHT MHepuuu aucka. [lo ycnoBHIo 3a1auu cuja CONpOTUBIIECHUS

Cpeapl MPUXOJIUTCS HA €IUHUIY IUIOIIAJN JUCKA, U JJI1 HAXOXKAEHUSI CHJIBI COMPO-
TUBJICHUSA, JCUCTBYIOIICH Ha BECh AWCK, HEOOXOIUMO BBIICIUTH DJIECMEHTAPHYIO
IJIOAJb JUCKA, HAWTH 3JEMEHTAPHYIO CHIIy COINPOTHUBIICHHS C YYETOM TOrO, YTO
V=l U IIyTeM UHTErPUPOBAHKs HAUTH MOJHBIA MOMEHT CUIIBI F

dF, =nvdS =nor2zrrdr.
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MomeHT cuiibl OyIeT paBeH

R
dMg_ = rdF, = rme2nr’dr = 2mor’dr - Mg = [ 2mor’dr =
0

R R4 R4
= Znncoj' r3dr = 2mo— = otn—,
4 2
d2k do
=, O=—".
b= dt
VYpaBuenue (1) 3anuiemM B Buae
2 4 2 4
Id ;p:_nnR d(p_a(P_Hd;p R d(P+0c(p:O,
dt 2 dt dt 2 dt
R* ; R* 2
d;p R do oc(P:O_)d;ernn d(p+ ocZ(P:
dt 21 dt | dt m dt mR
2
2 TCT]R 2a o ,mR" 2T
Otrkyma g =——~, B= o= (/) - T=E
AR o R2 b= mR? ( 2m ) m

3agaua 3. Teino moABEmIEHO Ha MpYXUHE W TOJ JEHCTBUEM
BHEIIHEN BEPTHKAIBbHOW cuibl F, = F,COSot coBepiaeT ycraHOBHB-

—

Foia mecs IBICKEHHS 110 3akoHy X = Ac0S(wt — @). Haiitu pabory CHiibl
F, 3a mepron T koneGaHwuii.

Mg Pemenne. KoneOanvs BBIHYKIEHHBIE U IO JEHCTBHEM BBIHY-

. Kparouien cuibl F, Teno cosepiaeT padboTy

F

X A=[F,dx. (1)
YpaBHEHHE YCTAHOBUBIICTOCS JBYDKCHUS TEJa 33JIaHO U, TPOAU(PEpEeHIINPOBAB
9TO BBIPAXKCHHE, TTOJTyIUM
dx = —amsin(ot — ).
[ToncraBum Bce 3T 3HaueHus B (1) U, ucmonb3yst GopMyJibl IPUBEICHHMS, HA-
neM paboty A:
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T T
A =—[ aoF, coswtsin(ot — g)dt = —anF, [ cos mt(sin wtcose — cos wtsin )dt =
0 0

T

= —aof, [ (sin ot cos ot cos g — cos? wtsin @)dt =
0

T -
j(sm 2ot cosp— 1+ Coszwtsin(p)dt _
0

ank, ank,

F .
:(am 0 cos2mt coso + Tsing =

tsing + 0F Gin2etsin (pjlg =
4w 4o
_ 2namk,

sin ¢ = mak, sin .
20

3amaua 4. OT UCTOYHUKA BOJIH C YACTOTOM V PACHPOCTPAHAECTCS CUHYCOUAANb-
Has BOJIHA ¢ HadaiubHOH (azoil ay =0, ckopocteio V u ammurynoi A. Onpenenuts

JUTHHY BOJIHBI, (ha3y M YCKOPEHHE TOYKH, HAXOJAIICHCS HA PACCTOSIHUU X OT UCTOY-
HUKA B MOMCHT BpeMmeHu 1t .

Pemenne. B o6miem cinydyae ypaBHEHUE CUHYCOUIATbHON BOJIHBI UMEET BUJ
S = Asin(ot —kx+ay) ,

. 2t 2T
rae ®=2nv — HUKIndeckas (Kpyromas) yactoTa KosieObanui; K=—=——=——
A VT V
BOJIHOBOE YHCIIO; Oy — HadaybHas (pa3a BOIHBIL.

Torna ypaBHeHHE CHHYCOMIAIBHON BOJIHBI C Y4E€TOM TOro, 4To o =0, 3anuiercs

B BHJIC S = ASIH(ZTEV'[ —2\/LVXJ, rae ¢ = ot —kX = 2mvt —2\/ﬂx = va(t _3) — (1)333

BOJIHBL a A =VT = \L
%
YckopeHue TOUKH HalIeTCsl KaKk BTOPasi MPOU3BOIHAS OT YPAaBHECHUS BOJTHBI
d2s . : X
a=——= —Aw?sin(wt — kx) = —Adr?v?sin| 2nv (t — —j :
dt \Y

3anaua 5. [1nockast BosiHa pacnpocTtpansiercst co ckopoctbio V . Ilepuon kose-
O6anuii Touek cpensl | . Haiftu pasHocTs (a3 xonebaHuii MEXIy TOYKAMHU, HaXOMIs-
[IMMHCS Ha PACCTOSTHUHM AX ApPYyT OT JpyTa.

Pemenne. Ilockonbky HEOOXOIUMO HAWTH PA3HOCTH (a3 OJHOM M TOU ke BOJI-

HbI, TO Ha4YaJIbHAasdA (1)3,33 N IUKJIIMYCCKasA JacToTa 6y,IIYT OAHMHAKOBBIMH IJII BCCX TO-
YCK BOJIHBI, 1 PA3HOCTHU (1)8,3 B Touke 1 B Touke 2 3allMITYTCA KakK
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2nAX  27AX

=t —kx, +ag > Ap=KAX =
() 2 0 ¢ VT

3aoauu 0141 camocmoamenbHo20 peueHus

1. AMmnTya 3aTyxaromux KojaebaHuil 3a BpeMsi T YMEHbIIUIach B 2 pa3a. Bo
CKOJIBKO pa3 OHAa YMEHBIIUTCS 3a BpeMst 3 T ?
2. AMIUIMTYy/1a BBIHYK/ICHHBIX KOJIEOaHUI IIPU 4acTOTax ®; U », paBHbl.Haiitu

PE30HAHCHYIO YacTOTY.

3. Ilpu yacrorax m; U ®, aMIIUTYJa CKOPOCTU PaBHA II0JOBUMHE MaKCHMallb-
HOW aMITuTynbl. HaiiTu 94acToTy, COOTBETCTBYIOIIYIO PE30HAHCY CKOPOCTH, M KO3(-
(bUIMeHT 3aTyXxaHusl.

4. Iliockas BOMHA C YacTOTOM V paclpoCTpaHseTcs B ynpyrou cpene. limna
BOJIHBI A, aMIuiuTyna kojeOanuit Touku A. Ompenenuts (pa3zoBy0 CKOPOCTh BOJHBI
Y MAKCUMAaJIbHYI0 CKOPOCTb JBUKEHUS YaCTHULl CPEJIBL.

—Bt .
5. Teno cosepiiaeT KoyueOaHus Mo 3aKoHy 0= Boe b COSwt. Haiitu yriioByro

CKOPOCTb U yTJIOBOE YCKOpPEHUE Tesla B MOMEHT BpeMenu t =0.
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