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BBEJAEHUE

OcCHOBHAs 1€Nb JAaHHBIX METOAUYECKHX YKA3aHUW — HU3y4YEHUE
TEOPETUYECKOT0 MaTeEpUalia U OBJIaJCHUE HABBIKAMM PEIICHUA 3a7a4 Ha
CJI0’KHOE JIBUKECHUE TOYKHU.

JInss  OCBOEHHS TEOPETUYECKOIO0 MaTepruaia O3HAKOMHUTBCS C
KpPaTKUMH CBEJICHUSIMA W3 TEOPUU PEKOMEHAYEMOW JIUTEPATYPHI.
OTBeTBl HA BONPOCHI NMOMOTYT CTYJAECHTaM 3aKPENUTh TEOPETHYECKYIO
4acTh pa3iena.

[Ipennaraemas pa3paOoTka TMpeJHA3HAYEHA JIS ayJAUTOPHOIO
KOHTPOJISI TEKYILIEH YCIIEBAEMOCTH CTYJICHTOB, a TAKXK€E JJIsl 00yUEeHUS U
CaMOKOHTPOJII BO BHEAYJIWTOPHOE BpeMs NPU IOATOTOBKE K
MPAKTUYECKUM 3aHITUSIM U SK3aMECHAM.

KPATKHUE TEOPETHUYECKHE INOJIOXKEHUSA

B psne ciyuaeB 1emecooOpa3HO WM3ydaTh JABMOKCHHE TOYKH WM
TeJa OJHOBPEMEHHO 10 OTHOIIICHUIO K JBYM CHCTEMaM KOOpAUHAT.

PaccmoTpuM HemoaBmwxkHYIO cucteMy koopauHat OXi Y(Z; wu
cucremy OXYZ, xoTopasi JBMXXETCS OTHOCUTEIBHO HEMOIABUKHOU
(puc.59).

JIBM>keHHE TOYKM M MO OTHOLICHHUIO K HEIMOABHKHOM CHCTEME
KOOPJMHAT HAa3bIBACTCS A0COJIIOTHBIM JIBUKEHUEM UJIU CII0KHBIM.

JIpmxkenne TOukrn M MO OTHOIICHHIO K IIOJABIDKHOM CHCTEME
KOOpPJIMHAT HAa3bIBACTCSI OTHOCHTEJIbHBIM JBIDKCHHUEM. JIBIKEHUE
MOJABWKHOM CHUCTEMBI KOOPJMHAT MO OTHOIICHUIO K HEMOIABUKHOU
Ha3bIBAETCSI MEPEHOCHBIM.
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Puc.1l. CnoxHoe IBUKEHUE TOUKHU

B cooTBeTcTBUM C puc. 1 umeem

Fr=mp+p. Q)
AOCOMOTHAsA CKOPOCTh TOUKU M
y-dr_do, dp 2)
B dt dt dt
rJ€ p - NOJBUXHBINA BEeKTOp B cucteMe OXYZ.
ITo dopmyne bypa:
dp dp _ _ _ _ _
——=—— 4+ ®OXP=Up + OX
dt _ dt P =Yy p (3)

_dp
rame VYr :a - JIOKaJIbHAaA IMPOU3BOAHAs, OIPCACIIAONIAA CKOPOCTH

U3MEHEHUSI BEKTOpa P B TMOJBWKHOM CHUCTEME KOOPAMHAT, -
NEPEHOCHAS YCIOBHAsA CKOPOCT.
[Toyunm
_ dnp _  _ _
VL=—">+VUr +OXP, WIN
dt
V=V +Vy +OXP, (4)
Vg — CKOpOCTh TOUKU O MOABMXKHOW CUCTEMBI KOOPJMHAT.
[TepeHoCHast CKOPOCTh:
Vg =Up+®XP, (5)
Torna abcosmoTHast CKOPOCTh:
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L= Ut U (6)
ABCONIIOTHOE YCKOPEHHE TOYKH M:
dﬁ_dﬁrerﬁe_dGrJrg(6 . ,
dt  dt  dt  dt  dt' ° P). (7)

Bocnons3oBagiucsk popmynoit bypa 3amnuiiem:
o, _do _ _ doy deo___ _ dp _
dt dt dt  dt dt (8)

X(c:j’t)-l-(Dij:ar +ap+expr+ox(@xp)=a, +ay+exp+rox(@xp)+2@xv, )

76 dy — OTHOCHTEIBHOE YCKOPEHHUE;
d,=ap+EXP+®X (0_) X 5) - IEPEHOCHOE YCKOPEHUE;
a. =2(®x Yy ) - yckopenue Kopuonuca.
Takum oOpazom
a=a,+a, +a.. 9)
AOCOIOTHOE YCKOpEHHE TOYKH PaBHO CyMME TIEPEHOCHOTO,
OTHOCHTEIFHOTO W KOPHOJIMCOBA YCKOPEHUIA.

[To moxymio yckopenue Kopuomnuca onpenensercs mo gopmyrie:

ac = 2morsin(6 Aﬁr). (10)

Puc.2. Hanpasnenue yckopenust Kopuomnuca

Hamnpasnenue yckopenus Kopuomnuca (prc.2) MOKHO OTIPENeInuTh
no mnpaBuiay JKVKOBCKOro. Jlnsg 3TOro, BEKTOP OTHOCHUTEIBHOU
CKOPOCTH U, MNPOEUUPYETCS B IUIOCKOCTh, MEPHEHAUKYISPHYIO OCH
NEPEHOCHOr0 BpAICHUS W 3aTE€M IMOBOPAYMBACTCS HA 90° B CTOPOHY
BpalICHUS.




KopuonnucoBo yCKOpeHHE paBHO HYJIIO B CIAEAYIOMMUX CIydasix: a)
MIEPEHOCHOE JBWKEHHE TMocTymarenbHoe (w.=0); 0) OTCyTCTByeT
oTHOcHTeNnbHOE JjBkeHne (v = 0); B) CcKOopocTH U, U O,
napasieibHBbl.

BOITPOCHI JJI1 CAMOKOHTPOJIA

1. Uro Takoe OTHOCUTEIHHOE, TMEPEHOCHOE U abCOJIOTHOE
NIBIDKEHUE TOUKU?

2. Kak ompenensiercs abCOJIOTHAsE CKOPOCTh TOYKHA B CIO0XKHOM
IBWKCHUH?

3. Kak ompenensercss abCOMOTHOE YCKOPEHHUE TOYKH B CIIOXKHOM
JIBHKECHUH ?

4. Yto takoe yckopenue Kopuomnuca?

5. Kak HaliTu BemmuuHy U HamnpapieHue yckopenusi Kopuomnuca?

6. Ilpu kakux ycioBusix yckopenue Kopuonuca paBHO HYJO?

NPUMEPDBI PEHIEHUSA 3ATAY

[IponmttocTpupyeM METOAUKY PELICHUS 3a/1a4
Ha CJIEAYIOIINX MPUMEpaXx.
Hpumep 1.

OnpenenuTb CKOPOCTh W YCKOPEHHE INTOKAa 1 KyJIauKOBOTO
MEXaHU3Ma, KOTOpbIA TOAHUMAETCA B PE3YJbTaT€ PABHOMEPHOIO
IBW)KECHUS  MOJYKPYIJIOrO  CerMeHTa 2 10  TOPU30HTAIBHOU
HarpasJisioniei (pucyHok 3). CunuTarh 3aJlaHHBIMU PaUyC CErMEHTa
OM = r, CKOpPOCTh €r0 Ly W Yroid o, 00pa3yeMblil C TOPHU30HTAIBIO
otrpeskoM OM; ponuk M monarath reoMeTpuYECKON TOYKOH.

Pewenue. TlpsimonuueiiHoe ABMkeHUE poiauka M B BepTUKaIbHOM
HAIpaBJIICHUU NJI1 PEIICHUs 3aJlaud IEJIeCO00pa3HO MPEACTaBUTh Kak
CJIO’KHOE, TJI€ OTHOCUTEIBHBIM JBM)KCHUEM OyNeT ABWKEHHE TOYku M
IO KPYTOBOM MOBEPXHOCTH CETMEHTA, & IEPEHOCHBIM — NPSIMOJIMHEWNHOE
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MOCTYNAaTEIbHOE JBUKEHUE CETMEHTA B TOPU30HTAIIBHOM HAIIPABIICHUH.
N3 TpeyronbHrKa BEKTOPHOTO YPABHEHUS:

V,= Ve + Uy
CIENYeT: Up = Ue - Ctg o= tp- Ctg o, Uy = e/ SIN oL = vy / SiN aL.

—1
L,
2 _n .‘.‘ ' Ue—Uo
ar LX % a,
o el d 1A
O
. _
Puc. 3.

B ycnoBusx naHHOM 3ajayu MEPEHOCHOE YCKOPEHHUE (ITOCKOJbKY
Vo = const) WM KOPHUOJHUCOBO (IOCKOJIbKY TOABMKHAS CHUCTEMa
KOOPJMHAT JBUXKETCS MOCTYINATEIbHO) paBHbI HYI0. ClenoBaTenbHO,
BEKTOp yckopenuss touku M @, = a,. B cBowo ouepenp, BEKTOp
OTHOCUTENBLHOIO YCKOPEHUs a, = a,' + @, , TaK KaK B OTHOCUTEILHOM
IBW)KEHUU Touka M IBUIKETCS 1O OKPYXKHOCTH cermeHTa. [locKkonbky
HOPMAJIbHOE OTHOCHTEILHOE YCKOPEHHE @, HAMpaBjIeHO OT TOukH M K
neHTpy cermenta O, TO, Kak 3TO BHUJHO Ha PUCYHKE 4, BEKTOP
a0COJIIOTHOTO YCKOPEHUS HaIpaBJICH 00s13aTEILHO BHU3.
CiemoBaTenbHO WITOK | ABMXKETCS BBEPX C 3aMmeyieHneM. HopmanbHoe
OTHOCHUTEJIbHOE YCKOpPEHHME, pPaBHO KBaJApaTy OKPYXKHOM CKOpPOCTH,
JEJIEHHOMY Ha pajauyc:

a"=v’lr=uvyl (r- sin’ ).
N3 TpeyroyibHUKa TEOMETPUUECKON CYMMBbI YCKOPEHUM CIIEIYET:

a,=a,/sina=uvy/(r-sino),
7



T

a =a"-ctgo= vy cosol(r-sin‘e).

IIpumep 2. TpeyrosbHas minactuHa D (puc. 4) Bpamaercss BOKpYr
HETIOABIKHONM OocH 10 3aKoHy @=@(t)=4t>-3t, pax. Ocbh BpaleHHs
NEPHEHIUKYISPHA IJIOCKOCTU IUIACTUHBI U MPOXOAUT uepe3 Touky O
(MIacTUHA BpalllaeTcs B CBOCH IJIOCKOCTH).

[To mmactuHe BIOJIb mpsiMoul AB, nBuwxkercsa Touka M. 3akoH ee
OTHOCHTEILHOTO JIBHKEHUS, BhIpaxkaeTcs ypaBHeHHeM S = S(t) = KM =
=20(3t - t%), (S — B canTuMeTpax, t — B cexyHnax), Ha pucyHke Touka
M nokazaHa B MOJIOKEHUH, NpU KoTopoM S = KM > 0 (nmpu S < 0 Touka
M HaxoJUTCs O APYTYIO CTOPOHY OT TOYKHU K).

Onpenenuth aOCOMIOTHYIO CKOPOCTh M aOCOJIOTHOE YCKOpPEHHE
Touku M B MoMeHT Bpemenu t; = 2 ¢, OK=30 cm.

Puc 4.

Pewenue:
1. Onpenenum nosoxxkenue Touku M Ha tene D.

bynem cuuTtaTh, 4TO B 3aJaHHBII MOMEHT BPEMEHH ILJIOCKOCTH
yeprexka (pUC.D) COBHaJaeT C IUIOCKOCTbIO TpeyroiabHuka D.
[Tonoxxenue 1.M Ha Tene D onpenensiercs paccrossuuem S=KM.

Ipu t = 2¢, S = 20(3-2-2%)= — 40 cm.

Tak xak S < 0, To Touka M HaxoAUTCA IO APYTyIO CTOPOHY OT
TOYkH K.



Puc.5.

2. Onpenenum abCOJIIOTHYIO CKOPOCTh TOYKHU M.

AOCONIOTHYSI CKOPOCTh T.M HalJiIeM, KaKk T€OMETPUUYECKYIO CYMMY

OTHOCHTEJIbHOH U MEPEHOCHON CKOPOCTEii:
Ugse = Urt Le.

OtHOcHUTENBbHAS CKOPOCTb:
v, = ds,/dt = 60 — 60t°, npu t,=2 ¢ v,= - 240 cm/c, | vl =240 cm/c.

OTpUIaTenbHEI 3HAK y Uy IIOKA3bIBACT, dYTO BEKTOP Uy
HaIpaBJieH B CTOPOHY BO3pacTaHUs ;.

ITepenocHast CKOPOCTb:

L= ®-OM,

o=dp/dt=8t-3, nput;=2¢c o =13 pan/c.

[ToOKUTENBHBIM 3HAK Yy (® MOKa3bIBAET, YTO BpAaIlCHUE
MIPOUCXOJUT B CTOPOHY HAPABIICHUS OTCUETA .

N3 npsamoyrosnbHoro AOKM

OM = OK2 + KM2 =302 + 402 =50 cu.

ZKOM = o, Torna




sin KM _ 40 0.8 cosa OK _30 0,6
o==——=—= - ===
oM 50 M 50 T
a=53,1°,

OnpenennuM NEPEHOCHYIO CKOPOCTB!

L=13-50=650 cm/c.

Bekrop Vel OM 1 HAIpaBJIEH B CTOPOHY .

AOCOIIOTHYIO CKOPOCTh TOYKM M HalIeM METOIOM MPOEKIMH,

CIIPOCLIMPYEM Uy U Ve HA OCH X U Y-
Ly = Le-SiNa = 650-0,8 = 520
Vy= — Ut Le-COSa= — 240 + 650-0,6 = 150

Vage =1 U5 +VF = 541,2 cule.

3. OnpeaenuM abCOTIOTHOE YCKOPEHHE TOUKHU M.
AOCOIOTHOE YCKOpPEHHE TOYKH PAaBHO T€OMETPHUYECKOW CyMMeE
OTHOCHUTEIIBHOT0, IIEPEHOCHOT'O U KOPHUOIMCOBA YCKOPECHUI:

A5 =8 +3 +38. =3, +a, +ag +ag +a;.

OTHOCUTENLHO HOPMAJILHOE YCKOPEHHE:

ap = U?/p = O , TaK KaK TPACKTOPHA OTHOCUTCIIbHOI'O ABUKCHHUS -
npsaMas (p=o0).

OTHOCUTENLHOE KACATENLHOE YCKOPEHHE:
af =a,= d°s/dt” = —120t, mpu ;=2 ¢ & =a, = — 240 cm/c’, | & | = 240
cm/c?.

OTpuIaTenbHBIA 3HAK y @y IOKa3blBaeT, YTO BEKTOp ar

HAIpaBJIEH B CTOPOHY BO3pACTAHUA Sy. 3HAKM Uy U d, - OJIMHAKOBBIE,
CJIEOBATEJILHO ABUKEHUE TOYKU M yCKOPEHHOE.

[TepeHocHOE BpalaTeibHOE YCKOPCHHUE:

ag =¢-OM |

2 js2 2
rae € = d°¢p/dt™= 8 pan/c”. 3HakKM y € U ® OJIMHAKOBBI, CJICIOBATEIHHO,
BpallleHue Tpeyroibanka D — yckopeHHoe.

a$= 8-50=450 cm/c”.
BekTop ag HampaBiieH B Ty K€ CTOPOHY, UTO H Ge.
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ITepeHOCHOE IEHTPOCTPEMHUTEIIFHOE YCKOPEHHE
a = ©° -OM = 13250 = 8450 cm/c2.

BekTop @ HampaBieH K IIEHTPY BpaIlcHHUS.

Kopuonucoso yckopenue:
3, = 2v,0 sin(vy)= 2-240-13-sin 90°= 6240 cm/c”.
Bekrtop EC HalpaBJICH, COTJIACHO MpPaBUIly JKyKOBCKOTO: BEKTOP

OTHOCUTEJIBHOW  CKOPOCTH Ly  MNPOEHUPYETCS  HAa  IJIOCKOCTb,

HEPIICHINKYIIPHYIO OCH IIEPESHOCHOTO BpaieHus  ( Ly yiKe JSKHT B
y 0

9TOM IJIOCKOCTH) M 3aTeM MoBopaunBaeM Ha yroia 90° B CTOpOHY

BpameHus (puc.D).

Monaynb aOCONIOTHOTO YCKOpEeHHs T. M HaxoguM METOJOM
MPOEKIIUN:

a,= —ag -cosa+ag -sina+a, = — 8450-0,6 + 450-0,8 + 6240 =1530
ay= ag -sino+ag -coso. — a, = 8450-0,8 + 450-0,6 — 240 = 6790

50 =+ a° +a§ = 6960 cm/c’.

OTBET: Uyse = 541,2 eM/c; ays. = 6960 cm/c.
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BAPUAHTBI 3AJIAHUI 1J151 CAMOCTOSTEJIBHOI'O PEIIEHUSA

Teo BpamaeTcss OTHOCUTEIBHO HETOJBMXKHOU OCH € TTOCTOSHHOM

WJIA TIEPEMEHHOM YTJIOBOM CKOPOCTBIO (O II0 3aKOHY, MPUBEICHHOMY Ha
pUCYHKE (OpH 3HAKE MHUHYC HAlpPaBICHUE © MPOTUBOIOIOKHO
MIOKa3aHHOMY Ha pUCYHKe). OTHOCHUTEIBHO 3TOTO Tejla U3 MOJ0KESHUS A
B IIOJOXKeHHe B naBmxkercs Touka M, 3akOH €€ OTHOCHUTEIBLHOIO
aerokeHust S=f(f) mam 3aKOH HM3MEHEHHS OTHOCHTEIBLHOH CKOPOCTH
Vou=f(t) xoTOpO¥ Takke m3BecTeH. JIyIsI M300paKEHHOTO Ha PUCYHKE
MOJIOKEHUSI TOUYKHU, COOTBETCTBYIOIIETO 33IAHHOMY MOMEHTY BPEMEHHU
t, onpenenuTh ee aOCONMIOTHBIE CKOPOCTh U YCKOPEHHE.

1 ) 4b . 2 A M
X B(5>0) 4 ¢ |
oM |
= |
o
o |
s B {4 &
\0 v
~ 6b
: Bf(s<0) o=3c"
o=1cl S =80(21% £3) - 48, cm
S =60(t3-21%), em t=1lc; b=8cm
t=1c:5=20cmMm
3 s 4
mr
m=3cu::s.T ¢ o= 5¢-5t" ¢
ot g 3 CM
Fcln:ﬂ‘-[r]_ Vors =50 T
C
- t=2c:
R=5cmM c
21 R=4cu
=1c
o = 45°
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w=5—4" ¢, . e !p‘u \T L
. T CM i 7 —
Ve =40 st — o's i
C
r=1c; A o=10t—61* ¢!; Vi =355ﬁ1§ﬂ;
’ C
AM =3 cu t=1c; R=6c o =60°
7 ‘-l_! |'_|_'|.~_ Fi '::]. B !
;fk : .
M
L
M - B -
\ v
B
P S J
2 i 7. » O
o=2" -3tc’: Vo _5sin L M @=15t"C" Vg = 6" —:
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t=1c: a=2cm; b=10cn: t=1c R=5cm o=30°
g 10 .‘1.-.1':;‘!
B
M
FrrrN L Py
ECCCaY | 4 777 . _
F
3 ] . T
w=6t+12ch: v, =50sin L. | o=5cT v, =25sin -
ToE 4 ¢ 3 c
t=1¢c; AM =4 cm; o =30° f=1c: R=5cMm a=30°

13




11 M=s
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5 R T cM _ CM
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2 ¢ C
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A
o M
o e [
B
-
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'DJ=EEIHTC'; Vo — 4t —:
C

.r=1-:::_ R=4cM, =45

it

1

it CcM
m=4|:u:-5? i

Vo = 317 —1—
C

t=1¢c: AM =6ocu; o =307
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18

=600 —4rct: v =307 +10==;

e e Ch 3 -1 73 ChI
o=5t—1¢c; Vore =H ™ +2— =Tt =3¢ Vo =401 T;
c
t=1c: AM =4 oM o =60° f=1c; R=06cuM
o=t =5tcl; v, =20sin "
C

f=1c AM =4 cu; o =607

C
R=06cm f=1c; aw=30"
|- 4
A M B i
¥
. 4
71)7’ v 4 M
Ww=3sm—cC [ Vo =¥ +0f —;
2 -l Y ein T EM c
@w=5" ¢ V,, =12sin—— _ _
6 c f=1c; a=5cm; o=30°
t=1c: AM =4cm
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O y (0—-30 S=60(z_4_ f2)+56}CM
S =50@-1)- 30, cM _
t=1c: b=16cmMm
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3 2 -] . T ocM
=2 —1" ¢ Wy =30s1n— —:
C

f=1c; R=5cnm; a=30°
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M=

i
B
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f=1c; R=0cum o =060°
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M

1 _ .3 CM
o=2mt" —4c: Vo =2 +7—

c
t=1c; R=4cu

30

S .
Tr |
-

Al

CM

o=4nt’ ¢t v =607 +15—;

C
F=05¢c; AM =7 cu

32

M
i
i A o, A =7

@=5t+3" ¢t v

={p e

CM
Sl :

o =3
t=1c. R=5cm; o=45°

S

[e

3b

609

A

o=2c¢!
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t=1c:56=20cmM

34
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