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BBEAEHUE

OcHOBHas 1ENb AAHHBIX METOAMYECKUX YKA3aHUU — U3YUYCHHUE
TEOPETUYECKOTO MaTepralia U OBJIAJICHUE HABBIKAMU PEIICHUS 3a]1a4 Ha
CJIO’)KHO€ JIBUKEHUE TOUKHU.

JInsi OCBOEHUS TEOPETUYECKOTO MaTephalia O3HAKOMHUTBHCA C
KPAaTKUMH CBEICHUSMU W3 TEOPUH PEKOMEHJIYEMOW JIUTEPATYPHI.
OTBETH HAa BOMPOCHI MOMOTYT CTYJACHTaM 3aKPEINUTh TEOPETUUECKYIO
4acTh pazzena.

[Ipennaraemas paszpaboTka MpeaHA3HAUYeHa JIA ayJUTOPHOTO
KOHTPOJISI TEKYIIEH YCIIEBAEMOCTH CTYJICHTOB, a TaKXKe JJIsl 00yUYeHUs U
CaMOKOHTpPOJIE BO BHEAYJIUTOPHOE BpeMsl TMpU NOATOTOBKE K
MPAKTUYECKUM 3aHATHUSAM U K3aMEHAM.

KPATKHUE TEOPETUYECKHUE IIOJIO’KEHUSA

B psne ciydaeB 1nenecooOpa3HO HU3ydaTh JIBUKEHHE TOYKHU WIIU
TeJIa OJTHOBPEMEHHO IO OTHOIIEHHUIO K ABYM CUCTEMaM KOOpJHHAT.

PaccmorpuM HemoaBuxkHyH cuctemy koopauHat OX;YiZ; wu
cucreMy OXYZ, xoropas JIBUXETCS OTHOCUTEJIBHO HEMOJABHKHOM
(puc.59).

JIBmKeHHEe TOYKM M 1O OTHONICHHIO K HEMOJBHXHOW CHCTEME
KOOPJIMHAT HAa3bIBAETCS A0COJIOTHBIM JIBUKCHUEM WJIM CJI0KHBIM.

JIBroKeHMEe TOYKM M 10 OTHOIICHHIO K ITOJABHXKHOM CHCTEME
KOOPJMHAT HA3bIBACTCA OTHOCUTEJIbHBIM JIBWXCHUEM. J[BUXKEeHUE
MOJIBU’KHOM CHCTEMBI KOOPJMHAT MO OTHOLICHWIO K HEMOJABHXHOU
Ha3bIBACTCS MEPEHOCHbBIM.




L 4

Puc.1l. CnoxHoe nBUKEeHUE TOYKU

B cootBercTBuu ¢ puc. 1 nmeem

F=f+p. (1)
AOCOII0THASI CKOPOCTh TOUKU M
sodr _dr dp , (2)
- de di i
r7€ P - NOJBUXKHBIN BeKTOp B cucreme OXYZ.
ITo dopmyne bypa:
d—ﬁ—d5+6x5—6 +oxp 3
dt dt ! )
_dp
rae Ly = "y, - loKalbHai NPOM3BOAHAS, ONPENCNAIOMAs CKOPOCTH

U3MEHEHHSI BEKTOpa P B MOABWXXKHOM CHCTEME KOOPIAWHAT; -
MIEPEHOCHAs YCIOBHASI CKOPOCT.
[Toyunm
_dny _  _ _
VL=—>-+V, +OXP, Wi
dt
V=V)+V, +OXpP, (4)
Lo — CKOPOCTh TOUKK O MOABUKHOW CUCTEMBI KOOPJMHAT.
ITepeHocHast CKOPOCTS:
Ve =Yg +OXp, (5)
Torga abcot0THAsE CKOPOCTB:
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l_) = :)r + l_)e (6)

AOCOJIIOTHOE YCKOPEHHE TOUKU M:
do dv, do, do, d, _ _ _

=T 4 —C=""T1 (Vg +®xp). (7)
dt  dt dt dt dt

Bocnonb3oBasiiuck hopmynoit bypa 3anuriem:

d, _ do _ _ doy do _ _ dp _ _ _

+PX—+OXV,+——+—XP+OX— =0, + OXV, +a) +EXP+®X
dt dt dt dt dt (8)

a =

a=
dp _ )

X Eerxp =a,+a0+8><p+0)><(0)><p)=a,,+a0+8xp+wx(wxp)+2(0)><o,,);
I7le ar— OTHOCUTEIbHOE YCKOPEHHUE;

G, =ap+Exp+0x(®xP) - nepeHocHoe yckopeHue;

a, =2(@x v, ) - yckoperue Kopunonmuca.

Takum o0pazom

a=a,+a,+a,. 9)

AOCONIOTHOE YCKOpPEHHE TOYKH PaBHO CyMME€ TEPEHOCHOTrO,
OTHOCHUTEJILHOTO U KOPUOJUCOBA YCKOPEHUM.

ITo momymro yckopenue Kopuomnuca onpenensiercs o Gpopmyie:

a, = Zwursin(ﬁ "D, ) (10)

Puc.2. Hanpasnenue yckopenus Kopuonuca

Hanpasnenue yckopenus Kopuosnunca (puc.2) MOXKHO ONPEACTUTh
no mpaBuiay JKyKOBCKOro. Jlnsg 3TOro, BEKTOP OTHOCHUTEIBHOU
CKOPOCTH U, MNPOCHUPYETCS B IIOCKOCTh, MEPHEHIUKYIIPHYIO OCH

IIEPEHOCHOr0 BpallleHus M 3aTeM mnosopauuBaercs Ha 90° B cropony
BpaIllCHUS.



KopronucoBo yckopeHHe paBHO HYIIIO B CIICIYIOIIUX CIIydasx: a)
MEePEeHOCHOE JBIIKCHHE TMocTymarenbHoe (me=0); 0) OTCyTCTByeT
OTHOCUTENbHOE JBUAeHHE (LUr = (); B) CKOpOCTH UL, H O,
napajuIeIbHEIL.

BOITPOCHI JJI1 CAMOKOHTPOJIA

1. Uto Takoe OTHOCUTEIIbHOE, TEPEHOCHOE U a0COJIIOTHOE
JIIBIDKEHHE TOUKU?

2. Kak omnpenensiercs aOCOMIOTHAsT CKOPOCTh TOYKH B CIIOXKHOM
JIBYOKEHUH ?

3. Kak ompenensercss abCOMOTHOE YCKOPEHUE TOYKU B CIIOKHOM
JIBYOKEHUN?

4. Yrto Takoe yckopenue Kopuomnuca?

5. Kak naliTu BenuuuHy U HamnpasieHue yckopenusi Kopuosnuca?

6. IIpu kakux ycnoBusix yckopenue Kopuomnuca paBHO HYJHO?

IHPUMEPDBI PEHIEHUSA 3ATAY

[IpommocTpupyeM METOOUKY PELIEHUS 3a1a4
Ha CJIEIYIOUIUX [IpUMepax.
IIpumep 1.

Onpenenutb CKOPOCTh M YCKOPEHHE INTOKA | KyJIauKOBOIO
MEXaHW3Ma, KOTOpbIA TIOJHUMAETCS B pe3yJbTaTe PaBHOMEPHOIO
JIBUKCHUS  MOJYKPYIJIOTO  CErMEeHTa 2 10  TOPU30OHTaAIbHOM
HarnpasJsitoniei (pucyHok 3). Cunurars 3aJaHHBIMA PaJInyC CETMEHTA
OM = r, CKOPOCTh €r0 Lo M Yrojl o, 00pa3yeMbli C TOPHU30HTAJIbIO
oTpe3koM OM; ponuxk M nonaratb T€OMETPUUECKON TOUKOU.

Pewenue. IlpsmonuHeiiHOe ABUKEHNUE posMKa M B BEPTUKAJIBbHOM
HAIPABJICHUM I PEUICHUS 3aJayd LEeNecOo00pa3HO NMpEeCTaBUTh Kak
CJI0KHOE, TJI€ OTHOCUTEIbHBIM JIBH)KEHHEM OyIeT ABMKEHUE TOUKH M
10 KPYTrOBOM MMOBEPXHOCTH CErMEHTA, a IEPEHOCHBIM — NPSIMOJIMHEUHOE
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MIOCTYINATEIbHOE JABUKEHUE CETMEHTA B TOPU30HTAIIBHOM HAIIPABJICHUH.
N3 TpeyronpHrKa BEKTOPHOTO YPABHEHHS:

Vg = Ve T VL
CHEIYET: U4 = Ve - Ctg = 0p - Ctg o, U= e/ sIn o= y/ sin a.

1

—1

Puc. 3.

B ycnoBusix JaHHOW 3ajjauyu MEPEHOCHOE YCKOPEHHE (ITOCKOJIbKY
vo = const) W KOPHUOJUCOBO (TIOCKOJIBKY TMOJIBUXKHAsI CHCTEMa
KOOPJMHAT JIBMXKETCS MOCTYNATENIbHO) paBHbl HYJH0. ClenoBaTesbHO,
BEKTOp YCKOpeHMs TOYkM M a. = ar. B CBOI0O ouepenp, BEKTOP
OTHOCUTEIBHOI'O YCKOPEHUs ar = a," + a,' , TaK KaKk B OTHOCUTEIbHOM
JBU)KCHUU TOYKa M JBUKETCS 1O OKPY>KHOCTH cermeHTa. [lockonbky
HOPMAaJIbHOE€ OTHOCUTEIBHOE YCKOPEHUE ;" HAIIPABJIEHO OT TOUYKU M K
HeHTpy cermMeHra (O, TO, KaK 3TO BHJIHO Ha pPHUCYHKE 4, BEKTOD
a0COIIOTHOIO YCKOPEHUS HarpasJieH 00s13aTeIbHO BHU3.
CnenoBarenbHO ITOK | ABHMKETCA BBEpX C 3amenieHueM. HopmanbHoe
OTHOCUTEIIBHOE YCKOPEHHE, PAaBHO KBAJAPATYy OKPYKHOM CKOPOCTH,
NEJIEHHOMY Ha PaJInyC:

a’= v’/ r= v’/ (r-sin®a).
N3 TpeyrosibHUKa r€OMETPUUECKON CYMMbI YCKOPEHUM CIIEAYET:

a. = a,"/ sin oo = v? / (r - sina),
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ar"=a" - ctg oo = vg* - cos a/ (r - sina).

IIpumep 2. TpeyronbHas mnactuHa D (puc. 4) Bpamaercs BOKPYT
HEMOJBMKHOM OCH IO 3aKOHy ¢=@(t)=472-3¢, pax. Och BpamieHUs
NEPIECHANKYJISIPHA TUIOCKOCTU TUIACTUHBI U MPOXOJUT uepe3 Touky O
(rTacTUHA Bpallla€TCA B CBOEU IIOCKOCTH).

[To mmactuHe BAOJBL TIpsAMON AB, nBuwxkerca Touka M. 3akoH ee
OTHOCUTEIILHOTO JBUXKEHUS, BhIpaxaeTcst ypaBHeHueM S = S(t) = KM =
=20(3¢ - ), (S — B canTHMeETpaX, ! — B ceKyHaax), Ha pucynke Touka
M noxazaHa B MOJIOK€HUH, 1pu KotopoM S = KM > 0 (npu S < 0 Touka
M HaxoauTcsl IO APYTYy0 CTOPOHY OT Touku K).

OnpenenuTs aOCONIOTHYIO CKOPOCTh M aOCOJIOTHOE YCKOPEHHE
TOYkH M B MOMeHT BpemenHu t1 = 2 ¢, OK=30 cm.

Puc 4.

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

bynem cuutath, 4TO B 3a/laHHBII MOMEHT BPEMEHHU ILIOCKOCTh
yepTexka (puc.5) coBmagaeT ¢ IUIOCKOCTBIO TpeyrojbHuKa D.
[Tonmoxenue 1.M Ha tene D onpenensiercss pacctossaueM S=KM.

IIpu ¢ = 2¢, S =20(3-2-2%)= — 40 cm.

Tak kak S < 0, ToO Touka M HaxXOaUTCS MO JIPYTyI0 CTOPOHY OT
Touku K.



Puc.5.

2. OnpenenuM aOCOTIOTHYIO CKOPOCTh TOUKU M.

AOGCONIOTHYS CKOPOCTh T.M HaiijieM, KaKk TEOMETPUUECKYIO CYMMY

OTHOCHTEIILHOH U MIEPEHOCHON CKOPOCTEN:
Va6c = Urt Ue.

OTHOCUTENbHASA CKOPOCTh:
ur = dsi/dt = 60 — 602, mpu #=2c¢ v=—240 cm/c, | vl =240 em/c.

OTpHUIATENbHBI 3HAK y Uy I[OKA3bIBAeT, UTO BEKTOP  Ur
HaIIpaBJIEH B CTOPOHY BO3pacTaHus S;.

[lepeHocHast CKOPOCTH:

L= ©-OM,

o=doe/dt=8t—-3, pu =2 c ® = 13 pan/c.

[TosOKUTENBHBIM 3HAK Yy (® TOKAa3bIBAET, YTO BpAICHUE
MIPOUCXOJIUT B CTOPOHY HANPABIICHUS OTCYETA .

N3 npsimoyrosibHOTO AOKM

OM =OK2 + KM? =302 + 402 =50 o

ZKOM = o, Torna




o=53,1°.

Ornpenenum NeEPeHOCHY0 CKOPOCTh:

Le=13-50=650 c™m/c.

Bekrop Vel OM 1 HAMpaBJICH B CTOPOHY M.

AOCOIIOTHYIO CKOPOCTh TOYKM M HalIeM METOIAOM IPOEKIIMH,

CIIPOCIUPYEM Ur U Ve HA OCH X U )
Lx = Le-sina = 650-0,8 = 520
L= — Urt Le:cosa= — 240 + 650-0,6 = 150

Vage = 1/0)26 + U?, = 541,2 cm/c.

3. OnpeaenuM aOCOTIOTHOE YCKOPEHUE TOUKHU M.
AOCOIIOTHOE YCKOpPEHHE TOYKH PABHO T€OMETPUUYECKON CyMMe
OTHOCUTEIBHOTO, IEPEHOCHOT0 U KOPUOJIUCOBA YCKOPEHUM:

— = = = _ =N, =T, =8 , =Y |, —
aa5c—ar+ae+ac—ar +ar+ae+ae +ac.

OTHOCHUTETBHO HOPMAJIBbHOE YCKOPEHUE:

c_lrn = U,% / p =0, Tak KaK TPaeKTOPHs OTHOCUTEILHOIO JABHKEHUS -
npsiMasi (p=o).

OTHOCUTENIBHOE KacaTeJIbHOE YCKOPEHHUE:!
a’=a,= d%/d = —120t, ipu t1=2 ¢ @' =a,= — 240 cm/c?, | @,.| = 240
cm/c?.

OTpunaTeNbHbIl 3HAK Yy @, TIOKa3bIBA€T, YTO BEKTOP _c_lr

HaIIPaBJIEH B CTOPOHY BO3PACTaHUA Sr. 3HAKU U U dr - OJIMHAKOBBIE,
CJIEOBATENBHO IBUKEHUE TOUKU M yCKOPEHHOE.

[TepeHOCHOE BpaIATENbHOE YCKOPEHHE:
6
a, =€-OM |
rae € = d>@/d?>= 8 pan/c’. 3HaKU Yy € M (® OJMHAKOBBI, CIIEI0BATENLHO,
BpAlICHUE TPEYTOJIbHUKA [ — YCKOPEHHOE.

a$=8-50=450 cm/c?.
BekTop & HAPaBIIEH B TY K€ CTOPOHY, 4TO H  Ve.
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[IepeHOCHOE LIEHTPOCTPEMUTEIILHOE YCKOPEHHUE:
a4 = % - OM = 13250 = 8450 cm/c?.

BekTop @/ HampamiieH K IIEHTPY BpallecHUsI.

KopuonucoBo yckopenue:

a, =2v,o sin(v,o)= 2-240-13-sin 90°= 6240 cm/c>.

Bektop ac HampaBieH, coryiacHO npaBuily JKyKOBCKOIO: BEKTOP
OTHOCUTEIIBHOW  CKOPOCTH Ur  IIPOELUPYETCs  Ha  IUIOCKOCTb,
NEPHEHIUKYISPHYIO OCH IEPEHOCHOTO BpalleHUs o ( Lr YXKe JICKUT B

STOM IIJIOCKOCTH) M 3areM mosopauuBaeM Ha yroa 90° B cropony
BpaieHus (puc.S).

Monayne aOCOMIOTHOTO YCKOpEeHHS T. M HaxoAuM METOJOM
IIPOCKIINN:
ax=—ay -cosota§ -sinat+ac.= — 8450-0,6 + 450-0,8 + 6240 =1530

ay= ag -sina+aj -cosa — ar= 8450-0,8 + 450-0,6 — 240 = 6790

Ape =+ a2 + a)z, = 6960 cm/c?.

OTBET: Lgg. = 541,2 eM/c; 5. = 6960 cm/c?.
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BAPUAHTBI 3AJIAHUM J1JI1 CAMOCTOSTEJBHOI'O PEIIEHUSA

Tesio BpamaeTcst OTHOCUTEIBHO HEMOABUAKHOU OCH C ITOCTOSTHHOM
WU TIEPEMEHHOM YTJI0BOM CKOPOCTHIO ® IO 3aKOHY, MPUBEICHHOMY Ha
pUCYHKE (IpW 3HAKE€ MHUHYC HalpaBi€HUE O MPOTHUBOMOJIOKHO
MOKA3aHHOMY Ha pUCYHKE). OTHOCUTEIBHO 3TOrO TEJa U3 MOJ0XKEHUS A
B MOJIOKeHMEe B JBmkeTca Touka M, 3aKOH €€ OTHOCHUTEIBHOIO
IBIDKEHUST S=f(f) WM 3aKOH W3MEHEHHS OTHOCHUTEIBHOM CKOpPOCTH
Vorn=f(t) KOTOpPO# Takxe u3BeCTEH. /[ M300pa’keHHOr0 Ha PHUCYHKE
MOJIOKEHUSI TOYKU, COOTBETCTBYIOIIETO 3alTaHHOMY MOMEHTY BPEMEHHU
t, OTIpENICTTUTH €€ a0COJIFOTHBIE CKOPOCTh M YCKOPEHHE.

1 - 45 > 2 A M
I B(s>0) t * |
oM |
= |
-y
o |
s B &
A 0 ¥
" 6b
: Bf(s<0) o=3c"
o=1cl S =80(21% £3) - 48, cm
S = 60(23- 212), em t=le: b=8cu

t=1c:5=20cm

B 4
e
m=3cu::s.T ¢t o= 5¢-5t ¢
2 CM
- .3 CM Vo =8mf° —
VUH=:'IFL T OTH C
- t=2c
R=5cmMm
R=4cuM
f=1¢ _
o = 45°
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w=5—-4"c;

Vyr = 40sin = 22
6 c

t=1c;

AM =3 cmM

wes M fa Ll
b AW ]
)
2 - - - T CM
@ =10t -6t ¢; Vo = 335IM— —:
4 ¢

t=1c; R=06cm; o =060

M

h

b

- -

mF M
=S5m——;
2 c

t=1c; a=2cv; b=10 o

=2t =3t Vo

8 |

M
i
B ;

A =

-

. ChI
m=15"c 1; Vors =ﬁm‘3—;
C

t=1¢c; R=5cm; a=30°

9

B
M
iy L o sl
=T { 77
7 . T M
@=6f+1"c: Vg = 20sm——

C
t=1c; AM =4 o, a=30°

E

10 v-4

f=1c: R=5cum; a=30"°
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11 4 =8

12

7 - m CM M
o=4t" -3¢’ v, =20cos—— w=8cos— c'; v =20t ——;
2 c oTE co
t=1c; a=5cu f=1c
14 .
S
A
A
_L'I'.
B
-
B S M
m=25m?t:'; Vs =4m‘3—;
C

I=1-::'- R=4cu =45

i

1 cM

o 2
m=4cu5?c D Vo =37 —1—;

k C
t=1c; AM =6 a=30°
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17

18

L ] ] 3 2] 5 ChI
o=5t—tc v, =47 420 o=Tt" -3¢’ v, =40t —:
C c
t=1c; AM =4cuM; o =60° t=1c; R=06cM
. . oM o=t —5tct; 1.-*m.E[=1Cl5111|ﬂ—rE
=6t —4tc™t; v, =30t +10—; c
C f=1c AM =4 cu; =060
R=6cym f=1c; a=30°
L
Eol
A M B i
¥
.
e . o
. . 7wt oM @=3sm—c | Wy =H" +06f —;
o=>5"cl; Vo =12510— — ) €
6 ¢ f=1c; a=5cMm; o=30°
t=1c: AM =4cmM
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~ §$> - ]
Su]
vy N0
600 L J A
4 0=-2¢"
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t=1c; b=16cm

mh cM

@=2" -1 ¢ Vyy =30s1n— —;
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28

M =8

777
7

. _’:I _ : --._ _ N .
o=2—4" ¢ Vv, =3065m :

t=1c; R=0cu; c=00°
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M

2 - c.2 CM
o=2mt" —4ct: v, =5 +T7—;

c
t=1c. R=4cm

30 |y

:'-'ln. -
7
ol

1

o=4nt’ ¢ v, =607 +15—;
C

f=05¢c; AM =T cm

32 M ‘\
il
s A i/ B\ [ st

f=1c
AM =5 en @=5t+32 ¢ v, =5
: c
o =30% t=1c. R=5cM; o=45"
: b Bs>0 M A B(s<0)
O ; * I
P M |
i . |
i |
0 [}
m Z;
) " 6b X
60° o=2cl
2
S=15(1"-31), cm
O 4 o=2¢!

S =60(t-¢")+24,cM
t=1c;5=20cm

t=1c:b=12cmMm
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