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1-8. ONPEJAEJIEHUE OIIOPHBIX PEAKIIUU TBEPJOI'O TEJIA

B srom ciyyae HeoOXxoaumo HailTh 0a3oBble peaklMd B 0a30BBIX TOYKAX,
KOTOPBIE MOAJIEPKUBAIOT JKECTKUN OOBEKT. DTU MPOOJIEMbI PEIIAIOTCS CIAEAYIOIMNUM
obpazom.

1. KoopaunatHas och Jlekapra.

2. Peakiium oCHOBaHUM MepeIatoTCs.

3. Ecnmu nanwl paBHBIE pacripeelieHHbIE MOJTHOMOYHS, OHU OyIyT 3aMEHEHBI
OJHOM CHUJIOHN.

4. Hanrcanpl ypaBHEHUS! PAaBHOBECHUSI CUCTEMBI.

5. Ecmm  kakoif-nub0 W3  CTOPOHHUKOB  HMMEET  (PUKCUPOBAHHBIN
[IAPUKOTIOIITUITHUK WM OCHOBaHUE IJIsi KPEIUICHHs, 3TO OyJeT COMpPOBOXKIATHCS
napauieenuneTHOCTbI0 OCHOBHBIX PEAKIMi CBUHIIOBBIX PEAKIUN M BBIPAKECHHBIMHU
B PCAKIUSIX OCHOBAHMUS.
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3anaua-1. Ilpu nmune okono 8 metpoB EC monaraercs Ha GUKCUPOBAHHYIO U
3aXBaTbIBAIONIYI0 0a3y B Toukax A u B. PaBHOMepHO pacnpeneneHHbIE CHIIbI C
BEPTHUKAJIBIO MU MHTEHCUBHOCTBIO Ha IOJIE, & TAaKKe yroja umiynsca M. Hanngure
OCHOBHBIE peakunu A u B (pucyHok 1).

[ToctaBnsercs: M = 12 kHwm; P =6 xH, q =2 xH / m; A =450, cnenyer HaiiTu:

Pemenne. Mbl mepemeniaeM OCH KOOpPAMHAT, YTOOBI IOKa3aThb OCHOBHbBIE
peakiuu, KOTopble HeoOxoaumo Haiitu. Tak kak ocHoBaHue B sBisercs
3aXBaThIBAIOIIMM OCHOBAHHMEM, 3Ta 0a30Basi peakiusl MepHeHANKYIISIPHA IIIOCKOCTH,
r7ie OCHOBaHHWE JIBUXKETCSA U UJIET BBepX. Tak kak 0aza A sBIseTCs HEMHBAPUAHTHOU
0a30il, Mbl HE MOXKEM MPEABUAECTh OSTYy OCHOBHYIO PEAKLHI0, MO3TOMY MBI
MIPOU3BOJILHO HAMpaBliieM IyJd peakluii OCHOBbI Ha Mmyiau. Mbl mpeoOpasyem
PAaBHOMEPHO paCIpEACIICHHbIE CUJIbl C WHTEHCHUBHOCTBIO (POPMBI B OJHY CHILY.
BennunHa 3TOM Cwibl paBHA KPAaTHOCTM PACHpPENECICHHOM HWHTEHCHUBHOCTH
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pacnpeznenenHoit momuoctH, T. E. Q = q x 2 = 4kN. U3-3a paBHOBecHs Teia MbI
UCCIIElyeM CWJIOH 5 BOJIBT B PaBHHUHE Ha IJIOCKOCTH, Mbl NPUMEHSEM OCHOBHOE

YCJIOBHEC PaBHOBCCHU CUCTCMEI JICTYUYHX CHUJI HA PABHHUHC!
5 5 5

D Xe=0, D> Y, =0 > My(F)=0.

k=1 k=1 k=1
M3BecTHO, 4YTO IEpBBIE ABAa W3 OTUX YPABHEHUM IIOKa3bIBAIOT, YTO CyMMa
BBICTYIIOB CWJI CWJI Bajla paBHA HYJIO, a TPETbE YPaBHEHHE O3HAYAET, YTO CyMMa
MOMEHTOB, B3AThIX M3 3THUX CWJI, B HeoOs3aTeiabHyl0 TOouky B paBHa nHymro. s

HAIIIeTo NMPUMEpa 3TH YPaBHCHHS HAITMCAHBI TaK:
5
X, =0, X,+Rgsina=0, (1.1)

k=1

ZS: Y, =0, Y,-Q-P+Rycosa =0, (1.2)
k=1
25: Mg (F,) =0, Y,-8-Q-5-P-4+M =0. (1.3)
k=

Q-5+P-4-M 20+24-12

[N

1.3)dany, = 4xkN
( : -
-Y,+Q+P -4+4+6
1.2)dan R, =—2 = -
(1.2) dan Ry p— 7 8,6kN
2
J2

(11) dan XA = _RB Sina = —8,6'7 = —6kN.

Xau Y_A 0a30BbIl PEAKTUBHBIA MOJYJIb A BBITJISIUT CJICIYIOIIUM 00pPa30M:
Ry = X2 +Y2 = /(-6)? +(4) =~/52 = 7,2xN.

R, Mbl BbIOMpaeM wmacmTa0 MaclTaOMpoBaHHMs W BbeIOMpaeM MaciuTab

MmacriurabupoBanuss X, U Y, MBI yieIseM NPHCTaJbHOE BHHUMaHHE 3HAYeHHIO B

Hamem cryuae X, =|-6«N|, Y, =4kN moCKOIbKy MbI MOXEM H3MEDHTh MAcIITab

Ha 2 xH na 1 cm. X, OrpuuareibHblii 3HaK epe A yKasbIBAET, YTO OCh X 0a30BBIX
peakimii - 3T0 HEeMpaBUWIIbLHOE HampaBlieHue, KoTopoe Mbl OepeM, T. E. Hanpasnenue

IPOTHBOIIOJIOKHOTO HampasiicHus (B Buie aByx junui, E). R, cump X, u Y,
HAIPABJICHBI 110 TUATOHAJH MapajiesorpaMmma.

3agaua-2. 4B, CD, EK CtpyKkTypa CTPYKTYpbl COCTOMT M3 PaBHOMEPHO
pacmlpeieieHHbIX CHJI ¢ MHTEHCHBHOCThIO q = 1 kH / M B TOpH30OHTaIbHBIX
ropusoHnTax, P =6 kH, M = 10 kHwm Topa u ropuzonTa nox yriom o = 300. Haxogure
HanpspKEeHUE Ha TymuT. Pazmepsl moka3aHbl Ha pUCyHKE 4.

Hano: M=10xH xMm,q=1xH /™M, P=6 kH, a=300.

Haiiti: Spg, Scpy Sex -

Pemenne: Hampasisiem cTpenku KoopauHaT B GOpMY U 3aMEHSIEM CHITYy OJHOU
cwioil. PaBHbIi 3¢¢deKkT paBHOBECHOM CIOXKHOCTH B 3TOM mpumepe Mbl
paccMaTpuBaeM UX KaK YPOBEHb U ONpEeNisieM CUJIbl peaklnu (HaIpsDKEHUs) B 3TUX
yCcTynax, MOToMy 4TOo OHM ocTpble Ha oboux koHIax AB, CD u EK. Xopomio
M3BECTHO, YTO HAMPSDKEHUS B CyHJIpaxX HaIPaBJICHBI MPOTHB CHJI, ACHCTBYIOIIUX HA
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MHOTOYMCJICHHBI W HAIIPpaBJICHUC HeﬁCTBHH

HUX (ecau JEUCTBYIOIIME CHUJIBI
Hamnpapnenue He 00s3aTenbHO, TOTA

JNEUCTBYIOLIEH CHJIbI HEOIPEIEIIEHHO,
oToOpaxkaercs pakTHUeCKass OPUSHTALIHS).
YpaBHEHNS PAaBHOBECHS:

5
X, =0, P-Qsina-Sg cosa =0, (2.1)
k=1
5
> Y, =0,  =S,5+Scp+Secsina—Qcosa =0, (2.2)
k=1
S - EK
> M. (F)=0, Sy 6-Sp3-Q-—+M =0. (2.3)
k=1 2
2
u3 popmMa EK =——=—=4m
$op sina 0,5
1
. 6-4.-—
(2.1) Sy =r=QN@_ " " 246
cosa J3
2

(2.2) S, =S¢, +SeSina—Qcosa =S, +4,6-%—4-§ = S, —116. (2.3)
(2.3) u (2.22) moctaBuM.
(Sep —116) -6 —Se; ~3—Q-g+10 =0,

6Se, —6,96—S., -3-8+10 =0,

=%=1,65 KN.

SCD
(2.3) S5 =S, —116=165-116 = 0,49 kN .
Bce TpH (I)YHTa CTCPJMHTOB IMOKA3bIBAIOT, YTO U3MCHCHU HAIIPSKCHUS B OTHUX
CTepongax NNpaBUJIbHO BI)I6paHI)I JJIA TTIOJIOKUTCIIBHBIX CUT'HAJIOB.
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S-1. Onpenenenre OCHOBHBIX PEaKTUBHBIX CHUJI TBEPJOTO TeJa

Taomuma-1.
Howmep Bapuanrta R, kN M, KN m g, KN/m
1 10 6 2
2 20 5 4
3 15 8 1
4 5 2 1
5 10 4 -
6 6 2 1
7 2 4 2
8 20 10 4
9 10 6 -
10 2 4 2
11 4 10 1
12 10 5 2
13 20 12 2
14 15 4 3
15 10 5 2
16 12 6 2
17 20 4 3
18 14 4 2
19 16 6 1
20 10 - 4
21 20 10 2
22 6 6 1
23 10 4 2
24 4 3 1
25 10 10 2
26 20 5 2
27 10 6 1
28 20 10 2
29 25 - 1
30 20 10 2




S-1 3ananus PI'P

Puc-1.






Yyy




a)\ %ﬁ vy ~
\H <l )

10



S-2. Onpenenenre OCHOBHBIX PEaKTUBHBIX CHUJI TBEPJOTO Teja

Ta0mnuma-2
Howmep G | P M a, o, rpaj
BapHaHTa kKN KNm kH/m
1 10 5 20 1 30
2 12 8 10 4 60
3 8 4 5 2 60
4 14 - 8 3 30
5 - 6 7 1 45
6 - 10 4 2 60
7 - 6 5 1 45
8 10 7 6 2 60
9 6 6 4 2 30
10 10 8 9 1 30
11 - 4 7 0,5 45
12 10 6 8 - 45
13 12 10 6 2 30
14 10 6 10 1 45
15 4 4 4 2 60
16 20 10 - 2 45
17 25 5 - 0,5 45
18 20 10 10 - 30
19 - 4 8 1 45
20 - 10 6 0,5 45
21 - 8 7 0,5 30
22 - 10 8 1 30
23 - 7 10 2 30
24 - 6 7 1,5 30
25 - 14 20 0,5 45
26 - 16 14 1 30
27 5 4 8 2,5 45
28 - 10 7 3 30
29 - 6 8 1 15
30 15 10 14 - 30
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2-8. ONPEAEJEHUE CKOPOCTU U YCKOPEHUE MATEPUAJIHOE TOYKHU

3amauva-1. YpaBHeHus IBmxeHus X = 2t (m); 3HaU€HHE CKOPOCTU U CKOPOCTH
B t = 2 CeKyHbl MAaTEPUAIBHONU TOYKH U = t2 (m) oTOOpakaeTcs U 0ToOpakaeTcs B
dbopme.

Pemenne. JTa 33aua OyeT pelleHa Ha CIEAYIOIUX dTanax.
1) Haiinena nuHeliHas TEKTOHHKA, U (OPMY pHUCYETCS STUM YpaBHEHHEM.
2) BekTop CKOpPOCTH M 3HAYEHHUE €ro 3aJlaHHOIO0 BPEMEHU HaWJEHbl U MOKa3aHbl B
BUJIE.
3) 3HaueHre TOYEUHOI'0, HOPMAJILHOTO U TMOJIHOTO YCKOPEHHM, 3HAaUeHHE 3aJJaHHOTO
BPEMEHH ITOKa3aHo B (hopMe.
4) Halinen paauyc KpuBU3HbBI TPACKTOPHH.

Y ‘7; >
"=@\ I
/1 /3
7 7
Y/ 7
1
It I
|
4 I
4 - !
|
0 1 l L f L
7 2 3 4 x
1-shakl.

1) YtoObl HaliTW ypaBHEHHE [Jisl YpaBHEHUs YPAaBHEHHUs YpaBHEHMs, NIEPEMEHHbBIC
YpaBHEHUS ABW)KCHUSA JOJDKHBI OBITh yCTpaHEHbl ITYyTEM BBITIOJHEHUS Pa3IUYHbBIX
MaTeMaTHYeCKUX omepanuii. M3 mepBoro u3 AaHHBIX ypaBHEHHM, 4yTOObI HaAWTH t,

X
t= 5 BCTABMM Ha BTOPOIO

X2
y= R (1.1)

[TockonbKy 3TO ypaBHEHHE SIBISIETCS ypaBHEHUEM Mapaloibl, 3aKIF0YaeM, YTO TOUKA
TOYKH COCTOUT M3 Mapadoiibl, © Mbl TIOJyYaeM 3HAUEHUS X, COOTBETCTBYIOIINE Y (X),
4yTOOBI HapucoBaTh rpadpuk ypaBuenus (1.1) (puc. 1).

x|0|2|4

y|0]1]4
3aTemM Ha 3TOW KPUBOM HAMJIEM TOUKY B t = 2 CEKyHJbl, JJI1 KOTOPOH Mbl Hailem
KOOpJMHATHI TOYKH, MOJOXKUB 3HauY€HHE t B ypaBHEHHE [JIsl JAHHOTO YPaBHEHHUS.
Xx=2t=2x 2 = 4,y = 2t = 2x2 = 4, TakuM oOpa3oM, uyepe3 t = 2 CeKyH/Ibl KOOPIUHATHI
(4; 4) Touku M.
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2) BeKTOp CKOPOCTH TOYKH v =.[v’+v’ HCHONBL3Yys (OPMYIY,Uy, Uy MBI MOXKEM

IMOJIYYHUTD HepBBIP'I HpOI/ISBOI[HI/Iﬁ IO BpEMCHHU OT TOUCHYHOT'O YPABHCHUA TOYKU:

dx
:—:X': 2t':2’
=g (2t)
dy ’ 2y\r
b= =Y =)

0= Ul +02 =22 +(20) =4+ 4t
t=2 cexynn v=2 m/s, vy, =2t=2-2=4 m/s;
L==V4+4-2° =J4+16 =/20 = 45 mls.

Jl;st ckopocTr MBI yCTaHaBIMBaeM MacmTad 10 2 M/ ¢ Ha 1 ¢M 1 mOKa3bIBaeM €ro
Ha PUCYHKE.

3) Halinute ycKOpEeHHE TOYKH.

a) UToObl HAMTH YCKOPSIIOIIYIO CKOPOCTb, MBI ITOJIy4aeM MepPBbIil MPOU3BOJHHUI OT
BPEMEHU K BEKTOPY CKOPOCTH.

a =30y (arar) - B _ 2

dt Wa+4t2 1412
2.2 _ 4 —1,77 m/s.
J1+22 2,25

0) [TostHOE yCKOpEHUE pacCYUTHIBACTCS TI0 ClIeIyoIIel hopmye:

a=,a’+a’ yoki a=.a’+a;.

ay, ay, YTOOBI y3HATb Uy, U, MBI MOXXEM 00pabOTaTh NEPBBIN MPOU3BOIHUNA BO
BPEMEHU:

t=2 cekyH[I a_ =

d’x do
= =X = g 2':0;
e s o L) =)
d’y _dv < (otY = 2
4= e =g =) =@ =2

a=+0%+22=2;
t=2 cexynn ax=0; ay =2m/s?; a=2 m/s’.
V) OnpefenseM HOPMaJIHOE YCKOPEHUE TOUKH:

2 2
anzwlaz—af:\/z2 ai —\/4 o

T1+t2 14t
4.2° 16 2
t=2 cexkyung a. =,/4— =.[4-=—==0,9 m/s".
YHA &, V7 o1422 5

4) Paguyc KpUBU3HBI TPACKTOPUH BBIYHUCIISICTCS 11O CleayromIei Gpopmyie:

2 2
pzu_zﬁzﬂzgg’z m.
a 09 09
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3anava-2. VYpaBHEHUs JBH)KCHUS X = 3sin 2t +3 (m); y=—l—2COS£t (m)

3HAQ4YEHUSI CKOPOCTH U CKOPOCTH MaTEPUAIbHOM TOYKM t=1 CEKyHIy M ITOKa3bIBAKOT
UX B BUJIE.

1) OmpenensieM ypaBHEHHE TPACKTOPUH TOUKH:

X—_?’:sinzt, y—H:—coszt.

3 3 2

a2 2

uzsinzzt, %:coszzt.
(x=3)* (y+1)?
, Tt — =1
3 2
Y4
4

v
-

I

|

!

)

4-puc.
V3

x=3sinZ.1+3=3Y>13=56:
3 2

y= ~1-2cos” 1= _1_2.1= 2.
3 2

CnenoBatenbHO, uepe3 t = 1 ceKyHabl KOOpAUHATHI TOUuku M (5, 6; -2).

2) BeKTOp CKOPOCTH TOUKH v = \[U} + 0] UCHONBL3YS HOPMYITY, U, Uy MBI MOXKEM IOJIYYUThH

IIEPBbIN MPOU3BOAHUMN IO BPEMEHH OT TOYEYHOI'O YPABHEHUS TOUKH:
!

_
dt

X

X' = (SSin%t + 3) = SCOS%t - ﬂCOSEt;

v, :ﬂ: y' = —1-2cos”t :Zsinzt-zzz—”sinzt;
3 3 3 3

T Ar® o7
L= \/72'2 coszgt +——sin?=t.

Ckopoct Touku 1pu t=1 cexyH[ paBHO:

v, = ncos%-lz 3,14-% =157 m/s;

v, :z—ﬂsinz.lz
3

2:314 3 _
3

2
U:Jﬂzcoszz.mismzz.l:J%Lﬂ.z:2,4m/s_
3 9 3 4 9 4

18 m/s;
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2) OmipenensieM yCKOPEHHUE TOYKH.
a) OmpezessieM KacaTelnbHOE YCKOPEHHE TOUKH:

!

2
aT:d—U:u’: \/ﬂzcoszzwﬂsinzzt =
dt 3 3 3

2

] 4 )
72.2c0s “t-sin 2t Z 4+ L osin"t.cos Tt

__ 3 3 3 9 3 3 3
2
2\/7r2cosz7zt+47[-sin2”t
3 9

0) OnpenensemM NOIHOE YCKOPEHHE TOYKH a = ,/a’ +a’
2

d’x do, r T, .,
a, = — = =|nwcoS—t | =—-zSsiIn—t-— = ——sIn—{;
dt dt 3 3 3
d2

y do, (2r .« 2r _nm. 7w 2n°_mw.
a,=——=—"2=|"sin"t| ="—cos-t-— =
dt dt 3 3

B) OmpenenseM HOPMaTHOE YCKOPEHUE TOYKH

257° ., 2nt

7 T 4zt T ? Sin
a = a*-a’>= || =—sin®>t+——cos* =t | — 129 3
9 3 81 3 4[

4r’ . '
72c0s? Ft+ 7" sin2 Tt
3 9

3HaueHUEe yCKOpEeHUe TOUKH 1pu t=1 cexyHa paBHO:

2
a, :_”_sz.l:—%-ﬁz—z,825 m/Sz;
3 3 2

3
2
a‘y — 2 Cosﬁ.l:w-lzl,og m/Sz;
9 3 9 2

4 4
az\/%sin2%~l+%c032%-l =.8+118 =3,09 m/s*;

—Sﬁssin 27['1
Q- 27 3 26615

i 2 "~ 2504
2\/7r2 cos? .1+ 4z sin2 .1
3 9 3

=-1,02 m/s?;

a, =+/(3.09) - (-1,02)? = /8,14 = 285 m/s>.

4) Paguyc KpUBH3HBI TPASKTOPHUH BBIYHUCIISICTCS 110 CIICAYyoIIel hopMyIie:

vt 576,
p 285 -

n

18



K-1

OnpenenuTh CKOPOCT U YCKOPEHHE MaTepUaIHON TOYKU MTPU MOMOIIN YpaBHEHUE

JIBUXCHUS
Taomuma-1
Howmep YpaBHeHHE ABM)KEHUS ty, cex
BapHaHTa x=x(1), cm y=y(1), cm
1 —2t°+3 -5t 2
2 2 T . o T 1
4cos” —t+2 4sin” —t
3 3
3 1
—cos%t2 +3 sinZt2 —1
4 4t + 4 4 2
t+1
5 1
25in£t —3coszt+4
3 3
6 3t* +2 — 4t 2
7 2 _ 1
3
8 1
7sinZt? +3 2 —7cost?
6 6
9 3 3t+6 2
t+2
10 1
—4cos£t —23in£t—3
3 3
11 —4t? +1 -3t 72
12 1
5sin? Zt —5c0s2 Xt-3
6 6
13 1
5c05 -t —5sinZt?
14 —2t-2 2 2
t+1
15 1
4cos£t —35in£t
16 3t 4t? +1 Yo
17 1
7sin2 2t -5 —7cos? Lt
6 6
18 1
1+3cosZt? 3sinZt2 +3
19 —5t> -4 3t 1
20 _ 2t _ At2 0
2-3t-6t 3 3 g2
2
21 1
6sint2 —2 6cost2 +3
6 6
22 7t -3 5t Ya
23 _ 32 1

19



24

—4cos£t—1 —4sin£t
25 -6t —2t? -4
26
8cos? Lt +2 —8sin2Zt—7
6 6
27
—3-9sin X2 —9cosZt? +5
6 6
28 —4t? +1 -3t
29 2
3
30
2c0s 212 2 —2sinZt?+3
3 3
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3-§. ”HTETPUPOBAHUE JU®PEPEHIINAJTHOTO YPABHEHUE
MATEPHUAJIHOM TOUYKMH.

Ota 3aja4ya NpeHa3HavYeHa I NPAMbIX W JIMHEHHBbIX ceKuui. s kaxmoro
rpaduka co3gaercs AuddepeHIMaTIbHOE  ypaBHEHHWE, W 3TH  YpaBHEHUS
UHTErpupytorcsa. HTerpajibHasi moCcTOsIHHAsA, 00pa3yromiasicss Mpyu UHTETPUPOBAHUM,
BBIBOJIUTCSI M3 HaudajbHOrO ycioBus. Mcnonb3ys pemenus auddepeHinranbHbIX
ypaBHEHUH 00BEKTa, HaliIEHbI 3HAYCHHUST UCKOMOM BEJTMYUHEI.

7 E Z A
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3anaua-1. O0ObeKT HauMHACT TepeMemarbes u3 Touku A//AB B Touky, rae
ckopocth B Touke B u ckopocth C yuactka BC. Korpa Tkanb ucnonb3yeTcs s
nepekiaoueHus Ha AB-coeaunenue, T TpeOyeT BpeMeHH, YTOObI MEPEKITIOYUTHCS Ha
pazaen BC. Koaddunment tpenus kosdpdunuenta mno mnpsmoir pased f. Ilpu
pelIeHn: 3aa4l OOBEKT CUUTAETCS TOYKOM, a BO3AYIIHOE CONPOTUBIICEHHUE Y4acTKa
VS He noiKHO yuuThiBaThes (puc. 1).

Hano:a=300,f=0,1,t=2s,1=10m,d =7,8m

Heo6xonumo Haiitu: BC ypaBHeHuUs TpaekTopuii u h.

Pemenue: 1) mis yaactka AV. KoopaunatHas och Jij1s 3TOro rpaduka paBHa
X1, Uy W koopaumHaTHOW TojoBke A. 3ammmem auddepeHImaibHoe ypaBHEHHE
aBuxkymierocs: oobekta B AB-Tpaduke. [Tockonbky 0OBEKT ABMXKETCA MO MPSMOIA,
JBUTAsACh BJOJIb OJHOM ocH, auddepeHMaNbHOE YpaBHEHHE OOBEKTa paBHO
eIMHULIE:

d?,

dt? ;X”'

Kax BBI 3HaeTe, BEIpaKEHHE B MPABO YaCTH ATOTO YPAaBHEHWsI MPEICTABIISCT
co00i1 cyMMy MPOEKIMH X CHJI, BO3ICHCTBYIOIINUX Ha OOBEKT:

3 —~ e —
lek = (G)X1 _’_(N)X1 +(FM1MK-)X1 — GSII’](Z-{-O— Fuum. —
k=1

m =

=Gsina — fN =Gsina — fGcosa = mgsina — fmg cosa.

Ecnu Mbl moMecTuM 3TH 00beKThI B 1 depeHIInanbHOE YpaBHEHUE ABUKEHUS,
2

m ddt)z(i =mgsina — fmg cosa.

3anmiiem 1o ooe CTOPOHBI 3TOT'O YPABHCHUA 1 H3MCHHUM JICBYIO CTOPOHY:
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i(%j =gsina — fgcosa
dt\ dt '

J'd(%j:J'gsina-dt—J'fgcoswdt.

%: gsina-t— fgcosa -t+C,.

B kadecTBe HaYAJIbHOM TOYKH MbI UCIIOJIb3YEM MHTETPAIbHYIO OCTOSHHYIO 1. [Ipu t
= (0 BM€CTO HyJIsl B IPUBEAECHHOM BBIILIE YPAaBHEHUH,

dx _ _
G = (d_tlj = (Uo )x1 = (UA)x1 =0, G =0,
t=0

MBI 3aMeHUIIA €r0 31eCh, ITOCKOJIBKY HadajbHAs CKOPOCTh 1A nakera AB paBha

CKOPOCTH, C KOTOpOoW HaunHaeTcsi Touka A. Eciau Mbl 3aMeHuM Sy
dx

d—tlzgsina-t—fgc05a-t+uA. (1.1)
jdxl :Igsina-t-dt—ffgcosa-t~dt+IuA-dt,

2
X, = (gsina — fg COSa)%-i—UAt +C,.

[ToyueHo HayanbHOE yCIIOBHE HHTETpasa Sy: t=0, u3 mocienHero ypaBHeHUs
Cz = (Xl)t=0 =0;
2

x = (gsina — fgcosw)%ﬂ)A-t. (1.2)

OT0 ypaBHEHHE MPEACTABISAET COOOM ypaBHEHHE IBIXKYIIErOcs 00bEKTa BIIOJIb
AB-yuacTtka

2) Jns yuactka BC. Ctpenkamu koopauHaT juis cekimn BC sBIsitoTCS X |
KOOpJIMHATHI HaxojATca B Touke V. 3anuiieM auddepeHuanbHble ypaBHEHUS
ypaBHeHuss Ha mnojie BC. Ilockonbky OOBEKT sBISICTCS KpUBOJIMHEHHBIM, T. E.
JIBiokeTcss  BAOAbL o0Oeux oced, guddepeHIManbHble YpaBHEHUS OOBEKTa
3aMUCHIBAIOTCS KAK JIBa:

d’x & d’y ¢
mF_Z{Xk’ mF_;Yk'
Ecnu MBI NpoUrHOpUpyeM CHITy CONPOTUBIIEHUS JIBHXKYIIEMYCsl OOBEKTY Ha rpaduke
BC, Ha Hero noBiMsieT TOIbKO OJiHa cuia. s aToro

1 1
> X, =G, =0; DY, =G, =G =mg.
k-1 k=1
2 2

mﬂ=0; md—szg. (1.3)

dt
Msl pemaeM Kaxaoe U3 3THX ypaBHeHMM otaenbHo. (1.3), momyuum o6e

CTOPOHBI OT t 1 U3MEHUM JIEBYIO YaCTh:

i.(%j:o
dt ( dt
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Mpbl yMHOXaeM H HUHTErpupyeM o0e dYacTh JTOro ypaBHeHus B dt:

J‘d(%j = _[ 0-dt, wu3 »3TOrO % =0+C,. C3; Hailinem HHTErpajibHyl0 KOHCTaHTY,

dx _ _
HCIIONIB3ys HadanbHoe yciosue.t=0 da C, = [— =(0y), = (), = vg cOsC.
t=0

Mpl 3aMeHUIM 37ech, MOTOMY YTO HadallbHas CKOpocTh il rpajuxa BC paBHa
KOOpAMHATE TOYKM V CKOPOCTH JUisi 3Toro maparpaga. Eciam Mbl ycTaHOBUM
3HaueHue Cs:
X
— =y COS Q.
dt
[dx = [vg cose -dt; bundan x =uvgcosa -t +C,.

Halinem mHTErpaspHyr0 MOCTOSHHYIO S4, HCIOJB3Ysl HadaJlbHOE ycioBue. t=0,

u3 nocyenHero ypasaennsa C, = (x),_, =0.
X = 0z COS - 1. (1.4)

(1.4) sBnsieTcst ypaBHEHMEM OCH X OCH JIBWXKYIIErocs oObeKTa BAOJb ydacTKa
BC.

Tenepp Mbl AO0KHBI pemiuTh ypaBHeHue (1.3). Mbl u3menum o0e vactu
YpaBHEHHA Ha t © U3MEHHUM JICBYIO CTOPOHY:

d (dy)_

dt (dtj_g

dy dy
d|— |=|gdt; —=gt+C..
j(dtj Ig TR

HcxonHoe ycnoBrue MOXKET ObITh UCIOJIB30BAHO UHTETpaibHOM KOHCTAHTOU Cs.
[Tocnennee ypaBuenue t = 0

d _ _ .
C, = (d_%[/ji_o = (Uo)y = (o, )y =ygSsina.

3ameHuM Cs
d .
d_)t/ =gt +ugsina.

Idy:.[gt~dt+fussina-dt;

ot’
y=uvgsina-t+=—+C,.
2
Hcnonp3ys Ha4ambHOE yCIOBHE, HAXOIUM MHTETPAIbHYIO IOCTOSHHYIO Cg TIpH
t=0, mocnennee ypaBuenue C; = (y),_, =0.

. gt’
y:uBS|na-t+7. (1.5)
(1.5) ypaBHeHHE TpeaCcTaBiseT cOOOW ypaBHEHHE ABHKCHHS MO OCH JIBHXKYIIETOCS
o0bekTa B1oJb yuactka BC.
AHaNIOTU4YHO, KOTr/ia 00BEKT JBIKETCs depe3 auddepeHimanbHbie ypaBHeHUs,
Mbl HauYMHAEM HAXOJUTh HCKOMYIO BeIHuuHy. J[Jis 3TOro HaM HYXXHO 3amucath
HEOOXO/IMMbIC HAM YPaBHEHHUSL:
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dx,

E:(gsina— fgcosa) -t +uv,; (1.1)
2
x = (gsina - fg cosw)%+uA~t; (1.2)
X = Uy COSa -t (1.4)
. gt’
y:uBsma-t+7 (1.5)

IIpu t = 7, korga t - BpeMsi, TOuka B TOUKe A HaxoAUTCs B Touke B

(%) @), -a.
(1.2) (x,)_. =AB=1,

dt ).,
Korga t =T, o6bekT B Touke T B MoMeHT BpemeHu T Haxoautcs B Touke C.

(1-4) (X)t:T =d .
(15) (y)t:T =h.
VYuuThIBas BBIIICU3I0KEHHOE
vg = (gsina — fgcosa)r +v,; (1.6)
2
| = (gsina - fg cosw)%+uA~r; (1.7)
d =vgcosa-T (1.8)
2
h=uv,sina-T + g; (1.9
(1.7)
2 1 \/§ 4
| —(gsina — fgcosa)% 10_(9’8'2_0’1'9’8'2}2 10-811
NS = = ~~ =0,945 ml/ec.
T 2
(1.6)
. 1 V3
vy = (gsine — fgcosa)r +v, = (9,8-E ~01- 9,8-7J .2+0,945 =811+ 0,945 = 9,055 u/c.
(1.8)
T= d = 7'8\/5 =1lc.
U COS 0.055. V3
2
(1.9)
2 2 2
h=uvgsina-T + g7 = 9,055~%~1+ 98 -1 =4527+4,9 =9,4275m, h =9,4275 .

UtoObl HAWTH CIOKETHOE TEKTOHHMUYecKoe ypaBHeHme BC, MBI ucmonb3zyem
ypaBHeHUE o0BekTa B oOmactu. Wtak, pemas ypaBuenus (1.4) u (1.5), MbI Tepsiem
napamMeTp t pa3JIMYHbIX MAaTEMATUUECKUX OTIEPALIUIA.

X

(1.4) t= , (1.5) moacraBum.

cosa

Ug
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X 9 2 2

. V5 COS” & gx .

y=vgSINx - + :tha+ﬁ,

Uy COSx 2 20, COS” &
gx’ 2
y=xtga+——— WA y = 0,08x" + 0,58x.
2V COS” o
1-BapuaHnr.

Jano: f=0, =45, d=6m, | = AV =10m, h=8 m.
Haiitu: va Va vg.

Pemenue:
(1.8) T = d ; (1.9) moxcraBumM:
Ug
2
h=uv;sinea- + ng 5
Vg COSax  2vV;COS”
VA
2
h= dtga+%, U3 3TOro 8=6-1+ 9’8'36.
20} cos’ o 2y . 2
UB~4

202 =3528; v?=176,4, v, =133 mlc.

(1.6) mpu =0 ¢=-22"Y::(1.7) moxcraBum
gsina
2
I=gsina-(UB_0A) tu, B,

2g9%sina " gsina’

2 2 2
Vg — 205 - U, + U} L Ua Vs —Up.

5 72

2-98- 98- —
2 2

10 =

1,4-98 = 0] — 2040, + V4 + 20,05 — 203;
137,2 =176,4—v%; 02 = 39,2 v, =63 mlc.
3 pa3aciia KHHCEMATUKKU HU3BCCTHO, YTO CKOPOCTb B TOYKC C L= ﬂl)f + U;

UCnou3yst GopMyibl Uy U Uy OIPEAEIsieEM CKOPOCTH:

dX ! ! .
v, :E:X = (vgCosa -t) = vy COS;
d ) t? )
v, :_d)t/ :y’:(uBsmoz-H—(“:'2 j =g Sina + gt;

v = \JLEcos? & + (Vg Sina + gt)2.
Ecnu monoxuts t B 3Ty Gopmyiy, To ckopocTh o0bekTa T B Touke C OyaeT
HaljeHa.
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Uy = U COS2 a + (U SiNa + gT)? = /v cos? & + vEsin? @ + v, sina - g - T +g°T2 =

2
z\/U§+ZUBSina-£+ -9 17644213332 .98, 8 _Log. 36 _

T2 2
Vg - COSL vicos’a 13’3_£ 176,4-8
2
=4/333,2 =183 m/c; v. =183 mlc.

2-BapuanT. Jlano: v, =10m/s, f=0,t1=25s, v5 =19,8 m/s, d=8m.
Haiitu: o u h.

Pemenue.
(1.6) sing = Ve —Va 198710 98 1. 540
gr 98-2 98.-2 2
g 1-—9 8 _ 8 guec
Vg COSE o V3 171
2
2
(1.9) h=198-1.046+8 2’46 =55m, h=55m.
7
' S/ Vg B 7
S, e A
e /
7
/
/I,_, 7
I V& 7
R 7 4
V&
2-Puc.

Jisa ywactok AB coctaBisem nuddepeHnaninoe ypaBHEHUE IBUKCHHE
TOYKH.

2 3
mdt)z(l :lek :C;X1 +Nx1 _l_FX"llWK :0+0_Fuu,m :—fN :—fG :_fmg
k=1
7M1
X
m—-=-=—fmg. (1.10)

dt

d (dx

Sy [ S Y

dt [ dtj g

dx, dx
d —*|=[-fgdt, —*=—fgt+C,
J ( dtj J ° dt il
[To unTerpanbHoii koHcTanTe C; momydaercs HadaibHOe ycinoBue. T = 0, u3
dx, _ _
IOCJIeAHET0 ypaBHeHus C, = E = (UO)Xl = (UA)Xl =v,, C; BMECTO v, MOJCTABUM
t=0
P fgtro, (1.11)
dt
2
[, = [~ fotdt + [o,dt, % =v,-t- o o
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2
X, =, -t— fgzt | (1.12)

t=7 (1.11) u (1.12)
2
vy =—fgr+v, (L.13)val=uv, 7- fg% (1.14)

MOJIyYMM YpaBHEHHE.
OTH ypaBHEHHS TaKX€ MOTYT OBITh TIOJY4YEHBI HYJIEBOW CTEMEHBIO
(ropusoHTanbHbId Tpaduk AB) Bmecto a B ypaBHenusix (1.6) u (1.7). AB-
g depeHnran,Hoe ypaBHeHHE 00beKTa BAOIb ropu3oHToB BC He m3MeHsercs, T. €.
2 2
m%sz=0; (1.15) m%=6y=mg. (1.16)

dfdx =0, [d o :jo,%=0+c3;
dt | dt dt dt

d _ _
t=0 da C, - [—Xj @), = @), = vs:
dt ),
X dx = o -dt jdx:ju dt, x =0, -t+C,:
dt B! B 1 B ' B 4

t=0da C, =(X)_, =0, x=05t; (1.17)

d (dy dy dy dy
—| =2 |=g9g,d = |=gdt, [d]—=|=|gdt;—==gt+C,,
dt(dtj J (dtj : I(dtj Jodti g —ot+C,

d o
t=0da C, = (d—i’j = (@), = (0s), =0.
=0

t=

gt’

dy
P gt, dy = gt - dt, Idy:Igtdt, y:7+CG,
gt*
t=0da C,=(y),,, =0, y= = (1.18)
t=T (1.17), (1.18) BmecTe ypaBHEHHE
d=uv,-T, (1.19)
2
h= 9; (1.20)

IIOJIy4YVM YpPaBHEHHE.

3-Puc.

AV-rpaduk cocTOUT U3 paBHUH, KOTOPbIE MOKHO IMOAHUMATh BBEPX, & HE BHU3 (pHC.
3). B arom cnydae ochb NPOEKIMU X; CHUJIBI TSDKECTH SIBJISETCS OTPULIATEIbHBIM
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3HaKOM, YTO SBIISETCS OTPUIATENBHBIM 3HAKOM B ciydae AuQdepeHnnaIbHOro

YpaBHCHUA 00BEKTa M CHJIBI €TO PCIICHUA:
2

d™x

m e =-mgsina — fmg cosa;

% = (—gsina — fgcosa)t +v,;

2
X, = (—gsina — fg COSa)%+ U, -,

t=7 (1.6), (1.7) BMecTe ypaBHCHHE
vz = (—gsina — fgcosa)r +v,;
2
| =(-gsina - fg cosw)%+ v,T TIOJIyYUM yYpaBHEHUE.

Ecnn AB-norpyskHasi paBHUHA SIBJIIETCS MOTOLIMKIIOM BMECTO IBHKYLIETOCS
00BEKTa, TO TAK)KE YUYHUTHIBAECTCS rpaBUTALMs ABUTaTeNs MoTolMKia (puc. 4). Bor
I'PaBUTAIIMOHHAS. CWJIA MOTOLMKIIETHOIO JBHrarenss. ECiv Mbl UTHOPUPYEM CHITY
BO3JyXa U CHUJIbl TPEHUS Ha IUIOCKOCTH, MU (depeHINaTbHOEe YPaBHEHUE JIBUKCHUS
00BEKTA U €T0 PEIICHUE 3aKIIFOYAIOTCS B CIIEYIOIIEM:

4-Puc.
2
mddt)z(l =-mgsina + P;
%:(—gsinow%jtﬂh\; (1.21)
X —(—gsina+£j£+u - (1.22)
L mj2 "7 '

t=7(1.21) (%} =(Ug),, =0g- (1.22) (x)_.,=AB=1m
t=r
Vg :[—gsina +:Jr+UA; (123)

I=(—gsina+E]T—Z+UA-r. (1.24)
m)2

MOJIy4YUM ypaBHEHHE.
[To mepe Toro, kak Tejao MmogHUMaeTcs Hajd cekuuer AB, nuddepeHnuaibHbie

YpaBHEHHS U HUX pelIeHHs oOBEKTa BAOIbh ydacTka VS OCTaloTCs HEM3MEHHBIMU H
spisitores (1.3), (1.4), (1.5). Huxe npuBeaeH npumep petieHust 3ToH mpoOaeMbl s
ciydaeB, korjma cekmuss AB ropu3oHTajgbHa a TOPHU3OHTANbHAS OCh TOJHUMACTCS

BBEPX I10 IJIOCKOCTH.
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D-1
HNurerpupoBanue 1uddepeHuaIHOro ypaBHeHne MaTepUaiHOe TOYKHU MO/
AeCTBHEM MOCTOSIHHMX CHJI.

Bapuant 1-5.
Ocp JBWKETCSI CO CTApTOBOM CKOPOCTBIO, HauyWHas C TOYKH A BJIOJb
IUIOCKOCTH BIOJIb TOPHU30HTOB, oOpa3ys yro a Ha TOPU30HTE.

Koaddunment tpenus f Haxoautcst Mexay 00bEKTOM U MIIOCKOCTBIO.

B touke B 00BekT ObICTPO MEpeBOpaunBaEeT IIIOCKOCTh, a B Bo3ayxe T ObIcTpo
ngoxoauT A0 touku C miuockoctu B, kotopas obpasyer ropusont u yroia B. Ilpu
perieHn MpoOJIeMbl MYCTh OOBEKT pacCMAaTPUBACTCS KaK MarepuaibHas TOYKA, a
CHUJIa BO3/lyXa UTHOPUPYETCHI.

Bapmanr 1.

Jano: 0=30%; V,=0; f=0,2; 1=10 m; p=60°

Haiitu: T u h.

Bapuanr 2.

Jano: 0=15% V=2 m/c; £=0,2; h=4 m; p=45°

Hatitu: | u BC ypaBHEeHHEe TpaeKTOPHH.

Bapuant 3.

Hano: a=30°; Va=2,5 m/c; f20; 1=8 m; d=10 m; B=60"

Haiitu: vs u T.

Bapuanr 4.

Tlaro: Va=0; 1=2 cex; 1=9,8 m; p=60°; f=0

Haittu: oo u T.

Bapuanr 5.

Jlaro: 0=30% V=0; f=0,2; 1=10 m; p=60°

Haiitu: f u V..

BapuanTt 6-10.

B Kanke nuiaoTHBIN TOPU30HT OyAE€T UMETh YIIIOBOM YIOJd U TOCTUTHET TOUKH
A miIockocTH Ha ckopoctd A, MuHys AB-y4acTkyito B MOMEHT BpeMeHH t.
Koapdpumment xosdpdunuenta Ttpenus AB pasen f.  Ilocime ObicTporo
npockanb3biBanusi AB-coenqunenusa T cMmemaercss Ha B 1o CKJIOHY CKJIOHA, KOTOPBI
oOpa3zyeT yroJi rOpu30HTaJIbLHOTO yriia B.

[Ipu pemieHun mpoOIEMbl BO3BMHUTE JIBDKHHKA KaK MUHHUMAJIBbHYIO TOYKY U
WTHOPUPYHUTE CUILY BO3J1yXa.

Bapuanur 6.

Jano: 0=20%; f=0,1; 1=0,2 cex; h=4 cm; p=30°

Haiitu: | u V..

Bapuant /.

Tlaro: 0=15% =0,1; V=16 wm/c; |1=5m; p=45"

Haiitu: Vg u T.

Bapuanr 8.

Tlano: Va=21 m/c; f=0; 1=0,3 cex; Vg=20m/c; p=60°

Haiitu: oo 1 d.
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Bapuanr 9.

Jlaro: 0=15% 1=0,3 cex; f=0,1; h =302 ; =45°

Haiit: Vg u Va.

Bapuant 10.

Jano: 0=15% f=0; Va=12m/c; d=50 m; p=60°

Haiitu: T u BC ypaBHEeHHE TPaeKTOPHH.

Bapuant 11-15.

Hauunasi ¢ Toukn A TOPH30HTY TIOJT YTIIOM O C CKOPOCTIO VA ITMHY KoTOpas |
JIBUTAIOTCS MOTOIMKIIUCT B T CEKyHHe ABuTaercs. B Touke B ckopocTt paBHO Vg H
BpeMsl paBHO T CEKyHJ MPOXOIUT paccTosiuue d u crmyckaercs B Touky C KoTopas
CKOpPOCT paBHO V..

PaccmoTtpum crenmytronue BapuaHTe IBHKCHUE TOUKHU.

Bapuant 11.

Tano: 0=30% p=0; 1=40 m; Va=0; V=45 m/c; d=3 m

Haiitu: T u h.

Bapuant 12.

Jano: 0=30%; p=0; 1=40 m; Vg=4,5 m/c; h=1,5m

Haiitu: V, u d.

Bapuant 13.

Jlano: a=30%; m=400 m?; VA=0; t=20 cek; d=3m; h=1,5 m

Haiitu: p u |.

Bapuant 14.

Taro: 0=30% m=400 m*; p=2,2xH; V=0; |=40m; d=5m

Haiitu: Vg u V.

Bapuanr 15.

Jlano: 0=30% V=0; p=2xH; 1=50m; h=2m; d=4m

Haittu: T um.

Bapuant 16-20.

Kamens nBuraercs o yuactke AB mmHa ydactoxk | Bpems 1. CKOPOCT B TOUKH
B Bpems B yuactke BC paBHo T Hajga ompenenuTh COTBETCTBYIOIIME BEIMYECHH B
CJIEIIOIIMX BapUAHTAX.

Bapuant 16.

Jlano: a=30; V=1 m/c; 1=3 m; f=0,2; d=2,5 m

Havitu: hu T.

Bapuant 17.

Jano: a=45"; 1=6 m; Vg=2Va; 1=1 cex; h=6 .

Hatitu: d u f.

Bapuant 18.

Tano: a=30"; 1=2 m; Va=0; £=0,1; d=3 m.

Haiitu: h u 7.

Bapuant 19.

Tano: a=15" 1=3 m; V=3 m/c; f£0; 1=1,5 ¢; d=2 m.

Haiitu: Va u h.
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Bapuanrt 20.

Jlano: a=45°; VA=0; f=0,3; d=2 m; h=4wm.

Haiitu: | u 7.

Bapuant 21-25.

Tena nBuraercs moj yrioM o B yuactke AB mimHa yyactke | ¢ ckopoctio Va
ABUTaeTcst KOG UIMEeHT TpeHue paBHo f.

Temo yepe3 T ceKyHI HAXOAWTCS B TOYKM B ckopoct kotopasi paBHO Vg
nokuaetr Touky B u yepe3 T cexkynn maxoauth na Touku C ckopocTH Kotopas Vc
HEYYUTHUBAs COMPOTUBIICHUE BO3/IyXa PEIIUT CISAYIONINE BapUaHTH.

Bapuant 21.

Jlano: a=30°; f=0,1; V=1 m/c; 1=1,5 cek; h=10 m.

Haiitu: Va u d.

Bapuanrt 22.

Hano: Va=0; a=45" 1=10 m; 1=2 cek.

Haiitu: f u BC ypaBHenue Tpaekropus.

Bapuant 23.

JNano: f=0; V=0; 1=9,81 m; t=2 cek; h=20 m.

Haittu: oo u T.

Bapuant 24.

Jano: Va=0; a=30° f=0,2; I=10 m; d=12 m.

Haiitu: T u h.

Bapuanr 25.

Tlano: Va=0; 0=30% f=0,2; I=6 m; h=4,5 m.

Haiitu: T u V.

Bapuant 26-30.

Tena HaumHaro B TOYKH A C CKOpOCTIO Vp aBuraercs ydactok AB nmuHa
KoTopasi paBHO |, Bpems T koaddunmeHT TpeHus pasHo f aBurasc nomaer B Touky B
U TIOKeaas TOYKY AOXOAuTh 10 Touku C Bpems pacxoja paBHo T. YuutuBas 3TH
napaMeTpH BBITIOJIHUTH CASAYIINE BaAPUAHTHI.

Bapuant 26.

Hano: Va=7 m/c; =0,2; 1=8 m; h=20 m.

Haiitu: d u Ve.

Bapuanrt 27.

Jano: Va=4 m/c; £=0,1; 1=2 cek; d=2 m.

Haiitu: Vg u h.

Bapuant 28.

Hano: V=3 m/c; =0,3; 1=0,3 m; h=5 m.

Hantn: Vaou T.

Bapuant 29.

Hano: Va=3 m/c; V=1 m/c; 1I=2,5 m; h=20 m.

Haiitu: f u d.

Bapuant 30.

Jano: =0,25; 1=4 m; d=3 m; h=5 m.

Haiitu: Vo u 7.
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