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BCTYII

TeopernuHa MexaHiKa BHBYAE€ HAWOUIBIN 3arajgbHI 3aKOHH PyXy 1 B3aeMOJii Ti,
BB)KAIOYM CBOIM TOJIOBHHM 3aBJaHHSM II3HAHHS KIUTBKICHUX 1 SKICHMX 3aKOHOMIPHOCTEH, IO
crocrepiralotbcst 'y mnpupoai. Bona Hanexutb 10 (GyHIaMEHTAIbHUX HPUPOJHUYMX HaYK,
OCKUIBKM TPHUPOIO03HABCTBO BHMBYAE pi3HI (opmMu pyxy Mmatepii. TeopeTnuHa MexaHika Mae
BEJIMKE 3HAUEHHS B MIATOTOBIIl IH)KEHEPHUX KaJpiB. BoHa € ¢pyHIaMeHTOM Jjisl BUBYEHHS TaKUX
JTUCLHMIUTIH, SK OIp MarepiaiiB, Teopis KOJWBaHb, TiIpaBiika, TEOpis MPYKHOCTI, aepo- i
riipomMexaHika, eleKTpoJuHaMika, 0l0MexaHika, Teopisl aBTOMAaTHYHOTO KepyBaHHS PYXOMHUMU
o0'exTamMu, Teopis MeXaHi3MiB 1 MalllWH, MPHUJIANiB, POOOTIB-MaHIMyNIATOPIB. 3HAHHS 3aKOHIB
TEOPETUYHOI MEXaHIKH Ja€ 3MOTY HAYKOBO IMepeadayuTH XiJ MPOIECiB y HOBHX 3ajaydax, LIo0
BUHUKAIOTh NIPH PO3BUTKY HAYKH, TEXHIKH 1 TEXHOJOT1].

TeopeTnuna MexaHika — IIe HayKa, SKa J1a€ YHIBepCaJlbHI METOJM CKJIaJIaHHA 1 aHali3y
PIBHSIHB pyXy 1 pIBHOBAaru CKJIaJHUX MaTepiaJbHUX CUCTEM, IIIO € OCHOBOIO IX MOJICIIOBAHHSI.

TeopeTnuHa MexaHiKa CIUPAETbCS HA 3HAHHS 3 AQHANITUYHOI TeOMEeTpii, BEKTOPHOI
anreOpu, MAaTEMaTHYHOTO aHaJi3y, (Gi3UKH Ta IHPOPMATHKH.

Lleit HaB4YaTBbHO-METOJWYHUI MOCIOHMK MpPHU3HAUEHUH AJIi CaMOCTIHHOTO OBOJIOIIHHS
CTYACHTAMH TEXHIYHHUX CIeUialbHOCTe Oe3BigpuBHOI (opMH HaBYaHHSA (PaKyIbTETY
MICISIAUIIIOMHOT OCBITH 1 3a0YHOTO HaBYaHHS KypCy TEOPETUYHOI MEXaHIKM Ta BUKOHAHHS
IHAUBIAYalbHUX 3aBJaHb JUISl KOHTPOJBHUX POOIT, SKI JO3BOJSIOTH 3aKPIMUTU MPOHAeHUN
marepiai Kypcy.

TeopernuHa MexaHiKa MOAUIETHCS HA TPU YACTUHU: CTaTHKA, KIHEMAaTHKa, TWHAMIKa.
CraTuka BHBUYa€ yMOBHU piBHOBaru Tul. Kinematuka posrisgae pyx 0e3 ypaxyBaHHS UHHHUKIB,
10 Horo mopo/KyroTh. J[MHaMIKa BUBYAE PyX 3aJIEKHO BiJl YNHHUKIB, 1110 HOr0 BUKJIMKAIOTh, —
BiJ B3aeMoil 3 IHIINMH TIIIAMH.



PO3PAXYHKOBO — I'PA®IYHA POBOTA Ml

TEMA: IInocka cucmema napaieabHux CuJl

banka  (puc.1.1-1.6) 3aBanTaxkxeHa cuiaow P, posmoxigeHum
HAaBAHTAXXCHHSIM IHTCHCHUBHICTIO I Ta Mapoio CUJ 3 MOoMeHTOM M. 3HaiiTu
peakuii B's3eil. JlaHi 1Jst po3paxyHKiB npuBeneHi B Tadaumi 1.1.

Tabmauns 1.1
| M, | F Q. a b, c. d

Bapianr Er xH kH/Mm M M M M
1 R 4 2 | 2 3 4 .
5 6 3 l 3 2 5 1
3 1 5 2 ! 2 4 3
4 4 l 2 2 3 5 l
s | 6 8 IEE 2 4 2
6 3 5 2 1 3 3 2
7 | 4 6 1 | 2 3 4 !
3 5 2 2 3 2 5 2
9 | 6 | 8 L | 1 | 2 4 2
0 5 3 2 2 3 5 3

2.1 ITpuknagu BUKOHAHHS 3aBJaHHS
Ilpuknao 1: na 6anku (Puc 1.7) 3naiiTu onopHi peaxii, sskimo P=3 kH,
q =1 xH/m.
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Pucynok 1.6

Po3g'azannsa. Posrnsnemo 6anky AB, 1110 3HaX0UTHCS y piBHOBA31
(cokoi).

Pucynok 1.8
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Ha Oanky paitoTh akKTUBHI CHJHU: 30CepejkeHa cuila F Ta
pO3MOaiJieHe HAaBAaHTAXCHHS I1HTEHCHBHICTIO (], SK€ CEKBIBAJCHTHE
30CepeKeH1N cuii Q

Q=0-2=1.2=2kH.

Jil0o nuniHApu4YHOro mapHipa A Ta pyxomoro B 3amiHioemMo ix
peakuismu Y, X,,R,  (puc. 1.8) [dns BpiBHOBaXXEHOI CHCTEMHU CHI

> F =0 X, =0,
>'m,F=0; F-1-Q:3+R, 4=0,
> myF=0; F-5-Y,-4+Q-1=0.

3Biaku otpumyemo: Rg = 0,75 kH, Yo = 4,25 kH, Xo= 0.
JIOCTOBIpHICTh OTPUMAHHUX pe3yJbTaTIB MOXXHA TMEPEBIPUTH
3allMCaBIIM L€ OJHE PIBHAHHS:

D F =0, —=F+Y,-Q+R; =0,
-3 +4,25-2 + 0,75 = 0.

BignoBins: Rg = 0,75 kH; Ypo = 4,25 kH; X,= 0.

Ilpuknao 2: J{ns xonconbHOi OankH (puc. 1.9) 3HalTm peakiii
JKOPCTKOTO 3ameMieHHs, askmo F = 2 kH, M = 5 kHwm.

4 ? M

A [ B
I
|

—- M b:‘

=l

Pucynox 2.9

Po3zé’azannn: Ha Oanky AB niwoTh, akTuBHaA cuna F, mapa cun 3
MOMEHTOM M; i1 pyXy HNepemKoAXae B's3b - KOPCTKE 3alIEMJIECHHS B
touni A. Bigkumaemo B'S3p B TOouml A, 1 Ha MHiACTaBl aKCIOMH
3BiJbHEHHS Bim B'a3el, ii miro0 3aMiHleMo cumaMu X,Y, Ta MOMEHTOM
My (puc. 1.10).
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Pucynoxk 1.10

3anumemo YMOBH piBHOBarH JOJIs1 CUCTEMMU CUIT {XA,YA,MA,M,IT“} o00.

Y F=0; X,=0;
> F=0; Y,—F=0;
>m,F=0; -M,+M-F-5=0.

3BIJKH 3HAXOJUMO:
Y,=F =2«xH,
My=M-5-F=5-5-2=-5xHnm.

Bionoeiov: X, =0; Y, = 2xH;, My = -5cHm.

14



PO3PAXYHKOBO — I'PA®IYHA POBOTA Ne2.

Tema:BuzHayeHHsI HEHTPA BATM MJIOCKHUX TiJI

Ilnocka dirypa, ¢opma sKoi 3amacTbcsa Ha pucyHkax (2.1-2.5), mae
IrCOMETPUYHI PO3MIpH, SIKI BU3HAYAIOThCS mMapaMmeTpamu a, b, ¢, d, T, n, h, |
(po3mipu B canTuMeTpax). B d¢irypi BUKOHaAHO OTBip, mo Mac (opmy
JacTUHU Kkpyra 3 paxaiycom R. JlinpHUIS KOHTypa mjiaockoi Qirypu 3
no3Haukoio L Mae Gpopmy kBagpaTHOi mapabomn y = A-x> + B-x + C.

Jlns 3amanoi miaockoi Girypu BUSHAUYUTHU:

a) aHaJIITUYHUU BUTISA KOHTYpPY L;

0)koopaumaTd LEHTpa Baru B BHOpaHId cuUCTEMI KOOpAHUHAT 3a
JOTIOMOTOI0 PO3PaxyHKIB 3a BIANOBIIHUMH (HOpPMYJTIaMU;

B) KOOpJIMHATH LEHTpa Bard 3a JIOMIOMOTOI0  E€KCIIEPUMEHTY,
BUTOTOBUBIIH

MakeT QIirypu 3 mamnepy;

r) MOXHOKY B BICOTKAaX MIDX pe3yJibTaTaMU aHaJITUYHUX PO3PAXYHKIB
1 EKCIIEPUMEHTY.

3HavyeHHs PO3MIpPIB B3STH 3a BapiaHTOM 3 Tabuumi 2.1:

Tabmuisa 2.1
BapianT A b C d h 1 m n R
1 6,4 3,6 2,4 2,6 2,81 1,8 3,2 2,0 1,4

70 | 48| 3,0 42| 26| 3,0 41 3,6 1,0

73 | 50| 3,2 35| 35| 31| 3.2 4,0 1,2

69 | 36| 25 50| 43| 26| 28 4,6 1,3

74 | 42| 24 28| 20| 28| 3.9 2,5 0,8

82 | 3,7 3,0 36 | 29| 32| 28 6,3 1,4

6,5 | 45| 2,7 30| 22| 25| 3,3 4,8 1,0

80 | 48| 25 34| 30| 19| 3,6 59 1,5

78 | 39| 2,6 29| 28| 20| 3,0 4,2 1,2

O | lOWw Ll N |01 | B|jlW DN

85 | 45| 2,8 40| 32| 2,7, 29 3,5 0,9

15




“ b
*-.‘ -
m |
- i
R R
L o i 'S —
/ L L _}
! 1t T o | a
D d c d !
L|g
E / ~L - = : ; =~
:‘i_< '\,_;" g
Q /_ 2 - £
o £ b3
: | a
f a ﬂ
i
P i—
4 =4 3
ﬁ —
- R
i 9 v
) = L
lmlp| 4 b «

Pucynok 2.16

16



)
o —1
D o] Fle
|
R /
L R
a ¢ _f x
N[ -
d I b d |
.
/fL Y-y -. a cf
R
e | HE
P
Yar :
/ = ~L q
2 4} d 1
. @
R =
AR s
\ . C '(‘\ !
g/
- o T :
a_ | . A L 1L ¢ | #
Pucynoxk 2.2

17



m _n
1
; =S
- /3 ‘
. GA ~ P34 I
L[l =
a /] = L e
a
R =
—-\6_ - T 3 v
< -~
b
L = -
1 .
L =
- kY = .
c L v
~ R R I i | L
g R'— = g 7
(s = Q
= / = 3 §
B a
ba b A
Pucynoxk 2.3

18



= g
~
!
el a b
' e 1
i~
L"\. ’Il W—
X R/
< |
C ' a d I
® ]
a i
P |
I r P
= : \ ‘% ~
| —~ -
L b} d
Pucynok 2.4

19



L

w

Pucynoxk 2.5

20



2.1 llpukjgan BUKOHAHHS 3aBAaHHS
Ha puc. 2.6 3anmana miocka ¢girypa 3 po3MipaMu B CaHTUMeETpax:. a=4,
b=4,c=6,d=5 m=3,n=2,5 h=3,6,1=2,4, 3 1k0i BUpi3aHO OTBIp Y
BUTJIAA1 MiBKpyra paiaiycom R = 1, a Bumanenuiét kontyp L mae ¢opmy
KBaJIpaTUYHOI Tapaboiu y = Ax? + Ax + Ag 3 BepnHOIO B TouH1 K.
BusHauuTu moJIOKEHHS IeHTpa Baru 3ajaaHoi Qirypu 3rigHo 3

nyHKTaMu 1 - 4, 110 MiCTATbCS B YMOBI 3aBJaHHS.
b

>

C
’ '
R
h
a G ’
h

{ m n

Pucynoxk 2.6

Po3e'azanna: Po3tamoByemo 3alaHy (irypy B CUCTEMI KOOpJUHAT
x0y, sk nokazaHo Ha puc. 2.7 Buninsemo B ¢dirypi mpocTi eJleMeHTH 1 Ha
KOKHOMY 3 HHMX CTaBUMO ioro Homep: 1 - mapaOoyiiyHud KOHTYp, 2 1 3 -
NpPSIMOKYTHUKH, 4 - TPUKYTHUK, S - MIBKPYT.

4

W
I
w

Pucynoxk 2.7
BusHauaemMo aHaniTUYHUM BUTISAL napabonu KOHTypy L, daxui
MoKa)keMo Ha puc. 2.8.
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Pucynoxk 2.8

[TosnoxeHHs KpailHIX TOYOK NMapabojii BUSHAYAETHCS PO3MIPAMMU

OK =1, ON = h.
3Haiigemo koedinientu A;, A, i Az Anda mapaboju 3arajbHOTO
BUTJISITY
y = A:ix* + Apx + As. (2.1)

Hnsa napaboinu (8.1) BUKONYIOTHCSI YMOBH:

1) y =h npu x = 0,
2) y =10 npu x = [,
3) dx/dy=0  npux-=1I

3BiIKK OTPUMYEMO CUCTEMY PIBHSIHB
h=A10+A20+A3,
0 :A1|2 +A2| +A3,
0 = 2A1| + A2 .

SIxa mae poss'ssku: A1 = h/l%, 4, = -2h/l, 45 = h.
Toni koHTYp L Mae Takuil aHaNITUYHUN BUTISAN

y = hx?/1? - 2hx/l + h = hx/l - )2 (2.2)
3HaiiieMo UIONIy 1 KOOpJAMHATU IEHTpa Baru (irypu, mo oOMexeHa

KOOpPAWHATHUMU oOcsiMU 1 KoHTypom L. Ilmoma ¢irypu Bu3HauYUTHCS
IHTEeTpaJioM

22



SI=jydx:hj.(xll—1)2dx:hll3. (2.3)

0 0

Lentp Baru Qirypu 3HaxoauTbcs B Toulll C; 3 KOOpAMHATAMHU X, 1 )1,
K1 BU3HA4YalOThCA (popMynamu:

X1 = |X/ S, V1 = |y/ S, (24)
ne inrerpanu l, 1 |y piBHi:

| | |
|, =[xdS = [x-y-dx[x-h(x/1-1) dx=hI*/12,
0 0 0

I, =

O ey —

| |
0,5y°dS = 0,5 y*dx =0,5h" [(x/1-1)4dx = h*-1/10.
0 0

Toni1 X1 = [x/S]_ = 1/4, Yy = Iy/S]_ = 0,3h (25)
BusHayaeMo miomii i KOOpAWHATH IEHTPA Baru MNPSIMOKYTHHUKIB TiJ
HOMepamu 2 1 3

S;,=(+m)-(a+h), (2.6)
X2 = (I + m)/2,

y,= (a + h)/2.

83 :I’l'd,

X;=l+m+n/2 (2.7)
yz3 =a+h-d/2.

Busznadaemo niomny 1 KOOpJAMHATH IIEHTPA Baru TpUKyTHHKa 4
S4=0,5dMm+c-1-m-n),
X,=l+m+n+(b+c-1-m-n)/3, (2.8)

y, =a+ h-d/3.

Busnauaemo mionry i KOOpAUHATH [IEHTpPa Baru MiBKpyra 5

g,s-sz, (2.9)

Benuuuny Binpizka OsCs, nuB. puc. 2.7, 3HaXOAUMO SIK LIEHTpP Baru
NiBKpYra , 110 € CEKTOPOM 3 [IEHTPAJIbHUM KYTOM PIBHUM 7T

ys =a th-h=a.

Koopnunatu nenTpa Baru 3ajganoi GirypH 3Haiigemo 3a hopmyiaamu:

23



¢ = s, Ye s,

-71¢ BUJIYUEHI1 Mol S; 1 S5 CTaBUMO 3 BiJ'€MHUM 3HAKOM.

B dopmymn (2.2), (2.3), (2.5)-(2.11) mincrtaBnsiemo naHi 3amadvi i
3HAaXOJUMO KOOPIWHATH IIEHTPA Baru MIACTUHU.

[Tnoma S; 1 koopauuatu neHtpa Xi, Y dirypu 1

) 3 5% DS, (2.11)

Y = 0,625%° - 3x + 3,6,

y-dx = 2f(o, 625X ~3x+3,6) dx = 2,88 e,

0

S,

Il
O ey T

2,4

|
X-y-dS = j X-(0,625%* —3x+3,6)dx =1,728 cm®,
0

IX:'I[x'dS
0

o

l, :Ijo,s- y-dS =o,5|j y?-dS :O,STX-(O,625X2 —~3x+3,6)dx =3,1104 e’
0 0 0

|, 1728

X,==%=—-=0,6 cMm,
S, 2,88
I
Y,=2= 31104 _ 1,08 cwm.
S, 288

[Imomri 1 KOOpAWHATH IEHTPaA Baru NPAMOKYTHHUKIB MiJ HOMepamu 2 1 3
S,= (I +m)(a+h)=(2,4+3)(4 +3,6) = 41,04 c™?,
Xo=(1+m)/2=(2,4+3)/2=2,7cm,

y, = (a + h)/2 = (4 + 3,6)/2=3,8cwm,

S;=nd =2,55=12,5 cm’,
X3=l+m+n/2=24+3+2,5/2=6,65cm,
y3=a+h-d/2=4+3,6-5/2=51cm.

[lnomy 1 KOOpAWHATH LIEHTPaA Baru TPUKyTHUKA 4

S,=0,5-d(b+c—1-m-n) = 0,5-5(4+6—-2,4-3-2,5) = 5,25 cm?,
X4 = l+m+n+(b+c-1-m-n)/3 = 2,4+3+2,5+(4+6-2,4-3-2,5)/3 = 8,6 cM™,
ys = a+h—d/3=4+3,6 — 5/3 = 5,93 cm.

[lmomy 1 KOOpAMHATH LEHTpPa Baru miBKpyra S

S:=0,5 TR?*=0,5-3,14-1 = 1,57 cm ?,
X5:b—O5C5.

OsCs = 4R/(37m) = 41/(33,14)=0,42 ¢,
Xg = b — OsCs =4 -0,42 = 3,58 cM,
ys=a+h-h=a=4cwm.

24



2S5 _2S%
s y°_Zsi’

Xc = (-2,88:0,6+41,04-2,7+12,5-6,65+5,25-8,6-1,57-3,58)/(-2,88+
+41,04+12,5+5,25-1,57)=231,73/54,34=4,26 cm.

Ve = (-2,88-1,08+41,04-3,8+12,5-5,1+5,25-5,93-1,57-4)/54,34=
=241,4441/54,34=4,44 cwm.
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PO3PAXYHKOBO-ITPA®IYHA POBOTA Ne3
HA TEMY: IUHAMIKA TOYKHA
TEOPETHUYHI BIIOMOCTI

JAuHamMika — po3/iJl TCOPETUUHOT MEXaHIKH, B IKOMY BUBYA€THCSA MEXaHIYHUN
pYyX MaTepialbHUX 00’ €KTIB B 3aJI€KHOCTI BiJl CHJI, IO AIFOTh HAa HUX.

OcHOBHI 3aK0HM MexaH1ku (3akoHU ['amiines — HeroToHAa):

1. 3akon iHepuii. MarepianbHa TOuYka 30epirae cTaH CIOKOIO abo

PIBHOMIPHOTO MNPSMOJIIHIHHOTO PyXy JOTH, TOKH JAisl 1HIIMX TIJ HE 3MIHUTH LIEH
CTaH.

2. 3akoH mNponopuiiHOCTI cHJIM __Ta npuckopeHHsi. [lpuckopeHHs

MaTepialbHOI TOYKM MPOTMOPIIiHHE MPUKIAJACHIN A0 Hei Cuill 1 OJHAKOBO 3 HEIO

HampsiMiieHe: MW =F .

3. 3akoH piBHicTi il i mporuaii. Cuiu B3aemMoii 1BOX MaTepiaIbHUX TOUYOK

- -

OJIHAKOBI 32 BETMYMHOIO 1 MPOTUIJICKHI 32 HanpsIMoM:  F 1=-F ».

4. 3akoH_He3aJeKHOCTI il _cuy _ (MpuHUOMI _cynepno3uuii). JIexiapka

OJIHOYACHO JII0YMX Ha MareplajJbHy TOYKY CHJI HAJalTh TOYLl Take XK
MIPUCKOPEHHS, sIKe Hajana O 1 oJlHa cuJla, 10 IOPIBHIOE iX TEOMETPUYHIN CyMI.
OcHoBHE PIBHSHHS TUHAMIKH MaTepiaJIbHOT TOUKH:
. o
mw=y F, . (1)
xk=1

JudepeniianbHi piBHSIHHS PyXy MaTepiajibHOT TOUYKHU B MIPOCKITISAX HA

JI€KapTOBI OCI:
mx=XF,; my=XF,; mz=XF,, 2)

JIle M — Maca TOYKH; X, Y ,Z - MPOEKIlii MPUCKOPEHHS Ha BIJMOBIIHI Bici
JIEKAPTOBOI CUCTEMU KOOPJUHAT;

a B IIPOCKIIISX Ha HATYpaJbHI OCI:

m%\t’:za,; mY _SF.: 0=XF (3)

26



ne p - paumiyc kpuBuHH Tpaekropii; 2 F,_; 2 F. ;2 F, - cymu mpoekiiii BCix cui

. ) .. dv .
BIJIMOBIJTHO HAa JIOTUYHY, TOJIOBHY HOpMaJib 1 O1HOpMAJIb; e =W ' - TaHTeHIlAJIbHE

2
(IOTMYHE) TPUCKOPEHHS TOYKU; —=W" - HOpMajbHE (JOLEHTPOBE)
yo,

MPUCKOPEHHS TOYKHU.
JIBi ocHOBHI 3aJa4i AMHAMIKH TOUYKHM.

I (mpsimMa) - 3a 3aaHUMK PyXOM TOYKH Ta il Macow BHU3HAYUTH CHIIM, IIIO
Ji0Th Ha TOYKY. Lls 3amada po3B'sS3yeThcsl NMUIAXOM NUQPEPEHITIIOBAHHS 3aJaHUX
PIBHSIHB PyXY 1 MiICTAHOBKOIO PE3yJIbTaTIB y piBHSAHHSA (2).

IT (o6epHeHa) - 3a 3aJaHUMU MACOIO 1 CUJIaMU, AIFOYUMHU HA TOUYKY, BUSHAYUTH
3aKOH (pIBHAHHS) pyXy TOukd. Llg 3amgada po3B'A3yeTbcs LIISXOM IHTETpyBaHHS
nudepeHIiaIbHUX PIBHSIHB PYXY TOUKH.

Sxmo npu po3B’A3yBaHHI Jpyroi 3agadi JAUMHAMIKM BUKOPHUCTOBYIOTH
nudepeHianbHl PIBHAHHS pyXy TOYKM B KOOPJAMHATHIN (OpMi, TO HEOOXITHO
MPOIHTETPYBATH CUCTEMY AU epeHIiaTbHUX PIBHIHB (2).

[Ipu iHTErpyBaHH1 KOKHOT'O PIBHAHHS PyXy TOYKU OJIEPKYEMO Bl cTaii. Y
3arajJbHOMY BHUIIQJKy MAaeMO TpH AUQEpeHIliaTbHUX PIBHSHHS APYroro MOpSKy,
TOOTO MIPH MOJBIMHOMY 1HTEIPYBaHHI OJIEPKYEMO IIICTh CTAIUX IHTETPyBaHHS, 110
BU3HAYAIOTHCS 32 MTOYATKOBUMH YMOBAM.

3amati TMOYATKOBI yYMOBH PYyXy MaTeplajibHOI TOYKHM - O3HA4Ya€ BKa3aTH
MOJIO’KEHHS TOYKH Ta ii MBUAKICTh B TOYATKOBUI MOMEHT 4acy: t = 1 ; moyaTkoBe
MOJIOKEHHSI TOYKH XapaKTEpU3Y€EThCS TphOMa KOOpAWMHATaAaMu — Xo ,Yo , Zo

MOYaTKOBAa INBUIKICTh BHU3HAYAETHCS TPbOMA MPOCSKIISIMH IIBHJIKOCTI Ha

KoopauHaTHI oci - Xg, Yo Zg-
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MOPSI 10K PO3B'SI3YBAHHSI OBEPHEHOI 3AJIAUI JUHAMIKH

1. CxiagaeMo pO3paxyHKOBY CXEMY:

a) 300pakyeMo MaTepiajibHy TOUKY B MIOTOYHUI MOMEHT Yacy Ha JUISHII
PYyXYy,

0) Moka3y€eMo BC1 aKTHBHI CHJIH, SIK1 IIFOTh HAa TOYKY, 1 peakIlii B's3ei;

B) BUOHMpaeMO cHCTEMYy KoopJuHar. Haiiuacrime BHOHMpaOTh JAEKapTOBY
CUCTEMY KOOpPJMHAT; TPHU I[bOMY TIOYAaTOK KOOPAWHAT CJiJ TOMICTUTH B
MIOYaTKOBOMY TIIOJIOKCHHI TOUYKM (HA IMOYATKy MAUISHKH), a OCi CIPSMYBaTH B
HanpsMmu i1 pyxy (Bick X - B3IOBX AUISHKH, BiCh Y - MEPICHIUKYISPHO 10 HEN).
KO TOYKa PYXA€EThCS MO KOy, TO PEKOMEHIYEThCS BUOMpATH HaTypasbHI OCI,
MPUENHABIINA 1X JO PYXOMOi TOYKH 1 CHPSAMYBABIIM JOTUYHY JO TPAEKTOpIi 3a
IIBUJIKICTIO TOYKH, a TOJIOBHY HOPMaJib - y 01K BBITHYTOCTI TPAEKTOPIi MO paaiycy
KPUBHUHHU JILJISTHKH.

2. CkJlaJaéMO OCHOBHE PIBHSIHHS JMHAMIKH 1 MPOEKTYEMO MOro Ha BUOpaHi
oci. [Ipu oMy mpoekIii BCiX Cril HE0OX1THO BUPA3UTH Yepe3 3MiHHI, Bi IKUX 111
CWJIH 3aJI€KaTh.

3. 3iHTerpyemo JBiui 3100yTi IudepeHuianbHl piBHIHHS PyXYy.

2. JloBUIBbHI CTalli IHTETPYBAHHS BU3HAYAEMO 3a JOIMOMOTOI0 IMOYaTKOBUX
YMOB pyXy TOUKH Ha KOXKHIH 3 JUISTHOK pyXYy.

[ToyaTKOBOIO MIBUIKICTIO Ha KOKHIA HACTYIHIN AUISIHIN TPOQLII0 € KiHIIEBa
IIBUJIKICTh TIOTIEPEIHBOI AUISHKH. SIKIIO MiJ 4Yac Mepexoay Tijda Ha HACTYIHY

TUISTHKY ~ CIIOCTEPITAEThCS  3AJIOMJICHHS
TPA€EKTOPIi, TO 3a MOYATKOBY IIBUIKICTh

OepyTh TIPOCKINIO0 KIHIEBOI IITBUJIKOCTI

nonepeaHboi JIISHKM Ha BICh JaHOl

ninsHkA (puc. 1):

d=a-,

V0= Vj, COS O.

Puc. 1
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BBeneHHsSM MOYaTKOBOI MIBHAKOCTI TOYKM BPAaxXOBYETHCS BIUIMB Ha il pyx
CHJI, SIKI AIIOTh Ha MaTepiajibHy TOYKY JO MOMEHTY 4acy, B3STOrO 3a MOYaTKOBUMN
(ToOTO Ha MOTIEpEAHIM TIISHII).

5. 3HaliieHl [OBUTbHI CTadl MIACTaBISIEMO B pE3yNbTaT I1HTETPYBAHHS
nvdepeHItiagTbHUX PIBHAHB pyXy Touku. [licis mepimioro iHTErpyBaHHS JICTAEMO
IIBUJIKICTh TOYKH K (PYHKIIIIO Yacy, MicJisl APYroro - piBHIHHS PyXy TOYKH (3aKOH

pyxy).
IPUKJIAJIA PO3B'SI3YBAHHS 3AJIAY

- -
Tino Baroto P pyxaeTbcst 3 TOYKH A, 3 MOYATKOBOI MIBUAKICTIO V, TIO
JOUISTHKaX BKazaHoro mnpoduro. Ha kxpuBomiHiiiHIA aiasHOl paaiyca R 1 mpu
BIJIBHOMY TMOJILOTI TLIO HE 3a3Hae omopy. Ha mimsaumi |; mie cuma teprs 3
.. . . _ 2 ‘o
koedimientom f, Ha minsgai |, — cuna omopy Fo = KmV?, mporopiiiiHa KBajapaty
MBUAKOCTI. Ha KOXHIN TIISHIN BU3HAYNUTH:
1) MIBUKICTh PYXY 3aJIEKHO BiJ 4acy 1 KOOpJMHAT, a HA KPUBOJIIHIHHIN

JUJISHII — 3QJIEKHO BiJ KyTa;

2) KIHEMaTUYHE PIBHSIHHS PYXY;

3) MIBUAKICTh B KIHIII JUISHKH;

4) qac pyxy (3a BUHSATKOM KPUBOJIIHIAHOIL JTIJISTHKH);
5) HOpMaNbHUM TUCK N y TOUKax JUISTHKY.

[Ipu nocaiaKeHH1 BUTbHOTO MOJbOTY AOJATKOBO BUSHAUYMTH:

1) TOPU30HTAJIBHY JATbHICTh MOJIbOTY;
2) HaWOUIBIITY BUCOTY MITHOMY;
3) PIBHSIHHS TPA€EKTODIT,

[Ticnst po3B’s3Ky 3aBAaHHS MOOYIyBaTH TPAEKTOPIIO TOUYKH 1 rpadik 3MiHH

HIBUKOCTI 3aJI€XKHO BiJl KOOPAMHATH X TOPU3OHTAIBHOI OCl, TPOBEACHOI 3 TOUKU

Ay IpaBOpyHu.

Cxema 0, Bapiant 0
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3.1. linguka 1 (mpaAMoJIiHiHHUI pyX TOYKM M Ti€10 CTAJUX CUJI).

P1 V01 f kl |11 |21 Rl Hl o, ﬂ; 9:
H | m/c 1/m M M M M | rpax | rpag | rpan
8 7 0,1 0,05 11 20 12 10 55 45 60
3agaHa cxema
T - £~
™
o|T|
|-4 |2 L

[lo mopcTkiii MOXWIM TOBEPXHI, fKa YTBOPIOE KyT « 3 TOPU3OHTOM

MiJHIMAEThCA MaTepialibHa Touka M Baroro P = 8 H. YV nmoyaTkoBuii MOMEHT 4acy

ii mBuakicte Vo = 7 m/c. Koeodiuient teprs f = 0,1, kyr @ = 55°. Busnauntu

3aKOH PyXy TOYKH, IIBHJIKICTh ii B KiHIII TUISSHKH J0BX)UHOIO | = 11 M, vac t pyxy

0 JTUTAIN 1 HopMaabHUM TUCK Ny KiHIN JUIsHKY (pHC. 2).

Po3p’s3annsg 1. Cknamaemo po3paxyHKOBY cxeMy (Bichb Ox  cHpsSMOBYeEMO

B3/IOBXK MOXWJIOT TUIOIIMHU 332 PYXOM TOYKH, Bichb OY - MEPHNEHIUKYISPHO 0 HE,

noJatok koopauHaT 0 po3MiCTUMO Ha TMOYATKy MiasHKH; P — Bara Touku; N -

HOpMaJIbHa peakiiis mwiomuau, F,, = fN - cuna teprs, HanpsMIIEHA IIPOTH PYXY).
p

2. CknaiaeMo OCHOBHE piBHSHHS AuHaMiku (1)
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MW =P+N+F,,, (4)

Puc. 2

a TIOTIM MPOEKTYEMO Ha BUOpaHi 0C1 KOOPAUHAT:
mx =Psina—F ,; (5)
my=Pcosa+N; (6)
OCKIUIBKM TOYKA PYXA€EThCSA B3IOBXK oci OX, 11 MPHCKOPEHHS HampsMIICHE

B3JIOBXK ITi€i OCi 1 IpoekIlis fioro Ha Bick 0y mopiBHIOE HYIO (TOOTO y= wy = 0).
Towmy 3 piBHsIHHS (6) HicTaEMO
N=Pcosa=8"cos55 =4,42H.
Toni cuna repra F,,, = fPcosa = fmgcosa .
[Ticnst miacTaHOBKY B PIBHSIHHS (5) CHIIM TE€PTS 1 AUICHHS HA Macy TOUYKH M

dv

maemo (x =W, = E):

(Z\t/: g(sine — f cosa)= 9,81 (5in 55°- 0,1- cos 55%) = 7,49 = A .
(7)
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JI1st ciportieHHs 3aMrciB MO3HAYMIIN TIPaBy YacTUHY piBHSHHSA (7), KA €
CTaJIOI0 BEJIMYUHOI0, OYKBOIO A.
3. Interpyemo nudepenitiansue piBHsAHHA (7) noaimBiiu 3MiHHI V Ta t. Tomi

jdv =jg(sina— f cosa)dt:jAdt;

(8)
V =g@ina—fcosa)t+C, =At+C,.
[aTerpyemo Brpyre (Maroun Ha yBasi, mo V =V, = %):
d—x =At+C,;
dt
[dx = [ Atdt + [C,dt; (9)

2

X = At—+Clt+Cz.
2

4. Crami inTerpyBanusi C; 1 C, BU3HAYAEMO 3a JIONIOMOTOI0 ITOYaTKOBUX YMOB
pyxy touku: t=0, X,=0, ).(0 =Vy.

[TincTaBnsgroun 3HaYSHHS MoYaTKoBUX yMOB Y (8) 1 (9), micraemo

C1=Vy (G =0.

5. 3naitneni 3naueHuss C; 1 C, MACTaBISIEMO B PE3y/IbTaTH IHTETPyBaHHS

nudepeHIliaTbHIX PiBHIHB pyXy, ToOTO B piBHSHHSA (8) Ta (9),

Omxe, piBHsHHS pyxy Touku X=f(t) 1 piBHsHHS T mBUAKOCTI V = (1)

OCTAaTOYHO MAarOTh BUTJISIA.

2 2

x=At2+VOt:g(Sina— f COSa)tZ—I-VOt; (10)

V =At+V, =g(sina- f cosa)t+V,. (11)

. . . / .
6. Yac t pyxy mo AiISHIT BU3HAYAEMO, TMIACTABISIIOYN X = —— B PIBHSIHHS
cos

(10). dicraemo kBaapaTHe PiBHSAHHS BIJIHOCHO 1, PO3B'sI3yI0UH SIKE, 3HAXOTUMO
1ioro kopeHi 1y 1 t:
4, 2

= At— +V,t;
Cosa 2

abo
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2
AU vi- f oo,
2 cosa
A l 11
Y N Y/ R —71\/72+2~7,49
- ° \/0 2( COSa') _ cos55’ _ —7%184,
A 7,49 749
2
t;=1,52c. t,=-3,39c.

Sk 6aunmo, t, Bia €MHE, TOMY CyNepeduTh (PI3UYHOMY 3MICTY 3ajadi.

[1106 BU3HAYNTH IMIBUAKICT, TOYKH B KIHIIl JUISHKH, MIJCTABISEMO 3HAYCHHS
ty B piBHsHHA (11):

V,=7,49-152+7=18,4 m/c.

[Tpumitka. OCKUIBKH pyX TOYKH € TMPSIMOJIIHIMHUM 1 PIBHOIMPUCKOPEHUM (1110
BUIHO 3 piBHsAHHA (7)), TO 3A00yTH Taki cami pe3yJabTaTH MOXKHA IPOCTIIIE,
BUKOPHUCTABIIIMA BIJOM1 3 KIHEMATHKU PIBHSHHS IS BU3HAYECHHS IIBUAKOCTI M

NepeMIIICHHS IPU PIBHO3ZMIHHOMY MPSMOJIIHIHHOMY PYyCi TOUKH.

3.2. lingnka 2 (MpAMOJIiHIHUA PyX TOUYKH i Ji€I0 CHIIH, KA 3aJ1eKUTh
Bi/Jl IIBHAKOCTI)

[To rmankiii mOXWiid IUIONIIMHI, SIKa YTBOPIOE KyT p= 45° 3 ropu3oHTOM,
CIIyCKAa€ThCSl MaTepiaiibHa Touka A Baroto P = 8 H, 3a3Haroum omip cepenoBHIIa,
nmporopIiiiauii KBagpary mBuakocti Tina Fo = kmV? (ze m - maca Tina, k = 0,05 -

KOC(QIIIIEHT MPOMOPIIIHHOCTI).
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Puc. 3.
[Ipu mepexoal TOYKM 3 MEpUIOi HA JAPYry AUISHKY CIHOCTEPIraeThes
3aJIOMJICHHSI TPAEKTOPii, TOMY ITOYaTKOBA IMIBUIKICTh TOUYKH HA JPYT1HA JUISHII
V50 = Vi cos (a - B) = 18,4 cos (55° — 45°) = 17,8 m/c.
BusHaunTti yac pyxy i MIBHAKICTh TOYKH B KiHII AUISHKH JOBXKHHOIO |, =20 M.

Posp'szanns. 1. CkiagaemMo po3paxyHKOBY cxeMmy (Bich Ox CHPSIMyEMO

- -
B3/IOBXK MMOXHJIOI MOBEPXHI 32 PyXOM TOUKHM; N - HOpMalibHa peakiis; F. - cuia
OIOPY CEPEIOBHIIA, SIKa HANPsMIICHA IPOTH PyXy) (puc. 3).

2. Cxiagaemo audepeHiiiaibHe piBHAHHSA PyXy TOUYKH Y BEKTOPHIN (hopMi

- 5> o

mW = P+ N+ Fe,

a TIOTIM MPOEKTYEMO HOTO Ha OCl KOOPAUHAT:

m v, _ Psing-F_; (12)
dt
dv

md—ty:N—Pcos,B. (13)

PiBustaast (13) MokHa BUKOpucTaTH Ui Bu3HayaHHA N  (OCKUIBKH

dav
W =—"=0):
Yoo dt )

N=Pcosfp=8-0,707 =5,65 H.

IlizcraBusmn B piBusiaas (12) Fo = kmV? i ckopoTuBimy iforo Ha Macy m,

3HAXOIUMO
Vo _ gsin g—kv? = kv —Isin g). (14)
dt k
3. [Moxinusim 3miHHI B piBHsSHHI (14), monepeaHb0 MO3HAYMBIIN IS
CKOPOYCHHS 3aIHCIB,
a? = Ysin g = X8 ginase 1387
k 0,05

i 3iHTerpyBasiim (Marwo4u Ha yBasi, o V, =V )

IV ZdYaZ - _kJ.dt'

IICTAHEMO
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1, V —-a
2a |V +a

|=—kt+C,. (15)

4.  Bu3HauaeMo CTajly IHTETpyBaHHS 3a JONOMOTOI ITiICTAHOBKH B
piBasHHES (15) mouaTkoBux ymoB: mpu tp= 0,V =V, .

V,—-a
V+a

1
C,=—In
' 2a

[TincraBumo 3HaiiaeHe 3HadeHHs C; B piBHAHHS (15) 1 3HAX0AMMO:

RN\ al Vo a\):_kt’
2a |V + a\ V+a\
abo
nV—a)lVo+ a) = —2akt. (16)
Vv +a)(V, —2)

[Morentiroemo piBHsHH: (16):

(V - a)(vo + a) — e—2akt.
vV +a)(V, -a)

3BiI[CH 3Haxoanumo IHBI/II[KiCTB TOYKH 3aJICKHO Bi,[[ qacy:

—2akt
+a)+(V, —a)e
v oot —ae s an
Vo +a)—(V, —a)e™
5. OCKiJbKY BU3HAYUTH KIHICBY MIBUIKICTH 13 piBHsIHHSA (17), He 3HAIOUM

qacy pyxy, HEMOXJIMBO, 3HAHJIEMO PiBHSHHS I BU3HAYCHHS MIBUIAKOCTI TOUYKH
3aJICKHO BiJ TpoiaeHoi Heto Bimcrani V = f(X). s mboro mOMHOMXHMO JBi

yactuHu piBHsaHHS (14) Ha 2dX:

2dV ((:jbt( =-2k(V? —a®)dx.

X

) dx . . .
3BijzICcH, 3BaXKar04uu Ha Te, 10 Vy = a JIICTAEMO PIBHSHHSA 3 BIIOKPEMIICHUMUA

3MIHHUMU
2VdV
[ yrogr =K [dx
1 TiCJIs IHTErpyBaHHs
In(V?—a®)=-2kx+C,. (18)
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Craiy interpyBants C, 3Haxoaumo 3 piBasHHSA (18) 3a monomMororo
noyatkoBux ymoB (mipu ty = 0; Xo=0; V=V, ):
C, =In(v/ —a?%).
[TigcraBnsemo 3Hainene 3nadeHass C, B piBasHHS (18):
In(vV?*-a®)-In(v, —a*) = —2kx,

V 2
I’ =% —_okx.
V, —a
[ToTeH1110eEMO OCTaHHE PIBHIHHS 1 3HAXOJIUMO IIBUAKICTH K (PYHKITIFO
MepeMIIICHHS

2 2
V:-a — —2Kx

V72 -a’ ’
V= la?+ (v -a)e?™ . (19)
IIBuaKICTh HA KIHI[l OUISHKY BU3HAYA€MO, IT1ACTaBUBIIH
L TR 2T
cosf 0,707

B piBHsHHS (19)

V,, =1/138,7+ (17,87 ~138,7)e 2°%%*2 =12,2 m/c.

6. [1{o0 BM3HAUMTH Yac pyXy TiJia 1O JTUISHIN, MiACTaBIIeEMO B piBHSIHHS (16)

3HalileHe 3HAaUE€HHS KIHIEBOI IIBUAKOCTI V.

_ (\/O_a)(\/k+a) _ _ .
t = 2ak (Vo+a)(Vk 2 a=+/138.7 =118 C;

1 i 7:8-11.8)(12.2+11.8)
2118.0.05 " 17.8+11.8)12.2-11.8)

=212cC.

k=

3.3. linanka 3 (KpuBOJiHIifHUI PyX HEBLJILHOT TOYKH)

MartepiansHa Touka M Baroto P = 8 H pyxaerbcs mia Ji€l0 CHIM Baru o
BHYTPIIIIHIM MOBEPXHI TJIAJeHBKOTO NUIiHApa paaiyca R = 12 m. ¥V moyaTkoBuid
MOMEHT 4acy KyT ¢o = 45° 1 mBuaKICTh TOukH Oyna V3o = Vy = 12,2 m/C.
BusHaunT MIBUJKICTh TOYKH 1 HOPMAJIbLHUM TUCK HA TIOBEPXHIO IMUIIHApPA B KiHIT

JUISTHKH, K0 KyT 6 = 60°.
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Po3B'sizanns. 1. CkiagaeMo po3paxyHKOBY cxeMmy (BUOMpaeMO HATypajbHI

0Cl TakK, sIK peKOMEHI0BaHO B 1. 1, po3a. 2. [Ipueanyemo HaTypaibHi OCi 10 TOUYKU

M, sJAKa 3HAXOOUTHCA B IIOTOYHOMY TTOJIOKCHHI. I[OTI/I‘{Hy T IIPOBOJHUMO 3a

Puc. 4

PYXOM TOYKH, HOpMaJib N - 1o pamaiycy (puc. 4)).
SIKII0 KpUBOJTiHIHHA TIJISTHKA € 1-TO¥O TIJISTHKOO TMPOQiIst, TO TOYaTKOBHIA KYT

BU3HaUYaeThesl Tak: ¢= 90° - @, 1e o - KyT NOXWIYy MONEpPeaHboi NUIsHKUA. Ha

N —
TOYKY JIi€ cuia P 1 HopManbHa peakiis N TiajeHbKoi MOBEpXHi.

> >

N
2. CkilaaeMoO OCHOBHE PIBHSIHHS TWHAMIKHA B BEKTOPHIii popmi MW = P+ N

1 IPOEKTYEMO MOro Ha HaTypaJibHI OCI:

mc:j—\tlzZFkrchosw; (20)
VZ
mF:ZFknzN—Psin(p. (21)

Ockinbku BuxigHe mudepeniianbue piasausa (20) mae tpu 3minHi (V, ¢, t),
NepeTBOPUMO Horo. s boro MOMHOXHUMO OOUIBI MOT0 YaCTUHU HA d@ 1 MICIA

JJIEHHS HA M 3100y1eMO

do
dvV —-=gcose-do.
at g @-Ap
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do \Y . . .
YpaxoByrouu, 110 G @=g AicTaemo nudepeHIianbHe PiBHSHHS 3

dt
BiJIOKpPEMJICHUMH 3MIHHUMHU.
3. 3iHTerpyemMo 3100yTe pIBHSIHHS:

IVdV = RgJCOS(p-d(p.

[Ticist iHTErpyBaHHS MaEMO

2

V?=RgSin(D+C.

Crany iaterpyBanHs C 3HaXOIUMO 3a JOMTOMOTOIO TTOYaTKOBUX YMOB

t0=0, @ = @o, V=V0:

2 2

V, . Vv .
7°:Rgsmgoo+c; C:7°—Rgsmgoo.

V2 V2
4, 3Biacu o= Rg singo+7°—Rg sin ¢,
a MBHUAKICTh TOYKH
V= \/VOZ +2Rg(singp—sing,) . (22)

[IBuaKkicTs 1 B KiHui gistHKH (IpH @, = @o + 0 = 45° + 60 = 105°)

V, =+VZ +2Rg[sin(g, + ) —sin g, ] = 12,22 +2-12-9,81(0,966 — 0,707) =14,5 m/c.
Hopmainbny peakiiro N Bu3HaunMo 3 piBHSHHS (21).
IIpu V =V, .= po+6 onepxxumo

V2 8-14,5

N = ™% 4 psin(p, +6) = +8.0,966 = 22 H.
R 9,81.12

5. o6 BM3HAUMUTU 3aKOH PyXYy TOUKH MO TPAEKTOPIi, HEOOXITHO PIBHSHHS
(22) sinTerpyBaTH Opyrui pas, BpaxoBYIOUYH, 10
V= ds S

=—, Q= .
dt R
Tom1 nicng AUIEHHS 3MIHHUX MaTUMEMO

J‘ ds =J.dt
\/VOZ +2Rg(sin2—sin ®,)

[nTerpan, sikuil CTOITH Yy JIBiMl YacTHHI, B e€JleMEHTapHUX (QYHKLISIX He

BUPAKAETHCS 1 MOKE OyTH MPUOIM3HO 3HANACHUI OJTHUM 13 YUCETBHUX METO/IIB.
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3.4. linsinka 4 (KpuBOJIiHiliHNI pyX BUILHOI TOYKH)

MarepianbHa Touka Baroto P = 8 H, kunyte 3 Bucotd H = 10 M 3 mO4aTKOBOIO
mBHIKICTIO V4o = V3= 14,5 M/C mix kyToM y = 15° 10 TOPU3OHTY, pyXa€eThCs i
BIJIMBOM CHUJIU TSOKIHHA. 3HAWUTH PIBHSHHS TPAEKTOPIl PyXy TiJia, TOPU3OHTAIIbHY
JaJbHICTh TOJIbOTY, Yac TOJBOTY 1 IMIBUAKICTH Yy KIHII JUISTHKH, a TaKOX
MaKCUMaJIbHY BUCOTY MiHOMY TOUYKH.

Pos'sizanns. 1. CkilagaeMo po3paxyHKOBY cxemy (BUOMpaEMO JIeKapTOB1 OCI

TOMY IIIO TPA€EKTOPii B ABHOMY BHIJISAI HEMAE; MOYATOK KOOPAUHAT BUOMPAEMO B

N
MMOYaTKOBIN TOYIll ITIOJBOTY, BEKTOP II0YaTKOBO1 IMBUAKOCTL V o HaHpHMHeHI/Iﬁ I10

JOTUYHIN 10 podisis monepeHboil AUITHKH (pHcC. 5)).

v _ -
/ '
0 h
Y M X
5.
.Hma}{ .
H
L.
Puc. 5.

2. Cknamaemo nudepeHUianbHe PIBHIHHA PYXY TOYKH y BEKTOpHINA ¢opmi

—

5
mW =P 1B IpOEKIisAX HAa BUOpPaHi OCI:
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( X = 0; [ dv, =0;

dt

dv
4 md—ty:—mg ; 4 dv, =—gdt. (23)
\ \

3. InTerpyroun cucremy piBHSHB (23) nBidi, JICTAEMO 3aJI€KHICTh IITBUJIKOCTI

TOYKH BiJl 4acy Ta MapaMeTpU4Hi pIBHAHHA PYXY:

vV, =C,; jdx:Cljdt; x=Cit+Cy;

2
V, =gt+C,; [dy=—gtdt+C,[dt; y=—%+C2t+C4. (24)

4. Crani iaterpyBanns C;, C,, C;, Cy 3HAXOIUMO, M1JICTABUBIIN B CUCTEMY
piBHsIHB (24) MOYaTKOBI YMOBU
tb=0, Xo=0, Vi =V,cC0sy;
Yo =0, Vyo=Vpsiny.

3no6ynemo: C; = Vq cosy; Co=Vq siny; C3= C4, = 0.
5. ITicns migcranoBku Cq 1 C, ogepkyemMo hopmymy NIl BUSHAYCHHS

IIBUJIKOCTI TOUKH B IIPOEKIIIAX HA OCI
Vy =V, COs y;
{ Vy=Vpsiny—gt. (25)
BinnosinHo Mogyns mBuAKocTi V = (V7 +V 7 .
[TapameTpuyHi piBHSIHHS PyXY:

X =VyCos yt; (26)

2
y:VOSinyt-%. 27)

6. PiBHSIHHST Tpa€ekTOpii JiCTaHEMO, BUKJIFOUMBIIIHN Yac B PiBHIHB (26) 1 (27):

X
V, cosy’

t

gx? 981-x> .
- ————=0,268x - 5 =
V,cosy 2V, cos®y 2-14,5° -0,965

y=V,siny (28)
y =0,268 x — 0,025 x* — e piBHAHHS MapabOIIH.
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7. Yac 1 7anpHICTh IOJIBOTY 3HANAEMO, TIJCTAaBUBINY B PiBHIHHS (26) 1 (27)
X=Ly=-Ht=T:

2

—-H =V,sinyT —g%.
3BIJICH Yac pyxy

T, = 1[\/0 siny +VZsin? y +2gH] = 9i81[14.5-o,259 +,/14,52-0,259° +2-9,81-10];
‘g

I'=186¢c, To=-11c

[TimcTaBuBIIM 3HAMACHE TOAATHE 3HAYCHHS 11 B piBHSIHHS (26), BU3HAYUMO

I[aJ'II)HiCTB IMOJIbOTY

X=L=Vycosy T; =14,5 0,966 1,86 = 26,1 m.

8. llIBuaKICTh TOYKH B KIHIIl TIOJIBOTY

V,, =+/(14,5-0,966)> + (14,5-0,259 — 9,81-1,86)* = 20,2 Mm/c.
9. Buznauaemo MakcuMasbHy BUCOTY H TiiiOMy TOUKH .
B naiiBumomy nonoxensi Touku V, = 0. Iligcrasistoun V), = 0 B piBHAHHA

(25) Bu3HaUAEMO Yac HAWOLIBIIOTO i AHOMY TOUYKH

- - 0
(- V,siny _145sin150" _ 0,382 C,
g 9,81

a 3riHO 3 piBHIHHSA (27) BUCOTA i1 MiAHOMY TIOPIBHIOE

2

2
Mo = Vo SINY Ly = gt;k“ ~145sin15° -0,382 — 201 03827

excm ekct

=0,71 m..
Tomi
Hmax = H+hewen = 10 +0,71 = 10,7 m.
IIpu mpomMy KoopauHATa, SKa BIAMNOBIAAE HAWOUIBIIOMY MiAHOMY TOYKH
3T1JIHO 3 pIBHSHHAM (26), Oyze:
Xocemp = Vo COS 1 = 14,5¢c0s15° - 0,382 = 5,35 m.
J1J1st mIepeBipKU CKOPUCTAEMOCH PIBHSHHSM TPAEKTOPIT pyXy TOUKH (28)
0=0,27-2"0,025 X_xcnp,
3BIIKA

21 = 5 43 =535m.

0
)(ekcm = ,
P 0,05
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3.5. lIpukaan nodyaoBu rpadika mBHAKOCTEl

Jlns  moOymoBu rpadika IMIBUAKOCTEH PO3IJITHEMO 3aJIEKHOCTI  MIXK

KOOpPJIMHATAMH Ta IMIBUIKOCTSIMH Tijla HA KOKHIM JIJISTHITL.

Jlinsiaka 1 0<x <ly, (x,= X ).

cos
JI7iss BU3HAUYEHHS MIBUIKOCTI B 3aJICXKHOCTI BiJf KOOPIUHATH CKOPHCTAEMOCS
BHUpazoMm (7)
CLA
dt
[ToMHOXXMMO JIiBy 1 MpaBy YacTHMHHM 3allMCAHOTO pIBHAHHA Ha dX; 1

NpUIMarouu J0 yBard, o % =V, nmpoiarerpyemo VdV = A dx;:

2

V?:Axl+C,

ne C crana iHTerpyBaHHs, Ky BU3HAYA€MO 13 MOYaTKOBUX YMOB: Xo = 0; V=V,

) i (VA .
ITigcTaBisArouYn MO4YaTKOBI YMOBH, oAepKUMO C = 70 1 B1AIIOB1JHO

V, =/2Ax, +V? .
BusznauaeMo 1IBHIKICTE:

. x .
npu x =3M, X =——o7:
Cos o

3

Vl' = \/2-7.49 +7? =113 M/c;
cos55°
Ipu X=6Mm; x, = al
CoS
. 6 ,
V :\/2-7.49 +7° =143 M/C;
c0s55°
|
npux =L =11 m; x, =—2—
P ! > cosa
11 ,
V, = [2-7.49 +72 =184 m/c.
cos55°
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Mingaka Il L <x <A1+ 1), (xp= x=l, ).

cos B

ILJISI BU3HAYCHHA I]IBI/II[KOCTi B 3aJIC)KHOCTI Bi,ZI KOOpIHHATH Ma€MO piBHHHHSI

(29):

V, = \/a2 + (Voo —a®)e ™

IIpu x = I1+|—2=12+§=17M;x2 __L
4 4 4cos g

20

, -2.0,06———
V, = J138,7 +(17,8° -1387)-e  “077 =[5 6 m/c;

npu X:|1+|—2:12+§:22M,' X, = ,
2 2 cos S

20

i -2.0,05———
V, = \/138,7 +(17,8* -138,7)-e %"= [35 m/c;

mpr x = |+, = 12 420 = 320, x, = Co';ﬁ

20

-2.0,05——
V,, = \/138,7+ (17,8 -138,7)-e " =122 m/c.
HMinsuka II1 - (907 - B) < <(90°- f + 0)

[IBuakicTs BU3HaA4YaeMO 3a popmyoro (22)

V, = V2 +2Rg(sinp—sing,) .

0 ., 60° 6
IIpn ¢ =@, +Z:45 +T:60 OZIEPKUMO

V, = /12,2% +2.12-981(sin 60° —sin15°) = 12,4 m/c;

60’ _

npu ¢ =@, +—=45" + 75
PHA @ =@, > 4

V, =412,2% +2.12.981(sin 75° —sin15°) = 14,5 w/c;

npu ¢ =@, +06
V.. = 14,5 m/c;
pu ¢ = 90°

V. =412,2% +2.12-9,81(sin90° —sin15°) = 14,8 wm/c.

Minska IV [+ b+ 1(p) J<x < [+ L+ ls(0)+ 1]
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[IBUAKICTH B 3aJI€KHOCTI BiJl KOOPAWHAT BU3HAaYaeMO 3a popmynamu (25) ta

(26)

X4 = V, COS yt; Vo= V2 +V2;

Vi = V4 COS v, Vay = Vg Siny - gt;
— X
V, cosy
26,1

IIpu x =1, +1, +I3(¢)+IZ4:12+20+12+T =50,5m

26.1

=— "~  =0,466¢,
4.14 5c0s15°

V, =/(14,5c0s15°)? + (14,5sin15° —9,81-0,466) = 14 m/c;
I x:|1+|2+|3(¢)+'34 =57,05m

26.1

=———— =0,932¢c,
2-14,5c0s15°

V' =./(14,5c0s15°)% + (14,5s5in15° —9,81-0,932)% = 15 m/c;
mpu x, =l +1, +1,(p)+1,= 70,1 m

26.1

=——— =186¢,
14,5c0s15°

V' =.(14,5c0s15°)% + (14,5sin15° —9,81-186 - 6)2 = 20,2 m/c.

[lo orpumMaHuM 3HaYeHHAM OyayemMo rpadik IMIBHIKOCTI PyXy TOYKH IO

JUISTHKAX TPOo(]1II0 3a1€KHO BiJl KOOPIUHAT.
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4. KOHTPOJIbHI 3ATIMTAHHSI JIO KOHTPOJIHOI POBOTH Ne3
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1. ChopmymroBaTi OCHOBHI 3aKOHH MeXaHiku (3akoHu HeloTOHA),

2. Slky cucteMy BIAJIIKY Ha3UBAIOTh 1HEPIIATBHOIO ?

3. JlaiiTe BU3HAYCHHS MacH, MaTepiaabHO1 TOUKH, CUJIH.

4. 'Y 4yoMmy BIIMIHHICTb HATYypaJbHOI CUCTEMH OCEH BiJ] IEKapTOBOi?

5. 3anumnth audepeHIiaNbHE PIBHSAHHS pPyXy MareplaibHOI TOYKH B
JIEKAPTOBUX KOOPAMHATAX; Y HATYPAIbHOMY BUIJISI/II.

6. CdopmymroiiTe 1B OCHOBHI 3agadi JWHAMIKHM MaTepiaJibHOT TOYKH. 3
JIOTIOMOT' 01O SIKUX MaTeMaTHYHUX OIepalliii BOHU PO3B'A3YIOThCs?

7. CKIIbKM CTaquX IHTETPYBaHHS BXOJIUTh Y 3arajbHUMl PO3B'S30K
nu(epeHIlaIbHUX PIBHSIHB PyXy MarepiaabHOI TOUKH, SKILO BOHA PyXA€ThCS:

a) y3JIOBX MPsIMOI1; 0) Ha IUIOIIKHI; B) Y IPOCTOPi?

8. Sk BU3HauUalOThCA CTaNl IHTETPyBaHHS?

9. o Take mOYaTKOBI YMOBH PyXy MaTepiaJibHOi TOUKH?

10. fki 0coOIMBOCTI pyXy MaTepialibHOT TOYKH MiJI JI€I0:

a) cTalmMx CHJI; 0) CHJI, SIKi 3aJIe)KaTh Bij 4acy; B) CHJI, SKi 3aJI€KaTh Bij
IIBUIKOCTI TOUKH?

11. BkaxiTh MOJIOKEHHS TOYKM Ha KOXKHIM JUISHIN TPOoQiis, HA SIKOMY
BOHA Ma€ HAMOUIBITY MIBUJIKICT PYXY.

12. Ak Bu3HAyaeTbcs MAIBHICTh IIOJIBOTY TOUYKHM Ha MJUISHI BUIBHOTO
MOJbOTY?

5.3ABJAHHSA 10 KOHTPOJILHOI POBOTH

MarepianbHa TOYka Baroro P pyxaeTbcsi 3 TOYKM A, 3 TOYATKOBOIO
mBUIKICTIO Vo MO JUISHKax BKazaHoro npodumo. Ha xkpuBoOmiHIMHIA AiASHIN
pamiyca R i mpu BUIBHOMY HOJIBOTI TOYKa He 3a3Hae omopy. Ha mimstami |y aie cuna
Tepts 3 koedimientom f, Ha mimsHni |, — cuma omopy Fo = kmV?, mpomopuiiina
KBaJpaty mBUAKOCTI. Ha KOXHI MIISHINI BU3HAYUTH:

1) IIBUJKICTh PYXY 3QJIEKHO BiJ] Yacy 1 KOOpJMHAT, a Ha KPUBOJIIHIHHIN

JUJISHII — 3QJIEKHO BiJI KyTa;
2) KIHEMaTUYH1 PIBHSHHS PYXY;

3) IIBUJIKICTh Ha KIHI[l JUISTHKH;
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4) qac pyxy (3a BUHATKOM KPHUBOJIIHIMHOI TIISTHKH);

5) HOpMaJTbHHM TUCK Ny TOUKax MiISTHKH.

[Ipu pociiaKeHH1 BUTBHOTO MPOJIbOTY 10JAaTKOBO BU3HAUNTH:

1) ropH30HTaIBHY HAJILHICTH MOJIBOTY;,

2) HaHOIIBIIY BUCOTY MigHOMY;

3) piBHSHHS TPAEKTOPII,

[Ticast po3B’s3Ky 3aBAaHHS MOOYAYyBaTH TPAEKTOPIIO TOYKU 1 rpadik 3MiHU

IIBUJIKOCTI 3aJIe)KHO BiJl KOOpAUWHATH X TOPU3OHTAILHOI OCi, IPOBEACHOI 3 TOUKH

Ay npaBopyy.
Cxemu AUISTHOK TTPOQ1II0 B3ATH 13 pUc. 7- 9, a YMCIOBI AaHI1 13 TabauUII
Tabmuis
Bapianu | P, H Vo, f kK, 1/m | Iy, ™ R, m I, m H, m
M/c

1 10 3 0,1 0,05 20 8 14 20
2 7 4 0,25 0,12 15 8 5 18
3 3 2 0,20 0,10 20 12 10 16
4 5 5 0,15 0,08 15 14 10 20
5 2 0 0,35 0,10 10 10 4 14
6 4 10 0,3 0,16 20 10 8 20
7 6 2 0,2 0,14 30 10 15 15
8 8 5 0,25 0,06 2 15 12 10
9 10 4 0,1 0,02 20 8 12 15
10 12 5 0,15 0,08 18 15 10 18
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