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Katseandmete tabel

Poordliikumise diinaamika pdhiseaduse kontroll.

D=........ i cm, g=.........x.........Ccm, R=......... £.
Katse| Mass Langemise aegt, s
nr. m, kg ] to t3 {4 {5 t
1.
2.
3.
4,
Katse| Mass Skaala nait 5 cm
nr. m, kg | Ny N22 N23 N24 N2s n,
1.
2.
3.
4,
h=np-m=.... — e = .. cm.
hii1=ng-N,, =......... — e S e cm.
hi=ng N, =......... — e = cm.
hiz=ng ", = ......... — e S e cm.
hia=ng—Ny=......... — s = cm.

.. cm.



Arvutused ja veaarvutused

Kuna kasutatud koormiste lubatud pdhiviga on 0.03 g, mis on suurusjargu vorra tapser
kui koormiste endi massid, vdib selle vea arvestamata jatta. Samuti vdib mitte arvestada
volli diameetri viga.

Moodetud aja vea arvutamine

t3,0.95 =32

L3 (1, -1)?=1.676010°s

.n t _t— 2 . -3
2Lt -0° _go. |L6760107 ) asaia
n-(n-1 4.3

2. Y (t, -T)*=0.021900s
"t —1)? /
At, =t ,- z'=1(—'):3_2. M: 0.13670s
’ n-(n-1 4.3
3. > (t-)’=1.100010"°s

"t —1)° 11073
sty ot 2 o0 gy [L1000107 ) ese
’ n-(n-1 4.3

4 3 (t,-1)*=4.600010°s
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n-(n-1) 4.3



LangemiskGrguse h vea arvutamine

1. > (h—h)*=8.760-10*m
" (h—h)? | 107
Ah =t , 5" z':l(—') =3.2. m =2.734-103%m
' n-(n-1 4.3

2. 4 i _
Y. .(h—h)*=6.200-10"m
" (h—h)? / 107
Ah, =t_, 5" zl=l(—') =3.2. M =7.274103°m
’ n-(n-1 4.3
3. 4 = .
Y. . (h—h)*=227610"m
" (h —h)? / 107
Ah, =t 5" zlzl(—') =32 ﬂ =4.407-103m
' n-(n-1 4.3
4 — .
4.3 (h~h)*=1.700-10° m

" (h —h)? [1.700-10°
Ah, =t _, 5" zlzl(—') =32. M =3.809-10°m
’ n-(n-1 4.3

JOoumomentide arvutamine

M :mD(ﬂ_gj
h+h t

D = 0.04000 m

g:9.8183—”21

h=1.035m



. Uhe koormise korral
m, = 0.1037 kg
t=13.733 s
h;=0.8832m

9.818-:0.8832  1.035
1.035+0.8832 13.73%

M, =0.1037 0.04000[ j =0.01326N-m

. kahe koormise korral
m, = 0.1475 kg

t, =11.575 s

h12 =0.9110 m

9.818-0.9110 1.035
1.035+0.9110 1157%

M, =0.1475 0.04000( ) =0.01939N - m

. kolme koormise korral
mz = 0.1914 kg
t3=10.225 s

h13 =0.9262 m

9.818-0.9262  1.035
1.035+0.9262 10.22%

M, =0.1914- 0.04000( j =0.02560N - m

. nelja koormise korral
m, = 0.2349 kg
t4,=9.2200 s

h14 =0.9365m

9.818-:0.9365 1.035
1.035+0.9365 9.2200°

M, =0.2349. 0.04000( j =0.03165N - m

Joumomentide vigade arvutamine

M :mD(ﬂ_Dj
h+h t?

o 0 oo 25 725

oM 2h) 2-m-D-h
———=m-D- — ==
ot t t



B 8M 2 aﬂ 2: mz'Dz'gz.hz. ) 4-m2-D2-h2. 2:
AMJ(ahl Ahlj +[8’[ Atj \/ (hin) (Ah)” + 5 (At)

0.1652-m? 6.856-10°%-m?
=\/m'(ﬂh)z+ e (At)

1. m = 0.1037 kg
hy; = 0.8832 m
Ah,, = 0.002734m
t =13.733 s
At, =0.037818s

-(At,)? =3.132.10° N-m

1

0.1652- n? . 6.856.10° - m?
) (1.035+hu)4'( ) ¢

2. m=0.1475 kg
h>,=0.9110 m
Ah,, =0.007274m
t=11.575s
At, =0.13670s

0.1652 m? , 6.856.10°-m | _4
M,= [ ———(A + -(At,) =1.152-10" N-m
[t o, + ST ()

3. my = 0.1914 kg
his = 0.9262 m
Ah,, =0.004407m
=10.225s
At, = 0.030638

0.1652- m? , 6.856-10°- 2 5
M,= | —— 2. (Ah ) + -(At,)* =8.914-10° N-m
e R

4. my = 0.2349 kg

h4 = 0.9365 m
Ah,, = 0.003809m
t,=9.2200 s

At, = 0.06265%



6.856.10° - m’
£° '

(At,) =9.358:10° N-m

4

_ [ o0a652.m; )
_\/ (1.035+h,)* (Ah)"+

Nurkkiirenduste arvutamine

_ 4-h
D -t?

&

h=1.035m
D =0.04000 m

1. t; =13.733 s

_ & hz = 0.548812
D-t; S

&

2. t,=11.575s

g =—N —0.772512
S

> =
)

3. 1,=10.225 s
_ 4-h 1

8 =7 = 09900

4. 1,=9.2200 s
_ 4.h

D-t;

&, = 1.218%2

Nurkkiirenduste vigade arvutamine

Kuna D ja h on loetud konstantideks, saame

2
Ag:g. 2.(%} :\/E-g.%



At, =0.037818s

Ae, =2 ¢ A 1.4142-0.5488-M8= 0.002137i2
t 13.733 S

1

At, = 0.13670s
V25,2 1414207725 213070 _ 5012901
11575 s
At, = 0.030638
— V25,2 _14142.09000. 2239°38_ 4 0041951
10.225 s

At, =0.06265%

Ae, = =+/2. &, =1.4142-1.218 0.062652_ 0.0117012
9.2200 S

Suhteliste vigade arvutamine

M;=(0.01326 + 0.00003) Nm, usutavusega 0.95.

AM, 1 00, _ 0:00003
M, 0.01326

o= -100% = 0.23%

M,=(0.01939 £ 0.00012) Nm, usutavusega 0.95.

AM, 190, _ 000012
M, 0.01939

o= -100% = 0.62%

M1=(0.02560 £ 0.00009) Nm, usutavusega 0.95.

AM, 0.00009

o= 00% = 50 100% = 0.35%

3

M,=(0.03165 + 0.00009) Nm, usutavusega 0.95.

AM, 0.00009

o= -100% = 65-1OO%= 0.28%

4



e, = (0.5488+ 0_002])8_12 , usutavusega 0.95.

o= &-100%: %-100%: 0.38%
0.5488

€

1
g, =(0.7725% 0-0129? , usutavusega 0.95.

Ae, 0.0129

o= -100% = ———-100% =1.67%
0.7725

€,

e, = (0.9900+ 0.0042)Si2 , usutavusega 0.95.

Ac, 0.0042

o= -100% =———-100% = 0.42%
0.9900

€3

1
g, = (1.218+ 0-012)3—2 , usutavusega 0.95.

8¢4 100% = 292210096 = 0.99%
1.218

o=

€4



Joumomendi soltuvus nurkkiirendusest




Inertsimomendi ja tema vea arvutamine

My —M, 0.0230-0.0147
£y —E, 0.90-0.60

| = =2.77-107% kg-m?

Esimese eksperimentaalse punkti kdrvalekalle lahendusjoonest on 0.

AM, =3.132:10° N-m

Kolmanda eksperimentaalse punkti kdrvalekalle lahendusjoone$t7 a0 * N-m

Sama punkti siistemaatiline vigab8-10° N-m . Seega

AM, = /(1720 ) +(L9-10°f =1.7-10"* N-m

A JaM, ) +(am, (313210 +@.7-10*F £ 810 ko
- £5 —Ep - 0.90-0.60 T J

| = (0.028 + 0.001) kg M usutavusega 0.95.

o= g'100% = M5-100% =217%
I 0.0277



Jareldus

Arvutuste tulemused:

M;=(0.01326 + 0.00003) Nm, usutavusega 0.95.

_AM, 150, _ 000003
M, 0.01326

o -100% = 0.23%

M»>=(0.01939 + 0.00012) Nm, usutavusega 0.95.

_AM, 00, _ 000012
M, 0.01939

o -100% = 0.62%

M5=(0.02560 £ 0.00009) Nm, usutavusega 0.95.

_AM, 0, _ 000009
M, 0.02560

d -100% = 0.35%

M,=(0.03165 + 0.00009) Nm, usutavusega 0.95.

_ My 1009 0'00022- 100% = 0.28%

d 00%

4

e, = (0.5488+ o_oozj)i2 , usutavusega 0.95.
S

~ 2% 10006 = 29921 10006 - 0.38%
0.5488

0

€

1
g, =(0.7725% 0-01298—2 , usutavusega 0.95.

Ag, 0.0129

o= -100% = -100% =1.67 %
0.7725

€,

g, = (0.9900+ 0.0043% , usutavusega 0.95.
S

Ac, 0.0042

0= -100% = -100% =0.42%
0.9900

€3



1
g, =(1.218+ 0-012)5—2 , usutavusega 0.95.

Ae, 0.012

d -100% = —--100% = 0.99%
1.218

€,

| = (0.028 + 0.001) kg M usutavusega 0.95.

o= E-100% = M-lOO% =217%
I 0.0277

Jareldus.

Kuna katsed olid teostatud suure tdpsusega, on vead mdne protsendi piirides. Graafikult
naha, et inertsimoment oli kéesolevas katses konstantne. Katsetulemused kinnitasid
poordliikumise diinaamika pdhiseaduse kehtivust. Kasutatud metoodika sobib selle sead

kontrolliks.



Spikker

Joumoment on suurus, mis iseloomustab keha(de stisteemi)le mgjuvaid jdude ja mille
sOltub keha pddrlemise muutus.

Joumomendi suund on maaratav vektarifpunktist O jou rakenduspunkti tdmmatud
vektor) jaf (rakendatav jdud) vektorkorrutise reegli jargi.

VOrdse suurusega ja vastassuunalised joéud on ekvivalentsed.

JOupaari moodustavad kaks suuruselt vordset ning suunalt vastupidist joudu, kuid mill
mojusirged ei Uhti.

Ainepunkti inertsimoment on tema massi ja p6orlemisraadiuse ruudu korrutis.

Keha inertsimoment on selle keha kdigi ainepunktide inertsimomentide summa

Igal kehal on 3 vastastikku risti asetsevat ning keha inertsikeset labivat telge.

(inertsi peateljed). Uldjuhul on keha inertsimomendid peatelgede suhtes erinevad.

Kui keha p6orleb tingimustes, kus puuduvad vélismdjud, siis osutub pusivaks

ainult p6oérlemine peatelgede tmber, kus inertsimoment on kas min vdi max.
Poorlemine Umber telje, mille suhtes inertsimomendil on mingi vahepealne vaartus,
on ebapdsiv. Seega, inertsimoment oleneb sellest, kuidas poorlemistelg on seotud
peatelgedega.

7. Inertsimoment on vordeline jbumomendiga ja p66rdvordeline nurkkiirendusega.
8.
Kulgliikumine Poordliikumine
mw =T [, A=M,
p=mw LZ = Iza)
dp/dt=f dL/dt=M
f —joud M vOi M, — jdbumoment
m — mass |,— inertsimoment
v — joonkiirus @  — nurkkiirus
w — joonkiirendus B — nurkkiirendus
p — impulss L — impulsimoment
9. Keha vaba telg on po6rlemistelg, mille asend ruumis sailib, ilma et talle peaksid mojur

mingid valisjéud.

10.Jah.



