3enenckuii B.U., Tuxomupos 10.B.

I/IsyquI/Ie KMHCMATHUKHU NTOCTYIATCIIBHOT'O JIBUKCHUSA
(JTaBopaTtopHsIit KOMIUTEKC «OTKpBITas PU3UKAY)

Metoanyeckue yka3aHHs MO BBITIOJIHEHUIO J1a00PaTOPHOM pabOThI

Beenenune

[enpro paboOTHI SIBIISIETCS
3HaKOMCTBO C IPUMCHCHUCM (1)H3Hq€CKOfI MOJCIIN MaTCpHaibHAasA TOYKA,
HCCIIeIOBAaHUE PABHOYCKOPEHHOTO JBM)KEHHUS MaTEPUATBHOMN TOYUKH,
IKCIIEPUMEHTAILHOE OMPEICIICHUE YCKOPEHHS CBOOOHOTO TIaICHUSI Ha TIOBEPXHOCTH 3EMJIH.

1. Kparkas Teopusi

Matepuajbnas Touka (MT) - 310 aGcTpakTHBI 00BEKT (MOJENb), HE UMEIOIIHHA pa3Me-
POB, HO O0JAAIONIUI APYTUMH XapaKTepUCTUKaMH peanbHoro Ttena. IlonoskeHne marepuanbHOM
TOYKH B JIEKAPTOBOM CUCTEME KOOPAMHAT ONPEIENsAeTCs TpeMs koopauHaramMu X, Y, Z .

JIBuKeHHEe MaTepUaIbHON TOYKH C IMMOCTOSTHHBIM YCKOPEHUEM B OOIIEM CITydae OIMHMCHIBACT-

Csl CUCTEMOM ypaBHEHMI
2
Z

at y a
x:x0+v0Xt+T, y:y0+v0yt+T, Z=127,+V,,t+ =

v, =Vo, +a,t, v, =V, +at, v, =v,, +at
3nech
X,y Y1 Z, — KOOPJMHATHI TOUKU B HaUaJIbHBII MOMEHT BpeMenu t = 0.

X, Y, Z - xoopauHaTBI TOYKU B MOMEHT BpEMEHH L.

Vo1 Voy 1 Vg, — TPOEKIUHU CKOPOCTH HA OCU JEKAPTOBOM CHUCTEMBI KOOPJMHAT B HAYaJIbHBIA MOMEHT

0x? "0y?
spemenn t =0.
V,,V,,V, — IpOeKI1n CKOPOCTH HA OCU JIeKapTOBOM CUCTEMBI KOOPJMHAT B MOMEHT BpeMeHH { .

a,,a,,a,— mpoeKIHn yCKOPEHHs Ha OCH JIEKApPTOBOM CUCTEMBI KOOPIMHAT.

IIpu sTOM
a, = const,ay =const,a, =const.

PaccmoTpuM 3amady o JBMKEHUH Tella, OpPOIIEHHOTO HaJI MOBEPXHOCTHIO 3€MIIM B OTCYTCT-
BHE CHJI TPEHUS U COMPOTUBIEHUS, pUCYHOK 1.1. B 3TOM citydyae ypaBHEHUs IBM>KEHUSI UMEIOT BT

X =V, cosa -t, (1.2)
2
y:y0+vosina-t—%, (1.2)
V, =V, Cosa, (1.3)
v, =V, sina - gt. (1.4)
3n1ech

0 — yckopeHue cBOOOIHOTO MaAeHUs BOJIM3U MOBEPXHOCTH 3eMITH.

OO6o3HauNM
T - MOMEHT BPEMEHH, B KOTOPBIM MaTepHUaJIbHAs TOUKA HAXOJUTCS B HAWBBICIIEH TOYKE CBOEH Tpa-
€KTOPHH.



Ipu stom V, = 0. U3 (1.4) momyunm

Vv, Sina

T=—". (1.5)
g
[loacraBuB HaliieHHOE 3HaYeHue B (1.2), momydunm
sina
n=Yo+t—V, . 1.6
Yn=Yo+ = (1.6)

I'paduxk 3aBucumoctu y = f (VO) JOJDKEH TIPEJICTaBIIATh Mmapaboiry (pucyHox 1.2).

OnHako 1O BUAY KpUBOHM Ha Tpadyike HENb3s OJHO3HAYHO YTBEPKAATh, YTO HKCIEPUMEHTAIHHO
MIOJIy4Y€HHAas 3aBUCUMOCTbh JIEHCTBUTEIBHO COOTBETCTBYET MMEHHO 3aKOHY (1.6) .
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Pucynok 1.1 — TpaexTopust ABMXEHHS MaTepUaTIbHON TOUKU
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Pucynok 1.2 — I'padik 3aBUCHMOCTH MaKCUMaJIbHON BBICOTHI MaTepHaIbHON
TOYKU OT HadyaJbHOM CKOPOCTU

CnenaeM 3aMeHy



Y=Y, X=V,,
k = M,
29
JanuiieM
y =Yo+kx (1.8)

I'padux nmuneapuzoBanHoOM QyHKIMH (1.8) MOMmKeH OBITH MPSIMOM JTUHHEH, YTO JIETKO TPO-
BEPHTb.
VYrnoBoit koapunment rpadguka Ha pucyHke 1.3 MOXKHO HaiTH 1o popmyrie

A
_ AWn), (1.9)
A(v,")
N3 (1.7) - (1.9), nony4unm Gopmyiy JUIsS BBIYUCICHUS YCKOPEHUST CBOOOIHOTO TaICHUS
_sin’a
2k

(1.7)

(1.10)
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Pucynox 1.3 — JIuneapuzoBaHHbIN Tpaduk

2. MeTonnka u3MepeHMit

2.1. Ha paboyem cToyie MOHUTOpA HaiiiuTe SApablk mporpaMMbl «OTKpbITasg @usukal.l».
[lenxHUTE MO APIJIBIKY KYpCOPOM MBIIIH U 3aITyCTUTE IPOrpamMmy.

2.2. Beibepure: «Mexanuka», «CBo00gHOE Ma/IeHHE TeJD».

2.3. BHuMaTenbsHO paccMOTpHUTE OKHO dKcriepuMenTa (Puc. 2.1), Haliute Bce perynsTopsl U
Jpyriue OCHOBHBIE AJIeMEHTHl. KHOTIKM BBEpXY KapTHUHKH SBISIOTCS ClyeOHbIMHU. HasHadueHue ka-
KJOW KHOIKHM MOXKHO y3HaTbh, €CJIHM PacCHOJIOKUTh KypcOp MBIIIM HaJ KHOINKOM TedyeHue 1-2 ce-
KyH] (0€3 Ha)kaTUsl KHOTIOK MBIIIIN ).

2.4. Bo BHyTpeHHeM okHe «CB000AHOE MAajJieHHe Te/D> CBEPXY TAKXKE PAaCIOJIOKEHBI CITy-
xeOHbIe KHOTIKH. KHOMKa ¢ n300paskeHreM CTPaHHIIBI CIY)KHUT JUTSl BBI30BA TEOPETUUYECKHUX CBEIE-
Huil. O3HaKOMBTECH C COJAEP)KAaHUEM JJAaHHOTO pa3zena.

2.5. MoxHO nepeMenarb OKHa, 3aleNuB (HaKaB U yIep KUBas JEBYIO KHOIKY) MBIIIBIO 3a-
TOJIOBOK OKHA (MMEroIuii cuHui (JoH). 3aKphITHE OKOH 00eCIIeunBaeTCsl HAXKaTHEM KHOTIKK « X » B
IIPaBOM BEPXHEM YTy BHYTPEHHEIO OKHa.
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CxeMa IKCNepuUMeHTa

Pucynok 2.1 — OkHO 3KcTiepuMeHTa

2.6. Bxmounre onuuio «Tpaekropus, IOMECTHB KypcOp MBIIIM B OKOILIEYKO U LIEJIKHYB
JIEBOM KHONKOM MBIIIN JJISl MOSIBJICHUS «IITUYKW». Bpikmounte onuuio «CTpodockon», ynaius
«IITUYKY» U3 OKOIIEYKA, IIEJIKHYB JIEBOW KHOIIKOUW MBIIIN.

2.7. Haiiute peryssTopsl ¢ IBUKKAMH, 3aJal0lIe BLICOTY N, HauanbHYI0 CKOPOCTH V, u

yros Opocanusi « . [loaBenuTe Kypcop MBIIIH K IBUKKY PETYISITOPA BBHICOTHI, HOKMUTE U, yAEp-
KMBasi JIEBYIO KHOIKY MBIIIIN, ABUTAHTe MBIIIb BOPaBo. J[BIKOK perynasTopa OyaeT IBUTAaTbCs 3a
KypcopoM. Tem ke METOJOM «3allelMB MBIIIbIO U JBUTasl IBUKOK PErylIsaTOpa» WIN IIeNKas Kyp-
COpPOM IO CTPEJIKE Ha JIBIKKE, yCTAHOBUTE 3HAUEHHUS yriia OpocaHMs, HA4aJIbHOM CKOPOCTH.

2.8. Haxmure kypcopoM KHONKY «CtapT». BHUMAaTenbHO pacCMOTPUTE TPACKTOPHUIO JBH-
KEHUS.

2.9. HaxxMuTe KypcopoM KHOTIKY «OYMCTHTBY.

2.10. 3meHuTE 3HAUEHUS BBICOTHI, HAYaJIbHOW CKOPOCTH | yriia OpOCaHUS.

2.11. Haxmute KypcopoM KHOTIKY «CTapT.

2.12. Haxmute KypcopoM KHOTIKY «OUYHCTHTDY.

2.13. lllenxkHUTE KypCOPOM KHOIKY « 1ES BEPXHEM DSy KHOIIOK.

2.14. HaxmuTte KypcopoM KHOTIKY «CTapT.

2.15. Haxumaiite KypcOpoM HECKOJIBKO pa3 KHOIIKY «P|» 1o Tex nop, noka MT He oka-

KETCsl B BEPXHEH TOuke Tpaekropu. IIpu sToM 3HaUYCHHE MPOCKLUHU CKOPOCTH V, HA BEPTHKAIIb-
HYIO OCb JIOJDKHO OBITh MHHHMANbHBIM: V| ~ 0.

2.16. Haxxmure KypcopoM KHONKY «OUYHMCTHTBY» U IOBTOPUTE Tpoliecc ABmxkeHus MT, Ha-
’kKaB KHOIIKY «CTapT» U 3aTeM NOCIE0BATENBHO HAXKUMasl KHOIIKY | ».

3. 3aganue

3.1. Ha KOMIbIOTEpHON MOJENN HCCIEN0BaTh MOCTYNATENbHOE JABM)KEHHE MaTepHUaIbHOU
TOYKHU B OJTHOPOJIHOM T10JI€ TSKECTH 3EMIIH.
3.2. OnpenenuTs YCKOPEHHE CBOOOTHOTO MAJICHHUSL.
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4. IlopsiioK BbINOJTHEHUsI pa0oThI

4.1. YcraHoBUTE HadalbHOE 3HAUYEHUE yIJia U BHICOTHI B COOTBETCTBUM C JAHHBIMH TaOJH-
usl 4.1.

4.2. YcTaHOBUTE HAYAIBHYIO CKOPOCTH JBYKeHHs it Tpaektopun 1(Tadn. 4.2).

4.3. IllenKHATE KYpPCOPOM KHOIKY «OUHCTHTBY» 3aTeM KHONKY « || », ecimn oGo3Hauenme
9TOW KHOIIKU BBIAEJIEHO YePHbIM I[BETOM.

4.4. llenxkuute kypcopoMm kHoOmky «Crapt». IlocinenoBaTenbHO HIeNKalTe KypcopoM He-
CKOJIBKO pa3 KHOIIKY «P| », HaGmiomas 3a nBmkennem MT. B MomenT, korna MT OyzeT B BepxHei

TO4Ke Tpaekropuu (V, = 0), sanmumTe 3HaYeHHE KOOPAMHATHL Y~ B COOTBETCTBYIOLIYIO CTPOUKY

Tabmuel 4.2.

4.5. [loBropute uzmepenus: nm. 4.3 — 4.4 eme 4 pasa.

4.6. YcTaHOBUTE HAYAIBHYIO CKOPOCTH JBYKeHHs it TpaekTopuu 2 (Tabum. 4.2).

4.7. Beimonuure u3mepenus . 4.3 - 4.5.

4.8. BpImoyHUTE aHAJIOTHYHBIE U3MepeHust 1si Tpaekropuii 3, 4, 5 10 3amoyHeHUs TaOIH-
el 4.2.

4.9. Ilocne okoHYaHMs pabOTHI BEIANTE U3 TpOrpaMmbl «OTKpBITas Gpu3nKa.

4.10. Beruricnure U 3anumure B Tabnuiy 4.2 cpeHue 3HAYCHUsT KOOPJMHATHI TOYKH MakK-

CHUMAaJILHOTO MOJbEMa <ym>

>(,)
(Vo)== —

4.10. TlpenapsiBuTE MpemoaBaTeli0 3aMOJHEHHYIO TaOMUIly C AKCIEPUMEHTAILHBIMH JIaH-
HBIMU.
4.11. Jlng KaXIOW TpPaeKTOPUH pACCUUTANTE CIy4allHyI0 aOCOJIOTHYIO MOTPEIIHOCTh

O vy (V) » cHCTEMATHYECKYIO aGCOMIOTHYIO MOTPEIHOCT O (yr (Y, ), CyMMapHyto abcomor-

cyd
HYIO IorpermHocts o (Y, ) no Gopmynam:

1 ,
S(Yn) = m;(ymi_<ym >)"

GCJD/‘{ (ym) = W(a7 n)S(ym) ’
O cucr (ym) =<VYu > Ecucr (ym)’

G(ym) = \/Géﬂw (ym) + GE‘I/ICT (ym) .
31ech
S (ym) - CTaHapTHAs MOTPEITHOCTh U3MEPEHHSI KOOPAMHATHI,

W(ex,n) - koshduuuent CTbroeHTa,
o =0,9- noseputenbHas BEPOSITHOCTS,
N =5 - 4KCcI0 MHOTOKPATHBIX M3MEPEHUI TaHHON CEPUH U3MEPEHU.
OTHOCHUTENBHYIO CHCTEMATUYECKYIO IOTPEIIHOCTh U3MEPEHUS Y NPUHATH PABHOM:

Ecper (¥,)=0,05.

3HayeHHe MOTPEeNIHOCTEll OKPYIJIUTE 10 0JIHOI 3Havameil uugpobl.
Pacuer norpemHuocTeil npuBeIuTe B OTYETE.
Pe3ynbTaThl pacueToB MOrpenrHoCTe| 3anuImuTe B Tadmuimy 4.3.

4.12. TIloctpoiite rpaduk <ym> = f(v,) c yderom oBepuTensHBIX HHTEPBATIOB a(ym) .



o 2
4.13. Paccuuraiite abcommoTHyI0 cymmaphyio norpentocts O (V, ) kak morpemmocts
KOCBEHHOT'0 M3MepeHNs KBaJpaTa CKOPOCTH 10 hopMynam

2 2

o (V) = (ZU 52 (v,) =g° (V).

G(Vo) = \/Géﬂw (Vo) + Géucr (Vo) ’
gcucm (VO) = GCHCT (VO) !

V

(v,)=0,05,

O civy (Vo) =0.

3HayeHHe MOTPEeNIHOCTEl OKPYIJIUTE 10 0JIHOI 3Havameil ungpol.
Pacuetsl norpemnocrel IpuBeIuTE B OTYETE.

PesynpTaThl BBIYMCIEHUH 3anuiuTe B TaOnuity 4.4

0

8CI/ICT

4.15. Iloctpoiite MMHEapU30BaHHBIN Ipaduk <ym> = f (V; ) C yd4eToM JOBEpUTENBHBIX HH-
Tepsanos o (V).
4.16. BoiOepuTe Ha JTMHEApPU30BAHHOM rpaduke <ym> = f (Vg ) aBe Toukmu. Vcronb3ys

KOOPJIMHATHI TOYEK, BHIYHCIUTE YriaoBoi kodddurment K rpadmka 1o dopmyre (1.9). Tlo
dopmyine (1.10) Beruncnure yckopeHue cBoboanoro maaenust §. IlpuBeaure B oTdeTe BBIYHCIIE-

HUA k,g.

3anummTe 3Ha4eHUs YTI0BOTO KOd(h(UIMeHTa 1 yCKopeHus B Tabnuiy 4.5.
4.26. Ilpoananu3upyiite rpaduKku u pe3ynbTaTsl, chopmynupyiite BeiBoAbl. OdopmuTe oT-
4eT 0 JlabopaTopHOi padoTe.

Tabnuma 4.1
HavansHble mapaMeTpsl TpaeKTOpUI
Homep HavajnbHan HavajabHbIi Homep HavajnbHan HavajabHbIi
pabouero BBICOTA yroJ pabouero BBICOTA yroJ
mecra h,m a,’ mecra h,m a,’
1 10 60 7 10 55
2 15 55 8 15 60
3 10 50 9 10 60
4 15 45 10 15 55
5 10 45 11 10 50
6 15 50 12 15 45




PesynpTaTel n3MepeHui

Tabauua 4. 2

H TpaexTopusi 1 | TpaexkTopusi 2 | Tpaexkropusi 3 | Tpaexkropusi 4 | Tpaexktopus S
omep _ _ _ B B
wsmepenms | Vo =15wm/c | V,=17we | V,=19mic | V,=22 m/c | V,=25 m/
' Ym, M Ym, M Ym, M Ym, M Ym, M
1
2
3
4
&)
(V)
Tabmuua 4.3
Pacuer norpemHocTeit 3Ha4€HUI MAKCUMaJIbHOM BBICOTBI
omep <Y, > (¥,) (¥,) (Y.)
U3MepeHust ym » M o ym cvy ° M o ym CHUCT ? M o ym » M
1
2
3
4
)
Tabmuua 4.4
Pacuer norpemHocreit 3HaUeHUII KBaJpaTa CKOPOCTH
Home 2 2
H3Mepe}ll)ml Yo » Yo o G(VO ),
i mlc mlc? mlc?

Al | W N -




Tabnuna 4.5.
Pe3ynbrarhl KOCBEHHBIX U3MEPEHUN

VYr10Bo# KO3(hGUIHEHT TPIMOi k=

YckopeHue cBo6OIHOTO MajeHus g=

5. PexomeHnayemasi Jiureparypa

5.1. CaenseB U.B. Kypc obmeii ¢usuku. T.1. Mexanuka. Monekynsipaass ¢puzuka.- M.:

Hayka.
5.2. 3enenckuit B.1. PykoBoncTBO K aboparopHbsiM pabotaMm 1o ¢usuke. Meroandeckoe

nocobue. — Xautel-Mancuiick, FOropckuii rocynapcTBeHHBI YHUBEPCUTET.

5.3. KoHcmekr nekuuii o pusuke.



