MpyuibHOe Tpenne. IIpubopbl m obopyaoBanue
YcaoBue
3ananue 1. MbuIbHOE TpEHUE.

IIpnGopsl m obopyOBaHME: IITATUB, KYCOK MbLIa, CEKYHJIOMED, JIMHEHKa, JTOCKa, Pe3mHOBas
nosioca, Habop rpysos (100, 50, 20, 10 r), Biaaxknas cajderka.

ITonocky pe3unsvt neped KaHcovM u3MepeHuem HA00 BBUIMEPEMDB HAYUCTIO BAAHCHOU
cangemrot.

NsBectnbrit 3akon Kynona- AMOHTOHA, ONMUCHIBAIONINN CHTy TPEHUST

F = puN, (1)
B KOTOPOM KO3 DUIMEHT TPEHUsI CINTAETCS MOCTOAHHON BEJIMUIMHON [ = const, ABJseTcd IpH-
OJINZKEHHBIM.

P. Apunano B 1929 romy ycraHoBumI, 910 KO3 MUIIMEHT CHJIBI TPEHUST MbLIa O PE3UHY [ YBEIUIU-
BAETCS C POCTOM CKOPOCTH TeJIa ¥. DTa 3aBUCUMOCTb MOYKET ObITh OIucaHa (ToxkKe IPUOJINKEHHO )

dopmyJioit

j= kv (2)

rjie k - HEKOTOPbIl MOCTOSHHBIN pa3MepHbIil KOI(MDMOUITUEHT.

B nannoit 3ajiate Bam ripejicTonT uccae0BaTh JIBUKEHUE KyCKa MbLIa, 10 HAKJIOHHOMN TIJIOCKOCTH,
IIOKPBITO ITOJIOCKOM Pe3uHbL. I JIaBHOI 1EeJIbI0 pabOThI SIBJISIETCS OIIpeIeIeHIe II0Ka3aTe sl CTeeHn

7.

DKcriepuMeHTAJIbHAsl yCTAHOBKA.

B xadecTBe HAKJIOHHON IJIOCKOCTHU UCIOJIB3YETCS JI0CKA, MOKPBITas MOJOCKOH pesnnbl. Ha mosocky
PEe3UHBI IPUKPENUTE IIOJIOCKY CO IIKAJION, IMO3BOJIAIONIEl U3MEePATh KOOPAUHATBI T JIBUXKYIIUXCA
Tes1. Bepxuuit Kpail oCKM 3aKpeIlieH B IITaTUBe. BBICOTY 3TOro Kpasd HaJ| MOBEPXHOCTHIO CTOJIA
h MOXKHO M3MEHATH B X0JIe SKCIIepuMeHTa. BTopoit Kpaii JIOCK1 onmpaeTcsd Ha IIOBEPXHOCTH CTOJIA.
Ha nocke pacrionaraercs KycoK MbLjIa, CKOJIbYKEHIE KOTOPOTO U3ydaeTcsd B JIaHHOM pabore.

Jlts crabumsanuu ABUZKEHNAsT MOYKHO UCIIOIL30BATh CIEIUANLHBIA « IBUTATEIb» : 38 KYCKOM MbLIa
PACIOIOKEH METAJIMIECKHUI IIIHH/D (MM HECKOJIBKO IIJINH/IPOB).

Macchl Kycka MbLIa mg U MUIXHIAPOB BaMm OyayT yKasaHbl.
C MOMOITBIO CEKYHIOMEPa € MMaMATHIO STAllOB Bbl MO2KeTe n3MepaTh BpeMeHa IIPOXOKICHUs KyCKa

MblJIa 9epe3 OllpeJesJieHHbIe OTMETKHN Ha IIKaJIe X.
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IMILTMHOPDI

Yactp 1. TeopeTudeckoe BBeaeHUE.

O6o3HaunM yroJ1 HAKJIOHA TJIOCKOCTH K TOPU3OHTY (v, MACCY KYCKa MBLIa 1M, MACCy BCEX ITUJINH-
JipoB - m. Cumraiite, 4T0 cuja TpeHUs, JEHCTBYIOIAs HA MbLIO, moquuHsercsa dpopmyaam (1) -
(2). Cwtoit TepHUS TMIMHAPOB MEXKIy cODOW M TpeHWeM KadeHUs mpeHeOperafiTe. YToJ HAKJIOHA
IJIOCKOCTH CUATalTe MaJIbIM, TAKAM, 9TO tga ~ sin o ~ a.

1.1 Tlokaxkure, 9TO CKOPOCTH yCTAHOBUBIIIETOCS JBUZKEHUS KYCKa MbLIa, MOXKET ObITh OIUCAHA
dopmyioit

v=Cof - h° (3)

[ne Cy - mekoTopblit pasmepublit kodddunuent, f = f <mﬁ0> - HeKOoTOpas Oe3paszMepHas (DYHK-
I1s1, 3aBUCAIIAZA OT OTHOIIEHUSI MACC IMJINHIPOB U MbLIA.

1.2 Beipasute nokaszaresb crerneru 5 B dopmysie (3) depe3 nokaszaresnb crerenu B dpopmyiie (2).

1.3 Haitmure Bug dyukiun f = f (mﬂo)

Yactp 2. 3aKOH JBUXKEHUH.

YcranoBuTe Kpail JJOCKU B mTaTuBe Ha BbicoTe h ~ T0MmM. B KadecTBe «aBuraTesisi» UCHOIb3YHTE
mmHAp Macckl m = 100r. [IponabiromaiiTe ABMKEeHIE KyCKa MbLIa, TPUOIU3UTETHLHO OIIPEIeTUTe
MHTEPBaJ KOOPJMHAT, B KOTOPOM JIBHKEHIE MbLJIa MOXKHO cUuTaTh paBHOMepHBbIM. Hawdasio orcuera
COBITQ/TA€T C HAYAJOM JIBUKEHUSA KYCKa MbLIa.

2.1 yKa}KI/ITe, B KaKOM /IMalla30HE€ KOOPpAWHAT JBU2KCHHUE KYCKa MblJIa MO2KHO CHUTAaTb paBHOMED-
HbIM.

2.2 V3mepbre 3aKOH JBUKEHUS (3aBUCHMOCTH KOODJMHATHI OT BpeMeHH) Kycka Mbuta z(t). Ilo-
cTpoiiTe rpaduK MOy IeHHON 3aBUCUMOCTH.

2.3 PaccunTraiiTe ¢ MaKCUMaJIbHONW TOYHOCTHIO CPEIHIOID CKOPOCTD JIBUKEHUsT KyCKa MbLIa Ha BbI-
opanaoM ydacTtke. OIeHUTe MOrPerTHOCTb HAlIEHHOTO 3HAYEHUA.

2.4 PaccunTaiiTe CpeJIHIOI0 CKOPOCTb, KAK OTHOIIEHUE TTPOIJIEHHOTO IyTH KO BPEMEHU JIBUKEHUS.

B daavhetiwem npu pacueme cKOPOCMU UCNOAL3YUME YNPOULEHHBLT Memod, UCTOAb-
308aHHBIT 8 NYyHKMeE 2.4.
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Yactp 3. 3aBUCHUMOCTH YCTAaHOBUBIIENCS CKOPOCTH OT HAKJIOHA IJIOCKOCTMU.

B nmaxnOit yacTu uccreyiiTe IBUXKEHHE KyCKa MbLIa 0e3 «aBuraresis» (6e3 IUInHIPOB).

3.1 MccnenyiiTe 3aBUCHMOCTD CKOPOCTH YCTAHOBHUBIIIETOCS JIBUZKEHUSI MbLJIa U OT BBICOTBI Kpas
HaKJIOHHOU T10cKocTH h. [locTpoiiTe rpaduk mosrydeHHol 3aBUCUMOCTH.

3.2 TlokaxkuTe (¢ HOMOIIBIO JTMHEAPU30BAHHOTO TpaduKa 3aBUCUMOCTH v(h)), 9TO 9Ta 3aBUCHMOCTh
MOZKeT OBITE orrcana dpopmystoit (3). Paccuauraiite 3nadenue (1 HOTPEITHOCTD ) OKA3ATEIST CTCIICHH
B B 91Ol bopmyite.

3.3 Paccunraiite 3HaueHme mokasaress creneHu 7y B popmysie (2), oleHnTe MOrPEITHOCTh HAIeH-
HOI'O 3HAYEHUS.
YHactp 4. 3aBUCUMOCTH CKOPOCTU OT MAacCChl IIUJINHIPOB.

Pacuem noepewrocmetdi 8 danmoli wacmu He mpebyemcs.

VcranoBute Kpait Jocku Ha BbicoTe h &~ 7T0MM 1 He MeHsIiTe ee TOJIOYKEHNeE.

4.1 UccnemyiiTe 3aBUCUMOCTb CKOPOCTH YCTAHOBUBIIIETOCS JIBUYKEHUS MbLJIa U OT MacChl «TOJIKA-
o1uxy umHapoB m. [locTpoiite rpaduk mosrydeHHON 3aBUCHMOCTH.

4.2 Vcnonb3ysi NOJyYeHHYIO 3aBHCUMOCTE v(M), onpejesnTe MoKa3aTelb CTelneHn Y B (opMyIie
(2). Kparko onuiure, kak Bbl mostyyuiu 3mo 3HaUeHue.

4.3 YKaxKuTe, OCHOBHYIO IIPUYUHY, 110 KOTOPOW HailJleHHbIE 3HAYEHUS 7Y PA3TUIAIOTCS.

Pemmenue
3ananue 1. MbuibHOe TpeHue. Penienune.

Yactp 1. TeopeTrndyeckoe BBeaeHUE.

1.1 HpI/I ABH2KEHUU KYCKa MblJIa I10 HaKJOHHOM IJIOCKOCTH C IIOCTOSITHHOM CKOPOCTbBIO BBIIIOJIHAECTCA
ypaBHenwue, cjejyiomiee n3 2 3akona Hpiorona:

(m +my)gsina — kv mgg cosa = 0. (1)
U3 3TOr0 ypaBHEHUs CJIEYeT, UTO
1 h\> >
Y Y
. (_mf) _c (1 N ﬁ) . @)

k mo
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1.2 I3 1oJ/iy4eHHOTr0 BhIPAXKEHUs CJIEJLYeT, YTO

1.3 U3 dopmysst (2) mHaxommm, 410

YacTp 2. 3aKOH OABU>KEHUS.
2.1 Hpe,uBapHTeﬂbeIe n3MepeHusd IMOKa3blBalOT, 9YTO JABU2KCHHUHN CTaHOBUTCA PaBHOMEPHBIM ITPpaK-
TUYECKH cpa3y Iocje HadaJjla JIBUXKEeHUd, Tocye 2-3 CM IPOiJIEeHHOTO Ty TH.

2.2 C noMoIpio CeKyHI0MepPa MPOIIEe 3aceKaTh BPEMEHA, IPOX0XKICHUST MbLIa depe3 (hUKCHPOBAH-
Hble OTMETKH KoopauHaT. Pe3ynbrarel uamepennit npusejienbl B Tabsume 1 u na rpaduke.

3aKoH gBWXKEeHUA

120

100 /

=]
=]

N
¢

[=1]
o
3’\0\

KoopauHaTta X, MM

\

N

Tabumna 1.
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FEp aatF | FRLoFF
10 121
20 1,88
30 2,58
40 3,33
50 3,90
60 4,65
70 5,76
80 6,58
90 714
100 7,71

DKCIepuMeHTAIBHBIN Typ. 16

[Tonydennas 3aBUCHMOCTD JIMHEHHA, YTO MOJTBEPXK AT PABHOMEPHOCTH jBMKenusd. 2.3 Makcu-
MaJjibHasl TOYHOCTH JOCTUTAETCsl MPU UCIIOJb30BAHUE MeToja HamMeHnbmnx kpajparoB (MHK).
Pacder no manubiM, nipusejienubiM B Tabsuie 1, naer pesyabrar

v = (13,3i0,6)%. (5)

2.4 Pacuer IIPUMHUTUBHBIM » CII0COOOM JaeT 3HadeHue

S 100mMm MM
v =— =
t

=13,0—. 6
7,71c e (6)

Yro nomnajiaer B JJOBEPUTE/ILHBIN nHTEpBaJ, paccuntannbii mo MHK.

Yactp 3. 3aBUCUMOCTH YCTaHOBHBmeﬁCﬂ CKOPOCTH OT HaKJIOHA IIJIOCKOCTMH!.

3.1 B Tabsmmre 2 npuBegeHbl pe3yibTaThl M3MEPEHNsT BpeMEHN JIBUKEHNsT MblLIa T Ha y9acTKe paB-
HOMEPHOTO JiBHKeHusT s = H0MmM. B tabsmiie mpuBeieHbl pe3yIbTaThl pacdeTa CKOPOCTH JIBUKEHUS,
a TaKKe PacyeThl, Jjid IOCTPOEHUA JIMTHEAPU30BAHHOTO T'paduKa B JIBOHOM JIOrapUMMUIECKOM
MacmTabe. Tabauma 2.

**h’ Ml\/[** **t7 C** **’U, MI\/I/C** **ln h** **ln ,U>I<>l<
50 36,5 1,370 3,012 0,315
55 25,5 1,961 4,007 0,673
60 17,4 2,874 4,094 1,056
65 12,7 3,037 4,174 1,370
70 8,8 5,682 1,248 1,737
75 6,1 8,197 4,317 2,104
80 44 11,364 4,382 2,430
85 3,8 13,158 4,443 2,577
90 2.8 17,857 4,500 2,882
95 2.1 23,810 4,554 3,170
100 1,6 31,250 4,605 3,442

Huke nokazan I‘paCbI/IK HOHy‘{eHHOfI 3aBUCHUMOCTH.
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DKCIepUMEHTATBHBIH Typ. 17

3aBUCUMOCTb CKOPOCTWK OT HAKNMOHa
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BbicoTa h Mm

3.2 U3 dopmyssl (2) ciaeyer, 9T0 3aBUCHMOCTh CKOPOCTH OT BBICOTBI MOIbeMa HAKJIOHHOMN I17I0C-
KOCTH B JIBOMHOM JIOTapu(pPMUIECCKOM MacIiTade JuHeilHa

Inv=pInh+b. (7)

['pacduk 310l 3aBUCUMOCTH TTOKA3aH Ha PUCYHKE.
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3aBMCUMOCTbL CKOPOCTU OT HaKNoHa
(log-log scale)

4,0

/r

et

1,0 /
RESZs

3,8 3,9 4,0 4,1 4,2 4,3 4,4 4,5 4,6 4,7
Inh

0,0

JluneiiHOCTD JaHHOTO TpaduKa MOATBEPXKIaeT cupasenBocTb (opmyrsl (3). Kak cremyer us
dbopmysbt (7) koaddunmeHT HAKIOHA TOl 3aBUCHMOCTH paBeH ToKazarestto crernern (. Pacder o
MHK naer 3nadenue

DKCIePpUMEHTATLHBIN Typ. 18

B =4,53+0,14 (8)
3.3 3nauenue rnokasareJisi CTENEHU 7Y:
! 0,22
T=5=Y,
0 (9)
Ap
Ay = 75T 0,01

Yactp 4. 3aBUCUMOCTb CKOPOCTU OT MAaCChI ITUJIMHIPOB.
4.1 DKCIepUMEeHT IIPOBOUIICS I KYCKa MbLIa MAcCON my = 7HT JjId Pa3HBIX MACC «IBUTATEIA>.
Beicora kpas h = 80 mm. [lyTh MbL1a B KaxkoMm ombiTe S = 100MM.

Pezysibrarhl n3Mepennii CKOPOCTH yCTAHOBUBIIETOCH JIBUKEHUS MbLIA OT MACCHI IIUJIUHJIPOB IIPU-
BeJieHbI B Tabsuie 3. B 9Toit xKe Tabsmile MPUBEIEHBI PE3YJIbTATHI PACUYETOB, JJIs IMOCTPOEHUS
JINHEAPU30BAHHOTO TpaduKa.
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Tabumna 3.

T, 0% | PR FF | Ry [FF | R (1 4 mmg)*F | i v
100 5,87 17,04 0,846 2,835
110 4,77 20,96 0,904 3,043
120 4,36 22,94 0,956 3,133
130 3,98 25,13 1,004 3,224
140 3,60 27,78 1,054 3,324
150 3,18 31,45 1,099 3,448
160 2,61 38,31 1,141 3,646
170 2,58 38,76 1,185 3,657
180 2,06 48,54 1,224 3,882
190 1,79 55,87 1,261 4,023
3aBMCUMMOCTb CKOPOCTHU OT Macchl
uMNUHApPOB (NMHeapu3auna)
5,0 1
4,0 e
o
>
E 5/({/04
3,0 ./
o
9
2,0 "
0,8 0,9 1,0 1,1 1,2 1,3
In(1+m/mo)
4.2 13 ypaBHenusi (2) Ipu MOCTOSHHOM 3HAYEHUU h CJIEJIyerT.
1 m
Inv=—1In (1+—> + by (10)
Y mo

[TosTomy 3aBucuMocTsb In v oT mapamerpa In (1 + m%) JIo/IzKHA OBITH JtuHeitnoit. Ha pucynke noka-

3aH rpaduK 3Toil IMHeapu30BaHHON 3aBUCUMOCTH, KOTOPBIH JEHCTBUTEILHO OJIM30K K JIMHEITHOMY.
[To nakony rpacduka JKCIEepUMEHTAJIBHBINA TYp. 9

MOXKHO OIPEJIe/INTh MOKA3aTe b cTeleHn B (hopmysie jiyisd KoadpduiimenTa TpeHus:

~ &~ 0,37. (11)
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OTOo 3HAYCHUE 3aMETHO OTINYACTCA OT 3Ha4Y€HUA, IIOJIYICHHOI'O paHee.

4.3 OCHOBHO TPUIUHOI ITOTO PABIUIUS, [TO-BUIMMOMY, SIBJISETCS MPEHEOPEKEHNE CUION TPEHUST
MeXK Ty numHaApamMu. MoKHO cKa3aThb, 9TO 9TO TpeHue «3(pOEKTUBHO» YMEHBITACT MacCy IHJIHH-

JAPOB, TOJKaIOIIUX MBIJIO.

DKcrepuMeHTaIbHbIH Typ. 20
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