-2 BakpyunBanne. OeHKa IIOrPEeIIHOCTA B JaHHOM 3aJlaHUM He Tpedyert-
ca!

YcioBue

3amanue 11-2 3akpydyuBaHue.

Ouenkxa nozpewrocmu 68 daHHOM 3adaruu He mpebyemcs!

Korna auTh MasTHHKA, mojBenreHHast B Touke (' HaTBIKAeTCs Ha TO-
PU3OHTABHBIN CTep:KeHb S, TO TMPU HEKOTOPO# CKOPOCTH I'py3a Ma-
SITHUKa A HUTH MOKET IMOJTHOCTBHIO HAMOTAThHCSA HA CTEPYKEHb.

B nannom 3amanun Bam nHeoOxommmo uccienoBarh 91oT 3dhdert. O60-
SHAYMM J[JIMHY HUTH MasgTHUKa L (OHA JOJIKHA OBITH MPUMEPHO PaB-
HOit 0,5 M M OcTaBaThCsl HEM3MEHHOI BO BCeX IKCIepuMeHTax) Pac- -
CTOSTHUSI OT HUYKHEH TOYKN MasiTHUKA JI0 CTepXkKHs 0003Ha4YuM [ (9Ty
BEJINUUHY CJIEJyeT U3MEHSITh B XOJIe SKCIEPUMEHTA).

IIpuGopsl 1 oGOpyAOBaHUE: MITATUB C JIByMs CTEPXKHIME (OJIUH
JIUTsT KPEIUIeHNsT HUTH, BTOPOil JJIsi HAMOTKH), IIPOYHAsI HUTH C TPY-
30M (raiika), JTUHENHKa, yrJIoMepHas IKAJIA.

Yactp 1. Teopernyeckas.

1.1 Paccunraiite, Ha Kakoil HadaJ bHBIH Yyro o (OT BEpTUKAM) HY?KHO OTKJIOHUTH HUTH OIHU-
CAHHOI'O BBIIIE MasgTHUKA, YTOOBI OHa B IIPOIECCE JIBUYKEHUS HAMOTAJIACh HA TOHKHIl CTEPXKEHD.
[IpenebperaiiTe oTepsAMU SHEPIUN Ha, CONPOTHUBJICHUE BO3JLyXa, HEYIPYTUMH JAedopMalusiMu HU-
TU TIPY CTOJIKHOBEHUU CO CTEPXKHEM, TOJIIUHON CTEPXKHS U T.JI.

Ipeoicde wem, npucmynamo k sKCNEPUMEHMANLHOT Nposepke IMOot 3a6UCUMOCTNU, UCCACIYEM 603~
MOHCHDIE METAHUIMDL NOMEPL METAHUYECKOT IHEP2UL

YacTtb 2. DKCrIepUMEHTAJIbHOE U3yYeHNe MOTEPh SHEPTUU.

Pacmosioxkure mraruB OJIM3KO K KParo CTOJIa, HA TOPIE KOTOPOTO IIPH-
Kpenure JIMHeHKy. Hurh MasTHUKA JTO/IKHA IBUTATHCS OJTU3H JIMHENHKH,
TakK, YTOOBI BbI MOLJIA U3MEPSTH 0 Hell OTKJIOHEHUsS] HUTH. DTU OTKJIO-
HeHus OyzeM obosHadarh r. OcrajnbHble 0003HAYEHUST OCTABISIEM IIPEXK-
HIMU.

2.1 IamepbTe 3aBUCHMOCTD OTKJIOHEHHUS HUTH X, B KPaifHEM I10JI0XKEHUH
= I ———
OT YHCJIa COBEPINEHHBIX KojebaHmil. OT/eJIbHO IIPOBE/UTE N3MEPEHHs T T T
-
npu Gosbimx (6osbire 10 ¢M) OTKIOHEHUSAX U [IPU MAJIBIX OTKJIOHCHUSAX — ~€-.___ X O
(menbire 10cMm).
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KpaTKO YKazKuTe, KakK BbI IIDOBOAWJIN 9TU U3MEPEHUA.

2.2 YKaxkuTe, Kakas U3 U3MepsieMbIX BEJIMIUH IPOIIOPIIMOHAIbHA SHEP-
My MasTHUKA B KpalitHeM MOJIOXKEHUH.

2.4 Ha ocHoBaHun QKCIIEpUMEHTaJIbHBIX JaHHbIX HaﬁILI/ITe cpejJgHee 3HavdeHne OTHOCUTEJILHBIX IT0-

Tepb MEeXaHUYeCKON SHEPIUu 3a OJINH MEePHUOJ KoJiebanuit £, = % (ipu GOJTBINMUX W MAJIBIX OTKJIO-
Henusx ). OBOCHYHTe CBOM pacyeThl JIMHEAPU30BAHHBIM ITPAGUKOM 3aBUCUMOCTH HEPIHU OT YUCIIA

KOJIcOanumit.

2.5 Pacrioyiokure B HUZKHEH 9aCTH MITATUBA CTEPXKEHb, TAK YTOOBI HUTh
B IIpOIeCcce JIBUKEHHUs HaThIKajgach Ha Hero. OTKIIOHSNTEe MasgTHUK Ha
TaKoW yroJj, 4To0Obl HUTHh U3rudasiach MpU COMPUKOCHOBEHUU CO CTEPIK-
HEM, HO He HaMaThIBaJach Ha Hero. Takoe JBUXKEHUE OYEHb IIOXOXKE Ha
yaap — HATh TaKzKe OBICTPO OTCKaKHBaeT!

[TpoBeuTe aHAJIOIMYHBIE U3MEPEHHS U OIPEJIETUTE OTHOCUTE/ILHBIE TI0-
TEPU IHEPIUU E9 = % B 9TOM cjiydae (J0CTaTOYHO TPOBECTU OJHY Ce-
PHIO U3MEpeHHuii)

2.6 CpaBHuTe MOJIyuYeHHbIe 3HAYCHUS, YKAKUTE Kakasl U3 NPUIuH (Co-
[IPOTUBJIEHIE BO3/LyXa U «HEYIIPYTOCTh» Yapa) IPUBOIUT K OOJIBIIIM
[IOTEPAM SHEPTUU.

YacTtes 3. HameTka.
B Bepxmeit yacTu mraruBa 3aKpenuTe JUCT KAPTOHA C YIJIOMEPHOH IMKAJION JIId U3MEepeHusd Ha-
JaJIBbHOTI'O yrﬂa OTKJIOHEHUY HUTU QOO

3.1 UccaemyiiTe 3aBUCMMOCTD yTiIa g (IPH KOTOPOM HUThH HAYMHAET HAKPYYMBATHCSA HA CTEPIKEHD )
OT TOJIOYKEHUS CTEePKHS [.

3.2 TMocrpoiite rpaduk mnosxydeHnoit 3aBucumocTi. Moxkere mpeobpa3oBarh (HAIpUMEp, JUHEAPH-
30BaTh) CBOIO 3aBUCUMOCTD JIJIst OOJIbIIEH HATJISAHOCTH ¥ BO3MOXKHOCTH CPABHEHUS MX C T€OPETH-
qeckoit (hopMyJIoii, TIOJIyIeHHO B IIEPBOI YacTU JAHHOTO 3aJIaHus.

3.4 VKaxKuTe CyIIeCTBEHHbIE MPUINHDBI, 00bICHSIONINE BO3MOYKHbBIE PA3JININA MEXK/Ly TeOpeThde-
CKUMU U KCIIEPUMEHTAJHLHBIMA 3aBUCUMOCTIMMU.

Pemienue

3amanue 11-2 3akpydyuBaHue.

YHacts 1. Teopernyeckas.
Y100B! rpy3 Ha HUTH CJesaJl MOJHBI 000POT MaJjo TOro, YTOOBI OH IOJHSIJICS B BEPXHIOI TOYKY,

JIONIOJIHUTEJTLHO HEOOXO MO, 9TO Obl B BEPXHEH TOUKe OH UMeJI CKOPOCTD, JTOCTATOYHYIO JJIs TOTO,
YTOOBI HUTHh OCTaBAJIACh HATIHYTOM.
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DTa CKOPOCTH JIE'KO HAXOAUTCS U3 ypaBHeHus 2 3akona Hbro-
TOHA:

- =mg. (1)

CiietoBaTeibHO, B BepxHeil TOUKe KHHETUYIeCKasi SHEPIUs IPy3a
paBHa

2
mu 1
1
Ey=—=—-mgl (2)
2 2
Tenepb 3armmineM 3aKOH COXpaHEHNs SHEPTIUU OT HAYAJIbHON TOYKU TPAEKTOPHUH JI0 BePXHEH TOUKU

HaMOTKM:

1 D
mgL(1 — cos¢g) = 2mgl + Emgl = §mgl. (3)

W3 sToro YpaBHeHusd cjaeayer, 4To HaYaJIbHBIN yroJi OTKJIOHEHUA J0JIZKEH YIOBJIETBOPATDH YCJIOBUIO

ol

(1 —cosyg) = 3T (4)

YHacTth 2. KCrnepuMeHTAJIbHOE N3yYeHNe MOTEPh SHEPTruu.

Bce usmepenus mpoBoiMIMCh TIPU JIJIMHE HUTH, paBHO L = 685 MM

[Ipu GobIIUX OTKIOHEHUSX aMILTUTY/1a KoJIeOaHuil yObIBaeT OBICTPO, IIO9TOMY y/I00HEH ITPOBOIUTH
M3MEpPEeHMsI CJIEIYIOIIM 00pa30M: OTKJIOHUTh HUTh HA HEKOTOPYIO HAYAJIBHYIO BEJINUYUHY (B HAIINX
u3MepeHusix o = 20 cM) 3aTeM U3MEPUTh OTKJIOHEHHUE IMOCJIe OMPEJIEJIEHHOrO YUC/Ia KOJIeOaHuil.
Nubivu ciioBaMu: 3a/1aBaTh YUCI0 KOJIEOAHUN K - M3MEPATDH L. B Tab/mile mpuBeIeHbl Pe3yIbTaThl
TaKUX U3MEPEHUN

Tabauma 1.

k | x1,em | 21, em | 2, oM | (T) E InF
0 20 400,00 | 5,99
2 182 | 184 |183 | 18,30 | 334,80 | 531
4
6
8

16,7 | 17,1 |17,2 | 17,00 | 289,00 | 5,67
16,1 | 16,2 |16,1 | 16,13 260,28 | 5,56
148 [152 |151 | 15,03 226,00 | 5,42
10 | 14,3 | 142 | 14,0 | 14,17 | 200,69 | 5,30
12136 |132 | 134 | 13,40 179,56 | 5,19
14124 |123 | 125 | 12,40 | 153,76 | 5,04
16 | 11,9 | 11,8 | 11,8 | 11,83 140,03 | 4,04
18] 11,3 [11,2 | 11,1 | 11,20 | 125,44 | 4,83
20 [ 10,9 |10,6 |10,7 |10,73 | 115,20 | 4,75
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st Kaxkioro yucsa Kojaebanuilt n3MepeHusi IIPOBOUINCH TPU Pa3a, IMOCJe U9ero PACCUUTHIBAJIOCH
cpe/iHee 3HaUYEHUeE.

He cioxHO OKa3aTh, 9TO SHEPIHs MPOIOPIMOHAIbHA KBaIpaTy oTkaoHeHus (npu x < L). leii-
CTBUTEJILHO, KOTJIa TPY3 HAXOAUTCS B KPaiHeM ITOJIOXKEHNN, OH 00J1a1aeT MOTEeHIIUAIBHON SHEPIrei
(oTHOCHTENILHO HUZKHEH TOYKN)

E =mgAh =mg (L — V12— xQ) R~ %xQ (5)

B Tabsmie 1. B kadecTBe sHEprum MCHoib30BaH UMEHHO KBaJIpaT OTKJIOHeHUs. FEcium oTHOCHUTE -
HbIe IIOTEPU SHEPTHUHU 3a OJUH IepPuoJ, KoJieOaHnii IMPUOIN3UTE/IbHO ITOCTOSHHBI, TO SHEPIUsl MOCTIe
k xonebanuii yObIBAET B T€OMETPUUIECKO ITPOrPECCUN:

Ey, = Eo(1 — )" (6)

JlorapudmMupyst 3Ty 3aBUCUMOCTb, Oy IUM

InEy=InEy+ kIn(l —¢) (7)

Taxum 0O6pa30M, 3aBUCUMOCTD JIOTapudMa SHEPIUH OT UUC/Ia KOoJIeDaHuil — JIMHeiiHa, ITPUIeM KO-
3bdunreHT HaKJIOHa TO 3aBUCUMOCTH PaBeH

B AlnEk

Ak =—In(l—¢)=e. (8)

a

3/1eCh y4ITEHO, 9TO OTHOCUTEIbHBIE TOTEPU MaJjbl £ < 1, 9TO OIpaB/IbIBAET CJI€JTAHHOE MPUOJIN-
JKeHue. BrpodyeM, MOXKHO MPOBECTH U TOYHBIH pacder (4ro siBisiercst usiuniauM). Ha pucynke
oKazaH rpaduk 9T MoJIyIorapuMIIecKoil 3aBUCUMOCTH, IIOCTPOEHHOM 110 JTaHHBIM TaOInIbL 1.
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6,0

5,5

5,0

In(E)

4,5

4.0

3atyxaHue (6onbluMe OTKIIOHEHUA)

y=-0,060x + 5,911

\

10 15

k uHcI0 KoJ1eDaHHi

20

25

N3 nonydennoro rpaduka caeyeT, YTO IMPENoIoKEeHNe O TPUMEPHOM IOCTOSHCTBE € IOJATBEP-

JKJIaeTcd, ducjennoe snadenue € =~ 0,06 = 6%.

[Ipu MajIbIX OTKJIOHEHUSAX Y I00HEee BUIOU3MEHUTh METO/INKY ITPOBeJieHus u3Mepenuit. B stom cy-
Jae yJ100Hee MOICIUThIBAThH YHCI0 KOJIeOAHNH 10 TOro, KaK aMILIATY/Ia YMEHbBIITUTCS 10 (DPUKCUPO-
BAHHOT'O 3HAUEHUsl (3aJlaeM X - cYuTaeM k). DTU U3MEpPeHHsi MOXKHO IIPOBECTH, 3a OJMH MPOIECC
3aTyXaHUs, TaK KaK XBaTaeT BPEMEHH, UTOObI 3allUCaTh IIPOMEXKYTOUHbIE PE3Y/IbTaThI.

B Tabsuiie 2 npuBejieHbI pe3y/IbTaThl TAKUX U3MepeHnii. Yuc/io Kojiebanuii moJiydeHo B pe3ysabrare
ycpeaHeHust 1o Tpem u3MmepennsiMm. Hadaabaoe orkiaonenue — 10 cM.

Tabauia 2. MaJjible OTKJIOHEHUS.

T, eMm | k| E Ln E
10 0

9 5 | 81,00 | 4,39

8 10 | 64,00 | 4,16

7 17 | 49,00 | 3,89

6 24 | 36,00 | 3,58

5) 35 | 25,00 | 3,22

4 48 | 16,00 | 2,77

3 65 | 9,00 | 2,20

2 90 | 4,00 1,39
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O6paboTka pe3yIbTATOB U3MEPEHUil IPOBe/IeHa aHAJIOTMIHO. Pe3ysibTar mpecTaBIeH Ha CIeIyio-
meM rpaduke.

3atyxaHue (Manble OTKNOHeHUs1)
y=-0,035x + 4,490

5,0

4,5

3,0 ~—

In(E)

H""‘\_
1,5 =S
1,0
0,5
0,0
0 10 20 30 40 50 60 70 80 90 100

Kk uncao koedannii

B 9TOM CJIyda€ OTHOCUTEJIbHbIEC IIOTEPU TaKzKE€ MO2KHO CYHUTATb IIOCTOAHHBIMH, BEJIMYMHA ITUX
HOTEepb MEHbIIIe, IPUMepHO € ~ 3,5%

2.5 DTOT IMYHKT $ABJISETCHA HECKOJIHLKO ITPOBOKAIMOHHBIM. OKa3bIBAETCs, UYTO PE3YJIbTAaThl KpaiiHe
HE3HAYUTEJILHO OTJIMYAETCA OT PE3yJIbTaTOB, IIOJIYUYeHHBIX B IIPEJIbIIYIIEM ITYHKTE.

2.6 Takum oOpa3oM, TIOTEPU Ha «HEYIPYTOCTh yjaapay 3HAYUTETbHO MEHbIIE TOTEPb B CJIEJICTBUE
COIIPOTUBJICHAA BO3yXa.

Hactp 3. 3akpyTka
B Ta6.HI/H_[e 3 IIpUBEACHbI PE3YJIbTAThl USMEPEHNA 3aBUCUMOCTU HaYaJIbHOI'O yIJIa OTKJIOHEHU g,

HEOOXOIMMOTO JIJIT HAKPYYMBAHISA HUTH, OT MMOJIOYKeHNs cTep:kHs [. [IpuBeieHn cpe/iHne 3HAUEHNS
YIJIOB, MOJIYYEHHBIX B PE3YJIbTATe HECKOJILKUX (5-7) usMepenuii
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Tabsuna 3.

[, MM | ©g, ° | L(1 — cos )
39 35,0 | 123,9
75 45,5 | 204,9
108 | 55,56 | 2970
142 | 61,5 | 358,1
177 | 67,0 | 4173
207 | 70,0 | 450,7
225 | 72,5 | 479,0
241 75,5 | 513,5
250 | 77,5 | 536,7
283 | 84,5 | 619,3
309 | 89,0 | 673,0

J1jis1 IPOBEPKU TeopeTHIecKoil 3aBucuMocTy (4) yl1o6HO MpejICTaBUTh ee B Buje!

5
L(1 — cos ) = §l 9)
Tak Kak He CJI0KHO MOCTPOUTDH 3aBUCUMOCTH BesimauHbl Z = L(1 — cos pg) oT [, KoTopasi JI0JIKHA
OBITH JTMHEITHON. Pe3yIpTaT TaKOro mOCTPOeHNs MTOKa3aH Ha PUCYHKE.

700,0

600,0 /
500,0 /)/6(

=
< y = 1)93x + 64,81
> 400,0 9/
2 o
g /
Y 300,0 O
] ~
= ,ca/
200,0
/
7
S
100,0
0,0
0 50 100 150 200 250 300 350

I, um
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1 BosmozkHabl 1 Apyrue paBHOIIEHHbIC IIDpEJCTaB/JICHUA.

3aBUCHMOCTBD JIMHEIHA, YTO COOTBETCTBYET TeopeTudeckoil (popmysie. O 1HAKO, TEOPETUIECKOe 3HaA~
JeHnne KodhduimenTa HakjgIoHa PaBHO 2,5, a SKCIEPUMEHTAIBHO TOJIYIeHHOE 3HAYUECHUE

a=193+0,12. (10)

T.e. 6y3K0 K 2. DTO OTINYIME HE MOZXKET OBITh 00bsICHEHO IOIPENTHOCTHIO n3Mepennii. [lorepu suep-
I'UH TaKyKe He MOTYT OObSICHUTD JAHHOE OTKJIOHEHWE (BO-IIEPBBIX, OHU MaJIbl; BO-BTOPBIX, JOJIZKHbI
IPUBOJIUTH K OTKJIOHEHUIO B JPYTYIO CTOPOHY ).

[To-BumMmomy, r1aBHasi TPUIUHA OTJIUYASA 3aKJIFOUAETCs B TOM, YTO CTEPXKEeHb, Ha KOTOPBIH Ha-
MATBIBACTCST HUTh, UMEET 3aMETHBIH pajuyc (He YUTEHHBIH B TEOPETHIeCKOM BbIBOJE). [Ipu Ha-
KPYYUBAHUU HUTH TaiiKa JBUXKETCdA He 10 OKPYXKHOCTH, a 10 crupaJsu. B 3Tom ciaydae eciim HUTH
MOJITHUMAETCA K BepXHel TOYKe ¢ HEOOJIBINON CKOPOCTHIO, TO OHA HAYHET HAMATBHIBATHCA HA CTEP-
xkenb. Jlaxke B ToM cirydae, eciu BOJIM3M BepXHEl TOYKUM HUTh YACTUIHO NMPOBHUCTIA (ITO OYeHb
CJIOYKHO 3aMETUTD), TO MPH JATbHENIIeM IBUKEHUN OHA MOYKET HAMOTATHCS Ha CTEPYKEHb — TaK
KaK pa/Iiyc TPaeKTOPUU yMEHbIIaeTCs.
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