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10* knacc (0eenaouamunemunsa wkona).

3ananue 1. «Ily3vipex»

3adanue 1.1.
B mpyoke, 3anonnennoi 6000il, naaeaem maneHbKuil Kycouek nenonnacma. Hccnedyiime,
AGNACMCA N1 OBUIICEHUE KYCOUKA NEHONIACMA PAGHOMEPHBIM NPU €20 6CNIIbIGAHUN.

Boinoanenue.

C moMOIIbI0O MEAMIMHCKOM PE3MHKM OTMEYaeM OIpenesieHHBbIH oTpe3ok TpyOku. [loctaBus
TpyOKYy BEpTHKAJIbHO, OTMEYAaeM IMPOMEXYTOK BPEMEHH, 3a KOTOPBIH KyCOU€K BCIUIBIBET Ha

JaHHOM Jtamne. [IoBropsieM u3mepenust, MeHss JJIMHY OTpPEe3Ka.
JlanHble n3MepeHnid U BEIYKCIICHU B Tabmuie 1 u Ha rpaduke 1.

h,cm t, c <t>c |V, culc
10 1,1 1,22 1,14 1,2 1,12 1,18 1,28 1,18 8,47
15 1,79 1,76 1,82 1,83 1,82 1,79 1,84 1,81 8,3
20 2,43 2,25 2,42 2,5 2,43 2,42 2.43 2,41 8,3
25 3,18 3.04 3,06 3,02 2,98 3,06 3,05 3,06 8,3
30 3,52 3,68 3,67 3,53 3,5 3,67 3,6 3,6 8,3
40 4,87 4,36 4,77 4,95 4,87 4,85 4,87 4,79 8,35
50 6,03 6,08 6,05 6,04 6,08 6,04 6,05 6,085 8,3
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3aoanue 1.2.

Yoanume nenonnacm u ocmagvme manenvkuil ny3vipek 6030yxa 6blCOmMOU HECKOIbKO
MUTUMEMPOE.

Ecnu mpyoky nocmaeumb 6epmuKxaivHo, ny3vipek HauyHem ecnavieams. Hccnedyiime,
osudiceHue ny3vipbKa 6030yxa. Paenomepno nu osusicenue nyzvipoka’?

Buinoanenue.
[IponenaB Te xe SKCIEPUMEHTBI, YTO U C KyCOYKOM IEHOIUIACTA, MOTYYHIIN CIeIYIONINe TaHHbIC
(tabmuma 2, rpaduk 2).

h,em 10 20 30 40 50 59

t,c 1,41 2,78 4,25 5,68 7,12 8,1

2



Fy e

B0
a0 1
a0 1
a0t

T padgr. &
207 BronnelBaHUE MYskIDkK.E BOSOYNA.
107 h=7.2t

{ b .':,

0 2 48 3

3aoanue 2.1.

H3menan naknon mpyoku K 20pu3zoHmy, uccieoyime 3a6UCUMOCHIb CKOPOCHIU 6CHIIbIBAHUSA
RnYy3bIPbKA 6030yXaA OM y2ila HAKIOHA MPYOKU K 20PU3OHMY.

Buinonnenue.
JlanHble ombITa puBeAcHBI B Tabnuie 3 u Ha rpadukax 3,4

a 4 5 6 8 12 14 17 18 20

t,c 12 10.8| 9.45| 8,2 7,07 6,6 6,47 6,47 6,18

viem/e | 5 5.5 6,35 7,3 8,5 91 927 936 9,7

a 25 28 32 51.5| 53 56 58 90

t,c 597 | 5,77| 5,68 6,12 6,2 6,47 6,8 8,1

v,em/c | 10, 10,4 | 10,5/ 9,8 9,67 | 9,3 8,8 7,4
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3aganue 2. Ilapannensvnoe coedunenue npoeoOHUKOS.

1. 'pagyupoBKa NpuBOIUT, OUEBUAHO, K JIMHEHHOHN 3aBUCUMOCTH. CaM rpaduk 3aBUCUT OT
KpEeIUIeHHsI LIKaJIbl peocTata. MeTouka U3MEepeHUi — OueBUIHA U 3/1€Ch HE IPUBOAUTCS!

IIpumep, Ha pucyHke.

MpaayupoBOYHbIW rpaduK
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2. Y 100HO MOCTPOUTH 3aBUCHMOCTh —— OT IIPOBOJIUMOCTHU PeOcTara (€ro COnpoTHBICHUE

CIIE/TyeT ONPEACIATh C TOMOUIBIO IPalyipOBOYHOTO Ipaduka)

06

peocm.

rpaduka ¢ kKodHPHUIMEHTOM HAKJIOHA PaBHBIM 1, CBUACTENBCTBYET O BHITIOJHEHUN 3aKOHA
napauiCJIibHOI0 COCAUHCHUSA TPOBOAHHUKOB

1 1
R06 Rpeocm.

nocTpoeHus rpaduka Ha
PHCYHKE.
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10 knacc (11-nemunn wkona).

3aganme 1. «@opmyaa Toppuyesin»

1.1  TIlyctp HauanmbHas BBICOTA XHUAKOCTU B cocyne h,, BHyTpeHHHWI muamerp cocyna D,

muametrp otBepctus d (puc.l). B mMomeHT, Korma BeicoTa

JKHJIKOCTH B COCYJIe paBHA h, CKOPOCTb BHITEKAHMS KHAKOCTH | .~ D ’LE
u3 cocyna, cornacHo Gopmyie Toppuuemmu v(h) =./2gh. - S

COOTBETCTBEHHO, 32 MaJIbIi MPOMEXKYTOK BpeMeHn At
U3 OTBEPCTHS BBHITEYET BOAa OOBEMOM (CUMTaeM, 4YTO B
TEYEHUE HTOr0 MaJoro MPOMEXYTKa BPEMEHU CKOPOCTh \_,_//
BBITEKAHHUS OCTAETCS MIOCTOSHHON BEIIMYHHOM)

_ 71d? 71d? k

AV u(h)At = 2hg At .

DTO BBI30OBET MOHWKEHHE YPOBHSI BOJBI B COCyJe Ha
BEJIMYUHY

AV d? Puc. 1

~

Ah=

HWcronb3yst BbIpakeHHe, TPHBEIACHHOE B YCJIOBHH, BBUMCIAM mpupamenne Ah kak
pasuocts h(t +At) —h(t) mpu ycmosun At — 0

Ah = h, (L= bt + At))? - (L+bt)?) = 2h, (1 - bt)bAt . )

W3 Gopmyiibl, MpUBEAECHHON B YCIOBUH, Halaem, uto (L—Dbt) = /% ), ¢ yuetom uero (2)

npeoOpaszyeTcs K BUILY

A—h: — = ﬂ: % = :d—2
A - 2p-bib Zmb\/; b\/z\/z_gh {m} Dz,/zhg. 3)

1.2 U3 (3) caemyer BeIpaskenue it kodddumrenta b yepe3 mapamerpsl YyCTaHOBKH
d> | g
b=— || 4
D?\ 2h, @)

W3 (4) creayeT BaKHBIH BBIBOJ. JUIS COOJIIOJICHHS IMOCTOSIHCTBA Koddduimenta b
cnez[yeT HpOBOI[I/ITB I/I3MepeHI/I5[ TOJBKO B HHHI’IHI[pH‘ICCKOﬁ qacTu 6YTBIJ'IKI/I, T.C. 10 TEX HOp,
OKa BOJAa HE  ONyCTHIAch 10  Cyxaromiehics  (HWKHEH)  vacTh  OYTBUIKH.



Yacrth 2. 3aK0H BbITEKAHUS.

2.1 AxxypaTHO 3aquBaeM BOJy B OYTBUIKY U H3MEpSieM 3aBHCHUMOCTH
BBICOTHI YPOBHS BOJbI B cocyne H ot Bpemenu t.

B Tabmuue mnpuBeNeHb OKCIEPUMEHTAIBHBIE JaHHBIC
MJIACTUKOBOW OYTHUIKK 00beMoM 1 utp mpu nuamerpe mpooku 1,6 mm.

[TocTpoum rpaduk nmpuBeICHHON 3aBUCUMOCTH.

Kak Buaum wu3 rpaduka, MoIydeHHas 3aBUCHUMOCTb SIBHO
HEJIMHEWHA, TOCKOJIBLKY B KOHIIE MPOIIECcCa BEUTMBAHUS CKOPOCTH JKHIKOCTH
SIBHO YMEHBIIAETCS.
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2.2 Kak crmeayer u3 myHkta 2.1, IS TPOBEPKHM BBIMOJHUMOCTH 3aKoHa (2) HEOOXO0IUMO
JMHEapu30BaTh CHUCTEMY, T.e. NpeoOpa3oBaTh BbIpaxeHue (2) Takum 00pa3oM, YTOOBI

MOJTy4YeHHas 3aBUCHMOCTD TNpeCcTaBsiia Obl COO0H MPSIMYIO JIMHHUIO.
B namem ciyyae 310 yn1o0HO cenarh cieayoummM o0pa3oM

M gy,
hy

rae 3HadeHue koddowurmenta b wHaiimeno B myHkre 1.2. COOTBETCTBEHHO, IOCTPOHM

[ht
3aBUCHUMOCTH BCIIMYHUHBI % OT BPCMCHH.



NMpoeepka I aBucrmMmocTm (2) oT BEpemMmeHmn

Kaxk BUIUM U3 HOHy‘IGHHOﬁ AuarpaMmsbl, B JTaHHOM CJIy4dac 3KCIICPUMCHTAJIbHBIC TOYKH
JIOCTATOYHO XOPOUIO JIOKATCS Ha MPSIMYIO, YTO TOJATBEPKIAET CHPaBEIIMBOCTh 3aBUCHMOCTH
(2).

2.3 Jly1s onipeieNieHrsi ONTUMAIIBHOTO 3HaYeHUsT Koduimenta MoxxHO mpuMeHnTh MeTor MHK
JJISL JIMHEHMHOU 3aBUCUMOCTH. TaK, AJI OKCIICPUMCHTAJIBHBIX JAHHBIX, IPUBCACHHBLIX B Ta6J'II/II_[e,

970 3HaueHue cocraiser b =0,0013".

2.4. B xauecTBe NPUYMH BO3MOXKHBIX OTKJIOHCHHH CJEIyeT Ha3BaTh HAIWYHUE Yy HKUIKOCTH
BS3KOCTH (BHYTPCHHEIO TPEHHMsSI), BO3MOXKHOE HEJIAMHHAPHOE TEUYcHHE (3aBUXPCHUM) IpH
PUOJIMYKCHUU YPOBHS BOJIbI K OTBEPCTHUIO, TOBEPXHOCTHOE HATSHKEHHE KUIKOCTH.

Yacrts 3. /I[pyrue orBepcrus.

3.1 Kak crmenyer w3 TONYYCHHBIX 3aBUCUMOCTEH, BpeMss [  BBITEKaHHUS OOpaTHO

d2
MMpONnopuruoOHaJIbHO 3HAYCHUIO KOSq)(bI/H_[I/IGHTa b_ i, KOTOPLIM MpPU MPOYUX PAaBHBIX

" D%\ 2h,

YCIOBUSX MPSMO NMPOMOPIHOHATECH KBaIpaTy AuaMeTpa oTBepctus. OTcroa cieayer, uTo

TOO?.

Taku oOpa3om, OTHOIIEHHE BPEMEH BBITEKAaHHS BOJABI M3 OYTBUIKM HPU Pa3HBIX JAHaMETpax
OTBEPCTUH ONpPEEIsAeTCs] OTHOIIEHUEM OOPAaTHBIX KBAIPAaTOB X PAIHYyCOB

.o 1.1 1
Tlrzrs_d_lzd_zzd_;
COOTBGTCTBGHHO, B HAIIlIECM cnyqae
111
7,7, 7T,=-:—:—=36:9:4
2 17479

C y4eToMm MOrpenHoCTH 3KCIEPUMEHT J1aeT OJU3KHIe 3HAUCHUS.



3aganue 2. U3rud crep:xus.

[Tpu mojBemMBaHUM rpy3a K MaJOUYKe 3aBUCUMOCTD Je(OpPMAaLIUU OT MOJIOKEHHS TPAKTHYECKU
JIMHEIHA, 4TO MOATBep K aaeT 3akoH ['yka. [Ipumep Ha pucyHke.

3aBMCUMMOCTE CMeLLEHMA OT TOYKU NOABECA HA NAaNO4YKe
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[Tpu nmoaBeIMIMBaHUN MAJIOTO TPy3a K CTEPKHIO, CMEIEHUE KOHIIA TAJ0YKU OKa3bIBACTCA
IIPUMEPHO MPONOPLUOHAIBHO KBAAPATy KOOPAUHATHI TOYKH I10JBECA, YTO ITOATBEPKIAET

JIMHCApU30BaHHAaA 3aBUCUMOCTD.

JaBMCHHMOCTE CHEWEHHUA OT TOYKM KPENAEeHHA Ha CTEPIKHE

70

70

FABMCHMOCTE CHELEHMA 0T TOYKH NOJBEeca (NMMHEeapH :auna)

B stom CJIydac MOXKHO ITIOKa3aTh, YTO BCIIMYMHA npom6a OKa3bIBACTCA HpOHOpHHOHaHBHOfI

KyOy KOOpAMHATHI TOUYKH TO/BECA.



11 xnacc.

3ananme 1. «KKayareabHble» KoJieOaHMS.

[Ipun koneGarenbHOM JABM)KEHHHM MEXaHWYECKash SHEPTUs CUCTEMbl CKIIAJIbIBAeTCS U3
KWHETHYECKOW U MOTEHUMAIBHONW YHEPTUi BCeX Tell, 00pa3yIoLX CUCTEMY.

Bynem cuutarh, 4TO KHHETHYECKOW SHEPTUEH ACPEBIHHOW MAJOYKW U IEHTPUPYIOLIETO
KyCOUKa IJIACTHIMHA Ha €¢ KOHIIC MOXKHO TMPeHeOpeysb B CHIIy MalocTu ux Maccel (M=5¢) mo
cpaBHeHHIO ¢ Maccol rpy3uka (M =100¢).

Torma kuHeTHUYECKas: YHEPTUS CHCTEMBbI OYAET OMPEACNAThCS TONBKO KHHETUYECKOM
9Heprueil rpys3uka (UIMHAPA), KOTOpas MpH KaueHHH MOXET ObITh HaiijieHa Kak CyMMa ero
KHMHETUYECKUX HEPruil MOCTYNATEIbHOTO U BPaIllaTeIbHOTO JIBUXKEHUN

2
LCANL S ®
2 2
rae U — CKOPOCTh TOCTYMATeNbHOTO JBMKeHMs rpysuka (puc. 1), M — ero macca, & —
yrjaoBas CKOpPOCTb BpallleHus Tpy3uka, J — MOMEHT HHEepUUHU
rpy3uka (MMIMHIPA) OTHOCHUTEIBHO OCH, MPOXOJAIIEH dYepe3 ero
LIEHTP Macc.

C y4eroM TOro, 4To KayeHWE€ Tpy3uKa MO TOPU30HTAIBHOU

MOBEPXHOCTHU MPOUCXOAUT 0€3 MPOCKATb3BIBAHUS, MOXKEM 3aIHCATh

E( =

v=aR. (2
C yuerom (2) nepenumiem (1) B Buje
_M’R? I Jof
EK - + - )
2 2 2

rne J' =J+mR?%.

3amac MOTEHIUAIBLHON SHEPrHU CHUCTEMBI IPU OTKJIOHEHHU
OT IIOJIOXKCHUA paBHOBeCI/ISI OHpe,Z[eJI}IeTC}I TOJIBKO yBefH/IquHeM
MOTEHIMATBHON SHEPrHH TAJOYKH, IIOCKONBKY TIPY3HK JBIDKETCS 110 TOPU3OHTAIBHOM
TIOBEPXHOCTH. VIHBIMH CIIOBAMH, 31€Ch YK€ HElb3s MPeHeOpedbh MACCOi MaIoYKH M

Puc. 1

I | .. ¢, mgl ¢°
E, =mg— (1-cosp) =mg—2sin’(%) = — ", (3)
" 2 2 2 2 2
re ¢ — yroj OTKIIOHEHHS MAJIOYKU OT BEPTHKAIM B mporecce MaibiX (@ — 0) KpyTHIBHBIX
Koslebanuii, | — paccrosiHMe OT TOUYKM KPCIUICHHs MaJOYKH Ha TPY3HKE 10 I[IEHTpa Macc

najgouku (paxTHyeckn m0 ee cepenuHbl). Maccoil LEHTPUPYIOIIEro rpy3uka Ha KOHYHUKE
NaJIOYKU IIPEHEOpeKeM.
B npeneOpexeHnn n1eiCTBUEM CHIIBI TPEHHS 3alHIIEeM 3aKOH COXPAaHCHHS MEXaHUYECKOM
SHEPTUU MPHU KOJIeOaATEIbHOM JABHKEHUH
mgl ¢° N J'of
2 2 2
muddepeHpyst KOTOPbI MPUXOIUM K YpaBHEHHIO TApPMOHUYECKUX KOJIeOaHui

=const,

¢"(t) +Q°¢(t) =0,

rne Q=,—.
27
CoOOTBETCTBEHHO, MEPHO]T MATTBIX KPYTHUIBHBIX KOJICOAHWUN MUJIMHIIPA C JIETKOU MaJIOYKOM
110 FOpH3OHT3.JIBHOI>i HOBerHOCTI/I

T=—=2m|—. 4)



Kak cnenyer u3 (4), nepuosa kosnebanuii T 0OpaTHO MPOMOPIUOHATICH PACCTOSIHHIO OT
OCH LMJIMHJIpA JI0 LIEHTPa MacC CUCTEMBI

Tooi.

N

[Toctpoum rpadux moaydyeHHONW 3aBUCUMOCTH 10 SKCIEPUMEHTATbHBIM TOUKaM:

SAaBUCHMOCTE Nepona Kone&aHuA oT paccTOAHNA A0 LUeHTpa
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%, (M)

To, 4TO TOKa3aTeNlb CTEIICHH MPUMEPHO pPaBEH Y2 MOXKHO IOKa3aTh, IMMOCTPOUB 3aBUCHUMOCTH
KBaJIpaTa mepuoja OT BEJIMYUHBI OOPAaTHOW PACCTOSHUIO JI0 IEHTpa, TMO0 mepruoaa KojaebaHui

1 .
OT —=, IOJIY4acTCA BIIOJIHEC NPUJIINYHAA JUHENHAA 3aBUCUMOCTD.

Ji

1.|'.1.— ———————————— B e P e B B i [ itk T e e e
' ' ' ' ' '
' ' ' ' ' '

(PSS St eactonts e Eacmont: e oo s tacEaa et s annes .

nepun,

017 019 021 023 025 027 029 0,31

1/KopeHs ANUHLI

2. bynem cuuTath, 4TO CWJIa TPEHUsS KAa4eHHUs OCTaeTcs mocTosiHHoW. Torma ee pabora mpsmo
MPONOPIMOHATbHA MMYTH, MPOWICHHOMY LUJIMHIPOM IO TOPU30HTAJIBLHOM MOBEPXHOCTH. Eciu
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OTKJIOHCHHE OT TIOJIOXKEHHUS PaBHOBECHs paBHO AX, TO PHEPrus B KpalHUX IOJOKECHUSIX
AX
IPOMOPIHUOHATBHA — COSP, T1Ie @ = E - YI'OJI OTKJIOHECHHUS CTEPKHA OT BEPTUKAIIU.

['paduk 3aBUCMMOCTH TIOKa3aH Ha PUCYHKE.

3aBMCMMOCTb IHEPrMK OT NPOWAEHHOrO MyTH
12
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[To HakioOHY rpaduka MOKHO OHpPeACTUTh KO3DOUIMEHT TpeHUs KadeHUs (OTHOIIEHHE MaccC
WIMHAPA U CTEPIKHS ONPEIENISICTCS U3 MepHoa KoIeOaHui).
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3aganue 2. UnTepdepennus Ha Oymare.

CripaBeIuBOCTH (hOPMYJIBI, IPUBEACHHON B TIOJICKa3Ke, MOATBEP)KIACTCS pe3ysibTaTaMU
. 1
u3Mepenuil. Ha pucynkax npuBeneHbl rpaduKy 3aBUCUMOCTH — OT COSQ . DTH ke rpaduku

IMMO3BOJIAIOT ONPEACIUTD ICPUOAbI PCUHICTOK.

y =-1,2923x + 1,2948
0,12

0,1

<,

0,08 -

0,06 3

0,04 &

0,02
0 ‘ ‘ \

0,92 0,94 0,96 0,98 1 1,02

s mucra Nel.,

y =-1,2092x + 1,2175
0,12

o \\
- \
0,06

0,04 -

0,02 -

0,92 0,94 0,96 0,98 1 1,02

Jlnst mucta Ne2

Hanoxenuto xonen coorBercTByeT cxema KOHra. B 3ToM citydae mupuHa nojaochl OKa3bplBaeTCs
00paTHO MPONOPIMOHATILHON CIBUTY TUICHKH O
D 2
Ax =—9%
20
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W3mepenust NOATBEPKIAIOT 3TOT BbIBOA — Ha rpaduke 3aBHCHMOCTD BEIMUMHBI 0OpPaTHOM
LIMPUHE TOJIOCHI OT CIIBUTA.

y =495,22x - 2,4862
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[To HakmoHY Tpaduka MOXKHO ONPEACIIUTh TPEOYEMBIi TTapameTp.
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