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SOLUTION TO THE EXPERIMENTAL COMPETITION

Superposition of oscillations
The longitudinal and torsional oscillations of the pendulum described in the experiment in the
approximation of small angles are its own oscillations (modes), so they can be considered independently of
each other.
In the small angle approximation, the periods of these oscillations are given by the formulas

L

T, = 21 \/; (1)
4L1

T, =2m /mgaz, )

where m = my + 2m; is the total mass of the pendulum, m, refers to the rod mass, m; stands for the nut

molz
12 . . . . . . .

Formulas (1) and (2) are actually used in the work, but their derivation is not required and is not graded.

mass, and [ = + 2m,z? designates the moment of inertia of the rod with the nuts.

Part 1. Observation of the effect and its theoretical description
1.1 The rod end moves along trajectories corresponding to the addition of perpendicular oscillations with close
frequencies. They can also be thought of as the addition of oscillations with equal frequencies, but with a
slowly varying phase difference between them. Images of these most typical trajectories are shown in the
figure below.

9

. l
x=Lsma+5cosﬁ

- 3)
y = sin p
In the approximation of small angles a, f < 1 we have
x =~ La+ é
L 4
y=3B

Since the angles «, f change according to a harmonic law with frequencies wy = 2 /Ty and w; =
2m /Ty, respectively, the equation for the trajectory of the rod end has the form

x(t) = Layqy COS wot +é

! . s (%)
y(t) = Eﬁmax sin w; t
which for close frequencies can be conveniently rewritten in the form
x(t) = Lajqx COS wpt +é
(6)

l . :
y(t) = Eﬁmax Sln(wot + (w1_w0)t)

In the expression y(t) for close frequencies, the value Ap = (w;—w,)t can be considered as a slowly varying

phase difference between oscillations with close frequencies.

1.3 It is obvious that the shape of the trajectory returns to the initial one if the phase difference changes by

+2m. Thus, the cycle period obeys the condition

(w1—w)T¢ = £2m, (7)
which provides
_ Ty
Te =i ny ®)
1.4 The number of oscillations of longitudinal oscillation in the cycle can be written in the form
No=Ze=_T1 (9)
To |To-Til
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Part 2. Longitudinal oscillations

2.1 To increase the measurement accuracy, it is necessary to measure the times of a sufficiently large number
of oscillations; in our experiments, we measure the time of 20 periods of oscillations t,,. To estimate the

random error, these measurements are carried out 10 times, and their results are shown in Table 1.

Table 1. Measuring the period of longitudinal oscillations.

n tZOa S
1 26.39 | The average time of 20 oscillations is
21 26,32 | (tyy) = 26415,
3 26,51 | and the instrument error is equal to half the value of the stopwatch division
4| 26.40 At; =0.5-1073s.
. The random error is calculated using the formula
5] 26,46 ;
10 i
6| 2641|At, = ZJM =6.5-102s.
n(n-1)
71 26,34 , .
" 6.7 The total time measurement error is
= At = \/At} + At = 0.066 s.
91 26,55
10| 26,53

Thus, the period of longitudinal oscillations is equal to

Tp = 22 = (1.321 £ 0.003) s.

Part 3. Torsional oscillations

(10)

3.1 Table 2 shows the values of the measurement results of the periods of torsional oscillations at various
values of the distance a between the threads. The same table shows the results of calculations for determining
the exponent q.

Table 2. Dependence of the period of torsional
oscillations as a function of the distance between the threads.

a,cm | tyy,8 Ti,s Ina InTy
48| 5911| 5911 | 1,5686 | 1,7768
6,3| 44,62 | 4462 | 1,8405| 1,4956
7,81 36,31 | 3,631]2,0541 | 1,2895
94| 2966 | 2966 | 2,2407 | 1,0872
11,0 | 25,60 | 2560 | 2,3979 | 0,9400
122 | 23,32 2332125014 | 0,8467
13,8 | 20,46 | 2,046 | 2,6247 | 0,7159
16,0 17,66 | 1,766 | 2,7726 | 0,5687
18,2 15,82 | 1,582 | 2,9014 | 0,4587
20,5 13,87 | 1,387 | 3,0204 | 0,3271
24,0 11,98 | 1,198 | 3,1781 | 0,1807

The corresponding dependence graph looks like
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3.2 The optimal and most common way to determine the exponent is to plot a graph on a double logarithmic
scale. It follows from formula (1) given in the problem statement that
In7T=C+gqlna,

therefore, the slope of the graph is equal to the exponent. This graph is shown in the figure below.
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The resulting relationship is linear with a slope coefficient very close to (-1). An alternative way is to
construct dependencies T;(a™1), or T; *(a). However, in these methods it is necessary to prove that the

constructed graphs are straight lines passing through the origin of coordinates.

All these methods reasonably indicate that the desired exponent is equal to (-1), i.e. the period of
torsional oscillations is inversely proportional to the distance between the threads.
3.3 The results of measurements of the dependence of the period of torsional oscillations on the position of
the nuts are given in Table 3. The same table shows the calculation results necessary to construct a linearized

graph.

Table 3. Measurements of the period of torsional oscillations.

z,cm | tyo,s | Ty,s | z2 | TF U
6 44,58 | 2,229 | 36 | 4,968 | 2849
7 45,751 2,288 | 49 | 5,233 | 300,0
8 46,83 | 2,342 | 64 | 5,483 | 314,3
9 47,87 | 2,394 | 81 | 5,729 | 328,5
10 49,17 | 2,459 | 100 | 6,044 | 346,5
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11 50,84 | 2,542 | 121 | 6,462 | 370,5
12 152,15| 2,608 | 144 | 6,799 | 389,8
13 153,47 | 2,674 | 169 | 7,148 | 409,8
14 |54,85] 2,743 | 196 | 7,521 | 431,2
15 156,91 | 2,846 | 225 | 8,097 | 464,2

The graph of this relationship is shown in the figure below. It can be seen that the resulting dependence
is nonlinear.
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3.4 It follows from formulas (1)-(2) given in the problem statement and the result of the previous part that the
period of torsional oscillations is described by the formula

Ty _ VA+Bz?
n =T (12)
whose linearization is obvious and has the form
1) _ 2
(aTO) = A+ Bz2. (13)

2
The value U = (a ;—1) depends linearly on z2, and the graph of the linearized dependence is shown in
0

the figure below.
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3.5 The coefficients of this dependence, calculated using the least squares method, are equal to
A= (254 1+ 4) cm?, (14)
B =0.93 £ 0.03. (15)
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Part 4. Mixed oscillations
4.1, 4.2 Table 4 shows the results of measurements and calculations necessary to verify the theoretical formula

(9).

Table 4. Study of mixed oscillations.

T, 1

z,cm | Ty,s T_1 N (teop.) | No (3kem) N_C
10,5 | 1,247 | 1,059 17
11,0 | 1,264 | 1,045 22 24 0,042
11,5 | 1,282 | 1,030 33 35 0,029
12,0 | 1,301 | 1,015 65

12,5 | 1,319 | 1,002 660

13,0 | 1,339 | 0,987 74 60 0,017
13,5 | 1,359 | 0,972 36 33 0,030
14,0 | 1,379 | 0,958 24 21 0,048
14,5 | 1,400 | 0,944 18 16 0,063
15,0 | 1,421 | 0,930 14 13 0,077

In this table T; stands for values of torsional oscillation periods calculated using formula (12), and N, refers
to the calculated and measured values of the number of periods in the cycle.
4.3 To check formula (9), a graph is drawn of the dependence of the quantity reciprocal to the number of

oscillations Ni on the value ;—0, which is theoretically described by the formula = ;—0 -1 | A graph of this
Cc 1 1

N¢
dependence, constructed from the experimental data, is shown in the figure below.
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Otor rpaduk, a TaKKe CpaBHEHHE PACCUUTAHHBIX W W3MEPEHHBIM 3HaueHUMl Ny, TOATBEPKIAIOT
teopernyeckue BoiBOAbL. This graph, as well as a comparison of the calculated and measured N, values,
corroborates the theoretical conclusions.

| Content | Points | Total

Part 1. Observation of the effect and its theoretical description

The addition of vibrations is obtained (there is at least one plausible 0.2
1.1 picture) ’ 1.0
’ 4 drawings: two close to the segment, two ovals indicating the direction _ ’
. 4x0,2=0,8
of motion
Expressions for coordinates on a plane through deflection angles 2x0,2=0,4
1.2 Explicit time dependencies 2x0,1=0,2 0,8
Small angle approximation 0,2
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The main idea is the change in phase difference, formula (7); 0.5
: . ,5(0,2)
13 (if the beat period) ' 1.3
Formula (8) for the cycle time 0,5 ’
The module is placed in formula (8) 0,3
T,
14 |Nc= X 0,4 0,4
Part 2. Longitudinal oscillations
Graded if the numerical value of the oscillation period is estimated
The obtained period value is in the range of 1.3 - 1.5 s 0,4
Measurement error less than 1% (graded if the error is estimated) 0,1
At least 5 measurements of time N oscillations were carried out (3, less) | 0,3 (0,1,0)
Number of oscillations N not less than 10 (5, /ess) 0,2 (0,1,0)
Averaging over all measurements are carried out 0,1
2.1 Random error calculated (averaging of deviation modules, standard 0.2 2,0
deviation - acceptable) ’
Instrument error (half or division value) 0,2
The total error is calculated (the value is acceptable) 0,2
Correct rounding (error — 1-2 digits, result — up to the error digit) 0,2
The dimension of the result is indicated 0,1
Part 3. Torsional oscillations
Graded if the measurement results are graded!
If the nuts are not located at the ends of the rod, the grades are divided
by factor 2.
For each measurement 0.15 (in total no more than 1.5; falling within the
20% range if the time of less than 10 oscillations is measured, 0.1 per | 0,15x10=1,5
a1 measurement) 55
’ The lower limit of the range is no more than 5.0 cm 0,2 ’
The upper limit of the range is not less than 15.0 cm 0,2
A nonlinear dependence close to hyperbolic is obtained 0,1
Plotting a graph (the axes are labeled and digitized, all points are plotted | 0,1+0,2+0,2=
in accordance with the table, a smoothing curve is drawn) =0,5
Graded if the degree is -1, the measurement results are graded
The obtained value is g=-1 0,5
Linearization is carried out on a double logarithmic scale (calculations 0,5
32 are provided) 1.5
) (reciprocals, with proof of passing through zero); (0,2+0,2) ’
A graph of the linearized dependence is plotted (the axes are labeled and 0.1+0.2+0.2=
digitized, all points are plotted in accordance with the table, a smoothing | =’0 5 ’
line is drawn) ’
If the distance between the threads is different from 10 cm, the grades
are divided by factor 2
For each measurement 0.15 (in total no more than 1.5; falling within the
20% range if the time of less than 10 oscillations is measured, 0.1 per | 0,15x10=1,5
measurement)
3.3 The lower limit of the range is no more than 6.5 cm 0,2 2,5
The upper limit of the range is not less than 14.0 cm 0,2
A nonlinear downward convexity dependence is obtained 0,1
A graph of the linearized dependence is plotted (the axes are labeled and 0.1+0.2+0.2=
digitized, all points are plotted in accordance with the table, a smoothing | =’0 5 ’
line is drawn) ’
Linearization is carried out (the squares of periods and distances are
3.4 0,3 1,0
calculated)
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A graph of linearized dependence is plotted (the axes are labeled and 0.14+0.2+0 2=
digitized, all points are plotted in accordance with the table, a smoothing | ™ =’0 5 ’
line is drawn) ’

Straight line is obtained 0,2
Grades if 3.3 — 3.4 are graded
Numerical values of the coefficients are obtained (in the range of 20%, 2%0.4=
. . . . x0,4=0,8
the dimension -0.1 is not indicated)
35 Errors of coefficients are calculated 2x0,1=0,2 1
Calculation using LSM coefficient 1;
graphically, averaging over all points — 0.8,
at two points — 0.5;
Part 4. Mixed oscillations
Graded if measurement results are graded
For each measurement 0.2 (total no more than 2.0; within 30% range) 0,2x10=2,0
There are two dependency branches (at least 2 points on each) 1,0
The lower limit of the range is no more than 11 cm 0,2
4.1 The upper limit of the range is at least 15 cm 0,2 4
The number obtained N>50 0,3
Sharp increase (steeper than linear) 0,1
There is an "unmeasured" area in the middle of the range 0,2
4.2 The periods are calculated (range — 20%) at 0.05 for each point, at least 0.05x10=0.5 0,5
3 decimal places)
Linearization is proposed (the reciprocal of the number of oscillations 0,5
from the ratio of periods, the difference of periods);
A theoretical calculation of the number of oscillations are carried out
and a comparison with experimental results is made. 0,2+0,1=0,3
4.3 The linearized dependence is calculated 0,2 1,5
A graph of linearized dependence is plotted 0,4
A graph of measurement results is plotted 0,2
A graph similar to the graph of the modulus number function is obtained 0,3
Correct position of the minimum on the graph 0,1
TOTAL 20,0
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TOKIPHBEJIIK CAHBICT. bIH ECEIITEPIHIH LHIELIIIMI
TepOeJticTepaiH cynepno3uuMschI
ToxipuOene KapacThIpbUIFaH a3 OypbIILITAp JKYBIKTAYbIHIAFbl MAasTHUKTIH KyMa >KoHe aifHaMalibl
TepOernicTepl OHBIH MEHIIIKTI TepOenicTepi (Moaanapsl) 60BN TaObLIaIbl, COHIBIKTAH OJNapibl Oip-OipiHeH
TAyeJICi3 KapacThIPyAbIH MYMKIiH/IT1 Oap.
A3 OypsIITap *KYybIKTaYybIHIa OYJ1 TepOenicTep/IiH Mepuoibl MbIHAIall ©pHEKTEPMEH aHbIKTaa/Ibl

T, = 21 \/g (1)
4L1
T = 2m /mgaz, @)

< mgl
MYHJAFbl M = My + 2m1 —MasATHHUK MaccCacCbl, M, —CTCPKECHb MaccacCbl, M, —TanKa MacCachbl, I = 102 +

2m,z? — cTepKEeHb MEH raliKaHbIH HHEPLIUS MOMEHTI.
Korapoiarsl (1) xoHe (2) epHEKTepi KYMBICTa aljanaHbUIa bl, OipaK onapabl KOPTHIIN HIBIFAPHIIT
KaXXeT eMEC KOHE 0J1 OaranaHOanIbl.

1 6eJ1imM. KyObLIbICTBI 0aK1ay K9HE OHBI CANIAJIBIK TYPFBIJIAH CHIIATTAY
1.1 CreprkeHbHIH YIIBI KHUUTIKTEp] Oip OipiHe JKaKbIH, ©3apa NepHEHANKYIISAp TepOenicTepal KOcyFa colkec
KEeJIETIH TPAeKTOPHUSIHBI ChI3aibl. Onapibl COHBIMEH KaTap KHiIIKTepi Oipaeit,0ipak (azanap ailbIpeIMbl Oasty
e3repeTin TepOericTeplIiH KOCBIHABICHI TYpiHAE 1€ KapacTblpyra Oonanpl. Onmapra TOH TpaeKTOPHS
TOMEH/IET1 CYypeTTe KEeNTipiIreH.

_______________________________

. l
x=Lsma+5cosﬁ

- 3)
y = sin p
A3 OypsllITap *KybIKTayblHIa &, f < 1, oHAa
!
x =~ La+ >
! 4 <
y=3B
Korapbiiarsl a, f OypbIITaphl KUUTIKTEP] colikec wy = 21/T, xoHE
w; =2m/T; Ooma OTBIPBII TAPMOHUSIBIK 3aHIBUIBIKIICH  ©3TepeTiH
OO0JIFaH/IBIKTAaH CTEP)KEHB YIIBIHBIH TPACKTOPUACHIHBIH TEHICY1
!
x(t) = Laqx COSwot + =
2
. _ ; (5)
y(t) = Eﬁmax sin w; t
Ounpbl 6ip OipiHe KaKbIH KUUTIKTEpP YIIIH MBbIHA TYPJE a3y bIHFAIIIbI
!
x(t) = Lajqx COS wot + 5
(6)

y(t) = éﬁmax Sin(wot + (w1_w0)t)
Korapbiarsl y(t) ymin epHekTeri A@ = (w;—wy)t MmamMacsH xkuitikrepi O6ip OipiHe jKakbIH TepOemicTeri
Oasty e3repeTiH (azanap ailbIpbIMbI peTiHJIE KapacThIpyFa Ooabl.
1.3 TpaexTopusHBIH TYpi ©3iHIH OacTamkpl KajbllbiHA (asanap alblpeiMbl +27 Fa e3repreHje Kaira
KeJeTiHi alikelH. OChIMEH OalllIaHbICTl ). LUKIIIH NEPUOAbI MbIHA MIAPTThI KAHAFATTAHIbIPAIbI

((U1_(Uo)Tc = +2m, (7
Oynan
_ Ty
¢ T -l ®)

1.4 [uxnnarel Kyma TepOenicTep/IiH CaHbIH MbIHA TYPE *Ka3yFa 00Jabl
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Tc Ty
N-=-‘%t=—1 9
€T T IT-Tl ©)
2 6eaim. Kyma Tepoeicrep.
2.1 OmmueyniH IONIINiH apTTBIpy YIIIH TepOeNiCTepAiH CaHbl JKETKUTKTI Ooiysl mmapT. bizaig
enmeynepimizae 20 TepOenicTiH t,, yaKbIThl enmeHreH. Ke3neiicokrkarenepai Oaranay .miH enmey 10 per
KaiitananraH. Toxipube HOTHKeci ToMeH eri 1 KecTene KenTipuIreH.

Kecte 1. Kyma TepOenicTepiH MEpUOIbIH OJIIIEY.

n tag, C
26,39 | 20 TepOeiCTIH OpTaIia yakbIThl
26’32 (tzo) = 2641 C,

AJ KOHABIPFBIHBIH KaTeJIT1 CEKyHIOMEpAiH 06K KYHBIHBIH KapThHIChIHA
26,51 | ten

26,40 | At; =0.5-1073c.
26.46 Kesnelicok KaTemKTep MbIHA OPHEKIIEH eCenTeTiHe Il

26,41 At, = 2 Zilgl(tzo,i—(fzo))z — 65-10-2 ¢
2634 | n(n=1) ' '
26,22 | YaybITTHI OIIICY/iH TOJBIK KATEirl
26.55 | At = /At{ + AtF = 0.066 c.

O (00 [ [N [ [ (W (N | =

[S—
S

26,53

ConbIMeH, KyMa TepOeicTepAiH MePUO/IbI
Ty = 22 = (1.321£0.003) c. (10)
3 0eaiM. AliHaaMasbI TepOeaicTep.
3.1 Temenperi 2 xecrene KINTEPAIH apacbIHAAFbl @ apa KAIIBIKTHIKTBIH OPTYPJIi MOHJIEPIHICT] aiiHAIMaIbl
TepOeNiCTIH MEepUOABIH OJIIeyiH HOTIKenepi kenTipuireH. COHBIMEH KaTap OChl KeCTelIe ¢ JAdpexke
KOPCETKIIIH aHBIKTayFa KaKETT1 ecenTeyiep KenTipiiareH.

Taoauna 2. AitHanmainsl TepOeNiCTiH MEePUOABIHBIH KINTEPAIH apa KAIIbIKTBIFBIHAH TOYEeIIUTIr1

a,cM | typ.C T, c Ina InTy
48 | 59.11| 5911 | 1,5686 | 1,7768
6,3 44,62 | 4462 | 1,8405 | 1,4956
7,8 36,31 | 3,6311|2,0541 | 1,2895
94| 2966| 2966 |2,2407 | 1,0872
11,0 | 25,60 | 2,560 | 2,3979 | 0,9400
122 | 2332 2332125014 | 0,8467
13,8 | 20,46 | 2,046 | 2,6247 | 0,7159
16,0 17,66 | 1,766 | 2,7726 | 0,5687
18,2 15,82 | 1,582 |2,9014 | 0,4587
20,5 13,87 | 1,387 | 3,0204 | 0,3271
24,0 11,98 | 1,198 | 3,1781 | 0,1807

Caiikec ToyenainikTiH rpaduri
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3.2 Jlopexe KOpCeTKilliH aHBIKTAyJbIH €H OHTAWJbl, 9pi KEH TaparaH ofici rpaduKTi KOc Jorapupmaik
Mmaciutadra Typrbizy. XKorapbinarsl (1) epHEKTeH

InT=C+gqglna,

(1D

CoHpIKTaH TpapUKTIH SHKIMTIK K03((UIIMEHTI Aopexke KopceTKimine TeH. by rpaduk Temenzeri cyperre

KeNTipiireH

InT

20

N

1.8

AN

1,6

\

1,4
1,2

1.0

0,8

0,6
0,4

0,2

0,0
0,0

1,0

2,0

Ina

4,0

AJBIHFaH HOTWKE eHKIITIr (-1) re eTe *akblH CHI3BIKTBIK TOyesauliK. MyHBIH OanaMaisl 9Jici
Ty (a™1), nemece T; (@) Toyenaimirin Typrei3y GombINn TaObLIaAbL Bipak Oy oficTe TpadMKTiH TY3Y ChI3BIK
eKEeHIH YKoHEe KOOPAMHATTHIH 0ac HYKTeCi apKblJIbl OTETiHIH JQJIEINICy KaxKeT.
byn omicrepmin Oopi i3mecTipill OTBIpFaH JAopeke KepceTkimii (-1) exkeHiH, sFHH alHaIMaibl

TepOeiCTIH MepHOAbI XKINTEPiH apa KAUIBIKThIFbIHA Kepl MPOMOPLMOHATb EKEHIH KOpCEeTE .

3.3 AliHanMansl KO3FaIbICTRIH ITEPUOIBIHBIH TaliKaIap/IbIH OPBIHBIHAH TOYEIUIITIH OISy IiH HOTIKeIep 3
Kectene KenrtipuireH. OCbl KecTene JIMHEApU3alMsUIaHFaH TpadUKTI TYPFBI3YFa KaKETTi ecemnTeylepIiH
HOTIDKEINEPI JIe KeNTipiIrex.

3 kecTe. AitHaiIMambl TepPOENICTIH IEPHOBIH OJIIIECY .

Z,cM | tyg,c| Ty, c | z2 | Tf U
6 44,58 | 2,229 | 36 | 4,968 | 284,9
7 45,75 | 2,288 | 49 | 5,233 | 300,0
8 46,83 | 2,342 | 64 | 5,483 | 314,3
9 47,871 2,394 | 81 | 5,729 | 328,5
10 49,17 | 2,459 | 100 | 6,044 | 346,5
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11 50,84 | 2,542 | 121 | 6,462 | 370,5
12 152,15] 2,608 | 144 | 6,799 | 389,8
13 153,471 2,674 | 169 | 7,148 | 409,8
14 |54,85] 2,743 | 196 | 7,521 | 431,2
15 15691 ] 2,846 | 225 | 8,097 | 464,2

byn ToyenainiktiH rpaduri TeMeHeri cyperte kenrtipinreH. OgaH TOyeNAUTIKTIH CBI3BIKTHIK €KeH1
KOPIHII TYP.

3.0

28 ;

2,6 ¢

T,s

2|4 7

2,2

20
5 6 7 8 9 10 11 12 13 14 15 16

Z, S

3.4 EcenriH mapteiHgarbl (1)-(2) epHEKTepJeH XOHE >KOFAPBIIAFbl IMyHKTTIH HOTIDKECIHEH alHeIMallbl
TepOeNICTIH MePUO Ikl MBIHA OPHEKIICH CHITATTATATHIHBI IIIBIFA IbI

T, _ VA+Bz?
oo a (12)
OHbI MbIHA TYp/E JINHEAPU3ALUAIAN b
2
" _ 2
(aTO) = A+ Bz2. (13)

2

T; . o . . o

SAran U = (a T—l) IIaMAachl Z2-TaH CBI3BIKTBIK TOYEJIi, 0J1aif 00JICa OHBIH Ipaduri ToMeHerinekH
0
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3.5 OHbIH eH a3 KBaJpaTTap diCIMEH ecenTenreH ko3 puuneHTrepi MpIHaaai
A= (254 + 4)cm?, (14)
B =0.93 £0.03. (15)

4 0es1iM. ApaJjiac Tep0esicrep.
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4.1, 4.2 Temenneri 4 kectene (9) TEOPHSUIBIK OPHEKTI TEKCEpPYIre OaKETTi ecenTeyJepiH HITHKeNepi
KeNTipiireH

Kecre 4. Apanac Tep0OernicTi 3epTTey.

T, 1

z,em | Ty, c T_1 N (teop.) | N (3kem) N_C
10,5 | 1,247 | 1,059 17
11,0 | 1,264 | 1,045 22 24 0,042
11,5 | 1,282 | 1,030 33 35 0,029
12,0 | 1,301 | 1,015 65

12,5 | 1,319 | 1,002 660

13,0 | 1,339 | 0,987 74 60 0,017
13,5 | 1,359 |1 0,972 36 33 0,030
14,0 | 1,379 | 0,958 24 21 0,048
14,5 | 1,400 | 0,944 18 16 0,063
15,0 | 1,421 | 0,930 14 13 0,077

byn xecrenmeri : T; — aiiHanmainbel tepOenmicTiH (12) epHEKHeH ecenTenreH Nepuoabl; Ny — MHUKIIAFbI
MIEPHOTAP CAHBIHBIH OJIIICHTCH KOHE €CEeNTENINeH MOHIEPI.

. . 1 T e e .
4.3 JKorapelnarsl (9) epHEriH TeKcepy YILIH ~ [aMachIHbIH T—° [IaMaChlHAH TOYENIUIriHIH Tpaduri
Cc 1

T, . C
2 — 1| epHerimMmen cumarTamaipl. byn TtoyenaumikTiH
T, y

1

TOKIPUOETHK HOTHKEJep OOMBIHILIA TYPFBI3bUIFAH TAYEJIUIITT TOMEH/IET] CypeTTe KeNTipUIreH.

1
TYpFbI3blIFaH. OJ TEOPUSIIBIK TYpPFbIIAH =
Cc

0,10
N\
0,08 \\
0,06 N /

1/Nc

\Q /
004 \\ ,/
0,02 \N //
0,00

09 092 094 09 098 1,00 1,02 1,04 1,06 1,08
TO/T1

Ocpsl rpaduk xoHe N IIaMachIHBIH €CENTENTeH JKOHE OJIIIEHTeH HOTIKEEPl TEOPHUSIIBIK KOPTHIHIBLIAP IBIH
JYPBIC EKEHIH KOPCETE].

| Ma3MyHBI | ¥naiibl | bapJibirsl
1 66J1iM. KyObLIbICTBI OaK1ay K9HE OHBIH TEOPHSJIBIK CHIIATTAMACHI

TepOGenicTep Mypbic KOCBUIFAH (KeM JIereH ie 0ip CypeT IyphIC) 0,2

1.1 | 4 cyper: eki KeCiHl CypeTi, KO3FaJIbIC OaFbIThl TYPhIC KOPCETUITCH _ 1,0

. 4x0,2=0,8

eki1 smurc 4x0,2
AYBITKY OYpBIIIBI apKbLIbI aHBIKTAIFaH KOOPAMHAT OpHET1 2x0,2=0,4

1.2 VYakpITTaH allKbIH TOYEIILTIK 2x0,1=0,2 0,8
A3 OypBIIITApP KYBIKTAYBI 0,2

1.3 Heri3ri uznes — ¢azanap aifbIpbIMbIHBIH €3repici, (7) epHeK; 0.5 (0,2) 1.3
(e2ep cogy nepuoowvl bojca)
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[{uKn yakpITBIHBIH ©pHeTi (8) 0,5
(8) epHEKTE MOYJIb OEITiJICHIeH 0,3
14 | N;= |T0T-1T1|' 0,4 0,4
2 0eJim. Kyma Tepobesicrep
Tepbenic nepuoOvinbly  CAHOLIK MJHI  aHbIKMAn2aH  00Jca
bazananaovl
Ilepronreiy MoH1 1,3 — 1,5 ¢ AMANO30HBIH/A AHBIKTATFaH 0,4
Ommeynin Karemiri 1%-TeH Killli (ecep Kamenik aHLIKMAIEAH 0.1
bosca) ’
N TepOemnicTiH YyakbIThl 5 pETTEH KEM eMec OJIIIeHTeH (3-meH Kem) 0,3 (0,1,0)
N tepbemnicTiy yakbIThl 10 peTTeH KeM eMec (5-meH Kem) 0,2 (0,1,0)
BapibIk enmeynepiH opTama MOHI TaObUFaH 0,1
2.1 Ke3znelicok KaTelik ecenTeareq 0,2 2,0
KoHIBIPFBIHBIH KATENIr1 0,2
ToaBIK KaTeniK ecenTearex 0,2
Hypeic xkybikTay (Karemixk — 1-2 mudp, HOTMRKE — KaTENIKTiH 0.2
pas3psiblHa JIeiiH) ’
Hotwxenin enmem 6ipiri 0,1
3 0es1iM. AliHAIMAJIbI TepOeJic
Onwey nHomuoiceci anvlkmanzan 6o1ca bazananadwvt!
Eeep eavika cmepoicenniy yuvinoa opHanackan 60amaca Hamuice
22e kemimineoi.
Opbip emmey 0,15 (ecep 10 mepbenicmen az boiaca, onoa ap eauiey _
. 0,15x10=1,5
yuwin 0,1)
3.1 Jlnama3oHHBIH TOMEHT1 1meri 5,0 ¢M JIeH Kol eMec 0,2 2,5
Jlnana3zoHHbBIH >KOoFaprbl meri 15,0 cM 1aH kem emec 0,2
['unepOosara yKcac ChI3BIKTHIK €MEC TAYEIIITIK aJIbIHFaH 0,1
I'padukTtin canbiHYyBl (Oocmep oicazviizan wcone cauanzaw, | 0,1+0,2+0,2=
HYKmesnep canblHean. Kamvlk KUCbIK MYpbl3bli2aH) =0,5
Ezep 0apeoce -1 bonca bazananaowvt
AJbIHFaH HOTWXE ¢=-1 0,5
) 0,5
Koc norapudmaig macimradbra TuHEapu3anus xKacaaraH
3.2 (kepi wama, HondeH emy 0aenimeH) (0,240,2) 1,5
JluHepu3aysIaHFaH TOYENAUTIKTIH Tpaduri TYPFRI3BUIFAH (ocmep 0.1+0.2+0.2=
JHCAZBLIRAH JHCIHE CAHANRAH, HyKmenep canvihean. Kamuix Kucvlx | = =’0 5 ’
MYP2bl3blI2AH) ’
Ezep ocinmepoin apa kawvixkmoizsvl 10 cm den e3eewe 6o1ca baza
exi ece Kemuoi
Op6ip emmey 0,15 (ecep 10 mepbenicmen as boiaca, onoa ap eauiey _
. 0,15x10=1,5
yuwin 0,1)
33 Jlnama3oHHBIH TOMEHTI 1IeTi 6,5 CM J1aH apThIK eMec 0,2 2,5
Jlnana3zoHHbIH oraprbl meri 14,0 cMm naH ki emec 0,2
JloHecTiri ToMeH OaFbITTAIFaH CBHI3BIKTHIK €EMEC TOYEIIUTIK 0,1
I'paduk Typre3BITFAH  (ocmep oicazviizan dcone cananzau, | 0,1+0,2+0,2=
HYKmesnep canblHean. Kamvlk KUCbIK MYpabl3bli2aH) =0,5
Jluneapuzanus jkacanraH (MEPUOATAP MEH apa KaIlIbIKTBIKTBHIH 0.3
KBaJIpaTTaphl €CENTENITEH) ’
3.4 . ) 0,1+0,2+0,2= 1,0
JluHeapu3anusianFad TOYCIAUTIKTIH rpaduri TYPFbI3bLUIFbIH 0.5
Ty3y CBI3BIK aJIbIHFaH 0,2
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Ezep 3.3-3.4 nynxmmepi 6azananca
Koo puumenTrepain caH bk MOHI aJIbIHFaH 2x0,4=0,8

35 KoapuuumenTrepain KaTeliri ecenTenrexH 2x0,1=0,2 1
Ey a3z xeaopammap 20ici 6oaca, koappuyuenm 1;
Bapnvix nykmenep botivinwa opmawananean zpagux a0ici — 0,8;
Exi nyxme oouvtnuia — 0,5;

Yacte 4. ApaJiac Tepoeicrep

Onwey Hamuoiceci anblKmanzan 601ca 6aeaIaHadvl
Op emey yuiH 0,2 0,2x10=2,0
ToyenainikTiH eki TapMarbl 0ap (SpKaichIChIHAA €Ki HYKTEAEH KeM 1.0
emMec) ’

41 Jlnana3zoHHBIH TOMeHT1 meri 11 cM JeH apThIK eMec 0,2 4

) Jlnana3oHHBIH KOFapFhl 1eri 15 cM JeH KeM emec 0,2

Anpiaran can N>50 0,3
KypT apTy (CBI3BIKTBIKTaH apThIK) 0,1
JlMana3oHHbBIH OPTachIHAA «eIeH0eTiHy» aitmak 0ap 0,2

42 Hetpnoz[ ecenrenred (muana3zon — 20%) op nykre ymin 0,05, 0,05x10=0.5 0.5
yTipaeH coH 3 uudp )
Jluneapuzanus YCHIHBUIFaH (TIEpHOATAp KAaTBIHACKI MEH TepOeric 0,5
CaHBIHBIH Kepl IIaMaiapbl, IEpUOATAp albIPBIMBI);
Tepbenic canvl meopusnbl MypeblOaH ecenmeneeH, maxicipubemen
CANbICMbIPLLILAH 0,2+0,1=0,3

4.3 | JluneapuzanusiaHFaH TOYEJIUIIKKE €CENTeyIep xKacalFraH 0,2 1,5
JluHeapu3auMsIaHFaH TOYEAUTIKTIH rpaduri TYPFRI3bIIFAH 0,4
Onwey Homuoicenepiniy epapuei mypevi3vii2an 0,2
Can MofyiHiH QYHKIMSICHIHBIH I'padurine ykcac rpauk ajJbIHFaH 0,3
['paik MUHEUMYMBIHBIH JIYPBIC OPBIHBI 0,1

BAPJIBIT'BI

20,0
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PEHIEHUE 34A/TA9U SKCIIEPUMEHTA/IBHOI'O TYPA

Cynepno3uuus Kojied0aHuii
OnucanHble B 3KCIIEPUMEHTE NMPOJOJIbHbIE U KPYTHJIBHBIA KOJICOaHUS MasTHUKA B MPUOIMKEHUH
MAaJIbIX yTJIOB SBJSIOTCS €r0 COOCTBEHHBIMM KOJIEOaHHUAMHU (MOJAMHM), TIOATOMY UX MOKHO pacCMaTpUBATh
HE3aBHCUMO JIPYT OT JpyTa.
B npuGnmxeHnn MaibsIx yriioB MEpUO/Ibl 3THX KojieOaHMii JaroTcs hopMyIamMu

L

Ty = 21 \[; (1)
4L1

T, =2n /mgaz, @)

mol?
4 2myz? —
12

rae m = my + 2my; — Macca MasTHHKA, M, — Macca CTEpPXKHs, M, — Macca ramku, [ =

MOMEHT MHEPIIMU CTEP>KHA C FailkamMH.
@opmynsl (1) u (2) dakTuyeckn HCMIONB3YIOTCS B paboTe, HO BBIBOA HX He TpedyeTcs U B
aJbHEUIIIEM HE OLICHUBAETCSI.

Yacre 1. Ha0monenne 3¢ ¢exta H ero KauyeCTBEHHOE ONHMCAHME.
1.1 Konerr cTepXHS ONUCBIBAET TPACKTOPHH, COOTBETCTBYIOIIME CIIOKEHHUIO MEPIEHANKYISIPHBIX
KoJIeOaHU# ¢ OIM3KUMH YacToTaMH. X Takke MOXHO MPEJCTaBUTh, KaK CIOKEHUE KOJIeOaHUN ¢ paBHBIMHU
94acTOTaMH, HO C MEUIEHHO M3MEHSIOUIeHCs pa3HOCThIO (a3 Mexay HUMH. M300paxeHus 3Tux HamOosee
TUIUYHBIX TPACKTOPUN TIOKA3aHbI HA PUCYHKE HIDKE.

. l
x=Lsma+5cosﬁ

- 3)
y = sin B
B npuGnmxennn Mansix yrios a, f < 1 umeem . x
l i
x =~ La+ 5 " / -
! 4
y=3B

Tak xak yriel «, f W3MEHSIOTCS 10 TapPMOHHYECKOMY 3aKOHY C 4acTOTaMu wg = 2m/Ty u w, =
21 /T, COOTBETCTBEHHO, TO YpPAaBHEHHUE TPACKTOPHH KOHIIA CTEP>KHSA UMEET BU

x(t) = Laqy COS wot +é

! . s (%)
y(t) = Eﬁmax sin w,t
KOTOpBIE JUISt OJIM3KUX YaCTOT YJOOHO MepenucaTh B BUJIE
!
x(t) = Lajqx COS wot + 5
(6)

! . :
y(t) = Eﬁmax Sln(wot + (w1_w0)t)
B Beipaxkenun y(t) it GIM3KUX 9acTOT BeTMUUHY A@ = (w1 —wo)t MOXKHO paccMaTpuBaTh Kak MEIJICHHO
M3MEHSIONIYIOCS Pa3HOCTh (ha3 MKy KOJICOaHUSIMH C OJIM3KUMHU YaCTOTaMH.
1.3 OueBuano, 4to (popMa TPAaeKTOPUM BO3BPATHTCA K HAYAIBHOW, €CIM Pa3sHOCTh (a3 M3MEHHUTCS Ha
BenuuuHy 2. Takum o6pa3om, nepuos nukia 7, MOAUUHSAETCS YCIOBHIO

(w1—wo)Te = +2m, (7
OTKyJa CIEQYET
_ ToTy
€T -1yl ®)

1.4 Yucno xonebaHuii MpOAOTHHBIX KOJEOAHUH B IIUKIIE MOXHO 3aICaTh B BUC
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Ne=To= D ©)
To |To—Til

Yacrs 2. [IponobHbIe KOJTeOAHNS.
2.1 JIns mOBBIIEHUS] TOYHOCTH U3MEPEHHUSI HYXKHO NMPOBOAUTH U3MEPEHUSI BPEMEH JOCTAaTOYHO OOJBIIOrO
qrciaa KojleOaHuil, B HAIIMX 3KCIIEPUMEHTaX MPOBEICHBI H3MepeHus BpeMeHH 20 epruo 0B KonebaHuil ¢y .
JUis OLIEHKH ClTy4aliHOM MOTpEIIHOCTH 3TU U3MepeHus nposeneHsl 10 pa3, a ux pe3ysbTaThl IPUBEIEHBI B
tabnure 1.

Taoauna 1. M3mepenue neproaa mpoaosibHEIX KOJTeOaHUH.

n tZOa C
1 26,39 Cpennee 3HaueHue BpeMeHu 20 koneGaHui COCTaBIIsET
2| 26,32 (ty) = 2641c,
3 26,51 | @ prOOPHAs IOrPELIHOCTE PABHA IOJTOBUHE LICHBI JICTICHHS CEKYHI0Mepa
At; =05-103¢.
4| 26,40 .
CryyaiiHasi IOrpeIHOCTh PACCUUTHIBACTCS 10 popmyIie
5 26,46 ]
6 26 41 At — 2 Zilgl(tzo,i—(fzo)) — 6 5 . 10_2 c
2 2 n(n-1) ) )
71 26,34
[TonHast MOTpenIHOCTh U3MEPEHHsI BDEMEHHU PaBHA
8 26,22 5 5
At = /At{ + At; = 0.066 c.
91 26,55
10| 26,53

Taxum 06pa3oM, epro] MPOAOIbHBIX KoJIeOaHU paBeH
T, = t;—g = (1.321 + 0.003) c. (10)

Yacrse 3. KpyTniabHble KoJjie0aHus.
3.1 B Tabnuue 2 npuBeneHb! 3HAYCHHS PE3YJIbTATOB M3MEPEHUH MEPUOIOB KPYTMIIBHBIX KOJIEOaHUU MpH
Pa3NUYHBIX 3HAYCHUSAX PACCTOSHUS MEXAYy HUTIMH a. B 3Toil ke Talnuile MpUBENEHBI PE3YNIbTaThI
pacueToB 1A OIIPEACIICHUA ITOKA3aTECIIA CTCIICHU (.

Tabumuna 2. 3aBUCUMOCTh IEPUOAA KPYTHIIBHBIX
KOJICOAHUH OT PACCTOSHUS MEXTYy HUTSIMHU.

a,cM | ty5.C T, c Ina InTy
48 | 59.11| 5911 | 1,5686 | 1,7768
6,3 44,62 | 4462 | 1,8405 | 1,4956
7,8 36,31 | 3,6311|2,0541 | 1,2895
94| 2966| 2966 |2,2407 | 1,0872
11,0 | 25,60 | 2,560 | 2,3979 | 0,9400
122 | 2332 2332]2,5014| 0,8467
13,8 | 20,46 | 2,046 | 2,6247 | 0,7159
16,0 17,66 | 1,766 | 2,7726 | 0,5687
18,2 15,82 | 1,582 | 2,9014 | 0,4587
20,5 13,87 | 1,387 | 3,0204 | 0,3271
24,0 11,98 | 1,198 | 3,1781 | 0,1807

CooTBeTcTBYIOMMNI TpapUK 3aBUCUMOCTHA UMEET BH]L
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T, c
v d
/

3.2 OnTuManbHBIM M HauboJee pacrpoCTPaHEHHBIM CIIOCOOOM ONpEEICHHUs MTOKa3aTeNs CTEIIEHH SBIISIETCS
nocTpoeHue rpaduka B IBOMHOM Jorapupmudeckom macuirade. M3 ¢popmynst (1), mpuBeaeHHON B yCIOBUU
3aJ]auu CIeAyeT, 4To

In7T=C+gqglna, (11)
MO3TOMY KOA((HIIMEHT HAKIOHA TpaduKa paBeH MOKA3aTeNi0 CTEMEeHU. DTOT rpaduk mokasaH Ha PHUCYHKE
HIDKE.

2,0

o
e N\
1,4 \®\&\
e X
0,8 %
0,6 \
"\
0,2 9\*

0,0

InT

0,0 1,0 2,0 3,0 4,0
Ina

[TomydeHHas 3aBUCUMOCTb SIBIIICTCS JIMHEHHON ¢ KO (OUIIMEHTOM HaKIIOHA, OYeHb OMM3KuM K (-1).
AJIbTepHATUBHBIMHU CIIOCOOAMH ABISETCS HocTpoeHue 3apucumocteii Ty (a™1), wm Ty *(a). Omnako, B 5THX
cocobax HeoOXOAWMO JOKa3aTh, YTO TIOCTPOCHHBIE TpadUKU SBISIOTCS NPSAMBIMU  JUHHUSMHU,
MPOXOAALIMMH Yepe3 HayaJlo KOOPHHAT.

Bce at1 crmocoObl 000CHOBAHHO CBHJIETEILCTBYIOT, YTO MCKOMBIM MOKa3aTenb CTENeHHu paBeH (-1),
T.€. IEPUOJ KPYTHIIbHBIX KoJieOaHHi 00paTHO MPONOPIMOHANICH PACCTOSIHUIO MEXTy HUTSIMU.

3.3 Pe3ynbraThl M3MEpEHH 3aBUCUMOCTH IMEpUOJa KPYTUIBHBIX KOJIEOAHWH OT TMIOJIOKEHHUS TaeK
npuBeneHsl B Tabmune 3. B 3Toii ke Tabnuie NMpHUBEICHBI pe3yJbTaThl pacueToB, HEOOXOIUMBIC IS
MOCTPOESHHSI TMHEAPU30BAHHOTO TpaduKa.

Taoauna 3. M3mepenus nepuoa KpyTHIbHBIX KOJICOaHHA.

tro,c| Ty,c | z%2 | T U

44,58 | 2,229 | 36 | 4,968 | 284,9
45,75 | 2,288 | 49 | 5,233 | 300,0
46,83 | 2,342 | 64 | 5,483 | 314,3

N
S IESIICN S
2
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9 47,87 | 2,394 | 81 | 5,729 | 328,5
10 149,17 ] 2,459 | 100 | 6,044 | 346,5
11 50,84 | 2,542 | 121 | 6,462 | 370,5
12 152,15] 2,608 | 144 | 6,799 | 389,8
13 153,47] 2,674 | 169 | 7,148 | 409,8
14 |54,85] 2,743 | 196 | 7,521 | 431,2
15 15691 ] 2,846 | 225 | 8,097 | 464,2

I'padux 3TOi 3aBHCHMOCTM TOKa3aH Ha PUCYHKe HMKe. BHIHO, YTO MOJy4YeHHas 3aBUCHUMOCTD
SIBJISICTCS] HEJIMHEHHOM.

3,0

28 }

26 ¢

T,s

2!4 J

22

20
5 6 7 8 9 10 11 12 13 14 15 16

Z, sm

3.4 13 popmyn (1)-(2), npuBEACHHBIX B YCIOBUH, U PE3yJbTaTa MPeIblIyLIIero MyHKTa CIeIyeT, YTO IepUOT
KPYTHIIBHBIX KOJICOAHHH OnUChIBaeTCs (hopMynoi

Ty _ VA+Bz?
b v (12)
JIMHEapu3alKs KOTOPO OYEBHIHA U UMEET BU/T
2
T
(aT—l) = A+ Bz2 (13)
0

2
T. . .

Bemnuuna U = (a T—l) JIMHEHHO 3aBUCHT OT Z2, a rpadMK JIMHEAPU30BAHHOM 3aBUCHMOCTH TTOKa3aH
0

Ha PUCYHKE HUXKE.

500
450 pad
400 /
350 /

300 '

U,sm*2

250

200

0 50 100 150 200 250
zA2, smA2

3.5 Koa¢hdunueHTs! 3T0i 3aBUCUMOCTH, PAaCCUNTAHHBIE [T0 METOly HAUMEHBIINUX KBAJIPaTOB, PaBHbI

A = (254 + 4)cm?, (14)
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B =093+ 0.03. (15)

Yactp 4. CMellIaHHBIE KOJIe0aHus.

4.1, 4.2 B Tabmune 4 npuBeneHbl pe3yJbTaThl U3MEPEHUH M pacyeToB, HEOOXOAMMBIX IS MPOBEPKH
Teoperudeckor hopmysl (9).

Tabnuma 4. M3ydeHnue cMemanHbIX KOJICOaHHHA.

T, 1

z,eMm | Ty, ¢ T_1 N (teop.) | N (3kem) N_C
10,5 | 1,247 | 1,059 17

11,0 | 1,264 | 1,045 22 24 0,042
11,5 | 1,282 | 1,030 33 35 0,029
12,0 | 1,301 | 1,015 65

12,5 | 1,319 | 1,002 660

13,0 | 1,339 | 0,987 74 60 0,017
13,5 | 1,359 10,972 36 33 0,030
14,0 | 1,379 | 0,958 24 21 0,048
14,5 | 1,400 | 0,944 18 16 0,063
15,0 | 1,421 | 0,930 14 13 0,077

B sroii Tabmuie: T; — paccuntanubie 10 Gopmyiie (12) 3HaUeHUS IEPUOAOB KPYTHIILHBIX KojaeOanuii; N, —
1 y c

paccuMTaHHbIE U U3MEPEHHbIC 3HAYCHUS YHCIIa IEPUOJIOB B LIUKJIE.

4.3 Jlnsa mpoBepku Gopmydbl (9) mocTpoeH rpaduk 3aBUCHMOCTH BEJIMYMHBI OOpaTHON 4MCITy KoseOaHui

Cc

1 T o 1
N_ OT BCJIMYHUHBI T_O’ KOTOpasi TCOPCTHUYCCKHU OIHNCBIBACTCA (bOpMyJ'IOI/I N_ =
Cc

1

T, y
T—° — 1|. I'paduk oTOM
1

3aBUCHUMOCTH, HOCTpOCHHBIﬁ 110 SKCIICPUMCHTAJIbHBIM JaHHBIM, ITIOKa3aH Ha pPUCYHKC HUIKC.

0,10
N\

0,08 \\

0,06 N /

1/Nc

W i i
N

0,00
09 092 09 09% 09 100 1,02 104 106 1,08
TO/T1

Otor rpaduk, a TaKKe CpaBHEHHE PACCUUTAHHBIX W W3MEPEHHBIM 3HaueHUl Ny, TOATBEPKIAIOT

TCOPCTUYCCKHC BBIBOJBI.

Coaepxanue | baJuibl | Bcero

Yacrse 1. Ha0monenne 3¢ ¢exta H ero TeopeTuvyeckoe ONUCaAHue

[Tomydyeno  cnoxxeHue  KoneOaHuii  (ecThb  XOTs OBl  OJIWH 0.2
1.1 PaBJIONIOI00HBINA PUCYHOK) ’ 1.0
4 pucyHka: JBa OJIM3KMX K OTpe3Ky, JBa OBaja C YKa3aHUEM 4x0.2=0 8 ’
HarpasJieHus JBKeHUs 4x0,2 ’ ’
1.2 BeIpaxenus uisi KOOpAUHAT Ha IUIOCKOCTH Y€pPe3 YIJIbl OTKIOHEHUS 2x0,2=0,4 0.8
M 9

SIBHBIE 3aBUCUMOCTH OT BPEMEHHU 2x0,1=0,2
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[TpubinxeHne MaJIbIX YIJIOB 0,2
OcHoBHas uyest — U3MeHeHue pazHoctu ¢asz, hopmyna (7); 0.5 (0,2)
(ecau nepuoo Ouerutl) T

1.3 1,3
Dopmysia a1 BpeMeHH 1ukia (8) 0,5
IToctaBien Monyib B popmyie (8) 0,3

14 |Ne=p—m 0,4 0,4

Yacts 2. [IponoabHbie KOJTeOAHUS

Oyenusaemcs, eciu OYeHeHo YUCIeHHOe 3HaYeHue nepuooa Koiedanull
ITosrydyeHo 3HaueHue nepuoja B uarepsane 1,3 — 1,5 ¢ 0,4
[Morpemnocts u3Mepenust menee 1% (oyenueaemcs, ecau oyeneua 0.1
NnO2PEeUHOCHb) ’
ITpoBeneHo He MeHee S u3MepeHuii BpeMenu N konebanuii (3, mernee) 0,3 (0,1,0)
Yucno konedanuii N He meHee 10 (5, menee) 0,2 (0,1,0)
[IpoBeEeHO YCPENHEHHE 110 BCEM U3MEPEHUAM 0,1

2.1 Paccuntana ciydaiiHas  IOrpeHIHOCTH  (YCpEeAHEHHE  MOAyJieil 0.2 2,0
OTKJIOHEHHH, CPETHEKBAIPATUYHOE OTKIOHEHHE — JJOYCTUMBI) ’
[TpubopHas norpenHoCcTh (I0JI0BHUHA, WM IIEHA JIeTICHHUS) 0,2
PaccunTana noJyiHas NOrpemHocTs (CyMMa JOIyCTHMA) 0,2
[TpaBunbHOE OKpYTJIEHHE (MIOTPEIIHOCTh — 1-2 mUGpHI, pe3ynbTar — J10 0.2
pa3psiia NOTPEIIHOCTH) ’
yKa3aHa pa3MepHOCTb pe3yJIbTara 0,1

Yacte 3. KpyTniabHble KoJie0aHus

Oyenusaemcsl, eciu OYeHeHbl pe3yIbmambl Usmeperuii!
Ecnu eaiiku pacnonooicenvt He Ha KOHYAX CMEPIHCHA, pe3yabmam
deaumcs Ha 2.
3a xaxmoe usmepenue 0,15 (8 cymme wme bonee 1,5, nonaoanue 6
ouanaszon 20%, eciu uzmepsinoco epems meree 10 konebanuit, no 0,1 3a | 0,15x10=1,5
usmepetue)

3.1 Huoxusist rpanuna quana3zona e 6oziee 5,0 cm 0,2 2.5
BepxHsist rpanuna quana3ona He meHee 15,0 cm 0,2
[TonyyeHa HenMHEHAS 3aBUCUMOCTb, OJIM3Kast K THIIepOOITHYeCKOM 0,1
[Toctpoenne rpaduka (ocu noonucanvl u oyupposamvl, HaHeceHvl 6ce 0.14+0.2+0 2=
MOUKU 8 COOMBEemcmeuy ¢ maobauyel, npogedeHa ceraxcusarowas | =’0 5 ’
Kpueas) ’
Oyenusaemcsl, eciu cmenetys -1, oyerenvl pe3yibmanmol UsmMepeHutl
ITosydeHo 3HaueHue g=-1 0,5
[IpoBenena nuHeapu3alMs B JBOWHOM JiorapudMuueckoM macirade 0.5
(mpoBezneH pacuer) ’

3.2 (obpammuvle Geruuunbl, C OOKA3AMENLCMBEOM NPOXONHCOCHUS HUepe3 (0,2+0,2) 1.5
HYIIb); 7
[TocTpoen rpaduk nrMHEapU30BaHHOW 3aBUCHUMOCTH (OCU NOONUCAHBL U 0.14+0.2+0. 2=
oyugposamvi, Hamecemvl 6ce MOUKU 6 COOMEemCcmeuu ¢ maoauyeu, | =’0 5 ’
NPOBEOeHA C2NANCUBAIOWASL NPSAMAST) ’
Ecnu paccmosnue meoncoy numamu omauuaemcesa om 10 cm, pezyriomam
denumcs Ha 2
3a xaxmoe usmepenue 0,15 (8 cymme me bOonee 1,5, nonaoanue 6

33 ouanaszon 20%, eciu uzmepsiniocs epems meree 10 konebanuit, no 0,1 3a | 0,15x10=1,5 25

’ usmepenue) ’

HwxHss rpanuna auana3zona He 6osee 6,5 cMm 0,2
BepxHsist rpanuna quanasona He meHee 14,0 cm 0,2
ITonmyyeHa HelMHEHAS 3aBUCUMOCTD BBITYKJIOCTh BHHU3 0,1
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[Toctpoenue rpaduka (ocu noonucanvl u oyupposamvl, HaHeceHvl 6ce 0.14+0.2+0. 2=
MOUKU 8 COOMEemcmeuy ¢ maobauyel, npogedeHa ceraxcusarowas | = =’0 5 ’

Kpueast) ’
ITpoBenena nuHeapusauus (paccuMTaHbl KBaJgpaThl IEPHOAOB U 0.3
paccTOosHUM) )

3.4 . 0,1+0,2+0,2=| 1,0
[TocTpoen rpaduk arMHEapU30BaHHON 3aBUCUMOCTH 0.5
IlonyuyeHa npsiMas JIMHUS 0,2
Oyenusaemcs, ecau oyernenwvl nn. 3.3 — 3.4
[TonmyyeHs!l yncieHHbIe 3HaUeHUsT KO3(D(OUIIUEHTOB (6 duanazone 20%, 2%0.4=0 8
He ykazaHna pazmeprocms -0,1) T

3.5 PaccuuTanbl norpemHocty K03 UIHEHTOB 2x0,1=0,2 1
Pacuem no MHK xosgpgpuyuenm 1;
epaguuecku, ycpeonenuem no ecem mouxkam — 0,8;
no 08ym mouxkam — 0,5;

Yactp 4. CMemianHblIe KoJIeOaHUS
Oyenusaemcsl, eciu OYeHeHbl pe3yIbmamsl U3MepeHUll
3a kaxmoe m3mepenue 0,2 (8 cymme ne 6onee 2,0; nonadanue 6 _
0,2x10=2,0

ouanazon 30%) ’ ’
Ecth 1Be BeTBU 3aBUCHUMOCTH (HE MEHee 2 TOUEK Ha Ka)KJI0M) 1,0

41 Hwoxnsist rpanuna quana3zona e 6osee 11 cm 0,2 4

) BepxHsist rpanuia quana3zoHa He MmeHee 15 cm 0,2

ITosryueno uncno N>50 0,3
Pe3koe Bo3pacTanue (Kpyue JMHEHHOIO0) 0,1
Ectb «HensMmepsiemas» 006JacTh B CepeAMHE AMana3oHa 0,2
[IpoBenen pacuer mepuonoB (auanazoH — 20%) mo 0,05 3a xaxmayro _

4.2 . 0,05x10=0,5 0,5
TOYKY, HE MEHee 3 3HAKOB MOCJIE 3aMsTOM)
[Tpennosxena nuHeapu3anus (0OpaTHbIE BEIMYMHBI YMCIa KOJIeOaHUM 0,5
OT OTHOLICHUS NEPUOJIOB, PA3HOCTH MIEPUOJIOB);
IIposeden meopemuyeckuil pacuem uucia KoaeOaHui, npoeeodeHo
CcpasHeHue ¢ pe3yibmamami IKCnepuMenma 0,2+0,1=0,3

4.3 [IpoBeeH pacueT IMHEeapU30BaHHOM 3aBUCUMOCTH 0,2 1.5
[TocTpoen rpaduk arMHEapU30BaHHON 3aBUCUMOCTH 0,4
Ilocmpoen epaghux pe3ynomamos uzmeperutl 0,2
[Tonyyen rpaduk, moxoxuil Ha rpaduK QYHKIUHA MOAYJb YHCTIA. 0,3
ITpaBuIbHOE MOJTOKEHNE MUHUMYMa Tpaduka 0,1

BCEI'O

20,0
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