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EXPERIMENTAL COMPETITION
January 10, 2024

Please read the instructions first:

1. The Experimental competition consists of one problem. This part of the competition lasts 3 hours.
2. Please only use the pen that is provided to you.

3. You can use your own non-programmable calculator for numerical calculations. If you don’t have one,
please ask for it from Olympiad organizers.

4. You are provided with Writing sheet and additional papers. You can use the additional paper for drafts
of your solutions but these papers will not be checked. Your final solutions which will be evaluated should
be on the Writing sheets. Please use as little text as possible. You should mostly use equations, numbers,
figures and plots.

5. Use only the front side of Writing sheets. Write only inside the bordered area.

6. Fill the boxes at the top of each sheet of paper with your country (Country), your student code (Student
Code), the question number (Question Number), the progressive number of each sheet (Page Number),
and the total number of Writing sheets (Total Number of Pages). If you use some blank Writing sheets
for notes that you do not wish to be evaluated, put a large X across the entire sheet and do not include it
in your numbering.

7. At the end of the exam, arrange all sheets for each problem in the following order:
o Used Writing sheets in order.
e The sheets you do not wish to be evaluated.
e Unused sheets.
e The printed problems.
Place the papers inside the envelope and leave everything on your desk. You are not allowed to take any
paper or equipment out of the room.
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Superposition of oscillations
Devices and equipment: tripod, complex pendulum, ruler of 30 cm, electronic stopwatch.
The oscillatory system is a torsion pendulum, which consists of a
metal screw-threaded rod 1, suspended on two threads 2 and 3 of equal @

length, the threads are tied to a horizontal rod 4, fixed in the tripod leg. On

the movable rod 1 there are two elongated screw nuts 5 and 6, which can be
freely moved along the rod.

In all experiments, the lengths of the threads must remain
unchanged, and they themselves must be strictly vertical in a state of
equilibrium and located symmetrically relative to the center of the rod C.
We denote the distance between the threads as a.

The screw nuts should also be positioned symmetrically relative to
the center of the rod. The position of the nuts is determined by the distance
z from the rod center to the middle of the nut. For precise positioning of the
nuts, it is recommended to use a rod thread with a pitch of 1.0 mm. For
convenience, one of the faces of the nut is sealed with a strip of paper on
which its middle is clearly marked, so that when the nut is turned one turn, it moves along the rod by a distance
of 1.0 mm.

In this experiment you need to study two types of the rod oscillations:

- longitudinal oscillations (1 in the figure below), in which the rod and threads always move in the same
vertical plane;

- torsional oscillations (2 in the figure below), in which the rod rotates around a fixed vertical axis passing
through the rod center.

@

If the rod is deflected in a vertical plane and released, it then performs longitudinal oscillations. If the
rod is rotated at a certain angle around the vertical axis and released, it then performs torsional oscillations.

In addition, this experiment is
aimed at studying the superposition of
longitudinal and torsional oscillations,
which can be excited by displacing the rod
along its axis and rotating it at a certain
angle relative to the vertical axis. We call /
such oscillations mixed. -

For convenience, secure the pendulum in a tripod so that the rod moves in close proximity to the table
surface. Place a sheet of paper on the table, on which you have to draw a straight line corresponding to the rod
equilibrium position. During longitudinal oscillations, the rod must move along this straight line; during
torsional oscillations, the center of the rod must be located on the same vertical.

During the experiments, the angles of deviation of the threads from the vertical during longitudinal
oscillations and the angles of rod rotation during torsional oscillations should lie in the range of 20°-30°.

Successful completion of this experiment requires high precision measurements, so be extremely
careful and accurate! Release the rod without any additional push!
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Part 1. Observation of the effect and its theoretical description

Place the threads at a distance of a = 20 cm, their lengths should approximately be L = 45 cm, and
the screw nuts should be placed at the ends of the movable rod. Excite mixed oscillations of the rod and
carefully observe the movement of one of its ends. Since, with the selected system parameters, the frequencies
of longitudinal and torsional oscillations are close, the shape of the trajectory of the rod end changes slowly
and regularly, periodically returning to the initial one. Let us call the process of sequential restoration of the
original shape of the trajectory a cycle, the corresponding time as the cycle time T, and the number of
complete longitudinal oscillations corresponding to it as N.

1.1 Draw several successive characteristic shapes of the rod end trajectories in one cycle.

We introduce a coordinate system on the horizontal plane: the x
axis is directed along the rod in the position of its equilibrium, the y axis
is perpendicular to it, and the origin is placed under the center of the rod
in the position of its equilibrium.

We also denote the angle of deflection of the threads during
longitudinal oscillations as a, the angle of rod rotation during torsional
oscillations as 3, the period of longitudinal oscillations as T, the period
of torsional oscillations as T, the length of the threads as L, and the length
of the rod as [.

1.2 Write down the exact dependences of the coordinates of the rod end x(t) and y(t) on time t, and
then obtain the corresponding approximate expressions for the conditions of this experiment.

1.3 Within the framework of the proposed model, obtain a formula for the cycle period T, expressing
it through the periods of longitudinal T, and torsional T; oscillations.

1.4 Write down the formula for the number of longitudinal oscillations in the cycle N, expressing it
in terms of periods T, and T;.

Part 2. Longitudinal oscillations

2.1 Measure the period of longitudinal oscillations T, with the possible minimal error. Calculate the
instrumental, random and total errors of the measured value of the period AT,.

Part 3. Torsional oscillations
The period of torsional oscillations can be described by the formula:
2= alF (2), (1)
0
where z signifies the distance from the rod center to the centers of the nuts, and F(z) stands for a function that

depends on z only.

3.1 Measure the dependence of the period of torsional oscillations T; on the distance between the
threads a, plot a graph of the resulting dependence. Take measurements when the nuts are at the rod
ends with z = 17 cm.

3.2 Based on experimental data, prove the validity of formula (1) and determine the exponent q. An
error estimate is not required here.

It can be shown that the function F(z) in formula (1) has the following form
F(z) =VA+ Bz?, (2)

where A, B refer to some constant values independent of the parameters a and z.

3.3 Fix the suspension threads at a distance of a = 10 cm. Measure the period of torsional oscillations
as a function of the position of the nuts z. Plot a graph of the resulting relationship. It is unnecessary
to take measurements when the nuts are closer to the center of the rod than the threads.

3.4 Prove the applicability of formula (2) to describe your experimental data.
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3.5 Calculate the values of the coefficients A, B and estimate their errors. Please note that a, z values
must be measured in centimeters.

Part 4. Mixed oscillations

Place the threads at a distance of a = 20 cm. Investigate the mixed oscillations described in Part 1 for
different positions of the nuts with z > 10 cm.

4.1 Measure the dependence of the number of longitudinal oscillations in the cycle N on the position
of the nuts z. You may not be able to do this for all z values!

4.2 Based on the results of parts 2 and 3, calculate the periods of torsional oscillations for all values of
z at which the measurements have carried out in section 4.1.

4.3 Present the measurement results in such a graphical form that they confirm the validity of the
formula for the N, value obtained in part 1.
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10 kanTap 2024 Kbl

AJIbIMEH TOMeHAeriiepai OKbIN AJbIHbI3:

1. Toxipubenik caiibic O6ip ecenteH Typaabl. CallbICTBIH Y3aKThIFbI 3 carar.
2. O3iHI3 9KeNTeH KalaMCaObIHbI3 bl Taii1aTaHybIHBI3Fa O0TaIbI.

3. Campplk ecenTeyiep Jkacay YIIIH ©3A€piHI3AIH  OarmapiaHOalThIH — KalbKYJISTOPIAPhIHbI3IbI
naiganaHynapeiHei3ra  Oomagel.  Erep  e3iHizme om koK 0oica,  OHBI  OJMMITHAJAHBI
YHBIMAACTRIPYIIBUIAPIAH CYpaIl allyJIapbIHbI3Fa OOIabl.

4. Ciznepre Ta3a napakrap xone Kazoanap ywin napakmap (Writing sheets) 6epinren. Taza mapakrap
cizzepre apaiblK ka30amapbIHbI3/bI XKacay YIIiH OepiireH, OHbI 63 KajayJapblHbI3IIa MaianaHacki3iap,
Oy mapakrap Tekcepinmeiiai. An Writing sheets -xe Ka3pliap ajKachl TEKCEPETiH HISIIIMAEPI jKa3yFa
tuiccizaep. Llemimuepne kKapa ces3neH Kepi TeHAEYJepii, OpHEKTepAl, CyperTepii, ChI30anapabl
KOJIZJTaHFaH TYPBIC.

5. Writing sheets — TiH Tek anramkpl OeTiH naiigananacezaap. YKaz0anapbIiHbI3/Ibl OCNTUIEHT€H paMKaHbIH
CBIPTBHIHA HIBIFApMaid )Ka3bIHbI3IAP.

6. JKasbara maitmanansinran opOip Writing sheets, -TiH XOFaprbl )KarblHIA ©31HI3AIH eniHi3al (Country),
xeke KoIbIHbI3bI (Student Code), op6ip napakteiH HoMepiH (Page Number) sxoHe apaKTapAbIH SKaJIIbI
canbiH (Total Number of Pages) xxazyra tuicci3. Erep kanmaii na 6ip Writing sheets-Ti xxayanTtapra
KOCKBIHBI3 KelIMEece, OHJIa OJ MapakThl YIKEH KPECTHEH CBI3BIN TAacTall, MapaKTapAblH KAkl CaHbIHA
KOCTIaHBI3.

7. Caiiblc asKTaFaH Ke3/1e 0apIiblK MapaKTapabl TOMEHJET1 PETIEH KUHAKTAHbI3:
e Hewmepnenin perrenren Writing sheets.
e ApabIK ecenTeyiep XKa3blUFaH apaxkrap.
e [laiimamaHbpUIMarad napakrap.
e Ecenrepaiy OepijreH maprrapsbl.
BapinbIk mapakTap KOHBEPTKE CAJIBIHBII, CTOJ YCTIH/E KAJABIPBUTYHI THIC.
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TepOeJticTepaiH cCynepno3uuMsChI
Kypan sxoHe xaObIKTap: MTATUB, KYPAETl MasTHUK, TuHEiKa 30 cM, SJeKTPOHIBIK CEKYHIOMED.

3epTTeneTin Kyhe — aitHaamanbl MasTHUK. OJ mTaTUBKE OCKIiTUINeH
TOPU30HTANIb CTepKEHHEH (4), oFaH OalimaHFaH, Y3BIHABIFBI Oipaei eki (2) @

KoHe (3) KimTeH, oJ KINTepre UIHTeH pe3danbl Metamun crepxkeHHeH (1) : :
Typanabl. TepOenetin pe3baibl CTep)KEHTe eKi KarblHaH Oypamaisl raika (5) ‘
xoHe (6) KUTI31ITeH.

Toxipube ke3iHme XINTEPAIH Y3bIHIBIFBl ©3TepiCCi3 Kalybl, Tere
TEHJIK KaFJaiiblHIa KaTaH BEPTHKAIb OONyBl KOHE CTep)KeHHIH meHTpi C
HYKTECIHE KATBICTBI CUMMETPUSIIBI TYpAE OpHaiacysl Tuic. JKinrepain apa
KaIILIKTBIFBIH @ JIET OeNriaenmis.

laiikanap cTep)eHHIH IIEHTPiHEe KaTBICTBl CUMMETPHSIIBI OpPHAJIACYBI
tuic. OnapIplH OpPBIHBI CTEP)KCHHIH IEHTPIHEH TraikamapJbplH LEHTpiHe
JICWIHT1 z apa KAlIbIKTHIFBIMEH aHBIKTANA bl [ alfkanappl 191 OpHAIACTHIPY
YIIH CcTepeHHIH pe30acbiHblH 1,0 MM 0OnaThlH KagaMblH TaliJaiaHy
ycoIHbUTABL. blHFainer 601y yIIiH raiikanblH Oip KbIpbIHA OHBIH IO OPTAChIH
KOpPCETETiH Kara3 JKallChIpbUIFaH, Taiika Oip aifHanFaH/a o1 CTepKeHb OOMbIMEH 1 MM re bIFbICAIbI.

By xymBbIcTa ci3epre cTep>KeHHIH €Ki TYpJii TepOeliciH 3epTTey KaKeT 00aibl:

- Kyma tepbemicrep (), Oyn »karjaiija CTEp)KEHb JKOHE JKINTEp opKallaH Oip BEPTHUKANb Ka3bIKTHIKTA
KO3FaJia/ibl;

- aifHanMainbl TepoOerictep (TeMeHzeri 2 cypert), Oy Karjaiia CTEpKEeHb OHBIH IIEHTPl apKbLIbl ©TETIH
TYpaKThl BEPTUKAJIb OCHTIH MaHBIH/IA aifHAJa bl

@

Erep crepxenai BepTHKaib OCTiH OoifbIMeH Oipmiama aybITKBITBIIN, XKibepcek o Kyma Tepoericrep
xKacaiapl. Al erep OHbl BEPTHKaIb OChKE KAaThICTBI Oipiiama OypbIiKa OyphbIr, >KiOepcek o1 aHaTIMallbl
Tepberic xxacait 6bactaiipl.

ConbiMeH KaTap Oyl >KYMBICTa
ci3iepre  KymMa  KOHE  aifHaIMabl
TepOernicTepain CYNEPIIO3UIHSICHIH
3epTTey YChIHBLIAABL. MyHail TepOemnicTi
CTepIKEeH 1 Ka3bIKTBIKTA Oipmama
BIFBICTBIPBIT, JKOHE aWIaHIBIPBIN alyFa /
Oomanpl. MyHIail KO3FaJIbICTBI apajac
TepOeic 1en aTaibl.

bluraiine 601ybl YIIiH MassTHUKTI IITATUBKE CTEP)KEHB CTOJIBIH OCTiHE JKaKbIH jKepie TepOeneTinaeit
eTin opHanacThIpbiHbI3Aap. CTONFA Ta3a mapak TecCeN, Tele TeHIIKTE TYPFaH CTEPKCHHIH OOWBIMEH TY3y
CBI3BIK ChI3BIHBI3. KyMa KOo3FambIcTap Ke31H e CTepP:KEeHb OChI TY3YAiH OOMBIMEH TepOemyi THic. Al allHaTIMalIbI
TepOeic Ke3iHe CTepKEeHHIH HEeHTpl Oip BepTUKaIbAIH O0ibIHAA OOITYBI MiHAET.

ToxipuOe GapbIChbIHIA XKINTIH BEPTUKAJIBIAH ayBITKY OYPBIIIBI )KOHE aiiHAIIMaIbl TEPOEITICTIH aybITKY
Oyppimbl 20° — 30° ayKpIMBIH/IA JKaTYBI THIC.

Bbyn mancoipmanapost opvinoay eauwieyoiy yaken 0210icin manan emeoi, COHObIKIMAH dapovlHuia
MYKuam xcane yKoinmul 0onvinvizoap! Cmepicenoi 6ocamkan Kezoe umepmenizoep!

1 6eJ1imM. KyObLiIbIcTBI Oaybliiay K9He OHBbI TEOPUSIIIBIK CHIIATTAY.
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Kintepai apa KambIKTBIKTapel a = 20 cM OonaThlHIAM €Till OpHAIACTBIPBIHBI3IAP, OJApP/IBIH
Y3BIHJIBIFBI IaMaMeH L = 45 cM OonraHbl %eH, raifkanap/bl CTepKeHHIH YIITapblHa OPHAIACTHIPBIHBIZIAP.
Apanac TepOernic KO3IbIpBII, CTEP)KEHHIH Olp YIIBIHBIH KO3FaJIbICBIH MYKHUAT Oakmanb3. JKyleHiH cizaep
naiiiananeln jKaTKaH HapameTpliepiHzie Kyma >KoHe alHanMaibl TepOenicTepaiH mepuoarapbl Oip OipiHe
KaKbIH OOJIFAHJIBIKTaH CTEP)KEH YIIBIHBIH TPAeKTOPUSCHIHBIH (hopMachl Oasy e3repe OTHIPBIN, MEPUOIATHI
TypAe OacTanmkbl KaJIbIbIHA OpaJbIl OTHIpaasl. TpacKTopusHEIH OacTankbl KyliHe KaiTa opaily MpOLecCiH
UK JeT, OFaH KakeTTi T, YaKbITBIH IIUKJ YaKbITBl JIEN aTarl, aj OFaH COMKeCc KeJNeTiH TOJIBIK Kyma
tepOenicTep canbiH N nen Oenrinenmis.

1.1 Bip umukn Ke3iHJEri CTEep)KeHb YIIBIHBIH TPAaeKTOPHACHIHBIH OipHelle alKbIH epeKIIeNeHEeTiH
(bopManapbIHBIH CYPETiH CHI3bIHBI3.

['opu3oHTaNb Ka3bIKTHIKTAFbl CaHAK JKYMECIH EHri3eMi3: X OCiH
TeNe-TeHIIKTe TYPFaH CTePKEHb OOWBIMEH OarbITTaliMBbI3, all Y OCIH OFaH
NEPIEeHANKYJIAp OaFbITTa, KOOPAUHATTHIH 0ac HYKTECI THIHBIIITHIKTAFbI

CTEP)KEHHIH LIEHTPIMEH ColiKec OoJIaThIHAAN eTill OpHAIACTBIPAMBI3.

Kyma TepOenmictep Ke3iHAEri OKINTIH aybITKybIH @ €Il
aifHaIManbl TepOeric Ke3iHaeri CTep:KeHHIH OYphLTy OYpHINIBIH £ e,
KyMa TepOernicTepiiH nepuo st T Aer, ailHaIMalbl TepOeTiCTepaiKiH —
T, nem, InTiH Y3BIHIBIFBIH — L JIen, all CTepKeHHIH Y3bIHABIFBIH — [ 1en
oenrinenMis.

1.2 CrepxenHiH yiibHbIH X (t) xoHe Y(t) KOOpAMHATTApPBIHBIH t YaKbITTaH HAKTBl TOYEJJIUTITiH
’Ka3bIHBI3, a1 COHAH COH OCBI TOXKIPUOESHIH MIapTHI YIIIH COHKEC KYBIK MOHICPIH aHBIKTaHbI3.

1.3 ¥ cwinFran MoienIepiHi3/IiH Heri3iHAe MMKIAiH T TepuoIbIHBIH OpHETiHKyMa TepOemicTiH T xoHe
aifHanMansl TepOenicTiH T, IepuoaTapbl apKbUIBI AaHBIKTAHBI3.

1.4 Huxnnarer Kyma Tepoemnicrepain N canbit T, skoHe Ty epuoaTapbl apKbUIbl OPHEKTE Ka3bIHbI3.
2 6eaim. Kyma Tepbeicrep.

2.1 Karenikrepiniz ere a3 OonaTbiHAail eTim Kyma TtepOemicrepaid Ty NMEepUOABIH ejmIeHi3aep.
KoHapIpFbI KaTeniri, Ke3aeicok xoHe AT, TONBIK KATETIKTI aHBIKTaHBbI3.

3 0eaiM. AliHaaIMAasbI TepOeaicTep.
AitHanManbl TepOeTiCTiH MepHobl MbIHA OPHEKIICH aHBIKTAJIa Ibl:
T.
o = alF(2), (M
To
MYH/JIaFbl Z — TepOETIeTIH CTEPKEHHIH IIEHTPIHEH TallKaHbIH LEHTPiHE EHiHr1 apa KaIIbIKTHIK, al F (Z) — Tek

Z -T€H FaHa Toyen/i KaHaai na oip QyHKIus.

3.1 Aiinanmansl TepOenicTiH Ty MepHOABIHBIH KINTEPAIH @ apa KAUIBIKTBIFBIHAH TOYEJLIITIH ©JIIIe,
rpaduriH TYpFBI3BIHBI3. OMmeyal raikanap CTepXKEeHHIH YIIbIHIA OonatelH z = 17 oM yuiiH
KYPri3iHi3.

3.2 XKyprisren emmeynepiHi3aiH HoTHxkeciHe (1) epHEKTIH AyphIC eKEeHIH KOPCETIHI3 XKoHE q JIopexKe
KOPCETKIIIH aHBIKTaHbI3. byJl MyHKTTE KaTemikTepai Oaranan KaXeT emec.

Korapoinarsl (1) epueringeri F(z) GyHKIMSACBHIHBIH TYpi MbIHaIAH
F(z) =VA+ Bz?, (2

Mynnaarsl A, B — kaHgaii na Gip TypakThl Iamanap, ojiap a ’oHe Z apaMeTpIIepiHeH Tayel i eMec

3.3 Ly xinTepin apa KamwbIKTIFbI @ = 10 cm GonaTeiHAail eTin OekiTiHi3Aep. AWHanIManbl Tepoeric
NEPUONBIHBIH Z TaiKalap OpHBIHAH TOYEJAUIITIH 6JIIeHI3. AJBIHFAH TOYENJIUTIKTIH Tpadurin
TYPFBI3BIHBI3. ["alikajmapablH OpBIHBI CTEP)KEHb IIEHTPIHE UIIHIeH JKINTEpAiH OpBIHBIHAH >KAaKbIH
00JIaThIH JKaFAaiIap YIIiH eJIeyiep )KYprizin KaXeT emec.
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3.4 Cizmepain ToxipuOenepiHizai cumarray ymiiH (2) epHEKTI KoijaHyFa OOJATBIHBIH JQJENIET
KOepCeTiHi3aep.

3.5 Xorapbeinarel A, B mapameTpiiepiH €cenTeN, OHBIH KaTeJikTepiH OaramaHpi3. Al a,Zz
I[IaMajapbIHbIH CAHTUMETPMEH OJIIICHETIHIH Ha3aplaH IIbFapMaHbI31ap.

4 0es1iM. ApaJjiac Tep0Oesicrep.
Kintepai apa KambIKTeIFeI @ = 20 cM OonaTbiHAAl eTim OpHANACTBHIPBIHBI3AAp. YKoFapeimarsl 1
OesliMIe CUMATTAIFAH apanac TepOemicTi raikaHblH OpHBIHBIH Z > 10 cM OGoNaTBIH OpTYpPJi MOHJIEpIHIE
3epTTEHI3.

4.1 Huknparsl Kyma tepOenictepid N CaHBIHBIH FaliKaHbIH Z OPbIHBIHAH TOYEIIUIITH oJIeH 3. by
Z -TiH OapibIK MOH/IEPI YIIiH aHbIKTana OepMeyl MyMKiH.

4.2 JXorapsigarsl 2 xoHe 3 OeniMAepIiH HOTIXKENEepiH MaiiianaHa OTHIPIN Z -TiH 4.1-myHKTTEr1
eJIIIICY JKYPri3UIreH OapibIK MOHJEpi YIIIH afHaIMallbl TepOeTiCTiH MePHOAbIH €CENTEHI3.

4.3 Ommeyain HoTKenepiH 1 Oenmimae N 11amMachsl YIliH alblHFaH OPHEKTIH JAYpPhIC €KeHIH KepceTe
anaThIHAal rpaduKTIK hopMaa KeNnTipiHi3.
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10 suBapsa 2024 roxa

CuavaJjia, moxaJryiicra, MpoYnTaiTe cCiaeayoee:

1. DxcnepuMeHTaJIbHBIA Typ COCTOMT U3 OAHOM 3afaun. IIpogomkurensHOCTh Typa 3 yaca.
2. Tlonw3yiiTech TONBKO TOM pyuKoOil, KoTOpas BaM mpenocrasieHa.

3. [nsa pacuetoB Bbl MOXkeTe MCIOIB30BaTh CBOM HENPOrpaMMHUpYEMbI KalbKysTop. Ecnu cBoero y Bac
HET, TOra Bel MOeTe MONIPOCUTD €r0 Yy OpraHu3aTopoB OJUMIIAA/IBIL.

4. Bawm mpemocTaBiIeHBl YUCTBIC TUCTBHI Oymaru u Jlucmut ona 3anucu (Writing sheets). Unctbie THCTHI
Oymaru TmpeaHa3HAueHBl MJIs YEPHOBBIX 3amucedd, WX BBl Moxere HCHONIB30BaTh IO Bamemy
YCMOTpEHHIO, OHU He TpoBepsitorcsi. Ha Writing sheets cnemyet 3anuceiBaTh peIICHUs 33/1a4, KOTOpPbIE
OyAyT OLIEHEHBI NpPU MpOBEpKe paboThl. B pemieHnsx Kak MOYKHO MEHBIIE HCIOJb3yHTE CIIOBECHBIC
ormucanus. B OCHOBHOM Bbl MOIDKHBI HCMONB30BaTh ypaBHEHUs, YUCIA, OyKBEHHbIC OOO3HAYCHUS,
PUCYHKH U rpauKH.

5. HWcnonb3yiiTe TONBKO JHIIEBYIO CTOpoHY Writing sheets. 1lpu 3anmucu He BBIXOAUTE 32 IIpelEibl
OTMEYECHHOU paMKH.

6. Ha xaxnom ucnonb3oBaHHOM Writing sheets, B OTBEICHHBIX Ul 3TOrO rpadax, HEOOXOIUMO yKa3aTh
Bamy ctpany (Country), Bam kon (Student Code), Texyuuii Homep kaxjoro iucra (Page Number) n
IIOJIHOE KOJINYECTBO JIMCTOB, MCIOJB30BaHHBIX Npu pemeHun Beex 3anad (Total Number of Pages).
Ecnu Bel He xoTuTe, 4T0OBI Kakue-HUOYb UCTIONb30BaHHbIe Writing sheets ObLIM BKIIIOYEHBI B OTBET,
TOTrJ]a TIEpEUYEePKHUTE MX OOJBIIMM KPECTOM Ha BECh JIMCT U HE BKIIOYaiTe ux B Bam moacyér moiHoro
KOJIMYECTBA JINCTOB.

7. Korga Bl 3akoHUMTE TYp, pa3iokHUTe BCE JUCTHI B CIEAYIOLIEM MOPSAKE:
e [IponymepoBanHsble 1o nopsaxky Writing sheets.
e UYepHOBBIC JIUCTHI.
e Heuncnosnb30BaHHbIE JUCTHI.
e OtneyaraHHble yCIOBUSA 3a0a4H.
[Tonoxute Bce nMCTHl OyMaru B KOHBEPT M OCTaBbTE Ha crojie. Bam He paspermiaeTcss BHIHOCHUTH U3
ayJMUTOPUH 1700ble TINCTBI OyMaru, mpuOOpbl, MaTEpPUANIbl U TPUHATIECKHOCTH.
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Cynepno3uuus Kojied0anuii

[Ipubopbl U o00OpyAOBaHME: IITATHB, CIOXKHBIM MasATHUK, jauHelka 30 cM, CEeKyHIoOMep
JJIEKTPOHHBIN.

KonebarenbHast cucrtema NpeACTaBIsieT COOOH  KpyTHIIbHBIN
MasiTHUK, KOTOPBI COCTOUT M3 METAJUIMYECKOrO CTEepKHA 1 C pe3bOoi,
MIO/IBEILIEHHOI0 Ha JBYX HHUTAX 2 W 3 OAMHAKOBOM JUIMHBI, HUTHU
IIPUBS3aHbl K TOPU30HTAJIBHOMY CTEP)KHIO 4, 3aKpEIJIEHHOMY B JIAlKe
mraruBa. Ha moasmxHOM crepkHe 1 pacmosiararoTcsi 1B€ YIJIMHEHHBIX
raiiku 5 u 6, KOTOpble MOXKHO MepeMeENIaTh MO CTEPKHIO.

Bo Bcex »skclepuMEHTax MJIMHBI HUTEM JOJDKHBI OCTaBaThCs
HEM3MEHHBIMHM, A CaMHU OHHM JIOJDKHBI OBITh CTPOTO BEPTHUKAJILHBI B
COCTOSHUM PAaBHOBECHUsS U PaCIONararbCsi CUMMETPUYHO OTHOCHUTEIIBHO
neHTpa crepxkHs C. PaccrosiHre Mex 1y HUTIMU 0003HAYNM Q.

l'aliku JOKHBI  pacrnoiaraTbCsi CHUMMETPUYHO OTHOCHUTEIBHO
LneHTpa crepxkHs. llosnokeHue raek ompenensiercs pacCTOSHUEM Z OT
LIEHTpa CTEPXKHA 10 CEpeAMHBI TalKu. /[ TOYHOrO PacloIOKEHUs rack
PEKOMEHyeTCsl MCIONIb30BaTh pe3b0y CTepHs, mar Kotopoi paseH 1,0
MM. [l ynoOcTBa oHa M3 TpaHel raifku 3akjieeHa MoJIOCKOH OyMaru, Ha KOTOpOW OTMEUYEHa ee CepearHa,
TaK 4TO MPH MOBOPOTE FaliKu HAa OJIMH 000POT OHA CMEIAeTCsl O CTePXKHIO Ha paccTtosiHue 1,0 MM.

B pabore Bam HeoOxoauMo Hccae1oBaTh ABa TUIA KOJIEOaHUN CTEPIKHSA:

- IpoJoJbHBIE Konebanus (1 Ha pUCyHKe HIDKE), IPU KOTOPBIX CTEP)KEHb M HUTU BCE BpeMs JIBIKYTCS B
OJIHOM BEPTUKAIBHOU IIJIOCKOCTH;

- KpyTHJIbHBIE KOsleOaHus (2 Ha PUCYHKE HIDKE), IPU KOTOPBIX CTEPKEHb BPAIIAETCsl BOKPYT HEMOJIBHKHOM
BEPTUKAIBHOM OCH, MPOXOISIIEN YEPE3 LEHTP CTEPIKHSL.

@

Ecnu OTKIIOHUTH CTEp)KEHb B BEPTHKAIBHOM IMIJIOCKOCTH M €0 OTIIYCTHTh, TO OH OyZeT COBEpILaTh
npojaosibHbIe KoJjeOaHust. Ecnu crepeHb MOBEpHYTh HAa HEKOTOPBIM Yroll BOKpPYI BEPTHUKAIBHOM OCH U
OTITyCTUTh, TO OH OYJIET COBEPIIATh KPYTUIIbHBIE KOJIEOaHNUS.

Kpome Toro, B pabore Bawm
IIpeIaraeTcsi M3y4UThb CYNEPIO3ULUIO
MPOJOJIBHBIX M KPYTUJIbHBIX KOJIEOAHUH,
KOTOpBIE MOXXHO BO30YIUTH CMEIICHHUEM
CTEpKHS BJIOIb CBOEH OCH H €ro :
IIOBOPOTOM  HAa  HEKOTOPBIM  yroi O ! %/
OTHOCUTEIIBHO  BEpPTHKAJIbHOH  OCH. 5
Ha3zoBewm Takue konebaHus CMEIIaHHBIMU.

Jlnst ynoOcTBa 3aKpenuTe MasiTHUK B IITaTUBE TaK, YTOOBI CTEP)KEHb JABUTAJICSA B HEIIOCPEICTBEHHOM
OIM30CTH OT TOBEPXHOCTH crToja. [lomoxure Ha cTONM JNUCT Oymaru, Ha KOTOPOH HapucyilTe MpsMyIo
JUHUIO, BJIOJIb KOTOPOH pacrosiaraercsi CTEp)KEHb B IIOJIOKEHUU paBHOBecHs. Ilpm mpoaoiapHBIX
KOJICOAHUSAX CTEp)KEHb JOJDKEH JBHUraThCi BJOJb ATOM NPSMOM, MPH KPYTUIBHBIX KOJEOAHHMSX IEHTP
CTEPXHS JOJKEH PacIioyaraTbCsl Ha OHON BEPTUKAIIU.

B xozme sKCIepUMEHTOB YIiibl OTKJIOHEHHS HUTEH OT BEPTHKAIU MPHU MPOJOTBHBIX KOJNEOAHUSAX U
YTJIbI IOBOPOTA CTEP>KHS IPU KPYTHIIBHBIX KOJI€OAHHSIX JOJDKHBI JIKaTh B auanazone 20° — 30°.
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Ycenewinoe evinonnenue oannozo 3adanus mpedyem blCOKOU MOUHOCHU USMEPEHUTL, NOINOMY
0yovme npedenvho enumamenvhusl u akkypamuot! Cmepicenv 0c6oboxcoaiime 6e3 00ONOIHUMETbHO2O
monuka!

Yacrse 1. Ha0monenne 3¢ dgexra 1 ero reoperuyeckoe OnucaHme.

Pacrnonoxure HUTH Ha paccTosHUM a = 20 cM, UX JJIMHBI JOJDKHBI IPUMEPHO COCTaBIATH L = 45
CM, a Traiiku pa3MelaTbhcs Ha KOHILAX MOJBMXKHOTO CTEepKHSA. Bo3OyauTe cMemnaHHble KOIeOaHUs CTePIKHSA
Y BHUMAaTeJIbHO HaOMIoaiTe 3a IBMKEHUEM OJHOTO U3 €ro KOHIIOB. Tak Kak Impu BHIOpAaHHBIX MapaMmeTpax
CHCTEMBI YaCTOThI MPOJIOJIBHBIX U KPYTUIIBHBIX KoJeOaHHi OJU3KU, TO (hopMa TPaeKTOpUU KOHIA CTEPIKHS
MEJUICHHO ¥ 3aKOHOMEPHO H3MEHSAETCs, MEPUOAMYECKH BO3Bpalllasch K HadaubHOU. HasoseM mpomecc
MOCJIeIOBATEIHHOTO BOCCTAHOBJICHUS MCXOAHOM (POPMBI TPACKTOPHH LMKIOM, COOTBETCTBYIOIEE BpeMs —
BpEeMEHEM IHKJIA T, @ YUCIIO COOTBETCTBYIOIIUX €MY MOJIHBIX MPOJOIBHBIX KoslebaHuit kak N.

1.1 HapucyiiTe HECKOJIBKO MOCIEI0BATEIbHBIX XapaKTePHBIX (POPM TPaeKTOpUI KOHIIA CTEP)KHS 32
OJIMH IIUKJI.

Ha ropusoHTanbHONM IUIOCKOCTH BBEIEM CHUCTEMY KOOpAUHAT:
OCb X HAIIPAaBUM BJIOJIb CTEPKHS B IIOJIOKEHUU €r0 PaBHOBECHS, OCb Y —
NEPIEHIUKYJSIPHO €M, a Hadajgo OTCYeTa IIOMECTUM II0J LEHTPOM

CTEP’KHS B TIOJIOKEHUHU €r0 PAaBHOBECHSL.

O0o03HauMM yYrojd OTKJIOHEHHS HHUTEH TMpH MPOAOJIBHBIX :
KOJICOAHUSAX (¢, YTOJl TIOBOPOTA CTEP)KHSA MPU KPYTHIIBHBIX KOJICOAHUSX / ,
[, mepuon NpPONONBHBIX KojebaHuit — Ty, NepuoJ KPYTHIBHBIX y '
Kosiebanuit — Ty, UIMHY HUTEW — L, a uIHy cTepxHs — L.

1.2 3anummTe TOUYHBIE 3aBUCUMOCTH KOOPAMHAT KOHIIA cTepKHS X(t) u y(t) oT BpeMeHH t, a 3aTeM
MOJIyYUTE COOTBETCTBYIOIINE MPUOIMKEHHBIE BRIPAXKECHUS ISl YCIOBUHM TaHHOTO SKCIIEPHUMEHTA.

1.3 B pamkax npemnaraeMoil MojaenH, moiyuute (GopMmyidy A mepuoia uukia Tc, BBIPa3UB €ro
gepes MepuoIbl MPOIOILHBIX T U KPYTUIBHBIX T; KOJIeOaHUH.

1.4 3anumure Gopmyny mis 4yHuciaa NPOAOIbHBIX KoyiebaHuil B mukiie Ng, BBIpa3sUB €ro depes
nepuoanl Ty u T;.

Yacrs 2. [IponobHbIe KOJTeOAHNS.

2.1 N3mepbTe ¢ MUHMMAJIBHON MOTPEUIHOCTHIO MEPUOJ MPOAOIBHBIX Kosebanuit T,. Paccumraiite
NpUOOPHYIO, CITyYailHyIO U MOJIHYIO MOTPEUTHOCTh M3MEPEHHOT0 3HaueHus nepuona AT.

Yacre 3. KpyTniabHble KoJjie0aHus.
[lepuon KpyTHIIBHBIX KOJIeOaHH MOXKET OBITh OnucaH (HopMyJIIoii:
T.
o = alF(2), (M
To
I7le Z — PAacCTOSHUE OT ILIEHTPa IMOJABWXHOIO CTEPXHs J0 LEHTPOB Taek, a F(z) — Hekotopas (¢yHKUHS,

3aBUCAII A TOJIBKO OT Z.

3.1 IIpoBenuTe U3MEpEHUs 3aBUCUMOCTH NIEPUOIa KPYTHIBHBIX KoJeOaHuit T OT pacCTOSHUS MEXIY
HUTSIMH @, TIOCTPOTE rpaduK MOTYYCHHOM 3aBUCHMMOCTH. V3MepeHus MmpoBeauTe, KOrja Trailku
HaXOJATCSI Ha KOHLAX CTEP>KHA Ipu Z = 17 cM.

3.2 Ha oCHOBaHMM SKCHEPUMEHTAJBHBIX IAHHBIX JIOKKUTE CIPaBeIMBOCTH (opmyinsl (1) u
OIpeJIeNIUTe MoKa3aTelb cTeneHu ¢. OIeHKa MOrpeuIHoCTH B JAHHOM ITyHKTE He TpeOyercs.

MoxHO nokasatb, uro pyHkims F(z) B popmyine (1) umeer Bug
F(z) =VA+ Bz?, (2

rac A, B — HEKOTOPBIC IMOCTOAHHBIC BEJIMYNHBI, HC 3aBUCAIIUE OT IMMapaMETPOB A U Z.
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3.3 3akpenure HUTH mnoaBeca Ha paccrosHuM a = 10 cm. IlpoBeaure u3zMepeHus: mnepuojia
KPYTHJIBHBIX KoJieOaHUil oT mojoxkeHus raek z. Iloctpoiite rpaduk MmomydyeHHOH 3aBHCHMOCTH.
[TpoBOIUTH U3MEPEHUS, KOTJ]a TAKH HAaXOAATCS OMMIKE K LIEHTPY CTEPKHS YeM HUTH, HE TpeOyeTcs.

3.4 JlokaxxuTe MPUMEHUMOCTB (POpMYIIBI (2) A7l OMMCAHUS BalllUX SKCIIEPUMEHTOB.

3.5 PaccuuTaiite 3HaueHus kodpdunrentos A, B u onenute ux norpemHoctd. OOpatute BHUMaHUE
Ha TO, YTO BEJIMYMHBI @, Z JAOJDKHBI U3MEPATHCS B CAHTUMETPAX.

Yacrp 4. CMemnaHHbIe KoJIeOaHUs.
Pacnonoxwure HuTH Ha pacctosHuM a = 20 cMm. Hccnenyiite cmemanHuble KoneOaHus, OMUCAHHBIE B
Yactu 1, npu pa3audHbIX MOJIOKEHUAX raek ¢ z > 10 cm.

4.1 M3mepbTe 3aBUCHUMOCTh YHUCIA TPOAOJIBHBIX KONeOaHwii B 1uKIe N OT TMOJIOKEHUS TaeK Z.
Bo3moHO, 4TO He JuIsi BceX 3HAUEHUH Z BaM YJacTcCs 3TO CIeNaTh!

4.2 Ha ocHOBaHUM pe3yJIbTaTOB 4acTeil 2 u 3 paccuMTaiiTe Meprobl KPYTHIIBHBIX KOJNeOaHUi A
BCEX 3HAYECHUH Z, IPU KOTOPBIX OBLIHM MPOBEACHBI U3MEpeHus B 1. 4.1.

4.3 [IpencraBbTe pe3ysbTaThl UI3MEPEHUN B TaKOH rpaduueckoit popme, 4ToObl OHU MOATBEPKIATH
CIIpaBEATMBOCTh (POPMYIIBI ISl BeNMHUUHBI N, IOTYYEHHOM B 4acTH 1.
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