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THEORETICAL COMPETITION
January 9, 2024

Please read this first:

1. The time available for the theoretical competition is 4 hours. There are three questions.
2. Use only the pen provided.

3. You can use your own 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 paper. 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 boxed area.
6. Begin each question on a separate sheet of paper.

7. 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 used (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.

8. 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 out of the room.
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Problem 1 (10.0 points)
This problem consists of three independent parts.

Problem 1.1 (3.0 points)

On two identical horizontal V-shaped slats (see figure below), forming a dihedral angle of 2y
(tany = 0.100), there is a solid bicone with a base diameter of D = 2R = 8.00 cm and a distance between
the vertices of 2h = 20.0 cm, representing two identical homogeneous cones, rigidly fastened by their
bases. First, the bicone is held so that its center of mass is right above the vertex of the dihedral angle,
symmetrically relative to its bisectoral plane. Then it is released and it begins to roll along the slats without
slipping. Find the dependence of the bicone speed of translational motion of the v(x) on the x coordinate
measured horizontally from the vertex of the dihedral angle to the center of mass of the bicone. Calculate the
speed of the bicone v, at x, = 50.0 cm. Determine the maximum angular velocity w,qy, that the bicone is
to reach during its motion. Consider that the height of the slats exceeds the radius of the cone bases, and the
acceleration of gravity is g = 9.80 m/c?.

Problem 1.2 (4.0 points)

A thermally insulated vessel with a volume of 2Fp = 2.00 1 is divided by a thin weightless movable
heat-conducting partition into two equal parts, each containing nitrogen N, at a pressure P, = 100 kPa. The
initial temperature of nitrogen in one half of the vessel is 71 = 240 K, and it is 72 = 360 K in the other. As a
result of heat exchange, the partition begins to move slowly without friction. 1) Determine the amount of
heat Q that will be exchanged between parts of the vessel by the time complete thermodynamic equilibrium
is established; 2) Calculate the minimum work A’ that must be done to return the partition to its original
position. Neglect the heat capacities of the vessel and partition.

Problem 1.3 (3.0 points)

An electric motor connected to a battery lifts a load of mass m at a constant speed to a certain height h
in time t; = 1.00 min. In this case, the load is tied to a thread that is wound on a uniformly rotating electric
motor shaft. The time it takes to lift two loads with a total mass of 2m to the same height turns out to be
At = 7.00 s longer. 1) Find the maximum number n,,,, of loads of the same mass m that such an electric
motor can lift; 2) Calculate the time t,,,, that the electric motor is to require to uniformly lift the maximum
number of loads n,,,, to the height h. Consider that the torque of an electric motor is proportional to the
current flowing through its winding.
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Problem 2. Lagrange points (10.0 points)
Two body problem
Consider the two-body problem. Two massive bodies with masses my, T
and m, < m, respectively, move only under the influence of the force of m,
gravitational interaction in circular orbits around a common center of mass C. - |
The distance between the bodies remains unchanged and equal to R,.

2.1 Find the radii R, and R, of the trajectories of the bodies. Express your
answer through the quantities R,, m;, m,.

2.2 Find the angular velocity w, of the bodies rotations. Express your
answer through the quantities R,, m,, m, and the gravitational constant G.

Lagrange points in a three-body system
Lagrange points, libration points (Latin libratid — swinging) or L-points are points in the space of a
system of two massive bodies in which a third body with negligible mass, not affected by any other forces
other than gravitational ones from the first two, can remain motionless relative to these bodies.
Consider adding a third body to the system described
above, the mass of which m, is significantly less than the R,
masses of the first two bodies, m; << m;, m,. Introduce the X —O C
axis along a straight line passing through the bodies m,,m,, as m °
shown in the figure. The origin is compatible with the center of
mass C. To simplify mathematical transformations, use the following quantities:
- as a unit of length, use the distance R, between bodies m,, m,; the position of a small body is
determined by the dimensionless coordinate x = X /R, which can vary from minus to plus infinity;
- as a unit of force use the quantity Fy, = mow3Ry;

- introduce the dimensionless parameter y = 2
mit+m,;

x R

’'a
b
m, X

2.3 Obtain an exact equation for determining the x coordinates of Lagrange points lying on the X axis.
In addition to the desired x coordinate, this equation should include only the parameter p.

2.4 Draw a schematic graph of the projection onto the X axis of the force F, acting on a small body from
two massive bodies at 4 = 0.20. Express your answer in terms of relative units f, = F,/F, and x =
X/RO . mo

2.5 Determine the possible number of Lagrange points that exist
on the X axis.

2.6 Calculate the numerical values of the coordinates of these
points with an error not exceeding Ax = 0.05 if u = 0.20.

2.7 Prove that the point lying at the vertex of a regular triangle
constructed on the segment m,, m, is a Lagrange point.

3
)
3
b

Lagrange points in the Solar System
For calculations, use the following numerical values of astronomical quantities: solar mass M; =
1.99 - 103° kg; Earth mass M, = 5.97 - 10%* kg; the Earth's orbit can be considered a circle with radius
R, = 1.50 - 108; Jupiter's orbital period around the Sun is 11.9 Earth years.
SOHO is a solar observing spacecraft, a joint project of ESA and NASA, which was launched on
December 2, 1995 and began operations in May 1996. The device is located on the straight line connecting
the Sun and the Earth, its position relative to the Earth remains practically unchanged over time.

2.8 Determine at what distance lg from the Earth the SOHO spacecraft is located. Express the formula
in terms of the ratio of the masses of the Earth and the Sun and the radius of the Earth's orbit. Calculate
the numerical value of this distance.

On December 25, 2021, a spacecraft equipped with the James Webb infrared telescope was
successfully launched from the Kourou spaceport using an Ariane 5 rocket. In January 2022, this device
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reached its permanent deployment point. The position of the telescope is to remain virtually unchanged
relative to the Earth, and it is assumed to stay in the Earth shadow all the time.

2.9 Determine at what distance [}, from the Earth the James Webb telescope is located. Express your
answer in terms of the Earth-to-Sun mass ratio and the radius of the Earth's orbit. Calculate the
numerical value of this distance.

Small planets, called asteroids, are distributed
L LR } Sy extremely unevenly in the Solar System: in addition to
the well-known asteroid belt, located between the orbits
of Mars and Jupiter, there are two large groups of
asteroids moving near the orbit of Jupiter. These groups
of asteroids are called "Trojan" asteroids.

2.10 Calculate the distances [; from Jupiter to the centers
of groups of Trojan asteroids.
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Problem 3. Geometric optics and photodetector (10.0 points)

In this problem, the laws of geometric optics are to be studied using a photodetector, which is a
device for converting light energy into electrical energy. It is assumed that the absorbing surface of the
photodetector is flat and when it is connected to a milliammeter, it shows a current value proportional to the
power of the absorbed electromagnetic radiation.

Geometric optics is a branch of optics that studies the laws of light propagation in transparent media,
the reflection of light from mirror-reflecting surfaces, and the principles of constructing images when light
passes through optical systems without taking into account its wave properties. The basic concept of
geometric optics is a light beam. This implies that the direction of the flow of radiant energy (path of the
light beam) does not depend on the transverse dimensions of the light beam. Let us recall the laws of
geometric optics necessary for this problem solution.

3.1 When reflected from a flat surface, the incident and reflected rays lie in the same plane with the
normal at the point of incidence. Let the incident ray make an angle a with the normal, and the reflected
ray make an angle 5. Write down the relationship between these angles.

3.2 When light falls from air onto a flat surface of a material with refractive index n, the incident and
refracted rays also lie in the same plane with the normal at the point of incidence. Let the incident ray
make an angle a with the normal, and the refracted ray make an angle 5. Write down the relationship
between these angles.

In the following parts of this problem, we consider only situations in which, in the processes of light
refraction, the above-mentioned angles are small and the approximation of paraxial optics holds.

3.3 Rewrite the answer to 3.2 in the case of small angles of incidence and
refraction.

In this problem, the radiation source is assumed to be a very long, thin &’
cylindrical lamp, the surface of which emits equally in all directions.

3.4 Let the radiation power of the lamp from its entire surface be W. Determine
the radiation power W, concentrated in a plane angle a as shown in the figure.

Thin plate

Let the light source described above illuminate an
opaque screen in which a rectangular slit a = 5.00 cm wide is
made. The lamp is located parallel to the edges of the slit
directly opposite its center at a distance of L = 100 cm, and
immediately behind the slit the surface of the photodetector is
placed in such a way that it captures the entire luminous flux P
passing through the slit. The photodetector itself is connected to o R + ' @
a milliammeter. A thin rectangular plate can move in parallel amp a/2
along the screen, the upper edge of which is parallel to the edges
of the slit, while the material of the plate is translucent with a detector
transmittance coefficient of 7 = 0,500. In the absence of the
plate, the milliammeter shows the current value I, = 10.0 mA.

screen

plate

3.5 Let now x be the coordinate from the center of the slit to the edge of the plate with the axis
vertically directed upward. Plot a graph of the deviation of the milliammeter readings AI(x) in
milliammeteres from the initial reading [, from the x coordinate in the range of —5.00 cm to 5.00 cm.
Explicitly indicate the coordinates of all characteristic points on the graph.

Thick plate
Let us leave the observation scheme the same, but replace the thin plate with a thick plate of
thickness d, while its horizontal surface is a perfectly reflective mirror on both sides, and the refractive
index of the material is n. For this part, consider the numerical values of the parameters a, L, and I,
unknown. For clarity, the layout diagram is shown in Figure 1, and Figure 2 shows the corresponding
measurement results in the range of changes in the x coordinate from —3.00 cm to 0.00 cm and three
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characteristic points xq,x,,x3 of the graph are marked. Here AI(x) is the deviation of the milliammeter
readings in milliammeteres from the initial reading /;, in the absence of the plate.

screen 10

Al(x),mA
(#)]

lamp a/2

~ detector 0

Xy Xy X3 X, cm

plate
Figure 1. Scheme of measurements. Figure 2. Measurement results.

3.6 Express the coordinate values of point x; in terms of the values a, L, d, n, 7.
3.7 Express the coordinate values of point x, in terms of the values a, L,d, n, .
3.8 Express the value of Al,,,, at point x, in terms of the quantities a, L, d, n, t and I,.
3.9 Express the coordinate values of point x5 in terms of the values a, L,d, n, .

3.10 Find the slope coefficient dAI(x)/dx of the straight line in the area to the right of point x; and
express it through the quantities a, L, d, n, 7, 1.

3.11 Based on the graph and parameters obtained in 3.6-3.10, determine the numerical values of the
parameters a, n, T, I, as well as the ratio L/d.

3.12 Based on the obtained numerical data, construct the right side of the graph as the x coordinate
changes from 0.00 cm to 3.00 cm, indicating the coordinates of all characteristic points on the graph.

Mathematical hint for the theoretical competition
The following formulas may be useful:

n+1
f x"dx = J;T + C, where n # —1 is a fixed number, C refers to an arbitrary constant;

i—x = In|x| + C, where C stands for an arbitrary constant;

1+x)=1+yx+ V(VT_UxZ, for |x| « 1 and any value of y;

tanx = sinx = x, for |[x| < 1;
In(1+x) = x, for |x| < 1.
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TEOPUSJIBIK TYP
2024 Kpl1ABIH 9 aKnaH

AJ'IIH)IMCH MbIHAHBbI OKBIII IITBIFbIHBI3!

1. TeopusmbIK Typ yII TarncblpmMaaaH Typaasl. TypaslH Y3aKThIFbL 4 carar.
2. Ecenrey ymiH KalbKyIATOpIbI MalijanaHyFa 001a bl
3. Cizre 60c kara3 xoHe Ta3a 2Ka3y nmapakrapsl Oepiieni. boc kara3 mapakrapsl Opecked xxazbanapra

apHaJIFaH; oJlapibl 63 KaJayblHbI3 OOMBIHINA Maiifananyra Oojazsl, onap TekcepinMeiai. JKyMbICHIHBI3IbI
TeKcepy Ke3iHe OaraiaHaThIH MoceNeNepliH InemiMaepi Taza 2Kazy mapakTapblHa >Ka3blUTybl KEpek.
[Hemimaepinizae aybi3ina cUmaTTaMmanapIsl MYMKIHAITIHINE a3 MaiganaHbeiHbI3. HeriziHme TeHaeynepii,
caHIapbl, 9pinTepai, CypeTTepli )koHe rpadukTepai naganaHy Kepek.

4. 7Ka3y nmapakTapbIHbIH TEK aJJIbIHFBl JKaFblH MaiijanaHbiHb3. JKa3y KesiHze OenriieHreH Kajap
IIeHOEepiHEH MIBIKITaHBbI3.

5. OpOip MaceneHiH memiMid 2Ka3y napakrapbIHbIH )aHa OeTiHeH 0acTay Kepek.

6. Opbip maiinananputran 2Ka3y maparbiHAa Oy yiriH OepitreH Oarannmapnaa emiHizgi (Emainizai),

KOABIHBI3AB (CTYAEHTTIK KOATHI), TarchlpMaHbIH peTTik HeMipiH (Cypak HeMmipi), opOip mapakTbIH
arpiMzarel  HeMipiH (Ber HeMipi) KepceTyiHi3 Kepek KoHE OapibIK ecemTepii IIenry YIIiH
naiganaHbUIaTBIH TTapaKTapblH Kamel caHbl (BerTep canbl). XKayaOwiHbpI3Fa Kkeitbip Konmansuran 7Kasy
NapaKTapblH KOCYJbl KajJamacaHbI3, olapiabl OYKil mapak OOMbIHIIA YIKEH KPECTHEH ChI3BIT TacTaHbI3
’KOHE OJIap/Ibl JKAJIIIBI MapaKTap CaHbIHA KOCTIaHBI3.
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Ecen 1 (10.0 ynaii)
By tanceipma 6ip-0ipiHe OaiiaHbICTBI €MeC YIII OOIIKTEH TYPaIbl.

Tanceipma 1.1 (3.0 ynaii)

l'opusonTans opHanackaH, Tebecinmeri Oypwimbl 2y (tany = 0.100) Gomatein V-hopmaisl
penbCTiH ycTiHae TabaHbHBIH auameTpi D = 2R = 8.00 cM, an TebenepiHiH apa KambIKThIFel 2h = 20.0
cM OosaThlH OMKOHYC (TabaHAapbIMEH MBIKTAl OEKITIAreH €Ki KOHYC) OpHajacThIpraH. bacramkpiia
OMKOHYC OHBIH Maccajap LEeHTpi penbCTiH yiubiHa (O HYKTeciHe) coiikec KeneTiHneH, TedeciHmeri OyphIl
OMCCeKTpUIlaChlHA CHMMETPUSIIBI OOJAThIHAAN eTin opHanacThipbliaabl. ComaH KeiliH OHBI OOocaTaibl, O
penbCIeH ChIpFaHaMall aHajblll Ko3fayna OacTaiiibl. BUKOHYCTBIH UnrepineMeni KO3FaJbICBIHBIH V(X)
KBUIIAMJIBIFEIHBIH TOPU30HTANbh OAaFbITTa PENbCTIH TOOECIHEH OacTam ecenTenreH X KOOpAWHATHIHAH
TOYCNJUINiH aHBIKTaHbI3. byl KeUOamMIbIKTBIH Xo = 50.0 cM OonFaHgarbl vy MOHIH aHBIKTAaHBI3.
BHUKOHYCTBIH KO3FAIBICHI KE31HE O KETETIH €H YIIKCH Wy, 4, KBULIAMIBIKTEI aHBIKTAHbI3. PelbCTiH OMIKTIT1
KOHYC TaOaHBIHBIH PaJUyCHIHAH apThIK JEIl eCENTEHi3, epKin Tycy yaeyi g = 9.80 m/c?.

2R

X

Tanceipma 1.2 (4.0 ynaii)

OpraMeH XbUTy anmMachaiTeiH, kememi 2V = 2.00 1 BIOBIC KYKA, CaTIMaKChI3, KBUDKBIMAIBI, dpi
KBUTY OTKI3ETIH KaJIKAMEH €Ki TeH Oeikke OeJiHTeH, OJapAblH dpKalchichiHIa KbICbIMbI Py = 100 klla
6onatein N, azor Oap. blapicteiH O6ip Oemirinaeri a3oTTelH Oactankbl Temmeparypacel 71 = 240 K, an
exinmiciniki — 72 = 360 K. XKbuty anmacy HoTmKeciHIe KajKaH yiikenicci3 Oasy Kosrana Oactaiisl. 1)
TonbIKk TepMOIMHAMMKANBIK TEME-TEHAIK OPHATBUIFAH Ke3/e BIABICTHIH OeJiKkTepi anmacaThlH Q JKbUTy
MOJIIIepiH aHbIKTaHbI3; 2) benikrepai GacTamkbl KaJblHA KENTipy YIIiH jKacanybl THiC MUHHMamabl A’
KYMBICBIH €CENTEHI3.

Voo BT,
N,

Vs B T

Tanceipma 1.3 (3.0 ynaii)

AkkymynsTop OaTapeschiHa KOCBUIFAH AJIEKTP KO3FAITKBIIIBI (IBUTATEIIl) MAacCachl m KYKTI KaHmal
na Oip h OWIKTIKKE TYPaKThI XKbuiHamabIkieH t; = 1.00 MuH yakbIT apaibIiFbIHAa KeTepeni. by xarmaiina
KYK DJIEKTP KO3FANTKBIIIBIHBIH OipKenki aifHanmaThlH OuririHe (BajblHA) OpajiFaH JKilke OailiaHraH.
OcbiHaii OMIKTIKKE JKajmbl Maccachl 2m OONaThiH, €Ki JKYKTI kerepiy yakwiThl At = 7.00 c-Ka apThIK
O0omnel. 1) OceiHIAlt dJIEKTp KO3FANTKBIII KOTEpE allaThIH Maccalapbl Oipaed m SKYKTePIIH Mgy
MaKCUMaJbl CaHbIH TaOBIHBI3; 2) OCBIHIAAN Ny, KYKTEPIAIH MaKCHUMAIABl CaHBIH /1 OWIKTIKKE OipKenki
KOTEpY YVIIIH DJJIEKTP KO3FANTKBIIIBIHA KAKET L4, YAKBITTBI €CENTEHi3. ODJEKTP KO3FAITKBIIIBIHBIH
aifHAJIIBIPY MOMEHTI OHBIH OpaMacChIHAH OTETIH TOKKA IIPOMOPIIMOHAIIBI JCT €CENTeHi3.
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Ecen 2. Jlarpanxk HykreJepi (10.0 ymaii)

Exi nene macesneci.

Exi neHe wMoceneciH KapacTblpambl3. bipiHiH Maccacel my, ai T
EKIHINICIHIH Maccackl — M, < m; O0OJaTblH €Ki caJMaKThl J€HE TeK m,
IPaBUTAIMSUIBIK KYINTIH OCEpiHEH onapiblH opTak Maccanap C HYKTECIHIH 4
MaHbIHIA JeHrejek opOurtanap OoibIMEH Ko3Fananbl. JleHenmep apachIHIAaFbl |
KAIIBIKTBIK ©3Tepicci3 Kanasl )KoHe Ry-Fa TeH. l

2.1 R; xoHe R, TpaekTOpHsUIapbIHBIH paJuyCTapblH TaObIHBI3. JKayanTsl
Ry, mq, m, maManapbl apKblUIbl ©DHEKTEMN Ka3bIHBI3.

2.2 Jlenenep KO3FAJIBICBIHBIH OYPBIMITHIK JKBUIIAMIBIFBI Wo-Ii TaOBIHBI3
Kayantel Ry, my, m, mamanapsl xkoHe G TpaBUTALUSIIBIK TYPAKTHICHI aPKBLIBI O©PHEKTETI Ka3bIHbI3.

Y gene skyiecingeri Jlarpansxk HykTesepi.

Jlarpanx HYKTenepi, mubparus Hykrenepi (yat. libratido-repOernic), Hemece L — HykTemnepi nen exi
MacCCHBTI JICHEJIepAiH apachlHJa OpHAJacKaH, Maccachl ©T€ a3, AJFAIIKbBI €Ki ICHEMEH TEeK IPaBUTAIMSIIBIK
KYILIIEH 9CEPJIECETiH, OPHBIHBI AJIFAILIKbI €Ki JIeHeTe KaTBICTBI ©3repicci3 KaJaThIH JICHE OpHAIACKaH HYKTEH1
anTazpl.

JKorapbiia KapacThIpbUIFaH JKyHere Maccachl aJFaliKbl
€Ki JICHEeHIH MaccacblHaH €Jdyip a3 m, Maccaybl YIIiHIII JIeHEeH] P R, X R, _
KOCaWbIK, My <K mq,m,. Cyperre KepceTuireHaeH, mq, m,, o C m ‘,"nz b%
JeHeNepl apKpUIbl ©TeTiH, X OciH eHri3eidik. CaHakThIH Oac m 0
HYKTecl Maccamap ueHTpi OonarelH C HyKTeciMeH coiikec
6o0JicbIH. MaTeMaTHKaNBIK TYPACHIIPYJIEpi )KEHUTIETY YIIiH MbIHAJall [IaManapabl Mai1alaHbIHbI3:

- Y3BIHABIK Oipiiri periHae mq,m, JAeHeNepl apachlHAAFbl R, KAIIBIKTBIKTHI TaiJamaHbIHbI3; KIIIi
JICHEHIH OpHBI eyeMci3 X = X /R, KOOpAWHATACKIMEH aHBIKTaNIaAbl, Ol MHHYC HIEKCI3JIKTEH IEH IUIIOC
IIEKCI3/1IKKe JICHiH e3repyl MyMKiH.

- Ky Gipmiri periane Fy = mowéRO IIaMachbIH KOJIJIAaHBIHEI3;
m;
mi+my’

1

- MBIHaJIaii eJeM OipITiKci3 mapaMeTp eHri3iHi3 U =

2.3 X ocinge *kaTkaH Jlarpan HYKTENEpiHIH X KOOPAWHATBHIH AHBIKTAHTHIH TEHICYHAl albIHBI3, Oy
TEHIeyTe 137IeCTIpill OThIPFaH X KOOpAMHATAChIHAH 0acKa TeK |l mapameTpi FaHa Kipyi Kepek.

2.4 u = 0.20 Gonranaa eki MAacCHBTI JEHE TapalblHaH Killli JieHere acep ereTiH F, KyuriHiH X ociHe
MPOCSKIUSAHBIH CXeMalbIK I'padurin xacaHbl3. JKayanTel canbicTeipMmaisl f, = F,/Fy xoHe x = X /R,
OipIiKTEpi apKBLIBI OPHEKTEHI3.

2.5 X ocinzne 6onateiH Jlarpamx HYKTENIEpiHIH MYMKIH CaHBIH My

AHBIKTAHBI3.

2.6 Ocbl HykTenepAiH koopauHatrTapbeiHbH U = 0.20 Oonran
Ke3lleri  caHiaplK  MoHzepiH, kKaremiri  Ax = 0.05-ten
aCTaMTHIHIAN eTIIl €CeMTEeHI3.

27 my,m KeClHiCl HEri3iHIE€ TYPFBI3BUIFAH  JIYPBIC

1, My ¥ Y
YIIOYPBIIITHIH >KOFApPFHI VIIIBIHIA OpHAJacKaH HykTe Jlarpamxk g C m, X
HYKTeC1 OOJIaTBIHBIH JQJIEIIACHI3.

Kyn xyiiecingeri Jlarpanx HykTeJepi.

Ecenteynep kacay VIIIH acTpOHOMMSUIBIK IIaManapiblH TOMEHJIETI CaHABIK MOHAEPIH
naiigananeiaes: Kynnig maccacet M; = 1.99 - 1039 xr; Xepnin maccacer M, = 5.97 - 10%* kr; XKep
opbutacein pamumychl Ry = 1.50-10% km menbep nen canmayra Gomanwl; Omurepmin Kymmi aitnamy
nepuogsl - 11.9 XKep xbl.

SOHO-kynai 6axpunaidTeiH Fapeimn kemeci, o1 EKA men HACA-nbIH GiprieckeH xo06acel, on 1995
KBUTBI 2 )KENTOKCaH/Ia OpOUTaFa IIBIFAPBUILIT, 1996 KBUIIBIH MaMBIPBIHIA KYMBICHIH OacTaisl. KypblaFbl
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KYH MEH >Kep/ii OaliIaHbICTBIPATBIH TY3Y ChI3bIKTA OpHAJAcKaH, OHbIH JKepre KaTbICThl OPHBI YaKbIT OT€ Keje
e3repicci3 Kalapl.

2.8 SOHO rapeim kemeci XKepneH Kanaai lg KalIbIKTBIKTa OpHAJIAaCKAHBIH aHBIKTaHBI3. DOpMyJIaHbI
Kep men KyH maccanapbIHbIH KaThIHACHI jkoHE JKep opOMTACBIHBIH PaINyChl apKbLIbl ©pHEKTeH13.OcChl
KAIIBIKTBIKTBIH CaHIbIK MOHIH €CeNTEeH]3.

2021 xpuEbl 25 xentoxcanga Kypy rapeimn ainarsiHaH "Apuan-5" 3bIMBIDAHBIHBIH KOMeEriMeH
"Jlxeiimc Y200" MHQPAKBI3bUI TEIECKONBIMEH XaOJbIKTANFaH Faphlll anmapaTbl COTTI YIIBIPBUIIBL.
2022 >xpUIIBIH KaHTapbIHAA OyJ1 KYPBUIFbI ©31HIH TYPAaKThl OpPHAJIACKAH YKEPiHE IIBIKTHI. TeleCKONTHIH
opHanacysl JKepre KaTBICTBI iC JKY3iHIE e3repicci3 Kalanbl >koHE oy YHeMi JKepiH KeleHKeciHie
0oabL.

2.9 «JIxeiiMmc Y200» Teneckombl JKepmeH KaHmail [y, KalIBIKTBIKTa OPHAJACKAHBIH aHBIKTAHBI3.
@dopmynanel XKep meH KyH MaccamapblHBIH KaThIHACHI koHE JYKep OpOMTACHIHBIH PaJUyChl APKBLIBI
epHeKkTeH13. OChI KAIIBIKTBIKTHIH CaH/IBIK MOHIH €CENTeHI3.

KyH xyiiecinne acrepouarap Aer aTajaTblH [IaFbIH
TUTaHeTaNap/IbIH Tapaysl eTe Oipkenki emec: Mapc neH
Onutep opOuTanapblHBIH  apachblHOa  OpHAJTACKaH
Oenrini  acrepoun  OenpeyiHeH — Oacka, HOmutep
opOuTacbiHa KaAKBIH xKepae KO3FaJIaThIH
acTepOUATapbIH €Ki YIKeH ToObI Oap. byn actepounrap
TOIITAPbI «TPOSUTBIKY JICT aTajajbl.

Main asteroid belt

2.10 IOnurepaeH TpOSHABIK acTEPOUATAP TONTAPBIHBIH
OpTaJIBIKTApbIHA JEHIHT1 [; KAIIBIKTBIKTAPBIH €CENTEHI3.

Iunttar

Trzjan asteraid
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Ecen 3. I'eomeTpus/IbIK onTHKA :k9He poTonerexkTop (10.0 ymaii)

Bbyn ecenre apblK HEPTHACHIH AJIEKTP SHEPTUACBIHA TYPJCHIIPYre apHaJIFaH KYpPBUIFbI OOJbBII
TaObUIaTBIH  (DOTOAETEKTOP/ABIH KOMETriMEH TEeOMETPHSUIBIK ONTHKAa 3aHJapbl 3€pTTENeTiH Ooiajbl.
@OTONCTEKTOPABIH ~ KYTy ©OeTi Teric >KkoHe Ol MWUIMAMIEPMETpre KOCBUFaHIa KYTBUIFaH
ANIEKTPOMArHUTTIK COYJIEIEHYIIH KyaThIHAa IPOMOPLUOHAJ OOJaTHIH TOK MOHIH KOpCeTe Il IeN eCenTIiHe Il

['eoMeTpHsIIBIK ONTHKA JET >KAapbIKTHIH TOJKBIH €KEHIH eCKepMed, OHBIH MeJip opTaxa Tapaiy
3aHJapbIH, aliHa/JaH IIAFBUTYBIH JKOHE OJI ONTHKAJBIK JKYHElep apKbUIbl OTKEHJErl KeCKIHAEpiH caiy
MPUHIIMNTEPIH 3ePTTCUTIH ONTHKAHBIH O6JIMIH aiTagsl. ['€OMETPHSUIBIK ONTHUKAHBIH HETi3ri TYCIHIT —
XKapbIK coyieci. byn xepae coyneneHy SHEPrUsICHIHBIH aFbIHBIHBIH OarbIThl (3KApBIK COYJIECIHIH KOJIBI)
KapPBIK COYJIECIHIH KOIJICHEH oJIIeMaepiHe Toyenai emec jaen ecenrteniHeni. Ocbl TancelpMara KaxeTTi
TeOMETPHSIIBIK ONTHKA 3aHapbIH €CKe TYCIpeHiK.

3.1 Coyrne ka3bIKTBIKTAH IIAFBUFaH Ke3Jle TYCKCH KOHE IIaFbUIFaH CAyJIeNiep KOHE TYCY HYKTECiHe
TYPFBI3BUIFAH HOpPMajb Oip Ka3bIKTHIKTA KaTajibl. TYCKEH coyjle HOpMalbMEH « OyYpBIIIBbIH, aj
IIaFBUIFAH cayJie f OyphILIbIH JKacachiH. OChl OyphIITapAbIH apachiHAaFbl OAMIaHBICTHI Ka3.

3.2 XapsIK ayasaH ChIHY KOPCETKIII 1 00IaThIH OPTaHbIH jKa3bIK OETiHE TYCKEH Ke3/Ie TYCKEH JKOHE
CBIHFAH CoyJeJep /A€ TYCy HYKTeCiHJeri HOpMajdbMeH Oip Ka3bIKTBIKTa KaTajbl. TYCKEH coyJe
HOpMaJIbMEH « OYpBIIIBIH, ajl CBhIHFaH coyine — [ OypblmibiH jkacachlH. Ocbl OypbIITapablH
apachIHAAFbl OalIaHbBICTHI Ka3.

Bonammakra 6y Macenene 613 JKapbIKTHIH ChIHY MPOLIECTEpPIHAE KOFapblla aTajFaH OyphlTap a3
OoJIaTBIH JKOHE TMapaKCHaj/bl ONTHUKAHBIH >KYBIKTAybIH KOJJaHyFa OOJAThIH JKafJaiapipl FaHa
KapacThIpaMbI3.

3.3 Tycy koHe ChIHY OypbIIITaphl a3 OOJIFaH >Karaaiga >KOFapbIIarbl 3.2-MyHKTTIH KayaOblH KaiTa
Ka3bIHBI3.

byn macenene coyne mbiFapy Ke3i peTiHAe ©Te Y3bIH, 9pi KIHIMIKE LUIMHIP
dbopmachIiHIaFbl IIaM TMaliJanaHbUIa b, OHBIH OeTi OapnbIK OarbiTTa Oipaei coyie
IIBIFapa/ibl.

3.4 IllamupiH Oykin OeriHeH coyie mblFapy Kyarsl W OonceiH. Cyperrte
KOpPCeTUITeHIe « jKa3bIK OypbIIBIHAA IIOFbIpianraH W, caoyneneHy KyaTblH
AHBIKTaHBI3.

Kyka niiacTuHka 3KpaH
Korapbina cunartanra *apblK Ke31 MeJIip eMec L

SKpaHIbl KapbIKTaHIBIPCHIH, OHJa eHi a = 5.00 cM Tik
OypbIIITHl  caHpliay okacanmraH. lllam  caHbUIayabIH
[IETTepiHE MapaJlieNib XOHE OHBIH OpPTAChIHAH TIKEIeH
L =100 cM KaIIBIKTBIKTA OoaTBIHIAN eriln ¢
OpHAaJIaCTHIPBLIFaH, an CaHbUIAY IbIH apThIH/IA X
(OTONETEKTOPIBIH OETi OPHANACKAH, OJ1 CAHBLIAY APKBLIbI A S * N @
©TeTIH OapJIbIK KapbIK aFbIHBIH anajbl. DOTOAETEKTOPABIH
e31 MUJUIHAMIIEPMETPre KOCBLIFaH. Kininke
TOPTOYPHIIITEL IUIACTHHA J3KpaH OOWBIMEH Mapaienb _ﬂeTeKTop
KO3fajla ajajapl, OHBIH JKOFapFbl IIETI  CaHbUIAY
KHEKTepiHe Napaijienb, al IUIACTHHAHBIH MaTepUalIbI
Menaip koe, OTKBrimTik ko3pdpunuenti T = 0,500. flacrinkag
[TnacTuna canyiay sl xamnmai Typras ke3zne muumamnepmerp Iy = 10.0 MA TOk MOHIH KepceTei.

3.5 Enai x —BepTuKanb KOFapbl OarbITTaJFaH OCh OOMBIHINA CAHBUIAYIBIH OPTAChIHAH IUIACTHHAHBIH
HIeTiHe JEWIHT1 apaibIKThl AHBIKTAWTBHIH KOOpAMHATa OOJICHIH. byman opi MuuimammnepMeTpiiH
KepceTyiHiH OHbIH [y OacTankpl MOHIHEH aybITKYbIH, AI(X) -HbI aHBIKTaN, OHBIH X KOOpPAMHATBIHAH
TOYeNIUIIriHIH Tpadurin canbslHb3. byn sxepre xoopauHatThiH e3repyiH -5.00 cm-men 5.00 cm-re
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JEWIHT1 apalblKTa KapacThIPBIHBI3. [ 'paduKTeri epekiie HYKTeNIepiHiH KOOpAMHATTapblH HAKThI
KOPCETIHi3.

KaaplH miaacTuHka

bakpinay cynbachlH CONl KalmblHIA KaJIIbIpAlbIK, Oipak >KyKa MIACTHMHAHBI KaTBIHABIFBl d KaJIbIH
IUTACTUHAMEH aJIMaCThIpaMbl3, all OHBIH KOJIZICHEH OeTi eKi jKaFblHaH Ja TaMmallla [IaFblIBICTHIPATHIH aifHa
OO0JICBIH, a MaTepUaNJbIH ChIHY Kepcerkimi n. byn myHkrreri a,L,T xoHe I, mapameTpiepaiH CaHIbIK
MoHzepi Oenrici3. TyciHikTi 6oy YIIiH OpHajacy JuarpaMMachl 1-cypeTTe KepceTuIreH, aja 2-Cyperre X
KoopauHaThIHBIH -3,00 cM-geH 0,00 cM-re feiiHTi apalIbIKTaFbl OJIIIey HOTWKeNnepi KenTipireH. MyHIarbl
X1,X5,X3 TpapUKTIH yII epekuie HykTenepi. An Al(x) — MIimHaMnepMeTp KepceTKIITepiHiH [, 6acTankel
KOpCETKIIiHeH (MUJUTMaMIIepMeTp/ie TUIACTHHA OOJIMaFaH Ke3JIeT1) aybITKYHI.

3KpaH 10 =

L L B
d »

35

v 5
_________________________ x* 3 4
JlaMIa a/2
2 L
JIleTEKTOP 0}
-3.0
MJIaCTHHKA X1 Xz X3 X,CM
Cyper 1. Onuiey cxemacsl. Cypert 2. ©Oniiey HOTHXKENEpi.

3.6 X, HYKTECiHIH KOOPAWHATHIH a, L, d, n, T maManapbl apKbLUIbl OPHEKTCHI3.
3.7 x, HYKTeCiHiH KOOPAMHATHIH a, L, d, n, T mamManapbl apKbUTEl OPHEKTEHI3.
3.8 x, mykrecinaeri Al,,,, MOHIH a, L, d, n, T %oHe [, mamanapbl apKblJIbl O©PHEKTEHI3.
3.9 x3; HYKTECiHIH KOOpJIUHATHIH a, L, d, n, T mamanapsl apKbLUIbl OPHEKTCHI3.

3.10 x; HYKTECiHIH OH >XarbIHAaFrbl Ty3yniH dAI(x)/dx wxenbeynik Kod(pQUIMEHTIH TaybIl, OHBI
a,L,d,n,t, I, mamanap apKblUIbl ©PHEKTEHI3.

3.11 XKorapsigarsl 3.6-3.10 myHKTTEpiHIe aiblHFaH rpaduk IMeH mapameTpiep Heridinae a,n,t,
napaMeTpIiIepiHiH caHAbIK MOHEPiH, COHbIMEH Katap L/d KaThIHACBHIH aHBIKTAHBI3.

3.12 AHbIKTanFaH CaHIBIK MOJiMeTTepre cyheHe orbipein, X koopauHatsl 0,00 cm-meH 3,00 cm-re
JEWIHT1 apalbIKTa ©3repreH Ke3Je TpaguKTiH 0apibIK epeKiie HyKTelepiHiH KOOPANHATTAPbIH Ta0bIHbI3
KoHE TpaUKTIH OH KaFbIH TYPFbI3bIHBI3.

Teopuanvik myposiy ecenmepi yuiin Kaxcem 00J1ybl MyMKIH MAMEMAMUKAIbIK OPHEKmep
Cizre keneci HHTErpangap Typajibl O1TiM KaXkeT 00Tybl MyMKIH:

f x‘n_dx _ xn+1

1 + C, myHgarsl n # —1 — TypakThl, C — TYpaKThl CaH;

Ci—x = In|x| + C, mynmars1 C — TYpaKThI CaH;
1+x) =1+yx+ V(VT_UxZ, yurin |x| < 1 KoHE Ke3-KeNreH y;
tanx = sinx = x, ymiH |x| < 1;
In(1 + x) = x, ymin |x| < 1.
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TEOPETUUYECKHUM TYP

9 suBaps 2024 roxa

CuavaJjia, moxajyiicra, MpoYnTaiTe Ciaeayoee:

1. Teopernyeckuil Typ COCTOUT U3 Tpex 3aaau. [IponomkuTenbHOCTS Typa 4 Jaca.
2. Jlns pacuetoB Bl MOeTe HCIIONB30BaTh CBOM KaJIbKYJISATOP.

Bam mpenocraBneHsl unucThIe JTUCTHI Oymaru u Jlucmeol 0nsa 3anucu (Writing sheets). UucTtbie TUCTHI
OyMmaru mpeJHa3HAYCHBI JJIs YePHOBBIX 3amucei, nX Bbl MokeTe MCmoiib30BaTh Mo Bammemy ycMmoTpe-
HUIO, OHU He mpoBepsitorcs. Ha Writing sheets cnemyer 3anuchiBaTh pelIeHUs 3aad, KOTOPBIE OYIyT
OILICHEHBI TP MPOBEPKE pabOThL. B pemeHnsx kak MOXHO MEHBIIE UCIIOJb3YHTE CIIOBECHBIE OIMHCAHUS.
B ocHOBHOM BBI TOMKHBI UCTIOIB30BATh YPABHEHUS, YKCIa, OyKBEHHBbIE 0003HAYCHHUS, PUCYHKH U Tpa-
bukn.

4. Hcnonb3yiTe TOJIBKO JULEBYIO CTOpOHY Writing sheets. I1pu 3anucu He BBIXOJUTE 3a MPEIEIbl OTMe-
YEHHOM pPaMKHU.

5. Pemenue kaxao0ii 3aauu ciueAyeT HaYMHATh C HOBOU cTpanulibl Writing sheets.

6. Ha xaxnom ucnonb3oBaHHOM Writing sheets, B OTBEICHHBIX Ul 3TOro rpadax, He0OX0IUMO yKa3aTh
Bamy crpany (Country), Bam xon (Student Code), nopsinkoBsiii Homep 3anauu (Question Number),
TEeKyIIUA HOMEp Kaxaoro jucra (Page Number) u OJTHOE KOJUYECTBO JIMCTOB, UCIOIb30BAHHBIX MPU
pemienuu Beex 3anad (Total Number of Pages). Ecniu Bel He xoTHTE, YTOOBI HEKOTOPHIE MCIIOIH30BAH-
Heie Writing sheets ObLTU BKIIFOUEHBI B OTBET, TOTJa IEPEUEPKHUTE UX OOJIBITUM KPECTOM Ha BECh JIUCT
Y HE BKIIIOYaiTe B Bam moacy€Tr noJHOro KOJu4yecTBa JIMCTOB.
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3anaua 1 (10.0 6anna)
DTa 3a/1a4ya COCTOUT U3 TPEX YaCTEH, HEe CBSI3aHHBIX JPYT C APYTOM.

3anpaua 1.1 (3.0 6aana)

Ha nByX 0AMHAKOBBIX FOPU3OHTAIBHBIX V-00pa3HBIX peiikax (CM. PUCYHOK HMXKe), 00pa3zyIOIIHUX
nByrpanHbiid yroa 2y (tany = 0.100), HaxoauTCst CIUIOMIHON OMKOHYC ¢ AnameTpoM ocHoBaHus D = 2R =
8.00 cMm u paccrosiHueM Mexay BepmnHamu 2h = 20.0 cMm, mpeacTaBisiomuil codoi ABa UASHTHYHBIX OJI-
HOPOJHBIX KOHYCA, )KECTKO CKPEIUICHHBIX CBOMMHU OCHOBaHUSAMH. BHauane OMKOHYC yJIepKMBAIOT TakK, YTO
€ro LEHTP MacC HaXOAMUTCS HaJ| BEPIIMHOW JBYTPAHHOTO yria CHMMETPUYHO OTHOCHTEIBHO €ro OMCCEeKTO-
pHAIBHON TUIOCKOCTH. 3aTe€M €ro OTIYCKAalOT, U OH HAYMHAET KaTUTHCS IO peiikam 0e3 MpOoCKalb3bIBaHHSL.
HaiinuTe 3aBUCUMOCTH CKOPOCTH MOCTYIMATENBLHOTO IBUKEHUS OMKOHYCa V(X) OT KOOPIUHATHI X, OTCUUTHI-
BaeMOM 0 TOPU30HTAIIM OT BEPIIMHBI ABYTPAHHOrO yIJa JI0 IIEHTpa Macc OMKoHyca. Paccunraiite Benuun-
HY CKOpOCTH OMKOHYca v, mpu Xo = 50.0 cm. Onpenenute MaKCUMaIbHYIO YTIOBYIO CKOPOCTDh Wynqy, KO-
TOPYIO JOCTHUTHET OMKOHYC B mpolecce ABIKeHus. CuuTaiite, 4TO BBICOTA PEEK MPEBBIIIACT PajuyC OCHO-
BaHHUs KOHYyCa, a yCKOPEHHE cBOOOIHOTO MajeHus paBHo g = 9.80 m/c?.

3apaua 1.2 (4.0 6aana)

TennonzonupoBanuelil cocyn 00bEMoM 2V = 2.00 11 pa3nenéH TOHKOW HEBECOMOW MOIBUKHOMN Tell-
JIONTPOBOJALIEH MIEPETOPOAKON HA JABE PABHBIE YaCTH, B KAKJIOW U3 KOTOPBIX HAXOAUTCA a30T N, pu JIaBiie-
Huu P, = 100 kIla. HawaneHas Temneparypa a3oTa B OHOM U3 MOJIOBUH cocyaa paBHa 11 = 240 K, a B npy-
roif — 72 = 360 K. B pesynbrate TemiooOMeHa Meperopoika HaunHaeT MeUIEHHO TepeMeniaThest 6e3 Tpe-
Hus. 1) OnpenenuTe KOMHMYECTBO TEIUIOTH (), KOTOPHIM OOMEHSIOTCSI YaCTH COCYJla K MOMEHTY YCTaHOBIIE-
HUS TOJIHOTO TEPMOJMHAMHYECKOro paBHOBecHs; 2) PaccumrtaiiTe MUHUMalbHYIO paboty A’, KOTOpyiO
HEOOXOIMMO COBEPIIUTH, YTOOBI BEPHYTh MEPETOPOAKY B UCXOJIHOE MOJOKEHUE. TemIoéMKOCTIMU cocyaa
U TIEPETOPOJIKU MTpEeHeOpeyb.

3apaua 1.3 (3.0 6asna)

DJNeKTPOBUTATEINb, TOAKIIOYEHHBIA K aKKyMYJISTOPHOM Oarapee, MOJHUMAET C MOCTOSHHON CKOPO-
CTBIO I'Py3 MacChl M Ha HEKOTOPYIO BHICOTY h 3a Bpems t; = 1.00 mun. IIpu 3TOM Tpy3 NpUBSI3BIBAETCS K
HUTH, HAMATBIBAIOIIEHCA HAa PABHOMEPHO BpAIAIOLIMICS Baj 3JNEKTpoABUrareiis. Bpems momabéma IBYX
Ipy30B CyMMapHOH Macchl 2m Ha Ty K€ BbICOTY okazanoch Ha At = 7.00 c¢ Oomnpure. 1) Haiinure makcu-
MaJIbHOE KOJIUYECTBO Ny 4, TPY30B OAMHAKOBOW MACCHI M, KOTOPBIE CIOCOOEH MOJHATH TaKOM 3IIEKTPOABU-
rarenb; 2) Paccunraiite BpeMs t,,,, KOTOPOE MOTPEOYETCS 3IEKTPOJBUTATEINIO JUII PABHOMEPHOTO MOAb-
éMa MaKCHUMaJbHOTO KOJHMYECTBA TPY30B M;pnq, HA BBICOTY h. CuuTaiite, 4To KPYTSIIUH MOMEHT 3JIEKTPO-
JBUTATEIIsl IPOIOPLHUOHATICH TOKY, IPOTEKAIOIIEMY 110 €ro 00MOTKE.
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3anaua 2. Toukn Jlarpanxa (10.0 6amna)
3agaua aByX TeJl.
Paccmotpum 3amady nByx Ten. JIBa MacCHBHBIX Tela, Macca OJHOTO U3 P
HUX KOTOPBIX paBHa My, a BTOPOTO — M, < M, ABUXKYTCS TOJIBKO TMOA JCi-
CTBHUEM CHJIbI TPABUTAIIMIOHHOTO B3aUMOJICHCTBUS MO KPYTOBBIM OpOUTaM BO-
Kpyr obmiero neHtpa macc C. PaccrosiHue MexXIy TeTaMu OCTAaeTCs HEM3MEH- |
HBIM U paBHBIM R,. l

2.1 Haiinure paguycel Tpaekropuil Ten Ry u R,. OTBET BbIpa3uTe 4epes
BEJIMYMHBI Ry, m{, m,.

2.2 Haiigute yrioByr0 CKOPOCTb IBUKEHUS Tell Wo. OTBET BbIpa3UTe Yepes
BEJIMYMHBI R, M4, M, ¥ rpaBUTALMOHHYIO IIOCTOSIHHYIO G .

Touxku Jlarpan:ka B cucreMe Tpex TeJl.

Touxu Jlarpanxa, Touku nuOpanuu (nar. libratido — packaunBanue) uiam L-TOYku — TOYKHM B TIpoO-
CTPAHCTBE CUCTEMBI IBYX MACCHUBHBIX TEJI, B KOTOPBIX TPEThE TENO C MPEHEOPEKMMO MO Maccoil, He Hc-
NBITHIBAIOLIEE BO3JACUCTBUSA HUKAKUX APYIUX CHJI, KpPOME I'PABUTALIMOHHBIX CO CTOPOHBI JABYX IEPBBIX, MO-
’KET OCTABAThCS HEMOABUKHBIM OTHOCUTEIIBHO ITUX TEIL.

Jl06aBUM B paCCMOTPEHHYIO BBIIIIE CUCTEMY TPEThE TEJO,

Macca KOTOpOro M, 3HAYUTEIbHO MEHBIIE MacC IEPBBIX ABYX -~ R, X R, ~
Tel, My K mq, m,. BBeneM ocb X, BIOJIBb NPAMOIA, TPOXOAALIEH e C m m, be
4yepes Tella My, mM,, Kak I0Ka3aHo Ha pucyHke. Hauano orcuera m ° }
COBMECTUM C LIEHTpoM Macc C. [lns ynpolieHus: MaTemaThyde-
CKUX IPpeoOpa30BaHUM UCIIONB3YITE CIIEAYIOMINE BEINYUHBI:

- B KaYECTBE €IMHULIBI JUIMHBI UCIIOJIB3YITE PACCTOSIHUE Ry MEXKIY TEIaMu M, My; MOJI0KEHUE MAJIOro
Tena omnpenensercs 0e3pasMepHol KoopauHaToi X = X /R, KOTOpasi MOXKET U3MEHATHCS OT MUHYC 0 TUTIOC
OECKOHEUHOCTH.

- B KAUeCTBE €IMHUIBI CUJIbI HCTIONIB3YHTE BenuuuHy Fo = mowiR,;
ma

1

- BBeJleM Oe3pa3MepHBbIi mapamerp U = p——
1 2

2.3 IlonyunTte TOUHOE ypaBHEHUE I ONpEAEIeHUs KOOpAUHAT X Touek Jlarpamka, jekalnux Ha ocu
X. B 910 ypaBHEHHE, TOMUMO UCKOMOW KOOPAMHATHI X, JOJKEH BXOAUTH TOJIIBKO IapaMeTp U.

2.4 TloctpoiiTe cxeMaTH4ecKuil rpaK 3aBUCHMOCTH MPOEKIMU Ha och X CHibl Fy, NeicTByomend Ha
Majioe TEJNO CO CTOPOHBI ABYX MaccuBHBIX Tea npu U = 0.20. OTBeT BbIpa3UTE Uepe3 OTHOCUTEIbHBIE
enuuunbl f, = F /Foux = X/R,.

2.5 Onpenenute BO3MOXKHOE UUCIIO Touek Jlarpanxka, KOTOpbIE Mo

CYIIECTBYIOT Ha OCH X.

2.6 PaccunTaiiTe YMCIIEHHbIE 3HAYEHUSI KOOPIMHAT 3TUX TOUYEK

C TOTpeIHOCThI0, He mpesblmatomeir Ax = 0.05, ecnun u =

0.20.

2.7 JlokaxxuTe, 4TO TOYKA, JieXKalllas B BEPIIMHE NIPaBUIBHOIO

TPCYroJbHUKA, IIOCTPOCHHOI'O HAa OTPE3KE My, M,, SABILICTCA m C m, X

To4koM Jlarpanxa.

Touxn Jlarpan:xa B CotHeYHOMH cucTeMe.

Jlnist pacyeToB MCHOJIB3YHTE CIIEAYIOIINE YHCICHHbIE 3HAUYE€HUSI aCTPOHOMUYECKUX BEIMYHMH: Macca
Comnua M; = 1.99 - 103° xr; macca 3emuu M, = 5.97 - 10%* kr; opOuty 3eMiIM MOKHO CUMTATh OKPYKHO-
CcThIO ¢ pamguycoM Ry = 1.50 - 108 xm; mepuon obpammenus IOnurepa Bokpyr Cosnua cocrasnser 11.9 3em-
HBIX TOJIa.

SOHO — xocmuyeckuii anmapat ais HaOmoneHust 3a Connuem, coBmectHbIi npoekT EKA u HACA,
KOTOPBIN ObuI 3amyineH 2 nexadps 1995 roxa u npuctynun k padore B Mae 1996 rona. Anmapar HaXOAUTCS
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Ha npsaMoi, coeauusitomei ConHile 1 3eMIlt0, ero MojJoKeHHe OTHOCUTEIBHO 3€MJIM OCTAETCS MPAKTUUECKU
HEU3MEHHBIM C TEYEHHUE BPEMEHH.

2.8 Omnpenenure, Ha KakoM pacctosiHuu [g ot 3emim Haxonutes annapar SOHO. ®opmyny Bbipazute
yepe3 oTHomeHne Macc e 1 CoHIIA ¥ paanyc 3eMHOIM opOuThl, Paccuntaiite yncieHHOe 3HaUeHHE
9TOr0 PACCTOSHUSL.

25 nexabps 2021 roxa ¢ xocMoapoma Kypy npu momormu paketsl « ApuaH-5» ObUT YCIICIIHO 3aIy-
IIIeH KOCMHUYECKUH ammapar, cHaOXeHHbIH MH(pakpacHbIM TeneckornoM «/xeiimc Ya060». B suBape 2022
rojla 3TOT ammapaT BBIIIEN B TOYKY CBOEH MOCTOSHHOHN auciokanuu. [lonoxenue Teneckomna OyaeT octa-
BaThCS MPAKTUYECKH HEM3MEHHBIM OTHOCHUTEIBHO 3€MJIH, IIPUYEM BCE BpeMsi OH OyJeT HaXOIUThCS B TEHU
3eMIH.

2.9 Onpenenure, Ha KAKOM PacCTOSTHUH Ly, 0T 3emuin HaxoauTcs Teneckon «JLxeiimc Y260». @opmyry
BBIpa3uTe uepe3 oTHoImeHue Macc 3emuin 1 CoJHIIA ¥ paanyc 3eMHOI opOuTHI, Paccunraiite uncieHnoe
3HA4YEHUE 3TOTO PACCTOSHHUS.

Mansple TUIaHETHI, Ha3bIBaeMbIe aCTEPOUTAMH,
Mis e e e ] pacnpeneneHsl B COTHEUYHON cUCTEME KpailHE HepaBHO-

: ' MEpPHO: TIOMUMO H3BECTHOIO I0siCa aCTEPOMJIOB, PACIIO-
JIOKEHHOTO Mexay opoutamu Mapca u FOnutepa, nme-
IOTCSl JIB€ OOJIBLINE T'PYMIbI aCTEPOHJIOB, JBIKYIIUECS
BOMm3u opbutel lOmwurepa. DTH TpymIbl acTepouiOB
Ha3bIBAIOT «TPOSTHCKUMM.

2.10 Paccuuraiite paccrosnus [; or IOmurepa no nen-
buntar TPOB I'PYII TPOSIHCKUX aCTEPOUIOB.

Trzjan asteraid
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3anaua 3. 'eomeTpudeckasi ontuka u poroaerexkrop (10.0 6an10B)

B nanHol 3a1a4e OyneT uccie0BaHbl 3aKOHBI T€OMETPUYECKON ONTHUKH C MOMOIIBIO (POTOIETEKTO-
pa, KOTOPBI mpecTaBisieT co0or mpudop A MpeoOpa3oBaHUsl CBETOBOW HEPTUH B AIIEKTPUYECKYIO. By-
JIeM CYHMTAaTh, YTO MOTJIOIIAIOIIAs] TOBEPXHOCTH (POTOAETEKTOPA SIBJISAETCS TIOCKOM M MPH €T0 MOAKIIOYEHUN
K MWIIMaMIEPMETPY OH IIOKAa3bIBA€T BEJIMYMHY TOKA, IIPONOPLMOHAIBHYI0 MOIIHOCTH IOIVIOIIAEMOIO
JIEKTPOMATHUTHOI'O U3JIyUYEHUS.

I'eomerprueckass onTvkKa — pasfesl ONTHUKH, U3YyYAIOIIMM 3aKOHBI PACIPOCTPAHEHHUs CBETa B IIPO-
3payHbIX Cpellax, OTPAKEHUs CBETA OT 3€PKAJIbHO-OTPAKAIOIIMX MOBEPXHOCTEH M MPHUHLMIIBI [IOCTPOCHUS
M300paKeHUI MPU MPOXOXKICHNUHN CBETa B ONTHUECKUX CUCTeMax 0e3 y4éra ero BOJHOBBIX CBOMCTB. OCHOB-
HOE IIOHATHE I'€OMETPUYECKON ONTUKU — 3TO CBETOBOM Jyd. [Ipu 3TOM moapasymeBaercs, 4TO HallPaBICHUE
IIOTOKA JIy4MCTOM 3HEpPruu (XOJ CBETOBOrO Jy4ya) HE 3aBUCUT OT IIONEPEYHBIX Pa3MEpPOB IIydyKa CBETA.
BcecnoMHMM HEOOXO0MMBIE /1715 TAHHOM 3a/1a41 3aKOHBI T€OMETPHUECKON OTITHKH.

3.1 Ilpu oTpaskeHUN OT IJIOCKOW MOBEPXHOCTH MAJAIOIINNA U OTPAKEHHBIN JIy4H JIEKaT B OJHOM ILIOC-
KOCTH C HOPMAaJblO B TOUYKE MajaeHus. [lycTh mamaromuii j1yd COCTaBIseT C HOPMAJIBIO YroJl @, a OTpa-
’KEHHBIH Jyd — yroJ [§. 3aluiITe COOTHOIEHUE MEX Ty STUMHU yTIIaMHU.

3.2 [Ipu nmageHuu cBeTa U3 BO3AyXa Ha IJIOCKYIO TOBEPXHOCTh MaTepHalla ¢ IoKa3aTesIeM IIPETOMIIEHUS
N MaJAOLIUNA U IPEJIOMIICHHBIN JIy4d TAKXKeE JIEKaT B OJHOU IUIOCKOCTH C HOPMAJIBIO B TOUKE NAJCHUS.
[TycTp mafaromuii Iy4 COCTABIISIET C HOPMAIIBIO YTOJI &, @ MPEIOMIICHHBIH JIy4d — yroJ §. 3amuiuTe co-
OTHOILIEHHUE MEXKY 3TUMHU YIJIAMM.

B nanpHeiimeM B JaHHOU 3a/1aue Mbl OyJIeM pacCMaTpUBATh TOJIBKO CUTYallMH, B KOTOPBIX B MPOIIEC-
cax MPEJIOMJICHHUSI CBETA BBIIICYIIOMSHYTHIE YTIIBI MaJbl U MOXKHO IOJIb30BAThCS MPUOTUKECHUEM MapaKCH-
aJIbHOU OIITHUKH.

3.3 [lepenumuTe OTBET K MYHKTY 3.2 B ClIyyae MaJIbIX yIJIOB MAJEHUS U IPEIOMIICHHUS.

B naHHoﬁ,3anaqe B KauCCTBC HMCTOYHHKA HIJITYUCHHA 6yneT HUCIIOJIB30BAaThCA
OYCHb IMHHAA TOHKasd MUJIMHAPHUYCCKAA JIaMIla, IOBECPXHOCTH KOTOpOﬁ H3J1y4acT Oau-
HAKOBO IT0 BCCM HAITPaBJICHUSAM.

3.4 [lycTh MOIIHOCTH U3JIYYECHHS JIAMITBI CO BCEM e€e MOBEPXHOCTU cocTaBisieT W.
Omnpexnenure MOIHOCTh U3NydeHust W,, CKOHIIEHTPUPOBAHHYIO B IIJIOCKOM YIJIE (&
Kak IOKa3aHO Ha PUCYHKE.

ToHkas miIacTuHKA

IlycTe onucaHHBIN BBIIE UCTOYHHUK CBETA OCBEILA-

€T HENpO3pauHblil 3KpaH, B KOTOPOM IMpoAeIaHa MpsSMO-
yrospHas menb mupunoi a = 5.00 cm. Jlammna pacnona-
raercs NapajuleJbHO KpasM IIEId IpPSMO HANpPOTUB €€
neHTpa Ha paccrosHuu L = 100 cm, a cpasy 3a LIENblo
pacrioyiaraercsi HoOBepXHOCTh (POTOJETEKTOpa TaKUM 00pa-
30M, YTO OHAa YJIaBJIMBAET BECh CBETOBOIl MOTOK, MPOIIE/- v

it yepes menb. CaMm GOTOAETEKTOP HOAKIIOUEH K MUI-  (@)-----------mmmmemmeeeepoeeee x* ! @
a/ZI

JuamnepMerpy. Bponb skpaHa MOXKET MapajljiesibHO Ie- JlaMiia
pemMeIaTbes TOHKas MPSMOYIoJibHas IUIACTHUHA, BEPXHUMN

Kpail KOTOpPOW MapajulelIeH KpasM ILEJIH, [IPU ITOM MaTe-

pHal IUTACTHHKH SBIISETCS IMOJIyNPO3padyHbIM ¢ K03 du-
nuenTom nponyckanus T = 0,500. B orcyrcTBuM ma-

CTUHKM MWUIMAMIEPMETP IOKa3bIBAET 3HAUEHHE TOKa JIaCTHHKA |}
I, = 10.0 MA.

OETEKTOp

3.5 IlycTh Tenepb x — KOOpAMHATA OT LIEHTpPA IIEIHN A0 Kpas IUNIACTUHKU C BEPTUKAJIBHO HalpPaBICHHON
BBepX ochlo. IlocTpoiite rpaduK 3aBUCHMOCTH OTKJIOHEHHs TMOKa3aHui muuimamnepmerpa Al(x) B
MWITHAMIIEPMETPAX OT HA4YaJIbHOTO MOKa3aHus I, OT KoopAuHaThl X B MHTEpBaje oT —5.00 cm 1o 5.00
CM. SIBHO yKa)XHT€ KOOPIMHATHI BCEX XapaKTEPHBIX TOUEK rpaduka.
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ToJicTas miIacTUHKA

OctaBuM cxemy HaONIOJCHUS TPEXKHEH, HO 3aMEHHM TOHKYIO IJIACTUHKY Ha TOJCTYIO IJIACTUHKY
TOJIIIMHOM d, TIPU 3TOM €ro TOPU30HTAJIbHAS MIOBEPXHOCTD SIBISETCA UICATHHO OTPAXKAIOIIUM 3EPKaJIOM C
00enx CTOpPOH, a K03(h(HUIIMEHT MpesIoMIICHHsI MaTepraia cocTaBiseT n. s TaHHON 4acTH CUMTalTe Yuc-
JIOBBIE 3HAUEHUS NTapaMeTpoB a, L, T u I, Hen3BeCTHBIMU. /{1151 HArIAAHOCTH CXEMa PacloIOXKEHUS NTOKa3aHa
Ha pPUCYHKE 1, a Ha pUCYHKE 2 [TOKa3aHbl COOTBETCTBYIOIINE PE3YJIbTaThl U3MEPEHUN B JUaNa30HE U3MEHeE-
Hus KoopauHatel X 0T —3.00 cM 10 0.00 cM 1 OTMEUEHBI TPU XapaKTEPHBIE TOUKU I'paduKa X4, X5, X3. 3/1€Ch
Al(x) — OTKJIOHEHHS MMOKa3aHUM MIJTMAMIIEPMETpa B MUJUIMAMIIEpMETpax OT HayaJlbHOTO MOKa3aHus I, B
OTCYTCTBUH IJIACTUHKHU.

9KpaH
L L

d »

« > -

2

y £

_________________________ x* 3

JlaMIa a/2
JAEeTEKTOp
IJIaCTUHKA X1 Xy X3 X,CM
Pucynok 1. Cxema npoBeieHUSI U3MEPEHU. Pucynoxk 2. Pe3ynbrarel n3MepeHuil.

3.6 Bripazure 3HaueHUsI KOOPAWHATHI TOUKH X, Yepe3 BenuuuHsl a,L,d, n, 1.
3.7 Beipazure 3Hau€HUsI KOOPAUHATHI TOYKH X, Yepe3 BeNW4uHkI a, L, d, n, T.
3.8 Bripasure 3nauenue Al ,, B TOUKE X, 4epe3 Benu4uHsl a, L, d,n, 7 u l.
3.9 Bripaszure 3HaueHUsI KOOPAUHATHI TOYKH X3 Yepe3 BeNW4uHbI a, L, d, n, T.

3.10 Haiigure koapdunment nakmona npsimoit dAI(x)/dx Ha ydyacTke mpaBee TOYKU X3 U BBIPA3UTE
ero uepes3 BenuuuHel a, L, d, n, 1, I,.

3.11 Ucxons u3 rpaduka U mapamerpoB, NOTy4YeHHBIX B 3.6-3.10, ompenenuTte 4MCICHHBIC 3HAYCHHS
napameTposB a, n, T, I, a Takxe oTHomeHue L/d.

3.12 Vcxons u3 NOTYYESHHBIX YMCIOBBIX JAHHBIX, IIOCTPOWTE MPaBYIO YacTh Tpaduka MpH W3MEHEHHH
koopauHathl X oT 0.00 cm 10 3.00 cM, yka3aB KOOpIMHATHI BCEX XapaKTepHBIX TOUEK Ha rpaduke.

Mamemamuueckan noocKkasKka 01 3a0a4y MeopemuiecKo20 mypa
Bam moxert HOHa,Z[OGI/ITBCH SHAaHUC CICAYIOIIUX MHTCTPAJIOB:

f x‘n_dx _ xn+1

1 + C, rne n # —1 — koHcTaHTa, C — MPOU3BOJIbHASI IOCTOSTHHAS,

f Ci—x = In|x| + C, rae C — npousBoIbHAS TOCTOSHHAS;
A+x)=14+yx+ Y(VT_UXZ, s |x| < 1 u 1r00sIX ¥

tanx = sinx = x, 11 |x| K 1;
In(1+x) = x, qna |x] K 1.
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