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THEORETICAL COMPETITION
February 2, 2023

Please read this first:

1. The duration of the theoretical competition is 4 hours. There are three problems.
2. You can use your own calculator for numerical calculations.

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

4. Use only the front side of Writing sheets. Write only inside the boxed areas.
Start putting down your solution to each problem on a new Writing sheet.

6. Fill in the boxes at the top of each Writing sheet with your country (Country), your student code
(Student Code), problem number (Question Number), the progressive number of each Writing 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 graded, put a large X across the entire
sheet and do not include it in your numbering.
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Problem 1 (10.0 points)
This problem consists of three independent parts.
Problem 1.1 (4.0 points)
One mole of an ideal monatomic gas, located in the cylinder under the piston, is quasi-statically
heated from the temperature 7, =300K to 7, =600K, changing its volume in such a way that the

dependence of the heat capacity C of the gas on its temperature has the form shown in the figure below.
Find the work done on the gas from the state in which the graph of its volume versus temperature reaches a
local maximum, to the state in which the same graph reaches a local minimum. Express your answer in
joules assuming that R =8.31 J/K is the universal gas constant.
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Problem 1.2 (3.0 points)
The figure on the right shows an AC bridge circuit. The resistance
R =2.5kQ, the inductance L=1H, the resistance of the inductance r, =1€2 are
all known. At the frequency of the alternating sinusoidal voltage v =100 Hz, the
balance of the bridge occurs at R, =800 2. It turnes out that when the frequency of

the alternating current is doubled, the balance of the bridge is not violated. Find the
leakage resistance r,. of the capacitor and its capacitance C .

Problem 1.3 (4.0 points)
The Nobel Prize in Physics for 2019 was awarded to the Swiss astronomers M. Major and D. Quelo
for the discovery of non-luminous satellite planets (exoplanets) around stars. Consider the planet Jupiter in
our solar system as an exoplanet for the Sun. The orbital period of Jupiter is 7, =11.9 year at a mass of

M, =1.90-10”" kg, while the mass of the Sun is equal to My =1.99-10* kg . Consider also known the
speed of the Earth on its orbit v, =29.8 km/s , and assume that the orbits of all planets are circular. Let an
observation be carried out by a spectrometer located far away from outside the solar system so that the
observer is in the plane of motion of the Sun—Jupiter system. Find the minimum resolution of the
spectrometer R . , which allows one to positively detect the presence of the massive exoplanet Jupiter near

the Sun. Consider the speed of light to be ¢ =2.99-10° m/s.

Note: The resolution of a spectrometer is its ability to distinguish between two closely spaced
spectral lines, which is characterized by a dimensionless parameter R=A4/AA, where A1 denotes the
smallest difference between the wavelengths of two lines still recorded as separate by the instrument, and 4
stands for the average wavelength of those two resolvable lines.
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Problem 2. Fermi acceleration (10.0 points)

Cosmic rays contain extremely high energy particles. A possible mechanism for the appearance of
such particles is called Fermi acceleration.

Fermi acceleration is a stochastical mechanism for the acceleration that charged particles experience
when they are repeatedly reflected, usually by magnetic mirrors. In this problem, we consider the main ideas
underlying this paradoxical, at first glance, phenomenon.

Why are there more oncoming cars than overtaking cars?

On a motorway with three lanes A, B, C, cars move at a constant speed in one direction: along the
central lane B, a car moves at a speed of v =90 km/h; cars move along lane A at speeds v—Av =80 km/h ;
cars move along lane C at speeds v+ Av==100 km/h. The distance between cars is the same on each of

lanes A and C, the number of cars per unit of lane length for each of them is n=5.0km™".
V + AV
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Consider the car moving in lane B.

2.1 Calculate how many cars N, in lane A overtake the car B within the time period of 7=1.0 min as

well as the time T, between two consecutive overtakes.

2.2 Calculate how many cars N, in lane C overtake the car in lane B within the time period of
t=1.0 min, as well as the time 7, between two consecutive overtakes.

Now let the car move in lane B towards the cars moving in lanes A and C. The speeds of all cars and
their density on each lane remain the same.

¢ m vV + AV a ﬁ
B LA |
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2.3 Calculate the number of cars N in lane A and N, in lane C that the car B encounters within the

time period of 7=1.0 min, as well as the corresponding times 7, and 7, between two consecutive

encounters.
Elastic collision
In this part, we consider the classical problem of elastic collision of two bodies. The main purpose of
this consideration is to determine the conditions under which the kinetic energy of one of the selected bodies
increases as a result of the collision.

Two elastic balls, whose masses are equal to m, and m,,
1 1 4

respectively, move along the axis x. The speed of the first ball 1 ¥y

before the collision is v,, whereas the speed of the second is v,. O O Tx

Let us denote the speeds of the balls after an absolutely elastic m, i ™ =
central collision as u, and u, , respectively. The speeds of the balls O O 2 £

should be understood as the projections of their velocities on the x
axis, therefore, they can be both positive and/or negative.

2.4 Express the velocities of the balls u, and 1, after the collision in terms of their velocities before the
collision v, and v, , as well as their masses.
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Let us denote the ratio of the ball masses as u = &, the ratio of the speeds of the first ball after and
m,
before the collision as 7, = % and the ratio of the velocities of the balls before the collision as n, = % For
Vi v

definiteness, consider that v, >0.

2.5 Draw a set of graphs that represents the dependence of the parameter 77, on the parameter 73, for all
characteristic values of the ball mass ratios x .

2.6 Find the relation between the parameters 73, and g, at which the first ball increases its energy as a
result of the collision.

2.7 Consider the case of a light ball colliding with a heavy one such that m> >> m;. In this limiting case,

find the speed of the first ball #, after the collision and determine the range of velocities 73, of the

heavy ball before the collision, at which the energy of the light ball increases as a result of the collision.

The simplest Fermi acceleration model
A massive plate, located perpendicular to the x axis, ==eo=/ 5

performs harmonic oscillations in the direction of the x axis. The ——0
oscillation amplitude is A with the period being 7" . Light balls H ——0
move with equal speeds u in the direction of the plate along the x H O —_ X

axis such that the times of ball arrivals to the still plate are
randomly and uniformly distributed.

2.8 Express the maximum speed of the plate V, in terms of the amplitude and period of its oscillations.

2.9 Calculate the fraction ¢ of incident balls that are to increase their kinetic energy after the collision.
Express your answer in terms of # and V. For a numerical estimate, consider the following two cases
separately: a) u =1.5V; b) u=0.50V;.

Let us approximate the harmonic law of the plate motion by a piecewise linear function, see the

figure below, i.e. assume that the modulus of the plate speed remains constant at the same values of the
amplitude and period of oscillations.

X,
AN
A :-‘ T \/ 2T 4
—A] VA VA

2.10 Express the value of the plate speed modulus V in terms of the amplitude and period of its
oscillations.

2.11 Calculate how many times ¢ = A the average energy of the incident balls changes, where E| is
0

the kinetic energy of the balls before the collision, and E symbolizes the average energy of the balls
after the collision with the oscillating plate. For a numerical estimate, consider the following two cases
separately: a) . =1.5V ; b) u=0.50V .
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Problem 3. Magnetron (10.0 points)

Both electric and magnetic fields act on moving charged particles, which in a certain way change the
character of their motion. Everywhere below it is assumed that charged particles move in a vacuum, and the
radiation of electromagnetic waves can be neglected.

In this problem, the motion of electrons, which are classical point-like particles, is considered. When
carrying out numerical calculations, consider, where necessary, that an electron has a negative electric

charge, whose modulus is equal to e=1.60-10"""Cl, and its mass is m=9.11-10‘31kg. The electric and

magnetic constants are equal &,=8.85-10""F/m and 4, =1.26-10°H/m, respectively, the Boltzmann

constant is denoted as k, =1.38-10J/K .

At the initial moment of time 7 =0 an electron is at rest at the origin of U

Electron motion in electric and magnetic fields

coordinates, and a uniform electric field with the strength E is applied along the e—
positive direction of the x axis. The electron is given an initial velocity u,, also = X

directed in the positive direction of the x axis.

3.1 Determine the maximum value of the electron coordinate x,_, for the entire time of its motion.

Now, at the initial moment of time ? =0, an electron is at rest at the -

origin of coordinates, and a uniform magnetic field with the induction B is B
applied along the positive direction of the z axis. The electron is given an initial

velocity u, directed in the positive direction of the x axis.

3.2 Determine the maximum value of the electron coordinate x . for the

u,

o . . X
entire time of its motion. T

_‘l'J

an electron is at rest at the origin of coordinates, and a uniform electric field
with the strength E is applied along the negative direction of the x axis. In
addition, a uniform magnetic field with induction B is created along the
positive direction of the y axis. The electron is released with the zero initial

velocity.

3.3 In the process of moving along the trajectory, at some moment of time, an
additional velocity du is given to the electron in the direction perpendicular to
its current velocity # and lying in the plane of its initial trajectory, such that
ou u . Determine the period of the arisen two-dimensional oscillations of the
electron with respect to its initial unperturbed trajectory.

Again, at the initial moment of time =10

3.4 Determine the maximum value of the electron coordinate x,, for the entire time of its motion.

At the initial moment of time 7 =0 an electron is at rest at the origin of
coordinates, and a magnetic field is applied along the positive direction of the z
axis, such that the inductionmt in the plane xy depends on the distance r to the

v z axis according to the law B=ar=a(x’+y*)">. The electron is given an
initial velocity directed in the positive direction of the x axis.
o X' 3.5 Determine the maximum distance . from the electron to the z axis for the
entire time of its motion. v4

In some region of space, an axisymmetric magnetic field is created with
respect to the z axis. At the moment of time ¢ = 0, the magnetic field is absent,
and then it begins to slowly increase, such that at all points in the xy plane the
field induction vector is directed along the z axis. After a certain period of
time, the induction of the magnetic field reaches its final value and ceases to
change. The final field distribution in the xy plane has the form




XIX International Zhautykov Olympiad/Theoretical Competition Page 6/6

B, O0<r<y
B(r)=4B,, n<r<r,,
0, r>rn,

where 7 denotes the distance to the z axis, 7, and r, are known quantities.
At a moment in time ¢ = 0, the electron is at rest at some point lying in the xy plane. When the field
is turned on, the electron begins to move along a circle in the xy plane, whose center lies on the z axis.

3.6 Determine under what conditions for the ratio B,/ B, the described situation turns possible.

Cylindrical magnetron

Magnetron is an electronic electrovacuum device, in which the amount of flowing current is
controlled by electric and magnetic fields. Let us consider the simplest magnetron, consisting of a
conducting coaxial long cylindrical cathode and anode with radii @=3.00-10"mm and b=6.00 mm,
respectively, located inside a vacuum tube. The lamp is placed in the center of a cylindrical solenoid, whose
axis coincides with the axes of the cathode and anode, and the number of turns is N =2590 with the length
being equal L =210 mm and the diameter of D =105 mm . The potential difference between the cathode
and the anode is constant and equal to V,=75.0 V. Consider that the electrons leaving the cathode are
formed due to thermionic emission and have a zero initial velocity, neglect the space charge of the electron
cloud in the lamp.

3.7 Calculate the potential difference V between the cathode and a point in space located at a distance
r=3.00 mm from the common axis of the solenoid and the lamp.
3.8 Calculate the smallest solenoid current / . at which the current in the magnetron between the

cathode and anode vanishes completely.

3.9 Find the condition for the cathode temperature 7', under which the initial electron velocity can
indeed be considered zero.

Mathematical hints for the theoretical problems
The following formulas may be useful:

n+l
X ) ) .
jx"dx = 1 +C, where n# —1 is a fixed number, C refers to an arbitrary constant;
n+
dx .
I— =In|x|+C, where C stands for an arbitrary constant;
X
dx X .
I I A VR R, +C , where a,C stand for arbitrary constants;
(x"+a’) a(x +a’)
yy=D ,

(1+x) z1+yx+Tx , for | x|- 1 and arbitrary y ;

In(l+x)=x, for | x| 1.
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TEOPUSAJIBIK TYP

2 aKnaH, 2023 Kbl
AJIIBIMEH MBIHAHBI OKbBIN HIBIFBIHBI3:

TeopusuTbIK Typ YII TanichipMaaH Typabl. Typ/bIH Y3aKThIFbI 4 caFart.
Ecenrey yiniH e3iHI3MIH KaabKyISTOPBIHI3IEI Mai1aaaHyFra 0oaipl.

Cizre 6oc kara3 »xoHe Kazy napaxmapwr (Writing sheets) Oepineni. boc kara3 mapakTapelH €3
KaJlaybIHBI3IIa TaigaianyFa Ooyanael, ojap Tekcepimmeimi. JKa3y mapakTapblHIa *KYMBICTBI TEKCEPY
Ke3iHae OaranaHaThlH —ecemnTepliH memimaepl ka3putybl  Tuic. llemimaepiHizme —aybisiia
cUMarTaMajapAbl MyMKiHAIriHIme a3 mnaiiganasbiab3.  Llemrimini3ni TyciHAIpy YUIIH HEri3iHEeH
OpHEKTEeP/Il, CAaHaP/Ibl, SPINTepl, CypeTTep/i koHe rpaduKTep/i naiaanaHFaHbIHbI3 KOH.

Kazy napakrapeiasiH (Mriting sheets) Tex alabIHFBI OCTIH TMaiiIaTaHBIHBI3, APTHIHA JKa3yFa OOIMaiiIbl.
Kazy ke3inae OenrieHreH paMKajgaH MIbIKIaHbI3.

OpOip jkaHa eCeNTiH MIeHIiMiH XxaHa napaktaH (Mriting sheets) 6acray kepek.

OpOip maiinanaHbpUIFaH ka3y MapakTapblHAa, Oyl yuriiH OepuireH OGaranmapaa ci3 emiHizai (Country),
KoABIHBI3EI (Student Code), ecentiy pertik HoMipiH (Question Number), opOip mapakThIH aFbIMIAFbI
HoMipiH (Page Number) xoHe OapiblK ecenTepii IICHIyle NailalaHbUIFaH MMapaKTapAblH KaJIibl
causiH (Total Number of pages) xepcetyiHi3 kepek. JKayaObiHbpI3Fa KelOip KoimaHeurran JKazy
napakrapbid (Writing sheets) Kocynbl KaqaMacaHpl3, OJlapbl OYKil TApaKThIH YCTIHEH YJIKEH KPECTICH
CBI3BIIT TACTaHBI3 KOHE OJIAP/IBI TAPAKTAP/IBIH JKAJIIBI CAHBIHA KOCIIAHbI3
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1-ecen (10,0 ynaii)
Byn Tanceipma Gip-6ipiMeH OailylaHBICHI KOK Y1 O6JIIKTEH TYpabl.
1.1 ecen (3,0 ynaii)

[Topumienb acThiHAAFbl LWIMHJIPJAE OpHAlackaH ujaean Oip aromiabIK rasabiy Oip moibiH T,=300 K
temneparypacsiHan T,=600 K -re neifiH KBa3UCTATHKAJIBIK TYpJE KbI3AbIPAAbl KOHE Oyl Ke3le OHBIH
KeJeMiH Oyl ra3fblH JKbUTy ChIMBIMIBUIBIFBIHBIH TEMIIEpaTypara TOYENJUINT TOMEHIErl CypeTTe
KepceTitreneil erin esrepreni. Ochl *Karaiarbl ra3 KeJeMiHIH TeMmIeparypara TOyelIuliK rpaduriHig
MaKCUMYMFa >KEeTKEH KYHIHEH coJl TpaduKI1H MUHUMYMFa KeTKeH KYHWiHEe Je1HI1 apalibIKTa ra3fa jkacajiFra
KYMBICTBI TaObIHBI3. JKayaObIHBI3/IbI [DKOYIBMEH KOPCETiHI3, aMOeban ra3 typakreicbiH R=8.31 J[x/K.
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Ecen 1.2 (3.0 ynaii)

Cyperte aiiHBIMaNBl TOK KeIipi Ti30eri KepceTuireH. MyHIaFbl

K, — BOm

Kezepri , uHAykTuBTiniK . =TH | MHIyKTUB KaTylIKachIHBIH

C— ] o . . u
7 =M . AHHBIMANBl CHHYCOUIAIBIK KEpHEYMiH ¥ 1)

R, - €09

Keneprici

KUUTITIHAC KOIipAeri Tene-TeHIIK Keaepri OoJFaHzIa JKy3ere
acaapl. AMHBIMANBI TOKTHIH >KUUTITIH €Ki ece apTThIpFaH/ia Kemipjeri Tene
TeHIiK Oy3puiMaiinel ekeH. KonpencartopablH C CHIABIMABUIBIFBIH KOHE

P ..
KOHJICHCATOpJIaH © ary KeIepTriCiH aHBIKTaHBbI3. N

Ecen 1.3 (4.0 ynaii)
2019 xbutrel Gusnka OoibiHIIa HOOENB CHIANBIFBI MIBEHIIAPUSIIBIK acTpoHOMAap M.Maimpkop MeH
JI.KBenora KynbI3napislH aiHAIAChIHIA JKApBIKBIPAMANTBIH CepikTep (dK30IUIaHeTanap) Oap eKeHIiH
amkansl yuriH Oepinai. Ocel TYpFbIAaH KYH kyiecinmeri FOnmutep minanerachkiH KyHHIH SK30IU1aHETachl

petinae Kapacteipaitblk. Omurepnin aitnamy nepuonsl 7,, = 11.9 xbu1, Maccacsl M, =h00-107

M, =199-10*

, al

KynHiH maccachbl . Kepnin o3 opOuUTaCBIMEH KO3Faly >KbLIIaMIbIFbI v, T ENA

eKeHiH Oenrisi gen ecenteHi3. Ilnaneranapasiy opoutanapsl mendep 6oncbiH. bakputaymsr Kyn-FOnurep
KYHWECIHIH KO3FJIBIC Ka3bIKTHIFBIHIA OOJICHIH JKOHE OaKbLIay[bl KYH >KYMECIHEH TBIC JKep/e OpHaJacKaH
CIIEKTPOMETP apKbUIbI JKy3ere achIpchlH. KyHHIH »aHbIHIA MaccUBTI 3k3oriaHera lOmwurepnin Oap
EKEHJIITIH aHBbIKTayFa MYMKIHIIK OEpeTiH CIMEKTPOMETP/IIH MUHUMAJAbl aXKBIPATKBIIITHIK KAOUTeTI R, -1

)
TaObIHBI3. JKapBIK KBUTTAMIBIFEI ' = B2 -10)

Ecxepmy: CnexTpoMeTpiH aXbIPAaTKBIIITHIK KaOUIeTi JeNm OHBIH JKaKbIH OpPHAJIACKAaH €Ki CIEKTpP
CBI3BIFBIH @XbIpaTa ajly MYMKIHJITIH CHUNATTalThIH ejmeM Oipiikci3 MbIHaIail mapaMeTpii aiTabl
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R . o .
R=nidAn , MYHJIarbl AL CIICKTPOMCETP JKCKC CBI3BIKTAp ACII TIPKEU aJIaTbIH €K1 CIICKTP CBhI3bIFbIHbIH

TOJIKBIH Y3bIHIbIF bIHBIH aﬁBIpLIMBI, - AXKBbIPATBIIATBIH €Kl CBI3BIKTBIH OpTallla TOJIKbIH Y3bIH/IbITbI.
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Ecen 2. ®epmu yaeyi (10.0 ynaii)
FapreIThik coymnenepain KypaMbIHIa 6Te dKOFapbl SJHEPTUsuIbl OommekTep 6ap. MyHai
OesmmiekTepiH naiiaa 60IybIHBIH MYMKIH MexaHu3Mi depMu yaeyi Aen aTanabl.
depmu yaeyl — 3apsATanarad OeleKkTep 91eTTe MarHUTTIK aifHa/IaH KalTa-KalTa MarFblIbICKaH
Ke3Jle maiifa 0oJIaThIH CTOXaCTUKAIBIK YIey MexaHu3Mi. by ecenre 613 O6ip KaparaHaa
KapaMa-KaHIIBUTBIKTEI OOJIBIIT KOPIHETIH OChI KYOBUTBICTHIH HETI31H/Ie )KaTKaH UACsUIap bl KapacThIPpaMbI3.

HeJjikTeH 6arbITTac KOJIIKTEPre KaparaHaa Kapchbl KeJjie JKaTKaH KoJIKTep Komn?

A, B, C pgen OenriieHTeH YOI KoJbl Oap aBTOMarucTpaibMeH Oip OaFbITTa TYPaKThI
KBUITAMJIBIKTAPMEH ~ aBTOMOOWJIBICP KO3FANBINIT KEJedi: OpTajgarbl B KOJBIMEH Kejle JKaTKaH
ABTOMOOMIIBACPIIH KbUIIaMABIFI v = 90 KM/caF, A JKOJBIMEH JKYpIill Kelie jKaTKaH aBTOMOOWJIbACPIIIH
KBILTaMIBIFRL v -Av = 90 km/car, anm C KOJIBIMEH KeJle jKaTKaH aBTOMOOWIbaepaiki v +4v = 100 km/car. A
xoHe C KOJITapbIHBIH dp KaHCBICHIMEH KeJjie )KaTKaH aBTOMOOMJIBACP/IIH ©3apa apa KallbIKTapsl Oipacii. O
KOJLIAPABIH OipIIiK Y3bIHABIFBIHAAFEl aBTOMOOUIBAEPIIH canbl N = 50 kv

v+ AV
C G oy s
-
p PR & N

B xonbsiMen )KYle KCJIC JKaTKaH aBTOMO6I/I.TIB,Z[i KapacCThIpaJIbIK.

2.1 {=HhHn yakpITTa A KOJBIMEH KeJe jKaTKaH KaHmia N; aBTOMOOWIb B KOJIBIMEH Kelle jKaTKaH
aBTOMOOWMJIB/II OACKINT O3aTHIHBIH AHBIKTAHBI3 KOHE Karap €Ki 0achIl O3YIbIH apachIHIAFBl T, YaKbITTHI
AHBIKTaHBI3.
2.2 {=HHn yakpITTa C KOJIBIMEH Kele jKaTKaH KaHmia N, aBTOMOOWIIb B KOJIBIMEH Kelle jKaTKaH
aBTOMOOMJIB/I1I OAcChIll 03aTHIHBIH AHBIKTAHbI3 KOHE Karap €Ki 0achlll 03yIbIH apachbIHIAFbl T, YAKbITTHI
AHBIKTaHBI3.

Enmi B xonmbIMEH Kelie jKaTKaH aBTOMOOWIh A xkoHe C >KOJIBIMEH Kelle aTKaH aBTOMOOWIIbIIEpre
Kapchl 0arbITTa KO3FAJICHIH. ABTOMOOWIIBIEPAIH KbIIAAMABIKTAPHI JKOHE JKOJI OOWBIHIAFEI THIFBI3IBIKTAPHI
OYpBIHFBI )KaFdalIaFbIIaii.

C ; V+ AV & G’g

™
B —

p G = o &

2.3 {=YH0 yakpITTa A >KOJIBIMEH Keje >KaTKaH KaHiia N; aBToMOOWIb koHe C KOIBIMEH Kele

KaTkaH KaHmia N, aBToMoOwWIb B KONbIMEH Kelle >KaTKaH aBTOMOOWIbIl ke3mectipeai? Karap eki
KE3/IECYTe COMKEC KEJETIH T3 )KOHE T, YaKbIT MOH/ICPIH aHBIKTAHBI3.

CepniMi COKTBIFBICY

Ecentiy Oyn GemniMiHIe €Ki JAEHEHIH CepHiMl COKTHIFBICYBIH KapacThlpaMbl3. Bysl KapacThIpynbIH
HEri3ri MakcaTbl COKTBIFBICYJIBIH HOTHXKECIHAE TaHJalFaH JeHeNepAiH OipeyiHiH KUHETHKAJbIK
SHEPTHUSACHIHBIH 6CY IIAPTHIH aHBIKTAY OOJIBIIT TaOBLIa I

Maccanapsel m, %oHE m, CEpHIMI Iapiap X OCiHiH 0OWbIMEH m, 5 m, 5
Ko3ranaael. COKTHIFBICKAHFA ICHIHT1 O1pIHIII MAPABIH KLU IAMIBIFbI ! O S
V|, all eKIHIIICIHIKI — V,. AOCOIIIOT CepIiM/Ii OPTaJIBIK COKTHIFBICYIaH -
KEIHI1 COMKeC MMIapUKTEepiH KbUINAMIBIKTApbIH U, XOHE u, JIen m, ; m,

oo . . u ; i,
Oenrinerimiz. HlapukTepaiH >KbUIAaMABIFBI A€M OJApAblH X OCiHE O : D 2
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MPOEKIUACHIH TYCIHY KKET, COHIBIKTAaH OJ1 OH J1a, Tepic Te OOIYbl MYMKiH.

2.4 1llapukTep/iiH COKTHIFbICKaHHAH Keiinri 1 sxone 2 kplmmamMabIKTapblH onapbIH COKTHIFRICKAHFA

v

I[CﬁiHl"i I )KOHE ¥z KbUTAAMABIKTAPBI )KOHC MaccaIapbl apKbIJIbl OPHEKTCII JKa3bIHbI3.

i,
U= -

[MapukTepaiH MaccalapblHBIH KaThIHACHIH "I en Oenrineimiz, OipiHIN IIAPUKTIH

_
= W
COKTBIFBICKAHFa JIEHIHTI KbUIIaMILIFBIHBIH COKTBIFBICKAHHAH KEHIHT1 )KBUIIAMIBIFbIHA KATHIHACKI S

Vv,
M, =—+

an IIapUKTepIiH COKTBHIFBICKAHFA JEHIHT1 KbUIIaMIBIKTAPBIHBIH KAThIHACHI YI' | HakTbuibk YIiH

¥ * 0 jen ecenrentis.

2.5 1llapuKTep MaccachlHBIH i KaTBIHBICHIHBIH OPTYPJ MyMKiH Monaepi ymin 'l mapamerpinin Iz
napaMeTpiHeH TOYeNIUIIrHIH I'paUKTEPIH TYPFhI3bIHbI3.

2.6 M= xome M mnapamerprepiHiH apachlHIa KaHgali KaThlHAC OONFaH Ke3je OipiHIN MIapuk
COKTBIFBICY/IBIH HOTHIKECIH/IC ©31HIH SHEPTUACHIH apTTHIPAIbI?
2.7 JKeHin MIApUKTIH ayblp IIAPUKIIEH COKTBIFBICYBIH KApaCTBIPBIHBI3, SIFHU M, >> m;. OCHI IEKTIK

JKarjaijarel  OGipiHIN [IAPUKTIH COKTBIFBICKAHHAH Keiinri M

| KBUIIAMJIBIFBIH OHE COKTBIFBICY
HOTHKECIHIE JKEHiJI INaPUKTIH HEPIUACHl apTaThIH 12 -HiH MOHJIEPiHiH aliMaFbIH aHBIKTAHBI3.
®epmu yaeyiHiH KapanaibIM MoJeJi

X OCbiHE TIEPIECHIUKYISP OPHAIACKAH ayblp IUIHTA X OChl <o 4 x

OarpITbIHA TapMOHMKANBIK TepOemictep xkacaiiabl. TepOemic ‘.LO

amMIuiTynacel 4, an nepuoxas! 7. [Tnurara kaparta x ochi O0HBIMEH 0

KeH mapnap Oipaei u KbliIaMabIKIeH Kosranaasl. [lapnapasia — 0 x
IUIATaFa Kely yaKbIThl KE3EHCOK KoHe OipKENKi TapasraH. H o

a
I

2.8 IInuradeig KO3FaJIbICHIHBIH i MaKCUMaJIbIl
JKBUIJIAM/IBIFBIH OHBIH TEPOEIICIHIH aMIUTUTYIAChI )KOHE TTEPUO/IbI APKBIIBI AaHBIKTAHBI3.

2.9 CoKThIFPICKAaHHAH KEHIH YIIBIN Kelle KaTKaH IIapuKTep/iH KaHaai P Gomiri o3iHiH SHEPTUSICHIH

r

5
4

APTTBIPATBIHBIH AHBIKTAHbI3. X(ayaHTapLIHBISI[BI 4 xoHe APKbIJIBI ©PHCKTCIT )KAa3bIHbI3. MBIHaI[aﬁ

€Kl JKaFJai yIiiH: a) n- L3, ; 0) 1~ 0307, HaKTBLJIbI €CENTEYJIEep KYPri3iHi3.
[Inuta KO3FaNBICHIHBIH TapMOHMKAJBIK 3aHbIH OOIKTI-ChI3BIKTHIK (YHKIUSIMEH >KybIKTalMBI3,
TOMEHJIETI CypeTTi KapaHbI3, SFHH aMIUIATYIAchl MEH TepOelic Meproabl Oipaeil MoHAepiHAe TUIMTaHBIH
KO3FaJIbIC KbUIJaM/IBIFBIHBIH MOZYJI1 TYPAKThI OOJIBIN Kasajbl A€M ecenTenmis.
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2.10 IInutanelH V KbpUIgaMIBIK MOIYINIHIH MOHIH OHBIH TEpOENiCTEepiHIH aMIUTUTYJachl MEH MEPUO/IbI
OOMBIHILIA OPHEKTEHI3.

E
L= £ £
2.11 TyckeH mapnap/ablH opTalia SHEPTUsiChl "0 KaHIa ece ©3TrepeTiHiH eCenTeHi3, MyH/IaFbl "
—HIapIapAblH COKTBIFBICKAHFA JEHIHIT KMHETMKAIbIK SHEprusicel, £ — TepOenMeni IUMTKaMeH

COKTBIFBICKAHHAH KEWIHT1 Iapap/IblH opTalia SHeprusicbl. MbplHaIal exi skarnaiiap yuin: a) H = 1.5V

:6) ¥ =030V pakreuen ecenreynep xyprisinisnep.
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Ecen 3. Marnerpos (10.0 ynaii)

DJeKTp ’KOHE MAarHUT epicTepi ojapia KO3FajaThlH 3apsATajfaH OeIIeKTepre ocep eTeimi, Oy
ONapJbIH KO3FaJBICBIHBIH CHUMIAThIH Oenriii Oip Typae esrepreai. Temenaeri OapiblK KapacTblpylapia
3apsATaIFaH OeJIIeKkTep BaKyyMa KO3Falajbl, all AIEKTPOMATHUTTIK CAyJIe IIBIFApyAbl eleMeyre Oomabl.
JIeIl ECENTENHE].

By ecenTe KiIacCHKaJIBIK HYKTENIK OOJIIIEK JEM eCenTeyre OOJaThiH AIEKTPOHIAP/IBIH KO3FAIBICHI
KapacTeippiianbl. CaHIBIK €CenTeylepAl KYprisreHnae, KaxeT OONFaH JKarmaiiia 3JCKTPOHHBIH Tepic

- —y . .. ; T
¢ =Kal- 10 3apsiIbl 6ap eKeHiH ecKkepini3, an oHbH Maccacer # =Rl 1-14 . DIEeKTp JKOHE MAarHUT

o =WB§ 107" =T 107 %, = TLARKI O

TYPaKThUIAPBI , bOJIBLIMaH TYpaKTBICHI

DJIeKTP KIHE MATHHUT OpicTepiHAeri 3IeKTPOHAAPAbIH KO3FAJIbIChI

Bacrankpr =10 YaKpIT ME3€TIHJE OJCKTPOH KOOPAMHATTHIH Oac u,
HYKTECIHAE THIHBIIITHIKTA TYpP, a1 X OChiHIH OH OaFbIThIHAA KepHeyniri £

OonaTbiH OIPTEKTI AEKTp epici Oap. DIEKTPOHFa X OChiHIH OH OarbITHIHIA &l E X
OacTarnkpl )KbUIIAMIBIK Oeperti.

. X .
3.1 DnekTpoHHBIH OYKIUI KO3FaJFaH YaKbITBIHIAAFbl KOOPAUHATTHIH €H YJIKEH ~ ™ MOHIH aHBIKTaHBI3.

-

Bacranker { =V yakpIT Me3eTiHZE OSIEKTPOH KOODAMHATTBIH 6ac
HYKTECIH/I€ THIHBIIITHIKTA TYPCHIH, ajJl Z OChIHIH OH OaFrbIThIHAA WHIYKIUSICH B
OIpTEKTI MarHUT epici OepinreH OOJICHIH. DIEKTPOHFA X OChIHIH OH OarbITHIMEH

i . U,
OarpITTasIFaH " OacTamNKbI KbUITAMIBIK Oepei. e

3.2 DneKTpOoHHBIH OYK11 KO3FaJIfaH yaKbIThIHAAFbl KOOPIAUHATTHIH €H YJIKEH X

X N
X MOHIH AHBIKTAHBI3.

3.3 O3 TpaeKTOpUACBIMEH KO3FaJbIN KeJle KaTKaH AJICKTPOHFa YaKbITThIH Oip
ME3€TIHJI€ OHBIH COJl ME3ETTerl u >KbULJaM/bIFblHA MEPIEHAUKYISIp OarbITTa

KBUTTAMIBIFBI Oepiiel ®oHe ou << y. DIEKTPOHHBIH OaCTanKbl YHBITKbIMaFaH
¥ TPACKTOPHUSICHIHA KATHICTHI €Ki OJIIIeM/I1 TepOeITiCiHIH MePHOIbIH aHBIKTAHBI3.

i KOHE OHBIH AIFALIKB TPACKTOPHSCHI JKATKAH JKAa3bIKTHIKTA KOCHIMIIA OW
<

Bacrankel { =V yakeiT Meserinme snexTpoH
KOOPJIMHATTBIH 0ac HYKTECIHAE THIHBIIITHIKTA TYp, al X OCBIHIH Tepic
OarbIThIHAA KepHeyairi £ 6onateiH OipTekTi 371eKTp epici 6ap. CoHbIMEH Karap,
y OCbiHIH OH OarbIThl OOWBIHIIA HMHAYKUUACHI B OIpTEKTI MarHut epici
OepisireH. DNeKTPOH bl OacTanKbl KbUIIAMABIKCHI3 00caTabl.

3.4 DAeKTPOHHBIH OYKIUT KO3FaIFaH YaKbITBIHAFbl KOOPAWHATTHIH €H YIKEH Ymx \omin AHBIKTAHBI3.

B Bacranker { =0 yakpIT MeseriHme 37EKTPOH KOOPIMHATTHIH 0ac HYKTECiHIE
TBIHBIIITHIKTA TYPCHIH, Z OCBIHIH OH OarbITBIHIA MAarHUT WHAYKLIUSCHL X)
Ka3bIKTBIFBIHIA Z  OCBIHEH 7 apa  KAalIBIKTBIKTaH MBIHA  TYpHe

— A — '-] 4 !: | l . . . . . . .
B=ar=a(x +y7) TOyeNJi MarHuT epici OepuICiH. DIEKTPOHFa X OChIHIH

- x ..
- Uy OH OarbITHIHIA H OacTanKbl KbLIIAMIBIFBI OEpisIe/Ii.

. . . e s r
35 KOSF&J’IHC KE31HJCT1 3JICKTPOHHAH Z OCBhIHC ACHUIHT1 €H YIKEH ™** apa KallbIKTbIFbIH aHBIKTAHbBI3.

KewnicrikTiH Oipkarap OeJiriHiie z OChiHE KaTbICThl OCbKE CHMMETpPHUSJIBI MAarHUTTIK epic

TyFEI3bLIFAH. YakeITThiH £ = ) Me3serinze MarHuTTIK epic XOK, a1 COIaH COH Jaimam ece GacTaiibl xKoHe
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OPICTIH MarHUT WHIYKIHICHI X) JXKa3bIKTHIFBIHBIH Ke3 KeJTeH HYKTeCiHAe z ociMeH OarpITTanFaH. bipas
yaKbpITTaH COH MarHUT MHIYKIUSCHI ©31HIH IIEKTIK MOHIHE JKeTel Je, o/laH api ecneiii. JKoHe ne epicTiH xy
Ka3bIKTBIFBIH/IA TAPATYbl MBIHA/IAM:
F. Ma<ran
R A
1{}, bl
. - )
_ . o . ¥ 14
MYHAAQFBl I — COJM = OCBhiHE JIeHiHT1 apa KaIlIbIKTHIK, ajl J)KOHE -
OeIriyi mamanap.

A1 7 4 . o .
i '.I '|,_,,-" X yaKLITTBIH t= ﬂ MEC3CTIHAC JJICKTPOH X) KA3BbIKTBIFbIHBIH KaHJIaW Oa 61p

/ ;f""'f T l'u "i,ll'"'i\ \*-\_\ HYKTECIHAE THIHBIIITHIKTAa TYp. Opic KOCBUIFAaH Ke3lle JJIEKTPOH XY
/)] !,/ L\ N Ka3bIKTBIFBIH/A JKaTKaH, LEHTPi z OcChiHzeri mieHOep OoHbIHIIA KO3Faja
AR / \ \ , S o
Gacraiiipl.
5

fB, o . . .
I " "7 KaTbIHACBIHBIH KaHJ1all MOHIH/IE KOFaphl/la alThIIFaH KO3FaJIbIC MYMKIH OoJaabl?
Huauuapiaik MarHeTpoH

MaraeTpoH — 3IEKTPOHIBIK ANEKTPOBAKYYMABIK KOHABIPFBI, OHJAFbl OTETIH TOKTHIH IIaMaChl IIEKTP

JKOHE MAarHWT epicl apKbUIbl peTTenenl. BakyymablK JIaMmaHblH IMIIHE OpHAJIacKaH, ochkTrepi Oip-OipiHe
. _ -l e )

coiikec, pagmyctapbl # =3H0-10 Kome P =HH0 OONaThIH MUIWHAPIIK KAaTOJ TEH aHOATaH

TYpAaTBIH, KapamaibIM MarHeTPOHIBI KapacThIpaIbIK. Jlamma ochi KaTox IMEeH aHOITHIH OCBTEPIMEH COMKeC

. I
KEJICTIH OUJINHAP COJICHOUATHIH OpTaChlHAa OpHAJIaCKaH. COJ‘IGHOI/II[TLIH opaM CaHBbI ﬁ" = *500 » Y3BIHIBIFBI

L =1 U JauaMmerpi — L =H3b . AHOI TeH KaTOATHIH apachIHJAFbl MOTCHIMAJIAD aWbIPHIMbI

Fo ~B5.0 Karonran mibIFaTelH 37E€KTPOHAAP TEPMORJIEKTPOHIBIK AMUCCUSHBIH CalapblHAaH Iaiia
Oomanel, OGacTanKkpl >KBUIIAMIBIFEI HOJTE TEH JEN €CENTEHI3 KOHE 3JICKTPOHABIK JaMIaJarbl KeHICTIKTIK
3apsATapIbl ECKEPMEHI3.

3.7 JlamMma MeH CONEHOMITEIH OpTaK ochinen * = R KAIlBIKTBIKTa OPHAJIACKAH HYKTE MEH KaTOJ
apacheIHIAFbl V OTeHIMANIap albIPbIMBIH €CETITEHI3.

.
3.8 MarneTpoH1aFsl KaTo/1 MeH aHOATHIH apachlHIAFbl TOK HOJITE TeH O0JIATHIH COJICHOUITHIH €H a3 ~ ™in

TOTBIH €CENTEHI3.
3.9 Karonrein 7 Temmeparypachl YIIiH 3IEKTPOHAAPABIH KbUIAMIBIFEl IIIBIH MOHIHAE HOJTe TEH
0OJIaThIH MAPTTHI TAOBIHBI3.

T €opuUsIblK ecenmepdi ueuntyee AapHaiZaH MamemamuKaiblK Kenec

Ciznepre ToMeH/IET1 HHTETpAIAPIbI OUTy Ka)XeT O0Iybl MYMKIH:

k|

. A .
J.t"cb; =
n+1 ,rme H# =1 some € — MIPOU3BOJIbHAS IOCTOSHHAS,
v
J==In|x|+C
X ,tne € —6oc MYILE;
oy X
_F s o a A e .
{x"+a’) @ (x"+a’) , mynzaarsl & — Goc mymesep;
(1+x)" =l+yx+ MIJ

, Ke3 KelreH f sxoHe |x|<<1 yrmim;

I+ x)= % gyq xj<<1 yuin.
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TEOPETUYECKHUHU TYP
2 ¢peBpaan 2023 roga

CHavaJja, noxanyiicra, Ipo4uTaiiTe ciaeaympuiee:

1. Teoperuueckuii Typ COCTOUT U3 Tpex 3a1ad. [IpogomxkuTenbHOCTh Typa 4 yaca.
2. Jlnsa pacuetoB Bel MOXeTe UCIIOJIB30BATh CBOM KaJIBKYJISATOP.

3. Bawm mpenocraBiieHbl 4ucThie JTUCThI Oymaru u Jlucmut ona 3anucu (Writing sheets). Yuctbie nUCTHI
OyMaru mpeaHa3HAYCHBI I YSPHOBBIX 3amucel, X Bbl MOkeTe MCmoiib30BaTh Mo Bamemy ycMmoTpe-
HUIO, OHU He TpoBepsitotcs. Ha Writing sheets crnepyer 3amuchiBaTh pelIeHUs 3ajad, KOTOpbie OymyT
OIICHEHBI TIPH MPOBEPKE paboThl. B pemeHunsx Kak MOKHO MEHBIIIE UCTIOIb3YyHTE CIIOBECHBIC ONTUCAHMUS.
B ocHOoBHOM BBl TOJKHBI UCTIOJIB30BATh YPABHEHUS, YKclia, OYKBEHHbIC 0003HAYCHUs, PUCYHKH U Tpa-
bukn.

4. Wcnonw3yiite TONbKO nuLEBYt0 cTropoHy Writing sheets. Ilpu 3anucu He BBIXOJHUTE 3a IpPEZeEbl OTMe-
YEHHOMN pPaMKH.

5. Pemenue xaxmoi 3aauu clieyeT HaUMHATH C HOBOUM ctpaHuilsl Writing sheets.

6. Ha xaxmgom ucnonns3zoBanHoMm Writing sheets, B OTBEIEHHBIX Ui 3TOTO Tpadax, HEOOXOIUMO yKa3aTh
Bamry ctpany (Country), Bam xoxn (Student Code), nopsinkoBbiii Homep 3anauu (Question Number),
TEeKyIHii HoMep Kaxaoro ymcra (Page Number) u 1oiTHOE KOJIMYECTBO JIUCTOB, UCIIOJIB30BAHHBIX TIPU
pemenun Beex 3anau (Total Number of Pages). Eciu Bol He XoTuTe, YTOOBI HEKOTOPHIE UCIIOJIB30BAH-
ueie Writing sheets OblIM BKITIOYCHBI B OTBET, TOT/A TIEPEUCPKHUTE X OOJBIIMM KPECTOM Ha BECh JIUCT
U He BKJIIOYaiiTe B Bamn moAcuér moaHoro KoJau4ecTBa JIMCTOB.
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3agava 1 (10.0 6ana)
DTa 3a/1aua COCTOUT U3 TPEX YacCTe, HE CBA3AHHBIX JIPYT C APYTOM.
3agaua 1.1 (3.0 6a11a)
OauH MOJb HI€aTbHOIO OJIHOATOMHOTO Ta3a, HAaXOSIIMICS B HUIMHAPE O] MOPIIHEM, KBa3uCTa-
THYeckH HarpesaroT oT TeMmuneparypel 7, =300 K no 7, =600 K, usmeHss 00bEM TakuM 00pa3oM, 4To 3a-

BHUCUMOCTbH TEIIOEMKOCTH Ta3a C OT TeMIepaTypsl UMEeT BH/, IOKa3aHHBIA Ha pucyHke. Haiinute pabdory,
COBEPLIEHHYIO HaJl ra30M OT COCTOSIHUSA, B KOTOPOM I'padUK 3aBUCUMOCTH €ro 00béMa OT TeMIepaTypsl J10-
CTUTAJI JIOKQJTHHOTO MAaKCHUMYyMa, JI0 COCTOSIHUS, B KOTOPOM 3TOT e rpaduK JOCTHrall JOKaJIbHOIO MHHU-
myma. OTBET BBIPA3UTE B JHKOYIIAX, CUMTAsl YHUBEPCATBbHYIO Ta30BYIO MMOCTOSIHHYIO paBHOH R =8.31 JIxw/K.

C

R

2,0

1,5

1,0

0,5

0,0

200 300 400 500 600 T K

3agava 1.2 (3.0 0as1a)
Ha pucyHke mnokazaHa cxema MoOCTa II€PEMEHHOIO  TOKa.
Conporusnenue R, =2.5 kKOM, unayktuBHocTh L=11H, conporuBieHue

KaTylUKH MHIyKTHBHOCTH 1, =1 OM. Ha uactrore mnepemMeHHOro
cuHyconaanpHoro HanpsbkeHuss v =100 [ 6amianc MocTa HacTymaeT mpu
R, =800 Om . Oka3anoch, 4To IpH YBEIUYEHUN YaCTOTHI IEPEMEHHOIO TOKA

B JIBa pa3a OajuiaHCc MOcTa He Hapymiaercs. Haliure conpoTuBiIeHUE yTeUuKn
I'. KOHJIEHCATOpa U ero eMKoCTh C .

3agaua 1.3 (4.0 6an1a)

HobGenesckas npemus no ¢usuke 3a 2019 r. Obuia mpucyxaeHa MIBeHIIapckuM acTpoHoMam M.
Maiitopy u JI. Keno 3a oTKpbITHE HECBETAIIUXCS CIYTHUKOB (PK30IUIaHET) y 3BE3A. PaccMoTpum miiaHeTy
IOnutep B Hamelt conmHeuHol cucteme Kak sk3ormanery st Comuna. [lepuon o6pamenust FOmutepa co-
crasnser 7, =11.9 roma 1pu macce M, =1.90-10*" kr, a macca Connua pasa Mg =1.99-10* xr. Cuu-

TaiTe TaKk)kKe M3BECTHON CKOPOCTH ABIKEHUS 3eMiu 1o opoute v, =29.8 KM/C, a OpOUTHI IJIAHET MPEAIIo-

naraiite KpyroBbiMu. [lycTh HaOMIOI€HNE TIPOBOAUTCS CIIEKTPOMETPOM JIAJIEKO M3-32 MPEIeIOB COMHEYHON
CHUCTEMBI TaK, YTO HAOJIIOJATENIb HAXOAUTCS B TUIOCKOCTU JBWKeHUs cuctembl Comane—tOmurep. Haiioure
MUHHMAJIBHYIO Pa3pEIIAOIYI0 CIOCOOHOCTh CEKTPOMETpa R ., KOTOpast MO3BOJISET ONPEACIUTh HATMUUE
y CoIHIla MaccuBHOI sK30mnaneTs FOnurep. Cunraiite ckopocTh cBeTa paBHOi ¢ =2.99-10° m/c .
Ilpumeuanue: paszpemaromeid CrmoCOOHOCTBIO CIIEKTPOMETpa Ha3bIBAECTCS €r0 CIOCOOHOCThH pa3iiv-
4aTh JIB€ OJIM3KO PACIIOIOKEHHBIE CIIEKTpaIbHbIC TUHUH, KOTOPAsh XapaKTepusyeTcs: 6e3pa3MepHbIM mapa-
mMerpoM R=A/AA rme AA — HauMmeHbIas pasHOCTD JUIMH BOJH JBYX JMHHUH €Ile PErHCTPUPYEMBIX TIPH-

60pOM KaK OTACIbHBIC, A - CpCaHAs AJIMHA BOJIHBI ABYX paspClIaCMbIX JIMHUHN.
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3anaua 2. Yckopenne @epmu (10.0 6anna)

B kocmuueckux tydyax oOHapyKMBAIOTCS YaCTHIIBI, 00JIa1aI0IINe YPE3BbIYAHO OOJIBIION SHEPTHEH.
Bo03MOXHBIN MEXaHNU3M IOSBICHUS TAKMX YACTULl HAa3bIBAeTCs yCKopeHneM depmu.

VYckopenne @epMu — 3TO CTOXAaCTHUUECKUN MEXAHU3M YCKOPEHHUS, KOTOPOE 3apsKEHHBIE YacCTUILIBI
UCIHBITHIBAIOT IIPU MHOTOKPAaTHOM OTpPa)KEHUH, OOBIYHO OT MarHUTHOTO 3epKaia. B nanHoil 3anade paccmat-
PHUBAIOTCSI OCHOBHBIE UJIEU, JIEKAIUE B OCHOBE 3TOT0, 11apaJ0KCaIbHOTO HA IIEPBBIN B3IJISL, SBJICHUS.

Ilouemy BCcTpeYHBIX MAIIMH 00JIbIIE, YeM MOMYTHBIX?

ITo aBTOMarucrpanu, umeroieil Tpu nosiocsl A, B, C , 1BUXKYTCS ¢ TOCTOSHHOM CKOPOCTHIO B OJTHOM
HAaIpaBJIICHUU aBTOMOOWIIN: 110 LIEHTPAJIBHOH 1oJjioce B aBTOMOOWIIb ABMIKETCS CO CKOPOCThIO V=90 KM/4;
110 T0JI0CEe A JIBHKYTCSI aBTOMOOMIIH €O CKOpOCTsiMu v — Av =80 km/4; o mosioce C IBHKYTCS aBTOMOOH-
7 €O ckopocTsimu v+ Av ==100 kM/4, PaccrogHue MEXy aBTOMOOWJISIMH OJMHAKOBOE Ha KaXJIOH U3 MO-

s0oc A u C, 9uciio aBTOMOOMIICH Ha €IUHUILY JJTMHBI TIOJIOCHI JUTSl KaXKI0 U3 HUX cocTaBiseT n=35.0 KM .
V + AV
c v @ P
B S—+
V— AV
A - oy g

Paccmotpum aBTOMOOWIB, ABMIKYIIMIiCA 110 mTosoce B.

2.1 PaccuuTaiite, CKOIBKO aBTOMOOMIIEH N, , ABMXKYLIUXCA 1O monoce A, oOronser aBromoouns B 3a

BpCM: t=1.0 mun » @ TAKXKC BPEMs 7| MCXKAY ABYM: IIOCICA0BATCIbHBIMU o0roHamu.

2.2 PaccuuraiiTe, CKOJIBKO aBTOMOOMIIEH N ,, ABMKyIHUXCs 10 noynoce C, KOTOpble 0OTOHAOT aBTOMO-
O Ha nojoce B 3a pems f =1.0 MuH | a Takke BpeMs 7, MEXIy JBYyMs HOCIENI0BATENbHBIMU 00r0-

HaMH.
HyCTb TCIICPb aBTOMOOUJIb JABHIXKCTCA 11O I10JIOCE B HaBCTpCUy aBTOMO6I/IJI$IM, ABMKYIIUMCS I10 I10-
mocaM A u C. CKOpOCTI/I aBTOMOOMJICH M KX INIOTHOCTh Ha A0pOore OCTaroTCA NMPEKHUMHU.

& m vV + AV G a
B L &
, PEEYS . e

2.3 Paccunraiite yncia aBToMoOunel N, IBIKyMUXCsA 10 mojoce A, u N, IBHXKYIIUXCS 10 TI0JI0CE
C, xoropsle BcTpeyaeT aBToMoOWIs B 3a Bpemst £ =1.0 MUH . a Takke COOTBETCTBYIOIUE BpEMEHa 7, U
T4 MC)KI[y ABYM IIOCJICIOBATCIbHBIMHU BCTpe‘IaMI/I.

Yupyroe croiKHOBeHHE
B naHHOM YacTH paccMOTpPUM KJIACCHYECKYIO 3aady 00 ynpyroMm CTOJIKHOBEHHMH JBYX Ted. OCHOB-
HOM LENBbI0 JAHHOT'O PacCMOTPEHUS SBIISETCS ONPEEICHNUE YCIOBUM, TP KOTOPBIX KMHETHYECKAsI IHEPTHS
OJTHOTO U3 BBIOPAaHHBIX TEJI BO3PACTAET B pe3yJIbTaTe yaapa.

JlBa ynpyrux Iiapuka, Macchl KOTOPBIX PaBHBI mi, U M,
5 n, 2
JOBUKYTCSL BIOJIb OcH X . CKOpPOCTh MEPBOTO HIApPUKA O CTOJIKHO- mb Vi O vy

BCHHUA paBHA v, CKOPOCTb BTOPOI'o — V,. O0o3HaYuM CKOpPOCTH

MIAPUKOB TOCEe abCOMIOTHO yHPYToro IEHTPAIBHOTO CTOJKHOBE- m, . ",

u y U,
HUA U, U U, , COOTBETCTBEHHO. [Tox ckopocTsIMU IIAPUKOB CIEAYET 1 ; : D =
IMOHUMaTh NPOEKLUHUH CKOPOCTEM HA OCh X, MOATOMY OHHU MOTYT

OLITH KaK MOJIOKUTCIIbHBIMU, TaK 1 OTPHULIATCIIbHBIMH.
>
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2.4 BbipasuTe CKOPOCTH LIAPUKOB i, M 1, TOCIIE yJapa 4epes UX CKOPOCTH 10 yJapa v, U v,, a TakKe
MacCChI IIapUKOB.
m,
0G603Ha4MM OTHOLIEHHE MAcC MIAPUKOB KaK 4 = —=, OTHOIIEHHE CKOPOCTHU TIEPBOTO HMIAPHKA MOCIIE
m
I
u, . Va
M 70 yaapa Kak 7, = —- 1 OTHOIIEHHE CKOPOCTeil MAapUKOB J0 yjaapa Kak 77, = —=. Jljis onpeieneHHOCTH
1% v
1 !

cuuTaiite, uto v, >0.

2.5 Iloctpoiite ceMeHCTBO TpaQUKOB 3aBUCUMOCTEN MapaMeTpa 77, OT IapaMeTpa 73, Ul BCEX Xapak-
TEPHBIX 3HAYEHUN OTHOIIEHUN MACC IIAPUKOB /I .

2.6 Haiijute COOTHOIIEHHE MEXK]TY TIApAMETPAMH 77, U 4 , IPM KOTOPOM IEPBbIi IIAPUK YBEINYMBAET
CBOIO DHEPIHIO B PE3YJIbTATE CTOJIKHOBEHHUS.

2.7 PaccmoTpuTe Cilydail CTOJTKHOBEHUS JIETKOTO IIapuKa ¢ THKENIbIM m2 >> my. Haiinure B 3TOM mipe-
JIENBHOM CIIy4ae CKOPOCTh NEPBOrO IIAPUKA MOCIE CTOIKHOBEHUS [, M ONPENENUTE 00JaCTh 3HAUCHHMA
CKOPOCTEH TSKENIOro MIApUKa 77, 1O CTOJKHOBEHMS, IPH KOTOPBIX SHEPIHUs JIETKOr0 MIapHKa BO3pacTa-

€T B PE3YyJIbTATE CTOJIKHOBEHUS.
IIpocreiimas Mmoaesb yckopenus ®@epmu
MaccuBHass IIMTa, PACHOJIOKECHHAs IEPIEHIUKYISAPHO <—o- A 3

OCH X, COBEpIIAcT rapMOHHYECKHE KOJcOaHHMS B HaNpaBICHUH "LO

ocu X . AMIUMTyJa KosneOanuit paBHa A, ux nepuon — 1. B —0
HANPABJIEHUU IUIMTHI BAOJIb OCH X C OJMHAKOBBIMU CKOPOCTSIMH ——0 x
U JBWXKYTCA JIETKHE apuku. BpemeHa noajiera mapukoB K IUIH- H -—0

T€ ABJIAOTCS CIIyYalHBIMU U PABHOMEPHO PACIPEACICHHBIMM.

2.8 BrIpa3ute MakCUMaJIbHYIO CKOPOCTb JABMKEHHS IUIUTHI V,, depe3 aMIUIUTyly M Hepuoj ee Koieba-
HUM.

2.9 PaccunraiiTe OO ¢ HAJICTAIONIMX MIAPUKOB, KOTOPHIE TIOCE CTOJIKHOBEHUS yBEJIMYAT CBOIO KH-
HETHYeCcKyIo sHepruto. OTBeT BeIpazute uepe3 u u V. st YMCIeHHON OIEHKH OTAEIBHO PacCCMOTPUTE
nBa ciryyas: a) u=1.5V,; 6) u=0.50V}.

ATNIpOKCUMHpPYEM TapMOHHYECKMH 3aKOH JIBU)KEHUS IUIUTHI KyCOYHO-TMHEWHOW (PyHKIMEH, cMOT-
pUTE PUCYHOK HUXE, TO €CTh OyJIeM CUMTaTh, YTO MOJAYJIb CKOPOCTH V JBMKEHUS IUIUTBHI OCTAETCS MOCTO-
SSTHHBIM HpI/I TEX KC 3HAUCHHUAX aMIUIUTYAbl U IICPHOAa KOJ'IC63HPII>1.

X,
Y
217

B
A -

s i v r]

.\ - ‘\ .
_A‘ e e

d
]

2.10 Bripa3zute 3HaUE€HHUE MOJYJISI CKOPOCTH JBUKEHUS TUITUTHI V depe3 aMIUTUTY1y U MEepuoj ee KoJie-
OaHMiA.

N E
2.11 PaccuuTaiiTe, BO CKOJBKO pa3 U3MEHHUTCS CPEIHSS SHEPrusl HAJIETAIOUINX IIAPUKOB & = o rae
0

EO — KHHCTHUUYCCKAs SHCPTHUA HIApUKOB J0 CTOJIKHOBCHH, E - CpCaAHAsA SHCPrud HIAPUKOB IIOCIIC

CTOJIKHOBEHUS C KOJeOomencs mIuTou. [ aucieHHoi OIeHKH OT/IeTIbHO PACCMOTPHUTE JIBa CITydas:
a) u=1.5V ;6) u=0.50V.
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3agaua 3. Marnerpos (10.0 6an10B)

W s51eKTprYecKOoe U MarHUTHOE IIOJIsI BO3ACUCTBYIOT Ha JBMXKYLIUECS B HUX 3apsKCHHBIC YACTHILIBL,
KOTOpbIE ONpPEETICHHBIM 00pa30M MEHSIOT XapakTep CBOEro JIBMXKeHUs. Bcrony B panbHeleM npearnosa-
raercs, YTO 3apsHKEHHBIE YAaCTULIBl JBUTAKOTCS B BAKYYME, a U3IyYCHUEM DJIEKTPOMArHUTHBIX BOJIH MOXKHO
peHeOpeYb.

B nanHOI 3a1aue paccMaTpUBaeTCs JBIKEHHUE IEKTPOHOB, KOTOPBIC IMPEICTABISIOT COOOM Kilaccu-
YeCKHe TOUEYHbIe YacTULbl. [Ipu MpoBeAeHNN YUCIEHHBIX PACYETOB CUMTANTE, I1€ HEOOXOAUMO, UYTO JJIeK-
TPOH 00J1a/]aeT OTPULIATEIBHBIM SIEKTPHUECKUM 3apsI0M, MOLY.Ib KOTOporo paseH e =1.60-10""Ku, a ero
Macca paBHa m=9.11-10""kr. DjeKkTpuueckas M MarHUTHAs MOCTOSIHHBbIE PaBHBI &, =8.85-10°®/M u

ty =1.26-10°T'n/m , mocrosinHas Bonbumana k, =1.38-107 Iw/K .

JIBHKEHHE 3JIEKTPOHA B 3JIEKTPHYE€CKOM M MATHUTHOM IOJISAX
[TycTh B HauaJIbHBI MOMEHT BpeMeHU ! = 0 3JIeKTPOH OKOMTCS B Hava- -
JIe KOOPJAMHAT, a BIOJb IOJOKUTEIBHOIO HAIIPABICHUA OCH X IIPHUIIOKEHO OJ- @_::9
HOPOJHOE 3JIEKTPUUYECKOE MOJI€ HANPSDKEHHOCThIO E . DIIEKTPOHY COOOILAIOT
HAYaJIbHYI CKOPOCTbh U, TAKXKE HAIPABICHHYIO B IIOJIOXKMTEILHOM HallpaBlle- E x

HHUH OCH X .

3.1 Onpezennute MaKCUMaJIbHOE 3HAUYCHNUE KOOPAUHATHI JIEKTPOHA X, . 3a BCE BPEMS €r0 JIBUKEHHUS.
[TycTh B Ha4YaJ bHBIM MOMEHT BpeMeHH ! = 0 3JIeKTpOH MOKOUTCS B HaYa- z

JIe KOOPAMHAT, a BJIOJIb IIOJIOKUTEIBHOIO HANIPABJICHUS OCU Z IPWIOXKEHO O- JB

HOPOJHOE MarHUTHOE I0JI€ ¢ MHAYKIHMEH B . DIEeKTPOHY COOOILAIOT HAaYaJIbHYIO

CKOPOCTD U, , HAIIPABJICHHYIO B IIOJIOJKUTCIIbHOM HaIIPAaBJICHUHN OCH X . I_E
0

®

3.2 Onpenennure MaKCUMalbHOE 3HAYCHHE KOOPAUHATHI 2JIEKTPOHA X, 34
X

BCE BPEMS €T0 JIBUKEHHS.
3.3 B npolecce ABMKEHUS 1O TPAEKTOPUH SIEKTPOHY B HEKOTOPBIA MOMEHT
BpEMEHM COOOLIMIN JIOTIONHUTENBHYIO CKOPOCTh OU B HAIPaBJIEHHH, TIEPIIECH-

.y ;i JWMKYISPHOM €ro TeKyIell CKOPOCTH U W JIeXKAIeM B IUIOCKOCTH €ro Hadallb-

e:{ HOW TpaeKTOpuH, mpudeM Ou  u . OnpeaenuTe Mepuo BOSHHUKIIMX JBYMeEp-

ONOU gk konebaHMil AIEKTPOHA OTHOCHTEBHO €ro MepBOHAYANBHOH HEBO3MYIIIEH-

HOM TPAEKTOPHUH.

B

[Tycts B HayanbHBIHE MOMEHT BpemeHH ! =0 3JeKTpOH MOKOUTCS B
Hayaje KOOPAMHAT, a BIOJIb OTPULIATENIBHOIO HAIIPABIIEHUS OCH X IIPUIIOKEHO
OJHOPOJHOE DJIEKTPUYECKOE IIOJIE HAIpsHKEHHOCThIO E . Ilommmo 3toro,
BJIOJIb TIOJIOKUTEIIBHOTO HAIIPABJIECHHUS OCH Yy CO3IAHO OJHOPOJHOE MAarHMT-

HOE€ ToJie ¢ MHIAYKIHEeH B . DIeKTpPOH OCBOOOXIAIOT C HYJEBOW HayalbHOM
CKOPOCTBIO.

3.4 Onpenennte MaKCUMaJIbHOE 3HAYEHUE KOOPAMHATHI DJIEKTPOHA X, 33 BCE BPEMS €r0 JIBUKECHHS.

HyCTB B HaydalbHBIA MOMEHT BpCMCHU t=0 OJICKTPOH IIOKOUTCA B
HayvaJi€¢ KOOpAUHAT, a4 BAOJIb IMOJIOKUTCIIBHOI'O HAIPABJICHUSA OCU T IIPUIIOKCHO

MAarauMTHOC II0JIC, MHAYKIHA KOTOPOTO B INIOCKOCTH XY 3aBHUCHUT OT PACCTOSHUA

172

y r 710 OCH Z TI0 3aKOHYy B=ar=o(x’+y*)"* . DnekTpoHy cooOmaT Hauab-

HYIO CKOPOCTb U, , HAIIPABJICHHYIO B ITOJIOKUTEIILHOM HAIPABIEHUH OCH X .
X

3.5 Onpeznennte MakCMMalbHOE PAacCTOSHUE 7, OT DIIEKTPOHA IO OCH Z B

nmponecce €ro ABUKCHUs.
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B HGKOTOpOﬁ o0ractu MMPOCTPAHCTBA CO3JACTCA OCCCUMMCPUIHOC OTHOCUTCIIBHO OCH T MArHuTHOC
mone. B MomeHT BpEMCHHU [ = 0 MarmuTHOE MOJE OTCYTCTBYCT, a 3aTCM HA4YHMHACT MCIJICHHO HapacTaThb,
Z IIpHUYEM BO BCCX TOYKAX INIOCKOCTHU XY BEKTOP MHAYKIHWH II0JI HaAIlpaBJICH

BJ0Jb ocu Z. Ilo mpomiecTBUM HEKOTOPOrO MPOMEKYTKA BPEMEHH MHIYK-
I[US] MAarHUTHOT'O IOJIL TOCTUTaeT MPEJESbHOrO 3HAYCHHsI U IepecTaeT W3-
MeHAThCS. [Ipr 3TOM B INIOCKOCTH Xy pacHpeesieHue Mo UMEET BUJL

B, O<r<p
B=<B

0, r>r

s Kh<r<r,

rJle ¥ — PacCTOSAHHE JI0 OCH Z,a I; U F, — U3BECTHBIE BETUYHHEI.

B MomenT Bpemenu 7 =0 3JIeKTpOH MOKOUTCSI B HEKOTOPOH TOUKE, JeKalllel B IIIOCKOCTH Xy . [Ipu
BKJIFOYEHUU TOJI JEKTPOH HAYMHAET JIBUTAaThCS 10 OKPYKHOCTH B IJIOCKOCTH Xy , LEHTP KOTOPOH HaxXo-
JUTCSI HA OCH 7.

3.6 Onpenenure, pu KaKOM OTHOLIEHUU B, / B, BO3MOKHO OIMCAaHHOE JABUKECHUH JIEKTPOHA.

HuamHApHYECKUid MATHETPOH

MarHeTpoH — 3JIEKTPOHHBIH 3JICKTPOBAKYYyMHBII MPHUOOP, BEIIMYMHA IPOTEKAIOIIETO TOKA B KOTOPOM
YIPABJISACTCS JICKTPUUSCKUM U MAarHUTHBIM IOJieM. PaccMOTpUM MpOCTEHIHii MarHETPOH, COCTOSIIIUIN 13
NPOBOAAIIMX COOCHBIX JUIMHHBIX IMIMHAPHMYECKUX KaToja ¥ aHoja ¢ paaumycamu a=3.00-10"'mMMm u
b=6.00 MM COOTBETCTBEHHO, PACIOJIOKEHHBIX BHYTPH BaKyyMHOH jammbl. Jlamria HaXOAUTCsS B LEHTpE
[WIMHAPUYECKOTO COJCHOUIA, OCh KOTOPOI'O COBIAIACT C OCSIMHU KaToja M aHOja, a YMCJIO BUTKOB COCTaB-
asier N =2590 , nnuna paBaa L =210 MM u quamerp — D =105 MM . Pa3HOCTh MOTEHIIMATIOB MEKIY KaTO-
JOM U aHOJIOM HOCTOsIHHA U paBHa V,, =75.0 B. Cumnraiite, 4yTo nmokuaromue KaTto/ 3JIeKTPOHbI 00pa3yoT-

Csl BCJIEZICTBUE TEPMOIJIEKTPOHHOM SMUCCUM U UMEIOT HYJIEBYIO HaYaJIbHYIO CKOPOCTh, a TaKXke IpeHeope-
raifTe mpoCTPaHCTBEHHBIM 3aps/IOM 3JIEKTPOHOB B JIAMIIE.

3.7 PaccunraiiTe pa3HOCTh MOTCHIMAIOB V MeXTy KaToJIOM M TOYKOH B IMPOCTPAHCTBE, PACIIOIOKCH-
HOI Ha paccTosiHuu + = 3.00 MM 10 OOIIEH OCH JJaMIIBI U COJICHOU/IA.

3.8 PaccunraiiTe HAMMEHBIIIHMI TOK coneHouaa I IIpU KOTOPOM TOK B MAarHeTpOHC MCKIY KaTOJAOM U

min ?

aHOJ/IOM 00paIaeTcsi B HOJb.

3.9 HaiinuTe ycnoBue i TeMIieparypsl katoga 7', IpH BBHIIOJHEHUH KOTOPOTO HAYalbHYIO CKOPOCTh
3JIEKTPOHOB JICICTBUTENIBHO MOKHO CUMTATh HYJIEBOM.

Mamemamuueckan noocKazka 014 3a0a4 MeoPemMuiecKozo mypa

Bam mosxeT moHao0UThCs 3HAHUE CIIEAYIOMNX HHTErPaJIoB:

+1
xn

Ix”dx = +C,rne n#—1 u C —npou3BoibHAs MOCTOSTHHAS,

n+l1

dx
J.— =In|x|+C, rane C — npou3BoJbHAs TOCTOSIHHAS,
X

+C ,tne a,C — npou3BOJIbHBIE TIOCTOSIHHBIC;

3/2

I dx _ X
C+d)”?  dC+d)

1+ x)” z1+;/x+y(yT_1)x2,zm;1 | x|- 1 unro0bIX y;

In(l+x)=~x, s | x|. 1.
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