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First Part (30 points)

Problem 1 (6 points)

A car which 1s moving at a speed vy then starts braking with constant acceleration until it stops,
and then moves off without delay with the same acceleration. The total braking and
accelerating time is t.

a) What is the possible minimum total distance s traveled by the car during this motion?

b) How long did the braking t; last?

c) What was the acceleration of the car?

d) What will be the speed of the car v, at the end of the journey of distance s

Problem 2 (7 points)

There are two wet snowballs. The first ball with a mass of 100 g is thrown at a speed of 30 m/s
at an angle of 60° making with the horizontal. When the velocity vector made 45° to the
horizon, it collided with a second ball with a mass of 200 g, which fell from a certain height
for 1.5 s. before impact. Calculate,

the amount of snow that will melt during the impact and how long after the impact they will

reach to the ground. The impact is considered to be absolutely inelastic. Neglect air resistance.
L=340 kl/kg

Problem 3 (8 points)

A parachutist hovered over a small lake at a height of 6 m from its surface (from eye level).
The depth of the lake is 2m. Calculate the apparent depth at a point x=3 meters away from the
person's plumb line to the bottom? The refractive index of water is given as 1.33.

Problem 4 (9 points)
There are 2 moles of monatomic gas (the gas is considered ideal during the process) in an

amount of. The gas is being cooled, while the molar heat capacity changes linearly by the
equation C(T) = oT, where a = 3R/T. How much heat is transferred out in such a process
when the temperature decreases from 227°C to 27°C? What is the minimum work that the
gas can do during cooling process? Until which temperature should it be cooled?



Methodological Part (15 points).

This part consists of three parts, tasks that are not related to each other. In each task, you
need to find errors for each item (if any), correct them and write the correct answer. Note:
Your own method for solving the problem is not accepted.

Problem 1 (3 points)
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The electrical circuit consists of three sources connected in series. The EMF of the first
source is 60 V, the other two are 20 volts each, two capacitors C; = 40 puF and C, = 200 pF,
two resistances are 5 Q each. After closing the key, the current in the circuit stopped. Find
the work of external forces of the current source, the energy on the capacitors. At the
beginning the capacitors were not charged.

Solution:
1. After establishing equilibrium:
Uimax=E/2, Uomax=E/2 (0,5 points)
2. The charge will pass through the battery: q = (C,+C,) E (0,5 points)

3. Energy of the charged capacitors:

W,=CE*/4=40 pF *100°B%/4=0,1 J;

Wo= C,E?/4 =200 pF * 100°B%/4=0,5J (1 point)

4. The work of external forces of the current source is proportional to the sum of energies on

the capacitor:
Wi+ W,=0,6] (1 Point)

Problem 2 (5 points)

A load of mass m 400 g, suspended on a spring of some length, performs vertical harmonic
oscillations with amplitude A = 12 cm and period T = 4 s. Determine the spring force F at
the moment when the load reaches the bottom point.

Solution:

We will measure the coordinate of the load relative to the suspension point of the spring, and
direct the coordinate axis OX down.

1) Then the coordinate of the equilibrium position of the load X is determined from the
condition:

mg=kx, (1 point)

2) Let's find the coordinate of the equilibrium position:

xo= mg/k (1 point)



3) Let's find the coordinate at the bottom point:

XmaX:X(ﬁ‘A‘Ho: mg/ k+1()+A (1 pOiIlt)
4) According to Hooke's law, the force of the spring is equal to:
F=kxXmax= mg+kly+Ak (1 point)

5) Let's find the force of the spring F:
Since the period of oscillation of the load is equal to T=2x (% )12, k=4 m*m/T?

F=mg+4 n?m(xo+A)/T2=4+4%(3,14)%*0,4%0,42/16=4,4 N (1 point)

Problem 3 (7 points)

An electron flies into a uniform magnetic field, where the magnitude of the field increases
slowly. By what percentage will the radius of the electron's orbit change if the magnitude of
the field increases by 6%.
Solution:
1) During one revolution, the electron rotates almost in a circle. Then during one revolution
we can write:

ma,—=qvB; mv/R=qvB; R=m/eB (1 point)

2) Since the Lorentz force is perpendicular to the speed of the electron, therefore it does no
work. The change in the radius of the orbit will occur only due to the change in field B. The
speed will remain constant. When an electron moves, an emf occurs

e=2mRE=TR**ABAt=E=" AB At (1 point)

3) At = 2nmgB — the time it takes for an electron to orbit. The rotation of a charge in a
magnetic field can be considered as a ring current, which creates its own magnetic field,
direction in the same direction as the external one. Then the own magnetic field generated by
the motion of the electron along the orbit will increase, and this will “strengthen” the growth
of the external field. Thus, the electric field is directed towards the movement of the electron
and slows it down (1 point)

4) The change in kinetic energy per revolution of the electron will be equal to the work of the
electric field: AEk= (2nR)/qE = quR2 - AB At (1 point)

5) Substituting R and At here, we find AE /At =E, /B - AB At (1 point)

6) It follows that E,/B =increases, or v?/B =increases, and expressing the electron speed
through the orbital radius R, we obtain BR? increases. This is the desired expression, from
which it follows that an increase in the magnetic field leads to a decrease in the radius of the
electron’s orbit. However, R does not change as B! but as B2, that is, more slowly, which
is caused by an increase in the electron speed with a simultaneous increase in the magnetic
field (1 point)

7) Let the initial field be equal to B, after an increase of 6% it became equal to 1.06 B, then (R
+AR)/R=1/1,06 > R+ AR = 0,62R. Which means AR = —0,38R, that is, the electron orbital
radius decreased approximately by 38%
(1 point)



KoMMepuusiiibIK eMec aKIUOHEPJIIK KOFaM
«Pecny0uKaabIK PU3nKa-MaTeMaTHKA MeKTe0i»
Kanrap 2024 x.
®uszukanan VI Xaasikapaasik oaumnuaaa. Myrajgimaep JIUrachl.
Bipinmi 6,10k (30 6a11)

1- ecemn (6 6asL1)

Vo KBULAAMJBIKIEH KO3FaJlaThlH aBTOMOOWIIb aJIJIBIMEH TOJBIK TOKTaFaHIIa
TYpaKkThl YIAEYMEH TeXeledi, CoJaH KEeHIH COoJl YAEYMEH KiaipicCi3 KO3FaJiaJibl.
JKanmer Texeny xoHE yieMeni KO3Faly YakKbIThI t.

a) ABTOMOOMJIB/IIH JKYPIIl ©TETIH €H KbICKA OJIbI S KaHaal 0oJabl?
0) Texeny yakbIThl t; HETe TeH?
B) MammuHaHbIH yaeyl KaHai 00617
T') S KOJJIBIH COHBIH/IA MAITMHACHIHBIH KBUTLAAMIBIFEI U, KaHIal Ooasl
2- ecen (7 0aJw1)

blnran xkapnan jxacanrad ekl KillkeHTail mapuk OepinireH. Maccacel 100
Oipinmi mapuk kexkuekke 60° Oypeim kacan 30 M/C  KbULIAMIBIKIEH
NaKTLIPLUIALL. JKbLIIaMIbIK BEKTOPHI KokHueKKe 45° Gomranma, 01 COKTHIFBICYFa
newin 1,5 ¢ Oolibl Oenriil 6ip OMIKTIKTEH epKiH TYckeH, maccachl 200 T exiHIi
[IAPUKIIEH COKTHIFBICTBI. COKTBIFBIC Ke31HAE KaHIla Kap epil YJIrepeTiHiH
aHbIKTaHbI3. COKTHIFBICTAH KEWiH KaHIAa yaKpITTaH COH OJap jkepre Tycemi?

COKTBIFBICYZIBI  a0COJIOTTI CEpIIMCi3 JeNm KapacThIpbIHbI3. Aya KeaepriciH
eckepmeHi3. A=340000 JIx/kr

3- ecen (8 0au1)

[TapamtoTin mareiH KeJJIIH OeTiHeH 6 M OMIKTIKTE (K©3 JACHIeH1) KaaKbIIl
typ. Kemnnin Tepenmiri 2 M. AjlaM opHajlaCKaH XKEPIHEH TIK TOMEH Cy TYOIHeri
HYKTEICH X=3 METp KaIIBIKTBIKTa KOPIHETIH TepeHIiKk KaHmai? CymblH CBhIHY
kepceTkimi 1,33.

4- ecen (9 0as)
3aT meuiiepi 2 MOJb MHEPTTI OipaTomiabl raz OepuireH (ra3gbl MpoIece
Ke31HJe Wujean Jel KapacThIphIHBI3). ['a3 canmkpiHAaThUIaAbBl. byn mporecte
MOJISIPIABIK KBLUTYCHIABIMABIIBIK C(T) = oT CHI3BIKTHIK 3aHBIHA COMKEC ©3repe/l,
myHaarsl o = 3R/T.
Temmneparypa 227 °C-tan 27 °C-xa neiiin TemeHmereHjge ras KaHIIa >KbLIY
memnmepin Oepeni? CalKpIHIATy Ke31HJE ra3 OpbIHAAN ajnaThlH €H a3 KYMbIC
KaHnai? Ockl )Karaaia OHbl KaHJal Temneparypara JeiiH CaJKbIHAATy Kepek?



QaicTreMeIik 0JI0K

(15 6am)
Byu1 0J10k 0ip-0ipiMeH 0allJIaHBICHI KOK YII TallCbIPpMAJIapJAaH TYPaIbl.
Op TancbipMaga Jpoip TapmMakrapaa Karejaepai (0ap 6oJica) Taybin, oJapabl
TY3€eTill, IYPbIC KayalThl ’Ka3y Kepek.
Eckepry: O3iHi3 0acKa d1icieH HIBIFAPFaH eCeNTiH emyi KadblIaH0auabl.

1- ecen (3 6aJ1)
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dnekTp Ti3beri TisbeKTel KanfaHfaH yw TOK KesieH Typagbl. bipiHwi ke3agiH IKK-i
60B, KanfaH eKeyiHiki apKancbICbl *XUblpMma BonbT, eki KoHaeHcaTop Ci1 = 40 mkd
*oHe C; = 200 mk®d, eki Kepgepri apKamcbicbl 5 Om. KinTTi TyMbIiKTaFaHHAH KeMiH
TisbeKTeri TOK TOKTaabl. TOK  KesiHiH, 6erae  KywTepiHiH  *KYMbICbIH,
KOHAEHCATOp/lapAblH,  3HEepruacblH  TabbiHbI3.  bacTtankblga  KOHAeHcaTopaap
3apAATanmasaH.

Hlemrimi:
1. Tene-TeH1IK OpHaFaHHAH KEHIH:
Uimax=E/2, Usma=E/2 (0,5 6as1)
2. barapes apkpuibl etetiH 3apsan: q=(C; +C,) E (0,5 6am1)

3. KonneHcaTopbIHbIH SHEPTHSCHI:
W,=C,E?/4=40Mx®*100°B?/4=0,1 T ;
W,= C,E?/4 =200mx®* 100°B*4=0,5 JTx (1 6asL1)
4. Tox ke3iHIH Oerme KYLITEpPIHIH XYMBICHI KOHJEHCATOPJarbl 3HEPTUSIAPIbIH
KOCBIHIBICHIHA MPOTIOPLIMOHAT:
Wi+ Wy=0,6 [Ix (1 6aa)



2- ecen (5 0aJs1J10B)

¥3bIHABIFBI OenTici3 cepinmnere UtiHren Maccachl m=400 r )xyk aMruTygacsl A=12
cM >koHe nepuoabl T = 4 ¢ 0onarhiH TIK (BepTHUKaIbh) TAPMOHUKAJIBIK TEpOeIiCTep/Il
xacaiinbl. JKyk TOMEHI1 HYKTere *eTKeH ke3zeri F cepinmneHiH cepniMAUTK KYIIiH
aHBIKTAHbI3.

Hlemnmimi:

bi3 cepinmneniH Ty HYKTECIHE KAaThICThI )KYKTIH KOOPAWHATACHIH OJIIICHMI3 )KOHE
OX KOOpJIMHATAIIBIK OCiH TOMEH OaFbITTANMBI3.

1) CoHpa )XYKTiH Terne-TeH 1K KYH1HIH KOOPAMHATACKI X IIApThl OOMBIHIIA
AHBIKTAJIAIbI;

mg=kx, (1 6aa)
2) Tene-TeH 11K KYHiHIH KOOPAUHATACHIH TaOBIHBI3:

xo=mg/k (1 6aa0)
3) TeMeHri HYKTeneT1 KOOPAUHATAHBI TAOBIHBI3:

Xmax=Xo+tA+1p= mg/k+lp+A (1 6ama)
4) I'yk 3aHbI OO¥BIHIIA CEPINTIEHIH CO3bLTY KYIIII MbIHAFaH TEH:

F=kxXmax= mg+klp+Ak (1 6aa)
5) F cepinneniy cepniMIiniK KyIIiH TaOBIHBI3:

)1/2

XKyxrin Tepbenic nepuoas T= 27 (% oosranaslkTal, k=4 n°m/T?

F=mg+4 m2m(xo+A)/T2=4+4%(3,14)>%0,4*0,42/16=4,4(H) (16a.11)

3- ecen (7 0a/1710B)

DJIEKTPOH OIPTEKTI MAarHUT ©PICIHE YIIIBIT Kipe/i, OHJa HHAYKIHSA O1pTiHACH, oTe
Oasty esrepeni. Unaykius 6%-ra ecce, 3EKTPOH OPOUTACHIHBIH PaINYChl KAHIIIA
naipI3Fa esrepemni’?

[emrimi:
1) Bip aitHanbIM Ke31H/€ AIEKTPOH TPACKTOPUSICHI MIEHOEPTe Te KaKbIH O0JIaIbl.
Conpa Oip aifHaIBIM Ke31H/Ie MBIHAHBI Ka3a aJaMbl3;
maw=qvB; mv/R=qvB; R=m/eB (16asw1)
2) JlopeHI1 KyIili 3JIeKTPOHHBIH JKbUIIaM/IbIFbIHA TIEPIICHAUKYIISP OOJFaH/IbIKTaH,
onl XyMbIc ictemeinai. OpOuta paauycChiHBIH ©3repyl TeK B HHIYyKUMSCHIHBIH

e3repyiHe OalnmaHbICTBl Oomanbl. JKbUITaMIBIK TYpakThl OOJBIT  Kajajbl.
DnekTpoH Ko3rainraH ke3ne DKK maiina 6omasbl

SKK=2nRE=nR2*ABAt:>E=§ AB At (16a11)



3)At = 2nmqB — snekTpoHHBIH OPOUTAHBI TONBIK alHAIYbIHA KETETIH YaKbIT.
MarsutTTiKk epicTeri 3apsiAThIH allHATybIH CBIPTKBIMEH Oipiaei OarbITTa ©31HIIK
MarHuT OPICIH JKaCAWTHIH CaKMHAJIBI TOK PETiHAe KapacTeipyra Oomaapl. CoHma
AJICKTPOHHBIH, OpOUTa OOWBIMEH KO3FAJbIChI HOTHIKECIHJAE mMaijga OoJiaThliH
MEHIIIKTI MarHuT epicl apTajabl >kKoHE OYJI CHIPTKbI OPICTIH OCYIH «KYIIEHII».
Ocpunaiiia, AJIeKTp epici IEKTPOHHBIH KO3FAJIBICHIHA OAFBITTAFAH JKOHE OHBI
OastymaTabl (16am1)

4) DnekTpoHHBIH Oip alHAJIBIMBIHAAFBI KHHETHKAJIBIK YHEPTUSCHIHBIH ©3repyil
AJIEKTP OPICIHIH XyYMbIChIHA TeH Oonanbl: AEkun = (2nR)/qE = quR2 - AB At .
(1 6aa)

5) Ocseinga R sxone At KosambI3, coHIa AEy, /At = Eym /B - AB At . (1 6ama)

6)Ocbinan Ey,./B =apransl, Hemece v 2/B =apTaibl, all 21eKTPOH KbLUIIAMIbIFbIH
op6ura pagmycsl R apkeuiel epaexrenn BR? aHbIKTaliMBI3, 071 1a apTaasl. by
KaKETT1 OpHEK, OJJaH MarHUT OPICIHIH apTyhl JIEKTPOH OPOUTACHIHBIH
PaINyCHIHBIH TOMEHEyiHe oKkenei. bipak paguyc R MarauTTik MHAyKIUSHBIH B!
nopeskecine Toyenai emec, B2 nopexecingeri Toyenainik GoibIHIIA ©3repei,
aFHU Oasy, OyJI MarHUT epiCiHIH O1p Me3Tiiie apTybIMEH 3JEKTPOH
KBUTTAMIBIFBIHBIH APTYhI TYBIHIANUTBI.
(1 6aa)

7) bactanke! epic B ten OonceiH, 6% eckenHeH keitin on 1,06 B-ra TeH Oonmbl,

coman keiiH (R + AR) / R =1/1,06 = R + AR = 0,62R. [lemek AR =~ —0,38R,

SAFHU  DJIGKTPOHHBIH ~ OpOUTANIBIK  paauychl  maMmameH  38%  kemimal

(1 6as)



HexoMMmepyeckoe aknoHepHoe 001eCTBO
«Pecmybnukanckas GuU3NKO-MaTEeMaTHYECKAS IIKOJIA»
AuBapp 2024 1.

VI Mexaynapoanasi oauMnuana no ¢pusuke. Jiura yyuresiei.
IHepssbiii 6510k (30 60as1510B)
3agava. 1(6 6a110B)

ABTOMOOUJIb, ABMKYIIUNCSA CO CKOPOCTBIO Vj, CHaYa1a TOPMO3UT C TOCTOSIHHBIM
YCKOPEHHUEM JI0 OCTAHOBKHM, a 3areM 0e3 3aJepKKH TpOraeTcss C TaKuM >Ke
yckoperuem. Ob1ee BpeMsi TOpPMOKEHUS U IyCKa PaBHO t.

a) KakoB oOmmui myTh S, IPOMICHHBIM aBTOMOOWJIEM, €CJIH 3TO PACCTOSHUE
HAaMMEHbIIIEE U3 BO3MOXKHBIX ?
0) CKOJBKO BPEMEHH JTMIIOCh TOPMOXKEHHE tq 7
B) KakoBa Obliia BeTMunHa YCKOPEHUSI aBTOMOOUIIS?
r) KakoBa Oyznet ckopocTh aBTOMOOMJISL V; B KOHIIE ITyTH S?
3agaua 2. (7 6a,1710B)

Nwmerorest aBa mapuka u3 Mokporo cHera. [lepsoiii mapuk maccoit 100r 6pocunu
co ckopocteio 30M/c mox yrmiom 60° k ropuszonty. Korma BEKTOp CKOpOCTH
cocraBui 45° K ropu30HTY OH CTOJIKHYJCS CO BTOPBIM ImapukoM Mmaccoii 200r,
KOTOPBIA Majall ¢ HEKOTOPOW BBICOTHI B TeueHuu 1,5 c. g0 coymapenus. Haiitu
CKOJIBKO CHEra ycCIIeeT pacTasATh BO BpeMs ynapa. Uepes kakoe BpeMs IIOCIe yaapa
OHM yHaAyT Ha 3eMIII0. YJap CUMTarh aOCOIOTHO HeynpyruMm. ConmpoTUBIECHUEM
BO3/yXa peHeOpeyb.

3anaua 3. (8 0a/710B)

[TapamroTucT 3aBUC HaJl HEOOJIBIIUM 03€POM HaA PACCTOSTHUU 6 M OT HETO J10
NMOBEpXHOCTU(OT ypoBHs 1a3). [mybuna ozepa 2m.UeMy paBHa BUANMAs TIIyOHHA
Ha PacCTOSIHUU X=3 METpa OT OTBECHOM JIMHUM 4enoBeka. [lokazarens
NpeIoMJICHHS BOJIbI paBeH 1,33.

3apauyaNe4(906ai10B)

NmeeTcs HEKOTOpPBIM MHEPTHBIM OJHOATOMHBIM Ta3(ra3 BO Bpems Ipoliecca
CUMTaTh UJCATbHBIM) B KOJTUYECTBE 2 MOJIb. ['a3 oxnaxaaroT. B qanHOM mporniecce
MOJISIpHAs TeIIOEMKOCTh MeHseTcs 1o JnHeitHomy 3akoHy C(T)=aT, roe a=3R/T,.

Kakoe xonm4ecTBO TEIMJIOTHI OTAACT Ta3 B TAKOM IPOIIECCE MPU YMEHBIICHUU
temneparypsl or 227°C pgo 27°C? Kakyl0o MUHHMAIbHYIO pabOTy MOXKET
COBEpPIINUTh Ta3 Npu oxJjaxjaeHuu? Jlo kakoil TemrepaTypbl €ro Hajo MpU 3TOM
OXJIAIUTH?



MeToauuyecKHii 0JI0K

(15 6as10B).

ITOT OJI0K COCTOUT U3 TPeX YacTeil, He CBA3aHHBIX APYT € APYIOM 3aJaHHUIA.
B kaxaoM 3agaHue He0OXOAMMO HAMTH OIIMOKH MO KAKIAOMY IMYHKTY (ecju
OHU MMEITCH), HCIIPABUTH UX U HANIUCATH NPABWIbHBIH OTBET.

IIpumeyanue: CBoii MeTOA pelIeHUs 321241 He IPUHUMAETCS

3angaua 1. (3 0aaa)
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dNeKTpuyecKan uenb  COCTOMT M3  Tpex  WUCTOMHUKOB  COeAMHEHHbIX
nocnegosatenbHo. 31C nepBoro UCTOYHMKA pasBHa 60 B, aBa Apyrnx no ABaguaTb
BonbT Kaxkabi, aBa KoHaeHcatopa Ci= 40 mMK® wmnG= 200 mK®P, aByx
conpotmBneHnm no 5 Om Kaxabin. [locne 3amMblKaHMA KAOYa TOK B LENU
npekpatunca. HalTn paboTy CTOPOHHUX CUA MUCTOYHMKA TOKa , IJHEpPrvio Ha
KoHAeHcaTopax. B Hayane KoHAeHcaTopbl OblIM He 3apAXKeEHbI.

Pemienue:
1.Ilocne ycranoBneHus: paBHOBECHS :
Uimak=E/2, Upma=E/2 (0,5 6asw1)
2.Uepe3s 6arapeto npoitaer 3apsia: q=(C;+C,) E (0,5 6an)

3.OHeprus 3apsikeHHOro KonjaeHncaropa CipaBHa W:

W,=C,E*/4=40Mmx®*100°B*/4=0,1 Ik ;

W,= C,E?/4 =200mx®* 100°B*4=0,5 JTx (1 6asL1)
4.PaboTa CTOpOHHUX CHUJI UCTOYHUKA TOKA MPOMOPIIMOHATIEHA CYMME SHEPI Uil
Ha KOHJIEHCATOpE:

Wi+ W,=0,6 [Ix (1 6am)



3agaua 2. (5 6a/10B)

I'py3 maccoit m 400r., noiBEIEHHBIN HA TPYKUHE HEKOTOPOU JJIMHOM,
COBEpIIAeT BEPTHKAIbHBIEC TAPMOHUYECKHE KOIeOaHus ¢ aMILTUTy10il A=12¢cm u
nepuogoM T=4c. Onpenenure CUIly HaTSKEHUS PYXKUHBI F B TOT MOMEHT, Koraa
rpy3 JOCTUTAET HIXKHEN TOYKH.

Penrenue:

Bynem orcunThIBaTh KOOPAMHATY I'Py3a OTHOCUTEIBLHO TOYKH IOABECA IIPYKUHBI,
KOOpAMHATHY0 ocb OX HallpaBUM BHHU3.

1). Torna koopaMHaTa MOJIOKEHUS PABHOBECHUS IPy3a Xo ONPEAEITUTCS U3
YCIIOBUS:

mg=kx (1 6am1)
2) HaiineM KkoOpAMHATY MOJIOXKEHUS PABHOBECHS:

xo= mg/k (1 6am)
3)Haiinem koopAMHATY B HUKHEN TOYKE:

Xmax=XoTA+lp= mg/k+1p+A (1 6asw1)
4) Ilo 3akoHy I'yka cuna pacTsKeHUs IPYKUHBI IPU 3TOM paBHA!

F=kx .= mg+klj+Ak (1 6as1)

5) Haiinem cuty HaTsKEHUS NPYKUHBI F:
[TocKoJBKY TIEpHOJT KoJieOaHuii rpy3a paBeH 1= 21 (% )2 k=4 m*m/T?

F=mg+4 n?m(xo+A)/T2=4+4*(3,14)>*0,4*0,42/16=4,4(H) (16a.11)

3anauya 3. (7 6a/10B)

DNEKTPOH BIIETAET B OJHOPOAHOE MArHUTHOE TOJIE, IJI€ MHIYKIIUS MTOCTEIEHHO,
OYEHb MEJUICHHO U3MeHsieTcsl. Ha CKOIBbKO MPOLIEHTOB U3MEHUTCS paInyC OPOUTHI
AIIEKTPOHA, €CJIM UHIYKLIHS yBeTu4miach Ha 6%.

Penrenue:

1)B Teuenue omHOTO 000POTA BIEKTPOH BPAIIACTCS IMOYTH IO OKPYKHOCTH.
Torma B TeueHUE OJJHOTO 0OOPOTA MOKEM 3aUCATh:
maw=gvB; mv/R=qvB; R=m/eB (16aw1)
2)Tak xak cwia JlopeHIla MepreHIUKYIIpHA CKOPOCTU 3JIEKTPOHA TO3TOMY HE
coBepiiaetr pabotel. M3menenune pannyca opOUTHI OyeT MPOUCXOIUT TOJIBKO 3a
cuéT m3meHeHus UHaykiuu B. CkopocTh OymeT ocraBarhCsi MOCTOSHHOM. [lpum
JBH>KEHUU 3JIEKTpoHa Bo3HUKaeT JJ[C



91[C=2nRE=nR2*ABAt:>E=§ AB At (16a11)

3)At = 2nmgB — Bpems obpaienus sexTpona 1o opoure. Bpamienue 3apsia
B MarHUTHOM II0JI€ MOXKHO PacCMaTpUBaTh KaK KOJLIEBOU TOK, KOTOPBIA CO3aET
COOCTBEHHOE MArHUTHOE IIOJIE, HAIIPABJIEHHE B Ty XK€ CTOPOHY ,4TO U BHELIHEE.
Torma coGCTBEHHOE MAarHUTHOE MOJIE, MOPOXKAEHHOE JBUKECHUEM DIEKTPOHA IO
opbure, OyleT YBEIMUMBAETCS , U TAM CAMBIM «YCHIMBAET» POCT BHEIIHETO MOJIS.
Takum 00pa3oM, DJIEKTPUUECKOE II0JIE HAMPABIEHO B CTOPOHY JBHMIKEHHS
AJIEKTPOHA U 3aMEJJISIET €T0 (10aJu1)

4)I3MeHeHre KMHETUYECKOW SHEPruu 3a OAMH O00OpOT 3JIEKTpOHA OyJeT paBHO

pabote anexrpudeckoro nossi: AEkun = (2nR)/qE = quR2 - AB At . 1
0aJs1)
S5)loncrasus ctona R u At, Haiiném AE, /At = Eu /B - AB At . (1 6an)

6)Otcrona cienyer, 9To E/B =yBenuuupaercs, umm v /B =yBenuunsaercs, a
BBIpaXKasi CKOPOCTh JIEKTPOHA Yepe3 paauyc opouTsl R, momyunm BR?
YBEIIMYUBACTCS. DTO ¥ €CTh HCKOMOE BBIPAXCHHE, U3 KOTOPOTO CIIEIYET, YTO
YBEJIMYCHUE MAaTHUTHOTO OISl IPUBOAUT K YMEHBIIICHUIO PaInyca OpOUTHI
snexrpona. Onnako R m3mensiercs ne kak B!, a kak B™2? | 10 ecth Mennennee,
YTO BBI3BAHO YBEJIMYCHHEM CKOPOCTH 3JIEKTPOHA C OTHOBPEMEHHBIM YBEIIMUECHUEM
MAarHUTHOTO IOJIS. (1 6aswL1)

TIlycts ucxogHoe noae Obuto paBHO B, mocne yBenuuenus Ha 6% OHO cralio

pasabiM 1,06 B, Torna (R + AR) /R =1/1,06 = R + AR = 0,62R. 3nauut AR =

—0,38R, TO ecTh paguyc OpOUTHI AIEKTPOHA YMEHBIIWJICS MPUOTUZUTEIHHO Ha

38% (1 6amn)
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