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3aKJIYUTEIbHbIN 3TaN
11 kaacc

3agaua 1. (196.) Bpycok Maccel /m JIGKHT Ha HAKJIOHHOW IUIOCKOCTH, 00pa3yrolied yroi o ¢
ropu3oHTOM. Kakyro MUHHMaIbHYIO CHTy F HYKHO TIPHIIOKUTh, YTOOBI TEJIO CABHHYIIOCH C MECTa,
€CJIM MOXHO TPHIIOKUTH €€ IO/ ONTUMAIILHBIM YIJIOM B IUIOCKOCTH pHUcyHKa. Koaddunment
TPEHUs] MEXTy OPYCKOM M TUIOCKOCTBIO [1. BHEIIHSS cHiia IPUIIOKEHa TaKUM 00pa3oM, 4To OpycoK
JIBIDKETCSI TOCTYTIATEIHHO.

3agaua 2. (186.) Tonkas coOwuparolias JIMH3a JBHXKETCS BJIOJb CBOEH ONTHYECKOM OCHU B

HaIpaBJIeHUH CTATHYHOTO UCTOYHUKA CO CKOPOCTHIO V. ICTOUHHUK PacIioyIoKeH Ha ONTHYECKOH OcH _A
mua3el. DOKycHOe paccTosHue IWH3bI F. Kakylo MrHOBEHHYIO CKOpPOCTh OyJeT WMeTh < v
n300paKeHUE MCTOYHMKA B JIAOOPATOPHOM CHUCTEME OTCYETa, €CIM B MHTEPECYIOLUIMA HAC MOMEHT T<—>
paccTosHUE OT UCTOYHHUKA 0 TUH3BI L > F. L M
Vkazanue: (1 +x)Y =1+ yxnpux < 1.
3agaya 3. (206.) Ha koHmax HeBECOMOTO  pblyara | 7 T |
pacloiokeHsl TOYEYHBIE MAcChl m; WU m; U TPUKPEIUICHBI - m3
HEBECOMBIC MPYKUHBI XKECTKOCTBIO k; U k> PaccrosHus or = =
KOHIIOB pbluara 0 TOYKH ONOPHI PaBHbI /; U [, COOTBETCTBEHHO. % k) /\~§
= =

JTiHBI IPY>KUH B HelepOPMUPOBAHHOM COCTOSIHUH 1TOI00paHbI TAKMM 00pa30M, YTOOBI phlYar HaXOAWICS B pABHOBECUH
B TOPH30HTAJHHOM IIOJIOKEHHH. HaliTH 4YacToTy Mallbix KolieOaHW phldara rociie HeOOJBIIOro OTKIOHEHHS €ro OT
rOpU30HTaIM. Pplyar B mpouecce KkoineOaHM HE OTPHIBACTCS OT TOYKH OMOPHL. JIMHBI NPYXKHUH MHOTO OOJjblIe
aAMIUTUTY 1Bl KOJICOaHU.

3agaua 4. (21 6.) [IpoBonsmas nmepeMbIuka CKOJB3UT MO V 00pasHOMY MPOBOISLIEMY KOHTYPY W3

OJTHOPOAHOM MpoBoNOKH. [lepemMbIuka MBIKETCS TaKUM 00pa3oM, 4To V 0Opa3Hblii KOHTYp BMeECTe C

Hell 00pa3yloT paBHOOCIPEHHBIN TPEYTOJIBHUK, CTOPOHBI KOTOPOTO YBEIMYUBAIOTCS CO BpeMeHeM. B —
HaYaJbHBIH MOMEHT BPEMEHHM Iomanp TpeyroiapHuka paBHa 0. IIpoBOJHMK M mepeMbluKa MMEIOT Bo
OJIMHAKOBOE CONPOTHUBIICHNE HA €AMHUIYY JUIMHBL. CHCTEMa HAXOAUTCS B MOCTOSHHOM M OJHOPOIHOM / \Lﬁ \

MarHUTHOM TI0JI€, TMEPICHIUKYJIIPHOM MPOBOAIIEMY KOHTYpY U mepeMbluke. CoNnpoTHUBICHHEM

KOHTAKTa MEePEMBIYKH U TPOBOIHUKA MTpeHeOpedh. HAYKTUBHOCTEIO KOHTYpa MpeHeOpeyb.

a) (15 6.) Ilpu kakoit 3aBUCUIMOCTH CKOPOCTH TEPEMBIYKH OT BPEMEHHU TOK B KOHTYpE OYyJeT OCTaBaThCS MOCTOSHHBIM?
(PexoMeHTyeTcsl Ha4aTh ¢ 3TOTO BOTIPOCA)

0) (+6 0.) [Ipu Kakoi 3aBHCHMMOCTH CKOPOCTH IEPEMBIYKH OT BPEMEHH TEILIOBAas MOIIHOCTh, BBIAEISACMast KOHTYPOM,
OyIeT moCTOSTHHON ?

B 000ux ciay4asx JOCTaTOYHO MPEACTaBUTh XOTS ObI OJTMH BHJI 3aBUCUMOCTH CKOPOCTU OT BPEMEHH.



3agaua 5. (22 6.) YeTslpe OIMHAKOBBIX pe3UCTOpa COCIMHEHBI KaK TMOKAa3aHO Ha PHUCYHKE (CM. pHC. a), M 3alasiHbl B
JTUDJICKTPUUECKUA KyO C BHICOKOW TEIUIONPOBOAHOCTBIO. [10MyUYMBIIMIACS YETHIPEXMOMIOCHHUK MOJKIIOYAIOT ¢ TTOMOUIBIO
COEIMHUTENbHBIX IIPOBOJIOB, CONPOTUBICHHE KOTOPBHIX IPEHEOPEKUMO Ma0 IO CPaBHEHUIO C CONPOTUBICHUEM
pes3ucTopa, BO BCEX CiIydasix K OAMHAKOBOMY MICaIbHOMY UCTOUHHUKY HanpspkeHus. llpu moaximtodeHnu K kiiemmaMm A u
B uepe3 ucrounuk mpotekaet Tok /; = 1.00 A (cM. puc a). [Ipu noaxmoyennu k kiemmam A u BC —tok ,=1.25 A (cm.
puc. 0). Kakoit Tok OyneT mpoTekarb depe3 MCTOYHHUK, €CIH MOAKIIOYNTh ero K kiemmam AD m BC (cMm. puc. B)?
ComnpoTuBiieHHE PE3UCTOPOB 3aBUCUT OT TEMIEpaTrypsl IO JMHEHHOMY 3akoHy. CuuTarh, 4TO H3-32 BBICOKOH
WHTCHCUBHOCTH TEIJIOOOMEHA BHYTPH IUIJICKTPUYECKOr0 Ky0a M0 CPaBHEHUIO C TEIUIOOOMEHOM Ky0a ¢ OKpYyKaromeh
CpeloH, TeMmIeparypbl pe3UCTOPOB MPAaKTUYECKH PaBHBI MIPU JIIOOOM BapHaHTe MOAKIOYeHUs. Temmneparypa u mpodue
napaMeTpbl OKPYXKaroLIel Cpeabl BO BCEX CIydasx OAMHAKOBHI. PaguanuoHHbIM TemiooOMeHoM npeHebpeus. Bee Toku B

3a/1ade MoIpa3yMeBar0TCs yCTAHOBUBIIMMUCS (depe3 MPOJOIDKUTEIHHOE BPEMS MOCTE TTOAKITFOUEHHS ).
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Problem 1. (19 points) A bar of mass m lies on an inclined surface forming an angle o with the
horizon. It is possible to apply the force F at the optimal angle in the plane of the figure. What is
the minimal value of the force F' that is necessary to move the body? The friction coefficient
between the bar and the surface is . The external force is applied in a way that the bar moves
translationally.

Problem 2. (18 points) A thin converging (collecting) lens moves with velocity v along its
optical axis towards a static light source. The light source is located on the optical axis of _A
the lens. The focal length of the lens is F. The distance from the light source to the lens at v
the moment of interest is L > F. What is the instantaneous velocity of the image in the
laboratory frame of reference? Note: (1 + x)¥ = 1+ yx at x<1.
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Problem 3. (20 points) At the ends of a weightless lever there
are point masses m; and m, and attached weightless springs with
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stiffness k; and k,. The distances from the ends of the lever to
the fulcrum are /; and /,, respectively. The lengths of the springs
in an undeformed state are chosen so that the lever is in

Lty
ooty

A
equilibrium in the horizontal position. Find the frequency of
small vibrations of the lever after its small deviation from the horizontal position. The lever does not move away from its
fulcrum in the course of the oscillations. The lengths of the springs are much longer compared with the amplitude of the
oscillations.

Problem 4. (21 points) A conductive jumper slides on a V-shaped conductive contour made of
homogeneous wire. The jumper moves in a way that the V-shaped conductor together with jumper
forms an isosceles triangle circuit, the side lengths of which increase with time. At the initial
moment the area of the triangle is 0. The conductor and the jumper have the same resistance per B

. . . . . ®
unit length. The system is located in a constant and homogeneous magnetic field B perpendicular
to the plane of the conducting circuit and jumper. The contact resistance of the jumper and the / \L

conductor is negligible. The inductance of the circuit is neglected.

a) (15 points) Find the dependence of jumper velocity versus time when the current in the circuit

remain constant. (It is recommended to start with this question)

b) (+6 points) Find the jumper velocity versus time when the thermal power emitted by the circuit is constant.
In both cases, it is sufficient to present at least one type of dependence of velocity versus time.

Problem 5. (22 points) Four identical resistors are connected as shown in the figure (see Fig. a), and soldered into a
dielectric cube with high thermal conductivity. The resulting quadrupole is connected with connecting wires, whose
resistance is negligibly small compared to that of the resistor, in all cases to the same ideal voltage source. When
connected to terminals A and B, a current /; = 1.00 A flows through the source (see Fig. a). When connected to terminals
A and BC, current I, = 1.25 A (see Fig. b). What current will flow through the source when it is connected to terminals
AD and BC (see Fig. ¢)? The resistance of the resistors depends on the temperature according to a linear law. Consider
that because of the high intensity of heat exchange inside the dielectric cube compared to the cube's heat exchange with
the environment, the resistors' temperatures are almost equal at any connection option. The temperature and other
environmental parameters are the same in all cases. The radiative heat transfer is neglected. All currents in the problem
are assumed steady-state (after a long time after connection).
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