ONMMNUALA WWKO/IbHUKOB «MOKOPU BOPOBbEBbI FOPbI!» no PU3SUKE
3AK/TIIOYUTE/IbHbIN (PUHA/IbHDBIN) 3TAN 2016 roaa

BUNET Ne 02 (COYM, 10-11 Knaccbl): BO3MOXKHbIE peLueHuUn

3ananmue 1:
Bonpoc: /[Be ynpyrue ogHOpOJHBIE MIAHOBI, CKOJIB3UBILIKE MOCTYNATENBHO IO INIaJKOMY JIbIY,
CTOJKHYJUCH. [Ipy KakuX ycnoBUsX MOCIIE yaapa OHU TaKKe OyayT ABUIAThCS OCTYNATENbHO?
3anaua: J/IBa oAMHAKOBBIX YIPYrux Kojedka paguyca R ¢
[IEPOXOBAaTOW OOKOBOM IOBEPXHOCTBHIO CKOJB3AT HABCTPEUy JApYr
JIpYTy O TJIaJKOH TOPU30OHTAIbHOU MOBEPXHOCTU C OJIMHAKOBBIMH I10
BEJIMYMHE CKOPOCTAMHU V. JIMHUM JBHXKEHUS LEHTPOB KOJIEYEK

MPOXOMASAT IO KacaTeabHOM K HUM (cM. pucyHOK). [locie ynapa onu
v . .
Hayajld BPALIaThCsl C YIJIOBBIMH CKOPOCTAMU @ = ﬁ Haiitu BenuumHy CKOpOCTEH IBUKEHUS

LHCHTPOB MACC KOJICYECK IIOCJIC yaapa.

Oter Ha Bompoc: [1aii0b He HAYHYT BpAIIATHCS, €CIM MOMEHTBHI CHJI MX B3aMMOJCHCTBHSA
OTHOCUTEJIBHO LIEHTPOB Macc (KOTOpbIE COBMAJAIOT C I€OMETPUYECKUMHU LEHTpaMM, TaK Kak
maif0bl OJHOPOJAHBI) OyIyT paBHbI HYJIIO. DTO YCIOBUE LEHTPaJbHOCTU coydapeHus. OHO
3aBEJIOMO BBINOJHsETCA NpU JoOoBoM ynape. IIpu kocom ymape HEOOXOIUMO, YTOOBI CHIIBI
B3aMMOJICHCTBUS 11ail0 ObUIM HAIIPABJIEHBI 110 UX PaJNycaM, TO €CTb OOKOBBIE IOBEPXHOCTH 11ail0
JIOJKHBI OBITH [NIaJKUMH.

MakcuMajibHasA OLeHKA: S 0aJ10B.

Pemenne 3agaun: PaccMoTpuM reomertpuio yaapa konell. Mcrnonb3yem JeKkapTOBbI KOOPAMHATHI
(X,y), mpuyeM OChb X HaIpaBUM BJOJb
psIMOM, MPOXOJAIICH uyepe3 LEeHTPhl Kojell B
MOMEHT yZapa, a OCb Y — HEepPIEeHIUKYISIPHO
eil. Kosbplia B3aMMOIEHCTBYIOT IOCPEICTBOM
MapHBIX CHUJI HOPMAJIBHOW peakiuu (BeIUYrHA
N, HampaBlieHbl BIOJIb OCH X) U TpPEHHUS

(Benmumna F ., HampaBieHbl BIOTL OCH Y ).

Bpamenue  konen,  MOSIBIAETCS  TOJBKO
Onmarojaps cuiiaM TPEHUs, TOITOMY JBIKEHUE
BJIOJIb OCH X IIPOUCXOAUT HE3aBUCUMO OT
BpallleHUs] U JIBIXKEHUS MO OCH Y, TO €CTh KaK MpU OOBIYHOM YIPYrom J000BOM yaape Tem

OJIMHAKOBOM Macchl. BBegem 0003HaYCHHS: nyCcTh M — Macca KaXxXJaoro 13 KOJell, \70 - CKOpPOCThb

«TIEPBOT0» KOJIBI[A JI0 YAapa, V - ero CKOPOCTh Mociie yaapa (M3 CHMMETPUHU CUCTEMBI SIH 3aKOHA
COXPAaHEHHUs MMIIyJIbCa SICHO, 4YTO CKOPOCTH «BTOPOro» Koiblma — 310 —V, U -V

COOTBETCTBEHHO), @ - YIJIOBbIE CKOPOCTU KOJIELl Hocie yAapa (CoydapeHue HEUEHTPAIbHOE, U
3a CYeT CHJ TpeHMs 00a KOJbIla HAYHYT BPAIIATHCS 110 YAaCOBOW CTpelNKe). YToul Mexay V, U

. T
OCBI0 X azarCSIn(ﬁJ:E. Torma w3 aHanm3a JABWKEHUS MO OCH X CIEAYeT, YTO

3
V, =—V, CoOSax = ——V,. HpOGKHI/ISI CKOPOCTH NEPBOI'0 KOJbIA HA OCh Y YMCHBIIACTCS 3a CUET
2

JNENCTBUS CUJIBI TPEHHUS, M 3Ta K€ CHJIa M3MEHSET CKOPOCTh BpallleHUs 3TOro koijbla R .
3aMeTHUM TaKKe, 4TO IPU «Pa3rOHE» BPAILLEHUS BCE MAacChl KOJbIA JBUTAKOTCS BOKPYT LIEHTPA C
OJINHAKOBBIMH CKOPOCTSMHU U YCKOPEHHUSIMH B JII0001 MOMeHT BpemeHH. [loaTomy:



mv, —mv,sina =-F_ - At A
mRo =F, - At 4

(3mecb At - NIUTENBHOCTb BPEMEHHU CKOJIBKEHUS KOJIELl JPYT IO JAPYry). 3HA4YWUT, BEIMUYMHA

=V, =V,sina —Rw =

— - <13
CKOpPOCTH LIEHTpa MacC IEpBOro KoJjbLa V= Vf +Vf, =TV0 . ﬂCHO, 4YTO Yy BTOPOI'O KOJIbIAa

CKOpPOCTB TaKas Ke€.

J13

OTBET: v, =v, =Tv0.

MakcumaiabHas onenka: 20 6aj110B.

3aganue 2:
Bomnpoc: VneanbHblii ra3 yuacTBYeT B IIPOLIECCE, B KOTOPOM €ro TeMIlepaTypa U3MeHsAeTcs OT T
2
T
n0 STy, a rpapuk 3aBUCHMOCTH NaBICHUs OT TeMIeparypbl — mapaboma p=po|l+—-
4T
0

[In0THOCTB ra3za B KOHIIE IIpoLIecca paBHa Py . YeMy paBHa MMHMMaJIbHAs IUIOTHOCTB ra3a B 3TOM
mporecce?

3apava: IlocTossHHOE KOJMYECTBO TENHS SBISCTCS PabOYuM TeIoM
TEIUIOBOM MAIlIMHBI, LUKJI KOTOPOM B KOOpJAMHATaX <«JIaBJIECHUE-
IJIOTHOCTh» NOKa3aH Ha pucyHke. Haiitu makcumansHoe KIIJ[ sToit
TEIJIOBOM MaluHbl (T.€ B MPEHEOPE)KEHUH BCEMH IMOTEPSIMHU, KpOMe
nepefayd  TeIula  XOJOAWIBHUKY). KpUBONMHEHHBIM  y4yacTOK
JMarpaMMbl — rurepoosia pp =const .

OtBer Ha Bonpoc: [1I10THOCTb UAEATBHOrO ra3a MOKHO CBSI3aTh C JIaBJICHUEM U TEMIIEPATypoll ¢

. . . m o up
OMOIIbI0  ypaBHeHHsT Menpeneesa-Knaneiipona: p=—=-"—. CnenoBarejbHO, B 3ITOM

V RT
up, | 2T, T
nporecce p(T) = + . [locKOJIbKY MUHHUMAaIbHOE 3HAYEHHUE BEJIIMYUHBI X + —
2RT,| T 2T, X
paBHO 2 (mpu X =1), n 3Hauenue T = 2T, momajzaeT B MHTEPBAJ TEMIIEPaTyp Hpolecca, TO
A Pg 29 P 20
. =~—— [IIIOTHOCTH B KOHIIE ITpoIecca =—"—=, [I03TOM == Py
pmln RTO p pK 20 RTO Yy pmln 29 pK

MakcuMajJbLHasg OLeHKAa: 5 0aJ1710B.
Pemenue 3apaum: VYg00HO mepelTH K KOOpAMHATAM JIaBJIICHHE-O0BEM: B paccMaTpUBAEMOM

LIUKJIE OJIMH M3 IPOLECCOB — M30XOPHOE OXJIaXKJeHHe, APYroi — m300apHOE cxaTue, a TPeTHid
IpoIecc COOTBETCTBYET B KOoOpAMHaTax P—V auarpamMme B BUE HPSMOM, IpoXonsiiel depes3

P

Ha4YaJI0 KOOpJAWHAT: \7:C0nst (CM. PUCYHOK, Ha KOTOpPOM BBCIACHO

m
obo3Hauenue V, = ——, M— Macca renus). B Takom npouecce yao6Ho
Po

1 Vo 2V,
BBIYUCIIATH pabory A= > PV, U TEmIoTy, OTAAHHYIO XOJOJUIBHUKY

(3T0 cymMma KOJIMYECTB TEIUJIOTHI, OTBEJCHHOW OT Tra3a B HM30XOPHOM U U300apHOM

3 5 11 A 1
HpOHeccaX) QX = E 2V0 Py + E pOVO = E pOVO . 3Ha‘II/IT, n= W = E ~ 8,3% .
OTBET: n=—2 -1 .83,
A+Q, 12



MakcumaabHag ouenka: 20 0aJ1J10B.

3aganue 3:
Bonpoc: Kak MoxeT nBUTaThCs 3apsoKeHHAs YacTUIAa B OJHOPOJHOM U MOCTOSIHHOM MarHUTHOM
oJie (€Cau APYTrux CUJIOBBIX MoJiel HeT)? OnuuImTe Bce BO3MOXKHBIC CITyYaH.
3agaya: Y3Kuil My4OK MOHOB C OJMHAKOBBIM 3apsiioM, HO C HEMHOT'O
pa3IMYaIONMMUCS MAacCaMH HAMpPAaBISIOT B 00JIACTh LWJIHHIPHYECKON 4
dbopMbI, B KOTOpPOHM CO3IaHO OJHOPOJHOE MAarHUTHOE TMoOJe, - *
HaNpaBlIieHHOE MO OcH IIIKMHApPa. CKOPOCTh MOHOB MEPIECHANKYISIPHA \. ®B .
stoii ocu. Ilocme mnpoxoxaeHus o00JACTH MYYOK OTKJIOHWICS OT Dbt
HaIpaBJIeHUs] IEPBOHAYANILHOTO JIBIKEeHUsT Ha yron o =30° u y Hero
MOSIBWJIACh PAacXOAMMOCTh € yriioM Ao ~0,6° (HayaybHas pacXxoJIUMOCTh OblLIa MPEHEOPEIKUMO

MaJia TI0 CpaBHEHHMIO ¢ 3T0#). HaiiTu (B mporieHTax) pa3opoc Macc HOHOB mmydka (Am/m=7?).

OTtBer Ha Bompoc. B MarHuTHOM mosie Ha yactumy aciictByer cuia Jlopenna F =q[V x B].

ITosToMy, ecau 4YacTHLa JBHXKETCA BJOJb IOJS, TO 3Ta CHJIA paBHA HYNIO, M yacTHLa Oyner
JBATATbCA PAaBHOMEPHO M IpsAMOiMHENHHO. Ilpu faBMKEeHMM 4YacTUUbl B INIOCKOCTH,

MEPHeHIUKYIApHOM B, nBkeHue sBNsSETCS pPaBHOMEPHBIM BpAIICHUEM [0 OKPYXKHOCTH —
MOJAYJb CKOPOCTH M MHAYKLMS TOJS TMOCTOSHHBI, U TO3TOMY IOCTOSIHEH MOJYJIb YCKOPEHHS,
KOTOpPO€ HAMpaBJCHO MEPHEeHIUKYIIPHO CKOpocTH. Eciu jxe cKopocTh 4acTHIlbl OYAEeT UMETh U
COCTABJISIIONIYI0, TApaUICNbHYIO TIOJII0, W COCTaBISAIONIYIO0, TEPHEHAMKYISAPHYIO IO, TO
IBUKEHHE OyAeT KOMOMHalMeW ABYX pa3o0paHHBIX, TO €CTh 4YacTUlla OyJdeT IBUTAThCS IO
BUHTOBOU JIMHHU.

MakcumMajbHas OlleHKa: 5 0aJ1710B.

Pemenne 3agauun: Ilycte (—3apsan kxaxnporo woHa. [log neiictBuem cuibl JlopeHia MOHBI

ABUTAIOTCA IO OKPYKHOCTH, PAAUyC KOTOpOﬁ OIIpEaACIACTCA U3

YpaBHCHHUA AJId HGHTpOCTpCMHTGJIBHOfI KOMITOHCHTBI YCKOPCHHA:
2

m VE =qvB=R= m—I;/ (v — ckopocth HOHOB). M3 mocTpoeHust
q

BUJIHO, 4YTO Yrojd OTKJIOHEHHsS HOHA IIpU IPOXOKIECHUU
- UWIMHIPUYECKON o0jacTu paauyca I ¢ MarHUTHBIM IOJIEM

a r qBr
omnpenensercs u3 cootHomenus tg| — |=—=——. M3menenue
2) R mv
A Br 1
9TOr0 yIJla IPU MajoM M3MEHEHUU Maccel: Al tg (zJ ~ 20{ ~ 3 (——ZjAm. Tak kak
2 2cos“(al2) v m

3HaK M3MCHCHHSA HaM HC BaXXCH (3HaK «MHUHYC» 3ICCh IMPOCTO IMOKA3LIBACT, YTO YBCIIMYCHUC
MAacCCbl COOTBETCTBYCT YMCHBUICHUIO erIa) , HepenumeM 3TO COOTHOUICHHUEC B  BHUAC

gBr Am a \Am Ao Am  Aa
———=lg| |-~ ,0kyna —~———~21%.
mv m 2) m  2cos’(«l?2) m  sin(@)
OTBET: 21~ A% 9105,

m  sin(«)
MaxkcuMajbHag onenka: 20 0a/110B.

3ananmue 4:
Bomnpoc: B kakom ciyuyae IBOSKOBBIMYKIIAs TOHKas JIMH3a MOXET SIBISTHCS PaCCEHBAIOIICH ?
OtBeT 000CHOBATH.
3apmaya: HeOompmmas namma moaBemieHa Ha BbicoTe H =18m Hag ropu3oHTAIBHON
MOBEPXHOCTHIO CTOJNIA. MEXy JTaMIOM M CTOJIOM MOMECTHWJIN JIMH3Y, ONTHYECKas CHJIa KOTOPOi
D =2,5anTp, TakuM 00pa3omM, 4TO Ha CTOJIE HAOIIOJATOCh YETKOE M300paKeHUE HUTH JIAMITHI



(TIIOCKOCTh JTIMH3BI TOPH3OHTANIbHA). JIMH3Y TIepeMecTHI BHHU3 Ha pacCcTOsTHWE N, W 0Ka3aioch,
YTO U B 3TOM CJIydae Ha cTojie HaliromaeTcs yetkoe n3zoopaxenue Huru. Haiitu h .

OTtBer Ha Bonpoc: Ha 00enx MNOBEPXHOCTSAX JIBOSKOBBIMYKJION JIMH3BI, ITOMEIICHHOW B

OJJHOPOJHYIO IPO3paYHYIO cpeny,

_T_P_’_'_/_r _____ IIapAaKCUAJIbHBIA CBETOBOM JIyd NPEJIOMIISETCS B

\\\ OJIHy CTOPOHY: HAaKJOHAETCA K OCH, €ClU
II0Ka3aTellb IPEIOMIICHHS CPE/Ibl MEHBIIE, YEM

MOKa3aTelb MPEJIOMIICHUS BEUIECTBA JIMH3bI, U OTKJIOHSAETCS OT OCH B MIPOTHUBOIIOJIOKHOM CIIydae
(cm. pucyHok). Takum 00pa3om, TBOSKOBBIITYKJIAs JUH3a MOXKET ObITh pacCEHMBAOIICH, €CITH OHA
MoMeIIeHa B Cpejly, ONTUYECKH 00Jiee MIIOTHYIO, YEM BEIECTBO JIMH3HI.

MakcuMajbHas OlleHKa: 5 0aJ1710B.

Pemenue 3aavuM. HYCTB X — BBICOTA PAa3MCLICHU JIMH3bI HaJ IIOBEPXHOCTBIO CTOJIA. Torz[a
pacCToOAHUE MEKIY JIAMIION M JTUH30M PaBHO H-—x , 1 YETKOC I/I306pa)KeHI/IC HUTHU Ha6J'IIOI[aeTC$I,

. 1 1
ecnd (B COOTBETCTBUU C (OPMYJON JIMH3BI): —+H—: D , oTkynma cieayeT ypaBHEHHE
X - X

2
X —HXx+ B =0. ﬂCHO, YTO MU BBICOTA HA4YaJIbHOI'O, 1 BBICOTA KOHCYHOI'O ITOJIOKCHUS JIMH3bI

AOJIKHBI YAOBJICTBOPATH 3TOMY KBAAPpAaTHOMY YPAaBHCHHIO. HOBTOMY 9TH BBICOTBI €CTb HE€ 4YTO
HHOC, KaK JIBa KOpH:A 3TOTO YPAaBHCHUA. Benmuuna NEpEeMCIICHUS JTUH3BI ABJIACTCA Pa3HOCTHIO
ABYX €ro KOpHCﬁ. 3Ha‘II/IT, OHa paBHa KOPHIO KBaJApaTHOMY M3 AJUCKPHUMHUHAHTA YPABHCHUS:

h=_H? —4% =JHMH-4D1) =0.6Mm.
OTBET: h=yH(H -4D ) =0.6m.

MakcumaiabHas onenka: 20 6aj10B.

NUTOI'O MAKCUMAJIBHAS OLHEHKA 3A PABOTY: 100 6axnos.



