ONMMMNUALA WWKOJ/IbHUKOB «MOKOPU BOPOBEbEBbI FOPbI» no PUSUKE
3AK/TIIOYUTE/IbHbIN (PUHA/IbHDBIN) 3TAN 2016 roaa

BUNET Ne 04 (CAPATOB, 10-11 knaccbl): BO3MOMKHbIe peLueHus.

3ananue 1:
Bonpoc: B kakux ciydasx [EHTp TSKECTH TBEpJAOro Tena (T.e. TOYKA MPHIOKCHHUS
PaBHOICHCTBYIOIIECH CHIT TSKECTH) COBIAACT C €ro EeHTPOoM Macc? OTBET OOBSCHUTS.
3agaua: «['aHTENb» M3 JIETKOTO JKECTKOTO CTEP)KHS M JIByX MAaCCHBHBIX MAJCHBKHUX IIIAPHKOB

OJIMHAKOBOTO pajiyca IMOJIOKWIH B TIIAJKYIO SIMy B BHJE MPSIMOTO
JIBYTPAaHHOTO yIja, OJHA M3 IUIOCKOCTEH KOTOPOTO COCTABIISIET YIoJl
o =30° ¢ ropuzonToM. OKa3ajJioCh, YTO TaHTEIh HAXOAWUTCS B
PaBHOBECHH, €CIIM OTHOLICHWE pPACCTOSHHUI OT MIAPUKOB [0

)
AN

OTtBeT Ha Bonpoc: B ogHOpoaHOM T0J1€ TsKECTH. JleMCTBUTENBHO, paBHOACHCTBYIONIAs CHIIa JOJIKHA
OBITH paBHA CyMME COCTABJISIONIMX CHJI, © €€ MOMEHT OTHOCHUTEIBHO BHIOPAHHOW OCH JIOJDKEH OBITh
paBeH CyMME MOMEHTOB COCTaBJISIFOIIMX cuil. Eciiv HampaBUTh OCh X TOPU30HTAIBHO, @ OCb Y —

a .
BEpLIMHBI yIila b =n = 3. HaliTu OTHOIIEHNE MACC MAPUKOB.

BEePTUKAIBbHO (MO HampaBieHHIO (), U pa3dOUTh TelNO Ha «MaTepuajabHble TOYKHU», TO CYMMAapHBIN

MOMEHT CHWJI TSXKECTH, ACUCTBYIOLIMX HA 3TU TOYkU, M = Zmi g-X = mei Xy =Mg - X, , TAC M -

macca Teia, a XllM - KOOpAuHaTa €ro HeHTpa Macc. Taxum 06pa30M, B OAHOPOAHOM IIOJIC TAKCCTU

TOYKOM MPUIIOKEHHS PABHOJICHCTBYIOMIEH CUJI TSKECTH IEUCTBUTENIBHO SIBIIAETCS €r0 LIEHTP Macc.
MakcuMajJbHas OlleHKa: 5 0aJ1710B.

Pemenne 3agaun: B cocTosHMM paBHOBECHS CyMMa MOMEHTOB CHJI TSKECTH M CHUJI HOPMAJIbHOMN
peakiyy, IeHCTBYIOIUX HA FaHTEeNb, J0JKHA ObITh paBHa Hym0. Ecnu
CUMTAaTh MOMEHThl OTHOCUTEIBHO TO4YKM (), Haxojsuleics Ha
[IEpPEeCeUCHUN JIMHUI JEHCTBHS CHJI HOPMaJbHOW peaklMH, TO
CTAaHOBUTCS SICHO, YTO U MOMEHT CHJIbI TSDKECTH OTHOCHUTEIBHO 3TOMN
TOUYKU JIOJDKEH OBITh PaBEH HYJIO, U MO3TOMY JIMHUS JEUCTBUS CHIIBI
TSKECTH (@ 3TO BEPTUKAJIb, MPOXOJAIIAS Yepe3 LIEHTP MacC T'aHTENH)

m, |AC|
JIOJDKHA TIPOXOUTH Yepe3 TOUKy O. 3HAuuT, EHTP Macc TaHTeNn HaxoauTcs B Touke C, 1 —= = @
ml
[Tycte BenuuuHa yria OCB = p. Torma, NOCKOJIBKY COB=a, 10 M0 TEOpEME CHHYCOB
in in 2)—
|BC|= aS!—w[). Amnanoruyso | AC |=b 3! (_(ﬂ/ )-) =D Cst(a)
sin(f) sin(z — ) sin(p)

M, =Ectg(a)=3\/§z5,2.
m a

1

. CJ'Ie,ZLOBaTeJ'IBHOI

m
Otset: —% = b ctg(a) =33 ~5,2.
m a
MakcuMajbHag onenka: 20 6aj10B.

3ananmue 2:

Bomnpoc: B repMmernyHoM OaiioHe HaXOASTCS OJMHAKOBBIC KOTUYECTBA renus M HeoHa. CHapyku
OaimoHa — atMocdepa u3 azota. B crenke 6anmona nmpokosnoan HeOombinoe orBepeTre. KomndecTro
KaKoTro M3 razoB (Teus UiIu HeoHa) OyeT Ooblie CIyCTsl HeOOIbIIoe BpeMs ociie 3TOro?

3apmaya: BeprukanpHas Thagkas TpyOKa C 3amasHHBIMA KOHIIAMH pa3jielieHa Ha JIB€ YacTH
MajeHbKOW Kamued pryru. Haj kxaruieil HaXoQuTcs HEOH, MOJA HEW — Tenuil (ra3bl HEe MPOHUKAIOT
MUMO PTYTHOU «IIPOOKHUY»), MPUYEM MACChl Ta30B OJIMHAKOBHI. V3HaYanpHO Karjis HaXOAuJIach TOYHO
nocepeAnHe TpyOku. Bo CKONBKO pa3 HYKHO yBENIWYUTH aOCOITIOTHYIO TEMIEpaTypy ra3oB, YTOOBI
KaIuis cTaja JAeIuTh 00beM TPYOKH B COOTHOLIEHUH 1:27



OTtBer Ha Bompoc: HeoHa. YMeHblIEHHE KOJMYECTBA Ta3a 3aBUCHT OT TOrO, CKOJBKO €ro MOJICKYJI
ycneno HOKI/IHYTB 68.JI.IIOH. KOJII/I‘-IGCTBO BBIJICTCBIIINX 3a MaJIOoC BpCMSI MOJICKy.]I, B CBOHO 0qepem>,
3aBUCHUT OT IUIOMIAM OTBEPCTHS, KOHIIEHTPAIIMH U CKOPOCTH MOJEKyJ. JIJisi IByX ra3oB WM3HAYAIBLHO
COBMAJIAIOT BCE OTU XAPAKTEPUCTUKH, KPOME CKOPOCTEH MOJIEKYJ — TaK KaK MOJIEKYJbI Tenus Oosee
JIETKWE, TO TIPH TOH ke TeMIieparype (TO €CTh MPH TOH kKe CpelHel KMHETHUYCCKOW SHEPTHH MOJICKYII)
OHM JIBIXKYTCS ¢ OOJBIIMMHU CKOPOCTSIMU. 3HAYUT, 32 MAJIO€ BPEMs BBUICTUT OOJIbIIIE MOJICKYJ I'elusl, a
ocTaHeTcs 00JbIIe MOJIEKY/I HeoHa. BHenmHss aTMocdepa Ha 3TOT MPOoIecC HE BIIUSET.
MaxkcuMaJibHas OlleHKa: 5 0aJ1J1I0B.

Pemenne 3agaun: Bec kammm maccoit M ypaBHOBEIIMBAETCSI pa3HOCTBIO CHII JIABJICHUS T'a30B, TO
ectb Mg=p,S—-p,S. U3 ypaBHeHus Menneneepa-Knaneifpona s Kaxkzmoro rasa

m m RT
pSl=—RT = pS=—— (| - mmmHa 3aHATOrO razoM ydactka TpyOku, a M- ero macca). [Ipu

HAaYaJIbHOW TemrepaType T [UIMHBI y4acTKOB paBHBI IOJOBHHE IUIMHBI TpyOku: |, =1, =5 [pu

2L L
:?, 1 :§ (BUIHO, YTO JaBJEHUE Telus NMPU HarpeBaHUU Oynaer

pactu 6BICTpee, YCM AaBJICHUC HCOHA, U MO3TOMY IMOPIICHb 6y2[eT HOI[HI/IMaTBCﬂ). CHe,ﬂOBaTeHLHO,
Mg_mZRT _m 2RT _mBRT’_mBRT':T_'_ A, — 1)
Mo L My L wo2b o, L T 3w, —2u)
T 16

C y4eToM TOro, 4TO MOJISIPHbIE MacChl Tenus £ =4 r/Mosb ¥ HeoHa L, = 20 T/MOIb, TO T=g"

9

KOHEeuHO# Temmeparype T': I]

OrTBerT: T——M—Ezl,?&

T 3w, —2w) 9
MakcuMajbHag onenka: 20 0aj110B.

3aganue 3:

Bomnpoc: Onummre paziuuue B MEXaHU3ME MPOBOJUMOCTH IMPUMECHBIX MOJIYIIPOBOIHUKOB Pa3HOTO
THUIIA.

3amgaua:

B cxeme, mokazaHHOW Ha PUCYHKE CJieBa, AUOM /[ HE SBISETCS WACATBHBIM — €ro BOJIbTaMIIEpHAS
XapaKTepUCTHKa TOKa3aHa Ha pUCYHKe cmpasa. [Ipu monakmoueHuu Kk kiemmam A u B ogHOro

& ’ >l| | aKKyMYIISITOpa aMIIepMETp IMOKa3bIBaeT TOK
A a I, =036A, mnpu NOAKIIOYEHUH JBYX
TaKHX aKKyMYJSTOPOB, COCTMHEHHBIX
R » nocnenosarensHo — Tok |, = 0,48 A, Tpex

B U
2 * 0 —ToK |, =0,50 A. IIpu nocnenoBarensHOM

MOJKIIIOUEHUU YEThIPeX TaKHX AaKKyMYJISITOPOB TOK B BETBU C aMIIEPMETPOM OCTAETCS PaBHBIM
I, =050A. Haiitu O/IC u BHyTpeHHee CONpPOTHUBIICHUE HCTOYHMKA, a TAKKE CONPOTUBICHUE

pesuctopa R, ecam noporosoe Hampsbkenue amona U, =45B. BHyTpeHHee compoTHBIIEHHE
amrepMeTpa MpeHeOpeKkuMo Malio.

OtBer Ha Bonpoc: [IpumecHble TPOBOAHUKYU PA3AESIOT HA MOJYMPOBOAHUKU N -THUHA U P -TUIA B
3aBHCHMOCTH OT TOTO, SIBISIETCS IPUMECH «IOHOPHOI» (B 3TOM Ciy4yae aTOM MPUMECH UMEET JIUIIHUN
BAJICHTHBI DJEKTPOH IO CPAaBHEHUIO C aTOMOM CaMoOro IOJYNPOBOJHUKA, M OTOT 3JIEKTPOH,
NepeMenaeTcs o pemeTke NoayIMPOBOJHUKA) WIN «aKIENTOPHOW (HAMpOTUB, aTOM MPUMECH UMEET
Ha OJIMH AJIEKTPOH MeHbIEe, U 3(P(PEKTUBHO 3aXBaTHIBAET AJIEKTPOH, MPUHAUICKAIIUN COCETHEMY
aTOMY PELIETKH MOJYNPOBOJHUKA, TOT, B CBOIO OYEpE/b, TAKKE MPOU3BOIUT 3aXBaT, U B pe3yibTaTe
IIPOUCXOJUT MEPEMEIICHNUE 110 KPUCTAIULY «JIBIPKH» - HE3aHATOM AJIEKTPOHHOW BakaHCHM). Takum
00pa3oM, MOXXHO TOBOPHUTH, YTO B IOJYINPOBOJHUKAX N -THUMa CBOOOJHBIMH HOCUTEIISIMHU 3apsia
SIBJIIOTCS. JIEKTPOHBI (3TO «JIEKTPOHHBIN» MEXaHHM3M MPOBOJAMMOCTH), a B MOJYNPOBOJHUKAX P -

THUIA — «IBIPKI» («IBIPOYHBII» MEXaHU3M MTPOBOAUMOCTH).



MaxkcuMajJbHas OlleHKa: 5 0aJ1710B.

Pemenue 3aJaum. Ecmu A0 HAaXOAUTCSA B OTKPBITOM COCTOAHUH, TO HAIIPS)KCHUC HAa HCM PABHO
)

U, . [Toatomy B 9TOM citydae TOK B BETBH C aMIIEPMETPOM U Pe3UCTOpoM |, = —2 | U He 3aBHCHUT OT
R

OJIC ¥ BHYTPEHHEro COMNPOTHUBJICHHS HWCTOYHUKA (M TOITOMY HE 3aBHCUT OT KOJIMYECTBA
MOJKIIIOUEHHBIX aKKyMYJsTopoB). Eciu e quon 3ameprt, TO Ui cXeMbl ¢ N akkymyssitopamu, I/1C

né
nu BHyTpeHHee COHpOTI/IBJ'IeHI/Ie KaXXJ0I'0 U3 KOTOPBIX PABHBI COOTBCTCTBCHHO 8 u-r, IR = R—
+nr

Pexum c 3anepThiM  JHUOAOM PCATU3YCTCA, C€CIM HaIPsSKCHHUE Ha PpEe3uCTOPE MCEHBIIC UO:
RU,

I:R<U, =>nER<(R+nnU, =>n< U
—U,r
0

HOSTOMy AAaHHBIC YCJIOBHA CBUIACTCILCTBYKOT O

E
ToM, yTOo npu N =12 nuox 3amepr, a npu n=3,4... auoa orkpeiT. CienoBarenbHo: |, = = ,
+r

28 U,

U
l,=——, a |,=—2=R=—2=90m. Hckmouas DJIC u3 NepBHIX IBYX COOTHOILECHHH,
* R+2r ° R I

21, -1, U, )
HaxomuMm, 4Yto F=—————=90mM, a 3arem mony4aem Belpaxkenue i1 IJC:

_2(|2 _Il) |3

11
12 U, =6,48 B. MoxHO yOenuTbes, 4TO HalIeHHbIE ITapaMeTpbl IPUBOIAT K 3HAYECHUIO

E=— 12
2'3('2 _|1)

RU 25
0 —""%23, T0 ecTh JEHCTBUTENHHO MO OTKPHIBAETCA HMEHHO HPU J00aBICHUH TPETHETO

ER-Uyr 1
aKKyMYyJIITopa.

OTBET: g=#uo=6,4813, r=MU—°=9oM, R=2°_g0m.
2'3('2_|1) 2('2_|1) |3 |3

MakcumaiabHas ouenka: 20 0ajj10B.

3aganue 4:
Bonpoc: Onuummre crnoco® MHOCTPOCHUS MNPOJODKEHUS IMPOU3BOJIBHOTO IMapaKCHaIbHOIO Jyda,
MaJaroIIero Ha MOBEPXHOCTh TOHKON coOuparoiel JT1UH3bI (B JIF000H TOYKE MO/ JIFOOBIM YIIIOM).
3agaya: C noMoIbl0 0OBEKTUBA, COCTOSALIETO U3 COOMPAIOLIEH U paccerBarolleil JTMH3bI, BETUUUHbI
(GOKyCHBIX paccTosiHMM KoTopelx coBnanawT (F, =—F, =F), pacnonoxeHnHelx Ha oOmell ocu Ha

2
paccrosiuu L = 3 F apyr ot apyra, momyunnau Ha skpaHe nzoopaxenue ConHila. 3aTeM TOYHO TaKoe

e 1o pazMepy uzobpaxenune CosiHIIa HAa 3TOM IKPAaHE YAAIOCh MOIYYUTh C IIOMOIIBIO OJHON JIHH3BI.
Yemy paBHO ee (hOKyCHOE pacCcTosHuE?

OrBer Ha Bompoc: [l MOCTPOEHMS TNPOJOJIKEHUS
MIPOM3BOJIBHOIO Jy4a MOXHO HMCHOJb30BaTh TOT (PAKT, 4YTO D
TOHKasi coOHMparollas JIMH3a coOMpaeT MapajuleibHbIE JTy4H LT
TaK, 4YTO OHM IepeceKaroTcs B (POKAIBHON IMIIOCKOCTH JIMH3BI. SRRt tEE R ey 17
IToaToMy J0OCTaTOYHO IOCTPOMTH BCIIOMOTATENIBHBIN JIyd, e !
MapaJuIeIbHbIIl pPacCMaTPUBAEMOMY M IPOXOIAIIMI uepe3 N E
ONTHYECKHUI TIEHTP JTUH3bI 0€3 MPEeTOMIICHHS. DTH JTy4n
JOJKHBI TIepecedbcsl B (POKabHOM MI0CKOCTH (CM. PUCYHOK).
MakcumajibHas OlleHKa: S 6aJ1J10B.

Pemenne 3amaum:  Ilockonbky paccrosHue 10 CoiHI@ 3HAYUTENBHO HPEBOCXOJIUT BEIUYUHY
(OKYCHOrO pacCTOsIHUS JHOOOH U3 paccMaTpUBAEMbIX JIMH3, TO €ro H300pakeHHe, CO34aBaeMoe
o601 coOuparoliei JIMH30#, OyeT HaXOAUThCs B €€ (POKAIBHON MIIOCKOCTH U OYAEeT UMETh pajiuyc
r=F-tg(a), rne @ — nonoBuHa yrinoBoro pazmepa CoiHIa, BUTUMOTO ¢ 3eMiH (MBI CYUTAEM, YTO

JIMH3blI BCCrJa pacnojaraloT TaK, YTO HMX OITHYCCKasd OChb HallpaBJICHA Ha COJ'IHI_[C) Cnauvana



MPUMEHHUM 3TO YTBEP)KIEHHE K MEepBOW JMH3€ 00BEKTUBA, U OyleM paccMaTpuBaTh CO3JaBacMoe eil
M300paKeHNe MHUMBIM HCTOYHHUKOM JUIS pacceuBaroleil iua3bl. [IpoBenem noctpoeHue xona aydei:
JIya 1, wmaymmit ot kpaiiHeid Touku ConHoa B
ONITUYECKUH IIEHTpP MEPBOM JIMH3BI O0OBEKTHBA, CO3/AET
n300pakeHue 3Toi Touku A, B (OKaIbHON IIIOCKOCTU
STOM JIMH3BI, HA PacCTOSIHUU I OT ocu. M300pakeHue
3TOH TOYKH, JaBaeMoe BTOPOH JuH30M (A,) MOKHO

MOCTPOUTHh C TIOMOMIbIO Jy4yell 2 (uayiiero uepes

ONTHUYECKUN IICHTP BTOPOM JWH3BI) M 3 (MOymiero B JNadbHUM (DOKYC BTOpPOW JHMH3BI — IOCTE
IIPEJIOMJIEHUSI 3TOT JIyd MOHAET MapajyielbHO ONTHYECKOM ocu cucteMbl). llosTomy pannyc
nu3obpaxenuss CojHIA, AaBaeMOr0 OOBEKTHBOM ('), MOXXHO HAWTH W3 MOJOOHS TPEYTrOJbHHUKOB:
r' _|O,F,|_F , F? . .
—=——=— =—1g(r) . TlockosbKy H300paXkeHHE, CO371aBacMOE OJHOW JIMH30HM, MMEJO
r |RF| L L
y - F? , F? 3
TaKkoii xe paguyc, 1o r'=F'-tg(a)=—1tg(e) > F'=—=—F.
L L 2
F? 3
OtBer: F'=—=—F.
L 2
MaxkcumasbHas onenka: 20 6ajiioB.

NUTOI'O MAKCUMAJIBHASA OLHEHKA 3A PABOTY: 100 6ax0B.



