O/IMMMUAJA LLKOJZIbHUKOB «NOKOPWU BOPOBbLEBbBI FOPbI» no ®U3UKE
3AKTHOYUTENIbHDBIN (PUHANBHbLIN) 3TAM 2019 ropaa

BUNET Ne 06 (HUXXHUIN HOBFOPO/]): BO3MOXHble peLueHuUsA U OTBETbl.

Kpurtepuu onenuBanus:

151 BONIPOCOB:
EcTb oTAenpHbIE TpaBUiIbHBIE cOOOpaykeHus — 1 6asI.
OTBer B 1IEJIOM MpPaBWIECH, HO COJAEPXKHUT CYLIECTBEHHbIE HETOYHOCTH, HIIM CYIIECTBEHHO
HETIOJIOH, UJIM OTCYTCTBYET 00OOCHOBaHUE (711 BOMPOCOB, B KOTOPBIX HEOOXO0IMMO 00OOCHOBAHUE)
— 2 0asia.
OTBeT NpaBUJICH, HO IPUCYTCTBYIOT MEJIKHE HETOYHOCTH, WM OTBET HEIOCTATOYHO IOJIOH, WIIH
OTCYTCTBYET JIOCTaTOYHOE 0OOCHOBAHUE (IJI1 BOMPOCOB, B KOTOPHIX HEOOXOAMMO 00OOCHOBAHUE)
— 3 6asna.
OTBeT MOJHOCTBIO MPaBUIbHBIA, HO HEJOCTATOYHO OOOCHOBAHHBIM (J11 BOIIPOCOB, B KOTOPBIX
HeoOXxoauMo 000cHOBaHKE) — 4 DaJia.
[TpaBUIBHBIN, MOJHBIN 1 0OOCHOBAHHBIN OTBET — S5 0A/JI0B (MAKCHMAJILHAS OLIEHKA).

Jlns 3apay:
EcTb oTAensHbIC MpaBUiIbHBIE cOOOpaskeHus — 1-2 6aJuia.
EcTh 9acTh HEOOXOMUMBIX Ul PEUICHUsI COOOPAKEHHIA, PEIICHNE HE 3aKOHYEHO WIIH COJEPIKHUT
cepbe3Hble omuoku — 3-4 daswa.
[TpucyrcTByeT G0MbIIas YaCTh HEOOXOMUMBIX JIJIsl PEHICHUS] COOOpaKeHU, PABUIIBHO 3alicaHa
4acTh HEOOXOJMMBIX COOTHOIIEHUH, pEelIeHHe He 3aKOHYEHO WJIM COACPKHUT OmHOKku — 5-7
0aJI0B.
[TpucyTCTBYIOT BCe HEOOXOIUMBIE JIJIsl PEIICHUSI COOOPaXKEHUS, TPABIIIBHO 3alUCaHbI TIOYTH BCE
HEOOXOUMBIE Il PEIICHHs] NCXOTHbIE YPAaBHEHHUS, HO PEIICHUE HE 3aKOHYCHO WIIH COJIEPIKUT
omun6ku — 8-10 6ann0B.
[TpucyTcTBYIOT BCEe HEOOXOAWMMBIC Il PEUICHHsS COOOpaKeHWs, IMPAaBHIBHO 3alMCaHbl BCE
HEOOXO/IUMBIE JJIsl pelIeHHs HCXOAHbIE YpaBHEHMs, pELICHHE BBICTPOCHO TMPAaBHIBHO C
(bu3NYECKON U JOTMYECKON TOUKU 3pEHUS], HO COAEPKUT omnOku — 11-14 6anmnos.
[TpucyTcTBYIOT BCe HEOOXOAMMBIE Il PELICHUs COOOpa)keHWs, NMPaBHIBHO 3aluCaHbl BCE
HEOOXOMMMBIC JJIsl pEIICHHs] HWCXOAHBIE YpPaBHEHHS, pEUICHHE BBICTPOCHO TMPABHIBHO C
(Gu3nMUecKoil W JIOTMYECKON TOUKM 3pEHUs, HO COAEPKUT OAHY-IBE MEJIKHUE HETOYHOCTH, He
MIO3BOJIMBINKE TOJYYUTh TMPABWIBHBIA OTBET, WM IMPAaBHIBHOE PEIICHHE C HEJOCTAaTOYHBIM
000CHOBaHMEM CYIIIECTBEHHBIX UCIOIb30BaHHBIX pe3yabTaToB — 15-17 6anJioB..
[lpaBunbHOE OOOCHOBAaHHOE pEHICHHE C BEPHBIM AHAIUTHYECKUM OTBETOM, HO MEIKOH
HETOYHOCTBIO TMPH MOJYyYEHUN YUCIEHHOTO OTBETA, JIMOO MPaBUWIbHOE pElIeHUE C IPaBUIbHBIMU
OTBETaMH C HEJIOCTaTOYHBIM 0OOCHOBaHUEM OJIHOTO W3 UCIIOJIB30BAHHBIX PE3yJbTATOB (W3 YHCIa
HE KJIFOUYEBBIX JUIS PelIeHUs, HO HeoOxoaumbIx) — 18-19 6asioB.
[TonHoe, mpaBmiIbHOE, OOOCHOBAHHOE pEIIeHHWE C MpaBWIbHBIMU OTBeTamMu — 20 0ajjioB
(MakcMMaJIbHAS OLIEHKA).

3ananme 1.
Bonpoc: Kak cBs3anHsl Mexay coOOil 3aKOHBI M3MEHEHHs KOOPAMHATBI U CKOPOCTH IIPH
rapMOHMYECKHUX KOJIeOaHUSIX BJIOJIb OJTHOM MpsAMOii?

3agaua: B cucteme, n300pa’keHHOW Ha PUCYHKE, MacChl TpPy30B paBHbI MU

2M, )KeCTKOCTh NPYXHHBI K, OJOKHM, HUTh W MPY)XWHA - HEBECOMBIC, OJIOKU

BpaiarTcs 06e3 TpeHHsl, HUTh Mo O6J0KaM He CKOJb3uT. [py3 2m cmemaioT u3

MOJIO’KEHHUS PAaBHOBECHS BHH3 Ha PACCTOSIHUE S, TTOCIIE YeTO IPY3bl COBEPIIAIOT m

TapMOHHYECKHE KoJIeOaHusl. Haiinure MaKCHUMaJIbHBIC CKOPOCTH 2m

KOJICOJTIOIIMXCS TPY30B. Y CKOpEHHE CBOOOIHOTO MaJICHUs PaBHO ( . | k

[ ]

OtBet Ha Bompoc: SICHO, YTO 3aKOH U3MEHEHUSI CKOPOCTH ToiTydaeTcst Au(GepeHIInPOBAHUEM 3aKOHA

u3MeHeHus: koopauHatel. Ecmm  X(t) = X, cos(ot +¢), 1o V() =—-wX,Sin(wt+¢). 3akon




Vs
M3MEHEHHUSI CKOPOCTH MOXHO Iepernucats B Buzpe V(i) = wX, COS[a)t + o+ Ej =V, cos(wt+@,).

OTO O3HayaeT, 4To .aMIUTUTyJa KoJeOaHWW CKOPOCTH OTJIMYAaeTcs OT aMIUIMTYAbl KoJieOaHHi
KOOPJMHATBI HA MHOXMWTEIb, PABHBIA HUKINYECKOH dacToTe KonebaHuil (V,, = @X,), U KonebaHus

/1
CKOPOCTH OIIEPEKAIOT 10 (ha3e KoueOaHusi KOOPIAUHATHI Ha rk

Pemenne 3agaum: HampaBuMm och X BEpTHUKAIbHO BHH3. B IOJOXCHUM DPaBHOBECHS TIPY30B:
2mg—T =0 u mg+kAl, —2T =0, rae Al,- yanuHeHne npy>KUHBI B ITOJI0KCHUU PAaBHOBECHS, 1 —

y 3mg
CHJIa HATSDKeHUS HUTU. M3 »Tux ypaBHeHuH momydaem Al = R [Ipu cmewenuu rpyza 2m ot

S
IOJIO’KCHHUSI PAaBHOBECHS BHHM3 Ipy3 M CMEIIACTCS BBEPX Ha E n IIpyXuHa JOIIOJHUTCIBHO

S
pactsaruBaercs Ha > MakcuManbHble CKOPOCTH TI'PY30B JIOCTUTAlOTCA IPU  INPOXOKIACHUHU

MIOJIO’KEHUSI PAaBHOBECHUS, NPUYEM CKOPOCTh I'py3a M Mpu HATIHYTOW HUTH BCerjza B JiBa pasa
MEHBIIIE, YeM CKOPOCTh Ipy3a 2M. 3amuiieM 3aKOH COXPAHEHUs DHEPTUH Uil KOJIEOIIOMIUXCS
IPYy30B:

2mvi; m(v,/2)*  kAl? k(Al, +5s/2)?
0, Mo /2" 0=—2mgs+mg§+w,
2 2 2 2 2
rae V, — MakCHMallbHas CKOpocTb rpy3a 2m. Takum oOpasom, 9mv§ :k282:>V0 =— K
m

S ,
MakcumanbHas CKOpOCTh T'py3a M B ABa pa3a MCHbIIC V6 = E —. OTMeTI/IM, 4qTO aMIIUTylda
m

YCKOpeHHMs Tpy3a 1 He MOKeT ObITH GOJIbIIE YCKOPEHHS CBOOOMHOIO MageHHs (3TO COOTBETCTBYET

NPOBUCAHWIO  HHUTH), W  TIOITOMY  TOJNYYCHHBIH  pE3ylbTaT BEpeH  TOJIBKO  IPH

Vo mg

3 \Vm <gos< et [Ipu GonpmMX S YCIOBHE 3a4a4d HEKOPPEKTHO — KOJIEOaHHUS TPY30B B
m

JEHCTBUTEIILHOCTH HE SABIISIIOTCS TapMOHHUYCCKUMMU.

3amanmue 2.
Bonpoc: BayrpeHHss s3HepTrys 1 aOCOMIOTHAS TEMITepaTypa UIeaIbHOTO Ta3a.

3agaya: ['OpHU3OHTANbHBIA TEMJIOU30JUPOBAHHBIM COCYJ LMIUHApPUYECKOW (OpMBI Maccoil m
3aKpBIT C TOPLIOB U MEPEropo’KeH MOJBHKHBIM MopiuHeM maccoi M >>m. Cocyn UM nopuieHb
MOKOSITCSI B HEBECOMOCTH, C 00EMX CTOPOH OT IMOPIIHS HaXOAWUTCA MO OAHOMY MOJIIO HJI€aTbHOIO
0JIHOaTOMHOTO ra3a. Cocyqy KOPOTKHUM YAApOM COOOILIAIOT CKOPOCTh V, HAIIPABJIEHHYIO BJIOJIb OCH
cocyna. Ha ckompko m3menutcs temmeparypa AT rasza mocne 3aryxaHuil kosjeOaHMi mopriHsa?
Tpenue MexIy MOPIIHEM W CTEHKAMH COCY[d, TEIUIOEMKOCTh IOPIIHS W CTEHOK HE YYMTHIBATH.
Macca rasza npenedpexxuMo Mana. Y HuBepcalibHas ra3oBast IOCTOsIHHas R .

OtBer Ha Bompoc: Illkana abcomoTHBIX TemmepaTyp — Ikaiga KenpBHHA, B KOTOPOWM 3a HAdajo
OTCYeTa TeMIIepaTyphl MPUHAT «aOCOTIOTHBIN HOJbY — TeMIepaTypa, MpH KOTOPOH MpeKpaliaeTcs
TEIJIOBOE JIBM)KEHHE MOJIeKys. OuH Ipalyc 3TOM WIKalbl IPUPABHEH K rpagycy mkaisl Llenbcus
(paccrosiHME MEXIy TeMIepaTypoill IUIaBIE€HUs JbJa M TEMIEpaTypol KHUIIEHHS BOJBI MpHU
HOpMalbHOM atMocepHoM aasieHun paBHa 100 K). BHyTpeHHSss SHeprus MONEKYJISpHON
CHUCTEMBI €CTh CyMMa DHEPIUi ee MOJEKYJI. B mMonxenu uaeanbHOro rasa CpeiHss NOTEHLUaIbHas
SHEpPrusl B3aWMOJEWCTBUS MOJIEKYJ CUUTAaeTCsl MpeHeOpekuMo Manod (Mbl IpeHedOperaem
B3aMMOJECHCTBUEM MOJIEKYJI BCErJa, KpPOME «PEIKHX» MOMEHTOB coynapenui). Iloatomy
BHYTPEHHSSI DHEPrUs UACATBHOIO ra3a €CTh CyMMa KMHETHYECKHMX HYHEPrUM MOJIEKYJ M OHAa paBHA
IIPOM3BEICHUIO YHCIA MOJEKYJ] Ha CPENHIOK KHHETHUYECKYIO0 HHEPrui0 MousieKyibl. CoryiacHo
TeopeMme bosbliMaHa, B COCTOSHUU TEIUIOBOIO PAaBHOBECHs NpH aOCOIIOTHOW Temmeparype T B



MOJICKYJISIPHOM CHCTEME Ha KaKIYIO CTEIIeHb CBOOOIBI MOJICKYJIbI B CPETHEM MPUXOIUTCS SHEPTHS,

paBHas > rae moctosHHas bonbiiMana K BeIpaskaeTcs depe3 YHHBEPCAIBHYIO Ta30BYIO

R .
IMOCTOAHHYIO H YHCIIO ABoraz[po k= N— . HO3TOMy BHYTPCHHSIA SHEPIrusd vV MOJIEM HUACAIBHOIO
A

. i i
rasza u3 MoJiekysa ¢ | creneHsamu ceodoasr U = N AVE KT = EVRT . Hanmpumep, 111 0THOATOMHOTO
uneanpbHoro raza U = EVRT . C momompio ypaBHeHHs MenzeneBa-Knaneiipona BHYTpEHHSS

i
SHEPTHsl TAKXKE MOXKET OBITh BRIpAXKEHA uepes3 JaBjieHne u oobem raza U = 3 pVv .

Pemenue 3amaum: Tak Kak cucTemMa COCYI-TIOpPIIEHb-Ta3 3aMKHYTa, 3alMIIEM 3aKOH COXPaHEHUS
uMiyiabca: MV=(M+M +m, )V, rae V — CKOpOCTb ABWXCHHUS CHCTEMbI IOCIE HPEKpaIleHUS

KoJIeOaHUH. 3anuuiem U3MEHEHHE MEXaHUYECKON SHEPruu CUCTEMBI
1 1 m(M —m)v?

AE = =mv? —=(m+M +m2)V2, U ydteM, uTo M, M, << M . Torma nonyunm AE =¥.
2 2 2M

Ota 3Heprus, OTAaHHas ra3y, HOWIeT Ha yBeJnyeHue ero BHyTpeHnHel sneprun AU . ITockonbky

. 2 2
AU = vC,AT = 2-SRAT = 3RAT , 10 AT = MM =M)V"_ mv2.
2 6MR 6R

3ananme 3.
Bompoc: Cxema W3 KOHIIEHCATOPOB W PE3UCTOPOB MOJKIHOYACTCS K HCTOYHUKY TOCTOSIHHOTO
HanpspKeHUs. B kKakoM cirydae 1mociie 3aBepIleHus IePEeX0HBIX MPOILIECCOB 3apsiabl KOHICHCATOPOB
MOTYT 3aBUCETh OT BEJIMYMH CONPOTUBIICHUH PE3UCTOPOB, a B KAKOM — HET?

3anaua: Ilepen cOopkoii cxembl, U300paKEHHOM HA PUCYHKE, BCE I I [

KOHJEHCATOPbI OBLIN pa3pssKeHbl. EMKOCTH KOHIEHCATOPOB PaBHBI: C,

C, =2Mk®, C, =3Mk®D, C; = 6 MKD; CONPOTUBIECHUS PE3UCTOPOB T C,

R, =250M, R, =100mMm. O/IC ucrounuka & =9 B, ero BHyTpeHHEe —L | {1

conpoTtuBiieHne paBHO I =10M. Haiinure ycTaHOBUBIIMICS 3apsn

Ha koHjeHcatope C, mocne 3aMbikanud kKimoya. Kakasg w3 ero K

MJIACTHH 3apsiKeHa MOJI0XKUTEIbHO? II &
| I

OtBer Ha Bompoc: 3apsisl KOHACHCATOPOB NPONOPLUOHAIbHBI HANPSOHKEHUSAM Ha HUX. OTH
HANpPSDKEHUST ONPENENSIIOTCSl U3 YCJIOBUN OanaHca HalpsDKeHWH, B KOTOpble Takxke Bxoaar JDJ1C
UCTOYHMKA M HANpsDKEHWS Ha pe3ucropax. HampspkeHuss Ha pe3ucTopax B yCTaHOBUBLIEMCH
(cTallMOHApHOM) COCTOSIHUHM CXE€Mbl OTJIMYHBI OT HYJS M 3aBUCST OT COMPOTHBICHUN PE3UCTOPOB
TOJIKO B TOM Clly4ae, KOrJa II0 pe3ucTopaM TeKyT TOKHU. MTak, 3apsabl KOHIEHCATOPOB MOTYT
3aBUCETh OT BEJIIMYMH CONPOTHUBIICHHHM PE3MCTOPOB IOCIE 3aBEPIICHUs IEPEXOJHBIX IMPOIECCOB
TOJIKO B TOM CIIy4ae, €CIId B CXEME €CThb 3aMKHYTBhIE KOHTYpA, I10 KOTOPBIM TEKYT TOKU M IIOCIIE
YCTaHOBJIEHUS CTAlMOHAPHOTO pekuMa. ECan Takux KOHTYpPOB HET, U B YCTAHOBUBILIEMCS PEXUME
TOKH 4€PE3 BCE PE3UCTOPBI OTCYTCTBYIOT, TO HAIIPSKEHUS HE 3aBUCAT OT HOMUHAJIOB PE3UCTOPOB.

Pemenne 3anauun: byaeM oTcunThIBaTh MOTEHIMAIBI B cxeMe OT Touku O. Toraa nmoteHiuan Touku B

OyIeT paBeH MaJCHHIO HANpPSHKCHUS Ha compoTwBieHMH R,, To ecTh | D I IC

¢ = IR, . Benrnunny norennumana Touku D HalineM U3 ycioBus, 4TO cymMMa Ca J— C °
3apsA0B B MECTE COEMHEHHS OOKIIAZOK BCEX TPEeX KOHJeHcaTopoB paBHa 0. ‘A—%I—é—%l—o«
3apss Ka)XJI0T0 u3 KOHZIEHCATOPOB paBHBI: | 1 2

0 =Cy(@a —9p) =Ci(E-Ir—9p), G, =Ca(ps —¢p), U3 =Cy0p. K I E




Tok, TeKymuil MO 3aMKHYTOMY KOHTYpy, | = C y4deroM MNOJSAPHOCTH 3aNUCH

TR 4Ry 4T

HAaIpsUKEHUH Ha KOHAEHCATOpax YCIIOBHE COXPaHEHHMs 3apaga —0; —(, +0; = 0. CnenoBarensHo,

Er ER
C|l-&E+—mF+ +C,| ———2 4 +C =0,
! Ri+R, +r o 2 Ri+R, +r o 3¥o
E[C, (R +R;)+CyR,] £C,[C3R, —-CR(] 15

OTKyla ¢@p = 3HauuT, Q, = MKKI

(C,+Cy +C3)(R +R, +1) (C,+Cy +C5)(R, +R, +1) 22
(Oumu npumepHo 682 HKi). Kak BHIHO, MOJOKHTEIBHO 3apsHKEHHOM OKasaaach HIDKHSS OOKJIaIKa
xoHzeHcaropa C,.

3aganmue 4.
Bonpoc: Tonkas coOuparomas auH3a ¢ GOKYCHBIM pacCTOSHUEM 25 CM M TOHKas pacceuBarolas
JMH3a, MOJYJb (POKYCHOTO PAcCTOSIHHS KOTOPOW B JBa pa3a OOJbIle, IUIOTHO MPUXKATHI JAPYT K
apyry. Uemy OyneT paBHO (hOKYCHOE PacCTOSHHE «COCTABHOWM» JTMH3bI?

1
3agauya: PaccemBaromas nMH3a JaeT HM300paKeHUE NpPEIMETa C YBEIHMYCHHEM Flzg- Ecmu
BIUIOTHYI0 K HEH MPHUCTAaBUTh TOHKYIO COOHMPAIOUIYIO JIMH3Y, TO 3Ta CHCTEMa CO3JacT HpPSIMOE

1
n3o0pakeHne ¢ yBenuueHueM [, =3 Onpenenuth, ¢ KakKUM YBEIHUYEHHEM IOIYyYUTCS

n300paxxeHne oT OAHON coOuparonie JnH3bl. PaccTosiHME OT JIMH3BI 0 MPEAMETa BO BCEX CIydasx
OJINHAKOBO.

OTBer Ha BONPOC: HpI/I IUIOTHOM IMPUKATUN TOHKUX JIMH3 UX ONTHYCCKUC CHUJIbI CKIIAABIBAIOTCA. Yy

1 1
cobuparomied auH3bl D) = = 4 nnTp, a y pacceuBaromein D, = T —2 nutp. IlosTomy

. 1
ontuyeckas cuia cocraBHoil muH3el D =D, +D, = +E =+2anTp. 3HauuT, ee (OKycHOe

paccrosiHue % =2F =50cm.

Pemenune 3amaum:. I3 (I)OpMyJ'IH JIMH3bI MOKHO IIOJIYYUTH BBIPpAKCHUC IJId YBCIUYCHUA YCPE3
q)OKYCHOG pacCTosAHuC F , paCcCTOAHUC OT MPEAMETa OO0 JIMH3bI d u pacCTosAHruEe OT JIMH3bI O

f F
n3obpaxenust f: [ 4 F_qd’ OTMeTuM, YTO B 3TOM BBIPAKEHHM YBEIMYEHUE JAeTCs C
y4e€TOM 3Haka — Yy TNpPSIMOTr0 M300paXKeHUs YBEIUYEHHE CUUTAETCS IMOJOXKHUTEIbHBIM, Y
NEPEBEPHYTHIX — OTPUIATEIBHBIM. Tor/a (3aMeTUM, UTO JUIS PACCEHBAOIIEH JIMH3BI N300pakeHUe
. = 1 d 4
Bceraa mpsmoe, Ttak 4ro I >0) ——=+-=>F =——=D; =——, u m1g nByx muH3 (10
1 d 2
YCIIOBUIO U300pakeHHEe TPSIMOe) =+-=>F=——= D, =—— (T0 ecTb cucrema AByX JIMH3
F-d 3 2 d
— BCe-TaKM pacceuBarolasi, 0o s coOuparoueil TMH3bI n300paskeHre ObIBAET MPSIMBIM TOJBKO

npu d <F!). CoorserctBenno D. =D, +D,= —% = —g+ D,=D,= % =F = % Takum

. . F
00pa3oM, yBeIHUYEHHE OJHOM BTOPOM JUH3BI [, = F—Zd =—1 (To ecTb pazmep U300paxeHHs paBeH

2
pasmepy npeaMera, i OHO TIEPEBEPHYTOER).



