OZIMMMUAJA LLKOJIbHUKOB «MMOKOPU BOPOBbLEBBI FOPbI» no ®U3UKE
3AKMHOYUTE/NIbHDBIN (PUHANBHbLINA) 3TAM 2020 ropa

BUJET Ne 05 (11 Knacc): BO3MOXKHbIE PEeLUEeHUA U KPUTEPUMN.

Kpurtepun ouennBanus:

JJ1s1 BONIPOCOB:
Ectb oTnenbHbIe paBuiibHbIE cOOOpaskeHus — 1 6asLI.
OTBeT B LIENIOM MpPaBWJIEH, HO COJAEPIKUT CYIIECTBEHHbIE HETOYHOCTH, WM CYIIECTBEHHO
HEMOJIOH, WM OTCYTCTBYeT OOOCHOBaHME (Ui BOIPOCOB, B KOTOPBIX HEOOXOAUMO
obocHOBaHue) — 2 GaJjia.
OrTBeT NpaBuiIeH, HO IPUCYTCTBYIOT MEJIKME HETOUHOCTH, UM OTBET HEJLOCTATOUYHO IOJIOH, WU
OTCYTCTBYET JI0CTaTOYHOE 000CHOBaHHUE (/7151 BOIPOCOB, B KOTOPHIX HEOOXOAMMO 000CHOBAHUE)
— 3 6aJuia.
OTBeT MOJIHOCTHIO MPABWIbHBIN, HO HEIOCTATOYHO OOOCHOBAHHBIN (11 BOIIPOCOB, B KOTOPBIX
HE00X0MMO 000CHOBaHME) — 4 DaJLIa.
[IpaBuUNBbHBIN, TOJHBIN B 0OOCHOBAHHBINM OTBET — S 6aJI10B (MAKCUMAJILHAS OIl€HKA).

s 3apay:
Ecth oTaensHbIe npaBuiibHbIE cooOpakenus — 1-2 faJuia.
EcTb yacTh HEOOXOAUMBIX I PELICHHS] COOOpaXKEHUM, pelIeHHEe HE 3aKOHYEHO MJIU COAEPIKUT
cepbe3Hble omuokn — 3-4 GaJuia.
[IpucyrcTByer Ooiblasi 4acTh HEOOXOMUMBIX U PEUICHUS COOOpaKeHWid, MPaBUIBHO
3anMcaHa 4acTh HEOOXOAUMBIX COOTHOIIEHUH, pelleHne He 3aKOHYEHO WM COJEPKUT OIIMOKH
— 5-7 6ay10B.
[IpucyTCTBYIOT BCe HEOOXOAUMBIE ISl PEHICHHUS] COOOpa)KEHUs, MPAaBUIBHO 3alHCAHbI MOYTH
BCE HEOOXOIMMBIEC /JIsl PEUICHMs] HWCXOJHBbIE YpaBHEHHUS, HO pELIEHUE HE 3aKOHYEHO WIH
cojiepkuT omnoku — 8-10 6asJ10B.
[IpucyTcTBYIOT BCE€ HEOOXOAMMBIE ISl PELIEHUS COOOpa)KeHHUs, MPABUIbHO 3alUCaHbl BCE
HEOOXOIUMBIE [UJISl PELICHUS HCXOJHBbIE YpPaBHEHHUS, PEIICHHE BBICTPOCHO TMPABUIBHO C
(bU3NIECKOI U JTOrMYeCKON TOUKH 3pEHHs], HO CONEPKUT omuoOku — 11-14 6annoB.
[IpucyTcTBYIOT BCe HEOOXOIUMBIE Ul pEIIeHUs COOOpa’keHHs, MPAaBWJIBHO 3alHCaHbl BCE
HEOOXOJMMBIE [UISl PELIEHUS HCXOJHbIE YpPaBHEHHUS, PELIEHHE BBICTPOEHO IPABUIBHO C
¢u3n4ecKkoil M JIOTMYECKOH TOYKH 3pEHHUs, HO COAEPKUT OJHY-JBE MEJKHE HETOYHOCTH, He
MO3BOJIMBILIME TOJYYUTh NMPABUIBHBIM OTBET, WM MPABUIBHOE DPELIEHUE C HEJOCTATOYHBIM
000CHOBAHHEM CYILIECTBEHHBIX HCIIOJIb30BaHHBIX pe3yibTaToB — 15-17 6annos.
[IpaBuibHOE O00OCHOBaHHOE pEIIEHHE C BEPHBIM AHATUTHYECKHMM OTBETOM, HO MEJKOM
HETOYHOCTBIO MTPH MOJYYEHUN YUCIEHHOTO OTBETA, TMOO0 MPaBUIBHOE PELIEHNE C TPaBUIbHBIMU
OTBETaMU C HEJAOCTATOYHBIM OOOCHOBAHHWEM OJHOTO W3 HCIOJb30BAaHHBIX PE3YJIbTAaTOB (U3
qHcia He KITIOUEBBIX JUIS pelleHus], HO Heo0XxoauMbIx) — 18-19 6anoB.
[TonHoe, mpaBuiabHOE, OOOCHOBAHHOE pEUIEHHE C MpaBWIbHBIMU OTBeTamMH — 20 0ajioB
(MakcuMaJIbHAA OIlEHKA).

3aganmne 1.
Bonpoc: Kak cBszaHbl Mexay co0oil 3aKOHBI M3MEHEHUS KOOPAWHATHI W YCKOPEHHS Tea,
COBEpIIAIOIIETO TAPMOHUYECKHE KOJeOaHus BIOIb OJTHON MPsSMOii?

OrtBer: ['apMoHnueckre kojaebaHus — 3TO KoieOaHusl M0 3aKOHY CHMHYCa WJIM KOCHHYCA, U 3aKOH
JIBUKCHHSI TIPH TapMOHHYECKHUX KoJeOaHUAX B oOOIIeM ciaydae MOXKHO 3alucarb B BHJE

X(t) = Acos(at) + Bsin(awt) = X, cos(@t + @) . 3necy w= %I'_ﬂ UKJIMYECKash 9acToTa KOJeOaHWH,

CBS3aHHas C IepuoioM [, X, — amIumMTyna (MakCHMajbHOE OTKIOHEHHE OT ITOJIOKEHHS

paBHOBECHsI, OT KOTOPOTrO OTCYMTHIBAETCS KOOpAMHATA X), a () — HauaibHas (a3a KoIeOaHMA.
JBaxapl auddepeHnupys 5TO COOTHOIIEHWE, HAXOMMM 3aKOH W3MEHEHWs YCKOPEHHS TeJa:
a, () =—w°x, cos(@t +¢p). Kak BHEHO, OTOT 3aKOH MOXHO 3alHCaTh B  BHIC



a, (t)=a,cos@t+¢,), tae a,=w’X, ¥ @y=@+7. 3HAUAT, AMIUIATYIA KOJICOAHMIA

YCKOpEHUsl MPOMOpIHOHATIbHA aMIUIMTY/AE€ CMEIEeHUs OT TMOJOXKEHUs paBHOBecusa, a (dasa
KoJe0aHui yCKOpPEeHHsI OTJIMYAeTCsl OT (a3bl KoJeOaHu CMEIICHUS Ha 7T .

Bapaua: JlBe maiibbi ¢ maccamu Mu M =2mM HacaxeHbl Ha TMIAAKUAN 3aKPEIUICHHBIN

BEPTUKAIBHO CTEPKEHb W  COCIMHEHBl MPYKWHOW, KAaK IIOKAa3aHO Ha
pucyske. Teno maccet M onupaeTcst Ha FTOPU30HTAIBHYIO TIOBEPXHOCTh, a m il:w
TEJI0 Macchl M coBepIaeT rapMOHUYECKHE KOJeOaHUsl MO BEPTUKAIH C

yactoTo @ u amruutynoi A. Ilpyxkuna nesecoma. Haitnure oTtHoIeHue
HauOonpme F,, ¥ HaumeHnbmed K ;, CHI HaBIEHUS CHCTEMBI Ha

IIJIOCKOCTbB CTOJIA. YCKOpeHI/Ie CBO60,Z[HOFO ImaacHus paBHO g .

Pemenne: SIcHO, 4yTO cuila JIaBIE€HUS CUCTEMbI Ha IIOCKOCTh (paBHAas IO BEJIMYMHE CHJIE PEAKLIUU
IUIOCKOCTH) MaKCUMallbHa B TOT MOMEHT, KOT'/ia MPYXHHA MaKCHUMaJIbHO C)KaTa M BEPXHsis Imaiida
HaXOJUTCSI B HWKHEM IIOJIOKEHUU C aMIUIUTYJHBIM OTKJIOHEHHEM. 3alMIIEM JJI 3TONO MOMEHTA
BTOpO# 3aKk0H HbroTOHA JIIst BepXHEW MIaiiObl ¥ yCIIOBHE OalaHca CHJT UTsl HIDKHEH B MTPOEKITUIO Ha
KOOPJAMHATHYIO OCh, HAIIPABJIEHHYIO BEPTUKAIBHO BBEPX:
28 _

mao* A =—KAl i, —mg

Npax + KAl —Mg =0
31ech YUTEHO, YTO YCKOPEHHE NMPH FapMOHUYECKHX KOJEOAaHUSX HalpaBIEHO MPOTHBOIIOIOXKHO
CMEILEHUIO, a AaMIUINTy/la YCKOPEHHUs CBs3aHa C aMIUIMTYAONW CMEIIEHHUS COOTHOIIEHHUEM
a, = Aw?.
AHaNOrM4yHO 3Ta CWJIa MHMHMMaJbHA, KOIJIa BEpXHsS MIailda HAaXOIUTCS B TOYKE BEPXHETO
aMIUIMTYIHOTO OTKJIOHEHHA. B aTOM citydae

2 _
—mo”A=-KAl .« —Mg
Nmin + KAl —Mg =0
Frax _ N M +m)g+mAn® 39+ ®°A
Takum oGpazom, —X = M :( )9 5 = g 5
Foin © Nmin - (M+m)g—-mAe” 3g-0°A

00513aTeNIbHO TOJOXHUTENEH — JaXe B BepXHell Touke MNpyxkHuHa (IIPU MabIX aMIUIUTyJax
Koje0aHusi) MOXKET OBbITh C)KaTa, HO B 3alMCaHHON (popMme ypaBHEHHs CIpPaBEIIMBBHI B JHOOOM

= N = (M +m)g +ma?A.

= Ny = (M +m)g —ma?A.

. Ormerum, uto 3Hak Al He

ciaydae).  Kpome TOro, sCHO, 4YTO OSTOT OTBET ABISETCS KOPPEKTHBIM TOJIBKO €CIH
(m+M)g 39 .
A<>——"==—3(3T0 ycioBUEe OTCYTCTBHs OTPbIBA HIKHEH MaHOBI OT OMOPHI B Mpolecce
Mo @

KoJieOaHui).
Frex 39 +@°A 3 3

OTBET: —mx _°9 5~ TIpH A<—%, npH A>—g2 IPOMCXOUT OTPHIB HMKHEN MIaHOBI OT
Frin  30-o0°A 0] w

IUIOCKOCTH.

3anganmue 2.

Bomnpoc: Ilycts ypaBHEHHE mpoliecca ¢ OJHOATOMHBIM HjealbHBbIM TazoM P =« -V (o =const).
Kak B 3TOM TIpoIIecce CBsi3aHbI paboTa ra3a u coo01IaeMoe eMy KOJHIECTBO TEIIOThI?

Oteer: Pabory raza B TakoM mpouecce 1-2 MOXKHO BBIYMCIMTB Kak IUIOIIA/b IO JHArPaMMOit
_PtD
2

mporiecca W ypaBHeHuss ~ MenaeneeBa-Knaneiipona  vRT = pV=a-V2, U TOITOMY

mporecca, TO €CTh Kak IUIOmanp Tpamenun: Ay, V,-V;). C yuerom ypaBHEeHHs

a R y
Ay :E(VZZ -V/%) =7(T , —1;). VI3MeHeHHe BHYTpEHHEHl SHEPrHH Tra3a B 5TOM MPOLECCE



AU, = % (T, —T,) =3A,. Takum obpazom, Q, =A, +AU,;, =4A,. KonndecTso TemioTsl
pPaBHO y4eTBEpEeHHOH pabdoTe.

33}13‘13: Ha AuarpaMme B KOOpAuHaTax I[aBHGHI/IC-06'b€M IIOKa3aH IUKJI IIOCTOAHHOI'O KOJIMYCCTBA

OJTHOATOMHOTO HJICAILHOTO Ta3a, SIBJISIFOIIETocs paboduM TEIIOM TEeIIOBOMH
MamuHbl. [{UKI COCTOMT M3 M30XOphI, M300aphl M JBYX MPOILECCOB, JIMHUH
KOTOPBIX Ha JuUarpamme — MpsMble, MPOXOJSIIMEe Yepe3 Hayalo KOOpIUHAT.
Temneparypa B Touke 4 B K =15 pasa, a B Touke 3 — B N =6 pa3 Gosblie, uem
MUHHMMAaJIbHasl TeMIeparypa ra3a B LUKjIe. Bo CKOIBKO pa3 MakcHUMallbHas
TeMrieparypa B mukjie 6omibine MmuHuManbHoM? Haitgure KI1/] aToro nukna.

Pemrenne: SIcHO, 4TO MUHUMAJIbHAs TEMIIEpaTypa B LIUKIIE — 3TO Temneparypa [;. V3 orBeTa Ha

BOIIPOC BUJHO, YTO B IMpoOIleccax C AaBICHUEM, IPONOPIUOHAIBHBIM 00BEMY, TEMIIEpATypa PacTeT
2

HPOTOPIMOHATBHO KBaJpaTy 00beMa, MOITOMY MaKCHMalbHas Temmeparypa [, = V—Z T,. C
1

y n T T.
apyroii  cropousl, V, =V; = \/: V, =+nkV,. CrenoBarensio, —% =_2=nk=9. Temro
k min Tl
IOBOIUTCSA K Ta3y TOJNbKO B MpoLecce 1-2, Tak 9YTO KOJMYECTBO TEILIOTHI HArpeBaTelst
Qy =4A, =2R(T, —T;) =2(nk—1) -\RT,. Tlone3nas pabora MOKeT OBITh BBIYHCICHA Kak

mwionaaep mukia: A= %[( P, — PV, =Vy) —(ps — ps)V5-V,)]. C  ywerom ToOro, uro

p,=nk p;, V, =+/nkV,, p3:\/g P Va=vnkVy, py=p; u Vy=KkV;, naxommm:

A= &2('(_1) PV = wz(k_l) vRT, . 3Ha4uT, KIIA JaHHOTO MKIa
_ A _(-DYk-1)_5 ~7.8%.
Qu 4nk-1) 64
OTBET: Tm—ax:nk:9, n:wzizm%.
Trin 4nk-1) 64
3aganue 3.
Bonpoc: Ilycte y Hac ecTh [Ba SJIEMEHTA, Y KOTOPBIX 3aBHCHMOCTh TOKAa OT HAIPSDKCHUS
omuceiBaercs 3aganHpiMu pyakmmsivu: | = f,(U) n | = f,(U). Kak crenyer Boramcmsts cury

TOKa B LIEMIU U3 JIBYX 3TUX 3JIEMEHTOB, MOAKIIOYEHHBIX MOCIEI0BaTEIbHO K UCTOUHUKY ¢ DJIC &
Y BHYTPEHHHUM COTIPOTUBJICHUEM I ?

OtBer: CymMma HamnpsbKeHUR Ha DdJ€MEHTax JOJDKHA paBHATbes HanpsbkeHuto Ha OJIC:
E-Ir=11H+511). @

3necs Uy = f,1(1) u U, = f5,(1) — dysxuun, obpatasie k | = f,(U) u | = f,(U). Cuna toxa B
LIeNU — 3TO KopeHb ypaBHeHus (1). Eciu ypaBHenue (1) umeeT HeCKOIbKO KOPHEH, TO HEOOXOIUMO
0TOOpaTh Te, KOTOPHIE SIBISAIOTCSA YCTONUMBBIME ITPU HEOOMBIINX (DIYKTYaIMAIX CHIIBI TOKA B LIETIH.

VpasHenue (1) Takxe MOXKHO pemiaTb rpagUUECKU: AJIsl 3TOrO HYKHO
Ha rpaduKe BOJIbT-aMIIEPHBIX XapaKTEPHCTHK IEMEHTOB IPOU3BECTH
CYMMUPOBaHUE HANpsDKEHUH NPHU OJMHAKOBBIX 3HAYEHHSIX TOKa, a
MOTOM HAaWTH TOYKY IepecedeHus CyMMapHOTO rpaduka (BOJIBT-
aMIIEpHONW  XapaKTEepUCTUKU  IOCIEJOBAaTEIbHOTO  COEAMHEHMS
3JIEMEHTOB) C «HArpy30YHOH MPSIMOW HMCTOYHHUKA», OINpPEAesIeMOn

ypaBuenuem U =& —Ir.



3agaya: Jlammbl HakanWBaHUS OOBIYHO SIBISIFOTCS HEIWHEHHBIMHU SJIEMEHTAMHU JJICKTPUUYECKUX
1enei — TOK B HUX HE MPOIMOPLMOHAIEH HaIpsbKeHuto. JlomycTum, y Hac ecTh HabOp JiaMil, 1is

U

KOTOpPBIX CBfA3b TOKa W Hampsukerust naercs opmysonn 1(U)=1, |— , tae 3vauenus 1, u U,
0

COOTBETCTBYIOT HOMHUHAJIBHOMY pEKHMYy. Kpome TOro, Mbl MOXEM HCIIOIb30BaTh HabOp

onunakoBbix Oatapeit ¢ DJIC E=U,. Eciu nonkmodnts OiHY JIaMITy K O/IHO# Oartapee, Ha jamiie

27
Oymer Bwyenarbest Momuocts P=—P, (P, - Homunanbhas wmommHocts). M3  kakoro

64
MUHUMAJIbHOIO KOJMYECTBA IOCJIEI0BATENIbHO COEAMHEHHBIX JaMIl HAJ0 COCTAaBUTh TMPIISHAY,
YTOOBI MPU HNOJKIIOUEHHH €€ K HEKOTOPOMY KOJIMYECTBY MOCJIE0BAaTEIbHO COSIMHEHHBIX OaTapei
BCE JIAMIIbI TUPJIAH]IBI paboOTaNnu B TOYHOCTH B HOMUHAJIBHOM pexume? CKoIbKO OaTapell HyXHO
OyZeT 715 3TOro UCMOJb30BaTh?

Pemenue: PaccMoTpum onHY JlaMily, MOJKIIOYEHHYIO K OJHOM Oatapee. HampsbkeHue Ha jamie
2

cBszaHo ¢ Tokom uepe3 nee U, —Ir=U, N C npyroii CTOpPOHBI, BBIACISAEMas Ha JAMIIC
0
1) 27 3
MorHocTh Kak Qyrkims Toka gepe3 wee P(1)=U(I)l =U,l, | “ea Py =1 =2 lo. Taxum
0
3 9 7 U,
obpaszom, U, ~2 lor = 1—6U0 =r= ARG IIpy NOAKIIOYEHUM TUPJAHALI M3 N jamm Kk K
0

OarapesiM Bce JIaMIThl pabOTAIOT B HOMUHAIEHOM PEKHME, €CITH

klU, —I,r]=nU, =5k =12n.
MuHUMaJIbHOE HETOYMCIICHHOE peleHre cooTBeTcTByeT N=5, npu k=12.
OTBET: u3z N=5 namm; HyxHo Oyzer ucnoib3oBars K =12 Garapeii.

3aganmne 4.
Bonpoc: Kak wu3MeHsieTcss TONEpedHOE YBEIMYEHUE HEOOJBINOrO CBETSIIErocs MpeaMeTa B
3aBHCHMOCTH OT PACCTOSIHHS MEXKIY MPEIMETOM U JTHH30M?

OtBer: IlomepeyHoe yBenWuUeHHWE — OTO yBEIUYEHHE OOBEKTa,  PACIOIOKEHHOTO
MEPIEHANKYIISIPHO TJIABHOM ONTUYECKON OCH JMH3BI. Tak Kak JJisl TOHKOW JIMH3bI MOYKHO IMPOBECTH
JIy4d, UAYIIME OT KpalHMX TOYEK TAKOTO NpeIMeTa 4epe3 ONTHUYECKU LIEHTpP JWH3bl, U OHU
MpOMAYyT dYepe3 Kpas H300pakeHUs, KOTOpPOe TaK Ke OyaeT MNepHeHAUKYISIPHO TJIaBHOMN
ONTUYECKON OCH, TO OTHOIICHHE JMHEHHBIX Pa3MEepOB M300pa’KeHUs M MpeamMera (a 3TO U ecTh
BEJIMYMHA MONEPEYHOI0 YBEIUUYEHUsI) OYJEeT paBHO OTHOLIEHUIO PACCTOSIHUI OT M300pakeHus 10

b
mumsel |D| u or mpeamera no mumser |a|: |T'|=|—|. s ToHKMX nuH3 crnpaBemuBa (Gopmyia
a
. 1
JIMH3BI, COTJIACHO KOTOPOM —+—=—, rie F — QokycHoe paccrosuue nuH3bl. Takum o6pasom,

- ’
a b F
aF
=——, u novyromy |['|=
a—-F

BEJIMYUHBI B (hOpMYyJIie JTUH3bI MOT'YT OBITH OTPULATENbHBI (IS MHUMBIX IPEIMETOB, H300paKeHHI
u doxycor). Kak Buano, s paccenBaroutux nun3 (F <0) Benmnunna momnepedHoro yBenndeHus
JeMCTBUTENILHOTO MpPEJIMETa MOHOTOHHO YOBIBAET C POCTOM PACCTOSIHMS MEXIY NPEIMETOM H

F
—F. Monayns HE0OXOAMMO HCHOIB30BaTh MOTOMY, YTO BCE



R R S
1

JMH30 (PUCYHOK ClieBa), a it cobuparomux a3 F >0 — pacrer mpu a<F wu yOsiBaer npu
a>F (pucynox cmnpaBa). Ilpu a=F coOuparomas nuH3a HE GOPMHPYET KOHEUYHOTO
u300pakeHus: npenmera. VMHOrma yBelWMYeHHE BBOIT Kak anreOpanmdeckyro Bemuuuny: [ >0
COOTBETCTBYIOT MpsiMOMY H300pakeHuto, a [ <0 — mepesepuyromy. Kak HeTpymHO MpOBEpUTH, B
3THUM cliydae crpaBeyBa Gopmyna ['=——= Fa KaK JiJIsl COOMPAOIINX JINH3 (M300pakeHne
a —a

npsimoe npu a<F wu mepesepnyroe mpu a>F), Tak u g paccewBaroumMx JMH3 (Bcerma
PSIMOE).

3agauya: Ha skpaHe ¢ MOMOUIbIO TOHKOW JIMH3BI MOJIYYEHO PE3KOE M300pakeHHEe HeOOJIbIIOro
npeamMera ¢ nornepednsiM yBenuaeHuneM | [ |=2. Tlpeamer nepensunymm Ha S =3 cM, He cIBUTas
auH3y. Jns Toro, 4roOBl BHOBB MOJYYUTh pE3KOe M300pakeHHe, MPUIILIOCH NepeIBUHYTh SKPaH.
IIpu sromM momepednoe yBenanmueHwe okasamock paseeiM | [, |[=5. Ha kakoe paccrosHue
S’ IPUILIOCH EPEABUHYTH SKPaH?

Pemenne: Tak Kkak wu300pakeHus OBUIM TIONYyYEHBI Ha OSKpaHe, TO OHH SBIUINCH
JICHCTBUTENBHBIMU. DTO O3HAYaeT, 4TO JIMH3a cobupaiomas M B o0oux ciydasx aj, >F.

HaHpHMep, A0 caBura npeamMeTa U 3KpaHa, COrjiaCHO (1)OpMy.]'Ie, HOHy‘lGHHOﬁ B OTBC€TC Ha BOIIPOC,

|+
T3 |= F =>q =¢ F. PaccrosHue oT JnHMH3BI [0 U300paXCHHS TP  3TOM
a—F | T1 |
aF I, |+1
by=—2—=(I;|+)F. Touno Ttax xe a, 1| F u b,=(I,|+)F. Iockomsky
a—F 113 |
N Pl 0
YBECIMYCHHUE BO3POCIIO, TO IPEAMET NPUABUIANIM K JIMH3C, U S=a; —dy = W F . TTosTomy
1iil2
LC
dokycHOE paccTosHME JHMH3bI F = %S =10cm. DkpaH TOpH 3TOM HYXKHO OBUIO
2171

otoxBHHYTh OT 3k, TO ecTh S =0, b = (|, || )F 4T || T, | s=30cm.
OTBET: s' =T} || T, | s =30cwm.



