ONMMMNUALA WWKOJ/IbHUKOB «MOKOPU BOPOBbEBbI FOPbI» no PUSUKE
3AK/TIIOYUTE/IbHbIN (PUHA/IbHDBIN) 3TAN 2018 roaa

BUNET Ne 08 (KEMEPOBO): BO3MOXXHble peLleHUA U KpUTepun oueHMBaHUA

Kpurepuu onenuBanus:

J1si BOIIpOCoB:
EcTb oTAenpHbIE TpaBUIIbHBIE cOOOpaykeHus — 1 6asI.
OTBeT B 11€JI0OM MPAaBUJICH, HO COJIEPKUT CYIIECTBEHHBIE HETOYHOCTH, WM CYIIIECTBEHHO HETIOJIOH, HIIH
OTCYTCTBYET 000CHOBaHUE (11 BOIIPOCOB, B KOTOPHIX HEO0X0MMO 000CHOBaHKE) — 2 faJia.
OTBeT NpaBWICH, HO MPHCYTCTBYIOT MEJKHE HETOYHOCTH, WJIM OTBET HEAOCTATOYHO IIOJIOH, WM
OTCYTCTBYET JOCTATOYHOE 00OCHOBaHHWE (JJIs1 BONPOCOB, B KOTOPHIX HEOOXOAMMO 00OCHOBaHME) — 3
OaJua.
OTBeT MONHOCTBIO TPaBWIBHBIA, HO HEJOCTATOYHO OOOCHOBAHHBIA (IJI1 BOIPOCOB, B KOTOPBIX
HeoOXoauMo 000CHOBaHKE) — 4 faJia.
[IpaBunbHBIN, MOTHBIN 1 0O0CHOBAHHBIN OTBET — 5 0A/I0B (MAKCHMAJILHASA OLIEHKA).

s 3aiay:
EcTb oTenpHbIE IpaBUiIbHBIE cOOOpakeHus — 1-2 6aJuia.
Ectp 4acTp HEOOXOAMMBIX U pElIeHUs COOOpaKEHWiH, pelieHne He 3aKOHYEHO WM COJCPKHUT
cepbe3HbIe OmMOKU — 3-4 faJjia.
[IpucyrcTByeT OombIlast 4acTh HEOOXOAUMBIX ISl pEIIeHUs] COOOpaKEeHU, TPAaBIIILHO 3alMCaHa YacTh
HEOOXOUMBIX COOTHOIIEHHH, PEILICHUE HE 3aKOHUEHO MUJIU COACPKUT OIINOKU — 5-7 OaJLII0B.
[IpucyTcTBYIOT BCe HEOOXOIMMBIC [UIS DPEIICHHS COOOpaKCHWUS, NMPAaBHIBHO 3allMCaHbl MOYTHU BCE
HEOOXOIMMBIE /ISl PEIICHUS] HCXOTHbIE YPAaBHEHUS, HO PEIICHUE HE 3aKOHUYEHO WIIH COJIEPKHUT OIIUOKH
— 8-10 6aJ10B.
[TpucyTcTByIOT BCE€ HEOOXOOMMBIE JJsi pEUICHHS COOOpaKeHWs, NPAaBWIBHO 3allUCaHbl BCE
HEOOXOMMBIE JUISl PEIICHUSI UCXOIHBIC YPaBHEHHS, PEIICHHE BHICTPOCHO NPABUIBHO C (PU3NYECKON U
JIOTUYECKON TOYKU 3pEHUs], HO COAEPKUT ook — 11-14 6anmos.
[TpucyTcTBYIOT BCEe HEOOXOOMMBbIE JJsi pELIeHHs COOOpakeHUs, NPaBUIbHO 3allUCaHbl BCE
HEOOXOMMBIE JUTSl PEUICHUS HCXOHBIE YPAaBHEHHS, PEIICHNE BBICTPOCHO MPABMWIIBHO ¢ (pU3HUYEcKOr H
JIOTMYECKOW TOYKHU 3PEHUs, HO COAEPKUT OJHY-/IBE MEJIKHUE€ HETOYHOCTH, HE MO3BOJMBIINE MOITYYUTh
NPaBWIBHBIA OTBET, WM TPAaBHIBHOE DPEIICHHWE C HEJOCTATOYHBIM OOOCHOBAaHHEM CYIIECTBEHHBIX
UCIIOJIb30BaHHBIX pe3yibTaToB — 15-17 6annos.
[IpaBuibHOE 0OOCHOBAHHOE PEIICHHE C BEPHBIM aHATUTHYECKHUM OTBETOM, HO MEIKOH HETOYHOCTHIO
OpU TOJYYEHUH YHCIEHHOTO OTBETa, JIMOO NPABWIIBHOE pElIeHHE C MPaBWIBHBIMU OTBETAMH C
HEIOCTaTOYHBIM 00OCHOBAaHHEM OJHOTO W3 HCIOJIB30BAaHHBIX PE3yJIbTATOB (U3 YHCIa HE KIFOYEBBIX
JUIs pelIeHus, Ho HeooxoaumbIxX) — 18-19 6asios.
[TonHoe, mnpaBUIbHOE, OOOCHOBAaHHOE pEIIEHWE C TNpaBUIbHBIMU oTBeTaMu — 20 0ajjioB
(MakcuMaJIbHas OLl€HKA).

3ananue 1.
Bonpoc: ChopmynupyiiTe yCIOBHs paBHOBECHS TBEPJOTO Tena. UTO TaKoe «MOMEHT CHITBI»?
3apaua: YV nectHuibl 11 0JMHAKOBBIX CTyNEHEH, paclpeaesieHHbIX
PaBHOMEPHO: PACCTOSIHUE OT HMXKHEro KOHIIA 0 HY)KHEW CTYIEHH,
pPacCTOSIHUSL MEXIY COCEIHUMHU CTYNEHSIMU M PACCTOSIHUE OT
BEPXHEW CTYNEHU JI0 BEPXHETr0 KOHIA OJMHAKOBHI. Ee mocraBuim B
yroJi, 00pa3oBaHHbBIN CTEHON U MOI0oM. Ko UIMEeHT TpeHHs MeXKIY
crenoii u secthunied x=0,25, a kodhGHUIHUEHT TPEHUS MEKIY

aectaunier uw momom 2u=0,5. YemoBek ¢ Maccoil, paBHOI

YIBOEHHOM Macce JIECTHUIIBI, IOAHUMAETCs 1o cTyneHsaM. Korna on
IIEPEHEC BECh CBOM BEC HA JIEBATYIO CTYIIEHb, JIECTHUIA, HEMHOI'O
MIOCTOSAB, Hayasa CKOJIb3UTh. UeMy PaBHSIICS YToJI MEXY JECTHUIICH U ITOJIOM?

OTBeT Ha BOl'[pOC: HCO6XO,Z[I/IMBIMI/I YCIOBUSAMHU HAXOXIACHUA TBCPAOTO TCJIa B PABHOBCCHU SABJISAIOTCA:
(1) paBeHCTBO HYJIIO BEKTOPHOW CyMM BHEIIHUX CHJI, MPHJIOKEHHBIX K Teny; (2) paBeHCTBO HYIIIO
anreOpanyeckoil CyMMBbl MOMEHTOB BHEIIHHMX CHJ, MPHUJIOXKEHHBIX K Teily. Bo BTOpoM ycioBuum
UCTIONIB3YIOTCS ONPEICIICHUS:



+ Iledo cuabl || — paccTosiHue OT OCH BpallleHHUs 10 JTUHHU

O / IEUCTBHUS CHIEL.
~F MoMeHT cWiIbl — MPOU3BEACHUE BEJIMYMHBI CHJIBI Ha €€
l €40, B3SATOE CO 3HAKOM + (-), €Cclu cuja BpamiaeT Telio

BOKPYT OCH B  IIOJOKUTEIbHOM  (OTPHULIATEIHHOM)

Hanpapyienun: M =+ |F |1,
Pemienue 3agauym: VICKOMBIN yroil ¢ - B TOYHOCTU «KPUTHUYECKUI» Yroj HAKJIOHA, IIPU KOTOPOM CHJIbI
TPEHUs, yIEepKUBAIOLIME JIECTHUILY OT NPOCKalb3bIBaHUs, elle 0o0ecreynBaroT paBHOBecHe (JIECTHHLA
«HEMHOT0 TI0CTOsJIa»), HO Y>K€ JOCTUIJIM CBOMX MaKCHMaJbHbIX 3HaueHUH. [IycTh Macca JiecTHUIIBI paBHA
M, a Macca 4eioBeka — 2M. YKakeM Ha PUCYHKE CHIIbI, ACHCTBYIOIIUE HA
JIECTHULY B «KPUTHYECKOM» TMOJOXKEHUHM (UeJoBEeK Ha 9-i CTymHeHu).
3anuieM yCIOBHE PAaBHOBECHS CWJI B IMPOEKLUMSIX HAa TOPU3OHTAIBHYIO H
BEepTUKAIbHYIO ocu U Haiinem N, ,:

N, = _3M9
Ny+uN, =3mg| o124’
N, —2uN, =0 NI
1+2u°
Tenepb 3almuuIeM yCJI0BHEC MOMCHTOB OTHOCHUTCIBHO HHXXHCTO KOHIIA JICCTHHIIBI (y‘II/ITbIBa}I, YTO TOYKa

3L

IMPUIIOKCHUA BCCa YCIIOBCKAa HAXOAUTCA Ha pPaCCTOSHHUU T OT HEro, rac L — JJIMHa JIGCTHI/IIII)I)I

mg % cos(a) +2mg %cos(a) —N,L[sin(a) + ucos(a)]=0. M3 »sTOro ypaBHEHHS HAXOIUM, YTO

2

Y7,

M9 . tg(a) = 12£

2
tg(a) + =

_ 2
== Urak, o = arctg i arctg(ﬂ.
N, 3u 3u 4

2

4
OTBET: o = arctg| 1—#~ | = arctg[§j.
3u 4

3amanue 2.
Bonpoc: [lpu pacumpennun 0HOTO MOJISI OJHOATOMHOTO UEAIBHOTO T'a3a 3aBUCUMOCTh €ro abCOMIOTHON

A
TEeMIEpaTypbl OT IPOM3BEACHHOW WM palboThl oOKaszamach JuHeHHOH: T =T, _bE (3mece R —
yYHUBEpCallbHasl Ta30Bas MOCTOsHHAsS). [Ipu Kakux 3Ha4YeHUsX D TermoeMKocTh Traza B 3TOM Mpoliecce
oTpulatrenbHa’?

3agaya: BepTUKaJbHBIN IWIMHAPUYECKUN TEIION30IMPYIOIINN TIaAKUI COCY/ pa3/ielieH Ha JIBE 4acTu
MacCHBHBIM TOPHU3OHTAJIbHBIM MOpPIIHEM. B HIKHEH 4acTu cocyla HaxoJIUTCs Telui IMOoJ JAaBJICHUEM
p, =100 «kI1a, a BepxHsis yacTh BakyymMupoBaHa. [lopiieHs yepKuBaeTcsi B STOM TOJIOKEHHU. 3aTEM €ro

ormyckatoT. [locne ycTaHOBIIEHUS paBHOBECHUS OKa3alloch, YTO 00BEM, 3aHSATHIM TelheM, YBETUYHIICS Ha
40%. HaiiTu 1aBiieHue reusi B 3TOM COCTOSTHUH PaBHOBECHSI.

OtBer Ha Bompoc: CornacHo | Hawamy TtepMonvHaMuKH, W3MEHEHHWE BHYTPEHHEW OHHEpPruM rasza

3
AU =Q—A:§RAT (3mecb Q — KONMYECTBO TEIUIOTHI, MOJABEACHHOW K ra3y). Ilo ycioBHio

A= —% (T-Ty) = —%AT . Cnenosarensno, Q= (g - %) RAT. U3 5TOro COOTHOIIEHHS HAaXOIUM

TEIIOEMKOCTh C = Q = 3_1 R . Takum o6paszom, C <0 mpu O0<b< E
AT \2 b 3



Pemenne 3agaum: [1ycTh KOJMYECTBO MOJICH IeliMisl B COCYE PaBHO V, a €r0 HadalbHBIH 00beM paBeH V .

o AV 2V
Torna KoHeYHbII 00bEM paBeH 5 W BBICOTA MoJbeMa nopiHs X = — = —— (S — cedenue cocyna). B

S 58

1%
KOHEYHOM COCTOSHHH JIABJICHUE TENIMsl YPAaBHOBEIINBAETCS BECOM IOPIIHS P,S =My = TZS =mg.

B npouecce cxxatus ra3oM IPYKUHBI BHYTPEHHSS SHEPIUs ra3a MEPeXOJUT B 3HEPIUIO MOPIIHA B I10JE

3
Tsokect: — AU =EVR(I'1—T2)=mgX. [loncraBuB croja MONMYYEHHBIE BbIpaOKEHUS a1 MY u X,

SvRT, . 2V
HOJTyYHM: ng(I' 1—T,) = AL ¥ 55 = 21T, -T,)=4T,. CnenoBarenbHo, T, = ;—;Tl. CornacHo
Py T, Vy 3 3
00BbEIMHEHHOMY I'a30BOMY 3aKOHY, OTHOLIEHHE JABIEHUH — = —~—=—_u P, =— P; = 60 kIla.
p TVy 5 5

OTBET: p, zg p, = 60 klIa.

3aganmue 3.
Bomnpoc: 50 akkymynsatTopoB ¢ oauHakoBbiMU DJIC € UM BHYTPEHHHMH CONPOTUBIICHUSIMU | COEIMHEHBI
MOCJIEIOBATEIbHO B 3aMKHYTYIO IIelb. BoOJbTMETp MOJKIIOUEH K YYacTKy, couepxkamemy 20
akkyMynaTtopoB. KakoBsl ero nokazanusi? OTBeT 0ObSICHUTS.
3apaua: B «YepHom Smmke» HaXOAUTCS CXema, COCTaBIICHHAs U3
PE3UCTOPOB U HCTOYHMKOB MOCTOSAHHOrO Toka. Y «YS» ectb mecth
BbIBOJIOB. K J1ByM mapaM BbIBOJIOB IMOJKJIIOYEHBI aMIIEPMETPbI, & K JIBYM _\
OCTaBIIMMCSl — B€TBb, COJiepKalias K4 u peocrtar. [Ipu pazoMkHyTOM @ K

KJIIo4Ye mokasanus amnepmerpa Al paBubl 1A, a ammepmerpa A2 — 5A. YA

[Tocne 3ambikanus kimoua Al cran nokaselBaTh CUily ToKa 2A, a A2 — cuity
Toka 4A. J[Bmwxok peocrara nepeasunynu. [locne srtoro mokazanust A2
ctainu paBHsl 2,4 A. Kakoii Tok nipu 3TOM TeueT uepe3 Al?

0E €&

or 1 [TosToMy HampskeHUE HAa KaKIOM W3
r r

aKKyMYJISITOPOB Ul =& —Ir=0. 3HauuT, paBHO HYJI U HANpsHKEHUE Ha JIOOOM ydacTKe LenH, U

OtBer Ha Bompoc: Tok B Takoil 3amkHyToW 1enu | =

IMMOKa3aHus BOJbTMETpPA TaKKC JOJIPKHBI OLITH HYJICBBIMU.

Pemenue 3amaum: Ilockonbky cxema B «YepHoM Slmiuke» COAEPKUT TOJIBKO JIMHEHHBIE SIEMEHTBHI
(pe3ucTOpHI M UCTOYHHUKH), TO TOKH B BETBSIX SBJIAIOTCS PEIICHUSMH JIMHEHHON CHCTEMBI ypaBHEHHH, U
H03TOMY SBJISIIOTCS TMHEHHbIMU QyHKIMAMU DJIC 1 00paTHBIX CONMPOTHBICHUIN IEMEHTOB cXeMbl. Ipu
U3MEHEHUU CONPOTHUBIIEHUS OJHOW M3 BETBEH (IIpU HEU3MEHHBIX 3HAYEHUSAX OCTAJIBHBIX IapaMeTpOB)
TOKHM BO BCEX BETBSIX OKa3bIBAIOTCA JIMHEWHBIM (DYHKLUSIMH OOpaTHOTO CONPOTHUBIIEHHS 3TOH BETBU, U
MOTOMY MEXJy CaMHUMM TOKaMH TOK€ JOJKHO OBITh JIMHEHHOE COOTHOLICHMH. 3HAYUT, CYLIECTBYIOT
TaKHe MOCTOSTHHBIC K03 duimeHTs (0003HauuM ux A u B), uTo npu 11000M H3MEHEHHH COTIPOTHBIICHHUS
BETBU C PEOCTaTOM IIOKa3aHUS aMIIepMETpOB CBs3aHbl cooTHomenueM |; =A+B-I1,. Hcnoms3ys

U3BECTHBIC 3HAYCHUS TOKOB, HAXOIUM:
1A=A+B-5A A=06A
2A=A+B-4A - B=-1

Takum oOpasom, ipu |, = 2,4 A gepe3 Al teder Tok |, =3,6 A.

OTBET: I, =6A—-1, =36A.

3ananmue 4.
Bomnpoc: [Ty4ok nmapa/uienbHBIX CBETOBBIX JIyueH MajaeT Ha JMH3Y ¢ ontudeckor cwioit D; = —10anrp.
Ha xakom paccrosiHuM 3a Heil HY)XHO TIOCTaBUTh COOCHO JIMH3Y ¢ onTmyeckoi cuioii D, =+2,5nntp,
YTOOBI U3 BTOPOI JIMH3BI JIyYH ITyYKa BHIIUIA MapajiebHO?



3agaua: /IBe TOHKHME JIMH3BI PACIIOJIOKEHBI HA OOIIEH ONTHYECKOW OCH Ha paccTossHuM L apyr ot apyra.
Ha Toli ke ocH Ha TaKOM >K€ pacCTOSIHMM L OT OJHO¥M M3 HHUX PacIoJIOKEH TOYCYHBIN MCTOYHHK CBETA.
Ecnu Gimike K MCTOYHUKY pa3MelleHa JTUH3a ¢ OOJbIIel ONTHYEeCKON CHUIIOHN, TO N300paKeHNe HCTOYHUKA
HaxoJuTCs Ha paccrosiHuu 2L 3a manbHeii auH30i. Ecim, He nmepemenias HCTOYHUK, IIEPECTABUTD JIMH3BI,
TO H300paXkeHHEe OyIeT HaxOoauThcs Ha paccrossunn 3L/2 3a manmpHed jmu30i#. Haiitn (okycHbie
paccTosiHusl 00eux JIUH3.

OTtBer Ha Bonpoc: Ilocne npoxoxaeHus NepBoil (paccenBaroileil) TUH3bI MYYOK CTAHET PACXOASIIUMCS —
MPOJODKEHUS JIydel OyAyT mepecekaThcsl B TOUKE, JeKallel B (OKaJIbHOM IMJIOCKOCTH MEPBOM JIMH3BI.
Ora Touka OymeT Wrparh poJib TOYEYHOIO HCTOYHWKA JUIsi BTOpPOU (coOuparomieii) nuH3bL [lydok
BBIXOJSIEH W3 BTOPOM JMH3BI Jiyued OyleT MapajjielibHbIM, €ClIM 3Ta TOuKa OyAeT HaXOAWUThCA B
(OKaNTBHOH TIIOCKOCTH M BTOPOM JIMH3BI TOke. [103TOMY paccTosiHue MeX Iy JIMH3aMH JIOJKHO PABHSITHCS

1 1
paszHocTH BenumurH (HOKycHOro paccrosiaus aun3: L=F,—|F | ——-——=30cwm.

D, |D|
Pemenue 3agauyu. B xauecTBe mepBoro mara moXydyuM oOIee COOTHOIICHHE, CBS3BIBAIOIIEE MapaMeTphI
CHCTEMBI U3 JBYX TOHKUX JIMH3, MMEIOUINX OOIIYIO ONTHYECKYIO OCh, C PACCTOSIHUAMH J0 MCTOYHUKA U
nm3obpaxenus. Ilycte F, u F, — doxycHble paccrosnus nun3, L — paccrosHue Mexnay HUMH, 812 —

paccTOsSHUS 0 MCTOYHUKOB OT KaXKAOH W3 JIMH3, D1, — paccrosiHus 10 u3o0paxkeHuii. PaccrosHue oT
UCTOYHUKA JIO CUCTEMbI €CTh paccTosHue A0 1-oil nuH3bl. M300paxenue, co3zgaBaemoe 1-oif JIMH30H,

HaXOOUTCS oT Hee Ha paccrosiHuy, OIIpEACTIIEMOM dopmyoit JIMH3BIL
1 1 1 aF y
—t—=— = b1 = 9TO I/I306pa)KeHI/IC ABIIACTCA NCTOYHUKOM JJIA BTOpPOHU JIMH3BbI:
= bl Fl a, — Fl
a=L-b=L- 3k = La,-R(l+a) . Bropuuno nipumensisi opmyny JTUH3bI, TOJTYIUM:
a, — Fl a, — F1
a, Fz _ Fz [Lai_Fl(L+a1)]

2

az_Fz Lai_Fl(L+a1)_F2a1+F1F2
= (L+a +b,)FF,—-(L+a)b,F-(L+b,)a F,+Lab,=0
Tenepp 3anuieM 5TO COOTHONIEHHME IS BYX CUTYallui, ONMCAHHBIX B YCIOBHMHU 3a/1a4d, 0003HAYHB
(oxycHoe paccTostHUe JTHH3BI ¢ Oonbinelt onTudeckoit cuioit F (T.e. cumraem F, <F,):
4F F,—4LF -3LF,+2°=0
7 :
—F1F2—§LF1—3LF2+§L2 =0
2 2 2
ITomydyena cucrema OBYX ypaBHEHMH OTHOCHTENBHO ABYX Hem3BecTHhIX F, m F,. OHa mmeer nBa

pemenus: F =L, F,=2L u F, =3L/8, F, =L/3. ITockonbKy yCIOBUIO 3aqa4dd YIOBIETBOPSET

TOJIBKO IIEPBOC U3 HUX, OHO U AaCT HpaBI/IHI)HBIﬁ OTBCT.
OTBET: F, =L, F, =2L.

MAKCHUMAJIBHASA OIIEHKA 3A PABOTY: 100 BAJIVIOB



