Pemenus K 3aJaHUAIM MYHULIMIIAJIBHOIO 3TaNa
Bcepocceuiickoi 0JIMMIIMAABI IKOJAbHUKOB 110 (pU3HKe
2018-19 yueOHbIii roa
11 knace

Pemienue ka:knoi 3aga4yu oueHUBaeTcs HeJbIM Yucaom 6awioB ot 0 mo 10. XKropu
OnuMmmuaasl OIICHWBAET 3alMCH, NPHUBEACHHBIE TOJbKO B YHCTOBUKE. UEpHOBUKH HE
MIPOBEPSIFOTCH.

He pomyckaercss cHsATHE OalJIoOB 3a «IUIOXOW TIOYEPK», 3a pelIeHHue 3aJadu
HEPAlMOHAIBHEIM CIIOCOO0M, HE B 0OIIEeM BHUJE, WM CIOOCOOOM, HE COBMAJNAIONIUM C
MPEJIOKEHHBIM MeTon4eckor komuccueil. IIpaBWJIbHBIIA OTBeT, NMPUBEIEHHbIH 0e€3
000CHOBAHMS WJIH MOJTYYeHHbIN U3 HENMPABHJIbHBIX PACCYKIEeHUI, He YYUTHIBAETCS.

[IpoBepka padot ocymecTBisiercs XKropu OnMuMIIuaabp COTIACHO CTaHAAPTHON METONKE
OLICHUBAHUSI PEIICHUI:

bamb [TpaBmIIbHOCTH (OMIMOOYHOCTH) PEIICHUS

10 [TomrHOE BepHOE permeHne

8 Bepnoe pemenne. Mimerorcst HeOOIbIINE HEOYETHI, B LIEJIOM HE BIUSIONINE HA
perieHue.

5-6 Pemenwne B 11e110M BEpHOE, OTHAKO, COJEPIKUT CYIIECTBEHHBIC OMNOKH (HE
¢duznyeckue, a MATEeMaTUYECKUE).

5 HaiineHo perienue oHOTO U3 ABYX BO3MOXHBIX CIIyYacB.

2-3 EcTth monumanue Gpu3nku siBICHUS, HO HE HAWJEHO OJTHO U3 HEOOXOIUMBIX JIJIS

pEIIEeHNs] ypaBHEHUI, B PE3yIbTaTe MOJIy4€HHasl CUCTEMA yPAaBHEHUI HE MOJIHA
Y HEBO3MOKHO HAWTH peIICHHUE.

0-1 EcTb oTnenpHBIC ypaBHEHHS, OTHOCSIINECS K CYTH 33/1a49H TIPH OTCYTCTBUH
penreHus (WM Tpy OMMTUOOYHOM PEIICHUH).

0 Pemenue HeBepHOE, UM OTCYTCTBYET.

Bce nometku B paboTe yyaCTHUKA YJICHBI JKIOPH JIENIAIOT TOJIBKO KPAaCHBIMU
yepHUIamMu. bayisl 3a IpPOMEXYTOUHBIE BBIKIIAJAKU CTABATCS OKOJIO COOTBETCTBYIOIIUX MECT
B paboTe (3TO UCKIIIOYAET MPOMYCK OTACIbHBIX yHKTOB U3 KPUTEPUEB OLIEHOK). MIToroBas
OLICHKA 3a 3aJjady CTaBUTCA B KOHIE penieHus. Kpome Toro, 4ieH KIOpHU 3aHOCHT €€ B
TaOJIUILy HAa IEPBO CTpaHUIE pabOTHI M CTABUT CBOIO MOJAIUCH MOJ1 OLIEHKOM.

B ciiyuae HeBepHOro pemieHuss He0OX0IMMO HaXOIUTh U OTMEYaTh OLUIMOKY, KOTOpast
K HEMY IIpUBea. JTO MO3BOJIUT TOYHEE OLIEHUTDH IPABWIBHYIO YaCTh PELIEHUS U COKOHOMUT
BpeMs B Cllydae aneuIsiuu.



1. HlkonbHUK B3su1 MUKPOGOH M3
3BYKH B CTOJIIPHON MacCTE€pPCKOM,
B KOTOpPOW OBUI CTaHOK JUIsl
pacnuIuBaHus JPEBECHHBI.
Korma Ha 3TOM  cTaHke
pacnuiuin  KycoK  ¢aHepbl
mmpuHo 15 cM, TO y Hero
HOJTy4nJIach 3aIIUCh TPOMKOCTHB
3aBHCHUMOCTH OT BpPEMEHH, KakK
IIOKAa3aHo CIIpaBa:

[Iorom B 3TOM MacTEpCKOU
pacmwiu 6e3 ocraTtka OAuH

IIKOJILHOM JTAaOOpaTOpPHH M CTajl 3aIllMChIBATh
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OoJbIION KBajgpar U3 TOM ke ¢daHepsl Ha

HCCKOJIbBKO MCHBIIIUX KBAAPATOB. HpI/I 9TOM 3aIIUCh T'POMKOCTH 3BYKOB MMCJIa

TaKOW BHUJI, KaK IMOKA3aHO HUXKE:
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CKOJIBKO BCEro HOBBIX KBaJIpaTOB MOJYUYUIIOCH U3 UCXOJHOTO JiucTa (haHephl?
Yemy npuMepHO paBHa IJIOIIAb CAMOT0 OOIBIIOr0 U3 HOBBIX KBaIPATOB, €CIIH
HMIMPUHON pa3pe3a MOXKHO MpeHeOpeub?

Cuuraercs, 4TO paciul IPOU3BOAMUTCS OT Kpasi 10 Kpasi OJTHOTO I[EJI0ro KycKa
(baHepbl ¢ MOCTOSHHON CKOPOCTBHIO.

Bosmoorcnoe peurerue:

Cyns no nepomy rpaduky, pacnuivBaHUe KycKa Ha 1uHy 15 cMm Tpedyet
40 c, T.e. CKOPOCTb pACIMIMBAaHUS TaKOW (QaHepbl Ha JAHHOM CTaHKE
coctaBisieT 15/40 cm/c (+1 G6amn). Tak kak caMmblif JOJATHI pacluil Ha JPYrom
rpaduke nmutcs npumepHo 400 c, T.e. oH uMeeT ATuHy okoJio 1.5 M (+ 1 6amn),
a caM UCXOJHBIN JUCT OBUT KBaPaTOM C JJIMHOW CTOPOHBI IpuMepHO 1.5 M (+1

Oa).

Cynst mo BTOpoMy Irpaduky, BCero cienaHo 7 paciuiioB OT Kpasi 0 Kpas, T.e.
BCErO MOJIYYUTCS 8 YacTeH, KOTOPBIE MO YCIOBUIO SABJISIOTCS KBaapaTaMu (+2
O0anna). Camble KOpPOTKHE PacHuibl JUISTCS BYETBEPO KOpPOYE, YEM CaMbli
JOJITUH, IPUYEM 3TO COOTHOUIEHUE, 1:4, onpenensercs TOYHee, Y4eM CaMHt 110
cebe BpeMeHa — WMHaye He MOJy4YuTh KBaJpaToB. Takum oOpa3oM, AJIMHA
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CTOPOHBI CaMbIX MaJlbIX KBaJpaTOB cOcCTaBisieT okoyio 37.5 cm. Otcrona
CIEAYyeT, UTO OT HPSIMOYTOJbHUKA, OCTABLIErOCs IMOCJE MEPBOrO pacCIuia,
JOJDKHBI ObUIM, KaK MHUHUMYM, OTpe3aTh 4YacTh,
paBHYIO MO JUIMHE MajoMmy kBanpaty (+1 Gamr). B
MIPOTUBHOM CJTy4yae He BCE IETAIM B KOHEUHOM UTOTE
HOJIYYHJIUCH Obl KBaJpaTamH.

Hckomble MJIUTEIBHOCTH 3BYKOB COOTBETCTBYIOT
pacnIMBaHUIO MCXOJHOTO KBajpaTa Ha 8 yacTew,
KaK NOKa3aHo Ha pucyHke (3a ornpenaenaeHue crnocoda
pacruia + 2 6ajura): cCHavalia cesaan JITMHHBIA
pacmwyi Ha BCHO JUIMHY CTOPOHBI HMCXOJHOTO
KBaJpara.

3atem 0T 00pa30BaBIIETOCS NPSIMOYTOJBHUK C COOTHOLIEHUEM CTOpPOH 1:4
OTHUWJIWJIM JIBA MEHBIIINX KBaJIpaTa ¢ JUIMHON CTOPOHHI B 4 pa3a MEHbIIIE,

YeM y UCXOJIHOTO. 3aT€M OTIUJIUIN OPSIMOYTOJIBHUK C COOTHOIIIEHUEM CTOPOH
1:3 oT ocraBmierocsi Kycka (aHepsl Tak, 4TO MOJYYHJICS KBaJApaT C JJIUHOMN
CTOPOHBI ¥4 OT UCXOJIHOTO KBaJpara. 3aTeéM KaKIbli U3 OCTABIIUXCA JIBYX
NPSMOYTOJIBHUKOB C COOTHOIIEHWEM CTopoH 1:2 wm 1:3 pacmwmnm,
COOTBETCTBEHHO, HAa 2 U 3 KBajapara. T.e. MoJy4drwIoch 7 MalbIX KBaJApaToB U
OJWH OOJBINON, KOTOPBIM HMMeeT Iuiomanas 9/16 OT ImIom@aam HCXOIHOTO
KBaJpara, 4To COCTaBiIsAeT npumepHo 1.3 M2 (+ 2 6amna).

2. Ha miockocTH ¢ yIJIOM HakjJOHa o
JIEKUT OJTHOPOJHAS JIMHENKA MacChl m.
E€ TAHYT MmO TOPU3OHTAINA 3a HWT,
IIPUBS3aHHYIO K HIDKHEMY KOHILy. [Ipn
KaKOW MAaKCHMaJbHOW CUJIE HATSKEHUA Fmax JIMHEHKA HE OTOPBETCS OT
wiockoctu? Haiiinre HanMeHbIni K03 GUIIMEHT TPEHUSI min TAKOH, UTO MPH
ITOM JIMHEIKa He OYAET U COCKaNb3bIBaTh. Y CKOPEHHE CBOOOAHOIO MaICHUS g.
Bosmooicnoe pewenue:

MaKCI/IMYM CHJIbI — OTCYTCTBHUC ITIOBOPOTA BOKPYI BEPXHCTO KOHIIA, U3 YCIOBUA

. : _mg __mg
PaBHOBECUSI MOMEHTOB CHUI:F,,, Sina = — C0sa , TO €CTh Fnox = Tctg a,

npu F > % ctg a ner noBoporta. (46amna)

OrcyrcTBre pockanb3biBanust F oS @ + mg sina < uN;

(F cosx+mg sinx)

N =mgcos €« —Fsin «; p=> (36ata) mpu TFOOBIX

mg cosx—F sinx

m
JOIMYCTUMBIX Criiax, To ectb uipu F = F ., = Tg ctg a (1 6amn)



1+(sin a)?
cosa

Tormap = ctga + 2tga wm L = s Wmin = Ctga + 2tga

(2 6amna)

3. UneanpHblil ra3 yyacTByeT B mpouecce 1-2-3-1,
npejcTaBieHHOM Ha guarpamme p(V), cm.
pucyHok. [Ipsmas 1-2 mpoxoauT udepe3 Havao
KOOpJMHAT. 3Ha4Y€Hud p1, P2 1 V1 AaHbel. B xozne
polecca KOJUYECTBO BEIIECTBA ra3a MEHSIOCH
MPOTIOPITMOHAIEHO ero a0COIOTHOM
temmneparype T , T.e. mo 3akony v(T) = zT , rue z 0 Vi
— u3BecTHBIN K03 unuent. N3obpasure mpouecc 1-2-3-1 Ha nuarpamme
V (T). He 3a0yapTe HalTH U MOAIKCATh HAa JUarpaMMme 00beM U TEMIIEPATypy
rasa B Toukax 1, 2, 3.

Bosmooicnoe pewenue:

[lo ycrnoButo 3amaun B mporecce 1-2-3-1 BBINOJTHSAETCS YypaBHEHUE
Kiaiinepona-Menaeneesa pV =vRT , rne v=zT. Iapimu cioBamu, ypaBHEHUE
Knaiinepona-Menzeneesa npurumMaet sug pV = zZRT? 1)

Paccmotpum mponecc 1-2. Tak kak Touku 1 u 2 jiekat Ha OJHOW MPSIMOM,
IPOXOSIIEH Yepe3 Hadyajo KOOpAMHAT (CM. puc. 1), Bce OHU yAOBIETBOPSIOT
ycioBuio p = oV , rae kodpGUIHMeHT TPONOPIUOHAIBHOCTH ¢, a TaKXKe
HEU3BECTHBIN 00heM V) JIETKO HAWTH:

Pr_P2.y — p2Vy

v, 2 P1

Tak kak 00bEMBI BO BCEX MPOHYMEPOBAHHBIX TOYKAX HAM TEMEPh U3BECTHHI,

TEMIIEPATYPhl B HUX JICTKO HAWTH ¢ ToMoInbko (1):

o =—

pV
TW)= [—=>
V) R

p1V1 p2Vo_ [p3Va _ |piV2 _ [p2Vq
T1—/R’T2—\/ \/2R T; = = (2)
ri ZR ZR

[Ipomecc 1-2 — 3T0 MHOkECTBO Touek (p,V,T), oMHOBpEeMEHHO
YAOBJIETBOPSIOIIUX YCIOBUSIM:

p=aV,pV=zRT% V € [V, V,].

[TockonpKy HamM HEOOXOAMMO TOCTPOUTH PACIIOIOKEHUE ATHUX TOYEK Ha
miockoctd V (T ), HCKITIOUUM U3 3TOM CUCTEMbl YPaBHEHHM aBJICHUE:

V2=zRT2<=> V =T |2  (@3)
a




B nocnenneM paBeHCTCBE, W3BJEKas KOPEHb, Mbl y4jid, YTO U OO0BEM U
TEMIIepaTypa — IOJIO)KHUTEJIbHBIE I10 OIPEACIICHUIO BEJIWYUHBI. WTak, MbI
NOJIYYWJIM, YTO B Tpouecce 1-2 o0beM MNpoNopLUUOHATEH TeMIlepaType ¢
u3BeCTHBIM (3) K03 PHUITMEHTOM TPOMOPIIMOHATEHOCTH.

[Ipomecc 1-3 — 3To MHOkecTBO Touek (P,V,T), oMHOBpEeMEHHO
YAOBJIETBOPSIOIINX YCIOBUSIM:

P =p1, pV =zRT? V € [V, V2].

TaxKe UCKITFOYMM U3 3TOM CUCTEMBbI YPAaBHEHUH JAaBJICHUE:

2
P,V=zRT2<=>V = Z’;T
1

3HauuTt, B iporiecce 1-3 00beM mponopiuroHaIeH KBaApaTy TeEMIIEpaTyphl, TO
€CTh TOYKU ATOTO IMpoOIlecca JiexkaT Ha napadosie, MpoxXo el yepes3 Hayaio
KOOpAMHAT.

N3o06paszum mpsmyro mnponopuuoHaibHOocTh V(T) B mpomecce 1-2 wu
KBaJpaTUYHYIO 3aBUCHUMOCTH B mporecce 1-3 (cM. puc. 2). Yurem, 4To 3TU
rpaduku padotart npu V € [V1, V3] (3T uHTEpBaNIBI IPAMON U T1apaboIIbl
BBIJIEJICHBl Ha PUCYHKE XUPHBIM). OCTaNOCh TOJBKO JOMOJIHUTH JHUArpaMMy
TOPU30HTAILHBIM OTPE3KOM 2-3, Ha KOTOPOM I10 YCJIOBUIO OOBEM HE MEHSETCH.
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4. DnexTpuueckas 1enb, cXxemMa KOTOpOou MprBeicHa
Ha PUCYHKE, COCTOUT U3 PE3UCTOPOB, UMEIOIINX
conportuBieHus R =2 kOwm u 2R, ugeanbHoro
ucTOYHMKA ¢ HanpsbkeHneM U =3 B u
uaeanpHoro amnepmerpa. Onpeaennre noka3aHue =1
amIiepMmeTpa.

Bosmooicnoe pewenue:

Hampspkenne Ha BepxHeM U HWJKHEM pesuctopax 2R oguHakoBoe,
CJIEIOBATENIbHO, Yepe3 HUX TEeKYT OJuWHAKOBble TOKU. OO003HauMM ux uepes |.
Torga, mo 3aKoHyY COXpaHEHHUs 3aps]a, 4epe3 JIEBBIM M MpaBblid pe3nuctopsl R
TekyT TokH 2. Ternepb MOXXHO MOCUUTATH HAMPsDKEHUE HA CpeIHEM pe3ucTope R.




Omno paBHo 6IR u, cnenoBarenbHO, uepe3 AaHHbIN pe3uctop uaet Tok 6l. Torna
10 BETBHU, COJIEPIKaIEil HCTOYHUK U aMIiepMeTp, uaet Tok 81, mpuuem U = 6IR,
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Kputepuu onieHuBaHUS
1) PaccraBiieHbI TOKH B BETBSX, TUOO HaiIeHO 00IIIee COMPOTHUBIICHUE
BHEIITHEH Tenu - 5 6aioB
2) HaiineHa cBs3b HaNpsOKEHKS HCTOYHHMKA M TOKA Yepe3 amrepmerp — 4
Oamna
3) IMonydueHo YMCIICHHOE 3HAYCHHUE TOKa uepe3 amrepMeTp — 1 Oaimt

5. Ha pucyHke, NIpWIOKEHHOM K

YCIJIOBHIO, 1300paKeHbI JIBE ;

i
*U 4 1

MBIIIKH, /IBA 3CPKajia U KyCOK CbhIpa

M

(BUA ~ CBepxXy; ChIp TIOMEYEH

KpECTUKOM, MBIIIKH -TO‘IKaMI/I) .

MVAWERRNNY

Ecau wMblka BUAUT CbIp, OHA §

HayMHaeT OeXaTbh K HEMY 11O

MO Y

npssMor. Eciam  MbIka  BUIAT

N

M300paKEeHHE ChIpa B 3€pKajie, OHA

HayuMHaeT OexaTh MO MNpAMOU K

n3o0paxeHuro. Eciiy MbIIlika BUIUT

OI[HOBpeMeHHO u CBIp, u MbpIllb 1

U300pakeHue chIpa (v AEEE

HECKONBKO W300paeHmi cerpa),
OHa OEXUT K TOMY, 4TO OJinxke. MBIIIKK CTapTOBaIu OJHOBPEMEHHO U O€ryT
OJIMHAKOBO ObICTpO. Kakasi MbIlIKa MPpUOEKUT K ChIPY OBICTpEE M BO CKOJIBKO
pa3? 3amauy pemuTh Tpa@uUYECKu C MOMOIIBIO JIMHEHKH.

Bosmoorcnoe pewenue:
W3 pucyHka K yCJIOBHIO IOHATHO, YTO HU OJIHA U3 MBIIIEK B HAUYaJIbHOU TOUKE
He BUAMT chip. [locTpouM u300pa)keHue cbipa B KaxaoM 3epkaie. UToOsbl
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CHenaTh 3TO, CIEAYET BOCIOIb30BaThCS CTAHAPATHBIM PELENTOM: OIIyCTUTh U3
TOYKU, TJ€ HAXOAUTCS ChIp, MEPNEHAUKYISP HaA IUIOCKOCTh 3€pKajla u
IIPOJJIUTH HACTOJIBKO K€ 3TOT MEPIICHIUKYJIISAP 3a 3€pKaIO.
[Tpu moctpoenuu N1 (n300paskeHust ChIpa B JICBOM 3€pKajie) U MPHU MOCTPOSHUN
N, (B mpaBOM) NpUXOIUTCS MPOJJIUTD JIMHUIO, H300paXkarolyto 3epkana (CM.
puc. 1). ToT dakT, 4To NEPHEHANKYIIAPHI OMYLIEHB HE HA CAMU 3epKaja, a Ha
X TPOJODKCHHS, HUKAK HE TMOBJIHMSET HAa PACIOJIOKEHUE HN300paKEHUS.
JlelicTBUTENBHO, pa3MeEp 3€pKaja MOBIMSAET JIMIIb HAa TO, OTKyAa MOKHO
YBUJETh N300pakeHne. Tak, B HAIIEM CITy4ae ChIp MOXXHO YBHJIETh TOJBKO U3
obyacTu, Kyaa MomajaloT OTPaXEHHBIE OT 3epKaja Jydu (CcM. puc. 2), a,
HarpuMep, B TOYKE, TJE PACIIOJOKEH CaM ChIp, ChIp B 3€pKaJie HE BHJIHO.
Jpyrumu cioBamu, 3€pKajio UTpaeT pojib "OKHA”, uepe3 KOTopoe HaOItoaTeNb
CJIOBHO OBI MBITAETCS PACCMOTPETh M300pAKEHHUE 3a 3epKaoM. MajeHbKUi
pa3Mep 3TOro “OKHA MPUBOJUT K TOMY, YTO ~3aryIsIHYTh 3a 3€PKaJIO” MOKHO
He oToBcroAy. OHAKO, HE3aBUCUMO OT TOTO, TJI€ BUAHO OTPAKEHHBIC JIyUH, a
IJIe HET, OHU OTPaXaroTCs TaK, CIOBHO BHINIUIM U3 TOUYKU M, 3a 3epkayiom.
Hrak, B Ha4aabHBIA MOMEHT MBIIIL 1 O€KUT K TOUuke M7, a MBIIIG 2 - K TOYKE
N1. Jlanee, B HEKOTOPHIA MOMEHT (CBOM JJISI KQXKJOM MBIIIH) ChIP MOKAXKETCS
u3-3a Kpas 3epkajia. B 3TOT MOMEHT IO yCJIOBHUIO 3aJa4¥ MbIIIb CBEPHET U
noOexHuT mpsiMo K 3epkany. Ha puc. 1 >xupHOil cepoil nuHUEH MOKa3aHa
TPAEKTOPHUS IBUKEHUS KaXKIOW MBIIIIH.
OcTanock JUIIb B3SITh JIMHEHKY, TOMEPUTD JJIMHY TPACKTOPUU KaKJI0M MBIIITU
(S1 1 S2) u pazaenuTh OOJBIIYIO M3 MOTYYCHHBIX JJIMH HAa MEHBIIYIO. Tak kak
MBIIIHA OETYT C OJIMHAKOBOW CKOPOCTHIO OTHOIIEHHUE JIJIMH TPAECKTOPHil Oyner
PaBHO OTHOIIEHUIO BPEMEH, 32 KOTOPHIE MBIIIHN JOCTUTHYT ChIpA.
W3MepsTh IIMHBI TPAEKTOPHUI MOXKHO B JIIOOBIX eAMHUIAX (MAJUTMMETPAX WA
KJIeToukax). Hamm nu3mepenus naror:

S2

k = 3 = 1,18
1

[TorpemHocTh aKKypaTHO MPOBEAEHHBIX U3BMEPEHUN MOKET COCTABIISITH OKOJIO
5% (ue Gonee 5 mmwmmumerpoB Ha 10 caHTUMETpOB). 3a MPABWIBHBIA OTBET
3aCUMTHIBAIOTCS 3HAaYeHUs K, nexamue B uarepsaine [1.1, 1.25].
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Puc. 2:

Puc. 1:



