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3AK/TIIOYUTE/IbHbIN (PUHA/IbHDIN) 3TAN 2018 roaa

BUJIET N2 06 (YDA): BO3MOXHble pelleHus U KpuTepmmu oueHnBaHua

Kpurepuu onenuBanus:

1Sl BOIIPOCOB:
Ectb oTnenbHbIie IpaBUiibHbIE cOOOpaskeHus — 1 6asI.
OTBeT B 11€JIOM MPABUIIEH, HO COJIEPKUT CYLIECTBEHHbIE HETOUHOCTH, UM CYLIECTBEHHO HETIOJIOH,
WJIM OTCYTCTBYET 000CHOBaHHE (JJIs1 BOIPOCOB, B KOTOPHIX HEOOX0AMMO 000CHOBaHKE) — 2 faJia.
OtBer npaBuieH, HO NPUCYTCTBYIOT MEJIKHE HETOYHOCTH, WJIM OTBET HEAOCTATOYHO IIOJIOH, WM
OTCYTCTBYET JIOCTaTOUYHOE 000CHOBaHME (/17151 BOIIPOCOB, B KOTOPBIX HEOOXOMMO 000CHOBaHKE) — 3
0aJua.
OTBeT MOJHOCTBHIO MPABHJIBHBIA, HO HEJOCTATOYHO OOOCHOBAaHHBIM (U1 BOMPOCOB, B KOTOPBIX
HEeo0XoauMo 000CHOBaHKE) — 4 DaJla.
[IpaBunbHBIN, TOJHBIN 1 000OCHOBAHHBINA OTBET — S 0AJJI0B (MAKCHMAJILHAA OLIEHKA).

[ast 3anay:
EcTb oTAenbHble paBuiibHbIE cOOOpaXkeHus — 1-2 daJuia.
Ectb yacTh HEOOXOAMMBIX Ul PELICHHUS COOOpPaKEHUH, pelIeHHEe HE 3aKOHYEHO WU COJEPHKHUT
cepbe3Hble omuoOKu — 3-4 6ajJa.
[IpucyrcTByeT Oousiblias 4acTh HEOOXOMUMBIX Ul PELICHUs COOOpa)KeHWH, MPaBUIBHO 3alKcaHa
4acTh HEOOXOIMMBIX COOTHOLIEHHM, pellIeHNEe HE 3aKOHUYEHO UJIU COAEPKUT OIIMOKH — 5-7 0aJ10B.
[IpucyrcTBYIOT BCe HEOOXOAMMBIE AJISl PEIIEHUs] COOOpaKeHUs!, NMPABUJIBHO 3alMCaHbl OYTH BCE
HEOOXOAMMBIC JUISI PEUICHHUS HCXOTHBIC YpaBHEHHs, HO pEIICHHWE HE 3aKOHYEHO WM COACPIKUT
ook — 8-10 6an10B.
[IpucyrcTBYIOT BCE HEOOXOAMMBIE MJISi PEIICHUS COOOpaKeHWs, MPaBHIBHO 3allMCaHbl Bce
HE0O0XOAUMBIE ISl PELICHHs] UCXOJHbIC YPABHEHUS, PELICHNE BEICTPOSHO MPABUIILHO € (PU3UYECKOM
Y JIOTUYECKOH TOYKU 3pEHUsI, HO COACPKUT ommOKku — 11-14 6asioB.
[IpucyrcTBYIOT BCE HEOOXOAMMBbIE M pEIIeHUS COOOpakeHUs, MPaBUJIBHO 3alUCaHbl Bce
HEOO0XOAUMBIE ISl PELICHHsI HCXOHbIE YPABHEHUS, PELICHNE BEICTPOEHO MPABUIIBHO ¢ (PU3NYECKOM
M JIOTHYECKOW TOUYKM 3pPEHUS, HO COJIEPKUT OTHY-JBE MEJKHE HETOYHOCTH, HE TO3BOJIMBIIHUE
MOJyYUTh TPABUIIbHBIA OTBET, WJIM MPaBHJIBHOE pEIIeHHE C HEeJA0CTaTOYHBIM OOOCHOBAaHUEM
CYLIECTBEHHBIX MCIIOJIb30BaHHBIX pe3ynbTaToB — 15-17 6anJios..
[IpaBunabHOE O0OOOCHOBAaHHOE pEIIEHHE C BEPHBIM AHAINTHYECKUM OTBETOM, HO MEJKOM
HETOYHOCTBIO TMPH MOJYYCHWH YHCIEHHOTO OTBETA, JUOO NMPaBHILHOE PEHICHHE C MPABUIBHBIMU
OTBETaMM C HEAOCTATOUYHBIM OOOCHOBAaHHEM OJHOT'O M3 HCIIOJIb30BAaHHBIX PE3yJIbTATOB (M3 YHCIA
HE KJIFOUEBBIX JUIS PEIIeHNs, HO HeoOXxomuMbIx) — 18-19 6asios.
[TonHoe, mnpaBWiIbHOE, OOOCHOBAHHOE pEIIEHHE C MpPaBUIBHBIMM OTBeTaMu — 20 0a/uI0B
(MakcuMaJIbHAA OLlEHKA).

3ananmue 1.
Bonpoc: T'aHtens, cocrosmas W3 IBYX MaJCHBKHX IIAPUKOB Macchl M U JIErKoro »ectkoro L,
CTEPIKHS JUTUHBI, IBUKETCS B TUIOCKOCTH TaKUM 00pa3oM, YTO CKOPOCTh €€ IleHTpa mMacc paBHa V , a
yIII0Basi CKOPOCTh @ . YeMy paBHA ee KWHETHUYECKAs SHEPTHS ?
3agaya: [aHTenb, COCTOSIAs M3 JIBYX MACCUBHBIX MAJEHBKMX MIAPUKOB M JIETKOTO >KECTKOTO
L, cTepsKHs 1TMHBI MOKOUJIACH HA IJIAJIKOH NOPM30HTANIbHOM MOBEPXHOCTH. B onnn o

U3 ec IAPUKOB BPE3aeTCsi TPETHH (TaKo# *ke), CKOPOCTh KOTOpOro V, HampasieHa \_/>0

moxg yrimom 30° k crepxHio. [Ipoucxomut 1000BO€ aOCOMIOTHO YIPYyroe
coyaapenue. HaliTu yriioByro CKOpOCTh BpallleHHs TaHTENX Tocle yaapa.

OtrBer Ha Bompoc: KuHermueckas dSHepruss TaHTEIM B 3TOM ClIy4ae €CTh CyMMa »JHEPruu

V2 , mv,, LY me’L? 5
MOCTYNATEIbHOTO (T =mV*°) u BpamarensHoro (2 =m a)E :T) JIBUOKEHUU, TO
wZ L2

ecth E, =m[V?+



Pemenue 3axaun: [1ocKoNbKY 371€Ch «IMHUS yaapa» (JIMHUS ACHCTBUS CHJI B3aUMOJICHCTBUS IIIAPUKOB
BO BpeMsl yJapa) HE MNpPOXOJUT 4Yepe3 LEHTP MacC TaHTeNIM, TO MOCJIE COYJapeHUsi OHAa HA4YHET
BpaliaThCs. 3aluIlleM 3aKOH COXPAaHCHHUs HMITYJIbCa B TMPOCKIIMM Ha HAIpaBJICHHE HAYaIbHOTO
ABIKEHHA MV, =2mV —mv (rge M — macca ogHOro mapuka). 3Hauur, V=2V —V,. PaccMmorpum

JBUKEHHE TaHTENW II0CI€ yAapa Kak JBMKEHHME LEHTpa Macc C ITOU
cKopocThio V U BpalieHHue BOKPYT HEro C yrJIOBOW CKOpocThio @ . Cuia,
JEHCTBYIOIIAs HAa «BTOPOW» IIAPUK TaHTENM (HAa TOT, IO KOTOPOMY HE
HAHOCUT yJap HaJeTAIIU{A MIApUK) — 3TO CHJIA YIPYTOCTH KECTKOIO
CTEpIKHS, HAaIIPaBJIEHHAs BJIOJIb CTEpkKHs. [loaTOMy €ro ckopocTh cpazy
Mocjie «MIHOBEHHOTO» yJapa HampaBlieHa BJIOJIb CTEPKHS U IIPU 3TOM

+“—0-

ABJSETC CYMMOH CKOPOCTM IIEHTpa MAacC M CKOpocTd Bpamenus V, =V +V ., KoTopas

NEPNCHAUKYJSIpHA pajuyCy Bpall€HUA U 110 BCIMYHUHE paBHA VBp =ar,. Paccrosnue ot LOEHTpa Macc

L .
raHTCJIM O BTOPOI'O MIapuKa r2 = E . HpI/I 9TOM H3 BEKTOPHOI'0 TPEYroJIbHHUKAa CKOPOCTCHU BUAHO, YTO

1 . AV Vv
or, = a)E L=Vsin(a)=> o= TSIn(a) = CrenoBarenbHO, 3aKOH  COXPAHEHHMsS  SHEPIHH

mv:  mv’ , o’} m
3aIlIMChIBACTCA B BUAC 5 = 5 +m{V*°+

"2

{(ZV —V,)% + gV ? } JIiist CKOPOCTH IIEHTpa

2 o
Macc raHtenu momydaercs ypasHenue 13V —8W, =0, nHenyneBoil kopeHp koTtoporo V :EVO.

v
Takum 06pazoM, @ = 8 Yy
13 L
: 8 Vg
OTBET: o =——.
L
3aganue 2.

BOHpOC: Touka K — 3To Touka Ha p—V -AuarpamMme, OIIMCBIBArom@ass COCTOAHUC ITOCTOSAHHOTO

KOJINYECTBA OJHOATOMHOTO HJICAIbHOTO Ta3a. YTOJ HAKIOHA M30TEPMBI B 3TOHM TOUYKe K ocu V paBeH
o . KakoB yro HaksIoHa anuabathl B 3TOH ke Touke K ocu V ? OTBeT 000CHOBATS.

3anauva: Ha pucyHke mnoka3zaHa auarpaMMa LUKJIHYECKOTO
mnmponecca Haa IMOCTOAHHBIM KOJUYCCTBOM TIClIUsAd, SABJIAIOIIUMCA
pabourM TeJIOM TEIUIOBOM MamuHbl LUK COCTOMT W3 HM30XOPHI,
aanabaTtel U TMpolecca ¢ JUHEWHOW 3aBUCUMOCTBIO JIaBJICHUSI OT
o0BeMa, B KOTOpOM 00beM yBennuuBaeTcs B 2,5 paza. [lyHkTupHas

KpHUBas — y4acTOK aauabatsl, Kacaromielcsa quarpaMmel 3Toro nporecca B Touke 2. Haittu KITJL nukia.

PT 1

ypaBHCHI/IC a)lI/IaGaTLI JJI1 OJHOATOMHOTI'O HACAJIBHOI'O ra3da UMECT BU pV 53 = const.

OtBer Ha Bompoc: B wm3orepmumueckom mporecce PV =const, mostomy A(pV)= pAV +VAp =0,

Ap Pk
OTKY/Ia JIUIsl yIJIa HaKJIOHa U30TEPMBI MOIydnM —— |, = —— = —tg(e) . B aqmabarmaeckom mporecce

AV Vi
3 5 3
X = pAV + EA( pV) = > PAV + EVAp =0, mosromy yrom HakioHa aguabatel S B Touke K

omnpezensiercss u3 coornomrenus tg(f) = —2—8 | = g\r;—K = gtg(a) . 3Hauwr, = arctg(g tg(a)j :
K

Pemenne 3agaum: Kak BUOHO M3 IuarpaMMbl, Ha BCEM ydacTKe 1-2 renuil mosiydaeT TeIUo, a Mpu
M30XOPHOM OXJaxaeHnu — otaaet. [loatomy Q. =Q,,, a Qy, =—-Q,;. Paccmorpum mpomece 1-2. Tlo

yciosuio, V, = Evl. Kpome Toro, B COOTBETCTBHH C OTBETOM Ha BOIPOC:



5 pz _ P, — P, 3(p1_ pz) 5(\/2 V)
3V, V,-V, P, V,

=3=0p, :%.

tg(B) =

+
Boruucium Q= %(\/2 -V,)+ E(pZV2 -pV,) :g P,V;. B COOTBEeTCTBUH C IPUBEACHHBIM

5/3

YpaBHECHHEM annabaTsl [VAVA >3 =pV, = p; = g P;. [ToaTomy
3 15 4(2\"
Qy = > (p,V, — pV;) =—|1- els p,V,. Takum o0paszom, KITJQ IMKJIa
2/3
n:l—glz(gj _lzozg
Qu \3 4

BN

2 2/3
OTBET: n :(gj -=—=0,29.

3aganue 3.
Bomnpoc: [Inockuii BO3MyIIHBIN KOHJIEHCATOP 3apsiKEH U OTKJIKOYEH OT MUCTOYHUKA. B HEro yactudHo
BCTaBWIM JIU3JIEKTPUYECKYIO IUIACTUHKY, TOJILMHA KOTOPOM YyTh MEHBIIE PACCTOSIHUS MEXKIY
IJIACTUHAMU KOHJEHCATOpa, U OTIYCTWIHA €€, HE MOATAIKMBasA. UTO MpOU30MAET C MIIACTUHOM IOCIe
sToro? TpeHue Mexay MIACTUHKOM U IIaCTHHAMU KOHAEHCATOpa OYEHb MaJlo.

3agaya: B cxeme, I1OKa3aHHOM Ha pHUCYHKe, f-
KOHJICHCATOPbl ~ M3HAYalbHO paspsbkeHbl. [locie | | | |

3aMbpIKaHMs  Kmoda Kj  3apsan  KoHaeHcaropa  C cll | | 2°C
emkocthio C cran paBen ( = SMkKi. 3atem kimou K;

K>

Pa3OMKHYJIM, a IIOCJIC J3TOTO0 KOHACHCATOP C Kl
IIOJIHOCTBIO 3aIll0OJTHHUIIN JAUDJICKTPUKOM C ( I g

nponuraeMocthio & = 3. Kakoil 3aps mocie 3Toro
Oyner Ha KoHIeHcaTope eMKocThio 2C ?

OTBeT Ha BOIIPOC: Tak xak KOHACHCATOP OTKJIKOYCH OT MCTOYHHKA, TO €ro 3apsAd COXPaHACTCH. HpI/I
2

9TOM €MY SHCPIC€THYCCKU BbITOJHO YBCINYNBATHL CBOO EMKOCTDH (BHCpFI/IH E= g—c ), TO €CTh BTATUBATH

B ce0s muactuHy. [loaTomy miactuHa OyneT BTATMBAThCS B KOHJIEHCATOpP M HaOUpaTh CKOPOCTH,
IIPOCKOYMT 10 UHEPLIUHU ITOJIO)KEHUE PABHOBECHS U MPOJIOJIKUT ABM)KEHUE Aallee, HO — MOCIIE TOr0, Kak
OHa JIOCTUTHET JPYroro Kpas KOHJIEHcaTopa — y»K€ C TOPMOXEHHEM (Ternepb €MKOCTh YObIBaeT, a
sHeprus pacret). [Ipu HamMuuM MoTeps 3HEPruM (TPEHUE, MEPENosipru3alus AUIIEKTPUKA, U3TyIeHHE)
BO3HUKHYT MEJUIEHHO 3aTyXarollue KoJeOaHus IIaCTUHBI.

Pemenue 3amaum: Ilocne 3ambikanus kimova K; koHmeHcatop ¢ emkocthio C  3apspkaercs o
Hanpsokenus, paBaoro DJIC ucrouynuka, To ecth (=CE&. Tlocne pasmbikanus kimoua K, Oamanc
HaNpsDKEHUH He HapylIaeTcs — HanpshDKeHUe Ha KoHeHcaTope ¢ eMKkocTbio 2C (M ero 3apsia) ocraercs
paBHBIM HYTIO. B pesynbraTe 3amoiHEHHS TEPBOTO KOHIEHCATOpAa IUAJIEKTPHKOM €ro eMKOCTh
yBenmnuuBaercs 10 C'=&C, u Garapes KoHaeHcaropo nosapsbkaercs. O6Go3Hauum A(Q 3apsn,
NepeMEIeHHBI HCTOYHIKOM B TIpOIecce 03apsaKy. Torma HOBBIA 3aps/] KOHJIEHCATOpa ¢ eMKOCTHIO
eC Oynmer paBen (+A(Q, a 3apsn kKoHmeHcatopa ¢ eMmkocthio 2C craner A(. YcioBue OanaHca

HaANPSDKEHUH: a+aq + A9 _4 = AQ = 2(8 Y ———( =4mxKn.
eC 2C C E+2

2(e-1) 1)

OTBET: AQ=——q =4 MxKiL

3aganmue 4.



Bonpoc: Ilydok mapanienbHBIX CBETOBBIX Jydel MagaeT Ha JIMH3Y C ONTHYeCKod cwioit D) =42
antp. Ha kakoM paccTosHUM 3a HEH HY)KHO IOCTaBUTb COOCHO JIMH3Y € ONTHYeCKO# cuioit D, = -5

IINTP, YTOOBI U3 BTOPOM JIMH3BI JIyYH ITyYKa BHIIUIH MapajieNbHO?

3agaya: JIBe TOHKME JIMH3bI, OJHA U3 KOTOPbIX coOuparomias, a JApyras — pacceuBarollasd,
pacnosoXeHsl Ha OO0mIed onThdeckoi ocu Ha paccrossHuM L npyr ot apyra. Ha Toit ke ocu Ha
paccrossuun 3L oT OmmKHEH M3 HHX PACHOJOKEH TOYCYHBI HCTOYHHMK cBera. Ecnmu Ommke K
HCTOYHUKY pa3MelleHa coOuparolas JIMH3a, TO N300pakeHUEe MCTOUYHUKA HaXOIUTCS HAa PacCTOSIHUU
L 3a paccemBaromeii nmun30i. Ecnm, He nmepemenias HICTOYHMK, TIEPECTABUTH JIMH3bI, TO N300paKeHNE
Oyaer HaxoAuThCsi Ha paccrosHud 7L/3 3a cobuparomieit nun30i. Haiiti (hOKyCHBIE pacCTOSHHS
00eux JIMH3.

OtBer Ha Bonpoc: Ilocie npoxoxxaeHus mepBoi (coOuparomieil) JTUH3bI MYYOK CTAHET CXOIAIMMCS —
Ty4yu OyJayT HampaBlIEHBI B TOUKY, JIekKalled B (OKaTbHON TIIOCKOCTH MEPBOM JIMH3BL. JTa TOUKa OyeT
urpaTtb pojb TOYEYHOIO MCTOYHHMKA s BTOPOHl (pacceuBaromiei) jauH3bl. Ilydok BbeIxonsmen u3
BTOPOW JIMH3BI JIydel OyJeT mnapaiesibHbIM, €CIM 3Ta TOYKa OyAeT HaXOAUThCs B (hOKaIbHOM
IUIOCKOCTU M BTOpOH JMH3BI Toxe. C yd4eToMm TOro, 4ro (pOKyCHOE PacCTOSHUE BTOPOW JIHMH3BI IO
MOJYJII0 MEHbILE, YEM Yy IEpPBOM, TO paccTOSHUE MEXAY JIMH3aMH JOJDKHO DPABHATHCS PAa3HOCTHU

1 1
BeMYrH POKYCHOTO paccrosaus ymu3: L=F—|F, = — =30cm.

D, [D,|
Pemienne 3aavHu. B kaugectBe IIEpBOro miara 1moJIyuum 06I_H€C COOTHOHICHHUEC, CBA3BIBAIOIICC I1APAMCTPhBI
CHUCTCMBbI M3 JIBYX TOHKHUX JIMH3, UMCHOIINX O6HIYIO OIITHUYCCKYIO OCh, C PACCTOAHUAMU 10 UCTOYHUKA U

n3zoopaxenus. [lycts F, nu F, — dokycHble paccrosnus nmuH3, L — paccTrosHue MeXIy HUMH, a2 —

PacCTOSIHHS 10 UCTOYHUKOB OT KaXKAOH W3 JIMH3, D1, — paccTosiHus 10 n3o0paxeHuil. PacctosHue ot
MCTOYHHKA JIO CUCTEMBI €CTh paccTostHue 10 1-oif nunH3bl. M300paxkeHue, co3naBaemoe 1-oii JMH30H,

HAXOIUTCS oT Hee Ha paccrosiHuy, OIIpEACTIIEMOM dopmyioit JIMH3BL
1 1 1 a F, y
—t—=—= bl = 3TO I/I306pa)KeHI/Ie ABJICTCA  HCTOYHHUKOM JIA BTOPOWU  JIMH3BI:
a bl Fl a, — Fl
a,=L-b=L- &k = La,-R(L+a) . BropuuHo nmpuMeHsist popMyIy JTUH3bI, TOTYYHUM:
a, — Fl a, — Fl
a, Fz _ Fz [La1_ Fl(L+a1)]

2

az_Fz Lai_Fl(L+a1)_F2a1+FlF2
=(L+a+b,)FRF —-(L+a)b,F—-(L+b,)a F,+Lab,=0
Tenepr 3amuiieM 3TO COOTHOIIEHHUE JUIS IBYX CUTYAIlUMH, OMMMCAHHBIX B YCIOBHUHU 3a/1a4H, 0003HAYNB
(doxycHoe paccrosiHre coduparomieii muH3bl F, (1.e. cuntaem F >0 u F, <0):

5F F,-4LF, -6LF,+3L°=0
1 2 :
—9Fl F,-10LF ——8LF2 +7L° =0
3 3
[Tomydena cucTema IBYX ypaBHEHHH OTHOCHTENBHO ABYX HemsBecTHhIX F, m F,. Ona mmeer nBa
pemenus: F =L, F,=-L wu F =21L/37, F,=3L/13. TlockoabKy  yCIOBHIO 3a/auH
YAOBJIETBOPACT TOJBKO IIEPBOEC U3 HUX, OHO U AaCT HpaBI/IHBHBII)’I OTBET.

OTBET: F, =L, F, =-L.

MAKCHUMAJIBHASA OIIEHKA 3A PABOTY: 100 BAJUIOB



