Vuusepcumemckas onumnuada wixonbhukos «benvuonoky 2018-2019 2. 3axnowumensuolil sman

Pemenus 3aganui 3aKJII0YNTEILHOI0 dTANAa
omMnuaabl «beJb40HOK» N0 pusuKe

10 kaacc
Bapmuanr 1
3ananue 1
Pewenue:
1. O0603HaynM cuTy HaTsDKeHUs Tpoca T.

N3 ycnoBus paBHOBecus (poHaps cieayeT, 4To:
2Tsin o =mgcose

2. C npyroii cTopoHbl, U3 3akoHa ['yka ciienyer, 4To
T=ESAL/2L ymmuenune npoBosioku. AL = 2(1/cosa - 1)
3. [TpupaBHUBas CHIIbI HATSHDKEHHS M CYMTAs YToJl a MaJibiM (Sina=a)

Tonyuaem a= (mgcos ¢ /ES)Y?

Otser: a= (mgcos ¢ /ES)Y?

3ananue 2
Pemenue.
1. [TockonpKy pPTyTHBIE IIAPUKK PACIOIOXKEHbl CHUMMETPUYHO, IUIACTUHKA JABUT Ha
KaXIbIi U3 HUX ¢ cwiod MQ/4. B pesynbpTare KakIplii M3 IMApUKOB CIUTIOIIUBACTCS B
«OmuH» TomuuHOM d u paguycom R (cM. prHCYHOK)
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Bbynem npeanonarare, uto d << R.

OGbeM «OmrHay» TR 10KeH COBMANATh ¢ HAYATBHBIM 0GHEMOM IIAPHKA:
nR%d= 4nr’/3

JlaBneHue BHyTpH «OiarHa» (M30BITOYHOE HAJT aTMOC(EPHBIM) p=mg/4nR?

2. C npyroil CTOpoHBI, 3TO JAaBIEHHE OOYCIIOBIEHO KPUBHU3HOM OOKOBOH MOBEPXHOCTH
omuna. [Tockonpky d << R. nmaBieHue p OyAeT TakuM jke, KaK Ui IUIAHIPUICCKON
npokiIaaku C paauycom d/2, To ectb p=20/ d (cuna noBepxHoctHoro Harskenus 2ol (I
— JUIMHA IUJIACTHH), ypaBHOBemuBaeT cuiy Tsokecth mg = p 2Rlh g. Ilomyuaem
paBeHcTBO 201=p*2RIh*g

3. U3 pasenctBa 20l=p*2RIh*g mnonyuaem h=c/pg R. CrenoBarenbHO, OaBicHUE B
KHUJIKOCTH TIOJ] TOBEPXHOCTHIO MPOKIAJAKM MEHbIIE aTMOC(HEpPHOT0 Ha BEITUYUHY
p=c/R=20/ d)

4. Wrak, mg/4nR? =20/ d.

Pemasi 9T0 ypaBHeHwue, moxydaeM: d=4ro (2rore/3mg)*? =0,2 mm,
5 R=(mgro’/6m 6)**=2,5 mm.

[Ipennonoxenne d << R BIoyiHe onpaBaaioch.
Otser: d=4r (2no1e/3mg)Y? =0,2 M,



3amanue 3
Pemenue.
bynem orcuuThiBaTh BpeMsl t OT MOMEHTAa IPOXOXKJIEHUS CTEPKHEM HMKHEIO
noyiokeHud. Torma yronm a OTKIOHEHMS CTEpP)KHS OT BEPTUKAIU YAOBIETBOPSET
YpaBHEHHIO a = W 1.
VYrinoBas CKOpPOCTh BpalleHHs] OyIeT COXPaHSTHCS, €CIM MOMEHTHI MPUIOKEHHBIX K
CTEPKHIO cHJI (CHUTBI TsDKecTH U cuiibl Amriepa Fa = BII) ypaBHOBemuBaroT aApyr apyra,
1. €. mgl (sina)/2 = BII 1/2.
Cuita Amrnepa v cuiia TSDKECTH PABHOMEPHO PaclpeiesieHbl 0 JJIMHE CTEPXKHS, I0ITOMY
TOUKOH MX IIPUJIOKEHUS MOKHO CUUTATh CEPEANHY CTepxkHS. MTaKk, HHIYKIIMOHHBIN TOK |
JOJDKEH U3MEHSITHCA 10 3aKOHY
I=mgsinwt /BI
CornacHo 3akony Oma 1 3amkHyTOoM 1enu IR =U - ¢
e e=Bwl¥2 — DJC WHJYKUMH, KOTOpas corjacHo mpaBuily JleHuma cTpemMuTcs
3aTOPMO3UTH BpAILEHUE.
Orciona U= BWI?/2 + mgRsinwt /Bl T. e. IpHIOKEHHOE HANPSDKCHHE TOJDKHO MMETH
MIOCTOSIHHYIO M IEPEMEHHYIO COCTaBIISIOIIHE.

Orser: U= Bwl?/2 + mgRsinwt /BI

3ananue 4

Pemienue.

1. B kaxxnoM M3 BUTKOB KATYIIKH MPU W3MEHEHUU MArHUTHOTO TOJS HHAYLHPYETCS
nocrosinHas JJ1C €. Ee monyns € = nr? AB/At Cymmapnas O/IC B karymike € = Ne

2. Yepes KOHJIEHCATOP MOCTOSHHBIA TOK HE MOXET UATH, IO3TOMY CHJIA TOKA B IIETH paBHA
nymao. 3HAYUT, paBHA HYNIO M TONHAS HANpPSDKEHHOCTh OSJEKTPHUECKOro IO B
npoBogax. OnHa mpeacTaBisieT coOOW CcymMmy HampsokeHHOCTH — Ej BUXPEBOTO
ANIEKTPUYECKOTO TOJS M HampshKeHHOCTH Ey smekTpocTaTudeckoro (KyJIOHOBCKOTO)
noJist; TakuM obpaszom, Ej+ Ex =0, 1. e. Ex = -E;.

3. CrnenoBaTenbHO, MPU MPOXOKICHUU 3apsiia yepe3 KaTyliky padoTa KYJIOHOBCKOTO H
BHUXPEBOTO TOJIEH OTJIMYAETCS TOJIBKO 3HAKOM: (1 — (2=~ €.

4, 3apsin kougencaropa = C( @1 — @) =nnC r> AB/At = 0,57 MKt

OtBer: q=nnC r’ AB/At = 0,57 mxKi.

3aganue 5

Pemenue.

1.

COFHaCHO YCJ'IOBI/IIO, HpI/I BCIUJIBITUH ABYX HYSI)IpI)KOB, O6T)CM HC MOXET UBMCHUTHLCIA —
BEllb OTO NpHBENO Obl K HW3MEHEHHI0 Oo0bemMa BOABI WM oO0mmero oobema Oaka.
TeMnepaTypa B CUCTCEMEC, OUCBUIHO, TOXXC HCU3MCHHA. HO TOoTr4da U JABJICHUC B Hy3BIpBKe
HE MOeT U3MeHUTHCs1! OHO OCTaHETCSl PABHBIM P,. 3HAYUT, TAKUM K€ CTAaHET JIaBJICHHE
y BepxXHeH KphIkH 0aka. A gaBieHue Ha qHO Oaka [Ipu 3TOM gaBieHue Ha JTHO CTAHET P
=1, + pgh = 0,20 MITa.

J171 OTHOTO MY3bIPhKa!

yTBep)K}IaTB HEJIb35, YTO O6’BGMBI HYSI)IpBKOB HCEU3MCHHBI. HCU3MCHHBIM [JOJI’)KCH
0CTaBaThCs TOJIBKO UX CYMMAapHBIN 00beM.



BemubiBmuii my3pIpek HaXOJIUTCS TIOJ aBjieHHeM p ~ pgh, ocTaBmumiics y THa — MO
JaBJICHUEM P; MOITOMY BEPXHHHU My3bIPEK JOJDKEH pacIIMpuThes 10 oobema V1=Vq pPo/ (p
- pgh))

3. a HIKHUUA - C©KaThes 10 oobeMa V1=Vo Po/p (31ech Vo — HavdallbHBIA 00bEM KaXK0T0
y3bIPbKA).

4, N3 ycnosus Vi + Vo> = 2V, nomy4daem.

p*—p (o - pgh) + po pgh/2 =0

6. Pewas: p= (pgh +po+po” + (pgh)?)/2

(3HaK mepea KOPHEM BBIOHMPAETCS C MOMOIIBIO MPOCTOro coobpakenws: mpu h -> 0

o

JIOJIKHO OBITh P ->P,). [locTaHOBKA YNCICHHBIX 3HAUEHUN JTaeT
p=0,18 MlIla.
OtBer: p=0,18 MIla.



Vuusepcumemckas onumnuada wixonbhukos «benvuonoky 2018-2019 2. 3axnowumensuolil sman

Pemenus 3aganui 3aKJII0YNTEILHOI0 dTANAa
omMnuaabl «beJb40HOK» N0 pusuKe
10 kaace
Bapmuanr 2

3aganue 1
Pemenne
1 BribepeM ocu KOOpAMHAT M BBIOEPEM MECTO, CKOTOPOTO TEJIO HAYHET OTPHIBATHCS OT
MMOBEPXHOCTH II1apa:

Y

[Tocnie MOMEHTA OTpBIBA TEIIO COBEPIIATIO JBHIKCHUE B IBYX INIOCKOCTSX:
1 X=Xg+Vyol Vyxo=VoCOSa,
2 y=yo+Vyot - gt2/2 (2)=0 vyo= - Vgsina.
3 Jlist onpeiesieHus yIiia ¥ HauyalbHOM CKOPOCTH 3aIHIIEeM 3aKOH COXPAHEHUS SHEPTHU JTaHHOTO
tena: Mv?/2 = mgR (1-cosa)
4 Y Borpoit 3akon Herotona: MV4/R = mgcosa — N
Torna cuna peakuuu onopel.N = mg(3cosa -2) ,
S Tak Kak cujia AaBJIEHUS Ha LIap 10 MEpe COCKalb3bIBaHMs yObIBaeT U obpamiaercs B 0, To COSa
=2/3. B 3TOT MOMEHT TeJIO OJICIUTCS OT Iapa ¥ HAuHEeT CBOOOHO MaaaTh MO ACHCTBHEM CHUJIBI
TSDKECTH Ha BBICOTE
6 HauanbHas ckopocts Vo=(2gR/3)
7 Yo=R (1+cosa)=5R/3

xo=Rsina=R"v5/3

1/2

&
8 Momyuaem i3 (1) 1 (2) t=x 2 *10/3* (1-1/V10)=0.4c
OTset: t=0,4c
3amanue 2
Pemenue 1.

1 Pa3zymeercsl, KyJIOHOBCKasl CHa JAOJDKHA, MO KpailHell Mepe, ypaBHOBEIINBATh CUITY TSKECTHU:
kQq/4R*>mg

2 OpHako sToro Mano. B BepxHeil Touke MIapUK JOHDKEH MMETh MOJOXKEHHE YCTOHYHMBOTO
paBHOBECHS, T. €. HOTeHIMaIbHast SHeprust WP mpu cMeIleH!H IapuKa U3 BEPXHETO MOJI0KEHHS
JIOJDKHA YBEIMYHMBATBCS. JTa SHEPTUsl CKIAAbIBaeTCS M3 dHeprud Mgh mputsokeHus k 3emuie
(BeicoTy h MOXHO, HampuMmep, OTCUUTBIBATE OT YPOBHSA IEHTpa cdepbl) U IHEPrHU
KYJIOHOBCKOTO OTTankuBanus KQQ/r (cM. pucyHOK):

Wp= mgh + kQq/r



3 Paccmorpum m3menenune WP mpu CMENIEHUH IMIAPHKA U3 BEPXHETO MOJIOKEHUs (IIapuK He
OTPBIBACTCA OT MOBEPXHOCTH cdepsbl!). Bennmuuny cMemienus OyaeM XapakTepH30BaTh YIJIOM a.
Toraa (cMm. pucynok) h=Rcosa; r = 2Rcosa/2/ Tlotenruaiphayto suepruo Wp yao0HO 3amucath
KaK (YHKIIMIO BEJIMYUHBI

X = C0S&/2 Toraa noay4yuMm

Wp= mgR(2x%-1 ) + kQq/2Rx

4 Hac uHTepecyeT noBeneHue 3Toi GyHkiuu Bomsu a = 0, T. €. Bomu3u X = 1. J{s Toro, 94T00s!I
paBHOBECHE IIApUKA B BEPXHEH TOYKE OBUIO YCTOWYUBBIM, HEOOXOIUMO, YTOOBI YBEIIMYNBAIACH
IpU YBEJIMYEHUH a, T. €. IPU YMEHBIIEHUU X. DTO 3HAUUT, 4yTO NpousBogHas Wp’ mpu X= 1
JIOJKHA OBITH OTPHIIATEIILHOM:

Wp’ = (4xmgR - kQq/2Rx%) = 4mgR - kQg/2R <0

Orcrona nonyyaem

Q> 8mgR%/kq

MBI BUIMM, YTO YCJIOBUE YCTOHYMBOCTH SIBISICTCS OOjiee CHIIBHBIM, YeM IPOCTO YCIOBHUE
2
paBHOBecHs, T. €. HepaBeHcTBO KQQ/4R“>mg

Pemenue 2.

1 PaBHOBecue miapuka OyaeT YCTOWYMBBIM, €CIIH TPH MalbIX YIiax, MOIYJb MPOEKIHH
KYJOHOBCKO# CHIIBI Fy Ha KacaTelbHYI K OKPYXHOCTH (CM. PHCYHOK) MPEBBIIIACT MOJYIb
HPOCSKIMU CUIIBI TSHKECTH Mg Ha TO )Ke HaIPaBICHHUE:

Fsina/2 = mgsina

[TockoybKy MpH MaJbIX YIax a MOXKHO CUUTATh SiNa/2 = (Sina)/2, momydyaem:

Ft > 2mg, orkyna

Q> 8mgR?/kq

Orser: Q> 8mgR?/kq
3aganue 3

1 B xombue neiictByer nocrosHHas DJIC & = nr? AB/At. 3uaunt, B Hem IIPOTEKAET
MOCTOSIHHBIA TOK. Pa3ymeercs, cuiia Toka OMHAKOBAa BO BCEX CEUEHHSIX KOJbLA, TOITOMY
OJIMHAKOBA BCIOJY M IJIOTHOCTH TOKA j.

2 OpaHAaKO TOCKOJIBKY YIIETbHBIE COMPOTUBIICHUS MEIU U JIATYHH PA3JIMYHBI, HAPSHKEHHOCTh
NIEKTPUYECKOTO MOJIs pasHasi B Meau u natynu {E,. u E;).



3 s onpenenenus Ey. u E; Bocronszyemcst cootHomenusamu: j= E,./py= E; ./p;
4 e=nr (E,. +E,)
5 W3 5TuX COOTHOIICHUI HaXOIHM
Ey.= (pu/ put pa) FAB/AL. =29 B/m
6 Ep= (pa/ put px) FAB/AL. =12 B/m
OrtBeT:
Ev.= (puf/ put pn) FAB/AL. = 2,9 B/m
E.= (pof put px) FAB/AL. =12 B/m

3ananue 4
Pewenue:
1 HaGnronarens B TOUKe A yCHBIIINMT 3BYK (FPOMKHUI XJIOTMOK), KOT/Ia TOYKH A JOCTUTHET
IIOBEPXHOCTh 3BYKOBOI'O KOHYCA, KOTOPBIM pakeTa «TamuT» 3a coboil. K 3ToMmy MOMEHTY pakeTa
OKaXkeTcs B Touke B (cM. pucyHOK).

2Jlomenmuii 10 HaOIrOIATENS 3BYK PAKEThl «poauics» He B Touke C, a B Touke D.
3 OuesBunno, AB = h/sina = 30 kM, rae Sina = v/u = 1/3

OtBet: 30KkM

3ananue 5
Pemenue:
1 O603HauuM aBieHUE B HArPETHIX MIMHAX P2. Torna cornacHo 3akony Llapis
p2/ p1=To/T1 3nech T, u Ty aOCoOMIOTHBIE TEMIIEPATYPbI, COOTBETCTBYIOIIHE t1 1 t).
2 3aMeTuM, YTO CHJIa JJaBJICHHs IIIMH Ha TOPOTY B 00OMX CITydasx OJHA U Ta jK€: OHA paBHA BECY
aBTOMOOWIIA (ITPU 3TOM HAJI0 YYECTb, YTO PEUb UAET 00 U30BITOUHOM JJABJIEHHH, T. €. O Pa3HOCTH
MEX/y JaBICHHEM B IIMHAX U aTMOC(EpHBIM): (p1- P2) S1= (p2- po) S2
3 U3 1ByX BBINMMCAHHBIX ypaBHEHHH moiaydaeM: Si/ Sp;= 1.2
4 TInomaab CONPUKOCHOBEHUS YMEHBIINUTCS
Ortser: [1nomans conpukocHOBEHHs yMeHbIIUTCSA B 1,2 pasza



