OZIMMNUAJA LLKO/IbHUKOB «Po6odect» no PUNKE
3AK/IOYUTE/NIbHbINA (PUHANBHbLIN) 3TAMN 2017 roaa, TEOPETUMECKUW TYP

BUNET Ne 02 (10-11 knaccbl)

3apanue 1:
Bonpoc: Ha ropu3oHTanbHOI MOBEPXHOCTH JIEKHT JOCKA, Ha KOTOPOH MOKOUTCS HEOONBIIONW Opycok
maccel M=200r. Koadpdumment tpenus mexny nockoi m Opyckom paBeH x4 =0,5. Jlocky ObICTpO
CMECTWJIM BJIOJIb HEe caMoOil IO MOBEpXHOCTH Ha paccrosiHue S =0,8M. Ilpu sTom Opycok ciBHHYICS

OTHOCHUTEIILHO IMMOBEPXHOCTH Ha paccrosiHue S =40 cM. Kakoe KonmuecTBo Teria BhIACINUIOCh U3-3a TPEHUS
MEXIy OpycKoM | Tockoi? YckopeHnue cBoOoiHOTO najeHus g ~ 10 M/c2.

OtBer: KonnuecTBo Teruia paBHO MOAYIIO paOOThI CHIIBI TPEHHS CKOJBKEHHUS, KOTOpas paBHa uM(g, a
OTHOCHUTEIIbHOE CMelIeHHe OpycKka 1 Jocku paBHO S —S. Utak, Q =umg(S —s) =0,4 JTx.

3agaua: Mojens Oyiibo3epa J0KHA BRITECHUTD 3a IpeJieibl oJsl HeOOoJbITyio KOpoOKky. CKOpOCTh
MOJICTT HAIpaBJICHAa MEPIICHIUKYISIPHO Kparo TOJs, a KOBII IMOBEPHYT Ha L x4
yron o =30° OTHOCHTEIBHO 3TOTO Kpas (cM. pUCYHOK). HauambHOe -
paccrossHEE OT KOpoOKM 10 kpas mons L =9wm, xoadduumeHt tpenus . Ja/J:

\

MEXIy KOBHIOM M KopoOkoit x4 =0,4. Haiigure KoopAMHATy X TOYKH, B !
KOTOpOi KOpOOKa MpoiaeT Kpail. Bo CKOIBKO pa3 OTIMYAIOTCS KOJIMYECTBA @
TEIUIOTHI, BBIJCIMBIIMECS W3-32 TPEHHUS MEXAYy KOBIIOM M KOpOOKOH u
MeKIy KopoOkoit u mosiom? KoadduuueHnt rpenunst kopodku o o x' =0,1.

Kopobka aBmxercs nocrynareabHO U HE OTPBIBAETCS OT KOBIIA.
Pemenne: KopoOka nBuranach Obl HEpHIEHIUKYISAPHO KParo MOJIs, €U Obl He CKOJIb3Mia 1o KoBury. Ho B
TOM Cllydae Takke Obuta OBl HampaBieHAa W PaBHOJICHCTBYIOIIAS CHII A
TPEHMsI O KOBII M CHJIBI HOPMaJIbHOM peakuuu koBma. Ho torma mexny e >
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STHMHU CHUJIaMHU BBITOJHANOCH Obl cooTHOmenne F ., =Ntg () =—=, uro < !

s |
J3 : -
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HEeBO3MOXKHO, n60 Fn <N =0,4N . 3Haunt, KOPOOKaA CKOIB3HT IO KOBILLY. R 0

[ostoMy pesymbrupyromas cuia F =N + Fmp HaIpaBJICHA TI0J] YTJIOM

p=arctg(u) k cune N, To ecTh mox yrimoMm o —arctg(u) K MepueHIMKyIspy K Kparo Tojis. 3HAUHT,

X =L-tg[a —arctg (n)] = L g(oc) s ~13m. Tak Kak CKOpPOCTb MOJEJIM IOCTOSIHHA, TO W CKOPOCTb

+utg ()

KOPOOKH MOYTH Ha BCEM ITyTH MOCTOSIHHA, M TIO3TOMY cujla F paBHa Mo BETUYMHE CUJIE TPEHUS KOPOOKH O
L F !
mp?
1+ u?
Q__u s

BBIICJIMBIINECS W3-32 TPEHUSI MEXKITY KOBIIOM M KOPOOKOH M MeXy KOPOOKOW H TT0JIOM a = S
1+p°

0JI Ifn’,p. Torna F,, =sin[arctg(u)]F = M COOTHOIICHHE KOJHUYECTB TEIUIOTHI,

rIe S — BENMYHMHA MPOCKATB3BIBAHUS KOPOOKH MO KOBIIY, a M S — MyTh KOpoOKH 1o moiy. M3 reomeTpun

X tg(a) — 1 L L 1+ p?

HAXoJWM; YTO S= =L - ,a S= = - . Hrak,
cos() cos(@) + usin(«) cos[a —arctg ()] cos(«) + usin( )
Q’ 1 +u2
1+ utg(oc) s Q' 1+p?
3ananmue 2:

Bonpoc: Ha ckoibko MpOIEHTOB HY)KHO M30TEPMHYECKH YMEHBITUTh 00hEM HACATBHOTO ras3a, 4ToObI €ro

nasienue Bo3pocio Ha 20%? A nHa 0,4% (otBet maiite ¢ TouHOCTHIO 110 0,1%)?

OrtBer: CornacHo 3akoHy boins-Mapuotrta, B nzotepmuueckom mporecce PV =const. [Tostomy, ecnu
p’ v o1

—=12, 10 —=—~0,833, TO ecTb s yBenuueHus napineHus Ha 20% HYKHO YMEHBIIUTH 00bEM Ha

p vV 1



16,7%. AwnanoruyHo s £=1,004 MOJIy4aeTcst V—= L
p V 1,004

YMEHBIIUTh 00beM HYXHO mnpumepHo Ha 0,4%. MoxHO chenaTh BBIBOA: MHPU MaJbIX H3MEHEHHUAX
BEIIUYUHBl OTHOCHUTEIBHBLIX W3MEHEHUU COBIMMaAar0OT € TOYHOCTBIO O IIOIIPaBOK GOHBLHCFO nopsiaka
MaJoCTH.

3agaua: B KOHCTPYKIMU CHETIHATTM3UPOBAHHOTO POOOTA UCTIONB3YETCS aKcesnepoMeTp (marumx yCKOpeHmI)

~0,996, To ecTb BO BTOpOM Cclly4ae

CIIENYIOIIEN KOHCTPYKIMM: B TIAJAKOM T€PMETHYHON TOPU3OHTAIBHOM TpyOKe, 1 xo L >

| ]
3allOTHEHHON Ta30M, HAaxOJUTCA HeOONbIIOW mopiieHb. B oTcyrctBHe | €——F+—— |
YCKOpPEHHs MOpLIEHb pacloyiaraeTcsi TOYHO nocepenuHe Tpyoku. Ilpum ( E l

MOSIBJICHUH MTPOJIOJILHOTO YCKOPEHUs MopIIeHb cMenlaeTrca. Ha ucnbiTaHusx poOOT JBUTAIICS C YCKOPEHHEM
2
a=2wm/c’, a remneparypa rasza paBusuiacs t ~12°C , u npu 3ToM cMeleHHE MOPIIHSA COCTaBUIO X = 5,7 MM.

B oauH M3 MOMEHTOB paboThl poOOTa cMelleHHe MOopInHSA paBHsIoCh X' =4,5MM mpu TemmnepaTrype rasa

t'~27°C . C xakuM MPOJOJBHBIM YCKOPEHHEM ABHTAlCsA PoO0T? OTBET HYXKHO IOJYYHTH C OIIMOKOM
MmeHee 2%.

Pemenne: [TockoIbKY B OTCYTCTBHE YCKOPEHUS MOPIICHD PACIIONAraeTcsi TOYHO MOCepeInHE TPYOKH, TO B
TPYOKE 10 pa3Hble CTOPOHBI OT MOPIIHS HAXOIUTCS OAMHAKOBOE KOJMUYECTBO ra3a V. 3alluIlieM ypaBHEHHE
MenpeneeBa-Knanelipona g rasa B KaXIOoM W3 yacTed TpyOKH, B KOTOpPOM MNOpUIEHb CMELIEH OT

cepeMHBl Ha X TpU TeMieparype T : pls(L ] P, (L+XJ—VRT (3mecp S — muomagh

MONEPEYHOro ceYeHUs TpyOKu). JIONOJHUM HX ypaBHEHUEM JBUKEHUS MOPIIHS MAacCOd M, JBUXKYLIETOCs
BMEcTe ¢ TpyOKo#l c yckopeHueM a: ma=pP;S — p,S. BeIpasuB cuibl AaBI€HUS U3 INEPBBIX IBYX

COOTHOILIEHUH U MOJICTaBUB UX B TPEThE, IOIYUHUM CBSI3b YCKOPEHUS U CMEIIECHUS:
2vRT  2vRT 8x m

= - 2 2 = a
L-2x L+2x L°-4x° VRT
HpI/I YKa3aHHbIX B YCJIOBHAX BCIMYHMHAX YCKOpeHI/If/'I " TEMIICpaTypax, OU3KHUX K HOpMaJIBHOﬁ, CMCUICHUA

HEeOO0JIBIIOr0 0 Macce MOPIIHA JOKHBI ObITh MaJlbl 110 CPAaBHEHUIO ¢ AMHON TpyOku ( X << L ). IToaTomy B
2

m a
3HaAMEHaTeJIe MOXKHO TpeHeOpedh 4x* o cpaBHennio ¢ L%, u Ttorma XNﬁ?' Hanpumep, ecnu
\Y

JaBlieHHE B TpyOKe OJU3KO K HOpMaJIbHOMY aTMoc(epHoMy, a Macca nopurHs pasHa 100 r npu miomanu 1
2 . 2
cM” (TO ecTh OH BechbMa TSXKEJbIi), TO JUIsl CO3AaHUs yCKOpeHHs B 1 M/c” mocTaTouHO, 4TOOBI pa3HOCTb

JIaBJICHUM COCTaBJIsAJIa 1% ot PaBHOBCCHOT'O OAaBJICHUS. Toro xe MnopsJika JOJI’KHA OBITh 1 OTHOCHUTEIIbHAS
2

4x _ o
pa3sHOCTh O00BEMOB, TOTJa ?zm %1 3HaunT, TOYHOCTH MOJNY4EHHON (OPMYNEI MPH PA3yMHBIX

3HAUEHUSAX MapaMeTpPoB aKceJIepoMeTpa 3HAYMTENHHO Jydile Tpedyemoil. Takum obOpazom, Ay pasHBIX
. X" T a , TX

3HAYEHUW TeMIepaTypbl U YCKOPEHUS —=_|_ —=a =_I_—a ~166 M/c>. B BBIUHCICHUSIX OKpYTJICHUE
X a X

MIPOU3BOJIUM C YUETOM TPEOYEeMOil TOUHOCTH.

Nt

Orger; &' = X a~1,66m/c.
Tx

3ananmue 3:

Bonpoc: DnextpoaBurarenb, padoTalomuid OT UCTOYHUKA ocTossHHON DJ]C, moJHUMaeT 1Mo ovepeau J1Ba
pasHbIx rpy3a. Cuia TAru ABUTaTeNs MPOIOPLUOHAIbHA CUJIE TOKAa, TEKyIlero B oomotke. Jlins mepBoro
rpy3a 3Ta cuila TOKa MeHbIle, 4eM Juisi BToporo. Kakoit u3 rpy3oB mnogHuUMaercss ¢ OoJblueit
yCTaHOBUBIIEHCS CKOPOCTHI0? OTBET OOBSICHUT.

OtBer: Pabora croponnux cun ucrounuka ¢ OJ[C E wumer Ha MexaHMUYecKyl0 pabOTy ABHraTels,
nepeMenanero rpys cuiod F co ckopocTbio V, W Ha KOMIICHCAI[MIO TEIUIOBBIX TMOTEph Ha
comporusnennn R, to ectb E-1 =RI? +F-v. Ecmu F =kl , 1o V=ETRI, TO €CTh YCTAaHOBHUBIIASCS
CKOpOCTH OO0JIbIIIE TPU MEHBIIIEM TOKE. 3HAYHT, OOJIbIIAs CKOPOCTh y EPBOTO I'Py3a.

3amaua: [Ipurarens pobota padoraer ot akkymyisitopa ¢ JJC E=30 B. M3BecTHO, 4TO cHila, ¢ KOTOPOW
JIBUTATEJIb HATSATMBAET HAMAaTBIBAIOIIMKCSA Ha BajJ MPOYHBIN JIETKUN TPOC, MPSIMO MPOMOPLUOHANIEHA CHIIE
TOKa, TeKymiero B o0Motke. Koria 3akpernseHHblii poOOT MOJHUMAET BBEPX C MOMOIIBIO 3TOTO Tpoca Ipy3



maccor m=1 kr, Tok B 00MOTKe paBeH |, =2 A npu ycraHoBuBLIelcs ckopocT nogsema V; =3,2m/c. C

KaKOH YCTaHOBHBILEICS CKOPOCTBIO 3aKpEIUICHHBIH poOOT OyneT MOATATMBATH 3TUM K€ TPOCOM TOT Ke
rpy3 10 TOpU30HTANBHOM oBepxHOCcTH? Ko3adduumeHt tpenus mexay rpy3om u noBepxHoctsio 1 =0,4.

Pemenne: [Ipu ycraHoBHBILIEHCS CKOPOCTH NOAbEMAa YCKOPEHUE I'Py3a PaBHO HYIIO, TO €CTh CHJA TATH
JBUraTellsl YpaBHOBEILIMBAeT BEC TIpy3a. 3HAUYMUT, YPAaBHEHHE SHEPreTHdYecKoro OanaHca HMMeEeT BHJ

m
E-1, =Rl +mg-v,, npuuem, nockonsky F =Kkl , o I, = Tg . Bo BTOpOM ciryyae nmpu yCTaHOBUBIIEMCS

JIBUKEHUN CHJIA TATU YPABHOBEIIMBAECT CHUIly TPEHUs CKOJbXkeHus, To ecth E-l1, =Rl +umg-v, wu

| _Mmg _
=AM _
k

w1, . Vckimouast U3 ypaBHEHHUI SHEPreTHYECKOTO GaiaHca CONPOTHBICHHE KOHTYPa OOMOTKH ,
El,

nonydaem: (1—p)El, =mg(v, —pv,) . Takum obpasom, V, =pv; + (1—pn)—=4,88m/c.
mg

El
OtBer: V, =V, + (1—p) —= =4,88m/c.
mg

3aganmue 4:
Bomnpoc: [Ipu kakux ycIIOBUSIX MOYKHO HAaOJIFOIATh SIBIICHUE MTOJHOTO BHYTPEHHETO OTPAKCHUS ?
OrtBet: [lonHOE BHyTpeHHEE OTpakeHHWE HAOIIOJAeTCsl B CUTyalusX, korja 3akoH CHeiia BbIIAST s
CHHYyCa yrIja MpeJIOMJICHHS HEeBO3MOKHOe (> 1) 3HaueHue. Takoe BO3MOXKHO, €CJIM Jy4 BBIXOIHMT W3

ONTHUYECKH OoJiee IIOTHOM Cpcabl C IIOKA3aTCJIEM IIPCIOMIICHHA nl B OINTHYCCKU MCHEC IINIOTHYIO — C
n2 <nl, U Yrojd naACHUuA HOPCBbIIACT II0 BCIWMYHUHE «YIoJl IIOJHOTO BHYTPCHHEI'O OTPAXKCHUA»
o=, =arcsin(n, /n,).

33112[‘[3: B onruueckoii cucreme po60Ta HCIIOJIB3YCTCA TakK Ha3bIBAEMBII HJ'IaHapHLIﬁ CBCTOBO,

NPEACTABISIOMNNA  COOOH  IUIOCKONMApaUICAbHYIO IUIACTHHKY — TOJIIWHOW —

d =12 MM, HM3rOTOBJIICHHYIO W3 MPO3pPa4yHOIl IUIACTMACChl C MOKa3zareiem —*

npeiromnenuss N=14. M3rubas mnnactuHKy, el mnpuumaioT  Gopmy, /R
|

I/I306pa)KeHHYIO Ha PUCYHKE. HepHeHI[I/IKy.]'IHpHO TOpLHY IIACTUHKHA TaJaCT B

IJIOCKOCTH PUCYHKA MAapauIeNIbHbIN MTy4OK cBeTa. HaliiuTe MIHMMAJIBHO JOITYCTUMBIN PAJNYC KPUBHU3HBI
Rpin M3ru0a MIacTUHKHU, IPU KOTOPOM CBET HE OyJeT BBIXOAUTH U3 IIACTHHKU HApyXy 4epe3 ee OOKOBYIO
MOBEPXHOCTh. Pajuyc KpUBHU3HBI ONpeNeNsiTe MO BHEUIHEHW (IO OTHOIICHUIO K HaNpaBJICHUIO HU3rubda)
ITOBEPXHOCTH IJIACTUHKH.
Pemienue: PaccMOTpUM XOJ CBETOBOIO JIyda, pPacIpOCTPAHAIOLIErOCs BIUIOTHYO K BHYTPEHHEU
MOBEPXHOCTHU IUIOCKOM YacTH IMJIACTUHKU (CM. PUCYHOK). JIETKO BUIETh, YTO U3 BCEX JIyueH, MOMaBIINX
BHYTPb IUIACTMHKU 4Ye€pe3 €€ TOopel, 3TOT JIyd4 UMeeT HAauMEHBIIUH Yyroi
m MaJeHus O HAa MCKPUBIICHHYIO IOBEPXHOCTh IUIACTMHKHU. PaccmaTpuBaeMbli

JIyd HE BBIMJET HAPYXKY, €CIM OH MCHBITAET HA MCKPUBJICHHOW MOBEPXHOCTH

. 1
IMOJIHOC OTPAKCHUC, YCIOBHUC KOTOPOro HMECT BHUI: Sna =2 —. ﬂCHO, npu
n

BBIITOJIHCHHUHU 3TOT'0 YCJIOBUA BCC OCTAJIBHBIC JIYUH, o6pa3y10m1/1e IIY4YOK, TaAKKEC

. . R-d
HE BBIMAYT U3 IJJACTUHKH Yepe3 €€ MCKPUBJIECHHYIO NOBEPXHOCTh. Ha prcyHke BUAHO, 4TO SIN & = R

nd

W3 3anmcaHHbIX COOTHOLIEHUH HAaXoauM, 4To R, = _l =42 MMm.
n —
nd

OtBer: R, =——=4.2MMm.
n_



