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

BUJIET Ne 01 (10-11 Knaccbl): BO3MOXKHble peLueHusn

3apanue 1:
Bonpoc: Ha ropu3oHTanbHOI MOBEPXHOCTH JIEKHT JOCKA, Ha KOTOPOH MOKOUTCS HEOONBIIONW Opycok
maccel M =250T1. Koaddumument tpenus mexnay mockoir m Opyckom paBen u=0,4. Jlocky ObicTpo
CMECTWJIM BJOJb HEE CaMOH IO TOBEPXHOCTH Ha paccrosiHue S =1m. Ilpum 3ToM Opycok caBHHYICS
OTHOCHUTEIJIFHO MTOBEPXHOCTHU Ha paccrosiHue S =50 cM. Kakoe KoaruecTBO Temia BBACTHIOCh N3-32 TPEHUS
MEKILY GPYCKOM H T0CKO#? Vekopenne cBoGoaHoro mageHus g ~10 m/c2.

OtBet: KonnyecTBo Teria paBHO MOAYIIO paOOTHI CHIIBI TPEHHS CKOJIBKEHUS, KOTOpas paBHa 4M(g, a
OTHOCHTEJIbHOE CMEIlleHHe OpycKa u Iocku paBHO S —S. Utak, Q = #mg(S —s) =0,5 [Ix.

3agaya: Mogens Oynabao3epa JODKHA BBITECHHUTH 3a MPEAEBI MOJi HEOOJbIIyI0 KOpoOKy. CKOpocTh
MOJIETI HAarpaBJieHa MEPICHIUKYIIPHO Kparo IMOJs, a KOBII ITOBEPHYT Ha L x4
yron «=30° OTHOCHUTEIBLHO JTOr0 Kpas (cM. pHCYHOK). HavambHOe -—
paccrossHue OT KOpoOku a0 kpast monst L =10wm, xosddunment tpeHus . J}—E
MEXIy KOBHIOM M KOopoOkoi w =0,5. Haiinure xoopauHaty X TOYKH, B E |

A 4

KOTOpO# KopoOka mpoiaer kpail. Bo ckonbko pa3 oTianyaroTcs KOJIMYECTBa
TEIUIOTHI, BBIJCIUBIIMECS W3-3a TPCHHUS MEXIy KOBIIOM M KOPOOKOH u
MEKIy KopoOkoit u mostom? Koadduiment rpenunst kopodku o o x' =0,1.
KopobOxka aBmxercs mocTynareasHO U He OTPhIBaeTCs OT KoBiIa. CKOPOCTh MOJIENN MOCTOSHHA.

Pemenne: KopoOxka nBuranach Ob HEpIEHIUKYISPHO KPaKo MO, €CIK OBl HEe CKOJIb3MJIa 1o Kosmry. Ho B
TOM Cllydyae TaKKe ObUla Obl HampaBICHA W PaBHOJCHCTBYIOIIAS CHII L x4
TPEHUSI O KOBII W CHJIBI HOPMaJbHOH peakuuu KoBma. Ho torma mexmy -

|
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STUMH CHJIAMH BBINONHANOCH Obl cootHomenne F, =Ntg(a)=—=, uro J/J

> 1
V3 | --
- -
HeBO3MOXKHO, n6o F < 4N =0,5N . 3naunt, KOpoOKa CKOIB3UT MO KOBIIY. S 0

IostoMy pesymprrpyiomas cuia F =N + Ifmp HaIlpaBJIEHA I0J YIJIOM

p=arctg(u) x cune N, To ecTb 101 yrJioM o — arctg(4) K NmepneHIuKyIsIpy K Kparo IMoJis. 3HAYMT,
tg(a) -
x=L-tg[a —arctg(u)] = LM
1+ utg(a)
KOPOGKH TIOYTH Ha BCEM ITYTH TTOCTOSIHHA, M IOSTOMY CHIIa F paBHA [0 BEIMUMHE CHIIE TPSHHS KOPOOKH O
Y7
— Fros
1+ u
. o S
BBIJICJIMBIINECS M3-32 TPEHHSI MEXKJy KOBIIOM M KOPOOKOH M MeXky KOpOoOKOH U mojaom —- = . ,
Q 1+u° S
rIe S — BEJIMYHMHA MPOCKAIB3bIBAHUS KOPOOKH MO KOBIILY, & M S — yTh KOpoOKH 1o moiy. M3 reomeTpuun

X | tg (o) — i 5 L L 1+ 1P

~0,6 M. Tak Kak CKOpPOCTb MOJEIH TOCTOSHHA, TO U CKOPOCTh

1o lfn:p. Torna F,, =sin[arctg(u)]F = U COOTHOUICHHWE KOJMYECTB  TEIUIOTHI,

HaxoJuM; 4YTO S= = - s = = - . Hrak,
cos(«) cos(er) + usin( ) cos[ar — arctg (u)] cos(a) + usin(a)
Q T+pu
Orser: x=L9W 1 g5, Q_#U@D 1) 45
1+ ptg(o) Q' 147

3aganue 2:
Bonpoc: Ha ckoibko IpOIEHTOB HYKHO M30TEPMUYECKH YMEHBIIUTH 00bEM HICATBHOTO ra3a, YToObl ero
naBieHue Bo3pociio Ha 25%? A Ha 0,5% (oTBet maiite ¢ TouHOCTHIO 110 0,1%)?



OtBer: CornacHo 3akoHy boins-Mapuorra, B uzorepmudeckoM mnpouecce PV =const. Iloatomy, eciou

! \"A 1
L =125, 10 V = E =0,8, To ecTh s yBenuueHus AaBieHUS Ha 25% HY)XHO YMEHBIIUTH O0OBEM Ha
p ,
p’ A 1
20%. Ananoruuno it — =1,005 nomywaercs vV " 1o0 ~ 0,995, TO ecTb BO BTOPOM Cily4ae YMEHBIIUTD

o0beM HyxHO mnpumepHo Ha 0,5%. MoXHO cnenare BBIBOA: IPU MalbIX M3MEHEHUSX BEIMYHUHBI
OTHOCHUTEJIbHBIX U3MEHEHUH COBMAJAI0T ¢ TOYHOCTHIO JI0 MONPABOK OOJIBIIETO MOPsAIKa MAJIOCTH.
3agavya: B KOHCTpYKIIMHU CIEHUANTU3UPOBAHHOTO POOOTA UCTIOIB3YETCS axcesnepomeTp (; (aTumk YCKOPGHI/ISI)

clieyromeld KOHCTPYKLUUU: B TJIaJKOW FepMETUYHONW TOPU30HTAIBLHOU TpyOKe, : X 0 L :
3all0JTHCHHOM Ta30M, HAXOAWUTCS HEOONbINONW mopiieHb. B oTcyTrcTBHE . s a— |
YCKOpEHHUsl TMOpILIeHb pacrojaraercsi TOYyHO mocepeaune TpyOku. Ilpu ( I I

MOSIBIICHUH MTPOJOJILHOTO YCKOPEHHUS OPIeHb cMernaercs. Ha uenpiTanusx poOOT IBUTANICS ¢ YCKOPEHUEM
2
a=15wm/c", a Temmeparypa ra3a paBHsuack (~12°C, m mpu 3TOM CMENIEHHE TMOPIIHS COCTABUIO

x=38MM. B oguH M3 MOMEHTOB pabOTHI poOOTa CMEIIEHHE MOPIIHSA paBHAIOCH X =56MM mpu

temrnepatype raza t'~27°C. C kakuM TpOJOJBHBIM YCKOPEHHEM JBUTaICS PoO0T? OTBET HYKHO
HOJyYUThb ¢ OIMOKOM MeHee 2%.

Pemrenne: [TocKOIBKY B OTCYTCTBHE YCKOPEHUS MOPIICHb PACIIOaraeTcsi TOYHO IMocepenHe TpyOKH, TO B
TpyOKe 1O pa3Hble CTOPOHBI OT MOPIIHS HAXOIUTCS OAMHAKOBOE KOJMYECTBO ra3a V. 3aluIlIieM ypaBHEHHE
MenneneeBa-Kaneiipona ans raza B Kaxaoi W3 dYacTeid TpyOKH, B KOTOPOH MOPIIEHh CMEIIEH OT

cepeMHbl Ha X TpU TeMmieparype T : plS(%—szpZS(%+xj=vRT (3mece S — TIOmAIB

MOTIEPEYHOr0 CeueHHs TpyOKn). JlOOTHIM UX YpaBHEHHEM JBMKECHUS HOPILIHS MAaccoil M, IBIKYLIETOCS
BMecTe ¢ TpyOKo#l C yckopeHueM a: ma=pP;S — p,S. BeIpa3suB cuibl AaBIEHUS U3 TMEPBBIX IBYX

COOTHOIIICHUH U MOJICTABUB UX B TPEThE, IMOJIYIUM CBSI3b YCKOPCHHS U CMEIICHHUS
2vRT  2vRT 8x m

- = = a
L-2x L+2x L?-4x?> VRT
ITpu yka3aHHBIX B YCJIOBMSAX BEJIMYMHAX YCKOPEHHH M TeMmmepaTypax, OJU3KUX K HOPMaJbHOU, CMEIIEeHUs
HEeOO0JIBIIOro MO Macce MOPILIHS JTOJIKHBI ObITh MaJibl IO CPAaBHEHUIO C JUIMHOU TpyOkH ( X << L ). ITosTomy B
|2
3HAMeHaTelIe MOXHO npeHebpeds 4x? 1o cpasmenmio ¢ L?, m Torma X~———. Hampumep, eciu
8WRT
JaBlieHHE B TPyOKe OJIM3KO K HOpMaIbHOMY aTMoc(epHoMy, a Macca nopiHs paBHa 100 r mpu mormamy 1
cM? (To ecThb OH BechMa TSKEIBII), TO JUIS CO3TaHMs ycKopenus B 1 M/c? 0CTaTouHO, YTOOBI PasHOCTB

JaBJIeHUH coctaBisia 1% oT paBHOBECHOrO JaBjeHMs. Toro e mopsjaka JoJKHa ObITh U OTHOCUTEIbHAs
2

4x N
pa3sHOCTh O00BEMOB, TOTJa ?zlo 4 3HaYUT, TOYHOCTb MOJIy4€HHOH (HOpMYJIBl HpPU Pa3yMHBIX

3HAUEHUSIX MapaMeTpPoOB aKcelepoMeTpa 3HAYUTENbHO Jydine TpeOyemoil. Takum oOpa3om, A pa3sHBIX
. X" T a , TX
3HAYECHHUI TeMIlepaTypbl U YCKOPEHHUsI —:?—3a :—a 2,33M/c’. B BBIYHCICHHUAX OKpYTJICHHE
X a
MIPOU3BOJIUM C YI€TOM TPEOYEeMOil TOUHOCTH.
s(l
Ortser: a’ —_I_—a ~ 2,33 m/c?.

3ananue 3:

Bonpoc: Dnexkrpoasurarens, padboTaromuii 0T HCTOYHKKA mocTossHHOM DJIC, mogHMMaeT mo odyepeau aBa
pasHbIX Tpy3a. Cuna TATH ABUTATENs MPOIOPLHUOHALHA CHIIE TOKA, TeKyIIero B oomotke. J[ns mepBoro
rpy3a dTa CWJIa TOKa MEHbINe, 4eM s BToporo. Kakoil W3 Tpy30B MOAHUMAETCS C OOJbIIEH
YCTaHOBUBIIIEHCS CKOPOCTHhIO? OTBET OOBSICHUTS.

OtBer. Paborta croponnmx cun uctounuka ¢ DJIC E wumer Ha MexaHW4YecKkyr paloOTy IBUTATEIS,
MepeMeniaiero rpy3 cwiod F co ckopocTelo V, W Ha KOMIICHCAIIMIO TEIUIOBBIX TOTEPh Ha
corpotuBiend R, 1o ectb E-1=RI*+F-v. Ecim F =Kl , To V=¥, TO €CTh YCTaHOBHBIIIASICS

CKOpPOCTH OOJIbIIIE MPU MEHbBIIIEM TOKE. 3HAUUT, O0JIbIIAsi CKOPOCTH Y IEPBOrO Ipy3a.



3agaua: J[Burarenb pobota padoraer ot akkymynsitopa ¢ 9JIC E=24 B. U3BecTHO, 4TO cuia, C KOTOPOi
JBUTATENh HATATHBACT HAMATHIBAIOIIMICS HA Bajl MPOYHBIN JISTKUI TPOC, MPSMO MPOMOPIIHOHAIFHA CHIIE
TOKa, TeKymiero B ooMorke. Korna 3akpenieHHblii poOOT MOAHIUMAET BBEPX C MOMOIIBIO ATOTO TPoca TPy3
maccoii m=1 kr, Tok B 0OMoTKe paBeH |, =15 A mpu ycranoBuBIeiics ckopoctu nogsema V; =2,4m/c. C
KaKOH YCTaHOBHBILEIHCS CKOPOCTBIO 3aKpEIUICHHBIH POOOT OyIeT MOATATHBATH 3TUM K€ TPOCOM TOT JKE
rpy3 M0 TOPU30HTAIBHOM oBepxHOCTH? K03 dumeHt tpenus mexay rpy3om u noepxHocteio 1 =0,5.

Pemenne: [Ipy ycTaHOBHBIIEHCS CKOPOCTH MOJbEMa YCKOPEHHE TPy3a paBHO HYIIO, TO €CTh CHIJIA TATH
JBUTATENISl YPaBHOBEIIMBAET BEC Tpy3a. 3HAYMT, ypaBHEHUE DJHEPIETHUECKOTO OanaHca HMEeT BHUJI

m
E-l, = Rll2 +mg -V,, npudem, nockossky F =KI, to I, :Tg. Bo topom citydae mpu yCTaHOBHBIIIEMCS

2
ABMXKCHHUHU CHJIa TATM YPAaBHOBCHIMBACT CHUIIY TPCHHA CKOJIBXKCHHUA, TO €CTb E- |2 = R|2 + umg 'Vz u

| HMg _
oLl
k

1, . Vickirouast U3 ypaBHEHHI 3HEPreTHYECKOro OalaHca CONPOTUBICHHE KOHTYpa OOMOTKH,
El,

nonydaem: (1—p)El, =mg(v, —pv,) . Takum obpasom, Vv, = uv, + (11— 1) — =3m/c.
mg

El
Otger: V, = v, + (1— ) —+ =3wm/c.
mg

3ananue 4:
Bonpoc: [Ipy kakux ycIIOBUSIX MOYKHO HaOIIOATh SIBJICHUE MTOJIHOTO BHYTPEHHETO OTPAXKCHHUS?
OrtBert: [lonHoe BHyTpeHHee OTpakeHHE HaOIOJaeTcsl B CUTyalusiX, korja 3akoH CHemna BblIaeT AJis
CHHYyCa yrja MpeJOMJICHUS HEBO3MOXHOe (> 1) 3HaueHue. Takoe BO3MOXXHO, €CIU Jyd BBIXOAHUT U3

ONTUYECKU Oojee IJIOTHOM CpeAbl C IOKa3aTeleM IPeIOMIIEHUs N, B ONTUYECKH MEHEE IJIOTHYIO — C
N, <N, W yroa MNaJeHUs MPEBBINIAET IO BEIMYUHE «YroJd IIOJHOIO BHYTPEHHEIO OTPAXKECHUSD)
o>, =arcsin(n, /n,).

3agaya: B onrTuueckoil cucreme poOoTa HUCHONB3YeTCsl TaK Ha3bIBA€MbIH IUIAaHAPHBIM CBETOBOJ,
NpPEeACTaBISAIOMUNA  COOOH  IUIOCKONMApauIeNbHYI0 IUIACTMHKY — TOJIIMHOW —

d =1 MM, H3rOTOBJIECHHYIO M3 MpPO3payHOM IITACTMAcChl C TIOKa3aTeneM —*

npenomsienuss N=15. MW3rubas mnmactuHKy, el npupanot  Qopmy, |/R

[
n300paXeHHYIO Ha pucyHKe. [lepneHauKyIsipHO TOPIlY TUTACTHHKU TaJ1aeT B

IIJIOCKOCTH PUCYHKA MApaJUICNIbHBIN ITy4OK cBeTa. HaliiuTe MUHUMAJIBHO JOILYCTUMBIN PAJINyC KPUBHU3HBI
Ryin M3ru0a MIaCTUHKY, IIPU KOTOPOM CBET HE OyJeT BBIXOJUTh U3 IUNIACTUHKH Hapy)Ky 4epe3 ee OOKOBYIO
MOBEPXHOCTh. Pajnnyc KpUBU3HBI ONpENENsiTe MO BHEIIHEH (II0 OTHOIIEHHIO K HalpaBJICHHUIO H3rubda)
IIOBEPXHOCTH IIJIACTUHKH.

Pemienue: PaccMOTpUM XOJ CBETOBOrO JIyda, pPacHpOCTPAHSIOIIErOCs BIUIOTHYIO K BHYTPEHHEU
MOBEPXHOCTHU TUIOCKOM YaCTH IUIACTUHKY (CM. PUCYHOK). JIerko BUAETh, UTO U3 BCEX JIyueH, MOMaBIINX

BHYTpPh IUIACTUHKU YE€pe3 €€ TOpel, ATOT Jyd HMEET HAWUMEHBIIMN Yroi
( Ai ™~ B MaJICHUsI O Ha UCKPHUBJIEHHYIO MOBEPXHOCTh IJIACTUHKU. PaccmaTpuBaeMblid
| < JIy4d HE BBIMJIET HApYyXKy, €CIM OH UCIBITAET HA UCKPUBJIEHHOW MOBEPXHOCTU
—d . 1
R dl R MOJTHOE OTPa)XKEHHE, YCIOBHE KOTOPOro mMMeeT BUI: SIN o >—. SIcHO, npu
I n
O
: BBITIOJTHEHUH 3TOTO YCJIOBHSI BCE OCTATBHBIE JIYYH, 00pa3yIolre MydoK, TaKXKe
. . R-d
HE BBIMAYT U3 IUIACTUHKHU Y€pe3 €€ UCKPUBJIEHHYIO MOBEPXHOCTh. Ha pucynke BuaHO, 4to SIN o = T .
. nd
W3 3anmucaHHbIX COOTHOLICHUN HaxXoauMm, 4to R . = —1 = 3 MM.
n —_
nd

OtBer: R, = 1 3 MM.



