Kputepuu oneHKH

[TonHoe 1 NpaBU/IbHOE pelteHue 000 3aaun OLeHnBanoch B 20 6asios.

W pelino BepHOe pellieHUe, COfieprKalliee He/joueThl (BBIUMC/IUTe/TbHbIe OIMOKY, HeOosIbIIe
He/[0OCTaTKH B 000CHOBAHUSX) OL[eHUBAJIOCH B 15 6asios.

PerieHne copepikailiee BepHbIM X0J| pacCy KJeH!l, 3HaunTeIbHble PO BKEHUS], HO He MPUBE/LINe
K TIPaBWJIbHOMY OTBETY M3-3a CYIL[eCTBEHHBIX OIIMOOK, OL[eHHBa/IUCh B 5 6asioB

3acuUThIBAJ/ICA pe3yJibTar 5 JIYULInX 3a/a4y



Pemenus 3anayq papuanra 191. OTBers! Ko BceM BapHaHTaM.

1. TpakTop TalMT Ha MONO3bAX OYEHb UTHHHYIO TpyOy. I'aBpHia npoen Baons Beeit TpyOsI ¢
MOCTOSHHOI CKOPOCTLIO B HANPAB/ICHUN JABHKCHHS TpakTopa H HacunTtan 210 maros. Korjga on
noues B 00paTHOM HaNpPaBICHHH C TOI JKe CKOPOCTLIO, KOMYECTRO I11aroB OKa3aloch PaBHBIM
100. Yemy paBna amna TpyOsl, ecim mar I'apunsl pasen 80 cMm? OTBeT OKpyrimre 10
Omukaiimero uenoro uncna Merpos. CKOpPOCTh TPAKTOPA MOCTOSHHA.

Otser: 108 M. Pemtenne. Ilycts anuna tpyOb paBua x (MeTpoB), v 3a | mar [aBpiis! Aminoit a (M)

TpyOa nepemeniaetcs Ha paccrosmue y (M). Toraa, ecimm m ¥ n — KOMH4YeCTBO waroB ["aBpuis! B

x=mla-y) x=nla+y)

TOM H JIPYrOM HalpasJICHHH, NOJTy4acM JABa YpaBHCHHSL: . . Orcrona
X X 2amn 20,8 210 100
—+—=2a x= x=
e h WU m+n  [Ipu JaHHBIX YHCIIOBBIX 3HAYCHUSX T10TY4acM 210+100
_ 3360 108,387

31

(m).
Bo3moixnsl 1 Apyrue cnocods! pemennsi. Hanpumep: Ipu tex ke HEH3BECTHBIX, YTO BLIILE, BBEACM

TaKKe ckopocTs I'aBpunsl V' (M/MHH) H ckopocTs TpakTopa U (M/MuH). 3anicas B TOM U APYTOM

x__am S
v-u v’ am V'
X an X U
=— —=1+—
ciTydae BpeMs, Moy4aeM CHCTEeMY: V+U V< Lbn V' Cknaaeisas, 10JIy4aeM TOT
= 2amn
Keorser  Mmtn
1363 _ 97,533
Otser k BapuanTy 192: 98 M. KommenTtapuii. 15 (™).
152 88,615
Otser k Bapuanty 193: 89 m. Kommenrapuit. 13 (™).
1071 _ g5 3846

Otser k BapnanTy 194: 82 M. KommenTtapuii. 13 (™).



2. ManieHLKHIi KOTCHOK MPUBSA3aH BEPEBKOI UTMHON 4, 7 M K KOJIBIIIKY, PaCIOIOKEHHOMY Ha
TJIOCKOM JIYTY PAZIOM €O cTapbiM aepeBom. CTBOM AepeBa uMeeT (popMy KpyroBOoro LWIMHIpPA
paaunyca 0.5 M, npuyem KpaTdaiiliee pacCTOSHHE OT KOIBLIIIKA 0 MOBEPXHOCTH JepeBa paBHO | M.

Mosket 11 K0371eHOK 0DOHTH BOKpYT jiepeBa U MOAONHTH BIUIOTHYIO K KONBILIKY TaK, 4TOOBI KOHELl
BCPEBKH COBMECTHIICA ¢ ee Hadanom? Otser obocHyiiTe.

CunTaTh, 4TO BEPEBKA B HATAHYTOM IMOJIOKCHHH HAXOAMTCS B TOPH3OHTAILHOI IIOCKOCTH.

Otser: net. Petnenne. Korja ko3nenok odoiieT AepeBo U MOAOHICT K KONBIIIKY, BepeBKa Oyaer
4aCTHYHO JICKATh HA MOBEPXHOCTH JCPEeBa, a OCTABLIAACS 4acTh OyACT COCTOATL M3 ABYX
NPAMOIHHEHHBIX 0TPe3koB. MuUHHMaNbHas HeoOX0MMas JUTMHA PaBHA CyMME YBOCHHOMN JUTHHBI

OTpC3Ka KacareabHOM, ﬂpOBC,EICHHOﬁ OT KQIBIIIKA K ACPCBY U JUTHHBI AYTH MCXKIY TOYKaMH

kacanus (cM. puc.). [TycTs yron Mexay kacaTtenbHBIMH paBeH 2«, TOr Aa

R

A\ C sina =

L | —

R+d=

o
T 1
_ =22 +—+arcsin—
Mpnt >1on L =2Rctga+ R 7+ 2| V2 D) 3
ITO YMCI0 NpUMEpHO paBHo 4,739, HO MOCUNTATH ITO M cAenaTh cpasuenne ¢ 4,7 6e3
o BBLIYHCITHTCIILHBIX CPCACTB JOBOJILHO 3aTPYAHHTCIILHO.

Ecim samenuts ayry AB u kacatenbHyio BK na MEHBIIHI 110 JUTHHE 0Tpe30K AK, To

-
Lo >L =7R+2%JR*+(R+d)"
MOZKHO CACIATL TAKYIO OLICHKY! ) . B uncnax »To gacr

> L _—+J— >ﬁ+3 15>4.7

. Takum 06pa30M, BCPCBKH HC XBaTHT.

L

min

B BapnanTax 2 u 3 BepeBKH XBataeT. ITO J0KA3BIBACTCS C MOMOIILIO APYTOif 3aMEHBI: 3aMEHSICM YTy

AB wn xacarensnyio BK na otpesok KC, KOTOpbIii JUTHHHEE, TaK KaK CB=Rxga >R & Torza

2(R+d)
Lmin<L+=7rR+ ‘ ( ) L L -” 9\/5
J(”ZR-F(” min < +_5 4
' . Hanpumep, B Bapnante 2 nomyyaem

3,142 94,42

<L TR 48

2 -
Otser k Bapnanty 192: 1a.
Orser k Bapnanty 193: 1a.

Orser k Bapnanty 194: ner.



3. [lns1 ompeneneHuss CKOPOCTH TEUEHUS ITUPOKON U OypHOU peku, ['aBpuna u ['madupa
MOCTaBWJIN CIIAYIOIIUI SKCIIEpUMEHT. B HekoTopoii Touke Oepera Ha pacctosHuu 100 M oT
MOCTa OHM YCTAaHOBUJIM CUPEHY, MOJAIOLIYI0 3ByKOBBIE CUTHAJIbI YEPE3 PaBHbIE
IPOMEXKYTKH BpeMeHH. BTopyto Takyto xe cupeHy B3suia ¢ coboii ['madupa, koropas cena
Ha BEJIOCHUIIE]] U PACIOJIOKUIIACh Ha TOM ke Oepery B Hauase MocTa. ['aBpuna cen B
MOTOPHYIO JIOJKY, Haxos11ytocs y Oepera nocepeiuHe Mex1y IepBOil CHpEHOW 1 HavyajaoM
MOCTa. DKCIIEPUMEHTATOPHI CTAPTYIOT OAHOBPEMEHHO, CKOPOCTh MOTOPHOM JIOJIKH
OTHOCHUTEIIBHO BO/JIbI, KaK U CKOPOCTH Bejocuneaa, papHa 20 km/4ac 1 HampaBJieHa
neprneHauKynsapHo 6epery. Okazanoch, YTO 3BYKOBBIE CUTHAIIBI OT 00EUX CUPEH MPUXOAST K
["aBpuiie ogHOBpeMeHHO. OMpeiesiuTe CKOPOCTh TEUECHUS PEKH HA PACCTOSIHUU 62 M OT
Oepera. beper peku npsIMOJIUHENWHBIN, CKOPOCTh TEYCHHS B KAXKJI0M TOUKE HalpaBJieHa
BJIIOJIb Oepera.

OtBer: 12,4 xm/gac = 3,44 m/c. Pemmienne. Beenem cucrteMmy KOOpIUHAT, OCh X KOTOPOU
HampaBlieHa BAOJIb Oepera, Hauano KOOpAUHAT B Touke cTaprta ['aBpuibl. Cupena Ha bepery
umeeT koopauHartsl (L, 0), 'madupa ener Baons npsamoit x = —L (B Hamem cinydae L = 50
M). Tak Kak 3KCIIEpUMEHTAaTOPbl HAXOATCS Ha OJIMHAKOBOM PACCTOSIHUM OT Oepera, TO

PAaBCHCTBO BPEMCH, KOTOPBIC HYXKHBI JJIA MMPOXOXKIACHUSA 3BYKOBOI'0 CUTHaJIa, 1aCT YCIIOBUE

Ha KoopmHathl (X, Y) Tappumsrx + L = /(x — L)2 + y"2.
Otcroza nonyyaeM 4xL = y?, uro onuceiBaet napaboiy. JuddepeHunpopanue qaet

cootHomeHue s ckopocreit: 4UL = 2yV, rae V u U cOOTBETCTBEHHO CKOPOCTh KaTtepa u

. hV
CKOPOCTh TEUEHUS B JJaHHOU Touke. Ha paccrossauu h ot Gepera umeem U = TR

OrtBer k BapuanTty 192: 12,24 xm/gac = 3,4 m/c.
OrtBet k Bapuanty 193: 12,4 xm/yac = 3,44 m/c.

OrtBet k Bapuanty 194: 12,24 xm/gac = 3,4 m/c.



3amaua 4

Bapuant 191 OxroaroMublil naeaIbHbIH Ta3 dBIgeTCA paboOYnM TEIOM TerIoBoii Mamuubl. CHadva-
Jia, TPOUCXOAUT U300apUIeCcKoe CKATHE M3 COCTOsiHUsI 1 B COCTOsIHIE 2, TIOTOM M30XOPUIECKUN HArpeB B
COCTOsTHME 3, IUKJI 3aMBIKAETCS MPOIteccoM 3-1, B KOTOPOM JaBeHME eCTh JuHelHad (DyHKIng 00beMa.
TemmuepaTypsl B cocTosiiusix 1 u 3 0JIMHAKOBBI, /TaBJEHNE B IUKJIE u3MeHsieTcs B 2 paza. Oupeeaure KIiji
TEILJI0BOYM MAIIWHBI.

Pemrenne. Ilapamerps! coctosanit TakoBH: (po, nvo), (Po,vo), (npo,vo), n = 2. Pabora ra3 3a 1wk
A =1/2(n— 1)%*pyuvo.

Ha ywacrke 1 — 2 Temso 3abupaercs u3 cucremsl, Ha 2 — 3 noasoaurcs (3/2)(n — 1)pove. Heobxonnmo
Halfity HA ydacTke 3 — 1 TouKy B, B KOTOPOI HPEKPAIIaeTcs TEILIONOABOA. ¥ paBHeHue mporecca 3 — 1:
p = npy—po(v—10)/vo = (n+1)po—vpo/vo, T = pv/R = ((n+1)pov —v2py/vo)/ R. Hatinem kommaecTso
TeIIOTHI, KOTOPOE TOYUIU/I Ta3 TIPU PACIITHPEHWH OT COCTOsTHUS 3 710 00beMa v:

2

3 1 5}
Q) = = (n+ V)pov — 2202 — npgvy ) += (n+1)po—2v+npo) (v—v0) = = (n+1)pov—2220 Dot
2 0 2 0 2 V0

Q(v) — xBagparwdHas GYHKIW, UMeromas MakcumyMm npu v = 5(n + 1)vg/8. Ilpu n > 5/3 on

JIEZKUT Ha oTpe3ke [vg, nvg]. Takum obpazom, B paccMarpuBaeMoM CJiydae TeIio, I10/BEEHHOe B CUCTEMY,
BBIYUC/ISIETCS IO (POPMYJIE:

3 (5n — 3)?

Q= [sn-1+ &2

9 Povo

OKOHYATEJIBHO OTBET:
16(n —1)2 16

T Bn-1)+(Bn-32 97

Orser 16/97

BapuanT 192 OHoaTOMHBIN €A/ bHBIN Ta3 sIBJASETCs PAO0UUM TEJI0M TEIIoBON Mammabl. CHava a
MPOUCXOIUT U300aAPWIECKOE PACIITUPEHNE U3 COCTOAHMA 1 B COCTOsTHME 2, TTOTOM M30XOPUIECKOE OXJIAZK e~
HUE B COCTOsIHUE 3, ITMKJ 3aMBIKaeTCsi mporeccoM 3-1, B KOTODOM JIaBJjieHWE €CThb JuHeltHast (hyHKIUH
obbema. Temmeparypsl B cocTosiHusix 1 U 3 OJMHAKOBBI, JABJEHUE B IWKJe u3MeHsieTcss B 2 pasa. Ompe-
JeUTe KIIJT TeIJIOBOM MAITHHDL.

Pemenne. [apaverpsr cocrostauit Takosbr: (npg, vo), (npo, nvg), (po, nvg), n = 2. Pabora ras 3a nuk
A=1/2(n —1)%pouo.

Ha yuactke 1—2 moaBouTest Terio B cucreMy B Kosmdectse 5/2(n—1)npovg, Ha 2—3 TEII0 OTBOIUTCSI.
Heobxomumo natitn Ha yaacrke 3 — 1 Touky B, B KOTOpPO#l HAYMHAETCS TEILIOTOABO. Y PABHEHUE MTPOIECCA
3—1:p=mnpy— po(v—vo)/vo = (n+ 1)po — vpo/vo, T = pv/R = ((n + 1)pov — v*poy/v0)/R. Haitmem
KOJTMYIECTBO TEILJIOThI, KOTOPOE MOIYUNII Ta3 MPYU CKATUU OT COCTOdAHUS 3 10 0bbema v:

3

1 5
Q(v) = 5 <(” + 1)pov — %302 - npovo)+2((”+1)p0—JZEU+PU)(U—nUo) = 5(”4'1)2900—2

po o n(n+05)
— VUV —————Povo-
Vo

Q(v) — kBagparuuHas QYHKINS, UMEIOIIast MakcuMyM 1ipu v1 = 5(n+1)vg/8. Ilpu n > 5/3 on mexkur
Ha oTpe3Ke [vg, nvg), Tak Kak Q(nvy) = 0, Tensio nojaercst B cucremy npu v; < v < nvgy . Takum 06pazom,
B PaCCMaTPUBAEMOM CJIyHYae TEIIO, TTOABEICHHOE B CUCTEMY, BBIUUCISETCA 10 (bopMyJIe:

5 (3n —5)2

Q, = [<n—1>+ -

9 Povo

OkoHnvare/J bHO OTBET:

_ 16(n — 1) _ 16
7= 8on(n—1)+ (Bn—152 161

Otser 16/161
BapuanT 3 Ananornano 191 Orser 4/15
BapuanT 4 Ananornano 192 Orser 4/31



5. Tak kax Tpebyercs, 9Tobbl KaMeHb HE 33/1€/T 3aJAHHBIN OTPE30K, UCKOMbBII MHTEPBAJ CKOPOCTEIl
uMeer Buj v > vg. HazoBeMm vy — MUHUMAJIBHON CKOPOCTHIO.

[Toxdupas mecTo 6GPOCKA W yroJi HAKJ/JIOHA HAYAJBHOW CKOPOCTH K I'OPU3OHTY MOXKHO CI€/aTh Tak,
9TOOBI TPAEKTPUS MPOXOINIA Uepe3 ABe J00bIe 33 IaHHBI TOUKHW, He JIeXKalllne Ha OJHOW BepTrKaan. 13
3aKOHA COXPAHEHWST SHEPTUU CJEYET, UTO CAYYA MUHUMAJBHOW CKOPOCTH OYIET OTBEYAThH TPACKTOPHSI,
MPOXOSIAst depe3 06a yria 371aHus.

[IycTs KaMeHb, TTPOXO/id Yepe3 BEPXHIOW YaCTh 3JaHUsI UMEET CKOPOCTh v, HAIPABIEHHYFO TIO/T YIJIOM
B x Topu3oHTY. l'eoMeTpHUUIECKOE MECTO TOUEK, Uepe3 KOTOPBIE MPOXOAAT BCEBO3MOXKHBIE TPAEKTOPUH,
OTIMCHIBAIOTCST HEPABEHCTBOM

v, gx?
v= 29 0%
B CUCTEME KOOPJIMHAT C HAYAJIOM B BEPXHEN 9acTU 3/aHUS U OCSIMU T Y, HAIPABJIECHHBIMU MOPU30OHTAJIBHO
B CTOPOHY YKJIOHA M BEPTUKAJbHO (mapabosa 6e30macHoCTy).
Haumenbiiemy 3HadeHni0 v1 COOTBETCTBYET CJIydaii

l2
tiga= U 9
29 207

IIpu sTOM TpaexkTOpHUs TPOXOAUT UEPE3 ABE BEPUIMHBI 3MAHUA W B CUJIY BBITYK/I0CTH 11apabosibl He mepe-

cekaeT Kpaiy. OTciona
9 3 1—-sina
vy =gl (\/tg a+1-— tga) =gl——

COS (¢

IIo 3aKOHY COXPaHECHUA SHEPTUN, MUHUMAJIbHAA CKOPOCTH KAMHA Ha IMOBEPXHOCTU 3€MJIN COCTABJIAET

1 —si
o — 9(2H+ZM>

COS «x

OtBer V > \/g (2H+ lw)

Ccos &



6. B Oe3BeTpeHHBIN IeHb OBl MEBEIb OKA3aJICS Ha OTKOJIOBIIEHCS OT alicOepra HeOOoIbIIoi
JBAWHE TTOCPEAN cTosuel Boabl. CracaTteny ¢ 3aBUCIIETO HaJ JbIMHON BEpPTOIeTa
OTMETHUJIN, YTO KUBOTHOE XOJUT IO OKPYKHOCTH AuameTpoM 9,5 metpoB. KakoBo ke Obu10
WX yIUBJIEHWE, KOT/1a TOTOM Ha (oTorpaduu OHM YBUJIEIH IIETIOYKY CJIEI0B MEIBEIS U
JIMaMeTp dTON TpaeKTOpHH oka3zajcs paBeH 10 meTpoB. OLeHUTE MacCy JbANHBI, CUUTAs,
yTo Macca measens 600 xr.

Ortert: 11,4 1. Pemienne. [Ipn HabmoneHny ¢ BepTosaeTa ObUT U3MEPEH TUaMETp TPACKTOPUHU B
CHUCTEME OTCUETa, CBSI3aHHOM C 3eMJIeH, a IeToYKa CJIeJ0B MOKa3bIBaeT JUAMET]
TPACKTOPUH OTHOCUTEIBHO JIbIUHBI. DTH TPACKTOPUHU HE COBNAAAIOT, TaK KaK JIbJIMHA
BMECTE C JKUBOTHBIM JBHXKYTCS OTHOCHTEIBLHO OOIIETO IIEHTpa Macc.

B cuny 3akoHa coxXpaHEeHHS UMITYJIbCA IICHTP MacC CHCTEMBI MOKOUTCS. PaccrosiHue ot MenBens
JI0 LIEHTpa Macc I onpexaensercs: GopMynoit

mr = M(R —r),
rie R — paccTosiHue OT IIEHTPa Macce JILIMHBI 10 MEABEIS, M — Macca )KUBOTHOTO, a M —
Macca JIbIUHEL.
Orcrona

mr md
M ===
R-r D—-d

rae D u d u3BecTHbIE 10 YCIOBUIO JMAMETPhI LIEIOYKHU CJIEA0B U TPAEKTOPUHU MEJBES B
HEIOJIBUYKHOW OTHOCUTENIBHO 3€MJIM cucTeMe oTcuera. [lofcTaHoBKa yucen JaeT OTBET
11400 xr.

OtBert k Bapuanty 192: 9500 xr = 9,5 T.

OtBert k Bapuanty 193: 9000 xr =9 T.

Otser k Bapuanty 194: 7500 xr = 7,5 1.



