3akirountenbHbli 3Tan Beecndupcekoit OrkpbiToit OmmMnuanbl HHIK0JIbHUKOB
no ¢pusuke 12 mapra 2023 r.

7 KJjacc
Bo3mooicnoie pemienus ¢ 6aiiamu. MakcuMalbHbIi 611 3a 3aaagy — 10.

1) TpeHnep cienuT 3a CpeHEi CKOPOCTHIO TOPHOJIBDKHUKA HAa CKOPOCTHOM citycke. [1o ero
U3MEPEHUSAM Ha MEePBOI TPETH AUCTAHIIUH CPEAHss CKOpOocTh Oblia paBHa V1=30 kM/4ac, a Ha
cieayromieid, BTopoit Tpetu auctaniuu V2= 120 km/gac. Kakas cpennsisi ckopocts V3 Obuia y
JBDKHUKA HA 3aKTI0YUMENbHO TPETU TUCTAHIINK, €CIIH CPEIHSS CKOPOCTh Ha BCEH AUCTAHIINH
6bu1a paBHa Vep =60 km/g9ac?

Pewenue. O603HaunM ATUHY BCeH qucTtaHiuu Kak 3L, T.e. L — muiMHa ogHOM TpeTH myTH.
ITo onpenenenuto cpeaHend CKOPOCTH JUIsl BCETO CITyCKa:

Vl VZ V3

B 3nameHnarene 3Toi ,Z[pO6I/I CTOUT CyMMa BpPEMCH, 3a KOTOPBIC JIBDKHUK IIPOCXall Ka)KI[bIﬁ ns3
Y4aCTKOB, T.C. IIOJIHOC BpEMs CITyCKa.
Menee TPOMO3AKHUC BBIPAXKCHUA II0JIYy4aTCs, CCJIIM 3allMCbIBATh YPABHCHHUA JIA O6paTHLIX

CKOpOCTEM:
3 1 1 1
—— =" 4+~ 4 = . (+3 Gamra 3a ypaBHEHHE, U3 KOTOPOIO MOXKHO TIPSMO BBIPA3UTh UCKOMYIO
VCP Vl VZ V3
BEJINYMHY)
Takum oOpa3zom,
1 3 1 1
= - = WA
3 VCP Vl V2

1 3 1 1 6 4 1 1

V, 60 30 120 120 120 120 120
CrnenoBarenbHO, MCKOMAsi CpPeTHSSI CKOPOCTh Ha TpeTbeM ydacTke paBHa V3= 120 kwm/gac

(+4 6anna 3a siBHO c(HOPMYIHPOBAHHBII 1 00OCHOBAHHBII OTBET).
T.e. ero cpeHsAss CKOPOCTh OCTAJIACh TAKOU K€, KAK M HA BTOPOM Y4YacCTKeE.
s cnpaéku: aHaNTUTUYECKOE BBIPAKEHUE AJI1 HCKOMOW CKOPOCTH UMEET BU
V, = VoV,
VNV, =VVer =VVer

2) HepeBan A u b crost Ha pexe. 3 A B b ormpaBuiiach MOTOpHAs JIoJKa, KOTOpas uyepe3
T1=3 vaca xona Bcrperuina mioT. Eme yepe3 T2=1 vac noaka nob6panack 10 b u cpasy ornpaBuiack
o6patHo. OHa MopaBHsJIACh C TEM )K€ CaMbIM TUIOTOM, Korja /10 A octaBajiack 1/5 Bcero paccTostHus
MEXIY epeBHAMU. CKOIbKO 6pemeHy 3aTpaTuila JI0JKa Ha 00paTHBIN MyTh OT b 10 A, eciu ckopocTb
TECUYCHHA PEKU U CKOPOCTH JIOAKHU OTHOCUTECIBHO BOABI BCErga MMOCTOSTHHEI?

Pewenue. O603HaunM kKak Tx HMCKOMOE BpeMsi OOpaTHOW Moe3AKW. J[OMOJHUTENTHHO BBEIEM
o0o3HaueHust: V — CKOPOCTh JIOJKU OTHOCHTEIHHO BOABI (TO K€ camMoe, YTO U CKOPOCTh B CTOSUYEH
Bojzie), U — ckopocTh TeueHUs peKu OTHOCUTENBbHO Oepera, L — paccrosinue Mexay A u b B1oss pexu.
Jnis moy4eHust OTBeTa 3HaYeHUs ITUX NTapaMeTpOB HE OHAT00STCA.

W3 ycroBus cienyeT, 4to A. b HaXOAWTCs BBIIIE IO TEUEHHIO, YeM 1. A, TOJIBKO B ATOM Cydae
BTOpasi BCTpeya JIOJKHU C IJIOTOM MPOUCXOIUT Oumke K A, yem nepsas (+1 Gawn).

Tak KaK CKOPOCTbH JIOAKH ITOCTOSIHHA, TO MEpBasi BCTpeYa € IUIOTOM MPOMU30IIUIA Ha PACCTOSHUM
L-T2/(T1+T2)=L/4 ot b (+1 Gamr). Bropas BcTpeya JOAKH € IUIOTOM MPOM30IDIA, KOT/A IUIOT

L L 11-L 11-L (+1 Gam).

NPOIUIBLI paccTositHue L——— — ="_"_T.e. uepe3 BpeMs T, =
P P 4 5 20 pesBp 20-U
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Bpemst nBuKeHHS JOOKM MEXAY 3TUMHU BCTpEYaMU PAaBHO 3TOM K€ BEIMYUHE, YTO JAET

ClleIytolee ypaBHEHHE:
L N 4.L _ 11-L
4.(Vv-U) 5. (V+U) 20-U
00pa3oM oIpeessieT CBsI3b MEX/y BpEMEHAMH JBIKCHUS TUIOTA U JIOJIKH).

IlepenucepiBaeM NOJIy4€HHOE YPaBHEHUE U I1OTy4aeM
[5(V+U)+16(V-U)]-U= 11-(V?-U?)  u, nanee,

(+2 Ganna 3a ypaBHEHHE, KOTOPOE KAKHM-TO HETPHUBHAIBHBIM

21-U=11-V (+2 6asa 3a CBSI3b MEKIY CKOPOCTSIMH JIOJKH OTHOCHUTEIBHO BOJIbI M TEUCHHS PEKH)

L
[Nockonbky Bpems nBuxeHus oT A 1o b ussectHo: —— =T, +T,, a CKOPOCTb JABUKEHUS JIOJKU

(v -U)

OTHOCHUTCIIBHO 6epera IIpu XOAC JIOAKH 11O TCUCHUIO YBCINYNBACTCA B

21
ngle; 2?1+1 52 pasa (+1 Gann),
11

TO UCKOMOE BpEeMsI paBHo

—— =T, +T ) =75 mun

T
TV U)

(+2 6anna 3a siBHO C(bOpMy.]II/IpOBaHHHﬁ 1 000CHOBAHHBIN OTBET).

[TpaBUIIBHBII OTBET MOXKET OBITh MOJIYUEH M C TIOMOIIBIO IPYTOH MOCIICA0BATEILHOCTH
paccyXJIeHUM.

3) Iwmuapuueckas TpyGa, COCTABIeHHAs W3 ABYX uacTedf, ¢ LA™
wionanplo cedenuss S (cBepxy) U 4S  (cHMBY), 3aKperUieHa
BEepTUKaIbHO. HWKHsAS dacTh TpyObl MEPEKphITA IOJBHIKHBIM
HEBECOMBIM IOPIIHEM, K KOTOPOMY C IOMOIIBK) HUTH H OJOKOB S
MpUKpeIUieH rpy3 ¢ maccoi M (cMm. puc. cmpasa). B Tpybe Hao
MOPIIIHEM HAXOJAUTCS JYKUIKOCTh, YPOBEHb KOTOPOH Hudice MecTa s
coenuHeHus yacteir Ha H. Maccy rpys3a ydsausarom, i B HOBOM

II0JIO)KEHUU PaBHOBECHSI YPOBEHb JKUJKOCTH CTAHOBUTCS 6bllle MECTa
coeauHenus 4acreil Ha H/2. YUemy paBHa IUIOTHOCTb P KHUJIKOCTH, L
HaMTON B TpyOy? CUMTaTh, YTO MOPUICHB 10 MECTA CY)KEHUS TPYObI 45
HE JIOXOJIUT, BHEIIHUM JIaBIIEHUEM ITPEeHeOpeyb.

Pewenue. Beenem 0003HaueHUs: MycTh X — BBICOTA CIIOS JKUJIKOCTH, HAUTOW B TPyOy B

HAYaIbHOM CUTYaIH, T.e. 00beM xuakoctu V=4SX, a macca paBaa 4SXp.

CornacHo YyCJI0BUIO, B HavaJlbHOM CUTyalluHu BEC )KNAKOCTU YPAaBHOBCIINBACTCA BECOM I'py3a, T.C.

M=4SXp (+2 6amna).

Ecam TouHee, TO cuiia TSKECTH
(4SXp)-0, JCUCTBYIOTIAS Ha ol
KUJKOCTh, pPaBHA MO BEJIMYHHE CHIIC ;
JABJICHHUS KUJIKOCTH Ha TIOPIICHb,
paBuoii  (4S)-(Xpg) (pasymeercs, S
BBIPAKEHUS COBEPILEHHO Mg
onuHakoBbl). [lOCKONBKY MOpIIEHD 'y
TaKXe HaXOJIUTCS B PaBHOBECHH, TO
CHUJIa, JeHCTBYIOIAsl HA TIOPIIEHb CO BRI I
CTOpPOHBI XUAKOCTH (4SXpQ), paBHa 3= * * *
cuie HaTsbkeHus: HUTH T (CM. JIeBBIf 4SpgX
pucyHok). C Ipyroif CTOpOHBI, Tpy3 €
Maccoil M Takke HaxoTuTcs B paBHOBecHH, T.e. 4SXpg=T=Mg.

—
I

2T

2Mg

B navanwHoO# CUTyallunl PABHOBCCUC 6C3pa3J'II/I‘{HOG, T.C. paCCTOAHUEC MCKAY YPOBHECM KUAKOCTU

U MECTOM COEMHEHHS Pa3HbIX YacTe TpyObl MOKET OBITh U IPYTHM.
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[Mocnie yBenmMueHHs MacChl Tpy3a BABOE B YCIOBHUSX PAaBHOBECHS JIOJDKHA YBEIHMYHUTHCS BIBOEC U
cuna HaTshkeHus HUTH (+1 6amt). OTcrona ciemyer, 94To Cuiia IaBJICHUs Ha TTOPIIEHb TOXE JOJDKHA
yaBouThCA. [1OCKOIBKY IUIOMIAAbh MOPIIHS HE MEHSETCS, 3TO O3HAYaeT, YTO JOJDKHO YABOHTHCS
JIABJICHUE HA TOPIICHb 3a CYET MOJbEMa YPOBHS JKUAKOCTH HaJ mopmrHeM 10 2X (+2 Gaiia, cM.
IIPaBbIi PUCYHOK).

O0BeM KUAKOCTH OCTACTCS MPEKHUM, T.C.

4S-X=S-H/2+4S-(2X-H/2) (+1 Oamn)

Bropoe cnaraemoe B mpaBoii YacTu ypaBHEHHs BO3HUKIIO U3 YCIOBUS, YTO MOJTHAS BRICOTA CTOJI0A
XUIKOCTH paBHa 2X. HecMOTpsi Ha COXpaHEHUE MacChl )KHUJIKOCTH CHJIA, ACHCTBYIOMIAs Ha MTOPIICHB,
YBEJIMYMBACTCS 32 CYET YBEJIMYCHMS CHUJIBI JABJIICHUS HA KHUJIKOCTb CO CTOPOHBI TOPHU30HTAIBHOM
MIOBEPXHOCTH TPYOBI B MECTE COCTUHCHUS YacTel (CM. «TMIPOCTATUYECKUN Tapamokcy). [IpoBoas
peoOpa3oBaHus, IOJy4aeM

4X=H/2+8X-2H wu, cnenoBatensno, X=3H/8 (+2 Gasia)

Y3HaB TakuM 00pa3oM 00bEM )KUIKOCTH, TOIY4aeM OTBET ISl INIOTHOCTH

p=2M/(3SH)

(+2 6anna 3a sBHO CPOPMYTHMPOBAHHBII 1 0OOCHOBAHHBIN OTBET).

3aMeTHM, 4TO Y4eT BHEUTHETO JaBJICHHS HE MCHSET OTBET.

4) Komuara umeet Bbicory 2H. C moToska KOMHATBI CBHCAET PE3UHKA, KOHEI
KOTOpOM HaxoauTcs Ha BbeicoTe H Hanx mosom. K KOHIly pE3MHKH NMPUKPEIUISIOT
HEeOOJIBIION TPYy3 ¢ HEM3BECTHOM Maccol, KOTOPBII OIyCKaeTcst 10 caMoro 1oJia u
JABUT Ha 10J ¢ cuiiol F1. 3ateM k cepenrHe pacTsHYTON PE3UMHKU MPUKPETUIIIOT
elle OJIMH Takou xke rpys. Ilocne ycTaHOBIEHNS HOBOTO pABHOBECHUS HIDKHUM IPY3  mrmmermessms
JIABHUT Ha T0JI ¢ cuiloil F2. UeMy paBHa ’KeCTKOCTh Bcel 3ToW pe3uHKU? CUHTaTh, 4TO JIF00Ast 4acTh
PE3UHKH BCEI/1a OCTAETCS PACTAHYTOM.

2H

Pewenue. Benem 0603HaueHUs: K — nckoMas ’KeCcTKOCTh BCEH
pe3uHKH (Ipu 3TOM 2K — 5KECTKOCTh MOJIOBUHBI PE3MHKH), Macca H+X
rpysa - M (ais oTBera He motpedyeres), X - cMmelienne proporo | !
Ipy3a HHKE CEPEIMHBI BHICOTHI KOMHATHI TOCJIE yCTaHOBIGHHS F1#F=kH F2 F,2=2k(H-X)
HOBOT'O paBHOBECHS (CM. pHC.).

Ha noscHsroneM pucyHKke IoKa3aHbl CUJIbI, IEHCTBYIONINE HA lMg Mg

HWOKHUM Ipy3. 31€Ch YUTEHO, YTO CHIIa, JEHUCTBYIOIIAs HA MOJI CO
CTOPOHBI I'Py3a, U CUJia, TEHCTBYIOIIAs Ha IPy3 CO CTOPOHBI 110JIa, paBHBI M0 BenuuuHe. CTpenkw,
n300pakaroIiie HEKOTOpbIE CHJIbI, CMEIIEHbl OT PpEeAIbHBIX TOYEK NPUIOKEHMs, UYTOOBl He
3arpoOMOXK/1aTh PUCYHOK.

YcnoBue paBHOBeCHs TENa HA N0y UMEET BUJL

Mg=F1+kH (+2 6asa)

3/1eCh YUTEHO, UTO PacTsHKEHHUE PE3UHKU B 3TOM ciydae paBHO H.

[Tocne Toro, Kak K cepeuHe Pe3NHKH, T.€. K TOUKe, KoTopas Obuia Ha pacctostHu H/2 ot motonka
B UCXOIAHOM COCTOSIHMM, IPHUKPENUIN IPy3, MOXHO 3alMcaTh TaKWE YCJIOBMSI PaBHOBECHS IS

IPy30B:
Hwxkuuii:  Mg=F>+2k[(H-X) — H/2]= F2+2k(H/2-X) (+2 6anna)
Bepxuuit:  Mg=2k[(H+X)-H/2]-2k(H/2-X)=2k(H/2+X)-2k(H/2-X)=4kX (+2 6amnna)

3mech yuTE€HO, YTO BEPXHHUH Tpy3 JCIUT pPE3UHKY HA JBE pPaBHBIX YacTH, y KOTOPBIX
HenedopmupoBaHHas JuHa paBHa H/2, a koaddurmenT sxecTkocTH paseH 2K.
CpaBHuBas IepBOE U TPEThE YPaBHEHHE, MTOTy4aeM, U4TO
4kX= F1+kH
A W3 TIepBOTrO U BTOPOTO YpaBHEHUH MOTydaeTcs
2kX=F> -F1 (+2 6anna 3a BepHbIe MPeOOPA30BaHMSI, TO3BOJISIOIINAE MPUOIU3UTHCS K OTBETY).

T.e. 2F2 - 3F1= kH wmm k = 2F2H_3F1 (+2 6ama 3a ssBHO c(hOPMYIMPOBAHHBIA 1 000CHOBAaHHBIH
otBeT). /[ns cnpaexu: B ycnoBusx 3agaun Mg=2(F2- Fy).
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