Bcepoccuiickast omummnuaaa mKoJI-HUKOB 10 (hU3UKE
2023/2024 yuebHblii TOA
MyHULIMITAIBHBINA 3Tall
CaepiioBcKas 001acTh
8 KJ1acc
BO3MOXHBIE PEHIEHHUSA u KPUTEPUU ITPOBEPKU

1. 3ByKoBoii curHaJu
[Toe3n qBUMX)ETCS MO MPSIMOJIMHEHHOMY YYacTKY JOPOTH cO cKopocThio V = 108 kM/y,
npulKasich K ctaHiuu. Korja J0KOMOTHB moe3ia HaXOAUJICS Ha PacCTOSHUU S =
1500 M oT cTaHIUU, MAIIMHKUCT MOAAJ 3BYKOBOM CHUTHAN, JUIMTEIBHOCTH KOTOPOTO
paBHa 7 = 4 c. KakoBa JJIMTEIbHOCTh CHUIHAaja, KOTOPBIA YCIBIIIUT YEJIOBEK,
Haxojasumicsa Ha ctaniuu? CKOpocTh 3ByKa B Bo3ayxe paBHa C = 330 m/c.
BO3MOKHOE PELHIEHHUE:

Jlns Havana nepeBeéM ckopocTh 108 kM/4 B M/c

KM M
V=108 — =30 —.
q C
[TycTh B MOMEHT Hauaja 1ojiayu ryjka noe3j; Haxoujics B TOUKE B, 4eJIOBEK — B TOUKE
A. Tlo ycnoBuro 3agaum pacctosiaue AB = S. Bpemsi HauHEM OTCUHMTHIBATH OT 3TOTO
MomMmeHTa. Takum oOpa3om, Havyalio rnoaauu curnana t; = 0, okoHyaHue Mmoiauu cUrHasia

t, = 7. [Ipu 5TOM B MOMEHT BpEeMEHH T Toe3/1a OyAeT HaXOAUThCA B Touke C, mpoexan
paccrosiHue V't
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Hayaso 3ByKOBOTO CHTHAJIA JIOILIO 10 YeIOBEeKa B MOMEHT BPEMEHH
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KOHeH 3BYKOBOFO CUTrHaJia JOCTHUT TOUYKU A B MOMCHT BpeMeHI/I
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JmuTeIpHOCTh 3BYKOBOT'O CUTHAJIA JIJIs YeloBeKa OyeT paBHa
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[TogcTaBuM YHCITOBBIC 3HAYCHUS U TIOJYYHUM JTUTSIIBHOCTD CUTHAIA
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Kpurepuu oneHuBaHus:

1 | O6e ckopocTH nepeBeieHbl MO0 B KM/4 IMOO B M/C B SIBHOM 1 Gamn
WJIH HESIBHOM BHUJIC

2 | OmpeneneHo BpeMs, KOTJa Hadalo CUTHAJAa JIOCTHTHET 2 Ganna
JeIIOBEKa

3 | OnpeneneHo Bpemsi, KOTJa OKOHYAHHE CHUTHaja JOCTUTHET | 3 0aiioB
YeJIOBeKa

4 | Haiinena IiMTeNbHOCTh CUTHAJIA C TOYKHU 3PEHUS YEIIOBEKa 3 Gata

5 | [lonydyeH nmpaBUIbHBIA OTBET 1 Gamna




2. llorpyxenue

lT B BbICOKMIT cocyj, 3allOJHEHHBIH BOJIOW, Ha Pa3HYIO TIyOHHY
MOTPYKAKT CTEPKEHb, BEPXHUN KOHEI] KOTOPOTO MPUKPEIJIEH K
HUTUA. [IIOTHOCTH BOOBI p, Macca CTEpKHA M, IUIOLIAIb
MOMEPEYHOTO CEUEHUsI CTEePXKHSA Sp, IJIOMIA[b TOMEPEYHOrO
cedyeHus cocyna paBHa S. IIpu MOJHOM MOTPY>KEHUU CTEPHKHS
BOJIa U3 COCyJa He BbUIMBaeTCs. OnpenenuTs:
- CKOpOCTh MOabEMA YpOBHs BoAbl B cocyae U, ecnu ckopocTb
. OIyCKaHHsI CTEpKHA paBHAa ». CTEp)KEHb MOTPYKAETCSI OYEHb
R MEIUIEHHO, HE KacasCh CTEHOK M  OCTaBasCh BCETaa

BEPTUKAIBHBIM;

- 3aBUCUMOCTb CUJIbI HATSDKCHUSI HUTU | OT BEJTMYMHBI CMEIICHUS

CTEP>KHS X OTHOCUTEIHFHO HAYaJIbHOTO MOJIOKEHHUS (CM.pHUC.);
P, - 3Hasg, 4YTO PA3HOCTh CUJ MAKCUMAJIBHOTO M MUHHUMAJbHOIO
HATSDKEHUS HUTHU paBHa AT, HalTH IuHY cTepxHs H.
BO3MOKHOE PELHIEHHUE:

PaccmoTpuMm cTEpKEHB B CUTYallMd, KOTa OH €I1E HAXOAUTCS B BO3/yXE€.
Cuita HaTsKEHUS HUTH B 3TOM CIIy4ae MakCMMallbHa M paBHA
Tnax = mg.
Tenepp pacCMOTPUM YaCTUYHOE MOTPYKEHUE CTEPKHS B BoAy. IlycTh B

MOMEHT BpeMEHU t CTepKeHb MOTPYyKEeH Ha TIIyOuHy X. B MoMmeHT BpemeHnu t +A4t
CTEPKEHb OIyCTHJICS Ha

Ax =v-At. (1)
YpoBeHb BOJIbI IPU 3TOM YBEIUYHUJIICS HA

Ah =U-At. (2)
[Tpu 3TOM 00BEM BOJIbI, BHITECHEHHBIN TEJIOM OKa3aJics BBEPXY (CM. PUC., BBIJIEICHBI
1BeToM). Tak kak 3T 00bEMBI OTMHAKOBEI, TO

Ax Sy =Ah-(S—35,),
l V-At-So=U-At-(S—S,),

MOATOMY CKOPOCTh MOIbEMA YPOBHS BOJIbI paBHA
_So
S-Sy
OmnpenenuM riIyOMHY MOTPY>KEHHUsI Teda (CM. PUCYHOK),
KOT/la €r0 HWDKHUW Kpal OKAXKETCS HHXE HadallbHOIO
MOJIOKEHHSI Ha X. YPOBEHb KUIKOCTHU MPHU ITOM, KaK yiKe

U=v-

AR
S - OTMEUaJioch BbINIE, MOoAHUMETCs Ha Ah, crenoBaTtenbHO,
x riyOMHa MOrPYXEHUsl CTEPKHsI OyAeT paBHA
- SO
x+Ah=x(1+—=|.
S - SO
Britankusaromas cuia onpenensercs TITyOMHON

MOTPYKEHUSI CTEPKHS U OyJIeT paBHA

So
Fx';m(x)=/)'9'50'x'<1+5_—50)-




3anuiieM ycioBHE PAaBHOMEPHOTO JBIDKCHHS Tela (TO ke, 4TO M MOKOS, IO
YCIIOBHUIO 33J[a4M TEJIO MOTrPyKaeTcsl MEAJICHHO U PaBHOMEPHO)
mg =T + Fyyr
Torna cuna HaTsHKEHUS HUTH 1 B 3aBUCUMOCTH OT X OYJE€T YMEHBIIATHCS TI0
JIMHEWHOMY 3aKOHY
S
0
T() = mg = Fun() =mg =p-g-5p-x- (1+5=).
0
Cuna HaTsHDKeHUS] HUTH OyJIeT MUHUMAaJIbHA MPU TIOJIHOM MOrpyxkeHuu tena. [Ipu stom
Tmin =mg — p-g-So" H.
OnpenenuM X', COOTBETCTBYIOIIEE MOJHOMY MOTPYKEHUIO Tea
S
0
e+ )= n
S - So
Orcrona
S - So
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Pa3zHoCTh MUHUMAIIBHON Y MAKCUMAJIBHOM CUJIbI HATSDKEHUSI HUTH PaBHA

So
AT = Tnax — Tmin = Mg — mg—p-g-So-H-(HS_—So) =p-g-So-H.

N3 nociaeguero YpPaBHCHUA OIIPCACIIACM BBICOTY TCJIa

AT
pP-g-So
Kpurepuu oueHuBaHMS !

1 | Onpenenenue cKOpoCcTH MOAbEMA BOJIBI B COCYE 3 Gama
Ilpu noepysicenuu meno gimecusem 600y, npuiem 00bEM NO2PYHCeHHOU
yacmu pagen 00bEMY GbIMeECHeHHOL 800bl, 3anUcanbl evipadicenus (1) u 2 banna
)
Onpedenena ckopocms no0bEMa HCUOKOCU 1 bann

2 | Onpenenenve 3aBUCMMOCTH CWJIBI HaTsbkeHUs HUTH OT | Jo 5 6amios
BpEMEHU
Onpeodenena cuna Apxumeoa (yumeHo u OsudiceHue mend, U NOObEM 3 banna
VPOBHSL HCUOKOCHU)
3anucano ycnosue pagnomepHo2o nOpyHceHus mend 1 6ann
Haiioena cuna namsdicenus, e€ 3a8UCUMOCHb OM X 1 6ann

3 | OnpeneneHue BEICOTHI TEJIa Jlo 2 6amnos
Onpeoenena MaKCUMAanbHAs CULA HAMAdCEeHUS (Mmeo 8 8030yxe) 0,5 6anna
Onpedenena MUHUMANbHASL CULA HAMANCEHUS (MeN0 NOJHOCMbIO 8 800¢) 0,5
Onpeoenena H 1 bann




3. leta;ib B KaJlOpUMeTpe
B xanopumerp 066EMom Vo = 150 Mi1, 10 KpaéB 3amoJHEHHBIN BOIOU MPU TEMIIEpAType
to = 20°C, akKkypaTHO MOJHOCTBIO OIyCKAIOT JETAallb, UMEIOILYIO TeMIleparypy t; =
40°C maccoit m; = 400 r. Kakas Temmeparypa t Oymer B KaJopuMeTpe IOCIE
YCTAHOBJICHUS TEIUIOBOTO paBHOBecHs? YelbHas TEIUIOEMKOCTh Bojbl Co = 4200
JIxK/KT - °C, yJAelbHas TeIIOEMKOCTh aetanu C; = 500 JIx/kr °C, mI0THOCTBH BOJIBI ol
= 1000 kr/m3, mnoTHOCTH MaTepuana aeramu p; = 8000 kr/m°.
BO3MOKHOE PEHIEHHUE:

[Io ycioBuio 3aauM KaJIOPUMETP 3aMOJHEH [0 Kpa€B, a JeTalb B HEro
MOTPYXKAIOT TOJMHOCTHIO, TO3TOMY 4YacTh BOJBI BBUIbETCA. Ompenennm 00bEM
BBUIMBIIICHUCS BOJIbI, KOTOPBIM COBMAaeT ¢ 00bEMOM aeTanu Vq

_ M — ﬂ —c.10-5 m3
Vl—pl, V1_8000_5 107 m°.

OO6bEM BbUIMBILEHCS BOABI paBeH Vi, MOATOMY IIOCIE OIyCKaHUs IETald B
KaJIOPUMETPE OKAKETCS 00BEM BOJIBI

V,—V, =15-10"5 —5-10~5 = 10~* 3,

3anuiueM ypaBHEHHME TEIUIOBOTO OalaHca Juis JeTald W OCTaBIIEHcsS B

KaJIOPUMETPE BOJIbI
po-(Vo—=Vi)co - (t—to) +my-cy-(t—¢t) =0.
Omnpenenym KOHEYHYIO TEMIIEPATYPY B KaJOPUMETPE
_po- Vo —=Vi) corto+my-cyty
po - WVo—=Vi)cog+my-¢q ,
t = 26,5°C.

CrielyeT OTMETUTD, YTO Ul KOHEYHOU TEMIIEpATyphl CAENaHa OLIEHKA CBEPXY,

TO €CTh OINpEAejeHa MaKCHMMalbHO BO3MOXKHAs TeMIleparypa, TaK KakK BOJA,

BBITCCHCHHAA JCTAJIBIO, TAKKEC 6yneT HarpecBaTbCA.

Kpurepuu oueHUBaHus !
1 |Omnpenenen 00BEM BBUIMBIICHCS U3 KaJOpUMETpa BOJIbI 2 bama
(00BéM neranu)
2 | IlpaBuibHO 3amucaHO yYpaBHEHHE TEIJIOBOTO OanaHca (IeTaib 4 Oanna
+ BOJIa, OCTaBIIASICSl B KAJIOPUMETPE)
3 |Ilpomenanbl marematwueckue mpeodpazoBanus, monydeH | Jlo 4 6amios
OTBET JJIs1 KOHEYHOU TeMIIepaTypbl

Ilpumeuanue: eciu He yuumvleamov GuLIUBAHUE B00bI, MO omeem b6ydem
pasen 24,8°C. Cuumamv Oannwliii omeem epHbviM Heab3s. 3a NoOo6HbIe

pewienus, a makdce 3a 6ce peulenus, 8 KOMOPblX He YUUmvléaemcs
8bLIUBAHUE 800, Clledyem cmasums He bosee 2 bannos




M,

4. PaBHOBecHe

Cucrema, roxasaHHasi Ha pUCYHKE, COCTOUT U3
JBYX HEBECOMBIX M HEpACTSHKUMBIX HUTEH,
HEBeCOMOro Oyioka 0e3  TpeHus, ABYX
OJIHOPOJHBIX BECOMBIX CTEPKHEW, MAacCChl
KOTOPBIX YKa3aHbl HA PUCYHKE U paBHBI Mi U
M,, wm rpy3a maccoum M. Maccel Trpy30B
noao0OpaHbl TakuM oOpa3oM, YTO CHCTEMa
HaxoJIuTcid B paBHOBecUHU. Ompenenutb, NpH
Kakou macce rpys3a M 3To Bo3MOxHO. Haitu
CUJIy, C KOTOPOM Tpy3 M [OaBUT HAa HWXHUU
CTEPIKEHb.

BO3MOXHOE PEINIEHHUE:

CnenaeM PUCYHKH, paCCTAaBUM CHIIbI, I[GﬁCTBYIOHIPIG Ha TCJIa W 3allMIICM YCJIOBHC
ITIOKOA (KaK IJIA IIOCTYIIATCIIBHOT' O, TAK U JJI1 BpaIlaTCIIbHOT'O I[BI/I}KGHI/ISI) JJIA KaXKJI0I'0
n3 HuX. O0o3HaueHUd JJIS1 CUJI YKa3aHbl HAa pUCYHKAX.

[ns rpy3za m umeem

T+ N =mg. (1)

M,

2T

Mg



Tak xak OJIOK ©MEeT MPEHEOPEIKUMO MaIyt0 MacCy U TPEHUE OTCYTCTBYET, TO
CWJIa HATSOKEHUS BEpXHEW HUTH B JIBa pasza OoJbllle CWIbI HATSHKCHHUS HUTH,
NEPEKUHYTON Yepe3 Hero, TO eCTh paBHa 27.
JIJIsT HIDKHETO CTEepXKHS yCIIOBHE TIOKOS M MPABHJIO MOMEHTOB (OTHOCHTEIHHO
OCH, TPOXOMAIIEH dYepe3 IEHTP MacC CTEPXKHS MEePHEHAUKYISIPHO TUIOCKOCTH
yepTexa):
T+T, =P+ M,g; (2)
T-4a=P-2a+T1, - 3a. (3)
JIJis1 BEpXHETO CTEPKHS yCIOBHUE MOKOS U MPABUIIO MOMEHTOB (OTHOCHTEIHHO
OCH, TIPOXOSIICH Yepe3 TOUKY OMOPHI MEPIECHANKYIISIPHO TUIOCKOCTH YEPTEXkKa):
N, =2T+T, + My g; (5)
2T -2a =M;g-a+T,; -4a. (6)
J1J1st B3aUMOJICHCTBUA IPy3a U HUXKHETO CTEPIKHS 3aluileM TpeTuil 3akoH HeioToHa

N =P.
N3 3anrcaHHbIX YpaBHEHUM BBIPAXKaeM MACCy I'py3a 4€pe3 MACChI CTEPKHEN
m = M1 + Mz.

Onpenenum cuity, ¢ KOTOPOH rpy3 M IaBUT Ha HUKHUM cTepkeHb. st Toro u3
ypaBHenu#t (1), (2), (3), (6) cocTaBuM cUCTEMY YpaBHEHH, B KOTOPOH cpazy yuTEéM,
yto N = P. PemuB cuctemy ypaBHeHU oTHOCUTEIHHO N, moydum

N—7M +1M
_12 1g 3 Zg'

[Ipn pemieHMM MOXHO Cpa3y 3amucaTh IPABWIO MOMEHTOB Il CHCTEMBI
BEPXHUH CTep)KEHbTHUTHUHOIOK+ HUKHUMN CTEPHKEHbT Ipy3 M OTHOCUTEIBHO BEPXHEM
TOYKH OIOpbL. Toraa rnoiaydum

Mig-a+M,g-a=mg:-a.

Otcrona cpa3sy ke HaxOIUTCA Macca rpysa m.

Kpurepuu oueHuBaHus:

1 | Caenan pucyHOK yKa3aHbl CHIIBI, JCHCTBYIOIME HA TeJa 2 Oanna
2 | Ompenenenue Macchl Tpy3a m Jo 5 6aioB
Jlna paccmompenun cucmemsl no 4acmam
3anucano ycnosue noxkos pyza 0,5 6anna
3anucano npasuno momenmos 0iist 6EPXHE20 CMEPIHCHSL 0,5 6anna
3anucano yciaosue NOKOSL OJI5i HUJICHE20 CMEPOIHCHA 0}5 6a]lfla
3anucano npaeuio MOMeHmoes OISl HUDICHE20 CMEPIHCHA 0’5 6a]l]la
Tpemuii 3axon Hotomona 01151 83aumo0eticmsusi 2py3a U HUNCHe20 CMepPHCHSL 0.5 6anna
8 SAIBHOM WU HESBHOM BUOE ;
Yenosue noxkos onoka 0’5 6(1]1]1
Ilpooenanvl mamemamuyeckue npeodOpaz06aHusi, NOJIYYeH OmMeem
s m 2 banna
na pacecmompenus cucmemul 8 yeaom
3anucano  npasuno  mMomenmos  O0is  CUCMEMbl  GepXHUl
cmepotceHb+Humu+010K+ HUdCHULL cmepoiceHb+ 2py3 M 4 166‘1;;:

Haiioena macca epyza m
3 | Onpenenenue Cuibl, ¢ KOTOPOM Tpy3 M JAEHCTBYET HA HIDKHUHN 3 Oanna
CTEP)KECHb




ﬂﬂ}l paccmompenus CUCHeMbl O 4acCmiam

U3 3anucannbvlx ypasHeHull 6epHO HAUOEHA UCKOMAsL CULA 3 Gayna
Jla paccmompenus cucmemol 6 yeaom
3anucana cucmema ypaenenuii (1), (2), (3), (6) nubo ananocuynas 2 bania

Hauioena uckomas cuna 1 6ann




