MOCKOBCKUH rOCYHAPCTBEHHbIVI TEXHUWYECKUW YHUBEPCUTET MMEHU H.3. BAYMAHA
3AKINIOUYUTENbHbIA 3TAN onnvnuAdbl LWKOJIbHUKOB «LUAI' B BYOAYLWEE-2021-2022»
Mo NMPOOUNIO «PUSUKA»

11 KNNACC
BAPUAHT Ne 8
3AO0AYA 1. (10 6annos) Fx,H
Maneunpkas maiba Maccsl M = 0,86 Kr JIEKUT HEMOABHIKHO Ha TVIAAKOH
TOPU3OHTAILHONH TIOBEpXHOCTH. B MomeHnT Bpemenu t = 0 Ha He€ HauMHAET 10
JeiicTBOBaTh ropu3oHTanbHas cuwia Fx(t), rpaduk koropoil mpeacTaBiseT cOO0M
YETBEPTh OKPYKHOCTH (puc. 1). MakcumabHOE 3HAUCHHE 0
cuibl Fx max = 10 H. Bpems neiictBust cunbsl At = 4 c.. Puc. 1

[Tocne mpekpaleHus 1eHCTBUS CUIIBL, I1ali0a MpoAoIKaeT
JBUTaThbCsl 110 TOPU30HTAIBHOM IOBEPXHOCTH U BBE3KAET Ha HE3AKPEIUIEHHYIO
ropky Maccel M = 1,14 Xr ¢ TIaBHO MEHSIOIIMMCS YIJIOM HakJIoHa (puc.2).
[laiiba moxHMMAaETCs MO MOBEPXHOCTH TOPKH Ha HEKOTOPYIO BBICOTY, a 3aTE€M, HE
JOCTUTHYB ~ BEpILMHBI, COCKaJb3blBaeT BHU3. Haiinure Monynp ckopocTd  maifObl  mocie €€
cocKalib3blBaHUA. TpeHuem mnpeHeOpeub.
SAO0AYA 2 (10 6anno.) n
B nnTepdhepeHInonHOI cXxeMe MapauieIbHbINA My40K MOHOXPOMAaTHYECKOTO
cBeta ¢ JumHOW BomHBI A = 0,5MKM mazmaer mox yriaom o= 60° Ha cucremy u3
JIBYX IUIOCKONApaJuIEIbHBIX, MOIYNpOo3padHbIX 3epkai 1, 2. YacTb cBeTOBOro mydka o
oTpakaeTrcs OT 3epkaia 1 , ocTaBlIascs 4acTh, Npoias 3epkayno 1, YacTMYHO
OTpakaeTcs OT 3epKaja 2, M , CHOBa TIpOHas 3epkaio 1 , BMecTe C IIyuKoM, |- /
OTPaXKEHHBIM OT 3epkana 1, ¢ momompio cobuparomei mmu3sl JI Gokycupyercs Ha |2
npuéMHUK [l, curHan KoToporo NpoONOpHUMOHAIEH MHTEHCUBHOCTH Ia/aOLIEro Ha
Hero cBeta. Haiiiute yacToTy nepeMeHHOro CUrHania, perucTpupyeMoro NpuéMHUKOM, €CIIM BTOPOE 3€pPKaJIo
PaBHOMEPHO JBMXKETCS] OTHOCUTEIHFHO IIEpBOTo co ckopocthio U = 0,01 cm/c ?
SAO0AYA 3. (12 6annos)

3m
Ha IMIEPOXOBATyI0 TOPHU3OHTAIBHYIO ITOBEPXHOCTH BEPTHKAJIBHO  ITOCTAaBHIHU p
TraHTeJIb, COCTOSIIYIO M3 ABYX MAaJICHbKHX IIAapUKOB MaccamMu M1 = 3mu m=m, _ )/
COCIUHEHHBIX HEBECOMBIM KECTKUM CTEPIKHEM. I'anTens OTITYCKaroT 0e3 HadaILHOMI gl ¢

CKOpOCTM, M OHAa HayMHaeT majgate. Ompenenure BeMUYMHY KO3()GHIMEHTa TPEHUS ,%a
MEXAYy TaHTEIbI0 M IUIOCKOCTBIO, €CIM HWKHUW IIAPUK HAYMHAET CKOJBb3UTh IO
IJIOCKOCTH, KOTJIa YTOI HAKJIOHA CTEPKHs C IIOCKOCTHIO J0CTHrHeT a = 60°

AO0AYA 4. (12 6annos.)

3aMKHYTBIH, ,BEPTHKANBHO PACTIONOKEHHBIH IIMIMHAPUIECKUI cocyl cedenneM S = 20 cM 2,
paznenéH nopiHeM Maccbl M = 5 kr Ha 1Be yacTh. HupkHsIs yacTh HMIMHJpA MO/ TOPIIHEM
LEIMKOM 3allojIHEHa BOJOM IpU HAadyalbHOM TeMmeparype t, =0°C, Haj MOpIIHEM —

BakyyM. IlopiiieHb CBA3aH ¢ BEpXHUM OCHOBaHHEM IMJIMHIpA MPYKUHOH sxecTkoctH K = 15
H/m. Bnawane mpyxwunHa He nedopmupoBana. Omnpenenute Maccy M mapa MOJ MOPITHEM

IIPY HarpeBaHUU BOJABI 10 Temmeparypbl t=100°C. TpeHuemM u Maccodl NpPYXHUHBI NpeHEOpeUb.
S3AO0AYA 5 (18 6annos)

Ha rnagkoii ropu3oHTaNbHOM TIOBEPXHOCTH  PACIIOJIOKEHA m
TpeyrojbHas MpU3Ma Macchl 2 M C yIJoM a = 60°, coenuHEHHAS ? 9
HeBecoMoO HeleopMUpPOBaHHON MPYKUHOM kécTkoct K € Opyckom v l
maccel M. Illap maccel M magaeT BEpTUKAIBHO BHHU3 U yIapseTcs B m om
IpU3My €O CKOpocThl0 U. OmpenenuTe  BEIUYUHY MAaKCUMAIbHON —rrrrs 7777

nedopMaluu NPYKUHBI [IPH JajdbHeHeM ABrkeHnn Ten. CuaamMu TpeHus IpeHeOpeyb.
3AO0AYA 6. (18 6annos)

YacTtuma Maccbl M ¢ MOJOXKUTENbHBIM 3apsiioM (| HaXOJUTCA B OJAHOPOJHOM DJIEKTPUUECKOM M
MAarduTHOM IIO0JIAX. HaHpﬂ)KéHHOCTI) SJICKTPHUYCCKOTO ITOJIA E. Jluanu HHAYKOUHW MAarduTHOI'O ITOJIA
napaujiC/ibHbl CUJIOBBIM JIMHUAM 3JICKTPHUYCCKOIO ITOJIA. B HaganpHBEIM MOMEHT

> E
YacTHUIIE COOOINAIOT CKOPOCTh 1, HANpaBIECHHYIO MO YIJIOM «Q K JUHHSIM | _____ _(____Y%")_\_‘___
MHAYKIUU. Yepe3 HEKOTOpOE BpEMsl YacTHIIA BO3BPAIIAETCS B HAYAJIbHYIO >— g
Touky. Haiinure Bpems, uepe3 KOTOpOe HacTulla BEpHETCA B HAYAJIBHYIO |~~~ €T mmmmmos B

TOYKy. Haliiure MHIYKIMIO MarHUTHOTO 110JIs B, Ipy  KOTOpOM BO3BpalieHue
B HAYAJIBbHYIO TOYKY BO3MOXKHO.




3anaua 7 - CutyanuonHas 3aj1aua

VYeTpolcTBO U1 pa3BiIeKaTeNbHbIX MOJIETOB MPECTABIISAET COOON paHel ¢ ABYMs yIIPaBIsEeMbIMU
COIUTAMU KPYTJIOTO CEYEHHsI, Yepe3 KOTOpHIE C BBICOKOW CKOPOCTBIO BBIOpAcHIBAeTCS BOAA,
NOJAIOINAsACS 0 IIIAHTY C IUIABY4YEro HAcoca, CIEAYIOLIEro 3a MUIOTOM MOCPEICTBOM JTaHHOIO
IIJIaHra.

Onpeznenure HeOOXOAMMYIO MOIIHOCTh HACOCA M CYMMApHYIO IUIOIIAAb COIeN AJ1s BRIOpoca BOJbL,
€CIIM B3JIeTHas Macca (MWIOT-+paHel+HIIaHr ¢ Boaoil) cocrasiser 150 Kr, a CKOpocTh UCTEUEHUS
Boxsl 100 m/c.

Bo3moxxHoe pemenne
1. Pabora Hacoca:

A = FAr

rac Ar — MNEpEMCIICHUEC CTPYHU BOJBI. TOFI[a, YUYUTBIBAA 9TO F = mg, onpeacii€M HCKOMYIO
MOIITHOCTB

N = M,gV, = 150-9.81- 100 = 147.1 kBt

I'ne M, — B31eTHas Macca, KOTOpasi BbUIETENA U3 PAHLIA, V; —CKOPOCTh BBUIETAIOIIEH BOBI

2. MHcrekaromas cTpys BOJIbl lepeaéT ONMMCAaHHON CUCTEME UMITYIIbC:
MV, =P

I'ne MB — Macca BOAbI, KOTOPAsA BBUICTCIIA U3 paHIa, VB —eé CKOPOCTHb

Pazgenum 00e Jactu YpaBHCHUS HA BpEM:, 3@ KOTOPOC 5Ta BOJla BBUICTAJIA U3 paHIIa:

MV, P

t t

Wcxons u3 ypaBHEHHS 715l UMITYIbca cuiibl (P = Ft), MBI MOXeM CKa3aTh, YTO C TIPABOil CTOPOHBI
OT 3HaKa PaBEHCTBA CTOMT CWJIA TATH paHUa. [[0CKONbKY NUIOT HAXOAUTCS B PABHOBECUH, TO 3TA
CUJIa TSTH paBHA CHJIE TSKECTH, IEHCTBYIOIIEH HA HETO!

M _
t - ng

MV, = M gt
M, = pV,

rae V — o0bem BeuIeTaromieit Boael; V = SV t, S — mmomans comen.
pVV; = Mygt
pSV’t = Mygt
Ornpeaenum mIomaab Cornes paHiia

¢ _Mug _ 150-9.81

_ -5 2 _ 2
_p%2_1002‘1000_15.10 M- = 150 MM

OtBet:N = 147.1 kBT; S = 150 MM?



IHosicHeHWs1 M1 KPUTEPHUHM 1JISl YJIEHOB IKCIIEPTHOM KOMUCCHUHM 10 NIPOBEPKeE CUTYAIIMOHHOM
3a1a4u

1. YUnenam BKCHepTHOﬁ KOMHCCHUH TMPEAOCTABIACTCA OJHWH K3 BO3MOXHBIX BapHUaHTOB
peliCHUSA JSK3aMCHAIIMOHHBIX 3aj1ady. Pelmienne IIKOJBHHUKA MOXET OTIMYAThCSI OT
ABTOPCKOI'0 BapruaHTa PEIICHHU, IIPEA0CTaBJICHHOI'O KOMHCCHH.

2. KoppekTHas mpoBepKa PELICHHs HE MOXET ObITh OCYIIECTBICHA TOJIBKO MO OTBETAM.
OCHOBHBIM KPHUTEPHUEM IPABWIBHOCTH PELICHUS SBJIACTCA BEPHOE HCIIOJIb30BAHUE
(¢U3NYEeCKUX 3aKOHOB U Pa3syMHBIH YU€T TEXHUUYECKUX IapaMeTPOB, XapaKTEPUCTUK H

OTpaHUYCHUH.
BepHble 3jieMeHTHI peleHust KosinyecTBo 6a/110B
1 | ChopmynupoBaHna pacuéTHas cxema (B TOM YHCIIE, 0-5

rpaduyuecku), BBIJCIICHBI U TPABUIBHO
(dbopmMal30BaHbl BCE HEOOXO0IUMbIE (PU3UICCKUE

3aKOHBI

2 | CocraBieHa cucTeMa ypaBHEHHI U MaTeMaTU4YeCcKas 0-5
MOJIEITb

3 | BepHo yuTeHBI TeXHHUECKHE TAPAMETPHI, 0-5
XapaKTEPUCTHKU U OTPAHUYCHUS

4 | [IpoBeneHbl pacueThl, IOJIyY€H BEPHBIN OTBET, 0-5

paSYMHBIﬁ C TOYKH 3PCHUA (1)I/I3I/I‘ICCKOFO CMBICJIa

Hrtoro max 20
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MOCKOBCKUM TOCYOAPCTBEHHbLIU TEXHUYECKUA YHUBEPCUTET UMEHM H.3. BAYMAHA
3AKIMIOYUTENBbHBLIN 3TAM ONUMMNUALODLI LUKONbHUKOB «LWAI B BYOYLWEE-2020-2021»
no NPOPUNIO «DUSUKA»
11 knacc
PELLEHUE BAPUAHTA Ne 8

3AO0AYA 1. (10 6amnos)
Otser: Y; = 1,4 m/c. -

10 77— ]
1) Wmmynbc cuibl, ISHCTBYIOIIEH Ha TEJIO, PaBEeH ILIOMIAAU IOA TpaduKoM: f
1 I

Fx H

AP={F__ -At—=aF -At|=F  -Atl1-Z|=F -At-0,215= 0 4 e
4 4 !
Puc. 1
—10-4-0,215=40.0,215"M
C
2) Tak kak AP=m-Av ¥ YYUTBIBas, YTO HAYallbHAs CKOPOCTh Telida PaBHA HYIIO, MOIYy4aeM, 4TO
5 AP 40.0,215
CKOpPOCTh TeJa TOCJIe OKOHYAHUSI NIEHCTBHUS CHIIBI Oy/IET paBHA: U =:-— = 086 =10 m./c.
m ,

3) Hcnonp3ysi 3aKOHBI COXpPAaHCHUsSI MMITYJIbCA U MEXaHHYCCKOW SHEPIUH, MOIYYHM U MOIYIIS
CKOPOCTH TIOCJIE CITYCKa C TOPKH
_ M-m ,  1,14-086

M+m 1,14+0,86

10 = 228
2

1 10=14m/c . 9, =1,4m/c .

3A0AYA 2. (10 6amiop)
_ 2U-COSx _2007y|

OrtBerT:. |V

1) TIlycTtb B HEKOTOPBIi MOMEHT BPEMEHHU PACCTOSIHUE
MEXy 3epKajlaMHi paBHO X. Onrudeckas pa3HOCTb XO0Ja
MeXay JIydaMu 1 U 2, OTpak€HHBIMU OT 3€pKaJia, 1
OPUXOAAIMMHU B (DOTONPUEMHUK

A=AB+BC—-AD=2AB—-AD .

2) AB:L
cosa
3) AC=2Xx-tga
sin’ « 2 | B
4) AD=ACsina =2x-tga-sina = 2x u
cosa
sina 2

X X . 2X
5) Wrak, 2AB—4D =2 -=2X (1-sin® o) = ——co0s’ o = 2X-Cos
cosa Cosa  COSc cosa

[Mosmyunmu A =2X-C0Scx

Benuuuna curnana, peructpupyemasi NpuEMHHKOM, OyAET MEPUOJUYECKH IMOBTOPATHCS C MEPUOAOM

T npu u3MeHeHHHM PasHOCTH Xoaa Ha JuHy BomHbl A. Toects X=UT wu 2uT -cosax=A.

A

T =—7
2U-COoScx '

OTKy,Z[a a yacToTa MNEpCMCHHOT'O CUT'HAJIa

—4
V.:i _ 2U-COS« _ 2-10-10 _12),5 _ 20077,
T A 5000 -10 '




SAO0AYA 3. (12 6annos) T
COSo
Otger: |4 = =035, : /
m, .
- +SINo
m, (3sin o — 2)
m,g
ITycte (- quuHa TaHTENW. 3amuiieM 3aKOH COXPAHCHUSI SHEPTUH U
BTOPOH 3aKOH HpIOTOHA U1l BEPXHET0 MAaTEPUAIIbHOTO IAPHKA. : m, 60°
2
. m,v
m,g¢ = m,gl-sin o + 12 1) VA Ay av e
m,u° :
5 =mg-sina —T ) rae T — cuia yupyrocTd CTEPIKHS
m,v?
; _ Th
IMepenumiem (1) B BHzE: m,g/(l—-sina) = 5 > omkym
2
m,v :
=2m,g(1—-Sin@) . Toxcrapnss 510 paBeHCTBO B (2), MONy4UM
2m gl —-sina)=mg-sina —T
otkynmauz (1) u (2) Haiiném T = m19(35|n ad — 2) (3).
VYcnoBre paBHOBECHS] HUKHETO MaTePHAIbHOTO HIAPUKA:
N=m,g+Tsina, rorza TcCOSa=u(m,g+Tsina).
1= Tcosae Cosax
U3 mocneiHero paBeHCTBA HAXOM m,g +T sina m, ]
- +SIN«
m, (3sin o — 2)
[Moncrariss B mocieqHee BBIPAKCHUE 3HAYCHUSI
m =3m; m,=m; o =60°;sin60° =087, cos60° =05, OTy4nM
cosx 0,5 0,5 0,5
T N m T 055+087 L4z Y
2 +sina +0,97 2o+, :
m, (3sinx —2) 3m(3-0,87-2)
/
g
N
Fr
X
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3AO0AYA 4. (12 6annos)

OTBeT: .

IIpu Ttemmepatype 0° C JaBJICHUE HACBIIIEHHBIX MapoOB BOJbI
MPEHEOPEIKUMO Majio, U B UCXOAHOM COCTOSIHHMHM CHUCTEMBI MOPIICHb JIGKUT Ha

MOBEPXHOCTU BOJbI— €ro BeC KOMIIEHCHPOBAH peakiued omopsl Bojbl. [lpu
HarpeBanuu 10 100 ° C  4yacTh BOJBI MCHAPHUTCS, MPYKUHA COXMETCS O]
NEHCTBUEM CUITBI JAaBJICHHS HACBIIICHHOTO 1Mapa, paBHOU pPxS. CMeleHne mopIrHs
oTIpesieIiseT BEIMUUHY AepopMari MPYKUHBL  X.

3anuiieM ycjIoBHE PAaBHOBECHS MOPILIHS B ITOM COCTOSIHHUHU:

_ pHS - Mg
—k .

Ompenenutb Maccy Iapa MOXHO, MCXOJs U3 YpaBHEHUs COCTOSHUS HACATBHOrO rasa  (ypaBHEHUSA

pHS = Mg + kX’ OTKyJa X

m
Knaneiipona-Mengeneesa)  PpyS-X=—RT .
Y7,

VYuuTeiBasg, YTO JaBJIE€HUE HACHIIIEHHOTO Mapa IpU TeMIepaType pPaBHO HOPMAIBHOMY aTMOC(HEpHOMY
JABJICHUIO Po (YCIIOBHME KMIIEHMsI BOJbI) M 4YTO aOCONIOTHas TepMOJMHaMUYecKas Temrmeparypa Boiabl T
=t+ 273, nonydum

_ PutS__(p,S—Mg)
R(t +273) k

~11,72

<--0 3

SAO0AYA 5 (18 6annos)

19
2v [2m m 2m
OTBeT. = — _— PIPIVIPII7 77777 7777777777 7777777777 7777
' 11V k

1) TIlycts 3a Bpems yaapa At Mmapuka O KIMHOBHIHYIO MOBEPXHOCTh MPHU3MbI MEXKAY HUMH
JIEWCTBOBAJIA CUJIa, CPEIHEE 3HAUEHUE KOTOPOM PaBHO F. Torna FAt= mzjl —mo , Thme U - CKOpOCTh
Imapa B MOMEHT yJapa.

H3-3a OTCYTCTBHUS TPCHHA CHUJIA F HallpaBJICHa HNEPICHAUKYIISIPHO KJ'II/IHOBI/II[HOf/i IMMOBCPXHOCTHU IIPU3MBI.
B nmpoeknusax Ha KOOpAMHATHBIE OCH YpaBHEHHUS BTOPOTro 3akoHa HbioToHa 11 00oux Ten OyJAeT UMEeTh
BU:

mo,, —mu =—-FAtcose, 1)
mo,, = FAtsina 2
mu = FAtsina 3)

rac U]_X -TOPU3O0OHTAJIbHAA COCTAaBJIAIOIIAss CKOPOCTH IIapa MmocCje

CTOJIKHOBCHUS,
©,, BEPTHKAJIbHAS COCTABIIAIOIIAs CKOPOCTH IIapa I0CIIe X

CTOJIKHOBEHUS C TPHU3MOH,

u- CKOpPOCTb TIPHU3MBI, C KOTOpOfI OHa CTajla JABUTaTbCS BJOJb OCHU X.
2

2 2
mo m, o m,u
_a T ()

2 2 2

2). Uz (1) ,(2) (3)u(4), HalijeM CKOPOCTh MPU3MBI MOCJE yiapa Iapa O KIMHOBHIHYIO IOBEPXHOCTh
v-SIiN2a
PU3MBI u= m . (5)
21 4sin‘a

m
3). 3amuIeM 3aKOH COXpaHEHHs UMITylbca CUCTEeMbl TIpu3Ma - 6pycok M, -U = (M, +m,)v.,
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(6).

m, -u
N h
OTKYJ1a HalJIEM - CKOPOCTb LIEHTPA MacC CUCTEMBI: Vo =————
m +m,

4). Ammutyny KoneOaHul TPY)KUHBI HAIEM M3 3aKOHA COXPaHEHHS SHEPTHU.
KA m +m, , mu?
+ v =

2 2 C 2 O
kAzzmluz_ml+m202_ kA _mu® m+m, (m-u)®
2 2 2 ) 2 2 (m, +m,)*’
2 2 2 2 2 2 2 .
KA~ mu” m”-u KA —mu? — m° -u . KA? = ml_L 2.
2 2 2(m1 + mz) (ml + mz) (ml + mz)

2 2
m +mm,—-m, - m, -m / m, -m
kA2 — 1 12 1 u21 kA2 — 1 2 u2, oTCIONA A:U 1 2 .
(ml+m2) (m1+m2) k(m1+m2)
- U= v-Sin 2 A / m, -m, v-sin 2a
OJCTaBUM =7  __, Iomy4um = . .
m . m .
L 4sin®« k(m, +m,) —L4sin“a
m m
Opu m =2m; m,=m; o =60°

A_ [_2mm _ v-sin2:60° _ [2m  v-¥3 _ov2m _20 [2m

m
> E
3AO0AYA 6. (186anno8) oo o NV
> SRq_
2TmN ZEN | |- e --mmomtd B
OrTBerT: BN= = ) >
qtq Yq-cosa S

Ha uactuny c¢ 3apsaom (, OyayT IeHCTBOBaTh JIBE€ CHJIbL: CHJIA CO CTOPOHBI JIEKTPOCTATUYECKOTO

noJas F3 = C[E u cuna Jlopenna FJI = q790 - sinaB.
ITon neficTBUEM DIEKTPUYECKOM CHJIBI YaCTUMLA JBHXKETCA CHAdalla PaBHO3aMENJICHHO, a MOTOM,
MOCJIE OCTAaHOBKH, PABHOYCKOpPEHHO. U mocie BO3BpallleHUsI B HaYalbHYIO TOYKY, €€ CKOPOCTh BJIOJb

TOPU30HTAJIBHOI'O HAIIPABJICHHU CHOBA paBHA 190 rcosa.

q
—190 cosa = 190 cosa — ;E {1 , rme ti- Bpems BO3Bpara YacTHIIbI B HAYAIBHYIO TOUKY..
2mdy-cosa

qE
B nmockoctu, neprnesaAuKyIspHoil cuinoBbiM JHHUAM E u B, mox nercrBueM cuiibl JlopeHna udactuna
COBEpIaeT Kpyrosbie ABMkeHUsA. Haliném nepuon oOpamenus dactuiibl T 1Mo OKpyXHOCTH paamyca R.
m-(9y-sina)?

Otcroga HaiiméMm ti. tl =

VYpaBHEeHUE NBWXEHUS YaCTHUIIBI 10 OKPYKHOCTH R = q190 - sinaB.
. 2mR 2mm
[Tepron oOpareHus] YacTHIIHI. T == - = .
Y sina qB
2mTmN
VcioBre BO3BpAIICHHs] YaCTHIBI B HAYalbHYIO TOUKY: L1 = NT = B , Tne N=1,2,3.....
qbnN
Otcroga HaOop 3HaueHH BN, TpU KOTOPBIX YaCTHIIA BO3BPAIIACTCS B HAYAIIBHYIO TOYKY:

2rmN _  mEN
qtq Yg-cosa

N=



