MockoBcKuil rocygapcrBeHHbI yHuBepcurer umenu M.B. JlomoHocoBa
Oanmnuana «Jlomonocos 2022/2023» no ¢pusuke

3akiaunTeabHbIi dTan 1jd 10-x — 11-x ki1accosB

BAPHAHT 1

3agaua 1.2.1. JIBe nérkue npyxuHbl oAnHAKOBOM JAmuHBI L = 20 cM 3akperuieHsl Ha TIaJKOM
rOpU30HTAILHOM cTepikHe. JKEcTkoCcTh mepBoii nmpyxkuHbl paBHa Ki = 3K, a Bropoii — ko = k. K
KOHIIaM MPY>KUH MPUKPEIUIEHbI HEeOONbIIe rpy3bl MaccaMu M1 =M u Mz = 3M. B monoxxeHnn
paBHOBecHsI TPYy3bl KacaroTcs Ipyr Apyra. CABUHYB Ipy3bl BAOJIb CTEPXKHS, PYKUHBI CKUMAIOT
TaK, 4TO UX JIJTMHA YMEHBIIAETCS B JBa pa3a (cM. pucyHok). [Tocie aToro rpys3sl oTiyckarot. Yepes
HEKOTOPOE BPEMSI IPy3bl CTAIKMBAIOTCS M CIUMAIOTCS APYT ¢ IpyroM. OnpenenuTs aMIunuTyay A
KosiebaHuii 00pa30BaBLIETOCS TeNa, CUUTAsl, YTO MPYXHUHBI JeHOPMUPOBAHBI YIPYro, a yaap
Ipy30B APYT O Apyra HeHTpaH/?HLIfI.

Pemenne.

Tak kak TpYXUHBI JAePOPMUPOBAHBI YIPYro H k
CTEpKEHb [IAJIKUA, TO MTOCIIE OTITYCKAHUS TPY3bl OyIyT

JIBUTAThCA MO 3aKOHY TAPMOHHYECKOMY 3aKOHY, MpPHU

9TOM MX MOYKHO CUMTAaTh MaTEPUAIbHBIMU TOYKAMHM. T
Hamnpaeum ocb OX B1oJIH ABMKEHUS TPY30B, a HAYAJIO L2
KOOpJMHAT BhIOEPEM B TMOJIOKEHUU paBHOBECHs (CM.pUCYHOK). Torna 3aKoHbI IBUKEHUS TPY30B
3aIUIIYTCA B CIEAYIOIIEM BHUJIE:

X (t) = —%cos@/%-t} ;
L k
X, (t) = ECO{\/B:m‘tJ/

B MOMEHT cTONKHOBEHHS KOOPAWHATHI ITPY30B UX KOOPIMHATHI PaBHbI
X (to) = X2 (to) -
Otkyna nosyunm:

L Cos ‘/Lto +COS ‘/%-to =0.
2 3m m

HCHOJ’IBSYS[ HU3BECTHOC TPUTOHOMETPUUCCKOC COOTHOMICHUEC, MPEACTABUM 3TO YPABHCHHUC B BUIC!

2C0S ‘/L+\/§ -t—o COS ‘/L—\/g -t—o =0.
3m m/| 2 3m m/| 2

Ham HYXCH HAMMEHBIINH MOJI0KUTEIbHBIN KOPCHb 2TOI'0 YpaBHCHHA, CIICA0BATCIIBHO,:
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( 3—+ — -EO:E. Otkyna HaiiaéMm Bpemsi, 4epe3 KOTOpOe MPOU3OUIET CTOJIKHOBEHHE
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Ipy30B:

L
TNk

KOOp,Z[I/IHaTa MCCTa CTOJIKHOBCHMUS ITPU 3TOM paBHA:



L k Lv2
XOZECOS %to :T.

[Ipoekiuu ckopocteit rpy30B Ha ocb OX HEMOCPEACTBEHHO MEPE]T CTOJIKHOBEHUEM PaBHBI:

orlte) = o [ FKinf [F iy |- 2 [3.
072 Vm m ° 4 \m’

v (t)—_E. Lsin Lt —_L_\/E L
210 2 \3m> (V3m ° 4 \3m’

ITo 3aKOHY COXpaHEHMsI UMITYJIbCA, CKOPOCTh CIMUIIIINXCS IPY30B Cpa3y MOCIIE COyIapeHMs paBHa:
U= ml)l(to) +3ml)2(t0) -0

4m '
Taxum 00pa3zoMm, 3TO MOJIOKEHHE ABISAETCS HAMOOIBIITNUM OTKIOHEHHEM MOJTYyYHBILETrOCs Tea OT
II0JIO’KEHHUS paBHOBeCHUs. Tak Kak I0JIOKEHUE PABHOBECHUS TEJIa COBIAJACT C HAYAJIOM KOOPAUHAT
(IpYXMHBI B TOM TOJI0XEHUHU HE JeGOopMUPOBaHbI), TO A = xo. OKOHYATEIBHO MOIYIUM:

A=xo="+4/§=5\/§z7cM.

L2

OtBeT. A= y ~7cMm

Kpurepun onenkn 3anauu (Bcero 20 6a/10B):

[Tpuctynui k pemieHuto 3aauu — 2 0;

3amnucaHbl 3aKOHbI IBUKEHUS TPY30B — /10 5 O;

Haiineno Bpemsi, uepes koTopoe rpy3sl CTOIKHYTCS — A0 10 0;

Jloka3zaHo, 4TO 3TO MOJIOKEHHE ABJISETCS MOJT0KEHUEM MaKCUMAJIBHOTO OTKJIOHEHUS OT
MOJIOXKEHHUsSI paBHOBecUs — 710 15 0;

[TonydyeHo BepHOE BbIpaskeHHE Ul aMILTUTY/AbI KojebaHuii — 10 18 6;

[TosryueHn BepHbIi unciaeHHbIN oTBET — 20 6.



2.9.1. 3agaya. B BepTHUKaIBHO PACIOIOKEHHON TPyOE ¢ 3amasHHBIM JHOM H C TTONIEPEUYHBIM
cedenrieM S = 100 cM? MO JIETKO TTOABHKHBIM nopirHeMm Maccoit M = 100 kr vaxogures m=9r
Boabl mipu Temmeparype 0°C. Bces koHCTpykumsi HarpeBaeTcst jo Temneparypel t = 127 °C.
OmnpenenuTh BBICOTY N, Ha KOTOPYIO MOJIHUMETCS TOPIIeHb. [laBJIeHNE HACHIIICHHBIX TTAPOB BOJIbI
nipu Temneparype t = 127°C paBHo px = 2,5-10° [1a. ATMOC(hepHOe IaBjIeHHe CUNTATH PABHBIM po
= 10° ITa. MonsipHast Macca Bozb! [l = 18-10° kr/Monb. YHHBEpCAIbHYIO Ira30BYIO TIOCTOSHHYIO 1
YCKOpEHHE CBOOOIHOIO MaACHHsI MPUHATH paBHBIMU cOOTBeTCTBEHHO R = 8,3 [Iix/(Moip-K) u g =
10 m/c?. Pe3ynbTaT BEIPa3sUTE B CAHTHMETPAX.

2.9.1. Pewenue. Jlapnenre HACHIILIEHHOTO M1apa BOJbI IPH KOHEUHOW TEMIIEpaType CUCTEMBI T
=t+ 273K = 400K GonbIire, 4eM JaBiaeHUE 3a CYET BEca MOPIIIHS U JaBJICHUS BHEIITHEH aTMOC(epbl

Mg _

paBHOE P =P, +? = 2.10° ITa. TTo3TOMY MOpIIEHb OYAET MOJHMMATBCS HAJ OBEPXHOCTBIO

BOJBI [TOKA BCS OHA HC ITPEBPATUTCA B HEHACBIICHHBIN mnap, O6CCHC‘II/IB3IOHII/II71 JaHHOC JaBJICHUC.
YPaBHeHI/Ie COCTOsAHUA (KHaHCﬁPOHa — MeHI[eJ'IeeBa), 3aIIMCaHHOC JI TAaKOIo rada MMCCT BHU.

m " o .
pV = —RT , rae o0béM 3annMaeMblii mapom paBeH V = Sh. Mcnonb3ys npuBeiEHHBIC pAaBCHCTBRA,

N m-R-T
HOJTy4aeM UCKOMBIH pe3yipraT: h= ———n———.
- (PoS +Mg)
Omeem:. h = _MmRT =0,83 m =83 cm.
- (pyS +Mg)

Kpurepun onenkn 3anaqu (Bcero 20 6a/10B):

[TpucTynui k pemeHuto 3agauu — 2 6.

[TpaBuiibHO 3anMCaHO BbIpaXKeHHE JUIs JaBieHus — 10 4 0.

[TpaBUIbHO MPOBEEH aHAIN3 COCTOSIHUS BOJISTHOTO NTapa B KOHEYHOM COCTOSTHUM — 10 8§ 0.
[TpaBuiibHO 3anucano ypaBHeHue Knaneilipona — Menaeneesa — 1o 13 6.

[Tony4yeHo BepHOE BbIpaske€HHE Ul BBICOTHI MOAbeMa MOpIIHs — 710 18 6.

[TosryueH BepHbIl unciaeHHbIN 0TBET — 110 20 6.



3.9.1. 3apaua. ToHKOH MJIaCTMAcCOBOM cruile mpuaaiud (Gpopmy, U300paKEHHYIO Ha PUCYHKE,
W30THYB €€ B BUJE Ayrd, 00pa3yroIIeil 4eTBePTh OKPYKHOCTH pamguycoM R =1
M, W KojJbleBoro BHUTKa pamumycom I =0,25 M. IImockocTh Iyru W BHUTKA
pacrioyio’)keHa BepTUKanbHO. [lo crmume Moxker 0e3 TpeHus mNepeMeraThes

MaJleHbKas GychHKa Maccoil M =1 r, Hecymas 3apsix q =10"° Kir. Best cucrema

TMOMEIIEHa B OXHOPOIHOE HIEKTPHIECKOe Tone HanpsukeHHocThio E =10°B/M,
HaIpaBJICHHOC TOPU30HTAJIILHO B IJIOCKOCTU AYI'U U BUTKA. EYCI/IHKy IoMemarT
B TOUKY A, B KOTOPOH KacaTelbHas K Jyre OKpYXHOCTH paanycoM R BepTHKaIbHA, H OTITYCKAIOT
0e3 HauaIbHOM cKopocTH. UeMy paBHa MakCHUMaJbHasi CKOPOCTh Vmax OycuHku? 3apsia OyCHHKH
IpU JIBIDKEHUH OCTaeTcs Hen3MeHHbIM. [lonmspusanuell miaacTMaccsl M MOTEPSIMH DHEPrHH Ha
W3IydeHne MOKHO IpeHebpedb. Y cKopeHue cBOGOHOrO NaieHns npuMuTe paBHbiM ¢ =10 m/c?,

Pemenue. BYCI/IHKa JABMXKCETCA 11O I[Gf/iCTBHCM TPEX CUJI: CUJIBI TAXKECTHU mg , Ky.]'IOHOBCKOﬁ CHJIBI

gE gE wu cunbl peakimu criuiisl N (cM. pucyHoK). [lepBbie qBe CHITbI 00pa3yroT
OJTHOPOJTHOE CHJIOBOE TIOJIE, HANpaBJIEHHOE MOJ YIJIOM O K BEPTUKAJIH,

F

E
npuyeM oc:arctgq—. CkopocTh OyCHMHKHM MaKCHMallbHa B TOYKE, B
m

KOTOPOM BEKTOpP CKOPOCTH NEPIEHIUKYJIAPEH CYMMapHOW CHIIE,
JeicTByromerd Ha Hee. Kak BUAHO M3 pHCYHKa, 3Ta TO4YKA JIEKUT Ha
IIEPECEYCHUH TIPSAMOM, MPOXOIALIEH 4Yepe3 LIEHTP BUTKA IOJ YIVIOM O K
BEPTUKAIM, C OKPYXHOCTBIO paguycoM [ B HIKHed ee dvactu. Jlid
HAXO0X/IEHNS MaKCUMaJIbHON CKOPOCTH BOCIIOJIb3YEMCS 3aKOHOM COXpaHEHHUs sHeprun. Bridepem

TOYKY Asa TOYKY OTCUCTa HOTGHHH&HBHOﬁ OHCPIUH. Torna
2

%quonrmgyo,rne Xo=R+rsina, yo=R-r(l-cosa).
2 .
Orciona Viax = \/%\/qE(R +rsina)+mg(R-r(l-cosa)). YuuTeisas, 4TO
qE mg

sina = cosa = , TIOCIe HECIIOXKHBIX IpeoOpazoBaHUM

J(mg)? +(qE)? J(mg)? +(E)?

ImoJIydyac€m OTBET:

Vi = \/%\/qER +mg(R—r) +ry/(qE)* +(mg)® ~4,7 w/c.

Kpurepun onenku 3anaqu (Bcero 20 6a/10B):

[TpucTynui x pemeHuto 3agauu — 2 0.

CrenaH pUCYHOK C YKa3aHHEM CUJI, JEHCTBYIOIIUX Ha OYCHHKY B MOMEHT JOCTH)KEHHUS
MaKCHMalIbHOU CKOPOCTH — JI0 6 0.

[TpaBriIbHO 3amTUCaHO yCIOBUE MAKCUMyMa CKOpOCTH OycuHku — 110 10 6;

[TpaBuiIbHO 3amKcaH 3aKOH COXpaHeHHs! (M3MEHEeHHs1) SHepruu — 10 15 6.

[TosryueHo BepHOE BbIpaskeHUE AJI1 MaKCUMaIbHOU CKOPOCTH OyCHHKH — 110 18 6;
[Tonmy4en BepHbIit uncneHHbIi oTBeT — 10 20 O.



4.5.1. 3apmaua. Tonkas coOuparomas JWH3a JaeT Ha OJKpaHe H300pakKeHHE TpeaMera ¢
yBenuuenneM [ =3 . KakoBa ontrueckas cuiia D JIMH3BI, €CIIM pacCTOSIHUE MEXKY IPEAMETOM U
skpanom L =80 cm?

. 11
4.5.1. Pemienue. [To popmyne Tonkoit muu3pl D =— + b’ rae a u b — paccTosiHUS OT peaMeTa
a

b
JI0 JIMH3BI ¥ OT JIMH3BI Ja n300paxenus. [1o ycimopuio 3amaun —=1", a+b=L.Orcroma a=——

a Ir'+1
r'L 2
, b=—— . O0benuuss 3anMCcaHHbIC BRIPAKCHHS, II0Iy4aeM, uto D = M
I'+1 T'L
2
OtBer: D = M ~ 6,7 noTp.
'L

Kpurepun ouenku 3aagaun (Bcero 20 6ays10B):

[Tpuctynui k pemenuro 3agauu — 2 0;

[TpaBuibHO 3anmcana Gpopmylia TOHKOH JHMH3BI — 10 6 0;

[TpaBuiIbHO 3aMMCaHO BBIPAXKEHUE [Tl YBEJIMYEHUS JIMH3bI — 110 12 6;

B pesynbrare pemeHust CHCTEMBI YpaBHEHUH MMOYUYEHO IPABUIBHOE BHIPAKCHUE JITIS
ONTUYECKOM CUJIBI JIMH3EI — 10 180.

[TosryueHo BepHOE YMCIIEHHOE 3HAUE€HUE ONTUYECKOM CUJIbl JIMH3BI — 20 0.



5.3.1. 3agauya. OnTuueckas CHCTEMa COCTOMT M3 YETHIPEX OJIMHAKOBBIX
1

TOHKHX COOMPAIOIINX JIMH3 JUaMETPOoM 2a = 4,5 cM, pacIioioKEHHbBIX KaK !

HOKa3aHo Ha pUCyHKe. ONTHYECKHE OCH BCEX JIMH3 HAXOAATCS B OXHOM ' Qia "

HAIPAaBJICHUSM B IUIOCKOCTU pUcyHKa? OTBET NMPUBEAUTE B CAHTUMETPAX,
OKPYIJIUB JI0 LENbIX.

IUIOCKOCTH U TepecekaroTcsi B Touke O, KoTopasi coBmaaaer ¢ poKycom |
KaX70u TuH3bL. B neHTp cuctemsl (Touka O) moMemarT HCTOYHUK CBeTa ---{------ TR P
chepuueckoit ¢opmbl. Onpenenure MUHUMAIbHBIA paglyc HCTOYHHKA E
cBeTa Rmin, Ipy KOTOPOM Takasi cCUCTeMa OyAeT M3Iy4aTh CBET MO BCEM Ve | »Y
i

5.3.1.Pemenue. Kax cxazaHo B yCIOBHUH 33j1a4d, Touka O sBisercs
¢dokycom nuH3. [loaTOMy, ecinu MOMECTUTh B HEE TOYCUHBIH UCTOYHUK
CBETa, TO, KaK BUJHO M3 PUCYHKA, CBET HE OYJEeT MPOXOAUTH B 00JIACTH,
3aKpalieHHbIe CepbIM 1BeTOM. OHAKO €CITU BMECTO TOUEYHOT'O HCTOUHUKA o
B3STh UCTOYHUK ChepruecKoit GOpMBI, TO P JJOCTATOYHBIX €T0 Pa3Mepax
cBeT OyneT momagaTh WU B 3TH 00JAaCTH, PaCIPOCTPAHSSACH IO BCEM
BO3MO>KHBIM HAIPABJICHHSIM.

[TockoybKy cHUCTEMa CHMMETpPUYHAs, JOCTATOYHO PACCMOTPETh XOII
nyda — Hanpumep, AC, UAyNero OT OJHOW U3 KpaWHUX TOYEK CPEPUUCCKOTr0 MCTOYHHKA CBETA
(cM. pucyHok). UTOOBI OnTHYECKash CHCTEMa MOTJIa U3JIy4aTh CBET MO BCEM HANpPAaBICHUSM B
IUIOCKOCTH PUCYHKA JOCTATOYHO, YTOOBI 3TOT JYY BBIXOIUIT
noJ; yriioM 45° K TJIOCKOCTH PACIIONIOKEHHS TIPABOM JIMH3BL. 2a
Torma mpogomKeHne 3Toro Jiyda nponaér yepes Touky O. U3
nonobust tpeyronpHukoB AOB u BCD wmoxHO 3amucars: ’

Ve
AB_BD i OA=R, CD=a. oryunw: R-BD=a- AB )
OA CD a o B _|D

. dmuny otpe3ka BD MoxxHO Haiitu, ucnonb3ys ¢opmyiy Y/
TOHKOH JMH3BI (MMesi B BHJY BHUPTYaJbHBIH HCTOYHHK,

. 1
PacCIoNIOKEHHBIN B TOUke «B»): —— ——— = —. [lockoabKky

BD OD F \

A

Y2 3

1

1C

vy

\

OD =F =a, nonyunm: BD = % Jliuny otpeska AB Haiiném,

ncnonb3ys Teopemy Iudaropa: AB =+ OB? —R? . YuutsiBas, uto OB=0D-BD=a -

N |
N |

nomyaum AB =

2
cootHourenue: R - —R" . OTkyna momyuaem otBer 3amaun: R =

il

min

a
OrBer: R . =—=1c¢cM.
V5

Kpurepun onenku 3anaqu (Bcero 20 6a/10B):

[Tpuctynuin k pemieHuto 3a1a4u — 2 0;

[TpaBuiibHO M300pakeHa ONTUYECKAsi CXeMa C YKa3zaHUeM Xojia Jiydel — 10 70.
[IpaBunwsHO 3anucana popmya TOoHKOH JuH3EI — 710 10 0.

[TpaBUIIbHO 3aITUCaHBI TEOMETPUUECKUE COOTHOIICHUSI, HEOOXOUMBIE I HAXOXKACHUS
MUHHUMAJIBHOTO pajiyca UCTOYHUKA — 10 13 0.

[TomryueHo BepHOE BBIpaKEHUE /I MUHUMAIBHOTO pajnyca UCTOYHHUKA — 110 18 6.
[TomydeHo BEpHOE YHCIIEHHOE 3HAYCHUEe MUHUMAJIBHOTO pagnyca ncrounnka — 20 6.



MockoBcKuil rocygapcrBeHHbI yHuBepcurer umenu M.B. JlomoHocoBa
Oanmnuana «Jlomonocos 2022/2023» no ¢pusuke

3akiaunTeabHbIl dTan 1 10-x — 11-x ki1accoB

BAPUAHT 2

3apaua 1.2.2. JIBe nérkue NMpy>KUHbI OJMHaKOBOM JumHBI L = 20 cM 3akperieHbl Ha TJIaIKOM
TOPU30HTAIILHOM CTepikHe. JKEcTkocTh mepBoii mpyxuHbl paBHa K1 = 3K, a BTopoit — k2 =k. K
KOHIIaM IMPY>KUH MPUKPEIUIEHbl HEeOObIIMe Ipy3bl MaccaMu M1 =M u M2 = 3M. B nonoxxeHuu
paBHOBECHsI TPY3bl KacaroTcs Apyr Apyra. CABUHYB Ipy3bl BAOJIb CTEPHKHS, IPYKUHBI CKUMAIOT
TakK, 4TO UX JUIMHA YMEHBIIAETCs B [iBa pa3a (cM. pucyHok). [Tocie aToro rpyss! otmyckatoT. Yepes
HEKOTOPOE BpeMs I'py3bl CTAJIKUBAIOTCS M CIUMNAIOTCA APYr ¢ ApyroMm. OnpeaenuTs KECTKOCTh
HEePBOii MPYXUHBI K1, €Cli TTOJTHAs MEXaHUYECKas SHEPTUsl CUCTEMbI MOCIIE COYIapEeHHs TPy30B
pasa W =3 JIx. [IpyxuHbI I[z(bopMHpOBaHH YIpYro, a yaap rpy3oB lj{:{pyr 0 JIpyra LIeHTPaJIbHBIN.

m

Pemenmue.

Tak kak MpyXKUHBI JePOPMUPOBAHBI YIOPYTO U k m 3m k
CTEP)KEHb IVIAJIKUM, TO IOCIE OTIIYCKaHHS IPY3bl :

OyaoyT JBUTATbCS MO 3aKOHY TapMOHHYECKOMY ' ]

SaKOHy, HpI/I 3TOM nux MOXHO cuuTaTrb =172 0 LI/Q X
MartepuanbHbIMH ToukaMu. Hanpasum ock OX BHOIB

JBUKEHUS TPY30B, @ HA4YaJo KOOPJAMHAT BbIOEpEM B MOJOKEHUHU paBHOBecus. Toraa 3aKoHbI
JIBUKEHUS TPY30B 3aIULIYTCS B CIEAYIOIIEM BUJE:

X (t) = _%COS[\/%'tJ ;
L k
Xy (t) = Ecos(\/%-t}

B MOMEHT CTOJIKHOBEHHSI KOOPAMHATHI IPY30B UX KOOPIUHATHI PABHBI
X (to) = X2 (to) -
OTKyna noyry4um:

L oS /L-to +COS /%-to =0.
2 3m m

I/ICHOHBSyﬂ HU3BCCTHOC TPUTOHOMETPUUCCKOC COOTHOMICHUC, MTPECACTABUM 3TO YPABHCHHEC B BUJIC:

k 3k |t k 3k |t
2008 | | +.|= |2 |cog| | \|=— - = |2 |=0.
3m m) 2 3m m) 2
HaMm Hy>XeH HauMEeHBIINHI NOJIOKUTENBHBIA KOPEHb ATOTO YPaBHEHHUS, CIEA0BATENBHO,:

/ k 3k |ty = - . -
( 3— + . — EO :E. OTKy,I[a Hanacm BpCMH, qepe3 KOTOpOC HpOI/ISOI/I,Z[CT CTOJIKHOBCHHC
m m

TPYy30B:

(=T [3m
"4V k



Koopaunara Mecta CTOIIKHOBEHHUSI IIPU 3TOM paBHa:

L k Lv2
XOZECOS %to :Tl

[Tpoekunu ckopocteit rpy30B Ha ock OX HEMOCPEACTBEHHO Mepe] CTOJIKHOBEHUEM PABHBI:

L [3k_. [ [3K LvV2 [3k .

Plo) =5 W )T Ve
L [k [ [k LV2 [k
tg)=——>-,/—sIn| .[— 4y |[=——.[— .
v2lo) =53 ( 3m 0] 4 \3m

1o 3aKOHY COXpaHEHMs UMITYJIbCA, CKOPOCTh CIUIIIIMUXCS IPY30B Cpa3y IOCIE COYAAPEHUs PaBHA:
U moy (tg) +3mu, (ty) _0

4m '
Takum o0Opa3oM, TNOJHas MeEXaHUYECKash HSHEPrusi CHUCTEMBbl cpa3y I[oclie COoyJapeHUs
ONpeeNseTcss TOJBKO IOTEHLUUANbHOM >SHEprued MNpyKuH (B MAajJbHEHIIEM JTa JHEpPrus
coxpansiercs). [Tonyuum:

kxZ .\ 3kxg kL2

W = CM.
2 2 4
AN . o
Torpa k = —» & XKECTKOCTh IEPBOM MPYKMHBI
L
ki =3k = @ =900 H/m.
L

Otser: k; = % =900 H/m.

Kpurepun onenkn 3anaqu (Bcero 20 6a/10B):

[Tpuctynui k pemenuro 3agauu — 2 0;

3anucaHbl 3aKOHBI IBIDKEHHS TPY30B — 110 S5 0;

Haiineno Bpems, uepes3 KOTopoe Ipy3bl cTOJIKHYTCS — 110 10 0;

JlokazaHo, 4TO 3TO Cpa3y Mocie CTOIKHOBEHHS IPy30B KMHETUYECKAsi SHEPTHsI CHUCTEMBI
paBHa HyJI0 — 710 15 6;

[TosryueHo BepHOE BbIpaskeHUE A5 :KECTKOCTHU MIEpBOM MPYKUHBI — 70 18 0;

[Tony4en BepHbIi uncneHHbIi oTBeT — 20 6.



2.9.2. 3apaya. B BepTUKaJIBHO PacoOIOKEHHOM TPyOe ¢ 3amassHHBIM JTHOM U C TTOTIEPEUHBIM
ceuenrieM S =100 cM? TIOX JIETKO MOIBUKHBIM nopmHeM Maccoir M =100 kr HaxomuTcs
HEKOTOpOe KoIM4ecTBO BoAbl mpu Temieparype 0°C. Bces KOHCTpyKLMsS HarpeBaercs 0
temneparypsl t =127 °C. B pesynprate 4ero mopiieHb moaHumercs Ha BbicoTy h =0,83 wm.
Onpenenutb Maccy BoJbsl M. JaBieHne HaCHIIEHHBIX TAPOB BOJBI P Temreparype t=127°C
paBHO py = 2,5-10° ITa. ATMocdepHOE naBieHne cuuTaTh paBHbIM po = 10° [1a. MonspHas mMacca
Bobl [t = 18-10° kr/mMomb. YHHBEpCATbHYIO Ta30BYIO MOCTOSHHYIO M YCKOPEHHE CBOOOIHOTO
TNaJeHUs TPUHATH PaBHBIMH cooTBeTcTBeHHO R = 8,3 JIx/(Mons-K) u g= 10 m/c?. Pesymbrar
BBIPA3HTE B TpaMMax.

2.9.2. Pewenue:. J|aBnenrie HaCBIIIEHHOTO 1apa BOABI IPH KOHEYHOW TEMIIEPAType CUCTEMBI
T =1+ 273K = 400K OGonpbie, ueM AaBieHHE 33 CUET Beca MOPLIHS M JABJICHUS BHEIIHEH

Mg _

aTMocdepbl paBHOE P = P, +? = 2-10° ITa. ITodToMy mopuIieHb OyJeT TOXHUMATHCS HAJ

MOBEPXHOCTHIO BOJIBI ITOKA BCS OHA HE MPEBPATUTCSA B HEHACHIIIEHHBIN Map, 00ecreynBaOInil
JaHHOe JaBieHue. YpaBHenue coctosiHus (Knanelipona — MenaeneeBa), 3aniucaHnHoOE I TAKOTO

m . o
raza umeer Bua: PV =—RT, rae 00béM 3aHMMaeMblii mapoM paBern V = Sh. Hcnosb3ys

7
#-h-(poS + Mg)
RT

HpI/IBeI[éHHBIG PaBCHCTBA, ITOJIy4acM HCKOMBIN pe3ylbpTaTr: M=

(S +Mg) g
RT

Omeem:. m=

Kpurepun onenkn 3anaqu (Bcero 20 6a/10B):

[Tpuctynui k pemeHuto 3agauu — 2 6.

[TpaBuiibHO 3anMCaHO BbIpaXKeHHE JUIsl JaBieHus — 10 4 0.

[TpaBuIbHO MPOBEEH aHAIN3 COCTOSIHUS BOJISTHOTO NTapa B KOHEYHOM COCTOSTHHM — 10 8§ 0.
[TpaBuiibHO 3anucano ypaBHeHue Knaneiipona — Menaeneesa — 1o 13 6.

[Tony4yeHo BepHOE BbIpaskeHUE Ul Macchl BoAbI — 10 18 6.

[TosryueH BepHbI unciaeHHbIN 0TBET — 110 20 6.



3.9.2. 3apmaya. ToHKOH IUIACTMACCOBOM CIHIIE MPUIATH (OpMy, N300paKEHHYIO Ha PUCYHKE,
W30THYB €€ B BUJEC AYTd, 00pa3yrollei 4eTBepTh OKPYKHOCTH paanycoM R =1 M, 1 KoJbIieBOro
BuTKa paauycom I =0,25 m. II10OCKOCTh AyrM M BUTKA Pacroyio’keHa
BepTuKaiabHO. [1o crimiie MoxkeT 6e3 TpeHus mepeMenaTbesi MaJeHbKast

. -6
Oycunka Maccor M=1 r, Hecymas 3apsa =107 Kn. Bcs cucrema
MOMENICHA B OJIHOPOJHOE DIIEKTPHUYECKOE TIOJIE HAIMPSKEHHOCTHIO

E =10°B/m, HAIPaBIEHHOE TOPU3OHTAIBHO B INIOCKOCTH JYTH U BUTKA.
~N BycuHky momemarorT B TOYKy A, B KOTOpPOW KacaTeilbHas K JIyre
OKPYKHOCTH paI[I/IYCOM R BepTukaibHa, W OTIyCKaloT 0€3 HadalbHON ckopocTu. Uemy paBHa
MUHHMAJIbHAS CKOPOCTh Vmin OYCHHKH TIpH €€ JBMXCHHUU 10 BUTKY? 3apsii OYCHHKH IpH
JABHMXKCHHUU OCTAacTCd HEU3MCHHBIM. Honslpmauneﬁ IracTMacCbl M IIOTCPSAMU OHCPIrUH HaA
M3JTydeHne MOXKHO IIpeHebpeds. Y CKopeHHe CBOOOIHOTO MaieHns puMuTe paBHEIM ¢ =10 m/c?.

(QE+mg)R

mg ++(qE) + (mg)®

Pemienue. BYCI/IHKa JABMIKCTCA IO, ﬂeﬁCTBHCM TPEX CUJI: CUJIbI TAXKCCTH mg , Ky.]'IOHOBCKOﬁ CHIJIBI

IIpu pemennu cuurante, 4ro I <

OE W CHibl peaKuuM CIIHLBI N (cm. pucynok). IlepBbie 1Be cuiibl 00Pa3ylOT OJHOPOIHOE

gE

CHJIOBOC II0JIC, HAIIPABJICHHOC IOO YIJIOM Ol K BEPTHUKAIH, IIPHUYCM O =arCtg— . CKOpOCTB
m

OyCHMHKM MUHUMAIIbHA B TOYKE, B KOTOPOU BEKTOP CKOPOCTH MEPIICHIUKYISIPEH CYMMAapHOIl cUite,
qE' JercTByoleld Ha Hee. Kak BUIHO M3 pUCYHKa, 3Ta TOYKA MPHU
JOCTATOYHO MaJbIX I JIEKUT Ha IIEPECEUCHHUH MPSMOM,
F MPOXOSIICH Yepe3 LEHTP BUTKA MOJ YIVIOM O K BEPTUKAJIH, C
OKPY>KHOCTBIO PaIMyCOM I' B BEpXHEH ee yacTu. J[J11 HaxoxAeHUs
MHHUMAJIBHOW CKOPOCTH BOCIIOJIB3YEMCS 3aKOHOM COXPAHEHUS
sHeprun. BriGepem Touky A 3a TOUKY OTCUETa MOTEHIUATBLHOMN

sHepruu. Torma

mv?

Tm‘“ = qEx +mgy,, rne X, = R—rsina, y; = R—r(l+cosa).
2 -
Orcrona Viin = 1| —+9E(R—rsina)+mg(R—-r(L+cosa)). Vuntsisas, 410
m
. gE mg .
SIna = cosa = , HOCJII€ HCCIOXHbBIX HpeO6pa3OBaHI/II/I

J(mg)? + (qE)? J(mg)? + (gE)?
HOJTydaeM, 9T0 Vi, = \/%\/qER +mg(R—r)—r+/(9E)* +(mg)? . D10 pelieHNe CrIpaBeINBO,

(QE+mg)R

mg ++/(4E)? +(mg)®

CKOPOCTb JOCTUTACTCA B ,Z[pyFOﬁ TOYKC BHUTKA.

OTBeT: Vi :\/%\/qEMmg(R—r)—r\/(qE)z +(mg)? ~35 w/e.

Kpurepun onenku 3anaqu (Bcero 20 6a/10B):

[Tpuctynui k pemieHuto 3aia4uu — 2 6.

CraenaH pUCYHOK € yKa3aHMEM CHJI, IEHCTBYIOIMX Ha OYCUHKY B MOMEHT JOCTHXKEHHS
MHUHHUMAJIBHON CKOPOCTH — 10 6 0.

[TpaBUIBHO 3aMKMCaHO YCIOBHE MHHUMYMa CKOpOCTH OycuHkH — 110 10 6;

[IpaBunpHO 3amKcaH 3aKOH COXpaHEeHUs (I3MEHEHHMs) SHepTruu — 110 15 6.

[Tony4yeHo BepHOE BhIpaskeHHE /I MUHUMAJIbHOM CKOpOCTH OyCHHKH — /10 18 0;
[Tomyden BepHBI ynucIeHHBIN 0TBET — 10 20 6.

€CJIM BBIIOJHACTCS HEPABEHCTBO [ < .B INPOTUBHOM CJIy4a€ MUHUMAJIbHAA




4.5.2. 3apava. Tonkas coOuparomias JIuH3a ¢ onTuyeckoi cwioi D =6 anTp maer Ha sKpaHe

nzobpaxenue npeamera ¢ ysenuueHuem [ =3. KakoBo paccrosiHue L Mexnay mpeameToM u
SKpaHoM?

. 11
4.5.2. Pemenue. [To popmyne Tonkoit muH3bl D =— + b’ rae a u b — paccTosHUS OT MpeaMera
a

b
JI0 JIMH3BI ¥ OT JIMH3BI a n300paxenus. [1o ycnosuto 3amaun —=1", a+b=L.Orcroma a =——

a r+1
2
, b= L . O0bennHsAA 3aUCaHHbIe BEIPAXKEHUS, IoIy4aeM, 4to L = M
r+1 D
2
OtBer: L = (U ~ 0,89 m.

Kpurepun ouenku 3apaun (Bcero 20 6ay110B):

[Tpuctynui k pemenuro 3agauu — 2 0;

[TpaBuibHO 3anmcana Gpopmylia TOHKOH JHMH3BI — 10 6 0;

[TpaBuiIbHO 3aMMCaHO BhIPAXKEHUE [T YBEIUYEHUS JTUH3BI — 110 12 6;

B pesynbrare pemeHus CUCTEMBbI YPABHEHUH ITOJIYYEHO NTPABUIIBHOE BBIPAKEHUE IS
paccTosiHUS MEXAY NPeAMETOM U 3KpaHoM — 10 180.

[TosryueHO BEpHOE YMCIIEHHOE 3HAUEHUE PACCTOSIHUS MEXKIY IpeIMeToM U sKpaHoM — 20 O.



5.3.2. 3agava. OnTuueckas cucTeMa COCTOUT M3 YETHIPEX OJMHAKOBLIX TOHKMX COOMPAIOIIUX

BCEM HaIIpaBJICHUAM B IIJIOCKOCTH pHcyHKa? OtBeT IIpUBEINUTE B
CaHTUMCTpAax, OKPYIJIUB OO0 LCJIbIX.

JUH3 JUMaMeTpoM 2@, pacHoOJIOKEHHBIX KaK II0Ka3aHO Ha pPHUCYHKE. P | _
Onruyeckrue OCH BCEX JIMH3 HAaXONATCS B OJHOM INIOCKOCTH U Y |
nepecekaroTcs B Touke O, koTopasi coBnanaer ¢ GOKycoM KaKI0W JTUH3BI. !
B nentp cucremsl (Touka O) MOMEIIAOT UCTOYHHUK CBETAa CPepruecKor ---1----- Ao -
dopmbl pamuyca R = 2,25 cm. Onpenenure, IpH KaKMX 3HAYCHUIX i
¢dokycHoro paccrosiHus 1MH3 F Takas cucrema OyaeT mM3nydaTb CBET IO Ve : »Y

1

1

1

5.3.2. Pewmenue. Kak ckazaHo B ycioBHHM 3amaud, Touka O
saBysgeTcs Gpokycom nuu3. I103TOMy, €CIIM MOMECTUTD B HEE TOYECHHBIA |-
HMCTOYHHK CBETA, TO, KaK BUAHO U3 PUCYHKA, CBET HE OYJET MPOXOIUTh !
B 00JIacTH, 3aKpalleHHbIE cepbiM IBeTOM. OJHAKO €CIH BMECTO
TOYEYHOI'0 MCTOYHHKA B3ATh UCTOUYHUK cepuueckoir (OpMbI, TO MpH
JIOCTaTOYHBIX €r0 pa3Mepax CBET OyJeT IMOomanaTh W B OTH OOJACTH,
pacIpoCTpaHssACh IO BCEM BO3MOXKHBIM HAIPABIICHHSIM. - »

iy

[Tockonpky cucTeMa CHUMMETpPUYHAs, JOCTATOYHO PacCMOTpPETh
X0/ Tyya — Harpumep, A C, uyLero ot 0{HON U3 KpaHUX TOYeK chepruuecKoro MCTOYHUKA CBETa
(cMm. pucyHok). UToObl onTuueckass CUCTEMa MOTJIa M3JIydaTh CBET MO BCEM HAIMPABICHUSIM B
IUIOCKOCTH PUCYHKA JIOCTaTOYHO, YTOOBI 3TOT JIyd BBIXOIWJI IMOA YoM 45° K IJIOCKOCTH
pacrosiokeHus: paBoil JMH3BL. Torma mpomoipKeHue 3Toro Jryda npoiaér depe3 touky O. U3

AB BD
nonobust TpeyronsHnkoB AOB u BCD MoxHO 3ammcatb: &:5’ rie OA=R, CD=a.
[Tonyuum: R-BD=a-AB. Jlnuny orpe3ka BD moxHO Haiitu, ucnonb3ys (opmyiay TOHKOH
1 1
JIMH3bI (MMesl B BUJY BUPTYAJIbHBI UCTOYHUK, PACTIOJIOKEHHBIN B TOUKE «B»): — ——— = —.
( Y BHPTY p ) B0 0D F

a
[Tockonpky OD = F =a, nonyuum: BD = r JnuHy oTpeska

AB HalaEM, UCIIOJIB3YS TEOpEMY [Mudgaropa: - (C
AB =+0OB?-R?. YuuteiBasi, 9TO

a a
OB=0OD-BD=a—-—=—, mnomyanm AB=

2 2 2a D
[Toacrasmnsiem Boipakenus st BD u AB B monmyuennoe panee

a a’

cootHomeHue: R 5 =a- 2 R? . Orkyma momydaem, 4TO

i

Y. )

CUCTEeMa U3ITy4aeT CBET M0 BCEM HAMpPaBIEHUSIM MPU YCIOBUHU:
F=a<+/5-R.Moxto n00aBUTh, 9TO F He MOkeT ObITh MeHbIIIe R, HO 3TO MOHSATHO U3 PUCYHKA.

Omeem: R < FS\/§~Rz50M.

Kpurepun onenku 3anauu (Bcero 20 6a/110B):

[Tpuctynun k pemieHuto 3aaa4un — 2 0;

[IpaBunpHO M300paXkeHa OMTHYECKAs CXeMa C YKa3aHUeM X0/ Jydei — 10 70.

[IpaBunpHO 3anucana popmya TOHKOH JuH3EI — 710 10 0.

[IpaBunIBHO 3aMMcaHbl TEOMETPUUYECKHNE COOTHOIIECHUS, HEOOXOMMBIC TSl pEIICHUS 3a/1a4u — JI0
13 6.

[TomydyeHo BepHOE BhIpakeHHE 7151 (HOKYCHOTO PACCTOSIHHS JIMH3BI — 710 18 0.

[TomydyeHo BepHOE UKCIIeHHOE 3HaueHnue (pokycHoro pacctossaust — 20 6.



MockoBcKuil rocygapcrBeHHbI yHuBepcurer umenu M.B. JlomoHocoBa
Oanmmnuana «Jlomonocos 2022/2023» no ¢pusuke

3akiaunTeabHbIi dTan 1jd 10-x — 11-x ki1accosB

BAPUAHT 3

3agaua 1.2.3. JIBe n€rkue mpyXuHbl OAMHAKOBOM JUIMHBI 3aKpEIUIEHbl Ha IJIaJKOM
TOPU3OHTAILHOM cTepikHE. JKECTKOCTh mepBoil mpy:kuHbI paBHa Ki = 2K, a Bropoii — ko = k. K
KOHIIaM IPY)KHH MPUKPEIUICHbI HeOOobIlne TPy3bl MaccaMd M1 =M u Mz = 2m. B nonoxxenuun
paBHOBECHsI TPY3bI KacatoTcs Apyr Apyra. CABHHYB Ipy3bl BAOJb CTEPXKHS, TPYKUHBI CKUMAIOT
TakK, YTO MX JUIMHA YMEHbIIaeTcs B [iBa pa3a (cM. pucyHok). [Tocie atoro rpy3sl otiiyckaiot. Yepes
HEKOTOpPOE BpeMsi I'py3bl CTAJIKMUBAIOTCS M CIUMNAKOTCS APYr ¢ Apyrom. Yemy paBHa AinuHa
HeeOpMUPOBAaHHBIX NPYXHUH L, ecnu ammnuTtyna xonebaHuil oOpa3oBaBILerocs Tena paBHA
A =5cM? Cunrath, 4TO NPYXKHUHBI J1ePOPMHUPOBAHBI YIPYro, a yAap rpy30B APyr O Apyra
LEHTPAJIbHBIMN.

Pemenmne.
Tak kak TpyXuHBI JAeHOPMHUPOBAHBI YIPYrO H k m Im k
CTEpKEHb TJIAJKUH, TO MOCJIE OTIIYCKAaHUS TPY3bl !

T
OyIyT JIBUTATBCA TIO 3aKOHY TapMOHUYECKOMY I :
3aKOHY, IIpM 3TOM HUX  MOXHO  CYHUTaTh T t 0
Mare H 0OX ~L/2 0 L2 X

pUAIBHBIMU  TOYKAMHU. arpaBUM  OCh

BJIOJIb JIBHJKEHHUS TPY30B, a HAyalo KOOPAMHAT BhIOEpEM B TOJIOKEHWH paBHOBecus. Tormaa
3aKOHBI JIBM)KEHUS TPY30B 3alIUIIYTCS B CIEIYIOIIEM BUJIE:

X (t) :—%co{ 2 -tJ;

Ll

m

X, (t) = %cos(\/% -tJ/

B MOMEHT CTOJKHOBEHHMS KOOPJMHATHI IPY30B UX KOOPAUHATHI PABHBI
X1 (to) = X2 (to) -
OTKy/1a TIONYYHM:

L COS ‘/LIO +COS ‘/z—k-to =0.
2 2m m

HCHOJ’IBSYH HU3BECTHOC TPUTOHOMETPUUCCKOC COOTHOICHUEC, ITPEACTABUM 3TO YPABHCHHE B BUIC!

2C0S ,/Lﬂ/% -t—o COoS 1/L—W/Z—k -t—o =0.
2m m) 2 2m m) 2

Ham HYXCH HAMMEHBIINHI MOJI0KUTEIbHBIN KOPCHb 2TOI'0 YpaBHCHHA, CIICA0BATCIIBHO,:

k 2k |t T o . o .
(W/Z—ﬂ/—)g:? OTKyna HaigéM BpeMs, 4epe3 KOTOPOe MPOM30MAET CTOIKHOBEHHE
m m

Ipy30B:



(=T [2m
73V k

KOOpI[I/IHaTa MECTa CTOJIKHOBCHM ITPU 3TOM paBHA:

L k L
XOZECOS %to :Z'

[Tpoekuuu ckopocteit rpy30B Ha ock OX HEMOCPEACTBEHHO Mepe] CTOJIKHOBEHUEM PABHBbI:

L 2k . ( [2k L3 [2k

e R A g e
L [k . k L3 [k
th)=——-./—SIn —t = —.
L2to) == 150 SNy 5 o 4 \2m

ITo 3ak0Hy COXpaHEHUsI UMITYJIbCA, CKOPOCTh CIUIIIIMXCS ITPY30B Cpa3y NOCJE COyAapeHUs paBHA:
U= mUl(to) + Zml)z(to) _ 0

3m '
TakuMm 06pa3zom, 3TO MOJIOKEHUE SBIISETCS HAUOOJIBIIUM OTKJIOHEHHUEM TMOJIYUYHBIIETrOCs Tela OT
MOJIOKEHUS paBHOBECHS. Tak Kak MOJ0KEHUE PAaBHOBECHS TeJla COBNAAAET C HAYAJIOM KOOPJAUHAT
(IpY>KUHBI B 3TOM TOJIOKEHUH HE AePOPMUPOBaAHEI), TO A = xo. OKOHYATEIHHO MOTYUUM:
L=4A=20 cm.
OtBer. L=4A=20 cw™m.

Kpurepun ouenku 3aga4un (Bcero 20 6a110B):

[Tpuctynui k pemenuro 3agauu — 2 0;

3anucaHbl 3aKOHBI IBIDKSHHS TPY30B — 110 S5 0;

Haiineno Bpems, uepe3 KOTopoe Ipy3bl cToJIKHYyTCs — 10 10 0;

JlokazaHo, 4TO 3TO MOJIO’KEHUE SIBIISIETCS MTOJI0KEHUEM MAaKCHUMaJIbHOTO OTKIOHEHUS OT
MOJIOKEHUS paBHOBecHs — 110 15 O;

[TosryueHo BepHOE BbIpa)KeHUE AJIs JJIMHBI IPYXUHBI — /10 18 O;

[Tonyden BepHbIil uncneHHbli oTBeT — 20 6.



2.9.3. 3apaya. B BepTHKaJIBHO PacoIOKEHHOM TPyOe ¢ 3amassHHBIM JTHOM U C TTONIEPEUHBIM
ceuenreM S =100 cM? 101 JIErKO MOABUKHBIM HOPIIHEM Maccoii M HaxomuTces M = 9 T BobI IIpH
temriepatype 0°C. Bcst koHCTpyKImsi HarpeBaetcst A0 temmneparypsl t = 127 °C. Haiitu maccy
nopis M, eciii B pe3ysibTaTe MOBBIIICHUS TEMIIEPATYPbl CHCTEMbI OH IMOJHUMETCSI Ha BBICOTY h
= 0,83 m. /laBiieHne HACHIIIEHHBIX TAPOB BOABI IIpH Temmnepatype t = 127°C pasno ps = 2,5-10°
ITa. ATMOC(epHOE TaBIeHHe CUNTaTh paBHBIM po = 10° ITa. MonspHas macca Bozasl p = 18-1073
Kr/MOJIb. YHHUBEPCAIbHYIO Ta30BYI0 IMOCTOSIHHYIO M YCKOpEHHE CBOOOIHOTO MaJCHHs MPUHSATH
paBHBIME cooTBeTcTBeHHO R =8,3 JIx/(Moms'K) u g = 10 m/c?. Pesynprar BBIpa3suTe B
KUJIOTpaMMax.

2.9.3. Pewtenue. JlaBneHre HACBIIIEHHOTO Iapa BOJIbI IPY KOHEYHOI TeMIIepaType CHCTEMBbI T
=t+ 273K = 400K Gonbie, uem 1aBIeHHE 3a CYET Beca MOPIIIHS U JaBJICHUS BHEIIHEH aTMochepsl

Mg _ 5
paBHOE P=p, +? = 2-10° ITa. ITosTOMY mopIIeHb OyJeT MOAHUMATHCA Hal TOBEPXHOCTHIO
BOJIbI TTIOKA BCSl OHA HE MIPEBPATUTCS B HEHACHILIEHHBIN Nap, 00eCceuynBalouil TaHHOE JaBJICHHUE.
VpaBuenue cocrosinus (Knaneiipona — MeHnzeneeBa), 3aliucaHHOE JIJIsi TAKOTO ra3a UMEET BHI:

m . . "
pV = —RT , rae 066éM 3annMaeMblii mapom paser V = Sh. Mcnosb3ys mpuBeIEHHBIC pABCHCTRA,

mMRT  p,S o M = MRT — php,S
uhg g 4hg

noJjrygyac€M OTBCT 3a1avu: M =

Omeem:M:E—pLszloOKr. U M:Lﬂhpos

thg g Hhg

Kpurepun onenkn 3anaqu (Bcero 20 6a/10B):

[TpucTynui k pemeHuto 3agauu — 2 6.

[TpaBuiibHO 3anMCaHO BbIpaXKeHHE JUIsl JaBieHus — 10 4 0.

[TpaBHIbHO MPOBEEH aHAIN3 COCTOSIHUS BOJISIHOTO NTapa B KOHEYHOM COCTOSIHUM — 10 8§ 0.
[TpaBuiibHO 3anucano ypaBHeHue Kianeilipona — Menaeneesa — 1o 13 6.

[Tony4yeHo BepHOE BhIpaske€HHE Il MacChl MOPIIHSA — 1018 6.

[TosryueH BepHbIi unciaeHHbIN oTBET — 20 6.



3.9.3. 3aagaya. ToHKOH TUTACTMAcCOBOW cruile nmpuiamu (Gopmy, n300pakeHHYIO Ha PUCYHKE,
W30THYB €€ B BUJC AYTd, 00pa3yrollei 4eTBepTh OKPYKHOCTH paguycoM R =1 M, 1 KOJbIieBOTO

BuTKa paguycoM I =0,25 m. [InockocTh Oyru ¥ BHTKa pacroiokeHa BepTHKanbHO. [lo crimie
MOXeT 0e3 TpeHHs IIepeMeIaThesl ManeHbKas OycuHka Maccoil m=1 r,

Hecymias 3apsag ( =10"° K. Bes cucrema MoMeIeHa B OJHOPOIHOE

JIEKTPUUYECKOE TI0JIE HANPSHKEHHOCThIO E =10° B/M, nanpaBneHHOe
FOpI/I3OHTaJIBHO B IINIOCKOCTHU I[yrI/I U BUTKA. ByCI/IHKy IIOMCIIAK0OT B
= TOYKy A, B KOTOpOW KacaTejbHas K Jyre OKPYKHOCTH pamuycoMm R
BCpTUKAJIbHA, 1 OTHyCKaIOT 663 HaYaJIbHOU CKOpOCTH. quy paBHO OTHOLICHUC N MakCUMaJIbHOU
CKOPOCTH Vmax K MUHUMAJIbHOH CKOPOCTH Vmin OYCHMHKH TIPH €€ JBMIKEHWU IO BHUTKY? 3apsia
6yCI/IHKI/I HpI/I ABMXKCHHUU OCTACTCA HCU3MCHHBIM. Honﬂpmauneﬁ IJ1aCTMacCbl H HOTGpSIMI/I
OHCPIuv Ha U3JTy4YCHUEC MOXHO npeHe6peqL. yCKOpCHI/Ie CBO60,Z[HOFO MMaJCHUA IIPUMUTC PAaBHbBIM
(JE+mg)R

mg ++(qE) + (mg)®

Pemenue. BYCI/IHKa JABMIKCTCA IO, ﬂeﬁCTBHCM TPEX CUJI: CHUJIbI TAXKCCTHU mg , Ky.]'IOHOBCKOﬁ CHIJIBI

g =10 m/c?. Ilpu pemenun cuuraiite, 4to I <

QE ¥ cuibl peaKiM| CIALBI N (cm. pucyHok). IlepBble aBe CHIIBI 00Pa3yrOT OIHOPOIHOE

— CHJIIOBOC€ IT0JIE€, HAIIPABJICHHOC IO YIJTIOM O. K BEPpTHUKAJIIH, IPUYIECM

E
azarctgq—. CxopocTh OYCHHKH TNPUHHUMAET HKCTPEMaIbHBIC
m

LA g

3HaueHHS (Vmax U Vmin) B TOYKaxX, B KOTOPBIX BEKTOP CKOPOCTH
NEPIEHIUKYJIIPEH CyMMapHO# cuiie, AelcTByronieil Ha Hee. Kak
BUJTHO U3 PUCYHKA, 3TU TOUKH IPH JOCTATOUYHO MaJbIX I JeKaT Ha
NIEPECEUCHUH TPSMOM, NPOXOAAIIEH dYepe3 LEHTP BHUTKA 0]
YIJIOM O K BEPTUKAIU, C OKPYKHOCTBIO PaJINYCOM I B HUXKHEH U
BepxHel ee dvacTax. s HaxXoXIeHUs SKCTpeMallbHbIX 3HAYEHUH CKOPOCTH BOCIIOJIb3yeMCs

3aKOHOM COXPaHCHUA SHCPTHUHU. BLI6epeM TOYKY A 3a TOYKY OTCUCTa MOTEHIIHAILHON OHCPIUU.
2 2

Torna %qux0 +mgy,,rae X, =R+rsina, y,=R-r(l-cosa) n &é’“"‘z qEx, +magy,

, % =R-rsina, y, =R-r(l+cosa). Orcrona

= \/%\/qE(R+ rsina)+mg(R-r(l-cosa))s  Vpn = \/%\/qE(R— rsina)+mg(R—r(l+cosa)).

qE cosa = L

> 5 ) - > 2 , TIOCJIC HCCIIOXKXHBIX
J(mg)? + (qE) J(Mmg)? + (qE)

npeoOpa3oBaHU HAXOAUM

=\/%\/qERJrmg(R—r)+r\/(qE)z+(mg)2 + Vinin =\/E\/qEFng(R—Ir)—r\/(qE)z+(mg)2 :
(JE+mg)R

mg ++(qE) +(mg)®

B IMPOTUBHOM CJIy4a€ MUHUMaJIbHAasA CKOPOCTb JOCTUTACTCs B )Iperﬁ TOYKEC BHUTKA.

qER+mg(R—r)+r+/(qE)? +(mg)? 135
gER+mg(R—r)—r+/(qE)? +(mg)? ’

[Tockoneky  Sino =

[Tocneanee perieHue cCpaBeIMBO, €CIH BIMOIHIETCS HEPABEHCTBO I <

OtBeT: N=



Kpurepun ouenku 3agauu (Bcero 20 6a/10B):

[TpucTtynun k pemeHuto 3aaadu — 2 0.

Crenan pUCYHOK C YKa3aHUEM CHUJI, IEUCTBYIOIIMX HA OYCHHKY B MOMEHT JOCTHKECHHS
MaKCUMaJIbHOW 1 MHHUMAJIBHOW CKOPOCTH — 710 6 0.

[TpaBUIBHO 3aMKMCaHO YCIOBHE MAKCUMyMa U MHHUMYyMa CKopocTu Oycunku — 10 10 6;
[IpaBuiibHO 3amUCaH 3aKOH COXpaHEHUs (U3MEHEeHHUs ) IHepruu — A0 15 6.

[TomrydeHo BepHOE BBIpaKEHUE JJIsi OTHOIICHUS MAKCUMATbHOW CKOPOCTH OYCHHKH K
MMHHMAaJIBHON — 10 18 0;

[Tomydyen BepHBI yncIeHHBIN 0TBET — 10 20 6.

4.5.3. 3anaua. ToHkas coOuparomias JuH3a ¢ onTudecko cwiod D =5 antp maer Ha skpane,

pacnoiokeHHOM Ha pacctosiHuM L = 1 M oT npeamera, ero yBennueHHOe n3o0paxenune. KakoBo
yBenuuenue [, naBaemoe JIMH30M?

. 11
4.5.3. Pemienue. [To popmyne Tonkoit muu3el D =— + b’ rae a u b — paccTosiHUS OT peaMera
a

b L
JI0 JIMH3BI U OT JIUH3BI J1a 300paxkenwus. [1o ycnouto 3anaun — =1, a+b=L.Otcrona a = ﬁ
a +

rL .
) b= ﬁ_ . M3 3anmucaHHbIX BBIPAXKCHUU IOJTYHIa€M KBAAPATHOC YPABHCHHUEC OTHOCUTCIIHEHO F, a
+

2 . .
umenHo, ['“ — (DL —2)["+1=0. YcioButo 3a1auu yI0BIETBOPSIET OOBIIHIA 10 BETHYUHE KOPEHb

2 2
r=( 2] [BEo1) -1 ommers T=[ 221+ [BEa] —1x262.
2 2 2 2

Kpurepun onenku 3agauu (Bcero 20 6a/10B):

[Tpuctynui k pemieHuto 3a1auu — 2 0;

[TpaBuibHO 3anKcaHa Gpopmylia TOHKOM JIMH3BI — 10 6 0;

[TpaBriIbHO 3aITMCaHO BBIpAXKEHHE JUIsSl YBEIMUEHUS JIMH3BI — 110 12 6;

B pe3ynbrate pemieHust CUCTEMbI YpaBHEHHH MMOJTyYeHO MPaBUIIbHOE BBIPAXKEHUE /TS
YBEJTUYCHUS, TABAEMOT0 JIMH30#, U POU3BEICH 0TOOP KOpHS — 110 180;

[Tonmy4yeHo BepHOE YMCIIEHHOE 3HAYEHUE YBEIUYECHHUS, 1aBaeMOro JIMH30H onTryeckoi — 20 6.



5.3.3. 3agaya. Onruueckas CHCTEMa COCTOUT M3 YETBIPEX OJMHAKOBBIX
1
TOHKUX COOWPAOIINX JIMH3 THaMETPOM 2a = 9 cM, pacIiOIOKEHHBIX KaK !

MOKa3aHO Ha pucyHke. ONTHYECKHUE OCH BCEX JHMH3 HAXOMSTCS B OJHOMU a
IUIOCKOCTH U mepecekatorcs B Touke O, KoTopasi coBmagaer ¢ (pokycom

UCTOYHUK CBETa, TO B IUIOCKOCTH pPHCYHKa oOpa3yloTcs 00jacTH, B
KOTOpble HE OyJeT momajaaTh CBET (BBIIEIEHB Ha PHCYHKE CEphIM
nBeroM). To4euHbI MCTOYHUK 3aMEHSIOT HAa HCTOYHUK cepuyeckoin
¢dopmbl. Ompenenurte, NpU KAaKUX 3HAYCHUSAX paanyca cHepHuecKoro
UCTOYHUKa R Takue oOnacth HE MCYE3HYT MOJHOCTHIO. OTBET MPUBEAUTE B CAaHTHUMETpax,
OKpPYIJIUB 10 LIEIbIX.

1
~ ~ :
KaXaou muH3bl. Ecou B ieHTp cucreMsl (Touka O) MOMECTUTh TOYEUHBIH ---1------ rG Pe----f---
1
1
1
1
1
1
1
1

5.3.3. Peuwwenue. Kax ckazaHo B ycnoBuu 3agaun, Touka O sBisercs pokycom aun3. [loatomy,
€CJIM TIOMECTUTh B HEe€ TOYCUHBIM MCTOYHUK CBETA, TO, KaK BUIHO U3 .
pPHUCYHKa, CBET HE OyJeT MPOXOAUTH B OOJIACTH, 3aKpallleHHbIE CEPhIM | 2a
nBeroM. OIHAKO €CITM BMECTO TOYCYHOTO MCTOYHHKA B3SATh MCTOYHUK E
cepuueckoit (opMbI, TO MPHU AOCTATOYHBIX €r0 pa3Mepax CBET OyAer |
MOTaiaTh U B 3TH OO0JACTH, PACHPOCTPAHSACH MO BCEM BO3MOXKHBIM
HAIpPaBICHUSM.

[TockonbKy crCcTeMa CUMMETPUYHAS, JOCTATOYHO PACCMOTPETh XOJ] >
ayya — Hanpumep, AC, uIylIero OT OJHOW M3 KpallHUX TOYEK 1 l
c(hepruyecKkoro UCTOYHMKA CBETa (CM. PUCYHOK). UTOOBI OnTHYecKas cUCTeMa MOTJIa M3Jy4aTh
CBET I10 BCEM HAIpPaBJICHHIM B IIOCKOCTU PUCYHKA JOCTATOYHO, YTOOBI ATOT JIy4 BBIXOIUI O]
yriaoMm 45° K TUIOCKOCTH PACIIONIOKEHUSI TPaBOM JIMH3BI. Tora npooKeHHe 3TOro Jiyda IpornaéT

yepe3 Touky O. M3 momobust tpeyromsaukoB AOB u BCD moxHO 3ammcats: g :% , I71e

iy

“h

Y

[

OA=R, CD=a. llonyunm: R-BD =a- AB. JlnuHy oTpe3ka
BD MoxHO HaiiTu, UcTIonb3yst GOpMyIly TOHKOM JTHH3BI (MMes B 2
BUJly BUPTYaJIbHBIN UCTOUYHUK, PACIIONIOKEHHBIN B TOUKE «B»): y

1 1

T A

Jnuny otpe3ka AB naiiném, ucnonsiys Teopemy lludaropa:

2a
AB =+/OB? —R? . YuuTsIBas, 4To OB=OD—BD=a—%=% RNy

2

2
—R* . IlonacraBnsiem Boipaxenus st BD

a
, mosyunm AB = [—
4 Ve R

a
u AB B monmy4yeHHoe paHee cooTHomeHne: R 5 =a-

OTKy,Z[a nojrydyacm, 4To 06J'IaCTI/I, B KOTOPBIC HC NPOHUKACT CBECT OT UICTOYHUKA, OCTAHYTCA, CCIIN

ero pajuyc MeHblIe 4yeM: R = 2 Omeem: R< % =2,0l cMm= 2 cMm.

V5

Kpurepun onenku 3anaqu (Bcero 20 6a/110B):

[Tpuctynui k pemenuto 3agauu — 2 0;

[IpaBunpHO M300paXkeHa OMTHYECKAs CXeMa C YKa3aHUeM X0/ Jydei — 10 70.
[TpaBuibHO 3anKcaHa Gpopmyiia TOHKOH JuH3b! — 10 10 6.

[TpaBuiIbHO 3amTCaHbl TEOMETPUUYECKUE COOTHOIICHUSI, HEOOXOUMBIE I HAXOXKACHUS
MHUHHMAaJIBHOTO paJinyca UCTOYHUKA — 110 13 O.

[TomydeHo BepHOE BBIpKEHHE JIJISl pailyca UCTOYHHUKA cBeTa — 110 18 6.

[Tony4yeHo BepHOE YMCIEHHOE 3HAUEHUE pajinyca UCTOYHMKA cBeTa — 20 6.



