O/IMMNUALA LWKOJ/IbHUKOB «MOKOPU BOPOBbEBbI FOPbI!» no PU3SUKE
3AK/TIIOYUTE/IbHbIN (PUHA/IbHDBIN) 3TAN 2016 roaa

BUNET Ne 07 (MOCKBA, 10-11 Knaccbl): BO3MOXHble pelueHus.

3aganue 1:
Bonpoc: Kak cBsizanbl Mexay coOOl aMIUIMTylla YCKOPEHHUS, aMIUIMTyAa CKOPOCTH M aMILIUTYy[Aa
CMELICHUS ITPU TAPMOHUYECKUX KoseOaHusx? OTBeT 000CHOBATH.

3anaya: J[NMHHBIN JKeJIE3HOMOPOKHBIA COCTAB JBMIKETCS 110 MHEPLIMU CO CKOPOCTBIO Vy =6 M/c 110

TOPU3OHTAIIBHBIM PEJIbcaM, a 3aTeM BBHE3)KAET HA TOPKY C MOCTOSHHBIM YIJIOM HakJIOHA « =4° K
ropu3oHTy. CocTaB MONHOCTBIO OcTaHOBMIICA 32 BpeMsi T =30 ¢, He JoexaB /10 KoHIa ckioHa. Kakas
4acTh COCTaBa K MOMEHTY OCTAaHOBKHM OKa3ajlach Ha CKJIOHE ropku? TpeHueM KadyeHHs U JUIMHOU
MEPEXOIHOTO yJyacTKa MPHU BbE3/Ie Ha FOPKY MpeHedpeyb. Y CKOpeHUe CBOOOTHOTO MaJeHUsI CUNTATh
paBHbIM g ~ 10 M/c®. PacnipeselieH e Macchl [0 JUIMHE COCTABA CYHTATH PABHOMEPHBIM.

OTBeT Ha BOIIPOC: FapMOHI/I‘lCCKI/IMI/I Ha3bIBAIOTCsA KOJ'IC6aHI/I5I, IMPOUCXOAAIIHUE 10 3aKOHY CHHYCa
HJIM KOCHUHYCA. B 06H_ICM CJIydac 3aKOH [ABWXCHHUA TCJIa, COBCPIIAIOMICTO TaKUC KOJICOaHHuS C

nepuosoM T, MOXHO omucath BblpaxenueM X(t) =X, CoS(wt+¢@). 3nmech 3a Hauauo oOTcyeTa

27
KOOpPAMHATHI B35ATO MOJOXXEHUE PAaBHOBECHS, X, — aMIUIMTYyAa CMEILCHUS, @ =? — LUKIAYECKas

4acToTa, a 1) — HavyajbHas daza KOJIcOaHMil. B 3TOM ciyvae
Vv, (t) =—ox,sin(ot+ p) =V, co{a)t ++ %J a a,(t)=-w?x, cos(wt +p)=a, cos(@t +¢p+7).

Kak BuIHO, aMIUIUTY/1a CKOPOCTH V,, = @ X, @ AMILIMTY1a YCKOPEHUS &, = @V, =@ X

m m*

MakcuMaJjbHasi OICHKA: 5 6any0B.
Pemenue 3agavum: 3anumem YPaBHCHHUEC JIBUKCHHA COCTaBa, UCIOJB3Yyd B KAa4Y€CTBC KOOPAWHATLHI
KOOPAHWHATY €ro «r0JIOBBD» X, OTCUYATBIBACMYIO OT Ha4yajla moJbeMa. Becnw cocraB B Ka)I(I[BIﬁ MOMCHT

BPEMEHH JIBUXKETCS C OIMHAKOBBIMU CKOPOCTHIO H YCKOPEHUEM, IPUYEM 3TO YCKOPEHHUE CO3/1aeTCs
MPOEKIMEN BECAa YaCTU COCTaBa, HAXOMSIICHCS Ha CKJIOHE, Ha

gsin(«)
L

X .
oCh X: Ma, =—mgtsm(a):>x”+ Xx=0 (L — nmuna

COCTaBa). Kaxk BUJHO, IBMXKCHHUEC «T'OJIOBBD)» COCTABa IO CKIIOHY
MMpOUCXOAUT II0 TAPMOHUYCCKOMY 3aKOHY. Tak kak «xojie0aHHe» HAYMHAECTCA M3 IIOJIOKEHUS
gsin(a)
L
aMIUINTyJa CMCHICHHA BBIPAXKACTCA YCPE3 aMIUIUTYydy CKOPOCTH, COBHaI[aIOH_Ieﬁ CO CKOPOCTBIO

paBHOBecHS, TO €ro MOXXHO oOmHcaTh BbIpaxeHHeM X(t) = X, Sin(wt), roe o=

3

\"
COCTaBa Ha TOPU3OHTAIBHOM YYaCTKE: X, :—O. BpeMs[ nmoar€Ma A0 OCTAHOBKH — 3TO YCTBCPTH
[0

o 4 2v, T
nepuosia KoJieOaHWH, TOITOMY COZE’ U COOTBETCTBEHHO X, = 0" a mmmHa cocrasa
T

gsin(a) 4gsin(a)T?
L= = . HO3TOMy A0JIs1 MJIMHBI COCTAaBa, OKa3aBHIAACA HAa TOPKE K MOMCHTY

? 2
X 7V,
ocTaHOBKM K=—F=———"——_ Jlng moJy4eHUs YUCIECHHOTO OTBETa MOYXHO HCIIOJIb30BaJIOCh
L  2gTsin(a)
V4 45v
MayiocThb yria « =4°=—pan. Torma K ~ 0 — 0,45.
45 29T

7V,
29T sin(«)
MaxkcuMajbHag onenka: 20 0a/110B.

OTBET: k = 45%.

3aganue 2:



Bomnpoc: BoagHoil map, HadaJbHOE AAaBJIECHHUE KOTOPOro paBHsuioch 0,5 aTM. mpu TemmepaTrype
100°C, m30TepMHUYECKH CXKaJld, YMEHBIIUB €ro o0beM B Tpu pasza. Kakum crano ero nabieHue?
OTtBeT 000CHOBATE.

3agaya: B rnmaakoM ropu3oHTaJIbHOM LWINHAPUYECKOM COCYJI€ MEXY €TI0 BEPTUKAIBHON CTEHKON U
MOJIBUKHBIM BEPTHKAJIBHBIM MOPIIHEM HaxoauTcst M=88 T cMecHu a30Ta U BOJBI IIPHU TeMIIEpaType
t, =100°C . HapyxHoe naBneHHe paBHO HOpMalbHOMY armochepHomy P, ~101klla, u cmech

3anumaer ooveM V, ~107,41. Cmecy MemneHHo oxyaauiuu 1o Temmeparypbl t; =80°C, a 3arem

MOPUICHb 3aKPENUIN U MPOJOJDKUIN MeAJIeHHOe oxyaxaeHne. CKOIbKO rpaMM >KUIKOM BOJIbI OyIeT
HAXOJUThCS B cocyne npu temneparype t, =60°C ? JlaBieHue HACBIIEHHOIO BOJSHOIO Iapa Ipu
31Ol Temmepatype Py (t,) = 20 xIla. YHuBepcanbHas razosas nocrosiHHas R =~ 8,31 J[x/(mounp-K).
OTtBer Ha Bonpoc: BoasHol map mpu Takol TeMIepatype ¢ XOpOIIel TOYHOCThIO MOXKHO CUUTATh
UJCATBHBIM Ta30M, [MO3TOMY MPU M30TEPMHYECKOM CXKATHH JO Hadalla KOHJICHCAIIMH €r0 JaBJICHUE
pacter 0OpaTHO MPOMOPLUUOHAILHO 00bEMYy, U IMpPH YMEHBIIEHHH OoObeMa B JiBa pa3a JaBlICHUE
BBIpAcTeT 0 | aT™., YTO COOTBETCTBYET JABJICHUIO HACHIIIICHHOTO BOJSHOTO Iapa MpH TeMIepaType
100°C. TlosTomMy mpu AalbHEHWIIEM C)KaTHM WIACT KOHJEHCAllMs Tapa, W BIUIOTh JO OKOHYAHHUS
KOHJICHCAIIMK JaBlieHue pactu He Oymer. Mrtak, mocie yMeHbIICHHS 00beMa B TPH pa3a JlaBlieHUE
Oyzer paBHO 1 aTm.

MaxkcumaJjibHas oleHKa: 5 0a/J10B.

Pemrenue 3agaun: B HauaJIbHOM COCTOSIHMM CyMMa MapUHAIbHBIX AaBJIECHUNM BOJSHOTO Mapa U a3oTa
pPaBHO [, HO3TOMY BOJASHOH Nap B LIMJIMHIPE HE HACBILIEH, U BCA BOJA HAXOAUTCA B ra3000pasHOM

coctossHuK. KonmuecTsa a3zora Vo U BOIBI Vg YAOBJICTBOPSIOT COOTHOIICHUAM:

V m
HpVa + fHgVg =M Vg = Ha_ Po¥o ~1Moib
PV, L= k=g RTg  pep — pg
Vp +Vg = m V
A B RT, Va= il Po¥o ~ 2,5Mo1b

Up— g Hp—ug RTy
MeeHHOe OXJIaXICHHE C MOABMIKHBIM MOPIIIHEM ITPOUCXOJUT M300apuuecku. Tak Kak Macca ra3oB
0 Hayaja KOHJIGHCAllUM HE W3MEHSETCS, MapluajbHOEe [aBJIEHWE BOISHOTO Iapa OCTaeTCA

1%
HEU3MEHHBIM W  PaBHBIM Pg =——— pPp ~289kIla. OOBEM CMecH  yMeHbIIaeTcs
Va+Vg

T

TIPOTIOPIMOHANBHO TeMIepaType: Tiepel 3akpervienueM Tmopmmsa V, =V, ~101,61. Iocre
T

3aKpeIICHUS] TMOPLIHS OXJaXJEHUE MPOJOJDKIIOCh H30XOopuueckd. Eciau Obl KOHJEHcalus He

T, v
Havayach, TO JABIEHHE BOJASHOTO Mapa GBUTO 6B PaBHO Pg, = —= —>— P, ~27,2xI1a. Ho 310
T, va+vg
JaBJIeHHE OKa3aJloch OOJblIe JaBJIEHMs HACBHILEHHOIO BOASHOIO Iapa MpH Temmeparype t,, 4To
CBUACTCIIBCTBYCT O HAYAJIC KOHACHCAIIUU. 3Ha‘~II/IT, B KOHCYHOM COCTOSHHH BOI[SIHOfI Imap HacChbIIIICH, U

YacTh BOJbl ACUCTBUTEIBHO HAXOAUTCA B JKHIAKOM COCTOSHMHM. HadanpHas Macca BOOBI

t, )V
Mg = 1gVg 18T, a Macca BOASHOTO Mapa B KOHEYHOM COCTOSIHUM Mg =Mz13,2 T.

RT,
\ m t,)T,V
3HauNuT, Macca XHUIKOH BOABI Mg =Mg —Mg = HaMe PoVo M _HePu (t)TaVo ~481
tn—tg RTy  pp — g RT, Ty

OTmeTHM, YTO B X0/I€ PEIICHUs MbI IIpeHedperain 00beMoM 00pa3oBaBIIeics BOJBI, U, KaK BUAHO U3
OTBETa, TO KOPPEKTHOE MPHUOIHKEHHE.

Un—pg RTy i —pg RT,T,

MakcumaiabHas ounenka: 20 6aj10B.

3aganue 3:



Bonpoc: Ilouemy y siamMm HakaauBaHUS CBSI3b MPOTEKAIONIIETO Yepe3 HX CIHpalb TOKa C
HanpsDKEHUEM, KaK MPaBHII0, HE COOTBETCTBYET 3aKoHY OMa (He sIBIIIeTCS TMHEWHOM)?
3anaua: B cxeme, moka3aHHON Ha PUCYHKE CJIEBA, OAMHAKOBBIE JIAMIIBI SIBJISIOTCA HEJTMHEUHBIMU

* JIEMEHTaMH — WX BOJbTaMIICPHAs

2E | XapaKTePUCTHKA IMOKa3aHa Ha PUCYHKE

cinpaBa. CONpOTHBIICHHE PE3UCTOPA

E R R=280wm, a E=6B. Haiitu

T CYMMapHYO MOITHOCTb, TOTPEOJITEMYIO
; 00enMH JTaMIIaMH.

OrBer Ha Bomnpoc: [Ipu nmpoTeKaHUK TOKA TEMIIEpaTypa CIUPAIH JaMIlbl HAaKaTHMBaHUS H3MCHSICTCS

OYEHb CYIIECTBEHHO (M3MEHEHHUE IOpPsIKa 10° K), 94T0 mpuUBOAMT K HM3MEHEHUIO COIMPOTHUBIICHUS.

Pabouass Temmeparypa cnupaid (M COOTBETCTBCHHO BEJIMYMHA €€ COIPOTHBIICHHUS) OIMPEICIISICTCS

PaBHOBECHEM MEXK]y BBIICICHUEM /DKOYJIEBa TEIlIa U MOTEPSIMH Ha U3JIy4YCHHE BO BCEX JHMAla30Hax,

TO €CTh 4YeM OO0JIbIIIe TPUIIOKEHHOE HAMPSKCHUE, TEM BBIIIIE pABHOBECHAS TEMIIEpaTypa, TeM OOJIbIle

conpotuBiieHue. 1o 3Toi mpuyYMHE CHIa TOKA Yepe3 CIUpalib pacTeT HEe IPSIMO MPOIOPIHOHAIBHO

MPUJIOKEHHOMY HAMPSHKEHUIO, a CYIIECTBEHHO ME/JICHHEE.
MakcuMajbLHas OlleHKa: 5 0aJ1710B.

Pemenne 3agaun: 3anymepyeMm Jamibl «ciaeBa Hampasoy. Ilycts U, — HampsbkeHHe Ha BTOpPOM

namrne.  [lomoxuTenbHbIe

1 | 2E HaIpaBJCHUs TOKOB
1 -1

T 2 BBIOPAHBI TaK, Kak

MOKa3aHO HA  PHCYHKE
cripaBa. 3aBUCUMOCTD CHJIBI
TOKa uepe3 JamMmy OT
HaIPsKCHUS Ha HEU
3aaeTcs HEKOTOPOU

¢byHKImel, rpaguk KOTOpoii - 3T0 BonbTaMIiepHas xapakrepuctuka. O6o3naunm |, = f(U,). Toraa

HampsbkeHne Ha nepBoit namne U, =E—-U,, u nostomy |, = f(E—-U,). Kpome Toro, no 3akony

Oma ja ywactka nenu ¢ OJC U,=2E-IR=1 YuureiBasg, 4TO MO 3aKOHY

U
HerpepelBHOCTH Toka |, =1+ 1;, momydum ypasuenne must U,: f(U,) = ZFE - ?2 + f(E-U,).

Tak kak pynkuus f 3amana Ham rpaduyeckd, TO ¥ pelIaTh TO ypaBHEHHE HY)XHO rpaduuecku. s

. E U
3TOr0 MOCTPOUM Tpaduk mpsmoit | Y (rony6ast suuus), rpadpuk ¢ynkuuu | = f(E-U)
(kpacHass JMHHS — OH TMOJydYaeTcs IyTeM MepeHoca HavalbHON IOYKH BOJIBTAMIIEPHON

XapaKTepUCTUKH JaMIibl 1o ocu adcuuce B Touky U =E u «oTpakeHuem», To ecTb 3aMEHOU 3HaKa
apryMeHTa), ¥ HalJileM TOUKY [epeceueHusi «CyMMapHOro» rpaduka (cupeHeBas JUHMS) ¢ TpaduKoM
| =fU) (cm. pucynok). Kak Bugno, U,~5B u 1, ~0,4A. CnenoBarensHOo, MOIIHOCTS,
notpebisiemast BTopoit tamnoit P, =U, 1, = 2,0 BT. [lockoabpKy mpy TakoM 3HaY€HHUHU HAINPsDKEHUS Ha
Bropoii samne U, =E-U, ~1B, To B COOTBETCTBUM C BOJBTAMIIEPHON XapaKTEPUCTUKON
I, 014 A,u P, =U,l, 0,14 Br. Utak, cymmapuas momuocts P =P, + P, ~ 214 Br.

OTBET: P=U,l; +U,l, = 214 BT, r1ie TOKU U HaNpsDKEHUs! ONPEAENAIOTCS IpadUUECKH.

[NPUMEYAHUE: C yuyetoM oOrpaHMue€HHOM TOYHOCTH TpaUyecKOoro pemeHus MpPaBUIbHBIM
YHCJCHHBIM 3HAYEHUEM OTBETA CUMTAIOCH JII000E 3HaueHue U3 auana3ona P ~ (2,14 +0,08) Br.

MakcuMajbHag onenka: 20 0a110B.
3amanue 4:

Bomnpoc: B kakoM ciydyae ONTHYECKYIO CHJIY CHUCTEMBI M3 JIBYX TOHKHX JIMH3 C OOIIEH OChIO C
XOpOIIeH TOYHOCTBIO MOYKHO CUUTATh PABHOM CyMME ONTUYECKUX CUJI 3THX JIMH3? OTBET OOBSCHUTB.



3anava: /[Be TOHKME JIMH3BI PACIIOIOKEHBI HAa OOIIEH ONTHYECKON OCH Ha paccrosHuu L apyr ot
npyra. Ha Toii ke ocu Ha TakoM ke paccTosHUM L oT OGnmxaiimei n3 HUX pPacHojOKEeH TOYCUHBIN
HCTOYHUK CBETA, JIyUd OT KOTOPOTO MOCIEAOBATEIbLHO MPOXOAAT uepe3 obe nuH3bl. Ecmu Onmxe K
HMCTOYHUKY pa3MEIIeHa JIMH3a C OOJBIICH ONTHYECKOW CHIIOW, TO H300paKeHUE HCTOYHUKA
HaxoJuTcsl Ha paccTosHuu 2L 3a nanpHed nuH30M. Ecnu, He mepememas HCTOYHUK, MEPECTAaBUTH
JIUH3BI, TO W300pakeHHE OyJIeT HaXOAWThCcS Ha paccrosHuu 3L /2 3a nanpHed juH30#. Haiith
(hOKYCHBIE PACCTOSIHUS 00CUX JIMH3.

OtBer Ha Bomnpoc: [Ipu BbiBoge (HOpMynbl I ONTHYECKOW CHJIBI TOHKOM JHMH3BI MBI CUUTAEM
TOJIIIMHY JIMH3bl MaJOW MO CPaBHEHUIO C paJuycaMd KPUBHU3HBI €€ TMOBEPXHOCTEU, YTOOBI
npeHeOperaTb CMEIICHHEM Jiydya BJOJb IUIOCKOCTH JIMH3BI MpPH TMPOXOXKJIEHUU OT OIHOU
MPETOMIISIIOIIEN TMOBEPXHOCTH JI0 JPYro, W TMpPU O3TOM ONTHYECKHE CHJIbI IOBEPXHOCTEU
CYMMUPYIOTCS. SICHO, 4TO AJI CIIOKEHUSI ONTHYECKUX CHJI YEThIPEX MPETOMIISIONINX MOBEPXHOCTEH
JIBYX JIMH3 HEOOXOAMMO TaKOe K€ NpEeHEeOpeKeHHEeM cmemeHueM Jiydeid. Takum oOpaszom,
D,,, = D; + D,, ecinu cocTaBHas IMH3a TOXKE SABJIAETCA TOHKOM, TO €CTh MOJIHAs TOJIIIMHA COCTABHON
JIMH3BI MaJjia M0 CPAaBHEHHUIO C pailycaMu KPUBHU3HBI PEIOMIIIOIINX TOBEPXHOCTEH.
MaxkcumaJjibHas OleHKa: 5 0aJJ10B.

Pemenue 3axaun: Ilycth nuH3a ¢ OOJBIIEH ONTHYECKON CHIION — ATO «IepBas» JIMH3a ¢ (POKYCHBIM
pacctosiHueM F,, a pokycHoe paccTosiHHE «BTOPOi» auH3bI paBHO F,. Torma, mis nmepBoro ciuydvas:
paccTosiHME OT UCTOYHMKA 0 NEPBON JIMH3BI PaBHO @; = L, mo3ToMy paccrosiHue OT IEepPBOM JIHMH3BI
0 co3maBaeMoro e u300pakeHHs HMCTOYHUKA  ompeneisercs ©3  (GOpMYNbl  JIMH3BI

1 1 1 LF, y
—+—=—=Db =———. Dro wu3o0paxeHue ABIAETCA MCTOUYHHKOM M1 BTOPOH JIMH3HI,
y L(L-2F)
paccrosHHe 10 KOTOpoi a, =L —Db, =ﬁ. [Ipu »TOM paccrosiHue 10 00IIEro H300paKEHUS
N
L-F 1 1 L 2(L-F)

b, =2L, nmostomy

i S = . Ynobno o6osHaunts F; =XL,

__L_JDXZE;EL_
2(1-y) 41-y)

3
BTOPOTO cirydas, JNENUCTBYSd  aHAJOIM4HO, nonyanm  (F o F, " 2L > 3 L):

F,=yL. Torma mnomyd4eHHOe ypaBHEHHME O3HA4aeT, 4Tto 1-2X=

Jlns

L-F, 2 1 5L-7F, 3L 5-7y 3
_ — = ——==—=——-=—_. lloacTaBnas croaa BBIpAKEHUE I X,
L(L-2F,) 3L F L-2F, F, 1-2y x

7 2 1
monydaeM ypaBHeHHe Y ~3 y+ 3" 0, xopHH KOoTOpOrO Yy, =2 U Y, = 3 CootBercTBytOIIME
3
3HaUeHus X — 310 X; =1 u X, = Y VYcnnoBuro 3a7aun yIoBIETBOPSIOT TOJIBKO IEPBBIE KOPHHU, TaK

1
KaK§>§ — 3J1ECh ONTHUYCCKad CuJia IICPBOU JIMH3BI OKaA3aJIaChb OBI MCHbBIIC, YE€M Y BTOPOHU. I/ITaK,

Fl = L, F2 = 2|_ .
MakcumaiabHas ounenka: 20 6aj10B.

NTOI'O MAKCUMAJIBHASA OLIEHKA 3A PABOTY: 100 6axnos.



