OZIMMMUAJA LLKOJIbHUKOB «MMOKOPU BOPOBbLEBBI FOPbI» no ®U3UKE
3AKTHOYUTENIbHDBIN (PUHANBHbLIN) 3TAM 2019 ropaa

BUNET Ne 01 (HENNABUHCK): BO3MOKHbIe pelieHns U OTBETbI.

Kpurtepuu oneHnBanus:

JJ1s BOIIPOCOB:
Ectb oTnenbHbIe IpaBuiIbHBIE cOOOpakeHus — 1 6a.
OTBeT B I1EIOM TNPABWIECH, HO COJIEPKUT CYIIECTBEHHBIE HETOUYHOCTH, WJIHM CYLIECTBEHHO
HEMOJIOH, WJIM OTCYTCTBYeT OOOCHOBaHHE (IS BOIIPOCOB, B KOTOPBIX HEOOXOIUMO
o0ocHOBaHuE) — 2 faJuia.
OTBeT npaBuiIeH, HO MPUCYTCTBYIOT MEJIKHE HETOUHOCTH, UM OTBET HEJOCTATOYHO MOJIOH, WU
OTCYTCTBYET JIOCTATOYHOE 000CHOBaHME (IJI1 BOIPOCOB, B KOTOPHIX HEOOXOIUMO 0OOCHOBAHHE)
— 3 dasia.
OTBeT NOJHOCTHIO MPABHJIBHBINA, HO HEJOCTATOYHO OOOCHOBAaHHBIN (I BOIPOCOB, B KOTOPBIX
HEe00X0oauMO 000CHOBaHHKE) — 4 DaJla.
[IpaBunbHBIN, TOJHBIN 1 000CHOBAHHBINA OTBET — S 0AJJI0B (MAKCHUMAJILHAA OLIEHKA).

Jlsi 3anay:
EcTb oTAenbHble paBuiibHbIE cOOOpaXkeHus — 1-2 faJuia.
EcTh yacTh HEOOXOAUMBIX IS PEUICHHs] COOOpaXEHHH, peleHre HE 3aKOHYEHO MU COAEPIKHUT
cepbe3Hble omuoOKu — 3-4 6aJjJia.
[IpucyrcTByer OombInas 4acTh HEOOXOAMMBIX [UIsl PEHICHUS COOOpaKEHUH, MPaBUIBHO
3aMMcana 9acTh HEOOXOAUMBIX COOTHOUICHUH, PeIICHHE HE 3aKOHUYEHO HIIM COIEPIKUT OIIUOKH
— 5-7 6ayn10B.
[IpucyTcTBYIOT BCE HEOOXOIUMBIE JUIS PEIICHHS COOOpa)KeHUs, MPABHIBHO 3alMCAHBI MOYTH
BCE HEOOXOIMMBIC MMl PEUICHHs] HUCXOJHBIE ypaBHEHHUS, HO pEIICHHWE HE 3aKOHYEHO WU
coJiepkuT omuoOku — 8-10 6ayLI0B.
[IpucyTcTBYIOT BCE HEOOXOIUMBIE Ul pEIIeHUs COOOpa’keHMs, MPAaBWJIBHO 3alHCaHbl BCE
HEOOXOJMMBIC Ul PEIICHHs] WMCXOJHBIE YPAaBHEHWS, DPEUICHWE BBICTPOSHO MPABHIBHO C
¢bu3nyeckoil 1 JOruyeckoi TOUKH 3peHHs], HO COJIEPKUT omnoOku — 11-14 6annos.
[IpucyTcTBYIOT BCE HEOOXOIMMBIE Ui PEIICHUs COOOpaKeHWsI, MPABWIIBHO 3alMCAaHBI BCE
HEOOXOAMMBIE Ul pELIeHHs] HMCXOJHbIE YPAaBHEHUS, DELIEHHE BBICTPOCHO MPABUIBHO C
(GU3NYEeCKOl M JIOTHYECKOH TOYKH 3PEHHUs, HO COJICPKUT OJHY-JBE MEJKHE HETOYHOCTH, HE
MO3BOJIMBILIME TOJIYUYUTh MPABWIBHBIA OTBET, WIM MpPAaBUIbHOE pEIIEHHE C HEJOCTAaTOYHBIM
000CHOBAaHHEM CYIIECTBEHHBIX MCIIOIb30BAaHHBIX Pe3yJbTaToB — 15-17 GasJioB.
[IpaBunbHOE OOOCHOBAaHHOE pEILIEHHWE C BEPHBIM AHAJTUTHYECKUM OTBETOM, HO MEJKOM
HETOYHOCTBIO MIPH MOJTYYSHUN YHCICHHOTO OTBETA, THMOO0 MPaBHIIFHOE PEHICHUE C TPABIIILHBIMU
OTBETAaMM C HEJOCTaTOYHBIM OOOCHOBAaHHUEM OJHOIO M3 HCIHOJb30BAHHBIX PE3yibTaToB (U3
YHcia He KITFOUEBBIX JUTSI pelIeHHsI, HO Heo0XoauMbIx) — 18-19 6aioB.
[TonHoe, mpaBWIIbHOE, OOOCHOBAaHHOE pEIIEHHE C MPAaBWIBHBIMM OTBeTaMd — 20 0aJjljioB
(MakcuMaJIbHaA OlLlEHKA).

3ananmne 1.
Bonpoc: KyOmk wmaccel M MOKOUTCS Ha OYeHb miepoxoBaTol (4 ~1) ropu3oHTaNIbHON

ITOBEPXHOCTH. HpI/I IIoMo1IIn KaKOW MHUHHMAJIBHOU CHJIBI €T0 MO’KHO 3aCTaBUTHh HAYaTh BpalcHue
BOKPYT OJTHOTO U3 CBOMX FOPU3OHTAIBHBIX pedep? Y ckopeHre cBOOOJHOTO MaJeHus paBHO ( .

3agaya: YToJOK, M3rOTOBJIEHHBIM M3 OJHOPOJHOM MPOBOJIOKH, UMEET J1BA MEPHNEHIUKYISIPHBIX

3
«mneva» ¢ guHamu |, =a=20cmu |, = Ea =30cM. Ero moBsecunu 3a KoHell

KOPOTKOTO IJIeya Ha HIapHUPHOM MojiBece (KOTOPHBIH MO3BOJSET €EMY CBOOOHO
BpalaThCs B BEPTHKAIBLHOU TUIOCKOCTH BJIOJIb CTCHKH, HE Kacasch e¢). 3arem
B CTEHY Ha OJIHOM BEpPTUKAJIU C IOJBECOM BOWJIM TOPU3OHTAIBHO TJIaJKUN
T'BO3[1b — TaK, YTO TCIICPb YI'OJIOK OMMUPACTCSA HA I'BO3Jb cepem/IHoﬁ JJINHHOTI'O
mwiedya. Bo ckoibpko pa3 U KaKk U3MCHUJIACh U3-3a MOSABJICHUA I'BO3S1 BCIMYNHA
CHJIBI, C KOTOPOM YroJIOK JACHCTBYET HA MOJIBEC?




OtBer Ha Bonpoc: SICHO, 4TO /Ui MPUIAHKS BpAIIEHUs HEOOXO0IUMO, YTOOBI MOMEHT BHEIIIHEH CHUJIIBI
KaKk MUHUMYM YPaBHOBECHUJ MOMEHT CHUJIbl TSXKECTH, ACUCTBYIOUIEH Ha KyOMK. MOMEHT CHIIbI

a
TSDKECTH OTHOCUTENIBHO OJHOTO M3 HIKHUX pedep paseH M = ng. MunuManbHas cuiia Oyaer

COOTBETCTBOBaTh MaKCHMAaJIbHOM BEJIWYMHE IIIeda CUJIbI, KOTOPOC pPAaBHO ImaX =av2. HOSTOMY

M m
Frin = I—g = —g. [Ippy  5>TOM  TrOpHU3OHTAJAbHAsA  NPOEKIMsA  CWIbl  OyIeT  paBHa
max 2\/5
Foin M
F = min _ MY < 1mg, TO eCTh KYOUK HE OYIeT CKOJIb3HTh.

J2o 2

Pemenne 3amaun: M3 cuii, DpUII0KEHHBIX K YTOJIKY, TOJIBKO CHJIA PEAKIUS
rBO3AS W BEC KOPOTKOTO Iule4ya UMEIOT HEHYJIEBHIE MOMEHTHI
OTHOCHUTEJNIbHO I1apHupa. [IpaBuino MOMEHTOB (C y4eTOM OJHOPOAHOCTH

yrojka Maccel M): Z?m g %Sin(a) -N %Ta =0=N= 42% 31ech MBI

. 3
yuid, 4to Sin(a) = 4 W3 yciioBust paBHOBECHS CHIJT HAXOIUM:

12mg

F, =Nsin(a) =——
125 B 5 2 3v89
141mg =F=F +F =5 mg .
Fy :mg+NCOS(a)=E

SlcHO, 4TO 110 MOsABIEHUS TBO3JM CWJIA peakUuu IIapHUpa Oblia paBHa MQ, MO3TOMY H3-3a

9
MOSBJICHUA I'BO3/JISI 3TA CHUJIA YBCINYNIIACh B = 1,13 pasa.

3aganue 2.
Bonpoc: Kak cBsi3anbl Mex1y co00il M3BMEHEHHE BHYTPEHHEW YHEPTUHM OJHOATOMHOTO HCAIIBHOTO
ra3a ¥ Mmojy4eHHOe UM KOJIWYECTBO TEIIOTH B ©300apHOM Mporiecce?

3agaya: v = 2 Mods OJHOATOMHOTO HACAJIHHOTO Ta3a HAXOAWTCS B TEIUIOU30JIHPYIOIIEM
BEPTUKAJIBHOM LWIMHAPE C MOJBHXHBIM MOpIIHEM IUIOMAAb0 S ¥ Maccoil M. J[HO mwimHApa
PaBHOMEPHO 3apsHKEHO 3apsaoM (, a mopiieHb — 3apsaom (—(). PaccrosHue Mexy THOM cocyna u
MOpIIHEM HAMHOTO MEHbIIE JuaMmeTpa LMWIMHApa. [a3 MeqIeHHO IojlyyaeT OT HarpeBaTels
konmdectBO Teriotel Q. Ha kakoe paccrosHMe mpu 3TOM caBHUHETCs mopiieHs? Cuwmraiite, 9TO
AJIEKTPUUYECKOE TOJIE€ OCTAETCS OJHOPOIHBIM, TpeHUs HeT. JluajekTpuyeckas MPOHHUIIAEMOCTh ras3a
paBHa €MHUIIE, SJIEKTPUUECKasi IOCTOSHHAS &, YCKOPEHNE CBOOOJHOTO MaJCHUs ( , AaBICHHE HaJ

HOPILHEM PaBHO Py .

OtBer Ha Bompoc: PaccmoTpuM m3MeHeHHe obbema rasa ot V,; no V,. M3meHeHue BHyTpeHHei
SHEPrUM NPH IOCTOSHHOM JIaBIEHUH [, B COOTBETCTBMM C ypaBHeHMeM MeHnpeneesa-Kianelipona,

AU = A(g VRT) = gA( pV) = g p(V, —V,). Pabora raza B wu3z00apHOM Ipomecce paBHA

A=pV,-V,) :gAU . IMostomy Q = A+ AU ngU :

Pemenue 3agaumn: HOCKOJILKy QJICKTPHUYICCKOC MMOJIC OAHOPOAHO, CUJIa MTPUTAKCHUA MCKAY IMOPIIHEM
2

¥ JIHOM IWTHH/IPA HE 3aBUCUT OT mojioxkenust nopmas: F,, =/ q_|E, = . [loaTOMy naBnenue p

o
ra3a BO BpPeMs OIbITa MOCTOSHHO (C Y4€TOM Hapy>KHOTO aTMOC(epHOro JaBi€HUs U Beca MOPIIHS):
2
mg+q° /(2¢,S)
Pp=py+ S Paccyxnasi aHalorM4HO TOMY, Kak 3TO OBUIO C/AEIaHO B BOIPOCE,

3aMCy4acM, 4YTO IMOJTYYCHHOC I'a3OM KOJHMYCCTBO TCIJIOTHI CBA3aHO C pa60T0ﬁ o IMnepeMCcuICHUIO



5 2
NOpPIIHS  COOTHOIIeHUeM Q = 2 A= pS-Ah= gQ. [TooToMy cMmelieHue TOPIIHS — PaBHO

4 £,QS
Ah=— 2°Q =
S 265(PeS” +mgS)+q
3aganue 3.
Bompoc: J[lomyctum, 4YTO st HEKOTOPOTO DJJIEMEHTa IENH CBSI3b TOKA C MPHIOKCHHBIM
HanpspkenneM npaercst ypaBHenwmem | = f(U), rme f — wm3BectHas ¢ynkumsa. Kak HyxHO

paccuuThIBaTh MOIIHOCTh, KOTOPYIO OyAeT MOTpeONiATh 3TOT 3JIEMEHT MpPH MOIKIYEHUH K
kieMMaM uctoynuka ¢ 9JIC € u BHYTpEHHUM CONPOTUBIICHUEM I ?

3apaya: K wucrounuky mnoctossHHOM JJIC mnoakio4aroT THUPIASHAY W3 IOCIEA0BATEIbHO
COCIMHEHHBIX pe3UCTOopa U N OJMHAKOBBIX CBETOJIMO/OB, BOJIbT-AMIIEPHAS XapaKTEPUCTHKA

| KOTOpbIX NokazaHa Ha pucynke (U, =1B). Ecim BrIOYHT B THUPISHIY
n, =10 cBeTonmmo0B, TO TMOJHAs MOTpedNasieMas HMH MOIIHOCTh COCTaBUT

U » P, =175BrT, ecau BriarouuTh N, = 28 cBeroauonos, To P, =238 Br. Onpenenute

0 «ONTUMAJIBHOE» YHCIIO CBETOJMOJOB, IPHU KOTOPOM MOTpediiseMas MOIIHOCTb
MaKCHMajlbHa, a CHJIa TOKa 4epe3 KaXAbld W3 CBETOJUOJIOB — MUHUMAJIbHA (M3 BO3MOXKHBIX IPHU
3TOoM MomHocTH). Haifth MakcumanbHyto mnoTtpebisemyro MomHocTb. Yemy paBHa JJIC
HUCTOYHHKA?

OtBer Ha Bompoc: B o01iem ciiydae MOIIHOCTD, MOTpeOIsieMas 3JIEMEHTOM IENH, BBIYUCIIAETCS IO
dopmyne P =1-U . B cnyuae 3aganHoii BOJIBT-aMIIEPHON XapaKTEPUCTUKH HEOOXOAUMO UCXOAUTH
U3 TOTO, YTO HAIPSHKEHHUE Ha DJIEMEHTE, MOAKIIOYEHHBIM K UCTOYHHKY, paBHO U = & —rl . 3Hauwur,
3TO HampspkeHue Haxoautcst u3 ypaBaenuss U +r f(U) = €. D1o ypaBHEHHE MOXKET peIIaThCs Kak

aHAJIMTUYECKH, TaK U rpaduyecku, a 3atreM Boruucisiercs P =U - f (U).
Pemenne 3anaum: PaccMoTpuM rupisiHAy U3 N CBETOAMOJOB, B KOTOpOoW TedeT TOK (To ecth DJIC

E—-n-U .
ucrounnka & >n-Ug). Cuna Toka | = TO (R — compoTuBJIeHHE «BHEUTHEH» YaCTH IETH).
o (c; - n * U 0 —
[ToTpebnsemas TUPJISTHAON MomHocTe P =nU,l =nU,——=PR,-n(N—n). 3necs
U2
BBe/IeHbl 0003HaueHus P, = ?0 u n= TG Kak BHIHO, 3aBUCUMOCTH MOIIHOCTH OT 4YHCIa
0

n
CBCTOJAMOIOB — KBagpaTHIHasl, U MAKCUMYM MOIIIHOCTH COOTBETCTBYET 3HAUCHUIO N = E . 3ammcaB

cootHomernust P, =PF;-n(M—n) u P, =R, -n,("—n,), momydaem n3 HUX ypaBHEHHE Ha 0 :
2 2
noh —niP

P,-n(n—-n)=P -n,("—n,). Takum oGpazom, N =
> My ( 1) =P ny( 2) p n,P, —n,P,

=45. CnenoBarensno, D]JIC

ucroynuka & =NU, =45B. TlockonbKy YMCIO CBETOJHOJIOB — 3TO LEJIO€ YUCIO, a napadosa

CUMMETpPUYHA OTHOCHUTEIIBHO OCH, TO MOHO CJeJaTh BBIBOJ, YTO MAaKCUMyM MOIIHOCTH
nocturaercs npu N=22 u N=23. [lo ycloBUIO «ONTUMAIbHOCTH» Ha HY)KHA MEHbIIas CUJa
TOKa, TIOATOMY ONTHMAaJbHBIA PEXKUM COOTBETCTBYeT N, =23. MakcumaibHas MOIITHOCTh

P =P . nonm(ﬁ_nonm) _ 253
"t o (-n) 175

onm

P, = 253Br.

3ananue 4.
Bonpoc: [Ipu BEIOJHEHNH KaKUX YCIOBUM JTMH3Y MOKHO CUMTATh «TOHKON»?

3agaya: I[lpenmer u ero mpsimMoe HU300paKEHHE pACIIONAralOTCs HAa OCH TOHKOW JIMH3BI
MEPIEeHIUKYIAPHO 3TOH OCH M CHUMMETPUYHO OTHOCHUTEIBHO OJHOTO U3 (OKYCOB JIMH3BI.



Paccrostane Mexay mpeameroM U u3oOpakenueM | =20cMm. UeMy MOKeT paBHATHCS (OKYCHOE
paccTOsIHUE JIMH3BI?

OtBer Ha Bompoc: [lpu BbIBOgE (OPMYJ, OMKCHIBAIONIUX TOHKHUE JIMH3bI, HCIOJIB3YIOTCS JBa
NpUOIIDKCHUS: MPEHEOPEraloT CMEIICHHEM CBETOBBIX JIyYeid BJOJb IUIOCKOCTH JIMH3BI 10
CPaBHEHHMIO C €¢ JHUaMETPOM M CUUTAIOT MAJIBIMUA BCE YTJIbI MEXKIY CBETOBBIMH JIyuaMH U TJIABHOU
ONTHYECKON OCBhIO JIMH3BI (HCIIOJB3YIOTCS COOTHOIICHHS HAPAKCUANBHO20 NPUOIUNCEHUS
sin(a) #tg(a) ~ @). CmenieHue Jiydya BJAOJb IUIOCKOCTH JIMH3bI 110 BEJIMYMHE IOPSIKA

reOMETPUUYECKOM TOJIIKUHBI CAMOM JIMH3BI, TO €CTh OHA JIEHCTBUTENIbHA JJOJDKHA OBITh «TOHKON»: €€
TOJIIMHA JIOJDKHA OBITh MHOTO MEHbBIIE €€ JuaMeTpa. OTO TpeOOBaHUE TaKKE MOMKHO
nepe@opMyIpoBaTh CIAEAYIOIIMM 00pa3oM: JIuUaMeTp JUH3bI JOJHKEH OBbIThb MHOTO MEHBIIE
pannycoB KpUBH3HBI OIPaHUYMBAIONINX ee chepruecKrx moBepxHocreil. Bropoe tpeboBanue — To,
YTO BCE paccMaTpUBaEeMble JIyUd JOJDKHBI ObITh MMapaKkCHalbHBIMU.

Pemienne 3agaum: Ilpsimble H300pakeHHsT NTPEIMETOB (CBETAIIMECS TOYKHM KOTOPBIX €CThb
JNCHUCTBUTENBHBIE HWCTOYHUKUA JJI JIMH3BI) CO3JAI0T PACCEUBAIOIIUE JIMH3BI (MPH  JIIOOOM
paccTosiHUM OT MpeAMETa J0 JIMH3bl) U COOMpAIOLIUE JIMH3bI (KOTJa pacCcTOSIHUE OT IpeaMeTa J10
JTUH3bI MEHbIIIE ee POKYCHOTO paccTosiHus). B 0boux ciydasx 3To uzobOpaxkeHue OyaeT MHUMBIM,
TO €CTh OyJeT pacroyiaraTbCsi IO OJIHY CTOPOHY OT JIMH3HI ¢ ipeameToM. [TycTe @ — paccTosiHue oT
npeamera no JUH3bL, a D=—|b| — paccrosHMe OT JMH3BI A0 MHUMOrO W300pakeHus. J{is

pacceI/IBanmeﬁ JIMH3bI OIITHYCCKaA Cujila OTpHLIATCI/IbHA, a I/1306pa)KeHI/Ie HaxoOJUuTCA OImKe K

I I
auH3e, 4YeM mnpeamer. [lostomy a=F |+§, a |bHF |—E. CormnacHo (¢Gopmyse JIHH3bI

1 1 1 |2
- =— =|F|? -l |F|-—=0. Bsi6upas mis | F | monoxuTensHblii KOpeHb
| I IF 4
[Fl+, IFI-,
2 2
ypaBHeHus, HaxoauM: | F |= (2—2+1)I ~ 24,14 cM. AHANOTUYHO JUTS COOMpAroIei JTHH3b (MHAMOE

|

M300paKeHNEe HAXOTUTCS JAJbIIe OT JIMH3BI, YeM IMpeaMeT: 3HadeHus a = F —3 a|bl=F +§
2 12

OpuBOIAT K  ypaBHenuio F“ —IF T 0, TMOJIOKUTENBHBIA KOPEHh KOTOPOTO CHOBA

F ~ 2414 cm. OTtBer TaKKe MO>KHO 3anucaTh B o01eM BUJE

(24
2

F=t+

(\/ET-”')I ~ 12414 cwm.



