OZIMMMUAJA LLKOJIbHUKOB «MMOKOPU BOPOBbLEBBI FOPbI» no ®U3UKE
3AKMHOYUTE/NIbHDBIN (PUHANBHbLINA) 3TAM 2020 ropa

BUJNET Ne 12 (7-9 Knaccbl): BO3MOXKHble peLleHUsa U Kputepumn

Kpurtepun ouennBanus:

JJ1s1 BONIPOCOB:
Ectb oTnenbHbIe paBuiibHbIE cOOOpaskeHus — 1 6asLI.
OTBeT B LIENOM MpPaBWJIEH, HO COJAEPKHUT CYIIECTBEHHbIE HETOYHOCTH, WJIHA CYIIECTBEHHO
HEMOJIOH, WM OTCYTCTBYeT OOOCHOBaHME (Ui BOIPOCOB, B KOTOPBIX HEOOXOAUMO
obocHOBaHue) — 2 GaJjia.
OrTBeT NpaBuiIeH, HO IPUCYTCTBYIOT MEJIKME HETOUHOCTH, UM OTBET HEJLOCTATOUYHO IOJIOH, WU
OTCYTCTBYET JI0CTaTOYHOE 000CHOBaHUE (/17151 BOIPOCOB, B KOTOPHIX HEOOXOAMMO 000CHOBAHUE)
— 3 6aJuia.
OTBeT MOJIHOCTHIO MPABWIbHBIN, HO HEIOCTATOYHO OOOCHOBAHHBIN (11 BOIIPOCOB, B KOTOPBIX
HE00X0MMO 000CHOBaHME) — 4 DaJLIa.
[IpaBUIBHBIN, TOJHBIN 1 000OCHOBAHHBINM OTBET — S5 6aJ10B (MAKCUMAJILHAS OIl€HKA).

s 3apay:
Ecth oTaensHbIe npaBuiibHbIE cooOpakenus — 1-2 faJuia.
EcTb yacTh HEOOXOAUMBIX I PELICHHS] COOOpaXKEHUM, pelIeHHEe HE 3aKOHYEHO MJIU COAEPIKUT
cepbe3Hble omuokn — 3-4 GaJuia.
[IpucyrcTByer Ooiblasi 4acTh HEOOXOMUMBIX U PEUICHUS COOOpaKeHWid, MPaBUIBHO
3anMcaHa 4acTh HEOOXOAUMBIX COOTHOIIEHUH, pelleHne He 3aKOHYEHO WM COJEPKUT OIIMOKH
— 5-7 6ay10B.
[IpucyTCTBYIOT BCe HEOOXOAUMBIE ISl PEHICHHUS] COOOpa)KEHUs, MPAaBUIBHO 3alHCAHbI MOYTH
BCE HEOOXOIMMBIEC /JIsl PEUICHMs] HWCXOJHBbIE YpaBHEHHUS, HO pELIEHUE HE 3aKOHYEHO WIH
cojiepkuT omnoku — 8-10 6asJ10B.
[IpucyTcTBYIOT BCE€ HEOOXOAMMBIE ISl PELIEHUS COOOpa)KeHHUs, MPABUIbHO 3alUCaHbl BCE
HEOOXOIUMBIE [UJISl PELICHUS HCXOJHBbIE YpPaBHEHHUS, PEIICHHE BBICTPOCHO TMPABUIBHO C
(bU3NIECKOI U JTOrMYeCKON TOUKH 3pEHHs], HO CONEPKUT omuoOku — 11-14 6annoB.
[IpucyTcTBYIOT BCe HEOOXOIMMBIE Ul pEIIeHUs COOOpa’keHHs, MPAaBWJIBHO 3alHCaHbl BCE
HEOOXOJMMBIE [UISl PELIEHUS HCXOJHbIE YpPaBHEHHUS, PELIEHHE BBICTPOEHO IPABUIBHO C
¢u3n4ecKkoil M JIOTMYECKOH TOYKH 3pEHHUs, HO COAEPKUT OJHY-JBE MEJKHE HETOYHOCTH, He
MIO3BOJIMBILIME TOJYYUTh NMPABUIBHBIM OTBET, WM MPABUIBHOE DPELIEHUE C HEAOCTATOYHBIM
000CHOBAHHEM CYILIECTBEHHBIX HCIIOJIb30BaHHBIX pe3yibTaToB — 15-17 6annos.
[IpaBuibHOE O00OCHOBaHHOE pEIIEHHE C BEPHBIM AHATUTHYECKHMM OTBETOM, HO MEJKOM
HETOYHOCTBIO MTPH MOJYYEHUN YUCIEHHOTO OTBETA, TMOO0 MPaBUIBHOE PELIEHNE C TPaBUIbHBIMU
OTBETaMU C HEJAOCTATOYHBIM OOOCHOBAHHWEM OJHOTO W3 HCIOJb30BAaHHBIX PE3YJIbTAaTOB (U3
qHcia He KITIOUEBBIX JUIS pelleHus], HO Heo0XxoauMbIx) — 18-19 6anoB.
[TonHoe, mpaBuiabHOE, OOOCHOBAHHOE pEUIEHHE C MpaBWIbHBIMU OTBeTamMH — 20 0ajioB
(MakcuMaJIbHAA OIlEHKA).

3aganue 1.
Bonpoc: B 60mb1110ii kamepe, 13 KOTOpOI ObLIT OTKauyaH BO3/AYX, /IBa TYCHHBIX MEpPBIIIKA 3aIlyCTHIN
TOYHO HABCTpEUy APYT APYTy C OJUHAKOBBIMU ckopocTsamu 1 mM/c. HauanpHOe paccTosiHHE MEXIy
HUMHU paBHsUIOCh 5 M. KakuM cTaHeT pacCTOSIHME MEXIy MNephIKaMHu cnyctda 1c? YckopeHue
CBOOOIHOTO Ta/ICHUsI CUUTATh paBHbIM ( ~10 M/c2. OTBeT 0OBIACHUTE.

OtBer: Y100HO mepelTH B CHUCTEMY OTCUETa, CBS3aHHYIO C OJHHUM M3 MEphILIEK (HA30BEM €ro
nepsiikoM 1). I[Tockonbky B 0OTCYTCTBHE BO3AyXa 00a MEphIIIKa HAXOAATCS B CBOOOJHOM MaJICHHUH,
TO €CTh JIBUXKYTCS C OJIMHAKOBBIMU YCKOPEHUSIMU, TO B HOBOM CHCTEME OTCUeTa UX OTHOCHUTEIbHOE
YCKOPEHUE DPABHO HYIIO: MEPBIIKO | TOKOUTCS, a NEPBILKO 2 JBUXKETCI PAaBHOMEPHO U
MPSIMOJIMHEHHO TOYHO MO HAMpaBJICHUIO K MEPHILKY 1, a BeJMYMHA €ro CKOPOCTH paBHA HadalbHOU
OTHOCHUTEJIBHOM CKOPOCTH MEpHIIIEK, TO €CTh 2 M/C. 3HauuT, yepe3 1 ¢ oHM OyIyT HAXOAMUTHCS Ha
paccrossHuu 3 M. OOpatuM BHUMaHHE, YTO JUI TaKOTO PEIIEHUS HE Ba)XKHO, OBbLIM H3HAYAIBbHO
NEPHIIKY HA OAHON TOPU30HTAIM UJIN HET.



3agaua: Opynue, yctaHoBiIeHHOE Ha JIyHe, TpOU3BENIO BBICTPEI MO YIJIOM K TOPU30HTY, U CHAps]
B30pBAJICA B BEpPXHEW Touke TpaekTopuu. OOpa3oBaJioOCh TPU OCKOJIKA OJMHAKOBOW MAacCHI.
Oka3anoch, YTO CKOPOCTH OCKOJIKOB OTHOCUTEIBHO CUCTEMBI OTCYETA, BHXKYIICIHCS CO CKOPOCTHIO
CHapsza mepe] B3PbIBOM, COOTHOCATCS Kak Vj iV, 1V =2:4:5. Uepe3 HEKOTOpoe BpeMs IOCIe

B3pbIBa, KOI'J1a OCKOJIKHM €lIe HEe ylaJld Ha OBEpXHOCTh JIyHbI, paccTosiHue Mexay 1 U 2 0CKOJIKOM
crano paBHO |, =150m. IIpeneOperas Maccoil HMOPOXOBBIX Ia30B, HAHIUTE PACCTOSHUE MEKIY
ockoJikaMu 1 u 3 B 3TOT K€ MOMEHT BPEMEHHU.

Pemenne: bynem cienuTh 3a IBMKEHMEM OCKOJIKOB B CHUCTEME OTCYETA, HadajlbHas CKOPOCTh
KOTOPOH (B MOMEHT B3pbIBa) PaBHAJIACh CKOPOCTH CHApsijia Mepe]l B3phIBOM, a Jajee OHa JABUrajlach
¢ yckopeHueM cBoboanoro najaenus Ha Jlyne. Ha Jlyne Het atMocdepsl, 1 MOXKHO CUUTATh, YTO BCE
TPU OCKOJKa OTHOCUTENbHO JIyHBI ABUraJluCh C YCKOPEHHEM CBOOOJHOrO MaJeHHs. 3HA4YMT, B
Hamerdn CO onu ABUTAJIMCb PAaBHOMCPHO U HpHMOHHHeﬁHO 40 MOMCHTA IMaJICHUs Ha IMOBCPXHOCTH
JIynsl. B coOTBeTCTBMM C 3aKOHOM COXpPaHEHMs HUMIIYJIbCA, HadyallbHblEé CKOPOCTH CHapsAloB (a,

3HAYUT, CKOPOCTH WX nBwkeHus B Hameid CO) ymoinerBopstor TpebGoBanuio Vi +V, +V; =0.

YMHOXHUB 3TO paBEHCTBO Ha Bpems 1, mpoiieninee OT B3phIBa JO MHTEPECYIOIIETO HAC MOMEHTA,
nonyaum, uro fp+F +F3 =0 (3mece T ,3 — BekTOpa mHepeMelIeHHs OCKOIKOB). SIcHO, uTO

rir il =V, IV, :V3=2:4:5. [lostomy, obo3naune I =2|, 3ammmem, uro I, =4l un r; =5l.
[lepenuineM BEKTOPHOE PABEHCTBO B BHae I +T, =—T; M BO3BENEM €ro CKaIIPHO B KBAJIPAT:
7 =17 +rf +20r,C08(0q,)  (3mecs  oq, — yrom Mexaxy Fowm ). 3xaudr,
2512 = 2012 +1612cos(ey,), TO  ectb 16cos(,)=5. C  ppyroii  CTOpOHBI,
12, = (F, —1,)* =41% +161% —161 cos(ey,) =151 . Mosropss paccyxuenns mms 1 u 3, momydum:
F+1 =T, =161% = 412 +251% + 2012 cos(ay,) = 20C0S(cry3) =—13. Teneps mis paccrosmus

naxomnm 135 = (f, —3)? = 41% + 2512 — 201% cos(ay3) = 421%. B urore |5 = % |y, =~ 251m.

3aganue 2.
Bonpoc: Yro Takoe Temmneparypa?

OtBer: Temmneparypa — ckamsgpHas Qu3uyeckas BeTUYMHA, XapaKTepusylollas CTeneHb
Hazpemocmuy Telna B PaBHOBECHOM COCTOSIHUHU. M3MepeHHe TeMIepaTypbl OCYIIECTBISIETCS MyTEM
NPUBEICHUS Tela B TEIUIOBOE PAaBHOBECHUE CO CTAaHAAPTHBIM TEJIOM («mepmomempomy), TO
COCTOSTHUIO KOTOPOTO MOYKHO CY/IHTBH O €r0 HarpeToCTH (HaIpuMep, IO BBICOTE CTOJIOWKA PTYTH HITH
BennunHe DJIC Tepmomapsl). Jlns 3amaHus  4YMCIOBOTO 3HAY€HUsT HEOOXOAMMO BBIOpaTh
memnepamypHyro wKaiy, ToO eCTh 3aaTh HA4aJI0 OTCUETa TEMIIEPATYpPhl U ONPEIEIUTh CIUHHILY €€
usmepenus: (epadyc). Hampumep, B mikame IlenbCust HOMb TeMIEpaTypbl OMpenenseTcs Kak
TEMIICpaTypa IJIABJICHUA JIbJa IPU HOpMaJlbHOM aTMOC(l)epHOM AaBJICHUHW, a €AUHUIA U3MCPCHUA
noxbupaercs Tak, 4ToObl TemrepaTypa KUIIEHHS BOJbI MPU HOPMAIBLHOM aTMOc(hepHOM IaBleHUU
paBusutack poBHO 100°C. Ha camom jene «HarpeTocThy BEIIECTBA OMPEACNIeTCS MHTCHCUBHOCTHIO
JIBUKEHHS €r0 MOJEKYNI. OJTa CBS3b CTAaHOBUTCS OUYEBUIHOW, €CIH 3aMETUThb, YTO PABEHCTBO
TEMIIEPATyp JBYX T MBI (PUKCUpPYEeM II0 TPEKPAlIeHUIO0 TeIiooOMeHa. Takoe COCTOsSHUE
JIOCTUTAETCS, KOTIa TIPY CTOJIKHOBEHHH MOJIEKYN Tel Ha TPaHUIle WX COMPUKOCHOBEHUS B CPEAHEM
nepeaaya SHEPTUH OTCYTCTBYET. 110 3aK0OHaM MEXaHUKH 3TO MPOU30MIET TOJIFKO B TOM CIIy4ae, €Cliu
CpeIHUE KUHETHYECKHE JHEPTHMH MOJIEKYJ IEpBOTrO M BTOPOTO Tela paBHBL. Takum o0paszom,
pPaBEHCTBY TEMITEpaTyp BCErJa COOTBETCTBYET PABEHCTBO CPEAHMX KHHETHYCCKHX DHEPTHH
MOJIEKYJ, U TO3TOMY It00asi BEIMYMHA, MPOMOPIMOHANBHAS CPEIHEH KUHETUYECKOW HSHEPTrUuu

MOJICKYJI, MOYKET CUUTAThCS TEMITEPATypoii, U3MEPEHHOM M0 HEKOTopoit mkane: d=a-E,.

3apauya: YdeHuk § kiacca MOCTaBWJ Ha OTOHB OOJIBIIYIO KAacTproyiio ¢ Bojoil. [Ipormuio memamo
BPEMEHHU, HO OHA HE 3aKUNala — TeMmIeparypa mnepecraja pacTh, TaKk Kak MOIIHOCTH HarpeBa He
XBaTaj0. YUEHUK eI BBIICHHUTH, KaKyI0 TEMIIepaTypy HMMeEeT Boja B KacTproyie. Y Hero ObuT
TOJILKO PTYTHBIM MeIMIMHCKUNA TepMomeTp. OH Hamuia B TEPMOC TEIUIOW BOJABI U U3MEpPUIT €€



TEMIIEpaTypy: OHa Okaszajach paBHOH 1y =36°C. OH omycThs B KaCTPIOJII0 MacCHBHYIO TaiiKy Ha
HHTOYKE, a 3aTeM MOMECTHJ Iaiiky B TEPMOC, MOA0KAAI M U3MEPUI HOBYIO TEMIIEPATYPY BOJBI B
tepmoce ; =38,4°C. laiika emie pa3 Oblia MOMeNIEHA B KACTPIONIO, @ 3aT€M B TEPMOC, M IOCIE
aTOoro Boja B Tepmoce mmena Ttemmeparypy U, =40,7°C. KakoBa e Temmeparypa BOIbI B

kactprosie? TermoeMKoCTbI0 TepMOMETpa MpeHeOpeyb.

Pemenne: Ilycth mckoMas Temmeparypa paBHa t. Merammyeckas raiika B Tropsdeil Boje
HarpeBaeTcsi OBICTPO, O3TOMY OyJleM CUMTaTh, YTO TEMIIepaTypa railku mnepej MOMEIICHHEM €€ B
TepMoc paBHa {. 3ammmieM ypaBHEHHE TEIUIOBOTO OajlaHca JUIsi YCTAHOBJICHUS PAaBHOBECHS TPU

nepsoM mometennn raiiku B tepmoc: Cr(t; —ty) =C,(t—t;) (3mece C; u C, — reroemkoctn
TepMOCa C BONOW M TallKM COOTBETCTBEHHO). AHAJIOTMYHO Ul BTOPOTO  OIyCKAHUS
Ci(t,—t)=C,(t—t,). PasmenuB 3T  COOTHOIIEHHS APyl Ha  Jpyra, HaXOIUM:

=t _t-t, _ t2 —t,t,

= t=—1 20 _ 93,6°C.
-t t-1 2t -ty —-t,
t ot
OTBET: t=—2 20 -0936°C.
1- -t
3aganmue 3.

Bompoc: I1ycTs y Hac ecTh JIEMEHT eI MOCTOSHHOTO TOKA, He MOAYMHSIOIINIACS 3aKoHy OMa: TOK
yepes Hero npu Hanpsokennn U pasen | =aU?(a=const). Kaxoii (popMylIoil omuceBaeTces ams
3TOTO AJIEMEHTA 3aBUCUMOCTbD TIOTPEOIIIEMON MOIIIHOCTH OT CHIIBI TOKA?

OtBet: Tak kak padoTa MEKTPOCTATHYCCKUX CHII IO TiepeMenieHuto 3apsaa AQ 3a Bpems At uepes

snement paHa AA=U -A(, To norpediasieMas 2JI€MEHTOM MOIIHOCTH P :E =U 1. ITockonbky

3/2
U= - , TO Hy’KHas Ha 3aBUCUMOCTDb OIIMChIBACTCA (1)OpMyJIOI>’I P=—nwn.
\ a

Ja

33)13‘-13: I[Be JJaMIIOYKH, paCCUUTAHHBIC Ha OJWHAKOBBLIC HOMHWHAJIBHBIC HAIPSXKCHUA, HO C
4 .
HOMHWHAJIBHBIMHU MOIIHOCTAMH, OTIHYAOIIHUMHCA B k =§pa3a, HE MABIAOTCA JINMHCHUHBIMHA

JIEMEHTAaMH: TIPOTEKAIOUIMM Yepe3 HHUX TOK IPONOPLUUOHAIEH KOPHIO KBaJApaTHOMY W3
INPWIOKEHHOTO  HANpsDKeHHMs. OTH  JIaMIIOYKH Bl  HOJAKIIOYMWIM K  HUCTOYHUKY,
NONJEPKUBAIOIIEMY Ha CBOMX KI€MMax  IIOCTOSHHOE HalpsDKEHHE, B TOYHOCTH PaBHOE
HOMUHAQJIBHOMY [UIs JIAIIOYEK: B MEPBBIA pa3 — MapajlieIbHO, BO BTOPOH - IMocienoBarenbHo. Bo
CKOJIBKO pa3 OTJIMYaroTcs 001I1e noTpediseMble MOLITHOCTH B IEPBOM U BTOPOM ciiyyae?

Pemenne: Tak xak HoMuHaIbHOE Hanpsbkenne U, y o0enx Jamiodek oquHakoBo, Toku | = VU,
a HOMMHAJIBHBIC MOIIHOCTU JIAMIIOYEK CBS3aHBI C HOMHHAJIBHBIM HANpsDKeHHEM (opMyInoi
3/ 2
Py=Uy- 1 =4-Up %:k. Buaunr, |, =4JU; u |, =k U, . llpu napamiensaom
1
COCZIMHEHUH obe JTaMITBI paboraroT B HOMUHAJIBHOM pexume, u

P, = AU +kBUS? = (1+Kk)AUS'2. TIpu nocnenoBatenbHOM COCTMHEHHH TOK YepE3 TaMIIOUKH

omunakoB | =g\ JU; =kp\U, , u U; = k2U2. C npyroii CTOpOHBI, CyMMa HamNpsDKEHU paBHA

2
HomuHansHoMy: U; +U, =U, . 3naunr, U; = K sUgn U, = L > U . CrienoBarensHo, nonHas
k® U2y 3/2 k 3/2
norpebnsemas MomHocTh P =4 —5— +kB———=5Uy " =—p/Uy'". B
(1 K )3/2 @+ k D BN

_ (@+k)V1+k* 35

~292.
P,, Kk 12

pe3yibTaTre NpuxoauMm K OTHOIICHUIO ——



e
P @Q+kvi+k _3_5z2’92.

OTBET: =
P, k 12

3ananue 4.
Bonpoc: XKecTkuil cTepkKeHb CKOJIB3HUT, Bpallasicb, MO0 POBHOM MOBEPXHOCTU. B kakom ciydae
CKOPOCTb LIEHTPA MACC CTEP>KHS U YIJIOBask CKOPOCTh €ro BpalleHUs! He OYIyT U3MEHSThCS?

OtBer: HeoOXoauMbIM yCIIOBUEM IIOCTOSIHCTBA CKOPOCTH IIEHTPA MAacC Teja SBJISETCS PAaBEHCTBO
HYJII0 BEKTOPHOH CyMMBbI NPWIOKEHHBIX K Tesy cuil. HeoOXoauMmbIM ycIoBHEM HEM3MEHHOCTH
YIJIOBOM CKOPOCTH TIpU IUIOCKOM JBMKEHMM Tella SIBISETCS PAaBEHCTBO HYJIIO MOMEHTOB
HPUIIOKEHHBIX CHJI. 3HAYUT, U JJIs CTEPIKHS B BOIIPOCE JOJKHBI ObITh BBIIIOJHEHBI 3TU TPEOOBaHMUS.
B wactHocTH, OHM OYAyT BBHIIIOJIHEHBI, €CIIM TTOBEPXHOCTh TOPU3OHTAIBHAS U TJIA KA.

3agava: Jl¥cK, M3rOTOBJEHHBIA W3 OJHOPOIHOTO JIKCTA KECTH, CKOJB3HUT IO TOPU3OHTAIBHON
[J1a/IKOM MTOBEPXHOCTH. B HEKOTOPBI MOMEHT BPEMEHH CKOPOCTH JIBYX €ro Touek (A
u B) okazanuce pasubl o Moayimo V=15wm/c, u ckopocth Touku A, Haxomsmieics

Ha KOHIIE 00mIero nuamerpa, HampapiieHa mox yrmom o =30° x aToMy muamerpy. A
Pamuyc nucka R=24cm, | AB|=36cM. Halinure BO3MOXKHBIE 3HAYEHHS BEIUYMH
YIJI0BOM CKOPOCTH JMCKA U IIEPEMEIIEHHUS €T0 IIEHTPA 3a 1 ¢ MOCIIe yKa3aHHOI0 MOMEHTA BPEMEHHU.

Pemenne: 113 oTBeTa Ha BONPOC CIENYET, YTO CKOPOCTh LEHTpa AUCKa (y OIHOPOAHOTO JUCKa
LEHTP Macc COBMAJaeT C TEOMETPUYECKUM LIEHTPOM) U YIJIOBasi CKOPOCTb JIMCKAa OCTAIOTCS
MOCTOSIHHBIMU. PaBeHCTBO BeNWYMH CKOpOcTel Touek A u B moxer
UMETh MECTO B JBYX ciydasx: (1) AMCK HBMXKETCS IMOCTYMaTelbHO, U
CKOPOCTH BCEX €ro TOYEK paBHbl HE TOJBKO IO BEIMYMHE, HO U TIO
HApaBJIEHUIO — B 9TOM Ciydae yrioBas ckopocth @ =0, u ckopocTsh
IIEHTpa JIMCKA 10 BEIMYUHE TOKE paBHa V — TO ecTh Su =V =15wm; (2)

JIUCK BPAILAETCS, W €r0 MIHOBEHHBIN LEHTp Bpamenus C HaxoauTcs Ha
paBHOM yzajieHun oT A U B (To ecTb Jiexut Ha cpenuHHoM nepreHaukyisipe MC orpeska AB) u
JIEXKHUT Ha TEPIeHUKyspe K ckopoctu V. Scuo, uto | AC|=2| AM |5 AB|, u nostomy yriosas

% v 25 4

CKOpPOCTh BpAICHUs = m = @ =5 ch =417t Kpome TOTO,
V3 1
ICMI=x@|AM|=7|AB|, a |OM=R-| AM[=R—Z | AB]. 3naunr,

|OC|=\/R2+|AB|2 —R|AB|=12/7 cM~3175¢cm, u Vg =a)|OC|=gM/Czl,32M/C. Takum

o6pasom, Bo BTOpoM cirydae Sy = Vol ~#1,32m.

OTBET: Bo3moskHs! 1Ba cinydast: @ =0, Sg =Vt=15mu o= %5C_1 ~417¢? So ~1,32m.



