O/IMMMUAJA LLKOJZIbHUKOB «NOKOPWU BOPOBbLEBbBI FOPbI» no ®U3UKE
3AKTHOYUTENIbHDBIN (PUHANBHbLIN) 3TAM 2019 ropaa

BUJNET N2 08 (Y®A) : BO3MOXKHbIe peLueHUsa u oTBeTbl

Kpurtepuu onenuBanus:

151 BONIPOCOB:
EcTb oTAenpHbIE TpaBUiIbHBIE cOOOpaykeHus — 1 6asI.
OTBer B 1IEJIOM MpPaBWIECH, HO COJAEPXKHUT CYLIECTBEHHbIE HETOYHOCTH, HIIM CYIIECTBEHHO
HETIOJIOH, UJIM OTCYTCTBYET 00OOCHOBaHUE (711 BOMPOCOB, B KOTOPBIX HEOOXO0IMMO 00OOCHOBAHUE)
— 2 0asia.
OTBeT NpaBUJICH, HO IPUCYTCTBYIOT MEJIKHE HETOYHOCTH, WM OTBET HEIOCTATOYHO IOJIOH, WIIH
OTCYTCTBYET JIOCTaTOYHOE 00OCHOBaHUE (IJ11 BOMPOCOB, B KOTOPHIX HEOOXOAMMO 00OCHOBAHUE)
— 3 6asna.
OTBeT MOJHOCTBIO MPaBUIbHBIA, HO HEJOCTATOYHO OOOCHOBAHHBIM (J11 BOIIPOCOB, B KOTOPBIX
HeoOXxoauMo 000cHOBaHKE) — 4 DaJia.
[TpaBUIBHBIN, MOJHBIN 1 0OOCHOBAHHBIN OTBET — S5 0A/JI0B (MAKCHMAJILHAS OLIEHKA).

Jlns 3apay:
EcTb oTAensHbIC MpaBUiIbHBIE cOOOpaskeHus — 1-2 6aJuia.
EcTh 9acTh HEOOXOMUMBIX Ul PEUICHUsI COOOPAKEHHIA, PEIICHNE HE 3aKOHYEHO WIIH COJEPIKHUT
cepbe3Hble omuoku — 3-4 daswa.
[TpucyrcTByeT G0MbIIas YaCTh HEOOXOMUMBIX JIJIsl PEHICHUS] COOOpaKeHU, PABUIIBHO 3alicaHa
4acTh HEOOXOJMMBIX COOTHOIIEHUH, pEelIeHHe He 3aKOHYEHO WJIM COACPKHUT OmHOKku — 5-7
0aJI0B.
[TpucyTCTBYIOT BCe HEOOXOIUMBIE JIJIsl PEIICHUSI COOOPaXKEHUS, TPABIIIBHO 3alUCaHbI TIOYTH BCE
HEOOXOUMBIE Il PEIICHHs] NCXOTHbIE YPAaBHEHHUS, HO PEIICHUE HE 3aKOHYCHO WIIH COJIEPIKUT
o6k — 8-10 6ann0B.
[TpucyTcTBYIOT BCEe HEOOXOAWMMBIC Il PEUICHHsS COOOpaKeHWs, IMPAaBHIBHO 3alMCaHbl BCE
HEOOXO/IUMBIE JJIsl pelIeHHs HCXOAHbIE YpaBHEHMs, pELICHHE BBICTPOCHO TMPAaBHIBHO C
(bu3NYECKON U JOTMYECKON TOUKU 3pEHUS], HO COAEPKUT omnOku — 11-14 6anmnos.
[TpucyTcTBYIOT BCe HEOOXOAMMBIE Il PELIEHUs COOOpakeHWs, MPaBHIBHO 3aluCcaHbl BCE
HEOOXOMMMBIC JJIsl pEIICHHs] HWCXOAHBIE YpPaBHEHHS, pEUICHHE BBICTPOCHO TMPABHIBHO C
(Gu3nMUecKoil W JIOTMYECKON TOUKM 3pEHUs, HO COAEPKUT OAHY-IBE MEJIKHUE HETOYHOCTH, He
MIO3BOJIMBINKE TOJYYHTh TPABWIBHBIA OTBET, WJIM TPABHIBHOE PEIICHHE C HEJOCTAaTOYHBIM
000CHOBaHMEM CYIIIECTBEHHBIX UCIOIb30BaHHBIX pe3yabTaToB — 15-17 6anJioB..
[lpaBunbHOE OOOCHOBAaHHOE pEHICHHE C BEPHBIM AHAIUTHYECKUM OTBETOM, HO MEIKOH
HETOYHOCTBIO MPH MOJYyYEHUN YUCIEHHOTO OTBETA, JIMOO NMPaBUWIbHOE pEelIeHUE C IPaBUIbHBIMU
OTBETaMH C HEJIOCTaTOYHBIM 0OOCHOBaHUEM OJIHOTO W3 UCIIOJIB30BAHHBIX PE3yJbTATOB (W3 YHCIa
HE KJIFOUYEBBIX JUIS PelIeHUs, HO HeoOxoaumbIx) — 18-19 6asioB.
[TonHoe, mpaBmiIbHOE, OOOCHOBAHHOE pEIIeHHWE C MpaBWIbHBIMU OTBeTamMu — 20 0ajjioB
(MakcMMaJIbHAS OLIEHKA).

3ananme 1.
Bonpoc: Konnueckuii MasTHUK — MaTepHalibHas TOYKa, MOJBEUICHHAs] B BAKyyMe€ B OJHOPOJIHOM
IOJIE TSKECTM HA HEBECOMOW HEpPACTSHKMMOW HHUTH, BpalaloOmIascs IO OKPYXHOCTH B
TOPU30HTAIBHOM MmiockocTu. Kak 3aBUCUT mepuoji ero BpallleHus OT yIjla OTKJIOHEHHUS HUTH OT
BEPTUKAIN?
3agaya: K HKHEMYy KOHIy JIETKOTO >KECTKOTO CTepKHsS JUIMHOM L mnpukpenwin malleHbKHi
TSDKEIIBIM [IApUK, @ K €r0 CepeluHe — BTOPOM, TOYHO TakoH k€. Bepxuui

KOHCL CTCPIXXHA 3aKpClUJIKM MIapHUPHO Ha IIOTOJIKE. KOHCTPYKLII/IIO
OTKJIOHHWJIM OT BEPTHUKAIMW W IMOATOJKHYJIW TAKHM O6p330M, 4TO BO BpEM:A

JBUKEHHS CTEP)KEHb BCE BpeMsl 00pa3yeT ¢ BEPTUKAIbIO OJJUH U TOT K€ yro

o . C xakod yriaoBOH CKOPOCTBbIO Bpallaercs cTepkeHb? TpeHuem B

HIApHUPE U COTPOTUBIIEHUEM BO3/AyXa MpeHeOpeyub. Y CKOpeHne cBOOOAHOTO NajieHus J .



OtBer Ha Bompoc: IIpn BpameHun rpy3a B TOPHU3OHTAJIbHOW IUIOCKOCTH BEpPTHKaIbHAs
COCTaBIISIIONIAs CHJIBI HATSDKCHUS HUTH JOJDKHA ypaBHOBemmBath Bec rpy3a (Fcos(a)=mg), a

«pagManpHas» — CO3/aBaTh LEHTPOCTPEMUTENBHOE YCKOPEHHE TIpy3a IMpU  BpaLICHUU

(Fsin(a) = mw?Lsin(a)). PasiennB 5TH COOTHOLUICHHS APYT HA APYra, BBIYHCISEM YIIOBYIO

CKOpPOCTb BpalllCHU w = L . Hepﬂoz[ BpalllCHUs KOHHUYECKOI'O MasiTHHUKaA
L cos(«)
L cos(«)
T =27 |——=, TO ecTb OH NPOMOPIMOHAJIEH KOPHIO KBaJpaTHOMY H3 KOCHHYyCa yria
g

OTKJIOHCHHUA MAaATHUKA OT BEPTHUKAJIH.

Pemenne 3agaum: Beprukaibabie (Y) KOMIIOHEHTBI CHJI, C KOTOPBIMH CTEpP)KEHb JCHCTBYET Ha
LIAPUKH, YPAaBHOBELIMBAIOT Beca wapukos: F, = F, =mg. Paxuanbusie (X) KOMITOHEHTBI CO3/1AI0T

L . .
LEHTPOCTPEMUTENbHbIEe ycKopeHus: Fp, = Mma? ESIn(a) uk, = ma?Lsin(a).

I[To Il 3akony HbloTOHa, TOYHO C TAaKUMHU K€ IO BEJIUYMHE, HO
IIPOTUBOMNOJIOKHBIMA TI0 HANpaBICHUIO CUJIaMHM IIApUKU JEUCTBYIOT Ha

CTEpKEeHb (MMEHHO 3TH CWJIbI TTOKa3aHbl Ha pucyHKe). CymMmMa MOMEHTOB CHIL,

IPUJIOKEHHBIX K JIETKOMY» CTEPKHIO, JOJDKHA PaBHATHCS HYJIIO. 3alIUIIEM 3TO
L . . L . L .
TpeboBaHue: mg Esm(a) +mgLsin(a) - me? Esm(a) 5 cos(a) — mw?Lsin(er)Lcos(er) = 0.

6
Bripakast U3 HEro yriioByro CKOpPOCTb BpaIleHHs], [TOJIy4aeM: @ = _ 59 .
5L cos(«x)
3agaunmue 2.

Bonpoc: HachimenHble 1 HEHACHIIIEHHBIE Mapbl. 3aBUCUMOCTh JABJICHHSI HACBHIIIEHHOTO TMapa OT

TeMIEepaTyphl.

3agavya: B ouenp npounom Oamnone odovemom V =901 maxomurcs 134 r cmecu mertana (CHy),
kucinopora (Oz) m asora (Ny). Ilpm Ttemneparype t; =33°C naBieHue B OayyloHE PaBHSIOCH

p, =14-py, rae p, ~101klla — HOpManbHOe aTtMochepHOoe napineHue. Cnabas dneKTpUdecKas

UCKpa TMOJOXria MeraH, Bbi3BaB peakuuto CHy + 20, — CO, +2H70, npuyem B xoxe 3Toi
peaknuu oba peareHTa M3pacxXoJOBAIKMCH MOJNHOCTHIO. [lociie 3aBeplIeHHs PEaKIH COJICPKUMOE
Oannona oxyaaunu g0 teMmneparypsl t, =100°C . Kakuwm crano nasienue B 0annone? PactBopeHneM
YTJIEKUCIIOTO Ta3a MpeHeopeyb.

Oteer Ha Bonpoc: HachllieHHBIM Ha3bIBAIOT Map, HAXOASIINICSA B PABHOBECUU CO CBOEH JKUIKOCTBIO
OTO paBHOBECHE TUHAMHYECKOE — MOJIEKYJIbl TOCTOSIHHO TMEepeXOoJsIT M3 Mapa B KUAKOCTb M
0o0paTHO, HO B PAaBHOBECHM 3TH IOTOKM B CpeIHEM ypaBHOBeIMBaioTCsi. COOTBETCTBEHHO Ha
IpaHULe )KUJIKOCTH C HEHACHIIIEHHBIM MapoM JIOMUHHUPYET MCIapeHHe — >KUJKOCTh MEPEXOIUT B
nap, 1 nap B IPUCYTCTBUU KHUIKOCTH CO BPEMEHEM CTAaHOBUTCS HACBILIEHHBIM. BbIxoay Moiekyn u3
KHUJKOCTU B Tap MPENsTCTBYIOT MEXKMOJIEKYJSIPHbIE CHJIBI TPUTSKEHUS, U JJIi MUHTEHCUBHOTO
UCTAPEHUs SKUJKOCTH OOBIYHO HYXXHO COOOLIATh HHEPIui0 (TEIUIOTY MapooOpa3oBaHMs) A
YBEJIMYEHUS MOTEHIIMAIbHOW 3HEPTUU B3auMOJIEHCTBUS Mousiekynd. [Ipu yBenudueHun temmepaTypbl
YBEJIMUMBAETCSl KHUHETHUYECKas SHEPrHsl MOJEKYJ, W OHM JIerde IpPeoO0JIEBAIOT MPUTSHKEHHE
coceneil. [loaTromy mepexon MoJjekysl M3 *KHAKOCTH B Iap CTAHOBUTCS HAMHOI'O MHTEHCHBHEE, U
JMHAMUYECKOE PaBHOBECHE YCTaHABIMBAETCS NMPHU 0ojiee BBICOKOW MIIOTHOCTH D
HACBHIIIEHHOTO T1apa. BMecTe ¢ IUIOTHOCTBIO M TEMIIEPAaTypOil Mapa pacTer e
HEJIMHEHHBIM 00pa3oM JaBlieHHE HACBIIIEHHOTO TMapa (JaBjeHHE, TNIOTHOCTh U
abcomoTHAas TemImeparypa TMapa C MOJSPHOHM Macco 4  CBsI3aHbI

T
COOTHOIIICHUEM [ = ART ). Tunnunas ¢popma rpaduka 3asucumoctu P, . (T)



IMOKa3aHa Ha pUCYHKEC.

Pemenue 3aavun. O003HaYUM KOJIMUECTBA BCHICCTB. a30Ta — V., MCTaHa — V,, KUCJIOpoAa — Vj. 3

ypaBHeHus: MenneneeBa-Kianeiipona u 3akona Jlanetona cienyer, uro p,V = (v; +v, +v3)RT;.

PV y
N3 »3TOro CcoOOTHOIICHHUS HaxoguM, 4YTO Vi +V, +V3 = L ~ b Moitei. HOCKOJ’IBKY B XoAae€
1

HOCJIEAYIOIIEH Peakui U METaH, U KUCIIOPOJ U3PACXOA0BAIKCH IOIHOCTBIO, TO V5 = 2V, . Kpome
TOrO, Macca CMECH . M= g4V, + WV, + UzV,;. Pemas momydeHHyI0 CcHCTeMy, HaiiieM, 4TO
v, =05moms, v, =15monsa, u v; =3monsa. CornacHO YpaBHEHMIO pEaKIUM, B pe3yibTare

cropaHusi MeTaHa B OamuioHe oOpasoBasochk v, =15mons CO; u v; =3mons HpO. [laienue,

RT
CO3aBacMOe a30TOM M yriIeKucabM razom mpu 100°C, paBao p;, = (v, + VZ)TZ ~ 68,9 kIla. Ecnu
OBl BCS BOJa HAXOAWJIACh B ra3000pa3HOM COCTOSHUHU, TO €€ JAaBJICHHE TOXKE OBl OMpPEeesuioch
RT
AHAJIOTUYHBIM YpaBHEHHEM, TO €CTb Pj =V3Tzz103,3KHa. Ho »To0 Oomplie, yeM naBicHHE

HaCBILIEHHOI'O 11apa Ipy 3TON TeMIlepaType, U MO3TOMY TaK ObITh HE MOYKET — HAa CAMOM JIEJI€ YacTh
napa CKOHJIEHCHpoBanack, U P; = P,,.(T,) =101klla. [TosTomy naBieHue B GAJUIOHE CTAO PaBHO

p, = P, + p; =170xI]a.

3ananmue 3.
Bomnpoc: He3apsokeHHbIH KOHAEHCATOP MOAKIIOYWIM K MCTOYHUKY MOCTOSHHOTO HANpPSHKEHUS U
3apsaauiad 10 MakcumanbHoro 3apsga. Yemy pasen KIIZ 3apsiku, TO €CTh OTHOLIEHUE SHEPIUU,
nepesaHHoM KOHIEHCAaTopy, K padoTe, MPpON3BEICHHOW HCTOUHUKOM ?
3apauya: B cxeme, mnokazaHHOW Ha PHUCYHKE, «IECBBIN» +| I— | |

KOHJIGHCATOp M3HAYaJIbHO OBUI 3apsDKEH JI0 HamlpshKeHUs | Ic I C
Uy =&/2. Cuauana zamknymu kmou Kj, a 3atem, crmycts K,

HekoTopoe Bpems — kimo4 Kp. Kakoe konmdectBo rtemma | ~ R
BBIZENUTCS B pesuctope R mocne sroro? Buyrpennee Ky €
COIPOTHBIIEHUE HCTOYHUKA U COIIPOTHUBIICHUE I

COCAMHUTCIIBHBIX ITIPOBOAOB npeHeremHMo MaJibl.

OTtBer Ha Bonpoc: B mpouecce 3apsaku HaIpsDKEHWE Ha KOHJIEHCATOPE PacTeT 10 MaKCUMAaJIbHOTO
3Havyenus, pasHoro DJIC ucrounuka. [loaromy ncrounuk nepemectut 3apsn = CE, u coBepmut

ce?

pabory A=Q& =CE?. VBenuueHue dHEPrHH KOHICHCATOPA AE; = Takum o6pazom,

= 0,5, u KI1J] 3apsaxu u3HauaJIbHO HE 3apsHKEHHOT0 KOHAeHcaTopa paseH 50 %.

Pemenue 3aa4Hu: ITocne 3ambIKaHMA KITIOYa Kl HCTOYHHUK J03apsKaCT 6aTapeIO U3 JBYX

KOHICHCATOPOB O)IHHaKOBOﬁ emkoctH. (OO003HAYNM KOHEUHBIN 3apsAaa «JI€BOro» KOHJACHCATopa Ha
4, %
c C

3TOM cTaguu (;, a «IpaBoro» — (,. M3 ycnosus 6ananca HanpsHKEeHUH = & . Kpowme Toro,

M0 3aKOHY COXpaHEeHHs 3apsiia (CyMMa 3apsaoB IUIACTUH KOHAEHCATOPOB, COCIMHEHHBIX TOJIBKO
£
JpYT ¢ APYroM, HE MOXKET U3MEHUThes) —(; +(, = —C > IToaToMy HOBBIE 3apsiIbl KOHAEHCATOPOB

3C¢& c¢& .
paBHBl ; =—— ¥ (; = i ITocne 3ambikanus Kimro4a Ky «J1€BBIN» KOHAEHCATOP OKAa3bIBACTCS

4
3aKOPOYCH PE3UCTOPOM, U OH MMOJIHOCTBIO pa3psiKaACTCA. B XO0J€ pa3psaaa 4epe3 pe3uCToOp MpOTCKACT

3C¢e
3apsin Aq':T. Kpome ToOro, uepe3 3TOT K€ pE3UCTOP TEYET TOK 3apsIKU «IIPABOTO»



KOHJIEHCATOpa, KOTOPBIA JOJDKEH 3apsautcs a0 3apsga CE  (HampspkeHHE Ha  «JIEBOM)
KOHJICHCATOpE MaJaeT JI0 HyJIsl, a CyMMa HanpsDKEHU JT0/bkHA ypaBHOBemnBath JJ1C MCTOYHHKA).

. 3Ce .
J1J1s1 3TOTO MCTOYHUKY HYXKHO ITEPEMECTUTD Ha «IPaBblii» KOHAEeHcAaTOp 3apsaa AQ” = 2 [Tonuprit

. , , 3C&
IIPOTEKIINI Yepe3 pe3ucTop mnociue 3aMmbikanus Kkioda Ko 3apsan AQ=AQ' +AQ” = S IIpu 3TOM

3& .
HAIMpsOKCHUE Ha PC3UCTOPC MaAalo OT HAYAJIbHOT'O 3HAYCHUA T A0 HYJIA IO JIMHCUHOMY (KaK

(GyHKIMS TPOTEKIIETo 3apsaa) 3aKOHY. 3HAUUT, BBIICIUBILIEECS B PE3UCTOPE KOTUYECTBO TETUIOTHI

Q==-—- . Takoit ke OTBET MOXHO IMOJYYHUTh U U3 3aKOHA COXPAHCHUS dHEPTUU:
2 4 2 16
Q:/MW_AEO
3aganue 4.

Bonmpoc: Ot yero 3aBHCHUT TONEPEYHOE YBEIMYCHUE H300paKEHHS IPEIMETa, CO3/1aBaeMOro
TOHKOHM coOMparoIei JINH30i Ha SKpaHe?

3apgaua: Ilpu momouM TOHKOHM JMH3BI Ha 3KpaHe CO3/IaHO HM300pa)keHHe IUIAMEHHM HeOOJIBbIIONH
CBEYM, PACIIOJIOKEHHOI'O Ha IVIABHOM ONTHMYECKOM OCH JIMH3BI MEPHEHIUKYIsApHO ed. [Ipm s3tom

. 1
OTHOIICHHUE JTMHEHHBIX pa3MepPOB U300paKEHHsI U CaMOTO ITaMeHu ObLTo paBHO | I |= 3 He nBuras

CBe4y, IIMH3Y IMepeMecTiiin Ha paccrosHue S=50cM Baonbp ee onrtudeckoir ocu. Ilocie
HepeMeIleHHs U T0A00pa MOIOKEH s SKpaHa OTHOIICHHE pa3MepoB craio paBHo |I'' |= 2. Haiitu

ONTUYCCKYIO CHUITY JIMH3BI.

OtBer Ha Bompoc: I3 mocTpoeHus Xoja JIyded Ul JIMH3BI SICHO, YTO IONEPEYHOE YBEIMYEHHE
npeIMeTa PaBHO OTHONICHUIO PACCTOSHUM OT JIMH3BI 70 U300pakeHHst D 1 OT JMH3BI 10 UCTOYHUKA

b
a: I'; :—g (yBenmMueHHEe MPUHUMAIOT OTPUIIATEIBHBIM, KOTJa M300paxkeHue mepeBepHyTo.). 13

1 1 aF F
bopMyIbl TUH3BI — + b = E =b= = =TI = F a Takum 006pa3oM, yBeTUYEHHE 3aBUCUT OT
a— —a

COOTHOIIIEHUS PACCTOSHUS OT MpPEAMETa JI0 JIMH3BI U (JOKYCHOTO PacCTOSHUS JWH3BL JIJis1 pa3sHbIX
AeHCTBUTENBHBIX HCTOYHUKOB a >0 Mbl MokeM nonyuuts I, >1 (mpm O<a<F), ', <0,|", |>1

(mpu F<a<2F)u I’ <0,|", <1 (nmpu a>2F).

Pemienne 3agaum: Tak Kak M300pakeHHE CO3[aeTCs Ha OJKpaHe, TO OHO JIEHCTBUTENBHOE.
CnenoBarenbHO, JIMH3a SBIsIETC coOuparoliel, a u3oOpaxeHue nepeBepHyToe. B arom ciydae

b
YBCIUUCHUC OOBIYHO CUHUTAIOT OTpULATCIIbHBIM, TPHUYCM I =——, U C YyYCTOM (I)OpMy.]'IBI JIMH3BI
a

aF F F 1

b= = ['=——. CnenoBarensHo, JIJIsl IEPBOTO U300paKEHUS =——=a=4F . lna
a-F F-a F-a 3
YBEJIMYEHUSI W300paKeHUs JMH3Y HYXHO ObUIO NPHUIBHHYTH Onmxke K ceue. [losTomy mocie
F 3 2
NepeMeNieHusl JIMH3b a—>a—S = F— =-2=>a-S5= E F=F= g s. CirenoBaTeibHO,
—a—+S

5
onTHyecKkas cuia JuH3el D = 2 = 5/loTp.
S



