ONNMMMNUALA WWKO/IbHUKOB «MOKOPU BOPOBbEBbI FOPbl» no ®U3UKE
3AK/TIIOYUTE/IbHbIN (PUHA/IbHDBIN) 3TAN 2019 roaa, 7-9 Knaccbl

BUNET Ne 14 (KENIEBHOBOACK): BO3MO»KHbl€e peLueHus U oTBeTbl

Kpurepun oueHuBanmsi:

151 BONIPOCOB:
EcTp oTnensHbIC paBMIIbHBIC COOOpaXkeHus — 1 aJw.
OTBeT B 1EJIOM NpPaBWIECH, HO COJCPKHUT CYIIECTBEHHbIE HETOYHOCTH, WM CYHIECTBEHHO
HEMOJIOH, WIM OTCYICTBYeT OOOCHOBaHHME (JUIsI BOIPOCOB, B KOTOPBIX HEOOXOJMMO
obocHOBaHue) — 2 GaJuia.
OTBer npaBuiIeH, HO IPUCYTCTBYIOT MEJIKUE HETOUHOCTH, MJIM OTBET HEIOCTATOYHO HOJIOH, WIIN
OTCYTCTBYET JOCTAaTOYHOE 0OOCHOBAaHUE (JUIsI BOIIPOCOB, B KOTOPBIX HEOOXOIUMO 0OOCHOBAHHE)
— 3 6aJna.
OTBeT MOJIHOCTBHIO MPABUIBHBINA, HO HEIOCTaTOYHO OOOCHOBAHHBIN (JUIsI BOPOCOB, B KOTOPBIX
HeoOXoauMo 000CcHOBaHKE) — 4 faJia.
[IpaBunBHBIN, MOTHBIN U 000CHOBAHHBIN OTBET — S5 0AJI0B (MAKCHMAJILHASA OLIEHKA).

Jliast 3apa4:
EcTb oTenpHbIE IpaBUiIbHBIE cOOOpaskeHus — 1-2 6aJuia.
EcTb yacTb HEOOXOAUMBIX JUIsSl PELICHUs] COOOPaXXEHUH, pellleHNe HE 3aKOHYEHO WJIM COAEPIKUT
cepbe3HbIe OmMOKU — 3-4 faJjia.
[TpucyrcTByeT OosblIas YacTh HEOOXOIUMBIX JUI PELIEHUs COOOpaKeHUH, IPaBUIILHO 3allUCcaHa
4acTh HEOOXOIMMBIX COOTHOIIEHHH, PEHICHWE HE 3aKOHYEHO WJIM COJEPXKHUT OmMMOKH — 5-7
0aJuI0B.
[TpucyTcTBYIOT Bce HEOOXOAUMBIE /ISl PEIICHUsS] COOOPAKEHHS, TPABUIBHO 3aIIMCAHBI TIOYTH BCE
HE00XO/UMBbIE JJIsl PELICHUs] UCXOJHBIE YPAaBHEHHUS, HO PELICHHE He 3aKOHUEHO WM COJCPHKHT
omnoOku — 8-10 6asi10B.
[TpucyrcTBYIOT BCe HEOOXOIMMBIE Il PELICHUS COOOpa)KeHUs, MPABUIIBHO 3aIllMCaHbl BCE
HEOOXOJMMBIC [UIS PEHICHUS MCXOAHbIE YPAaBHEHWsS, pEIICHHE BBICTPOCHO MPABHIBHO C
(bu3nUecKoil 1 TOrnYecKoi TOUKH 3pEHHsI, HO COAePKUT onoOku — 11-14 6asnoB.
[TpucyTcTBYIOT BCe HEOOXOIHMMBIE IS PEHICHUS COOOpa)KeHWs, TPABWILHO 3aIllMCaHBI BCE
HEOOXO/IUMBIE Ul PELICHUs MCXOAHbIE YpPaBHEHHUsS, pEIIEHHE BBICTPOCHO IMPaBHIBHO C
(GU3NIECKOl M JOTMYECKOW TOYKH 3PEHHUsS, HO COJEPXKHUT OJHY-IBE MEIKHE HETOYHOCTH, HE
MO3BOJIMBIIUE TMOJTYYUTh NPAaBUIbHBIM OTBET, WIM TNPaBUJIBHOE pPELIEHHE C HEeI0CTaTOYHBIM
000CHOBaHMEM CYIIIECTBEHHBIX UCIOIb30BaHHBIX pe3yabTaToB — 15-17 6anios..
[IpaBuinbHOE OOOCHOBAaHHOE pEIICHHE C BEPHBIM AHATUTHYECKHM OTBETOM, HO MEJKOH
HETOYHOCTBIO MPH MOJIYYE€HUH YUCIEHHOTO OTBETA, IMOO MPAaBUIbHOE PELICHHE C IPAaBUIbHBIMU
OTBETAMH C HEIOCTATOYHBIM OOOCHOBAaHMEM OJIHOTO W3 HCIIOJNIB30BAaHHBIX Pe3yibTaToB (W3
YHciIa He KIIIOYEBBIX JUIS peleHHs, HO HeoOXoauMmbIX) — 18-19 6aJliioB.
[TonHoe, mpaBuUIbHOE, OOOCHOBAaHHOE pEIIEHHE C NpaBUIbHBIMM oOTBeTaMu — 20 OayioB
(MakcuMaJIbHas OLl€HKA).

3ananme 1.
Bonpoc: [oasrxHeiii 6510k. OnumMTe COOTHOLIEHUE CUJT M TIEPEMEIICHUN MPH HCIIOIb30BaHUH
MOJIBUKHOTO OJIOKA.
3agauya: Cucrema U3 JIBYX JIETKUX IPOYHBIX TPOCOB, JBYX HEIMOJABIKHBIX M JIBYX HOJBHUKHBIX
OJIOKOB U JIByX TPY30B IOJIBEIIEHA K ITOTOJIKY (CM. pUCYHOK). Bce 6510kH — Jilerkue u BpamiaTces
0e3 TpeHus, TPOCHl MO OJIOKaM HE CKOJB3AT. KOHEI OJHOro M3 TPOCOB
3aKpeIuleH Ha IIKWBE BBIKJIIOYEHHOW JieOenKu, Ipy3 2 yIep>KUBAIOT Ha
MecTe. DTOT Ipy3 aKKypaTHO OTITYCKaroT, a 3aTe€M IOYTH Cpa3y BKIIOYAIOT
ne0GeKy, KOTopas HauyMHAeT BBITSATUBATh TPOC C MOCTOSHHOW CKOPOCTHIO
U=15wm/c. 3a kakoe Bpems rpy3 2 moaHuMeTcs Ha Bhicory N=15m? ul 2

OrHolleHHe Macc Tpy3oB My :M, =4. BpemeHeM pa3roHa Ipy30B W HX 1



CMEIICHUEM TPU pa3roHe MpeHeOpeyb.

OtBer Ha Bonpoc: [loaBKHBIN OJIOK — TPOCTON MeXaHU3M (ITOKa3aH Ha PUCYHKE).
[Tpu cMmeneHnu cBOOOJTHOTO KOHIIA BEPEBKH, MEPEKUHYTOMN Yepe3 MOJBIKHBIN OJIOK, e |F
OHO TIOPOBHY pacIpeleNseTcsi MeKAY ABYMs CTOPOHAMH IETJIH, U CMEUICHUE OCHU

Onoka OyzeT B [Ba pa3sa MEHBIIE, YeM CMEIICHHE KOHIA BepeBKu: S; =2S,. [lpu

IUIAaBHOM PaBHOMEPHOM JBIKEHUHU OJioKa (WM eciau macca OJoka IpeHeOpex Mo F
MaJla MMPH KOHEYHBIX YCKOPEHHUSAX) CyMMa CHJI, MPHUJIOKEHHBIX K OJIOKY, IOJDKHA
PaBHATHCS HYJIO, M JUIsl JIETKOM BEPEBKM CUJa, MPHIIOKEHHAs K ocu Oyoka, OyJeT B JBa pasa

Gosbure cuiiel, HarsruBatomei BepeBky: 2F =F,. B pesynprare momBmkHBI 070K He maeT
BbIMrpbIIa B pabore: FS; =F,S,.

Pemenne 3agauyu: HanpaBuM KOOpPIMHATHYIO OChb X BEPTHKAJIbHO BHM3. J[BH)KEHHE, COIIACHO
YCJIOBHIO, HAUMHAETCA TaKUM 00pa30M, 4TO Ipy3bl B MPOLIECCE pa3roHa JABMXKYTCS MOJ ACHCTBUEM
CHJI HaTsDKeHUs HUTeH. Eciu paccMOTpeTh «BepXHUN» U3 MOJBUKHBIX OJIOKOB, TO, KaK CIEAyeT U3
OTBETa, MBI IIPUJEM K BBIBOAY, YTO CHJIA HATSDKCHHS «IEBOi» HUTU [; B 1Ba pasa OoJblue, 4yeM
«rpaBoi» (T,). YpaBHeHns ABIKeHUs TPy30B, ciaepytomue u3 |l 3axona HploToHa, UMEIOT BUI!
ma, =mg—-2T, =mg—-4T, u ma,=m,g—T,. C ydeToM COOTHOLIEHHUS MaccC
OOHapy)KHBAeTCsI, YTO B MpPOLECCEe pasroHa a, =&, To ectb V,(t) =V, (t) (HauansubIe CKOpOCTH
o0oux rpy30B paBHBI HyN10). CymMMa JUIMH BEPTUKAIBHBIX OTPE3KOB JIEBOW» HHUTH B IPOIECCE
JBUKEHMSI CUCTEMBl IOCJE pa3roHa JOJDKHA YMEHBIIAThCA CO CKOpPOCThIO U, a cymMMa JJuH
BCPTHKAIIBHBIX OTPE3KOB «IIPABOM» - OCTABATHCSI HEM3MCHHOM. 1109TOMY KOOPAMHATHI TPY30B Xq 5
M KOOpIMHAaTa  BEpXHEro OIoka Xz  JOJIDKHBI  YJOBJIECTBOPATH  COOTHOIIEHHSAM
2X; —Xg =const—ut u X, +2X; =const. CnenosarenbHo, 4X; +X, =COnst—2ut. 3nauwur,
M3MCHEHHS 3THX KOOPAMHAT 3a Manoe BpeMsi Al cBs3aHbl cooTHOmeHHeM 4AX; +AX, =—2UAt, u
HPOEKIMI CKOPOCTEH IPy30B Ha OCh X TOxe cBsi3aHbl: 4V +V, =—2U. Takum obpazom, npu t =0

2u
ckopoctu rpy30B V; (0) =V, (0) = ——. Tak kak CKOPOCTHU U [Jajblle JODKHBI ObITh CBS3aHBI ITUM

COOTHOIIEHUEM NPH OJMHAKOBBIX YCKOPEHUSX, TO 3TH YCKOPEHHS paBHbl HYJI0, U CKOPOCTH
OyayT ocTtaBaThCsi NOCTOSSHHBIMU! OO ATOM MOXHO OBLIO TOTAMaThCsA U 0€3 MPSMOT0 BBIYUCIICHUS,
€clii 00paTUTh BHMMAHHE, YTO TPHU BBIKIIOUEHHOW JieOenKe Tpy3bl HAXOASITCS B PaBHOBECHH.

2u
Wtak, rpy3 2 moAHMMAaeTcs BBEPX CO CKOPOCTHIO g [ToaToMy uCkOMOE Bpems NOJbeMa

h
t= 5— =25c.
2u
5h
OTBET: t=—=25c.
2u
3aganmue 2.
Bompoc: YUTo mnpoucXOmUT C KHUHETUYECKOW DJHEpPrued W IMOTEHLUHUAJIbHOM JHEPTrUEi

B3anMoeiicTBust MoJiekys HoO nipu TassHum mpaa? OTBET 000CHOBATH.

3agava: Yuenuk 8 xiacca Ha n1abopatopHoit padore nomectui B kagopumerp M =115t mokporo
cHera (coctosmero Ha 60% 3 KpUCTAUTUKOB Jbaa 1 Ha 40% W3 )KUIKOW BOIBI, HAXOSAIIUXCS B
PaBHOBECHHM), U CTaJl JOOABIATH TYyJIa JOKKONU KHUISIILyto Boay. [locne nobaBneHust 0THON JTOKKU
¥ YCTAHOBJICHHUSI PAaBHOBECHSI Macca JIeSTHbIX KPUCTA/LUIOB B KAJTOPUMETpe CTaia paBHa My = 63r.
[xonpauk mob6aBmi eme 11 mokek ropsuert Boabl. Kakoit crana TemrepaTypa COAEPKUMOTO
KaJIOpUMETpa MOCJIe YCTAaHOBJICHHUSI HOBOTO paBHOBecUs1? MOXHO CUMTATh, UTO B KaXJIOW JOKKE
BCErJla OJHO M TO € KOJUYECTBO BOIBI, U KAJOPHUMETP HE IEPEeroyHsAeTCS. TerioeMKOCThIO
KaJopuMeTpa mnpeHeOpeub. YaenbHas Temora IulaBieHus Jjbaa A = 336 kJDK/Kr, yaenbHas
TEIUIOeMKOCTh BObI C = 4,2 kJ[x/(kr-°C).



OtBer Ha Bomnpoc: [Ipu TassHUU JbJIa TEMIIEPATypa HE MEHSCTCS, & CKOPOCTh BHXKCHHS MOJICKYJI
OTIpPENIeNIAICTCS. MMEHHO TeMmiiepatypoid. I[103TOMy KHHETHYecKas SHEPrusi MOJCKYJ OCTaeTCs
HEM3MEHHO#. BMecTe ¢ TeM X TOJIHash SHEPIUs B CPEIHEM YBEIHMUYMBAETCS — ITO SICHO U3 TOTO
COOOpakeHHsI, YTO JUIA IUIABJIICHHS JIBJY HYXHO coolOmare sHepruto. CrienoBareibHo,
MOTCHIIMAIbHAS. YHEPTUsS B3aMMOICHCTBHUSI MOJICKYJI ITPU MEPEX0/Ie BOABI U3 TBEPJOH B JKUIKYIO
(hazy yBenmuunBaeTcs.

Pemenne 3anauu: O6o3HaunM Maccy 100aBIsieMO OpIMK KUMATKa M. SIcHO, YTO HaxoAsIHecs
B PaBHOBECHM KOMIIOHEHTBI MOKpOro cHera mMenu temmeparypy 0°C, a xumsmas Bojga uMena

temneparypy ty =100°C. Torna ypaBHenue TemioBoro GajgaHca Juisi yCTAHOBJICHUsS PABHOBECHS
nociae  J00aBIeHHMA ~ OJHOM  JIOKKM  HOPIMHA  TO3BOJIAET  HAWTH  Maccy  MOPUUU:
A-(0,6M —
2-(0,6M —my) = cmt, = m =2 : m)
Clo

B COCTaBE CHEra Taer, TeMIeparypa BCed KUAKON BOJbI B PAaBHOBECHBIX COCTOSIHUSIX OCTAaeTCs
paBHoii 0°C (TerioTa OCTHIBAHUS KHITATKA HIET TOJBKO Ha TasHHE Jibjaa). [Ipi 3TOM OfIHA JIOKKa

no3sosster pacronuts 0,6M —m; =6r nppa. U3 storo sicHo, nocne gobasienue eme 11 noxex
_m
0,6M —my

ocrasimecs 0,5 J0KKU MOAYT Ha HarpeB Bcel Bobl. [loaTomy

M +115m)t =c-0,5m(t, —t t= t, =
(M +115m)t =c-05mt ~O) =t =o't 2AM(cty +7,22) —12m 2]

371ech AOMYCTUM «IIOATAIHBIN» YUCIIEHHBIN pacyer.

OTBET: t = +14°C.

=4,8r. Baxxno o0OpaTuth BHUMaHHUE, YTO, TOKA JIE]T

KHUIIATKA BEChb JICA pacCTacT. HCHO, 4qTo :10,5 JIOKCK KHMIIATKA pacToIsAT BECh JICA, a

~+14°C.

3aganue 3.
Bompoc: Kak conpotuBieHue OJHOPOAHOM IPOBOJOKHA 3aBUCUT OT €€ IE€OMETPUUYECKUX
napameTpoB?

3agaya: B cxeme, IMOKa3aHHON Ha pUCYHKE, HCIHOJB3YIOTCS ]

MPOrpagyupOBaHHBIN peocTaT, aMIepMeTp C OYEHb MaJIbIM BHYTPEHHUM R, R
COMPOTHBIICHUEM W TPAKTHUYECKU HaeanbHbIH ncrounuk ¢ DJIC 24 B. Y |
V3MeHss  CONMPOTUBJICHWE  peocrata,  (QHUKCUpyeM  TIOKa3aHUs T R — !
amrepmerpa: ipu R; =100wm cuna toka |1, =16 A, a npu R, =400m 1 |r @

ona paeHa |, =12 A. Haiinure conporusienus pesucropoB R, u R, . I
OtBer Ha Bompoc: CONMPOTHBICHHE OJHOPOJHOW IPOBOJIOKK 3aBHCHT OT IUIOMIAMH €€

nornepevyHoro ceyenust S u amuHbl | v onpexensercst Gpopmynoit R = pg, rie O — YAEIBHOE

CONPOTUBIIEHUE MaTepuala MpPOBOJIOKU. g 3adera BOIpOCa JOCTATOYHO YKas3aTb, 4YTO
CONPOTHUBIICHUE MPSAMO NPONOPLMOHAIBHO OTHOUIEHUIO JUIMHBI K IUIOIIAJH IIONEPEYHOrO
ceueHHsl, a Ko3((HUIIUEHT IPONOPLUOHATBLHOCTH 3aBUCUT OT MaTepHuaa.

Pemenne 3agaun: [lycte E — DJIC ucTounuka (HampspkeHHe Ha €ro KJIeMMax MpU Pa3oOMKHYTOM
nenu). Tok depe3 ammepMeTp paBeH CyMME TOKOB uepe3 o00e BEeTBH C pPe3UCTOpaMu:

E
+— . 3HauuT, CONPOTUBIECHUS PE3UCTOPOB YJIOBJIETBOPSIOT CHCTEME YpPaBHEHHI

l=——
R+R, R,
L, 1 1 1, 1

+—. Boluuras 3T ypaBHEHUs, MOJIy4aeM YpaBHEHHUE JUIS

E R+R, R, ' E R+R, R,

il RoRa o RZAR4R)R +RR, — o ~Ra)
E (Ry+Ra)(Ry +Ry) la =1y

R: =0. BriOupas



MOJO0XKUTEIbHBIN KOpPCHb 3TOTI'0 YpaBHCHUA, HaxoauM, qTo

_Ra+Rb+ (Rb_Ra)2+E(Rb_Ra)

R, = =200m. Temeps u3 m0OGOr0  COOTHOLIEHMS
2 4 -1y
E(R, +R
HaXOJIMM BTOPOE CONPOTUBJIEHHUE, Harpumep: R, = R Er Fle+)| a) 5= 300m.
1 a/la
f— 2 —
OTBET: R =- Ra +Ro | [(Ro=Ra)” | R, ~Ry) =200m, R, = E(Ry +R,) =300m.
2 4 I, -1, (Ri+R)I,-E
3amanmue 4.

Bonpoc: [laiite onpeneneHre MOMEHTa CHIIbI U C(OPMYITHPYHTE MPABHUIIO phlYara.

3agaya: MaccuBHBI OJHOPOAHBIM CTEP)KEHb BEPXHUM KOHILIOM IPUKPENWIM K JIETKOMY
IIPOYHOMY TpOCY (ApYyroil KOHel Tpoca 3aKperyieH HenoABuxkHO). IIpu sTom

HIDKHUM KOHIIOM CTEep)KeHb ONMpaycs Ha 1oj OacceiiHa, Tpoc ObLI L
NEPIEHIUKYJIAPEH CTEP’KHIO, a BEPXHUM KOHEL CTEpXKHS HaXOJWICA Ha

Boicore H =0,9 M. Tpoc okazancs Hatsayt ¢ cunoit T, =80H. Kakoii craner <I>h

CHJIa HaTsDKEHMsl Tpoca, eciu OaccelH 3aloHUTh BOAOH 10 TIITyOMHBI
h = 0,45m? [lnoTHOCTH MaTepHUana CTEPKHS B 1Ba pasa 0OJIbIIE MIIOTHOCTH BOJIbI, HUKHUM KOHELL
CTEpXHS 10 AHY OacceliHa HE CKOJIb3HUT.

OtBer Ha Bonpoc: Ilne4yom cuiabl OTHOCUTEIBHO OCH HAa3bIBAIOT PACCTOSHHME OT OCH 10 JIMHHH

+ JeNCTBUS CHIIbI (B ILKOJBHOW MpOrpaMMe paccMaTpUBAIOTCS

O TOJIBKO CllyyaW, KOTJa OCh INEpPHEHAMKYJSAPHA IUIOCKOCTH

/ﬁ' BO3MOXKHOTO  BpalleHusi Tena). MOMeHT CHJIbl —

[ IIPOU3BE/ICHUE BEIMYMHBI CHUJIBl Ha €€ IUIEYO, B3ATOE CO

3HaKOM + (-), €clii Cuja BpallaeT Telo BOKPYr OCH B

MIOJIO’KUTEITBHOM (oTpULIATETEHOM) HaIpaBJICHUU:

_ M==+|F|,.

IIpaBuio pelyara yTBEp»AaeT, UTO B COCTOSIHMM paBHOBECHs alreOpandeckas CyMMa MOMEHTOB

CHJI, IPUJIO’KEHHBIX K «phlYary» (IpoTs>KEHHOMY TBEPAOMY Tely), paBHA HYJIIO.

Pemenune 3agaun. [loka Bogwl He 6]:1.]'[0, Ha CTCPIKCHDb JIECTBOBAJIM CHJIA HATSDKCHMS TpOCa, Chjia

TSDKECTH U CUJIA peakiys jHa. [1edo CHilbl HATSHKEHUSI OTHOCHTEIBHO TOUKH >
OMOPBI PABHO JUIMHE CTEpPKHS L, a riredo CHItbl TSXKECTH — PACCTOSHUIO OT il
TOYKH OIOPHI 10 MPOEKIUU CEPEIMHBI CTEPKHS Ha aHO (0603Ha4nM ero |). |':>A

|
Banmmrem mpaswio perdara: 1,L—mgl=0=T, =Emg. [Mocne mosIBIECHUSI mg

BOJABl K JTUM CcWJIaM jJoOaBwiack cwia Apxumena. ScHO, 4To o0beM

HOpr)KCHHOﬁ YaCTH CTCPIKHA COCTABJIACT YaCTh ﬁ oT O6IJ_ICI‘0 oobema. C YUYC€TOM COOTHOLICHUSA

h
IJIOTHOCTEMN SICHO, YTO BeJMYMHA CHibl Apxumena pasHa F, =——mg. Kpome Toro, ee miedo

2H

I A :ﬁl . 3anmiremM [MpaBUJIO pblvara s CTCPIKHA OTHOCUTCIILHO TOYKHU OIIOPHI B IMPUCYTCTBUHA

I h? h?
Bonm:TL+FAIA—mgI:O:>T:Emg 1—2H2 =T, 1—2H2 =70 H.

2
OTBET: T=T, 1—h—2 =70 H.
2H



