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BUNET Ne 07 (CAPATOB): B0O3MOXHble peLieHUA U KpUTEPUU OL,EHNBAHUA

Kpurtepuu oneHnBanus:

JJ1s1 BONIPOCOB:
Ectb oTaenbHbIe paBUiIbHBIE cOOOpaskeHus — 1 6asLI.
OTBeT B LI€JIOM MPaBUJIEH, HO COACPKHUT CYIIECTBEHHbIE HETOYHOCTH, WU CYIIECTBEHHO HETIOJIOH, WIH
OTCYTCTBYET 00OOCHOBaHUE (JIsl BOIIPOCOB, B KOTOPBIX HEOOX0IMMO 000CHOBaHHE) — 2 GaJLia.
OtBer mnpaBuiieH, HO MPUCYTCTBYIOT MEJIKHWE HETOYHOCTH, WM OTBET HEJAOCTATOYHO IOJIOH, WIH
OTCYTCTBYET JIOCTAaTOYHOE OOOCHOBaHHE (AJis1 BOMPOCOB, B KOTOPHIX HEOOXOIMMO 0OOCHOBaHHE) — 3
oaJ1a.
OTBeT MONHOCTBIO NPABWIBHBIM, HO HEJOCTATOYHO OOOCHOBAHHBIN (471 BOIPOCOB, B KOTOPBIX
HEeoO0XoauMO 000CHOBaHKE) — 4 DaJla.
IIpaBriIbHBIH, TOIHBINA U 000CHOBAHHBIN OTBET — 5 0a/1/710B (MaKCHMAaJIbHAsI OL[EHKA).

Jlisi 3agay:
Ectb oTnensHbIe paBUIiIbHBIE cOOOpaskeHus — 1-2 faJia.
Ecthb uyacTh HEOOXOAMMBIX Ui PEIICHUS COOOpaKCHW, pElIeHHWE HE 3aKOHYEHO WM COAEPIKHUT
cepbe3Hble omuoOKu — 3-4 6ajJia.
[TpucyrcTByeT Oonblias 4acTb HEOOXOAMMBIX JJISl PEIIEHUsI COOOpaKEH UM, TPABUIIBHO 3alKcaHa 4acThb
HEOOXOMMBIX COOTHOLICHHUH, pEIICeHNE HEe 3aKOHUEHO WJIM COACPIKUT OIMOKN — 5-7 6aJLiI0B.
[IpucyTCTBYIOT BCE€ HEOOXOAMMBIE ISl PELICHUS COOOpa)KeHHUs, MPABWIBHO 3aMUCAHBl MOYTH BCE
HEOOXOAUMBIE ISl PEIICHHUS UCXOHbIE YPaBHEHUS, HO PEIICHHE HE 3aKOHUEHO MJIH COACPIKUT OIIHOKH
— 8-10 6an10B.
[IpucyTcTBYIOT BCE HEOOXOAMMBIE JJsi pPEIEHUs COOOpaKeHHs, NPAaBWIBHO 3allMCaHbl BCE
HEOOXOIUMBIE I PEIICHUs] UCXOAHbIE YPaBHEHHUs, PEIICHHE BHICTPOCHO MPAaBUIBHO ¢ (DU3HUECKOM U
JIOTHYECKOW TOYKH 3PEHUS], HO COEPKUT ommnoOku — 11-14 6annos.
[TpucyTcTBYIOT BCE HEOOXOAMMBIE JJs peleHUs COoOoOpakeHHs, NpPaBUIbHO 3alllCaHbl Bce
HEOOXOMMBIE /ISl pEIICHUS] HCXOIHBIE YPaBHEHHsI, PEIICHHE BHICTPOSHO MPABMIIBHO ¢ (U3NYECKOHN U
JIOTHYECKOW TOUYKU 3pEHMsI, HO COAEPKUT OJIHY-ABE MEJIKHE HETOUHOCTH, HE MO3BOJIUBIINE MOIYYUTh
NPaBUJIBHBIN OTBET, WJIM TPABWJIBHOE pEIIeHHE C HEeIO0CTaTOYHBIM OOOCHOBAaHHMEM CYIIECTBEHHBIX
UCTOJIb30BaHHBIX pe3yabTaToB — 15-17 6asiios.
[TpaBuiabHOE 0OOCHOBAaHHOE PEUICHHWE C BEPHBIM AHATUTHYECKAM OTBETOM, HO MEJIKOW HETOYHOCTHIO
IOpU TOJIYYEHUHM YHCIEHHOIO OTBETa, JIMOO MpaBUIbHOE pELIEHHE C MPaBUIbHBIMH OTBETaMU C
HE/IOCTaTOYHBIM OOOCHOBAaHHEM OJIHOTO M3 HCIIOJIB30BAHHBIX PE3yJbTaTOB (M3 YUCIIA HE KITFOUEBBIX
JUI peleHus, Ho HeoOXoaumbIx) — 18-19 6anoB.
[lonHoe, mnpaBuiIbHOE, OOOCHOBAaHHOE pEIIEHWE C MpaBUIbHBIMU oTBeTaMu — 20 0assioB
(MaKcMMaJIbHAS OLICHKA).

3ananme 1.
Bomnpoc: MaccuBHass BepeBKa BHCHT HEIMOJIBHKHO B TOJIE TSHKECTH. PacCMOTpPUM CHIIBI HATSHKEHUS
BEPEBKH, MPHJIOKEHHBIE K KOHI[AM €€ BBIICJICHHOTO y4acTka. UeMy paBHa pa3HOCTb TOPHU3OHTAIBHBIX U
BEPTUKAIBHBIX MIPOCKIHIA dTHX CHI?
3apava: OgHopoaHas ruOkas BepeBka quuHbl L =1m u maccoit M =320 noasernieHa K rOpH30HTAITBHOMY
MOTOJIKY TaKUM 00pa3oM, 4TO TIyOMHA «IIPOBHMCa» BEpeBKH paBHa h =25
cMm. Haiith MUHMMaNIbHYIO ¥ MaKCUMAJbHYIO BETMYUHBI CHJIBI HATSIKCHUS h
BEpPEBKHU. Y CKOpEeHHE CBOOOHOTO MajeHus paBHO ( ~10 M/, y

OtBer Ha Bompoc: Ha BbIIETEHHBIA Yy4aCTOK BEPEBKH JCHCTBYIOT TOJIBKO CHJIBI MPHIJIOKEHHBIE K €r0
KOHIIAM CHJIBI HATSDKEHUS U CHIIA TSDKECTH, KOTOpas HampasieHa BepTHKaIbHO. [Ipu 3TOM cymma cud,
MPUJIOKEHHBIX K TOKOAIIEMYCS Y4acTKy, paBHa HyJ0. [103TOMy pa3HOCTh BETWYMH TOPHU30HTAIBHBIX
MPOEKIUNA 3TUX CHJI paBHA HYJIIO (TOPU3OHTAIbHBIE MPOEKIMU OJMHAKOBBI M HAIpPaBJIEHBl B pPa3HbIE
CTOPOHBI), @ Pa3HOCTh BEJIMYMH BEPTUKATHHBIX ITPOSKIIUI paBHA BECY ITOTO y4acTKa.

Pemenne 3apaum: IlycTe @ - yrosn HakjioHa BEpEBKM K TOPU30HTaIM B TOUKE MojaBeca. Bec BepeBku
YPaBHOBCIINBACTCA BCPTUKAJIbHBIMU COCTAaBJIAIOIIUMH CHJI HATAKCHHA B TOYKaX MMoABECA, TO CCTb



2T sing =mg. PaccMOTpeB ycIoBHE PAaBHOBECHS TOPU3OHTAIBHBIX CHIL,

NPUIOKEHHBIX K «IIPaBOi» IMOJIOBUHE BEPEBKH, HalaeM, 9To | COS & = TO.

F 3 2,42
m
h Wckirouass yron ¢, MOAYYHUM BBIpaXKeHHE | =1/T02 + 49 . Tenepn

X o
2 » pPacCMOTPMM PpaBHOBECHE MaJoro »JJieMeHTa BepeBku umHON dl

Ty
HaAKJIOHCHHOT O 1101 YI‘HOM §0 K I‘OpI/I3OHTy, B HpOGKI_[I/ISIX HAaOCU X U y .

(T +dT)(cos@—sinpdg) —Tcosep =0
(T +dT)(sin @ + cos ) — Tsin o — mgd—LI o

[Tocne cokpareHus mog00HbBIX:
dT cosp—Tsinpdp =0

mg ., . mg
dl dT = —dlsinp=—dy.
- L T

dT sing+T cospdg = mgr

CyMMHpYsI MaJible TIPUPAIICHHUs TPAaBOM M JICBOW YaCTH 3TOr0 PABEHCTBA, HaigeM, uto | —T; = Emg.

[ToscTaBuB CrO/1a COOTHOLICHHE ISl | , MOJTydaeM ypaBHEHUE 1Ist |

2.2 2
T02+m 9 _ T0+£mg :>TO=m L—4E =12H.
4 L 8 \h L
SIcHO, 4YTO 3TO MHMHHMAJbHAS BEJIHMYMHA CHJIBI HaTsOKeHWS. MakcuManbHasg BeIWYMHA — 9TO
T =m(5+4ﬂj=2H.
8 \h L
OTBET: MuHumanbHasi BEIWYMHA CWJIbl HATSDKEHMS] y BEpPEBKM — B HWXKHEH  TOYKeE
mg( L h mg( L h
Ty =—=| ——4— |=12H, a MakcuManbHas — B TOYKax noaseca T = —| —+4— |=2H.
8 \h L 8 \h L
3aganue 2.

Bonpoc: Ilpu cxarum ofgHOro Mojsl OJHOATOMHOIO MJEAIBHOTO ra3a 3aBUCUMOCTh €ro aOCOJIIOTHOU
A
TEeMIIEpaTypbl OT MPOHM3BEJCHHOW HaJ HUM palboThl OKa3zajack JuHeWHou: T =T, +aE (Bmece R —

YHUBEpCallbHas ra3oBas MOCTOsiHHAs). [Ipu KakuX 3Ha4eHHSX A TEIJIOEMKOCTh T'a3a B 3TOM IpOIEcCe
oTpulatensHa’?

3apava: BepTukanbHBIN MIWIMHIPUYECKUN TETUIOU3O0IUPYIOMINN TIIAIKUI COCYT pa3/esieH Ha JIBE YacCTH
JIETKUM TOPU30HTAJIbHBIM TOpLIHEM. B HMKHEW 4YacTu cocyda HaxoOAWUTCS TelUid C TeMIlepaTypoil
t, =15°C, a BepxHsAs yacTh BaKyyMHPOBaHa, U B HEH HaXOIUTCS HEBECOMas BEpPTUKAaIbHAs NPYXHHA B
HeZeOPMUPOBAHHOM COCTOSTHUU. [lopiieHp ynepKuBaeTcs B 9TOM MOJIOKEHUU. 3aTEM €ro OTIYCKAroT.
[Tocne ycTtaHoBIeHUST paBHOBECHS OKa3aJoCh, YTO 00BEM, 3aHATHIN reiaueM, yBenuuuics Ha 50%. Haittu
HOBYIO TEMIIEpaTypy renus.

OtBer Ha Bompoc: CornmacHo | Hauany tepmoaumHamuiku, H3MEHEHHE BHYTPEHHEW OHHEPruu Tasa
3
AU =Q+A= E RAT (3mece Q — KONMYECTBO TEIUIOTHI, MOJABEAECHHONH K rasy). Ilo ycrmoBHio
R R 3 1
A=—(T -T,)=—AT. CnenoBarensro, Q= 57 a RAT. M3 53TOro COOTHOLIEHHWS HAXOIUM
a a a
3 1 2
TEII0eMKOCTh C = —— =| ——— [R. Takum obpaszom, C<0 mpu O<a<—.
AT \2 a 3

Pemenne 3agaun: [IycTh KOJMYECTBO MOJICH TeIHMs B COCYJIe PaBHO V, a €ro HavajabHBIH 00beM paBeH V .

. 3V AV V
Torna xoHe4yHbI 00bEeM paBeH > u nedopmarust npyxunbl X =——=— (S — ceuenue cocyna). B

S 2S5



KOHEYHOM  COCTOSIHMM  JaBJIGHWE Telisi  YPaBHOBEUIMBAETCS  CHWJIOH  yINPYrocTH  MPY>KUHBI

2vRT \Y 4vRT
S =kx= g kg —k=2"2g52 p NpolLecce CKATHA Ta3oM IPYKHHBl BHYTPEHHSs
3 kx®
DHEPrusl ra3za MEepexXOJuT B dHepruto aedopmanuu npyxunsr: —AU :EVR(T 1—Ty) = - . [Hoxcrasus
2vRT
CIOJIa MOJYYCHHBIC BBIpKCHUS it K U X, MOIydnMm: ng(T 1 -T,)= ;\/22 52 V =9, -T,)=T,.

CnenoBarensho, T, =0,9T, =t, ~-14°C.

3aganmue 3.
Bonpoc: [IpsMonuHEHHBI JUIMHHBIA POBOJ ¢ TOKOM W HEOOJBIIOE KONBIIO C TOKOM PACHOJIOKEHBI B
OJTHOM TUIOCKOCTH. B KakoM cilydyae OHU MPHUTATUBAIOTCS 32 CUCT MArHUTHOTO B3aMMOJICHCTBHS, a B KAKOM
— ortankuBaTca? OTBET 000CHOBATE.
3agaua: M3 MenHOI MPOBOJIOKH M3TOTOBIICH KBAIPATHBIM KOHTYP C MepeMbIYKOi. KOHTYp MOAKITIOYCH K
UCTOYHUKY TocTostHHOTO HanpspkeHus U =1,5B mexay Toukamu A u D u momenieH
B MarHuTHOE moyie ¢ WHAyKnuer B =4wTn, npudem CHIOBBIC JTUHHUH JICKAT B
IUIOCKOCTH KOHTYpa W TapauleibHBI JABYM €ro CTOpoHaM. Haiinure Benu4MHy H
HaIpaBJICHUE CUJIbI, JCHCTBYIOIIECH Ha KOHTYP CO CTOPOHBI MarHMTHOIO TOJS, a
TaK)Ke BETMYHMHY W HAIPaBJICHUE MOMEHTA CHJI, TTOBOPAYMBAOIIECTO KOHTYpP BOKPYT
ocu AC. VYnensHoe comporuBieHue Mpoojoku o = 0,018 MkOm-M, 1uIOIIaIBL

2
ceyeHMst MPOBOJIOKH S = 3,6 MM, JUTHHA CTOPOHKI KBajapara a = 1.

OtBer Ha Bompoc: B coorBercTBHM ¢ 3aKOHOM AMIIEpa, COHANPABICHHBIE TOKH NPUTATUBAIOTCS 3a CUET
MarHuTHOTO B3aUMOJCHMCTBUSA, a IPOTUBOHAIPABICHHBIE — OTTalKuBaroTcsa. Kpome Ttoro, cumna
MarHuTHOTO B3aUMOJICHCTBUSL TOKOB YOBIBAeT ¢ yBeJIHuUeHHEeM paccTosHus. [loaTomy pesynpTHpyromas
CHJIa, ¢ KOTOPOW MPSAMOJIMHENWHBIM TOK JEHCTBYET Ha TOK B KOJIblle, Oy/l€T CUJION NMPUTSKEHUs, €Cu B
OMKHEH IMPOBOJY TOUYKE KOJbIa TOK COHAIPABIEH C TOKOM B MPOBOJE, U OyAeT CHIION OTTaJKUBaHUS,
€CJIM TOK B 3TOM TOYKE MPOTUBOHAIIPABJIEH TOKY B IIPOBOJE.

a
Pemenne 3agaun: ConpoTUBIEHHE CTOPOHBI KBajgpara R = pg , Torja conporusieHue yyactka AC paBHO

Rv2 , a yaactka ABC — 2R. Ilpumem, uro noreHuuan A Beimie noreHuuana D.
HanpaBneHuss TOKOB IMoOKa3aHbl HAa pPUCYHKe. BennduHbl cuin Toka 00O03HAYMM

U
caenytomm oopazom: |, =1, 1, =l,, |5 =l u I =l,. ScHo, uToO Il:E'

J V2+1U Hanee HaXO0JIUM 4TO
T R+2R/N2+1) 3+42R’ ’
L. Y2 u o 1u
> 3442R * 3442R
OHpe,Z[CJII/IM CHUIJIBI AMnepa, HCﬁCTBymHlHG Ha OCTAJIbHBIC YYACTKH. CI/IHa, ﬂeﬁCTBYIOIHaH Ha y49aCTOK AB
1 aBU 1 BUS

3:3+\/§ R :3+x/§ o
aJ_Bb J2_Bus
\/_ 3+\/_ P

C HampaBJeHHeM «Ha HaOmoaarens». CymmapHas cuia

. Cuner Amnepa, neiictByromue Ha ydactku BC u AD, paBHBI HyIIO.

paBHa F,=aBl W HampaBlieHa «OT HaOIIOJATENs» MEePICHIUKYISIPHO

1ockocTy KoHtypa. s yuactka AC F = MIPU TOM K€ HAIPABJICHUH, a JJIS

J2 +1 BUS

CDh F,=aBl,=———=
4 ‘ 3+\/§ P




Toukamu mpunoxenust cun F, u F, MoxHo cumrath cepeaunsl yyactkoB CD u AB, mostomy oHH

UMCIOT OJWHAKOBBIC IIJICHH IIO OTHOIICHUIO K OCH AC, PaBHBIC | = , K TOMY K€ HaIIpaBJICHUA

a
2.2
CO37]aBa€MOr0 BpalleHUs OAUHAKOBBI. Ilneuo cunsl F, paBHO Hymo. Takum 00pa3oM, MOMEHT CHI

a J2+1 BUSa
22 2(3++2) p
KOTOpOM TOUKa D JIBHUXCTCA <«HA Ha6J'II-O,Z[aTCJ'ISI». HpI/I N3MCHCHHUU HOJ'ISIpHOCTI/I HaHpﬂ)I(eHI/Iﬂ CHhJ1a

OCTacTCA paBHOﬁ HYJIIO, BCJIMYMHA MOMCHTA OCTAcTCsA HpG)KHCfI, a HalpaBJICHUC HU3MCHACTCA Ha
IIPOTHUBOIIOJIOXKHOC.

~ 0,33H'M. DTOT MOMEHT CO3/[aeT HAMpAaBJICHUEC BPAICHHS, MPH

J2 +1 BUSa
23+~2) p

HAIpaBJICHUEC BpaAIlCHHA, IIPU KOTOPOM TOYKa D JABHKETCA «HA Ha6moz[aTen>1». HpI/I U3MCHECHUU
MOJIAPHOCTHU HAIPsOKCHUA BCJIMYMHA MOMCHTA OCTAaCTCA HpC)KHGfI, a HaIlpaBJICHUC HN3MCHACTCA Ha
IIPOTHUBOIIOJIOXKHOC.

OTBET: F =0H, npu ¢,> ¢, Benuunna momeHra cui M = ~ 0,33H'M, u OH co3zmaeT

3aganue 4.
Bonpoc: B xakux ciiydasx TOHKast JTUH3a GOPMHUPYET YMEHbBIIECHHbIE H300payKEHUS IPEIMETOB?
3agaua: HeGombIoi cBeTsANUiics 00BEKT PaBHOMEPHO JBUKETCS BAOJIb OCH TOHKOM JIMH3BI C (POKYCHBIM
paccrosaueM |F|=30 cM. B HekoTOpbIi MOMEHT BpEMEHHM BEJIMYMHA CKOPOCTU [BUIKEHHS OOBEKTA
OTHOCHTEJIbHO €r0 MHHMMOTO YMEHBIIEHHOIO H300pakeHHs OKasbiBaeTcs Ha N=12,5% Oonbiie, yem
BEJIMYMHA €r0 CKOPOCTH OTHOCHTEJIBHO JIMH3bL. HaiimuTe paccTossHuE MEXIy OObEKTOM M JIMH30M B ATOT
MOMCHT BpeMeHI/I.

OTBer Ha BOIIPOC: YBeauueHue I/I306pa)KCHI/IH JIJIE TOHKOM JTMH3BI onpeaciACTCA COOTHOHICHHUEM

pacCTOSTHUM OT JIMH3BI 0 M300pakeHWs W mpeamera: [ | =

b .
—{. Cormacao ¢opmyse TOHKOW JHH3HI,
a

1 + 1_1 = b__F =I, = IR . CienoBarenbHO, M300paxeHue Oyaer ymeHnbiieHHsM (17, <1),

a b F 'a a-F “la—F|
ecmu F >0 (cobuparormas nmu3a) u a>2F, a takke npu F <0 (paccemBaromias guH3a) U JH000M
peaTbHOM UCTOYHHMKE.

Pemenne 3apaum: J[ns «Mamoro» mpenMera, HaXOASIIETOCs HAa PAacCTOSHUU @ OT JUH3bI, U300paKeHUE
HAXOJWTCS HA PAcCTOSHUU D, KOTOpoe MOXHO HalTh 10 (opMysle TOHKOW  JIMH3BI:
1 1 1 aF

4+ Z="=h= . AHaAJIOrHYHO hipe: ¢ paccTostHusA a— VAt Hanjem
a b F a-F
2
1 1 1 a=VAt)F F
+ — === b+ VAt = ; CrnenoBarenbHoO, = — V. MHuunmMbie
a—-VvAt b+vAat F a—-VvAt—F (a-F)
__|FP
YMEHBIIECHHBIE H300pakeHHs CO31ar0T paccenBaroue jaun3el (F =—| F|), To ectp V' = WV. [Tpu
a+
3TOM OOBEKT «IOTOHSET» W300paKEHUE, U CKOPOCTh JIBWKEHUS O0BEKTa OTHOCHUTEIHLHO €r0 MHHUMOTO
, a(2|F|+a) u a(2|F|+a)
YMEHBIIEHHOTO U300pakenus U =V —V'=————=V. [lo ycnouto —, = —————— =1+n, nosromy
(a+|F) v |FI
a a o
m + ZE —-1-n=0=a= F|(-1++2+n)(BeiOpan TIOJIOKHUTEITHHBIN KOpPEHB). Hrax,

a=|F| E—1 ~13,7 cm.
8

OTBET: a= F|(-1++/2+n)~137 cm.

MAKCHUMAJIBHASA OIIEHKA 3A PABOTY: 100 BAJUIOB



