ONNMMMNUALA WWKO/IbHUKOB «MOKOPU BOPOBbEBbI FOPbl» no ®U3UKE
3AK/TIOYUTE/IbHbIN (PUHA/IbHDBIN) 3TAN 2017 roaa

BUNET Ne 01 (CAPATOB): pewieHusa n Kputepumn

Kpurtepuu oneHnBanus:

15l BOIPOCOB:

EcTb oTAenpHbIE TpaBUIbHBIE cOOOpaykeHus — 1 0asI.
OTBeT B LEJIOM NIPaBUIEH, HO COACPKHUT CYIIECTBEHHbIE HETOYHOCTH, WM CYIIECTBEHHO
HEMOJIOH, WJIM OTCYTCTBYyeT OOOCHOBaHHME (IJIi BONPOCOB, B KOTOPBIX HEOOXOIUMO
obocHoBaHue) — 2 GaJuia.
OTBeT IpaBWJIEH, HO NPUCYTCTBYIOT MEJIKME HETOYHOCTH, UM OTBET HEAOCTATOYHO IOJIOH,
WIH OTCYTCTBYET JOCTaTOuyHOEe OOOCHOBaHME (IS BOMPOCOB, B KOTOPBIX HEOOXOAMMO
obocHoBanue)\ — 3 6asIa.
OTBeT NONHOCTHIO MPABUIbHBIA, HO HEJOCTaTOUYHO OOOCHOBAaHHBINM (Ui BOIIPOCOB, B
KOTOPBIX HE0OX0MMO 000CcHOBaHKE) — 4 GaJia.
[TpaBUIBHBIN, MOJHBIN 1 00OCHOBAHHBIN OTBET — S5 0AJJI0B (MAKCHMAJILHAS OLlEHKA).

Jlns 3apay:
EcTb oTAensHbIC TpaBuiibHBIE cOOOpaskeHus — 1-2 6asuia.
Ectb yacTb HEOOXOIUMBIX ISl pEIICHHsS COOOpa)KeHWM, pEelIeHWE HE 3aKOHYEHO WIIU
COJICPXKUT Cepbe3HbIC OMUOKK — 3-4 faJia.
[TpucyrcTByer Oosiblasi 4yacTb HEOOXOJUMBIX Ul PEUICHHs COOOpa)K€HWil, MpaBUIIBHO
3alycaHa 4acThb HEOOXOJUMBIX COOTHOIIEGHUH, pEIIeHHWE HE 3aKOHYEHO WM COJCPXKUT
omnoOku — 5-7 6a/110B.
[TpucyTCcTBYIOT Bce HEOOXOAMMBIE ISl PelIeHrsl cCOOOpakeHUs, PAaBUIBLHO 3allMCaHbl TOYTH
BCE HEOOXOAMMBIE NJIsi PELICHMs] MCXOJIHBbIE YpaBHEHHUS, HO DPELICHHUE HE 3aKOHYEHO WIIU
coJIepKUT omuoOku — 8-10 6an10B.
[TpucyTCTBYIOT BCE HEOOXOIUMBIE JUIsl pEUIEHHs] COOOpakKeHMsl, MPAaBUIbHO 3alHMCaHbl BCE
HEOOXO/UMBbIE JJIsl pEIIeHUs] MCXOIHbIE YPAaBHEHMs, PEICHHE BBICTPOCHO MPAaBUIIBHO C
(bu3nYECKON U JOrMYECKON TOUKU 3pEHUS], HO COAEPKUT ook — 11-14 6anmnos.
[TpucyTcTBYIOT Bce HEOOXOAMMBIE Ul pElIeHHs] COOOpa)KeHUs, MPAaBUIBHO 3allUCaHbl BCE
HEOOXOIUMBIE Ui PEIIEHUs HCXOIHbIE YpPaBHEHUS, DPELICHHE BBICTPOEHO MPaBUIBHO C
(Gu3M4ecKoil M JIOTHYECKOM TOUKH 3pEHUs, HO COJIEPKUT OJHY-/IBE MEJKHE HETOYHOCTH, HE
MO3BOJIMBILIME TMOJYYUTh MPABWIbHBIM OTBET, WM MPAaBUIBHOE PELIEHHE C HEIOCTATOUYHBIM
000CHOBaHMEM CYIIIECTBEHHBIX UCIOIb30BaHHBIX pe3yabTaToB — 15-17 6anJios..
[IpaBriibHOE OOOCHOBAHHOE PEUIEHHE C BEPHBIM AHAJIWTUYECKUM OTBETOM, HO MEJKOH
HETOYHOCTBIO MpPHU TOJIYYEHUH UHUCIEHHOI'O OTBeTa, JHUOO NpPaBUIbHOE pEIIEHUEe ¢
MPAaBWIBHBIMU OTBETAMHM C HEJOCTATOYHBIM OOOCHOBAHHMEM OJHOTO W3 HCIOJIb30BAaHHBIX
pe3ysbTaToB (M3 YMCIIAa HE KIFOYEBBIX JJIS pelIeHus], HO Heo0XoauMbIX) — 18-19 6annnoB.
[TonHoe, mpaBMIIbHOE, OOOCHOBAaHHOE pEIIEHUE C MpaBWIbHBIMU oTBeTaMu — 20 6ajjioB
(MakcMMaJIbHAS OLIEHKA).

3ananme 1.
Bonpoc: JIudt ABMKETCS BEPTUKAIBHO BHU3 C YCKOPEHHEM & B OAHOPOIHOM I10JIE TSDKECTH ( .
BryTpu nmudra Haxonutcs HEOONBIIOW MSYUK Maccoi M. B ycTaHOBUBIIEMCS PEKUME MSYHK
MOKOUTCS OTHOCUTEIBHO Mu(Ta. Kak 3aBUCHT BelMWYMHA CHIIBI, C KOTOPOW MSIUMK JEUCTBYET Ha
TUQT, OT BEJIUYUHBI A ?
OtBer: B ycTaHOBUBILIEMCS pPEXHME MSIYUK JBUKETCS C YCKOPEHHEM &, CO3[1aBa€MbIM

pesyibTupytomiei cuiod F+mg=ma, rne F — cuna, aedicTByromas Ha MSYUK CO CTOPOHBI

nudra. ITo Tperbemy 3akoHy Herorona uckomas cuna F'=—F =m(g§ — &) . [Toaromy BenuunHa
9T0#t cuiiel F'=m|g —a|, To ecTh OHa yObIBaeT OT MQ [0 HYJIsA, KOrZla YCKOPEHHE PAacTeT OT



HYJISl 10 3Ha4Y€HUs (J, a 3aTeM JIMHEHHO pacTeT ¢ pocToM a. MOXHO oOpaTUTh BHUMAHHUE, YTO
npu a< (g MSIYUK MOKOUTCS Ha mouy nudTa, a mpu a> ([ — Ha MOTOJIKE.

3agaua: Ha rmagkom BEpTUKAJIBHOM CTEP)KHE HAAETHl TPH IIANHOBI, KOTOPBIE MPU CKOJIbKEHUU
[0 CTEP)KHIO OCTAIOTCS] TOPU3OHTAIbHBIMU. HrkHss 1m1aiiba ¢ Maccoil M moKouTcs

Ha JKECTKOM YIope, BTOpasi U TPEThsl — C OJUHAKOBBIMU MaccaMu 2M — MOKOSTCS

BMECTE Ha HEBECOMOH JUIMHHOW MPYKUHE KECTKOCThIO K, COCAMHSIONIEH BTOPYIO

maioy ¢ nmepBoit. OCh MPYKUHBI COBMA/IAET C OChIO CTEPXkHS. BepxHior mapy maiio

OIyCKAIOT BHU3 TaK, YTO BeNWYMHA JePOpMallMU TPYXKHHBI YBEINYHBACTCS B

MIOJITOPA pa3a U OTIIYCKAalOT, IOATOJIKHYB BHU3 C HEKOTOPOU ckopocThio. [Ipn kakoit
MaKCHUMaJbHOH BEIMYMHE OSTOW CKOPOCTH BTOpass W TpeThs ImIaiba Oynyt

COBepILIaTh rapMOHUYECKHE Kosebanusa? Y CKopeHre CBOOOTHOTO HaieHHs ( .

Pemenne: Eciiu B mporiecce IBMKEHUS BEPXHUE MIAObI HE OYAYyT OTPHIBaTHCS APYT OT APYra, a
HUOKHSISL — OT yIopa, TO Hapa BEepXHUX I1aild Oyner coBepilaTh rapMOHHUYECKHE KOJEOaHUS C

. 4m
qaCTOTOU @ = 4— . B cocTognuu nokos IIpy’XrUHa CKaTa Ha BCINYHUHY Alo = —Tg , 1 IIOCJIC
m
. . 3 6mg
CMEIICHUsT BepXHeW mappl Mmaid sra aedopmanus YBEIUYHBACTCS [0 EAIO = —T ,

mg

2
OTKJIOHCHME OT IIOJIOXKCHHUS PAaBHOBECHA COCTABUT X :T. HpI/I CTapTC C Ha4dYaJlbHOU

CKOPOCTBhIO  aMIUIMTyda  BO3HHUKIIUX TapMOHUYCCKHUX KoJIEOaHNH J0JDKHAa  PAaBHATLHCA

, 4m , |4m?*g? 4m ,
Xpy =41 Xg +— =, |——+ —V; . I/ITaK, MaKCUMAJIbHOC PACTAKCHHUEC IIPYKUHBI MOXKCET

4m’g*  4m , 4mg

paBHATHCS 2 + " Vg — K Y HWXKHSS 11aii0a He OTPBIBAETCS OT yIopa, €Clu Cuia
2.2
. 4m“g 4m , 4mg _mg
YOPYToCTHU PACTAHYTOU MPYXXUHBI HE IPEBLIIACT €€ Beca: k—2 + TVO - T < T "3

Im
JTOr0 OIPAHUYEHUS BUIHO, 4TO Vo < ( W . Bepxnue maiiObl He OyAyT OTpBIBATHCA APYT OT

Jpyra, €ciii UM He MPUAETCS OIYCKaThCs C YCKOpPEHHEM Oojblie (. AMIUIMTYAA YCKOPEHUs

k [4m?g? 4m ,
U MO3TOMY 3TO YCIOBHC BBIIIOJIHACTCA IIPpU —— —+TVO Sg , OTKyHa

2
amza) Xm’ am k2

3m
VO < g T . 3T0 OFpaHI/I‘-IeHI/Ie SABIISICTCA 60.]'[66 KCCTKHUM, H03TOMy HNMCHHO OHO OAacT OTBET HaA

BOIIPOC 3aJa4Hu.

Orser: ipu Vy < STm .

3aganue 2.
Bonpoc: Temmeparypy ofHOTO MOIS OJHOATOMHOTO HJIEATHHOTO Taza  yBETHUYHIN
n3oxopudeckn Ha AT , a 3areM H300apHUECKH €Ille Ha TaKylo K€ BEIMYMHY. BO CKOJNBKO pa3
COOOIIEHHOE Ta3y BO BCEM IPOIECCE KOJTUIECTBO TEILIOTHI OOJIBIIIE COBEPIIICHHON UM PaOOThI?
OtBer: YuuThiBasg BEIUYUHBI MOJSIPHBIX TEIJIOEMKOCTEH OJHOATOMHOTO HEalbHOTO Ta3a

3 5
Cy = 2 Ruc,= > R, HaxoauM, 94TO COOOIIEHHOE Ta3y BO BCEM IPOIECCe KOIMYECTBO TETIIOTHI



Q= g RAT + g RAT =4RAT . Pabora coBepmiaercsi ra3oM TOJBKO B HM300apHOM IIpoliecce, B

kotopoM A= pAV =A(pV)=RAT . 3HauuT, COOOIICHHOE T'a3y BO BCEM MPOIECCE KOJIUIESCTBO
TEIUIOTHI OOJIbIIIE COBEPILIEHHOM UM palboTHI B 4 pasa.
3agaua: Ha pucynke npencraBieHa TV —nuarpamMma IHKIa, B 4 3

KOTOPOM y4YacTBYeT IIOCTOSSHHOE KOJHUYECTBO OJHOATOMHOIO T
uneanpHoro raza. KIIJ[ storo mukna paBen 77 =8%. M3BecTHO,

YTO TemIepaTypa B COCTOSHUU 4 BO CTOJBKO e pa3 Oosblie 2 4
TEMIIEpaTypbl B COCTOSIHUM 2, BO CKOJBKO MOCIEIHAS OOJbIle K Vv
Temmneparypsl B cocrossauu 1 T, =250 K. Haiitu T,. 21 >

Pemienue: HetpyaHo 3amMeTuthb, 4To nporecchl 1-2 u 3-4 — u3oxopHsie, a nporeccsl 2-3 u 4-1 —
n300apHbIC (TeMIieparypa pacTeT MPOIMOPIHOHATBHO 00beMy). Takum 00pazoM, B KOOpAMHATAX
JaBlIeHNEe-00bEM JUarpaMMa 3TOro LUK/Ia umeeT BU npsmoyronbHuka. Ilycts T, = XT;. Torna,

corylacHO ycioButo, [, =XT, = XZTl. Kpome Toro, Ts = Vs = Va = T =x%, u mnosTomy
T, V, Vi T

T; = X3T1. Pabora B nukie ecte cymma paboT B M300apUUECKHX MpoIleccax, I KaxaA0ro u3

KOTOphIX A= PAV =A(pV)=vRAT . lostomy A=vR(T, =T, +T, = T,) = (x—1)* (X + )VRT;.

TerutoTa HarpeBarensi €CThb CyMMa KOJIMYECTB TEIUIOTHI, TOJBEIACHHBIX B TMIpOIEccax C

MTOBBIIIICHUEM TEeMIIEPaTyphl (u30x0pa 1-2 u n3zobapa 2-3):
Q= ng(I'2 -T))+ ng(I'3 -T,)= % (x =1)(5x* +5x + 3)VvRT;. Cnenosarensro, KIIJ[ mmkma
2(x% -1) .
=————. M3 ororo  coOTHOmICHHS ~ MOXHO  HaiiTH X.  Ilockombky
5X° +5x+3
(2-5n7)x* —5mx -2 -3 =0, TO, BbIOUpast MIOJIOKUTETbHBIN KOpPEHB!
517 + /16 — 167 — 3577
x=11 \/ i i ~1,315 . CnenosarensHo, T, = x*T, ~432K.
2(2-5n)

51 + /16 — 1677 — 35°

Oteer: T, = x°T, 432K, rie X =
2(2-5mn)

3agaunue 3.
Bomnpoc: [TpoBoioyHOE METANIMYECKOE KOJBIO IUIONAAbI0 S MOMENIEHO B MarHUTHOE TOJIE,
NEePHEHANKYISIPHOE IUIOCKOCTH Kosblla. WHAYKIUS MarHUTHOTO TIOJSl YBEIMYHMBAETCS C

y AB y
MMOCTOAHHOU CKOPOCTBIO E =b =const . Kakoe HAIPSXKCHUE MOKAXET WACAJIBHBIM BOJIBTMETD,

MOJIKITFOYEHHBIN K TOYKaM KOJIbIIA, YTIIOBOH pa3Mep AyTH MEeXIy KOTOpbIMH paBeH 120°7?

Oteet: D/IC, co3naBaeMoe BUXPEBBIM 3JIEKTPUUECKUM MOJIEM B yT€ KOJIbLIA, IPOTOPLIUOHAIBHO
€e JUIMHE, TaK K€, KaK U COMPOTUBIICHHE NyrH. NHAYKIIMOHHBIA TOK PaBEH OTHOIIEHUIO MOJTHON

OJIC E x noaHoMy cOnpoTUBIEHUIO R, TO ecTh HanpsbkeHue Ha KoHuax ayru U = % - %g =0.
3apaua: Tpu xonzmencatopa ¢ emkoctsiMu C, =1mx®, C, =2mkd, C, =3

MK®D coeMHEHbI B KOHTYP B BHJIE OKPY>KHOCTH C MEPEMBIUYKOH 110 THAMETPY. f Cs‘ }
KonTyp momenieH B nepeMeHHOE€ MarHMTHOE TIOJ€, CKOPOCTh H3MEHEHUs

MOTOKa 4epe3 KOHTYp mocTtosiuHa u cocraBimsier f =10 Bo/c. Kakoii 3apsi Cl-\- ‘ CZ;
o0pasyeTcst Ipu 3TOM Ha 00KIakax KonaeHcatopa C,?



Pemenne: PaccMoTpuM /Ba KOHTYpa, MPENCTABIISAIONINE COOON MOIYOKpYKHOCTH. B Kaxmaom
TakoM KOoHType Oyzaet HaBoauThes DJC nnaykiun E = E Torma cymma najieHuil Hanps>KeHUH

Ha 3JIEMEHTaX KaXXJ0ro KoHTypa paBHa cymme JJIC, neicTByrOIMX B 3TOM KOHType. Takum
f f
oOpazom, 9 & __ 1T u q—3—q—2:—. [Ipu »TOM cymMa 3apsijioB TpeX COEIUHEHHBIX
C; C 2 C; C, 2
00KJIaJIOK JIOJKHA PaBHATHCS HYIO: J; +(, + 03 =0. Beipaxas u3 nepBbIX IByX ypaBHEHHH (|,
C(C, -Gy f
C,+C,+C; 2
caMoM Jiefie HaM He ObUIO 3aJ]aHO HaNpaBJICHUE MOTOKA, ITOATOMY MBI HE MOXEM OIPEEIUTh
MOJIIPHOCTH 3apsiia KOHJAEHCATOPa — TOJIbKO BETUYHHY.
C1C, =G|
C,+C,+C; 2

U (,, U HNOACTaBJIsAA UX B TPETbE YPaBHEHME, HAXOAUM: (|3 = =2,5mkKin. Ha

OtBer: (; = =25 MK

3ananmue 4.
Bonpoc: JluH3a, MI0CKOCTh KOTOPOH BEpPTUKAIbHA, (POPMHUPYET ACHCTBUTEILHOE MTEPEBEPHYTOE
n3o0pakeHue miaMeHu ceeud. CBedy HEMHOTO OTOABHHYJIU OT JIMH3bL. YTO CTajo ¢ pazMepom
n300paxeHus?
OtBer: /leiicTBUTENbHOE IEpEBEPHYTOE M300paKEHUE CO3/aeT coOuparomias JUH3a IpU
pacCcTOSIHUM OT CBEYH JIO JIMH3BI, IMPEBOCXOAAIINM (OKYCHOE paccTosiHue JuH3bL [Ipu
YBCIUMUYCHUH PACCTOSAHHA OT CBCUMU OO JIMH3bI a paccTodaHue b or muH3BEI a0 I/1306pa)K€HI/I$I

1 1
YMEHBIIAETCS (B COOTBETCTBUU C (POPMYIION JTHH3BI — + b =D >0). [TockoapKy COOTHOIICHNE
a

pa3MepoB M300paKeHUsI U MpeaMeTa PaBHO COOTHOILIEHUIO PACCTOSHUN OT HHMX /10 JIMH3BI, TO
pasmep U300paXKeHHs] yMEHBIINUTCS.

3agaua: Touku A, B u C Haxoas4TCs Ha TJIaBHOM ONTHYECKOW OCU TOHKOW COOMpAIOLIEH JIMH3bI
(B naxomutcs mexay A u C). Paccrosuus mexay Toukamu | AB|=a=5cm u |BC|]=b=10cm.

Ecnu ncTtouHuk cBeTra MOMECTUTh B TOUKY A, TO €ro M300pakeHHe OKakeTcsl B Touke B, eciu
UCTOYHUK IOMECTUTh B TOUKy B, To m3o0paxenue Oyner B Touke C. Haiinure ¢okycHoe
paccTOsIHUE JIMH3BIL.

Pemienne: Ecnu Ob1 B Touke B ObUIO JeiicTBUTENBHOE HM300pa)kKeHHWE HCTOYHMKA, TO MPHU
NEpPEeHECEeHNN UCTOYHHMKA B TOUYKY B m3o0paxeHue okazanoch Obl B Touke A, a He Touke C.
CrnenoBarenbHO, B TOUKe B Haxonminocr MHUMOE U300pa)KeHne UCTOYHUKA U3 TOUKU A. 3HAYMT,
JMH3a HAaXOJIUTCS cjeBa OT TOUKU A, a nzoOpaxkeHuss B Toukax B u C — muumsble. [Tycth
X — paccTosiHHe OT JTUH3BI 10 TOYKH A. Torma, 3anmuceiBas GopMyiTy JTHH3BI ISl O0OUX CIIydaeB,

1 1 1 1 1 1
HOJ‘IleI/IMZ —_— = =— H - =—. BBI‘-ITCM Hn3 nepBoro ypaBHCHI/ISI BTOpOG,
X X+a F X+a Xx+a+b F

a(a+b)
b-a

60 cm

MNPpUBCACM IIOJYUYCHHOC BBIPAKCHUC K O6IJ_ICMy 3HaMCHATC/I, W MNOJOYYUM X =

2ab(a+b)
b-a)?

IToacrassiem 3T0 BBIPAKCHUC B IICPBOC YPABHCHUC U HAXOAHUM, YTO F=

2ab(a +b)

> =60 cm.

OtBer: F =
b—a)



ONMMMNUALA WWKOJ/IbHUKOB «MOKOPU BOPOBbEBbI FOPbI» no PUSUKE
3AKNIIOYUTE/IbHbINA (PUHA/IbHBIN) 3TAM 2017 roaa

BUJIET Ne 02 (CTABPOMMO/1b): peweHus n Kkputepumn

Kpurepuu onenuBanus:

J1si BOIIPOCOB:

Ectb oTnenbHbIe paBUiIbHbIE cOOOpaskeHus — 1 6asLI.
OTBeT B 1LI€JIOM MPaBUJICH, HO COACPKHUT CYIIECTBEHHbIE HETOYHOCTH, WM CYHIECTBEHHO
HEMOJIOH, WM OTCYTCTBYeT OOOCHOBaHHME (/71 BOIPOCOB, B KOTOPBIX HEOOXOIUMO
obocHOBaHue) — 2 GaJjia.
OTBeT mpaBWieH, HO NMPUCYTCTBYIOT MEJIKHE HETOYHOCTH, WJIM OTBET HEIOCTATOYHO IIOJIOH,
WIM OTCYTCTBYET JIOCTaTO4HOE OOOCHOBaHME (IJi1 BOIPOCOB, B KOTOPBIX HEOOXOIMMO
obocHoBanue)\ — 3 6asa.
OTBeT NOJHOCTHIO MPABWIIBHBIM, HO HEJOCTATOUHO OOOCHOBAHHBIN (/1711 BOIIPOCOB, B KOTOPBIX
HE00X0aMMO 000CHOBaHME) — 4 DaJLIa.
[IpaBuUIBHBIN, TOJHBIN 1 000CHOBAHHBIM OTBET — S5 0aJ10B (MAKCMMAJILHAS OI[€HKA).

s 3apay:
EcTh oTaensHbIe npaBuiibHbIE cooOpakenus — 1-2 faJuia.
EcTb 9acTh HEOOXOIUMBIX ISl PELICHUsI COOOPAKEHHIA, pelIeHNE HEe 3aKOHUEHO WII COICPIKUT
cepbe3Hble omuoku — 3-4 GaJuia.
[IpucyrcTByer Oosbplias 4acTh HEOOXOIMMBIX JUIsl PELIEHHs] COOOpaKeHWUH, NPaBUIBHO
3anMcaHa 4acTb HEOOXOAUMBIX COOTHOILIEHUH, PEelICHIE HE 3aKOHUYEHO HIIM COJIEPKUT OIIUOKU
— 5-7 6a10B.
[TpucyTcTBYIOT BCce HEOOXOIUMBIE ISl PEUICHHUS COOOpa)xXeHHs, TPABUIBLHO 3aMUCaHbl MMOYTH
BCE HEOOXOIMMBIC Ui PEIICHHS HCXOIHBIE YPAaBHEHUS, HO PEIICHHE HE 3aKOHYEHO WIIH
coJiepkuT omuoOku — 8-10 6ayLI0B.
[TpucyTcTBYIOT BCE HEOOXOOMMBIE Ul PELICHUs COOOpa)KeHMs, MPAaBUWIIBHO 3alMCaHbl BCE
HEOOXOAMMBIC JUISI PEUICHUs WCXOJHBIE YpaBHEHHS, PpEIICHHE BBICTPOSHO MPABHIBLHO C
¢bu3nveckoil 1 JOrnueckoi TOUKH 3peHHsl, HO COJIEPKUT omnoku — 11-14 6annos.
[TpucyTcTBYIOT BCE HEOOXOOMMBIE U PEUICHUS COOOpaXeHMs, MPABWIIBHO 3allMCaHbl BCE
HEOOXOAMMBIE JUISI PELICHUs MCXOJHbIE YpPaBHEHMs, PpEIIEHHE BBICTPOCHO MPaBHIBHO C
(GU3NIECKOl M JIOTHYECKON TOYKU 3pPEHHsS, HO COJACPKUT OJHY-IBE MEJIKHE HETOYHOCTH, HE
MO3BOJIMBIIME TOJTYYUTh MPABUIbHBIA OTBET, WM NMPABUWIBHOE PEIIEHHE C HEAOCTATOUYHBIM
000CHOBAaHHEM CYIIECTBEHHBIX MCIIOJIb30BAaHHBIX Pe3yJbTaToB — 15-17 GasJioB.
[IpaBuabHOE OOOCHOBAaHHOE pEIIEHHE C BEPHBIM AHAIUTUYECKMM OTBETOM, HO MEJKOU
HETOYHOCTBIO TIpW TIOJNYYEHHH YHWCIEHHOTO OTBeTa, OO0 TMpaBHIBHOE pEIIeHHE C
NPAaBUIBHBIMU OTBETAMU C HEAOCTATOYHBIM OOOCHOBAaHMEM OJIHOTO M3 HCIIOJIb30BAaHHBIX
pe3yNbTaToB (M3 YKCIa He KITFOUEBBIX JUISl pEIIeHUs, HO HeoOXomumbIx) — 18-19 6ansos.
[TonHoe, mpaBUIbHOE, OOOCHOBAHHOE peEIlIeHHEe C MpaBUIbHBIMH oOTBeTamMH — 20 GajiioB
(MakcuMaJIbHAA OllEHKA).

3aganme 1.
Bonpoc: /[Ba 0QMHAKOBBIX CTEPKHS, COCJUHEHHBIE ONMHAKOBBIMA HEBECOMBIMU IIPYKHUHAMU,
MMOKOATCA HA TJIAJKOM TOPU30HTAIBHOM NMOBEpPXHOCTU. OJHY M3 NpPYXHUH
HAaYUHAIOT MEJUICHHO CXXUMAaTbh, JICUCTBYs IIapOM «BCTPEYHBIX» CHII,
HampaBJIEHHBIX CTPOTrO BAOJb OCH MpYyXHHBL. YTOo mpu 3TOM Oyzaer
MPOUCXOJUTh C JIPYroil NpYyKWHOW — OHa OyJeT pacTATHUBaTbCi WIIH
ckuMatbesa? OTBET OOBSICHUTD.

OrtBert: [lpu «MeaneHHOM) C)KaTUU MOXHO CUMTaTh, YTO KOJieOaHMWsSI HE BO3HUKAIOT, U TOBOPOT
CTEep)KHEH OT HayabHOW OPUEHTALIUU MTPOUCXOAUT «KBAa3UPABHOBECHO», TO €CTh B JIIOOOW MOMEHT
BpPEMEHUM CyMMa MOMEHTOB CHWJI, JEHCTBYIONIMX HA Ka)XIbId W3 CTEpXKHEW, paBeH HYymt0. Toraa,
3alMChIBasl yCJIOBHUS PAaBHOBECHUS MOMEHTOB OTHOCHUTEIBHO TOUYKH INPUIIOKEHHSI BHEIIHEH CHIIBI,
3aMe4aeM, YTO MOMEHT CUJIbl YIPYTOCTH CKUMAaeMOW MPYKUHBI OTHOCUTENBHO 3TOM TOYKH PaBEH



HYJIIO, 1 TIO3TOMY PaB€H HYJIK0 M MOMEHT CHJIBl YNPYIOCTH JIPYroil NMPYKWHBI, TUIEYO KOTOPOU
OTHOCHUTENIBHO ATOM TOYKH HE PaBHO HYJIIO. 3HAYMT, CHUJIa YNPYTOCTH APYrol IPYKMHBI JOJDKHA
ObITh paBHA HYJIO, U MOSTOMY 3Ta MpYyXUHA He Oyner aegopmupoBaTbesi. OTMETHUM, YTO MPH
HEPaBEHCTBE MOJyJIei BHEIIHUX CHJI BCA CHCTEMa B OTCYTCTBHM KoJieOaHUU OyHeT NBUTAaTbCs C
MIOCTOSIHHBIM YCKOPEHHMEM, HO 3TO HE M3MEHUT BBIBOZA OO0 OTCYTCTBHM AeQopMaiiu y BTOPOMH
MPY>KUHBI.

33113'—132 Ha KOHILI€ JICTKOI'O CTECPXKHA, HNPUKPCIJICHHOIO0 C IIOMOINBIO TPEX OIAWMHAKOBBLIX

BEPTUKAIIbHBIX HEBECOMBIX IPYXUH K TOPU30HTAIILHOMY IIOTOJIKY, 1 2 3
HaxOAUTCS Ipy3 Maccod M . PaccrosHue Mexay NpyKMHAMHU U OT

KpailHell MpyXuHBl JO TIpy3a OJUHAKOBBl (CM. PHCYHOK). § § é
Hedopmaruu npy>XxuH OYeHb MaJIbI [0 CPABHEHUIO C UX JUTMHOM, o

a nedopMaluu CTEpKHS W TOTOJIKA MHOTO MeHblIe aedopmanuii npyxuH. Halitu cuisl
YIOPYTOCTH NMPYKUH. Y CKOPEHUE CBOOOIHOTO MaJIeHus g .

Pemenne: 3amumiemM ycioBUS paBHOBECHsI CHUJI, JEHCTBYIOIIMX Ha CTEP)KEHb, B IPOEKLUU Ha
BepTHKanpHylo ock: F +F,+F;=mg (cuner  ympyroctu  mpyxun  F,;  cuuTaem
MIOJIOKUTEIBHBIMU Il PacTAHYTOM npykuHbl). JloGaBMM K HHMM MpaBHJIO MOMEHTOB JUIS

CTEpXHS, 3alMCaHHOE  OTHOCUTEIBHO  «IEBOro» (Ha  pUCYHKE) Kpas  CTEpXKHS:

F, %+ F; 2—3!_ =mgL = F, + 2F; =3mg. 3necs MbI BOCIOIb30BAINCH HH(GOPMALMEN U3 YCIOBUS,

COIVIACHO KOTOpPOH MpH JJIMHE CTEepKHs L paccTosHHME MEXIAy NpYyKMHAMU U OT KpalHen
L
IIPYXXUHBI 10 IPy3a PaBHBI 110 3 Tenepp 3aMeTHM, 4TO, TAK KaK CTEP’KEHb U IIOTOJIOK OCTAIOTCS
MPSIMBIMH, TO iehopManyst BTOPOi MPYKUHBI, PACIION0KEHHONW TOYHO IMOCEPENHE MEXTY TTEPBOH
y y X; + X3
U TpeTbed, AOJDKHA PaBHATBCS NOINyCyMMe HMX Jedopmanuil: X, = ———. YMHOXas 3TO

COOTHOIIICHHE Ha OJMHAKOBBIN JUIS BCEX MPYXUH KOIPMHUIIMEHT jKeCTKOCTH K , TONyInM TpeThe
YpPaBHEHHE OTHOCHMTENBHO Tpex cun ynpyroctu: 2F, =F +F;. Pemas cucremy ypaBHeHuH,

2 1 4 .
HaxonuM, 4ro: F; = ~3 mg, F, = gmg, F; = gmg. Kak BHIHO, KpaliHsAsA «Cl€Ba» MpYKHHA
c)Karta, a JIBe Ipyrue pacTsHYTHI.
2 4 .
Otger: F = —gmg , F, = gmg , B3 = gmg , TO eCTb KpalHss «ClieBa» MPYXKUHA CXKaTa, a JBE
JpyTUe pacTSHYTHI.

3aganue 2.
Bomnpoc: B 3aMKHYTOM cocyjie MoJ] MOPIITHEM HAXOJIATCS OJJUHAKOBBIE MAacChl BOJBI  BOASIHOTO
napa B paBHoBecuu. [TopIieHb TUTABHO OMYCKAIOT, YMEHbBIIIass 00beM cocyna BaBoe. TemmepaTtypa
noJiiep kuBaeTcst moctosiHHOM 1 paBHOW T =50°C . Bo ckoibko pa3 mociie omycKaHus MOPIIHSI
Macca BOJIBI ITPEBHIIIAET MACCy BOJASIHOTO Tapa?

Orter: [Ipu o1nHAKOBBIX Maccax 0OBEMOM >KUIKOH BOJIBI MOXKHO ITPeHeOperars Mo CPaBHEHHIO C
o0bemoM napa. [1oaToMy MOKHO CUMTATh, UTO B JIBa pa3a yMeHbIIUJICS 00beM mapa. [Tockonbky
IUIOTHOCTH HACBIIEHHOIO BOJASHOIO Mapa MpU HEU3MEHHOW TEMIIEpaType HE U3MEHSETCS, TO
Macca mapa yMEeHBbIIMJIach MPUMEPHO B J[Ba pa3a 3a CUeT KOHJEHCAIlMHU, a Macca >KUJIKON BOJbI
yBEIMYMIACh HA MOJOBUHY HadaibHOI Macchl. Takum 00pa3zoMm, Mmociie OIycKaHus MOPIIHS Macca
BOJIbI IIPEBBINIAET MAcCy BOASHOIO Mapa B TPH pa3a.

3agava: B 3akpbITOM ¢ 000MX KOHIIOB HWIHHApPE 00beMOM V = 2 J1 cCBOOOIHO XOIUT HEBECOMBIit
TOHKUI TOpIIeHb. B mpocTpaHcTBE ¢ OMHOW CTOPOHBI MOPINHS BBOIUTCA M, =2 T BOJIBI; C

Apyroi CTOPOHBI MOpIIHA M, =1r a3zora. HaiiTu oTHomeHHe 00BEMOB YacTe LMIMHApPA TpPU



t =100°C. Monspuas macca Boasl 4, =18T1/Momb, MomspHas Macca azoTra i, = 28 I/MOIb.
YHuBepcanpHas ra3oBas nocrosinaas R ~ 8,31 Jx/momnsK.

Pemenue: YcranoBusiieecs JaBJICHUC HC MOXKCET ObITH OOJIBIIIC JAaBJICHUA HACBIIICHHBIX IIapOB

BOJIbl, KoTopoe npu Temnepatype t =100°C paBHO HOpManbHOMY aTMOC(hEPHOMY JABIEHHIO [ .
Ecnn Beca Bozma HaxomuTes B B LIMJIMHIPE B BHJE Iapa, TO JOJDKHO OBITE P < P, . Onpenenum

AaBJICHUEC IIapa, OPCAIOJOXHB, YTO BCA BOAA HCIIApUIacCh. C Y4€TOM YCIIOBHUS PaBHOBCCHUSA
IopmHgA 3aMedacM, 4YTO MOAABJICHUA BOJAAHOI'O IIapa W a30Ta JOJI?KHBI OBITh OJJHMHAKOBBI. 3

m m
ypaBHeHnii Menneneesa-Knaneiipona mns mapa u asora pV, =—RT u p(V -V,)=—2RT
H Ho

m  my \RT

HapgeM: P = — ~2,28-10° ITa, uro 3aBenromMo Oojblie P,. 3HAYUT, Halle
H Hp

MIPEANONI0KEHIE HEBEPHO, U HA CAMOM JI€JI€ YacTh BOJIbI (4yTh OOJIbIIE MOJIOBUHBI) HAXOIUTCS B

KHUOAKOM COCTOSHHUH. O6BeM )KPII[KOﬁ BOAbI OYCHBb MaJl, © €C BJIUAHUCM Ha IHNOPUHICHb MOXHO

npeHeOpedb. JlapneHue mnapa paBHO P, U TakuM ke OyleT [daBieHHE a30Ta. 3HAYMUT,

po(v_vl):&RT:\i:l_mZ—RT u V_l_ Vl ::LlZpOV 1~ pO

14 Vv WPV V, V-V, mRT = 0554.10°TTa

—1. Ecau

V.
UCIIOJIb30BATh 3HAYECHUE [y = 1,01-10° I1a, To monyunm, uto — ~ 0,82 .
2

V_l — Ho pOV 1~ pO
V, m,RT 0,554 -10°TTa

OTBer: -1, rne p, — HopMmanbHOE aTMOChEPHOE JaBIECHHUE, TO

V.
ecth — ~0,82. JInsd y4acTHHKOB JONYCKAJIOCh HCIONB30BAHHE OoNiee TPyOOro UHCIEHHOIO
2

V.
3HaueHus P, (Hampumep, P, ~10° Ila — Toraa V—l ~ 0,81).
2

3ananmne 3.
Bomnpoc: «CnaboHenpeanbHblil» TUOJ OTKpHIBAa€TCA NpHU HampsokeHUW, paBHoM | B, u B
OTKpPBITOM COCTOSSHUM MOXET MPONYyCTUTh J000W TOK Oe3 yBenuueHusi HampsbkeHus. Ero
noakmoydaroT Kk uctounuky ¢ J3JIC, paBasiM 4 B. Uemy OyneT paBHO OTHOIIEHHWE MOIIHOCTH
TCIIJIOBBIX HOTepB Ha IUOAC K MOIIHOCTU TCIIJIOBBIX HOTepL Ha BHYTpeHHCM COHpOTI/IBHeHI/II/I
uctounuka? ConpoTUBICHUEM COCTUHUTENBHBIX MTPOBOOB MPEHEOPEUb.

OtBer: Tok yepe3 auOA W Yepe3 UCTOYHHMK OyAEeT OJAMHAKOB, TIOITOMY OTHOIIEHHUE MOIIHOCTH
TEIUIOBBIX MOTEPh HAa AMOAE K MOLIHOCTH TEIUIOBBIX MOTEPh HAa BHYTPEHHEM CONPOTHBIICHUU
HMCTOYHMKA PAaBHO OTHOLICHUIO HampspkeHWi. Tak kak Ha auone HampsbkeHune pasHo 1 B, to
NaJicHNE NOTEHIMaIa Ha BHYTPEHHEM CONPOTHUBIIEHUN HUCTOYHMKA paBHO 3 B. Iloatomy nckomoe

1
OTHOILICHHE PABHO 3

3apava: B cxeme, moka3zaHHOW Ha pUCyHKe, 00a WCTOYHHMKA OJMHAKOBBI. J[MOM CyIIeCTBEHHO



OTIMYaeTcs  OT  MJCANBHOIO:  €ro  BOJBbT-aMIIEpHas
XapakTepucTuka  (CBA3b IIPOTEKAIOIIEr0  TOKa ¢
HalpsOKEHUEM) B OTKPBITOM COCTOSHUM  OIMCHIBACTCH

U 2
seipakenneM  1(U) =1, R rie |, — Tox xoporkoro { K

3aMBIKaHUs KayKJIOro M3 UCTOYHHMKOB, a E — Bemuumua D ]IC.
IToka xmou K pa3oMkHYT, KOHAEHCATOp 3apsbkeH 10 3apsnpa (. Kakoi 3apan Oyner Ha
KOHJIEHCATOPE B YCTAHOBUBILIEMCS PEKUME TTOCIIEC 3aMbIKaHUS KJTr04a?

Pemenne: PaccMoTpuM cHavalla COCTOSSHME CXEMbl J0 3aMblkaHus Kitoua. Hampsbkenue Ha
koHjJieHcaTope U coBmazaer ¢ HaNpsHKCHHEM Ha JIMOJE W Ha BETBH € MCTOYHHKOM. COrjacHO
3akony Oma niis yyactka nenu ¢ 9JIC Tok B nienu onpenensercs cootHomenuem: E—1r=U . C

2
. E U
JPYroi CTOPOHBI, I' = —, a TOK CBs3aH ¢ HanpspkeHueMm cootHomenueMm | =1,/ — | . ITostomy
0 E

2
U U .
(— +—-1=0 y W, HUCIIOJIb3Yys IIOJIOKUTCIIBHBIM KOPCHB 3TOI0 YPABHCHUSA, HAXOAUM, UYTO

E
J5-1 J5-1

U= TE 3Hauurt, () =CU = TCE. [Tocne 3aMbikaHus Kitoya oOpasyercst 6arapes u3

o r E
,Z[BYX NCTOYHHUKOB C TOHU XK€ BI[C n BHYTpeHHI/IM COIIPOTUBJICHUHEM — = ——. HOBTOpHH BHOBb
0

! 2 !’
U
BBIKJIAJIKM, IIOJy4UM HOBOE YpaBHEHHE Ul HANPsKCHUS (_Ej 2——2 0, orkyna

"= (\/5 -DE. CreoBarensHo, HOBBII 3apsiz Ha KOHJIEHCATOpe
2(\3 - 1)
\/_ _

q; ~118q;.

q,=CU’'=(/3-1)CE=""""~

2(/3-1) 1)
" 5-1

0; #1180, . 3aps KOHIEHCATOPA YBEITHUHICS.

Otser: Q, =

3ananmue 4.
Bonpoc: IToBepxHOCTh BOogOE€Ma pOBHAsl, TOKA3aTeIb MPETOMIIEHUS BOABI IPUMEPHO paBeH 1,41.
KakuMm MoxeT ObITh MaKCHMAJbHBIM yroil OTKJIOHEHHUS OT BEpTHKAJIM CBETOBBIX JIyueil B BOJE,
ecii He0Oo 3aTsHYTO o0akamMu?

Ortser: HpI/I 3aTAHYTOM oOrakamu HeOe OCBCIHICHUC IMOBCPXHOCTU IIpyda paCcCCAHHOC, TO CCTb
Jydd CBC€Ta Maaar0T Ha HMOBEPXHOCTH BOJbI IO BCEMH BO3MOKHBIMU YTJIaMU. MaxkcuManbHBIH

YroJ naaicHus paBCH 90° , 1 TIOOTOMY MaKCHUMaJbHBIN YroJi npeJIoMJICHUS (a 3TO U €CTh MCKOMBI

. 1. 1 1 .
yrox) onpenensiercs u3 3akoHa Crema: SiN(f,,) = —SiN(90°) = — ~ — ¢ ommoOKoil MeHee
n

141 2

0,5%. 3HauuT, IPUMEPHO C TAKOH e TOUHOCTBIO [, ~ 45°.

3agauya: BruioTHyI0 K TOpIy HPSMOTO IMJIMHIPUYECKOTO MPO3PAuYHOTO CTEP)KHS PACIIONIONKEH
MaJIeHbKUN MCTOYHMK CBETA, HCIYCKAIOIIET0 CBET BO BCeX HampaBieHMsX. [Ipu kakoi
MUHUMAaJIbHON BEJIMYMHE NOKA3aTeNsl IPEJOMIIEHUSI MaTepuaa CTEpXKHS N BCe JIydH, TONaBIINE
B CTEp>KEHb uepe3 Topel] BOJM3HU UCTOUHUKA CBETA, IOCTUTHYT €ro APyroro Topua?

Pemienue: Tak kak MakCHUMaJIbHBIM YroJl MaJCHUS JIy4ed OT MCTOYHUKA HAa TOpEL CTEPIKHS

/2
(44 %E, TO MPCIOMJICHHBIC JIY4HM COCTaBJIAIOT C OCBKO CTCPXKHA YIJIBI, HE IMPCBBIIIAIOIINC



- (1 . o
,Bzarcsm(— . IloaTOMy MHHMMANbHBI yron mageHUs JTyd4ed Ha OOKOBYIO MOBEPXHOCTb
n

T
CTepXHsI paBeH — — f. Jlist Toro, 4YTOOBI BCE Jy4H, MOIABIIME B CTEPKEHb 4Yepe3 TOpeIl OT

WCTOYHUKA, JOCTUIJIHM €ro JAPYroro Topia, Ha OOKOBOWM MOBEPXHOCTU Ui BCEX Jy4eil TOJKHO
MIPOMCXOJUTHh IIOJIHOE BHYTPEHHEE OTpakeHHWe. TakuM oO0pa3oM, JOKHO BBITOJHSATHCS

TpeboBaHuE sin(%—ﬂ]z%: cos(B) = l—n—l?_ 2%: n>+2~141.

OTtBer: npu N > \/E ~141.



ONNMMMNUALA WWKO/IbHUKOB «MOKOPU BOPOBbEBbI FOPbl» no ®U3UKE
3AK/TIOYUTE/IbHbIN (PUHA/IbHDBIN) 3TAN 2017 roaa

BUJIET Ne 03(Y®PA): pelueHns u Kputepum.

Kpurtepuu oneHnBanus:

15l BOIPOCOB:

EcTb oTAenpHbIE TpaBUIbHBIE cOOOpaykeHus — 1 0asI.
OTBeT B LEJIOM NIPaBUIEH, HO COAEPKHUT CYIIECTBEHHbIE HETOYHOCTH, WM CYIIECTBEHHO
HEMOJIOH, WJIM OTCYTCTBYeT OOOCHOBaHHME (IUIi BONPOCOB, B KOTOPBIX HEOOXOIUMO
obocHoBaHue) — 2 GaJuia.
OTBeT IpaBWJIEH, HO NMPUCYTCTBYIOT MEJIKME HETOYHOCTH, UM OTBET HEAOCTATOYHO IOJIOH,
WIH OTCYTCTBYET JOCTAaTOYHOE OOOCHOBaHME (IUIsI BOMPOCOB, B KOTOPBIX HEOOXOAMMO
obocHoBanue)\ — 3 6asIa.
OTBeT NONHOCTHIO MPABUIbHBIA, HO HEJOCTaTOYHO OOOCHOBAaHHBINM (Ui BOIIPOCOB, B
KOTOPBIX HE0OX0MMO 000CcHOBaHKE) — 4 GaJa.
[TpaBUIBHBIN, MOTHBIN 1 0OOCHOBAHHBIN OTBET — S5 0A/JI0B (MAKCHMAJILHAS OLIEHKA).

Jlns 3apay:
EcTb oTAensHbIC MpaBUiIbHBIE cOOOpaskeHus — 1-2 6asuia.
Ectb yacTb HEOOXOIUMBIX ISl pEIICHUS COOOpa)KeHWM, pEelIeHWEe HE 3aKOHYEHO WIIU
COJICPXKUT Cepbe3HbIC OMUOKH — 3-4 GaJwia.
[TpucyrcTByer Oosiblasi 4yacTb HEOOXOJUMBIX Ul PEUIEHHs COOOpa)K€HWil, MpaBUIIbHO
3alycaHa 4acThb HEOOXOJUMBIX COOTHOILIECHUH, pEIIeHHWE HE 3aKOHYEHO WM COJEPXKUT
omnoOku — 5-7 6a/110B.
[TpucyTCcTBYIOT Bce HEOOXOAMMBIE ISl PelIeHusl cCOOOpakeHHUs, PAaBUIBLHO 3allMCaHbl TOYTH
BCE HEOOXOAMMBIE JJIsi PELICHMs] WCXOJHBbIE ypaBHEHUS, HO PELICHHUE HE 3aKOHYEHO WU
coJIepKUT omuoOKu — 8-10 6an10B.
[TpucyTCTBYIOT BCE HEOOXOIUMBIE UIsl pEUIeHHs] COOOpakKeHMsl, MPAaBUIbHO 3alHMCaHbl BCE
HEOOXO/UMBIE JJIsl pEIleHUs] MCXOIHbIE YPAaBHEHMs, PELCHHE BBICTPOCHO MPAaBUIIBHO C
(bu3nYECKON U JOTMYECKON TOUKU 3pEHUS], HO COAEPKUT ook — 11-14 6anmnos.
[TpucyTcTBYIOT Bce HEOOXOAMMBIE Ul pElIeHHs] COOOpa)KeHUs, MPAaBUIBHO 3allUCaHbl BCE
HEOOXOIUMBIE Ui PEIICHUs HCXOIHbIE YpPaBHEHUS, DPELICHHE BBICTPOEHO MPaBUIBHO C
(GU3M4ecKoil M JIOTHYECKOM TOUKH 3pEHUs, HO COJIEPKUT OJHY-/IBE MEJKHE HETOYHOCTH, HE
MO3BOJIMBILIME TOJYYUTh MPABWIbHBIM OTBET, WM MPAaBUIBLHOE PELIEHHE C HEIOCTaTOYHBIM
000CHOBaHMEM CYIIIECTBEHHBIX UCIOIb30BaHHBIX pe3yabTaToB — 15-17 6anJioB..
[IpaBriibHOE OOOCHOBAHHOE PEUIEHHE C BEPHBIM AHAJIWTUYECKUM OTBETOM, HO MEJKOH
HETOYHOCTBIO MpPHU TOJIYYEHUH UHUCIEHHOI'O OTBeTa, JHUOO NpPaBUIBHOE pEIIEHUEe ¢
MPAaBWIBHBIMU OTBETAMHM C HEJOCTATOYHBIM OOOCHOBAHHMEM OJHOTO W3 HCIOJIb30BAaHHBIX
pe3ysbTaToB (M3 YMCIIa HE KIFOYEBBIX JJIS peIIeHus, HO Heo0XoauMbIX) — 18-19 6annos.
[TonHoe, mpaBMIIbHOE, OOOCHOBAaHHOE pEIIEHUE C MpaBWIbHBIMU oTBeTaMu — 20 6ajjioB
(MakcMMaJIbHAS OLIEHKA).

3ananme 1.

Bonpoc: Tpu onunHakoBbix rpy3a maccel M =100T cBszansl nonapHo (1-i co 2-M, 2-i ¢ 3-Mm)
JIBYMsI JIETKUMHU HEPaCTSHKUMBIMH HUTSMH. BepXHUU Tpy3 MOIHUMAIOT BBEPX C YCKOPCHUEM
a=5m/c’, Ba APYrMX MOXHMMAIOTCA 33 HEM. Ha ckonbko HBIOTOH pasiMyaroTCst CHIBI
HATSDKCHNS BEDXHEH M HIDKHEll HUTH? Y CKOpEeHHe CBOGOIHOTO najeHns g ~ 10 m/c?.

Otget: Critbl HaTSHKEHUSI BEpXHEH M HIDKHEH HUTH U CHJIA TSDKECTH — OTO CHIIBL, JICWCTBYIOIIUE
Ha BTOPOW Tpy3, KOTOPBIN JIBUIKETCS BBEPX C TAKUM XK€ YCKOPEHHEM, UTO U MEpPBbIA. Y paBHEHUE
JBIDKEHHsT dToro Trpysa ma=T,-T,-mg MO3BOJISIET HAWTH HMCKOMYIO Pa3HOCTh

T,-T,=m(g+a)=15H.

3agaua: Ha rmagkom BEpTUKAJIBHOM CTEP)KHE HAAETHI TPH IIANHOBI, KOTOPBIE MPU CKOJIbKEHUN



CTEPKHIO OCTAIOTCSl TOPU3OHTAIbHBIMU. HiokHsIs maiiba ¢ Maccoil 2m MOKOUTCS Ha
JKECTKOM yIope, BTOpass — C Maccod M — MOKOWUTCS HAa HEBECOMOW JUIMHHOU
NPY)KHHE KECTKOCThIO K, coenuusironiei ee ¢ mepBoit. OCh MPYKHUHBI COBMAIAET C
OCbl0 CTepkHsA. Tperpio maiidy, Macca KOTOpPOM TakXke paBHa M, cHadana
YAECPKUBAKOT HAa HEKOTOPOM BBICOTE HAJ BTOPOHM, a 3aT€M AKKypaTHO OTIYCKAloT.
[Ipn kakol MaKCUMalbHOM BEJIMYMHE OSTOW BBICOTHI BTOpask W TPEThs Iaiida,
MTHOBEHHO CIIMIIIIMECS B PE3yJIbTaTe HEYNPYroro coyaapeHus, OyAyT cOBepIIaTh
rapMoHu4eckue kojebanusa? YckopeHue cBOOOAHOrO NajeHus g .

Pemennie: Tperbs mraiiba mocie MafeHHs ¢ BBICOTBI N ymamer Ha BTOPYIO CO CKOPOCTBIO

V:m . Ilpu «MraHoBeHHOM» aOCOJIIOTHO HEYIPYIOM COYAApEHUM IOJHBIA MMITyJbC MV

COXpaHSETCS, U MO3TOMY O0pa30BaBIIeeCs TEJIO Macchl 2M HAYHET JBMKEHUE CO CKOPOCTHIO
% gh .

Vg = > = - Ecnu B mporuiecce nBUkKEHHsI BepXHHUE MIAHObI HE OyIyT OTPBIBATHCA APYT OT

Ipyra, a HIDKHSS — OT YIopa, TO Mapa BEpXHHMX a0 OyneT coBepliaTh TapMOHHYECKHE

K01€0aHus ¢ 4aCTOTOH o = 2— . B cocTosiHuu mokos npyskuHa Oblia ckaTa OJHOM maiboi Ha
m

m N .
BCJIIMYUHY All = —Tg . I[J'IH «IBOHUHOH» HIaHOBI PaBHOBCCHAsA ,I[e(bOpMaI_[I/IH JOJDKHa COCTaBJIAAThb

2m
Alz =——g, TO €CTh OTKIIOHCHHC OT IIOJOXKCHUIA paBHOBeCI/Iﬂ B MOMCHT CTapTa COCTAaBUT

k
mg

Xo =T (ocp X HampaBieHa BHM3). 3HAUMUT, AMIUIUTYJa BO3HUKIIUX TapMOHHUYECKHX

KOJICOAHNH [JIOJDKHA paBHATBCA X, =, (X +—V§ =,———+—— . Hrax, MakcumalbHOE

2,2
m<g +mgh_2mg

b
k2 k k
OTPBIBACTCA OT yIOpa, €CIM CWIA YHPYTOCTH PACTSHYTOM IIPYKHWHBI HE IPEBBIIIAECT €€ Beca:

PacCTAKECHUC TIPYKUHBI MOKET PaBHATBHCA M HIDKHAA Iaiba He

2,2
m g + mgh _2mg < 2mg . 3 aroro orpannvenust BUIHO, 4To h SlSm. Tak kak 1manobI
k K K k k
[0 YCJIOBHIO «CIMIUIUCHY», TO CJIENYeT CUMTaTh, YTO Jajiee OHM He OYyAYT OTpPBhIBAThCS APYr OT
Jpyra u3-3a BO3SHUKIIMX cuII cuerieHus. C Apyroil CTOpOHBI, €CJIA YYaCTHUK NIPEATIONAral CHUIbI
CLEIUICHNS MaJlbIMHU, TO TOTAA CIENOBAJIO 3alACaTh yCIOBHE OTpbIBA. OHO JOJDKHO COCTOSTH B
TOM, YTO BEpXHEH Iaiibe He MpHUIETCS OMYCKaThCi C YCKOpeHHeM Ooiblie ( (€Ciu CHIIbI
CLEIUIEHUS NPEHEOPEKUMO Malbl, TO TOJIBKO CHJIa TSDKECTH MOXKET COOOIIMTH €l YCKOpEHHE,

HalpaBI€HHOE BHM3). AMIUIMTYya YCKOpPEHMs a,, =a)2Xm, M TO03TOMY OTO YCJIOBHEC

k |m?g® mgh mg

BBINOJIHSACTCS NpH ——,[———+—— <, oTkyna h<3—. B sTom ciyuae HMEHHO Takoe
2m\ k k k

OTpaHUYEHUE JIaeT OTBET Ha BOIPOC 33auu.

Y

m o
Otsert: ipu h < 157 , €CJIM CUJIBbI CLIETIJICHUS 1Iai0 TOCTaTOYHBI Ui yAepKaHUs UX BMECTE B

m .
—g, €CIIH CHJIbI CLEIJICHUS a0

nporecce JIBIKEHUS (IOMyCTHUMBIH BapuaHT — mpu h <3
MIPEANOIATAIOTCS MaJIBIMH ).

3amanue 2.



Bonpoc: Haiinure pasHHIly MOJISIPHBIX TEIUIOEMKOCTEH HJI€aIbHOTO ra3a B H300apHOM U
MN30XOPHOM IIPOLECcCax.

OtBert: [Ipu N30XOpHOM TIpoIIECCe KOJMYECTBO TEILIOTHI, COOOIIAEMOE MOJIIO HJICAIbHOTO Ta3a,
UJIET TOJBKO Ha YBEJIIMYCHUE €r0 BHYTPEHHEN YHEPTUH, KOTOpasi MPOMOPIHOHAIbHA a0COTIOTHOM
temnepatype raza: Q, = AU =c, AT . IIpu n3o0apHoM — Ha Takoe )K€ yBeIMYCHUE BHYTPEHHEN
PHEPTUUM U COBeplIaeMyro Ta3oM paboty A= pAV =A(pV)=RAT. Takum obpa3om,
Qp =C,AT =AU + A=c, AT + RAT . 3nauut, c, —C, =R.

3agauya: Pabo4yuM TeIOM TEIIOBOM MalIWHBI sBistercs 1 Ac

MOJIb OJHOAQTOMHOTO HJCaJIBHOTO Ta3a, COBEPIIAOIINN 5R1_, .1 2
IMKIMYECKUI  IMpollecc,  auarpaMmma  KOTOporo B 2 Lo |
KOOPJIMHATAX «TEIIOEMKOCTh — TEMIIepaTypa» 0Ka3aHa Ha  4p Lo :
pucyHke. M3BecTHO, 4YTO MakcuMalbHas aOCONIOTHAs —"3:: : :é'
TEeMIeparypa Ta3a B IHUKJIC OOJbIIE MHHAMAIBHOW B 2 Lo :
n=42 pa3. Haiitu KIIJl mukna. YpaBHeHue amuadathbl i i i
JUIS OJIHOATOMHOTO MzeanbHoro raza  pV >3 = const . 0 3 1 T

Pemenne: Kak BUAHO MO 3HAYEHHSIM TEIIOEMKOCTH, LIUKJI COCTOUT U3 U300apsl (1-2), n30Xopsl

(2-3) wm ammabarer (3-1). Terutora HarpeBatenss Q, =Qp, =gR(I' ,—T;), a Temwiora

3 Qx 3(T, —Ts)

xonoguibHuka Qy =—Q,3 = =R(T, —T;). [lostomy KIIJ] nukna n=1- =1- )
’ 2 Qx 5(T, -T,)

ITo ycnouro T, =nT;. Tak xak npouecc 3-1 — 10 axmabara, TO pr15/3 = p3V35/ 3 Us

ypaBHeHus Menneneea-Knaneiipona cnenyer, yro pV; =RT;, u p;Vy; =RT;. 3nauur,

V, V, T
T1V12/3 :T3V32/3. Ho V3 :VZ’ U TI03TOMY 3_2__2 (1_2 o H306apa!), Ma1 IPHXOIHT K
Vi Vi1
3/2 _ 1502 _2I5
cootHomieHutro I, -1, =T;"“ =T, =n“"T;. Belpaxas B dopmyne g KIIJ| Bce
TeMITepaTypbl 4epe3 T, momydaem: 7 =1— 3(n-1) 82 -7 N
KE) . 5(n_n2/5) 10(2\/5_1) y
Orser: 77 =1- -1 _ 8V2-7 ~24%

5(n-n?%) 10(2v2-1)

3ananue 3.

Bonpoc: CripaBe/yiuB J11 AJ1s1 HUTH JIaMIIbl HakanuBaHus 3akoH Oma? OTBeT 00bsICHUTE.

OtBet: HuTh J1aMIibl HaKaJlMBaHUS OTJIMYAETCS OT OOBIYHOTO NMPOBOJHUKA TEM, YTO B paboyem
pEeKMME OHa OYEHb CYIIECTBEHHO pas3orpeBaercd. llpum yBennMueHHMH HanpsHKEHWsT HA HUTU
Jamrbl HaKaJUBaHUS YBEIUYMBAETCA TOK, M YBEJIMYMBAETCS MOIIHOCTb TEIJIOBBIJCICHUS
P =Ul . ITosTromy yBennunBaeTcsi paBHOBECHAsI TEMIIEpATypa HUTH, a C HE — U COMPOTHBIICHHUE
HuTH. [loaTOMYy TOK yepe3 HUTH OyJeT pacTu He MPSAMO MPONOPLIUOHATIBHO HAMPSIKEHHIO, a
MeJJIeHHee — HEJMHEHHbIM o0pa3oMm. 3HauMT, 3akoH OMa Juis HUTH JIaMIlbl HaKaJMBaHUS B
O0OBIYHOM CMBICIIE HETTPUMEHUM. MOKHO MCT0Ib30BaTh 3aKkoH OMma B popme U = R(1) -1 .

3agaua: Ilpu u3MepeHHM CONPOTHBIEHUS BOJb(YPAMOBOM HUTH JAMIIOYKH B «XOJIOJHOMY
pexume (mpu Temmeparype okono 0°C) OHO OKa3amoch PaBHEIM R, =340Mm. B «pabouem»
pPeKUME JIaMIOYKy MOAKMoYaroT K akkymyiastopy ¢ OJIC £ =100B wu BHyTpeHHHM

comporuBienueM I=190mM, u npu stoM oHa motpebmser MomHOCTh N =25Bt1. Haiitu
TEMIepaTypy HHUTH JIaMIIOYKH B «pabouem» pexume. TemmepaTypHbiii Ko3ddumueHt



conpoTuBieHus Boib(pama o ~41.-107° K', W3MecHeHHEM OTHOLICHWS JUIMHBI HHTH K
TUTIOINAN €€ CEYCHHUs BCJICJCTBHUE TEIJIOBOTO PACIIMPEHUs BOJIb(PpaMa MOKHO MPEHEOPEUb.

Pemienne: B COOTBETCTBUU C YCIIOBHEM 3aa4d, U3MCHCHHE CONPOTHBIICHHUS HHUTH JIAMIIBI B

3aBHCHMOCTH OT Temrepatypsl t onuchkiBaercs BelpaxkeHneM R = R;(1+ at). Tok yepes nammy
RE?

B pabouem pexume | = , a morpebisemas MomHocts N =———. U3 9r0ro
R+r (R+r1)

COOTHOHICHUS HAXO0AUM CONPOTUBJICHUC HUTH JIAMIIbI B pa6oqu PEKUME!

BeiOpan 60nb1nii U3 1ByX KOpHEH M0JIy4€HHOIO KBaJpaTHOIO YPABHEHUS, TaK KaK MEHBIIMNA He
YIOBJIETBOPSIET 0O4eBHIHOMY TpeboBanuio R > R,. Teneps MOKHO BBIpDa3HTh TEMIIEPATYPY HUTU
R

yepes3 HalJIeHHOe ConpoTuBiIeHue: t = — R —1|~2400°C.
&\ Ro

g r g rlé&l

OtBer: t = — ~ 2400°C.

+ [ —
a |2NR, R, ANR, R, |NR,

3aganue 4.
Bonpoc: Ilpu kakux ycloOBUSX JMH3Y MOXHO CUUTATh TOHKOM?

OtBer: [Ipu BbIBOJEe (GOpMyNbl TOHKOW JMH3bI MPEHEOPEraloT €€ TONIIMHOM U 3aMEHSIOT
CHUHYCBI U TAaHTEHCHI YTJIOB IMaJICHUS U MPEJIOMIICHHUS] Ha X BEIMYUHY B paJuaHHON mepe. s
KOPPEKTHOCTH TaKUX JEHCTBUH TOJNIIMHA JIMH3BI JOJKHA OBITh MalOW IO CPaBHEHHUIO C
pa3MepaMu JMH3bI, a YIIIbI MMaJICHHs U TPETOMIICHHSI TOJDKHBI OBITh MajbIMH (JIOJDKHO paboTaTh
napakcuaibHoe npulmpKkeHue). Tak Kak JIMH3a orpaHuyYeHa cepUIECKUMU MTOBEPXHOCTIMHU, TO
YCJIIOBHE MaJIOW TOJIIMHBI JIMH3BI MOXKHO Takke C(HOpPMYIUpPOBaTh KaK YCIOBHE MaJIOCTH
JTUaMeTpa JIMH3BI IO CPAaBHEHUIO C paJlycaMu KPUBU3HEI €€ c(hepruuecKrX MOBEPXHOCTEH.

3apgaya: B TOHKON HeEmpo3pauyHOW MIUPME €CTh KPYIJIO€ OTBEPCTHE, B KOTOPOE ILUIOTHO
BCTaBJICHA TOHKasl JMH3a (paJnuyc JMH3BI COBMANAET C paanycoM oTrBepcTus). [lo ogny cTopony
oT uH3bI Ha pacctostanu L = 40 cM oT Hee moMeIieH dKpaH, MIOCKOCTh KOTOPOTo MapajuiesibHa
IUIOCKOCTH JIMH3BL. [l0 Jpyryr0 CTOpOHY OT JIMH3BI Ha €€ ONTHYECKOW OCH pPACIOJararoT
TOYCYHBIA MCTOYHHK CBETa — TaKUM OOpa3oM, 4TOOBI Ha SKpaHE HAOIIOAANOCHh €ro YeTKOoe
nzo0paxkenue. Korna k 3Toi JUH3€E MJIOTHO MPHXXKAJIM BTOPYIO TOHKYIO JIMH3Y, PAJARYC KOTOPOH
qyTh OOJIbIIE pajHnyca MepBOd, Ha dKpaHe 00pa3oBaJlOCh CBETIIOE MSATHO C PaaHMycoM B N =2
pasa MEeHbIIIe paanyca OTBEPCTUA B mupme. HailTu onTryecKkyro cuity BTOpO# JuH3bI. M3BECTHO,
YTO BTOpAas JIMH3a — COOMPAIOIIAs.

Pemenne: [TockonbKy mepBas JinH3a co3faeT M300pakeHWe UCTOYHHMKA Ha 3KpaHe (TO €CTh 3TO
NEHCTBUTENbHOE HM300paKEeHUE), TO TepBas JHH3a TOXe sBisiercs cobupatomeit. Ecnmu ee
OIITHYECKYIO CHIy 0003HaunTh D), a paccrosiHMe OT MCTOYHMKA A0 JIMH3BI — &, TO, COTJIACHO

1

q)opMyne JIMH3KI, Dl = —+E. HpI/I TECHOM INPWXATHUU ABYX TOHKHUX JIMH3 HX OINTHUYCCKHC
a

CHUTBI
cknazabiBatoTcs. [ToaToMy onTuyeckas cuiaa COCTAaBHOW JIMH3BI
— o0 D;+D, >D;. Tak kak onruyeckas CuiIa JHH3bBI
yBEIMYHMIAch, TO TOYKA MEPECEUCHUS] HMPEIOMIICHHBIX JIyden
npuOJIM3NTCS K JIMH3€ — KapTUHA XOfa JIyueil n3obpakeHa Ha
puCyHKe. 3HaYHT, PacCTOSHHE 0 HOBOTO H300paKEHUS PAaBHO




n

OTIpeNeNsIeTCsl U3 COOTHOLICHHs IOJ00Us TPeyroJpHUKOB: b+—=L=>b= 1 L. Hosas
n n+
1 n+1
3anuch Gopmynsl nuH3bl D, + D, = —+—L. Berauras u3 Hee mpeaplAyNIyI0, HAXOIUM, YTO
a n

1
D, = — =+1,25 TuTp.
2701 Horp

Otser: D, = iL = +1,25 lnTp.
n



O/IMMNUALA WWKOJ/IbHUKOB «MOKOPU BOPOBbLEBbI NOPbI» no ®USUKE
3AK/IIOYUTE/IbHBINA (PUHANBbHBIN) 3TAN 2017 roga

BUNET Ne 04 (EKATEPUHBYPT): pewieHna n Kputepum

Kpurepun oueHuBanmsi:

151 BONIPOCOB:

EcTp oTnensHbIC paBMIIbHBIC COOOpaXkeHus — 1 aJw.
OTBeT B LEJOM MpaBHJIEH, HO COAEPKUT CYIIECTBEHHbIE HETOYHOCTH, MJIM CYLIECTBEHHO
HEIOJIOH, HJIM OTCYTCTBYeT OOOCHOBaHUE (Ui BOINPOCOB, B KOTOPBIX HEOOXOAUMO
obocHOBaHue) — 2 GaJuia.
OTBeT MpaBWJIeH, HO NMPUCYTCTBYIOT MEJIKME HETOYHOCTH, UJIM OTBET HEAOCTATOYHO IMOJIOH,
WIA OTCYTCTBYET JIOCTaTOYHOE OOOCHOBaHHE (I BOIPOCOB, B KOTOPBHIX HEOOXOAUMO
obocuoBanue)\ — 3 6asa.
OTBeT MOJHOCTHIO NPABWIBHBIA, HO HEIOCTaTOYHO OOOCHOBAHHBIM (AJI1 BOMPOCOB, B
KOTOPBIX HEO0X0IMMO 000CHOBaHHUE) — 4 OaJwia.
[IpaBunbHBIN, MOTHBIN U 0OOCHOBAHHBIN OTBET — S5 0AJI0B (MAKCHMAJILHASA OLIEHKA).

Jliusi 3anay:
EcTb oTenpHbIE TpaBUiIbHBIE cOOOpakeHus — 1-2 6aJuia.
Ectb yacth HEOOXOOUMBIX ISl PEIICHUS COOOpaKeHWid, pelIeHHe He 3aKOHYEHO WIU
COJICPIKUT Cepbe3HbIC OMUOKHU — 3-4 GaJjlia.
[TpucyrcTByeT Ooublas 4YacTb HEOOXOJUMBIX U PEUICHHsS COOOpa)K€HWil, MPaBUIBHO
3amycaHa 4YacTh HEOOXOJUMBIX COOTHOIICHHWW, PEIICHHE HE 3aKOHYCHO WM COJEPIKUT
omuoKku — 5-7 6a/I0B.
[TpucyTcTBYIOT BCe HEOOXOAUMBIE JUISl PEUICHUSI COOOPaXESHHUS, IPABIIILHO 3aIMCAHBI TIOYTH
BCE HEOOXOAMMBIC N7l PEHICHHUS HCXOIHbIC YpPaBHEHHS, HO pEIIeHHE HE 3aKOHYEHO WIU
coJlepkUT omuoOKu — 8-10 6a10B.
[TpucyTcTBYIOT Bce HEOOXOAMMBIE Ul PELIeHHs COOOpakeHUs, MPaBUIbHO 3alMCaHbl BCe
HEOOXOJMMBIC ISl pEIIeHUS WMCXOIHBIE YpPaBHEHHs, PEIICHHE BHICTPOSHO NPABWIIBHO C
(bu3MUecKoil 1 JTOrnYecKoi TOUKH 3pEHHsI, HO COePKUT onoku — 11-14 6asnoB.
[TpucyTcTBYIOT Bce HEOOXOAMMBIE JUIS PEIICHHS COOOpaKeHWs, NMPaBUIBHO 3aIMCaHBl BCE
HEOOXO/MMBbIE JJIsl pEIlEeHUs] MCXOIHbIE YPAaBHEHMs, PELICHHE BBICTPOCHO MPAaBUIIBHO C
(GU3NIECKOI M JIOTHYECKON TOYKH 3PEHUS, HO COJEPKUT OJHY-IIBE MEJIKHE HETOYHOCTH, HE
MO3BOJIUBIIIUE MONTYYUTh MPABHIBHBIM OTBET, WM MPAaBUIBLHOE PELICHHE C HEIOCTATOUYHBIM
000CHOBAaHHEM CYIIIECTBEHHBIX MCIIOIb30BAaHHBIX Pe3yabTaToB — 15-17 6anJioB.
[TpaBuibHOE OOOCHOBAHHOE pELIEHHE C BEPHBIM AHAIUTUYECKUM OTBETOM, HO MEJIKOU
HETOYHOCTBIO TIPH TIOJYYCHHH UHWCIEHHOTO OTBETa, JHUOO TPaBUIBHOE peIIeHHE ¢
MPAaBUJIBHBIMU OTBETAMH C HEJOCTATOYHBIM OOOCHOBAaHHMEM OJHOTO U3 HCIOJIb30BAHHBIX
pe3ynbTaToB (M3 YKCIa He KIIFOUEBBIX JUIS PEIIeHUs, HO Heo0XouMbIx) — 18-19 6annos.
[TonHoe, mpaBUiIbHOE, 0OOCHOBAaHHOE pEIICHHE C MPaBUIbHBIMH OTBeTamMu — 20 6asioB
(MakcuMaJIbHas OLIEHKA).

3aganme 1.
Bonpoc: Tsokenyro THPIO OTIyCKaloT 0e3 HadadbHOW CKOPOCTH C HEKOTOPOW BBICOTHI.
OnnoBpemMeHHO ¢ 3emuin OpomieH kamemiek. Kynma B HadaibHBIE MOMEHT JOKHA OBITh
HampaBlieHA CKOPOCTh KaMHs (€CIM OHa JIOCTaTOYHA IO BEJIMYMHE), YTOObI KaMeHb IMomnai B
TUPIO BO BpeMs majieHus? COMpOTUBICHHE BO3TyXa OTCYTCTBYET.

Otsert: Ilepeitnem B cucTeMy OTCYETa, CBSI3aHHYIO ¢ TUpEr. B 3Toil cucteMe oTcuera yCKOpeHue
KaMHs B TOYHOCTH PaBHO HYNIO (B OTCYTCTBHE CONPOTHBIIEHHS BO3[yXa B CHUCTEME OTCUETa,
CBSI3aHHOM ¢ 3eMIIeH, BCe Tella JBMKYTCS C YCKOPEHHUEM CBOOOHOTO maieHus ). Takum oOpa3zom,
KaMEHb JBUKETCS OTHOCHUTEIIbHO TUPH MO MNPSIMOW, U JJIsl MONaJaHusi B HAYaJbHBIA MOMEHT
BPEMEHHM CKOpPOCTbh KaMHS JOJDKHA OBbITh HampaBjieHa TOYHO Ha rupro. BepHemcs B cucremy
OTCUETA, CBA3AHHYIO ¢ 3eMieil. B HauanbHBIM MOMEHT BpEMEHHM CKOPOCTh TMPU paBHA HYJIO, U



CKOPOCTb KaMHS OTHOCHUTECJIIbHO HEC paBHA €TI0 CKOPOCTH OTHOCHUTECIIBHO 3emn. 3Ha‘II/IT, 1 B OTOM
CUCTCMC OTCUCTA CKOPOCTh KaMHs JOJIZKHA OBITh HaIlpaBJICHA TOYHO Ha I'UpLO.

3agauya: C nByX cTOpoH oBpara mupuHou L =20M ogHOBpEeMEHHO OpOIIEHBI JIBa HEOOIBIITHX
kamHsi. HauanbHble CKOPOCTH KaMHEW OJMHAKOBBI M HAIMPABIICHBI
NEPIEeHIUKYIAPHO APYT APYry, TOYKU OpOCaHMsI HAXOIATCS Ha
olHOU ropu3oHTaM. (OKa3aaoch, YTO CKOPOCTH KaMHEW BHOBb
OKa3aJMCh MEPHEHAUKYISPHBI IPYr OPYry TOYHO B TOT MOMEHT
BPEMCHH, KOTJIa PACCTOSHUE MEXKIYy HUMH OBUIO MHHHMAJBHO.
HaiiTn BenmuumHy HadyaJbHOM CKOPOCTHM KaMHEH. YCKOpeHHue

cBOGOHOrO mageHus g ~ 10 M/c%, conpoTHBICHHEM BO31yXa IIPEHEOPEUb.

Pemenue: Ilycts V;, — HauanbHBIE CKOpocTH KamHel (|Vy |=|V, |=V), u mpu sToM ckopocTh

MEpPBOr0 KaMHs HampaBjeHa MOJ YIJIOM ¢ K TOpu30HTY. Torma 3akoH M3MEHEHHsI CKOPOCTH
KaMHed Vy,(t)=V;, +§t. B yka3aHHbBIi B yCIOBUM MOMEHT BpPEMEHH CKOPOCTH KaMHEH

HepreHIUKYISPHBI, TO ecTh Vi (t) -V, (t) = 0. ITockombky u V; -V, =0, TO U3 3TUX COOTHOLICHUIA
v[cos(«) +sin(«)]
g
OTCYETa, CBS3aHHYIO C IIEpBBIM KaMHeM. B 3Toil cucreme orcyera

BTOPOW KaMEHb ABUKETCS MO MPSIMOW C MOCTOSHHOW CKOPOCTBIO.
DTa CKOPOCTh paBHA BEKTOPHOW Pa3HOCTH HAYAJIBHBIX CKOPOCTEH

KamHeil: Vy, =V, —V;. Tak Kak 3TOT TPEYroibHHK BEKTOPOB

cienyer, yto V; - +V, -gt+¢ t2=0=>t= . Tlepeiinem Temeps B CUCTEMY

CKOpPOCTEeM pPaBHOOCIPEHHBI U MPSMOYTOJBHBIM, TO MOKHO
3aKJIIOUYUTh, YTO OTHOCUTENILHO IEPBOTO KaMHS BTOPOM ABMKETCS

. . T .
o mnIpssMOH, HAIIPABJICHHOU 1104 YIJIOM IBZZ—Q’ K JIMHUHU, COCAUMHAIOIICH HadYaJlbHBIC

ITOJIOKCHU A KaMHeﬁ, CO CKOPOCTBIO V' =V\/§ . 3Ha‘lI/IT, TO TOYKH MaKCHUMAaJIbHOI'O COJIMIKEHUS

Lcos(B)  L[cos(x) +sin()]
V' 2v

HOCKOJ’ILKy 9TO TOXKE CaMOC€ BpPEM:A, YTO U BPEMs ABHIKCHUA OO TOYKU NCPHCHIAUKYIIIPHOCTH

v[cos(a) +sin(a)] _ L[cos(x) +sin(«)] —~ V= \/E =10m/c
g B 2v - 2 - '

OrBer: V= 1/%" =10 wm/c.

3amanmue 2.

BTOpOIl KaMeHb OyAeT JBUTaTbCcsl B TEUEHUM BpeMeHu =

CKOpOCTEH, TO

Bonpoc: XonoauibHas yCTaHOBKA NEPENAET TEIUIO OT «XOJOAUIbHUKA» K «PauaToOpy» 3a CUET
coBepiieHus paboThl Hax pabounm TeaoM. ODPGEKTUBHOCTH €€ JCHCTBUSA OMKCHIBAIOT

«XONIOUIBHBIM K03 unmeHToM» K = QTX Mosket 1 K 6b1Th Gostbiie 100%?

OtBer: MoxeT. B COOTBETCTBUM € 3aKOHOM COXPAaHEHHUsI SHEPIHH, JUUIS XOJIOIUIBHON YCTaHOBKHU

Qu =0y +A= A=Q, —Qy . IMostomy kK :%, u npu Qy <2Qy  momywaercs
H — WX

k >100% .

3amaua: B MOpo3uibHON Kamepe MOAJep)KMBAeTCs MOCTOsSHHAs Temmeparypa t, =-18°C, a
paguaTop XOJIOMMIBHHUKA TPH 3TOM MMeeT Temneparypy t, =+33°C. U3BectHO, 4TO padouee

TEJIO XOJIOVIIBHOW YCTAaHOBKH COBepIIaeT MUK KapHO (COCTaBICHHBIN U3 IBYX M30TEPM U ABYX
annabart), a ero cxaTtre 00eCleYnBaeTCs ANEKTPOABUTATEIEM, KOTOPBIA MOTPEOISET MOITHOCTh



P =20 Br. KII/l snekrpoxBurarens (¢ yderom Bcex morteps) 77,, =30% . Kakoe kommuecTBo

Teljla TOCTYIaeT B MOPO3WIBHYIO KaMepy OT BHEIIHEW cpensl 3a BpeMs 7 =1MHH B 3TOM
pexxume?

A T
Pemenne: KIIJ[ mukma Kapuo 7=— =1—-% (3mecs T, — 3To TemmepaTypa pammuaropa,
H H
KOTOpoMy oTaaercs Terio). CienoBarenbHo, A = o (A+Qy), otkyna Qy = T
H H !X

Pabora moTopa 3a ykasanHoe Bpemst A=, P7, a Konu4ecTBo Teria, KOTOPOE IOCTYyIaeT B

A.

MOPO3HJIBHYIO KaMEpy OT BHEIIIHEH Cpcabl B YCTAHOBHUBHICMCA PCXKUMCE B TOYHOCTHU PABHO
KOJIW4YCCTBY TC€IlJIa, OTBCACHHOMY XOJIO,I[PIHBHOﬁ YCTaHOBKOﬁ, TO €CTb QX . HTaK,

T
Qy = X nyP7=1800 k. MOXHO OTMETHTb, YTO XOJIOAWIBHBIA KO3((UIHEHT
Ty —Tx
|
YCTaHOBKM U3 yCIOBHS SBHO Gonbme 100%: k = —*— =500% .
H—Ix
Tx
OtBer: Qy = ———n P7 =1800 Ix.

3ananue 3.
Bonpoc: OOxiaaky KOHAEHCATOPA OJMHAKOBBI M PACHOJI0KEHbI CHMMETPUYHO OTHOCUTEIBHO
HEeKOTOpoil rockocTu. Emkocts koHmeHcaTtopa C =1mk®. Ha onny oOkianky HaHeceH 3apsij
g, =+3mkKn, Ha gpyryto — (, =+2MxKi. Yemy paBHa pa3HOCTh NOTEHIHAJIOB MEXKIY
oOkankamu?

Otger: [lone Mexnay oOKIagKaMH KOHJEHCATOpa B JaHHOM CJIydyae PaBHO PA3HOCTH MOJEH
0; -0y d = 0; -0y — 0,5B.

28, 2C

3agava: Omnpenenute 3apsa, KOTOPbIA MPOUJET Yepe3 CONMPOTHUBICHUE —] —
R, mocne pasmeikanusa xmoda K. DJIC ucrounmka &€ =125B, ero R; R

IJIaCTUH, IIO3TOMY U=

BHyTpeHHee conpoTusieHue I' =10 OM, Beln4nHbI BCeX COMPOTHUBICHHUI
paBubl R, =R, =R, =R, =200m, C =20 Mx®. R,

Pemienue: Tak kak uyepe3 KOHIAEHCATOpP MOCTOSHHBIA TOK HE TE€YET, TO K
npu 3aMKHyTOM Kiodue K pa3HocTh moTeHIManoB Ha OOKIJIaaKax |

KOHJIeHCaTopa paBHa HanpspkeHnto U, Ha conporusienun R, . Tak xax |I

R, n R; coemuHeHbl MeXIy coOOi MOCIeI0BaTENbHO U 00a OHM HapaulelbHbl R,, TO TOK B
ER, +R;+R,)
Ri(R, +R3)+r(R, + Ry +R,)
_ R, [ ER,
R, +Rs+R,  R,(R,+Ry)+r(R, +R;+R,)’
ERYR,
Ry(R, +R3) +r(R, + Ry +R,)

BETBU C UCTOYHUKOM | = . Tok wepe3 compoTtuBnenne R, paBen

I, u HanpspKeHue Ha HEM

U, =R,I, = CrnenoBarenbHO, 3aps] Ha KOHJEHCATOpe IpHU

ER4R,
R,(R, +R3)+r(R, +R; +R,)
pa3HOCTh MOTEHIMAIOB Ha OOKIaJKax KOHJeHcaropa OynerT paBHa HampsbkeHnto U;  Ha
g

conpoTtuBieHn: R;. B aToM ciyuae cuia Toka uepe3 R, paBHa |’ = TR IR U HanpsDKEHUE
r+R, +Ry

3amMkHyTOM Kimoue (=CU, =C

. Ilocne PasMbIKaHUA KJIFOYa K



g

HA  HEM U;=R;l'=R; ———. 3HauuT, 3apsa] Ha  KOHJEHcarope
r+R, +R
2 TR3
, g
qQ'=CU; =CR;——————_. Ilpu pasmblkaHuu KJIO4Ya IPOUCXOIAUT  Iepe3apsaKa
r+R, +R,
KOHJEHCATOpa — IUIACTHHA, MOJKIYEHHAas K IOJIO)KUTEIBHOMY IIOJIIOCY HCTOYHUKA,

OKAa3bIBAETCSI MOAKIIIOYEHHON K €ro OTPHIATEILHOMY MOJIOCY, TO 3apsii, MPOXOAAIINN depes
CONpOTHBIEHHE R;, cOeAMHEHHOE MOCIENOBAaTEIbHO C KOHJACHCATOpOM, OyIeT paBeH CyMMe

R,R R
5TUX 3apsaaoB, T.e. AQ=0q+q =C& 42 + 3 ~1,7 MK
Ry(R, +R3)+r(R, +R; +R;) r+R,+R,
R,R R
Otreer: AQ=q+q'=C& 42 + 8 ~ 1,7 mKi1.

R,(R, +R3)+r(R, +R; +R,) r+R,+R;

3aganue 4.
Bomnpoc: Ot 4yero 3aBUCUT oNTHYECKAs CHJIa TOHKOH JIMH3bI?

OtBer: Onrtuueckas cuna D TOHKON JTUH3BI 3aBUCUT OT TOKAa3aTelss MPEIIOMJICHHUS BEIIECTBA
JTUH3bI (OTHOCUTENBFHO OKPYXAIOMIeH Cpelbl) — 4eM OOJbIle ATOT MOoKa3aTellb, TeM OOoJblle
abcoitoTHasl BeJIMYMHA ONTHYecKoM cuibl. Kpome Toro, onTudeckas cujga TOHKOH JIMH3bI
3aBHCUT OT PaJUYCOB KPHUBHU3HBI €€ c(hepHuecKHX IOBEPXHOCTEH — ueM OOJbLIe PaInyChl
KPUBHU3HBI, TEM MEHBIIE ONTHYECKas CHJA. 3HAK ONTHYECKOW CHIIBI (T.e. TOT (DaKT, YTO JIMH3A
ABIIIETCSL COOMpArOIIel UM PacCerBalolleil), 3aBUCUT OT THUIA JIMH3BL: eclii 00e ceprudeckue
MOBEPXHOCTH BBINYKJIBIE WM PAJAMYC KPWUBU3HBI BBIIYKIOW IMOBEPXHOCTH MEHBINIE pajyca
KpUBHU3HBI BOorHyToM, To D >0 (IuH3a coOmparomas), eciim o0e cheprueckue MOBEPXHOCTH
BOTHYTBIE WJIM PAJUyC KPUBU3HBI BBIMYKJIOW IOBEPXHOCTH OOJBIIE paanyca KpPUBU3HBI
Boruytoii, To D < 0 (yimH3a paccenBarorias).

3agava: Ha rnaBHON onTHYECKOI OCH JIMH3BI PACIIOIOKEHBI IBA TOUEYHBIX HCTOYHHKA CBETA Ha
paccrostaun L =25 cMm apyr ot apyra. Jlunza ¢ poxycHsM paccrostauem F =10 cm Haxomurcs
MEX1y UCTOUYHMKaMu. Ha Kakux paccTOSHUSX OT KaXJOro W3 MCTOYHUKOB HAXOIUTCS JIMH3A,

€Clin I/I306pa)KeHI/I$I 000MX HCTOYHHUKOB OKa3aJliCh B OIHOM Touke?

Pemrenne: O603HAYNM PacCTOSHUS OT JIMH3bI 10 TIEPBOrO UCTOYHUKA U €T0 H300paXeHUs a; H
b,, a mo BTOpOTO — A, U b, COOTBeTCTBEHHO. SICHO, YTO OJHO U3 M300pAKEHUI OyIET MHUMBIM

(MCTOYHHKH HaXOJISATCS 10 Pa3Hble CTOPOHBI OT JIMH3BI, & M300PaXKEHUsI — 110 OJHY CTOPOHY).

ITycTe MHHMBIM SIBISICTCS M300paKeHHE OT HCTOYHMKA 2. 3amumeM (opMyny JIHH3BI IS
1 1 1 1 1 1

KaKIOr0 UCTOYHHKA. —+-—=— U — —— =— (Bemp b, =-D0)). Ilo ycnoBuio, & +a, =L.
aa b F a, b F

BbipaxkaeM M3 3TOr0 COOTHOIICHHS @, W MOJACTABIsSEM €ro BO BTOPOE YpaBHEHHE, a 3aTeM

CKJIa/JbIBAEM  ypaBHCHHsS  IOWICHHO.  Ilody4aeM  ypaBHEHHE  OTHOCHTEIBHO 8!

LF
alz - La.l + 7 =0. I[Ba €ro KOpHA KakK pa3 OTBCYAKOT paCCTOAHHUAM OT JIMH3bBI JO UCTOYHUKOB!:

=|_+\/|_2—2LF L—+L?-2LF

ay ~18cmu a, = ~ T cM.
2 2
L+VL2-2LF
OrtBer: JIuH3a HaXOIUTCS HA PACCTOSHUU @ = > ~ 18 ¢cM OT OJHOTO HUCTOYHHUKA U
L-+vL2-2LF
Ha pacCTOSIHUU A, = ~ [ CM OT IpyTOTO.

2



O/IMMNUALA WWKOJ/IbHUKOB «MOKOPU BOPOBbLEBbI NOPbI» no ®USUKE
3AK/IIOYUTE/IbHBIN (PUHANBbHBIN) 3TAN 2017 roaa

BUNET N2 05 (MOCKBA): pewueHua u Kputepum

Kpurtepuu oneHnBanus:

15l BOIPOCOB:

EcTb oTAenpHbIE TpaBUIbHBIE cOOOpaykeHus — 1 6as.
OTBeT B LEJIOM NIPaBWIEH, HO COACPKHUT CYIIECTBEHHbIE HETOYHOCTH, WJIM CYIIECTBEHHO
HEMOJIOH, WM OTCYTCTBYeT OOOCHOBaHHME (IJI1 BOIPOCOB, B KOTOPBIX HEOOXOIUMO
obocHoBaHue) — 2 GaJuia.
OTBeT IpaBWJIEH, HO NMPUCYTCTBYIOT MEJIKME HETOYHOCTH, UM OTBET HEAOCTATOYHO IOJIOH,
WIH OTCYTCTBYET JOCTaTOuHOEe OOOCHOBaHME (IJIsI BOIPOCOB, B KOTOPBIX HEOOXOAMMO
obocHoBanue)\ — 3 6asIa.
OTBeT NOJHOCTHIO MPABUIbHBIA, HO HEJOCTaTOYHO OOOCHOBAaHHBINM (Ui BOIIPOCOB, B
KOTOPBIX HE0OX0MMO 000CcHOBaHKE) — 4 GaJa.
[TpaBUIBHBIN, MOJHBIN 1 00OCHOBAHHBIN OTBET — S5 0AJUI0B (MAKCHMAJILHAS OLIEHKA).

Jlns 3apay:
EcTb oTAensHbIC paBUiibHBIE cOOOpaskeHus — 1-2 6asuia.
Ectp 4WacTh HEOOXOIMMBIX MJIsi pEIICHUS COOOpaKeHW, pelIeHHe HE 3aKOHYEHO WU
COJICPXKUT Cepbe3HbIC OMUOKH — 3-4 faJwia.
[TpucyrcTByer Oosiblasi 4yacTb HEOOXOAUMBIX Ul PEUIEHHs COOOpa)K€HWil, MpaBUIIbHO
3alyucaHa 4acTh HEOOXOJMMBIX COOTHOILIEHUHM, pElIeHHWe HE 3aKOHYEHO WM COJEPXKUT
omnoOku — 5-7 6a110B.
[TpucyTCTBYIOT Bce HEOOXOAUMBIE ISl PEeIIeHUsl COOOpaKeHU s, TIPABUIIBLHO 3aMKUCaHbl TOUTH
BCE HEOOXOAMMBIE NJISl PEIICHUs HCXOIHbIE YpaBHEHMs, HO pPELIEHHE HE 3aKOHYEHO WJIU
coJlepkUT omuoOku — 8-10 6an10B.
[TpucyTcTBYIOT BCe HEOOXOAUMBIE JUIsl pelIeHHs] cOOOpakeHHs, NMPaBUIIbHO 3alMCaHbl Bce
HEOOXO/UMBIE JJIsl pEIleHUs] MCXOIHbIE YPAaBHEHMs, PELICHHE BBICTPOCHO MPAaBUIIBHO C
(bu3nYECKON U JOTMYECKON TOUKU 3pEHUS], HO COAEPKUT ook — 11-14 6anmnos.
[TpucyTcTBYIOT Bce HEOOXOAMMBIE Ul PELeHHs COOOpakeHUs, MPaBUIbHO 3alMCaHbl BCe
HEOOXOIUMBIE Ui PEIICHUs HCXOIHbIE YpaBHEHUS, DPELICHHE BBICTPOEHO MPaBUIBHO C
(GU3MUecKoil M JIOTHYECKOM TOUKH 3pEHUs, HO COJIEP>KUT OJHY-/IBE MEJIKHE HETOYHOCTH, HE
MO3BOJIMBILIME TMOJYYUTh MPABWIBHBIM OTBET, WM MPAaBUIBLHOE PELIEHHE C HEIOCTATOYHBIM
000CHOBaHMEM CYIIIECTBEHHBIX UCIOIb30BaHHBIX pe3yabTaToB — 15-17 6anios.
[IpaBuiibHOE OOOCHOBAHHOE PEUIEHHE C BEPHBIM AHAIWTUYECKUM OTBETOM, HO MEJKOM
HETOYHOCTBIO MpPU TOJIYYEHUH UHCIEHHOI'O OTBeTa, JHUOO NpPaBUIBHOE pEIIeHUEe ¢
MPAaBWIBHBIMU OTBETAMHM C HEJOCTATOYHBIM OOOCHOBAHHMEM OJHOTO W3 HCIOJIb30BAaHHBIX
pe3ysbTaToB (M3 YMCIIa HE KIHOYEBBIX JJIS peIIeHus], HO Heo0X0oauMbIX) — 18-19 6annoB.
[TonHoe, mpaBMIIbHOE, OOOCHOBAaHHOE pEIIEHUE C MpaBWIbHBIMU oTBeTaMu — 20 6ajjioB
(MakcMMaJIbHAS OLIEHKA).

3ananme 1.
Bompoc: J[Ba oTpe3ka JIECKH HM3TOTOBJICHBI M3 OJAMHAKOBOro Martepuana. [lpm sToM amamerp
NepBOIl JIECKH B JBa pa3a MEHbIIE, YeM y BTOpOM, a JyMHa — B JiBa pa3a Oomsbiie. [log Becom
NPUKPETUIECHHOTO K KOHITY JIECKH T'py3a IepBasi JIeCKa pacTsHYJNach Ha 4 MM (YUTO 3HAYUTEIHHO
MeHbllle ee JuIMHbI). Kakoit Oyzer BenuuuHa JedopMmalvyd BTOPOW JIECKH, €CIM Ha Hel
MIOJTBECHTH TOT K€ TPY3?

OtBer: Tak kak BenuuumHa JedopMaluy X 3HAUUTEIBHO MEHBIIE JJIUHBI JIECKU, TO MOKHO
CUHMTaTh, YTO CHJIA YHOPYroCTH momdmHsiercst 3akoHy ['yka: mg =Kk;X; = k,X,. Koadduiments

. . S
KECTKOCTH JUIsl TICPBOM M BTOPOM JIECKH OIPENENISIOTCS COOTHOIICHUSMH K = EE (rne E -

X
moxyib FOHra marepuana), nostomy K, =8k, . CiemoBarensHo, X, = El =0,5MM.



3agaya: HeOomnpmold rpy3 Macchl M JEKUT HEMOABMKHO Ha TOPU3OHTAIBHOMU IIaThopme,

KOTOPYIO BBITSITMBAIOT M3-TI0J Hero. Ero yaepKuBarOT Ha MecTe JBa
OTpe3Ka OJHOM JIETKOHW HEepacTsHKMMOW HHUTH (CM. pUCYHOK). Haiitu
CWJIBI HATSOHKEHHS O0OOMX OTpe3KOB. BTOphIe KOHIIBI OTPE3KOB HUTH
3aKpeIyIeHbl Ha CTEHE TaKMM 00pa3oM, UTO MPH HAXOXKICHUH Ipy3a Ha
wiatropMe OHU HATSITUBAIOTCS OJHOBPEMEHHO, COCTABIISISL TIPU 3TOM C
ropu3oHTaNbI0 yriibl 60° u 45°. KoadduimeHnt TpeHus: Mexay rpy3oM 1 ! g ! g

wiatopmorr 1 = 0,5. YckopeHne cBOOOAHOTO MajgeHus ( .

Pemenne: M300pa3um CHIlbl, JEHCTBYIONINE HA TPY3. YCIIOBUS PAaBHOBECHS CHUI JAOT HAM JBa
ypaBHEHUS

T,cosa +T,cosB—uN =0

T,sina+T,sin f+N =mg
JUISL TPEX HEU3BECTHBIX CUJI peakiuu. [IpaBuiio MOMEHTOB
3/716Ch HE TIOMOXET (OHO OMPENEseT TOUKY MPUIOKEHUS
PaBHOACHCTBYIOLIEH CHUJI HOPMAJIbHOM pEaKIUH, K TOMY
K€ HaM He omnucaHa ¢opMma rpy3a — TOJBKO YKa3aHO, U4TO
OH HemnoABMXeH). [loaToMy HaM HEOOXOJUMO HCCIEeNOBaTh paclpeieleHue Harpy3Ku MEx.y
CUJIaMU HaTsDKEHUS HUTEeH. Tak Kak 3TH HUTU Pa3iMyaroTCs TOJBKO JJIMHOM, TO COOTHOIICHUE

S k, I cos
uX KOX(PQPUIMEHTOB XecTKocTH ompexaeneHo: 1T =K-Al, k=E—= k—2 = I—l = p (3mechb
COSox
1 2

YYTCHO, YTO AJIMHBI HHUTEH CBS3aHBI C pacCTOssHHUEM OT CTEHKH A0 I'py3a X COOTHOLICHHUIMMU

X X o
l, = , |, =——). PaccMoTpuM GeckOHEe4HO Maiblii cABUT rpy3a oT cTeHbl dX. IIpu sTom
cosa cosp
o X
ymmunenue  nepsoii  muth Al =d(/h +x*) = ——=——=dx=C0Sx-dX W aHanOrM4YHO

Jhf +x?

2
] =2. I/ITaK, MBI TOJIYYHWJIN CBA3b MCKAY CUIIaMU

dl, = cos 4 - dx. 3uaunr, T _kdl, =(ﬂ

T, k, dl \cosa
HATsHKEHU HUTEH. Tenepb Mbl MOXKEM PELIUTh CUCTEMY YPaBHEHUM:
1 1
T =+2-—=—|=uN
2 "2 22 umg 2mg

V3 1 :T1:4+\/§+y(4+\/5):2+\/§+6\/§'

T, 7+2— + N =mg

V2

4J§ymg 4mg
IIpu sTOM, €CTEeCTBEHHO, T, = = .
P * 4+V2+ u(4++6) 2++3+642
2mg 4mg
Omer. T, =———— | T, =————.
Y243 46v27 7 24434642
3apanmue 2.

Bonpoc: Ilpu kakux yclOBHSX M8 HEKOTOPOrO ra3a MOMKHO HCIIOJNb30BaTh YpaBHEHUE
MenaeneeBa-Knanelipona?

OtBer: YpaBHenue MeHneneeBa-KianelipoHa MOXET OBITh BBIBEJICHO W3 MOJCIN HICATIBLHOTO
rasa, o3TOMY OHO MOKET OBbITh MCIOJIB30BAHO JJIS TA30B, OTJIMYMEM KOTOPHIX OT HMJEaJIbHOIO
raza MOXHO mpeHeOpeub. [lyis 3TOro HeoOXoauMo, 4YTOOBI CpeaHee pPacCTOSIHHE MEXIY
MOJIEKyJaMHM Tra3za OblJIO 3HAUUTENbHO OOJbIIE HMX Pa3MEpPOB, M 4YTOOBl BEIUYMHA CPEIHEH
NOTEHIMAJIBHON HSHEPruM B3aUMOACWUCTBUS MOJIEKYyNl OblJa MHOTO MEHBIIE CpeaHei
KHMHETUYECKOW DHEPTUU MOJICKYJIBI.



3agauya: B BepTHKAIBHOM INIAIKOM LIIMHAPE C IUIOMAABI0 CeueHHs S =4 cM? Mox MopIIHeM
maccoid M =800 r maxomutcs ra3. [Ipu yBennyeHun aOCOFOTHON TemrepaTypsl raza B N =15

pa3a MoplIeHb MOJHMMAETCS BBEpX W ymupaercs B ycrymbl. Ilpu 3ToM 00beM rasza mo
CPaBHEHMIO C NEpBOHAYAJIbHBIM yBenuuuBaeTcss B K =1,2 pa3a. Onpenenuts cuily, ¢ KOTOPOH

HOpIIEHb JaBUT Ha ycTynbl. ATMochepHoe napinenue P, ~100klla, yckopenne cBoOOIHOrO
2

nangeHus g ~ 10 m/c”.

Pemenne: Tak Kak KOJMYECTBO ra3a HE U3MEHSETCS, TO IMAPAMETPhI €r0 COCTOSIHHSI JIO U MOCIIe

PV, PV,
HAarpeBa CBS3aHbl COOTHOIICHHEM ——— =——5, TO €CTh [aBJICHHC B LWIMHJIpPE IIOCIE HArpeBa
1 2
PVT. n . M M
pasio P,=—22%2=P—. C gpyroii cropons, P, =p, +—g, a P,=p, FLELL
V,T, 'k S s's

M
CnenoBatenbHo, P, +—+ M9 _ (p, +

S S

%)E , OTKyna F = (E—l)( PoS +Mg) ~12 H.

Orger: F = (E—lj(pos +Mg) ~12 H.

3aganue 3.
Bonpoc: Kak Bbluucisercs MOILIHOCTb, NOTpeOiasieMas HEIUHEHHBIM JJIEMEHTOM LEenu
HOCTOSIHHOT'O TOKa (TO €CTh 3JIEMEHTOM, JIs1 KOTOPOro He BhINOJHAETCS 3aKkoH OMma)?

OtBer: MouHocTh, noTpediigseMas JOObIM 3JIEMEHTOM LENU IOCTOSHHOTO TOKa paBHa
MOIITHOCTH Pa0OThI 3JEKTPOCTATHUECKUX CHUJI IO MEPEMELICHUIO 3apsijia Yepe3 3TOT JIEMEHT, TO
€CTh paHa IPOU3BEJICHUIO HANpPSIKEHUs] HA 3TOM 3JIEMEHTE Ha MPOTEKAlOIIUi Yepe3 HEro TOK:
P=U-I.Ecmu nns storo anementa | = f(U), o P=U - f(U).

3apaua: B cxeme, mokazaHHOW Ha pUCyHKe, 00a MCTOYHHMKA OJWHAKOBBI. Jlamma sBIisieTCs
HEJIMHEWHBIM 3JIEMEHTOM: €€ BOJbT-aMIIepHasi XapaKTEepUCTUKA (CBA3b
IPOTEKAOLIEr0 TOKA C HANpSKEHHEM) OIMCHIBAETCS BbIPAXKEHUEM

I(U):EW/%, rae r — BHYTpPEHHee comnporuBieHue, a E — T T ®
r

K
BCIIMYHUHA 9]:[(: Ka)kJ0ro uctoyHuka. Iloka ko4 K Pa3OMKHYT, JIaMIla {

notpebiisier MomHocTh P, =6 Br. Kakoit craHer notpeOnsemas 1aMmIoi MOLIHOCTb IOCIE
3aMBIKaHUS KIro4da?

Pemenne: [Ipu pa3oMKHYTOM KITFOUE€ HAMpsDKEHHWE HA BETBH C UCTOUYHHUKOM, B KOTOPOW TeyeT
ToK |, T0 ectb U =E —rl paBHO HampspkeHWIO Ha JiaMIie, B KOTOPOM TEYET TAaKOH K€ TOK:

22
4 4
U= % [TosTroMy TOK 4Yepe3 namIly yJIOBIETBOPSET YPAaBHEHUIO r2|? +§Erl —gEZ =0,

. 2E 1
MOJIOKUTEIBHBIN KOPEHb KoTOporo | = e CootserctBytouiee HanpsbkeHnne U = §E , IOATOMY
r

P=UI =9—. [Tocne 3ambpikanus Kio4a Oarapes HCTOYHMKOB uMeeT To ke JJIC, u
r
r r o 3r?|?
BHYTPEHHEE COINpPOTHUBICHUE 3 3HauuT, TENepb E_EI :T’ U HOBOE YpaBHEHHE [JIsi

(V13 -1)E
Ir

2
§] :(\/ﬁ—_l)E "
12

CHIIBI TOKa uepe3 jammy r2|?2 +§Er| —gEZ =0. Teneps | =
(V13-1)°E? (V13-1)°
36r 8
Otser: P’ = (2+/13 —5)P ~13,3Br.

nostomy P’ = P= (2\@ —5)P ~13,3BT.



3ananmue 4.
Bonpoc: Jlyu cBera majgaeT Ha TOHKYIO coOuparomyro JuH3Yy noj yriaom 0,1 pax kK riaBHOM
ONTHUYECKOI OcH B TOUKe, Haxojsuleics Ha pacctostHuu X = 0,05 F ot atoit ocu ( F - pokycHoe

pacctostaue). [To KakuM yriioM K OCH MOKJET MPeTOMICHHBIN Ty4?
OrtBet: [l mOCTPOCHHUS MIPETOMIIEHHOTO JTy4a MOYKHO ITOCTPOUTD Iy, MapalIe/IbHbIN JAHHOMY,

MPOXOJAIINN 4Yepe3 ONTHYECKUH LEHTP
aUH3bl 0€3 mpenomiieHUs. OTH JIy4u

JIOJDKHBI  TIONACTh B OJIHY TOYKY B

dbokanpHON IJIOCKOCTH. Cnenyer

3aMETUTh, YTO JAHHBIE BOIPOCAa MOTYT —F
A 4 -

OTBCYATh ABYM BO3MOXKHBIM CUTYallHUAM,
IMMOKAa3aHHBIM Ha PUCYHKax CIipaBa U CJICBA. Kak BugHo u3 MOCTPOCHUA, CCIIN IMaJaroIui JIy4d
HUICT 1104 YIIIOM & K OCH, TO HpeJ'IOMJ'IeHHHﬁ Jy4 UACT K OCH IIOoA YIJIOM ﬂ , 4JIs1 KOTOPOIo

X
t9(f) =tg(x) £ E [TockosibKy Bce yIiibl — MaJible, TO 3TO PABEHCTBO MOXKHO TNEPENUCATh IS
. X
CaMUX YTJIOB B paJuaHHOMN Mepe, TO eCTh f ~ a + E = 0,15 pan, 0,05 pan .

3agaua: B otBepcrue pagumycom R =2cM B TOHKOW HENpO3pauyHOM MEPEropoaKe BCTaBIIECHA
cobuparonias JuH3a. ToueuHbli MCTOUYHUK CBETa PACIONIOKEH Ha IJaBHOM ONTHYECKOW OCH
muH3bl. [lo Apyryro CTOpOHY OTHOCUTENIBHO NEPEropoJIKM HAXOAUTCS OJKpaH. OKpaH,
COIIpUKAcaloLMiics BHayajle ¢ JMH30M, OTOABUrarOT OT JIMH3bL. [Ipum 3TOM panuyc cBETIOro
ISITHA HA DKpaHe TUIaBHO yBEIWYMBaeTcs U Ha pacctosHun L =18 cm ot meperopoaku nocruraer
sHayeHus I = 3cM. Eciam auH3y yOpaTh, OCTaBUB DKpPaH Ha MECTE, TO PAAMyC ISITHA Ha SKpaHe
craner r' =4cm. Onpexnennute GOKyCHOE pacCTOSHHE JINH3HI.

Pemenne: B cooTBeTCTBHM C YCIIOBHEM, NMPEIIOMJICHHBIC B JIMH3E JIy4H PACXOJSATCS, TO €CTh
n300pakeHue HMCTOYHHMKa MHHUMoOe (cM. puc.) Ilyctp a —

pacCTosIHUEC OT UCTOYHHKA OO0 JIMH3GI, b — pacCcTossHue OT

MHUMOTO HW300pakeHUs 10 IJWH3Bl (1o Monymwo). U3

HO,ZLO6HLIX TPEYTrOJIbHUKOB UMCCM:

r L+b LR rL+a LR
— = =b= , —= =b= :
b r-Rr R a r-Rr
. . 1 1 1 LR
@DoKyCcHOE pacCcTOsHUE HailieM u3 (popMyiibl TOHKOW JIUH3BL: — — b= F > F=——=36cm.
a r—r

OtBer: F = i =36 cMm.

!



ONNMMMNUALA WWKO/IbHUKOB «MOKOPU BOPOBbEBbI FOPbl» no ®U3UKE
3AK/TIOYUTE/IbHbIN (PUHA/IbHDBIN) 3TAN 2017 roaa

BUJIET Ne 06 (MOCKBA): pewueHusa n Kputepum

Kpurtepuu oneHnBanus:

15l BOIPOCOB:

EcTb oTAenpHbIE TpaBUIbHBIE cOOOpaykeHus — 1 0asI.
OTBeT B LEJIOM NIPaBUIEH, HO COACPKHUT CYIIECTBEHHbIE HETOYHOCTH, WM CYIIECTBEHHO
HEMOJIOH, WJIM OTCYTCTBYeT OOOCHOBaHHME (IUIi BONPOCOB, B KOTOPBIX HEOOXOIUMO
obocHoBaHue) — 2 GaJuia.
OTBeT IpaBWJIEH, HO NMPUCYTCTBYIOT MEJIKME HETOYHOCTH, UM OTBET HEAOCTATOYHO IOJIOH,
WIH OTCYTCTBYET JOCTaTOuyHOEe OOOCHOBaHME (IUIsi BOMPOCOB, B KOTOPBIX HEOOXOAMMO
obocHoBanue)\ — 3 6asIa.
OTBeT NONHOCTHIO MPABUIbHBIA, HO HEJOCTaTOYHO OOOCHOBAaHHBINM (Ui BOIIPOCOB, B
KOTOPBIX HE0OX0MMO 000CcHOBaHKE) — 4 GaJa.
[TpaBUIBHBIN, MOJHBIN 1 0OOCHOBAHHBIN OTBET — S5 0A/JI0B (MAKCHMAJILHAS OLIEHKA).

Jlns 3apay:
EcTb oTAensHbIC MpaBUiIbHBIE cOOOpaskeHus — 1-2 6asuia.
Ectb yacTb HEOOXOIUMBIX ISl pEIICHUS COOOpa)KeHWM, pEelIeHWEe HE 3aKOHYEHO WIIU
COJICPXKUT Cepbe3HbIC OMUOKH — 3-4 GaJwia.
[TpucyrcTByer Oosiblasi 4yacTb HEOOXOJUMBIX Ul PEUIEHHs COOOpa)K€HWil, MpaBUIIbHO
3alycaHa 4acThb HEOOXOJUMBIX COOTHOILIECHUH, pEIIeHHWE HE 3aKOHYEHO WM COJEPXKUT
omnoOku — 5-7 6a/110B.
[TpucyTCcTBYIOT Bce HEOOXOAMMBIE ISl PelIeHusl cCOOOpakeHHUs, PAaBUIBLHO 3allMCaHbl TOYTH
BCE HEOOXOAMMBIE JJIsi PELICHMs] WCXOJHBbIE ypaBHEHUS, HO PELICHHUE HE 3aKOHYEHO WU
coJIepKUT omuoOKu — 8-10 6an10B.
[TpucyTCTBYIOT BCE HEOOXOIUMBIE UIsl pEUIeHHs] COOOpakKeHMsl, MPAaBUIbHO 3alHMCaHbl BCE
HEOOXO/UMBIE JJIsl pEIleHUs] MCXOIHbIE YPAaBHEHMs, PELCHHE BBICTPOCHO MPAaBUIIBHO C
(bu3nYECKON U JOTMYECKON TOUKU 3pEHUS], HO COAEPKUT ook — 11-14 6anmnos.
[TpucyTcTBYIOT Bce HEOOXOAMMBIE Ul pElIeHHs] COOOpa)KeHUs, MPAaBUIBHO 3allUCaHbl BCE
HEOOXOIUMBIE Ui PEIICHUs HCXOIHbIE YpPaBHEHUS, DPELICHHE BBICTPOEHO MPaBUIBHO C
(GU3M4ecKoil M JIOTHYECKOM TOUKH 3pEHUs, HO COJIEPKUT OJHY-/IBE MEJKHE HETOYHOCTH, HE
MO3BOJIMBILIME TOJYYUTh MPABWIbHBIM OTBET, WM MPAaBUIBLHOE PELIEHHE C HEIOCTaTOYHBIM
000CHOBaHMEM CYIIIECTBEHHBIX UCIOIb30BaHHBIX pe3yabTaToB — 15-17 6anJioB..
[IpaBriibHOE OOOCHOBAHHOE PEUIEHHE C BEPHBIM AHAJIWTUYECKUM OTBETOM, HO MEJKOH
HETOYHOCTBIO MpPHU TOJIYYEHUH UHUCIEHHOI'O OTBeTa, JHUOO NpPaBUIBHOE pEIIEHUEe ¢
MPAaBWIBHBIMU OTBETAMHM C HEJOCTATOYHBIM OOOCHOBAHHMEM OJHOTO W3 HCIOJIb30BAaHHBIX
pe3ysbTaToB (M3 YMCIIa HE KIFOYEBBIX JJIS peIIeHus, HO Heo0XoauMbIX) — 18-19 6annos.
[TonHoe, mpaBMIIbHOE, OOOCHOBAaHHOE pEIIEHUE C MpaBWIbHBIMU oTBeTaMu — 20 6ajjioB
(MakcMMaJIbHAS OLIEHKA).

3amanmue 1.
Bomnpoc: I'py3, moaBemeHHbI HA IPYKUHE, HAXONUTCS B COCTOSSHUM PAaBHOBECHS, U IIPH 3TOM
yIUTMHEHUE TPYKUHBI paBHO Al =25cMm. I'py3 cnerka moATanKHBAarOT BEPTHKAIBLHO BBEPX.

Kakoe Bpemst ciiycTsi OH BIIEpPBBIE BEpHETCS B HCXOHOE ToJ0xkeHne? COMpOTHBIICHUS BO3IyXa
2
HET, yCKopeHue cBo0oiHOTo najneHus g ~ 10 m/c”.

OtBer: VYnuHEHHE MPYXKUHBI B COCTOSSHUM PABHOBECHS CBSI3aHO C Maccol rpysa M

m
cootHomenueM Al =Tg. HpI/I BBIBOZIC M3 COCTOSAHUA PABHOBCCHUA I'py3 HAYHET COBCPHIATH

m Al
rapMOHHMYECKHE KoJIeOaHUsI ¢ TepuomoM 1 =27 ? =27 |— . B ncxoaHoe IOJIOKEHHE OH

g



BIIEPBbIE BEpHETCA 4Yepe3 TIOJOBMHY IHepuoja OT Havyala KojiebaHuid, TO €ecTh

t=" = /ﬁlzo,lsn.
2 9

3agaya: OJHOPOJHBIM NPAMOYTONBHBIM OPYCOK CKOJB3HT CO CKOPOCTBIO V,, HalpaBJICHHOM
BJI0JIb €ro 0oJiee JUIMHHBIX CTOPOH (AJMHOM L ), MO rinagkoil ropu30HTaIbHON MOBEPXHOCTH. B
HEKOTOPBIi MOMEHT BPEMEHHU OH BCTPEYaeT TPaHMIly OUYeHb OOLIMPHON MIEPOXOBATON 00JIACTH,
NEPIECHIUKYJSIPHYIO HAIIPAaBJICHUIO €ro JBIKEHUSA. 3a Kakoe BpeMs II0CI€ 3TOro OH
ocraHoBuTcs? CuuTaTh, YTO CHJIA TPEHUS JJIS YaCTU OpyCKa MPOMOPLUUOHATIbHA TUIOIAAN ATON
gyacTu. M3BeCTHO, 4YTO €ClIM CKOPOCTh V, COOOHIMTH OpYCKy, IOKOSIIEMYCS BHYTPH
. 2L
IEpOXOBaTON 00JIACTH, TO OH OCTAaHOBUTCS 3a BpeMs 7 = — =1C.
VO
Pemenne: 3HaHue BpeMeHM TOPMOXKEHHMs Opycka Ha ILIEPOXOBATOM TOPU3OHTAIBHOU
MIOBEPXHOCTH TO3BOJISIET OMpPENCTUTh KO3(PPUIIMEHT TpeHHs g/: TOCKOJIBKY CHIIAa TPEHUS
cooOuraer OpycKy yCKOpeHHe, paBHOE IO MOJYJIO £ ( W HAIPaBICHHON NMPOTUB CKOPOCTH, TO

v .
r=—% = u=-2.3anumem Teneph ypaBHEHHUE JBUKEHHUs Opycka Maccoil M B Iporecce

g g7

IIepECeYCHNs TPaHUIBl IEPOXOBATOM obyacTu: mMa, = FmpX

=— mg5 = x"+V—°x—0
UL T

Kax BHIHO, 6py00K 6YI[€T ABUT'ATBCA IO T'apMOHHUYCCKOMY

|
Fnp | v vV
T > sakony  X(t) = Acos(wt) + Bsin(wet), rme o= _(I)_ . C
] T
0 ix yderom HauanpHbeIX ycnoBuit X(0) =0, X/ (0) =V,, moxydaem
> 3aKOH JBHKEHHUS [IEPEIHEro Kpas OpycKa
A=0
v B .
B=Yo _ [y = X = 7LV, -sin(aw,t)
@, °

M 3aKOH M3MEHEeHHs Cckopoctu Opycka V,(t) =X =V,C0S(w,t). Ilockombky y Hac

L
JLzv, >L < z'>v—, TO OpyCcOK IOJHOCTBIO IIepecedeT TIpaHully 3a Bpemsa i,
0

. L . L
omnpenensieMoe n3 cootHomreHus X(t,) =.,7Lv, -sin(ow,t,)=L =1t = |—-arcsin| |[— |, u
\/ v, \/ 7V,

L
ero CKOpOCTh B 3TOT MOMEHT BpeMeHH OymerT paBHa V, =V,C0S(w,t) =V, [1-—— . Hamee
0

6py00K TOPMO3UTCA C MOCTOAHHBIM YCKOPCHUCM, U €0 CKOPOCTH YMCHLUIACTCA OO HYJIA 3a

“ug oV ™V Vo

~ . L L 4
T=t +t, = |— -arcsin| |— |+ |t|1-— _(n+d)r

~126c.
Vo TV, A M2

OTBeT: GPYCOK OCTAHOBMTCS 3a BPEMS T = M‘r ~1,26 c.

3amanue 2.



Bonpoc: [Tpu nzorepMudeckoM CXaTuu 00BEM OJHOTO MOJS UICAITBHOTO ra3a yMEHBIIWICS Ha
0,5%. Ha ckompko MPOIEHTOB M3MEHUJIOCH €ro naBiieHne? OTBET (C TOYHOCTHIO JO JCCATHIX
J10JIed IPOLIEHTA) IOATBEPAUTD BHIUHCICHUEM.

OtBer: CornacHo 3akony boiins-Mapuorra p+3p = pv = P__ p(1+0,005), to
V +6V  1-0,005

ecTp JaBieHue ypennuuBaercs Ha 0,5% C TOYHOCTBIO 10 MOINPABOK IMOPSAKA (0,005)2, 4TO
3aMETHO JIy4Iie TpeOyeMoii TOUHOCTH.

3amaya: v = 2 MOJIs HEOHA CHavalla aJuabaTHYECKH CHKAJIM, COBEPIIMB HaJ HUM pabdoty A =2
JIk, a 3aTeM H30XOPUYECKH Harpeiu, COOOIMB eMy KoiaumdecTBO Termnotel Q=3 JIx. B
pe3ynbTaTe JaaBieHue HeoHa yBenmuumiochk Ha 0,1%. Haiitu ¢ ommbkoii He 6onee 3K HauanbHYIO
TEMIIEpaTypy HEOHA. Y HUBEepCcalbHas ra3oBas mocrosiHHas R ~ 8,31 [Ixx/mons-K.

Pemenne: Tak Kax O6HICC YBCIMUYCHUEC OAaBJICHUA B JIBYX IPOLCCCAax OKa3aJIOCh OUCHbL MaJIbIM,
TO OTHOCHUTCJIBbHBIC M3MCHCHHA IIApaMCTPOB COCTOAHHUA B oboux nponeccax MOXKHO CUHUTATb
MaJIbIMU. HpI/I aI[I/Ia6aTI/I‘IeCKOM CXXaTuu 6Q =0 , H, COINIaCHO IICPBOMY Hadally

Bygp - % py OBt

TepMOJAUHAMUKH, POV +g(p6V +Vop) =0, orkyna A=—pdV = gVSp = 5 p , 1 C Y4ETOM

ypaBHeHus: MenaeneeBa-Knanelipona A= §vRT % = % = SA . IIpu wuzoxopuueckom
5 p p 3vRT
3 3 ., 0P, dp, 2Q
HarpeBaHUU =—Vép, = — pV —=. 3Hauur, —= = . Tak kax Op =9p, +0p,, TO
p Q > P2 2p 0 0 3WRT P =0p; + 0P,

o _SA+2Q _  SA+2Q P 4 p

p 3vRT 3vR dp
Orger: T=2AT2R P 351

3vR dp
3aganue 3.

Bonpoc: ['uOkwuii nerkuit mpoBOJI pacCTENMIIM Ha TJIAKOW TOPU30HTAILHON MMOBEPXHOCTH, U €T0
KOHIIBI MPHUCOEIUHWIN K KJIE€MMaM HMCTOYHHKA IMMOCTOSHHOTO TOKa (JJMHA MPOBOAA 3aMETHO
OobIIe paccTosTHUS MeX Ty KiieMMaMu). Kakoit craner ¢popma koHypa? OTBET 0OBACHUTD.

OtBer: Tok, TeKymuil Mo nNpoBoAay, OyAeT co3AaBaTh BOKPYI ce0si MarHUTHOE I0JIe, KOTOPOe
Oyzner nelcTBOBaTh Ha APYrue y4acTKH 3TOTO IMPOBOJAa ¢ TOKOM. Tak Kak B MPOTUBOJIEKAIINX
y4acTKax KOHTYpa TOK TEYET B IPOTUBOIOJIOKHBIE CTOPOHBI, TO UX B3aUMOJECHCTBUE NPUBEIET K
OTTAJKHMBAHUIO, U BCE YYaCTKU KOHTypa OYAYyT CTPEMUTHCS MaKCUMAJIbHO YAAQJIUTCS APYT OT
npyra. [Toatomy KoHTYp npumeT hopmy, OIU3KYIO K OKPYKHOCTH.

33}13'-13: N3 menHoit MIPOBOJIOKH C TNIOIIAAbIO CCUCHUA S CACJIaHO KOJIbIIO panyCoM R , IO
KOTOPOMY TE€YET TOK l. KOJ’ILHO MMOMEIIACTCA B OJHOPOAHOC MAarHuTHOEC I10JIE€ TaK, YTO €TI0 OCh

COBIIAJIACT C HAIPABJICHUEM JIMHWA MAarHUTHOW MHAYKIMU. HaliiuTte MakCMMallbHOE 3HAYEHUE
MHIYKIUU B MarHuTHOIO IOJS, IPU KOTOPOM KOJIBLO HE pa3opBETCA, €CIAM NPOYHOCTh MEIU HA
pa3pblB paBHa o (3TOT MapaMeTp paBeH OTHOIIEHUIO CHIIBI, KOTOpas TpeOyeTcst Ais pa3pbiBa

IMPOBOJIOKH K IIOMAAX €€ MOIICPCYHOIO CC‘ICHI/IH).

Pemenue: PaccmoTpum Manbiii onement konbiia Al.  Ha mero neiictByror cuiaa Amrmepa
AF, wu cunbl Hatsokenust T. Ilpu stom AF, = IBAl. Tak kak >7eMEHT KO/blla HAXOAUTCS B



pPaBHOBECHH, TO CWJIa AMIIEpa YPaBHOBEIIMBACT PE3YJbTHPYIOILYIO AF
cun Hatsokenus: AF, = 2T sino . Jlnuna snemenra komsia Al =R-2¢ A

, a mpu MajioM yriie Sina ~ « , u torga IBR-2a < 26Sco. 3naunt, npu

o GS ﬂ o
BBIIIOJIHEHUH YCIIOBUM paBHOBecusi B < ﬁ .

cS
IR

OtBer: B, =

3amanmue 4.
Bonpoc: Jlunza nuamerpom 4 cMm umeet ToamuHy 4 MMm. Beeraa i 3Ty IMH3Y pU IOCTPOEHUU
N300pakeHMsI TOUEYHOT0 UCTOYHHUKA MOKHO CUUTATh TOHKOH? OTBET OOBSCHUTD.

Oteer: [lockoJibKy TOJIIMHA JIMH3BI MHOTO MEHBIIIE €€ JMaMeTpa, TO pa3Mepbl JUH3bI MHOTO
MEHBIIIE PaInyCOB KPUBU3HBI €€ MOBEPXHOCTU, TO €CTh OAHO U3 TpeOOBAHMI HCIOJIBL30BAHUS
pUOIMKEHUS TOHKOW JIMH3BI BBITIONHEHO. [1pu BEIBOIE (hOpMYITBI TOHKOM JIMH3BI TPEHEOPETatoT
€€ TOJILIMHOM U 3aMEHSIOT CUHYCHI M TAHI'€HCHI YIJIOB MaJCHUS U MPEJIOMIICHUS HA UX BEJIIMUUHY
B pajauaHHOW Mepe. s KOPPEeKTHOCTH TaKUX JCHCTBUNA 3TH YIJIBI JOJDKHBI OBITh MaJIbIMU
(mommxHO paboTaTh mapakcuanbHOE MpuOIIKeHue). Takum 00pa3oM, OMUCAaHHYIO JTHH3Y MOKHO
CUUTATh TOHKOM HE BCET/a, & TOJBKO JIJIS JIy4€l C MaJIbIMHU yIiaMH MaJCHUs.

3agaya: Ha okpane, pacmonoXeHHOM Ha paccTOSHUU D =75cM OT TOHKOH JHH3BI C
ontuyeckoil cmiioil D = 4 antp, NoiayyeHo yeTkoe n3o0paxkeHrue ncrounuka. [Imockocts s3kpana
napajellbHa IUIOCKOCTH JHMH3BL. JIMH3y nepeMemaroT MOCTyNaTelIbHO CO CKOpocThio V = 0,2
M/C, TIPHYEM BEKTOpP CKOPOCTH TICPIICHIAWKYJSPEH €€ IJIABHOW ONTHUYECKOH OCH W JISKHT B
IUIOCKOCTH, TPOXOJSIIell uepe3 3Ty OChb M TOYKY pacHojiokeHuss ucToyHMka. C  Kakoi
CKOPOCTBIO JABIIKETCS 10 SKPaHy U300pakeHne HCTOUHUKA?

Pemenne: Tak kak n300pakeHHe MOTYYEHO HA DKpaHe, TO JMH3a COOMparolias, a u300pakeHue
nercrButenbHOE. [Ipu momepedHOM CMENIEHHWH JIMH3bI Ha
paccTrosiHue S M300paKEHHE CMENIaeTcsl Ha JKpaHe Ha

a+b
paccrostane S'=——s, rme a u b — paccrosHue ot
a

UCTOYHUKA 1O JHUH3bI U OT JUH3BI JO0 U300paKeHUs
COOTBETCTBEHHO. M3 (OpMyJIbl TUH3BI HAXOJUM CBSI3b ATUX

PaCCTOSHHIA: 1 +% =D=1+ b_ bD. Takum o6pasom, S '=bD-s. PasgenuB 310
a a

COOTHOIIIEHUE Ha BPEeMsI TIepeMenIeHHs, ToxydnM, uto V' =bD-v = 0,6 m/c.
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