Me:kpernoHajabHas OJJMMIINAIA IIKOJIHLHUKOB Ha 0a3e BeJOMCTBEHHbBIX
odpa3oBaTeabHbIX opranuzanuii (2018 rox).

dusuka. 11 kiaacc
Bapuanr 1
3a0aua 1 (10 6annos). YceueHHas mmpamuga (CM. PHCYHOK)
MOMEIIIEHA B JJICKTpOCcTaTHyeckoe moJie. Korga mM3MepuiyM HOTEHIIHANBI
touek A', B' u C', okazajioch, 4T0 OHHM OJIMHAKOBBI M paBHBI 5 B, a B Touke

MNEPECCUCHUA BBICOTHI IMHMpaMUIbl C OCHOBAHHMEM ITOTCHIHMAJI paBCH 6 B.

Haiinute  BO3MOXKHBIC  HAmpaBJICHHS  BEKTOpa  HANPSHKCHHOCTH
AJIEKTPHYECKOTO TIOJNSI B TOYKE TIEPECEYCHUS BBICOTHI IHPAMHIBI C
mIockocThio TpeyrosbHuka A A'B'C'. H3BecTHO, 4TO yroia Mexmy
IJIOCKOCTSIMH, B KOTOPBIX JiexkaT TpeyroiabHuku A A'B'C' u A ABC pasen
30 rpagycam. ITnomans Tpeyronpauka A A'B'C' MHOTO MEHbIIIE TIIOMIA TN

tpeyronpHuka A ABC.

3aoaua 2 (15 6annos). B xanumisape paauyca ry = 1 MM HaxoauTcs Cinabo
CMaYMBaIOIIasl €ro CTEHKH >KUJIKOCTh ¢ TOoKa3zaresieM mpenomieHus n=1,4. Uepes
KamWUIsIp CHU3Y BBEPX MPOIYCTUIIN MapallieNIbHbII CBETOBOM MYyYOK TaKOTO Ke
paauyca 1. Ha skpane, pacnonoxxeHHOM Ha pacctosuuu [ = 10 cM OT MeHmHcKa,
00pa30BaHHOIO KUJKOCThIO HAOIIOIaeTCs MATHO CBeTa paauyca r = 5 MM. Haiitu
KpaeBoi yroi cmaunBaHus @ (CM. pUCYHOK).

3aoaua 3 (20 6annos). B cxeme, n300paKeHHOW Ha PUCYHKE, B HAYaIbHBIN
MOMEHT KJIF0Y A Pa30MKHYT, a B 3aMKHYTOM KOHTYpE LI€IH TeUET YCTaHOBUBILIUICS
Tok. Onpenenure BeIMYMHY U HallpaBlieHHe Toka /uepe3 conpoTuieHue K cpasy
nocJe 3aMbIKaHus Kiroda K. M3BecTHeI cinenyromue napamerpsl nenu: 3/1C nepoii
Oarapen &, = 10 B, e€ BHyTpeHHee compoTuBieHue 71, = 5 OM, BHyTpeHHee

COIIPOTHBIIEHUE BTOpPOii Oatapen 1, = 20 OM, conporusierue R = 4 Owm.

3aoaua 4 (25 6annos). neanbHslii a3 B KonuecTBe ¥ MOJIb y4acTBYeT B
mporecce AB (puc.) B koopmunatax p(T), rme p — muiotHocTh raza, T —
Temneparypa rasza. Ilpu kakoil Temneparype naBiieHHe raza Ha 25% MeHble
MakcumainbHoro? Temneparypa T, n3BecTHa.
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3adaua 5 (30 6annos). ManeHbKHl JISTKAN MIApUK, OPOIICHHBIA CO CKOPOCTBIO Vo MOJ YIJIOM O K

TOPU3O0HTY, YIOPYTO YyIapsieTCs O BEPTUKAIBHYIO (OYEHb TSKEIYI0) CTEHKY, JIBIKYIIYIOCS C TTOCTOSTHHOM

—_ = v
CKOPOCTBIO V B TOM Xke HaIlpaBJICHWH YTO W IIApHUK. CKOpOCTI/I Vg U V nexar B OJHOH IIITOCKOCTH. I/I3BGCTHO,

4TO TIOCTIE COYAapeHHs CO CTEHKOH, IapHK BO3BpAIIaeTCs B Ty TOUKY, OTKy/1a ero opocuin. Yepes kakoe BpeMst

T2 MOCJI€ CTOJKHOBEHUS IIapHKa CO CTEHKOM IapuK BEpHYJICSA B TOUKY OpocaHus?

HgnMeanHe. B 361()&1{&)6, 6 Komopbvlx OaHbl YUCNOBbLE 3HAYEeHUA, HeobXxo0uMo CcHauana nojydumso

AHATUMUYECKULL (6yK6€HHblZZ) omeem, U MOJlbKO nomom HAOO UCNONb306AMb YUCLCHHbIE OAHHbLE U3 yciaoesus

3a0avu OJisi NOJIYYeHUsl YUCIIEHHO20 omeemd.



PEIHIEHUA U OTBETHI K OJIMMITUAIE 11 — ro KJIACCA- 2018 roa. Ounblii TYp.
Bapmanr 1.

3agaua 1.

VYceuennass nupamuaa (CM. PUCYHOK) TMOMEIIEHA B 3JIEKTPOCTATUYECKOE
nose. Korna mamepunu norennuansl Touek A', B' u C', okazanock, 4To OHU
OJIMHAKOBHI W paBHBI 5 B, a B TOYKe MepeceueHUs] BBICOTHI MUPAMHJIBI C
OCHOBaHHWEM MOTEHIMAal paBeH 6 B. Halinure BO3MOKHBIC HAITPaBIICHHSI BEKTOPA
HANpPsDKEHHOCTH  DJIEKTPUYECKOTO TOJS B TOYKE TIEPECEUYCHHUS BBICOTBI .
MAPaMUJIBI ¢ TIOCKOCTBIO TpeyroibHuka AA'B'C'. M3BeCTHO, 4TO yron Mexmy
IUIOCKOCTSIMHU, B KOTOphIX Jjexar tpeyroisHukn AA'B'C' u AABC pasen 30
rpangycam. Ilmomane TtpeyroasHuka AA'B'C' MHOro MeHbIE IUIOIIAIA
tpeyronsauka AABC.

Pernenmne:

Tak kak moreHnuainsl Touek A', B' u C' oqunakossl, a omans tpeyronbHruka AA'B'C' MHOro MeHbIe
wiomaau tpeyroasauka AABC, MOXHO cuuTaTh, 4TO paccrosiHue Mexay toukamu A', B' u C' ouens mano,
clleZIoBaTeNbHO, Bce TOYKH TpeyroibHuka AA'B'C' nmexaTe Ha SKBUINOTEHIMAIbHON MOBEpXHOCTH. Bektop
HAMpPsDKEHHOCTH BCErJla HAMpaBjeH MEpIeHIUKYISIPHO HKBUIIOTCHIIMAIBLHOM MOBEPXHOCTH U B CTOPOHY
YMEHBIICHUsI MOTeHIMana. V3 yclioBUs 3ajadd BHJHO, YTO MOTEHIMAJI YMEHBIIAETCS CHU3Y-BBEpPX, TAKUM
00pa3oM U3 ABYX BO3MOKHBIX HaIllPaBJICHUH BEKTOPA HAIPSHKEHHOCTH MepHeHANKYIIpHbIX miockoctu AA'B'C'
HAC HE yIOBJICTBOPSET HAIPABJICHUE BHU3, B CTOPOHY OCHOBAHUS (B CTOPOHY YBEIMUYCHHS NOTEHIMANa). Bekrop
HAMPSDKEHHOCTH B TOYKE MEPECeUeHUs] BHICOTHI MUPAMUIBI C IIOCKOCThIO TpeyroiabHuka AA'B'C' nanpapieH
NEePIEHANKYISIPHO TIocKOCTH Tpeyroasauka AA'B'C' BBepx.

OrBer:

BekTop HanpsHKEHHOCTH B TOYKE TEPECEUCHUS BHICOTHI MMUPAMU/IBI € TUIOCKOCTHIO Tpeyroibauka AA'B'C
HaMpaBlieH NEePIEHINKYISIPHO II0CKOCTH TpeyroasHuka AA'B'C BBepx.

3anaua 2. 3KpaH L LS L LS
B kanumisipe paguyca 1y = 1 MM HaxoauTcs €i1abo cMadyMBaroIiasi €ro
CTEHKH JKUJKOCTh C MOKazareneM mnpenomieHusa n = 1,4. Yepes kanusuisip l 6./
CHU3Y BBEpX MPOIYCTWJIM MapaIeIbHbI CBETOBOM IYYOK TaKOIO e ’
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Menuck, oOpa30BaHHBIN >KUIKOCTbIO, MOXHO PACCMOTPETh KaK PacCEHBAIOLIYI0 JUH3Y € (HOKYCHBIM

paccTosiHuEeM:
R
f= n—1

rae R — paauyc KpUBU3HBI TOBEPXHOCTU MeHUCKa (puc.1):




To

cos @

To
(n—1) cos 0
['panunel cBeTOBOro MsATHA OOPa30BaHbI JIydaMHU ¢ HauOOJBIIMM YIJIOM OTKJIOHEHHs ¢. O4eBHIHO, UYTO
MIPH MMaJICHUH MapajyieIbHOIrO MyYKa Ha paCCEeUBAIOUIYIO JTMH3Y, IPOIOJKEHUE 3TUX JIyuel JOKHBI IPOXOIUTh
gepes ee Gokyc (puc.2), Toraa:

toraa f =

T,
tan<p=70= (n—1)cos@

Paguyc cBETOBOrO IATHA T OyIET OOJIbILE Pafryca IydKa Ty Ha BEIUUUHY [ * tan @:
r=ry+l-tanp =1y +1(n—1) cosb

o o . r—7o
OTtcroga MOXXHO HaiiTH C0S 8 M COOCTBEHHO KpaeBoii yroi 6: cos 6 =

I(n—-1)
[Toacramnss yuciieHHBIC JaHHBIC, ToydaeM cosd =0,1 => 6 =~ 84°

3agaua 3.

B cxeme, n300pakeHHOI Ha PUCYHKE, B HAUaIbHBI MOMEHT KJIto4 K pa30OMKHYT, a B 3aMKHYTOM KOHTYpE
Lenu TeYET yCTAaHOBUBIIUICS TOK. OnpeiennuTe BEeIMYMHY U HaIlpaBjIeHUe Toka [ uepe3 conpoTuieHue R cpazy
nocne 3aMbikanus kirova K. M3BectHsl cnenyromue napamerpsl nenu: 3JC mepBoit Oatapeu £, = 10 B, eé
BHyTpeHHee compotuBieHue r; = 5 OM, BHYTpEeHHEEe CONpPOTHBIEHHE BTOpoil  Oarapeu r, = 20 Om,
conpotuBiienne R = 4 Om.
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Cuna Toka 4Cpe3 KAaTylKy A0 U Cpa3y IMOCJIC 3aMbIKAHUS KIIrOYa K OAWNHAKOBas, OHA paBHa IO = r_2

1
II'IZIIR — CHJIBI TOKOB 4Y€pE€3 HUCTOYHUKH &£1,E, U YEPE3 COHpOTI/IBHeHI/ICR Cpa3y IMOCJI€ 3aMbIKaHHA

kimoua K. [Ipeanonaraemsie HarpaBieHUs TOKOB YKa3aHbl HA PUCYHKE.
Cucrema ypaBHEHUM I MOMEHTA BPEMEHH Cpa3y MOCIE 3aMbIKaHUs KIIH0Ya:
Iiry + IzgR = &
Iy + IgRR =&
L+ L=Izx+ I

€
IO = _2
2
Orcrona:
_ &y _ 10B- 20 Om
R (nry, + R +Rr) ~ (50M:-200M + 4 0M-50M + 4 Om - 20 Om)
[R = 1 A
3amaua 4.
WneanbHblil ra3 B KoJauM4decTBe U MOJIb y4acTBYeT B npouecce AB P oA
(puc.) B koopaunarax p(T), rae p — IIOTHOCTH Ta3a, T — TemmnepaTtypa
raza. Ilpum kakoil Temmeparype naBieHue rasa Ha 25% MeHble e A
MakcumaibHoro? Temneparypa Ty u3BecTHa. \
B
Pemenue:

3anumeM ypaBHeHHe MeHneneesa-Kiaiinepona pV = %RT.

m P
Tak kak p = 7> BPIPA3UM JIABJIEHHE Y€PE3 INIOTHOCTB: P = RT.



Haiiném ypaBHenue paccmarpuBaemoro nporecca p = kT + b.

IIpu T = 0 cnenyer p = py = b, rae py — MaKCUMaJbHas IJIOTHOCTb.

[puT =T, cnenyer p = 0, T.e.0 = kT, + b. llonyyaem: k = —TE = —%.
0 0

T T
Takum oOpa3om, ypaBHEHHE Mpolecca: p = pg (1 — T—) =po(1—n),toen = —» C/1e/loBaTe/IbHO T=
0 0
T’ " To.
[ToxcraBuM JaHHYIO 3aBUCUMOCTB 0 OT 1] B ypaBHeHHEe MeHeneeBa-KnalnepoHna:

R TR
p=1p(1—mTump = pOTO (n —n?) — xBazpaTHOE ypaBHEHHE OTHOCHMTENLHO 7. OGO3HAYUM ITO

o b
cootHorirenue (1). [IpupaBHsieM ero K HyJIIO U HaiaéM BepiuHy napabossl (x = — Z):

ToR (—2poToR) _ 1 TR
Nmax = — 2 °M° : ( ’;\; 2 ) = - Toncraum B (1). ITonydnM gy = pi}; . O603HaYUM 3TO COOTHOLIEHUE

).

Pasnenum (1) Ha (2). omyuum pL =4(n — n?). Io ycnosuo 3axaun —— = 0,75.
max

Pmax

[IpupaBHUBas, HOIy4UM KBajapaTHoe ypaBHenue 4(n —n?) = 0,75.

1
Pemrast OTHOCUTENBHO 1), IOJYYUM 1), = S =
T 1 3
Tak kak n = -, TIOIy4UM OTBeT: T, = ZTO utl, = ZTO'
0

3agaua 5.

MarneHbKuil JIeTKUi mapuK, OPOIIEHHBIN CO CKOPOCTBIO U MO/ YIJIOM & K TOPU3OHTY, YIPYTO yaapsieTcs
0 BEPTUKAJIbHYIO (OUYEHb TSXKEIYI0) CTEHKY, IBUKYIIYIOCS C ITIOCTOSIHHOM CKOpOCThIO V' B TOM e HamnpaBiIeHUU
uto u mapuk. CKOpOCTH Uy U V nexar B oaHoil mwiockoctn. W3BECTHO, YTO mOCHE COyZapeHusi CO CTEHKOM,
[IapuK BO3BpallaeTcs B Ty TOUKY, OTKyZa ero Opocuin. Yepes Kakoe BpeMs T, M0CJIe CTOIKHOBEHMS IIapyUKa co
CTEHKOH IIapuK BEpHYJICS B TOUKY OpocaHus?

Pemenne:

Hapucyem pucyHok, COOTBETCTBYIOIIMN YCIOBUIO 33Ja4u. DTOT PUCYHOK COOTBETCTBYET Hallel pabore B
TaK Ha3bIBaeMoii 1abopaTopHoil nHepuuansHoii cucreme otcueta (JIMCO), cBA3aHHOM ¢ 3eMutei.
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I_HapI/IK B MOMCHT 6poc1<a HaxOoJUTCA B HaA4YaJIC KOOpAMWHAT. JleBas CTOPOHA CTCHKU B MOMCHT 6p001<a

mIapvKa HaxOJUTCS B TOYKE, OTCTOSIIIEH OT Hauajga KOOPJIMHAT HA paccTOsiHUM L, (OHa HE JaHa MO YCJIOBHIO
3anaun). Koopaunate! mapuka (B JIMCO) u3aMeHSIOTCS CO BpEMEHEM T10 3aKOHY:

x(t) = vycosa t, JUIsl BpeMeH t < T.
gt
y(t) = Vpsina t — 2 ,AJisI BpeMeH t < Unanenus wapuka Ha semio

Koopaunata neBoit ctopoHsl cTeHKH X (t) U3MEHSeTCsl CO BPEMEHEM 110 3aKOHY:



3nech Ly — HavaapbHOE PacCTOSHKUE OT Havaia KOOpAuHaT 10 cTeHkH: Ly = X(t = 0).
B MoMeHT coynapenust T mapuka co creHkoi X (1) = x(t), mmmvgcosa 7 = Ly +Vt

Otcrona nonxy4aeM BpeMsi COyAapeHusi:

L
T=—— 1)

Vg cosa—V
N3 1MonoXuTeapHOCTH T ToJTydaeM v cos @ — V > 0. D10 ¢u3udeckoe yclIoBHE TOTO, YTO OpPOIICHHBIN

IapuK «I0rOHUT» YAAIAOIIYOCS OT HET'O CTCHKY.

Kpome Toro, MokHO 3anucath HICKOMOE paccTosiHue L (BOJIb TOPU30HTA) OT TOUKH OpocaHus LIapuKa J10
TOYKH €T0 CTOJIKHOBEHUS CO CTEHKOM:

L=X@x) =x(r) = %o )

Vg cosa—V
Jamumem IMpOoCKIHHU CKOpOCTeI/I [IapuKa Ha OCH KOOpAWHAT:

v, (t) = vycosa, s BpeMeH t < T

Uy (t) = Yy sina — gt, AJI BpeMeH t < tna,aeﬂnﬂ LIapyKa Ha 3eMJII0
JIJ1st IPOCTOTHI M HATJISIIHOCTH IAIbHEHIIIETO PEIICHHUS 3aauy ePeHIeM B JBIKYIYIOCS HHEPIUATBHYIO
cuctemy otcuera (JUCO), CBA3AHHYIO CO crenkoi. B aroit JIMCO ckopocTh CTEHKH paBHA HYIIO, 2 CKOPOCTh

mapuka U pasHa U = U — V,rne $uV — ckopoctu mapuka u crenku B JIMCO.
B mpoeknmu Ha och X: Uy = v, — V

AKT ympyroro coymapeHusl IIapuka ¢ O4YeHb TsKenod (mo ycinoBuito 3amauu) crenkoir B JJUCO
OMHCBIBACTCS] OUYEHB MPOCTO:

vy(t+0) = —ve(r—0).
B nteBoii wacTu 3TOTO paBeHCTBA 3anMcana nmpoeknus ckopoctu mapuka (B IMMCO) B MomeHT Bpemenn (T +
0), cnenyromuii mocie CTOJIKHOBEHUS IIapHKa C HETIOABMKHOM CTEHKOH.

B mpaBoii wactu 3TOrO0 paBeHCTBa 3amMcaHa Mpoekuus ckopoctu mapuka (B AMCO) B MomeHT
BpemeHH (7 — 0), mpeecTBYIOINI CTOJIKHOBEHHUIO IIApUKa ¢ HEMOIBUYKHOM CTEHKOM.

Camo BpEM: YIIPYTIOT'O CTOJIKHOBCHUS IIapUKa CO CTEHKOM paBHO HYIIIO.

[Tyrem mpocThIX MpeoOpa3oBaHMii HaiiieM MPOSKIHI0 CKopocTH mmapuka v, (T + 0) Ha ock x (B JIUCO)
IIOCJIE COYAApEHU IapUKa CO CTCHKOM.

n(T—0)=v,(t—0)—V=vycosa—V
v(T+0)= —vi(t—0)=V—- vycosa
n(T+0)=v;(t+0)+V =2V —-v,cosa
[TocKOBKY IIAPUK TOCIE COYAAPEHHUS] CO CTEHKOW JIETUT B CTOPOHY, MPOTHBOIOJIOKHYIO HAIPABICHHIO

OoCH X (‘ITO6BI BCPHYTHCA COTIIACHO YCJIOBUIO 3a/1a4U B TOUKY 6pOCaHI/I$I — Ha4dalio KOOp,ZLI/IHaT), HOTpe6yeM, YTOOBI
BBIITOJIHAJIOCH YCIIOBUC

1 (1+0)<0,T.e. 2V < vycosa
Hanee padoraem Tospko B JIMCO.

[Tycth T2 — BpeMs ToJieTa IIapuka OT MOMEHTA CTOJKHOBEHHUS CO CTEHKOW J0 BO3BpAIICHUS B TOUYKY
OpocaHws.

Omnummem JABVKCHUC IIapuKa OT MOMCEHTA CTOJIKHOBECHUSA CO CTEHKOU J10 BO3BpalI€HUA B TOUKY 6pOC21HI/I$I.

xW)=L+v,()t,t<t< T+T,
B MOMEHT BO3BpallleHHs MaprKa B HA4aio KOOPIUHAT:

Lo vo cOS @

0=x(t+1) =L+ v,(t+0)1, = rocosay T (2V — v,y cos @)T,. 3

OOpaTuM BHHMaHWE Ha €Ie OJHO MPOCTOE COOTHOIICHHE MEXy HECM3BECTHBIMH BEIIMUMHAMU 33J[auH,
SIBIISFOIIEECS] CIIE/ICTBUEM TOTO, UTO IAPHK IMOCIE YIPYroro COyAapeHUsi CO CTEHKOW BO3BpAIaeTCs B TOUYKY
OpocaHus:



Tvgcosa = (vocosa —2V)t, =L 4)
3 IMOCJICAHETO paBE€HCTBA CIICAYCT:
Vo COs @ Vo COSa L
Tz =T 0 — 0 0 (5)
(vgcosa—2V) (vg cosa—2V) vgcosa—V

PaCCMOTpI/IM TCIIEPh IBMXKCHHUC IIapuKa BIOJIb BepTHKaHBHOfI OCH KOOpAuHAT — OCH Y. 3T0 -IBUKCHUC
TCIa, 6pOI_HeHH01"O BCPTHUKAJIBHO BBEPX B IIOJIC CHUII TAXKCCTH. Ha sto ABMKCHUEC HUKaK HE BIMACT COYAapCHUC
mapuka co CTEHKOM. BpeMH II0JICTa HIaprKa J0 BO3BpAIICHHA B HAYaJI0 KOOPAWHAT XOPOIIO U3BECTHO!:

TH+T, = 2vg sina (6)

Perrast coBmectro (3), (4), (5), (6), oTBeuaeM Ha BONPOCHI 33/1a4u:

vy sina (v cos a — 2V)

g(wgcosa —V)
vE sina cos a

2= g(wgcosa —V)

vE sina cos a (vy cosa — 2V)

g(wgcosa—V)
visin?a cos a (v, cosa — 2V)

2g(vycosa — V)?

rae vgcosa — 2V >0
3aMeHUB BO Bcex OTBeTax K 3aj1aye V Ha -V, Mbl IoJlyuuM pellieHue aHaJIOTUYHON 3aJjaul, B KOTOPOU CTEHKa
JBUKETCS Ha BCTpEeUy OpOLIEHHOMY LIApUKY (CeNaiiTe 3TO CaMOCTOSTENBHO).



