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�èñ. 6Ïîñòðîèì ãðà�èê çàâèñèìîñòè ïðîõîæäåíèÿ ýòàæåé �åíîé è ×åáóðàøêîéîò âðåìåíè, âûðàæåííîãî â óñëîâíûõ åäèíèöàõ (áóäåì ñ÷èòàòü, ÷òî âðåìÿ,çàòðà÷åííîå íà ïîäúåì è ñïóñê ×åáóðàøêè íà ÷åòâåðòûé ýòàæ ðàâíî 1 åä.).Äëÿ ñëó÷àÿ, êîãäà �åíà ïîäíèìåòñÿ íà 16 ýòàæ, ×åáóðàøêà óñïååò 3 ðàçàäîáåæàòü äî ÷åòâåðòîãî ýòàæà è âåðíóòüñÿ îáðàòíî. Àíàëîãè÷íî, ïîñòðîèìãðà�èê äëÿ âòîðîãî ñëó÷àÿ, êîãäà �åíà ïîäíèìàåòñÿ íà øåñòîé ýòàæ è ñïóñ�êàåòñÿ îáðàòíî, à ×åáóðàøêà äîáåãàåò äî M-ãî ýòàæà (M - íîìåð èñêîìîãîýòàæà), íå çàáûâàÿ î òîì, ÷òî ×åáóðàøêà è �åíà áåãàþò ñ ïîñòîÿííûìè ñêî�ðîñòÿìè (ðèñ. 6).Ïîëó÷àåì, ÷òî èñêîìûé ýòàæ � 13-é.Êðèòåðèè îöåíèâàíèÿÎïèñàíà èäåÿ ïîñòðåíèÿ ãðà�èêà íîìåðà ýòàæà îò âðåìåíè . . . . . . . . . . . . . . . . . 4Ïðàâèëüíî ïîñòðîåí ãðà�èê . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4Ïîëó÷åí îòâåò . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
XLVI Âñåðîññèéñêàÿ îëèìïèàäà øêîëüíèêîâ ïî �èçèêåÇàäà÷à 2. Ë¼ä íà ïðèâÿçèÄîïóñòèì, ÷òî îáúåì ëüäà áåç ó÷¼òà ïîëîñòè ðàâåí Vë. Ïî óñëîâèþ çàäà÷è

V = Vë + Vï.Ïîñêîëüêó ìàññà âåùåñòâà íå èçìåíÿåòñÿ:
Vëρë = Vâρâ.Ïîñëå òîãî, êàê âåñü ë¼ä ðàñòàÿë, çàíèìàåìûé èì îáúåì óìåíüøèëñÿ íà

∆V = Vë − Vâ = Vë(1− ρë
ρâ) ,ãäå VB � îáúåì âîäû, ïîëó÷èâøåéñÿ èç ðàñïëàâèâøåãîñÿ ëüäà.Óðîâåíü ïîíèæåíèÿ âîäû íàéäåì èç óñëîâèÿ:

Sh = ∆V + Vï = Vë(1− ρë
ρâ)+ Vï.Âûðàçèì Vï è ïîëó÷èì:

Vï = Sh

(

ρâ
ρë)− V

(

ρâ − ρë

ρë )

.Äëÿ îïðåäåëåíèÿ íàòÿæåíèÿ íèòè âîñïîëüçóåìñÿ âòîðûì çàêîíîì Íüþòî�íà:
T = FÀ − ρëVëg. (1)Ïî çàêîíó Àðõèìåäà FÀ = ρâV g, îáúåì ëüäà Vë = V −Vï, òàê ÷òî, ïîäñòàâ�ëÿÿ íàéäåííûé ðàíåå îáú¼ì Vï â �îðìóëó (1), ïîëó÷èì:

T = ρâgSh.Êðèòåðèè îöåíèâàíèÿÂåðíî çàïèñàíî óñëîâèÿ ïîñòîÿíñòâà ìàññû. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1Íàéäåíî èçìåíåíèå îáúåìà ëüäà . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2Âåðíî çàïèñàíî óñëîâèå ïîíèæåíèÿ óðîâíÿ âîäû . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1Ïîëó÷åí îòâåò äëÿ îáúåìà ïîëîñòè Vï . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2Âåðíî çàïèñàíû âòîðîé çàêîí Íüþòîíà è çàêîí Àðõèìåäà. . . . . . . . . . . . . . . . . . .2Ïîëó÷åí îòâåò äëÿ ñèëû íàòÿæåíèÿ íèòè Ò . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 210
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Ïðîåêöèÿ íà÷àëüíîé ñêîðîñòè íà ãîðèçîíòàëüíóþ îñü:

vx = v0 cos 60
◦ = v0/2.Èç êóðñà ãåîìåòðèè èçâåñòíî, ÷òî êàòåò, ïðèëåæàùèéê óãëó ϕ = 60◦, âäâîå ìåíüøå ãèïîòåíóçû. Îòñþäà ìûçàêëþ÷àåì, ÷òî ÷åðåç âðåìÿ ∆t ñêîðîñòü êàìíÿ áóäåòíàïðàâëåíà ãîðèçîíòàëüíî (ðèñ. 7). Ïðîåêöèÿ íà÷àëüíîéñêîðîñòè êàìíÿ íà âåðòèêàëüíóþ îñü:

vy = v0 sin 60
◦ = g∆t = 10 ì/ñ.Âîñïîëüçîâàâøèñü òåîðåìîé Ïè�àãîðà, íàéäåì:

v0 =
2
√
3
· g∆t.Ïðîåêöèÿ ïåðåìåùåíèÿ íà ãîðèçîíòàëüíóþ îñü:

Sx =
v0

2
∆t =

g∆t2
√
3
.Ïðîåêöèÿ ïåðåìåùåíèÿ íà âåðòèêàëüíóþ îñü:

Sy =
g∆t2

2
.Ìîäóëü ïåðåìåùåíèÿ:

S =
√

(Sx)2 + (Sy)2 =
√

1/4 + 1/3 · g∆t2 ≈ 7,64 ì.Êðèòåðèè îöåíèâàíèÿÓêàçàíî, ÷òî ñêîðîñòü êàìíÿ ÷åðåç âðåìÿ ∆t áóäåò ãîðèçîíòàëüíîé. . . . . . . . .4Âûðàæåíà âåðåòèêàëüíàÿ ïðîåêöèÿ ñêîðîñòè vy ÷åðåç g∆t . . . . . . . . . . . . . . . . . . 1Âûðàæåíà íà÷àëüíàÿ ñêîðîñòü v0 ÷åðåç g∆t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1Íàéäåíà ïðîåêöèÿ ïåðåìåùåíèÿ íà âåðòèêàëüíóþ îñü Sy . . . . . . . . . . . . . . . . . . . .1Íàéäåíà ïðîåêöèÿ ïåðåìåøåíèÿ íà ãîðèçîíòàëüíóþ îñü Sx . . . . . . . . . . . . . . . . . 1Ïîëó÷åí îòâåò äëÿ ìîäóëÿ ïåðåìåùåíèÿ S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2Çàäà÷à 4. ¾Ýëåêòðè÷åñêàÿ öåïî÷êà¿Ïðè äàííûõ óñëîâèÿõ ìåñòî êîíòàêòà ìîæíî ñ÷èòàòü òî÷åí÷íûì. Öåïî÷�êó ìîæíî çàìåíèòü ýêâèâàëåíòíîé ñõåìîé (ðèñ. 8), ãäå Ri � ñîïðîòèâëåíèåïîëîâèíû i-ãî êîëüöà. 11
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RN�èñ. 8Îáîçíà÷èì ïîëîâèíó äëèíû i-ãî êîëüöà li, à ïîëíóþ äëèíó ïîøåäøåé íàöåïî÷êó ïðîâîëîêè l. Ïîëíàÿ äëèíà ïðîâîëîêè � ýòî ñóììà äëèí âñåõ êîëåö:
l = 2 (l1 + l2 + ...+ lN) .Cîïðîòèâëåíèå i-ãî êîëüöà ìîæíî íàéòè ïî �îðìóëå

ri =
Ri

2
=

ρli
2S

,ãäå S � ïëîùàäü ïîïåðå÷íîãî ñå÷åíèÿ ïðîâîëîêè.Ìàññà öåïî÷êè m = dSl. Ñîïðîòèâëåíèå âñåé öåïî÷êè:
R = (r1 + r2 + ...+ rN ) =

ρ

2S
(l1 + l2 + ...+ lN) =

ρl

4S
.Âûðàæàÿ S èç �îðìóëû äëÿ ìàññû öåïî÷êè, ïîëó÷àåì:

l2 =
4mR

ρd
.Äëèíà öåïî÷êè L ñêëàäûâàåòñÿ èç äèàìåòðîâ êîëåö:

L =
2l1
π

+
2l2
π

+ ...+
2lN
π

=
l

π
=

2

π

√

mR

ρd
= 31,8 ñì.Êðèòåðèè îöåíèâàíèÿÏîëó÷åíà ýêâèâàëåíòíàÿ ñõåìà. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2Ïîëó÷åíà �îðìóëà äëÿ ñîïðîòèâëåíèÿ îäíîãî êîëüöà . . . . . . . . . . . . . . . . . . . . . . . 2Ïîëó÷åíà �îðìóëà äëÿ ñîïðîòèâëåíèÿ öåïî÷êè . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2Ïîëó÷åíî âûðàæåíèå, ñâÿçûâàþùåå ìàññó è ïëîùàäü ïîïåðå÷íîãî ñå÷åíèÿ . 1Ïîëó÷åíà �îðìóëà äëÿ äëèíû öåïî÷êè . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2Ïîëó÷åí ÷èñëîâîé îòâåò . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1Çàäà÷à 5. Êîìíàòà ñ çåðêàëàìèÊàæäîå èç çåðêàë äà¼ò ïî îäíîìó ïåðâè÷íîìó èçîáðàæåíèþ: S1 è S2. Ýòèèçîáðàæåíèÿ, â ñâîþ î÷åðåäü, ñîçäàþò ïî îäíîìó âòîðè÷íîìó èçîáðàæåíèþ,êîòîðûå ñîâïàäàþò. Îáîçíà÷èì ýòî âòîðè÷íîå èçîáðàæåíèå êàê S3 (ðèñ. 9).12



�åãèîíàëüíûé ýòàï. Òåîðåòè÷åñêèé òóðÈñòî÷íèê S1 îñâåùàåò âñþ ñòåíó AC è ÷àñòü ñòåíû CD äëèíîé c. Èñòî÷íèê
S2 îñâåùàåò âñþ ñòåíó AB è ÷àñòü ñòåíû BD äëèííîé c.
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�èñ. 9Èñòî÷íèê S3 îñâåùàåò ó÷àñòîê C2D1 ñòåíû CD. Ñîîòâåòñòâåííî, íå áóäóòîñâåù¼ííûìè ó÷àñòêè C1C2, D1D, èDÂ1.Èç ïîäîáèÿ òðåóãîëüíèêîâA1S3A2 è

D1S3C2 íàéäåì äëèíó ó÷àñòêà ñòåíû CD, îñâåù¼ííîãî ñâåòîì îò ìíèìîãîèñòî÷íèêà S3:
C2D1 =

3

2
(c+ b).Òàêèì îáðàçîì, äëèíà íåîñâåù¼ííîãî ó÷àñòêà ñòåí ðàâíà:

x = (a+ b)− 2c− C2D1 = a−
(

b+ 7c

2

)

= 3,75 ì.À ïëîùàäü ðàâíà
S = Hx = 15 ì2.Êðèòåðèè îöåíèâàíèÿÍàéäåíî ïåðâè÷íîå, èçîáðàæåíèå S1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1Íàéäåíî ïåðâè÷íîå, èçîáðàæåíèå S2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1Íàéäåíî âòîðè÷íîå, èçîáðàæåíèå S3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1Íàéäåíû ó÷àñòêè, îñâåù¼ííûå èñòî÷íèêîì S1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1Íàéäåíû ó÷àñòêè, îñâåù¼ííûå èñòî÷íèêîì S2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1Íàéäåíà äëèííà íåîñâåù¼ííîãî ó÷àñòêà C1C2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2Íàéäåíà äëèííà íåîñâåù¼ííîãî ó÷àñòêà B1D1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2Ïîëó÷åí ïðàâèëüíûé îòâåò S = 15 ì . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
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XLVI Âñåðîññèéñêàÿ îëèìïèàäà øêîëüíèêîâ ïî �èçèêå10 êëàññÇàäà÷à 1. Ëüäèíêà ñ ïîëîñòüþÎáú¼ì, âûòåñíÿåìûé ëüäîì ñ ïîëîñòüþ ðàâåí

V = hS = Vï + Vë = Vï + më

ρë ,ãäå Vë � îáú¼ì ëüäà, më � åãî ìàññà.Ïî çàêîíó Àðõèìåäà

(më +mø)g = ρâgVèëè, ó÷èòûâàÿ, ÷òî mø = më = m,

2m = ρâhS.Èç ýòèõ óðàâíåíèé ñëåäóåò

Vï = hS − më

ρë = hS − ρâhS/2
ρë = hS

(

1− ρâ

2ρë) .Ïî çàêîíó Àðõèìåäà ïëàâàþùèé ë¼ä âûòåñíÿåò îáú¼ì (më + mø)/ρâ, àïîñëå òàÿíèÿ ëüäà ïîëó÷èâøàÿñÿ âîäà è øàðèê âûòåñíÿþò îáú¼ì (më/ρâ +
+ mø/ρø). Òàê êàê ρâ < ρø ïåðâûé îáú¼ì áîëüøå âòîðîãî è óðîâåíü âîäûïîíèçèòñÿ. �àçíîñòü ýòèõ îáú¼ìîâ ðàâíà S∆h:

mø

ρâ − mø

ρø = S∆h,îòêóäà ñ ó÷¼òîì ñîîòíîøåíèÿ 2m = ρâhS ïîëó÷àåì, ÷òî óðîâåíü âîäû ïîíè�çèòñÿ íà

∆h =
m

S

(

1

ρâ − 1

ρø) =
ρâhS/2

S

(

1

ρâ − 1

ρø) =
h

2

(

1− ρâ

ρø) .Êðèòåðèè îöåíèâàíèÿÍàéäåí îáú¼ì, âûòåñíÿåìûé ëüäîì ñ ïîëîñòüþ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2Èñïîëüçîâàí çàêîí Àðõèìåäà (ïîëó÷åíî 2m = ρâhSèëè (mø +mâ)g = ρâgV ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2Ñ ïîìîùüþ ïðåäûäóùèõ óðàâíåíèé ïîëó÷åíî Vï = hS(1− ρâ/(2ρë))èëè ýêâèâàëåíòíîå åìó âûðàæåíèå . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1Óêàçàíî, ÷òî óðîâåíü âîäû ïîíèçèòñÿ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1Íàéäåíà ðàçíîñòü âûòåñíÿåìûõ îáú¼ìîâ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2Ïîëó÷åí êîíå÷íûé îòâåò ∆h = h/2 · (1− ρâ/ρø) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214


