
�åãèîíàëüíûé ýòàï. Òåîðåòè÷åñêèé òóð

PV (ðèñ. 11), êîòîðóþ ïðîùå âñåãî íàéòè, êàê ðàçíîñòü ïëîùàäåé äâóõ òðå�óãîëüíèêîâ:
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XLVI Âñåðîññèéñêàÿ îëèìïèàäà øêîëüíèêîâ ïî �èçèêå11 êëàññÇàäà÷à 1. Ïóñòàÿ áóòûëêàÏîñëå òîãî, êàê â áóòûëêó íàëèëè m ã âîäû, óðîâåíü âîäû â ñîñóäå ïîâû�ñèëñÿ íà

∆h1 =
m

ρS
. (2)Êîãäà áóòûëêà óòîíóëà, â íåå çàòåêëà âîäà è óðîâåíü âîäû ïîíèçèëñÿ íà

∆h2 =
V −m/ρ

S
. (3)Ïî óñëîâèþ, óðîâåíü âîäû èçìåíèëñÿ íà ∆h. Ýòî ìîæåò îçíà÷àòü êàê òî,÷òî îí ïîâûñèëñÿ, òàê è òî, ÷òî îí ïîíèçèëñÿ. Ïîýòîìó ðåøåíèé áóäåò äâà.Ïðè ýòîì
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S
= ±∆h. (4)�åøåíèåì ýòîãî óðàâíåíèÿ ÿâëÿåòñÿ
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ρ
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ρ
+ S∆h, V1 = 750 ìë;
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2m

ρ
− S∆h, V2 = 450 ìë.Êðèòåðèè îöåíèâàíèÿÏîëó÷åíî âûðàæåíèå äëÿ ∆h1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1Ïîëó÷åíî âûðàæåíèå äëÿ ∆h2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2Çàìå÷åíî, ÷òî âîçìîæíî äâà ðåøåíèÿ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1Ïîëó÷åíà �îðìóëà (4). Îòñóòñòâèå äâîéíîãî çíàêà íå âëèÿåò íà îöåíêó . . . . 1Ïîëó÷åíà �îðìóëà (5). Îòñóòñòâèå äâîéíîãî çíàêà íå âëèÿåò íà îöåíêó . . . . 1Íàéäåí V1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2Íàéäåí V2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2Çàäà÷à 2. Çàðÿæåííûé êîíäåíñàòîð1.) Íà÷àëüíûé çàðÿä íà êîíäåíñàòîðå q0 = 3CE .Ïîñëå çàìûêàíèÿ êëþ÷à òîê òå÷åò ïðîòèâ ÝÄÑ. Ìàêñèìàëüíîé ñèëà òîêàáóäåò òîãäà, êîãäà çàðÿä íà êîíäåíñàòîðå áóäåò ðàâåí q = CE . ÝÄÑ ñîâåðøèòîòðèöàòåëüíóþ ðàáîòó. Çàïèøåì çàêîí ñîõðàíåíèÿ ýíåðãèè:
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�åãèîíàëüíûé ýòàï. Òåîðåòè÷åñêèé òóðîòêóäà íàõîäèì

Imax = E
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L
.2.) Íà êîíäåíñàòîðå çàðÿäà íåò. Ïîýòîìó ÝÄÑ ñîâåðøàåò ðàáîòóA = −E q0.Çàïèøåì çàêîí ñîõðàíåíèÿ ýíåðãèè:

−E q0 = − q20
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2
. (7)Îòñþäà
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√
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L
.3.) Ïóñòü ïðîòèâ ÝÄÑ ïðîòåêàåò ïîëîæèòåëüíûé çàðÿä q è I = 0. Çàïèøåìçàêîí ñîõðàíåíèÿ ýíåðãèè:

−E q =
(q0 − q)2

2C
− q20

2C
. (8)Îäíî èç ðåøåíèé q = 0 ñîâïàäàåò ñ íà÷àëüíûì ïîëîæåíèåì ñèñòåìû. Çà�ðÿä íà êîíäåíñàòîðå ïðè ýòîì ðàâåí Q1 = 3CE . Âòîðîå ðåøåíèå q = 4CEñîîòâåòñòâóåò ñëó÷àþ, êîãäà çàðÿä íà êîíäåíñàòîðå ðàâåí Q2 = q0− q = −CE .Çíàê çàðÿäà � ïðîòèâîïîëîæíûé íà÷àëüíîìó. Òî åñòü

Q1 = 3CE , (9)

Q2 = −CE . (10)Êðèòåðèè îöåíèâàíèÿÇàïèñàí çàêîí ñîõðàíåíèÿ ýíåðãèè (6) äëÿ íà÷àëüíîãî ìîìåíòà âðåìåíèè ìîìåíòà, êîãäà ñèëà òîêà ìàêñèìàëüíà . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1Ïîëó÷åíî âûðàæåíèÿ äëÿ Imax . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2Çàïèñàí çàêîí ñîõðàíåíèÿ ýíåðãèè (7) äëÿ íà÷àëüíîãî ìîìåíòà âðåìåíèè ìîìåíòà, êîãäà çàðÿä êîíäåíñàòîðà íóëåâîé . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1Ïîëó÷åíî âûðàæåíèå äëÿ I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2Çàïèñàí çàêîí ñîõðàíåíèÿ ýíåðãèè (8) äëÿ íà÷àëüíîãî ìîìåíòà âðåìåíèè ìîìåíòà, êîãäà ñèëà òîêà â öåïè ðàâíà íóëþ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1Óêàçàíî, ÷òî ñóùåñòâóåò äâà îòâåòà íà òðåòèé ïóíêò çàäà÷è . . . . . . . . . . . . . . . . 1Ïîëó÷åíî âûðàæåíèå (9) äëÿ ïåðâîãî îòâåòà íà òðåòèé ïóíêò çàäà÷è . . . . . . . 1Ïîëó÷åíî âûðàæåíèå (10) äëÿ âòîðîãî îòâåòà íà òðåòèé ïóíêò çàäà÷è . . . . . . 1Çàäà÷à 3. Íà âèðàæå (2)Ñèëà òðåíèÿ, äåéñòâóþùàÿ íà àâòîìîáèëü íà ïîâîðîòå, èìååò äâå ñîñòàâëÿ�þùèå: òàíãåíöèàëüíóþ Fτ = αv, êîìïåíñèðóþùóþ ñîïðîòèâëåíèå âîçäóõà, è19
XLVI Âñåðîññèéñêàÿ îëèìïèàäà øêîëüíèêîâ ïî �èçèêåíîðìàëüíóþ Fn = mv2/R, îáåñïå÷èâàþùóþ öåíòðîñòðåìèòåëüíîå óñêîðåíèå.Òàêèì îáðàçîì, ñèëà òðåíèÿ, äåéñòâóþùàÿ íà êîëåñà, ðàâíà

F =

√

α2v2 +
m2v4

R2
. (11)Ìãíîâåííàÿ ìîùíîñòü, ðàçâèâàåìàÿ äâèãàòåëåì, ðàâíà

P = (~F · ~v) = Fτv = αv2. (12)Óñëîâèå îòñóòñòâèÿ ïðîñêàëüçûâàíèÿ:
F 6 µmg. (13)Èñïîëüçóÿ ýòî óñëîâèå, ïîëó÷àåì, ÷òî ñêîðîñòü àâòîìîáèëÿ íå ìîæåò ïðå�âûøàòü çíà÷åíèå

Vmax =

√

√

1

4

α4R4

m4
+ µ2R2g2 − 1

2

α2R2

m2
, (14)

Vmax = 50 ì/ñ.Åñëè óñëîâèå (13) âûïîëíåíî, òî ñêîðîñòü îãðàíè÷èâàåòñÿ òîëüêî ìîùíî�ñòüþ äâèãàòåëÿ:
P 6 Pmax.Òî åñòü
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α
= vmax. (15)�ðà�èê çàâèñèìîñòè vmax(Pmax) ïðåäñòàâëåí íà (ðèñ. 12).PSfrag replaements
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0 �èñ. 12Êðèòåðèè îöåíèâàíèÿÏîëó÷åíà �îðìóëà (11) äëÿ ñèëû òðåíèÿ, äåéñòâóþùåé íà êîë¼ñà . . . . . . . . . . 2Çàïèñàíî âûðàæåíèå (12) äëÿ ìîùíîñòè, ðàçâèâàåìîé äâèãàòåëåì . . . . . . . . . . 2Çàïèñàíî óñëîâèå îòñóòñòâèÿ ïðîñêàëüçûâàíèÿ (13) . . . . . . . . . . . . . . . . . . . . . . . . . 120



�åãèîíàëüíûé ýòàï. Òåîðåòè÷åñêèé òóðÏîëó÷åíà �îðìóëà (14) äëÿ ìàêñèìàëüíîé ñêîðîñòè àâòîìîáèëÿ. . . . . . . . . . . .2Çàïèñàíî óñëîâèå (15) äëÿ îãðàíè÷åíèÿìàêñèìàëüíîé ñêîðîñòè ìîùíîñòüþ äâèãàòåëÿ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1Ïîñòðîåí ãðà�èê çàâèñèìîñòè vmax(Pmax) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2Çàäà÷à 4. "Ëåâèòàöèÿ"Ïóñòü âî âðåìÿ ñòîëêíîâåíèÿ ñêîðîñòü ïëàñòèíû ðàâíÿëàñü V , à ñêîðîñòüøàðèêà � v. Èç çàêîíîâ ñîõðàíåíèÿ ýíåðãèè è èìïóëüñà ñëåäóåò ñîîòíîøåíèå:

MV = mv. (16)Ïðîìåæóòîê âðåìåíè ìåæäó ñòîëêíîâåíèÿìè ðàâåí ïðîìåæóòêó âðåìåíè,íåîáõîäèìîìó äëÿ òîãî, ÷òîáû ñêîðîñòü ïëàñòèíû ïîìåíÿëà çíàê. Òî åñòü

2V = gt.
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g
. (17)Ýòî âðåìÿ äîëæíî áûòü ðàâíî âðåìåíè, íåîáõîäèìîìó äëÿ òîãî, ÷òîáûøàðèê äîëåòåë äî çåìëè, îòðàçèëñÿ è âåðíóëñÿ îáðàòíî. Òî åñòü
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. (18)�åøàÿ ñèñòåìó èç ýòèõ òðåõ óðàâíåíèé, ïîëó÷àåì
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. (20)Êðèòåðèè îöåíèâàíèÿÏîëó÷åíî ñîîòíîøåíèå (16) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1Ïîëó÷åíà �îðìóëà (17) äëÿ ïðîìåæóòêà ìåæäó äâóìÿ ñòîëêíîâåíèÿìè . . . . 2Çàïèñàíà �îðìóëà, ñâÿçûâàþùàÿ âûñîòó H ïëàñòèíû íàä çåìë¼éñî âðåìåíåì ìåæäó äâóìÿ ñòîëêíîâåíèÿìè . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2Ïîëó÷åíà �îðìóëà, ýêâèâàëåíòíàÿ �îðìóëå (19) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3Îïðåäåëåíà êèíåòè÷åñêàÿ ýíåðãèÿ øàðèêà ó ïîâåðõíîñòè çåìëè . . . . . . . . . . . . 2Çàäà÷à 5. Âëàæíûé âîçäóõÂ öèëèíäðå â íà÷àëå ïðîöåññà ïàð íåíàñûùåííûé (ýòî ñëåäóåò èç α > γ)Ïóñòü p � íà÷àëüíîå äàâëåíèå ïàðà. Òîãäà βp � íà÷àëüíîå äàâëåíèå ñóõîãîâîçäóõà. 21

XLVI Âñåðîññèéñêàÿ îëèìïèàäà øêîëüíèêîâ ïî �èçèêåÈç óðàâíåíèÿ Ìåíäåëååâà-Êëàïåéðîíà äëÿ ñóõîãî âîçäóõà:
βpαV = νRT = p1V, (21)ãäå p1 = βαp � êîíå÷íîå äàâëåíèå ñóõîãî âîçäóõà.Èç óðàâíåíèÿ Ìåíäåëååâà - Êëàïåéðîíà äëÿ ïàðà

pαV = ν1RT ; p2V = ν2RT. (22)

kν1 = ν1 − ν2, (23)ãäå k � èñêîìîå îòíîøåíèå.Ïðè ýòîì, p1 + p2 = γ(p+ βp).�åøàÿ ýòó ñèñòåìó óðàâíåíèé, ïîëó÷àåì
k =

(α− γ)(β + 1)

α
, (24)

k =
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8
.Êðèòåðèè îöåíèâàíèÿÇàïèñàíî óðàâíåíèå Ìåíäåëååâà-Êëàïåéðîíà äëÿ ñóõîãî âîçäóõà . . . . . . . . . . . 2Çàïèñàíû óðàâíåíèÿ Ìåíäåëååâà-Êëàïåéðîíà äëÿ ïàðà . . . . . . . . . . . . . . . . . . . . . 2Ïîëó÷åíà �îðìóëà, ýêâèâàëåíòíàÿ �îðìóëå (23) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1Óêàçàíà ñâÿçü äàâëåíèé . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1Ïîëó÷åíà �îðìóëà (24) äëÿ èñêîìîãî êîý��èöèåíòà k . . . . . . . . . . . . . . . . . . . . . . 3Ïîëó÷åí ïðàâèëüíûé ÷èñëîâîé îòâåò . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
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