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I. ÎÁÙÀß ×ÀÑÒÜ

1. Îïðåäåëèì ïîñëåäîâàòåëüíîñòü ìíîãî÷ëåíîâ gn(x) ñëåäóþùèì îáðàçîì. Ïîëîæèì
g0(x) = 1, à ìíîãî÷ëåí gn+1(x) îïðåäåëèì êàê ðåçóëüòàò îòáðàñûâàíèÿ ÷ëåíà ñ x−1 â
(x+ x−1)gn(x). Íàïðèìåð, g1(x) = x, g2(x) = 1 + x2 è ò.ä. Íàéäèòå g15(0) è g16(0).

1. Let us de�ne a sequence of polynomials gn(x) in the following way. Set g0(x) = 1, and
de�ne the polynomial gn+1(x) as the expression (x + x−1)gn(x), in which the term with x−1

is omitted. For example, g1(x) = x, g2(x) = 1 + x2 etc. Find g15(0) and g16(0).

2. Âû÷èñëèòå èíòåãðàë ∫
ex

2+y2−u2−v2dx dy du dv.

ïî øàðó ðàäèóñà R ñ öåíòðîì â 0 â ïðîñòðàíñòâå R4.

2. Compute the integral ∫
ex

2+y2−u2−v2dx dy du dv.

over the ball of radius R centered at 0 in the space R4.

3. Íàéäèòå íàèìåíüøåå ÷èñëî k > 1, òàêîå, ÷òî âñÿêàÿ ãðóïïà, äåéñòâóþùàÿ íåòðèâèàëü-
íî íà ìíîæåñòâå èç ÷åòûðåõ ýëåìåíòîâ, ñîäåðæèò íîðìàëüíóþ ïîäãðóïïó èíäåêñà ≤ k.
Ãîâîðÿò, ÷òî ãðóïïà äåéñòâóåò íåòðèâèàëüíî, åñëè íå âñå ýëåìåíòû ãðóïïû äåéñòâóþò
êàê òîæäåñòâåííîå ïðåîáðàçîâàíèå.

3. Find the smallest number k > 1 with the following property: every group acting non-
trivially on a set with four elements contains a normal subgroup of index ≤ k. A group action
is said to be non-trivial if not all elements of the group act as the identity transformation.

4. Íàéäèòå íàèìåíüøåå ÷èñëî ñîáñòâåííûõ ïîäïðîñòðàíñòâ ïðîñòðàíñòâà F3
2, îáúåäèíå-

íèå êîòîðûõ ñîâïàäàåò ñî âñåì ïðîñòðàíñòâîì. Çäåñü F2 � ïîëå èç äâóõ ýëåìåíòîâ.

4. Find the smallest number of proper subspaces of the space F3
2, whose union coincides with

the entire space. Here F2 denotes the �eld with two elements.

5. Íàéäèòå õîòÿ áû îäèí ìíîãî÷ëåí u(x, y) ñî ñëåäóþùèìè ñâîéñòâàìè:

ux + 2xuy = 0, u(0, 0) = 1, u(0, 1) = u(0, 2) = u(0, 3) = 0.

5. Find at least one polynomial u(x, y) with the following properties:

ux + 2xuy = 0, u(0, 0) = 1, u(0, 1) = u(0, 2) = u(0, 3) = 0.

Íàöèîíàëüíûé èññëåäîâàòåëüñêèé óíèâåðñèòåò ¾Âûñøàÿ øêîëà ýêîíîìèêè¿



II. ÑÏÅÖÈÀËÜÍÀß ×ÀÑÒÜ

Â ñîîòâåòñòâèè ñî ñâîèì âûáîðîì ïðîãðàììû ìàãèñòåðñêîé ïîäãîòîâêè

âûáåðèòå è âûïîëíèòå òîëüêî îäèí èç ñëåäóþùèõ áëîêîâ çàäàíèé ñïåöè-

àëüíîé ÷àñòè.

Áëîê 1. ¾Ìàòåìàòèêà¿

1. Äàíû äâà âûïóêëûõ ìíîãîóãîëüíèêà íà ïëîñêîñòè. Âñåãäà ëè âåðíî, ÷òî âñÿêèé ãî-
ìåîìîðôèçì èõ âíóòðåííîñòåé ïðîäîëæàåòñÿ äî ãîìåîìîðôèçìà çàìêíóòûõ ìíîãîóãîëü-
íèêîâ? Ñòðîãî îáîñíóéòå îòâåò.

1. Given two convex polygons in the plane, is it always true that any homeomorphism between
their interiors extends to a homeomorphism of the closed polygons? Rigorously justify your
answer.

Áëîê 2. ¾Ìàòåìàòè÷åñêàÿ ôèçèêà¿

1. Òî÷êà ìàññû m ñêîëüçèò ïî ãëàäêîé íàêëîííîé ïîâåðõíîñòè áåç íà÷àëüíîé ñêîðîñòè ñ
âûñîòû h. Íàêëîííàÿ ïîâåðõíîñòü ïåðåõîäèò â ¾ìåðòâóþ ïåòëþ¿ ðàäèóñà R. 1) Ñ êàêîé
ìèíèìàëüíîé âûñîòû h0 äîëæíî ñòàðòîâàòü òåëî, ÷òîáû óñïåøíî ìèíîâàòü ¾ìåðòâóþ
ïåòëþ¿, ò.å. íå îòîðâàòüñÿ îò åå ïîâåðõíîñòè? 2) Òîò æå âîïðîñ ïðè íàëè÷èè òðåíèÿ.
Êîýôôèöèåíò òðåíèÿ ðàâåí µ.

1. A point of mass m slides with zero initial speed along a frictionless inclined plane, starting
at height h. The inclined plane connects to a vertical loop of radius R. 1) What is the smallest
value h0 of the initial height, for which the point can hold on the loop i.e. do not drop from
it? 2) The same question in the case, where there is friction. The friction coe�cient is equal
to µ.
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