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JdeMoHCTpalinOHHBII BAPUAHT U METOAUYECKNE PEKOMEHIAINN
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ITpodnan:
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JEMOHCTPAIIIOHHBINT BAPAHT

Bpemsa Boimmonenus 3amaans — 240 MUHYT

I. OBIIA A YACTDb

1. Mycrs n — uucao ynopsijaouennbix tpoek (Aj, As, Asz), cocrosmux u3 muoxecrs Ap, As,
Ajs, Takux, 9T0

AyUA UAs=1{1,2,3,4,56,7,8,9,10},
AlmAzﬂA:g:@.

Haiisure pasjiozKeHue 4ucaa n Ha MPOCTHIE MHOXKUTE/IN.
1. Let n be the number of ordered triples (A;, Az, A3) consisting of sets A;, Ay, Az such that
AfUAUA3={1,2,3,4,5,6,7,8,9, 10},
AiNAyNA;=0.

Find the prime factorization of n.

2. Cxomurcsd Jin psj

2. Does the following series converge

3. llycts G — xomeunas rpymma, a o : G — G — asromopdusm rpynmnsl (G, Takoii, 910
a(x) = & TOJBKO ecJin X SIBJISIeTCs eJMHUIHBIM dJIeMeHTOM. [{oKazKuTe, 4TO BCAKHUH 7€MEeHT
rpynnel G MoxKeT OBITH OpejcTaB/ieH B Bue r 'a(z), rie z € G.

3. Let G be a finite group, and « : G — G an automorphism of G such that a(z) = = only
if x is the identity. Prove that every element of the group GG can be represented in the form

z 'a(z), where z € G.

4. B eBKJIHI0BOM IIpOCTpaHCcTBe R? 3a1aH SJIHICORT C IJIABHBIME noJstyocsimu a, b, ¢. Bokpyr
HEro MPOU3BOJIBHBIM 00Pa30M OMUCAH MPSIMOYTOJbHBII napaJiesenuies, (TaK, IT0 SJLIUICOM/T
KacaeTcd KazKJa0i n3 rpanei Hapaﬂﬂeﬂennneﬂa). Haiinure nwHy riaaBHON AuaroHa M mapaJ-
JieJieruneaa.

4. In the Euclidean space R3, an ellipsoid with semi-principal axes of lengths a, b, c is given.
A rectangular parallelepiped is circumscribed around it so that the ellipsoid is tangent to all
faces of the parallelepiped. Compute the length of the principle diagonal in the parallelepiped.



5. Pemure ypasnenune u; = —u’u, ¢ nadanbubiv ycaosuem u(z,0) = cosz. Haitnure mak-
cumasibhoe 3Havenue T, Takoe, 4TO HEOCO0OE pemenue cymecTByer Ha muoxecrse ¢ € [0,7T),
rz e R.

5. Solve the initial value problem u; = —u?u,, u(x,0) = cosx. Find the maximal value of T'
such that a non-singular solution exists on the set t € [0,7), x € R.

II. CIIELIIUAJIBHAA YACTDb

B coomseemcmeuu co c80uUM 8blOOPOM NPO2PAMMBL MA2UCMEPCKOU NOJ20MOBKU
svibepume u 8bvINOAHUME MOABbKO 00UH U3 caedyrwuxr b6.a0K08 3adaHul cnevu-
anvbHoU wacmu.

Buok 1. «Maremaruka»

1. ITycrs V' — KoHEeYHOMEPHOE BEKTOPHOE MPOCTPAHCTBO HAJL HOJIEM JeHCTBUTEILHBIX YNCE.
Cymmoit A + B muoxkects A, B C V Ha3bIBaeTCsd MHOXKECTBO BCeX BEKTOPOB BuIa a + b, rie
a € A, b€ B. Jlng Beakoro A € R MmHOzKecTBO AA onpessercsd KaK MHOXKECTBO BCeX BEKTOPOB
Buga Aa, riae a € A. JlokazkuTe, 94TO OTKPHLITOE MHOXKECTBO A YIOBIETBOPSIET PABEHCTBY
A+ A =2A rorga u TOIBLKO TOrma, Korma A BBIIYKIIO.

1. Let V be a finite dimensional vector space over the field of real numbers. The sum A + B
of sets A, B C V is defined as the set of all vectors of the form a + b, where a € A, b € B.
For any A € R, the set AA is by definition the set of all vectors of the form Aa, where a € A.
Prove that an open set A satisfies the equality A + A = 2A if and only if A is convex.

Baok 2. «Maremarnueckaa ¢pusnka»

1. I'py3uk Maccel m Ha JBYX NPYKUHAX YKECTKOCTH K TOJBEIIeH MeKIY BePTUKAJIHHBIMU
cTeHKaMu. B mcxomnom mosiozkenun obe MpyKUHBI OPUEHTHPOBAHBI TOPU30HTATBLHO W HE WC-
IBITBIBAIOT HATAXKEHUS, TPY3UK HAXOIUTCHI HA paccToguuu ¢ oT Kaxkaoin u3 cred. CHUIbl T-
kKectu HeT. B Hava/ibHbIT MOMEHT BPEMEHU I'PDY3UKY HPUJIAETCH CKOPOCTDb Uy B BEPTUKAJIBHOM
Hanpasjeanu. OnpeenTe 3aBUCUMOCTD CKOPOCTH TPY3UKA OT €ro0 MOJIOZKEHUSI.

1. A point mass m is attached to two springs of spring constant & that are connected to two
vertical walls. Initially, both springs are horizontal and relaxed, the mass is on distance ¢ from
each of the walls. There is no gravity. At the initial moment, the mass has a vertical velocity
of absolute value vy. Determine the dependence of the velocity of the mass on its position.

METOINYECKNE PEKOMEHJIAIINN

3ajaun Ha MaTeMATHYeCKOH OJMMIHNAJe, KAaK IIPABHJIO, HEMHOIO CJIOXKHee, 4eM Ha dK3a-
MeHe B MarucTparypy. Pemenne stux 3a1ad1 TpebyeT He TOJBKO OLPE/IeIeHHON! TeOPeTHIecKoil
MOATOTOBKH, HO ¥ OPUTHHAILHON CTpATernn perrenus. TeopeTndeckas MOATOTOBKA TOJIZKHA
BKJIIOYATH CJIAYIOIine TeMbl (B pAMKAX CTAHIAPTHOI MPOrPAMMBI MATEMATHICCKHX (DAKYJIb-
TETOB):

obmast anrebpa (BK/IIOYAST TEOPUIO TPYIIT U 3J€MEHThl KOMOMHATOPHUKH)
JMHeiHasg aaredopa

MaTeMATHYeCKUH aHATH3 (BKIOUAst MHOTOMEDHBIIl AHAJN3 U TEOPHIO MepHbI)
KOMILJICKCHBI aHaJIn3

0o0ObIKHOBeHHbIE JiuddepeHiinajibuble ypaBHEeHU s

IPOCTENINNEe MEeTO/Ibl TEOPUN YPABHEHUN € YaCTHBIMU NMPOU3BOIHBIMHA
2



Bajaun 6sioka «Maremarndeckas pusukay MOryT TaKKe HCIOJIb30BATH OCHOBHBIE MOHSITHUS
KJIaCCMYeCcKOi Mexanuku. /Iy penienus HeKOTOpbIX 3aja4 Ojioka «Maremarukay neoOXou-
MO 3HAKOMCTBO ¢ TomoJorueii (o6rmasi Tonosorusi, GyHpaMenaababie rpyimbl). B Bapunanre
OJIMMITAATHOTO 3a/[aHUsT, KOHEYHO, MOT'YT OBITH NPEJICTABICHBI HE BCE U3 MEPEUHCJTCHHBIX TEM.

ConepzkaHue CJIeIYIOMUX KHAT U YIeOHBIX MOCOOUI MOTHOCTBIO TOKPBIBAET HEOOXOTUMBbIii
TEOPETUIECKHUI MaTepual.
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