MpuknagHasa maTematuka

Bonpoc VlHd)O

YBa)kaeMble y4aCTHUKN!

OnnMnunagHoe 3agaHune No HanpasJsieHMo «MpuknagHaa MaTeMaTUKa» COCTOUT U3 ABYX YacTewn:
MHBapmaHTHas YacTb nNpeacTtasneHa 3agaHmamm Ne 1-3. UX HY>KHO BbINOJIHUTb BCEM YHaCTHUKaM.
BapuaTuBHasA YacTb pa3fesieHa Ha TPEKU:

e Tpek «MaTemMaTu4eckme MmeTodbl aHaan3a B SKOHOMUKeE»: 3agaHnsa Ne 4-11.
e Tpek «MaTemMaTu4eckme MmeTonbl B COLMONMOrnm»: 3agaHms Ne 12-13.
e Tpek «[lpuknagHaa MaTemMaTUKa B MHXXEHEPUN U eCTEeCTBEHHbIX HayKax»: 3agaHunsa Ne 14-18.

3ajaHuvsA NnpeacTaB/ieHbl Ha PYyCCKOM N Ha AHr INNCKOM a3bike. OTBeT YHaCTHNK MOXXET OaTb TOXe
KaK Ha PyCCKOM, TaK U Ha AHI INNCKOM fAi3bIKe.

Bbl MOXKETe COCPeAOTONNTLCSA Ha BbINOMHEHUN 3a4aHuni 0AHOro Tpeka (4Tobbl NpeTeHa0BaTh Ha
cTtaTtyc aunnomanTa l, i, 1l cTeneHun) nau NoCcTapaTbCs YyCreLwHo NposaBnTb cebs B Nobbix ABYX
Tpekax, 4Tobbl NpeTeHAo0BaTh Ha CTaTyC MeJanucTa.

Pa6oTa opopmnseTcst B MMCbMEHHOM BMAE Ha YUCTbIX INCcTax A4. MosyYeHHbIn oTBET
BbINUCLIBAETCA B KOHLE PELLEHNS 1 0TAeNIbHO 06B0ANTCA B paMKy. POTO/CKaH PYKOMMUCHOM paboThbl
3arpy)xaeTcs B TECTUPYIOLLYIO CUCTEMY B KOHUe cocTa3aHua (Ha 370 y Bac 6yaeT 15 MUHYT).

Bo BpeMs BbINOJIHEHWSA 3a4aHNIN Bbl MOXKETE:

- NONb30BaTLCS YePHOBMKOM (B Ka4ecTBe YepHOBMKa Pa3peLleHo NCNO0b30BaTh YNCTbIE JINCTbI
6ymaru), HO Ha NMPOBEPKY OH He MpeabABNAETCS;

- NCNO0JIb30BaTb BCTPOEHHbIN B CUCTEMY KaJIbKyNAaTOP;

- NCMOoJIb30BaTb Tabnnuy 3HaYeHNN PyHKLUUIA pacnpeneneHuin. CnpaBoyHbIA MaTepman MOXXHO
OTKPbITb Ha HOBOW BKNlaJlke/B HOBOM OKHe, 3TO He ByeT cYMTaTbCa HapylueHueM. icnonb3oBaHne
OpPYyrnx crnpaBOYHbIX MaTepuranoB U CTOPOHHUX PeCypCcoB CTPOro 3anpeLeHo.

Ha>xMuTe, 4TOObI OTKPLITH CNpPaBOYHbIe MaTepuanbl
Bepwum B Baw ycnex!

Bonpoc]
Bann: 14,00

UcenepoeaTb cCUCTEMY M HalTH 06|.|.|,ee pelweHne B 3aBUCMMOCTH OT 3Ha4YeHui napameTpa a . PeweHune
3annMcaTb B BEKTOPHOM BUAE.

(1+a)x; +x;,+x3=a’+3a
x;+ (1 +a)x, + x3 =a’® + 3a?
X+ %+ (1+a)x; = a* + 3ad
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Nwmerorcss HesaBucuMmble BoIGOpku X = (Xi,...,X,) u Y = (Y3,...Y,) paBHOro obnema
n u3 pacupenerenus Bepuymnu. W3BecTtHO, 4TO BBIOOpPOYHBbIE cpenHue paBHBI T = 0.5 u
7 = 0.4. ITo BeIGOpKaM GbLI NOCTPOEH cuMMeTpUdHbIN 95%-i acHMITOTUYECKUi JOBEpH-
TeJIbHBIA MHTEPBAJI IS PA3HUIBI JIOJIEd px — Py, Peasn3alusi KOTOPOro IPUHSIIA BU/
(—0.0143,0.2143).

1. Haitnure o6bem Bbibopku n. OTBET OKpyIInTe IO GJIMKAMIIEr0 HATPYAJIBHOTO YUC-

JIa.

2. Ha 5% ypoBue 3HaunMocTy mpoBepbTe runoresy Hoy: px — py = 0.2 npoTus ABycTO-

POHHEN aJIBTEPHATUBHON T'MIIOTE3BI.
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Management of a large corporation seeks to evaluate the performance of two branch offices (A
and B). The ability to meet deadlines is one of the comparative efficiency criteria. Branch offices A
and B perform independently of each other. From 140 randomly selected projects of branch A, 112
met deadlines. From 150 randomly selected projects of branch B, 129 met deadlines. Can we assert
that branch A violates deadlines more often than branch B? Take 95% confidence interval. An
alternative hypothesis is directional.
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Let Mass be a linear space of real matrices of size 2 x 2 (with the standard
operations of addition and multiplication by a real number). Let A : Myy — Mo
be the linear operator defined by

A(X) = (11 ?) xT. (12 42)

where X7 is the transposed matrix X. Find the matrix of the operator A in
Jordan form.
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Calculate the integral

11 1
f / f r1 + 2.1‘2 + 3.1‘3 + ... 2023.132023 d”pl ([1‘2 dTS dTQDQB

r1+r2+x3+ ...+ 22023 . B
o 0 0

2023 times

or prove that it diverges
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Xy, Xo, .., X, HesaBHCHMBIE H OJIMHAKOBO DACHDEIETEHHBIE CIYIAiiHbIE BETHTHHBI ¢ (DYyHKITHE
IOTHOCTH pacTipe/ieerns fx

1720226, X €[6, 20236
0. X €6, 20230)

(.‘«1.) Haiinnre OHCHKY ITapaMeTpa # MeToI0M MAKCHMATBLHOTO ]l])'(l-B,-I()ll(l,'l_()()]lﬂ.
(])) Haiinre MareMaTnueckoe OxKHIaHIe ]I()..l}"l(—?HH()ﬁ OIEeHKH.
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Solve the differential equation

y" — 8y = 24e?* + 72cos %x.
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Berawncanre (‘.IH,I}'H)]IL]]ﬁ mnpeje.r nin JOKazKuTe, 4To OH He cyvInecTByeT:

lim (2023 — g)sinm(2024—2)
z—2023-0
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Let X, ..., Xs5 be a sample from normal distribution, E[X] = Var(X) = 6.

1. Built a 90% symmetric two-sided confidence interval for unknown parameter 6.

2. Find its realization given that 32>, X; = 400 and 3 -°, X? = 5625.

If € ~ N(0,1), then P(¢ < 1.64) = 0.950, P(¢ < 1.96) = 0.975 and P(¢ < 2.58) = 0.995.
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Optimization. Managing the client department
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There are three ampoyees in the bank’s client department: tho specialists, let us call them A4; and Az
and an office manager who distributes clients who come to the client department with various
problems to two specialists. Work experience has shown that, firstly, customer problems can be
combined into two classes — B; and B2. Secondly, the effectiveness of solving problems by
specialists can be characterized by a martix:

By B>
A 04 07
Az 06 03

Part 1. The manager's office is interested in several questions:
1. What are the limits of the efficiency of the entire department?
2. How to distribute clients among specialists in order to achieve the best efficiency?

Part 2. Employee A; has been trained in advanced training courses. After that, the efficiency matrix
took the form

By B>
A; 08 07
Az 06 03

The manager's office is interested in several questions:
3. How to optimally distibute clients among specialists in the new conditions in order to achieve
the best efficiency?

4. What is the value of the efficiency of the department if the clients are distributed among
specialists optimally?
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Let &; and & be two independent and identically distributed exponential random
variables with parameter A > 0. Prove that random variables max({;,&s) and & + 0.5,

coincide by distribution.
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Write a mini-essay on the proposed topic. Answer can be written in Russian or English.

Table 1 presents a part of a database obtained via consumer behavior questionnaire survey of the
population of a big city. Respondents were asked to indicate up to four favorite food products, which
they have consumed during last week (variables “food-1,2,3,4" in Table 1) as well as up to two
favorite alcohol drinks (variables “drink-1,2" in Table 1) and entertainments (variables “ent-1,2" in
Table1).

Suggest classification procedure of 9 respondents in Table 1into groups with homogeneous
consumption behavior. Show initial calculation stages (full calculations till the end are not
required).

Take a look at the data in Table 1 and suggest hypotheses about possible grouping of those 9
respondents. Suggest expectations about distinctive socio-demographic characteristics of those
groups. Provide theoretical basis, which underlies those hypotheses.
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Table 1
A part of the database of consumer behavior survey (N=1500)

No | gender | age | income occupation food-1 food-2 food-3 food-4 drink-1 | drink-2 ent-1 ent-2

1 | female | 51 [ 488 doctor fresh vegetables | fresh fruits fresh meat yogurt theatre

2 | female | 36 | 825 individual fresh meat squids C?kesA and chocolate wine cinema night club

entrepreneur biscuits
3 | male 25 | 521 marketing specialist fresh meat cheese canned food octopuses whiskey night club__| cinema
4 | male 62 | 644 university professor fresh meat cheese fresh chocolate cognac theatre philharmonic
vegetables hall
5 | male 29 [ 510 electrician durpp!mgs/ sausages chocolate processed beer Pop music night club
ravioli food concert
6 | male 44 [ 1000 company director caviar oysters fresh meat cheese whiskey [ vodka sport event
. cakes and . .
7 | female | 32 | 673 designer biscuits fish oysters yogurt wine cinema
8 | female | 47 | 412 school teacher cgkes. and fresh yogurt fish museum
biscuits vegetables
dumplings/ processed
9 | male 51 | 492 plumber sausages ravioli yogurt food vodka beer sport event
Bonpoc 13
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Write a mini-essay on the proposed topic. Answer can be written in Russian or English.

Demonstrate how social capital influences human capital using any relevant empirical example.
Questionnaire survey is the available method of obtaining empirical data. Describe the desirable
database which you plan to get (variables and their values). Suggest relevant hypothesis as well as
statistical test applicable to the database.
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B kaTasnore komnbtoTepa HaxoamTcs N (haitsioB NPON3BOJSILHOIO TUMA, KaXKAbl haiisl 3aHMMaeT He
6onee, yem M 6ainT. Heob6xoAMMO oNpenennTb KOIMYECTBO YHUKAJIbHbIX MO COAEPXXaHWIo (halos,
€034aTb Nanky Nnoj KaXayto KaTeroputo 1 nepemMecTuTb TyAa 0AMHAKOBbIE (hainbl. Mpy 3ToM B
onepaTVBHYIO NaMsATb KOMMNbIOTEPa BO3MOXKHO 3arpy3uTb He 6osiee 5 haitsioB 04HOBPEMEHHO.

HanuncaTb oNTUMasbHbIN MO YUCSY Onepaumii aaropuTM U OLLEHUTb ero CJIOXKHOCTb B TepMuHax 0"
(O 6onbLioe).
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Yuncno ocobbix 4acTUL, B 3aKPbITOM KOHTENHEPE 3BOJTIOLMOHUPYET cneayowmm obpasom. B
Ha4vas/IbHbIN MOMEHT t=0 B KOHTeNHepe HaxoanTca 1 4YacTuua. OHa OEeNNTCH Ha 2 YaCTULbl TOTrO Xe
Tuna 4Yepes cnyyaliHoe BpeMs Y, pacnpeneneHHoe no nokasatensHoMy (3KCNoHeHLManbHoMy)
3aKOHY Co cpegHuM 14ac. CnyyarHyto BenYnHy Y 6ynem HasbiBaTb BPEMEHEM XXU3HU HaCTULbI.

HoBble ABe YacTuubl BeayT cebsa TakxKe, Kak MCXo4Has nepeas 4acTuua. A UMEHHO, Ka)kaas
YyacTUUa OeNNTCA Ha 2 Yepes CilyvaiHoe BpeMsi, KOTOPOoe pacrpeiesieHo Nno TOMY XKe 3aKOoHY, Y4To U1
Y. HoBble 4aCTULbl 3BOJIIOLIMOHMPYIOT TakM xe 06pa3oM, Kak 1 nx npenku. NpeanonaraeTcs, 4To
BPEMeHa XWU3HW BCeX YacTuL, HE3aBUCKMBbI.

BblyncnnTb
1. BEPOSATHOCTb TOr 0, 4TO Yepe3 1 Yac B KOHTeNHepe byaeT He 6osee 2 YacTuy,;

2. BEPOATHOCTb TOro, 4TO Yepes 1 4ac B KOHTelHepe ByaeT poBHo 1 YacTuua.
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HeKoTopbIn KOHCEPBATUBHbIM (U3NYECKUI NPOoLEeCcC onuceiBaeTca anddepeHumanbHbiM
ypaBHeHnemx”(t) + a(3x2-1) = 0, roe a €R — HekoTopbI NapameTp, t — Bpems, x(t) — koopavHaTa.
M3BECTHO, 4TO NPU HEKOTOPbIX 3HAYEHUAX NapamMmeTpa a 1 HEKOTOPbIX Ha4aslbHbIX AaHHbIX
(HavanbHol koopanHaTbl X(0) 1 HavanbHol ckopocTu X' (0) y AaHHOrO ypaBHEHUS eCTb
nepuoamnyeckmne peLleHus.

HanounTte BCe BO3MO>XHble 3Ha4YE€HUS napaMeTpa q, Npn KOTOopbIX AaHHaA 3aa4a NMeeT
rnepuognyeckme peLleHuns, NosHasa SHeprusa KoTopblix pasHa 1.
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Llyers nveeTes oIHOKAHATBEHAS cHeTeMa MaccoBoro obcayznsanna M M 10 ¢ npropaTetaMn: BXOIHOH mo-
TOK TpebOBAHTI MYACCOHOBCKHIT ¢ TADAMETDOM A, BPeMs 0bCIVAKHBAHIA MI000T0 TPeboBAHNA MTPROODOM DACTIPE-
JIETEHO TI0 AKCTIOHEHTTHATBHOMY 3AKOHY ¢ mapaseTtpoM . [Ipumenmee Tpebosanne HAHATASTCA TPHOPHTE THBIM
¢ BepOATHOCTRIO 1 /3 1 HENPHOPHTETHBIM ¢ BePOATHOCTHIO 2/3. Eenn npufop 3aHaT HeNpHOPUTETHBIM TPeboBa-
HEEM, TO IPHITEINIee TPHOPHTETHOS TPeDOBAHHE BRITECHALT HEMPHOPHTETHOE H OHO TEPIETCH.

TpebyeTtea onmueaTh CHCTEMY MACCOBOTO O0CIYHKUBATNS OTHOPOINLIM MADKOBCKHM MPOIICCCOM (€ TPEMS COCTO-
AMUAMN) ¥ HARTH €70 CTAIHOHAPHOE PACTPICTCHAC; B YACTHOCTH, HAHTH BePOATHOCTL TOTO, YTO B VIATCHHLIH
MOMEHT BPEMeHH cHeTeMa Ovaer ceoboasa. OTBeT HOmyaHTE B 0DIIEM BHIE B TEPMUHAX A H [
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®yHKUMA y = f(x) 3afaHa Tabnuueit 3HaYeHuiA:

x -2 -1 0 2 3
f(x) 3 4 -1 1 2

1. HalTn Haunydwee npnbamkeHme GyHKUMKM Y = f(X) NOAMHOMOM 2i4 cTeneHn
2. MNoctpouTb ana y = f(x) MHTEPNONALMOHHbIV NONWMHOM 41 CTENEH!.
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