Oummmmmmazna HNTY BIIID nggs ctyzseHTOB u BhIycKHUKOB — 2020 r.
JleMoHCTpanMOHHBIN BapUaHT: pPeHIeHne 33349 1 KPUTEPUU HAYUCIECHUS OAJIJIOB
mo HanpasJjienuio 01.04.02 «IIpukiaagHass MaTeMaTuKa U MHPOPMATUKA»

ITpoduans 020 «IIpukaagHass MmareMaTuka u MHPOPMATUKA»

Bpewms Bbimosinenust 3agauus — 240 MuH.

Pemennst omuMnmaaubix 3aqa0uii TO/KHBL ObITH 3aMIACA-
HBI [I0-PYCCKHU MK no-aHrmiicku. Kazknas 3aa4a oeHu-
Baercs u3 10 6astoB, MakcuMasbHas cymma — 100 6as11oB.

Time to complete the task is 240 min.

Solutions should be written in English or Russian language.
Each problem costs 10 points, the maximum sum equals
to 100 points.

OBIIIAS YACTBh / GENERAL SECTION
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Kpumepuu:

0-3 Hesepnoe permenue.

4-6 Tlomyuen BepHBIil oTBeT, HO 0€3 MOJKHOTO OOOCHOBaHusi. Hampumep, OTCyTCTBYeT HUCC/IEIOBAHNE DaBHOMEDPHOM

CXOUMOCTH PsAA.

7-9 Bepuoe periienne ¢ He3HAYUTEIBHBIMUA HETOYHOCTSMHU B (DOPMYIMPOBKAX U 0OOCHOBAHUU.

10 BepHoe permenue.
2. CKOJIBKO CYIIECTBYET HATYPAJBHBIX UHUCET 1 TAKHX,
49T0q,, HAlEJIO NEJUThCA Ha 57

2. Find all natural numbers n such that a, is exactly
divisible by 57

an = 3" 30t 4y,

Pewenue. Bynem nincats a =

b(mod5), ectm a — b menwmresa naresno 5. Tak kax 3% =

1(mod5) To mporre Bcero

paccMarpuBaTh uncia n Bujaa 4k + j, Tax xax 3** = 1(mod5)

(a) Ilycre n = 4k. Torma

an = 3T 3% L4 =3 — 3 4+ 4(mod5) = 4(mod 5)

(b) IIycre n = 4k + 1. Torua

an = 3363 — 382 L4 =27 — 9 + 4(mod5) = 2(mod 5)

(¢) IIycrs n = 4k + 2. Torma

ay = 385 383 L 4 =3 _ 927 4 4(mod5) = 0(mod 5)

(d) Iycrs n = 4k + 3. Torga

ap = 33T —34H4 L4 =27 — 1 4+ 4(mod 5) = 0(mod 5)

Takum oOpaszom, mogydaeMm, 9TO a, AeJATCA Ha 5 TOJbKO ecau n = 4k + 2 mwmu n = 4k + 3, rme k - HarypaabHOe.

Kpumepuu:
1-3 IlonbiTKY pereHus.

4-5 IlpaBUILHBIA OTBET, HO COBEPIIEHHO HEOOOCHOBAHHBIIA.

6-7 1losoBUHA MPABUJIBLHOIO OTBETA, MPU HAJIUYUYU MOYTU TPABUIBHOTO PEIICHUS.
8-9 IIpaBWiIbHBIH, IOYTH [IOJHOCTBIO (328 UCKJIIOYEHUEM HECYIeCTBEHHBIX POGESIOB) 0GOCHOBAHHDBIN OTBET.

10 IIpaBuiibHBIi, TOJTHOCTHIO0 OOOCHOBAHHBII OTBET.
3. CiryuaiiHast BeJIMInHA T PACIPE/IeJIeHa HOPMAJIHHO C I1a-
pamerpamu (0, o), TJie 0- CPeTHEKBAIPATUIECKOE OTKIIOHE-

nue. Haiiure nucriepcuio crydaifHON BEJIMIUHBI Y = .

3. A random variable x is normally distributed with mean

0 and standard deviation o. Find variance of a random

variable y = x%.



HanmonanpHubIl nccienoBareabckuii yuusepcurer «Boicimas ITIkosa dKoHOMUKT»
Oununmnuaga HUY BIIID ajia cryaeHTOB u BbirycKHUKOB — 2020 1.
no HanpasjeHuo 01.04.02 «IIpuknagnas maremarnka u nHdopmarukay IIpoduis 020 «IIpukiaanunas
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Kpumepuu:

0-4 TIpeaupuHSTHI TONBITKA HANTH pEIleHne, He TPUBEIINNE K YCIeXy, WU JOIYIIeHbl OMUOKN B (hOpPMYJIaX, TOBJIU-
sIBILIE HA XOJI PellleHus (HAIpUMED, HeBepHO 3anucana hopMysia s MaT. OKUJIAHUs DYHKIINN).

5- 6 IlpaBusbHbIil OTBET 6€3 HEOOXOMMMBIX HOSCHEHMUIA.

7-9 Bepuble paccyKaeHus, JOMYIEHBI OIMUOKHN B II€PEX0/IaX, OTBET HEBEPHBIN.

10 BepHble paccyKJieHUsI U IPaBUJIbHBIA OTBET.

4. CkosbKuME ciocobamu MoKHO 3amoanThb mudpavu 0, 4. How many ways exist to fill the table 3 x 3 with numbers
1, ..., 9 (Moxuo ¢ noBropenusiMu) Tabiuny 3 X 3 rak, 0,1, ..., 9 (repetions are possible) with a sum over each
9T00BI cyMMa Tdp B KaxKI0i CTPOKe W KaxkIoM cTosibre  column and each row equal to 14.

paBHsiiach 147

Pewenue.
Paccemorpum Ipon3BoJIbHYIO MaTPHUILY, YAOBIETBOPSIOILYIO YCIOBUSIM 3a1a4M.

HOﬂC‘{I/ITaeM YHCJIO CIIOCODOB ZV7 KOTOPBIMU MO2KHO COCTaBHUTDH IIEPBYIO CTPOKY MaTPHUIIbI.

a Bosmoxmbre 3Hadenns b Ywucsao crmocobos BuiOOpa b
0 5,6,7,8,9 5
1 4,5,6,7,8,9 6
2 3,4,5,6,7,8,9 7
3 2,3,4,5,6,7,8,9 8
4 1,2,3,4,5,6,7,8,9 9
5 0,1,2,3,4,5,6,7,8,9 10
6 0,1,2,3,4,5,6,7,8 9
7 0,1,2,3,4,5,6,7 8
8 0,1,2,3,4,5,6 7
9 0,1,2,3,4,5 6
Urak, N = 75. Tak kak mepBblil cTOJIOEI U II€pBasi CTPOKA MATPUIBI MMEIOT ODIIUil IEepPBBIA 3JEeMEHT a, a B

OCTAJTBHOM (POPMHUPYIOTCS HE3ABUCUMO, TO IUCJIO CIIOCOOOB (DOPMUPOBAHUS MIEPBOTO CTOJIONA TaK Ke paBHO V.
CocTaBuM MaTpUILy MOJCYETA YUC/IA CHOCOOOB BRIOOpA 3HAYEHUIT € pu (PUKCUPOBAHHBIX b 1 d.
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DureMeHTHI f, Y U 2 33/]aI0TCA ABTOMATHYIECKH HCXO/S U3 PABEHCTB COOTBETCTBIOIINX CYMM IIO CTPOKAM U CTOJIOIAM
14. Haiinem M — cyMMy BCeX 3JIEMEHTOB MATPHIIHI.

Orser: 2N+M =150 + 585 = 735.

Kpumepuu:

0-3 IlonbITKM HAWTH OTBET, HE IPUBE/IIINE K yCIIEXY.

4-5 Beraucsenust mpoBeeHbI ¢ OMMMOKOM, TOBIUSBINEH HA OTBET, UJIN IPUBEIEHO PACCYKJICHUE, JAIOIIee OIMTNO0THOe
pellenue.

6-7 Beproe perienne 6e3 10CTATOYHBIX HOACHEHUH (HAIPUMED, UCIOJIB3YeTCst TOT (DAKT, UTO YUCIIO € OIPEIEIAeTCS
sHadeHusgMu d u b, HO ITO yTBEpK/IeHUE HEe 0OOCHOBAHO).

89 Jlonymiens apudmeTnieckne OMUOKN, He BIUSIONNE HA OTBET UJIN KOPPEKTHOCTH PEITeHUSI.

10 ITpaBuiibHOe pemenue (J06BIM METOIOM) M BEDHBIl OTBET.
5. [TocTpous TabJmiibl ICTUHHOCTH cooTBeTcTBYOMUX GyHK-5. Using truth tables for the respective functions, check
Ui, BBISICHUTH, 9KBUBAJIEHTHBI Jin popmysibl A u B: the formulae A and B for equivalency:

A=@Vp) L@@ —2), B=y= @Va)
Pewenue. Cocrapum tabsmiy ucruroctn dopmyn A = (xV7y) L (T = (y = 2)) u B = y— (zV z), a Takke

BXOJSIUX B HUX OIEPAHIO0B.

2| Z|lyl|ly|z|laeVy|ly—=2z|T=>y—2)|A|lzVz|y—(xVz) | B
0j(1(0|1]0 1 1 1 0 0 1 0
O(1]0]1|1 1 1 1 0 1 1 0
0[1]1]0(0 0 0 0 1 0 0 1
Oj111]0]1 0 1 1 0 1 1 0
110(0|1/0 1 1 1 0 1 1 0
110]0|1|1 1 1 1 0 1 1 0
110(1]0]0 1 0 1 0 1 1 0
11011011 1 1 1 0 1 1 0

T.x. crosibupsl A u B oauHaKOBbI, TO (OPMYJIbl SKBUBAJEHTHBI.

Kpumepuu:

0-2 IlpeampuHSTHI MONBITKYA PEIeHus 3a/adl, He NPUBeIIne K Pe3yJbTary, WA BEpHbIA OTBET 0e3 JI0CTATOYHOIO
0060CHOBAHMUSI.

3-5 IlpuBeneno perrenne WM 9acTUTHOE PEIIeHHre, HO OHO HE BEPHO WM HE JOCTATOYHO OObSICHEHO WM JOIMYIIe-
HBI CYIIIECTBEHHbIE OMMOKHN (HAIPDHMED, B OIPEJIEICHUN U CBOWCTBAX CBONCTAB JIOPMYECKHUX OIEPAIUil) MK IO XOIy
pelllenus JTaHbI BEpHbIE OTBETHI 6e3 obbsicHeHus. HeBepHo cocTaBiieHbl TaOIUIbI UCTUHHOCTH.

6-8 IIpaBusbHOe perieHne (JTIO6BIM METOJOM), HO JOIYIIEHBl HETOYHOCTH B OOOCHOBAHWM DEIEHUs] MM ONYIIEHBI
HEKOTOPBIE CYIIECTBEHHbIE IEPEXOJIbl UM ADUTYPUEHT JIONYCTII HE3HAIUTE IbHbIE OIMUOKY U /WU OIUCKU, KOTOPBIE HE
TIOBJIUSITIN Ha OOIIMNI XOJ PEIeHNs.

9-10 IlpuBemeno KOppeKTHOE DeIlleHue, JOKA3aTeJbCTBO, BCe IMIArd OOOCHOBAHBI, IPABUJIbHOE perieHue (J00bIM
METOJIOM) U IIPABHJIBHBIA OTBET IIPH JIOMYIIEHHBIX OIUCKAX MJIM HETOYHOCTSIX.

CIIEIITVAJIBHA Y YACTBH / SPECIAL SECTION

6. ITycrs maTpuma A pa3mepa 3 X 3 TakoBa, 4to s jo- 6. Given a matrix A 3x 3 such that for an arbitrary column
Goro BekTopa crosbma v € R? BexTopa Av m v oproro- vector v € R? vectors Av and v are orthogonal, prove that
HasbHbL. Jokazars, uto AT + A = 0, rme AT - rpancmo- AT + A =0, where AT is the transposed matrix for A.
HUPOBaHHAS] MATPHIIA.

Pewenue. Jns k = 1,2, 3 paccMoTpuM BeKTOpa U, = (V1 k, V2.k, U3 k) TAKHE UTO V; ) = 0; , L€ 0 ) - J€IHTa-CUMBOJI
Kponekepa. Torga no ycimosuio (Avg,v,) = 0, 910 Biaedér apr = 0. Janee, qa 1 < k,m < 3 omnpeiaum BeKTOpa



Vk,m = (Ul,k,ma V2. km> 'U3,k:,m) TaKue 9TO V; k.m = 5i,k + 5i,m~ Torna us (A'Uk,ma Uk,m) = 0 crenyer

Ok k + Gm gk + Gkm + Gmym = 0.

Ciie10BaTeIbHO, MBI JOKA3M Ak = 0 U Ay ) = — g m, a 3HaunT Al + A = 0.
Kpumepuu:
1-4 TonsITKE pemenus. 5-7 Ecam moka3aHo omxHO U3 CBOHCTB ay ) = 0, Gy i = —0k,m- 8-10 IIpaBunbHOE 060CHOBAHHOE

pellieHne; B 3aBUCUMOCTH OT IIOJTHOTHI OOOCHOBAHMS.
7.Cayra MOIyYnsI OT UMIIEPATOPA 33/IlaHKe HAJETh 110 O/I-
HOMY KOJIBILy Ha Kaxkjoro m3 M KaprioB, OOMTAIONINX B
JIBOPIIOBOM TIPY/Ly (CIMTAETCS, ITO JIO TOTO KAK CJIYTa TIPH-
cTynui K paboTre HU Ha OJJHOM U3 Kaplie KOJIbIa He ObLIO, U
KOJIBITA HAJIEBAIOTCS TAK HAJIEYKHO, UYTO KOJIBIIO HE MOXKET
COCKOJIb3HYTh). HajieB Ha Kapiia KOJIbIO, CIIyra JI0JIZKEH
OTIIYCTUTH €ro 00paTHO B mpy/a. M3-3a c1aboro 3peHus OH
HE MOXKET OIIPEJIETTUTD €CTh JIN Y2Ke Ha KapIe KOJIbI0, TOKa
He BBITAIUT €ro Ha cyiry. Haiiure aHauTrIeckKoe BbIpa-
JKEHUE JIJIs MATeMaTHIeCKOIO0 OXKWJIAHUSI IUCIA KAPIIOB,
KOTOPBIE CJIYyTa BBIJIOBUT JIO TOTO, KAK BIIEPBbIE BBIIOBUT
[IEPBOrO Kaplia, Ha KOTOPOM y3Ke €CTh KOJIbIIO, €CJIH CUU-
TaeTCsl, 9TO BEPOSITHOCTD BBLIOBA JIJIsI KAXKJIOTO M3 KAPIIOB
OJIMHAKOBA, M KapIl C KOJIBIOM HE YUUTHIBAETCS.

7. Emperor’s servant is given the task of ringing each of
M carps of a palace’s pond. We assume that no carp had
a ring before the servant starts working, and the rings
cannot slip. The servant should release a carp into the
pond after it recieves its ring. Due to his weak eyesight, the
servant is unable to determine whether a carp has a ring
before he fishes it out. Find (analytically) mathematical
expectation for the number of carps the servant will fish
out before he firstly fishes out a carp with a ring, provided
the propabilities to fish out a carp are equal, and the ringed
carps are discarded.

Pewenue. Haliiem BeposiTHOCTD TOTO, UTO TIEPBBII YK€ OKOJIBIIOBAHHBIN KapIT BBLIOBJICH MOCIE $0it monbITKuM > 1 >
2. DTO BO3MOXKHO JIAIIb B CJIyYae, eCJIU B X0Je ¢ — 1 mpeaplayIneil MOonbITKY BhLIABINBAINCH TOJBKO KaPIIbl Oe3 KOJIeIl,

_yri-l (M—k C
BepositHocTb 91010 cobbrtust pasna po = [[,_; (#57%) . BepositHocTs, TOrO, UTO B X071€ $0ii HONBITKA GYJIET BBIIOBIIEH
y ; i Tri—l (M=
y2Ke OKOJIBLOBaHHbIi Kapll p; = 7 .Cile0BaTelbHO, HCKOMas BeposiTHOCTD paBHa p = 1 [ [1_; (2457), a maremarnye-
, g M s i TTi-1 (M=k\ _ =M i-(i=1) 71i—1

CKOe O:KmJlaHNe nHTepecyoleil Hac Besmantel pasho B [i] = Y7, (i—1) 75 [T (MFE) = it 2 [Ty (M — k)
rmei=2...M

Kpumepuu:

0-4 IIpeampuHSTH TONBITKY HANTH pelreHne, He MPUBEIIINe K YCIeXy WA JOIMYIIEHbl OmubKu B (hOpMy/Iax, mOBJIU-
SIBILIUE HA XOJI PellleHus (HAIpUMeD, HeBepHO 3anucana hopMysia Jjisi MaT. OKUJIAHUs QYHKIIN).

5-6 IIpaBusibHBIN OTBET 6€3 HEOOXOIUMBIX MTOSICHEHUIA.

7-9 Bepuble paccyKaeHus, JOMYIIEHbI OMMUOKHN B II€PEX0/IaX, OTBET HEBEPHBIN.

10 Bepuble paccyKeHus U MPABUIbHBIN OTBET.

8. I'pad “BoseitbosibHas ceTKa” COCTOUT U3 M PLAJOB 10 1
BepiuH B Kaxk0M. CoeIMHEHBI TOJBKO COCEJIHUAE BEPIITU-
HBI B paLy uian crosodre. [Ipu kakux m u n 3ToT rpad Oy-
zer (a) nByZobHBIM; (6) COmepKATh FAMIJIBTOHOB ITUKJI!

Pewenue.

8. A graph "a volleyball net"comprises m rows of n elements
each. The vertices are linked if and only if they are neighbours
either in row or in column. For which m and n this graph
(a) is bipartite; (b) contains Hamiltonian cycle?

a) I'pad aBymosbHbLL Ipu Beex m u n, He paBHbIX oxHoBpeMenHo 0. ComocraBuM KaxKJI0il BeplIuHe apy ee Koop-

muHAT 110 ropusoHTamn (0T 0 10 n) u Beprukasu (ot 0 1o m). Torga coenuHeHbl OYIYT BEPIIMHBL,Y KOTOPBIX OHA U3
KOOD/IMHAT COBIIAJIAET, & npyras ommdaercs Ha 1. T.e. mpu nepexoze 1o pedbpy YeTHOCTb CyMMbI KOOD/IMHAT MEHSIETCS.
ITosToMy j1Be J1oJim — BEPIIUHBI C YETHOH CyMMO#l KOOD/JMHAT U BEPIIMHBI ¢ HedeTHOH cymmoil. Coyvait m = n = 0
pPacCMaTpPUBAETCs OTJENBHO, T.K. IIPH 9TOM HET BTOPOH J0JIN.

6) Ecsiu m wiu n pasuo 0, T0 raMHJIBTOHOBA IMKJIa HET, IOCKOJIBKY caM rpad amukiandeckuii (ecau m = n = 0,
OTBET 3aBUCUT OT UCIOJIb3yeMbIX abUTypueHTOM olpenesiennii). Jajee cauraeM m U n MOJIOXKUTEIbHBIMH.

Ecsn m nim n paBHO 1, TO raMUJIBTOHOB IUKJI CYIIECTBYET (3TO BHEIIHsIsl TpaHuIa ceTku). Jlasee cumraeM, 9To
m,n > 1.

Ecsiu n HeweTHO, TO raMUJIBTOHOB IUKJ cymiectByer. IIpeabasum ero: (0,0) — (0,m) —
(Qam) T (37m) o (371) o (431) o (47m) o (nf 17m) o (nvm) o (Tl,O) o ( ’O)

AHaI0OrnIHO, raMIIBTOHOB IHKJI CYIIECTBYET, €CJIN 11, HEIETHO.

Eciin ke 06a amcsia gerHbl, T0 B rpade HeueTHoe uncio Beprua — (m + 1)(n + 1). T.e. raMUIBTOHOB UK OyIeT
IUKJIOM HedeTHOU JymmHbl. Ho rpad aBymosbHbBIL 1 110 Teopeme Kenura, 1UK/I0B HEY€THON JJIMHBI B HEM HET.

Urak, orser nyHkTa 6): m,n > 0, XoTs Obl OJHO U3 M U N HEYETHO.

Kpumepuu:

0-4 IlpeaupuHATHI HONBITKY HANTH PeIlleHne, He IIPUBEJIIINE K yCIeXy.
5-6 IIpaBubHbBIN OTBET 663 HEOOXOTUMbIX MOSICHEHUIH.
7-9 OyH U3 MyHKTOB 3a/aHUs BBIIOJIHEH BepHO. st BTOPOro myHKTa 3a/aHusI IPUBEIEHBI BEPHBIE PACCY XKJICHIS, HO
JIOIIYITIEHDI OIMOKH, OTBET HEBEPHBIN.
10 Bepubre paccyKaeHnd u MpaBUIbHBIN OTBET.

(I,m) — (1,1) — (2,1) —



9. (a) JdaHn gucioBoit Maccus juHbL 1. IIpeioxkure airo-
PHUTM, HAXOJANMH MAKCHMAJIBHOE 3HAYCHHE CYMM OTDE3-
KOB 9r0ro Maccusa. Ouennre 9ucIo oneparuit (oGpare-
HUS K 9JIEMEHTAM MACCUBA, CPABHEHUs, apudMeTHIECKIX
onepanuii u ap.) U 06BEM JIONOJIHUTEIBHOM TTAMSTH, TPe-
Gyemoit Jyist paborsl anropurma. (b) Onrumusupyiite aJ-
roput™M TakuMm o6paszom, 4robbl on paboras 3a O(n) ome-

9. For a given array of length n, propose algortihm that
finds the maximum value of the sums of its intervals.
(a) What are the estimated number of operations (use of
array elements, arithmetical operations, comparisons and
so on) and estimated required memory? (b) Improve the
algorithm in such a manner that the estimated number of
operations is about O(n) and estimated memory aboutO(1).

panuit 1 Tpe6osas O(1) JOMOMHATEIHHON TAMSTH.

Pewerue. Obo3HaunM paccMaTpUBaeMbIil MACCUB Yepes a.
Bynmem mo ogepenn paccmaTpuBaTh WHIEKCH i oT 1 10 n. Ha i-M mare mbl HaxXOmuM

e WHJEKC current_max_start, Jyuis KOTOPOTO OTpe30K alcurrent_max_start],...,a[i] nuMeeT MakCHMAILHYIO
CYMMYy CPeJIl BCEX OTPE3KOB, 3aKAHYMBAIOIIUXCS HA i-# O3UIUK
COOTBETCTBYIOIIYIO CyMMYy current_max_sum

® UHJIEKCHI HaYaJla U KOHIa max_start umax_end, a TakyKe CYMMY JIEMEHTOB maxX_Sum OTPEe3Ka C CaMoii 6OJIBINOH
CYMMOM Cpejii BCeX OTPE3KOB, PACIIOJIOKEHHBIX He ITpaBee i-To 3JIeMeHTa.

Tlosicuum, Kak 310 Jestaercsd. IlepeMennble MHUIIMAIU3UPYIOTCS KaK current_max_start = 0, current_max_sum =
a[0]. HomycTum Temepb MBI 3HaeM current_max_start um current_max_sum Jist i-TO Iara; OOUIIEM, KAK OHH OOHOB-
gsiorest Ha (1 + 1)-m. Herpymao Bumers, 9To cpefu OTpe3KOB ¢ KOHIOM B (1 + 1)-M 3j1eMeHTe, IepeceKaronmxcs ¢ OT-
PE3KOM, HallJIEHHBIM HAMU Ha IIPEJIbLILYIIEM IIare, MaKCUMAJIbHYIO CyMMY HMEeT OTPe30K acurrent_max_start],...,af[i+
1], To ecTh mpocTO TOTYIEHHBIH MobaBIeHneM ali + 1] K oTpesky ¢ mpegpiaymero mara. CiieoBaTeNbHO, MBI MOXKEM
CJIeIATh CJIEIYIONIEe:

e Eciu alcurrent_max_start]| + ...+ a[i] + a[i + 1] > a[current_max_start| + ... + a[i], To MBI He MeHsEM
current_max_sum, current_max_start, max_sum u max_start, a max_end mosaraem paBubiM (i+1), ecom oH
OB paBeH 1, U OCTABJsIEM MPEXKHUM B IIPOTUBHOM CJIyUae;

e Eciu a[current_max_start|+...+ali]+ali+1] < a[current_max_start|+...+ali], To mosaraem current_max_sum
= al[i+1], current_max_start = (i+1), a max_sum, max_start u max_end He MeHsIeM, €CJU Mmax_sum >
ali+1] u oOHOBJIsIEM B COOTBETCTBUU C MAPAMETPAME HOBOTO OTPE3Ka B MPOTUBHOM CJIyYae.

AjropurM Tpebyer JIMIIb OJHOrO IIPOXOoja 10 MaccuBy, u paboraer 3a O(n) onepanumii. TakKe JIErKO BUIETDH, ITO
ucnosnb3yercs O(1) mamsru.
Kpumepuu:
- ommcaH HeBepHBIH ajropurM — 0 6AJUTOB 3a BCIO 3a/1ady BHE 3aBUCHUMOCTHU OT OCTAJIHLHOIO;
- IpUJIYMaH BEPHBIN aJrOPUTM, HE Y/IOBJIETBOPSIONINI OIPAHUYEHUSIM 110 YHCJIy OHEePAIyil min 00bEMY 1010
HUTEJIbHOW naMsaTu — 1 GaJur;
- IPUAYMaH BEPHBIA AJITOPUTM, YIOBJIETBOPSIONINN OMPAHUYEHUIM TI0 YHCJIy OIEepallnii, HO He 10 00bEMY J10-
MMOJIHUTEJILHOM TaMsITu — 3 Gasiia;
- NIpUJIYMaH BEPHBIH aJrOpuTM, YIOBJIETBOPSIONIAN OrPAHUIEHUIM 110 OObEMY JTONOJHUTETHLHON TaMSITH, HO HE
110 YHUCJy omeparuit — 3 baJia;
- NIPUJIyMaH BEPHBINA aJlOPUTM, yJIOBJETBOPSIOIINI OrPAHMYEHUsIM KaK I10 YHCJLy OIEpalldil, TaK U 110 00bEMY
JIONIOJTHUTEJIFHON TTaMATu — 6 6aJLIoB;
- OIleHKa 4Yncja oneparmii — 1 6aia;
- TO ¥Ke C OIEHKON aCUMIITOTUKHU C TIOMOIIBIO O-CUMBOJIMKEA — 2 6Gasiia;
- OIleHKa 00bEMA JOTOJHUTEILHON maMaTn — 1 OaJLT;
- TO Ke C OIEHKOI aCHMIITOTUKHU C ITOMOIIbI0 O-CUMBOJIUKK — 2 6aJiia;
10. Taubl gBe BBIOGOPKU L1, .« . ., Tp U Y1, - - -, Yn (0 > 10000) 10. x1,...,2, and yi,...,y, (n > 10000) are samples
W3 HOPMAJJIBHBIX paclpeeseHuit ¢ Henm3BecTHbIME MaTe- generated by two normally distributed random variables
MaTHICCKUMH OXKUJAHUSAMI M, U M, U COOTBeTCTBeHHO. with unknown mathematical expectations, m, and m,,
IIycre Takzke oba pacipejesieHusi UMeOT u3BecTHy0 u  and known variances, which are equal. Given the hypothesis
OJIMHAKOBYIO Jmcrepcuio. 3BecTHo, uTo rumore3a “m,; = my; = m, has been rejected against "m, > m,"or "m, <
m,” OBITa OTBEPrHyTa IPOTHB OHOI N3 aTbTEPHATHB “m, > m,” with 5 percent significance level, whether the hypothesis
m,” wim “m, < m,” Ha ypoBHe 3HaumMoctu 5%. Bep- "m, = m,"against "m, # m,"can be rejected with the
HO /I, 4TO I'MIOTE3a ‘M, = m,” IpOTUB ajbrepHaTHBBI same significance level. Explain your answer.
“mg # m,,” GyleT OTBeprHyTa Ha ypoBHE 3HAYNMOCTH 5%7
OTBeT 0ObsICHUTE.

Pewerue. JIst MPpOBEPKN TAKOrO Pojia THIIOTE3 MOYKHO HCIIOJIL30BaTh z-Kpurepuit @umepa. O6ozHaunM uepes o2

JIUCIIEPCUIO PACCMATPUBAEMBIX CIyYaiiHbIX BesnduH. [locTponm z-crarucTuky
f —

z =
20'

n

<|

M)

HSBGCTHO, 9TO 2 UMEET B 3TOM CJjIydae CTaHJapTHOE HOPMaJIbHOE pacCIIpeleJIieHue.



O6o3HaunM Yepe3 ¢, KBaHTWIb YPOBHS (¢ CTAHIAPTHOIO HOPMAJBLHOIO pacipejeenns (MHBIMU CJIOBAMHU TaKOe
qucio, s koroporo, P{z < g, } = «).

I'mnoresa “m, = m,” oTBepraeTcs MPOTUB AJTLTEPHATUBEL “M; > M,” Ha yPOBHE 3HAMUMOCTH (, €CIH Z > (1_q-
Tl'unoresa “m, = m,” oTBepraeTcs NPOTUB aJILTEPHATUBEL “M, < M, 3HAMUMOCTHU «, eClH z < (o. Hakonen, runoresa
«“ _ ” « i

my = m,” OTBepraeTcs IPOTUB AJIBLTEPHATHBBL M, 7 m,” Ha ypOBHE 3HAYMMOCTU (, €C/U 2 < g WA Z > (13 .
Kak merpymHo yoeanThest, U3 OJHOIO U3 MEPBBIX JABYX YCJIOBUN HE CJIEIyeT TPEThE.

Kpumepuu:

- JIaH HEeBepHbIl OTBET Ha BOIpoc 3ajadn — 0 6aJJIoB 3a BCIO 33J[a9y BHE 3aBUCAMOCTHU OT OCTAJIbHOIO;

- IIPOCTO BepHBI 0TBET 6e3 00bsicHernit — 0 6aLIoB;

- JJaH BEPHBII OTBET, HO B ODOCHOBAHUHU CYIIECTBEHHAs ONMIMOKa, OOHAPYKUBAIOIIAS HEIIOHMMAHUE TOrO, Kak
paboTaTh C ammapaToM IMPOBEPKU THUIIOTE3 B IEJIOM — 2 baJiia;

- JIaH BEpHBIA OTBeT U O0DOCHOBAHUE, B IEJIOM, BEDHO, HO B DEIIEHUU HE YKA3aHO $IBHO, KAKOH KpUTepUil min
KaKasl CTATUCTUKA MCIIOJIb3YeTCsl JIJIsl IPOBEPKU TUIIOTE3bI WK YK€ YIIOMUHAETCS HelIPaBUJIbHBIN KPUTEPUIl WIn
CTATUCTUKA — 7 OaJIJIoB;

- JJaH BEPHBIl OTBET U MPUBEJEHBI BEPHBIE OOOCHOBAHUS C YIOMUHAHUEM MOJXOIAIIET0 B PacCMATPUBAEMON
CUTyaluy KPUTEPUsl WJIA CTATUCTUKE — 1 GaJuI.

HamnmonanpHbiit nccienoBaTedabckuii yuuBepcuteT «Bbiciiag I1Ikosa DKoHOMUKMT»



