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MeToanueckue pekomMmeHAaLMM MO HanpaBJ/IeHUIO
«MpuknagHaa maremaTtuka u nHpopmaTmnka»

Tpeku:
«AHaNn3 AaHHbIX U UCKYCCTBEHHbIN UHTE/IJIEKT»
«@PUHaHCOBbIE TEXHONOMUN»

NHdopmauma o nepsom (ot6opouHom) stane

MpopoaknTensHOCTb cocTa3aHna — 120 MUHYT.

3agaHve nepsoro (otbopouHoro) 3tana BkAtoyaeT 10 TeCTOBbIX 3aZaHWM Ha PYCCKOM
A3blKe C aBTOMaTM4eCKOW MPOBEpKOM OTBETOB. B cymme yuacTHMK MoxeT Habpate 100
6annos.

NHdopmauma o BTOpoM (3aKnoumTesIbHOM) dTane

MpopomkntTensHOCTb cocTazaHna — 240 MUHYT. B cymme ydacTHUK MoxeT Habpatb 100
6annoB 3a BbINOAHEHME 3a4aHUI 3aKNOUNTENBHOTO 3Tana.

3agaHva BTOPOro (3aKJAHOUMTENbHOrO) 3Tana COCTOAT M3 3ajay MHBAPWAHTHOW U
BapuaTMBHOM u4acTel. PelweHve 3agay nogpasymeBaeT NpejocTaBieHMe CBA3HOIO
MaTemMaTn4yecKoro TekcTa.

B nHBapuaHTHOM YacTV y4acTHUKY Npeasiaratotcs 7 3afaHuK, MakCMMaabHaa OLeHKa 3a
kaxgoe — 10 6annos. lMATb 3agaHUN — Ha NepPeBOA aHrNOA3bIUHbIX GpParMeHTOB Ha
PYCCKMIN A3bIK. IDTU 3afaHUsA HanpaB/ieHbl Ha MPOBEPKY JAOCTAaTOYHOCTU A3bIKOBbIX
KOMMETEeHLMM YYaCTHUKOB AN OOYUYEHMs Ha aHrN0fA3blYHbIX Nporpammax. [Ba 3agaHua
npeAcTaBAsaoT cobou 3ajaum No matematvke, cGOPMYIMPOBaAHHbIE Ha aHTNNCKOM,
OAHAKO VX peLleHne pa3pellaeTca NpeAcTaBaATb Kak Ha aHIIMMCKOM, Tak U Ha PYCCKOM
A3bIKe.

B BapuMaTMBHOM uYacT NO KaXAOMYy M3 TPEKOB MpeAsaratotca no 3 3ajauy,
MaKCMMabHaa OLEeHKa 3a Kaxayro coctaBnseT 10 6annos.

BbibpaHHbIM Tpek onpeaenseT TemMaTuKy TPEX 3ajad, NpeasaraembiX A/A pPeLueHns Ha
BTOPOM 3Tane oavMmnuagbl. Hanpumep, 3agaun tpeka «®MHaHCOBbIE TEXHONOTMMU» MOTYT
coAep>KaTb 3NEMEHTbI SKOHOMETPUKM, a 3aZaun Tpeka «AHaNN3 JaHHbIX U UCKYCCTBEHHbIM
WHTENNEKT» — 3/IEMEHTbl MALUMHHOTO 0byuyeHus. TeM He MeHee, MaTeMaTUyecKui
annapar, HeobXOANMbBIA AN pelleHns 3ajay BCeX TPEeKOB, MOJHOCTbIO Onpeaensercs
nepeyHemM TeM U CMINCKOM nnTepaTypbl.

Ana  BbINONMHEHWA 33fj@aHWA  3aKNKOUMTENbHOrO  3Tama  y4acTHMKaM  paspeLueHo
Mcrnonb3oBaTh Tabauubl MaTemMaTUyeckon cratucTuku. [lpeanaraemMbii CMPaBOYHbIN
mMaTepuan 1 NprYMepHble 3ajaHna BTOPOro 3Tana JOCTYMHbI Ha calTe B pasjene 3agaHun
npowbix neT: https://olymp.hse.ru/ma/second/prevtasks
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MNpeaBapuTenbHblie KPUTEPUM OLLEHMBaHUA 3aZa4 3aKJIFOUNTE/IbHOrO 3Tana

Mo kaxkaou 3aaave BbicTaBaseTcsa 6ann ot 0 go 10:
10 3apaua peweHa abcontOTHO BEPHO;

9 3apauva pelueHa abCONKOTHO BEPHO, HO MMEHOTCA HE3HaUNTE/IbHbIe OWNOKM, He
BANAIOLLME Ha XOA PELLUEHUNA N OTBET;

7-8 PeweHne copepxut npobenbl mam owmbky, OAHAKO €ro MOXHO MNpU3HaTb
BEPHbIM WM MOYTN BEPHbIM;

4-6 JInbo peleHa MOMOBMHA 3agaun, AMOO HEAOYETbI CAVLIKOM CyLLECTBEHHbI,
4yTObbl MpPU3HaTLb pelleHne BepHbIM (HO CaMO pacCyXAeHWe OCHOBAHO Ha
34paBbixX Naenx);

2-3 3ajava He pelleHa, HO B TeKCTe eCTb uAewn, KOTopble MOryT npu AOJXKHOM
Pa3BUTUN NMPUBECTU K PELLEHWIO;

PelweHne HeBepPHO;
0 3agauva He pelueHa;

- PeweHne (1. e. Nt0OOW TEKCT, MMEKOLW MM OTHOLLEHME K 3ajaye, BMNIOTb A0 eé
HOMepa) OTCyTCTBYeT.

YTOUHEHHbIE  KpuUTepuu NPOBEPKM MO  KaxAou 3agade nybamkyroTca
OAHOBPEMEHHO C Ha4a/IoM rnepuoja rnogaun aneanaunm.

PeweHne 3agaun JOMKHO ObiTb CBA3HBIM MaTeMaTUYeCKUM TEKCTOM, He
nepexoasALLInM MPun 3TOM B «COUYMHEHME MO PYCCKOMY A3bIKY>.

B peweHun [JOMKHBI MNPUCYTCTBOBATb CCbIIKM Ha TeopeTnyeckne ¢akTbl C
yKasaHvem HasBaHuM M GOPMyAMPOBOK MNpUMeHseMblx TeopeM. Ecam abutypueHT
CCblnaeTca Ha YTBEPXJeHue, He coJepXalleecd B MNpOrpamMme  BCTYMUTE/IbHbIX
NCMbITaHWW, TO KOMUCCKA BNpaBe CYNTaTb 3TO HeJOYETOM pPeLLeHMA.

B cnyuae, ecam ans ofHOM 3ajayn AaHbl HECKOJBbKO He 3a4€PKHYTbIX peLueHunn,
NPOBEPAIOTCA BCE PeLUeHNs N BbICTaBAAETCA MUHUMabHbIV H6an.

Homep 3agaHuna n oTBeT (ecam oH TpebyeTca) JOMKHBI YETKO BbIAENATLCA HA POHe
OCTa/NbHOro TeKCTa.

MepeueHb 1 coaeprkaHue TeM A NOATOTOBKM

JNluHeniHasa anrebpa

1. BexTOpbI, MaTpULbl N AEUCTBUSA C HAMW. JIMHENHas 3aBUCMMOCTb CUCTEMbI BEKTOPOB.
Ba3nc anHenHoro npoctpaHcTBa. CkanipHoOe Npoun3BeseHue.

2. Onpegenntens kBagpaTHoW Matpuubl. O6paTtHaa wmatpuua. PaHr  matpuubl.
CneumanbHble BUAbI MaTpUL,.

3. Cuctembl AnHeWHbIX ypaBHeHWA. MeToa Kpamepa. Metog lNaycca. PyHaameHTa bHas
CcUCTeMaA peLLEeHUN.
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JlvHenHble Npeobpa3oBaHNA BEKTOPHbIX MPOCTPAHCTB U WX MaTpuubl. 3meHeHne
MaTpuLLbl IMHENHOrO Npeobpa3oBaHNa 1 KBagpaTUUYHON GopMbl Mpu cMeHe Haswnca.
CobctBeHHble umcna U CcobCcTBeHHble BekTopbl  Matpuubl. COBCTBEHHble ¥
MHBApWaHTHbIEe MNOAMPOCTPaHCTBA.

XapakTepuctnyeckmim MHOroYneH. AHHYVPYIOLWUA U MUHUMANbHBbIA MHOTOUYNEHBI.
Teopema NamunbToHa-Kann.

KBagpaTnuHble dopmbl. MaTpuua KBagpaTMyHON GopMbl. YCN0BME MONOXKUTENBHOM
(oTpuuaTenbHOM) onpesenéHHOCTU kBagpaTnuuHon dopmbl. Kputepuin CunbBecTpa.
NHaekcbl nHepuun KBagpaTUYHbIX Gopm.

MaTtemaTunueckmi aHanus

1.

Yuncnosble MHOXecTBa. [paHu MHOXecTB. MHOXecTBa B KOHEYHOMEpPHOM
AencTButensHoM npoctpaHctBe. CooTBeTcTBME MHOXECTB. CUETHble M HeCYETHble
MHO>XecTBa.

Yucnoseble nocnefoBaTeNbHOCTU 7 npeaensl.  CBOMCTBA  CXOAALLMXCS
nocnegoBatensHocten. [Npu3HakmM cyuwiecTtBoBaHuA npegena. [lepBbii 1 BTOPOU
3amMevaTesibHble npegenbl.

®yHKUMN oaHOW nepemeHHoW. [poun3BoaHble. ViccnegoBaHe CBOWCTB PYHKUMIN C
MOMOLLIbIO MPON3BOAHBIX. ViccneaoBaHmne n noctpoeHve rpadpuka GyHKLNN.
®OYHKLUMM MHOTMX NepeMeHHbIX. YacTHble npousBogHble. [MonHblin anddepeHuyman.
[paaneHT dyHkummn. Npon3BoaHas No HanpaBaeHuto. MaTpuua lecce. besycnoBHbIN
3KCTPeMyM GYHKLUUM MHOTMX NepemMeHHbIX. Heobxoanmble 1 AOCTaTOUHbIE YCI0BUA
KcTpeMyma GyHKLMM MHOTUX MepPeMEHHbIX. 3aZa4a Ha YCNOBHbIW 3KCTpeMyM. MeToz
MHOXWUTenen JlarpaHxa. YCNoBus AONONHAOLEN HEXXECTKOCTW.

MoHATMe 0 KBagpaTnUHbIX GopMax. Beinyknbie GyHKUMKM N MHOXecTBa. OnTnMmsauma
npu Haanumm orpaHnyeHnin. OyHkums JlarpaHxa, eé ctaumoHapHble Toukn. Metog
MHOXWUTenen JlarpaHxa.

HeonpesenéHHbln wHTerpan u ero BbluncineHve. OnpegenéHHbln  MHTerpan.
HecobcTBeHHbIe nHTerpanbl. KpaTHble MHTErpasbl U UX BbIUNCIEHME.

MoHaTve pAga w ero coxogumoctn. CBOWCTBa cxoAAwmxca pago.. [pu3Haku
CXOAMMOCTM MONOXUTENbHBIX PAAOB. 3HakonepeMeHHble pagbl. PyHKUWOHaNAbHbIE
pAabl. PaBHOMepHasa cxoaAnMMOCTb GyHKUMOHanbHOro paga. CteneHHble paabl. Pagnyc
CXOAMMOCTHM CTeneHHoro psaga. VIHterpuposaHue n andpdepeHumpoBaHme CTeneHHbIX
pagoB. Paabl Temnopa n MaknopeHa.

AvddepeHumnanbHble ypaBHeHUA

1. AnddepeHumanbHble ypaBHEHMA MEPBOro NopsaaKa, paspelléHHble OTHOCUTEIbHO
npounsBoAHoW. [oHATne pelueHua. [None HanpaeaeHW. VI3oknnHbl. IHTerpanbHble
KpuBble. 3agaun Kowww.

2. YpaBHeHVa B TMOAHbIX AnddepeHumanax. MeTos 3ameHbl MNepeMeHHbIX.
NHTerpupyrownin MHOXuUTeNb. YpaBHeHne bepHyaan n Pukkatn.
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JNvHenHble anddepeHUmanbHble ypaBHEHUA NepBOro nopaaka. Metog Bapvauum
NOCTOAHHOW. JInHelrHble anddepeHumnanbHble ypaBHEHMA N-TO NOpAjKa.
OgHopogHble nunHerHble andbdepeHUManbHble YpaBHEHWA C  MOCTOAHHbLIMM
Ko3pPunumeHTammn. Xapaktepnctnyeckoe ypaBHeHMe. YCTOMYMBOCTb PeLUEeHNs No
JlanyHosy.

HeogHopoaHble nunHenHble anddepeHumanbHble ypaBHEHMA C MOCTOAHHbIMU
Ko3pPMLUMEHTaMM 1 C MPaBOM YaCTbIO B BUAE KBa3MHOTOU/IeHa.

Cuctembl MnHerHbIX anddepeHumanbHbix ypaBHeHUA. PazoBoe NPOCTPaHCTBO U
dazoBbIi nopTpeT. [MOHATME YCTOMUMBOCTA PELUEHUA ANHAMUYECKOW CUCTEMBI.
YcTonumBOCTb pelweHni no JlanyHoBy. ACUMNOTOTMYECKasa YCTOMUYMBOCTb.

AvckpeTHasa maTtemaTuKa

1.

MHoXecTBa W onepaumn Haj HuMK. Anrebpa MHOXECTB M €€ 3aKOHbI.
MNpeobpazoBaHua popmyn anrebpbl MHOXECTB.

OcHoBHble mnpaBuna KombuHaTopwku. [paBuao  NoAacyéTa  KO/MYECTBa
KOMb6UMHaTOpHbIX 06bekToB. MpuHUMN [Aupuxne. PasmelleHns, nepectaHOBKM U
coyeTaHua. bBuHom HeroToHa. TpeyronbHuk Mackana. CoueTaHmsa C NOBTOPEHUAMMN.
dopmyna BKAKOUYEHNI N UCKTFOYEHWIA.

BvHapHble OTHOWweHMA M UX CBOWCTBA (pPedNeKCMBHOCTb, TPaH3UTUBHOCTD,
CUMMETPUYHOCTL). OTHOLLIEHWE 3KBUBaNEHTHOCTU. OTHOLLIEHWE NOPAAKA, YacTHbIe,
cnabble M avHeWHble nopaakn. OTHOWeEHWs npeAnoyvTeHns U QyHKLMM
MOJIE3HOCTM.

Anrebpa norvkn. ®yHkumm anrebpbl normku. HopmanbHbie ¢opmbl: (C)JHOD,
(C)KH®, nonnHom XerankunHa. VicumcneHme BbiCKkasblBaHUW, NOTMKa NpeAnKaToB
nepBoro nopsajka.

padbl. Vi3omopdumam rpados. lMoarpadsbl, uenn, umknbl. CBA3HOCTb rpagos.
KomnoHeHTbl cBA3HOCTW. [lByfonbHble rpadbl. [MnaHapHble rpadbl. Kputepum
nnaHapHoctu. [lepeBba n nx ceorctBa. OcCHoBHble gepeBbA. OpMeHTMPOBaHHbIe,
yrnopsgoyeHHble 1 BMHapHble AepeBba. PaccToaHme Ha rpade. AnameTp, pagnyc un
LeHTpbI rpada. Di1epoBbl Y FAMUIBTOHOBBI LIUKIIbI.

Teopuna BepoATHOCTEN M MaTeMaTUUeCcKana CTaTUCTUKa

1.

3.

OCHOBHble MOHATUSA TEOpUW BeEPOATHOCTEN. BepoATHOCTHOE NpPOCTPaHCTBO:
AVCKPEeTHOe M HenpepbiBHOe. CiyyalHble COObITMA W C/lyYallHble BENUNYMHBI.
®yHKUMA NAOTHOCTM pacnpeaeneHuns. COBMeCTHOe pacrnpeseneHmne HeCcKONbKUX
ClyYalHbIX BEIMUYUNH. YCNIOBHbIE pacnpeseneHums.

XapakTepucTukyu  pacnpeseneHnin  CayyarHbIX — BeJMYMH  (MaTemaTuuyeckoe
oXuaaHuve, ancnepcus, kosapuauus). CBOMCTBa MaTeMaTUYeCKOro OXuAaHua u
avcnepcun. YcioBHOe mateMatmyeckoe oxuaaHue. PacnpegeneHne ANCKPETHbIX
ClyYalHbIX BeANUnH (BMHOMMaNbHOE, reoMeTpuYecKoe, rmnepreoMeTpuyeckoe,
pacnpegeneHue NyaccoHa).

HopMmanbHOe 1 cBfizaHHble C HUM pacnpegeneHuns. Ix OCHOBHble CBOMCTBaA.
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4. CraTucTMyeckoe oLeHMBaHue. ToueyHble oLeHKN. JIMHEMHOCTb, HECMELWEHHOCTD,
3b0PeKTMBHOCTL M COCTOATE/NbHOCTb  OUEHOK.  VIHTepBanbHble  OLLeHKW,
[OBEPUTENBHBIM  MHTepBan. MeToa MOMEHTOB ¥ MeTo4  Hambonbluero
npaBAoONoA06MA AN TOUEUHOW OLLeHKM MapaMeTpoB pacnpeseeHuns.

5. Cratuctuueckue BbIBOAbI 1 NMPOBEPKa CTaTUCTUYeCKMX runoTes. Ownbkm nepeoro
N BTOPOro poga. YpoBeHb 40Bepua 1 NpoBepkKa 3HauMMocTu. [1poBepka rmnoTes
O NnapameTpax HOpPMabHOro pacnpegeneHus.
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