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1 Hean u 3aga4uu N3y4eHUs IMCHUILIHHBI.

1.1. Ileanb ocBoeHHs TUCHHUILINHBI.

JlucuuriuinHa HampaBieHa Ha (pOpPMHUPOBAHUE Y CTYJAEHTOB IITyOOKOTO TMOHUMaHUs (DyH-
JIAMEHTAJIbHBIX KOHIICTIUH JTMHEHHOM areOphl U aHATMTHYECKON reoMeTpund. OCHOBHOM IIEJIBIO
SIBIIIETCSI CO3JIaHUE MPOYHON MaTEMATHUECKOH 0a3bl, MO3BOJISIFONICH aHAIM3UPOBATh U pa3pada-
TBIBATh AJITOPUTMBI 00PAOOTKHU TaHHBIX, & TAKXKE PAa3BUTh HABBIKU d(P(HEKTUBHON MPOrpaMMHOMI
peaM3anui MaTeMaTHIECKIX METOJIOB C UCIIOJIb30BAHUEM COBPEMEHHBIX HHCTPYMEHTOB U OUO-
muotek. Kypce obGecrieunBaer HEOOXOAMMYIO MMOATOTOBKY /IS JAIBHEHIIIETO U3YUYCHUSI CIIOKHBIX
TE€M B 00JIACTH MCKYCCTBEHHOTO MHTEIIIEKTA, CIIOCOOCTBYS Pa3BUTHUIO aHATUTHYECKOTO MBIIILIC-
HUS U CITOCOOHOCTH peIaTh MPUKIIATHBIC 3aa9H.

1.2. 3agauyu IMCUMILIUHBI.
B 3agaum xypca «AnreOpa u reoMeTpus» BXOIAT:
v HOJrOTOBKA CIIELUAINCTOB, CIIOCOOHBIX MPUMEHSTH MOJIyUYeHHbIE 3HAHUS JUIS pe-

HIEHUSl MPUKIAIHBIX 3a/ay, BJIQJCIOIIMX JOCTATOYHBIMU 3HAHUSMHU OCHOBHBIX
TEOPETUYECKHX TOJIOKEHUH Kypca «Anredpa U reoMeTpus»;

v dbopMHUpOBaHKUE KYJIbTYpPhl MBIIUICHHUS, CHIOCOOHOCTH K aHAJIU3y, 000OIIECHUIO U
BOCTIPHSITHIO WH(POPMAIINH, K TIOCTAHOBKE IIETM U BEIOOPY MYyTEH €€ JOCTHKEHHS,;

v o0ecrieyeHre MaTeMaTUYECKUM alapaToM eCTECTBEHHOHAy4YHBIX, oOmenpodec-
CHOHAJIbHBIX U CHEIUATbHBIX JUCIUIUINH;

v dbopMupoBaHUEe MPUBBIYKU K CTPOTOCTH B (POPMYITUPOBKH H3IOKEHHS MaTepHaia,
K JIOTUYECKH HENPOTUBOPEUNBOM LIETIOYKE BHIBOJOB U 3aKJIFOUCHHIA;

v pa3BUTHE HABBIKOB MCIOJIb30BAHUS JIOTMYECKUX CHUMBOJIOB /IS C)KATOM 3alKCcHU
pacCyXJIEHUI U TEOPEM;

v pa3BUTHE y CTYJIEHTOB HABBIKOB CAMOOOPa30BAHHUS.

1.3. MecTo IMCHUILUINHBI B CTPYKTYPe 00pa30BaTe/IbHON NPOrpaMMbl.

JucuuruinHa «AnreOpa U reoMeTpus» OTHOCHTCS K oOsi3aresnbHON yactu biokal "[luc-
LUIUIMHBI (MOAY/IHM)" yuyeOHOro ImijaHa IUKJIa MaTeMaTUYeCKUX, €CTECTBEHHOHAYUHbIX U 00Ille-
TEXHUYECKUX JUCLUIUINH.

HeoOxonuMbeiM TpeOOBaHUEM K «BXOJHBIM» 3HAHUSAM, YMEHHUSAM U OIBITY AEITEIbHOCTU
o0yyaroIerocsi Mpu OCBOCHUHU JaHHOW AMCUUIUIMHBI SBJISIETCS YBEPEHHOE BIlaJIeHUE 3HAHUSIMU
HIKOJIBHOM MporpaMmsl Mo mpenMeram «Amiredpa», «l'eometpus» u «Du3nka», IpepeKBU3UTOB
JAHHOW JUCLMIIIINHBIL.

OcBoeHMe TaHHOHN AUCHUILUINHBI HE00X0AUMO 00YUaIOIEeMyCsl JUIsl YCIEITHOIO OCBOCHHUS
CIENYIOINX TUCHUIUINH: «YHUCIEHHBIE METOABD», «IHTEIeKTyaIbHbIE METOIbI ONITUMU3ALINN,
«OCHOBBI IPUKIIAAHON CTaTUCTUKHY, «COBpEeMEHHbIE METO/1bl PPOHTUPHBIX HccienoBanuii M»

U JIp., @ TaK )K€ B y4eOHO-UCCIIeI0BATENBCKOM padoTe.

Kypc «Anrebpa u reomerpusi» uutaercs ctyaeHTam 1-ro kypca (1-if u 2-ii ceMecTpsl).
ITporpaMma paccunTaHa Ha CTyZI€HTOB, B ITIOJIHOM MEpPE OCBOMBIIMUX IIKOJIBHBIA KypC MaTeMaTH-
KH.

1.4. TlpodeccuoHanbHble PoJid B CTPYKTYpe 00pa3oBaTe/ibHON MPOrpaMMbl

Ponw 1: Data Analyst (Ananumux oannvix)

W3BneyeHne 3HaHUN U3 NaHHBIX, IOCTPOCHUE AaHAIUTUYECKUX MOJEIEH, UCTIOIB3YIOIIHNX
MO u 1.

3amaun:



1. CTaTuCTHYECKUN aHAU3, BU3yaJIU3allvs JaHHBIX, TpeABapUTeIbHAs 00paboTKa.
2. Co3nanue mpoOrHO3HBIX MOJIENIEH

3. [TocTpoeHHe aHATTUTUYECKUX MOJICIICH JUTs TIOJCPKKH OM3HEC-PEIICHUM.

Ponv 2: MLOps (Cneyuanucm no sxkcnayamayuu HH)

ABTOMAaTH3AIMsA U OTIEPAIIMOHHOE YIIPaBJIeHUE KU3HECHHBIMIIMKIIOM MO-Moeneit

3agaun:

1. DevOps ns ML.

2. ABromaTu3anus, MOHUTOpUHI ML-cucrem.

3. OnepanMOHHOE yIpaBJICHUE KU3HEHHBIM LIUKJIOM ML-Mozenei.

Ponwv 3: AI PM (Meneocep npoekmoe HH)

VYnpasnenue nponeccamu co3nanus MHU-pemienuii, BKIOYas KOOPIWHALMIO KOMAaHIbI

pa3paboTKu

3amaun:

1. Vopasnenue MM-nipoektamu OT UJ€U 10 BHEAPEHUS
2. Ananu3 6u3Hec-TpeOOBaHMM U OCTAaHOBKA 3374
3. Onenka s pexruBaoctr u ROI MU -pemenuit

1.5. IlepeyeHb MJaHUPYEeMbIX Pe3yJabTATOB 00y4YeHUs MO AUCUMILINHE, COOTHECEH-
HBIX € IVIAHUPYEMbIMH pPe3yJIbTATAMHU 0CBOEHHs 00Pa30BaTeIbHOI NIPOrPaMMBbI.
N3ydyenune nanHOil yueOHOW AHUCUUIUIMHBI HalpaBlieHO Ha (opMHpoBaHHE y 00ydaro-
MUXCA CICAYIOIHX KOMHCTGHHI/II\/JIZ
Cnoco0eH ocymecTBJIATh NONCK, KpUTHYECCKUH aHAJIU3 U CMHTe3 nHopMa-
MU, MIPUMEHSATH CUCTEMHBI MOAXO0/ ISl pellleHUsl MOCTABJIEHHBIX 32124
Crnoco0eH MpUMEHSATh CUCTEMHBIN MOJIXOJ K aHaJU3y MPeAMETHOH (IpoOIeMHON)
o0JacTu B MpoeCCHOHAIBHON AeATETbHOCTH
3HaTh

YK-1

VK-1.1

YK-1.2

¢byHIaMeHTallbHbIEe anredpanyecKkue CTPYKTYphl (TPYMIIbI, KOJbIa, MO, BEK-
TOPHBIE POCTPAHCTBA) U UX CBOICTBA;

reoMEeTpUYECKHE MOJIENH U UX alredpandeckyro MHTepnperanuio (appuHHbIE,
€BKJIUOBbI, IPOEKTUBHBIE IPOCTPAHCTBA);

METO]Ibl (popMalIM3alMK MPEAMETHBIX 00JIaCTeHl ¢ UCIIOJIb30BaHUEM anredpau-
YECKUX U TEOMETPUUYECKUX MPEACTABICHUH.

YMmers

BBIOMpATh MOAXOAIINE aNredpandeckue U reoOMeTpUUYecKre MOAEIU AJis aHa-
JIM3a CTPYKTYPBI U NIOBEACHUS CUCTEMBI;

MPUMEHSATh METOJIbl JTMHEHHON anreOpbl, TEH30PHOT'O UCUUCIIEHUS M aHAINUTH-
YECKOM T€OMETPUH ISl BBISIBIEHUS! CACTEMHBIX 3aKOHOMEPHOCTEN;
MHTEPIPETUPOBATh PE3YIbTATHI areOpO-reOMeTPUUECKOTO aHalu3a MPUMEHHU-
TEJIHO K MPO(eCCHOHATBHBIM 3aj[auaM.

Bnanets

HaBbIKaMU MOCTPOEHHUS U MpeoOpa3oBaHUsl CUCTEMHBIX MOjeliel MpoOiIeMHOit
00JIaCTH CpeJICTBAaMU areOpbl U TEOMETPUH;

METOJIaMU aHaJlM3a WHBAPUAHTOB U CUMMETPUN CHCTEM C HCIOJIb30BAaHUEM
TEOPHUH TPYIII U TEOMETPUUECKUX NPEoOpa30BaHMUIi;

npuéMaMM CHHTE3a PELIeHNH Ha OCHOBE CUCTEMHOI0 MOJIX0Aa ¢ yUETOM aireo-
panvecKkux U TeOMETPUUYECKUX OTpaHUYEHUl;

CpeICTBaMHU BM3yalu3allud M pacuéra (Hampumep, CUCTEMbl KOMIIbIOTEPHOI
anreOpbl, TEOMETPUYECKHE MAKeThl) JJIS pealn3allid CUCTEMHOrO aHalu3a B
poheCCUOHATILHOMN 1EATEIbHOCTH.

OcymiecTBiseT MOUCK HEOOXOAMMOM MH(POPMALIUK, OTIMPAsiCh HA PE3yJIbTaThl aHa-
JIM3a IOCTAaBJICHHOHN 3a1auu
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OIIK-1

OIlIK-1.1

3HaTh

Mertoab! ¢popmannzanuy UTHPOPMALMOHHOIO 3alpoca Ha A3bIKE CTPYKTYPHBIX
CBOWCTB JaHHBIX: CUMMETPUH, Pa3peKEHHOCTb, Pa3MEPHOCTh MHOIr0o0pasus,
THUI adredpanydecKoi CTPYKTYphI (IpyIa, KOJIbI0, TEH30D).

Kputepun perneBaHTHOCTH U JOCTOBEPHOCTH MH(opMaryu Juist 3axaqy MU: Boc-
IIPOU3BOIUMOCTD BBIUMCIIUTEIIBHOTO 3KCIIEPUMEHTA, TEOPETUYECKHE rapaHTHH
CXOJMMOCTH, COIVIACOBAHHOCTh C FT€OMETPUYECKON NHTYUIMEN JaHHBIX.

VYMeTh

ITpoBouTh MH(MOPMALIMOHHO-AaHATUTUYECKUN aHAJIN3 MOCTABJIEHHON anreopo-
reomeTpuueckoil 3anaun MU ¢ BblaelieHnEeM KIIIOUEBBIX NTapaMeTPOB (TUI MHO-
rooOpasusi, TpeOOBaHMs K HHBAPUAHTHOCTH, Pa3MEPHOCTb NIPOCTPAHCTBA Hapa-
METpOB).

@opmynupoBaTh HH()OPMAIIMOHHBIE TUIOTE3bl, OCHOBAaHHBIE HA AaHAJOTHIX
MEXy areOpanyeckoi CTPYKTYpOil H3BECTHBIX METO/IOB.

Kpurtnuecku OLICHUBATh IIPUMEHUMOCTh HaNJEHHOIO anrebpo-
reOMETPUUYECKOT0 METOJIa K KOHKPETHOMY THUITY JAAHHBIX (pa3Mmep, 3allyMiIEH-
HOCTb, BBIOPOCBHI, TOIIOJIOTHYECKAs CJIOKHOCTB ).

Bnanets

CrparerusiMu noucka MH(GOpMaluy, aJalTUPOBAHHBIMU AJIs 33/1a4 T€OMETpHU-
YECKOI'0 MAlllMHHOTO OOYyY€HUsS U aHAIMTHKU JaHHBIX: IOMCK 110 MHBapHaHTaM
peoOpa3oBaHuid, IO CIIOCO0Y ANMMPOKCUMAIIT MHOTOOOpa3ui, 1Mo THIy TEH-
30pPHOIO PA3JI0KECHHUS.

Metonamu BepuUKaMy MHPOPMALMOHHBIX PE3yJIbTaTOB 4yepe3 MOCTPOCHHE
IPOTOTUIIOB HAa CHUHTETHYECKMX JaHHBIX C KOHTPOJUpYyeMoil anredpo-
T€OMETPUYECKOU CTPYKTYPOIl.

TexHukamu CBEPTKM HaWJEHHOM MH(OPMAIMK B BBIYMCIMTEIbHBIN MalIuIaH
(oT BBIOOpa METPUKH 10 peaslu3allii CTOXAaCTHUECKOW OMTHMHU3AIMH Ha MHO-
roo0pas3um) ¢ JTOKYMEHTUPOBAaHUEM O0OOCHOBAaHUM.

Crnoco0eH NpUMEHSATh €CTECTBEHHOHAYYHbIE H 00 IICHHKCHEPHbIC 3HAHMS,
MeTOoJbl MATEMATHYECKOI0 AHAJIHM3a U MOJeJIMPOBAHNS, TEOPETHYECKOI0 U
IKCIIEPUMEHTAJIBHOI0 HCCIEI0BAHUSA B MPO()eCCHOHANBHOM 1esITeIbHOCTH
Crnioco0OeH NpuMeHATh CUCTEMHBIN MOJIXO0 K aHAJIU3y NMpeAMETHOH (TpoOIeMHOMN)
o01acTH B Mpo(heCCUOHAIbHON AeATeNbHOCTH

3HaTh

OCHOBHBIE TOHSATUS CUCTEMHOIO aHAINW3a M MX HMHTEPIPETAlHi0 B TEPMHHAX
anreOpbl U TEOMETPHH;

¢byHIaMeHTallbHbIe anredpanyecKue CTPYKTYphl (TPYMIIbI, KOJbIa, MOJIs, BEK-
TOpPHBIE POCTPAHCTBA, TEH30PbI);

reoMeTpuueckue mMozenu (apuHHbe, €BKINIOBBI, POSKTUBHBIE, MHOTOMEP-
HbI€ MPOCTPAHCTBA) U MX NPUMEHEHHE NIl ONMCAHUS CBS3EH MEXAY JJIEMEH-
TaMU CUCTEMBI;

YMmeTn

BBIJICTISITh TPAHUIIBI CUCTEMBI, €€ JIEMEHTHI U BHYTPEHHHE CBSI3U B MPOQeccuo-
HaJILHOU 3aaa4de, NpeacCTaBJisid UX B BUAC aJ'IFe6paI/I‘IeCKI/IX U TCOMETPHUICCKUX
00BEKTOB;

BEIOMpATh a/IEKBATHYIO alre0po-reoMeTpUIecKyr0 MoAeb (HampuMep, JTHHEH-
HOE TIPOCTPAHCTBO, rpad, MHOTOOOpa3we) s aHaIM3a TPOOIEMHOM 001acTH;
MIPUMEHATHh METOIbI JIMHEHHOM areOpbl (paHr, COOCTBEHHBIC 3HAYEHUSI, CUHTY-
JIIPHOE PA3JI0KEHNE) U AaHATUTUYECKOU TeOMETPHH (pacCTOSHUS, YIJIBI, TPE00-
pa3oBaHus1) TS BBISIBIICHUS] CHCTEMHBIX 3aKOHOMEPHOCTEH;

MHTEPIPETHPOBATH PE3YIIBTATHI ATeOPO-TeOMETPUIECKOTO aHaIH3a TPHUMEHU-
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OIIK-1.2

MF-7
MF-7.1

TEJBHO K NPO(ECCHOHATIBHOMN AEATEIBHOCTH (HallpUMep, K 3a/la4aM aHATUTHKI
naHHbIX uiau UN).

Bnanets

— HaBbIKAMM IIOCTPOEHHUS CUCTEMHBIX Mojenel MpoOJeMHOM 00JacTu Ha s3bIKe
asreOpbl U TeOMETPUM ¢ 0OOCHOBAHUEM MOJIEIH;

— METOJaMM aHajn3a CUCTEMHBIX CBOMCTB (YCTOHYMBOCTb, CBSI3HOCTh, CUMMET-
p¥si, THBAPHAHTHOCTh) Yepe3 anredpanveckue U reoMeTpUUecKUue XapakTepu-
CTHUKH;

— npuéMaMu CHHTE3a pelleHUH ¢ yuyéToM aireOpandeckux OrpaHU4eHUil U reo-
METPUUYECKOM CTPYKTYpPBI JaHHBIX.

ITpuMeHsieT 3HaHus, OJy4YCHHbIE B 00JaCTH MaTeMaTUYECKUX U (UJIM) €CTECTBEH-

HBIX HayK BBIOOPE METOOB PELICHHUs 3aa4, TIOCTPOSHUH MOJIEIeH U aHAIN3€e UX

IPUMEHUMOCTH B 33JJaHHOM IpeIMeTHON 0bsacTu

3HaThb

— @yHaaMeHTaJbHbIE pa3fesibl anreOpbl U I€OMETPUM, PENIEBAaHTHBIE Ul I1O-
CTPOEHHUSI MaTeMaTUYECKUX MoJiesiel B podeccHoHaIbHON NpeaAMeTHON o0a-
CTH (JIMHEWHBIE IPOCTPAHCTBA, FPYIIbI IpeoOpa3oBaHUil, TEH30PHOE UCUUCIIE-
HUE, aHAIUTHUYeCcKas U AuddepeHIranbHas FeoMeTpHs).

— Kpurepuu Bbibopa MeTo/1a: TOYHOCTb, BBIYMCIUTENbHAS CIIOKHOCTh, YCTONUH-
BOCTb, TPEOOBAHUS K JaHHBIM, HAUIMYHE allPHOPHON MH(OPMAINH, HHBAPHAHT-
HOCTh OTHOCHUTENIBHO IPe0o0pa30BaHuil.

— MeTon050r1I0 TOCTPOCHUS ANredpo-reOMeTpUYECKUX Moienel (0T KOHLIENTY-
QJIbHOM TIOCTAaHOBKHU /10 (pOpMabHOM 3amucH) U CIIOCOOBI BEpU(PHUKAIIMH aTeK-
BaTHOCTH MOJIEJH IIPEIMETHOM 06acTu.

YMmetb

— Ha ocHoBe aHanm3a MOCTaBJIEHHOM 3a/adM ONpeAessaTh €€ anredpandecKyro
CTPYKTYpY (TpYNIOBYIO, JIMHEHHYIO, TEH30PHYIO) U T€OMETPUUYECKUE OCOOEH-
HOCTH (METPUKY, TOTIOJIOTHIO, Pa3MEPHOCTh MHOTOOOpa3us).

— OO0ocHOBaHHO BBIOMPATH CPEOU MU3BECTHBIX alreOpanyecKkux U TreoMeTpuye-
CKHX METOJIOB TOT, KOTOPBIM oOecreurBaeT HaWIydllee COOTBETCTBUE MOJIENH
LeJISIM UCCTIeIOBaHUS U IOCTYITHBIM JJAaHHBIM.

— Crpouth MaTeMaTH4YeCKyl0 MOJIeNb MPEAMETHON 00JIaCTH, UCIIONb3Ys armapar
anreOpel U T€OMETpUU (MaTpPHULIbI, ONEPaTOPbl, TEH30PbI, TpapUUECKUE CTPYK-
TYPBbI, IPOCTPAHCTBA C METPUKOM).

— OueHuBaTh IpaHULBl IPUMEHUMOCTH MOCTPOEHHOW MOJIENH: BBIABIATH JOITY-
LIEHMS], IPH KOTOPBIX MOJIENIb KOPPEKTHA, U YCIIOBUS, IPU KOTOPHIX OHA TEPSET
aJIeKBaTHOCTh (HAIIpUMeEp, BBIXOJ 3a MpEAEibl JIMHEWHOCTH, HApYLIEHUE CUM-
METpHii).

Bnanets

— HaBbikamu comnocTaBneHus peaqbHON 3a7aui U3 NpodeccCHoHAIbHONW 001aCTH C
e€ anreOpo-reomMeTpuuecKkor Gopmanuzaiueii, BKII4as BEIOOP MPOCTPAHCTBA
COCTOSIHUI M OIIEpPAaTOPOB MEPEXOOB.

— Merogamu aHanu3a 4YyBCTBUTEIBHOCTH MOJEIW K IapaMETpaM U HCXOJHBIM
JAHHBIM C HCIIOJIb30BAHHUEM ajre0panyeckux KpuTepueB (UUCIO 00yCIOBIIEH-
HOCTH, CIIEKTPAIbHBIN panyc).

Crnoco0eH npuMeHATh MeTOoAbI AP PepeHIHATBHON reoMeTPUH

[TpumMeHsieT MeTO bl TONOJIOTHYECKOTO aHAJIN3A JJISl ONTUCAHUS TTT00AIBHBIX

coiictB nanHbiX (TDA, persistent homology — 0630pHO)

3HaTh!

— OcHOBHBIE TIOHATHS TOMOJIOTUH, HEOOXoauMbIe 1yl moHuManus TDA: Tonoso-
TMYECKOE MPOCTPAHCTBO, CUMIUIMIUAIBHBIA KOMIUIEKC, TOMOTONMS, TPYIIIbI
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TOMOJIOTUH (MHTYHUTHBHOE OTIPEJICIICHUE).

— TlonsaTue GpuiIbTpaluy CUMIUIMIHAIBLHOIO KOMILJIEKCA U TOCTPOEHUE JHarpam-
MBI TIEPCUCTEHTHOCTH (persistence diagram) Kak OCHOBHOTO HWHCTPYMEHTa
TDA.

— O6myro meroponoruto TDA: ot obmaka ToOYeK K CUMIUTMIMAIBHOMY KOMILIEK-
CY, BBIYMCIICHUE IEPCUCTEHTHBIX TOMOJIOTUH, MHTEPIIPETALUS TONOJIOTMUECKUX
IIPU3HAKOB (KOMIIOHEHTBI CBA3HOCTH, LIUKJIBL, I10JIOCTH).

YMmers

— BbiOuparh TUI CHMIUIMIMAJIBHOTO KOMIUIEKCA B 3aBUCHUMOCTH OT IPUPOAbI
JAHHBIX (METPHKA, €BKIUI0BOCTh, PA3PEKEHHOCTh) U BBIYMCIUTEIbHBIX OTpa-
HUYEHUH.

— MHHrepnperupoBaTh JuarpaMMbl NEPCUCTEHTHOCTH: HMJIEHTU(ULUPOBATh 3Ha-
YHMBbIE TOMOJIOTMYECKHE OCOOCHHOCTHU (JOJITOXHUBYIIME Oapbl) U OTACNATh UX
OT IIyMa.

Bnanerts

— Haspixkamu 0630pHOTO MpuMeHeHust MeToaoB TDA 11 pa3Befo4HOrO aHaIu3a
MHOI'OMEPHBIX JIaHHBIX.

— Cnoco0GHOCTBIO OLIEHMBATh MpeumyllecTBa U orpanndeHus TDA mo cpaBHe-
HUIO ¢ Kilaccuueckumu reomerpuueckumu merogamu (PCA, knacrepuzanus)
U1 OTIMCAHMSI INI00AIbHBIX CBOMCTB JaHHBIX.

PesynbraTel 00ydeHus 1Mo AUCHUILUINHE «AJTedpa U reOMEeTpHs» JOCTHTAIOTCS B paMKax
OCYILECTBJICHHSI BCEX BUI0B KOHTAKTHOM U CAaMOCTOATEIBbHOM paboThl 00yJaroluxcs B COOTBET-
CTBHH C YTBEPKJACHHBIM y4EOHBIM IITAHOM.

WMHauKaTopel JOCTHXKEHHSI KOMIETEHIMH CUUTAOTCs C(hOPMUPOBAHHBIMH IIPU JAOCTHXKE-
HUH COOTBETCTBYIOIIUX UM PE3YJIbTATOB OOyUEHHS.

2. CTpyKTYpa M coepKaHue AN CUHUIIIMHBI.

2.1 PacnipeaesieHne TPyA0EMKOCTH JUCHUILINHBI 110 BHAaM padoT.

OO6rias TpyI0EMKOCTh TUCIUIUTHHBI cocTaBiseT 9 3au.ea. (324 yaca), ux pacmpeeacHue
0 BHJIaM paboT MpeICTaBIeHO B TabIuIe

(051 cmyoenmos OPO).
Bun yuebHoit paboTbl Bceero CemecTpbl
4acoB (uacsl

1 2
AyauTOpHBIE 3aHATHSI (BCEr0): 215 108,5 | 106,5
3aHsATUSA JEKIMOHHOIO TUIIA 100 50 50 | - -
JlabopaTopHbIe 3aHITHS 104 52 52- | - -
3aHATHS CEMUHAPCKOTO TUIA (CEMUHAPBI, IPAKTHYE-
CKHE 3aHSTHS) ] ) ]
WNnas koHTakTHasA padora:
Kontposb camocrositensHOM paboTsl (KCP) 10 6 4
ITpomesxyrounas arrecranus (MKP) 1 0,5 0,5
CamocrosiTesibHasi paboTa, B TOM YHCJIE: 37,6 35,8 1,8
Kypcosas paboma - - - - -
Ilpopabomxka yuebHoeo (meopemuueckoco) mamepua-
1a 279 | 279 N
Buvinonanenue unousuodyanvHulx 3a0anuil (n0020mosKa 117 99 18 |- i
coobwenull, npe3eHmayuil) ’ ’ ’
Peghepam - - -
[ToaroToBKa K TEKYLIEMY KOHTPOJIIO 10 6 4 - -




KonTpoJs:

[ToaroToBka K sK3aMeHY 71,4 35,7 35,7

OO0mas TpyA0eMKOCTb | 4ac. 324 180 144 | - =
B TOM YHCJIe KOHTAKTHAsN 215 1085 | 1065
padora
3a4. eI 9 5 4

2.2 CTpyKTypa AMCHMILIMHBI:

Pacnpenencenue BuoB yueOHOI pabOThI U MX TPYIOEMKOCTH IO pa3jeiaM JUCIUTUIAHBL.
Paznensl qucuunHel, u3ydaeMele B 1 cemectpe (ounas ¢hopma)

AynuropHas Bueayauropnas
Ne HaumenoBanue pa3aenon Bcero pabota pabora
JI | JIP | KCP |CPC| KoHTpoiab
1 2 5 7 8 9
1. |OcHoBsl MaTpuuHOIt anreGpsI 2 2
2 CucreMbl TUHEHHBIX aNreOpanyecKux ypas-
HEHU 8 2| 2 2 2
3. Onpenenurenn U KX CBOMCTBA 9 2 2 1 2 2
4 |Teopus u METOZBI PEIICHHS MATPHIHBIX
ypaBHEHUM 215 6| 6 4.5 4
5. Bekropnas anre6pa. JIuneiibie ypaBHEeHHS B L
FCOMETPUH 2156 | 6 4,5 4
6. |JluneitHbIe MPOCTPAHCTBA M MHOTOOOpa3Us 12 |4 4 2 2
7 HopmupoBannsie mpocTpancTBa. Oproro-
HAJTBHBIE CHCTEMBI 20 | 6| 6 4 4
8 Jluneitnsie onepatopsl. COOCTBEHHBIE BEK- 1
" |TOpBI U COOCTBEHHBIE 3HAYEHUS 29 | 8| 8 6,3 57
0. KopnanoBa kaHoHn4eckas popma JIMHEHHO- L
ro omeparopa 14 | 4| 6 2 2
10. |HopmanbHBIC U YHUTAPHBIE MATPHUIIBI 8 2| 2 2 2
11 Marpuria @ypwe. JluckperHoe mpeodpaso-
BaHue Oypbe 8 21 2 2 2
12, CUHTYNSIpHBIE YMCIa U CUHTYISIPHBIE BEKTO-
pbl. MeTo 1 HAMMEHBIITUX KBAAPATOB 155 | 6| 6 1,5 4
Bcero mo pasznenam TUCIUTUIMHBI 179,5|50| 52 6 |[35,8 35,7
[Mpomexxyrounas arrectranus (MKP) 0,5
Pazensr quCHUIUTMHBL, U3y4aeMble B 2 ceMecTpe (ouHas ¢hopma)
AynutopHas | BHeaymuropHas pa-
No HanmenoBanwme pasznenon Bcero paboTta oora
Jl | JIP | KCP | CPC | KoHTpoab
1 2 4 6 7 8
1. |[KommiekcHble uncia 2 1 2




5 OcCHOBBI a0CTPAKTHOI aareOphl: TPYIIIIHL,

KOJIbIIA, TIOJIS 6 61| 6 4
3. |OGmmas Teopus anreOpbl MOJIMHOMOB 11 | 4| 4 1 2
4, |AnreOpandeckue MHOTOOOpa3usi. 14 | 6| 6 2
5.  |KBaaparuunbie popMbI 10 | 4| 4 2
6. |CompsikeHHBIN omepaTop 6 21 2 2
7.  |CnexTpalibHbIE 33a/1a41 6 21 2 2
8.  |Ten3opsl 1 MHOrOMEpHas anreopa 13,7 | 4| 6 3,7
9.  |OcHoBsl nuddepeHnuanpHoM reomeTpur | 10 | 4 | 4 2
10. Tononoruuekue nmpoctpancTBa. OCHOBBI

anreOpanvecKol] TOMOJIOTHH 10 | 4| 4 2
11 Jluneitnas anre6pa B KJIIACCUIECKOM Ma-

NIMHHOM O0y4eHUU 124 | 4| 4 0,4 4
12, ['eomeTpryeckue METOIBI B 33ja9ax

KJaccuukanum 124 | 4| 4 0,4 4
13. |Jluneiinas anreOpa B oOyueHuu mozeneit | 13 | 4 | 4 1 4

Bcero o pazaenam AMCHUIIIIAHBI 143,550 | 52 4 1,8 35,7

[Tpomexyrounas arrectauus (MKP) 0,5

Hmoeo 3a 2 cemecmp: 144 | 50| 52 4 1,8 35,7

KoHTpoJIb caMOCTOSTENBHOM padOTHI 8

(KCP)

[Tpomexyrounas arrecranus (UKP) 1

IToaroroBka K TEKyLIEMY KOHTPOJIIO 71,4

Hmoeo no pazdenam oucyuniunol: 324 (100|104 | 10 37,6 71,4

[Tpumeuanue: JI — nexuuu, 113 — npaktuueckue 3ansatus / cemuHapsl, JIP — mabopaTopHsie 3aHs-
tusi, CPC — camocrosiTenbHas paboTa CTyAeHTa

@®opma npoBeeHUs] ATTECTALMHM MO JMCHHUILIMHE: 3a4em U 3K3AMeH 6 Nepeom ce-
Mecmpe, 3a4em U IK3AMEH 60 8MOPOM ceMecmpe

2.3 Copaep:xanue pa3/ieioB TUCHUILINHBI:
2.3.1 3anqaTus JeKIMOHHOr0 THIIA.

CootBercTBHE
Ne HanmenoBanue Conepxanue pasaena HUHJUKAaTOpam
paszena KOMIIETCHIU I
1 2 3 4
1 Jluneitable oToOpakeHus U MaTpuLbl. Buabl Komnoksuywm,
MaTpull. CBOHCTBa OMHAPHBIX ONEpaIUi. JK3aMEH, yCT-
., | CitoxeHue MaTpyIl 1 YMHOKEHHUE Ha YNCIIO. HBII ONPOC
OCHOBBI MAaTPUYHON
aIre6pbI AccOMaTHUBHOCTh 1 HEKOMMYTATHBHOCTh
YMHOKEHUS MaTpuLl. Y MHOXKEHHS OJTOUHBIX
MaTpull. BerauciauTenbHas Cl0XHOCTh MaT-
PUYHOTO YMHOXEHHUS.
2 Cucrema IMHENHHBIX anreObpandeckux ypaBHe- | KommokBuym,
Cuctembl muHel- | Huil. JIuneitnple koMOMHaNMu. JIMHENHHS 3aBU- | SK3aMeEH, yCT-
HBIX anreOpande- | CHMOCTH W JIMHEHHAs HE3aBUCUMOCTh. basuc u | HbIi ompoc
CKHMX YPaBHEHUH | pa3MEpHOCTb. l[IoHATHE COBMECTHOCTH U
HECOBMECTHOCTH CHUCTEMBI JIMHEHHBIX areo-
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HaumenoBanue
pazzena

ConeprxaHue pasjaena

CooTBeTCTBHE
WHIUKATOpaM
KOMIIETEHIIUN

panvecKux ypaBHEHUH.

Onpeaenureny u ux
CBOMCTBA

Omnpenenurenn Maiblx mopsakoB. Omnpenenu-
TeNb N-ro mopsiaka. OnpenenuTens TPaHCIO-
HUPOBaHHON Marpuubl. OnpenenuTens Kak
dbyHKIHS CTOJOIOB (CTPOK) MaTpullbl. Anred-
panyecKue JOTOJHEHUSI ¥ MHHOpHL. Teopema
Jlarmaca. MeTobl BBIYMCIICHUST OINPEICITUTE-
Je¥ BBICOKMX NOpsAaKoB. Onpenenurens 05104-
HO-TPEYroJbHOW MaTPHIIBI.

Komnoxsuym,
9K3aMeEH, yCT-
HBII OIIPOC

Teopust 1 MeTObI
pelieHns MaTpuy-
HBIX YpaBHEHUH

OOpartnas Mmatpuma. Teopema 00 oOpaTHOM
Matpuie. MeToapl HaxOoXACHUS O0OpaTHOU
Marpullbl. PemieHne MaTpU4YHBIX YpaBHEHUM.
[IpaBuno Kpamepa. Omnpenenutens mpou3Be-
neHust Mmatpul. OOpaTUMOCTh U HEBBIPOXKIEH-
HOCTh. CBOWCTBa JMHEHHON 3aBHCUMOCTH U
JUHEHHON HE3aBUCUMOCTH CTPOK (CTOJOIIOB)
Matpulbl. Teopema o panre marpuilbl. OgHO-
POJIHbIE U HEOJAHOPOHBIE CUCTEMBI JIMHEWHBIX
ypaBHeHUU. ['eomeTpuyeckass MHTEpIpeTaLUs
CJIY. Crpoenne mMHoxectBa pemenuid CJIY.
MeTobl HaXOKICHUS PEIICHHs] HEBBIPOKICH-
Hoit CJIY. OO6mee, yacTHOE U O6a3UCHOE perie-
Husa. Teopema Kponekepa-Kanemmu. Meton
l"aycca. LU-pasznoxenue.

Komnoksuywm,
9K3aMeEH, yCT-
HBII OITPOC

BekropHas anrebpa.
JInneiible ypaBHe-
HUS B TEOMETPUHU

Meroxn xoopauHar. ['eoMeTpUYECKHil BEKTOP.
JIuneitnpie onepauun HajJ BekTopamu. Koop-
IuHaThl BekTopa. KomnmmHeapHble M KOMILIa-
HapHble BEKTOpPBL. [IpsMble JTMHUM U IUIOCKO-
CTH: ofl11ee MoHATHE 00 YpaBHEHUAX. Y paBHe-
HUs IPSIMBIX U uIockocTed. [lomymnockoctu n
nostynpoctpasncTBa. CKalsipHOE ITPOU3BENECHUE
BEKTOpOB. OpHeHTalus CUCTEMbI BEKTOPOB.
BekTopHOE U CMEIIaHHOE MPOU3BEIACHUS BEK-
TOpoB. PaccrosiHue OT TOYKM 10 NMPAUMOW Ha
IJIOCKOCTH. PaccTrosiHue OT TOYKHU 10 IIOCKO-
CTH.

Komnoksuym,
9K3aMeEH, yCT-
HBII OIIPOC

JIuneitHbie ipo-
CTpPaHCTBa U MHOTO-
obpazus

JIuneininble mpocTpaHCTBA. beckoHeyHOMEp-
Hbl€ U KOHEYHOMEpHBIE JIMHEWHbIE MPOCTPAH-
ctBa. basuc u pasmepnocts. [lognpocTpancTsa
JIMHENHOTO TmpocTpaHcTBa. llepeceuenue u
CyMMa JIMHEWHBIX moanpocrpadcTs. IIpsamas
CyMMa MOAIPOCTPAHCTB. JlOMOJHUTENBHBIE
MIPOCTPAHCTBA M NpOeKUuU. JIuHeliHble MHO-
roo6pasus. AduHHble MHOTOOOpa3us. I'umnep-
miockoctd. [lomympoctpancTBa. Beinmykibie
MHO’KECTBA.

Komnoksuym,
9K3aMeH, yCT-
HBII OITPOC

Hopmuposannsie
npoctpanctba. Op-
TOTOHAJIBHBIE CH-

HopmupoBanHoe npocTpaHCTBO. Bbinmykiibie
¢bynkuum 1 HepaBeHcTBA. HepaBeHcTBa [eib-
gepa u  Munkosckoro. Hopwmbl T'ensaepa.

Komnoksuywm,
9K3aMEH, YCT-
HBII OITPOC
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COOTBETCTBHUE

Ne HaumenoBanue Coneprkanue paszjiena WHIUKATOpaM
paszena KOMIIETEHLINI
CTEMBI Hopmbl B 6€CKOHEYHOMEPHOM IPOCTPAHCTBE.
Merpudeckoe npocTpaHcTBO. MHOXECTBa B
METPUUYECKOM  IPOCTPAaHCTBE  EBKINMI0BO
IIPOCTPAHCTBO.  YHUTApHOE IPOCTPAHCTBO.
CkaisipHO€ TIpOM3BEIEHUE, UIMHA BEKTOPA,
yroi Mexay BekTopamu. IIponecc oprorona-
muzanuu ['pamma-IlImunra. HepaBenctBo Ko-
mu-bynsakosckoro. IloampocrtpancrBa yHHU-
TapHOro (eBKJIMI0BA) mpocTpaHcTBa. Oproro-
HajbHasl MPOEKLHs U OPTOrOHAIBHOE JOMO0J-
Henue. QR-paszinoxxeHue.
8 JIuneninple onepartopbl. Marpuna nunenHoro | Komnoksuyw,
omneparopa. [lepexon k apyrum 6asucam. SAnpo | 3K3aMeH, ycT-
u oOpa3 nuHeitHOro omnepartopa. OOpaTHBIN | HBIN OMPOC
omneparop. JluaroHanusupyemple MaTpHIIbL.
JIuneiinsle onepa- | CoOCTBEHHBIE UnCIa U COOCTBEHHBIE BEKTOPHI.
Topbl. CoOcTBeHHbIe | CBOMCTBa COOCTBEHHBIX BEKTOPOB. XapakTe-
BEKTOPHI U COO- pUCTHUYECKOE ypaBHEHUE. Anrebdpanyeckas
CTBEHHbIE 3HAUECHUsI | KPATHOCTh COOCTBEHHOTO 3HAa4YeHUs. AHHYIIU-
PYIOLIMI 1 MUHUMAJIbHBIN MHOTO4IEHBI. [Ipu-
BEJICHUE K IOYTH TPEyroyIbHOM Marpuue. Mu-
BapHaHTHbIE IOANPOCTpPaHCTBA. ['eomerpuue-
CKasi KpaTHOCTh COOCTBEHHOI'O 3HAYEHUSI.
9 MHorounensl ot martpunsl. KopreBble mnon- | Komnoksuyw,
npocTtpaHcTBa. biodyHo-nuaroHaneHas ¢gopma | S9K3aMeH, yCT-
’Kopnanosa KaHO- | yarpuier. MUHHMANTEHOE HHBAPHAHTHOE MPO- | HBIH OMPOC
HUYecKas popma ctpancTBo. JKopaanoBel nenoyku. KopaaHosa
JIMHEHHOTO ONepa- | hopma Matpuiisl. JKOpIaHOB Gasuc B KOpHe-
Topa BOM IIOAIIPOCTpaHCTBE. BrluncieHue xopna-
HOBOM (POPMBL.
10 HopMmanbable MaTpuLibl. Y HUTapHble MaTpuisl. | Komtoksuym,
HopmabHbie 1 Matpulibl OTpa’keHHUs U BpallleHUsl. DPMUTOBBI | SK3aMEH, yCT-
MaTpullsl. broyHo-auaronaneHas (opma Be- | HbIH OIpoc
YHUTapHbIE MaTpHU- N .
- LIECTBEHHON HOPMAaJIbHOMN ManI/IIII)I.VBJ'IO'—IHO-
JMaroHanbHas (opmMa OpTOrOHAJILHOW MaTpH-
IIBI.
11 Marpuma Dypse Matpuna ®ypee. LupkynsatHele Matpuipsl. | Komtoksuym,
JIHCKpeTHOE Mpeol- Anrebpsl matpuil. J[uckperHoe mpeoOpa3oBa- 9K3aMEH, yCT-
Hue @ypoe. brictpoe npeobdpazoBanue Oypbe. | HbIH OMPOC
paszoBanue Oypbe
CeepTku.
12 CHEryIApHbIE qHC- CUHTYyJSIpHBIE YHUCJIAa U CHHTYJSpHbIE BeKTO- | KomokBuym,
1 H CHHIYJISPHBIC ppl. CHHIYISpHOE pa3lloKEHHE M pEIICHUE 9K3AMEH, yCT-
CJIY. Meton HanmeHpIIMX KBaaparoB. lIces- | HbIM onpoc
BEKTOpBL. MeTox
HAHMEHBIIIX KBA/L- nooOpartHasi MaTpuia. TeopeMa 0 HaWTydIIMX
patoB aNIpOKCHMAlMAX MAaTpPULBl C IOHWKEHUEM
paHra.
13 KommiekcHbie unc- | Anrebpanyeckas W Tpuronomerpudeckas | Kommoksuywm,

JJa

(GhopMBI KOMIUIEKCHOTO uucia. JIeHcTBus Haj

9K3aMEH, yCT-
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HaumenoBanue
pazzena

ConeprxaHue pasjaena

CooTBeTCTBHE
WHIUKATOpaM
KOMIIETEHIIUN

KOMIUIEKCHBIMHM ~ 4yHciaaMd.  KoMIUlekcHas
IJIOCKOCTh. ['eoMeTpuyeckas HMHTEpIIpeTanus
JIelcTBUI ¢ KOMIUISKCHBIMH uHciamMu. Bosse-
JICHHE KOMIUICKCHOI'O YHCJIa B CTCICHb C IIe-
JIBIM

nokaszarenem. @opmyia Myaspa. M3Bieuenue
KOpHsI M3 KOMIUJIEKCHOTO uucna. [loka3zarens-
Hasi (hopMa KOMIUIEKCHOTO 4YHclia. MaTpuIlsl ¢
KOMINIEKCHBIMH 3JIEMEHTaMHU

HBIH OIIPOC

14

OcHoBbI abCTpaKT-
HOU aJireOpsI:
TPYIIIBL, KOJIbIIA,
L

Konbua un nons. denurenu Hyns. Konbo BeI-
4yeToB. Brioxenus u usomopdusmsl. I'pynmna,
noarpymmna, romomopdusm. Kiaccel cmexHO-
cru. Ilpumepsr abenesbix rpynm. I'pynna He-
BBIPOKJICHHBIX AMArOHAIbHBIX Marpul. [ 'pym-
I1a HEBBIPOXKJIEHHBIX TPEYrOJIbHBIX MAaTPHILI.
Huknnueckue rpymnmbel. [pynma  oOpaTuMbix
MaTtpul. I'pynna KopHel creneHu N U3 eQuHU-
LIbI

Koinoksuym,
9K3aMeEH, YCT-
HBII OITPOC

15

OOw1as Teopus aji-
reOpbl TOJIMHOMOB

Jlunernsie mpocTpaHcTBa Hajg noseM. Ilomu-
HoMBbl Haja mnoneMm. Koapno nmommnomos. Ko-
penp nomuHoMa. Cxema ['opHepa u Teopema
be3zy. Teopus nemumocTd Uil TMOJIMHOMOB.
Anroput™m aeneHus ¢ octaTkoM. Haubombimii
o0l nenurens IByX noamHomos. Hempuso-
JUMBbIE TIOJMHOMBI. KOMIJIEKCHBIE MTOJIMHOMBI.
OcHoBHast Teopema anrebpobl. PaznoxeHue
KOMIUIEKCHBIX ~ MHOTOWIEHOB. PaznokeHue
BELIECTBEHHBIX MHOT'OUYJIEHOB.

Komnoksuywm,
9K3aMEH, yCT-
HBIM OIPOC

16

Anrebpanueckue
MHOT000pa3usi.

Anrebpanueckue MHoroo6pasus. Ksagparuu-
Hbl€ MHOTOWIEHBI OT JIByX NepeMeHHbIX. Ilo-
BOPOT U CABUTI JI€KAPTOBOW CHCTEMBI KOOPIHU-
Hat. Dimic, runepOosna, napadona. Keaapa-
TUYHBIE MHOTOWIEHBl OT TpPEX NEPEMEHHBIX.
OproroHasibHble MaTpulbl. JlMaroHaiu3anus
BELIECTBEHHBIX CUMMETPUYHBIX MaTpul. IIpu-
BEJICHHbIE YpPaBHEHHUS IOBPXHOCTH BTOTOIO
nopsaaka. Ommuncoua. OTHONONOCTHBIA TI'H-
nepOosiona. JluHeituatas moBepxHOCTh. J[BY-
MOJIOCTHBIA TUNEPOOTIOUA. DIUIUIUITUYECKUNA
KOHYyC. OiunTudeckuii mapabomoun. I'mnep-
O6omuuecknii mapabonoun. llunuuapudeckue
MTOBEPXHOCTH.

Komnoksuym,
9K3aMeEH, yCT-
HBII OIIPOC

17

KBagparuunsie
hopmbI

OmnpeneneHve M MaTpuyHas 3aluCh KBaJpa-
TuyHON (hopmbl. HeBripokaeHHOE mpeoOpaso-
BaHUE KBaJpaTUYHOU (OPMBI K KAHOHHUYECKO-
My BHIY. OKBHBaJCHTHBIC KBaJpaTHYHBIC
¢dopmbl. KanoHnueckuil Buj mapbl KBaapaTHy-
HbIX (Gopm. I[lonoxuTenbHO (OTPHUIIATEIHHO)
olpeJieNieHHbIe KBajpaTtuuHble ¢Gopmbl. Kpu-

Komnoksuym,
9K3aMeH, yCT-
HBII OITPOC
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COOTBETCTBHUE

Ne HaumenoBanue Coneprkanue paszjiena WHIUKATOpaM
paszena KOMIIETEHLINI
tepuil CunbBecTpa. 3aKOH HMHEPIMU KBaJpa-
THUHBIX (opM. Merox Jlarpamxka. Oproro-
HaJIbHOE  IIpeoOpa3oBaHHME  KBaJpaTHUHON
(hopMBI K KAHOHUYECKOMY BUY.
18 Conpspkennbii  oneparop. Matpuna conpsi- | KomiokBuym,
CornpsiKeHHBIH ore- | )KeHHOro omneparopa. HopmanbHbli oneparop. | 3K3aMeH, YCT-
parop CamomMonpsiKeHHBIM  oriepaTtop. MeTon co- | HbI onpoc
IPSLKEHHBIX I'PAJHEHTOB.
19 CrnekrpanbHa teopeMa. CnektpanbHble 3ana- | Kommoksuym,
CHexTpabHble 32- yn. [IpeoOpazoBaHust OTpayKEHHSI U BPAILICHHUS. SK3AMEH, yCT-
- IIpuBenenue k tepyroiabHoMmy Buny. IIpuBene- | Hbll onpoc
HUE K IIOYTU TPEyroJibHOMY BHIYy. Bpruucie-
HUE CUHTYJISIPHBIX YHCEIL.
20 MHuoromepHble MaccuBbl UM MaTpullbl. Tpex- | Komnoksuym,
MEpHBIE MAacCHBBl U TPUIMHEMHBIE Pa3JIOKe- | IK3aMEH, yCT-
Husa. HMHAekcHas HOTauus: MpaBWwiIo OWH- | HBIM ompoc
Tenszopsl u MHOTO- | IITeiHa. AusreOpa TEH30pOB:  CIOXKEHHE,
MepHasl anredpa | yYMHOKEHUE Ha CKajsip, TEH30pPHOE YMHOXKe-
HUE, CBEpPTKa TEH30pOB. TEH30pHBIA paHr U
YMHOXEHHE MaTpull. JlaHHbIE KaK TEH30pBbI.
PaznioxeHne TEH30pOB.
21 Kpussie Ha mockoctu u B npoctpadcTse. 1'e- | KomnoksuyM,
OcHoBb! dde- T'YJSIpHBIE U Tiaakue kpusble. Kpususna, kpy- 9K3AMEH, yCT-
peHIHATbEOH re0- yenue. [loBepxHocTH B mpocTpaHCTBE. MeT- | HbII OpocC
MeTpHH pUKa MOBEPXHOCTU. BHyTpeHHs reomerpus
noBpxHocTU. ['maakoe MHorooOpazue. Ontu-
MHU3aIUs] HA MHOT000pa3HsIX.
22 Tononornuekue OmnpeneneHue TOMOJOTMYECKOro mpocTpaH- | KomnokBuym,
npoctpaHcTBa. Oc- | cTBa. AKCHOMBI TONOJIOTUH. ["'oMeoMOp(dU3MBIL. | FK3aMeH, yCT-
HOBBI anredpanye- | Tomosornueckue WHBapUaHThl. ['oMoTOmus. | HBIM OmMpocC
ckoil ronosorun | 'omonoruu. Tonosnorust B aHanu3e JaHHBIX.
23 Ponp matpun B mammHHOM oOyuenuu. [Ipen- | Komnoksuym,
CTaBJICHHE JAaHHBIX: OOBEKTHI-IPU3HAKK. Mat- | 5K3aMeH, ycT-
Jnneiinas anre6pa PUMHOE NPE/ICTABICHUE 1aPEMETPOB Mojenel. | Hbli ompoc
B KIIACCHIECKOM JIuneiinaa perpeccus. CrnekrpanbHasl KiacTe-
pu3anus: TpUMEHEHHE COOCTBEHHBIX 3Haye-
MalImHHOM 00yde- N
- HUI 1 COOCTBEHHBIX BEKTOPOB IS pa3/ieeHus
naHHbIX Ha kiactepel. PCA u cuHTYyIsipHOe
paznoxenue (SVD). [IpeobpazoBanus TaHHBIX
(mopmamnuzamusi, PCA).
24 I'mnepmutockocty u pasaenenue naHHbix. Pac- | Komnoksuyw,
CTOSIHHE OT TOYKH A0 TUIEPIUIOCKOCTU. Me- | 3K3aMeH, yCT-
'eomeTpuueckre | To OMOpHBIX BekTOpoB (SVM). JluHeiHbIi | HBI OMpoc
metoabl B 3aauax | SVM. Omnopuble BekTopbl. JIBOHCTBEHHas 3a-
Kiaccuukanum nada. Hemuuerinenidi SVM u siapa. Jlornctuye-
CKasl perpeccusi, reoMeTpudeckas MHTEpIpe-
Tanusl.
25 Jluneiinas anrebpa | Bekropnas 3anuche QyHKIMHM morepb s Tu- | Kommoksuywm,

B 00Y4YEHUU MOJIe-

HEMHON perpacuu, JOTUCTUYECKOW PErpecuu.

9K3aMeH, YCT-
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Ne HaumenoBanue Coneprkanue paszjiena WHIUKATOpaM
paszena KOMIIETEHLINI
el I'panueHT ¢yHKIMHM TOTEPh B BEKTOPHOM BHU- | HBIH OMPOC

ac.

AnroputMm rpaaveHTHoro cmnycka. llonsarue
perynspusanuu. Perymspuzamus L1 u L2.

2.3.2 3aHsATHS CEMHUHAPCKOTIO THIIA.
3aHATHUSI CEMUHAPCKOTO TUIIA HE MPEAYCMOTPEHBI.

2.3.3 JlaGopaTopHble 3aHATHSI.

dopma TeKyIero

Ne HaumenoBaHue 1a00paTopHbIX paboT
KOHTPOJIS
1 3 4

1. |OcHoBBI MaTpUYHOH anredpbl Pemenue 3amau

2. |CucteMbl TMHEHHBIX alre0pandyecKux ypaBHEHHUH Pemenue 3aau

3. . Pemienue 3a1a4, KOHTPOJIbHAS pa-
Ornpenenureny U uX CBOMCTBA

oota

4. . Pemienue 3a1a4, KOHTpOJIbHAS pa-
Teopust U METOIBI PEIICHUS MATPUYHBIX YPABHEHUH 6012

5. |Bekropnas anrebpa. JIuneiible ypaBHEHUS B T€OMET- Pemienue 3a1a4, KOHTPOJIbHAS pa-
puu bora

6. |JIuHeiiHbIe MPOCTPAHCTBA U MHOTOO0pa3us Pemenue 3aau

7. |HopmupoBannble npocTpaHcTBa. OpTOrOHAJIBHBIE CHU- Pemenne 3amau
CTEMBI

8. |Jluneitnbie onepaTopsl. COOCTBEHHBIE BEKTOPHI M c00- | Pemrenue 3amaq, KOHTpOIbHAS pa-
CTBEHHbIE 3HaYECHUs 6oTa

9. [XopnanoBa kaHOHHYECKas (popMa JTUHEHHOTO omepa- Pemenue 3anau
Topa

10. |HopmasibHbIe U YHUTapHbIE MATPHILIBL Pemenue 3a1au

11. [Matpuua @ypse. luckpernoe npeodpazoBanue Oypoe Pemenue 3amau

12. |CunrynspHble yuciaa U CUHTYJISIpHBIE BEKTOPBL. MeTot Pemenue 3anau
HaMMEHBIIINX KBJIPATOB

13. Pemenue 3anau, KOHTpOJIbHAS pa-
KommnekcHsle yncna

Oota

14. |OcHoBBI a0CTpaKTHON areOpbl: IPYIIbI, KOJIbIIA, OIS Pemenue 3am1au

15. |O61mas Teopus anreOpsl MOJIMHOMOB Pemenue 3amau

16. |AnreGpandeckre MHOTO0Opaswusl. Pemenue 3a1au

17. |[KBagpatuuhbsie pOpMbI Pemenue 3am1au

18. |ComnpsixkeHHBIN onepaTop Pemenue 3amau

19. |CnexTpanbHble 33Jja4u Pemenue 3a1au

20. |Ten3opsl 1 MHOTOMEpHAs ayreOpa Pemenue 3a1au

21. |OcHoBbl auddepeHnnanbHOi reoMeTpun Pemenue 3am1au

22. |Tononoruuekue npocrpancTBa. OCHOBHI anredpanye- Pemenue 3anau
CKOM TOIOJIOTHH

23. |Jluneiinas anreOpa B KJIaCCHYECKOM MALIMHHOM 00Y- Pemenue 3anau
YEHUHU

24. |l'eomeTprUyecKre METOBI B 33/1a4aX KJIACCHPHUKAIIH Pemenue 3a1au

25. |JluneitHas anreOpa B 00y4eHUH MOJENICH Pemenue 3a1a4d, KOHTpOJIbHAS pa-
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HanmMenoBanwue 1abopaTopHbIX paboT

dopma TeKyIero
KOHTPOJIS

oora

2.3.4 IlpumepHasi TeMaTHKa KYPCOBBIX pa0oT (IIPOEKTOB)
KypcoBble paboTbl HE IPEYCMOTPEHBI.

2.4 IlepeyeHb y4eOHO-METOAMYECKOT0 olecmeYyeHHs IJIS CAMOCTOSITeJIbHOH PadoThl 00Yy-
YAKIIHUXCS M0 TUCHUILINHE (MOIYJII0)

Lenbto caMOCTOSTENHLHON PabOThI CTYIEHTA SBJISIETCS YIITYOJIeHHE 3HAHHM, TOTyYSHHbIX
B pe3yJibTaTe ayJUTOPHBIX 3aHATUN. BblpabaThiBaloTCS HABBIKM CaMOCTOATEIbHOU paboThl. 3a-
KPEIUISIFOTCS OIIBIT U 3HAHUS NIOJyYEHHBIE BO BpEMs Ja0OPATOPHBIX 3aHITHH.

Ne

Bung CPC

[TepeueHs yaeOHO-METOIUUECKOTO 0OECTICUEHNS AUCITUIUTNHBI
T10 BBITTOJIHEHHUIO CAaMOCTOSITEIbHOM paboThI

1

2

3

IIpopaboTka 1 MOBTOPEHHUE
JIEKIIHOHHOTO MaTepHana,
MarepHaia yaeOHOM 1 Hayd-
HOM JIUTEpaTypHI, MOATOTOB-
Ka K CEMUHAPCKHUM 3aHSITHIM

Metoandeckue yKa3aHus AJs MOATOTOBKH K JICKITMOHHBIM M CEMHHAPCKUM 3aHs-
THSIM, YTBEPIK/ICHHBIE Ha 3aceJaHnuH Kadepbl aHalli3a JaHHBIX U UICKYCCTBEHHOTO
MHTEIJIeKTa (pakyIbTeTa KOMIIBIOTEPHBIX TEXHOJIOTHI U MPHUKJIIaHOI MaTeMaTHKU
OI'bOY BO «Ky6I'V», nmporokon Ne7 ot 22.03.2023 .

Mertonuueckre yKka3aHHs 110 BBITOJHEHUIO CAMOCTOSITEILHOM paboThI, yTBEp-
XKIICHHBIC Ha 3aceaHNH KadeIphl aHaIN3a JaHHBIX U HCKYCCTBEHHOTO HHTEIUICKTA
(akympTeTa KOMITBIOTEPHBIX TEXHOJIOTHH U pUKIanHoi MaTeMaTikn ®I'BOY
BO «Ky6I'Y», mpotokoia Ne7 ot 22.03.2023 1.

IToaroroska k saboparop-
HBIM 3aHATHAM

Mertoanueckne yka3aHHs 110 BBIOJHEHHUIO 1a00PaTOPHBIX PadOT, yTBEP KICHHBIE
Ha 3acelaHnu Kaeapsl aHai3a JaHHBIX ¥ HCKYCCTBEHHOTO MHTEIUIEKTa (haKyiib-
TeTa KOMIBbIOTEPHBIX TEXHOJIOTUN U npukiagHoi matematuku ®I'BOY BO
«Ky6I'V», mpotokox Ne7 ot 22.03.2023 r.

[ToaroroBka K pelieHuo
3aJ1a4 ¥ TECTOB

Metoandeckue yKa3aHHs 10 BRIITOJHEHHUIO CAaMOCTOSATENIEHON PaboTHI, yTBEp-
XKIICHHBIE Ha 3aceaHuM Kadeaphl aHann3a JaHHBIX U MCKYCCTBEHHOI'O MHTEIUIEKTA
(akyIpTeTa KOMIBIOTEPHBIX TEXHOJIOTUH U pUKIagHOW MaTeMaTHku OT'BOY
BO «Ky6I'Y», mpotokon Ne7 ot 22.03.2023 r.

[ToaroroBka K TeKyuemy
KOHTPOJIIO

Metoandeckue yKa3aHHs 10 BRIITOJHEHHUIO CAMOCTOSATENIEHON paboTHI, yTBEp-
JKJICHHBIC Ha 3acelaHNH Kadephl aHAIN3a JaHHBIX U HCKYCCTBEHHOTO MHTEJUIEKTa
(akympTeTa KOMITBIOTEPHBIX TEXHOJIOTHH U pUKIIafHOH MaTeMaTik ®I'BOY
BO «Ky6I'V», mpotokon Ne7 ot 22.03.2023 r.

TToaroroBka JOKJIaI0B

Meroauyeckne yka3aHus JUIs HOATOTOBKH 3cce, pedeparoB, KypCOBBIX padoT,
YTBEpIK/ICHHBIE Ha 3aceaHuy KadeIpbl aHaIn3a JaHHBIX U HCKyCCTBEHHOTO
MHTEJIeKTa (paKyIbTeTa KOMIIBIOTEPHBIX TEXHOJIOTHH U IIPUKIIAJHON MaTema-
tukd ®IB0Y BO «Ky6I'Y», mpotokon Ne7 ot 22.03.2023 1.

Y4eOHO-MeToIMYeCKhe MaTepHalibl JUIsl CaMOCTOSITEIbHONW paboThl OOydarommxcs u3
YKCITa MHBAJIM/IOB U JIKII C OTPAHUYEHHBIMHA BO3MOXKHOCTSIMHU 3710poBbst (OB3) mpenocrasisirorcest
B (hopMax, aJanTUPOBAHHBIX K OTPAHUYEHUSM UX 37I0POBbs U BOCHPUATHS HH(DOPMAIIH:

JUiist U1 ¢ HApyIIEHUSIMHA 3PSHHUS:

— B [1€4aTHOW (hopMe YBEIMUYEHHBIM HIPUPTOM,

— B popMe JIEKTPOHHOTO IOKYMEHTA,

— B (popme ayamnodaiina,

— B ieyaTHOM popme Ha si3bike bpaiins.

JUnist 1 ¢ HapyIIEHUsIMH CiTyXa:

— B TIe4aTHOM opme,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

Jnist 1 ¢ HapyIeHUsIMU OTIOPHO-/IBUTATENIBHOTO amapaTa:

— B I1e4aTHOM (opme,

— B (hopMe PIIEKTPOHHOT O TIOKYMEHTA,

— B (popme ayamodaiina.
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JlaHHBIN MepedeHb MOXKET OBbITh KOHKPETU3UPOBAH B 3aBUCUMOCTH OT KOHTUHIEHTa 00Y-
YAIOIIUXCS.

3.0BPA30BATEJIBHBIE TEXHOJIOI' MU
B cootBercTBuu ¢ TpeboBanmsimu PI'OC B mporpamma JAMCIUIUIHHBI MIPETYCMaTPUBACT
UCIOJIB30BaHUE B Y4eOHOM IIpoIecce CIEAYIOUMX 00pa3oBaTeNbHbIE TEXHOJIOTUH: YTCHHE
JIEKIUHA C HCHOJBb30BaHWEM MYJIbTUMEIUIHBIX TEXHOJIOTH; METOJA MalblX Ipymmd, pazdop
IIPAKTUYECKUX 3a/1a4 U KEHCOB.
[Ipu 00ydyeHnn UCIONB3YIOTCA CeIYIOIIe 00pa30BaTEIbHbIE TEXHOIOTHU!

— TexHONOrMs KOMMYHHKAaTUBHOTO 00y4eHHUs — HalpaBiieHa Ha (OPMUPOBAHUE KOMMYHHU-
KAaTUBHON KOMIIETEHTHOCTU CTYJIEHTOB, KOTOpas sBJseTcsl 0a30BOil, HeOOX0IUMOM 1j1s ajanTa-
LIMU K COBPEMEHHBIM YCIIOBUSAM MEXKYJIbTYPHON KOMMYHUKALIUH.

— Texunomnorust pazHoypoBHeBoro (auddepeHurpoBaHHOr0) OO0y4YEHHsS — NPEANoiaraet
OCYLIECTBJICHUE MT03HABATEIbHOMN AEATENBHOCTH CTYAEHTOB C YYETOM UX UHAUBUIAYAJIbHBIX CIIO-
coOHOCTEN, BO3MOXHOCTEN U NHTEPECOB, MOOUIPSSI UX PEaln30BbIBaTh CBOM TBOPUYECKUN MOTEH-
nuan. Co3naHue U KCIMONb30BAHUE JAMATHOCTUYECKUX TECTOB SIBISETCS HEOTHEMJIEMOUM YacThIO
JTAHHOM TEXHOJIOTHUHU.

— TexHoNoOrust MOIYIBHOTO OOYYEHHUSI — MPEILyCMaTPUBACT JEIICHUE COJCPKAHUS JUCIH-
IUTMHBI Ha JOCTaTOYHO aBTOHOMHBIE pa3/iesibl (MO ), MHTEIPUPOBAHHBIE B OOIINH KypC.

— Hudopmannonno-kommynukanuonnsie Textojorun (MKT) - pacmmpsitor pamku obpa-
30BaTEIBHOrO MPOLECCa, TOBbIIIAsL €r0 MPAKTUYECKYIO HAIIPaBIEHHOCTb, CIOCOOCTBYIOT UHTEH-
cu(UKALUUA CAMOCTOSITENILHON PabOThl yJalluXCsl U MOBBIIICHUIO TO3HABATEIHbHON aKTUBHOCTH.
B pamkax VKT BbienstoTcs 2 Buja TEXHOJIOTUI:

— TexHONOTHs MCHOIB30BAHUS KOMITBIOTEPHBIX MPOrPaMM — MO3BOJSET IPPEKTUBHO J10-
HOJHUTB IPOIecC 00YUEeHHUS A3bIKY Ha BCEX YPOBHSX.

— HHTepHeT-TeXHOJOTMH — MPEAOCTABISAIOT IUPOKUE BO3ZMOXKHOCTHU ISl MTOUCKAa MH(OP-
MaIuH, pa3paboTKN HayYHBIX MPOEKTOB, BEJIEHUS HAYYHBIX HCCIIEAOBAHUN.

— TexHonoruss MHAUBUAYyaIU3alUU OOYYEHMsS] — IOMOTAaeT pPEaJu30BbIBaTh JMYHOCTHO-
OpPUEHTHPOBAHHBIN MOX0/JI, YUYUTHIBasi MHAUBUAYAIbHbIE 0COOEHHOCTH U MOTPEOHOCTH ydalluX-
csl.

— [IIpoexTHast TEXHOIOTHSI — OPUEHTHPOBAHA HA MOJEIUPOBAHNE COL[UAIILHOTO B3aUMO/IEH-
CTBUS yYalllUXCs C LENbI0 PEUIeHUs 3a/1a4, KOTOopasi ONpeAessieTcsl B paMKax NpoQeccHOHalb-
HOW MOJTOTOBKH, BBIJEISASA Ty UM UHYIO IPEIMETHYIO 00J1aCTh.

— TexHonorust oOy4eHUs] B COTPYIHUYECTBE — pealu3yeT WIS B3aUMHOI0 OO0YyYeHus,
OCYIIECTBIISIS KaK MHAWBUIYAIbHYIO, TaK U KOJUIEKTUBHYIO OTBETCTBEHHOCTD 32 pElICHHE y4ueO-
HBIX 3a7a4.

— MHrpoBas TexHOJOrUs — MO3BOJIAET Pa3BUBATh HABBIKM PACCMOTPEHMSI PsAJla BO3ZMOXKHBIX
croco00B pemeHus npo0iaeM, aKTUBU3UPYSI MBIIIJICHHE CTYJE€HTOB U PacKphIBasi JTUUYHOCTHBIN
MOTEHLHAJT KaXXI0T0 yJallerocs.

— TexHonorust pa3BUTHSI KPUTUUECKOTO MBIIIJICHUS — CIIOCOOCTBYET (POPMUPOBAHUIO pa3-
HOCTOPOHHEH JTMYHOCTH, CIIOCOOHON KPUTUYECKU OTHOCHUTHCA K MHGOpPMAIUU, YMEHHUIO OTOU-
paTb HHGOPMALIMIO JJIsl PEIICHHUs TOCTaBICHHOH 3a/1a4H.

KommuiekcHoe wucnonb3oBaHHE B y4eOHOM MpOIECCE BCEX BBIIIEHA3BAHHBIX TEXHOJIOTHM
CTUMYJHMPYIOT JINYHOCTHYIO, HMHTEJUIEKTYaJIbHYIO aKTUBHOCTb, Pa3BHBAIOT I103HABATEJIbHBIC
MIPOLIECCHI, CITOCOOCTBYIOT (POPMUPOBAHUIO KOMIETEHIIMM, KOTOPHIMU JOJKEH 00anaTh Oyay-
IIUH CIIEUATINUCT.

OcHoBHbIE BUIbl HHTEPAKTUBHBIX 00pa30BaTEIbHBIX TEXHOJIOTHI BKIIOYAIOT B CEO0sI:

— paboTa B MajlbIX rpymnmnax (KOMaHE) - COBMECTHAs ACATEIHHOCTh CTY/ICHTOB B TPYIINE
IOJl PYKOBOJICTBOM JIMJEpa, HAllpaBlieHHAas Ha pelIeHue oOmiei 3ajauu MmyTéM TBOPYECKOTO
CIIOKEHHSI Pe3yIbTaTOB UHIMBUYaIbHOW pabOThI WIEHOB KOMaH/bI C IEJICHUEM MMOJTHOMOYUN U
OTBETCTBEHHOCTH,;
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— TMPOEKTHAsI TEXHOJIOTUS - HHIWBUyalbHasl WM KOJUIEKTUBHAS IEATEIHHOCTh 10 0TOOpY,
pacnpeesIeHUI0 U CUCTEMAaTU3allii MaTepuaa 1o ONpPEJEIIEHHON TeMe, B pe3ylbTaTe KOTOPOu
COCTaBJISICTCSI POCKT;

— aHaJ M3 KOHKPETHBIX CUTYyallui - aHaJu3 peajbHbIX MPOOJIEMHBIX CUTYallud, UMEBILIUX
MECTO B COOTBETCTBYIOIICH 00JAaCTH MPO(ECCHOHATBHOW NeATEIHbHOCTH, U TOWCK BapHAHTOB
JYYIIUX PELICHUH;

— pa3BUTHE KPUTHUYECKOT'O MBIIIJICHUS — OOpa3oBaTelbHasl NEATeIbHOCTh, HamlpaBiIeHHAs
Ha Pa3BUTHE Yy CTYACHTOB Pa3yMHOT0, pe(ICKCUBHOTO MBIIIJICHUS, CIOCOOHOTO BBIIBUHYTH HO-
BbIE UJICU U YBUJETh HOBbIE BO3MOXHOCTH.

[Tonxom pa3dopa KOHKPETHBIX 3a7a4 W CUTyallMid [IUPOKO WCIOIB3YEeTCS Kak
npenojaBaTesieM, Tak W CTYACHTaMH BO BpeMs JIEKUUH, JaOOpaTOpHBIX 3aHITHA U aHaIu3a
pe3yJIbTaTOB CaMOCTOSITENbHOW paboThl. DTO OOYCIOBIEHO TEM, YTO TPHU HUCCICAOBAHHHU H
pellIeHNN KaK[O0M KOHKPETHOH 3ajaud HMMEeTcCs, KaK MpaBWJIO, HECKOJIbKO METO/OB, a 3TO
TpeOyeT pa3dopa 1 OICHKH IIEJI0N COBOKYITHOCTH KOHKPETHBIX CUTYAIIUN.

3aHﬂTI/Iﬂ, NMpPOBOJAMMBIC C UCITOJIB30BAHUEM MHTCPAKTHBHBIX TEXHOJOT Uil

KoJnuecTBo 4acoB
Ne HanMmeHnoBaHue pa3jeioB (TeM) BCEro ay/. HHTEPAKTUBHbIE
qyacoB qyachbl
1 JluneiiHas anredpa B KJIACCUYECKOM MAIIMHHOM 00Y- 8 4
 |ueHum
2 |'eoMeTpuYecKHe METOBI B 3a/1a4aX KJIACCH(PHUKAINN 8 4
3 |Jluneiinas anreO6pa B 00yueHUH Mojeneit 8 4
Hmozo no oucuunaune: 24 12

Tembl, 3aaHus U BOIPOCHI JUISI CAMOCTOSITENIbHOW pabOThl MpHU3BaHbl c(HOPMUPOBATH
HaBBIKH ITOHUCKA I/IH(l)OpMaIII/II/I, YMCHHA CaMOCTOATCIbHO PAaCIIUuPATE U er'IY6J'I$ITI> 3HaHUA, IOy~
YEHHBIE B X0/1€ JIEKIIMOHHBIX U MPAKTUYECKUX 3aHATHH.

[Tonxon pa3bopa KOHKPETHBIX CUTYalUH HIMPOKO HCIOJB3YETCs KakK MperojaBaTesieMm,
TaK ¥ CTyJ€HTaMU IPU NPOBEICHUH aHAJIN3a PE3YJIbTaTOB CAMOCTOSATENILHOW PaOOTHI.

I[J'IS[ Jan € OrpaHMYCHHBIMU BO3MOXHOCTAMU 3O0POBBA MPCAYCMOTPCHA OpraHu3anusa
KOHCYJIbTAIIMH C UCIIO0JIb30BAaHHEM JIEKTPOHHON MOYTHI.

JUist U1 ¢ HapyIIEHUSIME 3PEHHS:

— B 11e4aTHOM (hopMe yBEIMUEHHBIM HIPUDTOM,

— B popMe PIIEKTPOHHOTO JIOKYMEHTA.

JUnist a1 ¢ HapyIIEeHUsIMH CITyXa:

— B IIeYaTHOU (opme,

— B (popMe PIIEKTPOHHOTO IOKYMEHTA.

21.]'[5[ JIMI ¢ HApYUICHUSAMU OITOPHO-ABUT'aTCIIBHOI'O annapaTa:

— B 1e4aTtHo# (opwme,

— B (hopMe JIEKTPOHHOT'O IOKYMEHTA.

Jis aui ¢ orpaHMYEHHBIMM BO3MOXKHOCTSIMHU 3JI0POBbsI TMPEAYCMOTpPEHA OpraHU3alIus
KOHCYJIbTAIMH C UCIIOJIb30BAaHMEM DIIEKTPOHHON TIOYTHI.

JlaHHBIH mepeueHb MOXKET ObITh KOHKPETHU3UPOBAaH B 3aBUCUMOCTH OT KOHTHHIEHTa 00Y-
YAFOIIUXCSI.

4. OIIeHO‘leIe H METOAUIECCKHUE MaTEPHUAJIbI
4.1 OueHoYHbIE CpeACTBA IJIs TeKYNIEro KOHTPOJIS yCIeBaeMOCTH U MPOMEXKYTOY-
HOH aTTecTalHU
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OreHouHBIE CpeACTBA MPEIHA3HAYEHBI JJI1 KOHTPOJIA M OLIEHKM 00pa30BaTENbHBIX J0-
CTIKEHHH 00y4YaroUIMXCs, OCBOMBIIUX MTPOrpamMMy y4eOHOM TUCIUILTHHBI «Anredpa U reoMeT-
pusi»

OneHouHbIE CpPENCTBA BKIKOYAET KOHTPOJIbHBIE MAaTEpUaibl ISl IPOBEACHUS TeKyLIero
KOHTPOJISl B (OpME TECTOBBIX 3aJaHUM, pa3HOYPOBHEBBIX 3aJlaHUI U NMPOMEKYTOYHOM aTTe-
cTanuu B (hopMe BOIIPOCOB U 33/1aHUI K SK3aMEHY.

Texymuii KOHTPOJIb YCHIEBAEMOCTH INPEJCTABIISAET COOON NPOBEPKY YCBOEHUS y4yeOHOTO
MaTepuaia, peryisipHO OCYLIECTBISEMYIO Ha IPOTSHKEHNHU ceMecTpa. K JocToMHCTBaM 1TaHHOTO
TUIIAa OTHOCUTCSI €r0 CUCTEMaTHYHOCTh, HEMOCPEACTBEHHO KOppeiaupyoomas ¢ TpeGoBaHUuEeM
MOCTOSIHHOTO U HETIPEPHIBHOTO MOHUTOPUHTA Ka4eCTBA OOYUCHHUSI.

Texymuii KOHTPOJIb YCIIEBAEMOCTHU CTYAEHTOB IIPEJICTABIAET COOOM:

— YCTHBIH OIpoc (TPyINIIOBOI WM MHAWBUIYAJIbHBIN);

— IPOBEPKY BBIIIOJIHEHUS NUCbMEHHBIX JIOMALIHUX 3a/1aHuil;

— IIPOBEJIEHUE KOHTPOJIbHBIX padoT;

— MpOBeJIeHUE KOJJIOKBUYMOB (B MUCbMEHHOH (hopMme);

— KOHTPOJIb CAMOCTOATEIbHON pabOThl CTYJEHTOB (B MUCbMEHHON MIIM YCTHOM (hopMme).

Jlisi caMOCTOATENbHOM paboThl UCHOJB3YETCsl yu4eOHO-METOIUYEcCKOoe oOecreyeHue Ha
OyMa)KHbIX M 3JEKTPOHHBIX HOCHUTENSAX. TemaThkKa caMOCTOATEIbHOM pabOThl COOTBETCTBYET
COJICPKAHUIO Pa3JIeNIOB TUCLUILIMHBI U TeMe JoMalHero 3ajanus. OcBoeHne marepuaia KoH-
TPOJMPYETCS B IIPOLIECCE IPOBEACHUS MPAKTUYECKUX 3aHATHH.

KoHTposbHbIe BOIIPOCH! U 33/1aHUS /1711 IPOBEICHHSI TEKYILLEro KOHTPOJISL BEIOUpAtoTCs U3
COJIepKaHUs pa3JesioB JUCIUIUIMHBL. BBIOTHEHNE TOMANTHEro 3aaHusl 00ecreunBaeT Hempe-
PBIBHBIA KOHTPOJIb 32 MPOLIECCOM OCBOEHHUS y4yeOHOro Marepuana KakIoro oOyyaromierocs,
CBOEBPEMEHHOE BBISIBIEHUE U YCTPAHEHUE OTCTaBaHUI U OMIHNOOK.

IIpomerxyTouHas aTTecTalusl O UTOraM OCBOEHHS AMCLUIUIMHBL 1 cemecTp — 3ader u
9K3aMEH; 2 CeMECTp — 3a4eT U dk3aMeH. [IpomexyTouyHas arTecTanus IpecTaBiIeHa TUITOBBIMU
3a/la4aMM 110 BCEM INPOMIEHHBIM T€MaM, a TaK K€ 3K3aMEHALMOHHBIMHU BOIIPOCAMU IO JIEKLH-
OHHOMY MaTepuaiy.

K ¢opmam nucbMeHHOTO KOHTPOJISI OTHOCUTCS KOHTPOJIbHAs paboTa, KOTopas sBIseTCs
OJIHOM M3 CIOXHBIX (JOPM MPOBEPKU; OHA MOKET MPUMEHSTHCS AJIs OLIEHKH 3HaHUM 1o 0azo-
BbIM U BapUaTHBHBIM JUCLHUIUIMHAM BceX LUKIOB. KoHTponbHas paboTa, Kak MpaBUio, COCTOUT
13 HEOOJBIIOr0 KOJMYECTBA CPEJAHMX IO TPYIHOCTH BOIMPOCOB, 3a/1a4 WK 3a/JaHui, TpeOyro-
IIMX TOMCKa OOOCHOBAHHOT'O OTBETa. BO BpeMsi MPOBEPKH M OLEHKH KOHTPOJBHBIX MUCbMEH-
HBIX pabOT MPOBOJUTCS aHAIU3 PE3YJIbTATOB BBHIOJIHEHNUS, BBIABISIOTCS TUIMYHbIE OIINOKH, a
TakXe NMPUYMHBI UX TosBIeHUA. KoHTponbHas paboTa MOXKET 3aHHMAaTh YacTh WJIM IMOJHOE
yueOHOe 3aHsATHE ¢ pa300poM MpaBUWIbHBIX PELIEHUN Ha cieayrouieM 3aHsaThu. Ilepeuens KoH-
TPOJIbHBIX pabOT MPHUBEJICH HUXKE.

OneHoyHbIe CpeACTBA JJIsl UHBAJIUOB U JIMI] C OTPAaHMYEHHBIMU BO3MOKHOCTSMHU 3710PO-

Bbsl BBIOMPAIOTCS C YUETOM MX UHAWBUAYAIBHBIX MCUXO0(QU3NIECKHX 0COOEHHOCTEM.

— MpU HEOOXOAUMOCTH MHBAJIUAAM U JIUIAM C OTPAHUYEHHBIMU BO3MOKHOCTSIMH 3/10pO-
Bbs [IPEOCTABIIAETCS JOTIOJHUTEIBHOE BPEMS JIJIsl IOATOTOBKM OTBETA HA 3K3aMEHE;

— IIPU NPOBENICHUU MPOLIETYpPhl OLICHUBAHMSI PE3yJIbTaTOB 00yUYeHUs MHBAIMUJIOB U JIULL C
OTpaHMYEHHBIMH BO3MOYKHOCTSIMHU 3/10pPOBbsI NPEAYCMATPUBAETCS UCIIOJIB30BAaHUE TEXHUYECKHUX
CPEICTB, HEOOXOAUMBIX UM B CBSA3M C UX MHIWBUIYaTbHBIMU OCOOCHHOCTSAMU;

— IpU HEOOXOAMMOCTH JJIs1 00YHAIOIIUXCS ¢ OTPAHUYEHHBIMH BO3MOXKHOCTSMU 3/I0POBbS
Y MHBAJIMJOB IMpOLEAypa OLEHUBAHUS PE3YyJIbTaTOB OOyUYEHUS MO JUCLUHUIUIMHE MOKET MPOBO-
JUTHCS] B HECKOJIBKO 3TaIlOB.

[Ipouenypa oueHuBaHusl pe3yabTaToOB OOY4YEHMs] WHBAJIUAOB U JIMII C OTPaHHMYEHHBIMU
BO3MOXKHOCTSIMU 3JI0POBbSI 110 JAUCIHHIUIMHE (MOJYJIIO) MPEeIyCMaTPUBAET MPEJIOCTABICHHE HH-
dopmanuu B popMax, aJalTUPOBAHHBIX K OTPAaHMUYEHUAM UX 370POBbS U BOCHPUATHUS HHPOpMa-
IUH:

Jlnst a1 ¢ HapyIIeHUsIMU 3pSHHUS:
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— B TIeYaTHOU popMe yBEITUUCHHBIM MIPUPTOM,

— B (popMe 2IIEKTPOHHOTO TIOKyMEHTA,

— B (hopme aynuodaiina,

— B re4atHoi (opme Ha si3bIke bpaitns.
JUia 111 ¢ HapyIIEHUSMHU CIIyXa:

— B mieuaTHoi popme,

— B (popMe IIEKTPOHHOTO TIOKYMEHTA.
JList i1l ¢ HapyHIeHUsIMHU ONOPHO-/IBUTATEIBLHOTO anmnapara:

— B IIeYaTHOM ¢opme,

— B (hopMe 2IEKTPOHHOTO TOKYMEHTA,

— B (hopme ayauodaiina.

JIaHHBII TIepeueHb MOXKET OBITh KOHKPETU3UPOBAH B 3aBHCUMOCTH OT KOHTHHTEHTa 00y-
YarOLUXCA.

CTpyKTypa OLEHOYHBIX CPEACTB AJIsl TeKylIeil U MPOMeKYTOYHOM aTTecTauuu

HaumeHnoBanue

No Kon n HanmeHnoBanue OLIEHOYHOT'O CPEJCTBA
Pe3ysbrarel 00y4eHust
/i HHIUKATOpa . ITpoMexxyTouHas arre-
Tekyuuii KOHTPOJIb J—
. VK-1 Pemrenue 3agau | 3amanue s
1 OCHOBBI MAaTPUYHOH aJI- VK-1.1 CaMOCTOSTETBHON
reOphl VK-1.2 paboThI ¥ IPOMEKY-
TOYHOM arrecTanyu 1-9
. Pemrenue 3agay | 3azaHue mis
Cucremsl JIMHCUHBIX VK-1 CaMOCTOSATEIBHOM
2 | anreOpanyecKkux ypas- VK-1.1 paboThI ¥ IPOMEKY-
HEHUl VK-1.2 TouHOH arrectanuu 10-
19
Pemenue 3amau, | 3aganue 1
Onpenenuren u  uX VK-1 KOHTPOJIBHAS pa- CaMOCTOSITENIbHOM
3 9 VK-1.1 6oTa PpaboTHI ¥ IPOMEKY-
CBOHCTBA VK-1.2 TO4YHOM arrectauuu 20-
48
VK-1 3amganue as
Teopus u MeToABI pe- OIIK-1 Petierie sana, cafqocm;ie bHOI
KOHTpOJIbHAs pa- A
4 | IICHU MAaTPUYHBIX OIIK-1.1, 60Ta paboThI U TPOMEXKY-
ypaBHeHI/Iﬁ OIlK-1.2 ”é(])-‘IHOI/I arrectauuu 49-
VK-1.1 3ananue s
Bekropras anrebpa. OIllK-1 Pemere s, Cal\Z/[IOCTOSII"[[eHLHOﬁ
. KOHTPOJIbHAA pa-
5 | JIuHeiibie ypaBHEHUS B OIlK-1.1, 6oTa paboTHI ¥ IPOMEXY-
reoMeTpun OIlIK-1.2 ;(;‘lHOfI aTTecTalyu 52-
VK-1 Pemenwe 3amau
3amanue mis
VK-1.1 .
JIunelinble MpocTpaH- VK-1.2 CaMOCTOATENBHOI
6 6 OITK-1 pabOoThI ¥ IPOMEKY-
CTBa 1 MHOTOOOPA3HA OITK-1.1 TOYHOM arTecTanuu 58-
OITK-1.2 63
VK-1 Pewenne 3a184 | 3, 0006 s
K-1.1 N
HopmuposanHbie mpo- g[(—l 5 CaMOCTOATEIEHON
7 | ctpanctBa. OpToro- OHK-.l PabOTEL M IPOMEKY-
HaJIbHbIE CUCTEMBI OIK-1.1, (Ts(()quOH arrecrauuu 64-
OIlK-1.2
JIuHeitHbIe onepaTopsl. VK-1 Pemenue 3ana4, | 3apanwe nos
8 | CoOCTBEHHBIE BEKTOPBI VK-1.1 KOHTPOJBHAS pa- | CaMOCTOSATENbHOM
¥ COOCTBEHHBIE 3HAYE- VK-1.2 6ota PaboTEI M POMEIKY-
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HHsL

TOYHOM arrecTanuy 67-
73

VK-1 Pemenue 3agau
VK-1.1 3aganue A
JKopnanosa kaHOHHYC- VK-1.2 CaMOCTOSATETBHOM
9 | ckas popma TUHEHHOTO OIIK-1 paboTHI U IPOMEKY-
omeparopa OIlK-1.1, TOYHOIf aTTecTanuu 74-
OIlIK-1.2 83
y31/f-111 Pewenne 3a189 | 3, 0006 s
HopMaJIbHbIe 1 YHUTAD- VK-1. CaMOCTOSATENBHON
10 OITK-1 paboTHI U IPOMEKY-
HBIC MaTPHLLbI OIK-1.1 TOYHO# arTecTaruu 84-
OI1K-1.2 88
Pemenue 3amau | 3ananue s
Marpuna ®ypse. duc- VK-1 CaMOCTOSTENBHOM
11 | kpeTHOE Mpeobpa3zoBa- VK-1.1 paboTHI U IPOMEKY-
nue Oypoe VK-1.2 TOYHOM arTecrarnuu 89-
99
CuHrynspHsle 4ucna u Pemenne 3anau | 3ananne s
VK-1 CaMOCTOSITEIHHOM
12 ;;I/IHFYHHPHBIC BCKTOPBHI. VK-1.1 pa60TLI -
€TOM HAHMCHBIITHX VK-1.2 TOYHOH aTTeCcTalli
KBaJApaToB 100-110
OIK-1 Pemenue 3amau, | 3ananue mis
13 |k OIIK-1.1, KOHTpOJIbHAs! pa- CaI\gOCTOHTeHbHOI/I
OMILJIEKCHBIE YHCIIa OIIK-1.2 5oTa paGoTE! 1 MpoMeKy-
TOYHOU aTTeCCTAllNU
111-122
. : Pemienue 3amau | 3ananue s
OcHOBBI a0CTpaKTHOM O?YIIY(Klll CAMOCTOSTENBHOM
14 | anreOphl: TPYIIIIHI, OHR'—lI 2’ PpabOTEL M IPOMEKY-
KOJIbIIA, MTOJISL ' TOYHOU aTTeCTaluu
123-126
OIlK-1 Pemenue 3amau | 3ananue s
O61mas Teopus anredpsl OIlK-1.1, CaMOCTOATEIBHOM
15
MOJIMHOMOB OIIK-1.2 PaboThI M POMEKY-
TOYHOMW aTTeCTalluH
OIIK-1 Pemenue 3amau | 3ananue s
Anrebpanyeckue MHO- OIlK-1.1, CaMOCTOSTEIBHOM
16
roodpasus. OIlK-1.2 PaGOTHI U TIPOMEIKY-
TOYHOMW aTTeCTalluH
OIIK-1 Pemenue 3amau | 3ananue s
17 | Kpanpatiansie hopMeI OIIK-1.1, CaMOCTOSATENLHOM
AP p OIlK-1.2 paboThI ¥ IPOMEXY-
TOYHOM aTTECTalK
. OIIK-1 Perrenue 3amay | 3anasue s
ConpskeHHBIN onepa- OIIK-1.1, CaMOCTOATENBHON
18
TOp OIlK-1.2 paboThI ¥ IPOMEXY-
TOYHOM aTTECTALUM
OIlK-1 Pemenue 3amau | 3anaunue juis
19 | CriekTpaTbHBIE 3a1a9H OIlK-1.1, CaMOCTOATEBHOM
Tpal A OIlK-1.2 paboThI ¥ IPOMEXY-
TOYHOMW aTTeCTAIINH
OIlK-1 Pemenue 3anau | 3ananue s
Ten30psl 1 MHOTOMEp- OIIK-1.1, CaMOCTOSITeIILHON
20
Has anrebpa OIIK-1.2 pabOThI M POMEKY-
TOYHOM aTTeCTAINU
OIIK-1 Pemenue 3anau | 3amamue mis
HOBEI U HIIU-
21 Ocio . dbeper OIlK-1.1, CaMOCTOSITEBHON
AJIbHOM T€OMECTPUU OITK-1.2 paboTHI M IPOMEKY-
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TOYHOM aTTeCTaluu
- OIIK-1
Tononoruuekue mpo ONKAA Pemenue 3amau 3ananue s
22 cTpancTBa. OCHOBBHI aJl- OHK-ll 2’ CaMOCTOATEIBHOM
re6paI/IqCCK017I TOIIOJIO- MF-?I paboThI ¥ IPOMEKY-
TUH MFE-7.1 TOYHOH aTTecTallliu
Jluneiinas anrebpa B OIIK-1 Pewenne 3anaq | 3azanue
OIIK-1.2 CaMOCTOSITEITLHOM
23 | KIIaCCUYECKOM MAaIlIWH-
MF-7 paboTHI U IPOMEXKY-
HOM 00y4YeHHH MF-7.1 TOYHO aTTeCTALNH
['eomMeTpHUYECKIE METO- Peenne 3amau | ananne s
OIIK-1.2 CaMOCTOSITEIILHOH
24 | npl B 3aJ1a4ax KJIaccH-
D paboTHI U POMEKY-
UKalnnu TOYHOM aTTecTaluu
OITK-1.2 Pelienue 3a1a4, KOH- | 3afaHue s
25 Jluneitnas anreOpa B ME-7 TponbHas pa-60Ta CaMOCTOATELHON
0o0y4eHun Mojienei ME-7 1 paboThl U IPOMEKY-
) TOYHOM aTTecTanyuun

IMoka3aTeu, KpUTEPHHU U MIKAJIA OLleHKH c()OPMUPOBAHHBIX KOMIIETEeH M

CootBercTBie MOPOTOBOMY VPOBHIO OCBOCHHS KOMIIETCHUMH IJIAHUPYEMBIM pe-

3yJjibTaTaM O6y‘{eHI/I${ U KPUTCPUAM UX OLICHHBAHHA (OHGHK&Z YA0BJETBOPUTEJIBbHO /3a‘lTeH0):

VK-1
VK-1.1

3HaTh

YMmerhb

Baangern

VK-12

3HaTh

YMmernb

Biaagern

OIIK-1

OIlK-1.1

crnoco0eH OCyILIeCTBJIATH MOMCK, KPUTHYECKHIl aHAIM3 U CHHTe3 MHpOpMa-
MU, MIPUMEHSATH CUCTEMHBII MOAX0/A JJIsl pellleHUsl MOCTABJIEHHBIX 3a/1a4;
BribupaeT onTuManbHbIN BapUaHT PELISHUS 3a7aud, apTyMEHTUPYS CBOM BBIOOD

MeTo bl KPUTHYECKOTO aHaIN3a M OLEHKH COBPEMEHHBIX HAyUHBIX JTOCTHKEHUN
JUI pelIeHUs TUIIOBBIX 33J]1ay B IMHEHHBIX, €BKIM/OBbIX, YHUTAPHBIX TPOCTPaH-
CTBaX, B €BKJIMJIOBOW M HEEBKJIUJOBON Fr€OMETPUU

AHanu3upoBaTh BXOJIHBIE IaHHBIE, OCYIIECTBIIATh aHAJIU3 U CUHTE3 MH(POpMaIUK:
MIPUMEHSTh METO/IbI JINHEHHOW ainreOphbl M aHaTUTUYECKON reOMETPUU pelIaTh
TUIOBBIE 33/1a4X IO BCEM MPONHAEHHBIM TEMaM MPEJI0KEHHBIM CIIOCOO0M
UccnenoBanuem mpobiaem npodeccHoHaNbHON AEITENHHOCTH ¢ IPUMEHEHUEM
aHaJIN3a, CUHTE3a U IPYIrUX METOJI0B UHTEIUIEKTYaIbHON JEATEIIBHOCTH
Ocy1ecTBisieT MOMCK HE0OXO0AUMON HH(POpPMaIUK, ONUPAsICh HAa PE3YJIbTaThl
aHaJIM3a [TOCTABJIEHHOM 3a/1a4K

CrniocoGeH npuMeHsATh (GyHIaMeHTalIbHbIE 3HAHUS, TOTy4eHHbIE B 00JIacTH MaTe-
MaTHYECKUX U (WJIM) €CTECTBEHHBIX HAayK, U MCIOJIb30BATh X MPU aHAJIM3E Mpel-
METHOW 00J1aCTH, @ UMEHHO: TEOPHUIO alNredpbl MAaTPUI] U OMPEIEIIUTENIEH; METOIbI
pELIEHNI CUCTEM JIMHENHBIX YPABHEHM; OCHOBBI TEOPUH JIMHENHBIX IPOCTPAHCTB
U JIMHEWHBIX ONepaTOPOB; CBOMCTBA M YPAaBHEHHSI OCHOBHBIX T€OMETPUUECKUX 00-
pa3oB, AOMYCKAIOTCS OUIMOKH B BEIYUCICHUX M MTOTPELUTHOCTH MTPOrHO3a
[TonydaTs HOBBIE 3HAHUS HA OCHOBE aHAJU3a, CUHTE3a U IPYTUX METOJIOB. YMETh
MCTOJIb30BaTh PA3IMUHBIC are0Opandeckue MeToIbl YMEHbIICHHS TPHU3HAKOBOTO
MPOCTPAHCTBA, AJIs JaJIbHEHIIET0 MOCTPOSHHUS MPOTHOCTUYECKUX MOJIEIIEH;
BrisiBieHrEM COBpEMEHHBIX MPOOJIEM M HCIOJIb30BAaHUEM aJE€KBATHBIX METOJIOB
JUIS UX PELIeHUs, & UMEHHO COBPEMEHHOI BBIUMCIUTENFHON TEXHUKOI B 00BbeMe,
HEOOXOMMOM JIJIsl PEIICHHS OTPEIeICHHOT0 Habopa y4eOHBIX 3a1a4

CIoco0eH NPMMEHSATh eCTeCTBEHHO-HayYHble H 001IeHHKeHePHbIE 3HAHUS,
MeTOoJbl MATEMATHYECKOI0 AHAJIHN3a U MO/JeJIMPOBAHNS, TEOPETHYECKOI0 U
IKCIIEPUMEHTAJIBHOIO HCCIeI0BAHUS B IPO¢ecCHOHATBHOM 1esiITeIbHOCTH.
CrocoOeH mpUMEHSATh CHCTEMHBIN MOIX0/T K aHAIM3Y TIPeAMETHON (MTpoOJIeMHON)
obnactu B mpoecCHOHABEHOM e TEIbHOCTH
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3HaTh CrniocoOeH NpUMEHATh (pyHIaMEHTaJIbHbIE 3HAHUSA, [TOJyUYCHHBIE B 00JIACTH MaTe-
MaTUYeCKUX M (WJIM) €CTECTBCHHBIX HAYK, U UCIIOJIb30BATh UX MPH aHAIU3E TPEi-
METHOH 00J1aCTH, @ UMEHHO: TEOPUIO alnreOpbl MaTpUIl U ONpPEAETUTENEeH; METO b
peLIeHUI CUCTEM JIMHENHBIX YPAaBHEHUI; OCHOBBI TEOPUH JIMHEWHBIX IIPOCTPAHCTB
U JIMHEHHBIX OIepaToOpOB; CBOWCTBA M YPABHEHUSI OCHOBHBIX F€OMETPUYECKUX 00-
pa3oB, JOMYCKAIOTCS OMIMOKH B BEIYMCICHHSX M TOTPEUTHOCTH MTPOTHO3a,;

Ymers Hcnonp30BaTh CyLIECTBYIOIIME TUIIOBBIE PELLICHUS U I1a0JIOHBI IPOSKTUPOBAHUS
IIPOrpaMMHOT0 OOecreueHus, IPUMEHATh (PyHIaMEHTaJIbHbIC 3HAHUS, MOJYUYCH-
HBIC B 00J1aCTH MaTeMaTHYECKHUX M (MJIM) €CTECTBEHHBIX HAYK, U CIIOJIb30BATh HX
B IPO)ECCHOHATIBHON EATEIIBHOCTH, 3 UMEHHO CTPOUTh MaTeMaTU4eCKHe MoJe-
JIM SKOHOMHYECKUX CYOBEKTOB AJISl pean3auu HHPOPMAIMOHHONW MOIEIN

Baaners  [IpoexkTupoBaHMEM CTPYKTYp JAaHHBIX C MCIIOJIb30BaHHEM (DyHIaMEHTAIbHBIX
3HaHWH, MOJYYEeHHBIX B 00JaCTH MaTeMaTHYECKUX M (MJIM) €CTECTBEHHBIX HayK,
IIOCTPOEHHE MATPUI] PU3HAKOB, JJIS JJAIbHEHIIEro MOJTy4eHHUs! POTHO3HOTO pe-
3yJIbTaTa.

OIIK-1.2  CnocoGeH mpUMEHSTh COBPEMEHHbIE HHPOPMALMOHHO-KOMMYHUKALMOHHBIE TEX-
HOJIOTUHU U NIPOTPAMMHBIE CPEJCTBA, B TOM YHCJIE OTEYECTBEHHOIO ITPOU3BOJICTBA,
IIPU PELIeHNH 33134 NPo(HecCUOHAIBHON AeITeIbHOCTH

3HaTh OTteuecTBEHHBIM U MEKIYHApOJIHBIA ONBIT B 00JaCTU MaTEMAaTUYECKUX U (WUJIN)
€CTECTBEHHbIX HAyK, U UCIOJb30BATh UX B MPO(ECCHOHAIBHON NesTeIbHOCTH, a
MMEHO I0JIb30BaThCS KIACCHYECKUMHU aJTOPUTMAMU PEIICHUS anreOpamdecKux
3ajau.

Ymern Hcnonp30Barh CyIIECTBYIOIIME THUIIOBbIE pEIIEHUS M IIa0JIOHBI MPH aHAINU3E
BXOJIHBIX JAHHBIX, IPUMEHATh U3BECTHBIC AJTOPUTMBI, [TO3BOJISIOLINE YIPOCTUTh
pellleHre CTaHIapTHBIX YY€OHBIX 3aj1au.

Baaners  [IpoBeneHue HaOMIOJEHUN U U3MEPEHUH, COCTaBIEHUE UX ONMCAHUN U popMyiH-
POBKa BBIBOJIOB, @ UMEHHO MTOCTPOCHHUE MAaTpPHUIl IPU3HAKOBB MHOTOMEPHOM IPO-
CTPaHCTBE, JUIsl JaJIbHEHILEero Moly4eHus IPOTHO3HOTO pe3ysbTara.

MFE-7 Crnioco0eH npuMeHATh MeTOAb! AU depeHIInaIbHON TeOMETPUN

MF-7.1 [TpumeHsieT MeTOoABl TOMOJOIMYECKOTO aHajiu3a JUIsl OMMCAaHUS TJI00aTbHBIX
coiictB nanHbIX (TDA, persistent homology — 0630pHO)

3HaTh OcHOBHbBIE NOHATHA TONOJOrHYeckoro ananusa aAanHelx (TDA): Tononoruyeckoe
MIPOCTPAHCTBO, CUMILIMIMAIIBHBIN KOMIUIEKC, GUIbTpALUs, IEPCUCTEHTHAs TOMO-
JIOTHSL.

Ymern Busyanu3upoBath MOJIy4€HHYIO TUarpaMMy NEPCUCTEHTHOCTH.
WnentudunupoBats IIyMoBble 0apbl (KOPOTKHE) U CTPYKTYpHbIE Oapbl (AJIUH-
HEBIE).

Baaners  CrocoOHOCTBIO MPUBOIUTH MpUMEpH! 3a1ad, rae TDA moxer ObITh NpUMEHEH
(xnmacrepu3zanusi, aHanu3 GopMbl 00JIaKa TOUEK, MOMCK HUKINYECKUX CTPYKTYP).
HaBbikom cpaBHeHust pe3ynbratoB TDA ¢ HMHTYWTHBHBIM MpPEJICTAaBICHHEM O
(dbopMe TaHHBIX (HanmpuMep, Kpyr — OJuH JIMHHBI Hi O6ap).

Cootsercrtere 0230BOMY YPOBHIO OCBOEHUS KOMIIETEHIMIA IJIAHAPYEMBIM pE3yJIbTa-
TaMm OOYYCHHUS U KPUTEPHUSIM UX OLICHUBAHUs (OI[CHKA: XOPOILIO /32a4TEHO):
VK-1 Croco0eH OCyIeCTB/ISITh NOMCK, KPUTHYECKHI aHAJIN3 M CHHTe3 HH(popManuu,
NPUMEHATh CUCTEMHBbIH MOAXO0/ JJIsl PelIeHHs MOCTABJICHHbIX 32/1a4,
VK-1.1  BpiOupaeT onTUMalbHbBIA BapUaHT PELICHUs 3aa4i, apTyMEHTHPYS CBOH BBIOOD

3uarn MeTopl KpUTHYECKOTO aHAJIN3a U OIEHKH COBPEMEHHBIX HAYYHBIX JOCTHIKCHHI
JUTSL PEIICHUS TUTIOBBIX 33/1a4 B TUHEHHBIX, €BKIMIOBBIX, YHUTAPHBIX TPOCTPAH-
CTBax, B €BKJIUJIOBOM M HECBKIINIOBOM T€OMETPHH, BRIOUPATh HY)KHBIC METOIbI
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YMmeThb

Baanern

VK-1.2

3HaTh

YMmernb

Baangern

OIIK-1

OIIK-1.1

3HaTh

YMmerh

Biaagern

OIlK-1.2

3HaTh

JUISl PEIICHUS] KOHKPETHBIX 3a7a4, 3HAET CIEACTBHS U JOKA3aTEIbCTBA TEOPEM C
HEOOJIBIINMU HEA0YETAMU

AHan3MpoBaTh BXO/HBIE JaHHBIE, OCYLIECTBIIATh aHAIN3 U CUHTE3 UH(POPMALIUU:
IPUMEHSTHh METO/IbI JIMHEHHON anreOpbl U aHaIUTUYECKON reOMETPUH peliaTh
TUIIOBBIE 33]1a4! 10 BCEM IIPOMAEHHBIM TEMaM MPEJI0KEHHBIM CIIOCOOOM € Tpe-
Oyemoli Joka3aTesibHOU Oa3oi

I'my6okuM uccnenoBaHueM npodsaeM nmpodhecCUOHAIbHON AEATENbHOCTU C IPUMe-
HEHUEM aHaJIU3a, CUHTE3a U JPYTUX METOJ0B UHTEIUIEKTYAJIbHON AESITEIbHOCTU
OcymiecTBisieT HOUCK HEOOX0AMMON HH(POPMALIUK, OIIMPAsICh HA Pe3yJIbTaThl aHa-
JI13a IIOCTaBJICHHOM 3a1a4u

Crioco6eH npuMeHsITh (hyHJaMEeHTaJIbHbIE 3HaHUs, [10Jy4YeHHbIE B 001acTH Mare-
MaTHYECKHX U (UJIM) ECTECTBEHHBIX HAYK, U UCIIOJIb30BaTh UX IIPU aHAINU3E MpEa-
METHOI 00J1aCTH, @ UMEHHO: TEOPHUIO aIreOpbl MATPUILL U OIIPEeIUTeNeH; MeTO b
pelIeHnI CUCTEM JIMHENHBIX YPAaBHEHUI; OCHOBBI TEOPHUH JIMHEWHBIX IIPOCTPAHCTB
U JIMHEMHBIX OIIEpaTOpPOB; CBOMCTBA M YpaBHEHUSI OCHOBHBIX T€OMETPUUYECKHX 00-
pa3oB, I0IYCKAaIOTCsl HE3HAYUTEIbHBIE OLIMOKU B BBIYUCIICHUAX U MIOIPELIIHOCTH
nporHo3a He 6oisee 10%

[TosryyaTs HOBBIE 3HAHUS M3 PA3JIIUYHBIX, B TOM YHCJIE MHOCTPAHHBIX UICTOYHHUKOB,
Ha OCHOBE aHAJIN3a, CUHTE3a U JPYTMX METOJOB. YMETh UCIIOJIb30BaTh PA3JINYHbIC
anreOpandecKre METOAbl YMEHBIICHHS MPHU3HAKOBOTO MIPOCTPAHCTBA, IS AajTh-
HEHIIEro MOCTPOECHMSI IPOTHOCTUYECKUX MOJEIIEH;

BolsiBneHHMEM COBpEeMEHHBIX IPOOJIEM U HCIOJIb30BAHUEM aJI€KBATHBIX METOJIOB
JUIS MX pEIIeHUs], a UMEHHO COBPEMEHHOM BBIYHUCIUTEIBHON TEXHUKONW B 00BbEME,
HEOOXOIUMOM JJIsl PEUIeHMs] ONPEEIEHHOr0 Habopa HECTaHIAPTHBIX YYEOHBIX
3aj1a4

crnoco0eH NPUMEHSATh eCTeCTBEHHO-HAYYHbIe M 001IeNHKeHePHbIe 3HAHUS,
MeTObl MATEMAaTHYECKOI0 AHAJIM3Aa U MOJICJIHPOBAHUS, TCOPETHYECKOIO H
IKCINEPUMEHTAJBHOI0 MCCIe10BAHUS B NIPOdecCHOHAIbHOI 1esiTeIbHOCTH.
Crioco6eH NMPUMEHSATh CUCTEMHBIN MOAX0/ K aHaIU3y MpeIMeTHOH (poOi1eMHoi)
obJyactu B po¢eCcCUOHANTBHOM IeATETbHOCTH

CriocobeH nmpuMeHsTh (hyHJaMEeHTaJIbHbIE 3HAaHUS, MOJy4YeHHbIE B 00JacTU MaTte-
MaTHYECKHUX U (WJIN) €CTECTBEHHBIX HAyK, U MCIOJIb30BaTh UX MPU aHAIN3E Ipe.-
METHOI 00J1acTH, @ UMEHHO: TEOPHUIO anreOpbl MaTPUI] U ONpeIeIUTENEH; METObI
pelIeHn CUCTEM JINHEWHBIX YPaBHEHUH; OCHOBBI TEOPUH JIMHEWHBIX IIPOCTPAHCTB
U JIMHEHHBIX ONEPaTOPOB; CBOMCTBA U YPAaBHEHUSI OCHOBHBIX T€OMETPUUYECKHX 00-
pa3oB, I0MYCKAIOTCS OUIMOKHU B BBIYMCIIEHUSAX U MTOTPEIIHOCTH NPOTHO3a
Hcnonb30BaTh CyIIECTBYIOIIME THIIOBBIE PEIIEHUS U IIA0JOHBI MPOEKTUPOBAHUS
IPOrpaMMHOT0 0OeCHedeHHUs, MPUMEHATh (yHIaMEHTAJIbHbIE 3HaHUS, MOJy4YeH-
HbIE B 00J1aCTH MaTeMaTHYECKUX M (WJIM) €CTECTBEHHBIX HAayK, U MCIIOJIb30BaTh X
B IIpo(hecCHOHAIbHON AeITeIbHOCTH, @ UMEHHO CTPOUTH MaTeMaTHYECKUe MOIETU
HKOHOMHUYECKUX CYObEKTOB JJIs peanu3aiy HH(HOpMaIMOHHON MOJIeNT!
[TpoexkTpoBaHHEM CTPYKTYp AAHHBIX C UCIOJIb30BaHHEM (hyH/IaMEHTAIbHbBIX 3HA-
HUH, MOJyYeHHbIX B 00JaCTH MaTeMaTHYeCKUX U (MJIM) €CTECTBEHHBIX HaykK, MO-
CTpOEHHE MaTpUIl IPU3HAKOB, YMEHbIIAsl UX Pa3MEPHOCTD, JJIs albHEHIIEero mno-
Jy4E€HUS TIPOTHO3HOTO Pe3yibTara.

Cnoco0eH MpUMEHSTh COBpeMEHHbIE MH()OPMALIMOHHO-KOMMYHHUKAI[HOHHBIE TeX-
HOJIOTUU U TIPOrPaMMHBIE CPEACTBA, B TOM YHCIIE€ OTEYECTBEHHOTO ITPOU3BOJICTBA,
IIPU pelIeHUH 3a7a4 MPo(hecCHOHATBHOM e TeTbHOCTH

OTeuyecTBEHHBIH U MEXIYHAPOIHBIH OMBIT B OOJACTH MaTeMaTHYECKUX U (WIJIH)
€CTECTBEHHBIX HAyK, U UCIOJIb30BaTh UX B MPO(PECCHOHATBHON AEATENbHOCTH, a
UMEHO T0JIb30BaThCS KJIACCHUECKUMH aJTOPUTMAMU DELICHUs alreOpandyecKux
3a/1a4, ¢ MOJAPOOHBIM TEOPETHYSCKUM OOOCHOBAHHEM.
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Ymerb Hcnonp30BaTh CYyHIECTBYIOIIME THUIOBBIE pPEUICHUS M IIAOJOHBI MPU aHAIHU3E
BXOJHBIX JaHHBIX, IPUMEHATh U3BECTHBIC AITOPUTMBI, MMO3BOJISIOLINE YIIPOCTUTH
pellleHre CTaHIaPTHBIX W HECTaHJAPTHHIX YyUeOHBIX 3ajau.

Baagers [IpoBenenue HaOMIOIEHUI U MU3MEPECHHMIA, COCTABICHUE UX OMHUCAHUN U (popMyIH-
POBKa BBIBOJIOB, & UIMEHHO IIOCTPOCHHE MATPHUILl IPU3HAKOBB MHOTOMEPHOM IIPO-
CTPAHCTBE, ISl JAIbHEHIIErO MOJYYEHUS IPOTHO3HOTO PE3YIIbTATA.

ME-7 Crnoco0eH npuMeHsITbL MeToIbI TU(PepeHunaTbHOM reoMeTPUn

MF-7.1 [TprMeHsieT METO/IbI TOTIOJIOTUYECKOT0 aHAIH3a JIJIsl OMUCAHUS TII00aTbHBIX
csoiict nanubix (TDA, persistent homology — 0630pHO)

3HaTh Paznmuuust Mex1y OCHOBHBIMH THIIAMH CHUMILTUIIUATBHBIX KOMILIEKCOB: Vietoris—

Rips, Cech, alpha-KOMIIIEKC, X BBIYMCIHTEIbHBIC CIOKHOCTH U OONACTH TIPHMe-
HumocTH. [lonstue punpTpanroHHoro napamerpa (MCwiIoH B Rips-komiuiekce) u
BJIMSTHUE €ro BhIOOpa Ha MepCcUCTeHTHYI0 Auarpammy. Mecto TDA cpeau apyrux
MeTo0B ananu3a nanubix (PCA, knacrepuzanus, MDS).

Ymern CaMocToATeIbHO O0OOCHOBAaHHO BBIOMPATh TUI CHUMILIMLMATIHHOTO KOMILJIEKCA B
3aBHCUMOCTH OT METPHKH (€BKJIHJIOBA, T€0/Ie3MUYecKas, KOCHHYCHAas1) U pa3Mmepa
JAHHBIX. BBIYMCIATH MEpPCUCTEHTHBIC AMArpaMMbl JJI PEaTbHBIX MHOTOMEPHBIX
JAHHBIX (HAMPUMEp, BPEMECHHBIC PSJIbI, MPOCTPAHCTBCHHBIC JAaHHBIC, H300paXe-
Hus1). CpaBHUBATH TOMOJOTHYECKHE pU3HaKu (3HaunMble Oapbl 11t Ho, Hi, Hz) c
pe3yibTaTaMu KJIacCHUYECKUX METOOoB (ompezeneHue uucia kiacrepoB PCA,
CTaHJapTHBIC PACCTOSIHUS) U OOBSCHATH PA3IUYMSL.

Baaners  HaBbeikamu moctpoenus naimaitna TDA: «o0mako Touek — KOMIUIEKCHl — TIEp-
CUCTEHTHBIE TMarpaMMbl — BEKTOPH3aIUsl — MAIIMHHOE 00YUYEeHHE.

[Tpuémamu BbIOOpa MapaMeTpoB GpHUIbTpAlK (MAKCUMAIBHOE PACCTOSIHUE, KOJIH-
YEeCTBO TOYEK B KOMIUIEKCE) C YYETOM BBIUUCIUTENbHOM 3 PEeKTUBHOCTH.
TeXHUKOW WHTEPIPETAMA TEPCUCTEHTHBIX JUarpaMM i PeajbHBIX JTaHHBIX:
CBSI3bIBAHUE JOJTOXXHUBYIIUX 0apoB C COJAEp)KATEIbHBIMU CBOWCTBAMHU IpEIMET-
HOU o0xacTu (HampuMmep, NeTisl B JaHHBIX JaTYAKOB, HAJMYHUE KIACTEPOB C pas-
pBIBAMH).

CnocoOHOCTBIO KPUTHYECKH OLIEHHMBATh NMpuUMeHUMOCTh TDA 1o cpaBHEHHIO ¢
TeOMEeTPUUECKUMHU METOaMU (HampuMep, KOorja JaHHbIe JeKaT Ha MHOTOOOpa3uu
C JIbIpaMu).

CootBercTBre IPOABUHYTOMY YPOBHHK OCBOEHUSI KOMIETEHUUN MIIAHUPYEMBIM pe-
3yJbTaTaM O0y4YCHHUsSI M KPUTEPUSM UX OLICHHUBAHUS (OLICHKA: OTJIMYHO /3a4TEHO):
VK-1 CIoco0eH OCyIIeCTBJISITh NOMCK, KPUTHYECKHI aHAJIN3 M CHHTe3 HH(pOpMaIuu,
NPUMEHATH CUCTEMHBIH MOAXO0/ /ISl pellleHusl MOCTABJEeHHbIX 3a/1a4;
VK-1.1 ~ BpiOupaeT onTUMalbHBIA BapUaHT PEIICHHS 3aa4H, apryMEHTHUPYS CBOH BHIOOD

3HaTh MeTo bl KpUTHYECKOTO aHAIM3a U OLIEHKH COBPEMEHHBIX HAYYHBIX IOCTHKEHUHN
JUIsL PELLIEHUS TUIOBBIX 33]1a4 B IMHEHHBIX, €BKIMOBBIX, YHUTAPHBIX IPOCTPaH-
CTBaX, B €BKJIUIOBOM M HEEBKJIMJIOBOW F€OMETPHUH, BEIOUPATh HY)KHbIE METO/IbI
JUISl pEIIEHNs] KOHKPETHBIX 3a/a4, 3HAET CIEACTBUS U JOKA3aTEIbCTBA TEOPEM

Ymern AHanM3upoBaTh BXOJIHBIE JaHHbBIE, OCYIECTBIIATh aHAJIN3 U CUHTE3 UHPOPMAaIIUH:
IPUMEHSATh METO/IbI JIMHEHHON anreOphl U aHATUTUYECKON TeOMETPUHN PelIaTh
TUIIOBBIE 33JIa4M 10 BCEM MPOHIEHHBIM TeMaM MPeI0KEHHBIM CIIOCOOO0M C Tpe-
OyeMoii TokazarenpHOU 6a30ii

Baagers [myGokum uccienoBanueM npodiem npodeccHoHaIbHON AeSITENbHOCTU C IPUMeE-
HEHUEM aHaJIu3a, CUHTE3a U JPYTUX METOA0B UHTEIUIEKTYaJIbHOM 1€ATEIbHOCTH

VK-12  OcymiecTBisieT IOUCK HeOOX0MMOMN HH(OPMALIUH, OIIMPAsCh Ha Pe3yJIbTaThl aHa-

JIN3a MOCTABJIICHHOH 3a/1auu

3HaTth Crioco6eH npuMeHsITh (hyHJaMEHTaJIbHbIE 3HAHUs, [T0Jy4YeHHbIE B 001acTH MaTe-
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YMmeThb

Baanern

OIIK-1

OIlIK-1.1

3HaTh

YMmernb

Baanern

OIIK-1.2

3HaThL

YMmernb

Baanern

MF-7
MF-7.1

3HaTh

MaTHYECKHUX U (WJIM) €CTECTBEHHBIX HAYK, U UCIOJIb30BATh UX IIPU aHAJIM3E Mpel-
METHOI 00J1acTH, a UMEHHO: TEOPHUIO ANreOpbl MATPHIL U ONIPECIIUTENEH; METOIbI
pELIECHUI CUCTEM JIMHEHHBIX YPaBHEHHUI; OCHOBBI TEOPHH JIMHEHHBIX IPOCTPAHCTB
U JIMHEWHBIX OIIEPaTOPOB; CBOMCTBA M YPAaBHEHHSI OCHOBHBIX T€OMETPUYECKHUX 00-
pa3oB, AOIMYCKAIOTCS HE3HAYUTEIbHBIE OIIMOKU B BBIYUCICHUAX U IOTPEIIHOCTH
nporxHo3a He 6onee 5%

[TosrydaTs HOBBIE 3HAaHUS M3 PA3JIMYHBIX, B TOM YHCJIE HHOCTPAHHBIX HCTOYHHUKOB,
Ha OCHOBE aHAJIM3a, CUHTE3a U IPYTMX METOJ0B. YMETh UCIIOJIb30BaTh Pa3JINYHbIC
areOpanyeckre MeToAbl YMEHbILEHHUS IPU3HAKOBOIO MPOCTPAHCTBA, ISl Aajlb-
HEHIIEro MMOCTPOEHHUSI IPOTHOCTUYECKUX MOJCIICH;

BeisiBieHHEM COBpEMEHHBIX MPOOJIEM M HCIIOJIb30BAaHMEM aJI€KBATHBIX METO/0B
JUIS X pEIIeHUs, 2 UMEHHO COBPEMEHHOM BBIYMCIUTEIBHON TEXHUKOW B 00BEME,
HEOOXOAMMOM JUIsl PELIeHUs ONpPEJeIeHHOro Habopa HECTaHJApTHBIX y4YeOHBIX
3a1a4

CIoco0eH NPUMEHSATh eCTECTBEHHO-HAYYHbIe H 001eHH/KeHEPHbIE 3HAHUS,
MeTObl MATEMAaTH4YeCKOI0 AHAJIM3Aa U MO/1eJINPOBAHUS, TEOPETHYECKOI0 H
IKCINEPHMEHTAJBHOI0 HCCIeI0BAHUSA B IPO(ecCHOHATBHOM 1esiTeIbHOCTH.
CriocoOeH MPUMEHSATh CUCTEMHBIN MOAX0/] K aHAJIH3y MpeaIMeTHOH (TIpo0IeMHOi)
o0acTy B po(heCcCUOHAIbHON AEATEIbHOCTH

Criocoben npuMeHsTh (hyHJaMEeHTAIbHbIE 3HAaHUS, MMOJIydeHHBIE B 00JacTH Marte-
MaTHYECKUX U (UJIM) €CTECTBEHHBIX HAyK, M UCIIOJIb30BaTh UX IPU aHAIMU3E Mpej-
METHOW 00J1acTH, @ UMEHHO: TEOPHIO aIreOpbl MaTPUILL U ONIPEAETUTENICH; METOIbI
pELIEHUI CUCTEM JIMHEWHBIX YPaBHEHUI; OCHOBBI TEOPUHU JIMHENHBIX IPOCTPAHCTB
U JIMHEHHBIX ONEpaTOpOB; CBOMCTBA U yPAaBHEHUSI OCHOBHBIX T'€OMETPUUYECKUX 00-
pa3oB, AOMYCKAIOTCS OMIMOKH B BBIYMCICHUSIX M MOTPELIHOCTH IPOrHO3a
Hcnonp30BaTh CyIIECTBYIOUINE THIIOBBIE PEIIEHUS U IIA0JIOHBI MPOSKTUPOBAHUS
IPOTPaMMHOr0 OOecIiedyeHus, TPUMEHITh (PyHIaMEHTaJIbHbIC 3HAHMS, MOJy4YeH-
HbI€ B 00JIaCTH MaTeMaTUYECKUX U (MJIM) €CTECTBEHHBIX HayK, U UCIOJIb30BaTh UX
B PO eCCUOHATILHOMN AEATENbHOCTH, @ UMEHHO CTPOUTh MaTeMaTHUYECKUE MOJIENN
HKOHOMUYECKUX CYOBEKTOB I peau3aly HHHOPMaMOHHON MOJIENH
[TpoexTHpoBaHUEM CTPYKTYp JAHHBIX C MCIIOJIB30BaHUEM (DyHJIaMEHTaIbHbBIX 3HA-
HUH, MOJYyYEHHBIX B 00JaCTH MaTeMaTH4YEeCKUX U (MJIM) €CTECTBEHHBIX HAyK, IO-
CTPOEHHE MAaTpHI] NPU3HAKOB, IS JAJbHEHIIEro IOJy4EeHUS MPOTHO3HOTO pe-
3yJIbTaTa.

CriocobeH MpUMEHATh COBPEMEHHbIE NHPOPMALMOHHO-KOMMYHUKAIIMOHHBIE TEX-
HOJIOTUU U MPOTpaMMHBIE CPE/ICTBA, B TOM YHCJIE€ OTEUECTBEHHOIO MPOU3BO/ICTBA,
IpY PELIeHNH 33/1a4 Po(eCCUOHATBHON AeATEIbHOCTH

OTedecTBEHHBIN U MEXIyHapOAHBIN OIBIT B O00JACTH MAaTeMaTUYECKUX U (MJIN)
€CTECTBEHHBIX HAyK, M HCIIOJIb30BaTh UX B MPOQPECCHOHATBHON AEATENbHOCTH, a
MMEHO I0JIb30BAaThCsl KJIACCHYECKUMHU AITOPUTMAMH PEIHICHUs anreOpanyecKux
3az1ad.

Hcnonp30BaTh CYLIECTBYIOIIME THIOBBIE pEUICHUS M IIAOJOHBI NpU aHAJIM3e
BXOJIHBIX JaHHBIX, IPUMEHITh U3BECTHBIE AJITOPUTMBI, MO3BOJISIOLUINE YIPOCTUTH
pellieHne CTaHIapTHBIX y4eOHBIX 3ajau.

[TpoBenenue HaOMIOACHUN U U3MEPEHH, COCTaBICHHE UX OMUCAHUN U (HOPMYIHU-
POBKa BBIBOJIOB, @ UMEHHO MOCTPOECHHE MAaTpPHUIl MPU3HAKOBB MHOIOMEPHOM IPO-
CTPaHCTBE, JIs JAJIBHEHNIIETO MOy4eHHsI IPOTHO3HOTO PE3YJIbTaTa.

CriocobeH npuMeHsTh MeToAbI U hepeHInalIbHON TeOMETPUN

[TlpuMeHsieT METOIBI TOIOJIOTHYECKOTO aHajiW3a JUIsi OMHCAHUS TJI00AIbHBIX
cpoiictB nanHbIX (TDA, persistent homology — 0630pHo0)

Marematuueckue ocHoBaHusi TDA: Teopusi NEpPCHUCTEHTHBIX TOMOJIOTHM Kak
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¢dbyHKTOpa U3 Kareropuu GUIbTPOBAHHBIX KOMIUIEKCOB B KATETOPUIO MOAYJICH Hall
KOJIBIIOM MHOroujieHoB. Kiaccel nanHbIX, A kKoTopbix TDA naér npeumyiie-
CTBO: JAHHBIE C TOMOJOTUYECKUMH OCOOCHHOCTSIMU (BUXPH, TOPbI, CTPATU(DULIU-
pOBaHHBIE MHOTOO00pa3us), JaHHBIE BHICOKUX Pa3MEpHOCTEH ¢ HU3KOM pa3MepHO-
CThIO BiOkeHHs. COBpEeMEHHbIE HAIIPABJICHHUS: TOMOJIOTMYECKasl Peryssipu3aius B
riyookoMm o0yuenuu, TDA 11 BpeMEHHBIX pSIOB.

Ymern Pa3zpabareiBath cTpareruto nmpumeHeHus TDA s HecTaHAAPTHBIX JAaHHBIX: He-
€BKJIMJIOBBI IPOCTPAHCTBA, JaHHbIE HA rpadax, o0iaka TOYEK ¢ IIyMOM U BBIOpO-
camH, IMHAMUYECKUE CUCTEMbl. AJJaNTUPOBATh MapaMeTpbl MOCTPOeHUs HUIbTpa-
U (HEe TOJIBKO €BKJIMJIOBY METpHKY, HO H distance based Ha moyib30BaTeIbCKUX
dbyHKIMIX, metric learning) asis MOBBIMIEHUS POOACTHOCTH M MHTEPIPETHPYEMO-
cTu.JIHTerpupoBaTh TOINOJIOTMYECKUE NPU3HAKK B HEWPOCETEBbIE ApPXUTEKTYPHI:
UCIOJNIb30BaHue AU PepeHInpyeMoil MepCUCTEHTHOCTH (HAIpUMEp, TOMOJIOTrnye-
CKHe cJiou, 10ss-hyHKIMHM Ha OCHOBE IMarpamm).

Baagers Hasbikamu monHoro mukia TDA-uccienoBanHus: OT MPOEKTHPOBAHUS SKCIIEPH-
MEHTAa JI0 IyOJMKAIIMH HHTEPIPETHPYEMBIX PE3yJIbTaTOB.

[TpuémaMu TOMONOTMYECKON OILEHKHU KadecTBa reHepaTUBHBIX Mojenei (GAN,
BapHallMOHHbIE aBTO3HKO/IEPHI) C UCIIOJIB30BAHNEM IIEPCUCTEHTHBIX TUArpaMM.
TexHonoruel coBMeCTHOro Ucnoiap3oBanuss TDA ¢ MeTogaMu CHIKEHUST pa3Mep-
Hoctu (UMAP, t-SNE) 15 Bu3yanusanuu TONoJ0rH4eCKUX IPU3HAKOB.
CnocoOHOCTBIO 00y4aTh Apyrux 0a3oBbIM mpuHIMnaMm TDA u amantupoBath Ma-
TEMaTUYECKUM amnmapaT 1oJl NPHUKIaJHbIE 337aud B NPOPeCcCHOHAIbHON 00J1acTu
(buonHpopmaTrka, poOOTOTEXHHUKA, aHAIU3 (PUHAHCOBBIX BPEMEHHBIX PSIJIOB).

Kpumepuu OYECHUBAHUA nO 3a4em).

«3aumeHoy: cmyoeHm eiadeem meopemuyecKuMu 3HAHUAMU N0 OAHHOMY pazoeny, ymeem pe-
wamo 3a0ayu, OONYcKaem He3HauyumenbHvle OUUOKU, CIMYOeHm yMeem NPAGUIbHO 00bACHAMb
meopemuyecKutl U NpaKmudecKutl Mamepua, UiioCmpupys e2o npumMepamu U3 KOHMpOIbHbIX
u 1a60pamopuwix pabom.

«(HE 3a4meHOo». mamepual He YCE60EeH UIU YCB0EH Yacmu4Ho, cmy()eﬁm 3ampy()HﬂemCﬂ npuee-
cmu npumepsvl N0 OCHOBHbIM I’lpOlzaeHHblM memam, 0080J1bHO oepaHuquanZ 0bvem 3HaHUl
npocpammHoco npaKkmu4ecKkoco vamepuaia.

O1eHOUHBIE CPENICTBA ISl MHBAIUIOB M JIUI] C OTPAaHUYEHHBIMU BO3MOKHOCTSIMH 3710PO-
Bbsl BBIOMPAIOTCS C yUETOM MX MHAMBUAYAIBHBIX MCUXO(DU3NYECKHX OCOOCHHOCTEH.

— MIpH HEOOXOIUMOCTH WHBAIAIAM U JIMIIAM C OTPaHUYEHHBIMH BO3MOXKHOCTSIMU 3/I0pPO-
Bbsl IPEAOCTABIISAETCS JOMOJHUTEIBHOE BpeMS JIUIsl TIOATOTOBKH OTBETA Ha SK3aMEHE;

— TIpH TIPOBEJICHUH TPOIICAYPHI OIICHUBAHUS PE3yIbTATOB OOYUEHHSI MHBAIUIOB H JIUIL C
OTPaHUYEHHBIMU BO3MOXHOCTSIMH 3/I0POBBS MPEAYCMATPUBAETCSI UCIOIb30BAHNE TEXHHUUECKUX
CpeACTB, HEOOXOIMMBIX UM B CBSI3U C UX WHAMBHIYATBHBIMA OCOOCHHOCTSIMH;

— IpU HEOOXOAUMOCTH JJIs1 0O0YHAIOIIUXCS ¢ OTPAHUYEHHBIMH BO3MOXKHOCTSIMU 3JI0POBbS
¥ WHBAIHMJOB MPOIEIypa OIEHUBAHUS PE3ylIbTaTOB OOYyUEHHsS MO JUCIUILIMHE MOXET IPOBO-
JUTHCS B HECKOJIBKO ATAIIOB.

[Iponienypa orneHWBaHUsI pe3yNbTATOB OOYUYEHHs] WHBAIHMIOB W JIUI[ C OTPAHWYCHHBIMU
BO3MOXHOCTSIMH 3/I0POBbSl 110 TUCHUIUIMHE (MOJYJIO) MpeaycCMaTpUBacT MpPEIOCTaBlIeHUE UH-
dopmanmu B hopMax, aIanTHPOBAHHBIX K OTPAHHYCHUSIM UX 3/I0POBBS M BOCHIPUATHS HH(POpMa-
M

JUst I ¢ HapyIIeHUSIMH 3pSHUS:

— B I1€4aTHOW (hopMe YBEIMYCHHBIM HIPUPTOM,

— B (hopMe PIEKTPOHHOTO JIOKYMEHTA.
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JIiist U1 ¢ HApYIIEHUSIMH CITyXa:

— B mieyaTHo hopme,

— B (popMe 3IIEKTPOHHOTO IOKYMEHTA.

Jist 11 ¢ HapyIICHUSIMHA OTIOPHO-JIBUTATEIILHOTO ammapara:

— B IIeYaTHOM ¢opme,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

JlaHHBII TTIEpeYeHbh MOXKET OBITh KOHKPETH3UPOBAH B 3aBHCUMOCTH OT KOHTUHTEHTa 00Yy-
YAFOLIIXCS.

TunoBble KOHTPOJIbHBbIE 32JaHUS] WM MHbIe MATepPHAJIbl, HE00X0UMbIe IJIsl OLIeH-
KM 3HAHUI, YMEHUIl, HABBIKOB U (WJIH) ONBITA JAeATeIbHOCTH, XaPpAKTEPHU3YIOIIUX ITANBI
(popMupoBaHus KOMIIeTEeHIMI B Ipollecce 0CBOEHHUS 00Pa30BaTeIbHON NPOrPaMMBbl

Tema 1. Komnaexcuoie uucia

1.1. Berauciauthb

cos(i +1)

3anucaTh ACUCTBUTEIBHYIO 1 MHUMYIO YaCTH KOMIUIEKCHOTO YHCIIA.
1.2. Haiitu X u yeR:

(i—2)2+3i) =x vy

3i—1 10 ' 's
13 I/ISBJ'ICLIB KOpeHB N3 KOMIIJICKCHOTI'O YUCJIa
V2 =2i

1.4. BerancnuTe, OTBET 3alucaTh B TPUTOHOMETPUUECKOH, alreOpandeckoi U MoKa3aTeIbHON
dbopmax:
7z = (\.@ _ 1-)30
1.5. N306pa3uth 06s1acTh HA KOMIJIEKCHOM MJIOCKOCTH, 331aBa€MYI0 HEPABEHCTBOM:
z+i—1| <5
1.6. BeraucianTh, OTBET 3aIMCaTh B TPUTOHOMETPHUYECKOH, aNreOpandecKoi 1 MmoKa3aTelIbHOM
dopmax:

(3 -0)3-V2—2i
Tema 2. Oowan meopus anzeopvl NOIUHOMOB
2.1. BbINOJHUTG J€NIEHUE C OCTATKOM
2x°—3x3+ x> —5x+7Ha3x* +4x* —x+2
2.2. He ocymiecTBiisis IeNIeHHs M He UCTIONB3ys cxemy ['opHepa HalTH OCTaTOK OT JIeJIeHUs T10-
muHoMa 2x° — 3x% + x% — 5x + 7 Ha 5x — 3
2.3. Onpenenuts KpaTHOCTh KOPHA X = 2 MOJMHOMA
2x* —11x34 18x% — 4x — 8.
Pa3noxuth NOJTMHOM Ha MHOYKUTEIH.
2.4. Pa3noxuth mosmHOM 2x° — 3x3 + x? — 5x + 7 10 CTENEHAM X = —2, HCTIOIB3Ys CXEMY
I'opuepa.
2.5. IlocTpouTh MOJTMHOM HaWMEHbILIEH CTENeHHU C IeHCTBUTENbHBIMU KO3 puLineHTamMu, eciu
€ro KOpHHU:
Xo = 2i — 1 kpatHoctu 1, x; = 2 — i kpaTtHOCTH | M X, = 3 KpaTHOCTH 2.
2.6. Haiitn HOJ] nByX mOJITMHOMOB
fx)=x%—7x*+8x*—7x+7ug(x)=3x>—7x*+3x?> -7
2.7. Tlonb3ysce anroputmoM EBkima, momgoopars moauaHoMbl M1(X) 1 M2(X) Tak, 4To0bI
fX)M1(x) + g(x)M2(x) = 8(x), tae 6(x) — HOJI monuuromos f(X) u g(x),
f)=x4+3x*+x¥+x?+3x+1uglx) =x*+2x>+x+ 2.
2.8. Tonp3ysce anropurmoM EBkimna, mogodpars noimuHoMsl M1(X) 1 M2(X) Tak, 4ToOBI
fOOM1(X) + gX)M2(X) =1, rme f(x) = x* —x® —4x? +4x+1uglkx) =x*> —x — 1.
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Tema 3.1 Mampuuywt u onpedenumenu
3.1. BEIUuCIUTh OnpeAeIuTeNb

1 2 -1 -1
8-1-7 10
a) ,
2 7 4 -5
-1-1-3 1
20 1 0 .. 00
1 2« 1 0 0
b) |0 1 2« 0 0
O o0 0 " 1 2a
2cosg 1 0 .. 00
1 2cos@ 1 0 0
)| o 1 2cosp " 0 0
0 0 0 1 2cosg

-10 -14 16 -30 1
4 8 -10 18 7

3.2. BBIUMCINTD paHT MaTpPHUIIBI METOJ0M OKAMMIICHHS] MUHOPOB.

10 18 -22 40 17
1 7 -10 17 -3
3.3. Haiitu oOpatHyto mMaTpuily k Matpuue A:

1 -3 5
@A::(? 3 1
12 -2 6

2 -5 8 -1

[0 3 12 -2

b) 4 = 2 -3 11 7

1 —2 9 5
3.4.* Berunciuts A%, ecin

1 1 1 1

1 £ EZ En_l .
A= 1 82 84 Ez{n—l} , IpH € = eZ‘ITl,f'n

1 gn1 g2m-1) . g1)?

3.5. Beruuciaure

2i 3 2 i—1\"
a)(? i+1)'(—i 2—;;)
—i 1 1 0
A 0 0 A
()G )
0 A,/ \4, 0

Tema 3.2 Cucmemol 1uneliHbIX YPAGHEHUT
3.1. Pemuts ¢ momorsto popmyin Kpamepa cucremy ypaBHEHHH:

2X+3y—12 =5,
X+Yy+2z=09,
2X—-Yy+1z7=3.

3.2. Haiitu ¢pynnamenTanbnyio cucreMy pemenuit s CJIOY
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X=2y+z+t=0,
X—-2y+z-1t=0,
X—2y—-z+5t=0.
3.3. BeisicHUTB, 00pa3yIoT JIM CTPOKHU KaXKJON M3 MaTPHUIL
30 —24 43 —-50 -5
A= ( 9 -—-15 8 5 2
4 2 9 —-20 -3
4 2 9 -20 -3
B = (1 —-11 2 13 4
9 —-15 38 5 2

byHIaMEHTalIbHYIO CUCTEMY PELICHUI ISl CHCTEMbI YpaBHEHHIA:
3x;+4x; +2x3+ x4 +6x5=0
5x1+ 9%, + 7x3+4x,+7x5;=0
4x;+3x; —x3—x,+11x: =0
X; +6x; +8x3+5x; —4x5; =0
3.4. ViccnenoBath CUCTEMY ypaBHEHUH Ha COBMECTHOCTh, UCIIOJNB3YS METO]] HCKJTFOUCHUS HEU3-

BECTHBIX
24x, + 14x, + 30x3 + 40x, + 41x; = 28

36x; + 21x, +45x3 + 61x, + 62x; =43
48x, + 28x, 4+ 60x5 + 82x, + 83x; =58
60x; +35x; +75x3 + 99x, + 102x5; = 69
Ha omenky «3» Oyner cuctema ¢ MEHBIIMM KOJTMYECTBOM ITEPEMEHHBIX.

Tema 4. Bekmopuasa anzeopa o
'J
4.1. BaucImTh POSKIUIO BEKTOpa 8- (3; 2: 2) Ha OCh BekTopa Db + (1:D ,eciu b = (—L‘ 4 — 6)
nC=(3 2 -1).
lJ
4.2. Bextope! & u b 06pasyror yrox 60°, mpraem @ =2, ‘kﬂ = 3. OnpenenuTh yrojr Mexay

BEKTOpaMH P §+l5} u 5}:g+3t};.
4.3. BBIUMCIIUTB CUHYC yIJ1a, 00pa30BaHHOI'O BEKTOpaMHU 8= (2; 1 - 2) u b= (1; -2, 2).

— po— p— P
4.4. 3Has 5GKTOpLI, obpa3syrolue TpeyrojabHuK: AB = 28 3p , BC= £_6p , CA= 38+ 9p ,

rae & u b B3anmuO MEPIEHAUKYJIAPHBIE OPTHI, ONIPEAEIUTE BHYTPEHHUE YITIbl OTOIO TPEYTOJIb-
HUKa.
4.5. CpenctBaMu BEKTOPHOM anreOpbl BEIUMCIUTD JUIMHY BbIcOTHl CH TpeyroiabHuKa ¢ Bepiu-

namu B Toukax A(6; 0; 2), B(2; -3; -2) u C(1; 0; 1).
4.6. Bextops! & u 6] oOpa3ytoT yrona 120°, mpuuem @ =4, ‘lﬂ =5. OnpenenuTs yroja MeXIy
BEKTOPaMHU P=38_2b u = g+36}.

4.7. BynyT a1 KOMILTaHAPHBIMHU BEKTOPHI &= (2; -1 - 2), 6J= (2; 1 1) u b= (1; -2, 2)?
4.8. Haiitn pa3noskeHue BeKTopa €= (1; 4, 2) 1o 6a3uCy COCTOSIIEMY U3 BEKTOPOB

b= 5 3), §=(41 2), F=(3 -1 2).
4.9. BekTopsl &u 6} B3aMMHO NEPIEHANKYIISAPHBL. 3Has, 4YTO @ =6, ‘g‘ =5, BBIYUCIUTD ‘)%) ><Yj

p b P
IPU YCIOBUH, YTO X = 8420 Y = 7820

4.10. CpencTBaMu BEKTOPHOM anreOpbl BBIUMCIUTG IUIOMAAb TpeyroiabHuka ABC, ecin
AB=(2;1,-2), BC=(3;-2;6).
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4.11. lausr koopmuuate: touek A= (L 1,1), B=(L 2;3), C=(3; 0;-2), D(2, 1,0). Borunc-

- - .\ AN
muth (2AB —CD) - (ZBC + DA), \/(AB) : \/(AC .
4.13. Onpenenuts, OyACT JIU MapauieIorpaMM, IOCTPOSHHBIX Ha MIPUBEICHHBIX K 00IIEMY
Hauany BekTopax AB = 2@ — 4b u BC = @ — 5b xak Ha CTOPOHAX, MPSIMOYTOILHUKOM HJIU

IJ
pomGoM, eciii & u D B3aMMHO IepIECHNKYISPHBIC OPTHL.

Tema 5. Ilpaman na naockocmu

5.1. 3nas nBe coceqnue BepmuHbl A (-6; 1) u B (-9; 12) napamenorpamma ABCD u Touky O (0;
7) nepeceveHus AMaroHanei, HAaMTH ero MIoHIa/b.

5.2. 3Has nBe coceanue BepmuHbl A (6; 1) u B (9; 16) mapamnenorpamma ABCD u touky O(10;
7) nepecedeHus JuaroHaiel, COCTaBUTh YPaBHEHUS €T0 CTOPOH.

5.3. B TpeyronbpHuKe, BepIIMHAMU KOTOPOTO sIBIsIOTCs ToukH K (2; -6), M(6; -1) u P(4;0), naiitu
JUIMHY TIEPIICHIUKYJISIpa, OMMYIIEHHOro U3 BepuuHbl K Ha meauany MH.

5.4. CoctaBUTh ypaBHEHUE MPAMOH, MapaienbHoi npambiM X-3y+10=0 u x-3y+15=0 u npoxo-
JALLIECH MOCEPEINHE MEXKY HUMH.

5.5. CocraButh ypaBHEHUs BbICOT TpeyroibHuka ABC, eciii u3BeCTHBI ypaBHEHHsI €T0 CTOPOH
5x-4y-1=0, x+10y-11=0 u 3x-y-7=0.

6.6. CocTaBuTh ypaBHEHUE MPSAMOIL, MapaieNbHON NpsaMoit 5x-12y+18 =0, paccTosiHUE KOTOPOii
10 Touku M (1;7) paBHo 9.

5.7. CoctaBUTh ypaBHEHUE NMPSIMOH, MapaieabHON IpsMoil 8X-6y+7=0, OTKJIIOHEHHE OT KOTO-
poit Touku M(0;0) paBno -7.

5.8. B tpeyronpHuKe, BepmuHaMu KOToporo sBisitores Touku K(1; 4), M(-2; 0) u P(1;2), naiitn
yroJa Mexay ctopoHoit MP u meaunaHoii, mpoBeAeHHOM U3 BepiInHbI K.

5.9. CocraBuTh ypaBHEHUS CTOPOH Tpeyroibanka ABC, eciin qanbl ojHa U3 ero BepmuH B (3; -
7) u ypaBHeHU ABYX BbICOT 8x+3y+1=0 u 5x+y-17=0.

5.10. CocraButh ypaBHeHHs CTOpOH TpeyroibHuka ABC, eciu nanbl ogHa u3 ero BepuinH C (-9;
-3) u ypaBHeHuUs BbICOTHI 9X-8Y-1=0 u menuans! 5x+4y-9=0, npoBeIeHHBIX U3 OJHOW BEPIINHBI.
5.11. 3nas Bepmmnbl A (-6; -1), B (-9; 16) u C (10; 7) TpeyroibHUKa, COCTABUTh YPaBHCHUE BbI-
COTBI, IPOBEICHHON U3 BEPIIUHBI B.

5.12. 3nas Bepmunbl A (-6; 0), B(0; 16) u C(10; -3) TpeyroipHuka, COCTaBUTh ypaBHEHUE OHC-
CEKTPHCHI, IPOBEAECHHON U3 BEPILUHEI A.

5.13. 3nas Bepumnbl A (-6; 1), B (-9; 16) u C (10; -7) TpeyroibHUKa, COCTABUTh YPaBHCHUE Me-
JMaHbl, IPOBEICHHOM U3 BepinHbl C.

Tema 6. Ilpamasa u nnockocms 6 npocmpancmee.
. 4
6.1. CoctaBuTh ypaBHEHHE IIIOCKOCTH, EPIEHANKYIIpHON BekTopy N = (1; 3 - 2) U OTCeKa-

forer Ha ocu OX oTpe3ok a=>5.
6.2. CocTaBUTh ypaBHEHUS TUIOCKOCTEH, KOTOPBIE JCIIAT MOTOJIaM IBYTPaHHBIA yrojl, 00pa3o-
BaHHBIH MI0ckocTAMUA —16X+15y —1272-5=0u X+2y—-2z2+5=0.

6.3. CocTaBUTh ypaBHEHHUE INIOCKOCTH, TIPOXOSAINEH Yepe3 TOUKH A(l; 2; 4) u B(— 2: 3 11) mna-

pautensHo ocu Oz .
6.4. JIBe rpanu KyOa JiexaT Ha IIIOCKOCTAX 2X —2y+2Z—1=0 u 2Xx—2y+z+5=0. Berauc-

JUTH 00BbEM ITOTO KyOa.
x+5y—-z=7

6.5. CocTaBUTh KAHOHUYECKUE YPABHEHUS MPSMON .
3Xx+4y-z+8=0

6.6. CocTaBuUTh ypaBHEHHUE TIOCKOCTH, TPOXOASAIICH uepes np;IMFy}o MEepECEUCHUS TIIIOCKOCTEMN
2Xx—y+3z-5=0 u Xx+2y—2z+2=0 mapamiensHo BekTopy b = (2; -1, —2).
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6.7. CocTaBUTh ypaBHEHHUE TUIOCKOCTH, MTPOXOASAIICH yepe3 MPSMYIO TTepECeYCHHS TIOCKOCTEH
3X—2y+2—-3=0 u X—2z =0 u nepneHauKyJIIpHO TIOCKOCTU X —2Y+2+5=0.

6.8. CocTtaBuTh ypaBHEHUE MJIOCKOCTH, MPOXOJAIIECH Uepe3 MPsIMYIO IepeceyeHns IOCKOCTE
2X+YyY—2+1=0u X+ Yy+2z+1=0 napamieabHo OTPE3Ky, OTPAaHUYEHHOMY TOYKaMHU

P2, 5 -3) u K3, -2, 2).

6.9. CocTaBuTh ypaBHEHHE IIOCKOCTH, TTAPAICTLHONU BEKTOPY lg: (2; 1 1) M OTCEKAIOIIEH Ha
ocsix Ox u Oy otpe3ku 3 U -7 COOTBETCTBEHHO.

6.10. ans! Bepmunnusl Tpeyroasauka A(3; -1; -1), B(1; 2; -7) u C(-5; 14, -3). CocraButs napa-
METpHUYECKHE YpaBHEHUSI OMCCEKTPUCHI €T0 BHYTPEHHETO YIiia Ipyu BepiuuHe B.

6.11. CocTaBuTh ypaBHEHHE TNIOCKOCTH, OTKJIOHEHUE TOUYEK KOTOPOH OT IMJIOCKOCTH

4x —4y -2z + 3 =0pasHo -3.

6.12. [lepecekaeT au MIOCKOCTh 5X —2Y +zZ —1=0 0Tpe30K, OrpaHUYCHHBIH TOUKaMHU

P@ 4, —-3) u K(2, 5, 0). OTBer 000CHOBATSH.

X+7 y+4 z+3 x-21 y+5 z-2

U = .
4 -2 6 -4 -1
6.14. Ha ocu Oy HaliTH TOUKY, paBHOYIalIeHHY!0 OT Touku P(1, —2, 0) u miockocTH

3X—-2y+6z-9=0.

6.13. HaiiT paccTrossHuEe MEXIy MPSMBIMU

x-1 y+1 z-1
2 -2
6.16. Berauciuts yriel, 00pa3yemMble HOPMANbIO K IJIOCKOCTH V3x+ y—4=0, u paccrossHue P

6.15. Beruncnuts paccrosinue ot toukn P(3, 3, 5) mo mpsimoii

OT Ha4aja KOOPJUHAT JI0 TNIOCKOCTH.
6.17. Berancnuts 00beM NUPAMHUIbI, OTPAHUICHHON TUIOCKOCTRIO0 X +2Y +3Z+12 =0 u xoop-

JTUHATHBIMU TUIOCKOCTSIMH.
6.18. Beruuciuth paauyc cdepbl, KoTopas Kacaercs iockocteir 6X—2y+3z2—-3=0 u

6x—-2y+32-20=0.

6.19. Ompenenuts, nexat a1 Touka P(2, —1, 1) 1 Hagamo KOOpAWHAT IO OJHY WJIH IO pa3HbIe
CTOPOHBI OTHOCUTENBHO MIOCKOCTH 5X -3y +2—-18=0.

6.20. [lanb BepmmHbl TpeyroiasHUKa A(3; 6; -7), B(-5; 2; 3) u C(4; -7; -2). CocTaBUTh mapameT-
pHUECKUE YpaBHEHHs €ro MeIMaHbl, IPOBECHHOM 13 BepiuHb C.

Tema 1. /luneitnvle npocmpancmea
7.1. B mpoctpanctBe R3 3a1anbl BEKTOp X U 6a3uc € :{el €5, es}. Koopannatsl BEKTOpOB 3a/1a-

HBI B HEKOTOpOM 0Oa3uce e’ :{el' ) e; ) e;} Haiitu koopanHaTsl BeKTOpa X B 0azuce e' u MaTpu-
y nepexona ot 6asuca € ={€,e,,6,} x €' ={e/,e;,e;}.

x=(1,4,-1)

e;=(5,-1,2)

el’ =(2,3,0)

e =(-2,1,1)

7.2. lana matpuua nepexona U or e ={e,,e,,e,} x €' ={e[,e,,e;}. Haiitu marpuiy nepexo-
naor e={e,,e,,e}e ={e +¢e;,,e,—e;de}.

1 2 -1
U=|-1 0 3
3 4 -2
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7.3. Nana marpuia nepexona U ot € :{e1 €5, 63} x €' ={e1 , e; ) e;} Haittn matpuny nepexo-
naor e={e, +e,,e, —e 3e}e ={e,e, e}

0O 1 1
U=|-2 2 3
1 4 -2

7.4. lana matpuua nepexona U ot 6asuca € ={e,,e,,e,} k Gasucy &' ={e,e;,e;}.

1 2 3
U= (—1 -1 -3
0 4 1

Haiitu MaTpuiy riepexoja ot 6asuca e; + e,, e, + e, e3 kK 0a3ucy
2e'y + 3e',,4e', — 2e'5,e'; + 2e', — €'

7.5. HaiiTu pasmepHocTH, 6a3uChl CyMMBbI U IIE€pECEUEHHUs TOANPOCTPAHCTB, 3a/IaHHBIX ypaBHE-
HUSMU

X, =X, + X, =X, =0

X, —2X, + 2%, +2X, =0

7.6. Haiitu pasMepHOCTH, 6a3MChl CyMMBI U TIEpECeUeHHsI MMOANPOCTPAHCTB H1 =<aq,,a,,d; >
u H, =<b,b,,b, >

a, =(212)" b, =(23,-1)"

a,=(1L-1)" u b,=(122)"

a,=(133)" b,=(L-3)

7.7. Bextopu € ={€,,8,,6,}, ' ={e/,e,,e;} u X 3aann1 B HeKoTOPOM Gasuce

€, ={6f ) eg ) e§ } Haiitu MaTpuny nepexona ot € k e', KOOpJIMHATHI BEKTOpa X B 0asuce € u
e'.

e =(-11)" e =(-1273)

e,=(1-13)" e,=(212)"

e, =12-)" e,=(02)"

X, =(,02)

7.8. Haiitu matpuity nepexozaa ot 6asuca €4, €2, €1, €3 K 0asucy €2', e4’, €3°, €1°, eciu 3a/1aHa
matpunia U mepexoza ot 6a3uca €1, €2, €3, €4 k 6a3ucy e1', e2’, €3, €4’

2 5 1 3
4 1 7 9
6 8 3 2
T8 1 4

U=

Tema 8. Eéknudo6o u ynumaphnoe npocmpancmeo

8.1. Cuuras BEKTOpPHI 33JJaHHBIMU KOOPAMHATAMU B OPTOHOPMHUPOBAHHOM 0a3uce, IPOBEPUTH,
YTO CIEAYIOIINE CHCTEMBI BEKTOPOB OPTOTOHAIIBHBI, M JIOTIOJIHATH UX JI0 OPTOTOHAJIBHBIX 0a3u-

COB IIPOCTPAHCTBA: gl = (1, -1,1,- 3)T , gz = (— 41,5, O)T
8.2. OpTOHOPMHUPOBATh CUCTEMY BEKTOPOB, HCITIOJIB3Ys MPOIIECC OpTOroHanu3anuu I'paMmma-
Ulmuara & =(-3,0,7,6), & =(1,4,3,2), & =(2,.2,-2,-2)
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8.3. CumTas, 4TO BEKTOPHI 3aJaHbl KOOPJAMHATAMHU B OPTOHOPMHPOBAHHOM 0a3nce, OPTOHOPMH-
pOBaTh CHCTEMY BEKTOPOB £ = (1, i, 1)T , gz = (i, i,l)T , gs = (i, 0,1)T .

Tema 9. J/Tuneiinvie onepamoput
9.1. Oneparop @ nepeBOIUT BEKTOP X = (X;,X,,X3) B BEKTOp go(;) SIBnsieTcst 1M onepaTop ¢
nuHeHbIM? Eciu SBsieTcs, TO 3alKMcaTh €ro MaTpuUIly.

a) (p()?): (X, + 2%, +3%55 X, — 2X5; X, —3X,)

b) o(¥) = (X, + X432 X, +1)

9.2. JIuneitnblil onepaTop ¢ B Oa3uce é)l, é’z,é; nMeetr Matpunly A. Haittu maTtpuily 3Toro orme-
paropa B 0asuce é){,é);_,éz, €CIu é’l =(4,-4,-3), é)z =(-8,7,5), é)s =(-5,-11), é)l' =(1,-11),

1 -1 1
¥ -01-1), & =011, A=|2 1-1|.
3-1 1
9.3. HaiiTu MUHUMAJILHBII MHOTOYICH MaTPHUIIbI
6 2 -2
A=|-2 2 2
2 2 2

9.4. HaiiTu OpTOHOPMHMPOBAHHBIN 06a3Kc, B KOTOPOM ONEpaTop MPOCTOI CTPYKTYphl UMEET KaHO-
HUYECKHI BUJI. 3arycaTh KAHOHMYECKUI BUJI MAaTPUIIbl OIIEpaTopa B 3TOM Oa3uce.

9 -5 -2
A=|18 -13 -3
8 -9 -7

9.5. Haiitn matpuiry npeoOpa3oBaHusi, IEPEBOISIIETO BEKTOPHI gl = (l, 4,-5)T : gz = (2,3,-4)T
gB = (1, -2, -1)T B BEKTOPBI 61 = (1,1,1)T , 6}2 = (1,1,-1)T , t})J3 = ( 2,1, Z)T B TOM e 0a3uce, B KOTO-

POM 3a7laHbI KOOPJMHATHI BEKTOPOB.
9.6. lnst MmaTpuiiel A HaiTH sx0pJaHoBY (HOpMY U KOpJaHOB Oazuc.

0 10
A=|-4 4 0
—2 1 2

Tema 10. Keaopamuunvie gpopmut
10.1. TlpuBectu kBagpaTuuHyO GOpMYy K KAHOHUIECKOMY U HOPMAJILHOMY BUY, HAUTH JTMHEH-
HBIC HEBBIPOXKJICHHBIC MTPEOOPA30BAHMUS, TPUBOIAIINE KBAAPATHIHYIO (POPMY K ITHM BHJIAM.

X, + X5 +5X2 —6X. X, — 2%, X, + 2X, X,
10.2. Haiitu Bce 3HaueHHs TapaMeTpa A, IPH KOTOPBIX MTOJIOKUTEILHO OTpe/IeieHa KBaApaTHy-
Has popma:
2 2 2
2X; 4 2X5 + X5 4+ 2AX X, + 6X X5 + 2X, X,
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10.3. BeIAICHUTB, YTO B CJICAYIONIUX Mapax KBaJApaTUIHBIX (OpPM oHA (hopMa SIBIISIETCS TOJI0KH-
TENBHO ompeeeHHol. HaliTi HeBBIPOXKACHHOE TIMHEHHOE TTPeoOpa3oBaHue, IPUBO/ISIIEE TO-
JIOKUTENBHO OIpeieJIeHHYI0 (OpMY K HOpMaIbHOMY BUAY, a APYTYIO — K KAHOHUYECKOMY:

f =xZ +26x2 +10x,X,

2 2
g =X, +56X%; +16X%;X,
Tema 11. Kpuevle u noeepxnocmu 6mopozo nopsaoka
11.1. Omnpenenuts BUA KpUBOM 2 mopsiaka. Haiitu neHTp. 3anucaTh B KAHOHUYECKOM BHJIE,
HaWTH KAHOHUYECKYIO CUCTEMY KOOPJIHUHAT.

a) 9x*—-16y* —6x+8y—-144=0
b) 9y* -7y -16=0

11.2. CocraBuTh ypaBHEHHUE U OMPEIEIUTh TUIl KPUBOM BTOPOTO MOPSAIKA, IPOXOAIIEH Yepes3
5 TOYeK, 3aJJaHHbIX CBOUMH KOOpAUHATAMHU:

(-1-12), (1,0), (0,1, (3,2) ,(2,3

11.3. HccnenoBaTh 3aBUCUMOCTH THITA KPUBOM OT MapameTpa A:

AX* + 20xy +y? =0
11.4. CocraBUTh ypaBHEHHE KacaTeIbHON K KDHBOM B TOUKE:

2 2

X2y
X Y 1 31
Nty G

b) 5x* + 6xy +5y* —16x—16y —16=0 (3,3); (0,—0.8); (0,)
11.5. OmnpenenuTs TUII TOBEPXHOCTU BTOPOTO MOPSAKA, IPUBECTH K KAHOHUYECKOMY BUIY,

HaWUTH HOECHTP, €CJIN NTOBEPXHOCTh ICHTPAJIbHA. Brinmucate KaHOHMYECKOE npeo6pa3013a—
HUC ICPCMCHHBIX.

1. 4x°+2y>—7>—8x—4y—27-5=0;
2. 4x2+69y%+ 1672+ 8xy + 64yz —4y —12=0

11.6. CocraBuTh ypaBHEHHE OKPY>KHOCTH, poxosmient uepe3 Touku A(1,1) u B(2,3), eciau ee
HEHTP JISKUT Ha psiMoit 2X+3y — 1=0.
11.7. CocraBuTh ypaBHEHHs OOLINX KacaTeIbHBIX JBYX OKPYXHOCTEH

X2+y?—6x—8y+21=0m x>+ y>+8x + 2y + 1=0.

11.8. B smmumnc x%/16 + y?/4=1 Brucan npaBHILHBIA TPEYTONBHHK, OJHA U3 BEPIIMH KOTOPOTO
COBIIAJACT C MPABOW BEPITUHOM O0JBIION OcH. HailTu KOOpIMHATHI IBYX APYTHUX BEPIIUH Tpe-
YT OJIbHHKA.

11.9. TIpoectu k >mmmncy X2/9 + y?/64=1 kacaTenbHbIE TIePIEHNKYIIAPHBIE PAMOiT 2X—3Y +
2=0

11.10. Ilpsimbie X=+9 SBISFOTCS TUPEKTPHCAMU JUTUTICA, MaJlasi OCh KOTOpOro paBHa 6. Haiitn
ypaBHEHHE TOT0 JUIUIICA.

11.11. Ha »murce X2/36+y2/25=1 HaWTHU TOYKY OTCTOSIIIYIO OT €r0 Majloi OCH Ha 5 €TMHUII.
11.12. B ammmmc 9x% + 4y? + 54x — 16y + 61=0 BmucaH NpIMOYTOJIBHHK, B IPOTHBOMOI0KHBIE
CTOPOHBI KOTOPOT'O MPOXOJAT uepe3 GoKychl. Beuucnuth miomaas/ nepuMerp 3TOro npsamo-
YT OJIbHHKA.

11.13. CocraButh ypaBHEHHUE TUTIEPOOIIBI, UMEIOIICH OOIIHE (POKYCHI C ILTUTICOM
X2/49+y?/16=1, ipu yCIOBHUH, UTO €€ IKCIEHTpHCHTET € =1,25.
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11.14. Onpenenuth yroia MeXay aCHMIITOTaMU THIEPOOIIBI, €CIIM U3BECTHO, YTO €€ IKCIEHTPH-
CHUTET € =2.

11.15. Ha runepGone X%/16 —y?/9 = 1 HaiiTH TOUKy, I KOTOPOil (hOKATbHBIE PaIHyC-BEKTOPHI
NEPICHIUKYISIPHBI APYT IPYTY.

11.16. Ha runep6oine X%/16 — y?/9 = 1 HaiiTu TOuKy, I KOTOPOIl PACCTOSIHHE OT JIeBOro (GOKY-
ca B 2 pa3a 0OoJiblie, 4eM JI0 IPaBoro.

11.17. TIpoBecTH KacaTenbHYIO K THIepoone X/4 —y?/9 = 1, napannenbHyro IpsMoit

x—4y + 8=0.

11.18. TIpoBecTH KacaTenbHYIO K THnepoone X2/4 — y?/9 = 1, nepnenuKyIapHy0 IPIMOit

x—4y + 8=0.

11.19. BBIYMCIIUTB JUIMHY CTOPOH IPABHIIBHOTO TPEYTOJIbHUKA, BIMCAHHOTO B Iapabomy y2=4X.
11.20. CocraBuTh ypaBHEHHE 061Iei Xop/apl mapabois! Y?=18X u kpyra (X+6)2+y?=100.

11.21. Yepes dokyc nmapaboisl y>=4X IpoBeneHa X0opaa, MapaielabHas npsmMoii X—y + 8=0. BeI-
YUCIIUTH JJIAHY STOU XOP/IBL.

BapuaHT A1 NOATrOTOBKH K KOHTPOJIbHOI padore Ne 12 no Teme «OCHOBBI TeOpUH

rpymnm».
Nel

IlycTh 3a1aHO MHOKECTBO KOMIUIEKCHBIX YHCEJI BUJIA: a=2a, + Ial, rae e \ a4 _ [pu-
HaaJexart IIO0JIF0 HeﬁCTBHTGHBHBIX gucell. Beectu Oorcpanru CIO0XKCHUA U YMHOKCHHUA KOM-
TUICKCHBIX YMCEN U TIOCTPOUTH aNre0py KOMIUIEKCHBIX YUCell. SIBIsieTCs I 3Ta anredpa KoMMy-
TATUBHOM 110 YMHOKeHUI0? SIBysieTcs 1 9Ta anredpa JIMHEHHOM anreOpoit ¢ nenennemM?

Ne2
[TocTpoiiTe MUKINIECKYIO TPYIITY, TOPOKIAEMYIO IIEPECTAHOBKAMH BH/IA!
12345
53142
Ne3
3az[aH MHOFOYFOJII)HI/IK CIIUCKOM KOOpI[I/IHaT BEPIIINH.
X -1 2 1 -2 0

1 2l -2 -2 0

Marpuna adppuaHOTO TPeoOpa3oBaHUS UMEET BH/I:

2 1 4
2 21

Bbrunciute KoOpIMHATHI BEPIIUH MOCIIE MPE0Opa30BaHuUsl, ICHTPBI (GOPMBI (PUTYPBI U
TUTOMIA/TN JI0 ¥ TTOCIIe TIPeoOpa3oBaHusI.

A=

BapuaHT 1J1s1 IOATOTOBKH K KOHTPOJIbHOW padote Ne 13 mo teme «IIpumenenne Jjin-
HeiHOH aJre0psI A pewrenus 3agau ¢ UN».

1. Haxoxzaenue ko3¢ (HULIHEHTOB pErpeccuu ¢ CIOJIb30BAHUEM METO1a HAMMEHbBIIINX KBaJ-
paToB: MpecKa3aTh YUCIOBOE 3HaUCHUE (HaprUMep, IIeHy JoMa) Ha OCHOBE Habopa MmpHu-
3HAKOB (IUIOMIA/Ib, KOJIMYECTBO KOMHAT, TUIOMIAIb KyXHH, KOJTMYECTBO BaHHBIX U T.]I.),
Ta0JIMIIa TPUITIATaeTCsl.
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2.

Knactepuzanus ¢ ucosb30BaHUEM CIIEKTPaIbHON KJIaCTepU3alluu: pa3aeuTh Habop
JTAHHBIX HA TPYMIBI (KIacTephl) HA OCHOBE CXOJICTBA MEXKY 00bEKTaMHu, TabIUIa TIpUa-
raercs.

AHanu3a rIaBHBIX KOMIIOHEHT: 3aJ]aHa Ta0JIuIla JAHHBIX, COCTOSIIIAs U3 IBYX MPU3HAKOB
(Hampumep, POCT U Bec JI0Zei), HEOOXO0AUMO HCIOIb30BaTh METO/I INIABHBIX KOMIIOHEHT
(PCA) nyst cHmkeHUS! pa3MEPHOCTH JIAHHBIX U BU3YAJIM3allMU UX B OJTHOMEPHOM IIpO-
CTpaHCTBE.

Hepeuenb Komnemenum? (qacmu Komnemeuuuu), npoeepiaemovlx OUE€HOUYHbIM cped-

cmeom YK-1.1; YK-1.2; OIIK-1.1; OIIK-1.2; MF-7.1

33‘{eTHO-3K3aMeHaHI/IOHHLIe MaTepuaJibl AJIsA l'lpOMe)KyTO‘IHOﬁ arrecranmuun

(3K3amMeH/3a4eT)

=

No ok

BOITPOCHI K OK3AMERHY I10 AJITEBPE U TEOMETPUUN
| cemecTp

Anrebpanueckas popma kommiekcHoro yucia. KommiaekcHas miockocts. [Ipumepsi.
JleWicTBUSL HajJ KOMIUICKCHBIMH dYHCIamMH B anredpamueckoid ¢opme. CompspkeHHBIC
KOMIUIEKCHBIE uncia. [Ipumepsr.

Tpuronomerpuueckas (opma KOMITIEKCHOro umcna. llojsipHas cucrtemMa KOOpPIMHAT.
IToka3zarenbHast opMa KOMILIEKCHOTO YHUCIIA.

[Ipumepsl.

JlelicTBUS HaJl KOMIUIEKCHBIMU YHCIaMU B TpUTOHOMETpUueckoil popme. [Ipumepsi.
Bo3Benenue B creneHb KOMIUIEKCHOTO uKcia. Teopema. IIpumepsl.

W3BieueHne KOpHs U3 KOMIUIEKCHOTO uucia. TeopeMa o cymectsoBaHun kopHen. [Ipu-
MEpBHI.

M3BneueHne KBaApaTHOTO KOPHS U3 KOMIUIEKCHOTo uncia. [lonsarue konpua (omnpenesne-
HUE U IPUMEDPBI).

ITonsaTue noss (onpenencHue U NPUMeEpHI).

10. IMommuaOM OT 0s1HO# OyKBEI. CTeneHb moimHoMa. Kanonndeckas popma.
11. JleticTBUS HaJ MMOJTUHOMAMH.

12. Cxema 'oprepa. [Ipumepsr.

13. Teopema be3y.

14. KpaTHble KOPHH MTOJIMHOMOB.

15. HauOonpimmii o01muit enurensd AByX MHOrouwieHoB. [Ipumepsl.

16. Anropurm EBknmna. [Tpumepst

17. CpoiicTBa AETMMOCTH MHOTOUJIEHOB.

18. B3anMHO IpOCThIE MHOTOWICHKI. TeopeMa.

19. CpoiicTBa B3aMMHO MPOCTHIX MHOTOUJICHOB.

20. Marpwuisl. Buasr maTpwir.

21. JleiicTBuUS CIOKEHHS 1 YMHOXKEHHSI Ha cKasip Haja MaTpuniamu. CBoiicTBa.
22. llpouzBenenne marpuil. CBoiicTBa. [Ipumepsr.

23. TpancnonupoBanue Marpuil. CBOICTBa (JOKa3aTEIbCTBA).

24. 3nayeHre MHOTOWICHA OT MaTpHIlbl. [IprMepsl.

25. KnetouyHo-maronanbHble MaTpuLibl. [Ipumepsr.

26. OnpenenuTeny BTOPOTO TOPSIIKA M WX HCIOJIh30BAHWE B PEIICHUM JMHEHHBIX CHCTEM

BTOPOI'O IMOpAAKaA.

27. Onpenenutenu n-ro nopsiaka. [loHsTHE TEepecTaHOBOK.

28. CoiicTBa onpeaenuTese (J10Ka3aTebCTBO 3-X CBOICTB).

29. AnreGpanveckue JOTOTHEHUS U MUHODBI.

30. YTBepxeHus, CBA3aHHBIE C aNTreOpanvdecKUMU JTOTIOTHEHUSIMH.
31. Teopema Jlamaca.
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32.
33.
34.
35.
36.
37.
38.
39.
40.

41.

42.
43.
44,
45.
46.
47.
48.
49.

50.
Y
52.
53.
54.
55.
56.
57.

58.
59.

60.
61.
62.

63.
64.

65.
66.
67.

68.
69.
70.
71.
72.

Brruucnenune onpenenureneil.

Ob6parnbie MaTpuIlbl. HaxoxxaeHne oOpaTHBIX MaTpHIL 110 OMPEACTICHHIO.

Teopema 006 oOpaieHun MaTpUIL.

CBoiicTBa 0OpaTHBIX MaTpPHIL.

KpamepoBckue cuctembl JIMHEHHBIX YPaBHEHUM.

Crnenctust u3 TeopeMbl Kpamepa.

OO0mue cBeACHUS 0 CHCTeMax JUHEHHBIX YpaBHEHUH.

Meron [Maycca penieHust CHCTEM JTMHEUHBIX YPABHEHUM.

JluHeliHast 3aBMCHMOCTb M JIMHEWHAas HE3aBHCUMOCTb CTPOK (CTOJIOLIOB) MaTpPHILIBI.
IIpumepsl.

CBoiicTBa TMHEHHON 3aBUCUMOCTH W JTMHEHHON HE3aBUCUMOCTH CTPOK (CTOJIOIIOB) U OT-
PE3KOB CTPOK (CTOIOIOB) MATPHIIBI.

Teopema o IMHEWHOW 3aBUCUMOCTH JIMHEHHOW KoMOuHamuu. CieIcTBHeE.

JIuHeiiHast 3aBHCUMOCTD CTOJIOIIOB MaTPHIIBI C TMHEHHO 3aBUCUMBIMHU CTPOKAMHU.

bazuc 1 paHr COBOKYITHOCTH CTPOK (CTOJIOLOB) MaTPHIIbI.

Teopema o0 paHre MmaTpubl.

VYcnoBue TMHEHHON 3aBUCMMOCTH MHOKECTBA CTPOK KBAJAPaTHOIN MaTpPHULIBL.

Panr matpuiel B TepMHHAX OINpeneanTeNeH.

OnpezneneHue panra MaTpUIbl IPU IOMOIIY 3JI€MEHTapHBIX IPeoOpa3oBaHKUEe CTPOK.

. [lonsiTHe BexTOpa, CI0KEHUE U PA3HOCTb BEKTOPOB. Pa3iokeHue BEKTOpa Mo TpeM He-
KOMILIAHAPHBIM BEKTOpaM.

. CkansipHO€ U BEKTOPHOE YMHOKEHUE BEKTOPOB. OCHOBHBIE CBOICTBA.

CMeriaHHOE Ipou3BeieHUe BEKTOPOB. CBONWCTBA CMEIIAHHOTO IPOU3BEACHUS BEKTOPOB.
VYpaBHeHUe MPSIMOM HA IUIOCKOCTH. YTOJI MEXY ABYMS MPSMBIMHU.

O6muiee ypaBHeHUE MPsIMOM. PaccTosiHue OT TOYKHU 710 IPSIMOH.

[IpeoOpa3oBaHne NPSIMOYTOJIBHBIX KOOPIMHAT.

[Tonspuas cucrema koopauHat. HopMansHOE ypaBHEHUE MPSMOU.

O6miee ypaBHEHUE IIIOCKOCTH. YTOJI MEXKTY TUIOCKOCTSIMH.

Omnpenenenue nuHeHHOTO TpocTtpancTBa. [Ipumepsl. bazuc nuHEHHOro MpoCTpaHCTBA.
Teopema o paznoxeHuH BeKTopa 1o 0asucy.

Pa3smMepHOCTB JIMHEWHOIO IPOCTPAHCTBA. TE€OPEMBI.

[IpeoOpa3oBanue KOOpAMHAT BEKTOpa Ipu 3aMeHe Oaszuca. Marpuma mepexona M ee
CBOMCTBA.

Onpenenenue nuHeitHOro noanpocrpancTsa. [Ipumepsl. JIuneiinas obonouka.

Cymma u niepeceuenue noamnpoctpancts. (P. crp. 307-308; 1. ctp. 146-152)

Teopema 0 pasMepHOCTSIX CyMMBI U TiepeceueHust noampoctpancts. (. ctp. 308-309;
1. ctp. 152-154)

[IpsiMasg cyMMa JTMHEHHBIX IOAIPOCTPAaHCTB. TeopeMa.

IMonnpoctpancrBa. Kpurepuii noanpocrpanctsa. [Ipumepst. (. ctp. 307; L. ctp. 138-
142)

Teopema Kponekepa-Kanemmu. (®. crp. 118-119; II1. ctp. 124-125)

Pa3mepHOCTH TMHENHOIO NOANIPOCTPAHCTBA. TEOpPEMBI.

Onpenenenne eBKIUAOBa IpocTpaHcTBa. OnpenesieHne OpTOroHaJIbHOW CHUCTEMBI BEK-
TOPOB.

[Iponecc oproronanuzannu ['pama-IlImuara. Anropurm. [Ipumepsr.

Hepasencto Komm — ByHsIKOBCKOT0 (€ JOKa3aTENIBCTBOM).

Hopmuposannsie mpoctpanctsa. Teopema 0 HOpMe.

OproronasibHO€E AonojHeHue. Teopema.

ITocTpoeHne opTOroHaIBHOTO JOMOIHEHHUS .
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73.

74,
75.
76.

77,
78.

79.

80.

81.
82.
83.

84.
85.
86.
87.
88.
89.

90.
91.

92.
93.
94.
95.
96.
97.
98.

99.

100.
101.
102.
103.
104.

YHUTapHOE NPOCTPAHCTRBO.
BOITPOCHI K DK3AMEHY AJITEBPA U TEOMETPUS (Il CEMECTP)

Onpenenenne U NpUMepb! TMHEWHBIX OIIEPATOPOB.

Marpuna auHeiHOTro oneparopa. TeopeMsl o siipe U AedekTe IMHEHHOro onepaTopa.
Jluneiinoe oToOpakeHHE BEKTOPHOTO MpocTpaHcTBa. [IpuMepsl. MaTpuiia JTMHEHHOTO
oreparopa.

[IpeoOpazoBanue MaTpuLbl TMHEHHOTO oneparopa. Teopemsl. [Ipumepsl.
XapakTepUCTUYECKOE YpaBHEHHWE MaTpullbl JUHEHHOro omepartopa. OmnpeneneHus,
MIPUMEPBHI.

MuHUMAaNBbHBIA U aHHYJIUPYIOIMIA MHOTOWIEH MaTpHUILbl JUHEUHOro onepartopa. Ompe-
NIeJIeHUs1, IPUMEPBI, TEOPEMBI

CobcTBEHHBIE BEKTOPHI U COOCTBEHHBIE 3HAUEHUS JTMHEHHOT0 onepaTopa. OnpezaeneHus,
TEOPEMBL.

CaoiicTBa COOCTBEHHBIX BEKTOPOB (2 C T0KA3aTEIHCTBOM).

Brruncnenne coOCTBEHHBIX 3HAUEHUH M COOCTBEHHBIX. ANTOpUTM .IlprMepsr.

3amena 6asuca u npeodpazoanue koopauHar. (. crp. 305-306; 1. cTp. 110-113, 115-
116)

WNHBapuaHTHBIE TOANPOCTPAHCTBA.

Tpeyronbuas ¢popma.

JIunelHple onepaTopbl NPOCTOM CTPYKTYPHI.

Kopnanosa dopma.

Xopnanos 6azuc.

KBanpatuunas gopma: omnpeneneHue, MaTpUyHas 3aluchb, KaHOHWYecKud Bu. [Ipume-
pBI.

KBagpatuunas ¢popma: onpeseneHne, MaTpUuyHas 3a1uch, HOpMaJIbHbBIA Bu. [Ipumepsi.
Merton Jlarpanska Juist IpyUBEIEHUS KBaApaTUUHON (OPMbI K HOPMaJIbHOMY BUy. AJIro-
PUTM.

Merton Jlarpanska /i npuBeieHUs] KBaJpaTHUYHOW (OPMBI K KAHOHMUECKOMY BUAY. AJl-
TOPUTM.

OptoroHanbHOEe Ipeodpa3oBaHne KBaJApaTHUHON (OPMbI K KAHOHUYECKOMY BUIy, 0€3
camoro npeobpaszosanus. Teopema

XapakTepUCTUYECKOE YpaBHEHNE JIMHEWHOTO OIIepaTopa.

HaxoxzaeHne MUHUMaNbHOTO MHOrouIeHa. Anroput™. Ilpumepsi.

[IpeoOpa3oBanre MaTpHUILIbI IUHEHHOTO OTlepaTopa.

HaxoxzaeHue opToroHaqpHOro npeoOpa3oBaHHs, HPUBOJSIIETO BEUIECTBEHHYIO KBaj-
paTuyHylo GopMy K KAHOHUYECKOMY BUY.

[IpuBenenue oO1IEro ypaBHEHHs IOBEPXHOCTH BTOPOTO MOPs/IKa K KAHOHMYECKOMY BH-
ay.

DKBUBAJIEHTHOCTb BEIIECTBEHHBIX KBaApaTUYHBIX QopM. [Ipumepsr.

Knaccugukarus KpuBbIX BTOPOTO MOPSIIKA.

Mertoab! npeobpazoBaHust KPUBBIX 2 MOPsIKa KAHOHHYECKOMY BUay. Teopema.
OproroHanbHOE IpeodpazoBaHue NePEMEHHBIX KPUBOW BTOPOTO MOPsIKa
Pacnaaromuecst KpuBble BTOPOIO MOPSAKA.

Onnmunc. Onpenenenue. BeiBon kaHOHWYecKoro ypaBHeHus. VccrnenoBanue ¢op-
MbI. JIUpEeKTPUCH] U KacaTelbHbIE.
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105. ['unepOoma. Omnpenenenue. BriBog kaHOHMYECKOTO ypaBHEeHHs. lcciemoBanue
(dbopMEI. JIUpeKTpUCH U KacaTeIbHbIE.

106. [Tapabomna. Omnpenenenue. BoiBon kaHoHHYecKoro ypaBHeHus. MccnemoBaHue
(bopmbl. JIupeKTpHChl U KacaTesbHbIE.

107. HenentpanbpHbie KpuBbIe 2 TIOpsJIKA. Y paBHEHUS U TIPUMEDHI.

108. [Tonstue kBanparnyaoii popmel. [Tpumepsr

109. [TpeoOpazoBanue MaTpUIIbl KBaApaTHIHON (hopMbl. Teopema.

110. [ToBepxHoctu 2 nopsaka. OCHOBHBIC BU/IBI.

111. Hexkoropslie oOuye MOHATHUS aareOpbl. AKCHOMBI TPYIIIIHL.

112. Tloarpynmsl. Kiaccel cCMEXHOCTH.

113. [ukiugecKue rpymib.

114. Apudmernka 0CTaTKOB.

115. ®ynxnus Ditnepa.

116. MynbTUIUIMKaTUBHBIE 0OpaTHBIE 110 MOay0 N , X CBOCTBA.

117. Anropurm EBknuna. Pacimmpennsiii anroputM EBxiinja.

118. Kwuraiickas Teopema 00 ocTaTkax.

119. Koneunsle nods.

120. HopmanbHble TOATPYNIBI U (PAKTOPTPYIIIIHL.

121. Kiaccel cMeXHOCTH IO HOpMaIbHOU MOATpYyMIe U (haKTOprpyIIa.

122. T'omomopdwusm.

123. Yro Takoe ananm3 riaaBHbIX KomnoHeHT (PCA)? Kak on ucnonssyercs B MA?

124. Kaxk paboraet MeToxa onopHbIX BeKTopoB (SVM)? Kak oH cBsi3aH ¢ JIMHEHHON anred-
poii?

125. Yro Takoe cnekTpanbHas kiactepuzanus? Kak oHa ucnomnb3yer JuHelHyto anredpy?

126. HaxoxzaeHue Ko3(p@PHUIMEHTOB PErpeccHUy C HCIOJIb30BaHHEM METOJa HaMMEHBIIMX
KBaJ[paTOB.

Ilepeuenv Komnemenyuii (wacmu KomMnemeHUUU), NPOBEPAEMBIX OUCHOUHBIM CPeo-
cmeom YK-1.1; YK-1.2; OIIK-1.1; OIIK-1.2; MF-7.1

4.2 Meroauyeckue MaTepuaJibl, onpeesiloliue Npoueaypbl OleHUBAHUS 3HAHUIA,
YMeHHii, HABBIKOB M (MJIM) ONBITA /1eSITeIbHOCTH, XapaKTePU3yIOUMX 3Tanbl popMupoBa-
HHUSI KOMIIeTeH Ui

MeToanyeckue peKOMEHIAlUH, ONpee/siiouue Npouelypbl OleHMBAaHUs Ha JK3a-
MeHe:

[Ipouienypa nmpomeXyTo4HOM aTrTecTallid IPOXOAWUT B cooTBeTcTBUU C [lonokeHnem o
TEKYILEM KOHTPOJIE M TPOMEXYTOUHOM aTTectanuu odydatomumxcs PI'BOY BO «KyoI'Y».

Htorosoii ¢opMoit KOHTpOIS cHPOPMHUPOBAHHOCTH KOMIIETEHUUH Yy OOy4arommxcs IO
JTUCLUIUIMHE sBIseTcs dk3aMeH. CTyneHThl 00s3aHbl C/laTh HK3aMEeH B COOTBETCTBUU C pacluca-
HUEM U Y4€OHBIM IIJIAHOM.

®OC npoMeKyTOYHON aTTECTAllMM COCTOMT U3 BOIIPOCOB K 3K3aMEHY U pE3yJIbTaTOB Te-
KYIIEr0 KOHTPOJIA.

DK3aMeH M0 JUCHMIUIMHE MpecienyeT 1elb OLeHUTh paboTy CTyIeHTa 3a Kypc, Moyyde-
HUE TEOPETUYECKUX 3HAHUM, X MPOYHOCTh, PA3BUTHE TBOPUYECKOTO MBIILIECHUS, TPUOOPETEHNE
HaBBIKOB CaMOCTOSITEIbHON palbOThl, yMEHHE MPUMEHATH MOJTYYECHHBbIC 3HAHUSA JJS PELICHUS
IIPAKTUYECKUX 3aad.

dopMa poBEACHUS IK3aMEHA: YCTHO.
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DK3aMEHATOPY MPEIOCTaBISIETCS MMPABO 3a/1aBaTh CTYJICHTAM JIOTIOJIHUTEIILHBIE BOIPOCHI
0 BCel yueOHOU mporpaMMe AUCIUILTAHBL.
Pesynbrar cpaum SK3aMeHa 3aHOCUTBCS IPEINOjaBaTelieM B 3K3aMCHAIMOHHYIO BEJO-
MOCTb U 3aYETHYIO KHIKKY.
OreHUBaHUE YPOBHSI OCBOCHHS TUCIMIUIMHBI OCHOBBIBACTCS HA KAUECTBE BBIMOJHECHUS
CTYJCHTOM 33JJaHUH TEKYIIEr0 KOHTPOJIS U OTBETOB Ha BOMPOCHI 3K3aMeHa.
Kpurepum oueHku:
1. OnleHKa OTBETOB HA YK3aMeHALMOHHbIE BONPOChI (40% MTOroBOIi OLEHKH)
OTtaunyno (5)
[TonHbIe, pa3BEepHYTHIC OTBETHI C IEMOHCTPAIUEH TTTyOOKOTO MOHUMAHUS TEMBI.
Hcnionp30Banue npuMepoB, GopMyIt, KOPPEKTHBIX TEPMUHOB.
YMeHue aHaTu3upOBaTh U CPABHUBATH METO/IBI.
% BbInoaHeHus: 90-100% (gomyckarTcs He3HAYUTENIbHbIE HETOUHOCTH).
Xopomo (4)
OTBETHI co/iepKaT OCHOBHBIC UJIeH, HO 0e3 yriyOJICHHOTO aHaIN3a.
Bo3moxHBI HEOOIBIINE OMUOKY B ACTASX WM (POPMYITUPOBKAX.
% BbImoJHeHusi: 75-89%.
YaosjierBoputesibHoO (3)
OTBETHI MOBEPXHOCTHBIE, C CYIIIECTBCHHBIMH MTPOOCTIaMH.
OTCcyTCTBHE IPUMEPOB HIIM HEKOPPEKTHOE TPUMEHEHHE TEPMHHOB.
% BbInoJHeHus1: 60—74%.
HeynosiierBopurenbHo (2)
OTCcyTCTBHE IOHUMAHUS KIFOUYEBBIX KOHIICTIIIHIA.
['pyObie omMOKH UM HECTIOCOOHOCTh OTBETUTH HA OOJIBILIYIO YaCTh BOIIPOCOB.
% BbInoJHeHust: <60%.

4.3. MeTonnyeckne yKa3aHus MO BHINOJHEHHIO TUIIOBBIX PACYETOB
1. O6mue pexoMeHaAUN
1.1. Hean padoTsi:
. 3akperieHue TEOPETUIECKUX 3HAaHUN 10 TeMaM:
- Kommnekcuble uncia
— IloamHOMBI OT OJTHOM IEPEMEHHOU
— Marpuiisl u oneparyuy HaJ HUIMH
— CucreMbl TUHEHHBIX YpaBHEHHH
. dopmMupoBaHUEe HABBIKOB PEIICHUS 3a/1a4 MOBBIIIEHHOMN CIIOKHOCTH.
. [TonroroBka K KOHTPOJIBHBIM PA0OTAM U IK3AMEHAM.
1.2. TpedoBanus k 0opMIIEHUIO:
- Pacuers! BRIOTHSAIOTCS B OTZIETBHOM TeTpaau win B dnekTpoHHoM Buje (LaTeX, Word).
- Kaxnoe 3aganne conpoBOXJaeTCsl HOJHBIM PelIeHHeM C ITOSICHEHUSAMU.
— OtBeThI BBIIACTSIOTCS SIBHO (Hanpumep: «Omeem. z=5—12iz=5—12i»).
- I'paduyeckne nocTpoeHHs BBIMOIHAIOTCS BPYUHYIO WM ¢ Hcnionb3oBanueM [10
(GeoGebra, Desmos).
2. Pexomenanmu 1o pasaeaam
2.1. KommiiekcHble uncaa (Pazuaen 1)
. KuroueBbie TemMbl:
— AureOpandeckas, TPUTOHOMETpUYECKas U TOKa3aTenbHas (GOpPMBI.
— Apudpmernueckue onepammu.
— H3Bneuenue kopHel, BO3BEIECHUE B CTETIEHbD.
— Pemienne ypaBHEeHU HA KOMIUIEKCHOW IJIOCKOCTH.
. TunuyHbie oMMOKM:
— HesepHoe BbIunciieHre aprymMeHTa (T1aBHOE 3HaUCHHE: —m<argz<m).
— Ilyranuna npu neneHun (He yMHOKEHUE Ha CONPSKEHHOE 3HAMEHATEIIS).
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Pexomenganum:

JIist oniepanuii yMHOKEHHsI/ACICHHS HCIOIB3yHTe TPUTOHOMETPUYECKYIO (hopMy.
[pu nmoctpoeHnu 0bIaCTEH IEPEXOIUTE K IEKAPTOBBIM KOOPMHA-

Tam: Z=X+Hyz=X+iy.

[pumep 1.6: s HepaBeHCTB Buaa |z—z1|<p crpoiite kpyru, s Re(z)>k — mo-
JYIIOCKOCTH.

2.2. Hoaunombl (Paznen 2)

KiroueBble TeMbl:

Jenenue nosmHOMOB, cxema ['opHepa.

Pa3znoxeHne Ha MHOXKUTENH, TIOUCK KOPHEH.

Haxoxnenne HOJI (anroputm EBkina).

Tunuynble oIMOKM:

HenpaBunbHoe npumeHeHne cxembl ['opHepa 17151 KOMIUIEKCHBIX KOPHEH.
[ToTepst KpaTHBIX KOPHEH MPU PA3I0KEHUU.

Pexomenpanmum:

Jnst 3apanus 2.1 ucnons3yiite o0a Meroaa (Mpou3BoHbIe U cxeMy ['opHepa) —
3TO B3aMMHasl IPOBEPKA.

ITpu paznoxxenun npodu f(X)/(x—x1) nmpeasapurensho paznoxute f(X)fro cremne-
HaM (x—x1).

B 3aganuu 2.6 s nogoopa M1(X), M2(X) ucmonb3yiiTe 1EMOYKY PABEHCTB M3
anropurma EBkimpa.

2.3. MaTpuunsi (Pa3gea 3)

KiarwueBbie TeMbl:

Omnepanuu ¢ Matpuiiamu (YMHOXKEHHUE, TPAHCTIOHUPOBAHUE).
Brruucnenue onpenenuteneii, 00paTHON MaTPHIIBL.

Panr mMatpuisl, a1eMeHTapHbIe TPeoOpa3oBaHMUsL.
Tunuynbie omMMOKM:

OmubKky B yMHOKEHUHU MaTpHUIl (HECOBMAAEHUE Pa3MEPOB).
HesepHoe BbIuncieHne anredpanyeckux JTOMOITHEHHH.

Pexomenpaumu:
[Tpu yMHOKEHHH MaTPUIL CBEPSHTE pasMephl: AmxnBnxk=Cmxk
Jnist onpenenuTenei Boiiie 4-ro Mopsika UCIONIb3yiTe:
- IlpuBenenue K TpeyroJibHOMY BU]LY.
- Pasnoxxenue 1o crpoke/cTonOIy ¢ HyJISIMHU.
Jnst 06paTHON MaTpUILIbL:
- Meron XKopnana-I'aycca HanexHee npu OOJIbIIMX N.
- Bcerna nposepsiite: A-A"E.

2.4. CucreMsl JuHeiiHbIX ypaBHeHuii (Paznen 4)

KuroueBbie TemMbl:
— Pemenne CJIY meronom ["aycca, Kpamepa.
- HccnenoBanue Ha coBMecTHOCTH (Teopema Kponekepa-Kanemm).
Pexomengaumu:
— Ilpu pemieHun cucTeM ¢ KOMIUIEKCHBIMH Kodddunrentamu (3aganue 1.7)
HCIIONIB3YUTE alreOpandeckyro Gopmy.
- Jlu11 HEOTHOPO/IHBIX CUCTEM CHavalla IPOBEPSITE paHT pacliipeHHON
MaTpPHUIIbI.

3. Opranusanusi padboTbl

1.

JTanbl BbINOJTHEHHSA:
Teopernyeckasi NOArOTOBKA: IOBTOPUTH (POPMYIIBI, ONIPEICICHUS, METOIBI.
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2. AHAaJM3 BapUaHTA: BBIICINUTH TUIBI 337a4 (Hanpumep, BapuanT 1: 7 3anaq no
KOMIUIEKCHBIM YHCJIaM).
3. Pemenue:
— Ot npocToro K ci10XHOMY (HauMHAKTe ¢ aredpandeckux onepanui).
- Jlns rpaduyeckux 3alaHui cCHayvasa cenaiTe ICKU3.
4. IIpoBepka:
— IloncraHoBka OTBETOB B MCXOAHBIE YPABHEHHUS.
- Csepka ¢ npuMepamu U3 pasjena «PelieHre THIOBBIX 3a1au.
. Kpurepum ouenku:
— IlomHoTa pemenus (Bce mark 000CHOBaHHI).
— OrcyrcTBHE apu(PMETHIECKUX OIIHUOOK.
— AKKypaTHOCTb 0(pOpMIICHHUS.
4.4, Metoanyeckue yKa3aHHsl 10 OPraHU3alMU BbIYMCJIUTEIbHOH HHPPACTPYKTY-
psl 1. Llesan u 3axaun
Heab: obecrneynTh CTYICHTOB U MPENoiaBaTesield TEXHUYECKUMU pecypcaMu st 3¢-
(EeKTUBHOTO BBIMTOJHEHHS JTA00PATOPHBIX pabOT, PEIICHHS 3a]1a4 JIMHEHHON anreOpbl, aHAIUTH-
YeCKOW reOMEeTPUHU U MPUKIATHBIX 3aanuii B oonactu NUU.
3agauu:
— Opraau3anys J0CTyNa K BBIYACIUTEIBHBIM MOITHOCTSIM JUISt pabOThI ¢ MaTpHIla-
MU, BEKTOpaMH, MOJIMHOMaMH.
— Toanepsxka cpenpl nis peanuzanuu anroputmoB (SVM, PCA, perpeccus).
— Oobecneuenue copmectumocti ¢ [10, ykazanusim B PI1/1 (Python, PyTorch,
TensorFlow).
2. AnlnapatHble TpeOOBaHUS
Pecypc MunumanbHble TpeOOBaHUS Pexomenyemblie TpebOBaHuA
PabGoune cranmuu CPU: 4 anpa; RAM: 8 I'b; SSD: 256 I'b CPU: 8 simep; RAM: 16 I'b;
GPU: NVIDIA GTX 1660

Cepaepbl 16 anep CPU; 32 I'b RAM; 1 Th SSD 32 aapa CPU; 64 I'b RAM;
GPU: NVIDIA RTX 3090
CerteBas undpactpykrypa Cxopocts: 1 ['out/c; Wi-Fi 5 Ckopocts: 10 I'out/c; Wi-Fi 6

IIpumeyanue: 115 337124 CIIEKTPAIBHON Kitactepusanuu u SVD-pa3iokeHust KpUTHIHO
Hannune GPU.

3. IlporpamMmHoOe oGecnieueHue

O6s3arensHoe [10:
— SI3wbiku nporpammupoBanus: Python 3.10+, Jupyter Notebook.
— bubmuorexu: NumPy, SciPy, Scikit-learn, Matplotlib, SymPy.
—  @peitmBopku MU: PyTorch, TensorFlow.
— Cneuunanu3upoBaHHBIE HHCTPYMEHTBI:
— MATLAB (1 paGoThl ¢ MaTpHIIAMU ¥ ONPEACTUTEIIMHI).
— GeoGebra (ans BU3yanu3aly KPUBBIX U TOBEPXHOCTEH).

JInuensuposanue:
— MHcnonb3oBarts akagemuueckue auuen3nn MATLAB uepe3 kaMnycHYyIo ceTh
KyoI'V.
— becnnarnsie ananoru: GNU Octave (3amena MATLAB), SageMath (nms1 anre6pst
TTOJTAHOMOB).

4. Ob6navyHbIe U yIaJICHHBIE PEIICHUS
Baytpennue pecypcot Kyol'V:
— Jloctyn k Moodle ayis ckaunBaHus 1a00paTOPHBIX padoT.
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— Apenna BM uepe3 HPC-knactep Ky6I'Y (TpebyeTcst yueTHast 3a1uch).

[TyGnnunbie o0naka:
— Google Colab: becrimatasiii noctyn k GPU/TPU nmnis BeITOTHEHUS 3ajaHU pa3-
nena «lIpumenenue nuHeHo# anredps! 1 3agay MN».
— Kaggle: laracers! 11 perpeccuu u Kiactepu3aiuu (Hampumep, Boston
Housing).
VPN-goctym: st 6e30macHOro MoAKIIOYEHUS K BHYTPEHHUM pecypcaM By3a.
5. UHCTPpYKUMH 10 HACTPOIiKe
JlokanbHasi ycTaHOBKA (J1J1s1 CTY/ICHTOB):

bash

# Ycranoska Python-6ubanorek

pip install numpy scipy scikit-learn matplotlib jupyter torch tensorflow
Docker-konTeiineps! (1 BOCIIPOU3BOAMMOCTH):

I'oToBeiit 00pa3: docker pull kubsu/linear-algebra:latest (Bxiarouaer Python, Jupyter,

npeyCTaHOBJICHHbBIC OMOINOTEKH).

Nuterpanus ¢ 9bC:
Asropuzanus B ObC «Jlanb» u FOpaiit yepes equnsiii akkayHT Kyol'Y.

6. besonacHocTh JaHHBIX
HIudposanue: Bece nanHbie Ha cepBepax — B cocTosiHUM MoKost (AES-256) u ipu niepe-

nage (TLS 1.3).

JTHE).

PesepeHoe konupoBanue: ExxenHeBHbIC O3Karbl Ha OTACIbHBIN cepBep (retention: 30

Hoctym:

Crynentsl: Read-only k yueOHbIM MaTepuazam.
ITpenoxasatenu: [loaHble mpaBa Ha pelaKTHPOBAHME JTAOOPATOPHBIX padoT.

7. TexHu4eckasi MoaAePKKa
Yacer padotsr: [Ta-IIT, 9:00-18:00.

Kanansr cBs3u:
Yar B Teams: #support_linear_algebra.
Email: support-math@kubsu.ru.

ABapuiiHbie cirydan: ABTOMaTH4ecKoe onoBenienune uepes Telegram-6ota mpu oTkaze

cepsepa.

8. OnTumu3anus 3arpar
Apenna GPU: Ucnonb3oBats Google Colab Pro st sxonomuu Ha nokanbHbeix GPU.

becnnarabie AJIbTCPHATHUBBI:

SageMath Cloud — 1151 CHMBOJIBHBIX BBIYHCICHHIA.
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Deepnote — Jupyter-HoyTOyKu ¢ COBMECTHBIM JIOCTYTIOM.

9. Apanranusa asa g ¢ OB3

s c1aboBUIAIINX

ITO: NVDA (3kpaHHBIN TUKTOP) + BEICOKOKOHTPACTHBIA PEXHUM B Jupyter.
AmnmnapatHo: MonuTopsl 27" ¢ pa3pemenuem 4K.

5. IlepeyeHb OCHOBHOI M JONOJHHMTEJLHOH y4eOHOH JHMTepaTypbl, HEOOX0AMMOM

AJIs1 OCBOCHHUA JUCHUIIJIMHBI.

1.

5.1. YueOHas iuteparypa

Tartapaukos, O. B. Jluneitnas anreOpa ¥ aHAIUTAYECKAs] TEOMETPHS : yUeOHUK JIJIs BY30B /
O. B. Tarapnauxkos, A. C. Uyiiko, B. I'. lllepmues ; mox o6mei penakuueii O. B. Tarapauko-
Ba. - Mocksa : FOpaiit, 2025. - 273 ¢. - URL: https://urait.ru/bcode/556226 (mara obGparie-
Hust: 29.10.2024). - Pexxum goctyna: ais aBtopu3. nosb3oBarenei. - ISBN 978-5-534-
19275-9. Tekcr AICKTPOHHBIH.
http://megapro.kubsu. ru/MegaPro/UserEntry?Actlon Link_ FlndDOC&Id 146475&idb=0

COopHUK 3a/1a4 10 aHAIMTUYECKOW T€OMETPUH U JIMHEHHOH anredpe : yueOHoe mocobue s
By30B / JI. A. bexnemumiena, /[. B. bexnemumes, A. 1O. ITerpoBuu, . A. Uybapos. - 9-¢
u3n., crep. -  Caskr-Ilerepbypr : Jlawp, 2022. - 496 «c¢. - URL:
https://e.lanbook.com/book/190976 (mata obparuenus: 22.04.2022). - Pexxum moctyma: s
aBTopu3. mojib3oBareneid. - ISBN 978-5-8114-9224-4. - Tekct : SIEKTPOHHBIH.
http://megapro.kubsu.ru/MegaPro/UserEntry? Action=Link_FindDoc&id=148437&idb=0

[TpockypsixoB, Y. B. COopHuK 3a1ay 1o JMHEHHOH anredpe : yuebHoe mocobue i By30B /
. B. IIpockypsikoB. - 16-¢ u3n., crep. - Cankr-IletepOypr : Jlanb, 2022. - 476 c. - URL:
https://e.lanbook.com/book/183752 (nata obpamienus: 10.03.2022). - Pexxum noctyma: s
aBTopm3. monb3oBateneil. - ISBN 978-5-8114-9039-4. - Tekct : SJIEKTPOHHBIMH.
http://megapro.kubsu.ru/MegaPro/UserEntry? Action=Link_FindDoc&id=147141&idb=0

. I'opnau, b. A. Jlunelinas JIuneiiHasa anreOpa u aHaJIUTUYECKass T€OMETPUS : MPAKTUKYM JUIS

CTYACHTOB TEXHHYECKUX U SKOHOMMYECKHUX CIELUAIBbHOCTEH BY30B : yueOHOE rmocodue ais
By30B / b. A. I'opnaug, E. II. PoctoBa. - Cankr-IlerepOypr : Jlanp, 2021. - 144 c. - URL:
https://e.lanbook.com/book/162373 (nata obpamienus: 31.10.2023). - Pexxum poctyma: s
aBTopm3. monb3oBateneil. - ISBN  978-5-8114-6737-2. - Tekct : OSIEKTPOHHBIMH.
http://megapro.kubsu.ru/MegaPro/UserEntry? Action=Link_FindDoc&id=271520&idb=0
Wnbun B.A. Jlunelinas JIunelinas anreOpa U aHaJIMTUYECKasi T€OMETPUS | YUeOHUK Ui CTY-
JICHTOB YHUBEPCUTETOB U TEXHUYECKHX BY30B, 00YyYaIOLIUXCS IO crenuaibHoCcTAM "Mare-
matuka", "[Ipuknaanas matemaruka u uHpopmatuka" / B. A. Uneun, I'. 1. Kum ; Mockos-
CKHUH rocy/apcTBeHHbIN yHUBepcuTeT uMeHu M. B. JlomoHocoBa. - 3-€ u3n., nepepal. u 1011
- Mocksa: Ilpocnekt : MW3m-Bo MockoBckoro yHuBepcurera, 2025. - 393 c.
http://megapro.kubsu.ru/MegaPro/UserEntry? Action=Link_FindDoc&id=281584&idb=0.
Jlapun, C. B. Anrebpa u Teopust uucen. ['pymmbl, KOJblla W IMOJS . y4COHUK IS BY30B /
C.B. Jlapun. — 2-e wu3g., uchp. u jpom. — Mocksa : WznarensctBo HOpaiit, 2025. —
160 c. — (Bwicmiee oopazoBanue). — ISBN 978-5-534-05567-2. — TekcT : 3JeKTpOHHBIH //
OopasoBarenbhas miatdopma FOpaiit [caiit]. — URL: https://urait.ru/bcode/563870 (mara
obpamenus: 02.08.2025).

. LHy6epoumiep O.H. 3agaun u ynpakHeHHs MO aHAIMTHYeCKOi reomerpun. — M.: Hayka,

1970.
®dannees J1.K., Comunckuii 1.C. 3agauu mo BeIciie anredpe: yaeOHoe mocodue ist CTyAeH-
toB / JI.K. ®anneer, N.C. Comunckwmii. — 3. 12-e, crep. — CI16.: Jlanb, 1998. — 288 c.

Sun, X., Li, J., Kovalenko, A.V., Feng, W., Ou, Y. Integrating Reinforcement Learning and

Learning From Demonstrations to Learn Nonprehensile Manipulation //IEEE Transactions
on Automation Science and Engineering, 2023, 20(3), 1735-1744, DOI:
10.1109/TASE.2022.3185071, Q1
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10.

11.

12.

13.

14.

15.

16.

17.

Petukhova, A.V.; Kovalenko, A.V.; Ovsyannikova, A.V. Algorithm for Optimization of In-
verse Problem Modeling in Fuzzy Cognitive Maps. Mathematics 2022, 10, 3452. DOI:
10.3390/math10193452, Q1

Kirillova, E.; Kovalenko, A.; Urtenov, M. Study of the Current-Voltage Characteristics of
Membrane  Systems Using Neural Networks. AppliedMath 2025, 5, 10.
https://doi.org/10.3390/appliedmath5010010,

Kadurin, Artur, et al. "The cornucopia of meaningful leads: Applying deep adversarial auto-
encoders for new molecule development in oncology." Oncotarget 8.7 (2016): 10883.
Kadurin, Artur, et al. "druGAN: an advanced generative adversarial autoencoder model for
de novo generation of new molecules with desired molecular properties in silico.” Molecular
pharmaceutics 14.9 (2017): 3098-3104.

Polykovskiy, Daniil, et al. "Molecular sets (MOSES): a benchmarking platform for molecu-
lar generation models."” Frontiers in pharmacology 11 (2020): 565644.

Khrabrov, Kuzma, et al. "$\nabla® 2$ DFT: A Universal Quantum Chemistry Dataset of
Drug-Like Molecules and a Benchmark for Neural Network Potentials." Advances in Neural
Information Processing Systems 37 (2024): 36869-36889.

Polykovskiy, Daniil, et al. "Entangled conditional adversarial autoencoder for de novo drug
discovery." Molecular pharmaceutics 15.10 (2018): 4398-4405.

Hukonenko, Cepreit, Kanypun, Aptyp u Apxanrenbckas Exatepuna. ['myOokoe oOyuenue. "
W3narensckuii nom "Tlutep”, 2017.

5.2. lepuoauueckasi JuTeparypa
Kondepenunu A*:
. https://openreview.net/forum?id=FMMF1a9ifL
. https://openreview.net/forum?id=EIUrNM9U8c#discussion
. https://openreview.net/forum?id=JoO6MtCLHD
. https://aclanthology.org/2024.findings-emnlp.760/
. https://aclanthology.org/2020.coling-main.588/
. https://link.springer.com/chapter/10.1007/978-3-030-72113-8 30
. https://link.springer.com/chapter/10.1007/978-3-031-42448-9 10
. https://aclanthology.org/2024.findings-naacl.288/

0o N o ok~ w DN

5.3. llepuoauveckue U31aHusA:
ba3n1 qanabeix kommauuu «Mct Bero» http://dlib.eastview.com
Onekrponnas 6ubanoreka GREBENNIKON.RU https://grebennikon.ru/

5.4. UHTepHeT-pecypchl, B TOM YHcje COBpeMeHHbIe NpodeccuoHanbHbIe 0a3bl AaH-

HbIX U HHGOPMAIMOHHBIE CIIPABOYHbIE CHCTEMbI
Dnekmponrno-oudruomeunvie cucmemst (IbC):

1.
2.
3.
4.
5.

3BC «HOPAMT» https://urait.ru/

9BC «YHUBEPCUTETCKAS BUBJIMOTEKA OHJIAMH» http://www.biblioclub.ru/
3BbC «BOOK.ru» https://www.book.ru

3bC «ZNANIUM.COM» www.znanium.com

3BC «JIAHb» https://e.lanbook.com

Ilpogpeccuonanvuvie 6a3vi OanHbIX

1.

Scopus http://www.scopus.com/
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https://openreview.net/forum?id=FMMF1a9ifL
https://openreview.net/forum?id=ElUrNM9U8c#discussion
https://openreview.net/forum?id=JoO6mtCLHD
https://aclanthology.org/2024.findings-emnlp.760/
https://aclanthology.org/2020.coling-main.588/
https://link.springer.com/chapter/10.1007/978-3-030-72113-8_30
https://link.springer.com/chapter/10.1007/978-3-031-42448-9_10
https://aclanthology.org/2024.findings-naacl.288/
http://dlib.eastview.com/
https://grebennikon.ru/
https://urait.ru/
http://www.biblioclub.ru/
http://www.book.ru/
https://znanium.com/
https://e.lanbook.com/
http://www.scopus.com/

ScienceDirect https://www.sciencedirect.com/

Kypuanst uznarenscrea Wiley https://onlinelibrary.wiley.com/

Hayunas snextponnas 6ubdaunoreka (HOB) http://www.elibrary.ru/

ITomHOTEKCTOBEIE APXUBbBI BEAYIIUX 3allaAHbIX HAYYHBIX XXYpPHAJIOB HAa Poccuiickoi miat-
(bopMe Hay4HbIX xkypHaaoB HOMKOH http://archive.neicon.ru

6. HanwmonanbHas 3neKTpoHHAs OMOIMOTEKA (IOCTYI K DJIEKTPOHHOW OMOIHMOTEKEe IuccepTa-
it Poccuniickoit rocymaperenroi ouomuoreku (PT'B) https://rusneb.ru/

7. Tlpesunenrckas oubnmuoreka um. b.H. Expumna https://www.prlib.ru/

8.  baza ganneix CSD Kemopumkckoro nieatpa kpucramiorpadpuueckux ganusix (CCDC)
https://www.ccdc.cam.ac.uk/structures/

9.  Springer Journals: https://link.springer.com/

10.  Springer Journals Archive: https://link.springer.com/

11.  Nature Journals: https://www.nature.com/

12.  Springer Nature Protocols and Methods:
https://experiments.springernature.com/sources/springer-protocols

13.  Springer Materials: http://materials.springer.com/

14. Nano Database: https://nano.nature.com/

15.  Springer eBooks (i.e. 2020 eBook collections): https://link.springer.com/

16. "Jlekropuym TB" http://www.lektorium.tv/

17.  YuuBepcuterckas napopmarmonnas cucrema POCCHUS http://uisrussia.msu.ru

oW

Becnnamuvie obpazoseamenvhvie pecypcol
1. Jupyter Notebook — nHTEepakTHBHBIC BHIUHCIICHUS
2. Visual Studio Code — penaktop koza ¢ mojaepxkoi Python
3. Google Scholar/arXiv — goctyn k Hay4HBIM MyOIHKAIUSIM

Pecypcuvl c6ob600H020 docmyna

1. KubepJlenunka http://cyberleninka.ru/;

2. AmepukaHckas nmaTeHTHas 0a3a maHHbIX http://www.uspto.gov/patft/

3. MuHnucTepcTBO HAyKHU U BhICIIETr0 oOpa3zoBanus Poccuiickoit denepannn
https://www.minobrnauki.gov.ru/;

4. ®enepanpHblii mopTan "Poccuiickoe oopazosanue” http://www.edu.ru/;

5. Hudopmanmonnas cuctema "EnuHOe OKHO 10cTyma K 00pa3oBaTelbHBIM pecypcam”
http://window.edu.ru/;

6. Enunas xomekuus nu(poBsix oOpa3oBarenbHbIX pecypcos http://school-collection.edu.ru/ .
7. Ilpoext I'ocynapcTBeHHOT0 HHCTUTYTA pycckoro si3bika uMeHu A.C. Ilymxkuna "OGpa3oBa-
Hue Ha pycckom" https://pushkininstitute.ru/;

8. CmpaBouHo-uHDOpMAMOHHBIH mopTai "Pycckuii s361k" hitp://gramota.ru/;

9. Cyx0a TeMaTHYECKHX TOJKOBBIX ciioBapeit http://www.glossary.ru/;

10. Cnosapu u suiuksioneauu http://dic.academic.ru/;

11. OOGpa3oBatenbHblil moptan "Yuebda™ http://www.ucheba.com/;

12. 3akonompoekt "O6 oOpazoBanuu B Poccuiickoit ®eneparun'. Borpock! u otBetsI http://Xn--
273--84d1f.xn--plai/voprosy _i_otvety

Cobcmeennvie a1ekmponHble 00pazoeamenvhvle U UHGopmayuonusie pecypcovl Kyol'yV

1. OnextponHbIi KaTanor Hayunoii 6ubnmmnorexu Kyol'yY
http://megapro.kubsu.ru/MegaPro/Web

2. DnextpoHHas Oubnmoreka TpyaoB yueHsix Kyol'yY
http://megapro.kubsu.ru/MegaPro/UserEntry? Action=ToDb&idb=6
3. Cpena monyibHOro AMHAMHYecKkoro oOydenus http://moodle.kubsu.ru
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https://www.nature.com/siteindex/index.html
https://experiments.springernature.com/sources/springer-protocols
http://materials.springer.com/
https://nano.nature.com/
https://link.springer.com/
http://www.lektorium.tv/
http://uisrussia.msu.ru/
http://cyberleninka.ru/
http://www.uspto.gov/patft/
https://www.minobrnauki.gov.ru/
http://www.edu.ru/
http://window.edu.ru/
http://school-collection.edu.ru/
https://pushkininstitute.ru/
http://gramota.ru/
http://www.glossary.ru/
http://dic.academic.ru/
http://www.ucheba.com/
http://273-фз.рф/voprosy_i_otvety
http://273-фз.рф/voprosy_i_otvety
http://273-фз.рф/voprosy_i_otvety
http://megapro.kubsu.ru/MegaPro/Web
http://megapro.kubsu.ru/MegaPro/UserEntry?Action=ToDb&idb=6
http://moodle.kubsu.ru/

4. ba3a y4eOHBIX IJIAHOB, y4eOHO-METONYECKUX KOMITJIEKCOB, IMMyOJIMKAIIMNA U KOH(epeHIIHiA
http://infoneeds.kubsu.ru/

5. bubnuorexka nHPOPMAIIMOHHBIX peCcypcoB Kadeapbl HHOOPMAITMOHHBIX 00pa30BaTEIbHBIX
texHojorui http://mschool.kubsu.ru;

6. DuekTpoHHBIH apxuB gokymenToB KyoI'Y _http://docspace.kubsu.ru/

7. DneKTpoHHBIE 00pa3oBaTelbHbIE pecypchl Kadeapbl HHGOPMAITMOHHBIX CHUCTEM U TEXHOJIO-
ruii B obOpazoBanun Kyol'Y um nHayuHo-merommyeckoro >xypHaia "IIKOJIBHBIE T'OJIbI"
http://icdau.kubsu.ru/

Ilepeyenb pecypcoB MH(POPMAIMOHHO-TEJEKOMMYHHUKAIIMOHHON ceT «HTEepHeT»,

B TOM 4HCJIe COBpeMeHHbIe MpodeccHOHAIbLHBIE 0a3bl JaHHBIX U HHGOPMALIMOHHBbIE CIIPAa-
BOYHbIE CHCTEeMbI, He00X0AUMbIe 1JIs1 OCBOCHH S TMCUMIJIMHbI.

1. CnpaBouno-npaBoBas cucrtema «KoncynbranT [Irocy (http://www.consultant.ru)

2. Tlopranm oTKpeITHIX HaHHBIX Poccuiickoit ®enepepanuu https://data.gov.ru

3. baza OTKpBITBIX JaHHBIX MUHHUCTEPCTBA TpyAa M CONMAIBHOW 3ammThl PD
https://rosmintrud.ru/opendata

4. baza nanabix Hayunoii anekrponnsiii oudnrnoreku eLIBRARY.RU https://elibrary.ru/

5. ba3za ngannbix Bcepoccuiickoro MHCTUTYTa HaydyHOW M TexHH4Yeckoi mHpopmanuu (BU-
HUTU) PAH http://lwww2.viniti.ru/

6. ba3pl nanHbBIX B cdepe MHTEIIEKTYalbHOM COOCTBEHHOCTH, BKIIIOYAs MAaTEHTHBIE Oa3bl
JaHHBIX WWW.rusnano.com

7. ba3pl JaHHBIX ¥ aHATUTUYECKUE MyOIHUKAIMU «YHUBEPCUTETCKAasd WH(OPMALlMOHHAS CU-
crema POCCH Iy https://uisrussia.msu.ru/

8. Bukunenus, cBoOoaHas SHUMKIONeaus. [JnektpoHHbeldi pecypc]. — Wikipedia
http://ru.wikipedia.org

9. http://math.nsc.ru/LBRT/k5/opt.html (MuTennekTyanbHble METOIbI ONTUMH3AIINH, Y4eO-
HOE TIocobue)

6. MeToauuecKkue YKazaHnusl 1Jisd Oﬁy‘lalOIlll/IXCﬂ M0 OCBOCHHUIO JTUCHMIIJIMHBI.
TeOpeTI/I‘leCKI/IC 3HAHUA 110 OCHOBHBIM pa3JiciaM Kypca «Anre6pa " reoMCeTpus» CTYACH-

Tl IPUOOPETAIOT HA JIEKIUAX U MPAKTUUECKUX 3aHATHUAX, 3aKPEJISIOT U PacIIUpPSIOT BO BpeMs
CaMOCTOSITENIbHOM pabOThI.

Jlekumu 1o Kypey «Airedpa ¥ reOMeTpHs» MPEACTABIAIOTCS B BUJIE H3JI0KEHUS MaTepH-
aJla TI0 TeMe JIEKIIMH C JIEMOHCTpAIlMe Mpe3eHTallil M0 OTAEIbHBIM OCHOBHBIM TeMaM IIpO-
TpaMMBI.

Jlnst yrnyOneHust M 3aKperyieHHus TeOPETUYECKUX 3HaHUM CTy/IeHTaM peKOMEHyeTCsl Bbl-
MOJTHEHUE OIPEeNIEHHOI0 00beMa CaMOCTOSATeNNbHONU paboThel. OO1Mii 00beM YacoB, BBIACICH-
HBIX JUISI BHEAYJUTOPHBIX 3aHATHH, COCTaBIseT 75,6 yaca.

B pamkax camMOCTOSTENbHON MO3HABATEIbHOM NEATENBHOCTU CTYIEHTaM TaKXKe Mpeasa-
raeTcsi H3y4nTh HEKOTOPhIEC Pa3/IeNbl, He BOIICIIINE B JIEKIIMOHHBINH KypC.

BreaynutopHast paboTa Mo IucHHIDIHHE «Anredpa U TeoMeTpHs 3aKII0YaeTcs B cie-
JYIOILEM:

— MOBTOPEHHE JIEKIIMOHHOTO MaTepuasa U NpopadoTka yueOHUKOB U y4eOHBIX TOCOOMIA;

— MOJTrOTOBKA K MPAKTUYECKUM 3aHATHIM;

— npopaboTKa TeM, BBIHECEHHBIX Ha CAMOCTOSTENIbHYIO MOJITOTOBKY.

Jlnist 3aKperuieHnss TeOPETUYECKOr0 MaTepuana M BBIMOJIHEHUS] KOHTPOJIUPYEMBIX CaMo-
CTOSITENIBHBIX Pa0OT MO AMCLUUIUIMHE BO BHEYYEOHOE BpEMs CTYJEHTaM IPeNOCTaBIsEeTCsS BO3-
MO>XHOCTb TMOJIb30BaHms Onbamorekoit Kyol'Y, Oubnuorexkoit gakynbTeTa KOMIBIOTEPHBIX TEX-
HOJIOTUH ¥ MPUKIIAJHONH MaTeMaTHKH, BO3MOXHOCTSMU KOMIIBIOTEPHOIO KJiacca (hakysbTeTa.

WTOroBeIif KOHTPOJIb OCYIIECTBIISIETCS B BUJIE 3aYETOB U AK3aMEHOB.
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B ocBoeHMn DUCIUIUIMHBI MHBAIMIAMHU U JIMIAMH C OTPAaHMYCHHBIMH BO3MOXKHOCTSIMH
3I0pOBbsI OOJIBIIOE 3HAYEHHWE HMMEET WHAMBHIyaldbHas y4yeOHas paboTa (KOHCYIbTAIUH) —
JIOIOJTHUTEIHOE PAa3bsICHEHUE yu4eOHOro MaTepHaa.

I/IH[[I/IBI/IZ[yaJIBHBIG KOHCYJIbTalMM 110 HOpPCAMETY ABJIAIOTCA  BaKHBIM (l)aKTopOM,
CHOCO6CTByIOH_[I/IM HHIUBUAYaAJIU3allun O6y‘-ICHI/I$I N YCTAHOBJICHUIO BOCIIMTATCIIbHOTO KOHTAKTA
MEXIy TMpernojaBaTeieM H OOy4JaroUMMCS HMHBAIWIOM WM JIMIOM C OrPaHMYCHHBIMH
BO3MOXKHOCTSIMU 37I0POBBSL.

B ocBoeHHMH IUCHMIIMHBI MHBAIMAAMU W JIMLIAMH C OTPAHUYEHHBIMU BO3MOXXHOCTSIMU
30pOBbsi OOJIBIIIOE 3HAYCHUE WMEET WHAWBHUJyalbHas ydeOHas pabora (KOHCYJbTAIlMH) —
JIOTIOJIHUTEIBbHOE pa3bsiICHEHNE Y4eOHOro Marepuara.

I/IHI[I/IBI/II[yaJIbHBIe KOHCYJIbTalUK 110 HOPCAMETY ABJIIOTCA Ba’XHBIM (baKTOpOM,
CHOCOOCTBYIOUIMM MHAMBUAYAIN3aLUU OOYYEHHUS U YCTAHOBJIEHUIO BOCHUTATENBHOIO KOHTAKTA
MCKAY MNOperoAaBaTciicM M O6y‘-IaIOHII/IMC$I HHBAJIMAOM WJIMA JIMOOM C OI'PaHUYCHHBIMU
BO3MOYKHOCTSIMH 3/10POBbSI.

[lonxon, onpenenstoniuii ycranosienue coorserctBus kericos UII u VI'T (5-7), no3Bo-
J5IeT 4YeTKO COOTHOCUTH 3Tallbl Pa3BUTUS TEXHOJOIMU C BOBJICUEHHOCTHIO MMAPTHEpPA U CHUXKATh
PHUCKH IIPU NIEPEXO/IE OT JA0OPATOPHBIX UCIBITAHUN K IPOMBIIIJIEHHOMY BHEIPEHUIO.

Keiichl 1)1 HHAYCTPHAJIBLHBIX NAPTHEPOB
1. IlpuMeHeHune MaTpHIl B 3aJ]a4e perpeccHu AJsl CTPOMTEIbHONH OPpraHu3anuu

Onucanmue:
CrpoutenbHasi OpraHuzaiys IIaHUPYET PeaIn30BaTh KPYIHbBIN CTPOUTEIbHBIA IPOEKT U XOUET
3apaHee OIEHUTh PeHTA0eNbHOCTh MPOEKTA, OCHOBBIBASICH HA MPEABAPUTEIHHOM (PHHAHCOBOM
aHaJIn3e.

Opranu3zanus coOupaeT CTaTUCTHKY O paHee BBITTOJIHEHHBIX 00BEKTaX, BKITFOYAIOIINX Ta-
KHe (haKToOpbl, KakK:

1. 3aTpatsl Ha MaTepuaisl (materials_cost);

2. CroumocTb paboueii cuibl (labor cost);

3. Bpewms cTpouTtenscTBa (construction time, MecCsIIbI);

4. Mecrononoxenue crpouriomanku (location score, 6amt ot 1 mo 10, rme 10 —
Han0oJiee MPUBJIEKATEIIBHOER);

5. UroroBas noxomgHocts npoekTa (profit_ margin, %).

Heanb: co3nanre MaTeMaTHIECKOW MOJICITH, IIO3BOJISIONICH MPOTHO3UPOBATH JIOXOTHOCTh
HOBOTO CTPOUTENHHOTO MIPOEKTa HA OCHOBE BHIIICYKA3aHHBIX TAPAMETPOB.

Pemenmne:

Koaddumentsl Mosiean HAX0IUM C IIOMOIIBIO MATPUYHON (OPMYJIBI C YUETOM MEPBO-
HayaJIbHO 3a/1aHHON TaOJINIIBI:

B=(X"X)*XTy

Pacder nmpoBoauTcst cCTaHAAPTHRIMU HHCTPYMEHTaMH JTMHEWHOW anreOpsl (Hampumep, B
Python ¢ ucnons3zoBanuem Oubauoreku NumPy).

Oxuaemblil pe3yJibTaT:
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Co3manrie MOJIEeN PErpeccrur ¢ MCIOJIb30BaHUEM MATPHIl U JIMHEWHOW anreOphl MO3BO-
JSET CTPOUTEITHHON OpPraHHU3AIMKA TOYHO OIEHUBATH OYAYIIYIO JOXOMHOCTH IMPOCKTOB HA JTare
wianupoBaHus. Takoil MOAXOJ yMEHbIIAET PHUCKA HMHBECTHPOBAHMS, IO3BOJIIET TIPAMOTHO
YIIPaBJIATH PECYpCaMU U MOBBIIIAET KOHKYPEHTOCTIOCOOHOCTh KOMITAHUU Ha PHIHKE.

2. Ucnosib30BaHNEe METO/Ia ONMOPHBIX BeKTOPOB (SVM) sl Kiaaccu(puKauum y4act-
KOB 3eMJIN

Onucanmne:

CTpOI/ITeJIBHaH KOMIIaHHA BJIaACCT 0OIBIINM KOJIMYSCTBOM 3EMEIIbHBIX Y4aCTKOB pa3H0171
IIPUPOABI U KETACT pa3ACIINTh UX Ha ABC KAaTCTOPUU:

YyacTku BBICOKOMU HHBeCTHHI/IOHHOﬁ IIPpUBJICKATCIbHOCTH (FOTOBBI JUIA SaCTpOﬁKH J0po-
THUMU KHUJIBEM HJIM KOMMCPYCCKUMHA 3I[aHI/I$IMI/I).

[IpobGneMHubIe y4acTKu (MMEIOT HEIOCTAaTKH, YCIOXKHSIOT 3aCTPOUKY JMOO JENalT yda-
CTOK MEHEE MPHUBJICKATEILHBIM).

Hean:

Heo6xoanmo pa3paboTaTh MOJIENb, KOTOPasi CMOYKET aBTOMATUYECKH KJIACCH(PHUIIMPOBATH
3eMeJIbHbIC YYACTKHU Ha JIB€ YKa3aHHBIE BBIIIE KATETOPUH, UCXOS U3 HEKOTOPBIX MIPU3HAKOB,
TaKUX Kak:

[Tnomane yuactka (B COTKax).

BeicoTa penbeda (cpeaHsist BbICOTa HaJl ypOBHEM MOpSI).

brauzocTs k ropoxay (paccTosiHUEe A0 OJMKaMIIEro HaCeIEHHOTO IMMyHKTA).
YpoBeHb IPYHTOBBIX BOJ (TJTyOHUHA 3aJeTaHus).

[TpucyTrcTBHE HHPPACTPYKTYpHI (HATHUUE 3JIEKTPUUYECTBA, BO/IbI, ra3a).

agkrownE

3HaYeHUs 3THX MPU3HAKOB U3BECTHBI JJISI KAXKA0I'0 Y4aCTKa, U UMECTCA HEKOTOPOC KOJIN-
YCCTBO NPEABAPUTCIIBHO PA3SMCUYCHHBIX YUaCTKOB (BTaJ'IOHHBIX JIaHHI:IX), MO3BOJIAOIIIUX O6y‘~II/ITI>
MOACIIb.

O:xupaemMbli pe3yJbTar:

OTtzen aHATMTUKY NOJIy4aeT HOBYIO IAPTHUIO 3€MENIbHBIX YYAaCTKOB AJI1 BO3MOXKHOH T10-
KYIIKH.

3. «OnTumMu3anus pasMenieHusi 0aHKOMATOB ¢ MOMOIIbI0O METOJ0B JIMHEHHOI aJi-
re0pbl 4 reOMETPUYECKOT0 MO/1eJINPOBAHUS»

Onucanue:

COepbaHK X0UeT ONTUMHU3UPOBATH CETh 0AHKOMATOB B TOPOJIE, YTOOHI:

. MUHUMHU3HUPOBATH «MEPTBBIE 30HBD) (PalilOHBI C TUIOXOW JOCTYITHOCTHIO OaHKOMa-
TOB),

. o0ecreynTh paBHOMEPHYIO Harpy3Ky Ha YCTPOUCTBa,

. y4ecTh orpaHuyeHus (Or0KeT, 6€30MacHOCTb, MEeMIeX0AHbIN TpaduK).

ean:

Heo6xomumo pa3paboTaTh MOJI€Th, KOTOPAst CMOXKET aBTOMAaTHYECKH KJIaCCU(DHUITMPOBATH
3eMeINbHbIC YYaCTKH Ha JIBE YKa3aHHBIC BBIIIE KATETOPHH, UCXO/IS U3 HEKOTOPHIX MPU3HAKOB,
TaKHUX Kak:
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1. Jluneitnas anrebpa — paboTa ¢ MaTpuiiaMu pacctostHui, SVD-pa3znoxenue s aHa-
JN3a IPOCTPAHCTBEHHBIX MATTEPHOB.

2. AHamuTHdeckas reoMeTpusi — pacdET 30H MOKPBITUS (OKPYKHOCTH, JUIHIICHI), ONITH-
MaJIbHOE PACIOJIOKEHUE TOYECK.

3. BekropHble mpocTpaHCTBa — MPEJCTABICHUE NAaHHBIX O KJIMEHTax U OaHKoMarax B
BUJIC BEKTOPOB.

3HaueHus ATUX MPU3HAKOB U3BECTHBI AJI KAXKIOr0 y4yacTKa, 1 UMEETCs HEKOTOpOe KOJH-
YECTBO MPEIBAPUTEILHO Pa3MEUCHHBIX YIACTKOB (dTAIOHHBIX JIAHHBIX ), TO3BOJISIFOIIMX O0YUUTh
MOJ1eIb.

Pemienue:

MarpuuHoe npeacTaBieHue

['opoackas TeppuTopus NpeCTaBIIEeTCs B BUIE MATPUIBI A pa3MEpoM mXn, TJe Kax-
JIBIIA AJIEMEHT aij COJIEPIKUT:

. [InoTHOCTH HaceneHus
. YpoBeHsb crpoca Ha yCIIyru
. DOUHAHCOBYIO aKTUBHOCTbH pailoHa

MCTOI[ HanMMCHBIINX KBAaJPaTOB
HpI/IMeHHeTCH JJIs1 MUHHUMM3 a1 paCCTOHHHﬁZ

min Z fi'yz' —|— Z Z CijTij

el i€l jed
k
miny> 3 1z —
i=1 z€C;

rae C_I - K1acTepsl KJIMEHTOB, |L 1 - TIO3UIUH OAaHKOMATOB.
I'eomeTpuyeckune noaxo bl

Jnarpamma BopoHoro

[To3BossieT pa3aenuTh TEPPUTOPUIO HA 30HBI OOCITYKUBAHUS:

. Kaxxapiit 6ankoMat o0cayKuBaeT OIMKaNlITyto 001acTh
. ['paHUIIBI 30H - IEPIIEHANKYIISPHBIE OMCCEKTPUCH MEKITY TOUKAMHU
3amaua pasmerienus oobekToB (Facility Location Problem)
PopMyIHMpOBKa:

minz fﬂ i + Z Zcij.l'ij

i€F i€F jeC

rue:
. F - moTeHnmanbHbIC MECTa yCTAaHOBKH
. C - KITMeHTCKUE JIOKaIuu
. f_i - cTOMMOCTh YCTaHOBKH
. c_{ij} - croumocTh 00CTy)KMBaHUs KJIMEHTA | Yyepe3 OaHKoMar 1
IIpakTrueckas peanuzanus
1. COop maHHBIX: MJIOTHOCTh HAacEIeHUsI, (UHAHCOBBIE TPAH3AKIIMHU, TPAHCTIOPTHBIE

Y3JIBI
2 ITocTpoenne maTpuIsl cipoca
3 [Tpumenenue anropurmoB kinacrepusarmu (k-means, DBSCAN)
4. OnTuMu3anus ¢ yueToM OrpaHUICHHH
5. Busyanuzanus pe3ynbTaToB € IOMOIIbIO TEOMETPUUECKUX MOETICH

[Ipumep anropur™Ma Ha Python (ympoiieHHbI)
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python
import numpy as np

from sklearn.cluster import KMeans

points = np.array([[x1l,yl,wl], [x2,y2,w2], ...])

k =5

kmeans = KMeans (n_clusters=k)

kmeans.fit (points[:,:2], sample weight=points[:,2])
atm positions = kmeans.cluster centers

O:xupaemblii pe3yJibTaT:
KomOunaust MeTo10B TMHEHHOM ajireOpbl M T€OMETPUIECKOTO MOJICTUPOBAHUS TTO3BO-

JISIeT:
. CHU3UTD 3aTpaThl HA YCTAHOBKY U 00CITy’KUBaHUE
. VYIIy4lIuTh JOCTYIHOCTh OAHKOBCKHX YCIIYT
. AJlantupoBaTh CETh OAHKOMATOB K MU3MEHSIOIIEMYCS CITPOCY
. [TpuHuMaTh 000CHOBaHHBIE PELICHHUS HA OCHOBE JIaHHBIX

OTtzen aHAMTUTUKY NOJTy4aeT HOBYIO APTHIO 3€MEJIbHBIX YUaCTKOB JJIs BO3MOXKHOM 1O-
KYTIKH.

1. Hepeqeﬂb HH(l)OpMaIII/IOHHI)IX TeXHOJIOI‘I/Iﬁ, HUCII0JIB3YEMBIX IPH OCYINECTBJICHUM
06p830BaTe.]'le0F0 nmpoiecca

7.1 llepeyeHb HH(POPMALUOHHBIX TEXHOJIOTHIA.

1. O6saunble IIaTHOPMBI U CEPBUCHI
cloud.ru,YandexCloud,AWS/GCP/Azure— o6iaydble BEIYACICHUS

2. CucteMsbl yIpaBlIeHUs BEPCUSIMH U KOJUTabopauu
Git/GitHub/GitLab — xonTponBs Bepcuii Koga 1 coBMecTHas pa3paboTka
3. Cucrema yripaBiieHHS 00yICHHEM

Moodle — caaya pabot

7.2 llepevyeHb HEOOXOAMMOI0 MPOrPAMMHOI0 00ecneYeHHUs.
1. Csoboanoe ITO (Open Source)
GitLab, GIT, MLFlow, Docker, Kubernetes, Terraform.
2. Omneparmonnas cuctema MS Windows.
3. HurerpupoBannoe oducHoe npunoxenne MS Office.

4. TIporpammHOe OOecrieueHne Tl OPraHU3aI[iH YIIPABISIEMOTrO KOJUIEKTHBHOTO U
Oe3omacHoro nocryna B IHTEpHeT.

5. S3wiku mporpammupoBanus: Python, JavaScript, C++, Java

6. ®peiimBopku: PyTorch, TensorFlow.

7. Google Colab — o6aunas cpena s BeimonHeHus koga va Python ¢ GPU/TPU

8. Kaggle — mnardopma ans paboTel ¢ Jaraceramu U copeBHOBaHHM 10 ML
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8. MaTepuaibHO-TeXHHYECKO0e o0ecreyeHue mo JuCuIinae (MoayJir)

IIponyxr [Tapamerpsl npoxykTa Kon-Bo I;CI)/IHF;S;;EOH%_ En. uzm.
Bupryansnas Buptyansnas mamuna 10% 1 60 e
ManiuHa vCPU 2 vCPU 4 RAM
OC Ubuntu 22.04 1 It
CucreMubIl qguck SSD 1 T
10 I'c
Apenna my6auunoro IP 1 It
BupryabHas Bupryanpnas mammna ¢ GPU
vammia ¢ GPU NVIDIA® Tesla® V100 2 GPU 1 1 116y
8 vCPU 128 I'b RAM
OC Ubuntu_24.04 1 T
Cucremuslii quck SSD 1 It
2000 I'c
Huck SSD 1 LT
4096 I'o
Huck SSD 1 It
4096 I'o
Apenna nyoauusnoro IP 1 [T
K8S Master node 8 vCPU 16 RAM 1 1 It
Worker node 10%
ey noist 4 vCPU 5 e
Worker node SSD-NVME 64 I'
Apenna nyoianysoro IP 1 [T
é\tﬂahclgti_e;%r;cg I!’rb Bpems paGoTel B Mecsin 40 1 4
Hucranc 8§ x NVIDIA® H100
NVLink PCle 160 vCPU 1520 1 [T
GB RAM
Eg;g;:;mo 3anpocoB kK ML- 1 Mo, 1T
Ko ML-moneneit 160 I'o
LLM Toxens! GigaChat 2 Max 50 Mos. T
Tokenst Embeddings 400 Mus. Lt

I[OHOJ'IHI/IT CJIBHBIC O6J’I3.‘-IHBIC pecypcm Hpe,ILOCTaBJIHIOTC}I TCXHOJIOTI'NMYCCKHUM HapTHCpOM Yandex
Cloud.

MaTepnanbﬂo-TeXanecxoe o0ecneueHnue JAUCIHUIIJIMHBI 1

Bun pator
OCHAIIEHHOCThH
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1. JlexunoHHbIe 3aHATUS | JIeKuoOHHas ayauTopusi, 000pyI0BaHHAs BUACOMPOCKTOPOM U
skpaHoM, ayna. 129, 131, A 301 6, A 305, A 307.
2. Cemunapckue 3anatus | He mpegycMoTpeHbl
3. JlaGopaTopHble 3aHs- | AyTUTOpUH JUIsl J1a00paTOPHBIX 3aHATHH, O0OPYIOBaHHBIC
THA nmockamu, aya. 129, 131, 133, 147, 148, 149, 150, A3016,
A305, A307, A512, 100C.
4. KypcoBoe mnpoektupo- | He npenycMorpeno
BaHUeE
S. I'pynnoBeie  (MHAUBHU- | AyauTopus, o0opyaoBaHHas JOCKOH, ayn. 129, 131, 133, 147,
nyanbHbIe) KoHcynbTa- | 148, 149, 150, A 301 6, A305, A307, A512, 100C.
105071
6. Texkymuii  KOHTpOJIb, | AynuTopus, 000pyaoBaHHas 1ockou, aya. 129, 131, 133, 147,
npoMmexxyTounas arrte- | 148, 149, 150, A 301 6, A305, A307, A512, 100C.
cramus
7. CamocrosTenbHas pa- | KaOuHer a1 caMOCTOSTEIIBHON pabOThl, OCHAIICHHBIA KOM-

oora

MBIOTEPHON TEXHUKON C BO3MOXHOCTHIO MOAKIIOYEHUS K CETH
«MHTepHeT», mporpaMMon 3KpPaHHOTO YBEIHUYEHUs U obecrie-
YEHHBI JIOCTYIIOM B  JJIEKTPOHHYIO  HH(OPMAaIHOHHO-
00pasoBarenbHyI0O Cpeny yHuBepcutera, aya. 102-A u yntaib-
HBIN 3aJ1.

[Tpumeuanue: Kontkperuszanus aynuropuii u ux ocHamienue onpenensercs OITOIL
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