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1 Hean u 3aga4uu N3y4eHUs IMCHUILIHHBI.

1.1. Ileanb ocBoeHHs TUCHHUILINHBI.

JucuumiuHa HampaBieHa Ha (GOPMHUPOBAHUE y CTYIEHTOB IITyOOKOTO MOHMMaHUs (PyH-
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 MCIIOJIb30BAHUEM 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 peIIaTh MPUKIIATHBIC 3aa4H.

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

HIeHHUs] TPUKIAJAHBIX 3a]1a4, BIAJCIOIIUX JOCTATOYHBIMU 3HAHUSIMHU OCHOBHBIX
TEOPETUUECKUX MOJIOKEHUH Kypca «Anredpa U reOMeTpHs»;

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-
CHUOHAJIbHBIX U CIICIUATBHBIX TUCIUILINH;

v dbopMupoBaHUEe MPUBBIYKU K CTPOTOCTH B (POPMYITUPOBKH H3IOKEHHS MaTepHaia,
K JIOTHYE€CKH HETIPOTUBOPEUMBOM 1I€TI0UKE BHIBOJOB U 3aKIIFOUEHUI;

v pa3BUTHE HABBIKOB HCIOJIH30BAHUS JIOTMYECKUX CHMBOJIOB JUISl CHKAaTOM 3amucu
pacCyXJIEHUI U TEOPEM;

v pa3BUTHE y CTYJIEHTOB HABBIKOB CAMOOOPA30BAHHUS.

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

JucuuruinHa «AnreOpa U reoMeTpus» OTHOCHTCS K oOs3aresnbHOM yactu biokal "[luc-
LUIUIMHBI (MOAYNH)" y4eOHOro IIaHa.

Jlannas aucuuiuiinHa (AnreOpa U reoMeTpusi) OTHOCHUTCS K 0a3oBoit uactu (b1) matema-
TUYECKOTO U €CTECTBEHHOHAYYHOI'O IUKJIA JUCUUIUIMH U UMEET JIOTUYECKYIO U COJIEPKaTeIbHO
— METOJMYECKYI0 B3aMMOCBSI3b C JUCLMITIMHAMU OCHOBHOM 00pa3oBaTeIbHON NPOrpaMMBbl.
JucnunimHa 0a3upyercs Ha KOMIIETEHUUAX, C(OOPMUPOBAHHBIX Ha MPEAbIAYIIEM YpOBHE 00pa-
30BaHus. i1 u3yueHus: anreOpel U T€OMETpUM TpeOyeTcsl KaueCTBEHHOE 3HAHME IIKOJIBHOTO
Kypca anredpbl, FeOMETPUH, TPUTOHOMETPHUH, HadaJl aHATTU3a.

OcBoeHne TaHHON AUCHUIUIMHBI HEO0X0AUMO 00YUaIOIIeMYyCsl ISl YCIEIIHOTO OCBOSHUS

CIEYIOIINUX TUCIUILINH: «HUCIeHHbIE METOIbI», « HTeNIeKTyanbHbIe METOABl ONTUMHU3AIIUN,
«MHOTOMEpPHBIN  CTaTUCTUYECKUI aHanu3 JaHHBIX» © Jp., a Takke B ydeOHO-
HCCJIeI0BATEIbCKOM padoTe.

Kypc «Anrebpa u reometpus» uutaercs cryneHTaMm 1-ro kypca (1-it u 2-if cemecTpsl).
[IporpamMma paccunTaHa Ha CTYIE€HTOB, B ITOJIHOM Mepe OCBOMBIIUX IIKOJbHBIA KypC MaTeMaTH-
KH.

1.4. TIpodeccuoHajlbHbIE POJIH B CTPYKTYpe 00pa3oBaTe1bHOI MPOrpaMMsbl
Pons 1: Data Analyst (Ananumux oannwix)

N3BrieueHne 3HaHUI U3 JAHHBIX, IOCTPOECHUE AHATUTHYECKUX MOJENEHN, HCIIOJIb3YIOIINX
MO u .



3amaun:

1. CratucTudeckuil aHaan3, BU3yaJIn3alysl TaHHBIX, peBapuTeIbHas 00padoTKa.
2. CoznaHue MpOrHO3HBIX MOJIEIIeH

3. IlocTpoeHne aHATUTUIECKUX MOJAETICH /Ui OJICPKKU OM3HEC-PEIICHUH.

Pons 2: MLOps (Cneyuanucm no sxcnayamayuu HH)

ABTOMaTH3aIMs U ONEPAIIMOHHOE YIIPABICHHE KU3HEHHBIMIIKIOM MO-Moenei

3amaun:

1. DevOps mist ML.

2. ABTomaru3zaius, MOHUTOpUHT ML-cuctem.

3. OnepanoHHOE YIIpaBieHUE KU3HEHHBIM [TUKJIOM ML-moneneit.

Pons 3: AI PM (Meneosxcep npoekmoe HH)

VYupasnenue mnpoueccamu co3ganus MHU-pemienuit, BKIOYas KOOPAWHALMIO KOMAaHJbI

pa3paboTKu

3agaun:

1. Yopasnenue UH-ipoekTamMu OT UJieH 1O BHEAPEHUS
2. AHanu3 6usHec-TpeOOBaHUM U IOCTAaHOBKA 3a/1a4
3. Ouenka >¢dexrtuBHocTd U ROI NN -pemennit

1.5. TlepeyeHb MIAHMPYEMBIX Pe3yJbTATOB 00YUeHHUS MO TUCHUILINHE, COOTHECEH-
HBIX € IVIAHMPYEMBbIMH Pe3yJIbTATAMM O0CBOCHHUsI 00pa30BaTeI1bHOI MPOrPaMMBI.
N3ydyenne naHHOW ydeOHOW NUCHIUIUIMHBI HAIMpaBJIeHO Ha (opMHpOBaHHE y OOydaro-
IIUXCS CETYIOLUIMX KOMIIETEHIIMN:
CnocodeH oCcylIeCTBIATH NOMCK, KpUTHYECKU aHAJIN3 U CUHTe3 HH(opMa-
MM, IPUMEHATh CUCTEeMHBbII MOAXO0/ VISl pellieHUs] OCTABJIECHHBIX 32124
Crnioco0OeH MpUMEHSATh CUCTEMHBIN MOJXOJ K aHaJIu3y MpeAMETHOH (IpoOiIeMHON)
001acTH B po(heCCUOHATILHON 1eATEIbHOCTH
3HaTh

YK-1

YK-1.1

YK-1.2

(¢yHIlaMeHTalIbHbIE anredpandeckue CTPYKTYphl (TPYIIIbI, KOJbLA, MOJIs, BEK-
TOPHBIE IPOCTPAHCTBA) U UX CBOICTBA;

reOMETPHUECKUE MOJIENH U UX ajredpanydeckyro MHTeprperanuio (adpuHHbIE,
€BKJIMOBBI, IPOCKTUBHBIE IPOCTPAHCTBA);

METOAB! (POpPMATU3AIMH MTPEIMETHBIX 001acTel ¢ UCIOIb30BaHUEM airedpau-
YECKUX U TEOMETPUUYECKUX MPEACTABICHUH.

YMmeTn

BBIOMpPATh MOJAXOMALIME alreOpanyeckiue U TeOMEeTpHUeCKUe MOJEIH Ul aHa-
JIM3a CTPYKTYPHI U IOBEJACHUS CUCTEMBI;

MPUMEHSTh METO/bI JIMHEHHOUN anreOpbl, TEH30PHOTO MCYUCIICHUS U aHAJIUTH-
YECKOM T€OMETPUU IS BBISBICHUS CUCTEMHBIX 3aKOHOMEPHOCTEN;
MHTEPIPETHUPOBATH PE3YNbTaThl Alre0pO-reOMEeTPUIECKOro aHaiIu3a MpUMEHH-
TEJIBHO K MpodeccroHalbHBIM 3aJa4aM.

Bnanets

HaBBIKAMH MTOCTPOCHUS M MPeo0pa3oBaHUsl CUCTEMHBIX MOJIENIEi MpoOIeMHON
00JIaCTH CPeCTBaMK aNreOpbl U TEOMETPHH;

MCTOAaMH aHalinda WHBApPUAHTOB U CI/IMMeTpI/Iﬁ CHUCTEM C HCIIOJIB30BAHUEM
TEOPUH TPYIII U TEOMETPUIECKHUX MPEOOpPa30BaHH;

npuéMaMu CHHTE3a PEeUICHUI Ha OCHOBE CUCTEMHOT0 TIOAXO0/a ¢ Y4ETOM anreo-
pandecKux U reOMETPHYECKUX OTPaHHUCHUN;

CpPEICTBAaMHU BM3yalu3allud M pacuéra (HampuMep, CUCTEMBl KOMIIBIOTEPHOM
anreOpbl, TEOMETPUYECKHE MAaKeThl) JJIsl pealn3aliyl CUCTEMHOTO aHallh3a B
npoeCCUOHATLHON 1EATEIEHOCTH.

OcymecTBiseT NOUCK He0OX0IMMOM MH(pOpMalMKU, ONUPasCh HA PE3yJabTaThl aHa-
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OIIK-1

OIIK-1.1

JIM3a IOCTAaBJIICHHOHN 3aJ1auu
3HaTh

Mertoabl ¢opmanuzanuy THPOPMALMOHHOTO 3apoca Ha S3BIKE CTPYKTYPHBIX
CBOMCTB JIaHHBIX: CUMMETPHUH, Pa3peKEHHOCTb, Pa3MEPHOCTb MHOr000pasus,
THUII aNredpandeckor CTPYKTYphI (Tpymna, KOJIbIo, TEH30D).

Kputepuu peneBanTHOCTH U 10CTOBepHOCTH MH(MopManuu 1uist 3aaad UU: Boc-
IIPOU3BOJIMMOCTD BBIYMCIIUTEIBHOIO 3KCIEPUMEHTA, TEOPETUUYECKUE TapaHTUU
CXOAMMOCTH, COTJIACOBAHHOCThH C T€OMETPUYECKON MHTYUIIMEH TaHHBIX.

YMmeTn

[TpoBouTh MH(MOPMAIIMOHHO-AaHATUTUYECKUI aHAJIN3 TIOCTaBICHHON anreopo-
reomerpuueckoi 3anaun MU ¢ BeigesieHneM KIItOueBbIX IapaMeTpoB (TUI MHO-
roodpasus, TpeOOBaHUs K UHBAPUAHTHOCTH, Pa3MEPHOCTH IIPOCTPAHCTBA Mapa-
METpPOB).

®opmynupoBaTh HMH(OPMAIMOHHBIE TUIOTE3bl, OCHOBAaHHbIE HA AaHAJOTHIX
MeX1y ajire0pandecKkoi CTPYKTYypOil U3BECTHBIX METOIOB.

Kputnuecku OLICHUBATh [IPUMEHUMOCTD HalJIEHHOT O anreopo-
reOMETPHUECKOr0 METOJIa K KOHKPETHOMY THIly JaHHBIX (pa3mep, 3allyMJIEH-
HOCTb, BEIOPOCHI, TOTIOJIOTHYECKAsI CIIOKHOCTB ).

Bnaners

CrparerusiMu noucka MHGOpPMAaLUK, aJalTUPOBAHHBIMU JJIS 33Ja4 [€OMETpH-
YEeCKOro MAIIMHHOTO 00yY€HHUs U aHAIWTUKH JAHHBIX: IIOUCK 110 UHBapUaHTaM
npeoOpa3oBaHuil, IO crocody anmpoOKCUMALUUd MHOI000pasuii, Mo TUIY TEH-
30pHOTO PA3JI0KEHHUS.

Metonamu BepuUKau WHPOPMALMOHHBIX PE3yabTATOB Yepe3 MOCTPOCHHE
IPOTOTUIIOB HAa CHUHTETHMYECKHX JaHHBIX C KOHTpPOJMpyeMoil anrebpo-
F€OMETPUYECKON CTPYKTYpPOU.

TexHukamu cBEPTKM HaWAEHHOW MH(OPMALMU B BBIYUCIUTEIbHBIA MalIUIaH
(oT BBIOOpA METPUKU 10 pealu3alMi CTOXAaCTHYECKOM ONTHMHU3ALMU HA MHO-
roo0pa3un) ¢ JOKYMEHTHPOBaHHNEM 000CHOBaHMH.

Crnoco0eH NPUMEHSATH €CTECTBEHHOHAYYHbIE U 00IeHHKeHEPHbIe 3HAHU,
MeTO/Jbl MATEMATHYECKOT0 AHAIN3a U MO/1eJIMPOBAHNS, TEOPETHYECKOI0 U
IKCIMEPUMEHTAIBHOTO UCCIeI0BAHUS B MPOdecCHOHATbHOI 1esITeIbHOCTH
Crnioco0OeH MpuMeHSATh CUCTEMHBIHN MOJIXO0 K aHaN3y NMPEeAMETHOH (IpoOIeMHOI)
o0JacTu B MpoeCCHOHAIBHON IeATETbHOCTH

3HaTh

OCHOBHBIE IOHATUS CUCTEMHOIO aHAJINW3a U MX HMHTEPIPETALMI0 B TEPMHHAX
anreOpbl ¥ TEOMETPUN;

(GbyHIaMeHTalIbHbIE anredpandeckue CTPYKTYphl (TPYIIbI, KOJbLA, MOJIs, BEK-
TOpHBIE MPOCTPAHCTBA, TEH30PHI);

reomeTpuueckue mojenu (apuHHbIE, €BKIMIOBBI, TPOCKTUBHbIE, MHOTOMEP-
HbI€ MPOCTPAHCTBA) U MX NMPUMEHEHHE JIJISl ONMCAHUS CBS3EH MEXAY AJIEMEH-
TaMU CUCTEMBI;

VYmers

BBIJICJIATH TPAHUIIBI CHCTEMBI, €€ 2JIEeMEHTHI M BHYTPSHHHUE CBSI3U B PO ECCHO-
HAJIBHOW 3ajaue, MPeCTaBiIAl UX B BUJE aNreOpanvyeckux U reoOMeTpUYecKUX
00BEKTOB;

BBIOMpATh a/IEKBaTHYIO alredpo-reoMeTpuiyecKyro Mojelb (Hampumep, JTUHEH-
HOE€ IPOCTPAHCTBO, Ipad, MHOrooOpasue) i aHaiu3a npoOaeMHoMi o01acTy;
MPUMEHSATh METOJIbI TUHEWHOM anreOpsl (paHT, cOOCTBEHHbIE 3HAUCHHS, CUHTY-
JIIPHOE PA3JI0KEHNE) U AaHATMTUYECKOU TeOMETPHUH (PacCTOSHUS, YIJIbI, TPE00-
pa3oBaHus) JUIS BBISIBICHUS] CUCTEMHBIX 3aKOHOMEPHOCTEH;
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OIIK-1.2

MF-7
MF-7.1

— HHTEPIPETUPOBATH PE3yJbTAaThl ANreOpO-TeOMETPHUUYECKOr0 aHaJIN3a MPUMEHU-
TEJIHO K MPO(EeCCHOHANBHOM eSTeNbHOCTH (HanpuMep, K 3aJjauaM aHaJTUTHKH
naHHbIX uiau UN).

Bnanets

— HaBbIKAMH TIOCTPOCHHUS CUCTEMHBIX MOJENel MpoOJeMHON 00JacTu Ha S3bIKE
anreOppl ¥ TeOMETpUU ¢ 000CHOBAHHUEM MOJIENH;

— METOJaMH aHajliu3a CUCTEMHBIX CBOWMCTB (YCTOWYMBOCTH, CBA3HOCTH, CHUMMET-
p¥si, THBAPHAHTHOCTh) Yepe3 anredpanveckue U reoMeTpUUecKUue XapakTepu-
CTHUKH;

— mnpuéMaMu CHHTE3a pelleHui ¢ yuyéToM anreOpanyeckux OrpaHHuYeHUI U reo-
METPUUYECKOM CTPYKTYpPBI JaHHBIX.

[IpumensieT 3HaHUSI, TOJTyYEHHBIE B 00JJACTH MaTeMaTUYeCKUX U (M) €CTECTBEH-

HBIX HayK BBIOOPE METOOB PELICHHUs 3aa4, TIOCTPOSHUH MOJIEIeH 1 aHAIN3€e UX

MPUMEHUMOCTH B 33IaHHOM MpeMETHON 001acTu

3HaTh

— @yHaaMeHTaJbHbIE pa3fesibl anreOpbl U I'€OMETPUM, PENIEBAHTHBIE Ui I1O-
CTPOCHHS MaTEMAaTHUYECKUX MoJelNell B MpodecCHoHaNbHON MpeaAMETHOM 00a-
CTH (JIMHEWHBIE IPOCTPAHCTBA, FPYIIbI IpeoOpa3oBaHUil, TEH30PHOE UCUUCIIE-
HUE, aHaTUTHYecKas U AuddepeHransHas TeoMeTpus).

— Kpurepuu BpiOOpa MeTOZa: TOYHOCTH, BHIYMCIUTENbHAS CIO0KHOCTh, YCTOWYH-
BOCTb, TPEOOBAHUS K JaHHBIM, HAUIMYHE AIPUOPHON MH(OPMAINH, HHBAPUAHT-
HOCTb OTHOCHUTEJIBHO IIpeoOpa3oBaHUi.

— MeToao0ruI0 MOCTPOSHUS aNredpo-reoMeTPUYECKUX Mojieel (0T KOHIIeTTY-
QIIbHON MOCTAaHOBKH /10 (pOPMANbHOM 3amUCH) U cocoObl BepudUKaIMK aaeK-
BaTHOCTH MOJIEJIM MIPEIMETHOM 00aacTu.

YMmeTn

— Ha ocHoBe aHanu3a MOCTaBJIEHHOHM 3a/lauMl ONpeAessiTh €€ anredpanydecKyro
CTPYKTYpY (TpyNIoByt0, JTUHEHHYIO, TEH30PHYIO0) U T€OMETPHUECKUE OCOOCH-
HOCTH (METPUKY, TOTIOJIOTHIO, Pa3MEPHOCTh MHOTO00pa3usl).

— OOGOCHOBaHHO BBIOMpPATh CpEIU H3BECTHBIX alreOpanyecKkux M reoMeTpuue-
CKHX METOJIOB TOT, KOTOPBIM oOecreurBaeT HaWIydllee COOTBETCTBUE MOJIENH
LIEJISIM MCCIIEI0BAHUS U IOCTYITHBIM JaHHBIM.

— Crpouth MaTeMaTH4YeCKyI0 MOJIeNb MPEAMETHON 00JIaCTH, UCTIONb3YS aImapar
anreOpel U TeOMETpUU (MaTpPHULIbI, ONEPaTOPbl, TEH30PbI, TpapUUECKUe CTPYK-
TYpBl, IPOCTPAHCTBA C METPUKOI).

— OuneHuBaTh IpaHULBl IPUMEHUMOCTH TOCTPOEHHOW MOJIENH: BBIABIATH JOITY-
LIEHMS], IPH KOTOPBIX MOJIENIb KOPPEKTHA, U YCIIOBUS, IPU KOTOPHIX OHA TepsieT
aJIeKBaTHOCTh (HAIIpUMEp, BBIXOJ 3a MpEAEIbl JIUHEHHOCTH, HApYLIEHUE CUM-
METpHii).

Bnanets

— HaBbikamu comnocTaBneHus peaqbHON 3a7au U3 NpodeccHoHaIbHOM 0071acTH C
e€ anreOpo-reomMeTpuueckoi Gopmanuzaiueii, BKII04as BEIOOP MPOCTPAHCTBA
COCTOSIHUI M OIIEpPAaTOPOB MEPEXOOB.

— Merogamu aHanmu3a 4YyBCTBUTEJIBHOCTH MOJEIW K MapaMeTpaM U HCXOJIHBIM
JAHHBIM C HCIOJIb30BAHHUEM alre0pandyeckux KpUTepueB (UHCiIo 00YyCIOBIIEH-
HOCTH, CIIEKTPAIbHBIN panyc).

Crnoco0eH npuMeHATh MeToAbI AP PepeHIHATBHON reoMeTPUH

[TpuMeHsieT MeTO bl TONOJIOTHYECKOT0 aHAIM3A JJISl ONTUCAHUS TTT00AIBHBIX

csotict manHbIX (TDA, persistent homology — 0630pHO)

3HaTh!

— OcHOBHBIE TIOHATHS TOMOJIOTUH, HEOOXoauMbIe st noHuManus TDA: Tonoso-
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TMYECKOE MPOCTPAHCTBO, CUMIUIMIUAIBHBIA KOMIUIEKC, TOMOTONMS, TPYIIIbI
rOMOJIOTHH (MHTYHUTUBHOE OTIPE/ICIICHNUE).

— TlonsTue GuIBTpPaIUN CUMIUTUIIMATILHOTO KOMILJIEKCAa M MOCTPOEHUE JHarpaM-
MBI TIEPCUCTEHTHOCTH (persistence diagram) Kak OCHOBHOIO HMHCTPYMEHTA
TDA.

— OO6myro meroposoruto TDA: oT o61aka TOYEK K CUMIUTUIIMAIBHOMY KOMILJICK-
CY, BBIYHCIICHHE IEPCUCTEHTHBIX TOMOJIOTUN, HHTEPIIPETALIUS TOMOJOTHUECKUX
IIPU3HAKOB (KOMIIOHEHTBI CBSI3HOCTH, LIUKJIbI, TOJIOCTH).

YmMmers

— BoiOuparh TUI CHMIUIMIIMAIBHOTO KOMIUIEKCA B 3aBHCHMOCTH OT TPUPOJIBI
JAHHBIX (METpHKa, €BKIUI0BOCTh, PA3pPEKEHHOCTb) U BBIUMCIUTEIbHBIX OIpa-
HUYCHU.

— MHWHTeprperupoBaTh auarpaMMbl NEPCUCTEHTHOCTH: HIECHTU(DUIIUMPOBATH 3HA-
YUMbI€ TOMOJIOIMYECKHE OCOOCHHOCTHU (JOJITOXKHUBYIIME Oapbl) U OTIACNATh UX
OT IIIyMa.

Bnanets

— Hasbixkamu 0630pHOTrO npuMeHneHust MetofoB TDA 11 pa3Beio4HOro aHaiau3a
MHOTOMEPHBIX JIaHHBIX.

— CrocoOHOCThIO OLIEHMBATh NpeumyliecTBa U orpanuueHus TDA no cpaBHe-
HUIO C KJIaccuueckuMu reomerpudeckumu metogamu (PCA, xnacrepuzanus)
JUISL OTIMCAHMS TJI00AIBHBIX CBOMCTB JTAaHHBIX.

PesynbpTaTsl 00yueHHs O AUCLHUILIUHE «AJredpa U reoMeTpusi» JOCTUraloTCs B paMKax
OCYILECTBIICHHS BCEX BUIOB KOHTAKTHOW M CAMOCTOSATEIBHON paboThl 00yJaromuXxcs B COOTBET-
CTBHMHM C YTBEP’KAECHHBIM y4EOHBIM IIIIAHOM.

WNHauKaTopsl JOCTHXKEHHSI KOMIIETEHIINH CYUTAIOTCS C(HOPMUPOBAHHBIMH TIPH JTOCTHIKE-
HUM COOTBETCTBYIOIUX UM PE3YJIbTaTOB O0yUEHHUS.

2. CTpyKTYpa M coiepKaHue 1 CUMILIMHBI.

2.1 PacnipenesieHne TPyA0EMKOCTH JUCHHUILIMHBI 110 BUAAM padoT.

OO0r1mas TpyI0éMKOCTh TUCIUIUIMHBI cocTaBiseT 9 3ad.ei. (324 yaca), X pacrpe/eicHue
10 BUaM paboT MpPEeACTaBICHO B TabJIHIIe

(ona cmyodenmog ODO).
Bun yae6HO# paboTh Bceero CemecTpsl
4acoB (uacsl

1 2
AyauTopHbIe 3aHATHSA (BCEro): 215 108,5 | 106,5
3aHsATHS JEKIIMOHHOTO TUTIA 100 50 50 | - -
JIaGopatopHble 3aHSATH 104 52 52-1 - -
3aHATHS CEMUHAPCKOTO TUTIA (CEMHHAPHI, TPaKTHYE- i
CKUE 3aHSITHS) ) ]
WNnas koHTakTHasA padora:
KonTtpois camocrositensHoi paboTsl (KCP) 10 6 4
[Tpomexytounas arrectanus (MKP) 1 0,5 0,5
CamocrosiTesibHas padoTa, B TOM YHCJIe: 37,6 35,8 1,8
Kypcosas paboma - - - - -
IIpopabomka yuebHno2o (meopemuuecko2o) mamepua-
1a 279 | 279 N
Buinonnenue unousudyanvHulx 3a0anuii (n0020moska 117 99 18 |- i
coobwenul, npesenmayuil) ’ ’ ’
Pegepam - - -




[ToaroToBka K TEKYLIEMY KOHTPOJIIO 10 6 4 - -
KoHTpoJib:
[ToaroroBka K SK3aMEeHY 71,4 35,7 35,7
OO0was Tpya0eMKOCTh | Yac. 324 180 144 | - -
B TOM YHUCJI€ KOHTAKTHasA 215 108,5 106,5
padora
3a4. el 9 5 4

2.2 CTpyKTYypa QM CHUILIMHBI:

Pacnpenenenue BuoB yueOHOM pabOTHI U UX TPYIOEMKOCTH IO pa3jeiaM AUCUUIUINHBL
Pa3nensl aucuuniuHel, u3ydaeMele B 1 cemectpe (ounas ¢popma)

AynutopHas Bueayauropnas
Ne HaumenoBanue pasnenon Bcero paboTta pabora
JI | JIP | KCP |[CPC| Konrtpoib
1 2 3 5| 6 7 8 9
1. |OcnoBel MaTpuuHOii anreGpsl 8 2] 2 2 2
9 CucreMbl TUHEHHBIX anreOpanyecKux ypas-
HECHHMN 8 2| 2 2 2
3. |Onpenenureny u UX CBOMCTBA 9 (2] 2 1 2 2
4. Teopust 1 METOIBI PEIICHHS] MATPUIHBIX
yYpaBHEHHUIA 2156 | 6 45 4
5 Bekropnas anrebpa. Jlunelibie ypaBHEeHUS B 1
FCOMETPHUH 2156 | 6 4,5 4
6. |JluneitHbIe MPOCTPAHCTBA M MHOTOO0pa3Us 12 | 4| 4 2 2
7 HopmupoBanHnsie npoctpancTBa. OpToro-
HAJIbHBIE CHCTEMBI 20 | 6| 6 4 4
8 Jluneitnsie onepatopsl. COOCTBEHHBIE BEK- 1
" |TopbI U COOCTBEHHBIE 3HAUCHUS 29 [ 8| 8 6,3 57
9. KopnanoBa kaHoHHYeCKas popMa JIMHEHHO- 1
ro omeparopa 14 | 4| 6 2 2
10. |HopmanbHble U YHUTAPHBIE MATPHUIIBI 8 2| 2 1 2 2
11 Martpuna ®@ypse. JJuckperHoe mpeodpazo- 1
BaHue Oypbe 8 21 2 2 2
12, CHHTYJISIPHBIE YMCIIa U CHHTYJISIPHBIC BEKTO-
pBl. MeTo 1 HANMEHBITUX KBAIPATOB 155 |6 | 6 15 4
Bcero mo pasznenam TUCIUTUIAHBI 1795|150 | 52 6 |[35,8 35,7
[Tpomexyrounas arrectanus (MKP) 0,5
Pazaenbl AUCHUIUIMHBL, U3y9aeMbIe B 2 ceMecTpe (ouHas ¢hopma)
AynutopHas | BHeaymuropHas pa-
Ne HaumenoBanwue pa3aenon Bcero pabota 6ota
J| JIP | KCP | CPC | KoHTpoab
1 2 4 6 7 8
1. |KomimiekcHbIe Ynciia 2 1 2




5 OcCHOBBI a0CTPAKTHOI aareOphl: TPYIIIIHL,

KOJIbIIA, TIOJIS 6 61| 6 4
3. |OGmmas Teopus anreOphl 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 mozenet | 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 pabOTHI 8

(KCP)

[Tpomexyrounas arrecranus (UKP) 1

IToaroroBka K TEKyILIEMY KOHTPOJIIO 71,4

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

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

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

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

dopma Te-
Ne HanmenoBanue Conepxanue pasaena KYIIEro KOH-
pasnena TPOJIst
1 2 3 4
1 Jluneiinble oToOpakeHus: U MaTpuLbl. Buibl Komnoksuym,

Mmatpuil. CBoiicTBa OMHApHBIX onepanuii. Cio- | SK3aMeH,
YKEHHE MaTPUIl U YMHOXKEHHUE HAa YUCIIO. ACCO- | YCTHBIN

OCHOBBI MAaTPUYHON
LIUATUBHOCTb U HEKOMMYTAaTUBHOCTb YMHOX€E- | OIIPOC

anreOpbl
HUS MaTpUll. Y MHOXEHHSI OJIOYHBIX MaTpHILL.
BeruncnurenbHas ClI0KHOCTb MATPUYHOTO
YMHOKEHHSI.
2 Cucrema MHeNHHBIX anredpandeckux ypaBHe- | Komnoksuywm,
CucreMbl TUHEH- uuii. JInneiinple koMOuHanuu. JIMHEHHS 3aBU- | DK3aMeEH,
HBIX anreOpande- | CUMOCTh M JIMHEWHAs HE3aBUCUMOCTh. bazuc | yCTHBIM
CKHMX YPaBHCHUH | pa3MepHOCTb. [IOHATHE COBMECTHOCTH U 0Ipoc

HECOBMECTHOCTH CHUCTEMBI TUHEHHBIX aareo-
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HaumenoBanue
pazzena

ConeprxaHue pasjena

®opmMa Te-
KYIEro KOH-
TPOJIA

panyecKux ypaBHEHUH.

Onpeaenureny u ux
CBOMCTBA

Onpenenuteny MajiblX nopsakoB. Omnpenenu-
TeNb N-ro mopsiaka. OnpenenuTesb TPaHCIOo-
HUPOBAaHHOW Matrpuilel. Omnpenenurens Kak
GyHKIMS cTONOOB (CTPOK) MaTpHIlbl. AJreo-
pandeckue JOMOJHEHUS W MUHOpPBL Teopema
Jlanmaca. MeToabl BBIYMCIICHUS OIPE/ICIHTe-
Jel BBICOKHMX MOPSAKOB. Omnpenenutens 01049-
HO-TPEYroJbHON MATPHIIBI.

Komnoksuym,
JK3aMeEH,
YCTHBII
oIpoc

Teopust 1 METOIbI
pelieHns MaTpuy-
HBIX YpaBHEHUH

OOparnass marpunia. Teopema 00 oOpaTHOU
MaTpulle. MeToabl HaxOXIeHHs 0OpaTHOU
Marpuupl. Pemenne MaTpuyHBIX YpaBHEHHM.
[IpaBuio Kpamepa. Omnpenenurtens mpousBe-
neHust Marpul. OOpaTUMOCTh U HEBBIPOXKICH-
HOCTh. CBOICTBAa JMHEHHON 3aBUCUMOCTH U
JUHEWHON HE3aBHUCUMOCTH CTPOK (CTOJOIOB)
MaTpullbl. Teopema o panre matpuubl. OnHO-
POIHBIE ¥ HEOIHOPOHBIE CHCTEMBI JTMHEHHBIX
ypaBHeHUU. ['eomeTpuyeckass UHTEpPIIpPETALHS
CJIY. Crpoenue mHoxectBa pemenuin CIIY.
MeToapl HAXOXACHUS PEIICHUS HEBBIPOKICH-
Hoit CJIY. Obmee, yacTHOe U 0a3MCHOE perlie-
Hus. Teopema Kponekepa-Kanennu. Mertoa
["aycca. LU-pa3znoxeHnue.

Komnoxsuywm,
JK3aMeEH,
YCTHBIN
oIpoc

BekropHas anrebpa.
JInneiibie ypaBHe-
HUs B TEOMETPUHU

Meron koopauHaT. I'eOMeTpUYECKUN BEKTOD.
Jluneitnpie onepanuu Hax Bektopamu. Koop-
JuHaThl BekTopa. KoimHeapHble M KOMILIa-
HapHble BEKTOpHI. IIpsMbIE TUHUK U IIOCKO-
CTH: oOliee MoHATHE 00 YpaBHEHUSAX. YpaBHe-
HUA NPSAMBIX U IuiockocTel. Ilomymnockoctu n
noJstynpoctpancTBa. CKalsipHOE NPOU3BEACHUE
BEKTOpOB. OpuHEeHTanusi CHUCTEMBbl BEKTOPOB.
BekTopHOE M CMELIaHHOE MPOU3BEICHUS BEK-
TopoB. PaccTossHME OT TOYKM O HPSIMMOM Ha
IJIOCKOCTH. PaccTosiHMe OT TOYKU A0 IIOCKO-
CTH.

Komnnoksuym,
9K3aMeEH,
YCTHBIN
OIpoc

JIuneitHbie po-
CTpPaHCTBA U MHOTO-
obpazus

JInneitnbpie pocTpancTBa. beckoHEeUHOMEPHBIE
M KOHEYHOMEPHBIE JIMHEHHBIE MPOCTPAHCTBA.
basuc u pasmepnocrts. Iloanpocrpancra su-
HeWHoro npocrpancTBa. [lepeceuenue u cymma
JIMHEUHBIX MNOoAnpocTpaHcTB. Ilpsamas cymma
MOJIPOCTPAHCTB. J|ONMOJHUTEBHBIE TPOCTPAH-
CTBa M Tpoekuuu. JIuHeitHple MHOT000pasus.
Adunnble MHorooOpaszus. ['unepriockocTu.
[TonynpoctpancTBa. BelmyKiible MHOXKECTBA.

Komnnoksuym,
9K3aMEH,
YCTHBIN
OIpoc

HopMupoBanusie
npocrtpancTea. Op-
TOTOHAJIbHBIE CH-
CTEMBI

HopMmupoBanHoe mpocTpaHCTBO. BbIyKiibie
¢ynkunun u HepaBeHcTBa. HepaBeHncrta I'enb-
nepa u  Munkosckoro. Hopmer ['enbaepa.
Hopmbl B 6€CKOHEUHOMEPHOM TPOCTPAHCTBE.

Komnokuym,
9K3aMEH,
YCTHBIN
oIpoc
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®opmMa Te-

Ne HaumenoBanue Coneprkanue paszjaena KYILIETO KOH-
pasaeina TPOJIst
Metpuyeckoe npocTpaHCTBO. MHOXecCTBa B
METPUUYECKOM  IpocTpaHcTBe0  EBKINMI0OBO
IIPOCTPAHCTBO.  YHUTAPHOE  IPOCTPAHCTBO.
CkassipHOE TNPOM3BEJEHHUE, JJIMHA BEKTOPA,
yros Mexny Bekropamu. lIponecc oprorona-
mu3auuu ['pamma-IlImunra. HepaBencto Ko-
mm-bynskosckoro. IloanpocrpancTsa yHuTap-
HOro (eBkJIKMIOBA) mpocTpaHcTBa. OpTtoro-
HaJIbHAsl MPOCKUUS U OPTOrOHAJIBHOE [IOIOJ-
Heane. QR-paznoxenue.
8 JIuneiinble oneparopsl. Matpuna suHelHoOro | Komnoksuym,
oneparopa. [lepexon k apyrum 6azucam. Sapo | sx3ameH,
u o0pa3 nuHeiHoro omepatopa. OOpaTHBIN | YCTHBIN
onepatop. JluaroHamu3upyemble MaTpHUIBL. | OIPOC
Jluneiinbie onepa- | CoOCTBEHHBIE YHCIA U COOCTBEHHBIE BEKTOPBHI.
Topel. CoOcTBeHHBIe | CBOMCTBA COOCTBEHHBIX BEKTOPOB. XapakTe-
BEKTOpPBI U COO- pucTUyeckoe ypaBHeHue. AureOpandeckas
CTBEHHbIC 3HAYEHMsI | KPATHOCTh COOCTBEHHOI'O 3HAu€HUs. AHHYIIU-
pyIOLUNA 1 MUHUMaJIbHBIA MHOTOWIEHBI. [Ipu-
BEJICHHUE K IOYTH TPEyrojapHOM matpuue. MH-
BapMaHTHbIE IOANPOCTpaHCTBAa. ['eomerpuye-
CKasl KpaTHOCTb COOCTBEHHOI'O 3HAUYEHUS.
9 MHorounens! oT marpuisl. Kopaessle noanpo- | Komioksuywm,
cTpaHcTBa. biouHno-nuaronanpHas ¢popma Mat- | SK3aMeEH,
Kopnanoa KaHO- | pyrer.  MUHHManbHOE HHBAPHAHTHOE TIPO- | YCTHBI
HUYecKas popma crpancTBo. JKopaaHoBel 1ienodku. JKopraHosa | onpoc
JAHCHHOTO Omepa- | hopma matpuiel. JKopaaHoB 0azuc B KOpHe-
Topa BOM MOAIPOCTPAaHCTBE. Bblumcienune xopaa-
HOBOH (pOPMBI.
10 Hopmainbnslie MaTpuipl. YHUTapHbIe MaTpuipl. | Komioksuym,
Matpuupbl oTpaxeHus U BpaleHUsl. DPMUTOBBI | dK3aMEH,
Hopmainbnsie u N
MaTpullbl. biouyHo-muaroHanbHas ¢opmMa Be- | YCTHBIN
YHHUTapHbIE MaTpU- . 9
- IIECTBEHHON HOPMalbHOM MaTpuubl. biouHo- | onmpoc
IuaroHanbHas (opMa OpPTOroHaJIbHOM MaTpu-
IIBI.
11 Marprma dypbe Marpuna @ypee. LupkynsatHeie Marpuubl. | Komioksuym,
P ypbe. Anrebpsl matpui. JluckperHoe mpeoOpa3oBa- | 3K3aMeH,
JluckpetHoe mpeod- .
Hue @ypne. Brictpoe npeobpazoanne Dypobe. | yCTHBIN
pazoBanue Oypse
CBepTkH. onpoc
12 CuHTynspHBIE YHMCIIa U CUHTYJSpHBIE BEKTOPHI. | KoutokBuyM,
CUHTyISIpHBIE YHC-
Cunrymnspaoe paznoxenue u pemenune CJIY. | s3k3ameH,
Ja U CUHTYJISIpHBIE .
Meton HauMeHbIIMX KBajparoB. IlceBmooO- | ycTHBIH
BEKTOpBI. MeTo
paTHasi MaTpuua. Teopema O HAWIYYIIUX aml- | ONMPOC
HAaMMEHBIINX KBaJ-
IIPOKCUMALIUSX MaTpUIbl C MOHWKEHUEM paH-
paToB
ra.
13 Anrebpanueckas U TpuroHomerpuueckas ¢op- | Komnoksu
KommiekcHsle unc- P p °Tb $op ™
1 MBbl KOMIUIEKCHOTO 4Hcia. [IedcTBUSA Haj KOM- | DK3aMEH,
IJIEKCHBIMU _ uyncnaamu. KoMmekcHas 1ioc- | yCTHBIN

11




HaumenoBanue
pazzena

ConeprxaHue pasjena

®opmMa Te-
KYIEro KOH-
TPOJIA

KocTh. ['eomeTpuyeckass WHTEpHpeTaus Jei-
CTBHI C KOMILJICKCHBEIMH duciiaMu. Bo3BeneHue
KOMIIJICKCHOT'O YHCJIa B CTEIEHD C IEIIBIM
nokaszareneMm. @opmyna Myaspa. M3Bieuenue
KOpHSI M3 KOMIUIEKCHOro uucia. ITokazaresns-
Hast (opMa KOMIUIEKCHOTO 4Yucia. Marpuisl ¢
KOMIIJICKCHBIMM 3JIEMEHTaMU

orpoc

14

OCHOBBI a0CTPAKT-
HOU ayreOpsl:
TPYIIIBL, KOJIBIIA,
TOJIS

Konpua u nomns. Jemurenu Hynsa. Koibno BbI-
yeroB. Bnoxxenuss u uzomopdusmsl. ['pymnna,
noarpymnmna, romomopdusm. Kmaccelr cmexHo-
ctu. [Ipumeps! abeneBbix rpymm. I'pynna He-
BBIPOXKJICHHBIX JUaroHaJbHbIX Marpui. ['pymn-
IIa HEBBIPOKICHHBIX TPEYTOJbHBIX MAaTpPHIL.
[{uknuueckue Tpymmel. ['pymnma oOpaTHMBIX
MaTpull. ['pynna KopHel creneHu N U3 eQuHU-
1Bl

Komnoksuym,
JK3aMeEH,
YCTHBII
oIpoc

15

OO6m1ast Teopust an-
reOphI MOJIMHOMOB

Jluneitnple mpocTpaHcTBa Haj moJieM. Ilomnu-
HOMBI HaJl nojeM. Konbio nosimaomoB. KopeHb
nonuHoMa. Cxema ['opHepa u teopema besy.
Teopust nenuMoCTH ISl TOJUHOMOB. AJITO-
pUTM JeneHusi ¢ octaTkoM. HamOosbmmii 00-
WA JCNHUTENb JBYX MOJMHOMOB. Hempuoau-
MbI€ MOJMHMHOMBI. KOMIIJIEKCHBIC ITOJIMHOMEL.
OcHoBHast TeopeMa anredpbl. Pasnoxenue
KOMIIIEKCHBIX MHOTOYJICHOB. Pa3znokeHue Be-
[IECTBEHHBIX MHOTOYJICHOB.

Konnoksuywm,
DK3aMeEH,
YCTHBIN
onpoc

16

Anrebpanueckue
MHOT000pa3usi.

Anrebpanueckue MHoOroooOpasus. KsagpaTuu-
HBIC MHOT'OWICHBI OT ABYX ICPEMCHHBIX. ITo-
BOPOT M CIBUI JEKapTOBOM CHUCTEMBI KOOPIU-
HaT. Jmmrnc, runepoona, napadona. Ksamgpa-
TUYHBIE MHOTOWIEHBl OT TpeX MEePEMEHHBIX.
OpTtoroHanbpHbie MaTpullbl. JluaroHanmuzamus
BEIIIECTBEHHBIX CUMMETPUYHBIX Matpuil. [Ipu-
BCACHHBIC YPAaBHCHUA IMOBPXHOCTH BTOTOI'O
nopsaka. Omauncous. OIHOMOJIOCTHBIA T'H-
nepOosiona. JluHelWuaTass MOBEPXHOCTh. [IBY-
MOJIOCTHBIA  TUIEepOOIon . DIUTMIITHYECKUM
KOHYC. DInunTuyeckuii mapadosnousa. [umep-
Oonnyeckuil mapabosnonn. lummHapudeckue
MTOBEPXHOCTH.

Komnnoksuym,
9K3aMEH,
YCTHBIN
OIpoc

17

KBagparnunbie
¢bopmbl

OmnpezneneHve W MaTpuUyHas 3alUCh KBajpa-
TuyHOU (hopmbl. HeBbIpoxkaeHHOe mpeodpazo-
BaHUE KBaJPaTU4YHON (HOPMBI K KaHOHHYECKO-
My BUAY. OKBHBAJICHTHBIE KBaJIpaTUIHbIC
¢dopmbl. KaHOHWYECKUH BUJ Mapbl KBaJIpaTH4-
HbIX ¢opM. [lonoxkurensHo (OTPHUIIATEIHHO)
orpeneNeHHbIe KBaapaTHuuHblie ¢popmbl. Kpute-
puii CunbBecTpa. 3aKOH MHEPIMU KBaJpaTHy-
HBIX popM. Metop Jlarpanxka. OpToroHanbHoe

Komnnoksuywm,
9K3aMEH,
YCTHBIN
OIpoc
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®opmMa Te-

Ne HaumenoBanue Coneprkanue paszjaena KYILIETO KOH-
pasaeina TPOJIst
npeoOpa3oBaHue KBajpaTHUYHOW (HOpMBI K Ka-
HOHMYECKOMY BHJLY.
18 ConpsioxeHHbld  oneparop. Martpuna comnps- | KommokBuym,
CornpsiKeHHBIH ore- | )KeHHOro orepatopa. HopMmanbHbI omeparop. | IK3aMmeH,
parop CaMoMoOInpsKeHHBIN onepatop. Meroa comnpsi- | yCTHBIN
JKEHHBIX TPaJINEHTOB. onpoc
19 Crnekrpanbaa Teopema. Criekrpanbablie 3ana4n. | Komtoksuyw,
[IpeoOpa3oBaHus OTpa)k€HUST U BpALICHMS. | SK3aMEH
CrnekTpaybHble 3a- peodp P P L
aum ITpuBenenne k tepyroapHoMmy Buny. IIpusene- | ycTHbIN
HUE K IIOYTH TPEYroJbHOMY BUIy. Berumcie- | onpoc
HUE CUHIYJISIPHBIX YHCEI.
20 MHoroMmepHbele MaccuBbl M MaTpuibl. Tpex- | KomiokBuym,
MEPHBIE MAacCUBbl U TPWIMHEHHBIE DPa3jlOXkKe- | DK3aMEH,
Hus. MHIekcHas HOoTalus: IpaBuiIo DUHINTEH- | YCTHBIN
Tensops! u MHOTO- | Ha. Anrebpa TEH30pOB: CIOKEHHE, YMHOXKEHUE | OIIPOC
MepHas anredpa | Ha cKajsip, TEH30pPHOE YMHOXKEHHUE, CBEpTKa
TEH30pOB. TEH30pHBIM paHr U YMHOXCHHE
MmaTpull. JlaHHble Kak TeH30pbl. PasnoxeHue
TEH30POB.
21 Kpusslie Ha muiockoct u B npoctpancrse. I'e- | KomiokBuywm,
T'YJSIDHBIE U IJ1afKkue KpuBble. KpuBH3Ha, Kpy- | d9K3aMeH
OcHoBbl tudde- yIp A P p > KDY L
o yenue. [loBepxHocTu B mpoctpaHcTBe. MeTpu- | yCTHBIN
pEeHIaNIbHOI reo-
METDIIH Ka TOBEPXHOCTH. BHyTpeHHs reoMerpus Io- | ompoc
p BpxHOCTH. [Taakoe MHOrooo6pasume. Ontumu-
3alusi HA MHOT000pa3HsIX.
22 Tononornuekue Omnpenenenue TOMOJOrHYECKOro mpocrtpal- | Komioksuywm,
npoctpaHcTBa. Oc- | cTBa. AKCHOMBI TONOJNOTUU. ['oMeoMop(U3MBI. | SK3aMeH,
HOBBI anredpanye- | Tomosornyeckue WHBapUaHThl. [‘OMoOTOmUSA. | yCTHBII
ckoil ronosorun | 'omosioruu. Tomnosiorus B aHaJIu3e TaHHBIX. oIpoc
23 Ponp matpun B mMammuHoM oOyuenuu. [Ipen- | Komnoksuywm,
CTaBJICHUE JAHHBIX: OOBEKTHI-NPU3HAaKU. MaT- | sK3ameH,
. HYHOE IIPEJICTABJICHUE ITapEMETPOB MOJCIIEH. | YCTHBIN
Jlunetinas anrebpa P )¢ el p P Y
JIuneitnas perpeccus. CriekTpanbHas KiacTe- | OIpoc
B KJIACCUYECKOM .
pHu3anusi: NpUMeHEeHHuEe COOCTBEHHbBIX 3HAYCHUM
MalImHHOM 00yde-
- U COOCTBEHHBIX BEKTOPOB ISl pa3feseHHs
naHHbiXx Ha kiactepel. PCA W cuHTrymnsipHOE
paznoxxenue (SVD). IlpeoOpazoBaHus 1aHHBIX
(mopmanmzanmsi, PCA).
24 I'unepmtockocty u pasgenenue naHHbIX. Pac- | KomtokBuywm,
CTOSIHME OT TOYKH J0 I'MIIEPIUIOCKOCTH. MeTon | dK3aMeH,
I'eomerpuueckue N N
onopHbIX BekTopoB (SVM). Jluneitupiii SVM. | ycTHBII
METO/IBI B 3a/1a4ax .
OnopHbele BekTOpbl. /[IBOiiCTBEHHass 3amada. | OIpoc
KJaccuukanmum NN
Hemuneitaptit SVM u spapa. Jlormcruyeckas
perpeccusi, reOMeTpUUECcKasi HHTEPIPETALHSL.
25 Bektopnas 3anuch ¢yHKIuM norepb s Ju- | Komtoksuywm,
Jlunelinas anreOpa | HEHHON perpacuu, JIOTUCTUYECKOM PErpecuu. | SK3aMeH,
B 00y4yeHuu Moje- | I'pagueHTt QyHKIMU NOTEph B BEKTOPHOM BHUJIE. | YCTHBIN
nen Anroput™m rpaaueHTHoro cmycka. [lonsTue | onpoc

perynspusanun. Perynspuzarmus L1 u L2.
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2.3.2 3aHsATHS CEMHHAPCKOTO THIIA.
3aHATHSI CEMUHAPCKOTO TUIIA HE MPEAYCMOTPEHBI.

2.3.3 JlaGopaTopHble 3aHATHSI.

Jluneitnas anre6pa B 00ydeHUH Mojeneit

Ne HanmeHoBaHue 1a00paToOpHBIX paboT Popwma Tekymiero
KOHTPOJIS
1 3 4

1. |OcHOBBI MAaTPUYHOM ANTEOPBI Pemenue 3amgau

2. |Cuctembl TMHEHHBIX alNreOpanvecKux ypaBHEHHH Pemenue 3a1ay

3. . Pemienue 3a1a4, KOHTpOJIbHAS pa-
OnpenenuTeny U UX CBOWCTBA

6ota

4. . Pemienue 3a1a4, KOHTPOJIbHAS pa-
Teopus u METOJbI PELLICHUS MATPUYHBIX YPABHEHUH 6012

5. |Bekropnas anrebpa. JInneiibie ypaBHEHHUS B TE€OMET- Pewenne 3amay, KOHTpOJIBHAA pa-
pun Oorta

6. |JIuneiiHble MPOCTPAHCTBA U MHOTOOOpa3Us Pemenue 3amau

7. |HopmupoBanHble ipocTpaHcTBa. OpTOroHalbHbIE CH- Pemenue 3anau
CTEMBI

8. |JIuneiinble onepaTopbl. COOCTBEHHBIE BEKTOPHI M c00- | Perienue 3anaq, KOHTpoJIbHAS pa-
CTBEHHbIE 3HAYCHMUSI bora

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. |CunHrynsipHbIe YHcIa U CHHTYJISIPHBIC BEKTOPBL. MeTo Pemenne 3amau
HaMMEHBIINX KBa/IPaToOB

13. Pemenue 3a1a4, KOHTPOJIBHAS pa-
KommnekcHsle yncna

6oTa

14. |OcHoBBI a0CTpaKTHOM ainreOphl: TPYIIIbI, KOJIbIA, MO Pemenue 3amau

15. |O6mas Teopus anreOpsl MOJIUHOMOB Pemenue 3amau

16. |AnreGpandeckre MHOT000paswusi. Pemenue 3a1auy

17. |[KBagpatuunsle pOpMbI Pemenue 3amau

18. |ConpsikeHHBIN onepaTop Pemenue 3amau

19. |CnexTpanbHbIe 331291 Pemenue 3a1auy

20. |TeH3opsl 1 MHOTOMEpHas aJiredpa Pemenue 3am1au

21. |OcHoBsl quddepeHnraIbHOi reOMeTpUr Pemenue 3amau

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

23. |JIuneiinas anreOpa B KJIaCCHYECKOM MALIMHHOM 00Y- Pemenue 3amau
YCHHUHU

24. [l'eomeTprUyecKre METOBI B 33/1a4aX KJIACCU(PHUKAIH Pemenue 3a1a4

25. Pemenue 3aiay, KOHTpOJIbHAA pa-

oora

2.3.4 IllpumepHasi TeMATHKA KyPCOBBIX padoT (MPOEKTOB)

KypcoBble paboTbl HE TPETYCMOTPEHBI.

2.4 IlepevyeHb y4eOHO-MeTOAMYECKOro O0ecledYeHHsI JJIsi CAMOCTOSATEJIbHOI padoThl 00y-
YAKIUXCH M0 JUCHUILUIHHE (MO1YJII0)
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[enbio caMocTOATENBHON PabOTHI CTYACHTA SIBISIETCS YIUIyOJIeHUE 3HAHWM, TOTYYEHHBIX
B pe3yJbTaTe ayAUTOPHBIX 3aHATHNA. BeipabaThIBalOTCs HABBIKM CaMOCTOATENBHON paboThl. 3a-
KPEIUISIFOTCS OIBIT U 3HAHUS MOJyYeHHBIE BO BpeMsI TaOOPATOPHBIX 3aHSITHIA.

Ne

Bung CPC

Hepequb yqe6Ho-MeToz[qucxoro obecneueHus JUCHUITIINHBI
M0 BBIMIOJIHEHHUIO CAMOCTOSTEIbHOM pa6OTI)I

1

2

3

IIpopaboTka 1 MOBTOpEHNE
JIEKIIOHHOT'0 MaTepHana,
MaTepHuaia yaeOHOH 1 Hayd-
HOI1 JTUTEpaTypsl, HOATOTOB-
Ka K CEMHHAPCKHM 3aHATHIM

Metoandeckue yKka3aHus AJs MOATOTOBKH K JIEKIIMOHHBIM U CEMUHAPCKUM 3aHs-
THSIM, YTBEPIK/ICHHBIE Ha 3aceJaHnH Kadepbl aHalli3a JaHHBIX U UICKYCCTBEHHOTO
MHTENIEKTa (paKyIbTeTa KOMIBIOTEPHBIX TEXHOIOTHH 1 MPHUKIIaTHON MaTeMaTHKH
OI'BOY BO «Ky6I'Y», mporokon Ne7 ot 22.03.2023 r.

Mertoauueckre yKka3aHHs 110 BBITOJHEHUIO CAMOCTOSITEIILHOM paboThI, yTBEp-
XKJICHHBIC Ha 3aceaHNH KadeIpbl aHaIH3a JaHHBIX U HCKyCCTBEHHOTO HHTEIUICKTA
(akympTeTa KOMITBIOTEPHBIX TEXHOJIOTHH U IpUKIagHoi MaTeMaTikn ®I'BOY
BO «Ky6I'Y», mporoxon Ne7 ot 22.03.2023 r.

ITonroToBka K 1aboparop-
HBbIM 3aHATUAM

Meroauyeckre yKa3aHus 10 BHITOJIHEHHIO J1a00PaTOPHBIX Pa0OT, yTBEPIKICHHbIE
Ha 3acelaHuu Kadeapbl aHan3a JaHHBIX M UCKYCCTBEHHOT'O MHTEIUIEKTa (haKyib-
TeTa KOMIIBIOTEPHBIX TEXHOJIOTUH U mpukiaaHoit MateMatuku ®I'bOY BO
«Ky0I'Yy, mpotokoia Ne7 ot 22.03.2023 r.

[ToaroroBka K peuieHuo
3aJla4 ¥ TECTOB

MeTtonuueckue yKa3aHusl 10 BBIMOJHEHUIO CaMOCTOATEIHLHONU paboThl, yTBEP-
JKJICHHBIC Ha 3acelaHuM Kadephl aHATN3a TaHHBIX U UCKYCCTBCHHOTO MHTEIUICKTA
(dakyIpTeTa KOMIBIOTEPHBIX TEXHOJIOTUH M pUKIagHoi MaTeMaTHku GI'BOY
BO «Ky6I'Y», mpotokoa Ne7 ot 22.03.2023 1.

IMoaroToBka K TEKymeMmy
KOHTPOJIIO

Mertonuueckre yka3zaHHs 110 BBITOJHEHUIO CAMOCTOSITEIIHOM paboThI, yTBEp-
XKJICHHBIC Ha 3aceaHNH KadeIphl aHaIn3a JaHHBIX U HCKYCCTBEHHOTO HHTEIUICKTA
(akympTeTa KOMITBIOTEPHBIX TEXHOJIOTHH U pUKiIagHoi MaTeMaTikn OI'BOY
BO «Ky6I'Y», mpotokos Ne7 ot 22.03.2023 1.

IToaroroBka JOKJIaI0B

Mertoandeckue ykazaHus UIsl IOATOTOBKH 3cce, pedepaTtoB, KypcoBBIX padorT,
YTBEpKACHHBIC Ha 3aCeaHHU Kadeaphl aHaIM3a JaHHBIX U HCKYCCTBEHHOTO
MHTEJIeKTa (aKyJIbTeTa KOMIBIOTEPHBIX TEXHOJIOT Uil M IPUKIIATHOH MaTeMa-
tuku PI'BOY BO «Ky6I'Y», mpotokon Ne7 ot 22.03.2023 1.

Y4yeOHO-METOANYECKHE MaTepuajbl I CaMOCTOATEIHLHONM pabOThl O0YYaIOIIUXCS W3
YHCIIa MHBAIUIOB U JIUII C OTPAaHUYEHHBIMU BO3MOKHOCTIMH 3710poBbsi (OB3) npenocTaBistoTes
B (hopMax, aJalTUPOBAHHBIX K OTPAHWYCHUSM MX 37J0POBbSI U BOCHPUATHS HH)OPMAITIH:

JUnist a1 ¢ HapyIIEeHUSIMU 3pEHHUS:

— B IIe4yaTHOU (popMe yBEIMUEHHBIM HIPUPTOM,

— B (hopMe 2IIEKTPOHHOTO TOKYMEHTA,

— B ¢popMe ayaunodaiina,

— B reyatHo (opme Ha si3bike bpaitns.

JIist an ¢ HapyHIEHUsAMHU CIlyXa:

— B mieuaTHou (opme,

— B popMe 3JIEKTPOHHOT'0 IOKYMEHTA.

JUist T ¢ HapyIIEHUsIMHM OTIOPHO-/IBUTATEIBHOTO arapaTta:

— B TIe4aTHOU (opme,

— B (popMe 2IEKTPOHHOTO IOKYMEHTA,

— B ¢popMme ayaunodaiina.

JlaHHBIN TIepeueHb MOXKET ObITh KOHKPETHU3UPOBAH B 3aBUCHUMOCTH OT KOHTUHIEHTa 00y-
YarOIINXCA.

3.0BPA30BATEJIBHBIE TEXHOJIOT'UHU
B cootBerctBum ¢ TpeboBanmsimu ®I'OC B mporpamma JUCHMIUIMHBI MIPEIyCMaTpUBaeT
UCMOJIb30BaHUE B Y4eOHOM IIpolecce CIEAYIOUIMX 0O0pa30BaTeNbHbIE TEXHOJIOTUH: YTEHHE
JeKIMA C HWCHOJb30BAHUEM MYJIBTUMEAUUHBIX TEXHOJOTH; METOJ] MalblXx Tpymm, pa3zdoop
IIPAKTUYECKUX 3a7a4 U KEHCOB.
[Tpu 0OyueHnH UCTIONB3YIOTCS CIEAYIOINE 00pa3oBaTeNIbHbIC TEXHOJIOTUH:
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— TexHONIOTHS KOMMYHHKATUBHOTO OOYy4EHUs — HaNpaBlieHa Ha (OPMUPOBAHUE KOMMYHHU-
KaTUBHON KOMIIETEHTHOCTH CTYJEHTOB, KOTOpas SBJISAETCS 0a30BOM, HEOOXOIUMOM sl ajanTa-
LMY K COBPEMEHHBIM YCIIOBUSM MEXKYJIBTYPHOU KOMMYHUKALIUH.

— TexHonorus pa3zHOypoBHEBOTO (Iu(PepeHIIMPOBAHHOT0) OOYyYEeHHsI — MpeAroJiaracT
OCYIIECTBJICHUE MMO3HABATEIBHOMN JEATEIHHOCTH CTYJAECHTOB C YYETOM MX UHAUBUIYATbHBIX CIO-
coOHOCTEM, BO3MOXHOCTEH U MHTEPECOB, MOOUIPSS X PEaln30BbIBATh CBOM TBOPUYECKUN MOTEH-
nuan. Co3naHue U MCIOIb30BAHUE AMATHOCTUYECKUX TECTOB SIBJSETCS HEOTHEMJIEMOUM YacThlO
JTAHHOM TEXHOJIOTHUHU.

— TexHonoruss MOAYIbHOrO OOyYEHUSI — MPEIyCMAaTPUBACT JEJICHUE COJCPKAHUS TUCIH-
TUTHHBI Ha TOCTATOYHO aBTOHOMHBIE pa3/iesibl (MOIYJIH ), MHTETPUPOBAHHEIC B OOIIUI KypC.

— HWudopmanmonno-kommyHukamonneie Texronoruu (MKT) - pacmmpsitor pamMku oOpa-
30BaTEJIbHOIO MPOIIECcCa, MOBBIIIAsA €r0 MPAKTUYECKYI0 HAMIPABIEHHOCTh, CIOCOOCTBYIOT MHTEH-
CU(PUKAIMHA CAMOCTOSITEIILHOW PabOThl yJalIuXCsl U TOBBIIICHUIO TO3HABATEIHHON aKTUBHOCTH.
B pamkax UKT BoiaenstoTcs 2 BUaa TEXHOJIOTHH:

— TexHOJOrUs HUCIONB30BaHMS KOMITBIOTEPHBIX MPOTPaMM — MO3BOJIsIET 3P(HEKTUBHO J10-
MOJIHUTH MPOIECC OOYUCHUS S3BIKY Ha BCEX YPOBHSIX.

— VIHTepHET-TEXHONIOTHH — MPEAOCTABISIIOT MMUPOKHE BO3MOXKHOCTH ISl TTOMCKA HHQOP-
MaIuy, pa3paboTKy HAyYHBIX MPOEKTOB, BEICHUS HAYYHBIX HCCIICIOBAHUH.

— TexHonoruss MHAUBUAYyaIU3alUU OOYYEHHsS] — IOMOTAaeT PEaJU30BBIBATH JUYHOCTHO-
OpPUEHTUPOBAHHBIN MOAXO0/I, YUUTHIBAs UHAUBUAYAIbHBIE OCOOCHHOCTH M MOTPEOHOCTH yJalluX-
csl.

— IlpoekTHast TEXHOJIOTHS — OPUEHTUPOBAHA HA MOJICTUPOBAHUE COIMATBLHOTO B3aUMO/ICH-
CTBUS yYAIllUXCS C LENbI0 PeUIeHHs 3a/1a4, KOTOopasi ONpeAeNsieTcs B paMKax NpoQecCHOHAb-
HOW IMOJATOTOBKH, BBIACIISIS Ty WIH UHYIO TIPEMETHYIO 00JIaCTh.

— TexHonoruss 0o0yueHuss B COTPYAHHYECTBE — peaTU3yeT HUJCI0 B3aWUMHOIO OOy4YeHUS,
OCYIIECTBIISISI KaK MHAUBHAYAIBbHYIO, TAaK M KOJUIEKTUBHYIO OTBETCTBEHHOCTh 32 PEICHHE y4yeO-
HBIX 33/1a4.

— UWrpoBas TeXHONOTHSI — MO3BOJIAET Pa3BUBATh HABBIKU PACCMOTPEHUS Psa BO3MOXKHBIX
Ccroco0oB pelieHus: nmpo0aeM, aKTUBU3UPYS MBIILIIEHUE CTYIEHTOB U PACKPBIBas JTUYHOCTHBIN
MOTEHITUAT KaXkI0T0 YJaIierocs.

— TexHomnorust pa3BUTHSI KPUTHUUECKOTO MBIIIJIEHUS — CITOCOOCTBYET (POPMUPOBAHUIO pa3-
HOCTOPOHHEH JTUYHOCTH, CIOCOOHON KPUTUYECKHU OTHOCHUTHCA K MHGOpPMAIUU, YMEHHUIO OTOH-
paTh HHPOPMAIHIO AJIs PELICHUS OCTAaBICHHOMN 3a1a4u.

KomrmiekcHoe HCTonb30BaHHE B y4€OHOM MPOIECCEe BCEX BBIIICHA3BAHHBIX TEXHOJOTHIMA
CTUMYJIMPYIOT JIMYHOCTHYIO, WHTEJUICKTYaJIbHYI0 AaKTHBHOCTb, Pa3BUBAIOT I103HABATEIbHBIC
MPOLIECCHI, CITOCOOCTBYIOT ()OPMUPOBAHUIO KOMIETEHIIMM, KOTOPHIMU JTOJKEH 001anaTh Oymay-
IIUHA CIESITUAINCT.

OcHoBHbIE BUIBI HHTEPAKTUBHBIX 00pa30BaTEIbHBIX TEXHOJIOTHI BKIIOYAIOT B CEOsI:

— pabota B ManbIX rpymnmnax (KOMaHzae) - COBMECTHAs ACSITENbHOCTh CTYJASHTOB B TpYyIIe
Mo/ PYKOBOJICTBOM JIMJIepa, HANpABJICHHAs Ha pEIICHHe OOIel 3aaaud MyTéM TBOPYECKOTO
CIIOKEHHSI PEe3yIbTATOB HHIWBUYaTbHOU paOOTHI YWICHOB KOMAH/BI C IEJICHUEM IMOTHOMOYUN U
OTBETCTBEHHOCTH;

— TIPOEKTHas TeXHOJIOTHS - WHIWBHUIyaTbHAs UIIW KOJIJIEKTUBHAS JIEATEILHOCTh 110 OTOOPY,
pacupeieNeHrI0 U CUCTEMAaTU3allui MaTepHrala Mo ONPEJETICHHON TeMe, B pe3ybTaTe KOTOPOil
COCTABJISIETCS] TIPOCKT;

— aHaIM3 KOHKPETHBIX CHUTYaIlMH - aHAIN3 PEAbHBIX MPOOJIEMHBIX CHUTYyaIlui, UMEBIITUX
MECTO B COOTBETCTBYIOIIEH 0OJaCTH MPOQPECCHOHAIBHONU NEATEIbHOCTH, U TMOUCK BApHUAHTOB
Jy4IIUX PELICHUN;

— pa3BHUTHE KPUTHUYECKOTO MBIIIJICHUS — OOpa3oBaTebHAs NEATEIbHOCTh, HApaBICHHAS
Ha pa3BUTHE Y CTYAEHTOB Pa3yMHOr0, pe(IeKCUBHOTO MBIIIJICHHS, CIOCOOHOTO BBIABUHYTH HO-
BbI€ UJIEU U YBUJIETh HOBBIE BO3MOXHOCTH.
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[Tonxonm pa3dbopa KOHKPETHBIX 3aJa4 W CUTyalUHd UIMPOKO HCIONb3YeTCs Kak
npernojiaBaTeseM, TaK U CTyJEHTaMH BO BpeMs JIEKIHH, JTaOOpaTOPHBIX 3aHSATHH M aHAIN3a
pe3yJbTaTOB CaMOCTOSITENIbHOM paboThl. DTO OOYCIIOBICHO TE€M, YTO MpPU HCCIECAOBAHUU U
pELIEHNN Ka)KIO0M KOHKPETHOHM 3ajaud MMEETCs, KaK IPaBWJIO, HECKOJbKO METO/OB, a 3TO
TpeOyeT pa3zdopa 1 OLIEHKH 11eJI0i1 COBOKYITHOCTH KOHKPETHBIX CUTYaLIUH.

3aHHTI/Iﬂ, NMPOBOJAUMBIE€ C HCITOJTIB30BAHUEM UHTCPAKTUBHBLIX TEeXHOJOTHH
KoandecTBo yacoB

Ne HaunmeHnoBaHnue pa3jeiioB (TeM) BCEro ayj. HHTEPAKTUBHbBIE
9acoB qachbl

Jluneiinas anredpa B KJIaCCUYECKOM MAIIMHHOM 00Y-

1. 8 4
YEHUH
2 |'eoMeTpuyecKHe METO/BI B 3a/1a4aX KJIACCH(HKAINN 8 4
3 |JIuneiiHas anreOpa B 00y4yeHUH MOJCIICH 8 4
Hmozo no oucuunaune: 24 12

Temsl, 3aganuss ¥ BONPOCH! IS CAaMOCTOSITENBbHOW pabOThl MpH3BaHBI CHOPMHPOBATH
HaBBIKH ITOHUCKA I/IH(bOpMaIII/II/I, YMCHHA CaMOCTOATCIbHO PAaCIIUPATE U er'Iy@]'I?ITB 3HaHU, IIOTYy-
YEHHBIC B XO/I€ JICKIIHOHHBIX U PAKTHYECKUX 3aHATHH.

[Toxxox pa3dopa KOHKPETHBIX CHTYallMi MIMPOKO HCIIOJIB3YETCS Kak IpenojaBaTesieM,
TaK M CTyJIEHTaMH ITPH NPOBEJCHUY aHAIN3a PE3YJIbTaTOB CAMOCTOSTEIBHOM PadOTHI.

I[J'ISI Jan € OrpaHM4YC€HHBIMU BO3MOKHOCTAMU 3O0POBBA IMPCAYCMOTPCHA OpraHu3anusi
KOHCYJIBTAIMH C HCIOJIb30BaHUEM SJIEKTPOHHOM MOYTHI.

JUist U1 ¢ HapyIIEHUSIME 3PEHHS:

— B 11e4aTHOM (hopMe yBEIMUEHHBIM MIPUDTOM,

— B popMe PIIEKTPOHHOTO JIOKYMEHTA.

JUnist a1 ¢ HapyIIeHUsIMH CITyXa:

— B IIe4aTHOM (opme,

— B (popMe 3IIEKTPOHHOIO IOKYMEHTA.

I[J'IS[ JI1 ¢ HApYUWICHUAMU OIIOPHO-ABUT'ATCIIBHOI'O annapaTa:

— B re4aTtHoi (opwme,

— B popMe PIIEKTPOHHOTO TOKYMEHTA.

JUis a1 ¢ orpaHMYEHHBIMM BO3MOXKHOCTSIMHU 3]I0POBbsI IMPEAYCMOTpPEHA OpraHU3aIus
KOHCYJIBTAIMH C UCITIOJIb30BAaHMEM DIIEKTPOHHON TIOYTHI.

JlaHHBIH nepeueHb MOXKET ObITh KOHKPETHU3UPOBaH B 3aBUCUMOCTH OT KOHTHHIEHTa 00Y-
YAFOTIUXCSI.

4. OueHoYHbIE U METOMYECKHE MATEPHUAJIBI
4.1 OueHo4HbIe cpeaCTBa IS TEKYIIEro KOHTPOJIsI yCIIeBaeMOCTH U NMPOMeKYyTOY-
HOH aTTecTalllHU

OneHouyHbIE CpeCTBa MpeAHA3HAUYEHbI ISl KOHTPOJS U OLIEHKH 00pa30BaTENbHBIX J0-
CTHKEHHH 00y4JaronuXcsi, OCBOMBIIHUX MPOrpamMMy y4eOHOM TUCIUILTHHBI «Airedpa U reoMeT-
pus»

OneHouHbIE CpPEeCTBA BKIKOYAET KOHTPOJIbHBIE MAaTEpUaibl ISl IPOBEACHUS TEKYILIero
KOHTPOJIAA B (opMe TECTOBBIX 3a/laHUl, pa3HOYPOBHEBBIX 33JJaHUIl 1 MPOMEKYTOYHOH aTTe-
cTanuu B (hopMe BOIIPOCOB U 33/1aHUI K SK3aMEHY.

Texymuii KOHTPOJIb YCIIEBAEMOCTH MPEJCTABISACT COOOM MPOBEPKY YCBOSHHUS YUEOHOTO
MaTepuaia, perysipHO OCYIIECTBISIEMYIO Ha IPOTSHKEHUHU cemecTpa. K JocToMHCTBaM 1TaHHOTO
TUIA OTHOCUTCSl €r0 CHUCTEMAaTUYHOCTh, HEMOCPEJCTBEHHO KOppenupyromas ¢ TpeOoBaHHEM
MOCTOSIHHOTO U HETIPEPhIBHOTO MOHUTOPUHTA Ka4eCcTBa 0OYUEHUSI.
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Texymuit KOHTPOJIb YCTIEBAEMOCTH CTYJIEHTOB MIPEACTABIISIET COOOI:

— YCTHBIH OIpoc (TPyINIIOBOM WM MHAWBUYAJIbHBIN);

— IPOBEPKY BBIIIOJIHEHUS NUCbMEHHBIX IOMALIHUX 3a/1aHuil;

— IPOBEIEHUE KOHTPOJILHBIX paboT;

— MpOoBeJIeHNE KOJUIOKBUYMOB (B TUCBMEHHOH (hopme);

— KOHTPOJIb CAaMOCTOATEIBHON pabOTHI CTY/IEHTOB (B MMCHbMEHHOM WM YCTHOM (hopme).

Jlis caMOCTOATENBbHOM paboThl MCHOJB3YETCsl y4eOHO-METOIUYECKOoe oOecreyeHue Ha
OyMa)KHBIX M 3JEKTPOHHBIX HOCHUTENSAX. TemaTHKa caMOCTOATEIbHOM pabOThl COOTBETCTBYET
COJEPKAHUIO Pa3JIeNIOB TUCLUILIMHBI U TeMe JoMalHero 3agaHus. OcBoeHne marepuaia KoH-
TPOJMPYETCS B IIPOLIECCE IPOBEACHUS MPAKTUYECKUX 3aHATHH.

KoHTposbHbIE BOIIPOCH! U 33/1aHUs 7S IPOBEICHHSI TEKYILEr0 KOHTPOJISL BEIOUpAIOTCs U3
COJIepKaHUs pa3JesioB JUCHUIUIMHBL. BBIMOTHEHNE TOMAIIHETo 33aHusl 00ecreurnBaeT Hempe-
PBIBHBI KOHTPOJIb 3a IIPOLIECCOM OCBOEHHUS y4yeOHOro Marepuana Kakoro oOydaromierocs,
CBOEBPEMEHHOE BBISIBJIEHUE U YCTPAHEHUE OTCTaBaHUI U OIIHUOOK.

IIpomexyTouHas aTTecTalusl IO UTOraM OCBOEHMS AMCLUIUIMHBL 1 cemecTp — 3ader u
9K3aMEH; 2 CeMECTp — 3a4eT U dk3aMeH. [IpomexxyTouHas arrecranus MpeicTaBieHa TUIIOBBIMU
3aJjauaMM 10 BCEM NPOWJEHHBIM T€MaM, a TaK e SK3aMEHAllMOHHBIMU BOIPOCAMH IO JIEKLIU-
OHHOMY MaTepuaiy.

K ¢opmam nucbMeHHOrO KOHTPOJISI OTHOCUTCS KOHTPOJIbHAs paboTa, KOTOpas sBIseTCs
OJIHOM M3 CIOXHBIX (JOPM IPOBEPKU; OHA MOKET MPUMEHSTHCS AJIs OLIEHKH 3HaHUM 1o 0azo-
BbIM U BapUaTHBHBIM JUCLHUIUIMHAM BceX LUKIOB. KoHTpoibHast paboTa, Kak IpaBUio, COCTOUT
U3 HEOOJIBIIOT0 KOJIMYECTBA CPEIHUX MO TPYAHOCTH BOIPOCOB, 3a7ad WIN 33aJaHHl, TpeOyro-
IIMX TOMCKAa 0OOOCHOBAHHOI'O OTBETa. BO BpeMs MPOBEPKH M OLEHKH KOHTPOJIbHBIX MUCbMEH-
HBIX PadOT MPOBOIMTCS aHAIN3 PE3YJIBTATOB BBITOJIHEHHS, BBISBISIOTCS THIIMYHBIC OIIMOKH, a
TaKXe NMPUYMHBI UX TosiBiIeHUA. KOHTponbHas paboTa MOXKET 3aHHMaTh YacTh WJIM IOJHOE
yueOHOe 3aHsATHE ¢ pa300poM MpaBUIIbHBIX PEIIEHUN Ha cieayrouieM 3aHsaThu. Ilepeuens KoH-
TPOJIbHBIX pabOT MPHUBEJICH HUXKE.

OneHouyHble CpeACTBA AJIsl UHBAJIUOB U JIMI] C OTPAHMYEHHBIMU BO3MOKHOCTSMHU 3710PO-

Bbsl BBIOMPAIOTCS C yYETOM MX UHAWBUIAYAIBHBIX MCUXO0(DU3NIECKHX OCOOEHHOCTEM.

— MpU HEOOXOAMMOCTH MHBAJIUAAM U JIMIAM C OTPAHUYEHHBIMU BO3MOKHOCTSIMH 3/10pO-
Bbs [IPEIOCTABIIAETCS JOTIOJHUTEIBHOE BPEMS JIJIsl IOATOTOBKY OTBETA HA 3K3aMEHE;

— IIPU NIPOBEJICHUU NPOLIETYPhl OLICHUBAHMSI PE3YJIbTaTOB 00yUYEHUs MHBAIMUJIOB U JIULL C
OTpaHMYEHHBIMH BO3MOXKHOCTSIMHU 3/10pPOBbsI IIPEAYCMATPUBAETCS UCIIOJIB30BAaHUE TEXHUYECKHUX
CPEICTB, HEOOXOAUMBIX UM B CBSA3H C UX MHJIUBUIYaJIbHBIMU OCOOCHHOCTSMU;

— IIpU HEOOXOAUMOCTH AJIs1 00yHarOIUXCs ¢ OTPAaHUYEHHBIMH BO3MOXKHOCTSMU 3/I0POBbS
U MHBAJIMJOB IMpOLEAypa OLEHUBAHUS PE3YyJlbTaTOB OOyUYEHUS MO JAUCLUHUIUIMHE MOKET MPOBO-
JUTBCS] B HECKOJIBKO 3TaIlOB.

[Ipouenypa oueHuBaHusl pe3yabTaTOB OOY4YEHMs] WHBAJIUAOB U JIMII C OTPaHHMYEHHBIMU
BO3MOXKHOCTSIMU 3JI0POBbSI 110 JAUCHHMIUIMHE (MOJYJIIO) MpeIycMaTpUBaeT NMpPEI0CTaBICHHE HH-
dopmaruu B hopmax, aJanTHPOBAHHBIX K OTPAaHMYEHHUSAM UX 370POBbS M BOCIIPUATHUS HH(POpMa-
LUH:

JInst man ¢ HapyEeHUs MU 3pEHUS:

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

— B (popMe dJIEKTPOHHOTO IOKYMEHTA,

— B opme ayauodaiina,

— B ieyaTHoOM popme Ha si3bike bpaiins.

JUia au1 ¢ HapyLIEHUSIMU CIIyXa:

— B TIe4aTHOH popme,

— B (hopMe 3IIEKTPOHHOTO TOKYMEHTA.

Jlnist Iu1 ¢ HapyIeHUsIMHM OTIOPHO-/IBUTATENIBHOTO alapaTa:

— B Ie4aTHoi (opme,

— B (hopMe PIIEKTPOHHOT O IOKYMEHTA,
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— B (hopme ayauodaiina.

JIaHHBI TIepeueHb MOXKET ObITh KOHKPETU3UPOBAH B 3aBHCUMOCTH OT KOHTUHTEHTa 00y-
YarOLUXCA.

CTpyKTypa OLeHOYHBIX CPEICTB IJIsl TEKYIIeld U MPOMEeKYTOYHOM aTTecTaAlNu

HaumeHnoBanue
No Kon u HaumeHOBaHUE OLIEHOYHOI'O CPEJCTBA
Pe3ynbraTel 00yueHUs
/1 HHIUKATOpa . ITpoMexyTouHas arre-
Tekymuii KOHTPOJIb cTams
. VK-1 Pemenne 3amau | 3ananue 1A
1 OCHOBBI MaTpUYHOM aJ- VK-1.1 CaMOCTOATEIbHOM
reOpsI VK-1.2 PpaboTHI M IPOMEKY-
TOYHOM arTectanyu 1-9
. Pemrenue 3agau | 3amanue nuis
Cucremsl JIMHCHUHBIX VK-1 CaMOCTOSTENNEHOM
2 | anreOpanyecKkux ypas- VK-1.1 paboThI ¥ IPOMEXKY-
HEeHMUil VK-1.2 ;(éqﬂoizi arrectauyu 10-
Pemenue 3amgau, | 3ananue mis
OHp CHENNTENA M HX VK-1 KOHTPOJIbHAS Pa- CaMOCTOSITCIILHOM
3 9 VK-1.1 6oTa paboThI ¥ IPOMEXKY-
CBOUCTBA VK-1.2 TO4YHOM arrectauuu 20-
48
VK-1 3ananue
Teopus u MeTOBI pe- OIIK-1 Pemmerue sanat, cal)\l/IOI({:I;Io;IﬂTZIbHOI‘ZI
KOHTPOJIbHAS pa-
4 | IICHU MAaTPHUYHBIX OIIK-1.1, PpaboTHI U IPOMEXKY-
- OIIK-1.2 Gora TOYHOM arrecTraryu 49-
ypaBHEHUU : e 0
VK-1.1 Pemenue 3amau, | 3ananue s
BeKT(ipHafl anrebpa. OIIK-1 KOHTPOJIBHASI pa’- CaMOCTOSITEIHHOM
5 | JIuHeiibie ypaBHEHUS B OIlIK-1.1, paboOTHI ¥ IPOMEXY-
OIIK-1.2 Gora TOYHOM aTrTecTanuu 52-
TEOMETPUH : &7 1
VK-1 Pemenue 3agau
VK-1.1 z:ﬁi}é?gﬂingoﬁ
JIuHeitHbie mpocTpan- VK-1.2
6 6 OITK-1 paboThI ¥ IPOMEXKY-
CTBa i MHOTOOODa3HA TOYHOM arrecTanuu 58-
OIIK-1.1, 63
OIIK-1.2
YEZ(ill Pewrenne 3a1a4 | 3, 006 g
Hopmuposantbie mpo- YI(:l.Z CaMOCTOSITETEHOM
7 | ctpanctBa. OpToro- OHK-.l PaboTHI U IPOMEKY-
HaJbHBIE CUCTEMBI OIIK-11, TOYHOM arrecTauuu 64-
OIIK-1.2 66
JlvHeliHbIE OMEPATOPBL. Pemienne 3anay, | 3anamue s
CoOCTBEHHBIE BEKTOPHI YK-1 KOHTpOJIbHAs pa- | CaMOCTOATCIBHOM
8 6 VK-1.1 6oTa paboTHI ¥ IPOMEXY-
1 COOCTBEHHBIC 3HAYC- VK-1.2 TOYHOU arrecTauuu 67-
HUS 73
VK-1 Pemenue 3amau
VK-1.1 3ananue s
’KopnanoBa kaHOHUYE- VK-1.2 CaMOCTOSITEIILHON
9 | ckas popma TUHEHHOTO OIlK-1 paGoTHI U IPOMEIKY-
omeparopa 00]177[1((_11 - Jé, ;(éqﬂoﬁ aTrecranyuu 74-
VK-1 P 3amanue s
HopmanbHble ¥ yHATAp- CIICHHUE 3a/a1
10 p yHuTap VK-1.1 CaMOCTOSITENTLHOM
HBIC MaTPHIIBI VK-1.2 pabOThI U IPOMEXKY-
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OIlK-1

TOYHOM arrecTanuu 84-

OIIK-1.1, 88
OIIK-1.2
Pemrenne 3agau | 3amanue nus
Matpuna @ypswe. [uc- VK-1 CaMOCTOSTENLHOM
11 | kpeTHOE MpeoOpa3oBa- VK-1.1 PabOThI M IPOMEIKY-
nue Oypbe VK-1.2 TOYHOM arTectaryu 89-
99
CuHryssipHble 4nciia u Pemenue 3amau | 3amanue mis
CHHTYJISIPHBIE BEKTOPBI. VK1 CaMOCTOATEIEHOM
12 VK-1.1 paboTHI ¥ IPOMEXY-
Meron HanMeHbIIIX VK-1.2 TOYHOM arTecTalfu
KBaapaToB 100-110
OIK-1 Pemenue 3amau, | 3ananue 1
OIIK-11, KOHTDOJIbHAS pa- | CAMOCTOATEIBHOM
13 | KoMIIeKCHEIC YHciia OITK-1.2 Gota paboTHI U IPOMEKY-
TOYHOM aTTeCTaluu
111-122
Pemenue 3amau | 3ananue s
o [1K-1
OcHOBBI a0CTpaKTHOM 0?7](—1 1 CAMOCTOSTENBHO
14 | anreOpsbl: TPYIIIILI, 017](—1' 2’ paboTHI U IPOMEKY-
KOJII)Ha, 101 ' TOYHOU arTecraluu
123-126
OIIK-1 Pemenue 3anau | 3amanme nos
15 OO6m1as Teopus aareOpsl OIlK-1.1, CaMOCTOSITENIbHOI
MMOJINHOMOB OIlK-1.2 paboThI ¥ MPOMEKY-
TOYHOU aTTEeCTAlnU
OIIK-1 Pemenue 3anau | 3amanme nos
16 Anrebpanyeckue MHO- OIIK-1.1, CaMOCTOATEIBHOM
rooGpasus. OIIK-1.2 paGoTHI U IPOMEIKY-
TOYHOMW aTTeCTalluH
OIIK-1 Pemenue 3amau | 3ananue s
OIlK-1.1 CaMOCTOSITETTLHOM
17 '
Kpaznparutieie Gopmbl OIlK-1.2 PpaboTHI ¥ IPOMEXKY-
TOYHOMW aTTeCTalluH
. OIIK-1 Pemenue 3amau | 3ananue s
18 CornpsKeHHBIH orepa- OIIK-1.1, CaMOCTOSTENBHON
TOP OIlIK-1.2 PpaboTHI ¥ IPOMEKY-
TOYHOU aTTeCTalliu
OIIK-1 Pemrenue 3anau | 3amanne qis
A
19 | Criexrpanbhbie 3anaun OIlIK-1.1, CaMOCTOATEIILHOM
OIIK-1.2 PpaboTHI 1 IPOMEKY-
TOYHOU aTTEeCTalnU
OIIK-1 Pemrenue 3anau | 3amanne as
20 Ten30psl 1 MHOrOMEp- OIIK-1.1, CaMOCTOSITeIILHON
Has anrebpa OIIK-1.2 paboTHI ¥ POMEIKY-
TOYHOM aTTeCTalllH
OIK-1 Pemienue 3amau | 3amanme as
5y | OcHOBBI ubdepeny- OlK-A CaMOCTOATENBHOI
aJbHOW FeOMETPUHU 017[(—1' 5 pPaboTHI U IPOMEXKY-
TOYHOM aTTeCTalllH
- [1K-1
Tononornuekue nmpo 0% 1 Pemenne 3a1a4 | 3, 000 s
22 CTpaHCTBa. OCHOBHI aJI- OHK-ll 2’ CaMOCTOSTEILHOM
redpanyecKkon TOMoJIo- ME-7 PpabOTEI U POMEIKY-
A ME-7 1 TOYHOM aTTecTaluu
Jluneiinas anreGpa B OIlK-1 Pemenue 3anau | 3amanue jyis
23 | KIaccHUeCKOM MATIHH- OIlIK-1.2 CaMOCTOSITEIbHOM
6 MF-7 paboThI ¥ IPOMEXKY-
HOM O0Yy4YCHUH MF-7.1 TOYHOH aTTeCTALNH
24 ['eomeTpuyeckue meTo- OIIK-1.2 Pewrenne 3anau | 3apanue qa

JbI B 3a/la4aX KJIaCCH-

CaMOCTOSITEIILbHOH
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bukanun paboTBI U IPOMEIKY-
TOYHOH aTTeCTAlHH

Perenue 3aJa4, KOH- 3aﬂaHI/Ie JJIA

o5 Jluneiinas aﬂre6pa B Oﬁ]é::;Z TpoJibHas pa-00Ta CaMOCTOSTEIIbHOMI
00y4yeHuu Moenen ME-7 1 pabOThI U TIPOMEKY-

TOYHOI aTTecTaluu

Ioka3zaresu, KpUTEPUHU M HIKAJIA OLEHKHA C(POPMUPOBAHHBIX KOMIIETEH U

CootBercTBie MOPOTOBOMY VPOBHIO OCBOCHMSI KOMIIETEHUUH IUIAHUPYEMBIM pe-
3yJabTaTaM O0yYEeHHUS U KPUTEPHUSIM X OLICHUBaHUS (OIICHKA: YIOBJIE€TBOPUTEIbHO /324TEHO):

VK-1 CIOCO0EH OCYHIEeCTBJIATh MOUCK, KPUTHYECKU AHAJIU3 U CMHTe3 uHGopma-
MU, IPUMEHATH CUCTEMHBII MOAXO0/ ISl pellleHUs1 MOCTABJIEHHBIX 33/1a4;
VK-11 Bri6upaeT onTuManbHbIN BapUaHT PELISHUS 3a7aud, apryMEHTUPYS CBOM BBIOOD

3HaTh MeTo bl KPUTUYECKOTO aHAIM3a U OLEHKH COBPEMEHHBIX HAyUHBIX JTOCTHXKEHUMN
JUI PELEHUs TUIOBBIX 33]1a4 B IMHEHHBIX, €BKIMIOBBIX, YHUTAPHBIX ITPOCTPAH-
CTBax, B €BKJIMJOBOM U HEEBKIINJIOBOM re€OMETPUN

Ymern AHanu3upoBaTh BXOJIHbIE IaHHBIE, OCYIIECTBIISATh AHAJIU3 U CUHTE3 UHPOpMaLUK:
MPUMEHSTh METO/IbI JIMHEHHON anreOpbl 1 aHATUTHYECKON TE€OMETPHUHU PelIaTh
TUIOBBIE 33J1a4X 110 BCEM MPONHACHHBIM TEMaM IPEJI0KEHHBIM CIIOCOO0M

Baagers  VccnemoBanuem npo6iieM npoheCCHOHATBLHOM IS TEIIbHOCTH ¢ TPAMEHEHUEM
aHaJIN3a, CUHTE3a U IPYIrUX METOI0B UHTEIUIEKTYaIbHON JEATEIIBHOCTH

VK-12  OcymecTBisieT MOMCK He0OX0JMMOi HH(OpMAIIMH, OTIUPASCh Ha Pe3yIbTaThl

aHaJIM3a [IOCTABJICHHOM 3a/1a4u

3HaTh Crniocoben mpuMeHsTh (hyHIaMEeHTaJIbHBIC 3HAHUS, ITOJTyYeHHbIE B 001acTH MaTe-
MaTHYECKUX U (WJIM) €CTECTBEHHBIX HAayK, U MCIOJIb30BATh UX MPU aHAJIM3E Mpel-
METHOW 00J1aCTH, @ UMEHHO: TEOPUIO alNredpbl MATPUI] U ONPEIEIIUTENEH; METOIbI
pELIEHNI CUCTEM JIMHENHBIX YPABHEHHI; OCHOBBI TEOPUH JIMHENHBIX IIPOCTPAHCTB
U JIMHEWHBIX ONEepaTOpPOB; CBOMCTBA U YPaBHEHHSI OCHOBHBIX T€OMETPUUYECKUX 00-
pa3oB, AOMYCKAIOTCS OUTMOKH B BEIYMCIEHHUIX M MTOTPELIHOCTH ITPOrHO3a

Ymernb [TonyyaTe HOBBIE 3HAHUS Ha OCHOBE AHAJIN3a, CUHTE3a U APYTHX METOAOB. YMETh
UCIOJIb30BaTh Pa3IMUHbIC allre0panyeckue MeTo1bl YMEHbIIECHHS TPU3HAKOBOTO
IIPOCTPAHCTBA, JUIs JAIbHEUILIEr0 IIOCTPOCHMS IPOTHOCTUYECKUX MOJEIIEH;

Baaners  BolsiBieHHEM COBpEMEHHBIX MPOOJEM U MCIIOJIB30BAaHHEM a/IeKBATHBIX METOJIOB
JUIS MX pEUIeHMs], a UMEHHO COBPEMEHHON BBIYMCIUTENBHON TEXHUKON B 00bEME,
HE00XO0AMMOM JJIsl peLIeHUs OlpeielIeHHOro Habopa yueOHbIX 3a1a4

OIIK-1 crnoco0eH NPMMEHSATh eCTeCTBEHHO-HAay4YHble U 001eNHKeHepHbIe 3HAHUS,
MeTOJbl MATEMATHYE€CKOI0 AHAJIHN3a U MOJCJIMPOBAHNS, TCOPETHYECKOI0 U
JIKCIEPUMEHTAJIBHOI0 UCCJIEI0BAHNUS B IPO(eCCHOHATBHOM 1eITeIbHOCTH.

OIIK-1.1  CnocoGeH NpUMEHATh CUCTEMHBIN MOJXO0/ K aHAIU3y MPEeIMETHOM (ITpoOIeMHOI)
o0JyacTu B MpoeCCHOHAIBHON AeATETLHOCTH

3HaTH CrniocobeH NMpUMEHATh (yHIaMeHTaIbHbIE 3HAHUS, MTOJyYCHHbIE B 00JIACTH MaTe-
MaTHYeCKUX U (WIM) eCTECTBEHHBIX HAYK, U UCIIOJIb30BATh UX MPH aHAIU3E TPei-
METHOI 00JIaCTH, @ UMEHHO: TEOPHUIO anreOpsl MaTPUIl U ONpPeAETUTENeH; METO bl
pelIeHnI CUCTEM JIMHENHBIX YPaBHEHUI; OCHOBBI TEOPUH JINHEUHBIX TPOCTPAHCTB
U JIMHEHHBIX OepaTopoB; CBOWCTBA M YPABHEHUSI OCHOBHBIX F€OMETPUYECKUX 00-
Pa3oB, IOMYCKAIOTCS OMIMOKH B BBIYMCIIEHUSAX U MOTPEIIHOCTH ITPOTHO34,

Ymerb Hcnonb30BaTh CyIIECTBYIOMIME TUIIOBBIE PEILICHUS U IIa0JIOHBI MPOSKTUPOBAHUS
POrpaMMHOTO OOecreueHus, TPUMEHATh (hyHIaMEHTaJIbHbIC 3HAHUS, MOJYYCH-
HbIC B 00J1aCTH MaTeMaTHYSCKHUX M (MJIM) €CTECTBEHHBIX HAYK, U MCIIOJIb30BATh X
B MpoeccnoHanbHON 1eATeIbHOCTH, @ UMEHHO CTPOUTh MaTeMaTHYeCKHE MOJIe-
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JI SKOHOMHUYECKUX CyOBEKTOB AJIs pean3auu HH(POPMaMOHHOW MOIen

Baaners  [IpoexkTupoBaHHEM CTPYKTYp JAAaHHBIX C MCIIOJIb30BAaHHEM (DyHIaMEHTaIbHBIX
3HaHUM, MOJy4YEeHHBIX B 00JaCTH MaTeMaTHYECKUX M (MJIM) €CTECTBEHHBIX HayK,
IIOCTPOEHHME MAaTpPHUIL IPU3HAKOB, JJIS NaJbHEHIIEro MOJy4yeHUsl IPOrHO3HOTO pe-
3yJIbTaTa.

OIIK-1.2  CnocoGeH mpUMEHSTh COBPEMEHHbIE HHPOPMALMOHHO-KOMMYHUKAIMOHHBIE TEX-
HOJIOTHH U NIPOIPaMMHBIE CPE/ICTBA, B TOM YHCJIE OT€YECTBEHHOTO IPOU3BOJICTBA,
MIPU PEUICHNH 33134 NMPo(HeCCHOHATBHON AeITEIbHOCTH

3HaTh OTeuecTBEHHBIH M MEXIYHApOIHBIA ONBIT B 00JaCTH MaTEeMATUYECKUX U (WIJIH)
€CTECTBEHHBIX HAyK, U UCIOJIb30BATh UX B MPO(ECCHOHATBHON JesTeIbHOCTH, a
HMMEHO I0JIb30BaThCsl KIACCUYECKUMHU aJIrOPUTMAMHU PEIIEHHs aireOpanyecKux
3azad.

YMmerb Mcnonb30BaTh CyLIECTBYIOLIME THUIIOBbIE pEIIEHUs W I1A0JIOHBI NpPU aHAIU3E
BXOJIHBIX JIaHHBIX, IPUMEHATh U3BECTHBIE AITOPUTMBI, IIO3BOJIAIOIINE YIPOCTUTH
pelleHre CTaHJapTHBIX YYeOHBbIX 3a/1ay.

Baaners  [IpoBeneHue HaOMIOACHUN U U3MEPEHUN, COCTABICHUE UX ONUCAHUN U (opMyH-
POBKa BBIBOJIOB, @ UIMEHHO IOCTPOEHHUE MATPUILl IPU3HAKOBB MHOIOMEPHOM IIpO-
CTPaHCTBE, /7Sl JaJbHEHILEro MoJy4eHus IPOrHO3HOIO pe3yJbTaTa.

ME-7 CniocoOeH mpUMEHSITh METOIbI (G depeHITnaTbHON T€OMETPUH

MF-7.1 [IpuMeHsieT MeTOJbI TOMOJOTHYECKOTO aHaiwW3a I OMHUCAaHUS TII00aThbHBIX
csotict mauHbiX (TDA, persistent homology — 0630pHO0)

3narb OcHOBHBIE MOHATHS TOMOJIOTUYECKOro aHanu3a AaHHbIX (TDA): Tonmomoruueckoe
IIPOCTPAHCTBO, CUMILIUIMAIbHBIN KOMIUIEKC, (PUIIbTpaLys, IEPCUCTEHTHAs TOMO-
JIoTHSl.

YMmerh Busyanu3upoBaTh NOIy4E€HHYIO AUAarpaMMy HEPCUCTEHTHOCTH.
WNnentudunuponaTs 1nryMoBble Oapbl (KOPOTKHE) U CTPYKTYpHBIE Oapbl (IJIMH-
HBIE).

Baagerr  CnocoOHOCTBIO MPHUBOJIUTH IpUMeEpH! 3aaay, rae TDA moxeT ObITh NpUMEHEH
(xnactepu3zanys, aHaiu3 GopMbl 00JIaKka TOUEK, TOUCK HUKIMUECKUX CTPYKTYP).
HaBbikom cpaBHenust pe3ynbTatoB TDA C MHTYUTHUBHBIM MpENCTaBICHHUEM O
¢dbopme naHHBIX (HarpuMep, Kpyr — oJuH JuInHHBINA Hi Oap).

CooteercTBrie 0230BOMY YPOBHIO OCBOEHHs KOMIIETEHIMH MIAHUPYEMBIM PE3yJIbTa-
TaM OOYUYCHUS U KPUTEPHUSIM MX OILICHHBAHHS (OLICHKA: XOPOIIIO /3a4TEHO):
VK-1 croco0eH OCylecTB/ISTh NOMCK, KpUTHYECKHI aHAJIN3 M CHHTe3 HH(popManum,
NPUMEHATh CUCTEMHBIN MOAXO0A 1JIA PELIeHUs OCTABJEHHBIX 3a/1a4;
VK-1.1  BpiOupaeTr onTUMaIbHbBIH BapUaHT PEHICHHS 33a49H, apIyMEHTHPYS CBO# BBIOOD

3HaTB MeTo1bl KPUTUYECKOTO aHAJIN3a U OLIEHKH COBPEMEHHBIX HAyUHBIX JOCTHKEHHUN
JUISL pellleHus] TUOBBIX 3a/1a4 B IMHEHHBIX, €BKIMIOBBIX, YHUTAPHBIX IPOCTPaH-
CTBaxX, B €BKJIMJI0BOW U HEEBKIIUJI0BOW r€OMETPHH, BEIOUPATh HY)KHBIE METObI
JUISI peIIeHNs KOHKPETHBIX 3aja4, 3HAeT CIEACTBHS U JOKA3aTEIbCTBA TEOPEM C
HEOOJIBIIIMMHU HeJloUeTaMU

Ymern AHanM3upoBaTh BXOJIHBIE JaHHbBIE, OCYIECTBIISITh aHAJIN3 U CUHTE3 UH(POPMAIIUH:
IPUMEHSATh METO/IbI JIMHEHHOM anreOphl U aHATUTUYECKON T€OMETPUHN PelIaTh
TUIIOBBIE 33JIa4M 110 BCEM MPOMIEHHBIM T€MaM MPeI0KEHHBIM CIIOCOO0M C Tpe-
OyeMoii okazarenbHON 6a30ii

Baagers [myOGokum uccienoBanueM npodiemM npodecCHoHaIbHON AesITENbHOCTU C IPUMe-
HEHHUEM aHaJIN3a, CUHTE3a U JPYTUX METOJ0B UHTEUIEKTYAJIbHON AESATEIbHOCTH

VK-12  OcymiecTBisieT MOUCK HEOOXO0MMOI HH(OPMALIUH, OIIMPAsCh HAa Pe3yJIbTaThl aHa-

JIN3a MOCTABJIICHHOH 3a/1auu

3HaTh CriocoOeH npuMeHsITh (hyHJaMEHTaJIbHbIE 3HaHUs, [T0Jy4YeHHbIE B 001acTH MaTe-
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YMmeThb

Baanern

OIIK-1

OIlIK-1.1

3HaTh

YMmernb

Baagernb

OIIK-1.2

3HaThL

YMmernb

Baagern

MF-7

MF-7.1

3HaTh

MaTHYECKHX U (WJIN) €CTECTBEHHBIX HAYK, M UCIOJIb30BATh UX MPHU aHAIMU3E Mpe.-
METHOI 00J1acTH, a8 UMEHHO: TEOPHUIO aNreOpbl MATPHIL U ONPEeTUTENEH; METOIbI
pEILIECHUI CUCTEM JIMHEHHBIX YPAaBHEHU; OCHOBBI TEOPHH JIMHEHHBIX IPOCTPAHCTB
U JIMHEWHBIX OIIEPaTOpPOB; CBOMCTBA M YPaBHEHUSI OCHOBHBIX T€OMETPUYECKHX 00-
pa3oB, AOIMYCKAIOTCS HE3HAYUTEIbHBIE OIIMOKU B BBIYUCICHUAX U IOTPEIIHOCTH
nporrosa He 6onee 10%

[TosrydaTs HOBBIE 3HAHUS W3 PA3JIMYHBIX, B TOM YHCJIE HHOCTPAHHBIX HICTOYHHUKOB,
Ha OCHOBE aHAJIM3a, CUHTE3a U IPYTMX METOJ0B. YMETh UCIIOJIb30BaTh PAa3JINYHbIC
areOpanyeckre MeTOAbl YMEHbILEHHS IPU3HAKOBOIO MPOCTPAHCTBA, IS Aajlb-
HEHUIIEro IMOCTPOEHHUsI IPOTHOCTUYECKUX MOJIEIICH;

BeisiBieHHEM COBpEMEHHBIX MPOOJIEM M HCIOJIb30BAaHMEM aJI€KBATHBIX METO/0B
JUIS X pEIIeHUs, 2 UMEHHO COBPEMEHHOM BBIYMCIUTEIBHON TEXHUKOW B 00BEME,
HEOOXOMMOM JUIsl PELIeHUs ONpPEJeIeHHOro Habopa HECTaHJApTHBIX YYEOHBIX
3a1a4y

CIoco0eH NPUMEHATh eCTECTBEHHO-HAYYHbIC M 001IeHH/KeHEPHbIC 3HAHUS,
MeTOobl MATEMAaTHYEeCKOI0 AHAJIM3Aa U MO/1eJINPOBAHUS, TEOPETHYECKOI0 H
IKCINEPUMEHTAJBHOI0 HCCIeI0BAHUSA B IPO(ecCHOHATIBHOM 1esITeTbHOCTH.
CriocoOeH MPUMEHSATh CUCTEMHBIN MOAX0/] K aHAJIH3y MpeaIMeTHOH (TIpo0IeMHOi)
o0acTy B Ipo(hecCUOHAIbHON AEATENbHOCTH

CriocobeH nmpuMeHsTh (hyHJaMEHTAIbHbIE 3HAHUS, MTOJy4YeHHbIE B 00JacTH Marte-
MaTHYECKUX U (MJIM) €CTECTBEHHBIX HAyK, M UCIIOJIb30BaTh UX IPU aHAIM3E Mpe-
METHOW 00J1acTH, @ UMEHHO: TEOPHIO aareOpbl MaTPUILL U OINIPEAETUTENEH; METOIbI
pELIECHUI CUCTEM JIMHEWHBIX YPaBHEHUI; OCHOBBI TEOPUHU JIMHEUHBIX IPOCTPAHCTB
U JIMHEMHBIX ONEepaTopoB; CBOMCTBA U YPABHEHUSI OCHOBHBIX T€OMETPUUYECKUX 00-
pa3oB, AOMYCKAIOTCS OMIMOKH B BBIYMCICHUSIX M MOTPELIHOCTH ITPOrHO3a
Hcnonp30BaTh CyIIECTBYIOUINE THUIIOBBIE PEIIEHUS U IIA0JIOHBI MPOEKTUPOBAHUS
IPOTPaMMHOI0 OOecIiedyeHus, IPUMEHATh (DyH/IaMEHTaJIbHbIC 3HAHMS, MOJY4YeH-
HbI€ B 00J1aCTH MaTeMaTUYEeCKUX U (UJIM) €CTECTBEHHBIX HayK, U UCIOJIb30BATh UX
B PO eCCUOHATILHOM AEATENIbHOCTH, @ UMEHHO CTPOUTh MaTeMaTHYECKUEe MOJENN
HSKOHOMUYECKUX CYOBEKTOB I peau3aly HHHOPMaIMOHHON MOJIENH
[TpoexTHpoBaHUEM CTPYKTYP JaHHBIX C UCIOJb30BaHUEM (DyHIaMEHTAIbHbBIX 3HA-
HUH, MOJYYEHHBIX B 00JAaCTH MAaTeMaTU4YEeCKUX U (MJIM) €CTECTBEHHBIX HAyK, IO-
CTPOEHHE MAaTpPUIl NPU3HAKOB, YMEHbINAS UX Pa3MEPHOCTD, s JAIbHEUIIETO I0-
Jy4eHHs IPOTHO3HOT'O pe3yibTara.

CriocobeH MpUMEHSATh COBPEMEHHbIE UH(POPMALMOHHO-KOMMYHUKAIIMOHHBIE TEX-
HOJIOTUH U TIPOrpaMMHBIE CPEICTBA, B TOM YHCII€ OTEYECTBEHHOTO ITPOU3BO/JICTBA,
IpY PELICHUH 33124 MPo(heCCUOHATBHON AEATEIbHOCTH

OTedecTBEHHBI U MEXIYHApOAHBIN OMNBIT B 00JACTH MAaTeMaTH4YEeCKUX U (WJIN)
€CTECTBEHHBIX HAayK, U UCIOJIb30BaTh UX B MPO(PECCHOHATBHON AEATENbHOCTH, a
MMEHO TM0JIb30BaThCsl KJIACCHUYECKUMHU AITOPUTMAMH PEHIeHHs anreOpanyecKux
3aja4, ¢ MOJPOOHBIM TEOPETUYECKUM 00OCHOBAHHMEM.

Hcnonp30BaTh CYyHIECTBYIOIIME THUIOBBIE pPEUICHUS M IIA0JOHBI IPU aHAINU3E
BXOJIHBIX JAHHBIX, IPUMEHITh U3BECTHBIE AJTOPUTMBI, MO3BOJISIOLUINE YIPOCTUTH
pellleHne CTaHIapTHBIX W HECTAHJIAPTHHIX yUeOHBIX 3ajau.

[TpoBenenue HaOMOACHUN U U3MEPEHH, COCTaBIEHHE UX ONMUCAHUN U HOPMYIHU-
POBKa BBIBOJIOB, @ IMEHHO MOCTPOCHHUE MaTpPHIl MPU3HAKOBB MHOIOMEPHOM IIPO-
CTPaHCTBE, IS JAJIBbHEHNIIIEr0 MOJIy4€HHs IPOTHO3HOTO PE3yJIbTaTa.

Cnoco0eH npuMeHATH MeToAbI AU((epeHINATbHOI TeOMeTPUHU

[TpuMeHsieT METOABI TOMOJIOTMYECKOTO aHAIM3A JIS1 OTUCAHUS TTI00aIbHBIX
csoiict manubix (TDA, persistent homology — 0630pH0)

Paznuunst MeX1y OCHOBHBIMU THUIIAMH CUMIUIMIIMATBHBIX KOMIUIEKCOB: Vietoris—
Rips, Cech, alpha-KOMILIEKC, X BBIYMCITHTEIbHBIC CIOKHOCTH U OONACTH TIPHMe-
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HUMOCTH. [ToHATHE UIBTPAIMOHHOTO MapaMeTpa (3TMCUIIOH B Rips-koMIuiekce) u
BJIIMSIHHAE €T0 BBIOOpA Ha MEepPCUCTEHTHYIO auarpamMmy. Mecto TDA cpenu npyrux
MeTo10B aHanu3a nanHbix (PCA, knacrepusanus, MDS).

Ymern CamocTosTenbHO 000CHOBAHHO BBIOMPATh THUIl CHUMILIHIMAIBHOIO KOMILJIEKCA B
3aBHCHUMOCTH OT METPUKH (E€BKJIMJOBA, IeoJIe3UdYecKasi, KOCHHYCHas) U pa3Mepa
JAHHBIX. BBIUKCIATH MEPCUCTEHTHBIE TUArPaMMbl JUIsl peajbHbIX MHOTOMEPHBIX
JaHHBIX (HapUMep, BPEMEHHbIE PSJbl, IPOCTPAHCTBEHHbIE JAaHHBIE, U300paXke-
Hus1). CpaBHUBATH TOMOJOTUYECKHE pU3HAKU (3HaumMble 0apsl 1ist Ho, Hi, Hz) ¢
pe3yibTaTaMi KJIaCCHUYECKHUX METOAOB (ompezaeneHue uucia kiactepoB PCA,
CTaHJAPTHBIC PACCTOSHUS) U OOBACHATH Pa3IHYHsL.

Baaners  HaBbikamu moctpoenus naimiaitna TDA: «o0aako Touek — KOMIUIEKCHl — TIep-
CUCTCHTHBIE TUarpaMMbl — BEKTOPHU3aIUsl — MAIIUHHOE O0YICHHE.

[Tpuémamu BbIOOpa mapamMeTpoB GUIBTpaLUU (MAKCUMAIbHOE PACCTOSHUE, KOJU-
YEeCTBO TOUEK B KOMILIEKCE) C YIETOM BBIUUCIUTENEHON APPEKTHBHOCTH.
TexHUKOW WHTEpIpeTalid MEPCUCTEHTHBIX IUarpaMM Ajis peajbHbIX TaHHBIX:
CBS3bIBAHUE JOJIT0XXKMBYLIUX 0apoB C COJAEpP)KATEJIIbHBIMU CBOWCTBAMMU IPEIMET-
HOM oOsiacTu (Hampumep, MeTisi B JaHHBIX JAaTYUKOB, HAJTHYHUE KIIACTEPOB C pas-
pBIBaMH).

CnocoOHOCThIO KPUTHYECKH OLIEHWBATh MPUMEHHUMOCTh TDA 1o cpaBHEHHIO ¢
reOMETPUUYECKUMHU METOAaMHU (HalpuMep, KOorja JaHHbIE JeKaT Ha MHOT000pa3suu
C JABIpamu).

CootsercTBre IPOABUHYTOMY YPOBHHK OCBOEHUS KOMIIETEHLUUN NIAHUPYEMBIM pe-
3yJbTaTaM 00y4eHHs U KPUTCPHSIM UX OLCHUBAHUS (OLCHKA: OTJIMYHO /3aYTEHO):
VK-1 croco0eH OCylecTBJISTh NOMCK, KPUTHYECKUI aHAJIN3 M CHHTe3 HH(opMaluu,
NPUMEHATh CUCTEMHBIH MOAXO0A JJIA PELIeHUs OCTABJEHHBIX 32/1a4;
VK-1.1  BpiOupaeT ONTUMAbHBIA BapUAHT PEIICHHS 33a4H, apTyMEHTHUPYS CBOW BBIOOD

3HaTB MeTonabl KpUTUYECKOIO aHAIM3a U OLIEHKH COBPEMEHHBIX HAyYHBIX JTOCTHKECHUN
JUISl pelIeHUs TUIIOBBIX 3a/1a4 B JMHEHHBIX, €BKIMIOBBIX, YHUTAPHBIX ITPOCTPAH-
CTBaxX, B €BKJIMJI0BOW U HEEBKJIUJI0BOW F€OMETPHHU, BEIOUPATh HY)KHBIE METObI
JUISl peIIEHNs KOHKPETHBIX 3a]1a4, 3HAET CJIEICTBUS U JJ0KA3aTeIbCTBA TEOPEM

Ymers AHaIM3MpOBaTh BXO/IHBIE JaHHBIE, OCYLIECTBIIATh aHAIN3 U CUHTE3 UHPOPMALIUU!
IMPUMEHSITh METO/IbI JINHEHHOW anreOpbl U aHATUTUYECKON reOMETpUH peliaTh
TUIIOBBIE 33]1a4 10 BCEM MPOHAEHHBIM TEMaM MPeSI0KEHHBIM CIIOCOO0M C Tpe-
Oyemol JoKa3aTeslbHON 0a30i

Baaners [nyOokum mccieoBaHueM npooiieM npodeccuoHanbHOM eI TeIbHOCTH ¢ IpUMe-
HEHUEM aHaJln3a, CHHTE3a U IPYTUX METOJ/I0B HHTEIJIEKTYAIbHOU JIEATEIbHOCTH

VK-12  OcymuiecTBIsieT MOUCK HEOOXO0MMOM HH(OPMALIUH, OMIUPAsCh HA PE3yJIbTaThl aHa-
JIM3a MOCTaBJICHHON 3aJaun

3HaTB CriocobeH npuMeHsTh (hyHJaMEeHTaIbHbIE 3HaHUs, [TOJy4YeHHbIe B 001acTH MaTe-
MaTHYECKHX U (UJTM) €CTECTBEHHBIX HAaYK, U UCIOJIb30BaTh UX MPU aHAIHU3E Mpe-
METHOI 06J1acTH, a UMEHHO: TEOPHUIO AIreOpbl MATPUIL U OIPEeIUTeNei; METOIbI
pELIEHUI CUCTEM JIMHEMHBIX YPABHEHH; OCHOBBI TEOPHUH JIMHEWHBIX IIPOCTPAHCTB
U JIMHEWHBIX OIEpPaTOpPOB; CBOMCTBA M YPAaBHEHHSI OCHOBHBIX T€OMETPUYECKUX 00-
pa30B, IOMYCKAIOTCSI HE3HAUNTENIbHbIE OITMOKHN B BBIYMCIECHUSX U MOTPEIIHOCTH
nporxHo3a He 6onee 5%

Ymernb ITomy4yaTh HOBBIE 3HAHUS W3 PA3JINYHBIX, B TOM YHCIIE€ HHOCTPAHHBIX UCTOYHHKOB,
Ha OCHOBE aHAJIN3a, CHHTE3a U APYTUX METOAOB. YMETh UCIIOJIb30BaTh Pa3JINYHbIC
anreOpanyeckre MeToAbl YMEHbILIEHHUS IPU3HAKOBOIO MPOCTPAHCTBA, IS Aajb-
HEWILIETO MTOCTPOEHUS MPOrHOCTUYECKUX MOJIEIIEH;

Baaners  BblsiBieHHEM COBPEMEHHBIX MPOOJIEM M HUCIOJIB30BAaHUEM AaJEKBAaTHBIX METOJOB
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OIIK-1

OIIK-1.1

3HaTh

YMmerh

Baangern

OIIK-1.2

3HaTh

YMmerh

Baagern

MF-7
MF-7.1

3HaTh

YMmernb

JUISL KX PEIIICHUS, & UMEHHO COBPEMEHHON BBIUMCIUTEIHLHON TEXHUKON B 00BEME,
HEOOXOMMOM ISl PEUICHUs] ONpPEJeIEHHOro Habopa HECTaHIAPTHBIX y4eOHBIX
3a1au

croco0eH NPUMEHSATh eCTeCTBEHHO-HAYyYHbIe M 001eNHKeHePHbIe 3HAHUS,
MeTOJbl MATEMATHYECKOI0 AHAJIN3a U MO/eJIMPOBAHNS, TEOPETHYECKOT0 U
IKCNEPUMEHTAJBLHOI0 MCCIeI0BAHUS B IPOdecCHOHATBHOI 1esITeIbHOCTH.
CnocoOeH NMPUMEHSATh CUCTEMHBIN MMOJX0/] K aHAJK3y MpeaMeTHOH (ITpoOIeMHOI)
o0acTy B po(heCcCHOHABHON ACATEIbHOCTH

Cnoco0eH npuMeHATh (yH/IaMeHTalbHbIC 3HAHUS, TIOJy4YeHHbIe B 00JaCTH Mate-
MaTHYECKHUX U (WJIN) €CTECTBEHHBIX HayK, U MCIIOJIb30BaTh UX IIPU aHAIN3E IpE.-
METHOW 00J1acTH, a UMEHHO: TEOPHIO aareOpbl MaTPUIL U ONPEAETUTENCH; METOIbI
PELICHUI CUCTEM JIMHEWHBIX YPABHEHMI; OCHOBBI TEOPUU JIMHEHHBIX IPOCTPAHCTB
U JIMHEHHBIX OMepaTopOB; CBOMCTBA M yPaBHEHUSI OCHOBHBIX T€OMETPUUYECKUX 00-
pa3oB, I0IYCKAOTCS] OUIMOKHU B BBIYMCIIEHUSAX U MTOTPEIIHOCTH IIPOTHO3a
Hcnonp30BaTh CyIIECTBYIOUINE THIIOBBIE PEIICHUS U MIA0IIOHBI MPOSKTHUPOBAHUS
IPOTPAMMHOTO O00€CIIeUYeHus, TPUMEHATh (DYHIaMEHTAJIbHBIC 3HAHHS, MOJYYCH-
HBIE B 00JIACTH MaTeMaTUYECKUX U (MJIM) €CTeCTBEHHBIX HAYK, M UCIOJIb30BaTh UX
B [Ipo(hecCHOHAIbHOM AEATEIbHOCTH, @ UMEHHO CTPOUTh MaTEMaTHUECKUE MOJAEIU
SKOHOMHMYECKUX CYOBEKTOB ISl pealin3aiy UH(HOPMAIMOHHONW MOIETH
[TpoexTupoBaHHEM CTPYKTYp AAHHBIX C UCHOJIb30BaHUEM ()yH/IAMEHTAJIbHbBIX 3HA-
HUH, TOJYyYEHHBIX B 00JaCTU MaTeMaTH4YeCKUX U (MJIHM) €CTECTBEHHBIX HAyK, IO-
CTPOEHHE MAaTpHI] MPU3HAKOB, JJIS JaJbHEHIIEro MOJy4yeHUs MPOTHO3HOTO pe-
3ynbTara.

CriocobeH mpUMEHSTh COBpEMEHHBIE MHPOPMAMOHHO-KOMMYHUKAITMOHHBIE TEX-
HOJIOTUHU U MPOTpaMMHBIE CPEICTBA, B TOM YHCIIE OTEUECTBEHHOTO MPOU3BO/ICTBA,
IIPU pelIeHNH 3a7a4 MPo(hecCHOHATBHOM 1eTeNbHOCTH

OTeuyecTBEHHBIH U MEXIYHAPOJHBIH ONBIT B 00JACTH MaTeMaTHYeCKUX U (WJIH)
€CTECTBEHHbIX HAayK, M HCIOJIb30BaTh UX B MPOPECCHOHANBHON NEATEIBHOCTH, a
UMEHO I0JIb30BaThCsl KJIACCHUECKUMH aJTOPUTMAMU DELICHUs alreOpandyecKux
3azad.

Hcnonb30BaTh CyIIECTBYIOLIME THUIOBbIE pPEUIEHMS W IIAOJOHBI MpPU aHAJIU3e
BXOJIHBIX JaHHBIX, IPUMEHITh U3BECTHBIE aJTOPUTMBI, MO3BOJISIOUINE YIPOCTUTH
pelleHne CTaHJapTHBIX YUeOHBIX 3aau.

[IpoBenenune HaOMIOIEHUN U U3MEPEHUN, COCTABIICHUE WX OMUCAHUA U HOPMYITH-
POBKa BBIBOJIOB, @ UMEHHO IIOCTPOECHHE MATpPHUIl IPU3HAKOBB MHOIOMEPHOM IIPO-
CTPaHCTBE, JJIs JAJIbHEHIIIET0 MMOIYy4EeHHsI IPOTHO3HOTO Pe3yJIbTaTa.

Crnioco0eH npuMeHsATh MeTOIbl U depeHIINaTbHON FeOMETPUH

[TpumeHsieT MeTOJBl TOIOJOTHYECKOTO0 aHaluM3a JUIs OMNHMCAaHUS TJI00aTbHBIX
coiictB nanHbiX (TDA, persistent homology — 0630pH0)

Marematnueckue ocHoBaHusi TDA: Teopusi NEpCUCTEHTHBIX T'OMOJIOTHH Kak
¢dbyHKTOpa U3 Kareropuu GuIbTPOBAaHHBIX KOMIUIEKCOB B KaTETOPUIO MOAYJIEH Hall
KOJIBIIOM MHOrowIeHoB. Kiaccel naHHBIX, uid KOTOpeIX TDA naér npeumymie-
CTBO: JaHHBIE C TOMOJOTUYECKUMH OCOOCHHOCTSIMU (BUXPH, TOPbI, CTpAaTU(DUILIN-
pOBaHHBIE MHOTO00pa3us), JTaHHbIE BHICOKUX pa3MEpHOCTEH ¢ HU3KOI pa3MepHO-
CThIO BiOkeHHs. COBpEeMEHHbIE HAIIPABJICHUS: TOMOJIOTMYECKasl pPeryssipu3amus B
riryookoM o0yuernnu, TDA nist BpeMEHHBIX PSIJIOB.

Pa3zpabatbiBath cTpareruto nmpumeHeHus TDA s HeCTaHAAPTHBIX JAHHBIX: He-
€BKJIMJIOBBI IPOCTPAHCTBA, JaHHbIE Ha rpadax, obnaka TOYEK ¢ IIyMOM M BBIOpO-
caMHM, JUHAMHUYECKHE CUCTEMBl. ATalTUPOBATh apaMeTPhl MOCTPOEHUsS QUIIBTPaA-
UK (HE TOJIBKO €BKJIMJOBY METPHKY, HO U distance based Ha moibp30BaTEIbCKUX
byuknuax, metric learning) aas MOBBIMICHHS POOACTHOCTH M MHTEPIPETHPYEMO-
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cTu.VIHTerpupoBaTh TOIMOJIOTUYECKUE MPU3HAKH B HEHPOCETEBBIE APXUTEKTYPBHI:
UCTIONIb30BaHuE U PEpeHIINPYEMO MEPCUCTEHTHOCTH (HAIIpUMeEp, TOMOJIOTHYe-
CKHE CJIOH, 10Ss-(hyHKIIMHM Ha OCHOBE JUArPaAMM).

Baanerr Hasbikamu mnonnoro mukia TDA-uccinenoBanus: oT NPOEKTHUPOBAHUS SKCIIEPH-
MEHTa JI0 MyOJIUKAIUU HHTEPIIPETUPYEMBIX PE3YIbTATOB.
[IpuémaMu TOMOJIOTMYECKOW OIIEHKHM KauecTBa reHepaTuBHbIX Mojeneit (GAN,
BapHAallMOHHBIE aBTOPHKOJIEPHI) C UCIIOJIB30BaHNEM MIEPCUCTEHTHBIX TUArPaMM.
TexHoJ0THEH COBMECTHOTO UCTOIb30BaHusl TDA ¢ METOIaMHu CHUXKEHUS pa3Mep-
Hoctu (UMAP, t-SNE) ni1s Bu3yanm3anuu TOmoJ0THYeCKUX MTPU3HAKOB.
CriocoOHOCTBIO 00y4aTh Apyrux 0a3oBbIM mpuHIMIaM TDA u amantupoBarh Ma-
TEMaTUYECKHUI ammapaT MoJl MPHUKIaJHbIe 3a7aud B MpodecCHOHAIbHON 00J1acTu
(6uonH(popmaTHKa, pOOOTOTEXHUKA, aHAIN3 (PUHAHCOBBIX BPEMEHHBIX PSJIOB).

Kpumepuu OYEHUBAHUA nO 3a4emy.

«3aUmeHo»: cmyoenm eiaoeem meopemudecKuMU 3HAHUAMU N0 OAHHOMY pa3oeny, ymeem pe-
wamov 3a0ayu, OONYCKaem He3HauumenbHvle OWUOKU, CIMYOeHm yMeem NPAGUIbHO 00bACHIMb
meopemuyecKutl U NpaKmudecKuti Mamepua, UiioCmpupys e2o npumepamu U3 KOHMpOoIbHbIX
u 1abopamopuwix pabom.

«He 3aUMeHO»: Mamepua He YC80eH WU YCB0eH YACMUYHO, CIYOeHm 3ampyoHaemcs npuge-
Cmu npumepsbl N0 OCHOBHLIM NPOUOEHHbIM MeMAaM, O080JbHO 02PAHUYEHHbI 00beM 3HAHULL
NPOSPAMMHO20 NPAKMUYECKO20 MaAMepPUald.

O1eHOUHBIE CpesICTBA AJIsi HHBAIKU/IOB U JIUL] C OTPAaHUYEHHBIMU BO3MOKHOCTSIMH 3/10PO-
Bbsl BBIOMPAIOTCS C YIETOM UX UHIUBUIAYAIbHBIX ICUXO(PU3NYECKUX OCOOCHHOCTEH.

— MIpU HEOOXOMMOCTH MHBAIMJAM U JIMIIAM C OTPAaHUYEHHBIMU BO3MOXKHOCTSIMH 3/10pO-
Bbs [IPEIOCTABIISAETCS JOTOJHUTEIBHOE BpeMs ISl IOJTOTOBKM OTBETA HAa 3K3aMEH€E;

— IIpU MPOBEJICHUH MPOLEAYPHI OLIEHUBAHUS PE3yJIbTATOB 00yUEHHs] HHBAINIOB M JIUIL C
OTpaHUYEHHBIMHU BO3MOXHOCTSIMHU 3/10pPOBbsI NPEAYCMATPUBAETCS MCIOIb30BAaHUE TEXHUYECKUX
CpEeACTB, HEOOXOIUMBIX UM B CBSI3U C UX WHAUBUIYAIbHBIMU OCOOEHHOCTSIMH,

— Ip1 HEOOXOAUMOCTH JJIsl 00YHaIOIUXCSl C OTPAaHUYEHHBIMH BO3MOKHOCTSMH 37]0POBbSI
U MHBAJIMJOB IpOIEIypa OLIEHUBAHUS Pe3ylIbTaTOB OOyYEHHs MO AUCLUILUIMHE MOXET IpPOBO-
JUTHCS] B HECKOJIBKO 3TaIlOB.

ITponienypa oneHMBaHUS PE3yJIbTATOB OOyYEHHs] WHBAIMJOB U JIUI[ C OTPAHUYECHHBIMU
BO3MOXXHOCTSIMHU 3/10POBbsI IO AMCHMILINHE (MOJAYJIO) MPEIyCMaTPUBAET MPEIOCTaBICHUE HH-
dopmanuu B hopMax, aJaTUPOBAHHBIX K OTPAaHUYEHUSAM UX 3/10pOBbS M BOCHPUATHS HH(POpMa-
IUH:

JUid au1 ¢ HapyIIEHUSIMH 3pEHUS:

— B MleyaTHOU (hopme yBeIMUEHHBIM HIpUdTOM,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

JInst man ¢ HapyIEeHUsAMHU CIlTyXa:

— B I1e4aTHoi (opme,

— B (hopMe 3IIEKTPOHHOT O TOKYMEHTA.

JUig au1 ¢ HapyIIeHUsSIMHA OIIOPHO-JBUTATEIBHOTO anmapara:

— B TIeYaTHOU (opme,

— B (popMe 2IEKTPOHHOT O TOKYMEHTA.

JlaHHBIN MepeueHb MOXKET ObITh KOHKPETU3MPOBAH B 3aBUCUMOCTH OT KOHTUHI€HTa 00Y-
YAIOIIUXCS.

26



TunoBbie KOHTPOJIbHbIE 32JaHUS WM MHbIe MATepPHAJIbl, He00X0AMMbIe [JIsl OLeH-
KM 3HAHUI, YMEHUIl, HABBIKOB U (WJIH) ONBITA JAeATeJbHOCTH, XaPAKTEPHU3YIOIIUX ITANBI
(popMupoBaHus KOMIIeTeHIMI B MIpolecce 0CBOEHHUS 00Pa30BaTeIbHON POrPaMMBbl

Tema 1. Komnaexcuoie uucia

1.1. BerauciauTh

cos(i +1)

3anucaTh ACUCTBUTEIBHYIO 1 MHUMYIO YaCTH KOMIUIEKCHOTO YHCIIA.
1.2. Haiitu X n YeR:

(i—2)2+3i) =x vy

3i—1 10 ' 's
13 H3BHC"IB KOpeHB N3 KOMIIJICKCHOTI'O YUCJIa
V2 =2i

1.4. BeruncnuTe, OTBET 3alucaTh B TPUTOHOMETPUUECKOH, alreOpandeckoi U MoKa3aTeIbHON
dopmax:
7z = (\.@ _ 1-)30
1.5. N300pa3uth 001acTh HA KOMIUIEKCHOW TIOCKOCTH, 33JaBaeMYyI0 HEPAaBEHCTBOM:
z+i—1| <5
1.6. BeraucianTh, OTBET 3aIMCAaTh B TPUTOHOMETPHUYECKOH, aNreOpandecKoi 1 MmoKa3aTelIbHOI
dbopmax:

(3 -0)3-V2—2i
Tema 2. Oowan meopus anzeopvl NOIUHOMOB
2.1. BbINOJIHUTG J€NIEHUE C OCTATKOM
2x° —3x3+x? —5x+7ma3x*+4x3 —x+2
2.2. He ocyrmiecTBiisis IeieHHs M He UCTIONB3ys cxeMmy ['opHepa HalTH OCTaTOK OT JIeJIeHUs 110~
muHoMma 2x° — 3x3 + x? —5x + 7Ha 5x — 3
2.3. OnpenenuTb KPaTHOCTh KOPHS Xy = 2 MOJHMHOMA
2x* —11x* 4 18x? — 4x — 8.
Pa3n0xuTh MoIMHOM Ha MHOXKUTEIH.
2.4. Pa3inoxuth moJMHOM 2x° — 3x3 + x? — 5x + 7 10 CTENEHAM X = —2, UCTIOIB3Ys CXEMY
I'opHuepa.
2.5. [TocTpouTh MOTMHOM HaMMEHbILIEH CTETIEHU C IeUCTBUTEIHHBIMU KOOPPUIIUEHTAMH, €CITH
€ro KOpHHU:
Xg = 2i — 1 kpatHoctH 1, x; = 2 — i kpaTHOCTHU | U X, = 3 KpaTHOCTH 2.
2.6. Haiitu HOJ/I n1Byx monmHOMOB
fx)=x®—7x*+8x*—7x+7ug(x)=3x>—7x*+3x?> -7
2.7. Tlonb3ysce anroputmoM EBkima, momgodpars moauaHoMbl M1(X) 1 M2(X) Tak, 4To0bI
fX)M1(x) + g(x)M2(x) = 8(x), rae 6(x) — HO/I monmuuromos f(X) u g(x),
f)=x4+3x*+x¥+x?+3x+1uglx) =x*+2x>+x+ 2.
2.8. Tonp3ysce anropurmoM EBkimna, mogoopars nomuHoMsl M1(X) 1 M2(X) Tak, 4ToOBI
fOOM1(X) + g(X)M2(x) =1, tme f(x) = x* —x® —4x? +4x + 1ugx) =x% —x — 1.

Tema 3.1 Mampuuywst u onpedenumenu
3.1. BeraucnuTh onpeaenuTens

12-1-1
8-1-7 10
a) ,
2 7 4 -5
-1-1-3 1
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20 1 0 0 0
1 2a 1 0 0
b) |0 1 2« 0 0
O 0 0 " 1 2a
2cos@ 1 0 .. 00
1 2cos@ 1 0 0
| o 1 2cosg@ 0 0
0 0 0 e 1 2cose

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

3.2. BbIUMCINTD paHT MaTPHUIIBI METOJ0M OKaWMIIEHHsS] MUHOPOB.

10 18 -22 40 17
1 7 -10 17 -3
3.3. Haiitu oOpatHyro MaTpuily Kk MaTpuie A:

1 -3 5
®A=(7 3 1

12 —2 6

2 -5 8 -1
(o 3 12 -2
D)A=15 3 11 7

1 -2 9 5
3.4.* Berauciuts A%, ecitn

1 1 1 - 1

1 < 82 En_l .
A=1| 1 g2 gt . g2-1) | npue = e2m/n

1 gn1 g2m-1)  g(-1)?

3.5. Berauciantse

2i 3 2 i—1\7
a)(? i+1 '(—i 2—1i

—i 1 1 0

Aq 0 0 Ay
b) ( l.. ) - ( ... )

0 Ay An 0
Tema 3.2 Cucmembsl 1uHeliHbIX YPAGHEHUIL
3.1. Pemuts ¢ momomkro hopmyn Kpamepa cucreMy ypaBHEHHIA:
2X+3y—-12=5,
X+Yy+2z=09,
2X—-y+2=3.
3.2. Haiitu ¢pyHnameHTanbHyro cucremy pemenuit st CJIOY
X—2y+z+t=0,
X—-2y+z-t=0,
X—-2y—z+5t=0.
3.3. BeIsicHUTB, 00pa3yroT JIU CTPOKHU KKIOM M3 MaTPHI]

30 —24 43 -50 -5

A= ( 9 -—-15 8 5 2

4 2 9 -20 -3
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4 2 9 -20 -3
B = (1 —-11 2 13 4
9 —-15 38 5 2

byHIaMEHTAIbHYIO CUCTEMY PELICHH 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. VlccnenoBath CUCTEMY ypaBHEHUHN HAa COBMECTHOCTD, UCIIONB3YSI 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 cucrema ¢ MEHBIIHNM KOJTMYECTBOM ITIEPEMEHHBIX.

Tema 4. Bekmopuas anzeopa

4.1. BeIYUCIUTh TPOSKIUIO BEKTOPa 8= (3; 2; 2) Ha OCh BEKTOpa 6J+ éﬁ , €CIIN 5: (—ZL' 4 — 6)
nC=(3 2 -1).

4.2. BekTOpHL & U 6} o0pa3zyroT yroia 60°, npudem @ =2, ‘k’q = 3. OnpenenuTh yrojr Mexay
BEKTOPaMH P £+6} u (5}=£+3t})1.

4.3. BelYnucIuTh CUHYC yI1a, 00pa30BaHHOTO BEKTOPAMU 8= (2L -2)u E= L -2 2).

4.4. 3Hast BEKTOPHI, 00pa3yIoINUe TPEYTrOJIbHUK: AB= Zg —3[5), BC = R 66), CA= 3R 96),

re & u D B3aMMHO MepreHMKYISPHBIE OPTHI, ONIPECTHTh BHYTPEHHHE YTIIbI STOTO TPEYTOllb-
HUKA.
4.5. CpeactBaMu BEKTOPHOM anreOpsl BEIUMCIUTD JUIMHY BbIcOTHl CH TpeyronpHuKa ¢ Bepiu-

mamu B Toukax A(6; 0; 2), B(2; -3; -2) u C(1; 0; 1).
4.6. Bextops! & u 6} oOpa3ytoT yron 120°, mpuuem @ =4, ‘tﬂ =5. OnpenenuTs yroja MeX1y
BEKTOpaMH g=3g—26j u (ﬁjz g+3f5j.

4.7. BynyTt nv KOMILTaHAPHBIMH BEKTOPBI R- (2; -1 - 2), lg: (2; 1 1) u €= (1; -2, 2)?
4.8. Haiitu pa3noxeHue BEeKTopa E= (1; 4, 2) 1o 6a3UCy COCTOSAIIEMY U3 BEKTOPOB

b=(1 5 3), §=(4,1 2), F=(3, -1, 2).
4.9. BekTopsl &n Bj B3alMHO NEPIIEHIUKYJISPHBL. 3Has, 4YTO @ =6, ‘tﬂ =5, BBIUYUCIIUTH ‘)‘() xﬂ

NIPU YCIIOBUH, YTO )E) " 26}, Yp: 78— 26}.

4.10. CpeactBamMu BEKTOPHOU anreOpbl BBIYUCIUTH IUIOMIAL TpeyroibHuka ABC, ecnu
AB=(21-2), BC=(3;-2;6).

4.11. lausr koopauuatsl touek A= (L 1,1), B=(L 2;3), C=(3; 0;-2), D(2, 1,0). Borunc-

JIUTH (2@—?[3)(2?(5+ﬁ), \/(Né)z , \/(A—C .

4.13. Onpenenuts, OyeT JH NMapauieIorpaMM, IOCTPOCHHBIX Ha MPUBEICHHBIX K 00IIEMY
Hauany BekTopax AB = 2a —4b u BC = @ — 5b xak Ha CTOpOHaX, MPSAMOYTOJIbHUKOM WJIH
poMbOM, eciti & u Bj B3aMMHO MEPIICHAUKYISPHBIE OPTHI.

Tema 5. Ilpaman na naockocmu
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5.1. 3nas nBe coceqnue BepmuHbl A (-6; 1) u B (-9; 12) mapammenorpamma ABCD u Touky O (0;
7) nepeceveHus AMaroHanei, HAaMTH ero MIoNa/b.

5.2. 3Has nBe coceanue BepmuHbl A (6; 1) u B (9; 16) mapamnenorpamma ABCD u touky O(10;
7) nepecevyeHus JuaroHaiel, COCTaBUTh YPaBHEHUS €r0 CTOPOH.

5.3. B TpeyrospHHKE, BEpIIMHAMEU KOTOPOTo sABISIOTCS ToukH K (2; -6), M(6; -1) u P(4;0), HaiiTi
JUIMHY TIEPIICHIUKYJISIpa, OMMYIIEHHOro 13 BepuuHbl K Ha meauany MH.

5.4. CocTaBuTh ypaBHEHHUE IPSAMOM, MapamuieabHol npsaMbiM X-3y+10=0 u x-3y+15=0 u mpoxo-
JALLIEH MOCEPEINHE MEXKY HUMH.

5.5. CocraBuTh ypaBHEHUS BBICOT TpeyroibHuka ABC, eciu u3BeCTHBI ypaBHEHUS €r0 CTOPOH
5x-4y-1=0, x+10y-11=0 u 3x-y-7=0.

6.6. CocTaBuTh ypaBHEHHUE IPSIMOM, MapauieabHON IpsaMoit 5x-12y+18 =0, paccTosiHre KOTOPOi
10 Touku M (1;7) paBHo 9.

5.7. CocTaBUTh ypaBHEHHUE IPSAMOM, MapauIeIbHON PsAMOit 8X-6y+7=0, OTKIIOHEHHE OT KOTO-
poii Touku M(0;0) paBHo -7.

5.8. B tpeyronpHuKe, BepmmHaMu KOToporo sBisitores Touku K(1; 4), M(-2; 0) u P(1;2), Haiitn
yros Mexay ctoponoit MP u Meananoi, npoBeieHHON 13 BepiuHbl K.

5.9. CocraBuTh ypaBHEHUs CTOPOH Tpeyroibauka ABC, eciin qanbl ogHa u3 ero BepmuH B (3; -
7) u ypaBHeHusI ByX BbIcOT 8x+3y+1=0 u 5x+y-17=0.

5.10. CocraButh ypaBHeHHs CTOpOH TpeyroibHuka ABC, eciu nanbl ogHa u3 ero BepuiuH C (-9;
-3) u ypaBHeHUs BbICOTHI 9X-8Y-1=0 u meauansl 5x+4y-9=0, npoBeeHHBIX U3 OJJHON BEPIIUHBI.
5.11. 3nas Bepmunsl A (-6; -1), B (-9; 16) u C (10; 7) TpeyroyibHUKa, COCTaBUTh YpaBHEHUE BbI-
COTBHI, MPOBEJECHHOM U3 BEPIIUHEI B.

5.12. 3nas Bepmunsl A (-6; 0), B(0; 16) u C(10; -3) TpeyroibHuka, COCTaBUTh ypaBHEHUE OHUC-
CEKTPHCHI, POBEACHHOMN U3 BEPIIUHBI A.

5.13. 3nas BepmuHbl A (-6; 1), B (-9; 16) u C (10; -7) TpeyronbHHKa, COCTABUTh YpaBHEHHE Me-
JMaHbl, IPOBEACHHOM U3 BepinHbl C.

Tema 6. Ilpamas u naiockocmsv 6 npoCmMpancmee.
. M
6.1. CoctaBuTh ypaBHEHHE IIIOCKOCTH, IEPIEHANKYIIpHON BekTopy N = (1; 3, - 2) U OTCEKa-

forer Ha ocu OX oTpe3ok a=>5.
6.2. CocTaBUTh ypaBHEHUS TUIOCKOCTEH, KOTOPBIE JENAT MOMOJIaM IBYTpaHHbINA yroi, 00pa3o-
BaHHBIN MIocKoCcTIMU —16X+15y —127-5=0u X+2y-2z2+5=0.

6.3. CocTaBuTh ypaBHEHHE IIJIOCKOCTH, MPOXOJAIEH uepe3 TOUKU A(l; 2; 4) " B(— 2; 3 11) na-

pamiensHo ocu Oz .
6.4. JIBe rpanu KyOa JiexaT Ha IIIOCKOCTAX 2X —2Yy+2Z—1=0 u 2X—2y+z+5=0. Berunc-

JUTH 00BbEM ITOTO KyOa.
5 {x +5y—-2=7

6.5. CocTaBUTh KAHOHUYECKUE YPABHEHUS MPSMON .

3X+4y-z+8=0
6.6. CocTaBuTh ypaBHEHHE IUIOCKOCTH, MPOXOISIIEH depes prIM')/}O nepecedeHus MI0CKOCTeH
2Xx—y+3z-5=0 u Xx+2y—2z+2 =0 mapamiensHo BekTopy b = (2; -1, —2).
6.7. CocTaBuTh ypaBHEHHE IJIOCKOCTH, MPOXOAIEH uepe3 NpsMyI0 MepecedeHns III0CKOCTeH
3X—2y+2—-3=0 u X—2z =0 u nepneHauKyIIpHO TUIOCKOCTH X —2Y+2+5=0.
6.8. CocTtaBuTh ypaBHEHHUE MJIOCKOCTH, MPOXOJAIIEH uepes MpsIMyI0 MepeceyeHns MI0CKoCTei
2X+Y—2+1=0wu X+ Yy+2z+1=0 nmapamieapsHO OTpE3Ky, OTPaHUYEHHOMY TOUKaMH

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

'J
6.9. CoctaBuTh ypaBHEHHUE IIOCKOCTH, MAPAILICILHOM BEKTOpY D = (2; 1 1) Y OTCEKAIoILEH Ha
ocsix Ox u Oy otpe3ku 3 U -7 COOTBETCTBEHHO.
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6.10. Jans! BepmmHbl Tpeyroasauka A(3; -1; -1), B(1; 2; -7) u C(-5; 14; -3). CocraButh napa-
METPUUYECKHE YpaBHEHUSI OMCCEKTPUCHI €r0 BHYTPEHHETO yIJia Py BepinuHe B.
6.11. CocTaBUTh ypaBHEHHE IIIOCKOCTH, OTKJIOHEHHE TOYEK KOTOPOU OT IIIOCKOCTH
4x —4y -2z +3=0pasHo -3.
6.12. Ilepecekaet i1 MIOCKOCTh 5X — 2y +Z —1=0 0Tpe30K, OrpaHUYEHHBII TOUKaMHI
P@ 4, —-3) u K(2, 5, 0). OrBeT 000CHOBATS.
x+7_y+4_z+311x—21_y+5_z—2

4 -2 6 -4 -1
6.14. Ha ocu Oy HaliTh TOUKy, paBHOyAaJeHHYI0 OT Touku P(1, —2, 0) u miockoctu
3X—2y+6z-9=0.

6.13. HaiiTu paccTossHue MEXay NPSIMBIMU

x-1 y+1 z-1
2 -2
6.16. Berauciuts yritel, 00pa3yemMble HOPMAbBIO K IIIOCKOCTH V3x+ y—4=0, u paccrossHue P

6.15. Berauciuts paccrosiaue oT touku P (3, 3, 5) mo mpsmoit

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

JMHATHBIMHU TIOCKOCTSIMH.
6.18. Berunciuts pagmyc chepsl, KoTopas Kacaercs miockocted 6X—2y+32-3=0 u

6x—-2y+32-20=0.

6.19. Onpenenuts, nexat 11 Touka P(2, —1, 1) 1 Hayamo KOOpAWHAT IO OJHY WJIH IO pa3HbIe
CTOPOHBI OTHOCUTENBHO MIIOCKOCTH 5X —3y +2—-18=0.

6.20. [lanb! BepmmHbl TpeyroiasHuKa A(3; 6; -7), B(-5; 2; 3) u C(4; -7; -2). CocTaBUTh napamer-
pHUECKUE YpaBHEHHsI €0 MeIuaHbl, IPOBEACHHON 13 BepiuHsl C.

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

HbI B HEKOTOpOM 0a3uce e’ :{el' ) e; ) e;} Haiitu koopanHaThl BeKTOpa X B 0azuce e' u MaTpu-
uy 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;}. Haiitn marpuiy nepexo-
naor e={e,,e,,e}e ={e +¢e;,e,—e;de}.

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

7.3. Nana matpuna nepexona U ot e ={e,,e,,e,} x &' ={e;,e;,e;}. Haiitu marpuiry nepexo-
naor e={e, +¢€,,6, —e,3e}e ={e,e,e}.

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

7.4. Tana matpuuia nepexoga U ot 6asuca € ={€,,€,,6,} x 6asucy €' ={e;,e,,e;}.
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1 2 3
U= (—1 -1 -3
0 4 1

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

7.5. HaiiTu pasmepHoCTH, 6a3uChl CyMMBbI U IIEpECEUEHNUs [TOANIPOCTPAHCTB, 3a/IaHHBIX ypaBHE-
HUSMU

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

X, —2X, + 2%, +2X, =0

7.6. Haiitu pa3mepHOCTH, 6a3uChl CyMMBI 1 IiepecedeHus noanpocrpancts H, =<a,,a,,8; >
u H, =<b,b,,b, >

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

a,=11-1)" u b,=(22)"

a,=(33)" b,=(L1-3)

7.7. Bextops € ={€,,€,,6,}, €' ={e/,€e,,e,} u X 3anans B HeKOTOpOM Gasuce

€, ={6f ) eg ) e§ } Haiitu Mmatpuny nepexona ot € k e, KOOPJIMHATHI BEKTOpa X B 06a3uce € u
e'.

e =(-11)" e =(-123)"

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

e,=(12-1)" e,=(021"

X, = (1,0,1)

7.8. HaiiTu matpuity nepexomaa ot 0asuca €4, €2, €1, €3 k 0asucy €2', e4°, €3°, €1°, eciu 3a/1aHa
matpuna U nepexoza ot 6a3uca €1, €2, €3, €4 k 6a3ucy e1', €2’, €3, 4’

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

U=

Tema 8. Eéknudo6o u ynumapmnoe npocmpancmeo

8.1. Cuuras BEKTOPHI 33JJaHHBIMU KOOPAMHATAMU B OPTOHOPMHUPOBAHHOM 0a3uce, IPOBEPUTH,
YTO CIEAYIOIINE CHCTEMBI BEKTOPOB OPTOTOHAIIBHBI, M JIOTIOJIHUTH UX JI0 OPTOTOHAJIBHBIX 0a3H-

COB TIPOCTPAHCTBA: gl = (1, -1,1,- 3)T , gz = (— 4,1,5, O)T

8.2. OpTOHOPMHPOBATH CHCTEMY BEKTOPOB, HCIOJIB3Ys POLEcC OpToroHanu3auuu I'pamMma-
Ulvuara & =(-3,0,7,6)", & =(1,4,3,2), & =(2,2,-2,-2)

8.3. Cumuras, 4TO BEKTOPBI 3ajaHbl KOOPJUHATAMH B OPTOHOPMHUPOBAHHOM 0asuce, OPTOHOPMH-
pOBAaTh CHCTEMY BEKTOPOB £ =(1,i,2), gz =@, i,0)", gS =(i,0,2)".

Tema 9. J/Tuneiinvie onepamoput
9.1. Omeparop ¢ mepeBoauT BeKTop X = (X, X,,X;) B BEKTOP go(x). SIBnsiercs m oneparop ¢
nuHeHbIM? Eciu siBiIsIeTCsl, TO 3aMucaTh €ro MaTpuIly.
a) (a(x): (X, + 2, +3%55 X, — 2X5; X, — 3X, )
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b) (P(Q):(Xl +X3;X22;X3 +1)

9.2. JIuneitnblil onepaTop ¢ B 6a3uce é)l, gg,é; nMeetr Matpunly A. Haittu maTtpuily 3Toro ore-
paropa B 0asuce é){,é);_,é);, eciun é’l =(4,-4,-3), é)z =(-8,7,5), é)s =(-5,-11), é)l' =(1,-11),

1-11
& =(041-1), & =011, A=|2 1-1|.
3-1 1
9.3. HaiiTu MUHUMAITbHBI MHOTOWIECH MATPHUIIBI
6 2 -2
A=|-2 2 2
2 2 2

9.4. HaiiTu opTOHOPMUPOBAHHBIN 0a3uC, B KOTOPOM OMEPATOP MPOCTOM CTPYKTYpPHI UMEET KaHO-
HUYECKUM BUJ. 3anmucaTh KAHOHUYECKHUI BUJ MaTPUIIBI OTIEpaTopa B 3TOM Oazuce.

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

9.5. Haiitu matpuiry mpeoOpa3oBaHusl, IEPEBOISAIICTO 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 , 6; = ( 2,1, 2)T B TOM e 0a3uce, B KOTO-

POM 3a71aHbI KOOPJMHATHI BEKTOPOB.
9.6. lnst MmaTpuiiel A HaiTH sx0pJaHoBY (GOpMY U KOpAAHOB Oazuc.

0 10
A=-4 4 0
-2 1 2

Tema 10. Keaopamuunwie popmut
10.1. ITpuBecTH KBaApaTUIHYIO POPMY K KAHOHUYECKOMY U HOPMAIBbHOMY BTy, HAUTH JTMHEH-
HBIE HEBBIPOXKJICHHBIE MTPE0OPa30BaHUS, TPUBOIAIINE KBAAPATHUIHYIO (OPMY K ITUM BHUJIAM.
X, + X2 +5X5 — 6%, X, — 2X X + 2X, X,
10.2. HaiiTu Bce 3HaYeHHs MapamMeTpa A, IPH KOTOPBIX MOJIIOKUTEIHHO OMpeesieHa KBaapaTuy-
Has ¢popmMa:

2 2 2
2X; + 2X5 + X5 4+ 2AX X, + 06X X; + 2X, X,
10.3. BBISICHUTB, UTO B CIIEAYIONIUX MMapaxX KBaJApaTHIHbIX (hopM oaHA (hopMa SBISETCS MOTOKHU-
TEJBHO OMpeeieHHoN. HallTh HeBBIpOXKIeHHOE IMHEWHOE TTpeoOpa3oBaHue, MPUBOIAIIEE 1T0-
JIOXKHUTEIBHO ONpPEeNeHHYI0 (OpMY K HOPMAJIBHOMY BUIY, a JPYTYIO — K KAHOHUYECKOMY:

2 2
f =X +26x; +10x,X,
g =X +56x7 +16X,X,
Tema 11. Kpuevle u nosepxnocmu 6mopozo nopsaoka

11.1. Omnpenenuts Bua KpuBoi 2 nopsiaka. Haiftu nentp. 3anucath B KAHOHUYECKOM BHJIE,
HalTH KAaHOHUYECKYIO CUCTEMY KOOPIUHAT.
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a) 9x* —16y° —6x+8y —144=0
b) 9y* -7y -16=0

11.2. CocraBuTh ypaBHEHHE U ONPEACIUTH TUIl KPUBOM BTOPOTO MOPSAIKA, IPOXOAIICH uepes
5 ToYek, 3aJaHHbIX CBOUMHU KOOPIUHATAMHU:

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

11.3. HccnenoBarh 3aBUCHMOCTD THUIIA KPUBOM OT ITapameTpa A:

AX? + 20Xy +y* =0
11.4. CocraBuTh ypaBHEHHUE KacaTeIbHON K KPUBOW 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. Omnpenenauts TUII HOBEPXHOCTU BTOPOIO MOPSI/IKA, IPUBECTH K KAHOHUYECKOMY BUJLY,
HAWTH LIEHTp, €CJIM TIOBEPXHOCTH IIEHTpajIbHAasA. BrIncaTh KaHOHHMYECKOE TIpeoOpa3oBa-
HUE NIEPEMEHHBIX.

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

11.6. CocraBuTh ypaBHEHUE OKPYKHOCTH, TIpoxo smieit uepe3 Touku A(1,1) u B(2,3), ecnu ee
LEHTP JSKUT Ha npsaMoit 2x+3y — 1=0.
11.7. CocraBuTh ypaBHEHUS OOIIMX KAacaTENbHBIX JBYX OKPYKHOCTEH

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

11.8. B smmmmnc x%/16 + y?/4=1 BrucaHn NpaBUILHBIA TPEYTONBHHK, OJHA U3 BEPIIMH KOTOPOTO
COBIIAJIAET C MPABOW BEPIIMHOMN O00JbIION OcH. HaillTu KOOpIMHATHI IBYX APYTUX BEPIIUH Tpe-
yTOJIbHUKA.

11.9. IIpoectu k mmurcy X°/9 + y?/64=1 kacaTenbHble HepEeHINUKYISAPHbIE IPAMOi 2X-3Y +
2=0

11.10. Ilpsimbie X=+9 SBISFOTCS JUPEKTPHCAMU JUTUIICA, MaJlasi OCh KOTOpOro paBHa 6. Haiitn
ypaBHEHHE TOT0 3JUIUIICA.

11.11. Ha »murce X2/36+y2/25=1 HaWTHU TOYKY OTCTOSIIIYIO OT €ro Majlol OCH Ha 5 €TMHUII.
11.12. B onnumnc 9x% + 4y? + 54x — 16y + 61=0 BnucaH NpAMOYTONLHUK, BE TIPOTUBOIOIOKHEIE
CTOPOHBI KOTOPOTO MPOXOIAT Yepe3 POKYChl. BRIUUCIUTP TIIOMIAh/ IIEPUMETP ITOTO TPSMO-
YTOJIbHUKA.

11.13. CocraBuTh ypaBHEHHUE TUTIEPOOITBI, IMEIOIIIEH 00MIHe (POKYCHI C IUTHIICOM
X2/49+y?/16=1, npu ycioBUM, YTO €€ FKCIEHTpHcUTeT € =1,25.

11.14. OmnpenenuTh yroia MEeXIy aCHMITOTaMU THIIEPOOJIbI, €CIIM U3BECTHO, YTO €€ DKCIIEHTPHU-
CUTET € =2.

11.15. Ha runepGone X%/16 —y?/9 = 1 HaiiT TOUKy, I KOTOPOi (hOKATBHBIE PaIHyC-BEKTOPHI
HEepIEHIUKYISPHBI IPYT IPYTY.

11.16. Ha rumepGoie X%/16 —y2/9 = 1 Ha#Tn TOUKy, I KOTOPOIl PACCTOSIHHE OT JIeBOTO (GOKY-
ca B 2 pa3a 0oJIbIIIe, 4eM JI0 TIPaBoro.

11.17. TpoBecTu KacaTenbHyI0 K THIEpOoie X5/4 — y2/9 = 1, mapannensHyo IpsaMoit

x—4y + 8=0.

11.18. TIpoBecTu KacaTenbHYIO K Tunepoone X2/4 — y*/9 = 1, nepnenuKynsapHyI0 IpaMoii

x—4y + 8=0.
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11.19. BBIYMCIIUTE JUIMHY CTOPOH MPABHIIBHOTO TPEYTOIbHUKA, BIMCAHHOTO B apabomy y2=4X.
11.20. CocraBuTh ypaBHEHHE 061IeH Xop/apl mapabois! Y2=18X u kpyra (X+6)2+y?=100.

11.21. Yepes dokyc napaboisl Y>=4X TpoBeneHa X0opaa, MapasielbHas nmpsmMoii X—y + 8=0. BeI-
YHUCITUTh JJTUHY 3TON XOPJIBI.

BapuaHT 1j1 NOATOTOBKH K KOHTPOJIbHOI padote Ne 12 no Teme «OCHOBBI TeOpHH
rPymm».
Nel

a=a,+ia, o8 & .

IIycTh 3a1aHO MHOKECTBO KOMIUIEKCHBIX YHMCEJI BUJIA:
HaJUIEeKaT ITOJII0 ACMCTBUTENBHBIX YUCENl. BBECTH onepanuy CI0KEHHUS U YMHOXKECHUS KOM-
TUIEKCHBIX YMCEIl ¥ TOCTPOUTH alNre0py KOMIUIEKCHBIX Yucell. SIBisercs i 3Ta anredpa KOMMYy-

TATUBHOU 110 YMHOKeHUI0? SIBisieTcs i 9Ta anredpa JTMHEHHOM anreOpoit ¢ nenennemM?

Ne2
ITocTpoiiTe HUKIMYECKYIO TPYIITY, HOPOKAAEMYIO IIEPECTAHOBKAMHU BHJIA:
12345
53142
Ne3
BaIlaH MHOI'OYT'OJIbHUK CIIMCKOM KOOPJAWHAT BC IHH.
X -1 2 1 -2 0

1 2 -2 -2 0

Marpuna adppuHHOrO NpeodpazoBaHust UMEET BUJI:

2 1 4
2 21

BbruuciuTe KOOpAMHATHI BEPIIMH MOCIE TPeoOpa3oBaHus, IICHTPbI GOpMbI GUTYpPBI 1
TUTOMIA/TN JI0 ¥ TTOCIIe TIPeoOpa3oBaHMs.

BapuaHT 111 IOATOTOBKH K KOHTPOJIbHOW padote Ne 13 no teme «IIpumenenue Jjin-
HeifHOM ajareOpsl A/ peuwienust 3agau ¢ UN».

1. Haxoxnaenue ko3¢ (pULIHEHTOB pErpeccuu ¢ NCIOJIb30BAHUEM METO/1a HAMMEHbBIIINX KBaJ-
paToB: MpecKa3aTh YUCIOBOE 3HaUCHUE (HaprUMep, IIeHy JoMa) Ha OCHOBE Habopa MmpHu-
3HAKOB (TLIONIA/b, KOJTMYESCTBO KOMHAT, TUIOMIA/(h KYXHH, KOJIMYECTBO BAHHBIX U T.]I.),
TabIMIIa pUaraeTcs.

2. Kunacrepuzamnus ¢ HCIIOIb30BaHUEM CIIEKTPATBHON KIIACTEPHU3AINN: PA3IEIUTh HA00P
JTAHHBIX Ha IPyMIIbl (KJIacTepbl) HA OCHOBE CXOJICTBA MEXly 00BeKTaMH, TabJIuIa mpuia-
raercs.

3. AHanu3a riIlaBHBIX KOMIIOHEHT: 3a/laHa TabJuIla JaHHbIX, COCTOSIIAs U3 ABYX IIPU3HAKOB
(HampuMmep, POCT U Bec JI0AeH), HEOOXO0AUMO UCIOIb30BaTh METO/ IJIABHBIX KOMIIOHEHT
(PCA) anst cHMXeHHS pa3MEPHOCTH JaHHBIX M BU3YAIM3aLUU UX B OJHOMEPHOM IpPO-
CTpPaHCTBE.

Ilepeuens Komnemenyuii (vacmu KOMNEmMeEHUUU), NPOCEPAEMbIX OUEHOUHBIM CPeo-
cmeom YK-1.1; YK-1.2; OIIK-1.1; OIIK-1.2; MF-7.1
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3auyeTHO-IK3aMeHAIIHOHHbIE MaTepHualbl AJIA IIpOMe)KyTO‘lHOﬁ arrecranmumn

(3x3ameH/3a4eT)

=

No ok

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.

217.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

BOITPOCHI K 9K3AMEHY IO AJITEBPE U TEOMETPUUA
| cemecTp

Anrebpanueckas popma KOMIUIEKCHOTO yrcia. KommiekcHast miockocTs. [Ipumepsi.
JleiicTBUsl HajJ KOMIUIEKCHBIMU 4YMciIaMH B anredpamueckoir ¢opme. CompsikeHHbIE
KOMIUIEKCHBIE uncia. [Ipumepsl.

Tpuronomerpuueckass ¢opma kKomiiekcHoro uucia. [lonspHas cuctema KOOpAHMHAT.
[TokazarenpHast (hopMa KOMIUIEKCHOTO YHUCIIA.

[Ipumepsi.

JleiicTBHsI HaJl KOMIUIEKCHBIMU YHCIaMH B TPUTOHOMETpHYecKoi dopme. [Ipumepsr.
Bo3Benenue B crenenp KOMILUIEKCHOTO uKciia. Teopema. [Ipumepsl.

N3Bnedenne KOpHSA U3 KOMIUIEKCHOTO 4nciia. Teopema o cyliecTBoBaHUN KOpHEH. [Ipu-
MEpBHI.

W3BreueHne KBagpaTHOTO KOPHs U3 KOMILIEKCHOro umcia. [lonstue konpua (onpenene-
HUE U IPUMEPBHI).

[TonsTre mosns (onpeaesneHrue U MPUMEPHI).

[TonuuoMm oT oHOI OykBeL. CTenens nonuHoma. Kanonudeckas gopma.

JeicTBus HaJ MOJIMHOMAMH.

Cxewma I'opuepa. [Ipumepsl.

Teopema be3sy.

KparHble KOpHU TOJMHOMOB.

Haunbonpmmii o0mmii AeauTe s IByX MHOTOWICHOB. [Iprumepsr.

AnroputMm EBknupa. [Tpumepst

CBoiicTBa 1ETUMOCTH MHOTOYJICHOB.

B3anMHO mipocThie MHOTOWIEHBL. Teopema.

CBoiicTBa B3aMMHO IPOCTBHIX MHOT'OYJIEHOB.

Marpuiel. Buasr matpu.

JleficTBUS CITOKEHHSI M1 YMHOXEHUS Ha CKaliap Haj Matpuiiamu. CBOMCTBA.
[Ipouzsenenne marpui. CoiictBa. [Ipumepsr.

TpancnonupoBanue marpuil. CBocTBa (JJ0Ka3aTEIbCTBA).

3HaueHNe MHOTrOWIeHa OT MaTpullbl. [Ipumepsr.

Kiterouno-auaronanessie matpunsl. [Ipumepst.

Onpenenurenu BTOPOTrO MOPSAJKA U MX UCIOJIB30BAaHUE B PEUICHUU JIMHEWHBIX CHUCTEM
BTOPOTO MOpPsIKA.

Omnpenenurenu n-ro nopsaka. [loHsTre nepecTaHOBOK.

CgroiicTBa onpeaenurteneit (10Kka3aTeabCTBO 3-X CBOMCTB).

AnreOpanueckre JOMOIHEHUS U MUHOPBIL.

Y TBepkaeHUs, CBsI3aHHBIE C AIreOpanyecKUMHU JOTIOTHEHUSIMH.

Teopema Jlamnaca.

Brraucnenune onpenenuTenei.

OO6patHbie MaTpulbl. HaxoxaeHne oOpaTHBIX MaTPUIL IO OMPEIEIICHUIO.

Teopema 06 oOpaiieHun MaTpUIL.

CBolicTBa 0OpaTHBIX MaTpPHII.

KpamepoBckue cuctembl JIMHEHHBIX YPaBHEHUM.

CnenctBus u3 reopeMsl Kpamepa.

OO0mue cBeACHUS 0 CHCTeMaX JTUHEHHBIX YpaBHEHUH.

Meron ['aycca penieHust CHCTEM JTMHEUHBIX YPABHEHUM.

Jlunelinas 3aBUCHUMOCTh W JIMHEHHAs HE3aBHUCHUMOCTb CTPOK (CTOJIOIIOB) MATPHIIBI.
IIpumepsl.
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41.

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

50.
o1,
52.
53.
54.
55.
56.
S7.

58.
59.

60.
61.
62.

63.
64.

65.
66.
67.

68.
69.
70.
71.
72.
73.

74.
75.
76.

77.

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

Teopema o TMHEWHOW 3aBUCUMOCTH JIMHEHHOU KoMOuHaruu. CieIcTBHE.

JIuneiiHast 3aBHCHMOCTB CTOJIOIIOB MaTPHIIBI C TMHEHHO 3aBUCUMBIMU CTPOKAMHU.

bazuc 1 paHr COBOKYITHOCTH CTPOK (CTOJIOLOB) MaTPHILIbI.

Teopema o0 paHre MmaTpubl.

VYcnoBue MMHEHHON 3aBUCMOCTH MHOKECTBA CTPOK KBAJAPaTHON MaTpPHULIBL.

Panr matpuiel B TEpMHHAX OIpEAEIUTENEH.

OnpezneneHue paHra MaTpUIbl IPU IOMOIIY 3JIEMEHTapHBIX IPe0Opa3oBaHUE CTPOK.

. [lonsiThe BexTOpa, CI0KEHUE U PA3HOCTb BEKTOPOB. Pa3iokeHue BEKTOpa M0 TPEM He-
KOMILUIAHAPHBIM BEKTOPaM.

. CkansipHO€ U BEKTOPHOE YMHOKEHUE BEKTOPOB. OCHOBHBIE CBOICTBA.

CMeriaHHOe Ipou3BeieHUe BEKTOpOoB. CBONWCTBA CMEIIAHHOTO IPOU3BEACHUS BEKTOPOB.
VYpaBHeHUe MPSIMOM HA IUNIOCKOCTH. YTOJI MEXY ABYMS MPSAMBIMHU.

Oo1mee ypaBHEeHHUE MPSAMOI. PaccTostHUE OT TOYKH 10 TIPSIMOH.

[IpeoOpazoBanue NPSMOYTOIBHBIX KOOPMHAT.

[TonsipHas cucrema koopauHat. HopmanbHOE ypaBHEHHUE TIPSMOM.

OO6miee ypaBHEHUE IJIOCKOCTH. YTOJI MEXKY TNIOCKOCTSIMH.

Omnpenenenue nuHeitHOro npocrpancTBa. IIpumepsl. basuc nuHelHOro mpocTpaHCTBa.
Teopema o paznoxeHuH BeKTopa 1o 0asucy.

PasmepHOCTB IMHEWHOIO POCTPAaHCTBA. TE€OPEMBL.

[IpeoOpa3oBanne KOOpAMHAT BEKTOpa MpH 3aMeHe Oa3uca. Marpuia mepexojga u ee
CBOMCTBA.

Onpenenenue nuHeitHOro noanpocrpancTia. [Ipumepsl. JIuneitnas obonouka.

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

Teopema 0 pasMepHOCTSX CyMMBI U TiepecedeHust noamnpoctpancts. (. crp. 308-309;
1. ctp. 152-154)

IIpsiMasg cymMMa JTMHEHHBIX IOAIPOCTPaHCTB. TeopeMa.

IMonnpoctpanctBa. Kpurepuii noanpocrpanctsa. [Ipumepst. (. ctp. 307; 1. ctp. 138-
142)

Teopema Kponekepa-Kanemmu. (®. crp. 118-119; 1. ctp. 124-125)

Pa3mepHOCTH TMHENHOIO NOAIPOCTPAHCTBA. TeOpEMBI.

Omnpenenenne eBKIUAOBa IpocTpancTBa. OnpenesieHne OpTOrOHaIbHOW CHUCTEMBI BEK-
TOPOB.

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

Hepasenctso Ko — ByHSIKOBCKOTO (€ 10Ka3aTEIbCTBOM).

HopMmuposannsle npoctpaHcTBa. TeopeMa o HOpMe.

OproronanbHoe AononHeHue. Teopema.

[TocTpoeHne OpTOrOHAIBHOTO JOTOJHEHUS .

YHuTapHO€E NPOCTPaHCTBO.

BOITPOCHI K DK3AMEHY AJITEBPA U TEOMETPHUS (11 CEMECTP)

Onpenenenne U NpUMeps! TMHEWHBIX OIIEPAaTOPOB.

Marpura nuHeitHOTo onepaTopa. TeopeMsl o sape u nedeKTe TMHESHHOTO orepaTopa.
Jlunetnoe oToOpakeHHE BEKTOPHOTO TMpocTpaHcTBa. [IpuMepsl. MaTpuiia JTUHEHHOTO
oreparopa.

[IpeoOpa3oBanue MaTpuLbl TUHEHHOTO oneparopa. Teopemsl. [Ipumepsl.
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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.

105.
106.
107.
108.

109.
110.

111

XapakTepuCTUUYECKOE YpaBHEHHE MAaTpHIlbl JIMHEHOro omneparopa. OnpeneneHus,
MIPUMEPBHI.

MuHuMaIbHBIA U aHHYJIUPYIOLUMIA MHOTOUYIEH MaTpUIIbl JIMHEWHOTO oneparopa. Ompe-
JEJIeHUS], IPUMEPBI, TEOPEMBI

CobcTBeHHBIE BEKTOPBI M COOCTBEHHBIE 3HAUCHHUS JTMHEHHOT0 onepaTopa. OnpezneneHus,
TEOPEMBI.

CBoiicTBa COOCTBEHHBIX BEKTOPOB (2 C I0KA3aTEIHCTBOM).

Brruucnenne coOCTBEHHBIX 3HaUYE€HUN U COOCTBEHHBIX. AnropuTMm .IIpumepsr.

3amena 6asuca u nmpeodpazoBanue koopauHart. (. crp. 305-306; ILI. ctp. 110-113, 115-
116)

HNuBapuaHTHBIE OANPOCTPAHCTBA.

TpeyronbHas ¢opma.

JIuHeiiHbIe OnepaTopbl IPOCTOU CTPYKTYPHI.

’Kopnanosa opma.

’KopmanoB 6a3wuc.

KBagpatuunas ¢opma: ompeneneHrue, MaTpuuHas 3aluch, KaHOHUYECKui Bua. [Ipume-
pHI.

KBanpatuunas ¢opma: onpesnenenne, MaTpu4Has 3auch, HOpMaabHbIA BuA. [Ipumepsl.
Merton Jlarpanska Juist IpUBEIECHUST KBaAPaTHUHON (OPMBI K HOPMAILHOMY BHUJY. AJTO-
PUTM.

Meron Jlarpamka /i mpuBeieHUs] KBapaTHIHOW (POPMBI K KAHOHUYECKOMY BUAY. AJl-
TOPUTM.

OptoronanbHOoe Mpeodpa3oBaHre KBaJAPaTHYHON (OPMBI K KAaHOHHYECKOMY BUIy, 0e3
camoro npeobpaszopanus. Teopema

XapakTepHuCcTUYeCKOe ypaBHEHNE JIMHEWHOTO OIepaTopa.

HaxoxaeHne MUHUManbHOrO MHOrouIeHa. Aiaroput™. Ilpumepsi.

[Ipeobpa3oBanue MaTpHUIIbI THHEHHOTO OTNIEpaTopa.

HaxoxxaeHre opToroHajJbHOrO MpeoOpa3oBaHUsl, NPHUBOJAIIETO BEIIECTBEHHYIO KBal-
paTtuuHy0 GopMy K KAHOHUYECKOMY BHU]TY.

[IpuBenenue ob1iero ypaBHEHUs TOBEPXHOCTH BTOPOIO MOPSAKAa K KAHOHUYECKOMY BH-
zy.

DKBUBAJICHTHOCTH BEIIECTBEHHBIX KBaAPaTUYHBIX GopM. [Ipumepsr.

Kraccudukanust KpuBbIX BTOPOTO MOPSIKA.

MeTop! TpeoOpa3oBaHus KPUBBIX 2 MOpsiiKa KaHOHWYecKkoMy Buy. Teopema.
OproroHanabHOE NPeodpa3oBaHUe IEPEMEHHBIX KPUBOM BTOPOTO MOPSIKA
Pacnaparomuecs: KpuBbie BTOPOTO MOPSAKA.

Ommunc. Onpenenenue. BeiBoa kaHoOHMYECKOTO ypaBHeHHs. VccnenoBanue dop-
MBI. JIMpEKTPUCHI U KacaTeIbHBIE.

['unep6ona. Onpenenenue. BriBog KaHOHMYecKoro ypaBHeHus. VccienoBanue
¢dbopMbI. JITUpeKTpUCH U KacaTelbHbIE.

[Tapabona. Omnpenenenue. BriBog kanHoHmdeckoro ypaBHeHwus. MccnemoBaHue
¢dbopMbl. [IupeKTpuch U KacaTelbHbIE.

HenentpansHbie KpuBble 2 MOpsAKa. Y paBHEHUS U PUMEPHI.

[Tonsitue kBagparnaHoii popmel. [Tpumepst

[IpeoOpa3zoBanue MaTpuIlbl KBagpaTHaHOUW popMbl. Teopema.

IToBepxHocTH 2 nopsigka. OCHOBHBIE BUJIBI.

. Hekotopsie oOmiye noHATHs anreOpbl. AKCUOMBI IPYTIIIBL.
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112. Tloarpymmsl. Kiaccel cMEXHOCTH.

113. [ukiu4yeckue rpyIb.

114. Apudmernka 0CTaTKOB.

115. ®ynxnus Diinepa.

116. MynbTUITMKaTHBHBIE OOpaTHBIE IO MOYII0 N , BIX CBOMCTBA.

117. Anropurm EBkinpna. Pacmmpennsiit anroputM EBxiina.

118. Kwuraiickas Teopema 00 ocTaTkax.

119. Koneunble nods.

120. HopwmanbsHble TOATPYIIIB U (PaKTOPTPYIIIIBL.

121. Knaccel CMEXXHOCTH 110 HOPMaJIbHOM MOArpyIIe U (aKToprpyIa.

122. T'omomopdwusm.

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

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

125. Yro Takoe cnekTpaiibHas Kiactepusanus’? Kak oHa HCIOIb3yeT TMHEHHYIO anreopy?

126. HaxoxneHue K03(pUIMEHTOB PErpecCHH C HCIOIb30BAaHHMEM METOAa HAaWMEHBIIHNX
KBa/IpaToB.

Ilepeuenvy Komnemenyuii (vacmu KOMNEMEHUUU), NPOBEPAEMBIX OUEHOUHBIM CPeo-
cmeom YK-1.1; YK-1.2; OIIK-1.1; OIIK-1.2; MF-7.1

4.2 Meroanyeckne MaTepuaJibl, oNpeesiloliue Npoueaypbl OLeHUBAHUS 3HAHUIA,
YMeHHii, HABBIKOB M (MJIM) ONBITA /1eSITeJIbHOCTH, XapaKTePU3yIOUMX 3Tanbl popMupoBa-
HHUSI KOMIIeTeH Ui

MeToanyeckue peKOMEHIalUH, ONpee/souue Npouelypsl OeHMBaHUsA Ha JK3a-
MeHe:

[Ipouenypa nmpomeXKyTo4HOM aTrTecTalliyd IPOXOAUT B cooTBeTCTBUM C [lonokeHnem o
TEKYILEM KOHTPOJIE M TPOMEXYTOUHOM aTTectanuu odoydatommxcs PI'BOY BO «KyoI'Y».

Htorosoii ¢opMoil KOHTpOIS cHPOPMHUPOBAHHOCTH KOMIIETEHLUUH Yy OOy4aromuxcs IO
JTUCLUIUIMHE sBIseTcs 3k3aMeH. CTyleHThl 00s3aHbl C/laTh 9K3aMEeH B COOTBETCTBUU C pacluca-
HUEM U Y4€OHBIM IIJIAHOM.

DOC npoMeKyTOYHON aTTeCTallMM COCTOUT U3 BOIIPOCOB K JK3aMEHY U PE3YyJIbTaTOB Te-
KYLIEro KOHTPOJIS.

DK3aMeH MO JUCHMIUIMHE MpecienyeT 1elb OIeHUTh paboTy CTyIeHTa 3a Kypc, Mojyde-
HUE TEOPETUYECKUX 3HAHUU, UX MPOYHOCTh, Pa3BUTHE TBOPUYECKOI'O MBIIIICHHS, TpUoOpeTeHne
HABBIKOB CaMOCTOSITEIbHOM pabOThl, YMEHUE NPUMEHSTH MOJTYYEHHbIE 3HAHUS ISl pPeleHUs
IIPAKTUYECKUX 3a7au.

dopMa MpoBEACHUS IK3aMEHA: YCTHO.

DK3aMeHaTOpy NPEAOCTaBISAETCS MPaBoO 3aJaBaTh CTYAECHTaM JIONOJIHUTENIBHbBIE BOIPOCHI
10 Bcel yueOHOU mporpaMMe AUCIUILITUHBL.

Pesynbrar cnaum sk3aMeHa 3aHOCUTHCS IPENOAABATEIEM B JK3aMEHALMOHHYIO BENO-
MOCTb U 3aYETHYIO KHHKKY.

OneHuBaHuE YpOBHSA OCBOEHHS IUCLMILIMHBI OCHOBBIBAETCS HAa KAaYECTBE BBIIOJIHEHHUS
CTYJIEHTOM 3aJIaHUM TEKYIEro KOHTPOJIS M OTBETOB HA BOIIPOCHI IK3aMEHa.

Kpurepun onenkmn:
1. OneHka oTBETOB HA IK3aMeHaNMOHHbIe BONPOchl (40% HMTOroBoIi OLlEHKH)

OtimuHo (5)
[TonHble, pa3BepHYThIE OTBETHI C IEMOHCTpAIUEl TITyO0KOT0 MOHUMAaHUS TEMBI.
Hcnonb30Banue npuMepoB, GopMyI1, KOPPEKTHBIX TEPMUHOB.
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YMeHne aHaTM3upOBaTh U CPAaBHUBATH METO/IBI.
% BbInoaHeHusi: 90-100% (momycKaroTCsl He3HAYUTEIBHBIE HETOYHOCTH).
Xopomuo (4)
OTBETHI CO/IepKaT OCHOBHBIC UJIeH, HO 0e3 yriIyOJCHHOTO aHaJIN3a.
Bo3moykHBI HEOOIBIIINE ONIMOKY B ICTAISAX WIH (HOPMYTUPOBKAX.
% BbInoHeHus: 75-89%.
Yaosiersopureibho (3)
OTBETHI MOBEPXHOCTHBIE, C CYIIECTBCHHBIMH ITPOOCTaMH.
OTcyTCTBHE IPUMEPOB MITM HEKOPPEKTHOE MPUMEHEHUE TEPMUHOB.
% BbInoHeHusi: 60—74%.
HeynoBierBopuresibHO (2)
OTCyTCTBHE TOHUMAHHUS KJIFOUYEBBIX KOHIICIIIIHA.
['pyOble OMIMOKM MITM HECTTIOCOOHOCTh OTBETUTH Ha OOJIBIIYIO YaCTh BOIIPOCOB.
% BopInoiHeHus: <60%.

4.3. MeTonyecKue yYKa3aHUsl N0 BHINOJTHEHHIO THUIIOBBIX PACYETOB
1. O6mme pekoMeHaAIUT
1.1. Heanb padoThbI:
. 3aKpernieHue TEOPETUUECKUX 3HAHUN 110 TEMaM:
- KowmrmuiekcHeie uncna
-~ IlonrHOMBI OT OJTHOM TTEPEMEHHOMN
— Marpuupl u onepanuu HaJl HUIMH
— Cucrembl JIMHEWHBIX YPaBHEHUM
. DopMHUPOBAHNE HABBIKOB PELICHUS 3a/1a4 NOBBIIICHHON CII0KHOCTH.
. [TonroroBka K KOHTPOJIBHBIM PA0OTaM U IK3aAMEHAM.
1.2. Tpe6oBanusi kK 0(hopMIEHHIO:
— Pacuersl BEINOJHSIOTCA B OTAENBHON TeTpa u WK B anekTpoHHoM Buje (LaTeX, Word).
- Kaxnoe 3a1anne conpoBOKIaeTCS MOJHBIM PelIeHHeM C TTOSICHEHUSIMH.
— OrtBeTHI BBIACIAIOTCS SIBHO (Hanpumep: « Omeem. z=5—12iz=5-12i»).
- I'padmueckue nocTpoeHMs BBITOIHSIOTCS BPYUHYIO WK € UCodb30BaHueM 110
(GeoGebra, Desmos).
2. PexomeHnaumu no pasaeaam
2.1. Kommiiekcubie uncia (Pa3znen 1)
. KiroueBblie TeMbl:
— AunreGpanueckasi, TPUTOHOMETPUYECKAs M TIOKa3aTeabHast (POPMBI.
— Apudmernueckue onepanuu.
— H3Biieyenue KOpHEH, BO3BEECHUE B CTEIIECHD.
— Pemienue ypaBHeHN Ha KOMIUIEKCHOW INIOCKOCTH.
. TunuyHbie oMIMOKM:
— HesepHoe BbunciieHre apryMenTa (TJ1aBHOE 3HaUCHHE: —n<argz<n).
— Ilyranuna npu nenenun (He yMHOKEHHE Ha CONPSKEHHOE 3HAMEHATeJIs ).
. PexoMenganmu:
— Jlns onepanuii yMHOKEHUS/JIeIeHHsI HCTIOIB3yHTEe TPUTOHOMETPHUECKYIO (hopMmy.
— Ilpu noctpoenun obacTei nepexoauTe K 1eKapTOBbIM KOOPIUHA-
Tam: Z=X+Hyz=x+ly.
— Tlpumep 1.6: nns HepaBeHCTB BUnA |z—z1|<p crpoiite kpyru, ans Re(z)>k — mo-
JYTUTOCKOCTH.

2.2. Hoaunomel (Paznen 2)
. KiroueBbie TeMbl:
— Jlenenue noJIMHOMOB, cxema ['opHepa.
— PasznoxeHue Ha MHOKUTEIIH, IOUCK KOPHEM.
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— Haxoxzaenue HOJl (anroputm EBkinna).
. Tunuynbie oMMOKM:
— HenpasuibHoe npuMeHeHne cxeMbl ['opHepa 111 KOMIUIEKCHBIX KOPHEH.
— Iloreps KpaTHBIX KOPHEH IIPU PA3JIOKEHUN.
o Pexomenpanum:
— Jlns 3amanums 2.1 ucnons3yiiTe 06a MeToza (MMpou3BOIHbIE U cxeMy [ opHepa) —
3TO B3aMMHasl IPOBEPKA.
— Ilpu paznoxenun npodu f(X)/(x—x1) npensapurensHo paznoxute f(X)fo creme-
HaM (x—x1).
— B 3aganuu 2.6 s nogoopa M1(X), M2(X) ucmonb3yiite EMOYKy PaBEHCTB U3
anropurma EBkimpa.
2.3. MaTpuus! (Pazgea 3)
. KuroueBbie TemMbl:
— Onmnepanuu ¢ MaTpuiamMu (YMHOXEHHE, TPAHCTIOHUPOBAHUE).
— Brruucnenue onpenenurtenei, 00paTHON MaTPHUIIBL.
- Panr marpuiipl, aeMeHTapHbIEe TPEOOPa30BaAHUS.
. TunuyHbie omMMOKM:
OmmOKky B yMHOXKEHUHM MAaTPUIL (HECOBIAACHHUE Pa3MEPOB).
HesepHoe BbIuncieHue anredpanyeckux JTOMOIHEHHH.
° Pexomenpanuu:
- Ilpm ymHOXKEHUU MaTpHIL cBepstiATe pasMepbl: Amxn'Bnxk=Cumxk
-~ ns onpenenurteneit Boiie 4-ro MOpsiiKa UCIOJIb3YHUTE:
— IlpuBeneHue kK TpeyroiabHOMY BH]Y.
- Pasnoxxenue 1o crpoke/cTondIy ¢ HyJIsSIMU.
- Jlnst oOpaTHOM MaTpuUIIBL:
- Merox Kopnana-I'aycca HagexxHee npu OOJIbIIUX N.
—  Bcerna nposepsiite: A-A"E.

2.4. CucreMsl JTuHeiiHbIX ypaBHeHuii (Pa3znen 4)
. KuroueBblie TeMbl:
— Pemenne CJIY meronom I'aycca, Kpamepa.
- MHccnenoBanue Ha coBMecTHOCTH (Teopema Kponekepa-Kamnenm).
. Pexomenpaumu:
- Ilpu pemienuun cuctem ¢ KOMIUIEKCHBIMU Koaddunmentamu (3ananue 1.7)
UCTIONB3YHTE anredpanyeckyro Gopmy.
- Jl7s HEOTHOPO/IHBIX CUCTEM CHavalla IPOBEPSIITE paHT pacIiipeHHON

MaTpUIbI.
3. Opranusanusi paéoTbl
. JTanbl BbINOJHEHUS:
1. Teopernueckasi NOArOTOBKA: IIOBTOPUTH (YOPMYIIbI, ONIPEEIECHHUSI, METO/IBI.
2. AHaJIN3 BAPUAHTA: BBIICIUTH TUIII 33/1a4 (Hanpumep, Bapuant 1: 7 3aga4 no
KOMILJIEKCHBIM YHCTIaM).
3. Pemenne:

— Ot npocToro Kk ci10kHOMY (HauMHaiTe ¢ anredpandeckux onepanuii).
- Jlnsg rpaduyeckux 3a1aHui cHavana caenaiTe 3CKus3.
4, IIpoBepka:
— IloxcraHoBKa OTBETOB B UCXOAHBIE YPABHEHMSL.
- Caepka ¢ npumepamu U3 paszzena «PeleHre THIOBBIX 3a1a9».
. Kpurepun onenkn:
— Tlonnota pemienus (Bce mard 000CHOBAHbI).
— OrcyrcTBUE apU(PMETHIECKUX OIMIMOOK.
— AKKypaTHOCTb O(OpPMIICHHS.
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4.4, Meroanuyeckue yKa3aHHsl 10 OPraHU3alMU BbIYMCIUTEIbHOH HH(PACTPYKTY-
poi 1. Heas u 3agauu
Heab: obecreynTh CTYICHTOB U MPENoiaBaTesield TEXHUYECKUMU pecypcaMu st 3¢-
(EeKTUBHOTO BBIMTOJHEHHS JTA00OPATOPHBIX pabOT, PEIICHH 3a/1a4 JIMHEHHON anreOpbl, aHATUTH-
YECKOM T€OMETPUH U NMPUKJIIAIHBIX 3a/1aHuid B oomactu M.
3apaum:
— Opranuzanus 10CTyNa K BEIYUCIUTEIHHBIM MOITHOCTSIM ISl paOOThI ¢ MaTpuIla-
MU, BEKTOpaMH, MIOJTMHOMAMH.
— Tlomnepsxka cpensl amst peannzanuu anroputmoB (SVM, PCA, perpeccus).
— O6ecnieuenne comectumoctu ¢ [10, ykazanusim B PITJ] (Python, PyTorch,
TensorFlow).
2. AnmnapatHbie Tpe0OOBaHUA
Pecypc MunumanbHble TpeOOBaHUS Pexomenyemblie TpebOBaHUA
PabGoune cranimmu =~ CPU: 4 simpa; RAM: 8 I'b; SSD: 256 I'b CPU: 8 snep; RAM: 16 I'b;
GPU: NVIDIA GTX 1660

Cepsepsbl 16 anep CPU; 32 I'b RAM; 1 Th SSD 32 anpa CPU; 64 I'b RAM;
GPU: NVIDIA RTX 3090
CereBast unppactpykrypa Ckopocts: 1 I'out/c; Wi-Fi 5 Ckopoctb: 10 I'6ut/c; Wi-Fi 6

IIpumeyanue: U1 3374 CIICKTPAIBHOU KitacTepusanuu u SVD-pa3iokeHuss KpUTHIHO
gammume GPU.

3. IlporpamMmHoOe oGecnieyeHue

O6s3atenbuoe [10:
— SI3wiku iporpammupoBanus: Python 3.10+, Jupyter Notebook.
— bubmuorexu: NumPy, SciPy, Scikit-learn, Matplotlib, SymPy.
—  O@peitmBopku MU: PyTorch, TensorFlow.
— Cneunanu3upoBaHHBIE HHCTPYMEHTHI:
— MATLAB (nns paboThl ¢ MAaTpUIIAMU U OTIPEACTUTENSIMH ).
— GeoGebra (st BU3yanu3aluuy KpUBbIX U TIOBEPXHOCTEM).

JInuensupoBaHue:
— MHcnonb3oBate akanemuueckue nuueH3nn MATLAB uepe3 kamnycHyIo ceTh
KyoI'V.
— becnnarusie ananoru: GNU Octave (3amena MATLAB), SageMath (s anreGpsi
TTOJITMHOMOB).

4. OGnayHble U yJaJCHHbIE pEIICHUS
Buytpennue pecypest Kyol'V:
— Hoctyn k Moodle aiist ckaunBaHus 1a60paTopHBIX padoT.
— Apenna BM uepe3 HPC-knactep Ky6I'Y (TpebyeTcst yueTHast 3a1uch).

[Ty6nuunble obnaka:
— Google Colab: becrinarnsiii noctyn k GPU/TPU nns BeinosHeHUS 3aaHUi pa3-
nena «lIpumenenue nuueitHol anredps! s 3agay M.
— Kaggle: latacets! 1y perpeccuu U Kiactepusanuu (Hampumep, Boston
Housing).
VPN-noctym: i 6€301macHOro MOoAKIIOYEHHs K BHYTPEHHUM pecypcaM By3a.
5. UHCTPpYKUMH MO HACTPOIiKe
JlokanbpHasi ycTaHOBKA (17151 CTYZEHTOB):

bash
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# Ycranoska Python-6ubanorek

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

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

peayCTaHOBJIEHHBIE ONOINOTEKH).

HNuterpanus ¢ 9bC:
Asropu3arus B ObC «Jlanb» u FOpaiit uepes enunslii akkaynt Kyol'V.

6. be3onmacHOCTb TaHHBIX
[Iudposanue: Bee nanHbie Ha cepBepax — B cocTossHUM nokost (AES-256) u ipu nepe-

nage (TLS 1.3).

JTHEeH).

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

Hocrym:

Crynentsl: Read-only k yueOHbIM MaTepHaiaM.
ITpenonaBatenu: [loaHble mpaBa Ha pelaKTHPOBAHUE JTAOOPATOPHBIX padoT.

7. TexHu4eckas mojIepKKa
Yacsr pabotsr: [Ta—I1IT, 9:00-18:00.

Kanansr cs3u:
Yar B Teams: #support_linear_algebra.
Email: support-math@kubsu.ru.

ABapwuiiHble ciiydan: ABTOMaTHYECKOe OroBelleHune yepes Telegram-0oTa mpu oTkase

cepsepa.

8. OnTumu3anus 3arpar
Apenna GPU: Ucnonb3oBats Google Colab Pro ans sxonomuu Ha nokainbHbix GPU.

becninaTtHble anbTepHATHUBBHIL:

SageMath Cloud — 151 CHMBOJIBHBIX BBIUHCIICHHH.

Deepnote — Jupyter-aoyTOyku ¢ COBMECTHBIM JIOCTYIIOM.

9. Aqanranus a4 jun ¢ OB3

JIns cnaboBUIAIINX

I1O: NVDA (9KkpaHHBII JUKTOP) + BBICOKOKOHTPACTHBIN pexuM B Jupyter.

ArnmapatHo: MonuTopsl 27" ¢ pazpemenuem 4K.

5. IlepeyeHb OCHOBHOW W JAONMOJHHUTENbHOH Y4eOHOHM JIMTEpPaTypbl, HEOOXOAMMOI

AJd 0CBOCHUA NUCHUIIJIMHBI.

5.1. YueOHas auTeparypa

1. Tarapuukos, O. B. Jluneiinas anreOpa ¥ aHAINTHYECKAs T€OMETPHUA : yIeOHUK JJIs BY30B /
O. B. Tarapnukos, A. C. Uyiiko, B. I'. lllepmrues ; mox o6meit pegakuueit O. B. Tatapauko-
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10.

11.

12.

Ba. - Mockasa : FOpaiit, 2025. - 273 ¢. - URL: https://urait.ru/bcode/556226 (mara obGparie-
Hus: 29.10.2024). - PexxuMm jgoctyma: i aBTOPH3. HOJIL3OBaTeHeI7I - ISBN 978-5-534-
19275-9. Tekcr AJICKTPOHHBIN.
http://megapro.kubsu. ru/MegaPro/UserEntry’7Act|on Link_ FlndDOC&Id 146475&idb=0

COOpHUK 3a/1a4 10 aHATMTHYECKOW FeOMETPUH U JIMHEHHOH anredpe ;| yuyeOHoe mocodue s
By30B / JI. A. bexnemumiena, /[. B. bexnemumes, A. 1O. IlerpoBuu, . A. Uybapos. - 9-¢

u3n., crep. -  Caskr-lIlerepobypr : Jlamp, 2022. - 496 <c¢. - URL:
https://e.lanbook.com/book/190976 (mata obparuenus: 22.04.2022). - Pexxum poctymna: s
aBTopu3. moib3oBareneid. - ISBN 978-5-8114-9224-4. - Tekct : dSIEKTPOHHBIH.

http://megapro.kubsu.ru/MegaPro/UserEntry? Action=Link_FindDoc&id=148437&idb=0
ITpockypsikos, 1. B. COopHuK 3amay mo JuHEHHO# anredpe : yueOHoe mocodue it By30B /
. B. IIpockypsikoB. - 16-¢ u3n., crep. - Cankr-IletepOypr : Jlanb, 2022. - 476 c. - URL:
https://e.lanbook.com/book/183752 (mata o6paruenus: 10.03.2022). - Pexum mocryma: st
aBTopu3. 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 aHaJUTUYECKasi T€OMETPUS : IPAKTUKYM JUIS

CTYJIEHTOB TEXHMUYECKUX U HIKOHOMHUYECKUX CIICUATbHOCTEN BY30B : yueOHOe mocobue s
By30B / b. A. I'opnau, E. Il. PoctoBa. - Cankr-IlerepOypr : Jlanp, 2021. - 144 c. - URL:
https://e.lanbook.com/book/162373 (nata obpamienus: 31.10.2023). - Pexxum noctyma: s
aBTopu3. monb3oBateneil. - ISBN  978-5-8114-6737-2. - Tekct : SIEKTPOHHBIMH.
http://megapro.kubsu.ru/MegaPro/UserEntry? Action=Link_FindDoc&id=271520&idb=0
Wnbun B.A. Jluneitnas Jluneiinas anreOpa u aHAJIMTHYECKAsi TEOMETPUS | YI€OHUK IS CTY-
JIEHTOB YHUBEPCHUTETOB U TEXHHMYECKHX BY30B, 0OYYAIOIIMXCS IO CHeruanbHoCcTsIM "Mare-
maruka", "[Ipuknagnas maremaTnka u uanpopmatuka" / B. A. Wneun, I'. 1. Kum ; Mockos-
CKUI rocynapcTBeHHbIN yHuBepcuTeT uMenu M. B. JlomoHocoBa. - 3-e u3f., nepepad. u J101.
- Mocksa: Ilpocnekt : W3m-Bo MockoBckoro yauBepcurera, 2025. - 393 c.
http://megapro.kubsu.ru/MegaPro/UserEntry? Action=Link_FindDoc&id=281584&idb=0.
Jlapun, C. B. Aunre6pa u Teopust uucen. ['pymmbl, Kojblla W IMOJIS . y4eOHUK IS BY30B /
C.B.Jlapun. — 2-e u3z., ucnp. u jon. — Mocksa : WznarenscrBo FOpaiit, 2025. —
160 c. — (Bsicmiee oopazoBanme). — ISBN 978-5-534-05567-2. — TekcT : 21eKTpOHHBIH //
Oo6pasoBatenpHas miathopma FOpaiit [caiit]. — URL: https://urait.ru/bcode/563870 (nara
obpamenus: 02.08.2025).

. Ly6epoumiep O.H. 3agaun u ynpakHeHHs MO aHAIWTHYeCKOM reomerpun. — M.: Hayka,

1970.
®dannees J1.K., Comunckuii 1.C. 3agauu mo BeIciiei anredpe: ydaeOHoe mocodue isl CTyACH-
toB / JI.K. ®annee, N.C. Comunckwmii. — M3a. 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

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—\VVoltage 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.
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http://megapro.kubsu.ru/MegaPro/UserEntry?Action=Link_FindDoc&id=271520&idb=0
http://megapro.kubsu.ru/MegaPro/UserEntry?Action=Link_FindDoc&id=281584&idb=0

13.

14.

15.

16.

17.

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.

Huxonenko, Cepreii, Kagypun, Aptyp u Apxanrensckas Exarepuna. ['my6okoe oOydenue. "
Wznarensckuii nom "Tlurep”, 2017.

5.2. llepuoauueckasi JuTEpaTYpa
Kondepennun 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 o1k w DN

5.3. Illepuoauyeckue u3IaHusl:
bazp1r nanupix komnanuu «Mct Beioy» http://dlib.eastview.com
Onekrponnas 6ubanoreka GREBENNIKON.RU https://grebennikon.ru/

5.4. UnTepHeT-pecypchl, B TOM YHcje cOBPpeMeHHbIe npodeccuoHaIbHbIe 0a3bl AaH-

HBIX H HHGOPMALMOHHBIE CIIPABOYHBIE CHCTEMBI
DnekmponHno-oudruomeunvie cucmemst (IbC):

1
2
3.
4
5

. BDBC «FOPAWT» https://urait.ru/ 5
. ObC «YHUBEPCUTETCKAS BUBJIMOTEKA OHJIAWH» http://www.biblioclub.ru/

3BbC «BOOK.ruy» https://www.book.ru

. OBC «ZNANIUM.COM» www.znanium.com
. OBC «JIAHb» https://e.lanbook.com

Ilpogheccuonanvuvie 6a3vi OanHbIX

s

Scopus http://www.scopus.com/

ScienceDirect https://www.sciencedirect.com/

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

Hayunast snekrponnas oudnuorexa (HOB) http://www.elibrary.ru/

ITomHOTEKCTOBEIE APXUBBI BEAYIIUX 3allaHBIX HAYYHBIX XXYpPHAJIOB HAa Poccuiickoi miat-

(bopMe Hay4HbIX xypHaaoB HOMKOH http://archive.neicon.ru

6.

HanmonanwsHas smekTpoHHas 6uOInoTeKa (IOCTYI K DJIEKTPOHHON OMONIMOTEeKe auccepTa-

it Poccuiickoit rocymapcrenHoi oudnuoreku (PT'B) https://rusneb.ru/

7.
8.

[Mpesunenrckas 6ubaroreka um. b.H. Ensriaa https://www.prlib.ru/
baza nannbix CSD KemOpumkckoro nentpa kpucramiorpapuueckux nanasix (CCDC)

https://www.ccdc.cam.ac.uk/structures/
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https://rusneb.ru/
https://www.prlib.ru/
https://www.prlib.ru/
https://www.ccdc.cam.ac.uk/structures/
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. "Jlexropuym TB" http://www.lektorium.tv/

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

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

Pecypcuvl c6ob600H020 docmyna

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

2. AmMepuKkaHCKas nateHTHas 0as3a maHHbIX http://www.uspto.gov/patft/

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

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

5. HudbopmanmonHas cuctema "EnuHoe 0OKHO A0ocTymna K 00pa3oBaTelibHbIM pecypcam"
http://window.edu.ru/;

6. Enunas xomekuus nu(poBsix oOpa3oBarenbHbIX pecypcos http://school-collection.edu.ru/ .

7. Ilpoext I'ocynapcTBeHHOT0 MHCTUTYTA pycckoro si3bika nMeHu A.C. Ilymkuna "OGpa3oBa-
Hue Ha pycckoM" https://pushkininstitute.ru/;

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

9. Cayx0ba TeMaTHUECKHX TOJKOBBIX cioBapeit http://www.glossary.ru/;

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

11. Oopa3zoBatenbpHbIil moptan "Yueda™ http://www.ucheba.com/;

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

Cobcmeennvie s1ekmponnble 06pazoeamenvhvle U uHGopmayuonusie pecypcovl Kyol'V

1. DOnextponHsbIi KaTanor Hayunoii 6ubmmnorexu Kyol'yY

http://megapro.kubsu.ru/MegaPro/Web

2. DnextpoHHas Oubnmoreka TpyaoB yueHbix Kyol'yY

http://megapro.kubsu.ru/MegaPro/UserEntry? Action=ToDb&idb=6

3. Cpena MmonynpHOTO AMHaMU4eckoro ooydenus http://moodle.kubsu.ru

4. baza yueOHBIX TIaHOB, Y4eOHO-METOAMUYECKUX KOMILUIEKCOB, MMyOIUKaIiil 1 KOH(epeHIIHi
http://infoneeds.kubsu.ru/

5. bubnuoreka nHGOPMAIMOHHBIX PECYpPCcOB Kadeapsl HH(POPMAIMOHHBIX 00pa30BaTEIbHBIX
texnoustoruit http://mschool.kubsu.ru;

6. DnekrpoHHbIi apxuB gokymeHToB Kyol'Y_http://docspace.kubsu.ru/

7. DnexTpoHHbIE 00pa3oBaTeibHbIE pecypchl Kadeapbl MHYOPMAIIMOHHBIX CUCTEM U TEXHOJO-
ruii B obpazoBanuu KyOI'Y u nHayuno-meroauueckoro sxkypHaia "ILIIKOJIBHBIE TI'OJbI"
http://icdau.kubsu.ru/

Ilepeuens pecypcoB MH(POPMAIMOHHO-TEJEKOMMYHHMKAIIMOHHON ceT «HTEepHeT»,
B TOM 4YHCJIe COBpeMeHHbIe TPo(ecCHOHAIbHBIC 0a3bl JaHHBIX U HHGPOPMALMOHHbIE CIIPa-
BOYHBbIE CHCTeMbl, HEOOXOAUMBIE [JIsl OCBOCHHUS JHCIHUIIIMHBI.
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1. CmnpaBouno-npaBoBas cucrema «Koncymnsrant [Taroc» (http://www.consultant.ru)

2. Tlopran oTkpeIThIX HaHHBIX Poccuiickoit @enepepanuu https://data.gov.ru

3. baza OTKpHITBIX JaHHBIX MMUHHCTEpCTBA TpyJda H COIMAIbHON 3ammuThl PO
https://rosmintrud.ru/opendata

4. baza nanaeix Hayunoii snexrponnsiii 6ubanorexu eLIBRARY.RU https://elibrary.ru/

5. baza mannpix Beepoccuiickoro MHCTUTYTa HaAy4HOH M TexHMYeckod mHpopmauuu (BU-
HUTHW) PAH http://www2.viniti.ru/

6. ba3bl nmaHHBIX B cdepe MHTEIEKTyalbHOH COOCTBEHHOCTH, BKJIIOYAs MATEHTHBIC Oa3bl
JaHHbIX WWW.rushano.com

7. ba3pl NaHHBIX W aHATUTUYECKHUE MYOJUKAUN «YHUBEpPCUTETCKasi NH(POPMAIIMOHHAS CH-
crema POCCHSI» https://uisrussia.msu.ru/

8. Bukwumnenus, cBOOOJHas OSHUUKIONEAMs. [JnekTpoHHbli pecypc]. — Wikipedia
http://ru.wikipedia.org

9. http://math.nsc.ru/LBRT/k5/opt.html (MuTennekTyanbHble METOIbI ONITUMH3ALINH, Y4eO-
HOE 110co0ue)

6. MeToauyeckune ykazaHusi UIsl 00y4arOIMXCcsl 10 OCBOCHUIO JUCHHMIIIUHBI.
Teopernueckre 3HaHMS IO OCHOBHBIM pa3jieiaM Kypca «AJiredpa u reoMeTpus» CTy/AEH-

Thl IPUOOPETAIOT HA JIEKUUAX U MPAKTUUECKUX 3aHATHUSAX, 3aKPEIJISIOT U PaCIIUpPSIOT BO BpeMs
CaMOCTOSITENIbHON PaOOTHI.

Jlexumu no Kypey «Ajiredpa U reoMeTpus» NPeACTaBIAI0TCS B BUJE U3JI0KEHUS MaTepH-
ajla TI0 TeMe JIEKIIMU C JIEMOHCTpalUeil Mpe3eHTaluil 1Mo OTAENbHBIM OCHOBHBIM TeMaM IIpo-
IpaMMBI.

Jnst yrryOneHust ¥ 3aKperyIeHus TEOPETUYECKUX 3HAaHUH CTY/IEHTaM PEKOMEHYeTCsl BbI-
MOJIHEHHE OIPECIICHHOTO0 00heMa caMOCTOATENbHON paboThl. O0muii 00beM 4acoB, BHIICIICH-
HBIX JUTSI BHEAYJUTOPHBIX 3aHATHI, COCTaBIseT 75,6 yaca.

B paMkax camoCTOATENBHON MO3HABATEIIBHOW JIEATEIBHOCTH CTYJIEHTAM TAaKXe Ipeia-
raercsi U3y4uTh HEKOTOPbIE Pa3/ieNbl, He BOLIEIIINE B JIGKLIMOHHBIN KypcC.

BreaynutopHas paboTa mo JucHMIUIMHE «AnreOpa U reoMeTpHs» 3aKiIroydaeTcs B cie-
JYIOLIEM:

— MOBTOpPEHHE JEKIIMOHHOI0 MaTepuaia u NpopaboTka yueOHUKOB U YUeOHBIX TOCOOUIA;

— TOJTOTOBKA K MPAKTUYECKUM 3aHSATHIM;

— TpopaboTKa TeM, BBIHECEHHBIX Ha CAMOCTOSITEIIEHYIO MTOJITOTOBKY.

Jlnist 3aKperuIeHns] TEOPETHYECKOTO MaTeprana M BBIMOJHEHUS KOHTPOJIUPYEMBIX CaMo-
CTOSITENIEHBIX PAa0OT MO AMCHUILUIMHE BO BHEYYEOHOE BpEMs CTYJEHTaM IPENOCTaBISIETCS BO3-
MOYKHOCTb ToJIb30BaHus 6ubnnoTekoit Kyol'Y, 6ubanorexo dakyabTeTa KOMIBIOTEPHBIX TEX-
HOJIOTH U MPUKJIaJHOH MaTeMaTHKH, BO3MOXKHOCTSIMH KOMIIBIOTEPHOTO Kiacca GaKkysbTeTa.

HTOroBbIi KOHTPOJIB OCYIIIECTBISETCS B BUIE 3a4ETOB M 9K3aMEHOB.

B ocBoeHHMU TUCHMITIMHBI MHBIMIAAMU M JIMLIAMH C OTPAHUYEHHBIMU BO3MOXXHOCTSIMU
3/I0pOBbsl OOJBIIOE 3HAUEHHWE UMEET WHIUBUIyalbHass ydeOHas palboTa (KOHCYNIbTalluu) —
JIOTIOJTHUTEIIFHOE pa3bsICHEHNE YIeOHOTO MaTepHara.

WupuBuayanbHbIE KOHCYJNBTAIlMM IO TPEIMETY SBISIOTCS BaKHBIM  (DaKTOPOM,
CIOCOOCTBYIONIMM MHIWBUAYAIN3ANN OOYICHUS W YCTAHOBJICHUIO BOCITUTATEIHHOTO KOHTAKTA
MEXIy IMpernojaBaTesieM MW OO0yJaloIUMCs HMHBAJIMIOM WM JIMLIOM C OTrpPaHUYCHHBIMU
BO3MOYKHOCTSIMH 3/10POBbSI.

B ocBoeHun AUCHOUIINIMHBI MHBAJIMAAMHW WU JIMOAMU C OTPaHUYCHHBIMHU BO3MOXKXHOCTSIMHU
30pOBbs OOJIBIIOE 3HAUYECHHE HMECT WHAMBHIyalbHas ydcOHas paboTa (KOHCYIbTAIlMH) —
JOMOJIHUTCIIBHOC PAa3bsACHCHUC y‘-ICGHOI‘O MaTtcpuajia.
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NHnuBuayanbHble KOHCYJAbTAIMM TIO TPEAMETY SBISIOTCS BaXKHBIM  (DakTOpOM,
CIIOCOOCTBYIONTUM HHJIMBHyaTU3allid O0yYEHUS U YCTAHOBJICHHUIO BOCITUTATEIILHOTO KOHTAKTa
MEXIy TpernojaBarejeM H OOyJaroluMCs HWHBAIUIOM WM JIMIIOM C OrPaHUYCHHBIMU
BO3MOKHOCTSIMU 3/10POBBbSI.

[Toaxon, onpenensromuii yctaHoBieHue cooTBeTcTBUs keicoB UIT u VI'T (5-7), mo3Bo-
JSI€T YETKO COOTHOCHUTH 3Talbl Pa3BUTHUSI TEXHOJOTUU C BOBJICUEHHOCTHIO MApTHEPA U CHHUKATH
PHUCKH MPH TIepeX0ie OT Ja00PATOPHBIX MCIBITAHUN K MPOMBIILICHHOMY BHEAPEHHIO.

Keiichl 111 HHAYCTPHAJIbHBIX IAPTHEPOB
1. IlpuMeHeHHMe MATPHII B 3a/]a4e PerpeccHu AJsl CTPOUTEIbHONH OpraHu3anuu

Onucanmne:
CrpoutenbHasi OpraHuzaiys IIaHUPYET PeaIn30BaTh KPYIHbIN CTPOUTEIbHBIA IPOEKT U XOYET
3apaHee OIICHUTh PEHTA0EIbHOCTh ITPOEKTA, OCHOBBIBASCH HA MPEABAPUTEIHHOM (PMHAHCOBOM
aHaJIn3e.

Opranuzanus COOMpaeT CTATUCTHKY O PaHEee BBIMTOJHEHHBIX 00BEKTaX, BKIFOUYAIOIINX Ta-
KHe (haKTopbl, KaK:

1. 3arpatsl Ha MaTepuaisl (materials_cost);

2. Croumoctb pabdoueii cuibl (labor cost);

3. Bpewms ctpoutensctBa (construction_time, Mecsiibl);

4. Mecromnonoxenue crporruiomanku (location score, 6amt ot 1 o 10, rme 10 —
HanOoJIee MPUBJIEKATEIIBHOEC);

5. Hrorosas noxonHocts npoekra (profit_margin, %).

Henab: co3nanne MaTeMaTHYECKOW MOJIEIH, MO3BOJISIONIEH MPOTHO3UPOBATH TOXOJHOCTh
HOBOTO CTPOUTEIFHOTO POEKTA HAa OCHOBE BBIIICYKA3aHHBIX ITAPAMETPOB.

Pemienne:

Koaddunmentsl Moiean HAX0AUM C IOMOIIBIO MATPUYHON (POPMYJIBI C YUETOM MEPBO-
HayaJlbHO 3a/laHHON TaOJINIIBI:

B=(X"X)"'XTy

Pacuer npoBoauTCs cCTaHAAPTHBIMU UHCTPYMEHTaMM JTMHEHHOW anreOpsl (Hampumep, B
Python ¢ ucnonszoBanuem 6ubnroreku NumPy).

O2xupaemblii pe3yJibTar:

Coznanue MoJenH perpeccuy ¢ MCIOIb30BAaHUEM MATPUIl U JTUHEHHON anreOpbl MO3BO-
JISIeT CTPOUTETFHON OpraHW3allud TOYHO OIIEHWUBATh OYAYIIYIO JOXOJHOCTh IMTPOCKTOB Ha JTare
IUIAaHUPOBaHUA. TakoW MMOAXOJ YMEHBIIAET PUCKA HHBECTUPOBAHMS, MO3BOJIIET TI'PaMOTHO
YIPABISITH pECYpcaMu U TIOBBIIIAET KOHKYPEHTOCTIOCOOHOCTh KOMIIAHUU Ha PHIHKE.

2. Ucnosib30BaHMEe METO/Ia OMOPHBIX BeKTOPOB (SVM) 1iisi KiaaccH(puKAIMU y4acT-
KOB 3eMJIU

Onucanmue:

CTpOI/ITeJ'IBHaH KOMITIaHHsA BJIaACCT OONBIINM KOJHYSCTBOM 3E€MENIbHBIX Y4aCTKOB pa3H0171
MpUpoOAbI U KCJIACT pa3AC/IMThL UX Ha ABC KATCTOPUU:
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Y4acTKu BHICOKOW MHBECTHUITMOHHOM MPHUBJIECKATEILHOCTH (TOTOBBI JIJISl 3ACTPOUKH JTI0PO-
THUMU KHUJIBEM HJIM KOMMCPYCCKUMHA 3I[aHI/ISIMI/I).

[TpobnemHble y4acTKH (MMEIOT HEIOCTATKU, YCIOXKHSIOT 3aCTPOWKY MO0 AeNaroT yda-
CTOK MEHEE MPUBJICKATEILHBIM).

Hean:

Heo6xoaumo pa3paboTtaTbh MOJIENb, KOTOPasi CMOYKET aBTOMATUYECKH KJIACCH(PHUIINPOBAThH
3eMeJIbHbIEC YYACTKU Ha JIB€ YKa3aHHBIE BBIIIE KATETOPUHU, UCXO/IS U3 HEKOTOPBIX MTPU3HAKOB,
TaKUX Kak:

[Tnomanp yyacTtka (B COTKax).

Bricora penbeda (cpeqHsist BRICOTa HaZl YpOBHEM MOPSI).

bauzocTs k ropoay (paccTosiHUEe A0 OJIMKANILIEro HaCEIEHHOTO IYHKTA).
YpoBeHb IPYHTOBBIX BOJ (TN1yOUHA 3aJeTaHus).

[TpucyrcTBue nHGPACTPYKTYPHI (HATHUUE FITEKTPUIECTBA, BOJBI, Ia3a).

agkrownE

3HaYeHUS 3TUX IMPU3HAKOB U3BCCTHBI JJIAA KAXKA0I'0 ydacTKa, U UMECTCA HCKOTOPOC KOJIN-
YCCTBO NPCABAPUTCIIBHO PA3MCUYCHHBIX YYaCTKOB (BTaJ'IOHHbIX I[aHHBIX), ITO3BOJIAOIINX O6y‘lI/ITL
MOACIIb.

O:xupaemblii pe3yJibTaT:

OTtzen aHAIMTUKHY NIOJIy4aeT HOBYIO IIAPTHUIO 3€MEJIbHBIX YYaCTKOB AJI1 BO3MOKHOH T10-
KYIIKH.

3. «OnTuMHU3anMs pa3MelieHHs1 0AaHKOMATOB € MOMOIIbI0 METO/I0B JIMHEHOH aJji-
re0pbl U reoMeTPUYECKOT0 MO/IeJIHPOBAHUS»

Omnucanue:

COepOaHk XO0YET ONTUMHU3UPOBATH CETh OAHKOMATOB B TOPOJIE, YTOOBI:

. MUHHMH3HPOBATH «MEPTBBIE 30HBD» (PalOHBI € TUIOXO0H JOCTYITHOCTHIO OaHKOMa-
TOB),

. 00ecTeunTh paBHOMEPHYIO HAarpy3Ky Ha YCTPOUCTBA,

. yuecTh orpaHuueHus (0r0KeT, 6€30MacHOCTb, MEIeXOAHbIN TpaduK).

Hean:

HeobxonuMo pazpaboTtaTh MOJEINb, KOTOpPask CMOXKET aBTOMAaTHUECKH KJIaCCU(UITUPOBATH
3eMeNTbHBIC YYaCTKH Ha JIBE YKa3aHHBIE BHIIIE KaTETOPHH, UCXO/IS U3 HEKOTOPBIX MPHU3HAKOB,
TaKHUX KakK:

1. JluneitHas anrebpa — paboTa ¢ MaTpuiiamu pacctostHui, SVD-pasznoxenue s aHa-
732 IPOCTPAHCTBEHHBIX MATTEPHOB.

2. AHamuTHYECKas TEOMETPHS — pacu€T 30H MOKPBITHS (OKPYKHOCTH, AJIIUIICHI), OTITH-
MaJIbHOE PACIIOJIOKEHHUE TOYCK.

3. BekropHble mpOCTpaHCTBAa — MPEJCTABICHUE NAaHHBIX O KJIMEHTax U OaHKoMaTax B
BHUJIC BEKTOPOB.

3HaueHUs ITHX MPU3HAKOB U3BECTHBI AJI KAXKIOTO y4acTKa, 1 UMEETCs HEKOTOpOe KOJH-
YeCTBO MPEIBAPUTEIHHO Pa3MEUECHHBIX YUACTKOB (3TAJOHHBIX JAHHBIX ), TO3BOJISIONINX O0YIHThH
MO/IEIb.

Pemenue:

MarpuuHoe npeacTaBieHue

I'opojackast TeppuTOpus MPEACTABISICTCS B BUIE MATPUIBI A pa3MepoM mXn, T Kax-
JIBIH DJIEMEHT alj COACPIKUT:

49



. [InoTHOCTH HaceneHus

. YpoBeHb crpoca Ha yCIIyru

. DUHAHCOBYIO aKTUBHOCTh pailoHa
Meroa HaMMEHBIINX KBAJIPATOB
[Ipumensiercs AJist MUHUMHU3AIUU PACCTOSHUM:

min Z fiyi + Z Z Ci;j Tij

1EF ieF jeC
k

min Y Y lle - il
i=1 z€C;

rae C i - KiacTepsl KJIMEHTOB, | i - MO3UIUH OAHKOMATOB.
I'eomerpuyeckue noaxoasl

Jnarpamma BopoHoro

[To3BosisieT pa3aenuTh TEPPUTOPUIO HA 30HBI OOCITYKUBAHUS:

. Kaxxnprit 6ankomMaT 00CTy)KHMBaeT OIMKaNIITyI0 00J1acTh
. ['paHMIIBI 30H - IEPIICHANKYIAPHBIC OUCCEKTPUCH MEXKITY TOUKAMHU
3amaua pa3merienus oobekToB (Facility Location Problem)
DopMyIHUpOBKA:

min Z fiyi + z Z CijTij

i€F iEF jEC

rue:
. F - moTeHIIMaNbHBIC MECTa YyCTAaHOBKH
. C - KJIMEHTCKHE JIOKAIHH
. f_i - cTOoMMOCTH YCTaHOBKH

c_{ij} - croumocTb 00CTy)KMBaHUsI KIHEHTA | 4epe3 OaHKOMaT i
[IpakTnueckas peanuzauus
1. CO0p AaHHBIX: TNIOTHOCTH HaceIeHUs, (PMHAHCOBBIC TPAH3AKIIUH, TPAHCIIOPTHHIE
y3IIBI
2 [TocTpoenue MaTpHIIBI CIIpoca
3 [Mpumenenue anroputMoB kinacrepusaimu (k-means, DBSCAN)
4. Ontumu3anus ¢ y4eToM OrpaHUYCHUH
5. Busyanusanust pe3yapTaToB ¢ TOMOIIBIO0 TE€OMETPUIECKHX MOJIeTeil
[Tpumep anroput™ma Ha Python (ympoiieHHbI#)
python
import numpy as np

from sklearn.cluster import KMeans

# KoopamHATEI M BEeC (CHOpOC) KIMEHTCKUX TOUEK

fix L

points = np.array([[x1,yl,wl], [x2,y2,w2], ...])

# OnTmMasibHOE KOJIMYECTBO OGAHKOMATOB (MOXHO ONPEeNeJIMTE MeTomamu elbow wuim
silhouette)

k =5

# B3BemeHHAas KJIaCTepn3arus

50



kmeans = KMeans (n_clusters=k)

kmeans.fit (points[:,:2], sample weight=points[:,2])

atm positions = kmeans.cluster centers
Oxxuaemblil pe3yJibTaT:
KomOuHnanmst MeTo10B TMHEHHON alreOpbl U FeOMETPHUUECKOT0 MOICTTUPOBAHUS TI03BO-

JISIeT:
. CHU3UTD 3aTpaThl HA YCTAHOBKY U 00CITy’)KUBaHNE
. VYIIy4lIuTh JOCTYIHOCTh OAHKOBCKHX YCIIYT
. AJlanTUpoBaTh CETh OAHKOMATOB K MU3MEHSIOIIEMYCS CIIPOCY
. [TpuHuMaTh 000CHOBaHHBIE PELIEHUS HA OCHOBE JIaHHBIX

OTtzen aHAMUTUKY NOJy4aeT HOBYIO IAPTHIO 3€MEJIbHBIX YUYAaCTKOB JJIsl BO3MOXKHOH 10~
KYIIKH.

7. lepevyenb MHPOPMALMOHHBIX TEXHOJIOIHii, HCMOJIb3yeMbIX MPH OCYIIECTBJIEHHH
00pa3oBaTeJIbLHOTO MpoIecca

7.1 IlepeyeHb HHPOPMATMOHHBIX TEXHOJIOTHIA.

1. Obnaunble TIIATGOPMBI i CEPBUCHI

cloud.ru,YandexCloud, AWS/GCP/Azure— o0nadHble BEIYUCICHUS

2. Cucrembl ynpaBJiIeHHs BEPCUIMHU U KOJTA00paIiu
Git/GitHub/GitLab — koHTpoJIb Bepcuii Kojia 1 COBMECTHas pa3paboTka
3. CucreMa yripaBicHHs 00yICHHEM

Moodle — cnaga pador

7.2 IlepevyeHb HEOOXOAMMOI0 NPOrPAMMHOI0 00ecneYeHHUs.
1. Csoboanoe ITO (Open Source)
GitLab, GIT, MLFlow, Docker, Kubernetes, Terraform.
2. Omeparonnas cuctema MS Windows.
3. Uuterpuposannoe oducHoe npunoxenre MS Office.

4. TlporpamMmHOe oOecrieueHHe ISl OpraHU3alMU YIPABISIEMOT0 KOJJICKTUBHOTO U
Oe3omacHoro nocryna B lHTEpHET.

5. SI3wiku nporpamMupoBanus: Python, JavaScript, C++, Java

6. ®peiimBopku: PyTorch, TensorFlow.

7. Google Colab — o6maunas cpena uis BeimosHeHus koga Ha Python ¢ GPU/TPU

8. Kaggle — mnardopma ans paboTsl ¢ Jataceramu U copeBHOBaHHN 10 ML

8. MaTepuajibHO-TeXHHYECKO0e o0ecreyeHue Mo JuCuIvinae (MoayJIr)

Kon-Bo komn-
Ne [Iponyxr [TapameTpsl npoaykTa Kon-Bo durypamii En. n3m.
Bupryansnas BupryansHas mamuna 10% 1 60 11
mammra  VCPU 2 vCPU 4 RAM '
OC Ubuntu 22.04 1 T
Cucremnslii quck SSD 1 T
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Buptyanbnas
mamuHa ¢ GPU

3 K8S

ML Inference In-
stance Type GPU

5 LLM

10 o
Apenna my6mamanoro IP 1 It
Bupryanbsnas mammna ¢ GPU
NVIDIA® Tesla® V100 2 GPU 1 T
8 vCPU 128 I'b RAM
OC Ubuntu_24.04 1 T
Cucremusliii nuck SSD 1 It
2000 o
Huck SSD 1 [T
4096 o
Juck SSD 1 It
4096 I'o
Apenna myoamanoro IP 1 It
Master node 8 vCPU 16 RAM 1 116y
Worker node 10%
el nons 4 vCPU 5 e
Worker node SSD-NVME 64 I'
Apenna myomamanoro IP 1 It
Bpewms paboThl B MecsIl 40 4
Nucranc 8§ x NVIDIA® H100
NVLink PCle 160 vCPU 1520 1 T
GB RAM
ﬁggg;:;mo 3anpocoB Kk ML- 1 Mo, LIt
Kom ML-moneneit 160 o
Tokensl GigaChat 2 Max 50 Mos. Lt
Tokensr Embeddings 400 Mos. T

I[OHOJ'IHI/ITCJ'ILHI)IG o0J1auHbIe PECYPChI NPEAOCTABIAKOTCA TCXHOJIOTHYCCKUM ITAPTHEPOM Yandex

Cloud.
Ne Bu paGor MarepuajbHO-TEXHHYECKOE 0O0ecneyeHue TUCIHUIIIMHBI U
OCHAIEHHOCTh
1. JlexuuonHble 3aHATUS | JIekmoHHas ayauTopusi, 000pyaoBaHHAs BUACOMPOCKTOPOM U
skpaHom, aya. 129, 131, A 301 6, A 305, A 307.
2. Cemunapckue 3anatus | He mpegycMoTpeHbl
3. JlabopaTtopHble 3aHs- | AyTUTOpUH [UIsl 1a00paTOPHBIX 3aHATHH, 000PYIOBaHHBIE
THUS nmockamu, aya. 129, 131, 133, 147, 148, 149, 150, A3016,
A305, A307, A512, 100C.
4, KypcoBoe mpoektupo- | He mpenycMorpeno
BaHUE
5. I'pynmoBeie  (uHOUBH- | AyauTopus, 00opyaoBaHHas JHockoi, aya. 129, 131, 133, 147,
nyanbHBIE) KoHCynbTa- | 148, 149, 150, A 301 6, A305, A307, A512, 100C.
107071
6. Texyumii  KOHTpOJb, | Aynuropus, 000pyaoBaHHas A0CKoi, aya. 129, 131, 133, 147,
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IIPOMEKYTOUHAsl aTTe-

148, 149, 150, A 301 6, A305, A307, A512, 100C.

cTanus
7. CamocrositenbHas pa- | KaOuner anms camMocTOsTENbHONH pabOThl, OCHALICHHBIH KOM-
6ota IBIOTEPHON TEXHHUKOH C BO3MOXXHOCTBIO TOAKIIOUEHHS K CETH

«HTEpHET», MPOTrpaMMON IKPAHHOTO YBEIHUYEHUsS M oOecrie-
YEHHBI JIOCTYIIOM B  JJIEKTPOHHYIO  HH(OpPMAalHOHHO-
0o0pa3oBaresibHYI0 cpely yHuBepcutera, aya. 102-A u yntaib-
HBIN 3aJ1.

[Tpumeuanue: Kontkpernszauus aynuropuid u ux ocHauienue onpenensercs OIIOIL
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