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1 Hean u 3aga4u N3y4eHUs IMCHUILIHHBI.

1.1. Ileanb ocBoeHHs TUCHUILIHMHDI.

JlucuumuinHa HampaBieHa Ha (pOPMHUPOBAHUE Y CTYJAEHTOB IITyOOKOTO TOHUMaHUs (DyH-
JIAMEHTAJIbHBIX KOHIICTIUH JTMHEHHOHN aireOphl U aHATMTHYeCKON reoMeTpund. OCHOBHOM IIEJTBIO
SIBIISIETCSI CO3JIaHUE MPOYHON MaTEeMAaTHUECKOH 0a3bl, MO3BOJISIFOIICH aHAIM3UPOBATh U pa3pada-
TBIBATh AJITOPUTMBI 00PAOOTKHU TaHHBIX, & TAKXKE PA3BUTh HABBIKK d(P(HEKTUBHON MPOrpaMMHOM
peaM3anui MaTeMaTHIECKIX METOJIOB C MCIOJIb30BAHUEM COBPEMEHHBIX HHCTPYMEHTOB U OUO-
muotek. Kypce obGecrieunBaer HEOOXOAMMYIO IMOATOTOBKY /IS JAIbHEHIIIETO U3YUYCHUS CIIOKHBIX
TE€M B 00JIACTH MCKYCCTBEHHOTO MHTEIIIEKTA, CIIOCOOCTBYS Pa3BUTHUIO aHATUTHIECKOTO MBIIILIE-
HUS U CITOCOOHOCTH PeIaTh MPUKIIATHBIC 3aa9H.

1.2. 3agauyu IMCUMILIUHBI.
B 3agaum xypca «AnreGpa u reoMeTpus» BXOIAT:
v HOJrOTOBKA CIIELUAINCTOB, CIIOCOOHBIX MPUMEHSTH MOJIyUYE€HHbIE 3HAHUSA JUIS pe-

LICHUs NPUKIAJHBIX 3aJa4, BIAJACIOIIUX JOCTATOYHBIMUA 3HAHHUSAMH OCHOBHBIX
TEOPETUYECKUX MOJIOKEHUH Kypca «Anredpa U reoMeTpus»;

v (dopmMHpoBaHUE KYIbTYpbl MBILIUIEHHS, CIOCOOHOCTH K aHaIu3y, 00OOIIEHUIO U
BOCIIPHSITHIO HH(POPMAIINH, K TIOCTAHOBKE IIETTN U BRIOOPY MYyTEH €€ JOCTHKEHHS,;

v o0ecrieueHre MaTeMaTHYeCKUM anmapaToM eCTeCTBEHHOHAy4HBIX, obmenpodec-
CHOHAJIbHBIX U CIIEUUAIbHBIX TUCIUIINH;

v (dopMHpOBaHKE IPUBBIYKU K CTPOTOCTH B (POPMYTUPOBKU U3JIOKECHHUS MaTepHuana,
K JIOTHYECKH HEITPOTUBOPEUUBOM LIETIOUKE BBIBOAOB U 3AKJIFOUEHUN;

v pa3BUTHE HABBIKOB MCIIOJIb30BaHUS JIOTHUECKUX CHMBOJIOB JUISl C)KAaTOM 3amucu
pacCyXJIEHUI U TEOPEM;

v pa3BUTHE y CTYACHTOB HaBbIKOB CaMOOOpa30BaHUsl.

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

JucuuruinHa «AnreOpa U reoMeTpus» OTHOCHTCS K oOs3arenbHOM yactu biokal "[luc-
LUIUIMHBI (MOAYNH)" y4eOHOro IIaHa.

Hannas nucuuiuivHa (Anredpa u reoMeTpusi) OTHOcHTCs K 0a3zoBoit yactu (b1) marema-
TUYECKOTO U €CTECTBEHHOHAYYHOI'O IIMKJIA JUCUUIUIMH U UMEET JIOTHUECKYIO U COJEPIKATEIbHO
— METOAMYECKYI0 B3aMMOCBS3b C JUCLUUIUIMHAMU OCHOBHOM 00pa3oBaTEeIbHOM NpPOrpaMMbl.
JucuunnrHa 6azupyercs Ha KOMIETEHIHUAX, C(OOPMUPOBAHHBIX Ha MpPEAbIAYIEM YpOBHE 0Opa-
30BaHusA. Jlns m3ydeHust anreOpbl U TeoMeTpur TpeOyeTcs KaueCTBEHHOE 3HAaHUE IIKOJIBHOIO
Kypca anreOpsl, TeOMETPHH, TPUTOHOMETPUH, Hayasl aHAJIN3a.

OcBoeHne TaHHOM AUCHUIUINHBI HEOOXO0AUMO 00y4YarOIIEMYCsl ISl YCHEIHOTO OCBOSHUS
CIIEYIOIINX JUCHUIUINH: «HuCIeHHbIe METOIbI», «HTeNIeKTyanpHble METOABI ONTUMHU3ALIUN,
«MHOTOMEpHBI  CTaTUCTHUYECKUH aHaIW3 JaHHBIX» M JAp., a Takke B y4deOHO-

HCCIIeIOBATENLCKOM padoTe.

Kypc «Anrebpa u reomerpusi» uutaercs cryneHTaMm 1-ro kypca (1-it u 2-if cemecTpsl).
[IporpamMma paccunTaHa Ha CTYIE€HTOB, B ITOJIHOH Mepe OCBOMBUINX IIKOJBHBIA KypC MaTeMaTH-
KH.

1.4. IIpodeccnoHanbHbIE POJIM B CTPYKTYpe 00pa3oBaTeIbHON NPOrpaMMbl
Pois 1: Data Analyst (AHaJIUTHK JaHHBIX)

3agaun:

1. Craructrdueckuii aHaMM3, BU3yaau3alus JaHHBIX, IIPeIBapUTeIbHas 00padoTKa.
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[HUXCS
YK-1

YK-1.1

YK-1.2

2. Co3naHue mpoOrHO3HBIX MOJIEIIEH

3. IlocTpoeHne aHaTUTUIECKUX MOJAETICH IS OJIePKKH OM3HEC-PEIICHUH.
Pons 2: MLOps (Cnenuanuct o skcrryaranuu M)

3anauu:

1. DevOps s ML.

2. ABromaru3anus, MOHUTOpUHT ML-cuctem.

3. OnepanmoHHOE yIpaBlieHHE )KM3HEHHBIM IIUKJIoM ML-mozeneil.
Ponb 3: AI PM (Menenxep npoexkroB M)

3agaun:

1. Yopasnenue MM-npoektamu OT Ujien 10 BHEAPEHUS

2. Ananu3 6usHec-TpeOOBaHMM U MTOCTAHOBKA 3a71a4

3. Onenka 3¢ dexruBaoctr u ROI NN -pemenwmii

1.5. TlepeyeHb MIAHMPYEMBIX Pe3yJbTATOB 00yUeHHUS] MO TUCHUILINHE, COOTHECEH-
HBIX € IVIAHNPYEMBbIMH Pe3yJIbTATAMH O0CBOCHHUsI 00pa30BaTeI1bHOI NPOrPaMMBI.
N3ydyenne naHHOW ydeOHOW JUCHMIUIMHBI HAINpaBJIEHO Ha (hopMHpOBaHHE y OOydaro-
CJICAYIOIINX KOMITETeHIIHH:
CnocodeH oCcylIecTBIATH NOMCK, KpUTHYECKU aHAJIN3 U CUHTe3 HH(opMa-
MM, IPUMEHATh CUCTEeMHBIIi MOAXO0/ VIS pellieHHs] OCTABJIEHHBIX 32124
Crnioco0eH npuMeHATh CUCTEMHBIHN MOJXO0/ K aHAJU3y NpeAMETHOH (11po01eMHON)
o01acTH B poheCCUOHATILHON 1€ TEIbHOCTH
OcymiecTBiseT TOMCK HEOOXOIUMON MH(POPMAITUH, OTIMPAsICh HA PE3YJbTAThI aHa-
JM3a MOCTABJICHHOM 3a/1aun

OIIK-1 Crnoco0eH KOHCYJIbTHPOBATH M UCIOJIb30BaTh QyHIaMeHTAJbHbIE 3HAHUS B

OIIK-1

OIIK-1

00J12CTH MaTEMATHYECKOI0 AHAJIN32, KOMILJIEKCHOI0 U ()yHKIIMOHAJILHOI'O
a”HaJmn3a aaredpbl, aHAJUTHYECKON reoMeTpuu, 1uddepeHHAIBLHON reomMeT-
PHHU M TONOJIOTUH, MM PepeHIIHANBHBIX YPABHEHHH, JUCKPETHOM MaTeMaTH-
KM 1 MAaTeMaTH4YeCKOH JIOTUKH, TEOPHH BEPOSITHOCTEH, MAaTEMaTH4YECKOM CTa-
THCTUKHU U CIy4YaiHBIX POLECCOB, YUCIEHHBIX METO10B, TEOPETHYECKON Me-
XaHUKHU B IPO(ecCHOHAIBHOM AeATeJbHOCTH

1 Ilpumensier pyHramMeHTaIbHbIC 3HAHUS, TOJyYEHHBIE B 00JJACTH MaTeMaTHYECKUX
1 (MJIM) €CTECTBEHHBIX HAYK IIPH IMOCTPOCHUH MOAENel B 3aJaHHON IPEIMETHON
obnacTtu

2 Ilpumensier pyHnameHTaIbHBIC 3HAHUS, TIOTYIEHHBIEC B 00JIACTH MAaTEMAaTHIECKUX
U (M) €CTECTBEHHBIX HayK IPU BBIOOpE METOJIOB peleHHs 3a/1au mpodeccuo-
HaJIbHOM JIESITEIbHOCTH

PesynbpTaThl 00yueHHs O AUCHUILIUHE «AJdredpa U reOMeTpHUs» JOCTUTalOTCsS B paMKax

OCYIICCTBJICHUA BCCX BUIOB KOHTAaKTHOM M CaMOCTOSATEIbHOU pa6OTBI o6yqalonmxc;1 B COOTBET-
CTBUH C YTBCPIKIACHHBIM y‘-Ie6HBIM IIJIAaHOM.

WuaukaTopbl JOCTUKEHHUS] KOMIIETEHIIUN CUUTAIOTCS CPOPMUPOBAHHBIMH P JTOCTHXKE-

HUU COOTBCTCTBYIOIIUX UM PE3YJILTATOB 06y‘{CHI/IH.



2. CTpyKTYypa U coaepkaHue JUCUMIIIIMHBI.

2.1 Pacnpenesienne TPyA0EMKOCTH JUCHUILINHBI 110 BHAaM padoT.

Oo6m1ast TpyI0EMKOCTD TUCIMILIMHBI cocTaBisieT 9 3au.ef. (324 yaca), ux pacrpeaeieHne
0 BHJIaM pa0oT MPEICTaBICHO B TabIuUIe

(0151 cmyoenmos OPO).
By yuebnol paboThl Bcero CemecTtphbl
4acoB (gacel
1 2
AyauTOpHBIE 3aHATHS (BCEro): 215 108,5 | 106,5
3aHATHS JEKIIMOHHOTO THIIA 100 50 50 | - -
JlaGopaTopHbIe 3aHSITH 104 52 52-| - -
3aHATUS CEMUHAPCKOTO TUTIA (CEMHHAPBI, TPaKTHYE- i
CKHE 3aHSITHS) ) )
HNuas koHTaKkTHAsi padora:
Kontposb camocrositensHoM pabotsl (KCP) 10 6 4
ITpomeskyrounas arrecranus (MKP) 1 0,5 0,5
CamocrosiTesibHasA padoTa, B TOM YHUCJIE: 37,6 35,8 1,8
Kypcosas paboma - - - - -
IIpopabomka yuebHo2o (meopemuueckozo) mamepua-
1a 27,9 | 279 N

Buinonnenue unousudyanvHulx 3a0anuii (no02omosxa

y - 11,7 9,9 18 |- -
Cco00WeHull, npe3eHmayuil)

Peghepam - - -
IToaroroBka K TEKYILEMY KOHTPOJIIO 10 6 4 - -
KoHTpoJib:
[ToaroroBka K 9K3aMeHY 71,4 35,7 35,7
OO0mas Tpy10eMKoOCTh qac. 324 180 144 - -
B TOM YHUCJI€ KOHTAKTHas 215 108,5 106,5
padora
3a4. e] 9 5 4

2.2 CTpyKTypa AMCHHMILIMHBI:
Pacnipenenenue Bua0B yueOHON pabOThI M UX TPYIOEMKOCTH IO pa3iesiaM IUCIUILTHHBL.
Paznensl aucuumiIuHel, u3ydaeMele B 1 cemectpe (ounas ¢hopma)

AynuTtopHas Bueaynuropnas
No HaumenoBanue paszznenon Bcero pabota pabota
JI | JIP | KCP |CPC| KoHTpoiab
1 2 3 5| 6 7 8 9
1. |OcHoBBI MaTpu4HOIt anreOphI 8 2| 2 2 2
9 CucreMbl TUHEHHBIX aNTeOpanyecKux ypaB-
HEHUU 8 2| 2 2 2
3. |Onpenenureny u ux cBOMCTBA 9 2| 2 1 2 2
4. Teopust U METOIBI PEIICHUS] MATPUYHBIX 1
ypaBHEHUU 21516 | 6 4.5 4
5 Bekropnas anre6pa. JIuneiibie ypaBHEHMs B 1
~ |reomeTpun 215 | 6| 6 45 4




6. |JluHeitHBIC TPOCTPAHCTBA M MHOTOOOpA3US 12 | 4| 4 2 2
7 Hopmuposannsie mpoctpancTBa. Oproro-
HAJIBHBIE CHCTEMBI 20 | 6| 6 4 4
8 Jlunetinbie onepatopbl. COOCTBEHHBIE BEK- 1
" |TOpBI U COOCTBEHHBIE 3HAYEHUSI 29 | 8| 8 6,3 5,7
9 Kopnanosa kanoHn4eckas ¢popma JIMHEHHO-
ro omeparopa 14 | 4| 6 2 2
10. |HopmanbHbIC U YHUTAPHBIE MATPHUIIBI 8 2| 2 2 2
11 Martpuma ®@ypse. JuckperHoe nmpeodpaso-
BaHue Oypbe 8 21 2 2 2
12, CuHrynsipHbIE YKCIIa U CUHTYISIPHBIE BEKTO-
pbl. MeTo HAUMEHBIITUX KBaIPaTOB 17516 | 6 1,5 4
Bcero no pazgenam AuCUUIUIMHBI 1795|150 | 52 6 35,8 35,7
[Tpomexxyrounas arrecranus (MKP) 0,5
Paznensl AMCUMITITNHBL, U3ydaeMbIe B 2 ceMecTpe (ouHas ghopma)
AynuropHas | BaeaynuropHas pa-
Ne HaumenoBanue pasnenos Bcero pabota oota
Jl | JIP | KCP | CPC | KoHTpoab
1 2 3 41 5 6 7 8
1. |KommiekcHsbie yncna 2 1 2
9 OcHoOBBI a0CTpaKTHOM anreOpbl: TPYIIIIbI,
KOJIBIIA, TTOJIS 6 6| 6 4
3. |OGmmas Teopus anreOphl MOJTMHOMOB 11 | 4| 4 1 2
4. |AnreOpanueckre MHOTOOOpa3usl. 14 | 6| 6 2
5. |KBagpatuunsie popmbl 10 |4 | 4 2
6. |CompsikeHHBIN omepaTop 6 2| 2 2
7.  |CrnexTpalibHbIE 3a1a4l 6 21 2 2
8.  |Ten3opsl 1 MHOTOMEpHas anreopa 137 |1 4| 6 3,7
9.  |OcHoBsl nuddhepennuansHoi reometpu | 10 | 4 | 4 2
10. Tomnonoruuekue mpoctpancTsa. OCHOBBI
anredpanvdecKoll TOMOJIOTHH 10 | 4| 4 2
11 Jluneiinas anreOpa B KJIACCHYECKOM Ma-
IMHHOM OOYYEeHUH 124 | 4| 4 0,4 4
12, ['eomeTpryecKue METOIBI B 3a1a9ax
KIIacCU(UKaIUN 124 | 4| 4 0,4 4
13. |Jluneiinas anreOpa B 00y4eHUU MOJIETIeH 13 [ 4| 4 1 4
Bcero no pasaenam AMCUUTUIMHBI 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
Umoeo no pazdenam OUCyuniumbl: 324 (100|104 | 10 37,6 71,4

[Tpumeuanue: JI — nekiuu, [13 — npakTudeckue 3ansatus / cemuHapsl, JIP — nabopatopHbie 3aHs-
tusi, CPC — camocrositenbHas paboTa CTyAeHTa
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(I)opMa npoBeaAcHUsl aTreCTalu MO0 JUCHUIVIMHE: 3auem U 3K3aMeH 6 nepeom ce-
mecmpe, 3a4ent U IK3amMeH 60 6NMOpPOM cemecmpe

2.3 Conep:xanue pa3/ieioB TUCHUILINHBI:
2.3.1 3auaTusa JeKIMOHHOI0 THIIA.

®opmMa Te-
Ne HaumenoBanue Coneprkanue paszjaena KYILIETO KOH-
pasnena TPOJIst
1 2 3 4
1 JIuneiiHble 0TOOpaXEHUS M MAaTPULBL. Buab Komnoksuym,
Matpuil. CBolicTBa OMHapHBIX onepanuii. Ci1o- | 3K3aMeH,
., | JKEHUe MaTpuUll ¥ YMHOKEHHE Ha YnCi0. ACCO- | YCTHBII
OCHOBBI MaTPUYHOU
ANLe6DLI LMAaTUBHOCTh U HEKOMMYTAaTUBHOCTh YMHOX€E- | OIPOC
p HUS MaTpull. Y MHOXKEHMSI OJI0YHBIX MaTpHLL.
BoeruncnurenbHas Cli0)KHOCTb MATPUYHOTO
YMHOXEHHUSI.
2 Cucrema MHEHHBIX anredpandeckux ypaBHe- | Komnoksuywm,
" Hui. JIuneiinpie koMOuHan K. JInHelnsd 3aBu- | 3K3aMeH,
Cucremsl TuHEN- . .
CHUMOCTb U JIMHEITHAasi He3aBUCUMOCTb. bazuc u | ycTHBIN
HBIX anrebpaunye-
. | pasmepHOCTb. [IoHsATHE COBMECTHOCTH U orpoc
CKHMX YpaBHEHUI .
HECOBMECTHOCTH CUCTEMBbI TMHEHHBIX anreo-
pandeCKUX YPaBHEHUM.
3 Onpenenurenun Manbix nopsako. Omnpenenu- | Komioksuywm,
Tenb N-ro nopsaka. OmpenenuTens TPAHCIO- | SK3aMEH,
HUPOBAaHHOM Matpuipsl. Onpenenurtens Kak | yCTHBIN
Onpenenureny U ux | GyHKIUSA CTOJIONOB (CTPOK) MaTpHIlbl. Aired- | ompoc
CBOICTBa pandeckue JOINOJHEHHs U MUHOpHL. Teopema
Jlarutaca. MeToabl BBIYMCIEHUS OINpPEAEIUTE-
Jei BBICOKHMX MopsakoB. Ompenenutens 0y104-
HO-TPEYTrOJIbHON MATPHIIBI.
4 Obparnas marpuna. Teopema 00 oOpartHoii | KommokBuym,
MaTpulle. MeTroabl HaxOXIEHHs OOpaTHOW | SK3aMEH,
MaTpulbl. PerleHne MaTpUYHBIX YPAaBHEHMMH. | YCTHBIN
[TpaBuiio Kpamepa. Onpenenurens HpousBe- | OIpoc
neHus marpuil. OOpaTUMOCTh U HEBBIPOXK/IECH-
HOCTb. CBONCTBAa JMHEHHON 3aBUCUMOCTH U
Teopus 1 METOMB | jyHeliHOl HE3aBHCHMOCTH CTPOK (CTONOLOB)
pemieHrs MaTpud- | MaTpulbl. Teopema o panre marpuubl. OnHO-
HBIX YpaBHEHUH pPOJIHBIE U HEOAHOPOJHBIE CUCTEMBI JTMHEHHBIX
ypaBHeHu. ['eomerprueckas MHTEpHpeTanus
CJIY. Crpoenne mHoxectBa pewmeHuii CJIIVY.
MeTopl HaXOXACHUS PElIeHUs] HEBBIPOKICH-
Hoit CJIY. Obiee, yactHOe U Oa3ucHOE perie-
Hua. Teopema Kponekepa-Kanemnu. Meton
["aycca. LU-paznoxenue.
5 Meron xoopaunat. I'eomerpuuecknii Bektop. | Komioksuym,
BekropHas anre6pa. JIuneitnble onepauuu Haj BekTopamu. Koop- dK3aMEH,
. IuHaThl BekTopa. KommmHeapHple W KOMIUIA- | YCTHBIN
JInnelible ypaBHe-
HapHble BEKTOpHI. [IpsiMble JIMHUM M IUIOCKO- | OIIPOC
HUS B TEOMETPUU }
CTH: 00IIIee MoHATHE 00 YpaBHCHHSIX. Y paBHE-
HU OPsAMBIX U 1uiockocTel. Tlonymiockoctu u
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HaumenoBanue
pazzena

ConeprxaHue pasjena

®opmMa Te-
KYIEro KOH-
TPOJIA

nosynpoctpancTBa. CKalsipHOE MPOU3BEACHUE
BEKTOpOB. OpHEHTalusi CHUCTEMBl BEKTOPOB.
BekTtopHOe M cMelIaHHOe NPOU3BE/ICHUSI BEK-
TOpoB. PaccTosiHue OT TOUKM 10 NMPSAUMOM Ha
IJIOCKOCTH. PaccTosiHMe OT TOYKU 0 MIIOCKO-
CTH.

JIuneitHbie po-
CTpPaHCTBA U MHOTO-
obOpazus

JIuneitnpie mpocTpancTBa. beckoHeuHOMEPHBIE
U KOHEUYHOMEpHBIE JIMHEWHBIE IMPOCTPAHCTBA.
basuc u pasmepnocts. [loanpoctpancra nu-
HeliHoro npocrpaHcTBa. Ilepeceuenue u cymma
JUHEHHBIX moanpocTpancTB. llpsmas cymma
HOJANPOCTPAHCTB. J{ONOJHUTENBHBIE TPOCTPAH-
CTBa M mpoekuuu. JIuHeitHple MHOrooOpasus.
Ac¢unHble MHOTO00Opa3us. [ MnepruIocKocTy.
[TonynpoctpaHcTBa. Bellykiible MHOXKECTBA.

KomnokBuym,
9K3aMeEH,
YCTHBIN
orpoc

HopmupoBanHbie
npocrpanctea. Op-
TOTOHAJIbHBIE CU-
CTEMBbI

HopmupoBanHoe mnpocTtpaHcTBO. Beinmykible
¢ynkunun u HepaBeHcTBa. HepaseHncrtBa I'einb-
nepa u  Muukosckoro. Hopmer I'enpaepa.
Hopmbl B 6€CKOHEUHOMEPHOM IPOCTPAHCTBE.
Merpudeckoe IpocTpaHCTBO. MHOXkeCTBa B
METPUYECKOM  IPOCTpaHCTBE0  EBKINMIOBO
IIPOCTPAHCTBO.  YHUTAPHOE  IMPOCTPAHCTBO.
CkansgpHOE TNPOM3BEINEHUE, JJMHA BEKTOpa,
yroa mexnay Bektopamu. IIpomecc oprorona-
mu3anuu ['pamma-lImuara. HepasenctBo Ko-
mu-byHskoBckoro. [loanpocrpancTBa yHurap-
HOro (eBKJIMAOBA) mpocTpaHcTBa. Oproro-
HaJbHas MPOEKLIHS M OPTOTOHAIBHOE JIOIOJI-
HeHune. QR-pasznoxenue.

Komnoksuym,
9K3aMeEH,
YCTHBIN
oIpoc

JIuneitnpie onepa-
Topbl. COOCTBEHHBIE
BEKTOPHI U CO0-
CTBEHHBIC 3HAYCHUS

JInnelinble omnepartopel. Marpuia JIMHEHMHOTO
oneparopa. [lepexon k apyrum 6asucam. Sapo
u o0pa3 mnuHeiHoro omnepatopa. OOpaTHbBIN
onepatop. JlMaroHamuszupyemble  MaTpHULBL.
CobcTBeHHbIE UnciIa U COOCTBEHHBIE BEKTOPHI.
CBoiicTBa COOCTBEHHBIX BEKTOPOB. XapakTe-
pUCTHUYECKOe ypaBHEHHE. AnreOpanueckas
KpPaTHOCTb COOCTBEHHOTI'O 3HAauYeHHs. AHHYIH-
PYIOIIMA U MUHUMAJIbHBIIT MHOTOWIEHBL. [Ipu-
BEJICHUE K MOYTHU TpeyroibHOW marpuue. Wn-
BapHaHTHbIE MOANPOCTpaHCTBa. ['eomerpuye-
CKasi KpaTHOCTh COOCTBEHHOI'O 3HAUYEHUSI.

Komnoksnym,
9K3aMeEH,
YCTHBIN
oIpoc

J’Kopnanosa kaHo-
HU4YecKas popma
JIMHENHOTO onepa-
TOpa

MHorouwiensl 0T MmaTpulibl. KopHeBbie nmoampo-
cTpaHcTBa. biioyHo-anaronansHas ¢opma mart-
putibl. MuHUMaTbHOE WHBAPUAHTHOE TMPO-
ctpancTBO. JKopaaHoBel 1ienouku. JKopranosa
dbopma marpunbl. JKopaaHoB 0a3uc B KOpHe-
BOM MOANPOCTpaHCTBE. Bolumcienue xopaa-
HOBOU (hOPMBL.

Komnoksuym,
9K3aMeEH,
YCTHBIN
oIpoc




®opmMa Te-

Ne HaumenoBanue Coneprkanue paszjaena KYILIETO KOH-
paszena TPOJIst
10 Hopwmainbablie MaTpuipl. Y HUTapHble MaTpuisl. | KomiokBuym,
Matpuibl OTpaxXeHus! U BpaleHUsl. DPMUTOBBI | SK3aMEH,
HopMmanbhbie u N
MaTpullbl. brouHo-muaronaneHas ¢opMa Be- | YCTHBIN
YHUTapHbIC MaTPH- N .
- IIECTBEHHON HOpPMalibHOM MaTrpuubl. biouHo- | onpoc
quaroHanbHas ¢opMa OpPTOroHajdbHOW MaTpu-
IbI.
11 Marpia dypbe Marpunia ®ypobe. HupkynsHtHeie Matpuilsl. | KosmokBuym,
P ypbe: Anre6per matpull. [luckperHoe mpeoOpa3oBa- | 3K3aMeH,
JluckpeTrHoe npeoo- .
nue dypoe. beictpoe npeodbpazoBanue Dypbe. | YCTHBIN
paszoBanue Oypne
CBepTkH. onpoc
12 CUHTyJSIpHBIE UKCTIA U CUHTYJSIpHBIE BEKTOPHI. | KomiokBuym,
CuHrynspHble 4nc-
Cunrynspaoe pasznoxenue u pewmenue CIIY. | sk3ameHn,
Ja U CUHTYJISIPHBIE .
Meton HauMeHbIIUX KBaapaTtoB. IlceBmoo0- | ycTHbIN
BEKTOpPHL. MeTon
paTHas MaTpuua. Teopema O HaWIydllUX am- | ONpocC
HaWMEHbIIINX KBaJ-
MPOKCUMALIUSIX MaTpULbl ¢ TOHUKEHUEM DPaH-
paToB
ra.
13 AnrebGpanueckas U TpuroHomerpuueckas gop- | Komaoksuym,
MBI KOMIUIEKCHOTO 4uncia. [[elcTBUa HaJ KOM- | K3aMEH,
IJIEKCHBIMU  yucinaMu. KomIiulekcHas I1oc- | yCTHBIN
KOCThb. ['eomeTpuyeckass HUHTEpHpeTanus ICi- | ompoc
KommiekcHble unc- | CTBHI ¢ KOMIUIEKCHBIMH 4KciiaMu. Bo3Benenue
na KOMIUIEKCHOTO YHCJIA B CTENIEHD C LEJIBIM
nokaszareneMm. ®opmyna Myaspa. 3Biieuenue
KOpHsSI M3 KOMIUIeKCHOro uucia. ITokazarensb-
Has (popmMa KOMIUIEKCHOTO 4Yucia. MaTpHilsl ¢
KOMILIEKCHBIMU JIEMEHTaMU
14 Konpua n nons. denurenu nyns. Konbuo Bel- | KomiokBuym,
yeToB. Broxxenus u uzomopdusmel. ['pymnma, | 3x3ameH,
noarpymnmna, romomoppusM. Kiaccel cMeXHO- | yCTHBIN
OcHOBBI a0CTPAKT- ATPYTIIA, pe Y
HOH ANre6DbL: ctu. IIpumepsr abGeneBrix rpynn. I'pymma He- | ompoc
PbL: BBIPOKJEHHBIX JIMaroHaJbHBIX MaTpul. ['pym-
TPYIIIbI, KOJIbIIA,
oS Ia HEBBIPOKJICHHBIX TPEYTOJbHBIX MAaTpPHIL.
[uknuyeckue rpynmnsl. ['pynma oOpaTUMBIX
Martpuil. ['pynmna KopHE#l CTerneHu N U3 eIUHU-
1bI
15 JIunelinple mpoctpancTBa Hax noneM. [lomm- | Komnoksuywm,
HOMBI Haj nosieM. Konbuo nonmHoMoB. KopeHs | ak3ameH,
nosmmHOMa. Cxema l'opHepa m Teopema besy. | ycTHBIN
Teopust nenuMOCTH JUIsl MOJIMHOMOB. AJro- | onmpoc
OO6mast Teopust an- | puTM AelieHusi ¢ octatkoMm. HambGompiuii 00-
reOpbl MOJIMHOMOB | M JAETUTENb IBYX MOJTMHOMOB. HempuBosu-
Mble TOJUHOMBI. KOMIUIEKCHBIE MOIMHOMBI.
OcHoBHast Teopema anreOpsl. PasnmoxkeHue
KOMIUIEKCHBIX MHOTO4YIEHOB. Pa3nokeHue Be-
IIIECTBEHHBIX MHOTO4JIEHOB.
16 Anrebpandeckue MHOrooOpasus. KBanpatud- | KomtokBuym,
Anrebpanueckue | Hble MHOTOWIEHBI OT JABYX INepeMeHHbIX. Ilo- | sk3ameH,
MHOT000pa3usl. BOPOT U CABUT JIEKapPTOBOM CUCTEMBI KOOPAM- | YCTHBIN
Hat. Omune, runepbosa, nmapabona. Ksaapa- | ompoc
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®opmMa Te-

No Haumenosanue Coneprkanue paszjaena KYILIETO KOH-
paszena TPOJIst
TUYHBIE MHOTOWIEHBl OT TpPEX MEPEMEHHBIX.
OproroHanbHble MaTpullpl. JlMaroHanuzanus
BEILECTBEHHBIX CUMMETPHUYHBIX MaTpul. lIpu-
BE/ICHHBIC YPaBHEHUS IMOBPXHOCTH BTOTOIO
nopsiaka. Omauncous. OIHOMOJIOCTHBIM TH-
nepOosiona. JluHeluaTtass MOBEPXHOCTh. /[IBY-
MOJIOCTHBIN  THUIEPOOTIOUI. DIUTUTIITHYCCKUN
KOHYyC. DINUnTHYecKuid mapabonoun. [ 'urep-
Ooonuueckuii mapabonoua. LlunuHnpuueckue
IIOBEPXHOCTH.
17 Omnpenenenre W MarpuyHas 3anuch KkBajapa- | KomiokBuywm,
THaHOM (popmbl. HeBripoxkneHHOE TpeoOpas3o- | SK3aMeH,
BaHUE KBaJIpaTUYHOU (OPMBbI K KAHOHUYECKO- | YCTHBIN
My BHJy. OKBHUBAJCHTHBIE KBaJpaTHUUHBIE | OIIPOC
Kpaparinbic dopmbl. KaHoHHuyeckuit BUJ mapbl KBaJIpaTuy-
(bopbI HeIX (Qopm. [lonmoxurenbHO (OTpUIIATETHHO)
ornpezeNieHHbIe KBaapaTuuHble Gopmbl. Kpute-
puil CunbBecTpa. 3aKOH MHEpPLUU KBaapaTUy-
HbeIX ¢opMm. Meton Jlarpanxka. OpToronainbHOe
npeoOpa3oBaHre KBaJApaTUUYHON (OpPMBI K Ka-
HOHUYECKOMY BUAY.
18 ConpspokenHblii  oneparop. Matpuna conps- | Komtoksuywm,
ConpspKkeHHBIN one- | )KeHHOro orneparopa. HopmanbHbII omepaTop. | 3K3aMeH,
parop CamomonpsixeHHBIN orepatop. MeTo conpsi- | yCTHBIN
JKEHHBIX IPAJINEHTOB. oIpoc
19 CrnekrpanbHa Teopema. CriektpanbHble 3a1aun. | Komioksuywm,
[TpeoOpa3oBaHust OTpaK€HHsI M BpallleHHs. | IK3aMeEH,
CrnekTpanbHble 3a- .
- [TpuBenenue k tepyroabHoMy Buny. [Ipusene- | ycTHbIN
HUE K IIOYTH TPEYroJbHOMY BHIy. Berumcie- | onpoc
HUE CUHTYJISIPHBIX YHCE.
20 MHuoromepHele MaccuBbl M MaTpuubl. Tpex- | Komtoksuywm,
MEpHBIE MacCUBbl U TPWJIMHEHHBIE DPa3JIOXKe- | SK3aMEH,
Huda. HeKcHas HoTauMs: IpaBuiIo DUHIITEH- | YCTHBIN
Tenzopsl 1 MHOTO- | Ha. AnreOpa TEH30POB: CIOKEHHUE, YMHOXKEHHE | OMPOC
MepHas anrebpa | Ha CKajsAp, TEH30pHOE YMHOXKEHHE, CBEpTKa
TEH30pOB. TEH30pHBIM paHr W YMHOKEHHE
MaTtpull. JlaHHble Kak TeH30pbl. PasnoxeHne
TEH30POB.
21 Kpusble Ha miiockoctu U B npocTtpancTse. I'e- | Komtoksuywm,
OcoBb! adde- TyJspHbIE U Thajakue Kpusble. KpuBusna, Kpy- dK3aMEH,
PEHIMATbHOM Te0- yeHue. lloBepxHocTu B mpocTpaHcTBe. MeTpu- | yCTHBIN
V- Ka TOBEPXHOCTH. BHyTpeHHS reoMerpusi mo- | ompoc
BpXHOCTH. ['magkoe mHoroo6pasue. Onrtumu-
3a1us HA MHOT000pa3HsiX.
22 Tononornuekne Omnpenenenue Tomojorudeckoro mpocrpas- | Komioksuywm,
npoctpancTBa. Oc- | cTBa. AKCHOMBI TOTOJIOTUH. ['OMeOMOphHU3MBI. | K3aMeH,
HOBBI anreOpande- | Tormomoruyeckue HMHBAPUAHTHL. [ OMOTONMS. | YCTHBIH
ckoil ronosorun | 'omostornn. Tomnosiorus B aHan3e TaHHBIX. oIpoc
23 Jluneiinas anrebpa | Ponp marpun B mMammuaHoM oOyuenud. [Ipen- | Kommoksuywm,
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®opmMa Te-
No Haumenosanue Coneprkanue paszjaena KYILIETO KOH-
pazneina TPOJIst
B KJIACCUYECKOM | CTaBJIEHUE JIaHHBIX: OOBEKTHI-IIPU3HAKU. Mat- | SK3aMeH,
MaIIMHHOM 00ydYe- | pUYHOE MPEICTaBICHHUE MMAPEeMETPOB MOJETCH. | yCTHBIN
HUU Jluneitnas perpeccusi. CrnekTpajibHasi KjacTe- | ONpocC
pu3anys: IpUuMEHEHne COOCTBEHHBIX 3HAUYCHU
U COOCTBEHHBIX BEKTOPOB [UIsl pa3felieHus
nanHbix Ha kiactepel. PCA u cunrymnsphHoe
pasznoxenue (SVD). [IpeobpazoBaHust TaHHBIX
(nopmanmuzauusi, PCA).
24 ['uneprimockoctu U pazaeneHue naHHbix. Pac- | KommokBuym,
CTOSIHME OT TOYKH J0 I'MIIEPIUIOCKOCTH. MeToJ | 3K3aMeH,
I'eomeTrpuueckue N .
METOMBI B 33124aX OTIOPHBIX BEKTOPOB (SVM)U. Jluneitnbiit SVM. | ycTHBIN
OnopHble BekTOpbl. /[IBoiicTBeHHass 3ajxava. | OIpoc
Kiaccuukanum N
Henmunetinbiit SVM u sapa. Jloructudeckas
perpeccusi, reOMeTpUUecKasi HHTEPIpETaIHsl.
25 Bektopnas 3anuchk ¢yHKIUH noteph s Ju- | Komtoksuywm,
Jluneiinas anrebpa | HEHHON perpacuu, JIOTUCTUYECKOH PErpecuu. | SK3aMeH,
B 00yueHuu mojzie- | ['pamueHT QyHKIMH MOTeph B BEKTOPHOM BUJE. | YCTHBIH
nen Anroput™m rpanueHtHoro cmycka. [lonsTue | orpoc
perynspusanun. Perynspuzanus L1 u L2,
2.3.2 3aHATHSA CEMUHAPCKOT0 THIIA.
3aHATHS] CEMUHAPCKOTO TUIIA HE MPEAYCMOTPEHBI.
2.3.3 JlaGopaTopHbIe 3aHATHSL.
No HaumenoBanue abopatopHbIX padboT Popwma Teky1uero
KOHTPOJISI
1 3 4

1. |OcHoBBI MaTpUYHOMU anredpbl

Pentenue 3amau

2. |Cuctembl TMHEHHBIX anreOpanyecKux ypaBHEHUH

Pemenne 3agau

3. . Pemenue 3amay, KOHTpoOJIbHAS pa-
Onpenenurenyu U UX CBOKWCTBA
6oTa
4. . Pemenue 3a1au, KOHTpoOJIbHAS pa-
Teopus 1 METO/IBI pELIEHNSI MATPUYHBIX YPAaBHEHUN 6012
5. |BexTtopnas anreOpa. JIuHeiible ypaBHEHUS B TEOMET- Pemrenne 3ama4, KOHTpoOJIbHAA pa-
pun 6oTa

6. |JIuHeitHBIE MPOCTPAaHCTBA U MHOTOOOpA3Hs

Penrenue 3anau

7. |HopmupoBanHbIe IpocTpaHcTBa. OPTOroHAIbHBIE CH-
CTEMBI

Pemenne 3anau

8. |Jluneitabie onepaTopsl. COOCTBEHHBIE BEKTOPHI M COO-
CTBEHHbBIE 3HAYCHMUSI

Perrenue 3a1a4, KOHTPOJIbHAS pa-
oora

9. |’KopmanoBa kaHOHHWYECKas popMa JIMHEHHOTO OTepa-
Topa

Penrenue 3anau

10. |HopmasbHbIE U YHUTApHBIC MATPHIIBI

Perenue 3amau

11. Marpunua @ypse. /IuckperHoe npeodpazoBanue Pypbe

Pemenne 3agau

12. |CunrynspHble Uncia U CUHTYISIpHbIE BEKTOPBL. MeToz
HAUMEHBIIIHUX KBAJPATOB

Penrenue 3anau

13.

KomimekcHrie yncia

Pemenue 3aga4, KOHTpoOJIbHAS pa-
Oota
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HanmMenoBanwue 1abopaTopHbIX paboT

dopma TeKyIero
KOHTPOJIS

14.

OcHOBBI a0CTPAKTHOM aIreOppl: IPYIIIBI, KOJIbIA, MOJIS

Pemenue 3agau

15.

OO6m1as Teopus aareOpsl MOJTMHOMOB

Penrenue 3anau

16.

Anrebpanueckiue MHOT00Opasusi.

Pemenue 3agau

17.

KBanpatuunsie Gpopmbl

Penrenue 3anau

18.

ConpsiKeHHBIN oneparop

Pemenue 3agau

19.

CrnekTpaibHbI€ 3a/1a41

Pemenue 3agau

20.

Ten3opbl 1 MHOTOMEpHas anredpa

Penrenue 3amau

21.

OcHoBbl AuddepeHInaATBHON TEOMETPHH

Pemenue 3agau

22.

CKOU TOITOJIOTHUH

Tomnonoruuekue npocrpanctsa. OCHOBBI alireOpanye-

Penrenue 3anau

23. |JIuneitnas anreOpa B KIIACCHYECKOM MAIIMHHOM 00Y- Pemenue 3amau
YCHHUH
24. [l'eomeTprUyeCcKie METObBI B 33/1a4aX KJIACCH(PHUKAIMH Pemienue 3amau
25. Pemenue 3amad, KOHTpOJIbHAS pa-

Jlunetinas anreOpa B 00y4eHUU MOZETIEH

oora

2.3.4 llpumepHasi TeMaTHKa KYPCOBBIX padoT (IIPOEKTOB)
KypcoBble paboTbl HE IPETYCMOTPEHBI.

2.4 IlepevyeHb y4eOHO-METOAUYECKOr0 o0ecmeyeHUs: MJI CaAMOCTOSTeIbHOH pPadoThl 00y-
YA IUXCH M0 JUCHUILVIHHE (MO1YJII0)

Lenbto caMOCTOSTENHHON PabOTHI CTYIEHTA SBISIETCS YIITYOJICHHE 3HAHHM, TOTyYeHHBIX
B pe3y/bTaTe ayAUTOPHBIX 3aHATHNA. BeipaOaThiBalOTCs HaBBIKM CaMOCTOATENBbHOM paboThl. 3a-
KPEIUISIFOTCS OIBIT U 3HAHUS NOJyYEHHBIE BO BpEeMsI TaOOPATOPHBIX 3aHATHM.

Ne

Bung CPC

[Tepeuensb yueOHO-METOANUECKOTO 00ECTIEUSHHS JUCITUTLTHHBI
TI0 BBITIOJTHEHUIO CAMOCTOSITEIbHON paOOThI

1

2

3

[TpopaboTka 1 moBTOpEeHNE
JICKIIMOHHOT'O MaTepHaia,
Marepuaia yueOHOU u Hayd-
HOU JTUTEPATYPhI, TIOJATOTOB-
Ka K CEMHHAPCKUM 3aHSTUSAM

Metoandeckue yKa3aHus A7 MOATOTOBKH K JICKITMOHHBIM M CEMHHAPCKHUM 3aHs-
THUSIM, YTBEPKICHHBIC Ha 3aceJaHnu Kadeapsl aHaIu3a JaHHBIX U UCKYCCTBEHHOTO
MHTENJIEeKTa (paKyIbTeTa KOMITBIOTEPHBIX TEXHOJIOTHH 1 MPUKIIaJHON MaTeMaTHK!
OI'BOY BO «Ky6I'V», mporokon Ne7 ot 22.03.2023 .

Meronnueckne yKa3aHus 110 BBITOJHEHUIO CAMOCTOSITEIILHON paboThI, yTBEp-
XKJICHHBIC Ha 3aceaHNM KadeIpbl aHaIN3a JaHHBIX U HCKYCCTBEHHOTO HHTEIUICKTA
(akympTeTa KOMITBIOTEPHBIX TEXHOJIOTUH U pUKIagHoi MateMaTukn @IT'BOY
BO «Ky6I'Y», nporokos Ne7 ot 22.03.2023 r.

IToaroToBka k maGoparop-
HBIM 3aHATUAM

Mertonuueckre yKka3aHus 110 BBINOJHEHHUIO J1a00PaTOPHBIX PadOT, yTBEP KICHHbBIE
HAa 3aceJaHuH Kadeapsl aHaIn3a JaHHBIX M HCKYCCTBEHHOTO MHTEIJIEKTa (haKyIIb-
TeTa KOMITBIOTEPHBIX TEXHOJIOTHH U MpukiaaHoi Mmatematuka ®I'6OY BO
«Ky0I'Yy», mpotokon Ne7 ot 22.03.2023 1.

TlonroroBka K perieHuo
3a/1a4 U TECTOB

Meroandeckue yka3zaHUs 1O BHIMOJIHEHHIO CAMOCTOSTEIHHOM paboThl, yTBEp-
JKICHHBIE Ha 3acelaHuy Kadeaphl aHaIn3a JaHHBIX U UCKYCCTBEHHOT'O WHTEIJICKTa
(hakynbpTeTa KOMIBIOTEPHBIX TEXHOJOTHI U IPUKIaIHON MateMaTtnku O BOY
BO «Ky6I'Y», mpotokon Ne7 ot 22.03.2023 1.

IToaroToBka k Tekyuemy
KOHTPOIIIO

MeTtoauyeckue yKka3aHHs MO BEIIOJIHEHHIO CAMOCTOSITEIBHOM paboThI, yTBEp-
XKJICHHBIC Ha 3aceaHNM Kadepbl aHaIN3a JIaHHBIX U MCKYCCTBEHHOTO MHTEIUIEKTa
(axynbTeTa KOMIBIOTEPHBIX TEXHOJIOTHH 1 NpHKIIaHOH MaTeMaTnku PIBOY
BO «Ky6I'Y», nporokos Ne7 ot 22.03.2023 r.

HOHFOTOBK& JOKJIaa0B

MeTtoandeckue yKa3aHus s IOATOTOBKH 3cce, pedeparor, KypCcoBBIX padoT,
YTBEp KICHHBIC Ha 3aceaHnu Kad)eAphl aHAN3a JAaHHBIX U HCKYCCTBEHHOTO
MHTEJUICKTa (PaKyIbTEeTa KOMIBIOTEPHBIX TEXHOJIOTHIA U MPUKIATHON MaTeMa-
Tk PI'BOY BO «Ky6I'Y», mpotokos Ne7 ot 22.03.2023 1.
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Y4eOHO-METOANYECKHUE MaTepuajbl I CaMOCTOATEILHONH pabOThl 00YYaIOIMIUXCS W3
YKCJIa UHBAIMJIOB U JIUI] C OTPAaHUYCHHBIMH BO3MOXKHOCTAMHU 3710poBbs (OB3) npegocrapistoTcst
B (hopMax, aJanTUPOBAHHBIX K OTPAHUUYEHUSIM HX 3[J0POBbS U BOCIIPUATHS HH(POPMAIUH:

JJist U1 ¢ HapYIICHUSIME 3PCHUS:

— B IIeYaTHOM (popMe YBEIUUCHHBIM MIPUPTOM,

— B (popMe 2IEKTPOHHOTO TOKYMEHTA,

— B (hopme ayauodaiina,

— B me4atHoi (opme Ha s3bike bpaits.

Jjig U1 ¢ HapyIISHUSIMH CITyXa:

— B mieuaTHoi opme,

— B popMe IIEKTPOHHOTO TOKYMEHTA.

Jist 11 ¢ HapyIICHUSIMHA OTIOPHO-JIBUTATEIILHOTO armapara:

— B IIeYaTHOM ¢opme,

— B hopMe IIEKTPOHHOTO JIOKYMEHTA,

— B ¢popme ayaunodaiina.

JlaHHBIN MepedeHb MOXET OBITh KOHKPETU3HPOBAH B 3aBUCUMOCTH OT KOHTHHTEHTA 00Y-
YAIOIIUXCS.

3.0BPA30BATEJIBHBIE TEXHOJIOI'MHU
B cootBerctBun ¢ TpedoBanuamu PI'OC B mporpamMma JUCHUIUIMHBI [IPE1ycMaTpUBaET
UCMOJIb30BaHUE B Y4eOHOM IIpolecce CIEAYIUMX 00pa30BaTeNIbHbIE TEXHOJIOTUU: UYTEHHE
JEKIMA C HWCIOJIb30BAHUEM MYJIBTUMEIUWHBIX TEXHOJOTHA; METOJ] MallblX TpYIH, pa3doop
IIPAKTUYECKUX 3a7a4 U KEHCOB.
[Ipu 00ydyeHnH UCIIONIb3YIOTCA CENYIOIIME 00pa30BaTENbHbIE TEXHOJIOTUU:

— TexHoNOrHsI KOMMYHHKAaTHBHOTO OOy4YeHHs — HampaBiieHa Ha (popMUpOBaHUE KOMMYHH-
KaTUBHOW KOMIIETEHTHOCTHU CTY/IEHTOB, KOTOpas sBiiseTcsl 6a30BOM, HEOOXOAMMOM U1 ajamnTa-
IIUU K COBPEMEHHBIM YCIIOBUSAM MEXKYJIbTYPHON KOMMYHUKALIUH.

— Texnonorus pasHOypoBHEBOro (aud(epeHIMPOBAaHHOTO) O0YyYeHHsS — TMpeanoaaraet
OCYIIIECTBJIEHUE TTO3HABATEIbHON JESATENIbHOCTH CTY/IEHTOB C YUETOM MX MHJMBUYaJbHBIX CIO-
COOHOCTEM, BOBMOKHOCTEH M MHTEPECOB, MOOLIPSAS UX PEATU30BbIBaTh CBOIl TBOPUECKUH MOTEH-
nuan. Co31aHue U MCTOJNb30BaHUE JUArHOCTUYECKUX TECTOB SBIIETCS HEOTHEMJIEMOW YaCThIO
JTAHHOW TE€XHOJIOTHH.

— TexHonorust MOIYJIbHOIO OO0Y4eHUsl — MpelyCcMaTpPUBAET JEJIEHUE COJCPKAHUS JUCIH-
IUTMHBI Ha JOCTaTOYHO aBTOHOMHBIE pa3/iesbl (MOIYJIN ), HHTErPUPOBAHHBIE B 001N KypC.

— HWudopmannonHo-koMmyHuKamonnsle TexHoiorun (MKT) - pacmmpsitor pamMku obpa-
30BaTENILHOTO MPOIIECCa, MOBBIIIAs €ro MPaKTUYECKYIO0 HANPaBIEHHOCTh, CIOCOOCTBYIOT MHTEH-
cu(UKalUKA CaMOCTOSITETbHON padOThl yUaluXcsl ¥ MOBBIIIEHUIO TO3HABATEIbHON aKTUBHOCTH.
B pamkax VKT BbiaenstoTcs 2 Buja TEXHOJIOTUI:

— TexHOJOrusl UCTIOJIb30BAHUS KOMITBIOTEPHBIX MPOrpaMM — MO3BOJSAET dPPEKTUBHO J10-
MOJIHUTH Mpoliecc 00y4YeHHUs I3bIKY Ha BCEX YPOBHSX.

— HHTepHeT-TeXHONOTHH — MPEAOCTABISIIOT IIUPOKUE BO3MOXKHOCTH JUIsl TTOMCKAa MHPOP-
Maliy, pa3paboTKH HayYHBIX IPOEKTOB, BEJACHUS HAYYHBIX HCCIIeIOBAHUM.

— TexHoNOrusl MHAMBUAYyAIN3alUMU OOyYeHHs — TIOMOTaeT peali30BbIBATH JUYHOCTHO-
OpPUEHTUPOBAHHBIN MMOAXO0/I, YUUTHIBAs MHAUBUAYAIbHBIE OCOOCHHOCTH M MOTPEOHOCTH ydalluX-
csl.

— [IlpoexTHast TEXHOIOTHUSI — OPUEHTHPOBAHA HA MOJAEIUPOBAHNE COL[UAIIBHOTO B3aUMO/IEH-
CTBUS yYalllUXCS C LENbI0 PeUIeHHs 3a/1a4, KOTopasi ONpeAeNsieTcsl B paMKax NpogeccHOoHalb-
HOW MOJTOTOBKH, BBIZEISSA Ty UM UHYIO MIPEIMETHYIO 00JIaCTh.

— TexHonorust oOy4eHUs] B COTPYIHHUYECTBE — pEANTMU3YyeT HJCI0 B3aUMHOIO OOYYeHHS,
OCYILECTBIISISL KAK MHAMBHIYAIbHYIO, TAK U KOJJIEKTUBHYIO OTBETCTBEHHOCTH 3a pElICHHE yueo-
HBIX 3a7a4.
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— MHrpoBas TeXHONOTHS — MO3BOJISIET Pa3BUBATh HABBIKU PACCMOTPEHHSI Ps/ia BO3ZMOXKHBIX
Croco0oB perieHus: mpodaeM, aKTUBH3UPYS MBIILUICHUE CTYIEHTOB U PACKPBIBAsl JTUYHOCTHBIN
MOTEHILIMAJ KaX/I0T0 yJallerocs.

— TexHomnorus pa3BUTHS KPUTHUECKOTO MBIIUICHHUS] — CIIOCOOCTBYET (hOPMUPOBAHUIO pa3-
HOCTOPOHHEH JTUYHOCTH, CIIOCOOHON KPUTUYECKHM OTHOCHTHCS K MHGPOpPMAIUU, YMEHHUIO OTOH-
paTbh UHQOPMAIIHIO AJIsl PeLICHHs IOCTaBICHHOM 3a1a4u.

KomMmruiekcHOe HCIONb30BaHHE B y4€OHOM MPOIECCE BCEX BBIIMICHA3BAHHBIX TEXHOJIOTHIA
CTUMYJIMPYIOT JIMYHOCTHYIO, HMHTEJUIEKTYaJIbHYI0 aKTUBHOCTb, PAa3BHBAIOT I103HABATEJIbHBIC
MIPOLIECCHI, CITOCOOCTBYIOT ()OPMUPOBAHHUIO KOMIIETCHIIMMI, KOTOPBIMU JOJKEH 001anaTh Oymy-
UM CIIEIIUATINUCT.

OcHoBHbIE BUIbI THTEPAKTHUBHBIX 00pa30BaTEIbHBIX TEXHOJIOTHI BKIIOYAIOT B CEOSI:

— paboTta B MalbIX rpymnmnax (KOMaHjae) - COBMECTHAs ACSITEILHOCTh CTYJACHTOB B TPYyIIE
MOJI PYKOBOJICTBOM JIMJI€pa, HampaBlieHHAash Ha pelieHue oOued 3agaud MyTEM TBOPUYECKOIO
CIIOKCHHSI PE3YyIbTATOB HHINBHyaTbHOU pa0OThI WICHOB KOMAaH/BI C JICJICHUEM ITOJTHOMOYHN U
OTBETCTBEHHOCTH,;

— MPOEKTHAsl TEXHOJIOTUS - MHAWBUyalbHAs WM KOJUJICKTUBHAA JI€ATEIbHOCTh 10 0TOODY,
pacrpeneneHuio 1 CUCTEeMaTH3aIMKi MaTepraja Mo ONPeIeICHHON TeMe, B pe3yJabTare KOTOpOil
COCTaBIISIETCS POCKT;

— aHaju3 KOHKPETHBIX CUTYyallui - aHalu3 pealbHbIX MPOOJIEMHBIX CUTYyallud, UMEBIIUX
MECTO B COOTBETCTBYIOIIEH 00MacTH Mpo(ecCHOHANTBHON NeATeNbHOCTH, W TOUCK BapHUaHTOB
JY4YILINX PELICHUM;

— pa3BUTHE KPUTHUYECKOT'O MBIIIJICHUS — OOpa3oBaTelbHasl NEATeIbHOCTh, HalpaBlICHHAs
Ha Pa3BUTHE Y CTYICHTOB Pa3yMHOT0, pe(ICKCUBHOTO MBIIIJICHUS, CIOCOOHOTO BBIIBUHYTH HO-
BbIC UJICU U YBUJETh HOBbIE BO3MOXHOCTH.

[Tomxom pa3dopa KOHKPETHBIX 3aJa4 W CHUTyallMd IIUPOKO WCIIONB3YeTCs Kak
npenojaBaTeneM, Tak W CTYIACHTaMH BO BpeMs JIEKIWH, TaOOpaTOpHBIX 3aHITHA W aHaIu3a
pe3yabTAaTOB CaMOCTOSITEIBLHOM pabOThl. DTO OOYCIOBJIEHO TEM, UYTO MPH HCCICTOBAHUU H
peIIeHNH KaKJIO0M KOHKPETHOHM 3aJaud HMMEeTCs, KaK MPaBWJIO, HECKOJIbKO METO/IOB, a 3TO
TpebyeT pa3zbopa 1 OIEHKHU 1I€TI0N COBOKYITHOCTH KOHKPETHBIX CHUTYaIIUM.

3aHﬂTI/I$[, NMPpOBOAMMBIC ¢ HCITOJIB30BAHUEM HHTECPAKTUBHDBIX TEeXHOJOT Uil

KosuuecTBo yacoB

Ne HaumeHoBaHuUe pa3enoB (TeM) BCEro ayj. HHTEPAKTHBHbIE

qacoB qacbl
n Jluneiinas anreOpa B KJIACCHYECKOM MaIlTMHHOM 00Y- 8 4
" |yueHuun
2 |['eomeTpuueckue METOJIBI B 33/1a4axX KiaccUUKaIUU 8 4
3  |Jluneitnas anreOpa B 00yuyeHHH MoJiesei 8 4
Hmozo no oucyunaune: 24 12

Tembl, 3a1aHusg M BOIPOCHI JJII CAMOCTOSITENIbHOM pa®OThl MpU3BaHbl CHPOPMHUPOBATH
HABBIKU MOWCKA MHPOPMAITUU, YMEHHUS CAMOCTOSTEIHHO PACIIUPATE U YIIIYOJIATh 3HAHUS, TIOTY-
YCHHEBIC B XOAC JICKIMOHHBIX U IMMPAKTUYCCKUX 3aHITUU.

[Tonxon pa3bopa KOHKPETHBIX CHUTYyallUi HIMPOKO HCIONB3YETCS KakK MperojaBaTelieMm,
TaK ¥ CTYJCHTaMH IPHU TPOBEJACHUH aHAIHM3a PE3yJIbTaATOB CAMOCTOSITEIILHON PaOOTHI.

Jlist Ui ¢ OrpaHUYeHHBIMH BO3MOYKHOCTSIMHU 3JI0POBbS MPEAYCMOTpPEHA OpraHU3aIus
KOHCYJIbTAIMH C UCIIOJIb30BAHHEM AJICKTPOHHON TIOYTHI.

Jl1st AL ¢ HapyIeHUsIMU 3pEHUSL:

— B IIeYaTHOUW (popMe YBEITUUCHHBIM MIPUPTOM,

— B hopMe NIEKTPOHHOTO TOKYMEHTA.
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JUist U1 ¢ HapyIIEHUSIMH CITyXa:

— B miedaTHoi opme,

— B popMe DIIEKTPOHHOTO JIOKYMEHTA.

JList U1 ¢ HapyIICHUSIME OMTOPHO-/IBUTATEIILHOTO arapara:

— B IIe4aTHOM (opme,

— B (popMe AIIEKTPOHHOTO TIOKYMEHTA.

Jnis aui ¢ orpaHMYEHHBIMH BO3MOXKHOCTSIMH 3JIOPOBbSI TIPEAYCMOTpPEHA OpPTaHU3aIlHsI
KOHCYJIBTAIMH C UCIOJIb30BAHUEM DJICKTPOHHON TIOUTHI.

JlaHHBII TIepeueHb MOXKET ObITh KOHKPETH3UPOBAH B 3aBUCUMOCTH OT KOHTHHIEHTa 00Y-
YAFOLIIXCS.

4, OHeHO‘IHbIe H METOAUIECCKUE MaTEPpHUaJIbl
4.1 OueHo4HbIe CPeACTBA JJIsl TEKYLIEro KOHTPOJIS YCIeBAeMOCTH H NPOMEKYTO4-
HOM aTTecTaluu

OrneHouHbIE Cpe/cTBa MpEIHA3HAYEHBI JJI1 KOHTPOJIA M OLIEHKH 00pa30BaTeNbHBIX J0-
CTH)KEHUH 00YyYaroIuxcsi, OCBOMBIIUX MPOrpamMMmy y4eOHOM HCUUILINHBI «AJredpa u reomer-
pus»

OneHouHble CpenCcTBa BKIKOYAET KOHTPOJIbHBIE MAaTEpHaibl ISl IPOBEACHHUS TEKYILIero
KOHTPOJIsA B (hOpME TECTOBBIX 3a/1aHUI, Pa3HOYPOBHEBBIX 3aJJaHUI U MPOMEKYTOYHON aTTe-
cTanuu B (hopMe BOIIPOCOB U 33/1aHUI K SK3aMEHY.

Texymuii KOHTPOJIb YCIIEBAEMOCTHU INPEACTaBIseT co00il MPOBEPKY YCBOEHHS Y4EOHOTO
MaTepuaia, peryJsipHO OCYLIECTBISEMYIO Ha IPOTSKEHUHU cemecTpa. K JocToMHCTBaM 1TaHHOTO
TUIIA OTHOCUTCSl €r0 CUCTEMATUYHOCTbh, HEMOCPEJCTBEHHO KOppeiupyromas ¢ TpeboBaHHEM
HOCTOSIHHOTO U HETIPEPhIBHOIO MOHUTOPUHTAa Ka4eCTBa O0YUEHUSI.

Texyiuii KOHTPOJIb YCIIEBAEMOCTH CTYAEHTOB IIPEJICTaBISIET COOOI:

— YCTHBIH OIpoc (IpyNIoBON WIN UHIUBUAYAIbHBIN);

— MPOBEPKY BBIIIOJIHEHUS MMCbMEHHBIX JOMAIIHUX 3aJJaHH;

— IpOBE/IEHUE KOHTPOJIbHBIX paboT;

— IPOBeJIEHUE KOJIJIOKBUYMOB (B MUCbMEHHOM (hopMme);

— KOHTPOJIb CAMOCTOATEIbHOM pabOTHI CTY/IEHTOB (B MUCbMEHHOM WM YCTHOU (hopme).

st caMOCTOSITENNbHOM PabOThl UCIONB3YETCsl Y4eOHO-METOAMYecKoe olecreueHrne Ha
OYMa)XHBIX M 3JIEKTPOHHBIX HOCHUTENSX. TeMaTHKa caMOCTOATENbHOH paboThl COOTBETCTBYET
COJIEp’KaHUIO pa3ZesioB IUCLUUIUIMHBI U TeMe JloMalliHero 3agaHus. OcBoeHue marepuana KoH-
TPOJMPYETCS B NIPOLIECCE IPOBEAEHUS MPAKTUYECKUX 3aHATH.

KoHTpoibHbIe BOMPOCH! U 3ajaHus 1711 IPOBEACHUS TEKYLIEro KOHTPOJIS BEIOMpAIOTCS U3
CoJIepKaHus pa3JesioB JUCHUIUIMHBL. BhIoNHEHNE HOMalTHero 3ajaHus obecrieunBaeT Hempe-
PBIBHBI KOHTpPOJIb 3@ IMPOLIECCOM OCBOECHMS y4yeOHOro marepualia KakJoro oOydarolerocs,
CBOEBPEMEHHOE BBISIBIIEHUE U YCTPaHEHHE OTCTaBaHUM U OIIMOOK.

[IpomexyTouHas aTrecTanus MO UTOraM OCBOEHUS TUCIUIUIMHBL: 1 cemecTp — 3ader u
9K3aMEH; 2 CEMECTp — 3a4eT U dK3aMeH. [IpomexyTouHast arrecTanus npeacTaBlIeHa TUITOBBIMU
3aJjayaMy M0 BCEM MPOWJEHHBIM Te€MaM, a TaK e SK3aMEHAIIMOHHBIMHM BOIIPOCAMH IO JIEKIIH-
OHHOMY Marepuaiy.

K ¢opmam nucbMeHHOro KOHTPOJISI OTHOCUTCS KOHTPOJIbHas padoTa, KOTopas sBIsEeTCS
OJTHOW U3 CIOKHBIX (hOPM MPOBEPKU; OHA MOKET MPUMEHSThCS Ul OLIEHKU 3HaHUH 1o 6a3o-
BbIM M BapUaTUBHBIM TUCIUIUIMHAM BcexX IUKIOB. KoHTpoibHas paboTa, Kak MpaBUiio, COCTOUT
U3 HEOOJIBIIOr0 KOJIMYECTBA CPEJHUX MO TPYAHOCTH BOIPOCOB, 3a7ay WIN 33aJaHUl, TpeOyro-
HIMX [OMCcKa 000CHOBAHHOTO OTBeTa. Bo BpeMsi MpoBepKH M OLIEHKH KOHTPOJBHBIX MUChMEH-
HBIX padOT MPOBOJMUTCS aHAIU3 PE3YJIbTATOB BBITOJIHEHHS, BBIABISIOTCS TUIMYHBIE OIIMOKH, a
TakXe NMPUYMHBI UX TosBIeHUA. KOHTpoibHas paboTa MOXKET 3aHMMaTh 4acThb WJIN IOJHOE
yueOHoe 3aHsATHE ¢ Pa300pOoM MpPaBMIIBHBIX PEIICHUH Ha clieayromeM 3aHsaTuu. [lepedeHp KoH-
TPOJIBHBIX paOOT MPHUBEJICH HUXKE.
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OueHouHbIE CpECTBA I MHBAJIUIOB U JIUIl C OTPAHUYEHHBIMU BO3MOKHOCTSIMU 3710PO-
BbsI BBIOMPAIOTCS C yYETOM MX MHAWBUAYAIBHBIX MICUXO0()U3NIECKIX OCOOCHHOCTEM!.

— MpU HEOOXOJAUMOCTH WHBAJIUAAM U JIUI[AM C OTPAHUYEHHBIMU BO3MOKHOCTSIMH 3/10pO-
Bbs [IPEIOCTABIIAETCS JOTIOJHUTEIBLHOE BPEMS JIJIsl IOATOTOBKM OTBETA HA 3K3aMEHE;

— IIPU NPOBEJICHUU MPOLIETYPHl OLICHUBAHMS PE3yJIbTaTOB 00yUEHUs MHBAIMUJIOB U JIULL C
OTrpaHMUYEHHBIMU BO3MOYKHOCTSIMHU 3/10pPOBbsI IIPEAYCMATPUBAETCS UCIIOJIb30BAHUE TEXHUYECKUX
CPEICTB, HEOOXOAUMBIX UM B CBSA3M C UX MHIWBUIYaTbHBIMU OCOOCHHOCTSMU;

— IIpU HEOOXOAUMOCTH JJIs1 00YHAIOIIUXCS C OTPAHMYCHHBIMH BO3MOXKHOCTSIMU 3/I0POBbS
Y MHBAJIMJOB MpOLEAypa OLEHUBAHUS PE3YJIbTaTOB OOyUYEHUS MO AUCLUHUIUIMHE MOKET MPOBO-
JUTHCS] B HECKOJIBKO 3TaIlOB.

[Ipouenypa oueHuBaHus pe3yabTaTOB OOYUYEHMS] MHBAJIUIOB U JIHI] C OTPaHUYECHHBIMH
BO3MOXKHOCTSIMU 3JI0POBbSI 110 JAUCIHHMIUIMHE (MOJYJIIO) MPEeIyCMAaTPUBACT MPEJIOCTABICHHE HH-
dbopmaruu B hopmax, aanTHPOBAHHBIX K OTPAHMYEHUSAM UX 370POBbS U BOCIIPUSATHUS HH(POpMa-
[UU:

JInst ian ¢ HapyWEeHUs MU 3pEHUS:

— B [1€YaTHOW (hopMe YBEIMUYCHHBIM MIPUPTOM,

— B popMe PIEKTPOHHOTO IOKYMEHTA,

— B opme ayamodaiina,

— B IIeyaTHOM opMe Ha s3bike bpaiins.

JIist L ¢ HapyIIEHUsAMHU CIlyXa:

— B IIeYaTHOM (opme,

— B (popMe 3JIEKTPOHHOT'O IOKYMEHTA.

JIist iin ¢ HapyHIEeHUsMH ONIOPHO-JBUTATEIBHOTO alapara:

— B mieyaTHoOU hopme,

— B popMe 2IIEKTPOHHOTO TOKYMEHTA,

— B popMme ayauodaiina.

JlaHHBIN TTepeueHb MOXKET ObITh KOHKPETU3UPOBAH B 3aBUCUMOCTH OT KOHTUHI€HTa 00y-
YarOIINXCA.

CprKTypa OLCHOYHBIX CPEACTB AJHA Telcymeif[ u HpOMe)KyTO‘IHOﬁ arTreCTalumn

HaumenoBanue
Ne Kon u HaumeHoBaHuUe OIICHOYHOTO CPENICTBA
PesynbraTel 00yueHUs
/1 WHAWKATOpa . IMpomexyTouHas arre-
Texkymuuii KOHTPOIIb
cTaiust
. VK-1 Pemenue 3amau | 3azanue Ui
1 OCHOBBI MaTpPUYHOH aJ- VK-1.1 CaMOCTOATEIBHOM
reOpbl VK-1.2 PpaboTHI ¥ IPOMEXKY-
TOYHOU arrecTanuu 1-9
. Pemrenue 3anay | 3amanme nuis
Cucremsl JIMHCUHBIX VK-1 CaMOCTOSITENILHOM
2 | anreOpanyecknux ypas- VK-1.1 paboTEI U IPOMEXKY-
HEHMUIA VK-1.2 TOYHOM arrectaryu 10-
19
Pemenue 3amau, | 3azanue 1
Ompemenutens WX VK-1 KOHTPOJIbHAS Pa- CaMOCTOSATENBHOMN
3 " VK-1.1 60Ta paboThI ¥ IPOMEXY-
CBOHNCTBA VK-1.2 To4uHOM arrectauuu 20-
48
VK-1 3ananue ams
Teopus 1 MeToAbI pe- OIllK-1 Pemere sajar, cal\iOCTOﬂﬂTenLHOﬁ
KOHTPOJIbHAA pa-
4 | IICHHUS MaTPUYHBIX OIIK-1.1, paboTHI ¥ IPOMEXY-
e OIIK-1.2 Gora TOYHOM arrectauuu 49-
YpaBHCHHUUA )
51
. Bekropnas anre6pa. 2)’1{-1-1 Pewmenue 3a1a4, | 3a7anue 11s
JIuaelnbie YpaBHEHHUS B IIK- KOHTPOJIbHAA Pa- | camMOCTOSTEIbHOU
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reoOMeTpUHn OIIK-1.1, 6oTa PabOThL M IPOMEKY-
OIIK-1.2 TOYHOM arTecTanuu 52-
57
y31/f'111 Pewenne 3a1a4 | 3,000 g
JluHeitHbIe pocTpaH- VK-1.2 CaMOCTOATEILHOU
6 6 OIIK-1 paboTHI ¥ IPOMEXKY-
CTBa M MHOTOOOpA3HA OTK-11 TOYHOI arTecTanuu 58-
) 63
OIIK-1.2
VK-1 Pewenne 3a184 | 3, 0006 s
HopmupoanHbie 1po- gﬁi% CaMOCTOATEIBHOM
7 | ctpanctBa. OpToro- OHK-'l paGOTHI M POMEIKY-
HaJILHBIEC CHCTEMBI OITK-1.1, ;céquﬁ arrecTanum 64-
OIIK-1.2
Jlunelinble onepaTopsl. Pemenne 3anay, | 3azamue ama
CoOcCTBEHHBIC BEKTOPBI VK1 KOHTpOJIbHAs pa- | CAMOCTOATCIbHOR
8 6 VK-1.1 6 paboThI ¥ IPOMEXKY-
H COOCTBCHHBIC 3HAMC- VK-1.2 ora TOYHOM arrecTanuu 67-
HUSA 73
VK-1 Pemenwe 3amau
VK-1.1 3amanue oIt
}Kopz[aHOBa KaHOHHYE- VK-1.2 CaMOCTOSITEIILHOM
9 CKasa (1)OpMa JINTHEWHOTO OIIK-1 PpaboTHI ¥ IPOMEKY-
omeparopa OIlK-1.1, TOYHOI1 aTTecTanuu 74-
OIIK-1.2 83
y3;§'111 Pemienue 3anau 3ananme s
HopMasbHbIe B yHUTAp- VK-1.2 CaMOCTOATCILHOU
10 OITK-1 PpaboTHI B IPOMEKY-
HBIC MATPHIIBI OIK-1.1 TOYHOM arTecranuu 84-
) 88
OIIK-1.2
Pemenne 3amau | 3ananue s
Marpuna ®@ypee. Jluc- VK-1 CaMOCTOSTETHHOM
11 | kpeTHOE Mpeobdpa3oBa- VK-1.1 paboTHI U IPOMEKY-
Hue Oypbe VK-1.2 TOYHO# arrectaruu 89-
99
CUHTyNsIpHBIE YMCIIA U VKL Pemenue 3anau | 3ananue s .
- CaMOCTOATCIIbBHON
12 CHHTYJIAPHBIC BEKTOPBI. VK-1.1 paboTHI ¥ IPOMEXKY-
Meroz HanmeHbIIIX VK-1.2 TOYHOM aTTeCcTalni
KBaapaToB 100-110
OITK-1 Pemenue 3amau, | 3azanue 1 )
OHK'll, KOHTpOJH)HaSI pa_ CaMOCTOATECIbHOU
13 | KommiekcHbie ynciia OITK-1.2 Gota pabOThI U IPOMEKY-
' TOYHOM aTTeCTalllH
111-122
. . Pemrenne 3amau | 3azanue nis
OcHOBBI a0CTpPaKTHOM O?Ylljflll CAMOCTOSTENBHOI
14 | anreOphl: TPYNIIHI, OIIK-1.2 paboTHI M IPOMEIKY-
KOJIbIIA, TIOJIS ' TOYHOM aTTecTaluu
' 123-126
OIlK-1 Pemenue 3anau | 3ananue s
15 OO6m1as Teopus anreOpsl OIIK-1.1, CaMOCTOATENBHOM
MOJIMHOMOB OIIK-1.2 paboThl ¥ POMEKY-
TOYHOM aTTeCTallH
OIlK-1 Pemenue 3amau | 3ananue s
16 Anrebpanueckue MHO- OIIK-1.1, CaMOCTOATENBHON
rooGpasus. OIlK-1.2 paboThl U IIPOMEIKY-

TOYHOU aTTeCTalun
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OIlK-1

Pemenue 3amau

Baganue 1

OIllK-1.1 CaMOCTOSITENIbHOM
17 | KB y
AIpaTHIHbIC GOPMEI OIIK-1.2 paboTHI ¥ IPOMEXKY-
TOYHOM aTTeCTallnU
. OIlK-1 Pemenne 3amau | 3ananue 1
18 CorpsiKeHHBIH orepa- OIIK-1.1, CaMOCTOATEIbHOM
TOp OIIK-1.2 paboTHI ¥ IPOMEXKY-
TOYHO aTTecTalllu
OIIK-1 Pemenue 3anau | 3amanme nus
OllK-1.1 CaMOCTOATENBHOM
19 | Cnexk '
TpaJIbHBIC 3a71a4u OIIK-1.2 paboTHI ¥ IPOMEXY-
TOYHOH aTTeCTalluU
OIlK-1 Pemrenne 3amau | 3ananue i
20 TeH30pbl U MHOTOMEP- OITK-1.1, CaMOCTOSITEILHON
Has anredpa OIlIK-1.2 paboTHI ¥ IPOMEXKY-
TOYHOM aTTecTalyu
3anaHue s
OIIK-1 Pemenne 3amau
21 OcHoBbl uddepeHn- OITK-11 CaMOCTOSATENbHON
aJIbHOM TeOMETPUHU OITK-1.2 pabOThl U IPOMEKY-
' TOYHOM aTTeCTaIlMU
Tononoruuekue npo- OITK-1 Pemienue 3a1a4 | 3535aume s
5p | CTPAHCTBA. OcHoBbI aJi- OIIK-1.1, CaMOCTOATENBHOI
reOpanveckoi TOIoJIO- OIlK-1.2 paboTHI M IPOMEXKY-
'K TOYHOH aTTecTaluu
Jluneitnas anreOpa B Peurenne 3anay | 3ananme ans
OIIK-1.2 i
23 KJIaCCUYCCKOM MalluH- CAMOCTOATCILHON
PpaboTHI U IPOMEXKY-
HOM 00y4eHHH TOYHOM aTTeCTaIlNH
[eoMeTpuuecKue MeTo- I Pemenue 3amau | 3anamue ans
24 | npl B 3aJ1a4aX KJIacCH- - CAMOCTOATCILHOM
paboThI ¥ IPOMEKY-
ukamun TOYHOMN aTTeCTaluu
Pemenue 3amay, koH- | 3amanue mis
25 Jluneitnas anre6pa B OIIK-1.2 TpoJibHas pa-60Ta CaMOCTOATEIBHOM

00y4yeHuu Moaenen

PpaboTHI ¥ IPOMEKY-
TOYHOH aTTecTalnu
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Ioka3zaTenu, KpUTEPUHU U MIKAJIA OLEHKHA C(POPMUPOBAHHBIX KOMIIETEH U

CootBercTBie MOPOTOBOMY VPOBHIO OCBOCHMSI KOMIIETEHUHUH IUJIAHUPYEMBIM pe-
3yJIbTaTaM OOYUEHHS M KPUTEPHSIM UX OIICHUBAHUS (OIICHKA: YI0BJIETBOPUTEIBLHO /3a4TEHO):

VK-1 CIOCO0EH OCYLIeCTBJISITh MOUCK, KPUTHYECKHI aHAIU3 U CHHTe3 HH(popMalum,
NMPUMEHSITh CHCTEMHBII IMOIXO0/1 VISl pellleHNs MOCTABJeHHbIX 3a/1a4;
VK-1.1  BpiOupaer ONTUMAIbHBII BApUAHT PEIICHHS 3a/1a4k, aPTyMCHTHPYS CBOU BBIOOD

3HaTH MeTo/1bl KPUTUYECKOTO aHAJIN3a U OLIEHKHU COBPEMEHHBIX HAyYHBIX JOCTHXKEHUN
JUIsL PELIEHUS TUIOBBIX 33/1a4 B IMHEHHBIX, €BKIMIOBBIX, YHUTAPHBIX IIPOCTPAH-
CTBax, B €BKJIMJIOBOM U HEEBKIIUIOBOM T'€OMETPUHU

YMers  AHaJU3MPOBATh BXOJHBIE JaHHBIE, OCYLIECTBIISTh aHAJIN3 U CUHTE3 UHPOPMALIUU!
IPUMEHSTh METO/IbI JINHEHHON anreOpbl U aHaIUTUYECKON reOMETpUH peliaTh TH-
IIOBBIE 3aJ1a4 110 BCEM MPONUJIEHHBIM TEMaM MPEUI0KEHHBIM CIIOCOO0M

Baa- UccnenoBanuem npobiem npodeccuoHanbHON ASSITEIBHOCTUA ¢ TPUMEHEHUEM aHa-

neThb JM3a, CUHTE3a U JPYTUX METOA0B NHTEIUIEKTYaJIbHON NeATEIbHOCTH

VK-12 QcyuiecTBisieT MOUCK HEOOX0AUMON HH(OPMALIUH, ONTUPAsCh HA PE3YJIbTAThl aHA-

JIM3a IIOCTaBJICHHOM 3aJa4n

3HaTh CriocobeH npuMeHsTh (hyHJaMEeHTAIbHBIC 3HaHUS, ITOJTy4YeHHbBIE B 001acTh Mare-
MaTUYECKHUX U (WJIM) €CTECTBEHHBIX HAYK, U UCIOJIb30BATh UX IPHU aHAIM3E Mpe.-
METHOW 00J1aCTH, @ UMEHHO: TEOPUIO alNredpbl MATPUI] U ONPECIIUTENEH; METOIbI
pEIIECHUI CUCTEM JIMHENHBIX YPAaBHEHUI; OCHOBBI TEOPUH JIMHENHBIX IPOCTPAHCTB
U JINHEHHBIX OIepaTOPOB; CBOMCTBA U YPaBHEHUSI OCHOBHBIX T€OMETPUUECKUX 00-
pa3oB, AOMYCKAIOTCS OMIMOKK B BBIYMCICHUSIX M MOTPELIHOCTH IPOrHO3a

Ymere  IlomyyaTh HOBBIE 3HAHUS Ha OCHOBE aHAJIN3a, CUHTE3a U APYTMX METOJO0B. YMEThH
UCIIOJIb30BaTh pa3MyHbIe aNredpandyeckue MeTo/Ibl YMEHbIICHHsSI TPU3HAKOBOTO
IIPOCTPAHCTBA, JUISl JAJIbHEUILErO MOCTPOCHHUSI IPOTHOCTUYECKUX MOJCIICH;

Baa- BeisiBieHHeM COBpeMEHHBIX HpOOJeM M MCIIOJIB30BAaHHEM a/IeKBATHBIX METOJIOB

neThb JUISL UX PEIlIeHUs, a UMEHHO COBPEMEHHOM BBIUMCIMTEIBLHON TEXHUKON B 00BbEME,
HE00XO0IMMOM JJIsl peLIeHus OIpeieIeHHOro Habopa y4eOHbIX 3a1au

OIIK-1  Cnoco0eH KOHCYJIbTHPOBATH U HCIOJIB30BATH (PyHIaMEeHTAIbHbIC 3HAHUS B
00J1aCTH MaTEeMAaTH4YeCKOr0 AHAJIN32, KOMILJIEKCHOT0 U ()yHKIIMOHAJILHOIO
aHaJM3a ajJredpbl, aHAJUTHYECKOI reoMeTpuH, 1P depeHIHAILHONH reoMeT-
PHMHU H TOIOJIOTUM, M PepeHIHAIBLHBIX YPABHEHUH, JUCKPETHOM MaTeMaTH-
KM ¥ MaTeMaTHYeCKOM JIOTHKH, TEOPHHU BEPOSAITHOCTEM, MaTeMaTHYECKOM CTa-
THCTHKH M CIy4aHHBIX NPOLECCOB, YMCICHHBIX METON0B, TEOPETHYECCKON Me-
XaHUKHU B IPO(eCcCHOHATILHOM 1eATeJIbHOCTH

OIIK- [Tpumensier pyHnameHTadbHbIE 3HAHUSA, TOJTY4YEHHBIE B 001aCTH MaTeMaTHYECKUX

11 U (WIM) €CTECTBEHHBIX HAYK MpPU MOCTPOEHUU MOJENed B 3aJaHHOW MpeIMETHON
obusactu

3HaTh CnocoOeH npuMeHsATh (PyHAaMEHTaJIbHbIe 3HAHUS, MOJIyYeHHbIE B 00JacTH MaTe-

MaTUYeCKUX U (WJIM) €CTECTBEHHBIX HAYK, U MCIIOIb30BaTh UX IMPH aHAJIHM3E MPEea-
METHOW 00JIaCTH, a UMEHHO: TEOPHIO aJireOpbl MaTPUIL U ONpeAETUTENeH; METO b
pELIEHUI CUCTEM JIMHEHHBIX YPaBHEHMI; OCHOBBI TEOPUH JIMHENHBIX IIPOCTPAHCTB
U JINHEWHBIX OIEepaTOpOB; CBOMCTBA U ypaBHEHUS OCHOBHBIX T€OMETPUUYECKUX 00-
pa3oB, JOMYCKAIOTCS OMIMOKH B BEIYMCICHHUSIX M MMOTPELIIHOCTH MTPOrHO3a,;

YMmerp  Vcnosnp3oBaTh CyHIECTBYIOIIME THIIOBBIE PELICHHUS W IIA0JIOHBI MPOECKTUPOBAHUS
POrpaMMHOT0 00ecreueHUs, IPUMEHITh (GyHIaMEeHTaIbHbIC 3HAHUS, TOTy4YEeHHbBIE
B 00JIaCTH MaTeMaTHYeCKHX M (MJIM) €CTECTBCHHBIX HayK, M HCIIOJIb30BaTh UX B
npodeccuoHanbHOM /eATeIbHOCTH, @ UMEHHO CTPOUTHh MAaT€MaTH4YEeCKHE MOJIENH
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Baa-
IeTh

OIIK-
1.2

3HaTh

YMmeThb

Baa-
IeTh

SKOHOMHMYECKHUX CYOBEKTOB JUIsl peain3aiy UHPOpMaMOHHOW MOIETH
[TpoekTupoBaHWEM CTPYKTYpP JNAHHBIX C MCIOJIh30BAaHUEM ()yHIAaMEHTAIBHBIX 3HA-
HUH, MOJIYYEHHBIX B O0JIACTH MaTeMaTU4YeCKUX U (MUJIM) €CTECTBEHHBIX HayK, IO-
CTpOCHHUE MATPHUIl MPU3HAKOB, IS JATBHEUIIIETO MOTYYCHHUS IPOTHO3HOTO PE3YIIb-
TaTa.

[Tpumensier GpyHmaMEeHTaIbHBIC 3HAHMS, MOJYYCHHBIC B 00JIaCTH MaTEMaTHYECKHX
U (WIM) eCTeCTBEHHBIX HAayK IpH BbIOOpE METOJOB pellieHus 3anad mpodeccuo-
HaJIbHOW JIESATENBHOCTH

OTedecTBEHHBIN U MEXAYHApOAHBIH ONBIT B OOJACTH MaTEeMAaTHUYECKUX U (WIIH)
€CTECTBCHHBIX HAYK, M HCIOJIh30BaTh MX B MPO(ECCHOHATBLHOU NEATEIBHOCTH, a
MMEHO TOJIb30BATHCS KIACCUYECKUMU aJITOPUTMAMM PELICHUS aareOpanyeckux 3a-
Jau.

Hcnonp30BaTh CyIIECTBYIOIIUE TUIIOBBIC PEIICHUS U MIa0JIOHBI IPU aHAJIM3€ BXOJ-
HBIX JJAHHBIX, TIPUMEHSATh H3BECTHBIC aJITOPUTMBI, TIO3BOJISIONINE YIIPOCTHTH pelie-
HUE CTaHJIAPTHHIX YUEeOHBIX 3a7au.

[TpoBeneHMe HAOMIOICHUN M U3MEPCHHM, COCTABJIICHUE WX ONMUCAaHUK U (popmym-
POBKa BBIBOJIOB, & UMEHHO IMOCTPOCHHE MaTpUIl MPU3HAKOBB MHOTOMEPHOM IIpO-
CTpPaHCTBE, JIJISl TAJTbHEHIIIETO IMOTYICHHSI IPOTHO3HOTO PE3yIIbTaTa.

Cootsercrerie 0230BOMY YPOBHIO OCBOEHUs KOMIIETEHIMA IJIAHAPYEMBIM pE3YyJIbTa-
TaMm 00YYCHHUS U KPUTEPHUSIM UX OLICHUBAHUs (OLICHKA: XOPOILIO /32a4TEHO):

VK-1
VK-1.1

3HaTh

YMmerh

Baanern

VK-1.2

3HaTh

YMmernb

Baanern

croco0eH OCyleCcTBJISITh MOMCK, KPUTHYECKHIT aHAJIN3 U CHHTe3 HH(OpMAaIuu,
NPUMEHATH CUCTEMHBII MOAX0/ Il PellleHUs] MOCTABJIEHHBIX 32/1a4;
BribupaeT onTUMalbHBIN BapuaHT pelIeHus 3aa4i, apryMEHTHPYS CBO BHIOOD

MeTo/1bl KPUTHYECKOTO aHAJIN3a U OLIEHKU COBPEMEHHBIX HAyYHBIX JOCTH)KEHUN
JUIsl PELLIEHUS TUIOBBIX 33/1a4 B IMHEHHBIX, €BKIMOBBIX, YHUTAPHBIX IPOCTPaH-
CTBaX, B €BKJIUIOBOM M HEEBKJIMJIOBOW F€OMETPUH, BEIOUPATHh HY)KHBIE METOIbI
JUISl pEIIEHNs] KOHKPETHBIX 3a7a4, 3HAET CIEACTBHS U JJOKA3aTEIbCTBA TEOPEM C
HEOOJIBIIUMHU HEA0YETAMHU

AHaIM3MPOBaTh BXO/IHBIE JaHHBIE, OCYLIECTBIIATh aHAIN3 U CUHTE3 UHPOPMALIUU!
NPUMEHSTh METO/IbI JINHEHHOW anreOpbl U aHATUTUYECKO reOMETPUH peliaTh
TUIIOBBIE 33]1a4 10 BCEM MPOHAEHHBIM TEMaM MPeSI0KEHHBIM CIIOCOOOM C Tpe-
Oyemol Joka3aTeslbHON 0a30i

['my6okuM uccnenoBaHreM npodiaeM npophecCHoOHaNbHON AEATENbHOCTH C TPUMe-
HEHUEM aHajln3a, CUHTE3a U IPYTUX METOJI0OB HHTEJUIEKTYAIbHON JIEATEIbHOCTH
OcymiecTBisieT NOUCK HEOOX0AMMON HH(POPMALIUH, OIIUPAsICh HA pPe3yJIbTaThl aHa-
JIN3a MOCTaBJICHHOHN 3aaun

CriocobeH npuMeHsITh (hyHJaMEeHTalIbHbIe 3HaHU, [TOJy4YeHHbIE B 00J1acTH Mate-
MaTHYECKHX U (UJIM) €CTECTBEHHBIX HAYK, U UCIIOIb30BaTh UX IIPU aHAIN3E MPeE-
METHO 06J1acTH, a UMEHHO: TEOPHUIO aNreOpbl MATPUIL U ONPEeTUuTeNei; MeTOIbI
pPELIEHUI CUCTEM JIMHEMHBIX YPAaBHEHHMI; OCHOBBI TEOPHUH JIMHEWHBIX IIPOCTPAHCTB
U JIMHEWHBIX OIEpPaTOpPOB; CBOMCTBA M YpaBHEHHSI OCHOBHBIX T€OMETPUUYECKHX 00-
pa30B, IOMYCKAIOTCS HE3HAUNTENIbHbIE OITMOKHN B BBIYMCIEHUSAX U MOTPEIIHOCTH
nporro3a He 6onee 10%

[TosryyaTs HOBBIE 3HAHUS M3 PA3IUYHBIX, B TOM YHCJIE€ HHOCTPAHHBIX HCTOYHHKOB,
Ha OCHOBE aHAJIN3a, CUHTE3a U IPYTMX METOJ0B. YMETh UCIIOJIb30BaTh PAa3JINYHbIE
anredpanvdeckue METOAbl YMEHbIIEHUS IPU3HAKOBOIO MIPOCTPAHCTBA, AJIs Jallb-
HEWILIETO MTOCTPOEHUS POrHOCTUYECKUX MOJIEIIEH;

BeisiBieHHEM COBpEMEHHBIX MPOOJIEM M HCIOJIb30BAaHMEM aJE€KBATHBIX METO/0B
JUIS X pEIIeHUs], a UMEHHO COBPEMEHHOM BBIYMCIUTEIBHON TEXHUKOW B 00BEME,
HEOOXOIMMOM JIJIsl PEIIEHUsT OMPEeICHHOT0 Ha0opa HECTaHIAAPTHBIX YYCOHBIX
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3a1a4

OIIK-1 Cnoco0eH KOHCYIbTHPOBATH U UCIOJIB30BATh (pyHIAMEHTAIbHbIC 3HAHUS B
00J1aCTH MaTEMAaTH4YE€CKOI0 AHAJIN3a, KOMIJICKCHOI0 U ()yHKIIMOHAJIBHOI 0
aHaJM3a aJredpbl, aHAJTUTHYECKOI reoMeTpuu, 1updepeHInATbLHON reoMeT-
puH ¥ TONOJIOTHH, N1 PepeHIHATbHBIX YPABHEHUI, IUCKPETHON MaTeMaTH-
KM 1 MATEeMaTH4eCKOM JIOTUKH, TEOPHH BePOSITHOCTEH, MaTeMaTH4YeCKOi
CTATHCTHKHU H CJYYAHHBIX IIPOLECCOB, YHCACHHBIX METOA0B, TEOPETHYCCKOM
MEXaHUKHU B IPO(eCcCHOHAIBHOM AeTeJbHOCTH

OIIK-1.1 IlpumeHnser ¢pyHIaMEHTalbHbIE 3HAHUS, [IOJYYEHHbIE B 00JIACTH MaTeMaTHUYECKHX
U (WJIM) €CTECTBEHHBIX HAyK MpU IMOCTPOCHUU MOJEIEH B 3aJaHHON IpeIMETHOU
obnactu

3HaTh CriocobeH npuMeHsTh (hyHJaMEHTAIbHbIE 3HAHUS, MOJy4YeHHbIE B 00JacTH Marte-
MaTHYECKUX M (MJIM) €CTECTBEHHBIX HAyK, M UCIIOJIb30BaTh UX IPU aHAINU3E Mpe-
METHOW 00J1acTH, @ UMEHHO: TEOPHIO aareOpbl MaTPUILL U OINIPEAEIUTENEH; METO/IbI
pELIEHUI CUCTEM JIMHEWHBIX YPaBHEHUI; OCHOBBI TEOPUHU JTMHEUHBIX IPOCTPAHCTB
U JIMHEMHBIX ONEepaTopoB; CBOMCTBA U YPAaBHEHUSI OCHOBHBIX T€OMETPUUYECKUX 00-
pa3o0B, AOMYCKAIOTCS OMIMOKH B BBIYMCICHUSIX M MOTPELIHOCTH IIPOrHO3a

Ymernb Hcnonp30BaTh CyIIECTBYIOUINE THIIOBbIE PELIEHUS U IIA0JIOHBI MPOESKTUPOBAHUS
IPOTrpaMMHOr0 O0ecIieueHus, IPUMEHATh (DyH/IaMEHTaJIbHbIC 3HAHMS, MOJY4YEH-
HbIE€ B 00J1aCTH MaTeMaTU4YECKUX U (UJIM) €CTECTBEHHBIX HayK, U UCIOJIb30BaTh UX
B IPO(ECCUOHATILHOM AEATEIbHOCTH, @ UMEHHO CTPOUTh MaTeMaTUUYECKUE MOJIEIN
HYKOHOMHYECKUX CYOBEKTOB JIJIs pean3any HHHOpMAIIMOHHON MOJIeTTH

Baaners  [IpoexkTupoBaHMEM CTPYKTYp AAHHBIX C UCIOJIb30BaHUEM (YHJAaMEHTAIbHBIX 3HA-
HUH, NOJYYEHHBIX B 00JACTH MAaTEMaTU4YECKUX U (MJIM) €CTECTBEHHBIX HAyK, I1O-
CTPOEHHE MAaTpPUILl IPU3HAKOB, YMEHbIIAS UX Pa3MEPHOCTD, IS JaJIbHEUILIETO I10-
JIy4€HHUsI IPOTHO3HOTO PEe3yJIbTara.

OIIK-1.2 IIpumeHnser ¢pyHIaMEHTalbHbIE 3HAHUS, TOJYyYSHHbIE B 00JIACTH MaTeMaTHYECKUX
U (WIM) €CTECTBEHHBIX HAyK IPH BBIOOpPE METOJIOB pELICHHS 3aaay npodeccuo-
HaJIbHOM JEATEIbHOCTU

3HaTh OTe4ecTBEHHBIN U MEXIyHApOJHBIN ONBIT B 00JACTH MAaTeMaTUYECKUX U (WJIN)
€CTECTBEHHBIX HAyK, U UCIOJIb30BaTh UX B MPO(PECCHOHATBHON AEATENbHOCTH, a
MMEHO TM0JIb30BaThCsl KJIACCUYECKUMHU AJITOPUTMAaMH PELICHUs anreOpanyecKux
3aJad, ¢ MOJPOOHBIM TEOPETUYECKUM 00OCHOBAHHUEM.

Ymern Hcnonp30BaTh CYLIECTBYIOIIME THUIOBBIE PEUICHUS M IIAOJOHBI IPU aHAINU3E
BXOJIHBIX JAHHBIX, IPUMEHITh U3BECTHBIE AJITOPUTMBI, MO3BOJISIOLIUE YIIPOCTUTH
pelleHre CTaHIapTHBIX W HECTaHJIAPTHBIX YU4E€OHBIX 3ajau.

Baaners I[IpoBenenue HaOmOIEHUH U U3MEPEHUH, COCTABIEHUE UX ONMUCAHUNA U (HOpMYIIH-
POBKa BBIBOJIOB, @ IMEHHO MOCTPOECHHUE MaTpPHIl IPU3HAKOBB MHOIOMEPHOM IIPO-
CTPaHCTBE, JIsl JAJbHEHNIIIErO MOJIy4€HHs IPOTHO3HOTO PE3YyJIbTaTa.

CootBercTBre IPOABUHYTOMY YPOBHHK 0CBOEHUS KOMIIETEHLNN TNIAHUPYEMBIM pe-
3yJabTaTaM 00y4YeHHUsl B KPUTEPUSM WX OLICHUBAHUS (OLICHKA: OTJIMYHO /3a4TEHO0):
VK-1 CIOCO0EH OCYIIECTBJIATH MOUCK, KPUTHYECKUI aHAJIHM3 U CHHTE3 HH(pOpMAaLNH,
NPUMEHSATH CHCTEMHBII MOAXO0/ 1JIsl pelleHus! OCTaBJICHHbIX 3a/1a4;
VK-1.1  BpiOupaeT oNTUMAIbHbIA BapUAHT PEIICHHS 3aa49H, apTryMEHTHUPYS CBOW BBIOOD

3Hath Metoabl KpUTUUECKOTO aHAJIM3a U OLIEHKH COBPEMEHHBIX HAYUHBIX IOCTHKEHUH
AJi1 peIICHMA THITOBBIX 3aJia4 B HHHefIHI)IX, CBKJIMJOBBIX, YHUTAPHBIX IIPOCTpaH-
CTBaxX, B €BKJIMJIOBOW U HEEBKIIUJIOBOW I€OMETPHH, BEIOUPATh HY>KHBIE METObI
JUISI peIlIeHNs] KOHKPETHBIX 3a/a4, 3HACT CIEACTBUS U JJOKA3aTEIbCTBA TEOPEM

Ymers AHaIM3UPOBATh BXOJHBIE JaHHBIE, OCYIIECTBIIATh aHAIN3 U CHHTE3 UHPOPMALIUU:
MIPUMEHATHh METOIbI TUHEHHOHN anreOphl U aHATUTHYECKON TeOMETPHUH PeliaTh
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Baanern

VK-1.2

3HaTh

YMmernb

Baanern

OIIK-1

OIIK-1.1

3HaTh

YMmernb

Baagern

OIIK-1.2

3HaThL

THUIIOBBIE 33]1a4M I10 BCEM MIPOHAECHHBIM TEMaM MPEJI0KEHHBIM CIIOCOOOM € Tpe-
OyeMoii TokazarenpbHON 0a30i

I'my6okuM uccnenoBaHueM npodiaeM nmpodhecCUOHaIbHON AEATENbHOCTU C IPUMe-
HEHUEM aHaJIu3a, CUHTE3a U JPYTUX METOJ0B UHTEIUIEKTYaJIbHOH 1€ATEIbHOCTU
OcymiecTBisieT HOUCK HEOOX0AMMON HH(POPMALIMH, OIUPAsICh HA Pe3yJIbTaThl aHa-
713 ITOCTaBJICHHOM 3aa4u

Crioco6eH npuMeHsITh (hyHJaMEeHTaJIbHbIE 3HAaHUs, [T0Jy4YeHHbIE B 00J1acTH MaTe-
MaTHUYECKHX U (UJIM) €CTECTBEHHBIX HAYK, U UCIOJIb30BaTh UX IIPU aHAIU3E MpE-
METHOI 00J1aCTH, a UMEHHO: TEOPHUIO AIreOpbl MATPUIL U OIIPEEIIUTENEH; METOIbI
pELICHUI CUCTEM JIMHEMHBIX YPABHEHM; OCHOBBI TEOPHUH JIMHEHUHBIX IIPOCTPAHCTB
U JIMHEWHBIX OIIEpaTOpPOB; CBOMCTBA M YPAaBHEHHSI OCHOBHBIX T€OMETPUYECKUX 00-
pa3oB, JOMYCKAIOTCS HE3HAYUTEIbHBIC OIMIMOKY B BBIYUCICHUSAX U IOTPEIIHOCTH
nporuosa He 6omuee 5%

[TosryyaTs HOBBIE 3HAHUS M3 PA3JIUYHBIX, B TOM YHCJIE HHOCTPAHHBIX UICTOYHHUKOB,
Ha OCHOBE aHAJIN3a, CUHTE3a U JPYTMX METOJOB. YMETh UCIIOJIb30BaTh PA3JINYHbIC
anreOpandecKre METOAbl YMEHBIIEHHUS PHU3HAKOBOTO MPOCTPAHCTBA, IS 1ajTh-
HEHIIIEro MOCTPOCHMSI IPOTHOCTUYECKUX MOJEIIEH;

BolsiBneHHMEM COBpEeMEHHBIX IPOOJIEM U HCIOJIb30BAHUEM aJI€KBATHBIX METOJIOB
JUIS MX pelIeHUs, a UMEHHO COBPEMEHHOM BBIYMCIUTEIBHON TEXHUKOW B 00BbEME,
HEOOXOUMOM JJIsi PEUIeHMs] ONPEEIEHHOr0 Habopa HECTaHJIAPTHBIX YYEOHBIX
3aj1a4

Cnoco0eH KOHCYIbTHPOBATH U UCIO0JIb30BATh (PyHIaAMEHTAIbHbIC 3HAHUS B
00J1aCTH MaTEeMAaTH4YeCKOr0 AHAJIN32, KOMILJICKCHOI0 U (D)yHKIMOHAJILHOI'O
aHaJIM3a aJredpbl, aHAJUTHYECKOI reoMeTpHu, 11U pepeHHAIBLHON reoMeT-
PHMH U TONOJIOTHH, MU PepeHnaIbLHBIX YPAaBHEHUH, JUCKPETHOH MaTeMaTH-
KM M MaTeMaTH4eCKOi JIOTUKH, TEOPUH BePOSITHOCTEH, MaTeMaTH4YeCKOoii
CTATHCTHKHU H CJYYaHHBIX IPOLECCOB, YHCICHHBIX METOAOB, TCOPETHYECKOM
MEeXaHUKH B NPo(ecCHOHAIBLHOM 1eATeJIbHOCTH

[Tpumensier pyHnaMeHTaIbHBIE 3HAHUS, MTOJyYEeHHBIE B 00JACTH MAaTeMAaTHYECKUX
U (M) €CTECTBEHHBIX HAyK MpPU MOCTPOCHUM MOJENEel B 3aJJaHHOW MpeIMEeTHOM
o0nactu

CnocoOeH npuMeHATh (yH/IaMEHTalbHbIE 3HAHUS, TIOJyYeHHbIE B 00JaCTH MaTte-
MaTHYECKUX M (MJIM) €CTECTBEHHBIX HAyK, M UCIIOJIb30BaTh UX MPU aHAIM3E Mpej-
METHOW 00JIacTH, a UMEHHO: TEOPHIO aIre0pbl MaTPHUIL U ONIpeETUTENEH; METOIbI
pELIEHUI CUCTEM JIMHEWHBIX YPaBHEHUI; OCHOBBI TEOPUHU JIMHEWHBIX IPOCTPAHCTB
U JIMHEHHBIX OIEepaTOpOB; CBOMCTBA M yPaBHEHUSI OCHOBHBIX T€OMETPUUYECKUX 00-
pa3oB, AOMYCKAIOTCS OMIMOKH B BBIYMCICHUSIX M MMOTPELIHOCTH MTPOrHO3a
Hcnonp30BaTh CyIIECTBYIOIINE TUIIOBBIE PEIIEHUS U IIA0JIOHBI MPOSKTUPOBAHUS
IPOTPaMMHOT0 OOecIieueHus, TPUMEHATh (DyHIaMEHTaJIbHbIC 3HAHMS, MOJy4YeH-
HbI€ B 00JIACTH MaTeMaTUYEeCKUX U (UJIM) €CTECTBEHHBIX HayK, U UCIOJb30BATh UX
B PO eCCUOHATILHOMN AEATENbHOCTH, @ UMEHHO CTPOUTh MaTeMaTHUYECKUE MOJIEITU
SKOHOMMYECKHUX CYOBEKTOB JUIsl peain3aiy HH()OpMALIMOHHONW MOIETN
[TpoexTrpoBaHUEM CTPYKTYP JAHHBIX C MCIIOJIb30BaHUEM (DyHIaMEHTAIbHbBIX 3HA-
HUH, MOJYyYEHHBIX B 00JaCTH MaTeMaTH4YEeCKUX U (MJIM) €CTECTBEHHBIX HayK, IO-
CTPOEHHE MAaTpHI] NPU3HAKOB, JJS JAJbHEHIIEro INOJyYEeHUS MPOTHO3HOTO pe-
3ynbTara.

[Tpumensier pyHnaMeHTaIbHbIC 3HAHUS, MTOTyYE€HHbIE B 00J1aCTH MAaTEeMAaTHYECKUX
U (WIM) €CTECTBEHHBIX HAyK IMpPH BBHIOOpPE METOJIOB pelIeHHs 3ajaad mpodeccuo-
HaJIbHOM EATEILHOCTU

OTeuecTBEHHBIM U MEXIYHAPOJHBIN ONBIT B 00JACTH MaTeMaTHYeCKUX U (WJIH)
€CTECTBEHHBIX HAyK, M HCIIOJIb30BaTh UX B MPO(PECCHOHATBHON AEATENbHOCTH, a
UMEHO I0JIb30BaThCsl KJIACCUUECKUMH aJTOPUTMAMHU PELICHUs alreOpandeckux
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YMmernb

Baanern

3ajad.
Hcnonp30BaTh CYMISCTBYIOIIWE THUIOBBIE PEIICHUS W IMAOJOHBI TPU aHAIIK3E
BXOJIHBIX JaHHBIX, IPUMEHITh U3BECTHBIC aJTOPUTMBI, MTO3BOJISIOUINE YIIPOCTUTH
pelleHre CTaHIapPTHRIX YIeOHBIX 3a/ad.

[IpoBeneHune HaOMIOICHUN U U3MEPEHUIN, COCTABIICHUE WX ONMMCAHUA U HOPMYITH-
POBKa BBIBOJIOB, & UIMEHHO MOCTPOCHHE MaTPHUIl MPU3HAKOBB MHOTOMEPHOM MPO-
CTpPaHCTBE, JJIsl JaJbHEHIIIET0 MOIYyYeHHs IPOTHO3HOTO PEe3yIbTaTa.
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Kpumepuu OYEHUBAHUA no 3a4emy.

«3aUMEHO»: CMYyOeHm iadeen MmeopemudecKuMu 3HAHUAMU N0 OAHHOMY pA30eiry, ymeem pe-
wams 3a0ayu, OONYCKaem He3HauyumenbHble OWUOKU, CMYOeHm yMeem NPasuibHO 00bIACHAMb
meopemuyecKkull U NPAKMUYecKuil. Mamepuai, WiioCmpupys e20 RpuUMepamu U3 KOHMpOIbHbIX
u 1abopamopHvix pabom.

«He 3aUMeHO»: Mamepuai He YC80eH UIU YCBOeH YACMUYHO, CIYOeHm 3ampyOoHsemcs npuee-
cmu npumepsl N0 OCHOBHLIM NPOUOEHHBLIM MeMaM, 0080JbHO O2PAHUYEHHbI 00beM 3HAHUL
NPOCPAMMHO20 NPAKMUYECKO20 MAMeEPUAd.

OueHovHbIEC CPECTBA I MHBAJIUOB U JIMLl C OTPAHUYEHHBIMU BO3MOKHOCTSIMU 3/10PO-
BbS BBIOUPAIOTCS C YI€TOM MX MHAWBUAYAIBHBIX TICUXO(PHU3UYECKUX OCOOCHHOCTEH.

— I[IpH H€O6XOI[I/IMOCTI/I HHBaJIWJaM U JinaM C OTpaHUYCHHBIMU BO3MOXKXHOCTAMHA 310PO-
BB IPEIOCTABIISIETCS TOMIOJHUTEIILHOE BPEMs ISl ITOJITOTOBKM OTBETA HA SK3aMEHE;

— IIpU NIPOBEJICHUU NPOLEAYPHl OLICHUBAHMSI PE3YJIbTATOB 00YUYE€HUS MHBAINUJIOB U JIULL C
OTPaHMYCHHBIMU BO3MOYKHOCTSIMH 3/I0POBbSI IIPETyCMATPUBACTCS MCIIOJIb30BAHNE TEXHHUYECKHUX
CpCacTsB, H€06XOI[I/IMBIX MM B CBA3U C MX MHANBUAYAJIbHBIMU OCO6€HHOCT$IMI/I;

— NIpH HEOOXOIUMOCTH ISl 00YHYAIOIIUXCsl C OTPAaHMYCHHBIMU BO3MOYKHOCTSMH 370POBbBS
U UHBAJIMAOB IIpoucaypa OUCHHUBAHUA PEC3YJILTATOB O6y‘-I€HI/I$I o JUCHUIIIIMHC MOXCT ITPOBO-
JIMTHCS] B HECKOJIBKO JTArloB.

[Iponienypa olieHHBaHUs PE3YJIHTATOB OOYUECHMS] MHBAJIUAOB M JIMIl C OTPAHUYCHHBIMHU
BO3MOXKHOCTSIMH 3/I0POBbSI 110 JUCIMIUIMHE (MOJYJIIO) MPEeIyCMaTpUBAET MPEJIOCTABICHHE HH-
dopmannu B hopMax, aIanTHPOBAHHBIX K OTPAHUYCHUSM UX 3/I0POBBS M BOCHPUATHS HH(POpMa-
M

JUist T ¢ HApyIIEHUSIMHA 3PEHHS:

— B I1€4aTHOW (hopMe YBEIMUYEHHBIM HIPUPTOM,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

Jlnist a1 ¢ HapyIIeHUsIMH CiTyXa:

— B TIe4aTHOU opme,

— B (popMe 2JIEKTPOHHOT O TOKYMEHTA.

JList L ¢ HapyIeHNssMHM OITOPHO-JBUTaTEIbHOTO anmnapara:

— B I1e4aTHo (opme,

— B (popMe 2IIEKTPOHHOTO TOKYMEHTA.

JlaHHBIN TepeyeHb MOXKET ObITh KOHKPETHU3UPOBaH B 3aBUCHUMOCTH OT KOHTUHI€HTa 00y-
YAFOIIUXCS.

TunoBbie KOHTPOJIbHBIC 32JaHUS WM MHbIC MATePHAJIbl, HEO0X0AMMBbIE 1JIsI OLCH-
KM 3HAHMH, YMEHUI, HABBIKOB U (WJIM) ONBITA JAEATEJNbHOCTH, XaPAKTEPU3YIOLIUX 3TAIbI
(popMHpOBaHUSI KOMIIETCHIIHI1 B IpoLecce 0CBOCHHUsI 00pa30BaTeJbLHOH IPOrPaMMBbI

Tema 1. Komnaekchuule uucna

1.1. Berauciauthb

cos(i +1)

3anucarh ACHCTBUTEIHLHYIO H MHUMYFO YaCTH KOMIUIEKCHOTO YHCIIA.
1.2. Haiitu X n yeR:

(i—2)2+3i) =x vy

3i—1 10 ' 's
1.3. 3Bi1€Yb KOPEHb U3 KOMILJICKCHOT'O YHCIIA
V2 =2i
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1.4. BeruncnuTe, OTBET 3alucaTh B TPUTOHOMETPUUECKOH, allreOpandeckoi U MoKa3aTeIbHON
dopmax:
7 = (ﬁ _ i)S{J
1.5. N300pa3uth 001acTh HA KOMIUIEKCHOW TUIOCKOCTH, 33JaBaeMyI0 HEPaBEHCTBOM:
z+i—1| <5
1.6. BrauciauTh, OTBET 3aIMCAaTh B TPUTOHOMETPHUYECKOM, anreOpanyecKoil v MmoKa3areabHOu
dbopmax:

(W3 -i)3-V2—-2i
Tema 2. Oowaa meopus anzedpvl NOJIUHOMOB
2.1. BBINIOJIHUTH JI€TIEHUE C OCTATKOM
2x® —3x* +x% —5x+7Ha3x +4x° —x +2
2.2. He ocymiecTBisis AeIEHUS U HE UCIIONIB3Ys cXxeMy | 'opHepa HaliTh OCTAaTOK OT JEJICHUS T10-
muHoMa 2x° — 3x3 + x?2 —5x + 7Ha5x — 3
2.3. OnpenenuTh KpaTHOCTb KOPHS Xy = 2 MOJIMHOMA
2x* —11x* 4 18x% — 4x — 8.
Pa3noxuth MOITMHOM Ha MHOYKUTEIH.
2.4. Pa3noxuth moJMHOM 2x° — 3x3 + x? — 5x + 7 10 CTENEHAM X = —2, UCIIOJb3Ys CXEMY
I'opHuepa.
2.5. [TocTpouTh MOTMHOM HAMEHbILIEH CTETIEHU C IeUCTBUTEIbHBIMU KOXPPUIIUEHTAMH, €CITH
€ro KOpHU:
xy = 2i — 1 kparHoctH 1, x; = 2 — i KpatHOCTH | U X5 = 3 KpaTHOCTH 2.
2.6. Haiitu HOJ/I n1Byx moamHOMOB
fx)=x—7x*+8x>—7x+7ug(x)=3x>—7x*+3x? -7
2.7. Tloap3ysce anroputMoM EBkiua, mogodpars nomuHoMsl M1(X) 1 M2(X) Tak, 4ToOBI
fX)M1(x) + g(x)M2(x) = 8(x), rae &(x) — HOJT mommuromos f(X) u g(X),
f)=x4+3x*+x¥+x?+3x+1uglx) =x*+2x>+x+ 2.
2.8. Tloap3ysace anropurmMoM EBkiua, mogodpars nomuaoMsl M1(X) 1 M2(X) Tak, 4TOOBI
fOOM1(X) + g(X)M2(x) =1, e f(x) =x* —x® —4x? +4x + 1lugx) =x? —x — 1.

Tema 3.1 Mampuust u onpedenrumenu
3.1. Beruncnuts onpeaenuTenb

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

-10 -14 16 -30 1
4 8 -10 18 7
3.2. BBIYMCIUTD paHT MaTPUIIBI METOJIOM OKalMJICHHSI MUHODOB.
10 18 -22 40 17

1 7 -10 17 -3
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3.3. Haiitu oOpaTHyr0 MaTpHIly K MaTpuiie A:

1 -3 5
mA=(7 3 1

12 -2 6

2 -5 8 -1
[0 3 12 -2
byA=1, 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—l—l)'(—i 2—i>
—i 1 1 0
A 0 0 A
o, )G )
0 A,/ \A, 0

Tema 3.2 Cucmembl TUHENUHBIX YPAGHEHUIL
3.1. Pemmuts ¢ momomkto popmyn Kpamepa cucreMy ypaBHCHHIA:

2X+3y—-1z=5,
X+Yy+2z=09,
2X—-y+2=3.
3.2. Haiitn ¢pynnamenTanbHyto cucremy pemenuit st CJIOY
X=2y+z+t=0,
X—-2y+z-1t=0,
X—-2y—z+5t=0.
3.3. BeissicHUTB, 00Pa3yIOT JIM CTPOKH KAXKIOH M3 MATPHI]
30 —24 43 -50 -5
A=(9 —-15 8 5 2
4 2 9 —-20 -3
4 2 9 -20 -3
B:(l -11 2 13 4

9 —-15 8 5 2

byHIaMEHTAbHYIO CUCTEMY PELISHU ISl CHCTEMbI YpaBHEHHIA:
3x;+4x; + 2x3+ x4 +6x5=0
5x1+ 9x; +7x3 +4x, +7x5=0
4x,+3x; —x3— x4 +11x5 =0
Xy +6x5 4+ 8x3+5x, —4x; =0
3.4. ViccnenoBath CUCTEMY YpaBHEHUH Ha COBMECTHOCTD, UCIIOJNB3YS METO] HCKITFOUCHUS HEU3-

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

36x; +21x, +45x; +61x, + 62x; = 43
48x, + 28x, + 60x3 + 82x,4 + 83x; = 58
60x; +35x, + 75x3+ 99x, + 102x; = 69
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Ha ouenky «3» OyneT cucreMa ¢ MEHbIIUM KOJIMYECTBOM [TEPEMEHHBIX.

Tema 4. Bekmopuas anzeopa

4.1. BBIUKCIIUTD MPOEKIIHMIO BEKTOpa a = (3; 2, 2) Ha OCh BEKTOpA b+¢,ecm b= (— 1 4, - 6)
uc=(32 -1).

4.2. Bextops! 8 u b o0OpasyroT yroia 60°, npuyem |§| =2, ‘6‘ = 3. OnpenenuTb yroji Mexay
BEKTOpaMH c=a+bud=a+3b.

4.3. BBIMHC/IHTH CHHYC YIIa, 00pasoBanHOro BekTopamu d=(2; 1, —2) u € =(L -2; 2).

4.4. 3nas BEKTOpbI, 00pa3ylouiie TPeyrojJbHUK: AB=23-30, BC=4-6D, CA=-33+9% :

rie d u b B3aMMHO IIEPIEHIMKYJIAPHBIE OPTHI, ONPEIEIUTH BHYTPEHHHUE YIJIbI 3TOTO TPEYTOJIb-
HUKA.

4.5. CpesicTBaMu BEKTOPHOI anreOphl BBIMUCIUTE JUIMHY BbicoThl CH TpeyrosibHUKa ¢ BEpLIH-
mamu B Toukax A(6; 0; 2), B(2; -3; -2) u C(1; 0; 1).

4.6. Bextops @ u b o6pasytor yron 120°, npudenm |§| =4, ‘5‘ =5. Onpenenuts yroy Mexay

BexTopamu ¢ =33—2b nd =a+3b.

4.7. Byayt u koMmmanapasiMu Bektopsl d = (2; -1 —2), b=(2 L, ) uc=(L -2; 2)?

4.8. HaiiTu paznoxeHue BekTopa C = (1; 4, 2) 1o 6a3uCy COCTOSIEMY U3 BEKTOPOB
P=(L53),G=(412),r=(3 -1 2).

4.9. Bextopsl @ u b BsaumuO NEePIEeHIUKYIISAPHBL. 3Has, 4YTO |é| =6, ‘5‘ =5, BBIUUCIIUTD ‘)Z XY‘
IpY yCIOBUH, YTO X=a+2b,Y=7a-2b.

4.10. CpeactBaMu BEKTOPHOM anreOpbl BEIUMCIUTG IUIOLIAAb TpeyroiabHuka ABC, ecin
AB=(2;1,-2), BC=(3;-2;6).

4.11. Jlaubl KoOopauHaThl Touek A= (1; 1 1), B= (1; 2; 3), C= (3; 0; - 2), D(2, 1,0). Boruwc-

I S —\ .\
nuts (2B - CD) - (2BC + DA), (ABJ . (ACT .
4.13. Onpenenuts, OyaeT JH MapajuieIorpamMm, TOCTPOCHHBIX Ha MPUBEIEHHBIX K 00IIeMy
Havay BekTopax AB = 2a — 4b u BC = @ — 5b kak Ha CTOPOHAX, IPAMOYTOILHHUKOM HITH

poMOOM, eciii @ ¥ D B3aWMHO TIEPIIEHAUKYIISIPHBIE OPTHL.

Tema 5. IIpamasa na naockocmu

5.1. 3nas nBe cocennue BepmuHel A (-6; 1) u B (-9; 12) napamnenorpamma ABCD u touky O (0;
7) nepecedeHns JuaroHajlel, HalTH ero Iionajib.

5.2. 3nas nBe coceanue BepmuHb A (6; 1) u B (9; 16) mapamnenorpamma ABCD u touky O(10;
7) nepecedeHus [uaroHaiel, COCTaBUTh YPAaBHEHUS €TI0 CTOPOH.

5.3. B TpeyronpHEKe, BepIIMHAMA KOTOPOTO sIBisitoTcst Touku K (25 -6), M(6; -1) u P(4;0), Haiitn
JUIMHY NIEpIEHANKYJIISPa, OMyIEHHOro 13 BepinHbl K Ha mequany MH.

5.4. CocTaBuTh ypaBHEHHUE NMPAMOIL, MapaiienbHoi npsaMbM X-3y+10=0 u x-3y+15=0 u npoxo-
JAIIEeN MocepeHE MEXAY HUMM.

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 MPSIMOH, MMapauIeIbHOM MpsMoi 5X-12y+18 =0, paccTostHEE KOTOPOit
1o touku M (1;7) paBHo 9.

5.7. CocTaBUTh ypaBHEHHUE TIPSIMOM, MapauIeIbHON IpsiMOil 8X-6y+7=0, OTKIIOHEHHE OT KOTO-
poit Touku M(0;0) paBHo -7.
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5.8. B TpeyronbHuKe, BepIMHAME KOTOpOTO sBIsIOTCS Touku K(1; 4), M(-2; 0) u P(1;2), naiitn
YroJl MeK1y cTopoHoii MP u Mmeauanou, npoBeieHHOW U3 BepiunHbl K.

5.9. CocTaBuTh ypaBHeHUs CTOpoH TpeyroiabHuka ABC, eciiu nanbl ogHa u3 ero BepmuH B (3; -
7) u ypaBHeHHA ABYX BbICOT 8x+3y+1=0 u 5x+y-17=0.

5.10. CocraButh ypaBHEeHHs CTOPOH Tpeyronbauka ABC, eciau mansl ogaa u3 ero sepiut C (-9;
-3) u ypaBHeHuUs BbICOTHI 9X-8Y-1=0 n menuans! 5x+4y-9=0, mpoBeIEHHBIX U3 OJHOW BEPIINHEI.
5.11. 3nas Bepunsl A (-6; -1), B (-9; 16) u C (10; 7) TpeyronpHuKa, COCTaBUTh YpaBHEHHUE BbI-
COTBI, IPOBEICHHON U3 BEPIUIUHBI B.

5.12. 3nas Bepmmnbl A (-6; 0), B(0; 16) u C(10; -3) TpeyrojibHHKa, COCTaBUTh YpaBHEHHE OHC-
CEKTPHCHI, IIPOBEACHHON M3 BEPIIUHBI A.

5.13. 3nas Bepmunbl A (-6; 1), B (-9; 16) u C (10; -7) TpeyronpbHuKa, COCTaBUTh YpaBHEHUE Me-
JMaHbI, IPOBEJACHHON 13 BepimnHbI C.

Tema 6. Ilpaman u nniockocms 6 npocmpancmee.
6.1. CocTaBHTb YpaBHEHHE ILIOCKOCTH, NIEPIICHANKYISPHOil BekTopy N = (1; 3 - 2) U OTCEKa-
romieit Ha ocu Ox oTpe3ok a=>5.
6.2. CocTaBUTh ypaBHEHUS TUIOCKOCTEH, KOTOPBIC JCIIAT MOTOJIaM JIBYTPaHHBINA yroil, 00pa3o-
BaHHBIN II0cKoCcTAMU —16X+15y —127-5=0u X+2y—-2z2+5=0.
6.3. CocTaBuTh ypaBHEHHUE IUIOCKOCTH, TIPOXOSINEH Yepe3 TOUKH A(l; 2 4) u B(— 2; 3 11) na-
pauiensHo ocu Oz.
6.4. [IBe rpanu ky0a JiexaT Ha MIOCKOCTAX 2X —2y+Z—1=0u 2Xx—2y+2z+5=0. Boruuc-
JUTH 00BEM ITOTO Kyoa.
. {x +5y—-z=7
6.5. CocTaBUTh KAHOHUYECKUE YPABHEHUS MPSMOU .
3X+4y-z+8=0
6.6. CocTaBuUTh ypaBHEHHE IIJIOCKOCTH, MPOXOSAIIEH yepe3 MpsIMyIo MepeceyeHns MI0CKoCTel
2X—Yy+32-5=0u X+2y—-2z+2=0 napauieapbHO BEKTOPY b= (2; -1; —2).
6.7. CocTaBUTh ypaBHEHHUE IUIOCKOCTH, TIPOXOSAINEH Yepe3 MPSIMYIO ITepeceueHus TUIOCKOCTEH
3X—2y+2—-3=0u X—2z=0 u nepneHauKyIsapHO INIOCKOCTH X—2Y+Z+5=0.
6.8. CoctaBuTh ypaBHEHUE IJIOCKOCTH, MPOXOIAIISH Uepes MpsIMyIO0 TIepeceYeHHs TUIOCKOCTEH
2X+Yy—2+1=0wu X+ Yy+2z+1=0 napauieapHO OTPE3KYy, OTPAHUUYEHHOMY TOUKaMH
P2, 5 -3) u K3, -2, 2).
6.9. CocTaBuTh ypaBHEHHE INIOCKOCTH, TTAPALICITHHONU BEKTOPY b= (2; 1 1) M OTCEKAIOIIel Ha
ocax Ox u Oy orpesku 3 U -7 COOTBETCTBEHHO.
6.10. Jans BepmmHbl TpeyroasHuka A(3; -1; -1), B(1; 2; -7) u C(-5; 14, -3). CoctaButh napa-
METPUYECKHE YPABHEHUS OUCCEKTPUCHI €r0 BHYTPEHHETO yIiia mpu BepinHe B.
6.11. CocTaBuTh ypaBHEHHE TUIOCKOCTH, OTKJIOHEHUE TOYEK KOTOPOH OT IJIOCKOCTH
4x -4y —2z+3=0paBHo -3.
6.12. TlepecekaeT ¥ MIOCKOCTh 5X —2Y + 2 —1 =0 0Tpe30K, OrpaHUYCHHBIH TOUKaMHU
P@ 4, —-3) u K(2, 5, 0). OTBeT 000CHOBATS.
+7_y+4_z+311x—21_y+5_z—2
4 -2 6 -4 -1
6.14. Ha ocu Oy HaliTH TOUKY, paBHOYAaIeHHYI0 OT Touku P(1, —2, 0) u miockocTu
3X—-2y+6z-9=0.

6.13. Haiitu paccTossHue MEeXay NPSIMbIMU

x-1 y+1 z-1
2 -2

6.15. Beranciuth paccrosinue ot Touku P(3, 3, 5) mo npsmoii
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6.16. Boruncnuts yriel, 00pa3yemMble HOPMaNbIO K MIOCKOCTH V3x+ y—4=0, u paccrossHue P

OT HaYaja KOOPIUHAT JI0 TNIOCKOCTH.
6.17. BeruuciuTh 00beM MUPAMHU/IBI, OTPAHHYEHHOM IJIOCKOCThI0 X +2Y +32+12 =0 u koop-

JTMHATHBIMHU TUIOCKOCTSIMH.
6.18. Beruuciuth paauyc cdepbl, KOTopas KacaeTcs miockocteir 6X—2y+3z2—-3=0 u

6x—-2y+32z-20=0.

6.19. Onpenenuts, nexat 11 Touka P(2, —1, 1) 1 Hayano KOOpAWHAT IO OJHY WJIH IO Pa3HbIe
CTOPOHBI OTHOCUTENBHO IIIOCKOCTH 5X -3y +2—-18=0.

6.20. dans! BepmuHbl Tpeyroasauka A(3; 6; -7), B(-5; 2; 3) u C(4; -7; -2). CocTaBUTh IapameT-
pHUYECKUE YpaBHEHHSI €r0 MeIUaHbl, IPOBEACHHON 13 BepmuHbI C.

Tema 1. /luneitnvie npocmpancmea
7.1. B npoctpanctBe R3 3a1anbl BEKTOp X U 6a3uc€ :{el €5, 63}. Koopaunats! BEKTOpOB 3a1a-

HBI B HEKOTOPOM 0asmuce e’ ={e{ ) e; ) eg} HaiiTi koopMHATHI BEKTOpa X B Oa3uce e' n MaTpu-
1y nepexona ot 6azuca € ={e,,e,,6,} x &' ={e;,e;,e;}.

x=(1,4,-1)

e =(5,-1,2)

€ =(2,3,0)

e =(-2,1,1)

7.2. Nana matpuua nepexoza U or e ={e,,e,,e,} x &' ={e;,e;,e;}. Haiitu marpuiy nepexo-
naor e={e;,e,,e}e ={e +e,,e, —e;de}.

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

7.3. [lana marpuna nepexoaa U ot € ={e1 €5, e3} K € :{el' ) e; ) eg} Haiitn matpuny nepexo-
naor e={e, +e,,e, —e 3e}e ={e, e, e}

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

7.4. lana matpuna nepexona U ot 6a3uca € :{el €5, 63} K 6azucy €’ :{el' ) e; ) e;}

1 2 3
U= (—1 -1 -3
0 4 1

Haiitu matpuity mepexona ot 6a3uca e; + e;, e; + e3, e3 k 6aszucy
2e'y + 3e',,4e', — 2e'5,e'; + 2e', — €'

7.5. Haiitu pa3MepHOCTH, 6a31Chl CyMMBI U IIepeceueHus! MOANPOCTPAHCTB, 3aJJaHHbBIX YpaBHE-
HUSIMH

X, =X, + X, =X, =0
X, —2X, + 2%, +2X, =0
7.6. Haiitu pasmepHOCTH, 6a3uchl CyMMBI 1 Iiepecedenus noanpocrpancts H, =<a,,a,,8; >

u H, =<b,,b,,b, >
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a, =(212)' b, =(2,3-1)"

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

a, =(133)" b, = (1,1-3)"

7.7. Bextopu € ={€,,8,,6,}, ' ={e/,e,,e;} u X 3anans1 B HeKoTOPOM Gasuce

€, ={e1° ) eg ) e§ } Haiitn matpuiy nepexonaa ot € k e, KOOpJIMHATHI BEKTOpa X B 06a3uce € u

!

e'.
e, =(-111)" e =(-12.3)"
e,=(-13)" e, =(212)"
e,=12-0)" e, =(0,21)"
X, =(,01)

7.8. Haiitu matpuity repexozaa ot 0asmca €4, €2, €1, €3 K 0asucy €', e4’, €3°, €1°, eciu 3a/1aHa
maTpuna U nepexona ot 6a3uca €1, €2, €3, €4 k 0azucy e1', €2°, e3’, e4’

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

U=

Tema 8. E6Ku0060 u ynumapHnoe npocmpancmeo

8.1. Cunras BEKTOPHI 33JaHHBIMUA KOOPAWHATAMU B OPTOHOPMHUPOBAHHOM 0a3uce, MPOBEPHTb,
4ToO CJIeAYyroIue CUCTEMbI BEKTOPOB OPTOTOHAJIBHBI, U JOMMOJHUTE UX O OPTOTOHAJIBHBIX Oasu-

COB MPOCTPAHCTBA: &, = (1, -1,1,- 3)T , a, = (— 4,1,5, O)T

8.2. OpTOHOPMHPOBATH CUCTEMY BEKTOPOB, UCITOJIB3Ys MTPOIIECC OPTOrOHATU3aIuu I pamma-
IImuara & =(-3,0,7,6), &, =(1,4,3,2)", 8 =(2,2,-2,-2)

8.3. Cuurtas, 9T0 BEKTOPHI 33JIaHBI KOOPIUHATAMH B OPTOHOPMHUPOBAHHOM 0a3Hce, OPTOHOPMH-

pOBaTh CUCTEMY BEKTOPOB &, = (1, I, 1)T , d, = (i, i,l)T , = (i, 0,1)T .

Tema 9. J/Tuneiinvie onepamoput
9.1. Omeparop ¢ mnepeBoauT BeKTOp X = (X, X,,X;) B BEKTOP (o(x). SBnsercs nu onepaTop ¢
nuHenHbIM? Ecnu sBisieTcs, TO 3anucaTh €ro MaTpUILy.

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

v ey2.

b) O(X) = (X, + X3; X3 ;%5 +1)
9.2. JIuneitnslii oneparop ¢ B 6a3uce €,€,,€, umeer Matpunty A. Haiitu Matpuiry 3Toro omne-
paropa B 6a3uce €),€,,€;, eciu € =(4,-4,-3), €, =(-8,7,5), €, =(-5-11), € =(1,-11),

1 -1 1
& =(01-1), & =011, A=2 1-1].
3-1 1

9.3. HaiiTu MUHUMAaNEHBI MHOTOWIECH MATPHUIIBI
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6 2 -2
A=\-2 2 2

9.4. HaiiTu opTOHOPMUPOBAHHBIHN 0a3KC, B KOTOPOM OIEPATOP MPOCTOM CTPYKTYpPhl UMEET KaHO-
HUYECKUI BHJI. 3arycaTh KAHOHUYECKHUI BUJl MAaTPHUIILI OTIEpaTopa B 3TOM Oa3uce.

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

9.5. Haiitu Matpuity npeobpasosanus, nepesonsiero Bektopst &, = (1, 4,-5)" , 8, =(2,3,-4)'
a, = (1, -2, -1)T B BEKTOPBI 51 = (1, 1,1)T , 62 = (1, 1,-1)T , 63 = ( 2,1, 2)T B TOM e 0a3uce, B KOTO-

POM 3a/IaHbl KOOPIUHATHI BEKTOPOB.
9.6. lng MaTpunbl A HailTu ®OpAaHOBY GOpMY U )KOPIaHOB Oa3HuC.

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

Tema 10. Keaopamuunwie ghopmut
10.1. TlpuBectu kBagpaTnuHy0 GOpMy K KAHOHHICCKOMY U HOPMAIILHOMY BUTY, HAUTH JINHEH-
HBIE HEBBIPOXKJICHHBIE MTPE0OPa30BaHUS, TPUBOIAIINE KBAAPATHIHYIO (OPMY K 3TUM BHUJIAM.

2 2 2
X, 4+ X5 +9X; — 06X, X, — 2%, X5 + 2X, X,
10.2. Haiitu Bce 3HaueHHsI mapaMeTpa A, IpH KOTOPBIX MOJIOKUTENLHO OIpe/ieieHa KBaipaTHy-
Has ¢popMa:
2 2 2
2X; + 2X5 + X5 + 20X, X, + 6X X5 + 2X, X,
10.3. BbIsICHUTB, YTO B CIEAYIOIIMX Mapax KBaApaTUUHBIX (opM o Ha hopMa SIBIISETCS MMOJI0KHU-

TEJBHO OlpeseieHHoW. HallTh HeBBIpOKIeHHOE JIMHEHOE TTpeoOpa3oBaHue, MPUBOISIIEE 1M0-
JIOKUTENBHO OIpeieTIeHHYI0 (hOpMY K HOpMaIbHOMY BUAY, & APYTYIO — K KAHOHUYECKOMY:

f =x7 +26x%2 +10x,X,

g =X +56X +16X,X,

Tema 11. Kpuevle u nosepxnocmu 6mopozo nopsaoka

11.1. Omnpenenuts BUA KpuBo# 2 nopsiaka. Haiftu nienTp. 3amucats B KAHOHUYECKOM BUJIE,
HalTH KaHOHUYECKYIO CUCTEMY KOOpPJIMHAT.

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

11.2. CocraBuTh ypaBHEHHE U ONPEICIUTH TUIT KPHBOK BTOPOTO MOPSIKA, MPOXOISIIEH uepes
5 TOueK, 3aJaHHBIX CBOUMH KOOPJUHATAMU:

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

11.3. HccnenoBaTh 3aBUCUMOCTH THIIA KPUBOU OT MapameTpa A:
AX? + 20Xy +y* =0
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11.4. CocraBuTh ypaBHEHHE KacaTeIbHOU K KPUBOHM B TOUKE:

2 2

X2y |
XY 1 31)
Nt~k GY

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

HaWUTH LOEHTP, €CJIIM IIOBEPXHOCTh ICHTPAJIbHAsA. BrimucaTs kKaHOHHYECKOE npeo6paSOBa-
HUC TICPCMCHHBIX.

1. 4x2+2y*—72-8x—-4y—-27-5=0;
2. 4x%+ 69y?+ 167°+ 8xy + 64yz —4y —12=0

11.6. CocraBuTh ypaBHEHUE OKPYKHOCTH, ITpoxodiieit uepes Touku A(1,1) u B(2,3), ecnu ee
HEHTP JSKUT Ha mpsiMoit 2X+3y — 1=0.
11.7. CocraBuTh ypaBHEHUS OOIIMX KAaCaTEIbHBIX IBYX OKPYKHOCTEH

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

11.8. B ammumnc X/16 + y?/4=1 BrucaH IpaBUIIbHEIN TPEYTOIbHHUK, OJHA U3 BEPLIMH KOTOPOTO
COBIIQJIACT C MIPAaBOH BEpUIMHOW 000N ocH. HaliTh KOOpAWHATHI ABYX APYTUX BEPIIMH Tpe-
yrOJIbHUKA.

11.9. TIpoectu K amurcy X2/9 + y?/64=1 xacaTenpHble NepreHNKYISPHbIE IPAMOi 2X—3Y +
2=0

11.10. IIpsmbie X=%9 ABISAFOTCS AUPEKTPUCAMH IUIUIICA, MaJasi OCh KOTOporo paBHa 6. Haiitn
YpaBHEHHE TOTO JUIUTICA.

11.11. Ha »smurce X2/36+y2/25=1 HANTH TOUKY OTCTOSIIYIO OT €r0 Majaoi OCH Ha 5 eAMHHII.
11.12. B anmumc 9x% + 4y? + 54x — 16y + 61=0 Bmucan NpsMOYTOJIBHEK, BE TIPOTHBOMOI0KHBIE
CTOPOHBI KOTOPOT'O MPOXOAT Yepe3 GOKyChl. BRIUMCIUTD MII0IIa/b/ IEPUMETP ITOTO MPSMO-
yTOJIbHUKA.

11.13. CocraBuTh ypaBHEeHHE rHIepO0IIbl, UMEOIEel 001e (POKYCHI ¢ HIUTUIICOM
x2/49+y?/16=1, npu ycIOBHH, 4TO ee SKCIEeHTpHucuTeT & =1,25.

11.14. Onpenenutsb yroia Mexay aCUMOTOTaMU THIIEPOOIIBbI, €CIIM U3BECTHO, YTO €€ SKCLIEHTPHU-
cHuTer e =2.

11.15. Ha runep6one X%/16 —y?/9 = 1 naiiti TouKy, A1s KOTOpOit GoKaTbHbIE paauyC-BEKTOPHI
NEePIEHANKYIISIPHBI IPYT JPYTY.

11.16. Ha runep6one X%/16 — y?/9 = 1 HaiiTi TOUKy, /I KOTOPOH PACCTOSHHUE OT JIEBOTO (OKY-
ca B 2 pa3a Oouibliie, 4eM 10 IIPaBoro.

11.17. TIpoBecTH KacaTenbHYIO K THIIEpOoie X/4 — y?/9 = 1, mapannensHyo IpsSMoit

x—4y + 8=0.

11.18. TIpoBecTH KacaTenbHyI0 K THIIepOoiIe X2/4 — y?/9 = 1, meprneHnKyIsapHYO TPsSMOit

x—4y + 8=0.

11.19. BBIUHCIHTH AMTMHY CTOPOH HPABHILHOTO TPEYTOIbHIKA, BIHCAHHOTO B Mapaboiy y>=4X.
11.20. CocTaBuTh ypaBHEHHe 06IIei Xop bl mapabois! Y2=18X u kpyra (x+6)2+y?=100.

11.21. Yepes doxyc napabonsl y>=4X TpoBeaeHa XOp/a, HapasliebHas mpaMoit X-y + 8=0. Brl-
YHCIUTP JUTMHY 3TOH XOP/IBI.

BapuaHT AJ1 NOATOTOBKH K KOHTPOJIbHOI padore Ne 12 no teme «OCHOBBI TeOpUH
rpymnm».
Nel

a=a, +ia 8 & _

HyCTB 3aJaHO MHOXXCCTBO KOMIIJICKCHBIX YHUCCJI BUA: , THC

HagJICkKart I10J0 HGfICTBHTeJIbHBIX yucen. Beectu onepanru CI0XKCHUA U YMHOXKCHUA KOM-

pu-
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IJIEKCHBIX YMCEN U TOCTPOUTH alNredpy KOMILJIEKCHBIX YHCcell. SIBisieTcs i 3Ta ainredpa KoMmMmy-

TATUBHOM 110 YMHOKeHUI0? SIBisieTcs v 9Ta anredpa IMHEHHOM anredpoit ¢ nenennemM?

Ne2

[TocTpoiiTe MUKINYECKYIO TPYIIIY, TOPOKIACMYIO TIEPECTAHOBKAMH BH/IA!
12345
53142

Ne3

3az[aH MHOT'OYI'OJIbHUK CIUCKOM KOOpAWHAT BECPIIMH:

X -1 2 1 -2 0
1 2l -2l -2 0

Marpuna adppuaHOTO Tpe0Opa30BaHUS UMEET BH/I:

2 1 4
2 21

A=

BoruncnuTe KoOpAMHATHI BEPIIMH TOCIIE TPe0Opa3oBaHus, IEHTPhI (POpMbI GUTYPHI U

miomaign J0 | IMOCJIC npeo6pa3013aHI/I;1.

BapuaHT 1JIs1 IOATOTOBKU K KOHTPOJbHOI padore Ne 13 mo teme «IIlpumenenue ju-

HeHHOM aaredpsbI AJ pemenust 3aaa4q ¢ U,

1.

Haxoxnaenne ko3¢ puineHTOB perpeccuu ¢ UCIoJIb30BAHUEM METO/1a HAMMEHbBIINX KBaJ-
paToB: MpecKa3aTh YUCIOBOE 3HaUCHUE (HaprUMep, IIeHy JoMa) Ha OCHOBE Habopa MmpHu-
3HAKOB (IUIOMIA/Ib, KOJIMYECTBO KOMHAT, IUIOMIAAb KyXHH, KOJTMYECTBO BaHHBIX U T.]I.),
TabnuIa mpuaraeTcs.

Knacrepusauus ¢ ucrnoib30BaHMEM CIIEKTPAJIbHON KacTepHU3aluu: pa3IeuTh Habop
JAaHHBIX Ha FPYNIbI (KIacTepbl) HA OCHOBE CXOJICTBA MEKIY 00bEKTaMH, TabauIa npusa-
raercs.

AHanu3a riaaBHBIX KOMIIOHEHT: 3ajlaHa Ta0JInila JaHHbBIX, COCTOSIIAs U3 IBYX IPU3HAKOB
(HampuMep, POCT U Bec Jro/ielt), HE0OX0IMMO UCIOIb30BATh METO/I TJIaBHBIX KOMIOHEHT
(PCA) nns cHMKeHUs: pa3MEPHOCTH JAHHBIX U BU3YyaIU3alluy UX B OJTHOMEPHOM IIpO-
CTPaHCTBE.

33‘IeTHO-3K3aMeHaHI/IOHHBIe MaTepHuaJbl AJIs1 l'lpOMe)KyTO‘-lHOﬁ aTTeCTalluu

(3x3ameH/3a4eT)

=

No ok

BOITPOCHI K DK3AMEHY 110 BEKTOPHOM AJITEBPE
| cemecTp

Anrebpanyeckas popMa KoMIuIeKcHOro yncna. KomminekcHas miockocTs. [Ipumepsr.
JleiicTBusI HajJ KOMIUIEKCHBIMU 4YHMCIaMH B anrebpamdeckoir ¢opme. CompspkeHHBIS
KOMIUIEKCHBIEC uncia. [Ipumepsl.

Tpuronomerpuyeckas (opma KoMmIieKcHOTO uucia. [lonsipHas cucTtemMa KOOpIHMHAT.
[TokazarenbHast popma KOMIJIEKCHOTO YHCIA.

IIpumepsl.

JleficTBUS HaJl KOMIUIEKCHBIMU YHCIaMU B TpUTOHOMETpHUueckoi popme. [Tpumepsr.
Bo3Benenue B creneHb KOMIUIEKCHOTO yucia. Teopema. [Ipumepsr.

N3BreueHre KOpHS U3 KOMIUIEKCHOTO yucia. Teopema o cymecTtBoBaHuM KopHeH. [Ipu-
MEpBL.
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

23

27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

41.

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

50.
51.
52.
53.

N3Bnedenne kBajpaTHOTO KOPHS U3 KOMILIEKCHOTO uncia. [lonarue kombia (onpenene-
HUE U IPUMEDPBI).

[TonsTre mons (onpeaeneHrue U MPUMEPHI).

[TonmmuaOM OT OftHOM OykBBI. CTeneHns monuHoMa. KanoHnudeckas popma.
JeicTBus Hag OJIMHOMAMH.

Cxema ['opHepa. [Ipumepsl.

Teopema be3sy.

KpartHble KOpHH OJIMHOMOB.

HaunGonpmmii o0mumii 1eauTens IByX MHOTOWICHOB. [IpuMepsi.
Anroputm EBxiinia. IIpumepst

CBoiicTBa AEIUMOCTH MHOT'OYJICHOB.

B3aumuo npocteie MHOTOWIEHBI. Teopema.

CgolicTBa B3aMMHO MPOCTHIX MHOTOUYJIEHOB.

Marpuiisl. Buael matpu.

JIeficTBUS CIIOKEHUSI 1 YMHOXEHUS Ha cKaliap Hag matpuniamu. CBOMCTBA.
[Ipoussenenue matpui. CBoiicTBa. [Ipumepsl.

. TpaucnonupoBanue marpuil. CBOiCTBa (J0Ka3aTEIbCTBA).
24,
25.
26.

3HaueHue MHOrOWIeHa OT MaTpuilbl. [IpumMepsl.

Kiierouno-auaronansnsie matpuiisl. [Ipumepst.

Onpenenureny BTOPOro MOpsiika U UX HCIOJIb30BAHUE B PEIICHUU JIMHEHHBIX CHUCTEM
BTOPOT0 MOpPsJKA.

Onpenenurenu n-ro nopsaxa. [loHsTue nepecTaHOBOK.

CpoiicTBa omnpeaenurenei (10Kka3aTeabCTBO 3-X CBOMCTB).

Anrebpanyeckue 10NOJHEHUS U MUHODBI.

YTBepKaeHUS, CBSI3aHHBIE C ANreOpandecKUMH JOTOTHEHUSIMH.

Teopema Jlamnaca.

Beruncnenue onpenenurenen.

OO6patHbie MaTpulbl. HaxoxaeHne oOpaTHBIX MaTpULL IO ONPEEIICHUIO.

Teopema 06 oOparieHH MaTpPULL.

CaolicTBa 00OpaTHBIX MaTpPHIL.

KpamepoBckue cucteMpl TMHEHHBIX YPABHEHUMN.

Crnenctust u3 TeopeMbl Kpamepa.

OO01u1me cBeieHUs O cUCTeMax JIMHEHHBIX YpaBHEHUH.

Meron ['aycca penieHust CHCTEM JTMHEUHBIX YPABHEHUM.

JluHeliHast 3aBHCHMOCTh M JIMHEWHAs HE3aBHCUMOCTh CTPOK (CTOJIOIIOB) MAaTpPHIIBIL.
[Ipumepsr.

CaoiicTBa TMHEWHON 3aBUCUMOCTH U JIMHEWHON HE3aBUCUMOCTHU CTPOK (CTONOIIOB) U OT-
PE3KOB CTPOK (CTOIOIOB) MATPHIIHI.

Teopema o nuHEHOH 3aBUCHMOCTH JIMHEHHOI koMOuHauu. CiencTBue.

JIuHeiHas 3aBUCUMOCTD CTOJIO1I0B MaTPHULIbI C TUHEHHO 3aBUCHMBIMH CTPOKAMH.

Ba3uc u paHr COBOKYIHOCTH CTPOK (CTOJIOLIOB) MaTPHUIIBL.

Teopema o0 panre MmaTpubI.

VYcnoBre TMHEWHOMN 3aBUCUMMOCTH MHOKECTBA CTPOK KBaJIpaTHON MaTpPHULIBI.

PaHr MaTpuIpl B TEpPMHUHAX ONPEICITUTENEH.

OnpezneneHue panra MaTpUIbl IPU TTOMOIIH JI€MEHTapHBIX IPe0Opa30BaHKUEe CTPOK.

. [lonaTHE BEKTOpPA, CIIO)KEHUE U PA3HOCTh BEKTOPOB. Pa3nokeHne BEKTOpa 1Mo TpeEM He-

KOMILUTAHapHBIM BEKTOPaM.
. CkansipHO€E 1 BEKTOPHOE YMHOKEHNE BEKTOPOB. OCHOBHBIE CBONCTBA.

CMmemanHoe pou3BeieHne BEKTOpOoB. CBOMCTBA CMEIIAHHOTO ITPOU3BEACHHS BEKTOPOB.
YpaBHeHME NIPAMOU HA IJIOCKOCTH. YTOJI MEKAY ABYMS HPSMBIMU.

Oomee ypaBHeHUE MPsMOii. PaccTostHUE OT TOYKH 10 TPSIMOHA.
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54,
55.
56.
57.

58.
59.

60.
61.
62.

63.
64.

65.
66.
67.

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

74.
75.
76.

77.
78.

79.

80.

81.
82.
83.

84.
85.
86.
87.

[Ipeo6pa3oBanue MPSIMOYTOJIBHBIX KOOPIMHAT.

ITonspuas cucrema koopauHat. HopManbHOE ypaBHEHUE IPSIMOU.

OOm1ee ypaBHEHHE TUIOCKOCTH. YTOJI MEXY TNIOCKOCTSIMH.

Onpenenenue NMHEWHOro npocTtpaHcTBa. IIpumepsl. bazuc auMHEMHOro MpOCTpaHCTBA.
Teopema o pa3nokeHuu BeKTopa o 0asucy.

Pa3zmepHOCTH JIMHEHHOTO MPOCTPaHCTBA. Teopembl.

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

Omnpenenenue nuHelHOTO oanpocTpancTia. [Ipumepsl. JInneitHas o6osouka.

CymMa u niepecedenue moamnpoctpancts. (D. ctp. 307-308; 111. crp. 146-152)

Teopema 0 pasMepHOCTAX CyMMBI M TepeceueHust noamnpoctpancts. (. crp. 308-309;
1. cTp. 152-154)

[Ipsmas cyMMa JIMHEHHBIX TOAIPOCTPAHCTB. Teopema.

[TognpoctpancTBa. Kpurepuii noanpoctpanctea. [Ipumepst. (D. ctp. 307; L. cTp. 138-
142)

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

Pa3mepHOCTh THMHEIHOTO MOAMIPOCTPAHCTBA. TeopeMBbl.

Omnpenenenue eBKIUAOBA MpocTpancTBa. OnpesesieHne OpTOroOHaIbHOW CHUCTEMBbl BEK-
TOPOB.

[Ipouecc oproronanuzanuu I'pama-1llImunara. Anropurm. [Ipumepsi.

Hepasencto Ko — ByHsIKOBCKOTO (€ JOKa3aTEIbCTBOM).

Hopmupoannsie mpoctpancTBa. TeopeMa o HOpMe.

OproronanbHOE gonogHeHUe. Teopema.

[TocTpoeHne OpTOrOHAIBHOTO JOTOJHEHUS .

YHHTapHOE MPOCTPAHCTBO.

BOITPOCHI K D3K3AMEHY AJITEBPA U TEOMETPUS (I CEMECTP)

Omnpenenenne U NpUMeEpsI TMHEWHBIX OIIEPATOPOB.

Marpuna auHeitHoro oneparopa. TeopeMsl o sijipe U AedekTe IMHeHHOro onepaTopa.
JIuneiitHoe oToOpa)xkeHHe BEKTOPHOro mpocTpaHcTBa. IIpumepsl. MaTpuiia JuHEHHOTO
oreparopa.

ITpeoOpa3oBanue MaTpullbl JMHEHHOTO oneparopa. Teopemsl. [Iprumepsl.
XapakTepUCTUYECKOE YpaBHEHHWE MaTpullbl JHUHEHHOro omeparopa. OmnpeneneHus,
MIPUMEPBHI.

MuyHUMaITBHBIN U aHHYJIHUPYIOIIMI MHOTOWIEH MATpPUIBI JIMHEMHOrO ornepaTtopa. Ompe-
JEJICHUS, IIPUMEPBI, TEOPEMBI

CoOcTBeHHBIE BEKTOPHI M COOCTBEHHbIE 3HAYCHUS JTMHEHHOTO oneparopa. Onpenenenus,
TEOPEMBL.

CBoiicTBa COOCTBEHHBIX BEKTOPOB (2 C 10KA3aTEIHCTBOM).

Brruucnienne coOCTBEHHBIX 3HaYEHUH U COOCTBEHHBIX. Anroput™m .[IpumMepsl.

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

HNuBapuaHTHBIE MOANPOCTPAHCTBA.

Tpeyronbuas ¢popma.

JInnelHbIe OnepaTophl IPOCTON CTPYKTYPBL.

Kopnanosa ¢opma.
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88.
89.

90.
91.

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

99.

100.
101.
102.
103.
104.

105.

106.

107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.

’Kopmanos 6azuc.
KBagparuunas ¢opma: omnpeneneHue, MaTpuuHas 3aluch, KaHOHUYECKui Bua. [Ipume-
PBL
KBagpatuunas ¢popma: onpeseneHne, MaTpU4yHas 3aluch, HOpMaJIbHbIA Bu. IIpumepsl.
Merton Jlarpan»a 171 npuBeAeHUs KBaIpaTUYHON (GOPMBI K HOpMAJIbHOMY BUAY. AJIro-
pUTM.
Merton Jlarpanka /i mpuBeieHUs] KBapaTHIHOW GOPMBI K KAHOHHYECKOMY BUAY. AJl-
TOPUTM.
OproroHanbHoe npeoOpa3oBaHUe KBaJApaTUYHON (OpPMBI K KAHOHMYECKOMY BUAY, O€3
camoro npeobdpasosanus. Teopema
XapaKTepUCTUYECKOE YPABHEHUE JIMHEHHOTO OIIepaTopa.
HaxoxzaeHne MUHUMaNbHOrO MHOro4IeHa. Anroput™. Ilpumepsr.
IIpeoOpa3oBanue MaTpULbl JMHEHHOTO OIepaTopa.
HaxoxpaeHue opToroHagpHOro npeoOpa3oBaHMs, IPUBOJSIIETO BELUIECTBEHHYIO KBajl-
patuyHyio GopMy K KAHOHUYECKOMY BULY.
[IpuBenenue o61IEro ypaBHEHHsI IOBEPXHOCTH BTOPOro MOPsI/IKA K KAHOHMYECKOMY BHU-
zy.
DKBUBaJIEHTHOCTb BEILIECTBEHHBIX KBaApaTUYHBIX GopM. [Ipumepsr.
Knaccugukarust KpuBbIX BTOPOTO TOPSIIKA.
Mertonbl npeobpa3zoBaHus KPUBBIX 2 MOPsAIKAa KAHOHMUECKOMY BHUy. TeopeMa.
OproroHanbHOE peodpa3oBaHUE IEPEMEHHBIX KPUBOM BTOPOTO MOPSIKa
Pacnagaromuecs kpuBble BTOPOTO MOPSIJIKA.
Onunc. Onpenenenue. BeiBoa kaHOHHMYECKOTO ypaBHeHHs. VccnenoBanue dop-
MBI. JIUpEKTPUCH] U KacaTelbHbIE.
['mnep6ona. Onpenenenue. BriBox kaHOHMYecKoro ypaBHeHus. MccienoBaHue
¢dopmbl. JlupekTpuchl U KacaTeIbHbIE.
[TapaGona. Omnpenenenue. BpiBog kaHoHHMYeckoro ypaBHeHus. McciemoBanue
(dopMbl. [IupeKTpuch U KacaTelbHbIE.

HeuenTtpanbHble KpuBble 2 MOpsiaKa. YpaBHEHUS U IPUMEPBI.

[TonsTue kBanparnyHoit popmel. [Tpumepst

[IpeoOpazoBanue MaTpuilbl KBagpaTuaHOU popMmbl. Teopema.

[ToBepxHoctu 2 mopsaka. OCHOBHBIE BU/IBI.
HexoTtopsie o0miye NoHATHS anreOpbl. AKCHOMBI IPYTIIBI.
[Toarpynmsl. Kinaccel cMEXKHOCTH.
[{uknu4ecKue rpymimsl.
ApudmeTnka ocTaTKOB.
OyHKuus Junepa.
MynbTUIIIIMKaTUBHBIE 0OpaTHBIe IO MOy II0 N , UX CBOWCTBA.
Anroputm EBknnna. Pacumupennsiit anropurm EBxiinja.
Kuraiickast Teopema 00 ocTraTkax.
Koneunsie nossi.
HopmanbHble ToArpynisl U GakTOprpymbl.
Knacchel cMeXHOCTH IO HOPMaJIbHON MOATPYIIE U (aKkToprpymnma.
'omomopdusm.
Urto Takoe ananu3 riaBHeIX KoMnoHeHT (PCA)? Kak on ucnons3yercs 8 UN?
Kaxk pabotaet meton onopHbix BekTopoB (SVM)? Kak oH cBsI3aH C JIMHEWHOU anreo-
pou?
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125. Yro Takoe cniekTpasibHas kinactepusanusa’? Kak oHa ucmosb3yer JuHelHyo anreopy?
126. Haxoxxzaenue Ko3(pPHUIMEHTOB PETrpecCHH C HCIOJIb30BAaHHEM METOJa HAMMEHBIINX
KBaJ[paTOB.

4.2 MeToanyecknue MaTepuaJibl, ONpeaeisiolne Npoueaypbl OLeHUBAHUS 3HAHMIA,
YMeHUil, HABBIKOB U (MJIM) ONbITA JeATEJIbHOCTH, XaPAKTEePU3YIOIIUX 3Tanbl (OpMHUpPOBa-
HHUSI KOMIIETeHI M

MeTtoanyeckue peKOMEHIALMH, ONpeAe/soNe Mpouelypbl OleHUBAHUS Ha JK3a-
MeHe:
IIpouenypa npomeXyro4HoM arrecTaldy IPOXOAUT B cooTBeTcTBUM C [lonoxeHuem o
TEKyIIIeM KOHTPOJIC U TPOMEKYTOouHOH aTTecTanuu ooydaromuxcss @PI'bOY BO «KyoI'Y».
HtoroBoii (opmoii KOHTpossE CHOPMHPOBAHHOCTH KOMIETECHIUH y OOy4aromuxcs o
TUCIUIIMHE ABIseTCs Sk3aMeH. CTyleHThl 0053aHbl CAaTh YK3aMEH B COOTBETCTBUH C pacmuca-
HUEM U Y4€OHBIM IIJITAHOM.
OOC npoMeKyTOYHON aTTeCTaI[MM COCTOUT U3 BOIPOCOB K SK3aMEHY U Pe3yJIbTaTOB Te-
KYIIIET0 KOHTPOJIS.
DK3aMeH 10 JTUCHUIUIMHE TpecielyeT 1elb OICHUTh padoTy CTyAEHTa 3a KypcC, Mojiyde-
HHUE TEOPETUYECKUX 3HAHWUU, UX MPOYHOCTh, Pa3BUTHE TBOPYECKOTO MBIIUICHHS, IPUOOpEeTEeHNE
HABBIKOB CaMOCTOSITEIbHONW pabOThl, yMEHHE MPUMEHSTh MOJYYCHHbIC 3HAHUS IS peIleHUs
IPAKTUYECKUX 3ajau.
dopma npoBeIeHUs IK3aMEHa: YCTHO.
DK3aMeHaTOpy NPeOoCTaBIseTCs MIPaBo 3a7aBaTh CTYIEHTaM JOMOJIHUTENIbHbBIE BOIPOCHI
0 Bcel yueOHOU mporpaMMe AUCIUILTHHBL.
Pesynbrar cpaum sk3amMeHa 3aHOCUTBHCS NPENOAABATEIEM B 3K3aMEHAIMOHHYIO BEJO-
MOCTb U 3aYETHYIO KHHKKY.
OneHuBaHUE YpOBHS OCBOEHHS AMCLMILIMHBI OCHOBBIBAETCS HAa KAa4€CTBE BBIIOJHEHUS
CTYJEHTOM 3aJJaHUI TEKYIIEro KOHTPOJII U OTBETOB Ha BOIIPOCHI 3K3aMEHa.
Kputepun onenkmn:
1. Onenka 0TBETOB HA DK3aMeHAIMOHHLIEe BONPOochI (40% HUTOroBOIi OLICHKH)
Otauyno (5)
[TonHbIe, pa3BepHYThIE OTBETHI C IEMOHCTpAIUEH ITyOOKOr0 MOHUMAaHMS TEMBI.
Hcnonk3oBanue mpuMepoB, (GopMyIl, KOPPEKTHBIX TEPMHHOB.
YMeHue aHanu3upoBaTh U CPABHUBATH METO/BI.
% BbInoaHenus: 90-100% (gomyckarTcs He3HAYUTENbHbIE HETOUHOCTH).
Xopomwo (4)
OTBeThI coziepkKaT OCHOBHBIE UJIeH, HO 0e3 yriyOJIeHHOr o aHaIu3a.
Bo3mosxHBI HEOOBIITNE OMUOKH B AETANSAX WK (POPMYIUPOBKAX.
% BbInoHeHus: 75-89%.
YiaosierBopuresbho (3)
OTBeThI TOBEPXHOCTHBIE, C CYHIECTBEHHBIMU IIPOOETIAMHU.
OTtcyTcTBHE TPUMEPOB UM HEKOPPEKTHOE TPUMEHEHHE TEPMHUHOB.
% BbInoHeHus : 60—74%.
HeynoBierBopuresibHO (2)
OTcyTCTBHE TOHUMAHUS KIIFOUEBBIX KOHLIETILIUMN.
['pyObie omMOKH UK HECTTIOCOOHOCTh OTBETUTDH Ha OOJIBIIIYIO YaCTh BOIPOCOB.
% BbInoHeHus: <60%.

4.3. MeToanyeckne yKa3aHus MO BHINOJHEHHIO THIIOBBIX PACYETOB
1. O0mme pekoMeHIAUU
1.1. lean padoThI:
. 3aKperuieHre TEOPETUICCKUX 3HAHUN 110 TEMaM:

37



- Kommiekcusle uncna
— IlonrHOMBI OT OJHON IEPEMEHHOM
— Marpuupl 1 onepanuu HajJ HUIMHU
— CucreMbl TUHENHBIX YpaBHEHUH
. PopMHUPOBAHNE HABBIKOB PELIEHUS 3a/1a4 NOBBIILIEHHOW CII0KHOCTH.
. [ToaroToBka K KOHTPOJIBHBIM pabOTaM U SK3aMEHaM.
1.2. TpedoBaHus K 0()OpMJIEHHUIO:
PacueTsl BBIMOTHSIIOTCS B OTJCIBHON TeTpaau uin B anekTponHoM Buje (LaTeX, Word).
Kaxxioe 3aganue conpoBokaAaeTCsl NOJHBIM PellleHHeM C OSICHEHUSIMU.
OTBeTHI BBLACISIOTCS SIBHO (Harpumep: « Omeem: z=5—12iz=5—12i»).
['padmyeckue mOCTpOEHUS BBIMOIHIIOTCS BPYUHYIO WM ¢ UCOdb30BaHueM 110
(GeoGebra, Desmos).
2. PexoMeHanum mo pasjaejaam
2.1. KomniiekcHbie uncia (Paszaen 1)
. KiroueBbie Tembl:
— AnreGpanyeckasi, TPUTOHOMETpPUYECKas U MOKa3aTenbHasi (JOPMBI.
— Apudmernueckue onepanuu.
— M3BneuyeHue KOpHEN, BO3BECHUE B CTEIICHbD.
— Pemenue ypaBHeHHI Ha KOMIUIEKCHOM INIOCKOCTH.
. Tunu4ynbie olIMOKHU:
— HesepHoe BbiunciieHHe aprymMmenTa (T1aBHOE 3HaUCHUE: —n<argz<mn).
— Ilyranuna npu nenenuu (He yMHOXKEHHE Ha CONMPSDKEHHOE 3HAMEHATETIs ).
. Pexomenpanumu:
— Jlns onepanuii yMHOKEHUSI/eTISHHsI NCTIOIB3yHTE TPUTOHOMETPHYECKYIO (hopMmy.
— Ilpu noctpoenun obacTeil nepexoauTe K AeKapTOBbIM KOOPIUHA-
Tam: Z=X+Hyz=x+l1y.
— Tlpumep 1.6: ans HepaBeHCTB BUna |z—z1|<p crpoiite kpyry, aus Re(z)>k — mo-
JYTIJIOCKOCTH.

2.2. lMonmunomsl (Pa3nes 2)
. KuroueBblie TeMbl:
— Jlenenue noamHoOMOB, cxeMa ['opHepa.
— Pa3noxxeHne Ha MHOXUTENH, IOUCK KOPHEM.
— Haxoxaenne HO/I (anroputm EBkiuga).
. Tunuynbie omMMOKM:
— HenpasuibHoe npuMeHeHne cxeMbl ['opHepa 411 KOMIUIEKCHBIX KOPHEH.
— Ilorepst KpaTHBIX KOpHEHW MTPU PA3IOKEHUN.
o Pexomenganum:
— Jns 3ananus 2.1 ucnons3yiite 00a MeToaa (Mpou3BOAHbIE U cxemy [ opHepa) —
3TO B3aMMHasl IPOBEPKa.
— Tlpu paznoxenun npobu f(x)/(x—x1) npensaputensHo pasnoxute f(X)fro creme-
HaM (x—x1).
— B 3aganuu 2.6 mis nogdopa M1(X), M2(X) ucrosbs3yiiTe nEno4Ky paBeHCTB K3
anroputma EBknnna.
2.3. Marpuusi (Pazgea 3)
. KuroueBbie TemMbl:
- Onmnepanuu ¢ MmaTpuiamMu (yMHOXEHHE, TPAHCTIOHUPOBAHUE).
- Bpruncnenue onpenenureneit, 00paTHON MaTpPHULIBL.
- Panr marpuiipl, 3ieMeHTapHbIE TPE0OPa30BaAHUS.
. TunuyHbie oMMOKM:
OmmOKY B yMHOKEHHH MaTpHIl (HECOBITaJICHUE Pa3MEPOB).
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HeBepHoe BbIUuCIieHNE alreOpandecKux JOMOTHEHHH.
o PexoMenganuu:.
- IIpu ymMHOXE€HUM MAaTpHIl CBEPSUTE pa3zMepbl: Amsxn'Bnxk=Cmxk
- Jlns onpenenuTenelt Boliie 4-ro NopsaKa UCIOIb3YHTE:
- IlpuBenenue K TpeyroJbHOMY BHIY.
- Paznoxenue mo cTpoke/cTondIy ¢ HyasIMu.
- Jlnst oOpaTHOI MaTpUIIBL:
- Merton XKopnana-I'aycca HagexxHee mpu OOJIbLINX N.
- Bcerna nposepsiite: A-AE.

2.4. CucreMbl JuHeiiHbIX ypaBHeHuii (Pa3nen 4)
. KuiroueBble TeMbl:

- Pemenne CJIY meronom I'aycca, Kpamepa.

— HccnenoBanue Ha coBMecTHOCTH (TeopeMa Kponekepa-Kanemnnn).
Pexomenpaumu:

- Ilpwu pemieHnn cucTeM ¢ KOMIUIEKCHBIMH KO3 dunrmerTamu (3aganue 1.7)

UCIIOJIB3YUTE alireOpanyeckyro popmy.
—  J7s HEeOTHOPOAHBIX CUCTEM CHavalla IPOBEPsIiTe paHT pacliupeHHON

MaTpHULIbL.
3. Opranuszauusi padoTbl
. JTanbl BbINOJHEHHUS:
1. Teopernueckasi NOArOTOBKA: IOBTOPUTH (POPMYJIBL, ONIPEICIEHUS, METO/IBI.
2. AHaJIM3 BapUAHTAa: BbIICIUTH TUIIBI 3a/1a4 (Hanipumep, BapuanT 1: 7 3agau no
KOMILJICKCHBIM YHCJIaM).
3. Pemenne:

— Ot npocToro K cIokHOMY (HaUMHAWTE ¢ anreOpanyeckux ornepanui).
- Jns rpaduueckux 3aaHUi CHavasa caeaiiTe ICKH3.
4, IIpoBepka:
— IloncraHoBKa OTBETOB B UCXOAHBIE YPABHEHMS.
- Csepka ¢ npuMepamu U3 paszena «PeleHre THIOBBIX 3a1au.
. Kpurepun ouenku:
— TlonHoTa pemenus (Bce maru 000OCHOBAHBI).
— OrtcyrcTBHe apu(pMETHIECKUX OINOOK.
— AKKypaTtHOCTb 0OPMIICHUS.
4.4. MeToanyecKkue yKa3aHusl M0 OPraHU3alMM BbIYUCIMTEIbHOI HHPPACTPYKTY-
pu! 1. Lean u 3axaun
Ilesn: obecreunTh CTYIEHTOB U MpernojaBaTeieid TeXHHYECKUMH pecypcaMu JUIs 3¢-
(eKTHBHOTO BBINOIHEHUS J1a00paTOPHBIX paboT, peleHus 3aa4 JMHEHHOHN anreOpbl, aHaTUTH-
YeCKOI reOMeTpuu U MPHUKJIAAHBIX 3a1aHuil B oonactu UN.
3agauu:
— Opranuzanus 10cTyna K BEIYUCIUTEIbHBIM MOLIHOCTSAM JUIsl paboThI ¢ MaTpuLia-
MU, BEKTOpaMH, IOJTMHOMaMH.
— Tonnepkka cpezpl ams peanuzanuu anroputMos (SVM, PCA, perpeccus).
— Oobecneuenue copmectumoctH ¢ [10, ykazanusim B PI1/] (Python, PyTorch,
TensorFlow).
2. AnnaparHbie TpeOOBaHUS
Pecypc MuHuManbHbIe TPeOOBaHUS Pexomenyemble TpeOOBaHUS
PabGoune cranmun CPU: 4 sanpa; RAM: 8 I'b; SSD: 256 I'b  CPU: 8 sinep; RAM: 16 I'b;
GPU: NVIDIA GTX 1660

Cepaepbl 16 spep CPU; 32 T'b RAM; 1 Th SSD 32 aapa CPU; 64 I'b RAM;
GPU: NVIDIA RTX 3090
CereBast unppactpykrypa Ckopocts: 1 I'out/c; Wi-Fi 5 Ckopocts: 10 I'6ut/c; Wi-Fi 6

39



IIpumeyanue: 114 337124 CIEKTPAIbHON KilacTepu3auuu U SVD-pas3inoxkeHuss KpUTUIHO
Hannune GPU.

3. IlporpammHoe oOecrieyenmne

O6s3atenbuoe [10:
— SI3eiku mporpammupoBanus: Python 3.10+, Jupyter Notebook.
— bubmuorexu: NumPy, SciPy, Scikit-learn, Matplotlib, SymPy.
— O@peitmBopku MU: PyTorch, TensorFlow.
— Crnenuanu3upoBaHHBIE HHCTPYMEHTHI:
— MATLAB (nns paOoTbl ¢ MaTpULIAMU U OTIPEACTIUTENSIMH).
— GeoGebra (ans BU3yanau3aliy KPUBBIX U TOBEPXHOCTEH).

JInuensupoBaHue:
— MHcnonb3oBate akagemuueckue nuneH3nu MATLAB uepe3 kamMmnycHyIo ceTh
KyoI'y.
— becnnatabie ananorn: GNU Octave (3amena MATLAB), SageMath (st anreOpsr
MTOJTMHOMOB).

4. O6nayHble U yJaJICHHbIE PEIICHUS
Buytpennue pecypebt KyoI'y:
— JHoctyn k Moodle aiist ckaunBanus 1a60paTopHBIX padoT.
— Apenna BM uepes HPC-kmacrep KyoI'Y (Tpebyercst yueTHas 3aIuCh).

[TyGnuynbie obnaxa:
— Google Colab: becrimatnasriit noctyn k GPU/TPU namnis BeioTHEHUS 3a1aHUN pa3-
nena «[Ipumenenune nuHeitHON anreOps! 11 3aaayd U ».
— Kaggle: lataceTs! 111 perpeccuu u Kiactepusaluu (Hampumep, Boston
Housing).
VPN-goctym: 11t 6e30macHOro MoAKIIOYEHUs K BHYTPEHHUM pecypcaM By3a.
5. UHCTPpYKUMH 10 HACTPOIiKe
JlokanbHasi ycTaHOBKA (711 CTYZCHTOB):

bash

# Ycranoska Python-6ubmnorek

pip install numpy scipy scikit-learn matplotlib jupyter torch tensorflow

Docker-kouTeiineps! (iss BOCIPOU3BOAMMOCTH):

I'oToBeiit 00pa3: docker pull kubsu/linear-algebra:latest (Bxkiarouaer Python, Jupyter,
peayCTaHOBJIEHHBIE ONOINOTEKH).

Nuterpanus ¢ SbC:
Asropu3arus B ObC «Jlanp» u FOpaiit uepes enunslit akkaynt KyoI'V.

6. be3onacHOCTbL JaHHBIX
udposanue: Bece nannbie Ha cepBepax — B cocTosiHUM 1okost (AES-256) u pu niepe-
nage (TLS 1.3).

PesepBHOe konmpoBanue: ExxeHeBHBIE O9KaIbl Ha OTAEIBHBIN cepBep (retention: 30
TTHEH).

Hocrtym:

Crynentsl: Read-only k yueOHBIM MaTepuaam.
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[MpenonaBatenu: [TonHbIC TpaBa Ha pelaKTUPOBAHKE JTa0OPATOPHBIX PadOT.

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

Kanassl cBs3u:
Yat B Teams: #support_linear_algebra.
Email: support-math@kubsu.ru.

ABapwuiiHbie citydan: ABTOMaTHYECKOE OroBenieHne yepes Telegram-0oTa mpu oTkase
cepBepa.

8. OnTumu3anus 3aTpar
Apenna GPU: Ucnons3zoBats Google Colab Pro miist sxoHoMuu Ha tokainsHbIx GPU.

BecrarHbie ajgbTepHATHBBI:
SageMath Cloud — a1t CHMBOJIBHBIX BBIYMCICHHUM.
Deepnote — Jupyter-aoyTOyku ¢ COBMECTHBIM JIOCTYIIOM.

9. Ananrauus ans g ¢ OB3

Jlst cnaGoBUASIIUX:

[1O: NVDA (3kpaHHBII TUKTOP) + BBICOKOKOHTPACTHBIN pexxuM B Jupyter.
AmnmnapatHo: MonuTopsl 27" ¢ pazpemenuem 4K.

5. IlepeyeHb OCHOBHOM M JONMOJHHUTEJLHOH y4eOHOH JHMTEPATypbl, HEOOXOAMMOM
JAJI51 OCBOEHMS AU CUMIIHHBI.
5.1. YueOnas auTeparypa
1. Tarapuukos, O. B. Jluneiinas anreOpa U aHaJTUTHYECKas TEOMETPHUS : YICOHUK ISl BY30B /
O. B. Tarapnaukos, A. C. Uyiiko, B. I'. Illepmnes ; nox obmeit pegakueit O. B. TarapHuko-
Ba. - Mockasa : FOpaiit, 2025. - 273 c¢. - URL: https://urait.ru/bcode/556226 (mara obGparie-
aust: 29.10.2024). - Pexxum pocTtyma: il aBTOPH3. nonb30BaTeneI71 - ISBN 978-5-534-
19275-9. Texkcr DIIEKTPOHHBIH.
http://megapro.kubsu. ru/MegaPro/UserEntry’>Act|on Link_ FlndDoc&ld 146475&idb=0
2. COOpHUK 3a/1a4 [0 aHATUTUIECKO TeOMETPUH U JIMHEHHOH anredpe : ydeOHoe mocodue st
By30B / JI. A. bexnemumena, /[. B. bexnemumies, A. FO. IlerpoBuu, . A. Uybapos. - 9-¢

u3n.,, crep. -  Caskr-Ilerepoypr : Jlams, 2022. - 496 <c¢. - URL:
https://e.lanbook.com/book/190976 (mata obpamienus: 22.04.2022). - Pexxum nocrtymna: s
aBTopm3. monb3oBateneil. - ISBN 978-5-8114-9224-4. - Tekct : OSJIEKTPOHHBIMH.

http://megapro.kubsu.ru/MegaPro/UserEntry? Action=Link_FindDoc&id=148437&idb=0

3. Ilpockypsixos, M. B. COopHHK 3a1a4 1o JMHEHHON anredpe : ydeOHOe mocoOue it By30B /
. B. IIpockypsikoB. - 16-e u3n., crep. - Cankr-IletepOypr : Jlanb, 2022. - 476 c. - URL:
https://e.lanbook.com/book/183752 (mata obparuenus: 10.03.2022). - Pexxum moctyma: uis
aBTopu3. mnonb3oBateneil. - ISBN 978-5-8114-9039-4. - Tekct : 3JIEKTPOHHBIMH.
http://megapro.kubsu.ru/MegaPro/UserEntry? Action=Link_FindDoc&id=147141&idb=0

4. T'opnay, b. A. JIuneiinasa Jluneitnas anreOpa U aHaNUTUYECKAs TEOMETPHUS : MPAKTUKYM JJIs
CTYAECHTOB TEXHUYECKUX U IKOHOMMUYECKHUX CIIELUAIILHOCTEH BY30B : yueOHOe mocoldue s
By30B / b. A. I'opnau, E. II. PoctoBa. - Caukr-IlerepOypr : Jlans, 2021. - 144 c. - URL:
https://e.lanbook.com/book/162373 (mata obparuenus: 31.10.2023). - Pexxum gocrtyma: s

41



aBTopu3. moib3oBareneid. - ISBN 978-5-8114-6737-2. - TekcT : dSIEKTPOHHBIN.
http://megapro.kubsu.ru/MegaPro/UserEntry? Action=Link_FindDoc&id=271520&idb=0

5. Unbun B.A. Jluneiinas Jluneiinas anre6pa v aHaTUTHYECKAs TEOMETPHUS . yUeOHUK IS CTY-

JIEHTOB YHUBEPCUTETOB U TEXHUYECKHUX BY30B, 00YYarOIIMXCS IO CHelualbHOCTIM "Mare-
matuka", "[Ipukimannas maremaruka u uaopmatuka" / B. A. Uneun, I'. [I. Kum ; Mockos-
CKHUH TOCy/1apCTBEHHBIN yHUBepcUTeT nMeHu M. B. JlomoHOCOBa. - 3-€ u3n., nepepald. u 1011
- MockBa: Ilpocmekt : W3n-Bo MockoBckoro yHuBepcutera, 2025. - 393 c.
http://megapro.kubsu.ru/MegaPro/UserEntry? Action=Link_FindDoc&id=281584&idb=0.

6. Jlapun, C. B. Anrebpa u Teopust umcen. ['pymmbl, KOJblAa U TOJS : YIeOHHK IS BY30B /

C.B.Jlapun. — 2-e u3g., ucnp. u jgon. — Mocksa : WznarensctBo FOpaiit, 2025. —
160 c. — (Bricmiee obpazoBanue). — ISBN 978-5-534-05567-2. — Tekcrt : 27eKTpOHHBIH //
OopasoBarenbhas miardopma HOpaiit [caiit]. — URL: https://urait.ru/bcode/563870 (mara
obpamienus: 02.08.2025).

7. Ly6epoumnep O.H. 3agaum u ympakHEeHHS 1O aHAIUTHUYECKOW reomeTpuu. — M.: Hayka,

1970.

8. ®anneer JI.K., Comunckuii .C. 3agaum 1o BeICIIeH anredpe: yueOHOe mocoOue Jist CTy 1eH-

9.

10.

11.

12.

13.

14.

15.

16.

17.

toB / J1.K. ®amnee, U.C. Comunckuii. — U3n. 12-e, crep. — CII6.: JIanp, 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-Voltage Characteristics of
Membrane  Systems Using Neural Networks. AppliedMath 2025, 5, 10.
https://doi.org/10.3390/appliedmath5010010,

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

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

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

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

Hukonenko, Cepreit, Kanypun, Aptyp u Apxanrensckas Exarepuna. ['myOokoe o6yuenue. "
N3patensckuii nom"" [Tutep""", 2017.

5.2. Ilepuoanyeckas JuTepaTrypa
Kondepenuun A*:
1. https://openreview.net/forum?id=FMMF1a9ifL
2. https://openreview.net/forum?id=EIUrNM9U8c#discussion
3. https://openreview.net/forum?id=JoO6mtCLHD
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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
https://openreview.net/forum?id=FMMF1a9ifL
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4. https://aclanthology.org/2024.findings-emnlp.760/

5. https://aclanthology.org/2020.coling-main.588/

6. https://link.springer.com/chapter/10.1007/978-3-030-72113-8 30
7. https://link.springer.com/chapter/10.1007/978-3-031-42448-9 10
8. https://aclanthology.org/2024.findings-naacl.288/

5.4. UnTepHeT-pecypchbl, B TOM 4YHCJIe COBpeMeHHbIe NpodeccHOHATbHBIE 0a3bl 1aH-

HBIX U I/IH(l)OpMaIII/IOHHLIe ClIpaBOYHbIC CUCTEMBI

Dnexmponno-oubnuomeunvie cucmemvi (I6C):

1. DBC «FOPAWT» https://urait.ru/

2. DBC «YHUBEPCUTETCKAS BUBJIMOTEKA OHJIAMH» http://www.biblioclub.ru/

3. OBC «BOOK .ru» https://www.book.ru

4. 9BC «ZNANIUM.COM» www.znanium.com

5. OBC «JIAHb» https://e.lanbook.com

Ilpogheccuonanvrvie 6azvl OaHHbIX

Dnekmponno-oudbruomeunvie cucmemvt (IBC):

6. DBC «FOPAWT» https://urait.ru/

7. DBC «YHUBEPCUTETCKAS BUBJIMOTEKA OHJIAH» http://www.biblioclub.ru/

8. DBC «BOOK.ru» https://www.book.ru

9. BBC «ZNANIUM.COM» www.znanium.com

10.  OBC «JIAHb» https://e.lanbook.com

Ilpogheccuonanvnvie 6azvi OaHHbIX

Scopus http://www.scopus.com/

ScienceDirect https://www.sciencedirect.com/

XKypuanst nuzgarensctea Wiley https://onlinelibrary.wiley.com/

Hayunast snexkrponnas oubnuorexa (HOB) http://www.elibrary.ru/

ITomHOTEKCTOBEIE APXUBbBI BEAYHIUX 3allaIHbIX HAYYHBIX )XYPHAJIOB Ha Poccuiickoi miat-
q)opMe Hay4HbIX xkypHaaoB HOMKOH http://archive.neicon.ru

6. HauuonanbHast >neKTpoHHas OMOIMOTEKa (IOCTYN K DJIEKTPOHHOW OMOIMOTEeKe auccepra-
it Poccuiickoit rocymaperenHoi ouomuoreku (PT'B) https://rusneb.ru/

7. Tlpesunenrckas 6ubmmoreka uM. b.H. Enbrina https://www.prlib.ru/

8.  baza nannbix CSD KemOpumkckoro nenTpa kpucraiorpadpuueckux aanapix (CCDC)
https://www.ccdc.cam.ac.uk/structures/

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

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

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

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

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

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

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

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

17.  Yuusepcuterckas nHpopmarmonnas cucrema POCCHUS http://uisrussia.msu.ru

g s

Becniamuvle obpazosamenvhvie pecypcol
1. Jupyter Notebook — nHTEepakTHBHBIC BEIUNCIICHUS
2. Visual Studio Code — pemakrop xoxa ¢ moaaepxkoii Python
3. Google Scholar/arXiv — goctyn k Hay4dHBIM MTyOIHKAIUSIM
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Pecypcor c6o600n020 0ocmyna

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

2. AmMepuKkaHCKas naTeHTHas 0as3a maHHbIX hitp://www.uspto.gov/patft/

3. MuHHCTEpPCTBO HAyKH U BBICIIET0 00pa3oBanus Poccuiickoit deneparuu
https://www.minobrnauki.gov.ru/;

4. ®enepanbHblil moptan "Poccuiickoe oopazosanue” http://www.edu.ru/;

5. Hudopmanmnonnas cucrema "EauHoe OKHO J0CTYyIa K 00pa3oBaTeIbHBIM pecypcam”
http://window.edu.ru/;

6. Enunas xoiekuus udpoBsIx 00pa3zoBareabHbIX pecypcos http://school-collection.edu.ru/ .

7. TIpoekt I'ocynapcTBeHHOT0 HHCTUTYTA pyccKoro sizbika uMeHu A.C. Ilymkuna "OGpa3oBa-
uue Ha pycckom" https://pushkininstitute.ru/;

8. CmpaBouHo-uH(DOpMaMOHHBIH mopTan "Pycckuii s3s1k" http://gramota.ru/;

9. Cayx0a TeMaTHUECKHX TOJKOBBIX cioBapeit http://www.glossary.ru/;

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

11. Ob6pasoBatenbHbli moptan "Yueda™ http://www.ucheba.com/;

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

Cobcmeennvie 31ekmpoHHble 00paszoeamelnvbHble U UHGopmayuortule pecypcol Kyol'yV

1.  OnextpoHHbIi KaTanor Hayunoii 6ubnuoreku Kyol'yY

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

2. DnextpoHHas Oubauoreka TpyaoB yueHbix Kyol'Y

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

3. Cpenma MmoaysbpHOTO AMHAMHYECKOTo oOydenus http://moodle.kubsu.ru

4. ba3a yueOHBIX IUIaHOB, Y4€OHO-METOAMYECKUX KOMILUIEKCOB, MyOIUKaIil 1 KOH(pepeHIIH
http://infoneeds.kubsu.ru/

5. bubnuoreka nHPOPMAIMOHHBIX PeCYpcoB Kadenpbl HH(HOPMALIMOHHBIX 00pa30BaTEIbHBIX
texHojorui http://mschool.kubsu.ru;

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

7. DneKTpoHHbIE 0Opa3oBaTeibHbIe pecypchl Kadeapbl MHYOPMAIIMOHHBIX CUCTEM M TEXHOJO-
ruil B obpasoBanuu KyOI'Y u nHayuno-meroauueckoro skypHaia "ILIIKOJIBHBIE TI'OJIbI"
http://icdau.kubsu.ru/

Ilepeuens pecypcoB nHGPOPMANMOHHO-TEJEKOMMYHHKAIMOHHOI ceTn «HTepHETY,

B TOM YHCJIe COBPeMeHHbIe NpodeccuoHaIbHbIe 0a3bl JAHHBIX M1 HHPOPMAIMOHHbIE CIIPa-
BOYHbIE CHCTeMbI, HEOOXOAUMBIE [JIsl 0CBOEHHUS THCIUIIIHHBI.

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

2. Tlopranm oTkpeITHIX HaHHBIX Poccuiickoit denepepanuu https://data.gov.ru

3. ba3za OTKpBITBIX JaHHBIX MUHHCTEpPCTBA Tpyla U COLUUANBHOW 3amuThl PO
https://rosmintrud.ru/opendata

4. baza nanapix Hayunoii anekrponssiii oudnnoreku eLIBRARY.RU https://elibrary.ru/

5. ba3za nannbix Beepoccuiickoro MHCTUTYyTa HaydyHOW M TexHHYeckoi mHpopmaiuu (BU-
HUTH) PAH http://www2.viniti.ru/

6. ba3pl maHHBIX B cdepe MHTEIEKTyaTbHOH COOCTBEHHOCTH, BKJIIOYAs MATEHTHBIC Oa3bl
JaHHbIX WWW.rusnano.com

7. ba3bl MaHHBIX W aHATUTHYECKHE TYOIUKAIMN «Y HUBEPCUTETCKAsi HH(OPMAIIMOHHAS CH-
crema POCCHSI» https://uisrussia.msu.ru/

8. Bukwumenus, CBOOOAHAs OSHUOUKIONEAMs. [JiekTponusiii pecypc]. — Wikipedia
http://ru.wikipedia.org

9. http://math.nsc.ru/LBRT/k5/opt.htm| (MurennexTyanbHble METOIBI ONTHMH3AINN, y4eO-
HOE ITocodue)
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6. MeToauyeckune ykazaHusi JUIsi 00y4arOmMXcsl 0 OCBOCHUIO JUCHHUILIHHBI.
Teopernueckue 3HaHUS IO OCHOBHBIM pa3ziesiaM Kypca «Anredpa U reoMeTpus» CTy/ACH-

TBI IPHOOPETAIOT HA JIEKIUAX M NPAKTHUECKUX 3aHATHAX, 3aKPEIUIIOT U PACIIUPSIOT BO BPEMs
CaMOCTOSATEIILHON pabOTHI.

Jlexuuu 1o Kypcy «Anredpa v reOMeTpus NPEACTABISIOTCS B BUAE U3JI0KEHHSI MaTEPH-
ajla 1Mo TeMe JIEKIUH C JEMOHCTpalUel Mpe3eHTalMid 10 OTICIBHBIM OCHOBHBIM TEMaM IIpoO-
IpaMMBI.

Jlnst yrnyOneHust ¥ 3aKperyieHus TEOPETUYECKUX 3HAHUHM CTY/IEHTaM PEeKOMEHyeTCsl BbI-
MOJIHEHUE OIPE/ICTICHHOrO0 00beMa CaMOCTOSITeNIbHON paboThl. O0mMii 00beM 4acoB, BBIICICH-
HBIX JUISI BHEAYJUTOPHBIX 3aHATHIA, COCTaBIsET 75,6 yaca.

B pamkax camocTosTeNbHON MO3HABATENbHOW AEATEILHOCTH CTYACHTAM TaKXKe Ipeisia-
raeTcs U3y4nTh HEKOTOPBIE pa3/eiibl, HE BOIIEANINE B JICKIIMOHHBINA KypC.

BueaynuTtopHas paboTta mo JUCHUILIMHE «AJredpa M TeOMETPHs» 3aKI04aeTcs B Clie-
JYIOIIEM:

— TOBTOpPEHHE JICKIIMOHHOTO MaTepraia u mpopaboTka yueOHUKOB M YYeOHBIX TOCOOHIA;

— MOJTOTOBKA K MPAKTUYECKUM 3aHSATHIM;

— TpopaboTKa TeM, BBIHECEHHBIX Ha CAMOCTOSITEIIHYIO MTOJITOTOBKY.

Jlnist 3aKperuIeHns] TEOPETHYECKOTO MaTepuana M BBIOJHEHUS KOHTPOJIUPYEMBIX CaMO-
CTOSITEBHBIX Pa0OT MO AMCLUILIMHE BO BHEY4eOHOE BpeMs CTYACHTaM INPEJOCTAaBIISETCS BO3-
MO>KHOCTb IOJIb30BaHus Oubnuorekoir Kyol'Y, 6ubnuorekoii (hakynbreTa KOMIBIOTEPHBIX TEX-
HOJIOTUI 1 TIPUKJIQJHOW MaTEMaTHKH, BO3SMOXKHOCTSIMHA KOMITBIOTEPHOTO Kilacca (hakyabTeTa.

W TOTOBBII KOHTPOJIb OCYLIECTBIISICTCS B BHJIE 3a4€TOB U 9K3aMEHOB.

B ocBOGHMM MUCHMITIMHBI MHBAIMIAAMU H JIMIIAMH C OTPAHWYCHHBIMHA BO3MOKHOCTSIMH
3/10pOBbs 0OOJNBIIOE 3HAYEHHE HMEeT WHJAMBHyalibHas y4yeOHas paboTa (KOHCYNbTALUH) —
JIOTIOJTHUTEIIFHOE pa3bsICHEHNE Y4eOHOTO MaTepHara.

WupuBuayanbHble KOHCYJNBTAIlMM IO TPEIMETY SBISIOTCS BaKHBIM  (haKTOPOM,
CHOCOOCTBYIONIMM MHIWBUAYAIN3ANN O0YIEeHUS U YCTAHOBJICHUIO BOCITUTATEIHHOTO KOHTAKTa
MEXIy IMpernojaBaTeieM M OO0y4aloIUMCs HMHBAJIMIOM WM JIMLIOM C OTrPaHUYEHHBIMU
BO3MOYKHOCTSIMH 3/10POBbSI.

B ocBoeHun IuCHUIUIMHBI MHBATUAAMM U JULAMH C OIPAaHUYEHHBIMU BO3MOKHOCTSIMHU
30POBbsI OOJIBIIIOE 3HAYCHUE WMEET WHAWBHUyalbHas ydeOHas pabora (KOHCYJbTAIlMH) —
JIOTIOJTHUTEIbHOE pa3bsiCHEHUE Y4eOHOro MaTtepuara.

WunuBuayanbHble KOHCYJbTAlMM 1O TPEAMETY SBISIOTCA BaXKHBIM  (PaKTOpOM,
CHOCOOCTBYIOUIMM MHAWBUYAIN3allUU OOYYE€HUS U YCTAHOBJICHUIO BOCIIUTATEIBHOIO KOHTAKTA
MEXIy TpernojaBaTeieM U o00yJarolMMcs WHBAJIWIOM WM JIMIOM C OrpaHUYEHHBIMU
BO3MO>KHOCTSIMH 37J0POBBSI.

[Monxon, onpenenstonuii ycranoBiaenue coorercTBus kericos UIT u YI'T (5-7), nmo3Bo-
JISIET YETKO COOTHOCHUTH 3Tallbl Pa3BUTHs TEXHOJOTMH C BOBJIEUEHHOCTHIO ITAPTHEPA U CHUKATh
PHUCKH IIPU NIEpEXo/ie OT J1a00PaTOPHBIX UCIBITAHUI K IPOMBIIIEHHOMY BHEPEHHUIO.

Keiichl 111 HHAYCTPHAJIBHBIX IAPTHEPOB
1. IlpumeHeHnne MAaTPHIL B 3aJ]a4e perpeccuu AJsi CTPOUTEJIbLHOMH OpraHu3alum
Onmucanmue:

CrpourenpHas OpraHu3anys IIAHUPYET PEAIM30BaTh KPYIHBIM CTPOUTENBHBIN IIPOEKT U XOYET

3apaHee OLEHUTh PEHTA0EIHLHOCTh MMPOEKTa, OCHOBBIBASACH HA MPEIBAPUTEIBHOM (PUHAHCOBOM
aHanuse.
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Opranuzanys coOOMpaeT CTAaTUCTHKY O PaHee BBHIMTOJHEHHBIX 00BEKTaxX, BKIFOYAIOIINX Ta-
Kue GaKTopsl, KakK:

1. 3arparsl Ha MaTepuaibl (materials cost);

2. Croumoctb paboueii cuibl (labor cost);

3. Bpems cTpouTennscTBa (construction time, MecCSIIbI);

4. Mecromnonoxenue crpouruiomanku (location score, 6amt ot 1 mo 10, rme 10 —
Han0oJiee MPUBJIEKATEILHOE);

5. HroroBas noxonHocts npoekra (profit margin, %).

Lean: coznanre MaTeMaTHIECKOW MOJIEIH, TIO3BOJISFOIIEH MPOTrHO3UPOBATH IOXOTHOCTh
HOBOT'O CTPOUTENFHOTO MPOEKTA HAa OCHOBE BBIIICYKA3aHHBIX ITAPAMETPOB.

Pemenmne:

KoadduurenTs Moaenn HaXOAUM C TIOMOIIBI0 MATPHYHON (POPMYITBI C YIETOM IIEPBO-
HavyaJIbHO 3a/IaHHOM TaOINIIBL:

B=(X"X)"*XTy

Pacuer npoBoauTCs CTaHAAPTHBIMU UHCTPYMEHTaAMH JTMHEHHON anreOpsl (Hampumep, B
Python ¢ ucnons3zoBannem Oubauorekn NumPy).

O2xupaemblii pe3yJibTar:

Co3naHue MOJeNnu Perpeccuy ¢ MCMHOJIb30BAHUEM MATpHIl U JUHEHHOW anredpsl MO3BO-
JSIeT CTPOUTEIBHON OpraHHU3allMi TOYHO OLEHUBATh OYIYIIYI0 JOXOJHOCTb IPOEKTOB Ha 3Tare
IJIaHUPOBaHUA. TakoW NOAXOJ YMEHBIIACT PUCKM WHBECTHUPOBAHMS, ITO3BOJSAET TIPaAaMOTHO
YIPaBIATh PECYPCaMU U MOBBIIIAET KOHKYPEHTOCIIOCOOHOCTh KOMITAHUU Ha PhIHKE.

2. Ucnosib30BaHNEe METOIA OMOPHBIX BeKTOPOB (SVM) miis1 Kiaaccu(puKAIUM y4acT-
KOB 3eMJIN

Onucanmue:

CTpOI/ITeJ'II)HaSI KOMIIaHHA BJIaACCT 0ONBIINM KOJIMYSCTBOM 3E€MENIbHBIX Y4aCTKOB pa3H0171
MMpUpPOAbI U KEJIACT pa3JACIINTh UX Ha ABC KATCTOPUU:

Y4acTku BBICOKOM HHBCCTI/IL[HOHHOﬁ MPUBJICKATCIIbHOCTU (FOTOBBI JJIsL 33CTpOfIKPI A0po-
TUMHU KHUJIBEM HIIM KOMMEPYECCKUMHA 3JIaHI/I5IMI/I).

[IpobGneMHbIe y9acTKH (MMEIOT HEIOCTATKH, YCIOXKHSIOT 3aCTPOUKY JTMOO JENalT yda-
CTOK MEHE€ MPUBJIEKATEIbHbBIM).

Hean:

HeoOxonumo pa3zpaboTtaTh MOAEIb, KOTOpasi CMOKET aBTOMAaTUYECKU KJIaCCU(PUIIUPOBAThH
3eMeJIbHbIE YUACTKU Ha JIBE YKa3aHHbIE BhIIIE KATETOPUH, UCXOJSl U3 HEKOTOPBIX PU3HAKOB,
TaKUX Kak:

[Tnomane ydactka (B COTKax).

Bricora penbeda (cpeqHsisi BBICOTa HaJl ypOBHEM MOPSI).

buzocth k Topony (paccTosiHue A0 OMMKaWIIero HaCeIEHHOTO MTYHKTA).
YpoBeHb IPYHTOBBIX BOJI (TJTyOMHA 3aJIeTaHus).

46

PonE



5. [IpucyrcrBue nHGPACTPYKTYPHI (HATHYHE SJICKTPUUECTBA, BOBI, T'a3a).

3HaYCeHHS ITHX MIPU3HAKOB U3BECTHBI JISI KAXKOTO YIacTKa, U UMEETCSI HEKOTOPOE KOJIN-
YEeCTBO MPEIBAPUTEIHLHO PA3MEUCHHBIX YIaCTKOB (3TAJIOHHBIX JAHHBIX ), TO3BOJISIONIUX O0yIUTh
MOJENb.

Oxxuaemblii pe3yJibTaT:

OTaen aHaTUTUKY MOTy4aeT HOBYIO MAPTHUIO 3€MEJIbHBIX YYACTKOB ISl BO3MOYKHOM T10-
KYIKU.

3. «OnTuMHU3anusa pa3MelleHnsi 6AHKOMATOB ¢ NMOMOIIbI) MeTO/0B JUHEHHOH aj-
re0pbl 4 reoMeTPUIECKOr0 MO/IeJIHPOBAHUS»

Onucanue:

COepOaHKk XO0YET ONTUMHU3UPOBATH CETh OAHKOMATOB B TOPOJIC, YTOOBI:

. MUHUMU3UPOBATh «MEPTBBIE 30HBD) (PalilOHBI C TIOXOH TOCTYITHOCTHIO OaHKOMa-
TOB),

. o0ecreynTh paBHOMEPHYIO Harpy3Ky Ha yCTPOHCTBA,

. y4ecTh orpanndenus (010/pKeT, 6€301MacHOCT, MEMIEX0HBIH Tpa(uK).

easn:

HeobxomuMo pazpaboTaTh MOJEIb, KOTOPask CMOXKET aBTOMATHYECKH KJIACCU(UITUPOBATH
3eMeJIbHbIC YYACTKHU Ha JIB€ YKa3aHHBIC BBIIIE KATETOPUU, UCXOMS U3 HEKOTOPBIX MIPU3HAKOB,
TaKHUX KakK:

1. Jluneiinas anrebpa — paborta ¢ MaTpuiamMu paccrosiuuii, SVD-pa3noxenue ans aHa-
JIM3a IPOCTPAHCTBEHHBIX MATTEPHOB.

2. AHanmuTH4ecKas T€OMETPUS — PaCUET 30H MOKPHITUS (OKPYKHOCTH, IJUTUTICHI), OTITH-
MaJIbHOE PaCIOJIOKEHNE TOYCK.

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

3HaueHus ITUX MPU3HAKOB U3BECTHBI AJI KAKIOTO y4acTKa, 1 UMEETCs HEKOTOpOe KOJH-
YEeCTBO MPEIBAPUTEILHO PA3MEUCHHBIX YIACTKOB (3TAIOHHBIX JJAHHBIX ), TTO3BOJISIOIIUX O0yIHUTh
MOJIeTb.

Pemienue:

MarpudHoe npeacTaBieHue

T'opojckast TeppuTOpus PEACTABISICTCS B BUIE MATPUITLI A pa3MepoM mXn, TJe Kax-
JIBIA 3JIEMEHT aij COACPIKUT:

. [InoTHOCTH HaceneHus
. YpoBeHs cripoca Ha yCIIyru
. @UHAHCOBYIO aKTUBHOCTh paliOHa

MeToa HaMMEHBIINX KBAJIPATOB
[TpumensieTcst 1711 MUHUMU3AIUN PACCTOSTHUM:

min Z fiyi + Z Z CijTij

icF i€F jEC
k

min_ > flo — il
1=1 z€C;

rae C_i - KiacTepbl KIIMSHTOB, L 1 - TIO3UIIMH 0AHKOMATOB.
['eomeTpuyeckue noaxoapl
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Huarpamma Boponoro
[To3BossIeT pa3AeIuTh TEPPUTOPHIO HA 30HBI OOCITYKUBAHUS

. Kaxxnprit 6ankomMaT 00CTy)KHUBaeT OJIMKaNIITyI0 00J1acTh
. ['paHHUIIBI 30H - IEPIICHANKYIAPHBIC OMCCEKTPUCH MEXKIY TOUKAMHU
3amaua pa3merienus oonrekToB (Facility Location Problem)
DopmyJIHpPOBKA:
min Z fiyi + z Z CijTij
i€F i€F jeC
rue:
. F - moTeHnManbHbIC MECTa yCTAaHOBKH
. C - KITMEeHTCKUE JIOKAIuU
. f i - crouMocTh ycTaHOBKH
. c_{ij} - croumocTh 00CTyKMBaHUS KJIUCHTA | uepe3 OaHKOMaT i
HpaKTI/ILIeCKaH pcain3anua
1. COop aHHBIX: TUIOTHOCTh HACENIeHHsI, (PUHAHCOBBIC TPAH3AKIIUH, TPAHCIIOPTHBIC
Y3IIBI
2 [TocTpoeHre MaTpuIlbl Cripoca
3 [Tpumenenue anropurmos kinacrepusaruu (k-means, DBSCAN)
4. OnTuMHU3aIus C y4eTOM OrpaHUYCHUI
5. Busyanuzanus pe3ynbTaToB ¢ HOMOIIBIO TEOMETPUYECKIX MOJIENeiH
[Tpumep anropur™ma Ha Python (ympoiieHHbI#)
python

import numpy as np

from sklearn.cluster import KMeans

# KoopamHATE M BeC (CHIpPOC) KJIMEHTCKUX TOUEK
points = np.array([[x1,yl,wl], [x2,y2,w2], ...])
# OnrTmMasIbHOE KOJIMYECTBO OAHKOMATOB (MOXHO ONPEeNesIMTE MeTomamu elbow uiim

k =5

# BzBemeHHas KjacTepm3almsd

kmeans = KMeans (n_clusters=k)

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

# OnTuMasbEHEBIE IIO3ULMM GaHKOMATOB
atm positions = kmeans.cluster centers
Oxxuaemblil pe3yJibTaT:
KOMGI/IHaI_II/ISI METO/I0B JIMHEHHOU aJ'II‘C6pBI U TCOMCTPHUYICCKOI0O MOJACIMPOBAHUS ITO3BO-

JISIeT:

. CHU3UTH 3aTpaThl HA YCTAaHOBKY M 00CTYy)KHBaHUE

. VYAy4qmuTh J0CTYMHOCTh OAHKOBCKUX YCIyT

. AnantupoBaTh ceTh 0AHKOMATOB K M3MEHSIOLIEMYCS CIIPOCY

. [TpuHMMaTh 000CHOBAHHBIE PEIICHNS Ha OCHOBE JIAHHBIX

OTtzen aHATUTUKY NOJy4aeT HOBYIO APTHUIO 3€MEJIBHBIX YUAaCTKOB JJIs1 BO3MOXKHOH T10-
KYIKH.
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7. llepeyeHb MHGOPMALMOHHBIX TE€XHOJIOTHIl, UCMOJIb3yeMBbIX NMPH OCYLIECTBJIECHUHU

06pa30BaTeJ'[LHOF0 npouecca

No

2

7.1 Ilepevyenb MHGOPMALMOHHBIX TEXHOJIOTHH.
1. O6navnbie IaTHOPMBI U CEPBUCHI
cloud.ru,YandexCloud, AWS/GCP/Azure— o6iadHble BEIYUCICHUS

2. CucteMbl ynpaBJieHUs BEPCUSAMH U KOJTA00paIiuu
Git/GitHub/GitLab — kouTpos Bepcuii Kojia 1 COBMECTHast pa3paboTKa

4. CucreMa ynpapiieHUsI O0yIeHHEM
Moodle — cnaua padot

7.2 TlepevyeHb HEOOXOAMMOI0 MPOrPAMMHOIO 00eceYeH sl
1. Csob6oanoe ITO (Open Source)

GitLab, GIT, MLFlow, Docker, Kubernetes, Terraform.
Oneparnponnas cuctema MS Windows.
HurerpupoBannoe oducHoe npuioxenne MS Office.
[TporpammHOe oOecIieueH e /IS OPraHU3alMy YIPABIIEMOr0 KOJJICKTUBHOTO
Oe3omacHoro aoctymna B HTepHeT.
S3eiku mporpammupoBanus: Python, JavaScript, C++, Java
®peiimBopku: PyTorch, TensorFlow.
Google Colab — obnaunas cpema aus BeimoaHeHus koaa Ha Python ¢ GPU/TPU
Kaggle — mmatdopma a1 paboThI ¢ 1aTaceTaMu U COPeBHOBaHH# o ML

o

O Noa

8. MaTepuaibHO-TeXHHYECKO0e o0ecreuyeHue mo AuCcuIinue (MoayJir)

[Iponyxr [TapameTpsl npoaykTa Kon-Bo prii;a;ai(;;_ En. uzm.
Bupryansnas  BuptyansHas mamuna 10% 1 60 e
MallyuHa vCPU 2 vCPU 4 RAM
OC Ubuntu 22.04 1 It
Cucremnslii quck SSD 1 It
10 o
Apenna ny6iauyHoro IP 1 [T
BupryasbHas Bupryanpnas mammna ¢ GPU
vammna ¢ GPU NVIDIA® Tesla® V100 2 GPU 1 1 T
8 vCPU 128 I'b RAM
OC Ubuntu_24.04 1 116,
Cucremusiii guck SSD 1 It
2000 o
Huck SSD 1 It
4096 o
Juck SSD 1 It
4096 I'é
Apenna ny6ianysoro IP 1 [T
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3 K8S Master node 8 vCPU 16 RAM 1 It
Worker node 10% moxnst 4 vCPU
32 RAM > i
Worker node SSD-NVME 64 I'
Apenna nyoaugdoro IP 1 T
ML Inference In-
stance Type GPU Bpemst paboThl B MecsIIl 40 |
Nucranc 8 x NVIDIA® H100
NVLink PCle 160 vCPU 1520 1 [T
GB RAM
KonunyecTso 3anpocos k ML- 1 Moz 1l
MOJIETISIM
Ksm ML-mopneneit 160 I'6
5 LLM Toxkens! GigaChat 2 Max 50 Man. Ut
Tokensr Embeddings 400 Mun. It
JlomoTHUTE IbHBIC 00IauHbIC PECYPCHI MPEIOCTABISIOTCS TEXHOJIOTHISCKUM TapTHepoM Yandex
Cloud.
e Bu paGot MartepuajbHO-TeXHHYECKOE ofecnieyeHHue TUCHUIINHBI U
OCHAIIIEHHOCTh
1. JlexunonHusble 3aHATUA | JIekuroHHas ayautopusi, 000pyaoBaHHas BUACOMPOCKTOPOM U
skpaHoMm, ayna. 129, 131, A 301 6, A 305, A 307.
2. Cemunapckue 3anatus | He mpegycMoTpeHbl
3. JlabopaTopHble 3aHs- | AyquTopuu [Uisl 1a00paTOPHBIX 3aHATUN, 00OPYAOBAHHBIE
THA nmockamu, aya. 129, 131, 133, 147, 148, 149, 150, A3016,
A305, A307, A512, 100C.
4. KypcoBoe mnpoektupo- | He npengycmorpeHo
BaHHE
5. I'pynnoBeie (uHAMBHU- | AynuTopus, o0opyaoBaHHas A0CKoH, aya. 129, 131, 133, 147,
nyanbHBIE) KoHCynbTa- | 148, 149, 150, A 301 6, A305, A307, A512, 100C.
017031
6. Texymmii  KOHTpOJIB, | AyauTopus, 000pyaOBaHHas TOCKOH, aym. 129, 131, 133, 147,
npoMmexxyTouHnas arrte- | 148, 149, 150, A 301 6, A305, A307, A512, 100C.
CTarus
7. CamocrositenbHas pa- | Kabuner ansg camocTosiTeNbHON paboOThl, OCHALEHHBIA KOM-
bora MBIOTEPHON TEXHUKOW C BO3MOXKHOCTBIO MOJKIIOYEHUS K CETH
«HTEepHET», MpOrpaMMOi 3KpaHHOTO YBEIMUYEHUs: U obecrie-
YeHHBIA JIOCTYIIOM B  3JICKTPOHHYIO  HH(OPMAIIMOHHO-
o0Opa3oBaTenbHYyIO Cpely YHUBepcuTeTa, aya. 102-A u yutainb-
HBIN 3aJl.

[Ipumeuanue: KonTKkpeTnsanus ayiutopui u ux ocHanienue onpenensercs OIIOIIL.
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