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1 Hean 1 3a0a4u M3YyYeHHUs TUCHUILIMHBI (MOAYJIs1)

1.1 eap ocBOeHHS AMCHUILVIMHBI. (OPMUPOBAHHE Y CTYACHTOB Oa30BBIX 3HaHUIA,
YMCHI/Iﬁ W HABBIKOB II0 MAaTEMAaTUYCCKOMY aHaJIMU3y JAOCTATOYHBIX IJId OCBOCHHA OCHOBHOM
oOpazoBarensHOl porpaMmel HanpasieHus 09.03.04 [TporpaMMHast HHKEHEPHS.

1.2 3apaum JUCHUNINHBI
B 3aymaun kypca «MareMaTu4eCKuid aHAIN3) BXOJSAT:

- TOJArOTOBKAa CHEUAINCTOB, CIIOCOOHBIX MPUMEHSATh MOJYUEHHbIE 3HAHUS 115
pelIeHNs IPUKIAIHBIX 3a/a4, BIaJICIOUIUNX JOCTaTOUHBIMU 3HAHUSIMH OCHOBHBIX
TEOPETUYECKUX ITOJIOKEHUM Kypca «MaremMaTu4eCKui aHau3»;

- (opMupoBaHue KyJIbTYPhl MBIIIUICHHS, CIOCOOHOCTH K aHAIM3Y, 000O0IIEHUIO U
BOCIIPUSITHIO HH(OpPMAaLIMY, K TOCTAHOBKE LIEJIU U BBIOOPY MyTEH ee JOCTUKEHHUS,;

- TIpUMEHEHHE MeTOJI0B U PepeHIINaTbHOTO U UHTErPaIbHOIO HCUUCIECHUH B
npodeccuoHabHOM cdepe;

- (opMHpOBaHHE MPUBBIYKU K CTPOTOCTH B GOPMYITUPOBKH U3JI0KEHUS MaTepHana, K
JIOTUYECKH HETIPOTUBOPEUNBOM 1IETIOYKE BHIBOJOB U 3aKJIIOUEHUM;

- TpUMEHEHHE Hay4YHbIX 3HAHUM aHann3a QyHKIHUHA JeHCTBUTENbHBIX IEPEMEHHBIX IS
MOJIETMPOBAHUS U UCCIENOBAHUS JUHAMUYECKUX MPOLECCOB;

— pa3BUTHE y CTYJCHTOB HABBIKOB CaMOOOPa30BaHMSL.

1.3 MecTro aucuuminHbl (MOaYJisl) B CTPYKTYype 00pa3oBaTeibHON NPOrpaMMbl

Jucoumomaa b1.0.12 «MaTteMaTrndecKnii aHajau3» OTHOCHTCS K 00S3aTeIbHON YacTH
bmoka 1 "Jlucumrumsbl  (MomynH)"  ydyeOHOTO  IUIaHA. I[HMKJIAa  MAaTeMaTHYECKHX,
€CTECTBEHHOHAYYHBIX U OOIIETeXHUYECKUX JUCIUIUINH.

HeobxonumbiM TpeboBaHUEM K «BXOJHBIM» 3HAHUSAM, YMEHHSIM U OTBITY JESITEIbHOCTH
oOyuaronierocss Mpu OCBOCHUM JAHHOW JUCIMIUIMHBI SIBISETCS YBEPEHHOE BIJIaJICHHE 3HAHUSIMU
IIKOJILHOM MPOTPaMMBI 10 TIpeaMeTaM «AJredpa u Hadaina aHainuzay, «l'eometpust» u «Pusukay.

«MartemaTH4ecKuii aHaJIu3» sBJseTcsl GyHIAMEHTOM JJIsi U3Y4EHHUs APYTUX pa3fesioB
Kypca BbICHIeH MaTeMaTuky. JIMCIUIIIMHA TPU3BaHa JaTh CTyIeHTaM MaTeMaTHYeCKU amnmnapar,
KOTOpBI OyIeT HCHOoJIb30BaThCsl MPH H3YYEHUU AUCLUUIUIMH: «Anredpa U TeoMETpus»,
«duddepenunansupie ypaBHeHUA», «DyHIaMEHTalbHBIE IUCKPETHbIE MOAENn», «MeTobl
MaremaTHuecko ¢usukn», «Kypc Teopuu BepoATHOCTEH» U Jp., a Takke B YyueOHO-
UCCIIeI0BATeNIbCKOU padoTe.

1.4 IlepeyeHp MJIAHMPYEMBIX Pe3yJbTATOB O0Oy4YeHHs] IO AUCHUILIMHE (MOAYJIIO0),
COOTHECEHHBIX € IVIAHNPYEMbIMH Pe3y/IbTATAMM 0CBOCHHS 00pa30BaTeIbHOI MPOrpaMMbl

Pouasb 1: Data Analyst (AHAJINTHK JaHHBIX)

3anauu:

1. CraTucTu4eckuii aHaau3, BU3yalnu3alus JaHHbIX, IpeaBapuTeIbHas 00padoTKa.
2. Co3niaHue MPOTHO3HBIX MOJENEH

3. [locTpoeHne aHAMUTUYECKUX MOJEIEH s TIOIEPKKU OU3HEC-PelIeHHI.

Pous 2: MLOps (Cnennanuct no 3xcruryaranun MH)

3anauu:

1. DevOps s ML.

2. ABromatu3anusi, MOHUTOpUHT ML-cuctem.

3. OnepanroHHOE yIpaBJICHUE KU3HEHHBIM UKJIOM ML-Moeneil.



Poun 3: AI PM (Menen:xep npoexroB UN)

3agaun:

1. Yopasnenne UM-nipoexktamMmu OT UA€H 10 BHEIPEHUS
2. AHanu3 6usHec-TpeOOBaHUM M MOCTAHOBKA 33124
3. Ouenka ¢ pexruBaocty u ROI M-pemennit

N3yuenue

JaHHOW  y4yeOHOW  JAMCIUIUIMHBI

HampaBJICHO Ha (HOpPMHpPOBAHHE Y

00yJaronuXxcs CISAYIONIX KOMIETSHITHIH:

Kona n naumenoBanue
WHJUKaTopa™

PesynbTarel 00ydeHUs MO JUCIHILTAHE
(3nHaem, ymeem, anadeem (HABLIKU U/UlU ONbLM
desimenbHoCmu))

METO/AbI MaTEeMaTHICCKOTO

OIIK-1 Cnoco0eH mnpUMeHATh €CTeCTBEHHOHAY4YHble M OOLICHH)KEHEPHble 3HAHMS,
aHajiuM3a H
IKCIIEPUMEHTAJILHOIO MCC/IeI0BAHUS B PO ecCHOHAIBLHOM e TeJIbHOCTH

MoOAECJIUPOBaHUA, TECOPETUIECCKOI0 u

OIIK-1.1 CnocobeH npuMEHSTh
CHCTEMHBI TOAXOJ K aHaIHu3y
MpeIMETHOM (mpobnemMHOM)
obrmactu B MpodeccroHaNbHON
JEeSATEIbHOCTH

3naer: OCHOBHBIE TPHUHIMIBI U METOJbl CHUCTEMHOTO
nmoaxoja. KiroueBble IIOHSTHSA: CHCTEMa, DJIEMEHT,
CTPYKTYpa, CBsi3b, (YHKIUS, IIEJIOCTHOCTH, HEpapXHsl.
Kputepun Bbigenenus mnpeaMeTHol — (mpoOieMHON)
005acTy 1 e€ TpaHuIl.

YmeeT: BuIIenarh v CTPYKTYPHUPOBATH JIEMEHTBI, CBSI3U
Y TIOJICHCTEMBI B paMKax 3aJaHHOM MpeIMETHOHN 00IacTH.
AHanu3upoBaTh MPOOIEMBI C Y4ETOM WX KOMIUIEKCHOCTH
¥ B3aWMOCBSI3aHHOCTH (hakTOpoB. [IpUMEHSATH METOJIbI
aHaju3a (Harpumep, MOCTPOCHUE CXeM, KIIacCU(UKAITUIO,
NPUYMHHO-CIICJICTBEHHBIN  aHANW3) IS W3YYCHUS
poeCCHOHANIBHBIX 3a7a4.

Baaneer: HaBbikamMu MpUMEHEHHUSI CUCTEMHOIO MOAXOJa
K aHaM3y B TMPaKTUYECKOW MpodhecCHOHATBHON
nesTeTbHOCTH. CIIOCOOHOCTHIO MHTETPUPOBAThH 3HAHUS U3
pasHbBIX  oOmacTedl  JUII  KOMIUIGKCHOM  OIIGHKH
poeCCUOHAITBHOM CUTYAIIHH.

OIIK-1.2 [Ilpumenser 3HaHUS,
MOJTyYCHHBIC B obnactu
MaTeMaTHYECKHX u (vm)
€CTeCTBEHHBIX  HayK  BbIOOpe
METOJIOB penieHus 3ajad,

MMOCTPOCHUH MOJCIICH W aHaJIU3e
WX TIPUMEHHUMOCTH B 3aJaHHOM
MpeAMETHOM 00macTu

3naer: OCHOBHbBIC MOHATHS, 3aKOHBI U TEOPUHU U3 Kypca
MaTeMaTH4eCKOIro aHaim3a, pelieBaHTHBIE TUISE
npodecCHOHAIBHON nesTenbHOCTH. Kitaccudukanumo u

NPUHIUIIEI ~ pabOThl  METOJOB  pEIICHHWs  3ajad,
MIPUMEHSEMBIX B TIPEIMETHOM 00acTH
YmMmeert: BrIsaBisath MaTeMaTH4YeCKHue "

€CTeCTBEHHOHAy4YHbI€ aCIeKThl B Mpo(deccHoHaIbHBIX
3anavyax. KoppekTHo BbIOMpaTh U KOMOMHUPOBATH METO/IBI
pelieHrs 3aJad Ha OCHOBE HMX MaTeMaTH4YeCKOH U
€CTeCTBEHHOHAy4YHOU mpupoibl. - DopMann3oBath 3a/1a4u
peIMETHOM 00JIaCTH, CTPOUTH MX YIPOILIEHHBIE MOJICIH.
Bnaneer: HaBblkaMu mnpuMeHEHHS MaTeMaTHYECKOTO

anmapatra  (GopMynbl, BBIYMCICHHUS, Trpaduku) U
€CTeCTBEHHOHAYYHbIX  KOHIENUMH 18  aHajau3a
npo(eCCHOHATBHBIX ~ CUTYyalUH. TexHoMOTHAMH

IMMOCTPOCHUS U UCCIICAOBAHUA MOJEJIeH C UCIIOJIb30BaHUEM
CIICTTUAJIM3UPOBAHHOT'O ITPOTPAMMHOT'O oOecrieueHus.




PesynbraTel 00ydeHHsI TO TUCHMILIMHE JOCTUTAIOTCS B paMKaxX OCYIIECTBICHHS BCEX
BUJIOB KOHTAKTHOW M CaMOCTOSITEIIHbHOM PabOThI 00Y4aOLINXCSl B COOTBETCTBUH C YTBEPKICHHBIM
y4eOHBIM IIJIAHOM.

WuaukaTtopsl  TOCTIKEHUS KOMIICTCHLUUH  CYMTAIOTCS  COPMHPOBAHHBIMU  IIPU
TOCTH>KEHUH COOTBETCTBYIOIIUX UM PE3YJIbTaTOB O0yUYECHHSI.

2 CTpyKTypa H coAepKaHue TUCIHIIHHBI

2.1 Pacnipenesnenue TPY10éMKOCTH AUCHUILINHBI 10 BUAAM padoT

OOmast Tpymo€MKOCTh TUCHMIUIMHBI cocTaBiser 16 3au. en. (576 wacoB), wux
pacmpeeneHue mo BujgaM paboT MpeICTaBlIeHO B TabIuIe

(Ons cmyoenmos ODO)

Bun yue6Hoit paboThl Bcero Cemectpsl
Yacos (dachn)
1 2 3
KonTtakTHas padora, B TOM 4YHcJI€: 3395 | 1245 | 106,5 | 108,5
AyauTOpHBbIE 3aHATHSA (BCEro):
3aHATHUS JIEKIUOHHOTO THUTIA 150 50 50 50
JlaGopatopHble 3aHATHS 172 68 52 52

3aHATHS] CEMUHAPCKOTO TUIA (CEMHUHAPHI,
MIPAKTUYECKHUE 3aHSATHS)

HNuas koHTaKkTHas padora:

KonTtpons camocrositensHO# padotsl (KCP) 16 6 4 6

[Tpomexyrounast arrecramnus (MKP) 1,5 0,5 0,5 0,5

CamocrosiTesibHasi padoTa, B TOM YHCJI€:

Kypcosas pabora - - - -

[IpopaboTka yueOHOro (TEOPETUYECKOr0) MaTepraa | 129 4 55,8 | 37,8 | 35,8

BeInoyiHeHUe MHIMBUTYaIbHBIX 3a1aHUN
(moAroTOBKa COOOIICHUH, MPE3EHTAITHH)
Pedepar - - -

IToaroroBska k TEKYHIEMY KOHTPOJIIO - - -

KonTpoJis:

[ToaroroBka Kk sK3aMeHy 107,1 35,7 35,7 | 35,7

OO0mas Tpy10eMKOCTh yac. 576 216 216 180
B TOM 4YMCJIE 56 21 21 14
HHTEPAKTHBHbIE
3a4. e[ 16 6 5 5




2.2 Coneprxanue U CUUIIMHBI
Pacripenenenne BuioB yueOHOM pabOThI U UX TPYAOEMKOCTH TIO pa3zesiaM JUCIUTIINHEL.
Paznensl (TeMbl) TUCHUTUTHHEI, H3y4aeMble B 1 cemectpe (ounas ¢hopma)

KonndgecTBo yacoB

AVIHTODHAS Braeaynut
Ne HaunmenoBanue paszenos (Tem) yAHTOpHa opHas
pabora

Bcero pabora

J | 113 JIP CPC
1 2 3 4 5 6 7
1. |BBenenwue B aHAIH3. 12 4 - 6 2
2.  |[Ipenen 4nciIOBOM MOCTIEIOBATEIHHOCTH. 26 8 - 10 8

[Ipenen pynkmmm.

3. |CxoamMOCTh TIOCTIEIOBATEIHFHOCTH OOHOBIICHUH 28 8 - 12 8

BecoB (ckopocTh 00ydenus (learning rate))

4.  |HenpepbIBHBIC (GYHKIIUN U UX CBOMCTBA. 18,8 8 - 6 4,8
5 [IpousBonHbie U AuddepeHnnabl. 33 8 i 14 11
6. |CroiicTBa muddepeHIHpyeMbIX (DYHKITHIA. 16 6 - 6 4
HccnenoBanue moBeneHus QyHKITHH.
7.  |IIpumeHeHue MPOU3BOTHON B 00yUEeHUN 40 8 - 14 18
Heripoceteit. [Ipumepsr B Onbanorexax M.
UTOI'O no pazoenam oucyuniuivl 173,8 | 50 - 68 55,8
KonTtpons camocrositensHO# padotsl (KCP) 6
[Tpomexxyrounas arrectanus (MKP) 0,5
[ToaroroBka K TEKyIeMy KOHTPOJTIO 35,7
OO6mast TpPyA0€MKOCTh IO TUCIUITIINHE 216

[Ipumeuanue: JI — nexuum, [13 — npaktuyeckue 3anstus / cemuHapsl, JIP — maGopatopHbie
3anstus, CPC — camocTosTenbHas paboTa cTyneHTa

Paznensl (TeMbl) TMCIUIUIMHBI, U3y4aeMble B2 ceMecTpe (ouHas ¢hopma)



KonuuectBo yacos
AynutopHas pueaynur
Ne HanmenoBanue paznenos (Tem) Beero pa6ota opHast
pabora
JI | 113 JIP | CPC
1 2 3 4 9) 6 7
8 IlepBooOpa3Hast pyHKIMM U HEONpeIeIeHHbIN 20 4 ) 10 6
WHTErpal.
9.  |MeTonpl BEIYKCIICHHUS] HEONIPEICTICHHBIX HHTETPAJIOB. 24 8 - 10 6
10. OnpeneneHan"E uHTerpai Pumana. ®opmyna 21 8 _ 10 3
Herorona — JlelOuuia.
11. |IIpusoskeHusl OpeeICHHOro HHTerpaa. 20,8 8 - 6 6,8
DKcTpeMyMbl (HYHKIIMA MHOTHX ITEPEMEHHbIX.
12 HUccnenoBanue GyHKIMIA MHOTHX niepeMeHHbIX (3D 17 8 ) 4 5
" |rpaduKu MOBEPXHOCTH, IUHUH YPOBHS, TPAUCHTHBIC
TOJIs1)
13. @yHKIMM MHOTUX NepeMeHHBbIX. [Ipenensl, 15 6 ) 4 5
HENPEPbIBHOCTh
YacTHbie TPOU3BOIHBIE U MOJHBIA mud dhepeHnan
(YHKIIMU MHOTHX TIEpEMEHHBIX. [IpuMeHeHue
14, |4ACTHBIX MPOM3BOIHBIX B MPOIECCE HACTPONKHU 29 8 i 8 6
apamMeTpoB aJropuUTMa HEUPOHHOM ceTH. AanTanus
Mozener K ganHeM. OnTuMusanus Moaenen
(I'pammeHTHBIN CITYCK).
UTOIO no pazoenam oucyuniunvl 139,8 | 50 - 52 37,8
KonTtpons camocrositensHo# paboTel (KCP) 4
[Tpomexxyrounas arrecranus (MKP) 0,5
[ToaroTroBka K TEKyIeMy KOHTPOJTFO 35,7
OO6m1ast TpPyA0EMKOCTh TIO TUCIUILIINHE 180
Paznenbl (TeMbl) AUCITUTUINHBI, U3yJaeMble B 3 ceMecTpe (ouHas ¢hopma)
Komnmnuectso yacos
AynutopHas Breayr
Ne HaumenoBanue pa3zenos (tem) Beero paGora OpHasi
pabora
J | 113 JIP | CPC
1 2 3 4 5 6 7
15. |HecoOGCTBeHHBIC HHTETPAJIBI 8 6 - 6 7
16. |KpartHble HHTErpaIbl 17 8 - 10 4
17. |KpuBonuHEHHbIE U TOBEPXHOCTHBIC HHTEIPAJIBI 17 8 - 10 4
18. |DneMeHTHI TEOpHH TOJISL. 14,8 6 - 6 4.8
19. |YwucnaoBbie psbl. 15 8 - 8 4
20. |DyHKIMOHATBHBIC PSJIBI. 13 8 - 6 4
Psager @ypre. Paznoxenue B panbl A4
21. |anmpokcumanuu. Psiiet @ypbe B 00pabOTKE JaHHBIX. 19 6 - 6 8
AHaJIM3 CUTHAJIOB, 00pab0TKa N300paKCHHUM.
UTOI'O no pazdenam oucyuniunsl 137,8 | 50 - 52 35,8
KonTpons camoctoarensHoii pabotsl (KCP) 2
[Tpomexyrounas arrectamus (MKP) 0,5
[loaroToBKa K TEKyIIEMY KOHTPOJIIO 35,7
OO611ast TPYA0€MKOCTh MO JTUCITUILITHHE 180




2.3 Coneprxanue pa3iesioB (TeM) TUCHUNIHHBI

2.3.1 3auaTuda JeKINOHHOr0 THIIA

Haumenopanue
pazzaena (Tembl)

Conepsxanue pazzena (TEMbI)

dopma
TEKYILETO
KOHTPOJIA

2

3

4

BBenenue B anamm3

[IpenMer u MeTO MAaTEMAaTUYECKOTO aHAIM3A.
[TonsTe muoxecta. CriocoObl 3a1aHus
MHO3kecTB. Onepanuu HaJl MHOKECTBAMU.
AKcHOMaTHKa JIEHCTBUTEIBHBIX yncend. MHOXecTBa
Ha YUCJI0BOM npsiMoi. OKpecTHOCTH. MOTyIIb.
Curnym. [ToHsiTHE OTPaHUYEHHOTO MHOXECTBA.
BepxHsia 1 HWKHSIS TPaHU MHOKECTBA. TeopeMbl
€MHCTBEHHOCTH U cyliecTBoBaHus. Cucrema
BJIO’KEHHBIX OTpe3KoB. CTAruBarouascs cucreMa
BJIO’KEHHBIX OTpe3KOB. CUeTHbIE U HECUETHBIE
MHO>KecTBa. Teopema 0 CYETHOCTH MHOKECTBA
pannoHanbHbIX yncen. Teopema Kantopa. Meton
Maremarudeckoit naaykuuu. ([Ipeacrasienune
JIAHHBIX ¥ 3HAHUIA, MamHHOE 00y4yenue (ML),
00paboTka ecrectBeHHOTO si3bika (NLP),
cTpyKTyphl 1 ganHbie UN). OToOpaxenus u
YHCIIOBbIE (PYHKIIMHU. DIeMeHTapHbIe ()YHKIIHH.
I'paduku snemenTapubix GyHKIUN. JleiicTBUS Hal
rpadukamu. ['paduku CI0KHBIX QYHKITHH.
O6parnbie Gyakuun. (Pyakiuu moteps (LOOS
Functions), MSE, kpuBbic 00ydcHMs)

1. KomnokBuym
2. 3auer
3. Dk3ameH

[Ipenen yucnoBoi
MOCJIEN0BATEILHOCTH.

[TonsiTue yncnoBoi nocnenoBareabHOCTH. [Ipeaen
YHCIOBOH mmocieaoBaTenbHocT. Cxonsiuecs 1
pacxoJisecs rmocjaeaoBaresbHOCTH. Teopema.
CBolicTBa peAesioB YUCIOBBIX
IoCJIefOBaTeNbHOCTEH. beckoHeuHo Mabie U
OECKOHEYHO OO0JIBIIIME MOCIIEN0BATENHLHOCTH.
[Ipenen MOHOTOHHOM MOCIIEIOBATEILHOCTH.
IloanocaemoBatenbHOCTH. [IOHATHE YACTHYHOTO
npenena. Bepxuuid u HOKHUM nipenensl. Teopema
boinbiano-BeiiepmTpacca o BBIICICHHN
CXOIIENCS TOAIOCIEI0BATEILHOCTH U3
OTpaHWYEHHOU mocueaoBaTeibHOCTU. [loHsATHE
(hyHIaMeHTaIbHON TIOCTIeI0BATEIILHOCTH.
Kpurepuit Komu. (Cxopocts 00y4enus (learning
rate), RNN)

1. KomnokBuym
2. 3auer
3. DK3ameH

IIpenen pyHkuuu.

[ousiTue pyHKIMKU. DIeMeHTapHble (GYHKIUU U UX
ki1accudukanus. [lonsarue npeaena GpyHkuuu.
Paznuuneble onpeneneHus npeaena GyHKIUu.
CaoiictBa npenenos gpynkuuu. Kpurepuii Komu
CYIIECTBOBaHMsI KOHEUHOTO Ipezesa (pyHKIHH.
[TonsiTHe 0AHOCTOPOHHETO Npeea GyHKIHH.
IIpenensl MOHOTOHHBIX (pyHKIMHA. Teopema.
beckoHeuHO MaJible U OECKOHEYHO O0JIbIINe

1. KomnokBuym
2. 3auer
3. Dk3amMeH




¢ynkiuu. CpaBaenue Gynkuuii. [Tpumepst. (SGD,
Adam)

HenpepsiBHbie

(GYHKITMH ¥ X
CBOMCTBA.

[TonsiTue HEMPEPHIBHOCTH (PYHKIIUH B TOUKE.
Teopema o coxpanenuu 3Haka. CBolicTBa
HENPEePbIBHBIX ()YHKIIUH.

[Ipenen u HEMPEPBHIBHOCTH CIOKHON (DYHKIIUH.
[ToHATHE OHOCTOPOHHEN HENPEPBIBHOCTH. TOUKH
paspsiBa. [Ipumepsl. CBolicTBa (QyHKIMH,
HEIpepbIBHBIX Ha oTpe3ke. Teopema BeliepmTpacca
u ciiefcTBUe K Heil. CBolicTBa (DyHKIIMIA,
HEIIPEPBIBHBIX HA O0Tpe3ke. Teopema bosbnano-
Komm o npomexxyTouHOM 3HaU€HUN (QYHKIIMH
cnenctBus Kk Hell. OOpatHble pyHKUMU. (PyHKUINN
notepk (Loos Functions), MSE, kpusbie 00yueHwsI)

1. KomnokBuym
2. 3auer
3. Dk3amMeH

[TpowusBoHbIE U
muddepeHnnans.

[Honstne nudpdepenunpyeMoit GyHKIHUHU.
Huddepenunan. [Ipoussoanas. ['eomeTpuueckuii
CMBICIT TPOU3BOAHON. DUZUUECKUN CMBICIT
IIPOU3BOJHON. ['eOMeTpUYECKHA CMBICIT
muddepennnana. [Ipon3BoaHbIE OCHOBHBIX
aneMeHTapHbIX QyHKiui. [IponsBogHas
CIOXHOU QYHKIIMH U PYHKUINH, 3aJaHHON
napamerpudecku. luddepenuupyemMoctsb
CYMMBI, IPOU3BECHUS], YACTHOTO, OOpaTHOM
¢ynkuuu. UuBapuaHTHOCTH GOpPMBI 1-T0
muddepennmana. [pumenenune nuddepennuana B
NPUOIMKEHHBIX BBIYUCICHUAX. OCHOBHBIE
Teopembl T HEepEeHITATEHOTO HCYUCIICHUS U
cieactBus M3  Hux. IlpousBonHble u
muddepennransl BeICIMX mopsiakos. Gopmyna
Jleitonuma. (Backpropagation B HelipoHHBIX
CETSX)

1. KomnokBuym
2. 3auer
3. OK3ameH

CaoiicTBa
muhdepeHITpyeMbIX
GhyHKIHA.

Teopemsl o cpennem. Teopemsl Posus, Jlarpanxa,
KKomm. ®opmyna Teitnopa. OctaTouHbl€ YJIEHBI B
dbopwme Ileano, Jlarpamxka Teopema
eauHcTBeHHOCTH. [Ipumepsl. PackpeiTue
HeomnpezeneHHocTel no npasumiy Jlonurans.

1. KomnokBuym
2. 3auer
3. DK3ameH

Hccnenosanne
noBeACHUs (PYHKIUU.

VYcinoBue MOHOTOHHOCTH — AH(depeHIIupyeMoi
bynkuun. OkcrpemyM. HeoOxoaumbie ycrmoBus
aKcTpeMyMa. JlocTaTOYHbIE YCIOBUS IKCTPEMYMa.
Hcnonp30BaHKe MPOU3BOIHBIX BBICIIUX MTOPSIKOB
NpU  UCCIENOBAaHUM (DYHKIIMM Ha DSKCTPEMYM.
Haubosbiiee n HauMeHbIlee 3HaUYCHUE (DYHKIIMU
Ha OoTpe3ke. BeimykinocTs BBepX W BHU3. TouKH
neperuoa. ACHMIITOTEL. Oo6ras cxeMa
uccieoBaHus (PYHKIIMM ¥ TOCTPOCHHS €e
rpaguka.

[Ipumenenne  mpou3BOAHOW B 0OOy4eHHUU
Heipocerteil. [Ipumepst B Oubnuorexax NN.

1. KomnokBuym
2. 3auer
3. DKk3amMeH

HuddepeHnnanbHoe
ucyrcieHue GyHKIuu
MHOTHX ITePEMEHHBIX

OyHKIMM ~~ MHOTMX  INepeMeHHbIX.  [lpenensl,
HENpPephIBHOCTb. YacTHbIE MPOU3BOIHBIE M IOJIHBIM
g depenuran GyHKIUUA MHOTHUX TEPEMEHHBIX.

OKCTpeMyMbl (DYHKIIMM MHOTHX MEpPEMEHHBIX.

1. KomnokBuym
2. 3auer
3. DK3aMeH




Uccnenoanue GyHKIUNA MHOIMX TIEpEMEHHBIX.
[IpumeHeHne 4acTHBIX MPOU3BOJHBIX B TpoIecce
HacTPOMKH MapaMeTpOB aJIFOpUTMa HEWPOHHOU
ceTu.  Apnanrtauuss ~— MoAeled K JaHHBIM.
OnTtumuzanus mozaeneit (I'pagueHTHBIHN CIyCK).

9. [lepBooOpasnass QyHkumu u  HeompeneneHHsli| 1. KommokBuym
WNHurerpansuoe UHTErpaJl. MeTonbl BBIYMCIIEHUS HEOIPEIEICHHBIX 2. 3auer
ucuucienue GpyHkuuu |uHTerpanoB. OmpeneneHHbsli  uHTerpan Pumana.| 3. Dk3ameH
onHolt nepemMenHoit  |[@opmyna Heiotona — JleiiOnuna. Ilpunoxenus

OTPEJIEIIEHHOTO HHTEerpana. HecoGcTBennsbie
UHTErPaJIb
10. Kpatnsble unTerpasi. 1. KomnokBuym
MHoromepHbie N
KpuBosnHeliHbIe 1 TOBEPXHOCTHBIE MHTErPasIbl 2. 3auer
UHTETpajbl U
DJIeMEHThI TEOPUH TIOJISI. 3. Dx3ameH
3JIEMEHTBI TEOPUU
(I'enepaTtuBHBIE MOnENN, HOPMATU3YIOIIUE MHMOTOKH
0TSt -
(Normalizing Flows), GAN wu wuHTErpagbHbIe
METPHKH)
11. Yucnossle psaasl. [Ipu3Haku cXOAMMOCTH. 1. KonnoxkBuym

Psangr.

OyHKUMOHANBHBIE  pAabl.  CTeneHHble  Psjbl.
Obnacts cxonumocTH. PasnmoxkeHue B psA.
[Ipunoxenus creneHHsIX panoB. Paner Oypee.

. Paznoxxenne B psAmpl s anmpoKcUManuu. Pspel
®ypre B 00pabOTKe MAaHHBIX. AHAIM3 CHUTHAJIOB,
00paboTKa N300paKeHHH.

2. 3auger
3. Dk3ameH
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2.3.2 3aHATHA CEMHUHAPCKOI0 THIIA He MPe1yCMOTPEeHbI

2.3.3 JlabopaTopHble 3aHATHSA

dopma
HanmenoBanue .
Ne Tematuka 1a00paTOPHBIX 3aHATUI TEKYLIETrO
paszzaena (Tembl)
KOHTPOJIS
1 2 3 4
1. MhnuoxectBa. Onepauuu Hajx MHOKecTBaMu. I'panu | 1. KonTponbHas
YHCIIOBEIX MHOXKECTB. AOCOIIOTHAS BEJIMUMHA pabora
yucia. HepaBencTBa. MeTo MaTeMaTH4eCKO 2. 3auer
UHIYKIIWH. 3. Dk3ameH
Oynkuuu. O6nacte onpeaeneHus. YeTHole U
BBenenue B anaans YHKI pel
HedeTHbIe, nepruoanueckue. Cnoxuele. ['paduku
3JIEMEHTapHBIX PYHKIUH.
[TocTpoenue rpaduxos pyHkuuit. OCHOBHbBIE
npuemsl. I'papuku GyHKIMNA, 3aJTaHHBIX
napamerpudecku. (Pynkuuu noteps (L0O0Os
Functions), MSE, kpuBbie 00y4eHsI)
2. [TonsiTue yncnoBoit nmociaenoBarenbHOCTH. [Ipenen | 1. KonrponsHas

[Ipenen ynucnoBou

IOCJIEA0OBATCIIBHOCTH.

YUCJIOBOM MOCIeI0BaTeNbHOCTH. CXOasIuecs u
pacxoisrecs mocaea0BaTeIbHOCTH.

CBolicTBa pEAEIOB YUCIOBBIX
OCJIEIOBATEILHOCTEM.

[IpenenbHblil MEPEXO] B HEPABEHCTBAX.
beckoneyHo Masbie 1 OECKOHEUHO OOJIbINHE
MOCJIEIOBATENLHOCTH.

Onpenenenre U NPU3HAK CXOAUMOCTH MOHOTOHHOM
MOCJIEIOBATENLHOCTH.

[TonsiTue wactuuHoro Npenena. BepxHuii u
HwkHu tpeaensl. (Ckopocts 00yuenus (learning
rate), RNN)

pabora
2. 3auer
3. Dx3aMeH

[Ipenen pynkumm.

Omnpenenenue npeaena Gyakmuu. [Ipenemns
JIPOOHO-PAIMOHATLHBIX (D YHKIIHM.

[Ipenensr hyHKINMA, COAEPIKAITUX
UPPALMOHATIEHOCTU

[TepBrIit 1 BTOPOI1 3aMeydaTesbHbIE TPEACIIbI
[Ipenens! GyHKIMI, cogepxKaImnux
aorapuMuUecKyro (pyHKIIHIO.
OaHOCTOpOHHHUE MTPEEbI.

Beckoneuno Masbie u 6€CKOHEYHO OOJIbIINE.
[IpumeHeHre SKBUBAJIEHTHBIX OECKOHEYHO MAalIbIX K
BhIUKCIIEHHUIO npeaenoB. (SGD, Adam)

1. KoutponbsHas
pabota
2. 3auer
3. DK3ameH

HenpepsiBHbIE

(GYHKIIMH B UX
CBOMCTBA.

OmnpezeneHne NOHATHS HEIPEPHIBHOCTH B TOUKE.
Jloka3aTenbCcTBO HEMPEPBHIBHOCTH (DYHKIIHH.
Touku pazpsiBa QyHkImi. VX k1accupukarms.
HccnenoBanue GpyHKIMN Ha HEPEPBIBHOCTh U
noctpoenue rpaduka. (Oynkuu noreps (L0O0S
Functions), MSE, kpuBbie 00yueHus1)

1. KoutponbsHas
pabora
2. 3auer
3. DK3ameH
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[IpowusBoaHbIE N

Omnpenenenre NOHATHS IPOU3BOAHON (PyHKINU.
[Ipoun3BoaHBIE AIIEMEHTAPHBIX (PYHKITUI.
OcHOBHBIE TIpaBUJIa HAXOKJCHUS IPOU3BOTHBIX.
Tabnuunoe nuddepeHpoBanme

[IpousBoaHas CIOKHON (DYHKITHH

[IpousBoaHas 0OpaTHON (HYHKINH, HESIBHOU
(GyHKIMY ¥ 32JaHHON TTapaMEeTPHYECKH.

1. KontponpHas
pabora
2. 3auer
3. DKx3aMeH

A bepenima. Jlorapudmmyeckast mporu3BoTHAS
I'emeTpuyeckne 1 MEXaHUYECKHE TTPUIIOKCHHUS
IIPOU3BOJHOM.
[Ipon3BoAHBIE BBICIIMX MOPSIIKOB.
Juddepennnansl BHICIINUX MOPSIIKOB.
(Backpropagation B HEHPOHHBIX CETSIX)
N TeopeMsl 0 cpetHeM 1. KonrponwsHas
CaoiicTBa 9
JDHEPCHIIpYEMBIX ®opmyisl Telnopa n MakiopeHna pabora
P [MpaBuna .HOHI/ITaJ'IS[UpaCKpBITI/IH 2. 3ager
HEOIIPENEICHHOCTEN. 3. Dk3ameH
[TonsiTne MmoHoToHHOCTU. OTIpeneneHue 1. KonTponbsHas
MIPOMEXKYTKOB BO3pacCTaHUs U yObIBaHUS (YHKIIHH. pabota
Toukm TOKaTLHOTO YKCTPEMyMa. 2. 3auer
HaxoxneHrne HanMeHBIIIero U HanOoIbIIIero 3. Ox3amen
3HaueHUH (QYHKIHUU HA OTPE3KE.
Touku mepern6a 1 HaNpaBJIeHUE BBITYKIOCTH U
Uccnenosanue

MoBeACHUS (PYHKIUU.

BOTHYTOCTH.
AcuMnToThl Tpaduka GyHKITUN

Cxema uccnenoBanus rpaduka QyHKIIHH.
HccnenoBanme n moctpoeHue rpa@ukoB QyHKIIHA.
[IpuMeHenne mpon3BoIHOM B 00yUeHUH
Hetipoceteit. [Ipumepsr B Onbaunotexax M.

Huddepennnanbaoe
ucyucieHne GyHKuu
MHOTUX TEPEMEHHBIX
Huddepennnanbaoe
ucyucieHne GyHKuu
MHOTUX TEPEMEHHBIX

HenpepsiBHOCTB. HacTHbIE ipon3BoaHbIE. [T0THBII
muddepentmar.

JuddepenunpoBanme CI0KHBIX QYHKITHI.
JudbdepenunpoBanrie HESIBHBIX (QYHKIIHMA
[IpousBoanbie u quddepeHnaIbl BEICIINX
HOPSIIKOB.

DKcTpeMyMbl GYHKIMI MHOTHX TIEPEMEHHBIX.
[IpumeHeHne 4acTHBIX MPOU3BOAHBIX B IpOIECcCe
HACTPOMKH apaMeTPOB aIrOPUTMA HEMPOHHOU CETH.
AnanTanus Mojenei Kk JanHbM. ONTUMU3AUS
mogenei (I'paTeHTHBIM CIYCK).

1. KoutponsHas
pabota
2. 3auer
3. DK3ameH

HnTerpanbHoe
ucyHciIeHue GyHKIUU
OJTHOW MEePEMEHHOU

MeTo1bl BBIYMCIIEHUS HEONIPENETICHHBIX

uHTEerpanoB. HenmocpencTBeHHOE HHTErPUPOBAHNUE.
MeTtox noICTaHOBKH.
Meton unTerpupoBanus 1o yactsaMm. IIpumepsl.
PexyppenTHbIE HOPMYIIHI.
WHuTerpupoBanue paroHaIbHBIX (YHKIHA.
IIpumepsl. IaTerppoBanne NpocTenmnx
uppauroHanbHocTel.. Minrerpuposanue
TPUTOHOMETPUYECKUX U

rmnepboanyecknx GyHKLNIA.
[lonsTne omnpenenenHoro uHrerpana CBoiicTBa
onpeneneHHoro uHrerpaina. Popmyna HeroroHa-

1. KoutponbsHas
pabota
2. 3auer
3. Dx3aMeH
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Jleiibnnua. MHTerpupoBaHue IO 4YacTsM B
OIIpeIeIEHHOM uHTerpane. JUiMHa 1yru MmiocKon
kpuBoil. [Inomanp miockoit ¢urypsl. [Tnomans
KPUBOJIMHEMHON Tpaneuuu U KPUBOJIUHEHHOTO
cektopa. llonsitne kyOupyemoctTn u oObema.

IInomans IIOBEPXHOCTH BpalICHUS, e
BBIYHCIICHHE. dusnueckue IIPUIIOKEHUS
OTpENENIEHHbIX uHTerpanoB. IIpubmmkeHHble

BBIUMCIIEHUS OIIPEJIEIICHHBIX HHTETPAJIOB.
[TonsiTHE HECOOCTBEHHBIX HHTETPANIOB 1- 10 U 2-TO
pona. @Dopmylbl HMHTErPAIBHOTO HCYHUCIEHUS
JUIsi. HeCOOCTBEHHBIX MHTETPAJIOB.

10.

MHoromepHbie
HWHTErpaJibl U
3JIEMEHTHI TEOPUU
TI0JIS

JIBoiiHOM MHTETpasl. 3aMeHa epEMEHHbIX B
JIBOMTHOM MHTErpase.

Brruucnenue miomaneit puryp, 00eMOB TEN U
IUTONIAJIEH TOBEPXHOCTEM.

[IpunosxeHust AIBOMHOTIO MHTErpajia B MEXaHUKE.
TpoliHble UHTETpaIbL.

KpuBosmmHelHbIE M TOBEPXHOCTHBIE HHTETPAJIBI.
CkansipHO€ U BEKTOPHOE MOJIE.

I'pamment. luBeprenuus. (I'enepaTuBHBIE MOJETH,
nopmanu3yroniue noroku (Normalizing Flows), GAN
Y MHTETPAIbHBIC METPUKH)

1. KonTponpHas
pabora
2. 3auer
3. OK3ameH

11.

Paner

Heo6xoauMbIit mpu3HaK CXOAUMOCTH

yucnoBoro psiaa. Kpurepuii Komm.
[Ipu3Haky cX0IMMOCTH 3HAKOTOJIOKUTEIbHBIX
psanoB. [Ipuznak cpaBHeHus u Jlamambepa.
[Ipu3Haky cX0IMMOCTH 3HAKOYEPEAYIOIIErocs psaa
AGCOIOTHAS ¥ YCIIOBHAS CXOUMOCTb.
HectBust Hax paaMu.
CXoMMOCTB pAZIOB ¢ KOMILJIEKCHBIMH YUCIIAMHU
OyHKUMOHAIBHBIE Psifibl. O6IaCTh CXOAUMOCTH.
Crenennsie psabl. O01acTh CXOIUMOCTH.
Psipr Tetinopa. Paznoskenue GyHKIIMU B CTETICHHOM
pan.
JuddepennimpoBanne U HHTETPUPOBAHKE
CTENIEHHBIX PSAIOB.
[Ipumenenue psaoB B MPUOIMKEHHBIX
BbIUKCIICHUSX. Psiibl @ypbe B 00pabOTKE JTaHHBIX.
AHaJu3 CHUTHAJI0B, 00pab0TKa H300paKECHUH.

1. KonTponbsHas
pabota
2. 3auer
3. OK3ameH

2.3.4 IlpumepHasi TeMaTHKa KyPCOBBIX padoT (IIPOEKTOB)

KypcoBsie paboTsl He TPeTyCMOTPEHBI.

2.4 Ilepeyenb y4eOHO-METOANYECKOr0 o0ecnedeHHus AJIsl CAMOCTOAATEIbHOH PadoThI
o0yyamuxcst Mo JUCHHUILINHE (MOIYJIIO)
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[epeuenp y4eOHO-METOANIECKOTO OOeCTIeUeH S AUCIUIUINHBI 110
Ne Bug CPC BBITTOJTHEHHUIO CAMOCTOSITENBHON paboThI

1 Hpopa60TKa 1 IOBTOPCHHUC MCTOI[I/I‘IGCKI/IC YKa3aHuA U1 MMOATOTOBKH K JICKIIMOHHBIM U CCMUHAPCKHUM

JIEKIMOHHOTO MaTepHaIa, 3aHATHSM, YTBEPXKICHHBIE Ha 3aceJaHNH Kadeapsl MPHUKIaJHON MaTeMaTHKH
MaTepuaia yaeOHOU u (hakynpTeTa KOMITBIOTEPHBIX TEXHOJOTMH M TIPUKIAIHOW MaTEMaTHKH
Hay4YHOH JIUTEpaTypHl, OI'BOY BO «KyoI'Y», mporokon NelQ or 18.05.2023 r

MOATOTOBKA K
CEMHHAPCKUM 3aHSITHIM
2 | TloaroToBKa K TEKyIIeMy Mertonuueckue yKa3aHus JUIs MOATOTOBKU K JICKIIMOHHBIM U CEMHHAPCKUM
KOHTPOIIO 3aHSTHUSIM, YTBEp)KICHHBIC Ha 3aCeJAHUU Ka(eaApbl PUKIAIHON MaTEMAaTHKA
(bakynbTeTa KOMIBIOTEPHBIX TEXHONOIMHA M MNPHUKIAJHOW MaTeMaTHKH
PI'BOY BO «Ky0I'Y», mporokon NelQ or 18.05.2023 r

Y4eOHO-METOMYECKUE MaTepuaibl JJI CaMOCTOATENBbHON paboThl 0OydaromImxcs H3
YHUCJIa MHBAJIUIOB M JIUI] C OTPAaHUYECHHBIMHU BO3MOXKHOCTSIMU 3/10poBhs (OB3) npenocraBisitoTcs
B (hopMmax, alalTHPOBAHHBIX K OTPAHHUYCHHSIM UX 37I0POBBS U BOCHIPUSATHS HH(OPMAIIHH:

JUig U1 ¢ HapyIIeHUSIMU 3pEHUS:

— B IIeYaTHOU opme yBeTMYeHHBIM HIpUPTOM,

— B (hopMe PIIEKTPOHHOTO JOKYMEHTA,

— B (hopMme ayauodaiina,

— B mieyaTHOU gopme Ha s3bike bpaiiis.

JInst AL ¢ HapymeHus MM CITyXa:

— B IIe4aTHOU opme,

— B (hopMe 3JIEKTPOHHOTO JOKYMEHTA.

Jljis 11 ¢ HapyIIeHUSMH OTIOPHO-BUTATENILHOTO anmnapara:

— B IIe4aTHOM opme,

— B (hopMe FIIEKTPOHHOTO JOKYMEHTA,

— B popme ayauodaiina.

JlaHHBIN TepedYeHb MOXET ObITh KOHKPETU3HPOBAaH B 3aBUCUMOCTH OT KOHTHHI'€HTA
00yJaronuxcs.

3 O6pa3oBaTesibHbIE TEXHOJIOTHHI

C TOYKM 3peHHS MPUMEHIEMBIX METOJIOB HCIIOJIb3YIOTCS KaK TpaJUIIMOHHBIC HH(POPMAIIHOHHO-
OOBSICHUTEIIHHBIC JICKIIMH, TAK ¥ HHTEPAKTHUBHAS T0ada MaTepraja ¢ MyJIbTUMEINIHHON CHCTEMOM.
KomnbroTepHbIe TEXHOIOTHH B TAHHOM ClTydae 00eCIeYrBarOT BO3SMOKHOCTh PAa3HOIIAHOBOT'O
0TOOpakKeHHUs AITOPUTMOB U JEMOHCTPAITMOHHOT 0 MaTepraiia. Takoe coueTaHue TO3BOSET
ONTUMAJILHO UCTIOJIb30BaTh OTBEJIEHHOE BPEMS M PACKPBIBATH JIOTUKY U COJIEP>KaHHE JTUCIATLITAHEIL.
JIexuu mpeACTaBIsoT COO0N CHCTEeMaTHYeCKHEe 0030phl TCOPHH (PYHKIIUN U MATEMaTHIECKOTO
agajausa.
JlabopaTopHOe 3aHsATHE TIO3BOJISCT HAYYUTh CTYACHTA IPUMEHSITh TECOPSTHUECKUE 3HAHUS TTPU
pelIeHNH U UCCIIeIOBAaHUN KOHKPETHRIX 3a1a4. JlabopaTopHble 3aHATHS TPOBOJISATCS B
TPaIUIIMOHHBIX ayauTopusaX. [Tomxo pazdopa KOHKPETHBIX CHTYAIHA ITUPOKO UCIIOIB3YETCS KaK
MpenojiaBareneM, Tak U CTyJICHTAMHU MTPU TIPOBEJICHUN aHaIN3a Pe3yIbTaTOB CaMOCTOSTEIbHON
paboThl. DTO 00YCIIOBJICHO TEM, YTO B MPOIECCE UCCIISIOBAHUS YaCTO BCTPEUYAOTCS 3a1a4u, JIIs
KOTOPBIX €IMHBIX MOAXO0/0B HE cyliecTByeT. Kaxkas KOoHKpeTHas 3a/1a4a pyu CBOEM HCCIIeOBaHUT
MMeeT MHOXKECTBO MOAXO0I0B, a 3TO TpeOyeT pazdopa M OLIEHKH IeI0H COBOKYIMTHOCTH KOHKPETHBIX
CUTYyalui.

Jng nui ¢ orpaHUYEeHHBIMU BO3MOKHOCTSIMU 3JI0POBBS IIPENYCMOTPEHA OpraHu3anus
KOHCYJIBTALIMH C UCIOJIb30BAHUEM AJIEKTPOHHOM MTOYTHI.
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4 OHeHO‘-IHI)Ie U METOAHYECCKHUE MaTECPpHAJIbI

4.1 OIIeHO'lHLIe cpeacrea AJIs TEKYyLIEro KOHTPOJIA ycneBaeMoCcTu H
l'lpOMe)KyTO‘lHOﬁ arTrecranmumu

OneHoYHBIE CpeACTBA MpeTHA3HAueHBl Ui KOHTPOJS M OLEHKH 00pa3oBaTEebHBIX
JTOCTIDKEHUH O00yJarolmuXxcsi, OCBOMBIIUX INpOrpamMMy Yy4eOHOW JMCIUILUIUHBI «HA3BaHHUE
JUCLUIUTUHBD.

Tekymuii KOHTPOJIb 3HAaHUH CTYAEHTOB MpeACTaBIAET COOO0M:
| BRIIIOJTHEHHE JOMAITHUX 3aJaHH;
"] BBIITOJTHEHHUE CAMOCTOSATEIbHOM paboThI;

| mpoBeieHHE KOHTPOJIbHBIX padoT.

Ienpto caMocTOSITENBHOM pabOThI CTYACHTA SIBIISI€TCS YIIIyOJeHNe 3HAaHUMH, TIOJIy4YeHHBIX B
pe3ynbpTaTe ayIMTOPHBIX 3aHsATHI. BripabaThIBatOTCSI HABBIKM CAMOCTOATEIHHON PaOOTHI.
3aKperuIAIOTCs ONbIT U 3HAHUS ITOJy4EHHBIE BO BpeMsl 1a00paTOpHBIX 3aHATHH.

JU1sl KOHTPOJIS 3HAHUN TIEPUOAMYECKH ITPOBOIATCS Ay IUTOPHBIE CAMOCTOSITEIbHbBIE PAOOTHI.

OrneHOYHBIE CpeAcTBa ISl MHBAIUAOB W JIMI] C OTPAHUYEHHBIMH BO3MOXKHOCTSIMHU
3I0POBBSI BEIOMPAIOTCS C YIETOM MX WHIUBHUIYATbHBIX TICUX0(DU3NIECKUX 0COOCHHOCTEH.

— MpU HEOOXOTMMOCTH MHBAJIHIAM | JTUI[AM C OTPAaHUYCHHBIMUA BO3MOYKHOCTSIMH 3JI0POBBSI
MPEAOCTABIISIETCS JIOTIOJTHUTEIILHOE BPEMSI JIsI TIOJATOTOBKH OTBETA HA DK3aMEHE;

— TIpH TIPOBEICHUH TPOIIEAYPHI OIICHUBAHUS PE3yJIbTaTOB OOYUECHHSI MHBAIHMIOB U JIUIL C
OTPAaHWYEHHBIMH BO3MOKHOCTSIMHU 37I0POBBS MPETyCMATPUBACTCS MCIIOIH30BAHUE TEXHUUYECKHUX
CPEeNICTB, HEOOXOUMBIX UM B CBSI3H C UX MHAUBUAYATHHBIMU OCOOCHHOCTIMU;

— MPU HEOOXOAUMOCTH TSI OOYUAIOIIUXCSI ¢ OTPAHUYECHHBIMUA BO3MOYKHOCTSIMH 3JI0POBbSI
W WHBANUAOB TMpolLeaypa OICHUBAHMUS PpPE3YyJIbTaTOB OOYYEHHUs 1O JUCHUIUIMHE MOXKET
MIPOBOJIUTHCS B HECKOJIBKO ATAIOB.

[Ipouenypa oueHuBaHUS pe3yIbTaTOB OOyUYEHUS WHBAIUIOB U JIMIl C OTPaHUYCHHBIMU
BO3MOXHOCTSIMU 3JIOPOBBSl 1O JUCIHHUIUIMHE (MOIYNIO) MpeAyCMaTpuBaeT MpeloCTaBICHUE
unpopmauuu B ¢opMmax, aJanTUPOBAHHBIX K OrPAaHUYCHHUSIM HX 3J0POBBS U BOCHPUSITHUS
nHpOpMaIuu:

JIns nun ¢ HapylnIeHUs MU 3pEHUS:

— B IIe4aTHOU Gopme yBeTMYeHHBIM HIpUdTOM,

— B (hopMe 3JIEKTPOHHOTO JOKYMEHTA.

Jlnst min ¢ HapylmeHUs MM CllyXa:

— B IIeYaTHOM ¢opme,

— B (hopMe 3JIEKTPOHHOTO JOKYMEHTA.

Jlst iin ¢ HapylmeHUsIMU OTIOPHO-JIBUTaTEIbHOTO anmnapara:

— B [IeYaTHOM opme,

— B (hopMe PIIEKTPOHHOTO JOKYMEHTA.

JlaHHBIN TepevYeHb MOXET OBITh KOHKPETU3HPOBAaH B 3aBUCUMOCTH OT KOHTHHI€HTA
oOyuaronuxcs.

CTpyKTypa OLlEHOYHBIX CPEACTB /ISl TeKylIeil U MPOMEKYTOYHOM aTTecTAluu

Kon HaunmenoBanne
Ne Kontponupyemsie pa3nenst KOHTPOJIHPYEMOU OLICHOYHOI'O CPEACTBA
/o TEMBI) JUCIATUTIHBI® KOMITeTEHINH (MIIn . [Tpomexxyrounas
( ) e wun ( Tekylmuii KOHTPOIb p YT
€e 4acTH) aTTeCTaIus
Kontponsnas pabora | Bompoc Ha sx3amene 1-
1 | Beenenue B ananus. OIIK-1 3
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[Ipenen uynucnoBou

OIIK-1

Konrponshas pabora

Bomnpoc Ha 3x3amene 4-

8

2 IIOCJIICA0OBATCIIBHOCTH.
3 | Mpenen dynxim. OIIK-1 KontponsHas pabora }132Hpoc Ha SK3aMeHe 9
4 HenpepoiBHbIC (DYHKITH H OllK-1 Konrponenas padota | Bornpoc Ha sk3aMeHe
X CBOHCTBA. 15-19
[IpousBoaHbIE U OIlK-1 Konrponenas padora | Bonpoc Ha
5 G bepeHIaIbL. sk3aMene20-23
CBolicTBa OIlK-1 KonTponbnas pabora | Bonpoc Ha sx3ameHe
6 | muddepenupyembix 24-30
GyHKIUH.
7 HccnenoBanue noBeaeHUsS OIIK-1 Konrtponbhas pabora | Bompoc Ha
GyHKIIN. sk3ameHe31-36
OYHKIIMU MHOTHUX OIlK-1 Konrponsnas padota | Bonpoc Ha sk3amene 1-
8 | nepemenHsix. [Ipenensl, 8
HENPEPBIBHOCTH
YacTHbie MTPOU3BOAHBIE U OIIK-1 Konrtponbhas pabora | Bompoc Ha sx3amene 9-
9 MIOTHBIN quddepeHnnan 13
(GyHKIIMU MHOTHX
IIEPEMEHHBIX.
DKCTpeMyMbI (DYHKIIUH OIlIK-1 Konrponenas padora | Bonpoc Ha sx3amene
10 | MHOTHX IepEMEHHBIX. 14-18
UccnenoBanue GpyHKIuit
MHOTHUX IEPEMEHHBIX.
1 [TepBooOpazHas GyHKITUHN U OIllK-1 Konrponsnast pabota | Bompoc Ha sk3ameHne
HEONpPEACTICHHBIN HHTErpal. 19-23
MeTtonnl BEIYUCIEHUA OIlK-1 Kontponsnas pabora | Bompoc Ha sk3ameHe
12 | HeompeaeneHHBIX 24-30
HHTETPAJIOB.
Onpe;[eneHHHﬁ HMHTErpaj OIlK-1 Kontponsnas pabora | Bompoc Ha sk3amene
13 | Pumana. ®opmyna HetoToHa 31-39
— JleitOnumna.
14 [Ipunoxenus OIlIK-1 Kontponpnas pabora | Bompoc Ha sk3ameHe
ONIpeIeJICHHOr0 HHTErpaIa. 40-47
15 | HecoGcTReH bIE HHTErPATEI OIlIK-1 Kontponbnas pabora gonpoc Ha 3K3aMeHe 1-
16 | Kpathbie HHTErpabt OIlIK-1 Kontponsnas pabdora 8Bonpoc Ha 3K3aMeHe 4-
17 KpuBonuneiinsie u OIIK-1 KonTtponpnas pabora | Bomnpoc Ha 3k3amene 9-
IIOBEPXHOCTHBIEC NHTETPAJIBI 15
OIlIK-1 Kontponsnas pabora | Bompoc Ha sx3ameHe
18 | DnemMeHTHI TEOpUH TTOJIA. 16-24
OIIK-1 KonrponsHas pabora | Bompoc Ha
19 | YucnoBsie pAIbL. p p 3K3311346H62 5.30
20 | @ OIlIK-1 Kontponsnas pabora | Bompoc Ha sk3ameHe
YHKLIWOHAJIbHBIE PAIBL. 31-39
21 | Psmsr Oypoe. OIlIK-1 KontponsHas padora | Bompoc Ha sx3ameHe

40-46

IToxkazaTenu, KpUTEPHHU H IIKAJIA OLEHKH C(POPMUPOBAHHBIX KOMIIETEHLUHA

CooTBercTBHE YPOBHEH 0CBOCHHSI KOMIIETCHIINH IIAHUPYEMBIM
pe3yabTaTaM 00yueHHs1 M KPUTEPUSIM X OLleHUBAHMSA
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Kon n NOPOrOBbIH | 0a30Bblii NPOABHHYTHIN
HanMMeHOBaHHe Ouenka
KOMIIeTeH I VY 10BAETBOPUTENBHO | XOPOIIO/3a4TEHO OTIU4HO /3a4TEHO
/3a4TeHO
OIIK-1: 3naem — 6a3oBbIe 3naem - OCHOBHbIE | 3naem —
CnocobGen METOIbl OCHOBHBIE | METO/Ibl OCHOBHBIE | OCHOBHBIE METOIbI
MIPUMEHSTh HIOHSATHS, HOHSATHS, OCHOBHBIE TTOHSTH,
€CTECTBEHHOHAY4YHbIE | ONPEAEICHUS U OTIpE/IeIICHUS 1 OTIpE/ICIICHNUS M CBOICTBA
U OOLIEHMH)KEHEPHBIE | CBOWCTBA OOBEKTOB | CBOMCTBA OOBEKTOB | 0OBEKTOB HHTEIPAITEHOTO
3HaHUS, METOBI | HHTETPAIBHOTO UHTETPAIBHOTO MCUHUCIICHUS,
MaTeMaTHYEeCKOTO MCUHUCIICHUS, WCUHUCIICHUS, (bOpMYITHPOBKH H
aHam3a U | OPMYIUPOBKH U (GOpPMYIMPOBKH M | IOKA3aTEIbCTBA
MOJEIUPOBAHUS, JI0Ka3aTeNnbCcTBa JI0Ka3aTeIbCTBA YTBEPKJICHHIA, METOIbI
TEOPETHUYECKOTO W | YTBEPXKICHHUH, YTBEPKICHUH, UX JI0Ka3aTeNIbCTBA,
HKCTIEPUMEHTAIBHOTO | METOMBI HX METOJIBI MX BO3MOJKHBIE Cephl NX
UCCIIEIOBAaHUS B | I0OKa3aTelbCTBa, JI0Ka3aTeIbCTBa, CBSI3M U TIPUJIOKEHUS B
npodeccuoHaIbHON | BO3MOXKHBIE Cpepbl | BO3MOXKHBIE Cephl | IpYrux 00aacTsIX
JEATEIbHOCTH WX CBSI3H U WX CBSI3U U MaTEeMaTHIECKOTO
MIPHUIIOKEHHS B NPUJIOKECHUS B 3HAHUS U JUCIUTUIMHAX
JPYrux o0nacTax JIPYrux o0nacTix €CTECTBEHHOHAyYHOTO
MaTeMaTHIEeCKOTO MaTEMaTHYECKOTO | IMKJIA; 3HAKOM C
3HAHUS U 3HAHUS U HECTaHAaPTHBIMH
JMCIIUTUTHHAX JMCIIATUTHHAX MOJIX01aMH K PEIICHUO
€CTECTBEHHO- €CTECTBEHHO- 3ajau.

HAY4YHOTI'O IIUKJIA,

HAaY4YHOI'O IIUKIJIA,

Ymeem —

Ymeem —

Ymeem — noxaspiBats

JIOKa3bIBaTh JIOKa3bIBATh OCHOBHBIC YTBEPKICHUS
0a3oBbIC 0a3oBbIC MaTeMaTHUKH, peuiaTh
YTBEPXKICHHS YTBEPKICHHSI 3aJ]a9i MaTEMaTHKH,
MaTeMAaTHKH, MaTeMaTHKH, MPUMEHSTH MTOJTyYCHHBIC
pemaTth 0a30BBIC pelaTh OCHOBHBIC | HABBIKH B IPYTUX
3aJ]auu MaTeMaTHKH, | 3a/1a4d oOnactsix u
PUMEHSTh MaTeMaTHKH, JICIIATUTHHAX
TIOJTy4YEeHHBIC PUMEHSTh €CTECTBEHHOHAYYHOTO
HaBBIKH B JAPYTHX MOJTy4YEeHHBIC [IUKJIa; IPOBOJIUTH
obnactsix u HaBBIKH B JIPYIHX | JIOKA3aTeILCTBA
JMCIUTUTHHAX oOnactsix u HECTaHJAPTHBIM ITyTEM.
€CTECTBEHHO- JMCHIUTUTHHAX
HAYYHOTO IIMKJIA; €CTEeCTBEHHO-

HAYYHOTO IIMKJIA;
Braoeem - Braoeem - Bnaoeem — (yBepeHHO)
arnmapaTomM arnrmapaTomM amnrmapaToM MaTeMaTHKH,
MaTEeMaTHKH, MaTeMaTHKH, 0a30BBIMH METOJAMHU
0a30BBIMH OCHOBHBIMHU JI0Ka3aTebCTBa
MeTOIaMu METO/IaMu YTBEPKICHUM, HaBBIKAMU
JI0Ka3aTeNnbCTBa JI0Ka3aTenbCTBA MPUMEHEHHUS 3TOTO B
YTBEPKACHUH, YTBEPKACHUIA, JIpYTUX 001acTax u
HaBBIKAMHU HaBbIKaMU JTUCITUTIINHAX
NPUMEHEHHUS 3TOTO B | MPUMEHEHHUS STOTO | €CTeCTBEHHOHAYYHOTO

Jpyrux odaacTsax u
JMCLUTUTMHAX

B JAPYr'UX 00JIacTIX
U TUCIUITITMHAX

nukia. Jlemoncrpupyer
JIOTIOJTHUTEIIbHBIE 3HAHUS
U DPYULHIO.
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CCTCCTBCHHO- €CTCCTBCHHO-
HAaY4YHOT'O LIMKJIA. HAay4YHOI'0 IIMKIJIA.

TunoBbie KOHTPOJIbHBIC 3aIaHUs WJIN UHBIC MaTe€pHUaJibl, H606X0)II/IMBIC AJIsi OHCHKH

3HaHI/lﬁ, yMeHHﬁ, HaBbIKOB H (I/I.]'[I/I) OonbITa ACATECJIBHOCTH, XAPAKTCPUIYIOIIHUX ITaIllbl
(l)OpMI/IPOBaHI/IH KOMIIeTEHII Ml B nmpouecce OCBOCHUA Oﬁpa3OBaTeJ1bHOI71 NporpaMmmbl

Konrponsnas pabora | ( BapuaHT 3anau).

" . 2n-1
1. Hcnonk3ys onpenenenue HaiTu m ———.
g 42

Sx 3 2 _ _
(2+xJ : 6)limx +x°-3x+1 h.m\fx+l 2

; B) M ——
x-=3 x5l x3_1 x—>3,/x_2_]

2. Haiitn npemenst a) lim

X=rh
. lgx —si
1) lim 'gx —sin x

x>0 x.sin’x

Hcnonb3ys onpeneneHue, HaiiTH Npou3BoaHywo GyHKIMH f(x) = In(4x +3)
In’x
44cos’Vx

CocTaBHThL ypaBHEHHS KacaTe/bHO H HopManH K rpaduky KpuBoil y =33 x* —2x+2 B
TO4Ke X, =1.

Haiith mpousBoansie GyHKIMH a) y = 6) x=In(1-1*), y=arccost®.

0, x<-m
3. Haiitu Touku pa3psiBa pyHKIHH [f(x) =<shx, — 7 <x<0
T, x20

KonrtposbHas paboTa 2 ( BapHaHT 3aaau4).

. 2-(-D"+
1. Hcnonp3ys onpeneneHue Haith im M
nso 2n41
to X
2. Haiitn npegen lim SRy
e |
- L R x<-2,
x+2
3. Haiiti Touku paspuiBa yHKImH [(x)={—v4—-x’, —-2<x<2,
x-2]
. x>2
x-—2

[Moaxon, onpexaensitoniuii ycranopnenue coorserctus keiicoB UIT u YI'T (5), nmo3Bonser

YCTKO COOTHOCUTD 3TAIlbl pa3BUTUA TEXHOJIOTUU C BOBJICYHCHHOCTBIO MMAapTHEPA U CHUKATH PUCKU
IIpu IePexXoanc oT J'Ia60paT0pHBIX HUCIIBITAaHUH K MMPOMBIIIJIICHHOMY BHCAPCHUIO.
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YI'TS - IIpoBepka JaHHOTO YPOBHS IIPOBOJUTCS B CPElaX UMUTALMOHHOIO MOJIECIUPOBAHUS
SMYIUPYIOUINX YCIOBUS NPUOIMKEHHBIE K pealbHOCTU. TakuM 00pa3oM peau3yeTcsi OCHOBHAs
LeJIb, IIPOJAEMOHCTPUPOBATH YPOBEHb TOTOBHOCTU TEXHOJIOTHH HA MOJEIIBHOU Cpezie
MaKCHMAaJIbHO NPUOIMKEHHOM K PeaIbHOCTH, a TAK)KE IPOBEPUTH COOTBETCTBUE TEXHOJIOTUN
TpeOOBAHUAM K MPOU3BOJUTEIBHOCTH (TIPOBECTH NMPO(UIMPOBAHUE HA PEATBbHBIX 00beMax U
yoeauthest B 2pPeKTHBHOCTH NPOIIEyPhl MACIITAOMPOBAHNSA).

[Ipumeps! keticos (1 cemectp)
1. Kitaccupukanus cTpouTeIbHbIX MAaTEPHAJIOB HA OCHOBE TEOPHU MHOKECTB

Onucanme:

[Ipu nmaHUpOBaHUM CTPOUTENHCTBA HEOOXOIMMO CUCTEMATU3UPOBATH PA3HOOOpa3HbBIE
MaTepuaibl 0 UX CBOMCTBAM M Ha3HAYEHUIO. 3a/1aua 3aKII0YaeTCs B CO3JJaHUU CUCTEMBI
aBTOMaTUYECKOH Ki1accu(UKALUKU MaTEPHUAJIOB, /1€ KaX bl MaTepua MPUHAICKUT
OTIpe/IeNIEHHBIM MHOKECTBAM (110 TPOYHOCTH, BOJOCTOMKOCTH, OTHECTOMKOCTH) €
BO3MOXHOCTBHO nepecet{eHI/m nu 06’I)€I[I/IH€HI/I$I 9TUX MHOXECCTB.

Hean:

Pa3paboTtare mpocTOi aIrOpUTM MAIIMHHOTO 00Y4EeHHUS ISl TPYIITUPOBKHU CTPOUTEIBHBIX
MaTCpHalIoB C UCIIOJIB30BAHUCM onepaunﬁ Haa MHOX>XXECTBAMHU U JIOTUYECCKUX yC.]'IOBI/Iﬁ
MIPUHAJIC)KHOCTH.

OxupaemMblid pe3yJibTar:
[Iporpamma-knaccuukaTop, OnpeAessronas KaTeropro MaTepruaa o ero XapakTepucTuKaM u
MOKa3bIBAOLIAs MPUHAJICKHOCTD K PA3JIMYHBIM (DyHKIIMOHAIBHBIM TPYIIIIaM.

2. llpenesbHbIA aHAJN3 Hecyllell ClTOCOOHOCTH KOHCTPYKIIHI ¢ MOMOIIbI0 HellPpOHHBIX
cereit

Onucanmne:

Omnpenenenre MaKCUMaIbHOM Harpy3Ku, KOTOPYIO MOJKET BBIJICPIKATh CTPOUTEIIbHAS
KOHCTPYKITUS, SBJISICTCS KpUTHUCCKH BKHOU 3anaveid. [Ipu yBennueHnn Harpy3ku cucreMa
MPUOJIMIKACTCS K TIPEICTbHOMY COCTOSTHUIO, TTOCJIE KOTOPOTO MPOUCXOIUT pa3pylieHue.
Heo6xomumo co3aath MpoCTyr0 MOJIEIh ISl POTHO3UPOBAHMS 3TOTO MIpeea.

Hean:

[TocTpouTh HEUPOHHYIO CETh, KOTOpask HA OCHOBE FEOMETPHUUECKUX MapaMeTPOB OalKu U
CBOMCTB MaTepHalia IpeaCcKa3bIBaeT MPEAeIbHYIO HArpy3Ky ¢ aHAJIM30M MOBEACHUS (PYHKIIUU
MIPU CTPEMJICHHH K KPUTHYCCKUM 3HAUYCHHUSIM.

Oxupaemblid pe3yJbTaT:
Monens npeacka3zanus MpelebHbIX COCTOSHUN C BU3yalu3anueil npuOimKeHus K rpaHuiiam
0€30MacHOM PKCITyaTallui KOHCTPYKIIHA.

3. OnTuMu3anus YKJI0OHOB KPOBJIM Yepe3 aHAJIHU3 MPOU3BOIHBIX

Onucanmue:

Yron HakJIOHa KPOBIU BIMSET HA CHETOBYIO HArpy3KY, 3pPEeKTUBHOCTH BOJJOOTBOIA M PACXO]]
MatepuanoB. CyliecTBYeT ONTUMAJbHBINA YKJIOH, MUHUMU3HUPYIOLITUH OOIINe 3aTpaThl Ha

CTPOUTECIILCTBO U SKCILTyaTallUto. 38.2(8."18. Tpe6yeT IIOUCKa SKCTpEMYyMa (I)yHKI_[I/II/I 3aTpar.
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ean:
PazpaboTarh aJropuT™M MOMCKA ONTHMAJIBHOTO Yrila HAKJIOHA KPOBJIH ITyTEM BBIYHCICHUS
MIPOU3BOTHON (PYHKITMK CyMMapHBIX 3aTpaT U HAXOXKJICHUS TOUCK MUHUMYMA.

O:xupaemblii pe3yJibTar:
Cucrema pacyera, aBTOMaTUYECKHU ONPEAEIAIONIasi ONTUMAIbHBINA YKJIOH KPOBJIH JIJIs 33/1aHHBIX
KIIMMaTHYECKUX YCIOBHUI ¢ 00BICHEHUEM UEpe3 aHaAJIU3 CKOPOCTU U3MEHEHUS 3aTpar.

4. I/IHTepl'IOJIHIII/IH ! allIIPOKCUMalU sl GI/IOMCI[HIIHHCKI/IX CUTHAJIOB ME€TOJaMH
MaAaTEMAaTHYICCKOI0 aHAJ/IM3a

Onucanue:

buomenuuunckue curnansl (OKI, 3T, mynbcokcuMeTpHsi) 4acTo coAepkKaT MPOIMYCKU U
apredaktsl. Heo0x0a1MMO BOCCTAaHOBUThH HEAOCTAIOIINE 3HAUEHUS U CIVIAUTh 3alIyMJIEHHBIE
YYaCTKH, UCIIOJIb3YSI METO bl HHTEPIOJISILIMY (CIUIaliHBL, TOJMHOMBI Jlarpanxka) u
anmnpoKCUMaIuu (METOAbl HAMMEHBIINX KBA/IPaTOB).

Hean:

HpI/IMeHI/ITB KIIACCUYECCKHEC METOAbI MATCMATHUYCCKOT'O aHAJIN3a 151 O6pa6OTKI/I MCIUIINUHCKUX
BPEMCHHBIX PAAO0B: UCCICA0BATH HCIIPEPBIBHOCTE BOCCTAHOBJICHHBIX (bYHKHHﬁ, OLICHUTH
MOrp€IIHOCTD alllIPOKCUMAIUN 1 HaUTH OINTUMAJIBHYIO CTCIICHD ITOJIMHOMOB.

O2xupaemblii pe3yJibTar:

[TporpamMMHBIii HHCTPYMEHT C peaIM3alUed pa3IMdHbIX METOJ0B UHTEPIOIAIINH,
CPaBHUTEIBHBIM aHAJIM30M TOYHOCTH BOCCTAHOBJIEHHSI CUTHAJIOB M BU3YAJIM3ALlMEH BIIUSTHUS
IapaMeTpoB Ha IIaAKOCTh U TOYHOCTh AMPOKCHUMALINH.

5. ®enepaTnBHOE 00yUeHME JAJI51 MEAUUMHCKUX UCCIET0BAHMIA

Onucanmne:

MeumnuHckre yIpeKIeHus 001a1aloT IIEHHBIMH JaHHBIMU JJI UCCIEA0BaHUHM, HO HE MOTYT
MMM JISTTUTHCS U3-3a TpeOoBaHUN KOHPUACHIIMAIBHOCTU. TpedyeTcs peaqn3oBaTh
(dbeneparuBHOE 0OyUEHHUE [Tl COBMECTHOM pa3pabOTKU MoJelel 0e3 mepeaayn nepcoHaIbHbIX
JAHHBIX.

Hean:
Coznarb miardopmy denepaTuBHOTO 00yISHHS, TTO3BOJISIONTYI0 HECKOJIBKUM KIMHUKAM
COBMECTHO 00y4aTh MOJIENIN JUArHOCTHKHU, COXPaHssi MPUBATHOCTh JaHHBIX MAIIHEHTOB.

O:xupaemblii pe3yJbTaT:
[IporoTun ¢eneparnBHOi MIATHOPMBI C IEMOHCTpALIMEN COBMECTHOTO 0OYyYEHHS MOJIEIH Ha
JTAHHBIX U3 Pa3HBIX UICTOYHHUKOB 0€3 IECHTpaTU3aii HHHOPMAIIHH.

6. OnTUMH3aNUs KPeAUTHOTO MOPTQeJIsi ¢ MOMOIIBI0 METOI0B BAPHALMOHHOI 0
HCYHNCJICHUSA

ean:

Haiiti ontumanbHyro QyHKIIHIO pacripeaeiacHus KpeauTHbIX pecypcoB X(t)X(t), koTopas
MaKCHUMM3UPYET JOXOJHOCTh OaHKa MPH 33/IaHHBIX OTPAHUYECHHSIX HA PUCK, UCTIOTIB3YS
BApUALIMOHHOE UCUYHCIICHUE.
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Onucanue:

baHk cTpeMUTCSI MUHUMHU3UPOBATh PUCKHU TIPU PACIPEACICHUN KPSIUTHBIX PECYPCOB MEXKTY
Pa3HBIMU KaTeTOPUSIMHU 3aéMITUKOB ((pH3IHIIa, Mkl Ou3Hec, kopropanuu). Heobxoaumo
HaiiTi QyHkuuio pacupeneneHus cpeacts X(t)X(t), koTopas MAKCUMHU3UPYET JOXOAHOCTD MIPU
OTpaHUYCHUSAX HA PUCK.

O2xupaemMblid pe3yJbTaT:
Ananutudeckoe pemieHueC 11 ANHAMHUYCCKOTO YITPABJIICHUA HOpT(l)eJIeM 1 PpEKOMCHOAlWU 110
pacIpeaesIEHUIO CPEICTB.

KonTponeHas pabora 3 ( BapuaHT 3aaay).

1. Pasnoxuts no gopmyne Teitnopa f(x)=x"—1 no creneHaM x —1 1o 4neHoB 3-ro
MOPSAAKA BKIIOYHTENBHO;
2x* +42x-91

dx
; dx;
J-sinzx g x I(x—l)(x+3)(x+4)

2
3. MHccnenosaTh CXOOUMOCTD j ax .
. T b
0 3‘\’ x3 -8

4. Haiiti nnowane GpUrypbl orpaHUueHHOH KpHBLIMH Y = log, x, y = #(x-1);

5. Beluvcaute 06beM Tena, 00pa3oBaHHOTO BpallieHHeM (PHIYpbl, OTpaHUYEHHON KPUBBIMH
y=arcsinx, y=0, x=1 Bokpyr ocu Ox

Haiitt dy u d’y HesBHO 3amanHo# dynkiun y(x): x°y° +x° +y° —1=0
HccnenoBars Ha s3kcTpeMyM GYHKOHIO f(X,y,2)=2x> +y’ + 22 +2xz—yz—y

KontponsHasa paGorta 4 ( BapuaHT 3agad).

1. Tpencrauthk dyHKUHIO f(x)=2"" B BHAE MHOrOYIEHA 3-i CTENEHH IO CTENMEHAM X, 110
¢dopmyne Telinopa.
3-2x
(x-2y
3. HaiiT 5kcTpeMyMBl GyHKIMH z = 2x° +6xy° —30x—24y .

2. HccnenoBaTh GYHKIHIO Y =

arcsin x +1

N

4. HaiiTu HeonpeaeneHHbIE HHTETPAIIBI I dx; Icos3 xdx.

1 4
5. BeiuucouTh I x e dx; I\/;dx.
0

1

[Tpumepsr kericoB (2 cemecTp)
7. OnTUMH3alUs TUNEePHapaMeTPOB HelipoceTH ¢ MOMOIIbI0 METO/I0B ONITUMM3ALUHI

Onucanme:

OnTuMu3anus runepnapaMmeTpoB HEHPOHHOM CETH € UCIOJIB30BAaHUEM METOJ0B ONTUMU3AINH,
OCHOBAHHBIX Ha MPOU3BOJAHBIX U MOUCKE IKCTPEMYMOB

Onucanue: runeprnapameTpbl HEHPOHHOU ceTH (CKOPOCTh 00yUeHUs, KOIPPHUIIHEHTHI
pErynsapu3alun) CyIIeCTBEHHO BIHUSIIOT Ha KaueCTBO MoJienu. PydHoii moabop TpedyeT 60abImmx
BBIYUCIIUTENBHBIX PECYPCOB. ABTOMAaTHYECKasi ONTUMU3ALIMS TUIIEpIIapaMeTPOB C
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HCIIOJIb30BAHHUEM I'PAAUCHTHLIX MCTOI0B (OCHOBaHHBIX Ha HpOI/I3BOI[HbIX) MOXKCT YCKOPUTH
poIIecc.

eas:

Peanu3oBaTh anropuT™ ONTUMU3AIMH THIIEPIIAPAMETPOB HAa OCHOBE IPaJUeHTHON HHPOPMALIUU
(HampuMep, METOJIOM HauCKOPEHIIETro CITycKa) /Uil HSMPOHHOW ceTH, 00ydeHHOH Ha Habope
manueix MNIST.

MareMaTnyeckuii THCTpyMEHTApHiA:

e [IpousBojHbIe (IpaJUEHT 10 TUIIEPIIApAMETPAM)

e [lpenens! (CXOAMMOCTH AITOPUTMA ONITUMHU3ALINN)

e [locnenoBaTenbHOCTH (IIOCIEA0BATENBHOCTh 3HAUEHUH TUIIEpIIApaMeTPOB U ¢ YHKIIUU

MOTEPH)

O2xupaemMblid pe3yJbTar:
WHTEPaKTUBHBIN CKpuNT Ha Python, koTopskrit 00yuyaer mpocTyto HelipoHHyto cetb Ha MNIST,
ONITUMHU3UPYET CKOPOCTh 00ydeHus (o) 1 KodpduuueHT L2-perynspuzanuu (1) ¢ TOMOIIHIO
IPaJUEHTHOTO CIYCKa, BU3YAIU3UPYET MPOLECC ONTUMH3AIMH (M3MEHEHNE TUIIepIapaMeTpoB U
(GYHKIMH TTOTEPD).

8. AHA/IN3 CXOAUMOCTH M ONTUMH3AIUsI PYHKIMII MOTepPh B MEAMIMHCKUX HelipoceTsx

Omnucanue:

[Ipu 0O6yuenun HelipoceTelt 1151 MEAULIMHCKON TMAarHOCTUKY KPUTHUECKU BaYKHO MOHUMATh
noBeieHrne QYHKIHMA MOTEePh U 00eCTIeYUTh CTA0OMIBHYIO CXOIUMOCTh alroputma. Tpedyercs
HCcCeA0BaTh pa3nuHbie QYHKIIMU TTOTEPH (cross-entropy, focal loss, Dice loss), ananmu3upoBarth
WX MPOU3BOJHBIE, TOUKH 3KCTPEMYMA U YCIOBHUS CXOJUMOCTH IPAJIUEHTHOTO CITyCKa.

Henan:

N3yunTh MaTeMaTHuecKue CBOMCTBA (DYHKIIUN MMOTEPH: HEMPEPHIBHOCTD, MU (HEPEHITUPYEMOCTbD,
BBIITYKJIOCTbh, M OTIPEACIUTh ONTUMAJIbHBIC TApaMeTPhl 00yUeHHUs Yepe3 aHaIu3 IPAIMCHTOB 1
CKOPOCTH CXOJMMOCTH.

OxunaemMbliil pe3yJibTaT:

HccnenoBaTenbekuii 0TUET ¢ rpadKaMu CXOAUMOCTH, AaHAJTU30M IMPOU3BOIHBIX (YHKIIHIMA
MOTePb, ONpeIeICHUEM KPUTHYECKUX TOUEeK U PEKOMEHIAIIUSAMHU 110 BeIOOpY learning rate s
CTaOMIBLHOTO 00YUYEHHUS MOJETHU AUAarHOCTUKH.

9. AnnpokcuManusi KpUBbIX 1e)OPMHPOBAHUSI MATEPHAJIOB € IOMCKOM IKCTPEMYMOB

Onucanme:

DKCHepruMeEHTAIbHBIC TUarpaMMbl "HanpsHKeHUE-AedopMarusa” CTPOUTEIIbHBIX MaTEPHATIOB
HUMEIOT CJI0KHYIO HETMHEWHYIO (OpMY € XapaKTepHBIMU TOUKAMU: MIPeJIe TeKY4eCTH, pe/el
MIPOYHOCTH, TOUKH reperuda. /[ mpakTH4ecKux pacyeToB HEOOX0IMMO alPOKCUMUPOBATh
9TH KpPUBBIC aHATUTUYECKUMHU (PYHKIUSIMH U OTPEACTATh X KPUTHUECKHUE TOUKH.

ean:

Pa3paboTtate anroputM aBTOMaTHYECKOU alMpPOKCUMAIIUN IKCIIEPUMEHTATbHBIX KPUBBIX
MOJIMHOMHUAIIBHBIMH U SKCITOHEHIIMATbHBIMU (DYHKITUSIMU C MOCJIETYIONUM MOUCKOM JOKaTbHBIX
AKCTPEMYMOB ISl ONPEACIICHUS XapaKTEPHBIX MEXaHUUYECKUX CBOMCTB.
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O:xupaemblii pe3yJibTar:

IIporpamMmHbIil MOIYNb 1151 0OPaOOTKHU pe3y/IbTaTOB MEXAaHUYECKUX UCIIBITAHUM,
ABTOMAaTHUYECKH OIPEACISAIOIINM KIIFOYEBBIE IPOYHOCTHBIE XapaKTEPUCTUKU MAaTEPHUAIIOB YEPE3
aHaJIN3 IPOU3BOIHBIX AIIPOKCUMHUPYIOMINX (PYHKIIUH.

10. UTepannoHHbBIH pacyeT ocaaku GyHIAaMEHTOB ¢ KOHTPOJIEM CXOTUMOCTH

Onucanme:

Pacuer ocanku QyHIamMeHTa B CIIOKHBIX TPYHTOBBIX YCIOBHUSX TPEOYET UCTIOIH30BAHUS

HUT epaHI/IOHHI)IX METOOOB, I'IC KaXKI0€ HpI/I6JII/DKeHI/Ie YTO‘-IHFIGT HpCIII)IIIyHII/Iﬁ p€3y.HbTaT. Ba)KHO
KOHTpOJII/IpOBaTI) CXOOUMOCTBH BBIYUCIUTCIBHOT'O HpOIIGCCZl K I/ICTI/IHHOMy 3HAYCHUIO.

Hean:
PazpaboTtaTe anropuT™M UTEPAIIMOHHOTO pacyeTa OCaJKU C aBTOMATHYECKUM KOHTPOJIEM
CXOJAMMOCTH TOCJIEI0BATEIBLHOCTH NPUOINKEHUN U KPUTEPUSIMU OCTAHOBKH BBIYHUCIICHHIA.

O2xupaemMblid pe3yJibTar:
ITporpamma pacuera ocafku (pyHIaMEHTOB C BU3yallM3allUeil Ipolecca CXOAUMOCTH U
ABTOMATHYCCKHUM OIPEACTICHUEM MOMEHTA JOCTUIKCHUA Tpe6yeM0171 TOYHOCTH.

11. YMHas cucremMa ynpaBjeHUs OCBellleHUeM CTPOUTEJIbHOM MJI0IIAAKHA

Omnucanue:

CrpoutenbHble TUIOMIAIKA paboTaOT B pa3HOE BpeMs CyTOK U TpeOyroT 3¢ (peKTUBHOTO
OCBelIeHUs 1y oOecrieyeHus 6ezonacHocTu. Cucrema I0JDKHAa aBTOMaTHYECKH BKIIIOYATh U
PEryaupoBaTh SPKOCTb OCBEIIECHUS B 3aBUCUMOCTHU OT €CTECTBEHHOM OCBELICHHOCTH, BPEMEHU
CYTOK Y MPUCYTCTBUS JIIOJICH.

Hean:
PazpaboTaTe anropuT™M MammHHOTO 00YYEHUS ISl aBTOMATHYECKOTO YITPaBICHUS CUCTEMON
OCBEIICHUS C YIETOM JATUYNKOB JIBH)KCHHSI, OCBEIIEHHOCTH ¥ BPEMEHHBIX rpauKoB padoT.

OxupaemMbliil pe3yJibTaT:
[IpoToTHn yMHO¥M CUCTEMBI OCBEIIEHUS C aJalTUBHBIM YIIPABJICHUEM, CHIDKAIOIIEH
SHEepronoTpedieHre U MOBbIIIAIOINIEH OE301MaCHOCTh Ha CTPOUTENBHOM MJIOHIA/IKE.

KontponsHag pabota 5 ( BapuaHT 3a71a4).

3
1. BbIYHCIHTB I%; jmx(x—2,6—x_x2)dx
X" —iX _4

oo

2
2. HccnenoBarh CXOAUMOCTh | —osxdx
8 A Ji+x Vx® 45
1

3. BruMcIHTE 00BeM TeNa, 00pa3oBaHHOTO BpallleHHEM (GUTyYphI, OrpaHHYEHHON KPHBBIMU
y=4-x*, y=0, x=0,x>0 Bokpyr ocu Oy

4. Haittu d”f(x,y) dbyakuun f =In(1+x+ y) B Touke M(0,0)

5. HccnenoBaTh Ha SKcTpeMyM GyHKIMIO f(x,y)=2x" + 637 —=30x—24y
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KoHTponsHasa paboTa ( BapHaHT 3a1ad4).

1. HaliTu 1BOHHBIM HHTCTPHPOBAHHEM obbeM Tena OrpaHHYCHHOT O IOBEPXHOCTAMH:
TJIOCKOCTAMH KOOPJAHHAT, TUIOCKOCTAMH X = 4n y =4 n napaﬁonom[owl BpalllcHHA

z=x*+y" +1.
2. BBMHCIUTB

H (y* +z°)ds, rae S —u4acTb nosepxHocTn z =+/1—x* , oTce4eHHan NAOCKOCTAMM
S

y=0, y=1.

KontponbsHas pabota 7 ( BapHaHT 3aj1a4).

1. HaiiTi nBOHHBIM HHTErpHPOBaHHEM 00bEM Tella OTpaHHYEHHOTO NOBEPXHOCTAMH:
IVIOCKOCTAMH X+ y =2, y =0, z=0, runepbonuyeckum napabononsom Z = Xy u

HUJIHHAPOM Y = ‘\/; .

2
2. J.j(x2 +y+2z°)ds,rae S —uacTh MOBEPXHOCTH X~ = 2y , OTCeYeHHas TJIOCKOCTAMU
N

y=2,z=0,z=1.

3. §(x—y)dx+(x+y)dy, e L:x'+y’ =R’
L

4. PaznoxuTh B psg Oypse pyHkumo y=x* B unTeppane (1;3)

KonrponbHas padbora 8 ( BapHaHT 3aa4).

1. Bobuucnouts a) j—dx 6) Iarctgxd

,/1 x* 1+x*
1

2. HUccnemoBath ;dx

s v2xt—x

3. HUccnenosatn Z( -13
il 29

4. BbI4HCIHTD a) H ( 7y sdxdy, rae D orpanndena muuuamu: x=0, y=0, x=1, y=1.
o (x+

5. HaiiTi IBOMHBIM HHTETPHPOBAHHEM 0OBEM Tella OTPAHHICHHOTO MIOBEPXHOCTSMH:
napaGonousom 8z =x>+y* u KomycoM 4z° = x* + ).

6. Brrumciuthb {(x’ —y))dx+xydy, tae L xpuBas y=a" ot Touku (0;1) no Touxu (1; a).
L

ITpumeps! keiicoB (3 cemecTp)
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12. PacueT 00beMOB 3eMJISTHBIX PAGOT METO/I0M YHCJIEHHOT0 HHTETPUPOBAHUSA
Onucanme:

[Tpu mOATrOTOBKE CTPOUTEITHHOM TUIOIIAIKA HEOOX0IMMO TOYHO PACCUUTATh OOBEMBI BEHIEMKH U
HaChIK TpyHTa. [IOBEpXHOCTH y4acTKa UMEET CIOKHYIO POpMY, KOTOPYIO MOXKHO
anIpOKCHUMHUPOBATh U IPOUHTETPUPOBATH JUISl MOIYUYEHUS TOYHBIX 00BEMOB PaloT.

Mean:
CosznaTth porpamMmmy, KOTOpas 1o JaHHBIM TOTIOTpa(GuuecKOi CheMKH BBIYUCIIIECT 00BEMBI
3eMJISTHBIX Pa0OT Yepe3 YUCIEHHOE HHTETPHPOBaHNE (QYHKIHI BHICOTHBIX OTMETOK Ha y4acTKe.

O2xupaemMblid pe3yJibTaT:
Kanbkynarop 3eMisiHbIX padoT ¢ Bu3yanuzanueit 3D-monenu yqyacTka 1 aBTOMaTHYECKUM
pacueToM 00bEMOB Yepe3 HHTErPaIbHbIE METOIbI.

13. AnnpokcuManus TeMIEPATYPHBIX PEKUMOB 31aHUS CTEMEHHBIMH PSIAMH

Onucanme:

TeMnepaTtypa BHYTpH 34aHUSI U3MEHSETCS B TEYEHUE CYTOK IO CJIOKHOMY 3aKOHY, 3aBHCSIIEMY
OT BHCIIITHUX yCJ'IOBPIfI, HUHCOJIAINU U pa6OTI>I OTOHI/ITGJ’IBHOfI CHUCTCMBEI. ILJ'I?[ HpOFHOSHpOBaHI/ISI 158
ynpaBneHHs{ KIIMMAaTOM H€06XOJII/IMO aHHpOKCI/IMI/IpOBaTB 9T UBMCHCHHA MAaTCMAaTUYCCKUMHU
pAnaMH.

Hean:
[TocTponuTts MOJIENBE MPOTHO3UPOBAHMS TEMIIEPATYPHI B TOMEIIECHUH, UCIIOJbB3YS PA3I0KEHHUE
OKCIICPUMCHTAJIBHBIX JAHHBIX B CTCIICHHBIC PSAABI C OHeHKOﬁ TOYHOCTH aIllllpOKCUMalH.

OxupaemMbliil pe3yJibTaT:
Cucrema NpoTrHO3UPOBAHUS TEMIIEPATYPHOTO peXKUMa 3AaHUS C BO3MOKHOCTBIO MpPeCKa3aHus
Ha HECKOJIBKO YacoB BIIepe]l Ha OCHOBE MOJIMHOMUAIBHBIX alllIPOKCUMAIIUH.

14. Anaau3 nepuoaHYecKNX HArpy30K HA MOCThI C HCIOJIb30BaHHeM PsiioB Dypbe
Onucanmne:

ABTOMOOWJIBHBIN TpadUK CO37aCT MEPUOANICCKH N3MEHSIONTYIOCS HAarpy3Ky Ha MOCTOBBIE
KOHCTpYKIMH. JIJ1s aHa/IM3a 10JAroBEYHOCTH MOCTa HEOOXOAMMO Pa3JIOKHUTh CIIOKHYIO (PYHKITHIO
Harpy3Kky Ha IPOCThIE TAPMOHUYECKHE COCTABJISIONINC.

Hean:
Co3narh cucTeMy aHaIM3a TUHAMHYECKHX HAarpy30K Ha MOCT, UCIIOJIb3Ys Pa3JIOKEHUE B PSIIABI
®ypbe ISt BBICICHUS OCHOBHBIX YACTOTHBIX KOMIIOHEHT BO3/IEHCTBUSL.

Oxupaemblid pe3yJbTaT:
AHanuzatop Harpy30K ¢ BO3MOKHOCTBIO PA3JIOKEHUS CIOKHBIX MEPUOTUIECKUX BO3ICHCTBHIA
Ha TAPMOHUYECKUE COCTABISIONIUE U OI[EHKOM UX BIUSHUA HA KOHCTPYKIIHIO.

15. IlporHo3upoBaHue BpeMEeHHBIX PS/IOB € UCNOJIb30BaHUeM psiioB ®ypbe u LSTM

Onucanme:

Bpemennsie psabl (HarpuMmep, OUp)keBble KOTHPOBKHM) YaCTO COAEPIKAT MEPHOIUUECKUE
KOMITOHEHTHI. Psiib1 dypbe mo3BONSIOT BBIACIUTE 3TH KOMIOHEHTHI, a LSTM-cetu moryt
YUUTBIBATh JIOJTOCPOYHBIEC 3aBUCUMOCTH. KOMOMHMpPOBaHUE 3TUX METOI0B MOBHIIIAET TOYHOCTD
MIPOTHO3A.

eas:
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Pa3paborars rubpuanyro Moens (paznoxerune Oypoe + LSTM) s mporHosupoBanust
BPEMEHHBIX PAZOB M CPaBHUTH ee ¢ uncToi LSTM Ha maHHBIX 0 Temreparype Bo3ayxa.
MaremaTtuueckuil UHCTpyMeHTapHil: psiibl (psaasl Dypbe Ui pa3ioKeHUss BpEMEHHOIO psijia),

MHTETpajbl (BeIYKciIeHne koappuiuentoB Oypwe), mpeaesns (anmpoKCuMaIys HCX0IHOTO psiia
4acTUYHBIMU cyMMaMH psifia Dypre)

O2xupaemMblid pe3yJibTaT:

Kox na Python, KoTopbIii 3arpykaeT BpeMEHHOH psiJl (HarpuMep, eKeJHEBHAs TEMIIepaTypa),
packiazapiBaeT psj B pal Oypbe U BbIAEISET OCHOBHBIE YaCTOThI, UCIIOJIb3YET OCTATOK
(MCXOIHBIN psiZl MUHYC BOCCTAHOBJICHHBIN 0 psaxy Pypbe) kak Bxoxa aisi LSTM, cpaBauBaer
MIPOTHO3 THOPUTHOM MOIesH ¢ TTporHo3oM LSTM 6e3 npenoOpaboTkw.

16. AHa1u3 BpeMEeHHBIX PSII0B TPAH3AKIHUI ¢ MOMOLIbIO PsijioB Dypne

Onucanue:
BBI?[BJ'I@HI/IC CEC30HHBIX U MUKIINYCCKUX HaTTepHOB B TpaH3aKIII/I$[X KIIMCHTOB (HaanMep, IITMKHU
nepes1 3apIuiaTol WiK Mpa3AHUKaMHU) TSt ONTUMU3AINY JIMKBUTHOCTH.

Hean:
BrLiaBUTE ce30HHBIE U OUKINYCCKUC MTaTTCPHBI B TpaHSaKHHOHHOﬁ AKTUBHOCTU KIIMCHTOB JIA
ONITUMU3AINU YIPABJICHUA JTUKBUIHOCTBIO 6aHKa.

OxupaemMblid pe3yJbTaT:
I'parky OCHOBHBIX TaPMOHMK M IIPOTHO3 CE30HHBIX KOJICOAHUH.

3aveTHO-IK3aMeHAIIMOHHbIE MAaTepHaJbl I NPOMEKYTOYHOH  aTTecTaAIUH
(3x3aMeH/3a4eT)
ITpoMeKyTOYHBIIH KOHTPOJIb OCYIIECTRIISIETCS B KOHIIE KayKIOTO ceMecTpa B popMe 3adera u
IK3aMeHa.
Bonpoce! u 3axanus 1Jisi MOATOTOBKHU K 3a4eTy
1 CEMECTP
1. Jloka3aTh, HCIOJIB3Yys METOJI MAT. HHIyKIIHH:
n(n+1
134 2% + 33+, 4n° = ()2,
2. Pewmmurth HEPABEHCTBO: ||X + 2|+ |x— 3|| <1
T
[loctpouts rpadux: y = —2 cos(2x + 5);
IToctpouts rpaguk  y = x? + 6X;
[ToctpouTh rpaduk, UCIIONB3YsI IPABHIIO MOTOYCYHOTO CIIOKEHUS
+ 3x;

3.
4,
5.
1
x2
6. IlocTpouTh, MPUMEHSS IPABUIIO YMHOKECHUS TPaUKOB:
y = cos X * sign(sin x);
7. TloctpouTs rpaduk HesBHOU QyHKIMK: Y2 + X* = 2X;
8. Tloctpouts rpaduk HesiBHOU dyHkmun: |y| = In|x + 1];
9. TIloctpouts rpaduk GyHKINH, 3aJaHHOHN MapaMeTPUIECKU { X =2(t=siny),
y = 2(1 — cost);
10. IToctpouts B moysipHBIX KoopauHatax: r = 2(1 — cos).

11. Haiitu npenens! GpyHKINN
12. Haiitu npou3BOIHYIO (DYHKILIMH, BOCIOIH30BABIIUCH OTIPEACTICHUEM:
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f(x)=3x"-2x* +3x -1

13. Haiitu npou3BoaHbIC (QYHKIIHIA:

arcsin 3x
T8 2) f(x)=2"-tg2x,
1—8x? ) F(X) g
3) f(x):ln5(x_2—X) 5 1;()():4\/4X+7tgx-\/x+3

N1+9x® -3/3x =2

14. Haiitu npou3BoaHble PYHKINMA, 3aJaHHBIX HESIBHO U TApaMETPUUYECKU:
X

Xy — arctg(— =3;2)
y

2 CEMECTP
BrruucnauTs onpeneneHHbIi MHTETpaJl METOJOM MOBEACHUS 1MOJT 3HaK auddepeHIuana.

J~cos(ln X)

2. Brrancnuts onpe)leneHHmﬁ HHTCrpaJI METOAOM UHTCTPHUPOBAHUA 110 YACTAM.
1
I (1—x)arctgx dx
0

3. Borumcnuth onpeneneHHbId HHTErPaI METOJAO0M 3aMEHBI TEPEMEHHON.

j’- dx
1+ M
4. BBMHCIUTH TUIOMAb TUIOCKOW (GUTYPBHI, OTPAaHHYCHHOW JTHHHUSIMH, 33 JaHHBIMA
YPaBHCHHAMMU.
y=x"-1 2x-y+2=0
5. Beruucauth miomanab GUrypsl, OrpaHHYCHHON JTUHHUSIMHU, 3aIaHHBIMH YPABHCHUSMH.
1

x=t-=t°
3

y=t°

6. BeruucauTh miomanab GUrypsl, OrpaHHUYEHHON OKPYKHOCTBIO M KapIUOMION (BHE
KapIUOU/IbI).
3

r=—, r=1+cos¢
2

7. BblYMCHIHMTB JIUHY YT IIOCKON KPUBOH, 3aJAHHOH ypaBHCHUEM.

y =In(cos x), O£x£%

8. Bbruumcaute AMUHY 1yrd KpUBOH, 3aJaHHOM MapaMeTpUYeCKUMHU YPaBHEHUSMHU.

{x:4R(t—smt)’ Ty <§”
y=4R(1-cost) 2 2

9. BbruucauTh ATUHY IyT'H, HAXOAALIEHCS BHE OKPYKHOCTH.

r=1 r=1-sing

10. Beruucnuthk 00bEM Tena, 00pa30BaHHOIO BpallleHHEM (UTypbl, OrpaHMYEHHOH rpadukaMu

GyHKUIUH.
y>=(x-1)°% x=2 eokpye ocu OX
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3 CEMECTP

=

N

. BeruuciauTte HecoOCTBEHHBIN UHTETPA J.

. BeruncnuTh miuomanes GUrypsl, OrpaHUuCHHON TUHUAMU Y =

jﬂdx

3/sin x
Iﬂn42xdx
OVx+1

. Boraucnuts unterpan | ——— dX

o Xx=3

2
dx
3 > (MM YCTaHOBMTD €r0 PACXOIUMOCTB).
1 X =
1
— Y=—X, X=-2.

. Beramcnuth moBepXHOCTh BpamieHust kpuBoii MN, 3aganHoi ypaBHeHHeM — y=Sin X rie

M(0,0), N(m,0) Bokpyr ocu OX HENOCPEACTBEHHO U MCIOJIB3Ys TeopeMy [ yibieHa.

BOHpOCbl AJIsl MOATOTOBKH K 3K3aMEHY

1 CEMECTP

00 N N L kAW

et e e e e e e \O
AN L AW NN~ O

—_—
oo

[N NS S B AT \® B S e
AN L kW= OO

. MuoxectBa. Onepanuu HaJi MHOXKECTBaMH.

. CyeTHBIE MHOKECTBA

. MOHIHOCTI) JCKApTOBOI'0 MPOU3BCJACHNA CYETHBIX MHOXCCTB

. MomHocTs 00beJMHEHUST MHOYKECTB.

. MOmHOCTE BCEX AEUCTBUTENBHBIX YHCEI

. TouHble BEpXHSSA U HYKHSAS TPAHULIBI MHOKECTBA.

. Jlenbra OKpECTHOCTH KOHEYHOW TOYKU U OECKOHEYHO-yJAICHHOW TOUKH
. Meron MaremaTHyeCcKON UHAYKIUH.

. [Ipenen mocneqoBaTEIbHOCTH.

. Teopema 0 eIMHCTBEHHOCTH TpeeNa.

. Teopema 00 orpaHHYEHHOCTH CXOJSIIEHCS TOCIeI0OBATEILHOCTH.
. Teopema o npeaenpHOM NIEPEX0/I€ B HEPABEHCTBE.

. Teopema o 3axxaToil mocne10BaTEIbHOCTH

. Apudmernueckre AeUCTBUS HAJ ITOCIEI0BATEIILHOCTIMH

. beckoneuHo Manbie 1 6ECKOHEYHO OOJBIINE BEITUYHHBI

. Teopema 0 MOHOTOHHOI OrpaHMYEHHOMN MOCIEI0BATENILHOCTU

. bunom Hrrotona

. Bropoii 3aMeuaTenbHbIil npeaesn

. Teopema 0 mocien0BaTeIbHOCTH BIOKEHHBIX OTPE3KOB

. Teopema bonbniano-Beiiepmirpacca

. IlepBbIii 3amedaTenbHbIN Tpeaen

. Kputepuii Komn nns nociegoBaTenbHOCTEN

. [Ipenenbl BepXHUW U HU>KHUH, OTIPEIETICHUS

. [Ipenensl BepXHUM 1 HUKHUIM, TEOpeMa CyILIeCTBOBaHMsI Ipeaesa
. [Ipenen pynkun

. DKBUBAJIEHTHOCTh 1-ro U 2-TO omnpeneneHuit npenena GyHKuuu
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27. OgHOCTOpOHHUE MpeAesbl HYHKIIUU

28. Teopema 00 OorpaHUYEHHOCTH (DYHKLHU, UMEIOIIEeH KOHEUHBIH Mpeien.

29. Kpurepuii Komu cymectBoBanus npeaesna QyHKIHH.

30. HenpepbiBHOCTD () YHKIIHH.

31. Pa3pbIBBI IEPBOro U BTOPOro poja

32. Teopema 00 OrpaHU4E€HHOCTH (PYHKIIMU HETIPEPHIBHOM Ha OTpE3Ke.

33. Teopema Beiiepumtpacca 0 MakcuMyMe U MUHUMYM€ (DYHKIIUU HEIIPEPBIBHON Ha OTpE3Ke.
34. Teopema 0 cBOICTBE HENPEPHIBHOM Ha OTpe3ke GYyHKIMU IPUHUMAIOLIEH Ha KOHIAX OTpe3Ka
3HA4YEHUs Pa3HBIX 3HAKOB.

35. O6parHas HenpepblBHas GyHKIM. TeopeMa o CyIiecTBOBaHMM 00paTHON (yHKIUY.

36. PaBHOMepHas HENIPEPBIBHOCTh (PYHKIUH. Teopema 0 paBHOMEPHON HENIPEPHIBHOCTH (PYHKIIUU
3aJJaHHOM Ha OTpPE3KE.

37. O u 0 CUMBOJTUKA, SKBUBAJICHTHBIC BEJTMYNHBI.

38. IIpousBoanas pyHKIMHA. MeXaHUYECKU CMBICI.

39. T'eomeTpuyeckuii cMbICa Tpou3BoAHONH. OcoObIe Cirydan.

40. TIpon3BoHBIE 3TIEMEHTAPHBIX ()YHKIIHHA.

41. TlpousBonHast CIOXKHON QyHKIMK

42. Ilpon3BomHas 00paTHON QYHKIINH.

43. Iudpdepenmnman hpyHKIAA.

44. TlpuOnmkeHHOE BhIpakeHHE MPpUpaIeHus QyHKIINH.

45. lnddepeHnrpoBanme napaMeTpHUECKH 3aJaHHBIX (QYHKIUH.
46. [Ipon3BoaHAas BBICIIETO MOPSIAKA.

47. Inddepenima BICIIETO MOPSIKA .

48. CBoiicTBO MHBapHAHTHOCTH (hopMbI mudhepeHnnana.

49. JlokaJIbHBIA S3KCTPEMYM.

50. Teopema depma.

51. Teopema Pomnns.

52. Teopemst Komu u Jlarpanxa o cpeHeM.

53. Teopema o Bo3pacTaHuu U yobiBaHUH nuddepeHIrpyeMoit pyHKINN.
54. Packpeite Heonpeaenennocreit . [Ipasuno Jlonurans.

55. JoctaTouHble yCIOBUA SKCTPEMYMA.

56. ®opmyna Telnopa a1 MHOTOYJICHA.

57. ®opmyna Teiiopa ¢ OCTaTOYHBIM WICHOM B opMe Jlarpanxa.
58. ®opmyna Teitsiopa ¢ ocTaTOUYHBIM WieHOM B Gpopme [leano.
59. ®opmyiel Teitopa aeMeHTapHbIX (DYHKITUH.

60. ACHUMITTOTBI, BEITYKJIOCTh, TOYKU MIEPETUoa.

2 CEMECTP

1. ®yHKIMM MHOTUX NTepeMeHHbIX. [IpumMepsl.
2. [lpenen GpyHKIMHM MHOTHX TTEPEMEHHBIX.

3. HenpeprwiBHast pyHKIHS

4. YacTHble TPOU3BOIHBIE.
5. [Ipon3BoaHas MO HANIPABJICHUIO.

6. [TomHoe npupaiuenue. uddepenunanst. 1-ro u 2-ro nopsakos.
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7.
8.
9.

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

['eomeTpuueckuii cmbich auddepeHnnana.

[IpousBoanast cnoxuoi GpyHkuu. I'pagueHt.

®opmyna Teinopa.

MHOXecTBa OTKPBIThIE U 3aMKHYThIE. | paHUYHBIE TOUKH.

HenpepbiBHas (pyHKIMSA Ha 3aMKHYTOM OFPaHUYE€HHOM MHOKECTBE.

JlokanbHBIN HKCTPEMYM.

Haubonbiee 1 HauMeHbIlIee 3HAYCHHUS.

VYcnoBubli skeTpemyM. OyHknus Jlarpanxa.

Teopema o HesiBHOH GyHKLIUU.

KacarenbHas 10CKOCTh U HOPMaJIb K TIOBEPXHOCTH.

Heomnpenenennsrit uarerpan. [lepsoodpaznas. Tabnuiia OCHOBHBIX HHTETPAJIOB.
Metozas! unTerpupoBanus. UHTErpupoBaHue mo 4acTsiM. 3aMeHa IepEeMEHHBIX.
WHTerpupoBanue pauoHaNbHbIX U UPPALMOHAIBHBIX BBIPAXKCHUM.
WHTerpupoBanue TpPUrOHOMETPUYECKUX BBIPAKECHUM.

Cymmst J{ap0Oy. CoiictBa cymm [lapOy.

OrnpeneneHHbIi HHTETpal. Y CJIOBHE CYIIECTBOBAHUS OMPEIEICHHOI0 HHTErpaa.
®opmyna Hetorona-JleiiOnuma. 3ameHa nepeMeHHOM, HHTETPUPOBAHHE TI0 YACTSM.
HecobcTBennsie nnTerpainsl. Kputepun cxonumocti. AHAIOTHS € pAIaMU.

[Tpunoxxenue uaTerpanos. [Tnomans miockoi purypsl. O6bem Tena. O0beM U TOBEPXHOCTh

Teja BpameHus. [Jnvna nyru.

3 CEMECTP

00 2 N L kAW~
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. OOBIKHOBEHHBII MHTETPAN KaK PYHKIIHS OT TapaMeTpa

. [ToBTOpHBIN HHTETpAT

. InddepennnpoBanne HHTErpaja OT mapamerpa

. Kparnsiit uaterpan

. Teopema o cpenHeM Ui KpaTHOr'O UHTErpaa

. CBejieHre KpaTHOT O HHTETpaja K MoBTOpHOMY (Teopema DyOonuHm)
. 3aMeHa MepeMeHHbIX B IBOMHOM WHTETpaje

. 3aMeHa MepeMeHHbIX B 71-MEPHOM HHTErpasie

. Beraucnenue miomnany miockon Gurypsl

. Beruncnenue neHTpa TAKECTH U CTATUYECKMX MOMEHTOB INIOCKON
. burypsr

. Beruucnenue oobema tena

. Beruncnenue noBepxXHOCTH Tea BPALLEHUS

. TpoitHo#i mHTErpas. Beraucienne oobema.

. Beruucnenue neHTpa TSHKECTH U CTAaTHYECKUX MOMEHTOB 00bEMHOM
. burypsr

. KpuBonuueiinbie uaTerpais! 1 pona

. [loBepxHOCcTHBIE MHTETpaJIBI 1 pona

. KpuBonuHueiinpie uHTETpaiibl 2 ponaa

. [loBepxHOCTHBIE MHTETpAJIBI 2 poJia

. luBeprexHuus u poTop

. @opmyna Crokca
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23. ®opmyna Octporpaackoro | I'aycca

24. KommnekcHsie uncia. @opmyinsl Ditnepa u Myaspa
25. Tpuronomerpuueckue psaasl Pypbe

26. Pyt @yphe B KOMITJIEKCHOH (hopme

27. Unterpan @ypoe

4.2 MeToanuecKkne MaTepuaibl, onpeaessiioniie Npoueaypbl ONeHUBAHUS 3HAHM,
YMeHHUii, HaBBIKOB U (MJIH) ONBbITA /AeATEJbHOCTH, XAPAKTEPHU3YIOIIMX IJTAIbI
(popMupoBaHus KOMIETEeHIUH

Kpurtepuu oneHuBanus pe3y/ibTaToB 00y4eHuUs!

Ornenka Kputepun orieHMBaHMS 110 YK3aMEHY
Bhicokuii OLIEHKY «OTIMMHO) 3CIYKHBACT CTYICHT, OCBOMBIIIUI 3HAHUS, yMeHn,
YPOBEHb «5% KOMITETEHITUH ¥ TEOPETHUCCKUN MaTeprall 0e3 MpoOesIOB; BHITOJTHUBIITUI
(oTmiramo) BCE 3aJaHHS, MPEAYCMOTPCHHBIC YUEOHBIM IUIAHOM HAa BBICOKOM
KaueCTBEHHOM YpOBHE; MPAKTHYECKHE HABBIKK MPO(HECCHOHAIBHOTO
MIPUMEHECHHSI OCBOCHHBIX 3HAHHUI C(HOPMUPOBAHEI.
Cpennuit OIICHKY «XOPOII0» 3aCIyKHUBACT CTYACHT, MPAKTUYCCKH ITOTHOCTHIO
YPOBEHB «4» OCBOMBIIIVH 3HAHMSI, YMEHUS, KOMITETCHITUH U TCOPETUICCKHI MaTepral,
(xoporro) ydeOHbIEe 3aJaHusi HE OIICHEHBl MAaKCHMAJbHBIM YHCJIOM OaJlJioB, B
OCHOBHOM C(HOpPMHUPOBAIT MPAKTUICCKHE HABBIKH.
[ToporoBerit OIICHKY «YyJOBIJICTBOPUTEIHHO» 3aCIyXHBACT CTYICHT, YaCTHYHO C
YPOBEHB «3» npoOenaMu  OCBOMBIIMK  3HAHWS, YMEHHUS, KOMIICTCHIIUHM U
(YyIOBIETBOPHUTE | TEOPETHUYCCKUU MaTepuay, MHOTHE Y4eOHbIE 3aJaHus JUOO0 HE
JILHO) BBITIOJTHWII, JIMOO OHHM OIICHEHB YHCIOM Oa/uioB ONHM3KHM K
MUHUMAJIbHOMY, HEKOTOpBIE TIPAKTUYECKUE HABBIKK HE C(HOPMHUPOBAHEI.
MUHHMMaIBHBIA | OIEHKY «HEYIOBICTBOPUTEIHHOY» 3aCITY)KHBACT CTYICHT, HE OCBOMBIIUI
YPOBEHB «2» 3HAHMSI, YMEHUS, KOMIIETEHIIMN U TEOPETHYECKUN Marepuall, yueOHbIe
(HEyIIOBJICTBOPH | 3aJaHUS HE BBIIIOJIHWI, IIPAKTHYECKUE HABBIKU HE CPOPMHUPOBAHEI.
TEJILHO)

Kputepun o1ieHKM KOHTPOJIbHBIX paboT:

— OLICHKA ‘“3a4TE€HO”’ BBICTABJIACTCS MPHU MOJHOM PACKPBITUH TE€Mbl KOHTPOJIHLHOMU
paboThI, a TaKKe MPHU IOCIEIOBATEILHOM, Y€TKOM M JIOTHYECKH CTPOMHOM €€ HW3JIOKEHHH.
CryneHT OTBEeYaeT Ha JIOTIOJHUTENbHBIE BOMPOCHI, FPAMOTHO OOOCHOBBIBAET MPUHSTHIC PEIICHHUS

— OIIEHKa “He 3auTeHO” BBICTABJISETCS 3a ciaaboe M HEMOJIHOE PACKPBITHE TEMBbI
KOHTPOJIBLHON pabOThI, HECAMOCTOSITENIFHOCTD M3JI0KEHHSI MaTepuaia, BEIBOJIBI U MPEATIOKEHU S,
HOCSIIKE OOIIMIA XapakTep, OTCYTCTBHE HATJSAHOTO MPEACTaBICHUS PaOOThI, 3aTPyIHEHUS MIPU
OTBETax Ha BOIMPOCHI.

Kpurtepun onennBaHus nmo 3a4ery:

«3aUTEHO»: CTYJCHT BIAJEET TEOPETHUUECKUMHU 3HAHUSAMU II0 JAHHOMY pa3leily, yMEeT
pemaTb OCHOBHBIE THUIIOBBIE 33/1a4M, JOIYCKAaeT HE3HAUUTENbHbIE OIIMOKH; CTYICHT yMeeT
MPAaBUIBHO OOBACHATH AJTOPUTM pEIIEHHs W MPOAHAIU3UPOBATH MOIYYEHHBIE Pe3yJbTaThl,
IIOHMMAET JIEKLMOHHBII MaTepuall, WIUTIOCTPUPYS €ro IpruMepamu.

«HE 3a4TE€HO». MaTepua’ HE YCBOEH WM YCBOEH YacTH4YHO, CTYIEHT 3aTpyIHSETCS
MPUBECTH MPHUMEPHI 10 OCHOBHBIM TE€MaM Kypca, JIOBOJBHO OTpaHMUYCHHBIM 00bEeM 3HaHHM
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AITOPUTMHUYECKUX PELICHUN TPAKTUYECKUX 3a1a4.

OneHouHble CpeAcTBa Ul MHBAJIMAOB M JIMII C OIPAaHUYEHHBIMH BO3MOXKHOCTSIMU

3JI0POBBSI BEIOUPAIOTCS C YUETOM UX UHAWBUIYAIbHBIX MICUX0(U3NIECKUX 0COOCHHOCTEH.

— IIp1 HEOOXOAMMOCTH MHBAIHM/IAM H JIULIAM C OTPAaHUYEHHBIMU BO3MOXXHOCTSIMH 370POBBS
MIPEOCTABIISIETCS JOMIOJHUTENBHOE BPEMsI JUIsl IOATOTOBKH OTBETA HA SK3aMEHE;

— IIPH TIPOBEICHUH TPOLIEYPHI OIICHUBAHUS PE3YIbTATOB 0OYyUCHHSI HHBAINIOB H JIUI] C
OTpaHMYEHHBIMU BO3MOYKHOCTSMHU 3/10POBbsI NIPEAYCMATPUBAETCS UCIIOJIb30BAHUE TEXHUUECKUX
CpeACTB, HEOOXOTUMBIX UM B CBSI3U C X WHAWBUAYATLHBIMUA 0COOCHHOCTSIMH;

— TP HEOOXOIUMOCTH ISl 00YJArOIIUXCSl ¢ OTPAHUYCHHBIMUA BO3MOKHOCTSIMH 37I0POBBS
U UHBAIMAOB TMpPOIEAypa OLEHHBAHUS pPE3YJIbTaTOB OOYYEHUS TO JUCHUIUITMHE MOXKET
IIPOBOJUTHCS B HECKOJIBKO 3TaIOB.

[Ipouenypa oleHMBaHUS PE3yIbTATOB OOYYEHHUS WHBAIUIOB U JIMIl C OTPaHUYCHHBIMU
BO3MOXHOCTSIMU 3JI0OpPOBbSl 1O JUCIHUIUIMHE (MOIYJIO) MpEeAyCMaTpUBaeT MpeloCTaBICHUE
nHpopManmu B (opmax, aganTUPOBAHHBIX K OTPAHMUYCHHUSM WX 3J0POBbS W BOCIPHITHS
nH(popmMaLuu:

JUig U1 ¢ HapyIIeHUSIMU 3pEHUS:

— B IIeYaTHOU opme yBeTMYeHHBIM HIpUPTOM,

— B (hopMe 3JIEKTPOHHOTO JOKYMEHTA.

JInst AL ¢ HapymeHus MM CITyXa:

— B IIeUaTHOM opme,

— B (hopMe 3JIEKTPOHHOTO JOKYMEHTA.

Jljis 11 ¢ HapyIIEHUSIMH ONIOPHO-BUTATENILHOTO anmnapara:

— B IIe4aTHOU opme,

— B (popMe AIIEKTPOHHOT'O TOKYMEHTA.

JlaHHBIM TepeuyeHb MOXKET ObIThb KOHKPETH3HPOBAH B 3aBUCUMOCTH OT KOHTHHI'€HTA
00yJaronuxcs.

4.3. MeToanyecKue yYKa3aHHus M0 OPraHU3alui BbIYHCIUTEIbHONH HHPPACTPYKTYPBI

YcaoBusi npuMeHeHMsI:
— Kypc paccunran Ha ctyneHToB 1-ro rona ooyuenus (1,2 cemectp).
— Hanmuue nocryna k BeranciautenbHbIM pecypcam (GitLab, Yandex DataSphere, cpena

Matlab).

— Pa3paboransl 1aboparopHbie pabOTHI;
— HWudpacrpykrypa mis npuéma 3amad (gitlab, CI/CD) cormacoBana ¢ m1abopatopHbIMU
pabotamu.
Lesn, 3a1a4n 1 0:KUIaeMble Pe3yJabTAThI
ey opraHu3any BEIYUCIUTEILHOW HHPPACTPYKTYPHI:
- JaTh HA4YaJIbHOE MpeAcTaBieHue o padbore B IT unppacTpykrype (Ipuy4IuTh
M0JIb30BaThCS TUTOM, JUPYter-Hoyroykamm).
3ajauu npenoaBaTesis:
— Opranuzanus peructpauuu ctyaeHToB B Google Colab u Yandex DataSphere
— Co3snaHue y4eTHBIX 3ammceii cTyaeHToB B gitlab By3a;
— GitLab Runner;
— PaGora Hax m1abIOHHBIM PEMIO3UTOPHEM JTAOOPATOPHBIX PAOOT;
— Hanucanue MHCTPYKIMM U1 CTYAEHTOB.
O>xujaeMble pe3yinbTaThl CTYAECHTOB:
- HaudajpHOe mpencTaBieHue o padbore B I T undpacrpykrype.
IMopsinok peajnu3auuu
3amaua Nel: Opranuzanus peructpanuu ctyaeHToB B Google Colab u Yandex DataSphere
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3amgaya Ne2: Co3aHue yueTHBIX 3amuceii cTyeHToB B gitlab By3a
3amaua Ne3: GitLab Runner.
s Bemonaenus: CI/CD naiinunaitna 6b11 HacTpoeH GitLab Runner Ha ynanéHHON BUPTyalbHOM
mammne ¢ OC Ubuntu 24.04.
ITocnenoBarenbHOCTE HACTPOUKY BKJIIOYAJIA CIIEAYIOLINE [IATrH:
e Hacrpoiika cucTeMsl — yCTaHOBKa HEOOXOJMMBIX KOMIIOHEHTOB, TaKuX, kKak Docker.
e VYcranoska GitLab Runner no odununanbHO# HHCTPYKINH.
e Perucrtpanus Runner mist wactHoro cepepa GitLab.
3amaua Ne4: PaGora HaJl m1abIOHHBIM PETIO3UTOPHEM JIAOOPATOPHBIX padoT
OTOT PENO3UTOPUI CITYKHUT OCHOBOM ISl BCEX HOBBIX JTAaOOPATOPHBIX 3aJJaHUN U COJIEPIKUT
MPEIHACTPOCHHYIO CTPYKTYpY npoekta u Cl-koHpurypanuu.
KiroueBbie (aiinpl 1 UX Ha3HAYEHUE:
.gitlab-ci.yml — ocnoBHoi1 koHpurypanmonssiii paiin CI/CD. Onpenenser cpeny
BbINOJIHEHUS (00pa3 Docker), komanab! 17151 COOPKH.
Dockerfile — ¢aitn ams 3anmycka gokep-oopasa.
3anava NeS5: Hanncanue MHCTPYKIMU JUIsl CTY/IEHTOB
README.md — HHCTPYKIIUH K UCTIOJIb30BAHHUIO MA0JIOHHOTO PETIO3UTOPHS.
Bcest cTpykTypa MakCHMaIbHO alalTHPOBaHA ISl KOTIMPOBAHUS CTYJACHTAMH 1 MUHHUMH3ALUU
mopora BX0/1a TPH BBITIOIHEHUH JTA00PATOPHBIX

4.4 MeTonnueckue yKa3aHusi 10 OPraHU3alMu J1adopaTOpPHbIX padoT Mo AUCHMILINHE
MaremaTH4eCKHH aHAJIN3
VYcnoBus IpUMEHEHNUS:
- Kypc paccuutan Ha cTyzneHToB 1-ro roga o0y4eHus.
- Texanueckoe odecneyernue Python.
Henn, 3axa4n U 0’kMaeMble Pe3yabTAThI
Hemu:
- 3akperieHHe TEOPETUYECKUX 3HAHHI Ha TTPAKTHKE.
- Pa3BuTHe HaBBIKOB PELIEHUST KOHKPETHOM 3aja4l MaTEMATHYECKOTO aHAJIN3A.
- [ToaroToBKa K peHICHUIO PEAIBHBIX 331a4 B HHYCTPHH.
3amaun:
1)ObecnieunTs CTYEHTOB CTPYKTYPUPOBAHHBIMU J1a00PAaTOPHBIMU paboTaMu.
2) IlpegocTaBuTh JOCTYN K HEOOXOAMMOMY POTPAMMHOMY 00€CIIEUEHUIO.
3) Oprann3oBaTh IPOBEPKY M 0OPATHYIO CBSA3b 110 BBIIIOJHEHHBIM padoTam.
O>xunaemMble pe3yabTaThl:
- YMeHue npuMeHATh MaTEMaTUYECKUI aHAJIN3 Ha IIPAKTHKE.
- Hageiku pa0®oTsl ¢ si3p1kamMu ITporpammupoBanus: Python,.
- OneIT pemieHHs NPaKTUYECKUX 3aJad MaTEMaTHYECKOIO aHaliu3a B Pas3JIMYHbIX
OTpacIsX.
ITopsimok peanuzanmm.
3agaua Nel ObGecrieueHue CTyIEeHTOB CTPYKTYPUPOBAHHBIMU J1a00OPATOPHBIMU pabOTaMH.
1) Omnpenenenue Tem:
- Brruncnenue npenenoB GyHKIUN
- HccnenoBanue GpyHKIMN Ha HEPEPHIBHOCTh U TOUKU Pa3phIBa.
- HccnenoBanue GpyHKIMN ¢ TOMOIIBIO IEPBOM U BTOPOI MPOU3BOIHOM
- IIpuMeHeHre npON3BOIHON IS PEILICHHS ONITUMU3ALMOHHBIX 3a/1a4.
- [Toctpoenue rpadukoB QPyHKIMIA ¢ TOMOLIBIO POU3BOJHOMN
- [IpunoxeHust UHTETPaIoOB: BEIYUCIEHHE TUIONIAAeH, 00beMOB, JITUHBI KPUBOI
- YucneHHble METO/Ibl HHTEIPUPOBAHMSL.
- [TpumeHneHue psoB Ui U1 NPUOIMKEHHBIX BEIYUCIICHHH.
- Hcnonp3oBaHne MaTEMaTUYECKOTO aHAJIN3A B MHKEHEPHBIX M HAYUHBIX 33J1a4ax
2) PazpaboTka 3a1aHmii:
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- [Tomarossie HHCTPYKIIMH.

- KonTtponbHbIE BOIIPOCHL.

Pa3zpaborka 3agannii 115 1adoparopHoii padorsl «IlocTpoenne rpadukos pyHkumii
¢ IOMOIIBLIO IIPOU3BOJIHOM».

Lenv: ocoums uccnedosanue GyHKYuti ¢ NOMOWbIO NPOU3BOOHBIX U HAYUUMBCSA CIPOUMD
epagpuxu Qynxyuil

ITomaroBble HHCTPYKIIUH

ar 1 Haiitu obnacts onpenenenus QyHKIUU

lar 2  BbluvcauTh  NEpBY0  HPOU3BOJHYIO U OINPENEIUTh  MHTEPBAJIbI
BO3pacTaHus1/yObIBaHHsI, TOUKH IKCTPEMyMa

lar 3  BbluMciuUT,  BTOPYHO  IPOU3BOJHYIHO U OINPENEIUTb  MHTEPBAJIbI
BBIITYKJIOCTH/BOTHYTOCTH M TOYKH Iepernoda

[Iar 4 Ha ocHOBE JaHHBIX MOCTPOUTH TpaduK PYHKINN C OTMETKAMU (TOUYKHU SKCTpEMyMa,
TOYKH neperuda, acCUMIITOT), a TaKKe UCHoib3ys Python.

Hlar 5 Cnenate aHanus.

BapuaHTtbl Bonpocos

1. Kak onpenenuts sBisieTcs 1 TOUKa MAKCUMYMOM WJIM MUHUMYMOM
2. Kax BTOpas mpousBoaHas BiauseT Ha popMy rpaduka
3. B uyem mnpeumymiectBo wucnosnb3oBanus Python u wuncrpymenroB WU s

MMOCTPOCHUS TPaUKOB.

Kpurepuu oneHku

Omauyno: TlomHOE BBITIOJIHEHHE BCEX IIAroB, NMPOBEJCHHE aHAIM3a W OTBETHl Ha BCE
BOITPOCHI.

Xopowo: TlonHOE BBITIONIHEHHUE BCEX IIAr0B, HO HECKOJIHPKO U3 HUX JOMYCKAOT HEOOIbIIIHE
OLIMOKH, TPHU OTBETAX HA BOMPOCHI NOJyYEHb HE3HAYUTENbHbIE 3aMeUaHusl.

Yooenemeopumenvro.: BoinolHEHBI BCe 11arH, HO HECKOJIBKO 11aTr0OB UMEI0 3HAYUTENIbHBIC
OIIMOKH, yCTpaHsIeMbIMU B IpoOLlecCe MpHeMa 3ajauu, NMPU OTBETaX Ha BOIMPOCHI MOJyYEH Psif
3aME4aHMil.

Heyooenemsopumenvro: HeBbIoMHEHUE KITIOUEBBIX ITAMOB.

3) 'eneparus UHIMBUIYANIbHBIX 3a/1a4 PU HEOOXOJMMOCTH.

3amaua Ne2: [IpenocTaBieHue A0CTyma K HEOOX0IUMOMY MIPOTrPaAMMHOMY 00ECTICUCHHUIO.

1.Ycranoska I10:

SI3BIKM MporpamMmupoBanus: Python

3amaya Ne3: Opranuzanus NpoOBEPKH U OOPATHOM CBSI3H 10 BBHITTOJTHEHHBIM pad0TaM.

1.ABTOMaTH3UpOBaHHAs TPOBEPKA:

KOHUT-TECTBI /U1 OLIEHKH KOPPEKTHOCTHU KOJIa.

2.Py4Has npoBepka:

AHanu3 0TYETOB U BBIBOJIOB CTYICHTOB.

3.00partHas CBA3b:

Pa36op ommboK 1 peKOMEeHAAIUHU IO YAYUYIICHUIO.

4. Ilopsiiok npoBepKU KOPPEKTHOCTH

Uek-JIUCT AJisl IPOBEPKU JIabOpaTOPHBIX padoT:

1 .BrinonHenue 3aqadui:

I'paduk moctpoeH BepHO

2.0t1yer:

Onucanue MOJTHOTO UCCIeA0BaHUS (DYHKIIUU

AHanu3 pe3ynbTaToB

3. CBOEBPEMEHHOCTh

PaGora caenana B yCTaHOBJIGHHBIH CPOK

Kpurepuu onenku:

Omauuno: TlonHoe BHITIOTHEHNE BCEX 3aJaHH, KaYeCTBEHHBIN Ipaduk U MccIeI0BaHue,
OTYeT.
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Xopowo: He3nauutenbHble HEAOYETHI B HCCIICIOBAHUU UM OTUETE.
Yooeremeopumenvro: BeinonHeHbl 0a30BbIe 3a/1aHMsS, HO C OIIMOKaMH.
Heyoosnemsopumenvrno: Kputnueckue ommOKA WA HEBBITIOTHEHUE PaOOTHI.

4.5. MeTtoauuecKkue YKa3aHHUuA 10 IIPOBEACHUIO TUIIOBBIX pacueToB

He.]'lb THIIOBBIX pac4ueToB

TurnoBbie pacueTbl HAIIPABJICHBI HA 3aKPETUICHUE TEOPETUUECKUX 3HAHUM, PA3BUTHUE HABBIKOB
peLICHHS MTPAKTUYECKHUX 3a7a4 U TIOJArOTOBKY K TPUMEHEHUIO MaTEMATUYECKOIO aHaIu3a B
podecCHOHABHOM IS TEIIFHOCTH, BKITFOYAS 33/Ia9d HCKYCCTBEHHOTO MHTEJUICKTA U aHAIN3a
JTAHHBIX.

1. Obmue pexkoMeHaIuu

Opranusanusi padoThbI:

PacueTsl BBINMOIHAIOTCS MHIAWBUTYaIbHO.

Pemenust opopmitsitores B TeTpaau wim B aiekTpoHHOM Buje (Jupyter Notebook, LaTeX).
Jli1s rpapuKOB U CIOXKHBIX BBIYUCIEHUN PEKOMEHIYyeTCsl Mcob30BaTh Python
(oubmmorexu: numpy, matplotlib, sympy).

JTanbl BbINOJHEHUS:

N3ydenue TeopeTnyeckoro Marepuaia (JeKUnuu, y4aeOHUKHN).
Pemenue 3agau mo o6pasity (pazoOpaHHbBIC HA CEMUHAPaX MPUMEPHI).
[IpoBepka pe3yapTaTOB C MOMOUIBIO IPOTPAMMHBIX HHCTPYMEHTOB.
AHanu3 ¥ UHTEepIpeTaus pe3yibTaToB.

Kpurepun oueHku:

[IpaBuIBHOCTD peLICHHUS.

[TonHOTa ¥ TOTUYHOCTH U3JIOKEHHUSL.

['pamoTHOE IpUMEHEHNE MaTeMaTHYECKOTO armnapara.
Wcnonb30BaHne BEIYUCIUTEIBHBIX HHCTPYMEHTOB (€ciu Tpedyercs).

2. Temsl n 3aJlaHus JJIA TUIIOBBIX PAaCYCTOB

Tema 1: Ilpenesbl 1 HeMPepPbLIBHOCTH
3apanus:

Boruncnuth npenensl QyHKINN:

$\lim_{x \to 0} \frac{\sin 3x}{5x}$

$\lim_{x \to \infty} \left(1 + \frac{2}{x}\right)"{3x}$

I/ICCJ'ICI[OBEITB (I)yHKI_[I/IIO Ha HCIIPCPBIBHOCTL:

$f(x) = \frac{x"2 - 4}{x - 2} $ B ToukKe $x = 28.

[ToctpouTs rpaduk GyHKINU C yKazaHHEM TOUEK pa3pbiBa (Mcnob3ysd Python unu Bpyunyto).

MerToauyeckue yKasaHUsA:
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I[HSI BBIYHUCJICHUS NPCACTIOB UCIIOJIB30BAaTh!:

3amMeHy Ha SKBUBAJICHTHbIE OECKOHEYHO MaJbIe.
IIpaBuio Jlonurans.
Jlig nccnenoBaHusl HENPEPHIBHOCTH ITPOBEPUTH BBIIIOJIHEHNE YCIOBHIA:

CyuiecTBoBaHue mpezerna.
CoBnazienue npezena co 3HaueHHEeM (yHKINH.

Tema 2: [Ipou3BogHbIE U UX MPHIOKEHUS
Saganud:

Haiitu npou3BoiHbIe PYHKITHI:

$y =\In(x*2 + 1)$

$y = e™{2x} \cdot \cos x$

UccnenoBaTh GyHKIHMIO HA MOHOTOHHOCTB M 3KCTPEMYMBI:
$y = x"3 - 6x2 + 9x + 1$.

Pemuts 3amauy ontuMu3anuu:

Haiitu pazmepsl MpsIMOYroJIbHHKA C MAaKCHMAJIbHOMW TUIOIIA/IbIO MTPU 3a7aHHOM mepumetpe $PS.

MeTozmquKne YKazaHus:

[TpumensTs npaBwia quddepeHnupoBanus (CymMma, MPOU3BEACHHE, CIOKHAS (QYHKITHS).
Jlnig nccnenoBaHust PyHKUIUU:

Haiitu kputnueckue Touku ($£(x) = 08).

OnpenenuTh 3HaK MPOU3BOJAHON HA HHTEPBAJIAX.

Jlnig 3a1a4 ONTUMHU3ALUU COCTABUTH 1EJIEBYIO YHKIIUIO U OTPAHUYECHHUSI.

Tema 3: UHTerpajbl M UX NPUJI0KEHUSA
Saganus:

Brerancinuts HHTCI'paJibl:

$\int \frac{2x}{x 2 + 1} dx$

$\int_0"M{\pi} \sin"2 x , dx$

Haiiti muomans Gurypsl, orpaHu4eHHON JIMHUSMU:

By = x"28, $y =2 - x$.

[TpuMeHNTH HHTErpas T BhIYKCICHUS 00beMa Tena BparieHus (Hanpumep, Sy = \sqrt{x}$
BOKpyr ocu $Ox$).

MerToauyeckue yKasaHus:

Z[J'ISI HCEOMPCACIICHHBIX HHTCI'PAJIOB UCIIOJIb30BATh!:

3aMeHY IEPEMEHHOI.
WHTerpupoBaHue 1o 4acTsM.
JUist BBIYUCIICHUS TUTOINAICH:
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Haiiti Touku nepecevenus rpadukos.
OnpenenuTh BEPXHIOK ¥ HIDKHIOW (PYHKIIMK HA UHTEpBAJC.

Tema 4: ®yHKIIMA MHOTHX MepPeMeHHbIX
Saganud:

Haiitn yacTHBIE TPON3BOIHBIE:

$z = x"2 y + \sin(xy)$.

HccnenoBaTh QyHKIMIO HAa DKCTPEMYM:

$f(X, y) = X2 + y"2 - 2x - 4y$.

[TocTpouTh TUHUK YPOBHS U FpaareHTHOE Tose st $z = X2 - y*2$ (ucmonb3ys Python).

MeToauueckue YKazanus:

JI71s 9acTHBIX TIPOU3BOAHBIX (PMKCUPOBATH OJIHY TIEPEMEHHYIO, AU PEPEHIIMPOBATE 10 APYTOM.
Jnst moncka SKCTpEMyMOB:

Haiitu cranmmonapusie Toukn ($\frac{\partial f}{\partial x} = 0%, $\frac{\partial f}{\partial y} =
03%).

ITpoBepurs 3Hak onpenenutens ['ecce.

Tema 5: Paabl 1 X NPUII0KEHU ST
3aganus:

HccnenoBaTh cX0AUMOCTD psija:
$\sum_{n=1}"{\infty} \frac{n"2}{2"n}3.
Paznoxute pynknuro B psag Teitnopa:

$f(x) = e"{2x}$ B TouKe $x = 08.
[TpumenuTsh psibl Pypbe s aMPOKCHUMAIIUU CUTHAJIA (HAaIpUMep, MPSIMOYTOJIbHOTO
HMITYJIbCA).

MeTtoanyeckue yKa3aHHU:

HJ'ISI HUCCIICAOBAHUSA PAAOB UCIIOJIb30BATh:

[Tpusnak JlamamoOepa.
Nuterpanbupiii npusnak Komm.
s psaoB Teinopa BEIYUCTUTH MPOU3BOIHBIE B TOUKE Pa3NIOKEHUS.

3. Wcnosip30BaHne NpOrpaMMHBIX HHCTPYMEHTOB

Python: [Iyis BeIUUCIICHHI U BU3yaIn3aluu (MPUMEpP KOJa JUIs OCTPOCHHUS TpaduKa):
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python

import numpy as np

import matplotlib.pyplot as plt
x = np.linspace(-5, 5, 100)

Y= X*¥*2 - 3%+ 2

plt.plot(x, y)

plt.xlabel('x")

plt.ylabel('y’)
plt.title(T'padux dyrkIwm y = X2 - 3X + 2')

plt.grid()
plt.show()

e WolframAlpha: [lsist mpoBepku pe3ynbTaToB (HAlpUMep, BBIYUCICHHS TPEACIIOB).

IIpumeuanue: /g crynentoB ¢ OB3  mnpeaycMoTpeHbl aJanTHpOBAaHHBbIE —3a/laHUs
KOHCYJIBTALIVH.

KpuTepuu NPpaBUJILHOCTH pemennix’l U CPAaBHEHUE C AHAJIUTUICCKUMU BBIYUCICHUAMHA

1. O01mue NpUHUMIIBI IPOBEPKHU
1. AHajauTHYecKasi KOPPEKTHOCTh
Pemenue 10J1%HO CTPOro COOTBETCTBOBATh MaTeMaTHUECKUM 3aKOHAM (IIpaBHIIa
i depeHInpoBaHus, UHTEIPUPOBAHNUS, IPEIEIIbHbIE TEPEXOAbl U T.11.).
[IpoBepsieTcs JIorMKa paccysKAeHHi, a HE TOJIbKO UTOTOBBIM OTBET.
2. CpaBHeHHE € ITAJOHHBIM pelIeHneM
JIjis KaXKI0T0 3a/1aHus CYyHIECTBYET AaHAJIMTHYECKH BbIBePeHHbIH 0TBeT (HarpuMep,
BBIYMCIICHHBINA BpyuHYto nin yepe3 WolframAlpha).
JlomycTrMas MOrpelHOCTb I YMCIeHHBIX MeTo10B: <1% (Ju1s 3a/1a4 ¢ TOYHBIM OTBETOM —
CTPOTOE COBMAJ/ICHUE).
3. ABTOMATH3UPOBaHHAas NMPOBepKa
Ecmu crynenT ucnosip3oBan Python/Matlab, ero xox 3amyckaercst A1 MpOBEPKUA COBMAIEHUS C
AHAJMTUHYECKHM pelIeHUueM.
[Tpumep mis Python:

import sympy as sp
X = sp.symbols('x")
derivative = sp.diff (sp.sin(x**2), x)
assert derivative == 2*x*sp.cos (x**2)

HucTpykums AJs1 npenojaBareiei
1. DranoHHbIE pelIeHus :
JInst Kax 01 3a1a4d MOArOTOBUTH aHAJMTHYeCKoe pemenune (Hanpumep, B LaTeX unun
SymPy).
2. IlpoBepka koaa:
3anyCcTUTh CTYI€HUYECKUI KOJ U CPABHUTH BBIBOJI C 3TAJTOHOM.
Kpurepuii:
python
assert np.isclose(student_result, reference_result, rtol=0.01) # /Jonycx 1%
3. Pyunas npoBepka:
Ecnu oTBeT coBmagaeT ¢ 3TaJOHOM, HO pellieHre HeBEpHOe (Hampumep, «yrajaany), craBurcs 0
0aJL10B.

4.6 Metonnyeckue yKa3aHHUs 110 OPraHU3alH POCKTHOH AeATEJbHOCTH
YciaoBus npuMeHeHH:

— Kypc paccuuran Ha ctyaenToB 1-ro rona ooyueHus,

— OOGee BpeMs Ha MPOEKT — He Oojiee 16 4acoB Ha KaXKJOTO CTYAEHTA.

n
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— MHMmeercs noctyn K kelicaM HHIYCTPUAIIBHBIX IAPTHEPOB; €CTh BO3MOKHOCTh
ajanTanuy KeHcoB s CTYAEHTOB IIEPBOIO Kypca.
Hean, 3a1a4n U 0kUIaeMble pPe3yabTaThl
[enn opranu3aniy BEIYMCIUTENEHOW HHPPACTPYKTYPHI:
— JaTb HAYAJIbHOC NPCACTABJICHUC O PCAJIbHBIX 3a/ladaX, pCIIaCMbIX C TIOMOIIbBIO
MaTeMaTHYECKOr0 aHaJIN3a U BOZHUKAIOIIUX MpodiIeMax.
3ajauu npenoaBaTeis:
— cOop KeicoB MHAYCTpUATIbHBIX IAPTHEPOB;
— cOop KeicoB mpernogaBaTeieil MpakTUKOB U JabopaTopuil B By3e;
— ¢opmupoBanue T3 Ha IPOSKT HA OCHOBE KEHCOB;
pa3paboTKka CUCTEMBI YUETa Pe3yJabTaTOB MPOCKTa B HTOTOBOM 3K3aMEHAITMOHHOM OICHKE
O)KI/II[&GMBIG PE3YIbTATHI CTYACHTOB:

— HayaJbHOE INPEJCTABIECHHE O peajbHbIX 3aJauyax, pPEIIaeMblX C MOMOUIbIO
MaTeMaTHYECKOr0 aHaliu3a M BO3HHUKAIOUIUX IMPOoOJeMax, TOTOBOE pPELICHHE C
000CHOBaHMEM BbIOOPA METO/1a, IPE3EHTALUS PE3YIbTaTOB.

Iopsinok peanuzanuu:
1. IIpumep npoexra:
Tema: OnTUMH3aUMs YKJIOHOB KPOBJIM Yepe3 aHAIU3 NPOU3BOAHBIX.
3ananue:

— Pazpabortarh anroputM NOHCKAa ONTHUMAJIBHOTO yIvIa HAKJIOHA KPOBIM IIyTEM
BBIYMCIIEHUS MPO-U3BOJHON (YHKIMU CYMMAapHBIX 3aTpaT M HAXOXKJIEHHUS TOUYEK
MUHUMYyMA.

- Kpurepun ouenku:

- DdbheKTUBHOCTD PEIICHHS.

— KauecTBO KO/1a 1 OTYETHOCTH.

Ilopsinok npoBepKH KOPPEKTHOCTH:
Yek-nucr:

- Halop ke¥icoB HHAYCTPHAIBHBIX TAPTHEPOB — 3 MIT

- Hanuume peno3utopus ¢ KOIOM.

- 3ammTa npoekra (Mpe3eHTaIus, OTBETHI Ha BOTIPOCHI).

5. Ilepeyenb y4eOHOM JUTEPATYPHI, HH(POPMAIMOHHBIX PECYPCOB M TEXHOJIOT Wil
5.1 YueOHas uTeparypa:

1. Kynpssues, JI. JI. Kypc maremaTiudeckoro anaausa [ DJIeKTpOHHBIN pecypc] : yueOHUK IS
OakamnaspoB : B3 1. T. 1 /JI. JI. KynpsiBues. - 6-¢ uzn., nepepad. u momn. - M. : FOpaiit, 2024. -
703 c. - https://urait.ru/book/kurs-matematicheskogo-analiza-v-3-t-tom-2-v-2-knigah-kniga-1-
537699

2. Kynpssues, Jle ImurpueBud. Kypc MmaTemaTrueckoro aHanusa : y4eOHUK 111 OaKaiaBpoB :

y4eOHHK AJIsl CTYJEHTOB BY30B, O0yYarOMIMXCS IO €CTECTBEHHOHAYYHBIM M TEXHHUYECKUM
HampayieHusM U cnennanbHocTaM. T. 1/ Kynpsasues, Jle Imutpuesuu ; JI. 1. Kyapsisues ;
Mock. ¢pusuko-texH. uH-T (I'oc. yH-T). - 6-€ u31. - Mocksa : FOpaiit, 2019. - 703 c. -
(bakanaBp. ba3oBslii kypc). - ISBN 9785991618076. 50 mir.

3. Kynpssues, JI. I. Kypc MaTemaTtudeckoro aHaiamsa [ DJIeKTPOHHBIN pecypc] : ydeOHUK JUTs
6akanaBpoB : B3 1. T. 2, xu. 2 / JI. 1. KynpsBues. - 6-e uzn., nepepa0. u gon. - M. : FOpaiir,
2024. - 323 c. - https://biblio-online.ru/book/085ABCOE-507F-4FC7-BCD7-661681AA3382.

4. Kynpssues, JI. 1. Kypc matemarnyeckoro ananusa [ DIeKTpOHHBIHN pecypc] : yueOHUK A7
6akanaBpoB : B3 1. T. 2, xu. 1 / JI. 1. Kynpssues. - 6-e uzn., nepepa0. u gom. - M. : FOpaiir,
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2024. - 396 c. https://urait.ru/book/kurs-matematicheskogo-analiza-v-3-t-tom-1-509733
Kynpssues, JleB JImurpuesnu. Kypc maremaTiueckoro ananusa : yaeOHHUK 17151 0aKkagaBpoB :

y4eOHUK ISl CTY/IGHTOB BY30B, 00YyUJarOIMXCS 10 €CTECTBEHHOHAYYHBIM U TEXHUYECKUM
HanpasjieHusM U crieranbHocTsM. T. 2 / Kynpsisues, JleB Imutpuesny ; JI. 1. Kyapssues ;
Mock. ¢usuko-texs. uH-T (I'oc. yH-T). - 6-¢ u3a. - Mocksa : FOpaiit, 2019. - 720 c. -
(bakanasp. ba3zosslit kypc). - ISBN 9785991618939. 50 wrr.

5. Kanaiinuna, 'anuna BennamunoBna (KyOI'Y). Marematuueckuii ananus. [penensr.
HenpepwiBHOCTE: yuebHoe nocobue / I'. B. Kanaiinuna, H. M. CennoBa ; M-Bo 00pa3oBaHus
u Hayku Poc. ®enepanuu, Kybanckuii roc. yH-T. - Kpacuonap : [Kybanckuit
rocynapcTBeHHbli yausepcuret], 2018. - 114 c. : wi. - bubnumorp.: c. 113. - ISBN 978-5-
8209-1495-9 :70 .

6. COopHUK 33724 [0 MAaTEMaTHICCKOMY aHAIHN3Y [ DJIEKTPOHHBIN pecypc] : yueOHOE TTocoowme.
T. 1 : IIpenen. Henpepsiaocts. duddepenuupyemocts / JI. 1. Kynpssues [u ap.]. - M. :
OU3SMATIINT, 2010. - 496 c. - https://e.lanbook.com/book/2226#book _name.

7. COOpHUK 33724 110 MaTEMaTUYECKOMY aHANM3y [ DNEeKTPOHHBIN pecypc] : yueOHoe mocodue.
Towm 2 : Unrerpanst. Paasr / JI.JA. KyapsBues [u ap.]. - Mocksa : ®uzmatnut, 2009. - 504 c. -
https://e.lanbook.com/book/2227#book_name.

8. COopHUK 3a/1a4 10 MaTeMaTHIECKOMY aHAITN3Y [ DIIeKTpOHHBIN pecypc] : yaeOHOe mocooue.
Towm 3 : @ynkiun Heckoambkux nepemennsix / JIJI. Kyapssues [u ap.]. - Mocksa :
dwusmaraut, 2003. - 472 c. - https://e.lanbook.com/book/2220#book_name.

9. ®uxrenromsi, . M. Kypc nuddepeHnmaibHOro M HHTErpalbHOTO UCYUCICHUS
[DnexTponnslit pecypc] : yaeonuk : B 3 1. T. 1 / @uxrenronsi ['. M. - CII6. : Jlans, 2018. -
608 c. - https://e.lanbook.com/book/100938#authors.

10. ®uxrenrousi, I'. M. Kypc nuddepernmanbHOro 1 HHTETpaibHOTO HCUUCTICHUS
[DnexTponnsblii pecypc] : yaeOnuk : B 3 1. T. 2 / @uxrenronsir I'. M. - CII0. : Jlans, 2018. -
800 c. - https://e.lanbook.com/book/104963#authors.

11. 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,

12. Anand Subramoney, et al. Efficient recurrent architectures through activity sparsity and sparse
back-propagation through time / Published as a conference paper at ICLR 2023, Koudepenumn
A* https://openreview.net/forum?id=EIUrNM9U8c#discussion

5.2. llepuoguyeckue u3aaHus:

1. Basel nanssix kommnanuu «Hct Beroy http://dlib.eastview.com
2. Dnextponnas oubmoreka GREBENNIKON.RU https://grebennikon.ru/

5.3 HHTepHeT-pecypchl, B TOM 4YHCJIe COBpeMeHHble NpodeccHoHANbHBIE 0a3bl
AAHHBIX M1 HHPOPMALIMOHHBIE CIIPABOYHbIE CHCTEMBbI

JIeKTPOHHO-0ubImoTeunsbie cucreMsbl (IBC):

1. DBC «FOPAWT» https://urait.ru/

2. DBC «YHUBEPCUTETCKAS BUBJIMOTEKA OHJIAMH» www.biblioclub.ru
3. OBC «BOOK.ru» https://www.book.ru

4. OBC «ZNANIUM.COM» www.znanium.com

40


https://urait.ru/book/kurs-matematicheskogo-analiza-v-3-t-tom-1-509733
https://e.lanbook.com/book/2226#book_name
https://e.lanbook.com/book/2227#book_name
https://e.lanbook.com/book/100938#authors
https://e.lanbook.com/book/104963#authors
https://openreview.net/forum?id=ElUrNM9U8c#discussion
http://dlib.eastview.com/
https://grebennikon.ru/
https://urait.ru/
http://www.biblioclub.ru/
http://www.book.ru/
https://znanium.com/

5. BBC «JIAHb» https://e.lanbook.com
IIpodeccuonanbubie 6a3bl JAHHBIX:
Web of Science (WoS) http://webofscience.com/
Scopus http://www.scopus.com/
ScienceDirect www.sciencedirect.com
Kypuans! uzparenascrea Wiley https://onlinelibrary.wiley.com/
Hayunas snextponnas oudauoreka (HIB) http://www.elibrary.ru/
ITonHOTEKCTOBEIE ApXMBbl BCAYIIMX 3allaAHbIX HAYYHLBIX JKYPHAJIOB Ha Poccuiickoi
nnaTq)opMe Hay4HbIX xypHanioB HOUKOH http://archive.neicon.ru
7. HaumonanbHast diekTpoHHas OuOnworeka (HocTynm K DJIEKTpPOHHOM  OmOnHoTeke
nuccepranuii Poccuiickoit rocymapersennoi oubmmoreku (PI'B) https://rusneb.ru/
8. Tlpesuaenrtckas oubmuorexka um. b.H. Enprmaa https://www.prlib.ru/
9. Springer Journals https://link.springer.com/
10. Nature Journals https://www.nature.com/siteindex/index.html
11. Springer Nature Protocols and Methods
https://experiments.springernature.com/sources/springer-protocols
12. Springer Materials http://materials.springer.com/
13. zbMath https://zbmath.org/
14. Nano Database https://nano.nature.com/
15. Springer eBooks: https://link.springer.com/
16. "Jlextopuym TB" http://www.lektorium.tv/
17. YuuBepcuretckas uHdopmanuonHas cucrema POCCUS http://uisrussia.msu.ru
HNHpopmanoHHbIe CIPABOYHbIC CUCTEMBbI:
1. Koncynprant Ilmoc - cmpaBouyHasi mpaBoBasi CHUCTeMa (IOCTYI MO JIOKaJbHOH CETH C
KOMIBIOTEPOB OMOIMOTEKH)
Pecypchl cBOOOIHOIO J0CTYyNA:
1. KubepJlenunxka (http://cyberleninka.ru/);
2. MuHucrtepctBO  HaykM W Bbicmiero  oOpaszoBaHusi  Poccuiickoit ~ denmeparuu
https://www.minobrnauki.gov.ru/;
3. ®depepanbHbiii mopran "Poccuiickoe obpazosanue" http:// www.edu.ru/;
4. Wnadopmammonnas cucremMa "EmmHoe oOxHO gocTtyma K oOpa3oBaTelbHBIM pecypcam"
http://window.edu.ru/;
Enunas komutekmus udpoBbix oOpa3oBarenbHbIX pecypcoB http://school-collection.edu.ru/ .
denepanbHbIi HeHTp HHPOPMaIMOHHO-00pa3oBaTenbHbIX pecypcos (http://fcior.edu.ru/);
Cnoapu u sHImKiIoneauu http://dic.academic.ru/;
Oo6pa3zoBarenbHbIi opTan "Yueda" http://www.ucheba.com/;
3akonomnpoekT "O6 odpasoBanuu B Poccuiickoii @eaeparnun". Bornpocs! u otBeTsl Nttp://xn--
273——84d1f Xn--plai/voprosy_i_otvety
CoOcTBeHHBIC JIEKTPOHHBIE 00pa3oBaTe/ibHbIe 1 HH(popMannoHHbIe pecypebl Kyol'y:
1. Cpena moxyinbHOTO AuHamMuueckoro oOydenus http://moodle.kubsu.ru
2. baza y4eOHBIX IUIaHOB, y4€OHO-METOJWYECKUX KOMILUIEKCOB, MyONUKaui U KoH(epeHIuit
http://mschool.kubsu.ru/
3. DnextpoHHbIH apxuB nokymenToB Kyol'Y_http://docspace.kubsu.ru/
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5.4 Mlepeyenb uHGPOPMATHOHHO-KOMMYHHKAIIMOHHBIX TE€XHOJIOTHii
1. O6naunble MIaTGOPMBI U CEPBHUCHI
cloud.ru,YandexCloud,AWS/GCP/Azure— oGiaudble BEIYUCIIEHUS
2. Cuctembl yrpaBlieHHS BEPCUSAMH M KOJITa00paIiu
Git/GitHub/GitLab — koHTpob Bepcuii Kofa 1 COBMECTHasI pa3paboTKa
3. Cucrema ynpasnenust ooyuenneM Moodle — caaya pabot
4. TlpoBepka WHAWBUIYAIBHBIX 33JaHUH U KOHCYJIBTUPOBAHHE IMOCPEICTBOM JJIEKTPOHHOU
TIOYTHI.
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http://window.edu.ru/
http://school-collection.edu.ru/
http://fcior.edu.ru/
http://dic.academic.ru/
http://www.ucheba.com/
http://273-фз.рф/voprosy_i_otvety
http://273-фз.рф/voprosy_i_otvety
http://273-фз.рф/voprosy_i_otvety
http://moodle.kubsu.ru/
http://mschool.kubsu.ru/
http://docspace.kubsu.ru/

5. Mcnonb30BaHme 3JEKTPOHHBIX MPE3CHTALUI PU MPOBEACHUN JICKIIMOHHBIX U Ja00paTOPHBIX
3aHATHI.

6. Mcrionb30BaHue MaTeMAaTHYECKUX MTAKETOB ITPH BHITIOJIHEHUH WHAWBUYATbHBIX 3aIaHHMH.

7. CripaBouHo-1ipaBoBas cucrema «Kouncynprant [Tmroc» http://www.consultant.ru

8. [Topran oTkpeITHIX AaHHBIX Poccuiickoii denepepanun https://data.gov.ru

9. ba3a OTKpBITBIX JaHHbIX MMUHHCTEpCTBA TpyJa M COLMAJIbHOW 3amuThl PO
https://rosmintrud.ru/opendata

10. ba3a nanubix Hay4noit anextponnsiii oudnuorexku eLIBRARY.RU https://elibrary.ru/

11. baza nannbix Beepoccuiickoro HHCTUTYTa HayqdHOU M TexHIYeckoi nHpopmarmu (BUHUTI)
PAH http://www?2.viniti.ru/

12. ba3bl JaHHBIX ¥ aHAJTUTHYECKHE MyOJIMKAlMK « Y HUBEPCUTETCKask MH(OPMaLIMOHHASI CHUCTEMA
POCCHUSI» https://uisrussia.msu.ru/

13. ITonnas maremaTuyeckas 0a3a nanaslx ZbDMATH https://zbmath.org/

14. www.statlab.kubsu.ru

15. http://www.statsoft.ru/home/textbook/default.htm

16. http://statsoft.ru/solutions/

5.5 IlepeyeHb HEOOXOAMMOT0 MPOrPAMMHOI0 0OeceYeHusl.
1. Onepanmonnas cucrema MS Windows.
2. UnrerpupoBannoe opucHoe npmioxenue MS Office.
3. TlporpamMmmMHOe oOecriedeHne ISl OpraHU3aliy yIPaBIsSEeMOTr0 KOJIEKTHBHOTO W 0€30MTaCHOTO
nocryna B IHTepHer.
4. S3piku nporpammupoBanusi: Python
5. Google Colab — o6maunas cpeaa s BeimoaHeHust Koaa Ha Python ¢ GPU/TPU

6 MeTozmquKne YKa3aHus 1Jisd oﬁyqamumxcsl M0 OCBOCHHU IO TN CHUIIJIMHBI

[Io xypcy mpenycMOTpEeHO NpOBEICHHE JIEKIMOHHBIX 3aHATHUN, Ha KOTOPBIX JaeTcs
OCHOBHOM TEOPETHUYECKH MaTepuall, JIabOpaTOPHBIX 3aHSATHH, TO3BOJIIIONIMX CTYJICHTaM B
MOJTHOM Mepe O3HAKOMHTHCS C TOHATHEM TEeOpHH (DYHKIMA BEIIECTBEHHOW MEpeMEHHOW u
OCBOUTHCS B PEILICHUU MPAKTUYECKUX 3a/1a4.

Baxkueiimmm 3Tarnom Kypca sIBISIETCS CaMOCTOsTeNbHAsI padoTa 1Mo AUCHUILIUHE «TEOpUs
(YHKIMHA BEIIECTBEHHON TIEPEMEHHOM.

Lenbto camocTosITeNnbHOM paboThl OakagaBpa sSBISETCS YIIyOlIeHne 3HAaHUM, TOTy4eHHBIX
B pe3yibTaTe ayIuTOPHBIX 3aHATUN. BbipabaThiBarOTCS HAaBBIKM CaMOCTOSITENIBHON pabOThI.
3aKperIsSioTCs OTBIT U 3HAHMS, ITOJIyYEHHBIE BO BpeMsl JIaOOpAaTOPHBIX 3aHATHIA.

CamoctosarenbHas paboTa CTYJEHTOB B XOJ€ W3YYCHHUS AUCHUILUIUHBI COCTOUT B
BBITIOJIHEHUM  WHAMBUAYAJTbHBIX  33/JaHUN, 3a/laBaeMbIX  MperojaBaTesieM,  BeIylIUM
nabopaTopHbIe 3aHATHS, TOJATOTOBKHA TEOPETHUECKOTO MaTepralia K JabopaTOpHBIM 3aHATHUSAM, Ha
OCHOBE KOHCIIEKTOB JIEKIIMI U yueOHOUW JHUTepaTypbl, COIJIACHO KalleHAApHOMY IUIaHy U
MOATOTOBKH TEOPETUYECKOI0 MaTepuaia K TECTOBOMY OIPOCY, 3a4eTy U IK3aMEHY, COIJIACHO
BOIPOCAM K IK3aMEHY.

VYkazanus mo ogopmIiIeHHI0 padoT:

- paboTa Ha TaOOPATOPHBIX 3aHATUAX U KOHCIEKTHI JIEKIIUHA MOTYT BBIIIOJHATHCSA Ha OTACIHHBIX
JTUCTax MO0 HEeTOCPEICTBEHHO B paboyeii TeTpaiy;
- ohopMIIeHHE UHIUBUIYAIbHBIX 3a/IaHUH JKeNaTeIbHO Ha OTAETIbHBIX JIMCTaX.

[IpoBepka WHAMBHAYaNBHBIX 3aJaHU IO TeMaMm, pa300paHHBIM Ha JTabOPATOPHBIX
3aHSTUSIX, OCYIIECTBIISIETCS Yepe3 HEACI0 Ha TeKYIeM J1a00paTOPHOM 3aHSATHH, THOO B TEUCHUE
HEJIEJIH MOCIIe ATOTO 3aHATHS HA KOHCYJIbTALNH.
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JUis pa3bsCHEHMsI HEMOHATHBIX BOIIPOCOB JIEKTOPOM M ACCHUCTEHTOM €XKEHENEIbHO
IIPOBOJATCS] KOHCYJIBTALlMHU, O BPEMEHM KOTOPBIX TPYIIIbI U3BEIIAIOTCS 3apaHee.

B ocBoeHMM AMCHUIUIMHBI MHBAJIUAAMM U JMUAMH C OFPAHUYEHHBIMU BO3MOXHOCTSIMHU
3I0pOBBsl OOJBIIOE 3HAYEHWE HMMEET WHAMBHIyanbHas ydeOHass paboTa (KOHCYAbTALUU) —
JIONOJIHUTEIBHOE Pa3bsICHEHUE YUeOHOTr0 MaTepHana.

WupuBuayanbHble  KOHCYJNBTAllMM 10 MPEAMETY SBISIOTCS BaKHBIM  (PaKTOPOM,
CIOCOOCTBYIOIIMMH WHIMBUAYaTH3AH 00YUSHHS U YCTAaHOBJICHUIO BOCITUTATEIHHOTO KOHTAKTA
MEXAy I[pernojaBaTesieM M OO0y4arolMMCs HWHBAIMJIOM WJIM JIMIOM C OrPaHUYEHHBIMU
BO3MOYHOCTSIMU 3JI0POBBSI.

[IpoBepka WHAMBHAYaNbHBIX 3aJaHUM IO TeMaM, pa300paHHBIM Ha JabOPAaTOPHBIX
3aHATHUSAX, OCYHIECTBISETCSA Yepe3 HEEI0 Ha TeKyIeM Ja00paTOPHOM 3aHIATHH, JTUOO0 B TCUECHHUE
HEJIENH MOCJIE 3TOTO 3aHATHS Ha KOHCYIbTALIUU.

JUis pa3bsCHEHMsI HEMOHATHBIX BOIIPOCOB JIEKTOPOM M ACCHUCTEHTOM €XKEHENEIbHO
MIPOBOJIATCS] KOHCYJIBTAILlMHU, O BPEMEHH KOTOPBIX TPYIIIbI U3BEIIAIOTCS 3apaHee.

B ocBoeHMM AMCHUIIIMHBI UHBATUAAMU U JIUIAMH C OTPaHUYEHHBIMH BO3MOKHOCTSIMU
310pOBbsl OOJIBIIOE 3HAYEHHME HMEET WHJAMBHyajbHas y4deOHas paboTa (KOHCYJIbTallMH) —
JOTNOJIHUTEIBHOE Pa3bsICHEHNE YUeOHOTr0 MaTepHana.

WnnuBuayanbHble KOHCYIbTAlMM 1O TPEAMETY SBISIOTCS BaXHBIM  (PaKTOpOM,
CHOCOOCTBYIOUIUM MHJIMBUIYAIU3aMH 00YYeHHs] U YCTAaHOBJIEHHUIO BOCIIUTATEIFHOTO KOHTAKTa
MeXAy IMpernojaBaTesieM U OO0ydarollMMCS HWHBAJIMJIOM WM JIMIOM C OrPaHUYEHHBIMU
BO3MOXHOCTSIMHU 3/I0POBBSI.

IIpumepsl KeiicoB 0T MHAYCTPHAJIBLHOIO MAPTHEPA

KeiicNel. Kinnaccugukanus CTpouTeIbHBIX MATEPUAJIOB HA OCHOBE TEOPHMH MHOKECTB

Onucanue:
[Ipy 1IaHUpPOBAaHMM CTPOUTENHCTBA HEOOXOAMMO CHUCTEMAaTH3UPOBATh pPa3zHOOOpa3HbIE
MaTepuagbl MO MX CBOICTBAM W Ha3HAUYEHHUIO. 3ajaya 3akKI04yaeTcs B CO3JAaHUM CHCTEMBbI
aBTOMAaTUYECKOM KiacCUpUKAMU MaTepHalioB, T/A€ KaXAblii MaTepuan MpPUHAJICKUT
OTpe/ieIeHHBIM MHOYKECTBaM (T10 TPOYHOCTH, BOJOCTONKOCTH, OTHECTOMKOCTH) C BOZMOXKHOCTBIO
nepeceyeHust 1 00beIMHEHHS 3TUX MHOXKECTB.

Hean:
Pa3paborares mpocToil aaroputM MamMHHOTO OOy4YeHHUsS [UIsl TPYNIHPOBKH CTPOUTEIBHBIX
MaTepuaJoB C MCIOJIb30BAHUEM OIlEpaluii HajJ MHOXXECTBaMU U JIOTHYECKHX YCIOBUU
MIPUHA/ICKHOCTH.

OxunaemMblil pe3yJibTaT:
[Iporpamma-knaccudukaTop, onpeAesionias KaTeropruio MaTepraa o ero XxapakTepucTukaM 1
MOKa3bIBAIOIIAs TPUHAIIICKHOCT K PA3IMYHBIM (DYHKIIMOHAIBHBIM IPYIIIIaM.

KeiicNe2. IlpenenbHblii aHAIM3 Hecylleil CMOCOOHOCTH KOHCTPYKUMH € IMOMOIIbIO
HeHPOHHBIX ceTeil

Onucanue:
Omnpenenenne MaKCUMaJdbHOM HAarpy3kd, KOTOPYID MOJKET BBIAEPKATh CTPOUTENIbHAS
KOHCTPYKIUSI, SIBJSICTCSI KPUTHUYECKH BaKHOU 3amaueil. [Ipu yBennyeHHHM Harpy3kd cuUcTema
npuOIIKAaeTCs K MPeNelbHOMY COCTOSIHUIO, TOCIEe KOTOPOTO TPOUCXOAMT pa3pylleHHue.
Heob6xomumMo co3aTh MpOCTyIO MOJIENb 7Sl MPOTHO3UPOBAHUS ATOTO TMpeiena.

eas:
[TocTpouTh HEHPOHHYIO CETh, KOTOPAsi HA OCHOBE T€OMETPUYECKHIX MapaMeTpOB 0K U CBOKCTB
MaTepuana MpeICcKa3blBaeT MpEeAENbHYI0 HArpy3Ky C aHalIM30M TOBeIeHUsS (YHKIUU IpU
CTPEMIIEHUH K KPUTUYECKUM 3HAUCHUSIM.
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O:xupaeMblid pe3yJbTar:
Mopnenb npenckazaHusi IpenelbHbIX COCTOSHUN C BU3yalu3alued NpUOIMKEHHsS K paHuLaM
0€301acHOM KCILTyaTallui KOHCTPYKIIHA.

KeiicNe3. OnTumMu3anusi yKJIOHOB KPOBJIM Yepe3 aHAJIM3 NPOU3BOIHBIX

Onucanue:

VYTo HaKJIOHA KPOBIM BIMSET Ha CHETOBYIO HArpy3Ky, 3(pQEeKTHBHOCTh BOJOOTBOJA M PACXO]l
MarepuanoB. CylecTByeT ONTUMAIbHBIA YKIOH, MUHUMHU3UPYIOIIMI oOLIue 3arpaTbl Ha
CTPOMTENBCTBO U AKCILTyaTalnio. 3aja4da TpeOyeT NoucKa IKCTpeMyMa (DyHKIHH 3aTpar.

Mean:

PazpaboTare anropuTM NOWCKAa ONTHUMAJIBHOTO YIila HAKIOHA KPOBJIHM ITyTEM BBIYMCICHHS
IIPOM3BOIHOM (PYHKIIMM CyMMapHBIX 3aTpaT U HAXOKJIEHUS TOUEK MUHUMYMa.

O2xupaemMblii pe3yJibTaT:

Cucrema pacyera, aBTOMaTUYECKHU ONPEAEISIONIasi ONTUMAIbHBINA YKIOH KPOBJIH /IS 331aHHBIX
KIIMMaTHYECKHUX YCIOBHUI ¢ 00BICHEHUEM Uepe3 aHaJIU3 CKOPOCTU U3MEHEHUS 3aTpar.

KeiicNe3 Onrtumuszanusi runepnapaMeTrpoB HEPOHHOWH ceTH € HCHOJIb30BAHMEM
MeTO010B ONITUMHU3ALMH, OCHOBAHHBIX HA MIPOM3BOHBIX M NOUCKe IKCTPEMYMOB

Onucanue: runepnapaMeTpbl HEHPOHHOW ceTu (CKOpOCTh 00y4deHMsl, KOIPPHUIIMEHTHI
perymsipu3aiim) CyIIeCTBEHHO BIUSIOT Ha Ka4eCTBO Moaenu. Pyunoi moabop tpebyeT 60abImx
BBIYMCIUTENIBHBIX ~ pecypcoB.  ABTOMaTHMYecKas  ONTHMHU3AlMs  TUIEpHapaMeTpoB  C
WCIOJIb30BAHUEM TPAJUEHTHBIX METOJO0B (OCHOBAHHBIX Ha IPOU3BOJHBIX) MOXET YCKOPUTH
poLecc.

ean:

PeanuzoBaTh anroputM ONTUMM3ALMKM THUIEPHApaMETPOB HA OCHOBE TpaJdeHTHOU
uHpopmanuu (HampuMmep, METOJIOM HAaWCKOPEHIEero Ciycka) Jjisi HeHpOHHOW ceTH, 00ydueHHOI
Ha Habope naHHbIXx MNIST.

MaremaTu4ecKuii UHCTPYMEHTAPHIA:

e [IpousBoanbIC (TPaIUEHT MO TUIIEpIIAPAMETPAM)
e IIpenensl (CXOAUMOCTh aITOPUTMa ONITUMH3AITNAH )
e [locnenoBaTenbHOCTH (IIOCIEAOBATENBLHOCTh 3HAYEHHUI TUIEpHapaMeTpoB U (DyHKIMH

MOTEPh)

OxupaemMblil pe3yJibTaT:

WHTEPAaKTUBHBIA ckpunT Ha Python, xoTopblii oOydaeT mpoOCTyr0 HEHPOHHYIO CETh Ha
MNIST, onTumusupyer ckopocTh o0ydeHHs (o) M Kodhdumuent L2-perymspuzamuu (A) ¢
MOMOIIBI0 TPAJUEHTHOIO CITyCKa, BHU3yaJU3UpPyeT MpollecC ONTUMM3ALMKU (M3MEHEHHE
rurneprnapamMeTpoB U QyHKIUU TOTEPD).

[[J'Iﬂ CTYACHTOB C OI'PAaHUYCHHBIMH BO3MOXXHOCTAMHU 3J0pPOBbA IPEAYCMOTPCHEBL
AOIIOJIHUTECJIIbHBIC HWHAWBUAYAJIBHBIC KOHCYJIbTAlUH, HA KOTOPBIX IIPCIIOAABATCIIb HO,Z[pO6HO
Pa3bACHACT CJIOXKHBIC aCIICKThl AUCHUILIMHBI, IIOMOT'aCT aJalITUPOBATH IIPAKTUYCCKUC 3alaHUA U
obecreyuBaeT ClicyaJibHBIC YCIIOBUA UIA OCBOCHHUA MCETOHOB pa6OTBI C cucreMmamMu
HCKYCCTBCHHOI'O HHTCIUJICKTA. I/IH,I[I/IBH,Z[yaHBHLIﬁ nmoaxoa IIO3BOJIACT TaKUM CTyACHTaM
IMOJIHOLICHHO Yy4aCTBOBATh B y‘le6HOM Mpouecce U NOCTUT'ATh Tpe6yeMHX pPE3YyIbTaTOB 06yquH;1.

7. MaTepuaibHO-TeXHHYeCKOe o0ecniedeHUe MO AUCHHUILIHHE (MO1YJII0)
Buptyaneuble mamuHbl, knactep Managed Kubernetes u pecypcst GPU B obGnake
npeaocTaBiseTcss HHAycTpuanbHbIM napTHepoM [TAO «Coepbank»:
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IIpoaykr

[Tapamerpsl nnpoaykra

Koi-Bo En.
Koma-Bo a

KOH(UTYpanuii  U3M.
L B B 1 oo
OC Ubuntu 22.04 1 T
Cucremnsrit nuck SSD 1 T
10 I'6
Apenpa nyonuanoro [P 1 116,
, BupryanbHas Bupryansnas mamnaa ¢ GPU
Mammina ¢ GPU I;l/(lelgbAg g;séal(;@A VN} 00 2 GPU 1 1 T
OC Ubuntu_24.04 1 T
Cucrtemnsliii guck SSD 1 T
2000 o
Huck SSD 1 T
4096 o
Huck SSD 1 It
4096 I'o
Apenpaa nyonuanoro [P 1 116
3 K8S Master node 8 vCPU 16 RAM 1 1 116y
\:gl\éog(Ae'(/lnode 10% nomnst 4 vCPU 5 1T
Worker node SSD-NVME 64 I'6
Apenpaa nyonuanoro 1P 1 116
ML Inference
4 Instance Type Bpewms paboTsl B MecsIt 40 1 |
GPU
HNucranc 8§ x NVIDIA® HI100
NVLink PCle 160 vCPU 1520 1 T
GB RAM
KonunuecTBo 3anpocoB k ML- 1 Mus.
MOJIETISIM it
Ko ML-moneneit 160 o
5 LLM Tokens! GigaChat 2 Max 50 1\{[{1121
Tokenst Embeddings 400 1\{[{1121
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JlonomHUTENbHBIE 00JauHbIe PECYPChI MIPEIOCTABIISAIOTCS TEXHOJIOTHYECKUM TapTHEpoM Y andex

Cloud.

Ne Bun pabor

MarteprallbHO-TEeXHHYECKOE 00ECTICUCHHE T CIIUTLTUHBI
(Moynsl) M OCHAIIEHHOCTh

1. | JIeknuoHHBIE 3aHATUS

JleknmoHHasE ayauTOpHUsA, OCHALECHHAs MPE3EHTAUOHHOU
TEXHUKOW  (IIPOEKTOp, OKpaH, KOMIIBIOTEP/HOYTOYK) U
COOTBETCTBYIOILIUM HporpaMMHbIM obecnieueHuem (I10),

J0CKa
Ayn. 129, 131, 3016, 305, 307

2. | JlabopaTopHbI€e 3aHATUSL

Jlaboparopus, yKOMIUICKTOBAaHHASI TEXHUICCKIMH CPEICTBAMU
oOydeHUssT —  KOMIIBIOTEpPAaMH C  COOTBETCTBYIOIIUM
porpaMMHBIM oOecriedyeHueM, MapkepHas jgocka. Aya. 101,
106, 106a

I'pynnossie Aynutopus, YKOMIUIEKTOBAaHHAs MapKepHOM JOCKOW U
3. | (MHAMBHYaTbHEIE) OCHallleHHas! KoMIbloTepoM. Ayn. 129
KOHCYJIbTALIU

Texymui KOHTPOJIb,
4. | mpomexyTouHas
aTTecTanus

Ayautopus, YKOMIUIEKTOBAaHHAash MAapKEpHOW JIOCKOW W
OCHallleHHasi KoMIbloTepoM. Ay, 129

5. | CamocrosTenpHast paboTa

Kabuner nnsi caMOCTOSITENIBHOW  pabOThI, OCHAIICHHBIN
KOMIIBIOTEPHON TEXHUKON C BO3MOXHOCTHIO TIOJKIIOUEHUS K
cetu «VHTEpHET», TpPOrpaMMOil IKPAHHOTO YBEIWYEHUS W
00€eCreYeHHbIN JTOCTYIIOM B AJIEKTPOHHYIO HMH(OPMalMOHHO-
oOpazoBaTenbHyIO cpeny yHuBepcuteta. 102-A W ynuTanbHBINA
3a1

[Ipumeuanue: KonTkperuzamus ayauTopuil U ux ocHamenue onpenenserca OITOIL.
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