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1. Mecto gucuumInHbI (MoAyJs) B ctpykrype OIIOII BO:
JvcuunarHa oTHOCUTCS K BapuaTuBHou yactu OIIOIT BO.

2. BxoaHble Tpe6GOBaHUA AJ1 0CBOE€HUA AU CLUINJIMHBI (MOAYJIfA), NpeAgBapUTe/IbHbIE YC/I0BUA

(ecsm ecTh):

CtyaeHTsl JOJDKHBI 00J1a1aTh 3HAHUSAMU 110 MAaTEMAaTUYECKOM CTATUCTUKE U TEOPUHU BEPOSTHOCTEH,

nporpaMMHUpOBaHUIO, YUCIICHHBIM MCTO4aM OIITHUMU3ALIUH.

3. Pe3ysibTaThbl 06Yy4YeHHUs MO AU CUUIIMHE (MOAYJIIO):

Ilnanupyemble pe3yJbTaThl 00yYeHHsI M0 THCHHILINHE
(MoayJI10)

Coaepxanue u Ko
KOMIIeTeHIHH.

Huaukarop (mokasareb)
NOCTH/KEHHUS] KOMIIETeHIHHU

Ilnanupyemsblie pe3yjbTaTbl 00y4eHHUsI 110
AMCUMILIMHE, CONPSIKEHHbIE ¢
HHAMKATOPAaMH J0CTH/KeHHS
KOMITETEeHIIM

CIIK-2. CiocobHOCTD
MOHUMATh U IPUMEHSATH B
UCCIIe10BATENLCKON U
MPUKIIAJHON AeITeIbHOCTH
COBpEMEHHbBIE
CYNEPKOMITBIOTEPHBIE
TEXHOJIOTHH,
MaTeMaTUYEeCKU arnmnapar,
BBIYUCIIUTEIIBHBIC METOIbI
JUIsl IPOBEICHUS
KpYyMHOMAacCIITabHOro
MaTEeMaTUYECKOro
MOJICIIMPOBaHHUS U
00pabOTKH JIaHHBIX HA
COBPEMEHHBIX
BBICOKOIIPOM3BOIUTEIbHBIX
BBIYUCIIUTEIIbHBIX CUCTEMAX

CIIK-2.1. ITpumenser B
UCCIICI0BATEIILCKOM
NPUKIIATHON JAeSTEIbHOCTH
COBPEMECHHBIC
CYIIEPKOMITbIOTEPHBIE
TEXHOJIOTHUH,
MaTeMaTHYEeCKUI anmnapar,
BBIYUCIUTEIbHbIE METO/1bI
JUIs IPOBEACHUS
KpyIHOMacCIITaOHOIo
MaTEMaTUYECKOT 0
MOJIEJIUPOBAHUS U 00pabOTKH
JTAHHBIX HAa COBPEMEHHBIX
BBICOKOIIPOM3BOUTEIBHBIX
BBIYUCIUTEIbHBIX CHCTEMAX

3Harhb

[TorpenmHOCTh M3MEPEHUN, U UX
kiaccuukanus. Buabl v TUIIbI TaHHBIX.
DKCIEPUMEHTBI (PM3UKU BBICOKHX YHEPTHi
YMmeTh

[IpoBOANTL perpecCHOHHbIN aHAIN3
JIAHHBIX

NMeTh NpakTHYECKHIH ONBIT
Pa3paboTKH cTaTHCTHYECKUX MOJECICH s
IIPOBEPKU I'MIIOTE3 U ONpeAesIeHus
CTAaTUCTUYECKOH 3HAYUMOCTH

CIIK-3. CtocoOHOCTB
pa3pabaThIBaTh
reTeporeHHbIe
BBIYMCIIUTEIIbHBIC CPEIbI IS
pelIeHMs] HAyYHBIX 3aJ1a4
KPYIIHBIX IIPOEKTOB,
BKJIIOYAsl IPOEKTHI KJ1acca
MeracameHc.

CIIK-3.1. PazpabatbiBaer
reTEpOr CHHbIC
BBIYMCIIMTEIIbHbBIE CPEIbI IS
pelLIeHUS HaYYHBIX 3a/1a4
KPYIIHBIX IIPOEKTOB, BKJIIOYast
IIPOEKTHI KJIacca MeracaieHc.

3narp

OCHOBBI CTaTHCTHYECKOTO aHAJIN3A
IKCIEPUMEHTAIbHBIX JAHHbIX

YMmersb

Co3ziaBaTh MOJEIIH JUIS AHAJIM3a BPEMEHHBIX
PSLIOB.

HNmeTh NPpaKTHYECKHH ONBIT

Pa3paboTKu CTaTUCTUYECKUX MOZAEIEH I
PCIICHUS HaY4YHBIX 3a/1a4 KPYIHBIX
IIPOEKTOB, BKJIIOYas IPOEKThI KJlacca
MeracaneHc

4.06'beM AMCLUIJIMHBI COCTaBJAAeT 3 3.e., B TOM 4Hcie 64 akaJeMHYECKUX 4YacOB, OTBEIECHHBIX Ha
KOHTAaKTHYI0 paboTry oOyuarommuxcs ¢ npenojaaBareneMm, 44 akaJeMHYECKHX YacOB HAa CaMOCTOSITEIBHYIO

paboTy 00ydarommxcs.




5. CogeprkaHue JUCHMILIMHBI (MOAYJIfA), CTPYKTYPUPOBaHHOE MO TeMaM (pa3jesiaM) C
yKa3aHHeM OTBeJleHHOI0 HA HUX KOJIMYeCTBa aKaJleMH4YeCKHX YacoB U BU/bI y4eOHbIX
3aHATHH:

5.1. CTpyKTypa AUCHMIIMHBI (MOAY./I1f1) O TeMaM (pa3jesaM) ¢ yKa3aHMEM OTBeJeHHOro Ha
HMX KOJINYeCTBa aKaJileMUYeCKHX YacoB M B/ bl YY€GHbIX 3aHATHH (B CTPOrOM COOTBETCTBHH C
y4e6HBIM IJIAHOM)

HauMeHoBaHMe pa3/ie/iOB U TEM HoMuHa/ibHbIE TPYA03aTpaThl
AUCHUIUIMHBI (MoAy ), o0y4YamwLerocs
KoHTakTHas pa6ora 8 g
dopma npomMeKyTOYHOM (pa6oTa Bo E g
aTTeCTaluMHy No AU CUMIJINHE B3aMMO/JEMCTBUHU C o By T
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Tewma 1. [Torpemmnocts 4 4 4 12 onpoc
U3MEPEHUN, U UX KIaccupUKaLus.
Bubl ¥ TUIIBI JTaHHBIX.
DKcrepuMeHTbl (PU3UKH BBICOKMX
DHEPrHil.
Tema 2. OCHOBBI CTATHCTHYECKOTO | 4 4 12 otpoc
aHaJIN3a HKCIEPUMEH TaIbHBIX
JTAaHHBIX.
Tema 3. PerpeccuonHslil ananms 4 4 4 12 onpoc
y.].
Tema 4. PerpeccuoHHbIN aHaIU3 4 4 4 12 ompoc
g ll.
Tema 5. [IpoBepka runores n 4 4 6 14 onpoc
CTaTUCTUYECKAsI 3HAYUMOCTb.
Tema 6. MeToabl KiTacTepU3aLIUH. 6 14 ompoc
Tema 7. Ananu3 BpeMEHHbIX 8 16 ompoc
| pAJIOB.
Tema 8. Bejnenue B MalIMHHOE 4 4 8 16 onpoc
o0yueHue.
Jlpyrue BUAbl CAaMOCTOSATE/IbHOU
pa6oThbl (OTCYTCTBYIOT)
[IpoMexxyTo4Has aTTecTanus
(3auer)
HToro 32 32 40 108 —

5.2. CoaepikaHue pa3aesoB (TeM) AU CIUIIMHbI

‘ Ne | HaumeHoBaHHUe pa3zesioB (TeM) ‘ CopeprkaHue pa3zesioB (TeM) JUCIUIIJIMH




n/n JUCLUMIIJIUHBI
[Ipu MOr'PELIHOCTEN U UX BIUSIHUE H
1. Tema 1. ITorpemmnocts PHPOJIa MOTPCITHOCTCH 1 ¥ 06 cHa
. UHTEpIIpeTanuio usmepeHuii. O030p BHUJI0B U THIIOB
U3MEpPEHUH, U X p pH B p 2030p BHIL
Kraccuukams. BHjsl 1 THIIBL AanHbIX. [TpuMepbl usMepeHnii 1 JaHHbIX B
KCIIEPUMEHTAaX (PU3MKHU BBICOKHX SHEPrUit
JTAaHHBIX. DKCIEPUMEHTHI (PU3UKH JKCTCpIME b3 co JHCPTHH €
. AKLIEHTOM Ha HKCIIEPUMEHThI MeracaileHc npoeKTa
BBICOKHMX HEPruii.
HUKA.
. I'pamueckre METO/IbI IPEACTABICHUS U aHAIM3a
2 Tema 2. OCHOBBI padp “ﬂT pea
CTATHCTHYCCKOrO AHATH3A JIaHHBIX U3MepeHHH. Toueunble 1 HHTepBalbHble
HKHM HEM3BECTHBIX Mapam B pacn JICHUH.
HKCIEPUMEHTAIbHBIX JbIHHBIX. one ceHsBee PaMCTpoB pacripeicie
CpaBHeHHUE JIBYX BHIOOPOUYHBIX COBOKYITHOCTEH.
. o Jluneiinas perpeccusi. Mero MakCUMaJIbHOTO
3 Tema 3. PerpeccuoHHbIi aHAJIU3 perp a
. MpaBI0NOA00MS U METO/I HANMECHBIIINX KBAPaTOB.
) [TonsiTe pobacTHBIX METO/I0B, B3BELICHHbBII METO/L
HAUMEHBIINX KBAIPaTOB.
. Henunelinas per us. [Toustu JIEBOM
4. Tema 4. PerpeccroHHblIi aHaIN3 CIMHCHHAd perpecc 0 © TICIICBO
_ (Gynkuuu. I'pajiueHTHBIE U HETrpaIMeHTHBIE METObI
o YHCJICHHON ONTHMHU3AIHH.
MeTo/1bI TPOBEPKH CTATUCTUYECKUX THITIOTES.
5. Tewma 5. IIpoBepka runores u Ce O/LbI IIPOBCPKH CTATHC eé oTes .
TaTUCTUYECKasi 3HaYUMOCTh. CTaTUCTHYECKUI
CTaTHCTHYECKas 3HAYUMOCTb. A .
kputepuii. baitecoBckuii ananus.
4ya KJIaCTepU3alii U OCHOBHBIC METO/Ibl €€
6. Tema 6. MeToab! KiIacTepu3auu. 3azaTa KmacTepu3an OCHO © MCTORBE cC
pewenus. Knaccudukanus meroio
KJactepuzauuu. Mepbl pacCTOsSHUIA.
. MeTo1b1 aHasM3a BpeMeHHbIX psioB. beicTpoe
7 Tema 7. Ananus BpeMeHHbIX A P up A P
PAZIOR ®dypbe-npeodpa3oBanue. Beiiner-
' npeodpa3zoBaHUe U AIITOPUTM ObICTPOro BEUBIIET-
npeoOpazoBanue. CriaxuBaHHue JaHHBIX U
YAaCTOTHBIA aHAJIU3 BPEMEHHbBIX PSIJ10B.
8. Pa3BenbiBaTebHbIN aHau3a JaHHbIX. MeTo
Tema 8. Beeenue B MalimHHOE A A R A
oGyucHHe OMOPHBIX BEKTOPOB. BArTHHT U CilydaiiHbli Jiec.
' JlepeBbst perieHuit ¥ rpaJiIMeHTHbIN OYCTHHT Ha
pelLIAoIIUX IEPEeBbIX. 3a7a4a Ki1acCu(pUKaALUU U
perpeccuu.

6. ®oHJ OoLeHOYHBIX cpeAcTB (POC, oueHOYHbIE U METOAUYECKHE MaTepHuaJibl) AJs
OLleHMBAaHUA Pe3y/JIbTATOB 06y4YeHH M0 AUCHUIINHE (MOAYJII0).

6.1. TunoBbie KOHTPOJIbHbI€ 3aJlaHUA HJ/IM HHbI€C MaTepHuaJibl AJIAd NPOBEACHHA TEKylero
KOHTPOJId YCnIeBaeMOCTH

[IpuMepsl TeM AJ151 yCTHOTO Onpoca:

Tema 1: ITorpemHocTs U3MEpPEHHIt, U MX KJIacCH(UKaLUs. BUIbI M TUITBI JaHHBIX. DKCIIEPHUMEHThI
(U3UKH BBICOKHX YHEPTHH.

1. Yro Takoe norpemHocTh u3Meperuit? Kakue 0CHOBHBIE THITBI IO PELIHOCTEN CYIIECTBYIOT?

2. Kakue BHU/bI U TUIIbI JAHHBIX BbI 3Haere? HpI/IBCI[IdTC IPUMEPHI KAXKA0TI0 BHAA.

3. IlpuBeauTe MpUMeEpHI IaHHBIX, MTOJTy4aeMbIX B SKCIIEpUMEHTaX (pU3MKH BHICOKUX SHepruid. Kakue
OIMOKH B TaHHBIX XapaKTEPHbI JIs1 IPUBEAEHHOT O IpUMepa?

Tema 2: OCHOBBI CTAaTHCTHYECKOT0 aHAJIN3a SKCIIEPUMEHTAIbHBIX JBIHHBIX

4. Kakue rpadguueckue MeTO/Ibl PEACTABICHHS JAHHBIX UCIIOIb3YIOTCS JIUIsl aHAJIU3a
9KCIEPUMEHTAIbHBIX PE3yIbTaTOB?

5. YTo Takoe ToueyHbIe U HHTEPBaJIbHbIE OLIEHKH HEU3BECTHBIX NTapaMeTpoB pacnpeneneHuii? B uem nux
paznuuus’?

6. Kak MOJXHO CpaBHUTB JIB€ BHIOOPOYHBIE COBOKYITHOCTH?



Tema 3: Perpeccronnslii ananms .

7. MeTo MaKCUMaJIbHOT O TIPAB/I0IMO 100Ul M METOJI HAUMEHBIIUX KBAPAaTOB.

8. B uem 3axmmouaercst MoHATHE POOACTHBIX METO0B JIMHEHHON perpeccuu, U Korjaa ux clieayer
NPUMEHATH?

Tema 4: Perpeccronnslii ananus I1.

9. B yeM OCHOBHbIE IPUHLIMIIBI HEJTMHENHHON perpeccun? Kakue MeToabl HCTIONIBb3YIOTCS JUIS €€
anmnpoKcuManuu?

10. Kak MOXHO ornucaTh 1eieByo GyHKIu 11 HeJlMHeHHo# perpeccun? Kakue MeTo1bl YHCIIeHHOM
ONTUMM3ALUU TPUMEHSIOTCS 111 €€ MUHUMU3Auu?

11. Kakue npeumyuiecTsa 1 HeJIOCTaTKU I'PAaJJMEHTHBIX U HEI'PaJUEHTHHIX METO0B YU CICHHOM
ONTHUMHU3ALIUH?

Tema 5: [IpoBepka runore3 U CTaTUCTUYECKasi 3HAYUMOCTh

12. Kakue MeTo/1bl MCIOJIb3YIOTCS IS IPOBEPKU CTaTUCTHYECKUX runore3? Kak onpenenutsb
CTaTUCTUYECKYIO 3HAUUMOCTh?

13. Yro Takoe craTucTiyeckui kpurepuil? Kakue OCHOBHbIEC KPUTEPUHU CYLIECTBYIOT?

14. B ueM OCHOBHBIE OTIIHYMS MEKY KIACCHYECKUM U 0alleCOBCKUM MOJIX0/1aMH K IIPOBEPKE runore3?

Tema 6: MeTobl KJIaCTEpU3ALUH

15. KakoBa uesnb 3a1auu kiacrepusauuu? [Ipusenure npumep MeTo10B KilacTepu3aliki.

16. [IpuBeuTe NpUMEpBl MEpbl PACCTOSHHUH /ISl ONPEEICHUs CXOJACTBA MKy 00bEKTaMu.

17. Knaccuduuus MeTo10B KJIaCTepUu3aliu.

Tema 7: Ananu3 BpEMEHHBIX Psi/10B

18. Kakue ocoOeHHOCTH XapaKTEpHHI /I aHAJIM3a BPEMEHHBIX PAOB, ¥ [I0YEMY OHHM TpedyroT
CHELHAIbHBIX METOA0B 00paboTKn?

19. Beictpoe ®ypbe-npeodpazoBanue. Kak ero MoxHO MPUMEHUTh K aHAJIM3Y BPEMEHHBIX Ps10B?

21. OcHOBHbBIE MTPUHLUITBI BeiBJIET-1IpeoOpa3oBanus? beicTpoe-BeiBieT npeodpa3zoBaHue.

Tema 8: BBezeHue B MalllmHHOE O0yUeHHE

22. Yro Takoe pa3peabiBaTeNbHbIN aHamM3 AaHHbIX (EDA)? Kakue MeTozbl OH B ce0st BKIIIOYaeT?

23. Yro Takoe MeTO/1 OMOPHBIX BEKTOPOB (SVM), H B KakuX 3ajja4ax €ro MO)KHO MPUMEHAThH?

24. JlepeBbs penieHui, O3ITUHT U CITyYaiiHbIi Jiec.

25. I'pagueHTHBIN OYCTHHT Ha PELIAIOIINX 1EPEBBIX.

6.2. TunoBbie KOHTPOJIbHBIE 3a1aHUA UJIKM HHbIE€ MaTepUuaJibl AJid NIPpOBeAC HUA npomemyTquoﬁ
ATTeCTAlMH IO AU CUUIIJINHE, KDUTEPHH U IIKAJIbl Ol€HUBAHHU A

[IpuMepbl BONPOCOB K 3a4eTy

1.

2.
3.

OoNA

10.
11.

12

13.

Kakue tpeboBanus npeabsasisitor K ouneHkam? IlosgcHUTE MOHATHUS: TOYEUHAs OLEHKA; I'€HepajbHOE U
BBIOOPOUYHOE Cpe/iHee; TeHepaibHas U BEIOOPOUHAs! JUCTICPCHS.

B yeM 3akioyaercs MeTo/l MaKCUMaJIbHOIO IpaB10110,100us?

B uyem 3akimouaercs Meroq MOMEHTOB? YTo Takoe HMHTEPBAIbHOE OIEHUBAHME, JIOBEPHUTEIbHBII
MHTEpPBaJl, JOBEPUTEIbHAs BEPOATHOCTH?

Yro Takoe cratucTHueckas runoresa? IlpuBenure npumepsl HylIeBOH U KOHKypupyomen runores. Yro
03HauaT ommoOKK 1 ¥ 2 poja mpu NMpoBepKe CTaTHCTUYECKUX runote3. [IpuBeauTe mopsaok mpoBepKu
IUIIOTE3bI.

Kak npoBepHTh TMIIOTE35I O CPABHEHUH CPEIHUX MPH pa3IHUHbIX yCIoBUAX? Kak MpoBepUTh rHMOTE3BI O
cpaBHeHue jucnepcuit? Kpurepuii @umepa. Yto Takoe HenmapaMeTpuyecKue M IapaMeTpUyYecKu e
runoTessl?

Yem pas3nnyaroTcs KOppessiliMOHHBINA aHAIM3 U PErPEeCCUOHHBIN aHanu3?

Yro Takoe MMHUS perpeccun?

Kaxoii nmops10K BbINOJHEHUs PEerpecCHOHHOro aHaiamsa?

OcoOEHHOCTH PErpecCHOHHOrO aHAJIN3a MPU MOJTMHOMHUAIBHON 3aBUCUMOCTH?

Korja npumennma JimHeapusanus GpyHKIMOHAIbHOM 3aBucumMocTu? Kakue e€ HepocTaTku?

Meron 'aycca-HproTona. Korja npyMeHUM 1 OCHOBHBIE MOJIOAKEHUS?

lar A u gemndep a? Kak onu BeiOupatorcs? [lo KakuM KpUTEpUSM OCTAHABIMBAETCS IPOLECC

mMuHUMH3auu? Yto Takoe PobacTHbie OlleHKH?
AnpuopHas uH(opmalus U KaKk OHa YYUTBIBACTCS B MporpaMMax o0padoTKu JaHHBIX?



14. CpaBHme METOJ MaKCHMaJIbHOI'O npasnononoﬁml H METOJA HaAWMCHBIIMX KBaJIpaTOB OLCHKH

napaMeTpoB. B 4éM qOCTOMHCTBA U HEOCTATKU Ka)/10r0 U3 METO0B?

15. Yro Takoe rncepaociaydaiiHbie uncaa? B kakux ciydasX BMECTO MOCJIE0BATEIbHOCTH CIydyalHBIX YHCell
MOXET OBITh UCIIOJIb30BaHA MOCIEA0BATEILHOCTD IICEBAOCTYyYalHbIX Yncen?

16. B uém 3akmovaercst 0COOCHHOCTh IKCIEPUMEHTAIbHBIX JaHHBIX B (pM3HKeE YacTuil?

IIIKAJIA U KPUTEPHUU OLIEHUBAHUA pe3yabTaToB 06ydyeHus (PO) nmo agucuunanHe

pabombwl, omyem
no npakmuke,
omuyem no HUP
um.n.)

OueHka | 2 (He 3a4TeHO) 3 (3auTeH0) 4 (3a4yTeHO) 5 (3auTeHo0)
BU/1bl
OLIEHOYHbIX
Cpe/CTB
3HaHuA OTtcyTcTBUE ®parmMeHTapHbIe 061 Me, HO He CdopmupoBaHHbIE
(8udvut 3HaHUMU 3HAHUSA CTPYKTYpPUPOBaHHbIe | CUCTeMaTHYeCKHe
OYEHOYHbIX 3HaHMSA 3HAHUSA
cpedcme: onpoc,
mecmbl)
YMmenus OTcyTcrBHe B nesiom ycniemHoe, | B nesiom ycnelHoe, YcneuHoe U
(8udvut YMeHUH HO He HO cojiepKaliee cUcTeMaTHYyecKoe
OYEHOYHbIX CUCTEeMaTHYecKoe | OT/eJIbHble PoseJibl yMeHHe
cpedcmae: yMeHHe yMeHHue (JonycKaeT
npakmuy4eckue HETOYHOCTH
3adaxus) HeNnpUHLMIHAJIbHOr 0

XapakTepa)

HaBbiku OTcyTcTBHE Hanuuue B nesom, ChopmupoBaHHbIE
(B1agenus, HaBbIKOB OT/1eJIbHBIX chopMUpOBaHHbBIE HaBbIKH
ONBIT (Bs1azeHMH, HaBBbIKOB (Ha/IMuMe | HaBbIKH (BJIaJeHUs), (B1agenus),
AesATeJbHOCTH) onbiTa) ¢dparmeHTapHOIO HO HMCIOJIb3yeMble He NpUMeHsieMble
(8udvl omnbITa) B aKTUBHOHM ¢popme NPy pelleHur
OYEHOUHbIX 3a/ia4
cpedcme:
8blNO/IHEHUE U
3awuma
Kypcoeol

7. PecypcHoe obecnieuenue:
7.1. IlepeyeHb OCHOBHOI M 10NMOJTHUTEJIbHOM JINTEPATYPbl
OcHoBHas nuTEpaTypa

1. 3. Bbpanar. Anamu3 ganabix. Mup. 2003, Mocksa. (S.Brandt. Data analysis. Springer.)

2. Baryrun B. A., UBuenko I'U., MeaseneB 1O. U., Yuctako B. II., Teopus BeposTHOCTEl 1

MaTemMaTH4eckas cratuctuka. Arap, M. 2003.

3. I'.B. BaBwioBa. Maremaruueckas o0paboTka pe3y/ibTaToB U3MepeHHsl. TOMCKUI MOJUTEXHUYECKUI

yausepeuteT. 2013

JononuurenbHas nutepatypa

1. 3nokazoB B. b. Matematuueckue MeTO/AbI JUIs aHAIM3a SKCIIEPUMECHTAJIbHBIX CIICKTPOB H CIICKTPO-

nonodusIx pacnpenenenuit. ®OYAS, 1985, 1. 16-5, ¢.1126-1163.




2. I'pummmna B. K., )Kusonucues @. A., UBanos B. A., MaremaTtuueckuii aHaau3 M UHTEpIpeTaLis
¢usnueckoro rxcnepumenta. M., MI'Y, 1988.

3. Pecharsky V.K., Zavalij P.Y. Fundamentals of powder diffraction and structural characterization of
materials. - Springer, 2005.

4. I'pomuno C.A. BpeaeHue B peHTreHOrpauio MOJUKPUCTAIIOB. Yued.-MeTod. mocodue. —
Hosocubupck: HI'Y, 2009.

7.2. IlepeyeHb JIMLEH3UOHHOI0 NPOrpaMMHOro ob6ecneyeHus, B TOM YUC/Ie 0TeYeCTBEHHOro
NpPOU3BOACTBA
[lpy peasuszayuu AUCUUIUVIMHBI MOXET ObITh HCIOJB30BAHO CJeAylollee IporpaMMHoOe
obecreyeHue:

e OnepauuonHas cucreMa Astra Linux ( https://astralinux.ru/ ) uim anasuor, ¢ 0)uCHBIM AKETOM,

nakeTaMH pa3zpaboTuuka.

e HHTepakTHUBHBIN OJIOKHOT c web-unTepdeiicom Google Colab
(http://colab.research.google.com) w/umm  JupyterHub B skocucreme  Jjuiss  3amau
MAIIMHHOrO/TTyOOKOr0 O0y4YeHMs] W aHaidM3a JaHHBIX [ eTeporeHHON BBIYMCIUTEIbH O
riatgopmel «HybriLIT» (http://hlit.jinr.ru),

e bubnuorexku s3pika rnporpamMMmupoBanus Python, Takme, Hanmpumep, kak NumPy, SciPy,
Matplotlib, Pandas, Sklearn.

7.3. IlepeyeHb npodeccuoHa/IbHbIX 623 JAHHBIX U HHPOPMALMOHHBIX CIPABOYHbBIX CHCTEM
1. http://www.edu.ru — nopran MunucrepcTBa odpazoBanus u Hayku PD
2. http://www.ict.eduru — cucrema (QeaepanbHeix oOpazoBatenbHbIX mopranoB «MKT B
o0Opa3oBaHU»
3. http://www.openet.ru - Poccuiickuii moptan oTKpeITOro o0pa3oBaHus
4. http://www.mon.gov.ru - MuHucTepcTBo o0pazoBanus U Hayku Poccuiickoit deaepanuu
5. http://www.fasi.gov.ru - @enepaabHOE ar€HTCTBO MO HAYKEe M MHHOBALMAM
7.4. IlepeuyeHb pecypcoB HUHPOPMALMOHHO -T€JIEKOMMYHUKALUOHHOH ceTH «UHTEpHeT»
1. Math-Net.Ru [31eKTpoHHBIN pecypc] : 061epOCCUHCKUN MaTeMaTHYeCKUU nopras / MareMaTU4yeCcKUM
HHCTUTYT UM. B. A. CteknioBa PAH ; Poccuiickas akagemus Hayk, OTaesieHHue MaTeMaTUUYeCKUX HayK. - M. :
[6.1.], 2010. - 3arJ. ¢ TUTYJ1. 3KpaHa. - b. 1.
URL: http://www.mathnet.ru
2. YuHuBepcuTeTckas 6ubsmnoTeka Online [371eKTpoHHBIN pecypc] : 3JIeKTpOHHasi 6UGJIMOTEeYHasi CUCTeMa
/ 000 "lupexkt-Meaua" . - M. : [6. u.], 2001. - 3ar.1. ¢ TUTy1. 3kpaHa. - b. 1. URL: www.biblioclub.ru
3. YHuBepcasbHble 6a3bl AaHHbIX East View [JsiekTpoHHBIN pecypc] : MHopMaLMOHHbIN pecypc / East
View Information Services. - M. : [6. 1.], 2012. - 3arJ1. ¢ TUTYJL. 3KpaHa. - b. 11.
URL: www.ebiblioteka.ru
4. HayuyHas asiekTpoHHasi 6ubanoreka eLIBRARY.RU [d1ekTpoHHBIN pecypc] : ”HGOpMALMOHHbIM OPTaJI
/ 000 "PYHIB" ; CaHkT-IleTepOyprckuil rocyapcTBeHHbIM yHUBepcUTeT. - M. : [6. u.], 2005. - 3aru. ¢
TUTYJL. 3KpaHa. - b. 11.
URL: www.eLibrary.ru
7.5. OnucaHue MaTepHUAIbHO-TEXHHUYECKOro o6ecneyeHusl.
Ouman MI'Y B r. JlyOHe, oTBeTcTBeHHBIH 3a peanu3auuio gaHHoM [Iporpammel, pacronaraer
COOTBETCTBYIOLIEH MaTepHaIbHO-TEXHUYECKON 0a30ii, BKJIIOYAs COBPEMEHHYIO BBIYUCIUTEIbHYIO TEXHUKY,
O0BEIMHEHHYIO B JIOKAJbHYI) BBIYHUCIUTEIBHYK) CE€Th, MMEIONIYK BbIXxoA B MHrepuer. Mcnonb3yrorcs
CMELMAIIM3UPOBAHHBIE  KOMIIBIOTEPHBIE  KJIACChl,  OCHAII[EHHBbIE  COBPEMEHHBIM  00OpY/J10BaHUEM.
MarepuanbHas 0aza mojapa3aeneHusi COOTBETCTBYET ACHCTBYIOLIMM CAHUTAPHO-TEXHUYECKUM HOpPMaM H
o0ecrieunBaeT MPOBEICHHUE BCEX BHJOB 3aHATUH (1abOpaTOpHOM, MPaKTUYECKOH, JUCHUIIIMHAPHOW U
MEKAUCIUTTIMHAPHON IO/ATOTOBKH) u HaY4YHO-UCCJIE0BATEIbCKON padoTh 00y4aloImMXCsl,
NpPeyCMOTPEHHBIX Y4COHBIM MJIAaHOM.



8. MeToanyecKkne peKOMEH/AIUHU 110 OPraHU3alMH H3Yy4YeHHUs THCHHIIIHHBI
8.1. ®opMbl M MeTOABI NpENOAaBAHUA AUCHMIIIMHbI

(mepe4yrcASAIOTCSA B COOTBETCTBUH € Tabsauuen 5.1.)

Hcnonb3yembie GOpMbI 1 METObI 00y ECHHS:

JEKIUH

CEMHHAPCKHE 3aHATHUS

camocTosTellbHasi padoTa CTYEHTOB.

B mporuecce npenosaBaHus JAUCHHUIUIMHBI MPENOAaBaTeNb UCIOIb3YET Kak KiIaccuyeckue (Gpopmsl U
METO/1bl 00yUeHMs (JIEKLIMM U CEMUHAPCKUE 3aHATHS), TAK U AKTUBHbBIE METO/IbI 00 y4€HHUS.

[Ipy mnpoBeaeHMM  JEKUMOHHBIX 3aHATHH  IpenojaBaTellb MUCMHOJIb3YET ayJAMOBHU3YyallbHbIC,
KOMITBIOTEPHBIE U MYJbTHMEIUMNHBIE CpeACTBa OOYYEHMs, a TaKKe [IEMOHCTpAIlMOHHbIE M HaIJIAIHO-
WJUTIOCTPALIMOHHBIE (B TOM YHCIIE€ pa3JaTOUYHbIC) MATEPUAIIBL.

CemuHapckue 3aHATHS NpoBOJATCA B (opMe npoOJeMHON CHUTyallMH, KOrJa HEKOTOPBIH acrekT
pacCMOTPEHHOM  TeMbl  M3j1araercs  rnpenojgaBareiem  Oojee  noxpodHo. Yacts  uHbopmanuu
KOHCIIEKTUpYyeTcs. bonblas yacTh BpeMeHHM BbIJACIEHA Ha padOTy C HCMOJIb30BAaHHEM KOMITBIOTEPHOM
TEXHUKH U ITPOrPaMMHOI0 00ecreueHmsl.

B paMmkax Kypca HCHOIBb3YIOTCS AKTUBHBIC M HHTEPAKTUBHBIE METOIbl OOY4YE€HHs B Ipolecce
npoBeeHuss 3aHATUH. OCHOBHBIMM OCOOCHHOCTSIMM MHTEPAKTHBHBIX 3aHATHH SIBISIOTCS HWHTEPAKTUBHBIC
NMPAKTHYCCKHUC YIIPAKHCHHUSA U 3a/IaHHUsl, KOTOPBIC BBIITOJIHAKTCA 06yqa}0umMncs1 HE€ TOJIBKO U HE CTOJILKO Ha
3aKpeIuIeHue N3y4eHHOr 0 MaTepHasia, HO M Ha CaMOCTOSTEIbHOE H3y4YE€HHEe HOBOTO.

8.2. MeTouuecKkue peKOMeHJal Uy penoaaBaTesro

[lepen HayanoM M3y4deHHs AMCLMIUIMHBI MpENoaaBaTelb JOKEH 03HAKOMHTH CTY/ACHTOB C BUIAMH
yueOHON M CaMOCTOATENBLHOM padOThl, MEPEUHEM JIMTEPATYPhl U HHTEPHET-PECYPCOB, (hopMaMu TeKylIeH u
NPOMEKYTOYHON aTTeCTallMi, C KPUTEPUSAMH OIEHKHM KauyecTBa 3HAHUU JUIsI MTOrOBOM OIIGHKH IO
JUCLIUILIUHE.

[Tpu npoBeacHUM JIEKIMH, IPENoaaBaTeb:

1) bopmynupyeT TeMy U LIEJIb 3aHATHS;

2) u3naraeT OCHOBHBIC TCOPETUYCCKUE MOTOKECHHUS;

3) ¢ NOMOIIBIO MYJIBTUMEIUHHOIO 000OpPYI0BaHUS W/MUJIM 1O 3alKCh JAaeT ONPeAeeHUs OCHOBHBIX
MOHATHI, pacueTHBIX HOpMYII;

4) npoBOAUT NPUMEPHl U3 OTEUECTBEHHOI0 U 3apyOe)KHOro OIbITa, JaeT TeKyLHe CTaTUCTUYECKH e
JTAHHBIE JIJIS1 HATJISTHOTO U 00pa3HOro Npe/ICTaBICHHUS H3Y4aeMOro MaTepuaa;

5) B KOHIIE 3aHATHA AaeT BONPOCHI Il CAMOCTOSITEIIbHOTO H3y4EHUSI.

JIi ceMMHapCKUX 3aHATHH

[TonroroBka K NpPOBEIEHHUIO 3aHATUH MNPOBOAUTCS peryisipHo. Opranuzauus IperojaBareieM
CEMUHAPCKUX 3aHATUH JOJDKHA YIOBICTBOPATH CICAYIOUMM TpPeOOBaHUSA: KOJMYECTBO 3aHATHH JOJDKHO
COOTBETCTBOBATh Y4eOHOMY IlJIaHY ITPOI'PaMMBbI, COJIep/KaHKE IIJIAHOB JJOJDKHO COOTBETCTBOBATH IPOrpamMme,
IJTaH 3aHATUHN JOJDKEH COJAEPIKATh MEPEUEeHb paCCMaTPHUBAEMbIX BOIIPOCOB.

Bo Bpemsi ceMHMHApCKMX 3aHSATHH HCIOJIB3YIOTCS CIIOBECHBIE METOIbl 00ydeHHs, kak Oecena H
JIUCKYCCHS1, YTO IO3BOJISIET BOBJIEKATh B Y4EOHBIH IMPOLECC BCEX CIyLIATENeH U CTUMYJIMPYET TBOPYECKH
MOTEHIMaN 00yJaIO X CSL.

[Ipy 1OAroTOBKE CEMHHAPCKOMY 3aHATHUIO INPENOJABATEN0 HEOOXOAMMO 3HaTh IUIaH €ro
MPOBEICHUS, TPOYyMaTh (HOPMYIHUPOBKHU U CO/IEPIKAHUE YU€OHBIX BOMPOCOB, BLIHOCUMBIX Ha 00CYXK/CHUE.

B nayvasie 3aHsaTHS NpenojaBaTesb J0JDKEH PACKPBITh TEOPETUYECKYIO M IPAKTHYECKYIO 3HAYUMOCTh
TEMbI 3aHATUS, ONPEAEIUTH MOPALOK €ro MPOoBeIeHUs, BpeMs Ha 00CYK/IE€HUE KaKJI0ro ydyeOHOro Bomnpoca.
B Xxoxe 3aHATHS clieyeT JaTh BO3MOKHOCTh BBICTYIIMTh BCEM JKEJIAKOLUM U IPEUIOKUTH BBICTYIIUTh TEM
CIIYLIATEJISIM, KOTOPBIE MPOSIBIISIIOT MACCUBHOCTb.

Llenecoobpa3Ho, B Xoae 0OCyXkJAeHHUsS Y4eOHBIX BOIPOCOB, 3a/1aBaTh BBICTYMAIOUIMM H ayAUTOPHUH
JIOTIOJIHUTENIbHBIE U YTOUHSIOLUIME BOMPOCH! € LIEJIbI0 BBISICHEHUS! UX MO3ULMHI M0 CYLIECTBY 00CYKIaeMbIX
npoOJiieM, a Tak’Ke MOOLIPATH BHICTYIIJICHHE C MECTa B BH/I€ KpPAaTKUX JOMOJIHEHUH. Ha 3aHATHAX MpOBOAUTCS
oTpaboTKa MPaKTUYECKUX YMEHHUH 101 KOHTPOJIEM IperojaBaTelis

8.3. MeToauyecKkue peKOMEHJAIHUU CTYAEeHTaM MO0 OpPraHU3alUd CaMoOCTOATEJbHOM
paGoThl.



[Tpuctynas K U3y4eHHIO HOBOH y4eOHOM M CUUIUIMHBI, CTYACHTHI JOKHBI O3HAKOMHUTHCS € y4eOHOM
IporpamMMoi, yueOHoi, Hay4HOH U METOAMYECKOI IUTepaTypoil, UMero1elcss B OMOIMOTeKe YHUBEPCUTETA,
BCTPETHTHCSA C MpernojaBaTeieM, BEAYIIUM JAUCHMIUIMHY, MOJYyYHUTh B OMOIMOTEKE PEKOMEHOBaHHBIC
y4eOHUKU M Y4EeOHO-METOAUYECKHEe MOCOOMs, OCYIIECTBUTh 3allMCh HAa COOTBETCTBYIOLIMHA KypC B cpele
3JIEKTPOHHOT0 00yUCHHUSI YHUBEPCHTETA.

['myOuHa ycBOEHMSI JMCHUIUIMHBI 3aBUCUT OT aKTUBHOM M CHCTEMAaTHYeCKOH paboThl CTy/leHTa Ha
JEKUUSIX W TPAKTHUYECKUX 3aHATUAX, a TaKKEe B XOJ€ CaMOCTOSTEIbHONM paloThl, MO H3Y4YEHHUIO
PEKOMEH/10BaHHOW JIUTEPATYPbI.

Ha neknusx BaXKHO COCPEIOTOYMTh BHUMAHHE HAa €€ COACPKAHUU. IJTO MOMOXKET JIy4Ile
BOCIIDHHMMATh y4eOHBI MaTepual M YSACHUTH B3aUMOCBS3b MpoOiieM 1o Bceil aucnummHe. OCHOBHOE
coiepKaHue JIEKIUH LeJIeco00pa3Hee 3anuchiBaTh B TETPAJU B BHUJE KIKOUEBBIX (pa3, MOHATHH, TE3UCOB,
00001IIeHH, cXeM, OMOpPHBIX BBIBOJIOB. HeoOxoaumo oOpaiaTh BHUMaHHE Ha TEPMHUHBI, (POPMYINPOBKH,
PACKPBIBAIOIIME COACPKAHUE TEX MJIM MHBIX SIBJIEHUN M IPOLECCOB, HAYUYHbIE BBIBOJAbLI M IPAKTHYECKHE
pekomeHaanuu. JKenaTelbHO OCTaBIATh B KOHCMNEKTaX TMOJis, HA KOTOPBIX JielaTh IOMETKH W3
PEKOMEH/I0OBAHHOM  JIMTEepaTyphbl, JONOJHAIOUICH MaTrepuas MpOCIHYyIIAaHHON JIEKIUMH, a TaKxKe
NOJYEPKUBAIOIINE OCOOYI0 BAaKHOCTh TE€X WIM HHBIX TEOPETUYECKUX MonoKeHui. C Lenplo ysSCHEHMS
TCOPETHUECKUX IOJIOKEHMI, pa3pelieHus CIIOPHBIX CHUTyaluid HEOOXOJMMO 3aJaBaTh IPEroJaBaTelio
yroyHsitomme Bornpockl. [l 3akperuieHuss coiaepikaHus JIeKUMM B IAMATH, HEOOXOAMMO BO BpeMms
CaMOCTOSITCJILHON pPabOThl BHUMATEIBHO MPOYECTh CBOH KOHCIEKT M JOMOJHHUTH €ro 3amucsiMH M3
y4eOHMKOB U PEKOMEHIOBAHHOW JuTepaTypbl. KOHCIIEKTHPOBAHME YUTAEMBIX JIKUMH U MX NOCIEAYIo1Ias
nopabotka crocoOCTByeT Oosiee rIyOOKOMY YCBOGHHMIO 3HAHHMM, M MOITOMY SIBJSIIOTCS BaKHOU (HOpMoi
y4eOHOMH JAeSATeTbHOCTU CTYAEHTOB.

MeToauyeckue yKa3zanus /sl CAMOCTOSITeIbHOM padoThl 00y4al0 IUXCS

[IpouyHoe ycBOeHHE M JOJrOBPEMEHHOE 3aKperieHue Y4eOHOro marepualia HEBO3MOXKHO 0e3
NpOyMaHHOH caMOCTOATENbHON paboTel. Takas paborta TpeOyeT OT CTyJAeHTa 3HAYMTENBHBIX YCHJIUH,
TBOpYECTBA M BBICOKOIH OpraHu3oBaHHOCTH. B Xxome caMocTosATenbHON pabOThI CTYAEHTHI BBHIMOJIHSIOT
ClIeAyIoIMe 3a7aun: A0pabaThIBAIOT JEKIMH, W3Y4alOT PEKOMEHJIOBAaHHYIO JIUTEPaTypy, TOTOBSATCS K
[IPAKTUYECKUM 3aHATHSAM, K KOJUIOKBUYMY, KOHTPOJIbHBIM padOTaM 110 OTJIEJIbHBIM TeMaM JUCHUIUIMHLL [Tpu
3TOM 3(PPEKTUBHOCTh YUeOHOM NEATETbHOCTH CTYJAEHTAa BO MHOIOM 3aBUCUT OT TOT'0, KaK OH PaClOpPsIHIICS
BBIJICJICHHBIM JUISI CAMOCTOSATEIBHON PaboThl O010/1IKETOM BPEMEHH.

Pe3ynbTaToM €caMOCTOATENbHON pPabOTHI SIBISIETCS NMPOYHOE YCBOEHHE MAaTEpPHANIOB IO IMPEIMETY
COTJIaCHO TMPOrpaMMbl JUCHMIUIMHBL. B uTore 3toit padotel opmupyrorcs npodeccuoHalibHble YMEHUS H
KOMIIETEHLIUH, PAa3BUBAETCS TBOPYECKUH IMOAXOJ K PEIICHHUIO BO3ZHUKILUX B XOA€ Yy4eOHOH IeATEbHOCTH
npoOJIeMHBIX 3a/1a4, MOSABISACTCS CaMOCTOATEIbHOCTH MBIIIICHUS.

Pemenue 3anau

[Ipu caMOCTOSITENIBHOM PELICHUM 3a]a4 HY)KHO OOOCHOBBIBATH KaXKIbIH JTaIl PELICHUS, UCXOAS U3
TEOPETHUYECKUX TOJIOKEHUH Kypca. Ecliu CTyIeHT BUAMT HECKOJILKO MyTel petieHus npodaeMsl (3a1adn), TO
HY)KHO CpaBHUTb MX M BbIOpaThb caMblii panuoHaibHbIi. [losne3Ho 10 Hayana BBIYUCIECHUH COCTABUTH
KpaTKHUii NJIaH pelIeHus NpodieMsl (3a1a4m).

Pemenue npo6eMHbIX 3a/1a4 UM OIPUMEPOB CIIEAYET U3Jarath oApoOHO, BHIYUCICHUS pacioiarath
B CTPOTOM MOPSJIKE, OTAEINSISE BCIIOMOraTeIbHbIE BBIYUCICHUS OT OCHOBHBIX. PenieHus: npu He0oOX0AMMOCTH
HY’KHO COIPOBOKJIaTh KOMMEHTAPUAMH, CXEMaMHU, YEPTEKAMU U PUCYHKaAMH.

Crnenyer NOMHHUTB, YTO PEIICHUE KAXKJI0H ydeOHOMN 3a71a4u JOHKHO JOBOJMUTHCS 10 OKOHYATEILHOTO
JIOTHYECKOT0 OTBETA, KOTOPOro TpeOyeT yCIO0BUE, U 10 BO3MOXKHOCTH C BBIBOJIOM.

[TonyyeHHbl OTBET ClEAYET NMPOBEPUTH CIIOCOOAMHU, BBITEKAIOIIMMHU U3 CYIIECTBA JAHHON 3aJayu.
[Tone3Ho Takke (ecau BO3MOMKHO) periaTh HECKOJIBKUMHU CIIOCO0aMU U CPaBHHUTH MOJTYUECHHBIC PE3YJIbTaThl.

Pemienune 3ajay JaHHOrO THUIA HYKHO IPOJOJDKATHL J0 NPUOOPETEeHHs TBEPJAbIX HABLIKOB B HX
PCIICHUH.

3aja4ya — 9TO Lielb, 33/IJaHHASL B OIIPEJIEJIEHHbIX YCIOBHSX, PEUICHHE 3a1a4l — IIPOLIECC JOCTHIKEHU
MOCTABJICHHOM 11€JIH, TOUCK HEOOXOAUMBIX JIJIsl ITOT'O CPE/ICTB.

ANropuT™ perieHus 3ajay:

1. BuumaTenbHO NpOoYMTaNTEe yCIOBUE 3aaHUA U YSICHUTE OCHOBHOM BOIIPOC, MPEACTaBbTE MPOLIECCHI
U SIBJICHUS, OIIUCAHHBIE B YCIIOBUH.

2. [ToBTOpHO MPOYTUTE YCIOBHUE ISl TOTrO, YTOOBI YETKO NMPEACTaBUTh OCHOBHON BOMNPOC, IpodlieMy,



1€JIb PEIIEHHMS], 3a/IaHHbIE BEJIMUMHBI, OIMPAsCh HA KOTOPhIE MOXKHO BECTH ITOUCKH PEIICHHUS.

3. [IponsBeauTe KpaTKylo 3alKMCh YCIOBUS 3aJaHUSI.

4. Ecnu HeoOX0AMMO COCTaBbTE TaOJHUILY, CXEMY, PUCYHOK MJIH YEpPTEKX.

5. Onpeznenure METO, peLICHUs 3aJaHusl, COCTABbTE IJIaH PELICHHUS.

6. 3anuIIMTe OCHOBHBIC MOHATHSA, (POPMYJIbI, OMHCHIBAIOIINE MPOIECCHI, MPEAJIOKCHHbBIC 3aJaHHOM
CHCTEMOH.

7. Haiinure pemenue B 0011eM BUE, BbIPa3UB HCKOMbIE BEJIMYMHBI YEPE3 3a/JaHHBIC.

9. IlpoBepbTe NPaBUIBHOCTH PEILICHUS 3a1aHUs.

10. [Ipon3Benure OLEHKY peaJbHOCTU MOJYYEHHOTO PEIICHUSI.

11. 3anummre OTBET.

9. Pa3pa6oT4yMK (pa3paGoTYMKH) NPOrpaMMbl.

KaH1. pu3.-MaT. HayK Asnekcanap CepKukoBuY AMpusH



