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1. Ilean ocBOeHUNA TUCHHUILINHDBI

HGHB OCBOCHUA NUCHUINUINHBI — TCOPECTUYCCKU U MMPAKTHYCCKU U3YUYUTh, U C(I)OpMI/IpOBaTB y

06y11a}0mnxcsf HaBbIKM HCIIOJB30BaHUA MCETOJ0B IUNIAHUPOBAHUA OKCIICPUMCEHTA,

cobopa u

cUCTeMaTH3allud JaHHbBIX, YHUCJICHHOW O0OpabOTKM TOJYYEHHBIX pEe3yJbTaTOB M KOPPEKTHOU
MHTEPIIPETALIMH PE3YJIbTAaTa SKCIEPUMEHTAIBHOTO UCCIIEIOBAHMUS.

2. Mecro pucuuminnsl B ctpykrype OIIOIT BO

I[I/ICLII/IHJII/IHBI U TIPAaKTUKH, HAa OCBOCHHU KOTOPBIX 6a31/1pyeTc;1 JaHHass JUCLMIIIIMHA:

JTUCIUTITAHBI PEIBIIYIIETO YPOBHS 00pa30oBaHUsI.

I[I/ICHI/IHJ'II/IHI)I " MIPaKTHUKH, JJI1 KOTOPBIX OCBOCHHC }IaHHOﬁ JUCIHHUITIINHBI HCO6XO)II/IMO KakKk
MpEAMICCTBYIOMICC: IMOATIOTOBKA U HAITMCAHUEC TUCCEPTALIUHA, ITIOATOTOBKA K CAa4€ TrOCYy1apCTBCHHOI'O
9K3aM€Ha, IMOATrOTOBKA K CAa4Y€ KaHINJAaTCKHUX O9K3aMCHOB.

3. [InanupyemMsble pe3yJbTaThl 00y4eHHUs

HNuaukaropsl
dopmupyembie
JAOCTHKEHHSI
KOHTPOJINpYeMble .
komnerennuii | Ilnanupyemble pe3yabTaThl 00y4eHHsI
KOMIIETE€HI[HH (xom 1
(K01 1 HAUMEHOBaHUE) a
HAMMCHOBAHME)

OIIK-1 (ciocoOGHOCTHIO -
CaMOCTOATCIIBHO  OCYLICCTBJIATDH
HAY4YHO-UCCIEOBATEIbCKYIO

3HATh: COBPEMEHHBIE METOBI
HCCIIeN0BaHUs u UH(POPMALIMOHHO
KOMMYHHMKAIMOHHBIX TEXHOJIOTHH

KOHJCHCUPOBAHHBIX  BEILECTB,
U3MEHEHHEe MUX  (U3HYECKUX
CBOICTB B pe3yJIbTaTe Pa3INYHbIX
BHEUTHUX BO3JEHCTBUIN)

JIESITEIbHOCTD B YMeTh: CcaMOCTOSITEIBHO OCYILIECTBIISITh
COOTBETCTBYIOLIEH HAay4YHO
npodeccnoHanpHOM 0o0nacTu ¢ HCCIIE0OBATENIbCKYIO  JICSITEIbBHOCTh B
UCIIOJIb30BAHUEM COBPEMEHHBIX COOTBETCTBYIOILIEH
METOJI0B WCCIIeIOBaHUS u poecCUOHATLHON 00J1aCTH
nH($OpPMaLMOHHO- Bnanets: HaBbIKAMU IIPUMEHEHUS
KOMMYHHKAITHOHHBIX COBPEMEHHBIX METOJI0B
TEXHOJIOTHil) ucclenoBaHUsl U MHGPOPMAIMOHHO-
KOMMYHHKAITUOHHBIX
TEXHOJIOTUH
[1K-2 (ymeHuem - 3HaTh: M3MEHEHHE (PU3NYECKUX CBONCTB
JKCIEPUMEHTAIBHO KOHJICHCUPOBaHHBIX
YCTaHABJIMBATh COCTOSTHUSI BELIECTB B  pE3yJbTaTe  pa3IUYHbIX

BHEIIHUX BO3JIEUCTBUN

YMers: - JKCIIEPUMEHTAIILHO
yCTaHaBIIMBATh COCTOSIHUS
KOHJICHCHPOBAHHBIX BEIIECTB

Bnaners:  HaBBIKAMH ~ YCTaHOBJICHUS
COCTOSIHUS

KOH/ICHCUPOBAHHBIX BEIIECTB, M3MEHEHUS
ux (buzmyeckux

CBOWMCTB B  pPE3yJbTare  pa3jUyHbIX
BHEINIHUX BO3JACHCTBUHU

I1K-4 (crtoCOOHOCTh -

3HaTh: METOJBl HU3YYCHHUS (DH3UUCCKUX




dopMupyemMblie U

HNuauxkaropsl

JAOCTHKEHUS
KOHTPOJIHpYeMbIe .
komnetreHuuii | IliaHupyemble pe3yabTaThl 00y4eHUs
KOMIEeTeHIHH (xom 1
(Kol ¥ HAMMEHOBAHUE)
HAaMMCHOBAHUEC)

paspabaTbIBaTh CBOMCTB MaTepHaioB
IKCICPUMCHTAJIbHBIC METOIbI VYMeTh: pa3pabaTbIBaTh
u3ydeHus: (U3NIECKUX CBOWCTB 9KCIEPUMEHTAIbHBIE METOABI H3yYEHUS
MaTepHaioB u co3JaHue (DU3UIECKUX CBOMCTB MAaTEPHAIIOB
busnIecKux OCHOB Bnaners: HaBBIKAMU CO3IaHus
HpOMLIIHHeHHOﬁ TCXHOJIOTUU (i)I/ISI/I‘ICCKI/IX OCHOB
MOy YCHHUS MaTepHaoB c MPOMBIIUICHHON TEXHOJIOTHH IMOIYYCHUS
OIIpEEIEHHBIMU CBOMCTBAMM) MAaTepuaIoB

VK-5 (cIocoOHOCTHIO - 3HaTh: COBpPEMEHHBIE METOIBI
HJ'IaHI/IpOBaTI) n pCIHaTB 3aa4yu HJ'IaHI/IpOBaHI/Ifl nu peHICHI/Iﬂ 3a1a4
COOCTBEHHOI'O COOCTBEHHOT0  TMPO(ECCHOHATBHOTO U

PO eCCUOHAIBHOTO "
JMYHOCTHOTO Pa3BHUTH)

JJMYHOCTHOI'O pa3BUTHUIA

YMeTh: IUIaHUPOBATh M peUIaTh 3aJa4yu
COOCTBEHHOTO
npodeccuoHanbHOTO U
pa3BUTHS

JIUYHOCTHOTI'O

Brnaners: HaBbIKAMU TUIAHHUPOBAaHHS |
peleHus 3a1a9n

COOCTBEHHOr0  MPO(ECCHOHATBHOTO U
JIMYHOCTHOTO Pa3BUTHUS




4. CTpyKTYypa M coep:KaHHue TUCUUILINHBI

®opMbI TEKYyLIET0

Bun . KOHTPOJIA
Monyab . HaumeHoBaHue TeM 3aHATHI
yueOHoM N Cemectp |O0beM, .| baaabl | UHTEpakTHB, 4. (HauMeHOBaHUe
(pa3neun) (y4ueOHOI padoThI)
padoThI OLIEHOYHOT 0
cpeacrTna)
Jlex 2
Ponb skcniepuMeHTa B IpoBEEHUU HAYUYHOT'O
HCCIIeIOBaHUS
CP 10
[P 6 Kommiekt otueroB no
[TocTpoenue 3MeKTPOHHBIX TaOIHIL IS MPaKTUYECKUM
HCXOJIHBIX JIAaHHBIX SKCIIEPUMEHTA paboTtam
CP 10
Jlex DTanbl IPOBEACHUS SKCIIEPUMEHTAIBHOTO 2
CP HCCIIeIOBaHUS 10
Meroauka W3mepenue pe3ynbTaToB U MOTYUYCHHE
MTOCTAaHOBKH U HKCIIEPUMEHTAIIbHBIX TAHHBIX )
HPOBCICHUA | TTp 2 KOMIIIEKT OTYETOB 110
HKCIIEPUMEHTa
KommbroTepHas MoJiesb JUist Kputepus Xu- [IPAKTHHCCKIM
KBaJipaT paboTtam
CP 10
Jlek CratucTruecKue METO/Ibl OLIEHKU 2
CP JIOCTOBEPHOCTH IKCITIEPUMEHTAIBHBIX JTAHHBIX 10
[P 4 KomrmuiekT oT4eToB no
KoMIbroTepHast MOJIeIb I KPUTEPHS [PaKTIHICCKIM
Kpamepa-VYomma paboTam
CP 10
Jlex KomnbroTepHbie cucteMbl 00paboTKH 2
CP CTAaTUCTUYCCKUX JaHHBIX 10




®opMBbI TEKYyLIET0

Bun . KOHTPOJIA
Monyab . HaumeHoBaHue TeM 3aHATHI
(pazaen) yueOHoM (yaeGHoii paGoThI) Cemectp |O0beM, u.| baaabl | UHTEpakTHB, 4. (HauMeHOBaHUe
padoThI OLIEHOYHOT 0
cpeacrTna)
SKCIIEPUMEHTAJILHOT'O UCCIEAOBaHUS
I1P 6 KommiekT oTyeToB no
KoMmrisroTepHas MOJIeNb ISt KPUTEPUSI [PAKTHICCKIM
«yrIIoBo€ TpeobpasoBanue Puiiepar paboTam
CP 10
Jlex Knaccugukarus cTaTHCTUYECKUX METOIOB U 2
CpP 00JacTh UX MPUMEHEHUS 10
1P 2 Kommnekt otueros no
[TnanupoBanue skciepuMeHTa u 06paboTka PaKTHIECKUM
JAHHBIX C TIOMOIIBIO TPEKO-TaTHHCKHUX paGotam
KBaJpaToB
CP 10
Jlek [TocTpoeHue AIIeKTPOHHBIX TAOIHII 1151 2
CP 00paboTKHU pe3yIbTaTOB HKCIIEPHUMEHTA 10
I1P 4 Kommnekt otueros no
CP CpaBHI/ITeJ'II)HHﬁ aHaJIu3 KPUTCPUA Xu- 10 MPaKTUYECKUM
KBaapar u kpurepus Kpamepa-Yamma pabotam
Jlex [IpoBenenune skcepuMEHTa ¢ MOMOILBIO 2
CP MMUTALMOHHON MOJIENN 10
[P 4 Kommiekt otueroB no
CP [TocTpoeHre UMUTALIMOHHOW MOJEIH IS 10 NPaKTHIECKAM
MOJIYYEHUsI CTATUCTUYECKUX JAHHBIX pabotam
Jlex OTtobOpaxeHue 1 UHTEPIPETALUS PE3yIbTATOB 2
CP IKCIEPUMEHTAIBLHOTO UCCIIENOBAHUS 10
I1P ITocTpoeHne MOJENH IIEKTOPATBHOTO 2 KoMmmuiekT oT4eToB no

npouecca — YTO4YHCHHas KOMIIbIOTCpHAasA

MPaKTUYCCKUM




Monyab
(pa3nemn)

Bun
y4eOHoit
padoThI

HanmeHnoBanue TeM 3aHATHH
(y4eOHOI padboThI)

®opMBbI TEKYyLIET0
KOHTPOJIA
Cemectp |O0beM, u.| baaabl | UHTEpakTHB, 4. (HauMeHOBaHUe
OLIeHOYHOI0
cpeacrTna)

CP

Mozens JlayHca

10 paboTtam

CP

IIoarororka k 3a4CTy

10 Bonpoce! k
MPOMEKYTOYHOM
aTTeCTalluu

HToro: 216

Cxema pacuera uTOoroBoro 0aj1a

DopMBI TEKYIITET0 KOHTPOJISI YcnoBus jomycka

Kputepun 1 HOpMBbI OIIGHKH

BaH_II/ITa OTYCTAa I10 HpaKTI/I‘leCKOﬁ pa60Te Brimonnenue

NPaKTUYeCKOH  paboThI
Ha KOMITBIOTEPE u
MIPEJICTABICHHE
paboTaroriero
MPOTPaMMHOTO MPOTyKTa
IIPernoaBaTelIo

OneHka  «3a4TE€HO»  CTAaBUTCA  CTYACHTY, IPOSBHUBIIEMY  3HAHHSA
MPOTPAMMHOTO MaTepHualia, OOHapyKUBIIEMY IMOHHUMAaHUE W TPAKTHYECKOE
UCMOJIb30BaHUE Yy4eOHOro MaTepuana, WIM JOMyCTUBLIEMY HETOYHOCTU B
OTBETE, HO OOJIaarouIeMy HEOOXOAMMBIMHM 3HAHUSIMU U YMEHMUSIMHM JUIS UX
YCTpaHEHUs IPU KOPPEKTUPOBKE.

OneHka «HE 3a4TE€HO» CTaBUTCS CTYJEHTY, HMEIOUIEMY CYIECTBEHHBIE
npo0ensl B 3HAHUM OCHOBHOTO MaTepuaja IO Iporpamme, a Takxke
JIOTYCTUBIIEMY IPUHLUIIUATIbHbIE OLIMOKH MPU U3JI0KEHUHN MaTepHaa.




5. O6pa3oBaTe/ibHbIE TEXHOJIOTHH

B pamkax u3y4yeHus TUCHMIUIHHBI « MeTo1Ka HOCTAaHOBKU U POBECHUS SKCIIEPUMEHTa»
MPEyCMOTPEHO HCITOb30BaHHE CIICAYIONINX 00pa30BaTEeIbHBIX TEXHOIOTHIA:
® TEXHOJOTWS TPAJUIMOHHOTO OOYYEHHUS: JIeKIMH M IPAaKTUYECKHEe padoTHI,
caMoCTOsTeNIbHAs paboTa;
® TEXHOJIOTHUS MPOEKTHOTO OOyUEHHS: pean3alus U 3alIuTa OTYETOB 1O MPAKTHYECKIM
pabortam.

6. MeTonuyeckue yKa3aHus M0 OCBOECHHIO TN CIUTIIUHbBI
PexoMeHnganuu mo noAroToBKe K JEKIMUOHHLIM 3aHATHAM

Nzydenue nucturinHbl TpeOyeT CUCTEMaTHYECKOTO M TOCIE0BATEIILHOTO HAKOIUICHHS
3HaHUI, CIeJ0BaTENIbHO, IPOIYCKU OTAEIbHBIX TEM HE MO3BOJISIOT INTyOOKO OCBOUTH MIPEAMET.

B xone JEeKIHMOHHBIX 3aHATUH PEKOMEHAYETCS KOHCIEKTHpPOBAaTh Y4eOHBIH MaTepual,
oOpaiasi BHUMaHU€E Ha KaTeropuu, GOpMyIHPOBKH, PACKPBIBAIOLINE COAECPIKAHUE T€X WM UHBIX
SIBJICHUM M IIPOLIECCOB, HAYYHBIE BBIBOJBI U IIPAKTUYECKHE PEKOMEHIALUU, ITOJIOKUTEIbHBII
OIIBIT B OPaTOPCKOM HCKyccTBe. JKenaTeabHO OCTaBUTh B pa00UnX KOHCIIEKTaX IMOJIsl, HA KOTOPbIX
JiernaTh MMOMETKH U3 PEKOMEHIOBAHHOMU JINTEPaTyphl, AOMOIHSIOMNE MAaTepUal MPOCIyIIaHHON
JEeKIMH, a TakXKe IMOAYEPKHUBAIOIME OCOOyH0 BaXXKHOCTh TE€X WM HHBIX TEOPETHYECKUX
NOJIO)KEHUH. 3ajJaBaTh IPENOJABATENI0 YTOUHSAIOIIKME BONPOCHI C IEJIBI0  YSACHEHUs
TEOPETUYECKHX IOJIOKEHUH, pa3pEIICHNs CIOPHBIX CUTyalUH.

B xome moaroroBku K JIEKIUSAM H3Y4YUTb OCHOBHYIO JIUTEPATYPY, O3HAKOMUTBCS C
JIONOJTHUTEIBHON JINTEpaTypol, MyOauKauusMu B VIHTEpHET-UCTOYHMKAX, NEPUOJUYECKUX
u3fanusx. [Ipu 5ToM ydyecTs peKoMeHAaluu MperoiaBaTelis U TpeOoBaHus yueOHOM MPOrpaMMBl.
JlopabaTbIBaTh CBOM KOHCIIEKT JIEKIMH, JIeJIasi B HEM COOTBETCTBYIOLIHUE 3alMCU U3 JIUTEPATyphI,
PEKOMEH0BAaHHOH MpenoaBaTeieM U MpeTyCMOTPEHHON Y4eOHON MpOrpaMMOi.

CTyneHT MOET MONOJHUTh CIIMCOK HCIOJIB30BaHHOM JIMTEPAaTypbl COBPEMEHHBIMHU
HMCTOYHMKAMHU, HE MPEICTABICHHBIMU B CIIUCKE PEKOMEHOBAaHHOM JINTEPATyphl, U B JAJIBHEUILIEM
UCIIOJIb30BaTh COOCTBEHHBIE IIOJTOTOBIECHHBIE YUeOHble MaTepUallbl IPU HAIIMCAHUU KYPCOBBIX
U BBIITYCKHBIX KBAJTH(PHUKAIIMOHHBIX padoOT.

PexomMeHgal UM 10 IOATOTOBKE K NPAKTHYECKUM 3aHATHAM

CryneHnram cienyer:

® 710 OYEpPEAHOr0 MPAKTUYECKOTO 3aHATUS IO PEKOMEHIOBAHHBIM JIUTEPATypPHBIM
UCTOYHUKAM MpopadoTaTh TEOPETUYECKH MaTepuan, COOTBETCTBYIONIEH TEMBI
3aHATHUS;

® IIpU MOJATrOTOBKE K MPAKTHUECKUM 3aHATUSAM CIEAyeT 00s13aTeIbHO HCIOJIb30BaTh HE
TOJIBKO JICKIMH, Y4eOHYIO TUTEPaTypy, HO U IPYTHE UCTOUHUKH;

e B HauyaJie 3aHATUN 33/1aTh MPENOJABATEN BONPOCHI MO MaTEpUaly, BbI3BaBIIEMY
3aTpyJHEHHUS B €ro MOHMMAaHWW W OCBOCHHUHU MPHU PEIICHUU 3a/ay, 3aJaHHBIX IS
CaMOCTOSITEJIBHOTO PEIICHUS;

® Ha 3aHATHHN JOBOIUTH KaXXIaYyHo 3agavy a0 OKOHYATCJIBHOI'O peuicHusd,
JEMOHCTPUPOBATh MOHMMAaHHUE TMPOBEACHHBIX PACUYETOB (AHAIM30B, CHUTYyallHil), B
cllydae 3aTpyIHEHUIN 00palaThCs K MPEernoiaBaTeio.

J51st TOro 4To0bI MPaKTHYECKHE 3aHATHS TPUHOCHIIM MaKCUMAaIbHYIO TI0JIb3Yy, HEOOX0AUMO
MOMHUTH, YTO YNPAXXHEHHWE M PEIICHUE 3a7a4 MPOBOJATCA MO PACCMOTPEHHOMY Ha JICKIUAX
MaTepuaiy U CBA3aHbl, KaK MPaBUIIO, C I€TATbHBIM pa300pOM OTAEIHHBIX BOIIPOCOB JEKIIMOHHOTO
kypca. CnenyeT NOAYEPKHYTb, YTO TOJBKO IIOCJIE€ YCBOEHHS JEKIUOHHOIO MaTepuana ¢
OTpeIeIEHHOM TOYKH 3pEHHs (2 IMEHHO C TOM, C KOTOPOIl OH M3NaraeTcs Ha JIEKIUAX) OH OyleT
3aKPCIUATHECA CTYACHTOM Ha MPAKTHYCCKUX 3aHATHAX KAaK B PC3YJIbTATC O6Cy>KI{GHI/I$I 1 aHalIu3a
JIEKIIMOHHOTO MaTepuaa, Tak U ¢ IOMOIILIO0 PEIICHUs MPOOIEMHBIX CUTYyalui, 3a1ad. [Ipu aTux



YCIIOBUSIX CTYAEHT HE TOJBKO XOPOIIO YCBOUT MaTepua, HO M HAy4dUTCS MPUMEHSTH €ro Ha
MIPaKTUKE, a TaKXKe IMOJYYUT JOMOJHUTEIbHBIA CTUMYJN (M 3TO OYEHb Ba)KHO) JJII aKTHMBHOMU
npopabOTKH JIEKITUH.

[Tpu camMOCTOATEIHLHOM pEIICHUH 3a/ad HYKHO OOOCHOBBIBATH Ka)KIbI 3Tal peleHus,
UCXOJs U3 TEOPETUUECKUX IMOJIOKEHUHN Kypca. Eciu cTyIeHT BUAUT HECKOJBKO MyTEH peleHus
npoGseMsl (3a1auM), TO HY>KHO CpPaBHUTb UX U BbIOpaTh caMblil painuoHaibHbIA. [lone3sHo 1o
Hayaja BBIYMCIEHUN COCTaBUTh KpaTKUM IUJlaH pemeHus npoOinemsl (3amaun). Pemenue
MPOOJIEMHBIX 3aJa4 WM MPUMEPOB CIEAyeT H3jaraTh MOAPOOHO, BHIYKMCIEHUS pacrojiarath B
CTPOTOM TMOPSIAKE, OTHENSIsI BCIIOMOTATENIbHBIE BBIYMCIEHWS OT OCHOBHBIX. PemieHus npu
HE0OXOIMMOCTH HY>KHO COIIPOBOXK/IaTh KOMMEHTAPUSIMHU, CXEMaMU, YePTEeKaMU U PUCYHKAMH.

Crnenyer MOMHUTB, YTO pELICHHE KaXa0M y4eOHOW 3ajjauyd JOJDKHO JOBOJAUTHCS 10
OKOHYATEeJIbHOTO JIOTMYECKOr0 OTBETa, KOTOPOro TpeOyeT YCJIOBHE, W IO BO3MOXHOCTH C
BBIBOZIOM. [loydeHHBI OTBET cienyeT MPOBEPUTh CHOCOOAMH, BBHITEKAIOIIMMHU M3 CYILIECTBa
naHHoM 3anauu. [lone3Hno Takke (eciu BO3MOXKHO) peliaTh HECKOJIBKUMHU CIIOCOOaMH U CPaBHUTD
HOJy4YEeHHBIE pe3yNbTaThl. Pemenne 3a1au TaHHOTO TUMA HY>KHO MPOJOJIKATh IO PHOOpETEHUs
TBEP/bIX HABBIKOB B UX PELLIECHUHU.



7. OueHOYHBIE CPEACTBA

7.1. IIaciopT OLIECHOYHBIX CPEACTB

Cemecr Koa koHTpOIMpyemMoii KoMIeTeHIMU HaumenoBanme
P (MJIM ee YaCTH) OIIEHOYHOI'0 CpeACTBa
1 OIIK-1; IIK-2; IIK-4; YK-5 KomIekT 0T4eToB no npakTu4ecKum

paboram 1-8
Bomnpocs! k 3auety 1-44

7.2. TumoBble 3aJaHUs WJIH HHble MATEePHAJbI, HeOOXOAMMbIe Jsl TEKYyIIero
KOHTPOJIA

7.2.1 KoMILIeKT 0T4€eTOB 110 NMPAKTHYeCKUM padoTam.

IIpakTnueckoe 3ansitue Nel. IlocTpoeHue 3JIeKTPOHHBIX TAOJMI JJIS MCXOAHBIX JAHHBIX
JKCIIepUMeHTAa

3agaHme: NOCTPOUTH AIEKTPOHHBIE TAOIUIIBI AJIS1 HCXOJHBIX JAHHBIX 3KCIIEPUMEHTA.

OnucarenbHass nHopManuonHasi Moaejab. Ha mepBoM sTame mccienoBaHus 00ObEKTa
WIN Tpolecca OOBIYHO CTPOMTCS ONucaTelabHas WHPOpPMALMOHHAs MoOjedb. Takas MoJelb
BBIJIETISIET CYIIECTBEHHbIE, C TOYKHU 3pEHUs IeJiel MPOBOAMMOIO MCCIEAOBAHUSA, NapaMeTpbl
00BEKTa, a HECYLIIECTBEHHBIMU ITapaMeTpaMu IpeHeOperaer.

®opmanu3zoBanHasi MoJeJb. Ha BTOpoMm 3Tamne co3maercst popMann3oBaHHAsE MOJIEINb, T.
€. omnucareiabHas HH(GOPMALMOHHAs MOJENb 3alMCHIBACTCA C IOMOIIBI  KAaKOIro-Jnbo
(dopmanpHOrO sA3bIKAa. B Takoil Moaenw ¢ MOMOIIBIO (OPMYI, ypaBHEHHMH WIM HEPABEHCTB
¢bukcupyroTcst (GopMarbHble COOTHOLIEHHMS MEXJy HadaJbHbIMH M KOHEUYHBIMHM 3HAYCHHUAMU
CBOMCTB OOBEKTOB, a TAK)XXE HAKJIAIbIBAIOTCS OIPAHUYEHHS HA JONYCTUMBbIE 3HAUYEHUS ITHX
CBOICTB.

OnHako Janeko He BcCerjga yAaeTcss HaWTH (HOPMYJIbl, SIBHO BBIPAKAIOUIME HCKOMBIC
BEJIMYMHBI Yepe3 MCXOAHbIE JaHHble. B Takux ciyyasx MCIOIB3YIOTCS HPUOIMKEHHBIE
MaTeMaTHYECKUE METO/Ibl, TO3BOJIAIOIINE TIOIYyUYaTh PE3ybTaThl C 3aJaHHON TOYHOCTBIO.

Komnbiorepnas mopenb. Ha TperbeM sTame HeoOXoaumo  (opManu3oBaHHYIO
UH(POPMALIMOHHYIO MOJeNIb MPpeodpa3oBaTh B KOMIBIOTEPHYIO MOZENb, T. €. BBIpa3uTh €€ Ha
IOHATHOM I KOMIIBIOTEpa si3bIKe. CylIeCTBYIOT Pa3INYHbIE IIyTH OCTPOCHHS KOMITBIOTEPHBIX
MOJICIICH, B TOM 0% (91 (X
- CO3JaHN€ KOMIIBIOTEPHOI MOzieH B (pOpMe MPOEKTa Ha OJJHOM U3 S3bIKOB IPOIPaMMHPOBAHUS;
- MOCTPOEHHE KOMIBIOTEPHOW MOJENU C HCHOJIb30BAHUEM DJIEKTPOHHBIX TaONMIl WIN APYTHX
NPUIOKEHUN: CUCTEM KOMIIBIOTEPHOTO YEpuYeHMsl, CHUCTEM YIpaBiieHHs Oa3aMu JaHHBIX,
reOMH(POPMALMOHHBIX CHCTEM H T. 1.

B mporecce co3maHMs KOMIBIOTEPHOM MOJIETM TOJE3HO pa3paboTaTh yHOOHBIH
rpapuueckuil nHTEp(eiic, KOTOPHINA MO3BOJIIUT BU3YAIM3UPOBATh (POPMAIbHYIO MOJIEIb, & TAKXKe
peaNn30BaTh HHTEPAKTUBHBIA TUAJIOT YEJIOBEKA C KOMIIBIOTEPOM Ha JTAIE UCCIEN0BAHNS MOCIIN.

KomnbloTepHblii 3KkcnepuMeHT. YeTBepTblil sTam HcciaeqoBaHus HHPOPMALMOHHOM
MOJIEJIM COCTOMT B IIPOBEJCHUM KOMIIBIOTEPHOTO DKCIEPUMEHTA. ECIM KOMIBIOTEpHAs MOJEIb
CYILLECTBYET B BUJIE IIPOEKTA HA OJHOM M3 A3BIKOB IIPOrPaMMHUPOBAHUs, €€ HY>KHO 3aIlyCTUTh Ha
BBITIOJIHCHHUE, BBECTU UCXOHbIE NAHHBIE U MOJIyYHUTh PE3YJIbTaTHI.

Ecin xoMmbploTepHass MOJAEIb UCCIENYETCS B IPWIOKEHUU, HAPUMEP, B 3JIEKTPOHHBIX
Ta0JIMIIAaX, TO MOKHO IIOCTPOUTH JUArpaMMy WM rpad Uk, IPOBECTH COPTUPOBKY U OUCK TaHHBIX
WM UCTIOJIb30BaTh IPYTHe CHEeIUATU3UPOBAHHBIE METOIbI 00paOOTKH JTaHHBIX.

[Ipy uCHONIB30BaHUM TOTOBOM KOMIIBIOTEPHON BHU3YAJIbHOM WHTEPAKTUBHOM MOJEIH
HE0O0XO/MMO BBECTH HCXOJHBIC NaHHbIC, 3allyCTUTh MOJICNIb HA BBINOJHEHHE M HAOII0JAaTh
U3MEHEHHE 00BEKTa U XapaKTEePU3YIOLIUX €r0 BEJIUUYHUH.



B BupTyaslbHBIX KOMIBIOTEPHBIX Ja0OPAaTOPHUSIX MOXKHO INPOBOAUTH 3KCIIEPHUMEHTHI C
peanbHBIMU 00BbeKkTamMH. JlJis 3TOro K KOMIIBIOTEPY MPHUCOSAUHSIOTCS NaTYMKU H3MEPEHUS
¢u3nYecKux MapamMeTpoB (TeMIlepaTyphl, MAABICHHS, CWJIbI M Jp.), JaHHbIE H3MEpPeHUH
nepenaTcs B KOMIBIOTEp M 00pabaThIBalOTCS CHENMaNbHOM MporpaMMoil. PesynbpTaTsl
JKCHEpUMEHTa B BUJE TAaONIUI], TpagUKOB M JuUarpaMM OTOOpa)karoTcs Ha SKpaHe MOHUTOPA U
MOTYT OBITh pacreyaTaHbl.

AHaJM3 MOJYyYEeHHBIX Pe3y/IbTATOB H KOPPEKTHPOBKA HMcciaeayeMon moaeau. [IaTeiii
3TaIl COCTOUT B aHAJIN3€ MOJYYECHHBIX PE3YyJbTaTOB U KOPPEKTUPOBKE MCCIeayeMon Mozaenn. B
cllyyae HECOOTBETCTBHUSI PE3yJbTaTOB, MOJYYEHHBIX IPH HCCIENIOBAaHMM HH()OPMAITMOHHON
MOJIENI, U3MEpSEMBbIM TMapaMeTpaM peajbHbIX OOBEKTOB MOXHO CcJielaTh BBIBOJ, 4YTO Ha
MPEIbIIYIIMX 3Tanax MOCTPOCHUS MOJIeNTU ObLITN JIOMYIEHb! OIIMOKH WIIM HETOYHOCTH.

Hampumep, mnpu mOCTpOeHWH OMHUCATEIBHOW KAYECTBEHHON MOJEIW MOTYT OBITh
HENpPaBUIBHO OTOOpaHbI CYIIECTBEHHbIE CBOMCTBA OOBEKTOB B Ipolecce (hopMalnu3aliil MOTYT
ObITh JOmMyIlleHbl omMOKM B Qopmylnax U T. A. B 3Tux ciydasx HeoOXOAMMO MpPOBECTU
KOPPEKTHUPOBKY MOJEJNIH, IPUYEM YTOUHEHHUE MOJEIN MOXKET IPOBOJUTHCS MHOTOKPATHO, IOKa
aHAJIU3 PE3yJIbTaTOB HE MOKAXET UX COOTBETCTBUE U3YyUaeMOMY OOBEKTY.

IlocTpoenune 31eKTPOHHOM Ta0MIHUIBI AJIsI CTATHCTHYEO6CKOI 00padoTKHM pPe3y/1bTaTOB
JKCIepUMeHTa (NMpoOBepKAa CTATHCTHYECKOH OJHOPOJHOCTH ODKCIHEPHUMEHTAJIbHONH U
KonTpoJsbHoii rpynn Ha0/1101eHui)

A B C D E
KomnuectBo KomnuaectBo
Kommaecto KomnaectBo . .
0aJI0B 1-TO 0aJI0B 1-TO 0anio i-ro Ganos i-ro
CTyJICHTa CTyJICHTa
Howmep CTyJICHTa CTyJIICHTa KOHTP. I. ——
KOHTp. I'p. 10 | 3KcHep. rp. 10 Hocle Hocie
AKCIIEPUMEHTA | SKCIIEPUMEHTA
DKCIICPUMEHTA | DKCIICPUMEHTA
1 12 9 13 15
2 19 19 21 31
3 23 8 24 17
4 17 22 19 34
5 38 25 40 35
6 25 12 25 23
7 39 20 42 34
8 9 10 10 23
9 27 37 29 50
10 42 39 45 51
11 44 13 44 21
12 31 37 32 51
13 47 26 46 49
14 11 12 10 22
15 43 39 44 50
16 34 27 35 49
17 40 14 41 22
18 13 39 17 52
19 22 9 20 16
20 37 19 41 29
21 29 43 30 52
22 41 30 45 50
23 14 16 15 23
24 31 41 32 51




B C D E
KomnuectBo Komuuectro
KomnuectBo KonnuectBo s s
SILIOB i-1o SAILIOB i-Io 0aJIoB i-TO 0aJuIoB i-ro
CTyJEHTa CTyJEHTa
Howmep CTyJIEHTa CTyJIEHTa
KOHTp. I'p. 10 | 3KcHep. rp. 10 KOHTP- TP- JKenep. Ip.
AKCIIEPUMEHTA | DKCTIEPUMEHTA rocie focie
SKCIIEPUMEHTA | IKCIIEPUMEHTA
25 42 27 42 49
26 10 44 12 52
27 36 31 38 50
28 40 15 43 26
29 29 45 33 52
30 8 42 11 52
31 33 9 34 17
32 16 33 19 51
33 50 46 52 52
34 35 10 35 15
35 49 49 50 52
36 37 28 39 51
37 18 47 18 52
38 38 20 38 31
39 11 17 13 31
40 39 44 41 50
41 49 52
42 37 47
43 11 20
44 29 42
45 41 51
46 32 52
47 47 52
48 13 26
49 50 52
50 35 50
51 43 52
52 15 22
53 39 51
54 36 51
55 48 52
56 13 25
57 46 52
58 24 32
59 10 16
60 14 23
Cpeonee 29,5 284 31,0 39,2
Jlucnepcus 158,56 184,81 160,10 191,30
Cpeonee Bwuuucisercs 1o ¢opmyne =CP3HAY (B2:B61) ¢ mnocnenyrommm
TupaxkupoBanueM mo cronbiam C,D,E
Jucnepcuss  Beramcnsiercss 1mo  dopmyne =JIUCIT (B2:B61) ¢ mocnemyrommm

TupaxkupoBanueM 1o cronbuam C,D,E



Te >xe nanuble ¢ mpeoOpa3oBaTh B TAOIMILy HOPSIKOBBIX JAHHBIX C MOPSIKOBON HIKAJIOMH,
MMEIOIICH 3aanHoe 9rciio rpaganuii (3, 5, 7). K momydeHnHo# Tabnuie Ha ClIeayIomeM 3aHATHH
OyzaeT IpUMEHEH KpUTepUid XU-KBaparT.

IIpakTHyeckoe 3ansaTHe Ne2. KoMmnbloTepHasi Moesb 1Jisl KpuTepust Xu-KBapat

Hens paboThL: nocmpoums INEKMPOHHYIO maobauyy, onpeoenauyio
00HOPOOHOCMb/HEOOHOPOOHOCHb  08YX CMAMUCIMUYECKUX B8blOOPOK HA 3A0AHHOM YPOBHE
3HAYUMOCIU P.

3ajanne Ha peleHue 3a1a9u

B kauectBe mpHuMepa paccMaTpUBAIOTCA JBE BBIOOPKM 10 pe3ysbTaTam
o0cre1oBaHus TPYIII yYaIIUXCs.

CpenctBamu MS Excel BBIUMCISIOTCS 3HaY€HHE KPUTEPHs XHU-KBaJIpaT U ONpEIenseTcs
CTETIEHb YBEPEHHOCTH B OJHOPOIHOCTH/HEOIHOPOJHOCTH BBIOOPOK Ha 3aJlaHHOM YpOBHE
3Haunmoctu p=0,05 (p=0,01).

IInan BbpINOJHEHHS Pa0dOTHI

1.  BoiOepute ucxoaHble BBIOOPKH.

2. Tloctpoiite BeruncauTenbHyto Tadnauiy B MSExcel.

3. 3apmaiite ypoBeHb 3HaunMoctu p=0,05.

4. Chopmynupyite BBIBOJ O CTATUCTHYECKOW 0OHOPOOHOCIU/HEOOHOPOOHOCIU 8bIOOPOK.
OObscHUTE UX pa3Inyue.

ConepxaHue oT4yeTa

L. TUTyJIBHBIN JTUCT.
II. Hazpanue u nienb paboThl.
I1I. Pe3ynbTaThl BHINOIHEHUS paOOTHI
IV. 3aKiro4eHne
V. IIpunoxenus

IIpakTH4eckoe 3ansaTHe Ne3.

Komnbrorepuast moaesb 1Jis kpurepusi Kpamepa-Yaaua

3ananme: HeoOxomumo mnpumeHuTh Kputepuil Kpamepa-Yamga, oOCHOBaHHBIH Ha
CTaTHCTHUKE, U1 IPOBEPKU I'MIIOTE3bl PABEHCTBA MATEMATUYECKUX OXKHUIaHUN UCTIOIb30BaTh.

Kputepuii Kpamepa-Yanua umeeT npo3padHblii CMBICT — PA3HOCTh BHIOOPOYHBIX CPEIHUX
apudMeTHuecKux IS JBYX BBIOOPOK JEIUTCS HAa €CTECTBEHHYIO OIIGHKY CpPEIHETO
KBaJPaTUYECKOr0 OTKJIOHEHMS 3TOM pa3HOCTU. ECTECTBEHHOCTh YKa3aHHON OLEHKH COCTOMT B
TOM, 4YTO HEWU3BECTHBIE CTATUCTUKY JWCIEPCUM 3aMEHEHBbl X BBIOOPOYHBIMU OlLIEHKamu. U3
MHOTOMEPHOM LEHTpaJIbHOW MPENEIbHON TEOPEMBbl U U3 TEOPEM O HACIEAOBAHUHU CXOJIUMOCTHU
BBITEKAET, UTO IMPH pocTe 00BEMOB BBHIOOPOK pacmpenencHue cratuctuku T Kpamepa-Yoamua
CXOJUTCS K CTAaHJIAPTHOMY HOPMaJbHOMY PacHpeiesieHUuI0 ¢ MaTeMaTH4ecKkuM oxkuaanuem 0 u

mucniepcueit 1. Utak, npu cnpaseanusoctu [1, 1 Gombmux 00beMax BEIOOPOK pacipeieieHue

ctatucTuku T mpuOIMKaeTcs ¢ MOMOUIbIO CTAaHAAPTHOIO HOpMaJibHOTO pacnpenenenus O(x), u3
TaOJIUI] KOTOPOTO CIEAYET OpaTh KPUTHICCKUE 3HAUCHUS.

N3 ckazaHHOro BbINIE CIEAyET, 4TO NMpUMeHeHue kpurepusi Kpamepa-Ysmua He meHee
000CHOBaHO, yeM NpuMeHeHue kpurepuss CTpioJeHTa. J|OMONMHUTENFHOE MPEUMYIIECTBO - HE
Tpedyercs paBeHcTBa nucnepeuit D(X)=D(Y).

PacnpeﬂeneHHe cTaTuCTUKU T He sBIIETCS pacupeaciICHuEM CTLIO[[GHTa, OJHAKO H
pacnpe/eneHrne CTaTUCTUKY t, Kak TTOKa3aHo BBIIIE, HE SIBJISIETCS TAKOBBIM B PEAJIbHBIX CUTYyaIHsIX.

(mrara u3 yaebHmka Opnosa B.U. http://orlovs.pp.ru/stat.phplTokazano, 4To mpeaIOCHUIKH
IBYXBbIOOpOYHOTOo KpuTepus CTblOJIEHTa, KaK NpPaBUJIO, HE BBINONHAIOTCS. i mpoBepku
OOIHOPOJAHOCTH MATCMATUYCCKUX O)I(I/I,Z[aHI/Iﬁ BMCCTO KpUTCPUA CTLIO,Z[GHTa npeaiaracTcsa



http://orlovs.pp.ru/stat.php

Ucronb30BaTh Kputepuii Kpamepa-Yamua. O6cyxaaroTcss HernapaMeTpudecKue KpUTepuu IJis
MIPOBEPKHU THIOTE3bI OJHOPOIHOCTH (DYHKIUI pacipeieleHus. )

IIpakTuyeckoe 3ansaTHE Ne4.

KomnblorepHasi Moge/ib I KPUTEPHUS «YIJI0Boe npeodpasoBanue @umepa»

3ananue: [locTpouTh KOMIBIOTEPHYIO MOJEINb JUIsl KpuTepus «YTIIoBoe MpeoOpazoBaHUE
Ouniepar.

JIns OLEHKM CTaTUCTUYECKOM OJHOPOJHOCTH XAPAKTEPHUCTHK HKCIIEPUMEHTAJIBHON U
KOHTPOJBHON Tpynn HCIoib30BaTh kputepuil ®Dumnepa. Bpibop kputepus npousBelneH Ha
OCHOBaHWHU peKkoMeHaalui npemioxkeHHbix J[.A. HoBukoBbiM B «CTaTUCTHYECKHE METOJBI B
NEAArOTNYECKUX UCCIIENOBAHUAX», U CBSI3aH C TEM, UTO JaHHBIA KPUTEPHUI MO3BOJISET CAENIATh
3aKJIFOYEHHE O CTATUCTHYECKOM OTHOPOAHOCTH/HEOJHOPOIHOCTH OKUAAEMBIX CPEHUX 3HAUEHU
(MaTeMaTHYecKOro OXHJIAHHs) HCCIeIyeMOro IMoka3aTes MpU TOM, YTO IAMCIEPCHU BBIOOPOK
paznuuarotcs. Paznuune nucnepcuil ObUIO BBISIBICHO HAa NEPBOM 3Tare 0OpaOOTKHU JAaHHBIX, U
CTaJIO MPENATCTBUEM JIJIsl IPUMEHEHUS TPAIULMOHHOTO t-kpuTepust CTbIOACHTA.

B xnwure /[.A.HoBrnKOBa MCIIOJIB30BaHbl KPUTUYECKHE 3HAYEHUS KaK pa3 il t-KpuTepus,
4YTO KOHEYHO HE BIIOJHE OOOCHOBAHHO U JaeT MPUOIM3UTEIbHBIC pe3ysbTaThl. Mcnoab30BaHue
3HaueHnsa T,,=1,96 ypoBHs yBepeHHOCcTH 95% TOBOPUT O TOM, 4YTO 00BEM BBIOOPKH
IpernonaraeTcsi O4eHb 00JIbIUM (0003HAUAETCS MTPOCTO KaK OECKOHEUHBIH, TO €CTh Peyb HJIET O
peieIbHOM 3HaY€HHUH IIPU BO3pAaCTaHUU 00beMa).

AJITOPUTM OIIPENEICHUsST JTOCTOBEPHOCTH COBIAJEHUN M pa3iIuuuid XapaKTEPUCTHK
CPaBHHMBAEMbIX BBIOOPOK JJIsl 3KCIIEPUMEHTAIbHBIX JIaHHBIX, U3MEPEHHBIX B IIKaJ€ OTHOIIECHUH,
¢ IOMoILbI0 kputepus duinepa BKIIOYAET CIEAYOINE IIaru:

1. BeruucnuTs 17151 CpaBHUBAEMBbIX BBIOOPOK T,y — SMIUPHUUYECKOE 3HAUEHHUE KPUTEPUS.

2. CpaBHUTB 3TO 3HAYEHHUE C KPUTUUECKUM 3HAUECHUEM.

IIpakTHyeckoe 3ansitue NeS.

IInannpoBaHue 3IKCNIEPUMEHTA H 00pa00TKAa JAHHBIX € IOMOLIBIO JIATHHCKUX H IPEKO-
JIATUHCKHUX KBA/paToB

3aganue: CruiaHMpPOBaTh IKCIIEPUMEHT M 00padoTaTh JaHHbIE C IOMOUIbIO JIATHHCKUX
U TPEKO-JTATHHCKHUX KBA/IPaTOB

[Ipeanonoxum, HanpuMep, YTO IKCHEPUMEHTATOP HMCCIEAYEeT BIMSHUE MSATH Pa3iIMYHBIX
(dbopMys B3phIBUATON CMECH, UCIIOJIb3YEMBIX IPU MPOU3BOACTBE JAWHAMMTA, HA HaONIOJaeMylo
cuity B3pbiBa. CMeCh 10 KaKA0H U3 (OPMYJII MPUTOTABIMBAETCS U3 MTAPTHUHU CHIPBS, 00HEM KOTOPOU
N03BOJISIET IPOBEPUTH HE Oosiee mATH Gopmyi. Jlajgee cMecH MPUTOTaBIMBAIOTCS HECKOJIBKUMU
orepaTopamMu, KOTOPbIE MOTYT CYHIECTBEHHO Pa3JIMYaThCs MO KBATU(HUKAIMHA U OMBITY. Takum
00pa3oM, OKa3bIBAETCsI, YTO IIAH SKCIIEPUMEHTA JIOJKEH MTPELyCMOTPETh «yCpPEeIHEHHE» BIUSIHUSA
JIBYX BHEIIHUX (PAKTOPOB — MapTHil CBIPbS M onepaTopoB. [lmaH, MO3BOJSIOMNI PEIIUTH ATy
3aady, COCTOUT B TOM, YTOOBI MPOBEPUTH KaXaAyr (OpMylly CMECH B TOYHOCTH OJHUH DPa3 B
KaXJO0W MapTUH ChIpbS B TOYHOCTH IO OJHOMY pa3y KaKIbIM U3 MSATH onepaTopos (Talm. 1).
Takolf miaH Ha3bIBaeTCs JIATUHCKMM KBaapaToM. OTMETUM, 4TO HaOJIOAEHUS PACIIOJIOKEHBI
KBaJIpaToM, a msth GopMyt (00paboTok) 00603HaYeHBI TaTUHCKUMU OykBamu A, B, C, Du E —
9TUM U O0BSACHSAETCS Ha3BaHUE WIATMHCKUN KBajapaT». BUaHO, UTO Kak MapTUH CBIPbs (CTPOKN),
TaK ¥ ONepaTopsl (CTOIOIBI) OPTOTOHAIBEHBI 00padOTKaM.

Tabnuua 1 - JlatuHcKuil KBaapar 11 3aa4 0 popMyJiax B3pbIBUATON CMeCH



Oneparopbt
[TapTHu
ChIpbS
1 3 4 5

1 A=24 B =20 Fe= 19 D =24 E=24
2 B =17 C =24 D =30 E =27 A =36
3 C=18 D =38 E=26 A =27 b= 21
4 D =26 E =31 A =26 B =23 C=22
5 E = 22 A =30 B =20 C=29 D =31

JlaTuHCKME KBaipaThl IPUMEHSIOTCS JUIsl TOTO, YTOOBI HCKIIIOYUTH /1B BHEIIHUX UCTOYHHKA
HEOJHOPOAHOCTH, T. €. YTOObI 00ECIEeUNTh CUCTEMAaTHUECKOE TPYIIITUPOBAHHUE B OJIOKH 110 ABYM
HanpasieHusIM. Takum 00pazoM, CTPOKH U CTOJOLBI, B CYIIHOCTH, MPEACTaBISIOT COOOW IBa
OTpaHUYEHUS Ha PAHOMU3ALMIO.

B o0miem citydae naTUHCKMN KBaapaT Ui p (pakTOpOB MM JATUHCKUHM KBaJpaT pXp — 3TO
KBaJpaT, COCTOSMINM U3 P CTPOK U P cToNOIOB. Kaxnas u3 p? moaydarommxcs s9eeK COAePKUT
OJIHY U3 p OyKB, COOTBETCTBYIOIIMX 00paboTKaM, MpryueM Kax/jasi OykBa BCTpeyaeTcs B KaKJJOU
CTPOKE U Ka)KJIOM CTOJIOLE OJIMH U TOJIKO OAMH pa3. Huke gaHbl mpUMephl TATHHCKUX KBAaPATOB:



A B D F G H 1 J | «x | v+ | M | N | 0o | P | aq S| | |
1 Onepartopbl p= 5 Onepatopbl yij.)
2 | Dopmynbi 1 2 3 4 5 Dopmysibl 1 2| 3 4 5[Cymma Dopmy b 1 2 3 4 5
3 | i3 24 20 19 24 24| 111 Iy 24 20| 19 24 24 111| 1 24 0 0 0 0
4 2] 17 28 27 27 29 128 2 17 28] 27| 27| 29| 128 2 0 28 0 0 0
5 |NapTvw coipba 3 18 38 26 27 21| 130 MapTuu Coip| 3 18| 38 26 27 21 130 3 0 0 26 0 0
6 | 4 26 31 21 27 . 127 4 26| 31 21| 27| 22| 127 4 0 0 0 27 0
7 | 5 22 26 29 22 30 129 5 22 26 29| 22| 30 129 5 0 0 0 0 30
8 107 143 122 127 126 vkl Cymma 107 143 122 127 126]0 625
9 1A B g D E v(...) Dopmy bl 1 2 3 4 5
10 | 2|8 A E € D y(.1.) IA 135 1 0 20 0 0 0
11 3|C D A E B y(.2.) B 101 2 17 ] 0 0 0
12 | 4/D E B A £ y(.3.) c 112 3 0 0 0 0 21
13 | 5|E C D B A y(.4.) D 146 4 0 0 21 0 0
14 y(.5.) E 131 Z 0 0 0 22 0
15 | capur 0
16 | 15625 Dopmy bl 1 2 3 4 5
17 | A B C D E 526[M(Y~2)-IM(Y)]1~2 0O6wan gucnepcua * pA2 526 1 0 0 19 0 0
18 | B A E C D 50 JMcnepcra no coipbio 50 2 0 0 0 27 0
19 | C D A i5 B 132,4 [wvcnepcua no oneparopam 1324 & 18 0 0 0 0
20 D E B A < 264,4/ Jucnepcua no popmynam 264,4 4 0 0 0 0 22
21 E C D B A 79,2 Awucnepcqa ownBKK 5 0 26 0 0 0
2| 2 20 19 2 2
23 17 33 27 26 31 Dopmynbi| 1 2 3 4 5
24 18 38 26, 27 21 1 0 o o 24 0
25 26 31 21 27 22 2 a a a 0 29
2| 22 26 31 22 32 3 0 38 0 0 0
27 VICTOUHMK BIMAHUA Cymm Ke |Cren ceofCp KedF 4 26 0 0 0 0
28 | Q®opmyna 264,4 4| 66,1| 10,0151515 3 a a 29 0 0
29 MNapT. CbipbA 30 4| 12,5] 1,89393939
30| Onepatop 132,4 4| 33,1/ 5,01515152 ©opmy b 1 2 3 4 5
31 Owunbra 79,2 12| 66 1 0 0 0 0 24
32 Cymma 526 24 2 a a 27 0 0
33 3 0 0 0 27 0
34 4 0 31 1) 0 0
35 5 22 a a 0 0
36




IIpakTyeckoe 3ansaTue Ne6.

CpaBHHUTE/IbHBIN aHAIU3 KpUTepus Xu-KBaapaT u kpurepusi Kpamepa-Yaama

CpaBHUTBH pe3ysIbTaThl NMPOBEPKU CTATUCTUYECKOM OIHOPOJHOCTH 33JaHHBIX BBIOOPOK C
MIOMOIIBIO MOJIeNIEN IOCTPOEHHBIX paHee 11 KpurepueB Kpamepa-Yanda u Xxu-kBaapar.

(ITpakTrueckue 3anarus 1 —4).

IIpakTuyeckoe 3ansaTue Ne7. IlocTpoeHne MMHMTALMOHHON MOJeJH AJsi MOJYy4YeHUS
CTATHCTUYECKHUX JAHHBIX

MaremaTuyeckas MoJeJb Ipouecca

Marematuueckoe MOACIUPOBAHWE TIpOllecca HAYMHASTCS C 3aJaHUs TEPEMEHHBIX.
[TepemennbpIMU 3a1ar0TCsl KOJINYE€CTBEHHBIE (hakTopsl, OTMCHIBAIOIINE COCTOSIHUE
MMPOU3BOJCTBEHHON cuCTeMbl. OO000IMM TMPEACTAaBICHUE CHUCTEMBI, YTOOBI OXBAaTUTh KJaccC
MIPOU3BOJIBHBIX TOCJIEIOBATENBHBIX MPOU3BOJICTBEHHBIX CHUCTEMBl. JTalbl MPOU3BOJACTBA OyleM
MPEACTABISITh Kak cTaHIUH. COCTOSHHE CHCTEMBbI MIASHTU(UIMPYEM TapameTpoM t (AUCKpPETHOE
Bpemsi). B mpoiiecce mpoun3BoacTBa UTEpAIUs MOTJIa ObI OBITh SKBUBAJICHTHA HHTEPBAILY B OJIUH JICHb
(wm oJTHa MPOM3BOJICTBEHHAS CMEHA), ¥ TorAa t OyeT MOKa3bIBaTh KOJWYECTBO JHEH (CMeH). bynem
OTIEpUPOBATh C EIWHUIIAMHU TPOIYKIUU W 3alacaMH ChIPbsS, «HE3aBEPIICHHOW MPOAYKIHUU» U
rOTOBOM IIPOAYKIMH, U3MEPSAEMBIMU B OTUX €IMHMIAX'. BBemem cremyromue 0003HAYEHUS IS
00IIMX MoKa3aTeNel CUCTEMbI IPOU3BOJICTBA:

N — KOJMYECTBO CTAHIIMI B TIPOIIECCE MTPOU3BOICTBA;

i-HOMep cTaHIuy, i=1...n;

t — BpemeHHOM mapametp , t =0,1,2,..;

Ci(t) — mpou3BOAUTENHHOCTD 1 CTAHIIMH B MOMEHT;

Pi(t) — mpou3BOACTBO 1 CTAaHIIMK B MOMEHTT;

Wi(t) —He3aBepiieHHas MPOAYKIIUS, JOCTYIHAS JJis 1 CTAHIIMA B MOMEHT t;
Mogenb npon3BOJICTBEHHON CUCTEMBI 33JJa€TCsl CUCTEMOM peKyppeHTHBIX hopmyi (7.1 — 7.5):

Crannms 1

F(t)=C, () 7.1)
W(6) =Wyt =)+ B(t=1)~ Byt - 1) (1.2
Cranmuun 1 = 2,3,..,n-1

F(t)=Min[C(0), B () + W_,(1)] (7.3)
WO =W (t=D+PE=D=P=)
Craguuu n

Pn (t) = Mln [Cn (t)ﬂ Pn—l (t) + VVH—I (t)] (75)

W3 ypaBuuBanusg (7.1) BUAHO, YTO BBIIYCK MPOAYKIMM CTaHIMM | paBeH ee
MPOU3BOAUTENHHOCTH. Y paBHUBaHUE (7.2) onpenenseT WIP, nocTymHyo B MOMEHT t, Kak ()yHKITHIO
MEePEMEHHBIX, TTOJIYYCHHBIX B MPEABIAYIINNA MOMEHT BpeMEHU. A UMEHHO, KOJUYECTBO JIOCTYITHOU
HE3aBEPIICHHON MPOIYKIUU CTaHIMU 1 B MOMEHT t, To ecTh W/(t), paBHO 3TOMY KOJIUYECTBY B
npeapaymuid MoMeHT Wi(t) TUIFOC KOJIMYeCTBO HOBOW MPOAYKIIMU CTAHIMU | B TpeAbIIyIINA
MoMeHT P(t-1) MUHYC KOTHUYECTBO MPOAYKIIMU B3ATOM AJIsl TepepaOOTKH CTAHIMEH 2 B IPEIbI Ty NI
MOMEHT P,(t-1).

B ypaBuenuu (7.3), 3amaercsa o0beM MPOU3BOJACTBA AJIsL CTaHIMKA co 2-i 1o n-10. O0beM
MPOU3BOJICTBA OTPAHUYMBAETCS MPOU3BOJAUTEIBHOCTHIO CTAHUMK WJIM KOJHMYECTBOM JIOCTYITHOW
He3aBepuieHHoi mpoxykiuu (WIP). Otmerum, uyto 3Hauenne WIP Bcerma HeoTpHIaTeiabHO.
VYpaBuenue (7.4) ananoruydo ypaBHenuto (7.2), Ho Beraucisier WIP st Bcex cranmmii kpome n-i.

IOTMGTI/IM, 4TO €AMHULIA TPOAYKIIUH U3MCHACTCA, IIOCKOJIBKY OHA MPOXOJUT Y€PE3 CUCTEMY, SABJIAACH
BHa4daJIic CI)IpLéM, a B KOHIIC - 3aBCPIHICHHBIM U3ACITHUCM.



VYpaBuenue (7.5) Beruuciasier 00beM MPOU3BOJICTBA HA MOCIEAHEN CTAaHIIMK. Y paBHEHUS IS
WIP nocnenHel CTaHIIMKM HE COCTAaBIAETCS, IOTOMY YTO IOCJIE HEE MOTy4daeTCs TOTOBAs MPOTYKIIHS.

B pexyppeHTHBIX ypaBHEHMSX AJIs BBIYMCIICHUS 3HAUECHUN NEPEMEHHBIX B MOMEHT t = 1,
JIOJIKHBI OBITH OIpe/ieTICHbl 3HaUEHHs BCEX MEPEMEHHBIX uid MoMeHTa t = 0. Bepxuuil npeaen ans t
HE YCTaHOBJIEH, HO ITPY MOJIEJIMPOBAHUH TOT IPEEII 3aa€TCS UCCIIEyEMbIM HHTEPBAJIIOM BPEMEHHU
T, Ha3pIBa€MbIM BpPEMEHHBIM TOPHU3OHTOM.

Ecnu mpou3BOAMTENBHOCTH CTAHLUMN M3BECTHBI B IIPEJENaxX BPEMEHHOIO T'OPU30HTA, U
3a/laHbl HayajbHbIE 3HAUEHUS MEPEMEHHBIX B MOMEHT BpeMmeHH t=0, TO cocTaBieHHas cHcTeMa
YPaBHEHHI MO3BOJISIET BBIYUCIUTH COCTOSHUSI CUCTEMBI IS JII0OOT0 KOHEUHOTO MEePHOAa BPEMEHH.
Kaxxnas mepemMeHHass B MOMEHT BPEMEHH t 3aBHCHUT TOJIBKO OT MEPEMEHHBIX B MOMEHT BpeMeHH t-1
U BBIOPAHHBIX JIOTIOJIHUTENIBHBIX MEPEMEHHBIX B MOMEHT BPEMEHM t, Mbl MOXEM BBIYHCIUTH BCE
MIepeMEHHBIE JJI1 MOMEHTa t =1, 3aTeM BBIYMCIUTH IEPEMEHHBIE B MOMEHT t = 2, U Tak jajee a0 t =
T. Jlnst Toro, 4roObl MEpeMEHHBbIE PEIIEHUs JIETKO MOJyYaluch B JIIOOOW 3aJaHHBI MOMEHT t,
NEPEMEHHbIE CIEAYeT YMOPSNIOYUTh TaK, YTOOBl 3HAUEHUE KaXJOW CIEIyIoIled NepeMeHHON
3aBHUCEJIO TOJIBKO OT paHEe BHIYMCIEHHBIX IEPEMEHHBIX. /11 paccMaTpUBaeMOM CUCTEMBI YPABHEHHI
3TOT MOPSAJOK TAKOB:

Pl(t)a I/Vl(t)e PZ(O? Wz(t)a P3(t)9

Cayuaiinble nepeMeHHbIE

B npowusBoacTBEHHOM npuMepe, Kak B OOJBIIMHCTBE MMHUTALMOHHBIX MOJENEH, TOYHBIE
3HAQ4YCHMUsI HEKOTOPBIX IIEPEMEHHBIX HEU3BECTHBL. Hampumep, NIpOU3BOAUTEIBHOCTH CTAHLMMI
HEU3BECTHBl M SABIIOTCA CIy4YalHBIMH BEJIMYHMHAMHU, MMEIOIIMMH 3aJaHHOE pacmnpeneneHue. B
cirydae Urpokos, «repepadaThIBAIOIINX) CIIUYKH, TPOU3BOAUTEIIEHOCTH OINIPEIEISIINCh OpocaHneM
KyOuka. IlosTOMy Nmpon3BOAMTENBHOCTh Kaxaoro Mrpoka Ha Kak[JoW HTepaluy ONpeAesslach
CIIy4allHOM BEIWYMHOW C JMCKPETHBIM PAaBHOMEPHBIM pAacIpeleeHUEM, B HWHTEPBAJIE LEIbIX
3Ha4eHu ot 1 1o 6.

B Oonee o0mem ciydae mpeArnonaraercsi, 4Tro KaxkJas MPOU3BOJUTEIBHOCTb HMMEET
HEKOTOPOE 3a/laHHOE pacnpeesieHue. Torna mpon3BOAUTEIBHOCTS 1-i CTAHIIMU B MOMEHT t IBJISIETCS
peanu3anmen Ciry4aiHOM BeIUYMHBL, KOTOpasi UMEET JaHHOE paclpeeiieHue. Pacipenenenue Moxer

6bITH cBOMM U1st Kaskopit cranumn, To ects C; (1) = D, (1) onai=12,...,n

anaBJIeHne MOACJIHPOBAHUEM

Tenepb MOKHO OIIMCAaTh NPCACTABJIICHHYIO BbIIIC UT'PY B TCPMHUHAX BBECACHHBIX IICPCMCHHBIX.
MOIIGJII/IpOBaHI/Ie HAQYMHACTCA C 3alaHUs HAYaJIbHOI'O0 COCTOSHHA CUCTEMBI, KOTOPOC OIPCACTIACTCA
3HAUYCHHUAMU IICPCMCHHBIX B MOMCHT t=0. B namem IMpUMEpe:

P(0)=0, W,(0)=0, B(0)=0, W,(0)=0, P(0)=0.

[Tpou3BOIUTENBHOCTH TEPBOTO TMEpUOJa BHIOMPAIOTCS KakK 3HAYCHUS PaBHOMEPHO
pacrpeesICHHBIX CIIyYaiiHbIX BeTU4IrH (OpOCOK KyOuKa):

C (=4, C,(1)=2, (,(1)=5.
Ilo ypaBHeHI/IHM MOJCIIN PACCUUTBLIBAIOTCA 3HAUYCHHA IICPCMCHHLBIX B 1-I>'I nepuon:

p(h=4, W1)=0, B(=2, W,(1)=0, P(1)=2.

MopnenupoBanue 2-ii UTEpaluy, ¢ HOBBIMM  3HAYEHMSIMM IPOU3BOJUTEIBHOCTEH Kak
CIIyYalHBIX BEJIMYHUH IS t = 2:

(,(2)=3, (,(2)=4, (;(2)=1;
r2)=3 mW@2)=2 £Q2)=4 Wy (2)=0, £I(2)=1.

AHAJIOTMYHO MOJENUpPYeTCs 3-51 UTEpaLUS:

C3)=L (,3)=3, (;3)=1;
R3)=1, W@3)=1, PB)=2, M@B)=3, PEG)=I.



[Ipouiecc mpoaomKaeTcs Mocnea0BaTeIbHO, OKa He OyAeT TOCTUTHYT BPEMEHHON TOPU30HT
T =10.

MogaeanpoBanue nnHamMu4deckoi cucrembl B MS Excel

Bnauane monmenupyercs mepexoj CHUCTEMBI U3 COCTOSIHHSI B MOMEHT t=0 B COCTOsSHHE B
MomeHT t=1. [IpousBogurensHocTu 1-H, 2-i 1 3-i cTaHuui Mogenupytorcs B siueiikax B4,E4 u H4,
COOTBETCTBEHHO. B Kaxaol ©3 JITUX s4YeeKk 3amucaHa Qopmya, 3agaronias pPaBHOMEPHO
pacrpeesieHHY0 LIeJIOUUCIICHHYIO CITy4ailHyl0 BEJIMUMHY B UHTEpBajie ot 1 110 6:

=[HEJIOE(CJIUUC()*6)+1.

B siaeiikax 4-i CTpOKH MOJISTUPYIOTCS COOTBETCTBYIOIIME YPaBHEHHUS
Sluetika u hopmyna YpaBHeHHe
C4 =B4 (7.1)
D4 =D3+C3-F3 (7.2)
F4=MUWH(E4;C4+D4) (7.3)
G4 =G3+F3-I3 (7.4)
14=MWH(H4;F4+G4) (7.5)
J4 =14

BapuanTsl 3a1anuii

Hcnonb3yss MaTeMaTHyecKyl0 MoOJenb, 3amaBaemyro (opmynamu (7.1)-(7.5), moctpouthb
KOMIBIOTEPHYIO MOJIENB, IPOU3BECTH MOJienpoBaHue paboTsl B TeueHue 100 cMeH i pa3inyHbIX
MPOU3BOACTBEHHBIX JUHUN. OIEHUTh CPEIHUNM BBIXOJ TOTOBOM MNPOAYKIMU 3a CMEHY, M €ro
CPEIHEKBAJIpaTUUYECKOE  OTKJIOHeHHe. Omnpenenutrb  CpeHHE  IOKA3aTeNM  KOJIMYECTBA
HE3aBEPILICHHOW MPOIYKIIH.

1) Mpou3BOJICTBEHHON JUHUU COCTOAIIEH W3 4 CTAHKOB, CIydailHas BEJIMYMHA 3aJarorias
MPOU3BOAUTENILHOCTD KAXKIOTO CTAHKA UMEET PAaBHOMEPHOE paCIpeIeICHHE CO CPETHUM 3HaUYE€HUEM
paBHBIM 5 U aucnepcuei 4.

2) NpoU3BOJCTBEHHON JIMHUHU, COCTOAILIEH M3 5 CTAaHKOB, Cily4ailHas BEIMYMHA 3aJar0llas
IIPOU3BOAUTENIBHOCTh KAXKJIOTO CTaHKAa UMEET TPEYIrOJbHOE CO CPEIHHMM 3HAYEHHEM pPaBHBIM 6 U
nucriepcueit 4.

3) NpOM3BOJCTBEHHON JMHUU COCTOAIICH W3 5 CTAHKOB, CIydYaifHas BEJIMYMHA 3ajarorias
MPOU3BOJUTENBHOCTh KaXKJJOTO CTAHKA UMEET HOPMAJIbHOE paclpe/IeICHUE CO CPEAHUM 3HAUCHHEM
paBHBIM 7 U aucnepcuei 4.

IIpakTnyeckoe 3ansitue Ne8. IlocTpoeHue aumarpaMM 0OTOOpPaXKAIIMX Pe3yJabTAThI
JIKCIEePHUMEHTA

VII ®uiepa npeaHa3HaveHoO I COMOCTABICHHUS IBYX BEIOOPOK IO YaCTOTE BCTPEUYAEMOCTH
MHTEPECYIONIETO uccienoBarens dddexra.

(cpaBHEHHE IByX BBIOOPOK, IPECTABICHHBIX U3MEPEHUEM 0 TUXOTOMHUYECKOM IIIKAJIE)

Kpurepuii oneHuBaeT J0CTOBEPHOCTh Pa3IH4YUil MeXKAY NMPOLEHTHBIMHU J0JSIMH JIBYX
BBIOOPOK, B KOTOPBIX 3aperncTPMPOBaH MHTepecyoluii Hac 3¢ dexT.

Cytp yrmoBoro mnpeoOpa3oBaHus Duiiepa COCTOMT B IEPEBOJIE MPOLEHTHHIX A0JNEH B
BEIIMYUHBI LEHTPAJIBHOIO YIjla, KOTOPBIA M3MEpsAETCs B paguaHax. bousblleid IPOLIEHTHOU 10JIe
OyZleT COOTBETCTBOBATH OOJIBIITUI YTOJI (p, @ MEHBIIIEH JT0JI€ - MEHBIIIUN YTOJI, HO COOTHOIIICHHS 3/1€Ch
HE JIMHEHHBIE:

@ = 2*arcsin(+P),

rae P - mpouenTHas nos, BeIpaK€HHas B TOJISX €IUHULIBL.

[Ipyn yBenuyeHUM pacXOXIACHUS MEXIy yriaamMu @l um @2 W yBENMYEHHs YHMCICHHOCTH
BBIOOPOK 3HAUYEHUE KpUTEpHs Bo3pactaeT. Uem Oomble BenuunHa @*, TeM Ooyiee BEPOSTHO, YTO
pasnuus JOCTOBEPHBI.

I'unoressr YII @umepa



Hy: ons nun, y KOTOPBIX MposiBIIsieTcst uccineayemblil 3¢ ¢ext, B BeiOopke 1 He Oosnblie, uem
B BbIOOpKE 2.

H;: J{ons nu1, y KOTOPBIX MPOSIBISETCS UCCIIeyeMbIil 2 deKT, B BEIOOpKe 1 Oomnblie, ueM B
BBIOOpKE 2.

Orpannuenus YII @umepa

1. Hu ogHa M3 cOnMOCTaBIIsIEMBIX J0JIEH HE JOJKHA OBITh PAaBHOM HYJIIO.

2. BepxHuii mpenen B KPUTEPUU (P OTCYTCTBYET - BBHIOOPKHM MOTYT OBITH CKOIb YTOJHO
OOJIBIITUMU.

Hwxunit npenen - 2 HabmrogeHuss B oAHONH U3 BBIOOpOK. OAHAKO TOMKHBI COONIOAATHCA
CJIEIYIOIINE COOTHOIIEHUS B YUCIICHHOCTH JIBYX BHIOOPOK:

a) €CJM B OZIHOM BBIOOPKE BCETO 2 HAOMOACHMS, TO BO BTOPOi OHKHO ObITH HEe MeHee 30:

n;=2 ->n,>30;

0) ecri B OTHOM 13 BEIOOPOK BCero 3 HaOMIOICHNS, TO BO BTOPOM JTOJDKHO OBITh HE MEHee 7:

n=3 ->n>7;

B) €CTIH B OJTHOI U3 BEIOOPOK Bcero 4 HaOMIOICHUS, TO BO BTOPOU JJOJKHO OBITh HE MEHEE 5:

n;=4 ->ny>35;

T) IIPH N, N;>5 BO3MOXKHBI TFOOBIE COTIOCTABICHHUS.

B npunnmmne Bo3MOXHO M COMOCTaBJICHHUE BHIOOPOK, HE OTBEYAIOIIMX 3TOMY YCJIOBHIO,
HaIllpuMep, C COOTHOIIEHUEM Nn;=2, N,=15, HO B 3TUX Clly4yasiX HE YJACTCs BBIABUTH JOCTOBEPHBIX
pa3Iu4ui.

Yriosoe mnpeodpazoBanne Puiepa NpuMEHseTCd JUIsl CPAaBHEHMS JIBYX IPOIEHTHBIX
JIOJICH, TIPH YCIIOBUH, 4TO UX cyMMa cocTtasisieT 100%.

Ya00CTBO MaHHOTO KpPUTEpUS OYEBUAHO: OH MOXKET MPUMEHATHCS K Ka4eCTBEHHbIM
JaHHBIM, 00BbEM BBIOOPOK MOXKET OBITH HEOOJBIINUM, OH MPUMEHSIETCS K TMPOIEHTHBIM JOJSIM
(KOoTOpBIE OYEHB PACTIPOCTPAHEHBI B 9KOHOMHKE, IICUXOJIOTUHU U MEarOTHKE).

OrpanuyeHnus AJis1 NPUMEHEHHs YIJI0BOro npeodpazoanus Oumepa:

1. IIpolileHTHBIE O JOJKHBI OTpPa)XaThb BEPOSTHOCTH TMOSBICHHUS COOBITUS B OJHOM
BbIOOpKE, T.€. B cyMMe cocTaBisaTh 100%.

2. Hu oniHa U3 COMOCTaBISIEMbIX JTOJIEH He O KHA OBITh PAaBHOM HYIIIO.

3. Hwxnuii npenen — 2 HaOI0A€HUS B OHOU U3 BbIOOpOK. [Ipu 3TOM HEO0OX0IMMO, YTOOBI
BBIOOPKH YZIOBIIETBOPSIN CIEAYIOIIUM YCIOBHSIM:

- €CJIM B OJIHOM BBIOOpPKE POBHO 2 HAOJIO/IEHHUS, TO B IPYTOM JOJIKHO ObITh HE MeHee 30;

- €CIIM B OJTHOU BBIOOpPKE pOBHO 3 HAOIIOACHHS, BO BTOPOIi JOHKHO OBITH HE MeHee 7,

- €CJTM B OJJHOU BBIOOpKE pOBHO 4 HAOIOACHHUS, BO BTOPOU JOKHO OBITH HE MEHee 5.

IIpakTuueckoe 3ansaTue Ne9. IlocTpoenne rpeko-JIaTHHCKUX KBaJAPaTOB U NPOBe/IeHUE
AUCIIEPCHOHHOT0 AHAJIM3A Pe3yJIbTATOB IKCIIEPUMEHTA

3agaHue: MOCTPOUTH TPEKO-TATUHCKUE KBaJApaThl U MPOBECTH AUCIIEPCHOHHBIM aHANU3
pe3yabTaTOB IKCIIEPUMEHTA.

IMpouenypa oueHuBaHus

OrneHka BBIMOTHEHHON MPAKTUYECKON pabOThI MPOBOAUTCS MO CIEAYIOIIUM KPUTEPUSIM:
Hanaue Bcelt cyniecTBeHHON HHGOPMAITUH 110 paboTe

TO4YHOCTP M NOJIHOTA NPEIOCTABISIEMBIX CBEACHUI

HenpotruBopednBOCTh MPUBOAMMOI HH(MOpMAITHH

[IpaBUNBbHOCTH HHTEPIPETALIUI U BBIBOAOB, KOTOPBIE CAENAHBI IO pe3yIbTaTaM padoTh
CreneHp JOCTHXKEHUS CTYIEHTOM ITOCTABJIEHHOM L1€TI1

O60CHOBaHHOCTH IPUMEHSEMOTO PEIICHHUS

I'paMoTHOCTH (CcomepIKaTenbHas) HCIIOJIb3YEeMbIX (hOPMYITHPOBOK

Nk W=

KpuTtepuu oieHKH 32 OTYETHI 10 MPAKTHYECKUM paboTam:
— OLEHKAa «3a4TEHO» CTaBUTCA CTYACHTY, KOTOPBIA IPOJEMOHCTPUPOBAN PE3YJIBTATHI
BBITOJIHEHHSI MPAKTUUECKOM paboThl, COOTBETCTBYIOLIME ITOCTABICHHBIM 3a/1a4aM, U MPeJOCTaBUII



oT4eT, O(OPMIICHHBIA JOJDKHBIM O0pa3oM M COJACpXkalluil KpaTKOe ONUCAHHE MOJYYSHHBIX
pe3yIbTaTOB;

— OIICHKAa «HE 3aYTCHO)» CTAaBUTCS CTYJICHTY, KOTOPBI HE MPOJAEMOHCTPUPOBAI PE3yIbTaThI
BBITIOJTHEHUA HpaKTI/I‘IeCKOﬁ paGOTBI HJIN HC IPEACTABUII 110 Hell oTUeT Wi Hpel[CTaBJ'IeHHBH\/JI OTYET
HE COOTBETCTBYET TPEOOBAHUAM 110 O(DOPMIICHHIO.

7.3. OueHo4Hble cpeacTBa AJs MPOMEKYTOYHOH ATTECTAMU MO HUTOraM OCBOEHUS
AUCHMITAHBI

7.3.1. Bonpochl K IPOMEKYTOYHOM aTTecTallun

Cemectp 1

Ne Bomnpochl k 3a4eTy

1 | Posb 5kcrieprMeHTa B MPOBEICHUH HAYYHOTO UCCIICIOBAHUS

2 | CuctemMHbIC TpOrpaMMHBIC CPEICTBA, MX HA3HAYCHUS M XapaKTEPHUCTHKHU.

3 | [TocTpoeHue >IEKTPOHHBIX TAOIUIL I UCXOAHBIX JAHHBIX DKCICPUMEHTA

4 | OcoOEHHOCTH TIOCTPOEHHUSI TPEKO-JIATMHCKUX KBAAPATOB M TMPOBEICHHE JUCIICPCHOHHOTO
aHanmu3a pPe3yJbTaTOB KCICPUMECHTA

5 | YopaBnenue, o0paTtHas CBsI3b, O0BEKT YIIPABICHUS.

6 | I'pexo-naTHMHCKHE KBaAPAThI B INIAHUPOBAHUH SKCISPUMCHTA

7 | MoaenupoBaHHe IPOU3BOJICTBEHHBIX MporueccoB B MS Excel
8

9

[TocTpoeHue quarpaMm 0TOOpaXKaIIIMX Pe3yJIbTaThl SKCIIEPUMEHTA

«ITouck pemenusi» B MS Excel

10 | ITocTpoenue auHAMUYECKUX Moeel mpous3BoacTea B MS Excel

11 | OToOpaxxeHne U MHTEPIPETaLHs PE3YIbTATOB IKCIIEPUMEHTAILHOTO UCCIICTOBAHMS

12 | IlocTpoeHne MMUTAIIMOHHON MOJICIH JIJIS ONYYEHHUS CTATUCTUYECKUX JAaHHBIX

13 | [TocTpoeHue 3JIeKTPOHHBIX TAOJIMUII IJIs HCXOAHBIX JaHHBIX SKCIIEPUMEHTA

14 | 3Mepenue pe3yabTaTOB U MOJYUYCHHE DKCIIEPUMEHTAIBHBIX JaHHBIX

15 | KommbroTepHast MOJICIb JIJIsE KPUTEPHST XHU-KBaJIpaT

16 | CTaTUCTHYECKHUE METO/IbI OLIEHKH JJOCTOBEPHOCTH SKCIIEPUMEHTATBHBIX JIAHHBIX

17 | KomnbrotepHas Mmoaens s kputepust Kpamepa-Yoamma

18 | KomnbioTepHble CUCTEMBI OOpa0OTKM CTAaTHCTUYECKHUX JAHHBIX SKCIHEPUMEHTAIHHOTO
HCCICA0BAHUS

19 | KoMIprOTepHAs: MOJICb JUISI KPUTEPHUS «YTJI0BOE MpeoOpa3oBanue Puinepar

20 | Knaccudukanus cTaTUCTUYSCKUX METOAOB M 00JIaCTh MX MPUMCHCHHS

21 | IlmanupoBaHUE IKCIEPUMEHTA M 00pa0dOTKA JJAHHBIX C IMOMOIIBIO JJATHHCKHUX KBaJIPaTOB

22 | ITocTpoeHune AIeKTPOHHBIX TaOIUIl 111 00pabOTKH PE3yIbTAaTOB KCIEPHUMEHTA

23 | CpaBHHUTENbHBIN aHATN3 KpUTEpHUsi XU-KBaApatT U kpurepusi Kpamepa-Yoamma

24 | TlpoBeaeHHE SKCIEPUMEHTA C TTIOMOIIbI0O UMUTALIMOHHOW MOJICIIH

25 | IlocTpoeHrne MMUATAIMOHHON MOJICIIH JJISI TOTYYE€HUS CTATUCTUYECKUX JAaHHBIX

26 | OToOpakeHHe U HHTEPIIPETALIMS PE3YILTATOB YKCIEPUMEHTAILHOIO HCCIIEI0BAHUS

27 | Dtansl NpoBEASHHMS DKCIIEPUMEHTAILHOT0 UCCICA0BAHUS

28 | MonpenupoBanue HEACTEPMUHUPOBAHHOCTH TPOU3BOJICTBEHHBIX CHUCTEM C IOMOIIBIO
3JCKTPOHHBIX TAOIHI]

29 | OCHOBHBIE DJIEMEHTHI U ITOHATHS CUCTEMHON TUHAMUKHA

30 | JuckpeTHO-COOBITUIHOE MOACTUPOBAHNE KaK HHCTPYMEHT MOAAEPKKH MPUHATHS PEIICHHA
B JIOTHICTHKE

31 | KonnenryanbHbIC MOACIH B CUCTEMHON JTMHAMHUKE

32 | [loHsiTHE OOPATHOM CBS3U B TMHAMHUYECKUX CHCTEMaX

33 | Knaccudukarus peaabHBIX CUCTEM M MX MOJIEIICH




Ne Bonpocsl k 3auerty
n/n

34 | CucreMsnl ynpaBJICHUsS MaTepHAIbLHBIMU IIOTOKAMU

35 | BBon u penakTupoBaHHE TEKCTa: M3MEHEHHE MIpu(Ta, WHTEPBAIOB MEXKIY CTPOKaMH,
BbIDaBHMBAHHWE TEKCTa, M3MEHEHHWE TpaHHIl ad3ama, MOAYEpKUBAaHUE, IEYaTh TEKCTa B
KOJIOHKaX.

36 | Coxpanenue Tekcra, 3arpy3ka ¢aiila Ha OSKpaH, TIepe3anuch Ha JPyrol JHUCK.
(dhopmaTupoBaHue AHCKa.

37 | KonupoBaHue TeKcTa pa3IUYHbBIMU CIOCOOAMM, TIE€pEMEIlEHUEe TEeKCTa pa3IMYHbIMU
croco0amH, yJaJIeHUue TEKCTa.

38 | DkcnepuMeHTAIbHBIE MOJICITH

39 | [TapameTpsl CTpaHULBl, IPEIBAPUTENBHBIN MPOCMOTpP, CO3JaHUE KOJIOHTHUTYJIOB, I€4aTb
TEeKcTa

40 | BeraBka B TEKCT U peIaKTUPOBAHUE PUCYHKOB U3 Ipa)MueCKUX PEIaKTOPOB.

41 | Opranu3aiioHHas ¥ MpaBoBasi OCHOBA YNPaBJICHHUSI HCCIIEI0BATEIbCKIM KOJIIIEKTHBOM

42 | Opranu3alioHHas U MPaBOBasi OCHOBA YIIPABJIEHUS UCCIIEOBATEIBCKUM MEXIyHAPOIHBIM
KOJUIEKTUBOM

43 | DTtrueckre HOPMBI MPU MPOBEACHUHU IKCIIEPUMEHTA

44 | OTueckre HOPMBI B YIIPABJIEHUHU MCCIIEN0BATEIBCKUM KOJLIEKTUBOM

7.3.2. Kputepun U HOpMbI OLEHKH
®opma
Cemectp MPOBCACHHN Kpurtepuu u HOPpMbI OLIEHKH
NPOMEKYTOYHOM
arTrecTaluu

OneHka «3a4Te€HO» BBICTABIIAETCS B CIIydae €CiIu
CTYZEHT, OTBEeYasi Ha BONPOC CBOOOIHO ONEPUPYET
TEPMUHOJIOTUEN, TPAMOTHO CTPOUT CBOIO PEUb,
OTBET OCHOBAH Ha N3y4YEHUH HE TOJIBKO YUEOHOM,
HO Y HAYYHOM JINTEpPATypbl U HOCUT OCMBICIICHHBIN
XapakTep, a He XapaKTep «3a3yOpuBaHUsA», IpU
9TOM CTY/EHT JIOJKEH BBICKa3bIBaTh COOCTBEHHYIO
1 3auer MO3UINIO TI0 HauboJIee CIIOPHBIM BOIIPOCAM.
CTyeHT NOJHOCTHIO PACKPBIBAET MTOCTABJIECHHBIN
BOIPOC M OTBEYAET Ha JOMOJIHUTEIbHBIA BOIIPOCHI

«3a4YTCHO»

OrneHka «He 3a4TEHO» BBICTABIISAETCS B TOM
cllydae, eClIM CTYJIEHT He OTBEYaeT Ha BOIPOC,
1100 OTBET HOCUT XapaKTep «OOPBIBOYHBIX)
3HaHui. CTyeHT haKTUYeCKH He OPUEHTUPYETCS
B BOIIPOCE.

«HE
3a4YTCHO»




8. YueOHo-MeToqMYecKOe M HH(POPMALMOHHOE 00eceYeHUue TUCIHILIMHBI

8.1. O6s13aTesibHAsA JIUTEpPaTypa

Tun (yueOHuuk, yueOHoe KoimmuectBo B
Ne nocooue, yaeoHo- I'on HAY4YHOI
ABTOpBI, COCTABUTEH 3aryaBue (3aroji0BOK)
n/n MeToAuUYecKoe mocooue, U3IaHus oudanoTeke /
NPaKTHKYM, Ap.) HaumenoBanue 9bC
1 | I'epacumos b. U. OCHOBBI Hay4YHBIX HCCIIE€A0BAHNN Y4eOGHOE mocobue 2018 9BC
«ZNANIUM.COM»
2 | Osuapos A. O. MeTto0510T1sl HAYYHOTO UCCIIEI0BaHUS YyeOHuk 2019 9BC
«ZNANIUM.COM»
3 | Munsbko 3. B. MeTo bl TPOrHO3UPOBAHUS U HCCieloBaHus | YueOHoe mocodue 2017 OBC «IPRbooks»
ornepauui

8.2. lonoiHUTeIbLHAS JTUTEPaTypa

KoaunuecTBO B
Tun (yueOHuk, yuedHoe .
HAY4YHOI
Ne nocooue, yueoHo-
ABTOpBI, COCTABUTEIH 3ariaBue (3aroJioBOK) I'ox u3nanus ondmoTexe /
n/n MeTOoANYEecCKoe mocoomne,
HaunmeHnoBanue
NPaKTHKYM, AP.) 3EC
1 Cxsopuosa JI. M MeTo1010THsI HAyYHBIX UCCIICIOBAHUI YyebHoe rmocodue 2014 9BC «IPRbooks»
2 | Teunena B. 3. Opranu3anus uccie0BaTeIbCKOM YuebHo-MeToan4IeCcCKOe 2016 3BC «IPRbooks»
NEATENLHOCTH C UCITOJIB30BAHUEM rnmocooue
COBPEMEHHBIX HAYUYHBIX METOJI0B
3 JlamaeBa M. T. MeTo10JIOTHsl HAYYHBIX MCCIEI0BAaHUN YuyebHoe mocobue 2017 OBC «IPRbooks»




8.3. Ilepeuyennr mpogeccMOHAIBHBIX 0a3 JAHHBIX M MH(OPMAIMOHHBIX CIPABOYHBIX

CHCTEM
o WebofScience[DnekTpoHHbII pecypc] : MyJIbTHAMCHUILNIMHApHAs pedepaTuBHas 0Oasza
NAHHBIX. — Philadelphia: ClarivateAnalitics, 2016—. — Pexum JIOCTyTa:

apps.webofknowledge.com. — 3aru. ¢ skpaHa. — f3. pyc., aHII.

Scopus [DnextponHbIii pecypc]: pedepatuBHas 06aza maHHbBIX. — Netherlands: Elsevier,
2004—. — Pexxum pocrtyna: scopus.com. — 3aril. ¢ 3kpaHa. — f3. pyc., aHri.
Elibrary[OnexkTpoHHblil pecypc] : Hay4yHas sJeKTpoHHas Oubmuoreka. — Mocksa: HOB,
2000—. — Pexxum poctyna: elibrary.ru. — 3ari. ¢ skpana. — 3. pyc., aHri.
SpringerLink[OnexTponHslii pecypc] : [0a3za nanusix . — Switzerland: SpringerNature, 1842—.
— Pexxum nocryna: link.springer.com. — 3ari. ¢ skpaHa. — S13. anri.

ScienceDirect[ DneKTpOHHBIHI pecypc] : KOJUTCKITUS AJICKTPOHHBIX KHHT
n3nareinnpcTBa Elsevier. — Netherlands: Elsevier, 2018-. - Pexum JOCTYyTIa:
sciencedirect.com. — 3arJ. ¢ akpaHa. — f3. aHr.

Cambridgeuniversitypress[ D1eKTpOHHBIN pecypc] : JKypHaJbl U3J1aTENIbCTBA.

— Cambridge: Cambridgeuniversitypress, 2018—. — Pexxum moctyna: cambridge.org. — 3ari.
C 3KpaHa. — 3. anru.

NEICON [DneKxTpoHHBIH pecypc]: 31eKTpoHHas HHPOpMAILs: apXUB HayYHBIX >KypHAJIOB.
— MockBa: HOUKOH, 2002—. — Pexxum poctyna: neicon.ru/resources/archive. — 3ari. ¢
3KpaHa. — 3. pyc., aHrIIL.

8.4. Ilepeuenb NporpaMMHOro obecnevyeHus

Ne Haumenosanne IO PexkBHU3HUTEI norOB?pa
n/n (1aTa, HoMep, CPOK JAelcCTBHS)
1 noroop Ne 757 ot 04.07.2018,
Windows: CPOK JeHCTBUS — OECCPOUHO;
WinPro 10 RUS Upgrd OLP NL Acdmc koHTpakT Ne 1653 ot 14.12.2018,
CPOK JICHCTBHS — 0€CCPOYHO
2 | Office Standard: koHTpakT Ne 1653 ot 14.12.2018,
OfficeStd 2019 RUS OLP NL Acdmc CPOK JACHCTBHUSA — OECCPOUHO

8.5. Onucanme MaTepHaJIbHO-TeXHH‘leCKOﬁ 633])[, l-[eOﬁXOL[I/IMOﬁ AJIA OCYIIECTBJICHUSA

00pa30BaTeJIbLHOIO MpoIecca Mo JHCIAIIHHE

HanmenoBanue 000py10BaHHBIX YU4E€OHBIX
Ka0MHeToB, 1a0opaTopuii, MACTEPCKUX U

Ne JAp. 00bEKTOB /IJIsl NPOBEIeHUs
. IlepeyeHb OCHOBHOIO 000PY10BAHMS
N/ | NMpPaKkTHYeCKHUX U J1a00paTOPHBIX 3aHATHIA,
NOMeEIeHUH IJI CAMOCTOATEILHOMI
padoThl 00yyawinuxcs (HoMep ayaAuTOPHH)
VYuyebHast ayauropus Ui npoBefeHns 3ausatuil | CTossl yUYEHHUYECKUe JIBYXMECTHBIE
JEKIIMOHHOTO THIA. Y4ueOHasi ayauTopus s | (MOHOOJIOK), CTOJI YYEHUYECKUI
IPOBE/ICHUS 3aHATHH CEMHUHApCKOrO THIIA. | IBYXMECTHBIN , CTOJ
VYyeOHass  ayauTopuss A KypCOBOIO | IPENoAaBaTeIbCKUN , CTyJI
| | MPOCKTHpOBaHHS (BBIIOJIHEHUSI  KYPCOBBIX | MpENoJaBaTelbCKUi, JOCKa ayAuTOpHas
pabot). YueOHas ayauTopus Ui MpoBeAeHUs | (MenoBast), Kadeapa, MPOEKTOp, HKpaH.;
IPyNIOBBIX u UH/IMBUAYAJIBHBIX | KOMIIBIOTED.
KOHCYJIbTallMi. Yd4eOHas ayauTopus JyIs
IPOBE/ICHUS 3aHATHH TEKYyIIEero KOHTPOJS U
npoMmexkyTounou arrectanuu (C-801)
2 | KomnbrotepHslii knacc. YueOHas ayautopus | IlepeHocHON mpoekTop , 3KpaH., CTouibl




n/n

HaumeHnoBaHue 000py10BaHHBIX Y4eOHBIX
Ka0MHETOB, J1a00PaTOPHUii, MACTEPCKUX H
ApP. 00bEKTOB /1151 IPOBE/ICHUs!
NMPAKTHYECKHUX U JIA00PATOPHBIX 3aHATHI,
MOMeIeHU JJI51 CAMOCTOATEIbHOM
pab6oThl 00yuaomuxcsi (HoMep ayaAMTOPHH)

IlepevyeHb OCHOBHOTO 000PY/I0BaAHUS

JUTSL TIPOBEACHHUSI 3aHSATUH JICKIIMOHHOTO THUIIA.
Y4eOHas ayAuTOpUS IS POBECHUS 3aHATHIA
CEMUHAPCKOTo TUNA. Y4eOHas ayIUuTOpuUs IS
MPOBEICHUS J1ab0paTOPHBIX paboT. YdueOHas
ayJIUTOpHUSL ISl KypCOBOTO MPOEKTUPOBAHUS
(BBITIOJTHEHUST KYpPCOBBIX paboT). YueOHas
ayIUTOpHUSL JUIsl TIPOBEJCHHSI TPYMIIOBBIX H
WHIUBUIyTBHBIX KOHCYJbTAIMK  YdeOHas
aymuTOpUs  IUISL  TIPOBEICHUS  3aHITHIA
TEKYIIEro KOHTPOJIA U TPOMEKYTOYHOM
aTTECTALIUN. Kabuner UHPOPMATUKU
(KOMITbIOTEpHBIE KJTacchl). (D-814)

YUYEHHUYECKHUE, CTOJI MPEenoaaBaTeIbCKUM,
ctynbs, [IK ¢ Beixonom B cetb HTEpHET .

[Tomemienne nnsi caMOCTOATEIBHOUW pPabOTHI
oOyuaronuxcs (C-916)

Komrbrorepsl, CTOJBI, CTYNIbS

[Tomemnienne [UIst CaMOCTOSTENLHOW PabOTHI
obyuaromtuxcs (C-916a)

[xadswr, CTOJIBI, CTYJIbS,
KOMITBIOTEPEI, TUBaH




