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Cpok eiicTBusi padoueii mporpaMMbl JUCHMILIMHBI 10 «30» aBrycra 2024 r.

COTI'JTACOBAHO

3aBenyromuii kKadeapoit / pyKoBOAUTENb AenapTaMeHTa / TUpeKTop (PyKOBOIUTEINb) LICHTPa

« » 20 T.

(noonucw) (A.0. Damuaus)

YTBEPXIEHO

Ha 3acenanuu nenapraMeHTa MarucTpaTtypsl (Ou3Hec-nporpamm)

(mpotoxon 3aceganust Ne 1 ot «30» aBrycra 2019 r.).



1. Ileab ocBOeHHS TUCITUILIHHDBI

Lesnb OCBOCHUS TUCIMITIIMHBI — TEOPETHUECKU U NMPAKTHYECKU U3YUUTh, U CHOPMHUPOBATD Y
o0yJaroIuxcs HaBbIKM HCIOJIb30BAHMS METOAOB IUIAHMPOBAHUS OSKCIEpUMEHTa, cOopa u
CHUCTEMaTH3allud JaHHBIX, YHCICHHOW OOpabOTKM TOJIYYEHHBIX pEe3yJbTaTOB U KOPPEKTHOH
MHTEPIPETALMH Pe3yIbTaTa HKCIIEPUMEHTAIBHOTO UCCIIET0BAHUS

2. Mecro nucunminnsl B ctpykrype OIIOIT BO

Jucuuninuuel U TpaKTUKH, HAa OCBOCHUHM KOTOPBIX Oa3zupyercs JaHHas JUCUUIUIMHA!
JTUCIUTITMHBI MPEBIIYIIETO YPOBHS 00pa30BaHUS.

JIMCUUIITMHBI U TIPAKTUKH, JIJI1 KOTOPBIX OCBOCHHME JAHHOMW JHCIIUIUIMHBI HEOOXOIMMO KaK

MpeAIIECTBYIONIEE: MOATOTOBKA U HATMCAHUE JAMCCePTalUU, TTOJITOTOBKA K C/1aue TOCYIapCTBEHHOTO
9K3aMeHa, MOJAr0TOBKA K cJaue KaHIUIATCKUX dK3aMEHOB.

3. Ilnanupyemble pe3yJabTaThl 00y4eHHUs

HNuaukaropsl
DopmupyemMbie H
KOHTPOJIpYyeMble AOCTHEIIMIL [lnanupyembie pe3yJibTaThl
KOMIeTeHIHH KOMITeT eI o0yueHust
(Ko 1 HANMEHOBAHUE) (xon n
HaNMCHOBAaHUE)
CHOCOOHOCTBIO OPHEHTUPOBATHCS - 3HaTh: HAyYHBIEC TPOOIEMBI B
B TIOJTHOM CIIEKTPE HAyYHBIX po(heCCHOHALHON IeATEITBHOCTH
npo6eM npodeccuoHanbHOMN YMeTb: OpHEHTUPOBATHCS B
obnactu (TTIK-1) npodecCHOHANIBHBIX MTpobiieMax
Brnaners: HaBbIKaMH OpUEHTALIUH B
npodeCcCHOHANTBHBIX POoOIeMax
CHOCOOHOCTBIO TIPUMEHSITH - 3HaTh: METOJIUKU OpraHU3alH U
COBPEMEHHBIE METOMKH U peanu3anun 00pa3oBaTEIBHOTO
TEXHOJIOTUH OPTaHHU3alUU 1 nporiecca
peanu3anun 00pa3oBaTEIBHOTO YMeTh: aHamU3UPOBATh METOIUKH
poriecca Ha pa3InyHbIX OpraHu3aIui 00pa30BaTEIHHOTO
00pa3oBaTeNIbHBIX CTYIICHSX B rpoiiecca
pa3IMIHBIX 00Pa30BaATEIBHBIX Brnanets: HaBbIKaMu aHATHM3a
yupexaenusx (ITK-2) METOJAWK OPTaHU3aINU
00pa30BaTeJILHOTO Mpolecca
CHOCOOHOCTBIO PEaIn30BBIBATH - 3HaTh: MATEMaTHYECKUE METOIBI
COBPEMEHHBIC METOIbI yIpaBIICHUS] CHCTEMaMHU
yIPaBJICHUS CHCTEMaMU po(hecCHOHAIEHOTO 00pa30BaHUS
poheCCHOHATLHOTO YMeTb: aHaTU3uPOBaThH
00pa3oBaHUs pa3IMYHOTO MaTeMaTUYECKHE METO/IbI
yposHsi (ITK-3) YIPABIICHUS] CUCTEMaMU
PO eCCHOHATBHOTO 00Pa30BaHUS
Brnanets: HaBbIKaMu aHaTH3a
MaTeMaTUYECKUX METO/IOB
yIpaBJIeHHs CHCTEMaMU
npo¢eCCHOHATBLHOTO 00pa30BaHUS




dopMupyemMbie U
KOHTPOJIHpYyeMble
KOMIIeTeHI[UH
(K0l ¥ HAMMEHOBAHUE)

HNuaukaropsl
JOCTHKEHUS
KOMIIeTeHIU
(xom m
HaNMEHOBAaHUE)

I[lnanupyemMsble pe3yJbTaThl
o0y4eHus

CHOCOOHOCTBIO OCYIIECTBIISATh
TPAHCISIUIO MHHOBAIIHOHHOTO
ombita B Kojutektuse (1TK-4)

3HaTh: MaTEeMaTHYCCKHE METOAbI
TPAHCJISIOWMHU MTHHOBAIIMOHHOI'O OIIbITA

YMeTb: aHaIM3upOBaThH
MaTeMaTU4EeCKUE METO/IbI
TPAHCISLUU MTHHOBALIMOHHOT'O OTIBITA

BJ'Ia)IGTBI HaBBIKaMH aHaJIM3a
MaAaTEeMaTH4YCCKHUEC MCTOABI
TPAaHCJIAOWMHW MHHOBAIIMOHHOI'O OIIbITAa

TOTOBHOCTBIO OCYIIIECTBIISATH
s¢dexTuBHOE
npodeccuoHanbHOE
B3aMMOJICHCTBHE,
CIocoOCTBYIOIIEE BHEIPEHHUIO
WHHOBAIIMOHHBIX TEXHOJIOTHH B
00pa3oBaTeNIbHYIO 1eATEIbHOCTD
(TIK-5)

3HaTh: MaTeMaTUIECCKHUE METOABI
BSaHMOﬂCﬁCTBHH

YMeTb: aHaIM3upOBaTh
MaTeMaTHYECKHE METOIbI
B3aUMOJICHCTBHUS

Bnazers: HaBBIKAMH aHAIA3a
MaTeMaTUYECKUX METOIOB
B3aUMOIEHUCTBUA




4. CTpyKTYypa M coep:KaHue TUCHUIIAHbBI

DopMbl TEKy1IEr0
Bun . KOHTPOJISA
Monyab . HaumenoBaHue TeM 3aHATHH
yueOHoH N Cemectp | O0beM, u.| banabl | UHTepakTuB, 4. (HauMeHOBaHME
(pa3nen) (yueOHoli padoThI)
padoThI OLICHOYHOI' 0
cpeacrsa)
Jlex 2
Posnb 3kcniepriMeHTa B MPOBEACHUN HAYYHOTO
WCCIICIOBAHMUS
CP 10
1P 6 KommiekT oT4eToB no
[TocTpoeHue 31eKTPOHHBIX TaOIMIL AJ1s NPaKTUIECKUM
MCXOJIHBIX TaHHBIX SKCIIEPUMEHTA pabotam
CP 10
Jlex OTansl NPOBEACHHS SKCIIEPUMEHTAILHOTO 2
CP WCCIICIOBAHMS 10
MeTtoauka V3mepeHue pe3yabTaToB U MOTyYeHHE
TIOCTAaHOBKH U AKCIIEPUMEHTAIBHBIX JAHHBIX 1
IIpOBCACHUA | TTp 2 KOMILIEKT OTYETOB T10
HKCIEPUMEHTA
KoMmbroTepHas MOJIEITb ISt KPUTEPHsT XH- [PAKTHICCKIM
KBajpar pabotam
CpP 10
Jlek CraTucTiyeckre MeTo/1bl OLEHKU 2
CP JIOCTOBEPHOCTHU HKCIIEPUMEHTAIIbHBIX JJAHHBIX 10
1P 4 KommiekT otyeToB no
KoMribrorepHas MOJIENb ISt KPUTEPUSI [IPAKTHICCKIM
Kpamepa-VYomma paboTam
CP 10
Jlek KommnbrotepHsle cucteMbl 00paboTKH 2
CP CTAaTUCTHYECKUX JTAHHBIX 10




®DopMbl TEKy1EI0

Monyab Bun . HanMeHoBaHHeE TeM 3aHATHH KOHTpOJIH
yueOHoi N Cemectp | O0beM, u.| banabl | UHTEpakTHB, 4. (HauMeHOBaHH e
(pa3nen) (yueOHoli padoThI)
padoThI OLICHOYHOI' 0
cpeacTsa)
1P 6 KomriekT ot4eToB mo
KommnsrorepHas MoaeIb Juisl KpUTEPUS [IPAKTHICCKUM
«yrioBoe npeobpaszoBanue Puiepar paboTam
CP 10
Jlex Kiaccudukamnus cTaTHCTHYECKUX METOIOB H 2
CP 00J1aCTh MX MPUMEHEHUS 10
1P 2 KomruiekT ot4eToB mo
[InanupoBanue sKcriepuMeHTa U 00padboTKa [IPaKTHYECKIM
JTAHHBIX C MIOMOIIBIO TPEKO-IATHHCKUX paboram
KBaIPaToOB
CP 10
Jlek [TocTpoeHue 37eKTPOHHBIX TAOIUIL TSt 2
CP 00paboOTKH Pe3yIbTaTOB IKCIIEPHUMEHTA 10
I1P 4 Kommnekt otueros no
CP CpaBHUTEINBbHBIN aHATU3 KpUTEpUs XHU- 10 IPaKTHYECKHM
kBazpat u kputepus Kpamepa-¥Yamma pabotam
Jlek [IpoBeneHue s3KCIEPUMEHTA C TOMOILBIO 2
CP AMHUTAIIMOHHOM MOOEITH 10
I1P 4 KommiekT oT4eToB 1no
CP [TocTpoeHre UMUTAIIMOHHOW MOAETH ISt 10 [IPaKTHYCCKIM
MOJTyYEHUS] CTATUCTUYECKUX JAHHBIX paboram
Jlex OTtoOpaxkeHne U UHTEPIPETALUS PE3yTbTATOB 2
CP SKCHEPUMEHTAIBHOTO UCCIEAOBAHUS 10
[P [MocTpoeHre MOJIETH HIIEKTOPATBHOTO 2 KommiekT oT4eToB no
Cp npolecca — yTOYHEHHAst KOMITbIOTepHAst 10 [IPAKTHICCKIM
Mozenb [layrca paboTam




Monyab
(pasnemn)

Bun
yueOHoi
padoThI

HaunumeHoBaHue TeM 3aHATHI
(yueOHoli padoThI)

®DopMbl TEKy1EI0
KOHTPOJIfA
Cemectp | O0beM, u.| banabl | UHTEpakTHB, 4. (HauMeHOBaHH e
OLICHOYHOI' 0
cpeacrsa)

CP

IloaroroBka Kk 3aueTy

10 Bormpocs! k
[IPOMEKYTOUHON
aTTeCTalluN

Hroro: 216

Cxema pacueTa UTOroBoro 6ajaa

DOopMBI TEKYILET0 KOHTPOJIS Ycnosus gomycka Kpurepun u HOpMBI OLICHKH

3amura oT4eTa 1o NpakTUIecKoi padore Brimonnenue Onenka  «3ayTeHO»  CTaBUTCS  CTYACHTY, IPOSBHUBILIEMY  3HAHMS
IIPAKTUYECKON paboThl HA | IPOrPaMMHOT0 MaTepuala, OOHAPYKUBIIEMY MOHUMAaHUE M MPAKTHYECKOE
KOMIIBIOTEPE U | UCTOJIb30BaHUE Y4eOHOro MaTepuana, WM JONYCTHBIIEMY HETOYHOCTH B
Ipe/ICTaBICHUE OTBETE, HO O0JIafaroIeMy HeOOXOAUMBIMU 3HAHUSMH M YMEHUSIMH JIJIST UX
paboTaroiero yYCTpaHEHUs IPU KOPPEKTUPOBKE.
IIPOrpaMMHOTO MpOAyKTa | OneHKa «HE 3a4TE€HO» CTaBUTCS CTYACHTY, HMEIOIIEMY CYLIECTBEHHBIE
IIPENOAaBaTEIIo npoOenbl B 3HAHUM OCHOBHOTO MaTepuajga II0 MporpaMme, a Takxke

JOIMYCTUBIICMY NPHUHIHWITNAJIbHBIC OIIINOKHU IMPpU U3JIOKCHUU MaTCpuraja.




5. O6pa3oBare/ibHbIE TEXHOJIOTHHU

B pamkax nsydenust 1ucuuIinabl « MeToIrKa NOCTaAHOBKY U TPOBEICHUS SKCIIEPUMEHTA»
MPEAYCMOTPEHO UCIIOJIb30BAHUE CIICYIOIINX 00pa30BaTEIbHBIX TEXHOIOTHIL:
® TCXHOJIOTHUA TPAAUIIUOHHOI'O O6y‘I€HI/I$I: JICKIINU n IMPAKTUYCCKHC pa6OTBI,
CaMOoCTOSATENIbHAsE PaboTa;
® TCXHOJIOTUA MPOCKTHOI'O O6y‘~I€HI/I${: pcanun3anyda U 3aliuTa OTYETOB 110 MPAKTUICCKUM
paboTam.

6. MeToauuecKkue YKazaHud MO0 OCBOCHUIO TUCHUIIJINHDI
PexoMeHaanuy no NoAroToBKe K JeKIHOHHBLIM 3aHATUSIM

N3yueHune DUCHMIUIMHBI TpeOyeT CHCTEMAaTHYEeCKOIO M IOCJIE€A0BATEILHOIO HAKOIJICHUS
3HaHUM, CIIeI0BATENbHO, TPOIYCKH OTAEIBHBIX TEM HE IMO3BOJISIOT TITyOOKO OCBOUTH IPEMET.

B Xone JEeKUMOHHBIX 3aHATUI PEKOMEHJIYeTCs KOHCIEKTHPOBaTh y4eOHBIH MaTepual,
oOpalasi BHUMaHUe Ha KaTeropuu, GopMyJInpOBKH, PACKPBIBAIOLINE COIEPKAaHUE TE€X WM WHBIX
SIBJICHUH U IIPOLIECCOB, HAYYHBIE BBIBOJIBI U IPAKTUYECKUE PEKOMEHJAIUH, TIOJIOKUTEIIbHBINA OIIBIT
B OpaTOpCcKOM HcKyccTBe. JKenareapHO OCTaBUTh B pabOYMX KOHCIIEKTax IOJIs, HA KOTOPBIX
JieNNaTh MOMETKHA U3 PEKOMEHIOBAHHOM JIMTEPATyphl, AOMOJHAIOINE MaTepHall MPOCIYIIAHHON
JEKUMU, a TaKKe IOAYEPKUBAIOIIME OCOOYI0 BaXHOCTh TE€X WIM HMHBIX TEOPETHUYECKHUX
MOJIOKEHHUH.  3alaBaTh IPENOJABAaTENI0 YTOYHSIOIIME BONPOCHl C LENBbI0  YACHEHHUS
TEOPETUUECKUX ITOJIOKEHUN, Pa3pelICHUs] CIOPHBIX CUTYalUH.

B Xoxe HOArOTOBKM K JIEKUUSAM H3YyYUTb OCHOBHYIO JINTEPATYPY, O3HAKOMUTBECS C
JIOTIOTHUTEIBHON JUTepaTypoil, myOnaukanmusMu B VHTEpHET-UCTOYHHMKAX, MEPHOIHMUECKUX
n3nanusx. [Ipu aToM ydecTs pekoMeHIaluuy npenoaaBatetst ¥ TpeOoBaHus yueOHOM IporpaMMal.
JlopabaTbIBaTh CBOM KOHCIEKT JIEKIMH, JIeasi B HEM COOTBETCTBYIOINE 3allCH U3 JIUTEPATYPHI,
PEKOMEHI0BAaHHOM MpenoaBaTesIeM U MpelyCMOTPEHHOM yueOHOM MporpaMMoi.

CTyneHT MOXeT [ONOJHUTb CIHMCOK HCIOJb30BaHHOW JHUTEpaTyphl COBPEMEHHBIMU
HCTOYHUKAMU, HE IIPEICTABICHHBIMU B CIINCKE PEKOMEHI0BAaHHOW JINTEPATYPHI, U B TaJbHEHILIEM
MCTOJIB30BATh COOCTBEHHBIE TIOATOTOBIICHHBIE YI€OHBIE MaTEpHaIbI PH HATICAHUU KYPCOBBIX U
BBIITYCKHBIX KBaJH(PUKALIMOHHBIX Pa0OT.

PexkoMeHIanMu 10 NOAT0TOBKE K NMPAKTHYECKUM 3aHATHAM

CrynenTam ciemyer:

® JI0 OYEpPEAHOr0 MPAKTUYECKOTO 3aHSATHS IO PEKOMEHJIOBAHHBIM JIUTEPATYPHBIM
HMCTOYHUKAM MpopabdoTaTh TEOPETUUYECKHIl MaTepual, COOTBETCTBYIOLIEH TEMBI
3QHATHS;

® TIpU MOATOTOBKE K MPAKTHUECKUM 3aHSATHUSM CIEAyeT 00s3aTeNIbHO HCIIOIb30BaTh HE
TOJIBKO JICKINH, YICOHYIO JIUTEPATypy, HO U IPYrUe UCTOUYHUKH;

e B HauvaJie 3aHATUN 3a7aTh IMPENOAABATEII0 BOIPOCHI 10 MaTEpUaly, BHI3BABIIEMY
3aTpyAHEHUS! B €r0 MOHUMAHWU U OCBOCHUM IpPH PEIICHUH 3a7a4, 3aJaHHBIX Ui
CaMOCTOSITEJIBHOTO PEIICHUS;

® Ha 3aHATAM JOBOAUTH KaXIAYHO0 3aJayy [0 OKOHYATEJIBHOIO  pelIeHUs,
JEMOHCTPUPOBATh MOHMMAHHUE TMPOBEACHHBIX pAcUYeTOB (AHAIHM30B, CHUTYyallHii), B
cilydae 3aTpyJHEHUN 00paIaThes K MPeroaaBaTeo.

J51st TOro 4ro6bl MPaKTHUECKHUE 3aHATHS MPUHOCHIN MAaKCUMAJIBHYIO MOJIb3Yy, HE0OX0AUMO
MMOMHUTB, YTO YMPAXXHEHUE M PEIICHUE 3a]ay MPOBOJATCS MO PACCMOTPEHHOMY Ha JICKLHUAX
MaTepuany U CBA3aHbl, KaK MPaBuiIo, ¢ I€TaJbHBIM pa300pOM OTAEIBHBIX BOIIPOCOB JEKIIMOHHOTO
Kypca. CneayeT NOAYEPKHYTb, YTO TOJBKO IIOCJIE€ YCBOEHHUS JIEKIMOHHOTO MaTepuana ¢
OTIpeICIEHHOM TOYKH 3peHus (2 UMEHHO C TOM, ¢ KOTOPOM OH HM3J1araeTcsl Ha JISKIHAX) OH OyeT
3aKPCIUIATHECA CTYACHTOM Ha INPAKTUYCCKUX 3aHATUAX KAaK B PE3YyJIbTAaTC 06Cy)KI[eHI/I$I 1 aHaJIu3a
JIEKIIMOHHOTO MaTepuana, Tak ¥ C IOMOIIBIO PEIIeHUs MPOOJIEMHBIX CUTyaluid, 3a1ad. [Ipu atux



YCIOBHUSX CTYJIEHT HE TOJBKO XOPOIIO YCBOMT MaTe€puall, HO U HAy4yUTCs MPUMEHATH €ro Ha
MIPaKTUKE, a TaK)Ke IMOJIYUYUT JOMOJHUTEIbHBIA CTUMYJI (M 3TO OYEHb Ba)KHO) JJISi aKTMBHOM
MPOPabOTKHU JICKITHH.

[Ipu camMOCTOATENBHOM pEIIEHUM 3a]a4 HY>KHO OOOCHOBBIBATh Ka)KIbli 3Tall PELICHMS,
HCXOJs U3 TEOPETUYECKUX ITOJIOKEHUN Kypcea. Eciy CTyleHT BUIUT HECKOJIBKO ITyTEH peLeHUs
npoGseMsl (3a1auM), TO HYXKHO CPaBHHUTb UX W BBIOpaTh camblii pannoHaibHbIA. [lonesno no
Hayaja BBIYMCICHUH COCTaBUTh KpATKUM IUIaH pemeHus npoOiembl (3amaum). Perenue
IpOOJEMHBIX 33734 MM IPUMEPOB CleAyeT M3jlararb NOAPOOHO, BBIYMCIEHMS paclojaraTh B
CTPOTOM TOPSIAKE, OTHENssl BCIIOMOTAaTENIbHBIE BBIUMCIEHHMS OT OCHOBHBIX. PemieHus mnpu
HEO00XOAMMOCTH HY>KHO COMPOBOXK/JIaTh KOMMEHTAPUSIMH, CXEMaMH, YePTEKaMH U PUCYHKAMHU.

Crnenyer NMOMHHUTH, YTO pEIICHHE KaXIO0W y4ueOHOH 3ajaud JOJDKHO JOBOAMTHECS JI0
OKOHYATEeJIbHOTO JIOTMYECKOr0 OTBETa, KOTOPOro TpeOyeT yCIOBHE, M 10 BO3MOXXHOCTU C
BbIBOZIOM. [lodydeHHBI OTBET clenyeT MPOBEPUTh CHOCO0aMH, BBHITEKAIOIIMMHU U3 CYIIECTBa
nanHo# 3anaun. [Tone3no Takxe (eciu BO3MOXHO) periaTh HECKOJIBKUMHU CIIOCOOaMHU M CPaBHUTH
IIOJIyUYEHHBIE pe3yibTaThl. Pelenne 3a1au JaHHOTO THIIA HY>KHO IIPOAOJDKATH 10 TPUOOpETEHUs
TBEP/IbIX HABBIKOB B X PELICHUU.



7. OneHOYHBIE CPEICTBA

7.1. IlacnopT OLEHOYHBIX CPeCTB

Cemectp Ko koHTpOIHpYyeMoil KOMIIETEHIIUU HanmenoBanue
(WM ee 4acTu) OLICHOYHOI'0 CPeICTBA
1 [1K-2, VK-1 KOMIUIEKT OTYETOB 1O ITPAKTUYECKUM
paboram 1-8
Bompocsr k 3auety 1-69

7.2. TumoBble 3aJaHUsi WJIH WHBbIE MaTepHAJbl, HEOOXOAHMbIe /IS TeKylIero
KOHTPOJIS

7.2.1 KoMILIEKT 0TYETOB 10 MPAKTHYECKUM padoTam.

IIpakTyeckoe 3anaTHe Nel. IlocTpoeHue 31eKTPOHHBIX TA0JHUI JAJIS1 HCXOAHBIX JAHHBIX
JIKCIEepPUMEHTA

3agaHue: NOCTPOUTD IEKTPOHHBIE TAOIHIIBI 111 UICXOAHBIX JaHHBIX dKCIIEPUMEHTA.

OnucaresqbHass nHpopMauuoHHass MoAenab. Ha mepBoM sTame uccienoBaHus 00beKTa
WIK Tpolecca OOBIMHO CTPOMUTCS OmHMcaTeiabHas HHQOpMalUOHHAs Mojeib. Takas Mojenb
BBIIEIISIET CYIIECTBEHHBIE, C TOYKM 3pPEHUS L€JIed IPOBOAMMOIO HCCIIENOBAaHMSA, IapaMeTphbl
00BeKTa, a HECYLLIECTBEHHBIMHU MTapaMeTpaMu peHeOperaer.

®opmanu3zoBanHasi Moaeab. Ha BTopoM sTane co3naercs popmMainzoBaHHas MOJAEb, T. €.
onucareabHasi THPOPMAIIMOHHAS MOJIENb 3alMChIBAETCS C MTOMOIIBIO0 KAKOT0-TH00 (hopMaIbHOIO
a3blka. B Takoil Monmenu ¢ momomsio (opMys, YpaBHEHHH WIM HEPABEHCTB (UKCUPYIOTCA
(hopMabHbIE COOTHOILIEHUSI MEX/1y HAYaIbHBIMU U KOHEYHBIMU 3HaYEHUSIMU CBOMCTB OOBEKTOB,
a TaK)Ke HAKJIAJbIBAIOTCS OIPaHUYEHUS Ha JIOIIyCTUMBIE 3HAUEHUS 3TUX CBOWCTB.

Opnako Jnajeko He Bcerjga yaaeTcss HaWTu (opMylibl, SIBHO BBbIpaXkarole HCKOMBIE
BEJIMYMHBI Yepe3 MCXOJHbIE JaHHble. B TakuxX cioy4asx MCIONB3YIOTCA MPUOIMKEHHBIE
MaTeMaTHYeCKHE METO/Ibl, TO3BOJISIFOIINE MOJy4aTh Pe3ybTaThl C 3a1aHHON TOYHOCTBIO.

Komnblotepnass mopeans. Ha  TpetbeM dTame HeoOXoaumo  (GopMann30BaHHYIO
MH(OPMALIMOHHYIO MOJeNb MpeoOpa3oBaTh B KOMIIBIOTEPHYIO MOJENb, T. €. BBIPa3UTh €€ Ha
MOHATHOM JUIsl KOMIIbIOTEpa sA3bIKe. CYLIECTBYIOT pa3IU4HbIE IIyTH MOCTPOCHUS KOMIIBIOTEPHBIX
MoJeIIeH, B TOM qUcIe:
- CO371aHKEe KOMITBIOTEPHOI MO/IEH B (pOpME MPOEKTa Ha OJJHOM U3 S3bIKOB MPOTPaMMUPOBAHUS;
- MOCTPOEHHE KOMITBIOTEPHOM MOJENU C HCIOIb30BAHUEM 3JEKTPOHHBIX TAOIHI[ WU JIPYrUX
NPUIOKECHUN: CUCTEM KOMIIBIOTEPHOTO YEpUeHHUs, CHCTEM yIpaBlieHHs Oa3aMu JaHHBIX,
reonH(OPMAIIMOHHBIX CUCTEM U T. 1.

B nmpouecce co3maHus KOMIBIOTEPHOH MOJEIM TOJE3HO pa3paboTaTrh yHAOOHBIH
rpaduueckuii uHTEpdEic, KOTOPHIN MO3BOIUT BU3YyaJIU3UPOBATh (OPMATIbHYIO MOJIENh, @ TAKKe
peanu30BaTh MHTEPAKTUBHBIN IMAJIOT YEJI0BEKA C KOMIIBIOTEPOM Ha 3Talle NCCIEeI0BaHUS MOJIEIH.

KomnbroTepHblii 3kcrniepuMenT. YeTBepTwlid 3Tam HMCcienoBaHus WHOOPMAIMOHHON
MOJIETIM COCTOUT B MPOBEACHUM KOMIBIOTEPHOTO JKCIIepUMeHTa. Eciyu KoMIbloTepHas MOJAEIb
CYILIECTBYET B BUJIE MPOEKTA Ha OJJTHOM U3 SI3bIKOB MIPOrPaMMUPOBAHMSI, €€ HYKHO 3allyCTUTh Ha
BBIIOJIHEHHUE, BBECTU UCXO/IHBIE IaHHbIE U TIOJYYUTh PE3YJIbTATHI.

Ecnu xommbloTepHass MOJAENb UCCIENyeTCS B MPUIOKEHUU, HApUMeEp, B AJIEKTPOHHBIX
TaOIUIIAX, TO MOKHO IMOCTPOUTH AUATPAMMY WUJIH TpaduK, IPOBECTH COPTHPOBKY M IIOMCK TAHHBIX
WJIH UCTIOJIb30BaTh APYrue CHelraln3upoBaHHbIE METOIbI 00pabOTKU JaHHBIX.

IIpy wWCHONB30BaHWHM TOTOBOM KOMIIBIOTEPHOM BU3YaJlbHOM WHTEPAKTUBHOW MOJEIN
HEOOXOJUMO BBECTH HCXOJHBIE IaHHbBIE, 3aMyCTUTh MOJENb Ha BBHINOJHEHHE M HaOMOIaTh
U3MEHEHHE O0BEKTA U XapaKTEPU3YIOIINX €r0 BETUYHH.



B BupTyanpHBIX KOMIBIOTEPHBIX J1a00paTOPHUAX MOXKHO IPOBOAUTH SKCIIEPUMEHTHI C
peanbHBIMU 00bekTamMu. JlJIi 3TOro K KOMIBIOTEPY NPUCOEAUHSAIOTCS NaTYUKH H3MEpEHUs
¢u3nyeckux mapamMeTpoB (TeMIlepaTyphl, JAaBICHHsS, CHWJIBI W Jp.), JaHHbIE H3MEPEHUU
nepesaloTcs B KOMIBIOTEp W 00pabaThIBAlOTCA CIENHAIBHOW MporpamMmoil. Pe3ynbrarsl
SKCHEPUMEHTA B BHUJIE TAOMUIl, rpaUKOB U AUarpaMM OTOOpakaroTCs HA SKPaHEe MOHUTOpA U
MOTYT OBITh pacrieyaTaHbl.

AHaJIN3 NOJyYeHHBIX Pe3y/IbTATOB U KOPPEKTHPOBKA HccjeayemMoil mogenu. [IaTeiii
3Tal COCTOUT B aHAJIM3€ IMOJIYYEHHBIX Pe3yJbTaTOB U KOPPEKTUPOBKE HcciaeayeMoil monaenu. B
Cllyua€ HECOOTBETCTBHUS pPe3ylbTAaTOB, IMOJYYEHHBIX MPU HCCIEIOBAaHUM HH(OPMAIIMOHHON
MOJIENI, H3MEpSEMBIM TapaMeTpaM pealbHbIX OOBEKTOB MOXKHO CJeNaTh BBIBOJ, 4YTO Ha
MPEIBIIYIINX dTaax MOCTPOSHUS MOIeNIN ObLTH TOMYIEHb! OITHOKH WJIM HETOUHOCTH.

Hampumep, mnpu MOCTPOCHMHM OINMCATEIBHOH KAadyeCTBEHHOM MOJEIN MOTYT OBITh
HENPaBUIBHO OTOOpaHBI CYIIECTBEHHbIE CBOMCTBA OOBEKTOB B Ipolecce (HopMan3aliid MOTYT
OBITH JOMYIIEHBI OMUOKK B (opMmylax W T. A. B 3TuX ciydasx HEOOXOJMMO TIPOBECTH
KOPPEKTUPOBKY MOJEININ, IPUYEM YTOUHEHUE MOJIEIN MOXET IPOBOJUTHCS MHOIOKPATHO, ITOKa
aHaJIU3 Pe3yJIbTaTOB HE MOKAXET X COOTBETCTBHE N3Yy4aeMOMY OOBEKTY.

ITocTpoeHne 3/1eKTPOHHOI TA0JIMIBI A1 CTATHCTHYe6cKOl 00padoTKH pe3yJIbTaTOB
JKCNMEpUMEHTa (NMPOBEpPKAa CTATUCTHYECKOH OJHOPOAHOCTH JKCHEPUMEHTAJIbHOH M
KonTpoJabHoii rpynn Ha0/I101eHUi)

A B C D E
KomnaectBo KomngectBo
KomnuectBo KommgectBo . .
SAILIOB I-r0 6AILIOB I-r0 0aioB I-T0 0aJ10B I-TO
Howmep CTyJEHTa CTyIEeHTa CTyACHTa CTy/IeHTa
KOHTp. TP. JKCIep. Ip.
KOHTp. Tp. 10 | 3KCHEp. T'p. 10 Hoce Hoce
AKCIIEPUMEHTA | SKCTIEPUMEHTA
AKCIEPUMEHTA | HKCIIEPUMEHTA
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
KomngectBo KomugectBo
KomnuaectBo KommgectBo - .
0asuIoB i-ro 0asuIoB I-To 6amnos |-ro 6amnos I-ro
Howmep CTyJEHTA CTyJCHTA CTy/cHTa CTyjeHTa
KOHTP. TP. JKCTEp. TP.
KOHTp. TP. 10 | dKcIep. rp. A0 Houe Hocie
AKCTIIEPUMEHTA | IKCIIEPUMEHTA
AKCIICPUMEHTA | DKCIIEPUMEHTA
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 a7 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 a7 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 28,4 31,0 39,2
Hucnepcus 158,56 184,81 160,10 191,30
Cpeonee Buuucisercs mno Gopmyne =CP3HAY (B2:B61) c¢ mnocienyrommm
TUpakupoBanueM 1o crosduam C,D,E
Hucnepcuss  Bpraucnsercss mo  ¢opmyne =[UCIT (B2:B61) c¢ mnocnemyronmm

TUpakupoBanueM 1o crosduam C,D,E



Te ke nanHbie ¢ MpeoOpa3oBaTh B TAOIUITY MOPSIKOBBIX TAHHBIX C MOPSIKOBOM IIKAIIOH,
MMEIOIIeH 3alaHHoe Yrciio Tpananuii (3, 5, 7). K momydyenHoi Tabimiie Ha CIeTYIONEM 3aHATHH
Oy/eT IpUMEHEH KpUTepUid XU-KBaapaT.

IIpakTHyeckoe 3ansaTHe Ne2. KoMnbloTepHas MoaeJib A1 KpuTepus Xu-KBaapaT

Lenb paboThl. nocmpoums 9NEeKMPOHHYIO mabauyy, onpeoensouyo
0OHOPOOHOCMb/HEOOHOPOOHOCHb 08X CMAMUCIUYECKUX B6blOOPOK HA 3A0AHHOM YPOBHE
BHAYUMOCIU P.

3ajjaHue Ha peIIeHUE 3a/1aun

B kauectBe mpumepa paccMaTpUBAaKOTCS JBE BBIOOPKM 1O pe3yJbTaTam
o0ceI0BaHus TPYII yYaIUXCsl.

CpenctBamu MS EXxcel BBIYHCISAIOTCS 3HAUYEHHE KPUTEPUSI XU-KBAJpaT U ONPEACISICTCS
CTENEHb YBEPEHHOCTH B OIHOPOAHOCTH/HEOJHOPOJHOCTH BBIOOPOK Ha 3aJlaHHOM YpPOBHE
snaunmoctu p=0,05 (p=0,01).

[InaH BhINOJHEHUS PAGOTHI

1.  Bribepute HCXOIHBIC BHIOOPKH.

2. TloctpoiiTe BeraucuTenpHyto Tadmuiy B MSEXcel.

3. 3amaiite ypoBenb 3HaunmoctH P=0,05.

4. ChopmynupyiiTe BBIBOJ O CTATUCTHUECKON 0OHOPOOHOCIU/HEOOHOPOOHOCHU 8b1OOPOK.
OOBsicHUTE UX pa3InYHe.

Conepxkanue oryera
l. TUTynbHBIN JIHCT.
1. Hazpanue u nienb paboThl.
1. Pe3ynbrathl BeIOIHEHUS PaOOTHI
V. 3akioueHue
V. [Ipunoxenus

IIpakTHyeckoe 3ansaTHe Ne3.

Komnbrorepuast moaean ais kpurepusi Kpamepa-Yanua

3aganue: HeoOxoaumo mnpumenuts Kpurepuit Kpamepa-Yamua, OCHOBaHHBIM Ha
CTaTUCTUKE, JUIs1 IPOBEPKU TMIIOTE3bl PABEHCTBA MATEMATUUECKUX 0KMIAHUM UCIIOIb30BATh.

Kputepuit Kpamepa-Yanua umeeT npo3payHblii CMBICT — Pa3HOCTh BHIOOPOYHBIX CPEIHHUX
apu(MeTHUeCKuX M JIBYX BBIOOPOK JIEIUTCSI HA €CTECTBEHHYIO OILIGHKY CpEeIHEero
KBaJpPAaTHYECKOr0 OTKIIOHEHUS 3TOM Pa3sHOCTH. ECTECTBEHHOCTh YKa3aHHOM OLEHKH COCTOWT B
TOM, YTO HEU3BECTHBIE CTATHCTUKY AMCIIEPCHM 3aMEHEHbl MX BBIOOPOYHBIMM OlLieHKaMu. M3
MHOT'OMEPHOM LIEHTPAJIbHOM IPENEIbHOM TEOPEMBI U U3 TEOPEM O HACIEAOBAHUHU CXOIMMOCTHU
BBITEKAET, YTO NMpH pocTe 00BEMOB BBIOOPOK pacmpeneneHue cratuctuku T Kpamepa-Yamga
CXOOUTCS K CTAaHJAPTHOMY HOPMaJIBHOMY PAacCIpPEIEICHHI0 C MaTeMaTH4eCKUM OxunanueMm 0 n

mucniepereit 1. Urak, npu cripaseymsoctd H, 1 Gonbmmx 06beMax BEIOOPOK pacipeiesieHue

CTaTUCTHKH T TPHUOJIMKAETCS C MIOMOIIBIO CTAaHIaPTHOTO HOPMAIBHOTO pacnpeaeieHus D(x), u3
TaOJIUI] KOTOPOTO CIIEAYeT OpaTh KPUTHUECKUE 3HAUCHHUS.

W3 cka3aHHOTO BBIIIE CIIEAYET, 4TO MpUMeHeHHe KpuTepus Kpamepa-Yonua He MeHee
000CHOBaHO, YeM MpuMeHeHue Kpurepusi CThrofieHTa. J[OMONHUTEIFHOE MPEUMYIIECTBO - HE
TpeOyercs paBeHcTBa nuctnepcuit D(X)=D(Y).

Pacnipenenenue cratuctuku T He sBisiercss pacrmpenesieHueM CThIOJICHTa, OJHAKO |
pacrnpeieseHie CTATUCTHKH t, KaK TOKAa3aHO BBIIIE, HE SBIISICTCS TAKOBBIM B PEATbHBIX CUTYAIIUAX.

(umTara u3 yueonuka Opnoa B.U. http://orlovs.pp.ru/stat.phplTokaszano, 4To npeanochUIKu
IBYXBBIOOpOYHOTO KpuTepusi CThIOJIEHTa, Kak MPaBWIIO, HE BBHIMONHSAIOTCA. [l mpoBepKu
OJTHOPOJTHOCTH MAaTeMAaTHUYECKUX OXKUAaHUui BMecTo Kputepus CThIOJCHTA MpeiaracTcs



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

ucnoib3oBate Kputepuit Kpamepa-Yamua. OOCyXaaroTcsi HemapaMeTpHUECKUe KPUTEPUU IS
MIPOBEPKH FMITOTE3bI OTHOPOAHOCTH (PYHKIIMIT pactpeieeHusl.)

IIpakTHyeckoe 3ansaTHe Ned.

KomnbroTepHasi Mmoenb Vit KPUTEPUS «YIJIOBOe npeodpa3zoBanue @uinepa»

3ananue: [locTpouTh KOMIBIOTEPHYIO MOJEINb NIl KpuTepus «YTioBoe npeoOpa3zoBaHHe
Quiepar.

s OUEHKH CTaTUCTUYECKON OJHOPOJHOCTH XapaKTEPUCTUK HKCIEPUMEHTAIBHON U
KOHTPOJIBHOM TPYII HCIONB30BaTh Kputepuit @uinepa. Bribop kpuTepus mpousBeneH Ha
OCHOBaHMM peKoMmeHJanuii npeainoxkeHHbix J[.A. HoBukoBbIM B «CTaTUCTHUUECKHE METOJIbI B
MeJarOTHYECKUX UCCIIEIOBAHMUSIX», U CBSI3aH C TEM, YTO JAHHBIM KPUTEPU MO3BOJISET CAENAThH
3aKJII0YEHHE O CTATUCTHUECKON OTHOPOIHOCTH/HEOJHOPOIHOCTH OKUAAEMbBIX CPETHIX 3HAUSHUN
(MaTeMaTHYECKOTO OXKHJAHHs) MCCIEeIyeMOro IMoKa3aTels MPH TOM, YTO JUCHEPCUH BBIOOPOK
pasznuuaroTca. Paznuuue nucnepcuid ObUIO BBISIBJIEHO HA MEPBOM dTane oO0pabOTKU NaHHBIX, U
CTaJO MPENATCTBUEM JIJIsl IPUMEHEHUS TPaAUIIMOHHOTO t-kputepus CThIOJICHTA.

B xnure /1. A.HoBHKOBa HCTI0JIb30BaHBI KPUTHYECKHUE 3HAUCHUS KaK pa3 s t-KpUTepusi, 4To
KOHEYHO HE BIIOJIHE OOOCHOBAaHHO M JAeT NPUOJIM3UTENIbHBIE pe3ylbTaThl. lIcmoiab3oBaHUE
3HaueHus: Twp=1,96 ypoBHS yBepeHHOCTH 95% TOBOpPUT O TOM, YTO O0OBEM BBIOOPKHU
IpernonaraeTcss O4eHb 0OIbIIUM (0003HAUAETCS MTPOCTO KaK OECKOHEYHBIH, TO €CTh PeUYb HIIET O
npeeIbHOM 3HaYCHUH MPU BO3pAaCTaHUHM 00beMa).

AJITOPUTM OIIpENENCHUs] JIOCTOBEPHOCTU COBMAJEHUNH U Ppa3IMUMil XapaKTEPUCTHK
CpaBHHBAEMbIX BEIOOPOK JJIsI SKCIIEPUMEHTAIBHBIX TaHHBIX, U3MEPEHHBIX B IIIKajie OTHOLICHHH, C
noMouibio kpurepus duiepa BKIIIOYAET CIETYIONUINE IIaru:

1. BeraucauTh 17151 CpaBHUBAEMBIX BEIOOPOK T oyr— SMIIUPUUECKOE 3HAUCHHUE KPUTEPHS.

2. CpaBHUTB 3TO 3HAYEHHUE C KPUTHUECKUM 3HAUCHUEM.

IIpakTueckoe 3ansitue NeS.

I[lnannpoBaHue IKCNIEPUMEHTA U 00pa00TKA JAHHBIX C IOMOIIbIO JIATHHCKHUX U IPEKO-
JIATHHCKHMX KBaJPaTOB

3ananue: CILIaHUPOBATH IKCIIEPUMEHT M 00pad0TATh JaHHbIE C IOMOIIbIO JIATHHCKUX
U I'PEKO-JIATHHCKUX KBA/IPaTOB

[IpenmnonoxuM, HaMpUMEpP, YTO SKCIEPUMEHTATOP UCCIENYET BIMSHHE MSATH Pa3IUYHBIX
(hopMyIl B3pBIBUATOM CMECH, UCIIOJIb3YEMBIX MPU MPOU3BOACTBE AMHAMHTA, Ha HAOII0JAaEMYIO
cuity B3pbiBa. CMech 10 Kax 101 13 (opMyJ1 MPUTOTABIMBAETCS U3 MAPTUHU CHIPbsI, 00bEM KOTOPOI
MO3BOJISIET IPOBEPUTH HE Oosiee matu ¢popmyil. Jlamee cMecu MPUTrOTABINBAIOTCS HECKOIbKUMU
orepaTopaMu, KOTOPbIE MOTYT CYIIECTBEHHO Pa3JIM4aThCs MO KBATU(PHUKAIMU U OMBITY. Takum
00pa3oMm, OKa3bIBAETCS, YTO IJIAH SKCIIEPUMEHTA JIOJDKEH TPETYCMOTPETh «yCPEAHEHNUE) BIUSHUS
JIBYX BHEIIHUX (DaKTOPOB — MapTHH ChIpbs M onepaTopoB. [lnaH, MO3BOISIOMUI PEUIUTh 3Ty
3a/1a4y, COCTOUT B TOM, YTOOBI MPOBEPUTH KAXKIYI0 (OpPMYTy CMECH B TOUHOCTH OAMH pa3 B
K10l mapTUH CBIPbs. B TOYHOCTH MO OJHOMY pa3y Ka)IbIM M3 IISATH onepaTtopoB (Tadm. 1).
Takoil muian Ha3bIBaeTCsl JAaTUHCKUM KBaapaToM. OTMeTUM, YTO HAOIIOJCHHS PACIIOIOKEHBI
KBaJpaToM, a miATh Gopmyin (00paboTok) o0o3HaueHb! JaTuHCKUMU OykBamu A, B, C, D u E —
3TUM U OOBSACHSAETCS Ha3BaHHUE «IATUHCKHUM KBajapaT». BuaHo, 4TO Kak mapTuu ChIpbsi (CTPOKH),
TaK ¥ OnepaTopsl (CTOIOLBI) OPTOrOHAIBHBI 00Pa0OTKAM.

Tabnuma 1 - JlatuHckuit kBaapat A1 3aa4u 0 GopMysax B3pbIBUATON CMECH



Oneparopst
ITaptuu
CBIpbS
i 2 3 4 5

1 A =24 B =20 C =19 D =24 E =24
2 B =17 C =24 D =30 E =27 A =236
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

JlaTuHCKHME KBaApaThl IPUMEHSIOTCS JIJIsl TOTO, YTOOBI UCKITIOYUTH JIBA BHEITHUX UCTOYHHUKA
HEOTHOPOAHOCTH, T. €. YTOOBI 00ECIEUYNTh CUCTEMATHUECKOE TPYIIIMPOBAHNE B OJIOKH MO IBYM
HanpaBieHusIM. Takum o0pazoM, CTPOKH U CTOJOLBI, B CYIIHOCTH, MPEICTaBISIOT cO0Oi ABa
OTpaHUYCHUS HA PAaHIOMHU3AIHIO.

B o0miem cityuae naTHHCKUN KBaapaT U1 p (HaKTOPOB WIIHM JATUHCKUI KBapaT pxXp — 3TO
KBAJIPaT, COCTOSANINN U3 P CTPOK U P cTon610B. Kaknas u3 p? MONydaromuxcst sueek COmepKuT
oIlHy U3 p OYKB, COOTBETCTBYIOIIMX 00paboTKaM, MpudeM Kaxaast OyKBa BCTpEUAeTCs B KaXIOH

CTPOKE U KaXXIOM CTOJ'I6I_IC OJIMH 1 TOJIBKO OAWH pa3. Huxe JaHbI ITIPUMEPBI IATUHCKHUX KBAJAPATOB:



[T RN T TR R

WO MWW W L R R ORI R R R R B0 R RS R R e e
G B W KNP D (B(m N0 R W N e SN0 RN e D

MapTUK cbipbA

E D E F G H I J K L M N (o] P
Onepatopsl p= 5 Onepatopsbl v}
DopMybl 1 2 3 4 5 DopMybl 1 2 3 4 5|Cymma
1 24 20 19 24 24 111 1 24 20 19 24 24 111
2 17 28 27 27 29[ 128 2 17 28 27 27 29 128
3 18| 38| 26 27 21 130 MapTuwm cbip| 3 18 38 26 27 21 130
4 26 31 21 27 22( 127 4 26 31 21 27 22 127
5 22 26 29 22 30[ 129 5 22 26 29 22 30 129
107 143 122 127 126 ) Cymma 107 143 122 127 12600625
1|A B 3 D E yi..}
2B A E C D y(.1.) A 135
3lc D A E B y(.2.) B 101
E) E B A C y(.3.} C 112
sE C D B A yi.4.) D 146
y[.5.) E 131
Cagur 0
15625
A B C D E 55 0By, 526[M(Y~2)-IM(Y)]1~2 Ofwan aucnepcua * ph2
B A E c D 55 Cbipbe 50 [MCEPCMA MO ChIPbID
C D A B B 55 onepatop 1324 [wvcnepcka no onepartopam
D E B A (& 55 dopmyn 2644 Aucnepcua no gopmynam
E C D B A 55 oWHBKK 79,2 Aucnepcua oWk
24, 20 19 24 24,
17 33 27 26 31
18 38 26 27 21
26| 31| 21 27 22|
22 26 31 22 32
WICTOYHKME BAMAHMA Cymm KB |Cren ceofCp KedF
vopmyna 264,4 4| 66,1| 10,0151515
NapT. CbipbA 50 4| 12,5| 1,89393939
Oneparop 1324 4] 33,1 5,01515152|
Qwubra 79,2 12| 6,6
Cymma 526 24|

526

50
1324
264,4

DopMybl 1 2 3 a 5
1 24 0 0 0| 0|
2 0 28 0 ol ol
3 0 0 26| 0| 0|
4 0 0 0 A7 0|
5 0 0 0 0| 30
Dopmynbl 1 2| 3 4 5
1 0 20 0 0| 0|
2 17 0 0 0| 0|
3 0 0 0 0| 21
4 0 0 21 0| 0|
5 0 0 0 22 0|
Dopmynbil 1 2| 3 4 5
1 0 0 19 0| 0|
2 0 0 0 27 0|
3 18 0 0 0| 0|
4 0 0 0 0| 22
5 0 26| 0 0| 0|
Dopmynbl 1 2| 3 4 5
1 0 0 0 24 0|
2 0 0 0 0| 29
3 0 38 0 0| 0|
4 26 0 0 0| 0|
5 0 0 29 0| 0|
Dopmynbl 1 2 3 4 5
1 0 0 0 ol 24
2 0 0 27 0| 0|
3 0 0 0 A7 0|
4 0 31 0 0| 0|
5 22 0 0 0| 0|




IIpakTH4eckoe 3ansaTHE Ne6.

CpaBHuUTeNbHBIN aHAIU3 KpUTepusi Xu-KBaapat u kputepus Kpamepa-Yaama

CpaBHMTH pe3yNnbTaThl MPOBEPKU CTATHCTUYECKON OIHOPOJHOCTU 33/IaHHBIX BBIOOPOK C
MOMOIIBIO MOZIEJIEN TOCTPOCHHBIX paHee i kputepueB Kpamepa-Yamua u xu-kBagpar.

(ITpaktuueckue 3austus 1 —4).

IIpakTnyeckoe 3anaTue Ne7. IlocTpoeHMe MMHTANMOHHOW MOJIEJH JJIA MOJTY4YEeHUSA
CTATHCTHYECKHUX JAHHBIX

MaremaTu4eckas MoJeJIb Ipolecca

MarteMaTtuueckoe MOJCIUPOBAHUE TIpollecca HAYMHAETCS C 3a7aHus  TEPEMEHHBIX.
[lepemenHBIMU 3aJal0TCs KOJINYE€CTBCHHEIC bakTopsl, OIMCHIBAIOIINE COCTOSIHHE
MPOM3BOJCTBEHHON cucTeMbl. OOOOIMM TMpeaCTaBIEHWE CHUCTEMBI, YTOOBI OXBAaTUTh KJIAcC
MIPOU3BOJBHBIX TOCJIEIOBATEIBHBIX MPOU3BOJICTBEHHBIX CHUCTEMBI. JTambl MPOU3BOJICTBA Oyaem
MPEACTaBIATh Kak CTaHIUU. COCTOSHHE CHCTEMBbI WIASHTU(UIMPYEM TapameTpoM t (IucKpeTHoe
Bpemsi). B mporiecce mpou3BoCcTBa UTEpaIis MOTJIa ObI OBITH SKBUBAJICHTHA HHTEPBATY B OJIUH JICHb
(WM oJTHa MPOM3BOJICTBEHHAS] CMEHA), ¥ ToT/[a t Oy/IeT MOKa3hIBaTh KOJWYECTBO AHEH (cMeH). bynem
OTIEPUPOBATh C CIWHUIAMHU TPOIYKIMH W 3allacaMH ChIPbs, «HE3aBEPIICHHOW MPOMYKIUU» U
TOTOBOH MPOJYKINH, M3MepseMbIMH B 3THX CIMHHIAX'. BBeaeM cremyrorie 0003HAYEHHUs IS
O0IIMX TTOKa3aTenel CUCTEMBI IPOU3BOICTBA:

N — KOJIMYECTBO CTAHIIMI B MPOIIECCE TIPOU3BOJICTBA;

I-HOMep cTaHnuy, i=1...N;

t — Bpemennoit mapametp ,t =0,1,2,..;

Ci(t) — mpon3BOIUTEIBHOCTD | CTAHIIMH B MOMEHTT;

Pi(t) — mpou3BOACTBO | CTaHIMK B MOMEHTT;

Wi(t) —He3aBepiiicHHAs IPOLYKIIMS, JOCTYITHAS ISl | CTAHIIMKA B MOMEHT t;
Mopesb pOoU3BOACTBEHHOM CHCTEMBI 331a€TCsI CHCTEMOM peKyppeHTHbIX hopmyi (7.1 —7.5):

Cranmus 1

R(t)=C, (1) (7.1)
W, (1) =W, (t-D) + R(t-1)-P,(t-1) (7.2)
Cranuuu i = 2,3,..,n-1

P (t) = Min[C; (), B (t) + W, ()] (7.3)
Wi () =W, (t-1) +R(t-1)-R,(t-1) (7.4)
Craniuu n

P.(t) = Min [C, (1), B, (t) +W, ()] (7.5)

W3 ypaBuuBanus (7.1) BUAHO, 4YTO BBIIYCK MPOAYKUMHM CTaHIMU | paBeH ee
MPOU3BOAUTENLHOCTH. YpaBHuBaHue (7.2) onpenenser WIP, nocTymHyro B MOMEHT t, Kak (DyHKITHIO
MIEPEMEHHBIX, TIOJYYEHHBIX B MPEABLAYIINA MOMEHT BpEMEHU. A UMEHHO, KOJIMYECTBO JAOCTYIHOMN
HE3aBEPIICHHON MPOAYKIMK CTaHIUMU | B MOMEHT t, To ecth Wi(t), paBHO 3TOMY KOJHYECTBY B
npeasiaymuii MomeHT Wi(t) miroc KoJaudecTBO HOBOW MPOMYKIMHM CTAHIUMH | B HpEABLAYIIUAN
MoMeHT P1(t-1) MUHYC KOTMYECTBO IPOAYKIIUH B3ATOM JIJIsl IEPEPaOOTKU CTAaHIMEH 2 B TIPEABLTYIIN N
momeHT P(t-1).

B ypaBnenun (7.3), 3amaercss o6beM NMPOU3BOACTBA JUIsl CTAHLUUK co 2-i 1o N-to. O0beM
IIPOU3BOJCTBA OIPAHMYMBAETCS MPOU3BOAUTENIBHOCTBIO CTAHUMKA WM KOJWYECTBOM JIOCTYIHOM
nesapepiieHHod mnpoaykmuu (WIP). Otmetnm, uro 3nadenne WIP Bcerma HeoTpuIaTENbHO.
VYpasuenue (7.4) ananorunddo ypaBaHeHuto (7.2), Ho Beraucisier WIP mist Bcex cranmmii kpome N-it.

1OTMCTI/IM, 4YTO €AWHUIA MMPOAYKIINN U3MCHACTCA, ITIOCKOJILKY OHAa NPOXOJUT YE€PEC3 CUCTEMY, SABJIAACH
BHa4aJic CBIpBéM, a B KOHIE - 3aBEPIICHHBIM HU3JICIIUEM.



VYpaBuenue (7.5) BeIuHCIaseT 00bEM MTPOU3BOICTBA HA MOCIEIHEH CTAaHIIMKU. Y paBHEHUS IS
WIP nocneaHei CTaHIMKU HEe COCTABIISIETCS, IOTOMY YTO IOCJIE HEE MOTy4aeTCs rOTOBast MPOTYKLIHUS.

B pexkyppeHTHBIX ypaBHEHMSAX ISl BBIYMCIEHUS 3HAUYEHUMN IEPEMEHHBIX B MOMEHT t = 1,
JIOJKHBI OBITh ONPE/IETICHbI 3HAUEHHsI BCEX NIEPEMEHHBIX /U1 MoMeHTa t = 0. Bepxuuii nmpenesn ais t
HE YCTaHOBJICH, HO IIPU MOJEIIMPOBAHUU 3TOT MPEEI 3a0aCTCS UCCIIElyEMbIM HHTEPBAJIOM BPEMEHHU
T, Ha3pIBa€MBIM BPEMEHHBIM TOPU30HTOM.

Ecan nmpousBOOUTENBHOCTH CTaHUMN WM3BECTHBI B IIpefenax BPEMEHHOIO TOPU30HTA, U
3a/laHbl HAa4daJbHbIC 3HAYCHUS NEPEMECHHBIX B MOMEHT BpeMeHM t=0, TO COCTaBJICHHas CHCTEMa
ypaBHEHUH MO3BOJISET BBIYMCIUTD COCTOSHHS CHCTEMBI I TI0O0r0 KOHEYHOTO MEPHO0/1a BPEMEHH.
Kaxxnas nepemeHHasi B MOMEHT BPEMEHHM t 3aBUCHT TOJIBKO OT IIEPEMEHHBIX B MOMEHT BpeMeEHH t-1 n
BBIODAHHBIX JIOTIOJIHUTEIBHBIX TEPEMEHHBIX B MOMEHT BPEMEHHU t, MBI MOYXEM BBIYHUCIHTH BCE
IIEPEMEHHBIE 11 MOMEHTA t =1, 3aTe€M BBIUYNCIUTH IEPEMEHHBIE B MOMEHT t = 2, ¥ Tak Jajnee 10 t =
T. Jnst TOro, 4roObl MEepeMEHHBbIE PEIIEHHs JIETKO MOIydaluch B JIIOOOW 3aJaHHBIE MOMEHT t,
IIEPEMEHHBIE CIIEAYeT YNOPAAOYMTh TaK, 4TOObl 3HAYEHHME KaXJOW cieayrouieil nepeMeHHOU
3aBUCEJIO TOJIBKO OT paHee BBIYMCIICHHBIX IEPEMEHHBIX. JlJI1 pacCMaTpUBAEMOU CUCTEMBI YPAaBHEHUM
9TOT NOPSAJOK TAKOB:

P(t), W), P(), W, (), P() ..

CayuaiiHble mepeMeHHbIE

B npousBoacTBeHHOM mpuMepe, Kak B OOJBIIMHCTBE MMMTALMOHHBIX MOJENEH, TOUYHbIE
3HAUEHUS HEKOTOpBIX IEPEMEHHBIX HEU3BEeCTHbl. Hampumep, NpoOM3BOAMTEIBHOCTU CTAHIUMN
HEU3BECTHBI M SIBISIOTCS CIIydallHBIMHM BEJIMYMHAMM, MMEIOIIMMH 3a/laHHOE pacrpejeneHue. B
ciygae UrpokoB, «mepepadaThIBAIOLINX) CITUYKH, TPOU3BOIUTEIILHOCTH OIPEIEISIINCh OpOCaHnEM
KkyOuka. IToaTOMy NMpOM3BOAMTENBHOCTh Kaxaoro Mrpoka Ha KakaoW UTepaly ONpeaessiach
CIIy4ailHON BEJMYMHOW C JUCKPETHBIM pPABHOMEPHBIM pAaclpeieiieHUEM, B HHTEpBAJE LEJbIX
3HadyeHui ot 1 10 6.

B Oonee oOmem ciyuae mnpeanosiaraercsi, 4Tro Kaxaas IPOU3BOJUTENIBHOCTb HMEET
HEKOTOpOE 33/IaHHOE pactpeencHue. Toraa nporu3BOANTEILHOCTS i-if CTAHIIMH B MOMEHT t SIBJISICTCS
peanu3anyen Ciry4aiiHoW BEJIMYHHBI, KOTOPas UMEET JaHHOE paclpenesieHue. Pacnpenenenue Moxer

OBITH CBOUM JTSI KQKJIOPH CTAHIIMH, TO €CTh Ci (t) ~ Di (t) ori=12,..,n

YnpasiieHue Mo1e THPOBAHUEM

Tenepb MOKHO OMKCATh MPEJICTABICHHYIO BBIIIE UTPY B TEPMHHAX BBEJCHHBIX IEPEMEHHBIX.
MoenpoBaHuEe HAUMHAETCS C 3a/laHUS HAYaJbHOTO COCTOSIHUSI CUCTEMBI, KOTOPOE OINpPEAEIAETCS
3HaYEHUSIMU TIepeMeHHbIX B MoMeHT t=0. B Hamewm npumepe:

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

[Tpou3BOANTENFHOCTH MEPBOrO IEpUOJa BHIOMPAIOTCS KaK 3HAYEHUS PaBHOMEPHO
pacrnpeielIeHHbIX CIy4aliHbIX BeTU4rH (OpOCOK KyOuKa):

C,)=4, C,)=2, C,(1)=5.
[To ypaBHEHUSM MOJIENU PACCUUTHIBAIOTCS 3HAYEHUS IEPEMEHHBIX B 1-if mepuo:
RM=4, W,D=0, R,N=2 W,Q)=0, P1=2.

MopenupoBanue 2-ii UTEpaldd, C HOBBIMM  3HAYEHUSAMHU MPOU3BOJIUTEIIBHOCTEH KaK
CIy4alHBIX BETMYUH 1Jis t = 2:

Ci(2)=3, C,(2) =4, C,(2) =1,
P)=3 W (2)=2, P,(2)=4, W,(2)=0, F(2)=1.

AHaJIOrMYHO MOJEINUpYETCs 3-1 UTEpALIUs:

C.3=1 C,(3)=3, C,(3)=1;
P(3)=1 W,(3)=1 P()=2 W,(3)=3 P(@3)=1.



[Tpouecc mpomokaeTcs Mocae10BaTeNbHO, TOKa He OYAET JOCTUTHYT BPEMEHHON TOPU30HT
T =10.

MopnenupoBanue TuHaMu4eckoii cucrembl B MS Excel

Brauane mozpenupyeTcs mepexoj CHCTEMBl M3 COCTOSIHMS B MOMEHT t=0 B COCTOSHHE B
MoMmeHT t=1. [IpousBogutensHocTH 1-if, 2-i U 3-i1 cranumii MogenupyrorTcs B siueiikax B4,E4 u H4,
COOTBETCTBEHHO. B Kakmoil m3 3TMX s4eek 3ammcaHa (GopMysa, 3aJaromlias pPaBHOMEPHO
pacrnpeieleHHYIO [IEJIOUNCIICHHYIO CIIy4aifHYyIO BEJIMYMHY B UHTEepBaie oT 1 1o 6:

=HEJIOE(CJIHUC()*6)+1.

B sueiikax 4-il CTpOKM MOJEIHUPYIOTCS COOTBETCTBYIOIINE YPABHEHUS
Sueiika u popmyna YpaBHeHUe
C4 =B4 (7.1)
D4 =D3+C3-F3 (7.2)
F4=MUWH(E4;C4+D4) (7.3)
G4 =G3+F3-13 (7.4)
[4=MUH(H4;F4+G4) (7.5)
J4 =14

BapuanTel 3axanui

Hcnonp3yss MaTeMaTU4yecKyr0 MoOjelb, 3aaaBaemyto (opmynamu (7.1)-(7.5), moctpoutsb
KOMITBIOTEPHYIO MOJIETh, IIPOU3BECTH MOJIeIUpoBaHue paboTel B TeueHue 100 cMeH i pa3inyHbIX
MPOU3BOACTBEHHBIX JUHUN. OIEHUTh CPEIHHMA BBIXOJI TOTOBOM NPOAYKIIMH 32 CMEHY, U €ro
CpPEeHEKBaJIpaTUUYEeCKOe  OTKJIOHEeHHe. Omnpenenutrb  CpeJHUE  MOKa3aTeld  KOJIMYECTBA
HE3aBEPILICHHON MPOTYKIIHH.

1) MpOM3BOACTBEHHOM JIMHUM COCTOSINEH M3 4 CTAHKOB, CAydyaifHas BEJHUYMHA 3a/af0lias
MIPOU3BOAUTEHHOCTD KKIOTO CTAHKA UMEET PABHOMEPHOE PACTIPEICIICHUE CO CPETHUM 3HaUYECHUEM
pPaBHBIM 5 U Iucniepcuei 4.

2) TPOM3BOJCTBEHHOW JIMHUM, COCTOSIICH M3 5 CTAaHKOB, ClydaifHas BEIIMYHMHA 3aaroIas
MIPOU3BOAUTENBHOCTDh KaXKJIOIO CTaHKA MMEET TPEYrOJbHOE CO CPEIHHMM 3HAUEHUEM pPaBHBIM 6 U
nucnepcuen 4.

3) NpOM3BOJCTBCHHON JMHUU COCTOSIICH W3 5 CTAHKOB, Cly4aiiHas BEJIMYMHA 3aJarolas
MIPOU3BOAUTENHHOCTD KaXJI0TO CTAHKA UMEET HOPMAJIbHOE pacTpe/elieHUe CO CPETHUM 3HAUYCHUEM
paBHBIM 7 U ucniepcuei 4.

IIpakTHyeckoe 3ansitue Ne8. IlocTpoenme amarpamMm 0T00pakalOIIUX Pe3yJabTaThl
IKCIePUMEHTAa

VII ®umepa npegHa3Hau€HO JIs1 COTIOCTABIICHUS BYX BBHIOOPOK MO YACTOTE BCTPEUAEMOCTH
MHTEPECYIOIIEro uccieaoBaTens 3pdexra.

(cpaBHEHHE IBYX BBIOOPOK, IPEJCTABICHHBIX U3MEPEHUEM 10 JTUXOTOMHUYECKON IIKAJIE)

Kputepuii oneHnBaeT 10CTOBEPHOCTh PA3JIMUYUIl MekK1y NMPOUEHTHBIMHU JA0JASMH JIBYX
BbIOOPOK, B KOTOPBIX 3aperiCTPUPOBAH HHTEPeCY O HAC dPPeKT.

Cytp yrmoBoro mpeoOpazoBaHusi @wuiepa COCTOMT B TEPEBOJAE MPOLEHTHHIX AOJNEH B
BEJIMYMHBI IIEHTPAJIBHOIO yIJla, KOTOPBIA M3MepsieTcs B paavaHax. boisbliel MpoLEHTHOH noine
Oy/eT COOTBETCTBOBATH OOJBIIHIA YO (, @ MEHBIIIEH JT0JIe - MEHBILUH yrojl, HO COOTHOILICHHUS 37eCh
HE JIMHEHHBIE:

¢ = 2*arcsin(+P),

rae P - nporieHTHas 10715, BBIpaKEeHHAs B 1OJIAX €MHULIBL.

[lpy yBenmWMYEeHUM PACXOXKICHHS MEXAy yriaamu ¢l W @2 W yBeIMYCHHS YUCICHHOCTH
BBIOOPOK 3Ha4YeHHE KpuTepus Bo3pacraer. Uem Oouible BelMYMHA (O, TeM Oosiee BEPOSATHO, YTO
pasauyuus JOCTOBEPHBI.

I'unoressr YII @umepa



Ho: losist i, y KOTOPBIX TNposIBIIsieTCs uccnenyembiit 3¢ dekt, B BbiOopke 1 He Oosblie, ueM
B BbIOOpKE 2.

Hai: Jlons nun, y KOTOpBIX NposiBIISeTCs UccienyeMblii 3¢ dekt, B BbiOopke 1 6osbie, uem B
BBIOOpKE 2.

Orpannuenus YII @umepa

1. Hu oniHa 13 COMOCTAaBIsIEMBIX JI0JI€H HE JT0JDKHA OBITh PABHOW HYJIIO.

2. Bepxuuil mpenen B KPUTEPUU (¢ OTCYTCTBYET - BBIOOPKHM MOTYT OBITH CKOJIb YTOIHO
OO0JIBIIMMHU.

Hwxuuil npenen - 2 HaOmioneHUs: B 0JHOW U3 BBIOOpPOK. OMHAKO JTOJKHBI COONIONATHCS
CJIETyIOIIME COOTHOLICHHS B YUUCIIEHHOCTH JIBYX BBIOOPOK:

a) eCJIM B OTHOM BBIOOPKE BCETO 2 HAOIIOACHWS, TO BO BTOPO# TOKHO OBITH HE MeHee 30:

ni=2 -> nz>30;

0) ecn B OJTHO# 13 BEIOOPOK BCEro 3 HAOIIOICHHSI, TO BO BTOPOH JOIDKHO OBITh HE MEHee 7:

n=3 -> n>>7;

B) €CJIM B OJTHOM U3 BEIOOPOK BCETO 4 HAOIOICHUSI, TO BO BTOPOH JOIKHO OBITh HE MEHEE 5:

ni=4 -> n>>5;

T) IIPH N1, N2>5 BO3MOXKHEI JIFOOBIE COMOCTABIICHMS.

B mpuHIMIie BO3MOXKHO M COIMOCTaBIEHHE BBIOOPOK, HE OTBEYAIOIIUX 3TOMY YCIOBHIO,
HampuMep, ¢ COOTHOIICHHEM n1=2, N>=15, HO B ATHX CIIy4asX HE yIACTCS BBISIBUTH JOCTOBEPHBIX
pazIn4uii.

Yriaosoe mnpeodpazoBanne duinepa MpuUMEHSETCS [JIsi CPaBHEHHUS JIBYX MPOIEHTHBIX
JIOJIEH, IPU YCIIOBUM, 4TO UX cymMma coctasisieT 100%.

Y100CTBO MaHHOTO KPUTEPHUS OYEBUJIHO: OH MOXKET MPUMEHATHCS K KadeCTBEHHBIM
AAHHBIM, 00BEM BBIOOPOK MOXKET OBITh HEOONBIIMM, OH NMPUMEHSETCS K MPOIEHTHBIM JOJISIM
(KOTOpBIE OYEHB PACTIPOCTPAHEHBI B 9KOHOMHUKE, IICUXOJIOTUHU U TIEAaroruke).

OrpanudyeHus IJs MpMMeHeHHs] YIJIOBOro npeodpa3zopanus duinepa:

1. [IpouieHTHBIE MO MODKHBI OTPAKaTh BEPOSITHOCTh TMOSIBJICHUS COOBITHS B OJHOM
BBIOOpKE, T.€. B cyMMe cocTaBiATh 100%.

2. Hu onHa M3 comocTaBlIsIeMbIX J0JICH HE TOJDKHA ObITh PABHOW HYIIIO.

3. Huxnwmii npenen — 2 HabmoaeHus B oHOM U3 BEIOOpOK. [Ipu 3TOM HEob6x0auMO, YTOOBI
BBIOOPKH YIOBJIETBOPSIIIN CJICAYIOIIUM YCIOBHUSIM:

- €CJIM B OIHOM BBIOOpPKE POBHO 2 HAOMIOACHHUSA, TO B APYTOi NOKHO OBITh HE MeHee 30);

- €CITM B OJTHOU BBIOOPKE POBHO 3 HAOJIOIEHHS, BO BTOPOH JOJIKHO OBITh HE MEHee 7,

- €CJIM B OTHOM BBIOOpKE POBHO 4 HAOIOACHHUS, BO BTOPOH JOJKHO OBITh HE MEHeEe 5.

IIpakTuueckoe 3ansaTue Ne9. [locTpoeHue rpeko-JI1aTUHHCKUX KBAJPATOB U MPOBe/ieHHe
AUCIIEPCUOHHOI0 AHAJIU3A Pe3yJIbTATOB IKCIIEPUMEHTA

3agaHue: TMOCTPOUTH TPEKO-JTATHHCKHE KBAJApaThl W MPOBECTH UCIIEPCHOHHBIA aHAIU3
pe3ynbTaTOB 3KCIEPUMEHTA.

IIpouexypa oneHuBaHUs

OneHka BBIMOTHEHHON NPAaKTUYECKOM paboThl MPOBOJUTCS 1O CIETYIOIIUM KPUTEPUSIM:
Hanuuue Bceil cymectBeHHOM nHopmanmu mno padore

TOYHOCTH M MTOTHOTA MPEAOCTABISAEMbIX CBEICHUI

HenpotuBopeunBoCTh NPUBOAUMOI HHPOPMALIH

[IpaBUIIBHOCTH UHTEPIIPETALNI U BBIBOJIOB, KOTOPBIE C/IENAHBI [0 pe3yJbTaTaM paOdoThI
CreneHp NOCTHKEHUS CTYJJEHTOM IIOCTABJIEHHOM LI€TI1

O60CHOBaHHOCTH IPUMEHSEMOI'0 PELICHUS

I'pamoTHOCTH (coaepKaTeabHast) HCIOJIb3YEMbIX (POPMYIHPOBOK

NoabkowhE

KpuTtepun oueHKH 32 OTYETHI [0 MPAKTUIECKUM paboTam:

OLICHKa <«GayuYTCHO» CTAaBUTCA CTYIACHTY, KOTOpBIfI MMPOACMOHCTPHUPOBAT PE3YJIbTATHI
BBITIOJTHCHUA HpaKTI/I‘{eCKOf/'I pa6OTI)I, COOTBCTCTBYIOIIMEC IOCTABJIICHHBIM 3ajjadyaM, U MPCAO0CTaBUIL



oT4eT, O(GOPMIIEHHBIH JIOJKHBIM 00pa3oM U COAEpXKalMi KpaTKoe OMHCAHUE IOJyYSHHBIX
pEe3yabTaToB;

— OLICHKA «HE 3a4TE€HO» CTABUTCS CTYJEHTY, KOTOPbII HE IPOAEMOHCTPUPOBAII PE3YIbTAThI
BBITIOJTHEHHSI MPAKTUYECKOM pabOoThI UM HE TPECTABIII 10 HEHM OTYET WM NMPEACTaBICHHBIA OTUET
HE COOTBETCTBYET TPEOOBAHUAM 110 0()OPMIICHHIO.

7.3. OueHo4YHbIEe CpeICTBA /Jsi MPOMEKYTOUYHOW ATTECTAMH N0 HTOraM OCBOEHHS
AUCHUTLINHBI

7.3.1. Bonnpochl K NPOMeKYTOYHOI aTTecTaluu

Cemectp 1
Ne Bonpocsl K 3a4eTy
n/n
1 | O6mue noHsTHS 0 HayKe, ee LeNsX U QYHKUUAX U CYIIIHOCTHBIX TPU3HAKOB.
2 | O6miee MOHATHE O METOIOJIOTHH HAYYHOTO UCCIIEAOBAHMS, €€ aCTIeKTax M (DYHKITUIX.
3 | CkpbITHE MEXaHU3MbI HAYYHOT'O TBOPYECTBA U ITUKA UCCIICIOBAHUS
4 | Marepuanuctuieckas IMajJeKTUKa KaK TpaJAUIIMOHHAs METOAO0JIOTHYECKasi OCHOBA

HAYYHOTO MCCIICIOBAHMSI.
['HOCeoIoTHs KaK METOAOIOTHYEeCKast OCHOBA HAYYHOTO MICCIICTOBAHHS.
Jloructuueckure 3aKOHBI M JIOTUCTHYECKHE ()OPMBI MBIIUICHUS] KaK METOJ0JOTHYECKHe
OCHOBA HAyYHOTO HUCCJICIOBaHUSI.

7 | CUCTEeMHO-CTPYKTYPHBIN MOJIXO/I.

8 | CuHepreTHYeCcKuil MOIXO.

9 | AHTPOIIOJIOTHYECKUN TIOJIXO].

10 | 'epMeHEBTHYECKUIT TOAXO]I.

11 | 'ymanucTHyeckuii (JIMYHOCTHO-OPHUEHTUPOBAHHBIN MOJIXO/).

12 | KynbTypoJoruuecKuii moIixoi.

13 | Buasl Hay4HOTO MCCIIEJOBAHMSI M UX CYIIHOCTb.

14 | O6mue NoHATHS 0 METOZaX HAyYHOT'O UCCIIEeIOBAHUS U MX KJIacCH(UKaIus.
15 | MeTopl SMIUPUYECKOTO UCCIICAOBAHHUS.

16 | MeTo/1bl TEOPETUYECKOTO HCCIIEIOBAHUSI.

17 | Be1ibop TeMbl M opraHu3alys Hay4YHOr0 UCCIIET0BaHUS.

18 | MeToauka uccie0BaTeIbCKON pabOTHI.

19 | Coneprkanue u pe3yabTaThl NCCIICTOBAHMSL.

20 | CtpykTypa BeJeHHsI TUCCEePTALINH.

21 | OcHOBHAas YacTh AUCCEPTAITIOHHON PaOOTHI.

22 | OcHOBHBIE MPaBHJIA MMOATOTOBKH PYKOTIMCH K TTEYaTH.

23 | HayuHas cratbsl.

24 | MeronnyecKkre peKOMeH /1alluH.

25 | Te3uchl IOKIAI0B U BBICTYIIICHUIA.

26 | Kakue ypoBHHM HCCIeIOBAaHUS CYIIECTBYIOT B HayKe?

27 | Kakue Buapl HaOM0qeHUS OBIBAIOT?

28 | B uem 3akit04aroTCs OCHOBHBIC (DYHKITUU Y HETIOCTATKU HAOIIOACHMS?

29 | B uem cocTosT 0COOCHHOCTH YKCIIEPUMEHTA?

30 | Kakue ObIBatOT BUJIBI DKCIIEPUMEHTA?

31 | K xakoMy ypOBHIO HAyYHOT'O MCCIICIOBAHNS OTHOCUTCS MBICJICHHBIN SKCTICPUMEHT?
32 | KakoBo 3HaueHue GhopMan3aIiii B HAy9HOM MTO3HAHUN?

33 | Kakona ¢dyHKIIMS abcTparupoBaHus?

34 | B 4eM COCTOUT OrpaHUYCHHOCTh a0CTpaKIMK?

35 | Kakue 6bIBatoT BUJbI MHAYKIIUN?

a1

[op}




BOl'lpOC])I K 3a49€Ty

n/n

36 | HazoBute crienmdpuyueckue 4epThl HAYYHOTO UCCIICTOBAHMS.

37 | Hayka kak ¢opma OOIIECTBEHHOIO CO3HAHUSA, COIUAIBHO 3HAYUMOW JIEATEIHHOCTH,
CPEACTBO MpeoOdpa3oBaHusl 0OLIECTBA U IUUHOCTH.

38 | CtpykTypa U GyHKIIUU TEOPUH.

39 | Posb ¥ MECTO MPaKTUKH B MO3HAHUU MHPA M B HAYYHOM HMCCIIEIOBAHUU.

40 | PackpoiiTe B3amMOCBs3b (GUIOCOPCKONM ¥ HaydHOW Meromosioruu. KakoBel UX
NPUHIMNHAIbBHbBIE OTINYUS?

41 | Yto o3HayaeT «0OBEKTUBHOCThY» HAYYHOTO 3HaHMs? PackpoiiTe KOHKPETHOCTh MTOHUMAHUS
00BEKTHBHOCTH HAYYHOTO aHAJIM3A.

42 | aiiTe XapaKTepUCTUKY CYOBEKTHOCTH HAYYHOH METOJJOJIOTHH.

43 | TlokaxuTe HCTOPUUYECKUN XapaKTep CPEJACTB HAYYHOTO aHAIHU3a.

44 | Kakue KpuTepuu HAyYHOCTH 3HAHUS AaKTyaJU3UPOBAJIUCH B MOCTKIACCUUYECKOW HayKe U
nouemy?

45 | OTMeTbTe KOHIENTYaJbHbIE OCHOBBI MHTETPALMU HOMOTETHYECKOH M Hpaeorpaduyeckoit
METOA0JIOI'MH B COBPEMEHHON HayKe.

46 | [daiiTe XapaKTepUCTHUKY METOJOJIOTHYECKOM KYJIbType HAy4yHOro aHaiusza. Yem
onpezensercs npodecCuOHaIN3M HayqyHOro CTUIISI aHaau3a’?

47 | B yem cocrour mpobiema «mpenenoB Hayku»? Kakue OCHOBBI M MPEINOCHUTKU IS
BO3HMKHOBEHUS! «IPEAEJIOB HAYKM» MOXKET COJepKaTh B ce0e METOA0NOTNYECKH aHaIn3?

48 | OTmeTbTe POPMBI 3HAHHUS, XaPAKTEPHBIE JUIl SMIMPUUECKOTO YPOBHS MO3HAHHUSI.

49 | HazoBure crnienn¢uKy HayyHOH runote3bl Kak GopMel 3HaHUS. OxapakTepu3yiTe mpouecc
BBIJIBU)KCHUS TUTIOTE3HI U €€ POBEPKH.

50 | Packpoiite cnenuduKy NpoBepKr UICTUHHOCTH HayYHBIX TEOPHUil B 3aBUCUMOCTH OT CTETIEHU
ux (hopManu3anmu.

51 | Kakue npemioskeHus ((hakTel) B HAYKE MOTYT Ha3bIBATHCS IPOTOKOJIBHBIMU?

52 | Kakue (yHKINU B HAyKe BBIIOJTHSIET NPOIIeTypa HHTepIpeTaryn?

53 | Kakue cBOWCTBa CHCTEMBI MIO3HAHHS XapaKTEPU3YIOTCS TEPMUHAMH «AMMaHEHTHOCTbY» U
CAMIUTUIUTHOCTH)?

54 | PackpoiiTe MeXaHU3M BIMSHUS HAYYHOW METOJOJIOTMH Ha MPOLECC TEOPETUYECKOTO
NIO3HAHUSI.

55 | Ilokakute B3aMMOCBSI3b METOI0JIOTUH U UJI€0JIOTUU HAa TEOPETUUECKOM YPOBHE MO3HAHUS.

56 | [logroroBpTe KpaTKyl0 XapakTepUCTHKYy oOmero 3ambicia TeMmbl: OcobeHHOCTH
OMOJIOrMYECKOr0 UCCIIEJOBaHMSI.

57 | ApryMEeHTHpPOBAaHO H3JIOKUTE MpoOjeMy, OOBEKT, MpEeAMET, 1ielb, 33Jauyd U TUIOTE3y
UCCIIeIOBAHMSL.

58 | CocraBbTe miaH coopa nHpOpMaLUHU IO TEME.

59 | HazoBute yciaoBus MOay4yeHHs OObEKTUBHOM OLIEHKH IICUXO0JIOr0-TIeJarornyeckux sSBICHUN
U NPOLIECCOB U BO3MOKHBIE IPUYMHBI OIIUOKH NPU OLICHUBAHUMU.

60 | Ilepeuncnure TpeOOBaHMs K IPOLIEAYpPE NPOBEACHHS TECTUPOBAHUSI.

61 | OxapakTepu3yiTe TOCTOMHCTBA METOI0B HAOJIIOICHUS U SKCIIEPUMEHTA.

62 | BeigenuTte npennoyoKUTEIbHBIN MPEeIMET H3YyYeHHUs B CIEIYIOUIMX MCCIeI0BATeIbCKUX
TeMax: (OpPMHUPOBAHME apTUCTH3MA KaK »dJEMEHT IOATOTOBKH OYAYIIEro Ieaarora;
TOTOBHOCTh K CaMOpPa3BUTHIO KakK Ledb 00pa3oBaHMs; MCIIOJIb30BaHHE HOBBIX
MH(GOPMALIMOHHBIX TEXHOJIOTHI B TPOOIEMHOM 00YUEHUHU.

63 | ChopmynupyiiTe TeMy U OOBEKT HCCIICOBAHUS, B KOTOPOM BBIJICIICH CIICYIONTUH TIPEIMET:
Ne1arorMYecKue YCIOBHs alalTallui 3apyOeKHBIX TYMAHUCTHUECKUX CUCTEM 00pa30BaHMUS
K 0COOCHHOCTSIM POCCUNCKON AEHCTBUTEIHLHOCTH.

64 | Uem 00bsACHAETCS BO3MOXKHOCTh MHOTHX PA3JIMYHBIX MHTEPNpPETALUN OAHOIO M TOrO Ke

neaarornyeckoro gaxra?




n/n

BOl'[pOC])I K 3a49€Ty

65 | Uem oTiIMYAIOTCS JIOTHYECKAs U XY0’)KECTBEHHO-00pa3Hasi MHTepIpeTarus?

66 | OOBsicHUTE, KaK MHHUMHU3UPOBATh BJIHMSHUE JUYHOCTHOTO (haKTopa HMHTEpIpeTaTopa Ha
pE3yNbTaThl HHTEPIPETALINH.

67 | Bolpa3zuTte oHYy U Ty K€ MBICTH (Hampumep, 0 HeoOXoauMocTu AUQGEepeHIIMPOBAHHOTO U
WHIMBUIYAIBHOTO TIOAXO0/1a K YYaIIMMCs) UCTIOIB3Ys pa3Hble CTUIIN W3JIOKEHHS: HaAyIHBIH,
yueOHO-TIeJarOrnYeCKUi, MOMYJISPHBIH.

68 | CocTaBUTh KOHCIEKT HAYYHON CTAThH.

69 | [IpoaHanu3MpoBaTh MPaBHIBHOCTE O(GOPMIICHUS HAay4yHOH paboTHl (JUITIOMHOW pPabOTHI,
JIMCCepTAIiN).

7.3.2. Kputepun 1 HOpMBbI OLIEeHKH

Cemectp

dopma
NpoBeAeHus
MPOMEKYTOYHOM
arTecTalnu

KpuTtepuu u HOpMbI OlIeHKH

3aueT

«3a4YTCHO»

O1eHKa «3a4TEHO» BBICTABIISIETCA B CIIy4ae €CIH
CTY/IEHT, OTBeUasi Ha BOIPOC CBOOOIHO ONEPHPYET
TEPMHUHOJIOTHEN, TPAMOTHO CTPOUT CBOKO PEUb,
OTBET OCHOBAH HA M3YYEHHUH HE TOJIKO Y4eOHOIH,
HO ¥ HAYYHOW JIMTEepaTypbl © HOCUT OCMBICIICHHBIN
XapakTep, a He XapakTep «3a3yOpuBaHUs», IPU
3TOM CTYJEHT JI0JKEH BBICKA3bIBATh COOCTBEHHYIO
MO3UIIMIO IO HanboJiee CIIOPHBIM BOIIPOCAM.
CTyAeHT NOJHOCTBIO PACKPBIBAET IOCTABICHHBIN
BOIIPOC U OTBEYAET Ha JONOJIHUTEIBHBIN BOIIPOCHI

«HE
3a4TCHO»

OneHka «He 3a4TEHO» BBICTaBIISIETCSI B TOM
cllydae, €CJIM CTYJCHT He OTBEYaeT Ha BOIPOC,
1100 OTBET HOCUT XapaKTep «OOPBIBOUHBIX)
3HaHui. CTyIeHT paKTUYeCKH HE OPUEHTUPYETCS
B BOIIPOCE.




8. YueOHO-MeTOoAN4YeCKOe U MHPOPMALIMOHHOE o0eclievyeHue TUCIUTLTUHBI

8.1. O0s3aTe/IbHAN JIUTEPaTypa

Tun (yueOnuk, yuedHoe

KoanuyecTBO B

HAYYHOH
Ne nocodoue, yueoHo-
ABTOpBI, COCTABUTEH 3arnaBue (3aroJioBoK) I'ox n3nanus ounodamnoreke /
n/n MeTOoINYECKOoe Mmocoome,
HaumenoBanue
NMPAKTHKYM, JIP.) 3EC
1 | I'epacumos b. 1. OCHOBBI HAy4YHBIX UCCIICOBAHUIM YuebHoe nocobue 2018 9BC
«ZNANIUM.CO
M»
2 | Ouapos A. O. MeTo10510T1sl HAYYHOTO UCCIIEN0BAaHUS VYueOHUK 2019 OBC
«ZNANIUM.CO
M»
3 | Munsko D. B. MerTo/1pI TPOrHO3UPOBAHUS U HCCIICAOBaHUS | YueOHOe mocodue 2017 3BbC «IPRbooksy»
onepauun
8.2. lonosiHUTEILHAS JTUTEPAaTypa
KoauuectBo B
Tun (yueOnuk, yuedHoe .
HAYYHOit
Ne nocooue, yueoHo-
ABTOpPBI, COCTABUTEJIHN 3ar;iiaBue (3aroJi0BOK) I'ox u3nanus ondamorexe /
n/n METOINYECKOe MoCcooHe,
npAKTREYM, 1p.) HaumenoBanue
P » AP BC
1 | CkBopuosaJl. M MeTo010T1sl HAyYHBIX UCCIIEA0BaHUN YuebHoe nocobue 2014 3BC «IPRbooksy»
2 Teuunena B. 3. OpraHu3anus UCCieI0BaTeIbCKON Y4eOHO-MEeTOANUECKOE 2016 9BC «IPRbooks»
JESATETHHOCTH C UCTIOJIb30BaHUEM nocobue
COBPEMEHHBIX HAyYHBIX METOJIOB
3 | Jlamaea M. T. MeTo10710THsT HAyIHBIX HCCIICI0BaHUI YdaeOHoe mocobue 2017 OBC «IPRbooks»




8.3. IlepeyeHb npodeccHOHAIBHBIX 023 JAHHBIX M MH(OPMALMOHHBIX CIHPABOYHBIX

cucrem
e WebofScience[DnekTponHbslii pecypc] : MyIbTHIMCHMIUIMHApHAs pedepaThBHas 0Oa3a
JTAHHBIX. — Philadelphia: ClarivateAnalitics, 2016-. — Pexum JOCTyIa:

apps.webofknowledge.com. — 3aru. ¢ skpana. — 5I3. pyc., aHIL.

Scopus [DnekTpoHHbIH pecypc]: pedepaTuBHas 6a3a nanubix. — Netherlands: Elsevier, 2004—
. — Pexum gocryna: scopus.com. — 3ari. ¢ 3kpaHa. — 3. pyc., aHri.

Elibrary[ DnexkTpoHHBIN pecypc] : Hay4Hast d1eKTpoHHas onbimorteka. — Mocksa: HOb, 2000—
. — Pexxum pocryma: elibrary.ru. — 3aru. ¢ skpana. — f3. pyc., anri.
SpringerLink[Dnextponnsiii pecypce] : [0a3a gannsix]. — Switzerland: SpringerNature, 1842—
. — Pexum noctyna: link.springer.com. — 3ari. ¢ skpaHa. — S13. anri.

ScienceDirect[ DneKTpOHHBIH pecypc] : KOJIJIEKIUSA AJIEKTPOHHBIX KHUT
usnarenbctBa Elsevier.  — Netherlands: Elsevier,  2018-. —  Pexum  goctyna:
sciencedirect.com. — 3aru. ¢ skpaHa. — SI3. aHrJI.

Cambridgeuniversitypress[ D1eKTpOHHBIN pecypc] : KYpHAIIBI U3/1aTeIbCTBA.

— Cambridge: Cambridgeuniversitypress, 2018—. — Pexwum goctyma: cambridge.org. — 3ari. ¢
JKpaHa. — SI3. aHru.

NEICON [DnexTpoHHBIN pecypc]: aeKTpoHHas HH(DOpMAIIKs: apXUB HAYYHBIX KYPHAJIOB. —
Mocksa: HOMUKOH, 2002—. — Pexwum goctyma: neicon.ru/resources/archive. — 3ari. ¢ skpaHa.
— 3. pyc., aHrJL.

8.4. IlepeyeHb NpPOrpaMMHOro odecnevyeHus

Ne Hanmenopanmne IO PexkBU3UTHI uoron:)pa

n/n (nata, HOMep, CPOK JeliCTBHS)
1 Windows beccpounas
2 OfficeStandart beccpounas

8.5. Onucanue MaTepuaIbHO-TEXHHYECKOIi 0a3bl, HEOOXOAMMON /ISl OCyUIeCTBJIEHHUS

06p330BaTeJIbH01"0 nponecca mo TMCumMIIniHe

HanmeHnoBanue 000py10BaHHBIX Y4eOHBIX
Ka0MHeTOB, 1a0opaTopuii, MACTEPCKUX H
Ne AP- 00EKTOB L5t IPOBE/ICHHS . IlepeyeHb OCHOBHOTO 00OPYA0BAHUS
N/ | NPAKTHYECKHUX U J1a00pPaTOPHBIX 3aHATHI,
NMOMEIIEHUH I CAMOCTOATEIbHOM
PadoThI 00y4aOIUXCs (HOMEP ayIUTOPHH)
VYyeOHas ayauropus ajs nposeeHus 3ausaThil | CToubl YUEHUYECKUE JIBYXMECTHbBIE
JEKIMOHHOTO THUMa. Y4yeOHas ayauropus Ais | (MOHOOJIOK), CTOJI YUEHUUECKHUU
MPOBEACHUS 3aHATHA CEMHUHApPCKOIO THIA. | JBYXMECTHBIN , CTOJI IPENOJABATEIbCKUMN ,
VYuebHast ~ ayauTopusi UL KypCOBOTO | CTYI IIPENoAaBaTeIbCKUM, J0CKa
1 | TPOCKTHpOBAHUA (BBITMTOJTHEHUSI  KYPCOBBIX | ayIUTOPHAS (menoBas), kadenapa,
pabot). YueOHas ayauTopus AJisl IPOBEICHUS | IPOEKTOP, IKPaH.; KOMIIBIOTE.
IPYIIIOBBIX u WHIUBUAYaJIbHbBIX
KOHCYNbTallMid. YueOHas ayauropus s
IIPOBEJICHUS 3aHATHM TEKYHIETO KOHTPOJIS U
npomexxyrounoit arrecraruu (C-801)
KomnbrotepHsiit knacc. YueOnas ayauropus | [lepeHocHoir mpoekrop , 3kpad., CTosbl
JUISL IPOBEACHMS 3aHATUH JICKIIMOHHOTO TUIIA. | YYCHUYECKHE, CTOJI IPENoAaBaTeIIbCKHM,
2 | YuebOHas ayIuTOpHs sl IpOBeIeHus 3aHATHI | cTyinbs, [IK ¢ Beixogom B ceth MHTEpHET .

CEMMHAPCKOro THUMa. Y4yeOHas ayIuTOpHsl ISl
MPOBEICHUST JTa0OpaTOpHBIX paboT. YueOHas




n/n

HaumenoBanue 000py10BaHHBIX y4eOHBIX
Ka0MHeTOB, 1a00paTopuii, MACTEPCKUX H
ApP. 00bEKTOB /ISl IPOBeIeHus!
NPAKTHYECKUX U J1a00pPATOPHBIX 3aHATHH,
NMOMELIECHU VISl CAMOCTOATEILHOM
PadoThl 00y4aOIHXCs (HOMeEp ay TUTOPHH)

IlepeyeHb OCHOBHOIO 000PYy/10BaHMS

ayIUTOpUsl JUIsI KYpCOBOTO INPOEKTUPOBAHHUS
(BBIMOJTHEHUSI KYPCOBBIX paboT). YueOHast
ayIUTOPHUSL JUISl TIPOBEJCHUS TPYIIOBBIX H
WHAVBUAYAIbHBIX KOHCYNbTaLUNA YueOHas
ayauTopusi  JUIA  TPOBEACHHS  3aHATHH
TEKYIIEr0 KOHTPOJIE H  IPOMEKYTOYHON
aTTEeCTallUU. Kabuner UHPOPMATUKU
(kommbroTepHBIE Ki1acchl). (2-814)

[Momemenne 111 CaMOCTOSITEIbHOW pabOThI
crynentos (I'-401)

CT0JBI yUEHUYECKHE, CTYIIbSl YUCHUUECKHUE,
I1K ¢ Beixonom B ceTb MHTEpHET




