MMHUCTEPCTBO HAYKHU U BBICHIEI'O OBPA30OBAHM S POCCUMCKOM ®EJEPAITN
benepanbHOE TOCyIapCTBEHHOE 010 IKETHOE 00pa30oBaTesIbHOE YUpPEKICHUE
BBICIIET0 00pa30BaHUs
«TONBATTUHCKUN TOCYTAPCTBEHHBI YHUBEPCUTET

b1.B.03

(uHoexc OoucyuniuHot)

PABOYAA ITPOI'PAMMA JUCHUIIVINHBI

MeToauKa IOCTAHOBKH H NMpPOBE€ACHUS IKCIIEPUMEHTA

(HauMeHo8aHUe OUCYUNIUHDBL)

110 HAIIpaBJICHUIO ITOATOTOBKHU
22.06.01 TexHoJI0THM MaTEepPHAJIOB

HaIpaBICHHOCTH (TIPodHIIb)
MeTassioBejeHHe M TepMHUYecKkasi 00padoTKa MeTaJJIOB U CIIABOB

dopma 00ydeHus: OuHast
I'on Habopa: 2020
O6mras TpynoeMkocTsb: 6 3E

Pacnpeneﬂeﬂue JaCoB JUCIHUILIMHBI IO ceMeCTPpamM

Cemectp 1
®opma KOHTPOJIS 3auer Hroro
Bua zansaruii
Jlexun 18 18
JlabopaTopHbie
[IpakTnueckue 18 18

PykoBOJCTBO: KypcoBbie paboThl (poekThi) / PT'P

HpOMC)KYTO‘-IHaH aTTeCTanusAa

KonTaktHas pabora 36 36
CaMocTosTenbHas paboTa 180 180
KoHTpob

HUroro 216 216




Pabouyto mporpammy coctaBui(u):

[Tpodeccop aemapramerTa MarucTpaTypsl (OH3HEC-IPOTPaMM ), AOKTOP SKOHOMHUYECKUX HAYK,
npodeccop, Casenkos [1.JI.

(OondcHocmy, yueroe 36anue, cmenensb, Pamunus 1.0.)

PykoBoauTenp jemapTraMeHTa MarucTpaTyphbl (OU3HEC-IPOrpamMM), KaHAUIaT SKOHOMHUYECKUX HAYK,
noueHt, [llepcrodurosa A.A.

(Oondicnocmy, yuernoe 36anue, cmenetsb, @amunusa U.0.)

PenenzupoBanue paboueii mporpaMMbl TUCHUTUIHHBL:

OtcyTcTBYET

Penensent

(OovicHOCmb, yueHoe 36anue, cmenensb, Pamunus 1.0.)

Pabouas mporpamMma nucuuiuinHbl coctaBieHa Ha ocHoBaHuu PI'OC BO u yuebGHOro miuana
HanpasyieHus noarotoBku 03.06.01 dusuka u aCTpOHOMHUS

Cpok aeiicTBusi padoueii nporpaMmbl JucuMIUIMHbI 10 «30» aBrycra 2024 r.

COI'JTACOBAHO

3aBenyronuii kadeapoit / pykoBoauTes b AenapraMmenTa / TupekTop (pPyKOBOIUTENb) IIEHTPpa

« » 20 T.

(noonucw) (H.0. Damunus)

YTBEPXIEHO

Ha 3acepanuu nenaprameHTa MarucTpaTypsl (OM3HEC-IpOrpamMm)

(mpotokon 3acexanust Ne 1 ot «30» aBrycra 2019 r.).



1. Ilean ocBOEHUN TUCIUILIHHDI

Lenb ocBOEHUS TUCHUIUIMHBI — TEOPETHUECKU U MPAKTHYECKU U3YUUTh, H CPOPMHUPOBATH Y

06yqalonmxc>1 HAaBBbIKKM HCIIOJB30BaHUA MCETOAOB IINIAHUPOBAHUA OKCIICPHMEHTA,

coopa wu

CHCTEMAaTH3allud JaHHBIX, YHUCJICHHOW OOpabOTKH TOIYYEHHBIX pe3yJbTaTOB U KOPPEKTHOH
UHTEPIPETALMH PE3yIbTaTa SKCIIEPUMEHTAIbHOTO UCCIIEIOBAHHUS.

2. Mecto nucuuminnsl B ctpykrype OIIOIT BO

I[I/ICI_[I/IHJII/IHLI U IpPaKTUKHU, Ha OCBOCHHH KOTOPBIX 6a3preTcs1 JaHHasg JUCHUIIINHA:

JUCHUIIIMHBI IIPEALIAYIICTO YPOBHA 06p330BaHI/I5I.

HI/ICHI/IHHI/IHLI " IMPAKTHUKH, TSI KOTOPBIX OCBOCHUC HaHHOﬁ JAUCHUITIIMHBI HeO6XO,I[I/IMO Kak
NpeaAmCCTBYIOMCC: MOATIOTOBKA U HAITMCAHUE JUCCEPTALNH, ITOATIOTOBKA K CAa4U€ roCya1apCTBECHHOI'O
J9K3aMfC€Ha, ITIOATOTOBKA K CJa4€ KaHAUJAATCKHNX 3K3aMCHOB.

3. Ilinanupyembie pe3yJibTaThl 00y4YeHUs

HNuauxkaropsl

dDopmupyeMbie U
JAOCTUKEHUS

KOHTPOJINpYyeMble N

KOMIIeTeHIIU I

KOMIETEeHI[UH
(xom m
(Ko 1 HAUMEHOBAHUE)
HaNMEHOBAHWE)

I[lnanupyemMble pe3y/bTaThbl 00yUeHUsI

OIIK-1 (criocoOGHOCTEIO -
CaMOCTOSITENIHO ~ OCYIIECTBIISATh
HAY4HO-HMCCIIEI0BATEIbCKYIO
JEATENEHOCTD B
COOTBETCTBYIOIIEH
npodeccroHanbHOil 0o0jacTu C
UCIIOJIb30BAHUEM COBPEMEHHBIX
METOJIOB ~ HCCIENOBaHUS  H

3HaTh: COBpPEMEHHBIC METO/IbI
HCCIIEIOBAHUS 51 MH(OPMALIMOHHO
KOMMYHHKAITUOHHBIX TEXHOJIOTHIA

VYMeTh: CaMOCTOSATENFHO OCYILIECTBISTh
HAY4HO

UCCIIEIOBATEIbCKYI0  JIESITENbHOCTh B
COOTBETCTBYIOLIEH

npodeccHoHaNbHOM 00JIacTH

KOHJCHCUPOBAHHBIX  BEIIECTB,
U3MEHEHHEe HX  (U3NYECKUX
CBOWCTB B PE3YyJIbTATE PA3JIMYHBIX
BHEIIHUX BO3/IEUCTBUIA)

MH(}OPMALIMOHHO- Brnanets: HaBbIKaMU IPUMEHEHUS
KOMMYHHKAIIMOHHBIX COBPEMEHHBIX METOZIOB
TEXHOJIOTUI) UCCIEOBaHUSI U HH(OPMALMOHHO-
KOMMYHHKAIIMOHHBIX
TEXHOJIOTHI
I1K-2 (ymeHuem - 3HaTh: U3MEHEHHE (U3UYECKUX CBOMCTB
AKCIIEPUMEHTAIBLHO KOHJICHCUPOBAHHBIX
yCTaHaBIIUBAaTh COCTOSTHUS BEUIECTB B  pE3yNbTare  pa3IMYHBIX

BHEIITHUX BO3ICHCTBHH

VYMeTs: - 9KCHEPUMEHTAIBHO
yCTaHaBJINBATh COCTOSTHUS
KOHJICHCHPOBAHHBIX BEIIECTB

Brnaners:  HaBBIKAMH ~ YCTaHOBJICHUS
COCTOSTHUS

KOH/ICHCUPOBAHHBIX BEILECTB, U3MEHEHHS
ux buznueckux

CBOMCTB B  pe3yibTaTe  pPa3IMYHBIX
BHEIIITHUX BO3AEHCTBUI




dDopmupyeMbIe H
KOHTPOJIHpYeMble
KOMIIeTeHIHH
(Ko 1 HAUMEHOBAHUE)

HNuaukaTopsl
AOCTHKEHU S
KOMIIeTeHI Ui
(koo m
HaWMCHOBAHHE)

Ilnanupyemblie pe3yabTaTbl 00y4eHUs

I1K-4 (criocoOHOCTH - 3HaTh: METOABl M3Y4YCHHUS (PUIUUIECKUX
pa3pabaTbIBaTh CBOHCTB MaTepuaJioB
OKCHEPUMEHTAIbHBIE  METOJbI Ymerb: pa3pabaTbIBaTh
U3y4eHus: (U3MUECKUX CBOMCTB OKCIIEPUMEHTAIBHBIC METOJbl H3YUCHHUS
MaTepHaJoB u CO3/IaHUE (U3NUECKUX CBOICTB MaTepHAaJIOB
bu3UecKuX OCHOB Branets: HaBBIKAMH CO3JaHus
MIPOMBIIITICHHON TEXHOJIOTHH buznIecKkux OCHOB
NOJYYeHHs  MarepuajioB ¢ IPOMBIIUICHHON TEXHOJIOTHH TOIYyYCHHUS
OTIpeIeIICHHBIMU CBOWCTBAMH) MaTepHaJioB

YK-5 (crtocoOHOCTBIO - 3HaTh: COBpPEMEHHBIE METOJIbI
IUTAHUPOBATh M pemaTh 3a7adu IUIAHUPOBAaHMWSI W pelIeHUs  3a/1ad
COOCTBEHHOTO COOCTBEHHOTO  MPO(ECCHOHATBHOTO U

npodeccrnoHaIEHOTO u
JMYHOCTHOTO Pa3BUTHSI)

JIMYHOCTHOI'O Pa3BUTHA

YMeTh: IJIaHUPOBATh M PEIIaTh 3aJauu
cOOCTBEHHOIO
mpo(ecCHOHAIBHOTO |
pa3BUTHUSL

JIMYHOCTHOI'O

Brnaners: HaBplkaMM IUIAaHUPOBAaHUS U
pELIEHHUS 3a/1a4u

cOOCTBEHHOr0  MPO(ECCHOHATBLHOTO U
JIMYHOCTHOTO PA3BUTHS




4. CTpyKTYpa M coJiepKaHue IUCHUIINHbI

®opMbl TEKYLEr0

Bun . KOHTPOJIA
Monayab . HaunMenoBanue TeM 3aHATHH
yueOHOI N Cemectp |O0beM, u.| Bbanabl | UHTepakTHuB, 4. (HamMeHOBaHUe
(paznen) (yueoHoOii padoThI)
padoThI OLIEHOYHOI'0
cpeacrsa)
Jlex 2
Ponb skcniepumenTa B IpoBeIEHUU HAYYHOTO
WCCIIeTIOBaHUS
CP 10
[P 6 KommiekT oTyeToB mo
[TocTpoenure 3MeKTPOHHBIX TaOIUIL IS MPAKTHYECKUM
UCXOJHBIX JJAHHBIX KCIIEPUMEHTA paboram
CP 10
Jlex DTansl NPOBeIeHUs YIKCIIEPUMEHTATHHOTO 2
CP HCCIIEIOBaHUS 10
Mertonuka N3mepenne pe3yapTaToB U OJyYEHHE
MMOCTaHOBKH U IKCIIEPUMEHTAILHBIX JTAHHBIX 1
MPOBEACHIA | T1p 2 KOMILIEKT OTYETOB O
PKCIEPUMEHTA|
KoMmnbroTepHas MOJemb 1715l KpUTepHst Xu- [IPAKTHICCKIM
KBajpaT paboTam
CP 10
Jlex CraTucTrudeckre MeTOo bl OIIEHKH 2
CP JTOCTOBEPHOCTH HKCIIEPUMEHTAIBHBIX TAHHBIX 10
[P 4 KommnekT otueroB no
KoMrIibroTepHas MOJIeNb [Isl KpUTEPHSI [PAKTHHCCKIM
Kpamepa-Yomma paboTam
CP 10
Jlek KomnerotepHsie cucTeMbl 00paboTKu 2
CP CTaTUCTUYECKUX JTaHHBIX 10




®opMbl TEKYILLEr0

Monayab Bun . HaunMenoBanue TeM 3aHATHH KOHTpO.IA
y4eOHoi . Cemectp |O0bem, u.| Bbaauasl | UHTepakTuB, 4. | (HaMMeHOBaHMe
(paznen) (yueoHoOii padoThI)
padoThI OLICHOYHOI0
cpeacrsa)
I1P 6 KoMIuiekT oT4eToB no
KommnbrorepHas Mozieins Uist KpUTEPUs [IPAKTHICCKNM
«yrioBoe npeodpasopanue durepar paboTam
CP 10
Jlex Knaccudukanus cTaTHCTUYECKUX METOJIOB H 2
CP 00JacTh UX MPUMEHEHUS 10
ITP 2 KommiekT oTueToB no
[InanupoBaHue 3kciepuMeHTa U 00padboTKa [IPAKTHYCCKIM
JAHHBIX C MTOMOUIBIO TPEKO-JIATUHCKUX paboTam
KBaJIpaToOB
CP 10
Jlek [TocTpoeHue IeKTPOHHBIX TAOJIUIL AJIs 2
CP 00pabOTKH Pe3yJbTaTOB IKCIIEPUMEHTA 10
I1P 4 KommnekT otueroB no
CP CpaBHI/ITeHBHBII\/’I AHAJIN3 KPUTCPUA Xu- 10 MMPaKTUIECKUM
kBaapar u kpurepus Kpamepa-VYamnma paboTam
Jlek [IpoBenenune s3KkCepUMEHTA C OMOILBIO 2
CP AMHUTAIIMOHHOU MOJEIIH 10
I1P 4 KommuiekT otueToB no
CP [TocTpoeHrE UMUTALTUOHHOM MOZEIIN JJIs 10 [IPAKTHYECKIM
MOJIYYEHUS] CTATUCTUYECKUX JAHHBIX paGotam
Jlex OTtoOpakeHre U MHTEPIPETAIUs Pe3yIbTaTOB 2
CP HKCIIEPUMEHTAIILHOTO UCCIIEI0BAHMS 10
1P [TocTpoeHne MOJIENH 3ITIEKTOPATBHOTO 2 Kowmrext oT4etos no
Cp IpoIecca — yTOYHEHHAs! KOMIIbIOTEpHAst 10 [IPAKTHECCKIM
Moenb JlayHca paboram




Monayab
(paszaen)

Bun
y4eOHoi
padoThI

HaunMenoBanue TeM 3aHATHH
(yuedoHOM padoTHI)

®opMbl TEKYILLEr0
KOHTPOJIA
Cemectp |O0beM, u.| Bbanabl | UHTepakTuB, 4. | (HAauMMeHOBaHHe
OII€HOYHOI0
cpeacrsa)

CP

ITogroroska k 3aueTy

10 Bomnpocsr k
[IPOMEKYTOYHON
aTTecTaluu

HUroro: 216

Cxema pacyera UHTOroBoro 6ajia

@DopMBI TEKYIIETO KOHTPOJIS Ycnosus gomycka Kputepun u HOpMBbI OLICHKH

3ammTa oT4YeTa Mo MPaKTUIeCKoi padore Boinonnenue OneHka  «3ayT€HO»  CTAaBUTCA  CTYAEHTY, [POSBHUBIIEMY  3HAHMS
IIPAKTUYECKON pabOThl Ha | MPOrPaMMHOI0 Marepuana, OOHapyXMBIIEMY MOHUMAaHHUE U MPAKTUYECKOE
KOMIIbIOTEpE U | HCIIOJIb30BaHUE YY4EOHOTO MaTepHualia, WM JAOMYCTHUBIIEMY HETOYHOCTH B
IIPEICTaBICHHE OTBETE, HO O0JIafjaroNeMy HEOOXOAUMBIMU 3HAaHUSMH U YMEHUSAMH JJIS UX
paboTatomiero yCTpaHEHUs PU KOPPEKTUPOBKE.
MIPOrpaMMHOTO MPOAyKTa | OLeHKa «HE 3a4TEHO» CTABUTCS CTYACHTY, HMMEIOIIEMY CYLIECTBEHHBIE
IIPETIOJaBaTEIIIO mpoOenbl B 3HAHMM OCHOBHOTO MaTepuajga IO Iporpamme, a Takxke

AONNYCTUBIICMY NMPHUHIHUIINAJIBHBIC OIIINOKH IIpH U3JI0OKCHUH MAaTCpuajia.




5. O6pa3oBaTe/ibHbIE TEXHOJIOTHHU

B paMKax U3y4CHUA TUCHHUILIINHBL «MCTO,HI/IKa MIOCTAHOBKHU U IPOBCACHUSA SKCIICPUMCHTA»
NPEIYyCMOTPEHO UCIIOJIB30BAHUE CIEAYIOMNUX 00pa30BaTEIbHBIX TEXHOJIOTHHA:
¢ TCXHOJIOTHA  TpaaAUIHUOHHOI'O O6y‘-I€HI/ISII JICKOUHN u MMPAKTUYCCKUC pa6OTLI,
caMoCTOsITeNIbHAs padoTa;
® TEXHOJIOTHS MPOSKTHOTO OOYUYCHHUS: Peau3alus U 3alIUTa OTYETOB 0 MPAKTUYECKUM
paboram.

6. MeToauuyecKue YKa3aHUusA 110 0OCBOCHUIO JUCHUIIIMHBI
PeKOMeHIIaIII/II/I 0 MOAT0OTOBKE K JICKHIMOHHBIM 3aHATHUAM

N3yueHune QUCUUIUIMHBI TpeOyeT CHCTEMAaTH4YeCKOro M IOCIIEA0BATEIbHOIO HAKOMJICHUS
3HaHUM, CIIEIOBATEIbHO, IPOITYCKH OTAEIBHBIX TEM HE MTO3BOJISIFOT IIIyOOKO OCBOUTH IIPEIMET.

B Xone JNEeKIMOHHBIX 3aHATUN PEKOMEHYETCS KOHCIIEKTHPOBaTh Y4YeOHBIM Marepua,
oOpariasi BHUMaHUE Ha KaTeropuu, GOpMYITHPOBKH, PACKPBIBAIOIINE COICPIKaHNE T€X MM HHBIX
SBJICHUH U ITPOLIECCOB, HAYYHBIE BBIBOJIbI M IPAKTUUECKHUE PEKOMEHIALINH, ITOJIOKUTEIbHBIN OIIBIT
B OpaToOpCcKOM HcKyccTBe. JKemarenabHO OCTaBUTh B pabOYMX KOHCIIEKTaxX IOJIs, Ha KOTOPBIX
JIeJIaTh TIOMETKU U3 PEKOMEHJOBAHHOM JMTEPaTyphl, JONOJIHAIOIINE MaTepuall MPOCIylIaHHON
JEKUUU, a TaKkKe IOAUYEPKUBAIOIIUE OCOOYI0 BaXXHOCTh TE€X WJIM HUHBIX TEOPETUYECKUX
IIOJIOKEHUH. 3aJaBaTh MPENOJAaBaTeNII0  YTOUHSIOIIME BONPOCHI C LEIbIO  YSCHEHMS
TEOPETHYECKUX ITOJIOKEHUN, pa3pelIeHUsI CIOPHBIX CUTYallUN.

B Xone mHOArOTOBKM K JIEKIUSAM H3YYUTh OCHOBHYIO JINTEPATYPY, O3HAKOMHUTBECS C
JIOTIOJTHUTEIILHON JINTEpaTypol, myOnukamusiMu B VHTEpHET-UCTOYHHMKAX, NEPUOTUYECKUX
u3anusx. [lpu aToM ydecTs pekoMeHAaluu MpernoiaBaTess U TpeOoBaHUs y4eOHOM MPOrpaMMBl.
JlopabaTeIBaTh CBOM KOHCIIEKT JIEKIUH, Jie]asi B HEM COOTBETCTBYIOIINE 3alllCH U3 JIUTEPATYpBhI,
PEKOMEH/I0BaHHOM MpenoAaBaTeseM 1 MpelyCMOTPEHHON Y4eOHOH MporpaMMoi.

CTyneHT MOXEeT J[ONOJHUTh CIHCOK HCIOJb30BAaHHOW JHUTEpaTypbl COBPEMEHHBIMU
HUCTOYHHMKAMH, HE NPEJCTaBICHHBIMU B CIIMCKE PEKOMEHIOBAHHON JTUTEPATYPBL, U B JaJbHEUIIEM
MCIIOJIb30BaTh COOCTBEHHBIE MIOJrOTOBJIEHHBIE yUeOHbIE MaTepUalbl IPYU HAITMCAHUU KYPCOBBIX U
BBIITYCKHBIX KBATU(UKAIIMOHHBIX PaloT.

PexoMeHganmuu no NoAroTOBKe K NPAKTHYECKUM 3aHATHAM

CryneHnTam cienyer:

® 10 OYEPEeNHOT0 MPAKTUYECKOrO 3aHSATHS MO PEKOMEHIOBAHHBIM JHTEPaTypPHBIM
UCTOYHUKAM MpopadoTaTh TEOPETUYECKHIl MaTepuan, COOTBETCTBYIONIEH TEMBI
3aHATHUS;

® TIpU MOATOTOBKE K MPAKTHUECKUM 3aHSATHUSAM CIEyeT 00s3aTeIbHO UCTIOIb30BaTh HE
TOJIBKO JIEKITUH, YIeOHYIO TUTEPATYPY, HO U JPYTHe UCTOUYHUKY;

e B Hauaje 3aHATUN 3aaTh IPENOAABATENIO BOIPOCHI 10 MAaTEepHaiy, BBI3BABIIEMY
3aTPYAHCHUA B €TI0 IMOHMMAaHHWU W OCBOCHHMHU IIpU PCIICHUHU 3aJa4d, 3aJaHHBIX IJId
CaMOCTOSITENILHOTO PEIICHHS;

® Ha 3aHATUHN JOBOAUTH KaXXOyro 3agavy 0 OKOHYATCJIBHOTO peuIcHuA,
JEMOHCTPUPOBaTh MOHMMAHHUE TMPOBEACHHBIX PAcyeToOB (aHAIM30B, CUTyaluil), B
ClIy4ae 3aTpyaHEHUI 00pamiaThCs K MpernoiaBaTeio.

21.]'[5[ TOT'0 4TOOBI MMPAKTUYCCKUEC 3aHATHUA TPUHOCUIIN MAaKCUMAJIBHYIO IOJIb3Y, HeO6XO)II/IMO
MOMHHTb, YTO YIPKHEHUE U PEIICHUE 3a7ad MPOBOIATCSA MO PACCMOTPEHHOMY Ha JEKIHAX
MaTC€pHrally 1 CBA3aHbl, KaK IIpaBHJIO, C ACTAJIbHBIM p3360pOM OTACJIBHBIX BOITPOCOB JICKIITMOHHOI'O
kypca. CremyeT MOAYEPKHYTh, YTO TOJBKO IIOCJIE€ YCBOCHHUS JIEKIIMOHHOTO Marepuaia cC
OTIPENIETICHHOM TOYKH 3peHUs (a2 UMEHHO C TOW, C KOTOPOW OH M3JIaraeTcs Ha JICKIUIX) OH OyaeT
3aKPCIUIATHCA CTYACHTOM Ha MPAKTUYCCKUX 3aHATHAX KAK B PC3YJIbTATC OGCy)KI[eHI/IH 1 aHaJIn3a
JICKIIMOHHOT'O MaTepuasa, Tak U C IOMOIIbIO pelieHns NpoOIeMHBIX CUTYyaluil, 3aaa4. [Ipu aTux



YCIIOBUSIX CTYACHT HE TOJBKO XOPOLIO YCBOMUT Marepuasl, HO U HAay4HUTCs NPHUMEHSTh €ro Ha
IPAaKTUKE, a TAKXKE IMOJYYUT JONOJHUTENIBHBIA CTUMYJ (M 3TO OYEHb BAa)KHO) AJISl aKTUBHOU
POPa0dOTKH JIEKIUH.

[Tpr camMOCTOATENBHOM pELIECHUM 3a]ady HYKHO OOOCHOBBIBATh KaXKIbl 3Tall peLICHMS,
UCXO0Js U3 TEOPETUUYECKUX IOJIOKEHUHN Kypca. Ecii CTyIeHT BUAUT HECKOJIBKO IIyTEH peIIeHUs
npo0emsl (3a7au), TO HY)KHO CPaBHUTh MX U BBIOpaTh camblii panvoHainbHbIN. [lone3no no
Hayaja BBIUMCICHUIH COCTaBUTh KpATKUH IUIaH pemeHus mnpoOneMsl (3amauu). Pernenue
IpoOJEeMHBIX 33/a4 WIM IPUMEPOB CIEAyeT M3JlaraTh MOAPOOHO, BBIYMCIEHUS pacrosaratbh B
CTPOrOM IIOPSAKE, OTHENSAs BCIOMOraTeIbHbIE BBIYUCICHUS OT OCHOBHBIX. Pemienus npu
HE00XO0IMMOCTH HY>KHO CONPOBOXKJIaTh KOMMEHTAPHUSIMU, CXEMaMH, YepPTEKaMU U PUCYHKAMHU.

Crenyer NOMHUTB, YTO pPEUICHHE KaXI0H y4eOHOW 3aaud JOJDKHO JOBOJAUTHCS [0
OKOHYATEeJIbHOTO JIOTMYECKOr0 OTBETa, KOTOPOro TpeOyeT YCIOBHE, M IO BO3MOXHOCTH C
BBIBOZIOM. [lomydeHHBI OTBET cienyeT MPOBEPUTh CHOCOOAMH, BBHITEKAIOIIMMHU U3 CYyIIECTBa
naHHOM 3anaun. [Tosne3Ho Takxke (€cau BO3MOXKHO) pellaTh HECKOJIBKMMHU CIIOCO0aMH U CPaBHUTH
MOJIy4dEeHHBIE pe3yIbTaThl. Pemenne 3a1a4 JTaHHOTO THITA HY>KHO MPOJOJDKATh A0 MPUOOPETEHUs
TBEP/BbIX HABBIKOB B UX PELLCHUMU.



7. OueHOYHBIE CPEACTBA

7.1. IlaciopT OLIEHOYHBIX CPEACTB

Cemectp Koxa koHTpO/IMpyemMoii KOMIIeTeH UM HaumenoBanmue
(1JM ee 4acTH) OILIEHOYHOI0 CPeICTBA
1 OIIK-1; IIK-2; IIK-4; YK-5 KomriekT oT4eToB no npakTH4ecKum
paboram 1-8
Bormpocs! k 3auery 1-44

7.2. TumoBble 3aJaHUsi WJIH WHbIE MaTepHAJIbl, HEOOXOAMMBbIE I TEKYIIero
KOHTPOJIA

7.2.1 KoMILIEKT 0TYETOB M0 MPAKTHYECKUM padoTaM.

IIpakTnyeckoe 3ansatue Nel. ITocTpoeHue 3J1eKTPOHHBIX TAOJAUI AJS MCXOJAHBIX JAHHBIX
IKCIIEPHMEHTAa

3agaHue: NOCTPOUTH IEKTPOHHBIE TAOIMIIBI AJI1 UICXOAHBIX JAHHBIX SKCIIEPUMEHTA.

OnucaresqbHass nHpopMauuoHHass Mojenab. Ha mepBoM sTame uccieqoBaHus 00beKTa
WINA TIpoliecca OOBIYHO CTPOUTCS OINUcaTelIbHas WHPOPMALMOHHAS MOJeNb. Takas MOAenb
BBIICISIET CYIIECTBEHHBIE, C TOYKM 3pEHUS IeJIed IPOBOAMMOIO HCCIEIOBAHUS, NapaMeTpbl
00BEKTa, @ HECYIIECTBEHHBIMU TTapaMeTpaMu MpeHeOperaer.

®opmanu3zoBaHHasi MoJeb. Ha BTopoM stane co3naercs GpopMaan3oBaHHas MOJETb, T. €.
onucaTenbHast ”H(HOPMAIIMOHHAS MOJIENb 3aITUCHIBACTCS C IIOMOIIBIO KAaKOT0-TH00 (hOPMAIBHOTO
A3blka. B Takoil Mojenu ¢ momouibto (GopMylsl, ypaBHEHMH WIIM HEpaBEHCTB (PUKCUPYIOTCS
(dbopManbHbIE COOTHOLLIEHUSI MEX/1y Ha4aIbHBIMU U KOHEUHBIMHU 3HAUEHHUSIMU CBOMCTB OOBEKTOB,
a TaK)Ke HAKJIAJbIBAIOTCS OIPAaHUYEHHUS HA JOIYCTUMBIE 3HAUEHUS ITUX CBOMCTB.

Opnako Janeko He BCerjga yaaeTcs HalTu (OpMyIibl, SIBHO BbIpa)KarolIHe HCKOMBIE
BEJIMYMHBI Yepe3 HCXOAHblEe JAaHHble. B Takux cioydasx MCHONB3YIOTCA NPUOIMKEHHbIE
MaTeMaTUYeCKHUEe METO/IbI, TO3BOJISIFOIINE MOJy4aTh Pe3ybTaThl C 3aJaHHON TOYHOCTBIO.

Komnblotepnass mopgeas. Ha TperbeM dTame HeoOXoaumo  (GopMann30BaHHYIO
MH(OPMALIMOHHYIO MOJENb Mpeo0pa3oBaTb B KOMIIBIOTEPHYIO MOJIENb, T. €. BBIPa3UTh €€ Ha
MIOHSITHOM Il KOMIIbIOTEpa si3bIKe. CyIIECTBYIOT pa3jIMyYHbIE IIyTH OCTPOEHUSI KOMIIBIOTEPHBIX
MOJCIEH, B TOM qHCIe:
- CO3/1aHUE KOMITBIOTEPHOM MOieNH B (hopMe MPOEKTa Ha OJJHOM M3 S3bIKOB IPOrpaMMHUPOBAHUS;
- MOCTPOEHHE KOMITBIOTEPHOM MOJENIU C HCIOJb30BAHUEM 3JEKTPOHHBIX TAOJIMIl UM APYTUX
OPUIOKEHUH: CUCTEM KOMIIBIOTEPHOTO YEpuUeHHs, CHCTEM YIpaBieHHs O0a3aMu JaHHbIX,
reonH(OPMAaIIMOHHBIX CUCTEM U T. 1.

B mnpomecce co3maHUS KOMIBIOTEPHOM MOJENM TOJIE3HO pPa3paboTaTh  YAOOHBIH
rpaduueckuit UHTEpQEIic, KOTOPHIN MO3BOJIUT BU3YAIU3UPOBATh (POPMANbHYIO MOJIENb, A TAK¥Ke
pearn30BaTh UHTEPAKTUBHBIN 1MAJIO0T YEJI0BEKA C KOMIIBIOTEPOM Ha ATalle UCCIEA0BaHNs MOJEIIN.

Komnblorepublii 3xcnepumeHT. YeTBepThlii 3Tanm ucciaenoBaHus HWHGOPMaMOHHON
MOJIEJIM COCTOUT B IPOBEACHUM KOMIIBIOTEPHOTO DKCIEPUMEHTA. Eciin KOMIIBIOTEpHAs MOJEIb
CYILIECTBYET B BUJIE MTPOEKTA Ha OJTHOM M3 S3BIKOB IPOrpaMMHUPOBaHUs, €€ HYKHO 3aIlyCTUTh Ha
BBITIOJIHEHNE, BBECTU UCXOAHBIE IAHHBIE U MTOJIYUYUTh PE3YJIbTATHI.

Ecnn xoMmmbloTepHass MOJENb UCCIENYETCS B MPUIIOKEHUHU, HAPUMEpP, B AJIEKTPOHHBIX
TabJIUIIAaX, TO MOKHO IIOCTPOUTH TUArpaMMy MM rpad UK, IPOBECTH COPTUPOBKY U MOUCK TaHHBIX
WJIM HUCIIOJIb30BATh JAPYyrye Crelraln3upoBaHHbIE METObl 00pabOTKH JaHHBIX.

IIpn wMCNONB30BaHMM TOTOBOM KOMIIBIOTEPHOM BU3YyaJlbHOM WHTEPAKTUBHOW MOJEIU
HEOOXOMMO BBECTH HMCXOJHBIE IAHHBIE, 3allyCTUTh MOJIENb Ha BBINOJHEHHE M HaOII0AaTh
U3MEHEHHE 00BEKTa U XapaKTEPU3YIOIINX €r0 BETHYUH.



B BupTyanpHBIX KOMIBIOTEPHBIX Ja0OpAaTOPHUSIX MOXKHO IPOBOJAUTH SKCIIEPHUMEHTHI C
peasibHbIMH 00bekTamMu. JlJii 3TOro K KOMIBIOTEPY HPHUCOEAUHSIIOTCS NaTYUKH H3MEPEHUs
¢u3nueckux MmapaMeTpoB (TeMmepaTypbl, NaBJICHUS, CHIBI W Jp.), JaHHBIE HW3MEpEeHUi
nepesaloTcss B KOMIBbIOTEp U 00pabaThIBalOTCS CIEUMaIbHOW mporpammoil. Pe3ynbTarhl
HKCIEpUMEHTa B BHUJE TaOIMI, rpadUKOB U JUarpaMM OTOOpaKalOTCS HA SKPaHE MOHHUTOpA U
MOTYT OBITH pacreyaTaHbl.

AHaJM3 MOJyYeHHBIX Pe3yJbTATOB H KOPPEKTHPOBKA HcceayemMoil Moaenu. [IaTeiii
3Tall COCTOUT B AHAJIM3€E MOJYYEHHBIX PE3yJIbTaTOB U KOPPEKTUPOBKE HccienyeMoil mojaenu. B
Cllyuae HECOOTBETCTBHUS pPE3yJbTaTOB, MOJIYYECHHBIX IPH HCCIEIOBAHUM HH()OPMAIMOHHON
MOJIeJIH, M3MEpsieMbIM IapaMeTpaM pealbHbIX OOBEKTOB MOXKHO CJENIaTh BBIBOJA, 4YTO Ha
NpEIbIAYIINX dTanax MOCTPOSHUS MOAETH OBbLIH JOMYIICHBI OIIMOKH MM HETOYHOCTH.

Hanpumep, mnpu mOCTpOEHUH ONUCATENbHONM KAayeCTBEHHOW MOJIEIN MOTYT OBbITh
HEMPaBUIBHO OTOOpaHbI CYIIECTBEHHBIE CBOWCTBA OOBEKTOB B Mpolecce (popManu3anuu MOTYT
ObITh JOmylleHbl OomMOKH B QopMmynax U T. A. B 3Tux cioyyasx HEOOXOAMMO MPOBECTH
KOPPEKTUPOBKY MOJEIH, PUYEM YTOUHEHUE MOJEIHU MOXKET IPOBOAUTHCSI MHOI'OKPATHO, IOKa
aHAJIU3 Pe3yNIbTaTOB HE MOKAXET UX COOTBETCTBHE N3Yy4aeMOMY OOBEKTY.

ITocTpoenne 31eKTPOHHON TA0IULBI A1 CTATHCTHYE6CKOH 00padOTKH pe3yJIbTaTOB
JKCIepUMeHTa (MpPOBepPKa CTATHCTHYECKOH OJHOPOAHOCTH JKCIHEPUMEHTAJIbHOH W
KonTpoJbHoii rpynn Ha0J/1r01eHuil)

A B C D E
KomngectBo Kommuecto
KommuectBo KomngectBo . .
. - 6a10B I-ro 6ai10B I-TO
0aiioB I-ro 0aioB I-ro
Howmep CTyJEHTa CTyJEeHTa ;ggng;; SEZii;?:;
KOHTp. TP. 10 | 9KCHep. Ip. 10 Hocle Hoce
AKCIIEPUMEHTA | SKCIIEPUMEHTA
JKCIEPUMEHTA | 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
KommmuectBo KomnuectBo
KonnuecTBo KonnuectBo . -
SAILI0B i-10 SAILIO0B i-1o OaJIoB I-r0 O6ayIoB I-T0
Howmep CTyJIeHTa CTyIEeHTa cryAcHTa CTyacHTa
KOHTp. I'p. 10 | 3KcHOep. rp. A0 KOHTD. TP- KCTIED. TD-
HKCIIEPUMEHTA | SKCIIEPUMEHTA focie focie
SKCIIEPUMEHTA | SKCIIEpUMEHTA
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 28,4 31,0 39,2
Jlucnepcus 158,56 184,81 160,10 191,30
Cpeonee Bwumcnsgercs 1o ¢opmyne =CP3HAY (B2:B61) c¢ mnocnenyromum
THpaxupoBanuem no cronduam C,D,E
Hucnepcusa  Beruucnsercs mo  Gopmyne =/WUCIT (B2:B61) c¢ mnocnexyrommm

THpaxupoBanuem no cronduam C,D,E



Te ke nanHble ¢ MpeoOpa3oBaTh B TAOIHIlY MOPSIKOBBIX JAHHBIX C MOPSIKOBON LIKAJIOM,
UMEIOIIIeH 3aanHoe Ynciio rpanganuii (3, 5, 7). K nmonydyenHoi Tabiuiie Ha CIICIYIONIEM 3aHATHH
OyJleT mpuMEeHEeH KpUTEepUi X1-KBaIpar.

IIpakTnyeckoe 3ansaTHe Ne2. KomnbrorepHasi Moiesb 1Jisl KpuTepusi Xu-KBajapar

Llenp paboThI: nocmpoums INEKMPOHHYIO mabauyy, onpeoensouyio
00HOPOOHOCMb/HEOOHOPOOHOCHb  08YX  CMAMUCIUYECKUX B8blOOPOK HA 3A0AHHOM VPOBHE
3HAYUMOCIU D.

3agaHue Ha peleHHe 3aauu

B kauectBe mpmMepa paccMaTpHUBAIOTCS JBE BBIOOPKH 10  pe3ysibTaTam
00cI1eI0BaHus TPYII YYaIlIUXCsl.

CpencrBamu MS EXcel BbIUMCHSIOTCS 3HAUCHHE KPUTEPHs XHM-KBAZpaT U OMPEIENIeTCs
CTENEHb YBEPEHHOCTH B OJHOPOIHOCTH/HEOJHOPOJHOCTH BBIOOPOK Ha 3aJaHHOM YpOBHE
saaunmoctu p=0,05 (p=0,01).

[1n1aH BeINOJIHEHHUS PAdOTHI

1.  BsiOepute UCXOTHBIC BHIOOPKH.

2. Iloctpotite BerurcauTenbHyto Tadmuiy B MSEXcel.

3. 3anaiite ypoBenb 3Haunmoctu p=0,05.

4. ChopmynupyiiTe BBIBOJ O CTATUCTHUCCKON 00HOPOOHOCHU/HEOOHOPOOHOCHU 8bIO0POK.
OObsicHUTE UX pa3nyue.

Conep:kanue oTyera
l. TUTyJIBHBIN JIUCT.
1. Hazpanue u nienb paboThl.
1. PesynbTath! BeiosHEHNS paOOTHI
V. 3aKIro4eHne
V. [Ipunoxenus

IIpakTuyeckoe 3ansaTue Ne3.

Komnbrorepnasi mogenns s kpurepusi Kpamepa-Yanua

3aganue: HeoOGxogumo mnpumeHuTs Kputepudl Kpamepa-Yamua, OCHOBaHHBIM Ha
CTaTUCTUKE, JUUIsl IPOBEPKU TMIIOTE3bl PABEHCTBA MATEMAaTUYECKUX 0KUAAHUHN UCIIOIb30BaTh.

Kputepuii Kpamepa-Yanya umeer npo3payHblii CMBICT — Pa3HOCTh BHIOOPOUYHBIX CPEIHUX
apu(MeTHUeCKuX I JIBYX BBIOOPOK JIEUTCS HA €CTECTBEHHYIO OLICHKY CpEIHEro
KBaJPaTHUYECKOr0 OTKJIOHEHMS 3TOM pa3HOCTHU. ECTECTBEHHOCTh yKa3aHHOM OLEHKH COCTOWUT B
TOM, YTO HEU3BECTHBIE CTATHUCTUKY TUCIIEPCHM 3aMEHEHbl UX BBIOOPOYHBIMH OlleHKaMu. U3
MHOTOMEpPHOM LEHTPAIbHOW MPENEIbHON TEOPEMBI U U3 TEOPEM O HACIEAOBAHUHU CXOIUMOCTHU
BBITEKAET, YTO MpPH pocTe 00BEMOB BBIOOpPOK pacmpezneneHue cratuctuku T Kpamepa-VYoamua
CXOJIUTCA K CTaHJAAPTHOMY HOPMAJIBHOMY PAaCHpPENENICHUI0 C MaTeMaTH4eCKuM okuianuem 0 u

nucrepeueii 1. Urtak, npu cnpaseqmsoct H, 1 Gomnbiunx oGbemMax BEIGOPOK pacmpesie/icHHe

cTaTHCTUKH T MPUOIMKAETCS ¢ TIOMOIIBIO CTAHIAPTHOT'O HOPMAaJIBHOTO pactpeseneHus D (x), u3
TaOJIUIl KOTOPOTO CIeAyeT OpaTh KPUTUUECKUE 3HAUCHUS.

N3 ckazaHHOro BBINIE CIEAYET, 4TO NpUMeHeHue kputepus Kpamepa-Ysimua He meHee
000CHOBaHO, ueM mpuMeHeHue kpurtepus CThiofeHTa. [[omonmHUTEeThHOE MPEUMYIIECTBO - HE
TpeOyercs paBeHcTBa aucnepcuit D(X)=D(Y).

Pacripenenenne cratuctuku T He saBinsercs pacmpeneieHueMm CTbIOJCHTa, OJHAKO U
pacrnpeziesieHue CTAaTUCTUKH t, KaK TTOKa3aHO BBIIIIE, HE SIBJIIETCS TAKOBBIM B PEAJIbHBIX CUTYaIIHSIX.

(uurata u3 yueonuka Opiosa B.U. http://orlovs.pp.ru/stat.phpIToka3zano, 4To mpeAnoChUIKH
IBYXBbIOOpOYHOro KpuTepus CTblOJIGHTa, KaK NPaBWJIO, HE BBINONHSIOTCS. i mpoBepku
OJTHOPOJHOCTH MAaTEMaTUYEeCKMX OXUIaHWi BMecTo Kkpurepus CThIOACHTa MpeaIaraeTcs



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

UCTONIb30BaTh Kputepuit Kpamepa-VYamua. OOcyXaaroTcst HermapaMeTpudecKre KpUTEpUu JUis
HPOBEPKH MMITOTE3bI OJHOPOIHOCTH (QYHKIIUI pacpeIeicHH s, )

IpakTnueckoe 3ausitue Ne4.

KomnbrorepHasi Moge/ib VI KPUTEPHUS «yIJI0Boe npeodpa3zoBanue @uinepay

3ananue: [locTpouTh KOMIBIOTEPHYIO MOJIENb JUIsl KpUTEpUs «YTIIOBOE IpeoOpa3oBaHue
duuiepar.

JUis OLEHKM CTaTUCTUYECKOH OJHOPOJHOCTH XapaKTePUCTUK OSKCIEPUMEHTAIBHOW U
KOHTPOJILHOM TPYHN HCIONB30BaTh KputTepuii ®Dumepa. Bribop kputepus mnpousBeneH Ha
OCHOBaHUM peKkoMeHjauui npeaioxkeHHbix J[.A. HoBukoBbIM B «CTaTUCTHYECKHME METOIbI B
NEAArorn4ecKuxX MCCIEIOBaHMIX», M CBSI3aH C TEM, YTO JaHHBIA KPUTEPHIl I103BOJISIET CAENATh
3aKJIIOYEHUE O CTATUCTUYECKON OIHOPOIHOCTU/HEOAHOPOIHOCTH 0XKUAEMBIX CPETHUX 3HAYCHUN
(MaTeMaTU4YeCKOro OXKUIAHMS) MCCIETYyEeMOro MOKa3aTessl MPH TOM, YTO JIUCIEPCHH BBIOOPOK
pasnnyarorcs. Paznuune aucnepcuil ObLIO BBISBIEHO Ha MEPBOM 3Tane oOpaOOTKM JaHHBIX, U
CTaJIO MPENATCTBUEM JJISl IPUMEHEHUs TPaJuIMOHHOTO0 t-kputepust CThloeHTA.

B knure J{.A.HoBukoBa HCI10/1b30BaHbl KpUTUYECKHE 3HAYCHUS KaK pa3 uisl t-KpuTepus, 4To
KOHEYHO HE BIIOJHE OOOCHOBAaHHO M JaeT MNpUOIM3UTENbHBbIE pe3ynbTarhl. lcmonb3oBanue
3HaueHuss Txp=1,96 ypoBHs yBepeHHocTH 95% TOBOPUT O TOM, 4YTO 0O0BEM BBIOOPKHU
IpeJoiaraeTcsa O4eHb 00JabpIIMM (0003HaYaeTCs MPOCTO KAk OECKOHEUHBIH, TO €CTh PeUb UIET O
IpeeIbHOM 3HAYE€HUH NIPU BO3pacTaHUK 00beMa).

AJITOPUTM OIpENEICHHUs] JIOCTOBEPHOCTU COBMAJEHUN M Ppa3IuuUil XapaKTEpUCTHK
CPaBHUBAEMbIX BBIOOPOK JJIsl SKCIIEPUMEHTAIIbHBIX IaHHBIX, U3MEPEHHBIX B IIIKAJIe OTHOLICHUH, C
NOMOMIbIO KpuTepusi Puiiepa BKIIIOYAET CAEAYIOIINE II1aru:

1. BIuMCIuTh U1 CPAaBHUBAEMBIX BBIOOPOK Toym— IMIMPUUECKOE 3HAYCHUE KPUTEPHUS.

2. CpaBHUTH 3TO 3HAYEHHUE C KPUTHUECKUM 3HAUYCHUEM.

IIpakTyeckoe 3ansaTue NeS.

I[InanupoBaHue 3KcIepUMEHTa U 00pad0oTKa JAHHBIX € IOMOIIbLIO JIATHHCKUX U TPEKO-
JIATHHCKHUX KBaJpaToB

3aganue: CIIaHUPOBATH IKCIIEPUMEHT M 00padoTaTh JaHHBIE C IOMOIIBIO JIATHHCKUX
U IPEeKO-JIaTHHCKHUX KBA/IPaToOB

[Tpenmosnoxum, HampuMep, 4TO SKCIIEPUMEHTATOP MCCIEAYET BIMSHHUE IIATH Pa3INYHbIX
(dbopMyI B3pBIBUATOM CMECH, HCIOJIb3YEMBIX MPU MPOM3BOACTBE JUHAMMTA, Ha HAOII0JAEMYIO
cuity B3pbiBa. CMech M0 KaXKA0H U3 pOpMyJT TPUTOTABIMBAETCS U3 MAPTUH CHIPbsI, 00bEM KOTOPOI
MO3BOJIIET IPOBEPUTH HE Oosiee natu ¢opmyil. Jlanee cMecu MPUTrOTABIMBAIOTCS HECKOIbKUMU
orepaTopaMH, KOTOPbIE MOTYT CYIIECTBEHHO PA3JIMYaThCs MO KBATM(PHUKAIMU U OMBITY. Takum
00pa30oM, OKa3bIBAETCsl, YTO IIJIaH KCIIEPUMEHTA I0JIKEH NIPEyCMOTPETh «yCPEIHEHHE) BIUSIHUS
JIBYX BHEIIHUX (PAKTOPOB — MapTUH CBHIPbs M onepaTopoB. [lnaH, MO3BOISIOMUN PELIUTh 3Ty
3aJa4y, COCTOUT B TOM, YTOOBI MPOBEPUTH KAXKIYI0 (OPMYTy CMECH B TOYHOCTH OAHMH pa3 B
KaX/10i mapTHH CBIPbS B TOYHOCTH MO OJHOMY pa3y KaxJbIM M3 ISATH oreparopos (Tadi. 1).
Takoil maH Ha3bIBaeTcsl JATUHCKUM KBajapaToM. OTMETHM, YTO HAOIIOACHMS PACIONIOKEHBI
KBaJpaToM, a Atk Gopmyn (00paboTok) o6o3HayeHb! JaTuHCKUMH OykBamu A, B, C, D u E —
3TUM U 0OBSACHSETCS Ha3BaHME «IATHUHCKHUM KBazapaT». BuHO, 4TO Kak mapTuu ChIpbs (CTPOKH),
TaK ¥ ONepaTopsl (CTOIOLBI) OPTOrOHAIBEHBI 00PA0OTKAM.

Tabnuna 1 - JlatuHckuil KBagpart A 3aga4u 0 GopMysiax B3pbIBYaTON cMecH



Oneparopbt
I[TapTuu
CHIpbs
i 2 3 4 5

I 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

JlaTuHCKME KBaJIpaThl IPUMEHSIOTCS ISl TOTO, YTOOBI HCKITIOYUTH J1BA BHELITHUX UCTOYHHUKA
HEOJHOPOAHOCTH, T. €. YTOOBI 00E€CIEUNTh CUCTEMATHUECKOE TPYNIIMPOBAHNE B OJIOKH MO JABYM
HanpaBieHusIM. Takum 00pa3oMm, CTPOKH U CTOJOIBI, B CYIIHOCTH, MPEICTaBISIOT cOOOW ABa
OTpaHUYEHUS Ha PAHJOMHU3AIHIO.

B o0miem cryuae natuHCKuid kBaapaT 11 p (aKTOpOB WIM JATUHCKHUM KBaJpaT pXp — 3TO
KBaJpaT, COCTOSAIIUN U3 P CTPOK U P cTon6moB. Kaxnas u3 p? moaydarommxcs s9€eK COMEPHKUT
0JIHy U3 p OYKB, COOTBETCTBYIOIIMX 00pabOTKam, MprueM Kaxas OyKBa BCTpEUaeTCs B KaXI0U
CTPOKE U KaXKJIOM CTOJI01Ie OIMH U TOJIBKO OJIMH pa3. Hike naHbl mpuMepsbl TATHHCKUX KBAAPATOB:



MapThm colpsa

B D E F H I J K L M N P
Onepartopsbl p= Z Onepatopsl y i)
DopmMynbl 1 2 3 1 5 DopMyAbl 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 B 17 23 27 27 29 128
2 18 38 26 27 21| 130 MapTHH Cbip| 3 13 33 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 3 22 26 29 22 30 129
107 143 122 127 126 (k) Cymma 107 143 122 127 126] 00625
1|A B C D E yi{...)
HE A £ C D yi(.1.) A 135
3lc D A E B y(.2.) B 101
4o 3 B A C y(.3.) [ 112
BE C D B A yi.4.) D 146
y(.5.) E 131
Cogmr 0
15625
A B C D E 55 0By 526[M(Y~2)-[M(Y)]1"2 0Bwan aucnepcua * ph2
B A E c D 5S cbipbe 50 [OMCNepeua no ceipsio
c D A E B SS onepatop 132,4 [Wcnepcua no oneparopam
D E B A C 55 dpopmyn 264,4] OucnepcyAa no popmynam
E c D B A S5 oLWKHBKK 79,2 Aucnepcra ownbrY
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
WCTOYHKK BAMAHKA Cymm K8 |Cren ceofiCp KeqF
Dopmyna 264,4 4| 66,1| 10,0151515
MapT. Coipba 50 4| 12,5] 1,89393939
Onepartop 1324 4| 33,1] 5,01515152
Owmrbra 79,2 12| 6,6
Cymma 526 24

526
50
132,4
264,4

DopMybl 1 2 3 1 5
1 24 0 0 0 0
2 0 28 0 0 0
2 ) 0 26 0 0
4 ] 0 0 27 0
5 0 0 0 0 30
DOpMY bl 1 2 3 4 5
1 0 20 0 0 0
2 17 1) 1) 1) 1)
3 0 0 0 0 21
4 0 0 21 0 0
) 0 0 0 22 0
Gopmy bl 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
3 ) 26 0 0 0
Qopmy bl 1 2 3 4 &
1 ) 1) 1) 24 1)
2 0 0 0 0 29
3 0 38 0 0 0
4 26 0 0 0 0
5 0 0 29 0 0
Topmy bl 1 2 3 4 &
1 0 0 0 0 24
2 0 0 27 0 0
3 0 0 0 27 0
4 0 31 0 0 0
3 22 0 0 0 0




IIpakTnueckoe 3ansaTHe Ne6.

CpaBHuTe/IbHBIH aHAIM3 KpUuTepus Xu-KBaapart u kpurepus Kpamepa-Yanma

CpaBHUTH pe3yNbTaThl MPOBEPKH CTATHCTUYECKOH OJHOPOIHOCTH 3a/laHHBIX BBIOOPOK C
MOMOIIBIO MOJIENIEeH MOCTPOCHHBIX paHee /it kputepueB Kpamepa-Yanua u xu-kBajapar.

(ITpakTrueckue 3anstus 1 — 4).

IMpakruyeckoe 3anaTue Ne7. IlocTpoeHrMe MMHUTALNMOHHOM MOJEJH IS MOJYYEHUS
CTATHCTHYECKHX JaHHBIX

MartemaTu4eckasi Mojejib Npouecca

MareMatnueckoe MOJCIUPOBAHUWE IIpollecca HAYMHAETCS C 3aJaHusl IEPEMEHHBIX.
[TepemeHHBIMU 3aal0TCs KOJIMYECTBEHHBIE (bakTopsl, OIIUCHIBAIOIIUE COCTOSIHHE
MIPOM3BOJICTBEHHON CHUCTeMbl. (OO000IMM MPEACTaBICHUE CHCTEMbI, YTOOBI OXBaTHUTh KJIacc
MPOU3BOJIBHBIX TIOCIEIOBATEIIHBIX MPOU3BOJICTBEHHBIX CHUCTEMBI. JTambl MPOU3BOJICTBA OyIemM
MPENCTaBIATh KaK cTaHIMU. COCTOSHUE CHUCTEMbI HJICHTU(DUIUPYEM MapaMeTpoM t (IUCKpPETHOE
BpeMmsi). B mporecce mpon3BoACcTBa UTEpaIis MOTJIa Obl OBITh SKBUBAJICHTHA HHTEPBATY B OJIUH JICHb
(unu o/1HA MPOU3BOJICTBEHHAS CMEHA), ¥ Tora t OyIeT MoKa3biBaTh KOJIUYeCTBO qHEH (cMeH). Bynem
OTIEpUPOBATh C CIAWHUIIAMHU MPOIYKIIMU W 3allacaMU ChIPbsS, «HE3aBEPIICHHOW MPOAYKIUN» U
rOTOBOH NpPOAYKIMH, U3MEpPSEMbIMM B JTUX eauHHUIax'. Beenem ciefyiomue o0603HAueHHs IS
00IIMX MOKa3aTeIeld CUCTEMBbI IPOU3BOICTBA:

N — KOJIMYECTBO CTAHIIUK B MPOIECCE MPOU3BOJICTBA;

I—-HOMep cTaHnuy, i=1...N;

t — BpemenHoit mapamerp , t =0,1,2,..;

Ci(t) — npou3BOANTENBHOCTH | CTAHIIUM B MOMEHTT;

Pi(t) — mpou3BOACTBO | CTaHIMK B MOMEHTT;

Wi(t) —He3aBepiiieHHAs IPOTYKIIMS, JOCTYITHAS /IS | CTAHIIMU B MOMEHT t;
Moenb IpOoU3BOACTBEHHOM CHCTEMBI 331a€TCsI CUCTEMOI peKyppeHTHBIX hopmyi (7.1 — 7.5):

Cranmus 1

R1) =C(t) (7.1)
W, (1) =W, (t-D) + R(t-1)-P,(t-1) (72)
Cranuuu i = 2,3,..,n-1

R () =MIn[C;(t), By (t) +W,,(1)] (73)
Wi(t) =W, (t-D)+R(t-D)-R,,(t-1) (74)
Crannuu n

P.(t)=Min[C_(t),P, _,(t)+W,_,(t)] (7.5)

W3 ypaBHuBanus (7.1) BHOHO, 4YTO BBIIYCK MPOJXYKIMHM CTaHIMM 1 paBeH ee
MIPOU3BOIUTENbHOCTH. Y paBHUBaHUE (7.2) onpenenser WIP, 1ocTynHyi0 B MOMEHT t, Kak (yHKIIHIO
NIEPEMEHHBIX, TOJYYEHHBIX B NMPEABIAYIIMI MOMEHT BpEMEHU. A UMEHHO, KOJIMYECTBO JOCTYITHON
HE3aBEPIICHHOW MPOAYKIMKH cTaHIUU 1 B MoMeHT t, To ecthb Wi(t), paBHO 3TOMYy KOJHYECTBY B
npeapinymmid MomeHT Wi(t) rumroc KoiaM4ecTBO HOBOM MPOAYKIMH CTaHIMH | B TpPEABITYIIAN
MoMmeHT P1(t-1) MHHYC KOTHYECTBO MPOTYKIIMHU B3SATOM 15 IepepabOTKU CTaHIUeH 2 B TIPEIbI YN
MoMeHT Pa(t-1).

B ypaBuenun (7.3), 3amaercs o0beM MPOU3BOJCTBA JJIsl CTaHUUU co 2-i mo n-to. O6bem
IIPOU3BOJICTBA OTPAHMUYMBAETCS ITPOU3BOJIUTENBHOCTBIO CTAaHIMI WJIM KOJUYECTBOM JOCTYIHOMN
He3aBepiieHHoN mnpoxykuuu (WIP). Otmerum, uto 3Hauenne WIP Bcerma HeoTpuuaTeiabHO.
VYpaBuenue (7.4) ananoruyHo ypaBHeHuto (7.2), Ho Beruucisier WIP st Bcex cranuuii kpome N-i.

1OTMeTHM, UTO eMUHUIA IPOIYKIIHHA U3MEHSETCS, TIOCKOJIBKY OHA MPOXOIUT Yepe3 CHCTEMY, SIBIISSICH
BHauaje ChIPhEM, a B KOHIIE - 3aBEPIICHHBIM U3/ICIHUEM.



VYpaBuenue (7.5) Berunciasier 00beM MPOU3BOICTBA HA MOCIEAHEN CTAaHIIMU. Y paBHEHUS AT
WIP nocnenHel CTaHIIMKA HE COCTABIIAETCS, IOTOMY YTO IIOCJIE HEE MOIYYaeTCs FOTOBas POLYKIMS.

B pexkyppeHTHBIX ypaBHEHMSX [Jsl BBIYMCICHUS 3HAUEHUM NEPEMEHHBIX B MOMEHT t = 1,
JIOJKHBI OBITH OIIPE/IENICHBl 3HAUEHUsI BCEX NepeMEHHBIX Uit MoMeHTa t = 0. Bepxuuii npenen s t
HE YCTaHOBJIEH, HO IIPU MOJAEIIMPOBAHUU 3TOT IIPEIET 3a4A€TCsI UCCIIEAYyEMbIM HHTEPBAJIOM BPEMEHHU
T, Ha3pIBa€MBbIM BpPEMEHHBIM F'OPU3OHTOM.

Eciny nmpou3BOIUTENBHOCTH CTaHUMN WM3BECTHBI B IIPEACIIaX BPEMEHHOIO TOPU30HTA, U
3aJaHbl HAa4daJIbHbIC 3HAYCHUS NEPEMEHHBIX B MOMEHT BpeMeHH (=0, TO COCTaBlIeHHas CUCTEMa
YPaBHEHUH MO3BOJISET BBIUMCIUTD COCTOSIHUSI CUCTEMBI IS JIFOOOr0 KOHEYHOI'O N1EPHOJIa BPEMEHH.
Kaxxnast mepeMeHHasi B MOMEHT BPEMEHH t 3aBUCHT TOJIBKO OT IIEPEMEHHBIX B MOMEHT BpeMeHH t-1 n
BbIOpaHHBIX JIOMOJHUTEIbHBIX IEPEMEHHBIX B MOMEHT BpPEMEHM t, Mbl MOYKEM BBIYHCIIUTH BCE
IIEPEMEHHBIE JIUI1 MOMEHTA t =1, 3aTe€M BBIUMCIIUTD IEPEMEHHBIE B MOMEHT t = 2, U Tak Jajuee 10 t =
T. Jlnsg Toro, 4TOOBI MEPEMEHHBIC PEIICHUS JIETKO MOJydalnch B JI000H 3aJaHHBIA MOMEHT t,
HEpEeMEHHbIE CJeIyeT YNOpAJOYMTh TaK, 4TOObl 3HAYEHHE KaKJIOW ciedyrouleld NnepeMeHHON
3aBHCEJI0 TOJIBKO OT paHEe BIYUCIICHHBIX IIEPEMEHHBIX. J[JI1 paccMaTpuBaeMOl CUCTEMbI YPaBHEHHM
3TOT NOPAJIOK TAKOB:

RO, W), F(©), W, (1), R(),..

Cay4aiinble nepeMeHHbIe

B MMPONU3BOACTBCHHOM HNPUMECPE, KAK B OOJBIINHCTBE UMHUTallMOHHBIX MOIIGJIGIZ, TOYHBIC
3HAYEHUs HEKOTOPHIX IIE€PEMEHHbIX HeW3BecTHbl. Hampumep, NpOM3BOAUTENBHOCTH CTAHLUHN
HCU3BECTHBI U ABJIAIOTCA CﬂyqalebIMH BCJIMYHMHAMHU, UMCIOIIMMU 3aJaHHOC pacCHpCACIICHUC. B
ciyuae Urpokos, «mepepadaThIBAIOLIMX» CIIUYKH, TPOU3BOAUTEIIEHOCTH ONPEENIINCh OpOocaHuEeM
KyOuka. I103TOMy MpPOM3BOAMTENBHOCT Kaxaoro Mrpoka Ha KakIOW UTEpalyy ONpeaessiiach
CllyyalfHOM BEJIMYMHOM € JMCKPETHBIM PaBHOMEPHBIM paclpe/leIeHUEM, B HHTEpBaje LEJbIX
3HaueHuu ot 1 70 6.

B OGonee o6mem ciyyae mpeanosiaraercsi, YTo Kak[as MPOU3BOJUTEIBHOCTh HMEEeT
HEKOTOpOE 3a/IaHHOE pactpeeneHne. Toraa npou3BoIUTEIbHOCTS I-if CTAHIIMK B MOMEHT t SIBJISICTCS
peanu3anuei ciydaiiHoON BEIMYMHBI, KOTOpasi UMEET JAHHOE paclipeeneHue. Pacnpenenenue Moxer

OBITH CBOMM JJTSI KQXKJIOPH CTaHIINH, TO €CTh Ci (t) ~ Di (t) omii :1,2,---, n

YupasieHue MoAeJMPOBAHUEM

Ternepb MOXHO ONMCATh MPEACTABICHHYIO BBIIIE UTPY B TEPMUHAX BBEJCHHBIX IEPEMEHHBIX.
MopnenupoBaHue HAUMHAETCS C 3a1aHUS HAYaJbHOI'O COCTOSIHUS CUCTEMBI, KOTOPOE ONPENEIIAeTCS
3HAYCHHUSMHU TIepeMeHHBIX B MOMeHT t=0. B Hamem npumepe:

R0)=0, W, (0)=0, P,(0)=0, W,(0)=0, FK,(0)=0.

[Ipon3BOANUTENILHOCTH TEPBOrO IMepHoJa BHIOMpAIOTCS Kak 3HAYEHUS PAaBHOMEPHO
pacrpeieIeHHbIX CIy4allHbIX BETUYMH (OpOCOK KyOHKa):

C,(0)=4, C,()=2, C,(1)=5.
[To ypaBHEHMAM MOJIENIN PACCUUTHIBAIOTCS 3HAYEHNUS IEPEMEHHBIX B | -1 Iepuon:
R®=4 W@B=0 PO=2 W,1)=0 FK@)=2.

MopenupoBanue 2-ii UTEpalMM, ¢ HOBBIMM  3HAYEHUSMH MPOU3BOJUTEIIBHOCTEH KaK
CIIy4aifHBIX BETUYHH JUis t = 2:

C,(2)=3, C,(2)=4, C,(2)=1;
R()=3 W(@=2 R@=4 W,=0, RQ=L
AHaJ'IOFI/I"IHO MOI[CJ'II/IpyeTC}I 3-51 I/ITCpaLII/IHI

C)=1 C,(3)=3 C,3)=1;
RE=1 WE=1 RE=2 W,(3=3 PRE@E-=1



[Iporecc mpomokaeTcsi MOCIeI0BATENbHO, TOKa He OYAET JOCTUTHYT BPEMEHHOU TOPU30HT
T =10.

MopneaupoBanue THHAMHYeCKoii cucTembl B MS Excel

Bnauane monenupyercs mepexoj CUCTEMbI U3 COCTOSIHMSL B MOMEHT t=0 B COCTOsIHHE B
MoMmeHT t=1. [IpousBogutenbHocTu 1-i1, 2-i1 u 3-i1 cTaHuMii Moaenupyrorcs B Aueiikax B4,E4 u H4,
COOTBETCTBEHHO. B Kkaxkmoil u3 »Tux s4eek 3amucaHa ¢opMmyina, 3agaronias pPaBHOMEPHO
pacipeeNeHHYIO [EJI0UYHUCIECHHYIO CIIy4YallHyI0 BETMYMHY B MHTEepBaJie oT 1 70 6:

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

B sueiikax 4-il CTpOKU MOJEINPYIOTCS COOTBETCTBYIOIINE YPABHEHUS
Sueiika u popmyna YpaBHeHue
C4 =B4 (7.1)
D4 =D3+C3-F3 (7.2)
F4=MUH(E4;C4+D4) (7.3)
G4 =G3+F3-13 (7.4)
14=MIH(H4;F4+G4) (7.5)
J4 =14

BapuanTbl 3a1aHui

Hcnone3yss mMaTeMaTH4yecKyro Mojelb, 3amgaBaemyro (opmymnamu (7.1)-(7.5), moctpoutsb
KOMITHIOTEPHYIO MOJIEIIb, IPOU3BECTH MOJETHPOBaHue paboTsl B TedeHne 100 cMeH aiist pa3IuaHbIX
MPOU3BOJCTBEHHBIX NUHHUI. OUEHUTh CPEIHUN BBIXOJ TOTOBOW MPOAYKIUU 3a CMEHY, U €ro
CpeIHEKBaJpaTUyecKoe  OTKJIOoHeHue. OmnpenenuTb  CpeAHME  IOKa3aTelu  KOJIMYECTBa
HE3aBEPIICHHON MPOAYKIIUH.

1) npou3BOJICTBEHHOH JHMHUKM COCTOSINECH M3 4 CTaHKOB, CIy4aiiHas BEJIMYMHA 33alomias
MIPOU3BOUTENILHOCTh KXKIOTO CTAHKA UMEET pAaBHOMEPHOE paclpeielieHue CO CPEIHIM 3HAUCHUEM
paBHBIM 5 U nucnepcueii 4.

2) MPOW3BOJCTBEHHOMN JMHHH, COCTOAIICH M3 5 CTaHKOB, CydailHas BEIMYMHA 3aJAr0Inas
MIPOM3BOIUTENIFHOCTh KAXKIOTO CTaHKAa MMEET TPEYTOJbHOE CO CPEAHWM 3HAUYE€HHEM PaBHBIM 6 W
nucriepcuet 4.

3) IpOM3BOJICTBCHHOM JMHUU COCTOSIIECH M3 5 CTaHKOB, CAy4aiiHas BEIWYMHA 3aJarorias
MIPOU3BOUTENLHOCTh KaX/I0TO CTAHKAa UMEET HOpMaJbHOE paclpeesieHne CO CPETHUM 3HAUCHUEM
paBHBIM 7 U nucnepcuei 4.

IIpakTnueckoe 3ansitue Ne8. IlocTpoenme auarpaMM o0TOOpakalOIIMX pe3yJbTaThbl
IKCIIePUMEHTAa

VII ®umepa npeaHazHaueHO JIJIsl COMIOCTABIEHUS BYX BHIOOPOK IO YaCTOTE BCTPEUAEMOCTH
MHTEpECYIOIIEro uccienonaress ¢ dekra.

(cpaBHEHUE IBYX BBIOOPOK, MPEACTABIEHHBIX U3MEPEHUEM MO TUXOTOMHUYECKOH IIKaJe)

Kpurepuii oneHnBaeT 10CTOBEPHOCTH Pa3IMYMil MeKAY NPOLUEHTHBIMH J0JSIMH ABYX
BbIOOPOK, B KOTOPBIX 3aperucTPMPOBAaH HHTepecyommii Hac 3gdeKT.

Cytp yrmoBoro mnpeoOpazoBanus @uiepa COCTOMT B IEPEBOAE MPOLEHTHBIX 07 B
BEJIMYMHBI [IEHTPAJIbHOTO YIja, KOTOPBIA HM3MepseTcs B pajauaHax. bombliei mporeHTHOH noie
OyZaeT COOTBETCTBOBATh OOJBIINI yroi ¢, @ MEHBIIIEH J10JIe - MEHBILIUH Yrojl, HO COOTHOILIEHUS 3€Ch
HE JIMHENHBIE:

@ = 2*arcsin(+P),

rae P - npouieHTHas 10715, BhIpaKEHHAs B AOJSIX €IUHUIIBL.

IIpu yBenmu4yeHUH pPACXOXKICHHUS MEXAy yriamMu ¢l v @2 W yBEeIMUEHUS YHUCIEHHOCTH
BbIOOPOK 3Ha4YeHHe KpUTepus Bo3pacraeT. Uem Oosbliie BeTu4YMHA OF, TeM Oojiee BEPOATHO, YTO
pa3ianuus JOCTOBEPHBI.

l'unoressr YII @umepa



Ho: Jost nuii, y KOTOPBIX MPOsBIsieTcst uccieayeMbli 3¢ dexr, B Bei6opke 1 He Oosbiie, ueM
B BBIOOpKE 2.

H1: J{onst nuu, y KOTOPBIX MposBIsieTcs: uccieayeMblil 3¢ dekr, B BeiOopke 1 Gombie, uem B
BBIOOpKE 2.

Orpannuenus YII @uiepa

1. Hu ogHa U3 conocTaBiisieMbIX A0Jei He JOHKHA ObITH PaBHOU HYIIIO.

2. BepxHuii mpenen B KPUTEPHUH @ OTCYTCTBYET - BBIOOPKHM MOTYT OBITH CKOJb YrOIHO
OOJIBIIMMH.

HwxHnuit npenen - 2 HaOmioneHust B 0HOW U3 BBIOOPOK. OMHAKO JTOHKHBI COOMIONATHCS
CJIEIyIOIIE COOTHOILIEHUS B YUCICHHOCTH JIBYX BHIOOPOK:

a) €CI B OIHOM BBIOOPKE BCETO 2 HAOIIIOACHHS, TO BO BTOPOM TOJKHO OBbITh HEe MeHee 30:

ni=2 -> n>30;

0) eci B O/THOM 13 BEIOOPOK Bcero 3 HaOJFO/ICHHS, TO BO BTOPOM JIOJDKHO OBITh HE MEHee 7:

n=3 -> n>7;

B) €CJIU B OJTHOM M3 BEIOOPOK BCEro 4 HaOIIO/ICHNS, TO BO BTOPOI JOJDKHO OBITH HE MEHee S:

ni=4 -> n>5;

T) IpH N1, N2>5 BO3MOXKHBI JIFOOBIE COTIOCTABIICHHSL.

B mpuHIMne BO3MOXHO U COIOCTaBIIEHHWE BHIOOPOK, HE OTBEYAIOIIUX 3TOMY YCIIOBHIO,
HarpuMep, ¢ COOTHOUICHHEM n1=2, Nz=15, HO B THX CITy4asX HE YAACTCS BBIABHUTH JOCTOBEPHBIX
pazInumil.

YrioBoe npeodopasoBanue ®duuiepa npuMeEHsETCs ISl CPaBHEHMs JBYX IPOLIEHTHBIX
JIOJIeH, IPU YCIIOBHUHM, 4TO UX cymMa coctasisieT 100%.

Y1006CcTBO aHHOTO KPUTEPUS OYEBHIHO: OH MOXET NPUMEHATHCS K KadeCTBEeHHbIM
AAHHBIM, 00BEM BBIOOPOK MOXKET OBITH HEOOJBIIMM, OH MPHUMEHSIETCS K IMPOIEHTHBIM JI0JIIM
(KOoTOpbIE OYEHb PACIPOCTPAHEHBI B SKOHOMHUKE, IICUXOJIOTHH U MEJaroruke).

OrpaHuyenus /sl IPUMeHEHHUs! YTJIOBOro npeodpazopanus Puinepa:

1. TlpouleHTHBIE MO JOJDKHBI OTPaKaTh BEPOSATHOCTH MOSIBICHHS COOBITHS B OJHOU
BBIOOpKE, T.€. B CyMMe cocTaBisATh 100%.

2. Hu o;tHa M3 COMOCTABIISIEMBIX JI0JICH HE JTOJDKHA OBITh PaBHOW HYITIO.

3. Huxuwuit npenen — 2 HabmoaeHus B 0HOM U3 BBIOOPOK. [Ipu 3TOM HE0OX0AUMO, YTOOBI
BBIOOPKH YZOBJIETBOPSIIU CIEAYIOIIUM YCIOBUSIM:

- €CJIM B OJJHOM BBIOOPKE POBHO 2 HAOIOIEHHS], TO B APYTOM T0JKHO ObITh He MeHee 30;

- €CJIM B OJIHOM BBIOOpPKE pOBHO 3 HAOIIOIEHUS, BO BTOPOU JTOJDKHO OBITH HE MeHee 7,

- €CJIM B OJTHOM BBIOOpKE pOBHO 4 HaOII0/I€HHs], BO BTOPOI TOJDKHO OBITH HE MEHEe 5.

IIpakTnueckoe 3ansaTue Ne9. IlocTpoenne rpeko-J1aTHHCKUX KBAaJIPATOB U NIPOBe/ieHUE
JANCIIEPCHOHHOI0 AHAJN3A Pe3yJIbTATOB IKCIEePHMEHTA

3agaHMe: MOCTPOUTH TPEKO-JIATUHCKUE KBaJApaThl U MPOBECTH AMCIIEPCHOHHBIM aHalu3
pE3yJIbTaTOB IKCIIEPUMEHTA.

IIpoueaypa oueHuBaHUSA

OneHka BBIMOJIHEHHON MPAaKTUYECKOM pabOThI MPOBOAUTCS MO CIAEAYIOIIUM KPUTEPHUSIM:
Hanuune Beeil cymecTBeHHOM nHpopMalu o pabore

TOYHOCTH W MOTHOTA MPEAOCTABISEMBIX CBEICHUI

HenpotuBopeunBoCcTh NPUBOAMMOI HH(DOpMAIIH

[TpaBHIIBHOCTH MHTEPIPETALMI U BHIBOJIOB, KOTOPBIE ClI€TaHbl IO pe3ysibTaTaM paboThl
CreneHp JOCTMKEHUSI CTYIEHTOM ITOCTABJIEHHOM LI€TIN

O60CHOBaHHOCTH TPUMEHSEMOT'O PELICHHS

['paMOTHOCTB (coaepKaTeIbHasH) HCIIOIB3YeMbIX (POPMYIHPOBOK

NoookrwbdPE

Kpurtepuu oneHKH 3a OTYETHI 10 MPAKTHYECKUM paboTam:
— OIICHKa «3auTEHO» CTAaBUTCS CTYAEHTY, KOTOPBIM MPOJEMOHCTPUPOBAN PE3YJIbTaThl
BBITMIOJTHEHUS TIPAKTUYECKO paboThl, COOTBETCTBYIOIIME MOCTABICHHBIM 3a/1a4yaM, U MPeJOCTaBUI



oT4yeT, O(OPMIJICHHBIH JOJKHBIM O0pa3oM M COJEpKALIMA KpaTKOE OINUCAaHHE MOJTYYEHHBIX
pe3yJbTaToB;

— OLICHKA «HE 3aYTEHO0» CTaBUTCS CTYACHTY, KOTOPBIM HE MPOJIEMOHCTPUPOBAI PE3YIIbTATHI
BBITMIOJTHEHUS MPAKTUYECKOW pabOThl UM HE MPEACTaBUI IO HEW OTUET WU MPEACTABICHHBINA OTYET
HE COOTBETCTBYET TPEOOBAHUSIM 10 0()OPMIICHHIO.

7.3. OneHoYHbIe CpeaCTBA JIA NMPOMEXKYTOYHOH aTTeCTAMHU MO HUTOraM OCBOEHMS
AUCHUTLTHHBI

7.3.1. Bonpochl K NpOMeKYTOYHOM aTTecTaluu

Cemectp 1

Ne Bomnpocel K 3a4eTy

1 | Ponb 9kcriepuMeHTa B MPOBEICHUN HAYYHOT'O UCCIICTOBAHIS

2 | CuctemHbIe MPOrpaMMHbBIE CPEJICTBA, X HA3HAYCHUS U XapaKTEPUCTHUKH.

3 | IlocTpoeHue 37eKTPOHHBIX TAOIUIT I NICXOAHBIX JTaHHBIX SKCIICPUMEHTA

4 | OcOOEHHOCTH TMOCTPOCHUS TPEKO-TATUHCKUX KBAJPaTOB U IMPOBEICHUE AMCIIEPCHOHHOTO
aHaJIM3a Pe3yJbTaTOB KCIIEPUMEHTA

5 | YopaBnenue, obpaTHasi CBsi3b, 00BEKT YIIPABJICHUS.

6 | I'pexo-natuHCcKHe KBaApaThl B IUNITAHUPOBAHUH SKCIIEPHUMEHTA

7 | MoaenupoBaHue MPOU3BOJICTBCHHBIX mporieccoB B MS Excel
8

9

[TocTpoeHue auarpaMm O0TOOPaKAIOLIUX PE3YIbTAThl IKCIIEPUMEHTA

«[Touck pemenusi» B MS Excel

10 | TTocTpoenune qMHAMHYECKHX MoJelel mpousBojacTea B MS Excel

11 | OToOpakeHne 1 MHTEPIIPETAIUS PE3YJIBTATOB SKCIIEPUMEHTAIHHOTO UCCIIEOBAHUS

12 | TTocTpoeHHEe UMUTAITMOHHOMN MOJICIN TS TIOJyYEHUST CTATHCTUICCKUX TAaHHBIX

13 | IlocTpoeHue HNeKTPOHHBIX TAOIHII ISt UCXOTHBIX TAHHBIX YKCIIEPUMEHTA

14 | I3amepenune pe3ysbTaToB U MOJTYyYEHUE IKCIIEPUMEHTAIBHBIX JTAHHBIX

15 | KomnsrotepHast Mojiens Ui Kputepusi Xu-KBajapaT

16 | CratucTudecKkre MEeTOJIbI OIEHKH JOCTOBEPHOCTH IKCIIEPUMEHTAILHBIX JIAHHBIX

17 | KomnerorepHas mojens i kputepust Kpamepa-Yomma

18 | KommbloTepHble cHCTeMbl 00paOOTKHM CTaTHCTUYECKUX JAHHBIX OKCIEPUMEHTaIbHOTO
WCCJICIOBAHMS

19 | KomneroTepHast MOJIenb Ui KpUTEPHSI «YTII0OBOE npeoOdpazoBanue Duriepar

20 | Kiraccuukanmsi CTaTUCTHYECKUX METOJIOB M 00J1aCTh WX MPUMEHEHUS

21 | [InanmpoBaHue dKCiepuMeHTa 1 00pabOTKa JaHHBIX C TOMOIIBIO JJATHHCKUX KBAJPAaTOB

22 | TlocTpoeHwue IEKTPOHHBIX TAOIHII TSl 00paOOTKH PE3yIbTAaTOB IKCIIEPUMEHTA

23 | CpaBHUTENBHBIN aHANIN3 KpuTepHst Xu-KBaapat u kputepus Kpamepa-Yoamma

24 | TIpoBeeHre YKCIEPUMEHTA C IIOMOIIBIO HMHTAIIMOHHON MOJICITH

25 | TTocTpoeHe MMUTAITMOHHON MOJICIIH IS TIOJTYYCHUS CTATHCTUICCKUX JTAaHHBIX

26 | OrobpakeHHne U MHTEPIpeTalrs Pe3yabTaTOB HKCIIEPHUMEHTAILHOTO UCCIIEeTOBAHUS

27 | Dtambl IpOBEACHHS SKCIIEPUMEHTAIILHOTO HCCIICTOBAHMS

28 | MopenupoBaHue HEIETSPMUHUPOBAHHOCTH MPOU3BOJCTBEHHBIX CHUCTEM C TOMOIIBIO
AJIICKTPOHHBIX TAOJIHUIT

29 | OCHOBHBIC HJIEMEHTHI U TIOHITHS CHCTEMHON TMHAMHUKU

30 | quckpeTHO-COOBITHIHOE MOICITUPOBAHNE KaK HHCTPYMEHT TTOIICP)KKH MPUHATHS PEIICHHMA
B JIOTUCTHKE

31 | KoHnentyanpHbIe MOJICTN B CHCTEMHOM THHAMUKE

32 | Ilonsitue oOpaTHOM CBSI3M B TMHAMHYECKUX CHCTEMax

33 | Knaccugukaius peabHbIX CUCTEM U X MOJEIeH




Ne Bomnpocsl k 3a4eTy
n/n

34 | Cucremsl yripaBlieHHUs MaTepUaIbHbIMUA OTOKaMU

35 | BRom m pemakTHpoBaHHWE TEKCTa: W3MEHECHHE IIPU(TA, WHTEPBAJIOB MEXIAY CTPOKAMH,
BbIpaBHUBAHME TEKCTa, M3MEHEHHE TpaHull ab3ala, Moau€épKuBaHUE, IMe4YaTb TEKCTa B
KOJIOHKAX.

36 | Coxpanenue TekcTa, 3arpy3ka (aiijja Ha OJKpaH, IMepe3anuch Ha JAPYrol JHUCK.
dbopMaTupoBaHUe AHUCKA.

37 | KomupoBanue TeKcTa pa3IUYHBIMU CHOCOOAMM, TEpEMEIleHne TEeKCTa pa3InuYHbIMU
croco0aMu, y/1aJieHue TeKCTa.

38 | DkcnepuMeHTaIbHBIC MOJICIIH

39 | [TapameTpsl CTpaHUIlBI, MPEABAPUTENIBHBI MPOCMOTpP, CO3/IaHUE KOJOHTHUTYJIOB, I€YaTh
TEKCTa

40 | BcTaBka B TEKCT M peJaKTUPOBAHNE PUCYHKOB M3 TpadUuecKiX PeIakKTOPOB.

41 | Opranu3anoHHas ¥ TPaBOBasi OCHOBA YITPaBJICHUS UCCIIEAOBATEIbCKUM KOJUIEKTHBOM

42 | OpraHu3aliMoHHas U MPaBOBasi OCHOBA YIPABICHUS HCCIEAOBATEIHCKUM MEKIyHAPOIHBIM
KOJUICKTUBOM

43 | DTdeckrie HOPMbI PU NPOBEACHUH IKCIIEPUMEHTA

44 | Dtryeckre HOPMBI B YIIPABICHUU UCCIIEAOBATEIILCKUM KOJUICKTHBOM

7.3.2. Kputepuu 4 HOPMbI OLEHKH
®opma
Cemectp TpoBeCHuA . Kpurepun u HOpMbI OLIEHKH
NPOMEKYTOYHOI
arrecTauuu

OrneHka «3a4Te€HO0» BBICTABIIAETCS B CIIy4ae €CIIH
CTYZEHT, OTBEUasi Ha BOIPOC CBOOOIHO ONEpPUPYET
TEPMHHOJIOTHEN, TPAMOTHO CTPOUT CBOIO PEYb,
OTBET OCHOBAH Ha U3YYEHUHU HE TOJIBKO YUeOHOM,
HO U HayYHOW JIUTEPATypbl U HOCUT OCMBICIICHHBII
XapakTep, a He XapakTep «3a3yOpuBaHUs», IPU
3TOM CTYJIEHT JIOJDKEH BBICKA3bIBaTh COOCTBEHHYIO
1 3auer MO3UIMIO IO HauboJjIee CIIOPHBIM BOIIPOCAM.
CTyzneHT NOJHOCTBIO PACKPBIBAET NIOCTABICHHBIN
BOITPOC U OTBCYACT HA I[OHOHHI/ITCJIBHBIﬁ BOITPOCEHI

«3a4YTCHO»

OrneHka «He 3a4TEHO» BBICTABISETCS B TOM
ClIy4ae, €CJIA CTYJIEHT HE OTBEYaeT Ha BOIIPOC,
71100 OTBET HOCUT XapaKTep «OOPBIBOUHBIX )
3HaHuU. CTyIeHT paKTUYECKH HE OPUEHTUPYETCS
B BOIIPOCE.

«HC
3a4TCHO»




8. YueOHO-MeTOAMYecKOe U MH(POPMAITMOHHOE o0ecneYeHHne TUCHUMIIIMHBI

8.1. O0si3aTesibHAA JIUTEPATYpPa

Tun (yuyeOHHUK, yueOHOe KounyecTBO B
Ne nocodue, yue0Ho- T'on HAY4YHOI
ABTOpBI, COCTABUTEIHN 3arsiaBue (3aroJjioBoK)
n/n MeToauYecKoe mocoomue, M3IAHUA ouoanortexe /
NPAaKTHUKYM, Ap.) HaumenoBanue 3b6C
1 I'epacumos b. . OCHOBBI Hay4YHBIX UCCIEIOBAaHUMN Y4yebHoe mocodue 2018 9BbC
«ZNANIUM.COM»
2 Oguapos A. O. MeTonoa0rus HAy4YHOTO MCCIIEJOBAaHUS Y4eOHuk 2019 9BbC
«ZNANIUM.COM»
3 Munsko D. B. MeTo1pl TPOTHO3UPOBAHUS U UCCIICIOBaHMs | YUeOHOe mocodure 2017 OBC «IPRbooks»
orepanui

8.2. JlonosiHuTEIbHAS JIUTEPATypPa

KonunuectBo B
Tun (yueOHuk, yueoHoe .
HAY4YHOM’
Ne nocooue, yueOHo-
ABTOpBI, COCTABUTEIH 3ariaBue (3aroJ10BOK) I'ox u3panus onodamorexe /
n/n MeToinYecKoe mnocooue,
HanmeHnoBanue
NPAaKTHUKYM, JP.) 3EC
1 | CksopuonaJl. M MeTo10510THsl HAyYHBIX HCCIIEA0BAHUN YyeOHoe nocobue 2014 OBbC «IPRbooks»
2 | Teunena B. 3. Opranuzanys uccie0BaTeIbCKON Y4ebHO-MeToIn4ecKoe 2016 3BC «IPRbooks»
JEeSITETTHHOCTH C MCTIOJIb30BaHHEM nocobue
COBPEMEHHBIX HaAYYHBIX METOJI0B
3 | Jlamaea M. T. MeTo/10J10THsI HAYYHBIX HCCIIETOBAHUIN VYdebHoe mocobue 2017 OBC «IPRbooks»




8.3. Ilepeuennr nmpodeccuoHaJBHBIX 0a3 JAHHBIX M MH(GOPMAIMOHHBIX CIPABOYHBIX

CHUCTEM

WebofScience[DnekTpoHHbI pecypc| : MyIbTUANCHMIUIMHApHAs pedepaTuBHas Oa3za
JTAHHBIX. — Philadelphia: ClarivateAnalitics, 2016—. — Pexum JOCTYyIIA:
apps.webofknowledge.com. — 3aru. ¢ skpana. — S3. pyc., aHrd.

Scopus [DnekTpoHHEIH pecypc]: pedepaTuBHas 6a3a nanubix. — Netherlands: Elsevier, 2004—
. — Pexxum pocryna: scopus.com. — 3ari. ¢ 3kpana. — S3. pyc., aHri.

Elibrary[ DnexkTpoHHBIN pecypc| : Hay4Has aIeKTpoHHas oudimoreka. — Mocksa: HOb, 2000—
. — Pexxum pocryma: elibrary.ru. — 3ari. ¢ skpana. — S3. pyc., aHrI.
SpringerLink[Dmnexktponnsiii pecypce] : [0a3a manubix]. — Switzerland: SpringerNature, 1842—
. — Pesxxum noctyna: link.springer.com. — 3ari. ¢ skpana. — S3. aHri.

ScienceDirect[ DneKTpOHHBIH pecypc] : KOJUJICKIUSA AJIEKTPOHHBIX KHUT
uznarenbcTBa Elsevier.  — Netherlands: Elsevier,  2018-. —  Pexum  jgocryna:
sciencedirect.com. — 3aru. ¢ skpaHa. — 5I3. aHIJI.

Cambridgeuniversitypress[ DIeKTpOHHBII pecypc] : KypHAITBI U3JIaTEeIIbCTBA.

— Cambridge: Cambridgeuniversitypress, 2018—. — Pesxum noctyna: cambridge.org. — 3ari. ¢
JKpaHa. — SI3. aHru.

NEICON [3nexTpoHHBIN pecypc]: aNeKTpoHHas HHGOpMAIUsi: apXUB HAYYHBIX KYPHAJIOB. —
Mocksa: HOMUKOH, 2002—. — Pexxum gocTyma: neicon.ru/resources/archive. — 3ari. ¢ 3kpaHna.
— 3. pyc., aHriL.

8.4. [lepeuenb nporpaMMHOro odecrneyeHust

Ne Hanvenosamme IO PexBU3UTBHI Aorosopa
n/n (nata, HOMep, CPOK JAelCTBHS)
1 noroBop Ne 757 ot 04.07.2018,
Windows: CPOK JIEHCTBHSI — OECCPOYHO;
WinPro 10 RUS Upgrd OLP NL Acdmc koHTpakT Ne 1653 ot 14.12.2018,
CPOK JeHCTBHS — OECCPOUHO
2 | Office Standard: koHTpakT Ne 1653 ot 14.12.2018,
OfficeStd 2019 RUS OLP NL Acdmc CPOK JICUCTBHSI — OECCPOYHO

8.5. Onucanne MarepHaJbHO-TEXHHYECKON 0a3bl, HEOOXOAMMOM /ISl OCYLIECTBJICHUS

06pa30BaTeJ’leOFO npouecca mo TMCHUMIJInNHE

HaumeHnoBaHue 000py10BaHHBIX Y4eOHBIX
Ka0MHeTOB, 1a0opaTopuii, MACTEPCKUX U

Ne Ap. 00bEKTOB /IJIsl IPOBeIeHU s
. Ilepeyenb 0CHOBHOTO 000pPYyAOBaHMS
N/ | NPaKTHYeCKHUX U JJa00pPaTOPHBIX 3aHATHIA,
NOMELIECHHU VISl CAMOCTOATEIbHOMN
padoThl 00y4yaromuxcs (HoMep ayAuTOPHH)
VYyeOHnas ayautopus 11 npoBeaeHus 3aHaTuil | CToubl Y4EHUYECKHE JIBYXMECTHBIE
JEKIIMOHHOTO THMA. YueOHas ayautopus s | (MOHOOJIOK), CTOJ YUEHUYECKUI
IIPOBE/ICHUS 3aHATUM CEMHHApCKOTO THIA. | ABYXMECTHBIN , CTOJ IPENOAABATENbCKUN ,
VYuyebHast ~ ayauTopuss UL KYpCOBOTO | CTYI IIPENnoaaBaTeIbCKUM, J0cKa
1 | MPOCKTHPOBAHHS (BBITIOJIHEHUSI  KYPCOBBIX | ayJIUTOpHAs (memnoBasi), kadenpa,
pabot). YueOHast ayIuTOpHs AJIsl IPOBEACHUS | IPOEKTOP, IKPaH.; KOMIIBIOTEP.
IPYHIOBBIX u WMHUBUAYaJIbHBIX

KOHCYNIbTallMi. YueOHas ayauTopus Jjs
IIPOBEJCHUS 3aHATHNA TEKYLIETO KOHTPOJIA U
npomexxyrouHoi arrecrarmu (C-801)




n/n

HaumeHoBaHue 000PYI0BAHHBIX Y4EOHBIX
Ka0MHEeTOB, J1a00paTOPHii, MACTEPCKHUX H
Ap. 00bEKTOB /1J1sl IPOBe/IeHUsl
NMPAKTUYECKUX U JIA00PATOPHBIX 3aHATHH,
NOMeleHUuH JJISI CAMOCTOATEILHOMI
paboThl o0yuyaoumxcs (HoMep ayAuTOPUN)

Ilepeyenb 0CHOBHOTO 000pPYAOBaHMS

KoMmmproTepHslii knacc. YueOHast ayauTOpus
JUTSL TIPOBEACHHMSI 3aHATUHN JICKIIMOHHOTO THUTIA.
YueOHasi ayIUTOpUs AJIs IPOBEJICHUS 3aHATHIA
CEeMHMHAPCKOTo THIA. YuyeOHasi ayAUuTOpHUs IS
MIPOBEICHUS J1a0OpaTOPHBIX paboT. YdueOHas
ayUTOPUSL NIl KypCOBOTO MPOSKTUPOBAHUS
(BBITIOJTHEHUST KYPCOBBIX paboT). YueOHas
ayUTOPHUSL JUISl TIPOBEICHHS TPYIIOBBIX H
WHAVBUAYAIbHBIX KOHCYNbTAMKA YueOHas
aymIUTOpUs  JUIL  TIPOBEICHUS  3aHSATHA
TEKYIIEr0 KOHTPOJIA U  HPOMEXKYTOYHOM
aTTECTallUU. Kabuner UH(POPMATUKU
(kommbroTepHBIE Kiacchl). (3-814)

[TepenocHoil mpoekTop , 3KpaH., CTOJIbI
YUYEHHUYECKHUE, CTOJ MPEenoaaBaTesIbCKUM,
ctynbs, [IK ¢ Beixomom B cetb HTEpHET .

[TomereHre sl CaMOCTOSITENIBHOM PabOThI
obyuaronmxcs (C-916)

Kommnbrorepsl, cTOBL, CTYNbS

[Tomemienue i CaMOCTOSITENHHONH pPabOTHI
oOyuaromuxcs (C-916a)

[IIkadwl, CTONBI, CTYIbS, KOMIIBIOTEPHI,
JHUBaH
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