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1. Ilean ocBOEHUN TUCIUILIHHDI

Lesnb OCBOEHUS TUCHUIUIMHBI — TEOPETHYECKU U MPAKTHUECKU U3YUUTh, U CHOPMHUPOBATD Y
0o0yyaroIMXCcsl HAaBBIKM HCIOJb30BaHHUSA METOAOB IUIAHUPOBAHUSA OHKCIEpUMEHTa, cOopa u
CHCTEMAaTH3alluyd JaHHBIX, YHUCICHHOW OOpabOTKM TOJIY4YEHHBIX pEe3yJbTaTOB U KOPPEKTHOH
UHTEPIPETALMH PE3yabTaTa SKCIIEPUMEHTAIbHOIO UCCIIEI0OBAHHUS.

2. Mecto nucuuminnsl B ctpykrype OIIOIT BO

I[I/ICI_[I/IHJII/IHLI U IpPaKTUKHU, Ha OCBOCHHH KOTOPBIX 6a31/1pyeTcs1 JaHHas JUCHHUIIIIMHA:
JUCHUIINIMHBI IPEAbIAYIICTO YPOBHA O6paBOBaHI/I${.

HI/ICHI/IHHI/IHBI " IpaKTHUKU, JJI1 KOTOPBIX OCBOCHUC HaHHOﬁ JAUCHHUITIIMHBI HeO6XO,I[I/IMO Kak

NpeaACCTBYIOMICC: IMOAIOTOBKA U HAITMCAHUEC JUCCEPTALlUU, ITIOATOTOBKA K CAa4€ roCyJapCTBECHHOI'O
J9K3aMfC€Ha, ITIOATOTOBKA K CJa4€ KaHAUJAATCKHUX 3K3aMCHOB.

3. Ilmanupyemble pe3yJbTaThbl 00yUeHUsI

HNuauxkaropsl
dDopmupyeMbie U
JAOCTUKEHUS
KOHTPOJINpYyeMble . IInanupyemble pe3yJbTaThl
KOMIIEeTeHIU
KOMIETEeHI[UH (kox 1 o0yuyeHHs
(Ko 1 HAUMEHOBAHUE)
HaNMEHOBAHHE)
- CIIOCOOHOCTBIO CAMOCTOSITEITLHO - 3HAaTh:  METOABl  OCYIICCTBIICHUS
OCYIIECTBIISTh Hay4YHO- HAy4YHO — UCCIIeIOBATENbCKON
HCCIIEIOBATENbCKYIO NESATEIIbHOCTH B COOTBETCTBYIOMICH
JeSITeIbHOCTD B npodeccuoHanpHOM  obmacT ¢
COOTBETCTBYIOIICH HCIIOJIb30BaHUEM COBPEMEHHBIX

npodeccroHanbHOil 0o0jacTu C
HCIOJIb30BAHUEM COBPEMEHHBIX

IPUEMOB U CIIOCOOOB HCCIIEIOBAHUS U
nH(}OPMALIMOHHO-

METOJIOB HCCIIeIOBAHUS u KOMMYHUKAIIMOHHBIX TEXHOJIOTUI
MH(POPMaIIUOHHO- YMeTs: MIPUMEHSATH METO/IBI
KOMMYHHUKAIIMOHHBIX HCCIICTOBAHUS u HOBEHWIINE
texHonoruii (OITK-1) pa3paboTKu MH(POPMAIIMOHHO-
KOMMYHUKAIIMOHHBIX TEXHOJIOTUI
Bnamers: — aHamuszow,
cUcTeMaru3anuei u  00oOIIeHHEeM
Hay4YHO-TEXHUYECKON  HHOpMAIII
110 TEME MCCIIEOBAaHUN
- YMEHHEM DKCIEPUMEHTAIBLHO - 3HaTh: COCTOSTHUSI
yCTaHaBJIUBATh COCTOSTHUS KOHJIEHCUPOBAHHBIX BEIIIECTB,
KOHJICHCUPOBAaHHBIX  BEIIECTB, M3MEHEHNe UX (PU3NIECKUX CBOWCTB B
U3MEHEHHEe HX  (U3NYECKUX pe3yabTaTe pa3iUYHBIX  BHEIIHUX
CBOWCTB B PE3YyJIbTATE PA3JIMYHBIX BO3JEHCTBUI
BHemHuX Bo3aeicTeuit (ITK-2) YMeTh: JKCIIEPUMEHTAIIEHO
YCTaHaBJINBATh COCTOSTHHS

KOHACHCHUPOBAHHLIX BCIICCTB

Bnaners: COBPEMEHHBIMU
METOIUKAMU SKCHEPUMEHTAIBHO
yCTaHaBJINBATh COCTOSIHUS




dDopmupyeMbIe H

HNuaukaTopsl

AOCTHKEHU S
KOHTPOJINpyeMble . I[InanupyemMble pe3yJbTaThl
KOMIIeTeHIHH KOM(I:;TeI:Iu"" 00y4eHus
(Ko 1 HAUMEHOBAHUE) HaHMer)IBaHHe)
KOH/ICHCUPOBAHHBIX BEILIECTB,
U3MEHEHUe UX (PU3NYECKUX CBOMCTB B
pe3yabTare  pa3IMYHBIX  BHELIHHUX
BO3JIEUCTBUU
- cnocoOHOCTh pa3palaThIBaTh - 3HaTh: HKCHEPUMEHTAIBHBIE METOJIBI
AKCIIEPUMEHTAIIbHBIC METO/IbI u3ydyeHus  (U3HUECKUX  CBOWCTB
u3yueHus: (U3NYECKUX CBOMCTB MaTepHAaJIOB
MaTepuasoB u CO3/1aHue YMmeTb: pa3pabaThIBaTh
¢buznveckux OCHOB IKCIIEPUMEHTAIILHBIC METOBI
MIPOMBIIIITICHHON TEXHOJIOTHH u3ydyeHus  (U3HUECKUX  CBOWCTB
MOJTyYCHUS MaTepHaoB c MaTepHajoB U CO3/aBaTh (pU3HUECKue
ornpeaeNeHHbIMU CBOMCTBaMH OCHOBa MPOMBIIIIEHHON TEXHOJIOTHH
(TIK-4) HOJTyYCHUS MaTepHraoB c
oTpeieIEHHbIMU CBOIICTBAMH
Biagers: COBPEMEHHBIMHU
METOUKaMHU pa3paboTku
HKCIEPUMEHTATBHBIX METO/I0B
u3ydyeHus  (U3HUECKUX  CBOWCTB

MaTepHajoB U CO3JaHue (PU3MUECKUX
OCHOB TIPOMBIIIJICHHOW TEXHOJIOTHH

HOJTyYCHUS MaTepuaioB c
OITPE/ICJICHHBIMHU CBOWCTBAMHU

- CIIOCOOHOCTBIO TUIAHHPOBATh U - 3HaTh: STHYECKHE TPUHIUITBL

pemarh 3agadud  COOCTBEHHOTO npodeccuu,  CrocoObl  pa3BUTHS

npodeccrnoHalbHOTO u JMYHOCTH U METOJIbI peIIEeKCHH

auuHocTHOro pa3Butus (YK-5) YMeTh: CJIeZIOBaTh OCHOBHBIM
HOpMaM, IPUHATBIM B HAYYHOM
oO1IeHNnH, c y4eToM
MEKIYHAPOIHOTO OTIbITA

OCYIIECTBISTh JTMYHOCTHBIN BBIOOp B
MOPAJIbHO-IIECHHOCTHBIX CUTyaluiXx,
BO3HUKAIOIINUX B MPOhecCHOHATBHOM
chepe AesITeIbHOCTH

Bnagers:  mpencraBieHUSMH O
KaTeropusix u npobiemax
npodeccnoHaNBEHOM STUKU




4. CTpyKTYpa M coJiepKaHue IUCHUIINHbI

®opMbl TEKYLEr0

Bun . KOHTPOJIA
Monayab . HaunMenoBanue TeM 3aHATHH
y4eOHoi . Cemectp |O0bem, u.| Bbaauabl | UHTepakTuB, 4. | (HaMMeHOBaHHMe
(paznen) (yueoHoOii padoThI)
padoThI OLIEHOYHOI'0
cpeacrsa)
Jlex 2 - -
Ponb sxcriepuMenTa B MpoBEACHUN HAYYHOTO
WCCIIeTIOBaHUS
CP 10 - -
[P 6 - - KommiekT oTueToB no
[TocTpoeHne MEKTPOHHBIX TAOIHIL IS MPAKTUYECKUM
UCXOJHBIX TAHHBIX KCIIEPUMEHTA paboTam
CP 10 - -
Jlex DTansl NPOBeIeHUs YIKCIIEPUMEHTATHHOTO 2 - -
CpP HCCJICAOBAHUS 10 B B
Mertonuka N3mepenue pe3ynbTaToB U MOTyYCHHE
MMOCTaHOBKH U IKCIIEPUMEHTAILHBIX JTAHHBIX 1
HPOBCACHUS | TTp 2 - - KOMIUIEKT OTYETOB IO
PKCIIEPUMEHTA|
KommbrotepHas Mojiens ist Kputepusi Xu- [PAKTHHCCKIM
KBajpar paboTam
CP 10 - -
Jlex CraTucTudeckre MeTO bl OIICHKH 2 - -
CP JTOCTOBEPHOCTH HKCIIEPUMEHTAIBHBIX TAHHBIX 10 - -
[P 4 - - KommnekT otuetoB no
KoMIbroTepHas Moiesb Uil KPUTEPHS [IPAKTIHICCKIM
Kpamepa-VYommua paboTam
CP 10 - -
Jlek KommprorepHbie cucteMbl 00pabOTKH 2 - -
CP CTaTUCTUYECKUX JTaHHBIX 10 - -




®opMbl TEKYILLEr0

Bun . KOHTPOJIA
Monayab . HaunMenoBanue TeM 3aHATHH
y4eOHoi . Cemectp |O0bem, u.| baauabl | UHTepakTuB, 4. | (HaMMeHOBaHHMe
(paznen) (yueoHoOii padoThI)
padoThI OLICHOYHOI0
cpeacrsa)
I1P 6 - - KoMrmuiekt oT4eToB 1no
KommnsrorepHas Mozieins uist KpUTEPHS [IPAaKTHICCKUM
«yryoBoe npeodpazoBanue Duiiepay paboTam
CP 10 - -
Jlex Knaccudukanus cTaTHCTUYECKUX METOJIOB H 2 - -
CP 00J1acTh UX MPUMEHEHUS 10 - -
ITP 2 - - KommiekT otueToB no
[InanupoBaHue 3KcriepuMeHTa U 00paboTKa [IPAKTHYCCKIM
JAHHBIX C MTOMOUIBIO TPEKO-JIATUHCKUX paGotam
KBaJpaToB
CP 10 - -
Jlex [TocTpoeHue IeKTPOHHBIX TAOIHUIL AJIs 2 - -
Cp 00pabOTKH Pe3yIbTaTOB HIKCIEPUMEHTA 10 - -
I1P 4 - - KommnekT otuetoB no
CP CpaBHI/ITeHBHBII\/’I AHAJIN3 KPUTCPUA Xu- 10 - - MMPaKTUIECKUM
kBaapar u kpurepus Kpamepa-VYamnma paboTam
Jlex [IpoBenenune s3xkcnepuMEHTa ¢ MOMOILBIO 2 - -
CP AMHUTAIIMOHHON MOJEIIH 10 - -
1P 4 - - KommiekT oTueToB no
CP [TocTpoeHre UMUTAIMOHHOW MOJIENH TSt 10 - - IPAKTHYCCKIM
MOJIYYEHUS] CTATUCTUYECKUX JAHHBIX paGotam
Jlex OTtoOpakeHre U MHTEPIPETAIUs Pe3yIbTaTOB 2 - -
CP HKCIIEPUMEHTAIILHOTO UCCIIEI0BAHMS 10 - -
1P [TocTpoeHne MOIENH DIIEKTOPAILHOTO 2 - - Kommiext or4eros no
Cp IpoIecca — yTOYHEHHAs! KOMIIbIOTEpHAst 10 - - [IPAKTHECCKIM
mozens Jaynca paboram




Monayab
(paszaen)

y4eOHoi

Bun

padoThI

HaunMenoBanue TeM 3aHATHH
(yuedoHOM padoTHI)

CemecTtp

Oo0beMm, 4.

Banasl

HNHuTepakTus, 4.

®opMbl TEKYILLEr0
KOHTPOJIA
(HaMMeHOBaHUe
OLICHOYHOI0
cpeacrsa)

CP

IToaroroBka K 3a4eTy

10

Bomnpocsl k
[IPOMEKYTOYHON
aTTeCTallu1

Hroro:

216




5. O6pa3oBaTe/ibHbIE TEXHOJIOTHHU

B paMKax U3y4CHUS AUCIHUILIINHBL <<MGTO,[[I/IKa MMOCTAHOBKHA U NPOBCACHUS SKCIICPUMCHTA»
NPEIYyCMOTPEHO UCIIOJIB30BAHUE CIEAYIOMNUX 00pa30BaTEIbHBIX TEXHOJIOTHHA:
¢ TCXHOJIOTHA  TpaaAUIHUOHHOI'O O6y‘-I€HI/ISII JICKOUHN u MMPAKTUYCCKUC pa6OTLI,
caMoCTOsITeNIbHAs padoTa;
® TEXHOJIOTHS MPOCKTHOTO OOYUYCHHUS: peaan3allis U 3aluTa OTYETOB 1O MPAKTUICCKIM
paboram.

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

N3yueHune QUCUUIUIMHBI TpeOyeT CHCTEMAaTH4YeCKOro M IOCIIEA0BATEIbHOIO HAKOMJICHUS
3HaHUM, CJIEI0BATEIBHO, 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-HCTOYHHMKAX, NEPUOTUYECKUX
u3anusx. [lpu aToM ydecTs pekoMeHAaluu MpernoiaBaTess U TpeOoBaHUs y4eOHOM MPOrpaMMBl.
JlopabaTbIBaTh CBOM KOHCIIEKT JIEKIUH, JIe]asi B HEM COOTBETCTBYIOILINE 3allCH U3 JIUTEPATYpBhI,
PEKOMEH/I0BaHHOH MpernoAaBaTeseM U MpeycCMOTPEHHON Y4eOHOH MporpaMMoi.

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

PexoMeHganmuu no NoAroTOBKe K NPAKTHYECKUM 3aHATHAM

CryneHnTam cienyer:

® 0 OYEPENHOI0 IPAKTUYECKOrO 3aHATHS II0 PEKOMEHIOBAHHBIM JIMTEPaTypPHBIM
UCTOYHHUKAM IpopadoTaTh TEOPETUYECKUH MaTepual, COOTBETCTBYIOLIEH TEeMBI
3aHSTHS;

® [IpH NOJATOTOBKE K MPAKTUYECKUM 3aHATUSAM CleayeT 00s3aTebHO UCIOIb30BaTh HE
TOJILKO JICKIIUH, y4eOHYIO JIUTEepaTypy, HO U IpYrHe UCTOUHUKH;

e B Hayajie 3aHATUN 3a7aTh MPENOJaBATENI0 BOMPOCHI IO MaTepHaly, BbI3BaBIIEMY
3aTpyJHEHHs] B €ro NMOHMMAaHWM W OCBOCHHUHU NpPU PEIICHUU 3a/ad, 3aJaHHbIX IS
CaMOCTOSITENIBHOTO PELICHMS;

e Ha 3aHATHUM JIOBOJUTh KaXAYI0 3aJadyy [0 OKOHYATEJIbHOrO  pEIIeHHs,
JEMOHCTPUPOBaTh IMOHMMAHHUE TMPOBEACHHBIX pPAcyeToOB (aHAIM30B, CUTyaluil), B
cilyyae 3aTpyJHeHUH 00paIiaThCs K MPenoaaBaTeio.

J1st Toro 4To6bl MpakTUUECKHUE 3aHATHS MPUHOCHIN MAaKCUMaJIbHYIO MOJIb3Y, HE0OOX0IMMO
IIOMHHTb, YTO YNPAKHEHUE U PELICHUE 3aJad MPOBOIATCSA 110 PACCMOTPEHHOMY Ha JIEKLHUAX
MaTepuaiy U CBA3aHbl, KaK MPaBUJIO, C AETaJbHBIM pa300pOM OTAEIBHBIX BOIIPOCOB JEKLIIHOHHOTO
kypca. Crnenyer NOAYEpPKHYTb, YTO TOJBKO IIOCJIE€ YCBOEHHUS JIEKIMOHHOTO Marepuaia ¢
OTpe/ieIeHHOM TOUYKH 3peHHs (2 IMEHHO C TOW, C KOTOPOM OH M3Jlaraercs Ha JIEKLHUAX) OH OyJeT
3aKPEIUIATHCS CTYACHTOM Ha MPAKTUYECKUX 3aHATHUAX KaK B pe3yibTaTe OOCYXJIEHUS U aHaJIn3a
JIEKIIMOHHOT'O MaTepuasa, Tak U ¢ IOMOIIbIO pelieHns NpoOIeMHbIX CUTyaluil, 3aaay. [lpu aTux



YCIIOBUSIX CTYACHT HE TOJBKO XOPOLIO YCBOMUT Marepuasl, HO U HAay4HUTCs NPHUMEHSTh €ro Ha
IPaKTUKE, a TAK)KE IMOJYYUT JOMOJIHUTENIBHBIA CTUMYJ (M 3TO OYEHb BA)KHO) AJISI aKTUBHOMU
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
OKOHYATEeJIbHOIO JIOTMYECKOr0 OTBETa, KOTOPOro TpeOyeT YCIOBHE, M IO BO3MOXHOCTH C
BBIBOZIOM. [lomydeHHBI OTBET cienyeT MPOBEPUTh CHOCOOAMH, BBHITEKAIOIIMMHU U3 CYyIIECTBa
naHHOM 3a1aun. [losne3Ho Takxke (€cau BO3MOXKHO) pellaTh HECKOJIBKMMHU CIIOCO0aMU U CPaBHUTH
MOJIy4dEeHHBIE pe3yIbTaThl. Pemenne 3a1a4 JTaHHOTO THITA HY>KHO MPOJOJDKATh A0 MPUOOPETEHUs
TBEP/BbIX HABBIKOB B UX PELLCHUMU.



7. OueHOYHBIE CPEACTBA

7.1. IIacopT OLIEHOYHBIX CPEACTB

Cemectp Koxa koHTpO/IMpyemMoii KOMIIeTeH UM HaumenoBanue
(nJ1u ee yacTu) OI[€HOYHOT0 CpeICTBA
1 OIIK-1; IIK-2; IIK-4; YK-5 KoMIuiekT oT4eTOB Mo MpakTUYEeCKUM
paboram 1-8
Bormpocs! k 3auery 1-44

7.2. TumoBble 3aJaHUsi WJIH WHbIe MaTepHaJibl, HEOOXOAMMBbIE /IS TeKyIIero
KOHTPOJIA

7.2.1 KoMILIEKT 0TYETOB M0 MPAKTHYECKUM padoTaM.

IIpakTuyeckoe 3ansitue Nel. IlocTpoenne 3J1eKTPOHHBIX TAOJMI AJSl UCXOJHBIX JAHHBIX
JIKCIIEPUMEHTA

3anaHue: TOCTPOUTH AIEKTPOHHBIE TAOIUIIBI I UCXOIHBIX JIAHHBIX KCIIEPUMEHTA.

OnucaresbHas nHopMaIMOHHAsT Mojeb. Ha mepBoM sTame uccienoBaHus O0ObEKTa
WIH TIpoliecca OOBIYHO CTPOWTCS OINHMcaTelNbHas WH(DOpPMAMOHHAS MOJAENb. Takas MOJeh
BBIICJISIET CYLIECTBEHHBIE, C TOYKU 3PEHHUs LieJIed MPOBOJAMMOrO HCCIEIOBAHUSA, MapaMeTpbl
00BeKTa, a HeCYIIECTBEHHBIMH ITapaMeTpaMu MpeHeOperaer.

dopmaan3oBaHHast Mojesb. Ha BTopoM 3tarne coznaercs hopMain3oBaHHAsS MOJICTb, T. €.
onucareabHas HHGOPMAIIMOHHAS MOJIENb 3aITMCHIBACTCSI ¢ TTOMOIIBIO KaKOTr0-1100 (OpMaTBHOTO
a3bika. B Takoil mMozenu ¢ momouibio (HOpMyN, YpaBHEHHUN WM HEPaBEHCTB (DUKCHUPYIOTCS
(dbopMalibHBIE COOTHOLIEHUSI MEK/Ty HAUaJbHBIMU U KOHEUHBIMU 3HAYEHUSIMH CBOMCTB OOBEKTOB,
a TaK)K€ HAKJIaJbIBAIOTCS OFPAHUYEHHUS HAa TOIYCTUMbIEC 3HAUEHUSI 3TUX CBOMCTB.

Onnako Janexko He Bcerjaa yaaeTcss HaWTu (OpPMYJIbI, SIBHO BBIPAKAIOIIME HCKOMBIC
BEJIMUMHBI Yepe3 HUCXOAHbIE JaHHble. B Takux ciydasx HCHOJB3YIOTCS MNPUOIHNKECHHbBIE
MaTeMaTUYECKHE METO/IbI, IIO3BOJISIONINE MOTyYaTh PE3YIbTAThI C 33JJTAaHHON TOUHOCTHIO.

Komnbiorepuasi mopgenab. Ha TperbeM dtame HeoOxomumMo  (opMamn30BaHHYIO
WH(DOPMAIIMOHHYIO MOJIENIb TTpeoOpa3oBaTh B KOMIBIOTEPHYIO MOJENb, T. €. BBHIPa3uTh €€ Ha
MOHSATHOM JUIsl KOMITbIOTEpa si3bIke. CyIIEeCTBYIOT pa3IMUHbIE TYTH OCTPOEHUSI KOMIIBIOTEPHBIX
MOJCIEH, B TOM qHCIe:
- CO3JITaHNe KOMITBIOTEPHOM MOjienu B (hopMe MPOEKTa Ha OJTHOM U3 S3BIKOB MTPOTPaMMHUPOBAHUS;
- MOCTPOCHHE KOMITBIOTEPHON MOJENN C HCIOJIh30BAHUEM DJIEKTPOHHBIX TAOHI] WM JIPYTUX
MPUIOKEHUH: CHCTEM KOMIBIOTEPHOTO 4YEepyYeHHs, CHUCTEM YIpaBieHHs O0a3aMu [IaHHBIX,
reornH(GOPMAIIMOHHBIX CHCTEM U T. .

B mpomecce co3maHus KOMITBIOTEPHOW MOJENM TOJIE3HO pa3paboTarh  ymoOHBIN
rpaduueckuit UHTEpQEIic, KOTOPHIN MO3BOJIUT BU3YAIU3UPOBATh (POPMANbHYIO MOJIENb, A TAK¥Ke
peann30BaTh HHTEPAKTUBHBIN JUAJIOT YEIOBEKa C KOMIIBIOTEPOM Ha 3TAre UCCIET0BAHMS MOCIIH.

Komnblorepublii 3xcnepuMenT. YeTBepThiii 3Tanm uccienoBaHUs WHPOPMAIMOHHON
MOJIEJIA COCTOUT B MPOBEJIEHUHU KOMIBIOTEPHOIO 3KcnepuMeHTa. Ecin KoMnbloTepHAass MOJEIb
CYIIIECTBYET B BHJIC ITPOCKTA HA OJTHOM U3 SI3BIKOB MPOTPAMMHUPOBAHUS, €€ HY)KHO 3aITyCTUTh Ha
BBITIOJIHEHHE, BBECTH UCXO/IHBIE IaHHBIE U TIOJIYYUTh PE3YyJIbTaThI.

Ecnu xoMmmproTepHas MOAENb HCCIENYETCS B NMPHIOKEHUH, HANIPUMEP, B AJIEKTPOHHBIX
TabJIMIaX, TO MOXKHO MMOCTPOUTH AUArpaMMy WU rpaduK, IPOBECTH COPTUPOBKY U MOUCK TaHHBIX
WJTH MICTIOJIb30BaTh JIPYTUE CIICIHATM3UPOBAHHBIC METOIbI 00PA0OTKH JaHHBIX.

IIpy uCHONB30BaHWM TOTOBOM KOMIBIOTEPHOM BHU3YaJbHOW HWHTEPAKTUBHOM MOJIEIU
HEOOXOMMO BBECTH HMCXOJHBIC JaHHBIC, 3alyCTUTh MOJIENbh Ha BBITOJHEHHE W HAOIIOIATh
W3MEHEHHE 00BEKTa M XapaKTEPU3YIOIINX €ro BEIUYUH.



B BupTyanpHBIX KOMIBIOTEPHBIX Ja0OPAaTOPHSIX MOXKHO TNPOBOAUTH 3KCIIEPUMEHTHI C
peaibHbIMH 00beKkTamMH. JJii 3TOro K KOMIBIOTEPY NPUCOEAUHSAIOTCS NaTYMKU H3MEPEHUS
¢u3nueckux MmapaMeTpoB (TeMmepaTypbl, NaBJICHUS, CHIBI W Jp.), JaHHBIE HW3MEpEeHUi
nepesaloTcss B KOMIBbIOTEp U 00pabaThIBalOTCS CIEUMaIbHOW mporpammoil. Pe3ynbTarhl
HKCIIEpUMEHTa B BHJE TalOmuil, rpaduKoB W JUarpaMM OTOOpa)KaloTCsl Ha KpaHE MOHUTOpA 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 pPe3yJbTAaTOB, IOJIYYEHHBIX MpPH HCCIEIOBAHUM HH(OPMAIIMOHHON
MOJIeTIH, M3MEpsieMbIM IapaMeTpaM pealbHbIX OOBEKTOB MOXKHO CJeNIaTh BBIBOJA, 4YTO Ha
NpEIbIAYIINX dTanax MOCTPOSHUS MOAETH OBbLIH JOMYIICHBI OIIMOKH MM HETOYHOCTH.

Hanpumep, mnpu mOCTpOEHUM ONUCATENbHONM KAa4eCTBEHHON MOJENIU MOTYT OBITh
HEMPaBUWIBHO OTOOpaHBI CYIIECTBEHHBIE CBOWCTBA OOBEKTOB B Ipolecce GopMaTu3aiii MOTYT
ObITh JomylleHbl omMOKH B Qopmynax U T. A. B aTux cioyyasx HEOOXOAMMO MPOBECTH
KOPPEKTUPOBKY MOJEIH, PUYEM YTOUHEHUE MOJEIN MOXKET IPOBOAUTHCS MHOTOKpPATHO, IOKa
aHAJIU3 PE3yNIbTaTOB HE MOKAXET UX COOTBETCTBHE N3y4aeMOMY OOBEKTY.

ITocTpoenne 3/1eKTPOHHOI TAGJAMUBI IS CTATHCTHYECKOH 00padoTKH pe3y/IbTAaTOB
JKCIepUMeHTa (MpPOBepPKa CTATHCTHYECKOH OJHOPOAHOCTH JKCIHEPUMEHTAJIbHOH W
KonTpoJbHoii rpynn Ha0J/1r01eHuil)

A B C D E
KomngectBo Kommuecto
KommuectBo KomngectBo . .
. - 0a10B I-ro 6ai10B I-T0
0aiioB I-ro 0aioB I-ro
Howmep CTyJEHTa CTyJEeHTa ;ngﬁﬂis SEZii;?:;
KOHTp. Tp. 10 | 3KCHep. Ip. 10 Hoce Hoce
AKCIIEPUMEHTA | SKCIIEPUMEHTA
JKCIICPUMEHTA | DKCIIEPUMEHTA
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
Konunyectso KommuectBo
KonunuectBo KonuuectBo . -
SAILI0B i-10 SAILIO0B i-1o 6amoB I-ro 6aioB I-ro
Howmep CTyJIeHTa CTyIEeHTa cryacita cryAeHtTa
KOHTp. I'p. 10 | 3KcHOep. rp. A0 KOHTP. TP- JKCTIED. TD-
HKCIIEPUMEHTA | SKCIIEPUMEHTA rrocie frocie
JKCIIEPUMEHTA | 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 ol
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 mno ¢opmyne =CP3HAY (B2:B61) c¢ mnocnenyrommm
TUpaxupoBaHueM 1o crondmam C,D,E
Hucnepcus  Beruucasiercs  no  ¢opmyne =JAUCII (B2:B61) ¢ mnocnexgyrommm

TUpaxupoBanueM 1o crondmam C,D,E



Te ke nanHble ¢ TpeoOpa3oBaTh B TAOIHILY MOPSIKOBBIX JAHHBIX C MOPSIIKOBON IIKAJIOM,
UMEIOIIIeH 3aanHoe Ynciio rpanamuii (3, 5, 7). K nmomyyenHoi Tabnviie Ha CICIYIONIEM 3aHATUH
OyJleT mpuMeHEeH KpUTEepUi X1-KBajIpar.

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 OMPENeseTCs
CTENEHb YBEPEHHOCTH B OJHOPOJHOCTH/HEOJHOPOJHOCTH BBIOOPOK Ha 3aJlaHHOM YpOBHE
saaunmoctu p=0,05 (p=0,01).

[1n1aH BeINOJIHEHHUS PAdOTHI

1.  BsiOepute UCXOTHBIC BHIOOPKH.

2. Iloctpotite BerurcauTenbHyro Tadmuiy B MSEXcel.

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

4. ChopmynupyiiTe BBIBOJ O CTATUCTHYCCKON 0OHOPOOHOCHU/HEOOHOPOOHOCHU 8bIOOPOK.
OObsicHUTE UX pa3inyue.

Conep:kanue oTyera
l. TUTyJIBHBIN JIUCT.
1. HasBanue u 1ienp paboThl.
1. PesynbTarhl BeinosHEHUS paOOTHI
V. 3aKIro4eHne
V. [Ipunoxenus

IIpakTuyeckoe 3ansaTue Ne3.

Komnbrorepnasi mogenns s kpurepusi Kpamepa-Yanua

3aganue: HeoGxoaumo mnpumeHuTs Kputepudt Kpamepa-Yasmua, OCHOBaHHBIM Ha
CTaTUCTUKE, JUUIsl IPOBEPKU TMIIOTE3bl PABEHCTBA MATEMAaTUYECKUX 0KUAAHUHN UCIIOIb30BaTh.

Kputepuii Kpamepa-Yanuya umeer npo3payHblii CMBICT — Pa3HOCTh BBIOOPOUYHBIX CPEIHUX
apuMeTHUeCKuX IS JIBYyX BBIOOPOK JENUTCS Ha €CTECTBEHHYIO OLIEHKY CpEIHEero
KBaJPaTHUYECKOr0 OTKJIOHEHMS 3TOM pa3HOCTHU. ECTECTBEHHOCTh yKa3aHHOM OLEHKH COCTOWUT B
TOM, YTO HEWU3BECTHBIE CTATHUCTUKY IHUCIIEPCUU 3aMEHEHBbl MX BBIOOPOYHBIMH OlLleHKamu. U3
MHOTOMEpPHOM LEHTPAJIBHOU MPEIEIbHON TEOPEMBI U U3 TEOPEM O HACIEJOBAaHUU CXOAMMOCTH
BBITEKAET, YTO IMpH pocTe 00bEMOB BBIOOpPOK pacmpezneneHue cratuctuku T Kpamepa-VYamua
CXOJIUTCA K CTaHAAPTHOMY HOPMAJIbHOMY PAacHpeleCHUI0 ¢ MaTeMaTH4ecKuM oxkuianuem 0 u

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

cratucTUku T TpUOIIIKAETCS ¢ TIOMOIIIBIO CTAHAAPTHOTO HOPMaIbHOTO pacnpeneneHus D(X), u3
TaOJIMI] KOTOPOTO CIIEAyeT OpaTh KPUTHUECKHE 3HAYCHUSI.

N3 ckazaHHOro BBINIE CIEAYET, 4TO NpUMeHeHue kputepus Kpamepa-Ysimua He meHee
000CHOBaHO, YyeM npuMeHeHHe kpurepusi CTprojeHTa. [lONONTHUTEIbHOE MPEUMYILECTBO - HE
TpeOyercs paBeHcTBa aucnepcuit D(X)=D(Y).

Pacnipenenenne cratuctuku T He sBisiercst pacnpeneneHneM CTBIOJEHTA, OJHAKO U
pacnpejielieHie CTATUCTHKH t, KaK MOKa3aHOo BBIIIIE, HE SBJISICTCS TAKOBBIM B PEATbHBIX CUTYAIIUSX.

(muraTa u3 yueOnrka Opnosa B.1. http://orlovs.pp.ru/stat.phpIToka3ano, 4To npeanochUIKK
IBYXBbIOOpOYHOTO KpuTepusi CThIOJEHTa, KaK MPABHIO, HE BBIMOMHsIOTCSA. J[Jsi TpOBEpKH
OJTHOPOJHOCTH MAaTeMAaTHYECKHX OXUAaHWi BMecTo Kpurepus CTbIOJIGHTa TNpeaiaraercs



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

UCTONIb30BaTh Kputepuit Kpamepa-VYamua. OOcyXaaroTcst HermapaMeTpudecKre KpUTEpUu JUis
IPOBEPKH THITOTE3bI OTHOPOTHOCTH (DYHKIMIA pacipe/iesiCHusI. )

IpakTnueckoe 3ausitue Ne4.

KomnbrorepHasi Moge/ib VI KpUTEPHUS «yIJI0Boe npeodpazoBanue @uinepay

3ananue: [locTpouTh KOMIBIOTEPHYIO MOJEINb ISl KpUTEpUs «YTIIOBOE MpeoOpazoBaHUE
duuiepar.

JUis OLEHKM CTaTUCTUYECKOH OJHOPOJHOCTH XapaKTePUCTUK OSKCIEPUMEHTAIBHOW U
KOHTPOJILHOM TpYHN HCIONb30BaTh Kputepuit dumnepa. Beibop kputepus npousBeneH 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
(MaTeMaTUYeCKOro OXKUIAHMS) MCCIETYyEeMOro MOKa3aTesst MPHU TOM, YTO JUCIEPCHH BBIOOPOK
pasnnyarorcs. Paznuune aucnepcuil ObUIO BBISBIEHO HA MEPBOM 3Tane oOpaOOTKU JaHHBIX, U
CTaJIO MPENATCTBUEM JJISl IPUMEHEHUs TPaJuIMOHHOTO0 t-kputepust CThloeHTA.

B knure J{.A.HoBukoBa HCI10/1b30BaHbl KpUTHUUYECKHE 3HAUCHUSI KaK pa3 s t-KkpuTepus, 4to
KOHEYHO HE BIIOJHE OOOCHOBAaHHO M JaeT MNpUOIM3UTENbHBbIE pe3ynbTarhl. lcmonb3oBanue
3HaueHuss Txp=1,96 ypoBHs yBepeHHocTH 95% TOBOPUT O TOM, 4YTO 0O0BEM BBIOOPKHU
IPEIoIaraeTcs O4eHb OOJIBIINM (0003HAYACTCS MPOCTO KaK OECKOHEYHBIH, TO €CTh Peub UIET O
IpeebHOM 3HAaUE€HUH IIPU BO3pacTaHUK 00beMa).

AJITOPUTM OIpENEICHHUs] JIOCTOBEPHOCTU COBMAJEHUN M pa3IUuuid XapaKTEPUCTHUK
CPaBHUBAEMbIX BBIOOPOK JJIsl SKCIIEPUMEHTAIIbHBIX IaHHBIX, U3MEPEHHBIX B IIIKAJIe OTHOLICHUH, C
NOMOMIbIO KpuTepus Puiliepa BKIIOYAET CIEAYIOIINE Iaru:

1. BIuMCIUTh U1 CPAaBHUBAEMBIX BHIOOPOK Toym— IMIMPUUECKOE 3HAYCHUE KPUTEPHUS.

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

IpakTnyeckoe 3ansitue NeS.

I[InanupoBaHue 3KcIepUMEHTa U 00pad0oTKa JAHHBIX € IOMOIIBIO JIATHHCKUX U I'PEKO-
JIATHHCKHUX KBaJpaToB

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

[Tpenmosnoxum, HampuMep, 4TO SKCIIEPUMEHTATOP MCCIEAYET BIMSHHUE IIATH Pa3INYHbIX
(dbopMyI B3pBIBUATOM CMECH, MCHOJB3YEMBIX NMPHU MPOU3BOACTBE JUHAMHTA, Ha HAOII0JIaeMYIO
cuity B3pbiBa. CMech M0 KaXkKaA0H U3 popMys1 IPUTOTABIMBAETCS U3 TAPTUH CHIPbsI, 00bEM KOTOPOI
MO3BOJIIET IPOBEPUTH HE Oosiee natu ¢opmyil. Jlanee cMecu MPUTrOTABIMBAIOTCS HECKOIbKUMU
orepaTopamMu, KOTOpPbIe MOTYT CYIIECTBEHHO Pa3JIMYaThCs MO KBATU(UKAMK U ONbITY. Takum
00pa30oM, OKa3bIBAETCsl, YTO IIJIaH SKCIIEPUMEHTA I0JIKEH NIPEyCMOTPETh «yCPEIHEHHNE)» BIUSAHUS
JIBYX BHEIIHUX (PAKTOPOB — MapTUH CBIPbs M onepaTopoB. IlnaH, MO3BOISIOMUN PEIIUTh 3Ty
3a/1a4y, COCTOUT B TOM, YTOOBI NMPOBEPUTH KaxaAyl0 (OpMylly CMECH B TOYHOCTU OJIMH pa3 B
KaX/10i mapTHH CBIPbS B TOYHOCTH MO OJHOMY pa3y KaXkJIbIM M3 ISATH oneparopos (Tabi. 1).
Takoil maH Ha3bIBaeTcsl JATUHCKUM KBajapaToM. OTMETHM, YTO HAOIIOACHMS PACIONIOKEHBI
KBaJpaToM, a Atk Gopmyn (00paboTok) o6o3HaYeHbI JaTuHCKUMH OykBamu A, B, C, D u E —
3TUM U OOBSACHSETCS Ha3BaHME «IATMHCKHUM KBaapaT». BUIHO, YTO Kak MapTHH CBHIPbS (CTPOKHU),
TaK ¥ ONepaTopsl (CTOIOLBI) OPTOrOHAIBEHBI 00PA0OTKAM.

Tabnuna 1 - JlatuHckuit KBagpar A 3aga4u o popMysax 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 KBaIpaThl IPUMEHSIOTCS ISl TOTO, YTOOBI HCKIIFOYUTH 1B BHEITHUX UCTOYHHKA
HEOJHOPOAHOCTH, T. €. YTOOBI 00ECIEUNTh CUCTEMATHUECKOE TPYNIIMPOBAHNE B OJIOKH MO JABYM
HanpaBiieHusIM. TakuMm 00pazoMm, CTPOKH U CTOJOLBI, B CYIIHOCTH, MPEICTaBISIOT cOOOW ABa
OTpaHUYEHUS Ha PAHJOMHU3AIHIO.

B o0miem cryuae natuHCKHM KBaapaT 17 p (aKTOpOB WM JATUHCKHUI KBaApaT pXp — 3TO
KBaJpaT, COCTOSAIIUN U3 P CTPOK U P cTon6noB. Kaxnas u3 p? moaydarommxcs s9eeK COMEPKUT
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.

CpaBHuTeILHBIH aHAJIN3 KpUuTepust Xu-KBaapart u kpurepus Kpamepa-Yanma

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

(ITpakTrueckue 3anstus 1 — 4).

IMpakruyeckoe 3anaTue Ne7. IlocTpoeHrMe MMUTALUMOHHOM MOJEJH ISl MOJYYEHHUS
CTATHCTHYECKHX JaHHBIX

MartemaTu4eckasi Mojejib Npouecca

MareMatnueckoe MOJCIUPOBAHUWE IIpollecca HAYMHAETCS C 3aJaHusl IEPEMEHHBIX.
[TepemeHHBIMU 3aal0TCs KOJIMYECTBEHHBIE (bakTopsl, OIIUCHIBAIOIIUE COCTOSIHHE
MIPOM3BOJICTBEHHON cHUCTeMBbl. OO000mMMM MpeACTaBICHUE CHUCTEMBI, YTOOBI OXBAaTHTh KJacc
MPOU3BOJIBHBIX TIOCIEIOBATEIIHBIX MPOU3BOJICTBEHHBIX CHUCTEMBI. JTambl MPOU3BOJICTBA OyIemM
MPEACTABISITh Kak CTaHIMH. COCTOSSHHE CHCTEMbl MIASHTU(UIMPYEM MapameTpoM t (IHUCKpEeTHOE
BpeMmsi). B mporecce mpon3BoACcTBa UTEpaIvs MOTJIA ObI OBITH SKBUBAJICHTHA HHTEPBATY B OJIMH 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 NPOAYKIMH, U3MepseMbIMH B JTUX eauHUIAx'. Beenem ciefyiomue 0003HAueHHs 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 MOMEHTTL;

Wi(t) —He3aBepiiieHHAs IPOTYKIIMS, JOCTYITHAS /IS | CTAHIIMU B MOMEHT t;
Moenb IpOoU3BOACTBCHHOM CHCTEMBI 33/1a€TCsI CUCTEMOI peKyppeHTHBIX dhopmyi (7.1 —7.5):

Cranmus 1

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

R (®) =Min[C;(t), R () +W,, ()] (73)
Wi(t) =W, (t-D)+R(t-)-R,(t-1) (7.4)
Cranuuu n

P (t)=Min[C_(t),P_(t)+W_ ()] (7.5)

W3 ypaBuuBanusg (7.1) BUAHO, YTO BBIIYCK MPOAYKIMH CTaHOUM | paBeH ee
npou3BOUTENbHOCTH. YpaBHuBaHue (7.2) onpenenser WIP, 1ocTynHyto B MOMEHT t, Kak (QYHKITUIO
MePEMEHHBIX, TTOJIYYCHHBIX B MPEABIAYIIANA MOMEHT BpEMEHU. A UMEHHO, KOJMYECTBO JIOCTYITHOU
HE3aBEPIICHHOW MPOAYKIIUK CTaHIUU | B MOMeHT t, To ectb Wi(t), paBHO 3TOMY KOJHUYECTBY B
npeapiaymuii MomeHT Wi(t) mioc KOJHYeCTBO HOBOWM MPOAYKIMHM CTAHIMH | B THpEABLIYIINI
MoMeHT P1(t-1) MUHYC KOTHYECTBO IPOAYKIIUH B3SATOU JUIsl IEPEPaOOTKH CTAHIIUEH 2 B TIPEABLTYIIN N
MoMeHT Pao(t-1).

B ypaBuenuu (7.3), 3amaercss o0beM MPOU3BOJACTBA AJISL CTaHIMK co 2-i 1o n-to. O0BeM
MIPOU3BOJICTBA OTPAHMUYMBAETCS MPOU3BOIUTEIBHOCTHIO CTAHIMM WM KOJUYECTBOM JOCTYIHOMN
He3aBepieHHoit mpoaykmuu (WIP). Otmerum, uto 3Hauenne WIP Bcerma HeoTpuuaTeiabHO.
VYpaBuenne (7.4) ananorudHo ypaBHeHuto (7.2), Ho Beraucisier WIP st Bcex cranmuii kpome N-id.

1OTMCTI/IM, 4TO €AWHUIA NPOAYKIIUN U3MEHACTCS, ITIOCKOJIBKY OHa MMPOXOAUT YE€PE3 CUCTEMY, ABJISAACH
BHayaJic CI:;IpBéM, a B KOHIIC - 3aBCPIUICHHBIM U3JCIIUCM.



VYpaBuenue (7.5) BIUHCIAsSET 00bEM MIPOU3BOICTBA HA MOCIEIHEN CTAaHIIMUA. Y PaBHEHUS IS
WIP nocnegnel cTaHIIMKU HE COCTABIISETCS, TIOTOMY UTO MOCJE HEE MOJy4aeTCs TOTOBast MPOAYKIIUS.

B pexkyppeHTHBIX ypaBHEHMSX [Jsl BBIYMCICHUS 3HAUEHUM NEPEMEHHBIX B MOMEHT t = 1,
JIOJIKHBI OBITH OIpe/IeTICHbl 3HAUYEHHS BCEX MEPEMEHHBIX st MoMeHTa t = 0. Bepxuuit npenen as t
HE YCTaHOBJIEH, HO IIPU MOJAEIIMPOBAHUU 3TOT IIPEIET 3a4A€TCsI UCCIIEAYyEMbIM HHTEPBAJIOM BPEMEHHU
T, Ha3pIBa€MbIM BPEMEHHBIM TOPHU30HTOM.

Eciay nmpou3BOIUTENBHOCTH CTaHUMN W3BECTHBI B IIPEAEIIaX BPEMEHHOIO TOPU30HTA, U
3a/laHbl HayaJbHbIE 3HAYEHHs NEPEMEHHBIX B MOMEHT BpemeHHu t=0, TO COCTaBJICHHas cUCTEeMa
YPaBHEHUH MO3BOJISET BBIUMCIUTD COCTOSIHUSI CUCTEMBI IS JIFOOOr0 KOHEYHOI'O N1EPHOJIa BPEMEHH.
Kaxxias mepemeHHas B MOMEHT BPEMEHHU t 3aBUCHUT TOJIBKO OT IEPEMEHHBIX B MOMEHT BpeMeHH t-1 u
BbIOpaHHBIX JIOMOJHUTEIbHBIX IEPEMEHHBIX B MOMEHT BpPEMEHM t, Mbl MOYKEM BBIYHCIIUTH BCE
IIEpEMEHHBIE 11 MOMEHTA t =1, 3aTe€M BBIYMCIIUTH IEPEMEHHBIE B MOMEHT t = 2, U Tak gayee J10 t =
T. Jlnsg Toro, 4TOOBI MEPEMEHHBIC PEIICHUS JIETKO MOJydYalnch B JIO0OW 3aJaHHBIA MOMEHT t,
MEPEMEHHbIE CIEAYeT YMOPSAOYUTh TaK, YTOOBl 3HAUEHUE KaXJOW Cleayroleld MepeMeHHON
3aBHCEJI0 TOJIBKO OT paHEe BIYUCIICHHBIX IIEPEMEHHBIX. J[JI1 paccMaTpuBaeMOl CUCTEMbI YPaBHEHHM
3TOT NOPSAJOK TAKOB:

RO, W), F(), W), R(),..

Cay4aiinble nepeMeHHbIe

B IMPONU3BOACTBCHHOM IHNPUMCPE, KAaK B OOJIBIIIMHCTBE HUMUTAIMOHHBIX MOHeHeﬁ, TOYHBIC
3HAYEHUs HEKOTOPHIX IIE€PEMEHHbIX HeW3BecTHbl. Hampumep, NpOM3BOAUTENBHOCTH CTAHLUHN
HCU3BECTHBI U ABJIAIOTCA CﬂyqalebIMH BCJIMYHMHAMHU, UMCIOIIMMU 3aJaHHOC pacCHpCACIICHUC. B
cityuae Urpokos, «mepepabaTbIBaIOIIMX» CHUYKH, TPOU3BOAUTEIBHOCTH ONPEesIINCh OpocaHreM
KyOuka. I103TOMy MpPOM3BOAMTENBHOCT Kaxaoro Mrpoka Ha KakIOW UTEpalyy ONpeaessiiach
CllyyalfHOM BEJIMYMHOM € JMCKPETHBIM PaBHOMEPHBIM paclpe/leIeHUEM, B HHTEpBaje LEJbIX
3HaueHust ot 1 10 6.

B Oonee obmem ciyyae mpeanosiaraercsi, 4To KaxkJas MPOU3BOJUTEIBHOCTb HMEET
HEKOTOpOE 3a/IaHHOe pacnpeeneHune. Toraa mpon3BoIUTeIbHOCTS I-if CTAHIIMK B MOMEHT t SIBJISIETCS
peanu3anuei ciydaiiHoON BEIMYMHBI, KOTOpasi UMEET JAHHOE paclipeeneHue. Pacnpenenenue Moxer

OBITH CBOHMM JJIsI KQXKJIOPY 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:

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

[Ipon3BOANUTENILHOCTH TEPBOrO IMepHoJa BHIOMpAIOTCS Kak 3HAYEHUS PAaBHOMEPHO
pacHpeesIeHHbIX CIIy4aliHbIX BETUYHMH (OpOCOK KyOHKa):

C,()=4, C,()=2, C,(1)=5.

[To ypaBHEHMSM MOJIENIN PACCUUTHIBAIOTCS 3HAYEHUS IEPEMEHHBIX B 1-i mepuoa:

RM=4 W@D=0 PO=2 W,1)=0 Fk@=2.

MopaenupoBanre 2- WTEpalld, C HOBBIMM  3HAYEHUSIMU IPOU3BOJMTEIHLHOCTEN Kak
CIy4alHBIX BEJIMYUH ISl t = 2:

C.(2)=3, C,(2)=4, C,(2)=1;
R =3 W(@2)=2 FR((2)=4 W,(29=0, FR()=1.
AHaJIOTUYHO MOAENUPYeETCs 3-51 UTEpanus:

C.(3)=1 C,(3)=3, C,(3)=1;
PR =1 W®3=1 P@®=2 W,(3=3 PR@O=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. [IpousBogutenbuocTu 1-i, 2-i1 u 3-i1 cTanumii 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-i1 CTpOKU MOJEINPYIOTCS COOTBETCTBYIOIINE YPAaBHEHHUS
Sueiika u Gpopmyna 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=MUH(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  OTKIOHeHue. OmnpenenuTb  CpeAHME  IOKa3aTelnu  KOJIMYEecTBa
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) MPOW3BOJICTBEHHOMN JIMHKH, COCTOAIICH W3 5 CTaHKOB, CiydaiiHas BEIMUYMHA 3aarOIast
MIPOM3BOIUTEIFHOCTh KAXKIOTO CTAaHKAa MMEET TPEYrOJIbHOE 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 3HAUeHUEM
paBHBIM 7 U nucnepcuei 4.

IIpakTnueckoe 3ansitue Ne8. IlocTpoenme auarpaMM o0TOOpakalOIIMX pe3yJbTaThbl
IKCIIePUMEHTAa

VII ®umepa npeaHazHaueHO JIJIsl COMIOCTABIEHUS BYX BHIOOPOK IO YaCTOTE BCTPEUAEMOCTH
MHTEpECYIOIIEero uccienonareis ¢ dekra.

(cpaBHEHUE IBYX BBIOOPOK, MPEACTABIEHHBIX U3MEPEHUEM IO TUXOTOMUYECKOM IIKaJIe)

Kputepuii oneHnBaeT 10CTOBEPHOCTh Pa3IMYMid MeKAY NPOLUEHTHBIMH J0JSIMH ABYX
BbIOOPOK, B KOTOPBIX 3aperucTPMPOBAaH HHTepecyommii Hac 3gdeKT.

Cytp yrmoBoro mnpeoOpazoBanus @uinepa COCTOMT B IEPEBOAE NPOIEHTHBIX I0JeH 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 - mpouieHTHas 10515, BhIpaKeHHAs B JOJSX €IUHUIIBL.

IIpu yBenmu4yeHUH pPACXOXKICHHUS MEXAy yriamMu ¢l v @2 W yBEeIMUEHUS YHUCIEHHOCTH
BbIOOPOK 3Ha4YeHHe KpUTepus Bo3pacraeT. Uem Oosbliie BeTu4YMHA OF, TeM Oojiee BEPOATHO, YTO
pa3ianyns JOCTOBEPHBI.

I'unoressr YII @umepa



Ho: Jost nuii, y KOTOPBIX MPOSBISIETCs: HcciexyeMblid 2 dekT, B BeiOopke 1 He Oosbiie, yem
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 conocTaBisieMbIX J0Jei He JOKHA ObITh PABHOM HYIIIO.

2. BepxHuii mpenen B KPUTEPUH ¢ 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 HAOIIOACHHS, TO BO BTOPOM TOJKHO ObITH HE 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:

ni=3 -> n>7;

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

n1=4 -> n>5;

T) IpH N1, N2>5 BO3MOXKHEI JIFOOBIE COTIOCTABIICHHS.

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 ®duiepa NpuUMEHSETCS [UIsl CPaBHEHMS JBYX IMPOLEHTHBIX
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, IICUXOJIOTUH U MEJaroruke).

Orpanunyenus i IPUMeHEHHs YIJIOBOro npeodpazosanus @uiuiepa:

1. IIpoueHTHBIE JOMM AOKHBI OTpakaTh BEPOSITHOCTh IMOSIBICHUS COOBITHUS B OJHOMN
BBIOOpKE, T.€. B CyMMe cocTaBisATh 100%.

2. Hu o;tHa M3 COTMOCTABIISIEMBIX JIOJICH 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;

- €CJIK B OJIHOM BBIOOpPKE pOBHO 3 HAOIIOIEHNUS, BO BTOPOU JOJKHO 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
pe3yabTaTOB SKCIEPUMEHTA.

IIpoueaypa oueHnBaHus

OneHka BIMOJIHEHHON MPAaKTUYECKOM pabOThI MPOBOAMUTCS 1O CIAEAYIOLIUM KPUTEPHUSIM:
Hanuune Beeil cymecTBeHHOM nHpopMalu o pabore

TO4YHOCTP M MOJIHOTA IPETOCTABIISEMBIX CBEACHUI

HenpotuBopeunBoCcTh NPUBOAMMOI HH(DOpMAIIH

[TpaBUJIBHOCTH MHTEPHPETALNII U BHIBOJIOB, KOTOPBIE ClIEIaHbI IO pe3yJbTaTaM padboThI
CreneHp JOCTMKEHUSI CTYIEHTOM ITOCTABJIEHHOM LI€TIN

O60CHOBaHHOCTH TPUMEHSEMOT'O PELICHHS

['paMOTHOCTB (coaepxKaTeabHas) HCIIONIb3YeMbIX (POPMYITHUPOBOK

NoookrwbdPE

Kpurtepuu onieHKH 3a 0OTYETHI 10 MPAKTUYECKUM padoTam:
— OIIEHKa «3auTEHO» CTAaBUTCS CTYAEHTY, KOTOPBIM MPOJEMOHCTPUPOBAI PE3YIbTAThI
BBITMIOJTHEHUS TIPAKTUYECKO paboThl, COOTBETCTBYIOIME MOCTABICHHBIM 3a/1ayaM, U MPeJoCTaBUI



oT4yer, O(OPMICHHBIH JOKHBIM O0pa3oM M COJEpIKALIMA KpaTKOE OINUCAaHWE MOJTYYEHHBIX
pe3yJbTaToB;

— OILICHKA «HE 3a4TE€HO0)» CTABUTCS CTYJIEHTY, KOTOPbII HE POAEMOHCTPUPOBAIl PE3YJIbTATHI
BBITMIOJTHEHUS MPAKTUYECKOW pabOThl UM HE MPEACTaBUI IO HEW OTUET WU MPEACTABICHHBINA OTYET
HE COOTBETCTBYET TPEOOBAHUSM 110 0()OPMIICHHIO.

7.3. OueHo4Hble cpeacTBa AJs NMPOMEXKYTOYHOH aTTecTAllMU IO HTOraM OCBOEHUS
AUCHHUILIMHBI

7.3.1. Bonpochl K NpOMeKYTOYHOM aTTecTaluu

Cemectp 1

Ne Bonpockl 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 | ITocTpoeHne nuHAMHYECKUX Mojeleii mpousBoacTtea B MS Excel

11 | OtoOpakeHne 1 UHTEPIIPETAIUS PE3YJIBTATOB SKCIEPUMEHTAIBHOTO UCCIICIOBAHUS

12 | TlocTpoeHrEe IMHUTAITIOHHON MOJIEIH JUISI TOJYYSHHS CTATUCTHYECKUX JAHHBIX

13 | IlocTpoeHue ANeKTPOHHBIX TAOIHIL ISl UCXOTHBIX TaHHBIX HKCIIEPHUMEHTA

14 | Vi3mepeHne pe3ynbTaTOB U MOJTYYEHUE SKCIIEPUMEHTAIBHBIX TAaHHBIX

15 | KomnsrotepHast Mojiens Ui Kputepusi Xu-KBajapaT

16 | CraTucTH4ecKre METOJIbI OIIEHKH JOCTOBEPHOCTH IKCIIEPUMEHTAIBHBIX TaHHBIX

17 | KomnerorepHas mojens i kputepust Kpamepa-Yomma

18 | KommbloTepHble cHCTeMbl 00paOOTKHM CTaTHCTUYECKUX JAHHBIX OKCIEPUMEHTaIbHOTO
MCCIICTOBAHMSI

19 | KomneroTepHast MOJIenb Ui KpUTEPHSI «YTII0OBOE npeoOdpazoBanue Duriepar

20 | Knaccugukarus cTaTHCTHIECKAX METOJIOB U 00JIACTh WX NMPHMEHEHHSI

21 | [InanmpoBaHue SKcepuMeHTa 1 00pabOoTKa JaHHBIX C MOMOIIBIO JATUHCKUX KBAJPATOB

22 | TlocTpoeHwue IEKTPOHHBIX TaOIHII TSl 00paOOTKH PE3yIbTAaTOB IKCIIEPUMEHTA

23 | CpaBHUTENIBHBIN aHANN3 KpuTepHst Xu-kBaapaT u kputepus Kpamepa-Yoamnma

24 | TlpoBeneHue SKCIIEPUMEHTA C TIOMOITHI0 IMUATAIIMOHHON MOJIEIIH

25 | IlocTpoeHne MMHUTAITMOHHOW MOJISITH JIJISI TTOJTYYEHHS CTATHCTUYECKUX JTAHHBIX

26 | OToOpakxeHue U HHTEpIpEeTalUs Pe3yIbTaTOB AIKCIEPUMEHTAIBHOTO HCCIIEOBAHUS

27 | Dranpl MPOBECHHUS YKCIEPUMEHTAITBHOTO HCCIICIOBAHUS

28 | MoaenupoBaHHe HEJIETEPMUHUPOBAHHOCTH TMPOU3BOJCTBEHHBIX CHUCTEM C TOMOIIbIO
AJIICKTPOHHBIX TAOJIHUIT

29 | OCHOBHBIC HJIEMEHTHI U TIOHITHS CHCTEMHON TMHAMHUKU

30 | InckpeTHO-COOBITUITHOE MOJIETMPOBAHIE KaK HHCTPYMEHT TIOICP)KKH TTPHHSATHUS pEIICHUH
B JIOTUCTHKE

31 | KoHuenrtyanpHbIe MOJIETN B CHCTEMHOM TMHAMUKE

32 | IloHsiTHE 0OpaTHOM CBS3H B JMHAMUYECKHUX CHCTEMaXx

33 | Knaccugukaius peajbHbIX CUCTEM U X MOJENeH




Ne Bonpocsl k 3a4eTy
n/n

34 | Cucremsl yripaBlieHHUs MaTepUaIbHbIMUA OTOKaMU

35 | BRom m pemakTHpoBaHHWE TEKCTa: W3MEHECHHE IIPU(TA, WHTEPBAJIOB MEXIAY CTPOKAMH,
BbIpAaBHUBAHME TEKCTa, M3MEHEHHE TpaHull ab3ala, MoAYeépKUBaHUE, Me4yaTh TEKCTa B
KOJIOHKAX.

36 | Coxpanenue TekcTa, 3arpy3ka (aiijja Ha OJKpaH, IMepe3anuch Ha JAPYrol JHUCK.
dbopMaTupoBaHUE JIHUCKA.

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 peJaKTUPOBAHUE PUCYHKOB U3 rpauuecKuX pelakTOpOB.

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 TpoBeACHuA . Kpurepun u HOpMbI OLIEHKH
NPOMEKYTOYHOI
arTecTauuu

OneHka «3auTeHO0» BBICTABIISETCS B CIIydae €Clin
CTYZAEHT, OTBEUasi Ha BOIPOC CBOOOIHO ONEPUPYET
TEPMHUHOJIOTHEHN, TPAMOTHO CTPOUT CBOIO PEYb,
OTBET OCHOBAH Ha U3YYEHUHU HE TOJIBKO YUeOHOM,
HO U HayYHOU JIUTEPATypbl U HOCUT OCMBICIIEHHBII
XapakTep, a He XapakTep «3a3yOpuBaHus», IpU
3TOM CTYJIEHT JJOJDKEH BBICKA3bIBaTh COOCTBEHHYIO
1 3auer MO3UIUIO IO HauboJjee CIIOPHBIM BOIIPOCAM.
CTyIeHT OJHOCTBIO PAaCKPBIBAET MOCTaBICHHbIN
BOITPOC U OTBCYACT HA I[OHOJ'IHI/ITCJ'IBHBII\/’I BOIIPOCHI

«3a4YTCHO»

OneHka «He 3a4TEHO» BBICTABIISIETCS B TOM
ClIy4ae, €ClIA CTYJIEHT HE OTBEYaeT Ha BOIIPOC,
71100 OTBET HOCUT XapaKTep «OOPBIBOUHBIX )
3HaHuU. CTyeHT paKTUYEeCKH HE OPUEHTUPYETCS
B BOIIPOCE.

«HC
3a4TCHO»




8. YueOHo-MeTOoqHYecKOe H HH(OPMAIIMOHHOE 00ecneyeHne JUCITUTNINHBI

8.1. Obsi3aTe/ibHAA JTUTEPATYypa

Tun (yueOHuk, yueoHoe

KoaunuyecTBO B

HAY4YHOH
Ne nocooue, yueoHO-
ABTOpBI, COCTABUTEIHN 3arsaBue (3aroJjioBoK) I'oa m3panua ouodoamoreke /
n/n MeTOoAMYecKoe mocooue,
HaumeHoBanue
NPAKTHKYM, JP.) 3EC
1 | I'epacumos b. 1. OCHOBBI HAYYHBIX UCCIICTOBAHHMA Y4ebGHOe mocobue 2018 3BC
«ZNANIUM.CO
M»
2 Oguapos A. O. MeTon00r1s HAy4YHOT0 UCCIIEOBaHUs Y4eOHuk 2019 9BbC
«ZNANIUM.CO
M»
3 | Munsko 3. B. Metoapl MPOTHO3UPOBAHUSA U UCCTEAOBaHUS | YueOHOoe mocooue 2017 3BC «IPRbooks»

onepauun

8.2. lonotHuTEIBHAS JIATEPATYPA

Tun (yueOHuk, yuedHoe

KoaunuecTBo B

Hay4YHOH
Ne nocooue, yueoHo-
ABTOpBI, COCTABUTEIHN 3arsiaBue (3aroJioBOK) I'ox u3nanus ondauorexe /
n/n MeTOoJNYECKoe mocoomne,
HaumenoBanue
NPAaKTHUKYM, JP.) 3EC
1 | CksopioBa JI. M Metoaoorust HAy4HbIX UCCIIE€I0BAHUM Y4eOHoe mocodue 2014 OBC «IPRbooksy
2 Teuunena B. 3. Opranu3anus UCcCiIeI0BaTeIbCKON Y4eOHO-METOTNYECKOE 2016 SOBC «IPRbooksy
JESTEIILHOCTH C UCMOJIb30BaHUEM nocooue
COBPEMEHHBIX HAyYHBIX METOJOB
3 Jlamaesa M. T'. Metoaoorust HAy4HbIX UCCIIE€I0BAHUM VY4yebHoe 1mocodue 2017 OBC «IPRbooksy




8.3. IlepeueHb mpogeccHOHANBHBIX 0a3 JaHHBIX U MH(POPMANMOHHBIX CHPABOYHBIX

CHUCTEM

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

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

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

ScienceDirect[ DneKTpOHHBIH pecypc] : KOJUJICKIUSA AJIEKTPOHHBIX KHUT
uznarenbctBa Elsevier.  — Netherlands: Elsevier,  2018-. —  Pexum  jgoctyna:
sciencedirect.com. — 3aru. ¢ skpaHa. — SI3. aHrII.

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. IlepeyeHb MPOrpaMMHOI0 oOecnedYeHus

Ne Hanvenosanue IO PexBu3uTHI I[OFOB?pa
n/n (nata, HOMep, CPOK JAelCTBHS)
1 Windows I[OEOBOp Ne 690 or 19.05.2015r., cpok
JeCcTBHS - OECCPOUHO
2 Horoop Ne 690 ot 19.05.2015r., cpok

OfficeStandart neiictBus - 6eccpouno; Jlorosop Ne 727 ot
20.07.2016r., cpok neicTBUS - OECCPOUHO

8.5. Onucanue MaTepuaIbHO-TeXHUYECKOH 0a3bl, HEOOXOAUMOI A5 OCYIIeCTBJIEHHSA

00pa30BaTeIbLHOTO MPOIeCcca Mo THCIUTLINHE

HaumenoBanue 000py10BaHHBIX Y4eOHBIX
Ka0MHeToB, J1a0opaTopuii, MACTEPCKUX U

Ne Ap. 00bEKTOB /151 IPOBEICHUS
. Ilepeuenb 0CHOBHOTO 000pPYAOBAHMSA
N/ | NPaKTHYeCKHUX U JJa00paTOPHBIX 3aHATHIA,
NMOMELUEeHHUH VI CAMOCTOATEIbHOMI
padoThl 00yJyaIUXCsi (HOMeEp ayIUTOPHH)
VYueOHast ayauTopus Ui npoBeieHns 3aHsaTuil | CTosbl YUEHUYECKUE JIBYXMECTHBIE
JIEKIMOHHOTO TUNa. YueOHast ayautopust ais | (MOHOOJIOK), CTOJI YYEHUUECKUI
IIPOBEJCHUS 3aHIATUA CEMHUHApPCKOTO THUIA. | IBYXMECTHBIN , CTOJ IPENOAABATEIbCKUN,
VYyeOnass  ayauTopusi A KypCOBOTO | CTYJ MpenoaaBaTeIbCKU, J0cKa
1 | MPOCKTHPOBAHHS (BBIIOJIHEHUSI  KYPCOBBIX | ayAMTOpPHAs (MenoBas), kadenpa,
pabot). YueOHast ayauTopus JJISI TPOBEACHUSI | TPOCKTOP, IKPaH.; KOMITBIOTED.
TPYIIOBBIX u WHMBUIYaIbHBIX

KOHCYNbTaMil. Yd4eOHas ayauTopusi s
IIPOBEJCHUS 3aHATUN TEKYIIETr0 KOHTPOJIS 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
pa6oThl obyvarumxcsi (HoMep ayTUTOPHH)

Ilepeyenb 0CHOBHOTO 000pPYAOBaHMS

KoMmmproTepHslii knacc. YueOHast ayauTOpus
JUTSL TIPOBEACHHMSI 3aHATUHN JICKIIMOHHOTO THUTIA.
VYueOHast ayIUuTOpuUs AJIs IPOBEICHUS 3aHATHIA
CEeMHMHAPCKOTo THIA. YuyeOHasi ayAUuTOpHUs IS
MIPOBEICHUS J1a0OpaTOPHBIX paboT. YdueOHas
ayIUTOPUSL NIl KypCOBOTO MPOSKTUPOBAHUS
(BBITIOJTHEHUST KYPCOBBIX paboT). YueOHas
ayIUTOpHUSL JUIsl TIPOBEICHHS TPYIIOBBIX H
WHAVBUAYAIbHBIX KOHCYNbTAMKA YueOHas
ayIUTOpUsS  JUIL  TPOBEICHUS  3aHATHMA
TEKYIIEr0 KOHTPOJIA U  HPOMEXKYTOYHOM
aTTECTallUU. Kabuner UH(POPMATUKU
(kommbrOTepHBIE Ki1acchl). (3-814)

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

[Tomemienue uisi caMOCTOSTENbHOM PabOThI
crynenros (I'-401)

CTOJB1 yYEHUYECKHUE, CTYIbSI YYCHUYECKUE,
IIK ¢ Bbix0g0M B ceTb MIHTEpHET
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