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JIuer akryanusauun paboyeit nporpammui

PaGouas nporpamma nepecmorpena, odcyxaena n onodpena ans peannsaunu s 2020 - 2021
yvyeOHOM roay Ha 3acenanuu kadeapst JlureiiHbiX npoLeccoB M MaTepHanoseIeHus

[Tpotokon or 01 centabpa 2020 r,” Ne |
3as. kaeapoii P 5 T H.A. ®eokTHCTOB

—

PaGouas nporpamma nepecmorpera, odcyxaeHa 1 o1o00peHa uis peannsaunn 8 2021 - 2022
y4ueOHOM roay Ha 3acenaniu kadenpol JIMTEIHBIX NPOLIECCOB M MaTEpPHANOBEACHHSA

[lporokonor 20 r N
3as. kadeapoii H.A. ®eokticros

PaGouas nporpamma nepecmotpena, obcyxaena n onodpena ana peanusawun B 2022 - 2023
vieOHOM roay Ha 3acenannm kaeapsl  JINTEITHLIX NPOLIECCOB M MATEPHAIOBECHHA

[Tporokonor 20 . N
3aB. kadenpoii H A. ®eokTHcTOB

Pabouas nporpamma nepecmorpena, odeyxena n onodpena s peanusaunu s 2023 - 2024
yueOHOM roay Ha 3acenanns kadeapel JIMTeiiHbIX NPOLECCOB H MaTEPHANOBENCHHS

[Mpotokonor 20 . N
3ae. kadenpoii H.A. ®eokTicros




1 Iles1u ocBOCHUS TN CHMILTHHBI (MOYJI51)

[lenpro ocBOCHUST MOy AUCIUIUTHHBI 10 BIOOpY b1.B.JIB.06.01 BapnaTtuBHON YacTu
aucuuiiiH Oioka 1 ywyebHoro miana «llmanupoBanue skcnepuMeHTay (albTepHATUBHAS
nucnurimHa mo Beioopy - b1.B.JIB.06.02 «O6paboTka SKCIEpUMEHTAIBHBIX IAHHBIX)) SBISICTCS
noAroroBka OakanaBpoB 1o HampaeineHuto 22.03.01 «MarepuanoBeieHHEe U TEXHOJIOTHS
MaTepuaioB» U NpouiI0 MOATOTOBKU «MarepuanoBeJeHHe M TEXHOJOTUs MaTepuaoB (B
MaIIMHOCTPOCHUH )» K MPOo(ecCHOHAIBHON AEATeIbHOCTH B COOTBETCTBUU C TPEOOBaAHUSAMHU
®enepanbHoro ['ocynapcTBeHHOr0 00pa3zoBaTENLHOrO CTaHAAPTA.

3ajgaueld M3ydeHUs] AUCLUMIUIMHBI SIBJISETCS TOJTOTOBKA CTYJIEHTOB K TBOPUYECKOMY
MPUMEHEHHUIO MOJIYYEHHBIX 3HAHUH MPU CO3JTaHUM HOBBIX M COBEPIICHCTBOBAHUIO JICHCTBYIOIINX
TEXHOJIOTHYECKHX TIPOIECCOB, (OPMHUPOBAHUIO y CTYAEHTOB CHCTEMBI 3HaHUH TIO
IUTAHUPOBAHUIO SKCIIEPUMEHTOB BO BceX cdepax yueOHOM U MPOU3BOJICTBEHHON AESITEILHOCTH.
Orta 3ajjaua pemaercs ciaeIyIIUMH CIIOCO0aMH:

- IaTh IOHATHUS 00 OIIEHKE IKCIEPUMEHTAIbHBIX IaHHBIX, TeHEPAIbHOI COBOKYITHOCTH U
BBIOOPKH U3 HEE CITyUYalHbIX BEJINYUH;

- chopMHpOBaTh y CTYACHTa MPEICTABICHUS O KOPPENSLUOHHOM U PErpecCHOHHOM
aHAJIM3aX, METOAHMKE OICHKA M OTCCHBAHHMHM DPA3JIMYHBIX (PAKTOPOB BBIOOPOK CIyYaHBIX
BEJIMYUH;

- HAy4uTh OOYYarOUIMXCS METOJlaM IUIAHMPOBAHHOTO HJKCIIEPUMEHTAa U TIOHCKa
ONTUMATFHBIX 3HaAUYECHUH (DYHKIIMU OTKIIMKA B OTIPEIETICHHON 00JIaCTH CyIeCTBOBaHUS (PaKTOPOB
TEXHOJIOTMYECKOI0 MPOIiecca;

- IPUMEHATH METOJbl MIIAHUPOBAHHOTO JKCIIEPUMEHTA ISl OOJErdyeHusl pacueToB MpH
MPUMEHEHHUHU IPOOHOTO (PaKTOPHOTO IKCIIEPUMEHTA.

2 MecTO TUCHUILTUHBI (MOIYJIs1) B CTPYKTYpe 00pa3oBaTe/ibHOI NPOrpaMMbl

HucnurumHa [InanupoBaHue KCIIEPUMEHTa BXOIUT B BAPHATHBHYIO 4YacTh Y4eOHOTO
r1aHa 00pa30BaTeNIbHON MPOTPaMMBI.

JUis  u3ydeHus  JUCUUIUIMHBI ~ HEOOXOJMMBbI  3HaHMA  (YMEHHUS,  BIAJCHHS),
c(OpMHPOBAHHBIE B PE3YJIbTATE U3YUCHHSI AUCLUIITUH/ IPAKTUK:

Maremaruka

dusuka

Xumus

WNudopmarrka 1 HHGOPMAITMOHHBIE TEXHOJIOTUU

AHanu3 yucioBoi HHpopMaIun

MaremaTtnueckas CTaTUCTUKA B METAJLLTypIUH

3HaHus (YMEHMs], BIAJCHUS), TOJYYEHHbIE MPU U3YYEHUU NAHHOW TUCIUIUIMHBI OynyT
HEOOXOIUMBI JUIsl U3yUeHUS IUCHUILTNH/TIPAKTHK:

MeTtopl MCCIIE0BAHNS MAaTEPUAJIOB U IIPOLIECCOB

MonenrpoBaHue U ONTUMH3AIUS CBONCTB MaTEPHUATIOB U TEXHOJIOTHUYECKHX MTPOLIECCOB

IloaroToBka K 3aIlldTe U 3allUTa BBIHYCKHOﬁ KBaHH(bHKaHHOHHOﬁ pa60TBI



3 KomnereHunu o0y4aroiierocsi, popMupyemMbie B pe3yabTaTe 0CBOEHUs

AMCHUIJIMHBI (MOYJISI) M IIJIAHUPYEMbIE Pe3yJbTAThl 00y4eHUs

B pesynbrare ocBoenust aucumiuiiHbl (Moayisi) «llnmaHupoBaHHe SKCIIEPUMEHTA»
oOyJaromuiicst 1oJKeH 001a1aTh CIEAYIOUUMU KOMITETEHIUSIMU:

CtpyKTypHBII [Tnanupyemsble pe3ynbTaThl 00ydeHUs
JIEMEHT
KOMIIETEHIIMH
OIIK-2 CIOCOOHOCTBIO MCTIOJIB30BaTh B MPOPECCUOHATIBLHOMN AEATEIIEHOCTH 3HAHUSA O

nmoaxoaax U METo4ax IMOJIYYCHHU PE3YJIIBTATOB B TCOPCTHUCCKUX U SKCIICPUMCHTAJIbHBIX
HCCICOOBAHUAX

3HaTth - OCHOBHBIE OIPE/IEICHMS INIAHUPOBAHUS IKCIIEPUMEHTA;

- KJ1accu(UKaIuio crnoco0oB BbIOOpA MIaHa IKCIIEPUMEHTA, TEOPETUUYECKUE
OCHOBBI pacueTa KO3 HUIIMEHTOB SMINPUIECKUX YPAaBHEHUH PETPECCHH;

- OCHOBBI COCTaBJICHHS MATPHI] MOJIHOTO U APOOHOTO (PaKTOPHOTO
9KCIIEPUMEHTA;

- METOJIMKY pacueTa Kod(pPHuIreHTa KOHKOpIaluu

YMeTb - 3()eKTUBHO IPUMEHATh METO/Ibl TIAHWPOBAHUS SKCIICPUMEHTA;

- ICTIOJIB30BaTh METOIMKY MaTeMaTHUECKOTO INITAHUPOBAHUS SKCIIEPUMEHTA;
- COCTaBJIATh MAaTPHUILy IOJIHOTO U IPOOHOTO (haKTOPHOTO SKCIEPUMEHTA;

- IPUMEHSATH B pab0Te IKCIEPTHYIO OLEHKY 3HAYMMOCTH (haKTOPOB,
OIPEACISIFONINX (PYHKIIMIO OTKINKA

BJ'IaI[eTB - IPAKTUYCCKMMHU HABbIKaMH 110 IIPUMCHCHUIO MCTOAA IIJIIAHUPOBAHUA
OKCIICPUMCHTA,

- METOAaMH (1)I/ISI/I'~I€CKOFO U TCOMETPHUICCKOTO HOZI06I/I$I;

- HpO(l)CCCI/IOHaJ'IBHBIM SA3BIKOM HpeHMeTHOﬁ 00J1acTH 3HAHUS

ITK-2 cnocoGHOCTBIO OCYLIECTBIATh COOP JaHHBIX, U3ydaTh, aHAJTU3UPOBATh U 0000IIATH
Hay4YHO-TEXHUUYECKYI0 MH(POPMAIIHIO 110 TEMaTHKE HCCIIeI0BaHus, pa3paboTKe U UCIIOJIb30BaHUIO
TEXHUYECKOH JTOKYMEHTALIMH, OCHOBHBIM HOPMAaTHUBHBIM IOKYMEHTaM I10 BOIIPOCaM
MHTEJJIEKTYaJIbHOM COOCTBEHHOCTH, TOJITOTOBKE JJOKYMEHTOB K MaTEHTOBAHUIO, O(POPMIIEHUIO
HOYy-Xay

3HaTb - MCTOJBI TIJIIAaHUPOBAHUS SKCIICPUMCEHTOB PA3HOT'O YPOBHS;
- CITOCOOBI COCTaBJICHHUS INIAHOB MAaTEMaTHYECKOTO OKCIICPUMCHTA,
- IpOoUCAYPHI ITIOUCKA OITUMAJIBHBIX peH_IeHI/Iﬁ

YMerb - IPUMEHATh METO/IbI IUIAHUPOBAHHUS SKCIIEPUMEHTOB PAa3HOT'O YPOBHS ;
- COCTaBJIATH IJIAHBI MATEMATUYECKOT O DKCIIEPUMEHTA;
- HAXOJUTh ONITUMAJIbHBIE PEIICHUS] N3BECTHBIMUA METOIAMU

Branets - METOJIaMU IIJITAHUPOBAHUS HKCIIEPUMEHTAMH Pa3HOTO YPOBHS;

- METOJMKON MOJHOT0 U APOOHOT0 MAaTEMAaTHUECKOT0 SKCIIEPUMEHTA;
- METOJJaMU ONPEIEIEHUS IKCTPEMAIbHBIX 3HAYEHUH MPH ITOUCKE
ONTUMAaJIbHBIX 3HAYECHUN




4. CTpyKTypa, 00bEéM U coaep:KkaHue TUCHUIIMHBI (MOAYJISA)
OO0mas TpyI0EMKOCTh JAUCIIUIUIMHBI COCTaBIsAeT 4 3aueTHhIX eauHuI] 144 akaj. 4acoB, B TOM

YUCJIC:

— KOHTaKTHas paboTa — 72 akaJl. 4acoB:
— aynuTopHas — 68 akaj. 4acos;

— BHeayJUTOpHAas — 4 akaJi. 4acoB

— caMocTosTeNbHas pabora — 36,3 akaJ1. 4acos;

— MOJTOTOBKA K dK3aMeHy — 35,7 akaj. yaca

dopma aTTecTaluy - SK3aMEH

I =
AyI[I/ITopHag 3 g ®opma
KOHTaKTHas paboTa
e 0 pabo % g TEKyIIero
Paznen/ rema 8 (B axaz. 1acax) = E By camocrosTenbsHOI KOHTpPOJI Kon
JCIUTUTAHE 3 g s paboTsI yCIEeBaeMOCTH H | KOMIIETEHIHH
O o
B na6. | mpakr. | £ & TIPOMEIKYTOYHOU
| sam. | zan. | & aTTecTalun
1. Beenenue. Cenenus
U3 TEOPHHU BEPOSITHOCTH U
MaTeMaTH4YeCKOM
CTaTUCTUKH (TeHepalbHas .
Texymmuit
COBOKYITHOCTh, BEIOOpKa
o ITpopaboTka KOHTPOJIb
CITyJaifHBIX BEJIMYHH,
TEOPETHIECKOTO yCIIeBaeMOCTH. .
XapAKTEPUCTHIH (ylekumoHHOr0) Marepuaia.| IlpoBenenue OITK 2-sys;
BbIOOpKH). [ToHsATHE O 4 4 4 H P ’ POBCI TIK 2-3yB
Nzydenne pacdeTHBIX
BU/IaX IJIAHUPOBAHUS
JIOTIOJTHUTEIBHOTO pabot ¢
MaTeMaTHYeCKOTO U
Marepuana. IIPUMEHEHUEM
¢usugeckoro
K.
9KCIIEPUMEHTOB,
TPUHITAIIAX
TE€OMETPUUYECKOTO U
(uzugeckoro moaooust
2. CrarucTiyeckue
MCTOJbI B YIIPaBJICHUU
Ka4eCTBOM IPOIYKIIHH. 6
Texymuit KOHTPOJIb
npoaykiuy. [TpuHInmb
BbIOOpa
KOHTPOJIUPYEMBIX Texymnit
MapamMeTpoOB U UX YPOBHSA [TpopaboTka KOHTPOJIb
B CTaHIapTax Ha TEOPETHIECKOTO YCTIEBACMOCTH. | sy 5 oo
METATyprUYECKYIO (ylekumoHHoOr0) Matepuaia.| IlpoBeneHue e,
4 421 4 TIK 2-3yB
TPOIYKIIHIO. Uzyyenue pacyeTHBIX
CTaTHCTHYECKOE JIOTIOJIHATENIEHOTO pabort ¢
obocHOBaHME 00beMa Marepuana. IPUMEHEHUEM
BBIOOPKU NIPU KOHTPOJIE Y IIK. - AKP Ne 5
MOCTAaBIINKA U
noTpeduTens.
KoHTposbHBIE KapThI.
Oomas cxema
YIIpaBJICHUS
TEXHOJOTNYCCKHUM




3. XapaxTepucTuku
BHUJIOB KCIIEPUMEHTOB
(Teopernueckuil noaxon,

MaTeMaTHYecKoe
CUMYJIUPOBaHHE yCIOBUI
9KCIEPUMEHTAa,
(uznueckuit
9KCHEPUMEHT), YCIOBUS N
P ). ¥ Texymuit
nonobust Gpu3nIECKoro
N IMpopaboTka KOHTPOJIb
001eKTa H MATCpHATLHOH METOAMYECKUX YKa3aHHUH K | ycIieBaeMOCTH
xomu. Bribop nanbonee It aKTI/I‘leCKI/IM};aHHTI/I}IM yH OBEJICHHE | OHK 2-3y8;
3(hhEKTUBHO CXeMbI 521 P ’ p IIK 2-3yB
COCTaBJICHHE KOHCIIEKTa, pacueTHBIX
HKCIIEPUMEHTA.
MOJI'OTOBKA OTBETOB 10 pabot ¢
CocraBieHue IaHa
P — KOHTPOJIbHBIM BOIIpOCaM. | HMPUMEHEHUEM
P TK. - AKP Ne 4
9KCHEPUMEHTOB Pa3HbIX
YpPOBHEH (OIBITHBIH,
n1abopaTopHBIH,
MOJTYIPOMBIIUICHHBIH,
MIPOMBILLICHHBIH,
W3rOTOBJICHUE
OTIBITHO-TIPOMBIIILIEHHOH
HapTUH)
4. BBeneHue B METOJIUKY
TUIAHUPOBAHUS
JKcIepuMeHTa (o01mue Texymuit
TOHATHSL, IPUHIIMITBI). [IpopaboTka KOHTPOJIb
Bunst napamerpos TEOPETUYECKOTO YCTIeBAEMOCTH. | e 2-3y8:
ONTUMM3ALINH, 491 (ylekumoHHOr0) Marepuaia.| IlpoBenenue TK 2-3y8 ’
00001IeHHBIN TapaMeTp Nzydenne pacYeTHBIX
ONTUMH3ALUH, QYHKINSA JIOTIOJTHUTEIBHOTO pabort ¢
JKenarenbHOCTH. BriGop Marepuana. TIPUMEHEHUEM
THIIA MAaTEMaTUYECKON [IK. - AKP Ne 6
MOJIMHOMUAJIBHON UIIH
WHOM MoJemnu.
5. ITonHerit 1 qPoOHETI
(axTOpHBIH
sKkcnepuMeHT. [IpaBuia
MOCTPOCHUS TUIAHOB —
JIpOOHBIX peruuK. Pucku .
Texymuit
IpH UCIIOJIb30BaAHUN
KOHTPOJIb
TUTAHOB C IPOOHBIMU [IpopaboTka
periMKaMu — BJIMSTHUE Ha TCOPETHYCCKOI'O yenesaemMocTH.
P Iposenenne |OIIK 2-3yB;
TOYHOCTh (JIEKIIMOHHOTO0) MaTepHaa.
421 pacuetneix  |IIK 2-3yB
IIPOTHO3UPOBAHUS N3ydenue aGOT C
T
¢yskmu oTKIMKA. THIBI JIOTIOJTHUTENIEHOTO p
TUIAHOB YKCIIEPUMEHTA — Mmarepuana NpHMEHEHIEV
pHafa. TK. - AKP Ne 6,
IBY- U TpexX (HaKTopHbBIE 7

rransl tama N = mn (N —
Heo0-xoaumMoe
KOJIMYECTBO OMBITOB, M —
KOJINYECTBO YPOBHEH
BapbHUPOBAHMUS




6. Koaddpunuent
KOHKOPIAIHU

(ko3¢ dunmeHT cornacus)
IPU DKCIIEPTHON OLIEHKE

Texymuit
BJIMSIHUST ()AKTOPOB Ha
ITpopaboTka KOHTPOJIb
(YHKIMIO OTKIIUKA
TEOPETUIECKOrO yCIIEBAaEMOCTHU. .
(napavierp (yteximonHOr0) Matepuaia.| IIpoBeneHue OITK 2-sys;
ONTHMU3ALUN). 4 421 | 5 ’ IIK 2-3yB
N Nzyuenue pacUeTHBIX
OcHoBHbIC CBOICTBa
JIOTIOJTHUTEILHOTO pabort ¢
MAaTpPHUIBI MATEMATHYECKU
Marepuana. IIPUMEHEHUEM
TUTAaHUPYEMOTO K. - AKP No 8
IKCHEepUMEHTa ' -
(OpPTOTOHABHOCTH,
pOTOTa0EIBHOCTS,
CHMMETPUYHOCTD,
7 Metoauka pacyera
k03 durmeHToB Texymmit
SMITIUPUYECKOTO ITpopaboTka KOHTPOJIb
YPaBHCHHS 110 TaHHBIM TEOPETUYECKOTO YCHEBACMOCTH. |y e 2-3y8;
MIPOBEJICHHOTO 4 4 4 (yrlekumoHHoOr0) Matepuaia.| IlpoBenenue MK 2-3y8 ’
TUTAaHAPYEMOTO Uzyyenue pacueTHBIX
skcrepumenta. Cassb JIOTIOJTHUTEBEHOTO pabort ¢
addekra dakropa ¢ MarepHaa. NpUMEHEHUEM
K03 hUIIeHTaMU IK. - AKP Ne 9
ypaBuenus. Kpurepun
8. BeneHue B perieHue
IO TIOUCKY ONTHMAaIEHOTO Texymmuit
9KCTPEMAIILHOIO ITpopaboTka KOHTPOJIb
3HAYCHHUS Mapamerpa TEOPETHIECKOTO YCIIeBAEMOCTH. | e 2-3y8;
ONTUMH3ALIUH B 00JaCTH 5 spi | 43 (nexunonHoro) Matepuana.| IIpoBenenue K 2-3yn ’
omnpeneneHus QyHKIIUA ' Nzydenne pacYeTHBIX
JIBYX U MHOTO(AKTOPHBIX JIONIOJTHUTENILHOTO pabot ¢
ypaBHEHHUH (MeTOx Marepuana. TIPUMEHEHUEM
KpPYTOT'O BOCXOXKIECHHS IK. - AKP Ne 9
Bokca-Ywuncona u ap.)
Hroro 3a cemectp 34 34/1411] 36,3 SK3aMeH
Hrtoro no qucumIninge 34 34/14111 36,3 9K3aMeH




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

B npouecce npenomaBaHuss — AUCHUIUIMHBL  «[[naHupoBaHMEe — SKCIIEPUMEHTa)
MPUMEHSIOTCS TPAAUIIMOHHASA U MOTYJIbHO-KOMIIETEHTHOCTHAS TEXHOJIOTHH.

Jlexuuu POXOJAT Kak B TPATUIIMOHHOW (hopMe, TaK B B (pOpMe JICKITUI-KOHCYJIbTAIIUH,
IJI€ TEOPETUUECKUI MaTepHall 3apaHee BbIAAETCA CTYAEHTaM ISl CAMOCTOSTEIIBHOTO U3YYEHUs,
JUI  TIOJTOTOBKK BOIPOCOB JICKTOPY, TaKUM 0O0pa3oM, JIEKIMS TMPOXOJUT IO THITY
BOIIPOCBHI-OTBETHI-IUCKYCCHS. JIEKIMM YHUTAIOTCS C HCHOJIB30BAHUEM MYJIBTUMEIUNHOIO
000py1I0BaHUs, TPE3ECHTAIIMOHHBIX MAaTEPHAIIOB.

JleKnMOHHBIA MaTepuan 3aKpEIUIsieTCsl B XOAE MPAKTUYECKUX 3aHITUH, HA KOTOPBIX
BBI-TIOJTHSAIOTCA TPYIIOBBbIE WM WHIWBUAYaJIbHBIC 3aJaHud 10 mpoijaeHHol Teme. [lpu
MPOBEJICHUH MPAKTUYCCKUX 3aHSATHI HCIOJB3YETCSI METOJI KOHTEKCTHOTO OO0y4YeHUSs, KOTOPBIH
MO3BOJISIET YCBOUTH MaTepuall MyTEM BBISBJICHUS CBSI3€M MEXAY KOHKPETHBIM 3HAHUEM U €ro
IIPUMEHEHUEM.

[Ipy BBINOJIHEHUN MPAKTUYECKUX 3AHATHUNA HCIOJIB3YETCS TEXHOJIOTUS KOJUIEKTUBHOTO
B3aUMOJICUCTBUS. 3aHATUS MPOBOIATCSA B BUIE OOCYXKICHUS MOJYYEHHOTO 3aJaHusl, IPU STOM
CTYIEHTBl pabOTalOT COBMECTHO C TOCIEAYIOIIUM TPYHIOBBIM aHAIH30M MOTYyYEHHBIX
pe-3yJbTaTOB.

B yuebGHOM mpoliecce UCIONB3YIOTCS aKTUBHBIE U UHTEPAKTUBHBIE (JOPMBI TPOBEICHUS
3aHATUN (KOMIIBIOTEPHBIE CHUMYIISINH, pa300p KOHKPETHBIX CHUTYyallMil) B COYETAHUU C
BHEAy-TUTOPHOU paboToil ¢ uenbio GopMHUpOBaHMS U Pa3BUTUS MPOPECCHOHATBHBIX HABBIKOB
00y-Jaronuxcs.

CaMocTtosiTenbHasi paboTa CTYIEHTOB CTHUMYJIHPYET CTYACHTOB K WHAMBHIYalbHOM
popabOTKe TEM B MPOIIECCe HAMMUCAHUS PePepaToB, BHINOIHEHUS UHIMBUIYAIbHBIX 3aIaHUM, B
MIPOIIECCE MOATOTOBKH K KOHTPOJIBHBIM Pab0TaM M UTOTOBOM aTTEeCTallUH.

6 YueOHO-MeTOIMYeCKOE 0O0ecreyeHue CaMOCTOSITeIbHOI padoThl 00y4aroIuXcst
[Ipencrasneno B mpunoxkeHuu 1.

7 OneHOYHBIE CPeACTBA AJIsl IPOBeeHH s POMEKYTOUHOM aTTecCTALMI
[IpencraBieHbl B IPUIIOKEHUH 2.

8 YueOHo-MeTOAMYeCcKOEe H HH(POPMALIMOHHOE O0ecnevyeHue TUCIUITHHbBI (MOTYJIs1)

a) OcHoBHas1 IMTEpPaTypa:

1. Mensuuuenko, A.C. AHaU3 JaHHBIX B MaTepHaIoBeIeHNH © yueOHoe mocobue / A.C.
Menpanuenko. — MockBa : MUCUC, [6. r.]. — Yacte 1 — 2013. — 72 c. — ISBN
978-5-87623-666-1. — Tekct : anekTpoHHSIi // JIaHb : 21€KTPOHHO-OMOIHOTEYHAs CHCTEeMa. —
URL: https://e.lanbook.com/book/117168. (mara obparienus: 01.09.2020)— Pexum moctymna:
JUTSI aBTOPU3. TOJIh30BaTENEH.

2. Menpanuenko, A.C. Martemarndeckas CTaTUCTHKAa W aHAIW3 JaHHBIX . ydeOHOE
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00y4arIuXxcs

6 YyeOHo-MeTOoANIECKOE

ob0ecneuenmne

CaMOCTOAITEJILHOM

[Tpunoxenue 1

padoThbI

Ouenounbvie cpedcmea 0l NPOBEeOCHUS MeKyue20 KOHMpPOas 6 8uoe  ayoOumopHoU

kKonmpoavuou pabomul (AKP)

Hepequb mem 011 NOO20MOBKU K CEMUHAPCKUM 3AHAMUAM.

Wcxonnple maHHBIE U TPOBEACHUS IPAKTHUECKUX 3aHATHH NpeACTaBIeHB B 16
BapHUaHTax CIy4alHbIX BBIOOPOK (00beM BBIOOPKH — N = 59), OMH U3 KOTOPBIX MPUBEACHA HUXKE.

% C
2,49
2,15
2,01
2,62
2,54
2,11

2,99
2,82
2,06
2,56
2,67
2,09
2,64
2,95
2,62
2,55
2,04
2,17
2,97
2,65

2,2
2,39
2,53
2,06
2,16
2,96
2,75

2,7
2,72
2,54
2,67
2,85
2,28
2,73
2,73

%
Cr

15,21
17,83
17,15
19,33
15,57
16,55
16,99
20,92
17,85
19,69
17,95
16,49
18,27
17,52
16,23
15,15
16,53
18
19,45
17,4
19,8
15,84
18,17
17,61
17,45
15,93
20,44
19,64
19,55
20,36
19,63
15,9
20,82
19,5
17,63
16,78

%Mn
5,75
4,58
3,26
5,46
3,34
5,78
5,59

4,9
3,46
4,52
4,02
5,78
5,88
3,11
3,48
4,82
3,19
5,16
3,46
3,42

5,1
5,66
4,03

3,1
5,56

5,5
5,82
4,54
5,13
3,26
4,03
5,08
3,21
5,39
5,03
3,05

N

2,87

2,4
2,98

2,6
1,85
1,76

2,9
1,02
2,97
1,87
1,47
1,95
2,34
1,13
1,61
1,39
1,08
2,13
1,04
1,88
1,56
2,17
2,03
2,77
1,09
1,22
2,58
2,76
1,15
1,63
2,61
2,44
2,92
2,29
1,31
1,13

Ti

1,52
1,16
1,24
1,18
1,39

1,66
1,93
1,06
1,69
1,43
1,96
1,69
1,96
1,09
1,15
1,24
1,49
1,43
1,29
1,77
1,94

1,2
1,97
1,82
1,43
1,03
1,86
1,93

1,5
1,01
1,43
1,93
1,38
1,56
1,38

HRC
61,04
62,17
61,49
60,08
62,65
59,34

60
59,32
61,95
60,51
62,01
61,68
62,68

59,4
62,48
59,62
59,99

62
59,92
60,73
62,36
61,97

62,4
62,16
61,26
62,73
60,91
62,55
62,06
59,98
62,49
59,56
61,28
60,25
60,38
62,92

Kun

5,01
7,76
6,06
11
8,5
10,42
11,96
6,35
5,13
8,47
6,46
11,19
10,8
6,56
6,79
6,04
5,23
10,66
5,96
9,94
5,22
9,63
9,84
8,67
5,51
11,34
9,57
9,22
10,19
10,16
7,2
9,21
8,15
7,9
10
7,02

16,58
9,22
17,97

16,17
4,66
5,9
10,71
10,15
8,38
5,26
7,29
17,5
4,99
5,04
6,84
2,06
2,46
12,79
10,58
11,2
9,45
13,73
13,62
10,6
16,51
4,07
7,25
13,86
17,61
11,12
10,51
2,35
7,79
14,66
5,39



2,77 16,23 5,87 1,22 1,88 59,66 11,33 3,18

2,11 19,11 5,28 2,52 1,37 60,23 6,79 9,08
2,87 18,35 5,52 1,65 1,26 60,02 11,69 9,92

2,2 16,21 3,07 2,57 1,64 62,35 11,1 6,04

2,2 16,07 4,01 2,58 1,64 61,63 9,74 3,58
2,38 16,97 3,53 1 1 59,39 737 10,42
2,56 15,85 3,87 1,36 1,3 5955 10,14 6,77
2,44 17,19 3,61 2,07 1,84 62,96 11,7 2,96
2,75 17,7 3,2 2,93 1,89 59,7 10,86 6,12
2,26 17,16 5,12 1,99 1,52 60,1 7,63 12,65
2,21 17,94 4,89 1,93 1,58 60,13 10,45 17,72
2,06 15,72 5,72 1,09 1,9 62,42 6,82 12,56
2,71 19,44 4,91 1,6 1,05 61,63 6,52 9,57
2,79 18,06 5,16 2,37 1,45 60,02 7,98 9,93
2,83 15,86 4,37 2,94 1,15 59,92 585 16,12
2,66 18,85 3,1 2,76 1,38 62,88 5 14,91
2,74 19,49 3,93 2,95 1,69 59,3 7,98 10,96
2,62 15,67 5,91 2,51 1,97 59,61 7,81 7,1
2,56 20,09 3,81 2,74 1,35 62,55 11,44 2,91
2,27 15,81 3,76 1,28 1,87 60,11 11,95 7,01
2,79 19,99 5,7 1,23 1,73 61,97 5,84 2,74

2,7 16,43 4,8 1,84 1,52 60,07 5,93 4,41
2,71 18,82 4,15 2,89 1,46 62,62 10,68 13,85

AKP 1. Ilpaktnueckas nepsuuHas 00paboTka BEIOOPKH CITy4ailHOW BETMYHUHBI

Bbruiciute € TOpuMeHeHWeM —Tporpammuoro mpoaykta Exel  craructrueckume
XapaKTEePUCTHKN (MHHUMAJIbHBIC, MaKCHMalIbHbIC, pa3Max 3HAYEHUH, CpeJHHEe 3HAYCHHS,
CpeIHEKBaIpaTUUECKOe OTKJIOHEHHE-CTaHIAPTHOE OTKIOHEHHEe, KOI(PPUIIMEHT BapHaIlHH,
MeAMaHa, MoJia) pacyeTHON BhIOOPKH. TO €cTh BBIYMCINTD MO HE3aBUCUMBIM (Xi) U 3aBUCUMBIM
(Yi) cyyaifHbIM BETHUMHAM CIICIYIOIINE XapaKTePUCTUKH:

- MUHUMaJIbHbIE 3HAUCHHS CIyIaiHbIxX BeauduH - (Xi, Yi)min;

- MaKCHMaJTbHbIC 3HAYCHUS CTydaitHbIX BearduH - (Xi, Yi)max;

- pa3max — R = (X, Yi)max- (Xi, Yi)min;

- cpennee 3HaUeHUE (Xicp, Yicp) = Z(Xicps Yiep)/N, THE N — 00BEM BEIOOPKY;

- CpeIHEKBaJIpaTHYeCKOe OTKIOHCHHE=CTaHIapTHOE OTKJIOHEHUE Sy = [X (Xi —
Xep)?IN]®%; Syi = [Z (Yi = Yop)?]°;

- ko3 pumuent Bapuamin, % — Vyi =  (Sxil Xepi) 100 % 1 Vi = (Syil Y ¢pi) 100%;

- MenuaHa BbeIOOpKH (Med) — cpenmMHHOE 3HAYCHUE CIYYalHOW BEITUYMHBI MEXKIY
MHUHHMAaJIbHBIM U MakcuManbHbIM ee 3HaueHussMu — med (Xi, Yi) = [(Xi, Yi)max- (Xi, Yi)minl/2;
Me/MaHa B OOJIBIIMCTBE CIIy4aeB HE COBMAJAET CO CPEJHUM 3HaUCHHUEM BBIOOPKH;

- Moaa BeIOOpkH (Mod) — Hambosiee YacTO BCTpEYArOIICeCs 3HAUYCHHE CIydailHON
BEJIMUMHBI (OTIPEIeNIeTCsl aHAIM30M CIIy9aiiHON BBIOOPKH WJIH IO THCTOTPAMME).

[TocTpouTh rUCTOrpaMMBI CITY4ailHBIX BEJTMUUH (Fpadudeckoe pacrpeieneHue
CITy4aifHOW BEIMYHMHBI) M CPABHUTH MX C TEOPETHUECKUMHU PACTIPEICTICHISIMH.

Jns koHKpeTHOHM ciydaiiHoW BenumuuHbl (X, Yj) ee pacmpeseneHHe B BBIOOpKe
OTIpeNeNsIeTCs] MOCTPOSHUEM THUCTOTPaMMBl. AJTOPUTM 3TOTO TOCTPOCHHS 3aKIIOYaeTCs B
CIIEYIOLIEM:



- Ha OCH OpJMHAT OTKJaJabIBaeTcs 4acrora (Nj) WM 4acTocTh (Ni/N) — KOJIUYECTBO
3HAYEHUW CIIy4YalHOW BEJIMYMHBI, MOMAAAIOIUX B ONPEAEICHHBIA MHTEPBAJ 3HAYCHHI; HA OCH
abLycc OTKJIAIbIBAETCSI HECKOJIBKO MHTEPBAJIOB BHYTPHU pa3Maxa ClIy4allHON BEIMYMHBI, YUCIIO
STUX UHTEPBAJIOB ONPEAEIAETCS CTATUCTUYECKH, B OOIBIIMHCTBE CIIy4aeB 3TO YHUCIO COCTABIISET
10 unTEpBaNOB;

- IIpU 3TOM IPOBEPOYHBIMU KPUTEPUSMHU MPABUIBHOCTU MOCTPOEHUSI THCTOTPAMMBI
SIBJISICTSI BBITIOJTHEHUS YCIIOBHE XN; = N mwiu X(Ni/n) = 1.

AKP 2. KoppensiiMoHHbIH aHaIu3 BEIOOPKH

Pacuurath pu momoriy nmporpammoro npoaykra Exel (Haxxats Ha ki1aBury fy, BEIOpaTh B
NO3HIIUN «CTATUCTHKA» (DYHKIUIO «KOpPPET», YKa3aTh KOOPAMHATHI COOTBETCTBYIOIIUX Iap
CIIy4aifHbIX BEJIMYHWH, MOJYYUTh 3HAUYEHHUS MAPHBIX KOI()(PUIMEHTOB KOPPENSINH) MOMapHbIE
KO3 PHULIHUEHTHI KOPPEISIUN MEXKIY HE3aBUCMBIMH CITy9ailHBIMU BETMUUHAME — [yjxi+1 W MEXKITY
3aBUCUMBIMHU (Yj) U He3aBHCUMBIMH (X;) IEPEMEHHBIMU -lyjyi; ONPEACIUTh UX 3HAYUMOCTb
IyTEM CPaBHEHUS C TAOJUYHBIMU, KPUTUIECKUMHU 3HAUCHUSAMH KO3 PHUIHEHTA KOPPEISALIUH.

Huxe npeacraBnena tabiuiia ¢ KpUTHIECKUMU 3HAUCHSAMU KO3 PUITMEHTA KOPPEISIIIHU B
3aBUCHUMOCTH OT 00beMa BbIOOPKH (N) U YpOBHA 3HAUUMOCTH (a); o = 1 — P, TJ1e P — BEPOATHOCTD
COOBITHS.

Kputnueckue 3Hadenns ko3 duimenra koppensuu

O0BbeM BBIOOPKH, YPOBEHb 3HAUUMOCTH, O
n 0,10 0,05 0,02 0,01 0,001
1 0,98769 0,99692 0,999507 0,999877 0,999988
2 0,90000 0,95000 0,98000 0,99000 0,99900
3 0,8054 0,8783 0,93433 0,95873 0,99116
4 0,7293 0,8114 0,8822 0,9172 0,97406
5 0,6694 0,7545 0,8329 0,8745 0,95074
6 0,6215 0,7067 0,7887 0,8343 0,92493
7 0,5822 0,6664 0,7498 0,7977 0,8982
8 0,5494 0,6319 0,7155 0,7646 0,8721
9 0,4973 0,5760 0,6581 0,7348 0,8233
10 0,4973 0,5760 0,6581 0,7079 0,8233
11 0,4762 0,5529 0,6339 0,6835 0,8010
12 0,4575 0,5324 0,6120 0,6614 0,7800
13 0,4409 0,5139 0,5923 0,6411 0,7603
14 0,4259 0,4973 0,5742 0,6226 0,7420
15 0,4124 0,4821 0,5577 0,6055 0,7246
16 0,4000 0,4683 0,5425 0,5897 0,7084
17 0,3887 0,4555 0,5285 0,5751 0,6932
18 0,3783 0,4483 0,5155 0,5614 0,6787
19 0,3687 0,4329 0,5034 0,5487 0,6652
20 0,3598 0,4227 0,4921 0,5368 0,6524
25 0,3233 0,3809 0,4451 0,4869 0,5974
30 0,2960 0,3494 0,4093 0,4487 0,5541
35 0,2746 0,3246 0,3810 0,4182 0,5189
40 0,2573 0,3044 0,3578 0,3932 0,4896
45 0,2428 0,2875 0,3384 0,3721 0,4648
50 0,2306 0,2732 0,3218 0,3541 0,4433
60 0,2108 0,2500 0,2948 0,3248 0,4078
70 0,1954 0,2319 0,2737 0,3017 0,3799
80 0,1829 0,2172 0,2565 0,2830 0,3568
90 0,1726 0,2050 0,2422 0,2673 0,3375
100 0,1638 0,1946 0,2301 0,2540 0,3211

B Exel 3an0xeHbl popMyIIbl IS pacdeTa MonapHoro Ko GHUIueHTa KOPPEISIHH:

- I xi1 = 2(Xi — Xicp) ( Xi+1 — X(i+1)ep) XiXi+1/NSxiSX i+1

lyixi = Z(Xi — Xicp)( Yi— ch)YiXi/ nSXiSyi.

3HauuMoOCTh KO3 (dULIMEeHTa TMAapHOM  KOPPEeSUH  ONpeneNseTcs CpaBHEHHEM
dakTHueckoro 3HaueHHs Kod((UIMEHTa KOppesluu ¢ TaOJMYHOM 3HAYCHHEM: ecCliu



(dakTHuecKoe 3HaYeHHE OOJIbIIe TAOIUYHOTO, TO CYIIECTBYET MEXAY HEU3BECTHBIMU 3HAUMMAs
CTAaTUCTUYECKAs CBS3b, B IPOTUBHOM CIIy4ae TaAKOBas CBA3b OTCYTCTBYET.

AKP 3. Ortceuts He3Hauumble (akTop aHAIM3UpyeMoil BbIOOpKH. OmnpeneanuThb
CTATUCTUYECKU 3HAYMMbIC CBSI3U MEXKY 3aBUCHUMBIMHU U HE3aBUCUMBIMU MEPEMEHHBIMU U BUJA
PErpecCUOHHOM 3aBUCMOCTH, a TAaK)KE MEKy HE3aBUCUMBIMU IIEPEMEHHBIMH.

B nepByto ouepeanb CTpoUTCS KOPPEISIIMOHHAS MAaTPUIA — CHMMETPUYHAsT OTHOCUTEIEHO
quaroHany (aHaJOTMYHO TaOMUIEe CIOPTHUBHOIO COPEBHOBATEIBHOIO KOMAaHAHOTO WU
JUYHOCTHOT'O YEMITHOHATA) — 00pa3el MPUBOIUTCS HIDKE.

X1 Xz X3 X4 Xs Y1 Y2 Y3 Y,
X1 1 Mx1x2 Mx1x3 I'x1.xa Ix1,x5 lyixt Y2x1 ly3x1 lyaxi
X5 1 Ix2x3 I'x2,x4 I'x2x5 fy1x2 ly2.x2 ly3x2 lyax2
X3 1 r><3,><4 r><3,x5 I’y1,><3 I’y2,><3 ry3,><3 ry4,><3
X4 1 Mx4,x5 Fy1xa Fy2,x4 Y3 x4 lya.xa
Xs 1 Iy1x5 ly2.x5 IY3x5 Yax5
Y1 1 lyLy2 fyLys fyLys
Y, 1 Y2y3 ly2,y4
Y3 1 fy3y4
Y, 1

3arem 3HaueHUs K03(PPULIMETOB MapHBIX KOPPENALUIl 0TMEUat0TCs 3HAKOM (+), €CIM 3TOT
KO3 PHUIHUEHT KOPPEISIMH CTATUCTUYECKH 3a9UM, U 3HAKOM (-), ecii Kod(ppUImeHT Koppemsiuu
He3HauuM. J[1s oTceMBaHMs HE3aBUCUMBIX IIEpEeMEHHBIX (X-0B) IPOBOIUTCA (OMH U3 METOJIOB)
CIIEIYOIIasl MPOIeIypa: U3 OOMICH KOPPEISIMOHONW MATPHIIBI BBIICISCTCS y4acTOK ¢ X U B
sueifKax MpOCTaBISIETCS COOTBETCTBEHHO (+) miu (-).

X1 X2 X3 X4 X5 Koin-Bo

3HAYUMBIX
KOppeJALHM

X1]1 + - + - 2-1-0

Xo | + 1 - - + 2

X3 |- - 1 + - 1-0

Xq | + - + 1 + 3

Xs | - + - + 1 2-1-0

Taxum oOpazom, mocne AByX UTTepaluid octamuck 3 X-a - X, X3, 1 Xs.

Jlnst BBIOOpaA 3HAYUMBIX 3aBUCUMOCTEN (110 KO3 PULIMEHTY KOppEIsun) MeXAY Y-MU U
X-MH, 9TOOBI TIOCTPOUTH PETPECCHOHHBIC YpaBHEHHs CBS3M, HEOOXOIMMO MpPOAHAIH3UPOBATH
ellle OJJHY YacTh KOPPEISALIMOHHON MaTPUIbL:

Y, Y, Y3 Y, 3HauNMBIC
Koppensauud X
C Yi
Xy lyixal+ ly2xal- lyaxa/+ lyaxal- XicYi,Ys
X M1 x2l - M1, x2l - Mt xol - Mt xol - X, — HeT
Koppensuuii ¢ Yj
X3 Maxal- Maxal- Ml - Maal+ X3 Yy
X4 M1 xal + M1 xal + M1 xal + M1 xal- Xac Yy, Yo Y3
Xs Ml Mxa sl M1l Mxasl+ Xsc Yy
3Hau. koppen. Yic | Yic Xy, | Yoc Xy | Yac Xy | Yac X,

Xi X X Xs

Ha ocHoBaHMM 3HAYUMBIX KOI(DPHUIIHEHTOB KOppesiuu Mexay Yiu X; onpeaensercs, 4To
HEO0OXOIUMO TIOJTYYUTh PETPECCHOHHBIC YPaBHEHUS CIIEAYIONIUX BUIOB U C YICTOM OTCCHBAHUS
X-0B:

Y= ag+ ay Xy + agXy;

Y,= do t+ a4X4;

Y3 =ag+ arXy+ agXy;



Ys=ap+ azXs+ asXs;

AKP 4. [Tpu nomony NpuMEeHEHHS perPeCCHOHHOTO aHaIN3a PacCUUTaTh KOA(DPUITUESHTHI
PErpecCHOHHOTO YPAaBHEHHS.

B AKP 3 ompeneneHbl BUIBI PETrPECCHOHBIX 3aBHCHUMOCTEH, KOTOPBIE HEOOXOIMMO
NOJYYHUTh JJISi OLEHHBAHHWS, NMPOTHO3a M YIPABJICHUS TEXHOJIOIMYECKHMMHM mporeccamu. s
pacueta Ko3(h(UIMEHTOB YypaBHEHUH &g, @; MPUMEHSETCS PACYETHBIH METOJl HaWMEHBLINX
kBagpatoB (MHK) c wucmonb3oBaHmeM HCXOJHON BBIOOpKM ciydailHbIXx BennuuH. MHK
IpearoyiiaraeT MOUCK AKCTPEMajabHOr0 (MUHUMAIBHOIO) 3HA4YeHHUS (YHKUIHMOHAIA CYMMBbI
Pa3sHOCTH B KBaJpare MEXAY (PaKTHYECKUMH U PaCU€THHIMH 3aUCHUSAMH (DYHKIIMH OTKIIMKA!

F = 2(Ygaer — ypacq,)2 — min (0). B ypaBHEHHE TOACTABISAIOTCS MOCTPOYHO (haKTHUECKHE
3HAYEHUA Ypacr- U Ypacu. B BUJE ypaBHEHHMs, nomydyeHHOro B AKP 3. Jlns pemeHust ykazaHHOIO
¢byHKIIMOHAIa HEOOXOMMO MOIYYUTh CUCTEMY YPaBHEHUN B YACTHBIX MPOU3BOJAHBIX U KaXKI0€ U3
yYpaBHEHHMI NpPUPAaBHATH K Hymo. Takum o0pa3oM, MmoiydaTcst 3HaYeHHS CBOOOJHOTO 4JICHA
ypaBHEHUS &g M KO3 UIMEHTH MPU HE3aBUCHUMBIX NEPEMEHHBIX 8 = ay. s omepaTuBHOTO
pemennss MHK npumensiercs nporpammuoe odecnieuenue Exel (fy — nuneiin). B noanporpamme
«JTUHEIH» YKa3bIBAIOTCS KOOPAMHATHI Yi U X, 3aTeM Habuparotcs nozunuu « MCTUHA» u 3atem
Shift+Ctrl+Enter. B npenBapuTenbHO BbIACICHHOE TI0JIE TPOTPAMMHO TOMEIIAIOTCS PE3YJIbTaThI
pacuera — K03 HUIIHMEHTHI g, &j = i (TIepBast CTPOKA - COOTBETCTBEHHO YHTATh CIpaBa HAJIEBO),
KOX(PUITMEHT JTeTePMHUHALINN R? (3-s ctpoka, 1-it cromber) U K03QHUITMESHT MHOKECTBEHHBIMH
Koppermsanun R = (RZ)O‘S, kpurepuii ®Oumepa F (4-as crpoka, 1-wiii cromber). Kpome Ttoro,
OIIPEICTISIFOT 3HAYUMOCTh KOA(P(PUIUCHTOB TpH (akTopax (Xj) — pacuUTHIBACTCS KPHUTEPHUS
Creiomenta t = ai/Sy rme a — koadduiment npu i-oMm dakrope - Xj, Sxi — CTaHAapTHOE
(cpemHeKBagpaTHYECKOe) OTKJIOHEHHE Xi. Paccumranneie 3Hauenus R, F, t cpaBHuBaroT ¢
COOTBETCTBYIOIIMMHU TaONIUYHBIMU (KPUTHYECKHUMH) 3HAUCHUAMU. B ciyuae, ecinu pacyeTHbIe
3Ha4YeHHs OoJble TaOJMYHBIX, TO JETACTCS BBIBOJ O CTATUCTHUYECKOW OJIM30CTH K JTMHEWHOU
3aBHCUMOCTH, aJIeKBATHOCTU ypaBHEHUS PEalbHBIM JIaHHBIM MCXOJHOW BBIOOPKE W 3HAUMMOCTHU
K03 PHIIEeHTOB perpeccuu cooTBeTcTBeHHO. st ycnmoBuit Hactosimux AKP cnpaBemmBo —
o0beM BBIOOpKH N=59, komuyecTBO (hakTopoB - Xij = 1-5. Tornma TabnuuHble (KPUTHUECKHUE)
3HAYEHHs ONPENEIAIOTCA CIeNyIONUM 00pa3soM. Rpsn = Rip — CM. cTatucTHyeckyro tabnuiy B
AKP Ne 2 — mpu n = 59 u yposHe 3HauuMoctd o = 0,2 - Rygen = Rip. = 0,21; Fragn. = Fp. — B
cTraTucTudeckon Ttabmune Fi.6, ompenensieTcs B sUeiike Ha MEpeCceYEeHUH TIEPBOM KOJOHKHU
(cronmbua) 3HaueHUl oObeMa BBIOOPKM M MEpPBOW TOPU3OHTAIM (CTPOUKH) 3HAYEHUH CTENEeHU
CBOOO/IBI (CTETIEHb CBOOO/IBI ONIPEEISIETCS pa3HULIEH MEXKTY 00BEMOM BEIOOPKH M KOJIMYECTBOM
(baKkTopoB X, CTeNeHb CBOOOIbI paBHa B HarieM ciaydae 59 — (1-5) = 58 — 54) - Fruen = 1,49;  traen.
= tp. B COOTBETCTBEHHON CTATHCTHYECKOH TaOMIlE ONpeAenseTcs B s4eiKe Ha IepeceYeHUH
nepBOil KOJOHKU (cToyIOIa) 3HAaYeHUH oO0beMa BBIOOPKM M TNEPBOH TOPU3OHTAIN (CTPOUKH)
3HaueHUil p - BepoATHOCTH obOecnieyenus, npuHuMaeM o = 0,90, BeIOUpaeM trasy = tep. = 1,67.

AKP 5. TIpoBectr KOPpEKTUPOBKY TOYHOCTH YPaBHEHHUsI PErPECCHH B TEUEHUH BPEMEHH.

CornacHo TpeboBanusiMm OCT 14-34-90 «ATTecranus METAIONPOAYKIIUU  TIO
KOPPEJSIIMOHHON CBSI3W MEXAYy NapaMeTpamu» BO3MOXXHO HCIOJIb30BaHUE PETrPecCUOHHBIX
3aBUCHUMOCTEN TMapaMeTpoB KadecTBa (BPEMEHHOE COMPOTUBIICHHS DPa3pbIBY, OTHOCHUTEIHHOE
Cy)KeHHEe H T.N.) OT (PaKTOpPOB (XUMHUYECKUM COCTaB CTalM, TEXHOJOTHYECKHE MapameTphl
mpoliecca) sl IPOTHO3UPOBAHUS CBOKMCTB 0€3 OCYIIECTBICHUS Pa3pyIIAOIINX UCTIBITAaHUN. J{7s
IIPOBEPKU TOYHOCTH MOJIEH IIPU 3TOM HaOMPaeTCsi KOHTPOJIbHBIA MACCHB TaHHBIX, COCTOSAIIUX U3
pPEe3yNbTaTOB pa3pyLIAONINX UCTIBITAHUN OJTHOM JeCSITON TUIaBOK/MapTHil Takoi mpoaykuuu. [1pu
Habope He MeHee 50 IUIABOK WM OJMH pa3 B KBapTajl MPOBOJUTCSA MPOBEpPKAa TOYHOCTH
IPUMEHSIEMON MaTeMaTHUeCKOl perpeccun. MeToauka MpoBEPKU 3aKIHOYAETCS B CIEAYIOLIEM.
Habupaercs maccuB pasHocTeld Mexay (aKTUYECKUMU JTaHHBIMU KOHTPOJBHOW BBIOOPKU U
PacUeTHBIMM 3HAYEHUSAMH IO PErPECCHOHHOMY YPAaBHEHHIO (Ygaxr. — Ypacu.), PACUMTBHIBAECTCS
CpelHee 3HAa4YeHHE HSTHUX OTKJIOHEHMH M CpPaBHUBAETCS CO CTAaTUCTHYECKUM KPHUTEPUEM
(cTaHgapTHBIM OTKJIOHEHHMEM IapaMeTpa KadecTBa - Syi). Eciom cpeqHee OTKIOHEHUE MeHee
CTaTUCTUYECKOTO MapaMeTpa, TO YpPaBHEHUE MPU3HAETCS aJCKBAaTHBIM PEAIIbHBIM YCIOBUSAM. B



NPOTHBHOM CJiydae MPOBOJUTCS KOPPEKTUPOBKA YPAaBHCHHS MyTEM H3MEHCHUS 3HAYCHUS €0
cBOOOIHOTrO WieHa: do1 = ag -/*+ Z(Ygarr. — Ypaca.)/N, 1€ N — 00BEM KOHTPOIBHOH BEIOOPKH, 3HAK -/+
MOKa3bIBET, UTO, €CIIU CPEIHEE OTKJIOHEHUS AY; HUMEET 3HaK +/- , TO KOPPEKTUPOBKA 3HAUCHUS g
OyJIeT COOTBETCTBEHHO -/+AY;.

AKP 6. TTocTpouTh MaTpHIly HOJHOrO (hPaKTOPHOIO dKCIepuMenTa Thna 2" —22u2®

B ocHoBaHuM cCTENEeHHOM 3aBUCHUMOCTH MPEACTABICHO KOJUYECTBO YPOBHEH
BapbUpoBaHus GakTopoB. MiMeeTcs 1Ba BapuaHTa YpOBHEU: 2 - MUHUMAJIbHOE U MaKCUMalIbHOE
3HAUeHUS U 3 — MUHUMAIbHOE, MAaKCUMAaJbHOE U CpelnHee 3HadeHus (akTopoB. B moka3zarerne
CTENEHHOW 3aBUCHMOCTH MPEJICTaBICHO KoyinyecTBO (akTopoB. Ilpu cocraBieHHMM MaTpHIIbI
MJIAHUPOBAHUSI HKCIIEPUMEHTAa HEOOXOJMMO YUUTHIBATH YETHIPE CBOMCTBA CYIIECTBOBAHUS
ypoBHEH  (AKTOPOB: CHMMETPUYHOCTb, OPTOTOHAIBHOCTh, POTATA0EIBbHOCTH, YCIOBUE
HOPMHPOBKH.

Omnpenenuth K03()UIMEHTHI yPaBHEHHS 10 H3BECTHOMY alIrOpUTMY: &; = (Xx;Y;)/n, ao
= Zyi/ n.

AKP 7. Iloctpouth BCE BO3MOXKHBIE BapUAHTHl MATPHUIBl JPOOHOIO AKCIEPUMEHTA
tima 2%, 252, OrmpenenuTb K03 HUIMEHTHI ypaBHEHUS 110 U3BECTHOMY aIroputmy: a; = (Xx;y;)/n,
dp = Eyi/ n.

AKP 8. Pacuurarp ko3ddunuent konkopmammu (kodpduuueHT corimacus) mpu
9KCHEPTHON OLIEHKE BIMSHUA (DAKTOPOB HA (PYHKIMIO OTKJIMKA (IapaMeTp ONTUMH3ALMH) IO
crenyromeii 3apucumoct: W = 12S/[m?(n®-n)], rae S — cymMMa KBagpaToB OTKIOHEHHil OT
CPEIHEro 3HaYEHUs OLEHKH 3KCIEPTOB, M — YUCIIO SKCIIEPTOB, N — YUCIIO (PAKTOPOB.

AKP 9. Haiitu »skcTpeManbHOE 3HAY€HHE I[apamMeTpa ONTHUMH3aluu B 001acTu
ompeneneHuss QYHKIUUA JIBYX M MHOTO(GAKTOPHBIX YpaBHEHHH (METOH KPYTOTO BOCXOXKIACHHS
bokca-YuiicoHa) ¢ NpPUMEHEHHWEM UTTEPALMOHHOIO IIOIIArOBOrO0 METOAA B HAIPABICHUU
rpagueHTa.

Memoouueckue pexomenOayuu 011 NOO20MOGKU K CEMUHAPY -  NPAKMUYECKUM
3aHAMUAM

CeMuHap - BUJ TpYNNOBBIX 3aHATHM MO KakoW-muOO HaydHOH, y4yeOHON W Jpyroi
npobjemMaTuke, akKTUBHOE OOCYXKJIEHHE yYaCTHHKAaMHU 3apaHee MOJTrOTOBJIEHHBIX COOOIEHHIH,
JoknaaoB U T.1. C TEeMAaTUKOW CEMHUHAPOB CTYAECHTHI 3HAKOMSITCS 3apaHee. ATOPUTM IOJATOTOBKU
K CEMUHApy CIEeAYIOIIUA: BEIOpaB TEMY, CTYAECHT COCTaBIsIeT CBOM IUIaH-TpaduK MOJ-TOTOBKH K
cemuHapy. [lnst npuoOpeTeHrs MUPOKOTo BUACHUS IPOOJIEMBI CTYIEHT CTapaeTCsi OCMBICIIUTD €€
B 00meM o0beme; MO3HAKOMHUTBCS C TeMOW 1Mo 0a30BOMYy y4yeOHOMY IMOCOOMIO WM JAPYroi
OCHOBHOI pEKOMEHAYeMOW JUTepaType; BbISIBUTH OCHOBHBIE HJEH, PACKPHIBAIOLIUE JIaHHYIO
npobieMy; CBEpPUTh HX OIpPENeNeHUus €O CHPAaBOYHHKAMHM, SHIUKIONEIUEH; MOA-TOTOBUTH
IUTAH-KOHCIEKT PAacKphITHA JAHHOM MNpoOJeMbl; BBISIBUTH HESACHBIE BONPOCHI M IMOA0-OpaTh
JIOTIOJIHUTEIBHYIO JINTEPATypy [UIsl UX OCBELIEHUS; COCTaBUTh TE3UCHl BBICTYIUIEHHA Ha
OTJIENbHBIX JIMCTAaX JUISl MOCIEAYIOLIEro BHECEHMs JOMOJHEHMH W TMOATOTOBUTH JIOKJIAA WU
pedepar mns cooOlieHHss Ha CEMHMHAape; MpOaHAJU3UpOBaTh COOPAaHHBIA Marepuan Jyis
JOTIOTHU-TENbHON HH(OpMaIINY 0 TEMaM CEMUHApPa; FOTOBSICH K BHICTYIUIEHUIO HA CEMUHApE, 10
BO3MOXXHOCTH IPOKOHCYJIBTHPOBATBCA C MpENoJaBaTesieM; OTHOCHTBCS K COOpaHHOMY
MaTepuaiy, Kak K HCTOUHHUKY OYIyIIUX UCCIeI0BaHUH.

CeMuHapcKkue 3aHATUS DPACIIUPSIOT M 3aKPEIUAIOT 3HAHUS, 3aJI0XKEHHBIE B TEOPUH
npenMera. Ha HuX BBIHOCATCS BOIPOCHI, OCOOEHHO HEOOXOAMMBIE Uil TMPAKTUKH, WIN
po0JIeMHbIE BOIPOCHI, KOTOPbIE BO3MOXHO PEIIUTh TOJIBKO B IIpoliecce coTpynuudecTBa. Cpenu
00s13aTeTbHBIX TPEOOBAHHI K CEMUHAPY - MPEIBAPUTEIHLHOE O3HAKOMJICHUE C TEMOM, BOIPOCaMH
U JIMTEPATYPOH 10 NTaHHOU TEME.



CoBpeMeHHas IpakTUKa peularacT LUPOKUN KPyT TUIIOB CEMUHAPCKUX 3aHATUl. Cpenn
HUX 0C000€ MECTO 3aHMMAaeT CEMHMHApP-IAUCKYCCHs, T B AMAIOre XOpOLIO yCBaWBaeTCs HOBas
uHOpMaLs, BUAHBI YOXKICHUS CTYACHTA; 00CYKIAIOTCS MPOTUBOPEUHs (SIBHBIC U CKPBITHIC) U
HEJIOCTaTKU; s 00CyXKAeHUs1 OepyTcsl KOHKPETHBIE aKTyallbHbl€ BOIPOCHI, C KOTOPBIMH CTY-
JEHTBl IPEABAPUTENBHO O3HAKOMJIEHBI. Takke B CEMUHAp BKIIOYAKOTCS BOIPOCH JJIf
UHTEJUIEKTYaJbHOM pPa3MUHKU (MHOTJA 3TO JUCKYCCHOHHAs CTaThsl, MO KOTOPOH CTaBATCS
Ipo0JIEMHBIE BONPOCHI); JUCKYCCHSI MOKET Pa3BEpPTHIBATHCS 3a0UYHO KAaK KPYroBOM ceMHUHap.
Jlanee moaBOIATCS WTOTHM IHUCKYCCHM, 3aCIyLIMBAIOTCS M 3aAIIMINAIOTCS NPOCKTHBIC 3aJaHUA.
ITocne 3TOro MpoxoauT "MO3roBOH WITYpM" MO HEPEUIEHHBIM IIPOOJIEMaM JUCKYCCHM, a TaKKe
BBISBJSIFOTCSL TIPUKJIAJHBIE ACIEKTBI, KOTOPBIE MOYKHO PEKOMEHIOBAaTh /i BKJIIOYEHUS B
KypCOBBIE U TUILUIOMHBIE pabOTHl WM B anmpoOanuio Ha mpakThke. Ha ceccum mpernonaBaTenb
000011aeT pe3yapTaThl IPOJEIaHHON CTYIE€HTOM PabOThl.

CeMUHapbI-IUCKYCCUU TIPOBOJATCS C LEIbIO BBIABIECHUS MHEHUSA CTYACHTOB 10
aKTyaJIbHBIM BOIIPOCAaM M3Y4aeMOI0 IIPEeaMETa.

CemuHap-ucciie[oBaHuEe MpEAIojaraeT MpeABAPUTEIbHYI0 paboTy - HalucaHue
pedepara, 1oknaga 1Mo UTOraM ONBITHON pabOTHI. YdacTHe B HEM - 3TO, IPEXKJIE BCEro, IUAJIOT
CTYAICHTA C IperojaBaTeneM. Pe3ynbraTel 00CyKIal0TCa Ha CEMUHApE C HATJIATHBIM MMOKA30M
UCCIIEI0BATEIbCKOrO0 MaTepuasa (cxXembl, TaONuLbl, rpaduKd, AUArHOCTUYECKHE METOJUKH).
Yactuano MaTepuai MoxeT ObITh BKItoYeH B BKP. IIpu moaroroBke kK ceMUHApY-UCCIIETOBAHHIO
CTYAEHT H3y4YaeT pe3yJibTaTbl TEOPETUUYECKUX HCCIe0BaHUM, cocTaBisgeT O6ubnmorpaduio mo
TEeMe, YUUTCS MUCaTh 0030pbl 0 TEXHUYECKOM 3a1aue-1polieme.

[IpobnemMHBII ceMHHAp TOTOBUTCS MPENOJABaTEeNeM JOCTATOYHO OCHOBATENIBHO:
no0MPArOTCs MPOOJIEMHBIE U KOHTPOJIBHO-IIPOBEPOUYHBIE BOMPOCHL. Takoil ceMHHAp BO3MOXKEH
TOJIBKO IOCJIE IPOXOXKACHUA TeMbI. K HEMY CTYI€HTBI TOTOBATCSA 110 JINTEPATYPHBIM HCTOYHUKAM:
MOHOrpadu, CIpaBOYHUKH, CIOBapH, KypHaibl. K npobieMHOMy ceMuHapy NpoCMaTpUBAETCS
JUTEpaTypa B paMKax Pas3IMYHbIX UCCIIEAOBATENbCKUX IIKOJI (Hampumep "TpaauiuoHHbIe U He-
TPaAUITMOHHBIC TTOAXOABI K podieme").

HauOonpiryto  3¢(peKTHBHOCTH NPUHOCAT CEMHUHAphbl, NPOBOJAMMBIE B (opme
KOJUIEKTUBHOM T103HABATEIbHOW JAESITENBbHOCTH, HMMEIOIIEH OIpeaeleHHble OCOOEHHOCTH, a
UMEHHO:

- paszeneHue CTYJEHTOB Ha TpPYyNIbl MO HX JKeJaHHIO (C 00s3aTENIbHBIM Y4acTHEM
CTY/IEHTa C YCTOMYMBBIM HHTEPECOM K JJAHHOMY IIPEMETY);

- IOCTAaHOBKa OOIKX LIeNei U 3a/1a4 IS TPYIIIIbI;

- paboTa B MOCJIeI0BATENIbHOCTH - HUHAMBHyallbHas, apHas (Jalie BCero NepeKpecTHhIN
ompoc), paboTta B rpyre, KOJJICKTUBHAS;

- 00s13aTeNnbHOE MPeIBapUTEIbHOE OTPAHUYEHUE 110 BPEMEHH KaXKA0I0 3Tana 3aHATui;

- OKCIIEPTHBIN aHAJIN3 ¢ pacuyeToM Ko3(pduireHTa KOHKOp A,

- OIIEHKA pabOTHI IPYIIIBI [TPENOIaBaTeNeM;

- IPOBE/IEHUE CAaMOOIICHKHU.

Ipumepnoiil nepeuenv mem pehepamos 8 gude uHoUsUOYaIbHbIX domauinux zaoay (M/13)

N3 Ne 1. TloHsaTrs U3 MaTeMaTHYECKON CTaTUCTUKU

1. OcHOBHBIE TIOHSTHS W3 TEOPUH BEPOSTHOCTH M MATEMaTHYECKOW CTATUCTHKH
(reHepalibHasi COBOKYITHOCTh, BHIOOpKA CITy4aifHBIX BEJTMUNH, XapaKTePUCTUKH BEIOOPKH).

2. [loHATHE O BUAAX IUIAHUPOBAHUS MATEMATHYECKOTO M (PH3MUECKOTO HKCIEPUMEHTOB,
HPUHIUIIAX TE€OMETPUIECKOT0 U (PU3NYECKOTro MOJ00Hs 0OBEKTOB YIIpaBJICHUS.

3. Tekymuit KOHTPOJIb MTPOTYKIIHH.

4. TlpuHUMITEI BBIOOpAa KOHTPOJIMPYEMBIX MapaMeTpoOB U HUX YPOBHS B CTaHAApPTaxX Ha
METaJUTyPrHYECKYIO TTPOAYKITHIO.

5. Craructuueckoe 00OOCHOBaHME O0beMa BBHIOOPKHM MpPHU KOHTPOJIE Y IOCTABIIUKA U
noTpeouTens.

6. KoHTpobHbBIE KapThI.

7. O0mras cxema yrpaBieHUs TEXHOJIOTHYECKUM 00BEKTOM C aJJalTUBHBIM OJIOKOM



8. Teopernueckuii MOaX0A, MaTEMaTHUECKOE CUMYJIMPOBAHUE YCIOBUN 3KCIEPHUMEHTA,
(U3H-YeCKHUIl IKCTIEPUMEHT.

9. YcnoBus noaodus pusnueckoro 00beKTa U MaTepHaIbHON KOIUH.

10. Be16op Haunbosee 3 peKTUBHOM CXEMBI SKCIIEPUMEHTA.

11. CocraBneHue miaHa IPOBEACHHUS SKCIEPUMEHTOB pa3HbIX YPOBHEW (ONBITHBIM,
71a00paTOPHBIH, HOJTYIIPOMBIIIICHHBIH, IPOMBIIIJICHHBIH, U3rOTOBJICHUE
OTIBITHO-TIPOMBILIUIEHHOH TTAPTHH).

N3 Ne 2. TInaHupyemblii SKCIIEPUMEHT

1. Buasl mapameTpoB ONTHUMH3AIMU OOOOIIEHHBIA MapaMeTp ONTUMHU3ALUHU, (QYHKIUS
KeNaTeITbHOCTH.

2. Br16op THIIa MaTeMaTH4eCKOM MOTMHOMHAIBHON I MHOM MOJICIIH.

3. IlpaBuia mOCTPOCHHUS TUIAHOB — IPOOHBIX PEIUIHK.

4. Pucku mpH MCIOJIB30BaHUU IJIAHOB C APOOHBIMH PEIUIMKAMH — BIHMSHHUE HAa TOUHOCTD
MPOTHO3UPOBAHUS (PYHKIIMH OTKJIHKA.

5. Tumsl IJIaHOB PKCIIEPUMEHTAa — ABY- M Tpex (akropuble mwiansl Tuma N = m" (N —
HEO0OXOIUMOE KOJIMYECTBO OIBITOB, M — KOJWUYECTBO YPOBHEH BAapbUPOBAHUS CIyYalHBIX
(dak-TopoB, N — KOJIMYECTBO (PaKTOPOB).

6. Koaddunument rxonkopmammu (KOIPQPUIUEHT COTIACHS) MPU IKCICPTHOW OICHKE
BIUSHUS (PAaKTOPOB HA (PYHKIIUIO OTKIMKA (TTapaMeTp ONMTUMU3ALIHH).

7. OCHOBHBIE CBOHCTBAa MATPHUIBI MAaTEMAaTUYCCKU IUIAHUPYEMOTO DKCIIEPHUMEHTA
(OPTOroHaNBHOCTh, POTOTAOEIBHOCTh, CHMMETPUYHOCTh, HOPMHUPOBKA HSKCIEPUMEHTAIBHOMI
MaTpHULIbI).

8. Meroauka pacuera KO3(h(GUIMEHTOB HMIMPUYECKOTO YpaBHEHHUS [0 JaHHBIM
MPOBEICHHOTO TUIAHUPYEMOTO SKCIIEPHMEHTA.

9. Caa3b rddekra daktopa ¢ kKodpbuueHTaMH YpaBHEHHUS.

10. Kpurepun onTHMaIEHOCTH TIAHOB YKCIIEPHMEHTA.

11. BBenenue B pelieHHE MO TOUCKY ONTHMAIbHOTO AKCTPEMAbHOTO 3HAYCHUS
napaMerpa ONTHUMM3AlMM B oO0JacTh ompeaeneHuss (QYHKIMM JABYX U MHOTO(QAKTOPHBIX
ypaBHEHUH (MeTo KpyToro BocxoxaeHus bokca-Yuncona u np.).



IIpunoxenne 2

7 OueHoYHbIE CPeICTBA /ISl IPOBeIeHH s IPOMEKYTOYHOM aTTeCTAMHU

[IpomexxyTouHnast aTTecTanus HMMEET LEJIbI0 ONPECIUTh CTENEHb JOCTHUXKEHUS
3arJIaHUPOBAHHBIX PE3YIbTATOB O0YUEHUS 110 TUCHUIUIMHE (MOAYIIIO) 32 CEMECTP U IPOBOJUTCS B
dbopMme 3K3aMeHa.

JlaHHBIN pa3Aesn COCTOUT UX JBYX ITYHKTOB:

a) Ilmanupyemble pe3ynpTaThl OOY4YeHHs] U OIICHOYHBIE CpEACTBA IJIsl IPOBEICHUS
IIPOMEKYTOUHOM aTTECTAL[UH.

6) Ilopsamox mnpoBelAeHHUs NPOMEKYTOYHOW aTTECTAllMM, IOKAa3aTeNd W KPUTEPHUH
OLICHUBAHMS.



a) l'[.na}mpyeMble pe3yJdbTaThbl oﬁyqem/m H OLICHOYHBIC CpeaACTBA AJIA IIPOBCACHUA HpOMe)l(yTO‘lHOﬁ aTTeCTalum:

CTpyKTypHBIii
3JIEMEHT
KOMIIETEHIINH

[Tmanupymble pe3yabTaThl
oOy4eHus

O1eHOYHEIE cpe€acTBa

Koa n CoAECpPKaHUE KOMIIETCHIIUU

OIIK-2 — crmocoOHOCTHIO UCITIONIE30BATh B TPO(ECCHOHATLHOM S TEIILHOCTH 3HAHMSI O TIOJX0AaX U METOAaX
MOJIYYEHUS PE3YJIbTATOB B TEOPETUUECKUX U

SKCIICPUMCHTAJIbHBIX UCCIICIOBAHUAX

3HaTh - ocHOBHbIe omnpeaenenus | [lepeyens TeopeTnyeckux Bonpocos K 3k3ameny (M3 Ne 1)
IJTaHUPOBaHUA 1. CBeneHus U3 TeOpUHU BEPOSTHOCTU U MATEMATUYECKOM CTATUCTUKU (TeHEepaibHasi COBOKYITHOCTh, BBIOOpKaA
SKCIIEpUMCHTA, CIIy4aiiHbIX BETUYMH, XapaKTEPUCTUKH BBIOOPKH).
- KIaCCH(QUKALNIO | 2 Brpl IUTAHUPOBAHHS MATEMAaTHYECKOTO U (PU3NIECKOTO SKCIIEPUMEHTOB, IIPUHIIUITBI TEOMETPHYECKO-TO U
crocoboB  BbIOOPA IUIAHA | hU3MUECKOTrO MOI06HS 00BEKTOB YIPABICHHS.
IKCIICPpHMCHTa, 3. [lopsiiok npoBeAEHUS TEKYIIEr0 KOHTPOJIS POTYKIUH.
TCOPETUYCCKUC  OCHOBBI [ 4, [IpuHIUIBI BEIOOpa KOHTPOJIHUPYEMBIX MapaMeTpPOB U MX YPOBHS B CTaHAapTax Ha METaJUIyprUuecKyro
pacyera KO3(POHUUMEHTOB | 11poTyKIHIO.
OMITMPHYCCKUX YPABHEHHUHM | 5. CTaTHCTHUECKOE 000CHOBaHHE 00BeMa BHIOOPKHU IIPU KOHTPOJIE Y IOCTABIIMKA U HOTPEOHTEI.
perpeccun, 6. MeTo/1pl TOCTPOECHUSI KOHTPOJIbHBIX KapT.
- OCHOBBI  COCTAaBJICHHS | 7. OOMIyIO CXeMY yIpaBJICHHs TEXHOJIOTHYECKHM OOBEKTOM C aJIalTUBHBIM OJIOKOM.
MatTpun ITOJIHOTO (8. TeopeTHueckuil MOJIXO0J, MaTEMaTHMUECKOE CHMYJIHMPOBAHHWE YCIOBHI SKCIEPUMEHTa, (QU3NYECKUIl
ApoOHOrO (hakTOPHOTO | sKCcHIEpUMENT.
9KCIIEPUMCHTA; 9. YcnoBus nonodust pusmueckoro o0beKTa 1 MaTepruabHON KOMHH.
- METOMMKYy  pacdeTa|]1(0. Meroabl BIOOpa HanOosee 3¢ (HheKTUBHON CXEMBbl HKCIIEPUMEHTA.
Koo pumenTa 11. YcnoBus cocraBieHus IUIaHa MPOBEACHUS SKCIIEPUMEHTOB PAa3HBIX YPOBHEH (OIBITHBIHN, 1a00paTOPHBIH,
KOHKOpJlaunu MOJYIPOMBIIIIEHHBIH, TPOMBIIIICHHBIH, H3TOTOBJIEHHE ONBITHO-IIPOMBIIUIEHHON HapTHH).

YmMmeth - 3¢ pexTuBHO NpUMeHATH | [I[puMepHbIe MpaKkTHUYeCKHUe 3aKaHust 1Jisi Jk3ameHa (AKP Ne 1-4, 6-7)

METOJIbl  TJIAaHUPOBAHUS
JKCIIEPUMEHTA;

- HCIOJIb30BAaTh METOJIUKY
MaTeMaTH4eCKOIr 0
TUTAaHUPOBAHUS
JKCIIEPUMEHTA;
- COCTaBIIATh
MIOJIHOTO U

MaTpUILy
JIPOOHOTO

1. HaxoauTh SKCTpeMajbHOE 3HAYEHHE MapameTpa ONTHMHU3AIMd B O0JACTH OmpeaeneHus (QyHKIUU c
MPUMEHEHHEM MTTEPAIIMOHHOIO MOIIArOBOr0 METO/Ia B HAIIPABJICHUH TPaIUCHTA.

2. CTpOWTh BapHAHTH MATpHIbI APOGHOrO SKCIepuMeHTa thra 2°1, 2°2 ompenemars Kod(pQHIHEHTbI
ypaBHEHUS 110 U3BECTHOMY aroputMy: a;i = (Exyi)/n, ap = Zyi/n.

3. CTpoOUTh MATpHILly TIONHOTO (aKTOpHOro dKcnepumenta trma 2" —22 u 23 onpenensts ko3 UIHEHTHI
ypaBHEHUS 10 U3BECTHOMY alroput™my: & = (XxX;yi)/n, ap = Zyi/n.

4. IIpoBONTH KOPPEKTUPOBKY TOYHOCTH YPaBHEHUS PETPECCHU B TCUEHHH BPEMEHH TI0  MAacCHBY pa3HOCTEH
MEKAY (aKTHYECKUMH JAHHBIMH KOHTPOJIBHOW BBIOOPKH M PACUYCTHBIMU 3HAYCHHUSIMH 110 PErpeCCHOHHOMY




CtpyKTypHBII
JJIEMEHT

[Inanupymsble pe3ysbTaThl

O1eHOYHEIE cpe€acTBa

oOy4eHus
KOMIIETEHLIUH
(bakTOpHOIO yPaBHEHUIO (Ygaxr. — Ypacu.). ECIM CpellHEE OTKIOHEHHE MEHEE CTATUCTUYECKOro IMapaMeTpa - CTaHJapTHOIO
JKCIIEPUMEHTA; OTKJIOHEHHS S, TO ypaBHEHHE NMPU3HAETCS a/IeKBATHBIM. B MPOTHBHOM Cilyyae MPOBOAUTCS KOPPEKTUPOBKA
- NpUMEHATh B pPabOTe [ ypaBHEHHs ITyTEeM M3MEHCHUS 3HAYEHHS €ro CBOOOIHOTO wieHa: 8o1 = g ~/+ X(Ygaxr. — Ypacu.)/N, TAE N — 00beM
JKCIEPTHYIO OLICHKY | KOHTPOJILHOM BBIOOPKH, 3HAK -/+ TOKAa3bIBET, YTO, €CIM CpeJHEe OTKIOHEHUs AY; mMeeT 3HaK +/-, TO
3HaYMMOCTH  (PAKTOPOB, | KOPPEKTUPOBKA 3HAYCHUS 8g OyI€T COOTBETCTBEHHO -/+AY;.
ompenensaonmx (GyHknuo | 5. PaccuuThiBaTh  KOA((UIMEHTH  PETPECCHMOHHOTO  ypaBHEHHsI (IO  BBIOOpKE, MPEIOKEHHOU
OTKJIMKA [peroiaBaTesieM) IMociie MPOBEAECHUS KOPPEJLUOHHOIO aHalIM3a, OTCEMBAaHUS HE3HAUYUMbIX (aKTOPOB U
OINPEJIETICHUS CBA3U 3aBUCUMBIX U HE3aBUCUMBIX IIEPEMEHHBIX.
Bianers - IpaKkTHYECKUMU | 3aaHHe Ha pellleHHe 32124 3 NpogecHoHAILHOI 061acTH, KoMIulekcHble 3aganus (AKP Ne 1-4, 6-7)
HaBbIKaMH 1o | 1. Metogamu pacuera KO3(PHIIMEHTOB PEerpecCHOHHOrO ypaBHeHus ¢ npuMmenenneM MHK u onpenenenuem
NPUMCHCHHIO METO/IA | JapaMETPOB KAauyeCTBa ITOJYYEHHOTO YPAaBHEHHUS IO IOKa3aTessiM Rz, R, F, t, Socr (COOTBETCTBEHHO
IJIaHUpOBaHUA kodpduimeHTa AeTepMUHAIMK, KOIPQPUIMEHTa MHOXECTBEHOW Koppensuuu, Kputepus Puiiepa,
9KCNCPHUMECHTA; kod(purmenta CThrOZIeHTa, OCTATOYHOTO CTAHIAPTHOTO OTKJIIOHEHUS).
- METO/[aMH (PH3HYECKOTO |2, IIpaBunaMu [0Ka3aTeNbCTBA aJCKBATHOCTH YPAaBHEHHsS pPEAIBHOMY IIPOLIECCY IIYTEM CpPaBHEHUS
u TFCOMETPUYICCKOTO | ppirieyKa3aHHBIX B M. | mapamMeTpoB ¢ UX TaOJMYHBIMM 3HAUEHUSMHU B 3aBUCUMOCTH OT 00beMa BHIOODPKH,
nonoous; 3HAYMMOCTH ITOKA3aTEIICH.
} NPO(ECCHOHATBHBIM | 3, HaBhIKaMM HCCIIEIOBAHHS 1 TIOCTPOEHHS (PH3MUECKHX MOJIENEH TIPOIECCOB C YIeTOM TIPHHIIUIIOB 000,
A3BIKOM NPEAMETHOM | 4, KoMIIEKCHBIM MOAXOJOM K PEIICHHIO 3aay IIaHHUPOBAaHMS SKCIEPUMEHTAa C BHIOOPOYHBIM H/WIIHU

00JIacTH 3HAHUS

CyMMapHbIM HCITOJIb30BAHHEM BBIIIEIPEACTABICHHBIX IPUEMOB, IMPAKTHK, TEXHOJOTUH JUIsl IOJIYyYEHUS
3¢ (HEKTUBHOTO KOHEYHOTO pe3yJbTaTa.

5. Ilpuemamu KpyTOro BOCXOKJIEHUS MPH MOMCKE IKCTPEMATIbHBIX 3HAU€HUN (PYHKIIMM OTKIIMKA, TapameTpa
ONTUMU3ALINH.

Kona u conep:xanue komnerenuuu: [1K-2 - cmocoOHOCTBIO OCYIIECTBIIATE COOp AaHHBIX, U3y4aTh, aHAIM3UPOBATH M 0000IIaTh HAYYHO-TEXHHUYECKYIO

I/IH(bOpMaIII/IIO 110 TEMATUKE UCCICIOBaHUsI, pa3pa60T1<e M HUCIOJIB30BaHMIO TEXHUUECCKOM AOKYMCHTAIMKW, OCHOBHBIM HOPMATUBHBIM JOKYMCHTAaM I10

BOIIPOCAM MHTEIIEKTYaTbHON COOCTBEHHOCTH, TTOJITOTOBKE JOKYMEHTOB K TAaTEHTOBAHHUIO, 0()OPMIICHHUIO HOY-Xay

3HaTh

- MCTOABI ILIAHUPOBAHHA

AKCHEPUMEHTOB  Pa3HOTO
YPOBHS;
- CIocoObl COCTaBJICHUS

Ilepeuenb TeopeTHYeCKUX BONMPOCOB K dk3ameny U3 Ne 2)

1. IlpaBuia mocTpoeHUs MIIAHOB — APOOHBIX PETLIHK.
2. Pucku npu MCTONb30BaHUU IUIAHOB € JAPOOHBIMU PEIUIMKAMU — BJIMSIHUE HA TOYHOCTh MPOTHO3WPOBAHUS




CtpyKTypHBII

[Inanupymsble pe3ysbTaThl

JJIEMEHT OueHouHbIE CpecTBa
oOy4eHus
KOMIIETEeHIIUH
IUIAaHOB MAaTEMAaTU4eCKOTro | QyHKIMU OTKIIHUKA.
HKCHEPUMEHTA; 3. Tumbl IIaHOB SKCIIEPMMEHTA — JIBY- U TpeX (akropuble miansl THoa N =m" (N — Heo6X0MMOe KOIMYECTBO
- Ipoueaypbl  IOMCKA | ONBITOB, M — KOJUYECTBO YPOBHEH BapbUPOBaHMs CIIy4allHBIX (AKTOPOB, N — KOJIUYECTBO (HaKTOPOB).
ONTUMAJIBHBIX PELICHUN 4. Meronbl pacuera kKoddduimeHTa KOHKopAamuu (Kod(pQUIIMEHTa COTJacHs) MPU IKCIEPTHOW OICHKE
BIUSHUS (AKTOPOB HA PYHKIIMIO OTKIIUKA (TTapaMeTp ONTHUMH3AIIHH).
5. OCHOBHBIE CBOHCTBa MAaTPHUIBI MaTEMAaTHYECKH IUIAHHPYEMOTO SKCIIEPHUMEHTa (OpTOTOHAIBHOCTD,
POTOTA0ENBbHOCTh, CHMMETPHUYHOCTh, HOPMUPOBKA 3KCIIEPUMEHTAILHOW MaTPULIbI).
6. Meroauky pacdera KOID(UIMEHTOB SMIOUPUYECKOTO YpaBHEHHsS MO0 JAaHHBIM IPOBEIECHHOTO
IUTAHUPYEMOTI'0 3KCIIEPUMEHTA.
7. CBs13b ¢ dexra paxkTopa ¢ KodpPUIIECHTAMH YpaBHEHHS.
8. Kpurepuu onTUMaabHOCTH IJIAHOB SKCIIEPUMEHTA.
9. MeTozpl pemieHusi O TMOUCKY ONTHMAaJIbHOTO SKCTPEMAIBHOTO 3HAYEHUS IMapaMeTpa ONTHMHU3AIUH B
obmacTu ompeneneHuss (QYHKIMM JBYX M MHOTO(GAKTOPHBIX YPaBHEHUH (METOJ KPYTOrO BOCXOXKJIEHHS
boxkca-Yuiicona u np.
10. Kputepun onTuManbHOCTH IJIAHOB SKCIIEPUMEHTA.
YMeTh - npuMeHsATh  MeTonsl | [IpuMepHbIe mpakTHYecKue 3aaanust 1Jisi 3k3amena (AKP Ne 1, 3, 8)
IIJTaHUPOBaHUA 1. PacuuteiBath K03 GUIMEHT KOHKOpAALUHU (KO3(P(UIIMEHT COracus) MpU 3KCIEPTHOH OLIEHKE BIMSHUSA
OKCIICPUMEHTOB  PAa3HOTO | hakTopoB HA (QYHKIMIO OTKIIMKA (IIApaMeTp ONTUMH3ALH).
YPOBHA 5 2. OrtceuBaTh He3HauuMble (HAKTOpP aHATU3UPYEMOH BBIOOPKH, 33JaHHOW mpernopaaBateneM. OnpenensTsb
T COCTaBMATL  IUIAHBL| oo ryetiueckn  3HauMMble  CBSI3H MEXIy 3aBUCUMBIMH W HE3aBUCHMBIMHA TIEPEMEHHBIMH U BHJIA
MaTeMaTquCK_OFO PErpecCUOHHOM 3aBUCUMOCTH, a TAK)KE MEX1Y HE3aBUCUMBIMU TIEPEMEHHBIMU.
KCTICPHMCHTA, 3. Ctpouts ructorpaMmy ciay4yailHOW BEJIMUMHBI 110 BEIOOpPKE, 3a/1aHHOM MpenojaBaTesIeM.
- HaxOMTL OUTHMAIBHBIC | 4 pacyyrpipats cTaTncTHUCCKHE napaMeTpsbl CIIy4aifHOW BEJIMYMHBI B BEIOOPKE, 33/1aHHON MPENoJaBaTeIeM.
PCHICHHA M3BCCTHLIMI| 5 CocraBnsaTs mian MPOMBIIIJIEHHOTO SKCIIEPUMEHTA 10 HANIPABIICHHIO, 33JaHHOMY TIPETIOIaBaTEIIeM.
MeToNamMH 6. IlpeacraBiarh cxemy ynpaBieHUs] 00bEKTOM HCCIIEJOBAHUS, PETYIUPOBAHUS C alalTUBHBIM OJIOKOM.
Branets - METOJaMH IUIAaHUPOBaHK | 3aJaHHe Ha PelIeHHne 32124 U3 NPogeCHOHAIBLHOM 00J1acTH, KOMILIeKcHbIe 3aganusa (AKP Ne 1, 3, 8)

AKCIIEPUMEHTAMU Pa3HOTO
YPOBHS;

1. Metogamu BbIOOpa 3((HEKTUBHBIX TPABUIJI MPOBEICHUS UCCICIOBAHUMA I JOCTHXKEHUSI TTOCTaBIEHHBIX
nene.




CtpyKTypHBII
JJIEMEHT

KOMIICTCHIIN U

[Tnaaupymblie pe3yabTaThl
oOy4eHus

O1eHOYHEIE cpe€acTBa

- METOJMKOHN IMOJHOr0 M
JIPOOHOTO
MaTeMaTU4ecKoro
3KCIIEPUMEHTA;

- METOJaMH OIpEeJeIeHUS
AKCTPEMAJIbHBIX 3HAYEHHI
IIPU TIOUCKE ONTUMAJIBHBIX
3HAYEHUI

2. HaBbIKaMu MOCTPOEHHS THCTOTPAMM M MHTEHPETALUH UX PE3YIbTaTOB.
3. [IpaBunamMu MOCTPOEHMS IUIAHOB TOJIHOTO M JIPOOHOTO MAaTeMaTHYECKOTO SKCHEpUMEHTa (OTCEMBAHUE
HE3HAYMMBIX (DAaKTOPOB U BHIOOP KOJIMYECTBA YPOBHEH BapbUPOBaHUS (hAaKTOPOB, HCIIOIH30BAHNE PHHIIUIIOB
CUMMETPHUH, OPTOTOHAIBHOCTH, pOTaTa0ETLHOCTH, HOPMUPOBKH ) THITA 23, 25, 23'1, 2°2 ¢ om-

pezneneHreM K03 (GUILHUEHTOB YpaBHEHHS 110 U3BECTHOMY alroputmy: a; = (Xx;y;)/n, ap = Zyi/n.
4. IlpuemMamMu TOYHOTO BBINIOJHEHHS IUIAHA OSKCIEPHUMEHTa B Pa3HBIX YCIOBHUAX J1AOOPAaTOPHBIX,
MOJTYTIPOMBIIIJICHHBIX, IPOMBIIIUICHHBIX ) ¢ 00ECIIeYeHUEeM YeThIPEX MPUHIIMIIOB IIIaHa.
5. Brnagers ampuopHoil mHpOpManueil 00 00bEKTe UCCIENOBaHMS, PETYINPOBAaHUS Il BEIOOpa Hamboee
PalMOHAILHOTO IJIaHA SKCIEPHUMEHTA.




0) Ilopsinox npoBeneHUsi MPOMEKYTOYHOH aTTeCTALIMH, MOKA3aTeJId W KPHTEPHH
OLICHUBAHUS

[IpomexyTrouHas aTrectanus 1o AucuuIuinee «llnaHupoBaHue SKCIIEPUMEHTA) BKIFOYAET
TEOPETUYECKHE BONPOCHI, O3BOJISIOIINE OLEHUTh YPOBEHb YCBOCHUS 00YUarOIIMMUCS 3HAHUH, U
IPAaKTUYECKHE 3a/laHusl, BBIABIAIOIIME CTENEHb C(MOPMUPOBAHHOCTHM YMEHUN U BIaJEHUH,
IpOBOJIUTCA B (hOPME IK3aMEHa.

DOK3aMeH 10 JIaHHOW JUCLUIUIMHE IPOBOJUTCA B YCTHOH (opMe MO 3K3aMeHAllMOHHBIM
OwieraMm, KaXIbli M3 KOTOPBIX BKJIOYAET 2 TEOPETHMUECKHUX BOIIPOCA U OJHO IPAKTHUECKOE
3a/laHue.

Kpumepuu oyenku (6 coomeemcmeuu ¢ @opmupyemviMu KOMHEMEeHYuamuy U
NIAHUPYeMbIMU Pe3VTbmamamu 00y4yenus):

— Ha OIICHKY «HEeYy/I0BJIETBOPHUTENbHO» (1 Oamr) — oOyyaromuiics He MOXET MOKa3aTh
3HaHUS HAa YPOBHE BOCIPOM3BEICHHS U OOBSCHEHHS WH(POpPMALMU, HE MOXKET II0Ka3aTh
MHTEJJICKTya IbHbIe HABBIKK PELICHUS MPOCTHIX 3a/1aY;

- Ha OLICHKY «HEeYyJ0BJIeTBOPUTEJbHO» (2 Oaina) —00ydaromuics JEMOHCTPUPYET 3HAHUS
He Oonee 20 % TeopeTuyeckoro maTepuana, JOMYCKAaeT CYHIECTBEHHbIE OMIMOKH, HE MOKET
M0Ka3aTh MHTEJUICKTYaJIbHbIC HABBIKU PEIICHUS MMPOCTHIX 3a/1a4;

— Ha OLIEHKY «YyJAOBJIETBOPUTENbHO» (3 Oamia) — oOydaromuics IEMOHCTPUPYET
MIOPOTOBBIA YPOBEHb C(HOPMUPOBAHHOCTH KOMIIETCHIIWH, B XO/€ KOHTPOJBHBIX MEPHIIPHUITHI
JOTYCKAIOTCA OIIUOKM, MPOSBISETCS OTCYTCTBHE OTAEIbHBIX 3HAHUM, YMEHHUI, HAaBBIKOB,
00yYaromuiCsl MCTBITHIBACT 3HAYUTENIFHBIC 3aTPYAHEHUS MpPH ONEPUPOBAHMH 3HHAHUSAMHU M
YMEHHSIMH TIPU UX IEPEHOCE Ha HOBBIE CUTYaIUU;

— Ha OIICHKY «Xopomo» (4 6amna) — oOydaroUIUICs T1EeMOHCTPUPYET CPEIHUN YPOBEHB
c(OpPMHUPOBAHHOCTH KOMIIETEHIMI: OCHOBHBIC 3HAHUS, YMEHHS OCBOCHBI, HO JIOMYCKAIOTCS
HE3HAYNTENIbHbIC OMIMOKH, HETOYHOCTH, 3aTPyJHEHHS PU aHATUTUIECKHUX ONEepaIHsIX, IEPEHOCe
3HaHWI U YMEHU Ha HOBbIE, HECTaH/IaPTHBIC CUTYAIUH;

— Ha OLIEHKY «OTJMYHO» (5 0ayioB) — 00yyarouuiicss 1eMOHCTPUPYET BHICOKUN YPOBEHb
c(OPMHPOBAHHOCTH KOMIIETEHIMI, BCECTOPOHHEE, CHCTEMAaTHYeCKoe WU IIIyOOKOe 3HaHue
y4eOHOTO MaTepualia, CBOOOJHO BBHINONHAET TMPAKTHUYECKUE 3aJaHHs, CBOOOIHO OIEpUpPYET
3HAHUSIMH, YMEHUSMH, TPUMEHSAET WX B CUTYallUsSIX TOBBIIICHHON CII0)KHOCTH.



